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Abstract: The article notes that as a result of the processes of mechanical processing, heat treatment and
assembly of parts included in the machine spindle assembly, in the latter occur deviations in the location of their
responsible base surfaces . Are given the obtained analytical dependences, which make it possible to determine the
modulus and phase of the angles of mutual misalignment of the rolling surfaces of the outer and inner rings of the
bearings of each of the supports. Calculations based on the obtained dependences showed that the axis of rotation is
curved, and the geometric axis of the spindle describes a closed shape around the axis of rotation. Based on
theoretical studies and computer modeling of the spindle assembly, conclusions are drawn about the influence of the
misalignment of the outer rings of bearings and the deviation from the alignment of the inner rings of bearings on
the runout of the spindle axis, the displacement of the center of rotation and the runout of the working end of the
spindle.
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OILIEHKA BJIMSIHUS IIEPEKOCA U COOCHOCTH KOJIEIL HOAINNITHUKOB HA BUEHUE
IMMAHAEJIA METAJJIOPEXYIIETI'O CTAHKA

Aunnomayusa:. B cmamve ommeuaemcs, umo 8 pe3yibmame NPOYECCO8 MeEXAHUYECKOU 006pabomKu,
mepmuueckol 0bpabomku u npoyecca cOOpKU Oemanell 6XO00AWUX 8 Y3el WNUHOENs: CMAHKA 6 NOCLeOHeM
BO3HUKAIOM OMKIOHEHUs. PACHOJIONHCEHUST OMEEMCMEEHHbIX UX 0a308blx nosepxrHocmeli. lIpugedeHsvl nomyyeHHvle
AHANUMUYECKUe 3d6UCUMOCU, HNO3GONAIOWUE ONnpedensimb MOOYib U a3y Yelo8 G3auMHO20 NepeKocd
NnosepxHOCcmell KayeHUsi HapYHCHBIX U 6HYMPEHHUX Koaey NOOUUNHUKO8 KaxcOol u3 onop. Pacuémol no nomyyeHHuim
3A6UCUMOCIAM NOKA3ANU, YMO OCb GPAUWEHUS ABNACMCA KPUBOIUHEUHOU, a 2e0MempUdecKkas ocb WNUHOEs
onucwléaem 60Kpye OCU epawjenusi 3amkHymyio ¢ueypy. Ha ocnosanuu meopemuyeckux uccrnedo8amuii u
NP0Be0eHH020 KOMNBLIOMEPHO20 MOOEIUPOBAHUE PAOOMbL WNUHOETbHOO Y31d COCNAHbL 8b1800bL O GIUAHUU NEPEKOCd
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HApPYIHCHbIX KoJjey NOOWUNHUKOB U OMKIOHEHUS. O COOCHOCHU GHYMPEHHUX KoJiey NOOWUNHUKOB HA OUueHue ocu
mnquer, cmeujerHue yenmpa epawenusl u 6eiuiuy buenus pa60ueeo KOHYya wnuHoes.

Knrouesvie cnoea:. wnunoenvhwiil yseil, epauierHue mnum)e}zﬂ, Yeibl nepekoca, OmkKJIOHeHue om COOCHOCMU,
Modeﬂupoeanue, U3MEHeHUe NoJodHCeHUs yenmpa 6paujerusl.

BBenenune
V]IK 539.374

PaspuTe  MaIIMHOCTPOWTENHEHOW  OTpaciu
TpeOyeT rapaHTUPOBAaHUS TOYHOCTH MEXaHHUYECKOMN
00paboTku, obecredueHue TIPOU3BOIUTECIEHOCTH
mpoIiecca, COKpaIleHHe 3aTpaT BPEMEHH U CPEICTB Ha
NepeHanagky o0OpynOBaHHs MpU Mepexoie Ha
MIPOU3BOJICTBO HOBOTO U3zeiust. OTHIUM U3 OCHOBHBIX
y3JI0B,  OKa3bIBAIOIIMX  HEMNOCPEJCTBEHHOE U
CYINICCTBEHHOE  BIUSHHE Ha  TOYHOCTh W
MPOU3BOAUTEIBHOCTh CTaHKa, SIBIISIETCSI
NIMMHHACTBHBIN y3ell. OH SBISETCS OTBETCTBEHHBIM
3JIEMEHTOM  (opMOOOpasyromieii CUCTEMbI U, B
3aBUCHMOCTH THUIIa 000PYIOBaHHS, HECET 3arOTOBKY
WA MHCTPYMEHT, 00ECIICUNBACT IIABHOC JBUKCHHUC
pe3anmst ipu obpadoTke. [1-5 n ap.].

B pesynmpTare Kak MEXaHUYECKOW, TaK U
TepMUIEeCKOl 00pabOTKH 3JIEMEHTOB HIMHHIIEIHHOTO
y3ia, Kak [paBWJIO, BO3HHKAIOT  OTKIOHCHHUS
PacCTIOIOKEHHSI OTBETCTBCHHBIX 0a30BBIX
MOBEPXHOCTEH JeTaneil y3ia, Takue Kak: OTKIOHSHUS
OT  COOCHOCTH  TIOCAJIOYHBIX  IOBEPXHOCTEH,
MapauIebHOCTH TUIOCKOCTEH, MEePIeHIUKYISIPHOCTH
oceil K TOPIIOBBIM MOBEPXHOCTAM U Ap. [6-9 u np.]. Ha
MEPCYHCICHHBIC  OTKJIOHCHHS  JOIMOJHHUTEIBHO
HAKJTAJBIBAIOTCS TOTPEITHOCTH, BO3HUKAIOIIAE B
npouecce cobopku y3na [1, 3, 7 u ap.].

MeTtoabl u pe3yabTaThbl HCCJAECA0OBAHUA

Beco 3TOT KOMILJIEKC MOrpeIHoCTe
ompeneNnseT TMOJOXEHHE MOBEPXHOCTEH KadyeHHS
Hapy>XHbIX M BHYTPEHHHX KOJIEIl TOAIIMITHUKOB B
omopax mmuHAens A u B (puc . 1).

VYTIBI A ¥ o EpeKoca MOBEPXHOCTH KAuCHHS
HapPY>XHBIX KOJICI], @ TAKXKE YIJbl A U fp mepekoca
MOBEPXHOCTEH  KadeHWs  BHYTPEHHHUX  KOJeIl
MOJIIIMITHUKA OIPEAENIAIOTCS OTHOCHTENIBHO OOIIei
OCH 3TUX ITIOBEPXHOCTEH COOTBETCTBEHHO B ONOpax A
u B. Kak npaBuio, nMeer MecTo B3aMHBIN HIepeKoC
Hapy’>KHBIX U BHYTPEHHHUX KoJier B onopax A u B Ha
yIi6l ©A ¥ O COOTBETCTBEHHO. B 001mmiem ciydae Bce
YKasaHHbIC YTJIbI JICKAT B pPa3HbIX IJIOCKOCTAX,
B3aHMHOE MTOJIOXKEHHE KOTOPBIX Oyzxem
XapaKTepu30BaTh YIJIOBOM KoopauHaTod v. Tak,
HaTlpUMep, YTOJNI MEXAy IUIOCKOCTSAMH IepeKoca
OJTHOMMEHHBIX KoJjel onop A u B Oyzem o6o3Ha4aTh
yepe3 Vv, (I HApYKHBIX) U Vg (W11 BHYTPEHHHX
kourer]). [IpocTpaHCTBEHHOE TONOXKEHUE HAapPyKHBIX
KOJIell ocJie COOPKU He U3MEHSETCs, OPUCHTALIUS Ke
BHYTPCHHHUX KOJICI[ 3aBUCHUT OT VyIja IOBOPOTa
mnuHaens ¢. IIoaToMy yriel B3auMHOIO I€pekoca
Hapy>XHBIX W BHYTPEHHHX KOJIEI] B KaXIOW omope
TaKKe 3aBUCAT OT YIJIOBOH KOOPANWHATHI ().

9 oy S L O
7777722 > 7 R’
I’T
4 4 =
i N
| V244444, B
OO0uwas och noBepxHocTei
KaueHHs HAPYKHBIX H
BHYTPEHHHX KOJIEI
- Onopa B
Onopa A P

Pucynok 1 — IloJioskeHre NOBepPXHOCTe KaYeHUsI HAPYKHBIX M BHYTPEHHUX KoJiell NOJIMIIHUKOB B
onopax IMHUH/AEJs 10 MOMEHTA CHJI0BOI0 3aMbIKAHHUSI.

B pesynbrate TEOpeTHUECKHX MCCIEIOBAHHM
MOJTy4EHBI aHATUTHYECKUE 3aBUCHMOCTH,
OTIpeIeNIIoNe MOAYIb U a3y YIJIOB B3aWMHOTO
IepeKoca IOBEPXHOCTeH KadeHUS HapyXKHbIX H
BHYTPEHHHX KOJIEI] HOANIHITHIKOB KaXX/IOH U3 OTIOP.

(ON :\/ai +,Bf\ — 20, B, -COSQ;
Ba

A

Og = \/aé + 5 —2apfe —Cos[go—(va —vﬁ)], (2)

sin ¢,

M)

v, =—arcsin

B

@—BB-Sin[w—

vg =V, —arcsin (Va Vg )1 3)
TZI€ Vg, Vg — (ha3sl BeKTOpa Oa 1 O COOTBETCTBEHHO.
Takum 00pa3oM, OTKJIOHEHHUS OT COOCHOCTH
HOBEPXHOCTEH KaueHWs HAPYXKHBIX U BHYTPEHHHX
KOJIeIl MOIINITHUKOB HE OCTAIOTCS IIOCTOSIHHBIMHY, a
M3MEHSIOTCS (10 MOAYNI0 U (pase) mpu MOBOPOTE
IITTHHACIS o onpeneIeHHOMY 3aKOHY.
PaCCMOTpeHHbIC BBILIC YTJIBI OIIPEACIAIOT B3aUMHOC
HOJIOKEHHE KOJell MNOAIIMIIHMKOB B OIOpax Mo

Philadelphia, USA

202

2 Clarivate

Ana lytics indexed



ISRA (Indiay  =6.317  SIS(USA)  =0912 ICV (Poland)  =6.630

. ISI (Dubai, UAE) = 1.582 PUHII (Russia) =0.126  PIF (India) =1.940

Impact Factor: g\ australia) =0564 ESJI(KZ)  =9.035  IBI (India) = 4.260
JIF = 1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350

MOMEHTa CHJIOBOTO 3aMBIKaHUS,

KaueHus Ha puc. | He MoKa3aHsbl.
IIpu cOopKe B3aMMHBIH [TEPEKOC KOJIEI] B OIIOPax

co3naet kKoHTakTHEIC yemmns Na u Np, B pe3yibrarte

MO3TOMY  TeJna

Onopa A

Yero BO3HUKAIOT peaKTHBHBIE MOMEHTHI Ma 1 Mg (cM.
puc.2).

'/ 2200004

=

oY

7

Pl/lcyHOK 2 — ITono:keHne HOBerHOCTeﬁ Ka4YeHUsl HAPY/KHBIX U BHYTPCHHUX KoJiell MOAUNIMUITHUKOB
B OIopax mmnuHaeJasl NPpH BOSHUKHOBEHUH PEAKTHBHBIX MOMEHTOB.

OueBngHO, 9TO (haza W MOIYJIh PEaKTHBHOTO
MOMEHTA B Ka)KI0H OMOpe 3aBHCAT OT TOT'O, B KaKOH
IUTOCKOCTH OyIeT MaKCHMaJIbHBIA yroil © U K:akoBa
BEJIMYMHA 3TOTO yIJIa TPH IPOU3BOJIHHOM YTJIOBOM
TMOJIOKCHUUN HINUHACIA . HOSTOMy U3ruod IITXUHACIIA
IO/ IEHCTBHEM PEaKTHBHBIX MOMEHTOB OYZET TaKxKe
MU3MEHATBCS TpPU TI0 BOPOTE WIMHHAETS Kak II0
BEJIMYMHE, TaK U 110 (ase.

[Nono)xeHre TeOMETPUYECKOTO IIEHTPa CEUSHHUs
IIMUHACAS B pe3yibTaTe €ro u3rubéa MOXKHO
OTIPEJICTINTh, HCIIONB3Ysl TNPHUHIMII CYNEpHO3UIHH,
BEKTOPHBIM CJIOKCHUEM CMeHLeHHﬁ, BO3HHUKAOIINX
Ipu W3TMOE IIMMHICTS OT Pa3/esIbHOTO JCHCTBHA
pEaKTUBHBIX MOMEHTOB Ma U Mp. B cooTBeTcTBUM C
3THM B PACUYETHBIX CXEMax IIIUHAENIb IPEICTABICH B

BUle Oalkd Ha JBYX ONOpaxX, HarpyKeHHbIX
pEaKkTUBHBIMH MOMEHTaMH Ms u Mp, KOTOpBIE
YUYHUTBIBAIOT BIMSIHUE YTTIOBOH KECTKOCTH IBYPAIHBIX
POJMKOBBIX W TIOAIIMIIHUKOB OIOp TPH HAJIWYUH B
HUX B3aWMHOrO TIEPEeKOca IOBEPXHOCTEH KadeHUs
Hapy>XHbBIX U BHYTPEHHHUX KoJel (CM. puC. 3,a).

Jliist onpenienieHnst peakTHBHBIX MOMEHTOB OBLIO
TIOJTyYEHO cieytoriee Beipakenue [9-11]

Mo ©
L

t+——
3EJ

rze t — yriosast moAaTauBOCTE omop; L — paccrosaue
MEXIy ONOpaMH MIMUHJENs; J — MOMEHT WHEpLUH
CCUCHHS IITTHHIEIS.

(4)

RB

R a)
\/MA MB >MA : M\_/
R ~ o TR
A \

O 5, 5,

> 0)
z o

Pucynok 3 — PacuéTHas cxema IINUHIeNs: @ — B BUJe 0aJIKH Ha ABYX OIOpax; 6 — ynpyrue gegopmManuu
3J1eMEHTOB IINUHAEIBHOTO Y313, OIOPBI KOTOPOr0 HMEIOT OTKJIOHEHHUS OT COOCHOCTH.

brimn  mpuHATHL  cenyromue  JOMYIIESHHUS:
MTOBEPXHOCTH Ka4dCHUsS KOJEI MOMIIMITHIKOB H Tena
Ka4eHUs HE UMCIOT OTKJIOHCHHS (OPMBI H pa3MepoB;
BIIMSIHUAE YTIOPHOTO TOJIIMITHUKA HE YYUTHIBAIOTCS,
MOJATIIUBOCTE OIOp IIMHHIENS HU30TPOITHA; KOPITYC
IIMHHICIBHOTO y3J1a SIBIIACTCS aOCOIIOTHO KECTKUM,
a IMMNUHACTh W €ro OIOpPBl — YIPYTrO HOJATIIHBEIC,
MNUHAETh 10 UIMPUHE TOJIIMITHUKA a0COIIOTHO
KECTKHAN; MOMEHT MHEPINHU J CeUeHUs IITTHHIIEIS 10
BCEd €ro JJIMHE HEHW3MEHHBIH; COOTHOIICHHE

OCHOBHBIX  pa3MepoB  IUMUHAEIS
MIPUMEHEHHE TEOPUH IIOCKOTO H3Tuoa.

Yemmus Ra u Rg B omopax, KOTOpBIE SIBISIOTCS
CJIEICTBUEM JEICTBUS PEAKTUBHBIX MOMEHTOB Ha M
U Mg, BBI3BIBAIOT CMEIICHUE IIMUHACTS B YIPYTo-
MOJATIMBBIX OIOpax. OHI/I BCErja pacrnojioKCHbBI B
OMHOW TIUIOCKOCTH, PaBHBI 1O BEIHYHUHE U
MPOTHUBOIIOJIOKHBI 10 HATIPABIEHUIO (CM. puc. 3, a, 0).

B pesynbrare ynpyrux aedopmannii IImaHIEIS
Y CMEIICHUSI €0 ONOp B KaXJAOM CEUECHUU IITHHJIENS

JOITyCKacT

Philadelphia, USA

203

2 Clarivate
Analytics indexed



ISRA (Indiay  =6.317  SIS(USA)  =0912 ICV (Poland)  =6.630

. ISI (Dubai, UAE) = 1.582 PUHII (Russia) =0.126  PIF (India) =1.940

Impact Factor: g\ australia) =0564 ESJI(KZ)  =9.035  IBI (India) = 4.260
JIF = 1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350

IEHTP €ro BPAIICHHS CMEMIACTCS OTHOCHTEIHHO
HOMHHAJIBHOTO TOJIOKCHHSI HAa BEIHYUHY Jy, a
TE€OMETPUYECKUI LIEHTP 3TOr'0 CEUCHHS OIMCHIBACT
OTHOCUTEJIBHO LEHTPAa BpalIEHHUs] OKPY>KHOCTb
pamuycoM 5. 3aBHCHMOCTH Ui ONpENeNeHUs
YKa3aHHBIX BEJIMYUH B JIFOOOM CEUCHHHW II0 UTHHE
HIMUHAETST MOYKHO MPEICTAaBUTh KakK:

514 = \/y121 + 5F2(u - 2yu5Ru : COS(Vyu ~V&Ru ); (5)

2 2 .
rg = \/ry +Ig +21, Iy -c:os(vyLl —véRu), (6)

Oy .
Ve, =V —arcsm—~sm(vyLI ~Vga ) (1)
Y
rac yyu 5RH, BCJIMYMHA CMCIICHUA HCHTPA BpalllCHUA
CeUeHUS B pe3yibTare yOpyroi aedopmarmm
MIIMAHACTA 1 CMEIICHUA €T0 OIIOP COOTBETCTBECHHO, ry
U I'sR — palyChbl OKPYXHOCTEH KOTOPBIE OMHUCHIBAET
FeOMeTpI/I‘IeCKI/Iﬁ HEHTp CCUCHHUA OTHOCHUTCIIBHO

LEHTpa  BpallleHHus, OOYCIOBICHHbIC  YIPYTOW
neopManueil MIUHICIS U CMEIICHHEM €ro Omnop
COOTBETCTBEHHO;  Vyy,  VsRuw  Vou —  (asbl,
OMNpEJICTSIONINE  YIIIOBOE  IMOJIOXKEHHE  [[CHTPOB

BpAILEHUS Vi, ORy M Oy COOTBETCTBEHHO.

Jlis  ompesesieHUsl BEIHYHH, BXOMAIINX B
dopmynbt (5...7), ObUIM MOJNYYCHBI AHATUTHUCCKHEC
3aBUCHUMOCTH, AaHaJIM3 KOTOPBIX [OKAa3al, dYTo
MOJIOXKEHHUE IEHTpa BpamieHus (dy, Vsy) JHOOOTO
CeUCHHUS] UIMUHIENS OIPEACIIeTCS MapamMeTpamu
mepekoca aa, 0 U Vg HapyXKHBIX Konel. Pammyc
OKPYXKHOCTHU I's 3aBUCHUT TOJIBKO OT nmapamMeTpoB
nepexoca fa, fs 1 vg BHyTPCHHUX KOJIEI.

TeOMETpUYEcKass OCh INMUHACTA, SABISISICH TaKoKe
KPUBOJIMHENHON, OMUCHIBAET BOKPYT OCH BpallleHUs
3aMKHYTYIO QUTypY.

Jns TIOJTBEPXKICHUS pe3ynbTaToB
TEOPETHYECKUX HCCIIEIOBAHUI OBIJIO  NPOBENICHO
MOJIETTMPOBaHNE pabOTHI IIMHHAEIHHOTO Y371a CTaHKa
B CAE-cucreme «ANSYS» ¢ makpocamu OJ04HOM
CTPYKTYpbl Ha Makposssike APDL, copepxxammumu
Ha0Op KOMaHJI, KOTOPbIE 00ECIIEYNBAIOT TIOCTPOCHUE
¥ KOPPEKTUPOBKY MOJIENH y3/1a IIIHUHAEIS Ha OCHOBE
MCTIONIb30BAHUS TBEPAOTEIbHON TeOMETPHH,
O00BEMHBIX KOHEYHBIX JJIEMEHTOB M YYeT Macc-
WHEPIMOHHBIX XapakTepuctuk [12-16]. Kaxmprid
MOMIIUAIHUK ~ y3Jla  MOJCIHPOBajicsS  HaOOpoM
TOYEYHBIX NPY>KUH, PABHOMEPHO PACIIOJIOKECHHBIX 110
JUMETPY MOCaJOYHON MOBEPXHOCTU MIMHHJENS [15,
17].

IMIpn ™mopenupoBaHuM OblIa TPEIYyCMOTpPEHA
BO3MOYHOCTb JIMHEHHOIO U YIVIOBOTO CMELICHUM
OTIOp IIIHHJETS, a TAKKE OTKIOHEHHE OT COOCHOCTH
BHYTPEHHHX KOJIEl| TOALIMITHUKOB (IIepeKoc Ha
meiKkax IMAHAEIA). B ceMn cedeHHMsX 1Mo IJTHHE
IIMUHJIENST YCTaHABIUBAINCH KOHTPOJIBHBIE TOUKH
pacriosio’keHHbIe T yriioM 90° OTHOCHTENIBHO APYT
npyra (Toukd 1, 2 yCTaHOBICHBI CIIEBa OT OTOPHI A,
ToukH 3,4 crpaBa oT onops! A Ha paccrostauu 0,17L,
touku 5,6 Ha 0,34L, Touku 7,8 Ha 0,5L, Toukm 9, 10
Ha 0,67L, touku 11, 12 nHa 0,84L u Toukm 13, 14 B
CEUCHNH, PACIOIOKEHHOM CIIpaBa OT Omopsl B Ha
paccrostanu 0,25 L, rme L — mimHa mmmHAEns).
KoHTposibHBIE TOYKM C YETHBIMA HOMEpaMu
pacrnonaraquch B IUIOCKOCTH Iepekoca omop. Ha

Pacuérsl 1O INpPUBEINCHHBIM 3aBUCUMOCTSIM pUCYHKe 5 TpUBENCHbl TPH MOCICIOBATEIBHO
(5...7) nokaszanu, 4TO OCh BpALllEHHs B OOLIEM CIIyyae MOJIYYEHHBIE XapPAKTEPUCTUKU UCCIIEIYEMOTO Y3IIa.
ABJsieTcsl  KpuBoJuHeiHoW (puc. 4). Ilpu s3toM

8 s MKM

40 W, W, N—

; A= / Pacuernas 0Ch BpalleHns

20 J&\v-:/ d o,=ay=5-10"
~ v, =180° -
)]0 1 Z

993 .;»" < ‘\\( o | ,,L/ —»:/"/’f#‘ ,
20 =~ [ N
\ 2 3
I,
-40 —————
-60 a)
0,17L 034L  0,5L 0,67L  0,84L 1,0L 1,25L,
3, MKM
M, _nol IR —

20 At ~0 Joe Pacuernas och Bpauierms

s R MY = | — | #a=ap=7,5"10"
-k A B P == P h—]
. == F=Rz==rmn — 5 SO ~
= —— 4 TS <=
220 - 0)
- 0,17L 0,34L 0,5L 0,67L  0,84L 1,0L 1,25L

Pucynok 4 — BiusiHue yIjioB HepeKoca HapysKHbIX KoJiell TOAUIMITHAKOB Ha CMellleHHe IeHTPOB
Bpallenns cevennii mmunnens: 1- aa = ag = 10° pan, 2- aa = a = 2,5%10° pan,
3—aa=ap=5x10° pag, 4 - aa = ap = 7,5x10° pan.
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Iepast (I) — mpu BpalleHWH UIMAHAETS, Y
KOTOpOT'O BCE KOJIbIIA MOIIUITHUKOB YCTAaHOBJICHBI C
MaKCUMAaJIbHOU CTENEHBIO COOCHOCTH. B 3TOM ciryuae
JITAaHHBIC BO BCEX KOHTPOJIBHBIX TOYKAX MPaKTHYECKH
HC HU3MCHAIOTCA. OT0 ToBOpUT O TOM, HYTO
TEOMETPHYECKasi OCh M OCh BPAIICHUS COBIANAIOT H
SABJISIHOTCA HpﬂMOJ’IHHeﬁHLIMH.

Bropas (Il) — Bpamenwe wIMUHAENS TIpH
MepeKoce BHYTPEHHUX KOJIEl HOALUIMITHUKOB Ha yTroJ
Ba= Ps = 2,5%10° pan. Och BpamieHus ocramach
NpSIMOJIMHEHHOW W HE  H3MEHWIA  CBOETO
MPOCTPAaHCTBEHHOT'O TIOJIOXKEHUSI.

Tpersst (I1l) — Bpamenue ImmMHAETS TIpH
MEPEKOCC HAPYKHBIX KOJICH IMOJAIIMUITHUKOB Ha YIroJi
aa=ap=5x10° pan. B oToM cnydae, Hapamy c
OueHweM, B KaXAOM CeYeHMHM HaOmomaercs

W3MCHEHHE TIOJIOKEHHsI IIEHTpa BpAIlCHHUS Ha
Ppas3IMuHyI0 BEJIMYHHY, YyTO  TOBOPUT O
KPUBOJMHEHHOCTH ocu BpamieHud. llonoxeHue

LEHTPa BpAIICHHWS B pPA3IMYHBIX CEUYEHHAX Ha
MOKa3aHO MYHKTUpHOW JmHMed. HambGonbmas

BEIMYMHA CMEIEHUsI [EHTpa BpaIlCHHUsS J; HUMEET
MECTO Ha paboveM KOHIIe IIHHIENS (Touka 14) u B
ero cpemHeil wactu (touku 6, 8, 10). Cmemyer
4TO

OTMCTUTD, CMCHICHHWEC LCHTPAa BpallCHUSA

II

Ba=Pp=2,5"1 0’ pazm;
v, =180% a,=a,=0

MIPOM3OIILIO TOJBKO B INIOCKOCTH TIEpEKOca OTIop, TakK
KaK HM3MEHMJIOCh MOJIOXKEHHE CHUHYCOUJ JaT4YUKOB,
PAacIIoNIOKEHHBIX B IJIOCKOCTH Iepekoca. IIpu satom
Ba)XKHO OTMETHTH, YTO TIEPEKOC HAPYKHBIX KOJICI[ HE
OKa3bIBACT CYIICCTBCHHOTO BJIMSHHUS HAa BCIUYHHY
OmeHusI.

U3 pucynka 5 ciemyer, 4To 4eM OoJblle yroi
mepeKkoca HapyXKHBIX KOJEI[ TOALINITHUKOB, TEeM
3HAYUTEIbHEE OTKIOHCHUE OT MPSMOJIHHECHHOCTH OCH
BpameHus mnuHAest. IIpu 3ToM ciemxyeT OTMEeTHTS,
YTO pacUeTHBIE W TIONYYCHHBIE B pe3yJbTaTe
MOJICJIMPOBAHHUS TIApaMEeTPbl OCH BPAILICHUS HMEIOT
XOpOIIyI0 cxoauMocTh. Och BpalleH!sT Ha MOJENA B
OTJIMYHE OT PACUETHON UMEET CMEIICHHUS B 0n U O3 B
oropax, HaJM4ie KOTOPBIX TOBOPHT O TOM, YTO B
omopax Bo3HWKIM ycwins Ra w Rp, Torma kak
COTJIACHO MJCAIbHOW pacueTHOM cXeMe IIPU oa=0B U
Ma=Mp oHU OIDKHBI OBITH paBHBI HyO. [losBieHNE
YCHJIMII B ONOpax, BBI3BIBAIOIIMX CMCIICHUS B
YKa3aHHBIX HAIIPABICHUAX OYCBHIHO, CBSI3AHO C TEM,
YTO YIJIOBas MOJATIMBOCTH ONOpHI B Oomblie, uem
ormopbl A. DTO TOATBEPKAAETCS TEM, UYTO JTHMHEHHAS
MOJATIUBOCTh OMOPHl B BBINIE, Tak Kak MpH
ouHAKOBBIX yermiusix (Ra= Rg) dor>dLo.

1
By=Py=2.5-10" pan;v, =180°%
a,=a, =510 pan;v,=180°
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Pucynok 5 — U3mMeHeHuUe M0JI0KeHU I TeOMeTPUYCCKHX IEHTPOB H LICHTPOB BPaIlleHU i
cedYeHMI IMuHaeNs.

OTKII0OHEHHE ocu BpAaIlCHUS oT
NPSMOJIMHEHHOCTH 3aBHCHUT HE TOJIBKO OT BEJIUYMHBI
NepeKoca Hapy)KHBIX KOJIell HOALUIMITHUKOB, HO U OT

yrna v, Ecmu o0a Koimbna NOBEpHYTHI B OJHOM
HampaBieHUH (v=0), TO TpH TMPOYHX pPaBHBIX
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YCIIOBUSIX CMEIICHHE ILEHTPOB BPAIIECHHS BO BCEX
cedyeHusx Oyaer MeHblie (M. puc. 4, 6).

OTKIIOHEHHUS! OT COOCHOCTH BHYTPEHHHX KOJIEIl
MOJIIMITHAKOB ~ OMOp  SIBIISIIOTCA  NIPUYMHOM
BO3HMKHOBEHHSI CYIIECTBEHHBIX OWEHHWil (Benn4nHa
OmeHus ~ 2r5) pabovero KoHIa mmuHens (puc. 6). U3
rpaduKka BUHO, YTO [IPHU OJHON U TOU K€ BEITHMUHHE
OTKIJIOHEHHS OT COOCHOCTH oOecIiedeHre mpu cOOpKe
vp=0 BMecTo vg=180° mo3BossieT Gonee yem B 2 pasa
YMEHBIITUTH OneHne paboyero KOHIA MIITHHICTIS.

B mmumHOensHOM y3le, HE HMEIONEM Ha

reomerpuueckod ocu mnuHAens. Ilostomy npu
M3rOTOBJICHUHU INMHUHEIBHBIX Y3JI0B B 3aBUCHMOCTH
OT MX HAa3HAYCHUS MOKHO HJTH ABYMS ITyTAMHU:

— IS IINUHJICTBHBIX Y3JI0B, Pa0OTAIOMHUX C

HE3HAYUTCIIbHBIMU JKCIUTyaTallUOHHBIMU YCUJIUAMU
HeoOxommuMo  oOecriedunBaTh TPH  W3TOTOBJIICHUH
MUHUMAJIBHBIC OTKJIOHCHHA OT COOCHOCTH KOJICI]
HOJIIUITHUKOB;
JUISL  IONHWHJACNBHBIX  Y3JI0B C  BBICOKUMH
SKCIIIyaTallHOHHBIMU  Harpy3kaMM Ha  CTaauH
M3TOTOBJICHHST ~ HEOOXOAMMO  IeJICHAIPaBJICHHO
(dhopMHpOBaTh OTKIOHEHHST OT COOCHOCTH KOJIell
MOIIIAITHUKOB TI0 MOAYIIO ¥ (ha3ze TakuM o0pazom,
9TOOBl B HAWOOJNBIICH CTEINEHH KOMIICHCHPOBAThH
BIIMSHUE IKCIUTyaTaIllMOHHBIX yCHIIHH.

/

/

v,=180°

o

el <\)“=O°

XOJIOCTOM  XOJly TOTPEIIHOCTeH 1O TOYHOCTH
BpallleHUsl NpU  JEHCTBUM  HKCIULyaTallMOHHOTO
ycI/IJ'lI/ISI MOFyT BO3HUKATh OTKJIIOHCHUIA (l)OpMI)I nin
B3aUMHOI'O TIOJIOXKCHUA ocnu BpaH.ICHI/Iﬂ nu
2ry A
60
50
40 /
30 /
20 /
10 i
0 1x10°

2x10~

3x10” S, pan.

Pl/lcyHOK 6 — Bausinue YIJji0B nepexkoca BHYTPEHHUX KoOJIell MOAIIMITHUKOB Ha OueHHe paﬁoqero KOHIIA
INIMAHACIA.

Crnenyer OTMETHTh, 4YTO MpPH HEHNOJBHIKHOU
IIJIOCKOCTH JAEUCTBUS OSKCIUIYyaTallMOHHOM Harpys3ku
(HammpuMmep, y TOKapHOTO CTaBKa) OCh BpAIICHHS
COBIAJaeT ¢ KPUBOJIMHEHHOI TreoMeTpuIecKoil 0Cchio

IITTTHAIETS. B clydae, Korza BEKTOp
9KCILTyaTallMOHHOTO ycunus N3MEHSIET
NPOCTPAHCTBEHHOE IIOJIOKEHWE NPH  BpalleHHH
mmuHAensS  (pacTOYHOH  CTaHOK), (OopMHUpYyeTcs
KpPHBOJIMHEWHAss TeOMeTpHuecKass OCb, KOTOpas
ONMCBIBAET BOKPYI MNPSAMOJIMHENHOW OCH BpaLICHMS
3aMKHYTYIO QUrypy.

OueBUAHO, YTO KOMIICHCALUIO  JSHCTBUS
OKCIUTYaTallMOHHOTO  YCHJIMSI ~ MOXXHO  CUHUTATh

H7eaTbHOM TOJBKO TOT /A, KOT'/Ia FEOMETPHYCCKAs! OCh
M OCbh BpallleHHs] CTAHOBSATCS MPSIMOJMHEHHBIMH U
COBIMAAIOT JPYT C IPYTrOM I10 BCEH JTHHE IIMHHICS
(64=0, 26=0). YcTaHOBIECHO, YTO MPU HETIOBIKHOM
IUIOCKOCTH JICUCTBUS OKCIUTYyaTAIl[MOHHOTO YCHIIHS
KOMITCHCAIMIO PALMOHAIBHO MPOU3BOAUTH IMyTeM
MepeKoca HapYKHBIX KOJIEI] B IUIOCKOCTH 3TOTO
YCWIIUSL B COOTHOLIEHUH 0B=20(A, IPH 3TOM vp=180°.
B ciyuae, KOTZa  IJIOCKOCTh JCUCTBUS
9KCIUTYaTaI[HOHHOTO YCHITUS CBs3aHa c
BPALIAIOIINMCS [ITKAH/ICIEM, YMEHbBIICHHE paauyca
TPaCKTOPUU JIBUKCHUS TCOMETPUYECCKOTO IIEHTpa
BOKPYI' LIEHTpPa BpAIlEHHs CIeAyeT MPOH3BOAUTD
MyTeM TepeKoca BHYTPEHHUX KOJICI] TOANIUITHUKOB B
COOTHOLIECHNUH f=Poa, IpH 3TOM vp=180°.

BruiBoabI.

[MonydeHHbIe pe3ysbTaThl MO3BOJISAIOT CHENaTh
CIICYIOIHE BHIBOJBL.

— Ilepexoc Hapy>KHBIX KOJIEI TIOAINITHUKOB HE
BBI3BIBACT OMEHHS ILITMHICIS.

— Ilepekoc Hapy>XHBIX KOJIell IOJIIUITHUKOB
BBI3BIBACT CMEILIECHUE LEHTpa BpalleHHS pabodero
KOHIIA IIMTHHAEIS. [l yMEHBIICHHS 3TOT0 CMEIICHUS
HEo0X0/IMMO 00eceYrBaTh pa3BOPOT 0OOMX KOJIEIl B
OJJHOM HAaIpaBJICHHH. 3a CYET 3TOr0 CMELICHHE
LEHTpa BpalleHUs] MOXKET OBbITh YMEHBIIEHO Ooliee
4eM B 2 pa3za II0 CPaBHEHHIO C BapHaHTOM, KOTIa
KOJIbIIa Pa3BEpPHYTHI B pasHble CTOPOHHI (TIpH
HEM3MEHHOI BEJINYMHE OTKIOHEHHS OT COOCHOCTH).

