4. ONPEAENEHUNE DHTAJIbMUN UCNAPEHUA N HOPMAJIbHOW
TEMNEPATYPbl KNMEHUS UHANBUAYAJIbHbIX )XUOKOCTEWN
METOAOM TEH3UMETPUU

NcnapeHne (KoHaeHcauusi) BewecTBa saBnsetrcsa da3oBbiM nepexogom I poga. Mpwu
TakOM nepexofe CBOWCTBA, Bblpa)kaeMblie MepBbIMM MPOU3BOAHLIMKU 3Heprum mb6ca
no temnepartype (3HTponusa, S) , un gasneHmio (06beM, V) MEHSATCA CKaykoM npu

HEenpepbIBHOM U3MEHEHUM 3TUX p 1 T.

I. TEOPETUYECKOE BBEJIEHUE
Jnst mpouecca ucnapeHuss B OTHOKOMIIOHEHTHOM CHCTEME, IPU PAaBHOBECUU MEXKIY

xuaKocTbio (/) u mapom (v), cpaBeaniuBo ypaBHenue Knaneiipona-Knaysuyca:

dp S-S, AH, 1
ar V¥, V)T M

rie p — nasnenue mepexoxga, I — temmeparypa (K) mepexona, AH vap - OHTAIBITHA
UCMApeHusi, T.e. pa3HUIa MEXIy MOJIbHOM »HTanenued mapa H (p,7T) W MonbHOU
sHranbuen xuakocreid H, (p,T)npu nasnennn p u temneparype 1 . Eciu npeneGpedn

MOJIBHBIM OOBEMOM JKMAKOCTH, V, 0 CPaBHEHMIO ¢ MOJLHBIM 0ObeMOM mapa, V,, u
CUMTATh TAp HICATbHBIM Tra3oM (BIAM OT KPUTUYECKOW TeMIepaTrypbl), TO MOXKHO
MOJIy4uTh ypaBHeHue (1) B Buze:

dinp AH,,
dT RT?

2)

Ilocie MHTErpupoBaHus ypaBHeHHs (2) ¢ yderom Toro, uto AH | B y3kom unTepBaie

TEMIIEPATYP OCTACTCS TOCTOSIHHON BEJTUYMHOM, Oy IUM:

AH
Inp=—"24+C 3
p=-— 3)

Boipaxkenue (3) B koopamHarax Inp:1/T npexncraBiaser coGoiM JMHEHHYHO

. AH
3aBHCUMOCTh, TAQHTE€HC yIJla HAKJIOHA KOTOPOM K OCH abcumcc paBeH — RV , C —

IMOCTOSAHHAsA MHTCTPHUPOBAHUA. HpeHereraﬂ 3aBUCUMOCTBIO Hl OT OaBJICHUsA, MOXHO



cuMTarh, 4TO B ypaBHeHwsx (2) u (3) AH, ~AH fap . Hanomaum, 4to MonbHas
SHTANBNMA [ MACaIbHOrO ra3a He 3aBUCHUT OT AABJICHUS IIPU ITOCTOSHHOM TEMIIepaType.
Benuunna AH fap Ha3bIBAETCSl CTAHJIAPTHOM SHTAIBIINEN UCTIAPEHUS.

C nomorpio ypaBHeHHS (3) MOXKHO ONPEIeNIUTh HOPMATBHYIO TEMIIEpaTypy KUTICHUS

Tmx. (p=106ap mmm 760 mm.pr.ct.) u tertory ucnaperns A, a sarem sHauenne

AS: B HOPMAaJILHOM TOYKE KUIICHUS KUIKOCTH (H.T.K.)

AS =—= 4)

H.M.K.
[To mpaBuny Tpyrona s OonbmMHCTBA skuakocted AS) =88 [Ix/monb-K. 3nauenus

TEIUIOT W DHTPOINUN HCMAPEHUsT HEKOTOPBIX JKUIKOCTEH B HMX HOPMAJIBHBIX TOYKAX
KUTICHH TIPE/ICTABIICHBI B TAOJHIIC B IIPHIIOKCHHH.

