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AHHOTAN NS

B pabote mpoBe/icHa OlCHKA aHATUTHYSCKUX BO3MOXKHOCTEH SCreen printed 3iaeKkTposoB B MHBEPCHOHHO-
BIBTaMIIEPOMETPUIECKOM OIpeaeeHUH HOoHOB cesieHa (1V). M3ydeHo 31eKkTpoXxuMuecKoe NOBEICHNE HATUBHBIX
U MOJMGHUIMPOBAHHBIX SCreen printed 3JeKTpoaoB B BOIETAMIIEPOMETPHIECKOM OTIPEICIICHHH CEJICHUT-HOHOB B
aHOZ[HOfI u KaTO,IlHOﬁ obmacTax IIOTCHIIMAJIOB. Tloxazana MIPUMCHUMOCTD YTJICPOACOACPIKAIUX CCHCOPOB, U3I'0-
TOBJICHHBIX MCTOAOM Tpa(bapeTHoﬁ Ie4aTu B OIPECACICHUHN CCJICHA B aHO,IlHOfI obnactu MOTCHIIMAJIOB HAa YPOBHC
10 mxr/m. [IpoBeaeH aHanu3 00pa3IoB MUTHEEBOW BOKI, IPOIYKTOB MUTAHUS, PACTCHHU, BATAMIHHON IPOIyKIIHH,
IOKAa3aBIIHH BO3MOXKHOCTH OIpCACIICHUA SE‘(|V) HWHBCPCUOHHO-BOJIbTAMIICPOMETPUICCKUM METOJAOM HAa YPOBHE
10 mkr/n. Takxke rokazaHa BO3MOKHOCTh npuMeHeHus Bi-moandunuposannoro SPCE B onpesienieHun MUKpO- U
CyOHaHOMOJISIpHBIX KoHIeHTpalwii Se(lV) MeTo0M KaToaHOW HHBEPCHOHHOW BOJIbTAMIIEPOMETPHH.

Abstract

The paper evaluates the analytical capabilities of screen printed electrodes in the inversion-voltammetric de-
termination of selenium (V) ions. The electrochemical behavior of native and modified screen printed electrodes
in the voltammetric determination of selenite ions in the anode and cathode potential regions has been studied.
The applicability of carbon-containing sensors manufactured by screen printing in the determination of selenium
in the anode region of potentials at the level of 10 micrograms/L is shown. The analysis of samples of drinking
water, food, plants, and vitamin products was carried out, which showed the possibility of determining Se(IV) by
the inversion-voltammetric method at the level of 10 micrograms/L. The possibility of using Bi-modified SPCE
in the determination of micro- and subnanomolar concentrations of Se(IV) by cathode inversion voltammetry is
also shown.

Kuarouesbie ciioBa: CeneH (1V), BompTaMmepomMeTpryecKkoe onpeiesieHie, HATHBHBIC 1 MOAU(DUITPOBAHHBIC
BHCMYTOM SCreen printed a;ieKTpo/isl, aHOJHAS U KATOIHAS Pa3BepPTKa MOTEHIIHAIIOB.

Keywords: Selenium (1V), voltammetric determination, native and bismuth-modified screen printed elec-
trodes, anode and cathode potential scanning.

I. Beenenne

CeneH - MHKpOIJIEMEHT, HOBCEMECTHO IIPHCYT-
CTBYIOIIMI B OKpY’Karolle cpesie M OMOIOTHUECKHX
CUCTEMaX, U, XOTS OH SIBIIIETCS KpaHe BaXKHBIM MUK-
PO3JIEMEHTOM JJIsl BCEX >KUBBIX OPraHU3MOB, BKIIOYAs
4eJI0BeKa M )KUBOTHBIX B HUYTOXKHBIX KOJMUECTBAX, CE-
JIEH MOJKET OBITh UPE3BBIUAIHO TOKCHUHBIM, €CIIH 1032
notpedienus npessimaet 400 ur B ness [1,2].

EcrecTBeHHOE conepKaHHE CelIeHa B MPUPOJIE

MOJKET 3HAYMTEIHHO BapbHPOBATHCS, TaK KaK CyIIe-
CTBYIOT PadOHBI C BBICOKMMH KOHIICHTpAIMSIMH Ce-
JIeHa, C OJHOM CTOPOHBI, U OUE€Hb HU3KUMU KOHIIEHTPA-
LUsIMU - ¢ apyro# [3,4].

PexomeHnganuu no conep:kaHuIo celaeHa B UCTOY-
HHUKax MUTbEBOW BOABI ObUIH M31105keHbI EBporneiickum
COI030M U ATEHTCTBOM IO OXpaHE OKpYyXKarolei
cpeast CHIA ¢ pexoMeHAyeMbIMM MaKCUMallbHBIMU
koHHeHTpauusmu 10 ur/ 1 u 50 pr/ 1, COOTBETCTBEHHO

[5,6].
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Bce 3T0 muKTyeT OueBHIHYIO HEOOXOAMMOCTDH B
MPOCTON METOOJIOTUH AJISl €r0 MOHUTOPHHTA B COOT-
BETCTBYIOIIKX 00Opa3iax [7,8].

B okpyxaromeil cpene ceieH CyIecTBYeT B He-
CKOJIbKUX CTETIEeHSX OkucieHus (+6, +4, 0, +2), mpuuem
CelieH B CTEIeHU OKHCIeHUs +4 sBisercs HauOonee
TOKCHUYHBIM, YTO MO3BOJISIET BAPbUPOBATH PA3IMYHBIMU
AQHAJIMTHYECKUMH NTPUEMaMH ¢ IPUMEHEHUEM (DPU3UKO-
XMMHYECKUX METOJIOB aHAJIN3a, BKIIIOYast aTOMHO-(ITy-
OPECLICHTHYIO CIIEKTPOMETPHIO C HETPEPHIBHBIM T'CHE-
pHpOBaHHEM THIPHIOB, aTOMHO-3MHccHOHHYIO (ICP-
AES) u Macc- CIEKTPOCKOIHIO ¢ HHAYKTUBHO CBSA3aH-
Ho#t ra3moit (ICPmass), memslit psa 37eKTpoXuMuIe-
CKUX METOJIOB — MOHOMETPHIO U BOJBTAMIIEPOMETPHIO
[9-14]. Beuto nposeneno ompenenchus ceieHa (IV) B
MHIIEBBIX IPOAYKTAX,aTMOC(EPHBIX 0CaZKaX U B IIPH-
POAHBIX MCTOYHUKAX BOJI, PACTCHUSX, OMOJIOTUIECKIX
JKUAKOCTSIX.

V:ke He pa3 HAMU 0TMEYaJIOCh, YTO AIIEKTPOXUMHU-
YEeCKHEe METO/bI OCOOCHHO IMPUBJICKATEIbHBI N3-3a UX
BBICOKOH TyBCTBUTEIBHOCTH, MOTECHIMAIGHO HHU3KOH
CTOMMOCTH ¥ KJTIOYEBOH CITIOCOOHOCTH MPOBOANTH TIOJI-
HOCTBIO MJIM YaCTHYHO aBTOMATH3UPOBAHHBIN aHAIN3 B
MOJIEBBIX YCIOBUSAX. Bece 3T mpenmyImecTBa 31eKTpo-
AQHATMTHKY CTAHOBSTCS e1le 0oJiee 3aMeTHBIMH IIPH HC-
MOJIb30BAHUU BOJIBTAMIIEPOMETPUUECKHUX CEHCOPOB,
M3TOTOBJICHHBIX METOA0M TpadaperHoii neuatu. Tpa-
(apeTHas medaTh MO3BOJISIET W3TOTABIMBATh IKOHO-
MUYHBIE OJTHOPA30Bble CEHCOPHI, KOTOPhIE MOXHO HC-
MOJIB30BATH JUIsl OBICTPOTO, YyBCTBUTEIHLHOTO U ITOPTa-
THBHOTO aHallM3a MHOTHMX IIEJIEBBIX AaHAJIUTOB B
pa3sHYHBIX 00ACTIX HAyKH U TEXHUKHU. B momonneHne
K 3TOMY, TEXHOJIOTHS TpadapeTHON eYaTH MO3BOISIET
erie OOJbINEH CTETIEHN MUHHATIOPU3UPOBATH CEHCOPHI,
YTO HE TONBKO CHAENACT TaKWe INpeoOpa3oBaTeNy WH-
(hopmari KOMITAKTHBIMH, HO M ITO3BOJIUT PabOTaTh C
MHUKpPOJIUTPOBBIMU 00BeMaMu aHanuToB. K yrieposco-
JiepKalluM screen printed amekTpogaM MOXKHO IpUMe-
HHUTh NPUEMBbl MOJM(UKAIHMU MOBEPXHOCTH PTYTHIO,
cepeOpoM, 30JI0TOM, BHCMYTOM, OKCHAAMH IONy- U
JIParoIeHHbIX METAJUIOB, HAHOYACTHUIIBI PA3JINIHBIX aJl-
JIOTPOITHBIX MOAU(UKALUI yriiepoja U MMpoYre HaHO-
KOMIIO3UTHI [15].

B [16] npexacraien moapoOHEBI 0030p H3BECT-
HBIX 3JIEKTPOXMMHYECKHUX METOAMK ONpE/eNICHHs ce-
neHa. Tak, KaTOIHOM MHBEPCHOHHOW BOJbTaMIIEPO-
METpHEN C TMHEMHON U KBaIpaTHO-BOJIHOBOM pa3BepT-
KOM TIOTeHUMala Ha PTYTHOM BHUCSYEH Karie
omnpenenensl nonsl Se(Il), [17], Se(IV), [15,18,19],
Se(VI) [20-22] B auana3one cojepxanus ceena 10710

— 10 monb/1 ¢ TIpenenoM oOHApYKEHNS HAHO- M MH-
KOMOJISIPHBIX KOHIEHTpanui. s omnpeneneHus: ce-
aena (IV) Taxxe ObLI IPUMEHEH CTEKJIOYTIIEPOIHBIN
3JEKTPOJ C HAHECEHHOM PTYTHOU ILIEHKOM, YUCTOU
[23] u MomudunupoBanHOH Menpio [24], GpoToOKHUC-
neHnbM 3,3 - muammuntensuauaoM [25]. TIpu uenomns-
30BaHUM MHBEPCHOHHOM BOJBTAMIIEPOMETPHH C KBaJ-
paTHO-BOJIHOBOM M audQepeHInaIbHO-UMITyIbCHON
Pa3BEPTKOM MMOTEHITHAIA TyBCTBUTEIBHOCTD OTIpe/Ieye-
nus Se(IV) nocrurana 1070 Monb/n B IIMPOKKX Auana-
30HaX KOHIIEHTPAINHA, 0XBAaTHIBAIOMINX HECKOJIBKO TO-
panxos (10°-107 mons/n) [ 26].

WHTEpecHBIM TpPENCTaBIACTCS HCIIOJIB30BaHUE
YIIIEPOJCOACPIKALIUX DIIEKTPOJOB, MOIU(UIMPOBaH-
HBIX HAHOYACTHUIIAMU 30J10Ta [27-31], ¢ mpuMeHeHHEM
KBaJIpaTHO-BOJIHOBOH M nudQepeHraIbHO-UMITyIIbC-
HOW BOJIETAMIICPOMETPHYECKON TEXHHMKH, IO3BOJISIO-
el TakKe OnpenessTh CyOHaHOMOJISAPHBIE KOHLEH-
tpauuu Se(I1V).

YnomuHanue screen printed AIeKTPOIOB, MOIH-
(UIIPOBAHHBIX HAHOYACTHIIAMH 30JI0TA, BHUCMYTA,
menau i onpenenenus Se(IV) npuBoaurces B [32-37].
[Ipu wcmomp30BaHUM TaKUX MOIU(DUIIIPOBAHHBIX
SPCE Takxe OBUTH TOCTUTHYTHI HU3KHE TIpEAeIbl 00-
HapyskeHus (10 MoJIb/11) B 1OCTATOUHO IIUPOKOM JHA-
na3oHe cojiepxanuil. Ilpu 3ToM B pszae ciyyaeB ObUTH
UCTIOJIB30BaHbl  IPOTOYHO-WH)KEKIIMOHHBIE METOMBI
[38] u3mMepeHus ¢ IPUMEHEHHEM MUHHATIOPHBIX JJIEK-
TPOXUMHYECKUX SUCEK, YTO JOIYyCKaeT BO3MOXKHOCTh
NPOBEACHUS aHAIM30B BO BHENA0OpaTOpHBIX (moste-
BBIX) YCIIOBHSX.

U3 mnpuBenenHo#l wHMOpMAIMH CIEOyeT, UYTO
screen printed 3JIEKTPOAaM eIlle TONBKO IMPEICTOUT pe-
aNn3anus TOW aHATTUTHICCKOHN IIeTIH.

empto wmccnemoBaHus SBIACTCS pa3padoTKa H
M3YYCHHUE DICKTPOXUMHUYECKOTO MOBEICHHSI MOIH(H-
mpoBaHHoro SPCE 4yBCTBHTENBHOTO K MHKPOKOH-
nenTpaiusam Se(IV).

1. MaTepuajabl U METOABI

B HavanbHBIX MCCIIEOBAHUIX HAMH ObLT IpHMe-
HeH HaTuBHBIHN SPCE, BBINOJIHEHHBIN B KJIACCUYECKOM
CTHJIE: TPEXAIEKTPOJHASI KOH(UTYpalys ¢ TUIOLIA b0
pabodero 3J1eKTpoaa AUAMETPOM 3 MM, C JIEKTPOJIOM
cpaBHeHHS Ag/AgCl U yrompHBIM TMPOTHBOAIECKTPO-
oM. Screen printed 31eKTpoaBI OBUTH PEAOCTABICHEI
000 «Pycenc» (Mocksa, PD).

[oBepxHOCTH pabouero arekTpoma OblIa Mccie-
JIOBaHA METOAAMH CKaHUPYIOMIEH JJIEKTPOHHON MUK-
pockoniu ¢ yBenuderueM B 500 u 15000 pas. (puc.1.)



.

Puc. 1. Muxpogomozcpagpuu COM, uzobpasicarowue nogepxnocmes padbouezo yzoavroeo SPCE npu yeenuueruu
500 (A) u 15 000 (B).

PeHTreHonucnepcuoHHbIN aHAIU3 BBISIBUI IIPH-
cyrctBue 78,4% yrnepoma; 4,6: xuciopoxa; 6,8%
xynopa; 10,2% HaTpusi, BXOASIIUX B COCTaB YEPHUI,
MpeHa3HAaYeHHBIX IUIA Me4aTaHWs TaKUX IUIAHAPHBIX
3JEKTPOOB.

B pabote Takxe ObutH Bcnonb3oBanbl SPCE, Mo-
JTU(PHUIMPOBAHHBIC METOAAMH in-Situ U eX-Situ IICHKOM
BHCMYTA.

BonbrammnepHple KpHBBIE CHHMAIH C ITOMOIIBIO
KOMIIbIOTepH3HpOBaHHOTO Tosiporpada I1Y-1 [39] u
MOTEHLIMOCTATa-TaJIbBAHOCTATA P-40X (hupmbI
“ELINS” (Yepuoronoska, Poccus).

B pabore mpuMeHsUIH peakTHBBI KBATU(UKAIH
X.4., a TAK)KE TOCYJapCTBEHHBIE CTaHIapTHBIE 00pas3Ilbl
pactBopa Se(IV) 1000 mr/n. Heo6xomumbie KOHIICH-
tpatuu Se(IV) s nocTpoeHus KaTuOpoOBOYHOTO Tpa-
(huKa noyyau METOIOM IOCIIeJ0BaTEIbHOrO pa3das-
JICHHUS UCXOJHOTO PacTBOpPA B MEPHBIX KOJIOaX BMECTH-
MocThi0 50 MJI  OMIUCTHUTUPOBAHHOW BOJOH C
nmobasnenueM 0,1 M korneHTpHpoBanHONH HNO3.

II1. Pe3yabTaThl M 00Cy:KIeHHE
3.1. DJileKTpOXUMHYeCcKOe NoBeleHHe ce-
gena(IV) na natusnom SPCE B aHoaHol o0JacTu
NMOTEHIHAJIOB

Y4uuThIBas NEPEXOAHYIO CTEIIEHb OKUCIICHUS Ce-
neHa(IV) ans ero onpeneneHnss ”HBEPCUOHHOU BOJIBT-
ammnepometpueii (MB) BO3MOXKHO HCIIOJIb30BaHUE KaK
AHOJTHOTO, TaK U KaTOAHOTO ee BapUaHTOB. AHANIN3 JIU-
TepaTypsbl IOKa3bIBAET, YTO HAUOOJIEE YaCTO MPH HJICH-
TUUKALMK CeJieHa NMPUMEHSIOT KartonHyo VB ¢ uc-
MOJIb30BaHUEM PTYTHBIX 37eKTpoaoB [12, 40-42].

HecmoTps Ha TO, YTO MHOTUMHY UCCIIEIOBATEIISIMH
OBLTa MOKa3aHa BO3MOXKHOCTH ITIpesiea OOHapyKeHHS
cyOHaHOMOJApHBIX KoHIeHTpanui Se(IV), cmemyer
MOJYCPKHYTh, YTO OJHUM W3 HEOCTATKOB KaTOIHOM
BOJITAMIIEPOMETPHUH NPH ONPEAEICHUN CEJIeHa, SIBIIsI-
eTCsI MelIarolee BIMSHUE KUCIOPOAa, KOTOPHIi cire-
JIyeT yIAIsITh U3 aHAIM3MPYEeMoro pacteopa. pyroit —
MIPUMEHEHNE PTYTHCOAEPIKAIINX ITIEKTPOIOB.

Psimom mccienoBaTeneii 0oTMeEYaETCs, YTO OA00-
HBIX HEJIOCTATKOB JIMIIEHA aHOJHAS WHBEPCHOHHAS

BOJIETAMIIEPOMETPHS C IPUMEHEHHUEM 30JI0THIX HHIH-
KaTOPHBIX 3JICKTPOJOB H YTICPOICONCPIKAIINX, MOIH-
(UIMpPOBaHHBIX 30JI0TOM MiIeHKoM [43,44]. Oqnako Ta-
KM€ 3JIEKTPOJBl U Ha CErOAHs OCTAaloTCAd TOPOTHMH,
TUICHKA 30J10Ta OBICTPO UCTOLIAETCS, 8 TAKXKE CKa3bIBa-
eTcsl Mellaollee BIMSHUE XJIOPHUAOB, KOTOphle o0Opa-
3YIOT C 30JI0TOM IIPOYHBIE KOMITJIEKCHI M CABUIAIOT MO-
TEHIIMAJT €T0 PACTBOPEHHS B KATOIHYIO O0JIACTH, Mac-
KUpYsI TOK aHOJIHOTO MuKa ceneHa [45].
[Ipennonaraercs [45,46], yTo B KUCIBIX cpeaax
BoccTaHOBIIeHHE ceneHa (IV) mpoucxoaurt nByms pas-
JUYHBIMH TYTSMH, OIpPEOCIIEMBIMU ITOTEHIIHAJIOM,
MIPUJIOKCHHBIM BO BPEMsS JJIEKTPOXHMUYECKOTO aHa-
nn3a, Kak onuchiBaeTcs ypaBHeHusMu (1) u (2):
H2SeOs + 4H* + 4¢- — Se + 3H,0 (D)
H2SeOs + 6H* + 6e- — HySe + 3H,0  (2)
Brino BeickazaHo npeanonoxenue [47], uTo peak-
LU 110 ypaBHEHHUIO (2) ecTh IpsAMON pe3ynbTaT peak-
i (1), 3a KoTopoii cieayeT AaidbHElHIIee BOCCTaHOB-
JieHue celieHa 10 Se? mo peaxmmu (3):
Se + 2H* + 2e — H,Se 3)
Korma anms peakumm BOCCTAaHOBIICHHS BBIOHMpa-
FOTCS BBICOKHE TToTeHnuaib! (o6srano ot 0,0 B o -0,4
B, B 3aBUCHMOCTH OT HCIIOIB3yEMOTO JIEKTPOIA CPaB-
HeHUs), To coomoaercs ypasHernue (1) [48]. IIpu 6o-
Jiee 3JIEKTPOOTPHUIIATENHHBIX MMOTEHIMalax o0pa3oBa-
aue HoSe 1o peakiusam, OMUCaHHBIM B ypaBHEHUSIX (2)
u (3), cTaHOBUTCA NPEANOYTUTENRHBIM. B nononnenue
K 3TOMY, H3BECTHO, YTO CEJIEHOBOAOPOA B KHCIIOH
cpelie B MPUCYTCTBUHU CEJICHUCTONW KUCIOTHI IPUBOAUT
K peaKIuu KOHIIPOTIOPIIHOHUPOBAHUS:
H,SeO3 + 2H,Se —3Se + 3H,0 (4)
Wcxons u3 mpUBEACHHBIX PacCyKICHUH, CIICAyeT,
YTO SJCKTPOXUMHUYECCKHIA Mporiecc Oyae peryimpo-
BaThCs ypaBHeHHAMU (1) — (4), @ 3TO 3HAYHT, UTO IS
BOJILTAMIIEPOMETPHUYECKOTO OIIPE/IEeTICHUs] CeJIeHa Ha
HatuBHOM SPCE cremyer pyKOBOZCTBOBATBS ONTH-
MaJIbHBIMU 3HAYEHHSMH TMOTEHIHAla ¥ BPEMEHHU
HaKoTUICHHS (TIPEeIBIIEKTPOIIU3).
Ha pucynkax 2 u 3 moxa3aHbl 3aBUCHMOCTH aHa-
JUTHYECKOTO CHTHAJIA OT MPUIIOKEHHOTO HOTeHIIHANa
Y BPEMEHH HAaKOIUICHUS
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Puc. 2. Brusnue nomenyuana ocaxicoenus Ha
8bICOMY BONLINAMNEPOMEMPUYECKO20 NUKA Ois
onpedenenus konyenmpayuu 10 pue/n cenena(lV) 6 0,1
monv/n HCIOs npu epemenu ocasicoenus 90 cekyHo ¢

ucnonvzoeanuem SPGE. Crxopocmu ckanuposanusi. 50

MB/c .

U3 pucynka 2 cienyer, 4ToO IIpH MOoTeHIIIax ot 0
no -0,4 B aHaauTHYECKHWHM CHTHaJI O4YEHb Mall, W
HauMHAET MpOABIATHCA Juwb okosno — 0,6 B, uto,
OYEBHUIHO, SIBIISIETCS ONTHMAIbHBIM.

C yBenmnmueHneM BpeMeHH (puc.3) HaKOIUICHUS
TaKkXKe HAOJIOMACTCS YBEIUYCHHE aAHATUTHYCCKOTO
CHUTHAJIa, HO 3[IECh HE CIICIYET 3a0bIBATh O BO3MOXHOM
MPOTEKaHUU PEaKIuii B COOTBETCTBHE C ypPaBHEHUSIMU
(1-4). TlosTOMY, Ha HAIIl B3I, ONTHMAIBHBIM BpeMe-
HEM HaKOTUICHUS MOXkeT ObITh 90-120 cexyH/I.

Puc.3. Buusinue epemenu nakonnenus Ha
B0ILIMAMNEPOMEMPULECKVIO XAPAKMEPUCTIUKY
evicomul nuxa onst 10 ue/ n cenena(lV) 6 0,1 moav/
21 HCIO4 ¢ ucnonvszosanuem SPGE.
Homenyuan ocasicoenus: - 0,6 B. Ckopocmo
ckanuposanusi: 50 mB/ c.

Kak ormedeno, B kauectBe (POHOBOTO 3IEKTPO-
murta 6611 BeIOpaH 0,1M HCIO4 ¢ no6askoit KCl.

Ha pucynke 4moka3aHbl BOJbTAMIIEPOTPAMMBbI
Jutst pa3nuuHbIX KoHeHTpanuit Se(1V) u cooTBeTcTBY-
oI KanuOpoBOUYHBIH rpaduk (puc.5).

Ha Bcex mosiyueHHBIX BOJIbTaMIIEpOrpaMmax Mmpu
STHX YCJIOBHSX HAOJOJACTCSA YCTKHHA IMHK 3JIEKTPO-
okucnenus Se(IV) B paiione +0,8 B B quamasone koH-
nentparmid 0 — 1000 ur/m Se(IV).

LMKA I, MxA
2] 25
20 1 204 ¥ = 0.1428 +0.0284x .
R’=0.9981
15 v 2
= g . 15+
101 524 10 -
>3 | 1 v, = -4.1053 + 0.0258x
5 5 - R’>=10.9950
P — . Bo -‘ Caivys MKT/TT
T T T T T ! ’ 1 T T T T T T I
02 04 06 08 10 12 0 200 400 ' 600 800 1000

Puc. 4. Bonomamnepomempuuecxuti omxaux SPCE
npu so3pacmarougux konyenmpayusx cenena (IV) (0-
1000 ue/ 1) 6 0,1 M HCIOs. [lomenyuan ocasxcoernus:

- 0,6 B; gpems ocaxcoenus 120 cexyno. Ckopocmuo

ckanuposanus: 50 mB/c

Puc. 5. Kanubposounwiti epagux,
coomseemcemeyrouuil dobasnenuio ceaena (1V) (10-
1000 m2/n) 6 pacmeop 0,1 mons/n HCIO4 ¢
ucnonvzosaruem pasnuunvix SPCE 0nsa kascoozo
dobasnenus. [lomenyuan ocaxcoenus: - 0,6 B; epems
ocaoicoenus 120 cexyno. Ckopocme CKaHUpOBAHUA:
50 mB / cexk.
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TmarenpHBI aHATM3 KaTHOPOBOYHOTO Tpaduka
(puc.5.) mOKa3bpIBAaCT HANWYKE JBYX JIMHEHHBIX ydacT-
KOB 3aBHCHMOCTH BEIMYHMHBI TOKA aHOJHOT'O KA OT
koHuenrpauu Se(IV). IlepBblit U3 HUX HabIrONACTCS
B auanasone 10 -250 pr/n ¢ R?=0.992 u Bropoii 10
1000 ur/n Se(IV) ¢ R?=0.984. TTpu 5T0oM npeien o6Ha-
pyxenus (3 o) cenena (IV), paccuuTaHHBIN C HCHOJb-
30BaHUEM IIEPBOTO JIMHEHHOTO AMara3oHa, COOTBET-
cTByeT 4,4 ur/m, uro mo3BoirsieT ucnois3osatk SPCE B
aHaJIM3€ MUTHEBBIX BOJ KaK MPH Pa30BOM IIPUMEHECHUU
3JIEKTPOJA, TaK U €r0 HEOJHOKPATHOTO MCIOIB30BAHNUS
C BBEAGHHEM B  3JIEKTPOXHUMUYECKYIO  SUCHKY
CTaHIAPTHHIX HOOABOK.

B rtabmume 1 mpuBoOmATCS — pe3yJbTaThI
OTIpeNieNIeHUs] BOJIBTaMIICPOMETPHUYECKOTO OIpeelie-
nust Se(IV) B obOpasnax mutheBoi Bogsl ¢ SPCE
METO/I0M /100aBOK.

Konrpons ocymectisiin mo 'OCT 19413-89
[49] ¢ npumeHeHMeM —aHalU3aTOpa SKUAKOCTU
«DJIIOOPAT®-02» ¢ KOMIUICKTOM CBETO(GIHTPOB
BBIAICTISAIONIUMHU JIMHUIO CHieKTpa 366 HM, U BTOpHUY-
HBIMU CBETOQIIIBTPAMH, JAIOIIAMH MaKCUMyM (IIyo-
pecuerunu npu 520 HM. J[ManazoH U3MepsieMbIX Mac-
COBBIX KOHIICHTPAIIMH CEJeHa 3TUM METOJIOM COCTaB-
nser 0,1-5 Mkr/im 6e3 pa3daBieHns IPOOBI

Tabmuua 1.

PesynbraThl onpenenenus ceneHa (IV) B o0pasuax nureeBoit Boasl UBA MeTonoM 106aBoK ¢ pUMEHHHEM
screen printed anektponos (P=0,95; n=3)

No/Ne Hob6aska Se(I1V), | BA onpenene- [Recovery DiryopuMeTprUIecKoe OIpeIeTICHIE C
o ur/n HHE (%) «DJIIOOPAT®-02
OGpasen 0 4.32+0.32 - -
Nel 10 14.05+£10.94 94 14.64+0.49
B 20 24.0510.94 93,75 24.64+0.49
OGpasen 0 3.03+1.02 - -
No2 10 13.37+0.80 111 13.82+1.03
20 23.17+0.80 105 25.82+1.03
0 6.18+0.43 - -
Oopaser N 10 16.02:0.56 | 975 17.1521.05
20 26.34+0.56 102,6 27.15£1.05
Oopaszer; Ne 0 - - -
4 10 10.6+0.35 106 -
20 20.6+0.35 106 -
Oopaszerr Ne 0 - - -
5 10 13.6+1.26 118 -
20 23.6+1.26 118 -

W3 pe3ynpTaToB, NPeICTaBIECHHbIX B TA0JIUIIE Clle-
JIyeT, 4TO JBa HE3aBUCHUMBIX METOAOB aHAIN3a XOPOIIO
KOPPENUPYIOT Mexky co6oit R?=0,9833, uto nmoaTsep-
JKJIaeT TIPaBHIBHOCTH Pa3pabOTaHHON METOANKH OIIpe-
JIETICHUS] CeJIeHa BOJbTAMIIEPOMETPUYECKHM METOJI0M
¢ npumenenuem SPCE.

Pa3zpaboranHast Meroguka Obula HpPHUMEHEHAa B
OTIpeZIeNIEHUH COJIepKaHUS celieHa B HEKOTOPBIX MPO-
QYKTaX MATaHUs, 00bEKTaX PACTHTEIEHOTO IIPOUCX0XK-
JCHUs W BUTAMHHHBIX KOMIDICKCOB. Pe3ynmbTaThl cBe-
JIEHBI B TAOIUIEI 2 U 3.

Tabmuma 2

PesynbraThl onpe/iescHus CeJieHa B MPOAYKTaX MUTAHHUSI BOJIbTAMICPOMETPHICCKHM METOI0M
HanmeHoBaHHe MpOIyKTa Conepxxanue B 100 r, (ur) sr, %
Opexu YHIICHHBIC 1326,24 + 2430 7,10
[Mmenuna (3epHO) 76,26 + 2,80 2,80
['peuka (sapuia) 82,60 £2,24 5,20
IPp10a (xapm) 68,40 = 1,82 1,90
KypuHas me4eHb 60,84 + 1,22 5,70
KpeBeTkn 56,52 +2,14 2,30
CeMeUKH MOJICOTHEUHBIE 53,42 +221 2,70
Capausbl B Maciie 4583+ 1,62 3,50
IXJ10ITIbST OBCSHBIC 34,21+ 0,82 1,74
Msico (roBsiiuHA) 27,82 +£0,54 1,57
IX11€0 MIIEeHUYHBINA 21,42 +0,34 2,85
X510 prKaHO-NMIICHUYHBIH 19,34 £ 0,28 3,13
Siina KypuHble (Ur/mT.) 15,22 + 2,04 7,10
Siina nepenena (Ur/mT.) 29,24 £ 2,64 2,80
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Tabmuma 3

PCByHBTaTbI OIIPEACIICHUA CCIICHA B TPOAYKIIUN PACTUTEIILHOI'O IMPOUCXOKIACHUA U BUTAMUHHBIX ,Z[O6aBKaX
BOJIbTAMIOCPOMETPHUUICCKUM METOJAOM

Oobpaser (conepxanue Se. Mxr/100 r) | Haiineno Se, mkr. 100 ¢ | Sr, %
Koskypa 3ej1eHOro rpeikoro opexa
O6paserr 1 1405,5+0,4 7,10
Oo6paser 2 1413,3+0,5 2,80
I'puos1 llaMnuHBOHEI (cyXas Macca)
[pub Oeunblii (cyxast Macca) 131,640,3 5,10
['pub Genblii (cyxas macca) 134,6+0,2 1,90
KoxocoBasi cTpyxKa
O6paserr 1 14,5+0,3 5,70
Oo6paser 2 14,2+0,2 2,30
Iuxkma (UBETKH)
O6paserr 1 7,3+£0.2 2,70
Oo6paser 2 6,8+0.4 3,50
Banepuana (kopHeBHIIa)
O6paserr 1 2,62+0,01 1,74
Oo6paserr 2 2,73+0,01 1,57
ButamunHasi IPOaYyKIHSs
[Monusuramunsl VITRUM (20 Mkr 1 Tabn) 18,240,2 2,85
Selenium (Yeast Free), 200 mxr/Ta6u. 196,8+2,46 1,25
Kommiusut-ceneH 70MKr/kamncysa 66,4+1,18 1,80
CeJyieH-aKTHB,50 MKI/TadJ1 49,543,8 7,6

3.2. Onpenenenue cejena (IV) meTogom BoJibTaM-
nepoMeTpuu Ha screen printed siexrpoaax, moau-
(pMIMpPOBaHHBIX MUIEHKOH BUCMYTa B KATOIHOIi 00-
JIACTH MIOTEHIHAJIOB

[IpumeHeHne BUCMYT MOTU(PHUIIMPOBAHHBIX dJIEK-
TPOZOB B aHOJHOM 00JaCTH IOTCHIIHAIOB OTPAHHICHO
B BHUJly OKHMCJIEHUS] CAMOM BUCMYTOBOH IUIEHKH. Takxe
OBLIO yCTaHOBJICHO, YTO (DOPMHUpPOBAHUE BUCMYTOBOM
TUIEHKH HanOoJee YCHEUIHO MPOTEKaeT MPH MOTCHIIU-
asie -0,6 BOJIBT OTH. HACBIIIEHHOTO XJIOPUA CPEOPSHOTO
anekTpoaa [50,51]. B xoze npeapI Ay X dKCIIEpUMEH-
TOB, HAMH TaK)Xe€ OBLJIO YCTAaHOBJICHO, 4TO (HOPMHUPOBa-
HUEC BHCMyTOBOfI IJICHKW Ha MOBEPXHOCTU H3MEPU-
tenpHOTO 3nekTpoga SPCE 6Goree mpeanouTHTEIsHO
MmerozoM in situ [51]. Ucnonb3yst 3TH JaHHBIE HAMU
MPOBEICHO W3yUYCHHE AJICKTPOXMMUYECKOTO IOBEJIe-
Hus Bi-SPCE B anexTpomnute, coaepKaniiM MAKPOKO-
JIMYECTBA CEJICHUT-NOHOB, B KATOAHON 00JIaCTH TIOTCH-
uanoB. [Ipu 3TOM cleyeT MOMHHTB, YTO B KaTOJHOU
00JTacTH TOTCHIIMAIIOB MOXKET IPOHMCXOIUTH BOCCTA-

4
//_\/_
0,6 1
<
=,
0.8 -
2
110 T T T T T T T T T T T 1
02 03 04 05 06 07 -08

Ilorenuunan, B
Puc. 6. Bonomamnepozpammor Se(1V), noryuennvie uz
pacmeopa: (a) 6e3 dobaesrenus Bi(lll); (6) npu dobas-

I, nA

HOBJICHHE PACTBOPEHHOT'O B aHAJIMTE KUCIOPOa, HCKa-
JKarollee BOIbTaMIIEpPOrpaMMy, B CBA3H C 4€M, HACTOSI-
TEIbHO PEKOMEHIYETCsl yaajeHue KHUCIOpOoAa MPOIyB-
KOW a30TOM WJIM MHEPTHBIM ra3oM, WM yibpaduosiero-
BEIM oOiyueHmeM pactBopa [45]. B pabote Taxke
WCTIONB30BAIM B KadecTBE (DOHOBOTO 3JIEKTPOJHTA
0,1M narpuii-aueratssiii 6ydep ¢ pH4,5 u aTanonHsIe

o6pasier TCO Cenen (IV,10), don 0,1 woms/m
HNOs, I'CO 7340, MCO 0087:1999 (24K-1).

[MpenBapuTenbHO OBIJIO NPOBEACHO CPaBHEHUE
INEKTPOXUMHUUECKOTO MOBEACHHSI HATUBHOTO U MOJIH-
(GbunMpoBaHHOTO in situ BUCMYTOBOM IIEHKOH SCreen
printed 37exTpo10B B (OHOBOM 3IIEKTPOIUTE B KATOJI-
HOH O0O0NAacTH.

Ha pucyHke 6 moka3aHo, 4To MOIU(UKanus BUC-
MYTOM, JeNaeT 3JEKTpoj] 0ojee UyBCTBHTEIBHBIM K
Se(IV), 9To0 MOKeT OBITh CBSI3aHO C COBMECTHBIM
HaKOIICHHEM BHUCMYTa C CEJICHOM, 00pa3yroluM Ou-
HapHBI ciuTaB [52-54].

0,4 1

-0.3

04 05 06
IMorenuuan, B

-0,2

Puc.7. Boremamnepozcpammot Se(1V), noxasvisarouue
enusinue konyenmpayuu Bi(lll) na nuxoewiti mox u no-

nenuu 2,5 x 107 monv/n. Konyenmpayus cenena: 10 menyuan. Konyenmpayus Bi(ll): (1) 5 x 10® monw/n; (2)
mxe/n Se(IV),6 0,1 M nampuii-ayemammuom oygpepe ¢ 2,5 % 10° monw/n; (3) 2,5 x 10 monv/n. Ycnosus me dnce.

pH4.5
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3areM, 9TOOBI H3YYHUTH B3aUMOCBSI3b MEXKAY KOH-
[EHTpanyeil BUCMyTa M MHKOBBIM TOKOM TipH 10 MKT/I
CeJicHa, KOJMYECTBO BUCMYTA B aHAJUTE BaphUPOBAIH
B JMamazoHe KOHIeHTpamuii or 510 mons/m go
2,5-10"* Mo/ 1. 3yuas IpUBEIEHHYO BBIIIE 3aBUCH-
MOCTh, MOKHO 3aMETUTh, YTO MUKOBBIN TOK YBEIUYH-
BaJiCs C YBEJIMYEHHEM KOHLIEHTPAllUM BHCMYyTa J0
2,5:10 Monb/1 U, HakoOHeN, yMeHbIIANCA IpU Golee
BBICOKMX KOHIIGHTparusax. Kak MOXHO JOTONHH-
TENBHO HAOIIONATh HAa PHUC. 7, BOJIBTaMIIEPOMETpUYIC-
CKHU MTUKOBBIH MTOTEHITHAJ CMEINANICS B CTOPOHY Ooiree

1,5 A)

1,0

I, pA

0 T T T T T 1
-2 -1,6 -1,2 -0,8
Morenuunan, B

MIOJIOKHUTEIIBHBIX HOTEHIHAIOB C YBEIMYCHHEM KOH-
LEHTPaLA BUCMYTA.

Ha ocHOBaHMHM 3THX pe3yJbTaTOB KOHLECHTPALMS
Bi(IIl), pasnas 2,5-10 mosb/n1, Obna BHIOpaHa B Kaye-
CTBE ONTHMAaJILHOM JJIsI TaJIbHEHIIINX HCCIIeIOBaHHM.

Taxke OBUIO YCTaHOBJICHO, YTO AHAIUTHYECKUIN
CUT'HaJ CTAHOBUTCS HAWOOJBLIMM IIPU IPOBEICHUU
9NIEKTpOOCaXkaeHus cenena npu — 1,6B otH. Ag/AgCl
¥ BPEMEHH HAaKOIUICHUS 0T 5 10 40 cexyHA. DTO HILTIO-
CTpupyercs pucyHkamu 8 (a,0).

15 B)

0 T T T T T 1
0 30 60 90
Bpewmst, cek.

Puc. 8. 3asucumocmo ananumuyecxoeo cuenana Bi-SPCE om nomenyuana (4) u epemenu naxonnenus (b)
npu onpedenenuu 10 pe/n Se(IV) 6 0,1M nampuii-ayemamuom 6ypepe, pH 4,5 ¢ 2,5-10° monv/n Bi(lll).

HenponopiinoHaabHOe yBEIHUYCHHE IMHKA MOpPU
BPEMEHHU HAKOIUICHUS 00Jiee 5 CeK. MbI CBSI3BIBACM C
BOCCTAaHOBJICHAEM PACTBOPEHHOI'O KHCJIOPOJAa B ITOM
00J1aCTH IMOTEHIIHAJIOB.

0
A)
-1 1 1-0
2-0,02
= g
3 3-0,05
3 4-0.10
-2 1 £ 5-0,20
i = 6-0.50
= 7-1,00
8-2,00
-3 4 9-3,00
A\l
-4 : : : — ,

-0,2 -0,3 -04 -0 -0.6

Wcxo/Hble faHHbIe ObLTH MPUHATH HAMH JUIS IO~
CTPOCHHUS TPaayMPOBOYHOrO rpaduka 3aBUCUMOCTH
BCJIMYMHBI MMHKA KATOAHOTO TOKA OT KOHIICHTPAIUU
noHoB Se(IV). Ha pucynke 9 npuBeneHa sta 3aBUCH-
MOCTB U MOKa3aH rpaayupoBouHblil rpaduk Ha Se(IV).

Puc. 9. Kamoonvie sonvmamnepozpammoi, nonyyenusie ha BiSPCE 6 ¢honosom snexmponume, cooepoicauem
sozpacmatowue konyenmpayuu Se(1V) (4) u karubposounwiii epagux (B)

BoiBoabI

B pe3ynbraTe npoBeneHHBIX UCCIEA0BaHNN TTOKA-
3aHa BO3MOXKHOCTh MCTIOJh30BAaHUS HATUBHOTO M MO-
TUGHUIUPOBAHHOTO TUIEHKOH BHCMyTa screen printed
AJIEKTPOJIOB B HWHBEPCHOHHO-BOJHTAMIIEPOMETPUYIC-
ckoM ompenenennu cenena (IV). M3ydeHo noBenenue
SPCE ceHcopoB B aHOJHOM U KaTOJHOM 00JNACTSIX ITO-
TEHUHUANOB. YCTaHOBJEHO, YTO 3aBUCHUMOCTbH BEJH-
YUHBI TOKa aHOJHOTO THKa OT KoHueHTparmu Se(IV)

HMeeT JIBa IMHEHHBIX yJacTKa, MepBbIid B muana3oHe 0-
250 MKr/11, BTOpO# B — BIDIOTH 10 1000 MKT/7, 94TO T103-
BOJISIET TIPAKTHUYECKU OMPENesaTh KOHIEHTPAIUIO Ce-
JICHUT-HOHOB B IIUPOKOM JTUATIA30HE MX COICPIKAHUM.
IIpu stom mpenen obHapyxenus (3 o) cenena (IV),
pacCUMTaHHBII C HCIOJIB30BAHUEM II€PBOrO JIMHEH-
HOTO JHaIla30Ha, COOTBETCTBYET 4,4 UI/J, 4TO MO3BO-
ssgeT ucnoiib3oBath SPCE B aHann3e NUTHEBBIX BOJI KaK
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IPU Pa30BOM NPUMEHEHHH 3JIEKTPOJIA, TAK M €T0 HEO -
HOKPAaTHOTO HCIIONb30BaHMS C NPUMEHEHHEM CTaH-
JIapTHBIX no06aBok. [IpoBeneH ananu3 0Opas3LoB MHUThE-
BOW BOJbI, MPOIYKTOB NMUTAHUS, PACTEHUH, BUTAMHH-
HOH  TPOAYKIMM, TOKa3aBIIMH  BO3MOXHOCTh
onpenenenus Se(IV) nHBEpCHOHHO-BOJIBTAMIIEPOMET-
puyeckuM MeTooM Ha ypoBHe 10 Mkr/n. Taxoke moka-
3aHa BO3MOKHOCTb IpUMeHeHHs1 Bi-monuduimposan-
Horo SPCE B omnpeneneHn: MAKPO- U CyOHAHOMOJISP-
HBIX KoHHeHTpamuii Se(IV) weromoMm KaTomHOM
WHBEPCHOHHOH BOJIBTAMIIEPOMETPHUH.
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AHHOTALUA

s HU3KOTEMIICPATYPHOI'O XJIOPUAHOI'O pacCillaBa Ha MOAJOKKAX CTAJIbHBIX HSHGHHﬁ, MOJYYCHBI I'aJIbBaHU-
YeCKUe TIOKPBITHSI allFOMUHIS, MOu(UIMpoBaHHble pasHbiMu MeTauiamu (Mn, Pb, Ti, Mg). U3yuena koppo3u-
OHHAas CTOHKOCTh MOJIYYCHHBIX HOKpBITI/Iﬁ B UCKYCCTBCHHO CO3/1aBaCMbIX KOPPO3UOHHBIX CpeiaX, METOAOM YCKO-
PCHHBIX HCITBITAHUH. YCTaHOBHeHO, YTO METAJlJIbI- MOZ[I/I(i)I/IKaT OPBbI YIIYHHIar0T Ka4€CTBO U KOPPO3HUOHHYIO CT oli-
KOCTb MOKPBITHH B psiy MetauioB Pb —»Ti— Mn -Mg.