— buenune pabouero KOHIA IIIHMHAEINS 3aBHCHUT
OT OTKJIOHEHHUS OT COOCHOCTH BHYTPEHHHX KOJIell
MOAIINITHUKOBBIX onop. [Ipr i3MEHeHNH OTKIOHEHUS
OT COOCHOCTH BHYTpeHHHX KoJier oT 1x102 1o 4x10°
8 pay GueHne MOXKeT yBeTHduThCA ¢ 19 110 68 MKM.

— IIpy HEM3MEHHOH BEIMYMHE OTKJIOHEHHS OT
COOCHOCTH BHYTPEHHHX KOJlell OMeHHE MOXKET OBbITh
YMEHBIICHO B 2,5 pa3a, €Ccli NpH H3TOTOBICHHU
obecrieunBaeTcsl TEPEKOC BHYTPEHHHX KOJEll B
OJJHOM HaIIpaBJICHHU.
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Introduction

Among the problems of the tax system, the
problem of the tax burden occupies a central place. It
reflects the final assessment of the tax policy and
system of a particular state. It’s an effective indicator
of the country’s tax reform and plays an important role
in the economy.

A prudent tax system that meets the needs of the
state for financial resources does not negatively affect
the production and entrepreneurial activities of
taxpayers, but rather has a positive impact on finding
effective ways of doing business. Therefore, the
taxpayer’s tax burden indicator will be sufficient to
assess the quality of the country’s tax system [5].

The tax burden represents a set of indicators of
the country’s tax system. A certain percentage of the
income of individual business entities or other

taxpayers is paid to the state in the form of taxes or
other payments.

URGENCY

In “An Inquiry into the Nature and Causes of the
Wealth of Nations”, A.Smith focused on the
relationship between the level of the tax burden and
the state budget. “The state gains more from lowering
the tax burden than from imposing hard-to-collect
taxes. The remaining funds may remain as additional
income that will be taxed to the treasury in the future.
At the same time, the additional costs of the state
related to penalties and mandatory payments will be
reduced, and taxpayers will be able to make these
payments more easily [1, 2].

American economist Arthur Laffer has proven
that economic and government revenues grow as a
result of tax cuts. This is called the Laffer curve.
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T — the amount of taxes, t — the interest rate, %
Pic.1. Laffer curve

If t = 0, the state will have no tax revenue. If t =
100%, the result will be the same again for the state,
because all the income of producers will be taken to the
budget. There will be no interest in production. In all
other cases of the tax rate, the state has a certain amount
of income (0 <t <100%). When the tax rate is t °, tax
revenues reach a maximum (TO = Tmax). The
conclusion is that reaching a certain level of the tax
interest rate increases tax revenues, while a further
increase in it, on the contrary, reduces tax revenues. The
impact of economic entities on the dynamics of the tax
rate is not felt immediately, but after some time. The
Laffer curve shows that government revenue growth is
objectively related to lower tax rates [3, 4].

THEORETICAL APPROCHES

In the XVIII-XIX centuries, foreign scholars
analyzed the proportion between the budget and
national income, the size of taxation of economic
entities and citizens. The tax burden indicator and its
impact on the economy was first pointed out in the
18th century. In this regard, F. Justi (1705-1771)

studied at the macro level the relationship between the
tax burden and the national income of the state. At the
same time, he argued that the country's budget should
be 1/6 of national income [6].

K.Gok justified the proportions between state
budget expenditures and revenues and national
income. He clearly believed that the tax burden, which
was real for the country and was real at different
stages of economic development, could not be a
single, universal and at the same time optimal
indicator [7].

Based on the above considerations, we can say
that it is not possible to determine the tax burden
indicator accurately and optimally for the same
country or taxpayers, it can only be determined
empirically. Because there is no other way to
determine. There is no single methodology for
specifying the tax burden for a particular country. The
interest in the tax burden indicator in the economy,
both theoretically and practically, is not in vain. The
need to calculate the tax burden for each country can
be schematically expressed as follows:

The need to calculate the tax burden

. .

Development of Comparative
tax policy

burden

analysis of the tax

Development of Determining the

state social indicator of the
policy economic
condition of

business entities

Pic. 2. The need to calculate the tax burden

ANALYTICAL PART

Based on the picture above, we can substantiate
the role and importance of the tax burden indicator as
follows.

Firstly, the calculation and determination of the
tax burden is necessary for each state to develop a tax
policy. By abolishing old taxes and introducing new
taxes, setting tax rates and tax breaks, the state will not
put pressure on the economy. From a macroeconomic
point of view, the state used to determine the revenue

side of the budget, the tax base and the impact of taxes
on the economy through the tax burden.

Secondly, the tax burden indicator is necessary
for a comparative analysis of the state with the tax
burden and tax indicators of various other states. It is
necessary for the location of production in the country,
the distribution of investment and the movement of
capital. This data also used for comparative analysis
within the country and across regions.
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The tax burden is an overall indicator of the role
that taxes play in society. In many countries, the tax
burden at the macroeconomic level is calculated
relative to the total amount of taxes and levies on GDP
[5]. Itis as follows:

There: TB — tax burden; T — tax; P - payments;
GDP — gross domestic product.

It should be noted that the role of taxes in the life
of the state and society depends on geographical and
climatic factors. Because these factors affect the

T +P development of the national economy and the ability
TB = —<100%0 to distinguish and compare with the economy of other
countries.
Table 1. The average tax burden in European countries [8]
Countries Tax burden according to GDP, %
Germany 42,9
Belgium 46,4
Denmark 52,8
France 46,3
Italy 42,9
The Netherlands 44,8
Austria 45,5
Sweden 54,2
United Kingdom 33,9
Spain 35,5

The table shows that the tax burden is high in
countries with socially oriented market economies. In
other words, the tax burden to one degree or another
is manifested as a means of return to the state. This is
because the level of social orientation of public policy
emerges as an important factor in the dynamic
development of the economy by the state.

Thirdly, tax burden indicators affect a state’s
social policy. The state develops its social policy

based on the results of this indicator. Plans spending
on defense, security services, education, medicine,
science and training. That is, the state provides various
services to the population. Due to this, the taxpayer
collects taxes from the population and legal entities.
The essence of the problem here is to determine the
optimal level of tax amount, because the taxpayer
wants to receive social services in the amount of taxes
paid to the state.

The state — the service provider

Type of services l

T Taxes and fees

The taxpaver — a consumer of public services

Pic. 3. The relationship between the state and taxpayers

Based on this, the state determines the tax burden
and returns these funds to taxpayers through various
services. We can see this even more clearly in the
diagram below. Paying attention to the basics of
taxation, elaborating it carefully, correctly
determining the terms and amount of payment leads to
the establishment of a fair tax burden.

Fourthly, tax burden indicators are used to
determine the economic activity of economic entities.
It is this indicator that determines the direction of
investment in production. The tax burden is a great
help in solving such issues as the development and
reduction of production, regulation of the economy,

the solution of production problems by industries, the
creation of new jobs, the normalization of
consumption and savings processes, the direction of
investment.

Theoretically, the determination of the tax
burden in the economy is carried out in two directions.
That is, it is determined at the macro and micro levels.

At the macro level, the tax burden can be divided
into two, that is, the tax burden on the whole economy
and the population as a whole. This figure is general
and is defined as the share of taxes and fees in relation
to GDP, as mentioned above.
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Distribution of the tax burden in the economy

Distribution of the tax burden at the
macro level

To the To the
general general
economy population

Distribution of the tax burden at the

micro level
To legal To
entities individuals

Pic. 4. Main directions of the determining the level of the tax burden

Macro-level refers to the tax system of the whole
country, in other words, the state's intervention in the
economy, its tax pressure. In this case, the tax burden
is distributed to enterprises, industries and sectors.
Also, the macro-level tax burden is insignificant for
each of the legal entities and individuals. Because they
pay taxes and fees to the budget and extra-budgetary
funds from their own income [9].

When we analyze the structure of state budget
revenues in the developed countries of the world, the
main taxes in the GDP, ie income taxes, play a key
role. The share of indirect taxes is low. In the Republic
of Uzbekistan, we can see the opposite. This is
because in the context of the transition to market
relations, indirect taxes perform a more fiscal function
and are necessary for the state. This view is also valid
from the point of view of manufacturers. However, the
main part of the tax burden is gradually falling on the
population. Because the final consumers of products
(works, services) are individuals. The real payer of
indirect taxes is also the consumer of goods (works,
services). From this we can say that individuals also
pay taxes and indirect taxes that they pay. There are
also some types of taxes paid by legal entities that are
included in the cost of the product. Taxes included in
the cost of production are also borne by individuals.
Therefore, these indicators should be taken into
account when calculating the tax burden on
individuals.

World experience shows that as a result of
increasing the tax burden on taxpayers (increasing the
tax burden and raising tax rates, removing tax
benefits, etc.) initially increases tax revenues, and
when it reaches a maximum, these indicators begin to
decline. As a result, budget revenues are declining and
a certain proportion of taxpayers are in decline or
production is declining, while the rest of the taxpayers
are illegally evading taxes. The result is a shadow
economy [10].

Todays, when making changes to the tax
legislation, many countries are on the way to
removing benefits and deductions, trying to introduce
new fees. However, this leads to a sharp decline in
income and taxable capital.

The world experience in taxation shows that
taking more taxpayers ’income as tax leads to a
decrease in investment in the economy. If the tax rate
reaches 40 percent of income, it will have a negative
impact on business development and expansion of
production.

In other words, an effective tax system should
meet the needs of the state by receiving 1/3 of the
income. At the same time, the exact indicator of the
tax burden is manifested differently in different
countries at the macro and micro levels. It is primarily
a matter of obligations between the state and
taxpayers. The level of the tax burden depends on the
budget expenditures for the provision of medical,
educational, communal and other services to the
population of the state. In Sweden, for example, the
population donates 50 percent of their income to the
state treasury, which does not negatively affect
production efficiency. This is not surprising, as the
state has been extensively protecting taxpayers
economically and socially.

CONCLUSION

Each country determines the tax burden based on
its different national characteristics and production.
There are tens of thousands of operating enterprises
with different characteristics in each country. Each of
them has different options in paying taxes. Therefore,
in the comparative analysis of the tax burden at the
national level and in the calculation of the tax burden
at the macro level, it is expedient to calculate the ratio
of taxes and fees to GDP.

In summary, tax burden indicators are a key
factor in the development of tax, investment and social
policy of the state. Including:

- The tax burden in the country’s economy is the
result of state tax policy, which reflects the qualitative
characteristics of any tax system. At the same time,
the level of taxes levied determined, on the one hand,
by the efficiency of social production, and, on the
other hand, by the amount of the state’s need for
financial resources. Therefore, reducing the weight of
the tax burden is primarily associated with reducing
government spending;
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- The results of research show that there is no
clear methodology for calculating the tax burden on
businesses. It should be based on several methods to

- The state based on the indicator of the tax
burden in the development of its social policy, which
serves as the main source for it;
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Introductions the axial coordinate and the Fourier series with respect

Natural oscillations and propagation of free waves to the angle, the solution of the problem of motion
in cylindrical shells interacting with a liquid have been along an infinitely long cylindrical shell interacting
studied by many authors, in particular in [1,2]. In this with an ideal compressible fluid of normal pressure,
case, axisymmetric and non-axisymmetric problems arbitrary in length and circumference, but unchanged
were considered, and various models for the liquid and in time, is obtained. The speed of movement of the load
shell were used. The question of the action of a moving is constant and, in the subsection, it is considered in the
pressure wave on a cylindrical shell filled or case when it is less than the speed of sound in a liquid.
surrounded by a liquid is less studied, and only The liquid fills the cavity
axisymmetric loading was considered [3,4]. In this
paper, using the integral transformation with respect to 2. Problem statement and basic equations
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Consider the action of a non-axisymmetric 0?2 1—v, 02 ,1—v
moving pressure wave on a viscoelastic cylindrical Laa = ax? " 242 007 6ko h2
shell interacting with an ideal compressible fluid The 1—v, 92
equations of motion of a viscoelastic cylindrical shell — Dk Tkﬁ;
and an ideal fluid are introduced in the coordinate K Ot 1—v 8
system r, 6, z [5]. Lsy = Lsy = 0; Lss = —6k2 2"_;

The equations of motion of the bearing layers ) ) axhy 00
(shells) in displacements, in symbolic vector-matrix L. = 1-w0° 190 6k2 1—v
form, are written in the form 53 2 0z a20d0? O hZ

Ll‘jl_jk—f:LinEK(t—T)l_jk(?,T)dT= —p l_vka_z_
— k 2 ’
(1 Vok )—» (1—V0K 2) BZUk ZGkO at
Goxlton qx + +pox— Gox 92 ¢ (k=12 D Aos = M; Hos = Gip.

Here, the index k=1 refers to the inner carrier
layer, and k=2-to the outer layer, U, is the
displacement vector of the points of the middle surface
of the bearing layer, and for Timoshenko-type shells
the dimension of the vector U,.

(Ulk =U; Usk = O Usk = Wi U = Yyis Usie

= 1pyk)

Here, respectively, axial, circumferential and
normal displacements are also added the angles of
rotation of the normal to the middle surface in the axial
and circumferential directions: P, is the vector of loads
on the shell, the dimension of which also depends on
the chosen theory of shells. L;; is a matrix of
differential operators of the theory of shells, including
in problems of dynamics and time differentiation
(terms with damping and inertial terms in expanded
form). If, when writing the equations of motion of the
bearing layers, shear deformations and inertia of
rotation (Timoshenko -type shell) are taken into
account, then the differential operators have the form

62 1_Vk 62 1_Vk 02
Lyn=cs5+—73 337" P57 L2
0z2 2a; 062 2G,, Ot?

-1 _1+Vk 62 .
TR T 2q, 0200’
L=y =0 =0
13 = 31_akaz' 14 = L5 = U;
1—v, 02 1 92 1— v, 02
le=7az aﬁ*?@‘f’k 26 ﬁ' Las
L[, A=k o
2 09
L _(1 Vk)ko _ii_
257 g, 17327 azao’
1-v a2 1 92 1 1-vy 82
Loy = =358 (53 + ) + g+ P
( ) Y _( ) @)
1-v, 1-v
L3, szkkgai Lys = e kk ko 20’ s La =
Lyy =0;
1 — Vg 6 1 +Vk 62
3 O hZ 9z’ ¥ T *T 2a, 0206

1-2vg
Here k2-is the Timoshenko coefficient; hy,a; -
thickness and radius of the middle surface of the
bearing layer; nu wvy-Poisson's ratio; Rp(t — 1)
relaxation core; G- instant modulus of elasticity.
The components of the load vector, respectively,
has the form

1-— Vi
{Piks Paks P} = — 5 {Pzk T Q21 Dok T Qorr Pric
2Grohy

( ) +qu} ( )

3(1—v, 3(1—v,

Py = X (sz t qu); Psk = x (Pek
qu)J (3)

where the minus sign corresponds to the inner shell,
and the plus sign to the outer shell: q,«,qgx , q-x are the
reaction components from the filler side: p,x, Pox Pri-
intensity of the given load in the corresponding
direction.

In the problem of free wave propagation, the
components of a given load, (t) are taken to be zero.
We accept the integral terms in (1) small. Then the
function ¢(t) = P (t)e iRt where is a slowly
varying function of time, wg —is real constant.
Further, applying the freezing procedure [6,7], we
replace relations (1) with approximate ones of the form

(1_vok2) ﬂ

(1-vok) =
LU, = GO h‘; Gy + Pox PRI 4)
Here ko)1 = L (1 = (RES;D ™) [e(0)],
(SU-Kronecker symbols, ”(Rll =R, =Rf; =

= Gyl (t)]) is the third order diagonal matrix for the
Kirchhoff - Love conjecture, and the fifth order for the
Timoshenko conjecture. The system of differential
equations (4) is solved under boundary conditions. The
non-axisymmetric motion of a Timoshenko-type shell
is described by equations (1), and (4) and in the
components of the load vector only the term [8] p3, =

216_”: (¢ Tprx), the motion of an ideal
kK

compressible fluid is described by the wave equation

¢  10p  10% 3¢ _ 1% (5)

or2 ' rar  r2960% @ 9x2 ¢} at?’
where ¢ - potential of fluid velocities; c,- acoustic
speed of sound in liquid; p,- density of liquid.

The problem is reduced to the joint integration of
equations (1), (4), and (5) when the boundary

Philadelphia, USA 214

2 Clarivate

Ana lytics indexed



ISRA (India)  =6.317 SIS (USA) =00912 ICV (Poland)  =6.630
. ISI (Dubai, UAE) = 1.582 PUHII (Russia) =0.126  PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =9035  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) = 7.184  OAJI (USA)  =0.350
conditions of impermeability of the shell and rigid wall n=(x—ct)/H, (8)

are satisfied

de owg do
arr=a = 5 gy lr=p =0 (6)

in this case, the pressure entering into (3) from the
liquid side is expressed through the velocity potential
by the formula

Grk = —Po 22— (7)

Considering the steady state process, we pass in

the equations of motion of the shell and fluid to the
coordinate system.

3.Methods of solution
When considering the establishing process, the
Galilean transformation is applied [9]

© (0 (0 (0 (0) ’
{uk ) Wk ’¢xk 'prk 4 qT'k } ano{

oW =D (v

where n- is the number of harmonics along the angular
coordinate.

Substituting (10) into the transformed equations
of motion of the shell, we obtain a system of algebraic
equations for the Fourier coefficients of the
transformants of the displacements of the middle
surface. In this system, the unknown are the expansion
coefficients of the liquid pressure, which should be

expressed through the coefficients of normal
displacement

62¢(°) 1 6(,0 2 ) _

or2 r* ory [_ -M ]{ ](,0 =0

shell. Representing the transformant of the velocity
potential in the form (10) and substituting it into the
transformed equation (1), we arrive at the equation

29 1003 0
L= [ - we] gl =0, ()

where M = Ci is the Mach number, c; is the acoustic
1

speed of sound in the fluid. The solution to equation
(11) in the subsonic regime of motion ¢ < ¢, has the
form [11]:

ot = A, (E)Ko(BET.) + B ()1, (BET),

where 8 = V1 — M2,

Substituting (11) into (2), (3), we find the
relationship between the liquid reaction and the normal
displacement of the shell:

where c- is the speed of movement of the load, H is
some characteristic value in the problem under
consideration, which has the dimension of length
(H = a). We apply the Fourier transform according to
n [10]: . .
PO = [ ome dn; o) =
Lo @@ () e®ndg. ©)
Here é/ -is the Fourier transform parameter.

In the image space, the solution of the transformed
equations is sought in the form of Fourier series in the
angular coordinate 8 . Assuming that the transformants
of a given normal load and fluid pressure are
expandable in Fourier series in 6

(0) (0) 0 _© (0 .
nk’ nk 4 lpxnk' prnk’ qrnk}cos(ne)'

10
©) 1 (0) ] (10
Vpnk ,lpynk}sm(ne),
[
Pk = Poc’kE* fie(§,m,0) SR, (12)

where for ¢ < ¢;
nsg—pEe—(nsy+pEess)ss

Jie§m €)= s s —ee)—(msz + BEess) (nss—FEse)
(13)
b9 D)
VTOLMBO T TP LB
a6 ()
: L(BE) 7T Ly (BEe)’
. = _Kn(BS) K1 (Bée)
57 Kne1(BE)’ Kns1(BEe)’

wheree = b/a, In+1(ﬁf) and K, (8¢)- modification of
the Bessel function of the 1st and 2nd kind, f; (¢,n, ¢)-
for k = 1, 2, it differs in meaning with opposite signs.

If the shell is completely filled with liquid, then
formula (13) takes the form

fu(§n,¢) =8 (n+pés) ™, 8 ={xk=1,6, =

1;,k=2,6, =—1}L (14)

Substituting the found relation (12) into the
system of algebraic equations for determining the
expansion coefficients of the transformants of the
displacements of the shell, we find

o © (0 ) ()] _
{unk ’ vnk ’ Wnk ’ l/)xnk, 1/)ynk} -

_ 1-vg Q12143184 45k T 1 _
ZGkkz pZ,nk FEldetn”aEl" ) (k l - 1, e ,5) (15)

Determinant elements det,||ay;|l calculated by
the formulas

1 Uk 1 -V
_ 2 2 k. 2.
A1k = — (1 T~ T3 COk) &c = 3 n=;
1+,
Aqak = —Ap1k = Qusi = —Asar = i€ ) n;

Qi3 = Az = EVy;
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Ayop = — —2k (1 - gcgk) &2 —n?%a23k = =2+ 1+ vkkOk22n; a5, = k™% agp =7 jazs =1+
K (n? + 82) = 3 8? [1+ 2 f(En 05 (16)
1—v, 1—vn 0 11;ka0
Azarc = — ik, 5 Gask = —kZ, T Irnk = UL E2f(Eom, )mprnk 17)
k2 For the bendlng moment and shear force in the
Aysr = 1203455 QAgar = A1 —6(1 — vk)kLZk; shell, we obtain
0 _ _hka_ o i§A4nvidsk 18
= 12035 assk = Qaa — 6(1 — Mocne = =S Prok gy detala - (19)
Gs3k = @ssk; Assk = Gazk ( ) k2 ' Q — _ - LA p i§A4xnVEdsk (19)
A14k = Quisg = Qaak = Qa1 = A12k = As1p = Aoz = 0; xnk 2k " gy dety|ag |
X Po Pk

Pok = p— Cox = c(*% Now let's look at some examples. The final

solution is obtained by substituting (15) - (19) in the
Fourier series and applying the inverse Fourier
transform. As an example, it is considered when the

Igy=1- FE1((UR) irEsl(wR)!
Ii(wg) = fo Rg(7)cos wgtdt; Ti(wg) =

fooo Rg(7)sin wgt d, liquid is between a shell of radius b and a coaxial rigid
Where R (1)- the core of relaxation cylindrical wall of radius a
Determinants 4, (j = 1,...,5) are obtained from External loads are taken in the form [12
det,|laill by replacing the j-th column with p-(1,0) = pyexp(an)H(—n) Zj{zl(e -6y, (20)
elements{0,0,1,0,0}. H(x)-Heaviside functions. In this case
_Substitut_in_g (15) into formula (12), we find the pQ = P2lnk 1)
Fourier coefficients of the transformants of fluid Tk T aig

pressure Here @, are the Fourier coefficients of the

Substituting (15) into formula (12), we find the . 1 _ _
Fourier coefficients of the transformants of fluid function Zkz'l(e _9") It you aceept P2 = 2mpy /L.
pressure Where p; — intensity of movingloads, ¢* = q,./p;

(oo}
(oo}
« _WGilEr 177 E 434[acos(§m)—¢sin(én)] ]
1= pia kl {f_oo rgi(a?+&2)det||ag || di} X aycos(nb); (22)
n=0

. 201-v)pp;cd § % FEmc)§? s lacos(Em —EsinEn)]
q* = Tl {f_m (a2 €D detag | d{} XX a,cos(nh). (23)
n=0

Similarly, using (22) and (23), one can write the Where f,(2,t), f,(2,t) real functions. Using
formulas for Mx, Qx. The -calculation of the Euler's formula for £xp(iQ2t), dividing into real and
nonconforming integrals (22) and (23) uses the imaginary (25) parts, after some transformations we
following algorithm based on the Romberg method get
[13,14] wi = 4— J2 2102, 8) — ixy(@,)]d2 (26)

4. Calculation algorithm Dividing t?e mtlegrabl (16) into tWO. terms

The value w_1™Mast and gMast of (22) and (23) is wy = Ef_w[h (2,8) — ixy(Q,6)]d2 +
calculated on a computer as follows. All numeric %f‘” x (2, 8) — ix,(Q,£)]d0 (27)
parameters required for calculations are set. To r . . o .
calculate the integral (22) under the improper integral and replacing the 2 variable in the first integral with -
function is denoted by x1 (1o, 2, ) = 02, we have
A31[2acos($n)_551n(fn)] The fO"OWIﬂg e|emental‘y W1 rf [Xl(ﬂ t) xl( .Q t)] - l[xz(.Q t) -

(@ +E g det]ag| . x,(—0,0)1d0 . (28)
transformations are performed on this function Since (28) is the inverse Fourier transform and
— it
X110, 2,6) = (8,(r0,)/2(8345 + 4,445))e' ¢ (24) contains a real value in the left part [13], the relation is
you can numerically integrate it by writing it as vale

Xl(rOI'Q' t) = xl(rO!'Q' t) - iXZ(rO'Q't)' (25) xl(.Q, t) = —xl(— .Q, t);xz(.(l, t) = —X2(— .Q, t).

The incident pulse w_1Mast is described by the (29)
expression e Given it, from (29) we finally obtain

Wil ) = (20 -0, wi = “n—i fjab [x,(2, 0) + i x,(2,£)]d0. (30)

o o 2 Clarivate
Analytics e



ISRA (Indiay  =6.317  SIS(USA)  =0912 ICV (Poland)  =6.630

. ISI (Dubai, UAE) = 1.582 PUHII (Russia) =0.126  PIF (India) =1.940

Impact Factor: g\ australia) =0564 ESJI(KZ)  =9.035  IBI (India) = 4.260
JIF = 1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350

the integral using the Romberg method, you have to
repeatedly calculate the integrand. The inverse Fourier
transform for some image, the original of which is
known in advance, showed that with the integration
step length of 0.01, the error of the procedure does not
exceed 0.3-0.5%. For a system without damping, the
first resonant velocity must first be determined by
constructing dispersion curves for a different number
of waves in the circumferential direction.

5. Numerical results.

Calculations are carried out for a steel shell
interacting with a water layer.

The following parameter values were assumed:

k =+/2/3,k = 0.005,€= 0.45,v, = 0.25,a = 1.0,
pi =0.13,co = 0.1,M = 1.66.

Table 1
l

0 T i in 2m r 3T n dr | 9 T

101 51 10[ o] 21 = 101 5] 10] {

2 996 764 | 3,53 343 1192 -1,63 041 0,019 | -Lo0 | 1,12 -1,54
4 6,02 619 | -304 | 039 | 129 0,08 -147 | 0,61 L2101 | -1,70
] 475 418 |-291 |-172 [-092 <031 025 047 004 |-074 | -1,13
8 2295 244|274 178 | -L03 0 0590 053 | -042 021 002 007

As an example of a viscoelastic material, we take
the  three  parametric  relaxation kernels:
R,(t)=R,(t)=Ae 7" /t"“,v=0.25,

5, -107

A=0,048, B=0,05 o=0,1.Allresultsare
obtained in dimensionless parameters. In the
table.1.the distribution over the angular coordinate of
the liquid pressure on the shell q* in the cross section
n = 0.5 for a different number of self-balanced
forces is given.

®-10°

Figure 1. The change in the imaginary part of the radial displacement as a function of the velocity at
different viscosity parametrizes. A=0.01, 2. A=0.005, 3. A=0.02, 4. A=0.015. 5. A=0.017

The table shows that the greatest fluid pressure is
at®@ = 0°. With increasing angles of pressure, the
moving load exerted on the shell fits. The change in the
imaginary part 0< @</l of the radial displacement
depending on the speed, the moving pressure at
different viscosity parameters is shown in Figure 1. It
can be seen that the mixed shells decrease
exponentially with increasing speed.
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6. Conclusion

1. A mathematical formulation and methods for
solving the problem are proposed, when a driving fluid
with a constant velocity is between a viscoelastic shell

and a coaxial rigid cylindrical wall.

2. An algorithm has been developed for

calculating improper integrals with high accuracy.
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Introduction

At the current stage of development of the
Republic of Uzbekistan, the objectives of the
country’s transition to a democratic State governed by
the rule of law and from a planned to a market
economy are determined. This process has
necessitated changes in the content of the education
system. One of the most important problems is the
question of the literacy of students in the economic,
legal and information fields, which corresponds to the
new stage of the development of society. In view of
the intensive development of the economy,
competition and an increase in the number of qualified
personnel, it is planned to strengthen the role of
disciplines that ensure the successful socialization of
students, in particular the economy. With the changing
structure of the Uzbek economy, accompanied by the
emergence of private property, major changes are
taking place in the demands placed by employers on
potential workers, particularly in the area of economic
knowledge. On April 13, President Shavkat
Mirziyoyev signed the decree «On measures for
further development of the capital market», informs
UzA. According to the decree, the program «Financial
and Investment Literacy» has been adopted, it is also
planned to introduce the course «Financial Literacy»
as a subject for pupils of general education schools

and students of non-economic higher education
institutions. There are plans to develop a financial
management training methodology for this discipline
and to hold financial literacy competitions [7].

Various aspects of this pedagogical problem are
solved in the studies of philosophers, sociologists,
economists, educators and psychologists.

The main part

The concept of «economic literacy» is a defined
level of economic knowledge, skills and experience of
economic activity, reflected by the logic of the content
of initial vocational training, and ensuring entry into
working life, rational decision-making, Serving as a
basis for the continuous improvement of his economic
knowledge and the economic qualities of his
personality; Economic literacy: a level of functional
literacy in the economic field that involves the
attainment of standard objectives in the productive,
consumer and social spheres through applied
knowledge;

The combination of conditions under which
economic reforms are being implemented in
Uzbekistan has a significant impact on the process of
adaptation of primary school pupils in society. The
resulting socio-pedagogical problems call for the
development of pedagogical tools to shape the modern
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economic literacy of primary school pupils. Scientific
research in this area covers various aspects of
economic training: professional self-determination of
the individual, socio-psychological  security,
functional literacy, economic education,
entrepreneurship.

An important component of functional literacy
is, in our view, economic literacy, which is a means of
developing the basic concepts of means.

In analyzing economic training as a pedagogical
issue, we have come to the conclusion that there have
been significant changes in attitudes towards
understanding economic literacy, and these changes
are objective. We have come to the conclusion that
the resulting economic literacy, as it stands today, will
help primary-school students to understand economic
processes more readily available in high school.

In a theoretical study, we have come to the
conclusion that economic literacy is the level at which
economic knowledge, skills and economic experience
are defined, as reflected in the logic of the content of
initial vocational training, and ensuring entry into the
labor market, rational decision-making, the basis for
continuous improvement of economic knowledge and
the economic qualities of the individual.

Economic literacy is the level of functional
literacy in the economic field, which implies the
attainment of standard tasks in the productive,
consumer and social spheres based on applied
knowledge.

An analysis of the organization and state of
modern economic preparation of students has shown
that the system of preparation of students for life and
work is currently in the stage of reform, both in terms
of organization and content.

An analysis of the pedagogical literature has
shown that the various branches of science view the
process of developing the economic literacy of future
participants in a high-technology society as an integral
part of the general preparation of adolescents, taking
into account:

o the educational requirements of society;

o the possibilities of modern pedagogy;

o the  psychological  development  of
adolescents;

e use of educational motivation to develop
students' economic literacy.

O.E. Kushina’s work emphasizes that pupils
must have learned many components of financial
literacy (attitudes, knowledge, skills) by the time they
reach the age of 14.  Consequently, the author
identified several levels of financial and economic
literacy among schoolchildren and defined a system of
age-appropriate criteria.

Criteria for assessing the knowledge and skills of
children of primary school age, which characterize the
preparatory phase for the development of financial
and economic literacy:

The ability to observe reason and generalize
information about objects and economic phenomena
and regularities;

Initial knowledge of the economic conditions in
which people live and run a household;

Basic knowledge of the fundamentals of
business and entrepreneurship;

The value of the world around them;

A tolerant attitude towards people of different
income levels, professions, ethnicities, etc. is adopted.

Criteria for assessing the level of financial and
economic literacy among secondary school-age
children, reflecting knowledge of the principles of
financial and economic behavior in society, as well as
basic financial and economic knowledge:

Learning interest, critical thinking about the
development of the economy as a whole;

- understanding of civil liability;

Existence of a system of values in the field of
interpersonal relations in the classroom, in the family
and in civic activities;

Initial knowledge of various economic and
financial activities.

Criteria for assessing the level of financial and
economic literacy of older children, demonstrating
systemic knowledge

e economic and financial literacy and skills;

o Dbasic level skills;

e basic knowledge of various economic and
financial activities.

The ability to comprehend and systematize
information on economic processes, to generate ideas
and to apply the knowledge acquired to solving
problems in economic and social activities, in the
family and domestic sphere and in social relations;
counteract antisocial behavior [3, 14-25].

School conditions are the basis for financial
literacy, according to many scholars, but opinions
differ.

A. Grohmann and R. Kouwenberg described
foreign research experiences and identified two main
channels for financial literacy in junior high school:

1. The family has the greatest influence on the
child in this matter. It is the parents who push for the
right financial decision to establish acceptable
financial behaviour in their children. In addition,
parents with higher education encourage children to
study money, savings, personal budget, etc.

2. Schools have an indirect impact on a child’s
financial literacy, as schooling helps a child to acquire
the tools to carry out financial activities, namely,
numeracy skills, practice-oriented tasks, that will help
the child make the right financial decisions in the
future [2, 114-133].

L.U. Ryzhanovskaya believes that the main
sources of financial literacy are science, education and
the institutional environment.

The role of science in this issue is vast and
involves the development of a system interlocking
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notions of a new subject area - financial, based on a
clearly defined purpose of financial education,
including the study of finance (money) and the
stereotyping of successful financial behavior [5, 151-
158].

The foundation of financial literacy in primary
school is considered the most appropriate for learning,
behaviour and attitudes. It is at this stage that the
development of cognitive processes and personal
qualities is taking place, thus contributing to the
development of the foundations of financial literacy,
which continues throughout a person’s life. According
to E.E. Stupina, the following personal characteristics
determine the success of the financial literacy of
junior schoolchildren:

1. Economic training and education.

2. Moral and economic personality

(honesty, responsibility, thrift, hard work,
selflessness).

3. Availability of socio-economic experience
[6].

Asimova L.B. provides a classification of classes
in financial literacy:

1. Depending on the different psycho-
pedagogical stages of study material by students:

- Lessons on new material;

- Lessons for the consolidation of knowledge and
skills;

- Lessons to be learned;

- A lesson in student monitoring, evaluation and
correction;
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- Combined lessons.

2. Depending on the teaching methods used in
the course:

- Lessons - lectures;

- Lessons - seminars;

- Lessons — workshops [1, 71].

Extra-curricular activities have also great
potential in creating conditions for the development of
many areas of the student’s personality. The
objectives, tasks, content and forms of extra-curricular
activities include a wide range of independent work.
Structured extra-curricular activities include teaching,
education and development methods that encourage
students to learn their knowledge and skills on their
own, and to engage in more informal interaction with
educators, which leads to the disappearance of formal
attitudes and the development of students' internal
capacities [4].

Conclusion

In conclusion, financial literacy is an important
component of modern human life, which implies not
only impeccable knowledge of the theory of finance,
but also practical skills in its use. A person who is
financially literate is able to manage the money
properly and to draw up the financial plan necessary
to achieve the goals set. Financial literacy involves
knowledge about money (products and services). This
justifies the relevance of discussions about the concept
of «financial literacy» on the part of domestic and
foreign researchers.
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Introduction

There are such works that even after years,
centuries, millennia will attract the attention of
scientists with their value and significance. Through
such valuable sources, it is possible to gain important
insights into the history, ethnic structure, culture of the
nation, and also to find out facts about the language
used, and to study them in comparison with the
present. Among such works, Mahmud Kashgari's
encyclopedic dictionary "Devonu lug'otit turk" is a
source of pride for us, Uzbeks, as well as for all Turkic
peoples.

Although this unique written monument with a
history of ten centuries has been widely studied by
world linguists, it has not lost its significance and
value, and a broader study of the linguistic features of
this masterpiece is one of the important issues of
modern linguistics. It is one of the urgent tasks of
Uzbek linguists to take the lead in this regard and to
draw important conclusions about the history of
Turkic languages and the ancient Turkic language
through their research.

The main part

During the years of independence, a number of
areas of scientific research of the Uzbek language
have developed. A comprehensive study of the history
of our language, which has its roots in ancient times,
is one of the works in this direction. One of the tasks

Doi: &Gos¥e hitps://dx.doi.org/10.15863/TAS.2021.05.97.44

to be performed today is a comprehensive and in-
depth scientific study of the historical development of
the Turkic languages, in particular the Uzbek
language, with the help of rich factual materials
reflected in manuscript sources. After all, the most
reliable source in the study of the history of language
is the written monuments that have come down to us.

