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Ðåôåðàò: Ñèñòåìàòèçèðîâàíû ëèòåðàòóðíûå äàííûå ïî ñòàòè÷åñêîé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè âîäû, ÷èñòûõ
êðèîïðîòåêòîðîâ, èõ âîäíûõ ðàñòâîðîâ è ñìåñåé. Ïîñòðîåíû ýìïèðè÷åñêèå ïîëèíîìèàëüíûå óðàâíåíèÿ äëÿ ðàñ÷åòà
ñòàòè÷åñêîé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè âîäû è ÷èñòûõ êðèîïðîòåêòîðîâ â çàâèñèìîñòè îò òåìïåðàòóðû. Äëÿ âîäíûõ
ðàñòâîðîâ è ñìåñåé íåêîòîðûõ êðèîïðîòåêòîðîâ ïîëó÷åíû ýìïèðè÷åñêèå ïîëèíîìèàëüíûå óðàâíåíèÿ â çàâèñèìîñòè îò
òåìïåðàòóðû ïðè ôèêñèðîâàííûõ êîíöåíòðàöèÿõ èëè îò êîíöåíòðàöèè ïðè ôèêñèðîâàííûõ òåìïåðàòóðàõ.

Êëþ÷åâûå ñëîâà: êðèîïðîòåêòîð, ñòàòè÷åñêàÿ äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü, ýìïèðè÷åñêèå ïîëèíîìèàëüíûå
óðàâíåíèÿ.

Ðåôåðàò: Ñèñòåìàòèçîâàíî ë³òåðàòóðí³ äàí³ ç³ ñòàòè÷íî¿ ä³åëåêòðè÷íî¿ ïðîíèêíîñò³ âîäè, ÷èñòèõ êð³îïðîòåêòîð³â, ¿õ
âîäíèõ ðîç÷èí³â ³ ñóì³øåé. Ïîáóäîâàíî åìï³ðè÷í³ ïîë³íîì³àëüí³ ð³âíÿííÿ äëÿ ðîçðàõóíêó ñòàòè÷íî¿ ä³åëåêòðè÷íî¿ ïðîíèêíîñò³
âîäè ³ ÷èñòèõ êð³îïðîòåêòîð³â â çàëåæíîñò³ â³ä òåìïåðàòóðè. Äëÿ âîäíèõ ðîç÷èí³â ³ ñóì³øåé äåÿêèõ êð³îïðîòåêòîð³â îòðèìàíî
åìï³ðè÷í³ ïîë³íîì³àëüí³ ð³âíÿííÿ â çàëåæíîñò³ â³ä òåìïåðàòóðè ïðè ô³êñîâàíèõ êîíöåíòðàö³ÿõ àáî â³ä êîíöåíòðàö³¿ ïðè
ô³êñîâàíèõ òåìïåðàòóðàõ.
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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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îðèãèíàëüíîå èññëåäîâàíèå research article

Äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü – ôèçè÷åñêàÿ
âåëè÷èíà, êîòîðàÿ õàðàêòåðèçóåò ñâîéñòâà èçîëè-
ðóþùåé (äèýëåêòðè÷åñêîé) ñðåäû è ïîêàçûâàåò
çàâèñèìîñòü ýëåêòðè÷åñêîé èíäóêöèè îò íàïðÿæåí-
íîñòè ýëåêòðè÷åñêîãî ïîëÿ. Îíà îïðåäåëÿåòñÿ
ýôôåêòîì ïîëÿðèçàöèè äèýëåêòðèêîâ ïîä äåéñò-
âèåì ýëåêòðè÷åñêîãî ïîëÿ è âåëè÷èíîé äèýëåêòðè-
÷åñêîé âîñïðèèì÷èâîñòè ñðåäû.

Ëþáàÿ ñðåäà óìåíüøàåò íàïðÿæåííîñòü ýëåêò-
ðè÷åñêîãî ïîëÿ ïî ñðàâíåíèþ ñ âàêóóìîì. Äè-
ýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü ïîêàçûâàåò, âî
ñêîëüêî ðàç ýëåêòðè÷åñêîå ïîëå â äèýëåêòðèêå
ìåíüøå ýëåêòðè÷åñêîãî ïîëÿ â âàêóóìå, è äàåò
âîçìîæíîñòü ñóäèòü îá èíòåíñèâíîñòè ïðîöåññîâ

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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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,
DMAc – 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.

ïîëÿðèçàöèè è êà÷åñòâå äèýëåêòðèêà. Ïîëÿðèçàöèÿ
äèýëåêòðèêà îïðåäåëÿåòñÿ ñóììàðíûì äåéñòâèåì
ðàçëè÷íûõ ìåõàíèçìîâ ïîëÿðèçàöèè. Ïî òåìïåðà-
òóðíîé è ÷àñòîòíîé çàâèñèìîñòè äèýëåêòðè÷åñêîé
ïðîíèöàåìîñòè ìîæíî ïîëó÷èòü èíôîðìàöèþ î
ìåõàíèçìàõ ïîëÿðèçàöèè è èõ îòíîñèòåëüíîì
âêëàäå â ïîëÿðèçàöèþ äèýëåêòðèêà. Âîçðàñòàíèå
äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ïðèâîäèò ê ðîñòó
ýëåêòðîïðîâîäíîñòè.

Öåëü ðàáîòû – îáîáùåíèå è ñèñòåìàòèçàöèÿ
ëèòåðàòóðíûõ äàííûõ íà îñíîâå ïîñòðîåíèÿ ýìïè-
ðè÷åñêèõ ôîðìóë äëÿ ðàñ÷åòà çíà÷åíèé ñòàòè÷åñ-
êîé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ÷èñòûõ
êðèîïðîòåêòîðîâ, èõ âîäíûõ ðàñòâîðîâ è ñìåñåé â
çàâèñèìîñòè îò ìàññîâîé êîíöåíòðàöèè êðèîïðî-
òåêòîðà è òåìïåðàòóðû.

Ýêñïåðèìåíòàëüíûå ðåçóëüòàòû ïî ñòàòè÷åñêîé
äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè êðèîïðîòåêòîðîâ,
âîäíûõ ðàñòâîðîâ è ñìåñåé, ïðèâåäåííûå â ëèòå-
ðàòóðå, áûëè îáðàáîòàíû ñ ïîìîùüþ ïðîãðàììû
«Excel 2003» («Microsoft», ÑØÀ). Íàðÿäó ñ äàí-
íûìè äëÿ êðèîïðîòåêòîðîâ áûëè îáðàáîòàíû è
ýêñïåðèìåíòàëüíûå ëèòåðàòóðíûå äàííûå äëÿ
âîäû, ëüäà è ðÿäà ðàñòâîðîâ âåùåñòâ, êîòîðûå
âàæíû êàê äëÿ æèçíåäåÿòåëüíîñòè ÷åëîâåêà, òàê
è äëÿ êðèîáèîëîãèè.

Â òàáëèöàõ êîíöåíòðàöèè ïðèâåäåíû â ìàññîâûõ
ïðîöåíòàõ äëÿ âåùåñòâà, óêàçàííîãî ïåðâûì.

Â òàáëèöàõ ïðèíÿòû ñëåäóþùèå óñëîâíûå
îáîçíà÷åíèÿ:

ÁÄ – áóòàíäèîë,
ÁÑÀ – áû÷èé ñûâîðîòî÷íûé àëüáóìèí,
ÄÌÀö – äèìåòèëàöåòàìèä,
ÄÌÑÎ – äèìåòèëñóëüôîêñèä,
ÄÌÔÀ – äèìåòèëôîðìàìèä,
ÄÝÃ – äèýòèëåíãëèêîëü,
Ì – ìîëÿðíîñòü,
ÌÀö – ìåòèëàöåòàìèä,
ÌÔÀ – ìåòèëôîðìàìèä,
ÏÂÏ – ïîëèâèíèëïèððîëèäîí,
ÏÄ – ïðîïàíäèîë,
ÏÝÃ – ïîëèýòèëåíãëèêîëü,
ÒÝÃ – òðèýòèëåíãëèêîëü,
ÔÀ – ôîðìàìèä,
ÕÔ – õëîðîôîðì,
ÝÃ – ýòèëåíãëèêîëü,
æ. ô. – æèäêàÿ ôàçà,
òâ. ô. – òâåðäàÿ ôàçà.
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íîçàïàèÄ
Ñ°,ðóòàðåïìåò
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êèí÷îòñÈ secnerefeR

.ô.æ,àäîÂ

.p.l,retaW
ε 217,9–= × 01 7– t3 777,8+ × 01 4– t2 –

99,78+t9204,0– 5999,0 073...04–

,71,51,11,01,2[
,73,63,52–32
46,45,34,04,93
,08,87,17,66–
]601,301,99,69

,71–51,9,7,3,2[
,23,13,92,82
,06,85,64,53
,77,57,66,16
,101,79,49,39

]401

)äåë(.ô.âò,àäîÂ
)eci(.p.s,retaW ε 8,2= × 01 3– t2 8,39+t6703,0– 5499,0 0...321– ,34,63,91,41[