Abstract

Electroplated aluminum coatings modified with various metals (Pb, Ti, Mn, Mg) were obtained from a low-
temperature chloride melt on the substrates of steel products. The corrosion resistance of the resulting coatings
was studied by accelerated testing in artificially created corrosive environments. It has been established that mod-
ifier metals improve the quality and corrosion resistance of coatings in a number of metals Pb -»Ti— Mn -Mg.

KiroueBble caoBa: paciuiaBJICHHBIE COJIN, KOppOSHOHHOCTOﬁKHe SJICKTPOXUMHNYCCKUE TOKPBITUSA, aJIFOMU-
HUH.

Keywords: molten salts, corrosion-resistant electrochemical coatings, aluminum.

Beeoenue MpoOIeMON CETOAHSIIHETO AHSI. DTH MOTEPU B IMPO-
3amura OT KOPPO3UH METAUIMUECKUX W3JENHH,  MBIIIEHHO PA3BUTHIX CTPAHAX COCTABISIOT OT 2 10 4%
KOHCTPYKIMH ¥ 00OpYyIOBaHUS, MPUBOMIAIIAS K €XKe-  BaJOBOro HamuoHaidbHOTO mpoaykra (BBII). [Tomumo
TOAHBIM MWJUIMAPJAHBIM TIOTEPAM, SABIIACTCA BaXKHOM HEPAIIMOHAJIBHBIX PAaCXOJ0B MNPHUPOIHBIX PECYPCOB,
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OOJBIIION PKOJIOTHYECKHUN BpE] B pE3yIbTaTe KOPPO3HH
HAHOCHTCS M OKpY KaIoIIeH cpene.

Hcxons u3 BbIIECKa3aHHOTO, CTAHOBHUTCSI HEOO-
XOJUMBIM, YCOBEPIIEHCTBOBAHUE KaK YK€ CYIIECTBY-
IOIIUX METOAOB, TaK U MOUCK IyTel, CO31aHUs HOBBIX
TEXHOJIOTHH B KOTOPBIX OyAyT yuTeHbl sHeprodddek-
THUBHOCTB MPOLIECCOB, SKOJOrHYecKas 0€30IacHOCTh 1
MUHHMMAaNbHBIA PacXxoa NPUPOAHBIX pecypcoB. /s no-
Jy4YeHUsI aHTUKOPPO3NOHHBIX TTOKPHITHH Ha M3IEIISIX
W3 Kelle3a B OCHOBHOM HCIIOJIB3YETCS METAILTIMYECKUI
aTIOMUHMM M 1UHK. IIOKpBITHS 3THUMU MeTalaMu
00ecTeunBarT, Kak MEXaHWMYECKYI0, TaK U aHOJHYIO
3aIUTy OCHOBHOTO METaJlIa OT KOPPO3HOHHOM CPEIIBI.
M3BecTHO, YTO OrPOMHOE KOJINYECTBO MPOU3BOIUMOIO
nedunmtHoro 1uHKa-40-45%, onosa-35% u cTpaTeru-
94EeCKUX METaJNIOB-HUKENA U XpoMa pacXxoayeTcs Ha Mo-
JydeHUe 3allUTHBIX MOKPBITHH 0T Koppo3uu. Mupo-
BbI€ 3allachl 3TUX METAJJIOB MOYTH ucuepnaHsl. Ilo-
9TOMy TMOJydYeHHEe JAeMmEBOTO W  HeIePUIUTHOTO
AFOMAHUCBOTO MMOKPBITHS [UIS 3aIIUTH METAJLIOB MPHU-
oOperaet OoIbIIoe 3HAUCHUE. ATIOMIUHHUEBBIC TIOKPHI-
THs B 6 pa3 HaA&KHEE MUHKOBBIX TOKPBHITHHA TIPH PaB-
HBIX BECOBBIX YCJIOBHSX U B 3 pasa IpH OJWHAKOBOU
tommuHe. OHU 3aIIUIIAIOT JKEJe3HbIE H3ACTHS He
TOIBKO OT aTMOC(EpHOH KOPPO3UH, HO H OOecIeqH-
BalOT KOPPO3HOHHYIO CTOMKOCTH MPH BBICOKHUX TEMIIE-
patypax skcrunyatanuu (700)°C B TeueHHe HECKOIBKMX
4acoB U XapakTepusyrorcs 85% oTpakeHHeM Teruia u
cBeta. Mcxons U3 BCero 3Toro, Jy4IIdM ajJbTepHATUB-
HBIM peIIeHHEeM INPoOIeMbl aHTUKOPPO3HOHHOI 3a-
IIUTHI SBJSIETCS aIFOMUHHUEBEIC TOKPHITHS.

AJFOMHHUPOBaHHOE JKEJIe30 IITUPOKO MPUMEHS-
eTCsI B aBTOMOOMIIBHON W aBHAIIMOHHON TPOMBIIILICH-
HOCTH, YJHEPTETHKE, CETILCKOM X035 CTBE, XUMUIECKOH
u He(hTenepepabaTHIBAIOMICH MTPOMBIIIIICHHOCTH.

W3BecTHBI TpyABI, KaCAOIIUECs TOTYICHHUS alro-
MUHHEBBIX MOKPHITHH KaK (pU3HMUECKUMHU (aJTHUTHPOBA-
HHE), TaK M DIICKTPOXMUMHUUYECKUMH Metomamu (1-4).
Hamwu 65111 ipoBeIeHBI MHOT OUHCIIEHHBIE HCCIIE0Ba-
HHS [0 TIOJYYCHHIO ATFOMHHUEBBIX MOKpBITHI (5-8).
YcTaHOBNIEHa BO3MOXKHOCTH IONYyYCHHS TOKPHITHH
AMIOMUHHUS W3 HHU3KOTEMIIEPAaTypHOTO XJIOPHIHOTO
pacmasa (100+120)°C. W3yueHa KuHETHKA BJIEKTPO-
XUMHYECKHUX IPOIECCOB, OMpPEICICHBI ONTHMAIbHBIC
mapaMeTpHI IOTyYEHISI BHICOKOKaYeCTBEHHBIX ATFOMU-
HHUEBBIX MOKPHITHH (TUIOTHOCTH TOKA, TPOJOIKUTEIh-
HOCTB 3JICKTPOITH3a U TEMIIepaTypa), a TAK)Ke BIHSIHUE
Pa3IMIHBIX OPTaHHYECKUX T00ABOK U METAJIOB MOIH-
¢duxaropos (Mn, Mg, Ti, Pb) Ha crabuibHOCTh 3JieK-
TposiuTa, (U3UKO-MEXaHUUECKHE XapaKTePHCTHKH,
TOJIIMHY ¥ Ka4E€CTBO MOKPHITHS. DKCIIEPUMEHTAIEHBIC
JTaHHBIC TIOKA3aJIH, YTO He3HAYUTEIbHbIE J00aBKH Me-
tamnos (10%+10%) rp.ar/Monb. 3HAYNTENBHO BIHAIOT
Ha Ka4eCTBO, TOJIIMHY ¥ yCTOWYNBOCTD MOKPBITHH .

Jnst moy4eHus aHTUKOPPO3HOHHBIX aTIOMHUHHE-
BBIX TIOKPHITUH HaMH ObLT BBIOpaH HU3KOTEMIIEPATyp-
HBII XJOPUIHBIN JMEKTPONUT, CAEAYIOLIET0 COCTaBa:
Macc%
(AICI5-73+77)-(NaCl-17+21)-(BaCl,—4+7),T,.,=94°C

OKCIIEpPUMEHTHI POBOAWINCH B CTEKIISHOW WIIN
(hapdopoBoii gamike. IISKTPOIUT 3apaHee MOJArOTaB-
JIMBAJICS CTUIABIIEHUEM 00€3BOXECHHBIX COJIEH, KaTOJIOM

(TIO/ITOKKOM) HMCIIOJIB30BAIMCH COOTBETCTBYIONIE 00-
pabotannbie ctamu (cr.-40, X-18), HU3KOKaYECTBEH-
Hble cTanu (cT-3) U CIOKHO-NPO(GHIbHEIE BUHTOBBIC
n3aenus (6ontsl U raiixu 25 XM®,35 M®) ot gonro-
BEYHOCTH KOTOPBIX 3aBHUCHUT HAJEKHOCTb M YCTOHYH-
BOCTb KOHCTPYKLHUH 3JeKTpolepenad BBICOKOTO
HaNpsKEeHUsA. AHOIOM CIYXKMIM KaK alIOMHUHUEBBIE
ITACTUHBI, TaK ¥ BCIIOMOTaTeNNbHbIE aHO bl Pa3HBIX Me-
TaJUIOB, B KOTOPBIX IOJaBaeMasl CHiIa TOKa OblIa B
(100+500) pa3 MeHbIIIE B CPAaBHEHNE C OCHOBHBIM alTio-
MHUHHEBBIM aHOJOM. DTHUM PETYJINpOBalach KOHICH-
Tpaysa MOANGHUINPOBAHHOTO METAJJIA B PacIlIaBe.

KaToznHast IIOTHOCTE TOKa MEHAJIACH B MPEAETIax
(0,01+0,05) A/cM?, a MPOAOIKUTENLHOCTH SIEKTPO-
nu3a B uHTepBane (15+35) mun., Temmepartypa mpo-
necca coctapisia (100+120)°C. Tlony4eHbl HOKPBITHS
tonuHon 20+25MkM. KoHIleHTpaliys MeTauioB - MO-
JU(UKATOPOB ONpeNesulach C IOMOIIBIO PEHTICHO-
¢droopeciieHTpoBOro  crekTpodoromera - BDX-
3600H u aTroMHO-aOCOPOIIMOHHOTO CIEKTPOMETpa—
A.Analyst. 200. CtpykTypa MOJy4eHHBIX MOKPHITUI
OIIPEAEIANACh, METAUIOTPAUIECKIM U PEHTICHOAN-
(pakIMOHHBIM METOAOM. TOJNIIMHY TOKDPBHITHS OIpe-
JETISITH BECOBBIM METOZIOM.

AIOMUHHEBBIC TIOKPBITHS, IOIyYEHHbIE METO-
JIOM aJIUTHPOBAHUS MPAKTHUYECKH OE3MOPUCTHIE, B OT-
JUYUE OT IOKPBITUH, MOIYYEHHBIX 3NEKTPOXHMHUYE-
cKuM MeToaoM. CrenyeT OTMeTHTh, YTO I METaJlIOB,
KOTOpbIE OCYILECTBIIAIOT aHOJHYIO 3aIUTy OT KOPpO-
3UH, HAJIMYKE OIpeNeNEHHOI0 KoJIU4decTBa Mmop obec-
MICYNBACT ITPOTEKTOPHYIO 3alUTy CTaJbHBIM W37e-
JMAM, TaK KaK IpU UX OTCYTCTBHH aHOAHBIN XapakTep
He mposiBisiercsi. Kpome toro, uem Oomblie pasHOCTh
MOTCHIINAJIOB MEX/y OCHOBHBIM METAJUIOM H aJIIOMH-
HHUEBHIM TIOKPBITHEM W BBIIIE 3JIEKTPONPOBOIHOCTH
KOPPO3HOHHOW cpenbl, TeM 3ddekTiBHee 3ammnTa OT
KOppO3HH. J{pyrum BaykHbIM (hakTOpOM OKa3bIBAIOIINM
BJIIMSIHUE HAa CKOPOCTh MPOTEKaHUS KOPPO3UH SBISIETCS
HPOTIOPLMOHAIBHOE COOTHEIICHHE Pa3MEPOB aHOJA U
KaToJla, B YaCTHOCTH, €CIIM pa3Mep aHoza OoJibIie Ka-
TOJIHOTO, aHOAHBIM TPOIECC MPOTEKaeT MEJIEHHO U
MOBBIMIAIOTCS 3aIIUTHBIE CBOMCTBA aTFOMUHUEBBIX I10-
KPBITHH, TaKk Kak aHOJHBIE M KaTOJIHBIE DEeaKIHnu
JIOJDKHBI OBITH 3KBUBAJICHTHBI APYT APYTY.

KpurepusiMu oueHKH KOPPO3HOHHOW CTOMKOCTH
TIOKPBITHH SIBIISIETCS] BHEIIHUM BUJI TIOKPBITUH, BpeMs
JI0 TIOSIBJIEHWS IIEPBOIO oyara KOpPpO3HMH, mMacca 00-
pasia, JJIEKTPUYECKNE, MEXAaHHYECKHE U ONTHYECKHE
cBoiictBa (9). Hamu Obin BbIOpaH MeTO MOSBICHUS
HepBOTO OYara KOppo3uu.

KoHTponp KauecTBa TONYyYEHHBIX IOKPHITHH
HAYHMHAETCS C MX BU3YaJIbHOTO OCMOTpA, 3aTE€M OIlpe-
JenseTcs TOJNIIUHA TOKPBITHS, KOPPO3HOHHAS CTOM-
KOCTb U MOPHUCTOCTb. AHTHKOPPO3UOHHBIE CBOMCTBa
MOKPBITUN ONpenensyiack METOAOM YCKOPEHHBIX HC-
MBITAHUHM B UCKYCCTBEHHO CO3/1aBa€MbIX KOPPO3HOH-
HbIX cpena (10).

OnHoit U3 pPa3HOBUIHOCTEH KOPPO3UOHHBIX UCTIBI-
TaHUH SBJISIETCSI METOJI OOpBI3TMBaHMs 00pa3loB pac-
TBOPOM TOBapeHHoH! conn (5Becc%). st aToro Oputa
M3TOTOBJICHA CHENHANbHAs KaMepa B IEHTPe KOTOPOH
MTOMEIIATINCH ATIOMUHUPOBAHHBIE 00pa3Ibl, MOIU(H-
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IIMPOBaHHBIC Pa3HBIMU MeTayulaMH. Jletanu oOpsI3ru-
BaJINCH 5% PacTBOPOM XJIOPHIA HATPHS IS CO3MAHUS
BJIaXKHOW atmMocdepsl. [IpogoInKuTeTIbHOCT IKCIIEPH-
MEHTa B 3aBUCHMOCTH OT TOJIIIUHBI TOKPBITHS COCTaB-
msina (24+200) vacos. IIponece ucnpITaHuid epuoIu-
4eCKH KOHTponupoBajcs. CUMTaeTcs, 4TO MOKPHITHE
YIOBJICTBOPHUTENIFHO 3aIlUIIACT H3JENUS IO IOSBIe-
HHS TIEPBBIX 0YaroB KOppo3uu B TeueHue 72 4. s
yAaJeHHsI TMPOIYKTOB KOPPO3UH 00pas3isl 00padaThi-
Banu B ropsueii Boae (60+70)°C B Teuenue 3045 muH,
1ocJie NpoMbIBasiv BoAoi u cymmnu. Koaudectso nop
B THOKPBITUAX ONPEIEIUTN IOCPEICTBOM HAJIOKCHUS
(unbTpoBaNBEHONM OyMaru, MPOMUTaHHON PEaKTHBAMH,
JAIOLIMMHU OKpAIlleHHbIE COSIMHEHUs C HOHAaMH Me-
tayuta (crans). [lepen ucnpiTaHHEM MOBEPXHOCTH I10-
KPBITHSL THIATENILHO OYMINANM M 00e3BokuBaiu. Mc-

clemyeMblii o0paser, CIyKallluid aHOJOM, BBIIEPIKU-
Bau B Teuenue 3060 ¢ B anekrposute: KaFe(CN)s -
40 r/nm n Na;SO4-2r/n, npu KOMHATHOH TeMneparype, B
Ka4yecTBE KaToJla UCIOJIb30BaJICs CBUHEI. [loprcTocTh
PACCUUTHIBANIA TI0 KOJMYCCTBY MOSBUBIIUXCS HA IO-
BEPXHOCTH MOKPBITHS CHHUX TOYCK TypOYJICBOI CHHHU.
[TokphITHE cUMTaETCS XOPOIIUM, SCIIH YHCIIO MOp HE
npepbimaeT 3+4 Ha cMZ Kpurepuamu oleHKH KOPpO3|-
OHHOM CTOMKOCTU HOKPBITHI SIBISIETCS BHELUIHUN BUI
MTOKPBITHH, BpeMsI IO MOSBICHHUS NEPBOTO Odara Kop-
po3un, Macca 00pasia, MEKTPUIECKIEe, MEXaHHIeCKUe
¥ onTHYecKue cBoicTBa. Hamu GBI BEIOpaH METO 11O-
SIBIICHHSI TIEPBOTO OYara KOPpPO3HH.

KoHTponp KadecTBa TONYYEHHBIX TMOKPBITHA
HAYHMHACTCS C MX BU3YaJIbHOTO OCMOTpA, 3aT€M OIpe-
JIEIACTCS TOJNIIMHA TOKPBITHHA, KOPPO3HOHHAS CTOW-
KOCTh U TIOPUCTOCTb.

Tab.1
Koppo3noHHasi CTORKOCTh aJFOMHUHHUPOBAHHBIX MOKPHITHIA MOIHGUIIMPOBaHHBIX MeTawtamu Pb, Ti, Mn, Mg.
Ne | meramn Conepxanue B TonmuHa, MKM ITopucrocts Ha | KopposuonHas cToii-
criaBe, Macc% cm* KOCTb, 4ac.
1 Pb 1.0 62.0 6 80
2 Ti 2.9 35.0 5 95
3 Mn 3.2 30.0 5 125
4 Mg 3,6 37.0 7 175

Pe3ynbraThl SKCIEPUMEHTa TMOKa3ald, 4YTO [0-
0aBka METaIOB-MOAU(DUKATOPOB MOBBIILIAIOT KOPPO-
3HMOHHOYCTOWYUBOCTH MOKPBITHH B PSy METAIIOB
Pb,Ti,Mn,Mg,a Takxe U3MEHSIOT HEKOTOpBIE (PU3UKO-
MEXaHUUCCKUE XapaKTCPUCTUKU. Tak Hampumep, Co-
nepkanue 2 macc% Maprasiia moBbIIIAeT TBEPIAOCTh U
HM3HOCOCTOMKOCTh MOKPBITHIT,a mobaBka 10 1,0 macc%
CBUHIIA YBEJIMYMBACT HMHTECHCH(HUKALMIO mpolecca
(motHOCTH TOKa 0.1 A/cM?) U COOTBETCTBEHHO YBEIH-
YUBaeTCsI TOJIIMHA MMOKPBITUS B 2-2.5 pasa.
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Abstract

In the presented research, the nature of the chemical interactions formed by simultaneously introducing poly-
N-vinylpyrrolidone (PVPr) and magnetite nanoparticles into the composition of the cement has been studied. For
this purpose, concrete samples were prepared by filling cement with 1% PVPr and 1-2% magnetite nanoparticles
at a water/cement ratio of 0.5. FTIR and XRD spectra of the obtained concrete samples were comparatively ana-
lyzed. It has been determined that the PVPr macromolecule forms coordination bonds with di-, tri-Ca, and Al
silicates in the cement. In the cement paste containing 1% and 2% FesO4 magnetite nanoparticles with PVPr, the
absorption band associated with carbony! shifted chemically from 1646 cm to 1653 cm™. It has been showed that
magnetite nanoparticles interact chemically with both PVPr and water molecules present in the cement composi-
tion. The addition of PVPr-coated magnetite nanoparticles to the concrete composition results in a decrease in the
intensity and shifting of peaks characteristic to concrete in XRD. As a result of the inclusion of magnetite nano-
particles into the structure, new low-intensity XRD patterns are observed at 26 = (30.17°), (43.31°), (54.61°) and
(62.75%). These changes proved that magnetite nanoparticles entered into chemical interaction with Ca and Al di-

, trisilicates in cement.

Keywords: poly-N-vinylpyrrolidone, magnetite nanoparticles, cement concrete, FTIR characterization, XRD

characterization.

Introduction

In recent decades, the technology of concrete pro-
duction with various additives has been developing rap-
idly[1]. In order to obtain the desired properties in con-
crete, water-soluble polymers, fibers, polymer disper-
sions and dispersed powders are added to the cement
paste as dopants[2,3].

It is known that superabsorbent polymers (SAP)
can absorb and retain large amounts of water by in-
creasing their volume[4]. They are applied in various
fields such as medicine[5,6], agriculture[7], and the
food industry[8]. In recent years, they have been fre-
quently used as repairing agents[10,11] for filling mi-
cro-cracks in cement-based materials[9]. SAPs on the
surface of the cement coating can absorb water on the
surface of micro-cracks, preventing the penetration of
leachate by swelling[12]. The application of smart pol-
ymers in concrete mixtures gives them an advantage in
the cementation of oil wells and the sealing of mud
zones in the oil industry. Calcium ions in cement prod-
ucts reduce the water absorption capacity of acrylic
acid-based polymers, preventing the formation of large
masses[13]. pH-sensitive polymers with high absorp-
tion capacity in formation water can be a good choice
for cementing oil wells[14]. Cement composites some-
times have disadvantages such as low splitting strength,
poor resistance to deformation and susceptibility to
cracking[15]. The creation of new composite concrete
for modern engineers and concrete technologists is a
genuine challenge, not only to provide mechanical
properties but also to ensure other physico-chemical

characteristics, especially for structures exposed to ag-
gressive environments. From this point of view, re-
searches are being conducted in the direction of obtain-
ing high-performance and multi-functional cement
composites with excellent mechanical properties, dura-
bility and structural material, which are easy to pro-
duce[16,17].

It is known that nanoparticles, due to their unique
physico-chemical properties, improve most of its prop-
erties by changing the microstructure of cement[18]. Si,
Al, Ti, ZnO, TiO2 nanoparticles were included in the
cement composition in the researches[19-21]. Iron ox-
ides (nano-Fe203 and nano-Fe304) specifically be-
long to this group of nanomaterials [22,23].

Concrete with added Fes;O4 magnetite nanoparti-
cles has been obtained, and it has been determined that
it exhibits lower water absorption capacity and higher
tensile strength compared to ZrO,, Al,O3, and TiO; na-
noparticles[25,26]. Additionally, it has been observed
that the addition of a small percentage of nano-magnet-
ite to the cement paste enhances its compressive
strength throughout all stages of the hydration process
[27,28]. Research has shown that the incorporation of
nanoparticles into cement results in significant im-
provements in the microstructures of cement compo-
sites [22,23]. The effect of nanoparticles is determined
by their location in the microstructure[24].

In this study, cement paste modified with 1% (by
mass) poly-N-vinylpyrrolidone (PVPr) was further
supplemented with 1.0 and 2.0% (w/w) magnetite na-
noparticles characterized by dimensions ranging from


https://doi.org/10.5281/zenodo.11188931

Slovak international scientific journal # 83, (2024)

17

30-50 nm. Their structures were analyzed using FTIR
and X-ray diffraction spectroscopy methods. Charac-
terization aims to determine the type of chemical inter-
action of the polymer and magnetite nanoparticles with
cement components. Additionally, it aimed to identify
the functional groups involved in the composite struc-
ture and delineate the spatial arrangement of macromo-
lecular chains and nanoparticles within the concrete
formulations.

Experimental

Materials

In the preparation of the concrete mixtures, G-
class Portland cement (API Specification 10A-2011)
intended for wellbore plugging, high average molecular
weight PVPr (CAS 9003-39-8, Mn=1.3x105), and dis-
tilled water were used. The predominant oxides in the
composition of the cement are as follows: CaO 62.4%,
SiO; 20.7%, AlO3 5.2%, MgO < 1.24%, and Fe,Os
4.3%. The composition of silicates comprises 59.2%
C3S, 2.18% C3A, 16.75% C4AF, and 9.16% C2S,
where C represents calcium, S represents silicate, A
represents aluminum, and F represents ferrite. Iron
chloride salts of both 11 and 111 valence states were uti-
lized for the synthesis of magnetite nanoparticles, fol-
lowed by their conversion to hydroxide form using a
25% NH4OH solution.

Sample Preparation

The mixture of tamponage cement with water was
prepared at a water/cement ratio of 0.5. PVPr consti-
tuted 1.0% of the dry mass of the cement it was added
to. For the preparation of PVPr/Fe3Os modified con-
crete samples, polymer/magnetite nanoparticles were
initially synthesized following the method[29]. The
preparation of concrete samples with 1.0 and 2.0%
PVPr/Fe;04in the mass of the cement was carried out
as follows: First, a 0.5-1.0 wt% PVPr/Fes04 mixture
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was dispersed in 25 ml distilled water and stirred for 2
hours. The resulting solution was then added to 50 wt%
Portland cement in a mixer. The mixture was poured
into cylindrical molds and allowed to set for 24 hours.
After one day, the samples were removed from the
molds, dried at 30°C for 48 hours, and then pulverized
for X-ray and IR spectroscopic analyses.

Characterization

The nature of the chemical interaction between
macromolecules and cement particles in simple cement
paste, also PVPr and PVPr/Fe;O4 nanoparticle-added
samples was identified using Fourier-transform infra-
red (FTIR) spectroscopy (Nicolet FT-IR Avatar 360).
The crystalline phase in cement paste, PVPr, and
PVPr/Fe;04-containing concrete samples was investi-
gated using X-ray diffractometry on an X’ Pert-Pro
MPD diffractometer (Cu-Ka source, k=0.15405 nm).

Result And Discussion

It is known that concrete possesses a rigid struc-
ture primarily composed of calcium and aluminum sil-
icates formed through ion interaction. The composition
of hydrated cement differs to some extent from dry ce-
ment powder. In hydrated cement, the hydroxide forms
of di- and tri-calcium and aluminum silicates are also
present. During our research, serial samples were pre-
pared to evaluate the chemical involvement of PVPr-
coated magnetite nanoparticles in the concrete struc-
ture. For comparison, X-ray spectra of hydrated ce-
ment, PVPr-containing concrete, and PVVPr/Fe;O4-con-
taining concrete stones were obtained. It is known that
in the XRD spectrum of concrete prepared from ce-
ment[30] specific peaks are observed at 26 = (26.58°),
(29.55°), (32.49°), (34.12°), (41.32°), (47.23°),
(50.68°), and (51.87°) for di- and tri-calcium silicates,
as well as calcium-aluminum silicates (Figure 1).

Control simple
hydrated cement

1

WW ol

A
b Wl M“WMN'LWMWM

45 50 55 60 65 70
26(°)

Fig 1. XRD diffractogram of the control concrete sample after 28 days of curing
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To conduct comparative analyses, different con-
crete samples were prepared. X-ray analyses of con-
crete stones with PVPr and PVPr/Fe;O4were conducted
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to determine the function of both the polymer and mag-
netite nanoparticles in the structure. Notably, concrete
prepared with 1% PVPr incorporation into the cement
(Figure 2) displays subtly differentiated XRD patterns.

Concrete + 1%PVPr

m"'ﬂ Mﬁa’m"w

a5 50 55 60 65 70
26(°)

Fig 2. XRD diffractogram of concrete stone with 1% PVPr after 28 days

PVPr is an amorphous substance, and due to its

1% composition, it does not cause distinct separate
peaks in the X-ray spectrum [31]. However, because
the polymer interacts with Ca-Al silicates in the ce-
ment, it may lead to a decrease in the intensity or a shift
of certain lines at specific 26 values. Shifts at 20 =
9000 -
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)
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(39.32°), (43.42°), and (54.62°) are observed. At 26 =
(56-58°), the formation of a second line indicates the
immobilization of PVPr in the cement structure. After
filling the concrete with both PVPr and magnetite na-
noparticles, the XRD spectrum was examined (Figure
3).

Concrete + 1%Fes04/PVPr

h\d Fes0,
i mw M v

1000 e e e —

Fes0. FE304

A\ v

20 25 30 35

40 45
28(°)

50 55 60 65 70

Fig 3. XRD diffractogram of concrete stone filled with 1% Fe;O4/PVPr after 28 days

The characteristic peaks of iron oxide in the X-ray
spectrum are observed at 20 = (30.17°), (43.31°),
(54.61°), and (62.75°) with very low intensity. To con

firm that these observed peaks are attributed to magnet-
ite nanoparticles, concrete samples with doubled quan-
tities of nanoparticles were prepared, and X-ray spectra
were obtained (Figure 4).



Slovak international scientific journal # 83, (2024)

19

9000

sl

8000

7000

6000

5000

Intensity (a.u.)

4000

3000

J

e

2000

Concrete + 2% Fe;0.4/PVPr

Fes0,

¢WwWWwM&MW

00 "—————————————— —————————

20 25 30 35 40

45
20()

50 55 60 65 70

Fig 4. XRD diffractogram of concrete sample filled with 2% Fez0./PVPr after 28 days.

It has been determined that an increase in the
quantity of magnetite nanoparticles in the composition
of concrete leads to a clearer delineation of characteris-
tic peaks and a discernible increase in their intensity in
the X-ray spectrum. Moreover, the harder crystal struc-
ture of magnetite nanoparticles strengthens the X-ray
spectrum of concrete even further. It is known that the
iron atoms in magnetite nanoparticles are not in ionic
form but rather comprise particles ranging in size be-
tween 30-45 nm. Observing these characteristic peaks
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at 20 where magnetite nanoparticles are expected indi-
cates that the size of the nanoparticles remains un-
changed in the concrete. Furthermore, the arrangement
of magnetite nanoparticles in the concrete, maintaining
both physical and chemical states, contributes to en-
hancing certain properties of concrete. To better under-
stand the chemical position of magnetite nanoparticles,
concrete stone samples were prepared with the partici-
pation of iron salts in cement paste and compared with
polymer participation (Figure 5).

Concrete + 1%PVPr+0,1%Fe?* Fe3*

FeCl,

\/

45
26(°)

50 55 60 65 70

Fig 5. XRD diffractogram of 1% PVPr/concrete filled with 0.1% FeCls and 0.1% FeCl; after 28 days.

It has been determined that the addition of iron
ions significantly affects the hydration and hardening
processes of cement. Metal ions hinder the hydration of
calcium and aluminum silicates in the concrete, result-
ing in the formation of a rigid structure. This effect is
visually apparent on the surface of concrete (Figure 6).
According to XRD results, the decrease in intensity of

MNano-Fezla modified FvPr
hased concrete

e

peaks at 20 = (29.7°), (34.45%), (39.69°), (47.88"), and
(51.27°) is associated with a change in the characteristic
crystal structure of pure concrete. Fe(ll) and Fe(lll)
ions manifest as minor yet discernible lines with low
intensity at 20 = (43.47°) and (51.95°) in the X-ray
spectrum.

URIPAEE(ll)and 0 PaEE(ll]))

Fig 6. Concrete samples filled with magnetlte nanopartlcles PVPr and Fe?*/Fe%* salts after 28 days of curing.
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X-ray analyses indicate that the addition of 1%
PVPr does not affect the crystal structure of concrete.
On the contrary, it ensures coordination between cal-
cium and aluminum silicates, providing long-distance
connectivity in the structure. The introduction of mag-
netite nanoparticles along with the polymer into the

3645 cm?t
-OH strentch
symmetric/asymm
etric

Control concrete

concrete further strengthens the structure, filling certain
voids in the process. The type of chemical bonds
formed between particles was determined using the
FTIR method. Initially, the FTIR spectrum of control
concrete was obtained (Figure 7).
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Fig 7. FTIR spectrum of concrete prepared with a water-to-cement ratio of 0.5 cured in 28 days.

The characteristic peaks in the FTIR spectrum of
hydrated cement and the relationships and bonds in the
corresponding functional groups depicted in Figure 7.
The introduction of PVVPr macromolecules into the con-
crete composition leads to the observation of specific
peaks related to the polymer in certain regions. Addi-
tionally, the chemical interaction of PVPr functional
groups with the elements in the cement induces chemi-
cal shifts in some regions characteristic of concrete
(Figure 8). It is known that characteristic peaks for
PVPr in the FTIR spectrum are related to the carbonyl

-CH,
2950 cm'?

3750 3450 3150 2850 2550

Concrete/1%PVPr

2250 1950

(>C=0) and hydroxyl (-OH) groups in the regions of
1646 and 3450 cm, respectively [32]. Furthermore, at
2950 cm, the asymmetric stretching of CH; in pyrrol-
idone cycles is observed, and at 2922 cm, the vibra-
tions of CH; in the polymer chain are detected. Peaks
at 1286 cm represent the vibrational bending of CH,
attached to C-N [33]. Although new peaks with differ-
ent intensities are not observed in the FTIR spectrum of
PVPr-concrete, small variations in absorption bands are
noticed.

-CH, 1.025

0.975
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Transmittance, %

1650

Wavelentgh, cm™
Fig 8. FTIR spectrum of concrete containing 1% PVPr cured in 28 days.

Based on the FTIR results of PVPr-containing
concrete, the polymer has participated in active chemi-
cal interactions with silicates and has been immobilized
in the concrete matrices along with metal silicates. The
main chemical interaction relies on the carbonyl groups
in PVPr. Specifically, the carbonyl group at 1646 cm™,
characteristic for pure PVPr, chemically shifts to the re-
gion around 1653 cm in the concrete. This indicates
chemical interactions with some silicates in the con-
crete, suggesting a complex chemical reaction. All

these observations support the conclusion that PVPr
macromolecules immobilized in concrete matrices with
silicates, and similar results encountered in research
[34].

The addition of PVVPr-coated magnetite nanoparti-
cles to the concrete composition results in the adsorp-
tion bands related to oxides in the FTIR spectrum, as
shown in Figure 9.
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Fig 9. FTIR spectrum of concrete containing 1% PVPr/Fe;O, magnetite nanoparticles cured in 28 days.

As seen in Figure 9, the characteristic absorption
band of magnetite nanoparticles is observed in the 541
cm'! region, while the peak corresponding to the car-
bonil group in PVPr, which is actively involved in
chemical interaction with FesO4 nanoparticles, under-
goes chemical shifting up to the 1635 cm™ region. In
other regions, chemical shifts are minimal, indicating
relatively passive chemical interaction with silicates in
the cement. This proves that the magnetite nanoparti-
cles exhibit a more active chemical interaction with
PVPr within the concrete structure, while their interac-
tion with cement components appears to be relatively

Concrete/1%PVPr+0.2%Fe?* Fe3*

3750 3450 3150 2850 2550 2250

passive. This can be explained by the more rapid mu-
tual interaction of Ca and Al silicates with water mole-
cules and PVPr during the hydration stage of cement.
Furthermore, considering that magnetite nanoparticles
are mixed with cement powder in complex with PVPr
macromolecules, it can be understood that iron oxide
molecules are more densely coordinated around the
polymer.

To determine the chemical interaction of magnet-
ite nanoparticles with PVPr or silicates, concrete spec-
imens were prepared with the participation of iron salts
and polymer, and FTIR spectra were obtained (Figure
10).
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Fig 10. FTIR spectrum of 1% PVPr/concrete filled with 0.1% FeCls and 0.1% FeCl, after 28 days.

It has been determined that the characteristic band
at 540 cm™ for magnetite nanoparticles does'nt ob-
served in the spectrum. However, the active complexa-
tion of iron ions with PVVPr leads to the appearance of
the absorption band associated with carbonyl in a dif-
ferent region compared to the polymer. The results sug-
gest that PVPr chains serve as a bridge between cement

particles and magnetite nanoparticles in the concrete.
This role of magnetite nanoparticles in such an interac-
tion has observed in various research studies [35]. The
chemical interaction of iron ions with silicates in the
cement also becomes apparent in the FTIR spectrum of
the concrete/Fe salt sample in the absence of polymers
(Figure 11).
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Fig 11. FTIR spectrum of concrete filled with 0.1% FeCl; and 0.1% FeCl; after 28 days.

Despite the iron ions constituting only 0.1% of the
mass of the cement, their active interaction with sili-
cates is evident in the tracking of characteristic lines in
the spectrum. The active chemical interaction of iron
ions with silicates has led to a sharp decrease in the in-
tensity of the characteristic peak at 964 cm™ corre-
sponding to Si-O. On the other hand, the passive par-
ticipation of PVPr in the composition showed by the
shift of the broad band characteristic of -OH groups to
the region of 3400-3500 cm™. Based on the compara-
tive analysis of FTIR spectra, the addition of PVPr-
coated magnetite nanoparticles to the cement paste
does not hinder the hydration process. The homogene-
ous distribution of polymer and iron oxides in the struc-
ture ensures the distribution of PVPr-silicate and
PVPr/FesOulsilicate interactions not only locally but
throughout the entire volume and surface. This con-
firms that mechanical properties are maintained equally
in all directions throughout the concrete. Research stud-
ies often encounter enhanced mechanical properties in
polymer-cement systems attributed to the reinforce-
ment of the matrix by polymer macromolecular chains
[36].
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In the article, the services of Internet-media and social networks, this potential world trade, implementation
of network monitoring, as well as production in the field of monitoring Internet-media resources, etc. investigated
in studies. Nowadays, everyone can benefit from social networks. It can be network usage or otherwise oriented.
Shab provides the abundance and availability of information, making the learning process more optimal and com-
fortable. Over the past 10 years, online social networks have become integral parts.

Keywords: Internet-media, network services, monitoring services, social network monitoring.

As a result of the possibilities of information and
communication technologies, informatization acts as
one of the main factors that stimulate the development
of civilization. Wide use of these opportunities has led
to the development of new approaches and trends in
journalism. One of the main goals of the information
policy of the state in our country is the application of
ICT to mass media and its development according to
world standards. Modern web technologies make it
possible to more accurately and objectively determine
the rating of electronic media, individual articles pub-
lished in them, and the social composition of the read-
ership. This is very important for the media to be able
to establish their activities correctly. The application of
such a system makes it possible to manage the quality
of mass media.[1]

Media monitoring is the collection, systematic re-
cording and analysis of published information. Media
monitoring includes identifying and monitoring data
sources, collecting and storing data, selecting the most
relevant data through categorization and filtering, and
analyzing the data collected. Media organizations con-
duct monitoring in order to effectively establish their
activities in competition with other media organiza-
tions. Systematic collection of information allows ob-
taining accurate and reliable information on a given
topic, evaluating the reputation of media organizations
in the region or the country, and having an idea about
the channels that transmit information. The evaluation
of the obtained results enables more effective establish-
ment of media resources activity and optimal decision-
making. In modern times, monitoring of media re-
sources does not only involve the analysis and search
of information in traditional mass media, but also work
with Internet resources, and at the same time forums
with various topics that do not have the direct meaning
of the term "media" but can have a significant impact
on the formation of public opinion and serve as a source
of information. also includes monitoring of blogs.[3]

Social media means creating virtual social com-
munication and sharing information between people
through Internet technologies. It transforms communi-
cation into an interactive dialogue using more accessi-
ble and web-based technologies. Social media tools in-
clude information sites broadcast over the Internet, so-
cial networks, blogs, micro blogs, instant
communication programs, forums. Social networks are

a virtual form of our physical world. Currently, terrorist
groups use social networks, e-mail, etc. they communi-
cate with means. It is clear that among the types of in-
formation transmitted in such means of communica-
tion, texts are predominant. Therefore, in order to pre-
vent possible terrorist acts and ensure the security of the
state, the analysis of the texts circulating in the virtual
environment, including social media, is of great im-
portance.

Currently, Big Data analytics technologies (data
mining, text mining, etc.) are used to discover exam-
ples, keywords and relevant information from texts.

When studying modern social network analysis,
you can look at the experiments conducted by Stanley
Milgram. After the attacks of September 11, 2001, so-
cial network experts began to give more priority to the
use of network methodology in the fight against terror-
ism. Publications such as the Washington Post and the
Dallas Morning News have written articles about net-
work analysis. Many models (agent-based models, etc.)
have been developed to help study the dynamic nature
of social networks, and to study criminal or terrorist
networks. [2]

Monitoring is a systematic process of collecting
and analyzing data to ensure that a network (program,
etc.) is progressing toward its goal and getting the right
results. Social media monitoring helps to solve the is-
sues mentioned below.

* to take into account the interests of the audience,
people to accurately define their wishes and desires;

* create an interactive relationship with people;

« social media information that the audience needs
spread through;

* to analyze the future activity of the institution.

During social media monitoring, information is in-
itially monitored, texts are analyzed, and spam com-
ments are determined. In the next steps, a more detailed
analysis is carried out according to the various charac-
teristics of the regions. Later, visualization and
measures are taken against possible threats.[3]

Media monitoring is done through services offered
by online media monitoring companies. These services
are software that uses automated robots that automati-
cally monitor the content of newspapers, magazines,
TV channels, as well as free online news sources. The
monitoring process is as follows: After the software has
finished reading the text, it identifies the news text or
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social media shares containing each customer's search
term (keyword) and automatically presents relevant ar-
ticles or social media "snippets" for each customer.
does. Internet search systems or specialized mass media
databases are usually used during monitoring. Cyber-
Alert, the world's most well-known media monitoring
company, monitors 50,000 online news sources in more
than 75 languages in 189 countries every day. This
company controls over 50 million social media blogs,
100,000 message boards, forums, complaint sites, over
200 video sharing sites and Twitter.[4]

It is known that social media means information
sites, social networks, blogs, microblogs, forums, etc.,
broadcast over the Internet. includes. Many media or-
ganizations, in addition to monitoring news, also mon-
itor social media and analyze information about them
on social media. There are over 100 different social me-
dia monitoring and evaluation services. The most fa-
mous free blog monitoring service companies are Tech-
norati, Blog Pulse, IceRocket, and Google Blogs. Tech-
norati, one of the giant companies in the field of web
services and software of the United States, claims that
75 thousand blogs with 1.2 million new posts contain-
ing opinions about the products and services of compa-
nies are created every day. Social media monitoring
helps to solve the following issues: a) Listening to the
audience, accurately determining people's wishes and
desires; b) Creating an interactive relationship with
people; c) Disseminate the necessary information
through social media channels; d) To analyze the activ-
ity of the institution aiming at the future. Recently, jour-
nalists have been using their accounts on social net-
works to interact with people and learn about problems
in society, and exchange ideas on topics of interest to
them.[4]

Although the Internet-media is still in the forma-
tive stage in our country, there are enough online media
resources related to Azerbaijan: blogs, forums, news
portals. Currently, the commission on Internet media
resources operates within the Press Council (MSC) to
control Internet media resources in our country. This

commission reviews the complaints received by the
Council about online mass media, monitors the trends
in the current field, the innovations noticeable on the
international scale, and also aims to help eliminate neg-
ative situations related to journalistic responsibility in
the Internet media. "Media Tracking Center", "Net-
trends" media monitoring company, "A-Vision" media
and communication company, Azerbaijan Media Mon-
itoring Institute, engaged in media monitoring and anal-
ysis in Azerbaijan, analyze media and social networks
and build marketing strategies and tactics in accordance
with current trends they offer a wide range of operative
and professional services. The service areas of these
companies include national media monitoring, foreign
media monitoring, social media monitoring, news
agency monitoring, media advertising monitoring.

