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BBEAEHHUE

VYBenuueHne KOJIUYECTBA PAAUOIEMEHTOB HAa MHUKPOCXEMAX HACTOJIbHBIX
[IK, a Takke yBEJIMUYECHUE TPAH3UCTOPOB B MHTETPAIBHBIX CXEMaX MUKPOYUIIOB U
JIPYTUX 3JIEMEHTOB Ha IMEYaTHBIX IUIATaX CBS3aHO C MOBBIIICHWEM TPeOOBaHUN K
BBIYHMCIIUTEILHBIM MOITHOCTSM KOMITBIOTEPOB, T.K Ha HUX BO3JararoTcsi Bce Ooliee
CIOKHBIE 3aJayd. OJTO NPHUBEJIO K TMOBBIINICHUIO TEIUIOBbIAEIEHUA. Bce 3Tun
00CTOSATENILCTBA TOCIYXHUJIM TOJYKOM K CO3J@HUIO0 PA3IUYHBIX CHUCTEM
OXJIaXJeHUs, 0€3 KOTOphIX He o0xoauTcs HM oauH HactodbHbI [IK Ha
CETOJIHSIIHUN JIeHb, TTOTOMY 4YTO 0€3 CHUCTEM OXJIAKJCHHUS OHU HE CIIOCOOHBI
OTBEYaTh TPEOOBAHUSIM COBPEMEHHBIX CTaHJIAPTOB, KOTOPBIE MPEABSIBISIOT

IMPOU3BOAUTCIIN U IIOJIB30BATCIIN IIPOrPAMMHOTIO oOecIrieucHus.



Ieab uccaenoBanus:

W3ydyeHre TNPUHIMIIOB pabOThl H  XapaKTEPUCTUK CPEACTB  OXJIAKICHHS
KOMITBIOTEpA.

3agaum ucciiel0BaHUA:
N3yunts THIEI cpencTBa oxnaxaeHus [1K.

N3yuuts paboTy u cTpoeHue cpeacts oxnaxaeHus [1K.
N3yunTh npuHIUIBL pad0ThI cpeacTB oxnaxaeHus 11K.

A w0 b P

N3yunts XapakTepucTuku cpencts oxnaxaeHus [1K.



1.BUIbI BO3AYIIHOI'O OXJIAKJIEHMUS.

1.1. O61mee moHsiTHE 0 BO3AYIIHOM OXJIAJK/IECHHE.

[TpunIMT pabOTHl BO3MYIIHOTO OXJIAXKICHUS 3aKITIOYAETCS B TOM YTO TEIUIO
C HarpeBaloLIerocsl 3JIEMEHTa MK HampsMYyI0 MepeaacTcs Ha pajuarop, U 3aTeM
paccemBaeTCs B OKpPYXalolmee MPOCTPaHCTBO. DPPEKTHBHOCTh TAaKOTO0 METOJa

OXJIAXKACHU 3aBUCHUT OT HCCKOJIBKHUX YCHOBHﬁZ MOJIC3HOM Iiomaau paanaropa,

MaTrepuana, u3 KOTOPOro OH M3rOTOBJIEH U CKOPOCTH IPOXOJIAIIErO BO3LYIIHOIO
notoka. K mpumepy, Menp SABISETCA Jy4YIIMM IPOBOJAHUKOM TEIUIA, YEM
amoOMUHUM. Taxke s JIydlled TeIUIOOTAAYM PAaauaTopa, MOKET IMPUMEHSTHCS
YepyeHHE €ro MOBEPXHOCTU. Bo3ayIIHOE OXTaKI€HIE MOXKET ObITh AKTHBHBIM

NI MMAaCCUBHBIM.

P AKTHBHOE OXJIQXKAEHUE MOAPA3yMEBAET HATMYHE, IOMUMO PaIuaTopa,

€lI¢ U BEHTWISITOPA, KOTOPbIA 3HAYUTEIBHO YCKOPSIET MPOIECC OTBOJA TEIja OT
TpyOOK paguaTopa B OKpysKaromiee MmpocTpaHcTBo. Kak mpaBmiio, BEHTHIATOPHI
AKTUBHOTO OXJIAKJICHMS, WIM, KaK MX €UIC Ha3bIBAIOT, KYJEphl, IPUMEHSIOT s

OXJIAKJACHHSA CaAMBIX «TOPAYHX» KOMIIOHCHTOB IIK — nmponeccopa u BUACOKAPTEI.

