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Pedepat: CuctematnampoBaHbl nutepaTypHble AaHHble NO CTAaTUYECKOW AMANEKTPUYECKOW NMPOHMLAEMOCTU BOAbl, YNCTbIX
KpVMONPOTEKTOPOB, UX BOAHbLIX PacTBOPOB U cMecel. MoCTpoeHbl aMNupuyeckne MonMHOMUanbHble YpaBHEHWUs ANs pacyeTa
CTaTMYeCKON ANINEKTPUYECKONW NPOHMLLAEMOCTM BOAbl U YMCTbIX KPUOMPOTEKTOPOB B 3aBMCMMOCTW OT TemnepaTtypbl. Ans BOAHbIX
pacTBOPOB M CMeCel HeKOTOPbIX KPMOMPOTEKTOPOB MOSyYeHbl aMNUpUYeckne NonMHoMuarnbHble ypaBHEHWs B 3aBUCMMOCTU OT
TemnepaTypbl Npyu MUKCUPOBAHHBIX KOHLEHTPaLMAX UMM OT KOHLEHTpauuu npu UKCUPOBaHHbLIX TeMnepaTtypax.

KniouyeBble crnoBa: KpUMOMPOTEKTOP, cTaTuyeckasi AuanekTpuyeckas NpoHULAEMOCTb, IMNUPUYECKMe NoNMHOMMUanbHble
ypaBHeHMS.

Pedepart: CucrtematnsoBaHo nitepaTypHi AaHi 3i CTaTUYHOI AieneKTPUYHOi NPOHMKHOCTI BOAM, YNCTUX KPIONPOTEKTOPIB, iX
BOAHWX PO34MHIB i cymiwel. MobyaoBaHo emnipuMyHi NoniHOMianbHi PIBHSAHHSA ANs pO3paxyHKy CTaTUYHOT AieNeKTPUYHOI NPOHUKHOCTI
BOAW | YNCTUX KPIOMPOTEKTOPIB B 3aNeXHOCTi Big Temnepatypu. [ns BOAHWUX PO3YMHIB i CyMilLen AesiKMX KPiONpOTEKTOPiB OTPUMaHO
eMnipuyHi noniHoMianbHi PiBHSAHHS B 3aneXHOCTi Big TemnepaTtypu npu (ikCoBaHMX KOHLUEHTpaLisix abo Big KOHUeHTpauii npu
dikcoBaHMX TemnepaTypax.

KnroyvoBi cnoBa: KpionpoTekTop, cTaTu4Ha AieneKkTpuyHa NPOHUKHICTb, eMMipuYdHi NoniHOMianbHi PIBHAHHS.

Abstract: There were summarised the reported data on static dielectric permeability for water, pure cryoprotectants, their
aqueous solutions and mixtures. The empirical polynomial equations to calculate static dielectric permeability for water and pure
cryoprotectants depending on temperature were derived. The empirical polynomial equations for aqueous solutions and mixtures of
some cryoprotectants depending on either the temperature at fixed concentrations or the concentration at fixed temperatures were

obtained.
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JusnexkTpudeckas IpOHUIIAEMOCTh — PU3UYECKas
BEIIMYNHA, KOTOPAsl XapaKTepU3yeT CBOHCTBA M30JIH-
pyiomen (IU3IEKTPUIECKON) Cpebl M MOKa3bIBAET
3aBUCUMOCTb 3EKTPUUECKON UHAYKIIUY OT HAPSKEeH-
HOCTHU 3JeKTpuueckoro mnois. OHa ompenenseTcs
3¢ (deKkToM MONIpU3alUN JTUIISKTPUKOB MO JAEHCT-
BHEM DJICKTPUICCKOTO OJIST ¥ BEIIMINHOU TUAIICKTPH-
YeCKOM BOCHPUUMYUBOCTU CPEJIBI.

JIro6ast cpena yMeHbIIAaeT HAMPSXKEHHOCTh JJIEKT-
PHUYECKOTO TIOJII 10 CPAaBHEHHIO C BakyyMoM. Jlu-
AIIEKTPUUECKAsT MPOHUIIAEMOCTh IMOKAa3hIBAET, BO
CKOJIBKO pa3 3JNEKTPUYECKOE MOJie B JUAICKTPUKE
MEHBUIE 3JIEKTPUUYECKOTO MOJs B BaKyyme, U JaeT
BO3MOXHOCTH CYIUTh 00 MHTEHCUBHOCTH MIPOIIECCOB
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Dielectric permeability is the physical quantity,
characterizing properties of isolating (dielectric) me-
dium and demonstrating the dependency of dielectric
flux density on electric field intensity. It is determined
by the polarizaton effect of dielectrics under the impact
of electric field and by characterizing this effect value
of dielectric susceptibility of medium.

Any medium reduces the electric field intensity if
compared to the vacuum. Dielectric permeability shows
in which extent a electric field in a dielectrics is lower
than in the vacuum and enables judging about the
intensity of polarization processes and the quality of
dielectric. The dielectric polarization is determined by
the total effect of different polarization mechanisms.
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MOJISIPU3ALIMY M KadeCcTBe TudjIeKTpuKa. [lonspusanms
TUDJIEKTPHUKA OTPEeIesieTcss CyMMapHBIM IEHCTBUEM
Pa3NUYHBIX MEXaHU3MOB nossipuzanuu. [1o Temmnepa-
TYpPHOH M YaCTOTHOW 3aBUCUMOCTH JU3JIEKTPHUYECKOI
MIPOHMIIAEMOCTH MOYKHO TOJYYUTh WH(OPMAILIHIO O
MeXaHU3Max MOJISIPU3AIUd U UX OTHOCHUTEIHHOM
BKJIaJie B HOJSIPU3ALMIO AMANEKTpHKa. Bo3pactanue
JUJIEKTPUYECKOM TPOHUIIAEMOCTH IPUBOIUT K POCTY
3JEKTPOIIPOBOTHOCTH.

ens paboTel — 0000IIEHNE U CHCTEMATH3AIUS
JUTEPaTYPHBIX JaHHBIX HA OCHOBE IIOCTPOSHHUS SMITU-
puueckux GopMyin Ui pacuera 3Ha4YeHUH cTaTudec-
KON AU3JIEKTPUUYECKONW MPOHULAEMOCTH YHUCTHIX
KpHOTIPOTEKTOPOB, X BOJIHBIX PACTBOPOB U CMECEH B
3aBHCUMOCTH OT MaCCOBOH KOHIICHTPALIUU KPUOIIPO-
TEKTOpa U TeMIIePaTypHl.

OKcrepuMEHTaTFHBIE PE3YIBTATHI [T0 CTATHYECKOM
TVRIIEKTPUIECKON TPOHNUIIAEMOCTH KPHOTIPOTEKTOPOB,
BOJIHBIX PACTBOPOB U CMeceil, TPUBEJCHHBIE B JIUTE-
patype, ObUTH 00pabOTaHbI C TOMOIIBIO TPOrPaMMBbI
«Excel 2003» («Microsoft», CILIA). Hapsiny ¢ nan-
HBIMH I KPHUOTIPOTEKTOPOB OBLTH 00paboTaHbI U
JKCIEPUMEHTAIbHBIC JTUTEPATyPHbIC AaHHBIC AJIS
BOJBI, JIbJIa U PsJia PAaCTBOPOB BEIIECTB, KOTOPHIE
BaXKHBI KaK JUIS KHU3HEICSATEIbHOCTH 4EJI0BEKa, TaK
1 TSI KpPOOHOJIOTHH.

B Tabnuiax KOHIEHTpaLK IPUBEICHBI B MACCOBBIX
MPOLIEHTAX JJIsl BEIECTBA, YKA3aHHOTO MIEPBBIM.

