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AHHOTALUSA

ACPIHXpOHHI:Iﬁ QJICKTPOIPUBO MPEACTABIIACT coboit JANHAMHWYCCKYIO HeﬂHHeﬁHYIO CUCTEMY C HEONIPCACICHHOCTBIO
napaMeTpoB MalllMHBI. I.[eJ'H:IO JaHHOT'O MCCJICAOBAHUA SBJIACTCA YJIYUHICHUE XAPAKTCPHUCTUK OTCICIKUBAHUS TPUBOJOB
ACHMHXPOHHBIX ,HBI/IFaTCJIeﬁ. HpezmTaBneH METOA YHpaBJICHUA TPUBOAAaMU ACUHXPOHHBIX ILBPIFaTeJICﬁ C HUCIIOJIb30BAHUEM
TPAIMIMOHHOTO IpONOpIHOoHanbHO-HHTerpansHoro (I1M) koHTpoiuiepa M KOHTpoJuiepa MCKYyCCTBEHHOH HEHpOHHOH
cetn (MHC). IIporpammuoe obecnieuerne ATLAB/SIMULINK ucnons3oBaiocs s pa3padoTKy Moaeen Tpexda3HbIX
ACUHXPOHHBIX JBHUTaTeNel. JlonomHuTenbHO ObUTa MpoBepeHa paboTocmocoOHOCTh ABYX KoHTposutepoB. MHC obOydena
TakuM 00pa30oM, 9TOOBI CKOPOCTB ITPHBOA COOTBETCTBOBAJIA ATAJIOHHOH CKOpocTH. BuaHo, uTo ¢ ncnons3oBannem MHC-
KOHTpOJIEpa NPOU3BOAUTEIILHOCTh 1 ATMHAMHKA aCHHXPOHHBIX )IBI/IFaTeJTeﬁ YIy4dIaaroTCd 10 CpaBHCHUIO C OOBIYHBIMU
neurarensimu ¢ [IU-perynstopom.

ABSTRACT

The induction motor drive is a dynamic nonlinear system with uncertainty in the machine parameters. The aim of this
study is to improve tracking performance of the induction motor drive. A method for controlling induction motor drive is
presented with conventional Proportional-Integral (PI) controller and Artificial Neural Networks (ANNSs) controller.

Bubmorpaduyeckoe onmcanue: o Y.T., Byonur B.C. PASPABOTKA AJI'OPUTMOB VIIPABJIEHISI CKOPOCTBIO
ACHUHXPOHHOI'O IBUT'ATEJIA ITPUBOJA BEHTUJIAITOPA MECTHOTO ITPOBETPUBAHUS B IIAXTE
C HEMIPOCETEBOW HACTPOVIKOI [TAPAMETPOB ITU-PEI'YJISITOPA // Universum: TeXHUHeCKHE HAYKH : SEKTPOH.
Hay4H. xypH. 2023. 10(115). URL: https://7universum.com/ru/tech/archive/item/16130
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MATLAB/SIMULINK software is used to develop a three phase induction motor model. Also the performances of the
two controllers have been verified. The ANN is trained so that the speed of the drive tracks the reference speed. It is found
that with the use of the ANN controller the performance and dynamics of the induction motor are enhanced as compared

with that of a conventional PI controller.

KuroueBbie caoBa: [I1-perymaropa, RBF nefiponnoii cern, [11 - anroputm ympasnenwns, [11-kOHTpOIIIEpa, HH-
BepcHOe Heifpoynpasienue, [IN-perynarop Ha OcHOBe RBF HelipOHHOI! ceTH, acCHHXpOHHBIH JBUTATEIb.
Keywords: RBF neural network, Pl-control algorithm, Pl-controller, inverse neural control, Pl-controller based on

RBF neural network, asynchronous motor.

BBenenue

Bo MHOrux nepenoBBIX CTpaTerusx YNpaBlICHUS
MIPOMBIIUICHHBIMH U(POBBIME IPUBOAAMH JJIsI YIIPAB-
JICHUS aCHUHXPOHHBIMH JIBUTATEIIMU C OpHEHTaIuen
MarHUTHOTO MOJIA.

OO6sprunbii [N ]I-perynarop CKOpOCTH HOOWMICS
€aMOro HIMPOKOTO MPHU3HAHUS CPEIU BBICOKOIPOH3BO-
JTUTENIbHBIX epeMEHHOr0 ToKa [ 1-4]. OqHako B HEKOTO-
PBIX TIPUIIOKEHHAX, TAKUX KaK MECTHBIE BO3AYXOAYBKU
B YTOJIGHBIX IIAXTaxX, CTAHKH, PaOO4He IIPUBOIBI IIPH PSIIe
HU3MEHEHUI, KaK IPaBWIO. B Takux yCIIOBUSAX MapamMeTpbl
CHCTEMBI CYIIECTBEHHO U3MEHSIOTCS, YTO B OOJIBIIMHCTBE
Clly4aeB IMPUBOAUT K BO3MYIIEHUSAM Harpys3ku. UToObI
IIPEOI0JIETh 3TOT HEAOCTATOK, aJTOPUTM YIpaBIECHUSI
JIOJDKEH BKIIOUATh CIOXKHBIM IIpoIiecc pacdera, IM03BO-
JIAIOIIMI UCKJIFOUUTh U3MEHEHUSI BO3MYIIEHUH Harpy3Ku.
OnHaKOo aNrOpUTMBI yIPaBIEHUS, IPUMEHAEMBIE K STUM
CHCTEMaM, CTAaHOBSITCS BCe O0Jee CIOXKHBIMU U TPEOYIOT
OOIIMPHBIX BBIYUCICHUN AJISI pean3aliy B peabHOM
BpeMEeHU. B mocienHune roisl HMHTEIUIEKTyalbHbBIE
HEIPOHHBIE CETH U HEUEeTKasl JIOTMKa KOHTPOJUIEp NpHU-
oOpen Oomnblloe 3HAYEHWE M IPOAEMOHCTPHPOBAIN
CBOIO M300peTaTeNbHOCTh BO MHOTHX OTHOIICHHX [5-8].
[Ipoanammsupyem sddextuBHOCTS MpuMenenus MHC

Ha NpUMepe UCTIONb30BaHUs HEHPOCEeTeBOro HacTpoiika
MOTOKOCHEIUICHUsI pOTOpa B CHUCTEME aCHHXPOHHOTO
3IEeKTPONPUBOJA MPUBOA U1 BEHTHIATOPAa MECTHOIO
yTOJIb IIAXTa .

B omimume oT mpsMOro BEKTOPHOTO YIpaBIICHUS,
KOCBEHHOE BEKTOPHOE YNpPABJIECHHE 3TO CaMBIH IOITy-
JSIPHBIM METOA B MPOMBIIUICHHOM IIPUMEHEHHH, TIC
TpeOyeTcsl MUPOKN AMANa30H CKOPOCTH U OBICTpas
peakuus MoMeHTa Ha pucynke 1 [ 5, 7,8 .

B cucreme xoopmuHat d - (| ypaBHEHHS MOJIEIH
ACHHXPOHHOI'O JIBUTATEIsl MOTYT OBITH CIIEAYHOLIUM
obpazom:
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Hlupomuo-umnyavcnas mooyaayus (LLIUM), Sa, Sb, Sc - nepexatouenie ucmounuxa Hanpadlicenusi UHgepmopa OJisi COCMOSIHUU

Pucynox 1. Brok-cxema KoceeHHas nonesoe ynpaejienue

rac: p p YHCJIO IMap MOJIFOCOB ABUTaTCIIs.

Y'Sr - BEKTOPHBIH YroJ I0TOKa pOTOpa

a)sr - yrijioBasi CKOpOCTb BEKTOpa IMOTOKAa pOTOpa

Rr - COIIPOTUBJICHUC POTOpPA B PEIKUME KOPOTKOI'O
3aMbIKaHUs (BaJ'I JABUIaTCIIsA 3aTOpMO)KCH).
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Lr - ”HIYKTUBHOCTB paccestHusl pOTopa XapakTepH-
3yeT Ty 4acTb MOTOKA POTOPA, KOTOpask He CLEIIEHa CO
CTaTOpOM U HE MpHUHUMAeT YYacTHe B CO3JaHUU
MOMEHTa

Lm - rmaBHas MHOYKTHBHOCTH XapaKTEPH3YeT Ty
4acTh IIOTOKA, KOTOpAas CIEIUICHa CO CTATOpPOM U C
POTOPOM U Y4acTBYET B CO3/JTaHUH MOMEHTA.

\PS -BCKTOP NOTOKa CTaTopa,

W[ - Bexrop motoka poropa;

Te - 2JIEKTPOMAarHUTHBI MOMEHT

MC - craTndeckuiit MOMEHT Harpy3Ku;

Om - YIIIOBas 9acTOTa BPAIICHNS POTOPA, pa/c;

J - MOMEHT HHepIHY 3TEKTPONIPUBO/IA, IPHBEICHHBII
K BaJly JABUTATEISL.

OCHOBHO¥ 0COOEHHOCTBIO METO/1a TIOJICBOTO yIIPaB-
nerust (FOC) sBnseTcs koopAWHATHOE MpeoOpa3oBaHKE.
BekTop Toka u3MepseTcs B HEMOABHKHOM KOOpAUHATE
ao- .

ITosToMy KOMIOHEHTHI TOKA lgg, lsp JOMKHBI OBITH
npeoOpa3oBaHsl B Bpamawomyocs cuctemy d - (.
AHAJIOTUYHO, KOMIIOHEHTBHI BEKTOpa HaNpsDKEHUs
onopHoro craropa U, Ugp, NomKHBI OBITH mpeoOpa-
30BaHbI U3 cucteMbl d-0 B a-B. s 3THX mpeodpazoBa-
HUH TpeOyeTcs yroil MoToKa poTopa Ysr. B 3aBHCHMOCTH
OT pacyeToB 3TOTO YIJa JIBA Pa3HBIX BUJA MOJSI MOTYT

2

OBITH PACCMOTPEHBI OPHEHTUPOBAHHBIE METOABI YIIPaB-
nenus. 1o mpsimoe moneBoe ympasienue (DFOC) u
KOCBEHHBIM MOJIEBBIM OPUEHTUPOBAHHBIM YIIpaBieHUEM
(IFOC). dns yria motoka potopa IFOC ysr momydaetcst
13 ATaJOHHBIX lgs, lqs TOKOB.

VYrioBas CKOPOCTh CKOPOCTH BEKTOpa IIOTOKa
poTOpa MOXKET OBITh pacCCUYUTAHA CIEIYIONIM 00pa3oM:

O =0y +Ppo 2
1 R ©)
o =04=——I
rs sl S
sd I‘r a

KoHTpons CKOpPOCTH aCHHXPOHHOTO JIBUTATEIIs
¢ ucnoas3oanueM metoaa (IFOC).

B yactHOM cityuae, KOrja COCTaBIsAIOUINE HYJIEBOU
HOCJIEIOBATEILHOCTH (ha3 OTCYTCTBYIOT, HAIIPUMED, €CIN
00OMOTKM MAIlIMHBI COCAMHEHBI B 3BE31y 0€3 HyJIEBOTO
NpoBOJa, TO BeiNoHsieTcs cootHomeHne Uz +Up +Uc = 0
U TPETbi KOOPIUHATA BEKTOPHOH IIEPEMEHHOU OKa3bl-
BaeTCs JIMHEHHO 3aBHCUMOMN OT JABYX OCTAJIBHBIX KOOP-
muHaT. [lopsook KOOPIWHATHBIX —TIPeoOpa3oBaHU
yMEHbIIIaeTCst Ha eAnHMILy [5].

U3 (a,b,c) B (a,p):

B BEKTOPHO-MAaTPHYHON (popme:

| =

1
2 os0 gcos(—z—”) —cos(z—”) U, 1 - - Y.
U, | |3 3 37 3 2 2 2
u,| | 2 2. 2 2 o 1173 s B @
1| Z%sin0 —Zsin-2%)  —Zsin(E X2 X2
3 3(3)3(3)UC 02 ZUc
U3 (o,p) B (a,b,C):
U _.
Ua cos0 sin0 1 {Ua} ) 1 j)_ 1{Ua} -
b | = 27 . 2z == 1 3
cos(-—) -sin(-—) 1 |U 3 -= X2 U
o | e msin-T) o35 S 1Y
Henocpencreenno u3 (a, b, ¢) B (d, q).
U, :g[(Uacosa+Ubcos(H—Z?”)+Uccos(9+2?”)] ©
2 . . 21 . 2
U, =-[U,sind+U,sin(@-—)+U_sin(@ +—-)]
3 3 3
U3 (d, ) B (a, b, ¢):
U, =U,cosd-U,sing,
Ub=Udcos(9—2?”)—uqsin(6—2§); )

U,=U, cos(0+2?ﬁ)—uqsin(0+2?ﬁ);
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O603HaYMM MIHOBEHHBIC 3HAUCHHUS (ha30BBIX TOKOB
B CTATOPE Ia, Ip ¥ Ic cOOTBeTCTBYIOMME (hazam a, b u c.
Oti pa3sl MOKHO pacCMATPHBATh KaK TPH IJIaHAPHBIC
cucTeMbl kKoopauHat KoHeyHo, B IUIaHAPHOH CHCTEMe
€CTh TOJIBKO JIBE CTETIEHH CBOOOIBI i BO3MOKHBI TOJBKO
JIBa HE3aBHCHUMBIX BekTOpa. JIf00as JOMOJHHUTEIbHAS
BEJIMYMHA MOKET OBITH BHIpaKeHa KakK JIMHEHHAsS KOM-
omnammsa. [IpeoOpasoBanme Kmapka mepeBogut
TPEXOCHYI0O CHCTEMY KOODAWHAT B JBYXOCHYIO
OPTOTOHANBHYIO cHCTeMy. JlJ1s 3TOr0 mpe0Opa30BaHus
ucnonp3yercs Gpopmyna:

1 1

a
a

2t 72 2
i,| \3 33ib ®
P g
2 V2 |

rie 1, u | = TPOCKIMH MPOCTPAHCTBEHHOIO BEKTOpA

TOKa Ha OCH JIByX(ha3HOH CTallMOHAPHOI CHUCTEMBI KOOP-
JIHAT;

ia, ip, Ic - TIPOCKIINK MPOCTPAHCTBEHHOTO BEKTOPa
TOKa Ha OCH Tpex(}a3Hoi CUCTeMBbI KOOPAUHAT.

3arem ucomb3yercs npeobdpaszoBanue [lapka ams
MepeBojia CTAllMOHAPHON cucTeMbl KoopauHat (id, lg).
Hcxoanbie koopauHaThl d (MArHUTHBIN TOTOK) | ( (KpY-
TAIKI MOMEHT) U CHCTEMa KOOPANHAT COBMEIAIOT OCh
d ¢ nonoxxeHneM MarHUTHOTO ToJisi. KOMIOHEHTHI iy U
ig CTATOPHOTO TOKA OMPEIETSAIOTCS M3 CIEMYOIIUX
YPaBHEHUM:

Iy cos@ sin@ |1,

i - —sin@ cosd | i ©)
q i

rie @ = @. - 3Hauenue yriaa noBopoTa Bpamaromeiics
CUCTEMBI KOOPAMHAT C 4acTOTOH (V) .

3T0 MO3BOJISIET KOHTPOJUIEPY (POPMUPOBATH HATIPSI-
JKEHUsI, KOTOpBIE HY)KHO IIPUJIOXKUTH K CTATOPY UL 3a/1a-
HHSI BEKTOPOB TOKOB TpeOyeMOi BEJIMYHHBI B CUCTEME
KoOpauHAT poropa. HampspkeHue 3atem TpaHchOpMH-
pyeTcst ¢ moMoIIbI0 00paTHRIX Mpeobpa3oBanuii [Tapka
u Kirapka B uMImynisc HanpspkeHHS B 3-(pa3Hoi cucteme
KOOpAMHAT CTAaTOPa, TaK 4TO Kaxkaas (aza MOXKET OBITh
BO30yXIeHa C IIOMOINBIO CBOETO IpeoOpa3oBaTeis
HanpspkeHus [8].

Pa3paboTka ajiropuTmMoB HeiipoceTeBoii aganTauuu
napamerpos IIN-peryiasTopa ckopocTn
ACHHXPOHHOI'0 IBUTaTeJIs

[IN-perynaropbl HaxoAAT IIUPOKOE IPUMEHEHUE
B CHCTEMax YIPAaBICHUS JWHAMHYECKHMMH OOBEKTaMH,
U B YaCTHOCTH, NIPH YIPABICHUN aCHHXPOHHBIM J[BUTa-
TeneM. TeM He MeHee, IpIMeHeHNe Kinaccndeckux [1H-
pEeryJsiTOpoB UMEET CBOU OIpPaHMYEHHS U HEJOCTATKH.
B pa6ore npemnaraercs [1U -koHTpoILIep, OCHOBaHHBIN
Ha upeHTH(UKanun HeliporHo# cetn RBF, st ympasie-
HUSI CKOPOCTBIO aCHHXPOHHOT O ABHraTens. [Ipeanoxen-
Hasg CTPYKTypa CHUCTEMBI YIIpaBJeHHS IOKa3aHa Ha
pucyHke 2 HelipoHHas ceTh RBF, ucnons3yemas ans
perymupoBanust mapametpos: kp, ki [8, 10, 11].

Ym(K) en(k) A
/\]RBF v
Heiiponnas [<
cetb RBE
/ Mk
r(k) e(k) nn AR Dartuuk y(k)
—> (obbekT >
3anaHe / perynatop | (k) VTTSEEOTLT CKOpOCTH BbIxoa

(r(K) - saoanue ,e(K) - paccoenacosanue, U(K) - cuenan ynpasaenusi, y(K) - 661x00 06vexm ynpasnenust , Ym (K) - 661x00 uoenmugu-

xamopa RBF

Pucynox 2. ITH-pezynamOp na 0cnoee RBF neiponnoi cemu

Wntennexryansusiii [IU - perynsatop Ha ocHOBe pa-
auaneHoro OasupoBaHusi  (yHkumoHanmbHas (RBF)
HEHUpPOHHAs CeTb.

Cerp panmanbHolt OasucHoi QyHkumn (RBF)
MIPEJICTaBIsIeT COO00M TPEeXCIOHYI0 Iojady BHEpe[
HCKYyCCTBEHHOTO HEHpOHA CeThb, KOTOpas HCHOIb3YyeT
¢byHKIMK paananbHON QYHKINHN Kak (GyHKIHUH aKTH-
Baluu. BEIX0AHO# CUTHAN ceTh MpeacTaBisieT co0oit
JIMHEWHYI0O KOMOWHAIMIO PaJMaIbHBIX Oa3UCHBIX (DyHK-
M BXOJIOB M HEHpOHa IapaMeTphl. PamnanbHbie 0a30BbIe
(YHKIMOHANBHBIE CETH MMEIOT MHOTO HMPUMEHCHHH,
BKJIFOYasi (PyHKIMIO amIpPOKCHMALIMS, POTHO3MPOBaHHUE

BPEMEHHBIX PSJOB, KiIacCU(PUKAIMsI M CHCTEMHBIN
KoHTposib. OH HMeeT NpPEeUMYIIECTBO  OBICTPOI
CKOpPOCTH OOYYCHHUS M CIIOCOOHO M30exkKaTh MpoOIeMbI
JIOKaJILHOT'O MUHUMYMa B 00JIaCTH yIIPaBJIEHHS CHCTEMOI.
CnenosarensHo, RBF HelipoHHOHI ceTu nMcHoab3yercs
JU1sl HacTpoiiku napameTpoB I1IM B cTpaTerus KOHTPOJIS.

Heliponnas cetb RBF nmMeer tpu ypoBH:: BXOJHOU
CJIOM, CKPBITBIM CIIOM U BBIXOAHOW ciiod. MbI mpen-
TIOJIOKIITH, 9TO HelpoHHas ceth RBF Oblna cHaOkeHa
2 BXOJIaMH, 5 y371aMH CKPBITOTO CJIOSI M OJIMH BBIXOHOU
y3en. CTpyKTypa CeTH Moka3aHa Ha pUCYHKe 3.
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CKpbITbIY cnon
5 HelpoHOB

BXOAHOMN

BbIXOA4HOW crnou

,___I

Pucynok 3. Heiiponnaa cems RBF

Kpome Toro, matpuna sikoOnaHa BaxKHa VISl PETYJIH-
poBanus mapametpoB [IM-perynaropa B 3Toi cTpareruu
ympasienus [10,15].

[IpoextupoBannas cetb RBF nmeer Tpu ypoBH::
BXOJIHOM YPOBEHb, OJIUH CKPBITBIA CJIOH U BBIXOILHOMU
CJIOH, KaK [oKa3aHo Ha pUCyHKe 2. B 3Toii ceTH ecTh 1Ba
BX0J1a, ¥ BXoaHo! BekTop cety RBF 3anaercs kak:

X = [xl' ""xi]T = [u;}’]TZ {l = 1'2} (10)

B uetiponnoii cetu RBF B kauecTBe dyHKIINN ak-
THBaUUU wucnoyb3yercss QyHkuus ['aycca. CkpbiThie
HEHWpOHBI peann3yroT GyHKIHo ['aycca kak 0a3uCHYIO
(YHKIHMIO M JIEMEHTHI PaJaJIbHOTO Oa3MCHOTO BEKTOpa

T
H= [hl, hy, ..., hj, o, h5] MOXKET OBbITh BEIPaKEHA Tayc-
coBOH (DYHKIMEH CIeayrommM 00pa3oM:

x-cj|
zb2

hi(x) = ex p[ “ ] {=12,..5 (11)

rae X - BXOJHOH BEKTOp HEHPOHHOW CETH, 3aJaHHBII
ypaBHeHHeM (10),
Cj=[cj1, Cj2] - BXOMHOI BEKTOP j-TO y3J1a B CKPHITOM
cioe, bj - mmpuHa mapameTp j-ro y31a B CKPBITOM CIIOE,
a J - KOJNYeCTBO HEHPOHOB B CKPHITOM CIIOH.
Taxum 06pa3oM, BBIXOJI CETH MOXKET OBITh BHIPAXKEH
CIeIYIONIUM 00pa3oM:

Ym(k) = X1y wihy () (12)

riae W j - Beca HeiiponHoit cetr RBF. dyHkIust nHACKCA
MIPOU3BOIUTEIHLHOCTH MOXKET OBITh MPEICTABIICHA KAK:

E(t) == [y(k) = ym()]? (13)

rae Y (K) - uaeanbHsIi Bex01. OCHOBBIBASICH HA METOIE
I'paJIMeHTHOTO CITyCKa, apaMeTpbl HelipoHHo cetn RBF
MOTYT OOHOBIISITHCS CIIELYIOIIMM 00pa3oMm:

w;(k + 1) = w;(k) +nly(k) — ym(k)]h;
+ a[wj(k) + w;(k — 1)]

(xi—cij)

Cij(k + 1) = Cij(k) + TI[)’(k) Ym(k)] j } b]g +

o _ el
by(k +1) = b;(k) + nly (k) = ym ()T yw; ——

b
J
rae M € (0,1) - ckopocTh 00yUeHuUs,
aa € (0,1) - ko3 puLHEHT UMITyIIbCA.
MatpuuHbiii anroput™M SJKoOH BHITIAIUT CIETYTO-
M obpaszom [10,15].

Oy(k) aJ’m(k) ‘311 —X1
outk)  oulk) ZJ 1Wih b? (15)

rae X1 = U (K).

ITapametpsl IIM-perynaropa peryaupyrorcs Mat-
punel skoOmaHa KOHTPOJBHON YCTaHOBKH, KOTOpas
MTONTYYCHHBIX HIeHTH(UKauel HeiiporHoii cetn RBF.

M3BecTHO, uTO mpousBoautTenbHOCTh [T -perynu-
poBaHUs OCHOBaHa Ha 3HayeHuH [IM mapamerpsl Kp u
ki. [TU-perynsaTop MOXeT UMETh OTIIMYHYIO IPOH3BOJIH-
TEIBHOCTH C PABUIIbHBIE TIAPaMETPBI, HHaYe KOHTPOIIEp
HE CMOJKET JOOMTHCS JKEeIaeMOoro KOHTPOIIs TpeOOoBaHHeE.
TakuMm o00pa3oMm, HpaBHUIBHOE pEryJIMpPOBaHHE Napa-
MetpoB [IU-perynstopa sBisieTCs BaXKHOW 3ajauen u
paspaboranHas ceth RBF cmoco6Ha To4HO HacTpanBaTth
kp u Ki B pasHBIX cHTyanuii ¢ HCIOIb30BAHHEM MAT-
putst Sxobu [13,15].

Bo-nepBbIX, pyHKIHS OMIMOKK CETH ONpeAesseTcs
KakK:

E(k) == [r(k) — y(k)]? (16)

3atem npasmio apronoacTpoiiku Kp u Ki paspada-
TBHIBAETCS HA OCHOBE TPAJUCHTHOTO CITyCKa HUTEPAINH
CIIETYIOIINM 00pazoM:

Akp——r]§=— 2y ou W (k)_ xcq (k)
a7

0E 0E 0y 0 a
Ak; = N = oy % % = Ue(k)ﬁ-xcz(k) (18)

a
roe % - MaTpuIa sKoOHaHa, 3a/laHHas ypaBHEHUEM (8).

xc¢;(k), xc,(k)- 910 BXOMBI
II1-perynaropa B ymnpaBie€HHUU CTpaTeTHed U WX
pacueT OyZIeT IpUBE/ICH B CIEIYIONMIEM pa3zee.
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IIM - asropuT™ ynpasJieHUus

B aT0ii cTparernu ynpasieHusi CHCTEMHasl OLIHOKa
MEXAY KEJTaeMbIM BBIXOJOM CHCTEMBI M (DaKTHYECKHUit
BBIXOJl CUCTEMBI, KaK MOKa3aHO Ha PUCYHKe 2, olpese-
JsIeTCs:

e(k) =r(k) —y(k) (19)
em(k) = y(k) — ym (k) (20)
Bxos! [TV MOYHO BBIPA3HTh CIICTYIOIIHM 00Pa3oM:
xc, (k) = e(k) — e(k — 1) (21)
xcy (k) = e(k) (22)

Meto/ TpaIMeHTHOrO CIyCKa HCIONB3YEeTCS LIS
KOPPEKTUPOBKH ITapaMerpa mporopuuu Ky 1 nHTerpasa
mapamertp Ki.

kp(k + 1) = ky + Ak, = ky, + ne(k)g—z.xcl(k) (23)

ki(k +1) = ki + Mg = kg + e (k) 2. xc, (k) (24)
3arem anroput™ [IM-perynupoBanus 3a1aeTcs Kak:

u(k) = u(k — 1) + ky{e(k) — e(k — D)} + k;e(k) (25)

Kpartkoe onucanue IIU-peryanpoBanus
Ha ocHOBe RBF HeiiponHoii cetn

Takum o0Opasom, mpornecc yrnpaeneaus RBFNN-PI
-yIpaBliCHUEM, TIPE/ICTABICHHbIH HA PUCYHKE 4, MOKET
OBITh PE3IOMHUPYETCS CIEAYIOIINM 00pa3oM:

o Cobepure KakIoe 3HaUCHUE Ha mare oopasna k

® BBIYKCITUTH CETEBOMN BBIXO[] Ym Ha OCHOBE COOpaH-
HBIX JAHHBIX.

