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BBEJAEHUE
YBeNMYeHUE KOIUYECTBA PAAUOIEMEHTOB Ha MUKPOCXEMaX HAaCTOJIbHBIX

[IK, a Takke yBEJIMYEHUE TPAH3UCTOPOB B MHTETPAIBHBIX CXEMAX MUKPOYHUIIOB U
JIPYTUX 3JIEMEHTOB Ha IMEYaTHBIX IUIATaX CBS3aHO C MOBBIICEHWEM TpeOOBaHUU K
BBIYHMCIIUTEILHBIM MOITHOCTSM KOMITBIOTEPOB, T.K HA HUX BO3JIararoTcs Bce Ooliee
CIOKHBIE 3aJayd. OJTO IPHUBEIIO K TMOBBIINICHUIO TEIUIOBBIIEICHUS. Bce 31H
00CTOSITEILCTBA  TMOCHYXKUJIM TOJYKOM K CO3JIaHUIO PAa3IUYHBIX CHUCTEM
OXJaXIeHHs, 0e3 KOTOpPhIX He obOxomautcss HU oauH HactonbHbM [IK Ha
CETOJIHSIIHUN JIeHb, TTOTOMY 4YTO 0€3 CHUCTEM OXJIAKJCHHS OHU HE CIOCOOHBI
OTBEYaTh TPEOOBAHUSIM COBPEMEHHBIX CTaHJApPTOB, KOTOPbHIE MPEIBIBISIIOT

IMPOU3BOAUTCIIN U ITOJIB30BATCIIN IIPOrPAMMHOTIO oOecIrieucHus.

Ieanb ucciaenoBaHusi.
N3ydyenue npuHIMIIOB pabOTHl U XapaKTEPUCTUK CPENICTB OXJIAKICHUS KOMIIbIOTEPA.
3agauu MCCJIeJOBAHNS
1. U3yuuts Tumnsl cpeacrsa oxnaxaenus [1K;
2. N3yuuth paboTy u cTpoeHue cpeact oxnaxaeHus [1K.;
3. M3yunth npuHLIUIBI pabOTHI cpeAcTB oxmnaxaeHus [1K;

4. 3yunTh XapakTepUCTUKU cpelacTB oxnaxaeHus [1K.



1.BUIbI BO3AYIIHOI'O OXJIAKJIEHMUS.

1.1. O61mee moHsiTHE 0 BO3AYIIHOM OXJIAJK/IECHHUE.

[TpunIMn paboThl BO3IYIIHOTO OXJIAXKICHUS 3aKJIF0OYAETCS B TOM YTO TEILIO
C HarpeBarolIerocs 3JEMEHTa MK HanpsMyl0 NEepeaacTcs Ha paauarop, U 3aTeM
pacceuBaeTcs B OKpYXalollee MpoCTpaHCTBO. DPGHEKTUBHOCTh TAKOTO METOAa

OXJIaKACHUA 3aBUCUT OT HCCKOJIBKHX YCHOBHﬁ: MOJIC3HOM Iiomaau paanaropa,

MaTepuana, u3 KOTOPOr0o OH M3rOTOBJIEH U CKOPOCTH IPOXOJAIIErO BO3LYIIHOIO
nortoka. K mnpumepy, Menp SBISIETCA JYyYIIMM IIPOBOAHUKOM TEIIA, YEM
amoMUHUM. Taxke s JIydlled TEIUIOOTAAYM PAaAuaTopa, MOKET IMPUMEHSTHCS

YepueHHUE ero MOBEpXHOCTU. Bo3ayllIHOE OXJIaXK/IEHUE MOKET ObITh AKTHBHBIM

NI MMAaCCUBHBIM.

» AKTHBHOE OXJIAKACHUC ITIOAPA3YMCBACT HAIIUMYINUC, IOMUMO paanuarTropa,

€lIC U BEHTWISATOpPA, KOTOPbIA 3HAYUTEIBHO YCKOPSIET MPOIECC OTBOJA TEIjia OT
TpyOOK paguaTopa B OKpy’Karomiee MmpocTpaHcTBo. Kak mpaBuiio, BEHTHIATOPHI
AKTUBHOTO OXJIAXKICHUS, WM, KaK MX €II¢ Ha3bIBAIOT, KYJIEPhI, IPUMEHSIOT JJIs

OXJIAKIACHUS CaMBIX «T'OPAYUX» KOMIIOHCHTOB IIK — Imponecccopa U BUIACOKAPTHI.