[ToBbimienue Temneparypsl kunenus (p=1 ©Oap) pactBopa, AT, coaepxkaiiero
HE3HAYMTEIBHOE KOJIMYECTBO PACTBOPCHHOTrO BemiecTBa (MonbHas jponst x<0.1) moxker
OBITH OITUCAHO C TIOMOIIBIO 0YJUTMOCKOITHYECKOTO YPABHEHHS

AT=E-m )
rae E- 50ynmockonuueckas KOHCTAHTa, a 1 — MOJSUILHOCTB pacTBopa. YpaBHeHue (5)
BBIBE/ICHO B TPEANOJIOKECHUU, YTO JUIsl PACTBOPUTEINS BBIMOJHACTCS 3aKkoH Payns.
Bennunna E paBHa TOBBIIICHUIO TEMIIEPATypbl KUMIEHUS PacTBOpA, COACPIKAIIETO OIMH

MOJIb BEIICCTBA B 1000 r pacCTBOPUTEIIA (GCJ'II/I npu 3TOMU KOHOCHTpAaIWH PaCTBOP OCTACTCA

nJeaabHbIM):
RT> M 0027 M
— HRT M~ 0 00 H.MLK. m K “K2- MO]lb_l (6)
1000-AH® AH®

v v
D0yJUTMOCKOTIMYECKass KOHCTAHTa HE 3aBUCUT OT MPHUPOJBI PACTBOPCHHOTO BEIIECTBA M
XapakTepHa IS JAHHOTO pacTtBoputens. Benunuunna E Benwka myisi pacTBOpUTENEH C
BBICOKOM TOYKOM KHWUIEHHUS, BBICOKOM MOJBHON Maccoit M,,, HO Maloil TemiIoTOMu
WCTIapeHus.

Jlnst u3mepeHust JaBlieHus mapa MCHOoJb3yeTcs MeTo A TeH3uMeTpun. B 3aBucumMocTtu

OT yCJIOBUH MapooOpa30BaHUsl METO/Ibl TEH3UMETPUU MOXKHO Pa3/IeIUTh HA CTAaTUYECKUE,



JUHAMHUYECKHEe W KHHETHYecKue. B cratmueckux MeTojax HCCIeqyloT Ta3ogasHble
paBHOBECHSI B 3aMKHYTHIX MpEABAapUTEILHO BaKyyMHpPOBAaHHBIX peakTopax. B
JUHAMUYECKUX METOJaX MCIapeHHe KOHJICHCUPOBAHHOM (a3bl MPOUCXOIUT B OTKPHITON
CHUCTEME, 4Yepe3 KOTOPYI0 MPONYCKAalT ra3. B KMHETHYECKHX HCCIEAYIOT HCHapeHue
BEIIECTBA B BakyyMe (C OTKpBITOM MOBEPXHOCTH — MeToAa JIeHrmiopa, Wi uepes
MaJieHbKOe oTBepcTre — Metoa KHy/ceHa, min yepes3 1Ba MPOTUBOMIOI0KHBIX OTBEPCTHUS

B KaMepe, 3aKpyUUBAIONICHCs O] IEHCTBUEM CTPYH Mapa — TOPCHOHHBIN METON).

II. DKCIIEPUMEHTAJIBHAS YACTH
1. Anmapatypa

I[J'Iﬂ OMpEACIICHUA 3aBUCUMOCTU [JJaBJICHUS HACBIIICHHOT'O IIapa )KI/IIIKOCTCIZ oT

TEMIIepaTypbl UCIIOIB3YETCs MPHOOP, N300paKEHHBIN Ha PUCYHKE.

Sosde 5
Puc. 1 TeH3uMmMerp -
> npnbop ana onpeneneHus
g:‘ b5 OABNEeHUS  HacCbIWEeHHOro
.?,"‘ napa KNIKOCTM B
) 3aBUCMMOCTH oT
TemMnepaTypbl.

2. IIpoBeieHIe DKCIIEPUMEHTOB

[IpenBapurenbHas MOATOTOBKA TEH3MMETpa K padoTe BBIMOIHIETCS COTPYIHHKOM
MPaKTUKyMa.