The conducted research proves the importance of
media monitoring today. As the media has a direct in-
fluence on public opinion and people's choices, one of
the main goals of media professionals around the world
today is to take advantage of the positive effects of the
media and use them for the right purposes. For this pur-
pose, mass media should conduct monitoring in order
to establish their strategies correctly, and by making ef-
fective decisions, they can achieve an increase in the
reputation of the site.
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The article is devoted to the issue of predicting areas and boundaries of density heterogeneity of rocks based
on gravity survey data. This question belongs to the category of solving the inverse problem of gravity exploration,
which, as is known, can be solved ambiguously. So, in this case everyone has to use a priori information in order
to solve such a problem at the right level. To predict areas and boundaries of density heterogeneity of rocks based
on gravity survey data, two approaches are currently used. The first is the analytical continuation of the field into
the lower half-space with the subsequent calculation of the full normalized gravity gradient, and the second is the
use of a statistical connection between geological and geophysical data to predict the boundaries of the density

heterogeneity of rocks.

Keywords: Gravity anomaly, analytical continuation, full normalized gradient, boundary prediction, density

inhomogeneity.

Introduction

Analytical continuation of the potensial field into
the lower half-space followed by calculation of the full
normalized gravity gradient along the profile is widely
used in gravity exploration. Among these methods, the
Berezkin method should be noted, according to which
the observed gravity curve is subjected to a Fourier
transform [2]. After this, the desired curve is repre-
sented as a sum of harmonic functions with various har-
monics. This curve is then analytically continued into
the lower half-space to various depths with a certain
step. Next, at these depths, the full normalized gravity
gradient is calculated, on the basis of which gradient
maps along the section are constructed, which reflects
the picture of the density heterogeneity of rocks. These
maps highlight the maxima and minima of the total nor-
malized gradient corresponding to areas of increasing
or decreasing rock density. A sufficient number of pub-
lications are devoted to this problem [5,7,9-14].

Probability-statistical methods are used to predict
interfaces with different densities. In this way, statisti-
cal relationships are determined between geological
and geophysical data, such as, for example, between the
gravity anomaly, or its transforms, and the depth of the
interface between rocks with different densities accord-
ing to seismic or drilling data. Such an analysis is first
carried out on a reference territory with known values

of geological and geophysical parameters. Based on the
principle of analogies, using correlations established on
the standard, areas and boundaries of density heteroge-
neity of rocks are predicted. In both cases, due to the
complexity of the calculations, a computer is used. The
use of gravimetric data to predict the boundaries of rock
heterogeneity using mathematical methods is currently
widely used [1,3,6,8,15-18].

Means, methods and results

To predict areas of density heterogeneity of rocks
based on gravity survey data, the Department of Geo-
physics has developed the Force-Fortran PNG pro-
gram, which allows, based on the observed curve along
the profile, to calculate the values of the full normalized
gravity gradient (FNG) in the lower half-space at vari-
ous depths [7,10,12]. To test this program, a model of
the gravity curve along the observation profile was first
compiled using the EXCEL program (Fig. 1). As can
be seen, the curve has the shape of maximum gravity.
The length of the profile is 12 km, the intensity of the
anomaly is 7 mGal. This curve possibly represents an
oval body with positive excess density in the section
being studied.

To work with the PNG program, the initial data
was first prepared in accordance with the program input
statements. These data and calculation results are
shown below.
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Fig.1. Profile gravity curve model

Initial data:
Number of point M= 11
Gravity values in integers
20000 30000 40000 50000 60000 70000 60000
50000 40000 30000
20000
Format factor FOR=10000.00 DX=1.00

Starting, ending points and step along the pro-
file in km

XH=0.00 XZL=9.00 DDX= 1.00

Start, end points and depth step of analytical
continuation in km

ZH=0.00 ZMAX=7.00 HDZ 1.00

Initial, final number of harmonics and its step
of change

NH=10 NMAX=30 ND= 10
Gravity values in mGals

2.0000 3.0000 4.0000 5.0000 6.0000 7.0000 6.0000
5.0000 4.0000 3.0000 2.0000

Gravity values without linear background

0.0000 1.0000 2.0000 3.0000 4.0000 5.0000 4.0000
3.0000 2.0000 1.0000 0.0000

Number of harmonics in Fourier expansion
N=10

Bn - Fourier transform coefficients

4.0863 -0.0000 -0.4852 0.0000 0.2000 -0.0000 -0.1260
-0.0000 0.1025 0.0000

List=1

Depth step of analytical continuation in km
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Values of the total normalized gravity gradient
(in depth)

:9.00::0.810.68 0.44 0.23 0.41 0.64 0.80 0.89
:8.00::0.86 0.68 0.51 0.62 0.75 0.85 0.92 0.96
:7.00::1.000.830.471.051.171.121.07 1.04
16.00::1.251.532.041.891.621.361.201.11
:5.00::1.381.932.842.371.831.471.251.13
©4.00::1.251.532.041.891.621.361.201.11
:3.00::1.000.830.471.051.171.121.07 1.04
:2.00: :0.86 0.68 0.51 0.62 0.75 0.85 0.92 0.96
:1.00::0.810.68 0.44 0.23 0.41 0.64 0.80 0.89
:0.00::0.790.63 0.25 0.03 0.27 0.56 0.76 0.87

Number of harmonics in Fourier expansion N= 20
Bn - Fourier transform coefficients
4.0863-0.0000-0.4852 0.0000 0.2000-0.0000-0.1260
-0.0000 0.1025 0.0000-0.1025 0.0000 0.1260 0.0000
-0.2000 0.0000 0.4852-0.0000-4.0863 0.0000

List=1

Depth step of analytical continuation in km

0.001.00 2.00 3.00 4.00 5.00 6.00 7.00

Values of the total normalized gravity gradient
(in depth)

9.00::0.76 0.56 0.77 0.87 0.93 0.96 0.98 0.99
:8.00: : 0.800.66 0.85 0.93 0.97 0.98 0.99 1.00
:7.00::0.910.881.021.031.021.011.011.00
16.00::1.121431.271.141.081.041.021.01
:5.00::2.082.411431.201.101.051.031.01
:4.00::1.121431.271.141.081.041.021.01
:3.00::0.910.881.021.031.021.011.011.00
:2.00::0.800.66 0.850.930.97 0.98 0.99 1.00
:1.00::0.76 0.56 0.77 0.87 0.93 0.96 0.98 0.99
:0.00::0.740.530.74 0.85 0.92 0.95 0.97 0.99
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Number of harmonics in Fourier expansion
N=30

Bn - Fourier transform coefficients

4.0863-0.0000-0.4852 0.0000 0.2000-0.0000-0.1260
-0.0000 0.1025 0.0000-0.1025 0.0000 0.1260 0.0000
-0.2000 0.0000 0.4852-0.0000-4.0863 0.0000 4.0863
-0.0000-0.4852-0.0000 0.2000 0.0000-0.1260-0.0000
0.1025 0.0000

List=1

Depth step of analytical continuation in km
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Values of the total normalized gravity gradient
(in depth)

:9.00::0.380.43 0.550.370.32 0.62 0.79 0.89
:8.00::0.77 0.80 0.80 0.900.77 0.84 0.91 0.95

[N} w & o

4

€

14

S

9

:7.00::1.171.170.920.351.07 1.11 1.07 1.04
16.00::1.591591511.711.641.391.211.12
:5.00::2.161.86 2.032.92 2.09 1.53 1.27 1.14
14.00::1.591.591511.711.641.391.211.12
:3.00::1.171.170.920.351.07 1.11 1.07 1.04
:2.00::0.77 0.80 0.800.90 0.77 0.84 0.91 0.95
:1.00:: 0.380.43 0.550.37 0.32 0.62 0.79 0.89
:0.00:: 0.030.18 0.430.41 0.33 0.55 0.75 0.86

As you can see, the initial number of harmonics is
set to 10. The calculated values of the total normalized
gravity gradient along the profile for this number of
harmonics were entered into the SURFER graphic pro-
gram and, based on the compiled “grid,” a map of the
FNG field was constructed to a depth of 7 km with a
step of 1 km (Fig. 2). As can be seen, at approximately
a depth of 2 km, a large FNG maximum with an inten-
sity of 2.8 dimensionless FNG units is clearly observed.
This maximum on the left and right is outlined by two
minima of the full normalized gradient with an intensity
of approximately 0.4 FNG units, reflecting areas of de-
creased rock density.

-3 ©

Fig.2. Field of the full normalized gravity gradient from the model curve (number of harmonics 10)

The same picture is observed on the constructed map of vectors of the total normalized gravity gradient for

the number of harmonics 10 (Fig. 3).
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Field of the full normalized gravity gradient from the model curve in vector form (number of harmonics 10)
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Next, a similar FNG map was constructed for the
number of harmonics equal to 20 (Fig. 4). As can be
seen, the FNG maximum with an intensity of approxi-
mately 2.5 units has shifted upward to a depth of 1 km.
As can be seen, the exact location of areas of density
heterogeneity in rocks depends on the optimal selection

of the number of harmonics. Below is the constructed
FNG section of the observed model curve for the num-
ber of harmonics N=30 (Fig. 5). As can be seen, the
FNG

N w ~ o

Fig.5. Field of the total normalized gravity gradient from the model curve (number of harmonics 30)

maximum shifted to a depth of 3 km and its inten-
sity reached 3.0 FNG units. For the condition of the ab-
sence of a priori information, we have developed a
technique for selecting the optimal number of harmon-
ics according to the criterion of the maximum intensity
of the APG values [10]. Therefore, in all likelihood, the
depth of the heterogeneity zone is approximately 3 km.

To predict the boundaries of density heterogeneity
of rocks, as stated above, statistical methods are used to
construct structural map on the base of gravity and seis-
mic data or drilling data on the depth of the desired
boundary of density heterogeneity. These methods are
used in modifications of multidimentional regression
analysis (MRA) and correlation methods of separation
of anomalies (COMS) [1,16-18]. At the Geophysics de-
partment of the ASOIU, where such studies were con-
stantly carried out because this technique makes it pos-
sible to predict the boundaries of heterogeneity in hard-
to-reach areas (mountainous areas, cultivated areas,
marshy areas, etc.), where there is a sufficient amount
of gravity and magnetic survey data. To implement

these methods, appropriate software has been devel-
oped.

According to the MRA method, at the beginning,
correlation connections are established between the
depths of the boundaries of different sedimentary strata
accordingly to seismic exploration or drilling data also
gravity anomalies and their results of processing, and
in extrapolation of such connections to areas unstudied
by seismic prospecting and drilling. Thereby the com-
plex seismic geological conditions of individual areas
of Azerbaijan, it is not possible to obtain unambiguous
reference seismic data on the structure of the lower
Mesozoic stage; the Department of Geophysics has de-
veloped a method of MRA with using only a repre-
sentative part of conditional seismic horizons (CSH)
with detailed and high-precision gravity reconnais-
sance. The representative part of density heterogeneity
boundaries is understood as that part of the CSH which
coincides in plan with the curve of the local gravity
anomaly. The select of such a measure is based on the
fact that in the case of one density contact boundary,
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the local structure of the studied surface of density in-
homogeneity in the gravitational field should be re-
flected in plan with much greater accuracy.

The correlation method of field separation
(COMS) differs from methods of trend analysis in that
it allows one to isolate from the observed field value a
local anomaly that is best correlated with the depth of
the inhomogeneity surface under study. According to
the concept of correlation methods for converting
anomalies, developed at the Moscow Institute of oil and
gas named after Gubkina by I.1. Shraibman, M.S. Zhda-
nov, O.V. Vitvitsky, the inicial gravitational field is
represented as a sum [16]:

Gobser = Gres + Gback ) (1)

Here Gonser is the observed value of gravity param-
eter; Gres is a residual (lokcal) component of gravity
force; Gpack is the regional component of gravity.

The background (regional) component of gravity
is represented as a next polynomial:

Gpack = Zg=1 apfp ,y) 2)

Here: a,, are the coefficients of the transformation
polynomial; fp (X,y) are a basis functions depending on
X, ¥, X4, Xy, y? and et al; N is a length of the transfor-
mation polynomial; x,y are the coordinates of measur-
ing points. This polynomial is called a transformation
polynomial. The residual or local component of gravity
may be presented below:

Gres = Z};:_ll biji +c, (3)

Here bi, c are the coefficients of the linear equa-
tion of regression; k is number of geological or geo-
physical parameters reflected the density heterogene-
ity; ji is a corresponding geological or geophysical pa-
rameter.

The coefficients of the regression equations ap, bi,
¢ are determined from the condition of the minimum
standard deviation of functional F:

_ . 2 ,
F= [Gobser - Zgzl apfp(x: y) - Z§<=11 bi]i - C] —min (4)

To do this, the following condition must be met:

CL

oc

op _ .

sap ~ 0 (PeN), (i=1.2....k-1) (5)
op

5 =0

From this condition one can determine the coeffi-
cients ap, bj, c.

This way to finding regression coefficients is
called COMR-A. Within the framework of correlation
methods for dividing fields, another approach is possi-
ble (KOMR-B), when a geological parameter, for ex-
ample H (the boundaries of density heterogeneity of
rocks ) is considered as a function of its residual com-
ponent Gres. For this case, the coefficients are deter-
mined from the condition:

Zg=1 apfp(x: Y) - C]z -
min (6)

D= [H - b(Gobser -

Neverteless, in this approach the formulas for
solving the system of equations became very compli-
cated.

It should be noted that this approach is rational to
use in the case when the boundaries of density hetero-
geneity of rocks is well reflected in the gravity field.

When the studied complex of heterogeneities is
faintly reflected in the gravity field, such as, for exam-
ple, a highly dislocated Upper Mesozoic complex of
sediments which lying below the eroded surface of Up-
per Cretaceous sediments (“P” horizon), the MRA
method turned out to be more effective [1,16-18]. The
desired burial depth of the boundary of heterogeneities
H in this case is represented as a next polynomial:

H=a,+a; Agpoug +a, Ags +as-
AgBoug2 + a4Ag30ug -Ags + as 'Agsz (7)

Where ao, a; are the regression equation coeffi-
cients; Aggoug, Ags are Bouguer anomaly, local anom-
aly and other gravity transformers.

The essence of correlation methods for predicting
the boundaries of density inhomogeneities of rocks can
be illustrated by the example of a model of a separate
seismic-gravimetric profile pro file (Fig. 6). The quan-
tized values of the initial data are shown below (Table
1). This figure shows a gravity curve along a 10 km
profile, and at the bottom of the section the interface
between two media with different densities is shown.
As can be seen, there is a correlation between gravity
survey data and the depth of the interface according to
seismic survey or drilling data. Moreover, from a math-
ematical point of view, this relationship will be inverse,
so we will predict this boundary using the formula:

Hpi = (8)

Here Hpi are the predicted depth values; Ag; -
gravity values; a is the coefficient of the regression
equation.
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Fig.6. Model of a separate seismic -gravimetric profile

Table 1
Values of gravity and depth of the density boundary on the reference profile
Ne 1 2 3 4 5 6 7 8 9 10
Ag; 1.9 1.6 1.4 1.4 1.6 1.9 2.3 2.4 2.2 1.8
H; -2.0 -3.0 -3.5 -3.5 -3.2 -2.5 -2.0 -1.7 -2.0 -2.5
The coefficient of the regression equation is found Using this formula on the computer, the calculated
using the least squares method using the formula: value is a = 4.67. The results of calculating the pre-
dicted values of the interface depth and the initial data
o, H, are shown below (Table 2). Based on the calculation
Z A results using the EXEL program, a graph of the pre-
a= 'nzlig' ' (8) dicted seismogravimetric profile was constructed (Fig.
Z 1 7). As can be seen, the predicted interface between the
i1 AJ iz two media (shown in black on the graph) coincides well

with the actual boundary and the standard deviation
where Hi, Ag;_are the current values of depth and ~ does not exceed approximately 200 m.
gravity on the model reference profile.

Table 2
Results of calculation of predicted values of interface depth
Ne 1 2 3 4 5 6 7 8 9 10
Ag; 1.9 1.6 1.4 1.4 1.6 1.9 2.3 2.4 2.2 1.8
H; -2.0 -3.0 -3.5 -3.5 -3.2 -2.5 -2.0 -1.7 -2.0 -2.5
H;progn -2.4 -2.9 -3.3 -3.3 -2.9 -2.5 -2.0 -1.9 -2.1 -2.6
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Fig.7. Predictive seismic-gravimetric profile model
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Conclusions:

1. Methods for predicting areas and boundaries of
density heterogeneity of rocks based on gravity survey
data are analyzed. It is shown that these methods belong
to the class of problems for solving inverse problems of
gravity exploration.

2. The model curve along the gravity profile with
a length of 8 km was compiled to predict areas of den-
sity heterogeneity of rocks using the GNORM Force-
Fortran program, which developed at the Department
of Geophysics.

3. Based on the compiled model of the gravity
curve, the initial data were prepared for work using the
GNORM program in accordance with the input opera-
tors and calculations of the full normalized gravity gra-
dient along the profile were performed for the number
of harmonics 10, 20 and 30 in the Fourier expansion.

4. Based on the results of calculating the values of
the full normalized gravity gradient using a graphical
program, sections of the full normalized gravity gradi-
ent along the profile were constructed for depths up to
7 km with a step of 1 km. Analysis of these sections
showed, firstly, the effectiveness of the GNORM pro-
gram for predicting areas of density heterogeneity of
rocks, and secondly, the possibility of selecting the op-
timal number of harmonics in the absence or insuffi-
ciency of a priori information.

5. The mathematical foundations of methods for
interpreting gravimetric data in combination with seis-
mic geological data are considered by establishing cor-
relations between them to predict the geological bound-
aries of density heterogeneity of rocks on the bases of
results of statistical analysis.

6. Correlation methods of interpreting gravita-
tional data, correlation methods of field separation and
multidimensional regression analysis are analyzed, as
well as algorithmic support for these method was de-
veloped at the Department of Geophysics.

7. A correlation connection has been established
between gravity and seismic model data on the refer-
ence profile of the study. A feedback relationship has
been established between geophysical data on this pro-
file. Based on the established feedback, the values of
the depths of the interface of the density heterogeneity
of rocks were predicted using modern graphical soft-
ware.

8. The research results obtained can be used to
guide further gravimetric survay and to identify oil and
gas promising areas of density heterogeneity of rocks.
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Xiilaso

Tadqiqatin magsadi — Magsadin strategiyada rolunun qiymstlondirilmasi.

Tadgiqatin metedologiyas: — Arasdirmada miiqayisali tohlil isulundan istifado olunmusdur.

Tadgiqatin tadbiqi shamiyyati — Arasdirmanin osas miiddealart magsadin diizgiin miioyyan edilmasi ilo
strategiyalarin hazirlanmasinda miisbot natico alds olunmasi.

Tadgiqatin naticalari — Malum olur ki, miiassisanin adekvat maqsadlori mahsulun inkisafi, daxili miihit, xarici

miihit amillori ila six baghdir.

Toadgiqatin elmi yeniliyi — idaroetmado strategiyalarin magsaddon istifads asilili1 asaslandiriimisdar.

Abstract

The purpose of the study — Assessing the role of goals in strategy.

Methodology of the research — The comparative analysis method was used in the research.

The applied importance of the research — The main provisions of the research are to achieve a positive
result in the development of strategies with the correct definition of the goal.

Results of the study — It turns out that adequate goals of the enterprise are closely related to product
development, internal environment, and external environment factors.

Scientific novelty of the research — The dependence of strategies in management on the purpose of use is

justified.

Acar sozlar: strategiya, mogsod, layiho, missiya, miiossiso.
Keywords: strategy, goal, project, mission, enterprise.

Giris. Strategiya, on {imumi formada, gqarsiya
goyulmus moagsade nail olmaq iig¢iin programdir:
layiholor vo planlar, onlarin morhalolori, araliq
magsadlori, son tarixlor, resurslar va s. Ustalik, qarstya
goyulan magsad nadan ibaratdirse, ona nail olmagq tigiin
konkret strategiya da belo olacaq. ©lda edilon natico
toxminon eyni olacaq, ¢linki moqsed go6zlonilon
naticadir. Vo natico ilk ndvbade mogsadin &ziinden
asilidir. Magsad az qiymotlondirilse, natico do asagi
giymotlondirilocokdir. Magsad ¢ox yiiksokdirsa, heg bir
notico oldo etmays bilorsiniz. Maqgsad iiciin osas
toloblorden biri do onun olds edils bilon olmasidir.
Ancaq optimal magsad qoymaq - maksimum, lakin slds

edilo bilon, tocriibenin gostordiyi kimi, miasir
idaraetmonin on ¢atin masalasidir.
Materiallar Vo metodlar. Magsadin

miuayyanlagdirilmasi marhalalarina nozar salag. ©ksor
miossisolorin - imumi  mogsadi  sosial-igtisadi
magsaddir - miiessiso comiyyatde noys nail olmaq
istoyir, hansi iqtisadi effekt aldo etmok istoyir vo hansi
foaliyyot sahosindadir. Foaliyyot dairasi iso mogqsad
goymazdan ovval yaranan ilk sualdir, miisssisonin
missiyasi, onun comiyyatdo movcudlugunun sosial
monast. Vo onun aldo edilo bilon sosial veo iqtisadi

magsadlori  oesason miiassisonin  hanst  missiyani
segmosindon asilidir.
Moqgsad toyin etmodon ovval ikinci sual

miiossisonin siyasotidir: normalar, onun foaliyyatinin

qaydalari, prinsiplori. Moagsadlor do, strategiya da
onlardan asilidir. Masalon, biz Tigilincii toroflorin
vasaitlorinin calb edilmasi siyasatini gabul etsak, o
zaman bizim moqgsadlorimiz vo strategiyamiz eyni
olacaq, ancaq 6z daxili ehtiyatlarimizdan istifads etsok,
forqli olanlarimiz olacaq [1, s.97]. Missiya vo siyasot
haqqinda qorar verorok, biz, prinsipco, miiossisonin
magsadini toyin eds bilarik, lakin bu, yalniz daxili vo
xarici mithitin biliyi vo proqnozlasdirilmasi osasinda
adekvat sokildos edilo bilor

Qotiyyatlo deyo bilorik: mogsadsiz strategiya
yoxdur. Halbuki, Belinskinin 200 il avval dediyi kimi,
maragsiz moqsad, moqgsadsiz iso foaliyyst yoxdur.
Bunu hom psixologlar, ham ds sosiologlar daha sonra
gostordilor. Vo foaliyyot olmadan he¢ bir natico
olmayacaq. Bu, qarsiya qoyulmus mogsads ¢atmag,
verilmis yekun naticoni aldo etmok {iiglin motivasiya
masalasidir. Vo bu ¢ox vacib sualdir: istifade olunan
motivasiya sistemindon asili olaraq slds edilo bilon
natica 100 il avval Frederik Taylorun gostordiyi kimi
faizlo deyil, bir ne¢o dofo doyisir [2, s.79]. Miivafiq
olaraq, miiassisonin qarsisina qoya bilacoyimiz moqsad
gabul edilmis motivasiya sisteminden asilidir. Vo
moqgsad qoymazdan ovval yeno do motivasiya
mosolosini  nozordon kegirmok lazimdir vo ogor
motivasiya sistemi komandani maksimum magsadlor
qoymaga vo onlara nail olmaga yonaltmir vo safarbor
etmirso, islonib hazirlanan strategiyada hodoflori
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doyisdirmak iiclin miivafiq layiholori tomin etmok
lazimdir. Eynilo miiassisanin yekun naticolering tasir
edon digor masaloalorla: foaliyyatin togkili (motivasiya
yalniz togkilatin bir hissasidir), texniki tachizat va s.

Beloliklo, moagsod qoymazdan ovvel daxili
miihitin biitlin digor mosoalolorini digqotlo nozordon
kegirmok, miiossisonin alds eds bilacoyi maksimum
alds edilo bilon magsadlari miiayysn etmak lazimdir.
Burada son doroco vacib bir fakt var: ogor komanda
yiiksok mogsodlora ¢atmaga hovaslidirso, o, 06zii
maksimum oldo edilo bilon mogsadlori doaqiq
miloyyonlosdiracok vo qarsiya qoyacaq, bu mogsadlora
catmagin yollarm1 miioyyon edocok. Oks toqdirdo,
komanda  minimal  mogsadlor qoyacaq Vo
osaslandiracaq vo bununla inzibati tisullarla miibarizo
aparmagq praktiki olaraq faydasiz olacaq.

Haqigoton aldo edilo bilon moagsadlor miiossisonin
mohsullarini istehlak edon vo miivafiq iqtisadi notico
veran xarici muhitdon vo olbotto ki, miiossisonin
mohsullarinin 6ziinden asilidir - moshsullar tsloblors
cavab vermirso istehlak¢ilarin ehtiyaci olsa, onu heg
kim almayacaq, miiossiss iqtisadi effekt vermayacok vo
sosial olmayacaq. Miiassisonin magsadini yalniz xarici
miihiti nozors almagqla, zorurot yarandiqda onu lazimi
istiqgamoatds doyisdirmok iiciin strategiya layihslorini
daxil etmoklo miioyyon etmak olar.

Bundan slavs, raqiblarin va analoglarin tahlili biza
onlarin siyasatlorini, togkilini, performans naticalorini
miioyyan etmaya va onlar1 dziimiizlo miiqayise etmoya
imkan verir. Vo bu, =zahiri olaraq miisssisonin
magsadlari liglin miioyyan mshdudiyyatlar qoya bilar -
asag1 hodd roqabaot qabiliyyastinin astanasindadir, yuxari
haddi iso sonayesindoki maksimum noticolordon bir
godor yuxari saviyyadadir.

Mbohsullar1 aragdirdiqdan, daxili vo xarici miihiti
tohlil etdikdon vo maksimum somaorsliliyi tomin etmok
iclin onlarin na olmasi lazim oldugunu basa diigditkdon
sonra haqiqaton, rogabot miihitindo miiossisomiz
haqqinda tmumi baxig oldo edirik. Qobul edilmis
siyasatlor ¢orcivesindo maksimum olds edilo bilon
magsadlori toyin etmoys vo onlara nail olmaga,
maksimum somaraliliya vo roqabst gabiliyystine nail
olmaga imkan versn miisssisonin vizyonu daxildir.
Yalniz qeyd olunan biitiin masalolorin kompleksini
nozordon kegirdikdon sonra miiassisonin oldo edilo
bilon maksimum moqsadini adekvat gokildo toyin
etmok olar vo sonra ona nail olmaq ii¢iin strategiya
hazirlamaga - bu moqsado c¢atmaga aparan bir sira
tadbirlori milayyan etmoya baglaya bilarsiniz [3, s.30].

Missiya, qeyd edildiyi kimi, miiassisonin
comiyyotdoki mogsadi, sosial zoruri moagsadlorin
formalagdirilmasi, miiossisonin Shdasine gdtiirdiiyii
nailiyyatlor, miiassisonin osas siyasatidir. Missiya
nainki miiassisonin faaliyyat istigamatini gostarir, ham
do komandanin faaliyystini moqsadlerine ¢atmaga
yonoaldan giiclii geyri-maddi stimuldur.

Eyni zamanda, miiossisonin  formalasmis
missiyasi bizo birbasa miiessisonin mogsodini toyin
etmoys imkan vermir. Magsed kimi missiya
motivasiyada rol oynayir. Bazar yeri iso daxili vo xarici
miihitdo, miiossisonin mohsullarindadir.

Naticolor vo miizakira. Beloliklo, mogsad
goymagin asas yollari li¢ sahado gostaricilors asaslanir:
mohsullar, xarici vo daxili miihit. Yalmz bu
gostariciloro malik olmagqla, miiessisonin adekvat

moqsadlorini vo miiossisonin inkisafi {igiin on sorfali
istiqgamatlori miiayyan etmak olar:

o mahsulun inkisafi;

o daxili miihit  (mahsul
edilmasi),

o xarici mitihit (mahsullarin istehlakinin tomin
edilmasi).

Xiisusilo qeyd etmok lazimdir ki, miiossisonin
noaticosini miilkiyyot¢i, miiossisonin direktoru deyil,
miiessisonin biitiin kollektivinin amayi ilo alds edir.
Ona goro do hor kos, o climlodon miiossiso rohbari,
iyerarxiyanin biitlin saviyyolerindo olan struktur
bolmalarinin rohbarlori vo har bir ig¢i maksimum oldo
edilo bilon hadafin garsiya qoyulmasi va ona nail olun-
masinda maraqli olmalidir. Hor kosin 6z istehsal
magsadi vo ona nail olmaqda marag1 (motivi) olmali vo
0z soxsi gozlonilon noticasini bilmalidir.

Miivafiq olaraq, yalniz miiossisonin maksimum
oldo edilo bilon mogsadini deyil, hom do miiossiso
iyerarxiyasinin  biitlin  soviyyslorinde "moqsadlar
agact", maksimum oldo edilo bilon mogsadlori inkisaf
etdirmok lazzimdir. Ancaq bu sads vo aydin sualdan
uzaqdir; bu, strategiyalar agacinin, mogsadlor agacinin,
togkilati strukturun 6ziiniin (miiessisonin moqsadi vo
strategiyasina on uygun olani), iyerarxik planlarin,
biznes proseslorinin sinxron inkisafidir. Eyni zamanda,
ham maoqsadlarin tfligleri, ham ds onlara nail olmaq
lclin planlarin toforriiatlart iyerarxiyanm miixtolif
saviyyslarinds farqli olacaqdir. Miixtslif soviyyslorda
moqsad va strategiyalarin sabitliyi do forglidir. Daxili
v xarici miihitin sapmalarindan maksimum dsracada
asilt olaraq asagi soviyyolorin moqsadlori vo otrafll
strategiyas1 qisamiiddatli vo kifayat qodor dinamikdir.
Doyison goraitdo yuxart soviyyelorin strategiyasinin
sabitliyini vo miiossisonin mogsadlorino ¢atmasini
tomin etmak ii¢lin onlar dinamikdir.

Yekun natica. Artiq geyd etdik ki, o, maksimum
alda edilo bilon mogsadlari (tobii ki, etik standartlara
uygun olaraq) miloyyon etmok vo onlara nail olmaq
iqtidarinda olan effektiv miiossisadir. Somaraliliyin 6zii
iso maksimum oldo edilo bilon moagsadlori miioyyon
etmok vo onlara nail olmaq bacarigidir. Bu, yalniz
maksimum oldo edilo bilon mogsadlorin goyulmasi
miiossisonin  biitiin iyerarxiyast boyunca iki oks
istigamotds - yuxaridan asagiya vo asagidan yuxariya
getdikdo miimkiindiir. Hom togkilat¢iliq, hom do
Oziiniitosgkilat prinsiplori hagqinda qeys oluna bilar. Vo
togkilatin osas vazifalorinden biri  Oziiniitagkilati
formalasdirmaq vo saxlamaqdir.

istehsalinin  tomin

Odabiyyat siyahisi

1. Boiinep M. MHCTpyMEHTHI 6€pEXIMBOTO MPO-
U3BOJICTBA: MUHH-PYKOBOJICTBO 10 BHEJIPEHUIO METO-
UK OepeXIIMBOTO MPOU3BOACTBA. - M.: AnbnuHa [1ab-
mumep. 2012. - 125 c.

2. Kemuyros A.M., Kemuyros M.K. Llens npen-
MIPUSITHSL ¥ CTpaTerus ee pocTivkeHus. Konnenryans-
HbIE OCHOBBI // [Ipo6IIEeMBI TEOPHUHU M IPAKTHKH yIIPaB-
JeHUSI: MeXAyHap. )KypH. - 2014. - Ne 5. - C. 75-80.

3. XKemuyros A. M., Kemuyros M. K. CoBpemen-
Hasl OpraHu3anys: IepeBo Iemei -aepeBo cTpaTerui //
[TpoGnemMbl 5SKOHOMUKH 1 MeHeKMeHTa. - 2013. - No 5.
- C.21-35.



36

Slovak international scientific journal # 83, (2024)

OPTIMIZING PRODUCTION MANAGEMENT: STRATEGIES FOR EFFICIENCY AND QUALITY

Abstract

Ibrahimova N.,

Nakhchivan State University
Nakhchivan, Azerbaijan

ORCID ID: 0009-0006-2786-8899
Aliyeva N.

Nakhchivan State University
Nakhchivan, Azerbaijan

ORCID ID: 0009-0002-3108-4094
DOI: 10.5281/zen0do.11188955

In the dynamic landscape of modern manufacturing, optimizing production management stands as a critical
imperative for organizations striving to remain competitive. This article delves into the intricacies of production
management, focusing on strategies tailored to enhance both efficiency and quality. Through a comprehensive
examination of industry best practices and innovative methodologies, the article explores how the integration of
advanced technologies, such as automation and data analytics, can revolutionize traditional production paradigms.
Furthermore, it delves into the importance of fostering a culture of continuous improvement and employee em-
powerment to drive operational excellence. By synthesizing insights from diverse sectors and real-world case
studies, this article offers actionable guidance for production managers seeking to navigate the complexities of
today's manufacturing landscape and achieve sustainable success.

Keywords: production, efficiency, manufacture, enterprise, quality.

Introduction

In today's dynamic business landscape, the mantra
of success for any manufacturing enterprise reverber-
ates around two key pillars: efficiency and quality. As
industries evolve and consumer demands become in-
creasingly nuanced, the pressure mounts on production
managers to navigate a complex web of challenges
while ensuring seamless operations and top-notch prod-
uct standards. Enter the realm of production manage-
ment, where the orchestration of resources, processes,
and personnel holds the key to unlocking operational
excellence.

This article delves into the heart of production
management, exploring a myriad of strategies tailored
to enhance efficiency and uphold uncompromising
quality standards. From harnessing cutting-edge tech-
nologies to fostering a culture of continuous improve-
ment, the quest for optimization encompasses multifac-
eted approaches that resonate with the core ethos of
modern manufacturing. Join us as we embark on a jour-
ney through the realm of production management, un-
covering actionable insights, best practices, and inno-
vative solutions designed to propel your organization
towards unparalleled efficiency and excellence [1].

In an era defined by rapid technological advance-
ments and ever-evolving market dynamics, the land-
scape of production management is undergoing a pro-
found transformation. Gone are the days of traditional,
siloed approaches; instead, forward-thinking enter-
prises are embracing a holistic perspective that inte-
grates digital innovations with time-honored principles
of operational excellence. At the heart of this paradigm
shift lies the pursuit of efficiency — the relentless quest
to minimize waste, optimize resource utilization, and
streamline workflows. Yet, efficiency alone is not suf-
ficient to guarantee success; in an era where consumer
expectations soar to unprecedented heights, the imper-
ative to deliver uncompromising quality looms large.
Hence, the synthesis of efficiency and quality emerges

as the cornerstone of effective production management,
underpinning every facet of organizational perfor-
mance.

Through this exploration, we aim to dissect the
anatomy of successful production management, offer-
ing a roadmap that empowers leaders to navigate the
complexities of the modern manufacturing landscape
with confidence and clarity. From the adoption of agile
methodologies to the embrace of data-driven decision-
making, the strategies elucidated herein represent a tap-
estry of proven tactics and innovative approaches, me-
ticulously woven to foster operational excellence and
drive sustainable growth. Join us as we embark on a
voyage of discovery, unraveling the intricacies of pro-
duction management and illuminating the path towards
a future where efficiency and quality converge to rede-
fine the boundaries of possibility [2].

In the fast-paced world of manufacturing, optimiz-
ing production management stands as a beacon of com-
petitiveness and sustainability. Efficiency and quality
serve as the bedrock upon which successful production
operations are built. In today's hyper-competitive land-
scape, where markets evolve swiftly and consumer ex-
pectations continue to escalate, mastering the intrica-
cies of production management is no longer an op-
tion—it's a necessity for survival and growth.

Efficiency and quality are not merely buzzwords;
they represent the essence of operational excellence.
Efficiency encompasses the judicious use of resources,
streamlined processes, and swift execution, while qual-
ity denotes the ability to meet or exceed customer ex-
pectations consistently. Balancing these two elements
requires a nuanced approach, integrating strategies that
enhance productivity without compromising on prod-
uct integrity. In this comprehensive guide, we delve
deep into the realm of production management, unrav-
eling a plethora of strategies meticulously crafted to op-
timize efficiency and quality. From the adoption of lean
manufacturing principles to the integration of cutting-
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edge technologies and the cultivation of a culture of
continuous improvement, we explore the multifaceted
landscape of production management, offering action-
able insights and practical advice for organizations
striving to stay ahead of the curve.

Lean Manufacturing: Streamlining Processes
for Enhanced Efficiency and Quality

At the heart of efficient production management
lies the philosophy of lean manufacturing. Originating
from the Toyota Production System, lean principles ad-
vocate for the elimination of waste across all facets of
production. Waste, in this context, refers to any activity
that does not add value to the end product, be it excess
inventory, unnecessary motion, overproduction, de-
fects, or underutilized talent. One of the foundational
concepts of lean manufacturing is value stream map-
ping—a systematic approach to identifying and visual-
izing every step in the production process, from raw
materials to finished goods. By meticulously analyzing
value streams, organizations can pinpoint inefficien-
cies, identify bottlenecks, and devise targeted interven-
tions to streamline workflows and optimize resource
utilization. Furthermore, the 5S methodology—sort, set
in order, shine, standardize, and sustain—provides a
framework for organizing the workplace, minimizing
clutter, and fostering a culture of cleanliness and order-
liness. By standardizing processes and ensuring work-
place discipline, organizations can create an environ-
ment conducive to productivity and quality.

Just-in-Time (JIT) production is another corner-
stone of lean manufacturing, emphasizing the timely
delivery of materials and components to the production
line, thereby minimizing inventory costs and reducing
lead times. By synchronizing production with customer
demand, organizations can eliminate excess inventory,
lower carrying costs, and respond swiftly to market
fluctuations [3].

Lean manufacturing is a powerful methodology
aimed at streamlining processes to enhance efficiency
and quality within manufacturing operations. Originat-
ing from the Toyota Production System (TPS) in the
1950s, lean principles have since been adopted by or-
ganizations worldwide, revolutionizing the way prod-
ucts are made and improving overall business perfor-
mance. At its core, lean manufacturing is centered
around the elimination of waste, which refers to any ac-
tivity that does not add value from the customer's per-
spective. This waste can manifest in various forms, in-
cluding excess inventory, unnecessary motion, over-
production, defects, waiting time, and underutilized
talent. By identifying and eliminating these inefficien-
cies, lean manufacturing strives to create a leaner, more
agile, and more responsive production system. One of
the foundational concepts of lean manufacturing is
value stream mapping (VSM), a visual tool used to an-
alyze and optimize the flow of materials and infor-
mation throughout the production process. By mapping
out every step in the value stream—from raw materials
to finished products—organizations can identify bottle-
necks, redundancies, and opportunities for improve-
ment. This enables them to design a more streamlined
and efficient production flow, reducing lead times,

minimizing inventory levels, and increasing overall
throughput.

Additionally, lean manufacturing emphasizes the
importance of continuous improvement, known as kai-
zen, which encourages employees at all levels of the
organization to identify and implement small, incre-
mental changes to improve processes and eliminate
waste. This culture of continuous improvement fosters
innovation, empowers employees, and ensures that the
organization remains adaptable and responsive to
changing market conditions [4].

Furthermore, lean manufacturing promotes the
concept of standardized work, which involves docu-
menting and optimizing the best practices for perform-
ing tasks within the production process. By standardiz-
ing work processes and procedures, organizations can
ensure consistency, reduce variability, and improve
overall quality. In summary, lean manufacturing offers
a comprehensive framework for streamlining pro-
cesses, reducing waste, and enhancing efficiency and
quality within manufacturing operations. By embracing
lean principles and methodologies, organizations can
achieve significant improvements in productivity, cost-
effectiveness, and customer satisfaction, positioning
themselves for long-term success in today's competi-
tive marketplace.

Integration of Advanced Technologies: Driving
Efficiency and Enhancing Quality

In an era defined by technological innovation, the
integration of advanced technologies has emerged as a
game-changer in production management. Automation,
robotics, artificial intelligence (Al), and the Internet of
Things (IoT) are revolutionizing manufacturing pro-
cesses, enabling organizations to achieve unprece-
dented levels of efficiency and quality.

Automation plays a pivotal role in streamlining re-
petitive tasks, reducing human error, and increasing
throughput. Automated assembly lines, robotic arms,
and automated material handling systems can signifi-
cantly boost productivity while ensuring consistency
and precision in product assembly. Moreover, Al-
powered predictive analytics are transforming the land-
scape of maintenance management, enabling organiza-
tions to anticipate equipment failures before they occur.
By analyzing sensor data and historical performance
metrics, Al algorithms can identify patterns indicative
of impending failures, allowing maintenance teams to
take proactive measures to prevent unplanned down-
time and minimize disruptions to production.

Data-driven decision-making is another hallmark
of modern production management, leveraging the vast
amounts of data generated by production processes to
inform strategic decision-making. By harnessing ad-
vanced analytics tools, organizations can gain valuable
insights into production performance, identify areas for
improvement, and optimize processes to enhance effi-
ciency and quality continually [5].

Integrating advanced technologies is crucial for
driving efficiency and enhancing quality in today's
competitive business landscape. Here's a comprehen-
sive approach on how organizations can effectively in-
tegrate advanced technologies to achieve these goals:

1. Assessment of Current Processes:
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Identify Pain Points: Conduct a thorough assess-
ment of existing processes to identify inefficiencies and
areas where quality can be improved.

Understand Requirements: Understand the spe-
cific needs and requirements of your organization to
tailor technology integration accordingly.

2. Strategic Planning:

Alignment with Objectives: Ensure that the inte-
gration of advanced technologies aligns with the organ-
ization's strategic objectives and long-term vision.

Prioritize Investments: Prioritize technologies that
offer the highest potential for improving efficiency and
quality while maximizing return on investment.

3. Selection of Technologies:

Automation and Robotics: Implement automation
and robotics solutions to streamline repetitive tasks and
reduce errors, thereby enhancing efficiency and quality.

Al and Machine Learning: Utilize Al and machine
learning algorithms to analyze data, optimize pro-
cesses, and predict potential quality issues before they
occur.

10T and Sensors: Deploy 10T devices and sensors
to monitor equipment performance, track production
processes in real-time, and ensure adherence to quality
standards.

Advanced Analytics: Leverage advanced analytics
tools to gain actionable insights from data, identify
trends, and make data-driven decisions to improve
quality and efficiency.

4. Integration and Connectivity:

Interoperability: Ensure seamless integration and
interoperability of different technologies and systems
to enable smooth data flow and communication across
the organization.

Cloud Computing: Embrace cloud-based solutions
to facilitate accessibility, scalability, and collaboration
while reducing infrastructure costs [6].

5. Employee Training and Upskilling:

Training Programs: Provide comprehensive train-
ing programs to equip employees with the skills and
knowledge needed to effectively utilize advanced tech-
nologies.

Encourage Adoption: Foster a culture of continu-
ous learning and experimentation to encourage employ-
ees to embrace new technologies and drive innovation.

6. Quality Assurance and Control:

Real-Time Monitoring: Implement real-time mon-
itoring systems to track quality metrics and detect devi-
ations from standards promptly.

Quality Management Software: Deploy quality
management software to standardize processes, auto-
mate workflows, and ensure compliance with quality
standards and regulations.

7. Continuous Improvement:

Feedback Mechanisms: Establish feedback mech-
anisms to gather insights from employees and custom-
ers for ongoing improvement of processes and prod-
ucts.

Iterative Approach: Adopt an iterative approach to
technology integration, continuously refining and opti-
mizing processes based on feedback and performance
data.