B rTabGnunax mpuHATHI CIELYIOIKUE yCIOBHBIE
0003Ha4eHHU:

B/l — 6yrannauon,

BCA — Ob1unii cHIBOPOTOUHBIN abOyMUH,

JAMAI — nuMeThIaneTaMu/I,

JAMCO — mumeTnicyiabhOoKCHI,

AM®A — numerundopmamu,

JIOI" — I3 TUICHIIIMKOJIb,

M — MOASIpHOCTD,

MAI — MeTHIalleTaMU/I,

M®A — metundopmamur,

[IBII - nonuBUHUANIUPPOIIUIOH,

ITJI — nponaninon,

II9T" — moAMI THIIEHITIUKOb,

TOI — TpUATUIIEHITINKOIb,

DA — popmamu,

XD — xopodopm,

OI — STHJIEHIJIMKOJIb,

XK. . — xugkas ¢asa,

TB. (. — TBepaas (daza.
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Temperature and frequency dependencies of dielectric
permeability contain information about polarization
mechanisms and their relative contribution into di-
electric polarization. The increase in dielectric perme-
ability results in rise of electric conductivity.

The research aim was to summarize and systema-
tize the reported data, using the derived empirical
formulae to calculate the values of static dielectric
permeability for pure cryoprotectants, their aqueous
solutions and mixtures depending on cryoprotectant
mass concentration and temperature.

Collected published experimental data on static
dielectric permeability for cryoprotectants, aqueous
solutions and mixtures were processed with Excel 2003
software (Microsoft, USA). Along with the data for
cryoprotectants we also processed the published expe-
rimental findings for water, ice and some solutions of
substances, important for both human vital activity and
cryobiology.

The Tables show concentrations in mass percentage
for the substance mentioned first.

The following abbreviations are assumed in the
Tables:

BD — butanediol,

BSA —bovine serum albumin,

CF — chloroform,

DMACc — dimethylacetamide,

DMSO — dimethyl sulfoxide,

DMFA — dimethylformamide,

DEG — diethylene glycol,

EG — ethylene glycol,

FA — formamide,

MAc — methylacetamide,

MFA — methylformamide,

PVP —polyvinylpyrrolidone,

PD — propanediol,

PEG — polyethylene glycol,

TEG —triethylene glycol,

L. p. —liquid phase,

s. p. — solid phase.
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Tabnuua 1. YpaBHeHUs Ansi pacyeTa CTaTU4ECKON ANINEKTPUYECKON MPOHULAEMOCTU YUCTbIX BELLECTB
B 3aBUCHMOCTV OT TemnepaTyphbl; AUCNEPCUMN annpoKCUMaLmnii U uanasoHbl TemnepaTyp NPUMEHEHNs ypaBHEHWI

Table 1. Equations to calculate static dielectric permeability for pure substances depending on temperature;
dispersions of approximations and temperature ranges of equation application

BewyecTBo YpasHenme TeMEl'llgaraI\isOH °C
- Equation R? patyp, NcTouHuk References
Substance Temperature
range, °C
(2,10, 11, 15,17, | 1% 3] 9, 1577,
§ ) 23-25, 36, 37 AL
Bona, x. . & = -9,712x1078 + 8,777x10-t2 — . 36, 37, . 46, 58, 60,
Water, I. p. ~0,4029t + 87,99 0,9995 -40...370 39,40, 43,54, 64 | 1" 55" 75" 77,
5g6é9711'0738'188é] 93,'94,'97, 101,
+ 99,103, 104]
Bona, 8. &b. (nen) ¢ = 2,8x10°%2 - 0,3076t + 93,8 0,9945 -123..0 (14,19, 36,43, | 14 11, 28, 35, 46]
Water, s.p. (ice) 54]
1.2-60 = ~0,1366t + 25,91 2 2,2
s ¢ = -0,1366t + 25,913 0,9963 5..50 2, 36] 12, 28]
~ - _ -643 442 _
13 A A 0,9979 -28...150 2, 4, 36] 2, 28, 106]
1aea & = 4,095x10-? - 0,1933t + 35,66 0,9973 15...150 (2,4, 9, 66] (2, 61, 69, 106]
g'g:gg ¢ = 2,351x10°2 - 0,1144t + 23,69 0,9992 10...150 14, 103] [101, 1061
1,2-N0 & = 2,159x10°%"* - 6,459x10-3 + 0.9965 90,150 12,6, 16, 25,26, | [2,8, 17,18, 21,
1,2-PD + 9,836x1042 - 0,2017t + 34,0 : 29, 34, 89, 921 26, 53, 86, 89]
N — -643 442 _
yoa E B a0 0,9978 ~30...100 (36, 103] 128, 101]
:é‘gg:r;"i"é“e £ = -2,249x10%? + 0,3312t + 55,97 0,9994 91...175 12, 36] (2, 28]
nuuepwH, X. [2,9,25,34,35, | [2,17, 26, 27, 29,
Glvarrol [ o & = 5,134x10"? - 0,2663t + 48,61 0,9933 ~78...100 37,61, 91, 93, 55, 69, 88, 90,
yeerol, 1. p. 96, 103] 94,101]
e =7,21x10"%% + 0,1055t% +
+ 5,207t + 91,58 0.9997 -53..-13
FnuuepuH, 8. . [16] 18]
Glycerol, s. p.
¢ = 1,183x10-% ~0,0318512 — - 1317
20,06638t + 47,12 .
OMAu _ ez - 12,5, 36,37, 53, | [2,28, 29, 45, 47,
AV ¢ = 6,584x10-2 — 0,2495t + 44,3 0,9912 15...160 o1 1 o] AT
AMCO & = 2,966x10°5t* — 5,444x10-83 + 0,993 10,70 126, 35, 37,93, | [18, 28, 29, 90,
DMSO +3,627x1022 — 1,071t + 58,54 : 700, 103] 98, 101]
OM®A ¢ = —1,726x10°%3 + 8,004x10-t2 12, 28, 47, 69,
AN 2 s 5295 0,9953 ~60...145 (2,5, 9,36, 103] Von]
nar B o B 12,5, 36, 40, 70, | [2, 28, 32, 47, 65,
2 ¢ = 1,00x102 - 0,2042t + 36,04 0,9942 20...100 o) 2]
_ _ 5:+3 312 _
Vv A 0,9994 25...200 2, 26, 36, 561 12, 18, 28, 49]
12,3,5,9,23,25, | 12,15, 17,19, 28,
Metanon ¢ = —3,978x10°%83 + 1,045x10732 — 27,36, 38, 39, 30, 31, 41, 47,
Methanol 20,2309t + 37,39 0.9946 -110...140 49,57, 66, 79, 50, 61, 69, 76,
80, 103] 77,101, 105]
M®A ¢ = 2,191x10°°¢ + 7,628x10-¢ - 12, 28, 29, 47,
N 08t & Bar 0,991 -40...80 12, 5, 36, 37, 103] o
M3r-1000 (18. d.) ¢ = 6,429x10°° + 6,495x10°t2 +
PEG-1000 (s. p.) + 0,04147t + 4,548 0.9737 ~-70...30 581 (51
_ - _ 513 312 _
oL &0 R SR 0,9683 10...60 (58,861 (51,83]
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MpopomkeHne Tabnuubi 1
Table 1. (Continued)

