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ABSTRACT

This work systematically studies the physicochemical properties of aqueous LiTFSI solutions across a wide range
of concentrations. The solutions’ density, viscosity, electrical conductivity, and water activity were measured,
establishing quantitative relationships between macroscopic parameters and structural characteristics of the
electrolyte. Analysis of electrical conductivity, incorporating viscosity corrections, demonstrated nearly complete
ionic association at high concentrations (above 10 mol/kg), with water activity reaching exceptionally low values
(~0.15) at maximum solubility. The study revealed nonlinear density changes with increasing concentration,
indicating substantial structural reorganization in concentrated solutions. Hydration numbers, calculated using
a novel thermodynamic approach combining water activity and conductivity data, showed unexpected solvation
behavior: LiTFSI exhibited higher hydration numbers than traditional lithium salts in dilute solutions despite lower
TFSI™ charge density, attributed to spatial trapping of water molecules by its bulky structure. This pattern inverted
at higher concentrations due to increased ionic association and charge screening effects. The calculated parameters
aligned well with molecular dynamics simulations, validating our macroscopic approach. The study demonstrated
that standard physicochemical measurements can accurately determine electrolyte structural parameters, offering
practical advantages for optimizing electrolyte compositions, particularly in systems containing polymer additives
and co-solvents where molecular dynamics modeling faces significant challenges.

Keywords: lithium-ion batteries, aqueous electrolytes, LiTFSI, physicochemical properties, water activity, hydration
numbers, ionic association

1. Introduction

Despite widespread use, modern lithium-ion
batteries encountered safety and environmental
issues due to their flammable organic electrolytes that
release toxic products [1]. This has driven research
toward alternative systems, particularly aqueous
electrolytes [2]. Water as an electrolyte solvent
offers key advantages: high ionic conductivity, low
viscosity for effective ion transport [3,4], facilitating
effective metal ion transport and is environmentally
safe, non-flammable, and cost-effective for large-
scale production [5].

However, aqueous electrolytes are limited by their
narrow electrochemical stability window (ESW) [5].
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ESW, the potential range where the electrolyte is
thermodynamically stable without redox reactions
[6], is only 1.23 V (thermodynamic value) for water
due to its decomposition reactions [7]:

2H,0 = O, +4H" +4e”(EYy 5, =123V vs SHE) ()

2H,0+2¢” — H, +20H (Ey ;. =0.00V vs SHE) (2)

This narrow window creates major obstacles
for aqueous electrolytes’ practical use. It restricts
electrode material selection, as their working
potentials must fit within the stability region [8].
Even within these limits, local potential exceedance
during cycling may cause parasitic hydrogen or
oxygen evolution, leading to electrode corrosion,
battery self-discharge, and dangerous gas pressure
buildup [6,9].
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Fig. 1. Scheme illustrating the decrease in Me™"/H,0 ratio with WiSE development.

Aqueous lithium-ion batteries are limited to
single cell voltage of 1.35-2 V (practical value),
compared to 3.5-4.2 V in traditional organic systems.
The development of stable aqueous electrolytes has
focused on increasing salt concentration, leading to
«Water-in-Salt» electrolytes (WiSE). Initial studies
used 5 M LiNO; [10] and 13.5 M LiCl, where water
molecules form Li(H,0)," complexes (n=4), reducing
free water susceptible to decomposition [11]. In 2012,
Aurbach’s group has achieved 1.5 V using WiSE with
2 M Li,SO,, in combination with a Chevrel phase
MoSs anode and Li,Mn,0, cathode [12].

In 2015, Suo et al. developed a WiSE with 21
mol/kg lithium bis(trifluoromethanesulfonyl)imide
(LiTFSI) (salt:water ratio 1:2.6) [13]. The fluorinated
anion enabled dense SEI formation on the anode,
ensuring high voltage stability and extending the
electrochemical window to 3.0 V [14].

After 2015, the WiSE concept evolved into
«water-in-bisalty (WIBS), using LiTFSI and LiOTf
to bind free water, extending the stability window
to 3.1 V [15]. The combination (21m LiTFSI +
7m LiOTf) produces a molten electrolyte with Li*
concentration of 28 m and cation/water ratio of 1:2
[16]. This allows stable SEI formation, enabling
LiMn,0,/TiO, batteries with a voltage of 2.1 V and
energy density of 100 Wh/kg.