P IlaccuBHOE OXJXICHIE B OCHOBHOM yCTaHABIIMBAETCS HA T€ DJIEMEHTHI
KOMITBIOTEPA, KOTOPhIE HE OYCHBb CHIJIBHO HArpeBarOTCS B Mpoliecce padoThI, Tak
KaKk ero 3¢Q¢GeKTHBHOCTh CYIICCTBEHHO HIDKE, 4eM Yy akTuBHOro. OJHAKO eCcTh
MACCUBHBIC PAAMATOPBI, KOTOPBIC MPETHA3HAUCHBI CIEIUAIBHO NI MOCTPOCHUU
OCCIIyMHON CHCTEMBbl — OHU OTJIMYAIOTCS BBICOKOW 3((HEKTUBHOCTHIO OTBOJA

TEIlJIa MPU HU3KOM CKOPOCTHU MOTOKA BO3AYXa.



1.2. TensioBbIe TPYOKH.

TensioBasi TpyOKa —>TO repMETHUECKOE TEIIONEepeIarolee yCTPOCTBO,

KOTOpO€ paboTaeT Mo 3aMKHYTOMY HCIApUTEIbHO-KOHACHCAIIMOHHOMY ITUKIIY B
TEIUIOBOM KOHTAaKT€ C BHEIIHUMU — HCTOYHUKOM M CTOKOM Tera. TemioBas
SHEpPrusi BOCIPUHUMAETCA OT MCTOYHHMKA UM 3aTPAuyMBAaEeTCs Ha HCIAPEHUE
TEIUIOHOCHUTENS], 3aKII0YEHHOTO BHYTPHU KOpIyca TEIUIOBOM TpyObl. 3aTeM oOHa
NEPEHOCUTCA TMapoM B BHUAE CKPBITOW TEIUIOTHl MCIAPEHUs W Jaliee, Ha
ONPEICIICHHOM PAaCCTOSIHUM OT MECTA UCIIAPEHHUS], B 3aBUCUMOCTHU OT TE€X WJIM UHBIX

CIT0CO00B TGHHOC’béMa, IIpY KOHACHCAIINM I1apa BbIACIACTCA B CTOK.

OOpa3zoBaBmIuiicss KOHJEHCAT BO3BpAIlAeTCs B 30HY HCHAapeHus MO0 IMox
JACHCTBHEM  KAaNMWUIAPHBIX  CHJ, KOTOpble  OOECIEeYMBAIOTCS  HATUYHEM
CHELMATIM3UPOBAHHOMN KallWJUIAPHON CTPYKTYpPbl BHYTPH TEIJIOBOM TPYOBI, 1100 3a
CUCT JCHCTBHS MAacCOBBIX CHUJ (TOCHEIHSSE KOHCTPYKIHS OOBIYHO HMEHYETCs
TepmocuporoM). Takum oOpa3zom, BMECTO AJIEKTPOHHOIO MEXaHU3Ma MepeHoca
TeIUIa MyTEM TEIUIONPOBOIHOCTH, YTO UMEET MECTO B CIJIOITHOM METaJNTMYECKOM
TEIUIONPOBO/IC, B TEIUIOBOW TpyOe HCIONB3yeTCs MOJEKYISIPHBIM MEXaHU3M

nepeHoca.



2. BUJIbI ZKNAKOCTHOI'O OXJTAKIAEHUSA.

2.1. O01Iee MOHATHE 0 KUIKOCTHOM OXJIAKICHHE.

[IpakT4eckn BCe BHUIBI KUIKOCTHOI'O OXJIAKIECHUS ITOCTPOEHBI 110 OJHOMY
MPUHLUITY: CUCTEMA BOJSHOTO OXJIAXACHUS MPEACTaBIseT COOOM 3aMKHYTBIH
KOHTYp, B KOTOPOM, NPUBOJNMAS B JIBHUKEHUE OTAEIIBHOW ITOMIIOM, HENPEPHIBHO

MUPKYIIHUPYCT OXJIaKAaromasa ;KUJAKOCTb.

Jns orBoma Temia OT Mpoleccopa M NEepefayd €ro TEIUIOHOCUTEIIO
npelHa3HaYeH BaTepOJIOK, pa3Mepbl KOTOPOTO TOpa3lio MeEHbIe J000ro
IPUMEHSIEMOTO Ha CErOJHSIIHUMN JIeHb BO3AYIIHOTO Kynepa. [Ipu HeoOxoauMocTu
B CHCTEME MOXET OBbITh YCTAaHOBJIEHO HECKOJIbKO BaTepOJIOKOB, HANpUMeEp, Ha
LEHTPaJIbHBIN MPOLIECCOP, Ha BUAECOMPOLIECCOP, HA CEBEPHBIA MOCT YHUIICETA U T.A.,

BIJI0TH 10 MOSFET - Tpan3ucTopoB ctabuivzaTopa MUTaHUS CUCTEMHOM TUIATHI.