YpaBHeHune Ananasox
BelecTtBo p . 2 Temnepatyp, °C
Equation R NcTouHuk References
Substance Temperature
range, °C
Mar-400 _ .
PEG-400 ¢ = 4,153x10%4? - 0,1371t + 16,21 0,9881 0...25 [86] [83]
Mar-300 _ .
PEG-300 ¢ = 5,386x10%2? - 0,132t + 17,5 0,9817 0...25 [62, 86, 94] [56, 83, 91]
Mar-200 B .
PEG-200 ¢ = 5,624x10%2 - 0,1639t + 23,79 0,9749 4...25 [86, 94] [83, 91]
:Ir—gcr; e = 4,273x10%2 - 0,1429t + 26,27 0,9955 -20...60 [2, 5, 36] [2, 28, 47]
‘F',’fe”:; £ = 2,666x10“2 - 0,1034t + 15,38 0,9954 4..160 [2, 36, 39] [2, 28, 31]
;’°p""a"’!"'” g = 7,988x10°5t2 - 0,4343t + 119,4 0,994 0...65 [2, 36, 103] [2, 28, 101]
ormamide
Xnopocopm (Te. .) ¢ = 5,78x10%2 - 0,01432t + 3,318 0,9689 -149...-70 12, 791 12, 761
Chloroform (s. p.)
Xnopodopm _ _
Chloroform ¢ = 3,932x10°%2% - 0,01923t + 5,192 0,9942 -70...180 [2, 25, 39, 66, 791 | [2,17,31,61, 76]
AtaHon e = 1,967x10%* - 4,341x10°5% + (2,5, 9, 24, 25, (2, 16, 17, 28, 47,
Cap2 0,9955 -143...160 36, 55,57, 71, 48, 50, 66, 69,
Ethanol + 4,219x10%2 - 0,1532t + 27,9 79, 94. 103] 76, 91, 101]
ar [2, 25, 26, 36,39, | [2,17,18, 28, 31,
EG ¢ = 4,646x10%2 - 0,2323t + 46,34 0,9965 -20...150 40, 72, 80, 89, 32,68,77, 90,
93, 100] 98]

Tabnuua 2. YpaBHeHUs1 AN pacyeTa CTaTU4eCKon OMINEKTPUYECKON MPOHULAEMOCTM PaCcTBOPOB KPMOMPOTEKTOPOB
B 3aBMCUMOCTU OT KOHLIEHTpaLWM KPUMOMPOTEKTOPOB Mpu (hMKCMPOBAHHOW TemnepaTtype; Aucnepcun
annpokcMMauuii U auanasoHbl KOHLEHTPaLMA NPUMEHEHUS ypaBHEHUI

Table 2. Equations to calculate static dielectric permeability for cryoprotective solutions depending on cryoprotectant
concentration at a fixed temperature; dispersions of approximations and temperature ranges of equation application

[Ovana3soH
Temnepartypa, KOHLEHTpauui,
giﬁ;gﬁ °C ygasgfiz::e R? macc. % McTouHunk References
Temperature, a Concentration
°C range, % w/w
1,2-N[ - sona ¢ =-1,017x103C? - 0,3745C +
1,2-PD - water 25 + 78.45 0,9995 0...100 [26, 29, 103] [18, 21, 101]
1,3-B[ - Bopa _ [28, 53, 73,
1.3-BD - water 25 g =-0,4971C + 78,45 0,9999 0...100 [4, 6, 36, 76] 106]
CaCl -Bopa g = —2,655x10°°C® + 0,168C2 -
CaCI;water 25 -3,618C + 78,45 0,9999 0..34 ( [1]
15 ¢ = 0,7132C% - 3,6749C + 82,14 0,99 0...2 [1] [1]
20 ¢ =-1,6146C + 80,28 0,9931 0..7 [471 [39]
KCl-Bopa
KCl-water
25 ¢ = - 1,4552C + 78,45 0,9901 0...14 [1,51] [1,43]
35 e =-1,75692C + 74,92 0,9976 0..4 [1] [1]
] £ = 6,723x102C? - 3,675C + 87,99 | 0,9975 0...25 [1,101] [1,99]
NaCl-soga _ -
NaCl-water 1,5 ¢ = 7,458x102C? - 3,398C + 87,39 | 0,9939 0...25 [1,51] [1,43]
3 ¢ = 6,957x10°2C? - 2,762C + 86,79 0,991 0..5 [1] [1]
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MpopomkeHne Tabnuubi 2

Table 2. (Continued)

LOvana3zoH
TemnepaTtypa, KOHUEHTpauui,
gacrs_op °C YpaBHgHme R? macc. % NcTouHuk References
olution Equation .
Temperature, Concentration
°C range, % w/w
5 e = 3,1562x1072C? - 2,689C + 86,0 0,9997 0...24 [48] [40]
10 ¢ = 5,206x1072C? - 3,399C + 84,05 0,9984 0...16 [1] [1]
20 ¢ = 3,1566x1072C? - 2,33C + 80,28 0,9975 0...24 [48, 59] [40, 52]
_ 22 [1, 32, 33, 48, [1, 24, 25, 40,
NaCl-soga 25 e = 3,1x10°2C 2,273C + 78,45 0,9952 0...25 101] 99]
NaCl-water
30 e = 3,941x1072C? - 2,584C + 76,67 0,9931 0...25 [1,51,101] [1, 43, 99]
35 & = 4,005x1072C? - 2,222C + 74,92 0,9985 0...24 [48] [40]
40 ¢ = 3,705x1072C% - 2,862C + 73,22 0,9998 0...16 [1, 211 [1,13]
50 € = 8,034x1072C% - 3,057C + 69,92 0,9955 0...11 [101] [99]
NaCl-rnuuepux . e = —1,249x1073C® - 0,06069C? —
NaCl-glycerol 35,5 ~1,181C + 58,71 0.9855 0...29 t m
¢ =0,1123C®-1,592C? + 8,226C+
25 + 78,45 1.0 0...9
¢ = 2,815x1072C® - 0,3331C? +
30 +3,654C + 76,67 0.9974 0.9
AnaHuvH-BOAA (28] 1201
Alanine-wat
anine-water 5 &= 2,184x102C* - 0,3042C% + | o040 o9
+ 3,843C + 74,92 !
¢ = 6,793x1072C% - 1,018C? +
40 + 5.871C + 73,22 0,9878 0...9
BECA-Bona & = -4,5607x10°2C* +0,432C® -
BSA-water 25 ~1,5C2 + 1,362C + 78,45 0.9959 0...5 (121 4]
5 g = -1,867x10°C?-0,1623C + 86,0 0,997 0...18
10 ¢ = -1,958x10°C? - 0,1536C + 84,05 0,9949 0...18
15 g = -2,907x10°3C?-0,1379C + 82,14 0,992 0...18
20 g =-3,91x103C? - 0,1277C + 80,28 0,9918 0...18
[anakTo3a-Boaa _ 402 _
Galactose-water 25 e =5,812x10*C?-0,193C + 78,45 0,9944 0...60 [1,31] [1, 23]
30 & = 4,679x10*C? - 0,2057C + 76,67 0,9966 0...60
35 ¢ = -3,431x10°C?-0,1432C + 74,92 0,9972 0...18
40 & =4,121x10“%C? - 0,1988C + 73,22 0,9964 0...60
50 & = —1,404x107°C? - 0,08834C + 69,92 0,9976 0...60
€ = -7,24x107°°C° + 2,832x10*C?+
15 + 0,08025C + 40,71 0.9958 0...100
& = -2,808x10°°C® - 5,335x10°“C? +
30 +0,1192C + 37,41 0,9978 0...100
Muuepun-AMAL 191] [88]
Glycerol-DMAc . 3o
45 & = 6,325x1077C% - 1,146x10°°C? + 0,9955 0...100
+ 0,1542C + 34,41 !
g = -2,3256x10°°C® - 1,483x10°3C? +
60 +0,1727C + 31,7 0,9969 0...100
& =-1,102x10°C® - 1,375x10*C? +
Frtepa IMOA 18 +0,1727C + 39,12 0.9913
nnu WH-,
GlycerobDMFA = -2,359x10°C? - 1,445x10C? o100 o ol
30 €= 72999 Ao * ] 0,9939

+ 0,2192C + 36,45

npo6nemMbl KpUOOMONOrMM 1 KPUOMEAULMHDI
problems of cryobiology and cryomedicine

Tom/volume 25, Ne/issue 2, 2015

lMpodomxeHue Ha credyroweld cmpaHuue
Continued on next page

135




MpopomkeHne Tabnuubi 2
Table 2. (Continued)