In 2020, a WIBS electrolyte (42m LiTFSI + 21m
Me;EtN-TFSI) achieved a total concentration of
63m [17]. Me;EtN-TFSI increased the solubility of
LiTFSI and improved SEI formation. At a salt/water
ratio of 1.13, it extended the ESW to 3.25 V, enabling
LiMn,0,/Li,Ti50,, batteries with 2.5 V and 145 Wh/
kg for 150 cycles [17].

From 2015-2020, WiSE evolved significantly,
with increasing salt molality expanding ESW (Fig.
1). The concept was extended to NH*, Na*, K*
and Zn>* systems for various metal-ion batteries
[18]. The parallel development of acetate-based

[19,20], modified anion and imidazolium ionic liquid
electrolytes [21,22] improved salt solubility. The
NaFSA/EIMeImTFSI system now achieves 80 mol/
kg molality at ~5.0 V ESW [21]. These achievements
opened new possibilities for creating safe and stable
aqueous electrolytes with high energy efficiency. But
can we still call it aqueous-based electrolyte?

In this work, using LiTFSI — one of the most
commonly used “water-in-salt” type electrolyte -
quantitative correlations between water activity,
transport characteristics (viscosity, conductivity),
and structural parameters (hydration numbers, degree
of ionic association) of the electrolyte have been
established for the first time. The identified patterns
allow the prediction of the electrochemical behaviour
of new compositions based on their macroscopic
properties, which significantly simplifies the
optimization of electrolyte systems for practical
application in batteries.

2. Experimental section

The lithium salt bis-(trifluoromethanesulfonyl)
imide (LiTFSI)with99% purity from ThermoScientific
was used in this work. All measurements were
conducted at a constant temperature of 25 °C with
preliminary thermostatting of solutions.

Solution density was measured gravimetrically
using a 5 mL Mohr pipette after thermostatting at
25 °C for 30 min. Samples were weighed on analytical
balances (accuracy 0.0001 g) and the results averaged
from three parallel measurements.

Water activity was measured using AQUALAB
TDL 2 (Meter Group, +0.005 accuracy) with 3
mL samples. The instrument combines dew point
determination (chilled mirror sensor) and absorption
spectroscopy (TDL), where water absorption is
proportional to its activity.
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Solution viscosity was measured with SV-1A
vibration viscometer (A&D, Japan), based on damping
oscillations of plates in liquid. Measurements used
2 mL samples at 25 °C after 15-minute equilibration.

Solution conductivity was measured using a YSI
3200 conductometer with a YSI 3254 cell, calibrated
with KCl standard solutions and temperature
compensated to 25 °C.

3. Results and discussion

Solution volume increases significantly with salt
concentration due to both direct salt addition and
ion solvation processes. When ions form solvation
shells with water molecules [23], they reorganize the
solvent structure, leading to volume changes beyond
the simple addition of components [7].

A crucial factor in developing highly
concentrated electrolytes is the salt-to-water molar
ratio, as it determines solvation shell structure and
electrochemical stability. Higher salt ratios lead
to saturated lithium-ion solvation shells and fewer
free water molecules, suppressing electrochemical
decomposition.

Traditional molar concentration (moles per
liter of solution) is suboptimal for characterizing
these electrolytes because solution volume changes
significantly with increasing salt concentration.
Since the same molarity can correspond to different
salt/water ratios, and volume changes vary by salt
type, molar concentration becomes inadequate for
comparing different highly concentrated electrolytes
or optimizing their composition.

Unlike molar concentration, molal concentration
determines the number of moles of solute per kilogram
of solvent, making it particularly convenient for
characterizing highly concentrated electrolytes. Since
the solvent mass (1 kg of water) remains constant
regardless of the amount of salt added and solution
volume changes, molal concentration directly reflects
the ratio between the number of moles of salt and
solvent [24,25].

The relationship between molal concentration (m)
and the molar salt/water ratio (r) can be expressed by
the following equation:

— nsalt — m- Mwater

n 1000 (3

water

where M,,,., is the molar mass of water (18.015 g/
mol), m — the molal concentration of salt [mol/kg],
Ny — the amount of salt [mol], 7,,..- — the amount of
water [mol].

Thus, by multiplying the molal concentration by
water’s molar mass and dividing by 1000, we directly
obtain the molar salt/water ratio.

