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VAT

MPERMCIIOBUE

Huskue TeMIepaTyphl NPHBJIEKaIOT K cefe MOCTOSHHO
acTyillee BHUMaHHE CO CTOPOHb BCe Gosiee IUMPOKOro Kpy-
ra CIelHaduCTOB. DTOT HHTepeC BEI3BIBAeTCS TeM, 4YTO HC-
[ONBb30BAHNE HU3KHX TeMIlepaTyp OTKPEIBaeT BO MHOTHX
cilyuasix HeOOBIKHOBEHHbIE BO3MOXKHOCTH yCOBEPIUIEHCTBOBA-
Hisi TEXHOJIOTHYECKHX IPONECCOB, MPUMEHEHHsI KaueCTBEHHO
HOBBIX MaTepHaljloB M CHCTeM, NPOBeJeHHs] TaKUX (usnyec-
KHX MCCNEIOBaHHH, KOTOphle B TPHHINIE He MOTyT OHITb
OCYIIECTBJIEHBl B YCJOBHAX OKpy»Kalouieil Cpejibl.

TexHHKa HH3KMX TeMIlepaTyp c(OpPMHpOBajachk K Ha-
CTOSIIIEMY BPEMEHH B CaMOCTOfITENbHOe Hay4yHOe Halpale-
HHE, OKaskiBalollee 6ONpIlOe BJAMSHNE HA HAYYHO-TEXHHYe-
ckmii mporpecc. ITo BO3LEHCTBHE TPOSABIAETCS B JIBYX
acnexTax.

IlepBbifi W3 HHX CBfI3aH C HCIOJNB30BAHMEM HH3KHX
TEMIIEpaTyp Uil CYLIECTBEHHOIO YJy4YIleHHs HJIM HHTeHCH-
¢duKanun TeXHOJOrHyeckKux nporeccop. Tak, TpaauliiiOHHOE
pasjenedne rasoBEIX cMecefl IIpH HH3KHX TeMIepaTypax c
LeIbI0 TOJIyueHHs] OOJBIUNX KOJIUYECTB a30Ta, KHCJOPOHa,
TeNHsl U JIPYTHX BELIeCTB OCTAeTCs JO HACTOSIIEr0 BPEMeHH
OIHHM W3 CaMblX 3KOHOMHUYHHIX croco0oB. B Menuiume,
Grosioryy, NUILEBOH MPOMBILIEHHOCTH HU3KHE TeMIlepaTy-
PEl HIMPOKO HCMOJIB3YIOTCSl AJisi 00pabOTKH ¥ AJHTENBHOTO
XpaHeHnsi OMONOrHYECKHX H MHIUEBBIX NpPOJYKTOB; B Ma-
WIFHOCTPOEHHH BCe IUHpPe NPHUMEHsIeTCsl HH3KOTeMIeparyp-
Has 06pa6oTKa MaTepHaoB.

BTopo#i acmext cBsizaH ¢ Tem, UTO TpH HHSKHX TeMIle-
Patypax y HeKOTOpHIX BeIIeCTB OTKPLIBAIOTCA TaKue CBOH-
CTBa, KaK CBepXNMPOBOJHMMOCTb, TEPMOMATHUTHBIH 3((eKT,
CBEPXTeKyuyecTh (TOJIBKO Al renusi), KoTophle He-HabJio-
AATCs mpu TeMIlepaTypax OKpyxkarouleil cpenbl. Memons-
SOBaHHWE 3THX CBOHCTB IIO3BOJIIET CO3/aBaTh KauyeCTBEHHO
HOBEIe, Gosiee coBeplUeHHBIE cHCTeMBI. CBEPXIPOBOIHMOCTD
BELIeCTB Ipy HU3KHX TeMIepaTypax Bce MIHPE HAUHHAET
HCIIOJIb30BATECST B SHEpreTHKe, 3JEKTPOTExHHKe, MmpubGopo-
CTPoeHyH U APyrux 06/acTaX TEXHHKH.



Pazsutie TexHuKM HU3KHX TeMOepaTtyp fiocTaBung
Nepell CHENHANHCTAMM 3ajlauy YIOPsAOYEHHs] TEPMHHOJIO-
run. Temnepatypel ke 120 K cTanu Ha3BIBaTBCS MOCHe
XIII Konrpecca MexXAyHapoJHOIO HHCTUTYTa XOJOAa
(1971 r.) KpHOTeHHBIMH, a8 BeCh KOMILIEKC BOMPOCOB; CBs-
3aHHBEIX C HX TOJiyYeHHeM M HCIOJb30BaHHEM, — KPHOreHHu-
Koii. CJIOBO «KPHOr€HHKa» TMPOHUCXOAMT OT JABYX T'PeyecKHx
CJIOB: «KPHOC», KOTOPOE COOTBETCTBYET PYCCKOMY <XOJOZ»,
H €reHOC», YTO 03HAYdeT «POKAeHHEe».

Beime temnepatyp 120 K aexur obnacth XonoAuIbHOM
TEeXHHKH.

B CCCP paspa6orausl cnenuajbable [OCT Ha Tepmu-
HEl ¥ OMpeJlesieHns1 B 06NacTH KPUOTEHHOH H XOJIOAMJILHOH
TeXHHKH.

B mpensiaraemoil YnTaTeNsiM KHUre BONPOCH! IOJIYYEHHSI
M HCTOJIb30BAHHUs] HU3KHX TEMIEPaTyp paccMaTpHBAIOTCS B
nonynsipuo# ¢opme. ABTOPEI CTPEMHJHCh H3JOKHTH MaTte-
puan Tak, 4yToObl OH OB JIETKO JOCTYIEH [Jis NMOHHMAHHMSI
yuTaTesNell, He SIBJISIONIMXCA clepuasiuctaMu B obJactu
TeXHUKH HU3KHX TeMHOepaTyp. B 3ajauy aBropoB He BXoau-
JIO OTPa3uTh BCe HANpPaBJIEHHS HH3KOTeMNepaTypHOH Tex-
HNKH, 4 TI0OKa3aTh TOJNBKO T€ M3 HHX, KOTOpHIE B HacTosllee
BpeMsi Haubojiee INIHPOKO PAa3BUTHI WM SBJSIOTCS 0ocobeH-
HO MepCHeKTHBHBIMH.

Martepuan 6asupyercsi B OCHOBHOM Ha pacCMOTpPEHHH
3a/1a4y KPHOTEHHOH TEXHUKH, XOTS 3aKOHOMEPHOCTH, Kacalo-
IIMecs] TOJNYYEHHSI W HEKOTOPHIX BOIPOCOB HCIIOJIb30BAHMSI
HU3KHX TeMIepaTyp, HeCOMHEHHO oOiiue i1 BCeH HU3KO-
TeMnepaTypHOH o6JacTH.

BBenenne w rn. 1—3 wnHanucaue A. B. I'paucsrivm,
rn. 4 —H. B. KanuHuHEBIM.