Ovana3soH
Temnepartypa, KOHLEHTpauui,
giﬁ]—ggg °C Y';E)asgtei:me R? macc. % NcTouHuk References
Temperature, a Concentration
°C range, % w/w
— -6(°3 _ 302
45 ¢ =1,673x10°C® - 1,913x1073C? + 0,996

0,2242C + 34,07
Mmuuepun-AMOA 0

...100 [91] [88]
al I-DMFA
veero 50 & = ~8,459x107C? - 1,398x10°C? | (g0,
+0,1932C + 31,94 :
c = — -302
o &= -5,161x10°C? + 0,1737C + | ( go0. 85, 100
15,3 ¢ = 1,042x102C? - 2,624C + 0,0953 85, 100 1691 164]
210,9
7,5 ¢ = 2,971x10C2 - 1,242C + 1455 | 0,9976 85...100
20 & = —1,996x10°C? — 0,1873C + 80,28 | 0,9966 17, 35, 78] 127, 59, 75]
25 ¢ = —1,95x10°C?~ 0,1812C + 78,45 | 0,9944 178, 84, 85, 96] [75';3;]' 82,
30 & = —1,154x10°C? - 0,2404C + 76,67 | 0,9989 [37,41,103] | [29,33, 1011
muuepuH-Boga
Glycerol-water 35 £ = —1,299x10°C? - 0,2269C + 74,92 | 0,9994 [41, 85] 133, 82]
37 ¢ = -8,162x10C? - 0,2866C + 74,24 | 0,9991 [22] [14]
- s 0...100
40 ¢ = -1,397x10°C? ~ 0,2177C + 73,22 | 0,9992 (78, 96] [75, 94]
45 ¢ = —1,489x10-°C? — 0,2028C + 71,55 | 0,9976 [41, 85, 91] 133, 82, 88]
60 & =-1,112x10°C? — 0,2169C + 66,77 | 0,9996 1781 [751]
70 ¢ = —4,304x10-C? - 0,2732C + 63,75 | 0,9985 12, 22] 12, 14]
80 ¢ = -9,825x10C? — 0,2038C + 60,88 | 0,9994 1781 1751
100 ¢ = -8,945x10C2 — 0,1874C + 55,51 | 0,9998 78] [75]
¢ = 3,0561x10°°C% - 3,06x10-4C* +
-23 + 0,01126C? - 0,1852C2 + 0,9953 0..47
+ 1,534C + 6,8
£ = 1,963x105C5 — 2,017x10C* +
rg'f”fgr”o'fjr‘;rjggza 0 + 7,807x10-C? - 0,138C2 + 0,9953 0...47 [13] 151
y + 1,306C + 7,426

e = 1,105x10°C® — 1,254x10°*C* +
24 + 5,653x10°C® - 0,1131C% + 0,9942 0...47
+ 1,264C + 7,561

20 & = 5,628x10C2 + 0,1126C + 24,97 | 0,9945 [7, 351 127, 59]
FMuuepuH-aTaHon 0...100
Glycerol-ethanol
25 & = 1,202x10°C2 + 0,0615C + 24,27 | 0,9989 [88, 103] (85, 101]
MmuunH - 2,84 %
Glycing"j‘_c'z 84% 25 & = 3,2196C + 77,293 0,9996 0..20 (33] (25]
NaCl
MmuunH - 5,6 %
G|yci,'1\lea95 6% 25 & = 3,1613C + 76,767 0,9999 0...20 [33] [25]
NaCl
Mmuuux --10,85 %
Glycing“'f'o 85% 25 & = 3,2053C + 74,893 0,9996 0..20 (331 125]
NaCl
. 18 ¢ = 3,1983C + 81,02 0,9994 0..18
nMunH-BOAa
. [l (11
Gl -wat
yetne-water 20 e =3,117C + 80,28 1,0 0..8
[podomkeHue Ha credyrouwed cmpaHuue
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Table 2. (Continued)

[OvnanasoH
TemnepaTtypa, KOHLUEHTpauuit,
Pach_op °C yDaBHe.HMe R? macc. % NcTouHuk References
Solution Equation .
Temperature, Concentration
°C range, % w/w
25 ¢ = 3,168C + 78,45 0,9988 0...20 [1,33] [1,25]
30 ¢ = 3,0653C + 76,67 1,0 0...8 [l [1]
MMuunH-Boaa
Glycine-water
40 € = 2,9908C + 73,22 0,9999 0...8
50 ¢ = 2,9553C + 69,92 0,9999 0...8
_ . 0...18
5 & = —6,815x107C2 - 0,2608C + 86,0 | 0,9988
10 ¢ = —8,703x10“C2 — 0,2493C + 84,05 | 0,9994 0..18 (31 (23]
15 & = -1,808x10°C? - 0,2273C + 82,14 | 0,9992 0...18
& = -1,159x10C? + 8,757x103C? -
20 20.3739C + 80,28 0,995 0...90 [1,31, 105] [1, 23, 103]
25 & = —1,688x10°C2-0,2165C + 78,45 | 0,9999 0...50 11,311 [, 23]
£ = -3,884x10°C% + 1,782x1072C? -
30 -0,2711C + 76,67 0,9964 0...90 (11 111
35 & = -2,194x10°C2 - 0,2012C + 74,92 | 0,9986 0...18 [31] [23]
niokosa-Boaa
Glucose-water . .
g = -5,604x10°C% + 3,217x103C? —
40 = 0.2155C + 73,22 0,9941 0...90
£ = —4,582x10°C® + 2,491x1073C? —
50 -0,1979C + 69,92 0.9948 0...90
£ = —3,842x10°C® + 1,942x1073C? —
60 ~0,1791C + 66,77 0.9976 0...90
[l [
€ = —4,394x10°C® + 2,991x1073C? —
70 ~0,2173C + 63,75 0.9956 0...95
& = —4,363x10°C® + 3,489x1073C? —
80 0.2416C + 6088 0,9951 0...95
g = —4,163x10°5C? + 3,818x1073C2 -
90 20.2656C + 58,13 0,9935 0...95
JitiAw sona 25 ¢ = ~2,05x10-3C2 — 0,2448C + 78,45 | 0,9996 0...100 15, 37, 103] 129, 47, 101]
c-water
£ = —7,548x10°C® + 6,396x10-2C? —
10 T 0.2148C + 84.05 0,9982 [17, 100] [9, 98]
€ = -5,683x10°C® + 3,231x10-3C? -
20 270,09819C 4 80,28 0,9992 [17, 18, 35] [9, 10, 271
25 €= -5,78x105C? + 3,824x10°C* - | g0 [37, 45, 60, 74, [29, 37, 54,
- 0,1025C + 78,45 ’ 87, 97] 71, 84, 95]
OMCO-sopa
DMSO-water & = -5,101x1075C® + 3,22x1073C2 -
30 Z0.1124C + 76.67 0,9983 0...100 [17, 60, 103] [9, 54, 101]
g = -5,871x10°C? + 4,961x10-2C? -
35 " 0.1977C + 74.92 0,9975 [18, 60, 103] [10, 54, 101]
£ = —4,769x10°C® + 3,249x1073C? —
40 Z0.1236C + 73.22 0,9965 [17, 60, 103] [9, 54, 101]
g = —4,855x10°5C® + 3,754x1073C2 -
45 0.1484C + 7155 0,9982 [60, 103] [54, 101]
[MCO-3r ¢ = -5,816x1077C* + 8,718x1075C? —
DMSO-EG 10 5,598x10C? + 0,3368C + 44,06 | 09945 0...100 (100, 103 (98, 101]
lMpodomxeHue Ha credyroweld cmpaHuue
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LOvana3soH
Temnepartypa, KOHLeHTpauwii,
giﬁ]—ggg °C Y';E)asgteirci)lge R? macc. % M cTouHuK References
Temperature, a Concentration
°C range, % w/w
& = -8,862x107C* + 1,454x10-4C* -
20 2 9,183x103C? + 0,4166C + 41,88 | 09938 0...100
& = —1,036x10°C* + 1,861x104C?
MCOST 25 ~1,273x102C* + 0,5288C + 40,82 | 0:992 0...100
OMS0-£ 1100, 103] (98, 101]
& = —1,389x10°°C* + 2,403x10C° -
30 _1,487x102C? + 0,5435C + 39,79 | 09998 0...100
& = —1,29x10°5C* + 2,225x10C° -
40 21,422x102C* + 0,5673C + 37,79 | 09972 0...100
& = 1,605x10°C? - 3,092x10-°C? -
on 25 % esc £ 88 0,9992 0...100 (1,37, 103] (1,29, 101]
-BOAa
DMFA-water
& = 1,803x10-C? - 2,525x10C? -
30 O ease L6 0g 0,999 0...100 (93, 103] (90, 101]
OM®A-rnmuepuH e = 6,273x10°6C® - 2,606x1073C? +
DMFAgycorol 30 L sasc &t o8 0,998 0...100 (93,103] (90,101]
ATV 30 & = —4,021x10“C?~0,05143C + 45,86 | 0,9971 0...100 [93,103] (90,101]
10 & = -1,065x10°C + 0,1592C + 35,18 | 0,996 (1 1
25 & = 3,002x10“C? + 0,03135C + 32,21 | 0,994
30 & = 3,066x10-C? + 0,03049C + 31,3 | 0,9933
MbA
Ao meranon 0...100 (2, 49, 103] (2, 41, 101]
35 & = 3,943x104C? + 0,01649C + 30,42 | 0,9976
40 & = 5A79x10C? - 3879x10°C + 2957 | 0,9953
55 &= -1,024x10°C? + 0,1583C + 27,19 | 0,9962 (11 &)
[M®A-3T & = 2,032x10°°C? - 1,469x10-%C? +
VA G 30 2 00594C & 99,96 0,9987 0...100 193, 103] (90, 101]
OMEA Snanon 30 & = 2,327x10“C? + 0,1064C + 2358 | 0,9987 0...100 193, 103] 190, 101]
15 & = -2,113x10°C? - 0,2804C + 82,14 | 0,9996 0...100 1, 36] (1, 28]
Jorsoa 25 & = -1,997x10C? - 0,275C + 78,45 | 0,9991 0..100 11, 40, 94] (1,32, 91]
35 & = ~1,766x10°C? - 0,2778C + 7492 | 0,9997 0...100 1, 21 1, 2]
AT aranon 25 & = 4,69x10°C? + 0,06224C + 24,27 | 0,9965 0...100 [94,103] 191,101]
5 & = -0,307C + 86,0 0,9984
10 ¢ = -0,3028C + 84,05 0,9992
15 ¢ = -0,3006C + 82,14 0,9991
‘ 20 ¢ = -0,3056C + 80,28 0,9957
Xylose-water 010 o 2!
25 & =-0,3C + 78,45 0,9959
30 & = -0,3068C + 76,67 0,9941
35 & = -0,3123C + 74,92 0,9918
40 & = -0,3206C + 73,22 0,9894
'\,claa’l‘tfs";f,v e 5 € = -2,126x10-%C? - 0,2596C + 86,0 | 0,9987 0...50 1681 163]
lMpodomkeHue Ha cnedyowel cmpaHuye
Continued on next page
138 npobnemMbl KpUobMonorum 1 KpuomeauLMHbI

