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BBEJAEHUE

VBenuueHne KOJWYECTBA  PAJAMOAJIEMEHTOB HAa  MHUKpPOCXEMax
HactonpHbIX [IK, a Takke yBeaMYeHUE TPaH3UCTOPOB B HMHTErPATIbHBIX
CXeMax MUKPOYHUIIOB M JAPYrUX JIEMEHTOB Ha MEYATHBIX IJIATaX CBSI3aHO C
MOBBIIIICHUEM TPEOOBAaHUM K BBIYUCIUTEIBHBIM MOITHOCTSIM KOMITBIOTEPOB,
T.K Ha HHUX BO3jaraloTcs BcE Oojiee CIIOXKHBIE 3a7ayd. DTO IPHUBEIIO K
MOBBIIICHUIO TEIUIOBBIJICTeHUsS. Bce 3T  00CTOSATENbCTBA MOCITYKUIU
TOJTYKOM K CO3JJaHUIO PA3IMYHBIX CHUCTEM OXJIAXIEHHUS, 0€3 KOTOPBIX HE
00xoauTcs HU 0JIMH HacTobHBIHN [1K Ha cerogHsAIIHUN AEHB, TOTOMY UTO 0€3
CUCTEM OXJIAXKJEHUS OHU HE CIHOCOOHBI OTBEYaTh TPEOOBAHUSIM
COBPEMEHHBIX CTaHAAPTOB, KOTOPBIE MPEIBABISIIOT IPOU3BOJUTEIN U
M0JIb30BaTENHN MPOTPAMMHOI0 00ECIICUEHUS.
Ieab ucciienoBaHus:

N3ydenune npuHIUIIOB pabOTHI U XapaKTEPUCTUK CPEACTB OXJIAXKICHUS
KOMIIBIOTEPA.
3amavu ucclieI0BAHNS:
1. U3yuuts Buabl cpenctB oxnaxaeHus 11K;
2. U3yunts paboty u cTpoeHue cpeacTB oxnaxaenus [1K.;
3. VI3yunTh NpUHIUIBI pabOTHI cpeacTB oxnaxaeHus [1K;
4. I3y4nTh XapaKTEpUCTUKU CpeacTB oxaaxaeHus [1K.



1.BUIbI BO3AYIIHOI'O OXJIAKJIEHMUS.

1.1. O01ee MOHATHE 0 BO3AYLIHOM OXJIAKICHUE.

[Tpunumn paboTsl BO3AYIIHOTO OXJIAXKICHUS 3aKJII0YACTCSI B TOM UTO
TEIUIO ¢ HaIPEBAIOLIETOCs MIEMEHTA K HAPAMYIO IepeJacTCs Ha paauaTrop,
U 3aTE€M pPACCEUBAETCS B OKPYXKAIOLIEE MPOCTPAHCTBO. DPPEKTUBHOCTD
TAKOI'0 METOJA OXJIAXKICHHUS 3aBUCUT OT HECKOJBKMX YCJIOBHM: IOJIE3HOU
IUIOLIAAN paguaTopa,

MaTepuaya, W3 KOTOPOrO OH H3IOTOBIEH M CKOPOCTH IPOXOMSIIETO
BO3IyIIHOro noroka. K mpumepy, Meap SBISETCA JIyYIIUM NPOBOJAHUKOM
TEIUIa, YeM aTIOMUHUM. Takke I Tydlen TeII00TAauyu paauaTopa, MOKET
MIPUMEHSATHCS YEPUEHUE €r0 MOBEPXHOCTH. BO3MyIIHOE OXJIaKI€HHE MOXKET
OBITh AKTUBHBIM
WJIM MACCUBHBIM.

> AKTHBHOE OXJIAKJEHUE T[OJpa3yMeBaeT HAJIU4YUE, I[OMUMO

paauaropa,
€I1C ¥ BEHTUJIATOPA, KOTOPBIM 3HAYUTEJIBHO YCKOPSIET IPOLECC OTBOJIA TEIUIA
oT TpyOOK paguaTopa B OKpy)Karoliee mpocTpaHcTBo. Kak mpasuio,
BEHTUJIATOPHI aKTUBHOI'O OXJIAXKACHUS, WIH, KAK UX €IE HAa3bIBAIOT, KYJIEPHI,
OPUMEHSIOT JUISl OXJIAKIEHUS CaMbIX «TropsAdux» KoMmoHeHToB IIK —
poreccopa U BUIEOKAPTHI.

