M3BECTUS
TOMCKOrO OPAEHA TPYJOBOI'O KPACHOro 3HAMEHW WHAYCTPUAJIBHOTO
Tom 59, 111 WHCTHUTYTA umenn C. M. KWPOBA 1941

TE[JIOTA PACTBOPEHHJ I'ASOB B BOJIE
H. Il. Kypur u C. A. Cuzo8

CoBpeMeHHasi XMMUYeCcKas MNPOMBIIIJIEHHOCTh BeChbMa HACHIUEHA mpolec-
CaMH B3aHMOJEACTBHA ra3oBO# M XKUAKOH (das. B vacTHocTH, 06paboTKa ra-
30B BOJOH B HACTOsilee BpeMs NPOU3BOAMUTCH B GOJbIIHX MNPOMBILIIEHHBIX
Macmtabax M MO3TOMY BCECTOPOHHEE H3YUEHHE STOro CJAyuyas B3aHMOAef-
CTBHSA rasoBOH M XKUAKOH (a3 sIBJASETCH BeCbMa KeJaTe/JbHbBIM He TOJBKO C
TEOpPeTHYECKOll, HO M TNP4KTHYECKOH TOUYKM 3PEHHUd.

[To Bonpocam pacTBOPHUMOCTH rasoB B BOJ€ B JHTEPAType HMEeTCs 3Ha-
YUTEJbHOE KOJHYECTBO 3KCIEPUMEHTAJbHOrO MarepHana, 4TO XKe KacaeTcs
HCCAEN0BaHHus TENA0BhX 3(PdeKTOB pacTBOpPeHHfd, TO 3Ta CTOPOHA BONpOCa
IO HACTOsWEero BpPEeMeHH HEe MoJAv4YdJa JNOCTATOYHO IOJHOrO OCBElIeHUs.
OaBako, sHaHue TemaoBbIX 3((eKTOB pAaCTBOPEHHS ra30B B BOAE HHTEPECHO
KaKk ¢ TOYKH 3DEHHs BOCIOJHEHHS CYLleCTBYIOILEro B 3TOH o06JacTd mpobeaa,
TaK M C TOYKH 3PEHHs HCNOJb30BAHHSA 3THX BEJHYMH JJs BbHIABJICHHS HEKO-
TOPHIX 2HEPTeTHYECKHX BONPOCOB, CBA3AHHLIX C MEXAHH3MOM mpouecca abcopos-
IIMU rasoB BOJOH.

B macrosimieit paGoTe JesdaeTcCs NONBITKA PACYETHHIM MyTEM NOJYYUTH Te
tTensoBue 3(dekTH, KOTOpbE CONPOBOXIAIOT MNPOUECC PAaCTBOPEHHS rasoB
B BOJE€ HAa OCHOBAHUM TeMIePaTypHOH 3aBHCHMOCTH DACTBOPHMOCTH Ta3oB
npu arMocepHOM IaBJAEHHU.

Boabmas yacTh rasoB, OOCYXIAOMWHUXCA B HacTtodAwme#d paboTe, HUMEIOT
Majlyl0 PacTBOPHMOCTb M ITI03TOMY NPH TAKOM HEBLICOKOM HX NapLHaJbHOM
JaBJeHHM Kak 1 aTm. u TemnepatypHoM unTepsase 0— 1Q0°C onu naioT Juumb
BecbMa pasbaBJ/ieHHbie BOAHHE PAaCTBOPhHI, KOTNPHE MOXKHO pacCMaTpuBaTbhb Kak
HjeanbHbie PacTBOPHI.

Kak #u3BecTHO!), 1J5 HAEaJbHBIX pACTBOPOB TEPMONMHAMHKA JaeT CJe-
AyIOUYIo 338BHCHMOCTb MOJSPHOA J0JH PaCTBOPEHHOrO0 BELWECTBAa OT TeM-

nepaTtyphi:
dIn N, ) Q o

- , 1

( A (1)

oT RT?

rie N,— Mo/sipHasi 10Jf paCTBOPEHHOrO rasa, '
Q — audepennyabHasg TENIOTa PaCTBOPEHHS OLHOTO MOJAS rasa NpH
IOCTOSHHOM HaBJAEHHU B KA./ MOAb,
T — abcoatoTHass TeMneparypa,
R —rasosas nocrosuHas, paBHas 1,987 xaxlepadyc.

B csolo ouepenb
n
Ng—__ -

nl—l“nz’

rae ns—KOJAHYECTBO MOJIEH rasa, paCcTBOPEHHOro MPpH JAaHHHIX YCAOBHAX
B I MOJAX BOJAbBI.
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[Mepexons OT HaTypa/JbHHIX JOTapHPMOB K JeCATHUHBHIM, a TaKKe He-
CKOJIbKO BHAOH3MeHHB ypasHeHue (1), moay4yus ypasuenue (2)

OlogN; 1 _ Q|
(1) | 2,303 R @
T P

YpaBuenune (2) yxkaswiBaet, uTo jaudepeslnabHas Tema10Ta PacTBOPEHHs rasa
B MHIKOCTH NPH MOCTOSIHHOM NaBJEHHW W JAHHOH TemmnepaTtype OylaeT paBHA

nepeoi npoussoauoit ot logN, no (%),ymaomermoﬁ Ha 2,303 R.

1
Ecay oTA0XKHUTE MO OCH abcuuce (T , a no ocu opaunat logN,, To npu

HEe3aBUCUMOCTH TEIJIOTH PaCTBODEHHS rasa B BOLE OT TEMIEpPaTyphHl, caenyer
MOJAYYUTh NPIMYIO JHHHIO, TAHIEHC YIJa HAKJOHA KOTOPOi (onpenenseMsii,

HanpuMep, rpadpuuecKkuM nytem), ymMHoxkeHHold Ha 2,303 R, mo/:KeH paBHATHCH
TEeNJI0Te PacTBOPEHHS.

