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AnHoTauus. B cTaTbe 110 M3BECTHBIM B IMTEPAType SKCIIePUMEHTATbHbIM 3HaUeHMSIM KpaeBbIX
VIJIOB ¥ MOBEPXHOCTHBIX SHEPTUIl TBEPABIX U KUAKUX META/JIOB PacCUMTAHbl MeK(basHbIe
SHeprum rpaHul] pasgesna Mexxay TBepAbIMU U XXUAKUMU MeTa/lslaMu. B HacTosilee Bpems Ipu
BBIUMCIEHMM BeJTMUMH MeK(Da3HbIX SHEPTUIA ITOSBMUIACh BOSMOKHOCTD yUeTa TeMIIePaTypPHOTO
(baxTopa [/ MHOTMX TBepAO-KUAKMUX MeTamndeckux cucreMm. [lokasano, uro npu 6, =1/ 2
MexdasHasi 5HepIusa G B UCCIeSOBaHHBIX CYCTeMaX MeHbllle, YeM MIOBepXHOCTHAs SHeprus

TBEPIbIX METAJIIOB O, .

KiroueBsbie ¢/10Ba: KpaeBoit oy, MOBePXHOCTHAS SHePrist, MexkdasHast SHeprsl, 0JI0BO, CBU-

He1l, >KeJyie30, MeIb.

BBEJEHUE

VccnenoBaHMSIMIM OTeUeCTBEHHBIX U 3apyOesk-
HBIX YYEHBIX K HACTOSIIEMY BPeMEeHU M3MepeHbI
yIenbHble TTOBEPXHOCTHBIE CBOOOIHBIE YHEPIUNU
MOYTHU BCEX UMUCTBIX METAJIOB B XUIOKOM COCTOSI-
Hum o, [1-3].

YTo KacaeTcsi TOBEPXHOCTHON SHEPTUN METaJI-
JIOB B TBEPAOM COCTOSIHUM, TO O HEeJaBHEro Bpe-
MeHM ObUIM M3MEePEHBI G ¢, TONbKO IJIS1 OTPaHMYeH-
HOTO UX KOJIMYEeCTBa, KOTOpPbIe He OTIUYaINUCh [0-
CTaTOYHOM CTeIleHbI0 TOUHOCTHU. [lo3TOMY B Hayke
0 MeK(a3HbIX SIBJIEHUSIX CIIOKMIOCH TTapagoKCalb-
HOEe TIOJIOKeHMeE, TIPU KOTOPOM He ObUIO BO3MOXK-
HOCTY IPOBECTM pacyeT MeX(ha3HOii SHEPIUN G,
Mcnonb3ys ypapHeHue lOHra. B ¢Bsi3u ¢ aTuM B n1u-
TepaType HaKOIUIeH 60JbIIOoi 06beM paboT, B KO-
TOPBIX BBIUUC/SIUCH TOMBKO Pa3HOCTU MEXIY I10-
BEPXHOCTHOM SHepruei MmeTtaia B TBEpAOM COCTO-
STHUY M Mesk(a3HOi SHePTMei Ha IpaHMIIe TBePIbIi
MeTaJul-pacIjiaB gPyroro MeTasuia.

CiienyeT OTMETUTD, YTO IIPSIMOT'O METO,A U3Me-
peHusI 3TOI BeJIMYMHBI He CyIecTByeT. Mexny Tem,
OHa oIpezesseT KpaeBoiil yroan 6, B paBHOBECHBIX
CUCTeMaXx ¥ KOHTaKTHBI Yoyl 6 B HEpaBHOBECHBIX
cucremax. [TocieqHme BeTIMYMHbBI HEOOXOIVMBI TP
skupgKodasHOM crieKaHMM, Taiike, cBapke U T. [I.