P IlaccuBHOE OXJaXJICHIE B OCHOBHOM yCTAHABIIMBAETCS HA T€ DJIEMEHTHI
KOMITBIOTEPA, KOTOPhIE HE OYEHBb CHJIBHO HArpeBaroTCs B Mpoliecce pabOThI, Tak
Kak ero 3¢ (HEeKTUBHOCTh CYIIECTBEHHO HIDKE, YeM y akTuBHOro. OJHAKO eCTh
MACCUBHBIE PAJMATOPBI, KOTOPHIC MPETHA3HAUCHBI CIEIUAIbHO JJIsi MOCTPOCHUU
OCCIIyMHON CHCTEMBbI — OHU OTJIMYAIOTCS BBICOKOW 3((HEKTUBHOCTHIO OTBOJA

TEIJIa MPU HU3KOM CKOPOCTH MOTOKA BO3AYXa.



1.2. TensioBbIe TPYOKH.

TensioBasi Tpy0Ka — 3TO repMETHUUYECKOE TEIJIONEpeaaroiee yCTpoiicTBo,

KOTOpO€ padoTaeT Mo 3aMKHYTOMY HCIAPUTEIbHO-KOHACHCAIIMOHHOMY ITUKIY B
TEIUIOBOM KOHTAaKT€ C BHEIIHUMU — HCTOYHUKOM M CTOKOM TeIa. TermioBas
SHEPrusi BOCIPUHUMAETCS OT MCTOYHHMKA U 3aTpAyuMBaeTCsi Ha UCIApPEHUE
TEIUIOHOCHUTENSI, 3aKII0YEHHOTO BHYTPHM KOpIyca TEIJIOBOM TpyObl. 3ateM OHa
NEPEeHOCUTCS TapoM B BHJE CKPBITOM TEIJIOTHl MCHApEeHUs U Jajnee, Ha
ONPENICIICHHOM PAaCCTOSIHUM OT MECTA UCIIAPEHHUS], B 3aBUCUMOCTHU OT TE€X WJIM UHBIX

CII0C000B TGHJ’IOC’béMa, IIpY KOHACHCAIIHNM I1apa BbIACIACTCA B CTOK.

OOpa3zoBaBuIuiicss KOHJEHCAT BO3BpallaeTCs B 30HY HCHapeHHs JIu00 TMoj
JACHCTBHEM  KAaNMWUIAPHBIX  CHJ, KOTOpble  OOECIEeYMBAIOTCS  HATUYHEM
CHELMATM3UPOBAHHON KallWJUIAPHON CTPYKTYpPbI BHYTPH TEIIOBOM TPYOBI, 1100 3a
CYCT JCHCTBHS MAacCOBBIX CHJ (TOCHEIHSS KOHCTPYKIHS OOBIYHO HMEHYETCs
TepmocuporoM). Takum oOpazoMm, BMECTO 3IEKTPOHHOIO MEXaHU3Ma IEepeHoca
TEIUIa MyTEM TEIUIONPOBOJIHOCTH, YTO UMEET MECTO B CIJIOITHOM METaJNIMYECKOM
TEIUIONPOBOJIC, B TEIJIOBOW TpyOe HCIONB3yeTCs MOJCKYISIPHBIA MEXaHU3M

nepeHoca.



2. BUJIbI ZKNAKOCTHOI'O OXJTAKIAEHUS.

2.1. O01Iee MOHATHE 0 KHJAKOCTHOM OXJIaKIEHHeE.

HpaKTI/I'-IeCKI/I BCC BUJIbI ) KUJKOCTHOI'O OXJIAXKACHUA IMOCTPOCHBI 11O OJJHOMY
IMPpUHOUITY: CHUCTCMA BOIAHOI'O OXJIAKIACHUA IIPCACTABIIACT coOoi BaMKHYTBIfI
KOHTYpP, B KOTOPOM, IIPUBOANMASA B ABUKCHHUC OTI[GJILHOﬁ HOMHOI?I, HCIIPCPBIBHO

MUPKYIIUPYCT OXJIaKaaromiasa ;KUJAKOCTb.

Jlns oTBoJa Temia OT MpoLEeccopa M TMEpelayd €ro TEMIOHOCUTEIIO
mpelHa3HayeH BaTepOJIOK, pa3Mepbl KOTOPOTO TOpa3lo MEHbIe JH00ro
MIPUMEHSEMOI0 Ha CErOJIHAIIHUI I€Hb BO3YIIHOTrO Kynepa. [Ipu HeoOxonumoctu
B CHCTEME MOXKET OBITh YCTAHOBJIEHO HECKOJIbKO BaTepOJIOKOB, HampHMeEp, Ha
LEHTpaJIbHBIN MTPOLIECCOP, Ha BUIEONPOLIECCOP, HA CEBEPHBIN MOCT YMIICETa U T.1.,

BII0TH 10 MOSFET - Tpan3uctopoB ctabunuszatopa NUTaHUS CUCTEMHOM TJIATHI.

