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JJIA U3YYEHUA BOSMOKHOCTHU ITOBEPXHOCTHOI'O YITPOUHEHUA
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Annomayusn. Pazpabomana mexHono2us no 00CMUNCEHUIO 8bICOKOU NPOYHOCMU U UZHOCOCTOUKOCMU
XPOMOMOAUOOEHOBbIX cmaiell. IKCNEPUMEHMAIbHbLE UCCAe)08AHUSL NOKA3AIU, YMO KPAMKOBPEeMeHHbLIL
UHMEHCUBHBLIL  HAZpe8 ¢ NOCACOVIOWUM  ObICIPBIM — OXANCOCHUEM — CYUWeCMBEHHO NOo8bluLaem
IKCIILYAMAYUOHHbIE  XAPAKMEPUCMUKU — CNIasos. H3yueno enusnue memnepamypHo-6pPeMeHHbLX
napamempog mepmuieckolu 06padomxu Ha usMeHeHue CmpyKmypvl U XapaKkmepucmuk yeiepooucmoi
xXpomomonuboenogou cmanu. HMuocekyuonnoe aumve 0aém — 8O3MOICHOCMb  U320MABIUBAMDb
KOMNOHEHMbL C BbICOKOU CMENeHbl0 MOYHOCMU U 80CHPOU3BOOUMOCTU, YMO OCOOEHHO BAXCHO OJis
ceputino2o npou3Bo0Cmad.

Knrouesvie cnosa: xpomomonuboenogvle cniagvl, NPOYHOCHb, USHOCOCHOUKOCIb, MepmMoodpabomxa,
UHOYKYUSL, KOHCMPYKYUsL, CheKanue, MoOOUpuxkamop.

XROMMOLIBDENLI PO‘LATLARNING SIRT MUSTAHKAMLIGINI
O‘RGANISH UCHUN STRUKTURAVIY TADQIQOTLAR

Xasanov Abdurashid Salievich Xoliqulov O ‘tkir Mirzakamolovich

Olmaliq “KMK” AJ Bosh muhandisining ilm fan va innovatsiyalar

ITU "MISiS" j jali i, PhD, j ‘Zhekiston
bo'vicha o ‘rinbosari, Olmalig, O zbekiston NITU "MISiS" Olmaliq filiali dotsenti, PhD, Olmaliq, O ‘zbekisto

Annotatsiya. Xrommolibdenli po ‘latlarning yuqori mustahkamlikka va yeyilishga chidamliligiga
erishish texnologiyasi ishlab chigilgan. Eksperimental tadgiqotlar shuni ko ‘rsatdiki, qisqa muddatli
intensiv gizdirish va keyinchalik tez sovutish gotishmalarning ekspluatatsion xususiyatlarini sezilarli
darajada oshiradi. Uglerodli xromomolibdenli po ‘latning strukturasi va xarakteristikalarining
o zgarishiga termik ishlov berishning harorat-vaqt parametrlarining ta’siri o ‘rganildi. Injeksion quyish
yuqori darajadagi aniqlik va takrorlanuvchanlikka ega bo ‘lgan komponentlarni ishlab chiqarish
imkonini beradi, bu aynigsa seriyali ishlab chigarish uchun muhimdir.

Kalit so‘zlar: xrommolibden gotishmalari, mustahkamlik, yeyilishga chidamlilik, termik ishlov berish,
induksiya, konstruksiya, kuydirish, modifikator.
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STRUCTURAL STUDIES OF CHROMOLIBDEN STEELS TO STUDY THE
POSSIBILITY OF SURFACE HARDENING
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Abstract. A technology for achieving high strength and wear resistance of chromolibden steels has been
developed. Experimental studies have shown that short-term intensive heating followed by rapid cooling
significantly increases the operational characteristics of alloys. The influence of temperature-time
parameters of heat treatment on the change in the structure and characteristics of carbon
chromomolybdenum steel was studied. Injection casting allows for the production of components with a
high degree of accuracy and reproducibility, which is especially important for serial production.

Keywords: chromolibden alloys, strength, wear resistance, heat treatment, induction, construction,

sintering, modifier.

BBenenue. ['opHOmOOBIBaIOIIAS U METALTY -
rUYecKasl MPOMBIIUICHHOCTh Y30eKucTaHa mepe-
JKUBAET YCTOMUYUBBIN POCT, UTO TpeOyeT BHEAPEHUS
WHHOBAIIMOHHBIX PEIICHUN JJIs MPOU3BOJCTBA H
00paboTkn MeTaia. XpoMOMOJIMOIEHOBBIC CILIa-
BBl UTPAIOT PEHIAIONIYI0 POJb B TPOU3BOICTBE
KOMIIOHEHTOB TOPHOTO O0OpYIOBaHUS, TaAKMX KaK
KOJICCHBIC 0a3bl, KOBIIM U BHYTPECHHUE BKJIAIBITIH
[IAPOBBIX MENBHUIl. DTH CIUIaBbl IEHATCS 32 UX
UCKITIOYUTEIIbHBIC MEXaHUYSCKUE CBOWCTBA, BKITIO-
yasi BBICOKYIO TBEpPJOCTb, HM3HOCOCTOMKOCTh U
CIIOCOOHOCTh BBIJICPKUBATH 3HAYUTENBHBIE JKC-
IUTyaTaloHHble Harpy3ku. Cropoc Ha HUX TaKxke
00yCJIOBJIGH WX KOPPO3MOHHOM CTOMKOCTBIO U
CIIOCOOHOCTBIO COXpaHSATh CBOWMCTBA MPHU TOBHI-
NICHHBIX TEMIIEpaTypax.

CoBpeMeHHbIE UCCIIEIOBAaHUS HATIPABIECHBI HA
pa3paboTKy CILIABOB C yJIyUYIICHHBIM XUMHUYECKUM
COCTaBOM, MOBBINIEHHOW TMIACTUYHOCTHIO U OITHU-
MU3HPOBAHHBIMU MapaMeTpaMu TepMOOOPaOOTKH.
Oco0oe BHUMaHUE yAENsSeTCs HCIIOIb30BAaHHUIO BTO-
PUYHOTO CHIPbSI U COBEPIICHCTBOBAHHIO METOJIOB
ero o0pabOTKM ISl CHUXKEHUS TTPOU3BOJCTBEHHBIX
3aTpaT, ¥ MHHAMHU3AIHA BO3JCHCTBHS Ha OKpPY-
Karomryro cpeny. OnTumu3zanus TemrepaTypHBIX
pPEKMMOB ayCTCHUTHOW (a3sl W COBEPIINCHCT-
BOBAaHUE TEXHOJIOTUN JIETUPOBAHHUS XPOMOM U
MOJIMOJIEHOM CIOCOOCTBYIOT TIOBBIIIICHUIO MPOY-
HOCTHU U JIOJTOBEYHOCTH T'OTOBBIX M3JICITHIA.

