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aksiyadorlik jamiyatiga qarashli Kovuldi oltin konida

go‘llanilayotgan qazib olish tizimi ya’ni gazib olingan bo‘shligni to‘Idirib gazib olishda to‘lg‘azma materiallarining tarkibini tanlash
metodologiyasi yordamida gazib olingan bo‘shligni to‘ldirish ishlari hamda texnik jihatdan tatbiq gilish imkoniyatlari ko‘rib chigilgan.

PE3IOME. B cratee paccMaTpuBaeTcsi cuCTeMa pa3palboTKuy,

OpuUMeHsAeMass Ha 30J0TOpyAHOM pyaHuke Koymban,

MIPUHAIIEKAIEM aKIHOHEPHOMY OOIIECTBY «AJMAIBIKCKOTO TOPHO-METAJUTYpIrHIeCKOro KOMOWHATa», T.e. 3aKiIajka BEIPAOOTaHHOTO
MIPOCTPAHCTBA C MHCIOIB30BAHHEM METOAUKH IMOA0Opa COCTaBa 3aKIaJOYHBIX MaTEpPUaloB TPH 3aKIaHOYHBIX TOPHBIX paboTax M

BO3MOKHOCTH TEXHUYECKOTO ITPUMECHCHUS.

SUMMARY. The article discusses the development system used at the Kovuldi gold mine, owned by the Almalyk Mining and
Metallurgical Combine joint-stock company, i.e. backfilling of mined-out space using a methodology for selecting the composition of
backfill materials during backfill mining operations and the possibility of technical application were considered.
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WHHOBAIIMOH EHJAINYB HETU3UJA MYXAHJIUCJIMK OBbEKTJIAPUHU
JIOMUXAJIAII BA KOHCTPYKHUSLJIAII
(BAJUIAPHUA MYCTAXKAMJIMK BA BUKPJIMKKA KMECHI XUCOBJIALL MUCOJINJIA)
A.H.Ha6ueB — nedazoeurxa ¢gpanniapu 0okmopu, npogheccop
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I'mobammamyB  —  IOKCak  TEXHOJOTHS,  SUIHU
ax0opoTyallyB, WKTHCOMAUETHHHT peaj TapMOKJIapuiaa
paKaMIAlITUPUIN  AaBpUAAa MYXAHIUCIUK —aMaluéTuaa

KyJulaHWiIaéTran Oapya OOBEKTIapHH spaTuil €KW SIHTH
TypJaru MaxcyJoTiap HIUIad YMKApUIIZAaH aBBall, y3apo
OOFmMK Ba  OWp-OMpWHHM  TYIAUpaguraH  Mypakkad
JKapaéHnap XHCOOJaHyBYH Joiuxanamn Ba
KOHCTPYKIMSUIAIIl HIIIAPWHU amajra OLIMPHIN CSYUMUHH
KyTaéTras 1013apb MyaMMosapaaH OUpHUIup.

Acnupa noiuxanam Ba KOHCTPYKIMSUIAII UIITApH KEHT
KymaMiI Ba MYCTaKWI WXKOAWK >KapaHmapaaH OwpwH
6ynmu0, TapauM OepyBUMIApAaH KaTTa MaxopaT Ba IOKCaK
KOMIIETEHTJIUKHY, TabJIUM OJyBUMJIAPJAH 3Ca KOMIBIOTEP
CaBOAXOHJIUTH, Hazapui-amanui YHFYHIIUK Ba
SXJIUTIAMKIArd OMIIMMIIap, aMalni KYHHKMa-MalaKaJlapHU

Tama® osraau. Jlo¥mxamam < Ba  KOHCTPYKIMSUIAII
JKapaHIapUHUHT acocun MaKcaJf MYXaHJUCIIHK
aMaJIMETHIA KYJulaHuIaéTral Eexu XaJn HIIad

YUKUIMAaraH, JIEKMH Y3Mra XOC TE€OMETpHK Yyirdamiap,
(U3MK-MEXaHUK Ba TEXHOJIOTHK MTapaMeTpIapra sra 0yiraH
VYXIIam OIakjulapAard sHrH  00BbEeKTIap €KW YJIApHUHT
TapKuOMil KUCMIIAPUHH XaMJla HHCOH DXTHEXHU YUYH 3apyp
OynraH MaxcynoTiaap TYIIaMUHA spaTtamaup [1].

