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1. TeopeTH4YHi 0CHOBH TEXHOJIOTiii JOBrOCTPOKOBOI0 30epPiraHHs Xap40BHX

MPOAYKTIB

OcCkKUTbKM CUPOBHHA, HamiBpaOpukaTh 1 rOoTOBa MPOAYKIIS XapyOBHX
BUPOOHUIITB € JKUBUJIBHUM CEPEIOBHUIIEM [JI1 MIKPOOPraHi3BMIB, TO JJIA
3anmo0iraHHd 1XHBOTO TICYBaHHS TMOTPIOHO CTBOPUTHU Takli YMOBH, MI00
MIKPOOPTaHIBMHU OyJIM 3HEHIKOIKEH1 800 HE MOTJIM PO3BHUBATUCh, @ PEPMEHTH, 110
pPEryJIIoI0Th OI0XIMIUHI TIpollecH, OynM IHAKTMBOBaHL 3acoOu, $KI MOXKHA
BUKOPHUCTOBYBATH, YMOBHO IOIUISIOTH HA TPH OCHOBHITPYIIH, IO IPYHTYIOTHCSI HA
MPUHITATIAX:

1) 6103y, TOOTO Ha MINTPUMAHHI )KUTTEBUX MPOLECIB Y CHPOBUHI | BUKOPHUCTAHHI Ti
NPUPOJHOTO IMYHITETY;

2) anaOio3y, 10 mnependadae yNoOBUIbHEHHS, MPUTHIMEHHS >KUTTEABIIBHOCTI 3a
JOTIOMOTOI0 PBHUX PBUYHHUX, XIMIYHUX 1 OI0XIMIYHUX (PaKTOpIB. 3a TAKMX YMOB
KUTTEBI TpOIlECM B CHPOBUHI 1 HamiBpaOpukarax, 3a3BUYail 30BCIM
MPUITHHSAIOTHCS

3) abio3dy, TOOTO Ha BIACYTHOCTI BCIX JKHTTEBUX TPOIECIB, 5K IS
MIKPOOPTaHBMIB, TaK 1 JIJIsl CEPEAOBUIIIA.

He3akaroun Ha Taky KiacHikailiro, KOJICH 13 3a3HAUYCHHUX MPUHIIMITIB HE
BHKOPHCTOBYIOTh Ha MPAKTHIIl B YUCTOMY BUTIILAL. Ha mpakTumi peanByroThes
METOJIM, IO TPYHTYIOTHCS Ha 3MilIaHUX MpuHIUNax. [Ipore mopasy moxHa
CIIoCcTepiraTl MEBHY IepeBary THX YW IHIIAX METOJIB, IO 1 BH3HAYA€E TPABO
BUKOPUCTaHHA 1€l kimacudikamii. PosrisHeMo  AeTanmbHINIE  TEXHOJOTI
JIOBTOCTPOKOBOTO 30epiraHHs Xap4oBOi CHPOBHUHHU.

Bio3. Meta nporo MeToay moJjsrae y 30epiranHi IioiB 1 OBOYIB y CBDKOMY
BUTJISII 0e3 Oyab-aKoi cremiaibHOT 00poOKH. BkHMBaroTh TUTBKH 3aXOJIH,
CIIpSIMOBaHI Ha TIATPUMAHHSI HOPMAJIbHUX JKHUTTEBUX IIPOIECIB Ta JIESIKE
0OMEXEeHHSI 1XHbOI IHTEHCHBHOCTI JIJI1 3MEHIICHHS BTpPAT XapYOBUX PEUYOBHH
BHACIOK JHWXaHHS 1 BTpAaT Macu 3a paxyHOK BHUIAPOBYBAaHHS BOJIOTH.

[linTpumMaHHs HOPMAJNbHUX JKUTTEBUX TPOIMECIB 1 OOMEKEHHS IXHBOI
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IHTEHCUBHOCTI JOCSATalOTh BIIMOBIIHUM PEXKUMOM CKJIaayBaHHS 1 30epiraHHs
CUpPOBHMHHU. 3a3Buyail 10al0Thb NPO HOPMAJIbHUN JOCTYI MOBITPS 10 OKpPEMUX
wioAiB. HeBUKOHAHHS 11i€1 YMOBU CIIPUYHHSE MOPYIIIEHHS HOPMAaJIbHOTO JUXaHHS
1 HacTae TaK 3BaHE IHTPAMOJEKYJIApHE AUXaHHS, 3a SIKOTO IYKpU CHUPOBUHU

PO3KIIAAAI0OTHCS HA TIOKCHU BYTJICITIO 1 CIIUPT 3a CXEMOIO:

CesH1,06=2C,HsOH+2CO,.
YTBOPCHHI CIIUPT € OTPYTOIO JUIA IUTOILIA3MU POCIMHHUX KIITHH 1 CTIPHYHHSIE
iXHIO 3aru0erb.

Tpeba Matm Ha yBa3l, MO IHTEHCHBHICTh TMPOIECIB JIMXaHHSI 1
BUIIAPOBYBAHHs BOJIOTH 3HAYHO 3pPOCTAa€E 3 MiABUIICHHIM TemrepaTypu. CyTTeBy
posb y Tpoliecax 30epiraHHs BiIIrpalOTh yYMOBH, IO 3a0€3ME€YyIOTh MIHIMYM
KOHTakTiB 13 30ynHMKamu ricyBaHHsA. [IpuHImMn 0i03y BUKOPUCTOBYETHCS HE SIK
CaMOCTIMHANA METOJ KOHCEPBYBaHHS, a K CIOCI0O KOPOTKOYACHOTO 30epiraHHs
CHPOBHUHH Ha MEPIIOMY €Tari TEXHOJOTTIHOTO MPOIIECY.

Ana0io3. Ha nipoMy npuHIMIT TPYHTYETHCS PAJ METOJIIB KOHCEPBYBAHHS.
PosrimsiaeMo xosoauibHe 30epiraHHs CHPOBHHM 1 XapuoOBOT MPOAYKITIi SK Take, 3a
SKOTO TPHUHIOWN aHa0i03y BUKOPHUCTOBYETHCS B HAMOUIBII YHUCTOMY BHTJISIL
Po3pi3HAIOTE TpH OCHOBHI crtocoOM 30epiraHHs 3a HU3bKHUX TeMIIepaTyp:
1. 36epiranHs B OXOJIOJPKEHOMY CTaHi, 3a SIKOT'O0 TeMIIeparypa MITPUMYEThCS Ha
piBHI, OJM3BKOMY A0 TOYKH 3aMep3aHHs MPOayKTy. B 1ibomy pasi Bcs abo OiibIa
JacTHUHA TOYATKOBO1 BOJIOTH 3AIUIIAETHCS B IPOAYKTI. 3a3HAYUMO, 10 PO3YUHEHI
B KJITHHHIA MUTOIUIA3Mi pEYOBUHHU MalOTh TOUKY 3aMep3anHs Hkde 0°C.
2. I'miboke 3amMoOpoO’KyBaHHS, 3a SKOTO OCHOBHA YacTHWHA MOYATKOBOi BOJIOTH
MEPETBOPIOETHCS HA KPHUTY.
3. 3Mimadi MeTo/IH, 3a SIKUX HU3bKY TeMIIEpaTypy BUKOPUCTOBYIOTh B TIO€THAHHI 3
IHIMUMA CIMOCO0aMH, HANpUKIA[ 3 BUKOPHCTAHHSAM JIOKCUAY BYTJICIIO JUIS
MIPUTNTMHCHHS JTUXaHHS OaKTeplalbHUX KIITHH.

S0 po3risaaTé JMile HU3bKY TeMIleparypy, TO il BIUIMB Ha O10JIOTT4HI

CHUCTEMU MPOSIBIIIETHCS Y TAIbMYBAHHI
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a) WBUAKOCTI MPOILIECIB 0OMIHY 1 OJUTY KIIITUH,
0) MBUAKOCTI XIMIYHUX peakiiid, B TOMY YMCIHI 1 PEaKIid, 0 KaTali3ylTbCs
(hepMEHTHUMHU CUCTEMAaMHU;
B) PYXY PEUOBHH, 1110 PEaryroTh BHACIIIOK 3MIHU B’ A3KOCTI;
CnonmyyeHHss 1uux (akTopiB MoOKe TMPU3BECTH [0 3HAYHUX MOPYIIECHb
METa0OJIYHUX MPOUECIB Yy JKUBUX TKaHMHAX 1 MIKpOOpraHizamMax 1 BTpaTH IXHbOT
KUTTENIITLHOCTL. Tak caMo BOHM MOXKYTh BUKJIMKATH 3HAYHI 3MIHH B HEKUBHUX
TKaHWHAX XapuyOBUX BUPOOIB.
BrmuiuB HHM3bKOI TeMmMmepaTtypu Ha MikpoopradHismMmu. CrpoMOXKHICTb
MIKPOOPTAHBBMIB /10 BMKUBAHHS 1 PO3MHOKEHHS 3a HU3BKHUX TEMIIEpaTryp, siKa
3MIHIOETHCS B AYXKE IMPOKUX MEXKax, 4aCTO 3B'si3aHa 3 1X MOMEPEAHBOIO ICTOPIEIO
Ta ananraifiero. Tak, OUIBIICTh MAaTOTEHHUX MIKPOOPTAaHBBMIB, AKTHUBHUX TMPHU
37°C, cTaloTh HEAaKTUBHUMH IpPU TEMIIEpaTypi 3aMep3aHHs 1 MOXKYTh MOBUILHO
TUHYTH B yYMOBaxX TJHUOOKOTO 3aMOPOXKyBaHHS, TOJl1 K CIIOPOTEHHI MIKpOOH
MOYKYTh BUKOPHUCTOBYBATH CBIA 3aXMCHUN MEXaHI3M 1 3aJIUIIATUCH HEAKTUBHUMH
NPOTITOM TPUBAJIOTO Yacy 3a Ay)Xe HU3BKHX TeMmrieparyp. Jleski ncuxpodiibHi
MIKPOOH 3aJHMINAIOTHCSI AKTUBHUMH TIPU TEMIIEpaTypl HIKYE TOUKH 3aMep3aHHs 1
MOXyTb poctu npu -4 °C. BoHM CHpUUMHSAIOTH TCYBaHHSA OXOJOJXKEHUX
MPOYKTIB, IO 30€piraroThCs, 1 MOXKYTh CTaTH AyKe HeOe3meuHnmu. Pi3HI BuaH 1
IMTaMA JPDKIDKIB, TpUOIB 1 OakTepii € aKTUBHUMH 3a HH3BKHX TeMIeparyp 1
KOKEH IIPOJYKT Ma€ CBOIO TUIOBY Mikpoduopy. Cepen nmux OakTepiii HaigacTiIe
3yCTpiYaroThCs MpeacTaBHuKK poais Pseudjjnas i Micrococci.

30epiraroun MPOAYKTH 3a HU3BKUX TEMIIEpaTyp, CJII MaTH Ha yBa3i 1o 3a
TEMITepaTyp HIDKYE KPUTHYHOI BC1 METaOOJIYHI MPOIECH TaIbMYyHOThC. IIpoTe
HaBITh 32 ITUX HU3BKHUX IMBUIAKOCTEH peakiiii, MO BUKIMKaHI MIKpOOPTaHI3MaMH,
MOXYTh BiI'pPaBaTH BaKJIMBY POJIb, SIKIIO TPHUBAIOTH MPOTIATOM KUTbKOX MICSIIIB
30epiranHs MpoaykTy. Ha mpakTuil 3araibHa KUTbKICTh MIKpOOPTAHI3MIB TTOBOJII
3MEHIIYETHCSI MPOTIATOM KUTbKOX MICSIIB. 3 ITl€l MPUYMHU 3aMOPOKYBAaHHS HE
MOKE€ 3aMIHUTH CTEPHITI3ALIiFO.

3a yMOBHM 3HW)XEHHsA Temreparypu Ha koxkHi 10°C mBHUIKICTH OUIBIIOCTI
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XIMIYHUX 1 OIOXIMIYHUX peakiiii 3HMKYyeTbcsl B 2-3 pa3u. Taka 3aKOHOMIPHICTb
30epiraeTbCsl HE TUIbKU JJIs1 TEMIEPATyp HUKYE TOUKU 3amMep3aHHs. Y BOJHOMY
pPO3UMHI Ha IIBUAKICTh peakUii BIUMBaIOTH 1 iHON (akropu. Tak, Moxe
MIBUIIUTUACS B'SI3KICTH, IO MPU3BEAE JO0 OOMEKEHHS PYyXy PIUIMHU a00 MaThuMe
MICIIE BUKPUCTATI30BYBAHHS KPUTH, SIK€ 3YMOBIIIOE€ MIIBUILIECHHS KOHIIEHTpALIil
PO3UMHEHHX pearylounx pedoBUH. Po3paxyBatu 11 BIUIMBH, 3BUYANHO,
HEMOJKJIMBO, aJie BCTAHOBJIEHO, WI0 Oararo peakuii po3naay MpoOTIKaIOTh
JOCTaTHHO MIBUAKO HaBITh 3a -20 °C, mo odMexye TepMiH 30epiraHHsi 6aratbox
NPOAYKTIB. THUMOBUM TPHUKIATOM MOXKE OYyTH TIIpOJI3 TPUTTILUEPUIHUX KUPIB
minazamu. [TonioH1 peakiii cpUUUHSIOTH AeEKTH CTPYKTYPU XapuOBO1 MPO YKL
1 YTBOpPEHHS TIPKOTO CMaKy.

butbiiicTh XapuoBUX NPOAYKTIB, IO 30€pIraloThbCs 3aMOPOKEHUMHU, MAIOTh
y CBOEMY CKJIaJl BOJHY (pa3y 3 MOPIBHIHO HU3HKOIO KOHIICHTPAINIEID PO3YNHEHUX
peudoBuH. LI pewoBHHM 3a3BHYAl SBISIIOTH COOOI0 CYMIII TI0OYISpHUX OUIKIB,
HEOPTaHIMHUX COJIE 1 PBHUX OPTraHMHMUX CHOJYK, HAmpHUKIa] IyKpB 1
HYKJICOTHIIB, IO € JXUBUIBHUMU KOMITOHEHTaMH JIJI1 MIKPOOPTaHI3MIB.

VY pe3ynbTari OXOJIOJKEHHS HWXYE TOUKH 3amep3aHHs BiIOYBa€ThCS
BUKPHUCTAI30BYBAaHHS KPUTH, KOHIEHTpallsl pO34YMHY 30UThlnyeThcs. Lle moxke
BHUKJIMKATH TIPUTHIIYBAHHS JKATTEABUIBHOCTI MIKPOOHHMX KJITHH, TOPYIICHHS
iXHbOTO METa00JII3MY 200 aKTUBHOCTI BOJU HIDKYE PIBHSA, 32 SKOTO MOJKJIMBA iXHS
KUTTEIISIIIBbHICTD.

HaBenemo HaOmmkeHHH pO3paxyHOK AaKTUBHOCTI BOJHM 3aMOPOKEHOI
CHCTEMH, BHBEACHHN 3 TEPMOIWHAMIYHUX IPHUHIUIIB, HANPHUKIAA OLIKOBOTO
relo, 3a PIBHUX TeMrepaTryp. 3MiHa BUIbHOT €HEprii Bil MEPEeOX0JIOIKEHHS BOIH

710 KPUTH OTIUCYETHCS PIBHIHHIM:

a
E=R-T-In—=R-T:-Ina
aO 1 (1'1)

ne R — razosa crtana; 7 — a0OcoJIFOTHA TeMIIepaTypa; a — akTUBHICTb JIbOY; dg -
AKTUBHICTh TEPEOXOJIOMKEHOT BOJM 3a TaKOi camoi TeMmeparypH, SKy MO’KHa

MPUAHATH 3a OJWHMINO (T aKTHBHICTIO BOAW PO3YMIIOTH BITHOIIEHHS THCKY
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Mapy po34YMHY 10 THUCKY Mapu YUCTOI BOJIM).
PiBasHHa ['1006ca-I'enpbMronbiia 3B'sS3ye 10 3MIHY BUIBHOI €HEpTii BITHOCHO

TEMIIEpaTypHU 3 CHTAIbIIIEI0 3aTBEPIIHHS KPUTH:

AE
dH_—HJ

ar - T? (1.2
ne H, — eHTasbIlis 3aTBEPAIHHS JbOY.
IleperBopuBIIM LieH BUPaA3, OIEPKUMO:
dlna -H,
aT _ RT? (1.3)

3HaueHHss H, MoxkHa Bupaszutu uyepe3 H, — 1o0TO i1 BenmuuHy 3a 0 °C, sika
nopiBHIOE 6025,2][5k/MOJTb, 1 PI3BHUITIO TEMITIOEMHOCTEH KPHUTH 1 BOAU B MEXKax

JaHOTO Jlala30Hy TeMIIepaTyp:

H ,=H,-At-AC | (1.4)
ne At — 3HmKeHHs Temneparypu 3amep3anss, °C;
AC, — pI3HALA MDK TETUIOEMHICTIO JIbOy 1Boau (37,71 J/MOTB).
OTxe,

T =273-At=T ,~At, (1.5
[linctaBnstoun 111 BUpa3u B yMOBY (3), 0J1€pIKUMO:
(H,—At-AC ))-d(At)

d Ina: R(T O_At)Z . (16)

OcTaHH1ii BUpa3 MOXKEMO MPOIHTETPYBATH, PO3TOPHYBIIH

1
m B TaKUM P
0

2
At At
T21+2| — — | im.o.

s temneparyp no -30°C nwine 1Ba nepimx Yi€HH € 3HaYyIIMMH, TOMY YMOBa

(1.6) cuporryeTbes:
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1 At
dina= > 142 T (Ho-at-C,)d(at) (1.8)
[limcTapnsiroun BKa3aHi 3HAYEHHS BIIOMHUX BEIIMYWH, OJICPKAMO:
Ina=—(9,7-10° +10,3-10°° - At)At (1.9)
3a yMOBHU TEepeXo1y A0 JECITKOBUX JOTapudmin
lga=-4,21-10" At —4,48-10°(At)*. (1.10)

Lle#t Bupa3 € 3aragbHUM, SKIIO BUXOAUTH Tiulbkm 3 At. Tak, 3a -20°C
pPO3paxyHKOBa BEMUIMHA «@» CTaHOBUTH 0,82, TOOTO HIKUE PIBHS, 32 SIKOTO MOXKE
pocTH OUTHLIICTH OaKTepid, ajne B Iiana3oH1 Il ASSIKUX APDKIXKIB 1 TpUOIB.

PesynbTatn, onepixaHi TakUM pPO3PAXYHKOM, € JIMILE OJHUM AacleKTOM
CKJIQHOI KAPTUHU NPUTHIYEHHS POCTYy MIKpOOIB 1 TOMY MOXYTh JAaTu
HEMpaBUJIbHE YSIBIEHHS. 30KpeMa, KpiM 3MIHU aKTUBHOCTI BOJU, OYEBUJIHO, JIIIOTh
1 1HUI (aKTOpH, K1 IPOSIBISAIOTHCS LIE 0 MOYATKy YTBOpEeHHs Kpuru. Kpim toro,
arMocdepa B XOJOJWIbHUKY YacTO HAOMKAETHCA O MEXI HACUUEHHS, TOMY
MIKPOOPTaHI3MH, IO KUBYTh HAa MOBEPXHI MPOAYKTY ( 14YacTKa SIKUX Y ICYBaHHI
HaAOUIbII BayK/IMBa ), MepeOyBaAIOTh y KpallMX YMOBAX LIOJI0 BOJIOTH, HDK Ti, IO
MICTSTHCSI B TJIMOMHHUX LIapax.

BcranoBneHo, 110 Ha OUIBLIICTh MPOAYKTIB CIPUATIMBO JI€ IUBUAKE, & HE
MOBUIbHE 3aMOPOXYBaHHA 1 W0 MPOAYKTH TMCYIOTbCS I Yac KOJIMBAHb
Temneparypu 30epiraHus. IcHye Teopisd, 3a SIKOIO BEJIMUYMHA KPUCTAIIB KPUTHU €
JOMIHYIOYUM (HaKTOPOM, 1 TOBUTbHE OXOJIOJKEHHSI YW KOJIMBAaHHS TEMIIEpaTypu
Jla€ 3MOTY YTBOPIOBATHUCS KpHUCTaJdaM, $KI MalwTh PO3MIPH, JOCTaTHI JJIst
TpaBMYyBaHHs CTIHOK Yy KJITUHHUX TKaHWHaX. [{luM MO’KHA MOSICHUTU CTPYKTYpHI
3MIHU B TaKUX Marepiajax, ik M'sco, puba, a TakoX 3arudesib MIKpOOHUX KIIITHH.

BrmuB 3amopokyBaHHs Ha 010J0TTYHI TKAHMHU HE MOYKHA TTOSICHUTH TUIBKH

(GBUYHUM YIIKOKEHHSIM KJIITHH KpUCTalaMu Kpuru. B 6aratbox Bunaakax OuibI
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BOKJIMBAM MEXaH3BMOM € JeHaTypallis OUIKIB, SIKa CIPUYUHSAETHCS MiIBUILEHOIO
KOHIICHTpallier0 coJied. JleHatypaiisi 4acTo € HE3BOPOTHMM IMPOIECOM 1
MPU3BOJINTh JO 3HAYHMX 3MIH Yy CTPYKTypli 00'eMHOTOo Marepiaay abo
KUTTE3JIATHOCTI OKpeMux KmTuH. JleHatyparis Oulka — 1€ peakiis, IIo
PErYIIOETECST 9acoM 1 TeMIeparyporo. BoHa 3alieKHUTh TakoX Bin KOHIIGHTpAIIii
CoJiell 1 PYXOMOCTI pearyrouux peyoBHH. /{151 YHUKHEHHS JeHaTypailii OUIKIB
OaxaHO TeMIiepaTypHHil JianazoH Bix -2 10 -8°C mPOXOIUTH MIBUJIKO.

['muboke 3aMOpO’XKyBaHHS Xap4yOBHUX MPOJYKTIB NEPEBOJUTH OUIbIILY
JaCTUHY BOJIOTH B TBEpAHMHA CTaH. ToOMy MIKpOOpPraHi3BMH, IO >KHBJIATHCS
OCMOTHYHUM [UIIXOM, BTpa4yarOTh MOIUBICTh XapuyBanHa. Llif ymoBi
BiAmoBigae temneparypa -18°C.

JInst BU3HAYEHHS KUTBKOCTI BUMOPOYKEHOT BOJIOTH 3a PI3BHUX TEMIIEpaTyp y
HABOJSITHCS CKJIaAHI piBHAHHA. [IpoTe ICHye m0BOJI MpPOCTE MPaBWIO, 3a
JIOTIOMOTOI0 SIKOTO MOYKHA 3 JIOCTaTHhOIO TOYHICTIO PO3paxyBaTH KUIBKICTh
BUMOPOKEHO1 BOJIOTH.

Binomo, 110 micnis JOCATHEHHS! TOYKU 3aMEep3aHHs 3HUKCHHS TeMIIepaTypu
BJIBIYl MPU3BOJAUTH A0 BUMEP3aHHS IMOJOBUHHU BOJIOTH, IO 3aJUIIMIACH. SIKIIO
KpIOCKOTIIYHA TeMIeparypa ctaHoBmia -2°C, TO 3a yMOBHU 3HIKEHHS TEMIIEpaTypH
10 -4°C BuMep3HE IOJOBHMHA KUILKOCTI BOJIOTH. 3a IOJAJIBIIOTO 3HWKEHHS
temneparypu 10 -8°C 3a um npaBuiioM BuMep3He 75% Boau. Takum 9uHOM, 32 -
16°C KiTbKICTh BUMOPOKEHOT BoJIOTH cTaHoBuTHME 87,5 %, 32 -32 °C - 93,8 %.

OCKUTbKH TeMIlepaTypa 3aMep3aHHsl 0araTb0X BHJIIB CHPOBHHHU 1 XapUOBHUX
MPOAYKTIB He HIK4YA -2°C, TO 0ueBHIHO, 110 3a -18°C 0CHOBHA KUIBKICTh BOJIOTH
Oyzae BuMopoxeHa (B oBouax - 84-91 %, a B monax - 71-80%).

[linkpecnmumo, 1O Tio Yac BHKOPHUCTAaHHS METOAY 3aMOPOKYBaHHS
CHPOBHUHH 1 MPOYKIII MPUHIMI aHA0I03y CTOCYEThCS (1 TO HE MMOBHOIO MIPOIO)
TUTbKA MIKPOOPTAHI3MIB, a TIOJU 1 OBOYI SIK )KHBUI OPTaH3M TMHYTh. 3a3HAYMMO
e OJTHY OCOOJMBICTH METOJIY 3aMOPOKYBaHHS, SIKa YCKIAIHIOE 1 CTPUMY€E HOTO
HIMPOKE BIPOBAIKEHHS. P14 y TiM, 110 MiCJIs 3aMOPOKYBaHHS MPOAYKTY A0 -18°C

CJi MATPUMYBATH IF0 TEMIIEpaTypy IOTH, JOKH MPOJYKT HE TMOTPAINUThH IO



12

CIIOKHBaya. SKIo HaBiTh HA KOPOTKUM Yac MIBUIIUTH HOTO TEMIIEpaTypy xo4a 0
10 -10°C, To MIKpOOpraHi3MH MOBEPTAIOTHCS 1O HOPMAIBHOI JKUTTEAISIIBHOCTI,
Ky BJK€ HE IPUIIMHUTH TOBTOPHUM 3HMKEHHSM Temrieparypu 1o -18°C.

ToMy Ha BCiX eramax 30epiraHfs, pyxy 1 peaiizallii mpoayKilii 3a3HaueHa
TeMIeparypa MoBUHHA MIITPUMYBATHCh.
3HEeBOAHIOBAHHS 3aMOPOKYBaHHAM. LM METO0M JOIIBHO KOPHUCTYBATUCH
JUIsL 3HEBOJIHIOBAHHS MPO(UIbTPOBAHUX LUTPYCOBUX 1 SATITHUX COKIB 13 MEHIINM
YCIIXOM — JUJIsl 3HEBOJHIOBAaHHS TOMATHOTO COKY 1 KOHIIGHTpATIB MEKTHUHY.
OcCHOBHa CKJIAIHICTh T Yac BHKOPUCTAHHS IIbOTO METOAY TOJISTae y moTpeodi
POCTY KpUCTAJIIB KpUTH 0€3 3HAUHOTO BKJIIOUEHHS B HUX COKY 1 B Takii (opMi, 110
3a0e3neuye Jerke 1 mBuaAKe BUaajgeHHs. Lle moTpedye moBUTLHOTO pOCTY BITHOCHO
BEJIMKUX 1 OJHOPITHUX KPHUCTAIIB.

[cHyroTh MeTOAM, W0 TPYHTYIOTBCSI HAa BUKOPUCTAHHI CTYMIHYACTOTO
3aMOPO’KYBaHHS Ta KOHTPOJIO IIBUAKOCTI OXOJIOJ)KCHHSA 1 TMEpeMIllyBaHHS 3
METOI0 YCYHEHHSI TaKOTO IEePEOXOJIOKEHHS, 3a IKOTO MOXKE YTBOPHUTHUCS Oararo
apiOoHux KkpucTamiB. Hampukman, ans onxepaHHsS MUBHOTO KOHIIEHTpary Ha
MepIoMy CTyIHeHI oXojo/ukeHHs 10 -12°C 3amopoxyetrbesi 50% Boau 3
MOJTATBIIIMM OXOJIOIKEHHAM sl BUjalieHHd 1me 25% Bojoru. Lle Mmae nepeBaru B
TOMY, IO BHKIIOYAETHCS YTBOPEHHS OUIKOBOI 3aBHCI 1 CTa€ HEOOOB'SI3KOBUM
TpuBajsie 30epirands a00 BUTPUMYBAHHS NMHBA Ha XO0JIOJ1. AHAJOTITYHHUHA TMPOIIEC
BHKOPHCTOBYIOTH 1 I YaC BUPOOHMIITBA aIlleJIbCHHOBOTO COKY. CMaKOBI1 SIKOCTI 1
MILHICTh BUH MOXYTb OyTH IIOCHIICH] YaCTKOBUM 3aMOPOXKYBaHHIM. Moro MosxHa
BHUKOPHUCTOBYBAaTH 3aMICTh ICHYFOUHMX METOMIB KPIUICHHS BHH KOHBSIKOM,
0COOMMBO y BHUPOOHHMITBI Xepecy 1 MHOpTBelHy. Bimomo, 1m0 3a SKICTIO
KOHIICHTPATH COKIB, OJep>KaHl 3aMOpPOKYBaHHSAM, Yy 3B'SI3Ky 3 BIICYTHICTIO
TEIJIOBOTO  YIIKO/DKEHHS 1 3MEHIICHHS BTpar e(IipHUX OJIiA, ITOMITHO
MIEPEBUIIYIOTh AHAJIOTTIHI KOHIIEHTPATH, K1 0P KYIOTh IIUITXOM BUIIApOBYBaHHS
M1 BaKyyMOM. 3a TaKuX YMOB Kpaitle 30epiracTbcsi ackopOiHOBa KucIoTa. MokHa
CTBEPKYBaTH, 110 BUCOKOAKICHI (pYKTOB1 KOHIICHTpATH B MailOyTHhOMY OyayTh

rOTYBaTUCS IIMM CHOCOOOM.
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3aMOpOKyBaHHSI TEOPETUYHO TaKOX MOXKE 3a0e3redyBaTd OJIep KaHHS
BU3HAUYEHOI KOHIIEHTpAIlli IUTbOBOTO KOMIIOHEHTY 3 MEHIIMMHU €HEPreTHYHHMHU
Butparamu. lle BuUIIIMBae 3 PBHUII MDK TEIJIOTOK BUMapoByBaHHS (555,6
KKQJI/KT) 1 TemioToro 3aMopoxyBaHHA (80 kkaw/kr). I[Hakmie kaxyuw, AJis
BUIIAPOBYBaHHs 1Kr BoAu Tpeda BUTPATUTHU MPUOJIM3HO B 7 pa3iB OUIbIIE €HEprii,
HDK 1JIs1 11 BAMOPOKYBaHHs. AJie 11l IepeBarv 3Ha4HO 3MEHIIYIOThCS Yepe3 BTpaTH
IHHUX PO3YMHEHMX PEYOBHH, LIO BXOAATH 10 Macu Kpuru. Lli BTpatu MOXyTh
30UIbIIyBAaTUCh 3a 30UIbIIEHHS KOHIIGHTpAIlii 1 XapakTepu3yBaTUCh JyXKe
BEJIMKUMHU [MPpaMH 3a BHUCOKOI B’A3KOCTI OCTATOYHOI'O MPOAYKTY B KIHII

3aMOPO’KyBaHHS.
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2. ®i3UYHI NPUHUUIUA OTPUMAHHS HU3bKHUX TeMIIEPaTyp

2.1. 3araabHi BIIOMOCTI INTYYHOT'0 0XO0JIO/I’KEHHSA

JI71s oTpyMaHHS HU3bKHUX TEMIIEpaTyp BUKOPUCTOBYIOTh (PI3UUHI IPOIIECH, 1110
CYNPOBOJIKYIOTHCSI TOTJIMHAHHAM TEIIOTH. [0 TakuX MpouEeciB BITHOCSTh:
dazoBuil mepexia peuoBUHHM (TUTABJICHHS, KUTIHHS, CyOiMaItis);

aniabaTMyHEe APOCENIOBAaHHS ra3y 3 MOYaTKOBOIO TEMIIEPATypoOIo, M0 € MEHILIO0
Bil TEMIIEpaTypy BEpXHLOI TOUKH IHBEPCIi;

aniabaTnyHe PO3IMIMPEHHS Ta3y 3 BIIJa4eio 30BHIIHBOT KOPUCHOT poOOTH;

BUXpoBuUl edekt Panka;

TepMoeneKkTpuuHuil edekt [lenbThe.

Jliama3oH HU3BKHX TeMIleparyp, L0 OTPUMYIOTh ISl MOTPeO MANPHEMCTB
Xap4yoBOi 1 mepepoOHOT MPOMUCIOBOCTEH YMOBHO MOJUISIOTH HA JUIIHKY OMIPHO

HU3bKUX (10 —153°C, a60 120K ) 1 kpiorennux ( Hmk4ue 120K ) remmeparyp.

2.2. da3oBuii nepexia pe4yoBUHH

Lleit mpomec BimOyBaeThCs 3 TMOTJIMHAHHSAM 3HAYHOI KUIBKOCTI TeIUIa.

HaiinocTynHIIIo0 pedoBUHOIO € KPUTa, SKa 32 aTMOC(EPHOT0 TUCKY TUIABUTHCS 34

0°C 1 mae BenuKy nmuToMy TerwioTy ruiaBieHHs (335 k/[x/kr). Huxuay temneparypy
IUTaBJIEHHS @K 10 KPUOTIPATHOT (EBTEKTUYHOI ), MOKHA OTPUMATH SKIIO 3MIITyBaTh
KpUTY 3 JESIKUMH COJISIMH.

Pe3ynbTar OTpUMaHHS HH3BKHX TEMIIEpaTyp BHACIHIIOK KHIIIHHS pPEYOBHUH
3QJIKUTh Bl THUCKY B CHUCTEML 31 3MEHIIECHHSAM THUCKY TEMIIepaTypa KHITIHHS
NOHW)XYETHCS 1 HaBMaku. T0OTO BUKOPUCTOBYIOUH OJIHY PEYOBHHY MOKHA OTPUMATH
IHTEpBaJI HU3bKUX TeMIeEparyp. A BUKOPUCTOBYIOUM PEUYOBUHU 3 NOTPIOHUMU
BJIACTUBOCTSAMHM — 0Oy iHOIy Temneparypy. Lleii cmocid BHUKOPHUCTOBYIOTH B

OCHOBHOMY JIA IMOHUKCHHS TCMIICPATYPHU BOAU a00 BOJIOTHX IMOBCPXOHD.
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JI>xepenom HU3BKOI TeMmrepaTypu Mo>ke OyTH TBepJia BYTJIEKUCIIOTA, IO MPHU
atMoc(epHOMY THCKY Mae Temmeparypy cyomaiMaii —7/8,5°C 1 mutomMy TEImioTy
574xx/xr. CyOmiMariis BOJSIHOT KPUTH MPU TUCKY HIDKYE aTMOC(hEpHOTO, IO
BUKOPHUCTOBYIOTH JIUIA CYIIIHHS XapYOBHUX MPOIYKTIB BIIOYBA€ThCS 3a TEMIIEpaTypu

aHmxue 0°C.

2.3. AniabaTuuHe ApoceIIOBAHHS

Ile mpoiiec HE3BOPOTHOTO PO3IIMPEHHS ra3zy abo PIIMHU 332 YMOBH HOTO
IPOXOJKEHHI Yepe3 MPUCTPIN 3 MAIMM MPOXIIHUM MEepepi3oM (Ipoceip, MopUucTa
neperopojka). IIpomec BimOyBaeTbCsl MIBUIKO, TOMY TEIIOOOMIHY 3 HABKOJMIIHIM
CEpENOBUILEM HE BIIOYBA€ThbCS 1 EHTANIbINSI PEYOBUHU HE 3MiHIOEThCs. KopucHa
poboTa He 3IMCHIOETHCS TaK K poOOTa MPOIUTOBXYBAHHS NEPEXOJI€ Y TEIUIOTY
TEPTA.

ITig yac npocentoBaHHs peaIbHOTO T'a3y BHACIIAOK 3MIHU BHYTPIIIHBOT EHEPTil
3A1MCHIOETHCS pOOOTA MPOTH CUIT B3aEMO11l MOJIEKYJ1. Lle mpu3BoAUTH 10 3MIHU
TEMIEpATypH raszy.

Po3rastnemo MexaHi3M NpoLecy APOCETIOBAHHS.

[in yac npoxoaKeHHs ra3y 1o TpyOOonpoBOIy B SIKOMY BCTAHOBJIEHO POCEIIOIU U
NPUCTPIA HEOOXIAHO 3AICHUTH poOoTYy L:
L=L —-L,=FS,p,—FS,p ,=Vp,-Vp ,=Gv,p,~Gv,p ,=G(v,p,~V,P,)
L=(u,-u,)-G

u,-u,=v,p,-Vv,p,
u,+v,p,=u,+v,p,

(2.1)

Takum unaom h;=h,=const.
VY po3paxyHKax 4acTO BUKOPUCTOBYIOTh HOHSTTS TUEPCHIIHHOTO
JPOCEIbHOTO €PEKTy — BUTHOIIIEHHSI HECKIHYEHHO MaJloi 3MIHU TEMIIEpaTypu

pEaTbHOTO Ta3y 3a YMOBH 3MIHUA HOTO TUCKY Ha OJUHUIIIO:



16

oT

j = (%)h:const (2.2)

[aTerpanpHuit npocenbHui eheKT BIAMOBIAAE 3MIHI TUCKY BIIT p1 110 P).

p2 h?2

: ) oT

Jmm: Jdp = (_) =cons dp 2.3
pfl pfl Pl .3

JpocenbHuii eheKT MOKHA BUPA3UTH Y EHEPTeTUYHUX OTUHUIIX, IK PI3HUIO
eTajbIiii CTUCHYTOTO 1 pO3LIMPEHOTO I'a3iB.
2.4. Buxposuii edekr (epexr Panka-xmmma anri.Ranque-Hilsch Effect) — edekr
PO3AUIEHHS ra3y Yd pIIMHU IPU 3aKpYyYyBaHHI B HWIHAPHUYHIN a00 KOHIYHINA KaMmepl
Ha 21B1 ppakuii (puc. 2.1). Ha nepudepii yTBOprOETbCSA 3aKpy4EHU MOTIK 3 OUIBIIOIO

TEMIIEPATYPOIO a B LIEHTP1 3aKPYUEHHUIN 0XOJIOIKEHUH NOTIK, IPUIOMY OOEpTaHHS B

HEHTP1 BiIOYBa€ThCs B HIIMHN O1K, YUM Ha niepudepii.

fopryud
nOmIoK

Puc. 2.1. 3araneHuii BUrs 1 BUXpoBoi TpyoOu: 1 - mumHapoBa Tpy0a; 2 - po3noaiibHa

TOJIOBKA; 3 - COTUIOBOIO BiIBeNCHHS; 4 - miadparma; 5 - TpyO6a X0JI0OJJHOTO TTOTOKY;


http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82
http://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BD%D1%82%D1%80

17

6 - peryimolounii BEeHTWIb; 7 - KOHYC; 8 - Tpy0a rapsiuoro noToky

Briepiie edext Binkputhii ppaniry3bkum iHxxkeHepom JKozedpom Pankom B kiHI 20-x
POKIB MpH BUMIPIOBAHHI TeMIIEpaTypu B MpOMUCIOBOMY IMKioHel B kinmi 1931
rpam JK.Pank mojae 3asBKy Ha BUHAWJeHUN NpPUCTpid, Ha3BaHUU iM «BuxpoBoio
TpyOoO» (y JiTepaTypi 3ycTpiaeTbes sk Tpyoa Panke). OTpumaTy maTeHT BIAETHCS
Tuibku B 1934 poui B Amepumi (Ilarent CILIA Ne 1952281). B nganmit uac
peaNiBoBaHUl psij] anapaTiB, B IKUX BUKOPUCTOBYETHCSA BUXPOBUM €(DEeKT, BUXPOBUX
amapariB. lle «BuXpoB1 Kamepw» IJs XIMIIHOTO PO3AUICHHS PEYOBHH MI JIEIO
BIILICHTPOBUX CHUJI 1 «BUXPOBI TpyOMW», BUKOPHUCTOBYBaHI SIK JKEPENO XOJIOAY. 3
1960-x poKIB BUXPOBHI PYX € TEMOIO 0ararboX HayKOBHX JOCIIIKECHbD.

Ha puc. 2.1 HaBefeHO 3aralibHUN BUTJISLA BUXpoBOi TpyOu. Llumimapuuna

TpyOa 1 3'€emHaHa 3 pO3MOAUIHPYOT TOJIOBKOIO 2, sIka MICTHTh COIUIOBE BBEICHHS 3,
niapparmy 4 1 TpyOy XOJOJHOTO MOTOKY 5. 3 MPOTHICKHOTO OOKY PO3TAIIOBAHUMA
KOPITYC PEryJrodoro BEHTWIS 6 3 KOHycoM 7 1 Tpy0Ooro 8 rapsdoro motoky. IoTik
CTUCHEHOTO Ta3y (HampuKIaa, TMOBITPS) MIIBOAUTHCS A0 commia 3. Y coIuioBe
BBEJICHHS 1TI0TIM y BUXPOBIH TpyOi CTUCHEHH T'a3 PO3MHMPIOETHCS 1 TOAUIIETHCS HA
JIBa IOTOKH - XOJIOJHUH 1 rapsiunid. X0JIOJHUH MOTIK BIIBOAUTHCS uepe3 aiadparmy 4
1o TpyO1 XOJIOTHOTO MOTOKY. ["apsiunii MOTIK BITBOJAUTHCS Y€pe3 BEHTUIIb 6 10 TpyO1
rapsi9oro MOTOKY. 3MIHIOIOUHU TMOJIOKEHHSI KOHyca 7, MOHa 3MIHIOBATH BUTPATH 1
TEeMIIepaTypu XOJOJHOTO 1 rapsdoro moTokiB. [l 3HMWKEHHS Temmeparypu t
HEOOXIIHO BUTpPAT 3MEHLIMTH BUTPATU XOJOJHOIO TOTOKY (BEHTWIb 7
BIIKpUBa€eThCA). Jsl MIABUIIEHHS TeMIeparypu t rapsdyoro IHOTOKY, HAaBIIaKH,
BEHTWIb 7 IPUKPHUBAETHCS.
25. TepmoenexkTpuunuii eekt (edekT IlenbThe) MPOSBIIETHCS y TOMY, 110 HA
MEXI1 JBOX PI3HOPIIHUX MaTepialiB, I 9ac MPOXOHKCHHS KPi3h HUX CIIEKTPUIHOTO
CTPYMY, BUIUIAE€THCA YU MOTJIMHAETHCS TEIUIO (3AJIEKHO Bil HANPSIMKY HPOXOIKEHHS
ctpymy). Lle sBuime Binkpus ¢hpaHIry3bKuid roJUHHUKOBHIA MaicTep JKan IlenbThe.

SIK0 KOHTAaKkT HarpiBaetbesi, TO edekT [lenpThe HA3UBAIOTH MO3UTHBHHM,
SIKILIO OXOJIOJXKYETHCSI — HETaTUBHUM.

Ha koHTakTi 1BOX pEYOBHH BHHUKAE KOHTAaKTHA PI3HUIII MOTEHINATB. Tomy


http://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%BD%D0%BA,_%D0%96%D0%BE%D0%B7%D0%B5%D1%84
http://ru.wikipedia.org/wiki/1931
http://ru.wikipedia.org/w/index.php?title=%D0%A2%D1%80%D1%83%D0%B1%D0%B0_%D0%A0%D0%B0%D0%BD%D0%BA%D0%B5&action=edit&redlink=1
http://ru.wikipedia.org/wiki/1960-%D0%B5
http://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%85%D1%80%D0%B5%D0%B2%D0%BE%D0%B5_%D0%B4%D0%B2%D0%B8%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
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JJISL TIEPEX0Iy Yepe3 KOHTAKT HOCIH 3apsily MOBHWHEH a00 HaOpaTu MEBHY €HEpTiio,
a0o Binjaty ii. Y BUNAJIKY, KOJIM HOCIH 3apsiay HaOMpae eHEeprito, BOHA BIOUPAETHCS
Bi/I TEIUVIOBUX KOJIMBAaHb I'PaTKH, a y BUMAJIKY, KOJIM €HEPTI BIIJAETHCS 3apsAI0M, TO
BOHA MEPEXOUTh y TEIJIOBUHM pyX. SIK HAC/IIIOK, KOHTAaKT a00 0XOJIOKYEThCS, a00
HarpiBaetbcs. Edexr [lenbThe BracTUBHI SK MeTanaM, TaK 1 HAMBIPOBUIHUKAM. Y
HaMIBIPOBIAHUKAX BIH BUPAKEHUHN Kpallle.

Epexr IlenbThe  BUKOPUCTOBYETHCS B JCIKUX  XOJIOJWJIbHUKAX.
TepMoOeneKTpu4HI XOJIOJUIBHUKH — 1€ XOJIOJWJILHUKH MaJoi MICTKOCTI, iXHE
YKUBJICHHSA Mepea0adeHo 3 Mepexi 12 BoJIbT, HAPUKIIAA, Bl aKyMYJISITOPIB JIETKOBUX
aBToMoOUTB. [Ipu MpoXoKEeHHI MOCTIHHOTO CTPyMy B TepMoOaTapesx OJIMH CIiai
MOTJIMHAE TEIUIO, a MPOTUJICKHUA HOTO BUAUISE. X001 OJEPKYIOTh 3a IOTIOMOTOIO0
TepMoenieMeHTIB. OX0J10/Kyroua TUIOHMHA TEPMOETIEMEHTa CPSIMOBaHa BCEPEAUHY
XOJIOMUIbHYKA. HeraTuBHOIO PHUCOI0 TaKWX XOJOJWIHHUKIB € BHCOKAa BapTICTh 1
BEJIMKE CIIOKUBAHHS CHEPTi.

KimbKiCTh TEIOTH, siIKa BUAUISETHCS YW MOTJIMHAETHCS TPHU MPOXOIKEHHI
CNIEKTPUYHOTO 3apsily Yepe3 KOHTAKT MpOMOpIlHA BEIUYMHI 3apsany, SKUN

IMPOXOAHUTH YCPEC3 KOHTAKT

Q=IIq, (2.4)

ne Q — KUIBKICTh TEIUIOTH, ( — BEJIHYHMHA 3apsAy, SAKHH MPOMIIOB depes
KOHTaKT, [1 — xoedirient IlenbThe.

KoedimienT IlensThe MOKHA MO1aTH y BUTIAAI p3HUII KoedinieHTiB [lenpThe

ABOX PCYHOBHH

I, =11; —I,. (2.5)
Sxo B TOMy K cCaMOMY JIAHIIIOTY CTBOPUTH B MICIII KOHTAaKTy PI3HI TEMIIEpaTypH ,
TO MDK KOHTaKTaMH YTBOPHUTHCS PI3HUII MOTEHINANIB 1 BUHUKae CTpyM. Benmunna

TEPMOEIEKTPOPYLIIHHOI CUITK ( TEPMOEPC ) BU3HAYAIOTH 32 PIBHAHHSIM:

E=a(T.-T,), (2.6)
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ne a - koediieHt tepmoepc , B/K ; T, 1 T, - abCOMIOTHI TemMnepaTypu rapsiqoro 1
XOJIOJTHOTO KOHTAKTIB.
Bunukuenuss repmoepc Oyno BuHaiiieHo B 1834 p. 3eebekom. 3B’ 530K MK

koedirientamu IlenpThe 1 3e€0eka BCTAaHOBIIOIOTH CITIBBITHOIIICHHSIM:

IT=aT. (2.7)

Ak BuximiHMA KOHCTpYKTUBHMM Moayms misi  TOII  3acTocoByrOTH
tepmoenement (TEJI). Bin cximamaetbest 3 ABOX Tally3ed, 3’ €HAHUX Yepe3
KOMYTAIliiiHI TIEpEeX0d CTPYMOIPOBITHUMH IIIMHAMH, IO YTBOPIOIOTH XOJIOJHI 1
rapsidi cnai. [lInau BUTOTOBIAIOTH 13 Mii @00 aFOMIHIO, TOCTATHHO1 TOBIIMHM, JIJIS
TOTO, OO0 MOXKHA OyJI0 3HEXTYBaTH iXHIM EJIEKTpUYHUM omopom. Enementu
BUTOTOBJISIIOTh 13 HAMIBIOPOBITHUKOBUX MaTepialliB, MPUUOMY OJHMH 13 MarepiaiiB
eJIEKTPOHHOI MPOBITHOCTI (N TUITY), HIIMHK - 13 MaTepialiB AIPKOBOI MPOBITHOCTI (P
tuny). Komyrartiiini nepexonu — 1e CKJIagHI KOMIO3UIN MaTepiaiiB, MpU3HAYEH]
3a0€3MeYnT Majuil EeNEeKTPUYHUN Omip B MICISIX KOHTAaKTIB INMMH 3 TUIKAMH,
3ano0irtu 1udy3ii CBOIX KOMIIOHEHTIB Yy HAMIBIPOBITHUKA 1 OyTH JOCTATHHO
eACTUYHUMHU JJIs1 [eMTI(IpyBaHHS TEPMIYHUX HAMPYT.

Ipoctumu € mnocki TEJIu (puc. 2.2). Ixui eeMeHTH B onepeyHoOMy IepeTHHi
MOXYTh MaTH (QOopMy KBaapaTy, MpsIMOKYTHHMKA, KOJIa. 32 BKa3aHOTO Ha PUCYHKY
HanpsIMKy IOCTIHHOTO CTPyMY CIaii 13 CTOPOHHM IMMHHU 1 OXOJOAUTHCS 1 Oyme
BUKOHYBaTH pOJIb XOJIOJJHOTO €JIEMEHTY, HIDKHI CIai HarpiBaloThCsa 1 OyayTh
rapsSYuMH  €lleMeHTaMHu. SIKIIO0 IHTEHCUBHUM TEIUIOBIABEICHHIM CTaOUI3yBaTH
TeMIlepaTypy rapsidyux craiB, TO TeMIlepaTypa XOJOJHOTO CHal0 MOHMU3UTHCS 10
BU3HAYECHOT0 3HaYEHHS. TeIuio , 0 MOTJIMHAETHCS 3a OJUHUIIIO Yacy Ha XOJIOIHOMY

cmai TEJIa , MmokHa BU3HAYUTH 32 GOPMYJIIOIO :

Q. =aTlld, (2.8)
A€ @ = ag) T agy - cyma abCOJIIOTHHUX CEPEAHIX 3HayeHb KoedinieHTiB TepMOoEPC B
pobodoMy IHTEpBali TeMIleparyp IJs JIpKoBoi 1 enekTpoHHOi ramy3eir TEJIa. Ha

rapstaomy cnai edext IlenbThe nposiBUTH ceOe BUIUIEHHSIM TEIUIa!
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QS =al.l, (2.9)
[IpoxomkeHHsT CTpyMy MO AUISTHKAaX Oyje CympOBOJKYBAaTHUCh TAKOXK BUAUICHHSIM

TeroTH Q ., BIAMOBIIHO 110 3aKoHy [[xoys - Jlenna:

Q,c = IR, (2.10)
ne R -omp TEJIa, Om .
R 3a Binomux noexunu |, onopis p, i p, ineperuuis S, i S, enementis TEJIa
BU3HAYAIOTh 32 PIBHIHHAM:
R=/ L2 Pn (2.11)
S, S,

BcTanonieno, 1m0 B nepmiomy HabmmkeHH1 Terna Q.. pO3IPUAUIIETECS MDK CTIAIMH

MOPIBHY, TOOTO MOJIOBUHA 11 MOCTYIIA€ HA XOJIOJHUN CTIal 1 TOJIOBMHA - HA TapsIYuid.

T L
NNt

NI

Puc 2.2. Cxema HanmiBOpOBITHUKOBOTO €J1eMEHTY: 1,2 — CTpyMONPOBITHI IINHH;

3-KOMyTalllifHI Iepexou; 4-eleMeHT P-TUILY; S-elIeMeHT N-THUIy.
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OCKUIbKU KUIbKICTh TEIUITH [lenbThe mponopiiiiHO NepUIOMY CTYIIEHIO CUJIM CTPYMY,
a yacTuHa Teruia J>Koyns - KBaJipary CUIA CTPyMY, TO MICJISl IEPEBUIIECHHS. CTPYMOM
ONTUMAJILHOTO HOT0 3HAYEHHS €PEeKT OXOJIOJKEHHS 3MEHIIYEThCS 1 HAaBITh MOXKE
nepeity B HarpiBanHs (puc.2.3).

OnTumMalibHy CHUITy CTPYMY BU3HAUYaIOTh 32 PIBHSHHSM :

L, =aTJR. (2.12)

MakcumanbHa BeIudrHa CyMH 6yz[e BU3HA4YaTUCh:

(- Q.+ 1/2Q 1 Juax = - a°T 2R = - TF/2R . (2.13)
Bracninok pi3HUX TeMmIlepaTyp Ha CIasX BUHHUKAE TMOTIK TEIUIA BiI Tapsaux

cHalB J0 XOJIOJHUX:

Qu=H(T,-T.): H=I1AHyS, +H,S,) , (2.14)

ne H,, H, - tMTOMa TEIIONPOBITHICT AUITHOK, BT/(MK).

Q, Bm
120 ..

05 +120Q ,,.