P> IlaccuBHOE OXJIAKIEHUE B OCHOBHOM YCTaHABJIMBACTCS Ha TE
AJIEMEHTBI KOMIIBIOTEPA, KOTOPBIE HE OYEHB CHIIBHO HArPEBAIOTCS B IIPOLIECCE
paboThI, Tak Kak ero 3PpGeKTUBHOCTH CYIIECTBEHHO HUXKE, YEM Yy aKTUBHOTO.
OpxHako ecTh MaCCUBHBIE PAMATOPBI, KOTOPbIE TPEAHA3HAYEHBI CIIELIMAIBHO
JUISL TIOCTPOEHUM OECIIyMHOM CHUCTEMbl — OHH OTJMYAIOTCA BBICOKOM
(D PEeKTUBHOCTHIO OTBOJIA TEIIA MPU HU3KOU CKOPOCTH MOTOKA BO3TyXa.

1.2. TemioBbie TPYOKH.

TemoBasi TpyOKa — O5TO TIE€PMETHYECKOE TEIUIONEPEAAOIIEE
yCTPOMCTBO, KOTOpoe paboTaeT MO 3aMKHYTOMY  HCHapUTEIbHO-
KOHJECHCAallMOHHOMY LHMKJIY B TEIJIOBOM KOHTAaKTE C BHEUIHUMHU —
UCTOYHUKOM M CTOKOM Teruia. TeruioBas 3HEpPrusi BOCIPUHUMAETCS OT
UCTOYHHKA U 3aTPAYMBACTCS HA UCIIAPEHUE TEIJIOHOCUTEINS, 3aKJIFOUEHHOTO
BHYTPHU KOpIIyca TEIUIOBOM TpyObl. 3aTe€M OHa NMEPEHOCUTCS MapoM B BUJE
CKPBITOM TEIUIOTHI MCIIAPEHUs W JaJIee, Ha OINPEIECICHHOM PACCTOSHHUM OT
MeCTa UCHapeHus, B 3aBUCUMOCTH OT T€X WJIM UHBIX CIIOCOOOB TEIIOChEMA,
Opy KOHJEHCAllMW mapa Bblaensercs B cTok.OOpa3oBaBIIMIICS KOHJIEHCAT
BO3BPAILAETCS B 30HY MCIApPEHUs MO0 MOJA eWCTBUEM KallWJUISIPHBIX CHII,
KOTOpbIe 00€CIEeYMBAIOTCS HAJMYMEM CHEIUATU3UPOBAHHOW KaNWJUISIPHON
CTPYKTYpPbl BHYTPH TEILJIOBOM TPyOBbI, THOO0 3a CUET NEUCTBUSI MACCOBBIX CHJI
(mocnemHsisi KOHCTPYKIUS OOBIYHO HMeHyeTcsi TepMmocudonom). Takum
o0pa3oM, BMECTO OJJIEKTPOHHOIO MeEXaHU3Ma I[epeHoca Temila MyTeM



TEIJIONPOBOAHOCTH, YTO HMMEET MECTO B CIUIOIIHOM METAJUIMYECKOM
TEIUIONPOBO/IE, B TEIJIOBOU TPyOe MCHOIB3YeTCS MOJICKYISIPHBIN MEXaHU3M
HepeHoca.



2. BUABI ZKUIKOCTHOI'O OXJIAKIEHUSI.

2.1. O01ee mMoHsATHE 0 )KUAKOCTHOM OXJIAsKIEHUE.

[TpakTrueckn Bce BUABI JKUIAKOCTHOTO OXJIAXACHUS MOCTPOEHBI IO
OJTHOMY TPHHIIMITY: CHUCTEMa BOJSHOTO OXJIAXJACHUS TPEACTaBISET COOOM
3aMKHYTBIH KOHTYp, B KOTOpOM, MPUBOAMMAs B JABUKEHUE OT/ACIbHON
MIOMIIOM, HEMTPEPHIBHO IIUPKYIUPYET OXJIAXKAOIIAs HKUIKOCTb.

Jlnst oTBOAA Teryia OT Mpolieccopa U MEepeladyu €ro TerIOHOCHUTEIIO
npelHa3HaYeH BaTepOJIOK, pa3sMepbl KOTOPOro TOpa3o MEHbIIE JH000TO
OPUMEHSIEMOTO Ha CErOJHAIIHUNA JEeHb BO3AyIIHOro kynepa. [lpum
HEOOXOUMOCTH B CHCTEME MOXET OBITh YCTAaHOBJIEHO HECKOJIBKO
BaTepOJIOKOB, HAIIPUMEp, Ha IIEHTPATbHBIN MPOIECCOpP, Ha BUACOMPOIIECCOP,
Ha CEBEPHBII MOCT uuriceta U T.1., BIIoTh 10 MOSFET - Ttpan3ucropos
cTabMJIM3aTOpa MUTAHUSI CUCTEMHOM ILIATHI.