Jlolinxanam-KOHCTPyKIMsIAILI JieraHa, acocaH
LTaXCHUHT MHTEJUIEKTyaI-HHHOBAIIMOH Gbaonust
TypiapuiaH OWpHM TYIIYHWIaJ{, YHUHI OHIH-IIybypHIa
MyaliiH aHMK TacBUpiIap €KUM XOJAuca-KapaéHIIapHU
IIaK/UIAHTUpa  OJaJUraH aKIui  y3rapumnuiapra Jayd
KeIaJuraH MHHOBAIlMOH TEXHUK-TEXHOJIOTHK e4dnMIIap
Makmyacn akc dsrtaau. Opjarma, Ma3kyp (aommsar xap
TOMOHJIaMa  aJoJiaTiu,  XxoilucoHa Ba  maddod
0axoJIaHNIIHY, JKapaéHHU ONTUMAJITAIITUPHIIHHY,
NUpOBapAKJa SAKyHUH, TEXHUKABUN KUXATJAH acOCJIaHTaH
KadoyaTiM HaTIKanapra SPUIIAII JO3UMIIMTHHHA Tajad
JTaju.

Macanan, 4epBsKJIM PEAYKTOPHH JIOWUXalam >kapaéHu

YHW  YpHaTWIl, #urull, TapkuOWMM  KUCMiapu  Ba
TH3UMIIAPVHA ~ MIAKUIAHTHPUIIIa  HaMo€H  Oyiamu,
KOHCTPYKIMOH KYPHHUILH 3ca JIOWUXa YCYJIJIapUHU aMalija
Kyyutam 6apobapuna anukyianagu (1-pacm).
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Jlolinxanam >xapa€HMHH, XYCyCaH, MalIMHACO3IUK Ba
ABTOMOOWJICO3JIMK CcaHOoaTH, He(@T Ba ra3 YCKyHalIapu
oOBeKTIapuTra HHCOATaH Kyiiacak, Oy KypuiIMaJIapHHHT
MakcaaugaH Keau0d YMKKAaH XOoJJa YyJIapHH YpHATHII
KACMITapu €KM DSJEMEHTIIAPHHUHT ¥3apo OOFIMKJINTHHU
TabMUHJIAII, KOHCTPYKUMSUIAPHU YJIAaHMII  YCYJUIApHH,
KHUCMJIADHMHT  ¥3ap0  TabCHUPUHHM  Oeirwiail  OWITHIIL,
MaTepHaJUIapHA UKTHCOMUET Tanabmapura MyBOQUK, TYFpU
Ba ONTUMAaJl TaHJIAH OJIMII MyXUMJIMIHY, IIAK-ITyOXacU3Iup.
Y3 HaBOaTHa, 3aMOHABUI WHHOBAIMs TajalOjapura Kypa,
WIMHI acocjaHraH, TEXHUK-TEXHOJOTHK JKUXaTiapJaH
KyJail Ba HKTHUCOAMM camapand MyXaHAUCIUK €YUMIIapUHU
OJIMIIra WYHaITUPWIraH JOHUXalall HUUIApU KYyJIaMu
TaOMUIKK, ONOUHIAH KaOyll KHJIMHTaH KOHCTPYKITFSIIAII
BapHaHTJIApH OMJIAH XaMOXAHT amMalira OUTHPIIIUIIHN JIO3UM.

Jlofimxanam s>xapaéHu MUPOBapIuAa OOBEKTHUHT Y3HUTa
X0C, aHMK KOHCTpYKUUsICU sipaTtuianu. byHaa sHr asBaio,
00BEKT EKM MaxCylnoTiap Ba VIAPHUHT KHCMIIapHra
HUCOATaH TEXHUK-TEXHOJIOTUK TaJla0lapHU IIaKJIAHTH-
puLI;  MoJemiap, TacBUpJap, MaxCyloT TypJapuHHU sipa-
TULI; pyXcaT 3TWIraH MEXaHUK-TEXHOJOTHK MapaMmeTpliap
acocuia KOHCTPYKTHB yiauamiap MaXXMYacHMHH aHHK
XHCOOMal; TEeXHUK TalaOHOMa XYXKXKATIAPUHH SPaTHII
Myxumaup [2, 3].

