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OBIIASA XAPAKTEPUCTUKA PABOTHBI

AKTYaJIbHOCTh TeMbl M CTelleHb Pa3padOoTAHHOCTH.
AKTyalIbHOCTh poOIeMBI o0ycoBiieHa MOTPEOHOCTHIO
COBPEMEHHBIX TEXHOJIOTHIi B TOYHBIX HMITUPUYECKUX
TEIIO(QU3NYECKUX JaHHBIX JJIs BOJHBIX CHCTEM B LIMPOKOM
JUarna3oHe W3MEHEHHWsl TemIeparyp ¢ JaBJICHHH, a TaKke
OCHOBaHHBIX Ha HUX YPaBHEHUAX COCTOSHUS, KOTOPbIE UCTIOIb3YIOTCS
JUISL OTTUCAHUS TIPOLIECCOB B TEPMOIMHAMHKE U MEXAHUKE JKUIKOCTEH .

B Ttepmomunamuke, ¥ B 4aCTHOCTH, THIPOJUHAMHKE, €CTb
MHOTO HEpEIICHHBIX 3ajad, KOTOpbIE TAKXKE MOXKHO PELIUTh C
MOMOIIbI0  AHAIUTUYECKOTO  aHaju3a  TePMOJAMHAMHUYECKUX
XapaKTepUCTHK  JKUAKOCTe.  OCHOBHBIMM  MEXaHHYECKHUMH
CBOMCTBAMM KHJAKOW (CIUIOLIHOM) Cpeabl SBISIOTCS BSI3KOCTH,
IUIOTHOCTb, KOTOPBIE B CBOIO OY€pelb H3MEHSIOTCS B 3aBHCUMOCTH OT
TEMIEpaTyphl, AaBI€HUA. B 3T0il CBA3M BO3HHUKAIOT CIOXHOCTU B
BOTIPOCE XapakTepa pacIHpOCTPAHEHHUs TEIUla B CPEe MCCIIETyEeMbIX
BEIIECTB U ITO SBJISETCS CTUMYJIOM JJISl U3YUYECHHSI APYTOTO BayKHOTO
TETUIO(PU3NIECKOTO CBOMCTBA CILIOUTHBIX CPEJ] — TETIIONPOBOIHOCTH.

Bnusnue  mapamerpoB COCTOSTHUS, pacnpeneneHus
TEMIIepaTyp, KOHIEHTpalIuid KOMIOHEHTOB CMECH, II03BOJISIET
OTIpPENIeNIUTh MPOLIECCHI, TPOXOASIINE B CINIOIHBIX CpelaX U J1aTh X
MOJIHOE OIHCaHHE. [Tpormeccrr, MIPOUCXOISTIINE B
TEPMOJIMHAMHUYECKUX CUCTEMAX, OMUCHIBAIOTCS MaKPOCKOIUYECKUMHU
BEJIMYMHAMH, TAKUMH KaK 00BEM, TeMIleparypa, AaBJIeHHE, KOTOpPhIC
BBOJATCS Il OMMCAaHUS MEXAaHHMYECKUX CHUCTEM, COCTOSILIUX M3
OO0JIBIIIOTO YKCIIa YaCTHII, U TPUMEHUMBI K OT/IEIbHBIM MOJIEKYJIaM U
aToMaMm, a TaKXe K BeJIMYHMHAM, KOTOpble IPUMEHSIOTCS B MEXaHUKE
WIA  TepMoAWHAMHKe. TOUYHBIE JaHHBIE O  TPAaHCHOPTHBIX
(TEerIONpOBOAHOCTD, BSI3KOCTh), OOBEMHBIX CBOMCTBaX (IJIOTHOCTD,
M30BITOYHBIN, KaXyIIUIiC W MNaplUaJbHbI MOJSPHBIA 00BEM),
aKyCTUYECKUX M DHEPreTHUECKUX CBOMCTBaX (CKOPOCTh 3BYKa)
BOJIHBIX PAcTBOPOB KpaiiHe BaXHBI JUIA TIYOOKOTO TTOHMMAaHUS
MHOTHX TMPHPOJIHBIX M TEXHOJOTMYecKux mporeccoB. K mpumepy,
nporiecckl  (DOTOCHMHTE3a W OCHOBHBIE XHMHYECKHE  OCaJIKH
bopMyIHpyIOTCs ¢ yyacTheM KapOoHaTa Kanblius, HATPHs, MarHus,
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J0JIOMUTa, THUIICA, TaJouJ0B U cyibdarToB. BoaHbeie pacTBOpsl mpu
BBICOKMX TeMIlepaTypax M [JaBJICHUSX HMEIOT (yHAaMeHTaIbHOe
3HaUE€HUE B TEOJIOTMM ¥ MHUHEpAJIOTHu (U1l THAPOTEPMalIbHOTO
CHHTE€3a), XMMMHU, He(TerazoBoi NPOMBIIIJICHHOCTH (HaIpUMep, B
J00BIYE YTIIEBOJIOPOIHOTO CHIPbS), B T€OTEPMAIBbHBIX CHCTEMax MU
OMOJIOTMYECKUX MPOLECCaX B JKUBBIX OPraHU3Max, JUIsl HEKOTOPBIX
HOBBIX METOJIOB cenapauuu. Temieparypa HMOBEpXHOCTHBIX (peKw,
03€pa) ¥ OKEaHCKUX BOJ| OJIM3Ka K KOMHATHOM, B TO BPeMs KaK BOJIHbIE
pacTBOpBl C BBICOKOM TEMIIEpaTypol W INpPU THIPOCTATHYECKHUX
nasieHusx ot 10 1o 60 MIla HaxoaaTcst B TIyOOKHX T€0JIOTHYECKUX
dopmupoBanusx. [lInpokoe npumMeHeHne BOAHbBIE CUCTEMbl HAXOSAT
B naporesepaTopax reoTepMaIbHBIX ANEKTPOCTAHLIUSAX,
TUAPOTEPMAIIBHOM CHHTE3€, B IIPOLIECCAX ONPECHEHUSI MOPCKOU BOJIBI
U JIpYruX NPOMBIIUIEHHBIX ONEpalusiX, KOTOPbIE MPOUCXOIAT IPU
BBICOKHX TeMIepaTypax u BBICOKHMX JIABJICHUSIX.
TepMoguHaMUYECKHE CBOMCTBA BOAHBIX PACTBOPOB AJIEKTPOJUTOB
IIPU BBICOKMX JABJICHUAX M TEMIEPATYypax Ba)KHbI JUISl IOHUMaHUS
B3aUMOJICHCTBHI MEXKIy TIOPOA000Pa3yOIMMU (POPMUPOBAHHUSIMU U
reoTepMalibHpIMU  QurongaMu B INIYOOKMX  IN€OXMMHMYECKHX
nporieccax. llogzemHble BOABI, BCTpedaromIpecs B TIyOOKHX
CKBaXHMHAaX, MNpOOYypEeHHbIX B THOpPOJax C KPUCTAJUIMYECKOH
CTPYKTYypOH, OOBIYHO TMPEACTaBISAIOT COOOM  BBICOKOCOJIEHBIE
paccosl.

CaolicTBa TpOMHON cHCTEMBI BOJAA + CHHUPT + 3JIEKTPOIUT
MOTYT Takke OBITh HCIOJb30BAaHBl JIsi HM3YYEHHUS KHHETHKH U
MEXaHU3Ma MPOIIECCOB KPUCTAUIU3AIUHU (TIOTYUYEHUSI KPUCTAILIOB).
OuncTKa CTOYHBIX BOJ M BEHTWISALMOHHBIX T'a30B Takxke Tpedyer
TOYHOTO 3HAHMSI CBOMCTB BOJHBIX PACTBOPOB 3JIEKTPOJIUTOB. 3HAHUE
TOYHBIX 3HAUEHUHN TEIUIOBBIX CBOMCTB TI€OTEPMAJIbHBIX PAaCCOJIOB
ABIIETCS TPEANOCBUIKOM /il MOJAETUPOBAaHUS TI'eOTEPMalIbHOTO
KOJIJIGKTOPa M OCHOBOHM /JIi NMOHMMAHHUS PA3IUYHBIX (DU3MUYECKO-
XUMHYECKHUX MPOIECCOB, MPOUCXOIAIINX B €CTECTBEHHOM cpefie.

B pabote 60b1110€ MECTO 3aHMMAET UCCIIEI0BaHUE MPOOIEMBI
BIUSHUS TeMIepaTypbl M JaBieHUs Ha OOBEMHbIE CBOMCTBa
OeckoHeuHO pa3z0aBleHHBIX pacTBopoB. He MeHee BakHOU
po0JIeMOil ABISIETCS pa3pabOTKa HAJCKHOTO YPAaBHEHUSI COCTOSHUS
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JUIsl BOJIHBIX PacTBOPOB MPU BBHICOKUX TEMIIEpAaTypax U JaBJICHUSX.
Bona, coib, COUPTHI ¥ KX CMECH SIBIISIFOTCS CJI0KHBIMU COE€UHEHUSIMHU
CO CJIOKHBIM XapaKTEpPOM MEKMOJIEKYJISIPHBIX B3aUMOJACUCTBUH, a,
CJIEI0BATEIIbHO, 3aTPYIHSAIOT 3KCIEPUMEHTAIbHBIE U TEOPETUUYECKHE
UCCIIEI0BaHMsl. AHAJIN3 UMEIOIIMXCS JIUTEPATYPHbIX JAHHBIX B 3THUX
o0nacTsx, Jal BO3MOXKHOCTh OOOCHOBaTh AaKTYaJlbHOCTh TEMBI
uccnenoBanus. JucceprannoHHas paboTa IMOCBSINEHA aKTyalbHOU
npobiieMe HccieloBaHusl TeIIO()U3MYECKUX CBOMCTB  BOJHBIX
pPacTBOPOB  MHOTIOKOMIIOHEHTHBIX CHCTEM  3JIEKTPOJIUTOB  IIPH
BBICOKMX TEMIIEpaTypax U JaBJICHUSAX, KOTOPBIE SBISAIOTCA OJHUMU U3
OCHOBOIIOJIATAOIINX JUIsI M3Y4YEHHS MEXAHMKU CIUIOLIHBIX Cpes,
BaXHBIM HHCTPYMEHTOM JJIsi TEOPETHYECKOI'0 aHajlu3a IPOLECCOB,
B3aUMOJICCTBUI MEX]y MOJIEKYJIaMH B KOMIUIEKCHBIX pPAacTBOpax,
JUIsL aHaJIM3a MOJIOKEHUHM IepeHoca TeIla B JKUJIKOCTSX, MPOLIECCOB
o0pa3oBaHUsl U pa3pylICHUS MOJEKYJISPHBIX KOMIUIEKCOB, C HUX
[OMOIIbI0  MOYKHO  PEIIUTh MpPoOJeMbl CMENIMBAEMOCTH MU
pPacTBOPUMOCTH, BBIICHUTh HM3MEHEHHME CTEINEHU AaCCOLUALNU
KOMIIOHEHTOB IpU CMEIIEHWU U T.J. JlaHHble MMEIOT IPHUKJIAJHOE
3HaYeHHE B TEXHUKE, B TOM YHCIE HEOOXOAMMBI JJIsi COCTABICHHS
OaHKa CIpaBOYHBIX JaHHbBIX.

O0BeKT U npeaMeT UCCIe0BAHNS.

OOBEKTOM HCCIEeIOBaHUS SIBIISIIOTCS  BOJHBIE PACTBOPHI
MHOT'OKOMIIOHEHTHBIX CHCTEM 3JIEKTPOJIMTOB, OMHApHBIE M TPOIHBIE
CUCTEMBI BOJIHBIX+CIUPT+HIJIEKTPOJIUT MPU BBICOKUX TEMIIEPATYPaAX U
JIaBJICHUSIX, T€0TEpMalIbHbIE CUCTEMBI MecTopoxkaeHui FOra Poccun.

[IpenmMerom  HccneAoBaHUS — SIBISIOTCSL  TPAHCIOPTHBIE
(TeTI0MpPOBOTHOCTS, BSI3KOCTb, ), 00BEMHBIE (TTOTHOCTS,
KOA((UIMEHTHl pacIIUPEHUs] U CXKaTHsl), aKyCTHYEeCKHe (CKOpPOCTh
3BYKa) M DHEPreTMYeCKHe CBONCTBA MHOTOKOMIIOHEHTHBIX BOJIHBIX
pPacTBOPOB AJIEKTPOJIMTOB, B TOM YHCIIE MPUPOAHBIX T'€OTEPMaIbHBIX
dbmrounoB wmectopoxaenuii HOra Poccum ([larectan), a Ttakxke
MEXaHU3M CTPYKTYPHBIX U3MEHEHHH B )KUAKOW MHOTOCIONHOM cpefe.
Bce BBIMOJIHEHHBIE HCCIENOBAaHUS  IPOBENEHBI  BIEPBBIE B
MPEeIOKEHHBIX IMana3oHaxX U3MEHEHHUS apaMeTPOB COCTOSHUSI.

eap u 3a7a4u uccae10BAHUS.

['maBHOM 1ENbI0 UMCCIAENOBAaHMS SIBJIIIETCS COBEPLICHCTBOBAHHE
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CYUIECTBYIOIIMX U pa3paboTka HOBBIX HAyYHBIX OCHOB IS
MPOrHO3UPOBAHUS TEPMOJIMHAMUYECKOTO COCTOSHUS OWHAPHBIX U
MHOTOKOMIIOHEHTHBIX CMECEH AJIEKTPOJUTOB, CIUPTOB B IIUPOKOM
JIMara3oHe M3MEHEHMS IapaMeTPOB COCTOSHMS, KOTOPbIE B CBOO
o4epelb XapakTepHU3YIOT MEXAHUYECKHE CBOMCTBA cpeabl. BaxHo
o0ecreunTh pacTylluid Hay4YHBbIH HMHTEPEC U MOTPEOHOCTH TEXHUKH
JOCTOBEPHBIMH JaHHBIMU O TEIUIO(PHU3MUECKUX CBOMCTBAX BOJHBIX
pacTBOpPOB AIIEKTPoIUTOB. OHU HEOOXOAWMBI, B TOM 4YHUCIE, IS
M3YYECHUSI MEXaHHUKH CIUIONIHBIX CpeJl U TeIUIO()U3UKU KaK HAYKH.
Jnsg  pgocTmkeHuss  3TOM  LeNM  CTaBUTCS — 3ajaya:

3KCHEPUMEHTAIBHO u AHAJTMTUYECKHU HCCIEe10BATh
TEPMOJMHAMUYECKHUE CBOWCTBA MHOTOKOMIIOHEHTHBIX PaCcTBOpPOB,
ONpPEIETUTh MEXaHU3M CTPYKTYPHBIX U3MEHEHHI B pacTBOpax.

OaHMM U3 BaXXHBIX TEINIOPU3UYECKUX CBOMCTB KHJIKOCTEH
ABJISIFOTCS TEIJIONPOBOAHOCTh U IJIOTHOCTh, HapaMeTpbl, KOTOPBIE
BXOST B KPHUTEpHAJbHBIC YPAaBHEHHUS TEIUNIOOOMEHA M OTPaKaIoT
OCOOCHHOCTH  TepMoJIMHaAMU4eckod  moBepxHocTd.  CornacHo
OCHOBHBIM IIOJIOKEHUSAM CTaTUYECKOU MEXaHUKH,
TepMOJMHAMHUECKUe (PYHKIIMU CHUCTEMBI, B YACTHOCTH, ypaBHEHUE
COCTOSIHMS, MOXHO ONPEIENATh, €CIM M3BECTHBI CTPYKTYypa,
BHYTPEHHEE [IBH)KCHHE YacCTHL[ M 3aKOH B3aUMOJICHCTBUS MEXKAY
HUMHU. OCHOBHBIM HMCTOYHHUKOM HH(OpPMAIHMHU O TEIIO(PU3NYECKUX
CBOMCTBAaX pPACTBOPOB SBIIAIOTCA OKCICPUMEHTAJIBHBIE JaHHBIC.
OKCHepUMEHTAJIbHBIE HUCCIIEAOBAHMSI TPAHCHOPTHBIX, OOBEMHBIX M
AaKyCTUYECKHUX CBOMCTB CUCTEMBI IIOMHUMO IPAKTUYECKON LICHHOCTH
MMEIOT HCKJIIOYMTENIBHO Ba)KHOE HAy4YHOE 3HA4YECHHUs, TaK Kak
pa3BUTHE U COBEPLICHCTBOBAHUE PACUETHO-TEOPETUUECKUX METO0B
WCCJIEOBAHNS TEPMOJMHAMMYECKUX CBOMCTB BEIIECTB BCErnaa
COIIPOBOKIAIOTCA ~ TOYHBIMU  JKCIEPUMEHTAaMH, CIIOCOOCTBYIOT
Pa3BUTHIO U COBEPIICHCTBOBAHMID COBPEMEHHOM TEOPHM KHUIKOTO
COCTOAHMS. MeXaHU3M MEXMOJIEKYISIPHOIO B3aUMOJCHCTBUS B
KHUJIKOCTSAX J1a€T BO3MOKHOCTb OOBSICHUTH Psi/l GU3UKO- XMMUYECKUX
Y TEIUIOBBIX SIBIICHUH, CBA3aHHBIX C MOJIEKYJIIPHBIM IIEPEHOCOM.

J1J1 BBITIOJIHEHUS TTOCTABJICHHBIX 11€JIei ObUIM MCTIOIb30BaHbI
HEHCCIIEeIOBAaHHbIE WM Majo HCCIIEJOBAaHHBIE paHee OOBEKTHI B
IIMPOKOM JINAaIla30HE U3MEHEHUs [TapaMeTPOB COCTOSTHUS.
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[IpoBenennsie B paboTe UCCIENIOBaHMS HAlpaBlIeHbl Ha

pelleHHe CIeyIOIHX 3a]a4:
1. Co3pganue HaAEKHOW YCTAaHOBKHM MJI JKCIHEPHUMEHTAIbHOIO
UCCIIEI0BaHMsl TEIUIONPOBOAHOCTH KUIKOCTEH.
2. TlomyueHwe TOYHBIX OKCHEPUMEHTAIBHBIX JaHHBIX IO
TEIUIONPOBOAHOCTH,  BSI3KOCTH,  IJIOTHOCTH, CKOPOCTH  3BYKa
WCCJIEJOBAHHBIX IPUPOAHBIX U UCKYCCTBEHHBIX PACTBOPOB.
3. OmnmcaHue MNpOLECCOB U MEXaHU3Ma MEKMOJEKYJIIPHBIX
B3aUMOJICHICTBUHA, MoOJENed CTPYKTypbl PpPacTBOPOB, IPOLECCOB
00pa30BaHMs U pa3pyLIECHUsS MOJIEKYJISIPHBIX KOMILJIEKCOB.
4. Ha ocHOBE CTaTUCTHYECKOr0  MeETOJa  MCCIIEJOBAHUSA
AQHATUTHYECKOW OOpabOTKM JaHHBIX pa3padOTKa KOPPEISIHOHHBIX
MoJieIel M1 OTMCaHMsI SKCIIEPUMEHTAIbHBIX JJAHHBIX 110 00bEMHBIM
U TPAHCHOPTHBIM CBOMCTBAM B 3aBHCHUMOCTH OT IapaMeTpoOB
COCTOSIHUS, B TOM YHCJI€, YUUThIBask U3BECTHBIE CBOIMCTBA AJIsl YUCTOU
BOJIBI.
5. M3noxeHne NMHAMHMKU Pa3BUTHUS INPOLIECCOB B CpPeAe C TOYKHU
3pEHUsI MEXaHUKHU CILIOLIHBIX CpPE.

MeToanl uccjie10BaHUA

OMIIUPUYECKHE METOAbl  (IKCHEPUMEHT, HaOII0JeHUE U
CPaBHUTENBHBIN aHAJIN3), TCOPETUUECKUE METO/Ibl (AHAJIU3 U CUHTES,
JNEeAYKLIMS U MHAYKIINA), CTATUCTHYECKUI METO/1, KOPPEIALIMOHHBINA 1
pErpeCCUBHBIN aHANIN3, METOABI MATEMAaTUYECKOTO U KOMIIBIOTEPHOTO
MOJIETTUPOBAHUSI.

OcHoOBHBIC 110J10KeHHS, BBIHOCHMBbIE HA 3AIINTY:
1. bonb110it MaccUB 3KCIEPUMEHTAIbHBIX IAHHBIX 110 TPAHCTIOPTHBIM,
O00BEMHBIM,  aKyCTHYECKUM  CBOMCTBAM  MHOT'OKOMIIOHEHTHBIX
PacTBOPOB 3JIEKTPOIUTOB MPUPOAHBIX U UCKYCCTBEHHBIX CUCTEM.
2.1llupokoMana3oHHOE  KOPPEISLIMOHHOE  ypaBHEHHE UL
TEIUIONPOBOAHOCTH OWMHAPHBIX M MHOTOKOMIIOHEHTHBIX CHCTEM B
3aBUCUMOCTM OT KOHIIEHTpaluH, TEMIIEpaTypbl U  JIaBJICHUS
(YypaBHEHHE COCTOSHUSI, KPUTEPUATILHOE YPaBHEHHUE).
3.ITomMHOMUHANIBHOE  PErpecCUBHOE  YPaBHEHUE  3aBUCHMOCTHU
NPUBEIEHHON  TEIJIONPOBOJHOCTH  BOJHBIX  PAacTBOPOB  OT
KOHIIEHTPALlUU PacTBOPOB.
4. Mopgenbs aJis ONMUCAHWS BIUSHUS KOMOWMHHPOBAHHOTO 3(dexra
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TEMIEPaTyphbl, JaBICHUS ¥ KOHICHTPAlMM Ha TPHUBEICHHYIO
TEIUIONPOBOAHOCT BOJIHBIX PACTBOPOB.
5. YpaBHEHHE COCTOSIHHS, ONMUCHIBAIOIIEE 3aBHUCHMOCTH yIEIHHOTO
obbvema ot (p,V,T,m) mapameTpoB, KOTOPOE MOXKET OBITh TIPUMEHEHO
JUIST TIPOTHO3MPOBAHWS, TPOBEIACHHUS HAyYHBIX ¥ WHKCHEPHBIX
pacueToB MO IUIOTHOCTH, BSA3KOCTH, MapLUUAIbHBIX, KaXKYIIUXCS
MOJIIPHBIX 00BEMOB U IPYTHX TEPMOJUHAMHYECKHUX CBOMCTB JAPYTUX
BOJIHBIX PAacTBOPOB B IIMPOKOH OOJACTH M3MEHEHHUS MapaMeTpoB
COCTOSTHUSI.
6. IlonmHomuanbHast (QyHKIUS 3aBUCHMOCTH MOJISIPHOTO O0BbeMma
TPOWHOM CMECH JJI KaXKI0M H300apbI-U30TEPMBI (TIPU MTOCTOSTHHBIX P
1 T) OT KOHIIEHTpAIUKA KOMIIOHCHTOB.
7. YpaBHEHHE pErpeccHud, OIUCHIBAIOIIEE SKCIEPUMEHTAIbHBIC
JaHHBIC TIO IIOTHOCTH T'€OTEPMAIILHBIX CHUCTEM B 3aBUCHMOCTH OT
TEeMIEPaTypPHI.
8. KoppensmuonHoe ypaBHEHHUE, OIMCHIBAIONICE 3aBUCUMOCTD
9KCIIEPUMEHTANBHBIX JTAaHHBIX IO TUIOTHOCTH, BSI3KOCTH M CKOPOCTH
3ByKa MHOTOKOMIIOHEHTHBIX  CHCTEM OT  TEMIleparypsl U
KOHIEHTPAIlMU, MPH HU3BECTHOM OMNOPHOM 3HAYEHHH IUIOTHOCTH,
BSI3KOCTH, CKOPOCTH 3ByKa JUIS YHCTOW BOJBI MPU aTMOCHEPHOM
JABJICHUU.
9. Moens, MpOrHO3UPYFOIIAs TAHHBIE TI0 00BEMHBIM, TPAHCIIOPTHBIM
U aKyCTHYEeCKHM CBOWCTBaM MHOTOKOMIIOHEHTHBIX CHCTEM IpHU
BBICOKHMX JIABJICHHMSIX WM TeMIlepaTypax, NMPU H3BECTHOM 3HAYCHUU
IUIOTHOCTH, BS3KOCTH M CKOPOCTH 3ByKa (UioWaa W BOJIBI TMPHU
OTIOPHOM aTMOC(EPHOM JIaBJICHUU.
10. Baxkubple a7 MEXaHUKH CIUIOUIHBIX Cpel dHEepreTHYecKue
XapaKTePUCTHKHU CPE/IBI.