Kak u B ciywyae TpaguuumoHHOTO paguaTopa, 3p¢GEeKTUBHOCTb KUJIKOCTHOTO
paauaTopa ONpenenseTcs IUIONIA[bl0 KOHTAaKTa €ro IOBEPXHOCTH C
OXJIQXK/IAIOIIMM BEUIECTBOM, JJIsi YBEIUYEHHUS] KOTOPOM BHYTpH BaTepOJoKa
BCTpEUaIOTCs peOpa, UTOJIKU WK Ke MPOJIOKEHBI KAHAJIBI CII0XKHON (hOPMBI,

o0ecreunBaroIIne XOpollee nepeMeIuBaHie MPUIOHHBIX CIIOEB.

Eme ogaum  ycTpoiictBoM, ompenenstouuM 3¢ (HEeKTUBHOCTS,
BIIPOYEM,KaK U HaJIEKHOCTh >KUJIKOCTHOW CHCTEMbI OXJIAXJIEHUS, SBISCTCS
nomna, KOMIEHCUPYIOIIas MM3EPHYIO TEIUIOIPOBOJHOCTh BOJBI €€
MEXaHUYECKUM IIEpEHOCOM. Belp CcTeneHp TEIIO0TBOAA OT OXJIAXKIAEMOI0
yCTPOMCTBA MPSMO IPONOPLIUOHATIbHA CKOPOCTH TOKA KHUJIKOCTH, a €CJIM BOJIa
MEpPECTaHET LUPKYJIUPOBATh B KOHTYpE, TO 3(PPEKTUBHOCTh OXJIAKICHUS
kartactpoduyecku ymanaer. [loMmbel ObIBAIOT ABYX THIIOB: MOTPY>KaeMbIe B
pe3epByap € OXJIAXKIAIOMICH >XHUAKOCTHIO M BHEIIHHE, C COOCTBEHHBIM
TepPMETUYHBIM  KOPITycOM.KOHCTPYKIIMS TOTpy»aeMbIX HAcCOCOB OYEHb
MPOCTA - IO CYTH, 3TO BPALIAIOIIASACS B )KUJIKOCTU KPbLUIbYATKA, 3aKJIFOUCHHAS
B Jierkuil koxxyx. Ee meHTpoOexxHas cujia co3/1aeT HEOOXOJUMBIA Harop
xuakoctu. llorpyxHble MOMIBI KOMIAKTHBI, HO TpeOyIOT OOBEMHBIX
pacIIMpUTENbHBIX 0aYKOB, B KOTOPBIX OHHU U pa3Menarotcs. OHU JOBOIBHO
JeIIEBbI M MO3TOMY TOCHOJCTBYIOT Ha phIHKE. OTIenbHAsI BHEIIHASA [TOMIIa
ropaszio J10poxe, Beb U1 Hee yke TpeOyeTcs KaueCTBEHHbIH, CIIEeIUaIbHO
o0pabOTaHHBII ~ TEPMETUYHBIM  KOpmyc.  3aTO  HAJEXKHOCTh U
IPOU3BOAUTENBLHOCTD PEIICHUS B MOCIEAHEM CIyyae MOKET OBbITh ropasJio
Bbilie. OHU MOTYT OOXOAWTHCS 0O€3 PaCHIUPUTEIHHOTO Oadka BOOOIIE,
OJIHaKO Ha MPAKTHKE BCE K€ CTOUT MCIOJIb30BATh PACIIUPUTENIbHBIN 0ayoK,
x0T Obl HEOONbIIOH, OOeCreyMBaIOIIUNA YAOOHYIO 3alpaBKy CHUCTEMBbI
u'"oTnaBiuBaHue" BO3AYLIHBIX MYy3bIpbKOB. [locime BaTepOsioka HarpeTas
KUAKOCTh TMOCTYMAeT MO TpyOKaM B paauaTrop TEINIOOOMEHHHWKA, TAe U
OTJIaeT BCE HAKOIUIEHHOE TEIJIO B OKpY’Karollee MpocTpaHcTBO. [IoHATHO,
yTO 0€3 AKTHUBHOIO OXJIAXIEHHUS MOTpeOyeTcsl JAOCTaTOYHO OOBEMHBIM U



TSOKENBIA paauatop. s ManeHbKHX M KOMIAKTHBIX 00S3aTENbHO HYKHBI
BEHTWJISITOPBI, KOTOPBIE, AJI1 CHUKEHHs OOIIel HIyMHOCTH CHCTEMBI, Yalle
BCEr0 UMEIOT OOJIBIION AUAMETP U HU3KYIO CKOPOCTh BpAIllEHHUs KPbUIbYATKH.
B xoHCTpyKIIMU paaraTopa NpUMEHNUMBI BCE IIMPOKO U3BECTHBIE TEXHOJIOTUN
OOBIYHOT'O BO3/YIIHOTO OXJIAKICHMUSL.