]45 ]64,53,82,11,4[

ÄÁ-2,1
DB-2,1 ε 319,52+t6631,0–= 3699,0 05...5 ]63,2[ ]82,2[

ÄÁ-3,1
DB-3,1

ε 713,1–= × 01 6– t3 570,7+ × 01 4– t2 –
84,33+t3991,0– 9799,0 051...82– ]63,4,2[ ]601,82,2[

ÄÁ-4,1
DB-4,1 ε 590,4= × 01 4– t2 66,53+t3391,0– 3799,0 051...51 ]66,9,4,2[ ]601,96,16,2[

ÄÁ-3,2
DB-3,2 ε 153,2= × 01 4– t2 96,32+t4411,0– 2999,0 051...01 ]301,4[ ]601,101[

ÄÏ-2,1
DP-2,1

ε 951,2= × 01 8– t4 954,6– × 01 6– t3 +
638,9+ × 01 4– t2 0,43+t7102,0– 5699,0 051...09– ,62,52,61,6,2[

]29,98,43,92
,12,81,71,8,2[

]98,68,35,62

ÄÏ-3,1
DP-3,1

ε 875,2= × 01 6– t3 448,2+ × 01 4– t2 –
81,93+t4202,0– 8799,0 001...03– ]301,63[ ]101,82[

äèìàòåöÀ
edimatecA ε 942,2–= × 01 3– t2 79,55+t2133,0+ 4999,0 571...19 ]63,2[ ]82,2[

.ô.æ,íèðåöèëÃ
.p.l,lorecylG ε 431,5= × 01 4– t2 16,84+t3662,0– 3399,0 001...87–

,53,43,52,9,2[
,39,19,16,73

]301,69

,92,72,62,71,2[
,09,88,96,55

]101,49

.ô.âò,íèðåöèëÃ
.p.s,lorecylG

ε 12,7= × 01 4– t3 t5501,0+ 2 +
85,19+t702,5+ 7999,0 31–...35–

]61[ ]8[
ε 381,1= × 01 3– t3 t58130,0– 2 –

21,74+t83660,0– 0,1 71...31–

öÀÌÄ
cAMD ε 485,6= × 01 4– t2 3,44+t5942,0– 2199,0 061...51– ,35,73,63,5,2[

]301,19
,74,54,92,82,2[

]101,88

ÎÑÌÄ
OSMD

ε 669,2= × 01 6– t4 444,5– × 01 4– t3 +
725,3+ × 01 2– t2 45,85+t170,1– 399,0 07...01 ,39,73,53,62[

]301,001
,09,92,82,81[

]101,89

ÀÔÌÄ
AFMD

ε 627,1–= × 01 6– t3 400,8+ × 01 4– t2 –
21,24+t4112,0– 3599,0 541...06– ]301,63,9,5,2[ ,96,74,82,2[

]101

ÃÝÄ
GED ε 90,1= × 01 4– t2 40,63+t2402,0– 2499,0 001...02– ,07,04,63,5,2[

]29
,56,74,23,82,2[

]98

öÀÌ
cAM

ε 312,1–= × 01 5– t3 393,7+ × 01 3– t2 –
88,22+t698,1– 4999,0 002...52 ]65,63,62,2[ ]94,82,81,2[

ëîíàòåÌ
lonahteM

ε 879,3–= × 01 6– t3 540,1+ × 01 3– t2 –
93,73+t9032,0– 6499,0 041...011–

,52,32,9,5,3,2[
,93,83,63,72
,97,66,75,94

]301,08

,82,91,71,51,2[
,74,14,13,03
,67,96,16,05
]501,101,77

ÀÔÌ
AFM

ε 191,2= × 01 6– t3 826,7+ × 01 3– t2 –
2,122+t909,1– 199,0 08...04– ]301,73,63,5,2[ ,74,92,82,2[

]101

).ô.âò(0001-ÃÝÏ
).p.s(0001-GEP

ε 924,6= × 01 6– t3 594,6+ × 01 4– t2 +
845,4+t74140,0+ 7379,0 03...07– ]85[ ]15[

006-ÃÝÏ
006-GEP

ε 3,6–= × 01 5– t3 893,7+ × 01 3– t2 –
30,41+t9772,0– 3869,0 06...01 ]68,85[ ]38,15[
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Òàáëèöà 1. Óðàâíåíèÿ äëÿ ðàñ÷åòà ñòàòè÷åñêîé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ÷èñòûõ âåùåñòâ
 â çàâèñèìîñòè îò òåìïåðàòóðû; äèñïåðñèè àïïðîêñèìàöèé è äèàïàçîíû òåìïåðàòóð ïðèìåíåíèÿ óðàâíåíèé

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

Ïðîäîëæåíèå íà ñëåäóþùåé ñòðàíèöå
Continued on next page
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êèí÷îòñÈ secnerefeR

004-ÃÝÏ
004-GEP ε 351,4= × 01 4– t2 12,61+t1731,0– 1889,0 52...0 ]68[ ]38[

003-ÃÝÏ
003-GEP ε 683,5= × 01 4– t2 5,71+t231,0– 7189,0 52...0 ]49,68,26[ ]19,38,65[

002-ÃÝÏ
002-GEP ε 425,5= × 01 4– t2 97,32+t9361,0– 9479,0 52...4 ]49,68[ ]19,38[

ÃÝÒ
GET ε 372,4= × 01 4– t2 72,62+t9241,0– 5599,0 06...02– ]63,5,2[ ]74,82,2[

ëîíåÔ
lonehP ε 656,2= × 01 4– t2 83,51+t4301,0– 4599,0 061...4 ]93,63,2[ ]13,82,2[

äèìàìðîÔ
edimamroF ε 889,7= × 01 5– t2 4,911+t3434,0– 499,0 56...0 ]301,63,2[ ]101,82,2[

).ô.âò(ìðîôîðîëÕ
).p.s(mroforolhC ε 87,5= × 01 5– t2 813,3+t23410,0– 9869,0 07–...941– ]97,2[ ]67,2[

ìðîôîðîëÕ
mroforolhC ε 239,3= × 01 5– t2 291,5+t32910,0– 2499,0 081...07– ]97,66,93,52,2[ ]67,16,13,71,2[

ëîíàòÝ
lonahtE

ε 769,1= × 01 8– t4 143,4– × 01 6– t3 +
912,4+ × 01 4– t2 9,72+t2351,0– 5599,0 061...341–

,52,42,9,5,2[
,17,75,55,63

]301,49,97

,74,82,71,61,2[
,96,66,05,84

]101,19,67

ÃÝ
GE ε 646,4= × 01 4– t2 43,64+t3232,0– 5699,0 051...02–

,93,63,62,52,2[
,98,08,27,04

]001,39

,13,82,81,71,2[
,09,77,86,23

]89
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êèí÷îòñÈ secnerefeR

àäîâ–ÄÏ-2,1
retaw–DP-2,1 52 ε 710,1–= × 01 3– Ñ2 +Ñ5473,0–

54,87+ 5999,0 001...0 ]301,92,62[ ]101,12,81[

àäîâ–ÄÁ-3,1
retaw–DB-3,1 52 ε 54,87+Ñ1794,0–= 9999,0 001...0 ]67,63,6,4[ ,37,35,82[

]601

lCaC 2 àäîâ-
lCaC 2 retaw- 52 ε 556,2–= × 01 3– Ñ3 Ñ861,0+ 2 –

54,87+Ñ815,3– 9999,0 43...0 ]1[ ]1[

àäîâ-lCK
retaw-lCK

51 ε Ñ2317,0= 2 41,28+Ñ9476,3– 99,0 2...0 ]1[ ]1[

02 ε 82,08+Ñ6416,1–= 1399,0 7...0 ]74[ ]93[

52 ε 54,87+Ñ2554,1–= 1099,0 41...0 ]15,1[ ]34,1[

53 ε 29,47+Ñ2957,1–= 6799,0 4...0 ]1[ ]1[

àäîâ-lCaN
retaw-lCaN

0 ε 327,6= × 01 2– Ñ2 99,78+Ñ576,3– 5799,0 52...0 ]101,1[ ]99,1[

5,1 ε 854,7= × 01 2– Ñ2 93,78+Ñ893,3– 9399,0 52...0 ]15,1[ ]34,1[

3 ε 759,6= × 01 2– Ñ2 97,68+Ñ267,2– 199,0 5...0 ]1[ ]1[
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Òàáëèöà 2. Óðàâíåíèÿ äëÿ ðàñ÷åòà ñòàòè÷åñêîé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ðàñòâîðîâ êðèîïðîòåêòîðîâ
â çàâèñèìîñòè îò êîíöåíòðàöèè êðèîïðîòåêòîðîâ ïðè ôèêñèðîâàííîé òåìïåðàòóðå; äèñïåðñèè