OaHako noxoOHble NpPOH3BeJeHHble HaMu nocrpoenus (puc. 1, 2, 3, 4 u 5)
Iag 23 ra3oB B UIMPOKOM Npejese TeMnepatyp He AajdH NPSIMbIX JHHUA. ITO
06CTOATENBCTBO YKa3a/70 HAa Ha/IMuHe H3MEHeHHS TENJOTH DPACTBOPEHHS OT

TEMIepaTypsl H, TAKHM 0O0Opa3oM, OTNa/Ja BO3MOXKHOCTH HCIO/b30BaTh BhIllIe-
H3J0XKEeHHHH ¢cnocob AJS HAXOMJAEHHS UCKOMBIX BEJHYUH.

Jlanuele nO pPacTBOPHMOCTH rasoB B BOJAE HeOOXOAUMBbIE AJS1 MOCTPOEHHS

1
kpuBbX log Ny = f (_’IT) MBI 3aMMCTBOBAJH

aas CO n3 pa6or Winkler 2) C,; Hg — Winkler 14),
N, — Winkler 2) CO,; — Bohr %),
NO — Winkler 4) SO, — Hudson 16),
O, — Fox?%) naHHple no pactBo- Rn — Meyer 17).
PHUMOCTH HCMOJIL30BAHK OT COS — Winkler18). N
0 po 15°C) u Winkler?%). Br; — Winkler 19),
po3nyx — Winkler ¢). H, — Winkler 20).
Ar — Estreicher 7). He — Antropov 2!), Lannung 21).
Kr — Antropov 8). Ne — Antropov 22),
Xe — Walentiner ?). N,O — Kunerth 23).
H,S — Winkler 19). O3 — Mailfert 24),

CH, — Winkler 11).

C,;H; — Winkler 12),

C,H, — Winkler 13),
Onpenenenue TaHre€Hca yrJaa HaKJOHA KACATeJbHOH W/AH NepBOi MPOHU3BOI-

, 1 :
ot ot logN, no (? IS AaHHOT'O rasa MOXHO NPOH3BECTH JH60 C NOMOILIBIO
/

AudepeHUNPOBAHHA SMNHPHYECKH HakIeHROro ypasHeHus log N, =f (_’%) U

ICIIO/b30BATh AJ9 3TOH ueaH rpadpuyeckue MeTojn. YCTAHOBJEHHE 3MIHDH-
YeCKHX YpaBHEHHH BO-MEPBLIX, CBA3aHO C 00aAbWIOH 3aTpaTodl BpeMmeHH, H,
BO-BTOpHIX, T€ YPaBHEHHS, B OCHOBE KOTOPBIX JEeXHUT 3aKOH MnapaboJm,
J1aBasi XOpOollHe pe3yJbTaThl IPU HHTEPHPOBAHUHU, MOTYT NPHUBECTH K COBEP-
ILIEHHO HEMPaBHJbHLIM PEe3yJbTaTaM, OTJHYAIUIHUMCH He TOJAbKO HO abcoJioT-
HON BEJUYUHE, HO Jaxe M IO 3HAKY.
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Puc. 1. 3aBucuMocTb MoaspHO#t noAH

pPacTBOPEHHOro ra3a B BOLHOM PacTBOpe

or temnepatypsl ara CO; H,; Ar; Kr;
NO. Praza =1 arm.

Puc. 2. 3aBUCHMOCTb MONAPHOH HOAH
pacTBOPEHHOTO ra3a B BOAHOM pacTsope

ot temnepatypni aas SO,; Bry, H,S; Xe;

praaa =1 arm.
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Puc. 3. 3aBucrMOCTb MOJNSIPHOH  H0uA
49| o | PaCcTEOPEHHOIO ra3a B BOAHOM PacTBope
8 32 3% 36 38 ot Temneparypul aas CoHy COg NyO

- 41\"'10’ COS; Ru; Cy Hy Prasa=1 aru.

o/

[

-4} kY
; Puc. 4. 3aBucuMocTs MoaspHOH HOANH
~50 . , PacTBOPEHHOT'O Ta3a B BOAHOM PacTBOpE
20 28 30 32 34 56 38 ot Temneparypbl 18 Og u CHe Prasa =

e %‘103 1 amm.
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B cuny 03HayeHHOro [/ peleHHs NOCTaBJAEHHON 3ala4d MBI HCIOAb30-
BaJH BeCbMa U3SIIHLIA, CPAaBHHTE/bHO GHICTPHI M NOBOJBHO TOYHHE rpadu-
YEeCKHH MeTOl ,3epKana“. DTOT MeTOld COCTOHUT B CJAEJYIOWMEM: CTPOMTCH MHO-
CTaTOYHO OOJbIIMX pasMepoB jguarpamma (puc. 6), BHpaxkatowas 3aBUCHMOCTD

1
log N, or (—T—) Has naxoxnenuss mnepBo#i mnpoussoaHo# B Touke (0), coor-

BeTCTBYIOWe# TOH Temmeparype, TemJIOTY pacTBOPEHHs MpPH KOTOPOH xe-
KeJaaTeNbHO HaiTH, NIPOBOAMTCA KacaTe bHas W 3aTEM 10 HAKJOHY NOCAEIHEH

1
K ocu abcuucc (jl;) onpejesndeTcs TAHTEHC yr/ia HakgaoHa. [ToctpoeHue ka-

caTeJbHOH B 3TOM CNOCOGE€ NPOU3BOJAUTCH C NOMOUIbIO 3€PKANbHON JHUHEHKH,
C stofi ueablo JNuHeHiKa CTaBHTCA Ha peGpo Tak, uTo6bl MIOCKOCTH YepTexa
u auneilixn (ABCD) Owam Ob [EPNEeHAMKYJASAPHHEL IAPYr K JAPYry, H 3a-
TEM OHA MNepeMelaeTcs BOKPYr BEePTHKAJbHOH OCH, nNpoxoasined uvepes
Touky (0) mo Tex mnop, moka n306pakeHHUss KPHBOH Mepel 3epKajsoM, B 3ep-
KaJe H 3a 3ePKaJOM He COJbIOTCA B OAHY ILIABHYIO kpuBywo. [lpu atom Ju-
HHA HabGAIOfeHHd JOJMKHAa ObTh nepunenaukyasipia aunud AD. C noMompio
YCTAHOBJIEHHOH TaxUM 06PasoM JHHEHKH NPOBOJMUTCS HA yepTrexke npsmas RS,
KOTOpas fBASETCH HHUEM MHBIM, KaK TNEePneHAUKYJIPOM K HCKOMOIl Kacate/b-
"Hoii. [lo sToMy nepneHaukyaapy, HCHOAb3YS TPEYroJqbHHUK, HPOBOAUTCI H
cama kacareapHas (ST). HenpaBuibHble mOMOXKeHHS 3epKaJbHOH JHHEAKH
ana tovex O; u O, wamoctpupytorcs nocrpoenusayvu I u lll, u 8 Tom u apy-
roM cJaydae HabJ0faeTcs pa3pblB H300paxeHHs KPHBOI B 3epKaJje H 2a
3ePKaJIOM.