Kak m B cnydae TpaaMIIMOHHOTO paauaTopa, 3(P(EeKTUBHOCTh >KHIAKOCTHOIO
panparopa  ONpeAeNseTcss  IUIOIIAJbI0  KOHTaKTa €ro  IMOBEPXHOCTH €
OXJIQXK/IAIOIIMM BEIIECTBOM, [UJIsl YBEJIWYEHUS KOTOPOW BHYTpH BaTepOOKa
BCTpEUaroTCcsl pedpa, UTOJIKU WK Ke MPOJIOKEHBI KAHAJIBI CII0XKHON (hOPMBI,
o0ecrnieunBaroIIne XOpolee nepeMeIMBaHue MPUIOHHBIX CIIOEB.

Emie oqauM ycTpoiicTBOM, onpeAensitonum 3Qp¢GeKTUBHOCTb, BIPOYEM, KaK

Hn HaACKHOCTDH )KHI[KOCTHOP’I CHUCTCMBI OXJIAXKACHUA, ABJISICTCA IIOMIIA,

KOMITCHCHPYIOITIas MH3EPHYIO TEIIONMPOBOAHOCTh BOABI €€ MEXaHHYCCKUM
nepeHocoM. Beap CTemeHp TemIo0TBOJAA OT OXJIAKIAEMOIO yCTPOMCTBA MPSIMO
MPOIMOPIMOHAIEHA CKOPOCTH TOKa JKHJIKOCTH, a €CJIM BOJa TepecTaHeT
[IUPKYJIUPOBATh B KOHTYpe, TO 3(PPEKTUBHOCTHh OXJIAXKIACHHUS KaTacTpoPUUECKU
ynazaeT. [ToMribl OBIBaIOT IBYX THIIOB: TIOTPYXKAEMbIE B Pe3epPBYap € OXJIaXKIArOIICH
KUJIKOCTBIO U BHEIIIHUE, C COOCTBEHHBIM T€PMETHUYHBIM KOPITYCOM.

KoHcTpyKius morpy)aeMbIX HACOCOB OYE€HB IIPOCTA - IO CYTH, 3TO BPAIAIOIIASCS
B JKHJIKOCTH KpbUIbUATKa, 3aKJIIOYEHHAs B JIETKUM KOXKyX. Ee mienTpoOexHas cuia

CO371a€T HEOOXOIUMBII HATIOP KHUIKOCTH.



[TorpyXHbIe TOMITBI KOMIAKTHBI, HO TpPEOYIOT OOBEMHBIX PACHIUPHUTEIIBHBIX
0auKkoB, B KOTOPBIX OHU M pa3zMmemiaioTcs. OHU JOBOJBHO JICIIEBBI U MO3TOMY
TOCIIOJICTBYIOT Ha pbhIHKE. OTJeIbHas BHEIIHSS MOMIIa TOpa3io JOPOXKe, BEIb IS
HEee yxke TpeOyeTcs KadeCTBEHHBIM, CICIHAIBHO OOpaOOTaHHBIA TEPMETUIHBIN
KOpIyc. 3aTO Ha/ICKHOCTh U MPOU3BOJUTEIBHOCTD PEIICHUS B MOCIEIHEM CIy4yae
MOJKET OBITh TOpa3ao Bhime. OHU MOTYT 00XOIUTHCS 0€3 pacIIMPUTEIHLHOTO OadyKa
BOOOIIIE, OJHAKO HAa TPAKTHUKE BCE € CTOUT HCIOJIb30BAaTh PACIINPUTEIHHBIN

0a4oK, XOTs ObI HEOOJIBIIION, 00ECTICUYMBAIOIINHN yI00HYIO 3aIIpaBKy CUCTEMBI U

"oTnaBnuBaHue" BO3MYIIHBIX My3bIpbKOB. [locie BatepOioka HarpeTas >KUJIKOCTh
MOCTYNMAaeT Mo TpyOKaM B paauMarop TEIJIOOOMEHHUKa, TIJA€ MU OTAAET BCE
HAKOIUIEHHOE TEIUIO B OKpY:Karollee IpocTpaHcTBO. [IoHATHO, 4YTO 0€3 aKTHBHOTO
OXJIAXKJIEHHUsSI NOTpeOyeTcsl AOCTATOYHO OOBEMHBIM W TsDKENbl pamuarop. s
MaJIEHbKMX M KOMIIAKTHBIX OO0S3aTENbHO HYXKHBI BEHTHJIATOPBI, KOTOpBIC, IS
CHIDKEHHUS OOILeH INIYMHOCTHU CHUCTEMBI, Yallle BCET0 UMEIOT OOJIBLIONW TuaMeTp U
HHA3KYIO CKOPOCTHb BpaIllleHHWs KpbUIbYATKUM. B  KOHCTpyKuMH paauaTtopa
MPUMEHUMBI BC€ IIMPOKO M3BECTHBIE TEXHOJOTMH OOBIYHOTO BO3IYIIHOIO
OXJIAXKJCHUS.