Molar and molal concentrations are related through
solution density (p) by the following relationship
[24,25]:

___ mp
1000 +m - M

salt

“)

where C is the molar concentration of solution [mol/l],
m is the molal concentration of solution [mol/kg], p —
the density of solution [kg/m?], M,,, — the molar mass
of salt [g/mol].

Considering the nonlinear relationship between
molar and molal concentrations, determined
through solution density, experimental investigation
of electrolyte density dependence on LiTFSI
molal concentration becomes important. These
measurements allow not only establishing the nature
of density changes with increasing salt concentration
but also enable quantitative conversion between
different concentration expression methods for
practical use. Figure 2 shows the experimentally
obtained dependence of LiTFSI aqueous solution
density on its molal concentration at room
temperature.

As can be seen from the presented relationship
(Fig. 2), the solution density increases significantly
with increasing LiTFSI concentration; however,
this increase is nonlinear. When salt is added to
water, the mass of the solution increases linearly —
proportionally to the mass of added salt. However,
the change in solution volume has a more complex
character, determined by intermolecular interactions.
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Fig. 2. Dependence of aqueous LiTFSI solution density on
molal concentration at 25 °C.
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At low concentrations, a sharp density increase
occurs as salt ions form compact solvate complexes,
effectively filling water structure voids without major
disruption. However, at higher concentrations, the
density increase becomes more gradual. This change
indicates a structural shift where ion pairs and larger
aggregates form, interacting more weakly with the
solvent and leading to greater volume increases with
each salt addition. The system begins to approach
ideal solution behavior as specific intermolecular
interactions weaken.

Conductivity measurements provide additional
confirmation of these structural changes, as
conductivity directly reflects charge carrier mobility
and concentration in solution. The specific conductivity
results for LiTFSI solutions (Fig. 3a) support the
formation of ionic associates at high concentrations.

The concentration dependence of LiTFSI
aqueous solution specific conductivity demonstrates
a characteristic maximum for electrolytes in the
medium concentration region. The initial conductivity
increase in dilute solutions is due to the increase in
charge carriers — lithium and TFSI- ions - in solution.
However, with further increase in salt concentration,
a decrease in conductivity is observed, which can be
explained by the formation of ionic associates that do
not participate in charge transfer [25,26].

The degree of salt dissociation (o) can be estimated
using Kohlrausch’s law from conductivity data. This
involves determining the ratio of solution equivalent
conductivity (A) to limiting equivalent conductivity
at infinite dilution (A,) [24,25]:

)

where, o is the dissociation degree, A; is the equivalent
conductivity of the solution [S-m*mol], and A, is the

60

} 50+ 9
g
2 401
2
kY]
S 301
S / o
S
S 20
&2
5
g 10
()
0 T T T T T
o 5 10 5 20
a LiTFSI concentration, mol/kg

limiting equivalent conductivity at infinite dilution
[S-m?/mol].

In Eq. (5), equivalent conductivity 4, is related to
specific conductivity (k) by the relationship:

A, = x (6)

C
where C is the molar concentration of electrolyte
[mol/m?], x — is specific conductivity of electrolyte
[S/m]. The limiting equivalent conductivity /4, can be
determined by extrapolating the dependence of 4; on
\C to zero concentration — shown in Fig. 3b. In our
case for LiTFSI solution, the 4, = 6.17 mS-m?/mol.

For correct estimation of salt dissociation degree,
it’s necessary to consider that ion mobility in solution
significantly depends on medium viscosity. This
relationship is described by Walden’s rule, according
to which the product of solution molar conductivity
and medium viscosity remains approximately
constant:

A, -n = const (7)
where 7 is the viscosity of solution [mPa-s].

To separate these effects, measurements of
dynamic viscosity of LiTFSI solutions at various
concentrations were conducted (Fig. 4a). The
obtained dependence demonstrates exponential
viscosity grow with increasing salt concentration.
Particularly sharp viscosity increase is observed at
concentrations above 3 mol/kg, which corresponds
to the region of substantial solution conductivity
decrease. Such behavior can be explained by forming
a developed network of interion interactions in
concentrated electrolyte, which significantly hinders
particle movement in solution.
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Fig. 3. (a) Dependence of specific conductivity of aqueous LiTFSI solution on molal concentration; (b) Dependence of
equivalent conductivity on the square root of molar concentration.
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Fig. 4. (a) Dependence of dynamic viscosity of aqueous LiTFSI solution on molal concentration at 25 °C; (b) Dependence
of LiTFSI dissociation degree in aqueous solution on molal concentration. Black curve - values corrected for viscosity; red

curve - values without viscosity correction.