[Npn omnpenenenun TaHreHca yriaa. HakK/JIOHA KacaTe/NbHOH He peKoOMes-
AYeTCs N0/JAb30BaTbCA TPAHCMOPTHPOM, TAK KaK yroJa (¢), OTCUHTHIBaAEMBIl MO
aromy npubopy, a cJexoBaTe/]bHO M TaHreHC, OyAyT 3aBHCETh OT MacIITa-
60B, B KOTODbIX HAaHECEHH apryMeHT H (DYHKIHS, IO3TOMY MAJA HaXOXJAEHHA
AEHCTBHTE/JLHOrO yrJja mnorpedyeTcs BHeCEHHE JONOJHHTEJbHHIX NMONPaBOK
Ha OTJdY¥e MacmTaboB opAauHaThl u abcnuccu. [Ipome, GnicTpee H ropasio
TOUHEe ONpeJeasTb HE yros, a TaHreHc yrJaa (¢) C MOMOIbIO JieNeHUS APYT
Ha apyra nportuBosexattero (US) u npuaexautero (UT) xareroB yraa (¢),
06pasoBaHHOIO KacaTeJbHOH H OCbl0 abcuucc. BeauuumHbl KaTeToB Caedyer
OTCYHTHIBATD HE B MHJJIHUMETPAax, a B TeX eIHHHUIAX, B KOTOPHIX HA KOOPIH-
HaTaxX OTJOXKeHb AaprymeHT M (QyHkuus. B HalWuX nOCTpOEHHUAX MbI HCIOJb-
30BaJIH METaM/HYECKYIO 3€pKaJabHYI0 JMHeHKY, WHpHHOA 15 miuc. Meramin-
yeckass JHHeHKa MO CPABHEHHIO CO CTEKJAIHHOH HMEeT TO INPEeHMYIIEeCTBO,
4TO B HeH OTCYTCTBYET pa3phiB MeXAY KPHBOH Ha depTexXe H ero H3obpa-
KeHHe B JnHefike. JI18 CTEKNIHHOH 3€pKa/JbHON JMHEHRKH 3TOT PasphiB, BCJACN-
CTBHE HaJH4Hs CJ051 CTEKJa, IBAAeTCS COBEpPLIEeHHO Heu3OeXHEIM M 3TO 3HA-
4YUTEeJABHO 3aTpyAHseTr pabotry. llepex Hauasom pabGoThl JIUHEHKA W TPEYroJb-
HUK TILATEeJbHO BHIBEPAJIHCE.

ITepemMHOXeHHeM HaHAEHHHIX TaKUM crnoco60M 3Ha4YeHHIH TAHTCEHCOB YIJIOB
HaKJOHOB KacaTeabHOHd Ha 2,303. R =2,303.1,987 Opin nosayuens Audepen-
uaJbHBIE TEIJIOTH pPacTBOPEHHA TrasoB B BOJAE NPH PasAHYHBIX TeMmepary-
pax ¥ NOCTOSIHHOM JAaBJE€HHH, paBHOM | aTM. Briuucsaensne gudepenunanbHbee
TENJOTH pacTBOpeHHd A4 23 raszoB co6paHnl B Tabauue (1) um npeacras/extl
Ha puc. 7, 8,9, 10, 11, 12,

M3 npuBeneHHofl Ta6GjuUbB M PUCYHKOB BHJHO, HYTO TENJIOTa PACTBOPEHHS
rasoB B BOJE NpH atMoc(hepHOM JaBJEHHH 3aBHCHT OT MPUPOAb abcopbupye-
moro rasa. Tak, npu temnepatype 0°C no/10XKHTE/bHAsd TENJAOTa PACTBOPEHHA
HMeeT MHHHMa/bHOe B3HauyeHHs AJaa Boaopoaa 1530 W makcumanbHOE 3HAUE-
nue naa Br, = 8080 xas/mo.16, kpoMe 3TOro, Takue rasbl, Kak reJud H HEOH
npu 3TOH TeMuepaType HMEIT OTPHIATEJbHYIO TEMJOTY DacTBOpeHHsd, T. €.
NPH HX PaCTBOPEHHHW TEMJAO HE BHIEASEeTCH, a MOrJOoWaeTcs.
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PHuc. 9. 3aBucHMOCTb EMPepeBUHANBHOH TENAOTH
pacTBOpeHUss rasoB B BOAE OT TEMNeEpaTypsl Ais
(COg); (HoS); NO u (Ny).
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Puc. 12. 3aBacumocTb andepennnansHoi Ten-
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bophy =ms 7T

Puc. 13.