àïïðîêñèìàöèé è äèàïàçîíû êîíöåíòðàöèé ïðèìåíåíèÿ óðàâíåíèé
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
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ðîâòñàÐ
noituloS

,àðóòàðåïìåÒ
Ñ°

,erutarepmeT
Ñ°

åèíåíâàðÓ
noitauqE R2

íîçàïàèÄ
,éèöàðòíåöíîê

%.ññàì
noitartnecnoC
w/w%,egnar

êèí÷îòñÈ secnerefeR

àäîâ-lCaN
retaw-lCaN

5 ε 251,3= × 01 2– Ñ2 0,68+Ñ986,2– 7999,0 42...0 ]84[ ]04[

01 ε 602,5= × 01 2– Ñ2 50,48+Ñ993,3– 4899,0 61...0 ]1[ ]1[

02 ε 651,3= × 01 2– Ñ2 82,08+Ñ33,2– 5799,0 42...0 ]95,84[ ]25,04[

52 ε 1,3= × 01 2– Ñ2 54,87+Ñ372,2– 2599,0 52...0 ,84,33,23,1[
]101

,04,52,42,1[
]99

03 ε 149,3= × 01 2– Ñ2 76,67+Ñ485,2– 1399,0 52...0 ]101,15,1[ ]99,34,1[

53 ε 500,4= × 01 2– Ñ2 29,47+Ñ222,2– 5899,0 42...0 ]84[ ]04[

04 ε 507,3= × 01 2– Ñ2 22,37+Ñ268,2– 8999,0 61...0 ]12,1[ ]31,1[

05 ε 430,8= × 01 2– Ñ2 29,96+Ñ750,3– 5599,0 11...0 ]101[ ]99[

íèðåöèëã-lCaN
lorecylg-lCaN 5,53- ε = – 942,1 × 01 3– Ñ3 – Ñ96060,0 2 –

– 17,85+Ñ181,1 5589,0 92...0 ]1[ ]1[

àäîâ-íèíàëÀ
retaw-eninalA

52 ε Ñ3211,0= 3 Ñ295,1– 2 +Ñ622,8+
54,87+ 0,1 9...0

]82[ ]02[

03 ε 518,2= × 01 2– Ñ3 – Ñ1333,0 2 +
76,67+Ñ456,3+ 4799,0 9...0

53 ε 481,2= × 01 2– Ñ3 Ñ2403,0– 2 +
29,47+Ñ348,3+ 9499,0 9...0

04 ε 397,6= × 01 2– Ñ3 Ñ810,1– 2 +
22,37+Ñ178,5+ 8789,0 9...0

àäîâ-ÀÑÁ
retaw-ASB 52 ε 705,4–= × 01 2– Ñ4 Ñ234,0+ 3 –

Ñ5,1– 2 54,87+Ñ263,1+ 9599,0 5...0 ]21[ ]4[

àäîâ-àçîòêàëàÃ
retaw-esotcalaG

5 ε 768,1–= × 01 3– Ñ2 0,68+Ñ3261,0– 799,0 81...0

]13,1[ ]32,1[

01 ε 859,1–= × 01 3– Ñ2 50,48+Ñ6351,0– 9499,0 81...0

51 ε 709,2–= × 01 3– Ñ2 41,28+Ñ9731,0– 299,0 81...0

02 ε 19,3–= × 01 3– Ñ2 82,08+Ñ7721,0– 8199,0 81...0

52 ε 218,5= × 01 4– Ñ2 54,87+Ñ391,0– 4499,0 06...0

03 ε 976,4= × 01 4– Ñ2 76,67+Ñ7502,0– 6699,0 06...0

53 ε 134,3–= × 01 3– Ñ2 29,47+Ñ2341,0– 2799,0 81...0

04 ε 121,4= × 01 4– Ñ2 22,37+Ñ8891,0– 4699,0 06...0

05 ε 404,1–= × 01 3– Ñ2 29,96+Ñ43880,0– 6799,0 06...0

öÀÌÄ-íèðåöèëÃ
cAMD-lorecylG

51 ε 42,7–= × 01 6– Ñ3 238,2+ × 01 4– Ñ2+
17,04+Ñ52080,0+ 8599,0 001...0

]19[ ]88[

03 ε 808,2–= × 01 6– Ñ3 533,5– × 01 4– Ñ2 +
14,73+Ñ2911,0+ 8799,0 001...0

54 ε 523,6= × 01 7– Ñ3 641,1– × 01 3– Ñ2 +
14,43+Ñ2451,0+ 5599,0 001...0

06 ε 523,2–= × 01 6– Ñ3 384,1– × 01 3– Ñ2 +
7,13+Ñ7271,0+ 9699,0 001...0

ÀÔÌÄ-íèðåöèëÃ
AFMD-lorecylG

51 ε 201,1–= × 01 5– Ñ3 573,1– × 01 4– Ñ2 +
21,93+Ñ7271,0+ 3199,0

001...0 ]19[ ]88[

03 ε 953,2–= × 01 6– Ñ3 544,1– × 01 3– Ñ2 +
54,63+Ñ2912,0+ 9399,0
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ðîâòñàÐ
noituloS

,àðóòàðåïìåÒ
Ñ°

,erutarepmeT
Ñ°

åèíåíâàðÓ
noitauqE R2

íîçàïàèÄ
,éèöàðòíåöíîê

%.ññàì
noitartnecnoC
w/w%,egnar

êèí÷îòñÈ secnerefeR

ÀÔÌÄ-íèðåöèëÃ
AFMD-lorecylG

54 ε 376,1= × 01 6– Ñ3 319,1– × 01 3– Ñ2 +
70,43+Ñ2422,0 699,0

001...0 ]19[ ]88[

06 ε 954,8–= × 01 7– Ñ3 893,1– × 01 3– Ñ2

49,13+Ñ2391,0+ 7499,0

àäîâ-íèðåöèëÃ
retaw-lorecylG

5,91- ε 161,5–= × 01 3– Ñ2 +Ñ7371,0+
57,78 7899,0 001...58

]96[ ]46[3,51- ε 240,1= × 01 –2Ñ2 – +Ñ426,2
9,012 3599,0 001...58

5,7- ε 179,2= × 01 3– Ñ2 5,541+Ñ242,1– 6799,0 001...58

02 ε 699,1–= × 01 3– Ñ2 82,08+Ñ3781,0– 6699,0

001...0

]87,53,7[ ]57,95,72[

52 ε 59,1–= × 01 3– Ñ2 54,87+Ñ2181,0– 4499,0 ]69,58,48,87[ ,28,18,57[
]49

03 ε 451,1–= × 01 3– Ñ2 76,67+Ñ4042,0– 9899,0 ]301,14,73[ ]101,33,92[

53 ε 992,1–= × 01 3– Ñ2 29,47+Ñ9622,0– 4999,0 ]58,14[ ]28,33[

73 ε 261,8–= × 01 4– Ñ2 42,47+Ñ6682,0– 1999,0 ]22[ ]41[

04 ε 793,1–= × 01 3– Ñ2 22,37+Ñ7712,0– 2999,0 ]69,87[ ]49,57[

54 ε 984,1–= × 01 3– Ñ2 55,17+Ñ8202,0– 6799,0 ]19,58,14[ ]88,28,33[

06 ε 211,1–= × 01 3– Ñ2 77,66+Ñ9612,0– 6999,0 ]87[ ]57[

07 ε 403,4–= × 01 4– Ñ2 57,36+Ñ2372,0– 5899,0 ]22,2[ ]41,2[

08 ε 528,9–= × 01 4– Ñ2 88,06+Ñ8302,0– 4999,0 ]87[ ]57[

001 ε =– 549,8 × 01 –4Ñ2 – 15,55+Ñ4781,0 8999,0 ]87[ ]57[

àçîëàãåðò-íèðåöèëÃ
esolahert-lorecylG

32-
ε 150,3= × 01 6– Ñ5 60,3– × 01 4– Ñ4 +

Ñ62110,0+ 3 Ñ2581,0– 2 +
8,6+Ñ435,1+

3599,0 74...0

]31[ ]5[0
ε 369,1= × 01 6– Ñ5 710,2– × 01 4– Ñ4 +

708,7+ × 01 3– Ñ3 Ñ831,0– 2 +
624,7+Ñ603,1+

3599,0 74...0

42
ε 501,1= × 01 6– Ñ5 452,1– × 01 4– Ñ4 +

355,5+ × 01 3– Ñ3 Ñ1311,0– 2 +
15,7+Ñ462,1+

2499,0 74...0

ëîíàòý-íèðåöèëÃ
lonahte-lorecylG

02 ε 826,5= × 01 –4Ñ2 79,42+Ñ6211,0+ 5499,0
001...0

]53,7[ ]95,72[

52 ε 202,1= × 01 –3Ñ2 72,42+Ñ5160,0+ 9899,0 ]301,88[ ]101,58[

íèöèëÃ – %48,2
lCaN

-enicylG – %48.2
lCaN

52 ε 392,77+Ñ6912,3= 6999,0 02...0 ]33[ ]52[

íèöèëÃ – %6,5
lCaN

enicylG – %6.5
lCaN

52 ε 767,67+Ñ3161,3= 9999,0 02...0 ]33[ ]52[

-íèöèëÃ – %58,01
lCaN

enicylG – %58.01
lCaN

52 ε 398,47+Ñ3502,3= 6999,0 02...0 ]33[ ]52[

àäîâ-íèöèëÃ
retaw-enicylG

81 ε 20,18+Ñ3891,3= 4999,0 81...0
]1[ ]1[

02 ε 82,08+Ñ711,3= 0,1 8...0
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ðîâòñàÐ
noituloS