Functional, semantic and stylistic analysis of the
lexical layer used in the work "Devonu lug'otit turk"
allows to obtain important information about the rich
possibilities of expression of the early Uzbek language
[8.102] "Devon" as an encyclopedic dictionary is one
of the sources that functioned as a base for the
development of linguistics. The fact that the author
laid the foundations of areal linguistics, drew a
linguistic map of the Turkic peoples, explained more
than nine thousand lexemes in use at that time, and
highlighted the peculiarities of dialects are clear
evidence of his work as a mature linguist.

Perhaps for this reason, Mahmud Kashgari is
recognized by Uzbeks, Uyghurs, Kyrgyzs, and all
Turkic peoples in general as a representative of their
ethnic group, nation [1], and they repeatedly refer to
this rare work of the encyclopedic scholar. Re-study
of “Devon” will be the basis for discovering new
aspects of this unique work, acquainting the general
public with such a masterpiece, and revealing the facts
of the history of language. In this sense, our research
serves to draw conclusions not only on the history of
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Turkic languages, but also on the history of Turkic
peoples and nations, to introduce the rich cultural
heritage of Turkic peoples to the world community by
comparing the semantic features of noun lexemes in
this work with modern Uzbek.

Changes in the life of a society at different times
are reflected, first of all, in its lexical layer. As aresult,
some words in languages may become obsolete, or
replaced with new ones. “Language is always in
motion, it is always changing. All layers of language
(phonetic, lexical, morphological, syntactic) expand
and improve over the years. As a result of the
development of society, new concepts can be added to
language in the form of new linguistic units. Or units
that have been used for years may become obsolete
over time. This is a natural indicator, a feature of
language “’[9.55]. By studying such semantic changes,
it is possible to draw important conclusions about the
history of languages, to obtain interesting information.

M. Mirtojiyev considers the following as a
logical-semantic  phenomenon that creates the
semantic development of the word 1) expression, i.e.
the expansion and narrowing of meaning; 2) the
emergence of derivative meaning; 3) processes such
as euphemism and dysphemism [6.6]. In this article,
we analyze the lexemes that were used in the Old
Turkic language and underwent various semantic
changes in the modern Uzbek language on the basis of
Mahmud Kashgari's Devonu lug'otit turk.

Some words used in the ancient Turkic language
have undergone some semantic changes in the modern
Uzbek language. In this case, the meanings of some
words have been narrowed, some have been
expanded, and some have been used in the opposite
sense.

The expansion and narrowing of lexical
meaning occurs for extralinguistic reasoning in the
scope of only one lexical meaning [6.112]. In
“Devon”, the word jicim is interpreted as "the young
of everything." Hence, the word was first used in the
Old Turkic language to refer to things other than man
as well. It is used in modern Uzbek only for human
beings. Apparently, when the word jicim is taken in
relation to the eleventh century, it is now used only
in reference to man, and its meaning was narrowed.
But at the same time, there has been an expansion in
the semantics of this word applied to man. In the
"Thesaurus of the Uzbek language" the word means
the following: "physically grown man", "in general,
a young man ", in a figurative sense, "a man, a brave
man, a bold man", "a girl's lover", "a man belonging
to a military gang, a group", "referring to a person
younger than himself" [10.266-267].

It is natural for words to undergo semantic
changes during language development.
Obsolescence of words, semantic expansion or
narrowing of meanings are observed in almost all
languages. For example, in English, the word deer
was used for any wild animal in ancient times, but

today the meaning of the word has narrowed to only
“deer”, which means a type of animal.

The narrowing of the meaning between the
noun lexemes used in “Devon” can also be seen in
the example of the word xsjix. ... The meanings of the
lexeme xyjix in the “Drevnetyurkskiy slovar” are “a
member of ungulates belonging to the deer” and “a
wild animal in general” [2. 294]. The following
passage confirms that the word xajix is also used in
the “Oltin yoruq” (“Golden Light”) to mean "wild
animal: 6apc upbus apcran 66puda yramer tiagnax
KoUUKIdp — bapc, KOnjioH, apcioH, 6ypu éa bowka
€6601iU XAU8OHNAD.

Mahmud Kashgari's work also gives the
meaning of this lexeme "everything that is actually
wild." But unlike “Drevnetyurkskiy solvar”,
Koshghari further limits the scope of application of
this lexeme, i.e. it is emphasized that it is not applied
to any wild animal, but the ones that can be eaten:
deer, argali.

So, we can see from this that by the eleventh
century, there has been a narrowing in the meaning of
the lexeme. However, it is also acknowledged that the
word is used to mean "deer" [3.213] and "mountain
goat". It should be noted that the “wild” semantics in
the lexeme semema was the basis for its application to
objects other than animals. In Devon, it is said that
kojix coeym is a "wild tree" and is explained as
follows: "Everything is of two kinds: domestic and
wild." The wild is called xojix[5.114].

It is also shown that the lexeme xajix, combined
with the word xiwi (man) (kojix xiwi), means "a one-
legged animal in the form of a man believed to live in
water." This is a mythological view and is associated
with totemism. So, the lexeme xajix which in ancient
times was used for "animal, beast”, "wild animal”,
"deer, argali that can be eaten", "deer”, "mountain
goat", "everything that is wild", "one-legged animal in
the form of a man believed to live in water" is used in
modern Uzbek literary language only in the sense of
“the common name of a large group of mammals, such
as deer, etc.” [10.364].

In modern Uzbek, this lexeme is also present in
the compound word kiyiko 't. Kiyikot is “an annual and
perennial fragrant medicinal plant belonging to the
mint family” [10. 364].

In the 11th century manuscripts, the word jinxi
was used for all four-legged animals [5. 25]. Later, as
a result of the differentiation of the concept it
expressed, the word was used only in the sense of
"horse" and "herd of horses", that is, in relation to one
species of animal, which means, its lexical meaning
narrowed. In Yusuf Khas Hajib's “Qutadgu Bilig”, the
word is also used to mean "animal."

The word "xicip " was used in the 11th century
to mean "barren" and "young horse" in the book
"Devonu lug'otit turk”. In modern Uzbek, the word
means only "barren."
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In the ancient Turkic language, the word spyx
was used as a common name for fruits, such as
peaches, apricots, plums, and to distinguish these
fruits, various words were used to denote them:

4S4hpyk - a common name for peaches, aprlcots
plums they differ from each other in one quality: fosth

S mylie apix “peach”; SSH & s capiz opix

“apricot”; kapa spyx “plum” [3.65]. In modern Uzbek,
each fruit has its own name, the word spy is used in
the form of “o’rik” and serves to denote a type of fruit
tree and its fruit.

The word "anxiw " is an example of words that
have narrowed meanings in modern Uzbek. This word
was first used in the Turkish language Gl ankim in
the meanings such as “to applaud, praise; to pray;
congratulations; remembering one's good qualities.
We even see that it has the meaning of “salawat,
salutation to the prophet™: JS2» (&l G535 Janasauka
anxiw 6opeil ("Bless the prophet [applaud him])"
[3.84]. In modern Uzbek, the meaning of the word is
narrowed, and it is used in two senses: “words of
goodwill, praise, supplication" and "applause that
mean satisfaction”. The meaning of the word
"salutation to the Prophet" is now obsolete.

It is possible to observe the narrowing of the
meaning in the amau: the word =/ amau Il in ancient
times meant “hammer, yoke; farming tools [3.55],
while it now means “the simplest of the oldest wooden
or iron tools with metal teeth, plowed with the
addition of a vehicle ™.

Another example of such a lexeme is the word
Kkdcdix in “Devon”. The word &GS kdcdx is defined
by Kashgari as “a part of a thing” [3.263], which refers
to a part of anything. For example, 6ip x3cdx Smmdx
is a piece of bread.

There is also the word kesak in modern Uzbek,
but this word is interpreted in Thesaurus of the Uzbek
language as "a piece of dried clay" [10.355]. Hence,
the meaning of the word xecax, used in the ancient
Turkic language to mean a piece of anything,
narrowed down and was used only in reference to a
piece of clay. In the Tashkent dialect, this word is used
together with the word xano (sugar) (6up xecax xano
—a lump of sugar).

“In the narrowing of the lexical meaning, certain
parts of the referent it expresses are differentiated and
called by another name. As a result, the word becomes
narrower in the lexical sense. For example, in the time
of M. Kashghari, all fibers were called wowne (wool).
Later, cotton fiber was expressed by the word un
(yarn), and cocoon fiber by the word unax (silk). The
word rone now refers to the fiber that is extracted from
the skin of an animal, i.e. the word yung has narrowed
in the lexical sense. Differentiation of fibers according
to their nature is extralinguistic. It is reflected in the
lexical meaning of the word. Accordingly, the
narrowing of lexical meaning is called extralinguistic
[6.113]. Hence, the narrowing of the meaning of a

lexeme in the gradual development of languages is
also a common feature peculiar to several languages.

There are also some words that were used in
ancient times in the form of adjectives, and later
became nouns, in the sense of which the phenomenon
of narrowing can also be observed. For example, the
word spxdx. In ancient times, the word S&3) spxdix
was also used to mean "the male of any animal or
bird", and the rooster, that is, the male of the hen, was
distinguished as the spxdx maxaezy, and the female as
the miwi maxasy [3.92]. The word s¢\& maxazy is a
gender-specific word meaning “hen” and is used
equally for both roosters and hens [3.234]. In modern
Uzbek, the word apkax refers to a group of nouns and
means “a man; male ”.

In the 11th century, the word 6/ meant “pool,”
“lake,” “accumulated water; pond “and* sea [5. 91],
and during language development the word also
underwent semantic differentiation: “specially dug
depth, which serves to store water” is called hovuz; “a
natural body of water that is filled (covered with
water) on land, with a closed perimeter and depth” is
called ko ’I; “the part of the ocean that is connected to
land or splits on land, the part of the ocean that is
separated by land or islands and peninsulas” is called
dengiz. In ancient times, the word " ¢yw" was used
instead of the words oapé, oeneus (river,sea): For
example, Dmil cywi aka mypyp [3.67]. According to
Mahmud Kashgari, Omil is the name of a river in the
Kipchak lands. It flows into the Bulgar [Caspian] Sea.
It also has a tributary that flows into Russian lands.
According to I. Kormushin, Dtil is present Volga
River or the Volga River flows through the Kama
River [3.67]. Thus, inthe modern Uzbek language, the
word kjyz, as mentioned above, has only one meaning,
that is, "a natural body of water filled with land
(covered with water), with a closed perimeter and
depth". In “Devon”, the word mowi3, meaning "sea"
[5,240]. The word xéx is also used in a figurative sense
to refer to the adults of the snow leopards as part of
the kon Spxin. It means "a man of many minds, like a
full lake." During the development of language, this
meaning also disappeared from consumption.

In linguistics, the occurrence of a shift in the size
of a lexeme from a narrow meaning to a broad
meaning is called an expansion of meaning. In Devon,
the word “ ¢\ xiumae” means "wintering place”
[3.308], and the word " jajraz ™ means "summer place”
[5.34]. The word jajraz also means "pasture”. The
lexeme originally meant "meadow at the top of a
mountain,” and in the ancient Turkic language, the
word jaj meant "summer," and the word jajraz meant
"a place to live in summer.” The Turks, who were
mainly engaged in cattle-breeding, moved to those
places in the summer to graze their cattle in the
meadows at the top of the mountain. In the winter,
they moved from jajnaz to giwnaz. In modern Uzbek,
the word suinos (pasture) means not only “cattle
pasture at the top of the mountain”, but also "cattle
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pasture in general”. Such areas can be at the top of a
mountain, in the steppes, or even in the lowlands. As
mentioned above, in Devon, the word " ¢ 3\ kimmmar”
means “wintering place”. Explaining this lexeme,
Mahmud Kashgari also gives extensive information
about the fact that it is located in the southern part of
the mountain, where there is a lot of grass, little snow,
and the crop grows well [3.308]. This means that the
area was located on the south side, where there was
little snow, which led the people of that time to spend
the winter in such places. In modern Uzbek, the word
means "a place, territory where the population is
mainly engaged in agricultural activities."

Or in “Devon”, the word 45 mazap is
interpreted to mean “a sack in which wheat and other
things are placed” [3.276]. In modern Uzbek, the
meaning of the word has changed, meaning "a large
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Introduction

The definition of "character, which is formed
and manifested in human behavior, under the
influence of the inner world," is a relatively complete
description of the nature of character. It takes into
account the psychological characteristics of the
person.

Reflecting on essays, stories and narratives,
literary critic M. Kochkarova said, “In the discovery
of the human psyche in modern Uzbek prose, our
writers use a variety of psychological imagery,
including dreams, memories, internal and external
monologues, dialogues, polylogues, The author's
statement, landscape, psychological image, facial
expressions and gestures of the heroes, illusions,
hallucinations, twin images are widely used, all of
which require our researchers to study with a new
perspective [8, 173]. It is true that it is important to
look at and analyze a modern story (and works of all
genres in general) in a new light. However, from the
sources cited by the researcher as a means of
psychological imagery, hallucinations are actually a
condition that occurs in the mind of a mentally ill
person, and its use in a work of art is not very justified.
In addition to the tools presented by the researcher as
a psychological image, it is necessary to include

Doi: éros¥ef https://dx.doi.org/10.15863/TAS.2021.05.97.45

portraits, interiors, chronotope, motifs. Because we
have seen in the analysis that these tools are also an
important psychological tool in the analysis of the
character of the character.

The main part

Isajon Sultan's novels focus on the relationship
between children and parents in creating a national
character. For example, based on the author's two
most famous novels, "Eternal Wanderer" and "Free",
the relationship between father and son is discussed
separately. In the novel "Eternal Wanderer", a piece
called "Generation" attracts the attention of every
reader. "You said you would come in the summer if
you could. For now, I’m looking forward to summer.
If you have a chance when you come, | will pour out
to you what I am thinking in my heart... If I am
making a mistake, if you show me the right way with
the blessings of fatherhood and coaching, if my
thoughts are acceptable | look forward to receiving
your blessing if you give me a white blessing ” [3, 51].
In the passage, the character of the Uzbek children
through the psychological state of the son, that is,
before doing something or going to work every day in
the early morning, of course, to get a blessing from his
parents, parental consent is above all It is from this
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character that the wise saying, "Father is pleased, God
is pleased,” which permeates the whole body of the
Uzbek people, comes from this character. In our
country, it is not polite to climb on the roof of a house
where parents live and talk to them out loud. Such
notions are more clearly described in the author's
novel "Free". Excerpts from Mashrab's "Repentance is
Unacceptable" say that even the repentance of a
person who does not please his father will not be
accepted..

If you fight with religious faith, you will succeed
in this path.

Thirty-three thousand rooms, if you will.

When Jesus comes down from heaven, he prays
for you

If your murshid is Hizr, he cannot be a leader,

Unless your father agrees, your repentance will
not be accepted.

In this novel, the national character of the Uzbek
people, such as parental consent and respect for them,
is reflected in a unique way through the dialogic,
monologue speech of the protagonists of the novel,
through psychological means. For example, in the
psychological world of Ozod, the protagonist of the
novel on the same subject, ““... But they say that your
mother's honor is a hundred times greater than your
father's? Why is it that when a father is at the forefront
of everything, the mother is given more respect? Yes,
it's really weird: when a child is told to "honor your
mother," the mother is told to "obey your husband,"
and when the son grows up one day and becomes a
father, he looks at his mother. When a girl witnesses
the return of her honor from her husband, she sees in
her child the opposite of the respect she showed to her
master when she got married” [4, 53] the national
colors of our people are not found in any other nation.
Each person is reflected in his inner world,
psychological views and thoughts based on his
mentality.

“On the day of my blessing, the earth and the sky
resounded. | was told:

“She is the owner. The owner of both is God!”

“O woman! Obey your Lord as you obey your
Lord”

"Both of you worship Him!"

In fact, such blessings never come from outside
when the blessing is recited, when a woman is
psychologically entrusted with a young man who

deems her permission worthy, and realizes that she
can be happy with him, voices like the one above
come from the inner, spiritual world of man. “...do
you know who the engaged girl is?

In the future, the engaged girl's father, mother,
tribe and relatives will be husband.. The world will be
a better place! The well-being will be the same - God
will take the woman's well-being from the owner" [4,
91-94] In the novel "Free" such concepts as blessing,
marriage, family are also approached from the point
of view of our national character. How great these
concepts are, and to distort or betray them, is radically
condemned. It is deeply ingrained in the psychological
world of the protagonists. The blessing of marriage in
the name of Allah is also sacred, and the appearance
of bread, which we Uzbeks consider a supreme
blessing, serves to further strengthen this process.

Our national colors are always reflected in the
works of art. In particular, in the author's novel
"Free",... But I am often criticized. Put the table in a
clean place, he says, stupid. He says that if you get a
nail, it will bury you on the doorstep, and when the
goats come, it will grow and block your way. He says
to open the gate in the morning when the star is gone,
and there will be food” [4, 43] At first glance, such
concepts as animism and fetishism, such traditions,
seem to be meaningless from a real point of view,
deeply ingrained in the psychological consciousness
of our people. It should be noted that such views are
unique to our people.

"My children went to work in the fields in the
morning, and they are still dying," he said. | said they
could bake bread and eat it hot. Tired, is the labor of
the earth easy?

"Yes, you're right," he said. "My men have come,
I've boiled the soup, and they're waiting for their
father.” | don't want you to drink until your father
comes” [4, 10] it is a common custom in our country
for a newborn child not to reach for the table from an
early age, even if the utensils are separate, and for the
little ones to reach out before the big one in the house
starts eating. This is how every Uzbek child is brought
up.

In the analyzed novel “Free" the
psychophysiological and artistic means of speech,
which are a factor and the basis for the formation of
national character, can be classified as follows:

Table 1.

With details

Dream, wind, bird, tulip, lion, owl, jug, humo bird, salt
desert, tortoise scorpion

According to the subjective structure of the novel

Characters (parent and child, father and son), characters
(couple, grandfather and grandson, engaged youth,
wind), narrator participation

According to the construction of the fable

conversation, event, behavior, mood, the inner world of
images and their perfection [8, 137]
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According to the composition of the work

nature (weather events, volcano, salt desert, mountain),
human (Ozod, Dilorom, Eran, mother, father, child,
neighboring women...), society

According to the protagonists

dialogue, internal and external monologue, polylogue,
nonlinear means

According to the names chosen for the protagonists

0Ozod, Oydin, Dilorom, Eran

In the analysis, we looked at aspects of national
character, such as patience, adaptability, obedience to
adults, pride, and honor. Through the characters of the
father in the novel, the author portrays the character of
a man who sacrifices himself for the future of his
children, the happiness of his family, always busy
with the worries of his children, and the mother
portrays a patient, loyal, passionate woman for her
family. The image of freedom is characterized by self-
awareness, perfection, courage and enthusiasm, which
are characteristic of real Uzbek guys, who are not
afraid of any difficulties in achieving their goals.

In the creation of a national character in the work
of art, such issues as self-awareness, understanding of
the meaning of life, changing one's destiny, one's
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struggle with one's own world and psychological
world are at the forefront. The above idea is proved by
the fact that in the novel Ozod achieves his goal and
finds both the humo bird and the tulip.

Conclusion

In modern Uzbek prose, ie in Isajon Sultan's
novels, the role of artistic speech and psychological
means in creating a national character is growing. The
writers perfectly revealed the psyche of the characters
through internal and external monologue, dialogue,
polylogue, author's statement, landscape,
psychological image, mimicry of the heroes, portrait,
interior, chronotope, motif.
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Introduction

The study of prosodic means in the world
linguistics has a long history. The initial views on the
prosodic means in the world linguistics have shaped
in recitation of the sacred books as Indian Vedas and
Muslim Koran.

The scientific theory of prosodics have initially
been observed in the works of A.M.Peshkovskiy,
G.A.Glison, N.S.Trubetskoy, A.M.Sherbak,
A.A.Reformatskiy, L.R.Zinder. The theory of
intonation has been developed by V.A.Artyomov,

T.M.Nikolaeva, M.l.Matusevich, M.V.Panov,
N.M.Cheremisina, N.D.Svetozarova,
T.A.Brizgunova, A.M.Antipova, L.A Kanter.

Nowadays the interest to the experimental-phonetic
studies is enormous. The following scientists as
A.S.Shagidevich, O.Y.Burashnikova, L.N.Sibilyova,
A.K.Derkach can also be included into list of the
researches. The research works of 1.Y.Galochkina,
D.L.Lentsa, Y.V.Solovyova, G.Kundrotas and
Z.M.Bazarbaeva are distinguished by study the
pragmatic features of segmental and suprasegmental
units.

The first views of the prosodic means in the
Uzbek language are linked with the name of
A.Ghulomov. The study of prosodic means through
the experimental phonetic methods began in the 60ss
of the XX century. One should mention the
experimental studies by S.Otamirzaeva, D.Niyozova,

Doi: éros¥ef https://dx.doi.org/10.15863/TAS.2021.05.97.46

A.Mahkmudov, Kh.Yuldosheva, M.Yusupova and
N.Khaitmetov related to the matters of prosodic
means. The matters of intonation on the bases of the
experimental research are also elucidatedin
“Phonetics of Uzbek language” by M.Mirtojiev.

In 80-90ss of the XX century A.Nurmonov,
N.Makhmudov were engaged in the study of the issues
of pragmatics in Uzbek linguistics. The Uzbek
pragmalinguistics was founded at the beginning of the
21 century. The scientific inferences by
M.Khakimov, S.Safarov, S.Boymirzaeva,
M.Kurbonova have been the theoretical bases for the
recent work. However, the study of prosodic means in
the communicative process in the Uzbek language has
not been thoroughly studied. Thus, the aim of the
recent paper is to analyze the prosodic means in
pragmatic aspect.

The main part

The pragmatics defines the attitude of the
speakers to the objects, events, situations of the outer
world. This attitude is defined by forms of the
pragmatic imaginations. In the result of the semiotic
system influence on the language the notion of the
relationship in the system of the linguistic units is
formed. The essence of the relationship is defined in
the means of the speech acts and intonation forms. The
notion of pragmatics and its essence are defined by the
existence of the speech acts and the different semantic
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structures; thus forming the bases of the interlocution
system. The speech acts serve to fill the essence
defined by the notion of pragmatics.

In the works devoted to the matters of
pragmalinguistics the locutive, illocutive and
perclocutive types of the speech are distinguished[3;
5]. The matter of the speech acts are distinguished by
concerning the structure of the speech events in the
system of the language and speech. The speech acts
are considered to be the components of the
communicative units in the syntactic layer. Therefore,
the propositional structure of the utterances in the
analyses and research of the speech acts play an
important role. The proposition is the information
expressed by the utterance; its semantic structure is
seen in the imperative, interrogative and declarative
sentences. The intonation is regarded as the means
expressing the speech act and, as usual, according to
the aim of the sentence serves to distinguish the types
of them. The classification of the types of the speech
acts can be understood through analyses of their
features. Mainly, locutive act (from English

TFide Edit Query View Select Interval Boundary Tier Spectrum Pitch Intensity Formant Pulses
sassen - 1724 meex., o4 28,350 Tm

“locution” — to direct the pronunciation to the aim[6])
is related to the phonetic articulation stage of the
speech the speakers pronounce through the
pronunciation of the language units as the sounds,
syllables, word and sentences. Therefore the locutive
acts are related to the phonetic prosodic layer and are
considered to be the primary process of forming the
speech. While pronouncing the segmental means the
phonation, melodics, tone, the intensiveness of the
sounds, tempo and pause are considered. The
pronunciation of the segmental units according to the
communicative aim of the interlocutors, the speech
situation and context is called locutive act. In the
sentence Yuunyu mapma cypacanoa, Myaomuum Kuuo,
posumaaaan deticuz (“lron wife”) robot by the name
Alomat is being taught, which is peculiar to the
locutive act. The pronounciation related to the
locutive act is seen in the diagram. The intensive pitch
posumaaaan is observed here. It shows that the logical
stress falls on word posumaaaan, which shows the
communicative aim of the speaker.
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Picture 1.

The special place has been given to the illocutive
act in the structure of the speech acts. The illocutive
acts in the speech process (from English illocutionary
—denotes the communicative aim in the process of the
pronunciation  [6]) serves to denote the
communicative aim, a purpose of the speakers. The
illocutive act is considered one of the main

information showing the aim of the communicator and
is expressed by the intonation.

The communicative intention is seen in the
intensive component of the intonation of the speech
act. Kenou-kemmu kyn, xanan Oepuweanu
bepuwean. The degree of the strength is equal to 77.58
db, 77 db, 77, 58 db, the stress on the syllables xezou-
xemmu forms the speech act in the word yazioauw.
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Picture 2.

The different speech acts are formed through the
melodics in the structure of the speech. The
components of the intonation fulfill the pragmatic
function in order to denote the speech acts in the
speech. As it is known, the sentences are divided into
declarative, interrogative and imperative types, the
speech acts are formed according to them. For

example, in the declarative sentence By ownune seacu
6op the declarative act is shown, in the interrogative
sentence by uueum xum? the interrogative act is
shown. In forming the speech acts falling and rising
tones of the melodic action have a significant place as
the primary component of the intonation.

500
3
£ by
aracu )
~__ ~
0
0 0.977
Time (s)
Picture 3.

There are two views on the intonation and the
actual division of the sentences. Mainly, “the
intonation is the main means in the actual division of
the sentences in the communicative speech. It rises at

the melodic effect, falls at the nuclear of the
expression[4; 1]”. The intonation is linked with the
theory of the actual division of the sentences, the
melodics is considered to be the main component of
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the intonation in forming the bases and nuclear of the
expression.

The second view is related to the theory of
L.R.Zinder on the intonation and the actual division of
the sentences. It is stated that the intensiveness fulfils
the main task in the actual division of the sentences
according to the logical stress. Mainly, the syllable
with logical stress is regarded rheme[2]. The
intensiveness in the actual division of the sentences is
considered the main component forming the theme
and rheme.

In the sentence Kympu 6yaca, cuzoan paxam
canapkanune xuou keradu, oepou the intensive action

falls on ¢paxam, which has a logical stress and the
acoustic quantity is equal to 81.9 db. As we know, the
part with the logical stress forms the logical
presupposition on the bases of the existing proposition
in the sentence. The logical stress on the word ¢paxam
points to the next part cazapranune xuou. This gives
the contrasting information carapxanune xuou.

According to the experimental phonetic research
the intonation is linked with the actual division of the
sentence and the intensive action denotes the logical
stress in the sentence. It is seen that the intensive
action of the stress forms the intensive pitch at 81.9
db.
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Picture 4.

The diagram shows the expression said by
Adolat By xpw oauti mavaymomau aioma ympuoa
bop-tiyeu emmu CUHQHU apane myeamead, Xoaioc
(Uyghun,, “Parvona”) the action of the frequency of
the main voice’ tone is given.

By xypw onuti mavaymomau annoma is theme, the
melodic pitch is equal to 491.5 hz. In the sentence
Ympuoa 6op-iiyzu emmu cunghnu apane myeamean,
xonoc— the rheme is shown in the falling tone.
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Picture 5.

In the actual division of the sentence the part
ympuoa 6op-tiyeu emmu CUHQHU apawe myeamea,
xonoc is considered the rheme, the intensive pitch 6op-
uyeu is tantamount to 82.59 db. The part Fop-iiyeu 6y
annoma emmu cungpnu apane myeamean on the bases
of the proposition oauti maviymomau 6ynuw myeyn,
xammo ypma maviymomea xam sea amac forms the
presupposition.

It is known from the abovementioned, that the
intonation plays an important role in the actual
division of the sentence in the oral speech. In order to
differentiate the theme and rheme in the sentence the
intensive action of the stress fulfils the task of the
main criterion. The logical stress in the sentence falls
on one of the parts of the rheme by stating the
components of the rheme and expressing the unknown
information is shown by the special stress. The
experimental phonopragmatic observations have
shown that the views of L.R.Zinder on the intonation
and the actual division of the sentences have been
scientifically substantiated.

Conclusion
The semantic structures shown in the actual
division of the sentences are distinguished by the

intonation functions. These functions of the intonation
are completely and partially reflected in its
components. The component of the intensiveness of
the stress fulfills the function of separation in the
actual division of the sentences. These two semantic
structures are seen through the intensive peaks in the
intensive action of the stress. The degree of the
intensiveness in the rheme is higher than the norm.
The intensive degree of the stress in the thematic part
can be adjusted to the normal range. The stated views
indicate that the intensiveness of the stress has a
significant role in the actual division of the sentence.

The intonation is the main means expressing the
speech acts in the communicative speech. The
components of the intonation as the melodics, stress,
pause, tempo and timbre have their own functions in
forming the speech acts.

The logical stress is one of the parts of the
propositional structure in the stressed parts of the
sentences. The semantic structures in the actual
division of the sentences are distinguished by the
functions of intonation.
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Introduction The enterprise that pays the tax includes it in the

There are various directions in the scientific price of goods, works, services, so that they are
literature on determining the tax burden of legal imposed on consumers. However, the enterprise can
entities. Their calculation allows to determine the raise the price of the product only as long as the
extent to which legal entities and the economy operate solvency of demand increases.
under the influence of the tax burden. Based on the If the price, including the tax, is too high,
methods of calculating this tax burden, we can demand will fall, some buyers will switch to products
determine the extent to which changes in the number, from other manufacturers, and others will switch to
rates, benefits of taxes affect the activities of legal consuming other products that replace products.
entities.

It is necessary to determine the average level of THEORETICAL APPROCHES
the tax burden on the sectors of the national economy. Professor M.Almardonov proposes
It provides an opportunity for effective development distinguishing between absolute and relative tax
and a steady flow of revenues to the budget. Once the burden. According to the author, the absolute tax
limits of the tax burden on the sectors of the national burden is the absolute amount of tax liabilities of
economy are determined, it is possible to create an economic entities, representing the burden of tax and
optimal model of the tax burden on the sectors of the social insurance contributions in enterprises, which
economy, mathematical models that determine the are transferred to the budget and extra-budgetary
impact of taxes on economic growth [1, 2]. funds. The relative tax burden is considered as the

ratio of the absolute amount to the newly created value
URGENCY [7]. 1tis as follows:

In tax theory, it has been found that indirect taxes
affect the amount of the tax burden. Analyzes have
shown that indirect taxes have such characteristics that
their source can be easily changed.
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T + SF amount of taxes and fees paid to the proceeds from the
sale of the product. While this indicator shows the
Dn = x 100 share of taxes and fees in sales revenue, it does not
NCV fully reflect the impact of taxes and fees on the
financial and economic activities of enterprises, as it

Dn — relative tax burden on the business entity.
T — taxes;

SF — social fees;

NCV - newly created value.

This formula determines the ratio of all tax
payments and social needs of the legal entity to the
newly created value, which determines the relative tax
burden of the legal entity.

According to Professor K.Yahyoev’s description
of the tax burden, “The tax burden is taken in relation
to profit or total income. The share of all taxes and
levies paid in the country’s GDP is also a tax burden”
[8]. It is clear from this definition that the author views
the tax burden as the ratio of all taxes and fees paid at
the micro level to income or profit. This poses
considerable  difficulties in calculating and
determining the tax burden. Because if the tax burden
on profit is calculated, its level will increase
significantly. When calculated in relation to income,
the tax burden decreases. This causes considerable
inconvenience in planning budget revenues.

Professor T.Tashmurodov, in his textbook
“Explanatory Dictionary of Taxes”, describes the tax
burden as follows: “The tax burden is the ratio of the
sum of all taxes and fees paid by a business entity or
citizen to income” [9]. This definition also
complicates the mechanism for calculating the tax
burden. Because here the income is taken as the basis
for calculating the tax burden. This causes
inconvenience in calculating the tax burden of legal
entities.

Professor B.Isroilov in his monograph “Tax
accounting and analysis: problems and their
solutions” describes the tax burden as follows: “Tax
burden is the ratio of the sum of all taxes and fees paid
by a business entity or citizen to the state, local budget
and various funds in the prescribed manner to the
volume of work, income or other tax object of the
payer” [10]. Even in this definition, the essence of the
tax burden is not widely explained. This is because the
ratio of total taxes and fees paid is called the ratio of
taxpayers to workload, income, or object of taxation.
Here are three objects that do not look like each other.
These cannot be a sufficient basis for calculating the
tax burden.

ANALYTICAL PART

In calculating the tax burden on legal entities and
determining the impact of taxes on their activities, the
tax burden is calculated in the following directions:

Direction 1. Under this direction, the weight of
the tax burden is defined as the ratio of the total

does not take into account the types and composition
of taxes in total revenue from sales. In order to
conduct a qualitative economic analysis, in our view,
an indicator that links the tax burden with the financial
activity of enterprises will be necessary.

Direction 2. Based on this direction, the source
of tax and its payment is compared with each other.
The weight of the tax burden is determined for each
tax group depending on its source. This direction
contradicts the generally accepted view that taxes
included in cost are more beneficial to the enterprise
because they reduce profits and thus reduce the
amount of income tax. Along with the decline in
corporate profits, it also leads to a decrease in tax
revenues to the budget.

In this direction the tax burden can be
determined as follows:

TBi = [(I-C-P)/(1-C)] * 100%

or
TBi = [(I-C-P)/P] * 100%
There:
TBi — tax burden indicator;
| —income;

C — costs of goods sold, excluding taxes;

P — net profit remaining at the disposal of the
enterprise after tax deduction.

In this method, the total amount of taxes paid
indicates how much of the profits remaining at the
disposal of the enterprise went to taxes and fees.

Indirect taxes are not taken into account in this
direction, as they do not affect the profits of the
enterprise.

Therefore, in order to retain consumers, the
company will have to reduce profits by the amount of
taxes and fees without changing prices.

Indirect taxes affect the prices of products and
thus affect demand. The weight of indirect taxes is
imposed on sellers and consumers depending on the
nature of demand. If the demand for a product is
flexible, most of the indirect taxes fall on the seller,
because as soon as he raises the price he loses his
buyer, if the demand is inelastic, the seller can impose
the main part of the tax on the consumer, because the
amount of demand is almost independent [3, 4].

It will be very difficult to put this theory into
practice. Because it is very difficult to determine the
impact of indirect taxes. Therefore, it is possible to
determine the effect of indirect taxes on a particular
product only through such a line

Direction 3. Based on this direction, the tax
burden can be defined as the share of value added
taxes and fees. Under this direction, value added is
considered a source of income and, in turn, a source
of tax payment. Thus, according to this direction, the
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tax is compared with its source of payment. This
indicator makes it possible to show the average
amount of tax burden for different types of production,
thus providing a comparison of the tax burden in
different economic systems.

By applying this direction, the share of value
added taxes can be determined depending on the type
of production and profitability

It is possible to determine the development
potential of the enterprise depending on the amount of
value added that remains at the disposal of the
enterprise after payment of taxes.

The main disadvantage of this direction is that it
does not include taxes on the use of the following
subsoil resources, excise taxes, property, use of water
resources.

Direction 4. Based on this direction, it is
necessary to differentiate the absolute and relative tax
burden. However, in our opinion, it is not enough to
determine the tax burden based on the revenue from
the sale of products in enterprises.

Absolute tax burden is the amount of taxes and
insurance premiums transferred to the budget and
extra-budgetary funds, the absolute amount of tax
liabilities of economic entities. This indicator
represents the actual tax payments to the budget and
compulsory insurance contributions to extra-
budgetary funds, as well as dependents on these
payments. In calculating the amount of the absolute
tax burden, income tax from individuals and payments
to the pension fund are not taken into account, because
its payers are individuals, and enterprises collect this
tax and transfer it to the budget.

Insurance premiums paid by business entities to
extra-budgetary funds are recognized as mandatory
payments and should be taken into account when
calculating the tax burden, as their nature is similar to
that of taxes.

