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BBEJAEHUE

VYBennYeHne KOJIWYECTBA PAAUOAJIEMEHTOB HA MHUKPOCXEMax HACTOJBHBIX
IIK, a Takke yBEJIMYEHHE TPAH3UCTOPOB B MHTETPAIBHBIX CXEMaxX MUKPOYMUIIOB U
JIPYTUX 3JIEMEHTOB Ha TMEUYATHBIX IIaTaX CBA3aHO C IOBBIIIEHHEM TPeOOBaHUN K
BBIYMCIUTEILHBIM MOIITHOCTSIM KOMITBIOTEPOB, T.K HA HUX BO3JIaratoTcs Bc€ Ooliee
CJIOKHBIE 3aJayd. OJTO IIPUBEIO K TOBBIIICHUIO TEIUIOBBICICHUA. Bce 3T
00CTOSTENILCTBA TOCHYXHUJIM TOJYKOM K CO3J@HUIO0 PA3IUYHBIX CHUCTEM
OXJIAXJEHHUs, 0€3 KOTOphIX He o00xoauTcs HU oauH HactoibHbI [IK Ha
CETOJIHSIIHUN JIeHb, MOTOMY 4YTO 0€3 CHCTEM OXJIAKJICHHS OHH HE CIIOCOOHBI
OTBEYaTh TPEOOBAHUSIM COBPEMEHHBIX CTaHJIAPTOB, KOTOPbHIE MPEIBIBISIIOT

IMPOU3BOAUTCIIN U IIOJIB30BATCIIN IIPOI'PAMMHOI0 oOecreueHusl.



O0BbeKTOM JaHHOrOo pedepaTa SBISETCA — MNPUHIOUI pabOThl U

XapaKTCPUCTUKHU CPCACTB OXJIAKIACHHA KOMIIBIOTCPA.

Il1an:

1. Jlamwb obwee nousmue 0 8030YUHOM OXAANCOEHUE.

2. Onucamov 2nasnvle xapakmepucmuku 603())/1MH020 OXIANCOCHUS.

3. [lamb obwee nousmue o HCUOKOCMHOM OXIANCOEHUE.

4. W3yyumoe enasuvle 00OCMOUHCMBA HCUOKOCIHO20 OXIANCOEHUSL.



1.BUJIBI BO3IYIITHOTO OXJIAKIEHMSI.

1.1. O01ee moHATHE 0 BO3AYLIHOM OXJIAKACHHE.

[TpuHuun pa®oThl BO3AYIIHOTO OXJIAKICHUS 3aKI0YAETCS B TOM YTO TEILIO
C HarpeBaroUIerocs dJEMEHTAa MK HalpsIMylo TNepenaércs Ha paaudarop, M 3aTeM
pacceuBaeTcs B OKpYyXkarollee NpocTpaHCTBO. DP(HEKTUBHOCTh TAKOTO METOa
OXJIQXKJICHHS 3aBUCUT OT HECKOJBKUX YCJIOBHI: MOJE3HOM IJIOMAau paguaTopa,
MaTepuasia, U3 KOTOPOTrO OH M3TOTOBJIEH U CKOPOCTH MPOXOJALIErO BO3AYIIHOTO
notoka. K mnpumepy, Menp sBIsSeTCs JIy4IIUM HPOBOJHUKOM TEIJIa, YEM
amoMuHui. Taxoke Jid JIydilied TeruIooTIayu paauaTopa, MOXKET MPUMEHSTHCA
YepyeHHe €ro MOBEpPXHOCTU. BoznyliHoe OoXJa)kIeHHE MOKET ObITh AKTHBHBIM

1M NaCCUBHBIM.

> AKTHBHOE OXJIAKIEHHUE IMOAPAa3yMEBAET HAJIMYUE, MOMUMO paguaTopa,
emé U BEHTWISITOPA, KOTOPbIA 3HAYUTENIbHO YCKOPSIET MPOLIECC OTBOJA TEIia OT
TpyOOK pajauaTopa B OKpy»Karolllee MpocTpaHCTBO. Kak mpaBuiio, BEHTHIATOPHI
AKTUBHOTO OXJIAXKIEHUS, WM, KaK MX €lI€ Ha3bIBAlOT, KYyJIEpbl, IPUMEHSIOT JIs

OXJIAXKJIEHHUSI CaMBbIX «ropsaunx» KoMrnoHeHToB 1K — mporieccopa v BUIE€OKapThI.