L A

onm

X

Q,

Puc 2.3. 3anexnicte Teriotu [lenbThe 1 TEMIOTH, MO HATEXKUTh edexTy JKoyms Ha

XOJIOJHUM craii, Bl CTpymMy
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B310Bxk OUITHOK iCHYE TpajieHT TEMIEpaTyp 1 iXHI XapaKTepUTHKHU 3ajexarb
Bl Temneparypu, Tomy B peanbHoMmy TEJIe xpim edekrtiB Ilenbthe 1 3eebeka mae
miciie 1 epekr Tomricona , Binputuit HUM B 1856 p. sikuil moJisirae B MOTJIMHAHHI

TEIUIa 1o BCii TOBKUHI eJ1eMeHTIB. [{fo TermnoTy Bu3HauaTh 3a GopMyIIoo:

0 = /[rar (2.15)

7-/-?
e T - koeogimientr TomrcoHa, moB’s3anui 3 AudepeHiianbaoo Tepmoepc d(7)

CITIBBIIHOIIIEHHIM:

aa
T= TE_ (2. 16)

JloBeneno, mo BIUIMB Terma TommcoHa Ha temroBu Oamanc TEJIa moxxHa
BpaxyBaTH, He BpaxoByrouH piBHAHHSA (2.15) 1(2.16). J{ist 11boT0 MOTPIOHO 3HAYEHHS
KoedilieHTa TepMoepc @ MPUUHITH PIBHUM MOTO CEPEIHbOMY 3HAUEHHIO a, K 1e
3po0JieHO y piBHAHHSAX (2.8) 1 (2.9).
AHaJIOTTYHO pO3paxoByIOTh 3HaueHHs R 1 H 3a dopmymamu (2.11) i (2.14).
Temnota Qo 110 MABOAUTHCS 10 XOJOAHOTO CHal0, (X0JIO0A0TPOAYKTUBHICTS),

1 Teruiota Q,, MO BIIOMPAETHCS B Tapsdoro CIalo, BA3HAYAETHCS PIBHSIHHSIMMU:

37;/—%/2/?—/4(7;—7;) i

« 1o
o =0, ZQ"”‘ O

Qz=Q§—%QM—QH:aE/—%/ZR—H(E—TX) (2.17)

Akmo piBHUIL € poOOTO, MO CTBOPEHA CTPYMOM B OJHMHHITO Yacy, abo

NOTYXHICTb, sika HamaeThes: TEJly

N=Q,-Qy=0Q -0 +Q, =a(l,-T)I+ IR (2.18)
3a X071010TPOAYKTUBHOCTI Qg =0 (X0JIOqHUI CMail TemIoi30JIbOBaHUM) 1
ONTUMAIBHOTO CTPYMY Iy, 1110 BU3HAYa€ThCs pIBHSAHHAM (2.12), oaepKuMo

MaKCHMallbHE 3HAYEHHS PI3HULII TEMIIEpaTyp cHaiB, 1o AocsAraetbcsa TEJlom,



(7;_7:()max:£a * :1‘3 07:(2:127;([] (219)
2 R, 2 H 2
ne O - €JIEKTPOIPOBITHICTS.
=2 =2
z-42 _40 (2.20)
R, H

Bemnuuna Z HazuBaetbest epextuBHICTIO pedoBuHU TEJIa, abo loro 100poTHICTIO.

Bona nocsirae MakcuMaibHOTO 3HAUCHHSI 3a CITIBBIAHOIICHHS TIEPETUHIB JIUISTHOK

meSo_ [FoPn (2.21)
Sp NV Hupy

TOI1

(2.22)

Z_[(Wi\/ﬁnpﬂ)}z

Binnomennst Q, mo N, mo xapakrepusye edpextuBHicts podotu TEJIa, € iioro

XOJIOUIILHUM KOE(IIIEHTOM €

37;/—1/2R— HAT
gl 2 (2.23)
N anTl+ I’R
AT=T,-T, (2.24)

MoskHa mokasaT, 1110 MaKCUMaJIbHE 3HaYE€HHS XOJIOIWIbHUIN KoeiieHT Oy e

MaTH 3a BETMYHHU CTPYMY

/ anT (2.25)

3a Takux yMOB:

_ TX[ ) 7@ (2.26)
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M= 1+05AT,+T,) (2.27)

I3 popmymu (9) BugHo, mo 3a AT — 0 3HAUEHHA Eyu,—> © . 32 TAKUX YMOB

XOJIOJOTIPOTYKTUBHICTh, 1110 BU3HAYAIOTH 32 PIBHSIHHIM

a _@AT(TM-T,)M
e M -1P(M+1)

(2.28)

TaKOX MPSIMY€E 10 HYJS.
3HAYEHHS €5y 1 Qoguax BIITTOBIIAIOTH PEKUMY MAKCUMATIBLHOTO XOJIOUIBLHOTO

koedimienta. Ile pexuM MakCHUMalIbHOT €KOHOMIYHOCTI, OCKUIbKM Ha OJMHHITIO

XOJIOIOTPOTYKTUBHOCTI 3aTPAvya€ThCsl MIHIMYM €JIEKTPOEHEPTi.

SxicHuil XapakTep 3aNexHOCTeH & = fAT), Q = f(AT) noaaHo Ha

0 e
puc.2.4 (MyHKTUPHI KPHUBI).

Hpyrum BaxymBuM pexumoMm pobotu TEJla € pexum makcuMaabHOT
XOJIOMOMPOAYKTUBHOCTI Qoo  BIIMOBITHMIA  1IbOMY  pPEXHUMY  3HA4EHHS

XOJIOOTMPOTYKTUBHOCTI BU3HAYAIOTH 32 PIBHAHHIM

0 :zF_u} (2.29)

SIKICHUH Xi 3aIEKHOCTEH € gmax 1 Qowax BII PI3HUINI TEMIIEpaTyp Ha cHasx
TEJla noka3ano Ha puc.2.4. Jns 3a06e3neueHHs 0JHaKOBO1T X0JI0JOMPOIYKTUBHOCTI 1
PIBHUII TEMIIEPATyp HA CTAasIX 32 YMOBH POOOTH B PEXKHUMI €, OCPYTh OUIBIIIE YHUCIIO
TEJIoB B TepmoOarapei, HK y BUNAAKY PEKUMY Qouax. AJTIE PEKUM €,y KpaIIUH 3
TOUKA 30pY C€KOHOMIi €JIEKTPOEHEeprii, 1 TUIbKA 33 MalUX CIHOXHBAKYUX
notyxHocteit nopsiaky 10-20 BT BUKOpHucTOBYIOTh pesKuM Qqyax. Po3paxynok TOII
CKJIQJIa€ThCSl 3 BU3HAUEHHS TEIUIOTEXHIYHUX MapaMeTpiB camMoro MpUCTPOIO i
po3paxynky tepmoenektpuuHoi Oarapei (TEB). Ilpu po3paxyuky TEDB 3Buuaitno
3a/1al0ThCsl XOJIOJONPOAYKTUBHOCTI 1 Tepemnaj TeMIeparyp, BeIMYMHa poOOoUYOoi

Harpyrd, OCHOBHI MapamMeTpu mMarepiainy AUistHKY (o,0,H).
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Puc 2.4. SIxicuuii XapakTep 3anexHoctei: ¢ = AAT); Q= fAT) e, = f(AT);

Q, = flaT)

Bub6pasum pexum podotu TOII 3 po3paxyHkoMm (QakTopy €KOHOMIYHOCTI 1
macorabaputHux notped, TED po3paxoByroTh 3a BIIMOBITHUMH LBOMY PEKUMY
pBHsIHHAMU. Hampuknan, 118 pexuMy MaKCUMalbHOTO XOJIOIUIBHOTO
koe(imieHTy 3a piBHAHHAM (9) 1 BUXITHUMHU JAaHUMH BU3HAYAIOTh BEIMUMHY €may.
[Ticns mporo 3a xomomonpoaykTuBHICTIO QoBu3HavdaioTh TEDB motyxHicTh: N= Q)
Emax

BukopucTtoBytoun piBHSHHS Ay crany Hanpyru Ha ojnHomy TEJI | mio

BIITIOBIIA€ PEKUMY Epmay,

Vo= aATM/ (M-1), (2.30)
MOHa BU3HAUUTU BEJIMYMHY LbOr0 CHany, a noTiM oxepxkaru yucio TEJIB B
TEB.

N=V/V,, (2.31)
ne V -3ananapoOouananpyra, B1V,- cnan Hanpyru Ha ogHomy TEJIL, B.
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BemmunHy onTtuManbHOTO CTpyMy, IO XKUBUTh TED, BH3HAYarOTh LUIAXOM

JUICHHSI TIOTY>KHOCTI Ha CHaJl Halpyryd Ha Hid

V:iI=N/V. (2.32)
Omip TEJla MokHa 3HAMTH 3 PIBHAHHS i1 BU3HAYEHHS CTPyMy, IIIO
BIITIOBIIA€E MAKCUMAJILHOMY XOJOJAWIBHOMY KOE(QIIEHTY, PO3B’A3aBIIA HOTO

BigHOCHO R :

antT
R= D (2.33)

Onip TEb Oyne piBHUM 3HaueHHIO R , nomHokeHoMy Ha uuciio TEJIB n.

Peomerpuuni posmipu auisiHok TEJla BU3Ha4aroTh 3a pIBHIHHSIM

I_oR (2.34)
S 2
3a TakMX YMOB MOKJIMBO BHUKOPUCTaHHA JUITHOK JIIOOMX pO3MIpIB 13
30epiranHsM criBBigHOIIEHHs 1/ S , ane mpaktnuno Bucoty TEJla mpwuiimaioTs
HE MeHIle 3MM, TaK SK 3a MEHIIMX 3Ha4eHb IOYMHAE BIAIrpaBaTd MOMITHY
pOJb TEIUIOBUH TOTIK Bi TapsiYuX CHAiB JO XOJIOJHHUX.

Jna pexxuMy MakCUMaibHOI X0JIOAOTPOAYKTUBHOCTI pO3pPaxyHOK IPOBOJSATh

y Tiil %e nocainoBHOCTL. Bemnuunu €, V, R BU3HauaoTh 3a pIBHSHHSAMU:

L1 [TX_MT]; (2.35)
27, 2T,
v-ar, ; R=2I (2.36)

TOII He MaroTh pyxomux 4yacTuH. IxHi TEB B po60Ti 6e31IyMHi, He MOTPEOYIOTH
po00YOro TiNa, poJib SKOTO B HUX BUKOHYE MOCTIMHUMA ENCKTPUIHUN cTpyM. BoHn
MpPOCTI B eKCIUTyarallii, 3a MaluX TOTYXXHOCTeH mopTartuBHL. PoOoua piBHHI
Temieparyp Ha cmasx peaabHoro TEJIa 3a Buximnoi temmeparypu 27-30°C,

XOJIOOTIPOTyKTUBHOCTI, BIAMIHHOT B HYJS, 1 3HAYEHHSAX JOOPOTHOCTI CIIEMCHTIB
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TEJiB Z = (3+33)-10° K * moxe Gyrm piBHO0 60°C. 3a YMOBH BHKOPHCTAHHS

6ararokackanaux TEB 1s pizaums temneparyp 3naudo nepesuinye 100°C i moxe

nocsraytd  140°C i Ginemre. B emeprermunomy BimHomenni TOIT cyrreBo

MOCTYMAIOTHCS  KOMIPECOPHUM XOJIOAWIBHHM MallMHaM 1 TUIBKHM 3a Majoi

XOJIOJOTIP O IyKTHUBHOCTI (IopsiiKy 20BT), KoM BTpaTn KOMIPECOPHUX XOJIO IAITLHIX

MaIlH 3Ha4YHi, XoJoaunpbHui koedimieHT TOII Morke OyTH MOMITHO BHIIUM.

AJne SKIIo po3Xid eJIEKTPOCHEPrii He € OCHOBHOIO MOTPE00I0, 1 OUTBII TOTO,
HEOOXiTHI TI SAKOCTI, SIKI MOXYyTb OyTu 3a0e3IedeHl 3aBIsKA IepeBaram
TEPMOECNIEKTPUYHOTO METOMY OXOJO/DKEHHS, yCHimHO 3acTtocoBytorh TOII
XOJIOMONPOYKTUBHICTIO  JEKUTbKa COTeHbh BaT 1 B OKpeMHUX BHIIaJKaxX [0
nekibkox KBT. TepMoenekTpuuHe 0X0JIOIKEHHSI BAKOPUCTOBYIOTh B TEPMOCTATAX,
0XOJIOJKyBadax PiAWH 1 rasiB, OCyIIyBadyax IOBITPS, MOOYTOBUX 1 TPAHCTIOPTHHUX
XOJIOTMJIbHUKAX, KOHAUIIIOHEpaX TOIIIO.

2.6. XousoamwiabHi areHTH i Xxou040HOCii. Po3Mipu XO0JIOAMIBHOI MaIIVHH,

KOHCTPYKUIMHUN Marepias, 13 sIKOr0 BOHAa MOKe€ OyTH BHIOTOBJIEHA, 1 TUCK NpHU

3aJlaHuX yMOBax pPOOOTH BHU3HAUYAIOTHCS BJIACTUBOCTSIMHU XOJIOJAWILHOTO AareHry.

Tomy 10 pe4yoOBHH, MO BUKOPUCTOBYIOTHCS B SIKOCTI XOJIOAWJILHUX AareHTiB,

CTaBJIATHCS HACTYIHI BUMOTU:

1) BUCOKAa KpUTUYHA TeMIlepaTypa, sAKa 3a0e3leyye MOXKIUBICTh

KOHJIEHCallli MapiB XOJIOJOAreHTy B KOHJEHCATopl 3a JONOMOTOK MPUPOJIHHUX

0XOJIOJKYIOUUX areHTIB (Boja, OBITPS);

2) BelMKa TEIUIOTa BHIIAPOBYBAHHS [UIS TOrO, IIOOM 3MEHIIWTH BUTPATY
XOJIOJUITBHOTO areHTa, HEOOXiTHUIN IS JIOCSTHEHHS 3a/1aHO1
XOJIOJIOTIPOYKTUBHOCTI;

3) MOXIHMBHU MEHIIMH MUTOMUN 00'eéM MapiB XOJOAMIHLHOTO areHTa 3a TUCKY 1
TeMIIepaTypy BUIIAPOBYBAHHS, 0 3YMOBIIIOE 3MEHILICHHS PO3MIPIB XOJOAWIHHOT
MAIlHH;

4) THCK mapiB MOBHHEH OYTH TPOXM BHINUN aTMOC(HEPHOI0 uepe3 Te, IO JIeTIIe
3arnmo0IrTi BUTIK XOJIOJWIBHOTO areHTa, HDK MIICMOKTYBAHHS MOBITPS;

5) minCMOKTYBaHHsS TIOBITpS TOTIPIIye TEIUIONEpenadyy B KOHAEHcATopi 1
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BUIAPHUKY, MIIBUILYE POOOUYMI TUCK 1 BHOCUTh B CUCTEMY BOJSHY Mapy, sKa
MOX€ 3aMep3aTd B BUIAPHHUKY 1 MPUBOJUTH JI0 YTBOPEHHS XIMIUHO aKTUBHUX
CITOJTYK.

6) OakaHO MOMIPHHMH THCK Mapu MPU TeMIEpaTypl KOHAEHCAIl I 3armo0iraHHs
YCKJIaTHEHHSI KOHCTPYKIII 1TOIOPOKYAHHS arapariB 1 TpyOOIIpOBOJIIB.

[lopsig 3 UMM XOJNOAWILHUN areHT He MOBUHEH OyTH XIMIYHO arpeCHBHUM 1
HIKIATMBO BMOJMBATU Ha OPraHi3M JIOJUHHU; KPIM TOTO, BiH MOBUHEH OyTH
O€3MeYHUM B MOKEKHOMY BIITHOIICHHI, a TAKOX JOCTYITHUM 1 HETOPOTUM.

X0M0AUIIbHI areHTH AJ yCTaHOBOK 3 TypOOKOMIIpecopaMu MOBHUHHI
BOJIOJITH Majol0 TEMJIOTOK BHUMAPOBYBAHHA, TaK SK TypOOKOMIpecopHu
NEPEBaKHO BUTOTOBJISIIOTHCS IS CTUCHEHHS 3HAYHUX KUTbKOCTEN XOJIO0AareHTy.

B manwit yac HaMOUTBII MOMMPEHUMH XOJIOJ0AreHTaMu, sIKi 3aJ10BOJILHSIIOThH
OUIBIIICTh 3 TEepPEepaxOBaHUX BUMOT, € aMiak 1 peoHu. 3HAYHO piAlIe B SKOCTI
XOJIO/I0AreHTIB BUKOPUCTOBYIOTH JIBOOKHUC BYTJICIIO 1 0COOIMBO PIIKO - CIPUYMUCTUN
aHriapuA 1 XJIOpuUcTHM MeTwi. s OTpUMaHHS TeMmIepaTyp BUIIApPOBYBaHHS
HK4Ye - 70°C 3aCTOCOBYIOTh MPOTIaH, €TaH 1 €THJICH.

[lepeBaramMu amiaky $IK XOJIOJIOAr€HTY €: 3HaYHA TEIUIOTa MapOyTBOPEHHS,
HEBEJIMKWN HAJJUINKOBUA THCK HOTO TapiB y BHUIAPHUKY 1 MOMIPHUN THCK B
KOHJIeHcaTopl. PazoM 3 ThM amMiak TOpIOYMHA, OTPYWHHM, MOYKE yTBOPIOBATH 3
TIOBITPSAM BHOYXOHEOE3IeuHi CyMillli i BUKIMKATH KOpo3ito Mimi i Il crmnaBiB B
MPUCYTHOCTI BOJIOTH.
®peoHu ABIAIOTh CO00I0 (TOP XJIOPITOXITHI METaHY.

®peoHn BOJIOMIIOTH HEBUCOKMM THCKOM KOHJICHCAIlli 1 BHMApOBYBaHHS, SK
MpaBWjio, OE3IMeYHI, IOXKEeXKOo- 1 BHOYXOHEOE3IeUHI, a TaKOX HE BHUKIMKAIOTh
KOPO3il 3BUYaHUX KOHCTPYKIIHHUX MaTepianiB npu podounx ymoBax. Jlo yncma ix
HEIOJIKIB BIJHOCATHCSA JYyXXE€ HHU3bKa B'S3KICTh, IO 3yYMOBIIOE BHTIK
XOJIOJIOAreHTY, 1 BIIHOCHO BHUCOKAa B3a€MHA PO3YUHHICTH (PPEOHIB 1 MAaCTUIILHUX
OJIUB.

JIBOOKHC  BYIJIEL}O XapaKTEPU3YETbCS JOCUTh BHCOKOK  00'€MHOIO

XOJIOJOMPOIYKTUBHICTIO, 10 3a0e3ledyye BHUCOKY KOMMAKTHICTh IMIIHJIpa
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KoMmImpecopa. OHaK JBOOKUC BYTJICIIO Ma€ y>Ke€ HU3bKY KPUTHYHY TEMIIEPATYPy
1 BUCOKMH THCK KOHJIEHCAIlii, III0 OOMEXKY€e€ MOKJIMBOCTI HOTO 3aCTOCYBAHHS SIK
XOJIO/I0AreHTy.

CyTTe€BUM HEIOJIKOM XJOPUCTOTO METHIY 1 CIpPUMCTOTO AHTIAPUAY €
HU3bKUWA THUCK TMapiB B BHUMApHUKY. KpiM TOro, CIpUMCTHI aHTIIPUJ BOJIOIIE
KOPO3IMHUMHU 1 TOKCHYHUMH BIIACTUBOCTSIMH.

B BuUpOOHMYMX yMOBax XOJIOAWILHA YCTAaHOBKA TMEPEBAKHO OOCIYTrOBYE
JNeKUIbKa amapariB, IJsS OXOJOJXEHHS SIKUX BUKOPHUCTOBYIOTh NPOMDKHI
X0JIOJIOHOCIT. B IKOCTI MPOMDKHHUX XOJIOJOHOCIB 3aCTOCOBYIOTH XOJIOAWIBHY POITY -
BOJIHMM PO3YHMH JIEIKUX COJICH, HAMPUKIA] XJIOPUCTOTO HATPIO, XJIOPHUCTOTO
KaJbI[ll0 a00 XJOPHCTOTO MarHifo, SKli 3aMep3ar0Th MPU HU3BKUX TeMIlepaTypax.
XoJsoguiIbHA poma MPU JOMOMO31 Hacoca MUPKYJIIE MK BUIAPHUKOM
XOJIOWIBHOI MAaIllMHU, JI€¢ BOHA OXOJIOJKYETHCS, 1 amaparaMd — CIIOKUBa4aMU
X0JIOy, A€ BOHA BiAJA€ X0JIOJ 1 cama HarpiBaeTbesa. Bubip pomnu 11i KoHIIEHTpaITis
3QIGKUTh BT TMOTPIOHOT TeMIepaTypu OXOJIOJKEHHS, MPUYOMY ISl TeMIieparypa
NMOBUHHA OyTH BHUINE KPHUOTIApaTHOI TOYKH, SKa BIAIMOBITAE TeMIepaTrypi

3amep3aHHs POIIH.

3. Po06oy4i mukau xoaoamibHuX mammH. [Tod0ynoBa po60o4oro uukiay B

TePMOAMHAMIYHIN xiarpami

3.1. Jliarpamu X0/10AUJIbHUX Ar€HTIB
Excrutyarariist  XOJIOOWIBHOI  YCTAaHOBKM  HEMOJXKIMBA 0€3  PO3yMIHHSA
TEPMOJUHAMIYHUX MPOIIECIB, sIKI BiTOYyBArOTHCS B Hill. BUBUEHHST OKpEMHX TPOIIECIB,
K1 BXOJSTh B IIUKJ MAPOBOi KOMIPECIHHOT MAIllMHU, a TAKOXK 3B’ 3Ky MDK HHUMH,
iXHPOTO B3aEMHOTO BIUIMBY OJIHE Ha OJHOTO MOE OyTH 3HAYHO CIPOIICHO
3aCTOCYBaHHSIM TEPMOJMHAMIUHMX JiarpaM XOJIOAWIbHMX areHTiB. BwiHHS
BUKOPHCTOBYBATH JllarpaMu HEOOXIITHE TaKOX I KOHTPOJIIO 1 aHATI3Y MapamMeTpiB

JIFOYMX XOJIOJAWIBHUX YCTAHOBOK; HACTPOWKH MPUJIA/IIB aBBTOMAaTUYHOTO KOHTPOJIIO 1
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pEryJIIOBaHHS; PO3pPaxXyHKy 1 BHOOpPY XOJOAWIBHOTO YCTAaTKyBaHHA IpPH
PEKOHCTPYKIII 1 pO3MIMPEHHI IIF0UYNX YCTAHOBOK.

JIJIs KO’KHOTO XOJIOJWJILHOT'O arcHTa iCHYIOTh CBO1 Jiarpamu, ajie MPUHITUT
iXHpoi MOOYIOBM 1 KOPHUCTYBaHHS HUMH oOJaHakoBuM. HailiOuein yacto
BUKOPHCTOBYBaHUMH € Jiarpama eHtanbmis-tuck (h - IgP - diacpama) i niarpama
eHTponis-remmeparypa (S — T - diazpama), 3 AKuX giarpaMa eHTAIBITIS-TUCK OUTbIII
3py4Ha, 1 caMe BOoHa Oy/ie po3TisIaTuCh HalaJl.

[ITydaHe 0XO0JI0KEHHS B MAPOBUX XOJIOIWIHPHIX MaIlIMHAX MOJKIMBE BHACTIIOK
KHITIHHSA XOJIOAWIBHUX AareHTIB 3a HU3BKUX TEMIIeparyp, SKI 3MIHIOIOTh CBIA
arperaTHMd CTaH 3 PIIKOro B TapomnoiOHuil. 3a TakuX YMOB BiIOYBa€ThCS
normHaHHs Tewia. I1{o0 mpollec MTYIHOro OXOJIOKCHHS OYB 3aMKHCHHM 1
MOBTOPIOBAHHUM, I1apy XOJIOAWJIBHOTO areHTa CTHUCKAIOTh, a IMOTIM KOHJEHCYIOTh
IUIIXOM OXOJIO/KEHHS. TakuM 4WHOM, Y XOJIOJWJIBHIN MaIliHI BiOYyBalOThCS JIBa
npoiiecH (pa3oBOTO MEepPexo1y X0JI00areHTy: 3 PIUIKOTO CTaHy B Mapy — KUIIHHS 13
rapy B pPIAUHY — KOHCHCAITIS.

JlinsiHKa TTepeoX0JI0MKEHOT PITMHN O3Havae, 0 B JIFOO1H i TOYII X0JI0J0areHT
3HAXOJUTHCS B PIIKOMY CTaHi 3a TeMIIEpaTypHy HIKYOIT TeMIIepaTypyu HACHUUCHHS 3a
BIATIOBITHOTO THCKY.

JlinssHKa BOJIOTO1 TIApW BIAIMOBITAE TpoIlecaM IMEpPeXoy PIIWHU B Mapy Y| 3
mapu B piguHy. B Oyab-SIKOMYy BHIIQAKYy XOJIOJIOAr€HT BHUCTYMA€ Yy BUTIISAL
MapOPITMHAOT CyMIlIl, sIKa Ha3WBA€THCS BOJIOTOIO Mapor0. TakuM YWHOM, BOJIOTA
mapa — Iie CyMilll HACHYEHO1 PITMHM 1 HACHYEHOI TapH, sSKa 3HaAXOJUThCS a00 B CTaH1
KuMmiHHA, a00 B cTaHl KoHAeHcalii. Temmneparypa cyMimn HACUYCHUX TapH 1 PITUHA
OJIHAKOBA 1 HA3WMBAETHCS TEMIIEPATypOI0 HACHUYEHHS MPU BU3HAYCHOMY THCKY
HACHUYCHHS.

dazoBwmii Iepexia BiI PITUHU A0 TTApH Ha Jiarpami BimOyBa€eThCH 3J1iBa Ha MPaBo,
a 3 TMapd B pUIMHY — 3 TIpaBa HaJIiBO. BMICT mapu y MapOpimuHHIA CyMimi
BiIOOpaXarOTh JIHI MOCTIHHOTO MApOBMICTY — X. BOHM mMOKa3yrOTh MacoBY JIOJIO
mapu B TAPOPIIMHHIA cyMimn B JOJIX ofauHMIL. Ha miHil HacwdeHOl piguHU

napoBmicT X=0, Ha JIiHIl HacCU4YeHOT mapu X=1, Ha AUITHII Bosoroi mapu 1>x>0.
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JlinsiHka Tieperpitoi mapu BimoOpakae CTaH Tapu, TeMmIepaTrypa sSKOoi BHIIA
TeMIIepaTypy HACUUEHHS 3a BIITIOBIIHOTO TUCKY P.

Ha rpanmyHMX KpUBHX HACHYEHHX PIIMHU YU TApU XOJOJOAreHT Mae
napamMeTpu HaCUYCHHS, ajie sBJII€ CO00I0 OMHOPIMHY (a3y, To0To abo pinuHa , a00
napa.

ITim gac excruryararii qy’ke BaKJIMBO BIIPI3HATH 32 TOKa3HUKAMH KOHTPOJIBHO-
BUMIPHHUX TPHUIAJIB TIEPEOXOJIOMKEHY PIIMHY BT HACHYIEHO1, a Ieperpiry mapy — Bif
BOJIOTO1 200 HACHYEHOI MapH, Tak SK BiI I[bOTO 3aJICKUTh CPEKTUBHICTD 1 Oe31eKa
pobotu yctanoBKkH. [Ipu oqHOMY ¥ TOMY X THCKY P HacudeHa pinuHa, BOJoTa mapa 1
HacWYEeHa Tapa MalTh OJIHAKOBY TemriepaTypy t, mepeoxosiopkeHa mapa — OulbIl
HU3bKY, a meperpira napa — OUIbII BUCOKY. TakuM 4MHOM, MOKa3u MaHOMETPIB MpHU
BCIX MepepaxoBaHUX CTaHAX OyIyTh OJHAKOBI, @ TEPMOMETPIB — Pi3Hi.

Jliarpama eHTaNbIs-TUCK BiTOOpakae MIiCTh MapaMeTpiB XOJOJWIHHOTO areHTa,
KOTpi MojdaHl y BUIIAAl pB3HUX HMHIA. [ludpoBi 3HAUCHHS OCHOBHHMX MapaMeTpiB
HaBeJCHI B YAaCTKOBHMX BEIMYMHAX, TOOTO BiMHECEHI 1O | Kr XoJiogoareHTy, i
MIPOCTABJICHI HA MOJI llarpaMu HaJl BUIMOBLIHUMU KPUBUMHU.

JliHii MOCTIAHOTO MNAPOBMICTY MPOXOASATh TUIBKM B JUISHII BOJIOTOi MHapu.
[TapoBMicT MO3HAYAETHCS CUMBOJIOM X.

JIHI MNOCTIAHOTO THUCKY — 1300apu — MPOXOASATh YEpe3 BCl JUIIHKU
ropu3oHTaIbHO. Jlorapudmiuamii macmtab B 300paxkeHH! 1300ap 3acTOCOBaHMIA
yepe3 HEPIBHOMIPHOCTI HIKAJM TUCKY B JUISHLI BaKyyMmy 1 HaJUTMIIKOBOTO THUCKY.
Bemnuuna abcomotHoro tucky B Mlla, npocTaBieHa Ha BEpTUKAIbHIN 1IKal 371iBa
JiarpaMu Ta rmo3HayeHa CUMBOJIOM P.

JlHli MOCTIAHMX TeMmeparyp — BOTePMU — B JAULIHIN TEPEOXO0JIO0KCHHS
IPOXOJSATh Malke BEPTUKAIbHO, B JAUISIHII BOJOrOi Mapu — ropu3oHTaIbHO. TyT
BOTEpMH CITIBIAIAIOTh 3 1300apamu, Tak sK (pa30BUN CTaH XOJOJ0AreHT MIHSE MPHU
NOCTIMHUX 3HaYeHHsX t 1 P. B 30H1 neperpiroi napu B30TepMH iAyTh NOXWUJIO BHHU3.
3nauenssa t B °C po3MilieHi NOpsi 3 KPUBUMU MOCTIHHOT TeMIepaTypHu B JIUITHKaX
MIEPEOXO0JIOHKEHHS 1 IEPErpiBy, a TAKOXK Ha KPUBUX HACUYCHOI PIIMHM 1 TIapH.

JIiHil NOCTIMHMX YacTKOBHX CHTAIBIM (MOCTIMHMX TEIJIo 30epiradyip)
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MPOXOJISTh BEPTHKATb. YAaCTKOBOIO CHTAJBINIEI0 HA3WBAIOTh MOBHY €HEpTrito 1 kr
pobouoro Tila, sfiKa piBHA CyMi YaCTKOBOi BHYTPINIHBO1 €HEPTii 1 MOTEHINIATbHOT
eHeprii TUCKy. BaxiMBo BIIMITUTH, IO B TEPMOJMHAMIYHOMY HpoOIeci Hpu
MOCTIHHOMY THUCKY P 3MiHa YacTKOBOi EHTaJbIli pIBHA YaCTKOBIM KUIbKOCTI
ninBeaeHol TerioTu. Lle mosiokeHHs ABISIETHCS OCHOBOIO TEIUIOBUX PO3PaXyHKIB
XOJIOJUIILHOTO 00JIaJHaHHA. 3HAYEHHS YaCTKOBOI €HTAJIbII B KJ[JK/KT MIpOCTaBIIeH1
Ha TOPU3OHTAIBHIN IIKaJTi 3HU3Y 13BEpXy JiarpaMu i mo3HaueHi cumMBoJioM h.

JIHI TOCTIAHUX YaCTKOBUX 00’ €MIB — 130XOpM — MO3HAYEHI MepepBaHUMHU
KPUBUMH, SKI MPOXOAATH B AUISHIN BOJOTOI 1 meperpiroi mapu. B mumstaIn pinuHu
BOXOpHU HE HaHECEH1 Yepe3 CUIbHO MaJiiii 00’ €M piTMHY IOPIBHSIHO 3 00’ €MOM MapH,
0 BaXKO IOJaTH B Macirabl jgiarpamMud. ToMmy dYacTKOBUHM 00’€M PigKoOro
XOJIOJI0AreHTy 10 JilarpaMi He BU3HAYAETHCH. Moro Mo)XHa BU3HAYMTH TI0 TaOJIULIAX
HACHYCHHX IaPiB XOJIOL0AreHTY. SHAYUCHHS JACTKOBUX 06’ €MiBY M’/KT MPOCTABIIeHi
B JUITHKAaX BOJIOTOi 1 MEperpiroi mapu HajJ BIANOBIIHUMHU KPUBUMH 1 MO3HAYEHI
CHMBOJIOM D.

JIiHil MOCTIMHMX YaCTKOBUX EHTPOINN — agiabath — MPOXOASATh Yepe3 IoJe
miarpaMu 1o giaroHani. EHTpormist — QyHKIiS cTaHy TepMOIMHAMIYHOT CUCTEMH, ITI0
XapaKTepHU3ye HaMpsSM TNPOTIKAHHSI TPOIECY TEIUIOOOMIHY MDK CHCTEMOIO 1
30BHIHIM cepenoBumieM. 3HadeHHs eHTpomii B kJ[K/(kr'K) HaBemeni Han
BIATIOBITHUMHU KPUBUMH 1 TTO3HAYEHI CUMBOJIOM S.

KoxHili To4Ill Ha TOJI JiarpamMd BiAIOBIAAE CTaH XOJOJOAreHTy 31 CTPOTro
BU3HAYCHUMH TIapaMeTpaMu. SIKIO ABI TOYKH 3’ €IHATH JIHIEIO, TO BOHA BKaKE Ha
XapakTep TpOoIeCy, SKUH TPOTIKAE MDK JBOMA CTaHaMW. B aeskumx mlarpamax
XOJIOJOAreHTIB CEPEeIHS YacTWHA JiarpaMu B JUISHII BOJIOTO1 Tapud MOXKe OyTh
OTYIICHA, TaK SK MapaMeTpu B I NUIAHIN HE IIKaBl JJIA aHAIBYy 1 pO3paxyHKy

XOJIOAHUJIbHUX YCTAHOBOK.
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3.2. IIlpyHUUIIOBI CXeMH MAPOBOI XOJOAWIbHOI MAIIIMHY TA IXHE

300pakeHHA HA Aiarpami

JInst omucy MpUHIMIY Jii MapoBOI XOJOAWJILHOI MaIllMHUA 3aCTOCOBYIOTH
TEOPETUYHUMN 1 AIMCHUNA IUKIA. TeopeTHYHUM BBAXKAETHCS LMKI, 3a SKOTO Tapa
XOJIOJI0AreHTy 3 BHUIAPHUKA 3aCMOKTYETHCS B KOMIIPECOP Y HACUYEHOMY CTaHI 3a
TEeMIEepaTypy 1 TUCKY KHUIIIHHS, a PIIMHA 3 KOHJEHCATOpa MOCTYIAE B PETYIIOI0UNN
BEHTWJIb Yy HACHMUEHOMY CTaHl 3a TeMIleparypH 1 THCKy KoHaeHcauii. KpiMm Toro,
BB@KAETHCA, 110 B CUCTEM1 HEMA€E BTPAT TUCKY Yepe3 Omip TpyOOIpOBO/IIB 1 araparis,
a Tpolec CTUCKaHHS B KomIpecopi — apmiadatuynHuii (0e3 TemiooOMiHY 3
HABKOJIMIITHIM cepenoBuiiieM). s excrutyarallii XoJI0IuIbHUX YCTaHOBOK IHTEpeC
SBJIAE TIACHUM IIUKI XOJIOAMWIBHOT MallIMHU, IKUI Oy/e pO3TISTHEHUI HUXKYE.

Ha pwuc.3.1. HaBeneHO MNPUHIMIIOBY CXEMy, SIKa CKJIQa€TbCS 3 UYOTUPHOX
OCHOBHUX €JIEMEHTIB, 3’ € THAHUX TPYOOIIPOBOIAMHU B 3aMKHYTY T€pPMETUUYHY CUCTEMY
1 I[MKJI XOJIOAWIbHOI MammHu. PosrisiHeMo mporecu, Mo 3a0e3MevuyroTh

OXOJIOKEHHS.

Boda

b "
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Puc.3.1. [IpuanumoBa cxema 1 IUKII XOJOAWIBHOT TapOKOMITPECIHHOT

XOJIOAMJILHO1 MallIMHUA
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B 0OCHOBI HITy4HOTO OXOJOJKEHI JISKUTh MPOIEC KHUITIHHS XOJIOJOAreHTY Y
BUIIAPHUKY. BiH TEpETBOPIOETHCSA 3 PIIMHHM B Tapy, INOTJMHAE TEBHY KUIBKICTh
TEIVIOTA BT 00’ €KTY OXOJIO/KCHHs. 3a TEXHIYHMMH BUMOTAaMH HEOOXITHO, 1100
X0JIOJOAreHT MaB TOCTIMHY 1 CTPOr0 BHU3HAYEHY TEMIIepaTypy KHUIIHHS 1 1110
JOCSTAETHCS MITPUMAHHSIM Y BUTAPHUKY BU3HAYEHOTO 1 MOCTIHHOTO TUCKY KUITIHHS
Po. Kpim TOro, ty xomnomoareHty Mae OyTH HIXKYE KIHIIEBOT TeMIEpaTypu
0XOJIOJKYBAaHOTO 00’ EKTY.

[lapa, sika yTBOPIOETHCS TMiA dYac KHUIIHHS, BIAKAYYETbCA 3 BHUIIAPHUKA
komnpecopom KM. V TeopeTMUHOMY LMK MOPUAHATO NPUMYIICHHS, IO 3
BUIIAPHUKA B KOMIIPECOP MOCTyNae HaCUUEeHA Mapa, B AIMCHOCTI 3 BUTAPHUKA MOXKE
MOCTyNaTH BOJIOTa, HacW4YeHa abo meperpira mapa. lle 3amexuTs Bin IHTEHCUBHOCTI
TEIJIONOTOKY 10 BHIIAPHUKAa 1 KUIBKOCTI MepedyBalouoro B HBOMY PIIKOTO
XOJIOJI0areHTy. Y BCMOKTYBaJbHOMY TpPYyOONpOBOJ1 TEpen KOMIIPECOpoM mMapa
JOJIATKOBO TIEPETPIBAETHCS 33 PaXyHOK TEIUIOMOTOKY Bl HABKOJHUIITHHOTO MOBITPS 1
MOCTYIae B KOMIIpecop y meperpiroMmy ctasi. Ileperpira mapa mepea KoMmpecopom
TPOXH 3HWXKYE €PEKTUBHICTH POOOTH YCTAaHOBKH , ajie¢ € HEOOXITHOIO MIPOO IS
3aXHUCTy KOMIIpecopa Bl pOOOTH B PEKHUMI “BOJIOTOTO XOAY  1TI0B’S3aHOTO 3 IIUM
TiIpaBIYHOTO yhapy. B kommpecopi mapa CTHUCKaeTbes, mapamerpu t 1 P
MIIBUIIYIOTHCS, 1 rapsda mapa BUCOKOTO TUCKY HArHITAEThCS depe3 TPyOOIpoBid Y
koHaencarop KJI.

Y KkomHjaeHcaTopli mapa XOJOJOAreHTy Iia dYac KOHJCHcAIlii 3HOBY
MIEPETBOPIOETECSA B PINMHY, 1 UK CTAa€ 3aMKHEHHM. 3a TaKMX yMOB TEIUIO BN
XOJIOJI0AreHTy BIIBOAUTHCS B KOHAEHCATOPI BOAOIO a00 MOBITPSIM. XOJOJOAreHT
OXOJIOJKYETBCSI [0 TEeMIlepaTypd HACHWYEHHS 1 KOHJIEHCYETHCS 3a MOCTIMHUX
temneparyp t, 1Tucky P .

VY TeopeTnyHOMY LMK 3 KOHJIEHCAaTOpa B perymorounii BeHTwis PB noctymae
HacuyeHa piguHa. B nificHomy 1wk B PB Mo’ke mocTymaTv K HacuM4eHa, Tak 1
NEPEeOX0JIOKEHa pIIMHA, sKa JI0JJaTKOBO TIEPEOXOJIOJKYETbCS B  CaMOMY

KOHJIGHCATOpl YW B CHEUIATbHUX amaparax. Y  OyAb-sSKOMYy  BHUMAJKY
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NEPEOXOJIOMKEHH €  TMO3WTUBHUM  MPOLECOM, Tak SK  30UIbIIYeEThCS
XOJIOJIOTPOIYKTUBHICTh YCTaHOBKH. PimuHa 3 BUCOKMM THCKOM Yy HACUYEHOMY YU
IIEpEOX0JIOKEHOMY cTaHl noctynae y PB, ne npocemoerscss B IpoXigHOMY
HepeTHHI BATIOBITHOTO po3Mmipy Bit P, 10 P .

[lin yac gpocentoBaHHS TeMIepaTypa XOJIOJOAreHTy 3HMXKYyeTbes 10 t, 3a

paxyHOK MHTTEBOTO BUINAPOBYBAHHSA YacCTUHU piauHU. TemoTa BUMApOBYBAHHS
BIIBOJIUTHCS Bi PEIITH MAacH XOJIOJIOAreHTy, TeMIlepaTypa KOTPOro 3HUKYETHCS.
Tak sK TEriIo BIABOJMUTHCA 1 MEPEAAETbCA BCEPEAMHI CUCTEMH, TO TEIUIOEMHICTh
pPEUOBHUHU B TPOIECi APOCETIOBAHHS 3aJMINAETHCS CTanor. OCKUIbKM YacTHHA
pIIMHM BUIApPOBYeThCs, To Ticiisi PB xonopoareHT siBisie co000 MapopiiuHHY
cymint. [lapoyTBopeHHsI Mpu JIpOCETOBaHHI HAa3UBAaIOTh JIPOCEIHLHUMHU BTpaTamu,
OCKUIbKH, MOTAJAI0Y1 pa3oM 3 PUIMHOIO Yy BUIIAPHUK, Mapa HE A€ B HbOMY eeKTy
0XO0JIO/KEeHHS. Perymorounii BeHTHIIb NPU3HAYEHUM HE TUILKH JJIs JPOCETIOBAHHS
XOJIOI0AreHTy, aJjie 1 sl peryJItoBaHHs MOTo Mojjavl B BUTAPHHUK.

XoNoMWIbHY CHCTEMY MOJKHAa YMOBHO TIOJUIMTA Ha JB1 JIUISHKHA, THCK
X0JIoJ0areHTy B AKkuX pBHUNA. CTOpOHa BHUCOKOTO THCKY MOYHHAETHCS BT
HArHITAJILHOTO 00’ €My KOMIIPECOopa, MPOXOIUTh Yepe3 KOHACHCATOP 13aKIHIYETHCS B
perymor4yoMy BeHTWIL. Bci TpyOompoBoaM, sIKi 3HAXOASATHCS Ha I JTUISHII
YCTaHOBKH, BITHOCATHCS IO CTOPOHU BUCOKOTO TUCKY. MaHOMETpH, BCTAHOBJICHI Ha
amaparax 1 TpyOOmpoBOJax BHUCOKOTO THUCKY, MOKa3yloTh P k(abo P HarHiraHHs).
CtopoHa HU3BKOTO TUCKY MMOYMHAETHCS Bif perymordoro BeHTwsi PB, mpoxoants
yepe3 BUMNAPHUK 1 3aKIHUYYETHCS HA 3aCMOKTYIOUId AUISHINI KoMmIpecopa. Bci
TpyOOTIPOBOIH, 10 3HAXOAATHCS B I YaCTHHI CUCTEMH, BITHOCATHCS A0 CTOPOHH
HU3bKOTO TUCKY. MaHOBaKyyMMeETpH, 5Kl BCTAaHOBJIEH] Ha HUX, MTOKa3yloTh P, 1 P,,.

Jlnst moOynoBu poOOYOTO MUKIY B Jlarpami 3a3BU4Yail 3aar0Th MapaMeTpH, a
came: t,- Temneparypy KumiHHs; t, - Temneparypy KoHAeHcauii; t - Temmeparypy
BCMOKTYBaHHS; t,,- TeMreparypy mepeoxosokeHHs. [[ux mapamerpiB 10CTaTHBO

JUIsl TIOOY/IOBM HA Jliarpami MOBHOTO ITMKITY XOJIOAWiIbHOT MammHu. [lepmr 3a Bce

noTpiOHO BuM3HAuWTH 1O miarpami (puc. 3.1) tuckum Py 1 P, ,, BiIMOBITHUMU
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TeMIepaTypaMu 1 IPOBECTH Ha Jllarpami Bl FOpU30HTAIbHI IpsiMi — 300apu P, 1 Py,

Ilepetun BoOapu TUCKY KUMIHHA Py 3 KpUBOIO HACHYEHOI Mapu BCTAHOBIIHOE
CTaH XOJIOJOAreHTy Ha BUXOJ1 3 BunapHuka. [leperpiB mapu y BCMOKTYBaJIbHOMY
TpyOONpoOBOI mMepen KommpecopoMm BinOyBaeThesi 3a Py mo t,.. Tomy Touka
BCMOKTYBaHHA (1) nexutes Ha mnepetuHi BoOapu P, 1 BoTepMu t,, Ha AUIAHII
neperpiroi napu. I1ig yac CTUCHEHHSI B KOMIIpECOP1 TUCK Napu 30UTbLIyeThCA 10 Py,
a caMm MpoLec MPUNMAIOTh ajiadbaTHUM, TOMY TOYKa (2) 3HAXOAMUTHCS HA MEPETHHI
aniabatu, MpoBeneHoi 3 Touku 1, 1 BoOapu P,. TemnepaTypy L€l TOUKU HA3UBAIOTh
TEMIIEpaTypOI0 HarHITAaHHS KOMIpecopa. 3 KoOMIpecopa meperpira napa nocTymnae y
KOHJIGHCATOp, JI€ CIOYaTKy OXOJIOJXKYETHCS JO CTaHy HAaCHUYEHHS, a TOTIM
KOHJICHCYETHCSI 3a TIOCTIMHOI TeMmIlepaTypy A0 CTaHy HACHMYEHOI pimuHHU. SIKII0 B
IIUKJIIl Ma€ MICIIE TTePEOXOJIOMKEHHS PIAUHN, TO CTaH XOJOJ0AreHTy BH3HAYAETHCS
TOYKOIO TMepeTuHy 3o6apu P, 1 BoTepmu 1,, Ha TUITHII TIEPEOXOJIOMKEHHS PITUHA
(3). [lepeoxonomkeHa 4u epeHacUYEHA PITUHA MTOTPAILISIE B PETYIIOI0YNH BEHTUIIh
PB i apocemoeTbcst 10 TUCKY KumiHHSA Py 3a mocTiiHoi enTanbmii h=const. Jlinii
BOCHTANIBIINA IPOXOISITh BEPTUKAITLHO, TOMY TOUYKH 4(5) — cTaH mepe] BUMApHAUKOM
— BBa)XaIOTh MEPETUHOM BepTUKaM, omyiieHoi 3 Touku 3(3') 1 BoOapu Py. B ctani
BoJioTo1 mapu 4(5) X0JI0J0areHT MOCTyIae B BUMAPHHK, A€ KUIMUTH 3a MOCTIMHUX
TeMIIepaTyp 1 TUCKY KHUITIHHS 10 CTaHy Hacu4eHoi mapu (Touka 1”). Ha mpomy mmxm
3aMHUKAETHCS 1 TOBTOPIOETHCS. TaKUM YUHOM, AIACHUNA UK XOJIOAMWIBHOI MaIlluHA
CKJIAJIa€ThCS 3 OKPEMHX, ITPOIIECIB, IO BiAOYBAIOTHCS MOCTITOBHO.

1" — 1 — meperpiB mapu mig 4ac BCMOKTYBaHHsS B KoMIIpecop npu Py=const;

1 - 2 — amiabaTaHE CTHCHEHHS B KoMmpecopi mpu P =const;

2 — 2" - yCyHEeHHs TieperpiBy B KOHAeHcaropi mpu P =const, t.= const;

2" - 3" — koHJEHCallsl mapu B KOHAeHcaTopi npu P =const;

3" — 3 — mepeoxoJIOMHKEHHS PIIUHU B KOHAEHcaropi npu P =const;

3 —4 - npocemoanns B PB Bin P, no Py mpu h=const;

4 — 1" — kumiHHA PIIWHU Y BUNIApHUKY mipu Py= const i t;= const.

3a BITOMUMH TapaMeTpaMH BY3JOBHUX TOYOK ITUKIY, MOJXHAa BH3HAYUTH

HACTYITHI MOKA3HUKU:
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1) mUTOMY XOJIOJIOTPOYKTUBHICTh XOJIOA0AreHTy, KJDLK/KT, (o=h;~-hy;
2) nmuToMy poOOTy CTUCHEHHS B Kommpecopi, kJx/kr, | = h,-h;
3) muTOoMe TemIoBe HABAaHTAKEHHS Ha KOHAeHcatop, KJDK/KT, Oc=h, - hs ) 3anexHo
BiIT TOTO, JI¢ BITOYBAETHCS TIGPCOXOJIOHKEHHS,
4) xonmoawIbHUI KoedirienT mukiy € = qofl = (h; —h,)/(h, —h,).

Xononmmeaui KoedimieHT nukiay — e KKJ[ mukiny, skl momgaroTh y BUTIIII
BITHOIIICHHS TEIUIOTH, IO TMOTJIMHAETHCS BiI OXOJOIKYBAaHOTO 00'€KTY 10 €HEprii,
BUTPAYCHOI MPH ITbOMY KoMIpecopoM. Uum OibItie €, THM BUIIE €DEKTUBHICTD [UKITY.

[Ipukman. Bu3sHaunTH MmapaMeTpyd BY3JIOBHUX TOYOK ITUKIY 1 OCHOBHI HOTO
MOKa3HUKHW 1 amiaky mpu t,=-10°C, t.=+30°C, t,.=0°C, t,,=+25°C.

Po3B’s130K: BH3HAYa€EMO IapaMETPHU BY3JIOBHX TOYOK 3a TEPMOJIMHAMIUHOIO
JiarpamMoro:

o= h: ", = 1670-530= 1140 x/Pr#c/kz; 1= h2-h1 = 1900-1693 = 207 k/J sc/kz;

Ox=hy -y =190-530 = 1370 xonc/kz; € = o/l = 1370/207 = 6,61.

Ne t,°C P, 10 h, V, M /K2 S, X
mouKu Ila K/Dc/k2 K/Dic/(k2°K)
1" - 10 2,9 1670 0,42 8,96 1
1 0 2,9 1693 0,44 9,04 -
2 102 11,7 1900 0,148 9,04 -
2" 30 11,7 1705 0,11 8,48 1
3 30 11,7 560 - 4,7 0
3 25 11,7 530 - - -
4 - 10 2,9 530 0,055 4,65 0,125

3.3. Cxema X0/10AUJbHOI MAIIUHM 3 PereHepaTUBHUM

TEeNJ0O0OMIHHHKOM i ii 300paskeHHs B giarpami h — IgP

Jlnsg  XOJIOAWIBHUX YCTAHOBOK, IO TMpaIoloTh Ha xiagoHax R-12 1 R-22,

XapaKTepHa HasBHICTh B CXEMi pereHeparuBHOTO Terooominanka 70 (puc.3.2.), B
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SIKOMY BiIOYBA€ThCSI TEIUIOOOMIH MDK PIIMHOIO, 1110 MOTparisie 3 konaeHcaropa KA

A0 PCTYIOH0YO0ro BCHTUILA PB, 1 maporw, MmO HIOTpaluri€ 3 BHIIAPHHUKA B a0

komnpecopa KM.
Bodn
jxa
5 ;
+ : ~F-

X natonocumene
4 il

(]

Puc.3.2. IlpunnumnoBa cxema mapoKOMIPECIHHOT MAIIMHU 3 PEreHepaTUBHUM

TEMIOOOMIHHUKOM

[lpoxoasiun yepe3 TEMIOOOMIHHUK, XOJOJHAa TMapa IMOTJIMHAE TEIJIOTY BiA
pIIMHU 1 TEpPerpiBacTbCs, a pUIMHA TPH IOMY IEPEOXOJIOHKYyBaJlacs.
[lepeoxonomkenns pinuaU niepen PB € MO3UTUBHUM MPOIIECOM, OCKUIBKH 3HUKYE
JIPOCENIbHI BTpaTH, 30UIBIIyE IMTOMY XOJOJOTPOIYKTUBHICTH XOJIOJOAreHTy.
[leperpis mapu nepe KOMIPECOPOM IMTPU3BOIUTH A0 30UTBINICHHS POOOTH CTHCHEHHS,
MIIBUINCHHS KIHIIEBOI TeMIlepaTypd HarHITaHHA 1 30UIbIIEHHS TEIUIOBOTO
HaBaHTa)XCHHS Ha KoHAeHcaTop. [IpoTe B AMCHIM XOJOAWIBHIN YCTAHOBII IIEPETPIB
mapu Tepe KOMIpecopoM HeoOXimHui s ii 6e3neunoi po6otu. KpiM Toro, mims
KOMIIPECOPIB, IO TMpaIioTh Ha XidamoHax R-12 1 R-22, BurimHO miaTpuMyBaTu
BHIIy TEMIIEpATypy MEPErpiBy, OCKUIBKU II¢ 3MEHIIyE 00'€MHI BTpATH 1 MiABHIIYE
XOJIOJOTIPOTYKTUBHICTh KOMIIPECOPA, a HAABHICTh TEIUIOOOMIHHUKA JTA€ MOJKIIUBICTh
3allOBHEHHSI BUMApHUKa 0€3 BUHMKHEHHS YMOB TiApaBmiuHOTO yaapy. lLle mo3Boiisie
Kpallle OpraHi3yBaTH IOBEPHEHHA Macja 3 BHUIAapHUKAa B Komipecop. L[iHHICTH

TEMJI0OO0OMIHHUKA TOJIATAE B TOMY, II0 BiH 3a0e3Ieuye KOPHCHE MepeoXO0JI0IKEHHS
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pIIMHU 3a paxXyHOK HEOOXITHOTO JJIg eKCIUlyaTaiii Tmeperpisy mapu. B
pereHepaTUBHOMY TEIUIOOOMIHHUKY TEIUIOTa, IO BIAJAETHCS PIAUHOIO, MOBHICTIO
TIOTJIMHAETHCSI BCMOKTYBAHOIO TIApOIO.

