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Pecpepat: CuctemaTaMpoBaHbl NMTEepaTypHble AaHHblE MO YyAernbHOW 3NEeKTPONPOBOAHOCTU BOAbI, YMACTLIX KPUOMPOTEKTOPOB,
MX BOAHbIX PacTBOPOB M cMecel. [TOCTPOeHbl SMNUPUYECKNE NOMMHOMUATbHbIE YPaBHEHWUS ANS pacyeTa YAEnbHOW 3MeKTpo-
NMPOBOAHOCTU BOAbBl M YNACTLIX KPMOMPOTEKTOPOB B 3aBMCMMOCTM OT TemnepaTypbl. [ns BOAHbIX PacTBOPOB M CMECEN HEKOTOpPbIX
KPUOMPOTEKTOPOB MONyYeHbl 3MMUPUYECKME MONMHOMUANbHbIE YPaBHEHUSI B 3aBUCUMOCTU OT TeMMepaTypbl Npu UKCMPOBAHHbLIX
KOHLEHTPALMAX UMN OT KOHLEHTPaLMM Npy PUKCUPOBaHHLIX TemnepaTtypax.

KnioueBble cnoBa: KpUOMPOTEKTOP, YAENbHAA 3NEKTPONPOBOAHOCTb, SMMUPUYECKME MOSNIMHOMUATIbHBIE YPaBHEHWS.

Pedepart: CuctematnsoBaHo nitepaTypHi AaHi NO NUTOMIA €neKTPOonpoBiAHOCTI BOAWN, YNCTUX KPIOMPOTEKTOPIB, iX BOAHUX
po34uHiB i cymiwei. MobygoBaHo emnipuyHi NoniHOMIanbHi PIBHAHHSA AMst po3paxyHKy NMUTOMOI €NekTPOonpoBiAHOCTI BOAW i YNCTUX
KPiONPOTEKTOPIB B 3anexHOCTi Big TemnepaTypu. [Ans BOAHWUX PO3YMHIB i CyMillen AesKnx KpionpoTeKTOpiB OTPUMAaHO eMMipuyHi
noniHoMiarnbHi PiBHSIHHSA B 3aneXHOCTi Bif TemnepaTypu npu ikcoBaHMX KOHUEHTpauisix abo Bia KoHuUeHTpauii npu dikcoBaHUX
Temnepartypax.

KnroyoBi cnoBa: KpionpoTekTop, NUTOMa eneKkTponpoBiAHICTb, eMNipUYHi NoniHOMianbHi PiIBHAHHS.

Abstract: The paper classifies the reference data on specific electrical conductivity of water, pure cryoprotectants, their
aqueous solutions and mixtures. We obtained empirical polynomial equations for calculating the specific electrical conductivity of
water and pure cryoprotectants depending on temperature. Empirical polynomial equations were obtained for aqueous solutions and

mixtures of cryoprotectants depending on the temperature and constant concentrations or the one and constant temperature.
Key words: cryoprotectant, specific electrical conductivity, empirical polynomial equations.

3HeKTpOHpOBOZ[HOCTI) KUAKUX OUDJICKTPUKOB
TECHO CBSI3aHA CO CTPOEHHUEM MOJIEKYJT KUIKOCTH.
B HCIIOJAPHBIX XUIAKOCTAX JJICKTPOIIPOBOAHOCTDH
OmpeNensieTcs HaIUYUeM AUCCOLMHPOBAHHBIX MPU-
Mecel, B TOM 4Hclie BOJbI. B MOMSPHBIX KUAKOCTAX
AIEKTPOIPOBOJHOCTH 3aBUCUT HE TOJIBKO OT MpUME-
cell, HO MHOT/Ia OHA BBI3BIBAETCS JUCCOLIMAIUEH MoJie-
KyJI caMOH *KUAKOCTH. [Ipy 3TOM mosIpHBIE JKUAKOCTU
10 CPAaBHEHHUIO C HETIOJISIPHBIMU BCETa UMEIOT MOBbI-
HIEHHYIO YIEIbHYO 3JIEKTPOIPOBOAHOCTb.