P IlaccuBHOE OXJXKICHIE B OCHOBHOM yCTAHABIIMBAETCS HA T€ DJIEMEHTHI
KOMITBIOTEPA, KOTOPhIE HE OYEHb CHJIBHO HArpeBaroTCs B Tpoiiecce paboThl, Tak
KaKk ero 3(Q¢GEeKTHBHOCTh CYIIIECTBEHHO HIDKE, 4eM Yy akTuBHOro. OJHAKO eCcTh
MACCUBHBIC PAANATOPBI, KOTOPBIC MPETHA3HAUCHBI CIEIUAIBHO NJIsi MOCTPOSHUU
OCCIIyMHON CHCTEMBbI — OHU OTJIMYAIOTCS BBICOKOW 3((HEKTUBHOCTHIO OTBOJA

TeIJia MPU HU3KOM CKOPOCTH MOTOKA BO3AYXa.



1.2. TemioBbie TPYOKH.

TensioBass TpyOKa — 3TO repMETUYECKOE TEIUIONEPEAAIOLIEE YCTPOUCTBO,
KOTOpO€ padoTaeT Mo 3aMKHYTOMY HCIAPUTEIbHO-KOH/ICHCALIMOHHOMY LUKIY B
TEMJIOBOM KOHTaKT€ C BHEUIHUMU — HMCTOYHUKOM M CTOKOM Teruia. TermoBas
SHEPrus BOCHPUHUMAETCS OT HUCTOYHHMKA M 3aTPayuMBaeTCd Ha MCHApEHHE
TEIJIOHOCUTENS, 3aKJIIFOUEHHOTO0 BHYTPU KOpIlyca TEIUIOBOM TpyObl. 3aTeM OHa
NEPEHOCUTCA NapOM B BHJE CKPBITOM TEIUIOTHI MCHAPEHHs U Jajnee, Ha
ONPEJEICHHOM PACCTOSIHUM OT MECTa UCIIAPEHUs, B 3aBUCUMOCTH OT T€X MJIM MHBIX
Croco00OB  TemIochéMa, TpU KOHJAEHCAMU TIapa BbIACIAETCS B  CTOK.
OOpaszoBaBLIMICA KOHJIEHCAT BO3BpAIaeTCsl B 30HY HCHAPEHUs JIMOO TOJ
JNCHCTBHEM  KAaNMWUIAPHBIX  CHJI, KOTOpbIE  OOECIEUMBAIOTCA  HAJIWYHEM
CHELMAIM3UPOBAHHOMN KallWJUIIPHON CTPYKTYpPbl BHYTPH TEIIOBOU TPYyOHI, MO0 32
CUY€T NEUCTBUS MACCOBBIX CHJI (MOCJENHSS] KOHCTPYKIMS OOBIYHO HMEHYEeTCs
tepmocuporoM). TakuM oOpa3oM, BMECTO 3JEKTPOHHOIO MEXaHH3Ma MepeHoca
Teria MMyTéM TEIUIONPOBOJIHOCTH, YTO UMEET MECTO B CIUIOIIHOM METAJUIMYECKOM
TEIJIONPOBOJIEC, B TEIUIOBOM TpyO€ HCIOIB3YETCS MOJIEKYJISPHBIA MEXaHU3M

nepeHoca.



2. BUJIbI JKUJIKOCTHOT'O OXJIAKIEHHSL.

2.1. O011ee MOHATHE 0 KHJAKOCTHOM OXJIaKIEHHeE.

[IpakTruecku Bce BUABI KUAKOCTHOTO OXJIAXKIEHUSI TOCTPOEHBI 10 OJTHOMY
MPUHLMUITY: CUCTEMA BOJSHOTO OXJIAXACHHUS MPEACTABISIET COOOM 3aMKHYTBIN
KOHTYp, B KOTOPOM, IIPUBOJUMAsI B JBUKEHHE OTIECIBbHON MOMIION, HENPEPHIBHO
LHUPKYJIHPYET OXJIAKIAIOMIAS KUIKOCTb.

Jlnst oTBOJA Tema OT MPOLECCOpa M IMEPENayd €ro TEIIOHOCUTEIO
OpeJHa3HayeH BaTepOJIOK, pa3Mepbl KOTOPOrOo Topa3lo MEHbIE JH00ro
MPUMEHSEMOI0 Ha CErOJIHAIIHUN I€Hb BO3YIIHOrO Kynepa. IIpu HeodxogumocTu
B CHUCTEME MOXET OBbITh YCTAHOBJIEHO HECKOJbKO BaTEpOJIOKOB, HalpuUMeEp, Ha
LEHTpaJIbHBIN MPOLIECCOP, HA BUJICONPOLIECCOP, HA CEBEPHBIA MOCT YUIICETA U T.A.,
BII0Th 10 MOSFET - TpaH3uctopoB ctabunm3aTopa MUTAHUS CUCTEMHOM TIATHI.
Kak u B cnyyae TpaaulMOHHOrO paauaropa, 3((EKTUBHOCTh >KHJIKOCTHOTO
paauaTopa  ompenenseTcs  IUIOMIAJbI0  KOHTAKTa €ro  IMOBEPXHOCTU €
OXJKIAIOIIMM BELECTBOM, I YBEJIWYEHHUS KOTOPOM BHYTpPH BaTepOIioKa
BCTpEUaroTCss peldpa, WIOJKW WIM K€ MPOJIOKEHbI KaHAJbl CIOKHON (OpPMBI,
o0ecreynBaore Xopouiee nNepeMeninBaHiue NpUI0OHHBIX CIOEB.