Metononorus. Tekymue ucciieJOBaHMs HAll-
paBJICHBI Ha COBEPIICHCTBOBAHHE MPOIIECCOB JTUTHS
U TIOCTEAYIOIIeH MeXaHW4eCcKOW oOpabOTKH st
MUHUMU3AIUN BHYTPEHHUX Je(EKTOB U TOBHI-
HIEHUsT OJAHOPOJHOCTH Marepuana. Kpome Toro,

UCCJICIOBAHMSI IO BHEAPEHUIO HAHOAMCIIEPCHBIX
MOIM(PUKATOPOB MOKa3aJId MHOrOOO€LIatoIIne pe-
3yJbTaThl B TMOBBIIIEHUH MPOYHOCTH, KOPPO-
3MOHHOM CTOMKOCTH U CHOCOOHOCTH BBLAEPKUBATh
NepeMeHHbIe Harpy3ku. Takxke H3y4aroTcs mepe-
JIOBbIE TEXHOJOIMH, IO3BOJISIOLINE MOBBICUTH
IUIOTHOCTh ~ MaTepuana, CHU3UTb OCTATOYHBIE
HANPSOKSHUS ¥ POJUTUTH CPOK CITY KOBI M3IEIHH.

s 1oCTHKEHUsl MPEBOCXOIHON NPOYHOCTH
U U3HOCOCTOMKOCTU XPOMOMOJUOJACHOBBIX CTajei
ObutM pa3paboTaHbl MEPeOBbIE TEXHOJOTMH Tep-
MOOOpPaOOTKM ¥ MOBEPXHOCTHOTO YNPOUHEHUS.
Wupyknuonnsii HarpeB (HF) u rasomnamennas
00paboTKa TO3BOJIAIOT  YNPOUYHATH  KPYIIHBIE
JieTalld, TaKhe Kak BeaylllHe KoJieca TOPHBIX
HKCKAaBaTOPOB, UTO 3HAYUTEILHO YBEIUYUBAET CPOK
ux ciayx6bl. Kpome Toro, nasepHoe ynpouHeHHE
MO3BOJISIET JIOKAJIM30BAaHHO M3MEHATh CBOMCTBA
NoBEepXHOCTH 0e3 yuiep6a A BHyTpEeHHEH CTpyK-
Typbl, pacmupsisi 00JacTb MPUMEHEHUS ITUX Me-
TOJIOB.

DKCrnepuMeHTaIbHbIE NCCIIEJOBAHUS TTOKa3bI-
BalOT, YTO KPaTKOBPEMEHHBIN NHTEHCUBHBIN HarpeB
C TOCTEAYIOUUM OBICTPBIM OXJIAXJACHUEM 3Hauu-
TEJIBHO YJIyUIIaeT 3KCIUTyaTallUOHHBIE XapaKTEPUC-
THUKH CTU1aBa. BeIOop oxmaxkparorieit cpeasl — BO3-
JyXa, Macjla WJIH COJEBBIX BaHH — IIO3BOJISET
aJanTUpPOBaTh UX K KOHKPETHBIM TpPeOOBAHUAM
oTpaciud. BHenpeHne HOBBIX PEKUMOB OTIyCKa
JIOKa3aJ10 CBOO 3((HEKTUBHOCTH B CHIYKEHUH OCTa-
TOYHBIX HANpsDKEHWH, 4TO HANpsIMYIO BIMSET Ha
JIOJITOBEYHOCTh JeTaneil. KoHTponupys ckopocTh
OXJIaXIeHUs U (a30BBI COCTAaB, MOXKHO JOCTHYb
ONTUMAJILHOTO OanaHca MEXIy TBEPAOCTbIO U
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YIapHOU BA3KOCTBIO.

Kpome Toro, /s nanpHEHIIEro MoOBbILIEHUS
MU3HOCOCTOMKOCTH M YMEHBILIEHUS KOPPO3HMOHHOTO
pacTpecKUBaHMsI M3Yy4arOTCsl TaKU€ METO[bl, Kak
a30THpOBaHUE U KapOOoH-a3oTupoBaHue. KomOuHu-
pOBaHHBIE MpOIECCH 00pabOTKH, BKJIIOYAIOIINE
IIOCIIEZIOBATENbHBIE ATANbl 3AKaJIKH, OTIYCKa MU
IIOBEPXHOCTHOIO  YIPOYHEHUS, IMPOJEMOHCTPU-
pOBallM 3HAYUTEIIBHOE YIIYYIICHHE JKCILIyaTa-
UOHHBIX XapakTepucTuk. (Ocoboe BHUMaHHE
YAEIAETCS U3YYEHUIO TEMIIEPATYPHBIX PEKUMOB U
UX BIUSHUS HA PACIpe/iesIeHUEe OCTATOYHBIX Hal-
PSOKEHHM, ITTOCKOJIBKY PaBHOMEPHOE OXJIaXKJIEHUE
UMEEeT pellaroliee 3HaueHue JJisg CO3JaHUs Mpoy-
HBIX CILIABOB.

CoBpeMeHHbIE TPOU3BOICTBEHHBIE ITPOLIECCHI
BCE 4Yallle BKJIIOYAIOT AJJUTHBHBIE TEXHOJIOIMU U
TUThEe MeTaluta moj aasiieHueM (MIM), ocobeHHO
JUISL TIOY4YEeHMsI M3AEIUN CII0)KHOM T€OMETpUHU.
[Iponiecc MIM, B KOTOPOM HCHOJIB3YKOTCS METaJI-
JMYECKHE IOPOIIKK W IOJIMMEPHBIE CBA3YIOILLUE,
o0ecrieunBaeT BBICOKYIO TOYHOCTb IPU MUHUMHU-
3auuMu  JAe(EeKTOB KOHCTPYKLHUHU. Y COBEPLICHCT-
BOBaHHbIE METO/bl NPECCOBAHMS U CIIEKaHMS €Ile
Oonblle yIyYINAOT XapaKTEPUCTHKH CIUIaBa 3a
CYET YMEHBIIEHUS MOPUCTOCTH U MOBBILICHUS
IIPOYHOCTH MaTepuaa.

Pa3paboTka HOBBIX KOMIIOHEHTOB CBSI3Y-
IOLIETO M TEXHOJOTMM CIEKAaHUS 3HAYUTEIBHO
COKpaTuja KOJUYECTBO BHYTPEHHUX JE(PEKTOB,
o0ecreyrB OJHOPOJHYIO CTPYKTYypy MarepHaia.
NHHOBanMOHHbBIE METOABl KOHTPOJS IUIOTHOCTH
o0ecrneynBaloT COOTBETCTBUE MPOMBIIIICHHBIM
cTa"zaptaMm, uyro aenaetr MIM ocobGeHHO BbIrOA-
HBIM Ul MaccoBoro mnpousBoicTsa. IIpomoi-
JKAIOTCSl MCCIIEI0OBAaHUs MO pa3paboTKe KOMIIO3UT-
HBIX MOPOLIKOB C HAHOJMCIIEPCHBIMU KapOHuaamu,
KOTOpBIE 3HAYUTENBHO YIy4YlIalOT MEXaHHUYecKHe
CBOMCTBA.

Kpome TOro, wusywaroTcsi MHOTOCIIOHHBIE
MOPOILKOBBIE CTPYKTYPBI ISl TOCTHIKEHUS Pa3Iny-
HBIX MEXaHHYECKHX CBOWCTB B 3aBHCHUMOCTH OT
YCIIOBUH 3KCIUTyaTalluu. Takke IpoBOAATCS UCCIIe-
JIOBaHMSI Pa3IMYHBIX CBS3YIOUINX MAaTEPUAIOB U UX
BIMSHUS Ha yCaJKy IpU criekaHuu. B Hacrosmiee
BpeMsi pa3palaThIBalOTCSI METOIbI MOCIeAyIOUIeit
00paboTKH, TaKUe Kak Ja3epHas 3aKajika U XUMH-
YECKOE TpPAaBJIEHUE, Ul MOBBILECHUS  JIOJITO-
BEYHOCTH JI€TAJICH U YCTOMUYUBOCTU K BO3JICHCTBUIO

(bakTOpOB OKPYKAIOIIECH CPEIBI.