B Hacrosiee BpeMs MOSIBUIACh BO3MOXHOCTb
€€ BBIUMCIUTD KaK OTJENbHYI0 BEIMUMHY, TaK KaKk
P< IllepueBa dnbBupa XyceHOBHa, e-mail: teuva.ella@mail.ru

y’Ke M3MepeHbI TOBEePXHOCTHbIe SHEPIUM MHOTUX
MeTaJl/IOB B TBEP/IOM COCTOSIHUM G, U UX TeMIIe-
partypHble KO3QOUIMEHThI AG, / AT . DTy JaHHbIe
Gy, MHOTYE 13 KOTOPBIX TIOJTyYeHbl yCOBepIleHC-
TBOBAaHHBIM KOMITEHCAI[MIOHHBIM METOJIOM «HYJIe-
BOJi IO/I3y4YecTu», 0000111eHbI B paboTe [4].

[lesnbi0 HACTOSIIIEN CTATbU SIBJISIETCS TOTIBI-
TAThCSI YACTUYHO BOCIIOMHUTD 3TOT IPO6GEN U BbI-
YMCIUTb Mexk(asHble SHEPIUM B YKa3aHHBIX BbIIIe
cucremax.

METOAUKA ITPOBEJEHVA PACUHETOB

B pa6ote T. B. 3axapoBoii [5] 66111 M3MepeHbI
paBHOBeCHbIe KpaeBble YITIbI 6, 00pasyeMble XI/I-
KMMM OJIOBOM ¥ CBMHIIOM Ha ITOBEPXHOCTSIX TBEP-
IBIX XKejie3a U Mef.

VI/ibl CMauMBaHMS JKejie3a 0OJI0BOM U CBUHLIOM
npu Temrieparype 623 K o e€ gaHHbIM paBHbBI 43
1 48° COOTBETCTBEHHO. YI/Ibl CMauMBaHUSI Meau
0JIOBOM ¥ CBMHIIOM IIPU TOJ 3Ke TeMIiepaType paB-
HbI 20 1 34°.

JLJ1s1 5KMIKMX OJI0BA Y CBUHIIA €10 TIOTyYeHbl M-
nypuyecKyie ypaBHEeHVsI, BbIpasKalolLyie ITOBEPXHOC-
THbIE HATSDKEHMS B 3aBUCUMMOCTHU OT TeMITepaTyphbl:

6,,(Sn) = 537 —0.052(T — 505), (1)
6,, (Pb) = 455—0.085(T — 608). )
B cBs31 ¢ TeMm, 4TO TeMIlepaTypa IJIaBIeHUSs

cBuHUA paBHA He 608 K, a 601 K, To MbI BBenu B
ypaBHeHMe (2) rorpaBKy 1 mJ/m?.

KonTeHT mocTymneH nop auieHsueit Creative Commons Attribution 4.0 License.
T The content is available under Creative Commons Attribution 4.0 License.
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[Tpy HM3KKUX TemIlepaTypax JKeje30 UMeeT Ipa-
HEelLIeHTPUPOBAHHYIO0 KyOMUECKYIO CTPYKTYPY, TI03-
TOMY U3 BYX 9KCII€pPMMEHTaIbHbIX 3HAUEHUI1 Be-
JIMUVH MMOBEPXHOCTHBIX SHEPTUii TBEPHOTO XKeJesa,
MIpUBeeHHbIX B paboTe [4], Mbl BbIOpasin y-Fe st
KOTOPOro G, =2170 m]/m’npuT (T - Temnepa-
Typa I1aBaeHus). [I0oCKONbKY B IUTepaType OTCYTC-
TBYET 9KCIIePUMEHTAIbHO M3MEPEHHOEe 3HaUeHMe
BeJIMYMHBI TeMIlepaTypHoro koadgduuyeHTa mno-
BePXHOCTHOM SHePIUM TBepPIOro xkenesa Ac, / AT,
TO MbI BOCIIO/Tb30Ba/INCh IOTYIMIMPUIECKMUM 3Ha-
YyeHMeM 3TO} BeUMUMHBI, I0JIyUeHHOl HaMU B pa-
oore [6]: AG, / AT =0.3333 mJ/(m*K).