Hayunasi HOBU3HA HCCJI€I0BAHUS
1. Cozpmana wmomuduIIMpoOBaHHAs HaJEXKHAs OJKCIEPUMEHTaTbHAs
YCTaHOBKA JUIsl M3MEpPEHUs  TEIUIONPOBOJHOCTH  KUAKOCTEH,
OCHOBaHHas Ha METOJIe KOAKCHAIBHBIX IHJIUHAPOB (CTAIIMOHAPHBII
METOJ).
2. Tlomy4eH HOBBIH MAacCCHUB OKCIICPUMEHTAIBHBIX JAHHBIX I10
TETUIONPOBOAHOCTU ISl OMHApHBIX BOAHBIX pacTBOpoB Sr(NO3)o,
LiNOs, NaxCO3, CaCly, KoCOs, NaBr, KBr u TpoWHBIX CHCTEM
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H20+NaBr+KBr B HeuccienoBaHHbIX paHee quanazoHax U3MEHEHUs
apaMeTpoOB COCTOSHUA.

3. [IpenoxkeHo MUPOKOANATIA30HHOE YMITUPUICCKUE YPABHEHHUS JIJIS
TEIUIONPOBOAHOCTH OWMHAPHBIX M MHOTOKOMIIOHEHTHBIX CHCTEM
3aBUCHUMOCTH OT KOHIICHTPAIIUH, TEMIIEPATyPhI U IaBICHUS.

4, Mogenb AJis ONUCAHUS BIUSHUSA KOMOMHHMpPOBaHHOTO 3(ddekra
TEMIEPATyphbl, JaBICHUS ¥ KOHIICHTPAIlMM Ha TPHUBEICHHYIO
TEIUIONPOBOAHOCTH BOJIHBIX PACTBOPOB.

5. llonmHOMHHANIBHOE PpErpecCMBHOE ypaBHEHHUE 3aBUCHUMOCTHU
MPHUBEICHHOW  TEIUIONPOBOJHOCTH  HCCIICIOBAaHHBIX  BOIHBIX
pPacTBOPOB OT KOHIIEHTPAIIH PACTBOPOB.

6. BriepBble mosy4deH HOBbI MaccuB (P,Vm, T,X) 3KCIIEPUMEHTAILHBIX
OaHHBIX  JUI1  OWHApPHBIX W MHOTOKOMIIOHEHTHBIX  cMeceit
H,O0+CoHs0H, HoO+CoHsOH+LINO3, H>O+C3sH7OH+Li»S04,
H>0+C3H7OH+KNO3 B IIMPOKOM JWAaNa3oHe HM3MEHEHHUS
MapaMeTpPOB COCTOSHUS.

7. Monsipable 00beMbl TPOMHON CMECH BOJAa-COJIb-CITUPT ISl KaXKI0M
M300apbI-U30TEPMBI  OIMUCAHBI TIOJTMHOMUATHHBIMUA (DYHKIHSMH OT
KOHIEHTPAlUH KOMIIOHEHTOB C YYETOM MOJISIPHBIX 00bEMOB YHCTOM
BOAbl. OHU MOTYT OBITh MCIOJB30BaHBI JUIS pacdyera MapliuaibHBIX
MOJIIPHBIX O0OBEMOB KOMIIOHEHThl OMHAPHBIX cHUCTeM. PaccuuTaHsbl
napuuagbHble, W30BITOYHBIE W KAXKYIIMECS MOJIIPHBIE OOBEMBI
HCCJICTOBAaHHBIX CHCTEM.

8. BBISBICHO BIMSHHE TEMIIEpaTyphl W JIaBIICHUS HAa OOBEMHBIC
CBOICTBa OECKOHEUHO pa30aBICHHBIX PACTBOPOB M OCOOEHHOCTU UX
TIOBEJICHUS JUIS JAHHBIX CHCTEM.

9.Ha ocHoBe wu3MepeHHBIX 3HadeHW 1 (P,Vm,T,M) cBoOlicTB
OMHAPHBIX  BOJHBIX  PAcTBOPOB  JJICKTPOJIMTOB  pa3pabOTaHO
YpaBHEHHE COCTOSIHUS TOJMHOMHAIBHOTO THIA 3aBUCHUMOCTH
yAETHLHOTO 00BheMa OT MapaMeTPOB COCTOSIHHS. Y paBHEHHE MOXKET
OBITH IPUMEHEHO JJIS PACUETOB TIOTHOCTH, BA3KOCTH, APIIUATIHHBIX
U KOKYIUXCS MOJSIPHBIX OOBEMOB HW JUISL  JIPYTHX TEPMO-
JTUHAMHYECKHX CBOMCTB JPYTUX BOJHBIX PACTBOPOB B IIUPOKOM
obmactu temneparyp (mo 600 K), masmenwii (10 40 MIIa) u
KOHIIEHTparwmii (10 5 Monb-kr ! H,0).

10. BriepBbie NMpOBEICH XUMHUYECKHI aHAN3 (aHATU3 KATHOHOB U
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AHUOHOB) U  DJKCIEPUMEHTAIBHO  HCCIEIOBaHBI  OOBEMHBIE
(TUTOTHOCTB), AKyCTHYECKHE (CKOPOCTh 3BYKa) W TPAHCIIOPTHBIC
(BSI3KOCTB) CBOWCTBA 8 MPHPOTHBIX TIEOTEPMAIBHBIX (DIIOMI0B
mectopoxaeHuit KOra Poccum (Jlarectan) mpu atmochepHOM
JTABJICHUU.
11. TlonmyuyeHHBIE SKCHEPUMEHTAIbHBIE JaHHBIE [0 IUIOTHOCTU
U3yYEHHBIX CIIOKHBIX CUCTEM OBLIIHM ONKCAHBl YPAaBHEHHEM PErpecCuu
KaK 3aBUCUMOCTb OT TEMIIEPATYpHI.
12. Pa3zpaboraHa KOppensIUOHHAs MOJIelb, KOTOpas OIHCHIBACT
AKCIIEPUMEHTAJIbHBIE JAHHBIE 110 IJIOTHOCTH, BA3KOCTU U CKOPOCTH
3BYKa CJIOKHBIX CUCTEM IPU U3BECTHBIX CBOMCTBAX YMCTOW BOJBI OT
[IapaMeTPOB COCTOSIHUS, a TaKKe KOPPEISILIMOHHOE YpaBHEHUE,
MPOTHO3HUPYIOIIEE 3TU CBOMCTBA MPH BHICOKUX JaBJICHUAX. Moneib
OTHUCHIBACT IKCIIEPUMEHTAIIbHBIC JIAaHHBIE 110 TUIOTHOCTH, BA3KOCTH U
ckopoct 3Byka TouHOCThO 10 0,03%, 2,55% va 0,06%
COOTBETCTBEHHO.
13. U3mepeHHbIe 3HAUEHUS BA3KOCTH, IUIOTHOCTU U CKOPOCTH 3BYKa
reoTepPMAJIbHBIX CUCTEM OBLIM MCIOJB30BaHBI JJIsl pacyeTa Ba)XKHBIX
JUIST MEXaHUKHU CIUIOIIHBIX CpeJ XapaKTepUCTHK, TaKUX Kak,
KodpuuueHT annabaTU4ecKol  CKUMAeMOCTH, KOI((UIHMEHT
U30TEPMUYECKON  CKMMAaeMOCTH,  KOX(G(UIMEHT  TEerIOBOro
pacuimpeHusi, TePMUYCCKUN KOIPPUIMCHT TaBICHHS, SHTAIBITHSI,
M30XOpHasi U u300apuueckas TeMIOEMKOCTb, YacTHAas MPOU3BOIHAS
SHTAJIBIIMM TIO0 JaBJICHWIO, 4YacTHas IPOU3BOJIHAS BHYTpPEHHEH
sHepruu. 3mepeHHbie CBONCTBA MpU aTMOCHEPHOM JaBICHUHU MOTYT
OBITh HCIOJNB30BaHbl B KAuyeCTBE OJTAJOHHBIX 3HAYCHUH JuIs
MPOTHO3UPOBAHUS CBOWCTB T€OTEPMATbHBIX (DIFOUIOB MPU BBICOKUX
JTABJICHUSX.

TeopeTnyeckasi  NPAKTHYECKAsI IEHHOCTH UCCJIEOBAHMS.

ABTOpCKasi JKCIIEPUMEHTAJIbHAsl YCTaHOBKAa MOXKET OBITh
YCHENIHO MCHOJb30BaHa /Jis HCCIEJOBaHUS TEIIONPOBOJHOCTH
JIpYTHuX OWHAPHBIX M MHOTOKOMIIOHEHTHBIX BOJHBIX M BOJHO-
CIUPTOBBIX cucTeM. Pa3paboTaHbl TaOIUIIBI PEKOMEHIYEMBIX JTaHHBIX
o Ter0(U3nIECKUM CBOICTBaM BOJIHBIX pacTBOpOB
MHOTOKOMIIOHEHTHBIX ~ CHUCTEM  DJJEKTPOJIUTOB TPU  BBICOKUX
TEMIEpaTypax U JaBJICHUSX, KOTOPbIE HCIIOJIB30BATUCH 3aT€M JUIS
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HaX0>KJICHUS OCHOBHBIX ITOKa3aTeleil MEXaHUKHU KUJIKOCTEH.

[TonyyeHHble TOYHBIE JaHHBIE 00 OOBEMHBIE CBOWMCTBA
(MJIOTHOCTH, U30BITOUHBINA MOJISIPHBIA 00BbEM, KQKYIIUHCS MOJIIPHBII
00beM, M MapUUATIbHBIA MOJISIPHBI 00BEM) BOJHBIX PacTBOPOB
KpaifHe BayKHBI I IITyOOKOT0 TOHUMAHUSI MHOTUX TEXHOJIOTHYECKHIX
U IPUPOIHBIX IPOLECCOB, U OHU HMEIOT NPUKIAJHOW Xapakrep.
Boanble pacTBOpBI IPU BBICOKMX TEMIIEPATYPax U AABJICHUSAX UMEIOT
(GyHIaMEeHTaJbHOE 3HA4YEHHWE DHHEPreTHKe, IpH  H3BICUECHUU
yIJI€BOAOPOAOB, Al HOBBIX METOJOB Celapaliy, naporeHeparopax
rE€OTEPMAJIbHBIX ~AJIEKTPOCTAHLHUAX, TUAPOTEPMATIbHOM CHHTE3E,
XJIAZIOTEXHUKE, B IIpolieccax OMPECHEHUsI MOPCKOM BOBI B ITpoLiecce
MOJIEJIMPOBAHUS KPUCTAIJIOB U IPYIHX MPOMBIIIEHHBIX ONEpalusXx,
KOTOpbIE IPOUCXOAAT IPU BBICOKMX TEMIIEpaTypaXx U BBICOKHX
JTABJICHUSIX, B OMOJIOIrMUECKUX MPOLIECCAX.

Ocoboe BHHMMaHue B JaHHOW paboTe  ynensercs
TEPMOJAMHAMUYECKUM (0OBbEMHBIM) 51 TPaAHCIIOPTHBIM
(TEeIUIONPOBOJHOCTH,  BSI3KOCTb)  CBOMCTBAM  BOJHBIX  CHCTEM
(OMHApPHBIX U TPOMHBIX BOJHBIX PACTBOPOB) MPHU BHICOKUX JIABJIICHUSIX
(o 60 MIla) u temmeparypax (mo 600 K). B pabore naercs
HECKOJIbKO ~ AQHAJINTUYECKMX  3aBUCHMOCTEH, MPOTHO3UPYIOIIUX
TeIIOpU3NUECKue  CBOWCTBA Uil JIPYTMX  pacTBOPOB U
TEPMOJMHAMHYECKUX CHCTEM B LIMPOKOM JHalla30HE H3MEHEHUs
[IapaMeTpPOB COCTOSHUS.

Anpo0Oanus 4 BHepeHHe padoThl.

OcHOBHOE  coJepXaHHME  JUCCEPTAMOHHOW  paboThI
onmy0irKkoBaHo B 60 HayyHBIX TpyJdax, B TOM uucie 21 cTrarbsx B
Bxomsmmx Web of Science u Scopus, w3 Hux 2 paboOTH -
KOJUIEKTUBHas MoOHorpadus, a Takxke B pecnyOJMKaHCKUX U
MEXIYHApOAHBIX Hay4HbIX KypHamax (17), mnpencraBieHbl B
MaTepuaiax MEXKIYHAapOJIHBIX U  pecnyONMKaHCKUX HayYHBIX
koH(pepenmii (22).

OcHOBHbBIE TONOXKEHHUS] PabOThl JIOJNOKEHBI M OOCYKIEHbl Ha
KOH(EepeHIUIX U CUMIIO3UyMaXx:
e Thermophysical Properties Symposium, Boulder, Colorado,
USA, 2005
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Thermophysical Properties Symposium, Boulder, Colorado,
USA, 2006.

Thermophysical Properties Symposium, Boulder, Colorado,
USA, 2007

Thermophysical Properties Symposium, Boulder, Colorado,
USA, 2008

Thermophysical Properties Symposium, Boulder, Colorado,
USA, 2009

3rd International Conference on Technical and Physical
Problems in Power Engineering, 2006, Ankara, Turkey.

NATO. Security of Industrial Water Supply and Management.
2010. Ankara, Turkey.

Marepuainsl 3 MeXTyHapOIHON KOH(EepEHINH
"Bo300HOBIIsIeMast SHEPreTHKA: MPOOJIEMBI M IIEPCIICKTUBHI",
2014. Maxaukaina. P®.

Thermophysical properties for technical thermodynamics”.
September 2015, Azerbaijan Technical University. Baku,
Azerbaijan.

14 Poccwuiickast KOH(pEpEeHIHS 10 TEIUIOPU3NIECKUM CBOMCTBAM
BemiecTB. 2014. Kazaup. PO.

THERMAM 2015. “Thermophysical properties for technical
thermodynamics”. International conference. 2015. AzTU. Baku
GEOENERGY. Marepuanst II MexayHnapogHoilt Hay4dHO-
npaktudeckoit konpepenuu. 2016. I'posusiit, [THTY.
Thermam 2017, 6th Rostocker International Conference on
Thermophysical Properties for Technical Thermodynamics.
2017. Baku.

“Azorbaycan vo Tiirkiye Universitetlori:  tohsil, elm,
texnologiya” adl1 birinci beynalxalq elmi-praktiki konfrans, III
hisso, AzZTU. 2019. Baki, Azaorbaycan.

II Bcepoccuiickass Hay4yHO-TIpaKTHuYecKas KOH(epeHIus ¢
MCKAYHAPOAHBIM Y4aCTHEM <<q3yHI[aMCHTaJIBHBIC HpO6J’IeMBI u
MPUKIIAJIHBIE aCMeKThl XUMHUYECKOM Hayku U 0OpazoBaHUS»,
2022, Maxaukana, PD.
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e Beynolxalg Elm vo Texnologiya Konfransi (ISTEC). 2024.
AzTU, Baki, Azorbaycan.

e VI Beynolxalq Tiirk Diinyas1 Konfrans1 (TURK-COSE ), 2024,
AzTU, Baki, Azorbaycan.

e 6-c1 Avrasiya Konfrans1 “Iglim Dayisikliklorinin Tobii vo

Texnoloji  Risklorinin  minimuma endirilmasi  sahasinda
yeniliklor: Metodologiya vo Tocriibo” 2024. AzTU, Baki,

Azorbaycan.
Pe3yabTarsl padoThl BHEAPEHBI:
1.ITomyuennsle OKCIIEPUMEHTAJIbHEIE pe3yabTaThl o

Ter10(GU3NUECKUM CBOMCTBAM OMHAPHBIX CUCTEM U TPOMHBIX CUCTEM,
npejcTaBieHHble B 12 myOnukamusx B KypHajlax C BBICOKUM
peiftuarom, Obutn BrIroueHbl B bank Jlanubix « Thermo Data Engine
standard reference data base (NISTSRD 103b) and SOURCE DATA
Archival System of the U.S.A.» (National Institute of Standards and
Technology) (CBuaeTeabCTBO O UCIIONIB30BAHUH JAHHBIX).

2. [TonyyeHHbIE SKCTIEpUMEHTANIbHBIE JAHHBIE M0 TEIUIO(U3MYECKUM
cBoiicTBaM reorepmanbHbiXx Boa FOra Poccum ([larecrana),
NoApOOHBIE  JaHHBIE O XHMHUYECKOM aHalu3e, a TaKxke
KOPpEJSIIMOHHBIE ~ ypaBHEHHs,  IO3BOJIIOLIME  MOJEIHUPOBATH
IPOLECCHl € Y4YeTOM MEXaHMKu cpenpl, mnepegansl OO0
«Teookonpom» (PD) nmns  jganpHEHIIETO HMCIONB30BAHUS —TMPU
MPOCKTUPOBAHUM U CO3JAaHMM  HOBBIX  IPOU3BOACTBEHHBIX
TEXHOJOTMYeCKUX MnporeccoB (CBUAETEIBCTBO O HCHOJIB30BAHUU
JTAHHBIX ).

BoinosiHeHune padoThbl.

Huccepranionnass  paboTa  BbIIONHEHAa Ha  Kadenape
«OHeprodPEeKTUBHOCTh W TEXHOJOTUU 3€JICHOW HHEPTrEeTUKU
AzepOaiikanckoro TexHuueckoro YHuBepcuteTa. XHUMHUYECKHN
aHAJIN3 Te0TEPMAIbHBIX CUCTEM, IKCIIEPUMEHTAIbHBIE UCCIIEIOBAHMS
[0 MJIOTHOCTH, BA3KOCTH U CKOPOCTH 3BYKa I€OTEpMaJIbHBIX CUCTEM
BbIMOJHEHbI Ha  Kadeape «TexHuyeckas  TepMOIUHAMHKA»
Poctokckoro VYauBepcutera (I'epmaHuHM) B paMKax MpPOTrpaMMbI
akagemuueckoro oomena DAAD.

O0bem u cTpyKTypa padoThl.

HuccepranionHas paboTa COCTOMT U3 BBEACHMsI, TpeX IJaB,
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3aKJIIOYEeHUS M BBIBOJMOB. PabGora wm3noxena Ha 380 crpanmmax
KOMIIBIOTEPHOT'O TEKCTa, B TOM UMCIIE, TPUIIOKEHUS U CBUIETEIbCTBA
O BHEJPEHUHM AAHHBIX, COCTOMT M3 330 HaMMEHOBaHWH Hay4YHBIX
HWCTOYHHMKOB, BKItO4aeT 124 pucynka u 52 tabmunpel. OObem
JHCCepTaluy 1Mo paszjaenam: BBeaeHue - 26838 3nakos; | rmasa -
114060 3naxosB; |l rimasa - 1168513uakos; Il rnasa - 35584 3HakoB;
3akmroueHue - 12527 u BeBoubl - 14216 3HakoB. OOmmit 06bemM
nucceptaruu: 320076 3HaKOB.

KPATKOE COAEP) XAHUE PABOTbI

Bo BBeaeHmu 00OCHOBaHAa aKTyaJbHOCTb TEMbl PabOTHI,
IIPOAHAIU3UPOBAHbl BOMPOCHI OOBEKTA W IPEIMETa HCCIEI0BaHUS,
c(hOopMyIMPOBAHBI LEJIb U 337aYll UCCIICAOBAHUS, TIOKa3aHbl METO/IbI
UCCJIEIOBAHUS U OCHOBHBIE IIOJIOXKCHHS, BBIHOCUMBIE Ha 3aIUTY,
HayyHasi HOBHU3HA, TEOPETHYECKAass M IIPAaKTH4YeCKas LIEHHOCTb
UCCIJIEIOBaHMsI, anpodanusi U BHeApeHUe padoThl, a TaKKe KpaTKoe
coJiepKaHue IUCCePTallMOHHON paboThI.

B nepBoii riiaBe gaeTcs aHanu3 MMEIOLIUXCS B JIUTEPAType
JaHHBIX 110  TEIJIONPOBOJHOCTH,  CYIIECTBYIOIIMX  METOIOB
UCCIIENOBAHMS, TEOPUHM M  KOPPEISILMOHHBIX YPAaBHEHUW IS
VCCIIEJOBAHMUS TEIUIONPOBOAHOCTH BOZIHBIX pacTBOpOB
MHOTOKOMIIOHEHTHBIX cMeced. IIpuBOAATCS SKCnEepUMEHTalIbHBIE
JTAaHHbIE TI0 TPAHCHOPTHBIM (TEIUIONPOBOJHOCTh) CBOMCTBAM BOJHBIX
pacTBOPOB MHOTOKOMIIOHEHTHBIX cMmeced. MoaudunupoBanHas
DKCIEPUMEHTAJbHAsl  yYCTAaHOBKA, OCHOBaHHas Ha  METOJE
KOAKCHUaJIbHBIX IIWJIMHAPOB (CTallMOHAPHBI METOM), YCHEIIHO
IIPUMEHSIIACh PaHEE B IPYTUX UCCIIENOBaHUIX. ONBITHI IPOBOAMIIUCH
no u3zorepMaM c maroM no temmneparype 20 K u no nasnenuto 10
MIla. IlonmHass NOrpeIIHOCTE W3MEPEHHUM  TEILIONPOBOJHOCTH,
JABJICHUSA, TEMIIEpaTypbl M KOHUEHTPALMM C JIOBEPUTEIBHOU
BepoATHOCThIO 95% coctaBiser 2%, 0.05%, 30 MK, u 0.02%,
COOTBETCTBEHHO.

B nanHOM Meroze, TeIlo, FTeHEPUPOBAHHOE BO BHYTPEHHEM
HWIMHAPE PACPOCTPAHAETCS pAIHAIBHO Yepe3 Y3KUH, 3a0JTHEHHBIN
UCCIEAYEMBIM pacTBOPOM 3a30p K KOAKCHAJIBHOMY BHEIIHEMY
HUJIUHAPY-TI0JIy4YaTellro Tea.
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TenaonpoBOIHOCTh HCCIETYEMON KUIKOCTH TPU 33JaHHBIX
TeMIeparype U JaBJICHUM pPAacCUYUTHIBANIACh [0 COOTHOUICHHUIO
(pabouee ypaBHEHUE METOJIA):

K:an(dZIdl), 1)
27IAT

rae Q=Qmeas-Qlos - KOJIMUYECTBO TeIUIa, MPOXOASAIICe Yepe3 CIIOH
o0Opa3ma MexIy UWIMHApPaMH WyTeM mnepenadyd Teria; Qmeas -
KOJIMYECTBO Teria, BBIJIETISIEMOE KaJIOpUMETPUUYECKUM
MUKpoHarpeBareneM; Qlos - KOJIUYECTBO TEIUIA, MOTEPSHHOE Yepe3
KOHIIBI M3MEPHUTEIbHON sueliku (3a cueT KpaeBbIx 3¢dekron);d:r -
BHCIIHUW JMaMEeTp BHYTPEHHEro LWIMHIpa; O2 - BHYTpEHHUI
JMaMeTp BHEIIHEro MWIMHApA, | - [UIMHA HM3MEPUTEIbHON YacTh
mmHApa; AT - pa3HOCTh TeMIepaTyp MeXAy BHYTPEHHHUM U
BHEITHUM LUJIUHAPAMU (BJIOJIb CJIOS PAacTBOPA).

XapakTepucTuka H3MEPUTEIIBHOM  SYEUKM  CIICLyHoLIas:
BHENTHMI IuaMeTp BHyTpeHHero mumuuapa 0= (10.98 + 0.01)x107
M, BHEIIIHUH quametp BHemHero mumuHapa d1=(12.92+0.02)x103 .,
JUIMHA W3MEPHUTEIbHON 4YacTh (CEeKUMU) BHYTPEHHETrO IMJIMHIpPA
(>murtTepa) pasHa 1=(150%+ 0.1)x10° M., paccTosHHME MEXIY
UWIMHApaMu (TonmmHa cinos xuakoct) & =(0.97+0.03) x107° wm.
Br160p onTHMaNBEHOTO pacCTOSTHUS MEXKTy IUIHHIPAMHU 00YCIIOBICH
YMEHBIICHUEM  CTENeHH U BEPOSITHOCTU KOHBEKI[UM U
AKKOMOJAIIMOHHBIM 2 dexToM. [Ipuemiemoe 3HaueHUE TOIIIUHBI
CJIOS )KMJKOCTH 0 JIekUT B nipeaenax ot 0.5 no 1 MM. Ecim 6 >1 mwm,
TO TIOSIBJIIETCSl €CTECTBEHHAsr KOHBEKIIMS MEPEHOCa TeIla MEXITY
CTEHKaMH HWIMHAPOB. ONTHMAIIbHOE 3HAYCHNUE OTHOIICHHS UTHHBI |
K 1uameTpy BHyTpenHero muuaapa dz |/d2 qomkHo 66iTh 0T 10 10 15.
OueHp TpPYAHO peanu3oBaTh OAHOPOAHOCTb  paclpeieieHHe
TEMIIepaTypbl BAOJNb JUIMHBI BHYTPEHHErO INMIIMHApA, KOT/a
otHomenue 1/d2>15. Eciu xe 1/d2<10, To Biusinue kpaeBbix 3G PeKkToB
CTaHOBUTCS CYIIECTBEHHBIM.