,àðóòàðåïìåÒ
Ñ°

,erutarepmeT
Ñ°

åèíåíâàðÓ
noitauqE R2

íîçàïàèÄ
,éèöàðòíåöíîê

%.ññàì
noitartnecnoC
w/w%,egnar

êèí÷îòñÈ secnerefeR

àäîâ-íèöèëÃ
retaw-enicylG

52 ε 54,87+Ñ851,3= 8899,0 02...0 ]33,1[ ]52,1[

03 ε 76,67+Ñ3560,3= 0,1 8...0 ]1[ ]1[

04 ε 22,37+Ñ8099,2= 9999,0 8...0

05 ε 29,96+Ñ3559,2= 9999,0 8...0

àäîâ-àçîêþëÃ
retaw-esoculG

5 ε 518,6–= × 01 4– Ñ2 0,68+Ñ8062,0– 8899,0 81...0

]13[ ]32[01 ε 307,8–= × 01 4– Ñ2 50,48+Ñ3942,0– 4999,0 81...0

51 ε 808,1–= × 01 3– Ñ2 41,28+Ñ3722,0– 2999,0 81...0

02 ε 951,1–= × 01 4– Ñ3 757,8+ × 01 3– Ñ2 –
82,08+Ñ9373,0– 599,0 09...0 ]501,13,1[ ]301,32,1[

52 ε 886,1–= × 01 3– Ñ2 54,87+Ñ5612,0– 9999,0 05...0 ]13,1[ ]32,1[

03 ε 488,3–= × 01 5– Ñ3 287,1+ × 01 3– Ñ2 –
76,67+Ñ1172,0– 4699,0 09...0 ]1[ ]1[

53 ε 491,2–= × 01 3– Ñ2 29,47+Ñ2102,0– 6899,0 81...0 ]13[ ]32[

04 ε 406,5–= × 01 5– Ñ3 712,3+ × 01 3– Ñ2 –
22,37+Ñ5512,0– 1499,0 09...0

]1[ ]1[

05 ε 285,4–= × 01 5– Ñ3 194,2+ × 01 3– Ñ2 –
29,96+Ñ9791,0– 8499,0 09...0

06 ε 248,3–= × 01 5– Ñ3 249,1+ × 01 3– Ñ2 –
77,66+Ñ1971,0– 6799,0 09...0

07 ε 493,4–= × 01 5– Ñ3 199,2+ × 01 3– Ñ2 –
57,36+Ñ3712,0– 6599,0 59...0

08 ε 363,4–= × 01 5– Ñ3 984,3+ × 01 3– Ñ2 –
88,06+Ñ6142,0– 1599,0 59...0

09 ε 361,4–= × 01 5– Ñ3 818,3+ × 01 3– Ñ2 –
31,85+Ñ6562,0– 5399,0 59...0

àäîâ-öÀÌÄ
retaw-cAMD 52 ε 50,2–= × 01 3– Ñ2 54,87+Ñ8442,0– 6999,0 001...0 ]301,73,5[ ]101,74,92[

àäîâ-ÎÑÌÄ
retaw-OSMD

01 ε 845,7–= × 01 5– Ñ3 693,6+ × 01 3– Ñ2 –
50,48+Ñ8412,0– 2899,0

001...0

]001,71[ ]89,9[

02 ε 385,5–= × 01 5– Ñ3 132,3+ × 01 3– Ñ2 –
82,08+Ñ91890,0– 2999,0 ]53,81,71[ ]72,01,9[

52 ε 87,5–= × 01 5– Ñ3 428,3+ × 01 3– Ñ2 –
54,87+Ñ5201,0– 2799,0 ,47,06,54,73[

]79,78
,45,73,92[
]59,48,17

03 ε 101,5–= × 01 5– Ñ3 22,3+ × 01 3– Ñ2 –
76,67+Ñ4211,0– 3899,0 ]301,06,71[ ]101,45,9[

53 ε 178,5–= × 01 5– Ñ3 169,4+ × 01 3– Ñ2–
29,47+Ñ7791,0– 5799,0 ]301,06,81[ ]101,45,01[

04 ε 967,4–= × 01 5– Ñ3 942,3+ × 01 3– Ñ2 –
22,37+Ñ6321,0– 5699,0 ]301,06,71[ ]101,45,9[

54 ε 558,4–= × 01 5– Ñ3 457,3+ × 01 3– Ñ2 –
55,17+Ñ4841,0– 2899,0 ]301,06[ ]101,45[

ÃÝ-ÎÑÌÄ
GE-OSMD 01 ε 618,5–= × 01 7– Ñ4 817,8+ × 01 5– Ñ3 –

01x895,5 3– Ñ2 60,44+Ñ8633,0+ 5499,0 001...0 ]301,001[ ]101,89[
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ðîâòñàÐ
noituloS

,àðóòàðåïìåÒ
Ñ°

,erutarepmeT
Ñ°

åèíåíâàðÓ
noitauqE R2

íîçàïàèÄ
,éèöàðòíåöíîê

%.ññàì
noitartnecnoC
w/w%,egnar

êèí÷îòñÈ secnerefeR

ÃÝ-ÎÑÌÄ
GE-OSMD

02 ε 268,8–= × 01 7– Ñ4 454,1+ × 01 4– Ñ3 –
381,9– × 01 3– Ñ2 88,14+Ñ6614,0+ 8399,0 001...0

]301,001[ ]101,89[

52 ε 630,1–= × 01 6– Ñ4 168,1+ × 01 4– Ñ3 –
372,1– × 01 2– Ñ2 28,04+Ñ8825,0+ 299,0 001...0

03 ε 983,1–= × 01 6– Ñ4 304,2+ × 01 4– Ñ3 –
784,1– × 01 2– Ñ2 97,93+Ñ5345,0+ 8599,0 001...0

04 ε 92,1–= × 01 6– Ñ4 522,2+ × 01 4– Ñ3 –
224,1– × 01 2– Ñ2 97,73+Ñ3765,0+ 2799,0 001...0

àäîâ-ÀÔÌÄ
retaw-AFMD

52 ε 506,1= × 01 6– Ñ3 290,3– × 01 3– Ñ2 –
– 54,87+Ñ3911,0 2999,0 001...0 ]301,73,1[ ]101,92,1[

03 ε 308,1= × 01 6– Ñ3 525,2– × 01 3– Ñ2 –
– 76,67+Ñ5461,0 999,0 001...0 ]301,39[ ]101,09[

íèðåöèëã-ÀÔÌÄ
lorecylg-AFMD 03 ε 372,6= × 01 6– Ñ3 606,2– × 01 3– Ñ2 +

80,14+Ñ8451,0+ 899,0 001...0 ]301,39[ ]101,09[

ÎÑÌÄ-ÀÔÌÄ
OSMD-AFMD 03 ε 120,4–= × 01 4– Ñ2 68,54+Ñ34150,0– 1799,0 001...0 ]301,39[ ]101,09[

ëîíàòåì-ÀÔÌÄ
lonahtem-AFMD

01 ε 560,1–= × 01 3– Ñ2 81,53+Ñ2951,0+ 699,0

001...0

]1[ ]1[

52 ε 200,3= × 01 4– Ñ2 12,23+Ñ53130,0+ 499,0

]301,94,2[ ]101,14,2[
03 ε 660,3= × 01 4– Ñ2 3,13+Ñ94030,0+ 3399,0

53 ε 349,3= × 01 4– Ñ2 24,03+Ñ94610,0+ 6799,0

04 ε 974,5= × 01 4– Ñ2 01x978,3– 3– 75,92+Ñ 3599,0

55 ε 420,1–= × 01 3– Ñ2 91,72+Ñ3851,0+ 2699,0 ]1[ ]1[

ÃÝ-ÀÔÌÄ
GE-AFMD 03 ε 230,2= × 01 6– Ñ3 964,1– × 01 3– Ñ2 +

97,93+Ñ49590,0+ 7899,0 001...0 ]301,39[ ]101,09[

ëîíàòý-ÀÔÌÄ
lonahte-AFMD 03 ε 723,2= × 01 4– Ñ2 85,32+Ñ4601,0+ 7899,0 001...0 ]301,39[ ]101,09[