B nanHOM ciyyae, B OTJIMYME OT TPAJAULIMOHHOTO IPOLIECCOPHOTO KyJepa,

AKECTKO TMPUBSA3aHHOIO K TMPOLIECCOPY HAa CHUCTEMHON IIaTe, KOHCTPYKIHUS
paguaropa He CBsi3aHa CYpOBBIMHM OTPaHUYEHHUSIMU I10 pa3Mepy U Macce, Bellb OH
MOXXET pa3MelaThCs CBOOOTHO, B Hanbolyiee yI0OHOM MeCTe€ CUCTEMHOTO OJioKa
WK JJaXke BooOIIe ObITh BhIHECEH Hapyky. Ho Bce e MOHTaX BCel >KMIKOCTHOM

CHUCTEMBI OXJIAKJICHUS BHYTPHU KOpITyca UMEET PsiJl HEIOCTATKOB. Bo-nepBrIX,

COBPEMEHHBIE "TUIIOBBIE" KOPIyca U3HAYAIBHO HE MPOEKTUPOBAIKCH IO
YCTAaHOBKY TaKUX KOHCTPYKIIMH, U 3]16Ch MOT'YT BOBHHUKHYTh MPOOJIEMBI C
pacmoJioKeHrueM, 0COOCHHO HanboJiee MOIIHBIX U3 HUX. [[71s1 ycTaHOBKHU
10CcTaToYHO d(HPEKTUBHON CUCTEMBI JKUJIKOCTHOTO OXJIAXKICHHS MOTpedyeTcs

7m0 CrieUaIbHBIN KOPITYC, MO0 3Ta CUCTEMa JIOJIKHA OBITh BHIHECEHA BO



BHEIIHUNA OJOK. DTOT OJOK MOXET BKJIOYaTh B Ce0S TOMITy, paauaTop
TEMJI000OMEHHUKA C OXJIAKIAIOIIUM BEHTHISITOPOM, TaKKE MOKET MPUCYTCTBOBATH

CUCTEMa DJIEKTPOHHOTO YNpaBlIeHUs U TU(DPOBOI UHAUKATOP TEMIIEPATYPHI.

BoBHYTpE KOpIyca KOMITbIOTEPA CTABUTCS TOJBKO KUIAKOCTHBIA pajnaTop,
COCIMHEHHBIH C OJIOKOM THOKMMH TpyOKamH, W JaTYUK Temmeparypbl. Takas
KOHCTPYKLHUSI CUCTEMBI OXJIaKIEHUS, 00Jiee TOPOOHO PACCMOTPEHHAsI HUXKE,

ITOJIHOCTBIO CaMOJO0CTAaTOYHaA.

Uro kacaercs TpyOOK, IO KOTOPBIM TE€UYET >KUIKOCTb, TO Yallle BCETO HUX
M3TOTaBIMBAIOT U3 CWJIMKOHA, YTO JAeT BO3MOXKHOCTb UX YJIOOHO CTBIKOBATh U
BBIIIOJIHATh B CaMbIX 3aTEHIMBBIX KOHpUrypauusx. OHU JIETKO MOJAAOTCS
00paloTKe, HE 3aHMMAaOT MHOTO MECTa BHYTPU KOpITyca, 1 UM HE MEIIAI0T BCE T
HEPOBHOCTH U BBICTYIIAIOLIMAE DJIEMEHTBI, KOTOpPHIE KPUTHYHBI [JI1 IIOTOKA
Bo3nyxa. Tem cambiM oOecrieuyuBaeTcs JIydllMd TEIUIOBOM pPEXUM BHYTpU
CUCTEMHOTI'0O 0JIOKa, U YK€ He OTPeOyeTCsl CTOIb MOIIHAsL 00111asi BEHTUJISALMS €ro

MIPOCTPAHCTBA.