® TIOJIyYUTh MaTpully SIKOOH, UCTIONB3YS YpaBHEHHMSI.

e Hactpouth mapamerpsl [IM-perynsropa mis
IIN-peryinsaropa.

® KOMaHZa OTIPABKU KOHTPOJUIEPA Ha aCHHXPOHHBIH
JBUTATEINb.

e ycranosuenne k =k + 1.

=
CobepuTe Kaxkgoe 3HadeHue Ha ware
obpasua k

v

PaccuntaTtb ceTeBol BbIXoa,

v

Bbluncnute maTtpuuy Akobu

v

YTo4HeHune kp, Ki

v

MN-perynupoBaHue cKkopocTbu
asuratens

v

Vcranosnenne K =k + 1.

[

v

C ore )

Pucynox 4. Bnok cxema RBF neitponnutii cemu
ITH pezynamopa

Pe3y.m,TaT1,1 MOA€JIMPOBaAHUA

Discrete, Phi* i
0.96 s {1}—- PI(s)
powerguil phi*
PID Confroll
e id” CALCULATION
[TRYTA]
Wr (3ananme) ) T Ter
RBF
—={Wm it PI(s)
RBF _HeiipoHHbIA CeTH i
PID Controller2
iq” CALCULATION
iabc id id phir +—+|phir
e e -
ROTOR FLUX
" CALCULATION —
DETA CALCULATION I
abc-dq

WHM

CONVERTER
o Tm Momen (Te) Tm
L

A

c

All Wamepenue BMN Scope

Pucynok 5. Mooens Simulink s 6exkmoproii ynpaensaemoil acuHxponHol 0uzamensHoll cucmem npusod BMIT
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[Ipouecc ynpaBieHUs] CKOPOCTBIO JIBUraTeIs CMO-
nenupoBad B cpene MATLAB/Simulink ¢ ncrons3oBa-
nueMm merona IFOC, a B cucteme nprBoia aCHHXPOHHOTO
JIBUT'aTeJIsl BeHTHIISITOPA MECTHON BEHTHIISILIMY UCTIOJb-
30BaHa MIMPOTHO-MMITYJIbCHAst MOAysinus. CpaBHEHHUE
MIPOU3BOAMTENLHOCTU HelpocereBoro [IM-perynstopa c
kiaccudeckrM [TH-perynsropoM mokazaHo Ha puCyHKe 6.

Cranmaptaeie napamerps! [IH-perymsropa, HacTpo-
€HHBIE METOJIOM P00 1 OIMOOK, OBIIN YUTEHBI C COOTBET-
CTBYIOIIMMH KO3((HIMEHTaMU. DTH MapameTphl s
peryisropa ckopocTtu coctasisitor kp = 110, ki = 10.
YacToTa nepektoueHHuss WHBEPTOpa BBIOpaHA PaBHOM
5kl'n, a HOMUHAJIBHOE HANpsHKEHHE MPOMEKYTOYHOU
ueny BeIOpaHo pasHeM 1000 B.

MBsl BUAUM, YTO Ha PUCYHKE 6 peakius CHCTEMBI
MIPUBO/Ia ACHHXPOHHOI'O JBUraTelsl Ha OCHOBE IPEAJIo-
J)KEHHOro Mertoja HelponHou ceru [IM-perynsartopa
HUMEET CBEPXKOPPEKIHUIO M HeOOJbUIYyIO OIIMOKY OcTa-
HOBKHM, ueM Kiaccuueckuil Meron IIM-ympaBieHus Ha
JTane M3MEHEHMs 3alaHus CKOpocTH. B 3Toi cTarbe
npeanaraercs pewmeHue agantuHoro I1M-ynpasnenus
Ha ocHoBe HelipoHHOU cetn RBF nns ynpaBinenus
CKOpPOCTBIO AaCHHXpPOHHBIX JBurarenedl. Ilapamerpsl
IIpeyIaraeéMoro KOHTpoJIIepa HaCTPauBAIOTCS OHNIAMH 1
JIOCTIDKEHUS KENaeMOW MPOU3BOJUTEIBHOCTH KOHTPOJI-
nepa.

B 0T T e o e e o o o e e L s o e s e B . o s o e s e s s e A
T T { \ [ T T l ]
I | | I I | | B
I | | I I I I | §
a I | | I I I I | 1
x Mo -——-- TTTT T TTT T T T TT T T T s FTT T TTTT T~ TTTT T TTT T
i I | | I I I | | 1
L | | | I I | | | ]
109,95 b b e b e b e b e b e b b ey
0 20 40 60 100 120 140 160 180
1015 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
F \ \ l l \ \ l 1
[ I | | I I | | ]
e (A VT VT VT T P T T
= r | | | | | | | ]
105 b==== R - - SRS - R
r I | | I I I | 1
ol b b e e e b b b
0 20 40 60 100 120 140 160 18(

|
=M - Knaccuueciuii perynarop
= = W- 3apaHus
=W - HelipoceTeroii perynatop

Pucynox 6. Pesynomamul modenuposanus ¢ HelpoOKOHmMpPONi1epom

3akiauenue

B nanHOit pab0Te Ha OCHOBE MOJIEN HEHPOKOHTPOII-
Jiep ¢ HEeHpO3MYJIATOPOM, BKITFOYAIOIIME MHOTOCIIONHYO
HEHPOHHYIO CeTh MPSAMOr0 pacnpOCTpaHeHus ObUIO pea-
JIA30BaHO yHnpaBjIeHUE CKOPOCTbIO aCMHXPOHHOIrO ABH-
raTeist MpUBOA ISl BEHTWIATOpa MECTHOTO.

Pa3pab0Tan anrOpuT™M ynpaBiIeHHS BEHTUIATOPOM
MECTHOTO IpOBETPUBaHMs O0ecTeunBarOnidi BO3MOX-
HOCTb aJaNTUBHON HAaCTPOWKM MapaMeTpOB Klaccude-
ckoro IIU perynarOpa ¢ ucnonbp30BaHUEM HEHPOHHOTO
MEXaHU3Ma.

Pesynbrartel mOmydeHHbIE B pe3ylbTaTe MOje-
nupOBaHus, nokassiBatoT, uT0 HC u xontpomnep 1IN
HMEET 3HAYUTENbHO JIy4dllyl0 IPOU3BOAMTEIBHOCTD

11

110 cpaBHeHHMI0 ¢ 00bryHBIM [IU-perynstopom nmeer
pocTyto GOpMy U MOKET OBITh JIETKO pa3pabOTaH.

B aT0i1 paboTe paccMaTpuBaIOTCS HIES KiIacCHYe-
ckuii IIM-perynarop MOXHO 3aMEHUTH peryiisitopoM 111
C MCIIOJb30BaHUEM HeWpoHHOU cetu. Perynarop 11
HCIOJIb3YET HEHPOHHYIO CETh ISl aBTOMAaTHYECKOTO
moucka mapamerpa Kp, Ki KoTopsiii onTHMHU3UPOBaH TSt
CHCTEMBI aBTOMAaTHYECKOTO yIPABICHUS.

Hcronp3oBaHne 3TOro KOHTpOJIIepa BbI3BAJIO (haKkTH-
YecKasi CKOPOCTh MOTJIa OBICTPO OTCIIEKUBATh KOMaH]Y,
IUIaBHO U C HYJEBOM YCTOWYMBOM MOTIPEIIHOCTBIO AJIS
cucreMa ynpasieHusi. CkopocTh yBenuuuBaercst ot 60
(pan / c) no 150 (paxn / ¢) mpu 2 cex U OMMUOKH IO CKO-
poctam 3axannio %Aw = 0,15% .
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TexHuueckne XapakTepUCTHKH, IPUHATHIC BO BHUMa-
HHE YYUTBHIBAIOTCS: NIEPEPETYINPOBAHUE, BPEMsI Hapac-
TaHWs, BpeMsl YCTAHOBJICHHS M YCTAHOBHBILIASCS OIIMOKA.
MIPOM3BOJIUTENBHOCTh TPEIaraéMbIX KOHTPOJUIEPOB
OBLIM OLICHEHBI B PAa3JIMYHBIX YCJIOBHSAX 3KCIUTyaTaluu
COCTOSIHHE CHICTEMBI BOXKICHHUS M PE3yJBTaThl Hpoze-
MOHCTPHPOBATh 3(PPEKTUBHOCTh ITHX MEp KOHTPOISA
CTPYKTYPHL.CTPYKTYpBl. CpaBHUTEIBHOE HCCIICIOBAaHUE
KOHTPOJISL CTPATeTUH C TOYKU 3PSHHUS [IPOU3BOAUTEINb-
HOCTH OBUTH TpOBE/ICHHBIN. HTemIeKTya bHas cucreMa

yIpaBJIEHUs UCIOJIb3YeT KOHTPOJUIep HEMPOHHOH ceTu
CHM3MJI MUK NepeperyIupoBaHue, BpeMs HapacTaHUus U
BpeMsI YCTAaHOBJICHUS 10 CPaBHEHMIO B cucteMy c [1M-
PEerysTopoM. IT0 HaOIIOAAETCS YTO CKOPOCTh MAIlIMHBI
OCTAeTCsI TIOCTOSIHHON C YMEHBIICHHBIM ITEPEPETyINpOBa-
HHEM C HCIOJIb30BAHUEM HEPBA CETEBBIE KOHTPOIIIEPHI.
B 3axmouenue, npennokeHHas UCKYCCTBEHHas HEHpPOH-
Has CETh MOKA3bIBAET BBICOKHE IIPOU3BOANUTEIBHOCTD U
XOpoIIast TOYHOCTh YIPABICHUS IJIs1 CUCTEMA.CHCTEMA.

Tabnuya 1.

IMapamMeTpbl BeHTHIATOPAa MEeCTHOTO npoBeTpuBanus FBD

HaumeHoBaHue apaMeTpa, eIMHULLI H3MepPeHUs! 3HavyeHue
MomHocTts, KBT 25
Hampsikenue, B 380/660
YacroTa BpaieHus, 00 /MuH 3000
Yacrorta cetn, ['il 50-60
Cos¢p 0,88
KpaTHOCTh Ha4aJbHOTO IyCKOBOTO BpAILAIONIET0 MOMEHTa K HOMHHAJIBHOMY 1,9
KpaTHOCTh MHHUMaJIEHOTO BPAIAIOLIEr0 MOMEHTA K HOMHHAIILHOMY 1,3
KpaTHOCTb MaKCUMaJIbHOTO BPAIIAIONIEI0 MOMEHTa K HOMHHAJIBHOMY 2,5
MowmenT nneptu (J), Kr/Mm 2 0,085
VnenpHas Macca, KI/kBt 9,5
AKTHUBHOE CONIPOTHBIICHHE (a3sl cTatopa Rs,, OM 0,455
[IpuBeneHHOE aKTUBHOE CONMPOTHBIICHHE PoTOpa Rr , OM 0,413
WHAyKTHBHOCTH paccessHus cTaTopa U potopa Lsu Lor, ['H 0,0048
WH1yKTUBHOCTD B3aMMHOM nHaykiuu Ly, T 0,698
Juamerp TpyOonpoBoia BeTpa, M 0,6
[Tnomanb BEIpaOOTKH B CBETY, Mm% 12,1
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AHHOTAIIMA
B cratbe PaCcCMOTPEHBI aHAJIU3 METOIOB I/I3MepeHI/II71 B LICIIAX 60J’II>HH/IX IMOCTOAHHBIX TOKOB C ITOMOIIBIO IICPBUIHOI'O
MarHUTOMOJIYJISLIMOHHOTO NpeoOpa3oBaTes U MPUHIIMII ero paboThI.
ABSTRACT
The article discusses the analysis of measurement methods in circuits of large direct currents using a primary magnetic

modulation converter and the principle of its operation.

KiroueBble c10Ba: IepBUYHBIN [IpeoOpa3oBaTeb, MIYHT, MOIYJIANHS, COMPOTHBICHHUE, IIUHA, MOAYIUPYIOMIAs
O6MOTKa HaprDKéHHOCTI/I MAardMTHOI'O IOJIA, alllIpOKCUMAaIld, MarHuTHast UHIYKIHA.
Keywords: primary converter, shunt, modulation, resistance, bus, modulating winding of magnetic field strength,

approximation, magnetic induction.

AKTyaIbHOCTB. Ilepenaua 31eKTpUYEeCcKO SHEPTUU
Ha OOJIBIINE PACCTOSHHSA LEJIECO00Pa3HO OCYIIECTBUTh
Ha TOCTOSIHHOM TOKE, a Takke BCe OOJbINNE TpeOOBaHHS
HCTIOJIB30BaHUs OOJBITNX MOCTOSIHHBIX TOKOB B Pa3JINy-
HBIX OTpaciiiX HApOJIHOr0 XO3SHCTBA, B YACTHOCTH, B
XUMHUUYECKON MPOMBIILJIEHHOCTH, METAILTYPIHUH U psilie
JIpyTUX o0JacTell ¢ BO3pPACTAIOIIUMH TPEOOBAHUIMU
K TOYHOCTH MU3MEPEHUs OONBIINX MMOCTOSTHHBIX TOKOB.

Kak n3BecTHO a1l n3MepeHHst OOJBINX TTOCTOSIHHBIX
TOKOB TPUMEHSIOTCSA IIyHTBI, KOTOpble 00JamarT
PSAIOM HEOCTATKOB: HAJHYNE Pa3pbiBa DIEKTPUICCKOM
LMK, YBEIMYEHHUE Macca-TabapuTHBIX pPa3MepoB C
YBETMYECHHUEM U3MEPSIEMOT0 TOKA, HATMYUE TIOTEPH TIPH
MIPOXOKJICHAHN Yepe3 HUX OOJBIINX TOCTOSHHBIX TOKOB.
JJis ycTpaHeHHs YKa3aHHBIX HEJJOCTATKOB HEOOXOIUMO
MIPUMEHUTD APYTUE METO/IbI, 8 UMEHHO NEPBUYHbIE Mar-
HUTO-MOYJISILIHOHHBIC TIPEOOPA30BATEITH.

CyiuecTByloliue B HacTosIlee BpeMsi CpPeICTBa
U3MEpPEHHUH MOCTOSHHBIX TOKOB MOXXHO pa3JeliuTh Ha

JIBE OCHOBHBIE TPYIIIBL: CPENICTBA U3MEPEHU, OCHOBAH-
HBIC Ha ONpEACIICHUN MMAJCHUS HAMPSDKCHHUS Ha Pe3H-
CTOpE, KOTOpBIA BKIIIOUEH IOCIEJOBATEIbHO B LEMb
HU3MEPSEMOT0 TOKa M OCHOBAaHHBIE Ha HCIOJIb30BAHUU
MAarHUTHOT'O NOJISl, CO3/1aBa€MOT0 U3MEPSIEMBIM TOKOM.

[epBas rpymma 6a3upyercst Ha METOaX Mep COIPO-
TUBJICHUS (IIlyHTOBEIE), & BTOPasi HCTIOJIb3YeT (QU3MICCKIEC
3¢ }exThl, BOZHUKAIONINE B AJIEKTPOMArHUTHOM IIOJIE
U3MepseMoro Toka. K 4ucity mocieHero MoXHO OTHECTH
TaKue METOJIbl M3MEPEHUN, KaK ralbBaHOMarHUTHBIH,
METOJ SIIEPHOTO-MarHuTHOTO pe3oHanca (SIMP), marauro-
OIITHYECKHE, MHAYKIIMOHHBIC H JJICKTPOMETPUIECKUE.

Bce BollenepeyunciieHHbIE METOABI U3MEPEHUS B TOM
WUJIM WUHOM CTENeHH, B 3aBUCUMOCTH OT KOHCTPYKUHUH U
METPOJIOTHYECKUX JAaHHBIX, IPUMEHSIOTCA B HAPOIHOM
xo03siicTBe. OHM HAXOMAT IIHMPOKOE MPUMEHEHUE B HH-
(hopMaIMOHHO-U3MEPHUTEIBHON TEXHHUKE, B CHUCTEMax
ABTOMATHUYECKOTO PETYIMPOBAHUS U YIPABICHUS, B TIpe-
o0pa3oBaTenbHON TeXHHUKE U.T. 1. [1].

Bu6morpaduueckoe omucanne: CaspummunoB H., Dmboes A.T. AHAJIM3 METOJIOB M3MEPEHUI BOJIBIINX
MNOCTOAHHBIX TOKOB // Universum: TeXHHMYEeCKHE HAyKd : OJIEKTPOH. HayuH. xypH. 2023. 10(115). URL:

https://7universum.com/ru/tech/archive/item/16134
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YacTo 1y u3MepeHus OOJBIINX MOCTOSHHBIX TOKOB
HCTIONB3YeTCs C MOMOIIBIO MEP CONPOTHUBICHUS, OCHO-
BaHHBIX HAa U3MEPEHUU MaJCHUs HaNPsDKEHUS B CONPO-
TUBJICHUU TIPU IPOXOXKACHUH Uepe3 HEro U3MepseMoro
TOKa. B KagecTBe Mep 37MEKTPUIECKOTO COMPOTHBICHNUS
JUTSL I3MEPEHNSI IOCTOSIHHBIX TOKOB B IIPOM3BOICTBEHHBIX
YCIOBUSIX HCHONB3YIOTCS IIIYHTBHI.

IyHT (puc.1) cOCTOUT M3 IBYX MAacCCHBHBIX MEIHBIX
HaKOHEYHMKOB 1, MEXy KOTOPBIMHU BIAsSHBI PE3UCTUB-
HBIE DJIEMEHTHI 2, U3 MAaHTaHUHA, BHITIOJIHEHHBIE B BUJIE
IUTaCTHH UK NpyAKoB. [TafgeHne HanpsKeHus Ha IIyHTe
CHUMAeTCsl ¢ MOTEHIMAIBHBIX 3ak1MoB 3. HomuHambsHOe
NaJicHue HanpsDKEHWs Ha KaJMOpOBaHHBIX IYHTAX
IIOIDKHO OBITH 60 niu 75 MB.

OCHOBHBIMH XapaKTEpPUCTUKAMU MEpPbI COMPOTHUBIIE-
HUS SIBJISIOTCS. BXOJHOM TOK M BBIXOAHOE HAIPSDKCHUS,
CONPOTHBIIEHUE CaMOU Mepbl [2].

ITo TOyHOCTM UIYHTBHI Pa3AEIAIOTCS HA KIJIACCHL:
0,02; 0,05;0,1;0,2; m0,5.

Pucynox 1. Illynm

HecmoTps Ha Takoi KJ1acc TOYHOCTH U3MEPEHHMSI, pac-
CMaTpUBAEMbIil METOJ] UIMEET PsiJl HEJOCTATKOB:

® I M3MEpEHUsI He0OXOIMMO Pa3opBaTh AJEKTPH-
YECKYIO LIeTb MOAKITIOUSHUS [IIYHTA.

® HaJMYKeE SIEKTPUIECKOT0 KOHTAKTA, YTO IIPUBOIUT
K HarpEeBaHHIO M OKHCIICHUIO TIPU Pa3HOPOIHBIX METAIIAX.

® HaJMY¥e raTbBaHUYECKOU CBS3H, YTO HE ITO3BOJISIET
NPUMEHUTD 3TOT METOZ VISl U3MEPEHHUSI TOCTOSIHHBIX TO-
KOB B LIETISIX BEICOKOTO HANIPSDKCHUSL

® B TeYEHHE IKCIUTyaTallly, W3-3a IIOTEPH B LIyHTE,
BBIZICJISIETCSl 3HAYMTENBHOE TEIUIO0, KOTOPOE IIPUBOJIHT
K TTOSIBJICHHIO JIOTIOJIHUTEIBHBIX OTPELIHOCTEH.

JloCTOMHCTBOM 3TOTO METO/a M3MEpPEeHUs SIBIIETCS
HE3aBUCHMOCTDh TOTPEIIHOCTH OT BHEUIHMX MATHHTHBIX
nonieid [3].

OIMH U3 IPYTHX METOIOB W3MEPEHUs OOJIBIINX MO-
CTOSIHHBIX TOKOB SIBJIICTCS MAarHHTOMOYJISIMOHHBIH.
DTOT MeTO.I Ha PAKTHKE YACTO MPUMEHSETCS TSt OECKOH-
TAKTHOTO M3MEPEHNs, B KOTOPOM IIpeoOpa3oBaHKe BXO-
HOH  BEJIMYMHBI  OCYINECTBIIETCS B pe3yJibTare
BO3/ICUCTBUSI CO CTOPOHBI JIOTIONHUTENEHOTO MCTOYHUKA
SHEPTUM Ha MarHUTHBIE CBOIMCTBA MPUMEHSIEMOr0 MarHu-
tonpoBoaa. [IpeoOpazoBareiny, BHIIOJIHEHHBIE HA UX OC-
HOBE, Ha3bIBAIOTCSl MArHUTOMOYJSIIMOHHBIMU. Ha (puc.
2) moKa3aHbl KOHCTPYKIUK AuddepeHInan-HOro Mariu-
TOMOAYJIAIUOHHOTO TIPe0Opa3oBaTeIsl.

|

—

Pucynok 2. Koncmpykyuu ougppepenyuanbrozo MazHuUmMomMoOyaayuonHo2o npeoodpasosamens

HuddepennnansHpiit
npeoOpa3oBaTesb COCTOUT:

W3 nByX mapasuienbHO pacrioioKEHHBIX TOPOHAAIb-
HBIX (heppomarHuTHBIX KoJer] (1), Ha 3THX KOJbIIax pac-
MOJIOKEHBI MOJYJIMPYIOIHE PABHOMEPHO HAMOTAHHBIC
00MoTKH (2), n3MepuresbHas 00MoTKa (3) 0XBaThIBaET
00a TOponIaIbHBIX (heppUMarHUTHBIX KOJIEl Ha KOTOPBIX
HaMOTaHbI MOAYJIUpPYOIIHE OOMOTKH, MOJKIIOYEHHbIE
K UcTOYHHUKY U~ IepeMEeHHOT0 HaNpsDKeHNUS.

[Mpunuun pabotsl nanHoro auddepeHunanTsHOTo
MarHUTOMOYJIALMOHHOTO MPeoOpa3oBaTeys COCTOUT B
CIIEAYIOIIEM:

MarHUTOMOAYJISILIUOHHBIH

15

Ecmm mogymupytomnmm odmoTkam (2) momaBats U~
TepeMeHHOe HaPSHKEHHE, TO 110 3TUM 0OMOTKaM TedeT
MEPEMEHHBIH i~ TOK, KOTOPBIN CO3/1a€T B 00bEME MarHH-
TOTPOBOIOB (1) MEpeMEeHHY 0 HANPSHKEHHOCTh MarHUT-
Horo 1ot H- paBHOE 10 BETMYMHE U IPOTHUBOIIOIOKHOE
1o HanpasieHuto. [Ipu Hannumu B mwuHe (4) U3Mepse-
MOTO TIOCTOSIHHOTO TOKa |. co3aér B 00bEMe MarHuTo-
MIPOBOJIOB 1 MTOCTOSTHHBIN HaIpsKEHHOCTh
MarHuTHOTO 1oJist H. B 00b€Me 0IHOTO M3 MarHUTONPO-
BOJIOB JelicTByeT cymma HanpspkeHHocred (H+ H-), a B
obséme nmpyroro pasHocts (H--H-). Ecnm Toponpmansubie
CEpCYHUKHU OJMHAKOBBI, TOI/Ia MOXKEM HaIlUMCaTh
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B1=B(H-+ H-) (1) [MorpemHocTh anmpoKCUMalK COCTaBIsIET He Oosee
2%, 9TO JAOMYCTHMO TPH MPOBEICHUU aHATUTHICCKUX

B,=B(H-- H.) (2) pacueros [5].

C 1enpro OmpeneNicHUs BBIPAKCHHS CTATHYCCKOU
rae B1 u B, IUIOTHOCTE MarHUTHBIX IIOTOKOB B TOPOH- XapaKTepUCTUKHU Tpeodpazosarens (puc.l), pazodbem
JaTbHBIX CepJCYHMKAX. YCIOBHO €ro Ha /IBE MOJIOBHHBI: HA BEPXHIOI0 M HIX-

HaBomumetii 5.11.c B U3MEpUTEIHHOIM 00MOTKE OTIpe- HIOI0. B MOMeHT BpemeHH, Koraa depe3 0OMOTOK BO3-
JISTISIETCSI CIICAYIOIMM BBIPaKEHUEM OY>KIICHHUSI TIPOXOJUT MEPEMEHHBIM TOK I~ OH CO30aéT
H-. TIepeMeHHYI0 HanpsHKEHHOCTh MAarHUTHOTO MOJIs

e =—Sws %(Bﬁ‘Bz) (3) HATPaBJICHUE, MMOKa3aHHOE CTPEJIKOW B BEPXHEH 4acTH

npeoOpa3oBaTeis, KOTOPBIA COBMAAACT C HAMPABICHUCM
HaIpsHDKEHHOCTH MarHuTHoro moist H., co3maHHbIN u3-
MepsieMbIM TOKOM. B HWXHeEH MOJOBHHE 3JEMEHTa
HA000pPOT, HaMpaBlicHHEe H- MPOTHBOMOIOKHO HAIPAB-
nenunto H.. [ToaTomy MOxkHO Hanucats:

IZI€ W3- KOJIMYECTBO BUTKOB M3MEPHUTENBEHON OOMOTKH,

S- momnepedHoe ceYeHNe TOPOUNAIBHBIX CEpICUHU-
koB [4].

C nenplo OmpeeNeHUs BBIPAXKEHUS CTaTHYECKON
XapaKTePUCTUKH TpeodpaszoBatens (puc. 1), HeoOX0IMO
ONpENeIUTh AHAJIUTUYECKOE BBIPAXKEHHE KPHUBOTO
HaMarHW4YeBaHUS TOPOMIAIBHOTO (heppOMarHUTHOTO
Marepuana.

Jnst anmpoKcHManuy XapakTepUCTHK HETHHEHHBIX
3JIEMEHTOB Yallle MPIMEHSIOTCS JIBa METO/Ia: alllPOKCHMa-
IS CTETICHHBIM ITOJIMHOMOM U IPEAJIOKEHHAs aKaleMH-
koM A.J. beprkoM KycouHO-TMHEIHAS allpOKCUMAaLIHUSL.

B anekTpopaauoOTeXHHYECKHX  YCTOpOIicTBax,
W3MEPHUTENBFHON TEXHHUKE, a TaKkKe B APYTHX 00JacTsxX
HayKM M TEXHHUKH, C LENbI0O CHIDKEHUS OCTAaTOYHOI

Hi=H.+H-; ®)

Hy=H_--H-. (6)

B crienyromuii oy epro;| HarpapieHHe HapsHKeH-
HOCTH T10J19 H- Menstercs.