Eme onHuM ycTpoiicTBOM, onpenestonumM 3hPpeKTUBHOCTD, BIPOUYEM, KaK
U HaJEXKHOCTb MKUIAKOCTHOM CHCTEMbI OXJIAXACHUS, SBISIETCS IOMIIA,
KOMIIEHCHUPYIOIIas MM3EPHYIO TEIJIONPOBOAHOCTh BOJABl €€ MEXaHUYECKUM
nepeHocoM. Benp creneHp TEII00TBOAA OT OXJIAXKAAEMOTO YCTPOMCTBA MPSIMO
OPOIMOPIMOHANIbHA CKOPOCTH TOKAa JKUJIKOCTH, a €CJIM BOJAA IepecTaHeT
[UPKYJIUPOBATh B KOHTYpE, TO 3(PGHEKTUBHOCTh OXJIAXKICHUS KaTacTPOPUUIECCKU
ynazaet. [lommbl ObIBAIOT BYX THUIIOB: MOTPYKaeMbl€ B pe3€pBYap C OXJIKIA0IIEH

KHUAKOCTBIO U BHCIIIHHUE, C COOCTBEHHBIM IrC¢pMETUYHBIM KOPITYCOM.
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KoHcTpyKus morpy’aemMpIX HACOCOB OYE€Hb IIPOCTA - [0 CYTH, 3TO BPAILAIOIIASACS
B JKUJKOCTH KpbUIbYaTKa, 3aKJIIOUEHHAs B JIETKUM KOXKyX. Ee nenTpobexHas cuia

CO3/1aeT HEOOXOIUMBIM HATIOP KUJIKOCTH.



[TorpyxHble MOMITBI KOMIAKTHBI, HO TPEOYIOT 00BEMHBIX PACIIUPUTEIBHBIX
0auKkoB, B KOTOPBIX OHU M pa3MmemaioTcs. OHU JOBOJBHO JEHIEBBI U MOITOMY
TOCIOJICTBYIOT Ha pbhiHKE. OTJeIbHas BHEIIHSS MIOMIIa TOpa3io JOPOXKe, BElb IS
HEe yXe TpeOyeTcs KadeCTBEHHBIM, CICIHAIbHO O0OpaOOTaHHBIA TEPMETUIHBIN
KOpMyc. 3aTO Ha/ICKHOCTh M MPOU3BOJUTEIBHOCTD PEIICHUS B MOCIEIHEM CITy4yae
MOJKET OBITh TOpa3zo Bhilie. OHU MOTYT O0XOAUTHCS 0€3 pacCIIUPUTELHOTO Oauka
BOOOIIE, OAHAKO Ha MPaKTUKE BCE K€ CTOUT HMCIOJB30BaTh PACIIMPUTEIbHBIN
0a4oKk, X0Ts Obl HEOOJIBIIION, 00ECIIEUYNBAIOIINNA YAOOHYIO 3alIPaBKy CUCTEMbI U
"oTnaBnuBaHue" BO3MYIIHBIX My3bIpbKOB. [locie BatepOioKka HarpeTas >KUJIKOCTh
HOCTylaeT 1o TpyOKaM B paauaTtop TEIIOOOMEHHUKA, TA€ U OTIaeT BCe
HaKOIJIEHHOE TEIJIO B OKpYXKaroliee nIpocTpaHcTBO. [IoHATHO, YTO 6€3 aKTUBHOIO
OXJIAXKJIEHHUsSI NOTpeOyeTcsl AOCTATOYHO OOBEMHBIM W TsDKeNbld pamuarop. s
MaJCHbKUX M KOMIIAKTHBIX O0S3aTE€IbHO HYXHBI BEHTUJISITOPHI, KOTOpPbBIC, IS
CHWKEHUS 00IIel IIYMHOCTH CHCTEMBI, Yallle BCErO0 UMEIOT OOJBIION IUaMeTp U
HU3KYI0 CKOPOCTh BpallleHUsI KpbUIbYATKH. B  KOHCTpykIuu paauaTtopa
OPUMEHHUMBI BCE UIMPOKO M3BECTHBIE TEXHOJOIMH OOBIYHOTO BO3AYILIHOIO

OXJIAXKACHUS.

