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Metomom KBY JAUBJICKTPOMETPHUHU IIOKA3aHO, UTO JIeHCTBUTEIIbHAS €' u MHHMas €" JacTu I[HBHCKTpH‘IBCKOﬁ MNPOHUIIAEMOCTHU
U3MCHSAIOTCA B 3aBUCUMOCTH OT I1aTOJIOI'MU CTIEPMATOICHE3a. r.HPIIIepI/IH-J'IaKTO3a-)KCJ'ITO‘IHa$[ Kpuo3aniyuTtHasi cpe/ia BIUACT Ha COCTOSIHUEC
BOJHOI'O KOMIIOHCHTA 35KYJIATa, yMEHBIIACT COACPIKAHNUE CBO6OIIHOI71 BOJBI B CIICPMHUAX.

Knioueswvie cnosa: JAUDBJICKTpUYICCKasd NPOHUIIAEMOCTDb, aCTCHOCIIEPMUS, OJIMT'OCIICPMHUS, KpUO3alllUTHAd cpea.

Metonom KXY nienekrpomeTpii mokasaHo, o JiiicHa €' 1 ysiBHA £ YaCTHHH Ji€IeKTPUIHOT IPOHMUKHOCTI 3MIHIOIOTHCS B 3JIE)KHOCTI
BiJ] TaTOJIOTII criepMarorenesy. [JTinepruH-IaKT03a-)KOBTOYHE CEPEAOBHIIIE BIUTMBAE HA CTAH BOJHOTO KOMIIOHEHTA €SIKYJISITa, 3MEHIIYE

BMICT BUTBHOI BOJH B CIIEPMisiX.

Knruoei cnoea: nienexTpuvHa NPOHUKHICTH, ACTCHOCIIEPMIsl, OJIITOCTIEPMist, KPiO3aXHCHE CEPETIOBHIIE.

Using the SWF-dielectrometry the real (€') and imaginary (€") parts of dielectric permittivity were shown to be changed depending
on spermatogenesis pathology. A glycerol-lactose-yolk cryoprotective medium affects the state of the ejaculate water component,

decreases the free water content in spermatozoa.

Key-words: dielectric permeability, asthenospermia, oligospermia, cryoprotective medium

OyHKIHOHAJIbHAS MOJTHOLEHHOCTh CIIEPMHUEB
OTIpeNeNAeTCs UX CTPYKTYypOH, KHUHETHYECKUMH U
MOJIEKYJISIPHBIMU NpeoOpa3oBaHUSIMU, KOTOPBIE
BIIMSIIOT Ha MeTa0O0Iu3M U (pepTHIIbHOCTE raMeT [7].
W3-3a orpaHn4eHHOI EpEKUBAEMOCTH CIIEPMUEB in
Vitro UCCIeA0BaHUS ISIKYJISATOB NPEACTABISAIOT
ofpeliesIeHHbIE TPYAHOCTH. B HacTosmmeit paboTe 1is
OLICHKH (PYHKIIMOHATBHOTO COCTOSHUS CIIEPMHEB OBLI
npuMeHeH Metoa KBY ausnexrpomerprn Ha 4acToTe
40 I'Tm, KOTOPBIA MO3BOJIIET IIPOBOAUTH IKCIIPECC-
TECTUPOBAHHE B CYCIICH3WH IOJIBUXHBIX KIETOK,
W3Y4YHUTh COCTOSIHHE BOJHON KOMITOHEHTHI KJIETKH B
YCIIOBHAX, HUCKIIOYAIOMINX €€ pa3pylIeHue Hiu
moaupukanuo. OU3ndecKo OCHOBOW I MHTEP-
NpeTaluy AaHHBIX, MOJYy4aeMBbIX 3TUM METOJOM,
SBISIETCS pa3iuuue o0JacTedl AMCIEepCUU BOIBI U
O0noo0BekTOB. Bona, comepikamasics kak B Ouo-
00BEKTaX, TAK U B UX OKPYKEHHH UTPAET BasKHYIO POJIb
Ha BCEX OJTamax KpHokoHcepBupoBaHus [5]. OnHa
4acTh BOJBI BKJIIOYEHA B CTPYKTYPY MaKpOMOJIEKYII,
Jpyrasi — sIBISI€TCSl PEINIMKOW JaHHOM CTPYKTYpBI.
Kpowme Toro, Boga, 06pa3yeT npoTsKeHHBIE acCcoIa-