Ina meou 6, =1760 mJ/m?* npu Temreparype
maBnenus, a A, / AT = 0.50 mJ/(m* K). Temnepa-
TYDbI [UIaBJI€HMS JKejle3a 1 MeJy B3SThbl U3 [7] 1 paB-
Hbl: T (Fe)=1809 K, T, (Cu) =1356 K. Temmneparypsl
M3MepeHNsT paBHOBECHbIX KpaeBbix yoB T (T, -
TeMIiepaTypa u3MepeHusi) IpuBeeHbl B Taom. 1.

B xavecTBe mpuMepa nmposeneM NpOLERypy
pacueTa MOBEPXHOCTHO SHEPTUM TBEPAOTO JKeJle-
3a IIpU TeMIlepaType, IpM KOTOPOJi aBTOP JuUccep-
Taluy M3Mepusia paBHOBECHBI KpaeBoii yron 0,
o6pa3yeMmblii 0JIOBOM Ha ITOBEPXHOCTH kese3a. [Te-
peBO[I IOBEPXHOCTHON SHEPruy TBepAOro xKenesa
K TOJ TeMIlepaKkType, Py KOTOPOI M3MepeH Kpa-
eBOIJ1 YT, OCyIeCTBUM I10 popmyiie:

A
oy, (Fe)=2170+(T, T, ) ;{V . B

[Toxcrasiisist B (3) UMC/IeHHbIe 3HAUeHUS BeJu-
YYH, TOJIyYUM:
o4, (Fe)=2170+ (1809 -623)-0.3333 =

=2565 mj/m?.

3HaK IUTI0C B (3) 1 (4) 03HAUaeT, 4YTO IMPU YMeHb-
IIeHMY TeMIIepaTypbl G, PACTeT.

Jlns1 BbIUMCIIEHUSI G, BOCIIO/Ib3YeMCsl ypaBHe-
HueM lOHra:

Oy =04, — O, COSO. (5)

CMaumBaHuMe xenesa u Meam XMAKMMU 0JI0BOM, CBUHLLOM M pacuyer...

[ nogcTaHoBKY B Gopmyiy (5) G, TaKkKe He-
006XOIMMO IPUBECTH K TEMIIepaType, Ipu KOTOPOit
M3MepeH KpaeBo yroi. s 3Toro BOCI0ab3yeMcs
ypaBHeHueM (1):

Oy (5 =537-0.052(623-505)=
= 537-118-0.052 = 531 mJ/m”.

IMoncrasnsist (6) B (5) v yuntbiBas Gopmyiry (4)
MMeeM:
0y =2565-531c0s43° =2565—-531-0.7314 = %
=2177 mJ/m’.

B cBsI3M € T€M, UTO KpaeBbIe YIJIbl aBTOPOM [5]
M3MepeHbI NTPU HU3KUX TeMIlepaTypax, TO BIINSsI-
HMEM I1apOB JXUIKMX METaJJIOB Ha IMOBEPXHOC-
THYIO 9HEPTUIO TBEPAOTrO MeTasja MOXHO Ipe-
HeOpeub. Tem He MeHee, CuMTaeM HeoOXOIMMbIM
IanbHelilIee 1Uccaen0BaHMe 10 BbISCHEHUIO BO3-
IeliCTBMS I1apoB KUAKMUX METaJJI0B Ha II0BepX-
HOCTHBIE U Mesk(dasHble XapaKTepUCTUKA TBEP-
OO-XKUIKUX KOHTAKTUPYIOIIMX MeTaJaudeCKUX
CHUCTEM.