B nanHOM ciyyae, B OTIIMYME OT TPAJAULIMOHHOTO IPOLIECCOPHOTO KyJepa,
KECTKO MPUBA3AHHOIO K TMPOLECCOPY HA CHCTEMHOW IUIaTe, KOHCTPYKLMS
paauaTopa He CBs3aHa CypOBBIMU OTPAaHMYEHUSIMU IO pa3Mepy U Macce, Belb OH
MOXKET pa3MellaThcsi cBOOOIHO, B Hanbosee yqoOHOM MeCTe CHCTEMHOTO OJ0oKa
WIH Jake BooOIe ObITh BhIHECEH Hapyxky. Ho Bce ke MOHTax Bcel >KMJIKOCTHOU
CUCTEMBbI OXJIAKJEHUSI BHYTPH KOPITyca UMEET Psii HEJOCTaTKOB. Bo-TiepBhIX,
COBpPEMEHHbIE "THUMOBBIE" KOpIlyCa M3HAYAIBHO HE MPOEKTHUPOBAIHUCH O]
YCTAHOBKY TAaKUX KOHCTPYKIMH, M 3/J€Chb MOTYT BO3HUKHYTH MpPOOJEMBI C
pacmoyio)kKeHueM, OCOOCHHO Haubojee MOIHbIX U3 Hux. [ ycTaHOBKH
A0cTaTouyHO 3((HEKTUBHOW CHCTEMbI >KUIKOCTHOTO OXJIXKICHHS MOTpedyercs

b 1% (e10) CHGHI/IaJIBHLIﬁ KOpITYC, b0 3Ta cucTeMa JOJIDKHA OBITh BBIHECEHA BO

9



BHEIMIHUNA OJOK. DTOT OJOK MOXET BKJIOYaTh B Ce0S TOMITy, paauaTop
TETUIOOOMEHHUKA C OXJIAXKIAIOIUM BEHTHIATOPOM, TaKKe MOXKET MPUCYTCTBOBAThH

CHCTEMa 3JIEKTPOHHOTO yIpaBIeHUS U HU(PPOBON HHAUKATOP TEMIIEPATYPHI.

BoOBHYTppr KOpIlyca KOMIIBIOTEpAa CTaBUTCSA TOJIBKO YKUIAKOCTHBIA paauatop,
COECIUHEHHBIH € OJOKOM TMOKMMHU TpyOKamM, M JaTUMK TeMmieparypbl. Takas
KOHCTPYKIIHUSI CUCTEMBI OXJIaKIEHUS, 00Jiee TOAPOOHO PACCMOTPEHHAsI HUXKE,

IIOJIHOCTBIO CaMOA0CTaTO4YHa.

Uto kacaercs TpyOOK, MO KOTOPBIM TE€YET >KHJIKOCTb, TO Yallleé BCEro X
U3TOTABJIMBAIOT U3 CUJIMKOHA, YTO J1a€T BO3MOXKHOCTh HUX YAOOHO CTBHIKOBaTh U
BBITIOJIHATh B CaMbIX 3aTEHIMBBIX KOHGUTyparusx. OHU JIeTKO IOIAr0TCS
00paboTKe, HE 3aHUMAIOT MHOTO MECTa BHYTPH KOpITyca, U UM HE MEIIAI0T BCE TE
HEPOBHOCTH W BBICTYMAIONINE DJJIEMEHTHI, KOTOPHIC KPUTHUYHBI JUIsI TIOTOKA
BO3/yXa. TeM cambpiM OOECleYMBaeTCsA Jy4YlIUid TEIJIOBOM pEXUM BHYTpPHU
CUCTEMHOTO 0JI0Ka, U YK€ He MOTpeOyeTCsl CTOJIb MOIIIHAS O0I[asi BEHTWISALUS €T0