WuHoBaiuon Meton E€ku yciayOmapra TasHuO, Oupop
OOBEKTHU sIpaTHII €K MyailsiH MaxCyJIoTiIap MaKMyacHHU
nna®  YMKapumpaa, TaOWWKM, yhmapra y3rapyB4aH
3aMOHaBMi 0030p Tanabiapu [oupacuia KHCKa BakKT
JAaBOMHU/Ia TaHHAPXW aH4Ya TMACT, JICKUH IOKOpU cudar-
caMapaJiopiuKKa dra OynraH spaTyBUaHIUK Talabmapu

Kyhunanu. bByHpmait  supmusTin tamabmapHU  9CKH
éumamyBnap Ownman xan o5tu0 Oynmaiau. Illy Oowuc,
CAJl/CAE/CAM  TeXHONOTHSUIApDHHU  KEHI  MHKEcIa
KYJuTanl 10J13apOJIUry Keu0 YUKAIH.

AWHHEKCAa, MaMJIAaKaTUMHU3HUHT  peajl  HKTHCOTUET
TAPMOKJIADHHUHT  MAIIMHACO3JIMK,  aBTOMOOMIICO3IIHK

CHHTapW €TaKk4M coxajJapuia aBTOMAaTHK JIOWHXaJaIl
THU3MMUTA YTHII KEYMKTUPUO OyIMalianuran skapaHiaplaH
oupn xmcobmanamn. CAJI/CAE/CAM  tusmmnapura
yTumma, anbarta KOMIBIOTEp TEXHOJOTHsUIApU &pramuiaa
JoiiMxanami, Maxcyc CTeHAIapla CHHOB-TaXpuOamap
YTKazum, nnutad  YMKapum  Ba  MYXaHIUCIHMK
MabJIyMOTIIApUHH OOIIKApHII KaOW MacalaJapuHH amaira
OLIMPYBYH JIaCTypJiap TYIIAMUHH SIPATHII FOSIT MYXUMIHP.

KoHcTpykumsnam skapa€Hu  acnuza  JIOWMXaJalHUHT
HaTWXaJlapura TasHWIAAW, KalCUKM JIoMuXanam >xapaéHu
MYXaHANCIUK OOBEKTIApUHU  sipaTuil EKM  MyaisH
MaxcCyJoTiap MaXMyacHHHU MIUIA0 YMKApHIIIa OONITaHFNY
Oockmu OVYiraHW X0Jaa, Y3 HaBOaTHIa WIMHHN-TaIKUKWH,
xucobuil  (OyHza KynmMHYa MYCTaxKaMJiHK, OWKpIIHK,




YCTYBOPJIMK Ba TOJIMKHIN JKapaHiaapu Tanabimapu Exu
mapTiapyd JOMpacuia SHIM WHHOBALMOH €YMMIIAP OJIMII
Ky34a TyTWIaaW), KOHCTPYKTOPJIMK KYPHUHHIIJArd KEHT
KaMpOBIH (aoNuATIapHH ¥3 UIUra OJIajIu.

TapmuM-Tapbus xapaéunapuaa OyIraHu CHHTapH YKyB-
nIuIad YUKapuIm aManuéTiapy JaBpiapHuia XxaM Tanadanap
OwnrMH, KYHHKMa Ba MalakaJapiHH OeBOcHTa MalldHa
JeTaIapu OMPHKMAalTapHHH MYCTaXKaMJIMK, OMKpPIHMK Ba
YCTYBOPJIMKKA XHMCOOJIAI, TYpiH y3aTMaJlapHHU JOiHXa Ba
TekmupyB xucodmapuan MathCAD pmactypunma amanra
OWIMPHII, Bal Ba YKIAPHUHT TasHY pEaAKUMUIApHU
aHMKIa0, WYKM 3YPUKUIUIAPHUHT OSIIIOPAJAPHUHU TYFPU
Kypum, XaB(QJIM KECHMHH TONHUILI, MNOAIIMITHUKIAPHH
TaHgam, (aHiapapo y3BUIUINK Ba Y3NMHKCH3JIMKAA JETall-
y3eJUlapHH KOHCTPYKIMsUIanl JaBp Tanabumup [4, S, 6, 7,
8].