problems of cryobiology and cryomedicine

Tom/volume 25, Ne/issue 2, 2015




MpopomkeHne Tabnuubi 2
Table 2. (Continued)

[Ouana3soH
TemnepaTtypa, KOHLIeHTpauuii,
gacna:op °C YpaBHgHwe R? macc. % NcTouHuK References
olution Equation .
Temperature, Concentration
°C range, % w/w
15 & = —1,622x103C? - 0,2652C + 82,14 0,9982
ManeTo3a-sona 25 & = -1,427x103C? - 0,2625C + 78,45 0,9993 0...50 [68] [63]
Maltose-water
35 & = —1,124x103C2 - 0,2656C + 74,92 0,9991
20 & = —1,632x103C2 - 0,1237C + 80,28 0,9988 0..15 (11 (11
25 & = -8461x10°C?— 6,887 x10°C + 7845 | 0,9982 0...50 [1,92] [1, 891
30 & = —9,355x104C2 - 0,1331C + 76,67 0,9982 0...20
MaHHuT-BOAA
Mannitol-wat
annitol-water 40 ¢ = 6,645x10C2 — 0,1687C + 73,22 | 0,9997 0...20
(11 (11
50 & = —2,258x10*C2 - 0,1543C + 69,92 0,9998 0...20
60 & = 1,194x10-3C? - 0,1806C + 66,77 0,9991 0...20
€ = 1,38x10C? - 9,82x103C? +
5 +0,393C + 86,0 0,9993 0...80
€ = 1,556x107C% - 1,278x10°2C2 +
10 + 0.4797C + 845 0,9991 0...80
€ = 1,673x10C% - 1,523x102C? +
15 + 0,5828C + 82,14 0,9996 0...80
£ = 1,844x107C3 - 1,791x102C? +
20 + 0,6667C + 80,28 0.9996 0...80
MAu-soga & = —4,259x10°°C* + 8,945x10*C® —
MAc-water 25 Z5,616x102C? + 1,342C + 78,45 | 0:9956 0...100 (261 (8]
& = —-2,852x10°C* + 6,423x10°C® —
30 ~4,233x102C2 + 1,111C + 76,67 0,9985 0...100
€ = —3,002x10°C* + 7,283x1074C% —
35 ~5,184x102C? + 1,386C + 74,92 0,9999 0...100
g = -2,916x10°°C* + 7,722x10°%C% —
40 ~5,961x102C + 1,671C + 73,22 0,9995 0...100
£ = -3,011x10°°C* + 8,446x10C® — 0...100
45 ~6,806x10°2C? + 1,92C + 71,55 0.9968
-90 £ = 8,921x103C2 - 2,163C + 193,9 0,9858
-80 £ = 7,836x103C2 - 1,959C + 179,8 0,987 54...100
-70 & = 6,708x10°C? - 1,757C + 166,9 0,9893
-60 & = 2,865x103C? - 1,11C + 136,6 0,9919
44...100 111 111
-50 £ = 2,881x103C2 - 1,08C + 130,5 0,9918
-40 & = -1,177x103C? - 0,4614C + 105,57 0,9968
MeTaHon-soga
Methanol-water
-30 & = -9,911x104C2 - 0,4614C + 100,89 0,998
-20 & = —7,725x10*C? - 0,4668C + 96,41 0,9926
0...100
-10 € = —6,287x10C? - 0,4477C + 92,11 0,9945
[1, 3 [1, 105]
0 & = —4,905x10*C? - 0,4513C + 87,99 0,9996
5 & = -6,698x10*C? - 0,4239C + 86,0 0,9998 [23,57,74] [15,50,71]
10 & = -3,032 x10*C? -0,455C + 84,05 0,9992 111 11
lMpodomxeHue Ha credyroweld cmpaHuue
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[OvnanasoH
TemnepaTtypa, KOHLEHTpauuit,
Pach_op °C YpaBHe.HMe R? macc. % NcTouHuk References
Solution Equation .
Temperature, Concentration
°C range, % w/w
_ a2 [1,15, 34,
15 & = -4,734x10%C?-0,4255C + 82,14 0,9999 [1, 23,42, 103] 101]
17 e =-1,87x10*C?-0,4639C + 81,39 | 0,9997 [11 [1]
20 ¢ = -2,023x10C2 ~ 0,4481C + 80,28 | 0,9974 (,42,71,103 | 135 66
[1, 23, 41,42, [1,15, 33, 34,
25 e=-1,5601x10*C?>-0,4414C + 78,45 0,999 52,87,102, 44,84, 100,
103] 101]
_ ~ [1,41,42, 98, [1, 33, 34, 96,
MeTaHon-soga 30 & =-2,118x10%C? - 0,4267C + 76,67 | 0,9983 103] 101]
0...100
Methanol-water
_ ez [1,23,41,42, | 1,15, 33, 34,
35 g =-2,631x10*C?*-0,4137C + 74,92 0,9985 103] 101]
40 & = -8,251x10°C? - 0,4253C + 73,22 | 0,9993 [1,41,103] [1,33,101]
45 £ =-1,092x10*C?-0,4157C + 71,55 | 0,9995 [23, 41, 103] [15, 33, 101]
50 £ =-1,017x103C?-0,3775C + 69,92 | 0,9973 [1, 30, 103] [1,22,101]
55 g = 9,783x10°C2 - 0,4193C + 68,32 1,0 [23, 103] [15, 101]
60 ¢ = 4,72x10“C? - 0,4525C + 66,77 0,9994 [1,2,103] [1,2,101]
MeTanon-AMCO ¢ = 2,01x10°C® - 3,858x10°3C? +
Methanol-DMSO 20 + 0,04268C + 47,35 0,9992 0...100 81 1671
18 g = -3,688x102C? + 0,2269C + 81,01 | 0,9969 1,6..9,5 [1] [1]
M‘L’J“es”“a"“’”a 20 e = 1,872x103C? + 0,5109C + 80,28 | 0,9996 0..48 (1, 67] [1, 621
rea-water
25 e = 1,163x10°C? + 0,6321C + 78,45 1,0 0...28 [1, 46] [1, 38]
M®A-Bopa € = 2,498x10°°C* — 3,086x10*C® +
MFA-water 25 + 1,404x102C2 + 0,1484C + 78,45 | 09996 0...100 (371 (291
M3r-200 - Boga _ ~
PEG-200 — water 25 ¢ = -2,627x103C?-0,316C + 78,45 | 0,9989 0...100 [63,92,94] [45,89,91]
M3r-300 - sopa _ ~
PEG-300 — water 25 g =-2,792x103C?-0,3287C + 78,45 | 0,9962 0...100 [63,62,94] [45,56,91]
M3r-400 - sopa _ .
PEG-400 — water 25 g =-2,784x10°C?-0,3641C + 7845 | 0,9969 0...100 [62,94] [66,91]
M3r-600 - sopa _ ~
PEG-600 — water 25 ¢ = -1,933x10°C? - 0,4586C + 78,45 | 0,9981 0...100 [63,62,94] [45,56,91]
M3r-200 - ataHon _
PEG-200 - ethanol 25 & =-2,617x10*C?-0,01805C + 24,27 | 0,9939 0...100 [94] [91]
M3r-300 - ataHon _
PEG-300 - ethanol 25 & = —-3,042x10*C? - 0,04003C + 24,27 | 0,9962 0...100 [94] [91]
M3r-400 - ataHon _ .
PEG-400 — ethanol 25 & = -3,625x107C? - 0,0576C + 24,27 | 0,9908 0...100 [88] [85]
M3r-600 - staHon _ ~
PEG-600 — ethanol 25 & = -4,406x10*C? - 0,06083C + 24,27 | 0,9966 0...100 [94] [91]