[Ipunuun paboThl - mepenaya Tea OT HArpeBaroIIEerocsi KOMIIOHEHTa

paauaTopy ¢ MOMOIIbIO padoyveil )KUJIKOCTH, KOTOpasi HMPKYJIUPYET B cucteme. B

KadecTBe pabouell )KUIKOCTH Yallle BCETO UCIOIb3YeTCs JUCTUIUIMPOBAHHAS BO/IA,

4acTo C J100aBKaMM HMEIOIIMMH OaKTEPUIUIHBIA /WM aHTUTaJIbBAHUYECKUM
a¢ddekT; uHoraa - mMaciao, aHTUPPU3, KUJKUNA METaUl WU JIPYyTUe ClelraibHbIe
KUJIKOCTHU. JKUIKOCTh JOJKHA 00J1aJaTh BBICOKON TEIIONPOBOJAHOCTHIO, UYTOOBI
CBECTM K MHUHUMYMYy TIepenajg TemmepaTyp MEXIy CTEeHKOW TpyOku u
MOBEPXHOCTHIO MCIAPEHUS, a TaKXKE€ BBICOKOM YJETbHOU TEIIOEMKOCTBIO, YTOOBI
MIPU MEHBIIEH CKOPOCTH IUPKYJIAINH KUIKOCTH B KOHTYPE 00€CIIeYUTh OOJIBIITYIO

3 PEKTUBHOCTD OXJIAKICHHUS.



2.2. ®peoHOBBIC YCTAHOBKHU.

XOJIO,ZIHJII)H&SI YCTAaHOBKa, HUCIIApUTCIIb KOTOpOﬁ YCTAHOBJICH
HCIIOCPCACTBCHHO Ha OXHa)K,HaeMLIﬁ KOMIIOHEHT. Takue CHCTEMBI IO3BOJISIOT
I[MOJy4aTb OTPHULOATCIIBHBIC TCEMIICPATYPBI Ha OXJIAXKIACMOM KOMIIOHCHTC IIpHU
HCHpepLIBHOﬁ pa60Te, qTo HGO6XO,I[I/IMO L SKCTPEMAJIBHOI'O  pa3roHa

IPOLIECCOPOB.

Munycsr:

L pr,Z[HOCTI/I OXJIaKACHUA HCCKOJIBKUX KOMIIOHCHTOB

o CJIOKHOCTB U AOpOroBu3Ha

o [loBblIllIEHHOE IIEKTPONIOTPEOIICHHE
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®peoHOBBIC YCTaHOBKU. Mim Oojee mpaBWibHO ObUIO ObI Ha3BaTh TaKHE
CUCTEMBI cucTeMaMu (a3oBOro mepexona. Ha mpuHiune neidcTBUS TaKUX CHCTEM

pa60Ta}0T IMPAKTUYCCKH BCC COBPEMCHHBLIC IIK. OILI/IH N3 BAPHUAHTOB OXJIAAUTDb TCJIO

- 3aCTaBUTb BCKUIICTb HA HCM KUJIKOCTD. I[JIH nepexoaa XXMAKOCTH B 11ap,

HCO6XOI[I/IMO 34aTPATUTDb SHCPIUIO - T.C. 3dKUIIAHUC, JKUIKOCTDb OT6I/IpaCT TCILIOBYIO
OHCPIrurl0 OT OKpPYXKAroImMMUX €€ INPpCAMCTOB, HO IIPH TCKYIICM JaBJICHHU MbI HC

CMOXEM HarpeTh KHUJIKOCTH BBIIIE TEMIIEPATYPHI €€ KUTICHUS KPOME aTOMOB BTOpa,
B MOJIEKyJax (PpeoHOB coxepkaTrcs OOBIYHO aTOMBI XJIOpa, pexke - Opoma.

N3BecTHBI Oosiee cOpoKa pa3IMUHbIX PPEOHOB OOJBIIMHCTBO U3 HUX BBITYCKAKOTCS

IMPOMBIIIJIICHHOCTBIO.

®peoH — OeCLBETHBIN a3 WK KUIKOCTh, 0e3 3amaxa. Eciu ke B3sSTh Takyto
KUJKOCTh, KOTOpasi OyJeT 3akumnarb, ckaxkem, mpu -40°C, To cocyn, B KOTOPOM
CBOOOJIHO KMIUT 3Ta KUAKOCTh, OYJIET OUEHb CIO0KHO Harpeth. Ero temmneparypa
Oynetr crpeMutbes K -40°C. A mocTaBUB Takoil cOCyl Ha HYXKHBI HaM OOBEKT
OXJIQXJICHUSI, Mbl CMOKEM JI00UTHCSI TOTO, YETO U XOTEIU — OXJIAJUTh CUCTEMY.