CTyIeHTBI MPUCOCTUHSIOT TOTOBBIN TEH3UMETP C IMOMOIIBI0 BaKYYMHON Kay4yKOBOM
TpyOKM K BaKyyMHOW YCTaHOBKE M OTKAaYMBAIOT ()OPBAKYYMHBIM HACOCOM (Ha PUCYHKE
HE TMOKa3aH) OCTaTKH BO3Ayxa U3 mpubopa. [ns 3Toro oOTKpbBaroT kKpan 1, a
TPEXXOJOBOM KpaH 3 cCTaBAT B TaKoe MOJOXKEHHE, YTOOBI YCTaHOBKA OKa3ajach
COCMMHEHHON ¢ HacocoM (KpaHbl 4 W 2 JODKHBI OBITH 3aKphIThI). Yepes 5-10 munH
OTKa4Ky MpPEeKpalIarT, KpaHbl 3 ¥ | 3aKpBIBAIOT M OCTOPOXKHO C TIOMOIIBIO COTPYIHUKA

n,n

IIPAaKTUKyMa, HAKJIOHUB TEH3UMETp, IMEpEeNIMBAIOT PTYyTh U3 1Iapuka "g¢” B



MaHOMETpPUYECKyI0 TpyOKy "c” (Hamu4me KaydyKOBOTO COCIMHEHHUS I03BOJISET 3TO
caenarTh).

[locnie 3TOr0 yKpEeIuisitoT TEH3UMETP BEPTHUKAJIBLHO B TepMmocTare 7, HaxoAdIeMmcs
pU KOMHATHOW TemnepaType. TepMocTar cCHa0XeH MEIIaKoi m, dJeKTpoHarpeBareieM
O, METAIIWYECKHMM 3MECBUKOM "3m" ¢ xomomHoWl Bojol m Tepmomerpom. [locre
NPEKpaIIeHus] BaKyyMHUpPOBaHHs BbDKUAAIOT 10 MuH, YTOOBI TpUOOP MPUHSIT
TEeMIIepaTypy TepMocTara. 3aTeM, NpeIBapUTENIbHO OTKpPbIB KpaH 1, depe3 KpaH 4,
COCMHSIONINNA TTPUOOpP ¢ BHENTHEH aTrMochepoii, 0OueHb MEIJIEHHO BITYCKAIOT BO3YX JIO
YCTAaHOBJIGHUA PTYTH B 000MX KOJeHax MaHoMeTpa 'c” Ha OJHOM YpOHE.
[MpucoenuHeHHBIl K cucTeMe OalIoH b OONBIIOW EMKOCTH CIYXKUT Oydepom, T.e.
MO3BOJISIET TUJIABHO M3MEHSATh JAaBJICHHE B CHUCTEME HAaJl IIAPUKOM, BIyCKas, WIIH,
HA00OpOT, OTKAa4YMBasi BO3AyX M3 cUCTeMbl. Korjga pTyTh B 000MX KOJEHAaX MaHOMETpa

".n

c" yCTaHOBHUTCS Ha OJHOM YpOBHE, TOTJa JaBJICHHE BO31yXa, OTMEUEHHOE II0
MaHOMETpY M W JaBlieHWE HACBIIICHHOTO Tapa HaJ JKUAKOCThIO B IIapuke "a” cTaHyT
paBHBIMH. B 3TOM HeoOxommmo yOemuThcs, HaOMIOMash PaBEHCTBO YPOBHEH B 00OWX
KoJieHax MaHoMmeTpa "c” B TeueHrne 3 MUH IPHU MOCTOSHHOW Temmeparype. [lokazanus
MaHoMeTpa M (naBieHHe, paBHOE PAa3HOCTH YPOBHEH PTYTH JIEBOIO M NPABOro KOJEH
MaHOMETpa) 3aHOCST B TAOJIHILY.