àäîâ-ÃÝÄ
retaw-GED

51 ε 311,2–= × 01 3– Ñ2 41,28+Ñ4082,0– 6999,0 001...0 ]63,1[ ]82,1[

52 ε 799,1–= × 01 3– Ñ2 54,87+Ñ572,0– 1999,0 001...0 ]49,04,1[ ]19,23,1[

53 ε 567,1–= × 01 3– Ñ2 29,47+Ñ8772,0– 7999,0 001...0 ]2,1[ ]2,1[

ëîíàòý-ÃÝÄ
lonahte-GED 52 ε 96,4= × 01 5– Ñ2 72,42+Ñ42260,0+ 5699,0 001...0 ]301,49[ ]101,19[

àäîâ-àçîëèñK
retaw-esolyX

5 ε = – 0,68+Ñ703,0 4899,0

61...0 ]13[ ]32[

01 ε = – 50,48+Ñ8203,0 2999,0

51 ε = – 41,28+Ñ6003,0 1999,0

02 ε = – 82,08+Ñ6503,0 7599,0

52 ε = – 54,87+Ñ3,0 9599,0

03 ε = – 76,67+Ñ8603,0 1499,0

53 ε = – 29,47+Ñ3213,0 8199,0

04 ε = – 22,37+Ñ6023,0 4989,0

àäîâ-àçîòüëàÌ
retaw-esotlaM 5 ε 621,2–= × 01 3– Ñ2 0,68+Ñ6952,0– 7899,0 05...0 ]86[ ]36[

138 ïðîáëåìû êðèîáèîëîãèè è êðèîìåäèöèíû
problems of cryobiology and cryomedicine

òîì/volume 25, ¹/issue 2, 2015

Ïðîäîëæåíèå íà ñëåäóþùåé ñòðàíèöå
Continued on next page

Ïðîäîëæåíèå òàáëèöû 2
Table 2. (Continued)



ðîâòñàÐ
noituloS

,àðóòàðåïìåÒ
Ñ°

,erutarepmeT
Ñ°

åèíåíâàðÓ
noitauqE R2

íîçàïàèÄ
,éèöàðòíåöíîê

%.ññàì
noitartnecnoC
w/w%,egnar

êèí÷îòñÈ secnerefeR

àäîâ-àçîòüëàÌ
retaw-esotlaM

51 ε 226,1–= × 01 3– Ñ2 41,28+Ñ2562,0– 2899,0

05...0 ]86[ ]36[52 ε 724,1–= × 01 3– Ñ2 54,87+Ñ5262,0– 3999,0

53 ε 421,1–= × 01 3– Ñ2 29,47+Ñ6562,0– 1999,0

àäîâ-òèííàÌ
retaw-lotinnaM

02 ε 236,1–= × 01 3– Ñ2 82,08+Ñ7321,0– 8899,0 51...0 ]1[ ]1[

52 ε 164,8–= × 01 3– Ñ2 788,6– × 01 3– 54,87+Ñ 2899,0 05...0 ]29,1[ ]98,1[

03 ε 553,9–= × 01 4– Ñ2 76,67+Ñ1331,0– 2899,0 02...0

]1[ ]1[
04 ε 546,6= × 01 4– Ñ2 22,37+Ñ7861,0– 7999,0 02...0

05 ε 852,2–= × 01 4– Ñ2 29,96+Ñ3451,0– 8999,0 02...0

06 ε 491,1= × 01 3– Ñ2 77,66+Ñ6081,0– 1999,0 02...0

àäîâ-öÀÌ
retaw-cAM

5 ε 83,1= × 01 –4Ñ3 – 28,9 × 01 –3Ñ2 +
0,68+Ñ393,0+ 3999,0 08...0

]62[ ]81[

01 ε 655,1= × 01 –4Ñ3 – 872,1 × 01 –2Ñ2 +
5,48+Ñ7974,0+ 1999,0 08...0

51 ε 376,1= × 01 4– Ñ3 325,1– × 01 2– Ñ2 +
41,28+Ñ8285,0+ 6999,0 08...0

02 ε 448,1= × 01 4– Ñ3 197,1– × 01 2– Ñ2 +
82,08+Ñ7666,0+ 6999,0 08...0

52 ε 952,4–= × 01 6– Ñ4 549,8+ × 01 4– Ñ3 –
– 616,5 × 01 –2Ñ2 54,87+Ñ243,1+ 6599,0 001...0

03 ε 258,2–= × 01 6– Ñ4 324,6+ × 01 4– Ñ3 –
332,4– × 01 2– Ñ2 76,67+Ñ111,1+ 5899,0 001...0

53 ε = – 200,3 × 01 –6Ñ4 382,7+ × 01 –4Ñ3 –
– 481,5 × 01 –2Ñ2 29,47+Ñ683,1+ 9999,0 001...0

04 ε 619,2–= × 01 6– Ñ4 227,7+ × 01 4– Ñ3 –
169,5– × 01 2– Ñ2 22,37+Ñ176,1+ 5999,0 001...0

54 ε 110,3–= × 01 6– Ñ4 644,8+ × 01 4– Ñ3 –
– 608,6 × 01 –2Ñ2 55,17+Ñ29,1+ 8699,0 001...0

àäîâ-ëîíàòåÌ
retaw-lonahteM

– 09 ε 129,8= × 01 3– Ñ2 9,391+Ñ361,2– 8589,0

001...45

]1[ ]1[

– 08 ε 638,7= × 01 3– Ñ2 8,971+Ñ959,1– 789,0

– 07 ε 807,6= × 01 3– Ñ2 9,661+Ñ757,1– 3989,0

– 06 ε 568,2= × 01 3– Ñ2 6,631+Ñ11,1– 9199,0
001...44

– 05 ε 188,2= × 01 3– Ñ2 5,031+Ñ80,1– 8199,0

– 04 ε 771,1–= × 01 3– Ñ2 75,501+Ñ4164,0– 8699,0

001...0

– 03 ε 119,9–= × 01 4– Ñ2 98,001+Ñ4164,0– 899,0

– 02 ε 527,7–= × 01 4– Ñ2 14,69+Ñ8664,0– 6299,0

– 01 ε 782,6–= × 01 4– Ñ2 11,29+Ñ7744,0– 5499,0
]3,1[ ]501,1[

0 ε 509,4–= × 01 4– Ñ2 99,78+Ñ3154,0– 6999,0

5 ε 896,6–= × 01 4– Ñ2 0,68+Ñ9324,0– 8999,0 ]47,75,32[ ]17,05,51[

01 ε 230,3–= × 01 4– Ñ2 50,48+Ñ554,0– 2999,0 ]1[ ]1[
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ðîâòñàÐ
noituloS