" B 3akmioueHue aBTOPH BhIpaxkaloT raybokyio Giaronap-
HOCTh mpod. B. M. Bpoxsiackomy, mpod. E. M. Mukynuny
n kauz. TexH. HayK lO. B. IlerpoBckomy 3a monesnble co-
BeThl ¥ 3aMeyYaHusl, CAieJlaHHbEle HMH B TIPOIECCE TOATOTOBKH
PYKOTHCH.

Astopet



BBELEHME

3HaMeHUTHH aHriuickuil nucarenb-caTupuk JIx. CBudt
B xuure «Ilyremwectsus I'ynnusepa», Benuenmei B 1726 r.,
npuBeJ TAKOe ONHCaHHe onmoii w3 nabopatopuii Akanemuu
B Jlorajo.

B pacnopsikeHHH YYeHOro, HW3BECTHOro B AKaleMuu
«TIOJl HUMEHEM YHHBEPCAaJBbHOIO HCKYCHHKA», HaXOIATCs
«aBe Oonbll¥e KOMHATHl, HANOJHEHHBIE YIMBHTEJIbHBIMH
JAMKOBHHAMH, M MAThJecAT INOMOIHHKOB. OJIHH Crylaior
BO3JLyX B BEIIECTBO CyX0e u ocsizaemoe ...» [20].

Mor 11 caTHPHK MPENNOJIOKUTE, UTO BHICMEHBAEMasl HM
paspaboTka «OecIulofiHOH» MAeH Korua-iubo  jeficTBH-
TEJIBHO CTAHET aKTyaslbHOH npobseMofi, a mpeBpalieHHe
BO3yXa B «BEIECTBO CyX0O€ ¥ OCS3aeMOe» OKamkeTcs He
TOJBKO peajbHBEIM, HO ¥ YPe3BHYAWHO HEOOGXOMHUMBIM H
BaxHbIM! YuBHTENbHOE, XOTS H CATHPHYECKOE MpeicKasa-
uue. Besib Bo Bpemena CBu(Ta He GBUIM H3BECTHH HE TOJb-
KO Croco6kl «CTylleHusi» BO3JyXa, HO H €ro COCTaB.

Ilpomno nemuorum Gosiee 150 ner, w ¢danrasus obpa-
THACh B peanbHOCTh. Pemaloniyo ponb B 3ToM 06pallieHuH
ChI'pasid HHU3KHME TeMIepaTyphl.

K 1877 r. yyeHbIM yaanoch CKOHIEHCHPOBATH MHOIHE
rasel. Kak Oynro OBl OmpapibIBaJHCh BHCKA3HIBAHHS
A. Jlasyasre 1 M. B. JIOMOHOCOBA O BO3MOMKHOCTH nepe-
XOlla BeIUEeCTB B pasJIHUHble arperaTHblE COCTOSIHHSI B 3a-
BUCHMOCTH OT TeMIeparyphl. M Bce ke IiecTs M3 H3BeCT-
HbIx K TOoMy Bpemenu rasos! (Og, NO, N, H;, CH,, CO),
4 BMECTe C HHMH H BO3JyX OXHKeHBl He Obutn. Mx Tak u
Hasklsany «mocrosiHHble rase».  Hakowen, B nexabpe
1877 r. nourn onHospemenHo C. Kafiere Bo ®Ppanmuu u
P. TTuxre p [lIpefinapuu ynasoch BHEpBbIE OXKHKHTL KHC-
0poa. B ofoux skcnepumeHTax OblIa MOJNYYEHA BCEro
JHIIL MapOKUAKOCTHASI CMech B BuAe TyMaHa. OT/elbHBe
KanespKy XuIKOCTH, OCaXk[aBIlHecss HA CTEHKAX CTEKJIsiH-
\\

1 o
Temmii, apron u PE/KHe Tasel B 70 BPeMs ellle HE ObLIM OTKPHITHL
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Hbix Tpy6oK, TYT e HCapsiINCh. [Tpencrosino eme cuenaatsb
IJIaBHOE ~— IIPOU3BECTH HAKOIUIEHHE M COXPaHeHHe KHIKOC-
tu. Hu C. Kaiiere, vu P. Ilukte pemnts 3Ty npobnemy He
CMOTIJIH.

[TorpeGoBasioch emle LiecTh JeT MOHCKOB, Tpexkjie YeM
NoJbCKHM ¥ccnenoBatensiv 3. BpoGnesckomy u K. Onp-
mesckomy B 1883 r. yaanock cobpaTe HeGoMbIlIOE KOJHYECT-
BO XHJKOro KHCJOPOJa, a30Ta, BO3LyXa H OKHCH yrJjepoja.

Uncno NOCTOSIHHBIX Ta30B CTPEMHTENBHO COKPallasoch.
TTocnenuum u3 3TOH rpynnbl Obul OXHIKEH BoZopol. Ero
oxuxenue npoussen B 1898 r. JIx. Ipioap.

Kazanoch, MH} O CYLIeCTBOBAHHM NOCTOSIHHBIX T'a30B
OKOHuYaTeNbHO PyxHyJ. OjHakKo K TOMYy BpeMeHH CTaso
H3BECTHO O CYIeCTBOBAaHHH Ha 3eMJle elle OLHOro rasa-—
renus!. DroT raz okasanca HauboJsiee TPYIHO OXKHIKAEMEIM.
Tonbko uyepes 10 ner mocse mosydyeHusr KUAKOro BOAOPOJA
OBy, HAKOHeIl, OXKUKeH M rejinf. Ero oxXuiKeHHe NPOU3BeEJN
I'. Kamepauur-Onrec 8 osnnauguu B 1908 r. C noJayyennu-
eM XKujKoro renus Obia JOCTHTHYTA TeMIlepaTypa, BCEro
Ha 4 K oTimyaomasics or a6coNIOTHOrO HyJNsi. B aToM Xe
skcniepuMenTe KaMmepsunr-OHHeC IOODBITANCS TMOJNYYHTH M
TBepAblil rejuil. Mcnosnb30BaBR BaKKyyMHPOBAHHE MapoOBOTO
NPOCTPAHCTBA HAJ KHUAKOCTHIO, OH TIOHM3HJ [aBJEHHE IO
0,01 armocheproro. OpHako TBepABIH renuil Tak 1 He OBLI
nonydyeH. B 170 Bpems ele He OBLIO H3BECTHO, YTO TeNHH He
HMeeT TPOHHOH TOUKH, U €ro NpeBpallieHHe B.TBEpAyIO (asy
BO3MOXXHO TIpH JaBieHun He Huxke 2,5 MIla (mpu
T<1,5 K). B 1909 r. Kamepnuur-OuHecy ynajock ele
CHHMBWTL JAdBJIEHHE HaJ XKHUJKOCTBhIO H TaKkuM o06paszoMm Joc-
TUTHYTh TEMIIEPATYPH XHAKoro requs cHayana B 1,38 K, a
sateM u B 1,04 K. [aneueiiliee NOHHKEHHE TeMNepaTyphl
OBUIO MPHOCTAHOBJIEHO TEM, YTO CYLIECTBOBABIUHE B TO
BpeMsl BaKyyM-Hacochl He MO3BOJHJIH CO31aTh GlJbllee
paspexenne. Ho mrypM HUSKHX TeMIepaTyp MPOJOJIKANICS.