IToacrapnss (5) u (6) B (4), noayyum:

Bi=KithKy(H+H)+Ks(H+H-) ;  (7)

N Bo=KithK(H.-H-)+K3(H.-H-) . (8)
MAarHUTHOH HWHJIYKIUH PEKOMEHAYETCS NPUMCHSThH
MarHUTOMSTKHE MaTepUaJIbl BBIIOIHCHHbIE U3 3IEKTPO- .
N P p H-=Hp-sinwt. 9)
TexHU4Yeckoi cranu mapku 3-330.
J1s anmpoKCUMAlWK KPHBOIO HaMarHHUYEBaHMS [PH 3TOM
3NIEKTpOTeXHUUECKO# ctamu mapku 9-330 B = f(H) , I W
U3 KOTOPOrO H3TOTOBICH TOPOHAAIBHBIN CEPACUHHUK Hp = oy (10)
nuddepeHIMaIPHOTO IpeoOpa3oBaTelisi, BOCIIONb3YEMCS
KYCOHO-JTMHCHHOM alMPOKCUMALIMCH. rae Hm-, Iy~ - aMInTy tHBIC 3HAYEHHS HATIPSDKEHHOCTH
ITpemtaraercst anmpoKCUMUPOBATh KPHBOE HAMArHH- TOJIA 1 TOKa BO3GY K ACHHUS;
YUBAHHE CYMMOM I'HIIEPOOTIIECKOro TaHTCHCa U TIPSIMOi W._ - 4HCIIO BUTKOB 0GMOTKH BO3GyskaeHus Audde-

C YIIIOBBIMU KOO uIlMeHTamu: PEHIHATLHOTO TPE0OPa30BaTENS;

lep - cpenHAs IMHA TMHUK HATIPSOKEHHOCTH TOJIS
B030yxneHue quddepeHimansHoro mpeodpazoBaTeds.

[ToxcTaBnss 3HAUEHUSI MATHUTHBIX HHIYKIHH (7) 1
(8) B (3) m ucnonezys (9), Haligem

rae Ky, Ko, Ks— ko3 urmmentsr anmpokcumarim.

1 1

e = W3;SK; K, wH,,.coswt -
39012 m~ [ChZKz(H_—Hmwsinmt) Ch?K,(H-+Hp~sinwt)

]. (11)

AMIDIMTYIHAS W ISUCTBYIOIIAS BEJTMYHMHBI ITOTy4YeH-
HOTO BBIPAKEHHUS ONIPEIEIIIFOTCS CIEAYIONINM 00pa3oM:

1 1
Em = W;SK,K,wH - E 12
m 3902 M~ | ch2k, (Ho—Hp.)  Ch2Kp(H_+Hp )’ (12)
W, SK Ky wH.. 1 1
E=——12 [ 21/ T Ah2wl ]r (13)
3 Ch2K,(H_-H.) Ch2K,(H_+H.)
rne K K, - koaddunuentsr annpokcumany, ompene- Taxwim 00pa3om, JaHHBIA METOA N3MEPEHHs OOTIBIITHIX
nsiembie 1o (6) u (8): MTOCTOSTHHBIX TOKOB OTHOCHUTCS K HETPAUITMOHHBIM M€-
. By Ky 1 TOJIaM W3MEPEHHUS MapaMeTPOB AIEKTPHUYECKUX IIeTieit
K; = Zo (14) MTOCTOSTHHOTO TOKA.
V2 Bg—Hptga
K, = 2= arth 2522 — /2K, (15)
Hg By

16



UNIVERSUM:

Ne 10 (115) TEXHWHECKME HAYKY OKTH6Db, 2023 T.

CHucoK IUTEpaTyphl:

1.
2.
3.

Munos3zapos B.I1. DnekrpomarauTbie ycTpoiicTBa aBToMaTHKU-M.: Briciias mkona 1974-414 c.
C.A. Cuekrop. M3meperne O0bIIHX MOCTOSHHABIX TOKOB.-JI.:OHeprus,1978.-136 c.

V36exucron PecniyOnukacu Aiist BasUpiUrd  Xy3ypuaaru VIHTeIUleKTyaln MyJK —areHTINTH PACMUIA
AXBOPOTHOMA 10(246) counn H 6ymumu / SJIEKTP H 01 (13) B/ (21) IAP 2021 0341 / (22) 30.06.2021 / (51)
GO1R 19/00., /I (71)(72) CaspumuuoB Hykpummu, Dm6oeB Asamar Typakynosud, HaxumunuHoB 3uHAOYIHH
MammmanaoBHY, FOnmmames FOcyd Tommymnatosny, Kopakynos Acmunaua Hypuamunosuya, UZ (54)., // bupnamun
KOHTAKTCH3 MarHUT-MOYJIHAIOBYN JOUMHUH TOK ¥3rapTUPTHIH.

CaBpuanHoB H. Anmpokcumanusi KpUBOrO HaMarHHMYMBaHUs (eppoMarHUTHBIX MarepuanoB / H. CaBpuanHOB,
A.T. Dmboes, 3.111. Haxxnmunnaos, A.H. Kopakymnos // Kapimm MyxaHAHCIHK UKTHCOAUET HHCTUTYTH IHHOBaIIOH
TEXHOJIOTHIAp WIMHUH TeXHUK KypHAT - 2021.-Ne 3.- 60-62 Ger.

17



UNIVERSUM:

TEXHWYECKUE HAYKN

Ne 10 (115) OKTsI0pB, 2023 1.

SHEPI'ETUKA
DOI: 10.32743/UniTech.2023.115.10.16107

AHAJIN3 YIIPABJIEHUSI U KOHTPOJISI PACCESIHUSI PEAKTUBHOM MOLIHOCTH
OJJHOPA3ZHOI'O ACUHXPOHHOTI'O ABUI'ATEJISAA, BBIPABATBIBAEMOU
COJIHEYHBIMHU ITAHEJIAMU

Avzamos Cauouxpom Cauomypoodosuu

O0OKmopaum

AHOUMNCAHCKUTL MAWUHOCMPOUMENLHBIL UHCIMUMYM,
Pecnybnuxka Y36exucman, e. Anouscan

E-mail: azamovsaidikrom1992@gmail.com

ANALYSIS OF CONTROL AND MONITORING OF REACTIVE POWER DISSIPATION
OF SINGLE-PHASE ASYNCHRONOUS MOTOR GENERATED BY SOLAR PANELS

Saidikrom Azamov

Postdoctoral Student,
Andijan Machine—Building Institute
Republic of Uzbekistan, Andijan

AHHOTAIIMA

CHpOC Ha BCC BUJbI SHEPIUU B MUPC U B Hamreu CTpaHe pacCcTCT C KAXKAbIM JHEM, B KOTOPOM 0c000€e MeCTO 3aHUMAET
3HaY€HHE BO30OHOBIIIEMBIX MCTOYHHKOB OHEPIruv, B TOM YHCJIC aCUHXPOHHBIX ,IlBI/IFaTeJIeﬁ, HaunooJlee 9HEProeMKOro
YCTpOWCTBA CpeIH MOTPeOUTENEeH MEKTPUISCKON SYHEPTHU. BRIPa0aTEIBAEMO U3 BO3OOHOBIIEMBIX UCTOYHHUKOB YHEP-
THH. I/I3yquI/Ie 1 BHEAPCHUEC aCUHXPOHHBIX ,I[BPIFaTGJ'IGﬁ JJIA TIpPOMU3BOJACTBA aJ'ILTepHaTPIBHOﬁ OHEPIuu sABJIACTCA OAHUM
H3 aKTYaJIbHBIX BOIIPOCOB. HpI/I INOAKJIKOYCHUHU OJHO- U TpeX(l)aSHBIX ACUHXPOHHBIX Z[BPIFaTeJIeﬁ K BO300OHOBJISIEMBIM HC-
TOYHHUKaAM SHEPruun B aBTOHOMHOM M OHJIafH-CHCTEME HOTpe6J'I$[eMa$I MOIIHOCTb npeo6p33yeTc;1 B CUT'HAJI 4Y€pe3 Hp606-
pa3oBaTeny 53JIEKTPOMArHUTHOTO TOKAa B CHCTeME KOHTPOJIS W YIpaBJIEHHUS, a NOTpedisemas 3IIEKTPOIHEPTHUs
Hpeo6pa3yeTcs[ K IEPBUYHOMY Hpe)ICTaBJ'IeHLI PE3YIbTAThl MOJACITIUPOBAHUA BIIUAHUA BEJIMUYHUHBI U ITApaMETPOB UBMECHE-
HUsI CUT'HAJIa Ha (bPISI/IKO-TeXHI/I‘IeCKI/Ie IIPOUECCHI, MTPOUCXOAAIINE B IEPEAATUNKE, HA OCHOBEC KOHCTPYKIIUU KOMMYTaIllu-
OHHOI'0 yCTPOMCTBA.

ABSTRACT

The demand for all types of energy in the world and in our country is increasing day by day, in which the importance
of renewable energy sources occupies a special place. including asynchronous motors, the most power-consuming device
among consumers of electric energy generated from renewable energy. study and introduction of asynchronous motors
for production of alternative energy is one of the urgent issues. When one and three-phase asynchronous motors are
connected to renewable energy sources in an off-line and on-line system, the power consumption is changed to a signal
through electromagnetic current converters in the control and management, and the consumed electric power is converted
to the primary The results of modeling of the effects of signal change magnitude and parameters on the physical and
technical processes taking place in the transmitter, based on the structure of the switching device, are presented.

KuroueBble ciioBa: l'IOTpe6I/ITeHI/I, HalpsHKEHUE, COCAUHEHNEC 3B€3)10ﬁ, TOK CTaTopa, KOHJACHCATOpHAaA 6aTapeﬂ, a-
PaAICIIbHOC COCANHEHUE, Oatauc MOIIHOCTH, HECMHYCONIAJIbHOCTb.

Keywords: consumers, voltage, star connected, stator current, capacitor battery, parallel connection, power balance,
non-sinusoidal.

CerojHs1 ISl yIOBJIETBOPEHHS TIOTPEOHOCTH Hacese-
HUsI B DHEPrUM B HAIlleH CTpaHe, KaKk U BO BCEM MHUpE,
MIPOBOJUTCA sl UCCIAEJOBAaHUI M IPOEKTOB, HANpaB-
JIEHHBIX Ha BBIPAOOTKY KOJIOTHYECKUA YHCTOM, JICIICBO,
KaueCTBEHHOW DJEKTPOIHEPTUU 0Oe3 HCIOIb30BaHUs
NIEPBUYHON SHEPTUU. TOIUIMBA U IOCTABIIATH €r0 HACEIe-
HUIO, B TOM YHCJIE C UCTIOIb30BaHIEM BO30OOHOBIISIEMOH,

SKOJIOTMYECKH YUCTON NEPBUYHOMN SHEPTUU B pErHOHAX
0e3 HCIOIF30BAHMS ICPBUIHOM SHEPTHH, IPOU3BOTUTH
3JIEKTPOIHEPIHIO C MCIIOJIBb30BaAHUEM NOAXOASmUX [1]
COJIHCYHBIX, BCTPOBBIX, OHMOTra30BBIX H JAPpYyTrux BUI0B
MPUPOAHBIX UCTOYHUKOB DHEPIUU U MOCTABJIATH Kadyec-
CTBCHHYIO 3JIEKTPOIHEPTHH TOTPEOHUTENSIM MPOM3BE-
JCHHOM DSJEKTPOHEPTHH, IPHHUMAs BO BHUMAaHHE

Bn6nnorpa¢)nq§cxoe onucanue: Asn3zamoB C.C. AHAJIM3 VIIPABJIEHUA W KOHTPOJIA PACCEHHI/I{I
PEAKTUBHOU MOHIIHOCTU OJHO®A3ZHOI'O ACHHXPOHHOI'O JABUI'ATEJIA, BBIPABATHIBAEMOU
COJIHEYHBIMU TTAHEJISIMU // Universum: TEXHHYECKHE HAyKW : 3JCKTPOH. HaydH. xypH. 2023. 10(115).

URL.: https://7universum.com/ru/tech/archive/item/16107
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OKPYKaIOIIYI0 CPEITy B MECTaX, OJIM3KHX K MOTPEOUTEIISIM,
TaKUX KaK BETPSHBIC U COJHEYHBIC DIICKTPOCTAHINHU, U
HEOOXOAMMO HCIOJIb30BATh COBPEMEHHBIE TEXHOJIOTUH
B NPaBWJIbHOM BBHIOOpPE MNPOBOSIINX MAaTepualioB, a
TaKKe B KOHTPOJIE M YIPABJICHUH OTXO/IbI B yCTPOMUCTBAX,
B TOM YHCJIEe KOHTPOJISI M YIIPABICHUSI PEaKTUBHOM MOIII-
HOCTBIO B 2CHHXPOHHBIX JBHTATENSX, IUPOKO UCIIOJb-
3YFOTCS BJIEKTPOMAaTrHUTHBIE TIPeoOpa3oBaresn Toka, [2-3]
HaunboJIee PaCpOCTPAHEHHBIC B MPOMBIIUICHHOCTH aCHH-
XPOHHBIE IBUTATENIN BEIPaOaTHIBAIOT AIIEKTPOIHEPTHIO C
YYETOM TOTO, YTO OHU MOTPeOsIFOT 60%-65% 3Hepruu,
MBI U3YUYMJIM aHAJIU3 (PU3NKO-TEXHUYECKUX IMPOLECCOB
B HEM, B pe3yJIbTaTe aHAIN3a, 0CJIe aKKyMYJIUPOBaHUS
Y MHBEPTUPOBAHUS aCHHXPOHHOT'O JIBU'ATEJIsl, OAKIIIO-
YEeHUsI aCHHXPOHHOTO aBuraress kK cetH (YY), MbI epe-
KJIFOUHUITH €r0 Ha O/iHY (ha3y, HOAKIIOUUB €ro MO CXEME

3Be3/1a, BriOupast KoHIeHCaTOpHBIC OaTapeu i IBUTA-
Tesst MOIHOCTHIO 250 KBT MBI MCTIONIB30BANIU CIEAYIO-
IIUH METOI;

Ci= 2860{'1—‘I = 2252 = 11,18 [mxd)]

C1- pabounii KOHAEHCATOP (1)
C= 2860;—‘1 = 222 = 10,71 [mxg)]

C,- myCcKOBO# KOHIEHCATOP (2)

MBbl [IOAKIIFOYWIIN JBE BHIOPAHHBIE KOHIEHCATOPHBIE
OaTaper MapauiebHO MEXIy (azaMH aCUHXPOHHOIO
neurarens B u C. [4-5]

SB, SB»> KM

]

.
2

~_ 220V T/

A [ 2
Cj | |C] B

I |

{ |

Cs SB3

Pucynox 1. Cxema

Coe/MHeHnE 3BE30W WM TPEYrOJbHHKOM OOMO-
TOK CTaTOpa aCHHXPOHHOTO JABUIATEs IHPOKO IIPUME-
HSETCS B  MNPOMBIIUICHHOCTH, MOXHO I[0/IaBaTh
Hanpspkenue 127/220 nii 220/380B B ABYX HanpspKEHHSIX
CeTH aCHHXPOHHOTO JBHTATeNs ¢ Kodddurmertom 3
JUtst TOAKITIOYEHHUSI UCIIONB30BaH METO 3BE3/IbI. K CETH
BO30OHOBIISIEMOT0 HCTOYHHMKA OSHEPIHMH W 3aIyCTHI
ACHHXPOHHBIH IBUrAaTEIb C TOMOLIBIO KOHICHCATOPHBIX
OaTapeil, aCHHXPOHHBIH IBUraTeNb paboTai B 0qHO(a3-
HOM HOPMAJBHOM PEKHMME, B ACHHXPOHHBIX IBUIATEISIX
C NMUTaHHEM OT BO30OHOBILIEMOrO MCTOYHHMKA BO3HHKACT
ACHMMETpPHS aMILTATY/], BO3HUKAIOT (Da30BBIC YIIIOBBIC
HECHMMETPHH, UTO B CBOIO OYepe/Ib IPUBOAUT K HECHM-
METPHH MarHUTHBIX TOKOB B BuTarese [6-7].

®,(6,t) = %(Dm{sin(e — ) +in(0 + t)}
D, (0,1) = %qam {sin(@ — ot) + sin(6+ ot — 23”)} (3)

D (0,1) = %q;m {sin(6 — i) +sin(9 + o) _‘Z’j}
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B BbIpakeHHH 6 — yroyn MexJy MarHUTHBIM MOTO-
KOM U TOKOM cTaTopa, ®m — OCHOBHON MarHUWTHBIH IO-
TOK.

s u3mepeHus peakTUBHOM MOIIHOCTH, PACCEU-
BaeMOW AaCHHXPOHHBIM [IBUTaTeleM, B 3a30p MEXIY
KIMHBSIMUA B T1a3€ CTAaTOpa MOMECTHIIM MPOBOJIOYHYIO
KaTYyILIKy, aHAJIOTHYHYIO IapameTpam IPOBOJIOB CTATOPaA.
HccnenoBany BO3MOXHOCTh NPEIOTBPAILCHUS aBapus,
KOTOpasi MOXKET IIPOU30UTH IIPH pabOTe aCHHXPOHHOTO
JBUTATEJIsl IyTEM OIpEAEIeHUs] HECHHYCOHJIAIBLHOTO
XapakTepa MOTpeOIsIeMOl MOIIHOCTH U MOTEpH HO3H-
metpuu [8-9].

B acuHXpOHHOM JBHrartelie, IIMTAEMOM OT B0O300-
HOBJISIEMOT'O HCTOYHHMKA JHEPIUH, 110 OIpPEACTICHHBIM
MPUYMHAM BO3HUKAIOT TAK)KE HECHHYCOH/IaIbHbIE TOKU
M3-32 TOKOB BBICIIMX M HHM3KHX TapMOHHK, 00pa3syro-
LIMXCSl MPEUMYILIECTBEHHO B CTaTOpe, B PE3yJIbTaTe
HapyLICHHs YeTHBIX U HEYETHBIX TapMOHUK.braroapst
TOMY, YTO B MarHUTHOM TI0JIE€ YCTPOMCTBA KOMIIEHCHPY-
I0TCS JIaKe TAPMOHUYECKHUE TOKH, UX BIIMSIHUE TPAKTH-
YECKH OTCYTCTBYET. BBICOKHE TapMOHUKH B OCHOBHOM
BBI3BIBAIOT MIEPErPEB aCHHXPOHHBIX JIBUTaTEIed U CHU-
KeHre ko3 duienta akTuBHO# MoHoctr [10-11].
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Ulchigiah

Pucynok 2. Pazmeuwienue npeofpazosameinss moxka ¢ COOMEEMCMEUL C 6038PANOM JIORAMOK CHIAMOpA
acunxponnozo osuzamens 1, 2, 3, 4 6 nazvl nonamox cmamopa,U1 — 6bix00H0€e HanpaiceHue

ACHHXpPOHHBIM BUTATENb pa3MeElLIeH B KIUHBIX B
COOTBETCTBYIOIIEM MOpSAKE C TpaHchopMaTopaMu
Tpexda3HOro Toka U KaTymkaMmu cratopa. CUrHai Bbl-
XOIHOTO HaNpsDKEHHS TPaHCHOpPMATOpa TOKA MPEACTAB-
JsteT coOoi TOK cTaTopa. CHrHai BEIXOJHOTO HaNpPSHKEHHUS
3aBHCHT OT OCHOBHOT'O MarHUTHOT'O TIOTOKA 1 MArHUTHOTO
MIOTOKA PACCESTHISA, a TAKXKE KOIMIECTBA OOMOTOK TpaHC-
¢opmaropa Toka. [Ipenmymiectsa 3Toro Tpancdopmaropa
TOKa Tepe]] IPYTMMHU 3aKII0YaroTCsl B BO3MOXHOCTH

LATAYA

t(sek)

()

a)

I (A) 4

HU3MEpEeHHs Mapa3sUTHOrO MarHUTHOTO TOKA B ACHHXPOH-
HBIX JBUTATEISX, MPOCTOTE U jemmeBu3ne [12-13].

IIpu omeHke acUMMETPUU M HECHHYCOUAATIBHOCTH
ACHHXPOHHOTO ABUTATENS M0 MH(OPMAIMH, TTOTyYEHHON
13 BBIXOJHOTO CHTHaJIA MCCIIEAyEeMOro HaMH IpeoOpa3o-
BaTessl 3JIEKTPOMAarHUTHOTO TOKa, OAHUM W3 HambOoiee
BBITOZHBIX aCIICKTOB CUNTAETCS BO3MOXHOCTH YIIpaBIIe-
Hus KII/] nBuratens. ycTpoicTBa U NOTEPU MOILIHOCTH.

\\/WJ\J\

t(sek)

b)

Pucynox 3. Hecunycouodwt u acummempus é paze A npu nodaue 603001H061:1eM0il IHepzuu
Ha ACUHXPOHHDBLI 0uzamens

Ha pucyHkax a m 0 moka3aHbl HECHHYCOUIBI U
acummeTpus B (aze A mpu momade BO30OHOBIISIEMO
SHEPTUH HAa ACHHXPOHHBIA nBuraTens [14].

Mo>HO crenath BBIBOA, YTO IPU OLICHKE HETPHST-
HBIX CHTYyallli, BOZHUKAIOMINX B ACHHXPOHHOM J[BUTa-
TeJIe C TIOMOIIBIO AIEKTPOMArHUTHBIX TpaHc(opMaTopoB
TOKa, pa3MEIIEHHBIX B Ma3aX CTAaTOpPa ACHHXPOHHOIO
JIBUTATEIsl, CAaMBIM Ba)KHBIM SIBIISICTCS YBEIMYCHUE
9HEPronoTpeOIeHns, CrOpaHue CcTaTopa JBUTATels,

20

MEXaHUYECKOE COCTOSHUE YCTPOWCTBA, €CIM IOJIararbCst
Ha HH(POPMAIHIO, TOTyYSHHYIO OT TpaHC(OopMaTopa TOKa,
BO3MOYKHOCTh OIIEHUTh HEUCTIPABHOCTh CYUTAETCSI OJTHUM
U3 HamOoJiee BBITOJHBIX AaCMEKTOB TpaHchopmaropa
TOKa. DTOT IMPeodpa3oBaTeib IMEKTPOMArHUTHOTO TOKa
MOXET HCIOJb30BaThCS BO BCEX TUIAX ACUHXPOHHBIX
JIBUTATENCH, paboTaOmUX Ha BO30OHOBISIEMOM U
YCJIIOBHOM TOILIHBE.
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AHHOTALMUS

Oco0eHHOCTBIO IKCILTyaTalluy THIPOIHEPreTHIECKNX 00beKTOB B PeciiyOiinke Y30ekucraH sBisieTcst To, 4To 00opy-
JIOBaHUE PabOTAET C KUAKOCTSIMHU, COACPIKAIIMMHU OONIBIIOE KOJIMYECTBO MEXaHNUECKUX IpuMecei. Llenbro nccinenoBanus
ABJIAACTCA OLCHKA BIIMAHUA KOHICHTPAIIUN MEXaHUICCKUX anMeceﬁ B BOJIEC, Hpoxomuueﬁ Yepe3 MPOTOYHYIO 4aCTh T'UAPO-
TypOuH, Ha TUIPOaOpa3UBHBIN H3HOC. JIJIs OLICHKH THAPO0a0pa3MBHBIX CBONCTB KMAKOCTH C MIPUMECSMH OBbLT IPOBEICH aHAIIN3
IpaHyJIOMETPHYECKOTO ¥ MHHEPAJIOTHYECKOTO COCTaBa OTJIOKEHUH M 0COOCHHO TeX (pakiuii MpuMecei, KOTOpbIe Ipe-
CTaBIISIIOT THAPOAOPa3HBHYIO OMAacHOCTh. [y BOAbI, mpoxosieit uepes Typounsl boscyiickoit ['9C, 3to ppakuuu no-
JIEBOTO 1IMaTa ¥ KBapua bosbliyto yacTh MEXaHMUYECKUX MPUMECEi COCTaBIISIIOT MUHEpalibl moJieBoro mmata (58,46% npu
cpennem auamerpe 0,093 mm). Obuiee conepkanue onacHsIX (hpakiuii (1oJIeBoro miara 1 kBapua) cocrasisiet 77,07%
wm 0,3-0,4 kr/mM3, 9TO IpeBBIIAET NMpeaeabHo JormycTuMyo HopMy (0,2 kr/M3). Ho B TO e BpeMst HUKaKMX OHMacHBIX
(dpaxmuit o pasmepy (muamerpom 6omee 0,25 mMm) oOHapykeHO He Obl10. HaTypHOE 00cnenoBanne MPOTOYHON YacTh
TypOHMHBI TTOKAa3aJI0 HAJHYUE TUAPoadpa3sMBHOTO M3HOCA. THI ruApoadpa3suBHOIO W3HOCA - MEIIKO3EPHUCTHIN H3HOC C
PEeAKUMH, OTAEIHHO PACTIONOKEHHBIMH, HETITyOOKMMH YeTTyHKaMH U Ty Ookui (YriTyOJIeHHBIN) THIT H3HOCA C AITMHHBIMA
KaHaBKaMHU.

ABSTRACT

The peculiarity of the operation of hydropower facilities (pumping stations and hydroelectric power plants)
in the Republic of Uzbekistan is that the equipment works with liquids containing a large amount of mechanical impurities.
The purpose of the research is to assess the effect of the content of mechanical impurities in water on waterjet wear.
The object of research is the Bozsu HPP (Uzbekistan). To assess the hydroabrasive properties of a liquid with impurities,
an analysis of the granulometric and mineralogical composition of sediments and especially those fractions of impurities

Bubnmorpagudeckoe onvcaHue: KaHVS.K., Sp6exo M.C. AHAJ'II/Iv3 BJ'IICIHHI/IH MEXAHUYECKHX ITPUMECEN
B BOJE HA TMAPOABPA3UBHbBIN N3HOC TYPBEMH BO3CYUCKOU I'SC // Universum: TeXHHYECKHE HAYKH :
9NEKTPOH. Hay4H. KypH. 2023. 10(115). URL: https://7universum.com/ru/tech/archive/item/16120
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that pose a danger was carried out. For water passing through the turbins of the Bozsu HPP, these are fractions of feldspar
and quartz, Most of the composition of mechanical impurities are feldspar minerals (58.46 % with an average diameter
of 0.093 mm). The total content of hazardous fractions (feldspar and quartz) is 77.07 % or 0.3-0.4 kg/m3, which exceeds
the maximum permissible norm (0,2 kg/m?®). But at the same time, no dangerous fractions in diameter (more than 0.25 mm)
were detected. A full-scale inspection of the turbine parts showed that waterjet (hydroabrasive) wear is present. The type
of waterjet wear is fine-scaled wear with rare, separately located, shallow scales and deep (deep) type of wear with long grooves.

KnroueBble cj10Ba: HAHOCHI, THAPOAOPA3UBHBIN M3HOC, TMAPOTYPOMHA, THAPOIIEKTPOCTAHINS, TPAHyIOMETPUICCKIN

COCTaB.

Keywords: sediments, hydroabrasive wear, hydro turbine, hydroelectric power plant, granulometric composition.