,àðóòàðåïìåÒ
Ñ°

,erutarepmeT
Ñ°

åèíåíâàðÓ
noitauqE R2

íîçàïàèÄ
,éèöàðòíåöíîê

%.ññàì
noitartnecnoC
w/w%,egnar

êèí÷îòñÈ secnerefeR

àäîâ-ëîíàòåÌ
retaw-lonahteM

51 ε 437,4–= × 01 4– Ñ2 41,28+Ñ5524,0– 9999,0

001...0

]301,24,32,1[ ,43,51,1[
]101

71 ε = – 78,1 × 01 –4Ñ2 – 93,18+Ñ9364,0 7999,0 ]1[ ]1[

02 ε 320,2–= × 01 4– 82,08+Ñ1844,0–2Ñ 4799,0 ]301,17,24,1[ ,66,43,1[
]101

52 ε 105,1–= × 01 4– Ñ2 54,87+Ñ4144,0– 999,0
,24,14,32,1[

,201,78,25
]301

,43,33,51,1[
,001,48,44

]101

03 ε 811,2–= × 01 4– Ñ2 76,67+Ñ7624,0– 3899,0 ,89,24,14,1[
]301

,69,43,33,1[
]101

53 ε 136,2–= × 01 4– Ñ2 29,47+Ñ7314,0– 5899,0 ,24,14,32,1[
]301

,43,33,51,1[
]101

04 ε 152,8–= × 01 5– Ñ2 22,37+Ñ3524,0– 3999,0 ]301,14,1[ ]101,33,1[

54 ε 290,1–= × 01 4– Ñ2 55,17+Ñ7514,0– 5999,0 ]301,14,32[ ]101,33,51[

05 ε 710,1–= × 01 3– Ñ2 29,96+Ñ5773,0– 3799,0 ]301,03,1[ ]101,22,1[

55 ε 387,9= × 01 5– Ñ2 23,86+Ñ3914,0– 0,1 ]301,32[ ]101,51[

06 ε 27,4= × 01 4– Ñ2 77,66+Ñ5254,0– 4999,0 ]301,2,1[ ]101,2,1[

ÎÑÌÄ-ëîíàòåÌ
OSMD-lonahteM 02 ε 10,2= × 01 –5Ñ3 – 858,3 × 01 –3Ñ2 +

53,74+Ñ86240,0+ 2999,0 001...0 ]8[ ]76[

àäîâ-àíèâå÷îÌ
retaw-aerU

81 ε 885,3–= × 01 2– Ñ2 10,18+Ñ9622,0+ 9699,0 5,9...6,1 ]1[ ]1[

02 ε 278,1= × 01 3– Ñ2 82,08+Ñ9015,0+ 6999,0 84...0 ]76,1[ ]26,1[

52 ε 351,1= × 01 3– Ñ2 54,87+Ñ1235,0+ 0,1 82...0 ]64,1[ ]83,1[

àäîâ-ÀÔÌ
retaw-AFM 52 ε 894,2= × 01 6– Ñ4 680,3– × 01 4– Ñ3 +

404,1+ × 01 2– Ñ2 54,87+Ñ4841,0+ 6999,0 001...0 ]73[ ]92[

002-ÃÝÏ – àäîâ
002-GEP – retaw 52 ε = – 726,2 × 01 –3Ñ2 – 54,87+Ñ613,0 9899,0 001...0 ]49,29,35[ ]19,98,54[

003-ÃÝÏ – àäîâ
003-GEP – retaw 52 ε 297,2–= × 01 3– Ñ2 54,87+Ñ7823,0– 2699,0 001...0 ]49,26,35[ ]19,65,54[

004-ÃÝÏ – àäîâ
004-GEP – retaw 52 ε 487,2–= × 01 3– Ñ2 54,87+Ñ1463,0– 9699,0 001...0 ]49,26[ ]19,65[

006-ÃÝÏ – àäîâ
006-GEP – retaw 52 ε 339,1–= × 01 3– Ñ2 54,87+Ñ6854,0– 1899,0 001...0 ]49,26,35[ ]19,65,54[

002-ÃÝÏ – ëîíàòý
002-GEP – lonahte 52 ε 716,2–= × 01 4– Ñ2 72,42+Ñ50810,0– 9399,0 001...0 ]49[ ]19[

003-ÃÝÏ – ëîíàòý
003-GEP – lonahte 52 ε 240,3–= × 01 4– Ñ2 72,42+Ñ30040,0– 2699,0 001...0 ]49[ ]19[

004-ÃÝÏ – ëîíàòý
004-GEP – lonahte 52 ε 525,3–= × 01 4– Ñ2 72,42+Ñ6750,0– 8099,0 001...0 ]88[ ]58[

006-ÃÝÏ – ëîíàòý
006-GEP – lonahte 52 ε =– 604,4 × 01 –4Ñ2 – 72,42+Ñ38060,0 6699,0 001...0 ]49[ ]19[

àäîâ-àçîáèÐ
retaw-esobiR

5 ε 402,6–= × 01 3– Ñ2 0,68+Ñ1491,0– 9699,0

61...0 ]13[ ]32[01 ε 987,7–= × 01 3– Ñ2 50,48+Ñ4581,0– 7699,0

51 ε 710,1–= × 01 2– Ñ2 41,28+Ñ2381,0– 2699,0
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ðîâòñàÐ
noituloS

,àðóòàðåïìåÒ
Ñ°

,erutarepmeT
Ñ°

åèíåíâàðÓ
noitauqE R2

íîçàïàèÄ
,éèöàðòíåöíîê

%.ññàì
noitartnecnoC
w/w%,egnar

êèí÷îòñÈ secnerefeR

àäîâ-àçîáèÐ
retaw-esobiR

02 ε 951,1–= × 01 2– Ñ2 82,08+Ñ4002,0– 6699,0

61...0 ]13[ ]32[

52 ε 522,1–= × 01 2– Ñ2 54,87+Ñ5822,0– 4499,0

03 ε = – 13,1 × 01 –2Ñ2 – 76,67+Ñ4882,0 4599,0

53 ε 960,1–= × 01 2– Ñ2 29,47+Ñ7224,0– 8699,0

04 ε 56,5–= × 01 3– Ñ2 22,37+Ñ4536,0– 6989,0

àäîâ-àçîðàõàÑ
retaw-esorcuS

01 ε 431,9–= × 01 4– Ñ2 50,48+Ñ7442,0– 0,1 04...0 ]1[ ]1[

02 ε 386,7–= × 01 5– Ñ3 413,4+ × 01 3– Ñ2 –
– 82,08+Ñ3803,0 6799,0 08...0 ]36,21,1[ ]75,4,1[

22 ε 932,1–= × 01 2– Ñ2 45,97+Ñ921,0– 9699,0 41...0 ]37[ ]07[

52 ε 664,1–= × 01 3– Ñ2 54,87+Ñ412,0– 4799,0 06...0
]36,21,1[ ]75,4,1[

03 ε 113,2–= × 01 3– Ñ2 76,67+Ñ8571,0– 7699,0 07...0

53 ε 295,2–= × 01 3– Ñ2 29,47+Ñ3802,0– 6199,0 52...0 ]11[ ]3[

04 ε 656,2–= × 01 3– Ñ2 22,37+Ñ4051,0– 8499,0 08...0 ]1[ ]1[

54 ε 407,4–= × 01 3– Ñ2 55,17+Ñ8941,0– 9699,0 52...0 ]11[ ]3[

05 ε 720,2–= × 01 3– Ñ2 29,96+Ñ4271,0– 799,0 08...0

]1[ ]1[

06 ε = – 473,3 × 01 –5Ñ3 486,1+ × 01 –3Ñ2 –
– 77,66+Ñ1352,0 599,0 09...0

07 ε 618,1–= × 01 5– Ñ3 831,5+ × 01 4– Ñ2 –
57,36+Ñ2932,0– 9599,0 09...0

08 ε = – 809,1 × 01 –5Ñ3 163,1+ × 01 –3Ñ2 –
– 88,06+Ñ5182,0 3599,0 09...0

09 ε 652,3–= × 01 5– Ñ3 690,3+ × 01 3– Ñ2 –
– 31,85+Ñ2013,0 6599,0 09...0

59 ε 996,1–= × 01 3– Ñ2 8,65+Ñ4231,0– 7999,0 09...0

001 ε 90,4–= × 01 4– Ñ2 15,55+Ñ9352,0– 7999,0 07...0

àäîâ-òèáðîÑ
retaw-lotibroS

0 ε 132,1= × 01 3– Ñ2 99,78+Ñ4114,0– 1789,0 07...0

]59[ ]29[

5 ε 7,1= × 01 –3Ñ2 – 0,68+Ñ7644,0 7789,0 07...0

01 ε 534,4= × 01 3– Ñ2 50,48+Ñ7416,0– 2499,0 07...0

51 ε =– 962,3 × 01 –4Ñ3 207,3+ × 01 –2Ñ2 –
– 41,28+Ñ493,1 7899,0 06...0

02 ε 201,3–= × 01 4– Ñ3 573,3+ × 01 2– Ñ2 –
– 82,08+Ñ352,1 1699,0 06...0

52 ε 700,4–= × 01 4– Ñ3 290,4+ × 01 2– Ñ2 –
– 54,87+Ñ493,1 4599,0 05...0

àäîâ-àçîëàãåðÒ
retaw-esolaherT

5 ε 118,1–= × 01 3– Ñ2 0,68+Ñ6022,0– 9899,0 05...0

]86[ ]36[
51 ε 773,1–= × 01 3– Ñ2 41,28+Ñ1412,0– 3999,0 05...0

52 ε 658,9–= × 01 4– Ñ2 54,87+Ñ2522,0– 1699,0 05...0

53 ε 206,7–= × 01 4– Ñ2 29,47+Ñ6132,0– 7599,0 05...0
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ðîâòñàÐ
noituloS

,àðóòàðåïìåÒ
Ñ°

,erutarepmeT
Ñ°

åèíåíâàðÓ
noitauqE R2

íîçàïàèÄ
,éèöàðòíåöíîê

%.ññàì
noitartnecnoC
w/w%,egnar

êèí÷îòñÈ secnerefeR

àäîâ-ÃÝÒ
retaw-GET

51 ε 184,2–= × 01 3– Ñ2 41,28+Ñ7223,0– 999,0 001...0 ]1[ ]1[

52 ε 935,2–= × 01 3– Ñ2 54,87+Ñ7292,0– 5999,0 001...0 ]04,1[ ]23,1[

53 ε 323,2–= × 01 3– Ñ2 29,47+Ñ5292,0– 2999,0 001...0

]2,1[ ]2,1[
àäîâ-ëîíåÔ
retaw-lonehP 07 ε 345,1–= × 01 3– Ñ2 78,33+Ñ13490,0– 1999,0 001...04