3areM MPOM3BOIAT U3MEPEHHUE JABJICHUS! HACBHIIICHHOTO TMapa YXUAKOCTH mpu Ooiee
BBICOKHUX TeMmreparypax. s 3Toro, BKIIOYMB HAarpeBarelb TEPMOCTAaTa M MEIIAJKY,
MOBBIIIAIOT TEMIIEpaTypy TepMoOcTaTa Ha HECKOJBKO rpamycoB (5°-6°), mpuyem, Bce
BpeMsI OCTOPOXHO 4epe3 KpaH 4 (KpaH 2 3aKphIT) BIYCKAIOT B CHUCTEMY MaJCHBbKHE
MOPIUK BO3JyXa M TaKUM 00pa3oM HENPEPHIBHO BBIPABHUBAIOT YPOBHU MaHOMeTpa "c”.
[Tocne ycraHOBIIEHHS B TEPMOCTaTe HAMEUYEHHOW TEMIIEPaTyphbl, YPaBHIB IAaBICHUS B
MaHOMETp "c” W BBDKJAB 3 MUH, 3alUCHIBAIOT MOKa3aHUs MaHomerpa M B Tabmuiry 1.
Takum sxe 00pa3oM, MOCTENEHHO TMOBBIIIAsT TEMIEPaTypy TEPMOCTATa, OMPEEINSIOT
JABJICHWE HACBHIIMIEHHOTO Tapa >KUIKOCTH TNPH HECKOJBKUX TeMmIepaTypax (MHTepBal
TeMIepaTyp MpeajaracTcs MpernojaBaTesieM MM COTPYAHHUKOM IpakTHKyma). Bcero
npoBoAsT 8-10 onpeneneHui.

ITocne atoro HCO6XO,HI/IMO CHATH CCPUIO TOUYCK IPHU OXJIAXKIACHHUU TCPMOCTATA. I[J'ISI

ITOM Ocjin, HE BBIHUMasA HpI/I60p U3 TCPMOCTAaTd, HAYMHAOT MCIJICHHO OXJIaXKAAaTb €ro



(U1 OXJMaXJEHUs uepe3 3MEeeBUK IIyCKaeTcsl CJaOblii TOK XOJIOAHOM BOJABI U3
BOJIOTIPOBOJIa) M TakK jkKe, KaKk OBLJIO YKa3aHO BBIIIE, OTMEUYAIOT JIaBJICHUE Tapa Mpu
HECKOJIBKUX TeMIlepaTrypax. 3HaueHusl TeMIepaTyp IpH OXJaKIEHUHU CIIeyeT BHIOMpATh
TaKAMH, YTOOBI OHH 3alONHSIN TPOMEKYTKH MEXAy HaONIOJCHUSMHU TIEPBOI cepHuu
(marpeBanme TepmocTtara). [Ipu oxjaxkaeHHH TepMocTaTa JUIsi BEIPABHHUBAHUS YPOBHEU
pTYyTH B 000MX KOJICHaX MaHOMeTpa "c” HeoOXOaUMO MEIJIECHHO OTKAadaTh BO3MYX W3
mpubdopa ¢ TOMOIIBIO KpaHa 3 Tipu 3aKpeITOM KpaHe 4. Korna kpuBas oxiraxaeHus OyaeT
CHSTA, HA/l0, HE OTCOEIUHSS TEH3MMETP OT YCTaHOBKH, BBIHYTh €r0 U3 TepMoOcCTaTa,
nepenuTh (o1 HaOJII0IeHHEM COTPYAHHUKA IPAKTUKyMa) pTyTh 00OpaTHO B pe3epByap "g”,
MOCJIe Yero, OTKIIOYUB KPaHOM 3 HAacoC U BIYCTUB B HAacOC BO3YyX, MEIJEHHO OTKPHITh

KpaH 4n IIPpU OTKPBITOM KpaHC 1 IIYCTUTb BO BCC YaCTHU YCTAHOBKHU BO3AYX.

MepbI IPEI0CTOPOKHOCTH.

1) dnsa ycnemHoro mpoBeneHus paboThl BCe KpaHbl HY)KHO OTKPBIBATH OCTOPOIKHO,
T.K. B IPOTHBHOM CITy4ae OIBIT MOXXET ObITh ucropueH. [Ipu ObICTpOM BITycke BO3myxa
PTYTh MOXKET OBITH TepeOpoleHa W3 MaHOMETPUYCCKOW TPyOKHM B BEIIECTBO, a MpHU

OBICTpOIi OTKAYKe PTYTh, @ HHOTJA M HCCIIETyeMas )KUAKOCTh, MOXKET OBITh mepeOporieHa

", n

B pesepByap "

TEepPMOCTaT, 0COOCHHO TIpH paboTe C JIETKO JIETYYUMHU BEIIECTBAMH, TAKUMHU Kak 3up.