Considering Walden’s rule, for the correct
estimation of dissociation degree, it’s necessary
to introduce a correction for medium viscosity
changes. The corrected molar conductivity (A oreciea)s
accounting for viscosity influence, can be calculated
using the formula [25]:

Acomecea = Ni(11777) (®)
where 7, — is pure water viscosity [mPa‘s], 7
is solution viscosity at given salt concentration
[mPa-s]. Dissociation degree accounting for viscosity
correction is determined as [25]:

corrected

Ay

o= ©)

Figure 4b shows the dependence of the
corrected LiTFSI dissociation degree on electrolyte
concentration.

As shown in Fig. 4b, incorporating viscosity
effects dramatically alters our understanding of ionic
association in concentrated solutions. The viscosity-
corrected data (black curve) reveals a much steeper
decline in dissociation degree with increasing
concentration compared to uncorrected values
(red curve). This correction reveals that at high
concentrations (above 10 mol/kg), ions are almost
completely associated, rather than maintaining
the significant fraction of free ions suggested by
uncorrected data.

The combined analysis of density, conductivity,
and viscosity demonstrates that in the high-
concentration region typical of «water-in-salt»
electrolytes, the solution structure fundamentally
changes with the formation of large ionic aggregates.

Water activity quantifies how effectively ions bind
solvent molecules and suppress water decomposition
reactions. Our previous research [27] has shown that
water activity, not total salt concentration, primarily
determines aqueous electrolyte electrochemical
stability, as decomposition processes involve only
unbound water molecules whose concentration is
directly reflected by their activity. Figure 5 shows
the experimentally obtained dependence of water
activity on LiTFSI molal concentration in aqueous
solution at room temperature.

As seen from Fig. 5, with increasing LiTFSI
concentration, a regular decrease in water activity
in solution is observed. It’s particularly important
to note that at maximum salt solubility (21 mol/kg),
water activity reaches an exceptionally low value—
around 0.15. Such low water activity means that the
vast majority of water molecules are strongly bound
in solvate complexes with ions, which is characteristic
for «water-in-salt» electrolytes and determines their
unique electrochemical properties.

For quantitative understanding of aqueous
electrolyte structure and the nature of interactions
between its components, determining ion hydration
numbers is of key importance. Determining
hydration numbers based on electrolyte macroscopic
parameters - water activity and dissociation degree
- is particularly valuable. Such an approach has
several substantial advantages over direct structural
research methods. First, it doesn’t require complex
equipment and can be implemented within standard
physicochemical measurements. Second, the
obtained values reflect an averaged solvation
throughout the solution volume, which is especially
important for practical applications. Third, joint use
of water activity and dissociation degree data allows
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Fig. 5. Dependence of water activity on molal concentration
of LiTFSI in aqueous solution at 25 °C.

accounting for different hydration characteristics of
free ions and ion pairs, which is critical for a correct
description of concentrated solutions.

The fundamental thermodynamic relationship
proposed in work [28] can be used to determine
hydration numbers. This equation is based on analysis
of solvent molecule distribution between solvation
shells and bulk phase, accounting for electrolyte
dissociation degree:

_5551  a, (1+a)
m l-a,

h

(10)

where /4 — the hydration number, «, is the water
activity.

The physical meaning of this equation is that
it accounts for two main effects: direct binding of
water molecules in solvation shells (through activity
ratio a,/(1-a,) and additional contribution from salt

dissociation (factor (1+a)). With complete dissociation
(a = 1), each formula unit of salt binds twice as many
water molecules as in the case of complete association
(o = 0), which reflects the formation of separate
solvation shells around each ion.

Using the previously obtained experimental data
on water activity (Fig. 5) and viscosity-corrected
dissociation degree (Fig. 4), hydration numbers
were calculated for LiTFSI solutions at various
concentrations. The calculation was performed
using Eq. (14) to obtain quantitative characterization
of electrolyte solvation structure across the entire
studied concentration range.