YrensHas AIEKTPOIPOBOIHOCTE JTFO00M KUTKOCTH
B 3HAYUTEJIBHOW CTENEHU 3aBUCHUT OT TEMIIEPATYPHI.
C yBenn4yeHHEM TeMIIepaTypbl B Pe3yIbTaTe yMEHb-
IMEHHA BA3KOCTH BO3pacTacT IMOABUXKHOCTb NOHOB U
MOKET YBEJIMUUBATHCS CTETIEHB TETJIOBOM AU CCOIHA-
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The electrical conductivity of liquid dielectrics is
closely associated with the structure of molecules in
liquid. In non-polar liquids the conductivity is deter-
mined by the presence of dissociated inpurities, inclu-
ding water. In polar liquids, electrical conductivity
depends not only on inpurities; sometimes it is caused
by dissociation of molecules in liquid. Herewith polar
liquids if compared with non-polar ones always have a
higher specific conductivity.

Specific electrical conductivity of any liquid signi-
ficantly depends on temperature. With temperature in-
creasing and subsequent viscosity reduction the mobility
of ions rises and a degree of thermal dissociation can
increase.

The research aim was to summarize and syste-
matize the reference data on the base of deriving
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Lens paboTel — 0000IIEHNE U CHCTEMATH3AIUS
JIUTEPATYPHBIX JAaHHBIX HA OCHOBE MOCTPOCHUS SMITH-
PHUYECKUX YpaBHEHHH JJ1s pacyeTa 3HaYeHUH yIeTbHOM
ANEKTPOTPOBOTHOCTH YUCTHIX KPUOTIPOTEKTOPOB, MX
BOJIHBIX PACTBOPOB M CMECEH B 3aBUCUMOCTH OT Mac-
COBOH KOHUEHTPALMH KPUOIPOTEKTOPA U TEMIIE-

paTypsl.

OKCrepuMEHTATFHBIE JAHHBIE 110 YIEIbHOM JIEKT-
PPOTIPOBOTHOCTH KPUOTIPOTEKTOPOB, BOTHBIX PACTBOPOB
U CMecei, MpUBEJCHHbIE B IUTEpaType, OblIn 00pa-
6otanbl ¢ nmomompbio nporpaMmmel «Excel 2003»
(«Microsofty, CIITA). Bmecte ¢ naHHBIMH IJT1 KPHO-
MPOTEKTOPOB OBUTH MPOAHATU3UPOBAHBI M 3HAYCHHS
YIEIBHOU 2IEKTPONPOBOAHOCTH BOABI U psAJia PaCTBO-
POB BEIECTB, KOTOPBIE BaXKHBI KaK AJIs1 KPHOOMOJIOTHH,
TaK ¥ JUIs KU3HEACSITEIbHOCTH YeJIOBeKa.

B mannO#l paboTe KOHIIEHTpAIlMU MPUBEICHBI B
MacCOBBIX MPOIEHTaX MIJs BEHIEeCTBa, yKa3aHHOTO
MIEPBBIM.

B craTbe mpuHATHI ClieAyIONIHe YCIOBHBIE 0003HA-
YEHUSL:

BCA — Ob1unii cCHIBOPOTOUHBIN abOyMUH,

JAMAI — quMeTHIaneTaMu/I,

AMCO — numeTuicynbpoKcu,

AM®A — numerundopmamus,

JOI" — TMATHUIICHIIIMKOJIb,

I1J] — mportan o,

II2T" — mOAMA THIIEHTTIUKOb,

TOI — TPUATUIICHIITUKONb,

®A — popmamun,

OI — STHJIEHIJIMKOJIb,

M. . — MaccoBas JoJ,

C — maccoBas KOHLEHTpauus, %,

R — nucnepcus annpokcumanuu,

t — Temmneparypa, °C,

X — YyIenbHas 3JIeKTPONpPOBOIHOCTh, CM/M.

empirical equations to calculate the values of specific
electrical conductivity of pure cryoprotective agents,
their aqueous solutions and mixtures depending on
cryoprotectant mass concentration and temperature.

The reported experimental data on specific elect-
rical conductivity of cryoprotective agents, their aque-
ous solutions and mixtures were processed with MS
Excel 2003 software (Microsoft, USA). Along with
the data for cryoprotective agents we also processed
the values of specific electrical conductivity for water
and some aqueous solutions of the substances, which
are essential both for cryobiology and human vital acti-
vity.

In this paper the concentrations are presented in
weight percentage for the first mentioned substance.