Qannapapo Omnmmmimap, amanuii KyHHKMa, Majaka Ba
KOMITETEHIIMSUTApHN ~ 0OCKMYMa-00CKMY  INAKJIIaHTHPHII
MEXaHHU3MH IICHXOJIOTHK-TIEIarOTHK acociapra sra Oyiran
Ba  WHHOBAIlMOH  TabJIMM-TapOus  >kapaéHIaApUHUHT
axpaJMac KHUCMH XHUCOONAaHYBUM TabJIUM TaMOMMIUIApH,
METOJIOJIOTHACH Ba TaBJIUM BOCHTAJIAPHMHUHI  SXJIHT,
MaXMyaBUHd TH3MMHU OWJaH TaBCU(IIAHYBYH, THIAKTHK
OouMMIIap, aMalui KYHUKMa-Mallakaiap Ba KOMIIETCHTIIHK
aJloMaTiIapy OIaKJUIaHa OOPUIIMHUHT MYCTaKMJI COXaCHIND.
XycycaH, MyXaHIUCIMK amamuéruga Opyc (TycuH,
CTEpP)KCHb, BaJI)JIapHH OHp BaKTAAa MYCTaXKaMIIMK Ba
OMKpPIIMKKa TEKIIMPHO, aHUK KOHCTPYKTHB €YMMJIAp OJIUII
*kapaéun “Martepuamap Kapmuiauru”® Ba  “‘TexHHKa
MexaHuKacw~’  (aHJapUHUHT JHT acOCHH  Makcaau
xucobnanaau. Ily cabGabnau ymOy annapra xam
STWIYBYAHIMK TaMOWMIM acoCHAa TablIMM Ma3MyHH Ba
cudaTu-caMapaJoOpIMIMHN  OLIMPHIIra  HWYHAITHPHITaH
WHHOBAIIMOH TIE€JarOTMK TEXHOJOTUsUIApHU KYyJulaml yTa
no3ap6 xucobaaHaIu.

Kyunanumi-nedopManusianuin XoJlaTiaapuaaru
KOHCTPYKINSI KNCMJIAPUHUHT XaB()JIM KECUMHUHH OJIUHaH
oMM MakKcaauAa WYKU 3YPUKUII Ba KyWIAHHUIUTAPHUHT
SMIOpaJIapHHU KYPHIIL, YHUBepcal (OpPMYJIaHU STHIIHIIIAH
Oomka paedopmamysiapra xaM KyJUlall, MacaJaHWHT
yerapaBuil ImaptuaaH (GoimanaHud, XaTTO CTATHKAHUHT
MyBO3aHaT TEHIVIAMAJIAPUHU Ty3MAacJaHOK TasHWIapaaru
peakmusIapHu  XUCcoOjam Ba  yIapHUHT TYFPHIMTHHHU
acocyail, CTep)KeHb, BaJl Ba TYCHHJIAPHH MYCTaXKaMJIUK-
OMKpJIMKKA TEKIIUPHIN KabW Kapa€HIapHU Kyaa smac,
6anxu mHTEpdaon yeymiapaas ¢oiganaHubd, KOMIBIOTEPIA
OaXapuIIHUHT JaBpU aJUIAKAYOH eTHO KenraH. BaxonaHkw,
SHI'M  aBJIOJ JapClIMK-KYJUIaHMaJapuga XaMm, TabJIuM
xKapa€Hilapuza XaMm  XaHy3rada Oy Oopaga  3cKH
énramyBiap cakyianu0 konmMoka [9].