Functional integrity in spermatozoa is determined
by their structure, kinetic and molecular rearrange-
ments, affecting metabolism and fertility of gametes
[3]. It is difficult to study ejaculates because of the
limited spermatozoa survival rate in vitro. The method
of SWF-dielectrometry at the frequency of 40 GHz,
permitting to perform the express-testing in the
suspensions of motile cells and to study the state of
aqueous cell component under conditions excluding its
destruction or modification, was used in this work in
order to estimate the functional state of spermatozoa.
The physical base for interpreting the data, obtained
by this method is the difference in the fields of water
and bioobjects dispersion. Water, being both in
bioobjects and in their environment, plays an important
role at all cryopreservation stages [3]. One part of
water is included into the macromolecule structure and
the another one is the replica of this structure. In
addition, there is the water, forming the extended
aqueous associates between macromolecules, which
are fixed by “water-water” hydrogen bonds [7]. Within
the range of hundreds MHz there is the dispersion field
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Tl MEXJAY MaKpOMOJEKYyJIaMu, MOAIEpKUBAEMbIe
BOAOPOAHBIMU CBA3sIMU [7]. B nanazoHe HECKOIBKUX
coreH MI'11 HaxonuTCs 00JIACTH AUCIIEPCHH CBS3aH-
soi Boasl, B CBY n KBY gunana3zonax (dacrora 6ojee
10 I'T'w) — obmacth aucrepcuu cBOOOAHOM BOjbL. B
ATOUW 00JIaCTH OUIJIEKTpUUYEcKass MPOHHUIIAEMOCTh
00BEKTOB ONPEACIISIETCS KOJTMUYSCTBOM IUIIONEH BOIBI,
YYIaCTBYIOIIHUX B pelaKCallMOHHOM Iporiecce. YacTh
CBSI3aHHOW C HUMHY BOJBI HCKIIFOUACTCS U3 TIpoliecca
penakcanuu. [IpUHITO CYUTATh, YTO U3MCHEHHUE
BEJIMYUHBI ICUCTBUTEIIBHON YACTH TUAIICKTPUYECKOM
MPOHUILIAEMOCTH XapaKTePU3yeT OPUCHTALIMOHHBIC
3¢ (eKTHl MOJIEKY BOJBI B CUCTEME, B TO BPEMs Kak
MHHMasl 4aCTh TUAJICKTPUUECKON MOCTOSIHHOM Xapak-
TEPU3yeT KOIIMYECTBO CBOOOTHON BOABI B ISIKYIISTE.

MakpoMoneKyIsipHble CTPYKTYpPhl CIIEPMUEB
AMEIOT CIIOKHOE THAPATHOE OKPYKEHUE, KOTOPOE
MOYXET MU3MCHSITHCA NMPHU NEHCTBUHU Pa3THUUHBIX
(hbm3noMOrN4YecKuX N (PU3UKO-XUMHYECKUX (PaKTOPOB.
M3MeHeHUsT TUAJICKTPUICCKUX TapaMeTpPOB CBHUIE-
TEIBCTBYIOT O (PYHKIIMOHATHHBIX TIEPECTPOUKAX B
KJIETKE, 9TO MTO3BOJISIET OTIOCPEIOBAHHO CYIUTH 00 UX
JKU3HECITOCOOHOCTH [2,6,7].

Lenp paboThl — HccenOBaHUE TUAICKTPUICCKON
MIPOHUIIAEMOCTH 3SKYJIATOB YeJIOBEKa IIPU HOPMO- U
MaTOCIEPMHUHU U TOCJE B3aUMOJACHCTBUS TaMET C
DIULEPUH-TIAKTO3a-KEITOYHOU Cpeion.

Matepnanbl 1 metoAbI

Marepuanom ucciaenoBaHus CIyXmn 48 daKyis-
TOB, MOJYYEHHBIX Y MYXKYHH B Bo3pacte 25-40 ner
rociie 3-5-gHeBHON monoBoi abctuHeHnuu. [locme
pazxmwkenus B 0,2 mi agxynara gobasmsanu 10 Mx
KPHO3aLIUTHOW CPeabl — NIMLEPUH-TAKTO3a->KEeJITOK
(IIX). Konnentpanuio 1 NOABHKHOCTH CIIEPMHUEB
omnpenensuu B kamepe Macler (M3panib) Ha cBeTOBOM
mukpockone PZO (Ilonpmra), (X480) cormacHo
pexkomenpanusim BO3 [9].