POCTPAHCTBA.
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[Tpuniun paboThl - Tepemaya Terjia OT HArpPEBAOIIETOCS KOMITOHEHTA
paanaTopy ¢ MOMOIIKI0 pabodel KHUIKOCTH, KOTOpas MUPKYIUPYeT B cucteme. B
Ka4decTBe pabovei KUIKOCTH Yallle BCEro UCTIOIb3yeTCs MUCTUILTUPOBaHHAS BOJIA,
9acTo ¢ J00aBKaMU HMMEIONTUMHU OaKTEPHIIMIHBIA W/WIM aHTUTAThbBAHUYCCKUAN
a¢ddekT; nHorAa - Maciao, aHTU(PPU3, KUJIKUNH METaUT WM JIPyTrye CIelralbHbIC
KUAKOCTH. JKUAKOCTh JOJDKHA 00JIaaTh BBICOKON TEIJIOMPOBOJIHOCTHIO, YTOOBI
CBECTH K MHUHUMYMY TIepemnaj TeMmIreparyp MEXIy CTCHKOH TpyOKu U
MOBEPXHOCTBHIO MUCHAPEHHMS, a TAK)KE€ BBHICOKOW yNIENbHON TEII0EMKOCTBIO, YTOObI
MIPU MEHBIIICH CKOPOCTH ITUPKYJIAIHNH KAIKOCTH B KOHTYPE 00CCIICYHTH OOBIITYIO

(D PEKTUBHOCTD OXJIAKICHHUS.

2.2. ®peoHOBBIC YCTAHOBKHU.

XonoaunbHas YCTaHOBKA, UCTIapUTEIIb KOTOpOH YCTaHOBJIEH
HEIOCPEJICTBEHHO HAa OXJIAKJAEMBbI KOMIOHEHT. Takue CHUCTEMBI IMO3BOJISIIOT
MoJly4aTh OTPHULATENbHBIE TEMIIEPATypbl Ha OXJIAKIAEMOM KOMIIOHEHTE IpHU
HENpEephIBHOM  paboTe, 4YTO HEOOXOOMMO MJI JKCTPEMAlbHOIO  pas3roHa

MIPOIIECCOPOB.

MunycsI:

L pr,Z[HOCTI/I OXJIaKACHUA HCCKOJIBKUX KOMIIOHCHTOB

e (CJI0)KHOCTb U IOPOTOBU3HA

o [loBbIIIEHHOE AIEKTPONIOTPEOICHNE
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®peoHoBbIe ycTaHOBKU. My Oojee mpaBWiIbHO ObUIO ObI Ha3BaTh TaKHE
CHUCTEeMbl cucTeMamu (pa3oBoro rnepexoaa. Ha mpuHIiune AEHCTBUS TaKUX CHCTEM
paboTarot npakTudecku Bce coBpemennbie [1K. Onun n3 BapuaHTOB OXJIaJAUTH TEJIO
- 34CTaBUTh BCKUIIETh Ha HEM JKHJAKOCTh. JJI mepexoaa >KUAKOCTH B TIap,
HEOOXOAMMO 3aTPATUTh YHEPTHUIO - T.€. 3aKUMAHUE, )KUJIKOCTh OTOMPACT TEIIOBYIO
SHEPTUI0 OT OKPYKAIOIIUX €€ IMPEIMETOB, HO TMPU TEKYIIEM JaBJICHUH Mbl HE
CMOKEM HarpeTh )KUAKOCTh BBIIIE TEMIIEPATYPHI €€ KUTIEHUS KPOME aTOMOB BTOPA,
B MOJICEKyJIax (PEOHOB COJAEpkKATCsS OOBIYHO aTOMBI XJIOpa, pexe - Opoma.
N3BecTHBI O0sice cCopoKa pa3IuIHBIX (PPEOHOB OOJIBITMHCTBO U3 HUX BBITYCKAIOTCS

IMPOMBIIIJIICHHOCTBIO.

®peoH — OeCLBETHBIN T'a3 WU KUAKOCTb, 0e3 3anaxa. Eciu ke B3sTh TaKyro
KUIKOCTh, KOTOpasi OyJeT 3akumarh, ckaxkeM, npu -40°C, To cocyl, B KOTOPOM
CBOOO/IHO KHMIUT 3Ta KUAKOCTh, OYJIET OUEHb CI0KHO Harpeth. Ero temmneparypa
Oynet crpemutbest kK -40°C. A MoCTaBUB Tako#l cOCy/l Ha HYXKHBI HaM OOBEKT