300pakeHHsl LMKIB POOOTH MApOBOi MAUIMHMU 3 TEINIOOOMIHHUKOM 1 0e3
HbOTO B KoopauHarax h - IgP ananoriui (auB. puc. 3.1. ). Pi3HuII uIIe B TOMY, 110
npoiecu  nepeoxosokeHHs  3'-3 1 meperpisy 1-1"  BigOyBaioThca B
TEIJIOOOMIHHUKY a, OTKe, hg Lhe=h—h,, 3Bk he=hs—h, +h. OcKiTbKH KUIBKICTH
TEIUIOTH, IO BIIJAE PiAWHA, JOPIBHIOE KUTLKOCTI TEIIOTH, IO CIpUKAMAE Tapa,
TeMIlepaTypa Tapyd 3aBXJAHW MIABUINYETHCSA OUIbINE, HDK 3HHXKYETHCS
TeMIlepaTypa pIiAWHH, OCKUITbKHM MUTOMA TEMJIOEMHICTh IMapu MEHIIa HIK
MUTOMA TEILUIOEMHICTDH PITUHU.

Tak, nns R-12 neperpiB napu Ha koxkH1 5°C 1a€e epeoxoa0KeHHS PIAUHT Ha
3°C. TenmnooOMIH MDK pPIIMHOI 1 TApOI0 3aICKHTh BT iXHIX MOYATKOBHX
napameTpiB, TOMY pEreHepaTuBHI TEIUIOOOMIHHUKM e(deKTHBHI 3a OuIbIol
pHUII Temmeparyp: {1 to.

BxuBaHHS pereHepaTMBHUX TEIIOOOMIHHUKIB I aMiaqHUX XOJIOJMILHUX
YCTaHOBOK HENOLUIbHE, OCKUIbKM BEIMYHMHA TEpPEerpiBy Mmapyu Ha BCMOKTYBaHHI B

aMiauHUX KOMIIpecopax oOMeKeHa yMOBaMM IXHbO1 eKcIyaTaii.

3.4. CxeMnu ABOXCTYNI€HECBUX XO0JOANJBbHHUX MAaIlIMH

i ixne 300paxenns B giarpami h — IgP

Jnsg OTpuUMaHHS HHU3bKHX TEMIIEpaTyp B OXOJOJXYBaHMX 00'ekTax
HEeoOX1H1 HU3bKI TEMIEpaTypHu KUMNIHHA tg, TOOTO Yy BUIAPHUKY JOBOJAUTHCS
NiATpUMYBATHU 1 HU3bKUM TUCK P, 1le npu3BOaUTH 10 30UILIIEHHS 3HAYECHHS
BiAHOWIEHHS TUCKY P,/Py1 TpbOX HeOaXaHUX SIBUIL: 30 UIbICHHS TEMIIEpaTypu
HarHITaHHA KOMIIpecopa, 3pOCTaHHs 00'€éMHUX BTpaT B KOMIIpPECOP1 1 30UIbIICHHS
IpOCEIbHUX BTpaT B PEryIl0lOYOMY BEHTWI, [0 BHKJIMKAE 3MEHIICHHS
XOJIOJONPOIYKTUBHOCTI YCTaHOBKHU. J[JIsi Cy4yacHUX MIBUAKOXITHUX aMiaquHUX

NOPIIHEBUX KOMIIPECOpPIB TeMIleparypa HArHITaHHS XOJIOJOAreHTy HE IOBHHHA
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nepepuiyBatd  160°C, oOCKUIbKM moOJanbllie 1i MIABUILEHHS MPUBOAMUTH [0
NOPYUICHHS ~ BJIACTUBOCTEH  MacTWia, BHUKJIMKAE  HOro  OPUTOpaHHA 1
camMo3aropaHHsi. 3HWXKEHHsS MPOAYKTUBHOCTI KOMIpPECOpa 3a BEIMKUX 3HAYEHb
BIIHOIIIEHHS TUCKIB P,/Py TOB's3aHO 31 3MEHIICHHSIM KoedilieHTa ToJadi.
Bcranosneno, mo 3a P,/Py>8 [OLUIBHO 3aCTOCOBYBATHM OararocTyIiHYACTe
CTUCHEHHSI XOJIOJ0AareHTy y JBOX (1 OUTbII) MOCJHIIOBHO CIOJYYEHUX LUTIHApPaxX
abo kommpecopax. i oOMeXeHHs 3pOCTaHHS TEMIIEpaTypu HArHITaHHS IICJIs
KOJKHOTO CTYIEHSI CTUCHEHHS Mapa XOJIOJOareHTy OXOJIOJXKYEThCS BOJOIO B
OPOMDKHOMY  XOJIOAWJIbHHKY, abo KUTIITY UM XO0JI0I0ar€HTOM y
TEIIOOOMIHHOMY amapari.

HaiimommpeHinmo ABOXCTYMEHEBOK CXEMOI € CHUCTeMa CTHCHEHHS 31
3MIEBUKOBOIO MPOMDKHOIO MOCYAUHOIO 1 MPOMDKHUM OXOJIOJKYBaHHSIM TapH (puc.
3.3). [lapa xonomoareHTy Mmicjsi CTUCHEHHS B WIHAPI HU3bKOrOo TUCKY I[HT no
IPOMDKHOIO THUCKY P,, moctymae B NpoMbKHy cyauHy ITII Hwxde 3a pIBEHb
KUIUIIYOI'0 XOJIOJ0ATeHTY 1 0XOJIOJKYETHCS 10 CTaHy HACUUEHHS, TPOXOAsTYH uepe3

map pPiIAHM.
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Puc.3.4. 300paxxeHHs UKIY MapOKOMIIPECiiHOT TBOCTYMEHEBOT

XOJIOTMJIbHOT MAIllMHYU 3 MTOBHUM MPOMDKHHUM OXOJIOJKEHHSM B Jiarpami

Buxonstam 3 IITl, mapa meperpiBacETbCs y BCMOKTYBaIbHOMY TPyOOMpPOBOII
nepea MIIHAPOM BHCOKOro THCKy IIBT 1 B meperpiroMy cTaHi MOCTyIHae B
Hporo. Cmig 3a3HauWTH, W0 HaBITh Yy LUKII 3 [OBHUM NPOMDKHUM
OXOJIOJI)KYBaHHSIM IIap MOBHHEH NOCTYNAaTH B KOMIIPECOP BUCOKOTO TUCKY (Tak
camMo, SIK 1 B KOMIOPECOP HHU3bKOTO THUCKY) B MEpErpiToMy cTaHi, IO €
000B'I3KOBOI0 BUMOTOI TEXHIKU OE3IEKH.

[Ticns ctucuenns B IIBT no Tucky KoHneHcamnii P, mapa KOHICHCYEThCS
y KoHaeHcatopi K/[, miciist 40ro piiuHa BUCOKOI'O TUCKY PO3JUISAETHCS HA JBa
notoku (touka 5'). OcHOBHHWU mNOTIK moctymae y 3miiioBuk IIII, ne
IEPEOXO0JOJKYETHCS Ta BIA1A€ TENIOTY KUIIAYIN PIIUHHU, 1 B CTaH1 TITMOOKOT0
IIEPEOXO0JIOKEHHS OTPAIIA€ YEPE3 PEryI0I0YNN BEHTUNb PB, y BUIapHHUK.
[Hmnii noTik piguHu ApocentoeTscss B PB; Bin THCKY P, 10 npoMiKHOTO P, 1
NOoTpaIisie B NPOMDKHY NOCYAMHY. TakuM 4MHOM, y NPOMDKHIN MOCYAUHI

BiIOyBa€ThCS YCYHEHHSI TMEperpiBy Napu MDK KOMIIPECOpaMU HHU3BKOTO 1
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BUCOKOTO THCKYy, a TaKOX IMEpPEOXOJIOJKEHHs piauHu nepen PB, 3a paxyHOK
KUIIIHHA PIAKOTO XOJIOJOAreHry 3a P,,.

Jlns ananizy poO0OTH 1BOXCTYIEHEBUX CXEeM 1 TOOYA0BH LUKy B Alarpami
HEOOXI1IHO BHM3HAYUTU NPOMDKHMH THUCK P,, BH3HA4alOTh 3 DPIBHOCTI THCKY B
000X CTyneHAX CTHCHEHHsA 3a (Qopmynow P, = /P, -P,. 3a3Buuail Ha niarpami
(puc.3.4) nposonaTes Tpu i306apu: P, P,, 1 P,, AKMM BiINOBIZAIOTh TPHU
TeMIeparypu HacudeHHs: 1, t,, t,. 3amaioTe 3HaueHHA neperpiBy napu Ha
BcMoKTyBaHHI nnepen IJHT, ta O0ynyoTh Touky 1. 3 1i€i TOUKHM NPOBOISATH
aniabaty nmo tucky P,, — (touxka 2). [ami y mnpomikHii nocyauHi mapa
OXOJIOJIKYETbCS A0 CTaHy HacuueHHs 3", a TOTIM THeperpiBaeThcs y
BCMOKTYBaJIbHOMY TpyOomnpoBoai (Touka 3). Temneparypy neperpisy napu
nepen IIBT cnin npuiimatu B Mexax +5...10°C, toxi t; =t,,+ (5...10°C). 3
TOYKHU 3 MPOBOAATH anuabary a0 mepeTuHy 3 13o0Oapoio P, (Touka 4). Ile
KiHIIEBa TemIlepaTypa HarHiTaHHS Mapu JBOCTYNEHEBOTO CTHUCHEHHA. 3
nlarpaMu CHOCTEpIraeThbcs, IO 3a YMOBHM OJHOCTYNEHEBOTO CTHUCHEHHS
(mpouec 1-2"), kiHueBa TeMIepaTrypa HarHiTanHs Oyia O 3HA4YHO BHILE
(nopiBusiiTe Touku 2' 14). [Iponec 4-5"' BinOyBaeThcsi B KOHACHCATOPI 3a
P,=const. Jlani pituHa BHUCOKOTO THUCKY (Touka 5') po3ainseTbcs Ha JBa
notoku. YactuHaii gpocentoeTbcs B PB; (IpOBOASATh €HTAIBIIIO 3 TOUYKH D'
1o mepeTuHy 3 i3o6apor P,,). [lapopinuunHa cymim ctaHy 6 moTpamisie B
NPOMDKHY TOCYAHWHY, 1€ KUMUTh 32 YMOBHU NMPOMDKHHUX MapaMmeTpiB (mpoiiec
6—3""). [Hma yacTrHAa X0JI0J0areHTy MePeoX0JI0AXKYEThCS B 3MilioBuky I11T
Opu TUCKY KOHJIEHCaIlli, TOMy TOYKa 7, II0 BU3HAYa€ CTaH XOJOJ0AareHTy Ha
BUXOJ1 31 3MIHOBHKA, JICKWUTh Ha AUISHINI piguHU. Temmeparypy TOYKH 7
BH3HA4aloTh 3 BUpaszy t;=t,,+(2..3°C) [pocemroBanHs B PB,, 300paxkaioTh
BEPTUKAIUTIO, OMYIIEHOI0 3 TOYKH 7 A0 meperuHy 3 13obaporo P,. IlapopinmuHHa
CyMilll CTaHy & MOTpaIvise y BUNAPHHUK, J¢ KUMHUTh (mpoiiec 8-1). Bumeomnucani
mpoliecH mojaadi Ha miarpami (puc. 3.4.):

1" — 1 — nepezcpie napu npu ecmoxmyeanni ¢ I[HT 3a Py=const;

1 -2 - aoiabamuune cmucnennsn ¢ I[HT 6io P, oo P,;
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2 — 3" - nepezpie napu npu écmoxmysanni 6 IIBT 3a P,,=const;

3" - 3 — nepecpi¢ napu npu écmokmyeanni ¢ IIBT 3a P,,=const;

3 —4 — adiabamuune cmucnennusn ¢ IIBT ¢io P,, oo P,;

4 — 4" — nepezcpie napu ¢ konoencamopi 3a P, =const;

4" — 5'— konoencayia 6 konoencamopi 3a P,=const;

5'— 6 — opocenrweannsa ¢ PB, 6io P, oo P,, 3a h=const;

6 — 3" — kuninnsa ¢ I1ll 3a P,,= const i t= const;

5'— 7 — nepeoxonoosrcenna piounu 6 3mitiosuxy IlIl 3a Pk=const;

7 — 8 — opocenweannsn y PB, 6io P, 0o P, 3a h=const;

8 — 1" — kuninna y sunapuuxy npu Py= const i t,= const.

Cnmin 3ayBakWTH, IO MacoBa Iojada KOMIIpecopa BHCOKOTO THCKY M,
OulbIa, HDK KOMIIpECOpa HHU3BKOTO THUCKY Mj, OCKUIbKM OKpIM Mapu, IO
MOCTyNae 3 KOMIPEcOpa HU3bKOTO THCKY B KUTBKOCTI M, B HBOTO MOCTYIIA€ e 1
napa, yTBOpPIOBaHA MpPH KHUMIHHI PIIMHM B TPOMDKHIM mocyauHi BomHouac
00'eMHa XOJIOAOTIPOAYKTUBHICTE KOMIIpECOpa BHCOKOTO THCKY B TpH pa3u
MEHIIIa dYepe3 3MEHIICHHS 00'eMy TMapy I Yac CTUCHEHHS B KOMIIpecopi
HU3BKOTO THUCKY.

Macosy nogauay HHHT, kr/c, Bu3Hadarots 3a OpPMYIIOI0

M;=Qy/qp, (4.1)
ne Qg — X0JIOIOTIPOIYKTUBHICTh, KBT;

Jo — MUTOMA XOJOJOTPOAYKTHBHICTD, KJ[XK/KT:

%=h1,'h8 (4.2)

Macogy nogauy LIBT, kr/c, 3HaX0a4Th i3 CHIBBITHOIICHHS

M2:M1(h2'h7) (hS'hG)- (4-3)

[Tutomy poboty ctucuenas L{HT, x/[x/kr, Bu3Ha4arOTh 3a pIBHSHHIM
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I, =h,—h;,. (4.4)
[Tutomy poboTy ctucuenuss LIBT, kJI»x/kr
I, =hy4-hs. (4.5)

[IluToMe HaBaHTaXEHHSA HA KOHJEHCATOP, KJ[&K/Kr

d.=hs-hs, (4.6)

XonoaunbHUN KOePIieHT
& = qo/(l1+17).

[lpukiang. Bu3HauuTH MmapaMeTpu BY3JOBUX TOYOK IHKIYy 1 IHTOMI
XapaKTePUCTUKNA JUJI1  aMiadHOi JBOXCTYIICHEBOI MAIIUHU 3 MPOMDKHOIO
nocyaunoto, skmo t,=+30°C, to= -40 °C, t,.=-30°C.
BuznaunMo moaaTKoOBI MapamMeTpu: PK:11,7-105Ha; PO:O,7-105Ha; P,./IPy=
16,7>8; P,,=\[P,-P, =/8,19-10° =2,8610° I1a.
Ile mpubAM3HO BIiANIOBIAAE:
t,,= -10°C; t3=t,,+(5...10°C)=-5°C; t;=t,,+3°C=-7°C.

[TapameTpu By3710BHUX TOYOK IUKITY TPEACTaBJICHI B Ta0d. 3.2.

Taoamus 3.2
I Tapamverpy By310BUX TOYOK IUKITY
Ne mouku t,°C |P, 10°Ila h, v, M>/ke | S, kl]oc/ke X
K/[orc/ke

1" -40 0,7 1625 1,5 9,4 1
1 -30 0,7 1650 1,6 9,48 -
2 + 60 2,85 1835 0,55 9,48 -
3 -5 2,85 1680 0,43 9,0 -
3" -10 2,85 1670 0,42 8,96 1
4 97 11,7 1880 0,15 9,0 -
4" 30 11,7 1705 0,11 8,48 1
5 30 11,7 560 - 4,7 0
6 -10 2,85 560 0,06 4,75 0,14
7 -7 11,7 380 - - -
8 -40 0,7 380 0,15 4,15 0,11
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Bu3HAYAEMO TTHTOMi XapaKTEPHCTUKH: ITHTOMA XOJOXOIPOLYKTHBHICTH 0,=h; -hg
=1625-380=1245 k/[>tc/x2; nuroma pooota LIHT |,=h,-h;=1835-1650=185 K /[orc/k2;
nuroMa pobota LBT |, = h,-hs= 1880—1680 = 200 k/doc/ke;

TCIJIOBE HaBaHTAXXCHHS Ha KoHaeHcaTtop gk=N,;-hs=1880-560=1320k/Ioc/kz;

xoJ0auibHuN Koedimient é=q,/(1,+1,)=1245/385=3,23.

3.5. 3HayeHHs AiarpaMu X0J10AMJIBHUX areHTIB JJIA aHAJi3y po0oTH

X0JIOAMJIBHOI YCTAHOBKM i ii 00CJIyrOByBaHHS

Buiie po3risHyTi pBHI [UKIA XOJOJWJIBHUX MAIMH 1 BHU3HA4Y€HI OCHOBHI
XapaKTePUCTUKU IUKIY, a caMe: IMMTOMa XOJIOJOIPOAYKTHBHICTh, MUTOMa pobOoTa
KOMIIpecopa, IMUTOME TEINIOBE HaBAaHTAKEHHS HAa KOHIEHCATOp 1 XOJIOIMIILHUN
koediienT abo KKJI muxny. [lopiBHSHHS NUX MOKA3HUKIB A€ MOKJIMBICTD OI[IHUTH
e(eKTUBHICTh POOOTH JaHUX IUKIB. Tak, 30UIBIIEHHS XOJOJONPOJAKTUBHOCTI 1
XOJIO UITHLHOT'0 KOC(IITIEHTY € TTO3UTHBHIM YMHHUKOM, a ITIBUIIICHHS] HAaBAaHTAKCHHS Ha
KOHJIeHCaTop abo poOOTH CTUCHEHHS — HEraTWBHUM. BaXXJTMBUM MOMEHTOM MpHU
300paXeHH] UKIIIB B JiarpamMax € MOJKJIMBICTh MTOPIBHSIHHSI OKPEMHX MPOIIECIB a00
UKJIIB XOJOIMJIPHUX MAIIWH MDK COOOM 0€3 3HAXOIHKEHHS YMCJIOBHUX 3HAYEHD
napameTpis. Lle qyxe 3pydHO, KOJM BaKJIMBa HE KUTbKICHA, a SIKICHA OIIHKA TOTO abo
iHmoro mpomecy. Tak, Ha pwuc.3.1. moKa3aHI IUKIM 3 TIEPEOXOJIOKCHHIM
XOJIOJIOAreHTy Iepea PerymordyuM BeHTwiIeM (mpkn 1"-1-2-2"-3'-3-4-1") i
0e3 HBOTO (KT 1"-1-2-2"-3'-5-1"). [TopiBHSHHS MTUTOMO1
XOJIOJOMPOAYKTUBHOCTI (, 1 (', HAOYHO TIOKa3ye€ BUTIIHICTH MPOIECY
NEPEOXOJIOKEHHsI, TUM Iade, 1Mo pobora kommpecopa | Bim mporo He
3MIHIOETHCS, SKIIO MEePEOXOJOKEHHS 3AIMCHIOETHCS MUIAXOM TENI000MIHY
13 30BHIMHIM cepegoBumeM. [na nepeoxonomxenHs B IIII morpibHa
Butpara eHeprii B LBT. Otxe, mnporec MmepeoxXoJOKEHHS PIAKOTO
XOJIOJOAreHTy Tepea PperyialoloduM BEHTUJIEM MOXe BigOyBaTucs B
KOHJEHCATOpl, BOASHOMY IMEPEOXOJOAXKYyBaui, TEMI00OMIHHUKY abo

3MIHOBUKY NPOMDKHOI NOCYIMHHU, ajie Y OyAb-sIKOMY BUNIAAKY € BUTIIHUM N5
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XOJOAUIBHOTO MUKIY. JOUUMIBHICTE BHUKOPHCTAHHS MEPEOXOJIOKCHHS
3aJIeKUTh JIMIIE Bil CYMU JOJAaTKOBUX BUTPAT HA HOTO 3/ICHEHHS.
Cknanuilmie po3B'A3ye€TbCs MNUTAHHSA LIOAO0 MPOLECY MEpPEerpiBy mapu
X0JIOJIOAreHTy mnepea kKommpecopoM. Ilim yac BCMOKTYBaHHS KOMIIPECOPOM
neperpiroi mapu 30UIbIIyeTbCs poOOTa CTUCHEHHS 1 3pOCTaE TeMmIeparypa
HAarHITaHHS ~ KOMIIpeCcOopa,  MIABUIIYEThCS  TEIUIOBE  HABAaHTAXCHHS  Ha
KOHJEHCATOp, TpoTe poOoTa XOJOAWILHOI MamMHA 3 TeperpiBoM Ha
BCMOKTYBaHHI € HEOOX1THO yMOBOIIO ii Oe3nmeuyHoi ekcmiayaTarii.
Tomy OakaHO BHKOPHCTOBYBATH II€H TpOIEC 3 KOPHUCTIO IS XOJOJIHIBHOTO
muKITy. BnnmB meperpiBy mapu  Ha  XOJOJOMNPOAYKTHUBHICTH MAIIWHU 1
XOJIOAWILHANA KOEQIIEHT 3aJeKUTh BII CIOCOOY 1 MICIS MEeperpiBy mapu B
IIUKJI, & TAaKOX BiJl TOTO, YA CTBOPIOE KOPUCHE OXOJIOKYBAHHS TEIUIOTA, IO
MOTJIMHAETLCS BCMOKTYBaHOIO Tapoto mpu ii meperpiBi. [Iporec meperpiBy Moxe
BiIOyBaTHCs B OJHOMY MicIli, a00 B JEKLIbKOX 3 HUX OJTHOYACHO: Y BUITAPHUKY;
Y BCMOKTYBJILHOMY TPYOOIPORBO/I, 3MOHTOBAHOMY B 0X0JIOKYBAaHOMY 00'eMi;
Yy BCMOKTYBaJbHOMY TpPYOOIIPOBOJI, 3MOHTOBAaHOMY 30BHI OXOJIOJKYBaHOTO
00'eMy; y pereHepaTMBHOMY TEIUIOOOMIHHHKY. SKIIO TEperpiB XOJIOJ0areHTy
BiAOyBa€eThCs y BHUIAPHUKY, TO Il€ CYNPOBOJKYETHCSI KOPHUCHUM
0XOJIOJI)KYBaHHIM 00'€KTy, MpOTe, TeIJoNepenaadya 4epe3 CTIHKH BUIIapHUKA
JIUIE TIapu MEHINAa HDK JJIsS pIAWHW, 1 TaKe BUKOPHCTAaHHS BHITADHHUKA €
MajoepeKTUBHUM. ToMy HaAMIpHUH TEpErpiB mapu y BUNMApHUKY HeOakaHUA.
[HOMl mWeEeBHY MAUITHKY BCMOKTYBAlIbHOTO TPyOONpPOBOAY BMOHTOBYIOTH B
0XO0JIOJI’)KYBAaHOMY TPOCTOP1 JJisl MEeperpiBy B HbOMY BCMOKTYBaHOI Mapw.
Takwuii meperpiB € KOPUCHHUM 1J03BOJISIE Kpallle BUKOPUCTOBYBATH MOBEPXHIO
BUIIApDHUKA TMpu OUIbIIOMY 3amoBHEHHI Horo piguHow. Komu mapa
XOJIOJIOATeHTY IMeperpiBaeTbCsi y BCMOKTYBallbHOMY TpyOompoBOai 30BHI
0XO0JIOJAKYBAaHOT O MPOCTOPY, TO KOPUCHOTO OXOJIOJAKYBAaHHS HE BITOYBa€eThCA,
1, OTXKe, Takui meperpiB MoTpidHO OOMeXyBaTH Ta MOKPUBATH TPYOOMPOBIf
temnoizonsiieo. IleperpiB mapu y pereHepaTuBHOMY TEIUIOOOMIHHHUKY €

KOPHUCHHMM, OCKUIbKM 3@ TakuX YMOB BIIOYBAa€TbCS MEPEOXOJIOJKEHHS PIIUHU
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nepen PB.
3o00paxeHHs B Alarpami UKy XOJOJAUIbHOI MalIUHU J1a€ MOXKJIUBICTh
3pOOUTH BaXJMBI AJsS €KCIJyaralii BUCHOBKHM LIOJO0 BIUIMBY MapaMmeTpiB
KOHJICHCAIli 1 KWImHHA Ha eQeKTUBHICT poOotu yctaHoBku. Ha pwuc.3.5.
300pak€HO TPU LHMKIM pOOOTH YCTAaHOBKH: HOpMaIbHUN pexum 1-2-3-4;
pPEeXUM 3 MIABUIICHUMHU TapamMeTpamMu KoHuaeHcanii 1-2'- 3'-4' i pexum 13

3HW)KEHUMU MapameTpaMmu KuninHsa 1"-2"-3-4".

Ay 4 y' to 1
/
o u o /)
g _ / L L
S qﬁ ! - {-— - e
' / !

Puc 3.5. Ananiz poO0TH X0J0AWIBHOT YCTAHOBKH LIUIIXOM NOOYJ0OBU LIMKITY B

Jiarpami

3 puUCyHKa BUJHO, IO TIPU MIIBUIICHHI MapaMeTpIB KOHACHCAIll 1 TOHUKEHH1
napaMmerpiB KUIMIHHS 3HUXKYETHCS MUTOMA XOJOJAONPOIYKTUBHICTh XOJIOJA0AreHTY
(90> 0,7 i 0,>Q00""), a poboTa ctucHenHs — 30utpImyeThes (I<I' i I<I™).
ToMy mpu ekcruyataili cTeXxaTh 3a THUM, 00 XOJOJWJIbHA yCTaHOBKA
npaimioBajga MNpU MIHIMAILHO MOXKIMBHUX TapamMeTpax KOHJAEHcallii, 1 He
JNOTMYCKAIOTh 3HUKEHHS MapaMeTpiB KUITIHHS.

AHaN3 UKy XOJOAWILHOI MAIlIMHU 3a JIOTIOMOTOI0 300paXeHHs B Jlarpami
Jla€ MOJKJIMBICTh HAOYHO MOKAa3aTH B3a€EMO3B'S30K pOOOTH OKPEMHX E€JIEMEHTIB

YCTAaHOBKM MDK €000, IO JajeKo HE 3aBXJIWM MOJXHAa BH3HAYUTH 3a
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CBIIYEHHSAMHU KOHTPOJIbHO-BUMIPIOBAIbHUX Npwiaais. Tak, Hanpukian, 3MiHa
TUCKY 1 TeMIlepaTypy KOHJICHcCAIlli HE BUKIMKAE 3MIHM TapaMeTpiB KUMIHHS, 1,
31aBajiocs 0, HeMae 3B'sI3Ky MDK poOOTOI0 BUMIApPHUKA 1 KOHJIEHCATOPa, MPOTE, K
NoKa3zye Jiarpama, XOJOJONPOIYKTUBHICTh BUIIAPHUKA 3MIHIOETHCS TaK CaMo,
K 1 pob6oTa KoMIIpecopa.

AHaJIOTTYHO MO’KHA MPOCIIIKYBaTH 3a 3B'A3KOM MDK BCiMa €JeMEHTaMu
XOJIOIMIBHOT yCTaHOBKU. PO3YMIHHS IILOTO 3B'SI3KY JIy’K€ BKIIMBE MPU SKCILTyaTaIlil
YCTaHOBOK, a TakO>X MPH MPOBEACHHI 1XHbOI PEKOHCTPYKIIii, a00 P PO3IIUPEHHI
BUPOOHUIITBA 1 3aMiHI 3aCTApUIOTO yCTaTKyBaHHS HOBMM. bynb-sika 3MiHa y CKJaji
YCTAHOBKM TOBUHHA OyTH Y3TO/JPK€Ha 3 IHIIMMH EIEeMEHTaMU 1 MiITBepKeHa
po3paxyHkamu. OCHOBOIO JJIs1 PO3PaXyHKY 1 BUOOPY XOJOAUIHHOTO YCTaTKyBaHHS
TaKOX € JiarpaMa X0JIOJUJIbLHUX arcHTIB.

Jlo 000B's13Ky mepcoHaiy, 1Mo 00CIyroBY€E XOJOMWIbHI YCTAHOBKH, HAJICKUThH
¢ikcaris pobo4Yux mMapamMeTpiB, TOJOBHUMH 3 SIKHX € TapaMeTpW KOHIEHCAIi 1
KAITHHSA. 3a BUICYTHOCTI JBOIMIKAIPHUX MAHOMETPIB 3HAYCHHS TeMIIepaTypu
HACHYCHHS MOJKHA BH3HAYHWTH 3a JOTIOMOTOIO Jliarpamu, 3a BIAIIOBITHAM THCKOM
HAacCW4YEeHHS a00 3a TaOJUISIMU.

[lim vac moOymOBH WKy JiF0Y0i XOJIOJWIHLHOI YCTAaHOBKH B Jiarpami Jis
MOPIITHEBOT0 KOMITPECOpa MOKHA BU3HAYUTH TEOPETUYHY TEMIIEpaTypy HarHiTaHHS 1
MOpIBHATH 1i 3 MAIMCHOIO 3a TOKa3aMH TepMOMETpa Ha CTOPOHI HarHITaHHS
KoMIpecopa. SIKmio AilicHa Temreparypa BHILE TEOPETHYHOI, TO 1€ CBITYUTH MPO
HEMOJIaJIKH B KOMITPECOPI; TOHMKEHHS JIIHCHOI TeMIepaTypHy HarHITaHHS CBITYUTh PO

po6OTy KOMIpEcopa «BOJIOTHUM XOZOMY.
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4. Po0o4i mpouecu B KOMIIpecopi.

MOPUIHEBi, POTOPHI, BIALIEHTPOBi T2 TBUHTOBI KOMIIPECOPH

4.1. Inquxkatopna niarpama. O0’e€MHI BTpaTH y KOMIIpPeCcopi

B xapuoBiii mpoMHCIOBOCTI MPU BUPOOHMIITBI XapUOBHUX MPOIYKTIB 4aCTO
BUKOPHUCTOBYIOTh Ta3u Ta ixX cymiml. [[ig nmepemimieHHs iX mo TpyOomnpoBoiaM Ta
armaparaM, YTBOPEHHSI BaKyyMy 3aCTOCOBYIOTb KOMIPECOPHI MalllMHU. 3aJIeKHO Bif
BJIACTUBOCTEH ra3zy Ta CyMIlll, a TaKO Bl HEOOXITHOT MPOAYKTUBHOCTI BUOMPAIOTh
pPIBHI BUIM KOMIpPECOpHUX MammH. KoMmmpecopHi MallMHM — 1€ MAallMHH, SIKI
NpU3HAYEH1 IS TIepeMIllleHHs] Ta CTHUCHEHHs rasiB. Knacudikamiro nyx mamnmx

NPOBOJISATh B 3aJIKHOCTI Bill CTYIeHsI CTUCHEeHHS (puc.4.1).

Knacudixania

EOMIIPECORPHHE MATHH

E 2ale¥ HoCTl BAX

CTYIEHA CTHCHEHHA 3 TPHHIOHITCM 111
= BEHTHIATORH IORIIHEEL
[l
MAITHHH

e s YEKH

POTAIMAR]
[
MAITHHH
| o|  KoMOpecopH
EiOUEHTR 0EaH]
——m—
L BAKYYM-HACOCH MAITHHH

| | OCBOBI MAIIHHE

- CTPYMEH]
MALIHHH

Puc.4.1. Knacudikarist KoMIpecoOpHUX MAIIVH

CTyniHp CTUCHEHHS — L€ BIIHOUIEHHS THUCKY P, sIKMil yTBOpPIOE KOMIIpECOpHa

MallrHa, 10 THCKY, IPU IKOMY 3IMCHIOEThCSI BCMOKTYBaHHS rasy P;.
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3a NpUHLUIOM [ii KOMIPECOPHI MAIMHU MIIPO3JUISIOTECS Ha MOPILIHEBI,
poOTalliiiHi, BIIUEHTPOBaHI, OCHOBI Ta CTPYMEHEBL. Y TOPIIHEBUX MaIIUHAX
CTUCHEHHS Ta3y BiIOYBa€ThCS 3aBISKU 3MEHIICHHIO 00’ €My, B IKOMY 3HAaXOJIUTHCS
ra3, Mpu MOBEPHEHO - MOCTYNOBOMY pyci nopiuHs. CTUCHEHHS ra3y B pOTaIlliHUX
MallMHaX 3yMOBJIEHO 3MEHIIEHHSIM 00’ €My, B SIKOMY 3HAXOJUTHCS Tra3, 3a paxyHOK
oOepTaHHsl €KCUEHTPUYHO PO3TAIIOBAHOTO POTOpa. Y BIILEHTPOBAHUX MalllMHAaX
CTUCHEHHSI Ta3y 3AIMCHIOETHCS Ti Mi€I0 IHEPLIAHUX CWI, 10 BUHUKAIOTH NPU
obepTanHi pobouoro xojieca. B 0chbOBUX MalIMHAX ra3 CTUCKYETHCS MPHU pyci HOTO
y3JI0BXK OcCl pobodoro kojeca. B cTpymMeHeBMX MallMHAaX CTUCHEHHS Trazy
3MIMCHIOETHCS 32 PAXyHOK KIHETUYHOI €HEeprii CTPyMEHs JOMOMDKHOI PITUHU abo
napu.

IIpouecu cTucHeHHs rasis. KiHieBuil TUCK ra3y mpu CTUCHEHH1 3JICKUTH BIT YMOB
TEMIO0OOMIHY Ta3y 3 HAaBKOJIMIIHIM CepeloBUIEM. TeopeTHYHO MOKJIMBI JBa
pOIeCy CTUCHEHHS:

1) BoTepMIuHMII MPOIIEC; KOJIU BCE TEILIO, 10 BUAULIETHCS IPU CTUCHEHHI, ITOBHICTIO
BIIBOJUTHCS, 1 TEMIIEpaTypa ra3y 3ajMIIacThCsl HE3MIHHOIO;

2) anmiabaTWYHUN TpoIlec, KOJU TEINIOOOMIH Ta3y 3 HaBKOJMILIHIM CEepelOBHIIEM
MOBHICTIO BIICYTHIN, 1 BC€ TEILIO, 10 BUAUIIETHCS NIPU CTUCHEHHI, BUTPAYa€THCS HA
30UIbIIIEHHS] BHYTPIIHBO1 €HEeprii ra3y, MiABUIILYI0YH HOTO TeMIIepaTypy.

HacmipaBni mpu cTHCHEHHI ra3y pa3oM 13 3MIHOK HOTro 00'eMy Ta THCKY
BiIOYBAEThCA 3MIHA TEMIIEpaTypH, 1 OJHOYACHO YaCTHHA TEIUIa, IO BUAUIIETHCS,
BIIBOJIUTHCSI B HABKOJIMIIHE cepenoBuule. Takuil mpolec CTHUCHEHHS Ta3y
HA3UBAETHCS TTOITPOTIIYHHAM.

TeopernyHa MOTYXKHICTh, II0 BUTPAYAEThCA HAa CTUCHEHHS razy B KOMIIpECopi,
BU3HAYAETHCS 32 PIBHAHHIMU:

JJI1 iBOMeTpl/I‘IHOFO CTHCHCHHA

, (4.1)

JUIA a11ia0aTUYHOTO CTUCHEHHS



51

i
N_ ., = k PV, b3 1
k-1 P,
JIJISL TIOJITPOTIIYHOTO CTUCHEHHS
-1
b
Nm n o = ) Pl 'Vl p—z -1
| m — 1 Py
. (4.3)

e V; — mojiaua 3a yMOB BCMOKTYBAHHSI, M /C;

P; Ta P, — moyaTKOBHH Ta KIHIICBUH THUCK Ta3y, H/M;

K — moka3sHuk amiadatu (BITHOLICHHS TCIUIOEMHOCTI IMPH IMOCTIHHOMY THCKY IO
TEIUIOEMHOCTI MPH MOCTIAHOMY 00’ €M1, BU3HAYAETHCS 3 JOBITHUKOM;

M — MOKa3HUK MOJITPOTIH, AKUH 3aJICKUTh Bifl MPUPOIH ra3y Ta yMOB TEIUIOOOMIHY 3
HABKOJIUIITHIM CEPEI0BUIIEM.

HaitOimp1 eKOHOMIIHHUM BBa)KAETHCS MPOIEC 130TEPMIYHOTO CTHCHEHHS. 3a
TaKUX YMOB BC€ TEIUIO, IO BHIUIIETHCS TPHU CTUCHEHHI, BIABOJSTH IUITXOM
OXOJIOJKEHHS Ta3y.

Temmeparypa razy T, miclisi CTHCHEHHS BH3HAYAETHCSA 34 HACTYIMHUMU
dbopMymaMu:

JJIS1 BOMETPHYHOTO MPOIIECy

TZZT]_, (44)

TUTsT a1iabaTHIHOTO MPOIIeCy

75, (4.5)
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JUJISL TIOJITPOTIYHOTO MPOIIECY

m-1

=1 %

1 : (4.6)
Ipunuun aii mnopmHeBoro kommnpecopa. IIpu xoni nopuHs (2) 3;1iBa HaNIPaBo B
mmHapi (1) (puc. 4.2) yTBOPIOETHCA pO3PUIKEHHS YHACIIOK YOTO BCMOKTYBAJIbHUAN
kJjarnad (3) BUIKPUBAETHCS 1 Ta3 BCMOKTYETHCS B IOPOKHUHY IuimiHApa. [Ipu oMy
HarHiTanbHU kianad (4) 3akputuid. [lopuiens 3’eqnano 3 maryHom (5) i1
KpuBOLIMIIOM (6), Ha Bally IKOTO BCTaHOBieHUN MaxoBUK (7). Ilpu pyci mopuiHs
CIIpaBa HAJIIBO Ia3, 10 3HaXOAUTHCS B LIWIHAPL, CTUCKAETHCS A0 TUCKY, JOCTATHHOTO
JUIsL IOJ0JIAaHHS 3yCWIb HATHITAIBHOTO KJIANaHa, SIKWW MPU LbOMY BIIKPHBAETHCS 1
CTUCJIMU Ta3 BUIITOBXYETHCS 3 IIWIHJPA B HATHITATLHUN TpyOoTpoBia. [ToTiM muk

MOBTOPIOETHCS.

s
_\4 O | 7

2

Puc. 4.2. TlopiHeBuit KOMIIpecop

BcMoOKTyBaHHS Ta3y MOYMHAETHCS HE Y MOMEHT 3PYIICHHS IMOPIIHS 3 MEPTBOT
TOYKH, a JICMIO Mi3Hime. MbK MOPITHEM 1 KPHUIIKOIO IMTIHAPA 3aBXKIA 3aJIAIIAETHCS
ra3 (MKUIJIMBHA MPOCTIP), KU CTUCHYTHH JO THCKY B HArHITAILHOMY MAaTpPyOKYy.
Tomy, mo6 movasocss BCMOKTYBaHHS, 1€ TUCK MOBWHEH OYTH HMXKYE 32 THCK Y

BCMOKTYBaJIbHOMY TpyOompoBoAil. Takum dYHWHOM, A0 MOYATKy BCMOKTYBaHHS
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[OPLIEHb NOBUHEH IIPOUTH JEIKUHN LULAX.
PeanbHuil mpouec xapakTepu3yeTbesl IHAUKATOPHOIO Jiarpamoro (puc. 4.3), ne
NPUIHATI HACTYTIHI TO3HAYEHHS
V —d b . 3. b d
o — TOBHHMI 00’eM LMIIHApa Kommpecopa, M ; Vi — 00’eM, SKU MPOXOAUTH
NV . .
MOPIIEHb, M"; — AIMCHIN 00’ €M rasy, SKuil BCMOKTYETHCSI KOMIIPECOPOM 3a OJIMH X1
3.
MNOPIIHSA, M,
: ~ 3. L
£'V] — 006’eM HIKiIJIMBOTO MpocTopy, M*; V, — ilicHuii 06’ €M Tasy, o M01aeThC,

3
M.

7h

D V. ¢
1
N A B
.-E_Vli |_. NV | R
- YL A
" i} VD -

-
V
Puc. 4.3. IngukaropHa giarpama

Binnomenns o0'emy ra3y, sSikuii (pakTHUHO BCMOKTYETHCS, 0 00'eMy, IIO

OTIUCYETHCS TOPITHEM V1, HA3UBAETHCA 00'€MHUM KOEe(DITIEHTOM KOMIIpecopa

=2
Vi 4.7)
[Ipu 30uTbIIeHHI 00°€My MIKUIIMBOTO MPOCTOPY Ta CTYIEHI CTHCHEHHS Ta3y
BEJIMYMHA Ag 3MEHIITYeThCs. Ko Ay=0, TO Touka A 3MIlLy€eTHCSI BIPABO 10 TOYKH B,

a Touka C no touku D (puc. 4.3). Lle noka3ye Ha Te, 110 MPOLIEC CTUCHEHHS Ta3y

3IIACHUBCH.
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Binnomennst 00’emy razy, mo (pakTH4yHO MOJA€THCS KoMIpecopoM V, , 10

00’ emy, AKUN TPOXOAUTH MOPIIEHD V;, HA3UBAETHCS KOEDITIEHTOM MO 1a41

=2
v, (4.8)

KoediieHT mogadi Mo)KHa NPUHHATH 3aJIEKHO Bl 00’€MHOTr0 KOEIieHTYy 3a

HACTYMHOI (OPMYIIOIO:

A=(0,8:09) 4, (4.9)
Teopernuny nojavy, abo 00’eM, sIKMil MPOXOJUTH MOPIIEHb, MOKHA BU3HAYUTHU 32

PIBHSIHHSIM:

V ,=0.785D*Snz /1000,

ne Vy, — pobounii 00’ em mumiHApa, JI/c; D — miamerp mumHapa, cM;
S — Xig mopuIHA, cM; N — KUIbKICTh HMIIH/PIB.

Hificauit 06’ em ra3y Vg , 10 MOAAE€THCS KOMIIPECOPOM JIJIsl KOKHOTO THUCKY,
BU3HAYAIOTh HACTYNHUM uuHOM. [lpu minBuieHHi Tucky B pecuBepi Big 0 10 1 (3a

maroMeTpoM AP=1 krc/cm?) Gyze IoaHo MOBITPs 06’ €MOM:

V=V, B=V,1=7,

) (4.11)
v ' 3
ne V, - cymapHuii 00'eM pecuBepa, M.
[Ipu migBuUIIeHHI THCKY B pecuBepi Big 1 10 2 (3a manomerpom AP=1):
Vo={R+)-V,-Vy=R-V,+V,-V,=F -V, =V, (4.12)
[Ipu migBuUIIIEHHI TUCKY B pecuBepi BiA 2 10 3 (3a manoMmeTpoMm AP=1)
Vg =(B+2)V, ~Vy Vea =RV, +20, - R-V, -V, =V,  (413)

TOOTO HarHiTaHHSI B pecuBep 00’eMy razy, SKUid JOPIBHIOE 00’ €My pecuBepa,
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nigBuiye Tuck y Hpomy Ha 0,1MI1a. Toxai nificHa nogaua koMnpecopa st KOKHOTO

. 3 .
OPOMDKKY THCKY (M~/c) Oy/ie BUBHAUaTUCA 32 PIBHSAHHSM:

VF‘
V,=a
AT, (4.14)

1€ a— 9HCII0, 110 TI0KAa3ye, CKUIbKU 00'eMiB V|, o ja€ KOMIIpecop 3a yac At IpH 3MiH1
TUCKY Bl P; 10 P,; 111 BeIMUMHA NMPOMOPIiHA 3MiHI TUCKY B KIHI[I Ta Ha MOYaTKy
CTHCHEHHS (32 MaHOMETpOM P, — Py);

AT - 9ac HarHiTaHHs MPH 3MiHI TUCKY Bix P, 10 P, C.

O06’emHl BTpaTH, MmO OOYMOBJIEHI MEPTBUM 00 €MOM OIIHIOIOTH 00’ €EMHUM

KoedirieaToM A :

A c:(V h_Vcl)/V h:]'_v c1/V h, (4.15)

ne Vg —00°eM, 10 XapakTepu3ye pO3LIMPEHHS MapH, sKa 3aJUIIAETHCS Y MEPTBOMY
IPOCTOPIIPH PyCi HOPIIHS 10 HUKHBOT MEPTBOI TOUKH 1 3MEHIIIyE KOPUCHUI 00€M |,
10 OIUCYE MOPILIEHb KOMIIPECOPA 10 BEINYUHU V.

JI11 BCMOKTYBaHHS ITapy B IWIHJP TUCK B HbOMY ITOBUHEH OYTH HUKYHUM HDK
TUCK Ha JIIHI BCMOKTYBaHHS, a [IPY BUIITOBXYBAaHHI apU TUCK B LIWJIIHAP1 IOBUHEH

MNEpCBUINYBATU THCK HaA JIHI HarHITaHHS. I_Ie MOSICHIOETHLCS HAIBHICTIO BTpAaT TUCKY

npu BemokryBanui AP, i marmiramss Ap,, B ToMy 4mcii i B KiamaHax. OGemHi

BTPATH BHACIIOK JPOCEIIOBAHHS OIIHIOIOTH KOS(IIIEHTOM APOCETIOBAHHS

V
A gp=1- 1+VC Ap .14,
" , (4.16)
Ap gc:(po_pec)/po

ne AP, -BinHocHa BenmumHA BTpPaTH THCKY BCMOKTYBaHHS B KaHaax ( Ap . =0,02-
0,05).
OckutbKy TIpU POOOTI KOMIpPECcOopa CTIHKY IUWTIHAPA HarpiBalOTHCS, TO W mapa

Mg 9ac BCMOKTYBAaHHsSI HAarpiBaeTbcs, ii MUTOMUN 00’€M 30UIBIIyETHCS, a Maca
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3MmeHIyeThes. L{i BrpaT BpaxoBye KOeIilieHT HarpiBy

Ay =TI T (4.17)
ne Ty 1T, — Temmnieparypu KUMIHHS 1 KOHACHCAITII.
Jliicanii 00eM ap¥ XOJIO0IMIILHOTO areHTa, 110 MOCTYIAae B KOMIIPECop, TOOTO

1ioro 00’ €MHY IPONYKTUBHICTh BU3HAYAIOTh 32 PIBHAHHIM

V D:Vhﬂ’zvhﬂcj’dpﬂeﬂ'w, (418)
ne A —xoebiient momaui; A .-koedimieHT TYCTHHH, SKMIi BpPAaxOBYe BTpATH

X0JIOJI0areHTa BiJ HEMIUIbHOCTEH B MOPIIMHEBHX KUIBIIX 1 KIamaHax (/12:0,96—
0,98).

[IponyKTUBHICT, KOTIpecopa IOBMHHA OYTH Takolo, W00 3abe3meduTH
BIICMOKTYBaHHs MapU 3 BUIApPHHKA 3 TAKOK JK IHTEHCHUBHICTIO 3 SKOK BIH
YTBOPIOETHCS MIPU KUITIHHI. SIKIII0 KOMIIPECOpP HE BCTUTA€ BYICMOKTYBATH Iapy, TO il
HA/JIMIIKOBA KUIbKICTh OyJl€ CTBOPIOBATH MIIBUIICHUN TUCK y BUIIAPHUKY, 11O B
CBOIO 4epry OyJe BIUIMBAaTH Ha TeMIleparypy. SKIO NpOayKTUBHICTH KOMIIpECOpa
OyZe HeJOCTaTHbOIO, TO TUCK y BUIAPHUKY Oylie MOHMKYBaTHCh. B 000X Bunankax
XOJIOONPOAYKTUBHICT, ~ MalllMHU ~ OyzA€  3MEHIIyBaTuch.  [IpOAyKTHUBHICTH
KOMIIpECOpa y CBOIO UEpry 3aJIeKUTh Bl pOOOTH BHUIIAPHUKA 1 KOHJEHcaTopa. Y
BUIAAKY MIIBUIICHHS TEMIEpaTypyu KHUIHHS 30UIbIIYEThCA TyCTHHA Tas3y, IO
BCMOKTYETBCSI 13pOCTAE KOSPIIEHT MOAaul.

X0JI010TTPOAYKTUBHICTh KOMITPECOPA — 11€ YMOBHE MOHSTTS, 110 BU3HAYAETHCS
Macolw TMapu  XOJOJOareHTa, 10 BCMOKTYEThCS 3a  OJUHHUIIO  4acy.

XOJ'IOIIOHpOI[YKTI/IBHiCTB MO’KHa BUPA3UTU plBHSIHHSIM

Q o=Mmq,, (419)

ne Qo— X0JI0JOTIPOIyKTUBHICTH, KJ[>k/; KBT; M— MacoBa BuTpara Xoj0/10areHTa, Kr/c;

Jo—TMTOMA XOJIOIONPOIYKTHUBHICT, KJI>K/KT
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[HMKaTOpHI BTPATH OI[HIOIOTH IHAUKATOPHUM KOE(DIIIEHTOM KOPUCHOI il
i,
Sxuii siBiIsI€E COO0I0 BINHOILIEHHS TEOPETUUHOT MOTYKHOCTI N,, 110 BUTpadaeThCs Ha
CTUCKaHHS X0JIoJoareHTa Macoto G, 10 iHauKaTopHOI MOTY)HOCTI N;, 1110 BiATIOBiTa€e

IUIONII THAMKATOPHOI JiarpaMu. [HaUKAaTOpHA MOTYXHICTh CTUCHEHHS Y KOMIpPEcopi

MOKHa BU3HA4YUTHU 3 plBH?IHHH

N =G,l/n,
oe , (4.20)
G a:QO/qO

ne G, — MacoBa NPOJYKTUBHICT, KOMIPECOpPA, KI/c; 77, —IHAUKATOPHUI KOEQIIEHT
KopucHOi 1ii kommpecopa (7,=0,79-0,84); Q,—macnopTHa X0JI0A0IPOTYKTUBHICTH
KoMIIpecopa, KBT; o—uToMuii TEMIOBUM MOTIK, KJMK/KT.
Btparu Ha TepTs B pyXOMHUX YacTHHAX Kommpecopa ( KOPIHHMX 1 HIaTyHHUX
MIIAITHAKAX, MajlbIl, Ha Baly ) omiHOTh MexaHidHuM K.K.JI.
7 w=N/N,. (4.21)
[ToTyXHICTb, 110 MIIBOAUTHCS IO Bally KOMIPECcopa, Ha3UBAIOTh €(hEKTUBHOIO.
Bona Bu3HauaeThcs SK CyMa IHIMKAaTOPHOI MOTYKHOCTI 1 TOTYXHOCTI, IO

BHUTPAYA€TLCA HA TCPTH.

N ,=N+N, . (4.22)

4.2. llopumesi komnpecopu. Oco0,MBOCTI 0y10BH

Tunu komnpecopies. I1opuIHEB1 KOMIPECOPH IUIATHCS 110 YUCITY BCMOKTYBaHb
1 HArHITaHb 3a OJWH MOJIBIMHUHI X1/I TOPIIHSA HA KOMIIPECOPHU MPOCTOi (0OAMHAPHOTO) 1
MOJBIMHOT 1ii. 3a OJUH MOJBIAHUNA XiJ MOPIIHS KOMIIPECOP MPOCTOi Jiii BUKOHYE
OJlHE BCMOKTYBaHHS 1 OJHE HarHiTaHHs, KOMIIpeCOp TMOJABIMHOI 1ii — JBa
BCMOKTYBaHHA 1 JABa HarHmranHsi. CTyneHeM CTHUCHEHHSI HAa3MBAa€ThCS YaCTHHA

KOMIIPECOPHOI MAIlIMHH, JI€ Ta3 CTUCKAETHCA /10 KIHIEBOT0 a00 MPOMDKHOTO (Tiepe
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HA/IXOPKEHHSAM Ha HACTYNHY CTYIIHb) TUCKY.

Puc. 4.4. CxeMu 0JTHOCTYIHYATHX MTOPITHEBUX KOMITPECOPIB: @ — OTHOIFIIIHIPOBUI
poCTOi Aii; 0 — OTHOMMITIHAPOBUI MOABIMHOT ii; B— ABOMIIIHIAPOBUNA MPOCTOT JIii:
1- muniaAp; 2 — mopIneHb, 3 — BCMOKTYBAJILHUM KITallaH; 4 — HarHITAIbHAM KJIalaH;

S5—maryH; 6 — KpUBOIIUIT;, 7 — MAaXOBUK; 8§ — MOB3YH (KpeHUIKot})

3a YHCIOM CTYNEHIB MOPITHEBI KOMIPECOPH MIAPO3AIAIOTHCS Ha
OJHOCTYIIIHYACTI 1 OararocTymiH4Yari, SKi, Y CBOI 4Yepry, MOXYTb OyTH
TOPHU30HTAIbHUMHU 1 BEPTUKAIHHUMH.