Kak m B cnydae TpaauiiMOHHOTO paauaTopa, 3(PGHEKTUBHOCTh >KHIAKOCTHOTO
pagpaTopa  ONpENeNseTcs  IUIOMAAbK0  KOHTAKTa €ro  IOBEPXHOCTU  C
OXJIQK/IAIOMIMM BEIIECTBOM, [JIsl YBEJIWYEHUS KOTOPOW BHYTpH BaTepOJoKa
BCTpEYArOTCsl pedpa, UTOJIKK WIIH K€ TPOJIOKEHBI KaHAJbI CII0KHON (DOPMBI,
o0ecreynBaore Xopouiee nNepeMeninBaHie NPUIOHHBIX CIOEB.

Eme ogqaum ycrpoiictBoM, onpeaenstonum 3G GheKTHBHOCTD, BIPOYEM, KaK

n HaACKHOCTDH )KHI[I(OCTHOﬁ CHUCTCMBI OXJIAXKACHUA, ABJIICTCA IIOMIIA,

KOMIICHCHPYIOI[asi MH3€pPHYI0 TEIUIONPOBOAHOCTh BOJBI €€ MEXaHWYECKHM
nepeHocoM. Benp cTeneHp TEIIo0TBOJAA OT OXJIAXIAAEMOrOo YCTPOMCTBA MPSIMO
IPONOPLUOHATIbHA CKOPOCTH TOKa JKUJIKOCTH, a €ClIM BOAA IE€PECTAHET
UPKYJIUPOBATh B KOHTYpE, TO 3PPEKTUBHOCTh OXJIAXKIEHUS KaTacTpOPUUYECKU
ynajet. [loMiel OpIBatOT IBYX THUIIOB: IOTPYXKAeMbI€ B PE3EPBYap € OXJIaKIAIOLIEH

KNIKOCTBhIO M BHCIITHUEC, C COOCTBEHHBIM TrCPpMCTUYHBIM KOPITYCOM.
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KOHCTpYKLII/IH IMOrpy>KacMbIX HACOCOB OYCHDb IIPOCTA - 11O CYTH, OTO BpalllaroIiasacs
B JXUAKOCTH KPbLJIbYAaTKa, 3aKJIIOUYCHHAA B JIETKUM KOXYX. Ee HCHTpO6C)KHaJI CHJIa

CO3/1a€T HEOOXOIUMBIM HATIOP KUJIKOCTH.



[Torpy>kHBIE TOMITHI KOMIAKTHBI, HO TPEOYIOT 0OBEMHBIX PACITUPUTEITHLHBIX
0auKkoB, B KOTOPBIX OHU M pa3MmemaioTcs. OHU JOBOJIBHO JIEIIEBBI U MO3TOMY
TOCIOJICTBYIOT Ha pbhIHKE. OTIeIbHas BHEIIHSS MIOMIIA TOPa3io JOPOXKe, BEIb IS
HEee yXe TpeOyeTcs KadeCTBEHHBIM, CICIHAIBHO OOpaOOTaHHBIA TEPMETUIHBIN
KOpIyc. 3aTO Ha/Ie)KHOCTh U MPOU3BOJUTEILHOCTD PEIICHUS B MOCJIEIHEM CIy4yae
MOET OBbITh TOpa3o Bhilie. OHU MOTYT 0OXOIUTHCS 0€3 pacIIMPUTENHHOIO Oayka
BOOOIIIE, OJHAKO Ha TPAKTHUKE BCE € CTOUT HCIOJIb30BAaTh PACIIMPUTEIHHBIN

06a4ok, XoTs Obl HEOOJIBIIION, O0ECTIEYNBAIOIINN YI00HYIO 3allPaBKy CUCTEMBI U

"oTnaBnuBaHue" BO3MYIIHBIX My3bIpbKOB. [locie BatepOioKka HarpeTas >KUJIKOCTh
HOCTylaeT Mo TpyOKaM B paauaTtop TEIUIOOOMEHHUKA, TJA€ U OTHAeT BCe
HAKOIUIEHHOE TEIUIO B OKpY:Karollee NpocTpaHcTBO. [IoHATHO, 4YTO 0€3 aKTHBHOTO
OXJIAXKJIEHHUSI MOTpeOyeTcsl JOCTAaTOYHO OOBEMHBIM M TshKENbl paauarop. s
MaJIEHbKMX M KOMIIAKTHBIX O0S3aTENbHO HY>KHBI BEHTUJISTOPBI, KOTOpBIE, IS
CHIDKEHHUS OOILel INIYMHOCTH CHCTEMBI, Yallle BCETO UMEIOT OOJIBLION TuaMeTp U
HHA3KYI0 CKOPOCTh BpAIllEHHWs KpbUIbYATKUM. B  KOHCTpyKUMH paauaTtopa
OPUMEHHMbI BCE UIMPOKO M3BECTHBIE TEXHOJOTUH OOBIYHOTO BO3AYIIHOIO

OXJIaAXKACHU .