Texauk amabuérnap TaxIWIW INYHW TaCAUKIAHINKH,
akcapuaT ‘“‘Matepuamnap Kapumurun® €xu “TexHuka
MEXaHWKacu’ JapCcluKiIapu €K VKyB KyJUlaHMajapuaa
“bonutanFud mapameTprap mMetoan” (akaT TYCHHIApHIHT
STWIIMIIY JKapaéHura TaTOMK STWIraH, Xoyoc. TabKuuiarl
JO3MMKH, Ma3Kyp METOJHHMHT AaCOCHHH  YHHBEpcal
(dopMyranmap TaIIKWI 3TraHINTHHY Ha3apia TYTCak, YHIaH
(dakaTrvHa TYCHHJIapHMTMHA 53Mac, OaJKM CTEp)KeH Ba
BaJUITapHU XaM OWp BakKTAa MYyCTaXKaMJIMK Ba OWMKpIHMKKa
TEeKIUPHUO, KATBUI TEXHUK €YUMIIAP OJHII MYMKHHIUTH
unmuii acocianras [10].

Ma3skyp MeTOJl acocHia aMaira OINpPHIaIuraH Xucoo-
kuto0 wnuapuga MathCad gactypunman  doiigamanurn
TapIMMAa aH4Ya IOKOpM camapa OepuInMHHM HWHOOaTra
omHNO, yHUBepcan Qopmyna Mmyamumdiaap TOMOHHUIAH
Oypanuimn >kapaéHura MOCIAaHMO, KyHUIaru YyHHBeEpcal
(dopmMyna KenTupub YMKapuIITaH:
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G,
+izn:T (z
6o i=1 l
— B2
a) 37 ,Zt’(z b 5o lZw
—c)?

By epma, Ty — koopanHata OGommmarua MOMEHT; a,b,c —

KoOpauHaTa OomMIaH TEKIWMPWIAETIaH y4YacTKAHHMHT
Oommannmmrada Oynran wmacaoda; ¢ — KOOpIUHATA
Oommmarn Kyuumm ~ OYynmbO, derapaBHid —IapTiIapaaH
TOIHJIAIH.

VYHuBepcan ¢opmymnagan amanga (oimamaHUmIga

KyHHIarH METOJUK KETMa-KETIMKKA KAThbUH pHOSA OTHUIL
Ky3[a TyTUITaH:

® KOOpAWMHATA OOMM JOMMO BAJIHHHT dYall Y4YHIaH
TaHJIaHA};

e QUKpaH KecWll YCyiHuJa KUPKUMHHUHI 4Yal TOMOHHU
YY4yH 3YpUKUIN, MEXaHHK Ky4WIaHUII, Ky4ulml EKu
JedopmanusIapHUHT UoaaNTapH Ty3HIIa M

e MacaJlaHUM €uYMIN >Kapa€HU 4YallJaH YHITA TOMOH
JaBOM JTTHpPUNIAETTaHAa, arap TEKHC EWMIraH MOMEHT
BAIHUHI OXHMPTM y4yWra eTrMaral Oynca, y «CyHBHI»
paBulia JaBOM JTTUPWIAIU. AMMO BAJIHUHT JacTIaOKu
MYBO3aHATHHH Oy3MacilMK Makcagula YHra TECKapH
WyHaIMIIAard MOMEHT TETMLUIN yyacTKara Kyuiaau.

Maszkyp MeTton €pramMua BaJHUHT  OypaJIMIIMHU
TEKIINPaMH3.
MyaMMOHUHT KYAMIIIILIN aiftailnuk, nynar

MaTepualiiiaH Tal€pilaHraH Bajra EWWIraH Ba TYIUIAHTaH
MOMEHTJIap TabCUp ITAETraH O6YICcHH (2-pacm).

N3ox: Ttynnanran MoMmeHT MN -m, €HuiIraH MOMEHT
M /m, Ky4JaaHUII Ba 3JIACTUKINK Moaynu MPa, reomeTpuk
Vadamiiap m napjaa yiadaHaau.

a=08 =12

Li= 05
3

yi=06

I=1610
t=T+1

G- 8.110°
Tadm = 80

Oadm = 0.5
2-pacm

Tana6 3rmnaan: MathCad nacrypunan ¢doiinananuo,
OypOBYM MOMEHT Ba 3JIACTHK KyUHIITAPHUHT
SMIOpATapHHU KypHUIIl Ba HATM)KATAPHU TaXJIMJI STHIILL.