5 g = —6,204x10°C?-0,1941C + 86,0 | 0,9969
Pu6osa-Bopa _ -
Ribose-water 10 g = -7,789x10°C? - 0,1854C + 84,05 | 0,9967 0...16 [31] [23]
15 ¢ =-1,017x102C?-0,1832C + 82,14 | 0,9962
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LOvana3soH
TemnepaTtypa, KOHUEHTpauui,
;acrs_op °C YpaBHgHme R? macc. % NcTouHuk References
olution Equation .
Temperature, Concentration
°C range, % w/w
20 & = —1,159x1072C? - 0,2004C + 80,28 | 0,9966
25 & = —1,225x102C? - 0,2285C + 78,45 | 0,9944
PuGosa-sona 30 ¢ = -1,31x102C2 - 0,2884C + 76,67 | 0,9954 0..16 [31] [23]
Ribose-water
35 & = —1,069x102C? - 0,4227C + 74,92 | 0,9968
40 & = -5,66x10°C? - 0,6354C + 73,22 | 0,9896
10 & = -9,134x10C? - 0,2447C + 84,05 1,0 0...40 [l [l
& = —7,683x1075C® + 4,314x103 C? -
20 0,3083C + 80,28 0,9976 0...80 (1,12, 63] (1, 4,57]
22 & = -1,239x102C2-0,129C + 79,64 | 0,9969 0..14 (731 [701
25 & = -1,466x10°C2-0,214C + 78,45 | 0,9974 0...60
1,12, 63] [1,4,57]
30 & = -2,311x10°C?-0,1758C + 76,67 | 0,9967 0...70
35 g = -2,692x103C2 - 0,2083C + 74,92 | 0,9916 0...25 (11 [3]
40 g = -2,666x103C2 - 0,1504C + 73,22 | 0,9948 0...80 [ [l
45 & = —4,704x103C? - 0,1498C + 71,65 | 0,9969 0...25 (11 [3]
Caxaposa-soga
Sucrose-water 50 & = -2,027x10°C?-0,1724C + 69,92 | 0,997 0...80
& = —3,374x10°5C® + 1,684x1073C? -
60 ~0,2531C + 66,77 0,995 0...90
g = -1,816x105C® + 5,138x107C2 —
70 ~0,2392C + 63,75 0,9959 0...90
g = —1,908x10°C? + 1,361x103C? - (1] [
80 ~0.2815C + 60,88 0,9953 0...90
g = —3,256x10°5C? + 3,096x10-3C2 -
90 0.3102C + 58,13 0,9956 0...90
95 & = -1,699x10°C2 - 0,1324C + 56,8 | 0,9997 0...90
100 & = —4,09x10C? - 0,2539C + 55,51 | 0,9997 0...70
0 g = 1,231x10°C2 - 0,4114C + 87,99 | 0,9871 0...70
5 & = 1,7x103C? - 0,4467C + 86,0 | 0,9877 0...70
10 € = 4,435x103C2 - 0,6147C + 84,05 | 0,9942 0...70
Cop6ur-sona g = —3,269x104C® + 3,702x102C? —
Sorbitol-water 15 " 1,394C 1+ 82,14 0,9987 0...60 [95] [92]
g = —3,102x107C® + 3,375x1072C2 -
20 21,253 C + 80,28 0,9961 0...60
g = —4,007x107C? + 4,092x1072C2 -
25 ~1,394C + 78,45 0.9954 0...80
5 e = -1,811x103C? - 0,2206C + 86,0 | 0,9989 0...50
15 & = —1,377x10°C?-0,2141C + 82,14 | 0,9993 0...50
Tperanosa-soaa [68] [63]
Trehalose-wat
renalose-water 25 & = ~9,856x10C? - 0,2252C + 78,45 | 0,9961 0...50
35 & = -7,602x10C?-0,2316C + 74,92 | 0,9957 0...50
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[OvnanasoH
TemnepaTtypa, KOHLEHTpauuit,
Pach_op °C YpaBHe.HMe R? macc. % NcTouHuk References
Solution Equation .
Temperature, Concentration
°C range, % w/w
15 & = -2,481x103C? - 0,3227C + 82,14 | 0,999 0...100 [ [1]
T3r-eopa _ ~
TEGone 25 & = -2,5639x103C? - 0,2927C + 78,45 | 0,9995 0...100 [1, 40] [1, 32
35 & = -2,323x103C? - 0,2925C + 74,92 | 0,9992 0...100
[0 [1, 2] [1, 2]
eHon-sona 70 & = -1,543x10°C? - 0,09431C + 33,87 | 0,9991 40...100
Phenol-water
®A - 1,2-NA _
FA - 1.2.PD 30 ¢ = 0,7806C + 28,68 0,9997 0...100 [92] (891
& = —4,097x10°5C? + 3,555x10°C2 +
25  0.3663 C + 78.45 0,9966 0...100 [1,37,52] [1,29,44]
dA-Boga
FA-wat
water 30 & = -5,644x10°C + 5,358x10°C* + | o goo- 0..100
+ 0,3315C + 76,67 ’
PA-ruuepuH 30 & = ~2,528x103C2 + 0,9119C + 41,08 | 0,9993 0...100
FA-glycerol [92] [89]
SA-[3T _ g
FADEG 30 & = -1,997x103C? + 0,8699C + 39,99 | 0,9994 0...100
®A-AMCO _ §
FA-DMSO 30 £ = 1,127x10°C? + 0,4993C + 45,86 | 0,9996 0...100
DA-AMDA _ .
FADMEA 30 e = 1,87x10°C? + 0,5171C + 36,45 | 0,9997 0...100 [90,92] [87,89]
,?,f"‘"emm” 30 e = 1,905x103C? + 0,5719C + 31,3 | 0,9995 0...100
-methanol
®A - M3r-200 _
AT 30 ¢ =0,8717C + 19,37 0,9995 0...100
®A - M3r-300 _
FA _ PEG-300 30 ¢ =0,9187C + 14,02 0,999 0...100
®A - M3r-400 _ §
FA _ PEG.400 30 & = 8,159x10“C? + 0,8548C + 12,47 | 0,9991 0...100 [92] (891
®A - M3r-600 _ _
FA _ PEG-600 30 € = 7,358x10“C? + 0,8803C + 10,65 | 0,9993 0...100
fﬁ"”a”“ 30 £ = 4,864x10°C2 + 0,3494C + 23,58 | 0,9998 0...100
-ethanol
S 30 & = ~1,728x10°C? + 0,8454C + 39,79 | 0,9997 0...100
5 & = —1,047x103C2 - 0,2451C + 86,0 | 0,9997 0..18
10 £ = -1,282x103C? - 0,2268C + 84,05 | 0,9998 0..18
15 & = -1,495x103C? - 0,2176C + 82,14 | 0,9996 0..18
20 & = -1,005x103C2 - 0,2192C + 80,28 | 0,9988 0..18 [31] [23]
dpyKTO3a-BOAa
Fructose-wat
ructose-water 25 ¢ = —1,249x10-3C2 - 0,2069C + 78,45 | 0,9992 0..18
30 ¢ = -1,565x103C?- 0,1996C + 76,67 | 0,9997 0..18
35 & = -1,655x10°C? - 0,188C + 74,92 | 0,9991 0..18
40 ¢ = -1,762x103C? - 0,1847C + 73,22 | 0,9951 0...20 [12, 31] 14, 23]
)C(,‘__"""'GT""”O” 20 & = -1,916x103C?* - 0,09204C + 33,16 | 0,9996 0...100 111 111
-methanol
lpodomkeHue Ha cnedyroweld cmpaHuye
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MpopomkeHne Tabnuubi 2