8. Data Security and Privacy:

Security Measures: Implement robust cybersecu-
rity measures to protect sensitive data and ensure com-
pliance with privacy regulations.

Ethical Use: Ensure ethical use of data and tech-
nology, adhering to principles of transparency, ac-
countability, and fairness.

9. Supplier and Partner Collaboration:

Collaborative Relationships: Foster collaboration
with technology suppliers and partners to stay updated
on the latest advancements and best practices.

Co-Innovation: Explore opportunities for co-inno-
vation and co-development of customized solutions to
address specific business needs [7].

10. Continuous Evaluation and Adaptation:

Performance Metrics: Define key performance in-
dicators (KPIs) to measure the impact of technology in-
tegration on efficiency and quality.

Iterative Improvement: Continuously evaluate the
performance of integrated technologies and processes,
making adjustments as needed to optimize outcomes.

By following these steps and integrating advanced
technologies strategically, organizations can drive sig-
nificant improvements in efficiency, quality, and com-
petitiveness, ultimately leading to sustained growth and
success.

Cultivation of a Culture of Continuous Im-
provement: Empowering Employees for Success

While technology undoubtedly plays a crucial role
in optimizing production management, true transfor-
mation requires more than just technological solu-
tions—it demands a cultural shift within the organiza-
tion. Cultivating a culture of continuous improvement
is essential for fostering innovation, empowering em-
ployees, and driving sustainable improvements in effi-
ciency and quality. At its core, a culture of continuous
improvement encourages employees at all levels of the
organization to actively participate in problem-solving,
share ideas for improvement, and take ownership of
their work. By fostering a sense of ownership and ac-
countability, organizations can tap into the collective
wisdom of their workforce, unlocking untapped poten-
tial and driving meaningful change. Moreover, em-
ployee training and development play a vital role in
equipping workers with the skills and knowledge
needed to excel in their roles. By investing in employee
training programs, organizations can empower their
workforce to adapt to changing technologies, embrace
new methodologies, and drive continuous improvement
initiatives [8].

Furthermore, effective communication and collab-
oration are essential for fostering a culture of continu-
ous improvement. By facilitating open communication
channels and encouraging cross-functional collabora-
tion, organizations can break down silos, promote
knowledge sharing, and leverage the diverse perspec-
tives of their workforce to drive innovation and im-
provement.

Conclusion:

In conclusion, optimizing production management
is a multifaceted endeavor that demands a holistic ap-
proach. By embracing lean manufacturing principles,
integrating advanced technologies, and cultivating a
culture of continuous improvement, organizations can
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unlock new levels of efficiency and quality in their pro-
duction operations. In an increasingly competitive mar-
ketplace, mastering these strategies is essential for stay-
ing ahead of the curve, delivering value to customers,
and ensuring long-term success and profitability.
Through the implementation of various strategies dis-
cussed in this article, such as lean manufacturing, auto-
mation, supply chain integration, and continuous im-
provement methodologies, companies can enhance
their operational efficiency, minimize waste, and meet
evolving customer demands.

By adopting a holistic approach that encompasses
technology, process optimization, and employee em-
powerment, businesses can streamline their production
processes, reduce costs, and improve overall quality.
Moreover, fostering a culture of innovation and adapt-
ability enables organizations to respond swiftly to mar-
ket changes and stay ahead of the curve.

While the journey towards optimized production
management may present challenges, the rewards in
terms of increased productivity, enhanced customer
satisfaction, and sustainable growth are substantial.
Embracing these strategies not only positions compa-
nies for success in the present but also equips them to
navigate future disruptions and thrive in an ever-evolv-
ing marketplace. Ultimately, by prioritizing efficiency
and quality in production management, businesses can
unlock their full potential, drive profitability, and estab-
lish themselves as industry leaders in the global market.
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INTRODUCTION. The Sustainable
Development Goals (SDGs) program of the United
Nations recommends that the poor, rich and middle-
developed countries of the world focus their activities
on improving the well-being of the population and
ensuring the protection of our planet. Efforts to
eradicate poverty require increasing economic activity
in order to increase economic growth and address a

number of challenges, such as education, health, social
protection and employment. For this, it is planned to
double the share of production in the gross domestic
product (GDP), for which countries will spend
approximately 1.051 billion US dollars annually [1].

It is known that the main source of income of the
budget is tax revenue (Tab.1).

1- Table

The share of tax revenues in the budget revenues of states, %

T/r Countries Share of tax revenues in the state
budget, %
1. USA 95.5
2. Great Britain 90.0
3. Belarus 90.0
4, Bulgaria 45.0
5. Germany 89.0
6. Italy 80.0
7. Russia 90.0
8. Czechia 68.5
9. Kazakhstan 83.0
10. Kyrgyzstan 68.0
11. Uzbekistan 94.0

Source: Prepared by the author based on information from https://ru.wikipedia.org/wiki.

Taxes are formed due to the redistribution of in-
come of business entities in the order and norms estab-
lished by the legislation.

Research methodology. Methods such as logical
thinking, analysis, synthesis, comparison and grouping
are used in order to conduct research on the topic and
justify the results.

Analysis of literature on the topic.
0O.D.Yevseyev [2], I|.I.Mazur, V.D.Shapiro [3],
M.Robson, M.Ullakh [4], A.G.Rindin, G.A.Shamayev
[5], M.Hammer, J.Champi [6] about organizations of
business entities and their specific features, J.H.Martin
[7], M. Porter, V. Millar [8], A V Radchenko [9] were
studied in the works of scientists.

[IMazur and VDShapiro give opinions that the
business process is a systematic closed process,
M.Robson, M.Ullakhlar work system, M.Hammer,
J.Champilar the stages of activity and its results, A.V.
Radchenko gives the opinion that the organization's
activities are aimed at making a profit.

The role of taxes in the formation of state revenues
and theoretical issues of regulating tax relations A.
Temur [10], A. Smith [11], D. Ricardo [ 12 ] were stud-
ied in classic works.

Problems of tax administration improvement,
Sh.Toshmatov [13], T.Malikov [14], B.Israilov [15],
B.Tashmurodova [16], N.Khaydarov [17], B.lbra-
gimov [18] it has also been studied in the research of
Uzbek scientists.

The first group of analyzed authors focused only
on the business process in their work. The second group
of scholars describes their views on taxes and their role
in the formation of the state budget and tax administra-
tion. In the studies, the specific characteristics of busi-
ness entities and the need to support them were not suf-
ficiently evaluated in the works of scientists. Analyzing
the work of scientists, it is possible to observe the ten-
dency to prioritize the interests of the state in the study
of business and state relations.

In the framework of the article, we focused on the
analysis of the role of factors related to business devel-
opment due to the fact that the importance of business
subjects in the life of the state and society is of great
importance in the conditions of market relations.

Analysis and results. There are many factors
affecting business activity, and they can be divided into
economic, political, legal and technological factors. In
order for a businessman or manager to ensure the
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effectiveness of his activities, it is necessary to study
and analyze each factor that affects the business result.
Because management requires choosing the most

Internal
factors

External
factors

convenient option for business. Factors that affect the
efficiency of business results are grouped into internal
and external factors (Figure 1).

Figure 1. A group of factors affecting business results.

Internal factors affecting the business result are
factors that occur in the subject and can be eliminated
by his efforts. These factors are interrelated and are
typical for any business entity. Such factors are an
increase (decrease) in the amount of profit ; increase
(decrease) in production volume ; increase
(deterioration) of product quality ; increase (increase)
in product cost p a ; affects the increase (decrease) in

BUSINESS INFLUENCER
INTERNAL FACTORS

the volume of product sales. The negative impact of
these factors depends on the efforts of business entity
managers to eliminate or reduce them. Scientifically
correct organization of activities and constant efforts to
solve problems can prevent the negative impact of these
factors on business results. It is appropriate to study and
analyze the composition of these factors into the
following groups (Figure 2).

economic

organizational

production

B technical and
technological

related to
personnel

social

related to
marketing

Figure 2. Classification of factors affecting business results i.

This group of factors affecting business activity:

- factors related to production;

- divided into factors not related to production.

The category of factors related to production
includes the state of fixed assets, technologies, labor
and financial resources. Factors unrelated to production
are social issues of labor organization, personnel
supply, and environmental protection.

Also, internal factors related to production are
divided into extensive and intensive factors. Extensive
factors are related to the increase in the level of
quantity, in this case, the number of employees, the

number of equipment, and the amount of financial
resources are additionally involved. Under the
influence of intensive factors, a high result is achieved
due to the level of productivity.

There are several views of scientists regarding the
composition of factors influencing business activity
and their interrelation [19-22 ]. It is not unbiased to
consider the analysis of factors recommended by
scientists.

The cultural level of entrepreneurial activity of
business structures is reflected in their relations with
the state, clients and competing business entities. The
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final result of the business depends on compliance with
the rules of ethics and culture of its organization.
Business culture is part of the system of internal factors
affecting the result of its activity. Therefore, it is
necessary to study this issue.

Bankruptcy and inefficiency of business entities in
today's consumer market is characterized by non-
observance of the rules of business culture.

By culture, we usually mean dressing well,
speaking well, being quiet and not talking loudly.

Organizational culture is a system of shared
values, symbols, beliefs, and collective behaviors that
motivate a team's actions to achieve goals.

Employees

. 1
Resources | ° |

Business culture in business entities is not a
process that is formed in a day, two days or a week or
month. It is the norms of ethics generally recognized by
business structural structures, their members and
accepted by the community in a certain period of time.

The organizational culture of a business entity is
formed on the basis of the area where its purpose is
located, the beliefs, views and corporate ethics of the
main members of the team, and strict norms, principles,
trust and values that are the basis of relations and
interactions in the internal and external environment
(Figure 3).

Oreanizationa
| structure

Technology

Productar

il

Enterprise organizational culture

Figure 3. The environment for the formation of organizational culture of a business entity *.

Is manifested in the attitude of employees to each
other, tasks and solving their personal life issues, as
well as the approach of the business entity to these
events and incidents.

Business organizational structures, their partners
work based on these generally recognized rules in
problematic situations that arise during their activities.

Adherence to these standards is mandatory for all
employees and partners who recognize them.

The organizational culture of a business entity
cannot be forced on employees. Organizational culture
works well when it is consciously recognized by
employees. Researchers believe that it is necessary to
study the formation and change of organizational
culture in business organizations in connection with the
processes of organizational life stages.

The culture of a business entity begins to form
from the time when the idea of its organization appears.
During this period, the organizational culture is like a
baby and requires more attention from those around it.
During this period, the author has a high risk of making
a mistake due to the height of his desire to put his idea
into practice. At this stage of organizational culture, the
ability of the head of the business entity to take risks

and the characteristics of valuing the opinion of others
are important.

The second stage of the business entity's
organizational culture occurs when its office
architecture and team organization are not formed. This
phase will consist of hardship, economic hardship and
struggle for survival. Overcoming economic failure is
the result of the organizational culture and cohesion of
the business entity, and failure is a test and a lesson for
future challenges.

After overcoming economic helplessness and
failures, the next stage of growth of the organizational
culture of the business entity begins. In the eyes of the
market participants, the enterprise is not afraid of
economic difficulties and temporary failures, but finds
a positive solution with the unity of the team, and builds
respect and trust in the business entity among
customers. At this stage, the honest and responsible
operation of the business entity determines its future.
Because every mistake made at this stage causes doubts
about the trust that has arisen in relation to the business
entity. At this stage of the business entity's
organizational culture, the relationship between the
team and the management has not fully found its place.

L ACCA. "Invedeniye v finans y i upravleniye biznesom" (IFB). Textbook. Upravlenchesky uchet (Accountant and business).

2 KAPLAN PUBLISHING. 2019. Prepared on the basis of.
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Therefore, employees try to assign responsibility to the
leader, and the leader to the employees.

In modern business organizations, managers pay
attention to empowering employees and increasing
their responsibility in decision-making. At the growth
stage of the organizational culture, the relationship
between the business entity and the external
environment can be harmful. Therefore, the business
entity has to make many risks and mistakes at this stage.

The next stage of formation of organizational
culture in a business entity is called "youth stage" in
many literatures. At this stage, the business entity has
to go through a long and painful period. The business
entity transfers its powers to the employees and causes
the renewal of the organizational structure. The success
of this stage depends on the professionalism of the head
of the business entity, and due to the measures taken by
the head, a high degree of harmony and harmony is
ensured in the business entity.

Effective completion of the youth stage brings the
organizational culture of the business entity to the
"flowering stage". This stage is the stage that ensures
the interconnection of knowledge, goals, opportunities
and means of achieving them. If the business entity
does not rest on the success achieved at this stage, seeks
to attract new forces and new opportunities, and always
strives for renewal, its flowering stage will last.
Otherwise, a stabilization phase occurs.

The "sustainability phase" begins when a business
loses its cool, drunk from its heyday. At this stage, the
allocation of funds for scientific research by the
business entity is reduced and a simple development
path is chosen. A business entity is limited to past
successes, does not seek to innovate, and as a result,
development stops.

The "Blooming™ and "Stability" stages define the
middle age of a business entity. During this period,
documents are created that reinforce the slogans and
culture of the business entity. At these stages, the
business entity finds its place in society and the market.

After the "stage of stability”, the stage of
aristocratism in the life of a business entity begins. The
specific features of this stage are manifested in the
decrease in the allocation of funds for scientific
research and the increasing attention to the issues of
control and insurance and improvement. The image of
the organization is represented by behavior, behavior
and dress code. New innovations are not supported, as
a result, employees act to survive, not the business
entity. These circumstances mean that a new stage will
occur in the business entity.

The new stage of the life process of a business
entity is "initial bureaucracy". At this stage, the leader
blames the employees for the failure of the business
entity. Unemployment grows, the number of permanent
employees decreases, employees are constantly
renewed, and the management does not change. In the
business entity, the number of cases of blaming each
other increases, no one finds fault with himself. These
situations complicate the life processes of the business
entity and cause it to move to the last stage.

The last stage of the life cycle of a business entity
is the stage of "bureaucracy and completion”. At this

stage, the team loses trust in each other. Activity
information is hidden by employees. The management
does not pay attention to the negative impact of such
situations on the business result. As a result, the values
of the business organization are completely
undermined, and these situations cause the business
entity to go bankrupt or split up.

As a result of the analysis of the essence of the
stages of the life process of a business entity, it is
necessary to form an organizational culture and to
constantly update it based on the development of
society. Such an approach guarantees the long-term and
stable operation of the business organization.

The specific characteristics of the organizational
culture of a business entity are manifested in the
following cases.

1. The employee's knowledge of his place in the
business entity.

2. Accessibility and communication language.

3. These situations are expressed in written,
verbal and non-verbal forms of communication, "right
to call" and public relations.

4. Conversations can be carried out in such forms
as abviatua, gestures, slang, depending on the
characteristics of regions and industries.

5. Appearance, dress and behavior at work.

6. Habits, eating and drinking, traditions.
Namely, Employee meal plan, bringing from home,
using buffet cafe service, eating out, group meals.
Eating habits of managers, department heads and
employees.

7. Attitude and use of working time.

8. System of relations between team members.
That is, the formation of a system of relations based on
age, gender, status, scientific potential, knowledge,
experience, level. Level of communication formality,
availability of employee support and dispute resolution
procedures.

9. Values in a business entity. What is possible
and what is not possible. Valuable things in the
business entity for employees.

8. Attitude to the behavior of employees.

10. What is employee trust aimed at? That is,
employees trust the leader, the existence of a justice
system. Relationships with team members, colleagues
and clients.

11. The system of increasing the qualification and
knowledge of the employee.

12. The possibility to increase one's knowledge
and experience, the existence of conditions to support
it.

13. Work ethic and incentive system. Creation of
working conditions, proper distribution of duties.

In most business entities, the employee's internal
culture and knowledge of his place are valued. In some
business entities, the employee's disclosure of his mood
is encouraged. But some employees work best when
they work alone. In a business entity, employees who
achieve a better positive result in cooperation can also
be the majority.

While employees are considered the main factor in
shaping the organizational culture of a business entity,
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organizational culture is created and shaped by
managers and leaders.

The deterioration of the organizational culture of
a business entity can also occur as a result of the actions
of managers and leaders. The existence of the following
situations in which a business entity has arisen as a
result of the actions of managers and leaders can cause
the decline of the organizational culture of a business
entity:

» dissatisfaction of employees in the position of
management;

* inability of managers to form the basic values
of the workplace;

EXTERNAL FACTORS
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» absence of specific "slang" and "folklore" in
the business entity;

 use of
orientation;

* how to maotivate individual employees.

Formation of an organizational culture, which
deals with these situations and ensures the solution of
priority tasks and career growth, protects the business
entity from decline.

External factors affecting business activity and its
result are factors independent of the entity (Figure 4).

intimidation methods in labor

political

raw material

economic

ecological

demographic

innovative

Figure 4. General classification of external factors affecting business results

These factors directly and indirectly affect the
business result. This group of factors consists of a
number of factors, each of which affects the business
result. Therefore, it is appropriate to classify their

AFFECTING

ECONOMIC FACTORS

content accordingly for analysis. For example, the
general structure of the economic factors included in
this group can be seen in the diagram below (Fig. 5).

market situation

WMenergy resources and

commodity prices

depreciation rates

financial

price regulation by
the state

tax policy changes

inflation rate

Figure 5. Classification of the composition of the group of economic factors affecting business.

We believe that the impact of these factors on
business results should be determined using economic
analysis methods and SVOT analysis. The influence of
factors is calculated based on the methods
recommended by scientists. Timely delivery of
necessary and important information for management
is one of the main tasks of the analysis. Appropriate

management decisions are made based on the impact of
each factor on the current and past business results.
Conclusions and suggestions. In addition, there
are factors of a private nature that affect business
activity. When starting a business and running it, it is
appropriate for a businessman to analyze the impact of
additional ecological, ethical and demographic factors
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on the business result along with the main factors. A
factor that usually seems insignificant to us can have a
more positive or negative impact on the business result.

The political environment in a country can affect
business activities in various ways. This situation leads
to increased risk and loss. Therefore, political factors
affect the results of business activities, as well as the
policies of the government and local authorities.
Therefore, when organizing his activities, a
businessman needs to analyze the local and
international political situation and, based on the results
of the analysis, find ways of cooperation for his
business.

Changes in public policy can also cover economic,
legal and social spheres. For example, the state may
change tax rates and bases based on the political views
of the ruling party, or give tax payers benefits and
preferences. Therefore, a businessman should not
forget in making every decision that political decisions
in society can affect the economic, legal, social, cultural
environments and  technological  development
processes.

Using these recommendations will extend the life
of the business and ensure capital efficiency.
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In this article, based on the latest literary sources, such an actual issue of management theory and practice as
the peculiarities of the company’s strategic management of human resources in Georgia is studied.

The role of strategic management of human resources on the effective functioning of companies is analyzed
based on the data obtained as a result of the research of companies. Factors affecting/obstructing the strategic
management of companies have been identified. The role of human resource management specialists in the success
of companies and their importance from the employees' point of view are evaluated and analyzed.

Companies with a strategic human resources management plan and those without a strategic management
plan are compared and the practices in them are analyzed according to organizational functions, which ultimately
determine the human resources management policy in the companies.

Keywords: human resources, strategic management of human resources, intellectual capital, strategic think-
ing, recruiting, outsourcing, senior HR specialist, HR consultant, HR administrator.

Introduction

Today, the strategic management of human re-
sources is a global challenge and, in this regard, Geor-
gia is no exception.

In the conditions of modern increased competi-
tion, companies face the necessity of strategic manage-
ment of human resources. Any company, in turn, tries
to be competitive in the market and have a well-orga-
nized work culture. At the same time, the heads of the
companies try to create effective systems of employee
motivation in order to successfully operate the busi-
ness. However, there are factors, and their action pre-
vents the implementation of activities related to strate-
gic management and creates a barrier to the effective
functioning of the business.

In this regard, if we compare today's competitive-
ness of companies with 10-15 years ago, we will find a
significant difference. In particular, we will see that the
importance of factors such as technology, finance, pro-
duction process, etc. has significantly decreased and, on
the contrary, the role of human resources and capital
has increased. Thus, the study of the problem of strate-
gic management of the company's human resources is
very necessary and contemporary.

Research methodology

In order to study the mentioned problem in detail,
research was carried out in 30 companies operating in
Georgia (large, medium, small). One human resource
(HR) specialist or a person working in this direction
from each company was involved in the research, who
places the HR function in the company. The research
questions were related to the activities of HR services
as well as their involvement in the strategic work pro-
cess of the organization.

The purpose of the research was to study the stra-
tegic management of human resources as a factor of the
company's effectiveness. To achieve the set goal, the
following tasks were defined: study of the company's
human resources management policy; revealing the re-
lationship between the strategy of human resources

management and the strategy of the organization; re-
search on the role of human resource management man-
agers in companies and their impact on business results;
identifying the hindering factors and challenges in the
company's human resources management process; de-
termining the influence of the strategic human resource
management plan on the rate of employee turnover.

Based on the research objectives, strategic human
resource management was defined as a long-term de-
velopment approach to human resource management
(HRM) through the implementation of HR programs
aimed at solving business issues and directly involved
in ensuring long-term business goals.

Research results

As a result of the conducted research, the existing
barriers were identified, which prevent human re-
sources management specialists from performing HR
functions.

It has been established that in today's competitive
environment, it is difficult for an organization to suc-
ceed without a well-developed strategic plan that fo-
cuses on both short and long-term visions of the organ-
ization. A business with only a short-term vision is
doomed to failure. This forces companies to have a
competitive strategy, which means that the execution of
planned activities is effective (Armstrong, 2017). Stra-
tegic thinking requires managers to take a long-term
view of the business and the competitive environment
together (Daft, 2010). In general, strategy ensures ef-
fective achievement of business results.

Having a strategy is equally important for large,
medium and small companies. Of all surveyed compa-
nies, small (the average annual number of employees
does not exceed 50 employees) - 15%, medium (the av-
erage annual number of employees varies from 50 to
250 people) - 52%, large (the average annual number
of employees exceeds 249 people) - 33%.

Most of them (65%) have a strategic development
plan according to individual departments/divisions.
This fact confirms that most companies analyze the im-
portance of strategy. However, 35% of companies do
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not have a strategic plan by department/division at all.
In such a case, it can be said that the work of the com-
panies has a chaotic character. If we take into account
the fact that within the scope of the research, companies
of this type were distinguished by a large number of
employees, the personnel management takes on an even
more chaotic appearance. Therefore, we can say that to-
day, the idea of the need to have a strategic human re-
sources plan in the management of companies is still in
its infancy.

In order to ensure the high effectiveness of the
strategy, it is necessary that the information is clearly
and comprehensibly delivered to each person who can
influence the business results during the implementa-
tion of the strategy. Such a relationship helps to ration-
ally deliver the strategy to the parties involved in the
management process and creates the basis for the suc-
cessful implementation of business plans. In this re-
gard, the role of human resource management manag-
ers (SHRM) is particularly important in the process of
forming business strategies. This means that SHRM has
acquired vital importance and has become an important
factor in business development.

According to the research, the HR manager is most
often involved in the implementation of organizational
strategies (70%) and focuses on strategic results (70%).
In 63% of cases, he participates in the creation and de-
velopment of the organizational strategy. In some
cases, the HR manager is more involved in the devel-
opment of business goals (33%) and the creation of or-
ganizational strategy (10%). However, in no case only
13% do not participate in the creation of organizational
strategy.

As already mentioned, the existence of a strategy
is important not only at the general business level, but
also at the level of individual departments and divi-
sions, which will be consistent with the general strategy
of the company. In this regard, it is important for com-
panies to have a well-formed human resources devel-
opment strategy and plan.

Today, small and medium-sized enterprises focus
more on human resource development than before, be-
cause due to sudden changes, human resources have be-
come a strategic factor that affects the success of com-
panies. Indeed, employees' intellectual capital,
knowledge and competence determine the success or
failure of a business in a dynamic environment (Ceranic
& Popovic, 2010).

Consequently, HRM issues have become relevant
for business for several reasons: first, because HRM is
considered a top priority; second, HRM is of particular
interest because human resources play a vital role in
building sustainable competitive advantage; third, es-
pecially in small companies, the workforce plays an es-
sential role (Bamberger, Biron, & Mashoulam, 2014).

Therefore, the existence of the HR institution be-
comes crucial in the formulation of the human resource
management policy. The majority of surveyed compa-
nies (80%) have a strategic human resources plan. Only
20% of surveyed companies do not have a strategic
plan. Along with the strategy of individual depart-
ments, there is also a strategy of human resources man-
agement. More specifically, 92% of large companies

surveyed have a strategic HR plan, which is not surpris-
ing, as large companies have to make great efforts to
maintain their positions in a competitive environment.

Comparing large and small companies, we can say
that the office space, the different amount of employees
and the level of production in a small company are
small. Accordingly, the HR department is also similar.
Being an HR specialist in a small company means tak-
ing on more roles than human resource management
(Johnson, 2017). Large- and medium-sized companies
are not inferior to small-sized companies by having a
strategic HR plan. In the case of 83% of the surveyed
small companies, the existence of a strategic HR plan
was observed.

According to 85% of the respondents, HR is rep-
resented in their company as a department/depart-
ment/specialist. The companies where the HR institute
exists in some form are mostly medium or large sized
companies. Working as an HR specialist in a large com-
pany means managing human resources, gaining expe-
rience and creating a corporate culture. However, man-
aging a large number of personnel is associated with
certain challenges and requires a creative approach
from the manager.

As for the second part, in 15% of companies
(mainly medium and small businesses) HR functions
are distributed to one or more people who perform per-
sonnel management functions in combination. In prac-
tice, these responsibilities are largely distributed to ad-
ministrative managers who are more likely to perform
operational tasks than strategic ones. Moreover, they
are less involved in the process of making strategic de-
cisions.

Based on the above, we can conclude that in large
companies, due to the large number of employees, there
is a need for their complex management, which leads to
the existence of HR as a separate unit.

The most effective way for HR to communicate
strategic initiatives to employees is to discuss the same
department's strategy in the context of the company's
strategy. It is important for HR to actively participate in
the development and implementation of both human re-
sources and business strategy. If he is not involved in
the formation of business initiatives and aligning strat-
egies with them, then he will not be able to make stra-
tegic contributions and participate in initiatives related
to business development.

Respondents who indicated that their companies
have an HR function in some form, 70% of them have
a strategic HR plan. This fact may also be explained by
the fact that human resources management services are
often managed by certified HR professionals, therefore,
their theoretical and practical knowledge in the men-
tioned field is quite high, and experience itself deter-
mines that managers often consider human resources
management as one of the strategic directions and the
whole Efforts are being made in personnel develop-
ment. From this we can conclude that the presence of
the HR service in the company has a significant impact
on the formation and development of the strategic HR
plan.

It is established that the concept of strategic man-
agement of human resources implies compliance of HR
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strategy with business strategy. Otherwise, it turns out
that these two strategic directions develop in an un-
structured and chaotic manner. The human resources
management manager, along with the employee man-
agement and development functions, performs a num-
ber of duties. This is expressed in the formulation of
business plans and goals, creation of organizational
strategy and strategic mapping.

The research revealed the main directions in which
the human resource management service is most often
involved. According to the respondents, HR is most of-
ten involved in the creation of the full cycle of the or-
ganizational strategy - from planning to implementa-
tion. The service is involved in the implementation of
the organizational strategy and focuses on strategic re-
sults, equally 70% - 70%, and in 63% of cases it partic-
ipates in the creation of the organizational strategy and
the development of business goals.

It should also be noted that the existence of HR
does not mean that the process of managing employees
is complete and includes all levels of management in
terms of attracting, selecting, hiring, preparing job de-
scriptions, developing and maintaining personnel.

The majority of respondents - 40% state that the
human resources management process in their compa-
nies is perfect. In particular, 92.5% focus on recruit-
ment and selection, 70% on motivation, 58% on train-
ing and development, and 55% on retention. However,
when asked which specific functions they do not per-
form, a minority said they are sometimes not involved
in the development of compensation and performance
management and retention programs. In contrast, HR
management in 35% of companies does not cover all
areas of strategic management. Among them, they
never engage in work/life program development, talent
management, and success planning programs.

To perfect human resource management, manag-
ers play different roles in companies. In this regard, es-
pecially large companies, where several HRs work in
different directions, are particularly outstanding. Un-
like small companies, where one or at most two people
manage several functions at the same time. In addition,
HR roles in large organizations are divided according
to the complexity of the activities to be performed and
the level of responsibilities.

For example, let's consider the personnel em-
ployed in HR in managerial and non-managerial posi-
tions in the company. The perception of high-level hu-
man resource management managers is more general
and strategic, while for middle and low-level human re-
source management managers, the priority is to com-
municate directly with people, help and support em-
ployees. HR managers coordinate and plan HR activi-
ties unlike HR executives. This allows them to engage
employees in recruitment, benefits programs, training,
labor disputes and other administrative needs.

Nowadays, companies are experiencing increas-
ing growth and human resource management services
are no exception in this regard. The role of human re-
sources management consultants is also growing in
companies with a special speed. They may specialize in
various areas of HR, including benefits programs, em-
ployee initiatives and reward programs, changes in

company culture after mergers and acquisitions, em-
ployee motivation, retirement planning, recruiting, or
other factors that companies address when outsourcing.

In addition, HR employees in companies work as
recruiters, selection specialists, as well as in the direc-
tion of trainings and career development. For example,
those who are experienced in building and developing
relationships with people work as recruiters. However,
their role also differs depending on the position. For ex-
ample, executive recruiters delegate tasks to senior re-
cruiters in finding and filling job opportunities. Those
who possess both theoretical and practical knowledge
of human management issues, work in training and de-
velopment, etc.

The role of HR administrator is also quite relevant.
This includes daily routine office work - preparation of
orders, labor contracts, sometimes participates in the
recruitment process. When researching the role of hu-
man resource management managers, the activities to
be performed were combined into three main groups:
senior HR specialist, HR advisor, HR administrator.
The meanings of the proposed categories/roles were ex-
plained to the respondents in advance. 55% of the sur-
veyed respondents perform the function of senior HR
in the company. The advisor function - 15% and the ad-
ministrative function - only 10%.

According to these data, it is confirmed that the
traditional approach to human resource management is
gradually undergoing a transformation to a strategic ap-
proach. Which is definitely a positive fact, although it
must be noted that human resource management man-
agers in companies do not work only in the direction of
strategic planning. In fact, they combine administrative
activities with the work of strategic content due to the
shortage of personnel in the company.

The presence of a strategic approach in a company
does not mean that the human resources and capital
management process is perfect. A deficiency in man-
agement may be related to employee relations, motiva-
tional system creation, salary rates and less opportuni-
ties for development and encouraging employee initia-
tive.

All of the above actually represent a barrier to the
perfection of the processes. However, companies some-
times think that they are doing their job exceptionally
well, communicating with their employees and ensur-
ing that their employees' lifestyles are improved. How-
ever, this kind of perception often does not coincide
with the real wishes and opinions of the employees. HR
plays an especially important role in this matter. Initia-
tives, decisions on employee incentives, creation of a
pleasant working environment belong to HR to a sig-
nificant extent. However, HR performs a number of op-
erational and strategic roles that are not only related to
human resource management. For the past 20 years, the
function of HR has been to provide administrative sup-
port to strategic services. In some companies, HR has
to constantly prove that it plays a vital role for the or-
ganization.

Conclusion

In conclusion, from the results of the conducted
research, it is clear that today's transformational busi-
ness environment implies the existence of challenges in
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human resources management. Despite the fact that HR
services have acquired a strategic role in organizations
in recent years, they still face a number of barriers in
the work process in the face of rapid changes. The pro-
cess of change is never-ending, therefore, HR manage-
ment services need to perform additional activities in
order to immediately respond to the changes and to re-
spond appropriately to it.
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AHoTanisa

VY crarTi JOCIiIKEHO 3aKOHOMIPHOCTI BUHUKHEHHS TIOTOKY PEYOBHHHU B M’SICI CBUHHMHH ITiJ1 BIUTUBOM €JIEKT-
PHYHOTO CTPYMY, TEIUIOBOTO IIOTOKY BiJi HarpiBaya Ta ix komOiHOBaHo1 Aii. BctaHoBIIEHO, 1110 BOJIOTOBMICT M’sica
Ma€ ICTOTHHH 1 HeNiHIWHUHA BIUIMB Ha 00°€M PEYOBHHHU, IIO TMEPEHOCUTHCS B M’SCI MiJl BILTHBOM EIEKTPUIHOTO
CTPyMY Ta TEIUIOBOTO TIOTOKY. 3alpoIIOHOBaHI aHATITHYHI 3aJIe)KHOCTI ISl BU3HAYEHHS KiIbKiCHUX ITapaMeTpiB 3
ypaxyBaHHSIM BOJIOTOBMICTY, IUIOIII Ta TOBIIMHK M’sica, PI3HHUII MOTEHINIANB, BETMYUHH TEILIOBOTO ITOTOKY Ta
MPUKJIAACHOTO HAJIUIITKOBOI'O TUCKY.

Abstract

The article investigates the patterns of substance flow occurrence in pork meat under the influence of electric
current, heat flow from a heater, and their combined action. It has been established that the moisture content of the
meat has a significant and nonlinear impact on the volume of substances transferred in the meat under the influence
of electric current and heat flow. Analytical dependencies are proposed to determine quantitative parameters taking
into account moisture content, meat area and thickness, potential difference, heat flow magnitude, and applied
eXCess pressure.

KaiouoBi ciioBa: eseKTpuuHHUN CTPyM, TEIUIOBUI MOTIK, BOJIOTOBMICT, M 5ICO CBUHHMHH, TIOTIK PEYOBHHHU.

Keywords: electric current, heat flow, moisture content, pork meat, substance flow.
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ITocTanoBka npodJaemMu

JKapennst BupoOiB i3 M’sica Ha HarpiBaJIbHI IOBE-
PXHI € OIHMM i3 PO3IMOBCIOKEHUX IPOLECIB TEILIO-
BOr0 00poOJICHHS B Xap4oBiit mpomucioBocti. [Ipomec
JKapeHHs HaTypaJlbHUX BUPOOIB 3 M’sica € pECypCOBHUT-
paTHUM (BTpaTH MacH TOTOBOTO MHPOJYKTY CSAIaloTh
35%) 1 eHeproBUTpaTHUM (ITMTOMA BHUTpPaTa TEILUIOTH
csirae 1300 x/Ix/kr). EHepreTnyHa eheKTHBHICTD IPO-
I[eCy KapEHHS HEBHCOKA, OCKLIBKN BUKOPHCTOBYETHCS
BHCOKa TeMIIepaTypa IOBEPXOHb kapeHHs (423...473
K) 3 xoeginiearom Bukopuctanas mwromi 0,5...07. Bu-
KOPHCTaHHS JJBOCTOPOHHBOTO MiJBEICHHS TETIJIOTH i
Yac MpoIecy KOHAYKTHBHOTO XapEeHHs 3HAYHO IHTCH-
cudikye caM mporiec i MpU3BOINUTH IO 3HAYHOTO ITiIBU-
IIEHHS] BUXOAY rotoBoro mponaykty [1]. Bmockona-
JICHHsI MIPOLIeCY 1 amapariB KOHAYKTHBHOTO >XKapeHHs
M’sca, B T.4. 1 32 IBOCTOPOHHBOTO ITiIBEACHHS TEILIOTH
Ha OCHOBI TJIMOOKOTO PO3yMiHHSI MPOIECIB, SIKi MPOTi-
KalOTh B HbOMY, € aKTyaJIbHUM 3aBJIaHHSIM.

AHaJIi3 0CTAHHIX JOCHIIKEeHb

Ilepenoc TemnoTn B M’sci iJ] 9ac )KapeHHS OCHO-
BHHM CIIOCOOOM 31HCHIOETHCS BHACIIIOK BUHUKHEHHS
B HHOMY TEIDIOBOTO TMOTOKY BiJ PO3IrpiTOi IMOBEpXHI
HarpiBaHHA [2]. Ha edexTHBHICTH Mpolecy >KapeHHS
M’sica BIIMBA€ BEIWYHMHA TEIUIOBOTO MOTOKY, a TaKOX
BEJIMUMHA BUKJIMKAHOTO HUM IOTOKY MacH PEYOBHHH
[3-5]. BunukHEHHS IOTOKY PEYOBHHU i/ YaC KOHIYK-
TUBHOTO 1 ()PUTIOPHOTO >KapEHHS JOCIIKYBaJIOCs aB-
Topamu [3-5, 6].

OnHMM 13 HANPSMKIB MiJBUIICHHS €HEPreTUYHOI 1
pecypcHOi eh)eKTHBHOCTI pOLIeCy KOHIYKTHBHOTO a-
PEHHS M’sica € BUKOPHUCTaHHSA (Di3MYHHX 1 e’IeKTpodi-
3WYHHAX METOJIIB BIUIMBY HA CHPOBHHY B MpOLECI Xa-
peHHs [ 7], Hacammepea THCKY 1 eIeKTPHIHOTO CTPYMY.

[MowyaTkoBuii mepion mpouecy IBOCTOPOHHBOTO
JKapeHHsI ]| TI€f0 eJIEKTPUIHOTO CTPYMY 1 TEIIOBOTO
MOTOKY BiJ €NEKTPUYHOTO HarpiBada XapaKTepu3y-
€TBHCS TEIUIONEPEIAu0I0 Yepe3 MapoBi NPOLIAPKH B HO-
BepxHeBoMy Inapi m’sica [8, 9]. Koediuient reruromne-
penadi yepes mapoBi MPOIIAPKHU 3aJICHKUTH Bl TUTOMOT
MOTYKHOCTI TIOBEPXOHbB JKapeHHs Ta KoeillieHTy Ter-
JonpoBigHOCTI M’sica. 30UbIIeHHsT KoedillieHTy Tern-
Joriepeaayi B el mepio Jirre 301IbIIeHHAM Koedii-
€HTY TEILIOTIPOBITHOCTI M’sica IUIIXOM (i3UdHOTr0 200
eJIeKTPO(I3NIHOTO BIUIUBY HE MPU3BE/E 10 3HAYHOT 1H-
teHcupikamii mporecy *KapeHHs, OCKIIbKH iIHTCHCHBHE
BiZIBEJICHHSI TETUIOTH BIUINO M’sica TIOBMHHE 3a0e3meuy-
BaTUCS BIAIIOBIJHUM IIJABEIECHHSAM TEIUIOTH 330BHI,
TOOTO IHTEHCH]IKAI€0 TEIIOBiIa4Yl 10 M’sca Bix
napy B MapoBuX npourapkax. Ha Beauunny xoediuie-

HTa TEIUIOBiIavi IMiJ| Yac KOHISHCAIlil mapu B MEHic-
KaxX KamuisIpiB BIUTUBAE ii MATOMHIA 00’€M, a BiImo-
BiJIHO, 1 KUIBKICTh camMol IapH y NapoBUX IMpoOIIapKax.
BignosigHo A0 1[HOT0, JUIs 3a0€3MeYeHHs TAKO1 KiJIbKO-
CTI Mapu B MOBEPXHEBUX Ilapax HEOOXiTHE BUHHK-
HEHHSI B M 5ICi IOTOKY PiZIMHU, TOCTATHBOTO IS YTBO-
PEHHS Takol KiJIBKOCTI Iapy B HAcTioK (azoBoro me-
peTBOpeHHs. BUHUKHCHHS B M’SICi CBHHHUHHU TMOTOKY
PiAMHYN A Ai€l0 eNeKTPUIHOTO CTPYyMYy IOCTiTyBa-
n0Cs B po6oti [10], smmoBramaM — B podori [11]. Bera-
HOBJIICHO, II0 BEJIMYMHA IIOTOKY PEUOBHHH MPSIMOIIPO-
MTOPIIiITHO 3aJIeKUTH BiJ| IUTOIII M’sIca 1 eIeKTPOiB, Ha-
MIPYTH €NEKTPUYHOTO CTPYMY Ta HEJIHIIHO 3aJIe)KUTh
BiJl TOBIIMHU M’sica. B poOoti [12] mocnimkysanocs
BUHUKHCHHS TMOTOKY PEYOBHMHHU B M’SICI CBUHHMHH IIiJ|
KOMOIHOBAHOIO JI€0 EJICKTPUIHOTO CTPYMY Ta TEILIO-
BOr0 TOTOKY BiJi HarpiBaJibHOi IOBepxHI. Bcranos-
JICHO, 1[0 BEJIMYMHA NIOTOKY PEUOBHHHU MPSIMOIPOIIOP-
LIHHO 3aJIC)KUTH BiJl BEIMYUHH TEIIOBOTO TIOTOKY 1 HE-
JHIHHO 3aJIeKUTh BiJ TOBIIMHU M’sica. Kpim Toro,
BCTaHOBJIEHO, IO 32 KOMOIHOBaHOI Aii TEIIOBOr'O IIO-
TOKY 1 MOCTIHHOTO ENEKTPUIHOTO CTPYyMYy HAIMpPyTOIO
27 B mpoTaroM 2 ¢ IOTOKH PEYOBHHH BiJ TETIOBOTO
MMOTOKY 1 BiJl €NEKTPHYHOTO CTPYyMy HAKIATAIOTHCS
OIIMH Ha OJHOTO. BIITMB BOJIOTOBMICTY M’sica Ha BHHU-
KHEHHsI B HbOMY TIOTOKY PCUOBHHHU, a TAKOXK Ha BEIH-
YHHY €()CKTUBHOTO KIHETHYHOTO KOSQII[IEHTY MPOIECy
HEPEeHOCY PEYOBHHHU B M SICI IiJi KOMOIHOBAaHOIO Ji€I0
CJICKTPUYHOI'0 CTPYMY 1 TEIIOBOT'O MOTOKY BiJl €JICKT-
poHarpiBayva He JOCIiHKyBaBCs.

Meta poOOTH: IOCIiIKCHHS BILTHBY BOJIOTOBMi-
CTy M’sica Ha BEJTMYUHY IIOTOKY PEIOBHHHU B M’5ICi CBU-
HUHH i1 KOMOIHOBAHOIO JTi€I0 €TICKTPUIHOTO CTPYMY 1
TEIUIOBOTO TIOTOKY BiJI eIEKTpOHArpiBaga.

Jis mocmimxeHp Oyia BHKOPHCTaHa eKCTIEPHMEH-
TaJlbHA YCTaHOBKA HAa OCHOBI MOJICPHI30BaHOTO IIPH-
ctporto I[leppena [13], HaBeneHa Ha puc. 1.