Pabory agresun pacrmaBa W, MOXKHO BbIYMC-
JIUTD C TIOMOIIIbIO OTHOTO U3 IBYX TOX/IECTBEHHbIX
BbIpaKeHWIA:

I/VA1 =04 0., —Og, ®
W, =0, (1+cos8,). ©)

[TopcTasiisis yMC/IeHHbIE 3HAUEeHNS BeJIMUMH B (8)
wiu (9), HaripuMmep, B (8), MOTy4nM:

W, =[2565+531-2171]mJ/m* =919 mJ/m".

Kak ormeueHo, B aBTOopedepaTe rmcrepesuc
KpaeBoro yria B cucteMme Fe—Sn He Habmogancs, 1
PacTBOPMMOCTbD 3KeJjie3a B 0jJI0Be Oblyia Majoii.

OTMeTuM, UTO BO BCeX M3yYeHHbIX CUCTeMaXx,
pe3y/bTaThbl OKPYIJIEHbI A0 11eJIbIX UMCel.

ITo Tako’ii ke cxeme MMPOBeAEeHbl PACYEThI U JIJIST
Ipyrux cucteM. Pe3ynbTaTbl BIUMCIEHUI TIpe-
CTaBJIEHBI B TAOII. 1.

Ta6auia 1. PesynbraThl pacueToB Mesk(pasHbIX SHEPruii TBEPOBIX Kejae3a U MeOy KUAKUMY OJI0BOM
¥ CBUHIIOM B 3aBMCMMOCTY OT Te€MIIepaTyphbl.
[Table 1. Results of calculations of interfacial energies of solid iron and copper by liquid tin
and lead depending on temperature]

System | T,K q° G4y, MJ/m? G,y, mJ/m? o, MmJ/m? W,, m]/m?
Fe-Sn 623 43 2565 531 2177 919
Fe-Pb 623 48 2565 454 2261 758
Fe-Pb | 1023 48 2432 420 2151 701
Cu-Sn | 573 20 2152 533 1651 1034
Cu-Sn | 623 20 2126 531 1627 1030
Cu-Sn 723 20 2076 526 1582 1020
Cu-Sn | 873 0 2002 518 1484 1036
Cu-Pb 623 34 2126 454 1750 830
Cu-Pb 873 34 2002 433 1643 792
386 Condensed Matter and Interphases, 2019, 21(3), 385-389



PE3VJIBTATDBI 1 UX OBCY>XXIOEHUNE

ITpu cocraBieHuy Tabil. 1 HAMY YIUTHIBAIUCD,
BbICKazaHHbIe B aBTOopedepare muccepraium Io-
nosxkeHus [5]:

1. KpaeBoit yron 6, cBMHLIA K MeIy IIPU BCeX
TeMIlepaTypax CoCTaBJsin 0, = 34°.

2. B cucreme Meb—010BO KpaeBOJi YTol HE U3-
MeHscsa a0 723 K, a 3atem 6 ymeHbIIaJICS 10 HYJIS,
TO ecThb 0, =0°.

3.ITpu HarpeBanuu cuctem Fe—Sn u Fe—Pb kpa-
eBble YIVIbI CHIKAIVCh CPAaBHUTENBHO C1ab0, a Ipu
MOCAeYIOLeM OXJIKIEHUM BO3BPALIAJIUCh K UC-
XOIHBIM 3HAUEHMSIM TOJbKO Y CBMHIIA, KOTOPbI
He oOpasyeT C jKeJie30M pacTBOPOB M XUMMUYEC-
KMX coenyHeHuit. I1o 3Toii mpuymHe pacyeTsl G,
npu temrepartype 1023 K npoBeneHbl TOIBKO AJIS
CBMHIIA C 3KeJie30M. [Ipy BbICOKMX TeMIiepaTypax B
cucreMe Fe—Sn 06pa3oBbIBa/ICh MHTEPMETAIIN-
IIbI, [TIO3TOMY PacyeThl C MOCJIeAHEN CUCTEMOI He
MIPOBOAMIINUCE.