B nanHOM ciiyuae, B OTIIMYME OT TPAAULIMOHHOTO MPOLIECCOPHOTO KYJIepa,

KECTKO TMPUBSI3aHHOTO K TMPOLECCOPY HA CUCTEMHOM IUIaTe, KOHCTPYKIIHS
paauaTopa HE CBs3aHA CYpOBBIMU OTPAaHUUYCHUSMU IO pa3Mepy U Macce, Bellb OH
MOXKET pa3MeIlaThCcsi CBOOOIHO, B Hanbosiee yJOOHOM MECTe CUCTEMHOro OJioKa
WM JTake BooOIIe ObITh BBIHECEH Hapyxky. Ho Bce e MOHTaX BCEH >KUIKOCTHOM

CHUCTCMbI OXJIAXKJACHUA BHYTPH KOPITyCa UMCCT psAa HCAOCTATKOB. BO-HCpBBIX,

COBpPEMEHHBIE "TUIIOBBIE" KOpPIyCca N3HAYAIIBHO HE MPOEKTUPOBAIKCH IO
YCTAHOBKY TaKUX KOHCTPYKIIMM, U 31€Cb MOTYT BOBHUKHYTH MPOOJIEMBI C
pacIojoKeHrueM, 0COOCHHO HanboJjiee MOITHBIX U3 HUX. JJI1 ycTaHOBKHU
J0CTaTOYHO 3(h(PEKTUBHON CUCTEMBI )KUJIKOCTHOTO OXJIAXKIEHUS IOTPEOyeTC s
100 crenHaIbHbIA KOPILYC, TMOO0 3Ta CUCTEMA JI0JIKHA ObITh BIHECEHA BO
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BHEIMIHUNA OJOK. DTOT OJOK MOXET BKJIOYaTh B Ce0S MOMITy, paauaTop
TETUIOOOMEHHUKA C OXJIAXKIAIOIUM BEHTHIATOPOM, TaKKe MOXKET MPUCYTCTBOBAThH

CHCTEMa 3JIEKTPOHHOTO YIPaBIeHUS U HU(PPOBOM UHIUKATOP TEMIIEPATYPHI.

BoBHYTpH KOpITyca KOMITBIOTEPA CTABUTCS TOJBKO >KMIKOCTHBIN pailiaTop,
COCIMHEHHbIH C OJIOKOM THOKMMH TpyOKamu, W JaTYUK Temmeparypbl. Takas
KOHCTPYKLHUSI CUCTEMBI OXJIaKIEHUS, 00Jiee TOAPOOHO pPACCMOTPEHHAs! HUXKE,

ITOJIHOCTBIO CaMOJO0CTAaTOYHA.

Uro kacaercs TpyOOK, IO KOTOPHIM TE€YET >KUAKOCTb, TO Yallle BCETO HUX
M3TOTABIMBAIOT U3 CHJIMKOHA, YTO JA€T BO3MOXHOCTh UX yJOOHO CTBIKOBAaTh U
BBITIONHATh B CaMbIX 3aTCHNIMBBIX KOHPUTypauusax. OHH JIETKO MOAJAIOTCS
0o0paloTKe, HE 3aHMMAOT MHOTO MECTa BHYTpPU KOpITyca, 1 UM HE MELIAIOT BCE T€
HEPOBHOCTH Y BBICTYNAIOIIME SJIEMEHTHI, KOTOpPbIE KPUTUYHBI MJi1 TOTOKa
Bo3nyxa. Tem cambiM oOecrieuyuBaeTcs JIydllMid TEIUIOBOM pPEXHUM BHYTpHU
CUCTEMHOTO 0JI0Ka, U YK€ He MOTpeOyeTCsl CTOJIb MOIIIHAS O0I[asi BEHTWISALUS €T0