OnHoBpeMeHHO C TOJIyYeHHEM HH3KHX TemmepaTtyp Ha-
YHHAIOTCSl MHTEHCUBHEIE HCCJIE/IOBAHHSI CBOKCTB BEILECTB B
3ToH HeoOBIYHOH 06JacTH, a TaKiKe NONBITKH HCHOJb30-
BaTh JOCTHKEHHUS HU3KOTEMIEPATYPHON TEXHWKH B pasJiuy-
HEIX cepax JesTeNbHOCTH YesoBeKa.

Onnako usBecTHBHIE K TOMY BPeMeHH METOABI NONyYeHHs
HUBKHX TeMHOEpPaTyp BCe e He MOIVIH OOECNeuHuTh OXKIIKe-

! Temnit OBl OTKPHIT NpH  HCCHeOBaHMH OTMocheps CoaHna
I(i: 1868 r. Orcioga ero Hassamme OT IPEYecKoro CJoBa <«rejHoc» —
OJIHLLE.
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gue rasoB B KOJHYECTBAX, JOCTATOUHBIX JUis HX TIpaKTHUe-
CKOro TpHMeHeHHs. DTa 3ajgaya OBLIa YCIELIHO pelleHa B
1895 r. OJHOBPEMEHHO H HE3aBHCHMO Jpyr OT J1pyra
K. Jlunpe B I'epmanun u XsmmcoHom B Aurauu. Mx cno-
co6 OXHIKeHHs, OCHOBAaHHBIH Ha MCNONb30BaHHH 3(dekTa
JPOCCEJIHPOBAHKS TIa30B B COYETAHHH C pereHepaTHBHHIM
TenJIo00OMEHOM, TOJNYYHJ IUHPOKOe IIPH3HAHMe Oraromaps
MPOCTOTE HHKEHEPHBIX pelueHuH.

VYike yepes 15 JieT mociie MEPBOro YCMEIHOTO OXKHIKEHHST
KHCJIOPOJIa CO3/AI0TCA YCTAHOBKH JJIST HH3KOTEMIIEpPATYp-
HOTO pa3/ieNieHHsl BO3JyXa Ha a30T ¥ KHCJIopox, a ¢ 20-x
roJIoB HAIUEro CTOJIeTHS] OCYIIECTBJSIETCS] BHEIPEHHE MPO-
JYKTOB pasjeNieHHs] B MeTaJIypruyecKylo, XUMHYECKYI0 H
Apyrue OTpacyiy NpOoMBIIUNeHHOCTH. Kucnopon HayuHaer
MPHMEHSATHCS B MEIHIHHE W aBHALHH.

B 1903 r. K. 2. IlHoNKOBCKuU{I clenan MpeinoNoKeHHe
0 TOM, YTO KMCJOPOJA Hafiler MHPOKOEe IPHUMEHEHHE B
KaueCcTBE OKHMCJIMTENsI paKeTHOro tomniusa. Kak MEel Temeps
3HaeM, ero NpeAloJoKeHne NOJHOCThIO cObliock. B wHacro-

- fljee BpeMsl HEBO3MOKHO cefe MpeACcTaBUTh KOCMOHABTHKY
0e3 HCTO/Ib30BaHHs TaKHX ra3oB, KaK KHCJIOPOJ, BOJOPOI,
reJiHd, TOJyYeHHe KOTOPHIX HEMOCPEJCTBEHHO CBf3a-
HO H 00eCneyuBaeTcsi Pa3BHTHEM TEXHHKM HH3KHX TeMIle-
paryp [22]. :

CBepXnpoBOAUMOCT BELECTB NPH HU3KHX TeMIepary-
pax, otkpritas Kamepauur-Ounecom B 1911 1., B HacTosiee

.BpEMsl HAYHHAET MCIONb30BATHCS JJSI CO3MAHHS 3SJEKTPO-
MarHUTHBIX CHCTEM C CHJIBHBIMH MATHUTHEIMH  TIOJISIMH.
IIpoGnemer co3nanusi MarHRTOrHAPOLHHAMHYECKONO (MI'1)
T€HepaTopa SHEPTHH HAXOJAATCS B HEPa3pBIBHOH CBSI3H C
IPHMEHEHHEM CBEPXMPOBOAALIMX MarHuToB. C HCHONB30BA-
HUEM sIBJIeHUs CBEPXMPOBOJIHMOCTH paspaﬁoTaHbl ONbITHbBIE
06pasupl BechbMa KOMNAKTHHIX M BHICOKO3((EKTHBHBIX
9JIEKTPpHYeCKHX MalmH. Hccaenyiorest Bompochl mpuMeHe-
HHsl  CBEpXNPOBONMMOCTH B JIHHHUSIX  3JIeKTpoilepenay
[2, 18, IQf

B psaje crpan BepyTcsi pa6oTH mo CO3LAHMIO CKOPOCT-
HOTO Ha3eMHOro TPAHCNOPTA, HCMOJB3YIOLEr0 HU3KHE TEM-
TEPaTyprl, npuyeM HU3KHE TeMIlepaTVpEl B 3TOM Clydyae
MOTYT GBITH MCTONB3OBAHBI PA3NHYHO. IIPHMEHHTENBHO K
KENE3HONOPOKHOMY TPAHCIIOPTY BeLyTCs1 paboTH 1O CO3-
A2HHIO CKOPOCTHBIX BArOHOB, «BHCSIIHX» Hal PeNbCaAMH
IOX neficTBHeM OXyaKJaeMbiX 3J1eKTPOMATHUTHEIX MOJBe-
CoK, B aBTOMOGHNBHOM TpaHCcmopTe KHAKHE BOLOPOA mpei-
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MOJIATAETCs HCHOJMb30BATh B KayecTBE TOIJIMBA, He 3arpsia-
HSIIONIEr0 OKPYKAOMIYI0 CPefly. YiKe HMEIOTCS OIbITHhbIE
o6pa3nsl aBTOMaIlHH, paboTaONHX HA BOLOPOLE.
Ilpopa6aTeiBaloTCsl TakK:Ke BOMNPOCH — HCHOJb30BAHMSA
BOJIOPOJIHO-KHCJIOPOJHOTO TOIIMBA ¥ B aBuanuu [1].
OcHoBHBIE 3Tanbl JOCTHIKEHHH HCCHeNOBaHUH B obJacTu
HH3KHX TeMIlepaTyp ¥ HX IPaKTHYECKOrO MpPHMEHEHHs

i AT Tiv lpomstue nenroe wenonesobunie
;7000” " = HUSKUZ ITEMPEPRITIYE

_____ 1 ﬂoﬂ%‘/ﬁﬂae
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Prc. 1. Dranel OCBOGHHSI HHSKHX TeMIEpaTyp.

NOKa3aHbl HA NPUBeJEeHHOM HuXke rpaduke (puc. 1). Ilo
ocu abcrpce OTJIOXKEHB! Tofibl J1a6opaTOPHOrO M MPOMEILI-
JICHHOTO OCBO€HMSl HH3KHX TeMIepaTyp, HO OCH OpAHHAT —
JOCTHTHYThle TeMIlepaTypHl.