Cucrembl (azoBOro mnepexona, HMCIAPUTEIN KOTOPHIX YCTAHABIMBAIOTCS
HETIOCPEJICTBEHHO Ha OXJIKIAAaeMbIe DIIEMEHTHI, Ha3biBatoTCs cuctemamu «Direct
Die». XoJIOAHBIMH B TaKOH CHCTEME SBIISIFOTCS TOJIBKO CaM HCHApUTEIb H
OoTcachIBaoIlas TPyOKa, OCTAJIbHBIE K€ DJIEMEHThI MOTYT UMETh KOMHATHYIO
TeMIeparypy Wid  Bblme. XOJOAHBIE  AJIEMEHTHl  HYXHO  TIIATEJIBHO
TEIMJIOU30JIMPOBATh JUIsl TIPEAOTBpaIeHUsT 00pa3oBaHusl KOHAEHcaTa. MuHycoM
(GpEeoHOK SIBIAETCS OTHOCHUTENbHAS TPOMO3KOCTh MCHAPUTENST M OTCAChIBAIOIIEH
TPYOKH, TOITOMY OOBEKTOM OXJKIEHUS BBIOUPAIOTCA JIUIIL MPOIECCOpP U
BUjicokapTa. ECTh U ellle 0Ha pa3HOBUIHOCTh CHCTEM OXJIAXIEHUS, O KOTOPOU s

ITOKa HC YIIOMAHYJI — YHJIJICPHI.

DTOT KJIACC CUCTEM COCTOUT B OCHOBHOM M3 CHCTEM KHUAKOCTHOI'O OXJIAXKACHUA,

OTJIMYUEM K€ SBJISCTCS HaJIM4he BTOPOM YacTH, KoTopas paboTaeT BMECTO
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paauaTopa — 3a4acTyl0 3Ta 4acThb ABJISIETCS TOM caMod cucteMo (ha3oBoro
nepexozaa. JIoOCTOMHCTBOM TaKOM CUCTEMOM SIBJISIETCS TO, YTO €l MOXKHO OXJIAJUTh
BCE DJIEMEHThl CUCTEMHHKA, a HE TOJbKO BHJEOKapTy M mponeccop. Cucrema
¢dazoBoro mepexoja uYWIUIEpa OXJAXKIAET JIMIIb TEIUIOHOCUTENb CHUCTEMbI
KUJAKOCTHOTO OXJIAXJACHHS, TO €CTh B 3aMKHYTOM KOHTYpPE TE€YET OUEHb XOJIOIHAs
KUJIKOCTh. OTCIOAa YW MHUHYC CHCTEM TaKOro THUIA — HEOOXOJIUMOCTh
M30JIMPOBAaHMS BCEHl cucTeMbl. Eciu ke HM301MpoBaTh HE XOYETCA, TO MOXKHO
MCIIOJIb30BaTh MAJIOMOIIHYIO (PpEOHOBYIO YCTAHOBKY ISl YMJUIEpa, HO Toraa 00
AKCTPEMATIBLHOM Pa3roHe MOKHO OyET 3a0bITh.

K Onectsmieit ctTopoHe MOXXHO OTHECTH BO3MOXXHOCTH JOCTHXKCHHUSI OUYCHB
HU3KHX TEMIIEpaTyp, BO3MOXKHOCTh TMOCTOSIHHOM paboTel. Beicokuit KIIJ]
cucteMbl. V3 MOCTOSHHBIX CUCTEM OXJIAXKJCHUSI, CAMBIMU MOIIHBIMU SIBJIIFOTCS —
bpeonku. Ilpy >TOM OHM TO3BOJISIOT BBIHOCUTH TEIJIO M3 KOPITyca, YTO
MIOJIOKUTENIbHO CKa3bIBaeTCsl Ha Temreparypax BHyTpu Hero. HeOosbiioi Bec u
MaJeHbKHE TabapuThl — BCE 3TO B TOJHOM Mepe OTCYTCTBYET B YCTaHOBKAx
JAHHOTO THWMA. YCIJIOBHAas CTAallMOHAPHOCTh CHUCTEMBbL. [IpakTMdyeckn BO BCeEX
ciydasx — moTpeOyeTcs TeTUIOU30JIAIus Bce cucteMbl. Hy U cambli, oXkayH,
HEraTUBHBI MOMEHT — 0oJiee 4eM OUTyTUMBIN 1ymM oT padotsl (50-60 xb). Eme
OJIHUM MHUHYCOM (DPEOHOK SIBJISIETCS TO, YTO HA MOKYINKY peoHa HYKHA JIMIICH3US.
VY Koro ee HeT, BLIOOp HE BEJIMK: B CBOOOIHOM MPOIaXKe €CTh TOJIBKO OJUH —
R134a. CymectByer eme oauH xmagareHT — R290, HO ceifuac oH He

HCIIOJB3YCTCA B OXJIAAUTCIBbHBIX CHCTCMaX. On o6na11aeT O4YCHb XOPOIIMMHU

CBOMCTBaMU: ToUYKa Kutenus - 41°C, coBMeCTUM C JTIIOOBIM MaciioM KOMIIpeccopa.
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2.3. CucreMbl OTKPBITOIO HCIIAPEHUSA

Hcnonb3yloTcsi B OCHOBHOM KOMITBIOTEPHBIMU SHTY3MACTaMU IS
OKCTPEMAJIBHOTO  pa3roHa anmapaTypbl («OBEPKIOKHHTA).