Hccnenyemblit  oOpaser; BOJHOTO pacTBOpa IOMEIIAJICS
BEPTUKAJIHHO B NMPOMEKYTOK MEXIY LWIMHIPAMH H3MEPUTEITHLHOU
s4yeiiku. M3meputenbHas siueiika 3amoyiHsuach 00pas3oM, UCTONb3ys
BeHTWIH-7 (pucyHok 1). [lepen 3anonHeHneM siueilika HarpeBanach U
BaKyyMupoBasack. s TOro, 4toObl 3amOJIHUTh HW3MEPHUTEIbHYIO
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syeiiky  (IPOCTPAHCTBO MEXKIY MIJIUHAPAMH) HUCCIIEIYyEeMbIM
pacTBOopoM, ObUIM cleJaHbl MPOPe3d Ha BHEIIHEM LUJIUHApE
HIMPUHOM 2 MM, HAa PacCTOSHUU 3 MM OT KOHIIOB U JUIMHOHM 25 MM.
JlaBieHne B CHCTEME CO3[aBaJOCh M M3MEPSJIOCh C IOMOIIbIO
rpy3onopiHeBoro MaHomerpa MII-600 u MII-60 c BepxHUMH
npeaenamMu u3Mmepenust gaiaeHuss 600 m 60 Gap, COOTBETCTBEHHO.
Pryts B U-00pa3Hoii TpyOKe MCHOIB30Bajach Kak pa3leiuTeNbHas
KUAKOCTb MEXIYy MaclioM U HCcleyeMbIM o0pa3noM. Bcee
CBS3BIBAIOIIME KAaMWUISIPHbIE TPYOKW, BKJIIOYas TPYyOKH IS
3aMoHeHUST W TPYyOKM BbICOKOro naBieHus B U-oOpazHom
paznenurene, ObUIM U3TOTOBIICHBI U3 HEPXKABEIOIIEH CTaJIH.

BHyTpy s4eliku, TeEINIO TEHEPUPOBAIOCH C IOMOIIBIO
MUKpOHarpeBarensi-4, KOTOpPBI COCTOMT W3 HM30JIMPOBAHHOMN
(TOKpBITOM  BBICOKOTEMIIEPATYPHBIM ~ JIAKOM)  KOHCTaHTAHOBOM
npoBosioku auamerpom 0.1 MM. MukponarpeBaTenb-4 MHOMeEIICH
BHYTpPU BHYTPEHHEro IWIMHIpPAa-d>MUTTEpa U HAMOTaH Ha
MOBEPXHOCTh KEpaMHUeCKON TpyOKH auamerpoM 2 MM, a 3aTeM
U30JIMPOBaH  BBICOKOTEMIIEpATYpHbIM JlakoM. TpyOka mioTHO
pacmosoXeHa BHYTpU KapMaHa HarpeBarels IuaMeTpoM 6 MM Ha
BHYTPEHHEM IWIINHJPE.

W3-3a Oonpuioro pasmepa SMUTTEpa U Maloro obObema
pacTBOpa OKpPYXaroIIero €ro, BIMSHHUEM AaKKOMOJAIMOHHOIO
apdexTa MOXHO TOJHOCTBIO IpeHeOpeub. KamuOpoBky Takke
npoBouau Tipu AaBiaeHuu 60 MIla, uToObl U30€xaTh MOMPABKU Ha
AKKOMOJAIIMOHHBIN AP DEKT.

UtoObl  yMeHbpmuTh uHMcio PeliHonpama Re  Mexmay
ITHHIPAMH, ObLT B3ST ManeHbkuit 3a3op 6 = (0.97 + 0.03) x107 M.
OTO JaeT BO3MOXKHOCTb MHHUMHU3HUPOBAThb BO3MOXHBIA PUCK
KoHBeKIMHU. KOHBeKIIMsA pa3BUBAeTCs, KOTJa YUCIO Re mpeBbimiaeT
ONpe/eIeHHOe  KpUTHUYECKOe 3HadeHue Re,, KkoTopoe s
BEPTUKAJIIBHOIO  KOAaKCHMalbHOro wuiMHIapa cocrtasiser  1000.
CnenoBarenbHo, ycinoBue Re>1000 66110 pacCMOTPEHO Kak KpUTEpUil
Havana KoHBeKIHHU. [IpH yCIOBHIX TaHHBIX SKCIIEPUMEHTOB 3HAUCHUE

yricaa Re Bcerma 6eiio Menbire 500, T.e. 3HayeHHEM O MOXKHO

HpCHC6pC‘{L. Y6C,Z[I/ITBCH B DOCTOBCPHOCTU OTCYTCTBHA KOHBCKIIUH B
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TAHHBIX IKCIIEPUMEHTAX MOKHO nyTeM U3MEpEHUs
TEIUIONPOBOAHOCTY TPU PA3IMYHBIX pasHOCTSAX Temmeparyp AT B
MPOMEXKYTKE MEXIy IWIMHIpPAMH M TMpPHU Pa3HBIX MOIIHOCTAX Q
nepeHoca Teria M1y HHINHAPAMH.

Jiis Toro, 4yToObl MUHUMHU3HPOBATh PaAHAllMOHHBIA MEPEHOC
TeIia JJs IWIMHAPOB Obljja MCIIONB30BaHA HEP)KaBEIOIIas CTallb
Mapku 1X18HIT ¢ Hu3KOM M3IIydaTeIbHOW CITIOCOOHOCTBIO U CJIOU
KHUJIKOCTH MEXIY IIIMHAPaMUA ObUT OYeHb MasleHbKUM (0Koiio 0.97
MM). TakuM myTeMm mepeHoc Temia paguanueil MOKHO JOCTaTOYHO
CHJIbHO YMEHBIIUTh 10 CPaBHEHUIO C MOJIEKYJSIPHBIM IEPEHOCOM
tera. M3-3a OTCYTCTBHS ONTHYECKHUX XapaKTEPUCTUK BOJHBIX
pPacTBOpPOB COJIel IIPU BBICOKUX TeMIIEpaTypax HEBO3MOKHO OLEHHUTH
TEOPETUYECKH  PAJAMALMOHHYIO  TEIJIONPOBOJHOCTE  Ar U
panuanoHHbId MOTOK Tera Qrad. IlompaBka Ha abGcopOuurio ams
YHCTOW BOJBI OYEHb MaJia, CIEJOBATEIBHO, JUIS BOJHBIX PAacCTBOPOB
conmeit mpu Ttemmeparypax go 600 K wmbl mpeHeOpernu BKIaI0M
pamuanuu. M3MeHeHneM pa3MepoB sUCHKH H3-32 JaBIICHUS MOXKHO
npeHedpeys, Tak Kak 00beMHasi CKUMAEMOCTh HEpKaBEIOLIeH cTanu
(1X18H9T) ouens maneHbKasl.

[Tocne ydera Bcex MOMpaBOK pabouee YpaBHEHHUE MOXKET OBIThH
3aIMCaHo B BUJE ypaBHenuu (2), A/ (Br-mt-K™):
A= A- Qmeas — Qlos (2)
AT — AT,

meas corr

Iie A=In dp /27l - TeoMeTpuyecKas MOCTOSHHAs yCTaHOBKH,
1
KOTOpasi OIpenessieTcsl 4epe3 TIeOMETPUYECKHE XapaKTePUCTHKHU
WU3MEPUTENIBHON SIYEHKHU. 3HAUEHUS IIOCTOSIHHOW W3MEPHUTEIIBHOU
A4YEKH, OIIpe/IeJICHHbIE YEPE3 €€ TEOMETPUUECKUE XapaKTEPUCTUKU U
KaJTMOPOBOYHBIM ITyTEM 110 Bojie pH Temreparype 293.15 - 750.15 K,
nipu gasienusx 0.101 u 60 MIla. U3MeHeHnue pa3MepoB sYEHKH H3-3a
JIABJIEHUS] MOKHO TpeHeOpeyb, TaKk Kak OO0BbEMHas CKHUMaeMOCTh
Hepxaseromeil cramu (1X18HI9T) oyenp manenpkas. [lorpemHocts
WU3MEPEHUIN TEIUIONPOBOJHOCTH  OINPEAEIAETCS  MOTPEIMIHOCTIMHU
U3MEpEHU BETMYMH, BXOJAIINX B pabouee ypaBHeHue (2). B nanHom
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METO/Ie TEIUIONPOBOJHOCTh, COTJIACHO paboueMy ypaBHEHHIO (2),
omnpenensercs yepe3 uMmepsiempie BeauduHsl A, Q, T, AT, P mm.

HanexxHocTb u JIOCTOBEPHOCTh MOJTy9EeHHBIX
9KCIIEPUMEHTANBHBIX JaHHBIX OBbUIM TOATBEPXKACHBI Ha OCHOBE
U3MEpEHUil HamOoJee XOpOIIO WCCICIOBAHHBIX  CTaHAAPTHBIX
JKHJIKOCTEH, TakhX Kak uucras Boga, toiayon u HoO+NaCl.
DKCTepUMEHTAIbHBIE JaHHBIS JUCCEPTAIIMOHHOM paboThI
TEIJIONPOBOIHOCTH U paccuuTaHHble HAa ocHOBe |APWS dopmyisl,
cormacyrorcss B mpeaenax norpemHoctn AAD = 0.44%.
CornacoBanue MeEXAy JaHHBIMH pabOTBl O TEIIONMPOBOAHOCTH
BoaHbix pactBopoB NaCl u Hawbosnee HaASKHBIMU JTAHHBIMU,
OITy0JINKOBAaHHBIMH B JIUTepatype, coctanisier oT 0.64% 10 1.72%.

OKCIEpUMEHTAIBHO ~ HMCCIIEJOBAHBl  TEIUIOMPOBOAHOCTH
cucrembl HoO+Sr(NOz)2, H2O+LiNO3, H,O+Na;CO3, H20+K>COs,
H.O + CaCl;, HxO+NaBr, HO+KBr u TpoHHBIX CHCTEM
H20+NaBr+KBr, B mupokoM auana3oHe HW3MEHEHHs IapaMeTpOB
COCTOSTHUS. DKCIIEPUMEHTaIbHAsl yCTAHOBKA CXEMAaTUYECKU MOKa3aHa
Ha pucyHke 1.

i
A
=

7

7
A

Pucynok 1. CxemaTnueckoe n300paKeHre SKCIEPUMEHTAITLHON YCTaHOBKH
JUTSl U3MEPEHHS TETIIONPOBOHOCTH BOJIHBIX PACTBOPOB COJIEH MPHU BHICOKHMX
TEMIIEpaTypax 1 AABICHUIX, UCIIONB3YS METOJ KOAKCHAIBHBIX IIUIHH/POB.
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DKcnepuMeHTalbHasi YCTaHOBKAa COCTOMT u3. l-aBTokinaB
BBICOKOTO JaBJICHHs, 2-Tepmocrar; 3-HarpeBatenb; 4-IITC; 5-
TepMorapa;6-cuctemMa 3aroJHEHUs 7-nabop BeHTHICH; 8-
rpysomnopiiaeBoii ManoMeTp (MP-600); 9-U-o0pa3nast kanusuispHas
TpyOKa (paznenurens); 10-3meKTprUUecKue MpoBoaa.

N3-3a OTCYTCTBUSI TEOPETUUECKHX OCHOB SIBJIEHUH IepeHoca
TEIIa B TaKUX CIIOKHBIX CHCTEMaX, Kak BOJIHBIC pPaCTBOPHI
JNEKTPONUTOB  (MOHHBIX  CHCTEM), TEOPETUYECKUN  aHaiu3
Pe3yJIbTaTOB HKCIIEPUMEHTA MMOJHOCTHI0 OCHOBAH Ha YMIUPUUYECKUX U
MOJTyIMITUPUIECKUX MOJIENSIX, OINUCHIBAIONINX —TEMIIEPaTypHYIO,
Oapuyeckyo u KOHIEHTPALMOHHYIO 3aBUCHUMOCTHU
TETUIOTIPOBOAHOCTH.

I'pado-anamutuyeckas oOpaboTka JaHHBIX O KO3(pduIMeHTe
TEIUIONPOBOAHOCTH  PAacTBOPOB  BBISIBWJIA  3aKOHOMEPHOCTH
TEeMIEpaTypHOl, OapruuecKol W KOHIEHTPAIMOHHBIX 3aBUCUMOCTEH,
KOTOpbIE MOXHO mpenctaButh B Buae (A,P,T,m) ypaBHeHus s
OMHApHBIX BOJHBIX PAacCTBOPOB M TPOWHBIX CHCTEM OBLIU
Ipe/ICTaBICHBI ypaBHEHUEM (3):

11 2 o
A= ¥ ZaiﬂgminTk (3)
i=0 j=0 k=0
rae A - TeIIONpoOBOJHOCTH pacTtBopa, (Br-mt-K?); T-
temneparypa , K ; P-gaBnenne , MIla. Cpennee abconmoTHOE

orkioHeHHe AAD SKCIepUMEHTAIBHBIX M PACYCTHBIX 3HAUYCHUH
TEIUIONPOBOAHOCTH COCTABIIAET B Mpejaenax morpemuocta ot 0.5 10
0.7 %. [Monydennoe ypaBHenue (3) cHOpaBesIUBO  UIs
MCCJIEI0BAHHBIX PACTBOPOB B AuamnazoHe Temneparyp ot 290.15 no
595.15 K, maBnenusix mo 40 MIla, u koHIIeHTpanuii 10 4 MOJTB-KT™L.

[TonpoOHO wuCcIeAOBaHBI TemrmepaTypHasi, Oapudeckas u
KOHIIEHTPAIIMOHHAS 3aBUCHMOCTH TETUTOMPOBOAHOCTH (PUCYHKH 2-5).
W3MepeHus: TErionpoBOAHOCTH BOAHBIX pacTBOpoB Sr(NO3), Obutn
npoBeaeHsl Boyb 5 uzobap (0.1, 10, 20, 30, 40) MIla B unTepBaie
temneparyp ot 294.11 g0 591.06 K, myst nsatu koHueHTpanuid, (0.249,
0.525, 1.181, 2.025, 3.150) Momb-Kr™.
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Pucynok 2. M3mepennbie 3Ha4deHus TeronpoBoanoctd HoO+ LiNO3 pactBopoB B
3aBUCHUMOCTHU OT TEMIICPATYPHbI IJIA pa3IMdHbIX HaBJ’IeHI/Iﬁ nu KOHHCHTpaHHﬁ BMECTEC
C JaHHBIMU JJIS1 YUCTOM BOJBI, paccuntaHHbiME 13 |APWS ypaBHEHUS U TaHHBIMU
JIpYTHX aBTOPOB U3 JINTEPATYPHI AJIS1 YUCTOU BOABIL.

Jlnst BogHbIx pactBopoB LINO3 n3MepeHwst ObLIi IPOBEACHBI
no yeteipem wuzobapam (0.1, 10, 20, 30) Mlla, nns deTsipex
xonnerTpanuii (1.0, 1.7, 2.8, 3.9) Monb-Kr™!, B MHTepBaje TEMIIEpATyp
or 293.15 mo 573.15 K CratucTuka OTKIOHEHUH MEXAY
AKCTIEPUMEHTATBHBIMA " pacCcYNTaHHBIMU 3HAYCHUSMU
terionpoBoaHocTd u3 ypaBuenus (3) miss HoO+Sr(NOs)2 npuBencHa
Ha PUCYHKE 5 JUISl KaXXI0M M3MEPEHHOW KOHIEHTpauuu. [lomydeHbr
HOBBIE SKCIEPUMEHTAJIbHbIE JaHHbIE O TEIUIONPOBOJHOCTH BOIHBIX
pactBopoB CaCl> mms konmentpanumii (5, 10, 15, u 20 macc%) B
uHTepBasie Temmeparyp ot (293 n0 573) K u npu maBnenusx no 40
MIla. HccenenoBansl TEMIIEpATypHas, Oapuueckas "
KOHILIEHTPALIMOHHAsT ~ 3aBUCHUMOCTH  TEIJIONPOBOAHOCTH  BOJHBIX
pactBopoB CaCly. TemmepaTypHbIii MakKCHMyM TEILUTONPOBOIHOCTH
BOMM3M 423 K Obu1 0OHapyXeH Ui KaXKI0M M3MEpEeHHOW HM300apbl-
u3orier. Takke MakCHMyM TeIIONPOBOJIHOCTH BOJTHBIX PAacTBOPOB
CaCl; ObuT OOHapy)KEeH MPH HU3KUX KOHLEHTPAIMIX (pa30aBIeHHOTO
pacTBopa) OKOJIO KOHIIEHTpAIK 5 Macc% JJIsl BRBICOKUX TeMITepaTyp.
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Pucynox 3. Uamepennbie 3HaueHusi TeruionpoBoguoctd @) HyO+Sr(NOsz), u b)
H>O+LiNOs pacTBOpoB B 3aBHCHMOCTH OT IaBIICHHS, IS PA3IHYHBIX TEMIEPATyp
KOHIICHTPALMi BMECTE C JaHHBIMU JUISl YHCTOM BOABI, paccuutaHHbiMH u3 IAPWS
ypasrenus. (2) HaO+ Sr(NOs)z, T=479.55 K: e, 0.249 momb krY; 0, 0.525 Monb-kr'l; 0,
1.181 mons-xr't; m, 2.015 mons-kr; (b) HO+ LiNO3; T=373.15 K:e, 1.0 Monb-kr'; o,
1.7 Monb-kr'}; 0, 2.8 Mosb-kr'l; m, 3.9 Mosb kIl , pacuer u3 ypasaenus (2), ———
—, pacuer u3 |APWS ypaBHeHUs1 U151l YUCTOH BOJIBI.
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Pucynok 4. lV3mepeHHble 3HA4YeHHS TEIJIONPOBOJHOCTH BOJIHOIO pacTBopa
H20+Sr(NOs3); B 3aBHCMMOCTH OT KOHIIEHTPAIIWH BIOJb ABYX BRIOPAHHBIX H30TEPM
353.15 K (cneBa) u 473.15 (cnpaBa) mast masienuit (20 u 40) MITa. e, nanHast
pab6ota; 0, Abdulagatov u Magomedov, o, Aseyev; , pacueT u3 ypaBHeHus (3).
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Pucynok 5. OtHocutensHoe otkioHeHUE ,OA=100(Aswe—Apac)/Apac N3MEPEHHBIX U
paccYMTaHHBIX U3 ypaBHEeHUA (1) 3HAUCHUI TEIIONPOBOIHOCTH BOJHOTO PACTBOPA
H>0+ Sr(NO3), B 3aBUCHMOCTH OT TEMIIEPATYPBI TIPH PA3THYHBIX AaBiIcHUsIX. ®, 10
MIla; o, 20 MITa; o, 30 MIla; m, 40 MITa.

KonuenTpamonHas 3aBUCUMOCTh IPUBEJICHHOM
TEIUIONPOBOAHOCTH BOJHBIX PAacTBOPOB TPEJCTAaBI€HA B BUJE
ypaBHenusi (4). IloBeaeHHe KOHIEHTPAILMOHHON 3aBHCHMOCTH
TEIUIONPOBOAHOCTH BOJAHBIX PAaCTBOPOB CYIIECTBEHHO 3aBHCHUT OT
IIPUPOJIBI HOHOB PACTBOPSEMBIX BEILIECTB:

A =1+Am+B,m+Bm¥?, (4)

rac 7\‘I' = 7\‘SO| /}LHzo, MNPUBCACHHAA TCILUIONPOBOJHOCTL BOIHBIX

pacTBOPOB, 3HAYEHHUS A, H B, KOdDPUIMEHTOB 1Jis PacTBOPOB

AJIEKTPOJINTOB OYEHb IIOJIE3HBIH HMHCTPYMEHT [UIsl HMCCIIENOBaHMS
CTPYKTYPHBIX B3aUMOAECUCTBUHA (MOH-MOH, HOH-PAaCTBOPUTENb, U
pacTBOpUTENb - PACTBOPUTENH) B PAacTBOpE. 3HAUEHHUE IapaMeTpa
K03 uIIMeHTa 3aBUCUT OT JajlbHOJAEHCTBYIOMNX KylOHOBCKUX cui
B3auMoJIeiicTBUA Mexay HoHamu. KoadduuueHt, npu 3amaHHON
KOHIEHTPAllUU, MOXET ObITh HMHTEPIPETUPOBAH B TEPMHUHAX
CHeLMaTbHbIX B3aMMOACHUCTBUM BKJIAIOB pa3HOro poaa 3¢ddexros,
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BIUSIONINX HA TPAHCIOPTHBIC CBONCTBA AJIEKTPOJIMTOB, TAKUX KaK
KysioHOBCKHE B3aMMOACUCTBUS, BIHSHUS pa3MepoB U (OPM HOHOB
WIN TaK Ha3bIBaeMbId DUHIITEHHOBCKUN 3 (EKT, pacCTaHOBKA HITU
OpPHUCHTAIUSl TOJIIPHBIX MOJEKYJI B YCPEIHEHHOM IIOJIe JPYTHX
MOJIEKYJI, HMCKaXCHHE CTPYKTYPBI pacTBOpUTENs. IOTH IP(HEKTHI
YIPABJISIOT MMOBEICHUEM TPAHCIIOPTHBIX CBOMCTB BOJHBIX PACTBOPOB
AIIEKTPOJIUTOB.

B nmaHHOii pabore pa3paboTaHa MOJIENb IS OIMHCAHUS
KOMOMHUPOBAHHOTO  3PQeKTa  TEeMIepaTrypbl, JaBICHUS U
KOHIICHTPAllMM Ha TIOBEJCHHWE TMPHUBEICHHON TEIIONMPOBOAHOCTH
BoHBIX pacTBopoB CaCl, Ha ocHoBe cootHoienus (5):

Ao (T, P, %) =1+ ®(T, P)X" + 0y (T, P)x+ @, (T,P)x**  (5)

rae A, (T,P,x)=Ag, (T,P, X)”‘Hzo (T,P), X -KOHLEHTpauus B
macc%, T -remmeparypa B K, P -nasinenne B MIIa, @ (T,P), ®,(T,P)
u O, (T, P) SMOMpUYEcKue (GYyHKIMU, B OOIIEM , OT JaBJICHUS U

temnepatypsl (T u P). OTu pyHKuMM 0TBEUaIoT 3a u3MeHEHHs (HOpMBbI
KOHIICHTPAIIMOHHOTO TOBEJCHHS TEIUIONPOBOAHOCTH  PacTBOpA,
Aot (T, P, x) ¢ n3menenueM T u P. [IpuBenennas TemionpoBoaHOCTh

1,» BogHoro pactopa CaCl, moutu nuHelHas (QyHKIMS JaBICHHUSL.
CrnenoBarenbHO, Oapuueckoe MOBECHHUE TETJIONPOBOIHOCTH BOAHBIX
pactBopoB  CaCl,  momHOCTRIO  ompenensercs  OapUUecKOi
3aBHCHMOCTBIO KHZO(T:P) Ui 4yucTtod  Boabl. B obmewm,
dynxunonansHas popmal, (T, P, X)10IKHA YIOBIETBOPSTE KOHSUHBIM
yenoBusam (X=0, i (T,P,x=0)=1) TEMIONPOBOJHOCTb YHUCTOM BOJIbI
(IAPWS ), te., nmpu X—0, u3 ypaBHeHus (5) aBTOMATHYECKU
NOJy4YaeM TEIJIONPOBOAHOCTh YUCTOM BOJBI dertyo (T, P)- Tak uTo,
CTPYKTypa KOHIIEHTPAIIMOHHOMN 3aBUCUMOCTH 3, (T, P, x) YPaBHEHHS

(5) BeIOpana npaBuiIbHO. [IpoBepeHsl pa3nuyHbie PyHKIIMOHATBHBIE
dopmbl 11 @, (T, P) B ypaBHeHuu (9). K coxaneHuro, HET TEOpUH,

KOTOpblE B SIBHOM BHUJE MOTYT NpPaBWIBHO IMpelrcKa3aTh
(GyHKIMOHANBHYIO  3aBUCMMOCTh @, (T,P) OT TEMIEpaTypbl |
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JaBieHus. SIBHBIN BUT 3TUX (PyHKIHUN ®; (T, P) BMOJIC/IN ypaBHCHUH

(5) ObL1 ompeacieH, KCIONB3YS  AMIHMPHUCCKUEC  (YHKIIUH,
BOCCTaHABJIMBAIOIINE IPOTrpaMMBbI “Eureqa”. Hawnnyumee
(onTUManbHOE)  ONMCAaHUE  SKCIEPUMEHTAJIBHBIX  JIAHHBIX O
TEIUIONPOBOAHOCTH BOAHBIX pacTBopoB CaClz 6bu10 HOCTUTHYTO 1UIst
GyHKIMHA:

Oy (T,P)=aT, (6)
@, (T, P)=a,T? ()
(DZ(T’ P) =a3+ a4Tr2 (8)

rae T, =T/1000 , T -B K; X - B Macc%; P -8 MIIa. Ilonyuennsie
3HaveHus napametpoB Gynkuuii (6),(7),(8) dj paBHbI:
d1=-0.941773x102; d9=0.113933x107; d3=-0.35569x107;

a4 =-0.137671x102. 3aBHCUMOCTbH MIPUBEACHHON TETUIONPOBOIHOCTH

}‘r OT JaBJICHUS OYEHb ciiadas (7\4 r c1abo MeHsieTcs ¢ naBieHueM P).
IosTomy, B riepBoM npubimkernd GpyHkumn @, (T,P) B Mozenu

ypaBHeHusI (4) MOTYT OBITh PACCMOTPEHBI Kak (DYHKIIHH TEMIIEPATYPhI
TOJIBKO 0€3 TIOTepH, TIPH ATOM TOYHOCTH OTMCAHUS CAMUX
HKCIIEpUMEHTANIBHBIX JaHHBIX cocTaBiseT AAD=0.23%.