. Ilo Tem xe cooOpakeHUsIM HAJO MEAJICHHO HAarpeBaTh M OXJIAXKAATh

2) Kpan y u3ameputenbHoro MmaHomerpa M He Tporatb. OH CHYKUT Ui CO3JaHUS

TOppH‘ICJ’IJ’ICBOfI IIyCTOTBI, KOT'1d MAHOMCTP NPHUBOJUTCS B pa60qee COCTOSAHHUC.

II1. BATIIMCb U OBPABOTKA DKCIHEPUMEHTAJIBHBIX PE3YJIBTATOB
PesynpTaThl SKCIIEpUMEHTA 3anucaTh B Ta0IUITy 1.

Ta6nuua 1.

Ne ombiTa t, °C JlaBienue napa B MMm pT. CT., P

JIEBOE KOJICHO MPaBO€E KOJIECHO P=P;— P,
maHomerpa M, P, maHometrpa M, P,

N —

o mauueiM Tabunpst 1 moctpouts rpaduyeckue 3apucumoctd P ot 7 u In p otl/T .

Lo b
OO6paboTKy AaHHBIX NPOBECTH B BHJIC JIMHCHHOW ammpokcuMauud Inp=qg+—. Ilo
T




nan

Haﬁ[[eHHI)IM 3HA4YCHUAM a

TeMIepaTypy  KUIEHHs

u "b" onpenenuTs TemIoTy ucnapeHus AH, HOpMaJbHYIO

TH.m.K.

u

SHTPOIIUIO

70yIuockonuueckyto konctauty E mo ¢popmyie (3).

IV.IIPEACTABJIEHHUE PE3YJIbTATOB PABOTbI

OtueT 0 pa60Te JOJI2KCH BKJIFOYATh:

HCIIapCHUs

AS".

1. Bce ncnoap30BaHHBIE TEPMOANMHAMUYCCKUE COOTHOIICHU .

2. Tabauiry pe3yabTaToB 3KCIIEPHUMEHTA.

Paccunratn

3. l'paduueckoe u aHATMTHIECKOE NIPpe/CTaBlIeHue 3aBucumoctu In p:1/7 .

4. Pacuer SHTaIbIIUU HUCrapCHusa, TCMIICPATYpPbl KUIICHUSA H 36yJ'IPIOCKOHPI‘ICCKOﬁ

KOHCTAHTHI C OHCHKOﬁ IMMOrpCIIHOCTH 3TUX BCIIMYUH.

INPUJIOKEHUE

9HT3.J'IBHI/II/I, OHTPOIINU UCIIApCHUS H(HI[KOCTCﬁ n 36y.]'II/IOCKOHI/I‘-IeCKI/Ie KOHCTAHTHI B

HNX HOPMaJIbHbI TOYKaX KUIICHUS.

. . _AH
BemtectBo M, T AH,, AS, = ’ E,
I/MOITb K KaJ1/MOJIh wmk. | KT/MOJb
kaj/moib-K

['enuii, He 4 -4.25 100 23.8 0.006
Bonopon, H, 2 -20.45 904 44.4 0.007
VYkcycHas kuciaora 60 3914 24393 62.3 3.15
MypaBbpuHas KucI0Ta 46 374.0 24100 64.4 2.23
Azot, N 28 77.65 5565 71.5 0.25
H-bytan, C4H 58 271.7 22259 82.0 1.61
Hadramun, CoHg 128 491.2 40459 82.4 6.39
Meran, CH,4 16 111.8 9272 84.5 2.25
OTUIOBBINA Yhup 78 307.8 25983 84.5 2.25
HerbipexxIopHCThli 154 349.9 29999 85.8 5.26
yraepon, CCly

[uxnorekcan, C¢H» 84 353.9 30083 84.9 2.93
benson, C¢Hg 78 353.3 30765 87.0 2.65
Xnopopopm, CHCI3 119 334.7 29497 87.9 3.78
Tomnyon, C;Hg 92 384.0 31995 83.3 3.54
Metunossiit cnupt, CH3;OH 32 337.9 35271 104.2 0.87
Bona, H,O 18 373.15 40656 108.8 0.515
Otunosslii ciupt, Co,HsOH 46 351.65 38576 109.6 1.23