Figure 6 shows the concentration dependence of
calculated LiTFSI hydration numbers and hydration
numbers for LiCl electrolyte, another common
“water-in-salt” electrolyte [29-31] for comparison.

The data in Fig. 6 reveals an unexpected pattern
in hydration number changes across concentrations
for different lithium salts. In dilute solutions, LiTFSI
shows higher hydration numbers than LiCl despite
TFSI™ lower charge density. This stems from the
TFSI™ anion’s large spatial dimensions — while its
delocalized charge results in weaker electrostatic
interactions with water molecules, its bulky structure
creates steric hindrances that spatially trap solvent
molecules between anions.

At higher concentrations, this pattern inverts,
with LiTFSI showing lower hydration numbers than
LiCl. This inversion correlates with increased ionic
association in concentrated LiTFSI solutions, where
large ionic aggregates screen charges and weaken
water molecule interactions. The formation of these
ionic associates also reduces the number of separately
solvated particles in solution.
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Fig. 6. Concentration dependence of LiTFSI and LiCl hydration numbers in aqueous solutions. Blue points - experimental
data for LiTFSI obtained in this work; red points - data for LiCl from work [32]; green point - results of molecular

dynamics modeling for LiTFSI from work [33].
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The hydration numbers calculated from
macroscopic parameters (water activity, conductivity,
and viscosity) align well with molecular dynamics
modeling  results, validating that standard
physicochemical measurements can accurately
determine electrolyte structural parameters. This
approach offers practical advantages for studying
complex electrolyte systems with polymer additives
and co-solvents, where molecular dynamics modeling
faces challenges in constructing accurate force fields.

4. Conclusion

As a result of this research, systematic study of
aqueous LiTFSI solutions revealed nonlinear density
changes with increasing concentration, indicating
substantial structural reorganization. Viscosity-
corrected conductivity analysis demonstrated nearly
complete ion association and aggregate formation at
high concentrations. Water activity and conductivity
measurements enabled quantitative characterization
of solvation processes, showing that the bulky
TFSI” anion yields higher hydration numbers in
dilute solutions despite low charge density, with this
trend inverting at higher concentrations due to ionic
aggregation and charge screening. The effectiveness
of this macroscopic approach in studying electrolyte
structure opens new possibilities for optimizing
electrolyte compositions, with potential applications
extending to systems containing polymer additives
and co-solvents.
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MakpockonuyecKMii  MOAX0A K  HM3YYCHHIO
CTPYKTYPBI KOHIEHTPHPOBAaHHBIX BO/JHBIX
pactBopoB LiTFSI

S1. Kuranenok, C. AGaumoMbiH, M. PsOnuesa,
M. Jlenuxun, A. INaneesa, ®. Manbuuk*

LleHTp GU3HKO-XUMUIECKUX METOJIOB UCCICIOBAHUS H
ananm3a, Kazaxckuii HallmOHANbHBI YHUBEPCUTET NUMEHHU
anp-Dapadu, 96A, yn. Tone 6u, Anmarsl, Kazaxcran