Pa3paborannast KOppeIsILIHOHHAs MOJIEITh TSt
TETIONPOBOAHOCTH HCCIIEI0BAHHBIX BOJHBIX PACTBOPOB CIIPAaBE/INBA B
TemneparypHoM uHTepBaie ot (293 no 573) K, mns naenenuit go 40
MIla u npu xoHuentpauusx or 0 n0 20 macc%, XOTs pazymHas
AKCTPATIOJISIIIHS AKCIIEPUMEHTAIBHBIX 3HAUCHUH TETIONPOBOTHOCTH BHE
JTAHHOTO HWHTEpBajia TeMIeparyp U JaBieHui Bo3MoxHa. Cpennee
a0COIOTHOE OTKJIOHEHHWE MEXIy HM3MEPEHHBIMH M pPacCUATAHHBIMU
3HAYEHUSIMU TEIUIONPOBOIHOCTH cocTaBisieT 0.21%.

W3mepenust TETIONPOBOJHOCTH YETHIPEX BOIHBIX pPACTBOPOB
NaBr (10, 20, 30 u 38) macc%, Tpex BomHbIx pactBopoB KBr (10, 20 n
30) macc % u Tpex BOAHBIX pacTBOpoB TpoitHOHM cuctemsl H20
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+NaBr+KBr (10%NaBr+5%KaBr, 10%NaBr+10%KBr u
10%NaBr+20%KBr) 6pum nposeneHs! mo asyMm u3obapam (10 u 40)
MITa u BOxm3u yuamu HackimieHus (0.101 - 2 MIla). Beidopounsie

pEe3yJIbTaThl U3MEPEHUI IPUBEICHBI HA PUCYHKE 6 B A—=T MPOEKIIUSX.
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Pucynox 6. lV3mepeHHble 3Hau€HHs TEIUIONPOBOJHOCTH TPOWHBIX BOJHBIX
pactBopoB H2O+NaBr+KBr kak ¢yHKIHs TeMrepaTypbl Uil pa3IMYHbIX COCTABOB
KBr BMmecte ¢ manabIMHE 17151 OnHApHBIX pacTBopoB HO+NaBr u H,O+ KBr

(a) P=0.1-2 MIla: o, H,0+10%NaBr+0%KBr; e, H,O+10%NaBr+5%KBr; o,
H>,0+10%NaBr+10%KBr; H,0+10%NaBr+20%KBr. (b) P=40 MIla: 0o,
H20+10%NaBr+0%KBr;e,H.0+10%NaBr+5%KBr; o, H,O+10%NaBr+10%KBr;
H,0+10%NaBr+20%KBr. , Aseyev.

TemmneparypHbIii HHTEpBaJ OXBaThIBACT 001acTh OT (294 10 577)
K. Jly1st 91cTOoif BOJIBI TOT MAaKCUMYM TEIUIONPOBOAHOCTU JOCTUTAETCSI
npu Temmeparypax mexay 409 - 421K, korma jmaBiieHWE MEHSETCS
mexty 20 - 60 MITa. [lobaBienne cosu 4yTh-4yTh CBUTAET MOJI0KEHHE
TeMIIepaTypébl, pu KOTOPOM JIOCTUTACTCSI MaKCUMyM
TETIONPOBOAHOCTH B CTOpPOHY BBICOKHX TeMIeparyp.
DKCMEPUMEHTATIBHO OOHAPYXWIM MaKCUMyMBI  TETUIONPOBOIHOCTH
KaXKJI0i M300apbI-U30ILUIeT, B A — | 3aBUCHMOCTH, IIPU TEMIIEpaTypax
400- 427K gns H2O+NaBr, mexny temmeparypamu 403-410K mms
H.O+KBr B 3aBHCMMOCTH OT JaBJE€HHUS W KOHIICHTPAIMH PacTBOpA,
107I00HO TOBEJCHHUIO TETJIONPOBOAHOCTH ISl yicTOM Bojbl. Haiinena
CBSI3b TIOJIOKEHUS MaKCHMYMOB TEIUIONIPOBOJHOCTH C JaBJICHHEM W
KOHIIGHTpalue pacTBopa (3Ha4eHHs TeMIepaTyp, IMpU KOTOPBIX
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MIPOU3BOTHAS (87\,/ oT )P, o= 0 ).

W3mepeHuss TEIIONPOBOAHOCTH JUIS BOJHOTO PacTBOpa
Na>COs3 mpoBoauiuce o TpeM uzobapam (0,1, 10 u 30) MIla mexmy
(294,11 u 627,06) K u nuanazone konuentpauuit (0,4966, 1,0483 u
1,6650) monp - krl. TemmepaTypHblii MakCHMyM HpPUXOAUTCS Ha
temnepatypy 406-440 K, B 3aBUCUMOCTH OT JaBJICHUS U
KOHIIEHTpaluy. TernaonpoBOoJHOCTh BO3pACTAET MOYTH JMHEHHO I10
Mepe yBEIMYCHHS JaBjeHUs B obiactu temreparyp ao 627,15 K u
npu pgaBiaeHusix g0 30 MIla. TemnonpoBogHOCTE pacTBOpa
MOHOTOHHO YMEHBIIAETCS C YBEIMYCHUEM KOHLIEHTPALIUH.

Bbutn nosy4eHsl HOBbIE TaHHBIE TIO TETUIONPOBOIHOCTH JIJIS 5
BoaHbIX pactBopoB H20O + K2COs (5, 10, 15, 20, 25) macc% mnpu
napneHuy BOmM3u uHuK Hackimenus (0-1) MIla. Dt nanHbIe ObLTH
JUHENHO SKCTParoJUpPOBaHbl K JIaBICHUIO HachileHus. V3mepeHus
ObLIM TpoBeneHbl B uHTepBasie Temmepatyp 293-573 K. Beun
UCCJIEIOBaHbl TeMIlepaTypHble, Oaprueckue U KOHIICHTPAI[MOHHBIE
3aBHCUMOCTH TETUIONPOBOIHOCTH JUIsl TAHHOM cucTeMbl. Hactosimue
UCCJICIOBAHMS 3HAUUTENBHO PACHIMPSAIOT UMEIONIYI0 0a3y TaHHBIX
HUCT CIIA 1o TemionpoBOAHOCTH 3TUX BbILIEYTOMSIHYTBIX
CUCTEM. CymiectBytomue TEOPETUUECKHE pe3yNbTaThl,
OTHCHIBAIOIIME KOHIIEHTPAIIMOHHYIO 3aBUCHMOCTb OT TPAHCHIOPTHBIX
CBOWCTB, TaKMX KaK BSI3KOCTb U AJIEKTPONPOBOJHOCTh MOHMYECKHX
pacTBOpoB, npuBeAcHHbIE B paborax Falkenhagen-Onsager-Fuosst,
Onsager and Fuoss?, Debye-Hiickel-Onsager?, Debye — Hiickel* moryt
OTIPENIeNIUTh KOHIEHTPAIIMOHHYIO 3aBUCHMOCTh OTHOCHTEJBHBIX
CBOWCTB B OeckoHeYHOM pacTBopeHHH (c—0). Ot Teopuu
NPaBWIBHO  OOBSICHAIOT  KOHIICHTPALIMOHHBIE  3aBHCHMOCTH

L H. Falkenhagen, M. Dole. Die innere reibung von elektrolytischen losungen und
ihre deutung nach der debyeschen theorie // —Berlin: Z. Phys., -1929. Ne30, -p.611
2L.Onsager, R.Fuoss. Irreversible processes in electrolytes. Diffusion, conductance,
and viscous flow in arbitrary mixtures of strong electrolytes //-Washington: J. Phys.
Chem., -1932. Ne36, -p. 2689-2778
3 L. Onsager. The theory of electrolytes//- Berlin: Z. Phys.,1926. Ne 27, -p. 388-392
4 P. Debye,H. Hiickel. Bemerkungen zu einem satze Uber die kataphoretische
wanderungsg eschwindigkeit suspendierter teilchen //- Berlin: Z. Phys., - 1924. Ne
25, -p. 49-52.
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TPAHCIIOPTHBIX CBOWCTB B Mpeleiie O4YeHb HU3KUX KOHIICHTpAIUi
(paz6aBneHnble pactBopel ¢<0,05 Momb'Kr'l), HO He OYEHb
MPAKTUYHBI, WU3-32 WX JIUMHTAPOBAHHOTO KOHIICHTPAIIHOHHOTO
nuamazoHa. JlaHHbIe IS pa3jMYHBIX 3HAYCHUU TPUBEIACHHOU

teronposoanocty A, u B, , paccuutannbix ypaBuenuem (4) s

KOKJOTO  HW3MEPEHMs, B  3aBUCUMOCTH OT  TEMIIepaTyphl,
NpeUIOKEHHBIX Ha PUCYHKE [, TI€ BHJHO, 4YTO MPU HHU3KUX
temreparypax (Hmxe 340 K), 3nauenus mapamerpa B, Bcerma

OTpULATCIIbHBI. HOBGI[GHI/IG KOHHCHTpaHI/IOHHOﬁ 3aBUCUMOCTHN
TETIONPOBOAHOCTH BSI3KMX PACTBOPOB 3aBHCHT OT HOHOB PacTBOpA.
PucyHOk 7 neMOHCTpUpPYET BIUSHHUE PA3JIMYHBIX aHUOHOB HA JAHHBIE
U TEMIIEPAaTYPHYIO 3aBHCHMOCTHh TEIUIOMPOBOJHOCTEH BOIHBIX
pacTBOpoB cojicii. 3HadeHUS KOAIPQPUIIMECHTOB  HCIIOJIB3YeTCsS Kak
UHCTPYMEHT Ul OMHCAHHS U CTPOMTEILCTBA CTPYKTYPhl MOH-HOH,
HOH-PacTBOP, PACTBOP-PACTBOP.

1371

09r

051

%0 340 390 440 480 540 290 340 380 440 430 540
T/ (K) T/ (K)

Pucynok 7. 3nauenns ko>pduumentos A, (1eBbii) u B, (mpasblii) ms

H>O+K>COz3 B 3aBUCHMOCTH OT TEMITEPATYPHI.

Bo BTOpoOili riaBe mpuBeneH 0030p Hay4yHbIX paboT IO
uccienoBaHuio0  00beMHbIX cBoiicTB (PVT gaHHBIE) BOJHBIX
pacTBOPOB ~ HCKYCCTBEHHBIX ~ MHOTOKOMIIOHEHTHBIX  CMECEH,
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npoBeneHHblii Ha 6aze TRC/NIST baze [anubix (CIHA). Ywucio
myOJIMKaIui, T1e MpUBOAATCS u3MepeHus miotHoct (PVT manHbIe)
U JIpYTHX OOBEMHBIX CBOICTB BOJHBIX PAacTBOPOB CIHPTOB IOJ
JaBJICHUEM U IPU BBICOKHX TeMIEpaTypax, oueHb orpanuueHo. Kak
ObUIO OTMEYEHO paHee, OObEMHBIE CBOICTBa BOJHBIX PAacTBOPOB
UTPAIOT KIIOYEBYIO POJIb BO MHOTUX MPOMBIIIICHHBIX U MPUPOTHBIX
nporeccax, MHOTUX CIIy4asix 3TH MPOIECCHl IPOTEKAIOT IPU BBICOKHX
Temneparypax u jAaBieHusix. CHOupr sBIsSETCS CTaHIAPTHBIM
MPEJICTAaBUTENIEM aCCOLMUPOBAHHBIX KUIKOCTEH. MoJeKkybl cupTa
CHJIBHO BJIMAIOT HA CTPYKTYpPY BOJBI, YTO HPUBOJIUT K AaHOMAIIUU
MHOTUX TEPMOJUHAMUYECKHX W TPAHCIOPTHBIX CBOMCTB BOIHBIX
pacTBOpoB CIUPTOB. MOJEKYJIBI CIUPTA MEPECTPAUBAIOT CTPYKTYPY
BoAbl B cMmecH. VccrnenoBaHue U30OBITOYHBIX, KAXKYIIUXCA H
NapUUAbHBIX MOJIIPHBIX 00BEMOB BOJHBIX PACTBOPOB BAXKHBI JIJIS
MIPOBEPKU U U3YUEHUS MPUPOIBI MEKMOIECKYISPHBIX (CTPYKTYPHBIX)
B3aUMOJICVICTBUM  PAacCTBOPUTENIb - PacTBOPSEMOE  BELIECTBO,
pacTBOpUTENb - PAcTBOPUTENb, PpPAaCTBOPSIEMOE BEIIECTBO —
pacTBOpsieMO€ BEUIECTBO, MOJICKYJIBI KOTOPBIX HMMEIOT pPa3lIMYHBIC
dbopMBbI, pazMepbl U XUMUYECKYIO Mpupody. Takum obpazom, s
riyOOKOr0 TOHMMAaHUSI Ha MHKPOCKOIMYECKOM YpOBHE (PH3HKO-
XUMHUYECKON MPUPOJIbI U MEXaHH3Ma, OIPEIESIONIer0o aHOMaIbHbBIE
CBOICTBA BOJTHBIX pacTBOpOB, HEOOXOIUMBI TOYHBIE
JKCIIEpUMEHTANIbHbIE JaHHble 00 UX 00BEeMHBIX cBoWcTBax. YacTHas
NpOM3BOJMHAS  ITUIOTHOCTH  OT  JIABJICHUS, TEMIEpaTypsl U
KOHIIGHTPAllMM Ba)KHAsi BEJIMYHMHA, KOTOpas HCHOJb3yeTcs s
pacueTra KaJOPHUYECKUX CBOWCTB, TAKMX KaK DHTAIBIINS, YHTPOIUS,
BHYTPEHHS SHeprus, cBobojHas sHeprus ['md6ca m T.n. IlonHas
(BTOpast)  IpOW3BOJHAS  OMNpenesieT  IOBEACHHE  MOJIIPHOU
TEIUIOEMKOCTH ITPU MOCTOSIHHOM JJaBJIEHUH U TIOCTOSIHHOM 00BbeMe.

[TorpemHOCTh M3MEPEHUH IJIOTHOCTH B JAHHOM METOJIE 3aBHCHUT OT

norpermnocteil m3mepenus mMacchl (OM ) n o6bema nbezomerpa (

6VpT ) TIpH 3aJJaHHOM TemnepaType T u naBieHuu P.

Dkcnepumentanbubie  (P,Vm,T,X) maHHBIE IS BOJHO-
CIIUPTOBBIX  PAacTBOPOB  OMHAPHBIX H  TPOWHBIX  CHUCTEM
H>0+C2Hs0H, H20+C2HsOH+LINO3, H20+C3H7;0OH+KNO3,
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H20+C3H7OH+Li2SOs  OblIM TOJY4YEHBI METOJIOM IThe30METpa
MOCTOSIHHOTO 00beMa, MOMELIEHHOIO0 B JKHUJKOCTHOM TepMOCTarT.
Tepmoctar ¢ BbIcOKOM To4yHOCTBIO (£0.02 K) KkOoHTposmMpyer
MOCTOSIHCTBO TEMIIEPATYPHI.

[TorpemnocTtsb U3MepeHuit IJIOTHOCTH, JaBJICHUS,
TEMIEepaTypbl M KOHIEHTpauuu npu 95% KoHOUACHIIHATEHOM
ypoBae u Kk = 2 cocraBmser 0.06%, 0.05%, 15 MK u 0.015%,
COOTBETCTBEHHO. B paboTe naercs MmoiHoe ONMUCaHUE M MPUHIIMIT
paboThI HKCIIEPUMEHTAILHONW YCTAHOBKH JJACTCS.

OKCHEpPUMEHTATbHO M TEOPETUYECKH  HUCCIIECIOBAHbI
wiotaocts, (P,V,T, X) u apyrue o0beMHbIE CBOMCTBA (M30BITOYHBIE,
KOKYIIUECS U MapUUaIbHBIE MOJISIPHBIE OOBEMbI), MOITYUYEHHBIE U3
PV,T, x mmepenuii mis OuHapabsix H2O+CoHsOH wm TpoiiHbIX
H20+C2HsOH+LINO3 cmeceit st uetsipex coctaBo 0.0168, 0.0368,
0.0855, 1 0.1166 MonsipHBIX J10JIEH 3TaHOJIA B UHTEPBAJIE TEMIEPATYP
ot 298 K no 448 K u nmaBnenuii 1o 40 MIla, wucnons3ys MeTox
NbE30MEeTpa TOCTOSHHOTO oObema. [l  TpoilHOW  CcHCTEMBI
H20+C2HsOH +LiINO3 u3mepenust MpoBOAMINCH B OJJHOM H TOM XK€
WHTEpBaJe TEMIEPATyp U JaBICHUM Ui 12 KOHIIEHTpaluii pacTBoOpa.

[lonyyenHble B pgaHHOW paboTe AKCHEPUMEHTAIbHbIE
3HAUEHUsl TUIOTHOCTH OMHAPHOM CHCTEMBbI BOJa+3TaHON BMECTE C
HanboJIee TOYHBIME (MEXKTyHAPOJHO- MPU3HAHHBIMH) JAHHBIMH IS
yrctoit Boabl (IAPWS crangapt) OblTH MCTIOIB30BaHBI AJIs pacueTa
KOKYIIUXCS  MapIUabHBIX ~ MOJSPHBIX ~ OOBEMOB  KaXKIIOM
KOMIOHEHTHI. PacdeTbl 3HAYEHMI KaXyIIUXCS W TaplUUaIbHBIX
MOJISIDHBIX ~ 00BEMOB ObLTM  TPOBEJIEHBI HAa  OCHOBE

HKCIEPUMEHTAJIbHBIX JaHHBIX O IUIOTHOCTH P mix pacTBOpOB U

YUCTONH  BOJIBI Pw Ha  OCHOBE  XOpOLIO  HU3BECTHOI'O
TEPMOANHAMAYECKUX COOTHOIICHHUH. TepmoanHamuka
pa30aBICHHBIX OMHAPHBIX CMECEH SIBISETCS MPEIMETOM IIMPOKOTO
HAy4YHOTO HMHTEpeca, TaK KaK MpH pa30aBICHUU JTOMUHUPYIOIIYIO
pOJIb IPHU ONPEAETEHUN UX CBOMCTB UIPAET B3aUMOIEHCTBUE MEKITY
MOJIEKYJIAaMH PACTBOPUTENS U PACTBOPSEMOr0 BEIIECTBA, MPU 3TOM
B3aMMOJICCTBUEM MEXAY MOJIEKYJAMHU PACTBOPSEMOE BEIIECTBO -
pacTBOpsieMO€  BEIIECTBO MOXHO TMpeHeOpedbh H3-3a  MaJloi
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KOHIIEHTPAIIMU PacTBOPSEMOro BeliecTBa. Pa30aBieHHBIE paCTBOPHI
UMEIOT HE TOJbKO HAay4YHOE 3HAY€HHE, HO M Ba)KHOE MPHUKIAIHOE
(TEXHOJIOTMYECKOE) MPUMEHEHHE TaKoe, KaK BIHSHHE MaJbIX
npuMeced Ha TEpMOJMHAMUYECKOE IOBeIeHHE CHUcTeMbl. Jlis
pa30aBlEHHBIX  pPAacTBOPOB  BIUSIHUE TpuUMeced (31eCb MBI
paccMaTpuBaeM pacTBOpPsiEeMOE BEIIECTBO KaK IMPUMECh, a HE Kak
NpUMECh B  pPacTBOPSEMOM  BEIECTBE)  MPOMOPLUOHATBHO
C)KMMAaEeMOCTH YUCTOTO PACTBOPUTEIIS.
KoHueHTpanmoHHble  3aBUCUMOCTH IS
Boma+yTanon+LINOs mpuBeneHbl Ha pPHCYHKE
3HAYEHUSIMU /1711 OMHApHOW CMECH BOJA+ITaHOM.

TPOMHON cMecH
8, 9 BMecre c
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Pucynox 8. l13mepeHHbIe 3HaUSHUS
IUIOTHOCTU TPOMHON CUCTEMBI
Bopatatanon+LiNO3z B 3aBucumocTn OT
koHutentpaimu (Momsipaoct LINO3) mist
BEIOpaHHOW wm300aper 40 MIla u
Pas3INYHBIX n30TepM u pu
(pMKCHPOBaHHON KOHIEHTPAIMH 3TaHOJA
(9.32 macc%). @ - 448.15 K; m - 398.15 K;;
A -348.15K; 0 - 298.15 K;
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X/ (monsnas dona)

Pucynok 9. M3MepeHHbIe 3HaYCHUS
IUIOTHOCTU TPOMHON CUCTEMBI
Boga+atanoi+LiNO; kak dhyHKIMH
KOHIEHTpAMX (MOJISIPHBIE J0JIN
ATaHOJIA) JUTS BEIOpaHHON M300aphl
40 MIIa u pa3nu4HBIX U30TEPM U
1pu pUKCUPOBAHHOM
konuentpauuu LiNOs (0.4387
Monb-kr't). @, 448.15 K; m, 398.15
K; A, 348.15K; o, 298.15 K;



OTH pUCYHKH JEMOHCTPUPYIOT TO, Kak JoO0aBlICHUE
snekrpoiauta LINO3 Biawsier Ha MOBEACHHME IJIOTHOCTH OWHApPHOM
CHCTEMBI cMecH Boaat+aTaHoid. [loOGaBiieHMe STaHONAa yMEHBIIAET
IUIOTHOCTh TPOMHOM CHCTEMBI, B TO Bpems kKak noOasieHue LiNO3

E
YBEITUYNBAET. N306bITOUHEIC (Vm ), kaxymmecs (Vg ), u

VA o
napiuaibHbIC (VZ ) MOJSpHBIM 00BEeMbl OBUIM pacCUMTaHBl Ha

OCHOBE H3MEPEHHBIX 3HAUYEHUH IJIOTHOCTEH Ui  OMHAPHOMN
BOJIATITAHOJ CMECH M YHCTBIX KOMIIOHEHTOB (BOAAa M 3TaHOIN).

KoHuentpanuonnas 3aBUCUMOCTh Kaxymierocs (\V MOJISIPHOTO

)
obObema ObUTa JKCTpamonmpoBaHa K HyT0 (x—0) mms pacuera
NapIUabHBIX MOJISIPHBIX OOBEMOB JTaHOJNA TPU OECKOHEUYHOM

pa30aBIcCHUN (\72OO ).

beumn  WcciemoBaHBl  TEMIlEpaTypHas, Oapuyeckas U
KOHIIEHTPALlMOHHAs 3aBUCUMOCTH IUIOTHOCTH M, Ha 3TOM OCHOBE,

. E —
paccuutansl  oObemuble cBoiictBa (V- ViV, ) H3yYCHHBIX

E / 0
pactBopoB. Bce m3mepennbie u paccuntannsie (V ~,Vg, .V, )

CBOMCTBa OBLIM MOAPOOHO CPaBHEHBI C UMEIOIMMHUCS B JIUTEPATYpe
JAHHBIMU JUIsi OMHAPHON CUCTEMBI BOJIa + 3TaHOJI, C LEJIbIO TI0Ka3aTh
TOYHOCTb U JOCTOBEPHOCTb U3MEPEHHBIX U PACCUMTAHHBIX JAHHBIX.
BrisiBeHO, 4TO M30BITOUHBIN MOJIIPHBIMH 00beM OMHApPHON CHCTEMBbI
BOJa + DJTaHOJN OYEHb MAJEHBKMM M OTPHULATEIbHBIA JUISI BCEX
UCCJIEIOBaHHBIX 00JaCTe KOHIEHTpalui, TeMIIepaTyp U JaBjeHUIL.
MBI Take BBISIBUIIN, YTO U30BITOYHBIN MOJISIPHBIA 00beM OMHAPHOMN
CUCTEMBI BOJAa + 3TAaHOJ MMEET MUHUMYM Ipu KoHIeHTpauuu 0.4
MOJIIDHBIE JIOJIM 3TaHOJA. DbUl BBIABIEH MHMHMMYM Ka)KyIIEro

MOJISIPHOTO  00Bbema V@ BONM3M KOHIEHTPAIMM 2 MONBKI

(pa3baBneHHasE CMECh).