The following abbreviations are used in the paper:

BSA —bovine serum albumin,

DMACc — dimethyl acetamide,

DMSO — dimethyl sulfoxide,

DMFA — dimethyl formamide,

DEG — diethylene glycol,

PD — propane diol,

PEG —polyethylene glycol,

TEG —triethylene glycol,

FA — formamide,

EG — ethylene glycol,

MF — mass fraction,

C — mass concentration, %,

R —approximation dispersion,

t — temperature, °C,

X — specific electrical conductivity, Sm/m.

Tabnuua 1. YpaBHeHUs Ansi pacyeTa yaenbHOW 3MeKTPONpOBOAHOCTY BOAbI B 3aBUCMMOCTU OT TemnepaTypbl; Ancnepcum
annpokcumauuii U avanasoHbl TemnepaTyp NPUMEHEHWST YpaBHEHMUS

Table 1. Equations to calculate specific electrical conductivity of water depending on temperature, approximation
dispersions and temperature ranges of equation application

YpaBHeHue [vnana3soH
-5
BeuwlecTso (x, 10 _CM/M) R? TemnepaTtyp, °C [ F—— References
Substance Equation Temperature
(X, 107° Sm/m) range, °C
[evoHnsnpoBaHHanA — 9.062x10-%2 — [6,11,12,15, 23, [8,10, 12, 20, 33,
Bofia 2(0_0169 t + 03135 0,9995 -2...170 25, 34, 44, 46, 47, 35, 36, 42, 43, 56,
Deionised water ! ! 59, 60, 64] 57,59, 64]
[vctunnupoBaHHaA _ 4e2
X = -3,621x10%2 +
Distillla(:c’i:l?/vater + 02861t + 5,974 0,9956 0...100 [23] [8]
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Tabnuua 2. YpaBHeHNs Ans pacyeTa yaernbHON 3MeKTpOonpoOBOAHOCTM psiaa BOAHBLIX PACTBOPOB KPMOMPOTEKTOPOB
N cMecell KpUoNpPOTEKTOPOB B 3aBUCMMOCTU OT KOHLEHTpaLMM Npy (OMKCUPOBaHHBLIX TeMMepaTypax; aucnepcum

annpokcMMmaumi n guanasoHbl TemMnepaTtyp npuMeHeHnsa ypaBHEHUA

Table 2. Equations to calculate specific electrical conductivity of some aqueous solutions of cryoprotectants and
mixtures of cryoprotective agents depending on concentrations under fixed temperatures, approximation
dispersions and temperature ranges of equation application