Kpome npuponasl rasa, TemjgoTra pacTBOPEHHUS 3aBHCHUT TaKke OT Temne-
paTypbl. Xapakrep 3TOro H3MEHEHHs (QOPMATbHO onpeje/seTcd TeMueparyp-
HEIM XO0JAOM pacTBopuMoctd. JlJ1a rasos, TeIJOTa PACTBOPEHUS KOTOPHIX
o6cyknaercs B Hacrosmel paboTe, TeMImepaTypHH XOI PacTBOPHUMOCTH, a
cJenoBaTeNbHO M TeMnepaTrypHasd 3aBHCHMOCTb TENJOTHI PACTBOPEHHSA OXBATHI-
BaeTcsd CJEAYIOIIMMH 4YeThIpbMA Ccay4YasMn: l-# cayyall—pacTBOPHMOCTD rasa
YMEHbINAETCA C POCTOM TeMmepaTypel U (QYHKUHOHA/bHAS 3aBHCHUMOCTb JIOTa-
pudMa MOJSPHOR JMOJM PACTBOPEHHOrO rasa OT OOPATHOH TeMIEpaTypH,

1 S .
|:T. e.logN, =1 (?ﬂ onpejaeasetrca KpuBofi 1, mpeacrampJeHHok Ha puc. 13.

K »TOMy c/ayuald OTHOCHTCA PACTBOPEHHE GOJBIIMHCTBA PACCMOTPEHHHIX
Hamu rasos, umenHo: CO; Nj; NO; O,; Ar, Bo3nyx, Kr; Xe; H,S; CH,; C,H,;
C,H,; C,Hg,CO,; SOy Rny COS; Brp. ILma aTo#f rpynnel ra3os mepBas fIpOH3-

1
BogHada oT logN, no(~? ¥ COOTBETCTBEHHO TEIJIOTA pACTBOPEHHST HMEIOT

NOJIOXXHUTENbHEIA 3HAK H YMEHBIIAIOTCA C IOBBIIMIEHHEM TeMneparypeol.

Tax, Hanpumep, moJoxHuTeNbHAA Tensora pactBopenus npu 0°C aas 3To#
rPyNfbl rasoB B 3aBHCHMOCTH OT HX NIPHPOAB H3MeHaeTcd oT 3750 xaxa/moas
aas  asora n0 8080 kaa/moss mas Opoma. [lpM noBLILIEHHMH TEMIEPaTypH
TEMJOTH PAacTBOPEHHS BCEX rasoB 3TOH rpynmel najalT M [PH TeMmepary-
pax mnopsaka 100° oHu H3MepSIOTCA HECKOJBKHUMH COTHAMH Kajopui. Mckiio-
ueHHe COCTaBJAseT palOH H 6pOM, TaKk Kak remaora pactsopenus npu 100°C
L5 mepBoro u3 Hux cocrasaseT 1110 xaqopuii U A44 BTOPOro, MOBUAHMOMY,
npu6/JH3HTENbHO CTOJAbLKO- Ke. 2-f1 caAy4yaH onpenensercd XapaktepoM Kpu-

Bo# 1l Ha Tom ke pucysxke. [lepas npousposnnas ot log N, no(lT) H TENJIOTa

PaCTBOPEHHST HMMEIOT TaKKe MOJOXKHUTe/bHBIA 3HAK, HO aGCOMIOTHHIE 3HAYCHHR
¥x GyayT BO3pacTaTb ¢ NOBLHUIeHHeM Temnepatypsl. K atomy cayuyaio OTHO-
CATCH JBa rasa: 3akuch aszota (puc. 3) H 030H (puc. 4), NOJOXKHTE/bHASA
TEeNJOTA pPACTBOPEHHS KOTOPHIX BO3pacTaeT C MOBHIICHAEM TEMIIEPATypHl
(puc. 7 w 11). Tak, nanpumep, nucdepeH. TemioTs pacrsopenus N,O npu
temneparypax 18 u 36°C pasusitorcs coorBercTBeHHO 4170 u 5990 xaa/xoxs.
Cremyer oTmMeTuTh 0CO00 3HAUHTE/JbHOE BO3PACTaHHE TEMJIOTH PACTBODEHHA
030Ha ¢ moBhILleHHeM - Temnepatypsl; npd 0°C sTa BeqmuuHAa OKasaJachb paB-
Hoit 3460, a mpu 55°C—24400 xas/mone. 3-i cayuai npeactaBied xpusoit III

1
Ha puc. 13. [Ipu nanebix cootTHomeHnusax mMexay log N, u (T)’ KOorga pacTBO-

PUMOCTb ra3a B XHAKOCTH C TeMmIepaTypod BospacTaer, nepeas {pOU3BOA-
0logN,

oL\
\T/ [P |

3HaYeHHs H HUX a6COJIOTHHE BEJAMUYHHBEI C MOBLIiiCHHEM TEMIEPaATVD OVAYT
yBeauunBaTeca. MamiocTpamueli TOABKO 4TO H3J0XEHHOrO SABJSETCH mpoluecc
pacTBopesys Heona. [ljasf 3TOro rasa Tena0Ta PacTBOPEHHS OTpHUATENbHA
¥ ab6CcoJIOTHas BeJMYMHa €e ¢ MNOBLIIIEHMEM TeMMepaTypsl Bo3spacTaeT (NpH
0°C — 1760 u 50°C —9030 «kaxa/moss) (puc. 11). 4-B cayyaii — pacTBOpH-
MOCTh ras3a MNOBLIIAETCS C POCTOM TEMNEPATYPH,, HO COOTHOLUEHHS MEXJAY

Hag ¥ TemaoTa PacTBOPEHUSA [1CJAHHB HMETb OTPHLATENBHBIE

logNzu’L onpepeasiorcs kpusoil tuna IV (puc. 13). B arom cayuae
\T p p

dlogN, | : ‘
—~~—g1~?~-~J , CJeioBaTeNbHO M TEenJa0oTa pacTBOpPeHHs MMEIOT OTpHuaTeNb-

d(?) P
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HOe 3HAaueHue, HO abcoJaloTHLE BeJHYMHB HX OyaAyT yMEHbUIATHCS C MOBHILIe-
HHEM TEMIEPAaTYpHI. :

Bo3MOXHB H APYrHe GoJee CAOXKHLIE COOTHOWEeHNs Mexay Jorapadmom
MOASIpHO#t 1OJH PaCTBOPEHHOrO BemecTBa M OOpaTHOH TemmepaTypod, HO Bce
OHH MOTyT OHITb TOJYYEHH NYyTeM KOMGMHAUNH 3THX 4-X CJIyyaes. DT0 B
YaCTHOCTH M MMeeT MeCTO IJd pacTBOPEHHs BOAOpOZa U TIeauAd B Boae

dlog Ng
0 -‘-)
T p
apu Temieparypax or 0 xo 50°C 4MEIOT MONOXKUTEIbHHA 3HAK H HX a0COJIOT-

uple BeJUYHHB MafalwT. ITO BHpaxaercs kpusoi V (puc. 13), koropas
MOXeT OHThb moJydeHa nyTeM xomOurHauuu Kpusolix 1 u Ill. Jas reaus co-