BBenenue

[IpoGnema noBbleHNsT 3PPEKTUBHOCTU SBISIETCS
OJIHOM U3 HanboJee akTyalbHBIX B 00JACTH THIPOIHED-
retukd. Ha a¢dexTnBHOCTE 000py10BaHMS THIPOIHED-
TETHYECKHX OOBEKTOB BIMACT OOJBIIOE KOJIMYECTBO
pa3IUYHBIX (AKTOPOB, CPEAM KOTOPHIX OAHHM M3 OC-
HOBHBIX SIBIISICTCS] HAJIMYUE OOJIBIIOrO KOJIMYECTBA Me-
XaHUUYECKHX TpUMecel B mepekadnBaeMoii Boze [4, 8].
MexaHn4YeCcKHe IPUMECH B BUE HAHOCOB M OTJIOKEHUH
3HAUUTEJIBHO YCJIOKHSIOT U yXyIIAIOT paboTy THUAPO-
anexTpocTaHiuil. Hampumep, corimacHo uccienoBaHUAM
A. Abgottspon u ap. [6], KITJ] Typ6us ITentoHa B ce30HBI
¢ OOJIBIIMM KOJIMYECTBOM HAHOCOB CHIbKaercs Ha 0,4-
1,0%. TypOuHbl (IpOTOYHAs YacTh) TaKUX THUAPO-
AJIEKTPOCTAHLUUN B TOW WJIM MHOUW CTENEHU CTPAAaroT
0T a0pa3suBHOTO BO3/EHCTBHS HAHOCOB, TPEOYIOT 3HAUM-
TEIbHBIX 3aTpaT Ha 00pEOY C HETaTHBHBIM BO3JECHCTBHEM
HAHOCOB U MOAJIEp)KaHUe TypOUH B pab0ueM COCTOSIHUH
[1, 2, 3]. [ToaToMy, P NPOEKTHPOBAHUU M IKCILITyaTa-
uun TypouH ['OC kpaifHe Ba)KHO OIIEHUTH a0pa3HBHYIO
CHOCOOHOCTh MEXaHWYECKUX MPHMecel B peuHoil BoJe,
KOTOpasi OyJIeT MPOXOJIHUTh YePe3 TUIPOIICKTPOCTAHIIUH,
1 CIIPOTHO3UPOBATH CTENIEHb OTIIACHOCTH 3THX OTJIOKEHHH
JUI THAPOTYpOuH. [IpH 10CTaTOYHO 3HAYUTEIEHOM BO3-
JNEWCTBUM D3THX OTJIOXKEHUHM TEXHHYECKOE COCTOSHHUE
TypOuH ObICTpO yXymumaercsi, cHwkaercss ux KIIJ| u
YBEIMUYUBAIOTCS ITOTEPH MOIIHOCTH HA THIPOINIEKTPO-
CTaHIMAX U, COOTBETCTBEHHO, BEIPAOOTKA JICKTPOIHEP-
ruu [1,4, 6,7, 8,9]. Teopueii rugpoabpasuBHOTO W3HOCA
THIPOMAIINH 3aHUMAJINCh MHOTHE BBIIAIONIHECS yUe-
Hele [9], HO XOTemock OBl OTHENBHO YIIOMSIHYTH
B.b. lyneueBa u B.4. Kapenuna, BHECIINX 3HAYUTENb-
HBIH BKJIQJ B M3yUCHHE ATOTO SIBICHHUS IPUMEHHUTEIHHO
K ycnoBusiM LlentpansHoii Azun [2,3].

Lenvio uccreooganus SBISETCS U3YUCHHE COCTaBa
MEXaHWIECKHX IPUMEece 1 OIIeHKa MX BIMSHHS Ha THAPO-
abpasuBHBIN M3HOC TypouH boscyiickoit 'DC. [lns mo-
CTIDKEHHUSI 3TOH Ienu OBUIM TIOCTAaBIIEHBI CTaBATCS
cleyolye 3aJa4uu:

e COop, 00paboTKa M aHATH3 TaHHBIX CITYKOBI IKC-
mwtyaranuu ['9C.

o OneHka rupoadpa3vBHBIX CBOMCTB BOABI B BOJIO-
HCTOYHUKE U BOJIBL, IPOXOSIIEH Yepe3 MPOTOUHYIO YacTh
THAPOTYPOUHEL.

e OmnpezeneHre TUNA W TIPUPOIBI THUAPOAOPa3HB-
HOTO M3HOCA JIETaNeH THIPOTYPOUHBI.
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MeTomo10rust HcCaeT0BAHMN

MeTozpb! HcclleJoBaHKs BKITIOYAOT: cO0p, 00paboTKy
U aHaJIU3 JaHHBIX CIy*ObI 3kciuryaTammu ['OC, Hatyp-
HOe oOcnemoBaHHe OOBEKTa, O00OOIICHWE W HAYIHBIH
aHaJN3 UMEIOIIETOCS U OITyOIIMKOBAHHOTO MaTePHAIIOB.
Boscyiickas I'OC pacnonoxkena B npezaenax r. TamkeHTa
U SIBIIICTCS TIEPBEHIIEM THIPOIHEPTETHKH PectryOmmku
VY36exuctan. [IepBriii 5HEPTOOIOK CTAaHIINH OBLT BBEACH
B OKCIDTyaTanuro B 1926 romy, Bcs cTaHIus OblT1a BBEICHA
B oKcIuTyaTanuio B 1937 rogy [1].

Iox ruapoabpa3vBHBIM U3HOCOM OOBIYHO TTOHUMAIOT
pa3pyllieHue AeTaled MPOTOYHOM YacTH THAPOMAIINH
B pe3yJibTaTeé MEXaHHYECKOTO BO3JACHCTBHUS TBEPJBIX
yacTull B Boze [2, 3, 5]. PaspyieHue mporucxXoauT u3-3a
HETPEPHIBHBIX CTOJKHOBEHHWH NEPEHOCHUMBIX MOTOKOM
TBEPIBIX YAaCTHUI] C MMOBEPXHOCTHIO NeTall. B MOMeEHT
ylapa KHHETHYeCKash SHEPIHs IBHKYIICHCS YaCTHIIBI
mpeobpasyercs B paboty medopmanuu MaTepuaia Jae-
TaJn, 00TekaeMol oTokoM [2, 3, 5].

He Bce oTitokeHUs IepeHOCHMBIE TIOTOKOM, a TOJIBKO
TE€ YACTHIIbI, TBEPAOCTh KOTOPBIX MPEBBINIACT TBEPAOCTh
MaTepuajoB JeTalell MPOTOYHON YacTH TypOuH, Tpe-
CTaBISIFOT PEAbHYI0 OMACHOCTH VTSl TUAPOTYpOuH [2, 3].
Jetanu TypOuH 0OBIYHO M3TOTABIMBAIOTCS U3 YTIIEPO-
JUCTOW CTallk, TBEPAOCTh KOTOpOH (1o mkane Mooca)
cocraBisieT 5-5,5. CnenpoBatenbHO, OlleHKa abpa3uBHOM
CIIOCOOHOCTH TIPHMECEH MPAKTUIECKH MOXKET OBITh IPO-
BeJICHa IyTEM y4eTa TOJBKO TeX MHHEPAJOB B COCTaBE
ATHX OTJIOKEHHIA, TBEPIOCTh KOTOPHIX paBHA 5 U BHIIIIE.

Pe3yabTaThl M 00CyXKAEHUS

I'panynomeTpuyeckuii coCTaB MEXaHUYECKUX IIPUMeE-
ceil (HaHOCOB) OBUI NPOAHAIN3UPOBAH B COOTBETCTBUH
JMAHHBIMHA TPOO JOHHBIX OTJIOKEHHWHM KaHama bo3cy
(mo manaeIM AO "T'mapompoekt") B BepxHEM Obede
THIPORJICKTPOCTAHIINH (IIepe] HAIOPHBIM OacceifHOM)
27 aBrycra 2015 rona u B HmkHeM Obede 2 ceHTsIOps
2015 roma [1].

Pe3ynbraThl onpeneneHus cpegHEro auaMeTpa Me-
XaHUUYECKHX INpHUMecel B BOZE MpEACTaBICHHI B Tal-
muue 1.
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Tabnuya 1.

FpaHyJIOMeTpH‘IeCKHI?I COCTaB JOHHBIX OTJIOKEHHH B BE€PXHEM H HUKHEM 61,e(1)ax rujpoysJja

dmm | 1,0-05 | 05-0,25 | 0,25-0,1|0,10-0,05|0,05-0,01| 0,01-0,005 | 0,005-0,002| <0,002 Dl\;‘::'
copoc Boasl B TamkeHTCKHI KaHAT
P, % 0,9 12,4 12,0 7,1 35,0 12,8 13,4 6,4 0,09
P*d; 0,675 4,588 2,04 0,532 1,05 0,096 0,0469 0,0064
Kanan Hmwxnanit Boscy- Hikae-boscyiickas ['DC Ne 1
P, % 8 6,9 16,8 47,8 11,5 4,5 4,5 0,069
P*di 2,96 1,173 1,26 1,434 0,0862 0,0157 0,0045
Kanan boscy — mmxnuii 6ped Axrenmuckoit I'9C
P, % 11,3 52,9 24,0 11,8 0,33
P*di 8,475 19,573 4,08 0,885
Ha pucynke 1 mokasanbl MHTErpajbHbIE KPHUBBIE B BogoTokax bo3scyckoit 'DC, nocTpoeHHbIE 10 UMEIO-
IPaHyJIOMETPHIECKOTO COCTaBa IOHHBIX OTJIOKECHUH IUMCSI JaHHBIM (PPaKIOHHOTO cocTaBa (Tabsuma 1).
120 120
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Pucynok 1. Humezpanohoie Kpugble ZpanyiomempuiecKozo coCmasd 00HHbIX OMI10MHCeHU
6 6o0oomokax bozcyckoit I'IC ¢ sepxnem (a) u nusxcruem oveghax (6)

B tabnuie 2 noka3aH MUHEPATOTHUECKUN U TIETPO-
rpadugecknii cOCTaB MEXaHNYECKUX TPHMeEcei, KOTOpbIe
MIPOXOAAT dYepe3 TypOMHBI U y4acTBYIOT B THApoadpa-
3UBHOM H3HOCE.
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Tabnuya 2.
MuHepaJjiornuecKuii 1 nerporpaguyeckmii cCocTaB 0T/103keHUI kaHana Boscy (Huxke no Teuennio) [1]
a3ne conepsanne| COAEPKaHHE caoaa (0aectsas) 00JIOMKH CKaJI
q)p aK p?n q)ﬂ ;’K - KapOoHaTa KBa m0JIeBOii MeTamMop-
Y MI\I: ’ Y 0/;1 ’ B % Ha P | nar | MyckoBuT, X0pHT u3Bep- dHucciue KpeMHHUCTast
dpakuuio ouoTHT JKEHHbIE T nopoaa
1 2 3 4 5 6 7 8 9 10
< 0,002 Her ¢pakuii
0,005 -0,002 Her ¢pakuii
0,01 -0,005 Her dpaxrmii
0,05-0,01 4,58 26,32 1,17 2,62 0,055 0,018 0,17 0,092 0,096
0,10-0,05 38,14 27,19 10,91 | 20,25 0,53 0,27 2,49 0,53 0,46
0,25-0,10 38,52 18,4 4,66 27,39 0,54 0,19 0,77 1,04 1,04
0,5-0,25 17,80 26,4 1,85 8,19 0,64 0,18 1,78 0,36 0,43
1,0-0,5 0,96 19,4 0,02 0,013 0,15 0,021 0,021
20-10 Her ¢ppakuii
50-2,0 Het dpaximii
Coneprxanue 100 100 18,61 | 58,463 1,915 0,679 521 2,022 2,047
p?;:cM?n coz[e;):cz:dﬂnue amuodo., ﬁziﬂb;ﬁ ¢parmenTsl YTACPONCORCPHA | . o msnprid a O:J:TK:[H .
(bpawumm, | bp o i, MHPOKCEH epal CMOJTBI tee MaTepHai PACTUTEILHO
MM %o reMaTuT BeELIECTBO CTH
1 2 11 12 13 14 15 16
< 0,002 Het dpaxmmii
0,005 -0,002 Het dpaxrmmii
0,01 -0,005 Het dpaxrmmii
0,05-0,01 4,58 0,018 0,046 0,04 0,23 0,0188
0,01-0,05 38,14 0,15 0,27 0,15 0,34 1,64 0,15
0,25-0,10 38,52 0,12 0,19 0,19 0,27 1,73 0,39
0,5-0,25 17,80 0,053 0,053 0,034 1,87 1,78 0,58
1,0-05 0,96 0,051 0,17 0,064 0,45
20-10 Her dpakuuii
50-2,0 Hert dpaxrmii
Conepxanue 100 0,341 0,559 0,425 2,69 5,444 1,5888

AHanu3 NaHHBIX, TPUBEJCHHBIX B TA0JIHUIIE 2, TIOKA-

3BIBAET, YTO PYCJIOBBIE HAHOCHI B BepxHeM Obede [[DC-
1, B OCHOBHOM, MNPEICTABJICHBI MIMCTHIMHU (IIBLJICBH/I-
HBIMH) YacTUIaMH ¢ Qpakiusvu auamerpom d=0,1-
0,01 mMm. A ke I'DC - kak yacTHIIaMU IIeCKa B KOTO-
pom dpaxkmum d=1,0-0,1 mm cocrasnstot 57,3%, Tak u
WIUCTBIMU YacTulaMu - 42,7 %. B MuHepanoruueckom
cocTaBe NpeoONamarT (parMeHTHl MHHEPAJIOB —
80,6%, pparMeHTHI TOPHBIX ITOPOJI COCTABISIOT 9,3%.
W3 muHepanoB npeobnanaeT moyeBor mmat — 58,5%.

25

Conepxanne kBapma Bo ¢pakiusx anepoauta (0,05-
0,1 mm) u mecka (0,10-1,0 mm) konebmercs ot 12,1 g0
6,5%.

B Tabmme 3 nmpeacraBieHbl 0000IIeHHBIE XapaKTe-
PUCTHKH MEXaHMYECKHX NpHMecel (B3BEIICHHBIX) OT-
JI0)KEHUH B BOZIE, ITPOXOISIIEH Yepe3 MPOTOYHYIO YacTh
TypOuH boscyiickoii 'OC, KoTopble MOTYT OBITH HCIIOJB-
30BaHbl NIPY aHAIN3€ M MPOTHO3MPOBAHUH THpoabpa-
3MBHOTO M3HOCA JIeTaNeii THAPOTYpPOUH.
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Tabauua 3.

061[1251 XapaKTEPUCTUKA B3BCIICHHBIX HAHOCOB

XapaKTEepUCTUKU B3BELICHHBIX OTJIOKEHUN

Copepxanne gactur quametpom 0,1 - 0,05 mm cocrasiser 30,4%.

CpemHeromoBas MyTHOCTB BOJIBI, /M3

Jo 4-5 t/n

I'panynomerpuueckuil cocTaB HAHOCOB

Copepxanne gactur guamerpom 0,05 - 0,01 mm cocrasmsieT 61,2%.

I'panyoMeTpUYECKUil COCTAB OTIOKCHUI

Conepxanue kBapia B yactunax auamerpom 0,05-0,01 mm
kousebercs ot 12,1 no 6,5%.

XYUMUYECKUH COCTaB BOJBI U €€ XapaKTEPUCTUKU

ITo XxuMHIECKOMY COCTaBY BOJIa IMEET CPEIHIOI0 MHHEPAIN3ALIHIO.

Tabnuua 4.
I'panyjioMeTpuyecKuii cocTaB ruApoadpasuBHbIX HAHOCOB
dmm | 10-051]05-0,25| 0,25-0,1 | 0,10-0,05 | 0,05-0,01 |{0,01- 0,005|0,005-0,002| <0,002 D;f::’
TToneBoii mmar
P, % 0,013 8,19 27,39 20,25 2,62 0,093
P*d; 0,0097 3,0303 4,6563 1,5187 0,0786
Kgapu
P, % 0,02 1,85 4,66 10,91 1,17 0,023
P*d; 0,015 0,6845 0,7922 0,8182 0,0351

B tabmmme 4 mpencraBieH TpaHyJIOMETPHUYCCKHHA
COCTaB HAHOCOB, IPEICTABISIONINX THIP0A0pa3UBHYIO
OMACHOCTh, & Ha PUCYHKE 2 TNOKa3aHBl MHTETpaJbHBIC
KpHBBIE TPaHyJIOMETPHUYECKOTO COCTaBa ITUX (ppakumii

g 70
I
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Pucynok 2. Humezpanohole Kpugbie cpanyiomempuieckozo cocmasa adpaz3ueHslxX 4acmuy, 8 600e
(noneeoii winam (a) u xeapuy (6)

B cooTBeTcTBHU C cymiecTByIomeH kiaccuduka-
uueit [2,3] myTHOCTh KaHana bo3cy MOXXHO OTHECTH
k 30He III (c BBICOKOI MyTHOCTBIO peuHbIX Boa (150-
500 r/m%)). To ecTh CyIIECTBYET PUCK M3HOCA TIPH THJI-
poabpa3uBHOM BO3AECHCTBUH.

IIpoBeneM OLEHKY cOCTaBa MEXaHHMUYECKUX OTIIOXKE-
HUH Ha IpeIMeT UX TUIp0oa0pa3BHBIX CBOWCTB.

Puck abpa3uBHOTO M3HOCA BO3MOXKEH NPH CIICIYIO-
IHX YCIOBHAX [2,3] Koria cojepikaHue 0caaka B IIOTOKE

26

npepbimaer 0,5 Kr/M® M €cliM KOIMYeCTBO (DpaKIuii,
OIACHEIX I TypOHH, cocTaBiseT He MeHee 0,2 Kr/me.
[To pa3mepam cuHTarOTCS ONMACHBIME (DPAKIHH C TFaMET-
pom gactur 0,25 MM u Gonee s aOpa3MBHBIX YACTHIT
(xBapu) u He MeHee 0,4 MM U1 Gosiee MATKHX YacTHIL.
AHanu3 Tabuil 2-3 MOKa3bIBaeT, YTO B COCTABE BO/IBI,
MPOXOASAIICH dYepe3 TypOWHBI, MPHCYTCTBYKOT MHHE-
payibl pa3nndHON abpasuBHOCTH. Hambonpiryio omac-
HOCTh ISl THUAPABIMYECKUX MAIUH TPEACTABIISIOT
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YaCTHILBI, TBEPJOCTh KOTOPBIX MPEBBIIIAET TBEPIOCTD
MaTepHalloB JeTalieil MPOTOYHOM YacTH THAPOTYPOUHEI
(TBepmocTh Mo mikane Mooca 5-5,5). Bonbiiyio yacth
COCTaBa MEXaHWYECKHX IPHUMeEceH, KaK BUAHO W3 Tao-
Jun 2-3, COCTaBIIIOT MHHEpAbl IIOJEBOTO IIMara
(58,46% mnpu cpenaem muamerpe 0,093 mm). IloneBoit
IIITaT UMEET TBEPAOCTH 10 ImKajie Mooca 5-7 6amioB u
MOXeT OBITh OTHECEH K IOpoaM CpeaHeit abpa3suBHOCTH.
Ksapressie mopoas! (TBepAocTh 1o mkaize Mooca 60-
nee 7) obnanaroT cpeaHeil U BBICOKOH cTerneHbio abpa-
3MBHOCTH M COCTABIISIIOT BTOPYIO TPYIIITy MUHEPAJIOB T10
conepxanuto (18,61% oT 001Ieit Macchl Bcero oopasma
nipu cpepHeM nuamerpe 0,023 mm). Takum odpazom, 00-
11ee cojiep’KaHue ONacHbIX (pakuuii (1mojeBoro mimara
u xBapua) cocrasiser 77,07% umu 0,3-0,4 xr/m3, uto
NpEeBbIIAeT MPEASIbHO NOIyCTHMOe coxepxxanue. Ho,
B TO € BpeMsi, HUKaKUX ONMAcHBIX (pakiuii o pasmepy
(mmametpom Oomee 0,25 MM) 0OHapyKeHO HE OBLIO.
Kak TmoKa3plBaeT NpaKkTUKa, HPH HKCILTyaTallHH
THAPOTYPOMH B YCJIOBUSIX THIPOaOpasMBHOTO H3HOCA
HanOoJjee WHTCHCHBHO IIOJBEPrarOTCS BO3ICHCTBHUIO
repeIHIe YacTH JIONAaTOK pabouero Kojeca, HapyKHast
YaCThb HAIPAaBJIAIOMIUX JIOTIATOK U BHYTPEHHAA YaCTbh KOP-
nyca [2, 3, 7]. HatypHoe 00clie[oBaHrnEe H3HOMIEHHBIX
neraneil ruapoTypbuH (Jomactu pabouero Kosjeca,
HAIpaBJSIONIME JIONATKK) MO3BOJIMIO Kiaccu(uupo-

Crnucok 1uTepaTypsl:

BaTh TUII TUIpoadpa3uBHOTO M3HOCA. XapakTep MOBpe-
JIEHUH JonacTell yka3blBaeT Ha MEIKO3EPHUCTBIN U3-
HOC C PEJKUMH, OTAENBHO PACHOJOXKEHHBIMHU,
HeryOOKMMU yenryiikaMu U rTyOoKuit (yriryOJIeHHBIN)
THII U3HOCA C JAJIMHHBIMH KaHaBKaMH. UTO CBHIETEINb-
CTBYET O HAIMYUH THAPOaOPa3sHBHOTO M3HOCA AETaleH
TypbuH ruaposnekTpocTaniui boscy. Komraectsenno n
KaueCTBEHHO 3TOT I'MAPOAOPa3HBHBIN H3HOC MOXKHO OT-
HECTH K U3HOCY HU3KOU U CpeHEN aKTUBHOCTH.

3akjouenue

AHanu3 NpuBeIEHHOT0 BBIIIE MaTepualia o ruapo-
abasuBHOMY H3HOCY oOopymoBanus boscyckoit 'DC-1
TI03BOJISIET HaM CJIeJIaTh CIIEIYIOIIee 3aKII0UeHHE:

1. HecMOTpst Ha OTHOCHTENIBHO HE3HAYUTEIIbHYIO

MYTHOCTB BOJIbI, IPOXOJISILEH Yepe3 MPOTOUHYIO YacTh
TYpOHHEL, B COCTaBE COJIEPIKATCS MUHEPAJIBI CO CPEAHEH
1 BBICOKOH CTEeTeHsIMH aOpa3uBHOCTH (IIOJEBOW IIIAT
6omee 50,5% u kBapi -18,6% oT 00mIero KOITUIecTBa
TBEPABIX IPUMECEH).
2. Tun rumpoa®pa3sMBHOTO W3HOCA - MEIKO3EPHHUCTHIN
H3HOC C PEAKHMH, OTACIBHO PACTIONOKEHHBIMH, HETIIy-
OOKMMH 4YeIlyHKaMH W TIIyOOKHH THIT M3HOCA C JUIMH-
HBIMM KaHaBKaMH. KOJMYECTBEHHO M Ka4eCTBEHHO
rUpoadpa3uBHBIN M3HOC TYpPOMH MOMKHO OTHECTH K
HU3KOU U CpeIHEN CTENEHU U3HOCA.
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ABSTRACT
This paper presents the Uzbek Language Understanding Evaluation (UzLUE) framework, an acronym for UzLUE.
UzLUE is a test for assessing natural language understanding in Uzbek, encompassing tasks such as message categoriza-
tion. This was constructed from a wide-ranging source corpus, while ensuring copyright compliance, to guarantee its
broad accessibility. We leverage this with UzLUE-RoBERTa, a pre-established language model, aiming to make the base
model in UzLUE more reproducible and to encourage subsequent studies. Our findings show that the UzLUE-RoBERTa-base
surpasses other benchmark models, including those that are multilingual.
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AHHOTAIUA

B craTbe mpencraBieHa cucteMa oleHKH moHuMaHus y3oekckoro sizbika (UzLUE). UzLUE sBnsiercst TectoM st
OLICHKHM OHMMaHHMSI €CTECTBEHHOTO SI3bIKa HA Y30€KCKOM SI3bIKE, B KOTOPBII BKIIFOUMIIN 33a]a4y KaTeropusanuy coooe-
nuit. UzLUE 6b11 co3aan Ha OcHOBE OOIIMPHOTO KOPITyca HCTOYHHUKOB, FAPAHTHPYS IPH 3TOM COOJIFOJICHUE aBTOPCKHUX
mpaB ¥ WHUPOKY0 noctynHocTs. s aroro tect UzZLUE mbl peanuzoBanu Ha ocHoBe ROBERTa, 3apanee coznanHOM
SI3BIKOBOW MOJIENN, B pe3yNbTaTe 4ero Nodydwin Oojiee BocmpomsBoauMyro 6azoByro moxaens UzLUE-RoBERTa mis
CTUMYJIMPOBAHUS NOCIAEAYOWUX uccnenoBanuil. Hamm pesynbratel nokassiBarot, uto UzLUE-RoBERTa npeBocxoaut
Ipyrue OEHIMapK MOJIEIH, B TOM YHCIIE, MHOTOSI3bIYHBIC.

Keywords: uzRoberta, masked language model, pre-train, latin-cyrillic script alphabet, bert, transformers.
KuroueBblie ciioBa: uzRoberta, Moziesib MACKHPOBAHHOTO SI3bIKa, Pre-train, maTnHuUIa-KUpHiTiLg, bert, TpancHOpMEpBL.

Introduction and they line them up with embeddings for other Turkic
languages. Their model has 200K words, while the 24M

Pretrained language models based on transformers [2] words in their Uzbek training data were taken from web-

have achieved cutting-edge results in a range of natural

X — sites [9].
language processing (NLP) applications. Examples of . .
publicly available models for high-resource languages The aforementioned embeddings were all created for

include BERT [3] and RoBERTa [4]. However, there the Latin scr_ip? of thg Uzbek language. Word embeddings
aren't many models of the same-language quality that are for the Cyrillic scr_lpt are produced by Mansurov and
comparable to Uzbek because it has limited resources. Mansurov 2020 using the word2vec [10], GloVe [11],

The multilingual BERT [2], XLM [5], and XLM-R [6] an_d fastText [12] techmques. The writers crgwl webs_ltes
systems are designed to move knowledge from lan- with the "uz" domain in order to gather information.

guages with abundant resources to those with scarce Their training data contained more than 79M words.
resources. It has received training in a number of lan- The fundamental flaw in these models’ embeddings

guages, including Uzbek. In zero-shot cross-language is that each word only receives a single vector, regardless
model transfer, these multilingual models produce im- of how many possible meanings it may have. They are
pressive results, but in future assignments, they under- unable to encode uncommon phrases, among other things,

perform their monolingual counterparts. High-memory because word2vec and GloVe are word-level models.
GPUs are needed to fine-tune multilingual models since Transformer was used to train the BERT model to recog-

they have more vocabulary and parameters than single- nize the Cyrillic script [B. Mansurov etal., 2021].
language models. Monolingual models have been pre- As far as we know, no Latin-based Transformer-based

trained and made available for a variety of languages Uzbek language model has been made public. The
as a result. two main contributions of this paper are the gathering

The first published Uzbekistan model built on the of a high-quality Latin alphabet corpus and the use of
RoBERTa architecture is presented in this article. Lan- this corpus to train an UzRoBERTa-based model for

guage resources are scarce in Uzbek. Public language the Uzbek language.

models, tagged datasets, and even sizable amounts of Methods
unprocessed text are lacking. We start by generating . L
300 milliron word high-quality message corpus. The Corpora Selection Criteria
model is then pre-trained, and we give it the UzRoB- When scanning a collection of corpora for beginning
ERTa basis name. We use the multilingual xIm-roberta- code, from which task-specific corpora are created and
base and distilbert-base-multilingual-cased to measure annotated, we take into account two criteria. Accessibil-
model performance and assess the usefulness of fine- ity is the initial criterion. UzLUE's primary goal is to
tuned BERT models in Categorization. ACCOfding to our Support Ongoing NLP research and deve|opment’ thus
comparison, UzRoBERTa base performs significantly we make sure the data it contains can be utilized and
better on this metric than xIm-Roberta-base and distilbert- shared by anybody as freely as possible. Quality and di-
base-multilingual-cased. versity make up the second requirement. By eliminating
Previous work subpar t_ext, we mglfe sure that each samp_le in these
corpora is of a specific caliber and that the ratio of formal
It has been attempted to create word embeddings for to informal writing is maintained.
Uzbek. Over 100 languages, including Uzbek, have Diversity and high quality. We choose a subset of
been trained embeddings using Wikipedia [7]. the 100K ten of these 20 source corpora to create the source corpus
most often used words in their vocabulary. Distributed and the UzLUE benchmark. In doing so, we take into
word representations for 157 distinct languages were account the following criteria: 1) the corpus should not
created using the Wikipedia and Common Crawl data- be specific to restricted fields (diversity); 2) the corpus
bases [8]. The author's Uzbek Wikipedia model has must be written in contemporary Uzbek; and 3) the corpus
110K words, but the Common Crawl model only has should not be predominately composed of contents that
830K words. They produce word embeddings for Uzbek have privacy or harmfulness problems.