AHHOTALUSA

B nmannO# paboTe cHCTEMAaTHYeCKH HCCIIEIOBAHBI
(GU3UKO-XMMUYECKUE CBONCTBA BOJHBIX PacCTBOPOB
LiTFSI B mmpokoM auama3oHe KOHIEHTpauuil. beuin
NU3MEPEHBI IJIOTHOCTD, BA3KOCTD, JJICKTPOIIPOBOAHOCTH
M aKTUBHOCTH BOJBI PACTBOPOB, UTO TIO3BOJIMIIO YCTAHO-
BUTH KOJIMIECTBCHHBIC COOTHOIICHHS MEKIY MAaKPOCKO-
MUYECKUMHE TTapaMeTPaMH U CTPYKTYPHBIMH XapaKTepH-
CTHKAMH HJIEKTPONIUTA. AHAIU3 IEKTPOIPOBOIHOCTH C
Y4ETOM TOIPABOK Ha BS3KOCTh MOKA3aJl IPAKTHYECKH
MOJIHYI0 MOHHYIO aCCOLMAIMI0 TPH BBICOKMX KOHIICH-
Tpammsix (Beime 10 MOJB/KT), TIpU 3TOM aKTHBHOCTB
BOJBI JOCTHTAJIa HWCKIIOYUTEIBHO HU3KHX 3HAYCHHUU
(~0,15) mpu makcuMansHOU pacTBopuMocTu. Mccneno-
BaHHC BBLIBUIIO HEIMHCHHBIC M3MEHEHHS IUIOTHOCTH C
YBCJIMYCHNUEM KOHLCHTpAIUH, YTO YKA3bIBACT HA CyIIC-
CTBEHHYIO CTPYKTYPHYIO PEOPraHU3aL1I0 B KOHIIEHTPU-
POBaHHBIX pacTBopax. Uucia THApaTaluy, pacCIuTaH-
HBIC C UCIIOJIb30BaHHEM HOBOTO TEPMOAMHAMHYCCKOTO
MOJIX0/1a, COYCTAIOIICTO TaHHBIC [0 AKTHBHOCTHU BOIBI U
AIIEKTPOIPOBOJIHOCTH, ITOKA3aJIN HEOKUAAHHOE COJIbBaA-
tanuonHoe noseaenue: LiTFSI memonctpupoBan 6o-
JICC BBICOKHUC 4YHCJIAa THApaTanuu, 4eM TpaJUuIlMOHHBIC
COJIHM JIUTHS B pa30aBICHHBIX pacTBOpax, HECMOTPS Ha
Oonee HU3KYK IUIOTHOCTH 3apsina TFESI™, uto oObsc-
HSIETCS TPOCTPAHCTBCHHBIM 3aXBAaTOM MOJIEKYN BOJBI
ero 00bEeMHOW CTPYKTYypoH. DTa 3aKOHOMEPHOCTh Me-
HsJIaChb Ha HNPOTHUBOIIOJIOKHYK IIpU 60.]'[66 BBICOKHUX
KOHLICHTPAIMAX M3-32 YCHJICHUS MOHHOW acCOLMalliu
u 3(pQPEeKTOB 3KpaHUPOBaHHUs 3apsaa. PaccumraHHbIC
mapaMeTpsl XOPOIIIO COTIIACYIOTCS ¢ Pe3yIbTaTaMi Mo-
JEeKYJSIPHO-TNHAMHYECKOTO MOICIHPOBAHUS, YTO TOJ-
TBEPIKAACT MPABHIFHOCTD HAIIETO MAKPOCKOITUYECKOTO
noaxoza. MccienoBanue nmokasano, 4To CTaHAApTHbIC
(1)I/I3I/IKO-XI/IMI/ILI€CKI/IG HU3MEPEHUA MOT'YT TOYHO OIIPCC-
JATH CTPYKTYPHBIC MAapaMEeTPBI AJIEKTPOJIUTA, UTO JACT
MPaKTUIECKUE IPEUMYIIECTBA ISl ONITHMH3AIUH COCTa-
BOB JJIEKTPOIIUTOB, OCOOCHHO B CUCTEMAX, COJICPIKAIIUX
MOJMMEPHBIC T00AaBKU U COPACTBOPUTEIIH, I/Ie MOJICKY-
JSIPHO-TMHAMHUYECKOE MOJEIMPOBAHUE CTAJIKUBACTCS
CO 3HAYUTCIIbHBIMU TPYAHOCTAMMU.

Kniouesvie cnosa: nUTHI-MOHHBIE AKKYMYJISTODEI,
BoaHble AnekTponuThl, LiTFSI, ¢usuko-xumudeckue
CBOWCTBA, aKTUBHOCTH BOJBI, YUCIIA TUAPATALNH, HOH-
Hasl aCCOLUAIINS

LiTFSI koHmenTpai cyabl epiTiHAiTepiHin
KYPBUIBIMBIH  3epPTTeyAiH  MAaKPOCKONMMSIBIK
Tacii

S1. Kuranenok, C. AGnumombiH, M. Psabudesa,
M. Jlenuxun, A. I'aneesa, ®. Manpuuk*

Du3uKa-XUMHUSIIBIK OICTEP/Il TaIay KOHE 3ePTTEY
opraibiFel, an-Papadbu areiagarel Kaz¥V, Tene 6u k-ci,
96A, Anmatsl, Kazakcran