XpomomonubaeHoBas cranb 35XMJI sBiser-
Csl TEPCHEKTUBHBIM CIUIABOM JJIsi MPUMEHEHUS B
MIM-cucremax, U3BECTHBIM CBOEH MPEBOCXOJIHOU
MPOYHOCTHIO, YCTOWYMBOCTBIO K TEPMUYECKUM
Harpy3kam M KOppo3uM. AHalu3 XHMHUYECKOTO
COCTaBa CIEYEHHBIX JAeTajeil MOATBEPIUT COOT-
BerctBue ['OCT 4543 u MexayHApOAHBIM CTaH-
naptaM. VcnbiTaHus Ha yIapHYIO BSI3KOCTh U KO-
PO3HOHHYI0  CTOMKOCTh  IIOKa3ajdl  BBICOKYIO
HKCIUTYaTallMOHHYIO Ha/IEKHOCTb.

TexHosorust ropsayero JHUThbs MOJ HHU3KUM
JIaBJIEHUEM, IIUPOKO Ucnojab3yeMas ¢ 1950-x rogoB
JUISl U3TOTOBJICHUS KEpAMUYECKUX n3aenui, B 1990-
X TOJIaX SBOJIOIMOHUPOBAIA B METOJbI JHUThSI MO
BBICOKHMM JIaBJICHHEM, PaCpOCTPAHUB CBOE IpUMe-
HEHUE Ha MeTtayuindyeckue aeranu. [Ipouecc muThs
[0/l JABJIGHUEM MPEIIoJaraeT HCIOIb30BaHUE
CHEIHAIIbHO MPUTOTOBJICHHONW CMECH IMOPOIIKOB U
MIOJIMMEPHBIX CBSI3YIOIIMX, U3BECTHOM KaK HCXO[-
HOE CBIpbE, KOTOpas BBOAUTCA B MOJOCTH (OPMBI
JUTsl (pOpMUPOBaHUS kKejnaeMoro komrnonenTa. Iloc-
Jie OTBEPXKJIEHHUS TOJ BBICOKMM BHEIIHUM JaBiie-
HUEM IOJIMMEPHOE CBA3YIOIEE yAAsAETCs, a TOpuUC-
Tasg MeTajuInyecKkass JAeTalb IOABEpraercs Ccre-
KaHHIO C 00pa30BaHMEM KOHEYHOI'O MPOAYKTa.
OOpaboTka mocie crekaHusi, Takas Kak MeXaHH-
yeckas 00paboTka, Tepmuyeckas oopadorka (HT) u
XUMHUKO-TepMuyeckass obOpabotka (CTT), momo:n-
HUTEJIBHO TOBBIIAET MPOYHOCTb, YIApHYIO BSI3-
KOCTb M U3HOCOCTOMKOCT.

Hecmotpss Ha Oosiee ueM TpUALATUICTHUM
OMBIT YCIEHIHOTO NPUMEHEHUs U Pa3paboTKH 3a
pyOexKOoM, TEXHOJIOTHSI MOJUMEPHON KOMITO3UIIMHU
Obuta BHeJIpeHa B Y30eKHucTaHe MeHee JIeCSTH JIET
Hazaa. HecmoTpst Ha oOmupHBIC HAYYHBIE U TEOpE-
TUYECKUE UCCIIEJOBAHNSI, KOHKPETHBIE PUKJIATHBIE
JaHHbIE, BKJIIOYas XapaKTepUCTUKU MaTepuasoB,
COCTaBbl U TEXHOJOTMYECKHE PEXKUMBI, OCTAFOTCS
OTpaHUYEHHBIMH.

BbicOKOKauecTBEHHasl CpEAHEYTIIEpPOAKCTas
xpoMmoMorbieHoBas ctainb 35XMJI, cooTBeTCTBY-
fomas ['OCT 4543, oOnamaer mNpeBOCXOAHOM
MPOYHOCTHIO U IUJIACTUYHOCTBIO, YTO JeNlaeT ee
IIPUTOJHOM JUIsl M3TOTOBJIEHUS OTBETCTBEHHBIX
netaned, paloTalmMX MpH TemrepaTypax o
400°C. MHccnenoBaHusi CTPYKTYphl U CBOMCTB
HETIPEPHIBHOIUTON U JAehOpMHUPYEeMOl  CTaau
mapku 35XMJI, Hapagy c ee 3apyOeXHBIMH
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aHaJIoraMM, B PA3JIMUYHBIX YCJIOBUAX TEPMHUECKON
obpabotku (HT) m xumuko-repMudeckoil obpa-
6otku (CTT) xopomro mokymeHTHpOoBaHbL. OqHAKO
UCCJIEIOBAHMSI CTPYKTYPHBIX XapaKTEPUCTHK CIe-
4yeHHOU noponikoBoi ctanu 35XMJI no-npexxHeMy
OTrpaHUUYEHbl HECKOJIBKUMU OCHOBHBIMU pEXUMaMHU
TepMooOpaboTku. Kak yxe ormedanoch, KoM-
IIOHEHTBI, U3rOTOBIEHHbIE MeTonoM MIM, moryt
o0nagaTh CBOWCTBaMM, OTJIIMYHBIMH OT CBOMCTB,
IIOJIyYEHHBIX C MCIIOJIb30BAaHUEM TpPaJULMOHHBIX
METO/I0B IIOPOIIKOBOM METaJTypruH.

PesyabTaThl U 00cyxkaenue. BaxHo mpor-
HO3MPOBATh ONTHUMAJIbHbIE TEXHOJOTUYECKHUE Mapa-
METPbI JJIsl TOJYyUYEHUS! BbICOKOKAYECTBEHHBIX W3-
nenuil ¢ ocobbiMu cBocTBaMHM. Llenbro JaHHOrO
UCCJIEJIOBAHMSI SIBIISIETCS YCTaHOBJIEHUE B3aWMOC-
BSI3U MEXAY CTPYKTYpPOH U CBOMCTBAMHU CIIEUEHHOMN
xpomomonuOeHoBo# cranu 35XMJI, nonydyeHHoi
MeronoM MIM, u pexumamu ee mnocieayrouiei
tepmudeckoit oopadbotku (HT) m xumuko-repmu-
yeckoit 06padotku (CTT).

OOBbeKTaMu WCCIIEOBaHUS SBISIOTCS 00pas3-
b, U3TOTOBJICHHBIE U3 CPEIHEYIJIEPOAUCTON I'M-
MO’BTEKTOUTHON XPOMOMOINOIEHOBON CTaJH, TO-
Jy4YEHHOW METOJOM IOJMMEPHON KOMIIO3ULIUU W3
nopomkoB cranu Mapku 35XMIJIL. O6pasusr mmst
UCIBITAaHUS HA YAApHYIO BA3KOCTH II0 METOIY
[Hapnu ObBTM HM3rOTOBJIEHBI B IMPOMBIIIJICHHBIX
YCIIOBUSX.