YcTaHOBKa CKIIAMAETHCS 31 CKITHOTO IHUIIHAPY S,
JI0 SIKOTO 3HU3Y 3 JIOTIOMOTOI0 TEPMOJIAKy FepMETHYHO
NPUKJIEEHO €NEKTPOA Y BHUIIISAI MifHOT mactuu. J{o
i€l MIACTHHU 3a TOTIOMOT00 ep(OPOBAHOTO EJICKT-
poza 3 i IPUTHCKHOTO KiJbII 4 MiIIEHO MPUTHCKAETHCS
JOCIITHUH 3pa30K 3 M’sica CBUHUHH, ITICJI1 YOTO B ITH-
JHIp 3aJMMBa€ThCS TUCTWIbOBaHA Bojxa 6. Llmmiamp 5
3aKpUBAETHCS MMPOOKOIO 7, Uepe3 Ky BHBEICHO TPYOKY
8 3 MipHEM KaminsipoM 9. Ha enexTpoau mogaeTbes BU-
MIPSIMIICHA CTPYM (3 IyJIbcalliero) Hapyror 27 B (00-
TPYHTYBaHHS BEJIMYMHU HANPYTH HABEICHO B POOOTI
[10]) Bix enexkrpuunoro tpancdopmaropa 10 3 mioa-
HUM MicTKoM 11.
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Puc. 1. [Ipunyunosa cxema ycmanosku 015 00CHIOINCEHHS 6NAUBY 80O208MICIY M 'ACA CGUHUHU HA BUHUKHEHHS 8
HbOMY NOMOKY PeyO8UHU Ni0 KOMOIHOBAHOI JIEI0 MENI08020 NOMOKY 610 eleKMPOoHAspieayd i eeKmpuiHo20
cmpymy:

1 — cepmemuunuii enekmpoo y ueasioi MioHoi naacmunu, 2 — 00CAIOHULL 3pA30K i3 M Sica CUHUHU,

3 — nepghoposanuii enekmpod, 2 — 00criOHUll 3pa30K M’sica,; 4 — npumuckue Kinvye; 5 — CKIAHUN YUTTHOD,

6 — oucmunvosana 6ooa; 7 — npobka; 8 — mpybra; 9 —

J1nst BUHMKHEHHS B M SIC1 TEIUIOBOTO MOTOKY OYyB
BUKOPHCTAHUH IJIOCKUH HarpiBajJbHUH €JIeMEHT i3 Te-
Mmreparyporo nosepxHi 423 K Ta TenjoBUM MOTOKOM
Big Hhoro Q = 18...72 BT, sikuii MIUIBHO MPUTUCKABCS
JI0 TEPMETUYHOTO €JIEKTPOAY Y BHIJISAI MiIHOI Iutac-
THN 1. OOTpYHTYBaHHS BIUIMBY BEIMYHMHH TEIIIOBOTO
MOTOKY HaBeleHO B poborti [12]. Tertosuii moTik Q =
18...72 Bt 3a0e3mevyBaBcs MOCTIHHUM (ha30BUM peEry-
JsiTopoM Hanpyru Ha cemictopi BTA16-600B.

3a 1ovyartox BiJUIiKy IPOLECIB IEPEHOCY PEUOBHHH
B JIOCIIIJDKEHHSIX OyJI0 0OpaHO MOMEHT IOBHOTO 3aKH-
MaHHS BOJIOTM W TOYaTKy IHTEHCHBHOTO IapOyTBO-
peHHs 011 MigHOT mIacTuHM 1, 1m0 dikcyBanocs Bi3y-
aipHO. B nocuimkeHHI BAHMKHEHHS TIOTOKY PEYOBHHU
i1 €10 €JIEKTPUYHOTO CTPYMY I0JIaBajlk HANpyTy Ha
eneKkTpoan. B mociiKeHHIX KOMOIHOBAHOTO BIUTHBY
TEIJIOBOTO MIOTOKY Ta €JIEKTPUYHOTO CTPYMY Ha BUHH-
KHEHHS IOTOKY PEUYOBHHHM MiCIIsI MOMEHTY TIOBHOTO 3a-
KUIIaHHS BOJIOTH ¥ MOYaTKy iHTEHCHBHOTO IapOyTBO-
peHHsI OIS MiJTHOT TJIACTUHU MiJT JII€I0 TEIIOBOTO I0-
TOKY BiJ] HarpiBaua BMHKaJM II0Jauyy HAIlpyrd Ha
enexkTpoau. O0’eM BoJM B MipHOMY Kamijisipi 9 ¢ikcy-
BaBCs 3a IOTIOMOT'OI0 BiZICO3HOMKH Ha KaMepy MOO1Jb-
Horo tenedony Realme 9 Pro+ i3 wactororo 25 kaz-
piB/c. ITlicns mboro 3a JOMOMOTOIO JeMOBepcii mpo-
rpamu Free Video to JPG Converter 3ailicHioBanacs
pozkaapoBka Bizeo B popmat JPG st mopansinoi 06-
POOKH pe3ynbTaTiB.

JA7ist ToCITiPKEHHST BUTOTOBJIISUTUCS 3pa3Ky Msica i3
HaWJOBIIOr0 M 53y BiJ TphOX TBapHH (BikoM &, 10112
MICSIIIIB).

TpuBamicte KOMOiHOBaHOI [ii eIEKTPHUYHOTO
CTPyMy Ta TEIUIOBOTO MTOTOKY BiJ HarpiBada Ha JOCIi-
JIHI 3pa3ku (pikcyBamacs 3a JOIOMOTOIO €JIEKTPOHHOTO
cexyHnomipa «Select Stop Watchy.

mipnuii kaninap, 10 — JIATP; 11 — dioonuii micmox

Jlnsi BU3HAYEHHsS IIOYATKOBOTO BOJIOTOBMICTY
M’sica 3pa30K 3BaXKyBaJIH HAa aHAJTITUYHUX Barax, Micis
YOro BHCYIIYBAJIH HOT0 70 PIBHOBAXXKHOTO BOJIOT'OBMI-
cty W, 3a ISO 1442:2005 B cymmnsHIA madi
[14] Il'lommma! Jlxepesio NOCHIaHHS He 3HAACHO. BI/ICYH.I@HI/Iﬁ Tec-
Tep 3BaKyBaJlW Ha aHANITUYHWX Barax. 3HAUYCHHS BO-
JIOTOBMICTY po3paxyBaiu 3a (opmyinorn (6e3 Bpaxy-
BaHHS MAaCH Yallli, ITCKY 1 CKIITHOI TalU9KH):
my —m,

——100%;
my

Jle m; — Maca TecTepa 0 BHCYLIyBaHHS; M, —
Maca TecTepa Iiciis BUCYIIYBaHHS.

IToyaTKOBHUI BOJIOTOBMICT HAMIOBIIOTO M’SI3Y Bij
camoi TBapuHH BikoM 8 Mic. craHOBUB 73,1%, Bix TBa-
punn Bikom 10 mic. — 72,8%, Bim camoi crapmoi —
72,1%. Sk BUIHO 3 IIUX JaHMX, BOJOTOBMICT M’ SI30BOIL
TKaHUHH 3aJICKUTH 1 BiJ] BIKY TBApHUHH.

B nocnmipkeHHSX BHKOPHUCTOBYBAIUCS TOCIIIHI
3pa3Ky, BUTOTOBJICHI 3 HAWJOBIINX M 5I3iB TBAPHH 3a-
3Ha4YeHOTO BiKy. HaiimoBimi M’ 31 po3pisaiics BIIoIe-
PeK BOJIOKOH Ha mMatku ToBimuHo0 0,01 M. 3aroctpe-
HUM KpPaeM CKJISTHOTO LIMTIHAPA 5 BUPI3aIKCS AOCIIIHI
3pasku nnomero 10,17-1074 M2,

Pe3yabTaTH gocaigkeHb Ta 00rOBOPEeHHSA

Crio4atky NMpOBOJMIM JOCITIPKEHHSI BIUIMBY BO-
JIOTOBMICTY JAOCIITHUX 3pa3KiB Ha BHHUKHEHHS ITOTOKY
PEYOBUHH B M’sICi CBUHHHH Wi HI€I0 EICKTPHYHOTO
CTpyMy. Buximuumum mnapamerpamu  JOCIIKEHHS
OyJiu: Harpyra IMOCTIHHOTO €JIEKTPUYHOTO CTpyMy (3
myJibcalliero) Ha enektponax U = 27 B; miomma gocmia-
Horo 3paska S,, = 10,17-10* M?; ToBIIMHA JOCITiTHOTO
3paska 6,, = 0,01 M; koediieHT nporopuiiHOCTI, IKUH
BpaxoOBY€ CHIBBIJHOIIEHHS TOMIXK TUIOIICI0 KOHTAKTY
nepopoBaHOTO €NeKTPOLy Ta IUIOLICIO 3pa3Ka M sca

w =
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ks = 0,438, Hapnumkosuii Tick p = 2320 Ia, rpanuy-
HHUH TUCK ISl AOCIIIHOTO 3paska pr, = 10400 [la. Pe-
3yJIBTaTH JOCIIHKEHb HaBeCHI B Ta0. 1. Ta puc. 2.
Tabmuus 1

Pe3yJ'ILTaTI/I BU3HAYCHHS BIJIUBY BOHOFOBMiCTy M’sica CBUHUHM Ha BUHUKHCHHS B HbOMY IOTOKY PECYOBUHU l'[i,H

JUEI0 eNEKTPUYHOTO CTPYMY

Bosnorosmicr 06’eM nepeHeceHoi peuoBurH, V,-10%, M3
M’sica, w, 3al=27,B,S,=10,17-10"* m? 8, = 0,01, M i TpHBAIOCTi BIUIUBY T, C
0,5 1 2 3 4 5
0,731 0,0559 0,1119 0,2237 0,3356 0,4475 0,5593
0,728 0,0552 0,1103 0,2207 0,3310 0,4413 0,5517
0,721 0,0534 0,1068 0,2137 0,3205 0,4273 0,5342
0,6 P
V.10, M
0,5 L
0,4 = tal
03 .
0,2 -
0,1
7, C
0 |

0 1 2

3 4 5

Puc. 2. Kinemuxa 06’ ’emy peuosunu, nepenecenol M sci C8UHUHU Ni0 OI€I0 eeKMPUUHO20 CIMPYMY 34 HANPyeu

U = 27, B, nnowi 3paska S,, = 10,17-107, M?, 11020 moswunu 5,
8020 mucky p = 2320 I1a, npomscom 7 = 0,5...5,0 c i 6onozoemicmy 4 —

Sx BugHO 3 Tab1. 1 Ta pHc. 2 MPOTATOM 5 ¢ B Me-
’KaX OIHOTO BOJIOTOBMICTY KiHETHKa 00’€My pedo-
BUHH, TEPEHECCHOT B M’SCI MiI JI€0 ENeKTPUIHOTO
CTPyMy Mae€ TPsSMOTIPOTIOPIIHHUI BUTISAA. 3 HaBexae-
HUX JJAHUX BUIHO, 1[0 BOJIOTOBMICT M’sica ICTOTHO 1 He-
JMHIHHO BIUTMBa€ Ha 00’€M PEYOBHHHU, IO IEPEHO-
CUTBCSI B M’SICI TiJT TI€I0 IIEKTPUYHOTO CTPYMY.

3 pobotu [10] Taky 3aexHiCTh 00’ €My PSUOBHHH,
110 TIEPEHOCHUTHLCS B M SICI CBUHUHH ITiJ] TIEI0 €JICKTPH-
YHOTO CTPYMY BiJl HAIIPYTH, IUIOLI KOHTAKTY 1epdopo-
BaHOTO EJIEKTPOJY 3 M’SICOM, TOBIIMHH JOCIITHOTO
3pa3Ky Ta WOTO IUIOIII, TUCKY 1 TPHBAJIOCTI BILTUBY JIJIs
BoJyioroBmicty w = 0,731 MoOKHa MpPEACTaBUTH Y BH-
TIISA:

4 =ke'ks'U'Sm'5M_0'731'M'TaMS;
Prp
qutst Bosioromicty w = 0,728

= 0,01, M, 6enuuuHU NPUKIAOEHO20 HAOIUUIKO-
0,731, ™ _ () 728 ma & — 0,721 xe/ke.

Hagseneni 3amexHOCTI 3 JOCTOBipHICTIO 95% ommu-
CYIOTh OTPUMAaHi pe3yIbTaTH CKCIICPHUMEHTY.
Od4eBHIHO, IO MMOKA3HUK CTEICHI TOBIIMHU JI0C-
JTHOTO 3pa3Ky BIAINOBiTa€ 3HAUYECHHIO BOJOTOBMICTY
JOCJIiTHOTO 3pa3Ky, IO Ja€ 3MOTy c(pOpMyITFOBAaTH Te-
OpETHYHY KIHETHKY 00’€My pPEYOBHHHU, IO TEPEHO-
CUTBCA B M’SICI CBHHHMHHU TiJ €I EICKTPUIHOTO
CTPYMY, B HACTYITHOMY BHIJISLII
b=l U-s, 6, B )
ne k. — edextrBHUI KiHETHYHUI Koe]illieHT po-
[eCy NePEHOCY PEUOBHHU B M SICI M TI€I0 €ICKTPHY-
Horo crpymy, M*"/(c:B). B naHOoMy ekcHepHMeHTI
k. = 0,4132-107°% M**%/(c'B).
[ToTik pe4oBHHH J,,, IO MEPEHOCHTHLCS YEPE3 OJIH-
HHUIIO VIO S, M’sIca B OJITMHHUIIO Yacy T B JAHOMY Jli-
ama3oHi mapaMeTpiB 3aJIe)KHUTh BiJ HAIIPYTH EINEKTPHY-

V,=ke ks U-S,- 5,078  (Prp=p) | 7, M3 Horo ctpyMy U, ToBumHu M’sica §,,, BOJIOTOBMICTY W
] Prp Ta BEIMYMHH NPUKIIAJEHOTO TUCKY P
Jutst Bosoromicty w = 0,721
—0, Drp—P)
Vy=ke ks U-Sy,-8, 0721-(;—m-r,M3.
Vo= Yo :k.k.U.g—W.(prp p) M3/ (M2 - ¢); ()
Pe =g g e'fs Prp ;
abo
 Pu —w_ (Pp—P)
]pe_ _ke'kS'U'(s W - PM:KF/(MZ'C)F (3)

M
e Py — TYCTHHA M’sica, Kr/M>.

rp
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Buxigaumu mapamerpamMu  UIS  AOCHIKEHHS
BITUBY BOJIOTOBMICTY JOCIHIIHUX 3pa3KiB Ha BUHUK-
HEHHSI IOTOKY PEYOBHHH B M’SICi CBUHUHU ITiJ1 Ti€FO Te-
TUIOBOTO TOTOKY Bijl €JeKTpoHarpiBaya OyJiH: TEro-
BUH MOTIK Bix enekTpoHarpiBava Q = 92 Br; mroma no-
ciigoro spaska S, = 10,17-10% Mm% ToBIIMHA
JociigHoro 3paska 6,, = 0,01 M; HaAIMIIKOBUH THCK p
= 2320 I1a, rpaHUYHUI THCK IS TOCIITHOTO 3pa3ka Prp

= 10400 ITa. Pe3ynpraTi H0OCTiIKEHDh HaBEIEH] B TaOJI.
2 ipwuc. 3.
Sk BuHO 3 Tabu1. 2 Ta puc. 3 IPOTAroM 5 ¢ B Me-
JKax OJJHOTO BOJIOTOBMICTY KiHETHKa 00’€My pedo-
BUHHM, IEPEHECEHOT B M$IC1 ITiJI Ti€F0 TEIJIOBOTO ITOTOKY
BiJl €JEeKTpOoHarpiBaya Mae NPsIMONPONOPLIHHUI BH-
s, 3 HaBEeNGHHWX JaHMX BHIHO, IO BOJIOTOBMICT
M’sica iCTOTHO 1 HEJIHIHHO BIUTMBAaE Ha 00’€M pedo-
BHHH, II0 TIEPEHOCUTHCS B M ACI TiJT Ai€I0 TEIIOBOTO
MTOTOKY BiJ] €JIEKTPOHATrpiBaya.
Tabmums 2

PesynpTaTl BU3HAYCHHS BIUIMBY BOJOTOBMICTY M’sica CBHHHHH Ha BUHUKHCHHS B HhOMY IIOTOKY PEYOBHHH ITiJ
TEIUIOBOTO IOTOKY BiJI eeKTpoHarpiBada

Bomnorosmict M’sica, w,

006’em nepeneceHoi peyosunH, V, 108, m3,
3aQ=92,Br, S, =10,17-10%* m? 8, = 0,01, M i TpUBaNOCTi BILIMBY T, C

0,5 1 2 3 4 5
0,731 0,01457 0,02914 0,05828 0,08742 0,11655 014569
0,728 0,01477 0,02954 0,05909 0,08863 0,11818 0,14772
0,721 0,01526 0,03051 0,06102 0,09154 0,12205 0,15256

0,2 ‘
Vv, 10° m3

0,15

0,1

0,05

7,C

0
0 1 2

3 4 3)

Puc. 3. Kinemuka 06’emy pevosunu, nepenecenoi ¢ m’aci cGUHUHU Nid 0i€i0 Menio8020 NOMOKY Gi0 eleKmpoHae-
pisaua Q = 92, Bm, 3a nnowi spaska Sy, = 10,17-107%, M2, 1020 moswunu 8,, = 0,01, m, eenuuunu NPUKIIAOEH020

Haonuwkogozo mucky p = 2320 Ia, npomseom t = 0,5...5,0 c i gonozoemicmy ¥ — 0,731, B _ (728 ma & —
0,721 ke/xe.

3 pobotu [ 12] Taky 3anexHiCTh 00’ €My PEeYOBHHH,
IO MEPEHOCUTHCS B M’sICi CBHHWHH IIiJI JTI€IO TEILIO-
BOTO MTOTOKY BiJl €JIeKTPOHArpiBaya BiJl BEIMIHHU TEI-
JIOBOTO TIOTOKY, TOBIIMHH JTOCIITHOTO 3pa3Ky Ta Horo
TUTOIIi, TUCKY i TPHBAJIOCTI BIUIMBY IUISL BOJIOTOBMICTY
w = 0,731 MoXHa MPEICTABUTH Y BUTILAI
Vo=k,-Q-S,- 5,~(-0731) (prp-p) . B
Prp
Jutst Bosioromicty w = 0,728
=k, Q-S,- 5,~(1-0728) . (Prp=p) | M
Prp
Jutst BostoroBmicty w = 0,721
=k, Q-S,- 5,~(-0721) (Prp=p) | M
Prp
OueBUIHO, 110 MOKA3HUK CTEIEH] TOBIIUHH OC-
JAHOTO 3pa3Ky BiAMOBiga€ 3HAYEHHIO BOJIOTOBMICTY
JIOCJITHOTO 3pa3Ky, MO Ja€ 3MOTYy ChOPMYITFOBATH Te-
OpeTHYHY KIHETHKY 00’€My pPEYOBHHH, IO IEPEHO-
CUTBCS B M’SICi CBUHWHH IIifl TEIUIOBOI'O MOTOKY BiJ
eJIeKTpOoHArpiBaya, B HACTYITHOMY BHTJISI

R R L A0

ne k.. — eheKTUBHIHA KIHETUIHHUN KOSQIIiEHT MPo-
Hecy MepeHoCcy PEYOBUHM B M SICi il BILTMBOM TEILIO-
BOro nmotoxy, M?"/(c-BT); A1 AaHOTO BHMAAKY 3a Be-
PTHKaIBHOTO BeKTOpYy IiepeHocy macu k. = 0,11614 -
10~ 5m®@"/(c-Br).

IoTik pevoBUHU Jp,» WO THEPEHOCHTHCS vepes3
OJIMHMIIIO IUIOIII S,, M’sica 3a OJMHUINO Yacy T y Ja-
HOMY Jliala3oHi MapameTpiB 3aJeXHUTh BiJ BEIMYMHU
TEIJIOBOTrO MOTOKY BiJl HarpiBaua @, TOBIIUHU §,,, BO-
JIOTOBMICTY JIOCIIITHOTO 3pa3Ka W 1 BEJIMYMHH IPHUKJIIa-
JICHOTO HaJJTUIIIKOBOTO THCKY P

S ==k 0,70 L) e (5)
rp

Sm'T -
abo
g, = = k@ 5,707 L ). (6)

JlociukeHHsT BIUIMBY BOJIOTOBMICTY JOCIITHUX
3pa3KiB HA BUHUKHEHHS IOTOKY PEYOBHHH B M’ SCi CBH-
HUHU M1 KOMOIHOBaHOIO €0 TETIJIOBOTO TIOTOKY Bif
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eJIeKTpoHarpiBadya i eJIeKTPUIHOTO CTPYMY 3IiHCHIO-
BaJIOCh 33 HACTYITHUX BUXIJHUX MapaMeTpiB: Hampyra
MOCTIHHOTO EJIEKTPUYHOTO CTPYMY (3 IyJIbCALI€I0) Ha
enekrponax U =27 B; TemioBuii MOTIK BiJ €EKTpOHA-
rpiBaga @ = 92 BT; mmoma gocmigHOTO 3paska S, =
10,17-10* M?; ToBImHMHEA gociigHoro 3paska &, = 0,01
M; Koe(ilieHT MPOMOPUiHHOCTI, SIKMA BPaxOBYE CITiB-
BIJHOIICHHS IOMDXK IUTOMICI0 KOHTAKTy mepdopoBa-
HOTO €JICKTPOJIy Ta IUIOIIEIo 3pa3ka M’sica kg = 0,438,
HaJJIMIIKOBUH TUCK p = 2320 I1a, rpaHnYHUI TUCK A
JOCIIIAHOTO 3pa3ka pr, = 10400 I1a. PesynbraTtn noci-
JUKEHb HaBeZleHi B Ta0u. 3. ta puc. 4.

Sk BuaHO 3 TabN. 3 Ta puc. 4 mij yac KOMOIHOBa-
HOTO BIUIMBY TEIUIOBOT'O IIOTOKY BiJ €JIeKTpoHarpiBaya

W eJeKTPUYHOTO CTPYMY Ha JAOCIITHUN 3pa3ok 3 M’sica
CBHHHWHH, B M€XaX OJIHOTO BOJIOTOBMICTY, 00’ €M Tiepe-
HECCHOT PCUYOBHHH B JIOCIITHUX 3pa3Kax HAKIAIAEThCS
OJIMH Ha OJHOTO Ta MA€ JiHIHHY 3aJIe)KHICTh TiIBKU
BripooBxk nepmux 0...2 c. [licns 2 ¢ koMOGiHOBaHOTO
i1 TIOTOKK PEYOBHMHU BiJ i1 CIICKTPUIHOTO CTPYMyY Ta
TEIUIOBOTO MOTOKY BiJl CICKTPOHArpiBaya MEePEeCTAIOTh
HAKJIaJaTHCS OJTUH HA OJIHOTO, IO I[IJIKOM CITiBIAJa€ 3
JaHUMH HaBeJCHUMH B poOoti [12], Ta 3amexuTs Bix
3HEBOJHEHHSM IMIapy M’sica OUIsI MiZHOT IIacTuHM (Te-
PMETUYHOTO €JEKTPOIY). 3 HaBeIEHHX JAaHWUX BHIHO,
10 11T 9aC KOMOIHOBAHOTO BIUIMBY TEIUIOBOTO TIOTOKY
H eNeKTPUIHOTO CTPYMY BOJIOTOBMICT M’sica TaKOX
Mae iCTOTHHH 1 HeTiHIHHUI BIIMB HA 00’ €M pEUOBHHH,
[0 TICPECHOCUTHCS B M’ ACI.

Tabnuus 3

Pe3ynpraTy BU3HaYEHHS BIUIMBY BOJOTOBMICTY M’sica CBUHMHU HAa BUHUKHEHHS B HhOMY ITOTOKY PEUYOBHUHH
ITi1 TEIUIOBOT'O MTOTOKY BiJl €JI€KTpOHArpiBaya i eJIeKTPUYHOTO CTPYMY

Bomnorosmict 06’eM nepeneceHoi peuoBunH, V, 108, m3,
M’sica, w, 3alU=27B;Q=92,Br, S, =10,17-10* m?, §,, = 0,01, M i TpuBaOCTi BILIUBY T, C
0,5 1 2 3 4 5
0,731 0,0705 0,1410 0,2820 0,3746 0,4562 05166
0,728 0,0699 0,1399 0,2797 0,3716 04525 0,5125
0,721 0,0687 0,1373 0,2747 0,3649 04443 0,5032
0,6 s
WJOJ{

0,5

0,4

%y

0,3 / -
0,2

0,1

0
0 1 2

7, C
|

3 4 3)

Puc. 4. Kinemuxa 06 ’emy peuogutu, nepenecenoi 8 M’ aci c8UHUHU NiO OIE0 MENI08020 NOMOKY 6i0 eleKmpOoHde-
pisaua Q = 92, Bm il enexkmpuunozo cmpymy 3a nanpyeu U = 27 B, 3a nnowi 3pasxa S, = 10,17-107*, M2, tiozo
moswunu 8y = 0,01, M, 6enuuunu npuxkiadeno2o Haoauuwikoeo2o mucky p = 2320 Ila, npomseom t = 0,5...5,0 ¢ i
sonozoemicny 4 — 0,731, W — (0,728 ma & — 0,721 xe/xe.

Ie nae migcTaBu CHOPMYITFOBATH TCOPETHYHY KIHETHKY TIEPEHECEHOTO B M SICI IMiJ1 Yac KOMOIHOBAHOI il Te-
TUIOBOTO MOTOKY ¥ €NIEKTPUYHOT0 CTpyMy 00’ €My PEUOBHHH B iHTEpBai TpuBasocTi BIUHBY 0...2 ¢ B HACTyITHOMY

BUIIIAAL

bh=W+th

. =kT-Q-SM-6M_(1_W)-L";)_p)-r+ke-kS-U-SM-8M_W
rp

— (kT.QISM_(l_W)+ke.ks.U.SM_W).SM.M.T’MSI

(P —P)
prp

T =

()

Prp

BignosigHo 10 (7), MOTIK pedyOBHHHU Jp, 10 BHHUKAE ITiJ{ KOMOIHOBAaHUM BIUIMBOM TETJIOBOTO IOTOKY Bij
HarpiBada ¥ eIeKTpHYHOTO CTPYMY B iHTepBai TpuBanocTi BILBY 0...2 ¢ Oyae JopiBHIOBATH

]“)’ % _ (kT Q- 5M—(1—W) t+ ko ke U- 5M—W) .M’ m/c,

Su'T
abo
%

=

(8)

P
DPrp

'—_pT”= (ky Q- 8, ™) ke kg~ U-8,7) x
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X (prp _p)
Prp

TakuMm 9uUHOM, OTpMMaHI JaHi MiATBEPIKYIOTH
o 06’ €M nepeHeceHoi PeYOBUHH Ta BEIMIHHA IIOTOKY
PEYOBHHHU B M SICI CBUHUHH, i KOMOIHOBAHOIO €TI0
TEIUTOBOTO TIOTOKY BiJ HarpiBada W eNEKTPHIHOTO
CTPYMY, JOCATAIOTh CBOI'0 MAaKCUMyMY IPH TPHUBAJIOCTI
CHIJIBHOTO BIUTUBY MPOTATOM 2 C, IO MiATBEPKYE 00-
IPYHTYBaHHS 4acTOTH enekTpuyHoro ctpymy 0,5 I'p
MiJ Yac JABOCTOPOHHBOTO KAapPCHHS BHPOOIB 3 M’sica
CBHHHUHH IIiJ] JI€I0 EJIEKTPUYHOTO CTPYMY IpOIEC Ta
00MagHaHHS peaizailii SKoro omnucaHi B podoTi [15].

Bucnosxu. B xozi npoBeJeHUX AOCIIKEHb BCTa-
HOBJICHI KiNIbKICHI IMapaMeTpu NMepeHeCceHHs PeIOBUHHI
B M’SICi CBUHHHH I1iJ] OKPEMHM BIUIHBOM EJIEKTPUIHOTO
CTpyMy ¥ TEIIOBOTO IOTOKY BijJ HarpiBada Ta ix KOM-
OiHOBaHOIO fict0. Briepie BCTaHOBIEHO, IO BOJOTOB-
MICT M’sica ICTOTHO i HeNiHIHO BIUIMBa€ Ha BUHUK-
HEHHS B HhOMY IIOTOKY PEYOBHHH. 3alIPOIIOHOBAHO 3a-
KOHOMIPHOCTI BUHHKHEHHS TIOTOKY PEYOBHHH B M’sCi
CBUHHMHHU TiJ €0 CIEKTPUYHOIO CTPYMYy Ta TEIUIO-
BOTO IMOTOKY BiJ] HarpiBayua 3 ypaxyBaHHIM BOJIOTOBMi-
CTy M’sica Ta BEJIMYMHU IIPUKIIAJICHOTO Ha UIUIIKOBOTO
TUCKy. [TinTBepKeHO, 0 MaKCUMaJIbHUN e(heKT KOM-
0iHOBAHOTO BIUIUBY €JIEKTPHYHOIO CTPYyMy Ta TEIUIO-
BOTO IIOTOKY Ha MPOLECH IICPCHECEHHS PEUYOBHUHHU B
M’sci criocTepiraerhes mpu TpuBaiocTi 0...2,0 ¢, komun
Iist 000X (paKTOpiB HAKIANAETHCS OJHA HA OIHY, a 3a-
JISKHICTh Ma€ JTiHIHHUHN XapakTep.
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"The Rhythm of Humanity: How Music Shapes Culture and Society" delves into the profound influence of
music on human civilization, exploring its role as a dynamic force in shaping cultural identity, social cohesion,
and historical narratives. This article examines the multifaceted ways in which music transcends mere entertain-
ment to become a mirror reflecting the values, beliefs, and aspirations of societies throughout history.

Drawing from diverse cultural contexts and historical periods, the article traces the evolution of music's im-
pact on shaping collective identity and fostering a sense of belonging within communities. From ancient rituals to
modern-day pop culture phenomena, music has served as a powerful tool for expressing emotions, transmitting

knowledge, and mobilizing social movements.

Moreover, the article highlights the interconnectedness of music with other forms of artistic expression, such
as literature, visual arts, and dance, underscoring its role as a catalyst for cultural innovation and exchange.
Through case studies and theoretical frameworks, it explores how music functions as a language of resistance,
resilience, and revolution, challenging dominant narratives and amplifying marginalized voices.

Ultimately, "The Rhythm of Humanity" illuminates the transformative potential of music as a unifying force
that transcends geographical, linguistic, and ideological boundaries, fostering empathy, understanding, and soli-
darity among diverse peoples. By recognizing the profound impact of music on culture and society, we gain deeper
insights into the human experience and the intricate tapestry of our shared heritage.

Keywords: Music, culture, society, identity, influence, social cohesion

Introduction:

In the vast tapestry of human existence, few phe-
nomena possess the transcendent power to resonate
across time, space, and culture quite like music. From
the haunting melodies of ancient rituals to the pulsating
rhythms of contemporary global beats, music has wo-
ven itself intricately into the fabric of human civiliza-
tion, shaping our identities, narratives, and social dy-
namics in profound ways. In "The Rhythm of Human-
ity: How Music Shapes Culture and Society," we
embark on a journey to explore the multifaceted role of
music as a transformative force that transcends the
boundaries of language, geography, and ideology.

Music is not merely a form of entertainment; it is
a universal language that speaks to the depths of the hu-
man soul, evoking emotions, memories, and aspirations
that are shared across generations and continents. It
serves as a powerful medium for expressing cultural
identity, transmitting knowledge, and forging bonds of
solidarity within communities. Through its melodies,
harmonies, and lyrics, music reflects the values, beliefs,
and struggles of societies throughout history, serving as
amirror that reflects the collective consciousness of hu-
manity.

As we delve into the intricate interplay between
music, culture, and society, we will uncover how music
functions as a catalyst for social change, a beacon of
hope in times of adversity, and a vehicle for cross-cul-
tural dialogue and understanding. From the vibrant
rhythms of indigenous ceremonies to the anthems of so-
cial movements, music has played a pivotal role in
shaping historical narratives and mobilizing collective
action.

Through a combination of historical analysis, cul-
tural critique, and interdisciplinary perspectives, this
article seeks to illuminate the transformative potential
of music as a unifying force that transcends differences
and fosters connections among diverse peoples. By rec-
ognizing the profound impact of music on culture and
society, we gain deeper insights into the human experi-
ence and the rich tapestry of our shared heritage. Join
us on a journey through the melodies and rhythms that
echo the heartbeat of humanity, as we explore the en-
during legacy of music as a dynamic force in shaping
our world [1].

In the grand symphony of human existence, few
elements resonate as deeply and universally as music.
From the beating drums of ancient rituals to the electric
guitar solos of modern rock concerts, music permeates
every facet of human culture and society. It serves as a
conduit for expression, a catalyst for change, and a mir-
ror reflecting the collective identity of communities
worldwide. In this article, we embark on a journey to
explore the profound influence of music on shaping
culture and society, examining its role as a dynamic
force that transcends boundaries and connects human-
ity in ways both tangible and intangible.

The Cultural Identity of Music:

Music is intricately woven into the fabric of cul-
tural identity, serving as a sonic tapestry that captures
the essence of a people's history, beliefs, and values.
Whether it's the haunting melodies of traditional folk
songs or the pulsating rhythms of indigenous dances,
music embodies the soul of a culture, transmitting
knowledge and preserving heritage from one genera-
tion to the next. Through music, communities affirm
their sense of belonging and celebrate the richness of
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their cultural diversity. The cultural identity of music is
a rich tapestry that reflects the unique heritage, tradi-
tions, and values of communities around the world.
Music serves as a powerful medium through which cul-
tural narratives are expressed, preserved, and transmit-
ted from one generation to the next. Across diverse cul-
tures and regions, music plays a central role in defining
and affirming cultural identity [2].

One of the most profound aspects of music's role
in cultural identity is its ability to encapsulate the es-
sence of a people's history and experiences. Traditional
folk songs, for example, often recount stories of tri-
umph, struggle, love, and loss, providing a window into
the collective memory of a community. These songs are
passed down through oral tradition, serving as a link to
the past and a reminder of cultural continuity. Moreo-
ver, music embodies the values and beliefs of a culture,
serving as a vehicle for expressing spiritual, social, and
political ideals. In many indigenous cultures, music is
deeply intertwined with ceremonial practices and ritu-
als, serving as a means of connecting with ancestors,
spirits, and the natural world. Similarly, religious music
plays a vital role in expressing devotion and reverence,
shaping the spiritual identity of communities [3].

In addition to its ceremonial and spiritual func-
tions, music also reflects the social dynamics and diver-
sity within a culture. Different musical genres and
styles often emerge within specific social contexts, re-
flecting the experiences and perspectives of different
social groups. For example, the blues music of African
American communities in the United States emerged as
a response to the hardships of slavery and segregation,
expressing themes of resilience, survival, and hope.
Furthermore, music serves as a marker of cultural iden-
tity, distinguishing one community from another
through distinct musical traditions and practices.
Whether it's the intricate rhythms of West African
drumming, the soulful melodies of Indian classical mu-
sic, or the high-energy beats of Brazilian samba, each
culture's music reflects its unique sonic palette and aes-
thetic sensibilities.

Overall, the cultural identity of music is a testa-
ment to the richness and diversity of human expression.
Across cultures and continents, music serves as a uni-
versal language that transcends linguistic and ideologi-
cal barriers, forging connections and fostering under-
standing among people from all walks of life. By cele-
brating and preserving musical traditions, we honor the
unique heritage and identity of communities around the
world [4].

Social Cohesion and Collective Experience:

Beyond its role in preserving cultural traditions,
music plays a vital role in fostering social cohesion and
collective experience. From communal singing during
religious ceremonies to the electrifying energy of a sta-
dium concert, music has the power to unite individuals
across diverse backgrounds, forging bonds of solidarity
and shared emotion. In moments of joy, sorrow, or cel-
ebration, music serves as a universal language that
transcends barriers of language and ideology, bringing
people together in harmony. Social cohesion and col-
lective experience are integral aspects of human inter-
action, and music plays a profound role in fostering

unity and shared emotions within societies. Through
communal musical experiences, individuals come to-
gether to celebrate, mourn, express solidarity, and forge
bonds that transcend differences [5].

One of the most striking ways in which music fos-
ters social cohesion is through communal performances
and rituals. Whether it's a village gathering, a religious
ceremony, or a neighborhood block party, music often
serves as the catalyst for bringing people together in
shared spaces. The act of singing, dancing, or playing
music in unison creates a sense of belonging and to-
getherness, reinforcing social bonds and strengthening
community ties.

Moreover, music has the power to evoke deep
emotional responses and create a sense of collective ex-
perience among participants. In moments of joy, music
amplifies feelings of celebration and camaraderie, unit-
ing individuals in shared expressions of happiness and
exuberance. Conversely, in times of sorrow or hard-
ship, music provides solace and comfort, serving as a
source of empathy and support for those who are griev-
ing or struggling [6].

In addition to its role in fostering social cohesion
within communities, music also has the power to bridge
divides and promote inclusivity among diverse groups.
Musical collaborations and cross-cultural exchanges
bring people from different backgrounds together, fos-
tering mutual understanding and appreciation. Through
music, individuals have the opportunity to connect with
others who may have different experiences, beliefs, or
perspectives, transcending barriers of language, ethnic-
ity, and ideology. Furthermore, music can serve as a
catalyst for social change and collective action.
Throughout history, music has been a powerful tool for
expressing dissent, raising awareness about social is-
sues, and mobilizing movements for justice and equal-
ity. Protest songs, anthems, and musical performances
have galvanized communities to unite in pursuit of
common goals, inspiring solidarity and resilience in the
face of adversity [7].

In conclusion, social cohesion and collective ex-
perience are fundamental aspects of human society, and
music serves as a dynamic force that enhances these dy-
namics. Through communal performances, emotional
resonance, cross-cultural exchange, and activism, mu-
sic fosters unity, empathy, and solidarity among indi-
viduals and communities. By embracing the power of
music to connect and inspire, we can create more inclu-
sive and harmonious societies where all voices are
heard and valued.

The Transformative Power of Music:

Throughout history, music has been a driving
force behind social change and political movements.
From the protest songs of the Civil Rights era to the
anthems of the LGBTQ+ rights movement, music has
served as a voice for the marginalized and a call to ac-
tion for justice. Through its lyrics, melodies, and
rhythms, music has the power to challenge dominant
narratives, inspire activism, and amplify the voices of
those who have been silenced. The transformative
power of music is profound and far-reaching, touching
every aspect of human experience and society. Music
has the remarkable ability to evoke emotions, inspire
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action, and shape the course of history. From personal
healing to social change, music serves as a catalyst for
transformation on multiple levels. One of the most
striking aspects of music's transformative power is its
ability to heal and provide solace in times of emotional
distress. Whether it's through the soothing melodies of
classical music, the cathartic release of rock and roll, or
the rhythmic beats of hip-hop, music has a therapeutic
effect on the mind, body, and soul. Studies have shown
that listening to music can reduce stress, alleviate anx-
iety, and elevate mood, offering a form of emotional
support and resilience in the face of adversity [8].

Moreover, music has the capacity to transcend cul-
tural, linguistic, and ideological boundaries, fostering
empathy, understanding, and connection among di-
verse groups of people. Through shared musical expe-
riences, individuals from different backgrounds come
together to celebrate their common humanity, bridging
divides and promoting inclusivity. Musical collabora-
tions and cross-cultural exchanges provide opportuni-
ties for dialogue and mutual exchange, challenging ste-
reotypes and fostering a sense of global citizenship. Be-
yond its role in personal healing and cross-cultural
understanding, music has been a driving force behind
social change and political activism throughout history.
From the protest songs of the Civil Rights era to the
anti-war anthems of the 1960s, music has provided a
voice for the marginalized and a platform for advocacy.
Artists have used their music to raise awareness about
social issues, mobilize communities, and inspire move-
ments for justice and equality [9].

Furthermore, music has the power to shape cul-
tural narratives and challenge dominant ideologies, of-
fering alternative perspectives and amplifying margin-
alized voices. Through its lyrics, melodies, and
rhythms, music provides a platform for storytelling,
preserving oral traditions, and documenting the lived
experiences of communities. In this way, music be-
comes a tool for reclaiming cultural identity and assert-
ing agency in the face of oppression.

In conclusion, the transformative power of music
is undeniable, influencing individuals, communities,
and societies in profound ways. Whether it's through
personal healing, cross-cultural exchange, or social ac-
tivism, music has the capacity to inspire, unite, and em-
power us to create a more just, compassionate, and har-
monious world. By harnessing the power of music to
connect and transform, we can unlock its full potential
to shape the course of human history [10].

Cross-Cultural Dialogue and Exchange:

In an increasingly interconnected world, music
serves as a bridge that spans continents and cultures,
facilitating cross-cultural dialogue and exchange. From
the fusion of musical styles in jazz and hip-hop to the
global reach of pop music icons, music transcends ge-
ographical boundaries to create a shared language of
creativity and collaboration. Through cultural ex-
change, music fosters mutual understanding and appre-
ciation, enriching the tapestry of human experience.
Cross-cultural dialogue and exchange facilitated by
music serve as crucial avenues for fostering under-
standing, appreciation, and collaboration among di-
verse communities around the world. Music transcends

linguistic and cultural barriers, providing a universal
language through which individuals can connect, com-
municate, and share experiences.

One of the most significant ways in which music
promotes cross-cultural dialogue is through its ability
to facilitate cultural exchange and mutual appreciation.
Through exposure to different musical traditions, gen-
res, and styles, individuals gain insights into the diverse
cultural practices and values of other communities.
This exposure fosters empathy, respect, and curiosity
about the experiences of others, breaking down stereo-
types and fostering a sense of global interconnected-
ness [11].

Furthermore, music serves as a bridge that con-
nects people from different cultural backgrounds, facil-
itating interactions and relationships that transcend ge-
ographical boundaries. Musical collaborations between
artists from diverse cultural backgrounds provide op-
portunities for creative exchange and innovation,
blending musical traditions and styles to create new
forms of expression. These collaborations not only en-
rich the artistic landscape but also promote cultural un-
derstanding and appreciation among audiences world-
wide. Moreover, music festivals, concerts, and cultural
events serve as platforms for cross-cultural dialogue
and exchange, bringing together people from different
parts of the world to celebrate their shared love of mu-
sic. These gatherings provide opportunities for artists
and audiences to interact, learn from one another, and
forge meaningful connections that transcend cultural
differences. In this way, music becomes a catalyst for
building bridges of understanding and friendship
among diverse communities.

In addition to fostering interpersonal connections,
music also plays a crucial role in promoting intercul-
tural understanding at the societal level. Through the
dissemination of music recordings, performances, and
educational programs, individuals have access to a
wealth of cultural resources that broaden their perspec-
tives and deepen their appreciation for cultural diver-
sity. This exposure encourages cultural curiosity and
empathy, leading to greater tolerance and respect for
differences. In conclusion, cross-cultural dialogue and
exchange facilitated by music are essential for promot-
ing understanding, empathy, and cooperation in an in-
creasingly interconnected world. By embracing the di-
versity of musical traditions and engaging in meaning-
ful interactions with people from different cultural
backgrounds, we can cultivate a more inclusive and
harmonious global community. Through the universal
language of music, we can build bridges that transcend
borders and unite us in our shared humanity [12].

Conclusion

In conclusion, "The Rhythm of Humanity: How
Music Shapes Culture and Society" has provided a
compelling exploration of the profound impact of mu-
sic on the human experience. Throughout history, mu-
sic has transcended barriers of language, geography,
and ideology to serve as a powerful force in shaping
cultural identities, fostering social cohesion, and mobi-
lizing collective action. From ancient rituals to contem-
porary global movements, music has played a central
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role in expressing emations, transmitting knowledge,
and forging connections among diverse peoples.

As we reflect on the diverse manifestations of mu-
sic across cultures and time periods, we recognize its
transformative potential as a universal language that
speaks to the depths of the human soul. Through its
melodies, harmonies, and rhythms, music serves as a
mirror reflecting the values, beliefs, and aspirations of
societies, while also challenging dominant narratives
and amplifying marginalized voices.

Moreover, our exploration has underscored the in-
terconnectedness of music with other forms of artistic
expression, highlighting its role as a catalyst for cul-
tural innovation and exchange. By recognizing the sig-
nificance of music in shaping historical narratives and
fostering cross-cultural dialogue, we gain deeper in-
sights into the complexities of the human experience
and the rich tapestry of our shared heritage. As we look
to the future, it is essential to continue nurturing and
celebrating the diversity of musical traditions, recog-
nizing the power of music to bridge divides and inspire
positive change in our increasingly interconnected
world. By embracing the rhythm of humanity, we can
harness the transformative potential of music to create
a more inclusive, empathetic, and harmonious society
for generations to come.
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Abstract

The purpose of the work is to increase fatigue resistance and durability of machine parts due to various meth-
ods of surface action. To solve it, studies of the effect on the surface condition of various variants of combined
methods of mechanical processing, cementation and surface plastic deformation, as well as a modern method of
bombarding the surface layer with low-energy ions were carried out. It was established that after grinding the
surface before cementation, and not after, it increases by 41% endurance limit (c-1) of 20X2H4A steel, as com-
pressive stresses during cementation reduce the effect of harmful tensile stresses that occur during grinding. An
even greater increase in o-1 is achieved after final blasting due to additional compressive stresses and significant
surface smoothing during surface plastic deformation - slander. The high efficiency of ion bombardment of the
surface of 40X and 65T steels is shown, under the influence of which the grains in the thin surface layer are very
finely ground (from 50 um to 600 nm), a developed substructure is formed, defects are "healed", and the surface

roughness is significantly reduced.