TemnepaTypa, YpaBHeHue Koﬂ_‘:‘:;?::m
o -5 ’
gaCTB.Op c (x. 10 .CM/M) R? macc. % NcTouHmnk References
olution Temperature, Equation Concentration range
°C (X, 10 Sm/m) o wine ge.
0 X = 0,4367C? - 46,76C2 + 1369C + 6 1,0 0...50
1,2-N7 - Bopa
[36] [22]
1:2PD - water X = 0,6178C3 — 74,327C2 +
25 Y 2583,5C + 13 1.0 0...50
25 X = -39,5635C? + 1181,7C + 13 0,9983 0..4,8 [21] 6]
BECA-Bona
BSA-water . )
X = 4721,26C% - 104,51C2 +
37 ;148450 + +0,003127 0,9932 0,000255...0,01174 [18] [3]
BanuH-Bopa _
Valmetsona. 25 X = -33,922C2 + 353C + 13 0,9964 0..6 [10] [55]
mMuumnH-Boaa _
Glyaino-wator 25 X = -1,6434C? + 64,098C + 13 0,9992 0..7,5 (8] 151]
X = 3,882x10°5C* - 6,794x107C? —
3058 102C2 - 0,8213C + 68,66 0,9982 9...100 [11,47,58] | (36,42, 54]
muuepwvH-Boaa _
Glycerolwater 25 X = -0,0291C? + 2,8983C + 99,565 0,9984 1..18
[11, 47,56, | [36, 42, 49,
641 64]
X = 1,193x105C* — 2,59x10-5C? —
~0,1725C% - 5,212C + 194,7 0,9995 18...100
nmoko3sa-Boaa _ -
Glucose.water 22 X = -2,109x102C? + 0,9188C + 12,1 0,9974 0...32 [66] [66]
Iniokosa —
0,9% NaCl N )
Glucose ~ 22 X = 25,13C2 - 35,1C + 138410 0,9999 0,1...32 [66] [66]
0.9% NaCl
IM®A-Boaa _ i [3,20,41, | I5,29,31,
OMEA-vater 26 X = 1,679x102C? - 0,7198C + 13 0,9998 0...100 47, 64] 36, 64]
Q13T-Bona X = -9,314x10°5C* + 2,586x10-3C? —
DEG-water 20 - 0,2439C7 + 7,763C + 11,6 0.995 0...100 (50] [40]
= -3,601x10C* + 2,756x102C? —
20 X : : 0,9896 0...26
MouesmHa- -0,9554C2 + 12,83C + 15,5
AMCO 111 [26]
Urea-DMSO
rea 20 X = ~9,554x10Ct + 5,563x102C ~ | oo 0. 26
-1,342C? + 17,85C + 26,8 '
X = -1,375x10C* + 1,332x10°%C? -
o ~0,5238C% + 9,142C + 11,6 1.0 0...40
-BOOa
TEG-water 20 163] 163]
X = 1,25x10°5C* - 3,861x10-3C? +
+ 0,4421C? - 22,59C + 451,2 0,9988 40...100
X = -5,17x10-3C* + 0,2592C° -
~ 4,935C% + 42,96C + 13 0,9944 0...20
3l-sopa 25 [3,11,50, | [31, 40, 42,
EG-water 1,329x105C* - 3,196x10-3C? 53 40!
X =1, x10- -3, x10- +
+0,3C2 - 14,44C + 342,9 0.9979 20...100
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Tabnuua 3. YpaBHeH/s Ans pacyeTa yaernbHOW SNEKTPONPOBOAHOCT PacTBOPOB COMen B BOAE U KpMOMpPOTEKTopax
B 3aBMCMMOCTM OT KOHLIEHTpaLMM Corei npu pUKCUpOoBaHHOK TemnepaType; AUCnepcur annpokcumaLmin
N OManasoHbl KOHUEHTpauuiA NpUMEHEHUs ypaBHEHWIA

Table 3. Equations to calculate specific electrical conductivity of saline solutions in water and cryoprotective

agents depending on salt concentrations under fixed temperature, approximation dispersions

and concentration ranges of equation application

TemnepaTtypa, YpaBHeHue KOE‘M:JT%:HMH
PacTeop °C (X, Cm/m) 2 HenTpELM,
S . . R macc. % NcTouHmK References
olution Temperature, Equation c .
oC (X Sm/m) oncentration range,
! % w/w
X = -0,0267C2 + 1,147C +
5 0,000073 0,9999 0...4,02
[23, 49] [8, 39]
10 X = -0,0325C? + 1,3076C + 0,00009 1,0 0...4,02
X = -3,152x1072C%? + 1,496C +
18 0,00011 0,9989 0...35 [12, 34] [20, 43]
X = -3,101x10°2C? + 1,605C +
20 0,000116 0,9997 0...40 [23] [8]
X = -3,421x1072C? + 1,666C + [9,12, 27, [13, 18, 39,
CaCl,-sona 25 0,00013 0,9994 0...40 32,49 43,52
CaCl,-water
X = -0,0701C? + 2,2205C +
35 0,000156 1,0 0...4,02 [23, 49] [8, 39]
X = -7,243C2? + 2,735C +
37 0.000161 1,0 0...0,08 [23] [8]
X = -0,0886C2? + 2,6182C +
45 0,00018 1,0 0...4,02
70 X = -0,1401C? + 3,713C + 0,00025 1.0 0...4,02 [23, 49] [8, 39]
X = -0,1818C? + 4,6069C +
90 0,000289 1,0 0...4,02
CaCl -®A X = 6,136x104C® — 2,724x1072C? -
CaC|22-FA 25 0,315C + 0,1952 0,9997 3,6...18 [6] [69]
X = -8,079x10-°C? + 0,9769C +
° 0,00006 10 0..7,1 (4,9,34] | 120,50, 52]
X = -0,2798x102C2 + 1,237C +
5 0,000073 1,0 0...0,2 [52] [45]
X = -2,765x103C? + 1,322C +
15 0,0001 0,9997 0...23 [5] [38]
X = -2,615x10-°C? + 1,396C + [9,12, 23, [8, 16, 20,
KCl-soaa 18 0,000105 0.9996 0...21 30, 34] 43, 52
KCl-water
- _ 302 [4,5, 27, [13, 16, 19,
20 X =-7.18310 C & 1478C+ 0,9956 0..23 30, 33,35, | 21,27, 35,
4 39, 46, 48] 37, 38, 50]
X = -2,76x102C? + 1,866C +
23 0,00012 0,9999 0...20 [43] [12]
[4,9,12, 8,15, 19,
_ - 13, 23, 29, 20, 28, 35,
25 X = 1031010 gt 1898C + 0,9895 0...25,1 33,34, 40, | 39,43, 45,
! 46,49, 52, 50, 52, 60,
61] 62]
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MpopomkeHne Tabnuubi 3