C nomomnsro KBY muanexrpomerpa A17 “HUITYK”
(mmHA BoTHEI 7,6 MM), pazpaboTtarnoro [IpobieMHoii
Hay4JHO-HMCCIIEIOBATEIIbCKOM JTabopaTopreit MOJIeKy-
JAPHBIX MexaHn3MoB MIPD [6], u3Mepstn mapaMeTpsl
crosueit Bonuel (L, u L,) npu BHECEHHH 00pasna B
BOJIHOBOJ, OTIPEIENIsIN CMEIIeHHe MUHUMYMa
crosiuedt BoiaHB AL m mupuHy €e yIBOEHHOTO
muHuMmyMa X. [lo momydyenHsiM ganaeiM AL u AX
BBIYUCIISUTN KOMITJIEKCHYIO TU3JIEKTPUYECKYIO IPOHU-
LAeMOCTh £* pelIeHrEeM TPaHCLEHAESHTHOTO ypaBHe-
Hus [7]:

Cth (iy,d)/(iy,d) =i (1/y,d) [(1+R*)/(1-R*)],

rae Y, =2TVA[€'+iE"-(MA)*] ' ; R* — koodduuunent
OTPaKeHHsI, MO/YJIb KOTOPOTO PaBEH BBIPAKECHHUIO
(Kes-1)/(Kep+1), apryment — 4TUA,(d+ AL)+nTT,
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of bound water, the area of free water dispersion is
within the UHF and SWF ranges (frequency more than
10 GHz). In this area a dielectric permittivity of objects
is determined by the amount of water dipoles,
participating in a relaxation process. A part of water
bound with them is excluded from relaxation process.
The change in a value of the real part of dielectric
permittivity is assumed to characterise the orientation
effects of water molecules in the system, meanwhile
an imaginary part of dielectric constant characterises
the amount of free water in the ejaculate.

The macromolecular structures of spermatozoa
have a complex hydrate environment that can be
changed under the effect of different physiological,
physical and chemical factors. The change in dielectric
parameters testifies to the functional rearrangements
in a cell, that allows to indirectly judge about their
viability [2, 6, 7, 8].

The aim of this work is to investigate a dielectric
permittivity of human ejaculates at normo- and
pathospermia and after gamete interaction with
glycerol-lactose-yolk medium.

Materials and methods

As the investigation material we have taken 48
ejaculates, obtained from 25-40 aged men after 3-5
days of abstinence. After dilution 10 pl of cryo-
protective medium: glycerol-lactose-yolk (GLY) were
added in 0.2 ml of ejaculate. The concentration and
motility of spermatozoa were determined in the Makler
chamber (Israel) with a light microscope PZO (Poland)
(x480) according to the WHO recommendations [9].

Using the SWF-dielectrometer A17 “NILUK” (7.6
mm wavelength), developed by the Problem Research
Laboratory of Molecular Mechanisms of the Institute
of Radio Physics and Radio Electronics [6], we
measured the parameters of standing wave (L, and
L,) when introducing the sample into the wave guide,
we determined the shifting of standing wave minimum
AL and the width of its double minimum AX. According
to the obtained data of AL and AX there was calculated
a complex dielectric permittivity €* by solving the
transcendental equation [7].

Cth (iy,d)/(iy,d) =1 (1/y,d) [(1+R*)/(1-R*)],

where y,=2TVA[€'+ig"-(MA)*] V% R* is the reflection
coefficient, which module is equal to (Csw-1)/(Cswt1),
and its argument is 4TV/A(d+ AL)+nTT; C, is the
coefficient of standing wave, equal to (1+1/sin*(TIAX/
Aw)"% Aeris a critical length in the wave guide; A is
the wavelength in a free space; A« is the wavelength
in the dielectric-filled wave guide; y, is the propagation
constant in the fixing laying; d is the sample
thickness.
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Ko — ko3 ounmueHT crosdeil BOJHBI, paBHBIH
(1+1/sin*(TIAX/As)) 25 Ay — KpUTHYECKAs JJIUHA B
BOJIHOBOJIC; A — JJTMHA BOJIHBI B CBOOOJHOM IMPOCT-
paHCTBe; A, — JUIMHA BOJIHBI B BOJITHOBO/IE, 3aIIOJIHEH-
HOM JIMDJIEKTPHUKOM; Y, — MOCTOSIHHAs PacrpocTpa-
HEHUs B KpENeXHOHW mpoknaake; d — TOIMIMHA
obpasra.