M3z storo rpaduka BHIHO, YTO PAHO WJIH NOBJHO YCIEXH
B JOCTHXEHHM HH3KHX TeMIepaTyp HaXOAAT H NpakTHyec-
Kyl peanuzamyio. MoxHO cuyuTaTh, YTO B HACTOSLIEE
BpeMsl MPOMBILILIEHHOCTBIO OCBOEHBI TeMIepaTypel no 1,8 K.

YHro xe Kacaercs GoJiee HH3KHX TEMIIEPaTyp, TO OHH
NOKA YICTIONB3YIOTCS HA CTa/iuu JabopaTOpHHIX HCCJefoBa-



sutt. Ho u apecs UMEETCs HeCOMHeHHbIH nporpecc. Emie 7o
geldBHEro BpeMEeHH 5KCIEePHMEHTH MOMKHO OBIO MPOBOIMTH
gpH CTalHOHApHEIX TemmepaTypax He Huke 03 K
Opnako ¢ paspaCoTKoil pe¢puxKepaTopoB, OCHOBAHHEIX Ha
pactsopennn renus *He B *He, xpruo¢usuku nosyyunu Bos-
MOXKHOCTh TPOBOJAMTbH HCCJENOBAHHS NPH TeMIepaTypax M0
0,01 K. dtoMy B 3HAYUTENBHOH Mepe CIOCOOCTBOBANH
pabothl cosercknx yuenkix b. C. Heranosa, B. II. Ilemko-
pa u japyrux [1, 12]. Mmetorcs peanpHEIE I€pCHEKTHBEI
JanbHEeNIIero CHUKEHHs TeMIIepaTypPHOro YpoBHs PpalboTHI
yCTAaHOBOK Jnisi (uspueckKux muccienopanuii. Ilo wmerony
apuabatHoro cxatus SHe, npeiyiokeHHOMYy aKajeMHKOM
. 5I. TlomepanuykKoM, yJAaeTcsl MOJYYHUTh B CTAIMOHAPHOM
pexnmMe Temmepatyps no 0,002—0,001 K [I, 12].

IIpuk/aanuble 3ajlayd HCIOJbL3OBAHHA  JOCTHKEHMH
HU3KOTeMIIePaTypPHOH TeXHHKH TPeOyIOT MOCTOSHHOI'O COBEp-
IIEHCTBOBAHHS TPOIECCOB M OGOPYHOBaHHS AJisl NMOJyYeHHs
HH3KHX TeMIeparTyp.

C mosBneHHeM mOTPeOHOCTH B GOJNBIIHX KOJIHYECTBaX
JKHIKOTO TeJiusl CO3LAI0TCSl TMPOMBILLIEHHEIE YCTAaHOBKH.
Brniepsrie oxKuKHTENb TeJHsl, KOTOPHIH MOXKHO CYHTAaTh
NPOTOTHIIOM COBPEeMEHHBIX MPOMBIIIJIEHHBIX 00pasnos, ObLI
co3ian B 1934 r. akan. I1. JI. Kanune#i, npuyem cxemMa H
KOHCTPYKIHSl HH3KOTeMIlepaTypHoro 6JioKa Obliu paspalbo-
TaHbl HACTOJLKO YAAYHO, YTO NMPHHIMITHAJIBHO OHU OCTAIOT-
Csl HEM3MEHHBIMH M 0 Haliux puedi. KoHeyHO, ¢ panbHel-
LIAM POCTOM MPOH3BOAHUTENBHOCTH OKHIKHTENEeH IPUXOANT-
Csl TIepexoJuTh OT NOPIUHEBHIX MalluH K TypOOMallnHaM,
H3MEHSITH KOHCTPYKLHMIO KpHOOJOKa, HO 9TO He W3MeHsieT
CyLIecTBa Aedia.

Ananoruusasi cuTyauus MPOU30LLIA H ¢ BO3LyXOpasjie-
JUTENbHEIMH YCTAHOBKaMHu. JlnuTenbHOE BpeMsi CUMTAJOCKh,
Y4TO yCTaHOBKH JJIsl TOJIyYeHHsI a30Ta M KHCJOpona u3
Bo3/lyxa Haubosiee BHIFOJHO CTPOHTh HA OCHOBE IPOIECCOB
BBICOKOTO [aBJIEHHUS.

I1. JI. Kanune#t Gbinum yGedTelbHO MOKA3aHE TEXHHU-
UECKHe mpeuMyIlecTBa NPOLECCOB HU3KOTO JaBJEHHSs, U TO
PaspaboranHoii MM cxeMe ¢ TypGojeTaniepom Oblia Mo~
CTpOeHa mepBasi B MHPe BO3AYXOpa3esuTebHasi YCTAHOBKA
HU3KOro pnaBnieHus. Temepr Kax B Hallel CTpaHe, TaK U 3a
PyGexom xpymmble BO3JyXOpa3jeNuTENbHEE YCTAHOBKH
CTPOAT TONBKO II0 CXeMaM HH3KOrO [dBJIEHHsi C HCIOJb30-
Bannem Typ6oneTan/iepoB, NMPHHIUIHAJNLHO MaJo OTIHUAO-
Huxea or mamuy I1. JI. Kanuuer,



C passuinenm piakeTHOH TeXHHKH B HPUKIALHONO HCHOMib
30BaHUsSi SIBJIEHHSI CBEPXMPOBOAMMOCTH HOSIBUNACh TOTpe-
HOCTb B CO3/IaHMH KPYIHBIX BOJOPOAHBIX M TI'eJHEBHIX OXKH-
xuteneii [[22]. Takue yCTaHOBKM CO3JaHbl H YCHELIHO pa-
6oTaioT. B ux ocHoBe J1e3kaT MPOIEeCCH HU3KOro U CPelHero
JlaBJIeHUs] C HCIOJb3oBaHHeM TypOoserannepos [1, 13].

Hapsiny ¢ pas3BuTHeM KPYNHBEIX KDHOTE€HHBIX [POH3-
BOJACTB B HOCNeIHHe TOJAB BeAyTCSi MHTEHCHBHBIE HCCJIEHO-
BaHUS H Pa3pabOTKH MHKPOKPHOI'€HHEIX CHCTEM Pa3JIHYHOTO
Ha3HauyeHus.. XOJOAONPOH3BOJUTENbHOCTh TAKUX CHCTEM Ha-
XOJIUTCSl B HHTepBaJie OT J0JeH BaTTa A0 HEeCKOJbKHX BATT.

Crporue orpanuyeHnsi rabapHTHO-MAacCOBEIX XapakTe-
PHCTHK MHKPOKDHOTEHHEIX CHCTEM HpPHBEJNH, B CBOIO OdYe-
penb, K CO3/1aHHI0 HOBOTrO, Oosee 3((PEKTHBHOIO B YCJIOBHAX
ux paboTel 000PYLOBaHHs, HCCHAEJOBAHHUIO CieHbHKH pabu~
TBI MHKPOKPHOT€HHBIX YCT3HOBOK [6].