(as well as other Turkic languages) using fastText,
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Preprocessing

We carefully preprocess these source corpora before
generating a subset for each subsequent job because they
come from different sources with varied degrees of qual-
ity and curation. The Sentence Splitter is used to break
down each document in these corpora into individual
sentences, and we detail our preprocessing procedures
in this section [13]. During the annotation phase of each
UzLUE work, the preprocessing procedures listed below
are utilized in addition to manual inspection and filter-
ing.

Noise Filtering. We remove noisy and/or non-Uz-
bek text from the selected source corpora [14]. We first
remove hashtags (e.g., #JMT). HTML tags (e.g., <br>),
bad characters (e.g.,, U+200B (zero-width space).
U+FEFF (byte order mark)), empty parenthesis (e.g., (),
and consecutive blanks. We then filter out sentences
with more than 10 other characters. For the corpora de-
rived from news articles, we remove information about
reporters and press, images, source tags as well as cop-
yright tags (e.g., copyright by ©).

Removal of harmful content. We employ a number
of automatic methods to exclude certain undesirable
sentences from the source corpus in order to prevent in-
troducing undesirable contents and biases into UzLUE.

Removal Il. We eliminate sentences that include
private information to reduce potential privacy con-
cerns. Regular expressions that match URLSs, email ad-
dresses, and user-mentioned keywords like "@xxxx" are
used to find these statements.

Pretrained Language Models

In the past, downstream tasks in NLP have been
solved by taking word embeddings from raw text and
feeding them into structures that are tailored to the task

at hand. Recurrent neural networks (RNN) are fre-
quently used in these topologies. A current trend is to
pretrain Transformer-based language models, such as
BERT and RoBERT&, on a large amount of unannotated
text before fine-tuning it for a downstream job with far
less labeled input. On a range of tasks, such as language
comprehension and question-answering, our strategy
outperforms past attempts [15][9].

The Transformer uses the attention method without
repetition and is composed of encoder and decoder
stacks. The one and only part of BERT is an encoder
stack, which is pretrained using tasks for predicting the
next sentence and an MLM (masked language model).
After certain input tokens are randomly masked, the
MLM seeks to predict the original masked tokens. The
goal of the NSP is to determine, given two text se-
quences, whether the second text sequence will come af-
ter the first in the original text. The language model can
be augmented with an additional layer and improved af-
ter training so that it can handle a variety of downstream
tasks, such as part-of-speech tagging.

We give robust baselines for all the benchmark tasks
in UzLUE to support further study using it. As part of
this endeavor, we pretrain and make available large-
scale language models for Uzbek in the hopes that this
will lessen the load on individual researchers to retrain
large-scale language models. We pretrain the language
model (PLM), RoBERTa [16], especially, from scratch.

Language Models

A variety of Uzbek language models are pretrained
using different training configurations. As a result, we
may investigate the best conditions for pretraining Uz-
bek models and further develop straightforward yet effi-
cient baseline models for UzLUE. UzLUE-RoBERTa is
trained by us. We change the preprocessing method, pre-
training corpus, and other training configurations.

Table 1.
Statistics of the pretraining corpus
Uzbek news c4 Total
# Sentences 12M 18.6M 30.6M
# Words 120,562,356 179,5635,63 300,125,919
size (GB) 1.25 1.85 3.1

Corpora for pretraining. The following two publicly
accessible Uzbek corpora were compiled from a variety
of sources to cover a wide range of themes and writing
styles. We integrate these corpora to create the final
pretraining corpus, which is about 3.1GB in size. For
total data, see Table 1:

Uzbek news. It includes both formal articles (news
and books) and colloquial text (dialogues).

c4. A colossal, cleaned version of Common Crawl's
web crawl corpus. Based on Common Crawl dataset:
“https://commoncrawl.org ”.

Ethics-Related Matters. These corpora frequently
have undesired social biases because we gather and use
as much publicly accessible data as we can for pretraining.

30

Furthermore, despite the fact that these corpora were all
publicly accessible, we already noted that quite a deal
of PIl was there. These two are both problematic.
A linguistic model that learns social biases could be the
outcome of social biases in the corpus. A linguistic
model may learn PII from the corpus, which can then be
retrieved by adversarial assaults.

For three reasons, we do not screen out anything that
is socially biased or hate speech. First of all, the size of
the pretraining corpus makes human inspection imprac-
tical. Automatically detecting hate speech or socially bi-
ased content is a difficult subject in and of itself because
both depend heavily on the context in which they are
presented. We identified dangerous words in the text's
Russian and English versions and deleted them.
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Table 2.
Implementation detail of UzZRoBERTa. WWM refers to the whole word masking strategy
Model Parameter Masking Training Steps| Batch Size | Learning Rate Device
UZRoBERTa base 110M Dynamic, WWM M 2048 10+ 4xV100 GPUs

Configurations for training. ROBERTa [16] archi-
tectures are what we settle on for our language model.
Details of the implementation are provided in Table 2.
Following the first training process, all models are pre-
trained with a dynamic masking method using se-
quences that are each no more than 512 tokens long. We
employ whole word masking (WWM) to mask tokens,
which covers every token that makes up a single phrase.
Next Sentence Prediction, or NSP, is another function of
BERT. The original configurations from [4] apply to ad-
ditional hyperparameters that are neither listed in Table
3 nor in the pretraining method instructions. In line with
this, we lower the learning rate. For ROBERTa, we set
the learning rate at 10-5.

Existing Language Models

In addition to our own language models, we evaluate
the two existing multilingual language models and Uzbek
monolingual language model on our benchmark:

xIm-roberta-base [16] XLM-RoBERTa is a multi-
lingual version of ROBERTa. It is pre-trained on 2.5TB
of filtered CommonCrawl data containing 100 lan-
guages.

distilbert-base-multilingual-cased [17] The model
is trained on the concatenation of Wikipedia in 104 differ-
ent languages listed.

Results

Table 3 displays the classification accuracy, F1 and
cross-entropy loss values. On the darayo.uz website's
News Category Dataset, we will fine-tune four models
to identify the category of news based on the headline
and a succinct description. The collection includes
17243 news headlines that were collected between 2021
and 2022.

Table 3.

The classification accuracy, F1 and cross entropy loss of four models on the news dataset

Model LOSS F1 ACC
xIm-roberta-base 0.27 0.90 0.91
distilbert-base-multilingual-cased 0.37 0.88 0.90
UZRoBERTabase 0.13 0.96 0.96

Discussion The fact that UZRoBERTabase was trained exclu-

Remember that xIm-roberta-base and distilbert-
base-multilingual-cased were trained on Wikipedia and
CommonCrawl, while UZRoBERTabase was trained on
news articles. As a result, on the news evaluation set,
UZRoBERTa base performs significantly better than xIm-
Roberta-base and distilbert-base-multilingual-cased was.

According to our assessment, UZRoBERTa base's
outstanding performance is mostly due to three factors:

o UZRoBERTabase training data is of higher qual-
ity than that of other models. We have sufficiently pre-
processed the data.

o Transfer learning to Uzbek from other languages
may not have been successful fo rxIm-roberta-base and
distilbert-base-multilingual-cased.

Conclusion

The goal of this study was to construct a ROBERTa-
based monolingual pretrained Uzbek language model.
The end result is the first such model that is openly
accessible, called UZRoBERTabase. Our model's ac-
curacy on a masked language model is significantly
higher than multilingual BERT's, despite the fact that
it was trained on a smaller corpus.

sively on Uzbek literature gives it a theoretical advantage
over xIm-roberta-base and distilbert-base-multilingual-
cased in that its vocabulary is narrower and theoretically
better reflects the nuances of the language. When task-
specific fine-tuning data is available in a language other
than Uzbek, however, xIm-Roberta-base and distilbert-
base-multilingual-cased are preferable. To achieve this,
however, xIm-roberta-base and distilbert-base-multilin-
gual-cased need to be trained on Uzbek texts of substan-
tially higher quality than those found in Uzbek
Wikipedia and Common Crawl, as the model's perfor-
mance on MLM accuracy falls significantly short of that
of UZRoBERTabase. Future studies on UZRoBERTabase
ought to think about training a model using additional
texts written in various genres. On 3.1 GB of text, UZRoB-
ERTabase was trained. A language model that is twice
as big should be just as accurate as one built on tens of
gigabytes of text. We were unable to assess its perfor-
mance on these tasks since there were no publicly avail-
able datasets for the tasks that came next in Uzbek.
Producing such datasets and evaluating UZRoBERTa
based on them in subsequent assignments is another
direction for future development.
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Finally, similar to the work done in [18], it would that can accurately separate words into stems and suffixes

be interesting to investigate how the tokenizer affects the because the Uzbek language has a lot of inflectional

performance of the model. We want to create a tokenizer patterns.
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ABSTRACT

This research aimed to assess the effectiveness of nine distinct feature selection techniques, examining their stability
and performance with an environmental dataset. The utilized methods included Chi-square, Mutual Information, Anova
F-value, Fisher Score, Recursive Feature Elimination, Permutation Importance, Random Forest, LightGBM, and SHAP
(Shapley Additive Explanations). Features were ranked using these methods, with the top-ranked features accounting for
6% of the final evaluation. Classifiers were trained using an 80% training and 20% testing configuration, with the results
assessed using the accuracy metric. The experiments revealed that the Recursive Feature Elimination and SHAP methods
consistently outperformed others. Specifically, SHAP emerged as the top performer, closely followed by Recursive Fea-
ture Elimination. The findings underscore the importance of selecting appropriate feature selection methods for optimal
classification performance. All Python codes used for our experiments can be found on Github at the provided link
(https://github.com/kushmuratoff/feature_selection).

AHHOTAIIAS

DTO0 UCCIIeIOBaHNE HAMPABIEHO Ha OIEHKY d()(HEKTUBHOCTH JEBSITH PA3TMUHBIX METOJIOB BHIOOpA MPHU3HAKOB, a TAKIKE
Ha M3YYCHHUE HX CTa6I/IJ'H:.HOCTI/I 1 IPOU3BOAUTEIIBHOCTU HAa 3KOJIOTHUYECKOM Ha6ope JOAHHBIX. I/IC]‘IOJ’[BSyeMHe METOAbI
BKITIOYAJH B ce0sl KpUTEPH XU-KBaApaT, B3anMHyIo nHpopmarmio, F-3nauenne ANOVA, onenky ®uimepa, peKypcus-
HOE UCKITIOUCHHE TIPU3HAKOB, BA)KHOCTh IEPECTaHOBKH, cirydaitabli nec, LightGBM u SHAP (agnuTtuBHBIE 00BSICHEHUS
]_UGHJ'II/I). HpI/IBHaKI/I PAHKUPOBAJIUCH C UCIIOJIB30BAHUEM ITUX METOAOB, NPUICM Hau0oJIee BBICOKO PaHKUPOBAHHBIC
NIPU3HAKH COCTABIIIN 6% OT UTOroBOM oneHKU. Kitaccngukaropsl 00ydaich ¢ UCnoab30BaHneM KoHpurypamun 80%
JJIA O6y‘leHI/I$I n 20% JUIA TECTUPOBAHMSA, a PE3YyJIbTaThl OUCHUBAJIMCH C UCIIOJIb30BAHUEM METPHUKU TOYHOCTHU. 3KCH€pI/IMeHT bl
ToKa3aJiv, 4YTO METOAbI pPEKYPCHBHOT'O UCKIIFOUCHUA TPU3HAKOB 1 SHAP crabuibHO MMPEBOCXOAUIIN APYTHUEC. B YHYaCTHOCTHU,
SHAP 0Obu1 MPpU3HAH JIy4YIIUM METOA0M, TECHO 3a HUM CJIEJOBAI METOJ PEKYPCUBHOI'O UCKIIFOYCHUA MTPU3HAKOB. PeSynLTaTBI
NMOAYCPKUBAIOT BA’)KHOCTDH BLI60pa noaxoaamux MEeToaoB BI)I60pa MPU3HAKOB JJIs ONTUMAaIBLHOMN MIPOU3BOAUTEIIBHOCTHU
knaccudukamu. Bee Python-kopl, Mcmonb30BaHHbIE TS HAMX dKCIIEPUMEHTOB, MOKHO HaiiT Ha Github mo mpemocTaB-
nerHoi cepuike(https://github.com/kushmuratoff/feature _selection).

Keywords: structure-activity mathematical model (QSAR), feature selection methods, comparative analysis.
KitloueBble cjioBa: MaTeMaTHYeCKass MOJIEIb «CTPYKTypa-akTUBHOCTE»(QSAR), MeToasl oTOOpa MpHU3HAKOB,
CpPaBHUTEIIbHBIN aHAJIU3.
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Introduction

Drug discovery is a complex area of study that en-
compasses the understanding of cellular processes, the
ability to predict protein structures, and the evaluation
of interactions between molecules and their targets in liv-
ing organisms [1]. Scientists aim to unravel the mecha-
nisms underlying diseases and develop compounds that
can effectively combat these disease-causing agents. How-
ever, the intricate nature of cellular activities presents
considerable obstacles in the comprehensive design
of drugs. To address these challenges, methods such as
high-throughput screening have been introduced [1].

The advent of combinatorial chemistry in the 1980s
led to the synthesis of a vast number of novel molecular
compounds, necessitating the development of more fo-
cused search methods beyond exhaustively exploring
every possible combination of molecules. As a result,
statistical techniques and advanced computational tools
have become crucial in the field of drug development [2].
Among these methods, the Structure-Activity Relationship
(SAR) approach assumes that the structural characteristics
of a molecule are closely linked to its biological function.
SAR aims to uncover these correlations and utilize the
physiochemical properties of new molecules to predict
their biological activity [3-4].

Machine learning has demonstrated potential in
SAR analyses, enabling the assessment of the potential
therapeutic effectiveness of compounds for specific dis-
eases or targets [5]. For example, artificial neural networks
have been utilized to efficiently search large databases
and identify potential drug candidates [3]. Research con-
ducted by Wagener et al. [4] has achieved accuracies of
70-80% using decision trees, while Burbidge et al. [2] have
reported that support vector machines outperformed
other machine learning techniques in predicting specific
inhibitions. These studies highlight the promising appli-
cations of machine learning in enhancing SAR analyses
and aiding in the discovery of new drugs.

Describing complex molecular compounds can in-
volve a vast range of features and attributes, including
topological indices and quantum mechanical descriptors.
However, the high dimensionality of these features can
pose challenges for many learning algorithms [6]. There-
fore, in the initial stages of machine learning, a crucial
step is to identify the most relevant features. Having
excessive redundant features can complicate algorithmic
decision-making, requiring more training data or leading
to longer convergence times. An optimal approach often
involves identifying essential variables and selecting
subsets of features that improve algorithm efficiency.
It has been observed that reducing the feature space can
maintain accuracy while enhancing performance in various
contexts, such as text categorization [7].

The objective of this study is to compare different
techniques for feature selection in order to streamline
high-dimensional feature spaces in drug discovery. The
study specifically focuses on using the Logistic Regres-
sion method for classifying compounds.

34

Methods

Data Description: This research utilized the dataset
mentioned in reference [8] for analysis. Each compound
in the dataset is represented by a feature vector consisting
of 105 features, along with a corresponding class label
("A" for active and "I" for inactive).

Methods for Feature Selection: In this study, five
different techniques were evaluated, all with the objective
of ranking features based on their importance for model
training and classification purposes.

o Chi-square: In this study, a univariate filter ap-
proach was employed, utilizing the chi-square statistical
test. This test measures the extent to which the distribution
of a feature deviates from the expected distribution if
it were independent of the class value (Jin et al., 2006).
A higher chi-square value signifies greater relevance
of the feature.

e Mutual Information (Information Gain): Initially
proposed by Quinlan (1986) and subsequently discussed
by Hogne et al. (2014), this univariate feature selection
approach is widely utilized in practice due to its compu-
tational efficiency. It assesses the reduction in entropy
associated with individual features. However, it is con-
sidered a ‘'myopic’ method as it examines features inde-
pendently without considering their relationships with
other features.

e Anova F-value: A univariate filter method that
utilizes variance is employed to evaluate the separability
of features among different classes, which is particularly
relevant for multi-class endpoints (Ding et al., 2014;
Jafari and Azuaje, 2006).

e Fisher Score: This filter ranks features by con-
sidering both their mean and variance (Duda et al.,
2001). Features that are considered ideal show consistent
values within the same class but exhibit variation across
different classes. However, this approach has limitations
in handling feature redundancy (Duda et al., 2012).

e Recursive Feature Elimination (RFE):
This technique involves iteratively removing the least
significant features until the desired feature count is
achieved (Guyon, I., et al., 2002).

e Permutation Feature Importance: This tech-
nique allows for the examination of any fitted model us-
ing tabular data (L. Breiman, 2001).

e Random Forests: This ensemble technique in-
volves using multiple decision trees during training for
classification, regression, and feature selection purposes
(Tin Kam Ho, 1995).

o LightGBM: A tree-based gradient boosting
framework (Guolin Ke et al., 2017).

o SHAP (Shapley Additive Explanations): An in-
novative method that provides insights into the outputs
of machine learning models is SHAP (SHapley Additive
exPlanations). It leverages concepts from game theory
to calculate the contributions of features to specific pre-
dictions. It distributes the "payout" of a prediction
among the features, treating them as players in a coali-
tion. SHAP can be applied to individual features or
groups of features, such as pixels in an image. An im-
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portant characteristic of SHAP is its use of additive fea-
ture attribution for explanations, which establishes a
connection with LIME (Local Interpretable Model-Ag-
nostic Explanations) and Shapley values. The SHAP
model defines explanations in a specific manner:

The continuation of the explanation is missing but
the above captures the essence of the provided text:

9(z") = o+ X197 )

where g is the explanation model, z'e{0,1} is the coa-
lition vector, M is the maximum coalition size and ¢;eR
is the feature attribution for a feature j, the Shapley val-
ues. In the SHAP paper, what | term as the "coalition
vector” is referred to as "simplified features.” This no-
menclature is likely adopted because, in contexts like
image data, representations are not at the pixel granularity
but rather consolidated into superpixels. It's beneficial
to conceptualize the z's as representations of coalitions.
Within the coalition vector, an entry denoted as 1 indicates
the affiliated feature value is "active," whereas 0 signifies
its "inactivity." This concept might resonate with those
acquainted with Shapley values. When determining Shap-
ley values, we emulate scenarios where only certain fea-
ture values are active ("present") while others remain
inactive (“absent™). The representation as a linear model
of coalitions is a trick for the computation of the ¢’ s.
For x, the instance of interest, the coalition vector X’ is
a vector of all I’s, i.e. all feature values are “present”.
The formula simplifies to:

9(z) =@y + X 0; 2

You can find this formula in similar notation in the
Shapley value chapter. More about the actual estimation
comes later. Let us first talk about the properties of the
¢'s before we go into the details of their estimation.

Classifiers

Once the most discriminative features were identified,
two classifiers were employed to assess the effectiveness
of the feature selection techniques.

Logistic regression, while logistic regression may
sound like a regression technique, it is primarily used as
a linear classification method. It is also known as logit
regression, maximum-entropy classification (MaxEnt),
or log-linear classification in academic literature. Instead
of predicting numerical values, logistic regression models

the probabilities of different outcomes using a logistic
function [11]. In terms of optimization, binary class
12 penalized logistic regression aims to minimize a specific
cost function:

min%wTW +CYn log(exp(—y;(XTw +¢)) +1)(3)

Similarly, 11 regularized logistic regression solves
the following optimization problem:

min|w|, + CX%, log (exp(—yi(XiTw + c)) + 1). 4)
w,C

During the fitting process of logistic regression, the
model takes input arrays X and y. It then calculates and
stores the coefficients (w) of the linear model in its
"coef_member .

Accuracy, Accuracy is a commonly used metric
for assessing the performance of classification models.
It measures the proportion of correct predictions made by
the model. In formal terms, accuracy is defined as follows:

Numberofcorrectpredictions
Accuracy = 5
y Totalnumberofpredictions ( )

For binary classification, accuracy can also be cal-
culated in terms of positives and negatives as follows:

TP+TN

Accuracy = ———
y TP+TN+FP+FN

(6)
Where TP = True Positives, TN = True Negatives,
FP = False Positives, and FN = False Negatives.

Results and discussion

We evaluated various feature selection techniques
in combination with a specific machine learning algorithm
using a given dataset. The experimental process consisted
of the following steps:

1. We applied each feature selection technique in-
dividually, which produced a ranking of features based on
their corresponding scores.

2. From the rankings mentioned earlier, we selected
the top-ranked features, which accounted for 6% of the
final evaluation.

3. The chosen algorithm was utilized to classify the
data using an 80% training and 20% testing configuration,
without making any adjustments to its parameters.

4. The results were evaluated using the Accuracy
metric, as specified in Table 1.

Table 1.
Accuracy Scores for Each Feature Selection Method
Accu-

Method racy Feature 1 Feature 2 Feature 3 Feature 4 Feature 5 Feature 6
Chi-square 0.88 MAC3(Ap) | MAC4(ECI) | MAC4(Ap) | MAC5(Ap) | MAC6(Ap) | MACT7(Ap)
Mutual | 0.76 | MAC4(Ap) | MAC5(Mw) | MACS(At) | MAC5(Ap) | MACE(Mw) | MAC6E(Ap)
Information
Anova F-value 0.8 MAC4(IP) | MAC4(Ap) | MAC5(IP) MAC5(At) | MAC5(Ap) | MAC7(Ap)
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Method racy Feature 1 Feature 2 Feature 3 Feature 4 Feature 5 Feature 6
Fisher Score 0.64 | MAC4(ECI) | MAC3(Pa) | MAC3(ECI) | MAC3(Vm) | MACL(ECI) | MAC4(Pa)
Eﬁfﬁlﬁé‘t’ﬁ) r':eat“re 092 | MAC3(IP) | MACA4(Ap) | MAC5(Mw) | MACS(IP) | MAC5(Ap) | MACT(AL)
rrf];”;;‘tfrt]'coe” 0.84 | MAC3(At) | MAC3(Ap) | MAC4(Ap) | MAC5(AY) | MAC7(Mw) | MAC7(Vm)
Random Forest 08 | MAC3(Ap) | MAC4(Ap) | MAC5(Mw) | MACS5(At) | MAC6(Ap) | MACT(At)
SHAP 092 | MAC5(Mw) | MAC4(Ap) | MACA(Z1) | MAC3(Z2) | MACS(IP) | MACL(IP)
LightGBM 0.72 | MAC1(Mw) | MACL(HP) | MACL(IP) | MACL(ECI) | MACL(Vm) | MAC1(Anp)

Elimination and SHAP, our benchmark feature selection

In our study, we conducted experiments using Py-
thon and incorporated the pandas, numpy, and scikit-
learn libraries [9]. Initially, we loaded the datasets and
checked for any missing values, but none were found.
We utilized the default feature selection methods provided
by scikit-learn, including Chi-square, Mutual Information,
Anova F-value, Fisher Score, Permutation Importance,
Random Forest, and LightGBM. The default parameters
of scikit-learn were consistently used. For Recursive
Feature Elimination, we employed the Logistic Regression
algorithm from scikit-learn, treating it as a black box for
normalized features. We chose this algorithm due to its
widespread adoption, speed, and satisfactory results.
Additionally, for SHAP analysis, we utilized the shapely
package [10] in combination with the XGBoost algorithm.
Notably, our findings indicate that Recursive Feature

across various tasks.

Conclusion

in the field.

nation showing notable results.
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demonstrated superior performance compared to other
techniques, while also maintaining a commendable level
of stability. Among the evaluated methods, SHAP emerged
as t also he top performer, with Recursive Feature Elimi-

1. C. Corwin and I.D. Kuntz, “Database searching: Past, present and future. In Designing bioactive molecules”, American

Chemical Society: Washington, 1 (1998).

2. R. Burbridge, M. Trotter, B. Buxton and S. Holden, Ding design ‘“Proceedings of the AISB'OO Symposium on Artificial

Intelligence m Bioinfomiatics”, (2000).

3. T.M. Frimurer, R. Bywater, L. Namm, L.N. Lauritsen and S. Bnuiak, “Improving the odds in discriminating drug-like

from non drug-like compounds”, J. Chem. Inf. Comput. Sci. 40. 1315-1324 (2000).

4. M. Wagener and V. Geerestein, “Potential drugs and nondings: prediction and identification of important structural

features”, J. Chem. Inf. Comput. Sci. 40, 280-292 (2000).

S. Eschrich, N.V. Chawla and L.O. Hall, “BIOKDD02: Workshop on Data Mining in Bioin-fomiatics”, (2002).
Y. Yang and J.O. Pederson, “International Conference on machine Leaning (ICML’97)”, (1997).

Y. Dabrowski and J.M. Deltorn, Machine learning application to drug design, http://www.inimngmachines.com

© N o O

elling”, Journal of Cheminformatics. 13, 29 (2021).
9. Simple and efficient tools for predictive data analysis, https://scikit-learn.org/stable/index.html
10. Python package for manipulation and analysis of planar geometric objects https://github.com/Toblerity/Shapely
11. Logistic function defination https://en.wikipedia.org/wiki/Logistic_function

36

A.K. Halder and M. Natalia Dias Soeiro Cordeiro, “QSAR-Co-X: an open source toolkit for multitarget QSAR mod-



UNIVERSUM:
Ne 10 (115) TEXHWHECKME HAYKY OKTH6Db, 2023 T.