OaHoctyninyacrte cTuCHeHHs. B ogHOCTyniHYaTOMY KOMIIpecopi ras
CTUCKAETHCS N0 KIHIIEBOTO THUCKY B OTHOMY a00 MEKUIbKOX MUJIHApax, II0
NpanioTh napaneibHo. B ocTaHHbOMY BUNIAJIKy OJHOCTYMIHYATI KOMIIPECOpHU
Ha3UBaIOTHCA 0araTOLUIIHAPOBUMU.

OnHoCTymHYATUNA TOPU3OHTATIBHUIN KoMIpecop mpoctoi aii (Puc.4.4.a) mae
mIHAp 1, B KOMY MNEpECyBaeTbCsl MOPIIEHb 2, 3a0€3ME€YEHUIl NOPIIHEBUMU
KUIbLIIMH YIIUIbHIOBAYIB (HA PUCYHKY He nokaszadi). Lunisap 1 3akpuTHii 3 01HOTO
OOKy KpHUIIKOIO, B SIKIi pO3TalllOBaHI BCMOKTYBaJIbHHUI KjamaH 3 1 HarHITaJbHUN

kiarad 4. [lopmens cnosydeHnii 6€3n0cepeHbO 3 MATYHOM 5 1 KpUBOIIMIIOM 6, Ha
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BaJly SIKOTO BCTaHOBJIEHWH MaxoBHK 7. IIpu TakoMy 3'e€qHaHHI MOPUIHS 3 IATYHOM
BiNIaJla€ HEOOXIMHICTh y BCTAHOBJEHI TMOB3yHa (kpekikomnda). Kommnpecopu 3
Oe3nocepeaHIM 3'€JTHaHHSAM LIATyHA 3 TOPIIHEM Ha3UBaIOTh OECKPEHIKON(DHUMHU.

[lin wac pyxy mopuiHs 3JiBa HampaBO B MPOCTOPl MDK KPHUIIKOIO
HUJIIHpA 1 MOPUIHEM CTBOPIOETHCA po3piakeHHs. [lin nier0 pi3HUI TUCKIB Y
BCMOKTYBJIbHIM JIHII 1 IWIHAPI BIIKPUBAETHCS KiamaH 3 1 ra3 TOCTYIMae B
mwnHap. Ilin bac pyxy mnopmmHsS chopaBa HalBO BCMOKTYBIBHHM —KilamaH
3aKpPUBAETHCS, a Ta3, 110 3HAXOJUTHCS B LMJIIHAPL, CTUCKAETHCS MOPIIHEM [0
JESIKOTO THUCKY, TP SIKOMY BIIKPUBAE€ThCS KianaH 4 1 ra3 BUINTOBXYEThCS B
HarHIraabHuM TpyoonpoBia. [IoTIM LUK MOBTOPIOETHCS 3HOBY.

B onnoctyniHuaromy komipecopi noasiiHo1 aii (Puc.4.4. 6) ra3 B uumisapi 1
MOTIEPEMIHHO CTHUCKAETHCS 1O OOWIBI CTOPOHM MOPIIHS 2. 3a OJUH MOABIMHHUMN X1
MOPIIHS BiAOYBA€ThCS ABIU1 BCMOKTYBaHHsI 1 1B141 HarHiTanHA. Lymiaap 3a6e3neuenuit
JBOMa BCMOKTYBAJIIbHUMH KJIallaHaMW 3 1 JIBOMa HarHITAILHAMHU KiamaHamu 4.
Kowmrmpecopu moaBiiHOT [ii MarOTh CKIAAHINTY OyIOBY, ajie BOJIOMIIOTh MalXe yaBidl
OUIBIIIOIO MTPOAYKTUBHICTIO, HDK KOMIIPECOPH MPOCTOT il THX )K€ TabapUTHUX PO3MIPIB
1 Ti€l K Baru. 3OUIBIICHHS TPOIYKTUBHOCTI JOCSTAETHCSA TaKOXK Yy
OaraTonMIIHAPOBUX KOMITPECOpaxX MPOCTOi a00 Mo ABIMHOI aii. JBoImmiHApOBMiA
KoMImpecop npoctoi aii (puc. 4.4. B) € o cyTi 1BOMa KOMIpPECOpaMu MPOCTOT i 3
OPHUBOJIOM BII OJJHOTO KOJIHYACTOI'O Baly 3 KPUBOIIMIIAMH, 3CYHYTUMHU OJHH ILIOJI0
oxHoro Ha Kyt 180° abo 90°.

Jlnst BinBemeHHS TeIla CTIHKH IWIHAPIB KOMIPECOPIB, a 1HOJI 1 KPHIIKA
MATHAPIB 3a0€3MMEeUyIOTECS COPOYKAMH, Yepe3 sSKi MPOIYCKAIOTh OXOJIOMKYIOUY
BOJNy. XodYa TakkMM MUIIXOM 1 HE BJAE€THhCSA IOBHICTIO BIABECTH TEIUIO, IIO
BUJUBIETCS IPU CTUCHEHHI, OXO0JIOJ)KYBaHHS ICTOTHO 3MEHIIyE BUTPAaTU €HEprii Ha
CTUCHEHHS Tasy.

BepTukanbHi OZHOCTYMIHYATI KOMIPECOPU MArOTh psii IepeBar mepen
TOPU3OHTATHHUMH: BOHU OUIBII MIBUAKOXIIHI (JJISI TOPU3OHTAIBHUX KOMIIPECOPIB
n=100-24006/xB, mus1 BeptukambHHX N= 300-50000/XB 1 OUTHII) i, OTXKE, OUIBII

OPOAYKTHBHI, 3ailMalOTh MEHIIy BUPOOHMYY IUIONIy; MOPLIHI 1 WIHAPHU
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BEPTUKAJIHHUX MAIIMH 3HOIIYIOTHCS 3HA4HO MeHIne. [Ipu ropusoHTaIbHOMY
pO3TalllyBaHHI LIWJIHIPA, 0COOIMBO BEIUKOTO JlaMeTpa, BiAOYBA€ThCsI HEPIBHOMIPHE
OJTHOCTOPOHHE 3HOIIYBaHHS MOPIIHS i Ji€l0 CHIN TsDKiHHS. Lle mpu3Boauts 10
HEOOXITHOCTI 3MEHIITYBATH IIBUJIKICTh PyXy MOPILIHS.

J1714 3MeHIlIeHHs] HEpIBHOMIPHOCTI MOAadi 1 MOM'sIKILIEHHSI TOILITOBXIB T'a3 MICJIs
CTUCHEHHS B TMOPIIHEBUX KOMIpecopax 3a3Jalieriib HanpaBlsilOTh B 30IpHUK
(pecuBep), A€ BIH OJTHOYACHO OYHUILAETHCS BiI MAcTHIA 1 BOJIOTH.

bararocryneHeBe CTUCHEHHH.

baratocTyrneHeBe CTUCHEHHSI 3aCTOCOBYIOTh JIJIi OTPUMAHHS BUCOKOTO THCKY
razy. Ilpouec 3aliCHIOIOTH y 0ararocTymiHYacTHX KOMIIpecopax, B SKHX Tra3
MPOXOIUTH MOCTIAOBHO PSIJ] CTYINEHIB, TOCTYIOBO CTUCKAIOYUCH /10 KIHIIEBOT'O TUCKY.
Mk cTynmeHsMH ra3 Mial0Th OXOJOJ/PKYBaHHIO B MPOMDKHUX XOJIOJAWJIbHHUKAX.
O6'emu TUTIHAPIB TOCTYMOBO 3MEHITYIOTHCS BiI TIEPIIIOTO O OCTAHHHOTO CTYTICHS.

Po3pBHsIOTE GararocTymiH4aTi KOMIPECOPHU 13 CTYNMEHSMH CTHUCHEHHS B
OKpEeMO BCTAaHOBJICHHMX HWiiHApax (puc.4.5. a, 0, B), 31 CTyEHSIMU CTUCHECHHS B
ogHOMY IWIHApPI 1 AudepeHiiamsauM mopiHeM (puc.4.5. 1). Ilpu Y-noaidHOMY
BCTaHOBJICHI MWIHAPIB (puc.4.5. ).

baratocTymiHuaTi KOMIpecopu 31 CTYNEHAMH CTHUCHEHHS B OKpPEMO
BCTAaHOBJICHUX ITWJIHApPaX MOXyTh Oyt omHopsimHoro (Puc.4.5.a) 1 nBopsiiHOTO
(Puc.4.5.6) BUKOHAHHS 3 PO3TAIlyBaHHAM LIIHAPIB MO OJHY CTOPOHY Baimy. Taki
KOMIIPECOPH MalTh BEIMKY Bary 1 Ta0apuWTHI PO3MIPH, OCKUIbKH 3HA4HI
HEBPIBHOB@KEHI CWJIM IHEPIli, M0 BHWHUKAIOTh NpPH POOOTI WX MAaIIMH, HE
JT03BOJITFOTH BUTOTOBJIATH 1X 3 BEIMKUM YHCIIOM 000POTIB KOJIHYACTOTO Baly. ToMy
OCTaHHIM 4acOM OIep>KaIl IIMPOKE BUKOPUCTAHHS OMTO3UTHI KOMIIPECOPH 3 B3AEMHO
MPOTHWICKHUM  HAMmpsIMOM  pyxXy mopmmHiB. [uiHApH [mHX KOMIIpecopis

PO3TaIOBYIOTHCS TI0 0OMIB1 CTOPOHH KOJIIHIACTOTO Baly.
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Puc.4.5. Cxemu OaratocTymiH4aTHX TMOPIIHEBUX KOMIPECOPIB:

a. 0, B — 13 CTYNEHsIMU CTUCHEHHSI B OKpPEMUX LIWIHApax (a - 0AHOPSITHOTO
BUKOHAHHS, O - IBOPSATHOTO BUKOHAHHS, B — 3 Y-TIOJIOHUM PO3TalTyBaHHIM
MWTHAPIB); T— 3 AUdEpeHIlaTbHUM MOopIHeM; | - MUIHAp; 2 — MOpIIeHb; 3 —

BCMOKTYBaJIbHUM KJIanaH; 4 — HarHITAIbHUN KJIaTaH; 5 — maTyH; 6 — TOB3YyH

(xpeitikornd); 7 — KpUBOULIUIT, § - MaXOBHK; 9 — MPOMDKHUN XOJIOIMIILHUK.

Omo3uTHI KOMIIPECOpH a00pe NMHAMIYHO YpIBHOBAXKEHI, 3aBIAKA YOMY
HIBUJIKICTH 0OE€pPTaHHs KOJIIHYACTOrO Baly MOXe OyTH 30UIbIlIeHa B 2-2,5 pa3u 1 TUM
caMHM IIIBUIICHA TPOJAYKTUBHICT, MAIlMHHW. Bara Takumx KOMIIpEcOpiB, a TaKOX
CNEeKTPOABUTYHIB 0 HUX Ha 50-60% MeHIlle HDK KOMIPECOPIB 3 pO3TalllyBaHHIM
HWTHAPIB 1O OJIHY CTOPOHY Bally MPU 3HAYHOMY 3HUKEHHI Ta0apUTHUX PO3MIpIB.
Komnpecop 3 audepeHuiambHUM TMOPIIHEM MOXE MAaTH JIEKUIbKa CTYICHIB
CTUCHEHHS, YTBOPEHHMX TOBEpXHEI LWIHApPa 1 TOPIIHEM  3MIHHOTO
(mudepenmianbHOTO) TIepeTuHy. CIBBITHOINCHHS MDK IEpEeTHHAMHU  ITOPIITHS
3QJICKUTH BiI CTYNEHS] CTUCHEHHS Ha KOXHIM CTyIEHI.

JI1s1 yCTaHOBKHM OTIO3UTHBIX KOMIIPECOPIB MOTPIOHA MEHIIA IIIOIA 1 HEBEIHKI

dbyHImamMeHTH. 3BHYAMHO IU(epeHIaIbHIN TMOPIIeHh 3aCTOCOBYIOTh B MaIlIMHAX
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Majgoi 1 CEepenHbOi MPOAYKTHMBHOCTI — JJIi JBYXCTYMIHYACTOrO CTHUCHEHHA. B
KPYIHUX MAIlHAX Y 3B'SI3KYy 3 MAJIUM BiTHOIICHHSIM JIOBXKUHU TOPIIHS 10 JiaMeTpa
MOJKJIMBE 3aKIIMHIOBAHHS JTU(MEPEHIATHHOTO MOPIIHS. Y-TOoai0He BCTaHOBJICHHS
MWTHAPIB Ja€ 3MOTYy 3HA4HO 3MEHIIMTH IUIONLy, IO 3aiMae MalidHa, 1
3a0e3neunTu 0e3nocepeiHe 3'eTHaHHS 1i 3 eNeKTpoABUTyHOM. CTYMiHb CTUCHEHHS B
KO’)KHOMY CTYIIEHI KOMIIpecopa BHOMPAOTh TaKUM, 00 HaWOUIbII €PEKTUBHO
BUKOPHUCTOBYBATH 00'€M HUITIHAPIB, 30UIHIIUTH 00'eMHUM KOeDillieHT koMIpecopa i
NOHU3UTH BUTpPATy €HEPrii Ha CTUCHEHHS, a TaKOX TEMIeparypy rasy B KIHII
CTHCHCHHS.

PoTopHi i BinneHTpoBi KOMmIpecopu. Y xommpecopax I[bOTO TUITY 3MIHH
00’eMy 3a0€3MEUyIOTHCS POTOPOM, IO 3IIMCHIOE OOEPTOBHH PyX. 3alleKHO BT
KOHCTPYKIIi po0o4yoi KaMepu KOMIIPECOPU MOXKYTh OyTH IUIaCTUHYACTHUMHU,
I'BUHTOBHUMHU, IIECTEPHUMHU

VY miacTuHYaCTOMY KOMIpecopi poOoya kaMmepa YTBOPHO€EThbes (puc. 4.6)
KOPIYCOM 1 €KCIEHTPUYHO PO3TAIIOBAHUM BIJHOCHO 10 HHOTO POTOPOM, IO
Ma€ pyXxomiabo rHydYKi INIACTUHHU; B PIIMHHO-KUTBIIEBOMY — KUIBIIEM PIIUHHU,

KOPIYCOM 1 €KCI[EHTPUYHO PO3TAIIOBAHUM IO BiAHOIICHHIO 10 HOTO POTOPOM;

Puc. 4.6. Cxema poTOpHOTO
TUTACTUHYACTOTO KoMIpecopa: 1- kopmyc; 2 -poTop; 3 - miIacTuHa; 4 - COpOUKa,
5, /- HarHiTaJIbHUN 1 BCMOKTYBaJIbHUIN marpyOku; 6 - kiamaH; 8 - Kkamepa

CTHCHCHHA



63

y TBUHTOBOMY (puc.4.7) — KOPIycoM 1 TBUHTONOJIOHUMHU POTOPaMHU, 1110 MAIOTh
pi3HIIpo Ui 3y0iB; B IECTEPHOMY — KOPILyCOM 1 HIECTEPHUMHU POTOpPaAMHU, 11O
MarwTh 3B's13aH1 npodiml.

['BUHTOBI KOMIIpECOPU MOXYTh OYTH ABOX THUIIB: CYXOTO CTHUCHEHHS 1
Macjo3amoBHEHl.. B MammHax CcyXxoro CTHCHEHHS Ta3 OXOJIOJKYEThCS 3a
JOTIOMOTOK0  COPOYOK B KOPIYCi, a TakoX NPOMDKHOTO 1 KIHIIEBOTO
XOJOAWILHUKIB. B Maclio3anmoBHEHMX  KOMIIpecopax Ta3  OXOJIOJKYIOTh

YIPUCKYBaHHSIM Macjia ado BOJAH B poOOUl MOPOKHUHU TBUHTIB.

2

r
o

Puc. 4.7. CxemMa TBHUHTOBOTO
koMmmpecopa: 1- kopmyc; 2 - BeAydyuil T'BUHT; 3 - BIJOMHUH T'BHUHT; 4 -
HAIMOJIETIUBUM MIAMUNHUK; 5, 6 - ONOPHI MIAMUIHUKU; 7, 8-CUHXPOHI3YIOU1
mecTepHi; 9 - yuipHeHHs; 10 - TOpOXHUHA IS UUPKYJISALIT 0XO0JIO0KYI0YOT

plAVHU

TypOokomnpecopu. B kommpecopax LbOTO THUIY HPUCKOPEHHS MOTOKY
BiIOYBA€THCS BHACIIIOK MOTO B3a€EMOJIi 3 TparaMu JIOMATOK, 0 00epTaloThCA. 3a
HaIpsIMOM TOTOKY B MEPUIIOHAIBbHIN TUTOMIMHI KOJieca TypOOKOMITPECOPH AUIATHCS
HAa pajiajgbHl, OCHOBI, JlarOHaJbHI 1 BUXpPOBL Km0 B pagiaTbHOMY
TypOOKOMIpecopi MOTIK HANpaBJiIeHUHN Bil LEHTPY A0 nepudepii, HOro Ha3MBAIOTh
BIIIICHTPOBHUM; SIKIIIO Bif miepudepii 70 MEHTPY — TOICHTPOBUM.

VY BigueHTpoBuX Kommpecopax (puc.4.8) TUCK ra3y CTBOPIOETHCS i JIE0

BIIIICHTPOBUX CHJI, III0 BUHUKAIOTHh B Ta30BOMY ITOTOII], III0 00EPTAETHCS.
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BinuieHTpoB1 MallMHU MarOTh HACTYIHI ME€peBarv MOPIBHAHO 3 MOPIIHEBUMHU:
ra3 He 3a0pyAHIOETHCSI MAacjOM, OCKUIbKM BOHO TOJAETHCS TUILKU B MTIIUITHUKH,
3aBASIKM BEJMKIA 4YacToTi OOEpTaHHS JOCSTAaeThCsl BUCOKA NPOAYKTUBHICTH;
IUIABHUM X1 TOPLIHS 1 BYICYTHICTh BIOpaliil [Jal0Th 3MOTY CHOPYIKYBAaTH
noJsiermieHi  (yHIaMEHTH; YHACJIIOK PIBHOMIpHOT TMoja4yi razy Bigmaaae
HEOOXITHICT, B pecuBepax. Jl0 HEONIKIB BIIUEHTPOBUX KOMIIPECOPIB MOKHA
BIIHECTH TOTIPIICHHS TEXHIKO-€KOHOMIUHMX MOKA3HUKIB MPU 30UIbIIECHHI CTYIEHS
CTUCHEHHS. BiALIEHTpOBI KOMIpECOpHU MOXYThb OyTH 3 TOPHU3OHTAJIbHUM 1
BEPTUKAIBHUAM PO3'€MOM KOPIIYCOM 1 BIIPI3HSIOTHCSA A1alla30HOM CTBOPIOBAHOTO
TUCKY: NEPII € MAITMHAMHU HU3BKOTO 1 CEPEAHbOT0 TUCKY 1 CTBOPIOIOTH TUCK /10
7MIla npu npogyktusHocTi 10 10M°/c; 1pyri po3BuBa0Th THCK 10 35MIIa mpu
MaKCHUMAaJIbHIA moaayl 10m3/c

Jnst  3abe3meueHHs TPOAYKTHUBHOCTI  Bif 25M°c i Bume pazom 3
BIILICHTPOBUMHU 3aCTOCOBYIOTH 1 0ChOBI KoMmmpecopH (puc. 4.8), MPUHIUT il AKUX
MOJISITa€ B TICPETBOPCHHI TOJOBHUHU KIHETHYHOI €HEpTii B EHEpTriio THCKY Ha

Jonarkax poTopa, a pelTy MOJOBUHH — Ha JIOTIATKaxX CcTaropa.

Puc.4.8. Cxema BIIIIEHTPOBOTO
KoMIlpecopa: |-miqummnHuK, 2-yumuibHeHHs, 3—0e3nonarkoBuil audys3op, 4—
JomaTKoBUMA 1udy30p, S—3BOPOTHINA HANpPABIAIOYWN arapar, 6—poTop, 7—pobdoue

KOJIeCO, 8—KopIryC
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Psau nomatok cratopa ciykarh il 30UIbILIEHHS KIHETUYHOI €Hepri 1 TUCKY, a
TaKOX JUJISl CHPSMYBaHHS ra3y, 10 CTHUCKAEThCS, HA POTOPHUX Jionarkax. OChOBI
koMrpecopu MaroTh OuIbin Bucoki KKJI, meHmry macy i1 meHmn radapurtd, HDK

paiaibHi.

5. Konaencaropu

KoHzmeHcaropy ~ XONOAWIBHUX ~ MallMH ~ CIOyXarb JUIA  [epefadl  TewioTd
XOJIOMWIPHOTO ~ areHTa  OXOJIOJKYIUOMYy — cepefoBulry. B koHzeHcaropi
ra3ornoJiI0H1I XOJI0IUILHUHN areHT 0XO0JIOKY€EThCS, 3pIKYETHCA 1 yTBOPEHA piIruHA
MEPEOXOJIOMKYEThCA. 32 CIOCOOOM OXOJOJKEHHS KOHJEHCATOPH MOJUIAIOTH Ha
arapaty 3 BOJSTHUM 1 TIOBITPSIHUM OXOJIOJIPKCHHSIM.

Jlo cnieriaibHUX KOHCTPYKLIN BITHOCATh BUIIAPOBYBAYi-KOHICHCATOPU KACKATHHUX
XOJIOMWIHHUX MAIlFH 1 KOHACHCATOPU 3 OXOJIOKCHHSIM TEXHOJIOTTHNM TIPOTYKTOM.

3a MPUHILIMIIOM BIIBEJICHHSA TEIJIOTH KOHACHCATOPH 3 BOJISHUM OXOJIOKCHHIM
NOAULIIOTECS HA MPOTOYHI, 3pOIIyBalibHI 1 BHIapHL J[0 MPOTOYHUX KOHAEHCATOPIB
BITHOCSITHCS: TOPU3OHTAIBHI 1 BEPTUKAIbHI KOXKYXOTPyOUacTi, MaKeTHO-TAHENbHI 1
CJIEMEHTHL.

Bumoru, 10 cTaBJIATHCSA 10 KOHCTPYKUII KOHAeHCATOPA:

1) KOHCTPYKIIis TOBUHHA 3a0€3IMeUyBaTH IIBUIKE BHIAJICHHS KOHACHCATY 3 IMMOBEPXHI
Terviorepenadyi,

2) MOBWHEH 3/1IHCHIOBATUCH BHUITYCK TOBITPS 1 IHIIMX CKOHAEHCOBAHUX Tr'a3iB;

3) HeoOXimHO 3a0€3MMeUnTH BUIAJICHHSI Macjia B aMiadHUX araparax.

5.1. KonaeHcaTopu BOASIHOTO 0X0JI0/1KeHHSI

st KOHJEHcAaTOpiB 3 BOASHUM OXOJIOJUKCHHSM 3aCTOCOBYIOTh 2 CHCTEMH

BOJIOTIOCTA4YaHHS: MPOTOYHY 1 000POTHY.

T'opu3oHTAIBHI  KOXKYXOTPYOUAcTi KoHaeHcaTopu. LI amapami BUKOPUCTOBYIOTH Y
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aMiayHUX 1 XJIQJOHOBUX XOJIOJUJIBHUX CHUCTEMaxX y BEIUKOMY IHTEpBaii
MPOTYKTUBHOCTI. Posrmsinemo KOHCTPYKITIO KOXKyXOTpyO4acToro

KoHeHcaropa(puc. 5.1).

20

Puc. 5.1 .I'opuzoHTaIEHUI KOKYXOTPYOUaCTHIT KOHEHCATOP

Jlo mumHAPUIHOTO KOXyXa 1 3 000X CTOPIH MpHUBapeHi TPYOHI PEIITKA 2, B
SKUX PO3BAIBIBOBaHI TPyOW 6, M0 YTBOPIOIOTH MOBEPXHIO Teruionepenadi. Jlo
bnaHIiB TPyOHMX pENNTOK Ha OONTaX MPUKPILICHHI KPUIIKA 3 3 BHYTPIIIHIMU
neperopoakamu 20. Ilapu amiaky TOTpaIuISIIOTh Y BEPXHIO YaCTHHY KOXKyXa depes
BEHTWIh 4 1 KOHASHCYIOTBCS Y MDKTpyOUacTOMy MpocTOpi amapary. Pimkuii amiak
BHITYCKaIOTh 3 TeIno30ipHuKa 17 depe3 BeHTW L 19. MacTmio, mo mortparisie B
KOHJICHCATOp 3 IapaMH areHTy, SK OUIbII TSHKKa CYOCTaHIlS OCaKyeETbCS B
Maco30ipauKy 17 1 meploauyHO BUAATAETHCS 4Yepe3 BeHTWIb 18. YV cepenuHi
KOpITyca MPpHUBapeHi MEPErOpoOIKK 7, 10 3armo0iraroTh BiOpari TpyO Bin IMymibcartii
napu. OXOJIOJKyIOuy BOAY MOJAIOTh Yy HIDKHIA matpyOok 14, BoHa mpoTikae
BCcepennHi TpyO 1 BUTIKae uepe3 natpyook 13. Konnencarop ocHaieHuii natpyoxkom

JUTA IPUETHAHHS BPIBHOBAXYBAIBLHOT JIHIT 5, 3aM00DKHUM KJIAalTaHOM §, MAHOMETPOM
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9, BeHTHnem s Bumycky mnoBitpst 10, BkaziBHUKOM piBHA 9. Bentuwm 11 1 15
CIyXaThb BUIMOBIIHO MJI1 BUIYCKY MOBITPS 1 3JMBY BOoAu. B marpyOku st Boau
BBapeHI TepMOMETpOBl ruib3u-12. IloBepxHeBa TIyCTHHA TEIUIOBOTO TOTOKY,
BiIHECEHA 0 IUIOIIl BHYTPINIHBOT MOBEPXHI, CKIaaae g Takux amaparis 5800-
6500B1/M* 3a cepenHboi pi3HULI Temmeparyp 5-60°C.

AMiauH1 KOHJICHCATOPH 3aCTOCOBYIOTh TaKOXX JJII POOOTH Ha XOJIOJI0AreHTI
R22, ayme B OLIHIIIOCTI BUMAKIB (PPEOHOBI MAITMHU KOMITICKTYIOTHCSI CIICIIaIbHUMHU
araparamMu, o MaroTh JEsIKi 0COOIUBOCTI. /{151 BUTOTOBIICHHS TEIFIOOOMIHHUX TPYO
TaKUX KOHJICHCATOPIB 3aCTOCOBYIOTh TPYOH 3 Mimi M3, 1110 MaroTh 30BHIIITHI HaKaTaH1
a00 HacajHI MIaCTHHYACTI pedpa.

KoHCTpyKIlisi TOPU30HTAILHOTO XJIQAOHOBOTO KOHJEHCAaTOpa MOKa3zaHa Ha

puc.5.2.
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Puc. 5.2. T'opuzoHTanbHUI KOXKYXOTpyOUacTU XJIaJIOHOBHUI KOHAEHCATOP

Konnencaropu takoi npoayKTUBHOCTI MalOTh, SIK PABUJIO KOXKYXO3MIEBUHY
KoHCTpyKIito. Ha puc. 5.3 HaBeneno konmercatop KTP-3 3 miomieto 30BHINIHBOT
noBepxui 3m°. BiciM N momibHuX TpyGOK 4 3i CTANBHEME OLMHKOBAHHUME pebpaMu
pO3BalbIIbOBaHI B TpyOHIM pemrrii 2. KoXyx amapara BUTOTOBJICHHH 31 CTaIbHOT
CYIUTbHOHATATHEHOI Tpyow 1 miamerpom 194x7Mm Ta 3aBapeHHil 3 OJTHOTO OOKY
aHumeM 5. 3 Apyroro O0Ky 10 KOXYXY KPIMUTHCS TpyOHA pelTKa 1 YaByHHA JIUTa
KpUllka 3 3 BHYTPINHIMU TMEPEropojKaM 1 JABOMa PBBLOOBHUMH OTBOPAMH JIJIst

BBEJICHHS 1 BIABEICHHS BOJIM, KA MPOTIKAE B amapari Mo Y0TUPHOX Xoaax. HuxHio
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YaCTUHY TaKMX KOHJIEHCATOPIB BUKOPUCTOBYIOTh, SIK PEBEPC AJisi 30MpaHHs PIIUHH,

TOMY 1i 3JIMIIIAI0Th BUILHOIO Bl TPYO.
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Puc. 5.3. Koxyx03MieBUAHI KOHIEHCATOPU

BeprukajbHi Ko:KyxoTpyouacTi koHaencaropu. Lli anaparu BiApi3BHAIOTHCS Bif
NONEPEIHHOTO THUIY BEPTUKAILHUM PO3MIMICHHAM KOXyXy 1 TpyO (puc.5.4) i
CIIOCOOOM PO3IOIUICHHS BOJIH.

Jlo koxyxa 7 3 JABOX CTOpIH MpHUBAapeHI TPYOHI peuNTKu 2, B SKHUX
pO3BaIbI[bOBAHI TJaJKl CTanbHl TpyOu-3 niamerpom 57x3,5mm. Ilapu amiaky
MOTPAIUIIOTh Y MDKTPYOUYaCTHI IPOCTIp Yepe3 maTpyOoK, 110 PO3MIIICHUA B BEPXHIN
yacTUHI KOXyxa. KOHIEHcaT cTIKae 10 3O0BHINIHIA TOBEPXHI 1 BUTIKAE dYepe3
narpy0Ook, BBapeHuii Ha §0MM BHIlle HXKHBOT TpyOHO1 peuntku. Ha BepxHiit TpyOHii
PEIIITIIl BCTAHOBJICHUM BOJAOPO3NOAUTEHUN O0ak 10 3 MUIIHAPUYHOIO TIEPErOPOIKOIO
12. Ox0J101Kyr09y BOAY OAAI0Th 3BEPXY B KUIBIIEBUI MPOCTIP BOJAOPO3TOAUILHOTO
O0aka, 3BIIKM dYepe3 MpopiBU B TMEPEropoilll BOHA HAAXOAUTH JO0 TPyO
TEIIOTIEpEIatouoro mydka. B koxHy TpyOKy BCTaHOBJIEHA MjIacTMacoBa Hacaaka 11,
Ha OOKOBIM MOBEPXHI SKOT BKOBaHI CIIpabHI KaHAIW, 3aBISKA SKAM BOJa CTIKA€E
IUTBKOIO 10 BHYTPIIIHIA TMOBEpXHI TPyO, HE 3alOBHIOIOYM iXHBOTO MEpepizy.
[oBiTpeBinaLTIOBaY M’ €IHAHUHN 0 amapaty 4epe3 natpyook 4, sikuii Mpru3HauYeHUN
IS TIepIOIMYHOTO BUAAICHHS Maciia. KoHmeHcarop mae 3amoObKHHMNA KiamaH 8,

BEHTWIb JJIsI BUITYCKY TOBITpS 9, mMaHoMeTp 6 1 marpyOOK UId TpHUETHAHHS
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BPIBHOBXXYBaJIbHOT JIHIT 5.
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Puc. 5.4 - BepTukanbH1il KOKYXOTpYyOUacTUil KOHAEHCATOP

3pouryBasibHi  KOHAeHcATOpH. KOHCTPYKISE CEPIHOrO  3pOIIyBUTHHOIO —aMIAYHOTO
KOHJIeHcaTopa (puc. 5.6) mependavace MIOCKI 3MIMOBUKOBI (CeKilii), BUKOHaHI 3 14
TOPU3OHTAILHUX TpYyOOK miamerpom 57x3,5mm. Ilapu amiaky depe3 marpyOook-2
NOTPAIUISIIOTh Y PO3NOAUIBYMI KOJEKTOP 1 3BUITH B HIXKHI TpyOku cekuii. Il yac
pyXy AOTOpU amiak KOHJIEHCYETbCS 1 BUAAISETHCS Yepe3 MPOMDKHI BIIBEJICHHS B
BEPTUKAILHUH CTOSIK 6, 3BIIKY HOTO 3JTUBAIOTH Y peBepc 4, 110 3'€THAHMM 3 BEPXHHOIO
YaCTUHOKO KOHJIEHCATopa 3pIBHOBAXKYBAJILHOK MHIE0-S. [logada mapiB amiaky B
HUKHIO TPYOHY CEKIIif0 3armo0irae mornajganHio MacTHIa B BEPXHI TPYOKH 1 3MEHIITY€e
ixHii TepmidHui omip. [I[poMikHE BinBEAEHHS KOHAEHCATY 3 TPYO KOXKHO1 cekitii 4, 8,
10, 12 Bukmouyae 3aTOIUICHHS HWXHHOI YaCTUHU 3MIMOBHUKA, IO TIIBHUIIYE
HTEHCHBHICTh TeIUIONEpeIadil.

Bony monarote HacocoM y BogonpuiManbHU 0ak 1 1 1aimi y BoJOPO3MOIIBHI
YKOJIOOH, 1110 PO3MIITICHHI T KOXKHOIO CeKiero. Birikaroun 3 5k05100y, Bo/1a pIBHOMIPHO

3pOIIY€E TPYOH 13aMBAETHCS B TVIOH. 3 MIAOHY YaCTHHY HArpiroi BOJIM BiABOISITH HA
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JIpEHaX, a YacTHHY Iicjsi A00aBJIeHHS CBDKOI BOJAM — Ha pelMpKYIsiio. Po3xin
3pOLITYBATBHOT BOM HA KOXKHY CEKIE0 cKmamae 10-12v7/rox.

Jlo mepeBar 3polIlyBaIbHOTO KOHJIEHCATOPA BITHOCSITh MEHIIMN PO3XiT METATY,
MPOCTOTy B BUTOTOBJICHHI 1 HAMMHICTG B po0OTL. € 1 CYTTEBI HEMOJIKA 30Kpema:
TPOMI3JIKICTh, HEOOX1THICTh BCTAHOBJICHHS B BIIIKPUTOMY IPOCTOPI, JOOPOTO0 HATJISITY 32

BOJIOPO3TIOITTEHIMH TIPUCTPOSIMH, 3a0pYTHEHHST 3POIITYBTHHOI BOJIHL.
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Puc. 5.6. — 3pontyBanbHuil KOHIEHCATOP.

Bunapni konaeHcaropu. B 1mx KoHAEHCAaTOpax BEHTWIATOPHU 3a0€3IMEUYYIOTh
IPUMYCOBUH pyX MOBITPsI 3HU3Y BBepX. [lapu amiaky mocTymnaroTs y KOHAEHCATOp 2, 1
yepe3 MacJOBUIJIUTIOBAY TOTPAIUIAIOTh B CEKIiI0 KOHAeHcaropa 5. Boay 3
GbUIbTpyBaIbHOT KamMepu 7 HACOCOM 6 MOJAOTh Y 3POUITYBATLHUMA MPUCTPIA 4, 110
BUKOHAHUW y BUMIAAl Tpyou 3 ¢dopcyHkamu abo oTBopamu. Bentwnaropu 1,
BCTAHOBJICHI Ha BEPXHIA KOH(PY30pHIA AULIHII KOXyXy. Perymorouuii kimaman 8,

nepeadadeHu U1 TITPUMYBaHHS TIOCTIHHOTO PIBHS BOJIH.
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Puc. 5.7 Bunmapuuii koHgeHcarop

IakeTHO - maHeJ bHI KOHAeHcaTOPH. Amapat (puc.5.8) CKIagaeThes 3 TEKUIbKOX
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Pucynox. 5.8. [lakeTHO-TIaHEIbHUI KOHIEHCATOP
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CEKI[ili, OCHOBHUMHU €JIEMEHTaMH SIKUX € naHenb 2. KokHa maHenb yrBopeHa JBoMa
OJIHAKOBUMH JUCTamMH. JIMCTH 3BapeHi MbK cOOOI0 CYIUIbHUM 3’ €qHaHHIM. Takum
3’€IHAHHAM B TIaHENl YTBOPIOETHCS PAJ BEPTUKAIBHUX KaHalB 1, B SKHUX
BiI0yBa€ThCA KOHAEHC Al amiaky. Boay dyepe3 marpy0ok 3 momaroTh MK CEKIIISIMH 1
BUJAIAIOTH uepe3 narpyook 4. [locninoBHMI pyX BOAM MK CEKIISIMU 3a0€31€UYIOTh
BEPTUKAIbHI IIMAPUHU MDK KPOMKOIO 1 BEpTUKAIBLHUM CTOSKOM pamu. [lozwuiiii: 5-
IUIOCKA KPOMKa; 6,7-mapoBUid 1 pITUHHUI KOJEKTOPH.

IoBiTpsini konaeHcaTopu. DOpeoHOBI KOHIEGHCATOPH JJIsI MaJluX 1 CEpPEeIHIX
XOJIOUIBLHUX MAIIMH OTHOTHUITHI 32 KOHCTPYKITIEI0. Amlapar CKIAIAEThCs 3 OHOT a00
JEKUTbKOX CEKIlM, 3'€IHaHWX TMOCHIAOBHO KyjlaukamMu abo m-kKosiekropamwu. Ilap
XOJIOJI0AreHTy MOTPaInIsie 3BepXy A0 1 cekiii abo 10 mapoBOTO KOJEKTOPa, a pITUHY

BUJIAJISIIOTh 3HU3Y 3 OCTAHHBOI CEKIIil ab0 3 KOJIeKTopa

XomnomoareHrt
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Puc.5.9. [loBirpsuuii ppeonoBuit koraercatop (a). [loBirpsHuii KOHASHCATOD 3

3UT3arornoJI0HUM PO3MIIIICHHSIM CEKITiH (0).
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6. Bunapauku

BunapHuky BUKOPUCTOBYIOTH 15l 0XOJIOPKEHHS PIIKUX XOJI0JOHOCIIB 1 PIAKUX
TEXHOJIOTTYHUX CEPEIOBHIIL.

3a  KOHCTPYKTHBHUM  TPU3HAYCHHSAM  BUIIAPHUKKA  TOJAUIIIOTH  Ha
KOXYXOTpyOUacTi, KOKYX03MIEBUKOBI, TAaHEJIbH1 Ta TJIACTUHYACTI

3aie)kHO BII YMOB IUPKYJSLI OXOJIOMKYBAJIHHOT PIUIMHU PO3PIBBHIIOTH
BUITAPHUKH JBOX THIIIB:

1) 3 3aKpUTOI0 CHCTEMOIO MHUPKYJII OXOJOIKYBAILHOI PITUHU, IO HMUPKYIIOE 3a
JOTIOMOTO10 HACOCY, 0 HUX BITHOCSTH KOXKYXOTpYyOUacTi;

2) 3 BIAKPUTUM PIBHEM OXOJIOJKYBAILHOI PIIUMHU, HMUPKYJSIUA SKOT 3a0€3MeuyeThCs
MIKa9yBaHHSIM, 10 HUX BITHOCSTH MTaHEIbHI.

3a xapakTepoM 3allOBHEHHS XOJIOJ0AreéHTOM BHUITAPHUKH IMOJUIAIOTh Ha
3arOBHEH11 He3armoBHeHI. /{0 0CTaHHIX BITHOCSATHCS 3pOITYBajIbHI 1 KOKYXOTPYyOJacTi 3
KHITIHHSAM Y TpyOax.

BumapHUKY IO AUISIOTH TAKOK HA TPYITH 3aIKHOCTI BT TOTO, HA SKIM TTOBEPXHI
BiI0YBA€ETHCS KAITHHS X0JIOJI0ATHTY: B MDKTPYOUacTOMy ITPOCTOpi (KOKYyXOTpyOUacTi,
3all0OBHEHI, 3pOINyBalbHI) a00 BcepeauHl TPyO 1 KaHAmB (KOXYyXOTpyOdacTi 3
KHITIHHSAM Y TpyOax, IIacTHHYACTI, TTaHEeIbHI).

3a xapakTepoM pyXy XOJIOJ0areHTy MOXKYTh OYTH BUIIAPHUKH 3 TIPUPOJTHOIO 1
MIPUMYCOBOIO HOTO MUPKYJIAIIIETO.

KoskyxoTpy0uacTi BAUNAPHUKHU 3aMI0BHEHOT 0 THITY.

3amnoBHEH1 KOKYX0TpyOUacTi BUMIAPHUKU 3apa3 € HAUOUTHIIT PO3MOBCIOKEHIM
TUIIOM arapariB y XOJIOJWILHAX YCTAHOBKAX CEPEIHBOI 1 BEIMKOT TPOYKTUBHOCTI. B
X afaparax XOJOJ0areHT KHUIHMTh Ha 30BHIIIHIA MOBepxHi TpyO (riagkux abo
peOpUCTHX), a XOJIOJOHOCIH IIUPKYIIOE BCEPEANHI TPYO.

KoxyxoTpyO4acTi BUNapHUKU MarOTh €K1 IEpEeBaru MOPIBHIHO 3 arnapaTamu
HImMX TUMB. JI0 HUX BITHOCATH: 3aKPUTY CHCTEMY LIMPKYISILI XOJOJ0areHTy, IIo
3abe3redye MEHIITy HOTO aepallifo 1 BHACIIOK IIbOTO MEHIITy KOPO3if0 00JiaIHaHH,

OUIbILy KOMIIAKTHICTh, BITHOCHO BUCOKY TEIJIOBY €(PEKTUBHICTH 1 HI. Cepio3HUM
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HEIO0JIIKOM KOKYXOTpYO4acTHUX BUIIAPHUKIB € HEOE3IeKa 3aMep3aHHs X0JIOJIOHOCIS B
TpyOax 3a yMOBH NMPUIMHEHHS HOTO HUPKYJISILi.

KoxyxoTpyOyacTuii BHNApHUK — L€ IWIHIPUYHUNA TOPU3OHTAILHO
po3TamoBaHuii 6apadan (KOXyX, 0OnyaiiKka) 3 MIOCKUMHU JTHUIIIAMU — PEIITKaMH, B
SAKUX PO3BaIbILOBYIOTh a00 BBapioloTh Tpyou. Tpyou moxyTts Oyt mpsimumu, U-
o I0OHMMU a00 3BEPHYTUMH B 3MIHOBHUK. XOJOJOHOCIH (p0O3CUT) MOTpAIUIsi€ B TPYOH
BUIAPHUKA Yepe3 KPHUIIKH, 5Kl MPUKPYUYIOTh Ha IUIOMIAAKAX 10 (UIaHIB TPYOHHUX
PEIITOK 1 IPUEIHYIOTH 3 TIOTIOMOTOIO MATPYOKIB /10 30 BHIIIHBOI MEPEK1 X0JI0JOHOCIS.

JI71s 3py4HOCTI BUKOHAHHS PEB13il 1 OUUCTKHU BHYTPIIIHLOT MOBEPXHI TPYO 06e3
JIEMOHTAXKY PO3COJIbHUX JIHINA KON BUKOHYIOTh KOXKYyXOTPYyOUacTi BUIMAPHUKH 3
PO3COJIBHUMH KaMepamH, 1110 MaIOTh MaTPYOKH 1 OKPEMI 3’ €MH1 KPHIIIKH.

X0J0IOHOCIM 3a3BWYall MOMAOTh JO HIDKHBOTO INTyIEpa 1 BUAAISIOTH BII
BepxHbOoro. llapopimuHHa CyMilll MICJHA PETyIIOYOT0 BEHTWIS MOTpaIuiie B
MDKTpyOUYacTuil MpocCTip BUNapHHUKA. B BepXHiil yacTHHI BUMIapHUKA MepeadadeHui
BUIBHHUH Bil TPYO MPOCTIP, IKUN CITy’)KUTh CYXOIAPHUKOM.

AMiayHi BUIAPHUKH.

XapakTepUCTUKH aMiagHUX KOXKYXOTPyOUacTUX BHUIAPHUKIB CEPEIHBOT
MPOYKTUBHOCTI HaBeIeHO B Tabmili 6. 1.

3araibHAA BHTJIA KOXKYXOTPyOUacTOro BHITApHMKA IMojaHo Ha puc.6.1. B
armaparax 1bOT0 THITy BUKOPUCTOBYIOThH CYIUIbHI riaaki ctanbHi (C12 1 CT3) TpyoOH.
[Tygok TpyO maxoBHii reKcaroHaIbHH.

OOunyaiiky BUMApPHUKA BUTOTOBISIIOTh 13 CTAJbHUX €IEKTPO3BapHUX abo
3aBajIbIIOBAHMX 3 JIUCTOBOI cTam TpyO. Kpumiku amapara 3a3Budaii IMTI Ta YaBYHHI.

YaByHHI PEIITKM BHTOTOBISIFOTH i3 BYIJENeBOi abo neroBaHoi cTami. IXHIO
TOBIIMHY PO3PaXOBYIOTh 3 YMOB MilHOCTI. KpiruieHHs: TpyO B pemnriii 3A1CHIOIOTh
3a paxyHOK PO3BAJIbLIIOBAaHHA KIHIIB TpyO. MacTuio, mio notparuise B BUIIAPHUK,
NEepIOINYHO BUAAISIOTH Yepe3 MACIOBIICTIMHUK, PO3TAIIOBAHUNA Y HUKHINA YacTHHI
arapara.

CraTuyHUl pIBEeHb PIIKOTO aMiaKy B BUMIAPHUKY [MOBUHEH MIATPUMYBATUCH Ha

BUCOTIL, NpuOIM3HO piBHIi 0,8D.
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Taommsa 6.1
BunapHuku KoxxyxXoTpyodacTi amiauHi
Mapka [Tnoma ["aGapumn Po3mipu | Maca, kr
.2
HOBCpXHL M Hosxuna | Ilupuna Bucora KO

SOUTT 51/40,6 3580 1075 1590 600x8 1665

63UTT | 67,9/4,2 4580 1075 1590 600x8 2013
80 UTT 85/68 5580 1075 1590 600x8 2464
125UTT 121/97 4670 1310 1950 800x8 3605
160UTT | 152/121 5670 1310 1950 800x8 4329
200 UTT | 194/155 4800 1493 22170 1000x8 5656
250UTr | 242/194 5800 1493 2270 1000x8 6316
315 UTI| 300/240 6820 1310 2270 1000x8 7860
500 UTT| 594/500 1355 2715 2955 1600X16 | 23800
630 UTT"| 759/650 7340 2985 3200 1800 x20 | 29760
800 UTT"| 1010/850 9345 2985 3200 1800 x20 | 37620

Puc.6.1. AMiauauii KO)KyX0oTpyOUJacTHil BUITapOBYBay 3amoBHeHOTo THMy: 1, 10 -

KPHIIIKH, 2 - CYXOTIApHUK; 3 - MaHOMETD; 4 - TpyOwH; 5 - TpyOHa pernTKa; 6 - BEeHTUIIb

JIJISL BUMYCKY MOBITPS; 7, 8 - mITytiepa sl BBEACHHS 1 BIIBEACHHS PO3COITY; 9 - 37TMB

po3scoury; 11 - kopmyc; 12 - MacioBinCTIHUK; 13 - KpaH 111 BUAAICHHS MacTHIIA;

14 - matpyOOK A1 BXOAY PIAKOTO aMiaKy
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D peoHOBI BUNIAPDHUKH.

OCHOBHI XapakTepUCTUKH (PPEOHOBUX BUINAPHHUKIB HABEJIEHO B TaOJuUIl 2, a
3araJlbHUHM BUTJISIT TIOJIAHO HA pUC. 2. Y PpEOHOBUX KOKYXOTPYOUACTHX BUIIAPHUKAX
BUKOPHUCTOBYIOTh MIIHI TpyOM 3 HakaTaHUMHU 30BHIHIMH pedpamu. KoediieHT
peopyBanus Tpy6 P=3,4. TpyOm B TmydKy pO3MIIYyIOTh Y BEpIIMHAX
PIBHOCTOPOHHBLOTO TPUKYTHHKA. KIHITI TpyO pO3BaBIILOBYIOTh Y TPYOHHUX PEIITiTKAX.

VY BumapHHKax, M0 BUKOPHUCTOBYIOTh 3a Temmeparyp KumiHHS Buie - 40°C
OCHOBHI JIeTali BATOTOBJIAOTH 13 ctaimi Mapku Ct3 BigmoBimao 'OCT380-71.

PiBeHp 3amoOBHEHHS MDKTPyO4YacTOro MPOCTOPY PIIHHOK B (DPEOHOBHUX
BHUITAPHHUKAX HIDKYMM, HDK y aMiadHUX, TaK K i 9ac KUIHHS GPEOHIB BiTOYBa€ThCS

CITIHIOBAHHS PITUHU Yepe3 MPUCYTHICTh Y HIM pO3YMHEHOTO MacTHIIA.

Taoamusa 6.2
Bunapauky kKoXKyXoTpyOdacTi, TOpH30HTaNIbHI, ()PEOHOBI, 3aIIOBHEHOTO THUITY.
[Inoma Hiametp Howxuna |Huciuo tpyO
Mapka |XojomoareHT| po0OO0YO0i | KOXKyXa,MM | KOXKyXa,MM
NOBEPXHI

UTP-12 R12 12/3.7 325 1415 70
HUTP-18 R12 18/5.3 325 1665 84
HUTP-35 R12 35/10.6 426 1940 145
NUTP-50 R12 50/15.5 525 1985 207
UTP-70 R12 70/21.0 530 2240 249
HUTP-105 R12 100/33.0 600 3700 237
UTP-210 R12 209/68.0 800 3730 484
HUTP-400 R12 390/134.0 1200 3870 920
HUTP-65 R22 65/19.0 500 2435 210
NUTPH-80 R22 77/25.0 600 3100 218
UTP-35H R22 35/13.0 500 3000 123
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Puc.6.2. DpeonoBuii KOXKYXOTpyOIaCTHI BUTTAPHUK 3aIOBHEHOTO THMY: 1 - pImTUHHAMIA
KOJIEKTOP; 2 - oOnJaiika; 3 - meperopoaku; 4, 5 - mryrepa il BBEASHHS 1
BIIBEJICHHS PO3COJTy; 6 - KpHIIIKA; 7 - 3aIMO0DKHMM KJlarmaH; § - MOKa3HUK PIBHS,

9, 14 - mrynepa a1 BUXOY 1 BXOAy X0j0M0areHty; 10 - MaHoMerp;

11 - kpaH 11 cIycKy moBITps; 12 - KpaH Aj1s1 CITyCKY PO3COJTy;

13 - BeHTHIIH IS CITyCKY Maciia

3a onTUMaILHUX YMOB pOOOTH BUIMIAPHUKA [1apa, SIKa BITBOJUTHCS 3 HHOTO Mae
noka3Huk napoBmicty x=0,98-1,0. BincMOKTyBaHHS 3 BUMApHUKA BOJIOTOI Mapu 3
HACTYMHUM i1 OCYIIyBaHHSM B PEreHEpaTMBHOMY TEIUIOOOMIHHHUKY 3ale3mneuye
YacTKOBE BIIBEJCHHS MACTWIIA 3 arapara.

KoskyxoTpy0uacTi 3pomryBajibHi BUIIAPHUKH.

VY KOXyXO0TpyOUyacTux 3pOLIyBaIbHUX BUIIAPHUKAX PO3CUI, SIK 1 B 3aTOIJICHHUX,
LHUPKYJIIOE€ BCEpEIUHI TPYyO, a XOJOJWJIbHUN AareHT CTIKA€ MO 3OBHIMIHIA 1XHIA
NOBEPXHIY BUIJISLA1 TOHKOT TUIIBKK. KOHCTpyKIii IMX BUNIAPHUKIB O30aBIIEHI ASSIKUX
CYTTE€BUX HEIOJIKIB, II0 MPUTAMaHHI 3alI0BHEHHWM: BOHU HE BUMAararOTh BEIHUKOI
KUIbKOCT1 XOJIOJOAreHTy JJisi 3allOBHEHHSI; TIPOCTATUYHUN CTOBII PIIMHUA B HHUX
MaJIii 1 MPAaKTUYHO HE BIUIMBA€E HA pOOOTY amapara.

3a IHTEeHCUBHICTIO TETJIONEpeayl Il anapary JIeo NepeBaaroTh 3alI0BHEH] 3a
PaxyHOK BHUIIOTO KoedillieHTa Teruionepeaadi. 3a yMOBH, SKIIO YaCTHHA MOBEPXHI

TeIIonepeayl anapara He 3MOo4eHa PiIMHOI0, IHTEHCUBHICTh TEIUIONIEpEaadi CyTTEBO
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MOHWXKY€EThCsA. Yepe3 11 MUTaHHIO PIBHOMIPHOTO 3POIIEHHS MOBEPXOHL TPYO Y
KOHCTPYKIIii anapatiB NpUIUIE€THCS BEJIMKA yBara.