OXJIaXKACHU, Mbl CMOXKXCM I[O6I/ITI>C$I TOT'O, UCTO U XOTCJIHU — OXJIaIUTh CUCTCMY.
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Cucrempl (pa30BOro mnepexojia, UCHAPUTENH KOTOPBIX YCTAHABIMBAIOTCA
HETIOCPEJICTBEHHO Ha OXJIaKIaeMbIe DIIEMEHTHI, Ha3biBatoTCs cuctemamu «Direct
Die». XoJOAHBIME B TaKOH CHUCTEME SBIISIOTCS TOJBKO CaM HCIAPHUTENb |
oTcachlBarolias TpyOKa, OCTaJbHBIE K€ AJIEMEHTbl MOTYT HMMETh KOMHATHYIO
TEMIIEpaTypy WM  BblIle. XOJIOAHBIE  3JEMEHTHl HYKHO  TIIATEIbHO
TEIUIOU30JIMPOBaTh JJIsl MPEAOTBpAllleHUusl 00pa3oBaHUsl KOHJeHcaTa. MHHycoM
(peoHOK ABIISETCS OTHOCHUTEIbHASI FPOMO3AKOCTh MCHAPUTENS U OTCAChIBAIOLIEH
TPYOKH, MO3TOMY OOBEKTOM OXJIAXKIEHUS BBIOMPAIOTCA JIMIIb MPOLECCOp U
BuJeoKkapTa. EcTh U elie oJHa pa3HOBHIHOCTb CUCTEM OXJIAKICHUS, O KOTOPOH s

IIOKa HC YIIOMSAHYJI — YHJLJICPHI.

DTOT KJIacC CUCTEM COCTOUT B OCHOBHOM M3 CUCTEM >KHIAKOCTHOTO OXJIaXKIACHUS,
OTJIMYUEM JK€ SBISICTCS HAJIWYUE BTOPOM YaCTH, KOTOpas paboTaeT BMECTO
paguaropa — 3a4acTyl0 3Ta 4YacTh SIBJISIETCS TOM camoil cucteMor (a3oBoro
nepexoja. JIoCTOMHCTBOM TaKOM CUCTEMOM SIBIISIETCS TO, UTO €M MOXHO OXJIAJIUTh
BCE DJIEMEHThl CHUCTEMHHMKA, a HE TOJBKO BHUAEOKAPTY W mpoueccop. Cucrema
dazoBoro mepexojia YWUIEpa OXJAXKIACT JIMIIb TEIUIOHOCUTEIh CHUCTEMBbI
AKUJKOCTHOTO OXJIAXKJICHHS], TO €CTh B 3aMKHYTOM KOHTYPE TE€UET OUYEHb XOJIOIHAS
KUAKOCTh. OTCI0Ola W MHUHYC CHCTEM TaKoro TUNA — HEOOXOIUMOCTh
W30JIMPOBAaHUSI BCEl cucTeMbl. Eciu ke M30JMpOBaTh HE XOYETCSA, TO MOXKHO
MCIIOJIH30BaTh MAJOMOIITHYIO (PPEOHOBYIO YCTAHOBKY JIJISl YMJIIEpa, HO TOraa o0

AKCTPEMaAILHOM Pa3roHe MOXKHO OyJeT 3a0bITh.
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K Onectsmieit ctopoHe MOYKHO OTHECTH BO3MOXXHOCTH JOCTIDKCHHUSI OYCHBb
HU3KHX TEMIIEpaTyp, BO3MOXHOCTh TNOCTOSIHHON paboThel. Boicokuit KIIJ]
CUCTEeMBI. M3 MOCTOSHHBIX CUCTEM OXJIAKJICHHS, CAMBIMA MOIIHBIMH SIBJISIIOTCS —
¢peonku. Ilpm 3TOM OHM TO3BOJSIIOT BBIHOCHTH TEIUIO W3 KOPITyca, YTO
MOJIOKUTEBHO CKAa3bIBAETCS HA TeMIepaTrypax BHYTpH Hero. HebGombmiol Bec u
MajieHbKHe TabapuThl — BCE ATO B TOJHOW Mepe OTCYTCTBYET B YCTaHOBKax
JAHHOTO THWITA. YCJIOBHAas CTAlMOHAPHOCTh CHUCTEMBI. lIpakThdecku BO BceX
cydasx — MoTpeOyeTcsl TEIIOM30IAIus Beel cucteMbl. Hy m camblil, moxanyi,
HEraTUBHBIM MOMEHT — 0o0Jjiee yeM OIMyTUMBIH IryM oT pabotsl (50-60 nb). Eme
OJTHIM MHHYCOM ()PEOHOK SIBJISICTCS TO, YTO HA MOKYNKY ()pEOHA HYKHA JIUIICH3H.
VY koro ee HeT, BHIOOpP HE BEJIMK: B CBOOOJTHON MpOAaKe €CTh TOJBKO OJUH —
R134a. CymectByer eme oamH xmamareHT — R290, HO celivac oH He
UCIIOJIB3YETCS B OXJQAUTENBHBIX cucTeMaXx. OH 00y1alaeT O04YeHb XOPOIIUMU

CBOMCTBaMHU: TOUKa Kurnenwus - 41°C, coBMeCTUM ¢ JTIOOBIM MacJIOM KOMITPECCOopa.
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2.3. CucremMbl OTKPBHITOTO HCIIAPECHUSA

Hcnonp3yroTcs B OCHOBHOM — KOMIIBIOTEPHBIMHM ~ JHTY3MACTAMH  JUIS
OKCTPEMAIILHOTO  Pa3rOHA anmapaTypbl («OBEPKIOKUHTA»).