YcTaHOBKH, B KOTOPBIX B KauyeCTBE XJIAJareHTa UCIIOJIb3YETCA CYXOU
TEM, )KUAKAN a30T WIH TeJIUi, UCTIAPAIONIUNCS B CIICHUAIBHOW OTKPBITOM €MKOCTH,

YCTaHOBHeHHOﬁ HCTIOCPCACTBCHHO HA OXJIAKIAACMOM JJICMCHTC.

Wcnaputenr — TEMIOOOMEHHBIN ammapar, B KOTOPOM OCYIIECTBIISCTCS
mpouecc (azoBOro Imnepexofa >KUAKOrO TEIUIOHOCUTENsST B NapooOpa3Hoe U
razoo0pa3HOe COCTOSIHUE 3a CUET MOABOJIA OT O0JIee Topsiuero Teronocurens. Bo

BHYTPCHHCM o0BbeMe HUCIIApUTCIIA IIPH HM3KOH TCMIICPATYPC KUIIUT XJIAJarCHT,

BOCIIpUHUMAsI TEIUIOTY OXJaxaaeMoll cpenbl. [lo Buay oxiaxkmaemon cpefsbl
BBIJICJISIIOT JIBa BUAA UCHAPUTENICH: I OXJIAKIEHUS KUJIKUX TEIIOHOCHUTENEH U

I OXJIAKACHUA BO3ayXaA.

Kunenne XJaaarcHra B UCIIApUTCIIC IIPOUCXOJUT IIpU NICPpCaadC TCIIOThI OT

OXJIAXKJAEMOM CpEbl Uepe3 TBEPAYIO TEPMETHUECKYIO Pa3AEISIONIYIO0 CTEHKY,

HAa3bIBAEMYIO TEIUIONEPEAAIOLIEH IOBEPXHOCTHIO HciapuTelie. Ee n3roraBinuBaroT
U3 TEIUIONPOBOJHBIX MAaTepHalOB, Hampumep, U3 MeAHblx TpyO. Jlms

WHTEHCU(DUKAIUHU TETNI00OMEHA MMOBEPXHOCTh TPYO MCHIApUTEINICH,

CONPUKACAIONIYIOCS €  OXJaKAaeMBbIM  BO3AyXOM, opeOpsioT. OpebOpenue
MOBEPXHOCTH MPOBOMAT Yallle BCETO HAHWU3BIBAHHEM Ha TPYyObl TOHKOCTEHHBIX

MCTAJUNIMYCCKUX IUIACTHH C OIIPCACIICHHBIM PACCTOAHUCM MCKIY HUMU.

Hanbonee mpocTyro KOHCTPYKIIMIO HUMEIOT TaHEIbHbIE HUCIAPUTEIH OTKPBITOIO
tuna. VMcnaputenb COCTOUT M3 0aka MPSMOYTOJIBLHOTO CEUEHHMS, 3arOJHEHHOTO

TCINNIOHOCUTCIIEM, BHYTPb KOTOPOTO ITOMCIIAIOTCS IMaHCIIN UCIIaPpUTECIIA.

HpI/I HUCIIOJIB30BaHHUHM ITAaHCIIBHBIX chapI/ITeneﬁ 1A OXJIAKICHUA BOJIbI

BO3MOKHO paCHIMPCHUC (I)YHKHI/IOHaJ'IBHBIX BO3MOXXHOCTEHN alIiapaTtoB.
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Paccrosinne wMexay TMaHeNsMH YBEIMYMBAIOT, M TIPU OXJAXKICHUH BOIbI
n00UBarOTCs 00pa30BaHMs CJIOS JIbJa Ha HAPY)KHOU MOBEPXHOCTH TaHenei. Crion
JbJa BBITIOJNHSET (YHKIUHU aKKyMyJsTopa TemioThl. HemocTaTkoM MaHENbHbBIX
UCHapuTelied OTKPBITOrO THUIIA SIBJISETCS CYIIECTBEHHAs KOPPEKIUs MaHeled u
0aKoB, T.€. DJIIEMEHTOB, CMAUYMBACMBIX TEIJIOHOCHUTEIEM W HMMEIOIIMX KOHTAKT C
OKPYXKaIOIUM BO3TyXOM. Bbonee BBICOKUMU AKCILTyaTallMOHHBIMU

XapaKTCPUCTUKAMHA OGJ’I&I{&GT 3aMKHYTas CUCTCMa HUPKYIIALWNU TCIIJIOHOCUTCIIA.