Bompocam paspaboTKn ¥ TpPUMEHEHHSI NPOrpecCHBHAIX
METOJIOB ¥ O0OpY/IOBAHHSA C HCIOJb30BaHHEM HH3KHX TeM-
nmeparyp B Halueil CTpaHe NOCTOSIHHO yaensiercss GoJibinoe
BHEMaHue. OCHOBHEIMH HanpaBJIeHUsSIMH Pa3BUTHS HAPOJHO-
ro xossictrea CCCP Ha 1976—1980 rojbl, NpHHATHEIMH
XXV cwesnom KIICC, npenycmaTpuBanoch, B YaCTHOCTH,
IIHPOKOe BHeJpeHHe KHCJIOpOoJa B MeTaJIypruyeckoe mpo-
u3BoncTBo. CTaBuNach TakiKe 3afaya ycKopeHusi palGoTHI
IO CO3J@HHIO MOLIHBIX TE€HEPATOPOB C HCIOJH30OBAHHEM
NPHHINNA CBEPXIPOBOAHMOCTH.

3TH 3ajaqy yCIMellHo peliatoTcs. HecoMHEHHO, 4YTO U B
JajbHelillleM BHeJpeHHe HH3KHX TeMnepaTyp B pasjMuHBIE
ctheprl HAPOJHOrO X03sHicTBAa OyLeT OCYLIeCTBNSATHCS YCKO-
PEHHBIMH TEMIIAMH.

B 1982 r. xpuorennoe mamunoctpoenne CCCP otme-
yaeT cBoii 50-neTHHii 100usell — gaTy BBIIycKa mnepBoil
OTEYeCTBEHHOH BO3/[yXOpa3JeNUTENbHOH yCTAHOBKH. 3a
KOPOTKHH NepHOoJ Halla CTPaHa NO YPOBHIO Pa3BHTHS TEX-
HUKY HH3KHX TeMIlepaTyp YBEPEeHHO BBIILJA Ha TNepeloBHE
nosunuu 8 Mupe. JloCTHKEHHSI OTeYeCTBEHHOH HAayKH H
TEeXHHKH B 3ToH obnacTu, paboTkl COBETCKHMX YUEHBHIX IOJIy-
YUJH 3acJy:KeHHOe NMpH3HAHMe KaK B Hallell cTpaHe, TaK M
3a pybexom,.



FTIABA TEPBAS
CrNOCOEBLI NONYYEHUS HU3KMX TEMIEPATYP

1. OBIIME CBEAEHMS. TENAOMM3IUYECKME CBOMCTBA
HEKOTOPBIX KPMOATEHTOB

Hrak, nepsble ycrnexuw B JOCTHXEHHM BeCbMa HH3KHX
TeMnepaTyp HPHILIM BMecTe ¢ HOKOPCHHEM <«HOCTOSHHBIX»
rasoB. IIpuuyvHa CTOJIb BBICOKOH CONPOTHBJISIEMOCTH 3THX
BEIIEeCTB OXKMIKEHHWIO 3aKJio4asjach B HeOObYalHO HUBKHX
3HAYEHHSIX WX KPHTHYECKMX TeMmnepartyp. Tak, 1Jjsi KOHJEH-
canuu KMCJOpOJAd €ro TeMieparypy HeOOXOIMMO IIOHH3HTb
N0 3HauyeHwsi, menbiero yem 154,68 K. Kpurtuueckue teMm-
nepatyphbl asoTa, BOLOPOJA, HeOHA u reaus (tabma. 1) eme
HHXKe, YeM y KHCJIOpOJa, M, CJIeNOBATeNbHO, JUII MX OXKH-
KeHusi Tpebyercst emle Gogee r1y060KOe OXJaxKIeHMe.

Bor nouemy Tak HaspiBaeMble IIOCTOSIHHBIE Ta3hbl HE IPO-
ABJSAJAY (M He MOIVIM NPOSIBHTb) IPH3HAKOB OKWIKEHHS
Aaxe npu (GaHTacCTHYeCKHX IO TeM BpeMeHaM JaBJIeHHsX,
HpeBHIIAIONHX aTMOC(pepHOe B-2—3 ThIC. pa3, MOCKOIbKY
HX CXaTWe NPOBOJUJIOCH HPH TeMHepaTypax Bbllle KpUTH-
yeckux. Hakonen, ynamocr mnHalTH crnoco6sl NONyYEHMS
TeMIepaTyp, CylecTBeHHO 6GoJiee HM3KHX IO CPaBHEHHMIO C
AocturgyThiMH. K TOMy BpeMenyw npo6jeMa OXHXEHMs
rasos Oblla OKOHYATENLHO pellena. PacCMOTPEHMIO 3THX
€roco6oB, NO3BOJSIOUMX HOJYYHTh KPHOTEMIEpaTypsl (HH-
¥)e 120 K), w nocssimiena Hactosimasi raasa. Ho cravana
HeCKOJbKO 3aMeyaHWH O TenJo(H3WYeCKHX CBOHCTBAX
HEKOTOPHIX KplUOQ2eHTO8, UCNOJNb3YyeMBIX B TeXHHKE HM3KHX
TeMreparyp.

Kpuoarentamn HaswiBaloTcst paGouve Tesa (BellecTsa),
HCTIOJIp3yeMble B YCTAHOBKAX JJIsi HOJIyYEHHs] TeMIepatyp
Huxe 120 K. Haw6Gosbiuee pacnpocTpaneHne B KPHOT€HHOH
TEXHHKE NOJNyYuW/JH a30T, KUCJOPOXN, BOJOPON H TeJHi.

PHOAreHThl NPUMEHSIIOTCST B ra3o00pa3HOM, KHIKOM M
TBeprom cocrosiuusx. Temneparypuble 06JacTH HpPYMEHEHHS
TEX W/ MHBIX BEILECTB ONpPEeNsIOTCS B OCHOBHOM HX
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TennogusuyeckiMH cBoiicTBamMu. Pasymeercsi, B yCTaHOB-
Kax [IJs NOJy4eHusi KpHOTeMIlepaTyp KpUOAreHTHl Haxo-
nSTcs, KaK TNpaBWJIO, OXHOBPEMEHHO B passiuyHBIX (a-
30BEIX COCTOSIHHX.