NPOCTPAHCTBA.
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HpI/IHHI/IH pa6OTLI - Iepcagayvya TCILIa OT HArpeBarOmICrocs KOMIIOHCHTA

paauaTopy ¢ MOMOIIbIO padoyde JKUIKOCTH, KOTOpasi HIUPKYJIUPYET B cucteme. B

Ka4yCCTBC pa6oqe171 KUAKOCTH YJalll€ BCCI'O UCIIOJIb3YCTCS AUCTHIIMPOBAHHAA BOJA,

4acTo ¢ A00aBKaMHM UMEIOUIMMH OaKTEepULUIHBIA W/WIA aHTUTaIbBaHUYECKHUNA
s dexT; mHOTAA - Macio, aHTU(GPHU3, KUIKHN METaul WIH JAPYTUE CIHCIUATbHBIC
KHUAKOCTH. JKUAKOCTh MOJDKHA 00JalaTh BBICOKOW TEIIOMPOBOAHOCTHIO, YTOOBI
CBECTH K MHHHMYMY TIepemaja TeMmIrepaTyp MEKIy CTEHKOH TpyOku U
IOBEPXHOCTHIO MCIAPEHUS], @ TAK)KE BBICOKOM YJEIBbHON TEIIOEMKOCTBIO, YTOOBI
IPU MEHbIIEH CKOPOCTH LUPKYISINH )KUIKOCTH B KOHTYpe 00€CIIeUUTh OObIIYIO

(D PEKTUBHOCTD OXJIAKICHHUS.

2.2. ®peoHOBBIE YCTAHOBKH.

XonoaunbHas YCTaHOBKA, UCTIapUTEIIb KOTOpOH YCTaHOBJIEH
HETMOCPE/ICTBEHHO Ha OXJIAXKJAEMbI KOMIMOHEHT. Takue cHucTeMbl MO3BOJISIOT
MoJly4aTh OTPHULATENbHBIE TEMIIEpAaTypbl Ha OXJIAKIAEMOM KOMIIOHEHTE MpHU
HENpEephIBHOM  paboTe, 4YTO HEOOXOOMMO I JKCTPEMAJbHOIO  pas3roHa

MIPOIIECCOPOB.

Munycsr:

L4 pr,)IHOCTI/I OXJIaXXKACHHUS HECKOJIBKHUX KOMIIOHCHTOB

e CI0KHOCTB M JOPOTOBU3HA

e [loBBIlIEHHOE JIEKTPONOTPEOIICHHE
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®peoHoBbIe ycTaHOBKH. Mu Oosiee mpaBWIbHO ObLIO OBl Ha3BaTh TaKue
cucTeMbl cucteMamu (a3oBOro mnepexona. Ha mpuHImune AecTBUS TaKUX CHUCTEM

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

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

HEOOXOJIUMO 3aTPATUTh SHEPTHUIO - T.€. 3aKUINAHUE, )KUIKOCTh OTOMPAET TEILIOBYIO
SHEPTUI0 OT OKPYXKAIOUIUMX €€ MPEeJAMETOB, HO MPU TEKYIIEM JaBJIEHUU MBI HE
CMOKEM HarpeTh KUJIKOCTh BBIIIE TEMIIEPATYPHI €€ KUIIEHUSI KpOME aTOMOB BTOPA,
B MOJIeKyJiaX (PpeoHOB cojepkarcsi OOBIYHO aTOMBI XJOpa, pexe - Opoma.

N3BecTHBI Oosiee cOpoKa pa3IMUHbIX PPEOHOB OOJBIIMHCTBO U3 HUX BBITYCKAKOTCS

IMPOMBINIJICHHOCTBIO.

®peoH — OeCLBETHBIN a3 WU KUAKOCTb, 0€3 3anaxa. Eciu ke B3sTh TaKyro
KUJKOCTh, KOTOpasi OyJeT 3akumnarb, ckaxkem, mpu -40°C, To cocyn, B KOTOPOM
CBOOOJHO KHMIIUT 3Ta XKUAKOCTh, OyJIET OYEHb CI0KHO HarpeTh. Ero remneparypa
Oynetr crpeMutbes K -40°C. A mocTaBUB Takoil cOCyl Ha HYXKHBI HaM OOBEKT

OXJIaXKACHHS, Mbl CMOXKCM ,Z[O6I/ITI>C$I TOI'O, 4C€TO U XOTCIHU — OXJIaIUTh CUCTCMY.