These changes in the state of the surface contributed to resistance to fatigue failure and a significant increase

in the durability of the products.

Keywords: mechanical processing, shot peening, ion bombardment, surface roughness, substructure, cyclic

durability.

Introduction

As you know, any external impact on the material
of a part occurs through its surface and most destructive
processes begin in the surface layers. The service life
of machines is largely determined by the quality of the
surface of machine parts. The surface condition signif-
icantly affects the volumetric mechanical properties of
products, and, first of all, resistance to fatigue failure.
since a fatigue crack usually initiates from the surface
or in surface layers.

Due to the increasing complexity of modern struc-
tures, operating modes, and the intensification of work
processes of mechanisms and machines, the ability of
parts to resist fatigue failure is of particular importance.
It should be emphasized that fatigue develops at stress
levels significantly below the yield strength of the ma-
terial (even before the first signs of plastic deformation
appear) and leads to a decrease in service life. This is
confirmed by statistics - more than 80% of failures of
machine parts occur due to destruction due to the de-
velopment of fatigue processes [1]. Fatigue damage is
local, not accompanied by any visible effects and is
therefore especially dangerous. Therefore, solving the
issue of increasing fatigue strength is relevant.

Analysis of publications.

One of the important features of the functioning of
machine parts and mechanisms is the presence of a sig-
nificant number of stress concentrators, which have a
significant impact on the performance parameters of
products [2]. In this regard, it is necessary to provide

for the possibility of “technological compensation” for
the presence of concentrators in order to minimize their
negative impact on the reliability of the product during
operation under conditions of shifting power loads.
These problems are solved by surface engineering
methods.

The quality of the surface is determined by the mi-
crogeometry of irregularities, the sign of stresses,
chemical composition, grain size, and structural
changes that occur during the processing of parts [3,4].
One of the main indicators of fatigue strength - the en-
durance limit - strongly depends on the quality of the
surface layer, the presence of microcracks in it, and
their size. Since, under repeated force stresses, the on-
set of fracture is associated with the formation of a sur-
face crack, it is quite obvious that as the surface rough-
ness decreases, the fatigue resistance increases. Thus,
according to work [4], the endurance limit of samples
made of low-strength steel, the surface of which was
not treated after rolling, is 70% of the endurance limit
of finely polished samples. For high-strength steel,
which is more sensitive to local stresses, this ratio is
significantly lower and amounts to only 35%. Reducing
the depth of depressions and micro-roughnesses, which
are stress concentrators and cause the appearance of fa-
tigue cracks, leads to increased fatigue life.

To increase the fatigue strength of a wide range of
machine parts, surface plastic deformation (SPD) is
widely used. The authors [5] have convincingly shown
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that SPD using a striker tool for parts made of normal-
ized steel 40X leads to an increase in the level of com-
pressive macrostresses by more than 6 times. At the
same time, durability increases by ~ 5 times.

With such types of hardening surface treatment as
carburization and nitriding, significant compressive
stresses arise on the surface, preventing the initiation of
fatigue cracks. The work [6] notes that in parts after
carburization (with subsequent hardening and low tem-
pering), depending on the carbon concentration in the
hardened layer, the value of these stresses reaches 300—
400 MPa, and after nitriding they increase to 700-800
MPa. As a result, the endurance limit increases by 1.3 -
1.5 times, respectively.

Modern and effective methods of processing the
surface layer, which radically change its structural-
stress state and microgeometry, include ultrasonic im-
pact treatment (UIT), frictional hardening, and ion-
plasma technologies (CIB method). Using these surface
modification methods, the improvement in the fatigue
characteristics of the material can accordingly be ex-
plained by the submicro- and nanostructuring of a thin
surface layer, an increase in the density of defects in the
crystal structure and the creation of compressive
stresses.

The authors of [7] note that after ultrasonic impact
treatment (UIT) of Cr3 steel, the formation of a sub-
grain structure in the surface layer and the appearance
of compressive macrostresses led to an increase in the
endurance limit by 50%, and the durability increased by
an order of magnitude.

The performance of machine parts under cyclic
loads is significantly influenced by technological meth-
ods of surface hardening using highly concentrated en-
ergy sources. The source [8] states that frictional hard-
ening of the surface prevents the further development
of existing cracks and the formation of new ones. On
the surface of the metal (carbon, structural steels and
cast irons) a hardened layer 0.1-0.4 mm thick with a
nanocrystalline structure, surface roughness Ra = 0.4—
0.63 um is formed, which has increased fatigue and cor-
rosion-fatigue strength. The durability of parts after
friction hardening of the surface increases to 50%. The
authors of work [9] came to a similar conclusion, stat-
ing that after friction treatment, due to the formation of
a specific structurally stressed state of the metal, char-
acterized by an increased dislocation density, refined
grain, and the presence of residual compressive
stresses, the fatigue strength of steels 45, 40 X and Y8A
both in air and in a corrosive environment (3% aqueous
NaCl solution). The increase in durability is 1.3 - 1.6
times in air and 3.4 - 6.5 times in a corrosive environ-
ment.

The influence of nanostructured surface layers on
increasing cyclic durability became the subject of re-
search in works [10 - 13]. The authors of [10-12] point
to a significant increase in fatigue strength after the for-
mation of a nanocrystalline layer on the surface as a re-
sult of ion bombardment. At the same time, the results
of [13] indicate that ion bombardment, while providing
a nanostructure to the surface of steel products, leads to
only a very slight increase in the endurance limit 61

(~5%). Such controversial findings require further re-
search in this innovative direction, arouse considerable
interest and are certainly relevant. The development of
provisions on the possibility of healing discontinuities
that arise in the metal during cyclic loading is also an
important aspect in solving the problem of increasing
the durability of products.

Purpose and objectives of the study

The purpose of this work is to increase fatigue re-
sistance and increase the durability of machine parts by
modifying the surface.

The objectives of the research are to study the in-
fluence of the surface condition after various pro-
cessing methods (mechanical in combination with
chemical-thermal, ion bombardment) on fatigue
strength, which will make it possible to predict the du-
rability of products.

Material and research methods

Case-hardened steel 20X2H4A, upgradeable steel
40X, spring steel 65I" were studied.

Different methods of surface treatment were cho-
sen for the study: carburizing, mechanical processing
(grinding and polishing), shot peening (SPD) and ion
bombardment.

Shot blasting of gear teeth was carried out in a
pneumatic chamber according to the following mode:
air pressure 5 atm, shot with a diameter of 0.6 - 0.8 mm,
distance from the nozzle 200 mm, processing time 5
minutes.The surface roughness and profile were deter-
mined using a TR200 profilometer according to the ISO
4287-1997 standard. The measurement error for Ra did
not exceed 10%.

Fatigue tests were performed on a MUI-6000 ma-
chine using a symmetrical bending with rotation
scheme. The test base was 107 loading cycles. The test
samples had a working part shortened due to the transi-
tion sections, which made it possible to reduce warping
(no more than 0.05 mm) and increase rigidity. In order
to obtain reliable results for each state of the material,
at least 10 samples were subject to testing.

The treatment of fatigue samples with low-energy
(<3 keV) titanium ions was carried out on a Bulat-3t
installation in an argon atmosphere, at a pressure of
0.133 Pa, a current of 95-100 A, and a voltage of 900-
1100 V. Treatment time was 1.5 min. Selection of pa-
rametersion bombardment (IB) mode prevented sample
heating. To ensure uniform surface treatment, the sam-
ples were rotated using a planetary mechanism.

In order to obtain the distribution of components
and their identification in the surface layers of samples
treated with ion bombardment, micro-X-ray spectral
analysis was used. The stressed state of the surface
layer was determined using a DRON-3 diffractometer.

Research results

The influence of various types of mechanical pro-
cessing on the endurance limit and durability of prod-
ucts made of case-hardened steels

Case-hardened steel 20X2H4A, which is widely
used for large critical parts, in particular heavily loaded
gears operating under high alternating stresses and fric-
tion conditions.

Carburization mode: temperature 930°C, holding
for 10 hours, cooling to 820°C, quenching in oil, low
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tempering 180-200°C, effective layer thickness 1.3 —
1.5 mm. After cementation, a high-strength, brittle sur-
face state is realized, for which roughness indicators are
especially important, since even minor irregularities are
stress concentrators and their relaxation occurs not due
to local plastic deformations, but due to the occurrence
of microcracks. Taking these provisions into account,
the surface of the samples for testing for fatigue
strength was processed according to three options:

1. Turning with an allowance for grinding to a
depth of 0.2 mm per side, cementation + hardening +
low tempering, grinding to a depth of 0.2 mm.

2. Turning, grinding, chemical-thermal treatment,
polishing to nominal size.

3. Turning, grinding, chemical-thermal treatment,
polishing, shot blasting.

Option 1 corresponds to the gear manufacturing
technology commonly used in practice. But, as is

known, during the grinding process, residual tensile
stresses and structural heterogeneity are created in the
surface layer after carburization due to phase transfor-
mations.

Option 2 eliminates the harmful effects of residual
stresses from grinding, since it was carried out before
carburization. In option 3, the goal was to assess the ef-
fect of surface plastic deformation.

Fig. 1 shows the surface profiles of the samples
after the indicated processing options.

As can be seen, after grinding (Fig. 1, a) the sur-
face profile is characterized by deep protrusions and de-
pressions. Mechanical polishing leads to a significant
deep protrusions and depressions. Mechanical polish-
ing leads to a significant smoothing of the protrusions
and a significant reduction in surface roughness (Fig. 1,
b). Shot treatment due to work hardening slightly wors-
ens the surface roughness (Fig. 1, c).
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Fig.1 Profiles and surface roughness of samples after different processing options:
a — grinding; b — polishing; ¢ — shot blasting.

Based on the test results, fatigue curves were constructed (Fig. 2.)
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Fig.2 Fatigue curves of specimens made of steel 20X2H4A after various types of surface treatment

Table 1 shows the values of the endurance limits of samples obtained after various options for their surface

treatment.
Table 1
Values of endurance limits of tested sample variants
No option Endurance limit 6-1, MPA Increase in endurance limit, %
1 630 100*
2 890 141
3 990 157

*QOption 1 is accepted as 100%

The appearance of the curves in Fig. 2 indicates
that grinding before carburization and polishing after
(processing option 2) led to a significant decrease in
surface roughness (Fig. 1, b) and an increase in the limit
endurance by 41%. The durability of the samples under
overloads has also increased noticeably. This is
indicated by the fact that the left inclined branch of the
curve of option 2 is located significantly more to the
right than the section of the inclined branch of the curve
of option 1 at the same stress level.

Shot blasting of the surface increased the
endurance limit by another 16% (up to 57%) and
increased durability further (option 3, Fig. 2). This fact
can be explained by the appearance of internal residual
compressive stresses recorded by us (about 550 MPa),
as well as the almost complete destruction of the
structural heterogeneity of the surface in the process of
plastic deformation during shot peening. In addition, as
is known, during surface plastic deformation, positive
changes in the intragranular structure occur (crushing
of blocks, increase in dislocation density), which
contributes to surface hardening. The resulting
depressions from the shot (diameter 0.8 mm), although
they increase its roughness, but due to their rounded
shape and small penetration into the very hard
martensitic structure of the surface after chemical

treatment, are not significant stress concentrators -
sources of fatigue crack development.

The tests carried out showed the effectiveness of
not only the final surface plastic deformation, but also
the grinding of samples before carburization. In
addition, the use of option 2, where possible, reduces
the surface treatment process.

lon bombardment as one of the modern methods
for increasing the cyclic

durability of products

The experiments were performed on samples
made of steels 40X and 65T". These steels were chosen
for practical reasons. 40X steel is used to make axles,
connecting rods, gears, shafts, that is, parts that are used
under repeated cyclic loads. Steel 65T is spring-spring,
and one of the main requirements for these products is
high fatigue strength.

The surface condition of 40X steel samples after
ion bombardment (IB) is illustrated in Fig. 3.

Before bombardment, the average grain size
corresponded to 50 um, and after IB, a developed
substructure with a grain size of 600-800 nm and wide
grain boundaries (Fig. 3). The formed cellular
dislocation substructure (Fig. 4, b), characterized by a
low dislocation density in the cell body and significant
misorientation.
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DACHEART
Fig. 3 Sample made of steel 40X (hardening + high tempering) after IB;
x 15000.

Fig. 4 Substructure of steel before (a) and after (b) IB, x 15000.

Using the method of micro-X-ray spectral titanium on the surface is only 0.35% (Fig. 5, a).
analysis, a chemical deposit on the surface with a Titanium is present in the surrounding spots, which is
method for identifying titanium was identified, which confirmed by a diffraction pattern and elemental
could be consumed during the bombardment and fall analysis of one of them (Fig. 5,b).

into power.The results showed that the hardness of

o -0l
B[] Bftsfs:

Hanpyenna (kB) 20.0
Cyma % 100.0
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Fe K |3e05  jsa74 [} E."efﬂem Iut. 9c7,9;3
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Ti K a5 0.35 Fa K | 647 2.75
Si K 342 0.18 = |5 K |34 0.17
‘ [
a b
Fig. 5 Chemical and elemental composition of the surface of the sample(a) and composition of titanium drops
(b) after IB .

Drops of titanium fall into areas of surface irregularities and discontinuities (pores, cavities, microcracks),
“heal” them (Fig. 6) and reduce the number of stress concentrators.
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However, despite the presence of a droplet phase
of titanium and a developed substructure, the roughness
after 1B decreases very significantly (Fig. 7), which in-
dicates a shallow depth of the surface relief.

Similar structural changes occurred in steel 65I"
(hardening. + medium tempering) after IB.

-

Fig. 6 A drop of Ti that flogged into a recess on t‘h-emsuiface during IS; % 10000

Reduction of roughness, “healing of surface
defects, significant grain refinement and the presence
of a developed substructure in the surface layer could
not but affect the durability of products.

Height of unevenness, pm

Profile reference lensth.mm

Fig. 7 Surface roughness sample made of 40X steel:
a — before IB, b — after IB

The results of cyclic durability tests are shown in
Table 2. As can be seen from the table, at a stress of 380
MPa, a sample made of 40X steel without IB failed
after 297,600 cycles, and after IB it withstood
1,000,000 cycles without destruction. An increase in
stress to 430 MPa (by 14%) led to destruction, but at
the same time the durability increased by ~ 1.5 times.
An even greater increase in cyclic durability is recorded
for samples made of 60G steel: without IB they failed
after 937,440 cycles at a stress of 380 MPa. After IB,

even with an increase in stress by 44% - up to 550 MPa
(the maximum for the diameter of the tested samples),
they withstood more than 1 million cycles without
destruction.

Thus, it has been convincingly shown that surface
treatment using one of the modern methods -
bombardment with low-energy ions - significantly
increases the fatigue resistance of products under cyclic
loads.
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Table 2
Impact of information security on cyclic durability
Material and processing Stress magnitude, MPa Number of cycles before failure Test result
Steel 40X, original 380 297600 collapsed
Steel 40X, original + IB 380 1000000 didn't collapse
Steel 40X, original + IB 430 453840 collapsed
Steel 65, original 380 937440 collapsed
Steel 65, original+ IB 550 1116000 didn't collapse

Conclusions

1. Research has shown that grinding the surface
before carburization (and not after) increases the endur-
ance limit of high-strength steel 20X2H4A with a brit-
tle martensitic structure after hardening by 40%.

2. Subsequent fine polishing and shot peening of
the cemented layer further increases the resistance to
fatigue failure due to a significant reduction in surface
roughness and the creation of favorable compressive
stresses.

3. The greatest effect of increasing the cyclic du-
rability of products was recorded after bombarding a
thin surface layer with low-energy ions and is achieved
by significant grain refinement, the formation of a de-
veloped substructure, an increase in dislocation density,
and “healing” of surface defects, which are local stress
concentrators and potential sources of microcrack for-
mation.

4. When addressing issues of technological sup-
port and improving the quality of machine parts oper-
ating under cyclic loading conditions, one should
choose processing processes that will ensure the char-
acteristics of the surface layer, guaranteeing the dura-
bility of the product.
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Abstract

In this paper, we propose an efficient numerical method to solve fourth order initial value problems. Analysis
proves that the proposed method have at least quadratic convergence. Numerical results confirm the accuracy and
efficiency of the proposed method.

Keywords: Initial Value Problems, Taylor series, Maximum Absolute Error, Approximation, Lipschitz con-
dition.

1. Introduction
An efficient method for solving second order initial value problems has been proposed by P. K. Pandey and
Archana Yadav in [6] and for third order initial value problems by the authors in [5].
In this paper, we study an effective numerical technique based on Taylor series approximation to solve fourth
order initial value problems(IVVPs) of the following type:

u’ = flx,uu,u,u'"),a <x <b, (1.1)
subject to the initial conditions
u(a) = agu'(a) = a,u'" (@) = azu"'(a) = ag 1.2)
where the function f is continuous in [a,b] X R X R X R x R.
We assume that f satisfies a Lipschitz condition in a convex domain D of [a,b] X R X R X R X R so that
above problem 1.1 with 1.2 possesses a unique solution[1, 2, 3].
To find an approximation to the solution of the above problem, we discretize the domain [a, b] into N equal
subintervals each of size h = b_Ta:
A=Xg <X <Xy < <xXy_1<xy=Db (1.3)
where the nodes are given by x; = a + ih,i =0,1,...,N .
We denote by u(x), the true solution of the above problem in [a, b] and by w;, u;, u;’, u;" the approximations
to the true solution and its derivatives u(x;), v’ (x;), u" (x;), u'" (x;) respectively in
this order for each i=0,1,..,N. We also denote f; for the approximate value of
f Qe ulx), w' (), u” G, u'"" ().
This article is arranged in the following order. In section 2, we derive the method and discuss its convergence.
In section 3, we illustrate the method with examples.
2. The Derivation of the Scheme and Convergence Analysis
Choose and fix a real number a:
a+ —1.

We define the scheme:
2 3
Ueq = U + huj + 7u{' + gu{” + cih*ul’ + c,hu)
2 3
U, =u; + hu’ + 7u{” + ?ufv + cih*ul
R h?
uh, =u' + hul" + 7u{V + o h3u!
wi =u" +hul¥ + c h*uf (2.2)

We find ay, by, co, dg, €1, C, SO that

Uiy1 = ao(Uy + awy) + boh(ul,; + auf) + coh?(uh, + au’) + doh® W)y, + auj'”")

Using Taylor series on the left hand side
h? h3 h* hS
U1 = U; + hu{ + 711,{’ + Eu{” + EU{V + Eul’ + O(hé)
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2 3

h h
= a, <ui + huj + 7u§’ + zu{” + c h*ulV + c,hSuY + aui>

h? h3
+byh <u{ + hu;' + 7u{” + Eufv + ¢ h*uf + au{)
2

h
+coh? (ulf’ + huy" + ?ul{v + c hPu) + au§’>

+doh® (" + hul’ + ¢ h?u! + au}’") (2.2)
Truncating the series and equating the corresponding coefficients of
w;, hul, k2, k3w, h*ul”, hSu! on both the sides, we get
1=ay(1+a)
1=ay+by(1+a)

Ao
=?+bo+60(1+a)
1 a, by
g=€+?+Co+d0(1+a)
by ¢
22" Gt gty td

io = aocz + bocl + C0C1 + docl (23)

N| =

Solving these, we get
1

=1+ a
a
bg

T (+ayp
_a(a—1)
21+ a)?
_a(a®—4a+1)
7 6(1+a)t
_a*—10a® +14a® + 2a + 1
“a= 24(1 + )
22a’-251a°+97a5+125a*+100a3-23a%-11a-3
360(1+a)® (2'4)
We also get the expressions for the first, second and third derivatives:
, U1 —ul-> (24c2 - 1) , <48c2 - 1) " (72c2 - 1) S (4c2 —c1> 31
1 = + (| —— ) + | ——— ) PPy + (—— | RPuf
Uir1 ( 24c,h 24c, )T\ Tage, )M 144c, )t 24c, ) U

" u{+1 — ug (661 — 1) " <12C1 B 1) " (18C1 - 1) 2.1V
! = + Y4 | — Vhu! | ——— ) hAus
Yir1 < 6c.h ) 6c, )M 12¢, )™M 36c, )W

mnr u:;l - ul{’ <2C1 - 1) nr (4(:1 B 1) v
Yira ( 2c,h ) 2¢; b 4c, b
where ul’ = f;.

If R; denotes the remainder in the approximation at node i, then from above discussion we have
R; = 0(h®).
Therefore, the accuracy of the above method is at least quadratic.
3. Numerical Illustrations
The following six problems illustrate the performance of our method. We compute the maximum absolute
errors MAE, MAED1, MAED? in the true solutions, its first and second derivatives u(x), u'(x), u" (x), namely:
MAE = max |u(x;) — u|
1<i<N
MAED1 = 1r’n;;\>1$]|u’(xl-) —uj]
<is
MAED2 = 1rn_a>1$]|u”(xi) —uy
<is<
MAED3 = 1ma)§]|u”’(xi) —u"
<i<
All the computations were performed on Ubuntu 20.04.4 LTS linux operating system with IDLE 3.8.10 run-
ning Python version 3.8.10 on Intel Core[1 i5-9400 CPU @ 2.90GHz x 6 PC.

Example 1. Consider the fourth-order initial value problem:
uV =12 +12uu”’,0<x <1

Co

C2=_

with the initial conditions:
u(0) =1,u'(0) =-2, u"”"(0) =6, u"'(0) = —24
with the exact solution

1
u(x) = m
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The output for a = %is give

n below:

MAE

MAED1

MAED2

MAED3

N

0.00023970950451382422

0.0008648216360307992

0.00225840468932087

0.0037021091015531082
0.0009233724670376642

256
512

5.982651015087881e-05

0.00021575277277591232

0.0005632412917198626

0.00023054351628482017

5.388065621514393e-05

0.00014063586914719872

1024

1.494378507291283e-05

1.3463768216648297e-05

3.5140921894327715e-05

5.760422733958048e-05

2048

3.7342291691055962¢-06

Example 2. Consider the fourth-order initial value problem:
u=—-u'—4e™¥,0<x<1

with the initial conditions:

with the exact solution

u(0)=0,u'(0)=1u"(0)=-2,u"(0)=3

u(x) =xe ™.

The output for a = gis given below:

X

MAED3

N MAE

MAED1

MAED2

8.475958695464136e-06

1.9225837056791274e-

06

5.241934204647247e-06

2.1174836130066765e-06

256

5.07782070557905e-07

-07

4.810618334961402e-07

1.3107540829948583e-06

5.292859011074569e-07

512 [1.2714545172265446¢

3.173316220905775e-08

1.2019330018038228e-07

3.277544385338338e-07

1.321730801473464e-07

1024

2.99736465765539¢-08

8.182726823902087e-08

2048

7.888418029899924e-09

Example 3. Consider the fourth-order initial value problem:

with the initial conditions:

with the exact solution

uv = —4cosx

u(0) =0, u'(0) =0,

+u,0<x<1

u"(0) = 2,u""(0) = 0

u(x) = xsin x .
The output for a = % is given below:
N MAE MAED1 MAED2 MAED3
256 |6.059861937801614e-07 2.3726911722032895e-06|6.807556253068947¢-06 |1.2082855353146016€-05
512 [1.5178042078733966e-07|5.939416483080606e-07 |1.702995872043811e-06 | 3.019631480416507e-06
1024 |3.801529435687456e-08 [1.4862909636370603e-07|4.259044633914133e-07 | 7.547607223656883e-07
2048 | 9.50230039098443e-09 |3.7099023408870835e-08]1.0634909525242264e-07]1.8851668448505166e-07
Example 4. Consider the fourth-order initial value problem:
uV =24u5,0<x <1
with the initial conditions:
u0)=1,u'(0)=-1u"0)=2u"(0)=—-6
with the exact solution
@ =17
u 1+x
The output for a = iis given below:
N MAE MAED1 MAED2 MAED3
256 | 3.12434808869555e-05 0.00010626888116294086/0.00024724704317630186/0.0003021831752841875
512 |7.799656273788091e-06 |2.6515978590990752e-05| 6.166201796634074e-05 |7.532371792307035e-05
1024 1.9483945974396732e-06| 6.622357080932062e-06 |1.5396774960679815e-05| 1.88032057674703e-05
2048 |4.867235900429812e-07 |1.6544980299126877e-06| 3.846811710089826e-06 |4.697267051378962¢e-06




Slovak international scientific journal # 83, (2024)

71

Example 5. Consider the fourth-order initial value problem:
uV = —4e*sinx,0<x <1

with the initial conditions:

u(0) =0, u'(0) =1, u"(0)=2,u"(0) =2

with the exact solution

u(x) = e*sinx.

The output for a = %is given below:

N MAE MAED1

MAED2 MAED3

256

9.99910898968892e-07

4.130361320520137e-06

1.2933133346493264e-05

2.7246045575912703e-05

512

2.505632772376032e-07

1.0346073273659329e-06

3.237528902300113e-06

6.81208237440778e-06

1024

6.2869359496176e-08

2.5931127334288817e-07

8.098177088911029e-07

1.7027831056282139e-06

2048

1.570052088339935e-08

6.487729509174756e-08

2.0249710130926246e-07

4.257019761144676e-07

Example 6. Consider the fourth-order initial value problem:
uV =4e*3+2x)+u,0<x<1

with the initial conditions:

with the exact solution

u(0) =0, u'(0) = 0,u"(0) = 2, "' (0) = 6

u(x) =

The output for a = %is given below:

x?%e*.

N

MAE

MAED1

MAED2

MAED3

256

4.287940488012509¢-06

1.859161943329468e-05

6.367776486371213e-05

0.0001640355317604758

512

1.0749753238670223e-06

4.658764012788197e-06

1.595006763821516e-05

4.1036406344119314e-05

1024

2.6924900131675145e-07

1.166706365296477e-06

3.9914350757896955e-06

1.026271385740074e-05

2048

6.733705149031266e-08

2.917741479535607e-07

9.98234828131217e-07

2.5661813722877014¢e-06

Example 7. Consider the fourth-order initial value problem:

uIV

with the initial conditions:

=u—8xcosx —12sinx,0<x <1

u(0) =0, u'(0)=—-1,u"(0)=0,u""(0) =7

with the exact solution

u(x) = (x? — 1) sinx.

The output for a = %is given below:

N MAE MAED1

MAED2 MAED3

256 | 8.668500844586244e-07 |0.9960709314811149

1.6641355185864626e-05 | 4.7245480606195045¢-05

512]2.1775315399446997e-07 | 0.9980411616543208

4.171866886171216e-06 | 1.1821233000253173e-05

1024|5.4437395932624075e-08 | 0.9990220080755576

1.0444202032111605e-06 | 2.9565572439160803e-06

2048] 1.361527236406552e-08 |0.9995113612579783

2.613367224846286e-07 | 7.395293688539084¢e-07

4. Conclusion
In this paper we have proposed a numerical method to solve fourth order initial value problems having at
least quadratic convergence. We have given the derivation for the proposed scheme and estimated the error in-
volved. We have also given several numerical examples which confirms our claim.
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Rheumatoid arthritis is a systemic autoimmune disease characterized by a chronic course, causing erosive
and destructive changes in the joints and involving the internal organs and systems of the body in the pathogenesis.

The etiology of rheumatoid arthritis is still not fully understood, but both genetic and environmental factors
contribute to the development of the disease. Several genetic features have been linked to rheumatoid arthritis, as
have several environmental factors, such as cigarette smoke, dust exposure, and the microbiome. Other environ-
mental factors, as well as hormonal influences, may explain the higher risk of developing this disease in women.

Keywords: rheumatoid arthritis, T-786C of endothelial NO-synthase, T-allele and C-allele of the eNOS gene,

patterns of inheritance of rheumatoid arthritis.

Introduction. Patients with rheumatoid arthritis
(RA) have a higher risk of mortality compared to the
general population. Despite the reduction of this indi-
cator after the improvement of the treatment strategy
and the deepening of knowledge about the course of the
disease, studies during the last 50 years have consist-
ently observed the risk of mortality in patients with RA
1.5 times higher than in the general population [7].

The pathogenesis of RA is based on autoimmune
inflammation with an unknown primary antigen, which
can be viruses, bacteria or even hypothermia, which
causes T-lymphocyte immunodeficiency and leads to
uncontrolled synthesis by B-lymphocytes of antibodies
directed to the synovial membrane of the affected joint,
which are immunoglobulins G, A, M. They combine
with the antigen in a complex antigen, which inde-
pendently damage the synovial membrane or undergo
phagocytosis in the synovial fluid. After being ab-
sorbed by phagocytes, they activate lysosomal enzymes
that, after exiting, damage the synovial tissues of the
joint, starting a nonspecific inflammation [5, 13].

As a result of damage to the synovial membrane
of the joint, fragments of proteins are formed, which the
body perceives as foreign objects, as a result of which
antibodies are produced, closing the vicious circle [18,
16].

A key role in the pathogenesis of RA is played by
genetic factors in interaction with the environment and
the individual's lifestyle, they play an important role in
changing gene expression and the clinical realization of

inherited or acquired pathology, including multifacto-
rial. That is why the study of genetic mutations and
their association with a certain pathology is becoming
important today not only from a scientific point of
view, but also for practical health care [1, 2].

Despite a number of studies establishing the role
of the above genetic factors in the occurrence of certain
vascular, infectious and autoimmune diseases, as well
as RA [9, 12], individual immunological mechanisms
of the development of RA remain unstudied and require
detailed targeted research. Also, information on the role
of the T-786C polymorphism of the eNOS gene pro-
moter in the formation of RA in the available sources
of literature is limited, and the available data are con-
tradictory and relate to individual nosologies and their
pathogenetic links [20].

In this regard, it was considered necessary to study
the frequencies of alleles and genotypes of the T-786C
polymorphism of the eNOS gene in patients with RA
and their association with the severity of the course of
RA.

Material and methods. The clinical diagnosis of
RA was verified according to the criteria of the Ameri-
can College of Rheumatology and the European An-
tirheumatic League (ACR/EULAR 2010) [3].

To study the T-786C polymorphism of the eNOS
gene promoter, 2 groups of patients were selected: a
control group, n=20 and an experimental group (RA pa-
tients, n=60).

Genomic DNA for molecular genetic research was
isolated from peripheral blood using the commercial
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test system "innuPREP Blood DNA Mini Kit" (Ana-
lytik Jena, Germany) using centrifugal filters.

To determine polymorphic variants of the eNOS
gene (T-786C) (rs2070744) [4], modified protocols
with oligonucleotide primers using the PCR method

and subsequent analysis of restriction fragment length
polymorphism (RFP) were used. The studied regions of
the genes were amplified using specific primers
("Metabion", Germany), indicated in the table. 1.

Table 1

Oligonucleotide primers

Gene Primer sequence
(polymorphism) 5-3)

The size of the amplified DNK region

eNOS (T-786C)

TGGAGAGTGCTGGTGTACCCA - forward
GCCTCCACCCCCACCCTGTC -

180 p.n.
reverse

Specific fragments of the eNOS gene (T-786C) were amplified using the commercial DreamTaq Green PCR
Master Mix (2x) kit (Thermo Scientific, USA) (Table 2).

Table 2
Composition of amplification mixtures
A fragment of a gene Reagents Number

DreamTaq Green PCR Master Mix 25 ul

Primer F 100 pmol (1 )

eNOS (T-786C) Primer R 100 pmol (1 )
DEPC-treated Water 18 ul
DNK 5ul
The total volume of the mixture 50ul

Amplification products of DNA fragments of the
eNOS gene (T-786C) were subjected to hydrolytic
cleavage with the Mspl FastDigest restriction endonu-
clease (Thermo Scientific, USA). The state of the re-
striction fragments was analyzed in a 4% agarose gel
(agarose from Cleaver Scientific, Great Britain) with
the addition of ethidium bromide and further visualiza-
tion using a transilluminator. The resulting image was
processed in the Vitran program.

Statistical processing was carried out using Mi-
crosoft Office Excel® 2010™, IBM SPSS Statistics®
23.0 applications.

The difference in the distribution of genotypes of
the T-786C polymorphism of the eNOS gene in the con-
trol group and patients for the conformity of the distri-
bution of genotypes to the Hardy-Weinberg law was
tested using the y2 test with 2 degrees of freedom, and
in the control group - using the %2 test with 1 degree of
freedom, without using Yeats corrections.

Criteria for the inclusion of patients in the study:
the age of patients over 18 years old, the diagnosis of
RA according to the ACR/EULAR 2010 criteria, the
duration of the disease is at least 6 months, with a low,
moderate and high degree of activity according to
DAS28; signed informed consent of the patient to par-
ticipate in the study.

Criteria for excluding patients from the study: the
patient's age is younger than 18 years, pregnancy or lac-
tation, acute coronary syndrome, acute cerebrovascular
accident, acute heart failure, chronic heart failure of
classes 11-1V according to NYHA, the presence of men-
tal disorders, malignant neoplasms and infectious dis-
eases in the stage exacerbation or unstable remission,
alcohol and drug addiction.

Research results and discussion.

The study of genetic mutations and their associa-
tion in patients with RA is gaining importance today, as

it remains one of the unsolved medical and social prob-
lems.

Considerable attention is paid to the study of NO
metabolism, which is a mediator of synovial fluid cell
apoptosis in the pathogenesis of RA [10]. In patients
with RA, NO contributes to the body's immune defense,
acting as an immunoregulator, which is caused by the
action of cytokines that stimulate the synthesis of NO
[19, 6]. As the disease progresses, the concentration of
NO increases, which causes its cytotoxic effect and
complicates the course of RA [11].

Among the 453 allelic variants of the eNOS gene
(according to the NCBI database), one of the most stud-
ied is the T-786C polymorphism of the eNOS gene,
which is located on the 7th chromosome (7q 35-36),
consists of 26 exons and encodes an mRNA of 4052
nucleotides [ 17]. The T-786C polymorphism in the
promoter region is associated with a decrease in eNOS
expression [14], which leads to endothelial dysfunction
[8].

As a result of the above, endothelial dysfunction
and systemic inflammation occur, which are important
pathological processes in RA and lead to the progres-
sion of the underlying disease.

In our study, the relative frequencies of the T-al-
lele and C-allele of the eNOS gene in patients with RA
and in the control group (Table 3) probably did not dif-
fer. However, the T-allele occurred more often in the
experimental group than the C-allele (by 35.0%;
%2=29.40, p<0.001), without a statistically significant
difference in the control. In general, among the 160 iso-
lated alleles in the examined population, the T-allele
dominated over the C-allele (by 30.0%, y%2=28.80,
p<0.001).
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Table 3

Frequencies of T-786C alleles of the eNOS gene polymorphism (rs 2070744)
in patients with rheumatoid arthritis

Research groups, T alleles, C alleles, OR )

n alleles n (%) n (%) [95% CI] X
Research group, n=120 81 (67,5) 39 (32,5) 2 5?_371 40] %?=29,40 p<0,001
Control group, n=40 23 (57,5) 17 (42,5) [0 714’?43 44] ¥2=1,80 p>0,05
OR 1,54 0,65 i i

[95% CI] [0,74-3,20] [0,31-1,36]
%P v?=1,32; p>0,05 - ;
In general, 3,44 2

Note. OR - Odds ratio, n (%) is the absolute (relative) number of alleles.

The distribution of genotypes in the healthy group
does not correspond to the Hardy-Weinberg law with a
probable excess of heterozygosity (F=-0.33; ¢2=4.49;
p=0.034), which, however, overlapped with the normal

distribution in the experimental group and generally
formed a normal population equilibrium without a
probable difference between the expected on the actual
heterozygosity (Table 4).

Table 4

Indicators of heterozygosity of the T-786C polymorphism of the eNOS gene (rs 2070744)

in patients with rheumatoid arthritis
0,

Tpymi ?Ileles, n (A))C P Pe Ho He F 2 P
Research group, n=120 81 (67,5) 39(325) | 067 | 0,33 | 0,38 | 0,44 | 0,13 | <1,0 | >0,05
Control group, n=40 23 (57,5) 17 (42,5 | 0,57 | 0,43 | 0,65 | 0,49 | -0,33 | 4,49 | 0,034
In general, n=160 104 (65,0) | 56(35,0) | 0,65 | 0,35 | 0,45 | 0,45 | 0,01 | <1,0 | >0,05

Notes: 1. P is the relative frequency of the T allele; Pc is the relative frequency of the C allele. 2. HO — actual
heterozygosity; Hg — expected heterozygosity; F is the inbreeding coefficient. 3. x2p is a criterion for the validity
of the "null" hypothesis between actual and expected heterozygosity. 4. n (%) is the absolute number (percentage)

of observations.

Frequencies of T-786C genotypes of the eNOS
gene polymorphism in patients with RA are shown in
table. 5. The analysis proved a probable superiority of
the relative frequency of TC of the polymorphic variant
in the control group over that in patients (by 26.67%,
y2=4.31, p=0.038). Also, the TC genotype dominated
over the CC genotype both in the group of patients and
in the control: by 25.0% (y2=14.52, p<0.001) and
55.0% (%2=16.13, p <0.001) respectively. Among pa-

tients with RA, carriers of TT alleles occurred more of-
ten than those with the CC variant (by 35.0%,
%2=23.84, p<0.001). And among practically healthy in-
dividuals, the relative frequency of TC carriers pre-
vailed over that with a favorable TT variant (by 40.0%,
¥2=7.11, p=0.008).

The probability of the model according to the
Akaike information criterion (AIC) is 16.01 (OR=9.0;
95% Cl=4.40-18.41; x2=40.0; p<0.001).
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Table 5

Frequencies of T-786C genotypes of the eNOS gene polymorphism in patients with rheumatoid arthritis

Genotypes of the Research groups, n=80 OR 2
Ne eNOS gene RA, Control [95% CI]
n=60 (%) , n=20 (%) P
TT- genotypes, 2,81 v?=3,34
1 n=34 29 (48,33) 5(25.0) [0,91-8,70] p=0,067
TC- genotypes, 2,99 v?=4,31
2 n=36 23 (38,33) 13 (65.0) [1,04-859] | p=0,038
CC- genotypes, 1,38 x?<1,0
3 n=10 8 (13,33) 2(10,0) [0,27-7,14] p>0,05
OR [95% CI]
; , 1,59 0,15
TT- genotypes against 7G| 1 75 3 45142=1.38 | [0,03-0,64] 2=7.11 : :
: p>0,05 p=0,008
OR [95% CI] 13,14 6,25
TT- genotypes against CC; 2 [4,34-39,75] [0,61-63,54] - -
p ?=23,84 p<0,001 v2<1,0 p>0,05
OR [95% CI] 8,27 42,25
TC- genotypes against CC; > [2,65-25,79] [5,15-148,9] - -
p v2=14,52 p<0,001 | y?=16,13 p<0,001
The probability of the co-dom-
inant model of the higher edu- 9,0 [4,40-18,41]
cation system %2=40,0; p<0,001 i )
[95% CI] 2% p

Note. OR — odds ratio; 95% CI is a 95% confidence interval.

Racial and population analysis (Table 6) showed
that the frequency of the CC genotype of the eNOS
gene in the population of the Bukovyna region exam-
ined by us (10.0% - in the control, 13.33% - in the ex-
perimental group) does not reliably differ from that of
Caucasian populations and individual populations of

(Pt =0.57-0.68 and P¢ =0.32-0.43 versus Pr =0.50-1.0
and P¢ =0.33- 0.59; p>0.05), indicating high heteroge-
neity and racial non-specificity. At the same time, the
frequency of the T-allele in our studies is slightly
lower, and the frequency of the C-allele is higher than
those for Asian populations (Pt =1.0; p<0.05 and P¢

the equatorial race, including by allelic distribution =0) [15, 18].
Table 6
Racial and population differences in frequencies of genotypes, T-786C alleles of the eNOS gene polymorphism
Races, populations TT-geno- | TC-genotypes, | CC-genotypes, | . o | C-anens
types % %

The results we received (Buko- 0,57- 0,32-

vyna) 0,25-0,48 0,38-0,65 0,10-0,13 0,68 0,43

Equatorial race (African Ameri- 0,39-1.0 0,17-0.50 0-0.10 0,50-1,0 0,08-

cans) 0,50

European race (Caucasians) 0,13-1,0 0-0,56 0-0,30 0,41-1,0 %?é?é

Asian race 0,97-1,0 0-0,43 0-0,012 1,0 0

Conclusion. Therefore, this gene in a homozy-
gous state is found in 12.5% of the examined residents
of Bukovyna: in 13.33% of patients with RA, and in
10.0% of healthy people, respectively (p>0.05). Ac-
cording to the allelic distribution of the T-786C poly-
morphism of the eNOS gene in the population in gen-
eral, the T-allele dominates over the C-allele (65.0% vs.
35.0%; %2=28.80; p<0.001): in patients with RA — by
35 .0% [OR=4.31, 95%CI=2.51-7.40, p<0.001], in the
control - by 15.0% (p>0.05) with a probable excess of
heterozygosity (F=- 0.33; x2=4.49; p=0.034). The TT
genotype of the eNOS gene occurs in 48.33% of pa-
tients with RA. The frequency of the C-allele of the
eNOS gene in the population of the Bukovyna region
examined by us probably does not differ from that for
Caucasians and certain populations of the equatorial

race (Pt =0.57-0.68 and P¢ =0.32-0.43 vs. Pt =0.50 -
1.0 and P¢ =0.33-0.59; p>0.05), indicating high hetero-
geneity and racial non-specificity.
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Communicative problems cause more and more people's interest. This is a necessary part of the professional
competence of specialists in all spheres of activity. A modern specialist must possess knowledge in the field of
business and academic communication in order to understand communication partners, establish relationships with
them, conduct business talks, negotiations and master the basics of public speaking.

The purpose of teaching the subject "Business and academic communication in the Azerbaijani language” is
the formation of students' oral and written business and academic communication skills. To provide knowledge in
the field of theory and practice of business and academic communication, based on the most effective methods
and forms of business communication, the formation and development of communicative competence, which will
allow students to carry out their professional activities in the future, is considered one of the main goals of this
subject. Concrete words, grammatical constructions, etc. d. for each message. Such types of speech activity as
speaking, writing, listening and reading are the basis of the speech process.

Keywords: communication, oral and written speech, business and academic communication.

The process of speaking or talking means that a
person joins the system of mutual social relations in a
specific case. However, what distinguishes these two
subjects from each other is that the thoughts that domi-
nate the inner existence of the listener at the moment of
communication, since the relationship to the subject of
the speech is in the form of internal speech, can be fully
protected from external influences and remains under
the control of the subject. Therefore, there is a direct
connection between the concepts of listening and inner
speech. At the same time, among the means of verbal
communication (speaking, listening, reading and writ-
ing), it is important to understand that listening is in an
active position, that there are active and passive forms
of listening, that communication culture consists of
normative, communicative, and ethical components.