CoipbeM a1 GOpMOBAHUS U CHEKaHUS CITy-
YKWJIA IOJIMMEPHO-TIOPOLIKOBAsi CMECH IIOJMMEPHON
KOMITO3HIINH, cocTosias Ha 61,8% mo oobemy u3
CTaJIbHOTO nopomka mapku 4140 c pasmepamu
yacTull oT 2 70 16 MKM M CpelHUM MeAHAHHBIM
nuamerpom D50 = 6-8 MkMm. B kauecTBe CBs3y-
IOIIETO B MOJIMMEPHONU KOMITO3HUIIMU UCTIOIb3YETCS
CMeChb BOCKAa M TOJHOJIEPUHOBOTO MOJIUMEpA,
npelHa3HayYeHHasl Al TePMHUYECKOTro 00e3KUpH-
BaHUs pacTBOpUTENIEM. PacTBOpUTEND yaiseT Boc-
KOBOI KOMITOHEHT, 00pa3ys MOPUCTYIO CTPYKTYpY,
KOTOpasi CrocoOCTBYET OecHpensTCTBEHHOMY BbI-
JIEJIEHUIO Ta3000pa3HbIX MPOAYKTOB MUPOJIU3a MPU
NOCIEAYIOIEM HarpeBe. OTOT  JABYXJTaIlHbII
npoiiecc 00e3KUPUBaHMS TIPEIOTBpaiaeT oopaso-
BaHUE TPEUIMH U HEOJHOPOAHOCTEHN, COXpaHss reo-
METPHUIO CIIEYEHHOW JIeTaIH.

3akaika B Macjle M OTIYCK IPH pa3IU4HbIX
TeMIeparypax IpUBEIM K OOpa30oBaHUIO MapTEH-
CUTHOM M JUCHEPCHO-TIEPIUTHOU CTPYKTYp, 4YTO

MO3BOJIMJIO TOCTUYh ONTHUMAJILHOTO OajaHca TBEp-
JIOCTU M IUIACTUYHOCTH. B pesynpTaTe BOCBMU-
YaCOBBIX SKCHEPHUMEHTOB I10 a30TUPOBAHUIO ObLI
MOJIyYEH a30TUPOBAHHBIN CJION TOMIUHON 20 MKM,
YTO 3HAYUTENIBHO TOBBICHJIO H3HOCOCTOMKOCTD.
JlonomHUTENbHBIE ATAIBI TEPMOOOPAOOTKH TO3BO-
JIWJIA CBECTU K MUHUMYMY BHYTPEHHUE JNe(hEeKThl U
YIIy4IIUTh PAacIpeieIeHUE HaIPSHKEHUH.

[IpoBeneHo mertamiorpaduueckoe HCCieno-
BaHue creyeHHoW crtanu mapku 110XMJI, a eé
XUMHUYECKUN COCTaB ObUT OMpeienéH C HCHOJb-
30BaHUEM OINTHUYECKOW SMHCCUOHHOM CIIEKTPOC-
konuu (OES) Ha cnektpomerpe. OrmpeneneHue
COJIEp’KaHusl YIJepo/ia BBIIOJIHAIOCH C IpUMe-
HEHHUEM BBICOKOYACTOTHOTO aHAJIN3aTOPa, KOTOPBIi
3aJIeCTBYET METOJI MHMKPOBOJIHOBOTO TOPEHUsS B
KHCIIOPOJIHOM TIOTOKE C MOCIEAYyImUM HHppa-
B.

BRSNS £ v A
Puc.1. H3o06pasricenun nogepxuocmu uzioma
noaygadpuxamos, NOAYYEHHBIX U3 CHIPbA

nojiumepraa KOmMnosuyus:
a — «3ejlieHas» 4acmo, 6 — «KopuuHesas» 4acmbo.

Jnst Tepmudeckoid 0OpabOTKH CTaau MapKu
35XMJI ucnonb3oBanack jabopaTopHas Mydeib-
Has meuyb Nabiterm, oOopyaoBaHHas UGPOBHIM
MHUKPOIPOLIECCOPHBIM KOHTPOJIJIEPOM TEMIIEpaTy-
pel. Ilpomecc 3akankm ocylecTBIsICS B Macie,
CIIy’KalleM 3aKaJlOYHOM Cpeloi.

W3mepenne TBepOCTH CTaIH MPOBOJUIOCH B
cootBercTBuU ¢ ['OCT 9450 npu temnepatype (20
+ 3)°C meronom Bukkepca Ha MUKpPOTBEpIOMEpE.
3HaueHus1 TBEPJOCTH PACCUUTHIBAIUCH HAa OCHOBE
BOCCTAHOBJICHHOT'O yTIyOJeHHs MOCe HCIIBITaHHS
aJIMa3HBIM HWHACHTOPOM C KBaJpaTHO-NHpaMH-
nanbHOM (opmoit. [Ipu 3TOM TBEpAOCTH MOBEPX-
HOCTH TIIOCJI€ Aa30TUPOBAHMSI M3MEpsUlach IpHU
Harpyske 0,0098 H (1 xrc), a ocTaibHbIe H3MEPEHUS
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BBINOJIHsUIHUCH ¢ Harpy3koit 0,0981 H (10 krc).

CrieuenHasi, HO He0OpabOTaHHAs CTaJIb MAPKH
35XMJI, nonyuennas no texnoioruu MIM, xapak-
TEpU3yeTCS JIOCTATOYHO KPYITHO3EPHHUCTOH dep-
PUTHO-TIEPIIUTHOW MUKPOCTPYKTYpOH (cM. puc. 2),
TUIUYHOM JIJIs1 THIIO3BTEKTOUIHBIX CTajieil. Mukpo-
CTPYKTYpa COJEP>KUT MpUMEpPHO 55% nepauta, npu
3TOM (heppuT (GOpMHUPYET IIOTHYIO CETKY BIOJb
TPaHUIl 3€peH MEepiHuTa, YTO YKa3blBaeT Ha HOP-
MaJIN30BaHHOE COCTOSIHME MaTepuaa.

[Ipy wu3MeHeHMHM MapaMeTpoB CIIEKaHMUS,

MOJIBEPTHYTHI 3aKaJKe B Maclio U MOCIEAYIOIEMY
OTIIYCKY IIpY YETHIPEX pa3IUYHBIX TEMIIEPATYypax, B
COOTBETCTBUU C PEKUMaMHU, YKa3aHHBIMH B Ta0JI. 2.
Bimsaue Ttemmeparypbl OTIIyCKa Ha MHKPO-
cTpykTypy ctasii 35XMJI nocne 3akajku B Macio
MOKa3aHo Ha pHC. 3, a BIUSHHUE HA TBEPIOCTh — Ha
puc. 4.

[Tocne HHU3KOTEMIIEPATYpHOTO OTIYCKa B
criedyeHHoM cranu 35XMJI nabnrogaercs (puc. 3, a)
CTPpYKTypa MEIKOUI0JIbYAaTOI0 MAapTEHCHTA, YTO
MTOATBEPIKIACTCS €€ BRICOKON TBEPAOCTHIO (puc. 4).

Tabmuna 1.

Xumuueckuii cocmae, % mac., noﬂyuermoﬁ ROJITUMEPHO-KOMNO3UUUOHHbBIM Memooom Cmanu u ezo
CpaéHenue 3apy6eofcnbmu ananozanu

Cranb 35XMJI u ee C Si M Ni cr Mo Fe
aHaJIoru

= ° = ° = ° ©

CrieyeHHbIH aHAJIOT CTaIH _g ui ] = 3 o N a

35XMJI, noy4eHHbIit s T iy " e " =

MIM-metonom 13 S o o o o o =)

=) > > > > >

3apy0eKHOTO CHIPhS = 3 S = = 3
Crams 35XMJT 055 | 017.037 | 035.085 | /o | 090.130 | 020.030

K1 0.30..050 | J10 0,60 Tlo 1,00 - 0,80..1.20 0.20..0.30 OcrambHoe

3apyOexHbIi aHaToT 0,38...0,43 0,15...0,3 00,75..1,0 OII(;)S 0,80...1,10 0,15...0,25

TaKMX KaK TeMIIepaTypa, MPOAOJIKUTEIBHOCTh W
CKOPOCTh OXJIXICHUs, cTaib Mapku 35XMJI

MOXET MpHOOpeTaTh OCWHUTHYIO CTPYKTYpY [7].
OTn HaOMIOJIEHUS TOJTBEPKIAIOT, YTO YCJIOBUS
00pabOTKM CYIIECTBEHHO BIMIIOT Ha KOHEYHYIO

MUKPOCTPYKTYPY ¥ MEXAHUYECKUE CBOWCTBA CTaJIU.
P ry r ’=‘ I b O

o

cneuennoii cmanu 35XMJI, é nonyuennvix
UHIHCEKUUOHHBIM MEMOOOM 00pa3uax.