12



Cuctrempl (a30BOTO MEPEX0/ia, HCIAPUTEITN KOTOPHIX yCTAHABIMBAIOTCS
HETIOCPEACTBEHHO HA OXJIAXKIAEMBIC JJIEMEHTBI, HA3bIBAIOTCS CHUCTEMaMH
«DirectDie». X0101HBIMHA B TaKOH CHCTEME SIBIIIOTCS TOJILKO CaM HCIIApUTENb U
OTCachIBarOIIasi TPyOKa, OCTAIbHBIC K€ DJIEMEHTHI MOTYT WMETh KOMHATHYIO
TeMIleparypy Wiud  Bble. XOJOAHBIE  DJIEMEHThl  HYXXHO  TIIATEIBHO
TEIJION30JIMPOBATh U1l MPENOTBpAIleHUss oOpa3oBaHHsA KOHAEeHcaTa. MuHycoMm
(bpEoHOK SIBISETCS OTHOCUTENIbHASI TPOMO3JIKOCTh MCHAPUTENS U OTCaChIBAIOLIEH
TPYOKH, TOSTOMY OOBEKTOM OXJIAKJEHUS BBIOUPAIOTCA JIMIIL MPOIECCOp U
BUJicoKapTa. ECcTh U ellle 0Ha pa3HOBUIHOCTh CHCTEM OXJIAXIEHUS, O KOTOPOU s

ITOKa HC YIIOMAHYJI — YHUJLICPBI.

DTOT KJIaCC CUCTEM COCTOUT B OCHOBHOM M3 CUCTEM KHNAKOCTHOI'O OXJIAKIACHUA,

OTJIMYUEM JK€ SBISICTCS HAJIWYUE BTOPOM YaCTH, KOTOpas paboTaeT BMECTO
paauaTopa — 3a4acTyl0 3Ta 4YacTh SBJISIETCS TOW caMoW cucteMoi (ha3oBoro
nepexoa. JJoCTOMHCTBOM TaKOM CUCTEMOM SIBIISIETCS TO, UTO € MOXHO OXJIQUTh
BCE JJIEMEHTHI CHCTEMHHMKA, @ HE TOJBKO BHJECOKApTy M Tmpoueccop. Cucrema
dazoBoro mepexojia YWUIEpa OXJAXKIAECT JIMIb TEIUIOHOCUTEIh CHUCTEMBbI
KUJIKOCTHOTO OXJAXIEHHS, TO €CTh B 3aMKHYTOM KOHTYpPE€ TE€UET OUYE€Hb XOJIOTHAS
KUJIKOCTh. OTCIOAa W MHHYC CHCTEM TakKOro THUIMA — HEOOXOJIUMOCTh
M30JIMPOBAaHUSI BCEW cUCTeMBI. Ecin ke M30upoBaTh HE XOYETCS, TO MOKHO
UCIIOJIb30BaTh MaJOMOIIHYIO (PEOHOBYIO YCTAHOBKY Uil YWiLiepa, HO Torja ob

AKCTPEMaAILHOM Pa3roHe MOXKHO OyJeT 3a0bITh.
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K Onectsmieit cTOpoHe MOXHO OTHECTH BO3MOXHOCTH JIOCTH)KCHHS OUYCHB
HU3KHUX TEMIIepaTyp, BO3MOKHOCTb MOCTOSHHOW paboTel. Beicokuit  KII/]
cucteMbl. M3 MOCTOSIHHBIX CUCTEM OXJIAXKJICHUS, CAMBIMU MOILIHBIMHU SBJISFOTCS —
¢peonku. Ilpu 5TOM OHM MO3BOJISIIOT BBIHOCHTH TEIUIO M3 KOpIyca, 4YTO
MOJIOKUTENIbHO CKa3bIBa€TCsl Ha Temreparypax BHyTpu Hero. HeOosbiioi Bec u
MaJIeHbKHE TradapuTbhl — BCE 3TO B IIOJHOM MEpE OTCYTCTBYET B YCTaHOBKax
JAHHOTO THWMA. YCJIOBHAas CTAallMOHAPHOCTh CHUCTEMBbL. [IpakTMdyeckun BO BCEX
Clly4asx — moTpeOyeTcs TEeTIoU30JIsIIUs Bceil cucteMbl. Hy U caMblid, moxkamyi,
HEraTUBHBIII MOMEHT — OoJiee yeM OoulyTUMbIM myMm oT paboTsl (50-60 nb). Eme
OJIHUM MHHYCOM (DPEOHOK SIBJISIETCS TO, YTO HA MOKYNKY (PpEOHA HY>KHA JIULICH3USI.

VYV koro ee HCT, BBI60p HC BCJIUK: B CBO60I[HOﬁ MpoaaXe €CTb TOJIbLKO OIUH —

R134a. CymectByer emie oauH xjagareHT — R290, Ho celiuac oH He
UCIIOJIB3YETCS B OXJQAUTENBHBIX cucTeMax. OH 00yialaeT O04YeHb XOPOIIUMU

CBOMCTBaMU: TOUYKa KUTIeHH - 41°C, COBMECTHM C JTFOOBIM MaciioM KOMIIpeccopa.
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2.3. CucreMbl OTKPBITOIO HCIIAPEHUSA

HNcnonb3yloTcsi B OCHOBHOM KOMITBIOTEPHBIMU SHTY3HMACTaMU  JIJIs
HKCTPEMAJIbHOTO  pa3roHa ammaparypbl (KOBEPKIOKHHIAY).