B naHHOM ciywae, B OTIMYME OT TPAJAULIMOHHOIO IPOLECCOPHOTO
KyJiepa, ECTKO IPHUBSI3aHHOTO K IIPOLIECCOPY HA CHCTEMHOM ILIaTe,
KOHCTPYKIUS paguaTopa He CBsI3aHa CYpOBBIMU OTPAHUYEHUSIMHU 10 pa3Mepy
U Macce, BeIb OH MOXKET pa3MeIaThCsl CBOOOAHO, B HanboJsee y100HOM MeCTe
CUCTEMHOro OJIOKa WM Jaxe BooOIIe ObITh BbIHECEH Hapyxy. Ho Bce xe
MOHTaX BCEH JKUJIKOCTHOM CHUCTEMBI OXJIAXACHUS BHYTPU KOPIyCa HMEET
pAn  HeJocTaTkoB.  Bo-mepBbiX,coBpeMeHHblE  "TUIOBBIE"  KopIyca
M3HAYaJbHO HE MPOEKTUPOBAIUCH IOJ] YCTAHOBKY TAKUX KOHCTPYKLUH, U
3/1€Ch MOTYT BOBHUKHYTb MPOOJIEMBI C paCloOoKeHUEM, 0COOCHHO HanboJee
MOIIHBIX W3 HHX. JIIs yCTaHOBKM JOCTaTOYHO 3(PPEKTUBHOW CHCTEMBI
KUJAKOCTHOTO OXJIAKIEHUS MOTpeOdyeTcs MO0 crelualbHbli KOpIyc, TM00
3Ta CUCTEMa JOJKHA OBITh BBIHECEHA BO BHEIIHUN OJIOK. DTOT OJIOK MOMKET
BKJIFOYaTh B c€0s MOMIy, pajnarop TEIJIOOOMEHHHMKA C OXJIaKIAIOUIUM
BEHTUJISITOPOM, TAaKXE€ MOYKET INPUCYTCTBOBAaTh CHCTEMA 3JIEKTPOHHOIO
ylnpaBieHUsT U LUPPOBON HHIUKATOp TemiepaTypbl.BoBHYTps Kopiyca
KOMIIBIOTE€pA CTAaBUTCS  TOJBKO >KUIKOCTHBINM pajnaToOp,COCIUHEHHBIA C
0JI0KOM THOKMMHU TpyOKaMM, U JAaTYUK TeMIeparypbl. Takas KOHCTPYKLHS
CUCTEMBI OXJIaXKJIEHUs, OoJiee MOAPOOHO PACCMOTPEHHAsT HUXKE,IIOTHOCTHIO
CaMOJIOCTaTOYHa.

Yro kacaercs TpyOOK, 110 KOTOPBIM TEYET KUAKOCTh, TO YaIlle BCETO UX
M3rOTaBIMBAIOT U3 CUIMKOHA, YTO 1a€T BO3MOKHOCTh UX YJOOHO CTHIKOBATh
Y BBINIOJIHATH B CAMBIX 3aTEINIMBBIX KOH(MUrypauusx. OHU JErKo Mogdar0TCs
00paboTKe, HE 3aHMMAOT MHOTO MECTa BHYTPU KOPIyca, U UM HE MEIIAI0T
BCE T€ HEPOBHOCTH W BBICTYHAIOUIUE AJIEMEHTBI, KOTOPbIE KPUTUYHBI JJIs
MOTOKa BO3MyXa. TeM cambiM OOECIeYMBACTCS JIYUITUN TEIJIOBOM PEKUM
BHYTPU CHUCTEMHOTO OJIOKa, U y>K€ He MOTpeOyeTCsl CTOJIh MOITHAs o0IIas
BEHTUJISILIUS €r0 MPOCTPAHCTBA.