(puc. 1, u 5). ¥ TelJOThl PACTBOpPEHHs A Bogoponma (puc. 12)

/

1 .
otHomenus mMexay logN, u (?) BHIpaxaroTcs KpuBo#d Buaa IV, koropas mo-

)eT 6biTh noJyuyena xoMbGuuupoanuem kpusnix Il u IV, B atom caydae rnep-

1
Bag npoussoanas log N, no (_]T) ¥ TemnJa0Ta pacTBOPEHHUS BO BCeM HCC/IeN0-

BAHHOM HMHTEPBA/J€ TEMOepaTyp MMeeT OTPHLUATe/bHbie 3HaYeHHd, HO abCOJIOT-
Hasl BEJHYHHA TENJOTbl PaCTBODEHHS BHAYa/l€ NPH TMOBLILICHHH TEMIIEPATypHl
or 0 axo 20°C napaer, a 3aTeMm, Npu AaJbHelllleM BO3PDACTAHHH TEMOEPaTyphl
10 50°C, ysennuusaercs (pHuc. 1).

Onnako, o6cyxJnas pacTBOPUMOCTb HEOHA W reJud B BOAE, CJeldyeT yKa-
3aTh Ha 0OoJee mo3gnue uccaenosauus Lonnung?t). Tlocaeanuii, npumeHns
GoJsee TOUHYK METOAWKY 3KCNepUMEHTa, Hallles, 4To AaHHbe Antropov?)
no pacrsopumoctd Ne u He B Bose omn6ouHbl. Mcnosapaya aawasie Lonnung

Mbl OCTPOHAH KPHBHIE Iogszf(—;) nass Ne u He, [Ipu atom nas Ne kpu-

[ .
Bas, BhIpAXAIOULag 3aBUCHMOCTH MeXxay logN, n(nri; MOXeT ObITb MoayueHa

nytem kom6uHanuu kpusbix I u Il ua puc. 13. B coorseTcTBuH C 3THM AHpe-
peHlMasbhas TenJaoTa pacTBopenus aas Ne (puc. 12) umeer HOA0KHTe/IbHBIH
3HaK W C MOBLIIIEHUEM TEMNEpPATyPhl BHauaJe NajdeT, a 3aTeM, JOCTHTHYB MUHU:
MaJbHOTO 3HA4YeHHs, HayuHaeT Bo3pacraTh. YTo kacaercs He, To ana nero

B HCCJeAOBaHHOM HHTEpBaJe Temneparyp (15—37°) IgN, ¢ (%) CBﬁsuBéeTcsx

NpAMOJHHEHHOH 3aBHCHMOCTBIO ¥ BHIYHUC/JIEHHAS TENJOTa PacTBOPEHHA OKa3a-
JaCh TIONIOXHTENBHOH BEAMYHHOHW, HE3aBUCAUIEH OT TeMnepaTypu H PaBHOH
382 ran/mons.

Crenyer OTMETHTh, HTO TEIIOTa PACTBOPEHHA Ompene’seTcs He aGCoioT-
HOH BEJHYHHOH PAaCTBOPMMOCTH rasa, a BeJAHYHHOH ee M3MEHEHHs C TeMmmepa-
Typo#.

Jl1s MHOrHX rasoB B HEKOTOPHIX Mpejlesiax TeMIepaTyp H3MEHeHHEe TeIJIO0TH
pactBOpeHHs CBS3bIBAETCS C TEMNEPaTypPoOH JHHEHHOH 3aBUCHMOCTBIO Qi = Qo+

at, rne Qt ¥ Qo— MoJsApHbie AudepeHnnaIbHbe TEMIOTH PacTBOPEHHs rasa
B BOJE COOTBETCTBEHHO npu rTemumeparypax 0° u t°C.

@ — TEMNEPATYPHEH KO3(UIHEHT.
t— temneparypa B °C.
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HalinenHble BaMu ypaBHeHUs NpHBeNeHBl B Tabauue 2.

Tabnuua 2

MutepBansl TEMNEPATYD, |  Ypapmenue, BHpakaouee TeMNepaTypHOE HIMEHEHHE
a3 B KOTOPbIX CIpaBelin- '
BO ypaBHEHUWe 8°C TCNNOThI pacCTBOpPCHHY ra3a B BOHAC
CO 0— 50 Qt = 3850 — 42,06 . t°C
N2 95— 50 Qt = 3620 -+ 50,70 (5—t)°C
NO 0— 70 Qt = 4120 — 48,00 . t
0 0— 50 Qt = 4230 — 51,33 . t
2 { 50— 90 Qt = 1650 + 32,91 (50—t)
Boaayx 5— 50 Qt = 3960 4 49,29 (5—t)
Ar { 0— 15 Qt = 4120 — 70,34 . t
20— 50 Qt = 2825 + 31,22 (20—%)
Xe 35— 80 Qt = 2890 + 60,00 (35—t)
CH, 0— 25 Qt = 4800 — 59,33 t
CoHg 0— 30 Qt = 6640 — 78,87 t
CO, 0- 35 Qt = 5700 — 37,5 t
SO, 10— 30 Qt = Const = 5900
0-- 10 Qt =Const = 8080
Br, { 10— 45 Qt = 8080 4 28,7 (10—t)
50 - 80 Qt = 6640+ 111,0 (50 t)
0— 20 Qt = 1530 — 18,00 t
H, { 20— 55 Qt = 1170 | 34,49 (20-t)
, 95 - 100 Qt = 37,004+ 3,622 (55—1)
N,O 22— 36 Qt = 4450 — 11,12 (22—t)

Kak npaBu/io, npamMosuHeiHas 3aBUCUMOCTb TEMJIOTH PACTBOPEHHA OT TeM-
mepatypsl “MeeT MeCTO, BO-UepBLX, He I/ BCeX rasoB M, BO-BTODPHIX, OHA
3aMenseTcs 6ojee CA0KHOH 3aBHCHMOCTbIO THHA: Qi = Q.+ at |- ft2 - at? |-
NpH paclIHpeHHH TemnepaTypHuix pamoxk ot 0 mo 100°C.