JmATeTbHOCTD M3MEPEHSI OJTHON ATMKBOTHI 2 MUH.
O6bem siueitku KBY gusnextpomerpa 50 MKII.
[Horpemnocts u3mepenuii cocrasnsana +0,005 mMm.
[Ipu ctarucTryeckoit 00padOTKE MOTYUSHHBIX PE3YyJib-
TaTOB HMCIIONIb30BaN KpuTepuii CThIONEHTA.

OueHKa 35IKYJIATOB IPH HOPMOCIIEPMUH (KOHTPOJIb )
MoKasala clieyrolue pe3yiabrarsl (n=22): KOHICHT-
pamus criepmueB (66,2+5,6)x10%Ma , KOITHYECTBO
MPOrPECCUBHO TMOABHKHON W MOJBMYKHOU (ppaxiuii
ramer (rpynmna “a”+’b”) 70,8+6,7%. Ilpu acteno-
cnepMuu (n=11) naHHBIE MOKA3aTENN COCTABIISIIN:
(64,6+6.1)x10°m1 u 36,9+4,0%, npu OTUTOCTIEPMUHT
(n=16) — (15,7+2,1)%10%m1 u 50,2+10,1% cooTtseT-
CTBEHHO.

Pe3yAbTatbl M 00Cy)XAeHHe

B mamux uccienoBaHuAX Oblia oOHapyKeHa
3aBUCHUMOCTb JCHCTBUTEIHLHON YaCTH TUAIEKTPUIEC-
KOH IIPOHHIIAEMOCTH OT KOHIIEHTPAITUH U TIOJIBFYKHOCTH
KJIETOK B 2Kynste. [Ipu acteHo- u omurocnepMun
JEHUCTBUTENBHAS YaCTh JUAIEKTPUYECKONW MOCTOSH-
HOH €' MOCTOBEPHO HUXKE IMOJYYCHHOH MpPHU HOPMO-
cnepmuu (pucyHok a). [lo-Buaumomy, HapyIeHus B
criepMaToreHe3e BIUSAIOT Ha Mopdonorundeckyio [3]
1 MOJIEKYJIAPHYIO CTPYKTYpBI CIEPMHUEB, YTO MOXKET
MIPUBOJIUTH K N3MEHEHHUIO OPHEHTAIIMOHHBIX 3(h(heKTOB
MOJIEKYJl BOJBI B CHCTeMe W TpeOyeT IOMOJHU-
TEJIHHBIX UCCIIEOBAHUH.

18

17,5 1

16,5 4

NCTBUTENbHAsA 4YacTb AMINEKTPUYECKOM
npoHULaemMocTu
Real part of dielectric permittivity

Le

15,5

1 2 3 4 5 6
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The duration of measuring for one aliquot is 2 min.
The volume of SWF-dielectrometer cell is 50 pl. The
measurement error made 0.005 mm. Statistical
processing of the results obtained was done with
Student’s criterion.

Results and duscussion

When estimating ejaculates at normospermia (the
control) the following data were obtained (n=22):
spermatozoa concentration was (66.2+5.6)x10%ml, the
amount of forwardly motile and motile gamete fractions
(group “a”+”b”) made 70.8+ 6.7%. At the astheno-
spermia (n=11) these indices made (64.6+6.1)x10%ml
and 36.94+4.0%, as for oligospermia (n=16) it made
(15.7£2.1)x10%ml and 50.2+10.1%, correspondingly.

In our investigations there was revealed the
dependency of a real part of dielectric permittivity on
concentration and motility of cells in ejaculate. At
astheno- and oligospermia a real part of dielectric
constant €' is statistically and significantly lower than
that at normospermia (Fig. a). Apparently, the disorders
in spermatogenesis affect morphological [3] and
molecular structure of spermatozoa, that may result in
a change of orientation effect of water molecule in
the system and should be additionally investigated.