HoBble naHHBIE O IJIOTHOCTH TPOMHOM cucTeMbl Boaa+l-
nponanoi+KNO3  ObUIM  AKCHEPUMEHTANIbHO  IOJYYEHBl  IpU
temrepatypax ot (298 10 448) K u nanenusx 10 40 MIla s mectu
KoHIeHTparmii, a nmerro: KNOs (0.261 momns-krt H20)-C3H7OH (5
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macc%); KNO3 (0.261 momb-krtH20) — C3H7OH (20 macc%); KNO3
(0.261 monp-krt H20) — CsH7OH (15 macc%); KNO3 (0.435 Momb-Kr-
1 H,0) — C3H7OH (15 macc%); KNO3z (1.130 mons-kr'*H20)- C3H7OH
(15 macc%); KNOs ( 0.261 momb-krtH20) — C3H7OH (25 macc%).
N3mepenHbie 3HAYEHUS IUJIOTHOCTH TPOWHOM cHCTeMbl Bojatl-
npormanoa+KNO3 ObpuIM MCTIONIB30BaHBI JIJIsI pacdeTa MapliHaIbHBIX
MostsipHbIX 00beMoB anekTponuta (KNO3) u ciupra (1-nponanon), B
TOM 4YHClIe U IpU OECKOHEYHOM paz0aBiICHHH, B 3aBUCUMOCTU OT
TEMIIEPATYPHI, JABICHHUS U KOHIIEHTPAIIUU KOMIIOHEHTOB. MakcuMyM
NapLUHUaIbHOTO MOJISIPHOTO 00beMa ObLT 00HAPYKEH IIPU TEMIIepaType
okoino 323 K mnpu Hu3KUX (pa30aBICHHBIX) KOHLEHTPAIMIX
9NIEKTPOJIUTA, OH 3HAYUTEIBHO CMEIIAeTCS B CTOPOHY BBICOKUX
temneparyp (10 373 K) mpu BBICOKMX KOHIEHTPAIHIX JIEKTPOIUTA
1.13 monbe-krt. BiusiHMEe MaBiICHUS Ha MapUHAIBHBIA MOJISIPHBIN

7 0
o6bem snexrpointa Vo  OdeHb c1aboe MpU HU3KUX TeMIepaTrypax

ke 350 K, a mpu BBICOKHMX TeMIepaTypax HaKJIOH \720 -p

U30TEPM PE3KO MEHSETCS.

[Tpu npucyTcTBUM cnupTa B OnHapHoit cucteme Boga +KNO3
P OJTHUX U TeX ke T 1 P ycIoBusX mapuuaibHbIi MOISPHBIH 00beM
anextponuta (KNO3) yBeanuuBaeTcs 0 CpaBHEHHIO CO 3HAYCHHEM B
cmecu Boj1a+KNO3 cBo60HOI OT ciupTa (IIpU OTCYTCTBUU CIHPTA).
JoGaBnenne 15 macc% cnupra (l-mpomnanosn) B OMHApHYIO CMECh
Bos1a+KNO3 Ha 7.5% yBenuuuBaeT napuuaibHbII MOJSPHBIH 00beM
anektponuta (KNO3). KoadduimeHTsl TepMudeckoe pacIiimpeHus

OV, [ OT )oq, MapUUaNbHOTO MOJSPHOrO 00beMa 3JICKTPOIINTA

(KNO3) ObL1H paccurTaHbl HA OCHOBE H3MEPEHHI MOJIIPHOTO 00beMa
TPOMHOM CMECH .

[lonydyenbl HOBbIE JaHHBIE 00 OOBEMHBIX CBOMCTBax
(Bs13koCTh, PVT cBOliCcTBA) IS CIIOXHBIX TPOWHBIX XKHUIKUX CMECEH
Bojaa + 1-mportanont + Li2SOg4 151 AEBATH COCTAaBOB (YETHIpE COCTaBa
0.0155, 0.0254, 0.0322 u 0.0502 momnspHO¥W nonu 1-mpomaHona u
yeTeipe coctaBa comu 0.0062, 0.0124, 0.0199 u 0.0274), B
temneparypHom auamnazone ot (303 no 448) K u npu naBieHusx 1o
40 Mlla, npu momouM MeTofa Mbe30MeTpa MOCTOSIHHOTO 00beMa.
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[MapruuanbHbie MossipHble 00BbeMbl conn (Li2SO4) Vou cnupra (1-

nponaron) V 1 GbUIM pacCYMTAHBI HA OCHOBE H3MEPEHHbIX 3HAYCHHIL
IUIOTHOCTH TPOWHOW cmecu Boxa + l-mpomanon + Li2SOs B
3aBHCUMOCTH OT TEMIEPaTypbl, JaBJICHHUS M KOHLEHTPAILMH 000HX
PAaCTBOPEHHBIX BEIIECTB. MaKCUMyM MNapIHaIbHOTO MOJSIPHOTO

o6bemMa comun  V 26B1  OGHApY)KEH B HH3KOTEMIIEPATYPHOM
uana3zoHe TeMieparyp (OKoJo KOMHATHOHM TemnepaTypsl). BiusHue

JaBJICHUS Ha IIO0JIOKCHHSA TCMIICPATYPHOI'O0O MaKCHMMyMa COJIA V 2

He3HauuTeNnbHOoe. Takxke Mbl OOHApYX HWIH, YTO 3aBUCUMOCTD Vi- X9

U1 BCEX HM3MCPCHHBIX HM30TCPM IIPOABIIAOT MHHHMYM IIpU

KOHIICHTPAIUSIX OKOJIO X2 =0.017 monsapuoit nonu conu. [lomoxxerue

KOHIeHTparroHoro MuauMyma V 1 crierka cmemaercs B 0671acTh
BBICOKMX  KOHLIEHTpallMid  MpU  TOBBILIEHUU  TEMIEPATYPBHI.

Kaxyumiics MOISApHBIA 00beM coiu  V, sBIsSeTCS JIMHEHHOM
¢yHKuMelt OT X, ¢ TOYTH  OJUHAKOBBIMU  YIJIOBBIMHU

KO3(1)(I)I/II_[I/ICHT3MI/I AJI1 BCEX UBMCPCHHBIX U30TCPM.
KOHIICHTpaHI/IOHHBIG 3aBUCUMOCTH MOJYUYCHHBIX MapIHuaJIbHBIX
MOJIAPHBIX 00BEMOB COJIH U CIIUpTa ObLIH 9KCTPAIIOJIMPOBAHBI K

nynesoit kouuentpamuu (X;= 0 u Xo= 0), 4yTo6bl MHOJYYMTH
napluuagbHble MOJISIPHbIE 00BbEMBI MPU OECKOHEYHOM pa3z0aBiICHHUU

crupTa (\710) U COJTH (\720 ). [apiinanbHbie MOJIIPHBIE 00BEMBI COJTH

7 0
npu  GeckoneunoM pasGasienuu (Vo )  Mano  3aBHCAT  OT

TeMIeparypbl B 00J1acTi HU3KUX Temiepatyp (Hwke 350 K) u 6picTpo
CHI)KAIOTCSI TpH  BBICOKMX TeMmmeparypax (Bemume 350 K).

—~ 0
3aBUCUMOCThH V2 OT JIaBJICHUS OYEHb cJlabas TIPH HU3KHUX

temneparypax 350 K, B To BpeMsl Kak IpH BBICOKMX TEMIIEPATypax
YIJI0BOH KO3 (GHUIHEHT H30TepM \/,0 — P 3HAYUTEILHO H3MCHSETCS.

B npucyrcTBum cnupra B OuHapHoM pactBope Boja + Li2SO4 npu Tex
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ke ycnoBusix T u P mapuuanbublii Mossipablid 00beM conu (Li2SO4)
YBEIIMYHMBACTCSI TI0 CPABHEHHUIO CO 3HAYCHUSMHU Uil OE3BOJIHBIX
OmnHapHbIX pacTBOpoB Bojma + LipSOs. Paccumranbl 3HaueHHS
0 o
HapluaibHbIX MOJAPHBIX 00BEMOB cmupra ' u comd Vo ', B
TPOHHOMH cMecH, Tpu OeckoHeuHOM pa36aBienun ( x, = x, = 0) odoux
pacTBOPEHHBIX BEIIECTB (COMIM M CIOUPTa OJHOBPEMEHHO).
OOHapyXeH OUYCHb SPKO BBIPAKCHHBIH TEMIIEPATYPHBIH MaKCUMyM

-0

V5" (0coOeHHO IpYU BHICOKUX JABJICHUSX) IIPU TEMIIEPATypax OKOJIO
70

325 K, B 3T0 Bpems K\j~  MOHOTOHHO YBEIUYHMBACTCSA C POCTOM

70 70
TEMIICPATYPHI. HOJ'Iy‘lCHHLIC 3HAa4YCHUA Vl u V2 MMpCACTAaBJICHLI B

tabnuue 1 npu P=5 MlTa.
Tab6umna 1.
PaccunTanHble 3HAUCHWS IApUUATBGHBIX MOJISIPHBIX 00BEMOB

(cm3momp?)  1-npomanon (\710) u LixSO4 (\720), npu  GECKOHEYHOM

pasbaBieHHE X, —> 0, mis pasnUyYHBIX KOHLEHTPALMH CONM B TPOHHOM

cucreme Boja+l-npomanon+ Li;SOs4 B 3aBUCHMOCTH OT TemIiepatypbl U
JIaBJICHUSL.

P=5 MIla P=5 MlIla P=5 MIla P=5 MlIla
( Xy =0.00623 mobHbIE (X2 =0.0124) (X2 =0.0274) (X2 =0.0199)
JI0JTH )
T, K 7 0 7 0 70 7 0 7 0
Vl V2 Vl Vl Vl

303.15 | 67.29 | 22.77 65.29 68.51 65.48
323.15 | 69.09 | 2249 66.87 69.40 66.73
348.15 | 71.22 | 20.70 68.85 70.84 68.47
37315 | 73.49 | 17.95 70.99 72.57 70.42
398.15 | 7598 | 14.70 73.32 74.40 72.52
423.15 | 78.85 | 11.09 75.86 76.33 74.71
448.15 | 82.10 | 6.760 78.69 78.43 77.13

u(p) =0.025%; u(p)=0.03%; u(T) =0.02 K; u(x)=5x10"%; u (v,%) =0.2 -0.3%
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Paccunranbie mapipanbHbIe MOJISIPHBIE 00BEMBI | -TTporaHoia
70 . 70
(V') m LizSOs (V, ) npu GeckoHeuHoM pa30aBlIeHHH 0GOMMH

pacTBOPEHHBIMH BemecTBaMu (crupToM 1 cobio) (X =0 u X, =0,

OJIHOBPEMEHHO) B 3aBUCHUMOCTH OT TEMIIEpaTypbl s Tpex

BBIOpaHHBIX N300apoB 5, 20 u 40 MIla neMOHCTPUPYIOTCS HA PUCYHKE
10.

e e 25}
%, mE. = ,-:
Bs ' r
=1 a2
B2 _
-é .'1-"- -é 7
F (=}
_E T8 =
iy - e
Z P R=REY
SHTE - X
T =
a i
7 ?
- O
0 - 5 - -
220 340 350 re) 290 340 390 P
TAK) TA(K)

Pucynox 10. 3Hadenus napuuaigbHBIX MOJIIPHBIX 00BbeMOB cnmpTa (1-mpomaHon,

\710 ) 1 conu (Li2SOs4, V20 ) ipy 6ECKOHEYHOM pa30aBIeHHH 000HMX PACTBOPSIEMBIX

BEIECTB (CIUPTa X; — 0 U COMH Xo = 0), paccuuTaHHBIE U3 SKCIIEPUMEHTATBHBIX

3HAYCHUI MOJSIPHBIX O00BEMOB TPOWHO# cuctembl Bopa+l-mpomanon + LixSOs B
3aBHCHMOCTH OT TEMIIEPaTypPbl Ul PUKCHPOBAHHBIX U300ap.
Cresa: o, 5 MIla; Cnpaga: o, 5 MIla; e, 20 MIla; u A, 40 MI1a.

0
BivsiHue naBieHWs Ha 3HaueHWs V, , MOJyYEHHBIE W3
JAHHBIX U3MEpPEeHUil, Ui TpoilHOI cMecu mokaszaHo Ha pucyske 10.

3Ha4YeHU VZO HEJIMHENHO YMEHBIIAIOTCS C POCTOM TEMIIEPATYpHI, B

TO BPEMs KakK \710 MOHOTOHHO BO3paCTarOT C pOCTOM TCMIICPATYPLI U

MMOYTHU HE3aBUCHUMBI OT KOHICHTPAIIUU CITUPTA.
TCMHCpaTypHEUI 3aBUCUMOCTh MApHUAJIBHBIX  MOJISIPHBIX
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00beMOB  TIpu  OECKOHEYHOM  pa30aBJIeHHMU CHHpPTa, KOrna
KOHIIEHTpauus cnupTa Mana, X, —0, 1 OTAeNbHBIX KOHIEHTpaluii
coJIH BOJIb m300apel 5 MI1a mokas3pIiBaeT COCTOSIHUE B O€3 CTUPTOBOM
pacTBope. DTO MO3BOJISET CKa3aTh, YTO JOOABICHUE CIIUPTA B PACTBOP
Boma+ Li»SO4 yBenmuuBaer 3HaueHus V0 M Cierka CrUIaXHBacT

OUCHb YETKO BBIPAKCHHBIM TEMIEPATyPHBIH MaKCUMyM V20 B

OuHapHOM 0e3 crmupTOBOrO pactBopa Boma+LixSOs4 B HU3KOTEM-

neparypHoi obnactu. [TapunansHbie MOJIIpHBIE 00beMbI cripTa (1-
7 0 . 7 0

nponanon, V4 ) m comu (LizSO4, V5 ) mpu OeckoHedHOM

pasbaBnenun comu  (x,—0) B TPOMHBIX CMeCAX BOIBITI-

nponanosi+Li2SO4 B 3aBUCHMOCTH OT TeMInepaTypsl U JaBJIeHUs IS
BbIOpaHHOW w300aper 5 Mlla s derslpex (UKCHPOBAHHBIX
koHnentpanuii  crmpra (0.01553, 0.02541, 0.03224, 0.05024)

MOJIbHBIE J1OJIM TIOKa3aHbl Ha pucyHke 11.

10 ®---e.._,
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as | o ..
# . e
s 0 - -."“'A.,‘. "-—,‘
a5 & Lim . ‘-w‘_‘ '-‘.‘_
- P =5 Mlla { —_ = - .
P = £ .
B p g A0 TR T .
g a2 £ n, -
g o b Crreeca, T a
- - = 20 ey v
ToTer ., - e, T,
2% =} =" . T
| > | =
6} 30 | <.
Jes P =5 Mlla
73 | el -0 ™,
o ]
70 - : : 50 -
290 340 390 440 290 340 390 440
T (K) T (K)

Pucynok 11. 3naueHust mapuyanbHBIX MOJSPHBIX 00beMOB criupTa (1-mpomaHon)

(\710) U COJH (\720) npu  GeckOHeYHOM pasbaBieHun comn (X, —>0)

paccunTaHHBIE M3 JKCIIEPUMEHTAIBHBIX 3HAYCHUH MOJLIPHBIX O0OBEMOB TPOHHOI
cucTeMbl Bojia+1-mpomanoin + LizSOs B 3aBUCHMOCTH OT TEMITEPATYPBI M JIABICHHSI
JUT TIOCTOSIHHOW KOHIIEHTPAIMK CHHUpTa 1-TipomaHon GpUKCHpOBaHHON M300aphl 5

MITa. o, X{=0.0155;0, X1=0.0502; A, X1=0.0254; A, X{ =0.0322.
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3HaueHHs MaplUaIbHBIX MOJSIPHBIX 00beMOB comu (Li2SO4) (
-0
V5 ) npu OeckoHedHOM  pa30aBICHHM OOEHX PaCTBOPAEMBIX

KOMIIOHEHTOB (crmupTa X -0 u com Xp — 0), paccuMTaHHbIC U3

9KCIIEPUMEHTANBHBIX TaHHBIX MOJISIPHBIX 00BEMOB TPOIHHOM CUCTEMBI
Boja+l-mponanon + Li2SOs B 3aBUCHMOCTH OT JaBJiCHUS IS
M30TEPM MOKa3aHbl HA PUCYHKE 12.
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Pucynok 12. 3HaueHus mapruaibHbIX MOJSIPHBIX 00beMOB comu (Li2SO4) (\72 )

npu OCCKOHEYHOM paS6aBJ’I€HI/II/I 0beunx PaCTBOPACMBIX KOMIIOHCHTOB (CHI/IpTa

X]_ _)0 U CONH X2 _)0), pacCUMTaHHBIE U3 OSKCIEPUMEHTAJIbHBIX JaHHBIX

MOJISIPHBIX 00BEMOB TPOWHO# cucTeMbl Boga+1-niporanon + LioSO4 B 3aBHCHMOCTH
ot maByieHust st m3otepM. O, 303 K; A, 348 K; m 373 K; A, 398 K; 0,423 K; e,
448 K.

Koapduument  TepMuueckoro  pacmmpeHus — (MOJSIpHas
naplyaibHas PacHIMPSEMOCTh) CBS3aHa C TEPMOJUHAMHYECKUMH
COOTHOIICHUAMHU C 3HTpOl'IPI€I>i U TCIIOEMKOCTBIO, OHH COACPIKAT
WHPOPMAIIMIO O CTPYKTYPHBIX H3MEHEHUSIX B CHCTEME IIpH
TCPMHUUICCKOM PpaCIIMPCHUU. Paccumrannbie 3HaUYCHUS KOB(b(I)I/H_[I/ICHTa
TEPMUYECKOTO PACHIMPEHUS MAPIUATBLHBIX MOJSIPHBIX OOBEMOB COJH
Li2SO4 (cnea) n 1-npomanon (cripaBa) mpu OECKOHEYHOM pa30aBIeHUN

(X9=0 cnesa u X{=0 crpasa) B TpoiiHO}i cucTeme Boja+l-mponaHon +

Li2SO4 B 3aBHCHMOCTH OT Temrieparypbl Bioib u300apbl 5 MIla u
MOCTOSIHHBIX KOHIIGHTpALMil COJM U CITUPTA MPEJICTABICHBI HA PUCYHKE
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13. Kax BuHO U3 pucyHKa 13, mapuuanbHast MOJISIpHAs! pacIIupseMOCTh

CcoJit (5\7 g /GT) <0 - OoTpUHaTeiibHa U YMEHBIIACTCA C POCTOM
Px

TEMIIEpaTypbl, a CIHpTa (6Vf / 6T) >0 - monoxuTenabHa U
Px

YBEJIMYMBACTCS C POCTOM TEMIIEPaTyphl, T.C. MapIHaTbHbIE MOJISIPHBIC
pacImpsieMOCTH 00OMX PACTBOPEHHBIX BEIIECTB MMEIOT IPOTHUBOIIO-
JIOKHBIM 3HAK U MIPOTUBOIIOIIOKHOE TEMITEpaTypHOe rmoBeieHue. Te xe
pe3yabTaThl ObUIM OOHApPYKEHBI JJIsi TPOMHOTO pacTBopa Boaa + 1-
npornanon + KNOz. Bropeie npoun3BoiHbIe MapIUabHBIX MOJISPHBIX
00BEMOB COJIM M CHupTa Mo Temmeparype (T.e., KpHUBHU3HA) -

—0
0%V 2 18T ?) px <0 - OTpHMIATE/IbHBIE BEIUMYUHBI, T.€. PACTBOPEHHOE

—0
BEIIECTBO pa3pyllacT CTPYKTypy pacTBopa, (82V1 / 8T2)Px >0
MOJIOKUTENIbHASL BEJIMYMHA, T.€. PACTBOPEHHOE BEIIECTBO CO3/AET
CTPYKTYpY pacTBopa. MOJSpHbIC pPACIIMPSIEMOCTH YHUCTOW BOJIBI

5VW / 5T)P U YMCTOrO 1-mpomnaHona (5Vm / 5T)P npu tex xe 7 u P

IIOJIOYKUTEIIbHBI M JIEKAT IMOYTH Ha npsAMo. Bropas temneparypHas
NPOU3BOJHAS 3aBUCHMOCTH MOJISIPHBIX OOBEMOB YMCTOM BOJbI

(6 2VW /6T ? )P u 1-ponanona (82Vm JoT? )P ABIIAIOTCS TIOJIOKHUTENb-

HbIMH BeianunHamu. Kak mokaszamu wuccienoBanus, coib (Li2SOs)
paspymiaer (MMeeT TEHACHIMIO K YMEHBIIEHUIO CTPYKTYPBI BOJIBI)
CTPYKTYpY HpPWIETAIOIMX K HUM MOJIEKYJ BOJBL, B TO BpeMs Kak
MoOJIeKyIbl criipTta (1-mpornaHosn) B OTIAMYME OT COJIM CTPYKTYPUPYIOT
BOJIy (OKpYaIOT CJI0€M MOBBIIIEHHOM CTPYKTYpbI). TakuM oOpa3om, 1aBa
MPOTUBOIOJIOKHBIX KOHKYpPUPYIOIINX 3 (deKTa OnpeaensstoT 00beMHbIE
CBOI{CTBa CIIOXKHOW cMecH, TakoH kak Boja + 1-npomanon + Li2SO4.
[lapumanbHble  MOJMSpHBIE O0BEMBI TIPU  OECKOHEYHOM

pa30aBJIeHUH M €ro MPOM3BOIHBIE 0 TEMIIEPAType - ((9\7i0 /0T )Px u
(5 2\7i0 |oT? )Px’ SABJISIFOTCS MEPOM M3MEHEHHS CTPYKTYPBI CMECH, KPHBH3HA

(62\7i0 / 6T2)PX>O - TIOJIOKHTENBHA IS TUAPOGOOHBIX PACTBOPEHHBIX

BelecTB  (0Opa3oBBIBAIOLIMX  CTPYKTYpy) W OTpULATENbHA
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(5 2\7i0 / 6T2)PX<0 I THAPOQUIBHOIO PACTBOPEHHOTO BEIIECTBA

(paspbIBarOIIMiA CTPYKTYpPY). 3aMETUM, YTO 3HAYCHUS (8V20 [OT )PX u

2\ 0 ) AT 2

(a Vy [0T )PX TaK)K€ OTPHULATEIBHBI M YMEHBIIAIOTCSI C POCTOM
temneparypsl. [IpenenbHble 3HaYeHHS KO3(D(HUIMEHTa TEPMUUECKOTO
pacCIIUpEHUsT MapiraibHoro MoisipHoro oowsema comu  (Li2SOs)
(8V2 / aT)Px 1 ko3 durmenTa 00beMHOT0 PACIIMPEHUS YUCTON BOJIBI
(pacTBOpHTEINA) (8VW / GT)P’ UMEIOT TPOTUBOIONOXKHBIE 3HAKU U

IMPOTHUBOITIOJIOKHBIC TCMIICPATYPHBIC ITIOBCICHUS.
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Pucynok 13. Paccunranubie 3HaueHus KO3QUIMEHTa TEPMHUYECKOTO PACIIUPEHUS

comu LiSO4 u (avf/a'r) 1-

MapIUaTbHBIX MOJSIPHBIX 00BEMOB (av g /aT)
Px

Px

MPOTIaHO (CIipaBa) IPH OECKOHEYHOM pa30aBICHUH ( X2 =0 cneBa 1 X]_ =0 cmpasa)

B TPOMHO# cucteme Bopa+l-nponanon + LirSO4 B 3aBUCHMOCTH OT TeMIepaTyphbl
BII0JIb m300apbl 5 MIla 1 MOCTOSTHHBIX KOHIIEHTpanui conu u crnuprta. Crea (X2
=0): o, x,=0.0155; A, X1=0.0502; 8, X =0.0254; A, X1 =0.0322. Cripasa (X =0
):0, X9=0.00623; A, X9=0.0124; e, X9 =0.0274; A, X9=0.0199.