JIlo6ONLITHO OTMETHTh, YTO TEMJIOTH pacTBOpeHHa (Tab.. 3) BO3nyxa, BHI-
YHCJEHHbIE MO MNpaBuAy aLTUTHBHOCTH W3 TENJOT PacTBOPeHHs a30Ta M KHC-
JOpO/a, HAaXOAATCS B XOPOMEM COIMACHH C Ten/J0TaMmu, HalIAEHHBIMU Heflo-
CPeACTBEHHO 13 IAHHHIX MO PacTBOPUMOCTH BO3AYyXa.

Ta6auwua 3

Bpiyncaenna Tenaorsl pacTBOpEHHs BO31YX3 MO IIPaBuUAy aAAMTUBHOCTH H3 TEMJIOT PAaCTBOPCHHSA
asora ¥ XKHCaopoua

Tensora pacTso- | Komuentpa- posn. | QtTOW
Temnepa- penun wg Oy B | poan N o Qt BLIYHCHEHHAS
' pacTBopen- -0 N N 0 AaHHHM
Typa Asora s | Kucao- | Hom B BOXE Qt Qt N,+Qt O, B pacTBOpH-
B °C poaa B BO3lYyXe ' Kan| MOAD MOCTH
: Kan|{MORb| g4/ M0Ab!B o) (06BEM) BO31YyXa
0 3750 4230 34,91 3750.0,6509 + 4230.0,3491 3910 3880
5 3620 3970 34,69 3620.0,6531 4 3970.0,3469 3740 3750
10 3390 3720 34,47 3390.0,6553 + 3720.0,3447 3500 3460
15 3030 3510 34,25 3030.0,6575 4+ 3510.0,3425 3190 3210
20 2820 3260 34,03 2820.0,6597 4 3260.0,3403 2970 3000
25 2560 3020 33,82 2560.0,6618 -+ 3030.0,3382 2710 2700
30 2330 2680 33,60 2360.0,664 -+ 2680.0,3360 2460 2440

Heo6xonuMule a4 3THX BBIYHCJAEHHH MHaHHBIE 00 COOTHOLIEHHIO MEXKIY
KHCAOPOJOM H as0TOM, PACTBODPEHHHIX B BOJE, TNpH NaBJAEHHH BO3AYyXa PaB-

HOM 1 aTm. 3auMcTBOB2HH ©3 paborh Winkler2¢). ‘
MoXHO 0XH1aTb, YTO W B APYrHX CJy4asX COBMECTHOrO pacTBOPEHHA
HECKO/AbKMX ra308 MONApHAA TENJOTa PacTBOPEHHA CMeCH OyZAeT aANMTHBHO
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CKJIaALIBATHCA H3 TEMNJOT PACTBOPEHUS €€ KOMMOHEHTOB, OAHAKO OTCYTCTBME
JAaHHLIX MO COBMECTHOH pacCTBOPUMOCTH HE MO3BOJAET CAesaTh GoJjee ompe-
JeJIeBHEEe BHIBOJABI MO AAHHOMY BONpPOCY.

[TosiBnenue TensioBOro apdexkTa pacTBOpPEHHS rd30B B BOAe, ero a6CoJIOT-
HAfA BEJHYHHA U €€ N3MEHEHHE C TeMmepaTypod onpeae/sioTCs TEMH CHAAMH,
KOTOpble IIpoABAAIOT cel6da B rpouecce BZaUMOAEHCTBHS ra3a ¢ BOJAOH. ITH
@UJIBL MOTYT HOCHTb XUMHueCku# M dusnueCKuil xapaxrep.

B nosb3y BO3MOXHOCTH XMMHYECKOH CBSI3H rOBOPAT Te (PaKTH, 4TO MHOTHE
rasbl, pacTBOPsACh B BOAE, 06pa3yi0T THAPATH, KOTODhie B HEKOTUPHIX CJAY:
4asx, NpH AOCTATOYHO BHICOKOM .NaBJIEHHWH ra3a M HU3KOH TeMmmeparype, BbiMa-
JAaKT H3 PacTBOpPA B TBEPAOM COCTOSIHMHH.

Tak no uccaenosanuaM Bpy6aesckoro?) CO, pacTBopasck B BoIe
npu 0°C u Pco,=12,4 arm, o6pasyer coeaunenue CO,. 8H,0, ynpyrocTs
ANCCOLMALUH KOTOPOro C MNOBHIUEHHEM TEMNepaTyph CHAbBHO BO3pacTaer,
pocruraa npu 6,8°C—26,1 atm.

Hempel n Seidel 2) noaTsepauan npaBUIbHOCTb Pe3yabTaToB Bpy 6-
JAE€BCKOTrO, a TaKKe AONOJHHUTENbHO Hauwd, 4uTo CO,, pacTBOpasch B BOIe,
MOXET J1aBaTb AeBATHBOAHBIA ruzapar, T. e. CO, 9H,0. K sromy BrBOLY
npuiien Takxe 3eJ bBEeHCKHMN 27), KOTOPH#H H3yuyas pactsopumoctb CO,
B Bode. [To nammmm Villard ) npu BsaumogpedctBuum CO, ¢ H,O moxer
o6pasosatbcss u 6-Boaupit ruapar (CO,6.H,0). Hssectno o6pasoBanue
OJTHOBOJIHOI'O rujapara, HMeHyemoro yroibHo#i kucaotoit CO,. H,O uau H,COs.