B Tta6a. 1 npuBefeHbl TENJ0(pU3HYECKHE CBOHCTBA HEKO-
TOpPHIX KPHOAI'€HTOB. y

Jlas OTBOLA TEMJOTH OT OXJaXKAAaeMOro WJIM KpuoCTa-
THpYeMOro 00beKTa yallle BCero NpeAnoyuTaioT HCIOJb30-
BaTh OXKUKEHHEE rasbl, TaK Kak B 3TOM cllyyae JAOCTHIaet-
csi Haubospiuass uHTeHCu(uKaius Tensoo6Mena. C no-
MOUIBIO KUIKOCTH JIETKO NOMNEPXKHUBATh U PEryJHpoBaTh
TemnepaTypy KpuocTaTupoBaHusi. [lefcTBUTENBHO, C u3Me-
HeHHEM JaBJIeHus HachIleHHoro mapa (cM. tabm 1) me-
HSIEeTCSl W TeMmmepaTypa KulleHusi XujkocTd. Takum o6pa-
30M, MOCTATOYHO CKOHJIEHCHPOBATb I'a3, a 3aTeM HOAAEpHKHU-
BaTh HEHWSMEHHBIM JaBJIEHVe HACHIIEHHOrO Mnapa, YToOBl
HOJYYHUTh COOTBETCTBYIOULyIO IIOCTOSTHHYIO —Te€MIepaTtypy.
PerynypoBaTbh TeMIepaTypy >XKHAKOCTH 3STHM  CHOCOGOM
MOXHO B J[HanasOHe OT KpPUTHYECKOH H0 TeMnepaTyphl
TpOHOM TOYKH. JlonmyCTHMBIH MHTepBaJl M3MEHEHHsI TeMmIle-
paTyphl RKHMAKOCTH 3aBHUCHT OT cBOMCTBa BemjecTsa. O6mas
3aKOHOMEPHOCTb /ISl CXKWKEHHBIX raso TaKoBa, 4YTO C
HOHMXKEHHEM KPUTHYECKOH TeMmIepaTyphl BellecTBa yMeHb-

Ta6auna 1| Tennodusnueckue CBOMH

TewmnepaTypa KUTeHHST IXUIKOCTH
B 32BHCHMOCTH OT JIaBJIeHHsT HAChHI-
AtoMuasi i | Tasosas werHoro napa, K
BemecTso MOJIeRyJIsipHast IIOCTOSKHHIa(ﬂ A
Macca X J(Kr- TIPH ATMOC-
|| s | e e
JeHuu®
Asotr 28,013 296,8 77,36 63,15 (0,01253)
Apron 39,948 208,2 87,29 83,81 (0,06906)
Bonopon:
HOPMaJIbHBIi 2,0159 4124,2 20,38 13,95 (0,0072)
75% o-H, u
5% p-Hs)

TIapasofopes — — 20,2 13,81
Boszyx 28,96 287 78,8 —
Tennii-4 4,0026 2078 4,215 —_
Tenuii-3 3,0160 - 3,191 —
Kucnopon 31,998 259,8 90, 188 54,352 (0,00015) |
Meran 16,04 518,8 111,67 90,66 (0,0117)
Heon 20,183 411 27,102 24,54 (0,0433)
$rop 37,997 219 84,95 53,48 (0,00025) |

* TIpu nasnewuu 0,101325 MITa.
** B ckoOKax ykasaHO PaBHOBECAOE pasienue, MIla.
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maercsd H o0jactb CymecTBoBaHHs KupKocTH. OnHaAKO
KHCJIOPO/ U WHEPTHBLIE I'asbl BHINANAIOT U3 3TOH 3aKOHOMep-
gocTH. TeMnepaTypy »KHMIKOTO KHCJIOPOZA MOXKHO H3MEHATb
(rabn. 1) noytu na 36 K. Ins wneptuwx (Ar, Ne) rasos
xapakTepHa y3Kasi TeMmmepaTypHasi 06JacTb CyLiecTBOBa-
pust XKHJIKocTH — Beero okosio 3,5 K. IlonuKkenwe temnepa-
TypHl KHIKOCTH yMEHbIIEHHeM [aBJEeHHSi PaBHOBECHOrO
napa HallIo IIMPOKOe NPaKTHYECKOe NPHMEHEeHHe.

Ilpu naByeHny B TPOHHOH TOYKE U HHXKE MOJyyaroT
KpPHOATeHT B TBEPAOM COCTOSTHWH.

KpuoareHTs ymo6HO XpaHuThb U TPAHCIOPTHPOBATH B
KOHIEHCHPOBAaHHOM cocTosiHMu. M3 Ttaba. 1 BHAHM, YTO NJIOT-
gocTh Xuuakocreii 8 600—1000 pas Gosblie mJIOTHOCTEH
COOTBETCTBYIOLIMX T'a30B NPH TOM XK€ napjenuu. [10sToMy
CUCTeMB! IJIS1 XpaHEeHus u IepPeBO3KH XKWIKOCTeH Mnofyua-
joTcsi 60Jiee KOMINAKTHHIMU M JIETKUMH, 4eM AJs rasoobpas-
HBIX BelecTB.

Yacto B Tex ciayuyasX, Korna TpebyeTrcss CpaBHUTEJbHO
KpaTKOBPEMEHHOE OXJaXKIeHWe HuJId HeoO6XOJHUMO OTBECTH
HeOONbIle KOJWuYecTBa TeNJIOTH, KpHOAreHTH MJisl 3THX
nesel MPHBO3AT CO CTOPOHHL B CHENMAJbHBIX H30J¥pOBaH-
HBIX OT BHEIIHEro TENJIONPHTOKA COCyNaX.

CTBa HEKOTOpLIX Kpuoarento [13]

TlioTHOCTb rasa S TerwoTa napo- KpurHueckue napaMerpsl

nph arMocdicpHOM® | JKMAKOCTH npu OGpasoBantsi

naBnenuy, T = aTvocepHom* np;;l*armocduep-

=273,15 K, kr/m3 | pabnenmm, kr/m3 | O 2 ﬁx)::{!;ll'l;ﬂm, - MITa . K
1,25046 804 199,4 3,59906 126,25
1,78394 1393 161,7 5,42694 150,65
0,089988 70,80 449,8 1,31198 33,19
1,2928 873 205,2 ~3,7743 132,42
0,17846 125 20,9 0,229 552
0,1345 58,9 8,4 0,115 3,3105
1,42895 1142 212,8 5,04598 154,58
0,7168 426 510 4,62042 190,6
0,8999 1206 86 2,65269 44,6
1,635 1500 165,9 5,21824 144,31
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HOnst orBoja GOMBUIMX KOJMYECTB TEMJIOTH ¥ OCOOEHHO
KOrja cHCTeMbl paGoTaloT HENpepHBHO, YCTAHOBKH JUIst
HOJIy4eHHs] ¥ MCHOJb30BAHHSI KpuoTeMmmepaTyp OObeNuHs-
1oTcsi B o6upye cucteMbl. HekoTopble u3 Takux CHCTEM MBI
paccMOTp¥M B HNOCJEYIOIMX naparpacgax.