The strength of this approach is that it can be
used to compare the tax burden on specific enterprises,
as well as for private entrepreneurs, regardless of their
industry. On the downside, it is not possible to plan
for changes in economic activity depending on the
number of taxes, their rate, and preferences.

Direction 5. According to this direction, the
indicator of the tax burden is related to taxes and other
mandatory payments, the structure of taxes in the
enterprise, the mechanism of taxation. The tax burden
is calculated based on the following equation:

T=TP:SP*100%,

There: ST — taxe payments; SP — the source of
payment.

The total amount of taxes includes all taxes paid,
VAT, excise tax, personal income tax, contributions
to extra-budgetary funds, etc.

This direction takes into account the
characteristics of a particular enterprise, ie the value
added also includes material costs, depreciation,
shares of labor costs and personal income tax.

The above five directions have their own pros
and cons. For a complete and comprehensive analysis
of the tax burden, an indicator is needed in which the
tax burden should be related to the development
model of the enterprise. The third line meets this
condition. The strength of this approach is that it is
recommended that the tax burden be calculated using
the given equation. In this equation, the total amount
of the tax burden can be determined by changing each
of the variables. This equation takes into account the
tax rate, the stock of production, labor and material
capacity, and the level of profitability of production.

However, when conducting an analysis to
achieve maximum effect in determining the tax
burden on enterprises, and to determine the impact of
changes in the tax burden on the economic activity of
the enterprise, the third and fifth directions should be
used. The data obtained should be supplemented by an
analysis of changes in demand for the enterprise's
products as prices change, which in turn helps to
determine the severity of the indirect taxes levied on
the consumer [5, 6].

The current state of calculation of the tax burden
on legal entities in our country today is calculated on
the basis of the methodology provided by the Ministry
of Finance and the State Tax Committee of the
Republic of Uzbekistan. According to it, taxes and
fees are calculated in relation to the volume of sales of
the business entity. It is as follows:

Taxes and fees

TB = x 100 %

Revenue from product sales

There: TB — tax burden on legal entities.

The calculation of the tax burden in this method
significantly reduces the tax burden on legal entities,
and as a result, the activities of these entities are
underestimated, causing a number of economic
difficulties. That is, based on the data of government
agencies involved in this area, the state develops a
budget program and acts on it. As a result, the state
may aggravate the tax burden on legal entities. This,
of course, can only have a negative impact on the
macroeconomic situation.

In our opinion, when calculating the tax burden
on legal entities, it is expedient to determine the ratio
of all taxes, fees and deductions paid by the legal
entity to the state budget by the value added of the
legal entity. Then the real level of the tax burden will
appear and there will be no negative impact on either
the state budget or the legal entity.

Having studied the above definitions and
analyzed the instructions of the Ministry of Finance
and the State Tax Committee of the Republic of
Uzbekistan on the calculation of the tax burden on
legal entities, we can say that there is no single
methodological basis for calculating the tax burden on
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legal entities. This situation further requires research
on the calculation of the tax burden of legal entities.

Studying the opinion of foreign and domestic
scholars on the calculation of the tax burden of legal
entities and all the methods in this regard, we can state
the following:

- When calculating the tax burden of legal
entities, it is necessary to determine the sum of all
taxes and fees they pay by the ratio of the newly
created value;

- When calculating the tax burden of legal
entities, it is expedient to calculate the net and total tax
burden. Here, the net tax burden represents the burden
of all taxes, budgetary and extra-budgetary
contributions paid by the legal entity, while the total
tax burden represents the burden of legal entities'
contributions to taxes, budgetary and extra-budgetary
funds, and taxes and fees levied on workers.

CONCLUSION

Some economic literature does not take into
account the personal income tax and social payments
paid to them in the process of calculating the tax
burden of economic entities. This seems right at first
glance. However, it should be noted that the income
of an individual and his tax, as well as the source of
creation of social contributions for him, is also the
value added of the legal entity. In fact, personal
income tax should be taken into account when
calculating the tax burden on the employee, the
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BJIMSIHUE JUCHEPCOUIOB Al(Mn Fe) Si C PA3JIMYHBIMU PASMEPAMU U YHUCJIOBOMN
INIJIOTHOCTBIO HA MUKPOCTPYKTYPY U MEXAHNYECKHE CBOUCTBA
9KCTPYIANPOBAHHBIX CIINTABOB CEPHUHU AA6xxx Al-Mg-Si C PA3JIMYHBIM COAEP)KAHUEM
Mn

Annomayusn: Hccneoosarno enusnue oucnepcoudos Al(MnFe)Si ¢ paznuunvivu pazmepamu U YUcio801U
NJIOMHOCIBIO HA 980II0YUI0 MUKPOCIMPYKIYPbL U MEXAHUYECKUX CBOUCME IKCMPYOUposanHulx cniaeos AA6082 c
PazuyHBIM cooepicanuem Mn npu memnepamype okpysicaroueti cpeobl i NOGbIUEHHOU MmeMnepamype 6 Ycao6usx
T5. Ilo cpagHenuio ¢ HU3KOU NIOMHOCMbIO 2PYObIX OUCNEPCOUA08, 0OPA3YIOWUXCS NPU 0DbIYHOU 20MO2EHU3AYUL,
8bICOKASL NILOMHOCHb MOHKUX OUCNEPCOU08, 00PA3YIOWUXCS NPU HOBOU HUSKOMEMNEPANYPHOU 20MO2eHU3AYUL,
ovL1a bonee ghexmusHol 8 NOGLIUEHUU YCHOUYUBOCIU MAMEPUANA K NIACIUYECKOU 0 OpMayuu npu SKCMpYy3uu,
YMO NPUBOOUILO K PACMEOPEHUIO OONbUEe20 KOIuecmaa cocmasisiowux yacmuy MgsSi ¢ mampuye o - Al.

Knrouesvie cnosa: Sxcmpysus cnaasa Al-Mg-Si, Mukpocmpyxkmypa oucnepcouoos Al(MnFe)Si, Mexanuueckue
cgolicmea, Teepovill pacmeop, UCKYCCMEEHHOe U ecmecmeéennoe cmapenue, Mukpocmpykmypa cniasos,
Jecuposannvie, [ucnepcoudst, sKCmpyouposanbie.

Bgenenue Tepmuyeckyio  00pabOTKYy — aJFOMHUHHEBBIX
npoduiieii IPUMEHSIOT Ui MOAU(UKAIUU CBOWCTB
Tepmuueckasn o6padomka anrOMuHUesbIX CRI1ABO8 ANOMHHHUEBBIX CIUIABOB, U3 KOTOPHIX OHU CHENIaHbI,
N .
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IIyTeM U3MEHEHHUS HX MHUKPOCTPYKTYpbl. OCHOBHBIMHU

BEIIeNeHUI BTOpUYHBIX (a3. Kak mpaBumno, onuH u3

YOPOYHAKOIIUMHU MEXaHU3MaMH B AJIIOMUHUECBBIX ITHUX MCXaHU3MOB B CIlIaBE SABJIACTCA
CILIaBax SBJISIOTCS YIIPOUYHECHHE 32 CUET JICTUPOBAHUS JOMUHHUPYIOLIUM.
TBEPAOTO pactBOpa W  YHOPOYHCHUC 3a CUCT
Pucynox 1. TBepablii pacTBOp a;IIOMHHHEBBIX CIJIABOB.
Pacnnasnennuiit anmommmmensiii cnnan
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TBepaplif  pacTBOp  MOJNYyYalOT  HarpeBOM 3akanka anloMuHUuegvIx npoguneil Ha npecce.
AJJFOMUHHECBOT'O CIljiaBa, npu KOTOPpOM BCC 3akanka Ha mpecce SIBJISICTCA BECbMa
UMCIOIUECS B HEM (1)&31;1 PaCTBOPAIOTCA C 3KOHOMHYECKU BLIFOZ[HOﬁ TEXHOJIOTHEH
oOpa3oBaHmeM OXHOW TOMOreHHOHW  (a3pr — TePMHUYECKON 00pabOTKH AITIOMUHHEBBIX NpOoduieit
AJIIOMHUHHUA C paCTBOPCHHBIMU B HEM JICTUPYIOIIIUMU MO0 CpaBHCHHIO C 3aKajJKoi ¢ OTACJIBHOI'O0 HarpeBa.
JJIEMEHTaMU. C IOBBIIIIEHUEM TEeMIIEpPaTypPhI [Ipu 3akanke Ha mpecce OXJIAXKIECHUE aTIOMUHHUEBBIX
pacTBOPUMOCTE  DJIEMEHTOB  YBEIUYHUBAETCHA, CO npodueii IPOBOIAT OT TEMIIEPATYPHI, C KOTOPOIt OHI
CHIKEHHEM TEeMIIepaTypbl — CHUXKaeTcsa. MexaHusm BBIXOIAT U3 MaTpuilbl. HeoOxoauMoe ycioBue yis
YOPOYHEHUs 3aKIIOYaercd B TOM, 4YTO IpH 3aKaJIKd Ha IIpecce — UHTEpBajl TeMIIEpaTyp HarpeBa

JIOCTATOYHO OBICTPOM OXJIAXKJICHUHM ATIOMHUHUECBOTO
CIUITaBa PpAcTBOPEHHBIC D3JEMEHTHl OCTAlOTCA B
ATOMHOMW pelIeTKE aIOMUHUSI U UCKaXaloT, YIPyro
neopmupyroT ee. Jra HCKaKEHHAs aTOMHas
pemieTka 3aTpymHSACT [BWKCHUE IUCIOKAIMA W,
CJIE/IOBATEINILHO, IUTACTUYECKYIO IeopMaltIO CIUIaBa
W TEM CaMbIM TIOBBIIIAET €ro MEXaHHYECKYIO
MIPOYHOCTb.

Cmapenue anioMUHUE8bIX CHI1ABOS.

AJIOMMHUEBBIC CIUIaBbl, KOTOPBIC YIIPOYHSIOTCS
CTapEHUEM, COJEPIKAT OINPEICICHHOE KOJIUYECTBO
PacTBOPUMBIX JIETUPYIOIIUX DJIEMEHTOB, HAIPUMED,
HEKOTOPbIX KOMOWHALIMI U3 MEIH, MarHUS, KPEMHHS,
MapraHia © [uHKa. [Ipy  COOTBETCTBYIOMICH
TepMUIECKOl 00pabOTKe 3TH PacTBOPEHHBIE ATOMBI
COCJIMHSIOTCS B BHJIC OYCHb MAJIBIX YaCTHII, KOTOPHIS
BBIJICIISIFOTCS. BHYTPU 3€PCH aJIOMUHHEBOrO CIUIaBa.
OTOT MpoIecC W HA3bIBAIOT CTAPCHUEM, TaK OH

NPOMCXOMUT  «caM  Cco0Oi» TpH  KOMHATHOM
temmneparype. [ YCKOpeHHS M JOCTYIKCHUS
Ooutbrieit s dexTHBHOCTH YIOPOUHEHHUS

ATOMUHHUEBOTO CIUIaBa CTapeHHE IPOBOMAT IIPH
TIOBBIIICHHOH TemIieparype, ckaxem, 200 °C.

AIIOMHHUEBOTO  CIUIaBa [OJl 3aKajKy JOJDKEH
COBIIQJIATh C UHTEPBAJIOM TEMIIEPATYp ATFOMUHHEBBIX
npoduiell Ha BBIXOZE M3 Ipecca. DTO, B NPUHIMIIE,
BBITIOJTHACTCA TOJIBKO JJIIsL KMSTKHUX» n
«TOJYTBEPABIX»  AIIOMHUHHEBBIX  CIUIABOB
TCXHHUYCCKOI'O aJIFOMHUHUS, AJIIOMUHHCBBLIX CIIJIaBOB
cepuit 3xxx W OXxX, YmpouHstomed ¢(a3zoi mis
CILJTABOB CEpUU 6XXX sIBIAETCS coeanHeHne Mg2Si.

3akanka na npecce cnnasose A/131, 6060, 6063
u AAG082.

Bce amoMuHHEBBIE CIUIaBBI CEPUU OXXX MOTYT
MOJTy4aTh 3aKalKy HEeMOCPEACTBEHHO Ha mpecce. s
(hUKCHUpOBaHHUA pPACTBOPEHHBIX (a3 B  TBEPAOM
pacTBOpe aIIOMHHHS HEOOXOIUMO OXJIaXK/ICHHE
AIIOMUHMEBBIX Ipoduield Ha BBIXOJE M3 Ipecca Co
CKOPOCTBIO HE HIXKE HEKOTOPOH KPUTUYECKOH
CKOPOCTH. DTa CKOPOCTb 3aBHCHT OT XMMHYECKOTO
cocTaBa TIOMHUHHIEBOTO CIIJIaBa. OOBI4HO
YCWIEHHOTO OXJIQKACHHUS BEHTHJISITOpaMH ObIBacT
JOCTaTOYHO i1  OOJBIIMHCTBA  AIFOMHHHEBBIX
npoduieii, oHaKO WHOT/Ia ObIBaeT HEOOXOAUMBIM U
OXJIQXKJICHUE UX BOJIOW MM CMECBIO BO3IyXa M BOJBI.
VYcnemHast 3aKkanka aJlOMHHHEBBIX CIUIABOB CEPHU
6XXX 3aBUCHUT OT TOJIIUHBI MPOGHIIA, a TAKKE OT TUIIA
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CIulaBa M €ro XHMHYECKOTO cocTaBa. B ciryuae
Ype3MEPHO MACCUBHBIX ATFOMHHHUEBBIX IpoduiieH,
Hanpumep, u3 crutaa AJ133 (6061) 1 OTHOCHTETBHO
MEIJICHHOH CKOPOCTH TIPECCOBaHMS Marepuail Ha
BBIXOA€ U3 MAaTpUIbl MOXKCT HE JOCTUTaTh UHTEPBAJIA
TeMIepaTyp, HEOOXOIMMOTO Ui 3aKalKH H YacTh
vactun, MQxSi octanercs He pacTBopeHHO#. [ToaTomy
IIPH TIOCTIEIYIOMEM BO3IYITHOM, HIIH JJayKe BOJSHOM,
OXJTAXICHUM TPOQUICH WX TIOJHOW 3aKalKu HE
TMMOJIYYUTCA. B Takux ClIydasx MpUuMEHAIOT OTHCHBHBIﬁ
HATPEB IOJT 3aKAJKY B CITCIIHATBHBIX TIeYaX — OOBIYHO
BEPTUKAJILHBIX C TIOCICAYIONIUM OXJIaXXKACHUEM B
BEePTUKANBHBIX Oakax ¢ Bomoi. I[locie 3akankm
ATFOMHUHUEBBIX  Tpoduieit MPOU3BOIAT  HX
pactsbkenune Ha 1,5 — 3 % s mpaBKU M CHATHS
OCTaTOYHBIX HATPSDKCHUH.

Cmapenue anomunuegplx npogpuneii:
UCKYCCMGEHHOE U eCIeCn8eHHOe

3aKIIOUUTEIbHON — Omepaluel  TepMUYECKOH
00paboTKM  ANIOMHHHEBBIX NPOQUICH  SIBISETCS
CTapeHHE, €CTECTBCHHOE MM HCKYCCTBEHHOE.
EcrecTBeHHOE cTapeHHe NMPOUCXOJUT caMo co0oil B
TEUYEHHE HEKOTOPOTO BPEMEHH, pa3HOro IS
Pa3IUYHBIX ATFOMHHHEBBIX CIUIABOB — OT HECKOJIBKUX
He/lenb 10 HECKOJIBKUX MecsueB. VICKycCcTBeHHOE
CTapeHHE NPOM3BOIAT B CIEHHUAIBHBIX IIe4ax
crapeHus. Tunuynble  peXUMBl  TEPMHYECKOH
00pabOTKH I HEKOTOPHIX ATFOMHHUEBBIX CIUIABOB
6XXX TpUBeACHBI B TabuIe 1.

Ta6auna 1. TunnyHbIe peKUMBI TEPMUYECKOH 00PA0OTKH /151 HEKOTOPBIX CIJIABOB CEPHH  OXXX.

Crutas Temneparypa Harpesa HckyccTBEHHOE cTapeHue
EN 573 I'OCT 4784 o 3aKanKy, °C Temmnepatypa®C Briepikka,u
6005 --- 530 175 8
6061 AJI33 530 175 8
6063 All31 530 175 8
6066 --- 530 175 8
6262 --- 540 175 12
bnaromaps BBICOKOMY COOTHOIICHHIO TPUATIOMUHUABI, JIerHpoBaHHble Sc, Zr wnmm Er.

NPOYHOCTH U Beca, Xopomeid QopmyemMocTn u
OTIIMYHON KOPPO3NOHHOU CTOIKOCTH crutaBel Al-Mg-
Si AA6082 mMpOKO WCHOIB3YIOTCI B KayecTBE
KOHCTPYKLIMOHHBIX MaTEpPHUAIOB B TPAHCHOPTHOH M
CTpoHTENbHOM npoMbmuieHHOCTH [ 1]. Coueranue (a)
HaHOPa3MEpHBIX HPEKypCcOpoOB Mg>Si,
00pa3yIoMuXCcs IPH UCKYCCTBEHHOM CTapeHuH, u (0)
BOJIOKHHCTOM 3€pHHUCTONW CTPYKTYpbI, MOJYyYEHHOU
mpu ropsued nedopmarm 3a c4eT 00pa3oOBaHHA
JIICTIEPCHOCTEH TPH TOMOTCHM3AINH, 00eceuBaeT
OTHOCHTENBHO  BBICOKYI0  IIPOYHOCTh  CILIaBaM
AA6082 cemetictea Al-Mg-Si 6xxx [2]. Cmnassl
AA6082 momxomaT IS BBICOKOHAMPSHKEHHBIX
NPUMEHEHHH C pabodmMMH TeMIEepaTypamy, Kak
npaBuiio, He npesbimarommuMu 150 °C. OnHako npu
Ooiee BBICOKMX TeMmIepaTypax MpodHocTh AA6082
CIJIaBOB CYIIECTBEHHO YyMEHbIIAaeTcs Onaroiaps
obicTpomy orpyOnenue B"/f’- MgSi Beimamaer B
ocanok [3].

B 0OHICNpHHATON MPOMBIILICHHON MPAKTHKE
TOMOTECHHU3AIHNIO TIEpe]] IKCTPYAUPOBAHUEM ITPOBOISIT
NP OTHOCHUTEJBHO BBICOKOW TeMIIeparype, OOBIYHO
mpu 550 °© C mns crutaBoB AA6082, 94T0 IPUBOAUT K
oOpazoBanuio rpyosix mucnepconnoB Al(FeMn)Si
(mmameTpomM~200 uMm) B Matpume o - Al [4,5].
[MombITKH yCUIICHUS JUCIIEPCUOHHOTO
yIpouHsitolero dpdekra B pa3IMyHbIX CIUIaBax Ha
ocHoBe Al ObUIM TpEeAMETOM MHOTOYHCICHHBIX
UCCIENOBaHUH, Tak Kak 3Tu jucnepcounasl (1)
YCTOHYMBEI K OTpyOCHHUIO TIpH TemIiieparypax 1o 400
° C u (2) cpaBHHTENBHO JEIICBIC HAHOPa3MEPHBIX

Beenenue TBEPJOTEIBHOTO OCaXJCHUS
MEIKOJUCHEPCHBIX M IUIOTHBIX  JIUCIIEPCOUIOB
yJIy4dIIaeT BBICOKOTEMIIEpPATYPHBIE MEXaHHYEeCKUue
CBOICTBa AIFOMUHHUEBBIX CILIaBOB [6-7].
Hucnepconnsl  MoryT  3(QQEKTHBHO  3aMeIATh
PEKpHCTAIUIN3AIMIO KaK HpHU ropsuel aedopmaruu,
TaK ¥ IpH MOCTASHOPMAILIHOHHOM OTXKHUTEe

CmaBbl AA6082 MIPEUMYIIECTBEHHO
00pabaThIBAOTCS SKCTPY3HOHHBIMU OTIEPAITHSIMH IS
W3rOTOBJICHHSI ~ AJIOMMHHEBBIX KOHCTPYKIMOHHBIX
aneMeHToB. [IukoBas Temmeparypa BO BpeMms
9KCTPY3UH 00bIYHO MoXxeT focrurark 550 © C, npu
KOTOPOH  TPOUCXOJMUT  aKTUBHOE  YKpPYITHEHHUE
JucnepconsioB. Kpome TOro, HEM3BECTHO BIIMSIHHC
cojiep)kaHusi Mn ¥ CBSI3aHHBIX C HUM JIUCIIEPCOU/IOB
Ha 3BOJIOIHI0 MHUKPOCTPYKTYPBI MPH 3KCTPY3HH, a
TaKKe Ha ocaxaeHue nperunuraros B"/B'-MgSi npu
obpaboTke crapeHueM. B03MOXHOCTb BKIIOYSHUS
TOHKUX W IUIOTHBIX JHUCIIEPCOWIOB B JOIOJHEHUE K
ocagkam P"/B’ B matpuiyy o-Al crmiaBoB AA6082
MOXET MOBBICUTh €€ MEXaHWYECKYI0 PEaKIHUI0 Ha
TEIJIOBOE BO3/CHCTBHUE; 3TO HOBBIH 1 SKOHOMUYECKH

3¢ GeKTUBHBIN TTOJIXOT K TTOBBIIIICHIIO
BBICOKOTEMIIEPATypHBIX ~ MEXaHMYECKUX  CBOWCTB
AIIOMUHHEBBIX KOHCTPYKLUH B nporecce

JKcITyaranud. Llenpro qanHoro MccienoBanus ObLIo
M3y4EeHME BIUSHUS U3MEHSIOIIErocs coaepxanus Mn
U CBA3aHHBIX C HUM  JUCIEPCOMIOB  Ha
MUKPOCTPYKTYPHYIO 3BOJIOLUIO IIPU IKCTPY3UU U
CTApEHHMH, a TaKXKe Ha MEXaHHUYECKHE CBOMCTBA
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crutaBoB AA6082 mpum  okpyKamomei cpeme u «BEHKAM)» r.HaBanm. XwuMHYecKkne COCTaBHI,
MOBBILICHHBIX TEMIIEPATyPax. NpOaHANTN3UPOBAHHbIC METOJIOM OINTUYECKOMH
SMHUCCUOHHOM  CHEKTPOCKONIMM, TIPUBEIEHBl B

2. DKcnepuMeHTAJILHbIE POLEeAyPbL.
2.1. MaTepuaJjbl 4 NpeABaApUTeJIbLHAS
IKCTPY3MOHHAS TEPMOOOPAOOTKA.
Jlutele  3arOTOBKM  IOCTOSIHHOI'O  TOKa
(mmamerpom 100 MM) U3 YeThIpEX BAPHAHTOB CIJIABOB
tuna AA6082 ObutM TpefOCTaBICHBI  3aBOJIOM

tabmuie 2. CpenHee pacCTOSIHUE MEXLy BTOPHYHBIMHU
JCHIPUTHBIMU IUIEYaMU B LICHTPE U CPEIHEM pafuyce
BCEX JINTBIX 3aTOTOBOK OBLJIO H3MEPEHO PaBHEIM ~17
um, YTO  CBHUJETENBCTBYET O  XOpouleH
BOCIIPOM3BOANMOCTH TEMIIEPATYPHOro mpoduis npu
OTIIMBKE IIOCTOSTHHBIM TOKOM.

Tadoauma 2. XuMHYECKHii cocTaB JuToro cimjaa AA 6082 (mac.%)

Cnnaebwi Mg Si Mn Fe Ti
0 Mn 0,83 1,01 000 0,22 0,016
0,5% Mn 0,84 1,01 0,50 0,23 0,016
0,7% Mn 0,84 1,02 0,72 0,23 0,015
1% Mn 0,81 1,02 1,00 0,24 0,015

[To pe3ynbTaTtam NepBOHAYAIBHBIX HCIIBITAHUI
JIMTHIE 3aTOTOBKHU MOJBEPrajy TePMOOOpPadOTKe MpH
400 ° C B TeueHHMe 5 4 I8 UHAYLUUPOBAHUS
00pa3oBaHUs OONBIIOTO KOJMYECTBA HCIIEPCOHIIOB
Al(FeMn)Si B matpuune o-Al. Yerslpe BapuaHTa

CIUIaBa MOABEPraiuch TepmMoodbpadoTke mpu 400 ° C
B TEUEHHUE 5 4 U Jajee UMeHylTcs ciaBamu 0Mn,
0,5Mn(L), 0,7 Mn(L) u 1Mn(L) cooTBeTcTBEHHO (CM.
Tabnuy 3).

Ta6auna 3. Tepmuyeckasi 00padoTKa pa3INYHbBIX CIJIABOB Mepel IKCTPY3Heii.

Crnaser Tepmudeckn 00pabOTKH. Kopp! critaBos.
0 Mn 400 C/4ac. 0,5Mn
0,5%Mn 0,5 Mn (L)
0,7%Mn 0,7 Mn (L)
1% Mn 1,0 Mn (L)
0,5%Mn 500 C/uac. 0,5 Mn (H)

Hexotopeie 3arotoBku, cogepxxamue 0,5% Mn,
OBUTH TaK)Xe TOJBEPTatOT OOBIYHOM MPOMBIILICHHOM
romoreHm3anuu npu 550 °C B TeueHue 5 4 (manee
nmenyemsblit crrasoMm 0,5 Mn(H)) mis cpaBHeHus

yopouHsiomiero  3ddgekra  AUCHEPCOMIOB €
PasIMYHBIMH pasMepamu u YHUCITOBBIMH
wiotHocTsiIMA.  CKOpOCcTh  HarpeBa s 00EHX

TepMHUYECKHX 00paboTOK ObLTa yCTaHOBICHAa Ha
yposHe 100 °C/u.

2.2, DKCTPY3HOHHAA M MOCTIKTPY3HOHHAS

TepMo0OpadoTKa.
TepmoobpaboTaHHbIE 3arOTOBKH
SKCTPYAUPOBAIM  IIOCICIOBATEIBHBIMU  CTAIUSAMH

NPEABApPUTEIILHOTO HarpeBa, 3KCTPY3HHM U 3aKaJIKH.
[Tymu mupensaputensHo HarpeBamu 10 500 °C c
MIOMOIIBbI0 MHIYKIIHOHHOTO HarpeBa B TeUeHHE ~5
MHUH. M OBICTPO MEPEHOCHJIM Ha Mpecc. 3aroTOBKH
SKCTPYAUPOBAIH CO CKOPOCTHIO TapaHa 10 Mm/c mis
MOJTyYeHUs KPYIJIBIX MPYTKOB aAuameTrpoM 17,8 mm.

Temneparypy 3KCTPY3MOHHBIX CTEP)KHEH Ha BBIXOJE
U3 Tpecca HU3MEpSNIM  BPYYHYI0 C  IIOMOIIBIO
tepmomapel  TtHma K. UToOGBI  CcOXpaHUTH
MUKPOCTPYKTYPY HPHU IKCTPY3HUHU, CTEPIKHH 3aKaJIIH
Ha BojsHON BanHe. OOpasibl 3KCTPYIMPOBAHHBIX
CTep>KHEN BblAEp KUBaIH IIpH Temreparype 180 © C B
TeueHue 5 4 s 3akanku TS5. Kpome Toro, HeKoTopbie
u3 00paboTaHHBIX T5 00pa3moB ObLTH
JIOTIOJTHUTENBHO TOABEPTHYTHl BO3JAEHCTBUIO TP
300° C B Teuenue 100 9 s onpeneneHus IPOIHOCTH
IIpU NOBBIIEHHOH Temnepatype [5, 8].

2.3. XapakTepuCcTHKAa MaTepuaJa.

MHukpocTpyKTypa CIUIaBOB ObL1a
OXapaKkTepu30BaHa C  IIOMONIbIO  ONTHYECKOH
Mukpockornuu (OM), CKaHHMPYIOLIEH 3JIEKTPOHHOM
mukpockornuu (COM), ocHaiieHHOW audpaKiuei
obparHoro paccesHus JJIEKTPOHOB, u
IIPOCBEUUBAIOLIEH  BJIEKTPOHHOM  MMKPOCKOIIMM
(IT9M). IllnudoBanue M MONMPOBAHHE OOPa3LOB
NPOBOAWIIM TI0 CTaHAAPTHOW MeTayulorpaduyecKoi
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METOJUKE. 3aKIIOYUTENBHYI0 CTAIHI0 IOIHUPOBKH
obpabatpiBas 0,05 UM KoOIOMAHOW CycleH3HeH

kpemHezema. OOpasnbl JUTBIX 3arOTOBOK  JIA
MeTauorpaduueckux HCCIICIOBAHUI ObLTH
pa3pe3anbl 1Mo  cpegHeMy  pagmycy. s
XapaKTePUCTUKH MUKPOCTPYKTYPBI
9KCTPYAUPOBAHHBIX CTep)KHE! 00pasibt
CEKI[MNOHUPOBAIIN TaKUM 00pa3oM, 4TOOBI IITOCKOCTh
0030pa TIOJ|/IePKUBANIACH napauIeJIbHON

HAaIPaBJICHUIO SKCTPY3UHU U IPOXOJUIIA Yepe3 LIEHTP
crepxkHa. CkanupoBanue EBSD skcTpyaupoBaHHBIX
CIUIaBOB, OOJIQIAIONINX HEKPUCTAUIM30BAHHONH U
PEKPUCTAIUIM30BAHHOW ~ 3€pHUCTOM  CTPYKTYpOH,
npoBoawioch ¢ marom 0,5 1 5 HM cOOTBETCTBEHHO.
3amycKy CKaHMPOBAHUE JUTA KaXKAOTO YCIOBUS ObIIH
YBEPEHBI, 4TO KO3 (UINEHT HHAECKCAUN COCTABIISET
He wMeHee 85%. Tonkas ¢oasra TEM  Oblia
MOJTOTOBJIEHA C  HCIOJIb30BAHHEM  CIIEIYIOMINX
sTanoB: (i) mpoOuBKa oOpasna auameTpoM 3 MM, (ii)
HCTOHYEHHUE TUCKO0Opa3Horo obpasma 1o ~ 50 um
nyrem uommdoBaHus W moaupoBkn M (iii)
3NMEKTPOXUMHUUECKAs MIOJIMPOBKA obpasia
JIByXCTPYHWHBIM 3JeKTpononaupoBmukoM npu 20 B
MTOCTOSIHHOTO TOKa C UCIOJIb30BaHuEM pacTtBopa 67%
metanouna u 33% HNOsmpu ~ 20-30 °C. Habnromenus
3a ocaJkaMH W JHCIepcoumaMu B Marpuie o-Al
MPOBOAWINCH C  TOMOLIBIO  ITPOCBEUYHBAIOIIECTO
3NIEKTPOHHOT0 MUKpockona (IT9M) BOIM31 ocH 30HBI
[001] cocTostams myuka g200 (paboTtaromiero mpu 200
kB). O6semuyro nomo mucrepcounor Al(FeMn)Si,
fd, otteHuBamM Mo CiIEAyIOIIEMY ypaBHEHHIO [9]:

KD
fa= Adﬁ(l — Aprz)

1)

rae D - skBUBaJeHTHBIN quameTp aucrnepcouna, t -
tonmuua Qonsru [1OM, Ad-mporeHTHas II0MAb
qucriepconioB u3  uzobpakenwit  I[1OM,  Aorz-
MIPOIIEHTHAS TUIOMIAAb CBOOOIHBIX 30H JUCIIEPCOUIOB
n3 uzobpaxenni OM; K - cpennuit koaddunuent
(bopmBl THCTIEPCOMAOB, TPUHUMAEMbI B JTaHHOM
uccinenoBanuu paBHbM 0,45. YnciaeHHas MIOTHOCTD
mucrepcounoB Al(Fe Mn)Si orieHuBaeTcst mo cchiike

[3I: y
v A@n @

rne  Nv  mpexactaBiseT  co0OH  KOJHYECTBO

JIUCTIEPCONIOB BHYTPH U300paKeHUs, a A - TUTOIIAIbh

I/I306pa)K€HI/I$I. YucnoBas IIOTHOCTH OpeurunmrTaToOB

B".

3N¢

v = A(t+1) 3)
rae: Nt - xomudectBo uri ", OpUEHTHUPOBAHHBIX
BJIOJIb HampaByieHus J1y4a; | - cpenssist awHa uri ",
t-ronmuna ¢domeru [IOM. Jlns Konmu4YecTBEHHOM
OIICHKA TPEIUNUTATOB H OHCIEPCOUIOB OBLIO
HCTOJBb30BAHO IO MeHbIIeH Mepe miects [IOM-

MuKpodoTorpaduii, IMONyYEHHBIX U3 PA3THIHBIX
obmacreit marpunpsl  o-Al.  Beutn  mpoBeneHBI
UCTIBITAHUS Ha MHKPOTBEPIAOCTh MO Bukkepcy mpu
Harpy3ke 100 r u BpemeHu Bblaepxkku 20 c.
Mexanuyeckue cBoiictBa TS5 XapakTepH30BaJUCh
MPOBEJCHUEM HCIBITAHUS Ha TPENeN TeKY4eCTH MpH
cokatun (YS) mpu xoMmHaTHOW Temmepatype. s
HCCIIeTIOBaHMS IPOYHOCTH cIutaBoB AA6082 - TS5 mpu
MOBBIIIEHHBIX ~TEMIlepaTypax OBLIM  INPOBENICHBI
UCTIBITAHUSA Ha TpeneNl TEeKy4ecTH IpPU CHKAaTHH Kak
npu 20, tak u npu 300 °C Ha obOpasmax mocie
JUINTENIEHOTO TEPMUYECKOTO BO3JICHCTBHS
(300°C/100 1). Bce ucnipiTaHus Ha IIpeIeN TEKYIEeCTH
OpU  CKaTUM  TNPOBOAWINCE  C  IOMOIIBIO
TEPMOMEXaHUYECKOTO  HMMHTaToOpa,Ha  o0pasmax
jmmHoM 15 MM u guamerpom 10 mm. CkopocTh
negopMaui BO BpeMs HCIIBITAaHUS YCTaHABIMBAIH
Ha ypoBHe 10-3 c—1 mig noCTIOKEHHUS OOmIeH
nedopmaruun 0,2. Jlns wucnbiranuii npu 300 °C
00pa3Is! MpeIBapPUTETHHO HarpeBaju bi (o)
TEMIIepaTypbl MCIBITaHUSI cO ckopocThio 2 °C/c mu
BBIJICP)KUBAJIM B TEUCHHUE 3 MUH TIepe]] Harpy3Koii
cxarueMm. Jlnsg HOMydeHHS  BOCHPOU3BOJUMBIX
Pe3yIbTaTOB B UCTIBITAHUAX Ha PACTSDKEHUE U CKATHE
OBUIO MCIIBITAHO HE MEHEE TPeX 00pas3IoB B KaKIOM
COCTOSIHUHU.

3. PesyabTarsl n 00CyKIeHHE.

3.1. O6opa3zoBanue gucnepcouaoB Al(Fe Mn)Si
W MX BJIUSIHUE HA IBOJIOUHMI0 MHKPOCTPYKTYPbI
TIPH IKCTPY3HM:

Ha puc. 1a moxa3zans! mucniepconnsl Al(FeMn)Si
B Matpuue o-Al crasa 0,5 Mn(H) nepen skctpy3uet,
KOTOPBIN MOIBEPTaliCsl MPOMBIIIIEHHOMY IPOLECCY
romorenusanuu npu 550 ° C B Teuenue 5 4. CorynacHo
JUTEPaTypHBIM AaHHBIM [9], AMCTIEpCOMABI UMEIOT B
OCHOBHOM TpoMOOLMTapHyl0 (GOpMy | HMEIOT
CpeqHuil SKBUBAIEHTHBIHN quameTp (D) 156 uM (Tabm.
4).