YcTaHOBKH, B KOTOPBIX B KauyeCTBE XJIAJarcHTa UCIOJb3YETCA CYXOU
TET, )KUAKUAN a30T WIK TeJIU, UCTIAPSIONIUICS B CIIEHUAIBHOW OTKPBITOM €MKOCTH,

YCTaHOBHeHHOﬁ HCTIOCPCACTBCHHO HA OXJIAKIAACMOM JJICMCHTC.

Hcnaputenb — TEIOOOMEHHBIA anmapar, B KOTOPOM OCYILECTBIISIETCS
npouecc (a3zoBoro mnepexoda JKHUIKOTO TEIUIOHOCHUTENs B MapooOpa3Hoe U
razoo0pa3HoOe COCTOSIHUE 3a CUET MOABOJIA OT OoJiee ropsuero TermioHocuTensi. Bo

BHYTPCHHCM o0beMe HUCIIApUTCIIA IIPH HM3KOH TCMIICPATYPC KUIIUT XJIaAAIrCHT,

BOCIIPUHMMAs TEIUIOTY OXJaxaaemol cpeasl. [lo Bumy oxiaxkmaemoil cpenbl
BBIJICTISIIOT JIBA BUJIA UCHIAPUTENCH: JJIsl OXJXKIACHUS KUJKUX TEIJIOHOCUTENEH U

I OXJTAKACHUA BO3AyXaA.

Kunenue XJaaarcHra B UCIIApUTCIIC IIPOUCXOJIUT IIpHU NICpeaavc TCIJIOThI OT

OXJIAXKJAEMOM CpPEbl Uepe3 TBEPAYIO TEPMETHUECKYIO PA3AEISIONIYIO0 CTEHKY,

HAa3bIBAEMYIO TEIUIONEPEAAIOLIEH IOBEPXHOCTHIO HclapuTeliel. Ee n3roraBinuBaroT
U3 TEIUIONPOBOJHBIX MAaTEpHANOB, Hampumep, U3 MeAHblx TpyO. Jlms

WHTEHCU(DUKAIUHU TETI00OMEHA MMOBEPXHOCTh TPYO MCHIApUTEIICH,

CONPUKACAMIIYIOCS C  OXJKAaeMbIM  BO3AyXOoM, opeOpstoT. OpelOpenue
MOBEPXHOCTU MPOBOIAT Yallle BCET0 HAHW3BIBAHMEM Ha TPYyObl TOHKOCTEHHBIX

MCTAJUIMYCCKUX TINIACTUH C OIIPCACIICHHBIM PACCTOAHUCM MCK/Y HUMMU.

Hanbonee nmpocTyro KOHCTPYKIIMIO HUMEIOT TMaHEIbHbIE HUCIAPUTEIH OTKPBITOIO
tuna. VMcnaputenb COCTOMT M3 0aka NPSMOYTOJILHOTO CEUCHHMS, 3alOJHEHHOIO

TCINNIOHOCUTCIIEM, BHYTPb KOTOPOT'O ITIOMEIIAIOTCS IMMaHCIN UCIIapUTCIIA.

HpI/I HCIIOJIB30BAHHWHN IIaHCIBHBIX HCH&pHTGJ’ICﬁ JJI1 OXJIAXKACHUS BOJBI

BO3MOXKHO pacuiupenne QyHKIIMOHAIbHBIX BO3MOKHOCTEN anmnaparos.
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PaccrosiHne wMexay TMaHensMH YBEIMYMBAIOT, M TPU OXJAXKICHUH BOIbI
n00UBarOTCs 00pa30BaHMs CJIOS JIbJa Ha HAPYKHOU MOBEPXHOCTH TaHenei. Cion
Jb7a BBITIONHAECT (YHKIUA aKKyMyJsiTopa TeIioThl. HemocTaTkoM IMaHembHBIX
UCHIapUTeNied OTKPBITOIO THUIA SIBJIAETCS CYIIECTBEHHAs KOPPEKLHUs IMaHeled u
0aKoB, T.€. DJIIEMEHTOB, CMAYMBACMBIX TEIJIOHOCUTEJIEM M HMEIONIUX KOHTAKT C
OKPYXKaIOIUM BO3/TyXOM. Bonee BBICOKUMU AKCILTyaTallMOHHBIMU

XapaKTCPHUCTUKaAMHU O6H3I[3€T 3aMKHYTasd CUCTCMA HUPKYJLINHUHU TCIITIOHOCUTCILA.