4. OTMeTHUM, YTO HallIM pacyeThbl IIPOBOSUINUCH
6e3 yuyeTa BO3MOKXHOTO M3MEHEeHUS G, MOIJIOKEK
T[IOJL AeiCTBMEeM pPaCIlJIaBOB.

B nutepartype HepenKo MOSIBIISIETCS YTBEPXKIE-
HMEe O TOM, 4TO ypaBHeHMe lOHra, cBSI3bIBaOIIEE
MeK(hasHYI0 SHEPIUIO C [IOBEPXHOCTHOW SHEpPIu-
el TBepooro Tena, paciuiaBa U yrjia CMayMBaHus,
HeIIpMMEeHMMO JIJIs1 pacyeTa Mexx@a3HO SHepTUn
TBEPIAO-KUAKUX CUCTEM, TaK KaK B 3TOM ypaBHe-
HMJ He YUUTHIBAETCS BePTUKa/IbHAS COCTABJISIO-
11ast BeKTopa ABVOKYILIEN Cuiibl. B 4acTHOCTH, Tak-
>Ke YTBepPsKIaeTCs, YTO OHO He COAEepsKUT YIIPYTUX
KOHCTaHT TBeproro Tena [8]. JeiicTBUTeNbHO, 3TO
Tak. OgHAKO HY>KHO MMETb B BUIY, UTO peUb UIET
00 abCOJIIOTHO TBEPAOM TejIe U TePMOIMHAMMUYEC-
KOM paBHOBecuy TpéxdasHoii cucrtembl. Ecm cob-
JIIOJaTh IOCIeqHMeEe YCI0BUS, TO YpaBHeHMe FOHra
BIIOJTHE TIPMMEHVMMO U He TOJIBKO B 00JIacTH, rae
yroJy cMaumBaHus 6osbie 90°, HO U AJISI CUCTEM, B
KOTOPBIX PABHOBECHBIN KpaeBOii yroyl MeHblIe fe-
BSIHOCTA I'PagyCoB.

W3 Tabmn. 1 cienyert, UTo Mexk(asHble SHEPTUN
O, BCEX M3YUYEHHBIX CHCTEM MEHbIIe, YeM G, NIPU
BCeX TeMIiepaTypax.

3AKJIIOYEHUME

BriepBble npuMeHeHO ypaBHeHMe FOHra Hermo-
CpeICTBEHHO 6e3 KaKMX-TMO60 KOCBEHHBIX BBIUMC-
JIeHWI 1151 oIIpenenieHst Mexkda3Hol SHepruM Ha
rpaHuile pasmesia TBepaas dasa omHOTO 6ojiee Ty-
TOTJIaBKOTO MeTaJl/ia € SKUAKOM (ha3oii Apyroro jger-
KOIJIABKOTO MeTaslia.
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OpMFMHaJ’IbeIe CTaTbn

T
[TokasaHo, uTo Ipu 0, < — Mexxda3Hasi SHeprus
2

BCer/ia MeHbIIIe, YeM ITOBEPXHOCTHAS SHEPI sl TBEP-
Io¥i ToToskKi. [ToKa3aHO TakKe, YTO ITPY KOHTAKTe
BBICOKO3HEPTeTUYECKIX TBEPIbIX METAJ/IIOB C HU3-
KO3HEPreTUUeCKMMU KUIKOCTSIMIM HIU3KOe 3Have-
HIM€e BeJIMUMHbI KPAeBOT'0 YIJIa He TapaHTUPyeT Hu3-
KOe 3HaueHue Mexkxdas3Hoii SHeprumu.