2. UCNAPUTESTBHOE OXJTAMKAEHME MMIOKOCTER

IMpocToi u HameXHBIH CrOCO6 OXNaXKAEHHST KUAKOCTH
YMEHbLIEHWEM JAaBJIEHHS] PaBHOBECHOTo napa (BaKyyMupo-
BaHHWEM HApOBOI'O NPOCTPAHCTBA) C JABHWX NOp LIHPOKO
NpYMeHsIeTCsi KaK B HCCJIENOBAaTeNbCKUX JabopaTopusX, Tak
" B npomuliuieHsoctd. Eme M. ®@apaneem B 1840 r. mc-
NOJIb30BAJICST METOJ, BaKyyMHPOBaHHUSI IJIsi NOHUIKEHUS TEM-
nepaTyphbl CMECH, COCTOSIIIeli M3 cnupTa wid 3Gupa ¥ Jbna
OBYOKUCH yrjiepofa. dTa CMeCh Ipu TeMmnepartype npubiu-
3uTesbHO0 — 110°C HcnosipsoBasiach UM AJST OXJIaXKJIEHUS
pasMUuUHBIX Ta30B C LEeJbI0 WX OXuKeHusl. Tak OblJIH OXH-
JKeHBl 3THJeH, (ochOpHCTHII BOLOPON M ApPYrve rashl.

dror Xe MeroA OuecTsiie npumMenwin B 1883 .
K. Osnbiuesckuit u 3. BpoGaeBCKUH AJisi OXJNaxACHUS KU~
KOro 3THJIeHa, KOTOPHI B CBOIO OYepelb MCHOIb30BAJICS
JUJIST O3KMKEHHsT KHCJIopoaa. :

IMozxke, B 1898—1900 rr. oxmna)kjaeHue BaKyyMHpOBa-
HUEM HapoBOr0 HPOCTPAHCTBA  IUIUPOKO HPHUMEHSJIOCH
Jix. HuioapoM B mpoueccax NOJyYeHHsI KUIKOTO H TBep-
Jqoro Bopopopa. Ilpy nonwiTKe HOJMYyYHTb TBepABIH Iresui
I'. Kamepmuur-Onnec B 1909 r. mocTHr BakyyMMpOBaHHEM
HapoBOr0 NPOCTPAHCTBA TEMIEPATyphl KHUIAKOrO rejvsi BCe-
ro H2 OI¥H rpanyc BHLIC aGCOMIOTHOrO HYJIS.

ITOT METON LINPOKO HCIOJL3YeTCs ¥ B HACTOsillee Bpe-
Ms1. BakyymMupOBaHHEM MOHHXKAOT TeMHIEPATYPy IKHIKOIrO
asoTa, CJAYXaUlero MJjsi HPeIBAPUTENBHOIO OXJaMKIEHHS
NOTOKA r'a3a B BOLOPOJHBIX HJIH TEJIHEBHIX OXHMKHTENSX W
pedpuKepaTopax; ero HPYMEHSIOT Takke IJsi HOJYYEHHUsI
TBEpJABX a30Ta, BOJOPONA W IPYTHX KPHOAT'eHTOR.

PaccMoTpuM NpuyMHY NOHMKeHus TeMmepaTyphl KOH-
JIeHCHPOBAHHBIX I'a30B NP BaKyyMHMPOBAaHWH IIapOBOr0O Npo-
CTpaHCTBA.

Mexny XHIKOCTHIO W €e HapoM, HaXONSIIWMHUCS B 3a-
KpHITOM COCYZe NpH HOCTOSHHOIH TeMmepaType, yCTaHaBJu-
BAaeTCsl MWHAMHYEeCKOe paBHOBecHe. ITO O3HAYAET, 4TO B
KaXIpii MOMEHT KOJHMYECTBA MOJEKYJ, HepeuefuinX u3s
HHMAKOCTH B Nap M M3 Hapa B MUIKOCTh, paBHBL JlaBieHwe
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frapa B 9TOM CJyuae JJIs YHCTOrO BELeCTBA 3ABUCHT TOJNBKL
or Temnepatyphl. Uem Bbillle Temiepatypa, TeM GOblie
JaBJieHHe, ¥ HAaoGOpOT, YeM HHKe TeMIepaTypa, TeM MeHb-
Jie PABHOBECHOE [|aBJICHHE.

Hapylienue AHHAMHYECKOTO pPaBHOBECHS NPHBOIHMT K/

ppoueccaM, CTPEMSIIHMCST BOCCTAHOBHTb €r0 BHOBb. Taxg,
ecJlH HOHU3HThL JaBJjieHue napa Hal XWIKOCTbIO, YMEHb-
wutcs H ee Temnepatypa. CaMONnpoH3BOJBPHO YCTaHOBMB-
jueecsi paBHOBeCHe OyJeT COOTBETCTBOBATH TeNepb MeEHb-
pM SHAYEHVSIM LaBJEHHsI U TeMnepatyphl. STOT HpOIecc
MOXKHO OOBSICHHTH TaK. [l ucnapenusi XHIKOCTH, KakK
{3BECTHO, TpebyeTcss MOOBOAUTL, a JAJs KOHAEHCalluu Hnapa,
Ha060pOT, OTBOAUTH TEIJIOTY, PAaBHyIO TeNJoTe (PasoBoro
nepexozia. TTOCKOJNILKY B YyCIOBHSIX IHHAMHYECKOr0 paBHO-
BeCHsI TeMIepaTypa H COOTBETCTBYIOLlee €ii [aBJIeHHe mapa
B COCYyLe OCTalOTCH  HeW3MeHHBIMH, TO U TemsaoTH (aso-
BHIX HEepexOJ0B NpH HCHAPEHUH M KOHJEHCALlMU DAaBHBL
CaenoBaTelibHO, IJS TOAJepKaHHs AMHAMHYECKOr0 paBHO-
pecusi He TpebyeTcs NOOBOMUTH K COCYAY HJIU OTBONHUTHL OT
HEro Kakoe-1u60 KOJUYeCTBO TENJOoTH. [[MHaMHyecKoe pas-
HOBeCHe B 3aKPHLITOM COCy[e YCTaHaBJHBaeTCsd Camonpo-
M3BOJIBHO.

Jpyras KaptuHa Ha6MIOfaeTcsi NpH HCKYyCCTBEHHOM
HapyIlUeHHH 3TOro paBHoBecus. Ecim, Hanpumep, u3 cocyna
HayaTh OTKayuBaTb Hap, ero AamjeHve OyJeT MOHWXKATBHCHA
# KOJMYeCTBO MOJIEKyJ, NepeXONSIINX B €NUHHIY BpeMeHH
M3 KMIKOCTH B mnap, Oyner OoJbpile, yeM H3 mnapa B XKHJA-
KocTh. Cie0BaTeJIbHO, U KOJHYECTBO TENJOTL, MOrJIONIeH-
HOH B KaXIbll MOMEHT WcrapsiiomjeHcsi XWAKOCTbIO, Oymer
Gosbllle  KOMMUECTBA TEIJIOTH, BBHIIENEHHOH KOHJIEHCHPYIO-
muMcs napoM. PasHulla B KOMuYecTBaxX MOIJIOIIEHHOH H
BBIJICJICHHOH B KaXIbBli MOMEHT TEeIJIOT H MPUBOJMT K OX-
JaXIEHHUIO OCTalOIIEeHCsT B COCyHe MWAKOCTH B TeyeHH®
BCEro BpeMeHH OTKauyMBaHu{ napa.