As a result of teaching the subject of business and
academic communication, students get extensive infor-
mation about the components of communication cul-
ture, the observance of conversational standards and the
principle of communication expediency, the activity
form of conversation, the fact that listening is a type of
communication, the forms of listening, and the im-
provement of listening skills.[3, 11]

Communication problems are causing more and
more interest among people. This is a necessary part of
the professional competence of specialists in all fields
of activity. A modern specialist should have knowledge
in the field of business and academic communication in
order to understand the communication partners, estab-
lish a relationship with them, conduct business conver-
sations, negotiations and master the basics of mass
speech. Specific words, grammatical constructions, etc.
for each communication. should be There are types of
speech activity, such as speaking, writing, listening and
reading, which are the basis of the speech process. The
main feature of literary language is standardization. A
norm is a uniform, generally accepted use of language
elements, rules of use in a certain period. Norms are not
invented by scientists, they are supported by the regular

processes and events that occur in the language, the ex-
perience of speaking. The main sources of the norm in-
clude the works of writers, the language of the media,
generally accepted contemporary usage, and the scien-
tific research of linguists.

Norms help preserve the integrity and understand-
ing of the literary language, protect it from the influx of
dialect speech, social jargon, and foreign languages.
Language norms are changing. This is an objective pro-
cess that does not depend on the will and desire of in-
dividual individuals. According to researchers, this pro-
cess has intensified in recent decades due to social
changes. In the critical period, the logo sphere, that is,
the field of speech culture, changes significantly, and
this, in turn, shows changes in the social consciousness
of the language collective. There are options within the
literary norm. This objective norm variation is gener-
ally associated with language development.

In the process of literary language development,
there are changes towards dialects and other functional
types of language. As a rule, norms of written speech
are formed earlier than oral expression. Currently, there
is a tendency for the convergence of written and oral
speech. [5, 62-63]

A language event is considered normative if it is
characterized by the following features:

1) compliance with the structure of the language;

2) mass and regular reproduction in the process of
communication;

3) public approval and recognition. [2, 87]

Both spontaneous and conscious processes take
place in the formation of the speech norm. Spontaneity
is associated with the mass and regular use of a certain
language norm among native language speakers. Lan-
guage and discourse are processes of "legitimization™
or codification of spontaneous language norms that are
consciously dominated by grammars and dictionaries.
Coding, etc., fixation of events that develop in the pro-
cess of social experience, is carried out by philologists.
What has been mentioned shows the necessity of fol-
lowing the principle of communication expediency in
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speech, therefore, the style of speech should be in ac-
cordance with the conditions and goals of communica-
tion. Knowing the standards of speech and following
the principle of appropriateness of communication is
the basis of communication culture. Communication
culture consists of three: normative, communicative,
ethical components, and the main criteria are: 1. Com-
municative expediency. It is not enough to speak or
write correctly, it is important to be aware of the stylis-
tics of words and expressions in order to be able to use
them in appropriate communicative situations. 2. Accu-
racy of statement. Here, two aspects are considered: a)
accuracy in the process of reflecting reality and b) ac-
curacy in expressing ideas in one word. The first aspect
is related to the authenticity of the speech (true or false).
In the second aspect, the following shortcomings are
possible: lack of concreteness, confusion. 3. Sequence
of presentation. The statement should reflect the logic
of reality, the logic of thought and should be character-
ized by the logic of speech expression. Logical thinking
should reflect the facts and relationships of reality
(cause-effect, difference-similarity, etc.). The violation
of the logic of speech expression is also manifested in
the wrong division of the written text into paragraphs.
4. Communicative aesthetics. This is manifested in the
rejection by the literary language of means of expres-
sion that insult the honor and dignity of a person. 5.
Compatibility. The relevance of certain language
means depends on the context, situation, and psycho-
logical characteristics of the interlocutor's personality.
The saying "They don't talk about the rope in the
hanged man's house" reflects the essence of this princi-
ple very well. [3, 115]

Listening is one of the forms of human activity,
like the process of speaking. Hearing and listening can-
not be equated. We note that we hear a lot even when
we don't want to. If numerous sounds are included in
this series, we can say that a person lives in the world
of sounds in the true sense. But since the ear is con-
stantly exposed to external sounds, a unique adaptation
process takes place. More precisely, the effect of "inau-
dibility" is created in the vortex of sounds. If every
sound (speech) that we care about acts as a source of
information for us, it encourages us to listen.

Listening is a conscious activity of a person. This
effort comes from the need for information of a person,
who is a social being, or from the desire of reality to
influence events and processes. Also, the attitude of the
parties to each other is reflected in the hearing (agree-
ment, inner feeling of sympathy, disgust, etc.).

Whether we like it or not, listening is a vital ne-
cessity. Science has proven that three-quarters of hu-
man communication is speaking and listening. It should
be noted that among the means of verbal communica-
tion (speaking, listening, reading and writing), listening
is in the active position.

The famous philosopher Leibniz writes that "... |
am ready to travel twenty miles to listen to my worst
enemy, if only | can learn something from him." [6, 10]

It is true that listening is important for learning,
but it is not essential. For example, any information can
be learned by reading from a newspaper (magazine,

book) page or by observing an event live (while watch-
ing a football game in a stadium). This suggests that
other means than listening can be important as a means
of understanding. However, there are spheres of human
activity in which it is impossible to do without lively
conversation. If there is a conversation, then there is
also an addressee (listener).

In many cases, communication is compared in a
two-way way. Since solving any problem requires mu-
tual effort, the listening party should also play its role.
Sometimes it is assumed that the listening party is pas-
sive. In fact, this misconception contradicts the culture
of listening. Because even when a person "takes water
in his mouth" and remains silent, his attitude towards
the subject of the speech should not be considered equal
to zero. It is possible that by using non-verbal means,
the listener confirms what was said, expresses his
agreement and displeasure with gestures.

The process of speaking or talking means that a
person joins the system of mutual social relations in a
specific case. However, what distinguishes these two
subjects from each other is that the thoughts that domi-
nate the inner being of the listener at the moment of
communication, and the relationship to the subject of
the speech is in the form of internal speech, can be com-
pletely protected from external influences. Therefore,
there is a direct connection between the concepts of lis-
tening and inner speech. [2, 94-95]

Among the numerous forms of listening in recent
times, there is talk of male or female listening forms.
There are gender characteristics and mentality factors
in this style of approach. It must be admitted that the
positive qualities of women in the listening process are
higher than those of men. It turns out that a subtle crea-
ture is also more sensitive. This sensitivity is observed
by women's preference for empathic listening. Empa-
thetic listening is also important in defining women's
social roles (educator, doctor, psychologist, etc.).

In the history of Azerbaijani diplomacy, it is pos-
sible to find the names of female diplomats even in the
Middle Ages. Sara Khatun, the mother of Aggoyunlu
ruler Uzun Hasan, and his wife Daspina Khatun were
famous for their negotiation skills. In later times, the
Azerbaijani woman impressed even the Europeans with
her skill.

The French traveler, ethnographer and writer Al-
exandre Dumas (father Dumas) skillfully wrote about
his meeting and negotiations with Khursudbanu Nata-
van, the khan's daughter in Baku, that there was a very
strict discipline in this family. Children learn to speak
in the presence of adults. The lady of the house was a
real noble. It is true that women have not been given
much space in the diplomatic arena. Observations of the
present day allow us to confirm that the activity of
women in the spheres of foreign relations and diplo-
macy is strengthening. The recent increase in the num-
ber of women among the ambassadors confirms that
such predictions are in line with reality.

It is difficult to evaluate the speech process, which
is a complex psychophysiological phenomenon, with-
out listening. It is believed that men are attentive only
for 15-20 seconds. In the following moments, they in-
ternally look for a moment to intervene on the subject
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of the speech. This means that men tend to listen reflex-
ively. Therefore, men have some difficulty in com-
municating with women. However, since the listening
style is the same when a man talks to a man, abnormal
elements that do not meet ethical requirements are not
observed. The same is true when a woman interacts
with a woman. Observations show that men interrupt
women twice as often. Undoubtedly, this is a very bad
and unethical habit. [8, 25]

Thus, listening should also be explained by the
concept of space and the relations between the parties
at this time. Communication between the speaker and
the listener at a certain distance should be in accordance
with ethical criteria. As a result of teaching the subject
of business and academic communication, students get
extensive information about the components of com-
munication culture, the observance of speech standards
and the principle of communication expediency, the ac-
tivity form of speech, the fact that listening is a type of
communication, the forms of listening, and the im-
provement of listening skills. At the same time, they
learn that listening is in an active position among the
means of verbal communication (speaking, listening,
reading and writing), but also the existence of active

and passive forms of listening, and that communication
culture consists of normative, communicative, and eth-
ical components.
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Reform processes that permeate modern society in
all spheres of activity provoke the emergence of new
trends, trends in the training of future specialists, in-
cluding future teachers. Globalization, informatization
and digitalization contribute to the optimization of the
educational process on the one hand, but on the other
hand, the teacher ceases to be the dominant source of
information, losing his leading position in the labor
market. That is why training a competitive teacher with
leadership qualities and capable of creating an innova-
tive educational product is one of the priorities of mod-
ern higher education.

The problem of leadership qualities is being ac-
tively studied abroad, and the main scientists (W. Ben-
nis, R. Dilts, E. Dearing, A. Lawton, B. Nanus, D. Rus-
sell, E. Rose, etc.) include personal and professional
ones.

W. Bennis, B. Nanus identify the following lead-
ership qualities: guiding vision (clear understanding of
professional and personal goals); inner passion (the de-
sire to take advantage of the opportunities that are pre-
sented); integrity of personality; loyalty to one's princi-
ples; desire and ability to learn from and work with oth-
ers; curiosity; willingness to take risks and experiments
[1].

According to R. Dilts, D. Russell, leadership qual-
ities should include: communication (the ability to
build effective interaction with people); systems think-
ing (allows the leader to identify and understand the
problem space in which he and his colleagues work);
strategic thinking (allows you to think through the path
along which you need to move towards the intended
goal [2].

A. Lawton, E. Rose, N. Huber identify foresight
and the ability to see priorities as the most important
leadership qualities. In addition, effective communica-
tion and the ability to build interpersonal relationships
are also priorities for a leader [3; 4]. In turn, A.V. Av-
deeva presents the following leadership qualities as
components of leadership competence:

— intellectual (manifested in readiness to perform
professional tasks, in the ability to generate ideas and
move away from standard solutions),

— organizational (expressed in the ability to make
decisions independently, voluntarily take responsibility
for solving a group problem),

— performance (including readiness to perform
long-term work with high efficiency, the ability to find
a non-standard solution and adequately evaluate the re-
sults achieved);

— socio-communicative (including the ability to
lead people, the ability to smooth out conflicts when
solving complex problems in a group and find a com-
mon language with different people) [5].

L.D. Kuznetsova, V.V. Manikhin, A.S. Ognev talk
about leadership competencies, which are based on the
following qualities:

— desire for achievement and self-development,

— creativity,

— ability to inspire others;

— managerial qualities, namely: the ability to set
goals, forecast, make decisions, and effectively control;

— ability to act in situations of uncertainty;

— social responsibility [6].

In turn, N.A. Kryukova divides the leadership
qualities of future specialists into basic and additional.
The scientist includes the following in the first cate-
gory:

— the ability to motivate, inspire people, take care
of the team (team) and give it a vision of a common
mission;

— the ability to interact in a team, listen to its deci-
sions, and develop it;

— the ability to understand people’s psychology,
resolve conflicts, find mutual understanding and inspire
trust.As we see, we are talking about organizational and
communicative competencies. Additional qualities of a
leader N.A. Kryukova include:

— research competencies (the ability to conduct
scientific analysis to obtain a discovery or other new
result);

- intellectual competencies (the ability to think an-
alytically, compare facts, build logical chains to solve a
problem);

—information competencies (the ability to find and
systematize the data necessary to solve a problem) [7,
p. 20-22].

A.V. Evdokimov complements this list with such
qualities as ambition and a high level of energy. Ac-
cording to the scientist, a leader is honest with himself
and others, confident in himself and his goals [8].
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In the work of N.V. Prikhodko we find the follow-
ing list of personal leadership qualities: communication
skills, organizational skills, increased activity, moder-
ate emotionality, pronounced innovation, business and
moral qualities.

In the works of foreign researchers we also find a
similar list of leadership qualities: motivation to act, or-
ganizational skills, effective communication, empathy
and emotional intelligence [9; 10; 11].

In the works of E.V. Andrienko characterizes the
leadership qualities of an individual taking into account
the specifics of pedagogical activity. Thus, the scientist
identifies two groups of teacher leadership qualities:
communicative (sociability, focus on others, tendency
to cooperate, empathy, tact, patience, emotional stabil-
ity, flexibility in learning new roles, artistry) and pro-
fessional (high intellectual flexibility, criticality and
quick thinking , ability to improvise, self-criticism, in-
dependence, initiative and others).

Based on the works of E.V. Andrienko, T.P. Pitina
identifies the following groups of teacher-leader quali-
ties:

— organizational (organization,
ability to integrate group efforts);

— communicative (sociability, flexibility, influ-
ence);

— personal (activity, responsibility, independ-
ence). The scientist specifies that: “a high level of de-
velopment of organizational skills helps the teacher to
effectively organize the activities of each student and
the activities of the group as a whole. The formation of
communicative qualities allows the teacher to produc-
tively develop interpersonal relationships with students
and regulate relationships between students, their par-
ents, and colleagues. Stable and positively oriented per-
sonal qualities, such as determination, confidence, re-
sponsibility, activity, contribute to the professional
self-improvement and personal development of the
teacher” [12].

E.l. Prikhodchenko classifies the leadership qual-
ities of future specialists into three groups:

— general management (professional competence,
practical thinking, communication, organizational abil-
ities, hard work, willpower, healthy lifestyle, stress re-
sistance, collectivism);

— actual leadership (charismatic, creativity, initia-
tive, empathy, morality);

— specific — characteristic of a certain area [13, p.
54-55].

M.l. Gubanova, G.V. Uglyanitsa identifies two
groups of leadership qualities of future teachers: pro-
fessional business and personal.

Professional and business qualities, according to
the scientist, contribute to the organization of joint ac-
tivities of all participants in the educational process and
characterize the instrumental norm of leadership, since
this includes the entire range of qualities that reflect the
attitude towards one’s profession (activity, determina-
tion, perseverance, responsibility, creativity, organiza-
tion, competence, high intellectual flexibility, critical-
ity and quick thinking, independence, initiative, etc.).

In turn, the effectiveness of communication
among participants in the educational process depends

responsibility,

on the formation of personal leadership qualities. Such
qualities express the expressive norm of leadership, and
they include personality qualities that express a per-
son’s attitude towards other people (kindness, sociabil-
ity, goodwill, fairness, empathy, attentiveness, respon-
siveness, love for children, sympathy, tact, patience,
self-criticism, sincerity, emotional stability, flexibility
in learning new roles, demandingness, etc.) [14, p. 45].

Deeply explores the leadership qualities of stu-
dents — future specialists — A.V. Avdeev, dividing such
qualities into four blocks:

— intellectual: willingness to take responsibility,
the ability to generate ideas (creativity), the ability to
practically assess the situation; understanding the inno-
vative needs of the economy and the characteristics of
future professional activities; mastery of basic tech-
nigues and means of influencing the team; ability to use
modern means of obtaining, storing, processing and
presenting information; use information reasonably and
expediently, pay attention to the main thing when or-
ganizing work on joint projects;

— organizational: the ability to make decisions in-
dependently, take responsibility for solving a group
problem; effectively organize your own activities, or-
ganize productive personal contacts; have a psycholog-
ical readiness to work in a team, the ability to find an
individual approach to people;

— performance: readiness to perform long-term
work with high efficiency; the ability to put forward
ideas and outline ways to implement them; the ability
to act purposefully, according to a clear algorithm of
actions with a persistent desire to achieve the set goal,
ability to implement decisions made and adequately
evaluate achieved results; possession of basic means of
solving professional problems and skills of rational in-
formation processing;

— social and communicative: the ability to lead
people, the ability to resolve conflicts when resolving a
group task and find a common language with different
people, feel and understand the emotions of others; the
ability to notice characteristic and subtle features of ob-
jects and phenomena [5].

Quite interesting, in our opinion, is the study by
M.S. lonova, N.V. Rezepova, where scientists prove
the existence of a correlation between a student’s social
status in a group and his leadership position. Thus, the
“stars” of the group were the undisputed leaders in all
respects, while the “rejected” showed the least leader-
ship qualities. In turn, scientists included communica-
tion and organizational qualities as leadership qualities
[15].

We share the opinion of scientists regarding the
need to develop all of the above-mentioned leadership
qualities in future teachers, however, we note that it is
difficult to form such a wide range of personal qualities
at a high level during 4-5 years of study at a university.
That is why, the most important task of modern science
is to highlight such leadership qualities of future teach-
ers that are directly related to the teacher’s ability to
form an initiative and active personality of the student,
on the one hand, and, on the other hand, to be competi-
tive in the modern labor market.
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Based on a deep analysis of the phenomenon of
“leadership” and the category of “leadership qualities,”
as well as the list of such qualities among modern
teachers, we can state that the most important leader-
ship qualities of future teachers in today’s sociocultural
situation include:

— professional: organizational and managerial
qualities, effective communication, cooperation and
ability to work in a team, tolerance, adaptability, inno-
vation;

— personal: self-confidence, responsibility, disci-
pline, activity and initiative, empathy, desire for self-
development and self-improvement.

Thus, we understand the leadership qualities of fu-
ture teachers as a stable set of personal qualities of a
student, which allow him to be the initiator and organ-
izer of various types of socially significant activities,
obtain effective results from such activities, and strive
for self-development and self-improvement. Based on
an in-depth analysis of scientific literature, we identify
the following leadership qualities of a future teacher:
professional (organizational and managerial qualities,
effective communication, cooperation and ability to
work in a team, tolerance, adaptability, innovation) and
personal (self-confidence, responsibility, discipline, ac-
tivity and initiative, empathy, desire for self-develop-
ment and self-improvement).

We see prospects for further research in the char-
acteristics of the identified qualities and the search for
ways to form them in the educational space of the uni-
versity.
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The construct of moral identity is used to measure
the extent to which moral values such as justice, fair-
ness, compassion, honesty and caring are considered
important to self-identity [4; 5; 6]. Hardy defines moral
identity as the degree to which moral values are central
to one's sense of self. In the context of youth political
purpose and political engagement, moral identity is
closely related to political identity, which can be under-
stood as concern with social, political and governmen-
tal issues, as well as political participation (6). Political
identity is determined by whether political activity is an
important way of identifying oneself [1].

Adolescence and adulthood are marked by the de-
velopment of moral identity and political participation.
Foreign scholars have found that having a moral iden-
tity in late adolescence is a crucial factor in predicting
a sustainable political goal, which is to engage in polit-
ical activity. The results indicate that the development
of moral identity significantly affects the formation of
political goals in the transitional period of adulthood,
and the role of NGOs in this regard cannot be overesti-
mated.

Unfortunately, Ukraine does not conduct any such
empirical studies. The issue of developing the value of
moral autonomy in adolescents within the context of
NGO is only considered theoretically, with a more phil-
osophical approach than practical and pedagogical ap-
proaches.

From the philosophical point of view, our study is
interested in the views of J.-P. Sartre's philosophy of
freedom, based on the idea that man is nothing or free-
dom, and his life is a possibility, is particularly relevant.
Freedom is not something that must be done, but rather
a decision made by oneself. What a person chooses to
be is a choice they make freely. The definition of goals
and objectives is enough to give freedom to a person,
regardless of their aspirations being manifested and re-
alized. Freedom involves not only choosing one's own
abilities, but also one's attitude towards a particular sit-
uation. Even someone who is a slave can decide how
they feel about their situation. According to J.-P. Sartre,
a person is "doomed to be free". The categorical imper-
ative is to use your freedom and be who you are. Free-
dom as a value of meaning and life implies internal
freedom of choice and a person's great responsibility
for his or her choice, for his or her own life, for all of
humanity.

The idea of freedom is a unifying concept for all
peoples at all times, as stated by K. Jaspers, an existen-
tialist philosopher. In his concept of world order, he
gives a philosophical justification for this phenomenon.
"The will to create a world order based on law does not
have as its immediate goal freedom as such, but only
political freedom, which opens up space in human ex-
istence for all the possibilities of true freedom" [3].
This, in his opinion, characterises: 1) overcoming ex-
ternal influences, overcoming one's own permissive-
ness; 2) gaining the meaning of life, realisation of
rights, since the condition of freedom is maximum
breadth, which is why the content of freedom in life is
full of polarities and contradictions; 3) freedom is not a
cause of itself, true freedom is aware of its limits, the
freedom of an individual is connected with the freedom
of all others; 4) freedom gives rise to alternatives; 5)
freedom is characterised by movement and dialectic:
"Such freedom arises only with the change of the indi-
vidual. It cannot be created by institutions forcibly in-
troduced into a community of people who have not
changed; it is related to the nature of communication
between people who are ready to change. Planning free-
dom is not possible, but those who work together to
properly plan specific tasks can gain freedom [2].

It is this freedom that is a prerequisite for the for-
mation of moral autonomy, and this aspect should be
particularly emphasised by educators and social work-
ers when creating and supporting the functioning of
NGOs for teenagers.

The absence of fear or dependency on anyone or
anything, envy, and the ability to overcome life's barri-
ers is what determines self-sufficiency as the basis for
autonomy. Self-sufficiency is not possible for individ-
uals who avoid solving their own problems, are indeci-
sive, or afraid. Self-sufficiency necessitates self-devel-
opment and self-work. Those who work on themselves
often experiment, make mistakes, and discover their
own identity and meaning in life. Self-sufficiency is af-
fected by all of these actions. Developing this quality,
<unk>, can be achieved by ceasing to demand from oth-
ers and taking responsibility for what is taking place.
Self-sufficiency implies self-development, which we
define as the process of a person's purposeful influence
on himself or herself in order to develop or polish phys-
ical and moral qualities, essential forces, spiritual
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sphere, activate abilities, inclinations and form the nec-
essary skills for life, as well as self-realisation of new
knowledge, skills and abilities [7]. Given the above, it
can be argued that the basic principles of effective edu-
cation of moral consciousness and moral autonomy of
adolescents in the context of public organisations
should be as follows:

- humanistic principle, which consists in recognis-
ing a person as the highest value, understanding the
child, treating him or her kindly, trusting, accepting the
child as he or she is, changing his or her behaviour
through positive means;

- the individual principle affirms the uniqueness
and originality of the inner world of each child, deter-
mines his/her self-concept, interests, needs in life;

- the principle of continuity characterises the pro-
cess of education as continuous throughout a person's
life;

- the principle of integrity consolidates the efforts
of all educational entities into one system;

- the principle of continuity, which ensures the
transfer from generation to generation of the experience
of assimilating humanistic values that are the basis for
the education and development of children's personali-
ties;

- the principle of cultural relevance, according to
which the education of the moral consciousness of a
growing personality is carried out in accordance with
the cultural conditions of society;

- the principle of natural correspondence, i.e. edu-
cation of moral consciousness of older adolescents, tak-
ing into account their individual characteristics, tem-
perament, qualities, inclinations, abilities, age, natural
conditions, social environment, folk traditions, etc.;

- the principle of pedagogical competence, which
consists in the appropriate use of pedagogical forms,
methods, selection of content, pedagogical tact;

- the principle of stimulation is determined by the
belief in the strengths and abilities of the child, his/her
ability to achieve high results, and the motivation to
self-organisation, self-education and self-improve-
ment.

The creation of stable, historical formations that
are objective is necessary for the formation and devel-
opment of the children's movement. The creation of
positive moral autonomy in the younger generation is
greatly influenced by an institutional structure, reality,
and active subject.

Conclusions. Thus, as a subject of the process of
education of moral consciousness, an individual acti-
vates self-knowledge and directs his/her efforts towards
himself/herself in order to develop those qualities that
correspond to his/her own ideas about ideals, life prior-
ities, goals, meaningful life values and requirements for
himself/herself.
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As we know, the language is a whole system, and it is impossible to understand it at a complete and sufficient
level without knowing the internal laws existing in this system, without taking into account the dialectical unity of
language rules with each other. In the learning process, integration is built on the basis of comparison, and it is
flawed to make concepts that have no similarities into an object of comparison.

Without knowing the lexical-grammatical signs of any linguistic concept, it is impossible to understand the
nature of the relationship between them, and thus, to understand the necessary, objective relationships in the chain

of linguistic phenomena.

Taking this aspect into account, Professor Hasan Baliyev wrote: "The teacher should provide the students
with the most necessary knowledge about grammatical concepts and concepts, and also take care of their acquisi-
tion of the skills specified in the program for individual sections".

After the mastered concept is examined in integration with another one according to its main and additional
features, their use in speech practice is realized. Degree, time, quantity signs are not possible without a grammatical
object. In the research work, we have paid attention to the integrative teaching of linguistics sections, and we have
investigated the possibilities of intra- and interdisciplinary integration in mastering language rules.

Keywords: grammatical concept, concepts, necessary knowledge, integration, speech practice.

Language rules, which are generally called "gram-
matical knowledge", have been widely discussed in sci-
entific and pedagogical literature. In one sense, it has
been suggested that learning the rules facilitates acqui-
sition.

One of a number of content directions or lines in-
tended to be implemented in the teaching of the Azer-
baijani language is the integration of knowledge and
skills on "Language rules".

By learning the rules of the language, students get
acquainted with the phonetic, lexical and grammatical
structure of the language, and have concrete, clear and
simple concepts about them. The teaching of rules and
interpretations in an integrated form enables the for-
mation and development of correct language and
speech skills of students, and helps to understand the
most necessary linguistic concepts and concepts. [6,
88-89]

Integration is also an enabler of succession. If we
pay attention to the new textbooks and teaching aids, it
can be seen that many elements of traditional education
have preserved themselves in the content of the Azer-
baijani language course, in the system of its acquisition.

Although the new textbooks devote a lot of space
to the practical, practical nature, the role of the lan-
guage rule as a mediator has not been ignored.

Apart from the primary class, the theoretical
knowledge of language rules mainly starts in class V,
where the possibilities of in-text integration are widely
used. If we pay attention to additional resources to the
textbook, the integration is mainly based on the content,
structure and analysis of the text, not on the language
order.

It is possible to observe such a relationship in most
of the standards. If we compare the new textbook with
the old textbook, we can observe how the succession is
expected and the innovations.

If we consider the intra-disciplinary communica-
tion system, we will see that intra-disciplinary commu-

nication itself is based on intra-linguistic communica-
tion. This connection in language manifests itself as the
unity and difference of language and thinking. Lan-
guage as a system begins with phonetics (phonemes),
and is completed in text syntax and speech. Experience
also shows that words are learned in connection with
sound.

Each process manifests itself in the activity before
and after it. When a language fact does not connect to
each other like a cogwheel, the system stops moving,
speech, expression, law, method are incomplete. For
example, mastering language rules is done in parallel
with teaching sounds and letters. [2, 111]

In the process of teaching the first 3 sounds (a, n,
t), the student gets acquainted with the rules of the lan-
guage, and the following result is obtained:

1) recognizes these sounds and can pronounce
them correctly;

2) is able to write and read words through those
sounds;

3) can distinguish the sound and letter composition
of the word;

4) can distinguish vowel and consonant sounds in
the word with the help of signs;

5) understands dividing words into parts, that
words consist of syllables;

6) Can form sentences by looking at pictures or
using words;

7) understands that the number of syllables in a
word corresponds to the number of vowels in it.

Entertaining games are provided in such an inte-
grated way, speech sounds are presented simulating the
sounds of animate and inanimate objects in nature.
Learning achievements gained through the sounds and
letters taught in grades V-XI can be systematized as fol-
lows:

1. Understands the difference between sound and
letter.

2. Understands that words are formed from
sounds.
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3. Able to distinguish between vowel and conso-
nant sounds.

4. Learns the syllabic structure of the word.

5. Understands the number of vowels in syllables
and words.

6. He is able to ask questions about the word.

7. Gets acquainted with the types of grammatical
meaning of the word, distinguishes the words denoting
name, sign, number, action, recognizes the graphic
sign.

8. Acquires the ability to construct a sentence.

9. Realizes that the suffixes -lar2 create the con-
cept of quantity (plurality).

10. An initial idea about the root and suffix of the
word is formed.

11. He is able to distinguish phrases and sentences,
learns to express them orally and in writing.

12. Gets knowledge and experience about homon-
ymy, synonymy and antonymy of words.

13. Gets acquainted with some pronunciation rules
of words containing k, q consonants.

14. Acquires basic information about complex
words. [2, 120-121]

During the teaching of the language rules to be
learned, students learn those rules with new methods.
Unlike traditional textbooks, tests on language rules are
taught in new textbooks under logical headings such as
"think and answer" and "true-false".

In the newly published textbooks, intra-discipli-
nary communication is mastered first in the integration
of speech parts, then the constituent parts and structure
of the word. Of course, it is impossible to talk about its
composition and structure without words.

In fact, the foundation of phonetic education is laid
during the literacy period, during which students are in-
troduced to syllable sequences and events, even if they
are primitive. Through subject mastery, they learn that
the first habits related to literary pronunciation and
writing are created by giving priority to studies and
tasks based on the comparison of sound and letter com-
position. [3, 69]

The comparison of sound with words gives effec-
tive results, and in a kind of beginning, the foundation
of the teaching of phonetics with orthography and

spelling is laid. By working on specific descriptions
(e.g. filling in the blanks), students learn about the so-
cial nature of voice, its types, the role of voice in
speech, etc. they gain initial familiarity with the issues.

Data on the teaching of language rules related to
phonetics, orthography, and spelling are quite extensive
in terms of both content standards and volume.
Knowledge of those rules is strengthened through stud-
ies and tests.

By mobilizing integration opportunities, students'
theoretical knowledge about sounds and letters is ex-
panded and clarified. At the end of this lesson, students
master the following about sounds and letters:

1) that words are formed from the combination of
sounds;

2) sounds are divided into two groups, vowels and
consonants;

3) that letters are signs of sounds in writing;

4) that the sound is heard, and the letter is visible
by writing.

In the course of the lesson, students simultane-
ously strengthen their knowledge of the rules of
spelling and pronunciation of words. [4, 25]

They clearly see that when pronouncing vowel
sounds, the air flow does not encounter any obstacles in
the oral cavity, while in consonants, on the contrary, the
voice encounters various obstacles in the oral cavity.
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AHHOTALUA

CYHYH.ITaJ'IFaH WIIMMHH MakaJiaaa KbIPI'bl3 3JIMHUH 6aaTLIpJ_IBIK «Mamnac» OMOCYHYH MHUCAJIbIHAA KBITai ackep
6am xomannausickl KoHypOail MEeHEeH »KOONKEPUMIHUKTYY JKeKeMe-)KeKe CaibllKa 4blraap ajaelHAa MaHacka
BUTAMBIKTYY KYJIYK TAHJI00 MacelIeCH MEHEeH OaiIaHbIIITYy CypOO KapaJar.

Byn kapMain KyTyycy3 jkapajraH, aHTKeHH, ara 4euH 0aaThIpblH AKKyJackl AT 4aOblllika Ko€ OepuireH
Oosay. MeIHaii MaaHunyy uimure MaHac jkapaam OepyYCYH OTYHYI, ©3YHYH DH JKakblH HOPOCY, aKbUIMaH
Komoﬁro KaﬁprHaT J’KaHa ara MICHUYHH, aHBIH 6I/IJ'II/IMI/IHC, TalKbIYTBITbIHA, CBIHYBIJIBIK JapaME€THHE YOH YMYT
apTKaHBIH OWJITUPET.

UrHpHAA, OWp Hede CYHYINTANTaH TyIHapiapablH apachiHaH Komroil 0aaThlp YIYH MBIKTHL KYJIYK
TaHAAra"HJbIT'bl KCII 00JI0T.

Bemex 3MU30410, KBITal TCKTYY OKCHUHC Kapa6aCTaH, KI/If/iI/IH‘IGp33K Kan ManacTein OH, JKaKbIH JKaHa ara
66pI/IJ‘IFeH qopocy 60J1yr1 KaJraH AJ'IMaM6eT, «LIOH Ka3aT» aTtajJraH HUpHU OKy:AJa YaJIrbIHAOO OIllCpanusiCbIHA
JKapamIyy OOJNTOH MBIKTHI KYJYKTY TaHAal OWJIHII, ©3YHYH OUHHK camaTTapblH KOPCOTOT.

Ce3nyH MbIHA YIIyNl OHYTYHJe, anberre, kazak Kanel Aiinapkan e3yHyH Oamacel 3p Kekde MeHeH
KOPOOCYHJArsl KBUIKBUIAPJIBI apajamn KYpYIIyN, aHxarsl ap Oup aTka TAaachlH jKaHAa Ma3MyHIyy MYHe31eMe
OepHIIKeH JKarail OeNTuiyy KbI3bITyyHY TyyLypOai KOHOONT.

Abstract

In this research article, based on case studies of the Kyrgyz folk heroic epic «Manasy», we have analysed the
issue of selecting a good warhorse for Manas in his upcoming responsible single combat with Konurbai, the com-
mander-in-chief of the Chinese troops. In such an important matter, Manas turns to his close combat colleague,
the wise Koshoi, saying that he believes him and hopes very much for his skill and knowledge. And indeed, out
of several proposed horses, Koshoi managed to choose the best steed for the hero.

In another episode, despite his Chinese origin, Almambet, who later becomes one of the closest associates of
Khan Manas, also demonstrates his best qualities in choosing the best horse for reconnaissance operations in such
a major event as the «Great campaigny». In this vein, there is a certain interest in the moment when the Kazakh
Khan Aidarkan and his son, the hero Kokcho, give a detailed and meaningful description of each of the horses
they have in their herd.

AYKBIY CO310P: TapOUs, CaJIT, )KBUIKbI, 03aaTyyJIyK, 0aaThIpABIK 3110C, Mypac, 00JI0Y0K MyYH.

Keywords: upbringing, tradition, horse, value, heroic epic, heritage, future generation.

Kupumyy. Ara-6abamapiplH  HapkTyy JAa, KapaMayyJyryH “Tapasajai” OMIreH >KOHIOMIYYIYK

HYCKaJyy Jda cajTblHa Ha3ap TallTal, 3YCH-3YeH
KbUIBIMIAPABIH  KBIMBIPBIH  KAPBITKAH  TapbIX-
Tap)KbIMAJIbIHA CEPEeIl CAaJIbIN, CHIHYBUIBIK KACHETKE
KaHAad MaaHu OepreHHH OOOJITONIOOro  OOJIOT.
CBHIHYBLIBIK, OYJ, aNABIHKBI KE3CKTE aJaMIBIH aKbLI
MapacaTblHbIH, J3CHHHMH, aAeOMHMH, >KYPYMYHYH,
TypPYM-TYypIIaTbIHBIH KaHJIalIbIIbIH 6aanoo10H
OamTan, aHBIH IIBIK-JapaMETHH, MYMKYHYYJIYTYH,
KYy4-KyOaTbIH, KalpaTTyyJlyIyH, KOHIOMYH,

Gosyn cananar. JKaH-)xaHbIOApiapasl MYHe3706/6,
CBITNIATTOOIO KaHa 0aalloo/l0 Ja aTairaH eHep apObIH
konponynrad. ChIHYBLIAp, ajarra, 34  KHMIe
GaiikaTmail TypyI 371e KaJplpece OMIHIT KOIoIKaH. by
eHepAY YIyy MyyHIOap JKall >KeTKHHUYEKTepre
YHPOTYYHYH, MYPacTOOHYH KaMblH  KOPYIIKOH.
ChIHYBLIAp 3N WYMHAE ©3rede ypMaTTaliraH >kaHa
Kauplpayy  OonymikaH. OmocTo  OaaThIpiap/IbiH,
OanbaHmapiblH MHHCE  KyOaThl, KO  XKYpce
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KOJII00YyCy Oosron KYJIYKTOPYHO Kapara
KOJJOHyJATaH Oyn  eHepayH OasH-TapKbIMaJIbIH
WINKTO®, aldeTTe, OCNTMIYY KBI3BITYYHY JKaparmai
KOMOOWT.

H3unneenyn metomaopy. KoroiraH TemaHbIH

aJKarblHAa THEIIeIYY MasMyHAy bUITOO, OKYI-
YHpOeHyy, TAJI100, UHAYKIUSA, JAeayKIus,
CaJIBIITHIPYY, a0CTPaKTAIITHIPYY xK.0. bIKMa-

METOIOp KOoNAoHynny. OMOHAONH 37€ TEKCTTEepIAEeTH
“ceOen-HaTHIIDKa” OalaHBIITAPEIH HIUKTOO, Tal0yy
JKaHa OPHOTYY HII-apaKkeTTEePH KYPTY3YJIAy.

Herm3sru ma3myny. KonypOaii xexeme-kKeke
caifpliika MaHAcTBl 4akpIphlll, Manac Y4yH Oyn
KYTYYCY3 00y KaHa aHbIH AKKyJIackl MypJapaak AT
yaOplmka Ko€ OepuwirenaunkreH, Kool abacwkiHa
KalpbUIBIN, ara KyJyK TaHAan OepyYCYH CypaHar.
O6ony Kankamannsia Kapa atel cyHymranar. Komoit
Oyn kynykryH KonypOaii MeHeH caiipliTa 4abanabik
KbUIapblH Oenrmiedtr. AHZaH coH 3p YpOyHYH
TynmapsiH, Kekynays Topy KallkachblH CyHYIITAIIKAH
ydypaa, agapIslH Ja Oysl 9OH KapMaliTa akbIpbIHA
neiipe  9plmabachklH  KYHOJIeHT. AnMamMOeTTHH
CapamaceiH  Oomco, am  KyayryH Oepe  causlm,
AnMaMOCTTHH Kee Typyn KanbllblH MaHac Tyypa
KkepOeiT. Koo 1yH ChIHUBUIBIK KACHETHH TOMOHIOTY
carnrap airuHeNeur:

AT xapansl Komoit kaH,

Kapan Typran xaH4a aH

Abakenus 3p Komoit

AHBIKTaN KO3YH cajbInThIp [1, 1567-6.].

Kynykrepny yaam chiHAam, AJBIMCapBIKTHIH
JKapmannaii atTyy TynmapsiH MaHacka bUTaifbIK Ta0aT.
JKapmaHmaiiibIH MBIKTBUIBITEl MBIH/IAi9a CYPOTTONOT:

AKOKONTOH Kaifbl narsl 6ap,

A5 xalipatThl alIkepe

A3BIp TOJTOH Yars! 0ap.

Mamnpaiieiaga 6arel 6ap,

Kymnarsiana mawmsl 6ap,

Uyy yKKaH/1a KY4ereH

Tynnapisik skaiibl narst 6ap [1, 1568-6.].

Yox Kazat okysceiHna ackep Oamrdasl AnmamOer
bakOypuyHIyH 1IaapeiHa YaIrbIHIa Oapyy 4ednMHHE
GainaHpIITYy, aHBIH YalTbIHTA >KapaMayy KyJyK
TaHJ00 OHOepPYH®e Cepen caiblll Kepeiy. Jp Manac
ayrad yanurbelara xxapait gen Kankamanasa Kapa atsia
CYHYWITaWT. AN  aTThlH Kapbld  TYLIKOHAYI'YH
Kyheenen, AnmMaMmOeT an KYJYKTYy Makyll KepOewT.
Anpa Manac omo 3amar Tokortolinyn Topy aThlH
CyHyHIITaraHja aHel Ja >KakThIpOail, AXbIOalijabpiH
KypeHYHYH ap TapanTaH MBIKTBUIBITBIH MYHO316I
(6.a. ap kaHmaii abOmaH TaTaajg, KbIHYAJIBIII
KbIplaanjapaa ajamra “‘kaHar Oomuy”  KalblH
xyteenern), KypeH aTTel OepyycyH eTyHeT. AlnaHa-
TerepexTeruaep — AxbiOaiabiH - KypeHyHYH — Hak
TYJNAPIBITBIH YKKaH/a, aHYAJIBITBIH OMJIOeTreHIeprHe
aiipaH-TaH OOJyIIKaH/IApbl aUTHUIAT. “AHBI YKKaH COH
kaH Manac” omo 3amar blpust yyn menen bo3 yynny
Axxpr0aiira atranTar [1, 1700-1701-66.].

Amap Askpi0aiira KeIUIIKeHAEe, all AJIMaMOCTTHH
CBIHYBUTBIK KAaCHETHH JXOropy Oaamam, ara bIpaasbl
60yn, MaHnac e3y aTaiibIH CypaThII )KaTKaHAaH KUHNH
“Op KagpIpbIH 3p Omitet, Op O6nunbece He OuneT?” nereH
9] MakKaJblH AaMTHI, HApKTYy KENTH 3CKe CaJbII,

KypeH aTTel 3ku 4OpOHYH KOJIyHa KapMaTblIll, ypMar
KOpCOTYN anap/sl Kaipa arranrart [1, 1702-6.].

AlimapkaHablH ~ yiyHe  Term  KbITall  9p
AnMaMOETTHH KeNreHuHe as0ail KyOaHBIIIBIN, aHbIH
ypMaTbiHa “Bam  KyTTykTO0” CalThIH ©TKepYYHY
yeunieT. Aifnapkan yyny 3p Kekue sxaHa manaiibl
MeHeH Y4ee 600 >KbUIKBIHBI apanail )KypyLIyt, ap oup
aTTBIH KBISUT-)KOPYT'YH MYHO3/IOIIYII, CHIATTaIIbII, ap
OupHHMH OaayynyryH OCNTHICHIKSHH, aJapAblH 39
OWMPHH COIOIIKA bIPaa KOPYIIeN KEIIHAJBIIIKAH YIyPY
TOMOHKYU® CYPOTTOIOT:

AJNTBI )XY3 9K€H XKBUIKBICHI,

Ap KaliCBICBIH Kapaca

ApTBIKYa )KaKIIbI XKBUIIBI3BI:

AnapIplH KBUIKBLIApTa OepreH chlmaTramaliapbl
CYKTaHJBIPapJIbIK J1a, OPHOKTYY Ja: “ApbIKTa0al auTel
aifra, MuHuI xypce TYTTy — nen”, “Ap Oup 033cuH
yblrapat, Asibaran cyTryy — nen”, “KymnyHyH xakiis
0akThl — gen”, “Yiinan skooul xaHbeioap, Keisuter Mara
*KakTel — gern’, “YKana OupeeH narel aiitem, By
tabbutbac mMymyk — germ’, “TyyraHBIHBIH 0aaphICHI,
Tynmapra ganeim Kyayk — gern’”’, “YKana 6upeeH marst
aiTsin, Kapmarar koo konro — aen”, “TyyraHbIHbIH
Oaaprichl, TyKyMy MEHEH KOPro — e, OIICHTHII:

ATanyy-6ana 33p4uIImn

Apanan xypay xaiima-xai,

KanmaiielH kapMar coépyH

Kan Aiinapkan, ap Kekue

Dkee xypyn Owuie anbaii [1, 1001-6.].

TemeHne KkbiTaii ackep Oaurubichl KoHypOaiiapiH
Anrapa arTyy KYJAYT'YHYH a0JaH MBIKTBUIBITEL, 0.a.,
OMWMKTUTH aNTHIMBIII Oakca myOammaH aphIITal
(cexmpui) aTTanm ©TKOHY XXOHYHI® KeIl XKypeT. Ara
YeWHH KaHYaJaraH KOHYKTYPYY, MAIIBIKTHIPYY, HIII-
apakeTTepu OONTOHIYTY, Tail 4arslHaH Oamram Oup
OGakca gybanjaH KeNTeIreH JKONy  apblIITOOTO
YHpeTyIreHnyry, anaaH coH OaKkCaHBIH KaTMapiapblH
yJiaM OMHMKTETHI OapblIraHbITbl A ThIIAT.

Bakca — coxmo nyGanmaplH KaTMapiapel. bup
KaTMapAblH OMHUKTUTH aansiM A. A. baiibocyHOBIyH
kuTeOuHAe OO0MKON MeHeH 7 caHTuMmeTpre Oapabap
60NToH y3yHAYyK aiTeiIar [3, 25-6.].