KOH®JIUKT UHTEPECOB

ABTODBI IeKIapUPYIOT OTCYTCTBYE SIBHBIX U T10-
TeHIMaIbHbIX KOH(QIMKTOB MHTEPECOB, CBSI3aHHBIX
C ImybGIMKaIyeil HaCTOSIIE CTaTh.
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THE WETTABILITY OF SOLIDS IRON AND COPPER

BY LIQUIDS STANNUM, PLUMBUM AND CALCULATION

INTERFACIAL ENERGIES
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Abstract
Object. Until recently, due to the absence of many solid metal experimental values of the surface
energy O, and the temperature coefficient A, / AT not possible to bring the computed values
of interfacial energy o, of the same temperature at which measurements were made of the
contact angle, which naturally negatively influence in the results of calculations of interfacial
energies. At the present time by their calculation them will be able to account the temperature
factor for many solid-liquid metal systems.
Purpose. The purpose of this paper is calculating interfacial energy between melting metal and
another solid metal. The interfacial energy of iron, copper on the boundary with meltings stannum,
plumbum is calculated. It is showed that if the wetting angles more than ninety degrees, it then
the interfacial energy is more than surface energy of a solid body. In case, when boundary angle
is smaller ninety degrees then the interfacial energy less than the surface energy of solid body.
Method and Methodology. According to the literature, data know experimental values of contact
angles formed by liquid tin, lead on the surfaces of solid iron, and copper their interfacial energy
calculated. For calculations, we used the Young’s equation relating interfacial energy with the
surface energies of the solid, the liquid and the cosine of the contact angle.
Results. It is showed that if the take in to account the temperature at which it the makes a sig-
nificant is measured, contributes to the of a significant contribution in the interfacial energy.
Conclusions. In conclusion, it should be noted that our method of calculation can be also adapted
to the investigations of other solid-melt system.

Keywords: boundary angle, surface energy, interfacial energy, stannum, plumbum, iron,

copper.

CONFLICT OF INTEREST

The authors declare the absence of obvious
and potential conflicts of interest related to the
publication of this article.

REFERENCES

1. Allen B. C. In liquid metals: Chemistry and phy-
sics / Ed. by S.Z. Beer. Marcel Dekker, New York, 1972,
pp. 3-161.

2. Nizenko V. I. Floka L. I. Poverkhnostnoe natya-
zhenie zhidkikh metallov i splavov (odno- i dvukhkom-
ponentnye sistemy) [Surface tension of liquid metals
and alloys (one - and two-component systems)]. Mos-
cow, Metallurgy Publ., 1981, 208 p. (in Russ.)

>4 Sherievae Elvira Kh., mail: teuva.ella@mail.ru

3.Popel S. 1. Poverkhnostnoe yavleniya v rasplavakh
[Surface phenomena in melts]. Moscow, Metallurgy
Publ., 1994, 432 p. (in Russ.)

4.Khokonov H. B., Taova T. M., Shebzukhova I. G.,
Kumykov V. K., Alchagirov B. B. Poverkhnostnye en-
ergiya i natyazhenie metallov i dvoynykh metalli-
cheskikh splavov v tverdom sostoyanii. [Surface en-
ergy and tension of metals and double metal alloys in
solid state]. Proceedings of the international and inter-
disciplinary Symposium “Physics of surface phenomena,
interphase boundaries and phase transitions”, Septem-
ber 16-21, Nalchik — Rostov-on-don — Grozny — Shep-
si. 2018, v. 8, pp. 5-20. (in Russ.)

5. Zakharova T. V. Rastekanie rasplavov (Pb-Sn i
Zn) po poverkhnosti tverdykh metallov i adgeziya faz
[Melt Spreading (Pb-Sn and Zn) over the surface of

388 Condensed Matter and Interphases, 2019, 21(3), 385-389



solid metals and phase adhesion]. Cand. sci. diss. (ab-
stract) Sverdlovsk, 1973, 23 c. URL: https://search.rsl.
ru/ru/record/01007087710

6. Dokhov M. P., Kokoeva M. N. Mezhfaznye ener-
gii rasplavlennykh khloridov shchelochnykh i
shchelochnozemel’nykh metallov na granitse s
tverdym zhelezom [Interfacial energies of molten
chlorides of alkali and alkaline earth metals on the
border with solid iron], International Scientific Journal
Innovative Science, 2018(6), pp. 23-28. URL: https://
elibrary.ru/item.asp?id=35125318 (in Russ.)