ÀÔ – ÄÏ-2,1
AF – DP-2,1 03 ε 86,82+Ñ6087,0= 7999,0 001...0 ]29[ ]98[

àäîâ-ÀÔ
retaw-AF

52 ε 790,4–= × 01 5– Ñ3 555,3+ × 01 3– Ñ2 +
54,87+Ñ3663,0+ 6699,0 001...0 ]25,73,1[ ]44,92,1[

03 ε 446,5–= × 01 5– Ñ3 853,5+ × 01 3– Ñ2 +
76,67+Ñ5133,0+ 7899,0 001...0

]29[ ]98[

íèðåöèëã-ÀÔ
lorecylg-AF 03 ε 825,2–= × 01 3– Ñ2 +Ñ9119,0+ 80,14 3999,0 001...0

ÃÝÄ-ÀÔ
GED-AF 03 ε 799,1–= × 01 3– Ñ2 99,93+Ñ9968,0+ 4999,0 001...0

ÎÑÌÄ-ÀÔ
OSMD-AF 03 ε 721,1= × 01 3– Ñ2 68,54+Ñ3994,0+ 6999,0 001...0

ÀÔÌÄ-ÀÔ
AFMD-AF 03 ε 78,1= × 01 3– Ñ2 54,63+Ñ1715,0+ 7999,0 001...0 ]29,09[ ]98,78[

ëîíàòåì-ÀÔ
lonahtem-AF 03 ε 509,1= × 01 3– Ñ2 3,13+Ñ9175,0+ 5999,0 001...0

]29[ ]98[

ÀÔ – 002-ÃÝÏ
AF – 002-GEP 03 ε 73,91+Ñ7178,0= 5999,0 001...0

ÀÔ – 003-ÃÝÏ
AF – 003-GEP 03 ε 20,41+Ñ7819,0= 999,0 001...0

ÀÔ – 004-ÃÝÏ
AF – 004-GEP 03 ε 951,8= × 01 4– Ñ2 74,21+Ñ8458,0+ 1999,0 001...0

ÀÔ – 006-ÃÝÏ
AF – 006-GEP 03 ε 853,7= × 01 4– Ñ2 56,01+Ñ3088,0+ 3999,0 001...0

ëîíàòý-ÀÔ
lonahte-AF 03 ε 468,4= × 01 3– Ñ2 85,32+Ñ4943,0+ 8999,0 001...0

ÃÝ-ÀÔ
GE-AF 03 ε 827,1–= × 01 3– Ñ2 97,93+Ñ4548,0+ 7999,0 001...0

àäîâ-àçîòêóðÔ
retaw-esotcurF

5 ε 740,1–= × 01 3– Ñ2 0,68+Ñ1542,0– 7999,0 81...0

]13[ ]32[

01 ε 282,1–= × 01 3– Ñ2 50,48+Ñ8622,0– 8999,0 81...0

51 ε 594,1–= × 01 3– Ñ2 41,28+Ñ6712,0– 6999,0 81...0

02 ε 500,1–= × 01 3– Ñ2 82,08+Ñ2912,0– 8899,0 81...0

52 ε 942,1–= × 01 3– Ñ2 54,87+Ñ9602,0– 2999,0 81...0

03 ε 565,1–= × 01 3– Ñ2 76,67+Ñ6991,0– 7999,0 81...0

53 ε 556,1–= × 01 3– Ñ2 29,47+Ñ881,0– 1999,0 81...0

04 ε 267,1–= × 01 3– Ñ2 22,37+Ñ7481,0– 1599,0 02...0 ]13,21[ ]32,4[

ëîíàòåì-ÔÕ
lonahtem-FC 02 ε 619,1–= × 01 3– Ñ2 61,33+Ñ40290,0– 6999,0 001...0 ]1[ ]1[
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ðîâòñàÐ
noituloS

,àðóòàðåïìåÒ
Ñ°

,erutarepmeT
Ñ°

åèíåíâàðÓ
noitauqE R2

íîçàïàèÄ
,éèöàðòíåöíîê

%.ññàì
noitartnecnoC
w/w%,egnar

êèí÷îòñÈ secnerefeR

ëîíàòý-ÔÕ
lonahte-FC

81 ε 690,1–= × 01 3– Ñ2 62,52+Ñ58590,0– 5799,0

001...0

]1[ ]1[52 ε 970,1–= × 01 3– Ñ2 72,42+Ñ19780,0– 899,0

àäîâ-ëîíàòÝ
retaw-lonahtE

5- ε 307,1= × 01 4– Ñ2 30,09+Ñ8236,0– 5799,0

0 ε 313,2= × 01 4– Ñ2 99,78+Ñ4826,0– 1899,0 ]301,11,1[ ]101,3,1[

5 ε 415,3–= × 01 4– Ñ2 0,68+Ñ1316,0– 8899,0 ]42[ ]61[

01 ε 842,7= × 01 4– Ñ2 50,48+Ñ4946,0– 2499,0 ]301,11,1[ ]101,3,1[

51 ε 561,2= × 01 4– Ñ2 41,28+Ñ3706,0– 3599,0 ]301,42,11[ ]101,61,3[

02 ε 247,6= × 01 4– Ñ2 82,08+Ñ326,0– 5699,0 ,55,24,7,1[
]301,17

,95,84,43,1[
]101,66

22 ε 479,4= × 01 4– Ñ2 65,97+Ñ2506,0– 9999,0 ]37[ ]07[

52 ε 315,7= × 01 4– Ñ2 54,87+Ñ7026,0– 2899,0
,24,42,11,1[
,88,78,25,44

]301,401

,43,61,3,1[
,58,48,44,63

]201,101

03 ε 25,7= × 01 4– Ñ2 76,67+Ñ6016,0– 999,0 ]301,89,1[ ]101,69,1[

23 ε 583,5= × 01 –4Ñ2 – 69,57+Ñ2775,0 8999,0 ]301,55[ ]101,84[

53 ε 22,7= × 01 4– Ñ2 29,47+Ñ5106,0– 799,0 ]301,42,11,1[ ]101,61,3,1[

04 ε 794,8= × 01 4– Ñ2 22,37+Ñ6106,0– 3899,0 ]301,24,11,1[ ]101,43,3,1[

54 ε 765,9= × 01 4– Ñ2 55,17+Ñ2906,0– 7299,0 ]301,11,1[ ]101,3,1[

05 ε 86,9= × 01 4– Ñ2 29,96+Ñ5595,0– 2899,0 ]301,03,42,1[ ,22,61,1[
]101

55 ε 350,1= × 01 3– Ñ2 23,86+Ñ3195,0– 2999,0

]301,1[ ]101,1[06 ε 307,9= × 01 –4Ñ2 – 77,66+Ñ5275,0 1999,0

57 ε 20,1= × 01 –3Ñ2 – 3,26+Ñ9155,0 3999,0

08 ε 758,8= × 01 4– Ñ2 88,06+Ñ635,0– 5999,0 ]301,101,1[ ]101,99,1[

àäîâ-ÃÝ
retaw-GE

51 ε 579,1–= × 01 3– Ñ2 41,28+Ñ5881,0– 3799,0 ]04,1[ ]23,1[

02 ε 498,1–= × 01 3– Ñ2 82,08+Ñ4222,0– 5599,0 ,101,77,07[
]601

,99,47,56[
]401

52 ε 918,1–= × 01 3– Ñ2 54,87+Ñ502,0– 5399,0 ,27,04,02,1[
]601,49,08

,86,23,21,1[
]401,19,77

03 ε 707,1–= × 01 3– Ñ2 76,67+Ñ6122,0– 5799,0 ]08[ ]77[

53 ε 244,1–= × 01 3– Ñ2 29,47+Ñ4712,0– 6499,0 ]08,04,1[ ]77,23,1[

04 ε 226,1–= × 01 3– Ñ2 22,37+Ñ9122,0– 1799,0 ,08,77,07[
]601

,77,47,56[
]401

54 ε 604,1–= × 01 3– Ñ2 55,17+Ñ7032,0– 9999,0 ]08[ ]77[

05 ε 276,7–= × 01 4– Ñ2 29,96+Ñ2272,0– 2699,0 ]03[ ]22[

06 ε 211,1–= × 01 3– Ñ2 77,66+Ñ7832,0– 8899,0 ,101,77,07[
]601

,99,47,56[
]401

08 ε 879,7–= × 01 4– Ñ2 88,06+Ñ9142,0– 5999,0 ]601,77,07[ ]401,47,56[

001 ε 724,5–= × 01 4– Ñ2 15,55+Ñ5342,0– 5999,0 ]601,101,77,07[ ]401,99,47,56[

ëîíàòý-ÃÝ
lonahte-GE 52 ε 816,7= × 01 4– Ñ2 72,42+Ñ61290,0+ 9799,0 ]49[ ]19[
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ðîâòñàÐ
noituloS