Bce 370 nokaseiBaeT, 4TO UpPH PACTBOPEHHH Fa3a B BOJAE NPHHIKNHAILHO
BO3MOXKHO BO3HHKHOBEHHE XHMHYECKOrO B3aHMOREHCTBHSA MEX 1y PACTBOPAEMEIM
rasoM ¥ XHAKUM DaCTBOPDHTEJEM, B Ppe3yJbTaT€ KOTOPOrO B PacTBOPE MOTYT
MOJNYyYUTHCA B 3aBUCHMOCTH OT KOHKDETHHIX yCJOBHH pacTBOpeHHs (Temmepa-
Typa, ZAaB/eHde), BeCbMd Da3JHYAOUIHECT MO CBOEMY COCTaBy, Malno YCTOHYH-
Bble NpW OOGHIUHBIX YCA0BHAX (TaK KaK YAPYrocTb HX AHCCOUHAUHH BeJHKA)
Oonpeae/eHHbIe XHMHUYECKHe coendHesdnsa. Kpome yraekucaoTH, o6pasoBaHue
THAPATOB HMEEeT MECTO MPH PACTBOPEHHH B BOJe TaKUX MaJONOCTOAHHHX
rasoB, Kak Hgs (HzS.IQHQO) C]g (C]2.5 uau 8 HQO); NzO (N20.6H£O); CgHg
(CzH2-6H2()); C2H4 (C2H4.6 H20)29) H ap.

Hanee, Forcrand #°) nokasaa, uro paxe uneptunie rasm Ar, Kr, Xe, pac-
TBODASCH B BOJAE NMPHU BHICOKHX AABJECHHAX M HU3KHX TeMmieparypax o6pasyoT
KPHCTANJINYEeCKHE T[UAPATH, NPaBRa, YNPYrOCTH AMCCOLMALUH HX OKa3aJHCh
BECbMa OO/MBUIMMH 3@ HCK/NIOYEHHEM KCEHOHA, KOTOPHIA paeT HauGosiee yCTOH-
YUBBIA THAPAT C ynpyrocThbio auccouraundn 1,4 atm. npu 1,4°C. Koauuectsa
BOAH, coenuHsoluecs ¢ 1 atomom uHepTHOoro rasa aja Ar,Kr u Xe coorBer-
CTBEHHO PaBHH 5,6 u 6—7 moseky..

Bce u3soxeHHOe 34eCh HAXOAMTCHA B H3BECTHOM COIVIACHH C NPEIONEHHON
MenneneeBriM ruapaTho# Teopuedt ), N0 KOTOPOH PacCTBOPH MOXHO paccMaTt-
PUBaTb KaK JMKHJAKHE, HENDOUHBIE, OIpPEfeNEeHHbIe XHMHUECKHE COeXHHEHHSs
B COCTOSIHUH MHCCOHHAIHH.

B cBsa3u ¢ aTuM TennoBoil addexT pacTBOpeHue rasa B BoAe GyneT B 3Ha-
YHTEJIbHOH YAaCTH ONpeeasTbcs TemIoBHM 3Q(HEKTOM 06pa3oBaHHS FHAPATOB,
npAYeM H3MEHeHHst Qi ¢ TemmepaTypoit OyAyT O06yCAOBAMBATHCH B3aHMHHMH
nepexoaam# OAHHX (OpM THAPATOB B APYTHE.

Mepexoaamn onnux dopm ruapatoB B Ipyrue, NOBUAHUMOMY, MOXHO 00%b-
SICHUTD DE3KHE U3MEHeHHS TeMneparypHoro xona Q. =f (t) aas psga rasos. Tak
ana Ar (puc. 7) 3T0T nepenom coBepuIaeTcs B HHTEPBAJeE temneparyp 15—20°C,
aast SO, (puc. 8)—30°C,0, (puc. 7)—50°C, H,S (puc. 9)—50 — 60°C, He—20°C.
Kpusbie Q =1(t) ana H, u Br, puc.12 u 11 umelor no asa nepeJjoma COOTBeT-
cTBeHHO npu 20 u 30°C u npu 11 u 47°C. CoBepuweHHO NOHATHO, YTO COCTABH
THAPaTOB, 00pasyioulHecs B KOHKPETHHX YCJIOBHAX PACTBOpDEHHSA rasa B BOAE

H HX B33HMHBIE€ MPONOPUHH MOryT OHITb onpeieseHsl TONbKO CllelUaABHBIMY
HCCNe1OBaAHUAMU, ’
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Kpome ruapatHoft Teopun, nossiaeHde TemnnosBoro addexra pacTBopenus
MOXeT OHTb, MO HAalleMy MHEHHIO, OCBELIEHO M C APYrod TOYKH 3peHHsd. 3a
NOC/eNHEE BPEMs, B CBS3H C PEHTreHOTPapUYECKAMH HCCACNOBAHUAMM XKHUI-
KOCTEeH, MOCJAEAHHUM NPUTIHCHIBAETCH KBa3HKPHCTAMIHUYECKOE CTPOCHHE H, TAKUM
06pasoM, CTPYKTYpa XHUAKOCTH YMOAOOARETC CKOPEE TBEPAOMY TeJy, HEXEeH
rasy.

[lo mpencraeaennam Slewarts?), uakoCTb COCTOHUT M3 GOJBLIOTO YHC/IA
o6G/JacTel, BHYTPH KOTOPHX OTHOCHTE/bHAas OPHEHTAUHA MOJEKyJ mnpuban-
XKAETC K PaBHOMEPHOMY ' pacnpeieneHuio B TBEPAOM COCTOAHHH. DTH ynops-
JOYeHHbE 00J1aCTH M Ha3BaHu ,cuborakTHueckuMH rpynnamu®, [lo Stewart
B OJHY cuHOoTakTHueckyio rpynny Bxomsit oT 100 mo 1000 monekya. Peskue
rpaHuiel MexAay obsactamu ¢ Goapuield ¥ MeHbUIEH yNOpALOYEHHOCTHIO OTCYT:
CTBYIOT.