When estimating the obtained values of an imaginary
part of dielectric constant €” there was found out a
statistically significant increase in this index at
oligospermia (Fig. b), that was apparently related to a
low concentration of spermatozoa in ejaculate and
indicated to a change of a free water content in a
suspension.

The experiments on studying the effect of GLY
cryoprotective medium, that we used for human sperm
cryopreservation [1] demonstrated, that the equili-
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[Nokazarenn neiicTBUTENEHOH (2) 1 MHUMOH (0) yacTel IUANIEKTPUYECKON TPOHMIIAEMOCTH 00Pa3IIOB KYIISTOB YEJIOBEKA
MIPU HOPMO- U NaTocnepMuu. 1 — Hopmocnepmus; 2 — Hopmocnepmus + [JIK; 3 — acreHocniepmust; 4 — acteHociepMus +
I'JDK; 5 — onurocnepmust; 6 — onurocnepmus + IJDK.

Indices of the real (a) and imaginary (b) parts of dielectric permittivity in the samples of human ejaculates at normo- and
pathospermia. 1 —normospermia; 2 — normospermia + GLY; 3 — asthenospermia; 4 — asthenospermia + GLY; 5 — oligosper-
mia; 6 —oligospermia + GLY.
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[Ipu ouieHKe MOMy4YEeHHBIX 3HAYEHU MHUMOM YacTu
JUBJIEKTPHYECKOM ITOCTOSTHHOMH £ OBIII0 00HAPYIKEHO
JIOCTOBEPHOE YBEIMUYEHUE JaHHOTO MOKa3aTes Npu
OJINTOCHEPMHUH (PUCYHOK 0), YTO, MO-BUANMOMY,
CBSI3aHO C HHU3KOM KOHIIEHTpalued CIEPMHEB B
IAKYJIATE U yKa3bIBAa€T Ha U3MEHEHHE COICpP)KAHUSA
CBOOOIHO¥ BOJIBI B CyCIIEH3HH.

OKCTIepUMEHTHI 10 W3YYSHHIO BIUSHUS KpHO3a-
mutHOW cpensl IJIK, ucnonbzyemoi HaMu JJist
KPHOKOHCEPBUPOBAHHS CIIEpMBI denoBeka [1],
nokazanu, 9To 3kBuinOparnus ¢ [JDK mo3utuBHO
BJMSET Ha MOABMXHOCTh CIIEPMHUEB UeJOBEKa,
YBEIUYUBAs MPOIPECCUBHO MOJIBHKHYIO (PaKIIHIO
cnepMmueB Ha 10-15%. bbuio oTMedeHo, 4To KOnu4yecT-
BO CBOOOJHOM BOABI B CyCIIEH3UHU NPH 00aBICHUH
I'JIK Taxxe 3aBUCHUT OT MATOJOTUU CIIEPMATOreHE3a.
Habmromanu nocroBepHOE CHMKEHUE £ TIPH HOPMO-
U onurocnepMuu. Tak Kak NpU acTEHOCIEPMHH B
SIKYIIATAX UMEETCS OOJIBIIOE KOTHYECTBO HETIOBHIK-
HBIX C HNOBPEXKJIEHHOW LMUTOIIA3MaTUUYECKOH MeM-
OpaHO#l KJIETOK, HE CIIOCOOHBIX CBSA3BIBATHCS C
KPHO3AIUTHOHN CpeaoH, TUIIEKTPUYECKHE ITOKA3aTeIN
OCTaBaJMCh 0€3 M3MEHEHHH (PUCYHOK 0). JTO, TMO-
BHJIMMOMY, CKa3bIBaeTCsl Ha pe3yJabTarax KPHOKOH-
cepBUPOBaHMA 00pa310B JaHHOU naTojoruu [4] .