Table 3. (Continued)

TemnepaTtypa, YpaBHeHue KoﬁLT:rTTaps,::w?I
o ’
PaCTB.Op c X CN.'/M) R? macc. % McTouHuk References
Solution Temperature, Equation c :
oC (X, Sm/m) oncentration range,
! % w/w
X = -6,864x10°C? + 1,751C +
30 0,00014 1.0 0...23
X = -8,681x10°%C? + 1,902C +
35 + 0,000156 1.0 0...23
KCl-sona (5] [38]
KCl-water 55 X = -1,56x102C? + 2,513C + 0,00021 1,0 0...23
X = —2,419x102C? + 3,273C +
80 + 0,000267 1,0 0...23
X = —2,699x102C? + 3,661C +
90 + 0,000289 0,9999 0...23
5 X = —0,0208C? + 0,815C + 0,0074 1.0 0,2...3,22
[19] [4]
15 X = -0,0239C? + 0,9363C + 0,0073 1.0 0,2..31
KCl-meTaHon
KCl-methanol 25 X = -0,0494C2 + 1,0777C + 0,002 1.0 0,0015... 2,54 [9, 19] [4, 52]
35 X = -0,0412C? + 1,1624C + 0,0121 1,0 0,17...2,5
[19] [4]
45 X = -0,0433C% + 1,3162C + 0,0097 1.0 0,15...2,4
X = —0,0093C? + 0,8932C +
1.5 + 0,000063 0,9974 0...24,62 [40] [28]
5 X = -0,0222C? + 1,108C + 0,000073 0,9999 0...5,52
[49] [39]
10 X = -0,0206C? + 1,2185C + 0,00009 0,9997 0...5,62
15 X = -0,0218C% + 1,3525C + 0,0001 1,0 0...37,44 [5, 12, 28] [14, 38, 43]
_ ) [2,7,12, [14, 20, 23,
NaCl-soma 18 X = -0,0232C* + 1,438C + 0,000105 0,9997 0...38 28, 34] 43, 44)
NaCl-water
- 2 [5, 23, 28, [8, 14, 16,
20 X = -0,0233C 4 14809C + 0,9984 0..38 30, 35,37, | 21,24, 25,
, 38, 54] 38, 471
X = —0,0293C? + 1,5843C +
21 + 0,000118 0,9996 0...24,6 [40] [28]
912,23 | 5735
24, 26-28, 18’ 30’ 34’
25 X = -0,0256C% + 1,6119C + 0,00013 0,9967 0...37,5 31,32,42, 39’ 21 ! 43’
45, 49, 51, 48’ 52’ GO’
55,61, 62] 61]
30 X = -0,027C? + 1,7789C + 0,00014 0,9996 0...22,6 [5, 16, 40] [1, 28, 38]
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MpopomkeHne Tabnuubi 3
Table 3. (Continued)