[Tpunumn paboThl - nepegaya Tersa OT HarpeBaroIIErocsi KOMIOHEHTa
paauatopy € TOMOIIbIO padoyeil KUAKOCTH, KOTOpas LUPKYJIUpYeT B
cucteme. B kauecTBe paboyeil >KMIKOCTH 4dallle BCEr0 HCHOJIb3yeTCs
JUCTUJUTMPOBAHHASI BOJA, YacTO ¢ J0OaBKaMHU MMEIOIMMU OaKTEpUIIUIHbIHN
U/WIM aHTUTalbBaHUYECKUN AP (DEKT; UHOT/AA - Macyo, aHTUPPU3, KUIKAN
METaJl WK JpYrue crhelraibHble )KUAKOCTH. JKUIKOCTh T0KHA 00J1a1aTh
BBICOKOM TEIJIONPOBOAHOCTHIO, YTOOBI CBECTH K MHUHUMYMY [epemnaj
TEMIIepaTyp MEXKAYy CTEHKON TpPyOKH M MOBEPXHOCTHIO HUCHAPEHHUs, a TaKkKe
BBICOKOUW y/IENIbHOM TEIIOEMKOCTbIO, YTOOBI MpPU MEHBLIEH CKOPOCTH
HUPKYJIALUHA KUJKOCTH B KOHTYpEe 00ecnedyuTh Oobliyto 3((HEeKTUBHOCTh



OXJIQXKICHHUSL.

2.2. ®peoHOBBIC YCTAHOBKHU.

XonoauiapHas ~ yCTAHOBKA, HCHAPUTENh KOTOPOM  YCTaHOBJIEH
HEIOCPEICTBEHHO HA OXJIaXK/1a€MbIii KOMIIOHEHT. Takue cucTeMbl O3BOJISIOT
NOJIy4aTh OTPULIATEIIbHBIE TEMIIEPATYPhI HA OXJIAKIAEMOM KOMIIOHEHTE TIPH
HENpepbIBHON paboTe, 4YTO HEOOXOAUMO I HKCTPEMAJIbHOTO pas3roHa
IIPOLIECCOPOB.

MuHycCHhI:

[J TpyaHOCTH OXJaXAEHUSA HECKOIBKUX KOMIOHEHTOB [

[J CIloHOCTh M JOPOTOBHU3HA [

[ TIoBBILIEHHOE JIEKTPONOTPEOICHUE

®peoHoBbIe ycTaHOBKH. Vu Oonee mpaBuibHO ObUIO OBl Ha3BAaTh TaKHE
cucTeMbl cuctemamu (ha3oBoro mepexona. Ha mpuHuune neidcTBHs Takux
cucTeM paboTaroT npaktuyecku Bce coBpemenHble [1K. Onun U3 BapuaHToB
OXJIQJAUTHTENIO - 3aCTaBUTh BCKHUIIETh HAa HEM >XKHAKOCTb. s mepexona
KUJAKOCTH B TMap, HEOOXOAUMO 3aTpaTUTh JHEPTUI0 - T.€. 3aKUIIaHHE,
KHUJIKOCTh OTOMPAET TEIUIOBYIO SHEPTHIO OT OKPYKAIOIIUX €€ MTPEIMETOB, HO
OpU TEKYyIIEM [JAaBJIECHUU MBI HE CMOXKEM HArpeTh >KHMJIKOCTH BBIIIE
TEMIEPATypbl €€ KUIEHUS KPOME aTOMOB BTOPa, B MOJIEKyJaX (PEoHOB
coJiepKaTcsi OOBIYHO aTOMBI XJIOpa, pexe - Opoma.
W3BecTHbl 0o0jiee COpOKa pa3iIuyHbIX (PPEOHOB OONBIIMHCTBO M3 HUX
BBIIIYCKAOTCSl IPOMBIIIJIEHHOCTBIO.

®peoH — OecuBETHBIN ra3 UM KHUJIKOCTh, 0€3 3anaxa. Eciu ke B34Tb
TaKyl0 )KUJKOCTh, KOTOpas OyAeT 3aKumath, ckaxeM, npu -40°C, To cocyn, B
KOTOPOM CBOOOIHO KUITUT 3TA )KUAKOCTh, OyJI€T OYEHb CJI0KHO HarpeTh. Ero
temriepatypa Oyner ctpemuthes K -40°C. A mocraBUB Takoil cocya Ha
HY>KHBIA HaM OOBEKT OXJIQXKJCHHS, Mbl CMOXEM JOOUTbCA TOrO, YEro U
XOTEJU — OXJIAIUTh CUCTEMY.