7. Entsiklopediya neorganicheskikh materialov [En-
cyclopedia of inorganic materials]. In 2 vol. / Fedor-

OpMFMHaJ’IbeIe CTaTbn

chenko I.M. (ed.) and others. Ukrainian Soviet Ency-
clopedia. Kiev, 1977, v. 1, 840 p., v. 2, 816 p. (in
Russ.)

8.Novosadov V. S., Khokonov Kh. B. Dvizhushchie
sily i koeffitsient rastekaniya v neravnovesnykh us-
loviyakh smachivaniya [Driving forces and spreading
coefficient in non-equilibrium wetting conditions].
Proceedings of the international and interdisciplinary
symposium “Physics of surface phenomena, phase bound-
aries and phase transitions”, September 16-21, 2014,
Nalchik — Rostov-on-Don — Grozny — pos. South, 2014,
Vol. 4, pp. 207-212. (in Russ.)

Ioxoe Mazomed Ilawiesuu — f. T. H., Ipodeccop
Kadeapbl TEXHUYECKO MexaHuku u ¢pusuky, Ka-
6apayHO-BankapCcKuii rocynapCTBEHHbIN arpapHbIit
yHuBepcuteT uM. B.M. Kokosa, Hasnpumk, Poccniic-
Kast ®emepauyst, KabapauHo-Bankapckas Peciy6-
nuka; ORCID-0000-0002-3224-9850.

Kokoesa My3sa HypzanueeHa — CTaplinii Impemno-
IaBaTesb Kadeapbl TEXHNUECKOI MeXaHUKM U hu-
3uku, Kabapamuo-bankapckuit rocyiapcTBeHHbI
arpapHbiii yauBepcuteT uM. B.M. KokoBa, Haipumk,
Poccuiickas Pepepanys, KabapauHo-bankapckas
Pecmy6iuka.

Illepuesa Bavsupa XyceHO8Ha — COUCKATEb Ka-
denpsl TeopeTHUeCKOii ¥ IKCIEPUMEHTATbHO
dusuky UHCTUTYTA GU3UKKU M MaTeMaTuku, Ka-
6apanHOo-Bankapckuii rocyIapCTBEHHbBIN YHUBEP-
curet uM. X.M. Bep6ekoBa, Hanbunk, Poccuiickast
®enepauust, KabapauHo-bankapckas Pecry6nn-
Ka; e-mail: teuva.ella@mail.ru. ORCID-0000-0002-
9350-9310.

KoHaeHcnpoBaHHble cpeapl n MexdasHble rpaHumupl, 2019, 21(3), 385-389

Dokhov Magomed P. - Dr. Sci. (Eng.), Professor of
the Department of Technical Mechanics and Phys-
ics, Kabardino-Balkarian State Agrarian University
named after V.M. Kokova, Nalchik, Russian Federa-
tion, Kabardino-Balkarian Republic; ORCID-0000-
0002-3224-9850.

Kokoeva Muza N. — Senior Lecturer of the De-
partment of Technical Mechanics and Physics,
Kabardino-Balkarian State Agrarian University
named after V.M. Kokova, Nalchik, Russian Feder-
ation, Kabardino-Balkarian Republic.

Sherieva Elvira Kh. — PhD student of the
Department of Theoretical and Experimental
Physics, Institute of Physics and Mathematics,
Kabardino-Balkarian State University named after
H.M. Berbekova, Nalchik, Russian Federation,
Kabardino-Balkarian Republic; e-mail: teuva.ella@
mail.ru. ORCID-0000-0002-9350-9310.

389