Ha pucynke 14 npuBeneHbl KO3(QHUIMEHTH TEPMUYECKOTO
PACIIMPEHUS] MapIUATbHBIX MOJIPHBIX O00BEMOB (8\73 [0T)py W

(v f | 6T) p, pu GeckoneuHom pasdasnenun X)= 0 comu (Li2SO4) n
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X{= 0 cnmpra (l-npomanona) B TpoiiHOM pacTBOope Boja + 1-
nponianos + Li2SO4 B 3aBUCMMOCTH OT TeMIepaTypbl BJOJb
BbIOpanHOM n300ape! (5 MIIa) U mpu MOCTOSHHBIX KOHLIEHTPAIHIX
cnupra u cond. KoapuuueHTsl TepMUUECKOro pacIIupeHus
HapUUaAIbHBIX MOJISIPHBIX 00BEMOB OOOMX PAaCTBOPEHHBIX BEIIECTB
UMEIOT pa3jMyHbleé 3HAKW W IPOTHBOIOJIOXKHBIE TEMIEpaTypHbIE
3aBHCHUMOCTH.
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Pucynok 14. Paccuntannble 3Ha4eHNS KOG PHUIHECHTa TEPMUYECKOTO PACIIUPEHNUS

MapIUaIbHBIX MOJIIPHBIX 00BEMOB (av g / aTj comu Li;SO4 u (av f / aTj

Px Px

1-nponanon npu GeckoneuHoM paszbdasnennH ( x, =0 u X]_ +0 ) B TpoiiHOII cucTeMe

Boja+1-npomanon + Li;SO4 B 3aBUCHMOCTH OT TEMIIEPATYPhl BIOIb H300apbl 5
MIla u nOCTOSIHHBIX KOHUEHTPALKH COJIM U CIIUPTA.

©, Xl =0.0155 u X2 =0; o, X2 =0.00623 u Xl =0.

3Ha4YeHUS] MOJISIPHBIX OOBEMOB TPOWHON CMECH ISl Ka)JI0u
n300apbI-u30TepMbI (TOCTOSIHHBIX P 1 T) ObUTH OTAENBHO OMHMCAHBI
MOJIMHOMHUAJILHBIMHA YPaBHEHUSMHU 3aBUCHUMOCTH OT KOHIICHTpAIUH

X{ u Xy (ypaBuenue 9):

rie VmO(P,T, Xp =Xy = 0)- MOJISIpHBIH 00beM 4HMCTOi Boawl ; Xq -
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MostsipHbIe o 1-tiponanona; X, - mosstpabie o KNO3; A, (i=1;4)

MOJTOHOYHBIE  IapaMeTpbl, KOTOpbIe  SBISIOTCA  (QyHKIUEH
TEMIEPATYPbI U JaBICHMUSL.

JKuKocTH Mo CBOEM MOJIEKYJISIPHOU CTPYKTYpE U TEILIOBOMY
JBIKEHUIO 3aHUMAOT IIPOMEKYTOUHOE IOJI0KEHUE MEXKTy TBEPIBIMU U
razoo0pasubiMu Tenamu. CyliecTByrolee MpeICTaBICHUE O MOJIEIU
MOJIEKYJIIPHOM CTPYKTYpBI U TEIUIOBOTO IBUKEHUS TAKOBO, UTO BOKPYT
HEKOTOPOM, TpUOOpETaome  pojb  LEHTPAIbHOH,  MOJIEKYJIbI
IPYNIUPYIOTCS COCEAHUE MOJIEKYJIbI, COBEPLIAIOIINE MaJIble KOIeOaHus
C YacTOTOM, ONMM3KOW K YyKa3aHHOH paHee I KOJICOaHWUH MOJIeKYI
TBEpAOr0 Tejla B pelleTKe, W AaMIUIMTYAOM NOopsiaka CpeaHero
paccTosiHUA Mexay Mosekynamu. LleHTpanbHas monekyna iaubo (mpu
MOKOE JKHUJKOCTH) OCTAeTCsl HEMOJBHKHOM, MO0 MHUTPUPYET CO
CKOPOCTBIO, 10 BEJMYMHE M HAMPaBICHUIO COBMAJAIOIICH ¢ MECTHOMI
CpeiHell CKOPOCTBIO MAaKpPOCKOIIMYECKOrO JBHMKEHMS XKHUIKOCTU. B
MOJIKYJIIDHOM  CTPYKTYype KHIKOCTH TMOTEHIMAIbHAs OHEPrus
B3aUMOJICHCTBUS MOJIEKYJl CpPaBHUMA IO MOPSAKY C KHUHETHYECKON
SHEeprueil MX TEeIUIOBOrO JBKKEHHUS; IPU 3TOM OOHapy>KUBaeTCs
OMWKHUM TOPSIIOK, HO  OTCYTCTBYET JainbHuUM. Pasznuune B
MOJIEKYJIIPHOM CTPYKTYpE U TEIIOBBIX JBMKEHHSIX TBEPIbIX, KUIKUX U
ra3000pa3HbIX Tel HAMVISAHO OOHapy)KMUBaeTcs B sBJICHUU AUpPy3un,
3aKITI0YAIOLIECs B PaCIPOCTPAHEHUH OJJHOTO BEIIECTBA (BKIIOYEHMS) B
npyroe (Hocutenb). IIpm BHeApeHMHM MOJEKYJd CHOHpPTa B CMECh
IPOUCXOIUT NEPECTPOMKA CETKU BOJOPOJHBIX CBS3EH, T.€. MOJIEKYJIbI
CIHMpPTa HE MOTYT YK€ YMECTUTbCA B IOJIOCTSIX HMPOCTPAHCTBEHHOMN
BOJIOPOJIHOM CETKM, TUIIMYHOM TMpH BOAOPOAHBIX CBS3IX. Toraa
nossipHsie rpynnbl OH 3TaHoNa 3aMeriaroT MOJIEKyIbl BOAbIL, a 6osee
NPOTsHKEHHBIE TUAPO(OOHBIE TPYNIBI 3TAaHOJNA BXOAAT B TOJNOCTH,
o0pa3zoBaHHbIE MOJIeKyJIaMH BOJIbl. OOpa3yroTcsi HOBbIE COETUHEHUS —
ruaparel nepBoro Tuma. [Ipym koHueHTpammsx Beime 25 macc. % ¢
MOBBIILICHHEM TEMIIEpPaTypbl 00pa3yloTCsl TWApaThl BTOPOrO TUMA -
MOJIEKYJIbI BOJIBI 00Pa3yroT JIBE WM TP BOAOPOIHBIE CBsI3H. B ruaparax
BTOPOTO THIA TPOUCXOJUT OCJIabJeHHEe BOJOPOJHBIX CBA3EH 10
CPaBHEHHIO C 4YHMCTOM BOJOM. Takke C pPOCTOM TEMIIEpaTypbl
HaOroMaeTcst OcadiieHNe BOIOPOIHBIX CBS3EH. DTO CIIPABEIJIMBO IS
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BCEX HCCIICAOBAHHBIX KOHLEHTPAIMHA BOJHO-CITUPTOBBIX PAaCTBOPOB.
HaOmonatorcss cnabble WM pa3opBaHHbIE BOJOPOAHBIE CBS3U U,
CIIeIOBATEIbHO, YMEHBILICHUN CPEAHEH SHEPIUU BOJOPOIHON CBS3H, C
YMEHBIIIEHHEM TeMieparypbl yBenuuuBaercs aoinss OH — rpynm ¢
CHJIbHBIMH BOJOPOIHBIMU CBS3IMHU. CIKUMAEMOCTh KUAKOCTH OTPAKAET
OanaHC SHEPruil MEXMOJIEKYJSPHOTO MPHUTSHKEHUS U OTTAJIKUBAHUS.
OTO CBOMCTBO >KMJIKOCTH B 3HAYUTEIBHOM CTENEHH OMNpeAessieT
M3MEHEHHE MapLUUabHOIO MOJBHOTO 00beMa COEAMHEHUN B Pa3HBIX
cpenax, U3MEHEHHE TpPU MOBBIIICHHOM IaBJICHUU BSI3KOCTH, a TAKKe
M03BOJISIET YTOUHUTH MIPUYMHBI M3MEHEHHSI 00beMa aKTHUBAIIUH, 00beMa
peakuuu 1 3pdexra yckopeHHs peakiuu noj AaBieHueM. s oeHKu
C)KUMaeMOCTH BEIIECTB B IIMPOKOM JTHAIA30HE JIABJICHUI HCIIOJIB3YIOT
YpaBHEHUS COCTOSIHUSI, BhIpaXkarolue cBsizb Mexny P, Vu T.

B uHXeHEepHBIX M TEPMOAMHAMUYECKUX pacyeTax dalle BCEro
UCTIONIB3YETCsl YACNbHBIA 00beM JiIsl MPOTHO3UPOBAHMS MOBEACHUS
JKUJKOCTEW MNpu W3MEHEHUM YyciaoBud. Ha OCHOBE W3MEpEeHHBIX
sHadeHui 171 (P,Vm, T,M) CBOMCTB OMHAPHBIX PACTBOPOB 3JICKTPOJIMTOB
OBLIO pa3paboTaHo YpaBHEHUE COCTOSIHUS MOMHOMUaIbHOTo THmna (10),
OIHMCHIBAIOIIEE YAENbHBIA 00BEM pacTBOpa Kak (YHKIUIO OT
TeMIIepaTypbl, IaBJICHNS 1 KOHIICHTPALIH:

v, = A+Bt+Ct>+Dt’ (10)

rne U - ymenbHbli 06beM pacTBOpa B cM>T (ILIOTHOCTH
pactBopa ompenensiercss Kak pso=1/ U s), u t temmeparypa B °C.
3aBUCUMOCTh  ynenbHOrO o0bema U OT pjaBieHus P u
KOHIIGHTpalui M ObUIM yuTeHbl uepe3 kodpdunuentsl A, B, C, u D
(11) , xoropsie umerOT B KBagpaTuuHOi GyHkimu P (MIla) u
KOHILIEHTpauu m (Monb-Kr'1 H20).

i=0 j=0 i=0 j=0
2 2 o 2 2 o

C:ZZCijPIm]’ D:ZZdijPImJ (11)
i=0 j=0 i=0 j=0



3HaueHus MOATrOHOYHbIX mapamerpoB (11) ypaBHeHus
cocrosiaus (10) ajj, bij, Cij u dij paccunTaHbl MHOIO M3 MPOBEICHHBIX
(p,Vm,T,m) wusmepenwuii. Ypauenue coctosiHus (10) omuceiBaer
9KCIePUMEHTAIbHBIC 3HAYCHHsI YACIbHOTO 00beMa U o (p,7, M) B
npeaenax norpemHoctd 0.02%, 4YTO 3HAYWUTENBHO HUXKE, YEM
MOTPEIIHOCTh dKcnepuMeHTa. CTaTHCTHKAa OTKJIOHEHUW st 195
9KCIIEPUMEHTAIBHBIX ToueK cocTaBisieT: AAD=0.02%, Bias=0.011%,
St.Dev=0.028%, St.Error=0.002%, and MaxDev.= 0.105%. Jlannoe
ypaBHEHHE ObUIO MCIOJIb30BAHO AJISI PACUETOB TEPMOAMHAMHYECKUX
CBOMCTB pacTBOpa JApPYIrUX BOJHBIX PacTBOPOB 3JIEKTPOJUTOB B
mupokoi odmactu temrepatyp (1o 600 K), napnenuit (mo 40 MITA)
Y KOHIIEHTpanui (10 5 MonL-Kr'leo), B TOM YHCJIE, TapIUATbHBIX U
KaXYIIMXCSI MOJIIPHBIX 00BEMOB

B Tperbeii riaBe mpuBeNCHBI PE3yIbTaThl HCCIEAOBAHUN
00BeMHBIX (IJIOTHOCTb), AaKyCTHUYECKUX (CKOPOCTh 3BYKa) H
TPAHCIIOPTHBIX (BSI3KOCTH) CBOMCTB § MPHUPOAHBIX T'€OTEPMATbHBIX
¢dronnoB MectopoxkaeHuit FOra Poccuu B nuHTEpBalie TEMIEpaTyp OT
278 no 353 K npu armocdepnom nasienun MzbepOamie (Ne68 u
Nel129), Tepnaupe (Ne27T u Ne38T), Kasixkente Ned, NeS5 | Kuznsap
NedT, Nel7. Ontuueckuii amuccuoHHblid cektpomeTp IRIS Intrepid
I u voHHBIM XpoMmarorpad ObUIM  HCIOIB30BaHBl  JUIS
KOJINYECTBEHHOT'O OINpPE/IEIECHUs IEMEHTHOTO COCTaBa (KaTHOHOB U
AHUOHOB) B T€OTEPMAJBHBIX paccosiax. TOYHOCTH U3MEpPEHHH
xXuMu4ueckoro cocrtaBa coctaBuia ot 0,2% mo 1,0%. Xumuaeckuit
COCTaB U NPOLEHTHOE COJEp)KAaHHE OCHOBHBIX HOHOB B
reoTepMalibHBIX 00pa3slax MmoaApoOHO MpeAcTaBlIeHbl B padoTe B BUE
tabmuu. OHMM M3 KIIOYEBBIX (AKTOPOB NpHU IUIAHUPOBAHUU
JKCIUTyaTallud T€OTEPMaIbHBIX PECYpCOB  SBISIETCS  HAJIM4YUE
HAJCKHBIX  JAHHBIX IO  TEPMOJMHAMUYECKUM  CBOICTBam
reoTepMaJibHbIX PAaccojoB. TOYHBIE 3HAHUS O TEIJIOBBIX CBOMCTBAaX
reoTepMalibHBIX BOJI C OTHOCUTENILHO MOBBIILIEHHOW MUHEpaIU3auei
U COJIOHOBATBhIX BOJI SBJISIIOTCSA MPEANOCHUIKONW NI MOAEIUPOBAHUSA
reoTepMalbHBIX BOJI M OCHOBOM [UIsi TMOHMMAHHUS PAa3IUYHBIX
(bU3nIEeCKO-XMMHYECKUX IPOLIECCOB, TPOUCXOAAIINX B €CTECTBEHHOM
cpene. ['eoTepmanbHbie BOJIbI SABIISAIOTCA HUCTOYHHKOM
YTJIEBOIOPOACOAECPKAILNX Ia30B U LIEHHBIX MUHEPAJIOB.
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Hns Toro, 4ytoOBl TMOHATH M KOHTPOJMPOBATH MPOIECCHI,
NPOUCXOJISIINE B TEOTEPMAIBHBIX BOJaX, HEOOXOMUMO 3HATh MX
TETUIO(PU3NIECKUE u (U3NKO-XUMHUYECKHUE, YHEPTETHIECKUE
cBolicTBa. MIMeromuXcsl JaHHBIX O TEPMOJAMHAMUYECKUX ITapaMmeTpax
CIIO)KHBIX ~PacTBOPOB, MOJOOHBIX TI'EOTEPMAIbHBIM  (IIIOUIAM,
HEJIOCTATOYHO ISl HY K]l T€0TePMaIbHOTO TIPOU3BO/ICTBA.

Bsi3kocTh 0ojiee yyBCTBUTENbHA K KOHIIEHTPAIMHM COJIA, YEM
JIpyrue TEepMOJUHAMUYECKHE CBOWCTBa (TUIOTHOCTH W CKOPOCTH
3Byka). TemM He wmeHee, 3TOT 3G EKT 3aBUCUT HE TOJBKO OT
KOHIIGHTPALlMM HMOHOB, HO M OT HMX XHWMHYECKOH IPHPOJIBI, T.€.
XUMHYECKOTO THIa HOHOB. Hampumep, o00pas3mbl W3 pa3HBIX
reoTepMalIbHBIX TI0JIEH MOTYT UMETh OJJHY U TY K€ MUHEPaIH3aIIHIO,
U pa3JInYHbIC KOHLIEHTPAIMK HOHOB. [Ipy 3TOM y HUX HaOIFOAI0TCS
pa3uyHbIe CBOKWCTBA. DTO JEMOHCTPHPYET, KaK XUMHUECKas IPUPOAaA
HMOHOB B I'e€OTEPMAaJIbHOM paccolie BIMSeT Ha MX cBoicTBa. OleHKa
BKJIaJla  OTJACJBHOTO BHJAa HMOHA B  MHOTOKOMIIOHEHTHBIX
reoTepMalIbHBIX PACTBOPAX HA MX CBOIMCTBA 3aTPyIHUTEIIbHA, TAK KaK
CBOWCTBA OIPEIENSAIOTCS HE TOJBKO B3aUMOICHCTBUEM MEXKIY
MOJICKYJIaMH BOJIbl U OTICIIbHBIMA HMOHAaMH, HO W WOH-WOHHBIMH
B3aUMO/JICHCTBHUSAMH, YTO YCIOXKHAET 3Ty npodiemy. Hanmndne nonos
pa3IMYHOTO THIIA B PACTBOPE 3HAYUTEIILHO HW3MEHSET BIUSHHE
KOHKPETHOTO THITa HOHOB Ha X CBOWCTBA.

Korna cocras, Temneparypa u AaBjieHHe reoTepMaIbHOIO paccoia
B TEOJIOTMYECKOH (opmalim JKHIKOCTH MeHsercss (B Iporecce
HBOJIIOLIMM TUIacTa, JOOBIYM, W3BIEUYEHMS SHEPrMM WM Mpoleccax
3aKaukd), TO YCJOBHSI COCTOSHHS, B KOTOPBIX MEPBOHAYAIBLHO
HAaXOJWJINCh B IIACTOBBIX YCIOBMSX, NepexoisaT K HoBeiM P, T, x
ycioBusiM. B pe3ynbrare 3T0ro, HEKOTOphIe TBEP/IbIE MHHEPATIBI MOTYT
BBINIAJIaTh B OCA/IOK, IPUCYTCTBYIOT PpACTBOPEHHbIE TIa3bl, TaKUM
oOpa3om, Temio Tepsercs. [louyTh BO BCeX TeOTEPMAbHBIX
HHEPreTMYECKUX OMepalusx HaOMoJaloTcs 3T sBiIeHus. Hamuuue
MOHOB PAa3IMYHOTO THIIA B PACTBOPE 3HAYUTEIHHO W3MEHSET BIMSHHE
KOHKPETHOTO TUITa HOHOB Ha MX CBOWCTBA. [IprcyTCTBHE pacTBOPEHHBIX
ra30B B FeOTePMAITbHBIX (ITFOMIaX OKA3bIBACT 3HAUYMTEIILHOE BIIMSHIE HA
TEpPMOJIMHAMHYECKUE CBOWCTBA, CJIEAOBATENIbHO, M Ha MPOLECCHI
W3BJICUCHHUS SHEPrur. V3-3a pa3sHMIIBI TaBIICHWI Ha pa3HBIX TITyOHHAX
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(oxono nosepxHoctu gasinenue 0,101 MIla) B nponecce npousBoacTBa
HPOUCXOANT JeTa3alHsl.

B pabore BBIABIEH MEXaHU3M B3aMMOJACHUCTBHUS MOJEKYJ B
CTaTUYECKOH cpelie, a TaKKe M3y4YeH IMPOLECcC MEKMOJIEKYJIIPHOTO
B3aMMO/ICHCTBUS B CHCTEME PAaCTBOPHUTEINb - PACTBOPSIEMOE BEILIECTBO,
OIpeieNIeHbl BaXKHbIE MEXAHUYECKHE CBOMCTBA CILIOIIHBIX CHCTEM

W3mepeHusi IUIOTHOCTH, CKOPOCTH 3ByKa M BSI3KOCTH
IPUPOIHBIX PACTBOPOB ITPOBOAMINCH C UCIIOJIB30BaHUEM JCHCUMETpa
Anton Paar DMA 4500, DSA 5000 u Bucko3zumetpa IllTabunrepa
SVM 3000 . KomOunupoBanHasi ommOKa W3MEpEeHUsl IUIOTHOCTH,
BA3KOCTM M CKOPOCTH 3ByKa Ha YpOBHE JOCTOBEPHOCTH 95% c
k03¢ purenTom mokpeitust K=2 cocrasuia ais mwiorHoctu 0,0005%
(DMA4500), 0,02% umu 0,5 xr- M (mns SVM3000) u 0,01% (st
aHanmzaropa ckopoctu 3Byka DSAS5000 M); mis Bsaskoctu 0,35%
(w1t SVM 3000); u mist ckopoct 3Byka 0,1% (DSA 5000 M).

OKcriepuMEeHTalbHasl ~ YCTaHOBKA W XOA  IMPOBEACHUS
9KCHEPUMEHTOB MOAPOOHO NPECTABICHBI TAKXKE U B CTaThsX aBTOPA.
CKOpOCTB 3ByKa M INIOTHOCTB CPE/IbI B TEOTEPMAIILHBIX Paccoiiax Mpu
atMochepHoM naBieHuu Oblna u3MmepeHa mpudopom DSA 5000 M
¢upmbl Anton Paar. [Ipubop o1HOBpEMEHHO ONpeAeseT U MII0THOCTh
oOpa3ua. /luanazoHsl U3MEPEHUsl 3HAYEHUH MJIOTHOCTH M CKOPOCTH
3ByKa coctaBisitoT 0-3000 kr/m3 u 1000-2000 m/c, COOTBETCTBEHHO.
[TorpermHocTy U3MepeHH TIOTHOCTH U CKOPOCTH 3ByKa COCTaBIISET
0,001 xr/mMm3 u 0,1 w/c, coorBerctBeHHO. IIpubop ocHalIeH
U3MEPUTENIbHBIMU STYeHKaMU IUIOTHOCTH M CKOPOCTH 3BYKa, TaKUM
o0pa3om, kKoMOuHUPYs MeToA Kosedmomeiicss U-o0pa3Hoil TpyOku ¢
BBICOKOTOUHBIM M3MEpPEHHEM CKOPOCTH 3ByKa. Temmeparypa oOeux
A4eeK KOHTPOJIUpYyeTcs BCTpoeHHBIM TepMocTaTtoM Ilentre (Peltier).
OOpazer] BBOAMUTCS B U3MEPUTENIbHYIO SYEHKY, OTPaHUYEHHYIO C
OJTHOW CTOPOHBI HCTOYHUKOM YJIBTPa3ByKa U IPUEMHHUKOM, C IPYTOi
cTopoHsl. [lepenaTunk nmocelaer yepe3 oOpaser] 3ByKOBbIE BOJIHBI C
OTIpeIeIICHHBIM TIEPHUOJIOM.