Cucremsl ¢dazoBoro nepexoza, UCIIApUTENH KOTOPBIX
YCTAHABJIMBAIOTCS  HEMOCPEACTBEHHO HA  OXJIAKJAEMBIE  3JIEMEHTHI,
Ha3bpiBatoTCsA cuctemamu «Direct Diey. XonomHeIMH B TakoW CHCTEME
ABJISIIOTCS TOJIBKO CaM MCIIApUTENh M OTCAChIBAIOIIAsl TPYOKa, OCTAJIbHBIE e
AJIEMEHTBI MOTYT UMETh KOMHATHYIO TEMIIEPAaTypy WM BbIIIE. XOJOIHBIE
AJIEMEHTBHl HYXKHO TIIATEJIBHO TEIJIOM30JIMPOBATh ISl MPENOTBPALLEHUS
oOpa3oBaHMsl KOHJeHcata. MHHYcCOM (PEOHOK SIBISETCSI OTHOCHUTENbHAS
IPOMO3JIKOCTh UCHApUTENsl U OTCachIBaIOUIel TPyOKH, MOITOMY OOBEKTOM
OXJIQXKICHUSI BBIOMPAIOTCS JIMILb MIPOLIeCCOp U BUaeoKapTa. EcTh U emie oHa
PA3HOBHUJIHOCTh CHUCTEM OXJQXKJEHHUS, O KOTOPOM 5 MOKa HE YHNOMSHYI —
YUIIEPHI.

OTOT KJIacC CHUCTEM COCTOMT B OCHOBHOM H3 CHCTEM >KHUJIKOCTHOTO
OXJIQKJICHUSI, OTJIMUMEM K€ SBISETCS HaJIM4Me BTOPOM YacCTH, KOTOpas
paboTaeT BMECTO pajuaTopa — 3a4acTyl dTa 4YacTh SBISETCS TOM caMou



cucteMoit (pazoBoro nepexosa. JJoCTOMHCTBOM TaKOH CHCTEMOM SIBIISIETCSA TO,
YTO €l MOYKHO OXJIAJIUTh BCE 3JIEMEHThI CHCTEMHHKA, a HE TOJIBKO BUICOKAPTY
u nporeccop. Cucrema (a3oBoro mepexoma YwUIepa OXJIAKIACT JIUIIb
TEIUIOHOCUTEIb CUCTEMBI KUJKOCTHOTO OXJIAXACHUS, TO €CTh B 3aMKHYTOM
KOHTYPE TEYET OUYEHb XOJOIHAS KUAKOCTh. OTCI0a U MUHYC CUCTEM TaKOTO
THUIIa — HEOOXOIMMOCTh U30JIMPOBAHUS BCEl cUCTeMbl. Eciu jxe n301upoBaTh
HE XOYETCS, TO MOKHO HCIIOIb30BaTh MAJIOMOIIHYIO (PPEOHOBYIO YCTAHOBKY
JUISl YnJUIiepa, HO TOora 00 SKCTpEMaaIbHOM Pa3rOHE MOXKHO OYJET 3a0bITh.

K Onectsiield cTopoHe MOXHO OTHECTH BO3MOXKHOCTb JOCTHUKEHUS
OYEHb HU3KUX TEMIIEpaTyp, BO3MOKHOCTb MOCTOSIHHOM paboThl. Bricokuii
KII/I cucrembl. I3 NOCTOSIHHBIX CHUCTEM OXJaKIACHHS, CAMBIMM MOIIIHBIMHU
ABISIIOTC — (peoHku. [Ipu 3TOM OHHM TO3BOJSIOT BHIHOCHTH TEIUIO W3
KOpITyCa, YTO TMOJIOKUTEIILHO CKa3bIBAETCA HA TEMIIEpATypax BHYTPHU HETO.
HeOonpmoit Bec u MajeHbkue rabaputbl — BCE 3TO B TIOJHOW Mepe
OTCYTCTBYET B YCTaHOBKax JaHHOTO THUIMA. YCJIOBHAs CTAIl[MOHAPHOCTh
cuctembl. [IpakThuecku BO BceX clydasx — MOTPEOYeTCs TEIUIOM3OJISAIIMS
Bcen cucteMbl. Hy 1 camblit, moxanyi,

HETaTUBHBIM MOMEHT — 00JIee YeM OILIyTUMBIN 1TyM oT paboTsl (50-60 ab).
Emie ogaum MuHycoM GpeoHOK ABIISIETCS TO, UTO HA TMTOKYIKY ()peoHa Hy>KHA
JIULICH3UA.

VY Kkoro ee HET, BLIOOP HE BEJUK: B CBOOOIHOM MPOJake €CTh TOJILKO OJIMH —
R134a. CymectByet emie oauH xiamareHT — R290, HO ceifuac oH He
UCIIOJIb3YETCS B OXJIQJUTENbHBIX cucTeMax. OH o0y1ailaeT OueHb XOPOITUMU
cBoiicTBamMu: Touka kumneHus - 41°C, coBMeCTHM C JIFOOBIM MAaclIOM

KOMIIpeccopa.
2.3. CucremMbl OTKPBHITOI0 HCIIAPECHUSA
Hcnone3yrores B OCHOBHOM KOMIIBIOTEPHBIMH  3HTY3HACTAMH