Jlesiki 3akOpI0HHI (PipMU BUTOTOBJISIIOTH 1 BAKOPUCTOBYIOTH 111 arapaTt AJis
MNOPIIHEBUX 1 TPYOOKOMIIPECOPHUX MalMH. AmapaTy UbOro THUIY, IO
urotoBisitotecst B CIIA, npamorots Ha ¢peonax RIl, R12, R113 i R114.
BincyTHICTh BUTLHOTO PIBHS PIAKOTO XOJ0J0AreHTy B MPAIIOI0YOMY 3POIITYBAILHOMY
BUTIAPHUKY 3a0e31evye JAONUIbHICTh HOTO BHKOPHUCTAHHS B CYIOBUX XOJIOAMILHUX
yCTaHOBKaX.

Ko:xyxoTpy04acTi BUIAPHUKHM 3 KMIIIHHSIM X0JI0A0AreHTY BCcepeanHi TPyO.

Y BUMapHUKaxX IbOTO THUIy XOJIOJOAreHT KHIUTh BCEpeIuHi TpyO, a
XOJIOJJOHOCIH IUPKYIIOE Y MDKTPYOUacTOMYy IIPOCTOPL 3a paXyHOK BCTAHOBJICHHUX Y
oOuyaifkax meperopoiok 3a0e3neuyoTh BITHOCHO BUCOKY IIBUAKICTH MOMEPEUHOTO
00TIKaHHs IMyuka TpyO xoJog0HocieM. Lli amapatu MOXKyTh MaTh 1Ba KOHCTPYKTUBHUX
BUKOHAHHSI:

1) 3 U- momiOHnMm TpyOKaMH, 3aKpiJICHUMH B OJIHIA PEINTI, IO Ja€ 3MOTY
3amo0IrTH TEPMIYHAM HAIIpyraM y TpyOKax; 2) 3 MpsIMAMH TPYOKaMH, 3aKPIJICHUMH B
TPYyOHHX pEIITKaxX 3 ABOX CTOPIH.

TpyOku MOXyTh OyTH TJafKi 1 TopeOpeHi (330BHI 1 3cepeanHn). BincyTHICTh
XOJIOJJOHOCII B HHUX 3a0e3Tedye MOXKJIHMBICTh BHUKOPHUCTAHHS KOXKYXOTPyOUacTHX
BHUITAPHHKIB 13 BHYTPINIHbO- TPYOHHM KHUIIIHHIM IS OTPUMAHHS HU3bKHX KIHIICBUX
TEMIIepaTyp XOJOJOHOCIA, SKUHA 3a BIICYTHICTIO HE 3aMep3a€ 1 He MPU3BOJIUTH 10
pyiiHyBaHHs TpyO. Lle 0c00MMBO BayKIMBO MPH 0XOJIOIKEHHI BOIH.

Benrkoro mepeBaroro 1ux BUIMAPHUKIB, OCOOJIMBO Yy BUIMAIAKy BUKOPHUCTAHHS
BHYTPIITHLO- MepedpaHux Tpyd, € Manmuii 00’ em XojiogoareHry. Pazom 3 Tum manmmii
00’ eM, OB’ A3aHUI 3 MAJIOIO IHEPIIHHICTIO anapaty. BHaCIMOK IIbOro YCKIIaJHIOEThCS
perymoBaHHS KHMBJIEHHS Bumapauka. Ha puc.6.4. 1 6.5.m0o1aHO0 KOHCTPYKIIil
KOXKYXOTPYyOUacTUX BUMTAPHHUKIB 3 KUIIHHAM XOJIOJ0areHTy BCepenrHi TpyO, IpsIMUX

1 U-nonionux. OCHOBHI pO3MipH anaparis 3 NpsIMUMHU TpyOaMu IpHBeIeH] B TaOIHII
6.3.
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Puc.6.4. KoxyxoTpyOuacTuii BUTITAPHUK 3 KUITIHHIM XOJIOJ0areHTy
BCepeauHI NpAMUX TpyO: 1,2- BXi 1 BUXiA XOJ0I0areHTy; 3 - kpuiika; 4,8- BXif 1
BUXIJT PO3COIY; S - TOTMIEPEYHI IEPETOPOJIKH JJIsl PO3COIY; 6 — TerIo00MiHHI TPYOu;

7 — KpaH JJ1s1 CIyCKY MOBITPs; 9 - TpyOHa nomika; 10 - BEHTWIb AJ1s1 3JIMBY PO3COJTY

__i‘u,
) ﬁé%h“\
j/" “
i F d-_::.‘; ) \\
(& \
S ' m
l\'-\ _@} .- ,"'l
\'\}.\ i .;/ "/
$eoe ;‘_H % dt._—_..._r—..l—__

Puc. 6.5. KoxxyxotpyOuacTuii BUTTApHUK 3 BHYTPIIIHIM KUATIIHHSIM X0J1010areHTy B U-
nmoaioHUX TpyOax: 1,2 — maBeaeHHS 1 BITBEACHHS XO0JI0I0areHTy; 3 - KPHUIIKA,;
4,9 — minBeneHHs 1 BIIBEICHHS PO3COIY; 5 - TeII00OMIHHI TpyOH; 6 - moTepeyHi
MIEPETOPOJIKHU JIJIT PO3COITy; 7 - KpaH JJIsl BUITYCKY MOBITPS; 8 - oOnJaiika;

10 - BeHTHIIb 17151 3]IUBY PO3COITY
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[loBepxHs Teruionepeaaydi BAKOHAHA 3 MITHUX TPYO 13 BHYTPILIHIMU pedpamu

y BUTJIsIA1 3ipKonoAi0Hoi BcTaBku. Koedirient pedpyBanns =2,52. Tpyou B anapari

MalOTh TeKCaroHaJbHE PO3TallyBaHHS 3 KpokoMm 22MmM. OOwuuaiiky amapara,

PO3IOILTEYY KaMepy Ta TOPIEB1 KPHUIIKH BUTOTOBIIIIOTEH 31 cTam (Ct3cm). TpyOHi

pemntkn — 31 ctam CtScn. 1li BumapHMKM Tpu3HAYeH1 111 poOOTH B IHTEpBaI

temriepatyp kumiHHa —-30<t;<5°C 3 xomomoarentramm R22, R12, R502. Sx

XOJIOJJOHOCIT BUKOPHUCTOBYIOTH: BOJY, BOJHI PO3YMHU XJIOPHUCTOTO KaJbIlFO (MPH

pH=6,5-9,5), eTuneHrIikob 1 IHII HU3bKO3aMep3arodl PITUHH, M0 HE BHUKIMKAIOThH

KOpO3il CHCTEMH Ha CTOPOHI XOJIOJIOHOCIS.

Taoma 6.3
BumapHauku k0KyXoTpyOdacTi 3 BHYTPITHBO- TOPEOpaHUMU TPyOaMH.
[Tnoma ["aGapumu Yucno | HoexwuHa |Maca, kr
noepxi, | A0BKHHA, | Llupu- | Bucora, | pyg | 1py6, M
Mapka M MM Ha, MM
MM

1T20 248/59,5 | 3600 1075 744 128 3000 1080
NT30 324165 | 3620 1100 806 174 3000 1293
1T65 70,0/176 3770 1265 1030 375 3000 2251
WT100 136/362 3866 1276 1370 732 3000 3310
24 9,524 2290 520 500 72 2000 430
N30 12/30,1 2295 520 500 110 2000 520
140 16/40,2 2325 550 538 120 2000 535
n50 20/49,5 2825 550 538 120 2500 620

IlaHebHI BUIIAPHUKH.

OCHOBHI TEXHMHI XaPAKTEPUCTUKH TMAaHEIbHUX BUIAPHUKIB TOJaHO B TabmLo.5.

[NanenbHnii BumapHUK (puc. 6.7) — 16 3aMoBHEHMH XOJOJOHOCIEM MPSMOKYTHHH

METaJeBUIl 4YM 3alM300eTOHHUNA Oak,

B SKWWA BCTAHOBJIICHO BHITAPHI CEKIIil
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MaHEJIbHOTO THITY 1 MIIIIAJIKA, 1[0 CTBOPIOE IUPKYIAIIIO X0Joa0Hocil. KoxHa cekiis

1000 1300

. 100 -120
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Puc.7. Ilanensuuii amiauanii Bunapuuk UII: 1 - BigauibHUK pinuHy; 2 - TaTpyooK JJIst
BIIBE/ICHHS NapiB amiaky; 3, 4 - 301pHUl 1 pO3MOAUIbHUN KOJEKTOPH;
5 - maTpyOOK /s BBEICHHS PIIKOTO aMiaky; 6 - IepesiiB po3coiy; 7 - maTpyOoK s
BIZIBEJICHHS PO3COJY; 8 — 3JIUB po3couty; 9 - Bosst; 10 - BEHTWIb 1JIs 3JTMBaHHS

MacTuia; 11 — 3armoObKHMI KianaH

CKJIQIAa€ThCS 3 JIBOX TOPU3OHTAIBHUX KOJIEKTOPIB AlaMerpamu 32x3,5 1 57x3,5 MM 1
JIBOX BEPTUKAJIbHUX CTOSAKIB PO3MIpOM 25x2,5MM, 110 CTBOPIOIOTh MPSMOKYTHY
CEKIIl0 3 BBAPEHUMHU B HEl IITAMIOBAaHUMHU 3BapHUMHU MaHeIsIMH. KumiHHs
XOJIOAWILHOTO areHTy BiIOYBa€TbCS B HIKHbOMY KOJIEKTOPl 1 BEpPTUKAIbHUX
KaHaJlax MaHeneil. 3a IHTEHCHBHICTIO BHYTPIIHbOT LUPKYIALIl 11 anmapaTd Aelio
NOCTYMAaIThCSA BEPTUKAILHO-TpyOUacTuM. Pa3oM 3 MM MaHesNbHI anapaTi MaloTh Psij
nepeBar mopiBHIHO 3 BEPTUKAIBHO-TPYyOYacTUMH, 30KpeMa: 1) BoJgHOYAC 13 3arajibHUM
3MEHIIIEHHSIM MacHu Ha 25-30% MOHMXKY€ETbCSA B 5-6 pa3 BUTpaTa CYHUILHUX TPYO,
BaPTICTh SKUX MaiKe BTPUY1 BUINA, HDK BapTICTh JIMCTOBOTO Marepiaiy; 2) pa3oM 13
3arajlbHUM 3MEHIIEHHAM MacH Ha 25-30% noHMXKyeTbCs B 5-6 pa3 BUTpara CylUIbHUX

TpyO, BapTICTh SIKUX Mailke BTpUY1 BUINA, HDK BapTICTh JIUCTOBOTO MaTepiaiy;
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3) 3MeHIIyeThC 00’ €M amapary 3a X0J0J0areHTOM, 1110 MPU3BOAUTH 1O 3MEHIICHHS

00’ eMy pecuBepiB.

Taommms. 6.5
XapaKTepUCTHUKH MMaHEIbHUX BUTIAPHUKIB
Mapxka [Tnoma ["aGapwutHi po3mipu Oaka, MM Uwucno cekiiit
MTOBEPXH, L B H

40U 40 3470 735 1050 8/5
60T 60 3670 1060 1050 12/5

OOUI T 90 3670 1045 1050 18/5
101400 120 6100 1115 1200 12/10
180U T 180 6100 1625 1200 18/10
240UI1T 240 6100 2135 1200 24/10
320UI1 320 6100 2815 1200 32/10

BunapHuku - KOHIEHCATOPH KACKATHUX X010 IHJILHUX MAIIIMH.

Binomo, mo orpumanns Temneparyp Bim - 80°C 1 HmK4Ye B 6ararocTymiHYaCTHX
MaIlIMHAX BUSBIIETHCS YCKIATHCHUM Yepe3 Ty)Ke HU3bKHUI THCK IapiB poO0UYOTO TIa B
BUTIAPHUKY. B Takmx BuMagkax MOUUTLHO BUKOPHUCTOBYBATH KacCKaJlHI XOJIOJWJIbHI
MalllMHA 3 BUKOPHUCTAHHSM PIBHUX XOJIOJOAreHTIB B OKPEMHX Kackamgax. Y
HIDKHBOMY KacKaJli 3a3BHYali BUKOPHUCTOBYIOTH areHT BHCOKOro THCKY (R13 a6o
oTpuManuii B octanHii yac R503), y BepXHbOMY - arcHT, 10 BUKOPHUCTOBYIOTH B
XOJIOMWIBHUX MalllMHAX 3 MOMIPHUMHU TeMmIlepaTypamu kumiHHsa (amiak, R22, R12,
R502). Temneparypa koHAeHCaIlli B HIKHROMY KacKai IOBHHHA OyTH B MeXax BiJ -
30° mo 0°C, OuThIII BUCOKI 3HAYEHHS TEMIIEPaTypH € HeOKAHUMHU, TaK SIK TIPU [[bOMY
3HAYHO 3pOCTaEe THCK KoHaeHcari R13.

Bepxniii Ta HWXKHIA Kackaau 3B’si3aHi MDK CcOOOI0 amapaToM BUIMAPHUK-
KOHJICHCATOp, Y SIKOMY Iapa XOJIOJ0areHTy, 10 HUPKYIIOE B HIDKHbOMY KaCcKajl,
KOHJICHCYETHCSI 3a PaxXyHOK OXOJIOJDKEHHS HOTO XOJIOJ0areHTOM, IO KHUIHUTh Y
BEPXHbOMY KaCKaJi.

[lix wac 3ynuHku mManmuu pinkuid R13 kunute, THCK mapu pi3ko 3poctae. B
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3B’A3KYy 3 MM B HI)KHIA YacTHHI Kackaay MepeadaueHo po3IMpPIOBAIbHA €EMHICTD,
KyJ¥ 3a MIBUIICHHS TeMIIEpaTypH MepekadyroTh xonogoareHT R13 3 anaparis. Lo

€MHICTb BUKOPUCTOBYIOTH 117151 30epiranHs R13.

Taoauns 6.6
XapaKkTEepUCTUKHN KaCKaTHUX XOJIOIMILHUX MaIIiH
Mapka  |[liameTp yMOBHOTO ITlepexo 1y mryrepa, MM| €MHICTH | Maca, kr
10 amiaxy,
Jlis amiaky st M
Bxin Buxin XOJIOJTOHOCH

40UTT 20 65 100 0,223 1500
60MI T 20 100 100 0,332 2180
90UI1 20 100 150 0,497 3000
120M111 40 150 200 0,501 4000
180MIT 40 150 250 0,744 5530
240UT1 40 200 250 1,008 7130
320M1I1 40 200 300 1,340 9440

Ha puc.6.8. HaBeieHO KOXKyX0TpyOUacTuil BUunmapHuk - kougaencarop KJ{N-105
st ppeonoBoi kackanHoi mammHu OKM 25-90A, mio nparitoe 3 BUKOPUCTaHHIM

R22 y Bepxabomy kackazi 1 R13 - B HIXKHbOMY.

i
!
|
1

Puc.6.8. Bunapauk xouaeHcarop KJUN-105: 1 - miaBenenns mapis R13; 2 - Bumyck
noBiTps; 3 - BinBeAeHHs mapiB R22; 4 - BEHTWIb» 0 MaHOMETPA; 5 - 3amoODKHUN

KJ1amnaH; 6 - BinBeneHHs pinkoro R13; 7 - Bunyck macna; 8 - miaBeaeHHs pigkoro R22
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Konpencamis R13 BinOyBaerhcsi Bcepenuni TpyO, a kumiHHa R22 - y
npoMbkHOMY mpocTopl. [ 3abe3neueHHst 3muBY KoHaeHcary RI13 amapar
BCTAHOBJIIOIOTH Y arperari 3 HeBenmukuM HaxuiioMm (1:30) B Oik eMHOCTI 17151 30MpaHHs
pinuau. Bci neram amapara (3a BUKIIIOUEHHSIM TPYO) BUKOHAHI 3 KOPO3IMHOCTIMKOT
ctam Mapku X18HO9T. TpyOu anapara (ixHs 3arajibHa KUTbKICTh 245) - Mi/iHi, 330BHI
nopeOpHHI; KIHII — PO3BAJBIBOBAHI B TPYOHUX pEIITKaX, SKI NPUBAPEHHUX 0O

xopycy. Hait6itimmit poGounii tuck 15-10°kI1a, npo6umuii 19-10°kITa.

7. IlpucTpoi AJis 0X0JI0AKYBaHHS 00OPOTHOI BOAH

BapTticTh BoAaW 17151 OXOJIOJKEHHS - OJHA 3 OCHOBHHMX €KCILUTyaTaIlliHUX BUTpAT.
CxopoTuTu 1X J1a€ 3MOTY BXKHMBaHHS OOOPOTHOTO BOJOIOCTaYaHHA. Boga
OXOJIOJIKYETHCS y BIAKPUTUX OacelHaxX 1 BEHTUISITOPHUX TPaJAUPHAX 3a
pPaxXyHOK dYacTKOBOTO 1i BumapoByBaHHA. [licas mporo ii momarwTh Ha
0XOJIOJKYBaHHS KOHIEHCATOPIB, MACIO0XO0JIO)KYBauiB TBUHTOBUX arperartis 1
COPOYOK IMMOPITHEBUX KOoMITpecopiB. baceitnu (puc.7.1) mpaiforoTh 3a IPUHITATIOM

dboHTaHB. BinkpuTi rpagupHi 00TOPOIKYIOTh KATIO3IMHUMHA IPaTaMH.

by o]
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Puc.7.1. Binkputnii 6aceiin: 1 - koaekTop; 2 - XKaM031idHI1 IpaTH; 3- MII0H

Oaceiiny; 4 - hopcyHKa; 5 - TpyOa miaBeaeHHS BOIHM 10 (OPCYHOK
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Bona B Hux po30puskyerbcs (opcyHkamu 3 BUCOTH 2-4 M. EdexTuBHICTH
OXOJIOJI)KEHHSI BOJM B TPAJUPHAX BHILA, HDK y OaceilHax, 3a paxyHOK TPUBAJIIIOTO
KOHTaKTy BOJM 3 NOBITpsAM. HailOiibie nommpenHs HaOy/M IUTIBKOBI BEHTUJISITOPHI
IpaJiupHi, B IKKX MOBITPS BEHTWIAITOPOM ITPOAYBAETHCS 200 Yepe3 3pOolilyBaHi BOIOIO

HACaJIKW, BUTOTOBIIEH] 3 JiepeBa abo IMacTMac 3a MPUHLMIIOM mpoTuTedii (puc.7.2 1
7.3).
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Puc.7.2. BeHTunsatopHa rpagupHs.
1- eneKTpOBEHTUIATOP; 2 - OTIJIAIOBE BIKHO; 3 - KparwieBinOiiiHMU# 1map;
4 - X0XyX; 5 - BOJOPO3NOJUILHUN NMPUCTPIN; 6 - 3pOllyBaHl HaCaIKu;

7 - Boo30ipHuil 6ak; 8 - puibTp; 9 - mpucTpiit morasug; 10 - popcyHka

[lin rpaaupHEr0 BCTAHOBIIOITH BOAO30IpHUI pe3epByap. BeHTWIsITOpHI

rpaJiMpHI BUITYCKAIOTh 3 HWKHIM 1 BEpXHIM pO3TalllyBaHHSIM BEHTWIATOpIB. HukHe
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pO3TalllyBaHHA € KpalM 3 TOYKH 30pYy JOBFOBIMHOCTI €JEKTPOJIBUTYHIB

BeHTWIATOPIB. Cri 3ayBaXUTH, M0 ra0apuUTH BEHTWISTOPHUX IPaJAUPEHb 3HAYHO

MEHILIE HDK
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Puc.7.3. BeutunstopHa rpaaupHs: 1 - 3poinyBagbHUN TPUCTPIN;
2 - BEHTWJIITOPH; 3 - 3pOIlyBaHl Hacajaku; 4-Boa030ipHMIA OaceiiH;
S-TpyOOoMpOoBI MoAa4i BOJAU 0 3POIITYBATLHOTO MPUCTPOIO;

6 - TpyOOTIpOBIA 37MBY BOJM B OaceiiH

BIIKpUTHUX. HemosmkoM IUIBKOBMX BEHTWIITOPHUX TPAIUPEHh € WMOBIPHICTH
OoOBajleHHsI IMTIB HACAJAKW Il Barol JbOAY B XOJOJIHY IMOPY POKY, TOMY IpHU
MIKITIOYEHH] TPaJupHI TMEPEeMHKAIOTh I0Jadl BOAWM O€3MocepeaHhbo B MiAA0H
rpaaupHi. XapakTepUCTUKN BEHTWISSTOPHUX I'PaJUPEHb, MOaHo B Tab. 7.1.

['pamupHi MOKYTh PO3MIIITYBATHCS 30BHI MPHUMIIICHB, HA JaXxax Oy/iBeNb, a TAKOXK
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ycepenauHi OyaiBelb, MOBITPS 32 TAKUX YMOB HEOOXITHO BUBOJUTH Ha30BHL. JIjig BCix

armapatiB  OXOJIOJKYBaHHS

000pOTHOT

BOJAW TOBUHHO OYTH OpraHi3oBaHO

HIIKUBJICHHS CBDKOIO BOJOIO 3 pO3paxyHKy 2-4 % Bin KUIbKOCTI IUPKYJIOIOUO].

Bony nouutbHO mojaBatM B MIAJOH amapary, aBTOMAaTH3YIOUM IIed TpoIec 3a

JOTIOMOTOI0 TPUCTPOI0 ToraBi. [lepiognuHo HEOOXIMHO 3MIMCHIOBATH TOBHY

3aMiHy 00OPOTHOI BOJIM HAa CBDKY ISl BUIAJICHHS COJIEH, 110 HArPOMAaKYIOThCS.

Taoauusa 7.1
TexHuHI XapaKTEPUCTUKU TPaSUpPEHb
Mapka Po3stra | TennoBuii | I'ycruna | Butpara | Ilotyxk I"aGapwty,
abo IIyBaH | TOTIK 32 | TEIUIOBOTO | OXOJIOIKY HICTh M
KUIbKICTD Hs pI3HULIL TIOTOKY, BaHO1 BEHTWIS
CEKLIM |BEHTWIA | TeMIiepa KBr/M BOJIH, TOPIB,
Topa | Typ 5°C, KI/C kBT
KBT

I'TIB-80 | Bepxne 93 54,0 4,44 1,85 1,5%1,5*%2,2

['TIB-160 186 48,0 8,88 3,7 2,2%2,2*2,5

I'TIB-320 372 57,0 17,76 6,4 3,9%2,2*2,4
2 Huxne 232 58,0 11,1 2,2 2,0*2,0%6,5
4 464 58,0 22,2 4,4 2,0%4,0%6,5
6 » 696 58,0 33,3 6,6 2,0*6,0%6,5
2 928 58,0 44,4 6,0 4,0*%4,0%6,8
3 1392 58,0 66,6 9,0 4,0*6,0*6,8
3 Bepxue 1950 40,6 93,3 30,0 4,0*12,0%10,5
4 2600 40,6 124,4 40,0 4,0*16,0*10,5
3) 3250 40,6 155,6 50,0 4,0*20,0*10,5
6 3900 40,6 186,7 60,0 4,0*14,0*10,5
4 4455 69,6 213,3 40,0 4,0*16,0*10,6
5 5568 69,6 266, 7 50,0 4,0*20,0%10,0
6 6682 69,6 320,0 60,0 4,0*24,0%10,0




88

8. PecuBepn

PecuBepu cnyxare 1 30upaHHS PIIKOTO XOJIOJOAreHTYy. 3aJeKHO BN
BUKOHYBAaHUX (YHKIIA pO3PI3HAITH JIHINHI, ApeHa)XHl, UUPKYJISILINAHI 1
3axucHi pecuBepu. JIHIMHI — CayXaTh 151 30MpaHHs PIAUHU MICIs KOHJIeHcaTopa i
3a0e3rmeueHHs HEOOXITHOTO MOTOKY PIAMHU J0 PEryJiodoro BeHTWII. BoHu €
armapaTaMM BHCOKOT'O THCKY, TOPHU30HTAIHHOTO THITY, MOXYTh PO3MIIIyBaTHCs B
MPUMIIICHHI 11eXy a00 30BHI HHOTO. J[peHaxH! pecuBEepH BUKOPUCTOBYIOTH JIJISt
3JIMBY B HHUX PIIKOTO XOJIOJOAreHTY 3 BHUIIAPHOI CUCTEMHU T Yac BIITAIOBAHHS
KaMepHUX NpWIaAiB ado0 MiI Yac PeMOHTHUX poOIT. AmapaTd MOKPUBAIOTH IIAPOM
TEIIOB3OJIALI 1 BCTAHOBIIOIOTh y MPUMIIIECHHL. Mapku TOpU30HTAILHUX PECHUBEPIB
no3HavaroTe: PI[3 1 PJI, Beptukampuux - PJIB. Ilupkynsmiiiai pecuBepu €
YaCTUHOIO HACOCHO-IIUPKYIAIIHHUX CXEM.

Boun mnpwuszHaueHi s 30MpaHHSA PIIKOTO XOJOJOAreHTY 1 BITHOCSTBCS 10
amapariB  HU3BKOTO THCKY. LlupKymsrmiiiHi pecuBepH MOKPHUBAIOTh IIAPOM
TEIUIOBOJIALII 1 PO3MINIYIOTh y MAIIMHHOMY BIAJUICHHI TakK, MOOW 3a0e3MeUnTH
CaMOIUTMBHE 3JIMBaHHA PIIMHM B HHUX 3 BHUIAPHOI CHCTEMH 3 OJHOTO OOKYy 1
HEOOXITHUH Hamip Ieped HacoCoM 3 IHIIOro. Mapku amapariB BEpTHKAIbHUX
amapariB PJIB, ropusonramsaux - PBII3, P13 i P/I; 30kpema pecuBepu tuna PJIB,
PBI3 i1 PI3 (puc.8.1.) moxyrh cymimatu (yHKIN BigAUBHUKIB pimuHu. Bci
MUPKYJSIIIAHI  pPECUBEPH TMiJ Yac MOHTAKY PEKOMEHIYIOTh 3a0e3medyBaru
BEPTUKAILHOI TpyOOK - cTosikoM miamerpoM 250-300MM  1j1st  30UThIIEHHS

KaBITAI[IHHOTO 3aracy.
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Puc.8.1. Pecusep PILI3:

3axuCHI peCHUBEpPU 3aCTOCOBYIOTh Y OE€3HACOCHUX CXEMaX OXOJIOJKYBaHHS Jist
3aXUCTy KOMIIPECOPIB Bil TIIPABIIYHUX YAApIB Mil 4Yac HAAXOJKEHHI PUIMHU 3
BUITAPHOI CHUCTEMH. [X BCTAaHOBJIOIOTh HAa 3aCMOKTYHOUOMY OOl KoMIpecopa i

NOKPHUBAIOTH TEILIO30JISLIELO.

9. MacJoBiIAUVIbHUKY | MACJI030IpHUKH

MacnoBIIIVIbHUKYA CIYXaTh JJI1 BIAJAUICHHS MacTWiIa BT XOJIOJOAreHTy Miciis
KOMIIpecopa 1 cirykath 0y(hepHOI0 EMHICTIO, IO 3TJIa/Kye MyJIbCAaIlilo Mapu, Mmij] 4yac
HarHITaHHA. 3 KOMIIpecopa MAacTWJIO MOTpAIUIi€ B CUCTEMY Y BUIJIAJI Kpamelb
pPBHOrO po3Mipy 1 B MNapomoAiOHOMY CTaHL 3 MIIBUIICHHSAM TeMIEpaTypu
HarHITaHHs 30UIbLIYETHCSI BMICT MacTWiIa B MaponoaioHii (a3l 3a npuHuMnom i
MacJIOBIIUIbHUKY IUIATh HA MPOMUBHI (0apOOTaXkH1) Ta IHEPIHHI.

VY 0apOOTaKHMX MaCTOBIAVIGHMKAX I Yac MPOXO/PKEHHS Mapu XOJIOJ0AreHTy uepe3
Iap PUIKOTO XOJIOJOAreHTy 3aTpUMYIOThCS HE TUIbKM Kparul MacTuia, ae i BIIOyBaeThCs

KOHJIEHCAllsT MacyisiHol mapu. B pesysnbrari eeKTUBHICTh BIIAUVIEHHS MAacTWia CTaHOBHUTH
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85-90%. Henmoniku MaclOBIIVIbHUKIB TAKOrO THWITy: BEIMKI PO3MIPH 1 METAIOMICTKICTB;
HEOOXITHICTh 3aryMOJICHHS BITHOCHO KOHJIGHCATOpa HE MEHIllE HDK 1,5 M; HEMOXMBICTH
TIOBEPHEHHSI MaCTIJIA B KapTep KOMITPECopa.
VY nanmii yac GapOOTaKHI MAaCTOBIIUIBHUKA 3HATI 3 BUPOOHMIITBA. B iHEpIiiiHMX
MacJI0BIIIUTbHUKAX BUKOPUCTOBYIOTH IPUHIIMITH 3MEHIIIEHHS [IIBUIKOCT1 AP U, TIOBOPOTY
MOTOKY, (DUTHTpaIlii, OXOJIOKYBaHHS, BIIIICHTPOBUX CHIL. [loeqHaHHS OUTHIIIOT YaCTHHU

IIUX TIPUHIIAITB BUKOPHUCTAHO B ITUKJIOHHUX MacJOBIIAUIbHUKAX (puc.9.1).

} Bineenennsa
et NH;
- 3 - 1 - 1
pemerms| i pH  Beees
NH3 i | [ - '
: 2
3

\ fi= TBL[[BE,I[EHHH

= NH3

FlF i O

Puc.9.1. [lukmonHi MacHOBIIAUIBHUKY: a - TUTl M; 6 - Tum MO: 1 - koxyx; 2 -
ciryacte HaOMBaHHS; 3 - CHipaIbHUN HaNpaBJIIlOYMH anapar; 4 - KOHIYHUN
BIIOIMHUK; 5 - BEHTWIb 3JIMBY MacTWIa; 6 - MPUCTPIi MOMIABIS TOBEPHEHHS Maclia

B KapTep; H- BucoTa MacioBinAUIbHKKA;, O, - JiaMeTp marpyOKa BIyCKaHHSI.

st 30utbmeHHsT €)eKTUBHOCTI pOOOTH NMHUKJIOHHUX MACJIOBIIIUIBHUKIB JOIUTLHO

OXOJIOJUKYBaHHS MMapu, [0 Har"irae mopiuHeBUd kommpecop. [lim  wac
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OXOJIOJKYBaHHS Tapu Yy (OPKOHJEHCATOp1 BUIMAPHOTO KOHAEHcaropa abo B
TEXHOJIOTTYHHUX araparax, W0 BHUKOPHUCTOBYIOTh TEIUIOTY TMEperpiroi mapw,
BiIOYBa€ThCS YacCTKOBa KOHJEHCAIlld MacTuia 1 30UIbIIEHHS pO3MIpY WOro

Kparnelnb. 3JMBal0Th MAaCTUIIO 31 BCIX amapariB 1 CyAUH 4epe3 MacIOCOIPHUKH.

10. BinginbHUKHN pinuHn

BinaimbHUKM piTMHU TpPHW3HAYEHI JUIs YJIOBJIIOBAHHSA 1 BIAAUICHHS Kpareib
PIIKOTO XOJOJOAareHTy, IO MOTPAaIUIIOTh 3 BUMAPHOI CHCTEMH pa3oM 3 Mapolo.
Binninenust piguHu BigOyBaeThCsl 3a PaxyHOK MOBOPOTY MOTOKY XOJIOJOAreHTy B

amapari Ta 3MeHIIeHHs #oro mBuakocTi 10 0,5 m/c (puc.10.1).

Puc.10.1. BinaumbHUK pimuHMA:

1 - marpyOokx mpuegHAHHS 0

apoBOi 3PIBHAILHOI JIiHii;

2 - MaTpyOOK BIABECHHS MapH J10
Bonora napaj - KOMIIPECOPA; 3 - KOXKYX;
L;‘-% 4 - marpyOOK  MigBEICHHS

= XonogoarcHT
/ { g, i xoJiojoareHTy Bin PB;

5 - matpyOOK 3JIMBaHHS PIIKOTO

XO0JIOA0ArcHTy, 6 - BCHTHIb

BIIBEIEHHS MacTUIA;

7 - maTpyOOK MiIBEICHHS BOJIOTO1

XOJIomoareHT
PLOKHIT

napu 3 BHUIIApHUKaA; /1 - BHCOTA
BP; d i d;- niamerpu narpyOKiB
Ile € HeEOOXigHOIO YMOBOK 3a0€3MEUEHHS CYXOro Xoay Kommpecopa. Y
BinaubHUKAX pinuan Tuna OXK y HwKHIA YacTwHI nependavyeHuil 3MIMOBUK IS
o0IrpiBy MacTWia Trapsyol Mapol0 XOoJoAoareHTy. AmapaTh 00OB’S3KOBO

NOKPHUBAIOTh TEIUIOBOJISLIEIO.
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11. llpomMixkHi mMOCyAUHH

Y  npomikHit  mocyauni  (puc.11.1)  BinOyBaeTbCsi ~ OXOJIOJKYBaHHS
napomoI0OHOTO aMmiaKy MDK CTYNEHSMH CTHCHEHHS B 0ararocTyIIHYaCTHX
XOJIOAWILHUX MAIIMHAX 1 TEPEOXOJOKEHHSI PIIKOr0 XOJOJ0areHTy Micis

KOHJICHCAITIi 32 paXyHOK KUITIHHS PIIUHU B poOodomy 00'emi amapary.

Puc.11.1. IlpomikHa mocyauHa:

1““&: ! .
™ 1 - marpy0OoK miIBeNeHHs Mapu
9) Bin IIHT; 2 - marpybok
| -72-1— BigBenenns mapu g0 LIBT; 3-
P | Pl
= A= _éc_'.‘: iy 3 orisimoBe ckio Kimarepa; 4 -
l-#‘.,'E:I =M=, = _F:Fr{“\"' '[ [ .
Ll 91 X .J.,f 1 3pIBHSJIbHA KOJIOHKA; 5-
[ “:'f: = g =i ;
9 i — Ii' E naTpyOOK 3/7MBaHHA MacTuia; 6
L1 p pj"ﬂ - marpyOKu  migBeleHHs W
=S i [LE- 4
i S o _ : o e . .
i oY e 1= B 9 BiIBEIICHHS KOTO
| =:..£F£J’ = [ e N °H
| 3.-' 3 X0JI0JI0AreHTY B 3MIHOBUK;
— ":- ‘ff- 3 T B 7 - maTpyOOK 3JTMBaHHS aMiaKy;
|
\ ' i 8 - BeHTWJIb MIIBEACHHS PIIKOTO
-5 XO0JIOJIOAreHTY JIJIsl IIOTIOBHEHHS

MOCYAWHU;, 9- BEHTWI A

MIpUETHAHHS anapary 10

TpyOONPOBOIB BCMOKTYBAaHHS 1

HArHiTaHHS.

Ox0J01)KyBaHHS ApU, CTUCHYTOI B KOMIIPECOP1 HU3BKOT'O TUCKY, BIIOYBa€EThCS
70 cTaHy, OMM3bKOTO 10 HacuueHHs. [leperpiB mapu Ha BCMOKTYBaHHI KOMIIpecopa
BUCOKOTO0 THUCKY NoBUHEH cTaHOBHUTU 5...10°C. ITlepeoxomo/KeHHS B 3MIHOBHKY
NPOMDKHOI TOCYAMHM TpHUBAaEe A0 Temmeparypu, sika Ha 2..3°C mnepeBuilye

TEMIEpaTypy KWIHHSA B amapari. B KOHCTpykuili MNOCyAWHI mependadeHo
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KparuieBITOiHUKY. Bunyck MacTuia 3Q1MCHIOITh yepe3 MaciocOipHuk. [loBepxHs

IPOMDKHOT MOCYJUHU 000B’ A3KOBO TEIIO130JII0E€THCS

12. EnexkTpoHAaCOCH 1JIsI X0J10/10AT€HTIB

I'epmeTnyH1 HacoCH 3aCTOCOBYIOTHCSI B HACOCHUX CXeMax il LMPKYISILIi
amiaky 1 xyafoHiB. Taki KOHCTPYKUI BHMKJIIOUAIOTh BTPATH XOJIOJOAreHTy, IO
HEMHUHYYl B CaJbHUKOBHUX Hacocax. EnemeHTH BOYJOBAaHOI'O €JIEKTPOJBUIYHA
BIUIOKpPEMJIEHI BII TiepeKauyBaHOI pPIAUHM TOHKOCTIHHUMHU (0,5MM) ruib3amu.
OXO0J01KyBaHHS €1EKTPOJBUIYHA 1 MAaCTWIIA MIIIIMITHUKIB 311MCHIOE LIUPKYITIO0Ya
pinuHa.

Hacocu 111 BOaM i X0J1010HOCIs

Jlia nepekadyBaHHS BOJIH 1 XOJIOJI0HOCIA 3aCTOCOBYIOTh KOHCOJIbHI BIAIIEHTPOBI
Hacocu tuna «K». 3anexxHo Bil yMOB eKCIUTyarallii HalipHUd MaTpyooK Moxke OyTH
posropaenuii Ha 90, 180 1 270°.

3MaryBaHHs KyJbKOTIIIMITHUKIB 3AIMCHIOEThCS TycTuM Mactwiom [HUATIM

201 (TOCT 6267-74).

13. AGcopOuiiiHi, mapoeskeKTOPHI i ra30Bi X0J101UJIbHI MAIIMHA

13.1. A0copOuiiiHi X0J0AMJIbHI MAIIIMHHA

PoGota abcopOuiiinux xononwibHux wmanmH (puc. 13.1) Binpi3HsA€TBCS BN
KOMIIPECOPHUX THUM, WIO BIIBEIEHHSA TEIUIOTU Bl OXOJOJKYBAaHOTO TiUia [0
HABKOJIMILIHBOT'O CEPEAOBHUIIA 31IMCHIOETHCS IUISIXOM BUTPAT 30BHIIHBOT €HEprii y
BUIJISLI1 TETLIa, @ He poO0oTH. PoOouuM TiioM B aOCOpOIiiiHIA X0JIOAWIbHINA MaIlIMHI €
O1HapHUM PO3YMH PEYOBHH, IO MAIOTh Pi3H1 HOPMAJIbHI TEMIEPAaTypu KUMIHHS.
Huszbkokurmsiua pedoBrHA € X0JI0JIBHUM areHTOM, @ BUCOKOKHILIsTYa — a0COpOEHTOM
(mornuuHavyem). HaitOutbil BimoMUMHU OIHAPHUMHU PO3YMHAMHU € aMiak — BOJa 1 BOJ1a —

OpomucTtuii miti. IlpuyoMmy amiak B MepHIOMYy pO3YMHI 1 BojJa B APYromy €
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XOJIOJUJIbHUMHU arCHTaMH.

Puc.13.1. ®yHkuioHATBHA CXEMa HAUITPOCTIIOT aOCOPOLIMHOT X0I0AUIBHOT MALIMHU

MammHa npamroe HaCTy[THUM YHHOM. Y BUIIAPHHUKY B 10 XOJOAWIBHOTO areHTa
nigBoauTHCS TeroTa Qg. B pe3ynbraTi X010 AMIbHUI areHT KUIUTh 3a Temnepatypu Ty
1 TUCKY Pg. YTBOpEHa Mapa XOJOIWIHHOTO areHTa HaaAXoAuTh y abcopbep A6 i
norymHaerbest abcopoerTom. [Iporec abcopOuii CynpoBOAXKYETHCSI BUAUIEHHSM TEIUIa
Q.4 SIKE BUIBOAWTHCS Y HABKOJMILHE CepeoBuILe 3a Temreparypu 7T, Po3uuH 3a Tucky
P, 3 abcopOepa momaeTbcs Hacocom H B reneparop I, 1e TUCK p,, € BUIUM. Y
reHepaTopl XOJIOAWIbHUM areHT BUKUIIA€ 3 PO3YMHY 3a TEMIEPATYpH [ 1 TUCKY Py
BHACINOK minBeneHHst Ttemiot Q. Ilapa XonoauipHOro areHTa mnoTpamvisie B
koHaeHcaTop K, 1 KOHIEHCY€eThCs 3a Temneparypu 1T TUCKY p BHACIIOK BiABEICHHS
teroty Q. Pimkuii X0n0 IUIbHUIM areHT 13 KOHJIeHCAaTOpa HaAXOUTh Yyepe3 JeTaHaep
/I, y BUIapHUK.

AbcopbeHT 13 rerepartopa I uepe3 aeranaep A, HaaxoauTh y abcopOep. Takum
YUHOM, Y a0COpOLIKHIM MallliH1, SIK 1 B TApOBI KOMIPECOPHI, HU3bKY TEMIIEpATypy
OTPUMYIOTh IiJ] 4aC KUITIHHS XOJIOIUJIHHOTO areHTa, 10 MOTPaNuB y BUMIAPHUK Yepe3
JeTaHjep 13 KoHAeHcaTopa. TakuM YMHOM XOJIOTMIbHUM areHT MOJ1al0Th 13 BUMIApHUKA
B KOHJIEHCATOp Iicyisa abcopO1ii 1 BunmapoByBaHHs. /{15 3/1iiiCHEHHs] BUTIapOBYBaHHS
NoTpiOHE MIIBEICHHS 30BHINIHBOI TEIJIOTH 3a TEMIEPaTypHy BUILOI Bi TeMIEpaTypu

HAaBKOJIMITHBOT'O CCPCAOBUIIIA.
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Ineanizamist po3riasiHyToi aOCOPOIIMHOT XOJOAWIBHOT MAIIMHKU TIOJISITaE B
HACTYMMHOMY: B T€HepaTop1 MOBHICTIO PO3AUISETHLCS PO3YMH HA XOJIOUIBLHUAN areHT 1
a0copOeHT; y reHeparopi, KOHJAEHCATOpl, BUIAPHUKY Ta abcopOepi mpolecu
3IMCHIOIOTHCS 3a MOCTIMHOT Temmeparypu 0e3 30BHIIIHIX 1 BHYTPIIHIX BTPaT Bif
HE3BOPOTHOCTI; po0O0Ta, MiIBEICHA J0 HACOCY, III0 TTOJIa€ PO3YMH B reHepaTop, piBHA
poOoTi, BiIBEAEHOT BiN JE€TaHAEPIB, Tak sIK 00'€MHI TOAa4l pEYOBUH 1 PBHUII TUCKIB
OJIHAKOBI.

TeruoBuii 6anaHc Takoi MalIMHU OOYHCITIOIOTh 3 PIBHAHHSIM:

Q,+Q ,=Q+Q;. (13.1)

EdexTuBHICTh p000TH 20COPOLIIHOT X0JI0AMIBHOI MAILIMHY BU3HAYAOTh TEIJIOBUM

Koe(iEHTOM

§=Q%F. (13.2)

XOJOMUIbHY MAIlMHY MOXHA PO3TJIIATH K CUCTEMY, B SIKii 3ICHIOIOTHCS
OJTHOYACHO TPSAMUH 13BOPOTHIN NMUKIM. B mpsMoMy IIHUKITI BHACTITOK TIEpEHECCHHS
TEIUIOTH BII JDKEpeda BHUCOKOT Temrieparypu 7 J0 HABKOJMIIHLOTO CEPEIOBHIIA
BUKOHYETHCS pOO0Ta, a B 3BOPOTHOMY — Il pOOOTA BUTPAYAETHCS HA Mepenavy Teria
Bl JDKepena HU3bKo1 Temreparypu 1 10 HABKOJIMIIIHLOTO CEPEIOBHIIA.

EdeKkTHBHICTD MPSIMOTO ITUKITY OI[IHIOIOTH TEPMITHUM KOESDITIEHTOM:

n=L/Q, (13.3)

a 3BOPOTHOTO — XOJOIUILHUM KOE(DITiEHTOM

£=Q,/L. (13.4)

Toxl, 3 BpaxyBaHHSIM LIUX PIBHAHb 3aJICKHICTh MOYKHA MOJIATH Y BUTJISL

F=n-¢. (13.5)
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Jlnst 3BopoTHOTO UKy KapHo TernoBuid KoedilieHT BU3HAYAIOTh 3a 3AJICKHICTIO

:TF_TH.C.. To

g T Tye Ty (13.6)

r
Amnani3 11b0ro piBHSAHHS 3aCBINUYE, IO 32 OJJTHAKOBHX TeMrepatyp mxepen Ty i

Ty c TepmoauHaMiuHa e(EeKTUBHICTH POOOTH aOCOPOILITHOT MAlllMHU HUX4Ya, HIK

KOMITpecopHOi, Tak sk BenuuuHa (T — Ty ) /Ty € MCHIIIOKO OTUHUIIIL

Cxema peanbHO1 a0CcOopOIIiiHOT X0JI0 TWIHHOI MAIITMHY TPOTHIICKHO 10 11€aTbHO1
BKJIIOYAE Jpocenioroui  (perymoroui) BeHTwi /[B Ha 3aMmiHy JeTaHzepis,
pereHepatuBHUM TerI000OMIiHHUK TP, pextudikauiiny koioHy PK, BMOHTOBaHY B
reneparop I, a iHoai 1 B neduiermatop Jle (puc.13.2). 3amina jgeraHjaepis
PEryJIIOI0YMMH BEHTWJISIMH BHKJIMKaHA THUMH K TPUYMHAMH, 110 ¥ y TapOBHUX
XOJIOTHJTLHUX MalllMHAaX: KOpHCHA po00Ta IeTaHiepa € HE3HAYHOO 3a BEJIMYHNHOIO, a B
eKCIUTyaTalll JPOCEeI00Yl BEHTUII € MPOCTIINMH.

Beenenns B ckiman abcopOIiifHOT XOJIOAMIILHOT MAIIMHA TETUTOOOMIHHUKA IS
HarpiBaHHs MITHOTO 1 OXOJIOJKEHHS CJIAOKOT0 PO3YHWHIB JA€ 3MOTY 3MEHIIUTH
HE3BOPOTHI BTPATH B MpsIMOMY IMKIL Tak, MIIIHUIM PO3YWH TOCTYNae B TEHEPATOP 3
BHITIOIO TEMIIEPATYpOIO, a BiATaK, BUTpATa TCIUIOTH B HHOMY 3MEHIIyeThCs. CiraOkuid
PO3YHH HAJAXOIUTh y abcopOep 3 HIKUOKO TEMITepaTypoio, TOMY KUTBKICTh TCILIOTH,
Ky MOTPIOHO BimBecTH 3 abcopOepa, 3MeHImmMTHCSA. Pektudikarop 1 gedaermarop
30UThIITy€ KOHIIEHTPAITIIO ITAPH XOJIOIUIILHOT0 areHTa, sTka BUXOIUTh 3 TeHepaTopa, 1o
HmiIBUITye ©()EeKTHBHICTH 3BOPOTHOTO MHMKIY. B pekTudikamifiHii KOJOHI Mmapa
XOJIOMUIBLHOTO areHTa Ta MIIHWN PO3YMH KOHTAKTYIOTh Y Hacailil B pe3ymbrarti

TEIIOMAcO0OMIHY KOHIICHTpAIIiS Mapy 30UTBIIY€EThCS.
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Puc.13.2. ®dysKIIoHATEHA cXeMa peabHOT a0COPOIIHHOT X0JIOAUIHLHOT MaITMHA

Jlam mapa HagXoawWTh B JaediermaTop, A€ BHACTIIOK OXOJIOJKEHHS BOJIOO il
KOHIICHTpAIlIS IIe 30UThbIIy€eThCS, a KOHAeHcaT (derMa), 1o yTBOPIOETHCS, CTIKAE
Ha3aJ B TeHEeparop.

PobOorta peanbHOT aOCOPOUIMHOI XOJOAWIBHOI MAIUMHHU CYNPOBOJKYETHCS
BTpaTaMy BHACI{IOK HE3BOPOTHOCTI POILIECIB TEIIIOOOMIHY 1 a0copOtii, TepTa mig yac
PYXy CEpenoBHIl, APOCEIIOBAHHSI XOJOJWJILHOTO areHta 1 abcopOeHTa, poOOTH,
HiIBEACHOI 10 Hacoca, Tomo. TomMy Mipol TepMOIUMHAMIYHOI JOCKOHAJIOCTI
abCOPOITIAHOT XOJIOMIPHOI MAIlMHY € BIHOIICHHS AIMCHOTO TEIUIOBOTO Koe(ileHTa

JI0 TEIIOBOTO KOe(ILiEHTA 11€albHOT MalllMHU.

n=¢lc”. (13.7)

PobGoui mpouecu, 1m0 NOPOTIKAIOTh B a0COPOIIMHMX BOJOAMIYHHUX 1
OpOMUCTOJITIEBUX XOJOAWIBHUX MAlMHAX AHAJOTI4HI. Asie € PsJ KOHCTPYKTUBHHUX

0COOJIMBOCTEH, MOB'SI3aHUX 13 BIIMIHHOCTSMHU Y BJIACTUBOCTAX XOJIOJUIbHUX areHTIB 1
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abcopOenTiB. Hampukian, B OpOMHCTONITIEBHX aOCOPOLIMHUX MalllMHAX HeMa
pekTudikaTopa, Tak sIK HOpMaJlbHI TeMIepaTypu KUIIHHS XOJOAWILHOTO areHra 1
abcopOeHTa CYTTEBO BIIPIBHSIOTHCS, a MPOIIECHU B araparax 3IMCHIOIOTLCS 3a TUCKY
HIKYOTO0 3a atMocdepHuid. Pi3H1 i raimy3i IXHbOTO 3aCTOCYBAHHS.

Bonoamiagni mMamyiHU  BUKOPUCTOBYIOTH U OJEPKaHHS BITHOCHO HH3bKHUX
Temrieparyp (10-70°C), a GpOMUCTOIITIER] — JI BUIIMX. MOKIIMBICTh BUKOPHUCTAHHS
a0COpOIIMHMX  MaIllMH BHW3HAYAETHCS  HAABHICTIO  JIOCTaTHHO  HEIOPOTHX
BHCOKOMOTEHIIHHUX JIXKEepeN TeIUIOTH: BinnpanboBana napa TELL, rapsda Boaa To1ro,
10 € TOOTYHUMU MPOTYKTAMU OCHOBHOTO BUPOOHHUIITBA HA MIAIIPUEMCTBAX XapUuOBOi
(M'sscOKOMO1HAT, MOJIOYHHUH 3aBOJT) IPOMHUCIIOBOCTI.

VY 3B's13Ky 3 THM, 110 €KOHOMIS TTATMBHO-CHEPTETUIHUX pecypciB HaOyBae Bce
OUTbII aKTyaJIbHOTO 3Ha4yeHHs, cdepa BUKOPUCTAHHA aOCOPOLIMHMX MAaIluH
po3umproeTbesi. HaltOinbin nepcnekTUBHUMU € BUpOOHHMITB 3a HasiBHOCTI TEIL] 1
KOTEJIEHb, KOMIUIEKCHE yTPUMAHHSI HU3bKHUX 1 BUCOKHX TEMIIEPATyp; OTPUMaHHs BOIU

TemrepaTypotro 7-12°C 3a paxyHok Jkepen TerioTn Temneparypor /0-170°C.

13.2. Ilapoe:keKTOPHI X0JIOANJIbHI MAIIIMHA

Po6oTa mapoeKEeKTOPHUX XOJOAWIBHUX MaIMH, AK 1 abcopOuifHuX,
3a0€3MeuyeThCs MIIBEACHHSIM TEIUIOTH BHUCOKOTO TOTEHINATY BiJl 30BHINIHBOTO
moxepena. XOJOAWIbHUM areHT 3IMCHIOE CYMICHI MPAMHUA 1 3BOPOTHIA IUKIIH.
Haiiyactime HuUM € Boja, MpoTe MOXKHA BUKOPUCTOBYBATH aMiaK 1 XJIaJIOHH.
[upKyms11ir0 X0JIOUITBHOTO areHTa 3 /1IHCHIOE €KEKTOP, Y IKOMY MOTIK aKTUBHO1 MapH,
110 BUTIKAE 3 BEIUKOIO IMBUJIKICTIO 3 TEHEPATOPa, BIIBOAUTH (€KEKTY€E) TAaCUBHY Mapy 3
BHUITAPHHKA 1 CTUCKAE XOJIOMIILHUM areHT 10 TUCKY KoHaeHcarltii (puc.13.3). AktuBHa
mapa crtaHy 1, 1m0 yrTBOproeThcsi B TeHeparopi I’ 3a yMOBH MiIBEASHHS
BHUCOKOIOTEHIIITHOT TEIUIOTH B MPSMOMY IIUKJIL, TOCTyMae B exektop E. Y exekropi,
BOHA PO3IIUPIOETHCS 1 3MIHIOE CBiil cTaH Ha 2. 3a TaKUX YMOB MOTEHITIaIbHA CHEPTist

napy MEPETBOPIOETHCS B KIHETUUHY €HEPTii0 TOTOKY, SIKUW, ©KEKTYyE TTaCUBHY Tapy
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ctany 9 3 Bunapuauka B. Ilicis 3minryBansas napu ctadiB 1 1 9 B kamepi 3MilllyBaHHS
©XKEKTOpa CTBOPIOETHCA Mapa ctany 3. Y audy30pi exXeKTopa, /1€ KIHETUYHA EHepris
napu NEepeTBOPIOEThCS B MOTeHIianbHy. Jlani mapa motparmsie B KoHaeHcarop Ku
(Touka 4). [Iporiec CTUCHEHHS CyMillli B Tu(y30pi, MOXKHA PO3IVISIIATH K 1B POTICCH:
CTHCHEHHsS aKkTUBHOI mapu (mpomec 2-11) i macuBHOi mapu (mpormec 9-10). YV
KOHJICHCATOpl Mapa KOHIeHCyeTbes (mpomec 4-5) mnusixom mepemadi Temia y
HABKOJIUIITHE cepenoBuire. YacTnHa KOHJCHCATY CTaHy 9 Y KUTbKOCTI, 110 IOPIBHIOE
MacoOBIi 10 4avi MACUBHOI apH, TOTPAILI€ Yepe3 APOCEIIbHUN BEHTU b B y BUTTApHUK
(mpomtec 5-8), me kumuth (mporec 8-9), Ta BIIBOAWTH TEIUIOTY Bill MPOMDKHOTO
X0JIomoHOCIA (Boam). Bosora mapa ctany 9 BiTBOAWUTHCS B KaMepy 3MIITyBaHHS
nudy3opa. [HITy yacTHHY KOHJIEHCAaTa B KITbKOCT1, pIBHIA MacoOBIil M0O1a4ui aKTUBHOT
napu, HacocoM H HarhitaioTh y rereparop (mpoiiec 5-6), 1e BoHa HarpiBa€ThbCs
(mpottec 6-7). YTBOopeHa B mpotieci kuminHs (nporiec 7-1) mapa ctany 1 HaAXOIUTh B

exekTop E. Jani npoiiecu moOBTOPIOIOTHCS

-
-
S

Puc.13.3. dyHkirioHaIbHA cXeMa BOISTHOT AP OEKEKTOPHOT XOJIOAMILHOT MaIlIMHU

Ta 11 TEOPETUUHUMN LIMKI

B exexTopi cnoiy4aroThCsl MPOIECH MPSMOTO 1 3BOPOTHHOTO IUKIIB: poOoTa

IPSIMOTO ITUKITy CTBOPIOETHCS B coruti (mporiec 1-2), minBoIuThCs 10 3BOPOTHLOTO
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UKy B Kamepi 3MmilnyBanHs (nporec 2-3-9) i BUTpavyaeThCs y 3BOPOTHOMY IHMKII B
nudysopi (mporec 3-4). YV mapoeeKTOPHIM XOJOMWIbHIA MalliMHI BiIOYBa€eThCs
npsimuid 1-11-5-6-7-1 13BopoTHii 9-10-5-8-9 nukmm.