KonypOaitnsa AnrapaHsl
YHPOTKOHY:

Apam enreH Anrapa at

AJaT KpUIraH MypyHTaH,

AnteMeIn O0akca gyOanmaH

ApbImTan 4ypKar KeTKeHH.

KamkacsiH kapa Taur KpUITaH,

Kapan xanran xapa aTTbl

Tait yarelnga Mam KplUITaH,

bup 6akca nyban enaypres,

Kaiipa-kalipa yypkartsirl,

MuH aTTaThlll KOHIYPTeH,

OpTeHKH KYHY Aarbl Ja

Oku Oakca @HAYPreH,

OKH aTTaThIl KOHYPreH,

YuyHuy KyHze Y4 Oakca,

Kener skeH main Oakca,

ATBIPBUITHIT OKTOJITKOH,

AHTHUI KYpPYI KapaH bl

AnTeiMbII 6akca TOKTONTKOH [1, 1819-6.].

MaIIbIKTBIPBII
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OmeHTuIr OTypym, agaMm OYTKYJ TUTHH KOOI,
caOBIpAYYJIyK MEHEH Mall JKaHbIOapIsl YHPOTYYTe
OoJiopiryry HacaaTTalblll jKaTar. Asrapa S4eH/ereH
oy KoHyp6aiip! coryin MaiiaanslHia KarncanaHayy
abanjaH jxe eJYMAOH KyTKaphIll KETKEH.

ATta-06abanapblObI3  JKBUIKBI TYKYMYH KaHzai
acelparn, OapkraranslH Ominyy yuyH Kenem JKycymos
benex ConToHOEBAWH OSMIE€rMH 3CKEPYYHY Makys
KkepeT: “KbIpre3gap KakIibl aThIHBIH OalIblH OMHHK
JKBITAQYTHIH OarblHa wireH. ChIHYBIIAp KUIIUHM JKaHa
aTTHI TaHa ChIHAI, Oamrka Maydsl ceiHabaraH. Kynyk,
4o0yp OOJIOpYH KyJIyH jKaHa Tali Ke3WHIE ChIHAIl
Omnren. Yiime ONTypymn THIITaH aTTBIH OackaH
Ja0BIIBIHAH KYIYK O00pyH OmireH. JKookepuuiankTe
JKaJITBI3 JKaHBIH aTblHA Tammblprad. Kas Oup ar sacu
YKTan Kajica, CyyK KHIIMHUH 3JIECHH ajica, 33CHH
YaITyblll, )K€ THIITEN OWTOTKOH. ATTBIH Kalll XKe Kapbl
093/1eH  TyynraHabirbiH OwireH. balirere warmkannga
aTTBIH 4YbIrapblH, Oaifrere WIMHEPWH jkaHa KaJlapblH
ommren. KeOynue byry xeiprensiHan HaiiMaw,
JKanpiOex nereHmep aTka OWPHHYHM CBIHYBI OOIYTI,
KYnykTy 18 Typre, 6ypkyTTy 65 Typre Oenren [4, 290-
291-66.].

Omron JKaHBIOGKTHH YIIKOH CHIHUBUIBIK KAaCHETH
Tyypanyy AcbeikOek Owmopo 1883-xputel  blchik-
Kennyn Tynnyrynne Casik maHaObl blpbicMeHIUHUH
ampiHaa Kepkarika KyJyKTYH ar 4aOblmTa Maapara
OupyvHYM OOJyN KEJMIIMH, OLION DJi€ KbUIAAPHI
KazakTapia Oup 4oH ar valei Ooiyn, Oup TOn
KUIIWIEpJMH  KYMOHCYpPOreHyHe  Kapabail  man
JKanpIOEK ChIHATaH TYJNAPIBIH YOH COOPYH KOIOJTaH
Oarr GaireHu >KeHHUIT aJIBIIBIH OassHaaiT [7, 95-6.].

2010-xpu161 AMEpHKaga aTTapblH HHTSIDICKTHH
JKaHa 3¢ TYTYMYH H3WIAETeH OKyMYIITYYJIap *KbIIKbITa
OalNaHBIITYy KOINTOTeH KBI3BIKTYY MaaJlbIMaTTapibl
anpIkTamkan: “Kepce, arrap OmsmuH ce3mepyOys3my
Ou3 OMJIOTOHJIOH Ja XAKIIBl TYIIYHOT dKeH. AHaH 1a
amapaplH 3C TyTyMy asbaif eHYKKeH 0oy,
ajlaMJapblH  JKacaraH J>KaKIIbl-)KaMaH MaMHJIECHH
emyp 0010 yHyTMmai, 3CHHE CakTam Kajiblmar. Ara
M?3pUM MEHEH ©3re4e MaMWIe KbUITaH agaMIbl 39
KauaH YHyTHai, JOCYHAAl JKaKIbl KOpYyN KaJblllaT.
Al sMH Opoil MaMmie KbUITaHAApIBl eMyp 0o
KeunpOereH Kekuywa OomymiaT. MBIHIAH CHIPTKApBhI,
aTTap  ajamJblH = YHYHeH  aHBIH  OMOIMSACHIH
TymryHymet. KoXKOIOHYHYH YHYHOH aHBIH KaHAal
SMOIMOHANJBIK abanjga 3KEHAWUTHUH JaaHa Ce3HIIeT.
OmoHaykTaH 00JCcO  KepeK, aKbIpKel  ydypla
MEIMIIMHAa aT MEHEH JapbuIoo JETeH ©3reue METO[
naiiga 6onay”, - aen xkazar ['ynmusza Axuesa [2, 31-6.].

BYryHKY KyHIOepae »3IOCTOrY MBIKTBI KYJIYK
OyynmaHmapAaslH  arTapelH  0OebexTep,  dypreiep
OIOHYYKTapbIHa KOOI aJIBIIIBIII, KBI3YY,

MaalllbIpJIaHbIl  OMHOTOHJOPYH, ajapra alTelIraH
yIIyyJdapAblH XKbULyy KaaloOJIOpPyH akaJeMHK A3u3
CanueB MbIHAaua sckepeT: “A3BIpKbl KYHAO [1a
Oannmap e3ynepyHYH OOHYyK arrapeiH “‘Taitropy”,
“Axkkyna”, “TaiOyypyn” nmen aramar, “Manacrait
Gourynn 4oHOMTyH”, “AluypekTeli cyiyy Oon!” nereH
Kaanoo-TuiekTepau yrymartr” [6, 210-6.].

XKoropyna  OasHmanraHZapAbIH  HETH3WHAE
TOMOH/IOTY KBIHBIHTHIKTAPIBI YBITapyy MYMKYH.

KopyTtynnay:

- KBIprbI3fap OalbIpTaziaH XKBUIKBI TYKyMYyH
CBIHJIOOTO kaHa 0aaJlooro 4YOH MaaHH OepreH.
JKBUIKBIHBI KaHATBI ChIMaN, TyMapnail kepreH. Kyiyk
YBIKYy aTThl CaslKepiep KyJyH 4arblHaH Tapra
acplparaH, TanTaraH, aHbBlH 00p  TYHIIYTYH
YbIIAMKalIbIK MEHEH KoTepreH. JKookepumimmk
3aMaH/ia KbUIKbI OaaThIpiapAbIH, OandaHIapAbIH KaH
mepuru O0NToH. MBIKTBI TyJmapiap 3p azaMaTTapbl
MaiijaH TajaachlHOa KaH4YamaraH abmaH  oop,
Kanabanyy, KOPKYHYUTyy KbIpJaangapAaH KyTKapbl
QJIBIN YBITHINT KETKEHH (MaceneH, MaHac GaaThIpablH
AKKyacel) aHbI3 Kemke aimanraH. Kymykrep kypd
MelelTepae, TaiiMarrapaa JkaaHblH ‘SkeOecuHaei
CBI3BIN, KyWITail y4ym” ajjapira O3yIl, >XEHUIITepre
JKETKUPHIL, KBIPTBI3apAblH HaMBICBIHA dYeH Kypaai
»KaparaHblH Oaanai OWIMIINON3 maps;

- KYNIYKTYH  aQpaJbIKTBl ~ 4Yaalm  OTYYCYH
TYIOHTYy4y em4eM Oupaukrepu: “Taii waObM”,
“Kynan 4abpM”, “Ar 9abpiM” 3k.0. aTambIIITApHI
KBIPTHI3 JIMHHH Kallloo0 KEYHPYY MYHO3YHYH JKBIIKBI
TYKyMy MEHEH OaliJIaHBIIIBIHBIH TEPEHANUTHH >aHa
KBIPArblc OMPUMANTHH MaaJIbIMAANT;

- OO  CHIHYBUIBIK  KacHeTTH,  ©HepIy
a3eKTel, O0JIOYOK ypIlakTapra YUpeTyy MHUIIETTEpUH
Yyeuyy MII-apakeTTepu — ara-OabamapabiH OackaH
JKOJIyH, KaJITHIPraH W3WH, aJlapAblH TaOepuKk KOeHe
MYpPAacTapblH yPMaTTOOHY CUMBOJIJIOIITYPAT;

- OKBUIKBIHBIH ~ CBIPTKBl  KEJIOETH, TypyM-
TypHmaTbl K003, KOPKOM, Ke3re ©3re4e IKbUIYY,
CYHKYMAYY KOPYHTOH, KEpEeMET JKaHbIOAp SKEHIUTHH
CEe3UI-TyoII, Oaanail OMTHIIION3 MaaHUIYY.
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This paper aims to examine and compare translations of scientific texts from English to Russian performed
by ChatGPT-3.5, ChatGPT-4, and human translators. The study conducts a comparative quality analysis of these
translations and utilizes the neural-based machine translation evaluation metrics COMET-22 and BLEURT-20.

A key aspect of this paper is to identify errors, shedding the light on the strengths and limitations of both the
deep learning based language models in order to better estimate their performance in comparison to human trans-

lation.

Using a mixed-method research approach, this study analyzed 30 scientific articles in English language as-

sessing the efficiency of automated translation systems.
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Introduction. The development of world’s tech-
nologies has seen remarkable progress in the natural
language processing (NLP) and automatic evaluation
metrics as well.

Lately advancements, in natural language pro-
cessing (NLP) have been quite impressive leading to
the creation of the language models such as ChatGPT.
These deep learning-based models have demonstrated
proficiency, in translation activities sparking a lot of
enthusiasm among researchers. Particularly, in the area
of machine translation, these models have shown tre-
mendous promise.

Machine translation serves to connect people
across languages enabling the exchange of information,
in the scientific community. The accurate and swift
translation of content, into languages plays a role in fos-
tering cooperation enhancing cultural awareness and
speeding up progress, in scientific fields.

With the increasing acknowledgment and useful-
ness of ChatGPT 4 in translation it is vital to subject
this language model to evaluation and comparison with
human translations. Understanding the strengths and
weaknesses of ChatGPT 4 in handling content is essen-
tial for leveraging its capabilities ethically.

As Al language models reshape the translation
landscape grasping their potentials and constraints be-
comes crucial for making informed decisions on inte-
grating them into scientific workflows. Als role in
translating texts is highly valuable as it facilitates a
streamlined and accessible global exchange of scien-
tific knowledge.

The history of neural networks

The history of networks spans, over years and has
experienced significant progress in both theoretical and
practical domains. A neural network is a method in ma-
chine learning that processes inputs to forecast outputs.
While they share similarities, with machine learning
approaches they possess strengths.

Linear models are a core element of statistical ma-
chine translation. A potential translation x of a sentence
is represented by a set of features hi(x). Each feature is
weighted by a parameter Ai to obtain an overall score
[1].

Neural networks are mathematical models that use
learning algorithms inspired by the brain to process in-
formation. Since neural networks are used in comput-
ers, they are collectively called as “artificial neural net-
works” (ANNSs) [2]. It consists of layers of intercon-
nected nodes, known as neurons, organized in different
layers, such as input, hidden, and output layers. Each
neuron performs simple computations on its input data
and passes the results to other neurons.

Neural networks modify linear models in two im-
portant ways. The first is the use of multiple layers. In-
stead of computing the output value directly from the
input values, a hidden layer is introduced. It is called
hidden, due to inputs and outputs in training instances,
but not the mechanism that connects them — this use
of the concept hidden is similar to its meaning in hidden
Markov models [3].

Deep Learning

The progress of deep learning technology has un-
veiled revelations and advancements that have signifi-
cantly propelled the realm of intelligence research. As
time has passed the field has undergone changes that
mirror the viewpoints and inputs from a range of re-
searchers.

The advancement of deep learning technology has
provided valuable insights and technological break-
throughs that have significantly shaped the field of ar-
tificial intelligence research.

The history of learning is commonly categorized
into three stages; Cybernetics (1940s 1960s) Connec-
tionism (1980s-1990s) and Deep Learning (from 2006
to the present) [4, 5].
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Looking back at the emergence of cybernetics it
was a period characterized by the exploration of net-
works. In 1943 Warren McCulloch and Walter Pitts in-
troduced a model for networks establishing a founda-
tion for future advancements. In the 1950s 1960s Frank
Rosenblatt developed the Perceptron, a network de-
signed to mimic human thought processes.

Interest in networks experienced a resurgence in
the 1980s with the rise of connectionism. Notable pro-
gress during this era included the introduction of the
backpropagation algorithm by Rumelhart, Hinton and
Williams in 1986 enabling. Neural networks to learn
from complex datasets. This period also witnessed the
development of models and algorithms such, as Hop-
field networks and Boltzmann machines contributing to
both theoretical understanding and practical applica-
tions of neural networks.

The modern era of deep learning began in 2006
when Geoffrey Hinton demonstrated that pre-training
layers of neural network one at a time could signifi-
cantly improve the training processes for deep neural
networks. This discovery, along with the increasing
availability of large data sets and powerful GPU
(Graphics Processing Units), led to major break-
throughs. By 2012, Alex Krizhevsky, Ilya Sutskever,
and Geoffrey Hinton [6] made a landmark achievement
with their AlexNet model, which drastically outper-
formed other competitors in the ImageNet competition,
reducing the error rate by a substantial margin.

Since then, deep learning has seen exponential
growth in interest and application, influencing multiple
fields such as autonomous driving, natural language
processing, and medical diagnosis. Organizations like
OpenAl have been at the forefront, pushing the bound-
aries with models like GPT (Generative Pre-trained
Transformer), which showcases the capabilities of deep

MT Evaluation Mafrics

learning in understanding and generating human-like
text. Additionally, the research organization OpenAl
uses deep learning technology to build all generative
models, leveraging large amounts of data to train Al
systems to perform various tasks [7].

The field of translation has been remarkable ad-
vancement with systems like ChatGPT compared to
traditional human translation efforts. These Al-driven
tools leverage deep learning to interpret and generate
text across different languages, achieving near-human
or superior performance in terms of speed and scalabil-
ity, though they may still face challenges with nuances
and context-specific interpretations [8, 9, 10].

Metrics

Neural machine translation (NMT) utilizes Trans-
former-based deep learning, has advanced rapidly cur-
rent years [11]. Unlike statistical machine translation,
NMT uses neural network to generate more varied sen-
tences. However, evaluating the quality of these trans-
lations is essential but challenging. Due to linguistic
variability there is no single correct translation, making
human evaluation subjective and inappropriate. Human
and automated evaluation considered as main ap-
proaches to assessing the machine translation systems.

As we know human evaluation effective and con-
sidered the gold standard in natural language genera-
tion but also expensive and requires substantial human
labor. Automated evaluations are more cost-effective
and easy used for comparative analysis but have limi-
tations.

Automated metrics are evolving to better mimic
human assessment by incorporating advanced machine
learning techniques, including those based on deep
learning models like Transformers. These metrics gen-
erally fall into several categories: lexical-based, em-
bedding-based, and supervised metrics.

Wore-Based

N-gram Edit IstEncs

Suparvised

Ward Embedding

5
28

Ranking

Figure 1. Taxonomy of automatic evaluation metrics.

The first well-known evaluation metric for ma-
chine translation, BLEU (Bilingual Evaluation Under-
study) was introduced in 2002 [12]. BLEU was devel-
oped by researchers at IBM and quickly became a
standard for evaluating the quality of text translated by
machine translation systems. It compares the candidate
translation of text to one or more reference translations,
measuring the precision of matched sequences of word
or phrases. BLEU was pioneering due to one of the first
metrics provided a quantitative way to assess the qual-

ity of machine-translated text, allowing for more sys-
tematic and reproducible evaluation across different
translation systems.

However, two decades later, according to the
study ‘The Results of WMT22 Metrics Shared Task:
Stop Using BLEU — Neural Metrics Are Better and
More Robust' (Figure 2) [13], it has been demonstrated
that neural-based learned metrics are superior; tradi-
tional overlap metrics like BLEU, SPBLEU, or CHRF
correlate poorly with human ratings.
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The results also reveal that neural-based machine
translation evaluation metrics are significant better than
non-neural metrics across different domains and chal-

lenges. In order to gather data on translation errors per-
formed by ChatGPT-3.5, ChatGPt-4, and human trans-
lators, in the list shown below the COMET-22 and
BLEURT-20 were selected.

Metric

| avg rank

METRICX XXL
COMET-22
UNITE
BLEURT-20
COMET-20
MATESE
CoMETKIWI*
MS-COMET-22
UNITE-sRC*
Y151-1
COMET-QE*
MATESE-QE*
MEE4
BERTSCORE

MS-COMET-QE-22%

CHRF
FI101SPBLEU

HWTSC-TEACHER-SIM™*

BLEU
REUSE*

1.20
1.32
1.86
1.91

2.36
2.57
2.70
2.84
3.03
3.27
3.33
3.85
3.87
3.88
4.06
4.70
4.97
5.17
5.31

6.69

Figure 2.

Main Results

Using a mixed-method research approach, this
study analyzed 30 scientific articles (each contain at
least 650 words), sourced from the Acta Naturae jour-
nal. [14], These articles translated into Russian lan-
guage using specific prompts for the ChatGPT-3.5 and
ChatGPT-4 models and then compared with human
translations. The resulted data (below graphics) were

analyzed using the COMET-22 and BLEURT-20 met-
rics [15, 16]. The results show that ChatGPT-4 model
has improved its performance in translation field com-
paring with ChatGPT-3.5, which allow to conclude that
there is an undoubted improvement in the quality of
machine translation based on neural learning. Analyz-
ing these models, which generated scores are roughly
from 0-1, for human translation was taken 1 score,
where it indicated as a perfect.

Many mistakes were found regarding (Doc. 4, 5,
6) for instance:

Original-The reconstruction of the genome of
Prince Dmitry Alexandrovich indicates the contri-
bution of three ancestral components to his origin:

Russian version-PekoHCTpyKIHsT TeHOMa KHS3S
Jmutpus AnexcaHIpoBHYa YKa3bIBaeT Ha BKJIAJ TPEX
POAOBBIX KOMIIOHEHTOB B €TI0 IMPONUCXOKIACHUC.

Cpaskerute nepesogos no wetpike BLEURT CpagHetue nepesogos no Metpuke Comet-22
8 ChalGPT4
Q- chatspras '/ﬁ‘ —4 -3- ha
o
0
0
COMET-22 ChatGPT3.5 ChatGPT4
BLEURT-20 ChatGPT3.5 ChatGPT4 doc 1 0,840 0,853
doc_1 0,303 0,307 doc_2 0,877 0,882
doc_2 0,424 0,459 doc_3 0,882 0,878
doc 3 0,377 0,412 doc_4 0,663 0,723
doc 4 0,02 0,15 doc_5 0,774 0,844
doc_5 0,167 0,288 doc_6 0,722 0,782
doc_6 0,153 0,256

ChatGPT-4-PekoHcTpyKIus reHOMa KHs3s JIMUT-
pust AlleKcaHApOBUYA yKa3bIBAET HA BKJIAJL TPEX MPea-
KOBBIX KOMIIOHEHTOB B €0 ITPOHCXOXKICHHE.

ChatGPT-3.5- PekoHCTpyKLHs TeHOMa KHA35
JmuTpust AnekcanpoBUya yKa3bIBaeT Ha BKIJIAJ TPEX
NPEeIKOBCKUX KOMIIOHEHTOB B €0 MPOUCXOXKICHHE;

Original-The existence of a “blind spot” in the
study of the genomes of the Medieval Russian
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Russian  Version: CyiiecTBoBaHHe — «O€JIOro
MATHa» B U3YYE€HUH T€HOMOB JPEBHEPYCCKOU 3ITUTHI

ChatGPT-3.5- CymiectBoBaHue '"TeMHBIX Iisi-
TeH" B M3yUYEHUU T€HOMOB CPETHEBEKOBOW PYCCKOM
3HATH;

ChatGPT-4-CymectBoBanue “ciienoro natHa" B
N3y4YCHUU T'CHOMOB CpeﬂHeBeKOBOﬁ pYCCKOﬁ 3HaTHUu

Original-The location of princely burial
grounds is established by annalistic messages, syn-
odics of the XVI-XVII centuries.

Russian Version-MecTomnoaoXeHne KHKECKUX
nmorpeOeHNH yCTaHABIUBACTCS 1O JISTOITUCHBIM CO00-
mennsiM, cuHoaukam XVI-XVII Bs.

ChatGPT-3.5- MecTo KHSKECKHX 3aXOpOHCHHM
YCTaHaBJIUBACTCA MO0 AHHAJIBbHBIM COOﬁl[leHI/IHM, CHu-
moaukaMm XVI-XVII Bexos,

ChatGPT-4-MecTommoa0XeHne KHSKECKHX 3aXO0-
pOHeHI/Iﬁ YCTaHaBJIUBACTCA IO JICTOIIMCHBIM coo61ue-
uusaM, cuaogukaMm XVI-XVII Bexos.

Statistical analysis shows that ChatGPT-4 model
translates better in comparison with previous model
(i.e) ChatGPT-3.5.

In general, ChatGPT-4 demonstrates high-quality
translations in the meaning and choice of a word, in
simple extended sentences, and complex sentences as
well.

However, the primary errors identified in the com-
parison between human translated and machine-trans-
lated texts include incorrect translations and repetition,
non-equivalent and misinterpreted idiomatic expres-
sions. A professional translator, specializing in a spe-
cific field, can easily overcome with such difficulties.

Conclusion

In assessing the efficiency of automated transla-
tion systems against human translation capabilities, the
performance of ChatGPT-4, as quantified by the
COMET-22 metric achieves an accuracy of 88% and
ChatGPT-3.5 achieves an accuracy of 87%. In the
BLEURT-20 metric the performances of ChatGPT-4
and ChatGPT-3.5 models are 45% and 42% respec-
tively.

It should be underlined, that COMET-22 neural
fine-tuned metric is a more powerful metric, trained on
a wider and more diverse dataset and focusing on the
comprehensive semantic similarity between source text
and translation. As a result, it is less sensitive to minor
errors or deviations in translation. The indicators shown
in the schemes above are higher, than those of
BLEURT-20.

BLEURT-20 in its turn, is more appropriate for
tasks where a high degree of linguistic knowledge and
stylistic accuracy is required.

Through the progress in computational linguistics
and machine learning, these innovative systems i.e.
ChatGPT-3.5 and ChatGPT-4 can interpret and trans-
late the complex nuances of language. However, it's im-
portant to remember that automated systems often
struggle with idiomatic expressions, cultural refer-
ences, and the deep context that typically demands hu-
man intuition and cultural knowledge. Consequently,
while the 88% accuracy rate of ChatGPT-4 demon-
strates strong general translation abilities, it also high-

lights the limitations where human oversight and inter-
vention are still necessary in the translation process. We
hope that performance of capabilities of neural machine
translation systems will improve in the nearest future.
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Abstract

Yunus Emre (1240-1320), who has a large "Divan" with a magical structure of words, consisting of stanzas,
couplets, tajnis and quatrains, and a 362-verse masnavi called "Admonition", is a great master of poetry in the
history of the literature of Turkic-speaking peoples.

The history of the written Turkish literary and artistic language has been on a wide development path since
the 13th century with the creativity of Mevlana Jalaladdin Rumi, his son the poet Sultan Valad, and Yunus Imre,
who wrote with the motto "a few words are the property of the land, many words are the burden of animals".

However, we must not forget the fact that Maulana Jalaluddin, who is considered the "prophet of love", and
his son Sultan Valad wrote in Persian. Therefore, in the same century, Hasanoglu in Azerbaijan and Yunus Emre
in Anatolia are considered the first professional creators of poetry examples written in their mother tongue. As can
be seen from the pearls of words as elegant, harmonious and instructive as the examples of poetry in "Dade
Gorgud"”, Yunus Emre wrote in such a simple and clear, sweet, instructive and bright language that his poems for

the reader of a Turkic-speaking nation, it is as native as a mother's breath, pure and dear as a mother's breast.
That is why, for almost 800 years, Yunus Emre's poetry has preserved its existence as an impregnable, inde-
structible fortress of poetic words. The genius poet conquered hearts with his poetry and art, and the poet's belief
that "there is no mountain higher than the heart™ has been proven true by the trials of history.
Yunus Emre's love of life seems to have been fertilized by the genius of Nizami Ganjavi and Jalaladdin Rumi,
and at the same time, he was the first example, the first resource, the first fountain of vitality in the path of inspired
creativity of the wordsmiths who came after him, such as Nasimi, Khatai, Fuzuli, Karacaoglu, Ashiq Veysel, Ashiq

Alasgar.

Keywords: Yunus Emre, history of poetic, literary and artistic language.

Yunus Emre considers the human love of life as
an invincible force that keeps the world and the uni-
verse in order, he calls his sofa "the book of love™" and
says that "love is a fiery object that confuses minds and
excites the seas."

Taking into account the address in the Gakh dis-
trict of Azerbaijan, the existence of the tomb of an art
conqueror in ten places clearly shows that Yunus Amre
is the memory of the people as a whole, and his poetry
is the memory of the native language.

Yunus Amre is the first prominent creator of old
Anatolian Turkish in the second half of the 13th century
and the first half of the 14th century. F.K. Timurtas
wrote about this: "The Turkish nation found its own
language and spirituality in the poetry of Yunus".[3, 8]

His book of poems called "Guldaste" opens with
"Minajati Muhammad". In the eyes of Yunus Amra,
Muhammad is the lord of the prophets, the pillar of re-
ligion... Sharia is the style of truth.

The poet considers God and his most enlightened
servant Muhammad as the gibla of goodness, kindness,
mercy and hope in the path of truth, and emphasizes
that he is just and fair. Muhammad's greatness in mercy
is described in the poem "God's Answer" with the
verses "l will ask for the Ummah from me, | will not set
your Ummah on fire, | will not make you angry, | will
not leave you alone, | will forgive your Ummah", and
the poet's astonishment and infinite joy in front of this
greatness is described with the applause of "our sultan
of a hundred thousand thanks".[1, 97]

With this belief, Yunus Amra unites the created
and the created, equates the light of Muhammad in the
human heart with the Sun, and stands at the same stage

as Hallaj Mansur, Fazlulla Naimi and Imaduddin Na-
simi on the path of spreading Sufi teachings based on
three levels: Sharia, sect and truth. He tries to spread
this teaching not only in Anatolia, but also in all Asian
countries.

In the poetry of Yunus, there is the integrity of the
world, man and thought, there is a natural unity of a
person's scientific, artistic, socio-philosophical, ethical,
aesthetic and religious worldview, universal perfection
and completeness of style. In his lyrics, people's life,
customs and traditions, taste and psychology, belief in
God, personal freedom, holy personalities, places and
books in the history of Islamic religion, physical and
spiritual beauty, universal feelings and thoughts are
emblazoned with bright artistic colors.

Yunus Amre's poem is the most accurate mirror of
the Turkish style of poetic expression and perfect artis-
tic creativity. In him, the love of God and the love of
the world flow like Oman.

Yunus Amre is a powerful wordsmith of his time,
and he has his own poetic ideas and individual style
concept about artistic creativity.

Jonah's poetry is a very instructive textbook of
life, a source of moral advice. Unique literary person-
alities and masters of figurative words like Yunus Emre
rarely grow up in life, they are born once in a hundred
years. Because he understood this truth, he spoke about
it in his poem. [1, 83]

Everyone who reads "Giildaste" as a researcher,
purposefully and carefully, comes to the conclusion
that Yunus Amre's poem is the greatness of the spirit of
humanity in the history of Turkish language literature,
the golden ratio of the art, which is more characteristic
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for the weight of the syllables, the legal measure and
order, the smooth flow of thoughts, the precise words.

It is the pinnacle of poetry that can be seen from
all over the world with its structure, language richness
and poetic fluency, wisdom and instructive capacity.

Yunus Amre is such a peak that neither the Moon
sets nor the Sun goes out. That's why | don't want to say
that he is immortal because of his love, "If I'm in love,
I won't die anymore!" has a great moral right to say.

Thus, Yunum Emre illuminated the development
path of Turkish-language folk poetry like the Sun and
distributed gifts to Turkic-speaking villages in a large
area from Anatolia to the Yenisei, from the Indian
Ocean to the Balkan Peninsula, from the Carpathians to
the Altai-Tian-Shan mountains. [1, 24]

Yunus Emre's poetry is easily absorbed by every-
one, like pure mountain air, in a way that fully corre-
sponds to the law of identity of the human thinking, es-
pecially the thinking of the Turkic peoples.

Everyone likes the native mother's lullaby, as if it
calls the whole Islamic world to unity and unanimity.

There is such an example: "If there are five fin-
gers, it is difficult to break them." The fingers on the
hand are nothing individually, but when they are united,

they become a powerful fist." Therefore, Yunus Amre's
poetry retains its ideological and artistic value even to-
day.

In the following verses of the poet Mammad
Aslan, who stands out for his creativity, language clar-
ity and laconicity, poetic thought fluency, wisdom and
instructiveness, the master of powerful words, who
"holds the burden of poetry from the heart" like Yunus
Amre, the hearts of poetry and art lovers are read and
their infinite love is expressed.

Hello, old Yunus,

Hello, word fountain of the East!

Because of that face of hundreds of years

The voice of the Turk! [2, 113]
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Abstract

The results obtained show that with introduction of electrically active centers into dielectric resins, in partic-
ular, into oligostyrene epoxy resin, polyhydroquinone impurities, it is possible to obtain a material with conduc-
tivity of a semiconductor nature. In this case the electrical conductivity and its activation energy exhibit frequency
dependence similar to materials with electrical conductivity by jumping.

KutioueBble ¢Jj10Ba: DMOKCUIHBIE CMOJIA, TIOJUTHAPOXUHOH, TIOTYNPOBOJHUK, IEKTPOIPOBOJIHOCTD, TIepe-

CKOK.
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[IpuMeHeHne CHHTETHYECKHX CMOJI YacTo Orpa-
HUYHMBAETCA BCIEJICTBHE HAKOIUICHHWS B HHUX B IIPO-
Iiecce HKCIUTyaTally 3JIEKTPUYECKOro 3apsaa. B Hexo-
TOPBIX CIy4asX, C LEJbI0 YBEINYEHHU aHTHCTaTUIHO-
CTH, TIOBEpPXHOCTb CJIOSI CMOJBI  IOJBEPraroT
CIENUALHON XUMUYecKoi 00paboTke.

B nanHO# paboTe MBI IPUBOJUM PE3yJIBTaThI UC-
CJIC/IOBAHUM DNEKTPO(MU3UUECKUX CBOMCTB OTBEp-
KIASHHON monudTrieHnoanamMmuHoM (20 Bec % oT Beca
CMOJIBI) OJIMTOCTHPOIIHHOM 3MOKCHIHON CMOJIBI, COTIEep-
JKamie okoso 3 % XMMHYECKH CBSI3aHHOTO TOJIMTHI-
poxnHOHa. PaKTHUECKHH, pACCMOTPEHHBIH COCTAB SIB-
JsieTCsl KOMIIO3UTOM. BBenieHne B coctaB CMOJIBI TIPH-
MecH MOy TIPOBOTHUKOBOT'O nonmMepa—
MOJIMTHAPOXMHOHA B TIPOIECcCe CHHTE3a M03BOJIHIIA Pe-
anyu30BaTh MPOBOJMMOCTH IOIYIPOBOIHUKOBOIO Xa-
pakTepa U TeM CaMbIM JOCTHTHYTa BBICOKAasl aHTUCTa-
THYHOCTH Marepuana. [3].

Kak m3BecTHO, B aMOp(HBIX MaTepHaiax, B 4acT-
HOCTH, B XaJbKOTCHHIHBIX CTEKJIAX, HPH HAIHMIUH
AIIEKTPUYECKH aKTHBHBIX IICHTPOB IEPEHOC 3apsia B
HOJIE OCYIIECTBISAETCA MPEUMYIIECTBEHHO IyTEM Iie-
peckokoB. [To 3ToMy MexaHM3My POBOAUMOCTS SIBJISI-
ercsi Bo3pactaromiell QyHKIMed H3MepHUTeNbHON Ya-
crotsl [1,2]. BeposTHOCTh MEpecKoKa 3JIEKTPOHa OT
LEHTpa K HEHTPY 3aBUCUT OT UX YHEPreTUUECKOro Mo-
JIOXKEHHUS U PACCTOSIHUS MEXAY HUMHU.

[TprtoxkeHHOE TIOJIE M3MEHSIET MOJAPU3ALHIIO
LIEHTPOB, ¥ AJICKTPOHBI MOTYT IIEPECKAKUBATH IIPEUMY-
IIECTBEHHO B O/IHOM HarnpasieHuH. Eciu anexTpoH ne-
PECKAaKMBAeT JIMIIb MEXTy OTpaHWYEHHBIM YHCIIOM
LEHTPOB, TO Ha MOCTOSHHOM TOXKE€ HE BHOCHUT BKJIAJI B
NPOBOMMOCTh. Ha mepeMeHHOM TOKe 3JIEKTPOHBI, CO-
BEpIIAIOIIME IEPECKOKH Jaxke Mapoil HEHTPOB, B OIpe-
JICTICHHBIX YCIOBHUSX MOTYT BHOCHUTB BKJIA][ B IIPOBO/IH-
MOCTb.

Ecnu B TU3JIEKTPUK BHECTH DIIEKTPHUYECKU aKTHB-
HBIE IIEHTPBI JAOCTATOYHON KOHIICHTpAIMH, TO MaTe-
puan Oyaer o06iasaTh 3IEKTPONPOBOJHOCTHIO, CHIIBHO
3aBucsniel oT Temmneparypsl. K npumepy, pactBope-
HHEM B OEH30JIe BeCbMa MaJIbIX KOJMYECTB CBOOOIHOTO
pamukana audenunmukpwirgaposwia (102 +107
Mouts/m) B [4,5] momydeHa 10CTaTOYHO BBICOKAsI 3JIEK-
TPOTIPOBOJJHOCTH, 3aBUCSIIAsI OT TEMIIEPATYPhI MO 3KC-
MOHEHIIMaIbHOMY 3aKoHYy. HeoOxoaumble ajsi mepe-
CKOKOBOHM MPOBOJMMOCTH YCIOBUSI HAMH OCYILECTB-
JEHbl B OJIMTOCTUPAJIBHON 3IOKCUJHOW CcMoOJIE ¢
[IPUMECHIO TIOJIUTUIPOXUHOHA, OTBEPKACHHOM MOJIH-
STWICHIIOJIMAMUHOM B PEXHUME CTYNEHYaToOro yBEJH-
uenue Temneparypsl 10 120°C. O6 3ToM cBujeTEND-
CTBYIOT ClIELM(HYECKHE YaCTOTHO-TEMIIEPATyPHBIE 3a-
BHUCHMOCTH  3JICKTPONPOBOAHOCTH U 3P PEeKTUBHOMN
JIMJICKTPUYECKOM MPOHNIIAEMOCTH MaTepHuala.

O0pa3ibl NpeCTaBIAIN COO0H IIACTHHKY C TOJI-
muHoi mopsaka 0.1 cM u miomansio 2 cm2 Diek-
TPOJIBI M OXPaHHOE KOJIbIIO U3 cepedpa HAHOCHIIUCH B
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BaKyyMe MyTeM TEPMUYECKOTO HambuUIeHHs. V3mepe-
HUS IPOBOAMINCE B Bakyyme =10 Topp B unTepBane
temnepatyp 10+110°C u B uanasone yacror 10108
T'Il ¢ IOMOIIBIO CTAHAAPTHBIX IPUOOPOB IS U3MEpe-
HUS JIMBJIEKTPHUECKUX napameTpoM. Jlis usMepenuii
Ha MOCTOSHHOM TOKE HMCTOJB30BANICS 3JIEKTPOMETPH-

G, (Oarl-enr)

yeckuil ycunuteiab Y5-11 ¢ JOMOJHUTENBHBIM BXOJI-
HBIM JIeNIATEeNeM HanpspkeHus. MccnemoBaHue BOJIBT-
aMIIEPHBIX XapaKTEPUCTUK B UHTEpBajie HaNpsKEHUI
0+150 moka3bIBacT, YTO B ITHX YCIOBHAX COOIIOAAETCS
3akoH OMa, U KOHTaKTHBIMH d(PPEKTaMU MOXKHO TIpe-
HeOpeys.
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Pucynoxkl.
3asucumocms yoenvrou snexkmponpogoonocmu (1-3) u agpgpexmusnoii ousnekmpuueckou nponuyaemocmu (1 -
3) onuzocmuponbHoll INOKCUOHOT cMoabl om yacmomot 015 memnepamyp 20 (1,1), 52 (2,2) u 90°C (3, 3).

Ha pucynke 1 mpuBeneHbl YaCTOTHBIE 3aBUCUMO-
CTH YAEJBHOW 3JIEKTPONPOBOIHOCTH 6 JJISI TPEX TeM-
nepatyp. C pocToM 4acTOTHI MPOBOJUMOCTH BO3pac-
TaeT U pH v = 6.107 ', 6 IpEBHIIAET 3HAYCHHE DIIEK-
TPOMPOBOJHOCTH HA IOCTOSHHOM TOKE NMPHMEPHO Ha
CEMb MOPSIKOB. 3aBUCUMOCTD 6 OT YaCTOTHI OIIACHIBA-
€TCsI CTETICHHOW 3aBUCHMOCTBIO.
G ~ mZ»u
rae o > 1 B o0nacTy HU3KUX 4YacToT, U o = 0
BOJIM3M BEpXHEW TI'pPaHUIIbl YaCTOTHOIO JMAra3oHa.
KBanpartuunas 3aBucuMocTsh 6 oT @ (0=0) B obOnactu
yacTor v >107 'l HEOAHOKPATHO HAGIOAATACE B CTEK-
71006pa3HbIX nonynposoaankax[1]. [To-Buaumomy, Ta-

Kasi 0COOEHHOCTh YaCTOTHOI 3aBUCMOCTH 6 B aMOp -
HBIX MaTepHayax ¢ MPbLKKOBOI MPOBOIUMOCTBIO SIBJISI-
eTcs HanOozee ooOmeit. [Tapamerp @ cymecTBeHHO 3a-
BHCHUT OT TEMIIEPaTypsl B O0ONACTH HU3KHX YacToT. B
3Tol yacToTHOM 06nactu npu Temneparype 20°C

a =1, anoromy 6 ~®!, npu 90°C o umeeT 6OJIBIIIOE
3HaueHue (o =1.6), 1 3aBUCUMOCTD 6 OT M ciabas. Ha
puc.]l mpuBeneHa Tak)ke YacTOTHAS 3aBHCHUMOCTH (-
(EKTHBHON JMAIIEKTPUUECKON TOCTOSHHON (Exgp.).
Bunno, uro gucnepcus Epp 0OHapykuBaeTcs B o0a-
CTH HU3KHUX 4acTOT, €CIIH TeMIlepaTypa oOpasia 1ocra-
TOYHO BBICOKAasl. 3aBUCUMOCTH YJEIbHOU 3JIEKTPOIPO-
BOJIHOCTH OT TEMIIEPATyphl MPH Pa3HbIX YacTOTax WII-
JIOCTPUPOBAHBI HA pUC. 2.
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Pucynok 2. Temnepamyphbvle 3a6UCUMOCHIU YOCTbHOTL 31eKMPONPOEOOHOCIIL CMOIbL HA NOCMOSHHOM moke (1) u
na wacmomax 103 I'y. (2); 10* I'y. (3); 10° I'y. (4); 108 I'y. (5) u 2:107 I'y.(6).

ITpu t > 30° C 3T 3aBHCUMOCTH OIUCHIBAIOTCSI

BBIPAKEHUEM
_ AE
6=60 fxp(-ﬁ s

I71I€ 60 — N€ 3aBUCSIIUN OT 4aCTOTHI MHOKHUTEIIb,
K-nocrosinHas bonsimana, AE—3Heprus akTuBu3aluu
AIEKTPOTPOBOIHOCTH, KOTOpasi Ha MOCTOSSHHOM TOKE
umeer 3unadenne 1,33 eV. B muanazone uacror 102108
I' ¢ poctom yactoTel 6o u AE ymensiaroresa. Ha ga-
crorax v > 10° I'm Bemmumaa AE =0,1eV, a 6o craHo-
BUTCsl Bo3pacTatouieid GpyHkuueit gactotel. [TogooHas
3aBUCUMOCTh AE OT 9acTOTBHI MOXET OBITH pe3yJbTa-
TOM TETEPOTeHHOCTH Marepuaia. MOXHO TpeacTa-
BUTh, YTO MaTE€PHaJl COCTOUT U3 CMECH HETIPOBOIAIINX
obnacteii (cMoJa-TUANIEKTPUK) U 001acTel ¢ IPOBOIU-
MOCTBIO MPBDKKOTOTO Xapakrepa. B obmacti gacror v
>10% ' 27eKTpOHHBIE IIPOLECCHl CBA3AHBI JIMIIL C
“npoBoAIIUME” 00TACTAMH.

[Ipeanonoxenre 00 DIEKTPUUYECKON TeTEPOTreH-
HOCTH MaTepuaja MOATBEPXKAAETCS M Pe3ysbTaTaMu
eMKOCTHBIX M3MepeHuil. Ha Hu3Kkux gacToTax HabIIO-
JIaeTCsl 3HAYUTENbHAsl 3aBUCUMOCTh E>¢pp OT TEMIIEpa-
TYpBI, KOTOpast MPaKTUIECKH MCUe3aeT PU N3MEPCHUH
Ha BBICOKHMX YacToTax. YTo kKacaercs TeMIlepaTypHOH
3aBucuMocTH 6 pu v > 106 T, To B 3THX yCIOBUAX HO-
BUAMMOMY, MPEOOTAIAIONIUMU SIBITIOTCS 3JIEKTPOHOB
MEXIy TTapoi OMIKaWIITIX IEHTPOB U MaJloe 3HaYeHHE
sHepruu aktuBauuu (<0,1eV) cienyer cBsizarh ¢ Tep-
MHMYECKOW aKTHUBaILMEH 3TOTO Ipoliecca.

W3 nomy4eHHBIX pe3yIbTaToB CIEAYEeT, UTO C BBE-
JCHUEM B CMOJIBI-ANAIIEKTPUKH JICKTPUUCCKH AKTHB-
HBIX [ICHTPOB, B YACTHOCTH, B OJIUTOCTHUPOJIEHYO TIOK-
CHJHYIO CMOJTY, IPUMECH TOJIMTHAPOXUHOHA, yJaeTCs
HOJYYUTh MaTepHajl C 3JIEKTPONPOBOAHOCTHIO MONTY-
MIPOBOAHUKOBOTO XapakTepa. [Ipn 3ToM snexkTponpo-
BOJIHOCTh M €€ SHEepIus aKTHUBAIUU IPOSBISAET 3aBUCHU-
MOCTb OT YacTOTHI HOJZOOHO MaTepHanaM C 3IIEKTPO-
MPOBOJHOCTHIO ITyTEM IEPECKOKOB.
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