JUTSL SKCTPEMAJIBHOTO  pa3roHa annaparypbl («OBEPKIOKHHIAY ).
YcTaHOBKH, B KOTOPBIX B KayeCTBE XJIaJareHTa UCIOJIb3YETCA CyXOu
TSI, )KUJKAW a30T WM TeJIUM, UCTIAPSIOIINICA B CIIEIMAIbHOM OTKPBITOM
€MKOCTH, YCTAaHOBJICHHOW HEMOCPEICTBEHHO HA OXJIAXK/1a€MOM AJIEMEHTE.
Hcmapurenp — TEMI000MEHHBIN amnmapar, B KOTOPOM OCYIIECTBIISCTCS
nporecc $ha30BOTO IMepexoaa KHUJIKOTO TEIJIOHOCHTENS B IMapooOpa3Hoe U
razoo0Opa3Hoe COCTOSIHME 3a Cu€T ToABOJa OT Oojiee Topsduero
TerioHocuTens. Bo BHyTpeHHeM oObeMe HCHapuTeds TP HU3KON
TEMIIEpAaType KUIIUT XJIAJAT€HT, BOCHPUHUMAs TEIUIOTY OXJIaXIaeMOn
cpenbl. [1o BUay oxita)aaeMon Cpe/ibl BBIICIISIOT JIBA BUA UCITAPUTEIICH: IS
OXJIQKICHUS )KUIKUX TETJIOHOCUTEICH U ISl OXJIAXKICHUS BO3yXa.
Kunienne xmamareHta B uUcHapuTeNle MNPOUCXOAUT MpU Tepeaaye
TEeIUIOTBl OT OXJAXIAeMOW Cpeapl Yepe3 TBEPAYI0 TI'€PMETUUYECKYIO
pPa3nEISAIONIYI0 CTEHKY, Ha3bIBAEMYIO TEIUIONEPEHAIONIEH MOBEPXHOCTHIO
ucnaputeneid. Ee HM3rotaBiIMBalOT M3 TEIJIONPOBOJHBIX MaTEpHUANIOB,
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HampuMmep, ©3 MeaHbIX TpyO. [l wuHTeHCHMUKauuu TermtooOMeHa
MOBEPXHOCTh TPYO WUCHApUTENEH, COMPUKACAIONIYIOCS C OXJIaXIAaeMbIM
BO3yXoM, opeOpstoT. OpeOpeHne MOBEPXHOCTH MPOBOMAAT 4Yallle BCETO
HAaHU3bIBAHUEM Ha TPYyObl TOHKOCTEHHBIX METAJUIMYECKUX IUIACTUH C
OMpENEeTeHHBIM  pacCTOSTHUEM Mexay Humu. Haubonee mpoctyro
KOHCTPYKIIMIO UMEIOT [TaHEJIbHBIE UCIIAPUTENN OTKPBITOrO THNa. Micnapurenb
COCTOUT U3 OaKa MpsIMOYTOJILHOTO CEYEHUS, 3aTI0JITHEHHOTO TETNIOHOCUTEIIEM,
BHYTPb KOTOPOTO TOMEMIAIOTCS TAHEN UCTIAPUTEIIA.

[Ipu ncnonp30BaHUM MTAHEBHBIX UCIIAPUTENEH ISl OXJIAXKIAECHUS BOJIbI
BO3MOYHO pacuIMpeHne PyHKIIMOHAIBHBIX BO3MOKHOCTEH anmnapaToB.
PaccrosiHne Mexnay MaHensIMH YBEJIMYUBAIOT, U MPU OXJIAXKIACHUH BObI
no0uBatoTcs 00pa3oBaHUs CIIOS JIbJ]a HA HAPYKHOW MOBEPXHOCTU MaHeINEeH.
Crnoil nba BBIONHSET (PYHKUMU aKKymyJaTopa TemioTel. HemoctaTkom
MAHEJIbHBIX HCIAPUTENEN OTKPBITOTO THUMNA SBISETCA CYLIECTBEHHAs
KOppeKIusi maHededl u  0akoB, T.e. DJIEMEHTOB, CMaYMBaeMbIX
TEIJIOHOCUTENIEM M MMEIOIIMX KOHTAKT C OKpPYXarolluM BO31yXoM. bonee
BBICOKMMHM JKCIUTyaTallMOHHBIMHM XapaKTEPUCTUKaMH 00JalaeT 3aMKHYTas
CUCTEMA HUPKYJIALNHN TEIUIOHOCUTEIIS.