Table 2. (Continued)

LOvana3soH ;
giﬁ]ﬁgg '-FI-EMI'IGOPSTYPGV yE;S:gxe R? KOH“:lgg;If)E:)Z‘MM, NcTouHuk References
emperature, Concentration
°C range, % w/w
X -oraon 18 ¢ = —1,006x10°C2 — 0,09585C + 2526 | 0,9975
CFethanol 25 ¢ = —1,079x10°C2 - 0,08791C + 2427 | 0,998 [ "
5 ¢ = 1,703x10C? - 0,6328C + 90,03 | 0,9975
0 ¢ = 2,313x10C? - 0,6284C + 87,99 | 0,9981 11,11, 103] 11,3, 101]
5 ¢ = -3,514x10C* ~ 0,6131C + 86,0 | 0,9988 124] 1161
10 ¢ = 7,248x10-C? - 0,6494C + 84,05 | 0,9942 11,11, 103] 11,3, 101]
15 ¢ = 2,165x10C? ~ 0,6073C + 82,14 | 0,9953 (11,24,103] | [3,16,101]
20 & = 6,742x10%C? - 0,623C + 80,28 | 0,9965 A Ay
22 ¢ = 4,974x10-C? — 0,6052C + 79,56 | 0,9999 (73] (701
1,11,24,42, | [,3, 16,34,
25 ¢ = 7,513x10C? - 0,6207C + 78,45 | 0,9982 44,52,87,88, | 36,44, 84, 85,
104, 103] 101, 102]
Sranon-soa 30 ¢ = 7,62x10°C? - 0,6106C + 76,67 | 0,999 11,98, 103] 11, 96, 101]
32 ¢ = 5,385x10C? - 0,6772C + 75,96 | 0,9998 [55, 103] 148, 101]
35 ¢ = 7,22x10C? - 0,6015C + 74,92 | 0,997 (1,11,24,103] | [1,3,16,101]
40 ¢ = 8,497x10C? - 0,6016C + 73,22 | 0,9983 (1,11,42,103] | [1,3, 34, 101]
45 ¢ = 9,567x10C? - 0,6092C + 71,55 | 0,9927 11,11, 103] 11,3, 101]
50 ¢ = 9,68x10C? - 0,5955C + 69,92 | 0,9982 [,24,30, 1031 | 118 22
55 ¢ = 1,063x10°C? - 0,5913C + 68,32 | 0,9992 0.100
60 ¢ = 9,703x104C? - 0,5725C + 66,77 | 0,9991 (1,103] 11, 101]
75 ¢ = 1,02x10°C? ~0,5519C + 62,3 | 0,9993
80 ¢ = 8,857x10C? - 0,536C + 60,88 | 0,9995 (1,101,103 | [1,99,101]
15 ¢ = —1,975x109C?  0,1885C + 82,14 | 0,9973 [1, 40] 1, 32]
20 & = —1,894x103C2 — 0,2224C + 80,28 | 0,9955 170: 17c7>é]101' [65'170AZ]99'
25 ¢ = -1,819x10°C? ~ 0,205C + 78,45 | 0,9935 [}s'o?%hd,'?'og' “7'71 %'1?21'()%3'
30 ¢ = —1,707x103C2 ~ 0,2216C + 76,67 | 0,9975 180] (771
35 ¢ = —1,442x109C2 ~ 0,2174C + 74,92 | 0,9946 11, 40, 80] 1, 32, 77]
i 40 ¢ = -1,622x10°C2 0,2219C + 73,22 | 0,9971 [70'17076']80' [65'17&']77'
45 ¢ = —1,406x10-3C2 ~ 0,2307C + 71,55 | 0,9999 1801 (771
50 ¢ = ~7,672x10%C? - 0,2722C + 69,92 | 0,9962 130] 1221
60 & = -1,112x10°C? - 0,2387C + 66,77 | 0,9988 S B Ty
80 ¢ = ~7,978x10%C2 - 0,2419C + 60,88 | 0,9995 (70,77, 1061 | [65,74,104]
100 ¢ = -5,427x10%C? ~ 0,2435C + 55,51 | 0,9995 [70,77,101,106] | (65,74, 99, 104]
Sg::ﬁ:ggl 25 ¢ = 7,618x10C2 + 0,09216C + 24,27 | 0,9979 194] 191]
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Tabnuua 3. YpaBHeHUs1 AN pacyeTa CTaTU4eCKON OMINEKTPUYECKON MPOHULAEMOCTM PacTBOPOB KPMOMPOTEKTOPOB
B 3aBMCUMOCTU OT TemnepaTypbl Npu PUKCMPOBAHHON KOHLIEHTpPaLMK; UCNepCUMM annpokcMMaunin U ananasoHbl
KOHLUEHTpaUMin NpUMEHEHNS YpaBHEHWUI