HccnenoBanne XUMHUYECKOrO COCTaBa CcCrie-
YEHHBIX KOMITO3ULIMOHHBIX JeTajled M3 aHaJloroB
cramm 35XMJI mokazano, 4TO HMX XHMHYCCKHI
COCTaB JIOCTaTOYHO TOYHO oOecreuynBaeTcs B
npejesnax JI0MyCKOB, YCTAHOBIIEHHBIX CTaHIapTaMu
Ha ctaib 35XMJI u ee 3apyOexxHbIe aHamoru (Tabi.
1).

[TonydyeHHbIE METOAOM MOJUMEPHOU KOM-
MO3UIUH 00pa3ipl cieueHHOM ctanmu 35XMJI Obun

Tepmuueckoe yinydileHue, BKIIOYAoIee 3aKaIKy 1
BBICOKHH OTITYyCK, CIIOCOOCTBYET (POPMHUPOBAHUIO B
cneueHHoi cramu 35XMJI (puc. 3, 6—r) xapak-
TEPHBIX MHUKPOCTPYKTYpP IUCIIEPCHOTO NEpiHuTa U
TPOOCTUTA, YTO OOECIIEYMBAET ONTUMAIBLHOE coue-
TaHWE MPOYHOCTHBIX M IUTACTHYECKUX Xapak-
TEPHCTHK MaTepHaia.

Puc.3. Biuanue memnepmypbz omnyka Ha
muxpocmpykmypy cmanu 35XMJI nocne 3akanku

¢ memnepamypot 850 °C:
A— 160 °C; 6 — 400 °C; 6 — 500 °C; 2— 600 °C.

3akiouenue. PanmonanpHas TepMooOpa-
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00TKa U XMMHUKO-TEpPMHUYECKass MOAU(DUKAIUS CTa-
au 35XMJI obecrieurnBarOT BBICOKHE MEXaHUICCKHE
XapaKTEepPUCTUKU W JOJITOBEYHOCTh  JIETAJICH.
Hcnonb3oBanre MIM-TeXHOJIOTHI B COUETAHUU C
TPAAUITMOHHBIMA METOJaMU METauI000padOTKH
OTKPBIBACT HOBBIC MEPCHEKTUBBI JUISI TPOMBIIII-
JIGHHOT'O TTPOU3BO/ICTBA.

[Toka3zaHo, YTO BBIOOP PAIMOHAIBHBIX PEXKH-
MOB TEPMHUYECKOH W XHMHUKO-TEPMHUUYECKOH 00pa-
0otku aeraneit u3 cranu 35XMJI, noay4yeHHBIX 11O
MIM-TexHOIOTHHY, MOKET O0ECIEYUTh BBICOKHE
IIPOYHOCTHBIE CBOWMCTBA IIPU CEPUUHOM IPOU3-
BOJICTBE OTBETCTBEHHBIX MaJIOrabapUTHBIX J1eTa-
Jel, ¢ XxapakTepHbIMH Uit MIM-nierainei cioxxHoM
reOMEeTPUUECKON KoH(pUryparueil, BbHICOKUM Ka-
YECTBOM IIOBEPXHOCTEN U Pa3MEPHOU TOYHOCTHIO.

YcTaHOBIEHO, YTO XHUMHYCSCKHHM COCTaB
criedeHHBIX MIM-zaeraneii AOCTaTOYHO TOYHO
obOecrieunBaeTcs B Mpeenax IOMYyCKOB, YCTAaHOB-
JICHHBIX OTE€YECTBEHHBIM U 3apyOCKHBIMU CTaHAP-

Tamu Ha ctaiab 35XMJI u ee 3apyOekHbIC aHAJIOTH.

[Tonyuennas MIM-MeTONOM CpeIHEYIIIEPO-
JUCTasi XpOMOMOJIMOICHOBAs CTajlb MOCIE 3aKAJIKU
B MacJI0 U MOCIEAYIOIIETO OTITYCKA IPHU Pa3IUYHBIX
TeMIeparypax o0JIajaeT TBEpAOCThIO, HE YCTYIa-
IOILIeH TBEPJIOCTH BHICOKOKaYECTBEHHON KOHCTPYK-
nroHHOM cranu 35XMJI mo 'OCT 4543.

A30THUpOBaHHME B TE€UYEHHE § 4 JeTaled W3
criedyeHHoM cramu 35XMJI obecnieunBaer popmu-
pOBaHUE Ha IMOBEPXHOCTU BBICOKOTBEPAOTO CIIOS
HUTPUAHOU (a3bl TOMMMHOW OKoJio 20 MKM, YTO
00ecreurnBaeT BBICOKYI0 HM3HOCOCTOMKOCTH a30TH-
poBaHHbBIX MIM-u3aenui.

Pa3Butre MeETOMOB yIpPOYHEHHUS, ONTUMH-
3alUsg PEeKUMOB TEpMOOOPaOOTKM U BHEAPEHHE
HAHOTEXHOJIOTUN TO3BOJISIIOT CO3/1aBaTh HU3HOCOC-
TOMKHE U JOJTOBEYHbIE KOMIIOHEHTHI I TOPHO-
MeTaJIIypruueckoil orpaciu Y30ekucraHa, oOec-
neunBas e€ JanbHeiee pa3BUTHE.
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Annomayua. B cmambe npoaHanuzupo8aHo Kiaccu@ukayusi HA2OPHLIX MeCmOpO#COeHUU U3yYeHHble
seoywumu  yueHoimu mupa. OKONO NONOBUHBL 6CeX pazpadbamviéaemvlX HulHe U HAMEYEHHbIX K
paspabomke 6 0OyOywem Mecmopo*COeHULl NONE3HbIX UCKONAeMbIX DACNONONCEHbl 6 20PUCHOLL
mecmuocmu. Haubonee ciodichas mexnoiocuieckdas Cumyayus 603HUKaen npu OmKpulmou papabomke
MecmopodtcoeHull, 20e KapbepHble NoIA YEeIUKOM PACnonazaromcs Ha Kpymom ckione. Medcdy mem éce
OonbUee YUCIO MAKUX MECMOPONCOCHUll HAMeuaemcsi paspadbamvléams OMKPbIMbIM  CHOCOOOM.
Knaccugukayuu nacopnvix mecmoposrcoenuii owina npeonodxcena /.C. [wcaiimacambemosvim, B.B.
Powcesckum u C.A.Unvunvim. B knaccugpuxayusx ece mecmopodicoenuss pazoeieHvl no 8udy 3aiedxicu,
KAACCUDUKAYUOHHBIMU NPUSHAKAMU NPU IMOM AGTAIOMCA. MECIMONONIONCEHUE 3ATeHCU OMHOCUMENbHO
20CNOOCMBYIOUe20 YPOBHSL 3eMHOU NOBEPXHOCIU U BEPUUUHBL 20Pbl, MOWHOCb 3AENHCU, Y20l HAKIOHA
ee K 2OpU30HMY U, HAKOHelY, CHeNneHb CO2NACHOCMU PACHONIONCEHUS 3ANedHCU C pelbehom Kococopa
(coenacho, He coenacHo).