HapyxHast moBepXHOCTh TpyO MpeacTaBisieT co0Oi TeIIoNnepeiaolyto
IIOBEPXHOCTh, YEPE3 KOTOPYIO TEIUIOTa OT TEIJIOHOCUTENS, MPOTEKAIOIIETO
BHYTpU TpyO, Mepenaercss KUISAIMIEMYy B MEXTPYOHOM MpPOCTPaHCTBE
XJIafjareHTy. TpyOHble PElIeTKU 3aKpbIThl KPBIIIKAMH, IPUYEM B KPBIIIKE
IPEeyCMOTPEHBI MAaTPyOKH JJi1 MOJBOAA U OTBOJAA TEIUIOHOCUTENS (BOJBI,
paccozna). XKuakuii xjaagareHT (aMMHuaK)

yepe3 BEHTWJIb MOJAETCS B MEXTPYOHOE MPOCTPAHCTBO HMCHAPUTEIIS.
[TonaBKOBBIN PEryyisATOpP MOANEPKUBAECT YPOBEHb XJIaJareHTa Ha BBICOTE
npuMepHo 0,8 nuamerpa. Mcnapurenu JaHHOTO THIIA UMEIOT TOJIBKO OJHY
TpyOHYIO PpelIeTKy, K KOTOpoill mnpucoeanHeHsl U-o0pa3Hbie TpyOBI.
XJagareHT KWUIMUT BHYTPU TpyO, a OXJAXKICHHbIE TEMIOHOCUTEINb
MIPOKAYMBAETCS MO MEXTPYOHOMY MpocTpaHcTBY. [l MHTEHCHPHUKAIUH
TEIUI00OMEHa TMPH KUIIEHWU XJaJlareHTa BHYTPU TPYObl yCTaHABIMBACTCS
crelHaibHasi BCTaBKa, BBIMOJIHSONIAs (PYHKIIMU BHYTPEHHEr0 OpeOpeHusl.

2.4. CucreMbl KACKaJHOI0 OXJIAKICHHUS.

JIBa u Oosiee MoCae10BaTENbHO BKIFOUEHHBIX (PPEOHOBBIX YCTAaHOBOK.
Jlns momydenus 0osiee HU3KKUX TeMIiepaTyp Tpedyercst hpeoH ¢ 6oJiee HU3KOM
TEMIIEpaTypor KuneHus. B oqHOKacKagHOM XOJOAUIBHOW MAIIMHE B 3TOM
ciyvae TpeOyeTcsl yBeJIMuuTh pabodee 1aBlIeHUE 3a CUET MPUMEHEHus Ooliee
MOIIHBIX KOMIIPECCOPOB. AJIbTEPHATUBHBIN MYTh - OXJAKACHUE padaTopa
YCTAHOBKHU JIPYyroil (PpeoHOM 3a CYET ATOT0 CHUMKAETCS pabouee /1aBlieHUE B
CUCTEME M CTAHOBUTCS BO3MOKHBIM MPUMEHEHUE OOBIYHBIX KOMIIPECCOPOB.
Kackagupie cuctembl TmoJydaroT Oojiee HHM3KHE TEMIIepaTypbl, YeM
OJIHOKACKAJHbIEC U, B OTJIMYAE OT CHUCTEM OTKPBITOTO HUCHApEHHs, MOTYT
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pabotate HemnpepbiBHO. OJHAKO, CIIOKHBI B HM3TOTOBJICHUM W HAJAJKe.
[TpumeHsrommiAcst a1 TEIJI0O00OMEHAa MEXAY JBYMS TEIUIOHOCHUTEIISIMHU.
Ocobenno nmpu ucnonbzoBanne CO2 B kauecTBe onHOTO M3 HUX. Kackassl
00BEIUHSIOT B C€0s1 KOHIEHCATOP U UcHapuTesb. TermtooOMEHHUKN OTIIMYHO
NOIXOAAT Il KAacKaJHBIX IMPOILECCOB Onaromaps WX  BBICOKOMY
tepmudeckomy KIIJ[. Onm MoryT obOecrneuyuTh MHHUMAIBHYIO Pa3HOCTH
TEMIEpaTyp MEXKIy KOHICHCUPYIOMICHCS W HCHapsIoieics cpeaamu,
TI03BOJISIS CHU3UTD TEKYIINE IKCIUTyaTaIllHOHHBIC PACXO/IbI:

1 Xmamarentsl NH3, CO2, R404, R134a, npoman, MeTaH U Jp;

] MuTtepBan momrHocteut 5- 10 000 kBT; [

1 Boicokuii koa(h(pULIMEHT Teronepeaayu;



12

BbIBO/I

PasBuTe  KOMIIBIOTEpPHOM  TEXHUKM B  MHUPE, CTaHOBUTCS
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00opyI0BaHusl, TEM CaMbIM NMPeaoTBpaTUTh neperpes [1K.
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