MECHANICAL ENGINEERING AND MACHINE SCIENCE
DOI: 10.32743/UniTech.2023.115.10.16071

APPLICATION OF MATHEMATICAL MODELING
FOR THE SYNTHESIS OF NEW ALLOYS

Kamolkhan Karimov

Doctor of Technical Sciences, Professor,
Tashkent State Technical University,
Republic of Uzbekistan, Tashkent

Nodir Turakhodjaev

Doctor of Technical Sciences, Professor,
Tashkent State Technical University,
Republic of Uzbekistan, Tashkent

Azamat Akhmedov

Doctor of Technical Sciences (DSc),
Tashkent State Technical University,
Republic of Uzbekistan, Tashkent

Mehrubon Mirmuhamedov

Applicant,

Khujand National University,
Republic of Tajikistan, Khujand
E-mail: mirmuhamedovm@gmail.com

Jamshed Sharipov

Applicant,
Khujand National University,
Republic of Tajikistan, Khujand

Ziyodullo Obidov

Doctor of Chemical Sciences, Professor,
Tajik Technical University,
Republic of Tajikistan, Dushanbe

HNPUMEHEHUE MATEMATHYECKOI'O MOAEJINPOBAHUSA
JJIs1 CUHTE3A HOBBIX CIIVIABOB

Kapumoe Kamonxan Ab6acosuu

0-p mexm. Hayk, npogheccop,
Tawxkenmckutl 20Cy0apcmeer bl MeXHUYeCKUull YHUgepcument,
Pecnybnuxa Vzoexucman, e. Tawkenm

Typaxooxncaee Hooup /[acaxonzuposuy

0-p mexH. Hayk, npogheccop,
Tawxenmckuil 20Cy0apcmeenHblil mexHU4eCKull yHugepcumem,
Pecnybnuxa Vzoexucman, e. Tawkenm

Axmeooe Azamam Xaumoeuu

0-p mexu. nayk (DSC)
Tawkenmckuil 20Cy0apCcmeeHHblil MEXHUYeCKUll YHueepcumen,
Pecnybnuxa Y3bexucman, e. Tawkenm

bubnuorpagpuueckoe onucanue: APPLICATION OF MATHEMATICAL MODELING FOR THE SYNTHESIS OF
NEW ALLOYS // Universum: TexHH4YeCKHe HayKH : 3JCKTPOH. Hay4H. )ypH. Karimov K. [u ap.]. 2023. 10(115).
URL: https://7universum.com/ru/tech/archive/item/16071



https://7universum.com/ru/tech/archive/item/16071
mailto:mirmuhamedovm@gmail.com

UNIVERSUM:

Ne 10 (115)

TEXHWYECKUE HAYKN

OKTsI0pB, 2023 1.

Mupmyxameooe Mexpyoon Mamypoeuu

couckamennv,
Xyoorcanockuil 20cy0apcmeeHHblll YHUGEpCUmen,
Pecnybnuxa Taoscuxucman, 2. Xyooicano

Hlapunos /Incamuied Xaxumosuy

couckameny,
Xyoorcanockuii 2ocy0apcmeeHHblll YHUGepcument,
Pecnybnuka Taoxcuxucman, 2. Xyoacano

06uooe 3uéoynno Paxmamosuu

0-p Xum. HayK, npogeccop
Taoorcuxckuii mexHuieckuil yHueepcumemn
Pecnybnuxa Tadocuxucman, 2. /[yuwanbe

ABSTRACT

It has been determined that the creation of mathematical models of alloy synthesis processes is supported for the
production of promising new alloys in the foundry industry.
AHHOTALIUS
bruto OIPCACIICHO, YTO CO3JaHMC MATCMATUICCKUX MO)ZLGJ'IG?I MMPOUECCOB CUHTEC3a CIJIaBOB MOAJACPKUBACTCA A
NOJIYUCHHUA NEPCIICKTHUBHBIX HOBBIX CIIJIABOB B JIATEHHOM IPOU3BOACTBEC.

Keywords: mathematical modeling, synthesis and application, new alloy.
KutioueBble cjl0Ba: MaTeMaTHYeCKOe MOICTMPOBAHUE, CHHTE3 U IPUMEHEHUE, HOBBIN CILIAB.

Scientists of Uzbekistan and Tajikistan have devel-
oped technologies for the high-temperature processing
of industrial slags [1] and wastes [2], separation processing
in electric furnaces [3] and a technology for extracting
metals from liquid slag [1]. Let's give some examples [4, 5].
In addition, studies have been carried out on the anodic
behavior and oxidation of the Zn22Al alloy doped with
scandium, yttrium and erbium [6-8]. At the same time,
reliable protection against the corrosive effects of the
agents in which they operate is necessary. In the practice
of protecting semi-finished steel products from corro-
sion, zinc-aluminum coatings such as “galfan” (Zn5Al,
Zn55Al) [9-11] Zn22Al [12-14] and ‘“galvalum”

(Zn55Al-1.6Si) are currently used in various aggressive
environments.

To develop a new alloy, it seems necessary to select
an appropriate method of mathematical modeling while
taking into account the technological process [15, 16].
Below are the tasks for the development and analytical
implementation of the mathematical model.

In numerical programming problems with a wide
range of applied problems, the extremum of a function
(objective function) is determined which borders on a sys-
tem of linear equations and inequalities. The mathematical
model of the general linear programming problem has
the form:

F(X, %0 X,) = Zn:cixi — min(max),
i=1

]

Dax; <b, i=12..k
=

Doax; =h, i=kk+1..1,
=

1]°7] 1

)

> agx, =b, i=1+L1+2,..,mx, >0, j=12,..,p, p<n
=

In other words, this task is reduced to the task of
qualitative assessment of economic, technical technologi-
cal processes and determination of optimal solutions.
If problem (1) has solutions, then the objective function
reaches an extremum.

We explain this problem with the following problem.
Suppose a metallurgical plant produces three types
of alloys from raw materials A and B. The percentages
of raw materials in the alloys are presented in the table

38

below. In total, the plant has 7 tons of raw materials of
type A and 17 tons of raw materials of type B. A ton of
the first alloy costs 1.5 million conventional units,
the second - 1.6 million conventional units, the third -
1.2 million conventional units. In this case, the need for
the third alloy should not exceed 12 tons, and the need
for the first alloy should not be less than 5 tons. The
question is, how many tons of each alloy should be
produced to achieve maximum economic efficiency?
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Table 1.
The percentages of raw materials in the alloys
Ne Alloy 1 2 3
Alloy Tupe
A 8% 17 % 20 %
b 92 % 83 % 80 %
To solve the problem, it is necessary to develop a 5
mathematical model. In accordance with the general L
model (1), we introduce the target function: P :=maximize(f,m;,m,,m,) = 6,15 ©)
12

f(m,m,,m;)=1,5m +1,6m, +1 2m, —» max. (2)

The conditions set in the task require the implemen-
tation of the following inequalities:

0,08m, +0,17m, +0,2m, <7,
0,92m, +0,83m, +0,8m, <17, (3)
m >5m,>0,0<m, <12,

To solve problems (2) and (3), the MathCAD method
will build the following sequence of operations:

m=5 m,=9 m;:=10
f(m,m,,m;)=15m, +1,6m, +1,2m; (4
Then we have

m =5m,>0,0<m, <12
0,08m, +0,17m, +0,2m, <7 (5)
0,92m, +0,83m, +0,8m, <17

References:

f(P,, P, P,) =31892

Now we consider the issue of assessing the change
in the percentage of oxygen in the alloy by changing the
amount of aluminum in the electrode using mathematical
modeling.

We determine the percentage of oxygen in the alloy
corresponding to a change in the amount of aluminum in
the electrode depending on the diameter of the crystallizer.
According to general mathematical theories, this problem
is solved using the regression model. From the point
of view of linear algebra, the functional connection
is determined by the solution of the system of linear
algebraic equations. If we denote the interpolation in
the form of a function, then it is necessary to solve the
system of equations:

P(X) = Yo, P(X) =Y, ., P(X,) =,

2 n
ag +a X, +L,X; +...+a, Xy =Y,

a, +aX +ax +..+ax =Yy, -

a,+aX, +a,x +..+ax =y,

Thus, we can conclude that when the first alloy is
generated, 6.15 tons of the second and 12 tons of the
third alloy will achieve the greatest economic effect
(31,892 million conditional units). From synthesized
new alloys, machine parts are made.
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ABSTRACT

The development of the industry of the Republic of Azerbaijan implies the transition to a market economy with
various forms of ownership and management. The development of entrepreneurship and the process of privatization of state
property stimulate the development and strengthening of service enterprises. At the same time, it is envisaged to
significantly increase the reliability and resource of the machines, the development of the firm repair of the special complex
equipment in operation.

Saving fuel and energy resources of the country by any means is one of the important problems. The main consumer
of petroleum products is internal combustion engines. Having certain advantages, they will retain their importance as mobile
energy devices in the near future.

AHHOTALIUS

Pasutne mpombInmieHHOCTH A3sepOaiimkaHckod PecnmyOnmkn mpenmosaraeT mepexoll K PHIHOYHOW 3KOHOMHUKE
C pa3jiIMYHbIMH (1)OpMaMI/I COOCTBEHHOCTH U yHpaBJeHUA. PasButne NpeANPpHUHUMATECIIBCTBA U NPOLECCC MpHUBATU3ALNU
TOCYTapCTBEHHOH COOCTBEHHOCTH CTUMYJHPYIOT Pa3BHTHE W YKpeIUleHHe npeanpustuii chepsl yemyr. [Ipu atom
NpeayCcCMaTpuBacTCsA CYHICCTBEHHOC MOBBINICHHUE HAJACKHOCTH U peCypCa MalllUMH, pa3sBUTHUC (I)I/IpMeHHOFO pEMOHTA
CHeHHaﬂLHOﬁ CIIOJKHOM TCXHUKHU, HaXOI[FIH.IefICH B OKCILTyaTalliu.

DKOHOMMUS TOINIMBHO-OHEPTCTHUICCKUX PECYPCOB CTPAHBI JIFOOBIMU CITOCOOAMHU SIBIISIETCS OZ[HOP'I M3 BAXXHBIX 3aJa4.
OCHOBHBIM MOTpeOuTENIeM HE(TENPOYKTOB SIBILSIFOTCS JIBUTATeIM BHYTPEHHEro cropaHusi. iMes: onpe/ieneHHble penmy-
IIECTBA, OHU COXPAHST CBOE 3HAUEHHE B KAYeCTBE MOOMIIBHBIX YHEPTeTHUECKUX YCTPOICTB U B OrxkaiiiiieM OyayIieM.

Keywords: diffusion chroming, mechanical processing, plunger pair, microhardness.
KoaioueBbie ciioBa: 1udpy3noHHOE XpOMHUPOBAHKE, MEXaHUYecKasi 00pabOoTKa, TUTyH)KepHas I1apa, MUKPOTBEPIOCTb.

Main part

As a result of the analysis of the results of the
experiments, the following mode of diffusion chroming
was selected: temperature 1150-1200°C, storage time
6 hours. The variation of the roughness and microhardness
of the linear dimensions of the samples is given in table 1.
After diffusion metallization, diagrams and profilograms

of precession surfaces were produced, the results of
measurements showed that the non-circularity of the
details remains at the same level after the process and
before it, and the increase in linear dimensions after the
process is about R;=1.6-2 um, which gives the required
increase. This increase is taken into account in the
subsequent mechanical processing [1-6].

Table 1.

Physical and mechanical properties of steel grades

Variation of linear Roudhness. Ra. mkm Microhardness
Brand of steel dimensions g P M, MPa
gas phase | vapor phase gas phase | vapor phase gas phase vapor phase
38X2MIOA 70-85 75-85 1,6-2,4 1,2-2 18000 22000-22500

Bubnuorpaduueckoe onucanue: Goyushov R.G. PHYSICAL AND MECHANICAL PROPERTIES OF MARINE ENGINE
PARTS RESTORED BY DIFFUSION CHROME PLATING // Universum: TexHHYeCKne HayKH : 3JEKTPOH. HAyYH. KYPH.
2023. 10(115). URL.: https://7universum.com/ru/tech/archive/item/16118
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45 55-65 60-70 1,8-2,5 1,6-2,2 16000 18000-18800
40X 35-45 65-75 1,6-2,6 1,4-2,2 16800 18800-19200
50T 55-60 65-80 1,4-2,2 1,2-1,8 16400 18000-18500
XBI' 60-75 70-85 1,2-1,6 1,1-14 17600 19600-20000
IX15 50-60 70-75 1,4-1,8 1,2-1,6 13600 19200-19800
P18 55-65 65-75 1,2-1,6 1,2-1,4 16300 22100-22700
18X2H4BA 52-62 62-68 1,5-1,8 1,3-1,5 17000 22000-22300
V8 55-60 68-78 1,8-2,2 1,4-1,8 16000 17500-18200

In the process of experimental studies, it was
confirmed that the microhardness of chromed layers of
details and samples is around 16000-22700MPA.

The maximum microhardness of the layer for all
steels was 22100-22700MPa.

The surface hardness of the diffusion layer is
uneven. Thus, when the hardness in gas-phase chroming
at 1150 °C temperature is around 17600-18000 MPa, the
average number was 17800 MPa as a result of numerous
measurements [2-7].

In vapor phase chroming, these figures were 19600-
20000 MPa, and the average figure was 19800 MPa.
Accordingly, the surface hardness is 2-3 times higher than
the initial samples.

For a more in-depth study of the processes taking
place in diffusion chroming, X-ray analysis of the phase
composition of the base and surface layers of the plunger
under chromium irradiation was carried out in the
JIPOH-1 diffractometer.

The results of X-ray analysis of the surface phase
composition of XBI' steel samples and details after
diffusion vapor phase chroming in different regimes.
As can be seen, in vapor phase vacuum chroming, Cr7Cs
and TiC type carbide phase is formed on the surface of
the part. The appearance of one or another phase depends
on the composition of the steel and the modes of diffusion
metallization [3-8].

The analysis of the phase composition of the layer
showed that, the layer obtained by diffusion metallization
with the specified mode consists of Cr;Csz and TiC trigonal
carbide, its thickness is 35 um, and it was single-phase,
the same in the diffractogram the presence of a-iron and
carbide indicates that X-rays penetrate this layer.

The results of the spectral analysis of carbon in the
surface layers of the plungers (serial and diffusion
chromed) are shown in Fig. 1 [8, p.56-59]. Traces of
different layer thicknesses were shown by polishing.

From the analysis, it can be seen that if the carbon
in the serial plunger is evenly distributed in the entire
volume, the amount of carbon on the surface of the
coating in diffusion chromed ones is greater than in the
core (49 um from the surface to the core). This factor
shows that in the process of diffusion of chromium,
mutual diffusion of carbon from the core of the metal
to the reaction zone takes place. the amount of carbon
in the layer increases [4-9].

The microstructure was studied in transverse
sections under a MIM-8 microscope at 50 to 500 times
magnification. The microstructure was determined by
etching the slices in a 4% solution of nitric acid in ethyl
alcohol.
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Samples and details subjected to vapor phase diffusion
chroming shown in Fig. 1 were taken for research.

The initial structure of the XBI steel plunger after
factory heat treatment represents martensite with Vickers
hardness of 750-770 units. After diffusion metallization
with modes 1 and 2, a "triple™ structure is observed
on the surface when examining the cross section of the
plungers (Fig. 1).

Figure 1. Microstructure of XBI steel after diffusion
metallization: a-series tabbed (x450); b-diffusion
chromed in vacuum (1180°C, t= 4 hours) (x350);

c- diffusion chromed in vacuum (1180°C, t= 4 hours)

(x450); d- after diffusion chrome plating and
machining (x450)

A carbide layer of equal thickness is added to the
surface itself. The hardness of the layer along the
circumference of the plunger was 1500-1800 HV. Under
this layer, a pearlite structure layer with a hardness of
400 HV, corresponding to the hardness of the base
metal, is found. A decarburized layer with a hardness of
190 HV and pure ferrite appears between the transition
layer and the base metal. Plunger 5 (mode 3) has no
decarbonized layer (Fig. 1).

The study of the microstructures of samples and
cores of details from steel XBI  after diffusion chroming
showed that it is frostite sorbite with a hardness of 350-
370 HV. The absence of residual austenite in the core and
also under its layer was determined.
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After gas chroming of low-carbon steel by the contact
method, a thin layer of Cr,3Cs and TiC carbide phase,
distinguished by its high hardness, is formed. Below this
layer is the transition (electrode) zone, which appears as
a dark strip in the microstructure. This zone has a frostite
structure and consists of a mixture of two phases: Cr3Cs
and TiC near ferrite and pearlite, and there is a decarburized
zone that gradually transitions to the typical structure
of the steel under consideration. After contact chroming
of decarbonized steel, X-ray analysis shows the presence
of nitride phases on the surface. CroN and CrN (0.02 mm
deep), CroN and CrN (0.02-0.06 mm deep) and Cr;N
(0.06-0.14 mm deep), surface thickness microhardness
was 11800-14200 MPa . Below this layer is a thick light
zone of the solid layer, below it is a dark (eutectoid)
zone with a frostite-type structure. This zone transitions
to a broad decarbonized light zone near the core [5-10].

In non-contact gas chroming of high carbon steels,
a double carbide layer is formed: Cr23Cs and TIC on the
surface and Cr7Cs closer to the core. It should be noted
that in conventional tanning methods, a carbon-reduced
zone is not observed in the structure.

In contact chroming in a non-hermetic container,
a thin layer of carbonitride containing Cr2(N.C) is formed
in the brittle zones of the steel, apart from the TiC, CrsCs
and Cr;Cs phases.

When chromium diffuses, there is a continuous
sharing of carbon and chromium in austenite. In the
process of diffusion of chromium in steel, the structure
of carbon in austenite changes as a result of diffusion of
carbon from the core zones to the surface.

In Figure 1, IIX15, XBI, etc. The effect of
temperature and chroming time on the chroming of steels
is shown. Steel XBI is chromed better than steel IIIX15,
because it also contains tungsten in addition to chromium.
The microhardness of the chromed layer of these steels
is approximately the same as in diffusion vapor phase
chrome plating and is around 17600-18620 MPa. The
obtained results confirm that vanadium and chromium
accelerate diffusion chromization, while manganese
inhibits it.

The hardness of the base metal immediately close
to the surface layers is close to the hardness of the core
and is 350-370 HB (modes 1,2,3).

Fig. 1 Microstructure of XBI' and IIIX15 steel
(x350) after diffusion chromed in vacuum (a) and after
subsequent plating (b). The obtained results show that
under the carbide layer with a thickness of 12 mm,
there is a layer enriched with carbon in the process
of diffusion metallization. This can be explained by the
flow of carbon from the lower layers.

The surface layers of medium and high carbon alloy
steels, as a rule, have a carbide nature and differ in high
hardness around 18000-20000 MPa. The surface of low-
carbon structural steel is dominated by a solid solution
phase with chromium carbide additives. The
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microhardness of this layer (17000-17500MPa) is
107 n/m? or around 2000-10000 MPa, and for carbon
steels it is 16000-16500 MPa.

The results of metallographic, X-ray and spectral
studies allow us to present the mechanism of formation
of the following coatings.

When steel is impregnated with carbide-forming
elements, carbides are formed in the carbon surface
layers. This can be explained by the mutual diffusion
of metal and carbon diffusing from the core. As a result,
a full layer of carbides can be formed on the surface of
the steel. From this layer to the core, there is a triple
electrode (Fe, Cr, C) transition zone, and then a carbonized
zone. In the presence of carbon, chromium forms trigonal
carbon Cr;Cs and TiC.

It is not always possible to achieve successful
chrome plating of existing alloy steels. In some cases,
it appears that special steels must be machined, taking into
account the requirements presented by the manufacturer
for chrome plating.

Considering the high cost of many steels, it should
be noted that; in cases where the use of alloy steel is not
strictly necessary, it should be replaced with carbon steel.

Thus, analyzing the research results, it can be
concluded that the optimal mode of diffusion chroming
for precession details of fuel pumps of marine engines
is as follows: process temperature T=1200°C, storage
time =6 hours

Conclusions

1. As a result of studies on the effect of mechanical
processing modes on various indicators of the process,
the optimal modes for each repair operation of carving
and plungers were determined. It is advisable to polish the
plunger in the following mode: circle rotation frequency -
1890 min-1; rotation frequency of the driving circle —
50 min-1; transverse movement - 0.42 mm/min;
processing time — 6...8 seconds.

2. It is appropriate to carry out rough processing of
the slot in the groove in the following mode: cutting
speed - 20.01 m/min; average forward-backward speed
of the grinding tool — 9.52 m/min; pressure of the clamp
of the rubbing tool - 0.7...0.8 MPa, delivery time 0.35 min.

3. Parameters of the initial finishing mode of
carving and plungers: peripheral speed of the rubbing
tool — 13.35 m/min; average forward-backward speed of
the grinding tool — 7.56 m/min; clamp pressure -
0.2...0.22 MPa, completion time - 0.75 min; For the final
completion, these figures are respectively: 8.41 m/min;
6.12 m/min, 0.16..0.18 MPA; It should be equal to
0.5 minutes.

4. Analysis of statistical data on the accuracy of
parameters of mechanical processing of plungers and
grooves showed that after each operation they met
the technical conditions of the manufacturing plant.
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ABSTRACT

When choosing effective processing modes, the results should be considered not only from the point of view of the
productivity of the process and the reduction of roughness of the processed surface, but also from the point of view of the
intensity of error recovery. After diffusion metallization, mechanical processing of parts (100 plungers and 100 carves)
with various initial geometric errors (ovality, conicity, curvature) from the form was carried out to evaluate the precision
of mechanical processing of plunger pairs. Processing of the entire batch of details was carried out according to the designed
technology. The measurement of the processed details showed that the accuracy deviations did not exceed the allowable
values for each operation.

AHHOTALIUS

[Tpu BBIOOPE 3(PPEKTUBHBIX PEKUMOB 00PaOOTKH pe3yNbTaTHl CIEIyeT pacCMaTpUBaTh HE TOJBKO C TOUKH 3PEHUSA
MIPOU3BOAUTCIIBHOCTU TTPOHECCA U CHUIKECHHA HICPOXOBATOCTH O6pa6aTBIBaCMOI71 MOBEPXHOCTU, HO U C TOYKH 3PCHHUA
MHTEHCUBHOCTH BOCCTaHOBJIeHHs omnOok. Ilocie ,ZlI/I(b(l)YSI/IOHHOI\/'I METaJllIn3allun ObLIa MpoOBEACHA MCXaHU4YCCKas
obpabotka meraneit (100 mrymkepoB u 100 BEIpe30B) ¢ pa3THIHBIME UCXOIHBIMU F€OMETPHIECKUMHE MOTPEITHOCTIMHU
(oBaNBHOCTH, KOHYCHOCTB, KpUBU3HA) OT (POPMBI U OIIEHKA TOYHOCTH MEXaHWYEeCKOH 0O0pabOTKH IUTYHXKEPHBIX IMap.
O0paboTka Bcell mMapTWW AeTajeld OCYIIeCTBISUIACH IO pa3pabdOoTaHHOH TexHonoruu. M3mepeHue oOpadaThIBaeMBIX
I[GTaJ'IefI TIOKa3aJI0, YTO OTKJIOHCHHSA TOYHOCTU HE MPEBLIIIAIN JOITY CTUMBIX 3HAYEeHHUH JUIA Ka)KZ[OP‘I onepanuu.

Keywords: diffusion metallization, mechanical processing, plunger pair, flange, ovality, conicity.
KiroueBble cioBa: nuddy3noHHAsS MeETAUIM3alUs, MeXaHH4Yeckas o0paboTKa, IUTyH)KepHas mapa, (¢uiaHerl,
OBAJIbHOCTH, KOHYCHOCTb.

and curvature are lower than the allowable values of these
parameters according to the technical conditions set by
the manufacturer and DUIST 250883 and OST 23 for
the details of the plunger pairs of fuel pumps [2-7].

Introduction

Processing of the entire batch of details was carried
out according to the designed technology. The

measurement of the processed details showed that the
accuracy deviations did not exceed the allowable values
for each operation. The statistical analysis of the results
of the measurement of plungers and hollows showed
that the distribution of ovality, conicity and curvature
dimensions after polishing, thread cutting, rough and
final processing obeys the normal law or the Weibull
law (see table 1) [1-6].

Main part

Graphs 1, 2, 3 show the distribution curves of the
accuracy of the geometric parameters of the plungers
and grooves after the final processing. It can be seen from
the curves that the maximum values of ovality, conicity

Figure 3 shows the circular diagrams of the plungers
and grooves in three sections after processing. It can be
seen from the circles that after mechanical processing,
the ovality is within the limits of 0.2...0.4 pm. The analysis
of the results of the measurements showed that the
dispersion of the diameter dimensions of the plunger and
the grooves were 32 um and 26 pm before machining,
and 32 and 47 pm after machining, respectively. This
means that after machining, the plungers and grooves
can be assembled using the assembly method. During
machining after black finishing, 5 out of 100 engravings
(5%) were broken because they had more than 0.003 mm
of curvature, which is considered unacceptable by the
manufacturer [3-8].

Bu6muorpaduueckoe omucanue. Goyushov R.G. THE ACCURACY OF THE GEOMETRICAL PARAMETERS OF THE
RESTORED PLUNGERS AND FLANGES // Universum: TexHuueckue HayKd . 3JeKTpOH. Hay4dH. xxypH. 2023. 10(115).
URL: https://7universum.com/ru/tech/archive/item/16119
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Table 1.

Statistical analysis of the results of measurements of plungers and carves

TZR Ovality Conieity Curvature
Operatiens | . t I t? [ ¥ t 4 t? ¢ t I t? | ¥
Ouality. | Cone. | Curved. mbm | mkm Y| mim | mbem | oeen | mim V| miem | ok | mbrn | b | Y mim | mkm
Plunger
Polishing | ZNE | ZNE - 3.00 | 050 | 4,83 | 3.80 | 220 | 270 | 0.86 | 0492 | 4,50 | 2,82 - - - - -
Initial
deliv ZNR | ZNE - 198 [ 0.32 | 0252 2,50 | 140 | 168 | 0.43 | 0,486 | 2.39 | 0.98 - - - - -
rvery
Removal
of ZNR | ZNE - 0,75 | 0.16 | 0406 | 100 | 0.50 | 0,10 | 0.27 | 0682 | 1.03 | 0.86 - - - - -
overhangs
L.&_g t ZNR | ZNE - 046 | 2,9 | 0,768 | 030 | 0.34 | 0,40 | 0.08 | 0,589 | 0,35 | 0,33 - - - - -
delivery
Carve
Bough a - o a
delivery ZNR | ZNR | ZNR | 185 | 0.81 | 0435| 3,10 | 058 | 1.90 | 0,70 | 0,401 | 1.92 | 181 | 1.89 | 1.04 | 0,357 | 3.07 | 0.1
dg';?:rlv ZNR | ZNR | ZNR | 0.94 | 1.04 | 1,098 2,07 | 0.11 | LOO | 057 (0323 | 1.72 | 0,09 | 1.00 | 0,75 [ 0,735 2.00 | 0.11
derldi:‘-g;rv ZNR | ZNR | ZNR | 0.36 | 0,16 | 0459 | 062 | 0,10 | 052 | 030 [ 0,390 | 0.87 | 005 | 0.64 | 0,66 | 1,023 | 0.66 | 0.36
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Figure 1. Ovality op (a) and taper kp (b) distribution curves of plungers after final processing
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Figure 2. Distribution curves or ovality op (2) and conicity kp (b) of grooves after final processing
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Figure 3. Distribution curves of the curvature of the gouges after finishing
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Figure 4. Circles of plungers and gouges after finishing

After the final completion, the geometrical parameters
of all the carvings were within acceptable limits. During
mechanical processing, all 100 plungers had geometrical
parameters with accuracy within the limits that could
be released by the manufacturer-factory.