JJ1s TepMOIMHAMIYHOT0 aHAITI3Y POOOTH MAP 0EKEKTOPHOI XOIOIUIBHOT MAIIMHU
HEOOXITHO 3HATH CMIBBIIHOILIEHHS] MACOBMX MojAay akTUBHOI M 1 macuBHO1 M| napu.
BpaxoByrouu, 1110 7151 BiiBEI€HHs KT MaCUBHOI NMapy 3 BUMAPHUKA BUTPAYAETHCS
aKTUBHOT Mapu, OTPUMAEMO KOe(ILIIEHT BUTpaYaHHsI (KPATHICTh LIUPKYJIALLi ) aKTUBHO1

napu

ar=M/Mj. (13.8)

Bakarouu, 1o po6oTa npsiMoro UKy

L=(h,~h,)—(h.~h,) (13.9)

0e3 BTpaT MiABOIUTHCS B 3BOPOTHOMY LMK

10Ny, (13.10)

O:

OTPUMAEMO
a;L=L,, (13.11)

a0o

a T:(hlo_hg)/[(hl_hll)_(he_h5)] . (13.12)
TemnoBuii 6anaHc MapOSKEKTOPHOT XOJIOAMILHOT MAITMHU OYy/1€ MaTH BUTJIST

0=0Q,+tq,+q,, (13-13)

e 4=(@1+a;) (h,~h;) - sigBenene remwmo B KoHJieHcaropi; 9 (= hg—hg- muroma

MacoBa XOJIOJONPOIYKTUBHICTE;,  ,=a,(h,—h.)- TminBeneHe Terwio B TeHeparopi ;

q ,=a,(hs—N;) remwopwuii exsiBaent po0OTH Hacoca.



101

TepMmiuHUN KOEQILIEHT MPSIMOTO LIUKITY

(hl_hll) - (h 6_h 5)
nzvﬁp= a.(h—h) (13.14)

XooAUAbHUM KOEPIIEHT IPSIMOT0 IIUKITY

hy—h h,~h
e=(,/L,=-"2-"%8~= 9 'lg | |
7// ° hy-hy a_[(h,-h,)—(hs—hy)] (13.15)

TepmoanHamiyHa e(hEeKTUBHICT POOOTH MAIlIMHU MOKe OyTH OI[IHEHA TEIJIOBUM
Koe(iieHTOM, STKUI BU3HAYAIOTH SIK BITHOIIICHHS TEIUIOTH, BITBEICHOI Y 3BOPOTHOMY

IIUKJT, 10 TETIOTH, MIABEICHOI B MPSIMOMY ITHKIIL:

_ Q90 _ 9oL _
a:;q, Qqrl,

&n. (13.16)

PeanbHi cxeMM MNapOEKEKTOPHUX MAIIMH OKpPIM OCHOBHHMX €JIEMEHTIB, IO
BUKOHYIOTh IIMKJI, MICTSITh JOTIOMDKHI €KEKTOPH, SIK1 BIIBOJSITh 3 MAIIMHU MOBITPS
(TapoMOBITPSHY CYMIII), IO MPOHUKAE Yepe3 HEMUILHOCTI CHUCTEMH, 1 MOJar0Th
XOJIOJIHY Tapy 3 BUMApPHUKA B Kamepy 3MillyBaHHS. BHacminok HE3BOPOTHUX BTpar
TEpMOJAUHAMIYHA €(EKTUBHICTh PEATbHOI MapOEKEKTOPHOI MAIIMHU € HUXK4Ya, HIK
eQEeKTUBHICTh TEOPETUYHOI. BenmuunHy AOCKOHAIOCTI MapOEKEKTOPHOI peabHOi

MAILIMHU OI[HIOIOTH 3a BIAHOIIEHHSM 10 1€IbHOT MAIIMHA

n=¢/¢” (13.17)

[lapoexxekTopHi XOJOJWJIbHI MAIIMHA BUKOPHCTOBYIOTh IEPEBAKHO JIA
oxouokeHHs1 Boau (5-15°C), siKy BUKOPHCTOBYIOTh ISl KOHAMIIIOHYBAHHSI TIOBITPS
Ha MIIMPUEMCTBAX, 1€ € JCIIEB] JHKEpea BUCOKOMOTEHIialbHOTO Teruia. L mammuun

€ TMPOCTI 32 KOHCTPYKIIIEIO, Ha/I1ifHI Ta O€3MEUHI B eKCIUTyaTallii.
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13.3. I'a30Bi X0JJ0ANJILHI MAIIIMHUA

["a30BUMHM X0JIOAWIIPHUMY HA3MBAIOTh MAIIIMHU, B IKUX XOJIOJWILHUM areHTOM €
PEUYOBUHH, 1K1 3HAXOASTHCS B ra30M01I0HOMY CTaH1 1 HE 3MIHIOIOTh CBI1i arperaTHui
CTaH M1 Yac 3ICHEHHS LMKITy. XOJOJUIbHUM areéHTOM B TaKUX MallWHAX 4acTo €
MOBITPS,, 1 TOJAl iX HA3WMBAaIOTh TMOBITPSHUMHU XOJIOJWIBHUMHU MAalIMHAMH, iX
BUKOPHCTOBYIOTh JIJIs1 OTPUMAHHS BITHOCHO HU3bKUX Temneparyp (Bia -80 go -120°C),
1€ ePeKTUBHICTh IXHbOT pOOOTH OJIM3bKA 10 MAPOBUX XOJIOJUIbHUX MAIIKH.

[TuToMa MacoBaX0J0JONPOTYKTUBHICTh MOBITPSI 3HAUHO MEHINA HIXK, KUILISTYOTO
XOJIOAWILHOTO areHTa B LUKl NapoBO1 XOJIOAWIbHOI MammHu. ToMmy st
3a0e31neueHHs pOOOTH MOBITPSHUX (Ta30BUX) XOJOAWIbHUX MAIIMH MOTPIOHE BEJIMKE
MacoB€ HAJIXOJKEHHS XOJOJAWILHOIO areHra, W0 3YMOBIIIOE 3aCTOCYBaHHS
BUILICHTPOBUX KOMIIPECOPIB 1 JE€TaHJEPIB, sIKI MalOTh BUCOKY NMPOJYKTUBHICTH 32
HEeBEJNMKUX radapuTiB. L{ukia poOOTH MOBITPSIHOT XOJOAMILHOI MAIlIMHU HAaBEIEHO Ha
puc.13.4. TloBirpsa 3 Ttemmeparyporo 73, 110 JOpPIBHIOE TeMIEparypi Tila, SKe
0XOJIODKY€EThCS, OTparisie B komnpecop K, 1 aiadbaTHO CTUCKAETHCA Bl TUCKY Py 10
THCKY p, (poriec 1-2 ). Komnpecop HarHitae noBitps B TeriooOMiHHUK 70, B sskOMY
HOBITPS OXOJIOMIKY€EThCs Bin Temreparypu T, 1o T (mportiec 2-3 ), HUIIXoM mepeaadi
TeJila OTOYYIUOMY CEpeNoBHIy, Hampukian Boal [loTiM mnoBitps aaiabaTHO
PO3ILIUPIOETHCSA B AeTanAepi/ BIT TUCKY p3: A0 p4(Tipouiec 3-4 ) Ta BUKOHY€E KOPHUCHY
poboty. Jlam Xo0j00areHT MOTparuisie 10 00'€KTy, IO OXOJOJKYEThbCs OO, ne
HarpiBaeTbes Big Temneparypu T, 1o T4 (mpouec4-1), NUIIXOM MOTJIMHAHHS TeIia Bij
OXOJIOJIKYBAHOTO TUIA, HAMPUKJIAA MOBITPSA. 3 OXOJOMKYBAHOTO 00'€KTy MOBITPS
NoTparyisie B KOMIpEcOp, 1 Jam I[HMKI TOBTOpIOeThes. [lutoma macoBa
XOJIOJOTPOAYKTUBHICTh |KI' TOBITPA (XOJOIMIBHOTO areHta) B S—T miarpami
BUMIPIOIOTh IIIONICI0 M7 mporiecoM 1-4. MarematnaHo ii poO3paxoBYHOTh 3a

3AJICKHICTIO;

qo=h,—h,=c,(T,-T,). (13.18)
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Puc.13. 4. ®yHkiioHanpHa cXeMa ITOBITPSTHOT X0JIO IMIIBHOT MAIIMHU Ta UK 11 poOOTH

KinpKicTh TEmIOTH, BiIBEICHOI B 1 KT OBITPSI, BUMIPIOIOTH IJIOLICIO MM1/1 MPOLIECOM

2-3 1 BU3HAYAIOTh 32 JIOTIOMOTOIO PIBHSIHHS

q=h,-h,=c (T,-T,). (13.19)

PoOota 1wy piBHa pBHHII poOIT KOMIIpecopa 1 aeTaHaepa

=1, ~1 ,=(h,~h)—(h,-h,), (1320)

abo0 3 TEIIOBOTO OaTaHCy

l=q-q 0 (hz_ha)_(hl_h4) :Cp(T z_T 3)_Cp(T 1_T 4) . (13-21)

X070 TMITbHUHN KOSDITIEHT ITUKITY

e=q,/l=c,(T,~T )/ [c,(T,~T;)—c,(T,-T,)](1322)
SIKIO TpUITyCTUTH, WIO MOBITPSA € IJealbHUM Ta3oM, ToOTO c,= CONnst, To

CIIPaBEIJIUBE PIBHAHHS
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e=(T,-T 4)/[(T o1 3)—(T,—T 4)]’ (13.23)
abo

e=(T,-T,)/ [T (TM =) -7 ,(T,/T 4—1)] : (13.24)

Jlna agiadaTMUHUX MPOLECIB CTHUCHEHHS 1 PO3LIMPEHHS MOBITPS, BIIHOLICHHS

a0COJIFOTHUX TEMIIEpATyp MOKHA 3alMCaTH y BUIJIAI

n-1

T2/T 1:T3/T 4:(p2/p1)7’ (13-25)

J1e N - TIOKa3HUK ajiadary.
Tom :

e=T /T ,-T)=T,/(T,-T,), (13.26)

a KoedillienT 3BopoTHOCTI MKty 77 =&/

3a MOCTIMHUX TeMmIeparyp 30BHIMIHIX JKepen T,= const 1 7, .= CoNst muki
MOBITPSIHOT XOJIOAWJIBHOT MAIlMHU Ja€ BENMWKI HE3BOPOTHI BTparu. lled mwmxm
TEPMOJUHAMIYHO JOIUIbHUN, SKIIO HasBHI JDKepela 3MIHHOT TeMIlepaTypH,
HAIPUKJIIAA, SKIIO TOBITPSIHA XOJIOAWIbHA MAallliHA 3AIMCHIOE KOMOIHOBAHUN ITHKII,
0XOJIOJ)KY€E Ta HAarpiBa€ 0JTHOYACHO.

3a IPUHITUIIOM OTPUMAHHS HU3bKHX TEMITEPaTyp BUIUISIOTh JBA THITH ITOBITP SIHHX
XOJIOIWILHAX MamuH. J[0 MepIioro THIy BTHOCSATh MAIMHU, SPEKT OXOJIOKCHHS B
SIKUX JJOCSTaF0Th 3aB/ITKA PO3IIMPEHHIO ITO BITPS 3 BUKO HAHHSAM 30BHIIIHBO1 KOPHUCHOI
po0OTH B PO3MMPIOBAILHIA MalHFACTaHAepL. [IpUKIamoM Takux MamrmH MOXKYyTh OyTv
MOBITPSIHI XOJMOAWIbHI MammHN cepii TXM, skl BUKOPHUCTOBYIOTh JUISA IBHUIKOTO
3aMOPOIKyBaHHS CUPOBHHH 1 ASSIKUX BUIIB IPOAYKTIB POCIHHHOTO MOXOKEHHS.

VY MarmH apyroro THIMy €eKT 0X0JIOKEHHS € pe3yJIbTaTOM PO3MIMPEHHS MOBITPS

0e3 Bimmadi kKopucHoi podotr. Ha mpomy 6a3yeThcst poO0Ta BUXpOBUX TPYO.
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13.4. Buxposi Tpyon

VY X0J10AMJIbHUKaX BUKOPUCTOBYIOTh P13H1 KOHCTPYKUIl BUXpPOBUX TPYO, poboTa
AKX 0a3yloThCs Ha OJHIN 1Til caMiil cxeMl OCHOBY ii CKIa[ae [THAPUYHA TpyOa
(puc.13.5), mo posaiieHa miapparmMoro Ha JIBi YaCTHHU: XOJIOJHY 1 rapsuy. ['apsida
4yacTUHA TPYOU Ma€ APOCEIbHUNA BEHTHIIb, NIEPE]l IKUM PO3MillleHa XPECTOBUHA, 1110
CIIPSIMOBY€E rapsiuuid MOTIK. XPECTOBUHA JO3BOJISIE 3MEHIIUTH ONTUMAIIbHY JTOBXKUHY
rapsi4oi YacTUHU TPYOH.

[lpuHiun aii BUXpoBOi TpyOU MoOJsira€ B HaCTYIMHOMY. Uepe3 COIio MoJarTh
CTUCHEHE TOBITPSA, SKE 3aKPYy4YeTbCA B TPYOl Ta PO3AUIAETHCS HA JIBa MOTOKU 3
PI3HUMU TeMmIeparypaMmu. XOJIOJHUN MOTIK, MpsIMye 4yepe3 OTBIp y aiapparmi B
XOJIOJTHY YaCTUHY TPYOH, a Tapsiuuil — y IPOTHIISKHUHN O1K 10 XPECTOBUHU 1 BEHTHIIA.
[Mlapy moBiTps, MO 00EPTAOTHCA TOOIM3Y OCI, OXOJIO/PKYFOTHCSI BHACIIIOK Tieperadi
HUMHW 4YacTWHMA KIHETHMYHO1 eHeprii mepedepiitnuM mapaMm. [lepudepiiini mapu
HarpiBalOTHCSl BHACIIOK TEPTS, HA MOJOJAHHS SIKOTO 3aTpavyaeThcsl 3HAUHa YacTHHA
KIHETUYHO1 eHeprii. Pexum poOOTHM BUXPOBUX TpYO 3aJIeKHUTh BI BIAHOIICHHS
JlaMeTpa 0TBOpY JAiadparMu 10 Jiamerpa Tpyou. Macosa yacTka X0JI0THOTO MOBITPS, 1110
piBHa BIJHOIIIEHHIO MAacOBOi BUTPATH XOJIOJHOTO MOTOKY J0 BCI€T BUTPATH, 3UICKUTH
SK BIJ] BIJHOIIEHHS dlAMETpa OTBOpY diadparmu 1o JiaMeTpa TpyOH, Tak 1 Bin
HaJIAIITYBaHHA APOCETbHOro BeHTUIs. TemmepaTtypy, OTOKIB, 10 BUXOSTh 3 BUXPOBOI
TpyOHU 3aJiekaTh HE TUILKH B1J] BITHOIIEHHS laMEeTPIB OTBOPIB AladparmMu 1 Tpyowu, aie
1 BIJl THUCKY, TEMIEpaTypu CTUCHYTOTO MOBITPs MEpE] COIIOM, 1 KOHCTPYKTHUBHHUX

oco0MBOCTEN camoi TpyOu.
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Puc. 13.5. Cxema BuxpoBoi TpyOu: 1-xos0/1Ha yacTrHa; 2-rapsya 4acTUHA; 3-COILUIO;

4-niadparma; S-xpecToBuHA; 6— IPOCEIbHUI BEHTUIIb.

14. bBesMammMHHI CIOCO0HU 0XO0JIOIKEHHSA
14.1. Ox0/101’keHHA BOJASTHOK KPHUIOI0

Kpura sk mxepena xojiony JIIOAMHAa BUKOPUCTOBYE 3 JaBHIX 4daciB. Ha
ChOTOJIHI, HE JAMBIIIYUCH HA PO3BUTOK MAIIMHHOTO OXOJIOJKEHHS, OXOJIOKEHHS
KpUIOI0  HIMPOKO 3aCTOCOBYIOTh Y pPIBBHUX Tally3sfX TEXHIKM W HapOJHOIO
rocnojapcrea. Llbomy cipuisie Ik JOCTYMHICTh KPUTH, TaK 111 BIACTUBOCTI, 30KpeMa,
BEIMKAa TEIUIOTAa IUIABJEHHS 1 JIOCTAaTHRO HM3bKa TEMIEparypa pPO3TOILICHHS.
OXO0J0KEeHHSI KPUT0I0 00YMOBIJICHO TEIUIOBIIIaYEI0 0XOJIOKYIOYOTO CEPEI0BHINA
1o noBepxHi kpurd. [Ipu npomy Temneparypa ii MjiaBlieHHS MOBHUHHA OYTH HUXYE
TEMIIEPaTypH 0XO0JIOKyl04oro cepenoBuila. Kimpkicte Temot Q,, (B k/Ik), sika
MOk€e OyTH BIIBEIEHA 3 TOMOMOTOI KPUTY 1 KpMKaHOI BOJM, MOYKHA BU3HAYUTH 3

PIBHSIHHS:

Qup = Qup ¥ Qup+ Quy =C, Gt + 4., G+ C, G t,, (14.1)
ne Q- TEIUIOTA , 3aTpayeHa Ha HarpIBaHHA KPUI'H Bl TemneparypH t 1o 0°C

Q.xp - TEIUIOTA , NOTPIOHA JJIA MJIABJIEHHS KPHIH ;
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Q. - TEIJIOTa , HEOOXiIHA JJI HArpIBaHHsI KpUXKAHO1 BOJU 10 Temneparypu t ;

Cy » C, - MacoBi TEIIOEMHOCTI KpurH 1Boau , KJx/( xr * K) ;

Kp »
G - maca kpuru ( BOJU ) , KT ;
Qus - TEIUIOTA TUIABJICHHS KPUTH , KJ[K/KT.

Kpwxane oxosofkeHHs 3MIMCHIOIOTh TpbOMa crioco0amu : Oe3rnocepenHiMm
OXOJIOJKEHHSIM 13 BUKOPUCTAHHSIM BOJM SIK MPOMDKHOIO TEIJIOHOCIA Ta 3
BUKOPHUCTAHHAM MOBITPS K TPOMBKHOTO TEIJIOHOCIS .

Be3nocepenne 0xX0/10/1:Ke HHSI BOASIHOIO KPUTO10.

VY 1poMy BUMNAIKy OXOJIOJKYBaHHA 00’ €KT 3HAXOJHUTHCS y TPSIMOMY KOHTAakKTi 3
KpUroio . BUKOPUCTOBYIOTh MOJApIOHEHY APIOHOIIMATKOBY KPUTY, sIKa Ma€ BEIHUKY
noBepxHio TemiooOminy ( zo 30m° Ha 1m® kpurn g0 mompibrenns ). IToapiGHeHy
KPUTY PO3MIIIyIOTh HABKOJIO OXOJOJKYBaHOTO 00’€KTy abo, SKIIO 1€ MOKIIHUBO,
00’ €KT TepecunarTh KpUrorw . Takuil crmocid OXOJOMKEHHS 3aCTOCOBYIOTH JIJIS
30epiraHHs OBOYIB 1 PPYKTIB .

Oxo0/10/1KeHHS 3 BAKOPUCTAHHSAM BO/IM SIK POMI’KHOT'0 TEIJIOHOCisl

[le#t cmocid OXOJOIKEHHS 3JIIMCHIOETHCS BUKOPHCTAHHSAM KPUTH JIJIS
OJlepKaHHS KPM)KaHOT BOJM 1 OXOJIOJOKEHHS Hero o00’exkty. Boma mpu mpomy
IUPKYJIIOE Bi OXOJOJKYBaHOTO O00’€KTy 10 KpWTH 1 HaBmakd. BoHa Moxke
O0e3nmocepeTHb0 KOHTAaKTyBaTH 3 KPUTOI0 ab00 dYepe3 CTIHKK TeII00OMIHHHKA,
HAIPUKJIaa, 3MIEBHIHOTO a00 IiacTHHYATOro Tuiry. KoedimieHT TerumoBimmadi Bi
BOAM 0 NMOBEPXHi Kpuru cranoButs 116 Br/(M*K ). Takuii crociG 0XomopKeHHs
BUKOPHUCTOBYIOTh Y MOJIOYHII MPOMMCIOBOCTL
Ox0./10/1Ke HHS 3 BAKOPUCTAHHSM MOBITPS K MPOMIKHOTO0 TENJIOHOCIS 32
3BUYANHHOT0 200 MeXaHIiYHOT0 HOT0 mepeMillle HHS

Llei#i criocid 3acHOBaHUi HA BiIBEIEHHI TEIIOTH Bil OXOJIOIKYBAHOT'O 00’ €KTY
710 TIOBITpPSI, @ Bifl HHOTO - 10 KPHUTU. 3a 3BUYANHOT ITUPKYJIALII MOBITPSI KpUTa MOXKE
pPO3MILIYBATUCh Y €MKOCTSX - KHILUEHSX, 10 MariTh MIMapuHu abo rogpoBaHi
OTOPOJIKEHHS ISl MIIBUIICHHS MOBEpXHI TeriooOMiHy. KoediieHT Temnosigaaui
0 TIOBEPXHi KPUIM 3a 3BUYANHOI LHPKyIii Moxna npuitastn 7Br/(M>K). V

BUIAJKY NPUMYCOBOI [10]1a41 MOBITPSI, CTBOPEHOT BEHTUIISITOPOM, TOBITPSI LIUPKYITIOE
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yepe3 Im@p JApoOJeHoro Kpuru. TemnooOMIH Yy I[bOMY BHIAAKy 3HAaYHO
intencudixyerscs. Koedimient Temmosinmadi spoctae 1o 17 Br/(M™K ). Takuii
CIoci0 OXOJOHKEHHS MOKHAa BUKOPHUCTATH Yy THUX BHIMAJAKaX, KOJU HEOOXIITHO 3a
BUCOKOI BigHOCHOI BosorocTi moBitpst ( 95% ) oxepxaru temmeparypy, Bix 5 °C i
BHIIIC.
Kpuro-coJsib0Be 0X0J1015Ke HHA

Kpuro-conboBe 0X0J101KEHHS Ja€ 3MOTY JOCITHYTH TEMIIEpaTypy HIDKY1 HDK
IIPU OXOJIOKCHHI YUCTOI0 KPHUroto. B i0ro 0CHOBI JIGKUTH BUKOPUCTAHHS KPUTH B
cyMmiln 3 AeSKMMH COJIIMHU. B Takiii cymiln 0JTHOYacHO 1 mapajielbHO MPOTIKAIOTh
NPOIIECH PO3YUHEHHS COJIi 3 YTBOPEHHSIM POCOJTY 1 IIABJICHHSI KPUTH 3 YTBOPEHHIM
BOJM ¥ TOJAJBIIMM PO3YMHEHHSM coJyi. Ha T1uraBmeHHS KpWru 1 po34YWMH COJI
BUTPAYAETLCS TEIIOTA CYMIMI, BHACHIAOK 4YOTO ii TeMmIlepaTrypa MOHUKYETHCS.
HaifHiokya Temmeparypa Cywillli BU3HAYa€THCS KPHUOTIAPATHOI TOYKO, IIIO
XapaKTEPHU3YETHCS TEPMOTUHAMIYHOIO PIBHOBAr0k0 TPHOX (a3: po3cii (po34nH), CUTb
1 xpura. KpuorigpaTHiii Toulll BIIMOBIHAa€ €BTEKTWYHA KOHIEHTpalisl coil. Taka
CYMIIIl HA3UBAETHCS EBTEKTUKOM. [3 1O 1aIbIIIMM TIIBUIIICHHSIM CKJIaTy COJIi B CyMIIi
TeMIlepaTypa ii IUIaBJICHHS HE MOHIKYETHCS, a MiABHINyeThcs. [loTpidoHO Matn Ha
yBa3i, IO IIABJICHHS KPHUTO-COJLOBUX CYMIIICH CYHPOBOKYETHCS 3MIHOKO iXHBOT
TEMITepaTypyu BHACJIIOK 3MIHM KOHIIGHTpAIl coJll y po34uHi. BUHATOK CKIIagaroTh
CyMIiII, MO BiAMOBIAAIOTh CBTCKTUIHUM KOHIICHTpPAISIM COJIeH. Y IIbOMY BHITaJIKY
eBTEKTUYHA KpHUTa TUIABHTHCS 32 MOCTIMHOT ¥ HAWHWKYOI JUIA CYyMIII KPUTH 1 COJi
TeMITepaTypi.

3a KpHUro-coJabOBOTO OXOJIOJKCHHS YacTIllle BCbOTO BUKOPUCTOBYIOTh CYMIIIl
noApiOHEHOTO KPUTH 1 HaTpiro xmopuay. KpwuorigparHii TodIl Takoi cymim
Binmosigae temneparypa - 21,2°C 3a xoHuenrpauii coui B po3uunni 23,1%. Kpuro-
COJHOBOIO CYMIIIIIIO MOHA OXOJIOJ)KYBaTH TEPIIMM 1 TpPETiM crocobamu,
OpUUHATUMU 1711 BOoAHEBOI Kpuru. KoediuieHTn TeroBiggadl Bl HOBITPS 10
CyMmillll MarOTh Ti K 3HAYEHHsA, WO W JJs1 yuctoro kpurd. KpiMm ToroO,
BUKOPUCTOBYIOTH CIIOCI0 OXOJOKEHHS PO3COJIOM, IO YTBOPIOETHCS I Yac

riaBnieHHs: cywmini. [upkynsimito po3conry MoxHa 3abe3nedutu HacocoMm (puc.14.1)
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abo pBHuIEID 00’eMHUX Mac po3coiy (puc.14.2), 3yMOBIIEHUX 3MIHOIO HOTO
KOHIICHTpAIIIl IMiJ] 4ac IJIaBJICHHS KPUTH.

B ycTaHOBKy mepmioro Ty KpHry, IEpioIMYHO 3aBAHTAXYIOTh Y TEHEPaToOp
X0JIOTy, 3POIIYIOTh 3BEPXY PO3COJIOM, ITI0 HAIXOAUTh 3 OXOJOKyIoUuoi Oatapei. B
HIDKHIO YaCTHHY TE€HepaTropa XOJOJy CTIKa€ OXOJOJKYIOUH po3Cil 3 HUKYOIO
KOHLICHTPALIIEI0 COJI uepe3 IUIaBJeHHS Kpurd. [l miaTpuMaHHS KOHUEHTpALli
PO3COJy YaCTUHY TEIUIOr0 XOJIOJOHOCI MICIS OXO0JIOJKYBaHOI Oatapei mojaarwTh y
0a4oKk 3 CUUTI0O - KOHIIEHTpATop, 4Yepe3 SKUM HACUUYCHMH pPO3CUT MepeTikae B
reaeparop xoJsiogy. KoHIeHTparop mepiogudHO TOMOBHIOEThCS cinmo. Ilepen
3aBAaHTAKCHHSIM YCTAHOBKM KPUTOIO 1 CULTIO BUKOPHUCTAaHWM (TEIUTUH) pO3CiT
3JIMBAIOTh Ye€pe3 BEHTHIb, PO3MINICHUN B HIDKHIA YacTWHI TeHepaTopa XOJOy.
Pi3Huist  temmeparyp po3coilly B OXOJOJKYHOUld Oarapei 1 TOBITpS B

0XO0JIOKyBaHOMY 00’ eMi cTaHoBHTH 6 - 8°C.

Puc. 14.1. Cxema yCTaHOBKH PO3CUTLHOT'O OXOJIOKEHHS 3 HACOCHOIO MUPKYIAIIETO:
1- reneparop xonony; 2 — ¢uIbTp; 3 — Hacoc; 4 — OXOJIOKYyrOYa OaTapes; S5 —
KOHLIEHTPATOP PO3COIIy; 6 — PEryJIIOI0UMI BEHTUIIb; 7 — 3pOILIyBay (KOJEKTOP);

@) po3Cir; 0) Kpura, 6)Cib
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Puc.14.2. Cxema ycTaHOBKH PO3CUILHOTO OXOJIO/IXKEHHS 3 CAMOCTIHHOIO
UPKYJLiEI0: 1-0X0M01KyBallbHa OaTapes; 2 — TeHepaTop XOJIOAY;

3 — KOHIIEHTPATOp pO3CoJly; 4 — pEryJItol0Ynil BEHTUJIb; @) PO3CUTL; 6) KpUTa; 8)CUIb

VY cxeMi 3 caMOLMPKYJISIIEI0 HAOUIbIy TYCTUHY PO3CUl HA0yBa€e B KOHLIEHTPATOPI,
e BIH HAaCHYYeThCS CUDIO. B TreHeparopl XoJIOAy KOHIIGHTpAIsl PO3COJY
3MEHIIYETHCS 32 MPUYUHU HOTO p030aBJICHHS TEIUIOK BOO0, 1 BIH BUIITOBXYETHCS
JI0 OXOJIOJKYIOUOi Oartapei OUThIII KOHIIEHTPOBAHUM PO3COJIOM, IO HAJAXOIUTH 3
KOHIIEHTpaTopa. B oxosomkyrouiii 6atapei po3cil MiAIrpiBa€TbCs, WOro TyCcTHHA
3MEHILY€ETHCS 1 MAHIMAETHCS 10 KOHLIEHTpaTtopa. Ekcrutyaraliis Takoi yCTaHOBKH, SIK
1 YCTAaHOBKH TIEPIIIOTO THIY, 3a0€3MEUYyI0Th NMUIIXOM MEPIOJUIHOTO 3aBAHTAKCHHS
KPHTOI0 1 CULTIO Ta BIIBEICHHI BIIMPAIIbOBAHOTO PO3COJTY.
Ox0.10/1KE HHS X0JI0/I0aAKYMYJISITOPAMU 3 e BTEKTHYHUM PO3YHHOM

EBTeKTHKM — 1€ OJHOpIIHA CYMIII KPUTH 1 COJi, [0 MarmThb HHU3bKY
TEMIIEpaTypy IJIaBJIEHHS Ta JOCTaTHHO BUCOKY TEIUIOTY IUIABJICHHS, IO 3aJIeKaTh

Bin BUYy coJi ( Tabm. 14.1).
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Taoanna 14.1

BnactuBoCTI coJteit

CKJIaJ ryCTHHA | TeMIlepaTry | Teriora Temnoem-
COJl Yy |poO34uHy, | pa IUIaBJICHHSI, | HICTb
Cib posumHi, |Kr/m° IUIaBNeHHA, | KJK/Kr pO34HHY,
% °C kJDx/(krK )
cynbdar
HaTpIIO 3,8 1030 -1,2 336 3,4
cynb it
IIUHKY 27,2 1250 -6,5 214 3,2
XJIOPHU KaJIto 19,5 1150 -11,1 299 3,3
XJIOpUJT
HaTpIIO 23,1 1170 -21,2 237 3,3
XJIOpUJT
KaJIbIIif0 29,9 1280 -55,0 213 2,6

EBTeKTHMUHY  KpUry  OJEpXKYIOTh  TakOX 3  BOJASIHOTO  pPO3YUHY
NPONUICHIVIMKOMIIO. TeMmmeparypa IUIABJICHHA TakOi KpPUTM  3aJ€XUTh  BIJ
KOHIEHTpaLii NpOIUIEH-TIIMKOJIO 1 KOJMBaeThess B Mexkax ( Bim - 3 mo - 50°C).
Po3unHoM 3anoBHAIOTH 90 - 94% 00’emMy MeTaneBUX €MHOCTEN p13HOI (popMu, SKi
micJisi 3aMOPOXKYBAHHS PO3UYMHY 3a TEMIIEpATypHu HIKYOI TEMIepaTypu IJIaBJICHHS
€BTEKTHKAa BHUKOPUCTOBYIOTh SIK XOJIOJOAKyMYJSITOPH, LIO PO3MIIYyIOTh Yy
0X0JIOKytouomMy 00’emi Il 4yac MOrIMHAHHS TEIUIOTH, 110 BIABOJUTHCS BN
OXOJIOJI)KYBAHOTO 00’ €KTY, €BTEKTHK PO3IUIABJIAETHCS 3a MOCTIMHOI TeMIepaTypHu.
TpuBanicTp MATPUMAHHA TEMIEPATYpU IUIABJICHHA €BTEKTUKA 3al€XKUTh BIL
KUIbKOCTI MIBEIEHOT TEIUIOTH 1 EMKOCTI XOJIOJA0AKyMyJisiTopa. B Takomy BUManKy
METOJMKAa BU3HAYEHHS KUTbKOCTI TEIJIOTH, IO MOTJIMHAETHCS HE BUIPIBHIETHCS BIN
METOJIMKHU JJIsl KpWUTH, SiKa MOJaHa BHILE. XO0JO0JI0aKyMYJISTOPU BUKOPUCTOBYIOTh
OaratokpatHo. [{nsg 1poro micias BiIIrpiBaHHA iX 3HOBY 3aMOPOXKYIOTb.

XO0JI0I0AKYMYJIATOPU IIUPOKO 3aCTOCOBYIOTH JIJISI  OXOJIOJYKEHHS HEBEIMKUX
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TEIIO30/IbOBAaHUX  KOHTEHHepiB. J[ouimbHO iX BUKOPUCTOBYBAaTH TaKOX Y
CITIBCTaBJICHHI 3 MAIlIMHHUM OXOJIOYKCHHSM. Y TOJIMHN HAHOUIBIIIOT0 HAaBaHTAKCHHS
Ha XOJIOAWIbHE 00J1aIHAHHS BOHU MOKYTb CIIY>KUTH JI0JaTKOBHUM J[)KEPEJIOM XOJIOAY.

Po3pBHSIOT, 3BHYaliHy 1 IITy4YHy BOJHEBY KpUTY. 3BUYAHY KpuUTry
OJICPXKYIOTh 3 BOJIOWM, JI¢ BOHA Hamep3ac B 3UMOBHUH MeEpiOJ, a TAKOX IULIXOM
MOIIAPOBOTO HAMEP3aHHS i1 HAa TOPU3OHTATBLHUX TUIOMIAAKAX y Mepioa Mopo3iB. s
OO  BUKOPUCTOBYIOTH  CHELIaIbHI ~ YCTAaHOBKM 3  (OpCyYHKaMu ISt
NpIOHOKpAneabHOTO PO30pHU3KYBaHHS BOJW, OCKUIbKM 1€ 30UIbIIYE TOBEPXHIO
TEIIO0OMIHY BOJIM 3 TOBITPSIM 1 MBUIKICTH i1 0XO0JIO/KeHHS. TOMy BOJja IIBHUIKO
3aMep3ae.

[IryaHy BOAHEBY KpUTY OTPHMYIOTh Ha 3aBOJax 1 B IeXax Ha
KpUTOTeHEepaTopax - TEIMIOOOMIHHMX amaparax /il 3aMOPOXEHHS BOIU 3
BiIBEJICHHSIM TEIUIOTH 32 PaXyHOK POOOTH KOMIPECOPHOI XOJOIMIHHOI MAIMHH.
Po3pi3HAIOTE KpUTOTEHEPATOPH 3 TMPOMDKHUM TEIUIOHOCIEM - PO3COJIOM 1
KOHCTPYKIIii 0€3M0CcepeHhOTO OXO0JIOKEHHS . B Kpuroreneparopax mnepiioro THUITY
PO3Cii, 0X0JI0IKEHUM BHACTIIOK KOHTAKTY 3 BUMAPHUKOM XOJIOAMJILHOT MAIIMHU 70
temneparypu - 10°C, momarote y 6Gak 10 BCTAHOBIEHMX Ha HLOMY METAIEBUX
€EMKOCTEH - Kpurodopm, o 3armoBHEHI BO00. BHACHIIOK BigBEeIEHHS TEIUIOTH Bif
BOJI PO3COJIOM BoHa 3amep3ae. Kpurodopmu miciist yTBOpEHHS KPUTH 3aHYPIOIOTh Ha
JMeKUTbKa XBHJIMH Yy Temly Boay. Kpwra Ou1 CTIHOK (OPMH IMIATOIUTIOETHCS, 1
KpKaHUH OJIOK JIeTKO 3 Hei BUHMarTh. [I0TIM HOTO BIANMPAaBISIOTH Y CXOBHIIIE.
Amapat Takoi Jiii Ha3UBA€ThCS KPUTOTCHEPATOPOM OJIOKOBOI KPHTH.

Po3cimt BUKOPHCTOBYIOTH 1 B KpPHUTOTe€HEparopax IIMMaTKOBOI KPHWTH.
OXO0JIoKEHUH PO3CUT MOMA0Th Y MWIHAPUIHUN 00OPOTHUI TEMIOOOMIHHHK -
OapabaH, CTIHKM SKOTO BUTOTOBIISIIOTH 3 TOHKOTO MeTaiy. 30BHI 0apabaH OMUBAIOThH
Bo1010. Kpura Hamep3ae Ha 30BHIIIHIA TOBepXHI 0apabana mapom 4-5Mm. YV BepxHii
YacTHHI BcepenauHi OapabaHa BCTAaHOBJICHUH BalMK, SKHH HE3HAYHO aAePopMYye
MoBEpXHIO OapabaHa, 3aBIAKH YOMY HaMep3Jia Kpura BIIKOJIOeThCs ( puc. 14.3).

[IpoAyKTUBHINIMMU Ta EKOHOMIYHUMHU € KPUTOTE€HEPaTOpH 0e3MOCepEeTHbOTO

oxosokeHHs. Cepesl HUX € KpUroreHeparopu Tpyo4acToi, CHIFOBO1, 0JJOKOBOI KpUTH
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Tomo. B kpuroreneparopax tpybuactoro tumy (puc.14.4) kpura yTBOpIOETHCS
BCEpeIUHI TPYO BEPTUKAILHOIO KOXXYXOTPYOHOTO BHIIAPHUKA, B MDKTPYOHOMY
IPOCTOP1 SIKOTO KUIUTH PIAKUN amiak. bak 3 BOJOI0 PO3TAlLIOBYIOTH Mii KOKYXOM
amapary. 3 HbOTO BOJy HACOCOM I0JIal0Th Y BOJIOPO3IOALIFHY YCTAHOBKY /10 BEPXHIX
OTBOPIB TPpYO. Y OTBOPHU BCTABIISIIOTH HACA/IKH, 3aB/ISIKU KUM BOJIa, IO MOTPAIUIs€ B
TpyOH, 3aKpy4yeThCS 1 IUTBKOIO CTIKAE MO IXHIA BHYTPIIIHIA MOBEPXHI, YaCTKOBO
3amep3arodu. Boay, mo He 3amepsia 30uparoTh y 0ak, 3BiAKM il 3HOBY IOJIAl0Th Y

BOJIOPO3MNOJIUTbHY yCTaHOBKY. Hamep3anHs kpuru BitOyBa€eThCS 10 TOBIIMHU 4-5MM.

Puc 14.3. Kpuroreneparop kpuru y gopmi Jiycku: 1- kpura;
2-neopmyrounii poynK; 3-KpUrocKar B OyHKep; 4-MOXIINI Ba 3 IOa4€I0 PO3COJTY;

S-TITHIP; 6-KOXKYX KPUTOTeHepaTopa; 7-TemIo130JIs1Iis

Brpary Boau B Oarll MONoBHIOIOTE3 4yacoM. [lo 3akiHYE€HHI HAMOPOKYBAHHS
KpUTH, 3yNHUHAETHCS SIK MOJada PUIKOTO aMIiaKy B amapar TakK 1 BICMOKTYBaHHS
napu. Hacoc 3ynuHs€ThCs i TUM CaMUM NPUIIUHAETHCS TUPKYJALL Boau. B anmapar 3
HarHITal0u0i CTOPOHM KOMIIpECOpa MOAAI0Th Tapsdy Napy amiaKy, 10 BHTICHSE
pIIKMI aMiak 13 MDKTpYOHOro HpOCTOPY B PECHBEpP 1 MPOTpIBAE CTIHKU TPYOH.
Kpurosi nuimiHApy OiATOILTIIOIOTHCS OIS CTIHOK TpyO, BTpayaroTh 3 HUMHU 3B 430K 1

CUJIOIO Baru OIMYCKarThCSl BHU3, CIIUPAIOYUCH Y CTUL, HI0 PO3MIILIEHUHN OUI HUKHbOT
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TpyOHOI peunTku. BcTaHOBIEHUE MK CTOJIOM 1 TpPYOHOIO PEUINITKOIO MOBOPOTHUMN
HDK BIIpI3a€ IWIHJPUKKU 1 BOHM Y€pe3 KPUrOoCKAT MOTPAIUIiIOTh Ha TPAHCTIOPTED,
IO MEPEMILIYE iX y KPUTOCXOBHIIIE.

Kpuroreneparop 1ycKoBO1 KpUru 6€31M0CepeHbOr0 0X0JI0KEHHS B P UHIIUIII
MpaIloe Tak, SK 1 MOTMEpeaHs KOHCTPYKIA. Ajie uepe3 Bajn OapabaHa B I[bOMY
BUIAAKY IUPKYJIOE amiak. PoO0YuM OpraHoM KpUroreHeparopa CHIroBOi KpUTH €
WIHJP, BCEPEAUHI IKOTO BCTaHOBJEHA pu(ieHa BTyJKa. MDK BTYJIKOIO 1 CTIHKOIO
WIHJIPA € TUIOLIMHA B K1 KUMHUTh aMmiak. Bcepeauni BTylIkH Ha Bally 00epTaloThCst

JIOTIaTKU 3 PBBISMH.

Puc. 14.4. Kpuroreneparop

TpyOuacToi  Kpuru.  1-KOXKyx

KpUTOTEHepaTopa; 2-Tpy0Oa
KpHUTOreHepaTopa; 3-301pHUK
amIaKy; 4-TIOTIIaBKOBUH

pPETYIIIOI0UYUN BEHTUJIb;

== /-“E . o N
o S == 5-MexaHIUHMH HDK; 6- Hacoc A

1o J1a4ul BOJIH

Bcepenuny BTYJIKM MOJAIOTh BOJY, sIKA OXOJIOJXKYETHCS 1 Hamep3ae Ha
puGIIeHii MTOBEpXHL. YTBOPEHY KPUTY 3p13at0Th 00epTOBUMU pBRIIMUA. CyMiIll KpUTH
1 BOJAM BHINTOBXYETHCS 3 LWIIHIpA 1 miAnpecoByeTbes y Gopmax. Kpmxana Bona

MOBEPTAETHCS Y anapar Jijis 3aMOpoKyBaHHs (puc.14.5).
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Puc 14.5. Kpuraorenepatop cHIroBoro kpuru: 1- Bai; 2-1iuumisHap; 3-BTyJka

Kpuroreneparopu 6710k0BOi KpUTH 0€3MOCEPETHBOTO OXOJIOKEHHSI MAIOTh
Kpurogopmu 3 MOJABIMHUMH CTIHKaMH, BCEPEANHI KHIUTH amiak. Boay 3aimBaroTh y
kpurodopmu, Jie BOHA il 3aMep3ac.

Ox0J10/1:KeHHS CYX010 KPUT010.

Cyxa kpura - 1€ BYIJIEKMCIIOTa B TBEPJAOMY CTaHL SIKIIO 3a aTMOC(hepHOTO
TUCKY [0 TBEpAOI BYIJEKUCJIOTH BIIBECTH TEIUIOTY, TO BOHA CyOJiMye, TOOTO
nepeiiie B ra3onoAi0HUI CTaH, MUHAIOYH PiIKy (da3zy. 3 1uM MOoB’3aHa Ha3Ba “cyxa
Kpura”’, sKa 3aKpimiiach 3a TBEPAOI BYIJICKUCIOTO. OXOJOMKEHHS CYyXOIO
KPHUTOI0 0a3YETHCSI Ha TEIIOBIIAAY1 0X0JIOKYBAHOTO CEPEAOBHINA CYyXii Kpu3i. J{ims
MOPIBHSHHS XOJIOJOMPOIYKTUBHOCTI CYX0i 1 BOASHOTO KPUTH BBAKAIOTh, IO JIJIS
oxoJsiojkerHss Tia 10 0°C BHKOPHCTOBYETHCS 1 TEIUIOTA MEpPErpiBaHHs MapH, IO
YTBOPIOETHCS M Yac cyOmiMallii cyXoro Kpuru. XoJ0JONPOJIYKTHBHICTh CYXOI
kpuru 3a 0 °C B bOMY BHIIaJKy cTaHOBUTH 637kJ[k/KT, 1m0 B 1,9 pa3 Ouiblie, HIK y
BOJASHOT KpuUru. 3a 00’€MHOI0 XOJIOJOMPOAYKTUBHICTIO IEpeBara CyXoro KpHru
BUSBIIIETHCS 1TIe OUThIIT 3HaYHOI0. 00’ €MHA Maca CyX0oro KpUTH 3aJIe)KHO Bill CTIOCO0Y
il mpomuciaoBoro BUpOOHUITBA cTaHOBUTH 1300 - 1500kr/Mm°. Tomy 00’emHa

XOJIOIOTIPOIYKTUBHICTh CYXO1 KPHUI'M NEPEBMILYE 3HAUEHHS LI€i XapaKTepUCTUKU
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BOJISIHOT Kpuru B 2,95 pa3. Lle nae 3Mory 3a yMOBH BUKOPHUCTaHHS CyXOl KpUTH B
CTUTLKH XK pa3iB CKOPOTUTH 00’ €M, 1110 3aiimae reHepartop xoJsoay. Cyxa kpura Jae
3MOTY OJIepKaTH IIMPOKWN Jlalla30H HU3BKUX Temmeparyp. Y cywmiun 3 edipom
MOXIIMBO ojiepkatd Temmeparypy 10 - 100°C . IIpoTe BapTicTh CyX0i KpUTH 3HAYHO
BUIIE BOASHOT ( HE MeHIe HDK y 10 pa3 ), o BpaxoBYIOTh i 4ac BHOOPY JKeperna
xoJiogornocTadanHs. Cyxy KpUTY IIMPOKO 3aCTOCOBYIOTh T Yac IEPEBE3CHHS 1
MPOJAKy MOPO3HMBa Ta JJISI OXOJIOKEHHS TPAHCIIOPTHUX 3aCO0IB, @ TAKOXK y PI3HUX
rary3sx IpOMHUCJIOBOCTI, MEUIIMHI 1JJabOpaTopHii npakTuill. OX0JI0KEHHS CYXOI0
KPHUTOI0 3IMCHIOIOTh 0€3MOCEPEIHIM KOHTAKTOM 3 OXOJOJKEHUM 00’ €KTOM abo 3
BUKOPHUCTAHHAM TMPOMDKHOTO TEIUIOHOCHA, 3a3BWYail moBirps. B ocTaHHbOMY
BUIAJKY CyXYy KpUTY OJAPIOHIOIOTH 1 3aCUIIAIOTh Y METAJIEB1 EMKOCTI - KHILIEH], Yepe3
K1 LIUPKYIIOE TOBITPS, 10 MEPEHOCHUTh TEIJIOTY BiJl OXOJIOJKYBAHOTO 00’ €KTY 110
MOBEPXHI KPUTH, JI€ BIH 0XOJOKyeThCs. LInpKymnsiist moBITps: MOke OyTH MOCHUJICHA
3aCTOCYBAHHSM BEHTHIISITOPIB .

Cyxy Kpury BUpOOJISIOTh Y BUTJIAI1 OJIOKIB Ha CIEliali30BaHUX 3aBoaax abo B
1[eXax XO0JIOJIOKOMOIHATIB 1 MANPUEMCTB, TEXHOJOTTIHI MPOIIECH SKUX IOB’s3aHi 3
BHUJIUVICHHSIM BYTJICKUCIIOTH. BUPOOHUIITBO CKJIAA€THCS 3 TPHOX CTAIIN: OJepKAHHS
YUCTOI Ta30MoI0HOT BYIJIEKUCIOTH Ta TBepaoi 3 pinkoi. HaitOinbmmii BrumB Ha
BapTICTh CyXOi KPUTH M€ TepIIa CTafisl, TaK sIK CKJIQIHICTB 11 3aJI€KUTh Bill SIKICHOTO
1 KUTbKICHOTO CKJIQAy BHUXITHOI Ta30BOi Cymimi. 3 i€l TOYKH 30Py KpaluMu
CHUPOBUHHUMHU JUKEpPEIaMH BYTJICKUCIOTH SBISIOTHCS Ta30MOIOHI  BIIXOIU
CIIMPTOBUX 1 TIIPOIBHUX 3aBOIB (110 98% 3a Maco10), 3aBO/IIB CHHTETHYHOTO aMiaKy
(85 - 90% Byraekucioro razy). 1o 40% ByTJeKHUCIOro rasy 3a 00’€MOM MICTATh
TUMOBI Ta3W TI€YEH I[EMEHTHUX 3aBOJiB. Byriekucimii ra3 € TakoX IMOOTIHUM
MPOIYKTOM METATyprifHUX 1 MAIMHOOYMIBHUX 3aBOMJIB, PAAY XIMIYHHX 1
HadromepepoOHMX BUPOOHUITB. HaliMeHIIly KUTbKICTh Byriaekucsoro rasy (9 - 16%)

MICTSATh TUMOBI ra3u KoTeneHb TEL 1 mpoMucIioBuX BUpOOHUIITB .
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14.2. BunapHe 0X0J1015)KeHHS

Bunapae 0x0JI0/KEHHsSI 3aCHOBAHE Ha SIBMILI MAPOYTBOPEHHS Ha MOBEPXHI
pIIMHUA 3a TEMIEpPAaTypu HIKYOI BII TEMIEparypu il KUIIHHS 1 HOPMaJIbHOTO
arMocepHoro Tucky. Ha mneperBOpeHHs piiMHM B Mapy BUTPAYAETHCS IIEBHA
KUIBKICTh TEIJIOBO1 €HEpTii - TEIIoTa NapOyTBOPEHHS ( BUIIAPOBYBAHHS ). 3aBISIKU
bOMY MOYHa MOHU3UTU TEMIIEPATYPy OXOJIOKYBAaHOTO 00€ KTy , IO Ma€ BOJIOTY
noBepxHio. Termora mapoyTBOpeHHs Ul pi3HUX pinuH pisHa. Hanpukiax , 3a 20°C
JUJISL BOJU BOHA CTaHOBUTH 2455k JK/KT , 111 eTunuBOro cnupty - 831 kJK/kr, niis
edipy erunoBoro - 377 kJlx/kr, s Oenzoury - 394 xJx/kr. B TexHiul HaituacTiie
JUIsL BUIIAPHOTO OXOJIOJIPKEHHSI BUKOPUCTOBYIOTh BOJY SIK JOCTYIIHY, HE IKIIJIUBY 1
JIEIIEBY PIAUHY 3 BEIUKOIO TEIIOTOIO MapOYTBOPEHHS .