Takum o6pasom, eciim B COCyAe NpH OTKayKe HENpephbiB-
HO NOHMIKaeTcs faBJieHHe, TO W TeMIepatypa KHJIKOCTH
YMeHblllaeTcsl BIJIOTh OO MOCTHKEHUS] TPOHHOH TOUKH.

C MoMeHTa HOsSIBJIEHHSI 1MePBOro KpHCTajja JbJa Oas-
JIEHHE B cocyne NpH JajibHeHllell OTKauyke OCTAeTCsl HEWs3-
MEHHBIM, a B XKHJAKOCTM HauWHAIOT 0Opa3OBHIBATHCS ° BCE
HOBEIe ¢ HOBbIE KPHCTaJsbl. Tak OyaeT NpOROJXKATHCS MO
TeX nop, moka XKWIKOCTh MOJHOCTHIO He 3aTBepreeT. Ilocae
STOI‘__O laBJieHye napa HayHeT CHOBAa IOHWXKATbC U COOT-
BETCTBEHHO OyneT MNOHMKATBCH W TeMmieparypa Jbjia,
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cTpeMsich B npejiesie K aGCOMIOTHOMY HYJO. Onnako cHu=
JeHue TEMIepaTyphl JbJa B PeasbHbIX YCIOBUSIX OBICTPO
npeKpamaercss BCJAEACTBHE OrPAHHYEHHBIX TEXHHHYECKHX
BO3MOXKHOCTEH NOHUMKEHUS NaBJICHHS.

OTBof napa BO3MOXKeH M 6e3 yMeHbLUEHHS] JaBJICHHUS H
COOTBETCTBEHHO TemmnepaTyps xuakoctu. Ho B s10M Ci1y-
yae HEOOGXONHMO HOABOAMTL K HeH
om TaKOe KOJMYECTBO TEMNJOTH, KOTOpoe
661  ofecrneyuBajO PABEHCTBO Mace
UCIapsieMOro ¥ OTBOAMMOrO B BHIE
mapa BewiecTBa. Tak, HamnpuMep,
NPOUCXONUT C KHNfIeH BONOH B OT-
KpBITOM COCyZe, Dap KOTOpO#l Hempe-
PBIBHO OTBOAMTCS; TeMIepaTypa XKui-
¢ KOCTH [pH 3TOM OCTaercsi MOCTOSH-
HO#. JlocTaTOYHO U3MEHHTh KOJHYe-
CTBO NOABENEHHOI TEMNJOTH, Kak TyT
e CaMONpOU3BOJbHO MEHseTcss Mac-
ca OTBOLUMOrO Iapa.

Hac Gynmer uHTepecoBaTb TOJILKO
nepBBlil Cayuyad, KOrga cOCy[ H30JM-
poBaH ¥ NpPH OTKaykKe fapa TeMmuepa-
Typa XHIKOCTH HelpephBHO NOHMKA-
eTcsi. IOTO NOHMKEHWe TeMnepaTyphl
MOXHO JIErKO BBIYUCJIUTH AHAJHTH-

XRX

Puc. 2. Oxnaxperue

KUAKOCTH BaKYyMHPO- YEeCKH. ]
BaHHMEM HapOBOr0 MHpo- IycTb B cocyzie ¢ HAeaNpHOM Ter-
CTpaHCTBA. JIOBOH M3oJsiueli (puc. 2) Haxomutcd

macca m xunkocTd. Ilpu oTkauke na-
pa, HaxoAdllerocsi ¢ Hefl B paBHOBECHH, [AaBJIEHHE M COOT-
BETCTBEHHO TeMIepaTypa KUIKOCTH HOHUKAIOTCSI.

Ecan 3a 6eckOHe4YHO maJioe BpeMs Ot ymaiautb dm mna-
pa, TO TeMmnepaTypa OCTaBilelicsl MKHIKOCTH NOHU3HUTCS Ha
6T rpamycoB. Torma us ypaBHeHHS] SHEPreTHYeCKOro GaJiaH-
ca cucTeMBl (pHC. 2) MOXKHO 3amnHCaTh:

megdT==bmr, (1)

rfie Cs— TeIVIOEMKOCTh KHMIKOCTH ‘Ha JIMHHH HAaChILEHYs;
r — TemjotTa napoobpasoBaHus.

Jlepasi yacty ypasrenus (1) npexncraBisieT coGofi Ko-
JIMYeCTBO TeIJIOTHI, OTBENEHHON 3a BpeMs 0T OT OCTaBIIeHCst
B COCy[ie XHIKOCTH; NpaBas — KOJHYECTBO TEILIOTH], OTBE-

IEeHHOH 3a 3TO BpeMs W3 CHCTEMBI BMECTE C OTKayaHHBIM
napom. ‘
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[Ipeo6pasyst ypasrenue (1), mosyaaeit:

- . 28 o2 35T, @)

m r

3a .KOHeuHOe BpeMst T U3 cocyfia Gymer oTKayaHo Xdm
napa, 4To HpHBENeT K HOHHKEHHIO TeMNepaTyphl OCTaBLICH-

KT

0 < Ar 3
80—

o O N AN

Puc. 3. 3aBucuMoCTb TeMIepa-
TYpH KpHOreRHbX Bemects or 60
KOJNIWYECTBA OTKAYAHHOIO Tapa.
m, — macca octaBmerocs B cocyae 9

KpHOareHTa B KOHIle mnponecca ofT-

KayKy; M, — Macca HCXONHOH KH/KO- Jo 7

CTH NpPH TemnepaType HacHILUEHus; \ ¥4 Ne
A, [0 — SKCnepyMeHTaJbHbIE TOYKH. 25

0o J |7 L
My

10 79 78 q7

Cd XHUAKOCTH Ha 26T rpapnycos. C yueToM 3TOro ypaBHEeHHe
(2) npumer Bun:

Ds

[« o]
dm g Cs
= Y T, ®
n=1

—

n

TA€ n— 4YuCJI0O WHTEPBAJIOB, Ha KOTOpble pasbuBaercss Hpo-
lecc orkayky. M3 ypaBuennst (3) sierko onmpenesuTh MOHH-
HEHHe TeMnepaTypel XHIAKOCTH, 3afaBIIKCh KOJHYECTBOM
OTKaYaHHOI0 napa ¥ 3Hasg 3aBHCHMOCTb OT TeMIepaTypHl
Cs U r.

Iast 6onpiumncTBa KPHOT€HHBIX KUIAKOCTeH 3aBHCHMO-
CTH TenJIOeMKOCTH M TeIUIOTHl napooGpasoBaHyisi OT TeMIe-
PAaTypel ¢ norpemHocTsio, He mpesuimaomell 5%, MOXKHO
UPHESITD JIMHEHIHBIMH WJIM CYMTATH STH BEJHYMHB NOCTOSH-
HEIMy. 3naueHwst ¢s M r NPHHMMAIOTCS NO CHPABOYHBIM
AaHHBIM,

Ha puc. 3 nokasana sasucumocts TEeMIEepaTypsl HeKO-
TOPBIX KDHOreHHEIX BeIeCTB OT KOJHYECTBA OTKAYAHHOIO
2—1005 17