Table 3. Equations to calculate static dielectric permeability for cryoprotective solutions depending on temperature at
a fixed concentration; dispersions of approximations and temperature ranges of equation application

KoHueHTpauwua, Ananason °
PaCTB.Op macc. % YpaBHe_Hme R? Temnepatyp, °C NcTouHuk References
Solution c . Equation Temperature
oncentration, oC
% wiw range,
0,5 & = -4,19x107%2 - 0,03055t + 79,98 0,9966 10...60
1 ¢ = -5,06x107%2 - 0,03674t + 77,36 0,9975 10...60
[831] [801]
NaCl-soma 1,5 g = —4,785x10°%t? - 7,846x10°%t + 76,66 0,994 10...60
-BOnI
NaCl-water
2 ¢ =-1,372x10%2 - 0,1563t + 76,78 0,9982 10...50
2,84 g = -5,143x10%2 - 0,3114t + 79,567 0,9966 0...60 [11 [11
3,73 ¢ = -1,357x10%2 - 0,3567t + 79,19 0,9956 0...40 [51] [43]
0 ¢ = 3,709x10%2 - 0,2419t + 79,54 0,9973 10...60
NaCl 0,5 ¢ =-1,481x10°2- 0,1366t + 77,43 0,9956 10...60
aCl - arap-renb
0
NaCI(jfg)ar gel 1 ¢ = 6,893x10%? - 0,2563t + 76,45 0,9973 10...60 [83] [80]
(1%)
1,5 e =7,719x10%42 - 0,249t + 75,44 0,9913 10...60
2 ¢ = 1,384x103%t% - 0,2738t + 73,98 0,9993 10...60
NaCl ep 4,55 & = 1,029x10%? + 0,501t + 58,5 1,0 -49...-27
-rnuu VH
NaCl-glycerol [1] (
21,15 e = 6,363x10°%2 - 0,2968t + 49,39 0,9968 -50...-22
. e = 1,818x10%* - 3,824x10°%t® +
NaSC'q—)er;l("Sll"ZH&B)b'” 0 +0,2931t2 - 10,13t + 195,7 0,9976 20...70 (751 (72]
Y ,
NaCl - glycine
buff 0.2M g = 2,333x10°%t% - 0,241 +
uffer ( ) 0,5 6221t + 34,73 1,0 20...50 [75] [72]
0 e = -6,378x10%2 - 0,1867C + 83,71 0,9929 7...65
N%C'd; d’%‘é’gm‘;'ﬁ 0,5 £ = -1,002x10%? - 0,1343C + 81,09 | 0,9931 7...65
yopep (U,
NaCl — phosphate (811 (78]
buffer (0.05 M) 0,75 e = -1,049x10%? - 0,1601C + 81,561 | 0,9919 7...65
1 e =-1,121x10°%2-0,1562C + 81,15 0,9922 7...65
3,48 ¢ = -0,3636t + 87,243 0,9998 5...40
6,72 ¢ = -0,366t + 86,571 0,9998 5...40
r 9,75 ¢ = -0,3702t + 86,093 0,9998 5...40
arnakTtosa-Boaa
Galactose-water (311 (23]
12,6 ¢ = -0,3667t + 85,425 0,9999 5...40
15,27 ¢ = -0,3902t + 84,993 0,9999 5...40
17,78 e = -0,379t + 84,529 0,9999 5...40
G'_l’;";‘::;‘;“tgr 7,33 £ = -9,647x10%? - 0,3216t + 109,8 | 0,998 0...50 1] 1]
3,48 ¢ = -0,3605t + 86,836 0,9999
6,72 ¢ = -0,3536t + 85,843 0,9997
gfu";';zzangf‘:r 9,75 ¢ =-0,3517t + 85,0 0,9999 5...40 [31] [23]
12,6 ¢ = —0,3536t + 84,343 0,9997
15,27 ¢ = -0,35t + 83,575 0,9997

"IpodomkeHue Ha cnedyoujeli cmpaHuue
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MpopomkeHne Tabnuubi 3
Table 3. (Continued)

PacTteop KoruenTpauua, YpaBHeHue TenfnmeapnaarsyopH °C
0, 2 ’
Solution c macc. A) Equation R Temperature NcTouHuk References
oncentration, o
% w/w range, °C
[noko3a-Boga _
Glucose-water 17,78 ¢ = -0,3429t + 82,689 0,9995 5...40 [31] [23]
OMCO-sopa _
DMSO-water 40 ¢ = -0,3845t + 83,633 0,9997 5...35 [74] [71]
OM®A-sopa _
DMFA-water 29,55 e = -0,29t + 70,56 0,9997 20...40 [18] [10]
41,73 ¢ = 8,615x10%t? - 0,3387t + 97,46 0,9915
MAu-soga _ -3¢2
MAc-water 57,49 e = 3,9x107%2 - 0,582t + 104,6 0,999 5...45 [26] [18]
80,23 g = 3,801x107°%2 - 0,8614t + 129,5 0,9998
34 ¢ = 2,485x10°%?% - 0,3293t + 67,02 0,9886 -22...18 [20] [12]
MeTaHon-sofa
Methanol-wat
ethanoiwater 50 ¢ = 5,788x10-t* - 0,3564t + 64,81 | 0,9903 5...35 (1,41,74] | 11,33, 71]
g =2,202x107°t% -3,254x107%2 +
10 1,696x10%t + 71,14 0,99383
g = 2,293x1074t° - 2,468x107%t2 +
Caxap“%‘o/a)rap' 20 0,7437t + 54,57 0.9703
renb (]
Sucrose — agar gel 10...60 [83] [801]
(1%) 30 e = -1,442x10% +1,002x102t? - 0.9678
2,922x107%t + 53,81 !
g = 1,998x104t% -2,197x10%t2 +
40 0,904t + 25,42 0,9966
5 e = 9,781x10%? - 0,4222t + 86,51 0,9998
10 ¢ = 7,889x10“t? - 0,4059t + 85,38 0,9989 0...100
Caxaposa-Boaa _ 4p2
Sucrose-water 20 ¢ = 6,833x10%2 -0,3911t + 82,45 0,9966 [1, 83] [1, 80]
30 ¢ =5,113x10“t? - 0,3684t + 79,32 0,9971 -2...100
40 ¢ = 5,351x10“t? - 0,3652t + 76,45 0,9991 -3...100
Hh-vona 33,41 & = -0,378t + 103,8 0,9997 20...40 (18l (101
-water
95 ¢ = 2,998x10°%? + 0,04805t + 38,4 0,9998 -1566...-110
OTaHon-soaa (50] [42]
Ethanol-water
99 ¢ = 5,455x10°%2 + 0,7786t + 84,34 0,9973 -162...-119
20 g = 9,493x10%2 - 0,4203t + 82,93 0,9991 -10...100
[70, 80, 82, [65, 77,79,
106 104
30 ¢ =9,181x10%%-0,4116t + 79,7 0,9994 -10...100 ] ]
40 € = 6,727x107%?% - 0,3394t + 74,32 0,9986 -20...100 [80, 106] [77, 104]
Or-sopa
EG-water _ - [70, 77, 80, [65, 74, 77,
50 ¢ = 1,0562x10°%? - 0,4116t + 72,9 0,9996 -20...100 82, 106] 79, 104]
60 ¢ = 9,6556x1042 - 0,3787t + 68,0 0,9979 -40...100
[80, 106] [77, 104]
80 e = 1,23x107%% - 0,3012t + 55,46 0,9953 -15...100
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