MyaMMOHU XaJI 3TULI METOAMKACH

1. Craruk énpomys Ba Taxami. “Kecum ycynu”’Hu
Kymuiab, ydra OpajduKk Y4yH OypoBUM MOMEHTHHHT
nomaNapuHu Ty3aMu3:

T(z)= (B T+arz if 0sz=P-1 L=F1+1+al
BT+arf-1-T if B-lsz=<(+f-D)
BT+atBl-T—yrlz—(l+B-D] if l+BD<z=<L

S S S O U G O S A O U U

| . Bl+l+eal I

IMacurraﬁ TaHTaHMH3: Z := Q’T" Bl+1+al) :

e o o o o o o o e e e i ————

GRAPF wmeHniocu acocuzia OypoBYM MOMEHTHHHT
sMmopacHn  Kypamu3 (3-pacM) Ba xaBGMIU KeCHUMJArd
Tpax = 5.824 - 1073 uu anuknanany.
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3 BypoBun MOMEHTHHHT 3IIFOpPacH wz):= |pl(z) if0<z <81
10
z.mza’j w2(z) if B-1<z<(l+P-I)
1.5%10° .
T(z)“““_; p3z) fl+PB-D=z=p01+1+al
FAS R
Ld0_ 3. I'paduk Ba COHIM TAXJIHIIL.
—2.25x10 “« ) ¥
P Grapf’ MEHIOCHIaH  (oiigananuo, Oypanun
—arsai? OypyarHUHI  SIIOpPAaCMHH  Kypamu3  (4-pacM) Ba
s HATIKAJIAPHU TaXJIWI 3TAMHU3:
0 01020304 050607 0809 1 1.1 121314 15 o
_ -3 :
T(0)=1.92x10"° :  T(1.I)=1.856 %10 1125026 I I I | |
_ -3 —4
T(0.599) = 3.453 10 ° T(1.5) = -5.824 x 10 750
3.75x10
3-pacm £ 0
MycTraxkaMJIMK Ba OMKPIIMK IIapTiapuJaH BaJHHHT —2.75%10° mEEE
JuaMeTpd  aHMKJIaHagu: OcjlaTMa:  TEeKIIUpPUIa&TraH —7sxa0? EEEE
BaJHUHT JWAaMETpH 72 MM Ta TeHT OynraHga yHHHT _1125%167° | nEEE
MYCTaxKaMJIMI'M  TabMHUHJaHanu.  JlekuH,  OUKpiMK _152073
TAbMUHJIAHUIIN Y4YyH JOUaMETPHU TaxMuHaH 25 dowusra 0 010203040506070809 1 1112131415
ommupui 3apyp. byaman Bamaumar muamerpu d0 = 96 mm 4-pacm
JaH KaM OyjMaraHia Oup NalWTIa MYCTaxKaMJIMK Ba Xynocanap:
6I/IKpJ'II/IK maanapI/I KaHoaTHaHTI/IpI/IHI/IHII/I KeJ'II/I6 quKaau. _']_ ABTOMaTI/IK Hoﬁﬂxaﬂam Ba K()]-[c"[py}(up[;{_]‘[am
xapaéunapuna CAJI/CAE/CAM Ttusumiiapura yTuin xamaa
o KOMIIBIOTEp TEXHOJIOTHsJapu €pAamMuja Jovuxasaul,
dmus = 5 dmys,i= root| Tmax — Tadm ——— ,dmus JacTypJapy TYIUITAMHUHH SPATHII J0JI3apOJIUTH aCOCIAaHTaH.
dbike® 2. @anmapapo OWIUM, aMadnid KYHHKMa-Majakalap Ba
w Fis
dbikr = 2 dbikr = root| Tmax — Gadm-G-ijz 180 dbikr KOMICTCHIUAJIApHU 6OCKI/I‘UII/I MaKJIJIaHTUpUuiaa
JTUAKTUK-TabIUMUN TajgabIapHUHT MICUXOJIOTHK-
dmus = 0.072  dbikr = 0.096 dval := 0.096
MEeJaroruK acocnapra Srajurd Ba MHHOBALIMOH TabJIMM-
dbiky — dmus e ¥V
Sfarg = ( : D s 00 Teip61/1;{ JKapaéHIapvHU  TallKWI ~ JTUMIJArd  YpHH
dbikr KYpCaTHUJITaH:
3. Mathcad nactypunu Kysiabd, Macananap euuIaa;
2. JlepopmanuoH éHamyB Ba TaxJIHJI. e Ttayjabanap KUCKA BaKT JaBOMHA MacajalapHU XyAa
DOnacTUK  KYYWIIHMA  aHUKJIAll y49yH yHHBepcajn  T€3 €4a OJIHMILIApH;
dopMynaHn makmIaHTHpaMu3. bommarFud mapamerprap ¢ OIIOpAJIapHK Te3, KaTTa aHMUKJIHKIA XaTOCH3 Kypuil
kyhumarnda: TO = BT, @0 # 0. MYMKHHITUTH, . 5
Given 0= 55 . M?can6anapHH eUMII  KapatHuIa  TanabarapHUHT
Gupunsu xecus T0m= BT t0:= cut Hasapuil  OWIMMH  Ba amamuii  KYHMKMa-Majakanapu
yHFyHIammo 6opumm;
usscunyu xeeunm  Ti= -T = —at bi:=p1 ci=p0-1 9 v
e JOWMXaBUH XUCOOJANI Ba KOHCTPYKIMSUIAII HIIUIAPH
Yuundu  wecum  #i= =yt ci= i+l KOFO37a 5Mac, Oanku »3JeKTPOH Bepcusga Oaxkapuil
Harmwxkana Kyliunarnnapra sra 6ymaMus: Oapobapupa  TETHNLIM  TapameTpiiapra  y3rapTHPHII
KAPUTHUII Hyau OwiaH OWTTa MacajaHd Oup 3ymua Oup
I (d0)? . a Heya BapHaHTIapja TaxJIWiI OSTUII  UMKOHHITIApU
Upe= —— = EE T k= 2Gip SpaTUIIMIIK, Tapajjiedl paBuIlga MYCTaXKaMJIMK Ba
5 OMKpIIMKKa XMCOONaml Xamjia HaTWXKaJapHH TaKKOCIHAI
pl(z) = @0+ 2kB-Tz+katz k=074 UMKOHUATH KEHTalHIM, TUPOBapAnAa Tajgabanap OnTHMA