[IIBuAKICT, BUMAPOBYBaHHS BOJAM 3 IOBEPXHI HA TMOBITP1 3aJIECKUTH BII
NapIiaibHOrO TUCKY BOJSHOI Mapyu B HbOMY, HIBUAKOCTI PyXy HOBITPS ¥ BEIMYUHU

camoi noBepxHi . KibKicTh BUMapyBaHOi BOJIM BU3HAYAIOTh 13 BUPA3y:

(/4
GBHH: ﬂBHﬂ(p - pB)' FT (142)
. . 2 »
ne P, - xoedimient BumapoByBaHHA, Kr/(M~Ila:c); p” - THCK HacHuYeHHs 3a
TeMIlepaTypyu MOBepXHI pimwHM, [la; p, - mapmiaTbHWA THCK BOIASHOI TapW B
.. . 2. .

HABKOJMIIHEOMY TIOBITPL, [la; F - moBepxHs piguHu , M”; T — TpUBATICTh TPOIIECY

BUIIAPOBYBaHHS, C.
KoedimienT  3amexuts Bil MBUAKOCTI pyxXy mnoBitps.  TemioTy, o
BUTPAYAETHCS HA BUIAPOBYBAHHS BU3HAYEHOT KUTBKOCTI PimuHU Q,,, 3HAXOMSTH 32

PIBHSTHHSIM:

Quun=Cun™T (14.3)

Je I - CKpUTa TeII0Ta MapOyTBOPEHHS .
Bona moke BHMAapOBYBaTHCh B pe3yJbTaTl BUIBEACHHS BiJ HEl TEIJIOTH, a
TaKOXX TIABEACHHSA TEIJIOTH OO0 HEl 330BHI, IO 3aJICKUTL BiJ CINBBIIHOIICHHS

TEMIIEpaTypd BOJU 1 HABKOJMIIHBOTO cepefoBuina. KUIbKICTh TEIUIOTH, sKa
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BIIBOJAUTHCS B BOJIOTO1 MOBEPXHI MPU BUMAPOBYBaHH1 200 MIIBOAUTHCS 10 HET JUJIs

TUX K€ [UIeH , MOKHA BUSHAYUTH 13 BUpa3y:

Qu=c(h-h JF-z (14.4)

JIe 0 - KOE(ILIEHT BOJIOTONIEPEXOTY, kr/(mM*c) ; h; — eHTanbIis MOBITPS, HACUYEHOTO
BOJSTHOIO IMapol0 3a TemrepaTypu Bosioroi moBepxHi, kJ[k/kr ; h, - eHTanbmis
HABKOJIUIITHLOTO MOBITPs, JIXK/KT .

3alie)XKHO BiJ 30BHIMIHIX YMOB TEIIOOOMIHY TEIUIOTY MapOyTBOPEHHS MOXKHA
BUKOPHUCTATU JJI1 TIOHWKEHHS TEMIIEpaTypyd BOJIOFOT TMOBEPXHI 1 YCYHEHHS
(3MEHILIEHHS) BIUIMBY 3OBHINIHIX TEIJIOMOTOKIB, IO BHUKIMKAIOTH MIIBUIICHHS
Temneparypu o0’ exTiB. [lepimii BUMagok XxapakTepu3yeTbCcsi TUM, 10 TEMIEparypa
BOJIOTOi TOBEPXHI BHUIIE TEMIEpaTypy HABKOJMUIUHHOTO TOBITPSA 1 MOTIK TeIUIa
BIIMIOBIAHO HaNpaBJCHWM B TOBEPXHI JO TOBITPSA. 3a TakKUX YMOB [0
TerIonepeadl KOHBEKIIEIO 1 pajlialliero, XapakTepHOi AJIi CyXUX MOBEPXOHb, IS
BOJIOT0i MOBEPXH1 100ABIIAE€THCS TEIIONEpPEaaUa BHACIIIOK BUTAPOBYBAHHS BOJIOTH.
TakuM 4YMHOM OXOJIOJKEHHS BOJIOTO1 TOBEPXHI BIOYBa€ThCs IHTEHCUBHINIE. Takui
CIOCI0 0XOJIOKEHHSI BUKOPUCTOBYIOTH JIJIsl IOHMKEHHST TEMIIEpAaTypy BOIM (T yac
il JnpiOHOKpameaLHOr0 PO30pPU3KYBaHHS JJIsi 30UIBIIEHHS TIOBEPXHI TEIIO- 1
MacooOMIHy) B CUCTEMax 3BOPOTHOT'O BOJOTIOCTAYaHHS M OXOJIOJKEHHS MOBEPXHI
TEIIOBOTO 00JIaTHAHHS 1 TETUIOOOMIHHHUX araparis .

Jpyruit BUNagoK XapakTepu3yeTbCs TUM, IO TEMIIEpATypa BOJOTOI MOBEPXHI
HUKUE TeMIIepaTypy HaBKOJUIIHBOTO MOBITPS, ajie BUILE TOYKHU pocH. [IoTik Teria
Oy/ie HanmpsIMJICHHM 10 TOBEPXHI, a TeIUIonepeaada MOKe 3/1IMCHIOBATUCH 32 PaXyHOK
KOHBEKTUBHOI M pajiariiHoi CKJIaJoBUX TemiooOMiHy. YacTthHa abo Bech MOTIK
Teria Oy/le BUTpayaTHCh Ha BUIAPOBYBAHHS PIUIMHU 3 MOBEPXHI. 3a TaKUX YMOB
TeMIIepaTypa BOJIOT0i MOBEpXHI Oy/e MATPUMYBAaTUCh Ha BU3HAYEHOMY PIBHI SIKHMA
JEMI0 HIDKYUK TeMIlepaTypd HaBKOJMIIHHOTO TMOBITPSI 1 3HAYHO HIDKYMN
TeMIeparypu Ccyxoi TMoBepxHL PiguHa Oyne BUNApOBYBATUCH Y PeE3YNbTaTi

30BHIMIHBOIO MIIBEAECHHS TEILIA.
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B xonmoawnbHi TeXHI JJIsI OXOJOJKEHHS MPOJYKTIB 1 KpYroBUX 00’€MIB
XOJIOAWJILHOTO ~ TPAHCHOPTY  BUKOPUCTOBYIOTH  TaKOX €(PEKT BHUIIAPHOTO
OXOJIOJIPKEHHSI, [0 BUHUKAE M1 Yac PO3MUICHHS PIAUH 3a JONOMOTro (GOpPCyHOK
(HampuKIaa, PIIKUX BYTJEKUCIOTH 1 a30Ty) 3 HWKYUMU HDK TOTPIOHO s

OXOJIOJIPKEHHS TPOAYKTIB YU TOBITPS TEMIIEpaTypaMu KUITIHHS.

15. XoJgoanabHe TeXHOJOTiYHE 00 IaTHAHHSA

15.1. Knacudikauis X0J10AMJIBHOT0 TEXHOJIOTIYHOT0 001aIHAHHS

XoyioauiabHE TEXHOJOTUHE OOJaJHaHHS MPU3HAYEHO JJii CTBOPEHHS 1
HIITPUMYBAHHS B OXOJIO/IKYBAaHUX 00'€KTax TeMIEpaTypH, BOJIOTH, IIBUIKOCTI PyXy
OXOJIOJIKYBAaHOTO CEPEOBUINA, a IHOJI TUCKY Ta BU3HAYEHOTO Ta30BOr0 CKIIAMY
CepenoBUIIIa.

CxyamHICTh 3a1a4, K1 BUPIIIYIOTHCS Ha BUPOOHUIITBI Mi 4Yac 30epeKeHHS
Xap4yOBHX MPOAYKTIB, 10 MBUAKO MCYIOTHCS, 3yMOBIIOETHCSI BIIMIHHICTIO MPOTYKTIB
3a po3mipamu, GOPMOIO, MEXaHIYHUMH, TEIIOPBUYHUMH Ta  IHIIUMU
BJIACTUBOCTSIMU. TOMYy BHUHUKAE HEOOXIIHICTH CTBOPEHHS PIBHUX 3a PO3MIpamu i
MPU3HAYEHHSAM 00'€KTIB, OCHAICHUX XOJOAWIHPHUM TEXHOJIOTTIHUM OOJIaTHAHHIM,
0 BIAPBHIETHCS 32 KOHCTPYKITIEIO, CIIOCOOOM BiABEICHHS TEIJIOTH Bif MIPOIYKTY,
BHJIOM OXOJIOJDKYIOUOTO CEpPEIOBHUINA, a IHOJI BaKyyMHHM, Ta30TCHEPYHOUYUM 1
copOmiiHUM OOJIaqHAaHHAM, a TakKOoX 3aco0aMu MexaHB3allli Ta aBTOMAaTH3alli
poOouux omneparriii 3aBaHTaKEHHsI, TPAHCTIOPTYBAHHS 1 BABAHTAXKEHHST TPOIYKTY.

Po3piB3HAIOTE TpU BHAM XOJOAWIBHUX 00’ €KTIB: KaMmepy, TyHENb 1 amapar.
XOJIOMWIIbHUM arapaT MpHW3HAYCHUH IS XOJOJAWIBHOTO OOPOOJIEHHS Xap4yOBHUX
MPOJYKTIB, 3a3BWYai, HEBENMWKOI TOBIMHHU. Ha BimMiHY Bim Kamepu 1 TyHETIO BCi
HOT0 €IIEMEHTH >KOPCTKO 3’ €HaHI B €IMHY KOHCTPYKI[IO. AmapaTtd B HaHOUTIBIIIN
MIpi BIIMOBIMAIOTh CYYaCHMM BHUPOOHWYMM 1 TEXHOJOTTYHHM BHMOTaM, TaK SK

MOXYTh 3/IIICHIOBATH XOJIOAUIbHE 00POOIEHHS IPOAYKTIB IMIBHIKO, O€3MEPEPBHO, B
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aBTOMAaTUYHOMY PEXUMI Ta 3 MIHIMAJIbHUMU BTpaTaMH MacH NPOJIYKTIB.

Anapatu BUTOTOBJIIIOTh Ha CHELIAI30BaHUX 3aBOJaX, 10 3a0e3Meuye iXHIO
BHUCOKY AKICTb 1 MIHIMaJIbHI BUTPATH il 4aC MOHTAXXY Ta HAJIAIITOBYBaHHS.

Y HOpoMHUCIOBOCTI BHUKOPHUCTOBYIOTH amapaTtd pPI3HOMAHITHUX THIIIB, SIKI
BIIPBHAIOTHCS 32 CLIOCOOOM BIIBEICHHSI TEIUIOTH Bifl IPOJIYKTY; CEPEIOBHUIIEM, ITI0
0e3rnocepeHb0 CIpPUNMAE TEIUIOTY Bl MPOAYKTY (IIOBITPSI, BYTJIEKUCIIOTA, TOUIO);
TUNIOM TPWIAAYy Uil TPAHCIOPTYBaHHS MPOAYKTY B TPOIECl XOJIOJUIBHOTO
00po0JieHHS (MEXaHIYHUN KOHBEEp, MOBITPSHUHN MOTIK) Ta 1H. XOJOAWIbHI anaparu
3aCTOCOBYIOTh MEPEBAXKHO ISl 3aMOPOKYBaHHSI MPOAYKTIB, TOMY iX Ha3UBaIOTh
MOPO3WILHUMHU.

TermoMacooOMIHHI amapaTH, 1O MATPUMYIOTH B 3aJlaHUX MEXaxX JeKUTbKa
napaMmeTpiB MOBITPs (TeMIEparypy, BOJOTICTh, MBUIKICTh PYXY MOBITPS TOIIO) i
4yac XOJIOAWJIBHOTO 0OpoOJeHHs Ta 30epiraHHs Xap4yoBUX MPOAYKTIB BITHOCSTH J10
TEXHOJIOTIYHUX  KOHJIULIOHEPIB. KoHcepByBaHHsI ~ Xap4oBUX  MPOJYKTIB

CyOTIMAIiiHUM METOJIOM 3/IIMCHIOIOTH 3a IOTMIOMOTOI0 CYOIIMAIIHIX YCTAaHOBOK.

15.2. TloBiTpsiHi MOPO3UJIbHI anIapaTH

[oBiTpsiHI MOPO3WJIbHI aNlapaTH, B AKUX TEIUIOTA B MPOAYKTY CIIPUHMAETHCS
HOBITPSAM 1TIE€PENAETHCS TOBEPXHI 0XOJIOIKYIOUUX MPUOOPIB, 3’ IBWIIUCH MEPUIMMH 1
3apa3 € Haloubm nommpeHumu. lloBiTpss — mnpupoaHE 1 JOCTaTHBO IHEPTHE
cepenoBuIe. Mloro Mo>kHa BUKOPHCTOBYBATH JUI XOJIOAMIBHOIO 0OPOOIEHHS BCiX
Xap4yOBUX MPOJYKTIB B IMIMPOKOMY IHTEPBAJI TEMIIEPATYp, IBUJIKOCTI PYXY 1 TUCKY.
Bkazani mepeBaru moBiTpST B 3HAUHIA Mipl BU3HAYaOTh  YHIBEPCAIbHICTh
3aCTOCYBaHHS Ta MPOCTOTY KOHCTPYKIIi armapara. Hemomikamu MoBIiTps € BITHOCHO
HU3bKa 3/aTHICTh aKyMYJIOBaTH TEIUIOTY Ta CXWJIBHICTh 0 NOTJIMHAHHS BOJOTH.

[loBiTpsiHMii amapar sBisiE COOOK MPUCTPIA, IO Ma€ TEIUIOBOJSALINHY
OTOpPOXKY, BCEpPEAMHI fAKOT pO3TaIlOBaHI BUIAPHUKU (IIOBITPEOXOJIOIKYBadl),
CHUCTEMHU M0J1a41 TOBITPS, TPAHCTIOPTYBAHHS MPOAYKTY, aBBTOMAaTUUYHOTO YIPABIIHHA 1

perymoBaHHs. TermmoBosIiiHa 0TOPOokKa CKIAIAEThCS 3 TIUT, 10 MatoTh 1ap (80 —
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120mMM)  TemoBoOJSALIMHOTO — Marepiany  (MHOMOJICTHPOJ,  MIHOMOJIypeTaH),
30BHIIIHE 1 BHYTPIIIHE OOJMIIOBAHHS 3 JIMCTOBOTO MeTaja (OLMHKOBAaHA CTallb,
AMOMIHIN) 4M macThKa. Take 0OJIMIIOBaHHS HaJla€ TUIMTI dKOPCTKOCTI Ta MIITHOCTI, a
TaKOX € TMapOBOJIAIEI0 1 3aXUCTOM BT  MEXaHIUHHX  IOIIKOJKEHb
TEIJIOBOJIAIIIMHOTO MaTepiaty.

BunapHuk BUTOTOBJISIIOTE 3 peOPUCTO-TPYOHUX €IEMEHTIB 13 3MIHHUM KpPOKOM
pebpyBaHHs, IO 3MEHIIYIOThCS 3a X0a0M pyxy nosirps Bix 20-30 mo 10—15mm.
Take BUKOHAHHS BUIAPHUKA TIOB’S3aHE 3 THM, [IO0 B MPOIECI XOJOIHUIHHOTO
00poOIeHHS TPOAYKT BTpadae Oarato BOJIOTH, SIKa y BUTJISII MOPO31 OCimae Ha
MOBEPXHI BUMapHUKA. [[pyuoMy MOpO3b BUIaa€e HEPIBHOMIPHO 3a IIIMOMHOIO, a Ha
NEepImMX 3a XOJI0M pyXy HOBITpS psiax TpyO, 3MEHIIYI0UH MDKpeOepHUN MpOCTIp 1
IUTOTIy JKUBOTO IEPEepi3y MOBITPEOXOJIOKyBadya. 3MIHHUI KPOK peOpyBaHHS TUM
caMuM  3a0e3redye  30epiraHHs  HOMIHAILHOT  IUIONI  JKMBOTO  TMEpepizy
MOBITPEOXOJIOKYyBadya  3a  JIOBXKHHOIO. Imoxi  mepmni  psagm TpyO
MOBITPEOXOJIO)KyBadya BHUKOHYIOTh 3 TJAJKUX TPyO 1 BHAUIIIOTH Yy CaMOCTIMHY
CEKIIIf0, 3 TOBEPXHI SIKOI MOXHA BIITOILIIOBATH MOPO3b HE3AJICKHO BIIT IHIIHMX
cekmii. CuctemMa Tojadl TMOBITPA mepemdadae BEHTWIITOPU  (OCHOBHH,
BIIIICHTPOBHUI) 1 MOBITPEPO3MOAUILHUKN (KaHa, >Kallto3i, BimoOpaxkysaui). Bung
CHCTEMH 3aJIGKUTh BT aepOJMHAMIYHOTO OIOPY PYXOB1 MOBITPS 1 B3a€EMHOTO
pO3TalllyBaHHA  BUIApPHUKA 1 MPOIYKTY. 3aleXHO Bil KOMIUICKTAIlll OCTaHHIX,
MOBITPST MOKE IUPKYJIFOBATH B3I0BXK a00 BIoTepek 00’ €My, 3aHHATOTO MPOTYKTOM 1
CHUCTEMOIO TpaHCTIOPTYBaHHS. J{OBKHMHA MUPKYJBIIIAHOTO KOHTYPY 1 B MIEpIITy 4epry
JUITHKA KOHTAKTY 3 TIPOIYKTOM MOBHUHHA OyTH TTO MO>KJIMBOCTI MEHIIIOI0, TaK SIK MPH
IIbOMY aepOJUHAMIYHUIN OIMp Ta BEIMYWHH 3MIHU MIBHIKOCTI PYXy MOBITPS 1 HOTO
Temmneparypu OyayTh MeHImmMMHU. Takuik pexuMm 3a0e3MeduTh PIBHOMIPHE
OXOJIOJKEHHS MPOAYKTY 1 MEHII HOro BTPaTH BHACIAOK BUIApOBYBAHHS BOJIOTH,
TaK K 3JaTHICTh MOBITPS MOTJIMHATH BOJIOTY 30UIBIIYETHCS 3 MIIBUINEHHSIM HOTO
Temrneparypu. Buj cuctemu TpaHCHOPTYBaHHS MPOIYKTY 3aJISKUTh B OCHOBHOMY
Bil IIUThOBOTO TMPH3HAYCHHS arapara (aCOPTHMEHTY 3aMOPOKYBAaHHMX MPOIYKTIB) 1

HOTO MpOAYKTUBHOCTIL Lle MOXKyTh OyTH BI3KM (€TaXEpKH), KOHBEEpP Oe3nepepBHOL
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a0o mepioau4HOI Aii, MOTIK MOBITPs ((roiqu3aliiHuil map) abo KoMOHauisI 3
BKa3aHUX 3aC001B TPAHCTIOPTYBAaHHSI, HAPUKJIIAJ KOHBEEP Ta MOTIK MOBITPSI.
BiskoBi amapatu. Amnapatu, B SKUX NPOAYKTH PO3MIIYIOTh Ha BI3KaX,
3aCTOCOBYIOTh JJIs 3aMOPOKYBaHHS PIBHUX 32 (POPMOIO ¥ po3MipaMu MPOIYKTIB, SIK1
NOCTYMalTh Ha OOpPOOJEHHS y BIJHOCHO HEBEIMKHUX KUIBKOCTAX. AmapatH €

yHIBEpCATbHUMH, MPOCTUMHU Ta HAAIMHMMU B €KCIUTyarallii, aje MOTpeOyIOTh

3HaYHUX 3aTpar py4Hoi npaii (puc.15.1).
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Puc. 15.1. BBkoBwuii anapat: 1 — TermnonossiiiiHa OoTopoxKa;

2 — TIOBITPOOXOJIOIKYBay; 3 — BI3OK; 4 — BifoOpaxyBaui

VYcepenysi TEMIOBOJALIHOT OTOPOXKI 3HAXOASATHCS IOBITPEOXOJIOIKYBAYI,
BI3KH, MIepe0aueHO KaHal y BEpXHIM YaCTHHI anapary JJisl OpTaHi3ali MONEpeYHOro
pyxy mnoBirps. IloBiTpsi 3 KaHalmy BCMOKTYETHCS BEHTHIIITOPAMU, LUPKYJIIOE Yepe3
NOBITPEOXOJIOIKYBaYl, a Aajii 00 yBae NPOAYKTH 1 HOTPAIUISIE B KaHAL

[Ipoayxkt (M‘sico, puba, NTUIS, OBOY1) BUBAHTAXKYIOTh Ha METAIYHI MPOTUBHI
(JI0TKM) 3 3a30pOM, HEOOXITHUM JJI LMPKYJISILIi TOBITPS, 1 BCTAHOBJIOIOTH HA BI3OK.
BBok mno peiikax ( BpyuyHy a00O KOHBEEPOM ) HAAXOAUTh B amapar 4epes
3aBaHTaXYyBaJbHI JBEpl, 1 OJHOYACHO BHUIUTOBXYETHCS IHIIMHA BI3OK BXKE 3
3aMOPO’KEHUM MPOJYKTOM. 3 I[LOr'0 Bi3Ka 3HIMAIOTh MPOTUBHI, BUMMAaIOTh MPOAYKT,
AKAH 32 NMOTpeOM CMAKOBYIOTH 1 HamNpaBisilOTh Ha 30epiraHHs. Jleski BUAU He

3almakoBaHUX MPOAYKTIB (M‘sico, puba) mpuMep3aroTh A0 JOoTKa. B iboMy BUMaaKy
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JIOTOK HarpiBaroTh, OMMYCKAaIOUM HOTO Ha ekl yac B Temty Boay. Ilicns canirapHoi
00pOOKM MPOTHUBHI 1 BI3OK MTOBEPTAIOThH IS 3aBAHTAKCHHS.

KonBeepHi mopo3uiibHi anapatu. /[y 3aMopoKyBaHHSI BITHOCHO BEJIMKOI
KUIbKOCTI TPOAYKTIB, OJM3bKUX 3a (OPMOIO Ta PO3MIpaMU, BUKOPUCTOBYIOTh
armapatd B SIKUX MPOAYKT TPAHCIOPTYETHCS KOHBEEPOM, IIO MOXKeE OyTH PI3BHOTO
TUITy: JIAHITIOTOBHUH, JIOTKOBHUH, TIUIACTUHYATUH, CTPIUKOBHM 3 EJICKTPUYHUM abo
TIIpaBIYHUM TPUBOJIOM, [AlIOUM HemepepBHO abo mukiauHO. LI amapatu B
NOPIBHSIHHI 3 BBKOBUMH MAlOTh BHIIY MPOAYKTUBHICTh Ta BUILMI pIBEHb MEXaHI3aLlll
1 aBTOMaTu3allii TPYAOMICTKUX ormepamiid. BoHHM Jerko BOHCYIOTbCA B CKJIaJ
TEXHOJIOTIYHUX JIHIM. Amapar Takoro THITy, OCHAIICHWH UUKIIYHO PYXOMHUM

KOHBeepoM (puc.15.2), mpu3HadeHu# 1151 3aMOPOKYBaHHS
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Puc.15.2. Anapar 3 UIMKJIIMHO PyXOMUM KOHBEEPOM: |—TemIo30IsLIiiHA OTOPOXKa;
2 — cTenax; 3 — 3aBaHTaXyBAJIbHUN NPUCTPI; 4 — KapETKU; 5 — pOJIbraHr OBUIA
KOHBE€p; 6 — BUBAaHTAXXYBAJIbHUN NPUCTPIN; 7 — MOBITPOOXOJIOKYBaY;

8 — po3BaHTaXyBaJIbHUI KOHBEEP; 9 — 3aBaHTAXKYBaTbHUN KOHBEED;

10 — HakoNMYyBaJIbHHI KOHBEEP 3 PAXyHKOBHUM MPUCTPOEM
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KPYIHOILIMATKOBUX MPOJYKTIB (M‘sico, puba, NTUIS, TOTOBI CTpaBU) B YIAKOBII
(kapTOoHHaA KOpOOKa, 0J0K-hopMa) 1 MOXKE MpAIfOBATU B aBTOMATUYHOMY PEKUMI.
[IpoaykT 3aMOpOKyBaHHS 3HAXOAUTHCS B KapeTkax ( poooya qoBxuHa 4,7M ), O19H1
CTIHKH SIKUX BHUKOHAHI 3 QJIOMIHIEBOTO JIMCTA, a JHO — 31 CTAJbHOI OIIMHKOBAHO1
cirku. KapeTku po3MillleHI B TOPU3OHTAIBHUX HAMpaBISIOUMX CTEJIakKax Y
0XOJIOJKYBaHOMY 00 eM.

AmapaT Mae 3HayHy KUIBKICTh MEXAHI3BMIB JUII TOPHU3OHTAIHHOTO 1
BEPTUKAIBHOTO MEPEMIIIEHHSI KapeTOK, po00Ta IKUX CKOOPIUHOBAHA, 1 BUKOHYETHCS
aBTOMAaTUYHO 3a TIOMEepPeIHbO 3a7aHor mporpamoro. [loBirpeoxonomxysaui,
BUKOHAHI 3 CTaJIbHUX, MOIJIAKOBAHUX ATIOMIHIEM TpYO 3 allOMiIHIEBUMHU peOpamu,
PO3MIIYIOTh B3JIOBXK CTENaka Ha MIHIMalbHIN BifcTaHl Byl npoaykTy. Kaperku, 1o
pPO3MIILIEHI B CTeNaxi, YTBOPIOIOTh KaHamu IJisi pyxy mnositps. lle 3abe3meuye
MIHIMQJIbHI 3aTpaTy eIeKTPOEHEPTii Ha pOOOTY BEHTHISITOPIB.

TpuBaicTh 3aMOPOKYBaHHS M’ sica B OJI0K-(popMi TOBITUHOIO 60MM CTaHOBUTH
5-6ron., a B KapTOHHIA KOpoOI ToBmMHOW 150MM — 16-20roa.; mpoayKTHBHICTh
amapara — BIIMOBiTHO 7 1 31/roa., rabaputHi po3Mipu 30x9x5,5M. AHaAIOTIIHAM 3a
TunoM KoHBeepa € amapar ['KA-4, skwif Ha3uBarOTh TpaBITallfHUM. Y HBOMY
POIYKT 3aMOPOKYETHCS, 3HAXOITUHNCh TAKOXK B KapeTkax. Kaperka, 110 MICTUTh JBa
IPOTHUBHA 3 IPOAYKTOM, OJAETHCS CIOYATKY HA BEPXHIO MTOJMYKY CTENaXxa, a MOTIM
HOCJIIOBHO MPOXOAUTH BC1 MOJMYKH, IPUUOMY Hepexil 3 OAHIET MOJUUKH Ha HIITY
3AIACHIOETBCS MiA Ji€0 CWIM Tpabitamii (3BiACM 1 Ha3Ba amaparta), Ta 3
3aMOpPOKEHUM NPOAYKTOM BHBOJMUTHCS 3 OCTAaHHBOI MOJMYKU. 3a TEMIEpPATYpHU
noBitpst —30 + —35°C 1 WBUAKOCTI HOTO pyxy 4—8 M/C TPHUBAIICTh 3aMOPOKYBAHHS
NPOAYKTY (M’sico, puba) ctaHOBUTh 4—6 ronuH. [IponykTuBHICTH anapara — 25 T Ha
n00y.

3acToCyBaHHsI LIMKJIIYHO PYXOMOTO KOHBE€EPA 1a€ 3MOT'Y KOMITAKTHO BUPILIUTH
KOHCTPYKI[IO armapara Ta 30UIbIIMTA MOTO TMpane3aTHICTb, Tak SK BiACYTHI
Oe3nepepBHO pyxoMi eieMeHTH. Bo/iHOYac KOHCTPYKIIISA 1 TEXHIYHE 00CIyrOByBaHHS
yckiIaaHoeTbes. TloBiTpsiHI amaparu 3 HENepepBHUM KOHBEEPOM PI3HOTO THUILY

(CTpIUKOBUN TOPUZOHTAILHUMA 1 CHIipalbHUM, JIAHIIOTOBHUI) TMOMIMPEH] HAWOUIHII



125

HIMPOKO, TaK SIK JalTh 3MOTY BECTH 3aMOPOKYBaHHsI MPOAYKTY pi3HOT Gopmu, B
YMaKoBII 1 0€3 Hel, HEMepEePBHO 1 B aBBTOMAaTUYHOMY PEXHUMI.

B anmapar 13 cTpiYKOBHUMH rOpU30HTAILHUMU KOHBeepamu (puc.15.3) npoaykr
yepe3 3aBaHTAXKYBAIbHE BIKHO TOJA€ThCS HA BEPXHIA CTPIMKOBHM ciTyacTuit
KOHBE€Ep, OOMUHA€E JIUIIHKY IHTEHCHBHOTO OXOJIOJKEHHS 1 , PyXalOUUCh B3JIOBXK

arapara, 1o »*0JI00y MepeBOIUTHCS HA CEPEIHII KOHBEED.

Puc. 15.3. Anapar 3 THIMHUMH TOPU30HTAJILHUMHU KOHBEEPAMU:
1 — Tenno3osLIIIHA OrOPOXa; 2 — MOBITPOOXOJOKYBau MOB3/10BXKHbOTO
UPKYJIALIHHOTO KOHTYPY | ; 3 — MOBITPOOX0JIOAKYBay MOMEPEYHOTO
HUPKYJSALUIHOTO KOHTYpY |l ; 4 — BepxHiil KOHBeep; 5 — HUKHINA KOHBEED;

6 — cepenHiii KOHBEED.

Jlam mnpoaykT THOTparvisie  Ha  HWDKHIA  KOHBEEp 1, 3aMOPOXKEHHI,
BUBAHTAXYETbCA 4YE€pe3 pO3BaHTaXyBaJbHE BIKHO. KoOXXeH 3 KOHBEepB Mae
IHAWBIAYalbHUM MPUBIL, TOMY IIBHIKICTh PYyXy CTPIMKA MOYXE PETYJIIOBATUCS B

IMPOKOMY JI1ara3zoHi, mo 3ade3nevye 3aMOpOKyBaHHS MPOAYKTIB PI3HOT TOBIIUHH.
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[loBiTpOOXOJOMKYBayul, IO PO3MIIIEHI B3JI0BX KOHBEEpPIB, 3a0€3MEUyIOTh
MOTIEPEYHUN PYX MOBITPs. XOJIOIHIIIE TOBITPs CIIPSIMOBAHE HA HIDKHIM KOHBEED, 1€
pO3TaIlIOBAaHO MPOIYKT 3 HAOUIbIII HU3bKOIO TeMIepaTypoto. B anapari nependaueni
JBa IUPKYJSIIIAHUX TOBITPSHUX KOHTYpPU: MOB3JOBXKHIM y JUISHII 3aBaHTAKEHHS
OpOAYKTY 1 MomepeyHud B pemri 00’emy amapara. [lepumii koHTyp 3abe3neuye
IIBUIKE OXOJIOJKEHHS MPOJYKTY, IO OCOOJMBO HEOOXITHO I Yac HaIXOIKCHHS
OPOJIYKTY 3 BHCOKOIO TEMIIEpAaTypol0 IMOBEPXHEBOTO Iapy, HAIpHUKIA[
obcmaxkeHoro. BogHouac, BIH MepenikoKae MPOHUKHEHHIO TETUIOTO TTOBITPS uyepes
BIKHO 3aBaHTaXEHHA. [IpOTYKTHBHICTH 3aMOPOXKYBaHHS OOCMaXEHHUX PUOHHUX
MaTMYOK CTaHOBUTH 1,71/Toa., TabaputHi po3mipu 11x4,1x4,2 m.

AmapaT 13 CTPIMKOBUM CITIpAIbHUM KOHBEEPOM IIOKa3aHWi Ha puc. 15.4.
Cityacta cTpigka 3 MPOAYKTOM, KOB3AaIOYH IO HANPaBJISIOYMM, IMMTHIMAETHCS IIO
cIipast B3JIOBX OapabaHa, mo o0epTaeThCs, 1 MPUBOAUTH ii B JiF0 3a PaXyHOK CHIIA
TepTsa. B BepxHiii 4yacTWHI amapara CTpidka BHUXOJUTh 3a MEXKI 0XOJOKYHOUOTO
KOHTYPY /i1 BUBAHTKEHHS 3aMOPOXKEHOTO MPOIYKTY 1 3HOBY MOBEPTAETHCS 0
3aBaHTaXYBAJILHOI CTOPOHM, TPOUIIOBIIHN ITOTIEPETHHO CaHITAPHY 0OPOOKY .

[loBitpst B amapari pyxaeTbCcs 3 BepXy BHHU3 Yepe3 BCI SIPYCH CITIACTOT
CTPIYKH KOHBEEPA, MOCTYIIOBO HArpiBalOUYMCh 1 HACHYYIOYHCH BOJIOTOI0, TOMY BTpara
MacH MPOAYKTIB € HIKUOI0, HOK Y araparax 3 TOPU3OHTAILHUM IMOTOKOM IOBITPS.
[IpoayKkTUBHICTH amapaTa 31 CTpIaKOI0 MMPHUHOIO 0,9 M CTAaHOBUTH JJIS: KOTJIET — 2,5
T/TOA., pUOHMX HATU4YOK — 3,5 T/TOA., TOTOBUX CTpaB — 2,2 T/TOA.; TPHUBAIICThH
3aMopokyBaHHS — BigmoBimHO 22,17 1 130 xB. ['aGaputHi po3Mmipu amapara

10,7x7,8x4,5 wm.
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Puc. 15.4. Anapar 3 cTpIMKOBHUM CHipaTbHUM KOHBEEPOM:
1 — TertoBOJIsALIIITHA OTOPOXKA; 2 — MOBITPOOXOJIOAKYyBay; 3 — OapabaH;

4 — mpuUCTpIi 11 CaHITapHOT OOPOOKH CTPIUKUA KOHBEEPA

Anapar, 1Mo Mae TpU KOHBEepa: JBa JJIsl TPAHCIOPTYBAHHS NPOAYKTY B
BEPTUKAIbHIA TUIOLMMHI 1 TOPU3OHTAILHUNA JJI 3aBAaHTAXEHHS 1 BUBAHTAKEHHS,
npencTabieHuil Ha puc.15.5. IlpoaykT po3MilyeThest ( Bpy4HY Y4 aBTOMaTU4YHO ) Ha
JUCTaX 3 HEPXKaBllOuOi CTajl, SKI 3aXOIUTIOIOTHCS IIBHMJIKOJAIIOUYMMHU 3aTUCKayaMu
TOPU30HTAIBHOTO KOHBEEPA 1 OAAI0ThCA B anapar. be3nepepBHO pyxoMuid KOHBEEP
armapara MiIXOIUTIOE JUCTHU 3a O14HI Kpai 1 TpaHCTIOPTYeE iX Ha BepX. Y KpaHbOMY
BEPXHbOMY TOJIOKEHHI JIMCTU MEPEBOJSITHCS aBTOMATUYHO Ha MOAIOHUIN KOHBEEp,
0 TPAHCHOPTYE JHUCTH NOHMU3Y. JOCSATHYBUIM HMKHBOTO TMOJIOKEHHS, JIUCTU 3
3aMOPO’KEHUM MPOTYKTOM 3aXOTUTIOIOTHCS 3aTUCKaYaMU TOPU30HTATBHOTO KOHBEEPA

1 ycyBaloTbcsi 3 amapara. [IpoayKT 3HIMaeTbCs, a JUCTU MOBEPTAIOTHCS Ha
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3aBaHTaxeHHs. [loBITPOOXOJOMKyBaul, 1[I0 PO3MILIEHI B3JOBX  amapara,
MaKCUMAJILHO HAOJIMKEH1 10 MPOJYKTY, & JIMCTH 3 MPOJYKTOM OPTraHBYIOTh PyX
MOTOKY MOBITpsI. Anapar € KOMIIAKTHUM, HAalPUKJIaJ, 32 OJHAKOBOI MPOTYKTUBHOCTI
BIH 3aliMa€ y BUpOOHUYOMY IpuMiieHH1 oty Ha 20% 106’ em Ha 40% meHII, HOK

armapar 13 CHIpaJIbHUM CTPIUKOBUM KOHBEEPOM.

Puc. 15.5. Anmapar 3 BepTUKaJILHHMH 1 TOPU3OHTATBHUMU KOHBEEPAMU :
1 — TeruroBoIAIINHA OTOPOKA; 2 — MMOBITPOOXOJIOKYBAY; 3 — BEpTHKAIbHUI
KOHBEED, 110 OMyCKAa€E MPOAYKT; 4 — BEpTUKAILHUN KOHBEEP, ITI0 MTHIMAE MTPOIYKT; 5
— MBUAKOIFOYHN 3aTUCKAY ; 6 — TUCT 3 MPOIYKTOM;

{ — TOpU3OHTAIBLHUN KOHBEEP

Jeski mpoayktu (M’ sico, puda TOIO) MOKHaA hopMyBaTH 0e3 BTpaTH iXHBOI
SIKOCTI 1 3aMOPOJKYBaTH y BUTJISA1 OoKiB. Iy 11i€l METH 3aCTOCOBYIOTH METaJuHI
O50k-hopMH, SKI KpIUIATHCS Ha JIAHIIOTOBOMY KOHBeepi amapara. I[loBepxHs
MPOAYKTY 1BOJIOETHCS Bifl KOHTAKTY 3 PYXOMHM TOBITPSIM, IO 3MEHIIIYE IMBUIKICTh

BUTIAPOBYBAHHS BOJIOTH, a BIIMOBIIHO, 1 BEMMYMHY BTPaTH MAacH MPOIYKTY. Anlapatu
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3 0J1I0K-(hopMamMu MIMPOKO 3aCTOCOBYIOTh HA CYAHAX JJI 3aMOPOKYBAHHS PUOU.

duwinusaniiHi amapatu. Anapartyd, B SKMX NPOJIYKT 3aMOPOXKYETbCS Y
BUCXITHOMY THOTOLIl IOBITPS, Y 3BaXKEHOMY CTaHI, HA3UBAIOThCS (DIIIOITU3AIIHHUMU.
B amaparax Takoro Tuiry 3a0e31euyeThCsl BUAKE 3aMOPOKYBaHHS, HE3HAYHI BTpaTh
macu (0,5-0,7%), BUCOKa SKICTh TMPOAYKTIB 3 HDKHOK KOHCHCTEHIIIEIO,
HEMEePEPBHICT, BUPOOHWYOTO Tporecy. Cnii 3ayBaKuTH, IO I 3a0e3NedeHHS
Gumoigu3anitHoOro mapy NpoaAyKT MOBHHEH MaTH HEBEJIMKI pO3MIpU: TOBIIMHY 10 40
MM 1 IOBXHHY 10 125 MM, a floro popma noBuHHA HAOJIMKATUCH A0 CHEPUUHOT.

[lponykt B amapari MOK€ TPAHCHOPTYBATHCS TUIBKA B TOTOLl TOBITPS y
JOTKax 3 TeppopoBaHUM JHOM 1 Ha CITYACTIM CTpMII KOHBeepa. Amapar 13
CTPIUKOBHM KOHBEEPOM € YHIBEPCAILHHM, OCKUIbKH JA€ 3MOTY 3aMOPOKYyBaTu
BIIHOCHO B&)KK1 IIMATKH MPOJIYKTY B IIUTbHOMY Iapi.

Amnapar, mo nomaHo Ha puc.15.6, BUKOPHUCTOBYIOTh JISi 3aMOPOKYBaHHS
OBOYIB (3€JIECHUI TOPOIIOK, KyOMKH MOpPKBH), (QPYKTIB (IIMATOYKH SIOJIYK), SITiA
(MOJyHUI, CMOPOJIMHA) Ta HIIUX MTPOAYKTIB.

[lpoaykT miciast MHUTTA TOAAIOTh Y 3aBaHTAXKYBAIbHHM MEXaHI3M, IO Mae
BIOpaIliiHy peINTKy JUI1 BHJIyYeHHS BOJHW. TyT BIH MIICYIIYETHCS, IO 3armodirae
Horo 3aMep3aHHIo, 1/1aJll MOTPAILIS€ B MEPIIy IUITHKY arnapara, e MIMOPOKYEThCS
y (moiguzaniinoMmy mapi. 3700yBIIM JOCTATHIO MEXaHIYHY MIIHICTh, MPOIYKT
HAJXOJUTh Yy IPYTYy AUITHKY, B SIKId TOMOPOXKYETHCS B MUTLHOMY IIapi HA CITYACTIN
CTPIIIl KOHBEEPA, IICIIA YOTO BUBAHTAXYETHCS 3 arapara.

[IIBuaKICTF PyXy KOHBEEPIB MEPINOi Ta APYroi AUITHOK MOYXE HE3aICKHO
3MIHIOBAaTHCh, 3a0€3TEUYI0UM 3aMOPOKYBAHHS MPOMYKTIB 3 PI3HOK TOBIIMHOIO 1
MOYaTKOBOIO TemIieparyporo. KokHa IUITHKa Mae aBTOHOMHY CHCTEMY TMojadi
NoBITPs. B AUISHII MAMOPOKYBaHHS OChOBI BEHTHJIATOPU TIOIAI0Th MOBITPS Yepes3
CEeKIii BUMApHUKAa 3HU3Y Ha MNpoAyKT. [lpolimoBum map MOpoayKTy, MHOBITPS

NOBEPTAETHCSI HAa BCMOKTYBaJIbHY CTOPOHY BEHTUJISITOPIB.



Puc. 15.6. Amapar dQmoigu3ariiauii :

1 — TerroBoIAMINHA OTOPOXKa; 2 — rep(opoBaHuil MIIO0H; 3 — ciTdacTa CTpIUKa
KOHBEEPA; 4 — MOBITPOOXOJIOKYBAY; 5 — OCbOBUI BEHTUIATOP; 6 — BUIIIEHTPOBUI

BEHTUJISITOP; 7 — IIUT KEPYBAHHA

15.3. KonTakTHi MOpPO3UWJIBHI anmapaTu

Anaparu, B SKUX TPOAYKTH 3aMOPOXKYIOThCA, MiI 4ac Oe3MmocepeaHboro
KOHTAKTY 3 0XOJIOPKYBAaHOIO METATIYHOIO MOBEPXHEIO a00 PITUHOIO (XOJIOIOHOCIEM,
XOJIOJWIbHUM areHTOM), Ha3WMBalOThCA KOHTAKTHUMHU. B nux amaparax 3a ymMoBHU
D00POTO TEMIOBOTO KOHTAKTY 3 MPOJIYKTOM PI3HHIIS TEMIIEpaTyp MDK MPOTYKTOM 1
XOJIOJWIBHAM areHToM Oyjie MEHINOI0, YMM Yy TIOBITPSHUX amaparax, a T'yCTHHA
TEIJIOBOTO MOTOKY — Outbmoro. Ilim yac 3aMopokyBaHHS TPOAYKT OMHMBAETHCS

TUIbKA 3 OJIHIE] CTOPOHH MPAKTUYHO HEPYXOMHM TIOBITPSAM, OTXKE, BCUXaHHS
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NpOAYKTY Oy/ie MEHILIMM, HDK y MOBITPSIHUX anaparax.

[lopiBHAHHS NHUTOMHUX TOKAa3HUKIB POOOTH amapaTiB 13 3aMOPOKYyBaHHSIM
IPOAYKTY MOBITPSIM 1 HA MOBEPXHI 3aCBIIUYE, IO IJI1 3aMOPOKYBaHHS KT IPOAYKTY
B TOBEpXHI MOTpiOHO BigBecT B 1,4 —1,5 pa3u MeHUIy KUIbKICTh TEIUIOTH,
3arpatuti B 1,3 —1,5 pa3iB MeHIIE €IEeKTPOEHEprii, a OCYIIEHHS MPOIYKTY
CKOPOYYEThCS B 3—5 pasu.

[lpote edexTuBHY poOOTy amapara Mpud 3aMOPOKYBaHHI MPOAYKTY Ha
NOBEPXHI MOXKHA 3a0€3MEUUTH JAOTPUMYIOUUCH DAY YMOB : IUIOIIA 3ITKHEHHS
0XOJIOJKYIOY01 TOBEPXHI 3 TPOIYKTOM MMOBUHHA OYTH MaKCUMAaJIbHOIO, a TEPMIYHUI
OTIp 30HU iX KOHTAKTy — MIHIMaJIbHUM. TOMY MpPOJYKT MOBUHEH MaTH MPaBUJIbHY
reoMeTpudHy ¢opmy 1 Oytu mignmpecoBaHuMm TuckoMm 15-70klla, mo mpakTUdHO
BUKIIIOYAE HASBHICTh MOBITPSIHUX MpOIIApKIB B 30HI KOHTakTy. Ha TpuBamicTh
3aMOPOKYBaHHS MPOJYKTY BIUIUBAE TAKOXXK IHTEHCHMBHICTh TEIUIOBINIAYl Bil CTIHKA
70 XOJIOJAWJILHOTO areHra. B 3B’s3Ky 3 1IMM HE pO3COJibHE, a Oe3mocepe/He
OXOJIOJDKEHHSI KHMIUIITYUM  xosioawibHuM arentoMm (R717, R12, R22, R502) €
NEPEBAKHUM, TaK SK BOHO CKOPOYYE TPHUBATICTh 3aMOPOKYBaHHS MPOIYKTY B
cepennboMy Ha 25%. Ha TpuBamicTh 3aMOpOXyBaHHS BIUIMBAE€ TEPMIYHUN OMIp
npoaykTy. ToMy HOro TOBIIMHA TOBUHHA OYTH TOB'sI3aHAa 3 TEMIIEPATYPOIO KUITIHHS
YYM HaBIAKW: YUM IHTCHCHUBHINIMNA TEIUIOBIIBEICHHS, TUM MEHIIOK MOBUHHA OyTH
TOBIIMHA MPOAYKTY.

HezamakoBanuii Bojoruii mpoaykt (M'sco, puba) mig dac 3aMOpOKyBaHHS
npuMep3ae 10 NoBepxHi MeTany. ToMmy, SIKII0 He NPUUMAIOTh 3aX0I1 31 3SMEHIIEHHS
CWJI 3UEIUICHHS, TO JIJIsl BUBAHTAXKEHHS MPOAYKTY AUISIHKA KOHTAKTY 3aMOPOKEHOTO
IPOAYKTY 1 METaleBOi MOBEPXHI HArpiBalOTh 3a HUITXOM TOJaBaHHs Trapsvoi mapu
XOJIOAWIBHOTO areHTa. B 3B’S3Ky 3 IIMM YCKJIAJHIOETbCS BUPOOHMUYMU MpOIIEC,
30UThITYIOTHCSI  €HEPTETHYHI 3aTpaT, IIBUIIYETHCS TeMIeparypa IPOIYKTY.
3axoaMu, IO CYTTEBO 3HWXKYIOTh CHJIM 3YEIUICHHS MNPOIYKTY 3 METaJoOM, €
yIaKoBKa MPOAYKTY, MPOTHAATE3IHHE IOKPHUTTS ITOBEPXHI MeTamy (ITOJIeTHIICH,
¢roporiacT), HU3bKa TEMIIEpaTypa KHITHHS X0JI0JuIbHOTOo arenTa (—60°C i Hibkua).

HpOIIYKT y anapaTi MOXC 3aMOpOXyBaruCcb, 3a YMOBH OJHO- qu
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JIBOCTOPOHHBOTO KOHTAKTY 3 MOBEPXHEIO IIUTH OapabaHa 1 CTpKM KOHBeepa. B
3B’A3KY 3 IIUM PO3PBHSIOTH IUIMTKOBI, OapabaHHI Ta CTPIUKOBI arlapaTy.

IlnutkoBi anapaTu. KoMmmiekTailiss BUIIAPHUKA 3 TUIAT A€ 3MOTY pallloHaIbHO
BIIBOJUTH TEIUIOTY, TaK SIK B TEMJIOOOMIHI O€pyTh Yy4acTh Bl CTOPOHU MPOIYKTY 1
wty. [ImuTn Mo)KHa pO3MINIyBaTh TOPU3OHTAILHO, BEPTUKAIBHO 1 paJlialibHO Ha
BaJIy, 1[0 00EPTAETHCH.

B amapartax 3 ropu3OHTaIbHUMH IUIMTaMU BaXKu€, YUM B IHIIMX IUIMTKOBHUX,
MEXaH3yBaTl oOrmepallii 3aBaHTAXEHHS 1 BUBAHTAXEHHS NPOJyKTy. Tomy BOHH,
3a3BHYal, MEPIOAUYHOL 1ii. Anapar 3 TOPU3OHTAILHUMHU TUIMTAMU NEPIONYHOT Aii,
NpU3HAYEHUN [T 3aMOPOXKYBaHHSA MPOAYKTY, B TOMY YHCII 1 YIAaKOBaHOTO, B
KOpoOKu BHUCOTOO 15-75mMm (puc. 15.7) mae Hecymmid MeTaiYHMA Kapkac,
TEIUIOBOJIAIINHY OTOpOXYy. B cepeauHi po3MIMIyIOTHCS TUIMTA 3 aTFOMIHIEBOTO

CIUIaBy, 110 0OMEKEHO MEePEMINIIOIOTLCS 3a JOTTOMOTOIO TIAPaBIIYHOTO MMPUBOY.
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Puc. 15.7. IlmutkoBuit anapar: 1 — TEMI030IAIIIHiHA OTOPOXKA,;

2 — TiIpaBIIHUN TIPUBIT; 3—CTBIpKH; 4 — MOPO3WJIbHI TUTUTH

[IpoaykT B Oslokax 1 KOpOOKax, BHCOTa SKHUX IMOBHHHA OYTH OJHAKOBOIO,
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PO3BAHTAXYIOTh MK TTUTaMH. [[Ji1 CTBOPEHHS JOCTATHLOT'O KOHTAKTY 3 TMPOTYKTOM
IUTMTH 3aBaHTKEHOTO amapara 30JKYIOTh Ha BUICTaHb, IO JOPIBHIOE BHUCOTI
0OMEXYIOUUX IUIACTHH, aJie JCI0 MEHIIY MePBUHHOI BUCOTH MPOAYKTY. Bemmuuny
3a30py MDK TUIUTaMU MOXHAa perymoBatd. /[BepHI CTBIpKH amapara 3aKpHUBarOTh, 1
BKITIOYAIOTh CHCTEMY OXOJOJKeHHs. Ilicisi 3aKkiH4eHHs Mpollecy 3aMOpOIKyBaHHS
BUIKJTIOUAETHCSI  CHCTEMa  OXOJIOJJKEHHS, BUIKPUBAIOTHCS  JBEPHI  CTBIPKH,
PO3CYBAIOTHCS IUIMTH 1 MPOAYKT BUBAHTAXKYIOTh. AmapaT NpUOJM3HO pa3 B THXK/ICHb
3YNUHSIOTH JIJISl PO3MOPOIKYBAHHS TIOBEPXHI IUUT. TPUBATICTE 3aMOPOKYBaHHS 32
TEMIIEpaTypH KHIIHHA X0J0auabpHoro arenra — 40°C 6i1oky puOHOTO (il BUCOTOO
25 MM ctaHoBHuTh 50 XB., 32 YMOBH TaKyBaHHS B TOJIIMEPHY IUTBKY 1 65 XB., SKIIO
pubHe (ute 3amaKoBaHO B KapTOHHY KOPOOKY 3 IMOJIMEPHOIO ILIIBKOIO. ["abapuTHi
PO3MIpH IILOTO arapara CTaHOBJIATH 2,62x2,01x2,35m.

Anapatu 3 ropu3oHTaIbHUMHU 1MTaMu AMIT BUKOPHCTOBYIOTh MEPEBAXKHO B
pubHiii mpoMucioBocTi. Ha Gararbox M’ sico-komMO1HaTax KpaiHH IJIs1 3aMOPOKYBaHHS
3armakoBaHuX OJIOKIB M’ sica3acTOCOBYIOTh anapati ®Mb 3 BepTHKaTbHUMM ILTUTaMU
POTYKTUBHICTIO 2T/100.

PoTopHi anmapatu. PoTopHi anapatu XxapakTepu3yIOThCS KPalMMU TEXHIKO-
EeKOHOMIYHUMHU TOKa3HUKaMHU TOPIBHSHO 3 IUIMTKOBUMHU. [IpoayKT B poTOpHHUX
araparax 3aMOpOJKYETbCSl IPAKTUUHO HEMEPEPBHO, IO 30UIbIIY€E NPOTYKTUBHICTD 1
3a0e3meyye CTaliCTh TEIUIOBOTO HABAHTAXKEHHA Ha XOJOJAWIbHY YCTAaHOBKY.
PanianbHe po3TalniyBaHHS IUUT Ta IXHE 0OEpTaHHS CIIPUSiE€ PIBHOMIPHOMY PO3IIOLUTY
XOJIOMWIBHOTO areHra Mo IUIMTaX, TOMY MPOIYKT 3aMOPOKYETHCS PIBHOMIPHO.
Bunyckarote aekimbka Moau@ikaiii poTOpPHHX amapaTiB. YHIBepcaJbHUN amapar
YPMA Mae Halikpany TEXHIKO-€KOHOMIYHI NokazHMkU (puc. 15.8). Amapar mae
TEIIOBOJALIAHY OTropoxy. Y pob6oyoMy o00’eMi  BCTaHOBIEHO pPOTOp 3
MOPO3WIbHUMHU CEKI[ISIMU; CUCTEMH OXOJIOJKEHHS, O03YBaHHs, 3aBAaHTAXEHHS 1
BUBAaHTAXXCHHS, aBTOMAaTUYHOTO KepyBaHHA. KOXHa CeKiisi BKIIOYAE TPH IUIUTH 13
AIFOMIHIEBOTO CIUIABY 3 MPSIMOKYTHUMH KaHaJaMH I LUPKYJLII XOJIO0IUIBHOTO

arctHra.
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Puc.15.8. PoropHuii amapar YPMA : 1 — TeruioBoisiiiiHa oroposxa; 2 — CeKIis 3

MOPO3WIbHUMHM IUIMTaMU; 3 — BaJl pOTOpa

XOJOMWILHUM areHT 13 MUPKYJBIIIIMHOTO pecuBepa IMOIal0Th HACOCOM 4Yepe3
TOpeIb Baja poTopa. BiH poO3MOAUIATECS MO IUIMTaX, BIABOJMTHCS 4Yepe3 APYrui
TOpEIb 1 MOTparuisi€e B MUPKYJSIMIAHUNA pecuBep. MDK cepenHbOI0 (HEPYXOMOIO) 1
OMHUMHM TUIMTaMHd B KOMIpKax TiepeadadyeHo Bl OKAHTOBKH 3 TIPOJAYKTOM.
OkaHTOBKa — II¢ paMKa 3 aJOMIHIEBOTO TIPOdUTIO, B SIKili (DOPMYIOTHCS YOTHUPH
0oku mpoaykTy. BoHa Takok € OMMHOIO rpaHHIO TUATH. [ImuTH B cekiii 3’ €mxHaHI
MDK CO0OI0 MPYKUHAMHU, 5IK1 3a0€31Meuy0Th MANPECYBaHHS MPOIYKTY.