Hanpotus, MukpocTpykTypbl cmiaBo 0,5Mn
(L) u 1Mn (L) mepexn skcTpy3ueii, KOTOpeIe OBLIH
MOJBEPrHYTH TepMooOpaboTke mpu 400 ° C B
TEUeHHE 5 U, XapaKTEepHU30BAIKCh Topas3no Oolee
Menkuma (D ~ 25 HM) m Oojee IUIOTHBIMH
mucnepratopamu Al (FeMn) Si (cm. puc. 1b, ¢ u
tabmuy  3). Jucmepcommel B 3THX  CIDIaBax
NPE/ICTABICHBl  NPEUMYIIECTBEHHO  IUIACTUHKAMH
(TIyHKTHpPHBIC CTPENKH) WK KyOoumamu (CIUIOIIHBIC
crpenkn). [IDM-uzobpaxkenne cruaa 0,7Mn (L)
3/lech HE IOKa3aHO, MOCKOJIBbKY OHO ITOKa3bIBACT
XapaKTEPUCTUKU  JMCIEPCOMJOB,  aHAJOTHYHBIC
xapaktepuctukam criaBos 0,5Mn (L) u 1Mn (L). Ha
nzobpaxenmsx [IOM nHa puc. 1d, e u f mokazansr
mucnepcounsl Al (FeMn) Si B crmaBax 0,5Mn (H),
0,5Mn (L) mw 1Mn (L) mocme 3KcTpy3uw,
COOTBETCTBEHHO.
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Tadmuna 4. KonnuecrBeHHbIe pe3yabTaTsl TOM aucnepconioB B IKCIEPHMEHTANIbHBIX CILIABAX.

Crnassl [ oMOTreHHBII

COCTOAHHC

D, nm N, um=> f1, %
OMn a a a

0.5 Mn(H) 156.8(+41) 4.3(£3) 0.66(x0.2)
0.5 Mn(L) 25.3(£2.6) 971.5(x112) 0.65(x0.1)
0.7 Mn(L) 25.1(£2.5) 1318.4(£96) 0.85(x0.1)
| Mn (L) 25.2(£2.7) 1383.1(+121)

Hucniepconnsr B crmmase 0,5Mn (H) ocrtatorcs
3HaYUTENbHO KpYMHBIMU (D ~ 187 HM) (cM. Puc. 1d u
tabmuiy 3). YucnoBas mioTHOCTH NV U oObeMHas
nons fd qucniepconnoB Al (FeMn) Si B crmase 0,5Mn
(H) oxkazamucy paBHbiMH ~ 4 MM - 3 u 0,70%
COOTBETCTBEHHO. XOTS aHAJIOTHYHAsE OOBEMHAs! I0JIsI
mucnepconnioB Al (FeMn) Si oOnapyxeHa B cruiaBe
0,5Mn (L), wx u9ucieHHas IUIOTHOCTh OCTaeTCs
HaMHOTO BhIIe, 4eM B cruiase 0,5Mn (H) (~ 317 mm-
3 mpotuB ~ 4 mm-3). 3 coorBercTBeHHO). Nv u fd
JIACTICPCOMIOB OBbUTH CPaBHHUTEIBHO BBIIIE B CIUIABE
0,7Mn (L), yem B cmaBe 0,5Mn (L), ograko Nv u fd

&

> W 0.5Mn(H) (b)

Kak romorane3npoBanubIii

0.94(£0.1)

" -

]

: ’
i - '
2

=3

- -

g

E.

“

Ll

“

=

1

IKCTPY/MpOBAHHOE

COCTOAHHC
D, nm N, um™> | f1. %
da a a
187.5(£52) 3.7(£3) 0.70(£0.2)
40.3(£2.5) 316.5(146) 0.64(+0.1)
40.2(£2.3) 415.4(£36) 0.88(x0.1)
40.2(£2.5) 418.3(+34) 0.93(£0.1)

crutaBa aucnepcouzs! B criaBax 0,7Mn (L) u IMn
(L) Obu aHanorm4HbBIMHU,OIpUMEpHO 416 MM — 3 1

0,90%  coorBerctBeHHO  (cM.  Tabmuiy  3).
[puMedarensHo, YTO AUCTIEPCOMIBI YKPYITHSIIUCH BO
BpeMsi  OKCTPY3WUH, [MOCKOJBKY WX  CPEIHHM

SKBHUBAJICHTHBIA MuaMeTp yBermmuuBaics OT ~ 25 HM
1o 3kcrpy3uu (cm. Puc. 1b u ¢) no ~ 40 HM mocne
skcTpy3un (cM. Puc. le u f, a Taxke Tabmmmy 3),
mucriepconnsl Al (FeMn) Si craHOBsITCS BecbMa
YYBCTBHUTEIbHBIMU K YKPYIHEHHIO npu
temnepatypax Boimre 450 °C.

Ha puc. 1. CsetJ10e noJjie [IM -u3zodpaxeHusi, nokasbisawimue CH Iucnepcouabl ecIid CMOTPETh BI0JIb
[001] Al 30ne ocu B (A, D) 0,5 mMm(1), (0, €) 0,5 mm(L) u (C, @) 1 maun(i) cniiaBos a0 (A, b, B) u nocse (D, E,
F) npeccoBanus. CiiiomiHbie 4 NYHKTHPHBbIE CTPEJIKH YKA3bIBAIOT Ha KYOOBH/IHbIEe 1 TPOMOOLUTAPHBIE
JUCIIEPCONIbI COOTBETCTBEHHO. /lucnepcoubl, pacnosoKeHHble pedpaMu U IHPOKUMHU MOBEPXHOCTIMHU
(M0YTH) MepHeHANKYJIAPHO HANPABJIEHHIO 0030pa, 0003HAYAKOTCS COOTBETCTBEHHO Pe0pPOM M JIMIeBOI
cTopoHoii. O0paTuTe BHMMaHMe, YTO MUKpodororpaduu u3 crviasa 0,5 Mn(H) npeacraBiasiior codoi
ropasio 00JbIIYI0 IJI0IA] MATPULBI 0-Al o cpaBHeHUI0 ¢ MUKpodoTorpadusmu u3 cniiapos 0,5 Mn(L) u
1 Mn(L).

XoTsl BpeMsl BBIIEPKKH [UCIEPCOUIOB IpU
BBICOKOM Temmeparype, Bbime 500 °C, Bo Bpems
OKCTPY3UH OBIIO BechbMa OTpPaHHYEHO  H3-3a
WHIYKIMOHHOTO HarpeBa M OTHOCHTEIHLHO BBICOKOM
ckopoctu nopiuss (10 MM / ¢), Aucriepconipl Bee ene
UCTBITBIBAIA yMepeHHoe ykpymHeHue (Tabmuma 3 ).
JlelicTBUTENBHO, mdhysus PacTBOPEHHOT O

BEIIECTBA NIPOMCXOJNUT HAMHOI'O ObICTpee BO BpeMs
BBICOKOTEMIIEpaTypHOI 9KCTPY3UH n3-3a
IUIACTHYECKOl aedopmanuu MaTepuana, KOTOpas
yckopsier ykpynHenue aucnepconnioB Al (FeMn) Si
U3-32 BBICOKOM IIIOTHOCTH Juciokanuii. Kpome Toro,
BO BpeMs OKCTPY3HMH JAUCIEPCOHMIBI MpEeTepIIein
MopdoIornyecKue N3MEHEHHSL.
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Jucriepconnpl IUIaCTHHYATON HW KyOOBHIHOM cIiaBax, CoepKALUX Mn, SIBISIOTCS

(hopmbl, HabIrOIaEMBIE B YCIIOBUSIX FOMOTE€HHU3ALNH
(puc. la, b u c), cranu Ooiee OKPYIIBIMH TOCIE
9KCTPY3WH, HYTO CHENA0 JUCIIEPCOUABl  Ooiee
OBaJIbHBIMHU HUJn, B MEHBIIIEH CTCIICHU,
cpepuueckumu 1o Qopme (puc. 1d). , o1 u e).
MexaHu3mbl,  JiexKampe B OCHOBE  JTHX
MOP(OJIIOTHYECKUX W3MEHEHHH, CTaHYT IPEAMETOM
OYyIyIINX HCCIICOBAHUH.

Ha pwuc. 2 mnokazanbl KapThl 0oOpaTHOU
noisipaoct (OIl) B 1eHTpe SKCTPYIMPOBAaHHBIX
CTEpIKHEH B IUIOCKOCTH, NapaljIe]IbHON HAIIPaBJICHHUIO
okcTpy3un. B crmmaBe OMn  3epHa  KaxyTcs
PaBHOOCHBIMH, M OOJBIIMHCTBO W3 HUX HE HUMEIOT
CyOCTPYKTYpBI; SKBUBAJICHTHBIA IHAMETP 3€pEH ~
220 MM (puc. 2a).

OTO yKasblBaeT Ha TO, YTO MPU IKCTPY3HUU
OCHOBHOTO CIuIaBa MIPOM30IILIA TIOJTHAS
pexpuctaumzanus [10]. HampoTus, 3epHa BO Bcex

Hanpagnenne
skerpysuu (ED)
_ﬁ

BOJIOKHHUCTBIMH ¥ BBIPDOBHEHBI 110 HAaIlpPaBJIECHHIO
skcTpy3ur (puc. 2b, ¢ u d). D10 O3HaA4aeT, 4YTO
JUCHEepCONIBl  M3-33 WX  NHHHUHTA  3eHepa
9G(QEeKTUBHO  3aMEISIOT  WJIM  WHTHOMPYIOT
PEKPHCTAIUIN3AIMIO BO BPEMsI 3KCTPY3HH BO Bcex Mn-
conepkamux crasax [11].

Cmias 0.5Mn (H) coaeprxan HeOOJIBITYIO 9acTh
PEKpUCTAINIM30BaHHBIX 3epeH (puc. 20). OnmHako
HaJIMYUe IpaHul] cy0o3epeH (Yroil pa3opHeHTaIllH OT
2° no 15°) B yUIMHEHHBIX 3€pHAX MPEIIOJIATraeT, YTo
JMHAMHYECKOE  BOCCTAHOBJICHHE B  OCHOBHOM
MIPOMCXOIIIIO BO BpeMs 3kcTpy3uu ciuraBa 0,5Mn (H)
[12]. C npyroit CcTOpOHBI, 3epeHHas CTPYKTypa
CIJIAaBOB C MEIKHMH U IUIOTHBIMH JHCIIEPCOUAAMHU
(0,5Mn (L), 0,7Mn (L) m 1Mn (L)) Obma
BOCCTaHOBJICHA JIMIIb YAacTHYHO M COJEpKalla B
OCHOBHOM BOJIOKHUCTBIE "
HEMEepeKPUCTATITN30BaHHbIC 3epHa.

0
benas muans: 2°<0 <5
3enénast mmaus: 5°< 0 < 15°
Yépuas munus: 0 > 15°

i

ED
)
001 101

1 ML

Puc. 2. Kaprsl OIIP (06paTHbIii MOJIOCHBI PUCYHOK), HA KOTOPBIX MOKA3aHbI CTPYKTYPHI 3€peH nocjie
IKCTPYAMPOBAHMS B IIEHTPE IKCTPYAMPOBAHHBIX cTep:kHei u3 (a) 0Mn, (b) 0,5Mn (H), (¢) 0,5Mn (L) u (1)
ciiaBsl 1Mn (L) B miiockocTy, napajieabHoi HanpasjieHHI0 3KCTpy3uu (ED). IlyHKTHPHBIME CTpeIKaMu

HA pHc. 20 NOKa3aHbI PEKPUCTAININ30BaAHHBIE 3epHa. O0paTuTe BHUMAHHUE, YTO KAPThI IOKA3BIBAIOT
KpucTaiorpaguyeckyio opueHTanuio 3epex saojs ED, a kapta u3 ciuitapa 0Mn npeacTasiisieT ropasao
00JIbIIYI0 IJIOIIAIb 10 CPABHEHMIO ¢ TAKOBBIMU U3 ciiiaBoB 0,5Mn (H), 0,5Mn (L) u 1Mn (L).

Uro kacaeTcs OpHEHTALMH 3€peH, TO KapThl
OIP 110Ka3bIBaIOT, 4TO OOJIBIIIMHCTBO 3¢PEH B CILIABE
OMn AEeMOHCTPUPYIOT KOMIIOHEHT TeKcTypbl <001>
Al || ED (puc. 2a), koTopasi SIBISETCS THITUYHOMN
TEKCTYPOH pEeKpHCTAIUIM3alNN, HaOIogaeMond B
0CECHMMETPHYHO Je()OPMUPOBAHHBIX MaTepHaIax
OJIM [13]. B cmmaBax c MapraHieMm, HMEIOIINX
HENEePEeKPUCTAIUIN30BaHHYIO CTPYKTYPY 3€pEH, 3epHa
OpUEHTHPOBAaHBl ~ BIOIb  OCH  JIKCTPY3HUH B
Hamnpasnenne <111> umu <001> (puc. 2b, c u d). Oto
MOJTBEPHK/IAET, YTO OCECUMMETpUYHAs JedopMalius,
KOTOpast MPOM30IIJIa BO BPEMsI SKCTPY3UH, IPUBEA K

Pa3BUTHUIO ABYXBOJOKOHHOM TEKCTYpBI, COCTOAIIEH
13 BOJIOKOH <111>wu <001> [10,14].

YroOBl BBISIBUTH BIMSHHE MEIKHX W TUIOTHBIX
JIUCTIEPCOHNIOB HA TEKCTYPY M 36pHUCTYIO CTPYKTYDPY,
Oopun mony4deHsl kKapTel [PF momepedunsix ceueHwmid
9KCTPYANPOBAHHBIX cTepkHEH (puc. 3); n3MepeHHbIe
JIOJIK TUTIOIIAAN TEKCTyp BosokHa <111> m <001>, a
TaKKe CPEJHUH SKBUBAICHTHBIH JUaMETp 3€peH B
MIOTIEPEYHOM CEYEHHUH IPEACTaBlIeHbl B Tabnuue 4.
CooTHolIeHNE MEXAYy TEKCTypamH BoJokHa <111>
u <001> paBno eaunuie B crutasa 0,5Mn (H), Torna
KakK TeKcTypa BoyokHa <111> Gonee yiydineHa, yem
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TekcTypa BomokHa <001> B 0,5Mn (L) u IMn (L),
cocrasistronie npumepHo 70-72% 3epen (Tabnuna
4).

Kpowme toro, cpenHuii 5KkBUBaNEHTHBIN TuaMeTp
3epeH B cmiaBax 0,5Mn (L) u 1 (Mn (L) 3ametHO
YMEHBIIEH 110 CPaBHEHHWIO C TEM, KOTOPBII
HaOmomaercst B cmmaee 0,5Mn (H) (Tabmuma 4).
Pasmuumsas B TEKCType M CTPYKType 3€peH
HabOmromaemsbre B cutaBax 0,5Mn (L) u 1 (Mn (L) mo
cpaBHeHHI0 co cmtaBoM 0,5Mn (H), BeposTHO,
CBS3aHBI  C  TIOBBILICHHBIM  COIPOTHUBIICHHEM
Marepualia IJIaCTHYECKOW aedopMaluu BO BpeMs
SKCTPY3UH M3-3a IPUCYTCTBUS B HEM 0OJIee MENKHUX U
OoJsiee TUIOTHBIX JUCIIEPCOWIOB). TEPBBIC CIIIABHI
[10].

JUist TonmydeHusT HAaWIy4yIInX MEXaHHYEeCKHX
CBOWCTB Ba)KHO PaCTBOPHUTH OOJIBIIYIO YaCTh YaCTHII

Mg.Si B anroMHHHEBOM MaTPHIIE BO BPeMsI IKCTPY3UH
TSt MOCJIEYIOLLETr0 CTapeHus TS5 [29].
MUKpPOCTPYKTYPHI CIUIABOB IOCJE dKCTPYAUPOBAHUS,
MOKa3aHHbIC Ha pHC. 4, TOKa3bIBAIOT NPUCYTCTBHE
HeOOJIBIIOro KOJMYECTBA HEPACTBOPEHHBIX YACTHII
Mg2Si BO BCEX CILIaBax, MTOITBEPKIAs
3¢ (EKTUBHOCTh TEPMOMEXAHHYECKOTO TIPOIlecca BO
BpeMsI O3KCTPY3UH B PACTBOPEHHH OOJBIIMHCTBA
yactun Mg,Si B a-Al. MmaTpuna.

Jono miom@aau  HEpacTBOPEHHBIX  YaCTHIL
Mg2Si m3meps U1 BceX CIUIABOB U PE3YJIBTATHI
npuBesieHbl B Tabnuie S. boblie HepacTBOPEHHBIX
gactur] Mg»>Si 6p110 00Hapy)eHo B ciuiaBax OMn u
0,5Mn (H) (~ 0,28%) 1o CpaBHEHHIO CO CILIaBaMH
0,5Mn (L), 0,7Mn (L) u 1Mn (L) ( ~ 0,18%), 4ro
TaKKe TIOJTBEPKIACTCS Goiee HU3KOU
3NIEKTPONPOBOAHOCTHIO crutaBoB OMn u 0,5Mn (H)

111

001 101

Puc. 3. OIIP (06paTHBIii MOJIOCHBI PHCYHOK), HA KOTOPBIX MOKA3aHbI CTPYKTYPbI 3€PEH MOC/Ie IKCTPYAUPOBAHMS B
HEeHTpe IKCTPYIHPOBAHHBIX cTep:kHel u3 (a) 0,5Mn (H), (b) 0,5Mn (L) u (c) 1Mn (L). ) cniiaBsl. O6paTuTe BHUMaHMeE,
4TO N300paKeHUsl CHUMAIOTCS € TUIOCKOCTEM, MeprneHInKYJISIPHBIX HANPABJIEHHIO YKCTPY3HH.

Taonuua 4. Joas niomanu BojokoH <111> u <001> u cpeqnunii IKBUBAJIEHTHBIH THAMETP 3epeH,

nojy4denHbie u3 kapt EBSD Ha puc. 3.

CrnaBbl Jlomns mioiaau BOJIOKOH Jlomns miomanyu BOJIOKOH Cpennee 5KB. THaMeTp
<111>% <001>, 3€peH, MM
0.5Mn(H) 50 50 10.9
0.5Mn(L) 72 28 8.5
1Mn(L) 70 30 7.3
Ananu3 mapamMeTpoB TMpolecca IKCTPY3HUH, nedopmarium, KoTopas, B CBOIO OUYepE/ib, BHI3BIBACT

TaKMX KaK TeMIlepaTypa Ha BBIXOAE CTEpKHEH u
MaKCHMaJIbHOE MIPHIIOKEHHOE JaBIICHUE,
MIOKa3bIBa€T, YTO  MaKCHMaJbHBIE  JIaBJICHUS,
JIOCTUTAEMBbIE B CIUIaBaX C MEJIKHUMU JHCIEPCONIAMH,
pasyMmHO BbImIe, yeM y craBoB OMn u 0,5Mn (H) ¢
i 6e3 rpyOBIX AMCIEPCOUIOB.OTO MOATBEPKIACT,
YTO MEJIKWE U IUIOTHBIE JUCHEPCOMIBI YBETMUUBAIOT
YCTOMUMBOCTE ~ MaTepuaja K  IUIACTUYECKOM

MOBBIIICHUE TEMIIEPATyPhI BO BPEMSI 3KCTPY3HUH.
KoMmOuHammst  Oojlee  BBICOKOW  CTEIEHH
TUTACTHYECKON Te(hOpMALIU U OOJIBIIETO TOBHIIICHHS
TEeMIIepaTypbl, BBI3BAHHOI'O MEJIKHMH U ILIOTHBIMH
JTICTICPCOHIAMH, BBI3BAJIA pacTBOpeHHE
OTHOCHUTENBHO 0OJILILIIErO KOJIMYECTBA
cocTaBIrOIMX YacTui Mg,Si B MaTpuie.
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STATE OF CHARGE ESTIMATION OF HIGH-POWER LITHIUM-ION
BATTERIES WITH IMPROVED EQUIVALENT CIRCUIT MODELING
AND ADAPTIVE EXTENDED KALMAN FILTERING ALGORITHM

Abstract: This paper focuses on the accurate estimation of the state of charge of lithium-ion batteries through
the establishment of an equivalent model, experimentation, simulation, and the use of an adaptive extended Kalman
filtering algorithm. Several models have been used in the creation of the high-power lithium-ion battery and as it is
difficult to estimate the state of charge of the lithium-ion battery accurately numerous methods and techniques are
employed. A Thevenin equivalent circuit model is designed to include two resistor-capacitors in series for easy
parameterization and estimation of the state of charge of the battery. An experimental approach is adopted and data
from the open-circuit voltage and the hybrid pulse power characteristic tests are used for parameterization. The
battery is modeled and simulated in Simulink/MATLAB with inputs from the results and calculations from the
experimental data. An improved adaptive extended Kalman filtering algorithm was used to accurately estimate the
state of charge. The main idea of using the improved adaptive algorithm is to update the statistical noise covariance
parameters and to improve the estimation performance and accuracy. This reduced the interference of system noise
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effectively and minimized estimation error to the smallest value. An extended Kalman filtering algorithm was
employed alongside the adaptive extended Kalman filtering algorithm to verify the effectiveness of the adaptive
algorithm. Results and computations from the experiment and simulation are compared and the results show that the
improved adaptive extend Kalman filtering algorithm has good convergence speed, is more stable, and has a high
precision of accuracy in the estimation of the state of charge. The maximum estimation error realized with the use of
the extended Kalman filtering algorithm was 4.97%, and the maximum estimation error based on the use of the
improved adaptive extended Kalman filtering algorithm was 1.85%. The results, therefore, show that the adaptive
algorithm adopted in this paper can be used efficiently and effectively for the accurate state of charge estimation of
the high-power lithium-ion battery.

Key words: high-power lithium-ion batteries; battery management system; Thevenin equivalent circuit model;
state of charge; adaptive extended Kalman filtering algorithm.
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Introduction electric vehicles [8], and artificial intelligence applied

Currently, lithium-ion batteries are perhaps the for the battery state estimation [9]. SOC estimation
most important new energy source in the 21st century, has therefore drawn the attention of many researchers,
and research in the area of improving and enhancing and many different methods have been proposed [10,
the performance of the technology through various 11]. The OCV method, a full charge detector/dynamic
techniques and methods is key to unearthing greater load observer, and the CC method with robust
potential. The key to improving, controlling, extended Kalman filtering algorithm (REKF) are
monitoring, and managing the lithium-ion battery is combined in [12]. It is difficult to determine the
the battery management system (BMS) [1], and the specific approach when such methods are used,
estimation of the state of charge (SOC), state of health however, based on the classification made in [12, 13],
(SOH), state of power (SOP), and other battery two categories; direct and indirect methods, and
parameters is a very important research field that several subcategories that summarize trends in SOC
ensures the safety and reliability of electronic devices estimation are mentioned and aligned appropriately.
that use these batteries as a source of power. Research Battery models are used to study the relationship
on the improvement of the function, reliability, and between the external characteristics and the internal
performance of lithium-ion battery technology is states of a battery by establishing a mathematical
important and any breakthrough in the area would go model. Models in a discrete-time state-space form are
a long way to improve upon the technology [2]. The also used for SOC estimation [14, 15]. Current
BMS is responsible for measuring the states of the literature makes mention of the use of equivalent
battery accurately and also ensure safe operation and circuit models (ECMs) as being widely used as a
prolong the battery life [3]. An improved Thevenin foundation for model-based estimation and control
equivalent circuit model was proposed, designed, and [16]. Generally, equivalent circuit models including
implemented  through  experimentation  and the Rint model, the Thevenin model, the RC model,
simulation. The model was achieved by adding an and the partnership for a new generation of vehicle
extra RC branch to the Thevenin model, making it a (PNGV) model [17] are selected. The first-order RC,
second-order resistor-capacitor. The 2RC Thevenin second-order RC, and third-order RC are all employed
model has better accuracy, stability, robustness, and is to accurately model the battery [18, 19]. Among them,
very effective for SOC estimation [4]. This model was the Thevenin model is widely used, but not accurate
used to study and record parameters and estimate enough since all of its elements can change, depending
relationships between voltage, current, SOC, and the on the condition and state of the battery.
charging/discharging characteristics. According to [20, 21], to maximize parameter

Research concerning battery management identification, new designs are being developed using
systems (BMS) from a global perspective includes charging/discharging, and [22, 23] combined SOC
those which display an entire BMS design adopting a estimation methods as a means of estimating SOC in
distributed structure to reach better scalability and the presence of unknown or time-varying battery
portability [5]. Different approaches to designing a parameters. Research in the area either assumes an
BMS depend on the functionalities desired for the accurate SOC/OCYV relationship or seeks to impose
specific application, but most of them focus on key approximations such as OCV being piece-wise linear
functions such as SOC estimation [6] and the with SOC [24] or constant during discharging [25].
balancing process [7]. The improvement is towards According to [11, 26], RC parameters are determined
the design of intelligent BMS’s for electric and hybrid through analyzing the transients in a battery voltage

*
Philadelphia, USA 249 '; Clarivate

Ana lytics indexed


http://s-o-i.org/1.1/TAS-05-97-49
https://dx.doi.org/10.15863/TAS.2021.05.97.49

ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
. ISI (Dubai, UAE) = 1.582 PUHII (Russia) = 0.126 PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =9.035  IBI (India) = 4.260
JIF =1.500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350
response under certain excitations such as constant or filtering algorithm for SOC estimation is the

pulse current experiments. The voltage source in an
ECM typically represents the battery's open-circuit
voltage, which depends on the SOC [27]. A
relationship between SOC and OCV can be identified
by charging or discharging the battery using a small
current [28]. Parameter identification based on
current-voltage data is addressed in [21], by a method
that reduces the problem of solving a set of high-order
polynomial equations into solving several linear
equations and a single-variable polynomial equation.
A Thevenin ECM is used in [14] for every single cell
in an array of more than 90 series-connected cells, to
identify the internal resistance of each cell. In [29] a
Thevenin model using two different branches for
charge and discharge is connected in series n times to
represent n cells in a series. According to [30, 31],
there are three different ECMs of lithium-ion batteries
widely adopted because of their excellent dynamic
performance and postulates that the second-order
ECM is the most accurate and has the best dynamic
performance, but it is also the most complex. The
Thevenin model and second-order ECM were used for
SOC estimation and compared with three other
enhanced ECMs in [14, 32] and the difference
between these models is the way the SOC equations
are calculated. The parameters of the second-order
ECM can be calculated with different datasets
depending on the purpose, like in [33]. In [34], a
comparison between continuous-time and discrete-
time equations of the second-order ECM is made and
concludes that discrete-time identification methods
are less robust due to undesired sensitivity issues in
the transformation of discrete domain parameters.
According to [35], SOC can be directly
calculated by the transformation of model equations
with the deployment of a simple Thevenin ECM. In
[36], a Thevenin ECM is used to obtain the OCV, and
then, a linear fitting of a portion of the OCV-SOC
curve is used to obtain the SOC. A similar process is
used in [37] to obtain the SOC with a simple ECM that
considers just a voltage source and an internal
resistance. A Kalman filter (KF) is introduced in [38]
to extract an OCV value in a noisy environment, and
then to estimate SOC based on the OCV-SOC
mapping. In addition to models, there are different
types of closed-loop methods for SOC estimations,
such as direct feedback [13], extended Kalman Filters
[39], unscented Kalman Filters (UKF) [40, 41], and
neural network [42, 43]. These methods are used to
further improve the accuracy of the SOC estimation
since they can recursively estimate the uncertainty of
system state estimations and adapt Kalman gain to
achieve optimal estimation in the next time step of the
iteration process. It is common to find a combination
of CC or OCV methods with the KF method like in
[44, 45] and as proposed in [46, 47], the EKF method
is also used in combination with CC and/or OCV.
Another common improvement to the Kalman

unscented Kalman filtering algorithm, which is used
in [48, 49] to improve estimation accuracy. A UKF
algorithm is implemented in [50] to estimate SOC
using an improved ECM with a resistance and a
capacitor correction factor. This was done to first,
measure the effect of different current rates and the
SOC estimation on the battery internal resistance, and
secondly to identify the impact of different current
rates and temperatures on the battery’s capacity [51].
The works presented in [52, 53] use a multi-model
approach that adopts a bank of EKFs to estimate the
SOC of the battery. A robust extended Kalman
filtering algorithm is implemented in [54] to be more
robust to uncertainties in the system, and
measurement equations, and noise covariances. A
SOC estimation approach that uses an improvement in
the measurement noise treatment is proposed in [55]
and, by correcting the covariance matrix error in the
depicted EKF, establishes an adaptive Kalman
filtering algorithm that can reduce the estimation
error. To deal with the variation of battery parameters
due to temperature changes [56], an online approach
is proposed for SOC estimation and parameter
updating using a dual square root UKF based on unit
spherical unscented transform.

To obtain a more accurate and reliable SOC, an
improved Thevenin equivalent model is proposed and
its parameters are identified. Experimental data results
and simulated results are compared and analyzed to
further appreciate the effectiveness of the improved
adaptive extended Kalman filtering (AEKF)
algorithm used. The use of the AEKF algorithm in this
research is to accurately and diligently estimate the
SOC and eliminate or reduce errors by updating the
noise covariance matrix. The use of this adaptive
extended Kalman filtering algorithm is an innovation
in this work coupled with the 2RC Thevenin
equivalent model for successful implementation and
SOC estimation. According to the results realized, it is
worth noting that, the SOC estimation using the AEKF
algorithm is more accurate and reliable comparatively
than the EKF algorithm. This paper is organized in
sections as follows; The mathematical analysis is
conducted in section 2, experimental analysis in
section 3, and the last section is section 4 which coves
conclusion and further research plan.

2. Mathematical Analysis

The basic concepts of SOC estimation, battery
modeling, and the Kalman filtering algorithm are first
introduced in this section. The improved Thevenin
equivalent model including the 2RC’s added as well
as the description of corresponding parameters to be
identified through experimentation are presented, the
EKF and the improved AEKF algorithms are
introduced in detail to emphasize the improvement in
the SOC estimation accuracy.
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2.1The structure of the improved 2RC Where QO is the residual capacity of the battery
Thevenin equivalent model at time ¢ and Qy is the rated capacity. The value of SOC
An appropriate equivalent circuit model is the ratio between the current residual capacity and

established and described, and the input, output, and
state variables are determined. The modeling and
simulation are done in Simulink/MATLAB and the
parameters identified from the experimental data are
used for real-time correction of variables like the
internal resistor, capacitors, and current. Simulations
are carried out and the results are verified to make sure
the proposed method works perfectly for the accurate
estimation of the SOC of the battery. The state of
charge of the high-power lithium-ion battery is
defined as the remaining capacity of the battery and is
written mathematically as, the ratio of remaining
capacity to the maximum available capacity and
expressed as shown in Eq. (1).

soC, = 2 x1006
QO (1)

Ro U

the capacity in the fully charged state when the battery
is fully static at a certain time.

2.1.1 Electrical circuit model

The improved Thevenin equivalent circuit model
is suggested for experimental and simulation purposes
to model the behaviour of the high-power lithium-ion
battery. The dynamic system of the Thevenin model
describes the fixed parameters as variables that vary
with the state of charge and temperature, enabling a
more accurate description of the performance of the
battery. This method was adopted because the
topology generally proposes a tradeoff between
battery cell computational requirements and the
approximation of voltage precision. The model is as
shown in (figure 1).

C1

C_' Uoc

U

Figure 1: The 2RC Thevenin Equivalent Circuit Model

Where Uoc is the Open-Circuit Voltage, Ro is the
ohmic resistance of the battery, I; is the
charge/discharge current flowing from the voltage
source and Uy represents the terminal voltage of the
battery. R; and R, denote the electrochemical
polarization resistance and concentration polarization
resistance, respectively. C; and C; denote the
electrochemical  polarization  capacitance  and
concentration polarization capacitance respectively.

2.1.2 State-space description

The state-space representation is a mathematical
model of a physical system as a set of input, output,
and state variables related to the first-order
differential equations or difference equations.
Concerning (figure 1) and the application of
Kirchhoff's law, Eq. (2) is obtained and written as:

U, =U,, (SOC)-i(t)R,-U, -U,

qu __ Y i 2)
it RC, C,
du, __ U, i

dt R,C, C,

Where [SOC, U;, U,/ is selected as the state
variables which need to be realized and after
discretization of Eq. (2) and considering the definition
of SOC as stated earlier, its state space equation can
be written as shown in Eq. (3)

soc,,] [1 o 0
Uya |[=]0 1-T/z, 0 3
U 0 0 1-T/z, )

2,k+1

Uy =U,, (SOC,k +1)-U, U, ~ IR,

In the above equation, parameters that the model
needs to identify include ohmic internal resistance Ro,
open circuit voltage Uoc, polarization internal
resistance R, R», and polarization capacitor C; and C,
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which will lead to identifying U; and Ub.

2.2 Iterative calculation algorithms

2.2.1 Extended Kalman filtering

The extended Kalman filter algorithm is used for
predicting the future state of a system based on a
previous state. Kalman filter is a linear unbiased
recursive filter, which is constantly "predicted and
corrected" in the calculation process. Whenever new
data is observed, new predicted values can be
calculated at any time, which is very convenient for
real-time processing. Due to the discharge rate,
temperature, and complex internal chemical reaction,
the battery presents a nonlinear state. Based on
Kalman, the Jacobian matrix is obtained by using the
Taylor formula for linearization, and the extended
Kalman filter algorithm is obtained. The extended
Kalman filter consists of two equations; state
equations and observation equations, which include 4,
B, C, and D matrices that can be realized using Ro, R,
R, C; and C,. xi is the system state matrix that
captures the system dynamics and one of the matrix
values represents SOC. The input of the system is u
which is a control variable matrix that is known or can
be measured. wy, is the noise of the system state
equation. Eq.. (4) shows the state equation and the
observation equation.

{Xk = AX,, +BI_,+W,

U, =CX, +DI 4 +V,

Where, x; represents the system state variable at
time £, yx is the system observed variable at time £, u
is the system input which is used as the control
variable; Ay is the transfer matrix of state x from -1 to
k, and By is the input matrix. Ci is the measurement
matrix, Dy is the feedforward matrix; wy is the noise of
the system state equation. Kalman filter algorithm is
used for state prediction and estimation. Kalman filter
is mainly composed of five equations, which can be
divided into the prediction stage and correction stage.
The recursive relationship between the estimated
value of state and covariance in the prediction stage
(Time Update): is shown in Eq. (5).

{xk:xkl +BI, W,
Paa=ARLAT +Q,

According to the model, the last moment of the
state estimate of k-/, Xj.; and its covariance matrix
Py.; directly calculates the forecast of this moment, X;
and its covariance matrix Pyy.;. Oy is the covariance
matrix of process noise wy. The estimated values of
Kalman gain are calculated as shown in Eq. (6).

“)

&)

K, = FA)k]kflcT (CFA)k]kACT +Vk) (6)

The state correction stage is then performed for
further computations to arrive at an appropriate
equation that can be used to effectively make sure the

appropriate parameters are identified. This can be
achieved as shown in Eq. (7).

X, = Xy +K (U, —CX, )

Pklk—l :Pk\_k—l - KtCPka—l

The moment of state estimation x; and Py is
realized after this and the Kalman filter algorithm is
completed in one iteration, and an iterative estimation
is carried out for each observation, with good real-
time performance.