YCTaHOBKHM, B KOTOpPBIX B KadyeCTBE XJIAJAreHTA UCIIOJIb3YETCS CyXOn
NEN, KUAKANA a30T WIH IeJIMN, UCTIAPAIOLIUNCA B CIIEMAIBHON OTKPBITOM EMKOCTH,
YCTAaHOBJICHHOM HENOCPEICTBEHHO Ha OXJIaK1a€MOM JJIEMEHTE.

Hcnapurenb — TEIIOOOMEHHBIM amnmapar, B KOTOPOM OCYLIECTBIISETCS
npouecc (a3oBOro Inepexona JKUAKOTO TEIJIOHOCUTEN B IapooOpa3Hoe H
ra3o00pa3Hoe COCTOSIHME 3a CUET M0J1BOJIa OT OoJiee ropsiuero TerioHocuress. Bo
BHYTPEHHEM OOBEME HCIAPUTENs MPU HU3KOM TeMIeparype KUIUT XJIAJareHr,
BOCIIpUHHAMAsS TEIUIOTY OXJIaxkaaemou cpeasl. [lo Buay oxuaxkmaemou cpensl
BBIJCIIAIOT JBa BUJA UCIIAPUTENICH: UL OXJIAKICHUSA JKUIKUX TEIJIOHOCUTENEH U

I OXJTAXKACHUA BO3AyXaA.

Kunenue xyianareHta B ucrapurese NpouCcXoAuT MpHU Mepeaade TeraoThl OT

OXJIAXKJAEMOM CPEbl Uepe3 TBEPAYIO TEPMETHUECKYIO PA3AEISIONIYIO0 CTEHKY,
HA3bIBAEMYIO TEILIONEPEIAOIIEH MOBEPXHOCTHIO UCTIapuTeieil. Ee n3rotaBinBaroT
U3 TEIUIONPOBOJHBIX MAaTEpHalOB, Hampumep, U3 MeAHblx TpyO. Jlms
UHTEHCU(DUKAITUU TETrI000MeHa MTOBEPXHOCTh TpyO UCIIApUTENIEH,
COMPUKACAIOUIYIOCS €  OXJIAXKIAaeMbIM  BO3QyXOoM, opebpstor. Opebpenue
MMOBEPXHOCTU MPOBOJAT YaIlle BCETO HAHU3BIBAHMEM Ha TPYObl TOHKOCTEHHBIX
METAJTMYECKUX IJIACTUH C OTPEETICHHBIM PACCTOSTHUEM MEXy HUMH.
Haunbonee mpocTyto KOHCTPYKIIMIO WMEIOT IMaHENIbHBIE WCHAPUTEN OTKPBITOTO
tumna. Vcnaputenb coctoutr u3 0aka MPSIMOYTOJBLHOTO CEYCHHS, 3aMOJIHCHHOTO
TEIJIOHOCUTEJIEM, BHYTPh KOTOPOTO MOMENIAIOTCS TTaHEH UCTIapUTEIIs.

[Ipy ucnonb30BaHUM TAHENIbHBIX HMCHAPUTENEH ISl OXJIAKICHUS BOMAbI

BO3MOKHO paCHIMPCHHUC q)YHKHI/IOHaJIBHBIX BO3MO>KHOCTEHU alraparTosB.
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PaccTostHue Mexay mNaHeNs MM YBEIMYUBAIOT, M TMPU OXJAXKICHUU BOJBI
n00UBarOTCs 00pa30BaHMs CJIOS JIbJa Ha HAPYKHOW MOBEpPXHOCTH naHeneil. Cioi
JbJa BBITIOJNHSET (YHKIUHU aKKyMyJsTopa TemioThl. HemocTaTkoM MaHENbHbBIX
WCTIAPUTENIC OTKPBITOrO THUMA SIBISETCS CYIIECTBEHHAas: KOPPEKIUS TMaHeled U
0aKoB, T.€. DJIEMEHTOB, CMAUYMBAEMbIX TEIJIOHOCUTEIEM W HMMEIOIIMX KOHTAKT C
OKPYKaOIIHUM BO3/TyXOM. Bornee BBICOKUMU AKCIUTYyaTallMOHHBIMU

XapaKTCPUCTUKAMHA OGJ’I&I[aeT 3aMKHYTasA CUCTCMa HUPKYJAIUNA TCIIJIOHOCUTCIIA.