Amnapar mnpairoe Taktamu. OnepaTop BKIAAa€ B OKAHTOBKY IaKyBaJIbHUM
Marepiai, 3aBaHTaXYe 103y MPOAYKTY (M’ SICO, CHP, METaHXK), GOPMY€E Ta 3allaKOBYE
ooku. [linroTOBIEHY OKAaHTOBKY MOJAIOTh Y 3aBaHTAXYBATLHUU NMPUCTPii. CEKIliro
3 3aMOPOYKEHUM MTPOAYKTOM BCTAHOBIIOIOThH y BIIMOBITHE MOJOKeHHA. OKaHTOBKA 3
NPOJYKTOM, IMIATOTOBICHA IO 3aMOPOXKYBaHHS, HAAXOIWTh B CEKIIO, IO
3aKpUBAETHCA. TakT 3aBEpIICHHWM, 1 MEXaHI3M IMOBOPOTY TMEPEBOJIUTH POTOP Y
MOJIOKEHHSI i1 BUBAHTOXKEHHS ( 3aBaHTAXCHHS ) HACTYMHOI KOMIpKH. Takum
YUHOM, KOKHA CEKIiS IMOCTIIOBHO — CIIOYATKy BEpXHS KOMIPKaA, a TIOTIM HIDKHS —
PO3BaHTAXKYETHCS 1 3aBaHTAXYETHCS 3a OJUH 00EpPT poTOpa.

[IpoAyKTHBHICTh aliapara 3a TeMIIepaTypH KUIIHHS XOJoamibHoro arenra — 40°C
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ctaHoBuTh 650 kr/ron. [Tutomuii po3xin xonony — 419 x/x/kr. 'abaputHi po3mipu
5,0%5,2x2,02M.

bapa6anni amapatu. /i1 3amopoyXyBaHHS HamiBhaOpHUKATIB 3 BOJIOTOIO
MTOBEPXHEIO 1 MACTOIMOIIOHUX TPOAYKTIB 3aCTOCOBYIOTh OapabaHHI amapary, B SKUX
MIPOJYKT 3aMOPOKYEThCS Ha IMOBEpXHI OapabaHa, mo oOepTaeTbcs. Amapar, 1o
HaBeIeHO Ha Puc.15.9, Mae TEIIOBOJAIIMHY OTOpOXKy, 0apabaH 13 HEprKaBiOUOI
CTaJll 3 KaHAIAMH I [MHUPKYISII XOJIOAMILHOTO areHTa, M0 PO3MIIICHI B3JOBXK
WIHAPUYHOT YTBOPIOIOUOT, HDK JIJIS1 3KOJIFOBAHHS MPOJYKTY, €NEKTPUIHHUMN MPUBI,

3aBaHTAXYBAJIbHUN Ta PO3BAHTAXKYBAILHUN KOHBEEPH.

oy
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Puc. 15.9. bapabannuii anapar:1—Temioi3osiiiiHa oropoxa; 2 — 6apadaH, 1o
o0epTaeThed; 3 — HIK; 4 — pO3BaHTAKyBAJIbHUN KOHBEEP;

5 — 3aBaHTaXyBaJIbHUN KOHBEEP

VY amapat npoayKT Io1a€ 3aBaHTaKyBATbHUN KOHBEEP. BiH MPUTHCKAETHCS CTPIIKOIO
KOHBEEpa /10 MOBEpXHI OapabaHa 1 MPUMOPOKYEThC. 3a 00epT OapabaHa MPOTYKT
MOBHICTIO 3aMOPOJKYETHCS, CKOJIFOETHCS HOXKEM Y BEPXHIH TOYIl 1 HAAXOIUTh Y

pO3BaHTaXXKyBaIbHUNA KOHBeep. IIBUAKICT 00€pTaHHS MMIIHAPA MOKHA 3MIHIOBATU
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(onuH 00epT — 5-20 XB.) 3aJI€KHO BiJ BUY 1 TOBILMHU 3aMOPOKYBAHOTO IPOIYKTY.
BinnoBinHO 3MIHIOETHCS 1 TPOAYKTUBHICTH (150-250kr/ro.) anapara.

CrpiukoBi amapatu. B CTpiUKOBUX amaparax HOpPOJIYKT 3aMOPOXKYEThCS Ha
KOHBEEPHIA TJaAKIM CTpMIN 3 HepKaBiouoi cTam. B oxosiomkyBaHii 4YacTHHI
amapara MiJ CTPIYKOIO0 PO3TalllOBAaHO €MHOCTI, 3allOBHEHI X0JIOJIOHOCIEM. Pyxoma
CTpIUKa KOHBEEpa “‘TijlaBac” Ha MOBEPXHI X0J010HOCII. Take 3aI0OBHEHHS EMHOCTEN
3a0e3neuyeThCs 0e3MepepBHOIO M01aY€I0 0XO0JI0IKEHOr0 Y BUTTAPHUKY XOJIOJOHOCI.
[lonaBambHi  (QOpCyHKHM pO3TalIOBaHI HWXKYE PIBHA, TOMY XOJIOJOHOCIH
NEePEeMIIyeThCS, IO J1a€ 3MOTY MIATPUMYBATU HOTO CTally TeMIeparypy. TpuBaiicTh
3aMOPOXyBaHHS pUOHOrO (dute TOBmMHOW 13MM cTaHoBUTH 10XB., pyOJeHUX
ITHIIETIB - 7XB. Jleski  mozem — TakuxX  amnapariB OCHAIIYIOTh
MOBITPOOXOJIOXKYBayaMH, 110 OOIyBalOTh MNPOAYKT Ha CTpwIl. B pe3ynbprari
MPOJIYKTUBHICTh amapara 30UIbIIyeThCsl TpuOmm3Ho Ha 25%. IcHyroTh amaparu, B
SKUX TPOJYKT 3aMOPOXKYEThCS Il Yac KOHTAKTy 3 JBOMa PYXOMHUMH CTpIUKaMU

KoHBeepiB (puc.15.10).
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Puc. 15.10. Cxema 3aMOpOKyBaHHS NPOAYKTY 32 YMOBU KOHTAKTy 3 JBOMA
CTaIbHUMHU CTpIYKaMH: | — TEIUIOBOJIAIIIHA OTOPOIKA; 2 — CTPIUKA BEPXHHOTO
KOHBE€pPA; 3 — MPOAYKT; 4 — CTpiuKa HUKHHOTO KOHBEEPA; 5 — EMHICTB 3

XOJIOJIOHOCIEM

[IpoayKTUBHICT amapara 3a YMOBH JABOCTOPOHHLOTO BIIBEACHHS TEIUIOTH BII

OpOAYKTY B 2—3 pa3u OUIbIlIa, HDK IPU OJJHOCTOPOHHBOMY, 32 IHIIUX PIBHUX YMOB.
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3anypeni (imepciiiHi) amapaTu. Anapary, B IKUX POJTYKTH 3aMOPOKYIOTbCS
B PIIMHI (XOJIOAOHOCI ), HA3UBAIOTHCS 3aHYPEHUMHU.

3aMOpOIKyBaHHS MPOIYKTIB B XOJIOIOHOCIH XapaKTEPU3YETHCS IHTEHCUBHIIIIAM
BIIBE/ICHHSM TEIUIOTH, OPIBHAHO 3 METAJIYHOIO NMOBEPXHEI0. BogHOUAaC BUHMKAIOTH
TPYJIHOIIIL, IO MOB’si3aHl 3 HEOAKaHUM MPOHUKHEHHSM OXOJIOJKYBaHOI PEYOBUHU
(X0JIOJIOHOCISI) B MPOJAYKT, 13 JOTPUMAHHSIM CaHITAPHO-TITEHIYHUX YyMOB, 3
MIITPUMYBAHHSIM  KOHIIGHTpAllll  XOJIOJJOHOCIA Ta BUICYTHICTIO JOCTYIHHX
HETOKCHUYHUX 1 1HEpTHUX piauH. Lle 0OMexye BUKOPUCTAHHS TAaKOTO CIIOCO0Y.

3 TMOSBOI0 TOJIMEPHUX TMaKyBAIbHUX MaTepialiB, HE MNPOHUKHUX MJIs
XOJIOJIOHOCIB, 3aCTOCYBAHHSI KOHTAKTHOTO 3aMOPOXYBAaHHSA B PIIKUX CEPEIOBUIIAX
PO3MIUPUIIOCH. Y XOJIOJAOHOCHKIX MEPEBAXHO 3aMOPOXKYIOTh MNPOAYKTH 3HAYHOT
TOBUIMHU 1 HEMPaBUIbHOT (POpMH (TYLIKM NTaxiB, KPYMHOIIMATKOBE M SICO), IIO
3alakoBaHl B TEPMOYCAJKOBY TOJIMEpPHY IUIBKY, sIKa IMOBHHHA MPWISATaTd [0
MOBEPXHI MPOAYKTY. SIK XOJOJIOHOCIi BHOMPAIOTh PEUYOBHHM, IO JO3BOJIEHI 10
BUKOPHUCTAHHS OpraHaM{d OXOPOHH 3J0POB’Sl 1 Tl IO BIATIOBITAIOTH BIAMIOBITHUM
BUMOram. Temrieparypa 3aMep3aHHs MOBHHHA OyTH HHXKUOIO 32 poOOYHUi HTEpBal
Temreparyp He MeHu ik Ha 10°K, Tak sk mo0im3y Temrieparypu 3amep3aHHs pi3KO
30UThIITYETHCS B’ S3KICTh PEYOBHH, SKa BIUIMBAE HA TEIUIONEpeaady 1 BEIHMUHHY
po6otu. IluTomMa TeMmIOEMHICTh MOBMHHA OYTH MO MOXJIMBOCTI  OUIBIIONO, a
B’A3KICTh — MEHIIOI0. TOMY BHJI XOJIOJOHOCI MOTPIOHO BHOUpPATH MICJIS TEXHIKO-
CeKOHOMIYHOTO aHaI3y BapiaHTiB. HalOuibIlie 1IuM BHMOTaM BIIMOBIAAIOTh BOJSHI
PO3YMHHU HATPIIO XJOPHUAY, MPOMUICHITIMKOIO 1 KabIilo xiopuay. HuxHBOIO
MEXKEI0 3aCTOCYBaHHS XOJIOAOHOCIB € Temmeparypu: —15°C, —-40°C i1 -45°C
BIAIIOBIIHO.

Anapatu s 3aMOPOKYBaHHSL MPOJAYKTY B XOJOJOHOCH  JOCTaTHbO
IHTEHCUBHI, Hampukiag, 3a Ttemneparypu -—-25°C -+ -30°C Tymkd nOTHII
3aMOPOKYIOThCS Yy 7—8 pa3iB MIBUILE, HUK Y MOBITPSIHUX anaparax.

Cxema 10CUTh MPOCTOrO 3a KOHCTPYKINEIO anapara Takoro THUITy MOJaHa Ha
puc. 15.11. ¥V HmxHIA 4acTHHI TETIO30Jb0BAHOTO KOPITYCa 3HAXOIUTHCSI EMHICTB,

3anoBHeHa 50%-BUM PO3YHMHOM MPOTMUICHIJIMKOJS, B SIKI PO3MIILICHUH BUITAPHUK



138

amiauHOl XOJIOAWJIbHOI MallMHM 3 Mimaikoro. Hax BUMapHUKOM HUXK4Ye PIBHS
XOJIOJIOHOCIST BCTAHOBJICHI JBI CITUACTI MEPErOPOJKH, IO YTBOPIOIOTH KaHal, I10
SKOMY PYXa€TbCS 3aMOPOKYBaHMM MNPOJIYKT. Y BEpXHIM YacTUHI KOpIyca Haj
€MHICTIO 3HAXOIUTHCSI KOHBEEP, TATOBI JIAHIIOTH SIKOTO 00JIaHaH1 TOTIEPEYHO

pPO3TalllOBAaHUMU BEPTUKATHHUMH PEIITYACTUMU TUIACTUHAMHU, SIKI, PyXalOUUCh MDK
CITYaCTUMHU TEPEropoJIKaMH, TPAHCHOPTYIOTh NPOAYKT Uepe3 €MHICTh 3

XOJIOJIOHOCIEM.

7 & 5 4 J 2-

e — 2

Puc. 15.11. 3anypenwii ( iMepciitHu# ) amapar:
1 — TeruroBoOJISAIIIHA OTOPOIKA; 2 — MIIIAJIKa; 3 — BUNIAPHUK; 4 — EMHICTB 3
XOJIOJJOHOCIEM; 5 — HIDKHS CIT9acTa IIEPeropoika; 6 — BEpXHs ciTdyacTa Mmeperopoaka;

[ — pemnnTJacTi IJIaCTUHU KOHBEEPA

[IImaTkn M’sica TOBIIMHOIO 22—46MM, 3allakOBaHI B IUTIBKY I BaKyymMoM,
I0Al0Th 3 IMaKyBaJIbHOIO aBTOMAaTa JI0 3aBaHTa)KYBaJIbHOTO BIKHA 1 CKHUIAIOTHCS B
armmapar. M’sco Tajae B KaHaJ, YTBOPCHHH JBOMa CITYaCTHUMH IIEPEropoOJIKaMH,
3aXOIUTIOETHCS TUIACTHHAMH KOHBEEPA 1 TPAHCIIOPTYETHCS I PIBHEM XOJIOJOHOCIH,
TaK K BEPXHs IIEPEropo aKa IepeliKo pkae Horo crummBanHio. He noxoasdau 10 kparo
€MHOCTI, M’ICO BHBOJUTHLCS 3 XOJIOJOHOCIHI JJIS TOTO, MO0 BHIYYHWTH 3 TOBEPXHI
MPONUICHIIUKOJ. Jlam MpOayKT HAAXOAWTh B IHINMK KOHBEEP, J€ 3POIIYETHCS

BOJOIO BITPOJOBXK 1XB.
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OcoOnuBuil HTEPEC 3aCIyrOBYE 3aMOPOKYBaHHS MPOIYKTIB B PEUOBUHAX i
yac 3MIHU 1XHBOTO (Da30BOTO CTaHy (KHUIHHS, CyOJIIMaIlii), Tak SK IHTEHCHUBHICTh
TEIUIOBIIBEICHHS Bl MPOYKTY 3@ TAKUX YMOB PI3KO 3pOCTae. AnapaTd TaKOro TUITY
IpOCTI 3a KOHCTPYKIII€I0, KOMIakTHI ( 3aiiMaioTh MIonly B 6 pa3iB MeHIIy 3a
OJIHAKOBO1 MPOJAYKTUBHOCTI), CIIOKMBAIOTh elekTpoeHeprito B 10 pa3iB MeHmly,
IpOCTI B 0OCIYrOBYBaHHI, IMIBUJIKO BUXOJSTh Ha poOounii pexxum. [Ipoaykt B HUX
3aMOPOJKY€EThCSl IIBUIKO, IO 3a0e3redye MOro HaWBHIMY SKICTh 1 HEBEIHUKY
BenumuuHy BTpar macu ( g0 0,5%). Ane 3a NMpUYUHM BEIMKUX EKCIUTyaTallliiHUX
3arpar, OB’ sI3aHUX B OCHOBHOMY 3 BUCOKOIO BapTICTIO OXOJIOJKYIOUOi PEUOBUHH, B
TaKuX amnaparax JOLUTbHO 3aMOPOKYBaTH Ti MPOJYKTH, HATypajbHI SIKOCTI SKUX
MOXHa 30epertd TUIbKM 3a IIBHJKOTO 3aMOPO’KYBaHHS 1 HU3BKUX TeMIeparyp,
HANPUKJIAJA POCIMHHI MPOAYKTH 3 HDKHOIO KOHCHCTEHINEI0 (MajvHa, TOJIyHHIIS,
IIUTPYCOBI). SIK OXOJOKYIOUl PEUOBUH IMEPEBAKHO 3aCTOCOBYIOTH PIIMHH: a30T,
BYTJICKHCJIOTY 1 XJIAJIOHHU.

A30THi amapatd. Pigkmii a30T SK JCMIEBIMA 1 JOCTYITHHM areHT
3aCTOCOBY€EThCA HalmpiIe. 3a aTMOCHEPHOTO TUCKY BIH KUIIUTh 32 TEMIIEpATypu —
195,8°C 1 mMae cxoBaHy TemioTy mapoyrBopeHHs 199,8k/x/kr. Bin iHepTHUI MO
BITHOIIICHHIO 10 TIPOJYKTIB 1 KOHCTPYKIIIMHAX MaTepialiB.

Amnaparty MaroTh JITKH HeCY4IHil KapKac, TEIUIOBOJISIIIHY OrOPOXKY, CUCTEMI
TPAHCTIOPTYBAaHHS MPOJYKTY, TMOJadi Ta BIABEACHHA Ta3y, OXOJOKCHHS,
aBTOMAaTHYHOTO KepyBaHHs 1 perymoBaHHsi. CUCTEMa OXOJIOJKEHHS CKIATAEThCS 3
€EMHOCTEH i 30epiraHHs pPIIKOTO a30Ty, HacOCa, KOHTPOJIbHO-BUMIPIOBAILHHX 1
perymioounx npucTpoiB. [IpoaykT B amapari MoOKe€ 3aMOpOIKYBATHUCS i Yac
3aHypeHHs B PIIKMI a30T, 3pOLICHHS HUM B MOTOI ra30moAi0HOTO a30Ty abo
KOMOIHAIII XX METOAIB. 3 TEPMOJAUHAMIYHOI TOUKH 30pY 3aMOPOKYBaTH MPOJYKT 3
MO3UTUBHOIO TEMIEPATypol0 B 00’ €MI PIIKOr0 a30Ty HE JOIUIBHO Yepe3 BEJHKY
pi3HUIIO Temnepatyp. KpiM Toro, 3a BEIMKOTO TeMIEpaTypHOTO HANoOpy BUHHKAE
IUTIBKOBUM PEXUM KUIIHHS a30Ty, 3a SAKOTO KOE(DIiEHT TemIoBinaadi pi3ko
3MEHIIYEThCS, OCKUIbKM B AUISTHIII KOHTaKTy YTBOPIOETHCS Ta30BUN MPOIIAPOK.

Ox0J10/15Kyr04a 31aTHICTh a30Ty peanizyeTbest Ipuodm3HO Ha 50%, OCKUIbKM KOPUCHO
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BUKOPHUCTOBYETHCSI TUIbKM MpPHUXOBaHa TeIuioTa (pa3oBOro mnepexoay, a ra3 3a
Temneparypu, OJU3bKOi J10 TeMIEepaTrypyd KHWIIIHHS, BIIBOJMUTHCS B OTOUYIOUE
noBiTps. ToMy mUTOMa BUTpaTa PIIKOTO a30Ty HA 3aMOPOKYBAHHS € 3HAYHOIO (2KT 1
oumeiie Ha 1kr mpoaykry ). Kpim TOro € Benmuka IMOBIPHICTH PO3TPICKYBAaHHSA 1
nedopmallii TPOAYKTY BHACIIIOK BHYTPINIHIX HANpyr, IO BHUHUKAIOTH 4Yepe3

HEpIBHOMIpHE 32 00’ €MOM JIbOI0YTBOPEHHS.

J

e f
. I o N S « Y SR

T o a X )

+ Y

I 1) | =
77;/}////////////////////////////////////////

Puc. 15.12. A3oTHwMi1 amapar i3 1BOMa JUITHKAMH 3aMOPOIKyBaHHS
1 — xoHBe€Ep; 2 — MPOAYKT; 3 — BEHTUIATOP; 4 — TEIIO30IAIIIHA OTOPOIKa;

5 — EMHICTP 3 PIIKUM a30TOM; 6 — HaIPaBIIAIOY1 POJIMKH KOHBEEPa

EKOHOMIUHO BHWTIgHIIIE 3aMOpPOXYBaTH MPOJYKT Yy amapari 3 JBOMa
JIUITHKaMU: TIOTIEPEIHROTO 3aMOPOKYBaHHS 3a JIOTIOMOTOI0 Ta30IMOI0HOTO a30Ty 1
JIOMOPO>KYBaHHS B piikoMy a30Ti. [IpoIyKT KOHBEEPOM MOIAETHCS B MEPIILY TUISTHKY,
B skt 30-40% TemioTH BIABOAUTHCS MOTOKOM Ta3omojioHoro aszoty. IloTim
OPOJYKT TPAHCTIOPTYETHCS YEPE3 €MHICTh 3 PIIKUM a30TOM, JOMOPOXKYEThCA 1
BUBOJUTHCS 3 anapara. ['a3omomioHuii a30T BUIIy4aeThCA 3 anapara 3a JOTIOMOT010
BEHTWJISITOPA 1 HATHITAEThCS B JUITHKY BIKHA 3aBaHTaXEHHsI, CTBOPIOIOYHU 3aBICY Ha
HUIIXY TEIJIOro MoBiTps. ButpaTa pinkoro a3oTy B TaKHUX araparax 3MEHIIYETbCS,
ale JOBXMHA amapara 30UIbIIYETbCA NPUOIUM3HO B 2 pa3u NOPIBHSIHO 3
3aMOPOKYBaHUM NPOAYKTOM TUIbKH B PIIKOMY a30Ti.

Anaparu, B KX OPOJIYKT 3pOUIYETHCS PIIKUM a30TOM, MatOTh 3—4 NUISHKH,
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110 3a0e3neuye ePeKTUBHE TEIIOBIIBEACHHS 1 3HIXKEHHSI BUTPATU PIAKOro a3oTy (10
0,5 —1,5kr/kr) Ha 3aMopoXxyBaHHA. Hampuknan, y amapati 3 4oTupMa AUISHKAMU

(puc. 15.13) 3aMOpoOsKyBaHHS NPOAYKTY 3AIMCHIOETHCSI HACTYITHUM YHUHOM.

& 7 6

Puc. 15.13. A30THuii anapar 3 4oTUpMa AUISTHKAMU JIJI1 3aMOPOKYBaHHS MIPOIAYKTY B
a30Ti: 1 — KOHBeep; 2 — BUTSHKHUHN BIIIICHTPOBUN BEHTUIIATOP; 3 — OCHOBHIA
BEHTWIATOP; 4 — BIIIIEHTPOBI BEHTWIATOPHU; 5 — PopcyHkH; 6 — HacoC;

7 — EMHICTb 3 PIIKHM a30TOM; 8 — MIA0H

Ha mepunii AUIsSHOI OPOAYKT OXOJOJKYETHCS Ta30MOAI0HUM a30TOM, IO
pyxaeTbes 31 MBUAKICTIO 2—3m/c 1 HarpiBaeTbes Bin —120 +—70 no —70+—25°C, Bin
no4yaTkoBoi Temneparypu B meHTpl 25°C go 5°C. Ha apyriil auisgHIl TemiiepaTypa
NPOAYKTYy 3HIKYEThCS 10 0°C ra3onmogi0HIM a30TOM, IO PYXA€ETHCS 31 MBHUAKICTIO
15 M /c 1 marpiBaerbcst Bim —195,8-—150 mo —-120-—70°C. Ha Tperiit mimstHIT
MPOAYKT 3pOLIYETHCS PIIKUM a30TOM 13aMOPOKYETHCA 10 TEMIIEPATYpH B UEHTPI —
5°C. Ha ocranHili AUISHLI TemIepaTypa MpPOAYKTY BHUPIBHIOETHCS 3a 00’€MOM B
cepenoBwil ra3y, mo HarpiBaeTbes Bin—150 go —120°C. TlpoaykT BUBOIMUTHCS 3
amapatry 3 Ttemmeparyporo —20°C. 95% yTBOpeHOTo Tra3omoaioHOTO a30Ty

HaMpaBJIIETLCS Ha Mepuly 1 Apyry AUITHKA. OCHOBHHM MOTIK, MPOUIIOBIIN Yepe3
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HUX, BIJIYYa€ThCS 3 anapara 3a JIOIOMOTOI0 BUTSDKHOTO BEHTWIIATOPA, a YaCTHHA —
yepe3 BIKHO 3aBaHTakeHHS. Ha AUIsiHKy BUPIBHIOBaHHS HAaAXOJIUTh 5% YTBOPEHOTO
ra3y, sSsIkuii 3a0upaeThCsl Yepe3 BIKHO pO3BaHTaxeHHs. Pimkuii a30T momaeThcs Ha
dopcynku 3a gomomoror Hacoca mig Tuckom 0,15MIla 1 po30puskyethes,
3pOIIYIOYM PYXOMUH TpOAYKT. YacThHA PIIKOTO a30Ty, IO HE BHUIIAPUBCH,
30UpaeThCs B MJIOHI 1110 TpyOoTipoBoaiuepe3 GUIbTP HAAXOAUTh B EMHICTh, 3BIIKU
HAacOCOM MoJAaeThcsl Ha (GopCcyHKU. PiBEHb piAKOro a30Ty B €MHOCTI MIITPUMYETHCS
CTaJIUM 3a JIOTIOMOTOI0 PEryJsiTopa piBHs (pelie piBHS 3 COJICHOTTHUM BEHTUJIEM).

3acToCyBaHHS BEHTWIATOPIB B amapari J03BOJIIE€ IHTEHCH(IKYBATH MPOIIEC
3aMOPOKYBaHHS MPOAYKTY, alieé BOHHU € JDKEPEIOM TEIUIOTIOTOKY, BEIMYMHA SKOTO
CKJIaJIa€ 3HAYHY YaCTHUHY Bl CyMH TEIUIOMOTOKIB. TOMY B JIESKHX anaparax 3aMicTh
BEHTWJISITOPIB BUKOPUCTOBYIOTH 1HXXEKTYIOUY 3/IaTHICTh Ta30BUX CTPYMEHIB.

ByrnekucnotHi anaparu. Byriekuciuil ra3 € HEpTHUN, Mae OaKTEPUIMIHY
nir0. ByriiekncnoTHi anapatu 1o KOHCTPYKII B OCHOBHOMY MOIIOHI 10 a30THUX. AJie
B poOOTI CHCTEMH OXOJIOJKEHHS € JIesTKI 0COOJMBOCTI. ByriekucrioTy AoIUTEHO
TPAHCIIOPTYBaTH 1 30epiraTd B PIIKOMY CTaHl B TEIUIO30JIbOBAHUX EMHOCTSX IMPH
tucky 0,8-2,5MIla i remneparypi —45+—12 °C. lle 3meHIIye BTpaTH BYTJIEKUCIOTH 1
CHpOIILye i MoJauy, Tak sIKk BAKOPUCTOBYETHCS IPUPOIHA PI3SHULIS TUCKY. 3 €MHOCTI-
HAKOTMYyBaya piaKa BYTJEKHCIOTa MOJAEThCS Yepe3 (POPCYHKH B OXOJIOMKYBaHUN
00’eM. Ilin wac npocemoBaHHs B (POPCYHKAX YTBOPIOETHCS TBEpAA BYIJICKUCIOTA Y
BUTJISJI CHDKMHOK, SIKI MOXYTh OCIIaTH Ha MPOAYKT 1 €eMEHTH KOHCTPYKIIi
armapara, YTBOPIOIOUH IUTbHUHN mmap. Takuii map € HeOakaHWM HaBiTh Ha MOBEPXHI
NPOAYKTY, TaK SIK TA30BUI MPOIIAPOK HA JAUISHIN HOTHUKY PI3KO 3HWKYE BEITUUUHY
koedimieHTa TemnoBigaadi. B 3B’sA3Ky 3 MM HEoOXITHO 3a0€3MEUUTH CYOJIIMALIIO
OCHOBHOI MacH TBEpJ10i BYTJIEKHCJIOTH B Ta30BOMY MOTOLIL 10 JOTHUKY 3 MPOAYKTOM
Ta €JEMEHTaMH arapaTra, YoMy B UMMl MIpl COpUsi€ TEMIEparypa MOTOKY rasy,
siKa He MoBUHHA OyTH HIK4I010 —7/8°C (3BMUaitHo —60+—70°C ).

[lin wac pobGotu amapara B ONTUMAILHOMY PEXHUMI KOPHUCHO
BUKOPUCTOBYEThCS 10 90 % ByriekucsioT, 10 NOJAa€ThCs B anapar. B cepeaapomy

OUTOMHUI PO3XiI BYIJIEKUCIOTH T 4Yac 3aMOPO’KYBaHHS MPOAYKTIB CTaHOBUTh



143

1kr/kr, a TpuBalicTh npoiecy — 20—-40xs.

XnanoHoBi amapaTu. XJIaJOHU BUKOPUCTOBYIOTH JISI 3aMOPOXKYBaHHS
MPOJYKTIB TMOPIBHAHO HeAaBHO. B ocHoBHOMy 1e R12 1 R22, ouwmieHi Bix
IK{IIMBUX JOMIIOK. IXHS TeMIepaTypa KMIIIHHS 3a aTMOC(EPHOrO THUCKY
CTaHOBHTH BinmoBinHo —29,8 i —40,8°C, npuxoBaHa TeIoTa MapoOyTBOPEHHs — 166 i
233k/Ix/kr. BoHu € HEPpTHUMHU 10 KOHCTPYKILIMHMX MaTepialiB, aje B Mpolieci
TPUBAIOTO0 KOHTAKTYy 3 BOJIOTHMM MPOAYKTOM 3a Temmeparypu Binm 7 nmo 0°C
YTBOPIOIOTHCS T1IPaTH, IO IMCYIOTh TOBApHUI BUTIIAI MpoaykTy. BapTicte R12 1 R22
NpUOIM3HO Ha TOPSAJOK BHINA, HDK a30Ty 1 BYIJIEKHCIOTH. BITHOCHO BHCOKa
TEeMIeparypa KHITHHS Ja€ 3MOTY KOHIEHCYBaTH Mapy XOJOJWJILHOTO areHTa i
3MEHIIMTH Horo BTpaty B armocdepy mo 1-1,5% macu razoBoro moToky.

XTaloHOBl ~amapaTtd MaroTh HHU3KY KOHCTPYKIIMHMX OCOOJMBOCTEH,
OB’ I3aHUX 13 HEOOXIAHICTIO 3MEHIIICHHS BTpAT XJIaJI0HA 1 BUKIFOYEHHS YTBOPEHHS
rigpatiB. Y TeIIOBOJHLOBAHWN KOPIMYC BBOJAUTHCS TEIUIOOOMIHHHMK, IO €
BUMIAPHUKOM  XOJIOJWJIBHOT MAallMHA 1 KOHJEHCATOpOM amapara, B SKOMY
migTpuMyeThesl Temneparypa kumiHHS —40+—45°C. BikHa  3aBaHTaXCHHs Ta
PO3BaHTAKEHHS PO3TAIIOBYIOTh y BEPXHIM YaCTHHI arnapaTta — BUILE KOHAEHcaTopa 1
nuisiHkd - 100%-Boro  BMICTY Tra3onoi0OHOTO XJIQJAOHY. YTBOPEHHIO TiApaTiB
3arno0iraloTh MBUAKAM 3aMOPOKYBAaHHSAM MPOAYKTY. TOMY MPOIYKT MOJAETHCS B
EMHICTh 3 PIIKUM XJIaJOHOM, JI€ 3aMOPOKY€EThCA JO KIHIIEBOT TeMIleparypu ado

0JIM3BKO1 JO KIHIIEBOi, & JOMOPOXKYETHCSI B HACTYIHINA JUISHIIL

15.4. Cy0aimaniiiHi yCTAHOBKH

CyOmimariiiiHe CyIIHHS — 1€ METOJ] KOHCEPBYBAHHS XapuOBUX MPOAYKTIB, 110
NOJISITaE B 3aMOPOKYBaHHI MPOAYKTY Ta HACTYMHOMY HOTO 3HEBOJIHEHI BHACIIIOK
cyOummartii KpUCTasiB JIbO1y, III0 YTBOPIOIOTHCS B TIPOYKTI.

Takuii MeTo] KOHCEpPBYBaHHSI Ma€ MepeBark B NOPIBHIHHI 3 HIIMMHU. [IpoaykT

MOXkHa 30epiratu TpuBaIMid uac (pik 1 OuUlpllie B TEPMETUYHIN YMaKOBI) B
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3BUYAtHUX yMOBax (0€3 0x0Jio keHHs). Maca npoaykTy € MeHIoo B 4—10 pa3, HiK
B 3BHYaiiHOMYy cTaHl. [lpu HaBOJHEHH! MPOAYKT JErKO BOHMpae BOAY 1 MPAKTUYHO
MOBHICTIO BITHOBJIIOIOTHCS MOTO Xap4oB1 BJIACTUBOCTI, 30BHIIIHIA BUTJISIA 1 00 €M.
[Ipote, B 3B’S3Ky 13 3HAUYHOIO EHEPrOEMHICTIO BUPOOHUIITBA 3aCTOCYBaHHS
CyOJIMaIlIifHOTO CYIIIHHSA J1JI1 KOHCEPBYBAHHS MPOJIYKTIB € 0OMEXEHHUM.

[Iporec cyOmMaIiifHOTO CYIIHHA MOXE 3/IMCHIOBATUCH 3a TaKUX YMOB:
OCHOBHA YacTWMHA BOJU B MPOAYKTI 3HAXOJIMUTHCS B TBEPJIOMY CTaHl, € PIBHULS
napiiaibHUX TUCKIB BOJSHOI Mapu Ha JAUISHII ()a30BOTO MEPEXOy 1 B OTOUYIOUOMY
NPOAYKT cepenoBuml. /[ ojepkaHHS BHCOKOSIKICHOTO TPOIYKTY HEOOXITHO
Bunydut 70-90% Bosorm 3a Temmeparypu B meHTpi mpoaykty —10-—30°C.
YacTuHy BOJIOTH, MO 3aJUIIAIACh 1 SKa OUIBII MITHO 3B’s3aHa 3 MPOJYKTOM,
BuTy4aroTh 3a —30-—60°C (3aie)xHO Bi BJIACTUBOCTEH MPOIYKTY).

Sk Bigomo, cyOmiMalig b0y MOXE BIIOyBaTUCS 3a aTMOC(EPHOrO THUCKY.
[Ipote 3 MeTo10 IHTEeHCU(IKALlll MACOTIEPEHECEHHS CyOIIMalliiiHe CYIIIHHS TPOAYKTIB
IPOBOJSATH B YMOBAX, 3a SIKUX CTBOPIOETHCS 3HAYHUN MOTEHLIAT IEPEHOCY BOJIOTH
(pBHULIA MDK THapUiaIbHAM TUCKOM BOJSHOI MHapH, L0 BIANOBIAAE TeMIeEparypi
OPOJYKTY, 1 MapUiaIbHUM THUCKOM B CEpPEIOBHIIL, IO OTOYYye MNPOIYKT). Jlist
HIITPUMKH BKa3aHUX YMOB TEMIIEpaTypa NpOJyKTy NOBUHHA MATU NIEBHE 3HAYEHHS,
K€ PEryJIOEThCA MIABEACHHIM TEIUIOTH A0 MPOAYKTY B KUIbKOCTIL, JOCTATHIN AJis
KOMIIEHCali 3a0paHoi BII MNpPOAYKTY Temiotu cyOmiMauii. IlapuiansHuil THCK
BOJSHOI Tapu B CEPENOBHUILI PETYJIIOETHCS BIIBEIECHHSAM IMapu. 3a BiI €MHOI
TEMIEpaTypy BOJIOTA OCIIa€e Ha MOBEPXHI y BUIJIA1 KPUTH, TOMY L€ MPOLIEC 4acToO
Ha3MBaIOTh JeCyOJMalli€r0, a TEII00OMIHHUK — AecyOmiMaTtopoMm. I 3MeHIIeHHs
OTIOPY TMEPEHECEHHIO BOJIOTH Bi MPOJYKTY 10 Jecy0OsimMaTopa 3arajbHui TUCK (13
BpaxyBaHHSM MapUialbHUX THUCKIB HE3KOHJEHCOBAHUX Ta3iB) CepeAOoBHUIIA
ninTpumyeThest Hikue armocdeproro (Bin 300 no 1I1a). Ha iHTeHCHBHICTD npoliecy
CyOJIIMALITHOTO CYIIHHS CYTTE€BO BIUIMBA€E TOBILIMHA LIAPY NPOAYKTY, sIKa 3a3BHYal
He nepeBuurye 20mMm.

[IpomucioBe  BUPOOHUUTBO  NPOAYKTIB  CYOJIMallifHOrO0  CYILIHHSA

OPTaHIBOBYETHCS BIATOBIIHO J0 TEXHOJOTTYHOTO mpolecy. [IpoayKT roTyiors 10
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CYIIIHHS: COPTYIOTh, MHIOTh, MIICYIIyIOTh, OOPOOJSIOTh TEIJIOM, XOJOJOM,
NoApIOHIOITh 1 BUKIAAAIOTh Ha MNpoTHBHI. I[lporec cyOmiMaiiHOro CyUIHHS
NOJUIAETCA HA TPHU TEPIOJW: BCTAHOBJICHHS 3a/laHUX PEKUMHHUX MapaMeTpiB
(3araTbHOTO THCKY CEpENOBHINA 1 TeMIlepaTypd NPOAYKTY), CTaioi MIBUIKOCTI
CYLIHHS 1 3MEHIIEHHS IIBHJAKOCTI cyunHHS. [lepiosi BCTaHOBIIEHHS PEXUMHHUX
napamerpiB, 32 YMOBHU MOMNEPEIHLOr0 3aMOPOKYBAHHS, MIOYMHAETHCS 3 TOHMKEHHS
TUCKY CEpeoBHINA B CyOaMaropi J0 MOTPIOHOTO 3HAYEHHA 1 3aKIHYYETbCS
BCTaHOBJICHHSIM 331aHO1 TEMIIEpaTypH MPOIYKTY MABEICHHSIM TEIJIOTH. TpHUBAITiCTh
nporo mnepioxy 5-15 xB. Ilepiog cTamoi MBUAKOCTI CyOIIMAIIHOTO CYIIHHS
XapaKTEepPU3YETbCS HAMIHTCHCHBHIIIMM  BIIBEACHHSAM BOJIOTHM 3 TPOAYKTY 1
MiIBEIEHHSIM JI0 HBOTO TEIIOTH. B mepion MOBUILHOT MIBUAKOCTI CYUIHHS
3MEHIIYETHCS IHTEHCUBHICTH BOJIOTOBHIUICHHS 1 MIIBEACHHS TETIJIOTH.

TemoBoMy 00poOJeHHIO (BapiHHIO, JKAPEHHIO, OJAHIIYBaHHIO) IIIIAF0Th
3HaYHY YaCTUHY MPOJYKTIB TBAPUHHOTO 1 POCIMHHOTO TOXO/KEHHs. JlocaraioTh
YaCcTKOBOI a00 TOBHOI KyJIHApHOT TOTOBHOCTI MPOJYKTY, 3HHUIIYIOTHCS
MIKpOOprauidMu. bararo mNpoayKTIB MOJAPIOHIOOTh, MO 30UIBIIYE ITOBEPXHIO
BUIIAPOBYBAHHs, CKOPOUY€E TPUBATICTh MPOLIECY, 3a0€31euye OTHOPIIHICTD LIapy.

[lepen cymnHHAM NPOIYKTH 3aMOpOXkytoTh. IIIBUAKICTE 3aMOpOXKyBaHHSA
BIUTMBAE HAa TPUBATICTh CYIIHHS, SKICTh IPOJAYKTY. 3a MOBUILHOTO 3aMOPOKyBaHHS,
Hanpukiag y kamepi 3a temmeparypu —20 °C 1 BUIbHOT KOHBEKIIi MOBITpS,
YTBOPIOIOTHCST BENHMKI KPUCTAIM JbOAY, IO MOPYLIYIOTh CTPYKTYPY MPOAYKTY 1
3HIDKYIOTh MOT0 SIKICTh. 3a MIBUIKOTO 3aMOPOKYBaHHS MPOJIYKTY BYTJIEKHUCIOTOIO
a00 PIIKUM a30TOM YTBOPIOIOTHCS Mauli KpucTamu. CTPyKTypa HE MOPYIIY€ETHCS, alle
cyOmMaliss MajauX KpUCTAIB KPUTH 3 MPOAYKTY MaJI0O MOKJIMBA, TOMY 30UIbIIYEThCS
TPUBAIICTh CYIIHHS 1 3HWKY€ETHCS SIKICTh IMPOAYKTY I 4ac MOro BITHOBJICHHS. 3a
TaKMX YMOB B@XJHMBO 3a0€3MEUUTH ONTHUMAJIbHY MBHUIKICTE 3aMOPO>KyBaHHS.
OnTuManbHa KpUCTAIIYHA CTPYKTYpa KPUTH YTBOPIOETHCS M Yac 3aMOPOKYBaHHS
IPOJIYKTY B MOBITPSHOMY MOPO3WILHOMY arapari 3a temrneparypu nositpst —30-+—
35°C.

[IpoaykT MO’KHa 3aMOpPO’KyBaTH 0e€3MOCEpPEeIHbO B CYOJIMATOpl HUIIXOM
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BIIBE/ICHHS TEIUIOTH KOHBEKLIEIO 3a aTMOC(EepHOro THCKYy ab0o BUIApPOBYBaHHSIM
BOJIOTH Y BakyyMl1. [lepmmii criocid nmpuiryckae, mo cyoMaTop CrodarKky Iparftoe siK
MOpPO3WIbHA MAlllMHA, a MOTIM K CYIIWIbHUNA amapar. Take pilleHHS YCKIaIHIOE
KOHCTPYKIIIIO CcyOiiMaropa 1 3HWXKYe MOro KOPUCHY MICTKICTh. Jpyruii cmnocid
no30aBlieHNII BKa3aHUX HEAOJIKIB MEpIIOTrO, € BUTIHUMA B EHEPTeTUYHOMY 1
TEXHOJIOTIYHOMY BIIHOILICHHSX, aj€ [Js 3aMOpPOKyBaHHS OUIBIIOCTI MPOIYKTIB
HENPUMHATHUNA, TaK SIK MPU3BOAUTH [0 3HAYHUX 3MIH (PBUKO-XIMIYHUX 1
CTPYKTYPHUX BIIACTUBOCTEM.

[lponyktu pinkoi KOHCUCTEHI (MOJIOYHI, (PPYKTOBO-ATIIHI) PO3JIUBAIOTH Y
CYILIUTbHI TPOTHBHI, a MIMAaTKOB1 PO3TAIIOBYIOTh B CITYACTI YU MOPEOPEHI MPOTUBHI,
110 MO>KYTh BCTAHOBJIIOBAaTUCH Ha Mi1031 a00 OyTH miaBicHUMHU. Bi3ku 3 mpo1ykTom
3aBaHTaXYIOTh B CyOJIMaTop, KU MOXe OyTH IMIHIPUYHOI ab0 MPSIMOKYTHOI
dbopmu. O6’ €M 1O IIEHTP1 KaMePH BUAUIIETHCS IS PO3MIILIEHHS BI3KIB 3 MPOIYKTOM.
VY OGe3nocepenHiii OJIM3BKOCTI BiI MNPOJYKTY a00 HaBiTh B KOHTakTI 3 HUM

3HAXOATHCS HArPIBaJIbHI €IEMEHTH CUCTEMH TETUIOIIIBEACHHS.
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Puc. 15.14. CyOmmariiina yctanoBka CY-3: 1 — anmapar; 2 — cekiis aecyommMaropa;
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3 — xamo3i; 4 — HarpiBaJibHI aHeNl;, 5 — BBKU

HarpiBanbHuii eneMeHT MoOke OyTHM y BUIJISJAI IUIMTH, B CEPEOUHI SIKOi
UPKYJIOE pIIKUi TeroHocid temmneparypoto 120-170 °C. Ilanens ckiagaerses 3
TpyOuacTux enekrtpoHarpiBauiB (TEHB) abo HarpiBalbHMX  €JICKTPOJIAMIL.
Ycepenuni kamepd MOXYTh PO3MIINIyBaTHCh CEKIi JecyOmimaTtopa, SKi €
BHUITAPHUKOM XOJIOAWIHHOT MaIlIMHU, PU3HAYCHI TUTBKHU JJIS BIABEICHHS BOJIOTH a00
IS 3aMOPOXKYBaHHS TPOJAYKTY 1 HACTYITHOTO BIIBEACHHS BOJSHOI IapH.
Po3mimenns gecybmmMaropa B kKamepi 30UTbIITye MacOTIEPEHECEHHS 3a IHIINX PIBHUX
YMOB, aji¢ 3HIKYE KOPHCHY BaHT@KOMICTKICTh KaMeph. PO3MIIICHHS CEKITIA
necyoiMaTopa B OKpEMOMY amnapari MiBHUIINYE THYIKICTh pOOOTH YCTaHOBKH, TakK SIK
3a BIJHOCHO TIPOCTOTO KOHCTPYKTUBHOTO PIMICHHS CEKIli MOXXYTh IOYEPTOBO
3BUIBHATHCS BiI KPWUTH, HE TOPYIIYIOUH PEKUMY POOOTH ycTaHOBKH. [Ipu mpomy
3HUKYETHCS MBUIKICTH CYITHHS BHACTIIOK 3pOCTAIOY0OT0 OTIOPY MacOIIep eHECCHHIO.

Cekmii nmecy0OsiMaropa-BUMapHUKA BHUTOTOBISIOTH 3 TPyO abo TUIOCKHUX
eJIEMEHTIB 3 KaHalaMHu. 3aCTOCOBYIOTh O€3MOCepeaHeE OXOJIOKEHHSI, 10 MOTpedye
MEHINIMX 3aTpar, HDK TPH TMPOMDKHOMY XOJOJOHOCIEBL. Sk 1 Oyap-akuid
TEII00OMIHHHUK, JIeCYOIIMaTOp-BUMTAPHUK ITOBUHEH OYTH KOMITAKTHHMM 1 IIPaIffOBaTH
¢(EKTUBHO: BHYTPIIIHSA TIOBEPXHS TOBHHHA TIOBHICTIO OMHBATHCS PIIKUM
XOJIOOUILHUM areHTOM, a 30BHINIHSA — IHTEHCHUBHO 1 B MaKCHUMAalIbHIM KUILKOCTI
aKkymymroBaTu kpury. [{oOpi pe3ynbTatu Aa€ MOCHiI0BHE, TOYEPTroBe BKIIOUEHHS B
PEXKUM BUMOPOKYBaHHS CEKIII MOBEPXHI, MOYWHAIOYN 3 OCTAaHHBOI 32 XOJIOM PyXy
BOJsHOT mapu. Kpwura 3 moBepxHi gecyOaiMaTopa MOBUHEH YCYBaTHUCS CBO€YACHO 1

OaxaHo 6€3 MOPYIICHHS PEKUMY CYOTIMAITIITHOTO CYIIHHS.

Temmneparypa kumiHHs XoJoamwibHoTo arenta —40-—60°C, 1o 3a0e3neuyeThest
NapOKOMIPECIMHUMU XOJOJWJIBHUMU MalliHamu. BakyyMHa cuctema BUiIydae 3
arapatiB HE3KOHAEHCOBaHITa31 1 YaCTKOBO BOJSHY APy 3a IOMIOMOT0I0 MEXaHIYHHUX
BaKyyMHHX HAacoCIB: NYCKOBUX 1 poOouux. IlyckoBi Hacocu MarwTh BHUCOKY
IPOAYKTUBHICTh 13a0€3MeUyIOTh MIBUIKE 3HMKEHHS TUCKY /10 33aHO1 BEJIMYMHH, a
po060Yl — MATPUMYBAHHS LILOTO TUCKY B MPOLEC] CYIIIHHS.

CyOnimariiiiHi yCTaHOBKM MOXYTh OyTH MEPIOJMYHOI 1 MOTOYHO-LIUKIIYHOT
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aii. OcTaHHI € CKJIaJHUMH 32 KOHCTPYKITIEIO 1 B €KCIUTyaTallii. Ixne BUKOPUCTaHHS
E€KOHOMIYHO JOIUTLHE 32 MACOBOTO BUPOOHUIITBA BY3bKOT'O ACOPTUMEHTY MPOIYKTIB.
Y mpoOMHCIOBOCTI 3aCTOCOBYIOTh YCTAaHOBKM mepiogudHoi aii (puc.15.14). Taka
YCTaHOBKA CKJIAIA€THCS 3 anapaTy IIHIPUYHOT (OPMHU, CUCTEM TPAHCTIOPTYBAHHS
MPOJYKTY, TEIUIOMIIBEACHHS, BOJIOTOBIIBEICHHS, BAaKyyMHOTO 1 aBTOMAaTHUYHOTO
KepyBaHHsA. Amnapar BUKOHye (yHKII cyOiMaropa i gecyoiimMaTopa 1 Ma€ KPHUIIKA
JUTSL 3aBaHTAXEHHSI 1 BUBAHTAKEHHS BI3KIB 3 MPOYKTOM, MOHOPEHKOBHM MiIBICHUIA
HUISIX JJI1 PO3MILICHHS BI3KIB, HarpiBajibHI MaHeNi, BEpTUKaIbHO-TPYOH1 Oarapei
necyoiiMaTopa 3 MIJAOHAMH [JI1 BWIyYeHHS Tajoi Boau 1 kamo3l Cucrtema
TEIUIOMABECHHS CKIAJAAEThCA 3 THUPHUCTOPHUX OJIOKIB >KMBJICHHS 1 €JICKTPUIHUX
HarpiBaIbHUX  TIaHEJCH. Cuctema  BOJIOTOBIABEIACHHS  IIEHTPATI30BAHOTO
X0J10/103a0€3MeUeHHsT MATPUMYE B CEKIISIX JecyOsiMaTopa TeMmreparypy KHUIIHHS
amiaky —35°C. JliBa 1 mpaBa YaCTWUHH CHCTEM TEIIOMIIBEICHHS 1 BOJOTOBIIBEACHHS
MaloTh aBTOHOMHE KepyBaHHs. Lle mae 3Mory oJHOYacHO CYIIUTH MPOAYKT PI3BHOTO
BUIY: 3 OJHOTO OOKYy 3a OJHIEI0 MPOTPaMoOro, 3 IHIIOTO — 3a JPYyrorw, Ta
BUKOPHCTOBYBaTH B POOOTI OJHY MiICUCTEMY, SKIIO Apyra HE TMpare3aaTHa.
BakyymHa cuctema, 1m0 MICTHTh MYCKOBI 1 po0OOUi MeXaHIYHI BaKyyMHI HAcOCH,
3abe3neuye pooounii Tuck 160I1a.

[lin yac cyunHHS M’sica TEXHOJOTTYHUN MPOIEC 3IIHCHIOETHCS HACTYITHUM
yuHOM. M’sICO, 3aMOpO’KEHE B amapari, pLKyTh Ha IIMAarKd TOBIIMHOIO 12MM i
BKJIaJIal0OTh Ha MPOTHUBHI, 10 BCTAHOBIIIOIOTHCS HA KOHCOJIbHI MOJUYKHA BI3KIB, SIK1
3aBaHTAXYIOTh Yy amapaTl. Kpumky amapata 3aKkpuBaiOTh 1 BMHUKAIOTh ITYCKOBI
BAaKyyMHI HacOCH Ta CHCTeMY BoJioToBlIBeneHHs. [IpuOmu3zno 3a 10XB. TUCK B
amapari 3HwKyeTbcst 70 200-160I1a, a temmeparypa mpoaykry mpo —25+—30°C.
BMukaroTbcs HarpiBajibHI MaHEl, BUMHUKAIOTHCS MYCKOBI 1 BMHKAIOThCA POOOUl
BakyyMmH1 HacocH. Ilicns 3akiHueHHs cymnHHA (depe3 8—9 roj.) B3KU 3 MPOIYKTOM
BUIITOBXYIOTh y BIIJUICHHS PO3BAHTAXEHHS, /1€ MIATPUMYETHCS HHM3bKa BITHOCHA
BOJIOTICTh (He Oubiie 40 %), 1 TpOAYKT 3anakoBytOTh. [IpOoTHBHI 1 BBKU HiAAal0Th

caHiTapHOMY 0OPOOJIEHHIO 1 3aBAHTAXYIOTh MPOYKTOM.
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