B 1936 r. mosBunace pabota Ity e pa %), B KOTOPOH aBTOP NPUAHCHIBAET
KHAKOCTAM ryauccanTHoe ctpoedue. CorzacHO 3TOMY NPENCTABAEHHIO TBEpPLOE
reJsIo NpH 0JaB/eHHH PacnazaeTcs No HaUMEeHee NPOYHLIM IJOCKOCTAM Cla#HOCTH
#Ha OTJENbHble TOHKHE MJIACTHHKM ,TJHCCAHTH®, CNOCOOHHIE CKOJAB3HTL INPYr
no JApyry, 4eM H omnpejeasieTcd Mo ABHXKHOCTb xkuAKocTed. He npeapewas
BOMNpOCa, KaKass MOAE/]b CTPOEHHS XHAKOCTU (CMOOTAKTHYECKAs WJAH TJIHCCAHT-
Has) HMeeT GOJbWYI npasaONoOA06HOCTDL, YKaxeM, uTo no Bernal3¢) u
Fowler 34 xugkas Boaa uMEeT KBAa3uKPHCTAJJIHYECKYIO CTPYKTYpy KBsapue-
o6pasuoit (opmu. [Ipu3HaHue KBa3UKPHUCTANINHUECKOH CTPYKTYPH MHIAKOCTEH
NO3BOJIAET UPEANONOKUTH, YTO NPH pPACTBOPEHHH rasa B XKHIKOCTH, B 4acT-
HOCTH B BOZAE, ras aiAcopOHUpVeTCs Ha MOBEPXHOCTH KBA3HKPHUCTANIMNKOB H
B 9TOM cayyae TenJyoBof 3d@dexT pacTBOPEHHA MOKHO CBECTH K TelJOBOMY
s¢pdexty ancopbuur; npd ITOM BeAMUHHA M 3HAK Tensnosoro addexta axcopb-
[iUH, a8 CJEeA0BATEJbHO M PACTBOpPEHHUR, OyJeT 3aBHCETb OT TOIO, YUaCTBYIOT JH
B 9TOM MpPOLECCe, KPOMe BaH-AEpP-BAaJbCOBBIX CHJ MPHTAXEHHS, MOHUMAEMBIX
B IIHDOKOM CMBIC/JE 3TOTO CJ0Ba (Kak CHJbl, BO3HHUKAWIMIHE BCJACACTBHE LEH-
CTBUS NMOCTOSHHHIX AdN0JeH, KBaApyno/ed, HHAYUHPOBAHHKX AUNOJAEH M Ap.),
TAKXe€ CHJbl XMMHYECKOro CpeAcTBa. B CBA3M € 3THM, BecbMa Ile/1ec006pasHO
MPOH3BECTH CONOCTABJEHHE MNOJYYEHHHX HaMH TenJoBuiX addexToB pacTBo-
peHus rasos B BOAe C TeNJOBhHIMH 3(pdexktaMu aacopObuuud 3THX ra30B Ha ImO-
BEPXHOCTAX TBepAHX Tea. OMHAKO, 3TO COMOCTABJEHHE, TAK € KaK M BLIABJE-
HUe CTeneHn y4yacTHs (PH3MYECKHX BaH-Aep-BAaJbCOBHX W XHMHYECKHX CHJ
B MOfIBJEHHH TenaoBOro 3gdextra pacTBOPEHHS, BHIXOJHT H3 DAMOK HacTod-
mero cooOiieHus.

B bl B O I bl.

1. Mo naHHBIM pacTBOPHMOCTH OblNM BhIYUCAEHH AH(EpeHUHaNbHBIE TEN-
noTel pactBopenus ana 23 rasoB B Boae (CO, N, NO,O, Bosayx, Ar, Kr, Xe,
st, CH4, Cz Hg., C2 H4, Cg Hs, COz, SOZ, er, COS, Brg Hg He, Ne, Nzo, 03) npu naB-
nenun 1 atv n temneparypax ot 0 no 100°C. Onucana MeTonHKa BHIUHC/IEHHUS
nudepeHHalbHbBIX TEMNJAOT PacTBOPEHUs, OCHOBBIBAIOINAACA HA 3AKOHAX HAEaNb-
HHIX pacTBOpPOB M rpaduuyeckom Meroje ,3epxaga‘. )

2. Ilpu naBaenun 1 at™m. audeperuuaNbHHE TENJIOTH PACTBOPEHHsA ra3os.
B BOJE 33BHCAT KAK OT NPHPOAB PacTBOPAEMOroO rasa, TaK ¥ OT TEMIIEPATYPHI..

3. Jlaerca ¢dopmanbHas xkaaccaduranusd BO3MOXKHHIX C/AYyYaeB H3MEHEHHH
pacTBOpHMOCTEH# H TenJoT PaCTBODEHUSH OT TEMIEpPaTypHL.

4. Ilas rpynubl rasoB B HEKOTODHX Ipenenax TemMmepatyp HabJiofaercH
JAHEAHas 3aBUCHUMOCTb Mex1y AudepeHuHaabHOH TemJNOTOH pAacTBOPEHHS M.
tremnepatypoii, Haanume peskux nepenomos Ha xpuBbix Qi =1{(t) craHoBuTcs
B CBS3b ¢ O6pPA30BAHMEM ONpEAEACHHBIX XHMHUECKHX COeZMHEHMH (rHApaToB)
MpH pacTBOPEHHM rasa B BOJe.
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- 5. TemnoTl PacTBOPEHHSI BO3JyXa, BHIYUCJGHUE N0 MPABUIY ANJHTHBHOCTH
¥3 TENnAOT PaCTBOPEHHS a30Ta 4 KHCAOPOAA, HAXOAATCA B XOpOIIeM COIrNacHu
¢ TenaoTaMy pacTBODEHMs, HaHEHHBHIMH HEMOCPEACTBEHHO M3 JAHHBIX MO pac-
TBOPHMOCTH BO3AYyXa. :

6.

Hanvuue TtensoBbix 3@ddeKTOB 0pH pacTBOPEHHH rasoB B MHUAKOCTAX

o6ycaoBiuBaeTcs AeACTBUEM (PU3MYECKHX BAH-IAEDP-BAAJAbCOBRIX U XUMHUYECKUX
cual cpeAcTBa. B CBs3M ¢ KBa3sUKPHCTANIMYECKMM CTPOEHHEM XWIKOCTeH yKa-
3LIBAETCH B2 BO3MOXHOCTh CBeleHHS TeINOTH PACTBCPEHHA K TeIJIoBOMY 3¢-
(dexTy aacopbuEH pPacTBOPSEMOrO [a3d HA NOBEPXHOCTH KBASHKPUCTAMIOB.

1.
2.
3.

n

Ooo~IMm

10.
11,
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