OO0pa3ipl TeoTepMalIbHOIO CMECH ObUIM  OTOOpaHbl MpH
temneparype okoso 59°C u npoduiabTpoBaHbI 1S yIaIeHUS TBEPIBIX
B3BeECEH.
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[Mpuniun paboThl JeHCUMETpa KOJIEOATENbHOTO THIA, B
koTopoMm U-o00pa3zHas TpyOka MOJTHOCTBHIO 3all0JHEHA HCCIEAYEMbIM
0o0pa3loM U IOJBEPKEHA BO3JEHCTBUIO 3JIEKTPOMArHUTHBIX CHJI,
OCHOBaH Ha 3aKOHE TapMOHHMYecKoro Kkojebanusa. W3mepenue
YaCcTOTHl M TPOJOJDKUTEIBHOCTH BUOpanuu TPyOKH, HAIOJHEHHON
00pa31oM, MO3BOJIAET OIMpPENEIUTh €ro INIOTHOCTh. M3mepurenbHas
sgyeika COCTOUT W3 OCHWIUISITOpa, oOOpa3oBaHHoro myctoi U-
00pa3HOM CTEKISHHON WM METaUIMYecKo TpyOkoit. JleHcumeTp
BUOPALIMOHHOW TPYOKH 3TOT0 THIA YCIEUIHO UCIIOJIb30BAJICS B MOUX
OpeIbIAYIIUX padoTax Ui TOYHOTO M3MEPEHHUS IIOTHOCTH Pa3HBIX
KUAKOCTEH (MOHHBIE KHUJIKOCTH, THIPOKApOOHATHI U UX CIIUPTOBHIE
pacTBOpBl. OKCIIEPUMEHTAJIbHBIE pE3yJbTaTbl IO IJIOTHOCTH,
BA3KOCTH M CKOPOCTH 3BYKa B 3aBHUCHMOCTH OT TEMIIEPATypbl IS
YeThIpeX CKBAXHH MPECTABICHBI B TAOIUIlE 2, pucyHKe 15.
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Pucynok 15. 3MepeHHbIe 3HaUEHHS IIOTHOCTH F€0TEPMAIBHBIX (IIFOUI0B BMECTE
CO 3HAaYeHMSIMH Ui YUCTOM BOABI, paccunTaHHbIMH 10 ¢opmynam |APWS
ChonomHast JWHMST - JUISI  YUCTOHM  BOJBI, pacCUMTaHHBIE IO
¢byHaameHTaabHOMY ypaBHeHHIO cocTostHUSL |APWS. TlyHKTHpHBIE TUHUN
PacCUUTHIBAIOTCS U3 KOPPEISILIMOHHOTO YpaBHEHHs 111 00pa3noB Ne 68 u Ne
129. x- Ne 68 (DSA); o-Ne 68 (SVM); e- Ne 68 (DMA); m- Ne 129 (DMA);
O- Ne 129 (DSA); A- Nel129 (DSA).
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Taoauna 2.
DKCnepUMEHTAIbHBIC JAHHBIE 110 INIOTHOCTH, CKOPOCTH 3BYKa U
BSI3KOCTH F€OTEPMAIbHBIX PAaCTBOPOB IPU aTMOC(HEPHOM JaBICHUH

(Ne 68) U3bepbar ([larectan)

T, K p%, kM T, K e, kM| 7P, MITa-c T, K pC, kM| WE mect
277.16 | 1000.97 277.15 1000.78 1.588 278.15 1000.72 1429.79
283.16 1000.65 283.15 1000.55 1.328 283.15 1000.51 1450.32
293.17 999.00 293.15 999.01 1.032 293.15 998.91 1484.84
303.13 996.42 303.15 996.40 0.835 303.15 996.43 1511.31
313.13 992.94 313.15 992.92 0.700 313.15 992.91 1530.94
323.13 988.73 323.15 988.70 0.603 323.15 988.72 1544.64
333.15 983.69 0.536 333.15 983.72 1553.12
(Ne 129) U3bepbamt ([Tarecran)

T, K p, kM3 T, K p, kM3 | 7, MIla-c T, K P, KM W, m-c?
277.17 | 1002.02 277.15 1002.04 1.576 278.13 1002.01 1430.42
283.15 1001.71 283.15 1001.69 1.339 283.15 1001.74 1451.31
293.16 1000.13 293.15 1000.17 1.048 293.15 1000.10 1486.27
303.13 997.56 303.15 997.55 0.816 303.15 997.79 1512.68
313.13 994.10 313.15 994.05 0.676 313.15 994.02 1532.20
323.13 989.83 323.15 989.80 0.568 318.15 992.07 1539.74
333.15 984.60 0.488 323.15 989.76 1545.85
343.15 979.17 0.421 333.15 984.64 1553.97
353.15 973.39 0.372
(Ne 27T) Tepuaup ([arecran)

T, K p, KM T, K p,kr-™M?| 7, MIla-c T, K p, koM W, mc?t
277.17 1016.60 277.15 1016.4 1.660 278.14 1016.50 1456.68
283.17 1015.82 283.15 1015.87 1.420 283.15 1015.89 1476.34
293.17 1013.75 293.15 1013.73 1.119 293.14 1013.70 1508.65
303.13 | 1010.80 303.15 1010.78 0.917 303.15 1010.76 1533.06
313.13 1007.06 313.15 1007.03 0.785 313.15 1007.01 1551.46
323.13 | 1002.84 323.15 1002.81 0.679 323.10 1002.70 1564.20
333.15 997.98 1571.92
(Ne 38T) Tepuaup (darectan)

T, K p, KM T, K p,kr-™M?| 7, MIla-c T, K p, koM W, mc?t
277.16 1017.00 277.15 1017.08 1.618 278.14 1016.82 1455.79
283.17 | 1016.03 283.15 1016.05 1.373 283.15 1016.03 1475.53
293.16 | 1014.34 293.14 | 1014.38 1.089 293.15 1014.36 1507.58
303.13 1011.45 303.15 1011.43 0.885 303.15 1011.47 1532.40
313.13 1007.77 313.15 1007.73 0.756 313.15 1007.80 1550.72
323.15 1003.45 0.648 318.15 1005.85 1558.02
333.15 998.65 0.570 323.15 1003.50 1563.40
343.15 993.47 0516
aDMA4500. bSVM3000. cDSA 5000M.
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[IpucyTcTBHE pPACTBOPEHHBIX Ta30B B T'€OTEPMATBHBIX
¢bronaax oKa3bIBaeT 3HAYUTENHHOE BIUSIHNUE HA TEPMOJUHAMUYECKHE
CBOICTBa U, CJI€A0BATEIbHO, HA MTPOLIECCHI U3BJIEUEHUS dHEpruu. 13-
3a pa3HULbI JABJICHUN Ha pa3HbIX MIyOMHAaX (OKOJO MOBEPXHOCTH
nasinenue 0,101 Mlla) B mpomecce Npou3BOACTBA IPOUCXOTUT
nerazanus. CpenHee  KOJMYECTBO  PACTBOPEHHBIX Ta30B B
reoTepMalibHBIX MpoOax (BOMU3M TOBEPXHOCTH, B BEpPXHEH uacTu
ckBaxuH): 2,5 M° (ra3) /M3 (paccon) mas Ne27T u 4,2 m° (ra3) /m°
(paccomn) mst Ne38T. IIpumepno 90-92 % ot obmiero oobema rasza
COCTAaBJISIET YIJIEBOJOPOAHBIE Ta3bl B 0Opasmax Ne27T u Ne38T, B TO
BpeMs Kak B oOpasnax u3 ckBaxkuH Ne68 um Nel29 ux conepkanue
coctaBisieT oT 95% no 98%. ConepkaHue yrJIEKHCIOro rasa B
obpasuax (Ne68 u Ne129) cocrasiuset ot 4% 10 5%, B TO BpeMst Kak B
obpasmax (Ne27T u Ne38 T) oxoso 4,6% - 6,8%. Conepxanue azora
U JpYyTUX MHEPTHBIX Ta30B B MpeJesiax MOrpemHocTd oT 2,6% 1o
3,3%. Korma cocra, TemmepaTypa ¥ J[JaBJICHHE TI€OTEPMAaJIbLHOTO
paccoia B TeOJIOTUYECKOW QopMmaliu >KUIKOCTH MeHseTcs (B
IIPOLIECCE HBOJIIOLMM IUIACTA, JOOBIYU, W3BJICUEHUS] SHEPTUU WIH
mpoleccax 3akaykd), TO YCJOBHSI COCTOSHUS, B  KOTOPBIX
NEepPBOHAYAJIbHO HAXOJIWINCh B IIACTOBBIX YCIIOBUSX, NEPEXOASIT K
HOBBIM P, T, X ycnoBusM. B pesynbTare 3T0ro, HEKOTOphIe TBEPIbIE
MUHEpaJIbl MOTYT BBITIAJIaTh B OCA/I0K, TPUCYTCTBYIOT PACTBOPEHHBIE
raspl, TakuM oOpa3oM, Temiao Tepsercs. Iloutm BO  Bcex
reoTepMalbHbIX JHEPreTHUYECKUX ONepalnusx HaOIIoAaloTCs 3TU
aBleHusl. BsA3KOCTh - Oojiee 4yBCTBUTENbHA K KOHIEHTPALIUU COJIH,
YeM JIpyrue TepMOJMHAMUYECKUE CBOMCTBA (IUIOTHOCTh U CKOPOCTh
3Byka). O4YeBHJIHO, YTO, HM3MEPEHHbIE CBOWCTBA TIeOTEpMaJbHbBIX
¢dronnoB, k npumepy, Ne 27T u Ne38T , 3nauurtensHo (10 1,77% s
wioTHOCTH, 21% npns Bsazkoctw U 2,04% 11 CKOpOCTH 3BYKA)
OTKJIOHAIOTCS. OT 3HAYEHWH Ui YUCTOH BOJBI, YeM I JPYTHUX
reorepManbHbIX 00pasmoB (Ne 68 u Nel29). Dro sBusercs
pe3yapTaTOM OOJBINON Pa3HUIBI B COCTAaBaX MEXIy oOpasmamu
Ne27T m Ne38T , (MuHepanuzanusi cocTaBiseT okojo 15,5 r/m) u
npyrumu oopasziamu Ne68 u Nel29 (munepanuzamust 1,8 1/m). Tem He
MeHee, 3TOT 3((EeKT 3aBUCUT HE TOJIBKO OT KOHLIEHTPAI[MH HOHOB, HO
U OT MX XUMHYECKOW MPHPOJBI, T.€. XUMHYECKOTO THIIA HOHOB.
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Hanpumep, 006pasiibl U3 pa3HbIX re0TepMaNIbHBIX MOJIEH MOTYT HMETh
OJIHY U Ty K€ MUHEPAIHM3ALUIO, U Pa3INYHbIC KOHIEHTPALUH HOHOB.
[Ipu sToM y HuX HaOMIONAIOTCS pa3IM4yHBIE CBOMCTBA. JTO
JIEMOHCTPUPYET, KaK XMMHUYECKasi IPUPO/ia HOHOB B I€OTEPMaIbLHOM
paccoiie BIMAET Ha uX cBoiicTBa. OleHKa BKJIAJa OTIEIBHOTO BHJIA
MOHAa B MHOTOKOMIIOHEHTHBIX T'€OTEPMAIBHBIX PAaCTBOpaX Ha HX
CBOWCTBA 3aTPyJHHUTEIbHA, TaK KaK CBOWCTBA ONPEACISIOTCS HE
TOJBKO B3aUMOAEHCTBHEM MEXy MOJIEKYJIaMH BOJBI M OT/ICIEHBIMH
MOHAMH, HO ¥ NOH-MOHHBIMHU B3aUMOJICHCTBHAMH, UYTO YCIOKHSET ATy
npobnemy. Hamnune WOHOB pa3IMUHOrO THIA B  PAacTBOpE
3HAQYUTEIBHO HM3MEHSET BIMSHWE KOHKPETHOTO THUIIA MOHOB HA WX
CBOMCTBA.

[TonydeHHbIE SKCIEPUMEHTAJIbHBIC JAaHHBIE 110 IUIOTHOCTH
M3yYEHHBIX pACTBOPOB B 3aBHCUMOCTH OT TEMIIEpaTypbl ObLTH
oIycaHbl ypaBHeHUueM perpeccuu (12):

r.(T)=a,+a, /T, +a, /T2, (12)
3mecs 1, =T/1000; @,=296.621299; a,=393.834401; a,= -
55.042651 nns obpasua No.4 u 8,=410.721591; @, =327.278915;

d, = -45.315956 mus oOpasua NO.5. DTO ypaBHEHHE OINMCHIBAET

MOJly4eHHBIC  JIAHHBIE  JJII  TEOTePMAIBHBIX  PAacTBOPOB  C
oTHocuTenbHOM norpemntHoctsio 0.015 - 0.0009 %.

[TommydeHHBIE AKCIIEPUMEHTAJIbHBIC 3HAYCHHS IUIOTHOCTH
(trabmuma  2),  CKOpOCTM  3ByKa, a  TakXke  BA3KOCTH
MHOTOKOMIIOHEHTHBIX CHCTEM Ha OCHOBE NPO0 TeOTepMAaTbHBIX
dbmrounoB M3b6epbama, Tepuaumpa, Kuznspa, Kaskenra, Obuin
MPEJICTABICHBl  KOPPEISIMOHHBIMU  YPAaBHCHHUSIMH,  KOTOPBIE
OMHCHIBAIOT DJKCIEPUMEHTAIbHBIE JaHHBbIE B 3aBHUCHUMOCTH OT
TEMIIEPATypbl W KOHIICHTPAIMK, TPU 3aJaHHOH TeMIieparype, Mpu
M3BECTHOM 3HAYEHHUHU TJIOTHOCTHU, BS3KOCTU U CKOPOCTH 3BYKa BOJIBI:

P(T. %) =P H,o () 1+Zn:aixi - (13)

i=1
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W (T, %) =Wy 0 (t)[1+ ancixi]' (14)

i=1

T](T’Xi):nHzo(t)(l+Zn:bixiJ, (15)

i=1
Tne: Pr,0 (T ), W0 (T) 1 MH,0 (T) - IIOTHOCTH, CKOPOCTB
3Byka Bs3KOCTh ([APWS) wuymncrtoif BOABI, COOTBETCTBEHHO, IpHU

temneparype 7' ¥ npu atMOc(EepHOM JAaBlIeHUU; X; - KOHLEHTpauus

HOHOB (I/m); N - uncio kommonentos; &, Dj , Cj - xapakrepnas

KOHCTaHTa HMOHOB (IUIOTHOCTb, CKOPOCTb 3BYKa, BS3KOCTb) IS
KaKaoro Tuma woHa. Otm coorHomeHus (13-15) maror xopormiee
COrJIaCOBaHUE C OKCIEPUMEHTANbHBIMU JIaHHBIMU [UJIsl MHOTHX
BOJIHBIX PAacTBOPOB coiieii. MHOTHE aBTOPBI MPOBEPSIIM TOYHOCTH U
BO3MOXXHOCTH IPOTHO3UPOBaHUs 10 Mojaenu Punens®.

Koppensimonnsie ypaBHEHHUSI BOCIPOU3BOIAT H3MEPEHHBIE
3HAYEHUS IUIOTHOCTH, CKOPOCTH 3BYKa W  BA3KOCTH  JUIS
reoTepMallbHBIX paccoyioB B mpexaenax morpemuoctu AAD=0,03%,
0,06%, u 2,55%, COOTBETCTBEHHO.

Ecnmu mnotHOCTB, BSI3KOCTH, CKOPOCTH 3BYKa PacTBOpa COJHU
(MM reoTepMaNbHBIX (UIFOUIOB) U3BECTHBI NPH OMOPHOM JIaBIEHUHU
(manmpumep, Po = 0,101 MIla), To MOXHO MPOTHO3UPOBATH HX
CBOWCTBAa CHUCTEMBI MpH JIOOBIX JaBIEHHUAX (IPU M3BECTHBIX
CBOMCTBAX YHCTOU BOJIBI):

L ) szO(PlT) , (]_6)
p(P’T,XI)_p(PO’T'XI) PH,0 (R T)
H20
N | Mo (17)
n(P.T.%)=n(P,.T,x) T P T)

H20

S Riedel, L. The heat conductivity of aqueous solutions of strong electrolytes//
Chem. Ing. Tech. Wiley, -1951. N23, -p.59-64.
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WHzo(P1T) 18
W(PT.x)=W(P,Tx) ——&——"| (18)

WHZO(PO,T) 0
el p(Ry,T,x ) m(R.T,x) W(R,T,x;) MOIyT ObITB
paccunTansl 1o ¢popmyiam (16-18) npu Po=0,101 MIla.

[TocKONbKY CKMMaeMOCTh KHJIKOCTH OTpaykaeT OaliaHc
SHEPruil TMPUTSDKEHUS W OTTAJIKUBAHHS, TOJE3HO MPOBECTH
COIIOCTABJICHUE BEJIMYMH, PACCYUTAHHBIX PA3HBIMH IMOAX0AaMHU. 3HAS
IUIOTHOCTD, BSI3KOCTh, CKOPOCTH 3ByKa B CUCTEME, a TAK)KE, PACCUUTAB
KOX(PUIMEHT aanadaTHYeCKOH  CXKMMAEMOCTH, TEPMHUYECKOTO
(TETUIOBOTO) pacHIMpeHus, TEPMHYECCKUN KOADOUIIMCHT IaBIICHUS
MOKHO ONpPEICIHTh MEXaHW3M MEKMOJICKYJISIPHBIX CBS3CH B
UCCJIEIOBAaHHON CHUCTEME, HAalTH DHEPreTUYECKUE CBOWMCTBA Cpelibl -
SHTAIBIINIO AKTUBALUM, W30XOPHYIO TEIUIOEMKOCTh, H300apHYIO
TEIUIOEMKOCTh, PA3HOCTh DJHTAJBIHMA, YAaCTHYIO MPOU3BOJIHYIO
SHTAIBIIMK TIO JABJICHHUIO M YaCTHBIC TPOW3BOJHBIC BHYTPEHHEH
SHEPruu Mo o0Bemy.

B Tabmune 3 nmpeioxkeHbl TePMOIMHAMIYECKHE CBOMCTBA 2-X
reoTepMalibHbIX (IIIOMIOB, PacCUYMTaHHbIE HAa OCHOBE H3MEpEHUM
3HAUEHUH TIOTHOCTH U CKOPOCTH 3BYKA.

[IpousBomHbIE TEepPMOAMHAMHUYECKHE CBOMCTBA [UIsl BCEX
WCCJICIOBAHHBIX ~ TPUPOJHBIX  HCCIICOBAHHBIX  T'€OTCPMATBHBIX

)
eveceit (B ), (Fr), (ap) (v ) (AH), (cy ) (c,), ~ 9P /7

NOpuBeJeHbI B paboTe NOAPOOHBIX Ta0IHIIaX.

Bce st TepmoanHamMuveckue CBOMCTBA OBLTM PACCUUTAHBI C
UCIIOJIb30BAHUEM  XOpOLIO  M3BECTHBIX  TEPMOAMHAMHUYECKUX
cooTHoweHU# ((QpyHKUIUN cocTosHus). M3mMepeHHble CBOICTBa IpH
aTMOC(EpHOM JIaBJIEHUU MOTYT OBbITh MCIIOJIb30BaHbl B KauyecTBE
JTaJOHHBIX 3HA4YECHUN TS IIPOrHO3UPOBAHUS CBOMCTB
reoTepMalIbHBIX (PIFOUIO0B MPU BHICOKHMX JaBICHHUSX.
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Tabauna 3.
Koo dunment agnabaruieckoi ckuMaeMoCTH ( 3¢ ), KO3 puunent
M30TEPMUYECKON CKUMAEMOCTH ( ,BT ), KO3 (PHUIIMEHT TEPMUIECKOTO
pactupenus (o p ), TepMUUECKUH KO3OUUMEHT naBneHus (., ),
sutanemus (AH), wu3oxopmas TemmoemkocTs (C,,), H300apHasd
TEILIOEMKOCTD (cp), paccUUTaHHbBIE HA OCHOBE U3MEPEHUIN 3HAYCHUI

IJIOTHOCTHU U CKOPOCTH 3BYKaA

T, K | Px10% @pxa0° @:j (Z\ljj B0 7y N
’ MITat 4 T T | MIla*t 4 KDk K]lx¢
K emdrl| Milla MIa-K K kr-K

(Ne 68) Uzbepba ([larecran)
278.15|0.4888 | 0.0637 | 0.9816 | 36.12 |0.4891|0.1302 | 4.259 | 4.262
283.15|0.4752 | 0.1089 | 0.9687 | 64.68 |0.4760|0.2287 | 4.217 | 4.224
293.15|0.4541 | 0.1996 | 0.9425 | 127.95 | 0.4569 | 0.4368 | 4.163 | 4.188
303.15|0.4394 | 0.2908 | 0.9151 | 197.73 | 0.4455|0.6525 | 4.121 | 4.179
313.15|0.4297 | 0.3828 | 0.8864 | 271.85 | 0.4408 | 0.8684 | 4.080 | 4.185
323.15|0.4239 | 0.4758 | 0.8559 | 348.14 |0.4415|1.0776 | 4.031 | 4.198
333.15|0.4214 | 0.5702 | 0.8235 | 424.47 | 0.4474|1.2744 | 3.990 | 4.236
(Ne 129) UsGepba ([larecran)
278.13|0.4878 | 0.0964 | 0.9712 | 54.82 |0.4884|0.1974 | 4.282 | 4.288
283.15|0.4739 | 0.1356 | 0.9600 | 80.73 |0.4752|0.2854 | 4.257 | 4.268
293.15|0.4526 | 0.2140 | 0.9372 | 137.52 | 0.4558 | 0.4694 | 4.209 | 4.238
303.15|0.4380 | 0.2929 | 0.9132 | 199.77 |0.44420.6593 | 4.163 | 4.222
313.15|0.4285| 0.3724 | 0.8887 | 265.60 |0.4389 (0.8484 | 4.110 | 4.209
318.15|0.4252 | 0.4125 | 0.8757 | 299.44 |0.4381|0.9415| 4.092 | 4.217
323.15|0.4228 | 0.4528 | 0.8625 | 333.50 |0.4387 |1.0323 | 4.070 | 4.223
333.15|0.4206 | 0.5344 | 0.8348 | 401.43 | 0.4434|1.2052 | 4.020 | 4.238

CranpapTHble OIIMOKH MOMYy4YeHHbIX AaHHBIX: u (T ) =0.01K; U (Bs)
=0.008%; u(«, )=(0.05-0.10)%; u(s, )=(0.2-0.4)%; u(c,) =(2-
3)%; u(c,)=(3-4)%.
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OCHOBHBIE BbIBO/IbI U PE3YJIBTATBI PABOTbI

HuccepranionHass paboTa  TOCBSIIEHA  HCCIIEIOBAHUIO
TEIIO(PU3NUECKUX CBONCTB BOJHBIX PACTBOPOB MHOTOKOMIIOHEHTHBIX
CUCTEM JJIEKTPOJIUTOB IPU BBICOKUX TEMIIEpPATypax MU AABJICHUSX.
JUist riry60KOro NOHMMaHMsI Ha MUKPOCKOITMYECKOM YPOBHE ITPUPOIbI
U (U3NKO-XMMHUYECKOTO MEXaHW3Ma aHOMAJIHWU CBOMCTB BOJHBIX
pacTBOPOB  3JJEKTPOJUTOB  KpaiHE  HEOOXOOMMBI  TOYHBIE
SKCHEPUMEHTAJbHbIE JaHHBIE O TEIUIOQU3NYECKUX CBOWCTBAX.
MaremaTrueckue MOJENN CIUIOIIHBIX Cpell, LIMPOKO IPUMEHSIEMbIE
JUId peLeHMs pa3IMYHbIX 3ajaud (U3UKH, XUMHM U TEXHOJOIMH
COJIepiKaT, KaK IPaBUJIO, YIPOILIAIOUINE TUIIOTE3bl U SMIIMPUUECKHE
napamerpsl. Ha ocHOBaHMM OOIIMX YypaBHEHHH COXpaHEHUs
reTepOreHHBIX MHOTOKOMIIOHEHTHBIX CMECEH MOXKET ObITh IOCTPOCHA
MaTeMaTH4yecKas MOJEIb PaBHOBECHOW cMmecu. CHucTeMa 3aKOHOB
COXpaHECHUs B PaBHOBECHOM MaTEeMaTU4YECKON MOJEIHN
MHOI'OKOMIIOHEHTHOM CMECH MOXET OBbITh CBEICHA K CUCTEME 3aKOHOB
COXpaHEHHs JUIsI CMECH, KOIJa 3aMbIKalOIIMMHU YPaBHEHUSIMU
ABIIAIOTCS YPABHEHUS COCTOSIHUSA [UIsl yAE€IbHOW BHYTPEHHEN SHEPIrun
U naBineHus a3, a Takke OOBIYHBIC U TETEPOTCHHBIX CMECEH
COOTHOLLIEHHUS.

B nanHoit pabote ObUIM YKCIIEPUMEHTATBFHO U aHATUTHYECKU
MCCJIEIOBAHbl TEPMOJUHAMUYECKHE CBOMCTBA MHOTOKOMIIOHEHTHBIX
pPacTBOPOB, KOTOPHIE B CBOIO OUEPE/Ib XapaKTEPU3YIOT MEXaHUYECKUE
CBOICTBA CpENbI.

IIpn pemeHun 5TOH MNPOOJIEMBI TOJYUYEHBI CIEAYIOLIUE
pE3yJIbTaThI:

1. Cozpana moaudukanus SKCIEPUMEHTATBHOM YCTaHOBKH MJIs
MCCJIEIOBAHMSI TEIJIONPOBOAHOCTH BOJHBIX PACTBOPOB 3JIEKTPOJIUTOB
IPU BBICOKMX JABJICHUAX U TEMIEPaTypax METOJIOM KOaKCHaIbHBIX
LWIMHIPOB, KOTOpas IO3BOJIIET CBECTH 10 MHMHMMYMa BIIMSHHE
KOHBEKIIMH U paJIualiu.