2.2.2 Adaptive extended Kalman filtering
algorithm

Currently, the SOC estimation method is mainly
based on the equivalent model combined with the
Kalman filter algorithm and its extended algorithm as
well as fuzzy logic and neural network-related
algorithms. The Kalman filter (KF) algorithm is one
of the most widely used intelligent algorithms, and it
is usually used in practical situations, such as path
planning, target tracking, and SOC estimation of
lithium-ion batteries. The basic principle of the
algorithm is to take the minimum mean square error
as the best estimation criterion, and by establishing a
state equation and an observation equation model, a
state-space model of signals and noise is used to
introduce the relationship between the state variables
and the observed variables. Time estimates and
observations of the current time, update the estimates
of the state variables. The Kalman filter is a
mathematical function that provides estimating states
with iterative steps, in a way to minimize the mean
squared error. This technique has been providing
performance efficiency in the field of parameter
estimation and state transition. The improved
Thevenin equivalent circuit model of the lithium-ion
battery can be simplified as shown in Eq. (8).

)

X =F (X U ) + W =A X +BL U, + W,

y, =h(X.,u)+V,....=Cx +Du, +v, (&)

The functions f (*) and s (*) are nonlinear
equations and the first equation is the state equation,
where x; is the n-dimensional system state vector at
time point &, and v is the n-dimensional system noise
vector. The function f (xx, ux) is a non-linear state
transition function. The second equation is an
observation equation, where y is an observation
vector, and v is a multi-dimensional system
interference vector at time point k. The function 7 (x;,
ux) is a non-linear measurement function. The above
function can be explored by using the Tailor method
on the prior estimation point xx of the state xx + 1. The
higher-order components of the process can be
ignored, and linear approximations of off (*) and 4 (*)
can be used as shown in Eq. (9).

Philadelphia, USA

252

2 Clarivate

Ana lytics indexed



ISRA (India)  =6.317  SIS(USA)  =0912 ICV (Poland) = 6.630
. ISI (Dubai, UAE) = 1.582 PUHII (Russia) = 0.126 PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =9.035  IBI (India) = 4.260
JIF = 1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350
of (x,,u
f(x.,u) = 1:(Xk|k71’uk)+M (Xk_xk|k—1)
K =X kk-1 ©
N, .Uy )
04D = N0y ) + 2 K 0= %)
Xk =Xk

The estimation process of the Kalman filter
algorithm includes a time update and measurement
update. The time update process is also known as the
forecast process. It is a one-step prediction of the
current state variable and provides a prior estimation
process for the next moment. The measurement
update process is the process of feeding back
observations and correcting deviations. The EKF
algorithm equations are as follows.

1. The filter initial conditions given in terms of the
one-step prediction means the first state
prediction has the same statistics as the initial
condition of the system. The initial condition of
the filter equation is given as:

X, = E(X), P, =var(x) (10)

2. When EKF is used to estimate the SOC of the
lithium-ion battery, the SOC is a component of
the state vector, the current is used as control
quantity in the input parameters and the output is
terminal voltage. The state vector estimation time
update is given as:

X1 = f(Xk—lluk—l) (11)

3. The state covariance time update process predicts
the current state variables by updating them and
providing a prior estimate of the next time. State
covariance update time update is given as:

Pys=FRLF +Q, (12)

4. The Kalman gain is the relative weight given to
the measurements and current state estimate and
can be manipulated to achieve a particular
performance. The calculation of the Kalman gain
coefficient is given as:

K, = Pk“<_lHT (HPklk_lHT +R,) (13)

5. The measurement update process, also known as
the correction process, is a process of feedback on
the observed values and the correction of the
deviation. The state vector measurement update is
given as:

Q =(1-d 1) Qs+ 4 (Kkyk VI K; +P - FPk/k—lFT )

X =X T Ky (Y, _h(Xk|k—1’uk)) (14

6. The state covariance matrix consists of the

variances associated with each of

the state estimates obtained and the correlation

between the errors in the state estimates. The
update state covariance matrix is given as:

R=(I- KkH)Pk\k—l (15)

In the above equations, xxiis the direct time
estimate at time k, xx.; is the optimal estimate state
value at the last moment. Py is the covariance update
of xx, Ok 1s the covariance of process noise w, Kj is the
Kalman gain coefficient. Ry is the covariance of
observation noise v. Since the covariance matrix Py is
decomposed, at least it is guaranteed that Py is always
non-negative definite, which can overcome the filter
divergence caused by the limited word length of the
computer. Sage-Husa algorithm adaptively updates
the noise variables by comparing the final and initial
estimated values. The estimator-related quantities are
calculated as shown in Eq. (16).

yk = yk _h(Xk’uk)_Rk-l

12
Q :EZ(Kkyky:KkT +Pk_FPk|k—1FT) (16)
i=0
k-1

R = (3] -HR,H)

k/k-1

i=0

To make the estimation of noise more accurate
and to avoid the influence of the observed value on the
estimated value, this paper considers the noise at the
previous moment and the current moment at the same
time. In practice, the smaller the value of b, the smaller
the impact at the previous moment; if the value of b is
small, the estimated noise will oscillate, so it can be
determined according to the specific situation. Then
the calculation of the noise matrix is as shown in Eq.

(17).

(17

R =(1-d )Ry +y (ykyg ~HR H' )

2.2.3 Iterative calculation process
After obtaining the main parameters in the 2RC

Thevenin equivalent circuit model, the state space
equation is obtained using the relationship between
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voltage and current as shown in Eq. (18). In performing the mathematical calculation for
the algorithm, there are a few steps to follow to
achieve this. The first step is known as the state
E(t)=U_+RI({)+u(t) prediction stage. The predicted value at time k is
calculated as shown in Eq. (22).
1=, cdu x(Kk=1) = A x(k-1)+B
R, dt (18) e @)
The second step in this calculation is the
SOC(t) = SOC(t, )_i j i ni(t)dt prediction of the covariance matrix. This is done by
° Q, 70 calculating the estimation error of x(klk-1), the

The three equations above are combined and
discretized to obtain the state equation needed to
perform further calculations leading to the conversion
of non-discretized parameters into discretized ones as
shown in Eq. (19).

x(klk -1) = A x(k-1)+B,i,_, +
10
N
t (19)
By = Q_o
R,(1-€"")

It is important to also consider the observation
equation for further successful computation and
attainment of accurate results. The next thing to do
therefore is the observation equation which is shown
in Eq. (20).

Y = h(xk—l*ik—1)+vk =U, -Ri, —U +v, (20

The parameters of the battery are initially non-
linear variables and have to be linearized. After
linearization, using the first-order Taylor series with
the values of Ax, Bk, and Ci, the formulas are obtained
as shown in Eq. (21).

. (1 0
A<: 0 e—t/r
_t
B, = Q @1
R,(1-e"")
C, = %,—1]
05,

covariance matrix of the corresponding x(k|k-1) is
obtained as shown in Eq. (23).

P(klk-1)=A_ R A, +Q, ()

The Kalman gain is calculated in the third step to
further improve the computation and arrive at the
value for a specific time. The Kalman gain at time k is
obtained as shown in Eq. (24).

K = PkaT (C, PkaT + Rk)il (24)
The fourth step is the update of the status. The
optimal estimated value of the existing state is

estimated from the real-time measured/obtained open-
circuit voltage value Uoc(k) as shown in Eq. (25).

X, =x(kk-1)+K, [U, (K)-C, *xkk-1] (25

In the fifth step, the noise covariance is updated.
The noise covariance is updated according to the
Kalman gain. This helps to avoid errors or at least
minimize them and leads to accurate estimation. The
noise covariance of the previous moment is shown in
Eq. (26).
R =I-KCIHR (26)
In the calculation, the five steps are continually
cycled in a loop, and the estimated state is
continuously updated so that the estimated value is
closer to the true value during the update process. The

basic iterative calculation process for SOC is as shown
in (figure 2).
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Figure 2: The SOC estimation process using the AEKF algorithm

2.3 Model building and Realization

2.3.1 Simulink/MATLAB Simulation model

After obtaining the required circuit model
parameters, the simulation model of the lithium-ion
battery is established in Simulink/MATLAB. The
simulation model has mainly composed of the SOC
calculation module, the circuit parameter updating
module, and the terminal output voltage calculation
module. The SOC calculation module is based on the
extended Kalman filtering algorithm and the
Improved Adaptive extended Kalman filtering
algorithm. SOC values are obtained through the use of

the codes for calculations based on the algorithms and
to prevent the battery from overcharge and over-
discharge. In this work, the influence of temperature
change on the output voltage of the lithium-ion battery
is ignored. For the time-domain ordinary differential
equation of the 2RC Thevenin equivalent circuit, the
corresponding voltage response equation is solved and
discretization as it is required before modeling to
obtain the discretization state-space equation of the
model. The logical structure of the circuit model is
shown in (figure 3).

SOC >

IR

Temperature

Current f—yp - Battery Model

—Pp\/0ltage
—»

Power

>

Figure 3: Logical structure of the circuit model

In the battery management system, both current
and terminal voltage are input, as the battery
simulation model is to verify the accuracy of the
parameter settings in the model, the current is input
and terminal voltage is the output. The simulation
module can be built and the second-order RC internal
circuit is the core part of the whole module, and the

circuit structure is directly used to build the module,
including an ohmic internal resistance, two RC
parallel structures, a controllable voltage source, and
controllable current source, voltage, and current
sensor, and input and output interface, as shown in
(figure 4).
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Figure 4: The Simulation Model of the 2RC Thevenin equivalent model

(Figure 5) shows the internal component of the
model in (figure 4) representing the proposed 2RC
Thevenin equivalent circuit model. The necessary

:

63
3
3

0 0

I
]
Y

0
Ve

3
5] &
ok

ge

I

inputs and outputs are labeled and other components
are duly presented in the figure based on the proposed
model.

Figure 5: The internal circuit of the 2RC Thevenin equivalent model

Controllable voltage source and controllable
current source are the signal interface in SIMULINK,
which can turn the signal into a material port. Convert
the external input voltage source into a voltage and
current source that the circuit can connect to. Voltage
sensors and current sensors are also signal

transducers, converting physical interfaces into signal
interfaces. The extended Kalman filtering algorithm
and the Adaptive extended Kalman filtering algorithm
are coded into the simulation model and the complete
diagram is shown in (figure 6).
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Figure 6: Integration of algorithms into the simulation diagram

3. Experimental Analysis

3.1 Test platform construction

The GTK 3.7V 40Ah high-power lithium-ion
battery was used for this experiment with a rated
capacity of 40 Ampere hour (Ah), a charge cut-off
voltage of 4.2V, and a discharge cut-off voltage of
2.75V. The test equipment is the sub-source BTS 750-
200-100-4, with a maximum charge-discharge power
of 750W, a maximum voltage of 200V, and a
maximum current of 100A. The basic properties of
the battery are shown in table 1.

Table 1: Basic technical parameters of the battery

Factor

Size: length * width *
height/ mm

Rated voltage/V
Maximum load current /A
Rated capacity/Ah

Charge cut-off voltage/V
Discharge cutoff voltage/V

Setting up the experiment requires the
connection of the battery to the test machine which is
also connected to a computer. A specific terminal is
chosen from the 16 available, and connect to the

Specification
148%x27%x92

battery for the experiment to commence. The software
on the computer is then programmed to follow a
logical algorithm to accomplish the task.

Philadelphia, USA 257

2 Clarivate
Analytics ™/



ISRA (Indiay  =6317 SIS(USA)  =0912  ICV (Poland)  =6.630

. ISl (Dubai, UAE) =1.582  PUHII (Russia) =0.126  PIF (India) =1.940

Impact Factor: g\ australia) =0564 ESJI(KZ)  =9.035  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) =7.184  OAJI (USA) = 0.350

BTS 750-200-100-4
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Figure 7: Experimental Setup

3.2 Results, verification, and comparison

3.2.1 Parameter identification and extraction

The Open-Circuit Voltage test:

The open-circuit voltage (OCV) of the battery is
the stable voltage value of the battery when the battery
is left in the open circuit condition. The test was
performed on the Lithium-ion battery to acquire data
for parameter identification. Using the Ampere hour
(Ah) method, the real capacity of the battery is
determined and used in the programming during the
experiment. After charging the battery, the battery
terminal voltage will gradually decline to a stable
value when it is left in the open circuit condition and
after discharge, the battery terminal voltage will
gradually rise to a stable value when the load is
removed. The electromotive force of the battery is
equal to the open-circuit voltage of the battery. The
battery electromotive force is one of the metrics used

to measure the amount of energy stored in the battery.
The relationship between the battery OCV and the
battery SOC can be attained through this experiment.
There are a few ways to obtain the open-circuit
voltage of a battery and include the stationary method,
also known as the direct method which is relatively
more accurate.

The program that controls the experiment which
resides on a computer connected to the battery testing
machine (BTS 750-200-100-4) is then set to follow
conditions to obtain a flow chart of the processes
involved in the experiment. The test consists of simple
steps and follows a logical sequence with a loop that
ensures continuity and data capture at relevant SOC
points. The first step is the capacity test that calibrates
the capacity of the battery and the subsequent steps
capture the OCV of the battery at specific SOC points.
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Figure 8: OCV experiment process

In the test, the measured voltages at the end of
each standby stage are regarded as the final open-
circuit voltage. All the values of the open-circuit
voltages at different SOC’s are measured and
recorded. Table 2 shows the OCV data obtained at the

various levels of SOC. These values were extracted
and used for the curve fitting that reveals the
relationship between OCV and SOC and further used
to obtain the polynomial equation for further
calculations.

Table 2: Values from the SOC/OCY test
SOC 1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
OCV | 4.1914, 4.0628| 3.9521| 3.8529| 3.7602| 3.6852| 3.6393| 3.6188| 3.5645| 3.4886

The OCV/SOC values were imported and using
the curve fitting tool, a relationship was realized
through the use of a polynomial fitting. The variation

of OCV with SOC obtained through the experimental
method is shown in (figure 9).
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40 F

%
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Figure 9: OCV/SOC Curve fitting
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The capacity and  Hybrid  Pulse  Power discharge capacity of each measurement not

Characterization (HPPC) Test:

The experiment is performed as a method for
parameter identification of the Thevenin model and
then data from the test conducted is analyzed and used
in equations to calculate the parameters. Taking the
GTK 3.7V 40Ah high-power lithium-ion battery as
the research object, the battery test equipment was is
BTS750-200-100-4. The HPPC experiment was
conducted on the lithium-ion battery according to the
"American Freedom CAR battery experiment
manual". The single HPPC working step was to take
1C (current 40A) constant current 10s, shelve for 40s,
and 1C (current 40A) constant current charge 10s, and
then shelve. The Capacity and HPPC experiments
performed on the high-power lithium-ion battery were
conducted according to the following steps.

1. The battery is fully charged using a constant
current of 1C followed by a constant voltage
of 4.2V. Then, the battery is discharged with
a constant current to its discharge cut-off
voltage of 2.75V. The experiment is repeated
three (3) times for the difference between the

START

to exceed 2%, and then the measured
capacity is deemed to be the actual capacity
of the battery.

2. The battery is left in the open-circuit
condition to rest for 40 minutes to achieve
electrochemical and heat equilibrium. After
performing step (1) on the lithium-ion
battery, SOC = 1.

3. Discharge the experimental battery at a
constant current of 1C for 10s, leave it for
40s, and charge at 1C for 10s, then leave it.

4. Discharge the battery with a current value of
40A for 6 minutes to decrease the battery
SOC to the next SOC point and leave it for
30 minutes.

5. Repeat steps (3) (4) 9 times to obtain the
complete data for the test.

The HPPC test is carried out using simple steps
in order to obtain the necessary values needed for
parameterization and further computation as far as the
research is concerned. The experimental process of
the HPPC test can be seen in (figure 10).

Figure 10: HPPC test process

Through parameter identification, the functional
relations of resistance, capacitance, voltage, and SOC
were obtained. Then, the circuit module was built in
Simulink/ MATLAB. The module contains other
submodules that assist in the processing, calculation,
and optimization of the interface for better simulation.
The EKF and the improved AEKF algorithms were
incorporated in this module as well. The parameters
identified in the experiment and subsequent use in
SOC estimation are compared with the results from
the simulated. This can be obtained by simulating the
construction and the design of function to operate on

is completed. Through direct comparison of the
curves, the error in parameter identification can be
observed and manipulated by changing the value of
parameter input, and the optimal simulation model can
be obtained by modifying the functions.

The experimental results from the OCV and
HPPC tests are used as the basis for parameterization.
The test was conducted at 0.1 SOC intervals from 1.0
to 0.1. When a current / is loaded, a voltage rise or
drop appears when there is a pulse charge or discharge
and this can be used to calculate the parameters.
(Figure 11) shows the test data for SOC at 0.9.
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Figure 11: Voltage curve for a specific SOC

The labels Uy to U7 represent values for various
segments of the curve corresponding to the battery
during the experiment. Uo.Us and Us.U; show the
discharge characteristics and charging characteristics
of the battery respectively.

1. The Up.U; segment shows the ohmic internal
resistance Ro, which depicts the rapid drop of the
voltage at the moment of discharge of the battery.

2. U,.U; shows the steady drop in terminal voltage
due to the polarization capacitor which is due to
the polarization effect of the battery as it is being
charged. This polarized capacitor is the zero-
state response of the 2RC series loop.

3. U,.Us shows the resting of the battery and the
disappearance of the load current, the ohmic
voltage disappears, and the rapid rise of the
terminal voltage.

4. Us.Us shows the steady rise of the terminal
voltage as the polarization capacitance
discharges through the polarization resistance,
forming a zero-input response of the 2RC series
loop.

The opposition to the flow of the current offered
by the battery itself resulting in the generation of heat
is measured in Ohms. Based on the voltage drop from
Up to U; for each of the SOC’s, the ohmic resistance
Ry can be deduced. The value of (Ri, Rz, Cy, Cs) as
seen in the Thevenin equivalent circuit diagram is to

make it stable and achieve possible desired outcomes.
Whenever the potential of an electrode is forced away
from its value at the open-circuit, R; is calculated.
This causes current to flow
through electrochemical reactions that occur at the
electrode surface. The value of R can be determined
using the voltage response of the battery cell to a
discharging current pulse and voltage and can be
calculated using the difference in voltage (U) over the
current /. The build-up of solutes on the membrane
surface due to convective-diffusive transport in the
boundary layer which can be linked to R, can be
determined and calculated using the difference in
voltage (U) over the current /. A capacitor is formed
when two conducting plates are separated by a non-
conducting media called the dielectric. The value of
the capacitance depends on the size of the plates, the
distance between the plates, and the properties of the
dielectric. The part of the polarization of the
battery resulting from changes in the electrolyte
concentration due to the passage of current through
the electrode C; is determined.

With these equations, the information can be
used to derive values of the parameters. This data can
then be simulated in Simulink MATLAB for
verification and validity of the values and the
modeling of the 2RC Thevenin equivalent circuit.
Table 3, shows the data acquired after the calculations.

Table 3. The model Parameter calculation result

SOC| OCVNV| RomQ| Ri/mQ| RymQ| Ci/10°F| Ci/10°F
1.0/ 4.1914] 0.0324] 00642 0.0578] 203215 19.2359
09 40628 0.0307] 00532 0.0635 20.7558  19.2560
0.8 3.9521| 0.0474] 00508 0.0657| 21.3673| 20.2565
0.7) 3.8529] 0.0474] 00635 0.0732] 21.6135] 20.6354
06 3.7602| 0.0542] 00676 0.0770| 22.6417) 19.6580
05 3.6852] 0.0568] 00730 0.0793[ 23.0131] 22.0827
04 3.6393] 00603 00725 0.0840| 22.1528] 21.8318
03 3.6188] 0.0603] 00832 0.0872] 22.3564] 20.2624
02 3.5645| 0.0604] 00841 0.0765] 21.0251] 20.4528
0.1 34886 00661 00762 0.0818 23.2540] 20.5187
.
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The values of the internal Ohmic resistance Ro,
the electrochemical polarization resistance R;, and
concentration polarization resistance R, calculated
from the proposed 2RC Thevenin equivalent circuit
are compared in (figure 12(a)). The values of the

electrochemical polarization capacitance C; and the
concentration polarization capacitance C, calculated
from the 2RC Thevenin equivalent circuit are
compared in (figure 12(b)).

0.10 T T T T T T T T T T 1 T T | I |
RO 23k _Cl_
——R1 —C2 ]
T —R2] 22
<)
m
o
0.06 |- - ~
@ 02 h
0.04 |- - 20 |- 7
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0.2 0.4 0.6 0.8 1.0 19 e b b bl
: * sode - ' 01 02 03 04 05 06 07 08 09 10
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(a) Resistance identification result

(b) Capacitance identification result

Figure 12: comparison of the identified parameters

According to the result, it can be observed from
(figure 12(a)) that, the internal resistance Ro decreases
steadily as  state-of-charge  increases. The
electrochemical polarization resistance R; first
increases and then decreases with an increasing SOC
and then increases again as SOC approaches the
highest point. The concentration polarization
resistance R first decreases then increases sharply and
gently decreases as SOC increases. From (figure
12(b)), the results show the variation in the curves of

3.2.2 Capacity test result

The capacity experiment was conducted for
calibration of the capacity, current, energy, and
voltage of the battery. According to the capacity
experiment, these various parameters can be deduced
and compared with the information provided by the
manufacturer to compare and see if the experiment
was successful or not. (Figure 13(a)) is the Capacity
variation curve with time and it can be deduced from
the figure that the Capacity of the battery is

the two capacitances are somewhat similar and seem approximately 40Ah. Three maximum values
to be fluctuating as SOC increases and finally obtained in the experiment are 39.1360Ah,
decreases when SOC is above 0.7 till it reaches the 39.2072Ah, and 39.2323Ah.
highest point.
o T T T T T T T T T T T T T T T
or 39.1360Ah 30.207270 PBBAN p 150000 - 1395345534mWh 136851, 3741mWh 139879.0435mWh -
125000
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Figure 13: capacity test results

Philadelphia, USA

262

2 Clarivate

Ana lytics indexed



ISRA (Indiay  =6317 SIS(USA)  =0912  ICV (Poland)  =6.630

. ISI (Dubai, UAE) = 1.582 PUHII (Russia) =0.126  PIF (India) =1.940

Impact Factor: g\ australia) =0564 ESJI(KZ)  =9.035  IBI (India) = 4.260
JIF = 1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350

(Figure 13(b)) shows the energy variation curve
and displays three maximum energy values obtained
in the experiment as 139.534Wh, 139.951Wh, and
139.879Wh. The energy of the battery is therefore
approximately 140Wh. The energy variation curve
fluctuates in the whole process since its main purpose
is to charge the lithium-ion battery when the constant-
current charge-discharge interval is carried out.
(Figure 13(c)) shows the current variation curve of the
capacity test and displays the maximum and minimum
current values obtained in the experiment as
20.0086A, and -40.0049A respectively. (Figure 13(d))

shows the voltage variation curve and displays the
maximum and minimum values obtained in the
experiment as 4.1998V which is approximately the
maximum voltage of the battery stated as 4.2V and
2.7495V approximately 2.75V stated earlier as the
minimum voltage of the battery.

The comparison of the current and voltage curves
from the experiment and how the variation is depicted
to achieve the capacity of the battery. The current flow
and the voltage can be seen and analyzed from (figure
14).

0 10000 20000

30000

t(s)

40000 50000 60000

Figure 14:Voltage/Current discharge variation curve

3.2.3 HPPC test results

The result from the HPPC test was used to
identify each OCV at specific SOC points. The
voltage curve is also useful in the identification of
battery parameters. (Figure 15(a)) and (b) shows the
schematic diagram of the HPPC terminal voltage and

eeeeeeeeeeeeeee

25 1 1 1 1 1

5000 10000 15000 20000 25000
t(s)
(a) Voltage variation curve
Figure 15:

From the result, it can be observed that as the
number of cycles increases, the battery terminal
voltage assumes a downward trend. The current
variation reveals that, as the number of cycles
increases, the discharge current increases. (Figure 16)

current curves with time respectively and illustrates
the mechanism of the HPPC experiment throughout
the test. The figure also emphasizes one of the SOC
points for reference and shows the single charge and
discharge variation in the experiment.

S i s e s p—— —]
0 -
40 b / -
30 b -

120 | .

L 1 P 1 . 1
5000 10000 15000 20000 25000 30000
t(s)

(b) Current variation curve

HPPC test result

shows the comparison of the voltage and current
curves from the HPPC experiment and the variation
with time. The overlaying curves shown in the figure
depict the real or actual occurrence with the battery at
specific times.

Philadelphia, USA

263

2 Clarivate
Analytics indexed



ISRA (India)  =6317 SIS(USA)  =0912 ICV (Poland) = 6.630
. ISI (Dubai, UAE) = 1.582 PUHII (Russia) = 0.126 PIF (India) =1.940

Impact Factor: g\ australia) =0564 ESJI(KZ)  =9.035  IBI (India) = 4.260
JIF = 1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350

5000 10000

15000

20000
t(s)

25000

Figure 16: Voltage/Current discharge variation curve

3.2.4 SOC estimation result

The experimental results and parameterization
did then used for SOC estimation. (Figure 17) shows
the estimation depicting a downward slope with time
as SOC reduces from 1 to 0.1. The result shows a

gradual decrease and fluctuating trend which is
because there is a process of alternating charge and
discharge during the experiment with the discharge
time longer than the charging time.

o 0.66 =

- 0.64 .=

5300. 5400 5500. 5600 _ 5700 |5800 5900 1
5 5 5 5

0 2000 4000

6000
t(s)

8000 10000 12000

Figure 17: SOC variation curve

3.3 Verification of research results

3.3.1 Voltage characteristics

The 2RC Thevenin equivalent circuit model is
established through parameterization with the HPPC
experimental results. To verify the validity of the SOC
estimated values in the simulation, the results are
compared with and the results from the HPPC

experiment and the computations done thereafter. The
value of current (/) in the experimental data obtained
by the test equipment is taken as the input condition,
and the simulation terminal voltage is obtained
through the simulation model and the experimental
terminal voltages are compared to obtain the results as
shown in (figure 18).
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Figure 18: Comparison of voltage variation curves

Where Ul is the change curve of real terminal
voltage data obtained through the HPPC test while U2
is the output terminal voltage curve obtained through
the simulation model. The figure shows the variation
trend of both the experiment and simulation curves is
similar to that of the actual test curve. This means that
the results can be verified and authenticated as
appropriate for use in any calculation toward the
accurate estimation of SOC.

3.3.2 Comparison and Verification of SOC
estimation result

To illustrate the adaptability and performance of
the improved adaptive Kalman filtering algorithm, for
SOC estimation, Beijing Bus Dynamic Stress Test

(BBDST) working condition experiment was
] . ] . ] . ] . | | hl
10 SOC1}=
=——S50C2
— SOC3
AOB -
S
o
(/)0'6 -
B %
e e T wer TP S .
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(a). comparison of SOC estimation curves

12000

-0.01 A [ A [ A [

designed and the effectiveness of the algorithm for
accurate SOC estimation was compared with the
extended Kalman filtering algorithm. SOC estimation
results from the proposed model and the use of the two
algorithms; the extended Kalman filtering algorithm
and the adaptive extended Kalman filtering algorithm
are then compared to assess and verify the validity and
efficient performance of the model and algorithms
implemented. The three methods are compared as
shown in (figure 19). It can be observed from the
figure that the three methods all follow the same trend
and have a good convergence. The same figure also
shows the difference in error margin comparing the
use of the EKF and the AEKF estimation curves with
that of the true SOC curve.

0 2000 4000

t(s)
(b). SOC estimation Error

6000 8000

Figure 19: SOC variation curves for three different methods

(Figure 19(a)) is the result of SOC estimation for
three different methods. SOCI1 is the true SOC value,
and SOC2 is the SOC estimate using the extended
Kalman algorithm and SOC3 is the SOC estimation
using the adaptive extended Kalman filter. (Figure
19(b)) is the error curve obtained through the
difference in SOC values of the two algorithms. The
error of SOC estimation using the extended Kalman is
around 4.97%, and the error of SOC estimation using
the improved adaptive extended Kalman algorithm is

less than 1.85% and has a strong correction function.
In recent years, researchers have proposed some
new estimation methods to help correct the errors with
especially the traditional SOC estimation methods.
The use of these improved and adaptive methods
would reduce the estimation errors as much as
possible and improve the estimation accuracy. In the
actual battery management system, the methods to
estimate the SOC of the battery are all traditional, and
most of these new methods are only in the theoretical
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research or simulation stage.

4. Conclusions and Further Research Plan

In the quest to improve the accuracy and
reliability of the lithium-ion battery state of charge
estimation in this study, the 2RC Thevenin model was
established and the parameters were obtained. This
model was used due to its advantages of low error,
long-term testing, and accounting for polarization
effects and transient analysis for power battery
charging and discharging. The steps used in the
experiment were simple and convenient, and the
algorithm complexity, very moderate making the
experimental results obtained accurate and
appropriate for parameterization. The maximum
relative errors of the 2RC Thevenin equivalent models
using both algorithms were all less than 4.97%, which
can generally satisfy the precision requirements for
practical engineering calculation, such as algorithms
based on ECM for advanced BMSs. The choice of an
adaptive law for the process noise covariance matrix
shows an improvement in estimation performances. In
terms of maximum estimation error, the EKF result
was 4.97%, while with AEKF this range reduced up to
1.85%. The extended Kalman filter algorithm used
effectively reduces the influence of nonlinear
equations and successfully realizes the SOC
estimation of the battery. The improved adaptive
extended Kalman filter algorithm for SOC estimation
used in this work can effectively and accurately
estimate the battery SOC and has high precision
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Abstract: The article deals with the interference, structure, meanings and contents of the word philology. The
structure, branches and explanations in the formation of speech of the student s in the contacting English-Uzbek
languages.

The problem of language interference being a process which regards the mastering of a second language,
appeared as result of transference of speech skills from one contact language into another (from the native language
into the second one), has concerned researchers for decades.

Interference, once appeared in linguistics, when a foreign language began to be taught in different schools,
educational establishments, later. Every teacher knows that English language in Europe began to develop earlier at
the beginning of its middle formation. At that time England began to export its goods of human usage life style.
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Introduction These experiences are two types. Mother longue
UDC 372.147.811 experience and mental experiences. Mother tongue
experiences can be seen in language learning
In the process of teaching and learning English processes. What are they? First students before
there are important terms in linguistics. Their learning a target language have mother tongue
meanings, usages and their roles are grate in the experiences. Their experiences in language 1 will be
formation of speech, understanding and mastering used while learning the target language. The first
English. Of course, the students before learning any language- Language 1 has its phonological,
foreign language they have to understand the terms , morphological, grammatical and syntactical specifics.
their meaning which are being taught as language Every of them has a firm knowledge print in their
phenomena. brains. They always are ready to be used by the
Further the first language —mother tongue (L1) learners.
and the target Language (L2) will be used in learning In learning language 2-target language the
language2-target language, students (pupils) have learners use mother tongue in the life style. the ways
previous language 1 experiences. According to L.B. of expressing of feelings, thoughts and mental
Sherba learners of a target language and can masterly outlooks. These factors are also influence for learning
operate with them. a target language.
[ ]
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So, the learners meet (with) some difficulties. Hall lesson lamb
They are phonological, lexical, grammatical and Fall love lamp
called as interferences. These interferences may be ma Call live lips

two types. They are inter-lingual and intra-lingual.
Intra-lingual interference may occur in any case of
usage language phenomena. They may be called as
phonological, lexical and grammatical in linguistics.

In the social and moral interference the learners
may meet in expressing their feelings and thoughts in
a target language. Any nation any person while
expressing their thoughts use their historical,
traditional, cultural, educational and national
experiences. While expressing feelings and thoughts
the learners have to be more attentive. Because, moral
way of life plays more important role in acting and
behaving in the real life style.

Academician L.B. Sherba was right because any
learner has at his disposal ready outlooks knowledge
in various subjects in surrounding world. Yet, it may
be any kind of activity, thought, behave, play, talk,
spending time, sightseeing, eating, living and other
cultural, moral feelings and activities. They all
influence in understanding each-other by the
representatives of the two language speakers.

If to take into consideration language
interferences in this case it should be taken only
language phenomena. Any language is analyzed in the
following four levels. They are phonological,
morphological, lexical and grammatical.

In phonological level the sound system of the
two languages Lland L2. professor S.Ph.Shatilov
wrote: The sound system of the comparing languages-
L1 and L2 can be described in the following way:

a. 1) similar sound;

b.  2) half (partially similar);

c.  3) quite different sounds.

He is right with his personal outlook knowledge
and understanding, on the one hand. On the second
hand, the analyses may be different by different
scholars- scientists. Inside the phonological system
one can find differences even in similar sounds.
Describing this associate professor Kh. M.
Makhmatkulov gives the following explanation and
examples: Similar sounds as [k], [n], [m], [1], [b]. [9],
[d], [z], [o], [p], [s] and some other sounds.

But these sounds in English and Turkic
languages are considered to be similar, in pronouncing
some of these sounds are differences. For example, the
sound [I] has different pronunciation types in the
following words: We may call them [I]1, [1]2, [1] [3 .

Lj1 L2 13
Tall let language
Ball lend lasso

B. Half —similar sounds. They are - [r], [t], [V],
[f] , etc. which sound half- similar in pronunciation,
but in pronouncing some words with them, there can
be heard and understood that there one feels the
differences .

C. Quite different sounds- The following
sounds as [w], [Q], [0]. pronunciation of these sounds
need special attention. The organs of speech work
quite different.

The analyses of these sounds and the
pronunciation show that their difficulties in
pronouncing need from teachers special ways of
showing how to pronounce them in order to be able to
pronounce perfectly. Teachers have to show, to train
their pronunciation with the help of different technical
and nontechnical aids, pictures, visual aids and other
didactic mater

In order to eliminate language interference, first
of all teachers must make clear what are the the
language phenomena and language levels. Professors
Haymovich and Chakhayan put questions: what is
phoneme?-the smallest distinctive unit. What is
morpheme?-the smallest meaningful unit. What is a
word?- the smallest naming unit. What is a sentence?-
the smallest communication unit.

If to analyze language units, there are different
language interferences. The teachers tasks are to find
the sources of their appearances and to differentiate
them and to look ford of their elimination of these
interferences.

At the beginning of this article it was given the
term philology and its inter privation. What is
“philology”?- the study of language; especially, the
study of how languages and words develop.
Definition: the study of literature and of disciplines
relevant to literature or to language as used in
literature.

2. a: linguistics; especially; historical and
comparative linguistics; b: the study of human speech
especially as the vehicle of literature and as a field of
study that sheds light on cultural history. Philology
(from Latin) love of literature; from Greek-
philologos- found of learning and literature from
phil+logos; word speech- legend.

In conclusion it can be said that any term in
linguistics has its meanings and contents. The teachers
have to use them and give their meanings in a correct
way in order the teachers may understand any term
and their usage in language speech.
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NEW APPROACH IN TEACHING COLLOID CHEMISTRY

Abstract: This article is devoted to the consideration of such issues as: the quality of education, the process of
forming a credit-modular system in higher educational institutions, teaching colloidal chemistry.

The rating system for assessing the performance of teachers is becoming a necessary requirement in increasing
the efficiency of each university. The quality of education in modern conditions is determined by factors characteristic
of many educational institutions: there is a gradual targeting from industry to information content; education and
science are designed to make up for the high quality of education.
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HOBBI MOJIXO0/I B IPENNOJABAHUAN KOJUIOUJTHON XUMHN

Annomayusn: Jlaunas cmamvsi NOCEUEHA PACCMOMPEHUIO MAKUX 80NPOCOS, KAK: KAYeCmeo 00pa30eanusl,
npoyecc Gopmupo8anusi KpeoumHo-moOYIbHOU CUCHEMbL 6 GbICUIUX YUEOHbIX 3068e0eHUsX, NPenoodéaHue
KOJLIOUOHOU XUMUU.