After final processing, the pre-tension surface of the
plungers has a mirror-glossy surface (R:=0.03...0.04 um),
but at the same time, small depressions - small pores
were detected on the surface of the plunger during
profilography. The formation of these pores can be
explained by the removal of soft constituents located on
the surface of the coating during mechanical processing.
Pores on the pretension surfaces do not extend to great

Figure 5. Profilogram of the plunger (a)

47

depths, so they will not significantly affect the
performance of the plunger pairs, but at the same time,
they can also have a positive effect on their washing [4-9].

Thus, the results of processing test batches of plunger
pairs after diffusion metallization showed that the
geometrical parameters of the details (non-roundness,
conicity, curvature) meet the technical conditions
of the manufacturer-plant for serial production [5-10].

The following conclusions can be reached on the basis
of experimental studies of the process of mechanical
processing of piston pairs restored by vapor phase diffusion
chromating in vacuum.

and the notch (b) after finishing
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Conclusions

1. In modern times, when strengthening and restoring
the preview details of high-pressure fuel pumps of ship
engines, repair facilities are subject to strict conditions
from different points of view: economic, technological
process, working conditions, environmental safety and
energy costs.

2. When developing a mathematical model, it is more
expedient to use the theoretical foundations of production
functions. In this case, it is possible to assess the

Reference:

effectiveness of certain costs that make up the
technological process and choose the optimal method
of recovery of worn parts of high-pressure fuel pumps
of ship engines.

3. The theoretical basis of the technological process
of restoration of worn parts should be based on the methods
of restoration to ensure the required reliability of the
restored parts. The optimal method of restoring worn parts
will solve a number of problems by minimizing the cost
of operating high-pressure fuel pumps of ship engines.
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ABSTRACT

This dissertation identifies the most optimal conditions for the process of forming the surface of a cylindrical part
machined on automated technological equipment under the influence of aerodynamic motion, studies the relationship
between the physical and mechanical properties of the workpiece and the output characteristics.

AHHOTAILIUS

B naHHOI1 cTaThe onpenensoTcs Handoliee ONTHMaNbHbIE YCIOBUS Mpoliecca (POPMHUPOBAHUS TIOBEPXHOCTH IMIIHH-
I[pH‘ICCKOﬁ JAC€TalIn, O6pa6aTBIBaeMOﬁ Ha aBTOMAaTU3MPOBAHHOM TCXHOJIOTHICCKOM O60pyz[0BaHI/II/I oa ﬂeﬁCTBHGM aspo-
ANHAMHUYCCKOTO ABUKXCHUSA, UCCIICAYCTCA CBA3b MCIKAY @HSHKO-MGX&HI/I‘ICCKI/IMI/I CBOMCTBAaMH 3arOTOBKH U BBIXOJAHBIMH

XapaKTCPpUCTHUKaMU.

Keywords: vacuum plastic, PVB, cellulose, EVA, TPU, silicone-rubber, nitrate.
KuiroueBble cioBa: BakyyMHbIH mactuk, [IBB, nemttonosa, O9BA, TITY, cunukoH-kayuyK, HUTpaT.

Surface quality during abrasive treatment of car
windows depends on the physical and chemical proper-
ties of the treated material, technological parameters and
properties of the abrasive material, geometric dimen-
sions and mechanical properties of the abrasive material.
Also, in the creation of new MSTYV, the brittleness of the
material and the temperature in the cutting zone, high
processing speed and other

factors must be taken into account. The maximum
effectiveness of various MSTV is characterized by its high
functional properties, i.e. cooling, washing, lubrication.
The development of MSTV for a specific material

should be based on an in-depth and comprehensive
study of the physical and chemical processes in the shear
zone. The effectiveness of MSTV will need to be tested
experimentally along with theoretical justification based
on its physicochemical properties.

The practical part of the research was conducted at
"Avtooyna" LLC in Fergana. Currently, this enterprise
produces windows for passenger cars.

The experiments were carried out on the VVT-0210
model glass edge grinding machine. X100 brand diamond
abrasive tool made in the USA company "SuperCut"

Figure 1. General view of the VVT-0210 window edge grinding machine

Bubnuorpaduyeckoe onucanue: Turdialieva M. SURFACE QUALITY IN ABRASIVE TREATMENT OF CAR WIN-
DOWS, PHYSICAL AND CHEMICAL PROPERTIES OF THE TREATED MATERIAL // Universum: TexHudyeckue
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In order to reduce the time of the experiment and
ensure the validity of the obtained results, and on this
basis, to obtain the MSTV with the optimal composition,
a transducer of the GT250 model was used as a sensor.
Electroacoustic conversion coefficient of the sensor is
90 dB per 1V/m/s, operating frequency 50kGs, bandwidth
40-100 kGs, supply voltage 12V, supply current 30 mA,

used. [2]
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operating temperature range - 40...+1000s. AG09-01
spacer and amplifier are connected to the sensor. The
amplifier is also located inside this sensor. The stablitron
does not transmit signals higher than 5 volts. As an analog-
to-digital converter, from the analog-to-digital converter
model L-783.
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Figure 2. Acoustic emission converter connection diagram

AG09-01 is a spacer. To receive a vibroacoustic
signal, a piezoelectric sensor with a frequency of 0.5 MHz
is glued to the head with a cutting tool. Start and main
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the signal coming from the sensor amplifiers amplify
and also filter using band-pass filters built into the
amplifier [3].
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Figure 3. External view of the AG09 spacer

For high frequency, the transmission frequency is
taken as 100 KGs. Eliminates noise caused by various
sounds and vibrations. The pass frequency of the low-
pass filter is set to 40 KGs. It is based on the indirect
determination of cutting force in common methods of
diagnosis of metalworking, in which the deformation
under the influence of force is carried out using ten-
sometric sensors or measuring acceleration. The program
"PowerGraph 3.x Professional” was used for signal
processing. "PowerGraph™ program serves for block
recording of the results of analog numerical transfor-
mations. The program allows you to perform various
operations on the data block: reorder, edit, delete and
copy. Any number of frequencies can be used to record
data. But the maximum recording frequency is limited
by ATsP capabilities. (with the time required for one
analog-to-digital converter). The program automatically
determines the maximum value of the recorded frequency
for the ATsP used and does not record a higher frequency.
In addition, the number of recording channels in most
types of ATsP plays a key role, recording the maximum
frequency can be done only in one channel. Several
methods of signal visualization are used during data
logging. We studied the dependence of cutting intensity
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and surface cleanliness on vibroacoustic signals from
the cutting environment in order to increase the reliability
of the experimental results and reduce the time and costs.
Experiments revealed that the amplitude and frequency
of vibroacoustic signals change depending on the cutting
intensity and surface cleanliness.

MSTV when experiments were conducted using
its composition at different cutting speeds, it was found
that the surface roughness varied up to 1 pum. The change
in the amplitude of the vibroacoustic signal is directly
proportional to the change in the surface cleanliness [4].
Experimental results showed that isopropyl alcohol
0.2% solution in water showed the best results. It was
found that due to the chemical effect of its aqueous
solution on the processing environment, it causes chemical
processes on the surface of the processed surface of the
glass that have a positive effect on the speed of processing
and the quality of the surface. It was found that the
10% solution of ethylene glycol in water allows controlling
heat phenomena during the processing process due to its
good cooling properties. The water solution of the ready-
made detergent can have a positive effect on the treatment
process due to the SFM contained in it, but due to one
drawback, it is not possible to use them widely at the
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moment. Their aqueous solutions are highly foamable.
If this drawback is eliminated by means of antifoam
agents, aqueous solutions of detergents can become
inexpensive and effective MSTV. [5

The results of the conducted research show that if
the cooling lubricant liquid produced and processed at
"Avtooyna" LLC is reused, by adding certain additives,
high efficiency is achieved and it affects the price of the
product to a certain extent.

Conclusions

Research results show that the grinding speed
increases with the increase in the grain size of the grinding
wheels. This relationship is linear between 3 and 20 pm.

Grinding slows down when processed with larger grains.
The reasons for the favorable performance of SFM
solutions for the quality of the surface are their surface
activity, which provides high lubricity, reduced shear
stress, and reduced fineness properties of the glass.
Additives of SFM and alcohol in a multi-component
water solution reduce the hardness of glass by 5..9%,
decrease the cutting force by 1.5 times, as a result, a
decrease in the force load in the collision area is ensured.

5-7% economic efficiency is achieved if the water
collector in the cooling lubrication process proposed by
us is built and the water in the collected water basin is
processed.

References:

1.

Tyiuues U.1., Banmmes I H., & Axyn6a6aes ¥.0. (2017). COBEPHLIEHCTBOBAHUE ITPOLIECCA PA3PBIXJIEHIA
IIEJIKOBOT'O BOJIOKHA. ®u3uka BOJIOKHUCTBIX MAaTEPUAJIOB: CTPYKTYpa, CBOMCTBA, HAYKOEMKHE TEXHOJIOTHU
u marepuansl (SMARTEX), (1), 362-366.

Tyiitunes V.., Bamues I'.H., Axyn6abaeB V.O., & Habuesa U.A. (2016). PEXXUMbI OTBAPKIM HEITPUT'OJJHBIX
K PASMOTKE JED®EKTHBIX KOKOHOB. ®u3nka BOJIOKHUCTBIX MaTepPHAIOB: CTPYKTypa, CBOHCTBA, HAYKOEMKHUE

Axyn6abac V.0., & Tyiuues U.U. (2015). CoBepliieHCTBOBAaHHE TEXHOJIOTHU MPOU3BOJICTBA U TIOBBIIICHUE Ka4eCTBa
IIEJIKa-ChIPIA Ha COBPEMEHHBIX 000pyA0BaHMX. DH3MKa BOJOKHUCTHIX MATEPHATIOB: CTPYKTYPa, CBOUCTBA, HAYKOEMKHE

Myponos P.M., AkcynbaGaes ¥.O., Opramos M. (2019). Ob ABTOMATU3ALIMN OLIEHKN KOHCTPYKTHBHBIX
U TEXHOJIOTUYECKUX IMAPAMETPOB PYJIOHA HAMOTOYHOU MAIIWHBI KMC-10. TekcTriibHbIN

Myponos P.M., Akcyr6adaes V.O. U Opramos M. (2019). Ob ABTOMATU3ALIUN OLIEHKN B3AUMOCBA3U
MEXAY KOHCTPYKTHUBHbBIMU U TEXHOJIOTUYECKUMU [TAPAMETPAMU KATVYIUKU. TexcTribHBINR

Khamrokulov G.H., Turdialiyeva M.M., & Samatov A.A. (2021). OITPEJIEJJEHUE MACCOBOM JOJIN XXHUPA
B CBIPAX ITIJIABJIEHHBIX 20-30 COJAEP)KAHUEM JXXUPA. Theoretical & Applied Science, (1), 151-156.

Axyn6abaeB Yiyr6ex OxynsxoHoBud, TyprynGekoB Axmambex Maxmynbex Yemu, & Acpopos Iammuparmni
I'aznamBuu (2023). SJIEMEHTBI [TPOLIECCA KOKOHOMOTAHUS, BJMAIOIIME HA KAYECTBEHHBIE
XAPAKTEPUCTUKU IIEJKA-CBIPIIA. Universum: Texaudeckue Hayk, (4-3 (109)), 65-67.

Makhzuna T. (2021). QUALITY CONTROL METHODS FOR TURKEY MEAT PRODUCTS. BrosuieTeHb HayKu

2.
texnonoruu u Matepuansl (SMARTEX), (1-1), 327-332.
3.
texnosoruu U marepuansl (SMARTEX), (1), 225-228.
4.
KypHan Y36ekucrana, 7 (1), 42-47.
5.
KypHan Y36ekucrana, 2(1), 8.
6.
7.
8.
u npaktuk, 7(12), 92-96.
9.

TURDIALIEVA M. (2021). BULLETIN OF SCIENCE AND PRACTICE. BULLETIN OF SCIENCE AND
PRACTICE VYupenurenu: Oeukuna Enena Cepreesna, 7(12), 92-96.

51



UNIVERSUM:
Ne 10 (115) TEXHWHECKME HAYKY OKTH6Db, 2023 T.

METALLURGY AND MATERIALS SCIENCE

STUDY OF THE SOLUBILITY OF ZINC FERRITE IN A MIXTURE
OF CITRIC AND SULFURIC ACIDS

Jonibek Ismailov

Doctoral student of “Metallurgy” department,
Tashkent State Technical University,

Republic of Uzbekistan, Tashkent

E-mail: jonibekismailov1001@gmail.com

Bakhriddin Berdiyarov

DSc., Associate Professor,

Head of the “Technological Metals and Clusters” Department,
Ministry of Mining and Geology of the Republic of Uzbekistan,
Republic of Uzbekistan, Tashkent

Shokhrukh Khojiev

Associate professor

of “Metallurgy” department, PhD,
Tashkent State Technical University,
Republic of Uzbekistan, Tashkent
E-mail: hojiyevshohruh@yandex.ru

Kakhramon Ochildiev

Associate professor

of “Metallurgy” department, PhD,
Tashkent State Technical University,
Republic of Uzbekistan, Tashkent

HUCCJIEJOBAHUE PACTBOPUMOCTH ®EPPUTA [IUHKA
B CMECH JIUMOHHOM U CEPHOM KUCJIOT

Hcmaunoe /Konubex baxaoupoesuu

doxmopanum kagpedpvl « Memannypeus»
Tawkenmcko2o 20Cydapcmeeno20 mexHu4ecko20 yYHusepcumemd,
Pecnybnuxa Yzoexucman, e. Tawkenm

bepouspos baxpuooun Tunoexadynosuu

0-p mexH. HayK, Ooyenm,

3a6. omoenom «Texnonoeuueckue Memainvl U Kiacmepvly
Munucmepcmaa 2opnoco dena u eeonocuu Pecnyonuxu Y3bexucman,
Pecnybauxa V3bexucman, e. Tawxenm

Xoorcuee Lloxpyx Townynamosuu

u.0. ooyenm kageopvl «Memannypeusy, PhD,
Tawxenmckuil 20Cy0apcmeenHblil mexHU4eCKull yHugepcumem,
Pecnybauxa V3bexucman, e. Tawxenm

Ouunouee Kaxpamon Towmemuposuu

u.0. 0oy. kageopwl «Memannypeusny, PhD,
Tawkenmckuil 20Cy0apcmeeHHblil MEXHUYeCKUll YHueepcumen,
Pecnybnuxa Y3bexucman, e. Tawkenm

Bbubnuorpaduueckoe ommcanne: STUDY OF THE SOLUBILITY OF ZINC FERRITE IN A MIXTURE OF CITRIC AND
SULFURIC ACIDS // Universum: TexHUYeCKHE HAYKH : JJIEKTPOH. Hay4H. kypH. Ismailov J.B. [u ap.]. 2023. 10(115).
URL: https://7universum.com/ru/tech/archive/item/16093



https://7universum.com/ru/tech/archive/item/16093
mailto:jonibekismailov1001@gmail.com
mailto:hojiyevshohruh@yandex.ru

UNIVERSUM:

TEXHWYECKUE HAYKN

Ne 10 (115) OKTsI0pB, 2023 1.

ABSTRACT
In the paper, since the main component containing zinc in zinc cake is zinc ferrite, the research work studied the
thermodynamic aspects of the process to reduce ferric iron in zinc ferrite to ferrous state under the influence of citric acid.
Based on the results of thermodynamic analysis, it was established that the limiting stage among the chemical reactions
occurring in the system of zinc ferrite and a mixture of citric and sulfuric acids is the stage of mutual chemical interaction
of zinc ferrite and citric acid. Accordingly, the optimal temperature required for the complete reaction of zinc ferrite with
citric acid was 338 K (65 °C). By studying the kinetics of the process, it has been proven that the equilibrium constants
of the reactions of dissolution of zinc and iron oxides in sulfuric acid, transformed into individual forms due to the
reduction of zinc ferrite at the same temperature, have high values.
AHHOTALIMS
B CTaTbe€, MOCKOJIbKY OCHOBHBIM KOMIIOHCHTOM, COJACPpKAIINM HUHK B IIMUHKOBOM KE€KE€, SABJIACTCA (beppI/IT IIMHKa,
B X0J€ P[CCJ'Ie[[OBaTeJ'ILCKOﬁ paGOTbI ObUIH H3Yy4YCHbI TCPMOAMHAMUYCCKUEC ACIICKTHI MPOILCCCa C ECJIbIO BOCCTAHOBJICHUA
TPEXBAJICHTHOT'O JKEJIC3a B @eppMTe [IAHKa 0 ABYXBAJICHTHOI'O COCTOAHHA IMOI BOSﬂeﬁCTBHeM JIMMOHHOM KHCJIOTEHI.
Ilo pe3ysibTataM TCPMOJUHAMHUYCCKOT O aHaJIn3a YCTAaHOBJICHO, YTO J'II/IMI/ITI/IpyIOIIIeﬁ CTaI[PIeﬁ Cpean XUMHNYCCKUX peaKIlI/Iﬁ,
MPOTCKAIOIIUX B CUCTEME q)eppMTa IIWMHKAa 1 CMECHU JIMMOHHOM U cepH0171 KHUCJIOT, ABJIACTCA CTaausl B3aUMHOI'O XUMHYCCKOI'O
BSaHMOHeﬁCTBHﬂ (I)GppHTa OWHKa 1 JIMMOHHOM KHCJIOTEI. COOTBGTCTBGHHO, OlITUMAJIbHAsg TEMIeparypa, HGO6XOZ[I/IM21$I
JUTS TIOITHOM peakiwu (heppuTa IHKA C IMMOHHOM KHCIIoTOH, coctaBma 338 K (65 °C). [TyteM n3ydeHust KHHETHKH Tporiecca
AO0Ka3aHO, YTO KOHCTAHTBI PABHOBCCHUL peaKHI/Iﬁ PpacTBOpCHUA OKCUIO0B IIMHKA U JKCJIC3a B CepHOfI KHUCJIOTC, ICPCIICAIITNX
B OTACJIBHBIC (I)OpMBI 34 CYET BOCCTAaHOBJICHHUA Q)eppHTa IIUHKa IIpr TOM ke TeMIICpaType, UMCHOT BLICOKHUC 3HAYCHU .

Keywords: thermodynamics, zinc ferrite, pyrite, citric acid, reduction process, Gibbs free energy, equilibrium constants,
temperature, kinetics.

KiroueBble ciioBa: TEepMOANHAMHKA, (I)eppI/IT IUHKa, NUPUT, JJUMOHHAA KHUCJIO0TAa, MPOLUECC BOCCTAHOBJICHUA,
cBoOoHas sHeprust [ mO0ca, KOHCTAaHTHI PABHOBECHS, TEMIIEPaTypa, KUHETHKA.

Finding a means for hydrometallurgical processing
of zinc ferrite in the presence of a reducing agent that
can satisfy all the requirements for a reducing agent is
one of the important tasks of zinc metallurgy today [1].
Taking this into account, in this research work, the use
of citric acid (C¢HsO7) was recommended and its effect
on the process was studied [2]. Citric acid (or citric acid)
is a water-soluble, harmless, and relatively inexpensive
restorative [3]. Citric acid is preferred over other regenerat-
ing agents as it maintains an acidic environment in the
solution [4]. The complete molecular equation for the

chemical reaction of zinc ferrite by reduction with citric
acid followed by selective dissolution of the remaining
solid in sulfuric acid is as follows:

9ZnFe;04 + H3CsH507 + 27H,S0O4 —
18FeSO,4 + 9ZnS0O4 + 6CO; + 31H,0

Thermodynamic values of all substances involved
in the reactions were calculated for standard conditions,
and their initial values are listed in Table 1 [5].

Table 1.
Corresponding thermodynamic quantities of substances (at 298 K)
Substances AH®, kd/mol AG®, kd/mol AS°, J/(mol*K)
ZnFez04 -1182 -1077 153.3
H3CeHs07 -1540.1 -1412.1 213.7
H2S04 -814.2 -690.3 156.9
FeSO4 -927.59 -819.77 107.53
ZnS0O4 -981.4 -870.12 110.54
CO2 -393.51 -394.38 213.67
H.0O -285.83 -237.25 70.08
Using the values given in Table 1, the results of
chemical reactions of sulfidation of magnetite with
technical sulfur under standard conditions were calculated
according to Hess’s law and are presented in Table 2.
Table 2.

Values of zinc ferrite reduction with citric acid at standard conditions (298 K)

AHreac, kJ/mol

AGyeac, kJ/mol

ASreac, J/(m()l . K)

-2589.5

-2564.8

555.2
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From the values of thermodynamic calculations pre-
sented in Table 2 under standard conditions, it can be
seen that the reaction of recovery of zinc ferrite with cit-
ric acid in a sulfuric acid environment is an exothermic
reaction, and its standard Gibbs energy values are nega-
tive, that is, the reaction occurs spontaneously at 298 K.
The increase in entropy in the particles formed in the
system of reductive selective melting reactions increases
the diffusion of the formed gases and prepares a favorable
ground for the next stage of oxidation-reduction pro-
cesses [6-7].

Based on the conclusion drawn from the values in
Table 2, the corresponding mathematical equation of the
relationship between the effects of the increase in tem-
perature on the recovery reaction was constructed, and
it looks like this:

AG"=-2589,5-0,5552 T

Based on the calculated mathematical expression,
the probability of occurrence of the chemical process
of regeneration was determined when the temperature
in the reaction system increases by every 10 units.
The obtained results are presented in Figure 1.

Figure 1 shows the corresponding Gibbs energies of
the selective dissolution chemical reaction of reducing
zinc ferrite with citric acid in a sulfuric acid environment
in the temperature range of 298 - 438 K (i.e., 25 - 165 °C).
This can also be seen clearly in Figure 1 in the form
of an Ellingham diagram.
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Figure 1. Ellingham diagram of the reaction flow for the reduction of zinc ferrite with citric acid

In the graph shown in Fig. 1, the equilibrium constants
of the chemical reactions at the given temperatures for
the reduction reaction were determined based on the
equation of the relationship between temperature and
Gibbs energy and the values of free energies of the
chemical reaction of the addition of zinc ferrite with
citric acid, and these values are presented in Fig. 2.

From the graph depicted in the form of histograms
in Fig. 2, it can be understood that when the temperature
used in typical hydrometallurgical processes reaches
338 K (65 °C), the equilibrium constant for the formation
of metal sulfates in the selective melting of zinc ferrite

54

in the presence of citric acid in a sulfuric acid environment
reaches its optimal value (Kg=2.688).

The result of the thermodynamic and Kkinetic
analysis of zinc ferrite reduction with citric acid showed
that with increasing temperature, the probability of reaction
increases, but the equilibrium constant of the reaction
decreases. This can be attributed to the fact that the
selective melting process is exothermic. Increasing the
temperature above 65 °C has a negative effect on the
equilibrium constant of the reaction and causes a decrease
in the rate of the chemical reaction [8-9].
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Figure 2. Variation of the equilibrium constant during the reduction of zinc ferrite with citric acid as a function

of temperature
The importance of studying this process is that the of rare metals in it increases and reaches a level that is
zinc sulfate formed as a result of the reaction is separated effective in production. These metals can also be extracted
electrolytically. Before that, it is necessary to clean the using selective smelting. This makes it possible to
solution from additional elements. In addition, due to the introduce waste-free technology and increase the level
dissolution of iron and zinc in the solids remaining from of environmental protection.

the selective melting of zinc smelting cakes, the amount
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ABSTRACT

The thermodynamics of reducing trivalent iron in zinc ferrite to divalent iron using pyrite as a reducing agent were
investigated. This study aimed to elucidate the feasibility of the reduction process and assess the underlying thermody-
namic principles. The Gibbs free energy change for the reduction reaction was calculated using thermodynamic data and
equilibrium constants at various temperatures. The results indicate that the reduction of trivalent iron in zinc ferrite to
divalent iron using pyrite is thermodynamically favourable under certain conditions. Factors such as temperature, pres-
sure, and initial reactant concentrations play crucial roles in influencing the thermodynamic feasibility. The findings of
this study provide valuable insights into the potential applications of pyrite as a reducing agent for transforming metal
oxides in various industrial processes.

bubnuorpapuueckoe omucanue: THERMODYNAMICS OF REDUCTION OF ZINC FERRITE BY PYRITE //
Universum: TeXHUYECKHE HAYKH : 3JCKTPOH. HAy4H. xypH. Ismailov J.B. [u ap.]. 2023. 10(115). URL: https://7univer-
sum.com/ru/tech/archive/item/16094
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AHHOTALMUS

HccnenoBana TepMoIMHAMHUKA BOCCTAHOBJICHHSI TPEXBAJICHTHOTO JKee3a B (peppuTe IIMHKA JI0 IBYXBaJEHTHOTO JKe-
Jie3a ¢ MCIOJIb30BaHUEM IIMPHTA B KAYECTBE BOCCTAHOBUTENSL. DTO HCCIIEJOBaHHE ObIJIO HAIIPABICHO HA BBISICHEHHE BO3-
MOYKHOCTH POLIECCa BOCCTAHOBIICHUS! U OIIEHKY OCHOBHBIX TEPMOJMHAMMYECKUX IPHHIMIOB. MI3MeHeHue cBOOOIHOM
sHeprun [ m60ca peakuy BOCCTAHOBIICHHUSI PACCUUTHIBANIN C UCTIOIB30BAHIEM TEPMOANHAMUYECKUX JAHHBIX U KOHCTaHT
PaBHOBECHSI IIPH PA3IMIHBIX TEMIEpaTypax. Pe3ynbTaTel MOKa3bIBAIOT, YTO BOCCTAHOBJICHHE TPEXBAJICHTHOTO JKeJe3a B
(eppuTe NMHKA [0 ABYXBAJICHTHOTO JK€jle3a C MOMOIIbI0 MHPHUTA TEPMOJUHAMHUYECKH BBITOJHO MPH ONpPEAEICHHBIX
ycnoBusix. Takue (akTophl, Kak TeMIEparypa, JaBJIcHNE U HadalbHAs KOHLIEHTPAIUS PEarcHTOB, HTPAIOT PEIIAOLIYI0
POJIb B BIMSHUY Ha TEPMOJIUHAMHIUYECKYIO OCYIIECTBIMOCTD. Pe3yIbTaThl 3TOTO UCCIEAOBAHNS JAIOT IEHHYI0 HH(pOpMa-
LU0 O MOTEHIUAJHHOM NPUMEHEHNH ITUPUTA B KayeCTBE BOCCTAHOBUTENS JUIsl NIPEOOPa30BaHUS OKCHIOB META/IOB B
Pa3IMYHBIX POMBIIUIEHHBIX IIPOIEccax.