ÿèöàðòíåöíîK ,
%.ññàì

noitartnecnoC ,
w/w%

åèíåíâàðÓ
noitauqE R2

íîçàïàèÄ
Ñ°,ðóòàðåïìåò

erutarepmeT
Ñ°,egnar

êèí÷îòñÈ secnerefeR

àäîâ-lCaN
retaw-lCaN

5,0 ε 91,4–= × 01 3– t2 89,97+t55030,0– 6699,0 06...01

]38[ ]08[
1 ε 50,5–= × 01 3– t2 63,77+t47630,0– 5799,0 06...01

5,1 ε 587,4–= × 01 3– t2 01x648,7– 3– 66,67+t 499,0 06...01

2 ε 273,1–= × 01 3– t2 87,67+t3651,0– 2899,0 05...01

48,2 ε 341,5–= × 01 4– t2 75,97+t4113,0– 6699,0 06...0 ]1[ ]1[

37,3 ε 753,1–= × 01 3– t2 91,97+t7653,0– 6599,0 04...0 ]15[ ]34[

üëåã-ðàãà–lCaN
)%1(

legraga–lCaN
)%1(

0 ε 907,3= × 01 4– t2 45,97+t9142,0– 3799,0 06...01

]38[ ]08[

5,0 ε 184,1–= × 01 3– t2 34,77+t6631,0– 6599,0 06...01

1 ε 398,6= × 01 4– t2 54,67+t3652,0– 3799,0 06...01

5,1 ε 917,7= × 01 4– t2 44,57+t942,0– 3199,0 06...01

2 ε 483,1= × 01 3– t2 89,37+t8372,0– 3999,0 06...01

íèðåöèëã-lCaN
lorecylg-lCaN

55,4 ε 920,1= × 01 2– t2 5,85+t105,0+ 0,1 72–...94–
]1[ ]1[

51,12 ε 363,6= × 01 3– t2 93,94+t8692,0– 8699,0 22–...05–

éûâîíèöèëã–lCaN
)Ì2,0(ðåôóá
enicylg–lCaN
)M2.0(reffub

0 ε 818,1= × 01 5– t4 01x428,3– 3– t3 +
t1392,0+ 2 7,591+t31,01– 6799,0 07...02 ]57[ ]27[

5,0 ε 333,2= × 01 3– t3 t42,0– 2 +
37,43+t122,6+ 0,1 05...02 ]57[ ]27[

éûíòàôñîô–lCaN
)Ì50,0(ðåôóá
etahpsohp–lCaN

)M50.0(reffub

0 ε 873,6–= × 01 4– t2 17,38+Ñ7681,0– 9299,0 56...7

]18[ ]87[
5,0 ε 200,1–= × 01 3– t2 90,18+Ñ3431,0– 1399,0 56...7

57,0 ε 940,1–= × 01 3– t2 15,18+Ñ1061,0– 9199,0 56...7

1 ε 121,1–= × 01 3– t2 51,18+Ñ2651,0– 2299,0 56...7

àäîâ-àçîòêàëàÃ
retaw-esotcalaG

84,3 ε 342,78+t6363,0–= 8999,0 04...5

]13[ ]32[

27,6 ε 175,68+t663,0–= 8999,0 04...5

57,9 ε 390,68+t2073,0–= 8999,0 04...5

6,21 ε 524,58+t7663,0–= 9999,0 04...5

72,51 ε 399,48+t2093,0–= 9999,0 04...5

87,71 ε 925,48+t973,0–= 9999,0 04...5

àäîâ-íèöèëÃ
retaw-enicylG 33,7 ε 746,9–= × 01 4– t2 8,901+t6123,0– 899,0 05...0 ]1[ ]1[

àäîâ-àçîêþëÃ
retaw-esoculG

84,3 ε 638,68+t5063,0–= 9999,0

04...5 ]13[ ]32[

27,6 ε 348,58+t6353,0–= 7999,0

57,9 ε 0,58+t7153,0–= 9999,0

6,21 ε = – 343,48+t6353,0 7999,0

72,51 ε = – 575,38+t53,0 7999,0
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Òàáëèöà 3. Óðàâíåíèÿ äëÿ ðàñ÷åòà ñòàòè÷åñêîé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ðàñòâîðîâ êðèîïðîòåêòîðîâ
â çàâèñèìîñòè îò òåìïåðàòóðû ïðè ôèêñèðîâàííîé êîíöåíòðàöèè; äèñïåðñèè àïïðîêñèìàöèé è äèàïàçîíû

êîíöåíòðàöèé ïðèìåíåíèÿ óðàâíåíèé
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

Ïðîäîëæåíèå íà ñëåäóþùåé ñòðàíèöå
Continued on next page



ðîâòñàÐ
noituloS

ÿèöàðòíåöíîK ,
%.ññàì

noitartnecnoC ,
w/w%

åèíåíâàðÓ
noitauqE R2

íîçàïàèÄ
Ñ°,ðóòàðåïìåò

erutarepmeT
Ñ°,egnar

êèí÷îòñÈ secnerefeR

àäîâ-àçîêþëÃ
retaw-esoculG 87,71 ε = – 986,28+t9243,0 5999,0 04...5 ]13[ ]32[

àäîâ-ÎÑÌÄ
retaw-OSMD 04 ε = – 336,38+t5483,0 7999,0 53...5 ]47[ ]17[

àäîâ-ÀÔÌÄ
retaw-AFMD 55,92 ε = – 65,07+t92,0 7999,0 04...02 ]81[ ]01[

àäîâ-öÀÌ
retaw-cAM

37,14 ε 516,8= × 01 –4t2 – 64,79+t7833,0 5199,0

54...5 ]62[ ]81[94,75 ε 9,3= × 01 –3t2 – 6,401+t285,0 999,0

32,08 ε 108,3= × 01 3– t2 5,921+t4168,0– 8999,0

àäîâ-ëîíàòåÌ
retaw-lonahteM

43 ε 584,2= × 01 3– t2 20,76+t3923,0– 6889,0 – 81...22 ]02[ ]21[

05 ε 887,5= × 01 4– t2 18,46+t4653,0– 3099,0 53...5 ]47,14,1[ ]17,33,1[

-ðàãà–àçîðàõàÑ
)%1(üëåã

legraga–esorcuS
)%1(

01 ε 202,2= × 01 5– t3 452,3– × 01 –3t2 +
01x696,1 2– 41,17+t 9399,0

06...01 ]38[ ]08[

02 ε 392,2= × 01 –4t3 – 864,2 × 01 –2t2 +
75,45+t7347,0 3079,0

03 ε 244,1–= × 01 –4t3 200,1+ × 01 –2t2 –
229,2 × 01 2– 18,35+t 8769,0

04 ε 899,1= × 01 –4t3 – 791,2 × 01 –2t2 +
24,52+t409,0 6699,0

àäîâ-àçîðàõàÑ
retaw-esorcuS

5 ε 187,9= × 01 –4t2 – 15,68+t2224,0 8999,0

001...0

]38,1[ ]08,1[

01 ε 988,7= × 01 –4t2 – 83,58+t9504,0 9899,0

02 ε 338,6= × 01 –4t2 – 54,28+t1193,0 6699,0

03 ε 311,5= × 01 –4t2 – 23,97+t4863,0 1799,0 – 001...2

04 ε 153,5= × 01 –4t2 – 54,67+t2563,0 1999,0 – 001...3

àäîâ-ÀÔ
retaw-AF 14,33 ε = – 8,301+t873,0 7999,0 04...02 ]81[ ]01[

àäîâ-ëîíàòÝ
retaw-lonahtE

59 ε 899,2= × 01 3– t2 4,83+t50840,0+ 8999,0 – ...651 – 011
]05[ ]24[

99 ε 554,5= × 01 3– t2 43,48+t6877,0+ 3799,0 – ...261 – 911

àäîâ-ÃÝ
retaw-GE

02 ε 394,9= × 01 4– t2 39,28+t3024,0– 1999,0 – 001...01
,28,08,07[

]601
,97,77,56[

]401
03 ε 181,9= × 01 4– t2 7,97+t6114,0– 4999,0 – 001...01

04 ε 727,6= × 01 4– t2 23,47+t4933,0– 6899,0 – 001...02 ]601,08[ ]401,77[

05 ε 250,1= × 01 3– t2 9,27+t6114,0– 6999,0 – 001...02 ,08,77,07[
]601,28

,77,47,56[
]401,97

06 ε 555,9= × 01 4– t2 0,86+t7873,0– 9799,0 – 001...04
]601,08[ ]401,77[

08 ε 32,1= × 01 3– t2 64,55+t2103,0– 3599,0 – 001...51

Ïðîäîëæåíèå òàáëèöû 3
Table 3. (Continued)
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