Peiimuncosas cucmema oyenuganus pe3yibmamos pabomvl npenooagameneti CMAaHOBUMC HeoDX0OUMbIM
mpebosanuem 8 nosviueHuy dhdekmusHocmu pabomsl Kaxicoo2o 8y3a. Kauecmeo obpazoeanusi 8 cO8PEMeHHbIX
VCA08UAX 00YCAABNUBACCS (DAKMOPAMU, XAPAKMEPHBIMU OJis MHO2UX 00PA308AMENbHbIX 3A8€0eHUIL: NPOUCXOOUM
NOCMENneHHoe HAYeIusanue Om NPOMbIUIEHHOCIU K UH@DOPMAMUSHOCMU; 00pazosanue U HAYKa NPU3BAHbL
B0CHONIHUMb BbICOKUM KAYECMBOM 00YYEHUSL.

Knrwouesvle cnosa: xauecmeo obpazoseanus, opmuposanue, HAYYHOCMb, KPeOUMHO-MOOYIbHAS CUCmeMa,
KOJUIOUOHASL XUMUSL, COBDEMEHHBLE YCNOBUSL.

Beenenne BBICOKHUM KAa4yeCTBOM  YEJIOBEYECKOro KamuTana
YK 371.321 HEIOCTATOK KaIluTajia (PMHAaHCOBOTO; B COBPEMEHHOM
o0mIecTBe OBICTPO OCYLIECTBIACTCS KaK HAKOIICHHUE

B HbelHemHee BpeMs CHCTEMAa  BBICIIETO HAYYHBIX JAHHBIX, TaK ¥ UX yCTapEBaHUE.
npo(ecCHOHABHOIO  00pa30BaHUA —IIpeTepIeBacT K omHumM M3  OCHOBHBIX  DJIEMEHTOB
HOBBIH 3Tan 00pa30BaTEIbHON MOJENHU INOJTOTOBKH (opMHpOBaHUS CHUCTEMBI KauecTBa IOJTOTOBKH

npernojaBaresei, B KOTOPOi KBATU(HUKALHS SIBIISIETCS KaJIpoB B BY3aX OTHOCSTCS CJIEAYIOIINE:

OJIHOM U3 BaKHEHUIINX 3a/1a4. HayuHocTs, npodeccronanpHas
KauectBo oOpasoBaHMs B  COBPEMEHHBIX OpUEHTUPOBAHHOCTb, CHUCTEMHOCTh u
YCIIOBHSIX o0ycaBnuBaeTcs (axropamu, KOMIIJIEKCHOCTb, COUETaHHE COBPEMEHHBIX MOJXO0JI0B
XapakTepPHBIMH  JIsI MHOTHX 00pa3oBaTENbHBIX B YIOPaBIEHUM - BCE OTU IOHATHSA SBISIOTCA
3aBEJICHUI: MIPOUCXOTUT MOCTEIECHHOE HalleINBaHHE OTIpEIENIAIOUIMH. Hosmrectso, KOTOpOE
OT  MPOMBIIUIEHHOCTH K  HH(OPMATUBHOCTH; MIPETEPIEBAET CErOAHSA BBICINAS IIKOJIA, B IIOJHOW
oOpa3zoBaHMe ¥ HayKa MpPHU3BaHBl BOCIIOJHUTH Mepe 3aTPOHYJO KaXAOro IpernojaBaTens. OITo
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[EPEOCMBICIUBAHME NPENOAABAHMA B By3ax H 00pa3oBaHus IOBBILAETCS, OJaroaaps CleayroIuM

BHEJIPEHHE HOBBIX 00pa30BaTENIbHBIX TEXHOJIOTHH,
Bce OoJblLIe BHEAPASTCS B Ipolecc OOydYeHUs M
JIICTaHIIMOHHOE o0yueHwue, aKTHBU3AINS
I/IHHOB&HI/IOHHOﬁ JACATCIIBHOCTU.

Ha cerognsamraunii neHp Bee 0obiie TpeOOBaHMiA
K mneparoruueckuM BY3am c¢ 1enplo HOBBIIEHUS
peituHTa B cepe 00pa3oBaHM, XapaKTEPH3YIOIIHX
nyqmue By3sl Mupa. IloBbicuBIIMECS TpeOOBaHMS K
BBICHICH IIKOJIE MPOJWKTOBAHBI HEOOXOIMMOCTHIO
BCTPOUTH  BhICIIEE O0Opa3oBaHHME B  MHPOBOE
obpa3oBaTeNlbHOE  MPOCTpaHCTBO. Bce  Goublie
TpeOOBaHUH K IperojaBaTeNsiM By30B. K TakoBBIM
OTHOCAT HMHACKCBI HUTHPYEMOCTU B ny6ﬂyu<aum[x,
00BbeMBl  (PMHAHCHUPOBAHMS HAYYHBIX IIPOCKTOB,
Y4YacTBYIOIIMX B KOHKYpCax, MOJTy4YeHHE MaTeHTOB Ha
n300peTeH s, a TAK)Ke MHHOBAIIMOHHAS IESITEIbHOCTD
B npenojiaBanuu [1]

Pelitunrosas cucTreMa OLICHUBAHU
pe3ynbTaToB pabOTHI TIperojaBaTesiel CTaHOBUTCS
HEOOXOAMMBIM  TpeOOBaHHWEM B  IIOBBILICHUH
3P PEeKTHBHOCTH PabOTHI KaXKAOTO By3a [2].

B ocHOBY peHTHHrOBON CHUCTEMBI By3a MOTYT
ObITH TIONIOXKEHBI KaK YK€ Ha3BaHHBIC KPHUTEPUH
(myOnMKanoHHAsT aKTHBHOCTh MPETOaBaTelis, ero
3 (EeKTUBHOCT, B MOJrOTOBKE HAYYHBIX KajapoB,
ydacTHe B HAaydHbIX KOH(EpEeHIHAX), TaK u
METOJMYeCKass COCTOSTENIBHOCTh  IpenojaBaTens
(pa3paboTka HOBBIX 0O0pa30OBaTENBHBIX IPOTPAMM,
pabounx mporpaMM MOJyJeHd M JUCHUIUIMH, KapT
KOMIIETEHIIHH, CO37JaHNe KyPCOB ISl 3JIEKTPOHHOTO 1
JIICTaHIIMOHHOTO OO0YyYeHUs, HalcaHne Y4eOHUKOB)
[3,4]. BrkuroueHsl B pPEHTHHIOBYIO TaOiuuLy U
paszensl, MIOCBSIILICHHBIE MHHOBALMOHHOM
JIesITEIbHOCTH Mpernoaasares. [5,6,7]

PesynbraTs! Hay4HOH JIeSITEIIbHOCTH
YUUTHIBAIOT ~ KOJMYECTBO  LUTHPOBAHWUH  pabOT
IpernofaBaTens 3a MOCIeAHWEe IATh JeT. llpm
GaTbHOM OLICHKE HayY4HBIX myOsmKkanmit
MMPUHUMACTCA BO BHHMAaHHUC HE TOJIBKO YPOBCHb
myOnukanuii (cTaTbu, yareHHbIe cucteMamu Web of
Science, Scopus, Tpy/ibl, H3IaHHBIC B [ICHTPAIBHOMN U
3apyOeXHOW  me4yaTH  WIM  YHHBEPCUTETCKOM
W3JIaTeNbCTBE, MyONMKAlMK B KypHANaX U3 NEepeyHs
BAK), HO 1 uMnakT—(}akTop Hay4HOro >XypHana, B
KoTopoM omyOnukoBaHa cratbs [8]. Heobxomumo
YYECThb, YTO B YHMBEPCUTETAX CTPaHbl €CTh HEMAJO
CHocoO0OB  CTHUMYJIMPOBAaHHS  IpenojaBaTele,
MMEIOIUX BBICOKUH PEUTHHTOBBIN Oami. 310
MIPUOPHUTETHOCTD KOMaH/IHPOBOYHOTO
(uHAaHCHpOBaHMS,  BO3MOXHOCTH  JUIMTEIBHBIX
Hay4HBIX CTRXXKHPOBOK | Jp. [8].

Taxue SIBIICHUS KakK MOHUTOPHHT,
IUTAaHUPOBAaHHE U YIpaBJIECHHE, T.C. COBOKYIHOCTb
pa3NUYHBIX MEPONPHATHH, MPOLECCOB, a TaKKe
JIOKyMEHTOB, HallpaBJICHHBIX Ha CO37IaHKE, B TIEPBYIO
ouepe/b y KOJUIEKTHBA By3a, yBEPEHHOCTH B TOM, UTO
pe3ynbTaThl, Kacaloluecs KadecTBa 0Opa3oBaHUs
OyayT momy4eHbl. BakHo H00aBUTBH, YTO Ka4eCTBO

LIEJISIM
1. OZOTYETHOCTH H
JIESITETBHOCTH BY30B;

MIPO3PAvYHOCTh

2. TOBBIIICHWE KadyecTBa 0Opa3oBaHUs B
9KOHOMHYECKOM, COLMAIBHOM H  KYJIBTYpHOM
IIOHUMAaHWH, a 3HA4YUT- IIOBBILIICHUEC
KOHKYPEHTOCIIOCOOHOCTH BBICIIIAX Y9eOHBIX
3aBCACHUN;

3. COmoCTaBUMOCTH porpamm Ha

HaIMOHAIFHOM W MEXIyHapOJHOM ypOBHE;

JlaHHBII TepeveHb SABIAETCS HEOOXOIUMBIM
YCIIOBHEM ISl 00eCTieueHHs KauecTBa 00pa3oBaHus B
By3ax.

3T0, B CBOIO OYEpEeb, CBA3AHO C Pa3pabOTKOM U
3¢ PEeKTUBHBIM UCIIOJIb30BaHNEM PpasIMYHbBIX
SNIEKTPOHHBIX TEXHOJIOTHH, YTO MO3BOJIUT U3MEHUTH
BCIO cucTeMy MH()OPMAIMOHHOT O,
MPOrpaMMHO—METOINYECKOTO obecrieueHus
00pa3oBaTeNbHOTO Iponecca (TIOUCK CIIPaBOYHOTO
Marepualla, OCyIeCTBIECHHE OIlEHUBaHMUs, 00paboTKa
pe3yNbTaTOB OLEHWBAaHWS W 1p.). Bmecte c Tem,
UIEKTPOHHYIO CHCTEMy KadecTBa 0Opa3oBaHUS
MOXHO CO3/laTb TOJBKO IIPH YCIOBUH UETKOIO
OTIpeZIeTIeHNs LeNe M 3a7ad OLCHWBAHMS KadecTBa
00pa3oBaTeNbHOTO MpoLecca B By3e.

bnaromaps aHaIN3y
OGpa:’:OBaTeJ’ILHOFO 3aBCACHUA u JOCTUTHYTBIM
pe3ynbTatam HpeAIaraeMoi MOJETH
COBEpLICHCTBOBAHUS JIEITEIILHOCTH BY3a CHCTEMa
KauecTBa OOy4eHUs] B By3e HalelieHa Ha
MoJ|Iep)KaHKe BBICOKOKAUYECTBEHHOTO "
KOHKYPEHTOCIOCOOHOTO YPOBHs BBICIIIEI'O
obpasoBaHus. K TakoBBIM OTHOCAT: KadecTBO
TUIAHOBO—OPTraHU3aI[IOHHOE obecrieuenue,
MpernoiaBaHue, BHEZIPEHHE WHHOBALMOHHBIX
TEXHOJIOTUI OOy4eHHs ¥ T.[. BbINONHEHHE HOBBIX
MOJXO00B B 00pa30BaTEILHOM ITPOIIECCE By3a CITYKUT
€ro  CTa0WIBHOMY  DPa3BUTHIO,  ITOJUICPKAHHIO
PE3YJIBbTaTUBHOCTHU HHHOBaHHOHHOﬁ JCATCIIBHOCTHU B
00acTH TOINTOTOBKH KOHKYPEHTOCHOCOOHBIX ¥
KOMITETEHTHBIX KajpoB [9,10].

CucremMa KadecTBa 00pa3oBaHHUs KOJUIOMIAHON
XMMHHU B BY3€ MOXET OBITH OXapaKTepHU30BaHA IO
HECKOJIbKUM IpHU3HAKaM, KaK:

— COlMANIbHAS ¥ INYHOCTHAS;

— JUHAMUYEeCKas;

— OTKpbITast (B3aMMOJCHCTBHE C BHEIIHEH
cpenoii);

— IIeJICHaNpaBIICHHAS;

— pa3BUBaIOIIANCS;

— I[IEHHOCTHO—OPHMEHTHPOBaHHAs (LIEHHOCTb
podecCHOHAIBHOM JIESITENLHOCTH).

D¢ dexTuBHOCTD BHYTpEHHei CHUCTEMBI
OLICHMBAHMS KauecTBA 00Pa30BaTEILHOTO MPOIIEcca B
By3e BO  MHOIOM  OIIpeleNsieTcsi  ypOBHEM
HayYHO—TIPENOAaBaTEIbCKOI0 COCTaBa, ero
TOTOBHOCTBIO K  BHEAPEHUIO  IEJarOrMYecKHX

JACATCIIBHOCTHU
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WHHOBAlMi B OOydYeHWH, BOCIMTAHUM M DPasBUTUH UHPOPMAIIMOHHO—TEXHUYECKOI JEATENBHOCTH,

OyAyIIHUX CIICIATHCTOB [9].

Takum oOpa3om, ypOBEHb pa3BUTHSI U
BHEAPECHHUS MH()OPMAITMOHHBIX TEXHOJIOTHH,
MHOTOTrpaHHOe OOy4eHHE TIO3BOJISIFOT  YHPABISTH
KayecTBOM  OOpa3oBaTelbHOro  mpomecca. B
HBIHEIIHEEe BpeMs colepkaHue o0pa3oBaHUs B
BBICIIEM yueOHOM 3aBeICHUN JOJIKHO
MPEJOCTABIIATE!

-BBICOKHH yPOBEHb KyJbTYphl JIMYHOCTH -
o0mieit 1 nmpodheccHOHaTBHOMH;
- CHOWsSHUE B HAIMOHAIBHYIO U MHPOBYIO

KYJBTYpY.
I'oTOBHOCTB BYy3a K CO3aHUIO MHHOBAIIMOHHBIX
ycnoBuii  o0y4deHHs ~ OyAymIUX  CHEIHAIUCTOB-

XMMHKOB O3HAa4aeT COBOKYIHYIO TOTOBHOCTb K
Hay4YHO—HCCIIE0BATEIbCKON pabore,
MH)OPMAMOHHO—aHAJIUTHYECKOH u
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HCCJIENOBAHME YCJOBAM YCTOWYUBOCTH CTALIMOHAPHBIX BPAIIIEHUI POTOPA
I'MPOCKOIIA COEPUYECKOU ®OPMbI

Annomayus:. B pabome uccnedyemcs ycuogus yCmMoOUYUBOCMU CMAYUOHAPHBIX PAWEHUU NPOBOOSE20
abconomHo meepoo2o mena (POmopa 2upockona) cgheputeckoti hopmel npu packpymxe HeKOHMAKMHO20 SUPOCKONA
6 conpomuensowelics cpede 8 cayuae ObICMPLIX 6PAWJeHUll 2UPOCKONA, K020a KUHEeMmUyYecKds dHepeus pomopa
8eIUKA NO CPABHEHUIO C MOMEHMOM CONPOMUGTIEHUS U AKIMUSHBIM 8PAUATOUUM MOMEHTHOM.

Knroueswie cnosa: abconomno meepooe meno, pecyisipHas npeyeccus, 6biCOKOYACHOMHOe MAsHUNHOe noJe,
HEKOHMAKMHbI 2UPOCKON, POMOP SUPOCKONA, KUHEMUYeCKas dHepausl, MOMEHm CONpomueienus, Kodghguyuenm
NOAAPU3YEMOCMU, DJIUNCOUO UHEPYULU, Y20l HYMAayuu.

Brenenue Sin?9 = A/B, Ly=-C/D
UDC 681.38(62-251) rue

A = (4nz(ed +el) =2 bv/2eleDI, —
(8n.ei —2 bv2eled)ls,

B = b\2ef(e3 —e)(Is — 1),

B pabore [8], ,0bI1 paccMOTpeH BoOIIpoC 00
YCTOHYMBOCTH 110 OTHOILICHHIO K IIEPEeMEHHBIM &, L, ¥

HaWJIGHHBIX  CTallMOHApHBIX JABWKEHUH poTOopa _ 11
HEKOHTAaKTHOTO  TI'HPOCKONA,  COOTBETCTBYIOIIMX g_ i\(/i(? 611)5113}) Va6l 1y
0COOBIM TOUKAM: =4(n3ly —nylz3) + ezl —ejly),
Sin19 — 0 L — aﬁell13 a= F(0.5)£0/\/E/\/6, b :F(l.S)SO/\/E/
0 'O 2ng-by2e} w32, T - ramma Qyskmms, £y = ¢ //4mAop —
V2 (ed+ed)ly
Cos9y =0, Ly=-—"8740
0 ! 0 4n;-bv2(el+el)
~N .
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MaJIbIi napamerp npu pEILICHUN YCIOBHSL ~ YCTOMYMBOCTH  CTAlMOHAPHOrO
COOTBETCTBYIOLICH 3IEKTPOANHAMUYECKO 3a0a9H, (W BpAILIEHUS] BOKPYT MOJSIPHOM OCH
- yrioBasg  CKOpPOCTh  BpalleHHs  BEKTOpa N;>05 N;>025p L/I;>],(N) (4)
HANPSDKEHHOCTH MAarHUTHOTO IoJIst [2]. YCIOBUSL ~ YCTOMYMBOCTH  CTAIMOHAPHOrO
[IpeanonoKuM, 4TO MOMEHT UCCHIIATHBHBIX BpAIlEHUs BOKPYT 3KBATOPUAIILHON OCH
CHIl sIBJsIeTCS  JIMHEHHOW  (yHKUMeW  yriioBoii N;>05, N;>025(p+1),
CKOPOCTH TeJia ¥ B MPOCKIHUIX HA OCH TPEXTPaHHUKA /L < Ji(N) (5)

X uMmeeT BUJ [4]

M, =-NQ,
rae N = diag{n,,n,,n3} - tnaronansHas MaTpuIa ¢
MOJOKUTEIBHBIMH ~ DJIEMEHTAMH, CTOSIIAMH HAa
raaBHOM amaromamm, <2 -
TBEPJIOTO TEJIa.
Beens mnapamerp p = ei/el - orHomenue
K03 (QUIEEHTOB MONAPH3YEMOCTH POTOPA,

1 3
Ny=—F+—, N3y=——,
1 by2el N

yrijioBasg CKOPOCTb

- HOPMHUPOBaHHBIC K03 GHUIIMEHTHI
COIPOTHBIICHHS,  XapaKTEPH3YIONIHE  BSI3KOCTh
OKpyXxaromied  cpenpl, Obutn  momydensl  [10],

cootHommeHus (1), (2) u (3), oTpaxkaromme yCIOBHS
YCTOHYMBOCTH  CTAllMOHAPHBIX  BpAIICHUH U
peryJspHOit MPELeCCHH npu packpyTKe
HEKOHTAKTHOI'O T'MPOCKONA B COMPOTHBISIONMISUCS
cpele B ciiyuae OBICTPBIX BpAIICHU THPOCKOIA,
KOrJla KWHETHUYECKas SHEPrus pOTOpa BElUKa I10
CpPaBHEGHHI0O C MOMCHTOM  CONPOTHUBJICHUS U
AKTHBHBIM BPAIL[AIOI[IM MOMEHTOM:

YCIIOBHS YCTOMYHBOCTH CTaI[IOHAPHOTO
BpaIleHHsl BOKPYT MOJISIPHO# ocH
1 p I3
Ny>-, Ny >7 Z>]2(N) 1)
YCIOBHS yCTOMYHUBOCTH CTaIOHAPHOTO
BpallleHHs BOKPYT 9KBaTOPUAILHOI ocH
1 p I
N3>E' Ny > i>]2(N) 2

YCIIOBHS YCTOMUMBOCTH PETYJISIPHON IIPELIECCUU
npu

1 prL N phl
0<p<1,N3>2, N1>4 ’NS 2:

U IIpU
1 p+1 Ny p+1
p>1, N3>E, N1>T;N_3 TJ
() <3/ <J,(n) (3)

rue
(4N3-1)(p+1) (2N3)(p+1)—-p
L) =——""—=, () ="—_——.
8N1—(p+1) 4N1-p
OTH COOTHOLICHUS YNOOHO TPEICTaBUTH B
0e3pa3MepHOM BHIE.
BBenem mapametp p = esi/el - OTHOLIEHHE
K03(p PHUIIMEHTOB MOJSIPU3YEMOCTH POTOPA,

1 3
M= vzer M T e
- HOPMHUPOBaHHBIE K03 GHULIMEHTHI
COIPOTHBIICHHS,  XapaKTePU3YIOLIME  BSI3KOCTh
OKpYXKaroulei cpeabl.
Torna nmeem:

YCIIOBUS YCTOWYMBOCTH PETYISPHON TPELecCui
npu 0<p<1, N3>05 N >025(p+1),
Ni/ N3 > (p +1)/2),

u npu p>1, N;>05 N; >025(p+
1, Ni/Ns < (p +1)/2),

Ji() < I3/ < J5(n) ®)
rae
Ji) = S,
Ja(n) = ((2N3)(p + 1) = p)/(4Ny = p)
B Ka4deCTBC npumepa HCIIO0JIb30BaHUA

MOJTYYEHHBIX YCIOBHIA, PACCMOTPUM YACTHBIN CITydai
KOT/Ia BHEIIHSS MOBEPXHOCTh POTOpA MPEICTABIISET
co0oii cepy U CleI0BaTEIHHO,
n,=n,=nz3=n
[Ipu 3ToM HepaBeHcTBa (4), (5), (6) MoryT OBITH
MMPpEACTAaBJICHBI B BUC!:
pH p>2, x>p/dup<2 x>

0.5 I3/l > Jo(x)

mpu p<1, x>05up>1x>

(p+1/4 I/ <Ji(x) O

npu p>1Lx>(p+1)/4up<l x>
05 Ji(x) < I3/I; <J(x)

e () = A, () = B
p =es/el, x =n/(bV2el) - 6e3pasmepHbie
TapaMeTphL.

BeeleM Ha  TUIOCKOCTH  TIPSAMOYTONBHYIO

CUCTEMY KOOpAMHAT C OCAMM, IIO OJHOM M3 KOTOPOM
Oy/leM OTKIIQ/bIBaTh 3HAYCHUS X, a MO JAPYroi
orroturenue I3 /1 .

Ha sTo#t mmockocTH rpadmKu 3aBUCHMOCTEH

I/ = ,(x) nI3/1; = ], (x)

MpeJCTaBisieT co00i B 001IEeM citydae runepoosbl. x
B3aUMHOE PACIIOJIOKEHUE TIOIHOCTHIO XapaKTepH3yeT
obylacTh  yCTOWYMBOCTH  HaWJEHHBIX  YacTHBIX
pelIeHui.

PaccmoTpum cienytoniye BO3SMOXKHBIE CITydaH.

[TycTh TEH30p MONSIPU3YEMOCTH IIAPOBOH, T.€.
p = 1. B atom cnyuae

I/1I; = J,(x) =1 (puc.1).

Ob6nacTsiMu YCTOWYUBOCTH OynyT ZIBE
OECKOHEYHBIE TOJIOCHI:

- OTBEYAET YCTOMYMBOMY BpAIICHUIO BOKPYI
HOJISIPHOM OCH;
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- YCTOMUYUBOMY BpAILICHUIO BOKpYT BpallleHUM Tena BOKPYT HKBATOPUAJIBHOW OCH,

9KBaTOPHAJIBHOW OCH. 371eCh YYTCHO HEpPaBEHCTBO
I;/1; <2, KXOTOpOMY [O/DKHO  YIOBJIETBOPSTH
peanbHOE TeIo.

Takum obpazom, mpu p=1 Temo co
CIUTIOCHYTBIM  3JUTMIICOWJIOM HHEPIMHA YCTOWYHBO
BpallaeTcss BOKPYI TMOJSAPHOM OCH, peryJsipHas
npereccus He CYIIECTBYET, a TeJI0 C BBHITSHYTHIM
SJUINTIICOMJIOM ~ HWHEPIMH  YCTOMYMBO  BpAIAcTCs
BOKPYT 9KBAaTOPHAJIBLHOMN OCH.

ITycte Temepp TEH30p MOJSIPU3YEMOCTH HE
mapoBoii, T.e. p # 1. B atom ciayuae J;(x) u J,(x)
UMEIOT OOLIYI0 TOPU30HTAIBHYIO aCUMIITOTY

P=(p+1)/2,upux — oo.

Ha pucynkax 2 — 4 moka3aHO paclOJIOKEHHE
o0nacTeil yCTOWYMBOCTH B 3aBUCUMOCTH OT BEJIHMYHMH
napaMerpa p.

Ob6nacte  obo3HaueHHass  (8),  orBedaer
YCTOWYMBOMY BpAIllCHUIO BOKPYI IOJSIPHOM OCH,
gepe3 (9) o6o3HaueHa O0ONAcTh YCTOHYMBOCTH

3alITPUXOBaHHAS obnactpb COOTBETCTBYET
yCcTOWYMBOM  perymspHoi npeuneccun. O6nactu
YCTOWYHMBOCTH MOIIAPHO HE TIEPECEKAIOTCS.

B cnyuae p > 3, xpusbie J; (x) u J,(x) Bcrogy
JIe)XaT BBIIIE TOPU30HTAIBHON acHMNOTOTH P > 2. B
ciyyae, korna HepaBeHcTBa (7) He BBINOJHEHHI,
CYIIECTBYET HEYyCTONYMBAs peryJisipHas PELECCHusi, 1
TEJIO BBIXOAWT JHOO Ha PEXHUM BPALICHUS BOKPYT
MOJISIPHOM OcH, MO0 Ha PEXHUM BpAILEHUS BOKPYT
9KBaTOPHAIILHOM OCH (B 3aBUCHMOCTH OT Ha4yaJbHBIX
YCIIOBHI).

B cnyuae ycTOHYMBOI perysspHOil Npeneccuy,
yroJ HyTanmu ¥ HaXOAWTCS U3 PaBEHCTBA

(4x(p+1) = 2p)I; — (8x — 2p)I3
(p—1DUs—1)
KaK BHUIHO U3 3TOro paBeHCTBa, B 3aBUCHUMOCTH
OT TapaMeTpoB p,X Yroa HyTamuu U MOXET
HpI/IHI/IMaTL pa3HBIe 3HAYCHU.
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Introduction

In order to further improve the construction
industry, form mechanisms for the consistent
development of architecture and construction
institutions, ensure the efficiency of the public
administration system, progressive implementation in
the field of digital technologies; the President's decree
approved the Strategy for modernization, accelerated
and innovative development of the construction
industry of the Republic of Uzbekistan in 2021-2025
[1].

Analyzing the above indicators, one can see that
there is a stably positive dynamics of growth in
construction volumes and similarly repeated rates of
GDP growth, but with a slightly different amplitude.
As a result of the pandemic, at the end of 2020, GDP
growth amounted to 101.6%, while the volume of

Doi: éos¥ef https://dx.doi.org/10.15863/TAS.2021.05.97.53

construction work increased by 109.1% compared to
the previous year.

The republic is also carrying out large-scale
work to further deepen structural reforms in the
construction materials industry, aimed at ensuring
sustainable growth rates of production and export of
competitive products, as well as modernization,
technical and technological renewal of enterprises.

Methods.

The achieved level of cement production of
about 9000 thousand tons per year (as of 2018) is not
able to meet market needs (Table 3). As shown in
Table 1, the volume of construction work is growing
every year, over 20 years from 388 billion Uzbek
soums in 2000 to 65,154.6 billion Uzbek soums in
2020, which indicates significant economic growth in
the industry.
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Table 1. The volume of construction work in the Republic of Uzbekistan (in billion soums)
2000 2004 2008 2012 2016 2020
Years
Construction work volumes 388,4 1121,9 3575,9 11753,9 294139 65154,6

Source: State Statistics Committee of the Republic of Uzbekistan

In order to optimize the volume of supplies,
stable and rhythmic satisfaction of the needs of the
sectors of the economy of the republic in cement,
including the implementation of the most important
nationwide development and modernization programs
and large investment projects, the Cabinet of
Ministers of the Republic of Uzbekistan annually
approves the balance of production and consumption
of cement.

In order to create favorable conditions for the
accelerated development and diversification of the
industry, attracting investments in the processing of
local mineral raw materials and increasing the export

of construction materials, the government approved
the forecast parameters for expanding the raw material
base of the construction industry. Based on geological
exploration, production and processing of local raw
materials in 2019-2025 and Target parameters for the
production of construction materials in 2019-2025,
taking into account the diversification and expansion
of the range of products, it is envisaged to increase the
production of wallpaper by more than 47 times,
aerated concrete blocks - 7 times, paint and varnish
materials - 4 times, composite reinforcement rebar and
basalt - 3 times and cement - 2 times [2].

Table 2. Target parameters for the production of cement products in 2019-2025, taking into account the
diversification and expansion of the product range (in thousand tons)

Forecast
_— 2018 Dynamics,
The name of indicators | ¢ | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 in 2025
by 2018 (%)
Cement,
including high quality and 9080 10 13 16 19 19 19 20 9931
special types based on 984 | 400 | 400 | 100 | 500 | 900 | 260 '
energy saving technologies

Source: Resolution of the President of the Republic of Uzbekistan PP-4335 of 23.05.2019 "On additional
measures for the accelerated development of the construction materials industry."

These target parameters were developed by the
government taking into account the increasing
demand for construction products. According to the
Resolution, it is planned to systematically increase the
volume of cement production in the country by more
than 2 times. The production plan was at the level of
10,984 thousand tons of cement in 2019, and in fact,

10,549.8 thousand tons of cement were produced in
the republic (Table 2), which indicates that the
planned volumes were not fulfilled due to the
temporary suspension of cement production at the end
of 2020 at Kuvasaycement JSC and
Akhangarantsement JSC, due to the decrease in gas
pressure supplied to cement producers.

Table 3. Indicators on production volumes, sales and price indices of cement in Uzbekistan for 2016-2019

2016 2017 2018 2019
Cement production in Uzbekistan 8645,9 9132,2 9080,4 10549,8
(thousand tons)
Sale of cement at the commodity 2435307,3 2330384,6 5546717,0 4839813,1
and raw materials exchange of
Uzbekistan (mIn. Soums)
Price index  (December to 135,7 122,1 97,9 119,9
December of the previous year;
percentage)

Source: State Statistics Committee of the Republic of Uzbekistan
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All large cement enterprises of the republic are 9.0 million tons, including large ones - JSC

included in the register of monopolists, and the value
of their products is declared. For the construction of
facilities financed from centralized sources, cement is
supplied at the declared price, and for other
consumers, cement is sold through exchange trading
at free (market) prices.

Results and Discussion.

Cement industry in Uzbekistan

Currently, there are 12 cement plants in
Uzbekistan with a total annual capacity of more than

Kizilkumcement, in Navoi region, production
capacity - 3,500 thousand tons), JSC
Akhangarancement  (Akhangaran region, 1740

thousand tons), JSC Bekabadcement (Bekabad region,
1250 thousand tons), JSC Kuvasaycement (city of
Kuvasay, 1080 thousand tons), Jizzakh cement plant
(city of Jizzak, 1000 thousand tons of gray cement or
450 thousand tons of white cement), - and small
cement production with a total capacity of 640
thousand tons per year (Table 4) [6].

Table 4. Design capacity of enterprises for cement, thousand tons

Plants in operation Plants under design and construction
Company* Capacity Company* Capacity
JSC “Kizilkumcement” 3500 “Titan Cement” LLC 221
JSC “Akhangarancement” 1740 JV “Shanfeng Bridge of Friendship” 1200
JSC “Bekabadcement” 1250 “Yaypanshifer LLC.” 100
JSC “Kuvasaycement” 1080 “Gallaorolcement” Subsidiary 100
“Jizzakh cement plant” 1000 JSC “Sherobod Cement Plant” 1500
“JV Fergana Cement” LLC 120 JV ‘Surkhancementinvest” 360
‘Turon Eco Cement Group” LLC 100 Total 3531
“Farhadshifer” LLC 100
“Everest Metal Favotir” LLC 100
“Kezar” LLC 60
JV “Sing lida” LLC 100
“Buyuk” Private Enterprise 60
Total 9210
Overall 12 482

* All operating, designed and constructed enterprises are full-cycle factories.

The capacity utilization of cement plants of the
republic is close to 100%. It should be noted that on
the newly introduced technological lines of
Bekabadcement JSC and the Jizzakh cement plant, the
efforts of the specialists of these enterprises have
achieved the design indicators of cement production
in a short period of operation. Similar results were
achieved by the collectives of small enterprises JV
Fergana Cement LLC, Turon Eco Cement Group LLC
and Farhadshifer LLC.

Along with the increase in the volume of cement
production, much attention is paid to expanding the
range of products and their quality. All large cement
enterprises have implemented a quality management
system, received international certificates 1SO 9001:

2000 and 1SO 9001: 2015. Small enterprises have also
begun work in this direction.

In 2020-2021, the association plans to launch
another 10 new cement plants. These factories will be
built in the Republic of Karakalpakstan, Jizzakh,
Kashkadarya, Surkhandarya, Tashkent, Andijan,
Fergana and Namangan regions.

In recent years, large-scale work has been carried
out to reform the sector, improve the efficiency and
potential of enterprises. From a critical point of view,
the activity of each enterprise is analyzed, on a
systematic basis, work is underway to reduce the cost
of production by improving the quality and production
of energy-saving, innovative construction materials.
The enterprises use digital technologies, automated
processes dangerous to human life. Special attention
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is paid to the development of new directions in the
production of construction materials and the attraction
of foreign investors into this process, the development
of new types of products and the attraction of
innovations [5].

In the CIS countries and in Uzbekistan, in
particular, cement plants use predominantly the "wet"
method, at the same time, almost all foreign
manufacturers of the binder work according to the
"dry technology".

In a number of Western European countries and
Japan, due to the high fuel consumption, the wet
method is completely absent, all 100% of the cement
is produced using an economical dry method. In the
USA, Canada, many countries, the dry method
prevails, according to which 60-80% of factories
work. In the CIS countries, only about 15% of the total
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Introduction
UDC: 9 (575.1)

Our independence required the restoration and
further enrichment of our rich and great spirituality
and national values, the formation of a national
education system, the achievement of world standards
on the basis of its harmonization with the
requirements of the time. Because the strengthening
of our independence, the development of reforms in
all areas was closely linked with the field of
spirituality and education. For the first time in the
history of education in the country, since the adoption
of the Law "On Education™ (1992) [1, p. 12-14.], alot
of positive work has been done to develop the system
of education and training. The adoption of a new law
"On Education" and the National Training Program
(1997) showed that the education sector in the country
has reached a new level and the reforms in this area
have begun to deepen. An important link in the
education system of the Republic of Uzbekistan In the
process of its development, the school education
system has gone through the following stages from the
last years of the former Soviet regime to the present
day:

- The strengthening of command and control in
public education and its impact on the educational
process in schools (1980-1990) [2, p. 127-135.];

Doi: éos¥ef https://dx.doi.org/10.15863/TAS.2021.05.97.54

- The beginning of educational reforms in the
first years of independence, the development of
secondary schools and the first changes in the
education system (1991-1996) [3, p. 79-84.];

- The new law "On Education" and the National
Training Program and the National Program for the
development of school education on the basis of
further deepening the reforms of education (1997-
2009).

The administrative-command style of the ruling
party and the government of the former regime and the
domination of individual ideology served the extreme
politicization of education, hindering the national and
cultural development of the people, the study and
promotion of their historical heritage. The education
of Soviet schools in Uzbekistan was also politicized,
and national educational standards were limited. All
these politicizations and restrictions have had a
negative impact on the development of public
education in the republic. The struggle to establish
"communist regimes" in schools has, in fact,
undermined the upbringing of the younger generation.
In 1984, the ruling party and the Soviet government
tried to regain their position by carrying out school
reform. However, these reforms were mixed with their
“reconstruction” policies. The experience and results
of the ongoing school reform in Uzbekistan show that
the measures set out in the reform are insufficient,
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attempts are being made to implement them in the old
style, the improvement of the public education system
is slow, conservatism, formalism and pursuit of
interest prevail in educational institutions.