HapyxHast mnoBepXHOCTb TpyO TMpeAcTaBisieT CcoOOW  Temonepeaaroyto
MMOBEPXHOCTh, YEPE3 KOTOPYIO TEILIOTA OT TEINIOHOCHUTEIS, MPOTEKAIOIIEr0 BHYTPU
TpyO, NepenaeTcs KUIAIEMY B MEKTPYOHOM MPOCTPAHCTBE XJaAareHry. TpyOHbie
PELIETKU 3aKPBIThl KPHIIIKAMH, IPUYEM B KPBILIKE MPETyCMOTPEHbI NAaTPyOKH I
MO[BOJIa M OTBOJIA TEINIOHOCUTENA (BOJIbI, paccona). JKuakuil XaagareHT (aMMHUaK)

yepe3 BEHTWJIb MOJAETCA B MEXTPYOHOE IMPOCTPAHCTBO HCHAPUTEIIS.

[TorTaBKOBBIN PETYNATOP TOMISPKUBACT YPOBEHb XJIaJarcHTa Ha BBICOTE
npumepno 0,8 aumamerpa. Mcmapurenu MaHHOTO THIIA WMEKIOT TOJBKO OJHY
TpyOHYIO pemieTKy, K KoTopod mnpucoeanHeHsl U-oOpasnbie TpyObl. XmagareHt
KUIIUT BHYTPU TPyO, a OXJKIEHHBIE TEIJIOHOCUTENh TMPOKAUYMBACTCS 10
MEXTPYOHOMY MPOCTpaHCTBY. [T MHTEHCH(UKAIIMKA TETIOOOMEHA TPH KUTICHUH
XJIaJlaT€HTa BHYTPU TPYOBI YCTAaHABIUBACTCS CIICIIMAIbHAS BCTABKA,

BBITIOJIHAOIAST (PYHKITUU BHYTPEHHETO OPEOpEHUS.
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2.4. CucreMbl KACKAIHOI0 OXJIAKICHUSA.

JIBa u GoJiee MOCIEAOBATEIPHO BKIFOUCHHBIX (DPEOHOBBIX YCTAHOBOK. J[7st
noilyueHus: Ooyiee HM3KUX TeMmmeparyp Tpedyercss ¢peon c Oonee HUBKOU
TEMIIEPATYPOIl KUIleHHs. B ogHOKacKaqHON XOJOAUIBHON MAlIMHE B 3TOM CIIy4ae
TpeOyeTcss yBeIMUUTh padodee JaBJICHHE 3a CUYET IMPUMEHEHHUsS O0Jiee MOIIHBIX
KOMIIPECCOPOB. AJBTEPHATUBHBIA IyTh - OXJAXKICHUE paauaropa YCTaHOBKHU
Ipyroil (peoHOM 3a CUET ATOro CHHUXKAETCS pabouee NaBJICHHE B CUCTEME HU
CTAHOBHUTCS BO3MOKHBIM TPUMEHEHHE OOBIYHBIX KommpeccopoB. Kackannbie
CUCTEMBI MOJIYy4aroT 00Jiee HU3KKE TEMIIEpaTyphl, YeM OJTHOKACKAHBIC U, B
OTJIMYUE OT CHUCTEM OTKPBITOTO HCIAPEHHUs, MOTYT paboTaTh HENPEPHIBHO.
OnHako, CIOXHBI B M3rOTOBICHMHM M Hanaake. llpuMmensrommuiics s
TEII000MEHA MEXKY NBYMS TEIJIOHOCUTEISIMUA. OCOOEHHO MTPU UCIIOIh30BaHUE
CO2 B kauectBe onHOrO M3 HUX. Kackaapl oOBEIUHSIOT B ce0si KOHJEHCATOp U
ucrnapurelb. TermIo0OMEHHUKN OTAUYHO TOAXOASAT JJIsl KacKaJHBIX IMPOIECCOB
Omarogapss ux BbicOkoMy Tepmudyeckomy KIIJ[. Onu Moryr obOecneyuThb
MUHUMAJBHYIO  Pa3HOCTh  TEMIIEpaTyp MEXIy  KOHJCHCHUPYIOIICHCS U
UCIIapsAIONIEHCA CpeaamMu, TMO3BOJSASA CHU3UTh TEKYLIME JKCIUTyaTallMOHHbIE
pacxopl:

e Xmanarentsl NH3, CO2, R404, R134a, mpormaH, MeTaH u Jp;
e HMurepsan momHoctel 5- 10 000 kBT;

e Bricokuit K03 UIMEHT TerIonepeaun;
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