HapyxHast moBepXHOCTb TpyO MpeAcTaBisieT CcOO0OW  TerIoNepearolyto
IOBEPXHOCTbh, YEPE3 KOTOPYIO TEILIOTA OT TEINIOHOCHUTEIIA, IPOTEKAIOIIEr0 BHYTPH
TpyO, epenaeTcs KUIAIEMY B MEKTPYOHOM MPOCTPAHCTBE XJaAareHry. TpyOHbie
PELIETKH 3aKPBIThI KPBIIIKAMHU, IPUYEM B KPBIIIKE IPEyCMOTPEHBI MATPYOKH IS
MO[BOJIa M OTBOJIA TEINIOHOCUTENS (BOIBI, paccosa). JKuakuii XxjaagareHT (aMMuaK)

acpe3 BCHTHWJIb IIOJACTCA B MC)KTpY6HO€ IMPOCTPAHCTBO HCIIAPUTCIIA.

ITonnaBKOBBIA PETYJATOP NOAAEPKUBAET YPOBEHb XJIAJareHTa Ha BBICOTE
npumepHo 0,8 aumamerpa. Mcmapurenn MaHHOTO THUIIA MMEKOT TOJIBKO OJHY
TpyOHYIO pemeTKy, K KoTopod npucoearHeHsl U-oOpasnblie TpyObl. XiagareHt
KUIIUT BHYTPU TpyO, a OXJIQXKIECHHbIE TEIUIOHOCUTEIb IPOKAUYMBAETCA IO
MEXTpPYOHOMY MpOCTpaHCTBY. JlJI1 HHTEHCU(PUKALMU TEIJI0O00OMEHA MPU KUIIEHUU
XJIaJareHTa BHYTPU  TpyObl  yCTaHABIMBAETCA  CleLMajbHas  BCTaBKa,

BBINOJIHSIONIAS] PYHKIIUK BHYTPEHHETO OpeOpeHusl.
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2.4. CucreMbl KaCKaJHOI'0 OXJIAKIEeHHS.

JIBa u Oosiee MOCJIEIOBATEIbHO BKJIIOUEHHBIX (PPEOHOBBIX yCTaHOBOK. Jljis
nmoydeHus: Oojiee HU3BKUX TeMmriepaTyp TpeOyercss (peoH ¢ Oosiee HH3KOU
TEMIIEPATYPOIl KUIleHHs. B ogHOKacKaqHON XOJOAUIBHON MAlIMHE B 3TOM CIIy4ae
TpeOyeTcst yBenIW4YuTh padouee NaBlICHHE 3a CUET MPUMEHEHUsS Oojiee MOIIHBIX
KOMIIPECCOPOB. AJBTEPHATUBHBIA IyTh - OXJIAXKICHUE paauaropa YCTaHOBKHU
Ipyroil (peoHOM 3a CUET HTOr0 CHUXKAETCS pabouee MaBJIEHHE B CHUCTEME U
CTAHOBHUTCS BO3MOKHBIM TPUMEHEHHE OOBIYHBIX KommpeccopoB. Kackannbie
CUCTEMBI TIOJIy4arOT 0o0Jiee HHU3KHE TeMIlepaTyphbl, YeM OJHOKACKaJHbIE M, B
OTJIMYUE OT CHUCTEM OTKPBITOIO HCIAPEHHsS, MOTYT padoTaTh HEMPEPHIBHO.
OnHako, CIOXHBI B M3rOTOBJICHMH W Hanaake. llpumenstomuiics s
TEMJI000MEHa MEXIy ABYMS TeruioHocuTeasiMu. OCOOEHHO TMPHU HCIOIb30BaHUE
CO2 B xauectBe 0ogHOTO M3 HHUX. Kackampl 0OBETUHSIOT B ceOsl KOHJIEHCATOpP U
UCTIApUTENb. TeMI000MEHHUKH OTIUYHO TMOIXOIAT JUISl KAaCKaJHBIX MPOIECCOB
Omarogapss ux BbicOkoMy Tepmudyeckomy KIIJ[. Onu Moryt obOecneuuThb
MUHUMAJBHYIO  Pa3HOCTh  TEMIIEpaTyp MEXIy  KOHJCHCUPYIOIICHCS WU
UCIapsONIeics CcpeaamMu, TMO3BOJSAS CHU3UTh TEKYIIME HKCIUTyaTallMOHHbIE

pacxobl:

o Xnanarentel NH3, CO2, R404, R134a, npomnaH, MeTaH u JIp;

e Hurepsan momHocren 5- 10 000 kBr;

e Bricokuil kKo PUIIMEHT Teroneperayu;
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