€UMMHHM TaHIab, XyJjocanail jxapaéHuaa KaThbHi Kapop
KaOynl  KWIMOUIApH ~ CHHTapd  TabIUM  CHU(ATH-
camapaJiopiuru KYypcaTkuujaapu WIMHA-TIEar OT UK
JKUXATIaH aCOCTaHMOK/A.

02(z) = @l(z) — 2k T-(z — B-1) — keer-(z — B-1)°

L 3 = 92@) — keyrlz - (B-L+ D)
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PE3IOME. Makonaga CAl/CAE/CAM HMHHOBAaIMOH TEXHOJOTHSUIAPH acoCHIa JIOMHMXaNall-KOHCTPYKIMSIIAII KapaéHIIapHHIHT
Y3BUIIINTH XaM/ia BaJUTapHH MyCTaXKaMJIMK Ba OMKpIHKKa Xucobnami-noinxanamaa MathCad nacrypunan ¢oiiganaHUIIHUHT TabIHMIA

IOKOpHU CcaMapa 6epI/IH_II/I acocCJiaHIraH.

PE3IOME. B cratbe 000CHOBaHa LEIOCTHOCTh IPOLIECCOB NPOECKTUPOBAHUS M KOHCTPYHPOBAHMS HAa OCHOBE HWHHOBAIMOHHBIX
texHosoruii CAD/CAE/CAM wu BbIcOKast 3((eKTHBHOCTH HCIIONB30BaHUS IporpamMmuoro obecreuennss MathCad mpu pacuere u

TMPOCKTUPOBAHNH BAJIOB HA MPOYHOCTH U JKECTKOCTh.

SUMMARY. The article substantiates the integrity of the design and construction processes based on innovative CAD/CAE/CAM
technologies and the high efficiency of using MathCad software in the calculation and design of shafts for strength and stiffness.
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Introduction. Electrical safety is a key aspect in the field
of electric power industry. Proper operation of power grids
with neutral resistive grounding is crucial to ensure the
safety of both personnel and equipment. Let's look at this
aspect in more detail. Neutral resistive grounding is used to
limit the magnitude of a short circuit in the system and re-
duce the likelihood of a phase earth fault. This directly af-
fects the security of the system as a whole. However, in
order to ensure effective electrical safety, it is necessary to
take into account such aspects as the correct selection of
resistive grounding parameters, its connection to protective
devices, monitoring of the grounding condition and other
technical features [1].