2. TlomydeHbl HOBBIE HAJEKHBIE HKCIEPUMEHTAIbHbIE JaHHbBIE O
TEIIONPOBOAHOCTH BOHBIX pacTBopoB H2O+ Sr(NO3)2, HoO+LINO3,
H.0+CaCl, H20+Na;COs3, H2,0+K>CO3 H20+NaBr, H.O+KBr u
tpoitHeix cuctem H;O+NaBr+KBr, B mmpokom pmanazone
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W3MEHEHUS TAPAMETPOB COCTOSHUS, UCTIONB3YSI METO KOAKCUAThHBIX
WIMHIPOB (CTallMOHAPHBIN METO):

a) HoO+Sr(NOz3)2 Bonb 5 u3o6ap (0.1, 10, 20, 30, 40) MI1a, s nsitu
koHuentpauut (0.249, 0.525, 1.181, 2.025, 3.150) MOJTb-KI' Y, B
uHTepBaje temmeparyp ot 294.11 go 591.06 K;

b) H>O+LiNO3 wuersipex wuzobap (0.1, 10, 20, u 30) MIla,
koruentpanumii (1.0, 1.7, 2.8, n 3.9) Mons-kr', Temneparyp 293.13 10
591.06 K.

¢) H20 + K 2CO3 ast pasnuunbix u3orepm Mekay 293-573 K Broins
nunuu Hackimenus (0,1 -1 MIla) ansa nsatu koHuenTpauwii (5, 10, 15,
20 u 25) macc%.

d) H2O + NaxCOs Ha Tpex m3obapax 0,1, 10 u 30 MIlla
MonseHOCTRIO (0,4966, 1,0483 m 1,6650) Monb K, B amama3oHe
temneparyp 293,15 - 627,06 K.

e) H20 + CaCl; npu naBnenusix mo 40 MIla, ais koHueHTpanuit (5,
10, 15, u 20 macc%) B uHTepBasie Temmeparyp ot (293 1o 573) K

f) H.O+NaBr, H.O+KBr, H.O + NaBr + KBr. Wsmepenus
npoBoauiuck 11t NaBr (10, 20, 30 u 38 macc.%), u KBr 10,20,30
Macc.% ) JUIsl KOHLIEHTpaluii U TPOWHBIX BOAHBIX pacTBopoB H20+
NaBr+KBr (10NaBr+5KBr, 10NaBr+10KBr, u 10NaBr+20KBr)
Macc%  BOmu3u nuHuu Hackimenus 0.1 - 2 MIla u  mo aBym
uzobapam (10 u 40) Mlla npu temneparypax mexay (294 u 577) K,
IPU BBICOKUX TeMmIiepaTrypax (0T koMHaTHBIX 70 593 K) u naBnenusx
1o 40 MITa.

3. TlomydyeHo MIMPOKOAMANIA30HHOE HMIIMPUYECKOE YypaBHEHHE
COCTOSIHUS JUIs TEIIONPOBOAHOCTH OMHAPHBIX u
MHOTOKOMIIOHEHTHBIX CHCTEM B 3aBHCHUMOCTH OT KOHIICHTPAIIHH,
Temneparypbsl u naBieHus. [loATBepkAeHa 3aKOHOMEPHOCTh
MOBEJICHUS KOHIICHTPAIMOHHOW 3aBUCHMOCTH TETIONPOBOJIHOCTH
BOJ/IHBIX PAaCTBOPOB OT MPUPOIBI HIOHOB PACTBOPSEMBIX BEIIIECTB.

4. Pa3paboTaHO ypaBHEHHE AJIsi MPUBEIECHHOW TETUIONPOBOJHOCTH
WCCIICIOBAaHHBIX BOJHBIX OWHAPHBIX PACTBOPOB B  IIHPOKOM
JMara3oHe W3MEHEHHsI MapaMeTpOB COCTOSIHHS. JTO ypaBHEHHE
VHUBEPCATbHO W CIPABEIJIMBO Ui JIPYTUX BOJHBIX CHCTEM B
YIOMSHYTOM  JMana3oHe W3MEHEHHS MapaMeTPOB  COCTOSIHHS.
M3mepeHusi  TEMJIONMPOBOJHOCTA  OBUTM  WCHOJB30BAaHBI IS
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HaxoxaeHus Ax 1 By k03 puiineHToB, ¢ TOMOIIBI0 KOTOPBIX MOXKHO
U3y4aThb U3MEHEHHUS, IPOUCXOASIINE B CTPYKTYpE PacTBOpA.

5. IlompoOHO wuccnenoBaHbl Oapuueckue, KOHICHTPAIMOHHBIE U
TEMIIEPATYPHbIE 3aBUCUMOCTH IPUBEACHHON TEILIONPOBOJHOCTU
OMHApHBIX MHOIOKOMITOHEHTHBIX cucTeM. Ompe/esieHbl MaKCUMYMBI
TEIUIONPOBOAHOCTH BOJAHBIX pacTBOpPax OT TemMrepaTypsl. [ yuctoi
BOJBl O3TOT MAaKCUMYM TEIUIONMPOBOJHOCTH JIOCTHTaeTcsl IMpH
temneparypax Mexay (409 u 421) K, xorna naBieHue MeHsETCS
Mexay (20 u 60) MITa. ITonokeHrne MakCUMyMa TEIJIOTPOBOIHOCTH
CWJIBHO 3aBUCHUT OT JaBJIEHHS M KOHLEHTpauuu. CienoBaTenbHO,
no0aBJIeHHE COJMM YyThb-4yTh CIBUTAET IOJOXKEHHUE MaKCUMyMma
TEMIEPATypbl Ui PacTBOPOB B CTOPOHY BBICOKHX TEMIIEpaTyp.
TemnonpoBOAHOCTH JIJIsl UCCIIEIOBAHHBIX PACTBOPOB B BUAE (DYHKIUU
OT JIaBJICHMS BO3PACTAET IOYTH JIMHEWHO IO MEpE YBEIUYEHHUS
naBjieHus B obnactu temmeparyp a0 627,15 K u npu nasnenusx no 30
MIla. 3aBuCMMOCTb H3MEPEHHOW TEIUIONPOBOJAHOCTH JUISl BCEX
M30TEpM M K300ap MOKAa3bIBAET, YTO TEIIOMPOBOJHOCTH PacTBOpa
MOHOTOHHO YMEHbIIaeTcs C KOHUeHTpauued. KoHueHTpalmoHHast
3aBHCHMOCTbH TEIUIOMPOBOAHOCTH BBIPAXKaeTCsi MAJION KPUBU3HOU MPHU
BHICOKMX KOHIeHTpamusx (M>1 wmonws-krl). Bemmumna pocTa
TerionposogHocTy pu nasineHuu 40 MIla u temnepatype 373 K s
pa30aBIEHHBIX PACTBOPOB cocTaBisieT oT 2 a0 2.5%. Haxionbr
M30TEPM Ul YUCTOM BOJBI BBILIE, YEM COOTBETCTBYIOIINE HAKIJIOHBI
M30TEPM JIJIsl pacTBOpa, 0COOEHHO MPU BHICOKUX KOHIIEHTpAIUsIX, T.€.,
3TO 03HAYAET, YTO TEIUIONPOBOAHOCTb YUCTOM BOJIbI OBICTpEE pacTeT
C IaBiieHHeM, 4yeM y pacTBopa. [Ipu Beicokux gaieHusix 40 MlIla u
BBICOKMX KOHLeHTpamusx (20 macc.%) , aOcoiaioTHOe 3HayeHHe
TEIUIONPOBOAHOCTH YUCTOW BOJABI BBIIIE, YeM Yy pacTBopa Ha
npubimsntensHo 8-12%. Ipu Huzkux gasnenusx (10 MIla) u Hu3kux
koHieHTpanuax (10 macc%) pasHuila MEeXIy TETUIONPOBOIHOCTHIO
YMCTON BOJBI U PACTBOPA COCTABIISIET B MPEJENIax MOTPEMIHOCTH OT 5
10 8%.

6. Ilomydyensl HOBBIe 3KcrnepumeHTanbhble (P,V,T,X) nanuble ams
BOJHO-CIIUPTOBBIX PAcCTBOPOB OWHApPHBIX H TPOMHBIX CHUCTEM
H.0+CoHsOH,  HO+CoHsOH+LINO3,  H20+C3H7OH+KNOs3,
H20+C3H7;0OH+Li2SO4 MeTo0M Mbe30MeTpa MOCTOSHHOTO 00BbeMa,
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MIOMEIIEHHOTO B )KMJIKOCTHOU TEPMOCTAT:

a) [Iposenensr n3meperuss PVT CBOWCTB IJisi CUCTEMBI BOJA+3TaHOIT
11t uetbipex coctaBoB 0.0168, 0.0368, 0.0855, u 0.1166 monsipubie
JIOJIM 3TaHoJIa B mHTepBatie TeMieparyp 298 K - 448 K u naBnenuii 10
40 MIIA.

b) IMonydyensr manusie mo PVT cBoiictBam Bomat+ataHOa+LiNO3,
usmepenuss PVT CBOMCTB IPOBOAMIIMCH B UHTEPBAJIEC TEMIIEPATYP
(298.15-448.15 K) wu pmammenuit (5,10,20,30,40 MIla) mis 12
KOHIIeHTpanumii, a umenHo: LiNO3 (0.520 momb-krt H20)-C2HsOH
(4.67 macc% ); LiNO3 (0.940 mons-krt H20) —C2HsO0H (4.67 macc%);
LiNOs ( 0.0457 monb-krtH20) — C2HsOH (9.32 macc%); LiNOs
(0.4757 mons-krt H20) — C2HsOH (9.32 macc%); LiNOs (0.8599
monb-krt H20)- C2HsOH (9.32 macc%); LiNO3 (1.0931 momb-krt
H,0) — C2HsOH (9.32 macc%); LiNOsz (0.0422 moms-xrt Hz0)-
C2HsOH (18.53 macc%); LiNO3(0.4387 moms-xrt H,0)- C,HsOH
(18.53 macc%); LiNOs (0.7930 monwb-krt H,0)- C,HsOH (18.53
macc%); LiNOs (1.1870 mons-krt Hp0)- C.HsOH (18.53 macc%);
LiNO3z (0.5200 mome-kr! Hz0)- C2HsOH (23.09 macc%); LiNO3
(0.9400 monp-krt H20)- C2HsOH (23.09 macc%).

c) Ilomyuennt pmannble 1o PVT cBoiicTBaMm nnsi  cHUCTEMBI
H>0+C3H;OH+KNO3 B uaTepBaine remmeparyp 303.15 no 448.15 K,
nasienuii 1o (5-35) MIIA, mpu konnenTpanusx KNO3

(0.261 monb-krt H20)-C3sH7OH (5 mMacc%); KNO3 (0.261 momb-krt
H,0) — C3H70H (20 macc%); KNO3 (0.261 moms-xr ! H,0) — CsH7OH
(15 macc%); KNO3 (0.435 monb-krt H0) — C3H7OH (15 macc%);
KNOj3 (1.130 monb-kr't H20)- C3H7OH (15 macc%); 1 KNO3

(0.261 momb-xrt H,0) — C3H70H (20 Macc%).

d) Tlomyuenb pmanHbie 1o PVT cBoiicTBaM i1  CHCTEMBI
H.O0+C3H7OH+ Li2SOs  nipu naBienusix 5-40 MITA, temnepatypax
303.15 - 448.15 K, nnsa getbipex coctaBoB 0.0155, 0.0254, 0.0322 u
0.0502 monsipHOM n0nM 1-mpomaHosa W YETHIPEX COCTAaBOB COJIM
0.0062, 0.0124, 0.0199 u 0.0274),

7. Pa3paboTaHo ypaBHEHHE COCTOSIHUS MOJIMHOMHUAIBHOIO THIA Kak
GyHKIUS  yAETpHOTO oO0BEMa OT TeMIepaTyphl, [aBICHUS U
KOHIIEHTpanuu. J[aHHOE ypaBHEHUE MOXET OBITh UCIIOJIB30BAHO IS
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pacyeToB IUIOTHOCTH, BSI3KOCTH, MAPHHMAIBHBIX MU KaKYyIIUXCA
MOJISIPHBIX 00BEMOB M JIPYT'HX TEPMOAMHAMUYECKUX CBOMCTB JIPYTHX
BOJIHBIX PAacTBOPOB BO B IIMPOKOM obOsactu Temneparyp (1o 600 K),
nasnenuit (1o 40 MIla), u konuenTpaui (10 5 Monb-Kr'leO).

8. Ilomy4eHHble 3HaUEHUS] MOJIAPHBIX 00BEMOB TPOWHOM cMecH Boja-
COJMb-CIIUPT IS KOKIOW  M300apbI-M30TEPMBI  OMMCAHBI
HOJMHOMHAIBHBIMU (DYHKIMSIMA OT KOHLIEHTPALUil KOMIIOHEHTOB C
YY4ETOM MOJISIPHBIX 00BeMOB YUCTOH Boabl. OHM MOTYT OBITH
UCMOJIb30BaHbl Ul pacyeTa MapLUalbHbIX MOJSIPHBIX OOBEMOB
KOMITOHEHTbI OMHAPHBIX CHCTEM.

9. Ha ocHOBe 3KCIIEpUMEHTAJIBHBIX JaHHBIX B 3aBUCUMOCTH OT
TEMIIepaTypbl, 1aBJICHHUS U KOHIICHTPALUU PACCUYMTAHbI U30BITOYHBIH,
KaXyHuics u napUUaIbHbIA MOJISIpHBIE 00BEMBI
MHOTOKOMIIOHEHTHBIX CMECE€, B TOM 4YHCIIe TpU OECKOHEYHOM
pa30aBiIeHUH, BBIABICHBI OCOOCHHOCTU MX MOBeAeHus. V3ydeHbl Ha
MOJICKYJISIPHOM YPOBHE TIPOIECCHI, HWAYIIME IPH CMEUIMBAHUU
pacTBOPOB B €IMHYI0 MHOI'OKOMIIOHEHTHYIO CUCTEMY. BBIABICHO
BIIMSIHAE TTAPaMETPOB COCTOSHUSI HA TEPMOJMHAMUYECKHE CBOMCTBA
KOMOUMHHUPOBAHHBIX CUCTEM.

PaccunTanbl  3HaueHHs ~ KOX(QQHUIMEHTa  TEPMUYECKOTO
pacuIMpeHusl TMapUUalIbHBIX MOJSIPHBIX OOBEMOB Ui TPOMHBIX
CHCTEM BOJA-COJIb-CITUPT NMPH OECKOHEYHOM paciupeHun. MomsipHas
pacupsAeMOCTb U TepMHUECKUI K03 (PUIIMEHT pacIpeHHsl CBS3aHbl
C TEPMOAMHAMHUYECKHMH COOTHOIIEHUSIMH C DHTPONUEH W
TEIIOEMKOCTBIO, a TaKXKe coJep’KaT MH(POPMALMIO O CTPYKTYPHBIX
U3MEHEHHAX B CHCTeME NpU TepMHuecKkoMm pactmpeHnn. Conb
(Li2SO4) paspymraer (MMeeT TEHACHIMIO K YMEHBIICHUIO CTPYKTYPBI
BOJIbI) CTPYKTYPY TMPHIICTAIONIEH K HUM MOJIEKYJ BOJBI, B TO BpPEeMs
Kak MoJieKysnsl coupra (l-mpomaHoi) B OTIAMYME OT  COJIK
CTPYKTYPHPYIOT BOIY (OKPYKAIOT CIIOEM TOBBIIIEHHOW CTPYKTYPHI).
JlBa TMPOTHUBOMOJOKHBIX KOHKYPUPYIOIIUX A(PQeKTa OmpenensorT
00bEMHBIEC CBOWMCTBA CJIOKHOM CMECH, TaKOW Kak Boja + 1-mpomnaHou
+ Li2SO4. TemnepatypHbiii K03((GUIMEHT NapIHaTbHBIX MOJSPHBIX
06BeMoB (MapuManbHas MOJAPHAs PACHIMPAEMOCTB) (AV; /3T ), i

ABJIIETCS YYBCTBUTEJIBHOM MEpPOH CTPYKTYpPHOIO B3aMMOJEHCTBHS
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pPAcTBOPEHHBIX BEIIECTB C BOJOW M, MOXET OBITh XOPOIIUM
UHCTPYMEHTOM JUIsl PYHIAMEHTAIbHBIX UCCIIEJOBAHUM CTPYKTYPHBIX
Y TEPMOJIMHAMUYECKUX CBOMCTB CJIOKHBIX PACTBOPOB.

10. BriepBble omnpeneneH XUMHUECKHH COCTaB (aHAW3 KaTHOHOB M
AQHUOHOB), a TaKXKe€ IIOJIy4EHbl OSKCIIEPUMEHTAJIBHBIE JAHHBIE IIO
00beMHBIM  (TUIOTHOCTB), aKyCTHYECKHUM (CKOpPOCTh 3BYyKa), H
TPAHCIIOPTHBIM (BSI3KOCTh) CBOMCTBAM 8 IPUPOJIHBIX T€OTEPMAIbHBIX
dbmrounoB mectopoxaenuit FOra Poccum, B3STBIX M3 CKBaXHH B
N36epbame, Teprnaupe, Kusnsape, Kaskenrte (Poccus).

11. Pa3paborano ypaBHEHHE PETPECCHH, CBS3BIBAIOIIEE IMJIOTHOCTH
UCCJIEIOBAaHHBIX PAcCTBOPOB C TeMIlepaTypol. DTO ypaBHEHUE
OINMCHIBAET IOJIyYEHHbIE JaHHbBIE JUISl F€OTEPMaJIbHBIX PAacCTBOPOB C
oTHocuTenbHO norpemntHocThio 0.015 - 0.0009 %.

12. Pa3pabGoraHa KOppeIsIMOHHAS MOJETb, KOTOpas OIHCHIBACT
9KCIIEPUMEHTANIbHBIE JaHHBIE 0 MJIOTHOCTH, BA3KOCTU M CKOPOCTH
3ByKa B 3aBUCHUMOCTH OT TEMIIEpaTyphbl U KOHILIEHTpAIMH pacTBopa
IPU U3BECTHBIX CBOWMCTBAX YMCTOW BOJIBL. MoJenb BOCIPOU3BOIUT
U3MEpEHHbIE 3HAUYEHUS IJIOTHOCTH, BA3KOCTU M CKOPOCTH 3BYyKa B
npenenax norpemHoctd 0,03%, 2,55% u 0,06% CcOOTBETCTBEHHO.
OmnpeneneH BKiIaJ OCHOBHBIX MOHOB (XapaKTEPUCTUYECKMX KOHCTAHT
Punens) uccnenoBaHHbIX reoTepMaibHbIXx (urouaoB. Korma cocras,
TEMIIEpaTypa U J1aBJIeHUE re0TePMaIIbHOIO Paccoiia B T€0JI0rMUecKOi
dopmManuu SKUAKOCTH MeHsieTcs (B Ipoliecce SBOJIIOLMHU IJIacTa,
N0ObIUM, U3BJEUEHUS SHEPTUU WM MpOIeccax 3aKadyku), yCIOBUS
COCTOSIHMS, B KOTOPBIX IMEPBOHAYAIBHO HAXOJIWIMCh B ILIACTOBBIX
YCIIOBHSIX, epexoaaT K HoBbIM P, T, X ycnosusim. B pesyinbrare aroro,
HEKOTOpbIE TBEP/AbIE MHHEPAIbl MOTYT BbIIaAaTh B OCAJOK,
IMPUCYTCTBYIOT PACTBOPEHHBIE I'a3bl, TAKUM 00Pa30M, TEILIO TEPSETCS.
[Toutn BO BCeX TIE€OTEPMAIBHBIX DJHEPreTUYECKUX ONEpaLUaX
HaOmoaloTcs 3TH sBJeHUs. Hanumune MOHOB pa3lM4yHOrO THMNA B
pacTBOpE 3HAYUTEIHHO U3MEHSIET BIUSHUE KOHKPETHOTO TUIIA HOHOB
Ha ux cBoHMcrBa. lIpucyrcTBue  pacTBOpPEHHBIX Ta30B B
reoTepMaibHbIX (IIOMAAX OKa3bIBaCT 3HAYMTENIBHOE BIMSHHUE Ha
TEPMOJMHAMHYECKHE CBOMCTBA, CIEAOBATENbHO, W HA MPOIECCHI
U3BIIeYCHHSI SHEPTUH. V3-32 pa3HUIIBI 1aBIEHUH Ha pa3HbBIX TTyOnHAX
(okono mosepxHoctu gnaBiaenwe 0,101 MIla) B mnpomecce
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MIPOM3BOJICTBA MIPOUCXOIUT JIera3alusl.
13. PazpaboTaHo ypaBHEHHE JJIs1 HAXOXKACHUS BI3KOCTH, IUIOTHOCTH,
CKOpPOCTH 3BYKa PAacTBOPOB COJICH M reoTepMalbHBIX (DIFOUI0B IpU
BBICOKHMX JAaBJICHUSAX IIPH U3BECTHOM oropHoM nasiiennn (Po = 0,101
MIla) u cBoiicTB yuCTON BOABL. M3MepeHHbIE 3HaUEHUS TUIOTHOCTH U
CKOPOCTH 3BYyKa ObUIM UCHOJIB30BaHBI Ul pacueTa IPYruX, BaXKHbBIX
JUIE TEOTePMAJIbHOM SHEPreTUKH, TEPMOAMHAMHYECKUX CBOMCTB
reoTepMajIbHbIX (bmrouoB, TaKUX KaK kod(urmeHT
aanabaTUYeCKOH CXKUMAEMOCTH, KOX(P(GULUEHT HU30TePMUUYECKOM
C)KMUMAEMOCTH, K03()(PHUIIMEHT TETIIOBOrO pacIupeHusi, TEPMUIECKHUNA
KOA(G(GUIMEHT MAaBJICHUS, SHTAJIBIHS, HU30XOpHAs TEIUIOEMKOCTbD,
n3o00apuyeckasi TEII0EMKOCTb, YacTHAs MTPOU3BOIHAS SHTAJIBITHU 110
JABJICHUIO, YAaCTHASI IPOU3BO/IHASL BHYTPEHHEH SHEPTUU.

14. B pabore BmepBble A M3y4aeMOH CTaTUYECKOW cpenbl ObLI
BBISIBJICH MEXaHM3M IPOIlecca MEKMOJIEKYISIPHOTO B3aUMOCHCTBHS
B CHCTEME «PACTBOPUTEIH - PACTBOPUMOE BEIIECTBO U OMPEICICHbI
Ba)XHBIC DHEPreTUUECKUE CBOMCTBA BCEH CUCTEMBI.

Jnst aHAJIUTUYECKOM 00paboTku MOJTy4YEeHHBIX
9KCIIEPUMEHTANBHBIX JAaHHBIX TPUMEHEHBI METO/Ibl MATEMATUYECKOTO
U KOMIIBIOTEPHOTO MOJEINpoBaHus. VICIoNb30BaIuCh METOJbI
YHUCICHHOM O0O0pabOTKM JaHHBIX: alpPOKCUMAllUU, WHTEPHOJISLNS,
AKCTPANOJANMSA JTAaHHBIX (METOAbI MPUOIMKEHUS IAHHBIX), METO[
Jlannaca, CriakuBaHHs C MOMOIIBIO KPUBBIX, METOJ HAaUMEHBIINX
KBaJ[paTOB, PABHOMEPHOTO U CPETHEKBAAPATUYHOIO MPUOIMKEHUS U
T.I. Tennopuznyeckue CBOMCTBa BOJIHBIX pacTBOpOB
MHOTOKOMIIOHEHTHBIX CHCTEM TMPEJCTAaBICHBl B BHJE pPa3HBIX
KOMOWHAIMI TIOJJMHOMOB, CTENEHHBIX (YHKIHHA TEeMIIepaTyphl,
JaBIIeHUS © KOHIeHTpauui. OrpeneneHne BHIA H  MOJEIH
3aBHCHMOCTH SMITMPUYECKUX 3HAUYEHHH OT MapaMeTpPOB COCTOSHUS
MPOBOJUIIACH C MOMOIIbIO HHTEJUIEKTYalbHOM MporpaMmsl “Eureqa”.
VYcenemHno wucnonb3oBanbl “Tait type equation” — ypaBHeHHs Uist
OTACAHMsI TEIUIOTPOBOAHOCTH BOJHBIX PACTBOPOB OT JaBICHHUS M
TEMIIepaTyphbI.
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JInunelii BKJIag aBTopa

PaGoTHI [9.10,13,18,19,30,35,37,42,44,48,49,50,58], npuBeieHHBIE B
CITHCKE HAYYHBIX TPYIOB, HAMKMCAHBI JINYHO aBTOPOM. B ocTanbHBIX
paGoTax, HamMCAHHBIX B COABTOPCTBE, MOCTAHOBKA HAy4YHOMH
npobGiemMbl, NYTH W MeTOJbl €€ pelleHHs, OOoNBIIoH MaccuBs
HKCTIEPUMEHTANIBHBIX JIaHHBIX, UX 00pab0oTKa, ypaBHEHUS COCTOSHHUS
npuHajiexar aptTopy. Paborsi [45.,46,50,53] BBIOJIHEHBI ¢ aKTHBHBIM
y4acTHeM aBTopa.
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