Ha pucyHke a, BUOHO JOCTOBEPHOE CHUXKEHUE
JIEHCTBUTENBHOM YaCTH AUANIEKTPUUECKON TPOHULIAe-
Moctu €' (npu P<0,05) mpu HOpMOcHepMuu mocie
noOasinenus [JIDK mo OTHOLIEHHWIO K MHTAKTHBIM
obpasuam. [Ipu onurocnepmun 3Ha4eHUs € OTIMYA-
JUCh 3HAYUTENBbHO. B OTIMYHMEe OT KJIETOK KPOBH,
CIEPMHUU B ISKYJISATE HAXOIATCS HEKOTOPOE BpeMs B
nBWKeHUHU. llpu HOpMOCTIEpMUH TOABUKHOCTD
CIIepMHUEB IpymIisl “a”+”’b” mocne nobasnenus [TIK
cocrassiia okono 80%. [1pu onurocnepmuy KOHIIEHT-
panus cuepMueB B oOpa3max HH3Kas, OJHAKO
[TO/IBIKHOCTH CIIEPMHEB y MAllMEHTOB BapbUPYET B
mupokux npenenax (ot 1 g0 52 %). MoxHo mpenro-
JIOKUTh, YTO CHUIKEHHE &' CBSI3aHO CO CTOXAC-
THYeCKUM 3((HEeKTOM, 0OYCIIOBICHHBIM ABMXKCHUEM
CIEpPMUEB, YTO MPUBOJIUT K 3HAYUTEIHHBIM KojeOa-
HUSM MOJEKYJ BOIBI BOKpYT KieTok. Kpome Toro,
HYKHO YYHUTHIBATh, YTO COCTAB CIIEPMAaTbHOM IIa3Mbl
B HOPME W NPHU MATOJOTHH, a TAKXKE Yy OTACIbHBIX
WHIANBUAYYMOB OTIH4YaeTcs [2]. DTO MOXKET BIHATH
Ha JM3JIEKTPUIECKIE ITOKA3aTEeNH CIIEPMBI U SBISETCS
MpeIMETOM HAIIMX JaJIbHEUIIUX UCCIETOBAHUM.

BbiBOABI

Takum o6pazom, metogom KBU nguanexrtpo-
MepUH OBLTH TIOTYYEHBI PA3IINIUs B JUAIEKTPHUECKIX
rapaMeTpax B 3aBUCUMOCTH OT aTOJIOTHHU CIIEPMATO-
renes3a. [lo u3aMeHEeHHIO apaMeTPOB IHIJIEKTPHU-
YeCKOW MPOHHI[AEMOCTH MOXHO CYAUTH KakK O
COCTOSTHUY BOJTHOUM KOMITOHEHTHI B ISKYJIATE, TaK U O
TUAPATHOM OKPYKCHUHM HATHUBHOU M MOIUQUITH-
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bration with GLY positively affected the motility of
human spermatozoa, by increasing a forwardly motile
fraction of spermatozoa by 10-15%. However the
amount of free water in suspension depends also on
spermatogenesis pathology. Statistically significant
decrease in €" at normo- and oligospermia is observed
when adding GLY. As at asthenospermia in ejaculates
there is a big number of immotile cells with a damaged
cytoplasmic membranes, unable to bind with a
cryoprotective medium, the dielectric indices remained
without change (Figure b). This apparently affects the
results of cryopreservation in samples with this
pathology [4].

The Figure a shows a statistically significant decrea-
se in a real part of dielectric permittivitye' (at P<0.05)
at normospermia after GLY addition in respect to the
intact samples. At oligospermia the €' value signifi-
cantly differs. In contrast to blood cells the sperma-
tozoa in ejaculate are some time in motion. At normo-
spermia the spermatozoa motility at groups “a”+”’b”
after ading GLY made about 80%. At oligospermia
the spermatozoa concentration in the samples is low,
however the spermatozoa motility in patients varies
within the wide limits (from 1 to 52%). We can suppose
that €' decrease is associated with the stochastic
effect, obtained as a result of spermatozoa movement,
that leads to considerable oscillations of water
molecules around cells. In addition, it should be take
into account, that the composition of spermal plasm
differs in the norm and pathology, as well depending
on an individual [2]. It may affect dielectric indices of
sperm and is the subject of our further investigations.

Conclusions

Thus, using the method of SWF-dielectrometry we
obtained the differences in dielectric parameters
depending on spermatogenesis pathology. By the chan-
ge in parameters of dielectric permittivity one can judge
on both state of water component in ejaculate and
hydrate environment of native and modified cell. There
were noted significant differences in the organisation
of water component in cell suspensions of motile and
immotile spermatozoa. GLY cryoprotective medium
affects the state of water component of ejaculate, re-
duces the amount of free water in spermatozoa, that
allows to improve the quality of cryopreservation.

The authors aknowledge Kolesnikov V.G. and
Dreval N.V. for their assistance when conducting the
experiments.
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