Knwuuevie cnoea. nonesunvie uckonaemvle, 20pUCMOl MeCMHOCH, KapbepHvle NOJs, HA2OPHble
MeCcmopodicOenUsl, Kiaccugurayusl.

TOG‘LI KONLARNI TASNIFLASH

Mislibayev Ilhom Mutavaliyev Abduvahhob  To‘ychiboyev Zaxriddin

To‘ychiboyevich Tolibzoda Ilhom o‘g‘li
Navoiy davlat konchilik va
texnologiyalar universiteti “"Nodir
va radioaktiv metallar rudalarini
gazib olish, gayta ishlash texnika va
texnologiyasi" kafedrasi assistenti,
Navoiy, O zbekiston

T.f.d., professor, Navoiy davlat
konchilik va texnologiyalar
universiteti Konchilik ishi fakulteti
dekani, Navoiy, O zbekiston

Tojikiston kon-metallurgiya instituti
Konchilik ishi kafedrasi mudiri,
t.f.n., dotsent, Tojikiston

Annotatsiya. Maqolada dunyoning yetakchi olimlari tomonidan o ‘rganilgan tog* konlarining tasnifi
tahlil gilingan. Hozirgi vaqtda o zlashtirilayotgan va kelgusida o zlashtirish rejalashtirilayotgan foydali
qazilma konlarining yarmiga yaqini tog ‘li hududlarda joylashgan. Eng qiyin texnologik vaziyat ochiq
usulda gazib olish jarayonida yuzaga keladi, bu erda karer konlari butunlay tik giyalikda joylashgan.
Shu bilan birga, ko ‘plab konlarni ochiq usulda qazib olish rejalashtirilgan. Tog ‘li konlar tasniflarini
D.S. Dzhaimagambetov, V.V. Rjevskiy va S.A.llyinlar tomonidan taklif etilgan. Tasniflashda barcha
konlar kon turi bo ‘yicha ajratiladi, tasniflash mezonlari quyidagilardir: konning yer yuzasining domi -
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nant darajasiga va tog‘ tepasiga nisbatan joylashishi, konning qalinligi, uning egilish burchagi.
gorizontga va konning joylashuvining nishab relyefi bilan muvofiglik darajasi (mos, mos emas).
Kalit so‘zlar: foydali qazilmalar, tog ‘li hududlar, karyer konlari, tog ‘li konlar, tasnif.

CLASSIFICATION OF HIGHLAND DEPOSITS

Mislibaev llkhom
Tuychibaevich

Doctor of Technical Sciences,
Professor, Dean of the Faculty of
Mining of the Navoi State Mining

and Technological University,

Navoi, Uzbekistan

Mutavaliev
Abduvakhhab Tolibzoda

Head of the Department of Mining
of the Tajikistan Mining-
Metallurgical Institute, Candidate
of Technical Sciences, Docent,
Tajikistan

Tuychiboev Zakhriddin
llkhom ugli

Assistant of the Department of
“Technique and Technology of
Mining, Processing of Rare and
Radioactive Metal Ores ” of the
Navoi State Mining and
Technological University, Navoi,
Uzbekistan

Abstract. The article analyses the classification of upland deposits studied by leading scientists of the
world. About half of all mineral deposits developed now and planned for development in the future are
located in mountainous terrain. The most difficult technological situation arises in the case of open-pit
mining, where the entire open-pit fields are located on a steep slope. Meanwhile, an increasing number
of such deposits are planned to be developed by open-pit mining. Classification of upland deposits was
proposed by D.S. Dzhaimagambetov, V.V. Rzhevskiy and S.A. Rzhevskiy. Rzhevsky and S.A. llyin. In
classifications all deposits are divided by type of deposit, classification features are: location of the
deposit in relation to the dominant level of the earth surface and the top of the mountain, thickness of the
deposit, angle of its inclination to the horizon and, finally, the degree of consistency of the location of the
deposit with the relief of the slope (according to, not according to).

Keywords: minerals, mountainous terrain, quarry fields, slope deposits, classification.

Beenenue. B mupe He Bce 3HAKOT, YTO TOpPHI
3aHUMAIOT OoJiee TPeTH YacTu MUpoBOil cymu. Ho
TOpPBI - 3TO HE TOJIBKO cpeia OOUTaHUS YeJIOBEKa, HO
U OIPOMHBI pE3€pB MMHEPAIbHBIX PECYpPCOB.
OKoI10 TOJIOBUHBI BCEX pa3padaThIBAEMbIX HBIHE U
HaMEUYEeHHbIX K pa3paboTke B OyaylieM MecTo-
POKIEHUH MOJIE3HBIX UCKOIIAEMbIX PACIIONIOKEHBI B
ropuctoil MecTHOCTU. ChlpheBasi 0a3a TOIUIMBHOM,
METATYPTUYECKOM, XUMHUYECKONM IMPOMBIIICH-
HOCTH, @ TaKXe INPEANPUATUN IO MPOU3BOICTBY
CTPOUTENIbHBIX MaTepuajoB IO Mepe OTpabOTKH
MECTOPOXKACHUM Ha paBHMHE HEYKJIOHHO CMe-
[IaeTCs B MaJIOOCBOEHHBIE, TPYJHOIOCTYIIHbIE pa-
HOHBI CO CIIO)KHBIMU TOIOTpapUUECKUMH  YCIIO-
BusMu. Hano oOpartutr BHMMaHue, 4yTO OoJibLIas
4acTb MECTOPOXACHMM B Topax IpUTrofHa JUIs
pa3pabOTKH SKOHOMUYHBIM OTKPBITBIM CITOCOOOM.

JlutepaTypHblii 0030p u Meroabl. Kak
U3BECTHO, HambOosee CIOoXKHas TEeXHOJIOTHYecKast
CUTyallMsi BO3HUKAeT NPU OTKPBHITOM pa3paboTke
MECTOPOXKACHHUM, T KapbepHbIE MOJIS LETUKOM
pacrosararoTcs Ha KpyToM CKIIOHE. Mexay TeM Bce
Oonblliee YUCIO TaKUX MECTOPOXKAECHUN Hame-
yaeTcst pa3pabaThIBaTh OTKPBITHIM CIIOCOOOM.

IlepBast knaccudukanusi HaropHbIX MECTO-
POKIIEHUM Obu1a MpeIoKEeHa J.C.
JlxaiimaramberoBeiM (puc. 1) [1]. B Helt Bce
MECTOPOXKACHMS Ppa3leleHbl 10 BUIY 3aJIEXKH,
KJIACCU(UKALMOHHBIMU TMPU3HAKAMH TPH  3TOM
ABIIAIOTCS: MECTOIIOJIOKEHNE 3aJIEKU OTHOCUTEIIb-
HO TOCIIOJICTBYIOLIETO YpPOBHS 3E€MHOH IOBEpX-
HOCTH W BEPIIUHBI TOPBI, MOIIHOCTh 3aJIEKH, YOI
HAKJIOHa €€ K TOpPU30HTY U, HaKOHEll, CTEIEHb
COIJIACHOCTH PACIIOJIOKEHUS 3aJeKU C penbedoM
Kocoropa (CorJiacHO, He COTJIacHO).