The independence of the republic allowed the
formation of a new system of national schools, the
liberation of the educational process from
politicization and ideology. A vivid example of this
was the adoption of the Law on Education on July 2,
1992. Under this law, reforms in the education system
began. Research, creativity and initiatives on the new
organization of education have expanded. The state
has begun to take measures to strengthen the material
and educational base of schools, to provide them with
teaching staff, to pay attention to nationalism in school
education, to bring school education closer to world
standards on the basis of studying the experience of
developed countries.

In the early period of educational reform, the
educational process in the public education system
was improved and enriched with a number of new
pedagogical technologies and methods of practice.
Despite the specific economic difficulties of the
transition period, the material and technical base of
public education has also been strengthened.

Due to the special attention of our state, in order
to bring up the younger generation physically healthy,
spiritually harmoniously developed, to identify and
encourage their talents, the funds "Mahalla", "Soglom
avlod uchun®, "Ulugbek", "Umid", "Forum of Culture
and Arts of Uzbekistan" and the Kamolat Youth
Social Movement was established and began to work
effectively in  cooperation with  educational
institutions.

The government of the republic has also paid
special attention to raising the prestige and prestige of
teachers and coaches in society, as well as their
material and spiritual encouragement. October 1 was
designated Teachers and Coaches' Day. In addition,
during the transition to a market economy, more than
a dozen decrees and decisions were adopted on social
protection of teachers, improving their living
conditions and financial situation. [4, p. 36-39.]

Although reforms have been launched in the
country's education system and a number of measures
have been taken, there are still some shortcomings in
this regard. The educational, material, technical and
information base of schools remained weak, and they
were not provided with sufficient new quality teaching
and scientific literature and didactic materials. The
partially changing education system and the work
being done to train qualified specialists did not meet
the requirements of democratic changes in society and
the emerging market economy. The problems of
ensuring continuity and continuity of education were
also unresolved. It is these problems that have set the
state and the government the task of further deepening
the reforms in the education system.

In this regard, on August 29, 1997, a new Law
on Education and the National Training Program were
adopted. The National Training Program has set tasks
to further deepen educational reforms in the country,
justified the stages of implementation of the program.
Based on the program, a National Model of training
has been developed. [5, p. 22-28.]

Indeed, the National Program has served as an
important step in deepening the education reforms
launched in our country. The tasks of the National
Training Program have been gradually implemented,
in the first stage the content and components of the
education system have been updated, and the training
and retraining of teachers has been organized in
accordance with modern requirements. Also, state
educational  standards, curricula for updated
education, textbooks, manuals will be developed,
which will determine the necessary requirements for a
high level of training, qualifications, quality of
cultural and spiritual level. A rating system of
assessment in educational institutions and a system for
monitoring the quality of training and the need for
them has been developed. In the second stage, the
strengthening of the material and technical and
information base of educational institutions was
continued, the educational process was provided with
high quality educational literature and advanced
pedagogical technologies. At this stage, students
moved on to differentiated education according to
their abilities and capabilities.

Educational institutions have been provided with
specially trained qualified teaching staff, and a healthy
competitive environment has been created in their
activities. However, in the deepening of education
programs based on the National Program, it became
clear that a number of problems, especially in the
development of school education, could not be fully
resolved. This was mainly reflected in the
construction and renovation of schools, training and
technical base, information resources, and the
orientation of students to secondary special and
vocational education in connection with the transition
to 9 years of education. Decree of the President of the
Republic of Uzbekistan dated May 21, 2004 "On the
State National Program for the Development of
School Education for 2004-2009" [6, p. 98-106.] and
the Cabinet of Ministers of July 9, 2004 "On measures
to implement the State National Program for the
Development of School Education for 2004-2009" [7,
p. 111-118.] have played an important role in
overcoming the existing problems. The tasks of the
third stage of the National Program (post-2005) and
the experience gained in the field of education in the
implementation of the above-mentioned decrees and
decisions were analyzed and summarized, the system
of training was further improved in accordance with
the country's development prospects. Attention is paid
to further strengthening the material and technical,
personnel and information bases of educational

Philadelphia, USA

285

2 Clarivate
Analytics oo



ISRA (India) =6.317
ISI (Dubai, UAE) = 1.582
GIF (Australia) =0.564
JIF = 1.500

Impact Factor:

SIS (USA) =0.912 ICV (Poland) =6.630
PUHII (Russia) = 0.126 PIF (India) =1.940
ESJI (KZ) =9.035 IBI (India) =4.260
SJIF (Morocco) =7.184  OAJI (USA) =0.350

institutions, the provision of the educational process
with new teaching materials, advanced pedagogical
technologies.

The education of young people has also played
an important role in the process of deepening
educational reforms on the basis of the program. In
order to prevent some negative situations among
young people, the teaching of social sciences and
humanities in secondary schools of the country began
to be carried out in harmony with the national idea. It
is also important to include in the curriculum such
subjects as "Ethics", "History of world religions",
"The idea of national independence and the
foundations of spirituality”, "The idea of national
independence: basic concepts and principles” and to
keep pace with the times training also began to yield
results.

The effective use of students' free time outside
the classroom was carried out in accordance with the
national idea and national values. The results of these
efforts are reflected in the achievements of students in
the national and world Olympics and competitions,
and in the involvement of our youth in maintaining
peace in the country. Thus, due to the constant care of
our government for the development of school
education, providing the younger generation with
national education and skills in line with world
standards, educating them in the spirit of devotion to
the motherland and its people, the current image of
education has changed radically. It has become an
education system that reflects the national and
spiritual spirit and aspirations of the country, which is
boldly advancing along the path of development, and
competes with world education.

In this regard, based on the results of research,
the following proposals and recommendations to
further deepen educational reform, based on the
importance of educational reforms in the spiritual,
educational, political and economic development of
the implementation of the tasks of the National
Training Program. expedient:

1. As a result of the deepening of educational
reforms, most secondary schools, especially urban
schools, are located in modern, well-equipped
buildings, their material and technical base is
strengthened, fully equipped with information
technology, but a number of problems in rural schools
are not fully resolved. The adoption and
implementation of the tasks in it can also serve to
make radical changes in the content of education in
rural areas and to achieve a higher level of education
of rural youth;

2. In this regard, the ministry, which is still
responsible for the upbringing of the younger
generation, employs staff in various organizations and
centers, putting the interests of the people above their
own interests, caring for the country's youth as their
sons and daughters, caring for their future, noble,
pure. It is desirable to provide under the supervision

of the general public, local authorities, financial
control departments in each region to provide
conscientious, enlightened people, construction and
repair of secondary schools, equipping them with
modern equipment and strengthening the material and
technical base. Such measures can not only prevent
the development and eradication of certain non-legal
conditions that negatively affect the effectiveness of
education reforms, but can also play an important role
in the complete elimination of these shortcomings;

3. Taking into account the fact that teachers are
the main responsibility for the education of students,
the government should continue to take care of their
financial situation, improve their living standards, pay
them taxes, electricity, gas, utilities, land in rural
areas. further improvement of their good deeds will
serve to increase the interest and responsibility of
teachers in their work;

4. Given that the image of modern heroes in
fiction, film, radio and television has not yet been
professionally developed, works of art, films, national
series and films that cover the honorable and hard
work of research, creative, selfless school teachers in
film, radio and television. performance can also serve
to increase the activity of all educators, their love for
their profession and further increase their prestige in
society;

5. Make changes in the work of existing clubs on
the effective use of students' free time, in addition to
the activities of such clubs as volunteers, information,
debate, economists, ecologists, thinkers, computer
scientists, teachers and students. improvement is also
of great importance in leading to a further expansion
of the ranks of young people who can meet today’s
requirements.

6. Further enhancing the role of the community
in improving the learning, recreation and family
conditions of students, further strengthening family-
school-neighborhood cooperation is a spiritual
necessity of today. Because through national
education, along with school, the family and the
community play an important role in the development
of such qualities as self-awareness, patriotism,
national consciousness, morality in young people.

The implementation of these recommendations
in our lives, first of all, to further strengthen the
position of the system of secondary schools in the
world at the level of world educational standards, the
full implementation of our national model in practice,
full integration of education and training, the activities
of secondary schools in the country. to adapt to broad
reforms in a coordinated manner, and most
importantly, to expedite the elimination of some of the
existing shortcomings in school education and
upbringing and to further improve school education.

After all, the formation of high spiritual qualities
in the youth of our society, their upbringing in the
spirit of our rich cultural and spiritual heritage, respect
for our millennial history, universal values, love for
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the Motherland, devotion to the ideas of independence
is a decisive factor in all reforms in our country.
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KAPAKAJIITAKCKO-ABEPBANI)KAHCKHUE KYJIbTYPHO-JIUTEPATYPHBIE CBSA3U
(Ha npumepe Hay4YHbIX HcciaenoBanui npogeccopa Huzamu MamenoBa Tarucosi)

Aunnomayusn. B Oannoii pabome u3zyuaromcs mpyobl U3GECMHO20 A3ePOAUONCAHCKO20 YUEHO20 —
aumepamypogeod, miOpKonNo2a, pabomarouie2o 6 001ACmU  KAPAKAINAKCKO-A3ePOAUONCAHCKUX  KYIbIYPHO-
aumepamypuwix ceszeti Huzamu Mameoosa Tacucos. Kpynuwiil yuénwiii-mropronoe, 6onee 20 nem pabomas 6 3mou
obnacmu, POBOOUN BANCHBLE UCCIEO08AHUSL 8 YACMU U3YYEHUSL KAPAKATINAKCKO20 (DONbKIOPA, dNOCA, KIACCULECKOU
aumepamypol XIX — XX eexos u no cospemennou xapaxamnaxckou aumepamype. Ilepy H.Mameoosa Taeucos
npuHaonexcam OeciAmKu cmameli, nepesoobl KApAKAINAKCKUX HAPOOHBIX CKA30K, Nepesoo CMuxos, uiexcupe u
noamel «bozamayy Asxcunusnza na azepbaniodxicanckull A3vik. s 2yManumaphuix haxyivmemos azepoanodcanckux
VHUBEPCUMEmMo8 N0020MO08IeHbl 08d Y4eOHUKA NO KAPAKAINAKCKOU 00ujeCmeeHHOU, KyIbmypHOU U TUmepamypHol
JCU3HU, OH NOOOEPICUBAEM CUCMEMAMUYECKUE C653U C KAPAKAINAKCKUMU VUEHLMU-TUMEPAmYPO8eodMi,
ONNOHUpYem U peyeH3upyem Uccied08anus KapaKamakCKux YYEHvlX, uepas mem Camvim Camyio akmueHyio poib 6
pazeumuu U Gopmuposanuu a3epoatio’cancKO-KApaKaInaKcKux KyibmypHblX, (DONbKIOPHBIX U JUMEPAMYPHbIX
ceazeti. HMcxoos uz smoeo, Mbl 00beKmom ceoell pabomuvl coenanu mpyovl Y4EHO20, NOCEAUWEHHBIX DMUM
OMHOUWEHUSIM.

Knrouesvie cnosa: Azepbaiiodican, Kapakainaku, Hapoo, orbKIop, KYIbmypa, Iumepamypad, miopKCcKue s3ulKu,
HayKa, YVYeHwlll, UCMOpus, mpaouyus, CKA3Kd, N0C, MOMUS, CIOHCem, MEHMANUmem, Nodn, NpoussedeHue,
amHozenes, 2epot, 06pas.
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Bgenenne KapakaJIakoB — JKUTb U TPYAUTHCS B CBOOOIHOM
AzepOaiiKaHIIbl, TYPKMEHBI, raray3sbl, MPOIIBETAIOIIEM Kpato.
AHATOJIMICKUE  TIOPKM,  KapaKkalllakd, Ka3axi, B 2015 romy yke BBIXOOWT B CBET €r0 HOBas

KHUPTU3bI, KapavyaeBIlbl, MaJKapbl, HOTAMIIBI, Y30CKH,
Tatapbl, KYMBIKH U JIpyTHe TIOPKCKHE HAPOJbI — BCE
OHM U3 OJIHUX STHUYECKUX KOpHEH. DTU Hapobl
ObLTM  pa3lielieHbl 10 Pa3HbIM  HUCTOPUYECKUM
MIPUYMHAM U )KHBYT B Pa3HBIX perrnoHax. HecMoTps Ha
TO, YTO CEroJHs OHHM JKHUBYT OTIENbHO, UX S3BIK,
KyJIbTypa W TPAIAWIHAU JOCTATOYHO TIOXOXKH APYT
JIpyry. OTO MbI XOpOUIO BUAMM M UYYBCTBYEM B
¢bonpKIIOpe U IUTEpaType ITUX HapoxoB. Hampumep,
Mexcern I'snpxeBu, Xaranu Ilupsanu, Hwuzamu
IsnmxeBu, Mupza llladu Bazex, Mwupza ®Paranu
Axynmane, Cenn Asum [lupsanu, Mupza Ajnexmep
Cabwup, Ixamun Mamenkynuzane, ['yceitn [Ixasun u
MMEHa JIPYTHX MOITOB W3BECTHHI W MOIYISAPHBI HE
TOJILKO B A3epOaiipkaHe, HO M Yy MHOTHX THOPKCKHUX
HapoJoB. A KapakaJllaKCKue OaxXITu-KbIpay, MOITHI,
takue kak Conmacnasl Ceimblpa xbIpay, JKulieHn
Keipay, Kynxomka, Axunuss, bepaax, Oremr, Omap,
l'ymvmypar, KymnMmypaT w MHOTHE IpyTrHe Takxke
WUTPAIOT BAXKHYIO POJIb B KYJIbTYype POJCTBEHHBIX
HapomoB. HecMmoTps Ha TO, YTO WX TBOPYECTBO
MOMYJIIPU3UPYETCS OJIaroiaps W3bICKaHUSIM MHOTUX
YUEHBIX, HCCIEAYIONMX OTH JINTEPATYPHBIE CBSI3U
MEXIy TIOPKCKUMH HapoJlaMH, TeM HE MEHEe B 3TOM
YacTH  CTOAT  TJyOOKOTO  BHHMAHHUS  TPY/BI
azepOaifKaHCKOTO YYEHOTO, JOKTOpa
¢unonornueckux  Hayk, npodeccopa Hwuzamm
MawmenoBa Tarucos, uccaenyromero B CBOMX Tpynax
3T B3aUMOOTHOIIIEHUSI. Cgoeit Hay4HOMU
nearenbHOCTEI0O Huzamu MamenoB Tarucoit BHOCHT
0ONBIION BKJIAJ B O3HAKOMIICHHE HApOIOB IPYTUX
CTpaH c KapakallnakCKOW  XyJ0KECTBEHHOM
JUTEPATypO W YCTHOM HApOTHBIM TBOPYECTBOM.
Tak, nampumep, B 2006 romy B H3IATEILCTBE
«MyTtapmxum» cTomumbl A3epOalikaHa — B TOPOJIE
baky BbIIIIa B CBET KHHMra y4eHOTO-TIepeBOAOBENA
“Qaragalpag xalg nagillar”  (Kapakanmakckue
HapOJHBIC CKa3KH) [ 1], T/1e OH MPEeICTaBIIT LIENbIH PSJT
KapaKaJaKCKUX HapOJHBIX CKa30K TPeOOBATEIbHBIM
azepOaifKaHCKAM YUTATEISIM. DTH CKa3KH SBIISTIOTCS
OeCIIeHHBIMU KyJbTYPHBIMHU oOpasmamu
KapakaJmakCKoro HapoJa.

A B 2007 roxy B uznarenbctBe « MyTapmKumy»
BEIIIJTa B CBeT KHHMTra ydeHoro «Kapakammakckas

aurepatypa» [2], B KOTOpOH JaHO I0ApOoOHOE
OIINCAHUE UCTOPHHU MIPOMCX 0K ICHHS
KapaKaJIMaKCKOTro Hapoja, ero KyJIBTYPHI,

STHOTpa(uu, UCKYCCTBA, JIUTEPATYphl U (HOJIBKIOpA.
OTa KHATAa — HWTOT MHOTOJIETHETO KPOIOTIHBOTO
Tpyna npodeccopa Huzamn MamenoBa. Ha npumepe
u3BecTHbIX 31ocoB  «Kbipk  kb13», «llapbsp»,
HApOJHBIX CKa30K, IECCH, 00pa3IoB KIACCHYCCKOM
XY10’KECTBEHHOU JINTEPATYPHI, MMOOTHYECKUX
npousBeaeHuid Kynxomxku, Askunusza, beppaxa
Y4YEHBII ~ TOBOPUT O  COKPOBEHHOM  meure

kuura «Qaragalpaq adobiyyati» [3] B mopaboranHOM
1 mepepaboTaHHOM BapHaHTe, B KOTOPOU mpodeccop
oxBaTwil (paKTHYECKH MHOTHE Y3JIOBBIE IPOOJIEMEI
UCTOPHH KapakajllakoB, UX SMHYECKOE TBOPYECTBO,
(hoIBKIIOP, METKHE CcJOBa M HW3PEUCHHs, 3arajiku,
MECHU, OOpsiibl W BEpOBaHMs, KapakKaJlaKCcKoe
OCTPOCJIOBHE ¥  aHEKAOTHI, pA3JIMYHBIC  BUJBI
KapaKaJIMaKCKUX CKa30K, KJIACCUYECKYIO
KapaKaJIMaKCcKyIo JIUTEPaATypy, TBOPUYECKOE
cBocoOpasue  JKumiiena  XKeipay, KyHx0omkw,
Acxunusza, bepnaxa, Orema, Omapa, Kynmypara u
np. B aTolt pyHmaMeHTaIbHON KHUTE CKPYITYJIE3HOMY
U JICTAIbHOMY aHaJHM3y IOJABEPraloTCsi TBOPYECKHUE
0COOCHHOCTH TaKHX KapaKaJIMaKCKUX mucareneid XX
B., kak Owap-maup, Celipynprabur MaxuTos,
Asmbepren  MycaeB, A066a3 [labputoB, Canbik
HypymberoB, AOmupaman OtenoB, Mup3saranm
Japubaes, Tuneyoepres )KymamypaToB u zip.
CrnennanpHBIME ~ TIOPTPETHBIMH  OYEpPKaMu
NPE/ICTAaBICHBl CBOCOOpa3ue TBOPYECKOH MaHEpHI
Kommypser  Aiimyp3aeBa, HMoOpaiieiva FOcymoga,
Tonbibast KaOynoBa, spkuii, BIEUATISIONIMH JIMK
KapakaJlmakckux mnpo3ankoB Axmera lllamyparosa,
Acana bernmmosa, TynenGeprena Kaumnbeprenosa, a

TaKXKe IpecTaBUuTeNIeH KapaKaJllaKkCKoi
JpaMaTyprium, OCHOBHEIC STarbl pa3BUTHA
HAIIMOHAJILHOTO Tearpa, poJib asepOailKaHCKOi
IpaMaTyprdli W Tearpa B CTAaHOBJICHUH
KapakaJmakcKoro CLEHUYECKOTO HCKYCCTBa,
TBOPYECTBO BEAYIIUX npodecCHOHaTBHBIX
paMaTyproB, CBHITPABIIMX OONBIIYI0 pOIb B

Pa3BUTHM KapaKaJMaKCKOro TeaTpa, TIJe, MOMHMO
OTMEUECHHOTO, W3Y4alOTCS M JPYTHEe  BOIPOCHI
KapaKalllaKCKOH JINTepaTypsbl.

B nayunbix usbickanuax Hwuzamum Mamenosa
Tarucos co 3HaHMEM Jefla HallId OTpakKeHHe
O0COOCHHOCTH Pa3BUTHA KapaKaJllakKCKOW II033MH,
CTaHOBJICHHE HAlMOHAJIBLHOW MPO3bI, (POPMUPOBAHHE
KapakaJmakCKOW JpaMaTypruu, Tearpa M HCKyCCTBa
CIICHMYECKOTO  BOIUIOMIEHHUS  JpaMaTypruyecKux
00pasIoB.

BaxHbIM BKJIaZioM YYEHOI'O B KapaKalIlaKCKYyHO
JUTEpaTypy MBI CYHMTaeM pa3paboTKy MpobiemM
KapaKaJIaKCKOH (OTBKIOPUCTHKA "
KapakaJmnakCcKoro JIUTEPaTypOBECHHUS, 4yTO
MOKA3bIBAET BBICOKHN YPOBEHb OCBENOMIIEHHOCTH
npodeccopa Huzamu Tarucost B taHHO# 06IacTy.

HecmoTrps Ha TO, YTO  KapakaJlaKCKo-
azepOaii/KaHCKNE JIMTEpaTypHBIC CBSA3M HMEIOT
onpenenéunyro ucroputo, Huzamu Tarucoit »tu
CBSI3M OCBEUIAET B MHCTOPUKO-XPOHOJIOTHYECKOM
MIOCJIE/IOBATENILHOCTH, I/Ieé 0CO00 BBIJEISIET POJIb
JpaMaTypruyecKux MPOU3BEACHUMN
azepOaiHKaHCKIX nucarenen - KOMEIUH
Y.Tamkubeitnn  «ApLUIMH Mall anaH» M Jpambl
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M.C.Opnybamu «IIsatupyOnéBas HeBecTa» U Ip., 9TO
JIaéT BO3MOXKHOCTB CKa3aTh O POJIN a3epOaiimKaHCKON
JpamMaTyprui ¥ TeaTpa B CTaHOBJICHUHU
KapakaJnakCKOro CLIEHMYECKOr0 UCKYCCTBaA.

Bmecte ¢ a3TMM, yYeHBIA B JIaHHOM
(byHIaMEHTaIbHOM HAYYHOM TPYJE JAeT MOIPOOHbIH
aHaJ M3 JKAHPOB, CIOKETOB M 00pa3oB TI'epOeB B
XYAOKECTBEHHBIX M JIMPUYECKUX IPOM3BEICHUSIX,
JKUBIIMX W TBOpuBIIMX B XX Beke mucarteied u
mo3toB  — A.JlaGemoBa, T.KaOymoBa, repoes
V36ekncrana M.FOcynoBa u T.KaumbeprenoBa u
MHOTUX Jpyrux. Ocoboe MecTo B 3TOM HaydHOM
TpyZe 3aHMMaeT MCCIEAOBaHUE POMaHA-TPUIIOTHU
T.KaunbeprenoBa «Jlactan o kapakaimakax», TIe
YUEHBIH /aeT BBICOKYIO OIIEHKY XYI0)KECTBEHHOMY
MacTepCcTBy MHCATeNsl, CBOCOOpasHI0 €ro CTWI,
YMEHHUIO HECKOJIBKUMHU SIPKUMU IITPUXaMHU PACKPBITh
00passl repoeB TPUIIOTUHU. PykoBoaurens
nabopaTopuu «®DonpKI0pHAs AKCTICTULIHAY,
npodeccop bakMHCKOro CIaBSHCKOTO YHHBEpCUTETa
Pyctam Kaman pgam  BBICOKYIO OLIGHKY 3TOMY
HayuyHoMmy Tpyay Huzamm MamenoBa u ormeTun
Ba)KHbIE 0COOCHHOCTH TIPEJICTABICHHBIX BCEX KAHPOB
KapaKaJIakCKOH JIUTepaTypbl U yCTHOTO HApOJHOTO
TBOpuecTBa [6, c. 3].

[Tpn mccnenoBanuu QGoIbKIOpa U JUTEPATypHI
HAIIIero Hapoja azepOailHKaHCKUH YUYEeHBIH yCIOBHO
pa3zienui CBOM Hay4HbIH TPy Ha CIIEIYIOUIME YacTh
— oOmas xapakrepuctuka Kapakanmakcrana wu
KapakaJImakCKoro Hapoja, KapakKallnaKCKue 3M0Chl 1
JIpyTHe JKaHpPBl YCTHOTO HApOJHOTO TBOPYECTBA,
kapakanmakckas smrteparypa XVIII — XIX Bekos,
Kapakaimakckas Jqureparypa XX Beka, COBpeMeHHast
KapakaJllakcKas JINTepaTypa, OCOOEHHOCTH Pa3BUTHS
KapakaJmakCKol IpaMaTypruu u tearpa. B xaxmoi
YacTH  Y4YeHBbIH, ONHpasCh HAa  KOHKPETHBIC
apryMeHTalluu, JaéT COOTBETCTBYIOIIYIO OLIEHKY
MIPOM3BEJCHUSIM YCTHOTO TBOPYECTBA U JIUTEPATYPHI
KapaKaJIaKkoB.

Huzamu Mamenos Tarucoid kak KpyIHbIH
yu€HBIN U3BECTEH CBOMMH JINTEPATYPOBETIECKIMHA 1
TIOPKOJIOTHUECKUMH HCCIIEIOBAHUSAMHU HE TOJBKO B
A3zepOaiipkaHe, HO M JTAIEKO 3a €ro IpeaesiaMu.
Hapsny c MHOTOUYHUCIICHHBIMU paboTamu,
MOCBSIIIEHHBIX TBOPYECTBY PYCCKUX IHCaTeNned —
A.bnoka, C.Ecenuna, K.CumonoBa, B.JIyrosckoro,
A.Ananuc, I1. AHTOKOJIECKOTO, H.TuxoHosa,
C.BacuibeBa, azepOaiimkxanckux — C.Bypryna, Mup
Jxanana, W.D¢enmueBa, Ompumua, D.Komxku,
K.A6mymrer, D.I'yceitnOetinn, P.PaBana, 3.Axwmena,
K.Kiopreipaxie, M.Jlemupunorny, B.baxmannuy,
A.T'acarmu, @.babannsr, A.Xamaduu, II.Araspa,
IO.Harmeksdpa u MH. JIpyrux, €ro HU3bICKaHUS B
0o0nacTH JUTEpaTypHON KPUTHUKH, B YAaCTHOCTH
KapaKaJIMakCKOM JHMTepaTyphl 3aciyXHBAIOT CaMOH
BBICOKOM OIICHKH.

B 2015 romy xapakaamakckas HaydHO-
JUTEpaTypHas OOIECTBEHHOCTh OTMeyajla BaKHOE
coOpiTHe 1O cimydaro m3mamms  100-TomHHMKa

Kapakajmakckoro (ospkiopa. 25 — 27 HOAOps TOTO
roga mo sTtoMy ciydaro B Hykyce mnpoxoauna
npencTaBuTeNIbHas MeXayHapoaHas KOH(EpeHLHs.
Cpenn MOYETHBIX TOCTEH 3TOH KOH(pEpeHIIUH ObUT 1
npodeccop Huzamu MawmeoB Tarucoi,
BBICTYIHUBIIHH C HHTEPECHBIM 0KIAA0M. Toraa sxe B
IIPOCTPaHHOM U KpacuBoM 3aye Kapaxanmmakckoro
JpamMaTHYecKoro Ttearpa WMeHHM beprmaxa Obuia
npe3eHTupoBaHa ero kuura «Qaraqalpaq adabiyyati»,
YTO B 3HAUMTENBHOW CTemeHW Oblia onxoOpeHa
KapaKaJIMaKCKUMHU y4EHBIMU-ITUTEPATYPOBEAMH.
Beictynas ¢ peubto Ha KOH(EpeHIMH, OH CKa3al:
«Jta kHmra «Kapakammakckas nurepatypa». OnHa
n3nana B baky Ha asepOaiipkaHCKOM si3bike. B
HACTOsIIEE BPEMS 3TOT HAyYHO-HCCIIECOBATEIbCKUH
TPyZ BKIIOYEH B YYEOHYIO MpOrpaMMy BY30B
A3zepOaii/pkaHa W CErogHS M3ydaeTcsi HapaBHE C
JPYTMMHU TyMaHATapHBIMU TUCIUILTMHAMH. S] TpuBe3
BaM YETHIPE-IISITh AK3EMIUISIPOB ATOW KHUTU U XOUy
MOJAPUTh MX BaM. Takoe B3aUMOYBRKEHHE WU
B3aMMONPOHMKHOBEHUE JTyXOBHBIX U HAI[OHAIBHBIX
[EHHOCTEH  MEXIy  HAllUMH  POJACTBCHHBIMH
HapoJamH, O€3yCJIOBHO, CIIyXaT  YKPEIUICHHIO
JIpy*kObl W JaTbHEHIIEMY Pa3BUTHIO KyJIbTYPbl U
uckyccra» [7, c. 3].

IIpodeccop Hwuzamu Tarwmcoit mMOCTOSHHO
MOJICP)KUBAET ~ HAYYHO-TBOPUYECKHE  CBSI3M  C
KapakaJmakCcKUMU y4éHbIMH. OH CHCTEMaTHYeCKH
MHTEpeCyeTcss ¢ HOBHHKAMH  KapaKaJIIaKCKOH
JIUTEPATYPHI.

B 2020 roxy B Baky B m3marenbctBe «Elm vo
tohsily BeIIa B cBeT KHUTA MepeBooB «Haciniyazy,
B KOTOPOl Hapsijly ¢ NepeBOJjaMH Hallero KJIacchka,
uMeeTcs  OOIIMPHBI  MaTepuan 1o  oOmeMy
TBOpYECKOMY IyTH AuHus3a [5]. BaxkHbIM BKI1agoM
B a3epOail/[UkaHO-KapAKAIMAKCKIX JUTEPaTYPHBIX
B3aUMOCBSI3€ld  CleAyeT  CYuTatb W OTOT
OPUTHHANBHBIA HMCTOYHUK. ODTH TEPEeBOABI OBLIH
COBMECTHO OCYIIECTBJICHBI C JIOKTOpOM (utocodpun
no ¢uionorun, Takxke paboraromeidl B 00JacTH
azepOaifKaHCKO-KapaKalakCKAX  B3aMMOCBSI3EH,
corpyauutieit MucTHTyTa osbkinopa HannonanpHoM
Axanemnn Haykx AsepOaiimxana mouepsio Huzamm
myammuma  [llabram  MamenoBoid  omHUM W3
pEeIakTOpOB KHUTH OBbUI  aBTOp JTUX CTPOK.
BecomocTh 3THX TEpeBOJOB B TOM, YTO K HEMY
MPEANOCIaH0 HEeoOXOJUMasi BCTYIUTENbHAs CTaThs
MIEPEBOAINKOB oz Ha3BaHHEM «IleBent
KapakalmakCKOd HapoAHOW Jymu — ASKHHUA3
Kocri6ait ymem» [4, € 4 — 33], B KOTOPOH OCBEIIAIOTCS
OCHOBHBIE OCOOEHHOCTH MO3ITHYECKOTO CBOEOOpa3us
KapakaJlllakCKoro  Kjaccuka. B 3Toil  KHure
JIOCTaTOYHO aJICKBaTHO packpbIBaeTCst
XYJI0)KECTBEHHbI TaJIaHT BEJIUKOro mnoata. B Hel
MpEACTaBIEHbl MEPEBOAbI  52-X CTUXOTBOPEHUH,
mexupe u nosMel «bozaray». Kpome aroro, kuura
OCHaIleHa (hOTBKIIOPHO-3THOTpAPHIECKUMH
TEpMHHaMH, KOTOPBIMH Tak Oorara  I1033Us
AxuHE3a. MBI cunTaeM, 4To MepeBOIsl AXKHHUI3A
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Ha a3epOail/KaHCKUH S3BIK — BaKHOE KYyIBTYPHOE BHUMAaHHE€ W B  JAIbHEWIIEM  HE  TOJbKO
coObITHE KaK B JKM3HHM asepOaifjykaHIeB, Tak H azepOaiKaHCKIX u KapaKaJMmaKCKuX
KapaKaJllakoB, HCTOPHYECKH CBS3aHHBIX TECHBIMH uccienoBareneii, Ho U yu4€HbIX JPYTHX PEecyOlnnK u
T€HETUYECKUMU y3aMU. HapOJIOB.

Ilepy HeyTOMHMMOro Y4Y€HOro mpHUHAAJIEHKAT N3 ormeuenHoro cnemyer, uro Hwuzamu
KHUTH W HCCIEAOBaHMUS Kak B obmactH Mawmenos Tarucoil — TalaHTIUBBIA HCCIIEAOBATENb
HalUOHAJIBLHOI'O0  JIMTECPATYPOBCACHHA, TaK U B MHOI'UX THOPKCKHUX JiuTeparyp. Ero CTaThbH,
YaCTHOCTH M3YYEHHS NPOOJIEeM TIOPKOIOTHYECKOMH MaTepuansl U KHATH OTJIMYAIOTCS CBOCOOPA3HBIM H
nmuteparypsl. [lToMuMo KapakanmakcKod JUTEpaTypbl TOHKMM  HMHIUBUAyadbHBIM  B3MIAoM.  OHH
u (oNbKIOpa NPUOPUTETHBIMH B €r0 TBOPUYECTBE JIOCTATOYHO MHTEPECHBI M IOJIEMHYHBL. Jlpyroi

SIBITIOTCSL  TIPOOJIEMBI  a3epOaliPKaHCKO-PYCCKIX,
y30€KCKHX, Taray3ckux, Ka3aXCKUX, KHUPTIU3CKHX,
KapayaceBCKUX, HOTAMCKHUX, TaTAPCKUX, KYMBIKCKHX,
OamKupckux © T.O. B3auMmocBszed. [Ipodeccop
Hunszamu Mamenos Tarucoi ydeHbI BCE TIOPKCKOTO
Macmtaba, ACTAIRHO W3YYAIIUi IUTeparypy u
(GoNBKIOp  KapakaJlakoB, Ka3axoB, HOTAHIIEB,
KapadaeBlIeB U JApyrux Hapoios [7; 8; 9; 10; 11; 12;
13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 23; 24; 25].

3acayXKMBAlOT CICHUANEHOTO U3YUYCHHS TaKHe
KHUTH aBTOpa KakK, BIICPBBIC TIOSBUBIIMWCS B
Azepbaitmkane o wHHIMatnBe Husamu Tarucos u
BBITYIIICHHBIN B COaBTOPCTBE JPYTUMH
azepOailKaHCKUMHU npodeccopamu Paduxom
Manadorny u Pycramom Kamamom «TonkoBbrif
CJIOBapb NMEePEBOAYECKUX TEPMUHOBY [22; 23], a Takxke
00ImMpHOE XYJ0KECTBEHHOE TBOPUCCTBO, HAIIIEAIICE
CBOE OTpakeHME B a3epOailDKaHCKUX M3JaHusIX [26;
27; 28].

Kak Mbl BHIUM, HaydHOE TBOPYECTBO M €ro
XYJI0’)KECTBEHHBIE MCKaHUsI CBOCOOpa3HbIe 1Mo Gopme
U OpUTHHANBHBIC II0 COJCPKAHHUIO IPUBIICKYT
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BaXHOH OCOOCHHOCTBIO HCCIENOBaHUI mpodeccopa
Tarucos IBasg€TCS TO, UTO OH B OJUHAKOBOM CTEIICHH
BJIAJICET PYCCKUM M a3epOail[UKaHCKUM, a TakKe
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B macrosimee Bpemst mpodeccop Hwusamm
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International Scientific Journal

Scientific publication

«ISJ Theoretical & Applied Science, USA» - MexayHapOHBIH HAYYHBII KYPHAT 3apEerHCTPUPOBAHHBINH BO
@paHnuy, ¥ BBIXOSIINK B 3JIEKTPOHHOM M 1edaTHOM (opmare. IIpenpuHT XypHana myOiauKyeTcst Ha caifte 1o
Mepe MOCTYIICHUS cTaTel.

Bce momanabie aBTOpaMy CTaThH B TEUCHUH 1-T0 IHS pasMmernarorcst Ha caiite http://T-Science.org.

IMeuarHbIii K3eMIUIIP PACCHLUIAETCS aBTOPaM B TedeHre 3 JHel mocie 30 ynciia Kaxaoro Mecsia.
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