TemnepaTypa, YpaBHeHue KOELT:ET?;:M
o ’
PaCTB.OP c X CM./M) R? macc. % NcTouHmnk References
Solution Temperature, Equation A
oC (X, Sm/m) Concentration range,
X % w/w
35 X = -0,0322C? + 1,9993C + 0,000156 0,9999 0..22,6
[49] [39]
45 X = —0,0669C2 + 2,5312C + 0,00018 1,0 0..5,562
55 X = -0,0441C? + 2,6352C + 0,00021 0,9979 0..22,6 (5] [38]
NaCl-eoga
NaCl-water
70 X = -0,09903C? + 3,58803C + 0,000244 0,9999 0..5,52 [49] [39]
80 X = -0,0558C? + 3,4869C + 0,000267 0,9984 0..22,6 (5] [38]
90 X = —0,07005C? + 4,02C + 0,000289 0,9979 0..22,6 149] [39]
NaCl - 8,31%
Nagfjag‘g] % X = 1,7093C + 0,0022 0,9997
methanol
NaCl - 16,55%
Nac"’I'e_Tngs% X = 1,42C + 0,01784 0,9996
methanol
NaCl - 24,88%
Nac"’,‘faz'jfgs% 30 X = 1,2581C + 0,0213 0,9996 0,15...0,574 [16] 11
methanol
NaCl - 33,47%
NaCl - 35 47% X = 1,1936C + 0,0068 0,9982
methanol
NaCl - 42,48%
NaCl - a5 48% X = 1,1518C + 0,0046 0,9985
methanol
NN:CC:IImZIE:r?gI 25 X = -0,5916C2 + 1,0445C + 0,0015 0,9998 0,0014...0,023 16,9,12] | [43,52,59]
NZS.'ZIE:A’Q 25 X = ~7,2532C% + 0,5366C + 1,01x10° 1,0 0,0008...0,0051 112] 143]
N 22 X = —0,8707C? + 0,8176C + 6,008x10°® 1,0 0,003...0,0184 (17) 21
MmuuepuH —
0
Oézfceef’ol'(_c' 25 X = 9,777x10°°C? - 0,02341C + 1,38 |  0,9962 1,4..28 (57] (53]
0,736% KCl
Iniokosa —
0
0,736% Kl 25 X = 1,024x10C? - 0,02354C + 1,35 |  0,9997 1,4..28 (571 (53]
0,736% KCI
nar-300 -
0
0,736 Kl 25 X = 6,187x10°°C? - 0,02525C + 1,307 |  0,9957 1,4..28 (57] (53]
0,736% KCI
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MpopomkeHne Tabnuubi 3
Table 3. (Continued)

TemnepaTtypa, YpaBHeHue Ananason o
o KOHUeHTpauuu,
PacTtesop C (X, Cm/m) R2 o,
. N macc. % NcTouHuk References
Solution Temperature, Equation c .
oC X, Sm/m) oncentration range,
! % w/w
Mar-1000 -
0y
gé@?&é? 25 X = 2,733x10C? - 0,03298C + 1,357 |  0,9958 1,4..28 (57 53]
0,736% KCI
Mar-2000 -
0y
3&?3&5‘3‘ 25 X = 1,704x10-C2 - 0,03064C + 1,327 |  0,9997 1,4...28 (57] (53]
0,736% KCI
M3r-4000 -
0
8&7(33-4610/%)59 25 X = 2,967x104C? - 0,0335C + 1,309 0,9942 1,4...28 [5671] [63]
0,736% KCI
Caxaposa —
0
0,736 % KCl 25 X = 7,903x10°5C? - 0,02259C + 1,372 |  0,9979 1,4..28 (57] (53]
0,736 % KCI
ar -
0
0.738% Kcl 25 X = 1,286x10C? - 0,0227C + 1,361 |  0,9997 1,4...28 (57] (53]
0,736% KCI
(1 m.a. NaCl +
1 nm CaCl) - 5 X = -0,02293C? + 1,042C + 0,000073 |  0,9997 0..10
.. )
Bofa
(1 MF NaCl + [45] [34]
L Msvgfecr'z) - 25 X = ~0,04052C2 + 1,674C + 0,00013 |  0,9995 0..10

Tabnuua 4. YpaBHeHus ans pacyeTa yaenbHOW 3MeKTPOnpoBOAHOCTM BOOHBLIX PacTBOPOB COMew
M MaHHMTa B 3aBMCMMOCTU OT TeMMepaTypbl Npy (OUKCUPOBAHHOW KOHLIEHTPaLMK; AMCNEPCUM
annpokcuMaumin 1 auanasoHbl TemnepaTyp NPUMEHEHUSI YPaBHEHW

Table 4. Equations to calculate specific electrical conductivity of aqueous solutions of salts and mannite
depending on temperature under fixed concentration, approximation dispersions and temperature
ranges of equation application