AHJATIIA

Byn xymeicta LiTFSI cyner epitinginepiniy ¢u-
3UKA-XUMHSIUIBIK KaCHETTepl KEH KOHIICHTpAIHs apa-
JABIFBIHAA JKYHeni Typae 3eprrenni. Epitinninepain
TBIFBI3JIBIFBI, TYTKBIPJIBIFBI, DJICKTP OTKI3TIIITII XKoHE
CyIbIH OEJICEHJIIIT1 OJIIIIeHII, JJICKTPOJUTTIH MaKpo-
CKOTIHMSIIBIK TTapaMeTpiiepi MEH KYPBUTBIMIBIK CHIIATTa-
MaJiapbl apachbIHIAFbl CAHIBIK KATBIHACTAD aHBIKTAJIbI.
TYTKBIPIBIK TY3€TYyJIEPiH €CKEPEe OTBIPBII XKYPTi3iIreH
9MEKTP OTKISTIMITIMH Tanjgay KOFapbl KOHILEHTpAI[H-
snapaa (10 MOJIB/KT >KOFaphl) TOJBIK ACPIIK HOHIBIK
ACCOIMAIUSHBI KOPCETTi, OYJI peTTe CYIbIH OeJCeH-
JUTITT MakCHMalbl epirillTiK Ke3iHJe 6T¢ TOMCEH
monaepre (~0,15) sxerTi. 3epTTey KOHIICHTPAIUSHBIH
JKOFapbLIAYBIMEH THIFBI3IBIKTBIH CBI3BIKTBIK €MEC ©3-
repiCTepiH aHbIKTaAbl, Oyl KOHIEHTpPALUSIIAHFAH
epiTiHIiNepae eneyni KYpBUIBIMABIK KaiTa yilbiMaa-
CTBIPYIIBIH JKYpeTiHiH kepcereni. CyablH OelceHaiir
MEH 3JICKTp OTKI3TIMTIr1 OOWBIHINA JepeKTepai Oipik-
TIpETiH KaHa TEPMOJMHAMMKAIBIK TOCUIAI KOJJAaHa
OTBIPBIN E€CENTENreH TUApATalUs CaHIAPbl KYTIETeH
CONbBATALUAIBIK MiHE3-KYJIBIKTBI KepceTTi: LiTFSI
cyipmTeuTFaH epitinginepae TFSI™ 3apsaabiHbH ToMeH
TBHIFBI3JIBIFBIHA KapaMacTaH, ASCTYPIi JUTHN Ty3dapbl-
Ha KaparaHJa KOFapbl THAPATALNS CAaHJAPBIH KOPCETTI,
OyJ1 OHBIH KeJeMIi KYPBUIBIMBIMEH Cy MOJIEKyJaia-
PBIHBIH KEHICTIKTIK KapMalybIMeH Tycinmipineai. byn
3aHJBUIBIK MOHJIBIK acCOLMalvs MEH 3apsij dKpaHJay
ocepliepiHiH KyllleloiHe OalIaHbICThl KOFapbl KOHIICH-
TpanusuIapaa Kapama-Kapcesl esrepai. Ecenrenren ma-
pameTpiep MOJICKYJIANBIK-THHAMHUKAIBIK MOACIBACY
HOTHXKeJIepiMeH JKaKChI yittece i, 0yt 0i3/1iH MaKpOCKO-
MUSAIIBIK TOCUTIMI3ZIIH IYPBICTBIFBIH pacTaiiibl. 3epTTey
CTaHAAPTTHl (UBUKA-XUMUSIIBIK OINIICYJIEPIiH 3JIeK-
TPOJIUTTIH KYPBUIBIM/IBIK MApaMETPIICPIH 071 aHBIKTAN
ANaTBIHBIH KOPCETTi, OYJI AJICKTPONHT KypamJapbiH
OHTAMIaHABIPY YIIIH MPAKTHKAIBIK apPTHIKIIBUIBIKTAap
Oepeni, acipece MOJICKYIaTbIK- THHAMHUKAIBIK MOJEITb-
Iy eneyili KUBIHABIKTapFa Tam OOJIATBIH IOJIHMEPIIIK
Kocraiap MeH KOChIMIIIa epiTKimTepi Oap xyienepae.

Tytiinoi ce30ep: NTUTUH-HOHABI AKKyMYJSTOpPIAP,
cynel anekrposutrep, LiTFSI, ¢pusuka-xuMusinsik Ka-
CUETTEp, CYIbIH OCJICCHIIITi, TUApaTAIUs CaHIaphI,
MOH[IBIK aCCOLINAITHSL.