HapyxHass mnoBepxHOCTb TpyO TMpeAcCTaBisieT CcOo00Ml  TeIIonepearolyIo
MOBEPXHOCTh, YEPE3 KOTOPYIO TEIIOTA OT TEINIOHOCUTENS, IPOTEKAIOIIET0 BHYTPH
TpyO, epenaeTcs KUIAIEMY B MEKTPYOHOM MPOCTPAHCTBE XJaAareHry. TpyOHbie
PELIETKU 3aKPBIThl KPBIIIKAMH, IPUYEM B KPBILIKE MPETyCMOTPEHbI MAaTPYOKH I
MO[BOJIa M OTBOJIA TEINIOHOCUTENS (BOIBI, paccoa). XKuakuii XxjaagareHT (aMMHuaK)

4yepe3 BEHTWIb MOJAETCAd B MEXTPYOHOE MPOCTPAHCTBO HMCIAPUTEIS.

[TormaBKOBBIN  PETYNSTOP TOMJASPKUBACT YPOBEHb XJIaJareHTa Ha BBICOTE
npumepno 0,8 amamerpa. Mcmapurenum MaHHOTO THIIA HWMEIOT TOJBKO OJHY
TpyOHYIO pemlieTKy, K KoTopod mpucoeanHeHsl U-oOpasHbie TpyObl. XmagareHt
KUIIUT BHYTPU TPyO, a OXJKIEHHBIE TEIJIOHOCUTENh TPOKAYMUBACTCS I10
MEXTPYOHOMY MPOCTpaHCTBY. JJI1 MHTEHCH(PUKAIIMKA TETNIOOOMEHA TPU KUTICHUH
XJIaJlaT€HTa BHYTPU TPYOBI YCTAaHABINBACTCS CIICIIMAJIbHAS BCTABKA,

BBIMOJIHSIONIAS PYHKIIUK BHYTPEHHETO OpeOpeHusl.
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2.4. CucreMbl KACKAIHOI0 OXJIAKICHUS.

JIBa u Oosiee MoOCHIeAOBATEIbHO BKIFOUEHHBIX (DPEOHOBBIX YCTAaHOBOK. J[mst
nosydeHuss Oojiee HHM3KUX TemrepaTyp Tpedyercss (gpeoH ¢ 0Oosiee HU3KOU
TeMIepaTypoil KuneHus. B oHOKackagHON XOJOAUIBHOW MaIllMHE B ATOM CJIy4ae
TpeOyeTcsl YBEJIMUUTh pabouee JaBIICHHE 3a CUET NMPUMEHEHHsS] 00Jee MOIIHBIX
KOMITPECCOPOB. AJIbTEPHATUBHBIA MyTh - OXJIAKICHUE paguatopa yCTAHOBKHU
Ipyroil (ppeoHOM 3a CUET ATOTO CHHXKAETCs padbouee JaBJIEHHE B CHCTEME H
CTAHOBHUTCS BO3MOKHBIM TPUMEHEHHE OOBIYHBIX KommpeccopoB. Kackannbie
CHCTEMBI MOJTy4YaroT 00Jiee HU3KKUE TeMIIepaTyphl, YeM OJTHOKACKaHbIC U, B
OTJIMYUE OT CHUCTEM OTKPBITOTO HCIIApEHUsl, MOTYT pabOTaTh HENPEPBHIBHO.
OnHako, CIOXHBI B M3rOTOBICHMHM M Hanaake. llpuMmensrommuiics s
TEII000MEHA MEXKY IBYMS TEIJIOHOCUTEISIMUA. OCOOEHHO TTPHU UCIIOIB30BaHUE
CO2 B kauectBe ogHOTO M3 HUX. Kackanapl 00BEAUHSIOT B ce0s KOHJICHCATOp U
ucrnapurelb. Termio0OMEHHUKN OTIUYHO TOAXOASAT JJIsi KacKaJHBIX IMPOIECCOB
Omaromapsi ux BbicokoMy Tepmudeckomy KIIJ[. Onu Moryt obOecneyuThb
MHUHUMAJIBHYIO  Pa3HOCTh  TEMIEpPATyp  MEXIAYy KOHICHCUPYIOLIECUCS U
VCTHAPAIONICHCS CpellaMHu, TI03BOJISIA CHU3UTh TEKYIIUE SKCIUTyaTallHOHHBIC

PacXo/IbI:

o XmnamareateINH3, CO2, R404, R134a, nponaH, MeTaH U Jip;

e HMurepsan momHoctei 5- 10 000 xBT;

e Bricokuit K03 GUIMEHT TeTIonepeIauH;
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