Jannas knaccudukanus moayyusia Haubob-
11ee pacrpoCTPaHEHHE U ChIrpaa MOJI0KUTEIbHYIO
pOJb B YIOPSAJOUYEHUU CBEJIECHUN 1O HaropHbIM
MectopoxaeHusam. Ha ocHose ee B.B. PxeBckuii
BBIIETIWII JIBa TUIIA MECTOPOXKJIEHUM: BBICOTHBIN U
BBICOTHO-TUIyOMHHBIH [ 1]. B mepBom ciydae mecto-
POXKIEHHE PACIIOIIOKEHO BBILIE MOCIOACTBYIOLIETO
YPOBHS TOBEPXHOCTH, BO BTOPOM - YACTUYHO BBILIE
u Huxe ero. COOTBETCTBEHHO Ha3BaHbl U BHJIBI
OTKpBITBIX pa3pabOTOK: HAaropHble W HaropHo-

riyOUHHBIE.
B knmaccudukanuu B.B. PxeBckoro (puc. 2)
UCTIONB3YIOTCS  JIOTIOJIHUTENbHBIE  Kiaccudpu-
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KallMOHHbIE TMpHU3HAKU: (GopMa 3alieku B BEPTHU-
KaJIbHBIX pa3pe3ax (paccpeloTOueHHas, COCPeo-
TOYCHHAs; HETPAaBWIIbHAS, TTATOOOpa3Hast) U, TJ1aB-
HOE, YroJl HakjoHa Kocoropa. Bmecre ¢ Tem, 1o
CPaBHEHUIO C MpeAblayleil Kiaccuduxanuent, psaa
JpYyrUux MPU3HAKOB OIIYIIEH, XOTA IIPU CIOBECHOM
ONKMCAHUU MECTOPOXKIACHUM OHU MPUCYTCTBYIOT.

Puc.1. Knaccugukayua nazopnuix
mecmopodxcoenuit /1.C. /icaiimazamoemosa.

Jlernenue 110 yriy Kocoropa
Jlenenue no popme 3anexu
BEPTHKAIBHBIX Pa3pesax

Tlonorue ckoHb!
(10°<<20°-24%)
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Puc.2. Knaccugpuxayusn nazopmoix
Mmecmopodicoenuil B.B. Pycesckozo.

Kpome omnucanHbIX [BYX, OOIIMX KIAcCH-
buKanuii, B IMTEpaType UMEETCS HECKOJIBKO YacT-
HBIX, pPAa3BUBAIOIIMX TOT WJIM HMHOW KJIacCu-
¢dbukanuoHHbI Tpu3HAK. Tak, Mo TpHU3HAKy pac-
ywieHeHHocTu penbeda 0. I1. ActadbeB aenur Bce
HaropHbl€ MECTOPOXKICHUS Ha TpU Ipynisl [2].

[lepBas BkIIOYaeT B ceOsl MECTOPOXKACHUS C
HECIIOKHBIM penbedoM, MOJTOTUMH CKIIOHAMH Top €
a0coIroTHOI BEICOTOH 10 500 M M OTHOCHUTEILHOM -
100-200 m. Bo BTOpyl0, MEPEXOIHYI TPYIITY
BXOJIIT MECTOPOXKJEHUS C OoJiee CIOKHBIMU
TOMIOTPAPUUECKUMH  YCIOBUSIMH, XapaKTEPU3YIO-
IIMMUCS HAJIMYMEM Top C KPYTbIMH CKJIOHaMH U
abcomoTHeIMH OTMeTKaMu 10 1500 M (oTHOCH-
tenbHbIMA 200-400 m). K tperseit rpynmne HO.IL.
AcTtapeB OTHOCHT MECTOPOKICHHS CO CKAJINC-
TBIMU XpeOTaMu U IIIyOOKHMH YIIENbSIMHU, a0COII-
IOTHbIE M OTHOCHUTEJIbHBIE OTMETKH BEPLIMH TOP
cocraBisAoT 6osee 1500 u 400 M COOTBETCTBEHHO.
Tun Tun it o
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3AJICKD»

Puc.3. Knaccugpuxayua nazopnix
MeCmopoHcOeHUIl NO NOTIOHCEHUIO 3ATIeHCU
(Kapvepnozo nonsn).

Oo0cyxnenne. B pa6ore C.A.Mnpuna [1] pas-
BUT TPU3HAK, CBA3BIBAIOIIMUN TOJOXKEHHE OTpa-
0aTpIBa€MON  OTKPBITHIM  CIIOCOOOM  3aJIeKu
(kapbepHOTO TOJIsI) OTHOCHUTEIHHO TOCIOACTBYIO-
IIET0 YPOBHS MOBEPXHOCTH C IIOJIOKEHHUEM €€
OTHOCHUTEJIBHO KOHTYpPOB BO3BBIIICHHOCTH (pHC.3).
[To sToMy MpU3HAKY B JOMOJHEHUE K BHICOTHOMY U
BBICOTHO-TJIYyOMHHOMY THIIaM BBIJEJIECHO €Ile TPHU
TUTA HATOPHBIX MECTOPOXKJIEHUH: KOCOTOPHBIH,
BEPIIUHHBIN U TN «ropa-3ajiexby». B mepBom ciy-
Yae BEpPXHHUI KOHTYpP KapbepPHOTO MOJI HE JOXOTUT
JI0 BEPIIUHBI TOPbI, BO BTOPOM - OH €€ 0XBaThIBaeT
MOJTHOCTBIO MJIM YacTHYHO. B MecTopokaeHusx
TPETHETO BBIJCICHHOTO THUIIA 3aJ€Kb ClaraeT BO3-
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BBIIIEHHOCTh LIEJTMKOM, JHOO OOJIBbIIEH YacThIO,
00bEMBI BCKPBIIIHN MPU 3TOM HE3HAYUTEIbHBI.
Brinenenne MecTOpOXICHHM, PacIoioKeH-
HBIX Ha KOCOTOpE, B OCOOBI THII UMEET OIpe-
NEJIEHHBIA TEXHOJIOTMYECKUH CMBICI. 34€Ch I
CHauu Kappepa B OJKCIUIyaTaluilo Heo0X0IuMOo
YAQUIATH 3HAYUTENBHBIN, 10 40-60% 001mero xKomm-
4ecTBa, 00bEM BCKPBIIIH, «HABHCAIOIIEH ) HAJT 3aJ1e-
KbIO. DTOT 00BEM OIpeAeNseTcs OpHEHTaIuen
3JI€KU OTHOCUTEIBHO CKJIOHA TOpHI, T.€. BCTYIAET
B cwiy wumeromuiics B kinaccudukanuu JI.C.
JlxaiimaramOeToBa TpPHU3HAK - CTENEHb COTJIAC-
HOCTH PACIOJIOKCHHS 3aJIeKU C HAKIOHOM KOCO-
ropa. KonmuyecTBeHHO HaHHBIN TPU3HAK MOXKHO
OLICHUTh BETMYMHON yTJia COTJIACHOCTH O paBHOTO

pPa3HOCTH YTJIOB TAJCHHS 3aJIe)KH 03 M HAKJIOHA
Kocoropa ¢ (m3Mensiercs B npeaenax 0°<0<180°).

3akiouenue. HaubGomee TsOKETbIA peXUM
TOPHBIX pabOT Ha Kapbepax CKIAIbIBACTCS MPU
0oTpabOTKE PYIHBIX TEJ, YXOMSIIUX IOJ KPYTOH
KOCOTOp JaJIEKO OT BEPIIUHBI TOPHI.