Keywords: thermodynamics, redox reaction, trivalent iron, divalent iron, zinc ferrite, pyrite, reduction process, Gibbs
free energy, equilibrium constants, temperature, kinetics.

KiroueBble cioBa: TEPMOJNHAMMKA, OKHUCIIUTCIbHO-BOCCTAHOBUTECIIbHAA PEAKIUA, TPCXBAJICHTHOC KEJIC30, IBYX-
BaJICHTHOC KECJIC30, (I)CppI/IT HWHKa, MAPUT, IPOLCCC BOCCTAHOBJICHUS, CBO6OZ[Ha$[ OHCPIrus FI/I66CB., KOHCTAHTBI pABHOBECHS,
TeMIeparypa, KHHCTHKaA.

Zinc cake processing is an important process for ex- In this study, pyrite concentrates produced in copper
tracting zinc from ores and producing high-quality zinc beneficiation plants were selected as a reducing agent.
metal for use in a variety of industrial and commercial Thermodynamic analyzes were conducted taking
applications. Pyrometallurgical methods refer to pro- into account the dependence of isobaric-isothermal po-
cesses that involve the use of high temperatures to ex- tentials (Gibbs free energy) on temperature [8]. The
tract metals from ores or other materials [1]. In the case Gibbs free energy change (AG) is generally calculated
of zinc cake, which is a byproduct of zinc refining, py- using the following formula:
rometallurgical methods are commonly used to recover
ZInC [2] AGreac = AHreac - ASreacT

The exact mineralogical content of zinc cake can be
determined through mineralogical analysis techniques such Where: AHeqc is the enthalpy of the corresponding
as X-ray diffraction (XRD), scanning electron microscopy chemical reaction, kJ/mol;

(SEM), and electron probe microanalysis (EPMA) [3-5]. ASreqc 1S the entropy of the corresponding chemical

When the composition of zinc production cakes was reaction, J/(mol-K);
analysed using the above methods of analysis, it was T is the absolute temperature of the system, K.
found that the main part of zinc oxide in its content is in Information about the standard thermodynamic val-
the form of zinc ferrite [6]. Therefore, zinc production ues of the substances involved in the reactions under
cakes were chosen as the research object. consideration was determined from the appendix presented

Zinc ferrite, the main component of zinc cake, is re- in the work [9], and these values are presented in Table
sistant to acid and alkali, so it needs to be treated with 1.
various reducing agents before hydrometallurgical pro-
cessing [7].

Table 1.

Thermodynamic values of substances

Substances AH2zgs, kJ/mol AGa2gs, kd/mol AS298, J/(Mol-K)
ZnO “Fe;03 —1182,0 —-1077,0 153,3
FeS, —163,2 —-151,84 52,93
ZnO - 350,62 - 320,66 43,64
FeO - 272 — 251,46 60,75
SO, —296,9 —299,16 248,07
The temperature dependence of the reaction equi- K. is the equilibrium constant of the corresponding
librium constant (K¢) was determined by the follow- chemical reaction.
ing formula: In order to reduce trivalent iron in zinc ferrite,
a concentrate containing pyrite mineral was used in the
AG=-RT InK, research work. It was recommended to use a rotary kiln
to ensure sufficient interaction between the two solid
Where: R is the universal gas constant, R = phases. Because this is the first condition for the chemical
8.31696-10° kJ/(grad-mol); reaction when the kiln rotates - zinc ferrite and pyrite

particles diffuse well between each other. In this case,
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the rotation speed of the furnace was 0.4 revolutions/mi-
nute. The oxidation-reduction reaction between zinc ferrite
and pyrite can be written as follows:

5ZnFe;04 + FeS; = 5Zn0 + 11FeO + 25021

Using the thermodynamic values under standard
conditions given in Table 1, the general formula for the
change in Gibbs energy for a chemical reaction is
written as follows:

AGreac = 734.3 - 0.56316T
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186,34532
158,18732
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AG,

Based on the above formula, the changes of the free
energy and equilibrium constants of zinc ferrite reduction
reaction at several temperatures were calculated and
these values are presented in Fig.1. The values of the
Gibbs energy and equilibrium constant of the reaction
were calculated when the temperature in the system
changes every 50 units. The results of the thermody-
namic analysis presented in Fig.1 show that the reduc-
tion reaction of zinc ferrite in the presence of pyrite is an
endothermic reaction, so the increase in temperature in
the system accelerates the rate of the chemical reaction
going in the right direction, and as a result, the value of
the equilibrium constant increases according to the
mathematical law.

101,87132
73,71332
45,55532
17,39732

-10,76068

-38,91868

-67,07668

-95,23468

-123,39268
-151,55068
-179,70868

<
:
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Figure 1. Changes in Gibbs energy during the reaction of zinc ferrite with pyrite

The graph in Fig.1 shows the Gibbs energy versus
temperature for the reduction of trivalent iron in zinc fer-
rite by pyrite, and it can be seen from this graph that the
free energy (AG) of the system for this case increases
linearly with each 50 unit change in temperature decreases,

1,2

i.e. becomes negative. This means that when the tempera-
ture rises, the probability of the reaction of zinc ferrite with
pyrite to flow increases. The oxidation-reduction reaction
between zinc ferrite and pyrite begins at a temperature
of 1304 K (1031 °C), at higher temperatures the Gibbs
energy in the reaction system has negative values.

0,8
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Figure 2. Variation of the equilibrium constant during the reduction of trivalent iron
in zinc ferrite using pyrite depending on the temperature
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Figure 2 shows the graph of the temperature de-
pendence of the equilibrium constant of the reduction
reaction of trivalent iron in zinc ferrite using pyrite. In
this graph, it can be seen that the chemical equilibrium
constant is greater than 1 between the temperatures of 1323
and 1623 K. In the temperature range of 1423-1473 K,
the equilibrium constant of the reaction was sufficient
for this reaction to proceed. Even at higher temperatures,
the equilibrium constant has high values, but when the
temperature exceeds 1523 K, some silicate-like materials
in the raw material begin to liquefy. Liquefied substances
stick to other materials and form large grains. This prevents
the raw materials from diffusing into each other. In addi-
tion, when the temperature exceeds 1523 K, the proba-
bility of liquefied raw materials sticking to the inner wall
of the furnace increases. This reduces the productivity
of the oven and has a negative effect on the principle of
operation.

The above thermodynamic analyzes show that
the rate-limiting step of the reaction of zinc ferrite with
pyrite is both a kinetic and a diffusion regime. This type
of reaction is one of the main problems of today’s non-
ferrous metallurgy. In this case, increasing the produc-
tivity of the reaction depends on the number of collisions
of molecules of reactants with each other and at the same

References:

time on the temperature. In order to increase productivity
in such reactions, it is necessary to increase the rate of
diffusion of substances to each other, the temperature and
the size of the reaction surface.

In conclusion, the thermodynamic analysis of reducing
trivalent iron in zinc ferrite to divalent iron using pyrite
reveals that the process holds promise for practical im-
plementation. The negative values of Gibbs free energy
change (AG) obtained under certain temperature and
pressure conditions indicate the spontaneous nature of
the reduction reaction. This suggests that the utilization
of pyrite as a reducing agent has the potential to effi-
ciently convert trivalent iron species into divalent iron,
contributing to the modification of metal oxide com-
pounds. However, it is essential to carefully consider the
specific operating conditions to ensure favourable thermo-
dynamics and optimal conversion rates. Further experi-
mental studies are warranted to validate the theoretical
findings and to address kinetic and practical challenges
that may arise during the reduction process. Overall,
the thermodynamic insights provided by this study offer
a foundation for the design and optimization of processes
involving the reduction of trivalent iron species using
pyrite as a reducing agent.
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ABSTRACT

In this work, the electrical conductivity and electrical resistivity of samples of powder alloys based on copper and
chromium were investigated. Samples were prepared with a pressing pressure of 400-500 MPa and a sintering temperature
of 1100 °C. The results showed that the electrical conductivity of the alloy decreases rapidly with an increase in the percentage
of chromium, and the electrical resistance increases.

AHHOTALMUSA

B mannOi1 paboTe OBLIHM HCCIIEIOBAHBI AJIEKTPOIPOBOAHOCTD U yIEIBFHOE IIEKTPUIECKOE COMIPOTHBIICHHE 00pa3IoB
MTOPOIIKOBHIX CIIABOB Ha OCHOBE MEIW M XpoMa. beimi mpuroToBiieHb 00pasifs! ¢ napieHneM npeccoanms 400-500 MITa
u Temnepatype cuekanns 1100 °C. Pe3ynbpTaThl MOKa3aid, 9TO 3JIEKTPOIIPOBOTHOCTH CIUIaBA OBICTPO CHIKAETCS C YBEIH-
YCHUEM NPOLUCHTHOTO COACPIKAHUA XpOMa, a DJICKTPUICCKOC COIMPOTUBJICHUC YBCIINYNBACTCA.

Keywords: Cu-Cr powder alloy, pressing, sintering, electrical conductivity, electrical resistance.
KuroueBbie ciioBa: mopourkoBoii ciaB Cu-Cr, mpeccoBaHue, ClieKaHue, JICKTPOIPOBOTHOCTD, ANEKTPUICCKOE
COIMPOTUBJICHHUC.

Introduction sintering temperature, an increase in density and a decrease
in porosity are observed. With an increase in the percentage
of chromium, the hardness and tensile strength also
increase. A powder composition with a high density is
characterized by a high degree of interparticle interaction,
which, in turn, improves in the electrical conductivity
of the composite material [2-3].

Globally, the demand for efficient powder compo-
site materials for electrodes is growing every day, while
the production of electrodes in powder metallurgy and
increasing their service life are used in resistance spot
welding machines, which are widely used in the auto-
motive industry. In this aspect, the development of
effective compositions and technologies for producing Research Methods
copper-based materials produced by powder metallurgy
is important, including the characteristics and cost-
effectiveness of materials used in the manufacture of
electrodes used in resistance spot welding apparatus [1].

A copper-chromium-based composite alloy consists
of brittle chromium and plastic particles of copper.
Therefore, as a result of increasing pressing pressure and

Electrical conductivity and electrical resistivity of
samples of copper-chromium-based composite alloy was
determined according to requirements given in GOST
15878-70. Samples with a size of 50x5x5 mm were pre-
pared in determination of their electrical conductivity
and electrical resistivity (Figure 1).

Figure 1. Samples made of copper-chromium-based composition alloy

The electrical resistance of the samples was The limits of the permissible values of the basic error
determined using a F4104—M21 micrometer. The operation from the final value of the measurement range:
process of the micrometer is based on the measurement 4% in range of 1-100 mkOm.
of the amount of voltage drop across the measured 2.5% in range of 0—1 MmOm, 0—10 MOm, 0—100 MOwm,
resistance when a current of a certain value passes 0-1 Owm.
through it [4-5]. 1.5 Om in the remaining ranges.

The F4104-M1 microometer consists of a power F4104 Micrometer measuring range - from
supply, current stabilizer, and filter measuring amplifier 0-100 mkOm to 0-10 MOm (12 ranges). Accuracy class
as well as a synchronization pulse generator. 1.5; 2.5 and 4 mm? (depending on the measuring range).

Specifications of the F4104-M1 micrometer are
as follows:
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According to the analyzed data, the electrical
conductivity of copper-chromium-based composite alloy
samples was determined by the following formula:

R'S
p=""

ly

o))

Where, R — electrical conductivity of the sample be-
tween of potential contacts, Om;

S — sample surface, mm?;

I, — distance between potential contacts, mm.

Research Results

We know that the pressing pressure has the greatest
effect on the density of a pressed sample of powder

[ @, M/(Om=mm?)

composite alloys. For electrical conductivity testing,
samples with a pressing pressure of 400-500 MPa
and an sintering temperature of 1100 °C were prepared.
The temperature in the case when the sintering
temperature of the sample is 1100 °C and that is sintering
temperature with liquid phase, at this temperature it was
possible to obtain the maximum density in all possible
ranges of pressing pressure.

The results of the experiment on the electrical
conductivity and electrical resistance of the copper-
chromium-based powder alloy are given in Figures 2-3.
From these graphs, as a result of the increase in the
percentage of chromium in the alloy, the electrical
conductivity of the alloy decreases rapidly, and the
electrical resistance increases.

ZZ Electrical conduectivity of pute copper
55 XH—‘-H\
- \\ BrX1
45 h\ \\
o

40 s <
35 | \_ \.)

\ ——
0.5 1 1.5 2 25 3 33

4 Cr%

A - pressing pressure 400 MPa; X - pressing pressure 450 MPa; e - pressing pressure 500 MPa

Figure 2. Effect of chromium content on electrical conductivity of copper-chromium base composite alloy
in a state with a sintering temperature of 1100 °C

' A cOmemm?)/m
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A - pressing pressure 400 MPa; X - pressing pressure 450 MPa; e - pressing pressure 500 MPa

Figure 3. Effect of chromium content on electrical resistivity of copper-chromium base composite alloy
in a state with a sintering temperature of 1100 °C
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At the same time, the average results obtained in
terms of electrical conductivity were observed in samples
made of copper-chromium-based powder composite alloy
with a chromium content of 1.5-2.0%. From the graphs
obtained in Figures 2, it was found that the electrical
conductivity of copper-chromium-based powder composite
alloys with a chromium content of 1.5-2.0% gives
70-86% of the electrical conductivity of pure copper.

References:

Conclusion

Given the results obtained in terms of the electrical
conductivity of the copper-chromium-based composition
alloy, as well as the mechanical properties of the same
alloy, it was concluded that the optimum amount of
chromium should be 2% in the case when the chemical
composition of the developed composition powder alloy
has a pressing pressure of 450MPa and a sintering
temperature of 1100 °C.
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ABSTRACT

Currently, the problem of water shortage is getting worse every day. Sudden changes in atmospheric air also affect
water reserves. With the world population expected to reach 10° by 2050, the world's water consumption will exceed 3.7 trillion
cubic meters. In the last 15 years, the annual volume of water per capita in Uzbekistan has decreased from 3048 m? to
1589 m?. Based on these problems, the article made a theoretical analysis of the work to be done on water loss and its
prevention. Empirical and analytical methods of determining water loss due to filtration in open riverchanels were studied.
Analyzes of hydraulic efficiency, service life and construction costs of covered open channels, types of covering material
were presented. The coatings with the least water filtration, the longest service life, and the most hydraulically efficient
properties were compared. Based on the obtained results, conclusions are drawn on the convenient construction of uncoated
and coated open watercourses.

AHHOTAIIAS

B Hacrosimee Bpemst mpobiemMa HEXBATKH BOABI 000CTpsieTCS C KaKABIM JHEM. Pe3kne m3MeHeHHs: aTMOC(hEepHOro
BO3AyXa TAaKXKC BJIMAIOT Ha 3alacbl BOJBI. O)KI/I)IaCTCSI, gTo K 2050 roay 4YuCJICHHOCTb HACCJIICHHUA MUpA HOCTUTHET
10° uenogek, a noTpedieHNe BOJIBI B MUPE NPEBLICUT 3,7 TPUILTHOHA KyOHYECKHMX METPOB. 3a nocieauue 15 et ronosoi
00beM BOJIBI Ha JyIIy HaceleHus B Y36ekucrane causmics ¢ 3048 m> mo 1589 m3. Ha ocHOBaHHMH 3THX IIPOGJIEM B CTAThE
caciiaH TeOpCTI/I‘{eCKI/Iﬁ aHaJin3 MpeaACToAIunX pa60T M0 YCTPAHCHHIO U NTPCAOTBPALICHUIO TOTEPb BOAHI. I/I3y‘leHLI
OMIUPHUICCKHUE U AaHATUTUYCCKUC MCTOJAbI OIIPECACICHU MMOTEPL BOJABI 3a CUHECT (1)I/IJ'II)TpaIII/II/I B OTKPBITBIX pYyCJiaX PCK.
[IpuBeneHs! aHANNU3BI THAPABINIECKOH 3 (PEKTHBHOCTH, CPOKA CITyKOBI M CTOMMOCTH CTPOUTENIECTBA KPBITBIX M OTKPHI-
THIX KaHAJIOB, BUJIOB YKPBIBHOTO MaTteprana. CpaBHUBAJINCH HOKPBITHSA C HAUMEHbBIIEH (DHIbTparmeii Bobl, HAHOOIBIINM
CPOKOM CIyOBI M Hanbosee THApaBINIecKH 3(PPEKTHBHBIME CBOMcTBaMH. Ha OCHOBaHMM MOJYYEHHBIX PE3yIbTaTOB
CCJIaHbI BHIBOAbI 06 y}106HOM CTPOUTEIILCTBE OTKPBITHIX BOJJOTOKOB 663 TIOKPBITUA U C TIOKPBITUEM.

Keywords: filtration, coating, open chanel, hydraulic efficiency, Geomembrane.
KaioueBnle ci1oBa: GpuibTpanus, MOKPHITHE, OTKPBITHIE KaHAJIbI, THApaBindeckas 3G dexkTHBHOCTh, TeoMeMOpaHa.

Bubnuorpaduueckoe ommcanue: Obidzhonov A., Babaev A. HYDRAULIC EFFICIENCY OF UNLINED AND
LINED OPEN CHANNELS // Universum: TeXHHYECKHE HAyKH : 3JCKTPOH. Hay4H. xypH. 2023. 10(115). URL:
https://7universum.com/ru/tech/archive/item/16154
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Introduction. Today, the increasing water shortage
in the world community and the development of new
directions for solving water management problems are
considered urgent issues. Many scientists of the world
and our country have carried out theoretical and
practical work on the issues of calculating and reducing
the loss of water as a result of the filtration process [1,2].
As a result of the conducted research, theoretical and
practical solutions of new directions of calculating the
filtration process and solving problems of its reduction
are being further developed [3,4].

Water loss in open water structures occurs as a result
of evaporation into the atmosphere, seepage into the
ground, and filtration in hydrotechnical structures in
open basins. The loss of water through filtration in
hydrotechnical structures in open valleys is insignificant
and is usually not taken into account in calculations.
Evaporative water loss is measured by the layer of water
evaporated from the entire area of the water window in
open water structures. Depending on climatic conditions,
these losses range from 300 to 800 mm per year. The main
water loss in open floodplains is caused by seepage into

the ground, which can lead to a loss of up to 50 % of
water [6,10].

Concrete, reinforced concrete, asphalt-concrete, soil-
sheeting, concrete-sheeting, bitumen and geomembranes
have been widely used in the past 30-35 years to combat
filtration in open watersheds [11,12].

Reducing the loss of water due to filtration in open
water structures is an important current issue of the
world and our country's water management today.

In the article, the loss of water as a result of filtration
in open valleys is calculated, and it is aimed to solve the
problems of water shortage, soil salinity, swamping
by reducing filtration.

The main tasks of the work are to determine
the hydraulic efficiency of coated and uncoated streams
to reduce filtration, to study the types of coating, and
to choose the most convenient coating material by
comparison.

Research object and method. In order to study
the effective operation of open channels, we will consider
the advantages and disadvantages of open channels without
coating and with different types of coating (Fig. 1).

Figure 1. open chanel without coating and with various coatings

The hydraulic efficiency of open watercourses is an
important indicator, which takes into account unnecessary
water losses due to filtration during transportation.
The hydraulic efficiency of open watercourses is said
to ensure minimum water loss and maximum water
permeability during water transport. We used various
empirical formulas to determine hydraulic efficiency.
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We used N. Deskelesky's formula to express the
hydraulic efficiency index - n, of open riverchanels with
two parameters:

Ne=n¢+m 1)

here, 1, - the transport efficiency parameter describing
the technical condition and permeability of the open
riverchanel, n; - the parameters of water distribution
and use [3, 4].



UNIVERSUM:

Ne 10 (115)

TEXHWYECKUE HAYKN

OKTsI0pB, 2023 1.

M.A. that the indicator of hydraulic efficiency of open
riverchanels is the ratio of the average speed of water
movement to the speed in the most hydraulically
favorable cross section. Having studied the researches
of Latishenkov, we determined:

A, = vi = 0,97 — 0,98 2)

ef

The limit value of the hydraulically most favorable
section was determined by the empirical formula pro-
posed by R.R. Chugaev [7,8,]:

(ﬁg.s)cross section = 25+ m/z (3)

here, m- slope coefficient of the trapezoidal channel.

2, 1 km
A

50 +
3.0 +
2.0 +
10 +
0.5 +
0.2 +
0.1 +
0.05 +
0.02 -

T

1 1 y Il

Continuous water losses in an open channel with
soil were determined using the following formula for
a trapezoidal open channel [9, 10, 12]:

2<4 Q= 0,0116Ku(B +2h)

Q; = 0,0116Ku(B + Ah) @)

%>4—
Results of research. Based on the research conducted
using the formulas given above, it was found that the
loss of water to the ground as a result of natural filtration
in uncoated open channels increases depending on the
water consumption and the length of the open channel,
and leads to a decrease in the hydraulic efficiency of the
open channel (Fig. 2).

Q, m’/s

I | Il 1 y h .

051015 2 3 5 10 20 50100300

Figure 2. Loss of water per 1 km as a result of natural filtration in open valleys, %

The hydraulic performance indicators of reinforced
concrete, asphalt concrete, bitumen and geosynthetic mate-
rials used to prevent water loss were calculated (Fig.3).

n a
100 +
95 +
90 +
85 +
80 +
75+
70 +

Q, m’/s

051015 2

3 5 10 20 50100300

>
T T T T >

Figure 3. Hydraulic efficiency of open chanels with different coatings, %.
1. Geomembrane; 2. Polymer sheeting; 3. Concrete and reinforced concrete; 4. Asphalt concrete; 5. Bitumen
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When choosing the type of coating, we compared
the coating materials in terms of the efficiency of use
and prevention of water loss during transportation, and
the results of the comparison are presented (Fig. 4).

n A
100 +
95 +
90 +

80 + \Q
5+

70 +

85 m
5 4

| | | I I .

17 3 510 15 20 25 30 40 50 Year

T T ~

Figure 4. Yearly changes in the hydraulic efficiency of open waterchanels with different coatings;
1. Geomembrane; 2. Polymer sheeting; 3. Concrete and reinforced concrete; 4. Asphalt-concrete; 5. Bitumen

According to the results of the comparison, when
choosing a covering material for open watercourses, we
found that the service life of Geomembrane is longer
than other types of covering, but the high project and
construction costs reduce its economic efficiency. the
importance of preparation was determined.

Conclusion. Through the conducted research, it was
found that the filtration index increases as the water con-
sumption increases in open basins. The fact that water loss
due to filtration can be reduced by improving the physi-
cal and technical properties of the local soil in the open
riverchanel and by covering the bottom and side walls of
the open riverchanel with anti-filtration coatings was
studied through hydraulic calculations. Calculations
have shown that coatings reduce water loss, improve
water quality, and increase irrigation efficiency and service
life. Taking into account that the coatings are made of
different materials, we determined and compared their

References:

hydraulic efficiency. Covering open watercourses with
coatings requires a humber of additional costs from a
technical and economic point of view, therefore it is
advisable to choose a coating with the least water loss
and the longest service life. Also, coatings can be different
and their selection is made taking into account various
factors, including potential benefits, technical economic
costs and environmental impact. According to the results
of the study, it was necessary to consider new structural,
technical and technological solutions for the design and
construction of pavements. The use of such solutions
increases the hydraulic efficiency of anti-filtration
coatings, ensures waterproofing, increases reliability and
makes it possible to use local raw materials.

We recommend the use of geomembrane coatings
based on local raw materials in order to reduce the eco-
nomic costs related to the design and construction of
the compared coatings, and to increase the hydraulic
efficiency.

1. Underground hydraulics. N.N. Makhmudov, M.A. Tursunov, S.S. Eshev, Kh.B. Asadova -T.: "Science and technology",

2015, 256 pages. (pp. 10-42).

2. Abdrazakov F.K., & Rukavishnikov A.A. (2019). Isklyuchenie neproizvoditelnyx poter vodnyx resursov iz orositelnoy
seti za schet ispolzovaniya innovatsionnyx oblitsovochnyx materialov. Agricultural scientific journal, (10), 91-94.

(c. 91-93).

3. Abdrazakov F.K., Rukavishnikov A.A., Mikheeva O.V., & Mirkina E.N. (2023). Filtration in canals with underground
channels and new methods of krepleniya otkosov. Agricultural scientific journal, (6), 107-114. (c. 107-113).

4. Chugaev R.R. Hydraulics. L. : Energoizdat, 1982. 672 p.

5. Kaosichenko Yu.M., & Baev O.A. (2020). Hydraulic efficiency of orositelnykh canalov pri ekspulatsii. Vestnik

mGsU, 15(8), 1147-1162. (c. 1148-1160).



UNIVERSUM:

Ne 10 (115) TEXHWHECKME HAYKY OKTH6Db, 2023 T.

6.

10.

11.

12.

Bandurin M.A., Yurchenko I.F., Volosukhin V.A., Vanzha V.V., & Mikheyev A.V. (2018, December). The efficiency
of impervious protection of hydraulic structures of irrigation systems. In International scientific and practical conference
"Agro-SMART-Smart solutions for agriculture”(Agro-SMART 2018) (pp. 56-61). Atlantis Press. (pp. 57-60).

Baklanova D.V. (2016). Raschet filtratsii cherez zemlyanye damby na pronitsaemom osnovanii. Reclamation and
Hydrotechnics, (1 (21)), 196-208. (c. 2-6).

Kozlov K.D., Gurev A.P., & Khanov N.V. (2014). Hydravlicheskie issledovaniya pokrytiya iz geokompozitnogo
materiala. Prirodoobustroystvo, (5), 80-86. (c.81-82).

Barkhordari S., & Shahdany S.M. H. (2022). A systematic approach for estimating water losses in irrigation canals.
Water Science and Engineering, 15(2), 161-169. (page 166-168).

Baev O.A., & Talalaeva V.F. (2022). Constructive-technological solutions for the creation and restoration of the
construction of the canal. Reclamation and Hydrotechnics, 12(2), 177-191. (c. 5-9).

Baev O.A. (2022). Raschety ustanivsheysya svobodnoy filtratsii iz neoblitsovannyx kanalov. Reclamation and Hy-
drotechnics, 12(3), 227-243. (c. 6-16).

B.B. Shumakov, academician VASHNIL: A.l. Golovanov, doctor of technical sciences; Yu.N. Nukolsky, doctor
of technical science; 1.S. Averyanova, engineer. (p. 23-24).

68



LA 3AMETOK



LA 3AMETOK



LA 3AMETOK



Hayunsblii )xypHain

UNIVERSUM:
TEXHUYECKHUE HAYKHU

Ne 10(115)
Oxtsa6ps 2023

Yacte 6

CuaerenbsctBo 0 peructpauun CMU: DJI Ne ®C 77 — 54434 ot 17.06.2013

N3narensctBo « MITHO»
123098, r. MockBa, ynuua Mapmana BacuieBckoro, 1oM 5, kopnyc 1, k. 74
E-mail: mail@7universum.com
WWW.7universum.com

OTneyaTaHo B MTOJIHOM COOTBETCTBHHU C KaYECTBOM IPEIOCTABICHHOTO
opurnHai-makeTa B Tunorpadpuu «Allprinty»

630004, r. HoBocubupck, Bok3anbHas maructpanis, 1
16+


mailto:mail@7universum.com
www.7universum.com