An important aspect of ensuring electrical safety is the
training of personnel and the development of clear rules for
working with neutral resistive grounding. All employees
working in such conditions should be aware of the possible
risks and know how to safely handle the equipment.

Regular monitoring and maintenance of grounding
components play an important role in ensuring the smooth
operation of the system. This includes checking the condi-
tion of the resistors, the operability of the grounding and
identifying potential problems that may affect the safety of
the system. An analysis of world experience shows that
proper electrical safety in systems with neutral resistive
grounding helps to reduce production risks. losses, as the
probability of downtime and damage to equipment is mini-
mized, which directly affects the efficiency and profitability
of enterprises [2].

Formulation of the problem. There are standardized re-
quirements for electrical safety of electrical installations
using various methods of neutral grounding [1, 2]. The
norm for ensuring electrical safety is the permissible values
of the contact voltage, the value of which depends on the
duration of the voltage exposure. Standardization of the
resistances of grounding devices of electrical installations
ensures acceptable levels of contact voltage.

In networks with isolated or compensated neutral, zero-
sequence current protection is often activated based on a
signal, which implies the possible existence of a single-
phase earth fault (SPEF) for up to two hours. In such cases,
the fault current passing through the grounding device gen-
erates a prolonged voltage increase, and the corresponding
resistance can be adjusted in accordance with the recom-
mendations set out in the source [2], contributing to a deep-
er understanding and optimization of electrical solutions in
this area.

The requirements for the parameters of grounding de-
vices for networks with low-resistance resistive neutral
grounding, i.e. with a relatively large (up to 1000 A) earth
fault current, are not regulated in Uzbekistan. Meeting the
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requirements for the resistance of grounding devices ac-
cording to [1], as 250/1sper (but not more than 10 Ohms in
the absence of a distribution point and a connection point
with a grounding device for 0.4 kV electrical installations)
and 125/ spe (but not more than 4 Ohms in the presence of
such a connection), for Iz = 1000 A gives the values of 0.25
and 0.125 ohms for the first and second cases, respectively,
which is 2-4 times lower than the permissible [1] resistanc-
es for 110 kV and higher substations with a deafly ground-
ed neutral, which is difficult to achieve.

Since 110-220/20 kV substations must have a low-
resistance resistive neutral grounding, it follows that the
resistance of the grounding mechanism of the electrical
installation must be determined using the specifications for
the permissible contact voltage.

Relay protection is used in the urban electric network
with a voltage of 20 kV to ensure prompt disconnection of
short circuits on feeders. The operation occurs within a time
delay of 0.7 to 1.7 seconds, depending on the network to-
pology, demonstrating the importance of using relay protec-
tion in terms of ensuring the safety and stability of urban
electric networks.

The use of the regulatory requirements for electrical
safety set out in work 80, intended for networks with a
voltage above 1000 V, can also be applied in networks with
a voltage of 20 kV. This is possible by reducing the expo-
sure time of industrial frequency current to humans, which
contributes to improving safety and ensuring compliance of
electrical systems with standards and recommendations in
this field.

In the case of a blind grounding of the neutral, the same
response time of single-phase short circuits is explained
both in 110 kV networks and in higher-level networks. This
is due to the specifics of the operation of systems in the
absence of a zero sequence, which is important for evaluat-
ing and developing effective methods for protecting and
stabilizing the operation of high-voltage networks.

The choice of parameters of resistors in a 20 kV net-
work under the condition of electrical safety significantly
depends on the resistance of the grounding device to the
connecting point and the 20 kV transformer substation.
Taking the values of the maximum permissible contact
voltage from [2], the required resistances of grounding de-
vices in a 20 kV network (Table 3.1) are estimated by the
ratio:

o))

where Rg-is the resistance of the grounding device,
Ohms; U,-is the maximum permissible contact voltage; Ig-
is the rated current of the resistor.