KoHueHTpaLma YpaBHeHue [Ovnana3soH
’ o
PaCTB.Op macc. % (X CM./M) R? Temneparyp, °C NcTouHmk References
Solution Concentration Equation Temperature
% wiw (X, Sm/m) range, °C
X = 2,399x10%2 + 0,1119t +
4,019 3,504 0,9999 5...90
X = 6,497x10°%t2 + 0,02647t +
0,831 £ 0.7934 0,9999 5...90
éaéf'gxgﬁ‘gr 0.0837 X = 9,375x10°°2 + 3,1749 10t + 10 5. 90 [23, 49] 18, 391
2 ' + 0,0938 '
X = 1,089x10-6t2 + 3,462 10-%t +
0,00838 001013 0,9999 5...90
X = 1,618x107t2 + 3,165 105t +
0,000843 + 0,0011 0,9999 5...90
_ ag2 4,9, 22, [7,14,15,
7,121 X = 2,726.10°L 4 0176t + 0,9963 0..90 28, 29,34, | 20,35,39,
KCl-sona ' 46, 49] 50, 52]
KCl-water
X = 1,247x10"2 + 0,1053t + [9, 34,38, | [20, 25,28,
3,626 + 3,085 0.9949 0...90 40, 49,611 | 39, 52, 60]
lpodomkeHue Ha credyrowel cmpaHuue
Continued on next page
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MpopomkeHne Tabnuubi 4

Table 4. (Continued)

KoHueHTpauma YpaBHeHNEe [OuanasoH
r o
PaCTB.Op macc. % X CM./M) R? Temnepatyp, °C McTouHuk References
Solution Concentration Equation Temperature
% wiw (X, Sm/m) range, °C
_ 5.2 [4,9, 23, [8, 14,15,
0,736 X =50240 "% + 0.0218t + 0,9998 0..90 2829,30, | 16, 39,50,
, 49, 61] 52, 601
X = 1,4561x10*2 + 4,619x10%t + [4,9, 23, [8, 14,16,
0,148 +0,1519 0,9999 0...36 28,30,33] | 19,50, 52]
KCl-Bopa _ 6e2 3 [4,9, 23, [8, 14,16,
KCl-water 0,0738 X =5976x107¢ + 2,41310° + | ( 9997 0..90 28,30, 34, | 20,39, 50,
+ 0,07732 29] 52]
X = 5,4x107t2 + 2,633x10*t +
0,00738 +7.827x10°3 0,9998 0...90
[49] [39]
X = 8,094x1078t2 + 2,498x107%t +
0,000738 +8,161x10-4 1,0 0...90
X = 1,789x10°%2 + 0,4243t +
37,44 + 13,30 1,0 0...36 [12] [43]
X = —4,358x10°%°% + 1,276x10°%?+
21,576 + 0444t + 14,7 0,9999 25...350
[55] [48]
X = -2,741x10°%° + 9,874x10°4t? +
10,344 + 0,162t + 8,489 0,9991 25...350
5,621 X = 4,354x10* + 0,1419t + 4,678 0,9999 5...90 [49] [39]
X = 4,997x1042 + 9,234x107%t +
3,7273 + 3275 0,9993 0...40 [40] [28]
X = -8,132x107t® + 1,442x10°4t% +
3 + 01216t + 1,718 0,9997 25...350 [55] [48]
X = 2,406x10%2 + 8,026x1072t +
2,839 +2,523 1,0 5...90 [49] [39]
NaCl - sona X = 9,266x10°°t% + 1,99x10°%t +
NaGl-water 1,100 0,9894 0..37,5
0,9 [37] [24]
X = -8,431x1077t5 — 5,52x10°5t* -
-1,11x1073%t% - 2,627x10°%t2 + 0,9991 -25...0
+ 0,141t + 1,102
X = 5,865x10-%% + 1,842x10°%t +
0,581 + 05623 1.0 5...90 [9, 49, 54] [39, 47, 52]
0,4997 X = 1x10%2 + 1,99x1072t + 0,6768 1,0 5...30 [45] [34]
X = -3,934x10°%2 + 2,856x107% +
0,0584 +5.706x10°2 0,9851 5...110 [49, 65] [39, 65]
X = 6,302x10°%2 + 1,745x10%t +
0,05 + 5,393x10°2 1,0 0...50 [28] [14]
X = 6,569x107t2 + 2,176x10%t +
0,00578 +6,391x10°3 1,0 5...90 [49] [39]
X = 7,0156x10°%2 + 2,334x10°5t +
0,000608 + 6,988x10 0,9997 5...90 [49] [9]
ManHvT-8002 5,37 X = 0,01882t> + 0,908t + 39,01 0,9954 7..38 [14] (58]

Mannite-water
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