[Ipu cormacHOM K KOCOTOpY 3alieTaHUH
pyasoro tena (0<p-¢) yron mageHus 3auexu o3 HE
MIPEBBINIAECT YroJl OTKOca Hepabouero 6opta P, u
HaJI00HOCTh B pa3HOCE Jie)Kayero OoKa 3aliexkH
OTCYTCTBYeT. B 3TOM ciiy4aB 00BEM BCKpBIIIH,
MOJITISKAIICH YIAICHUIO B CTPOUTEILHBIN TTEPHOI,
MUHHMAJICH, a TIPU BBIXOJIC 3aJIe)KH Ha KOCOTOp -
paBeH HYJIIO.
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Annotatsiya. Ushbu maqgolada "Qalmoqqir” va "Yoshlik 1" qo ‘shma karyerlarining geologik-texnik
Xususiyatlari va qazib olish sharoitlari batafsil o ‘rganilgan. Karyer bortlari va pog‘onalarining
turg ‘unlik burchaklari, tog* jinslarining fizik-mexanik xossalari, darzlilik ko ‘rsatkichlari, yoriq tizimlari
va muhandislik-geologik sharoitlar chuqur tahlil gilingan. Karyer gazib olish jarayonida yuzaga
keladigan ko ‘chki va o ‘pirilishlar kabi xavflar, shuningdek, hududning yuqori seysmikligi sharoitida
kutilishi mumkin bo ‘Igan noqulay geologik jarayonlar tahlil gqilingan. Magolada qazib olish
texnologiyalarining murakkab sharoitlarda samaradorligini oshirish bo ‘yicha tavsiyalar keltirilgan.
Kalit so‘zlar: Qalmoqqir koni, Yoshlik I karyeri, tog* jinslari, geologik xususiyatlar, darzlilik, yoriq
tizimlari, muhandislik-geologik sharoitlar, gazib olish xavfsizligi, karyer bortlari.
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YCJOBUM PABPABOTKH KAPBEPOB KAJIBMAKBIP 1 EIIIJIUK I
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Annomayusn. B oannoii cmamve noOpooHO u3yueHvl 2e01020-MeXHUYeCKue XapaKmepucmuKku u ycioeus
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STUDY AND ANALYSIS OF THE GEOLOGICAL AND TECHNICAL
CHARACTERISTICS AND MINING CONDITIONS OF THE KALMAKYR

AND YOSHLIK I QUARRIES
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Abstract. This article provides a comprehensive study of the geological and technical characteristics and
mining conditions of the "Kalmakyr™ and "Yoshlik I" joint quarries. A detailed analysis was conducted
on the stability angles of slopes and benches, the physical-mechanical properties of rocks, fracture
characteristics, fault systems, and engineering-geological conditions. Risks of landslides and collapses
during mining processes, as well as potential adverse geological processes under the high seismicity
conditions of the region, were evaluated. Recommendations to enhance mining efficiency in complex
conditions are also provided.

Keywords: Kalmakyr quarry, Yoshlik | quarry, rock formations, geological characteristics, fracture

systems, fault lines, engineering-geological conditions, mining safety, quarry slopes.

Kirish. “Yoshlik 1 va Qalmoqqir” qo‘shma
karyerini  qurish  uchun uchastkani tanlash
Qalmoqqir va Yoshlik 1 konlari ma’dan tana-
larining (Markaziy, Baligti va Qorabuloq uchast-
kalarini o‘z ichiga olgan) joylashuvi, shuningdek,
karyer bortlarining yakuniy holati bilan belgilanadi.
Bort konstruksiyasi avtomobil, temir yo‘l va
konveyer transport bermalari, DPU maydonchalari,
MTP komplekslari, elektr ta’minoti va suv quyish
tarmoqlari hamda ishlab chigarish jarayonini
ta’minlovchi boshqa kommunikatsiyalarni joylash-
tirishni ta’minlashi kerak. Bundan tashqari, karyer
borti va pog‘onalarining turg‘un qiyalik bur-
chaklari, xavfsizlik bermalari parametrlari kor-
xonaning xavfsiz ishlashini ta’minlaydi.

“Yoshlik I karyerini qurish uchun ajratilgan
maydonda hozirgi vaqtda “Qalmoqir” karyeridan
ruda va tog* jinslarini tegishli ravishda MOF-1 va
Olmaligsoy otvallariga yetkazib berishni ta’min-
laydigan amaldagi Qalmogqir va Porodnoy temir yo‘l
stansiyalari joylashgan. “Yoshlik I’ karyerida kon
ishlarini rivojlantirish Qalmagir va Porodnoy temir
yo‘l stansiyalarini ko‘chirish (yoki tugatish va
mugqobil variantga almashtirish) muddatlarini hisob-
ga olgan holda bosgichma-bosgich amalga
oshirilishi mumkin.

Adabiyot tahlil va metodlar. “Yoshlik I”
koni. “Yoshlik I” koni doirasida to‘rtta yirik

shtokverkli ma’dan tanalari ajratilgan bo‘lib, ular
kon uchastkalarini tashkil giladi: Qalmogir, Mar-
kaziy, S.-Z. Baliqti, Qorabulog. Eng yirik va batafsil
o‘rganilgan Markaziy uchastka Qorabuloq va
Qalmoqgir yoriglari oralig‘idagi tektonik ponalarda
joylashgan shtokverkli ma’dan tanalarining bir
gismi hisoblanadi. Markaziy uchastkadagi shtok-
verkli ma’dan tanasi deformatsiyalangan ellipsoid
shaklida bo‘lib, kenglik yo‘nalishida 2,5 km ga
cho‘zilgan. Uning maksimal gqalinligi 1070 m,
o‘rtacha qalinligi 680 m. Ma’danli shtokverkning
yuqori chegarasi 30-150 m chuqurlikda o‘tadi,
pastki chegarasi 860 m chuqurlikka yetadi.

Ma’dan maydoni deyarli to‘liq to‘rtlamchi
davr yotqiziglari bilan qoplangan bo‘lib, ular lyos-
simon suglinkalar va qumloglar, shag‘allar, kong-
lomeratlar va brekchiyalar bilan ifodalanadi.
Lyossimon jinslar konning deyarli barcha hududida
1 dan 53 m gacha qgalinlikdagi goplama jins bilan
goplangan.

Ma’dan maydoni doirasida balans ma’da-
nining katta zaxiralari va qoplovchi tog* jinslarining
kichik qalinligi, shuningdek, ishlab chigarish ko‘la-
miga ko‘ra o‘xshash bo‘lgan Qalmoqqir konini
ishlatish tajribasi konni gazib olishni oldindan
belgilab berdi

“Yoshlik I” ochiq usulda.

Ochiq qazib olish chegarasidagi siyenito-
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dioritlar, dioritlar, granodiorit-porfirlar va kvarsli
porfirlardan iborat qoyali jinslar, asosan, turg‘un va
ularda yorigli giyaliklar mavjud, aynigsa, yoriglar
zonasida.

Intruziv kompleks jinslari uchun tektonik
yoriglar xos bo‘lib, ularning kengligi keng oraliqda
bo‘lib, 2-3 sm ga yetadi. Yoriglarning asosiy mas-
sasi kalsit, ba’zan kvars bilan to‘ldirilgan. Yorig-
larning ochiqgligi hatto yoriglar zonasida ham aha-
miyatsiz: 1-3 mm dan 5 mm gacha, yuqori gorizont-
larda 10 mm gacha yetadi.

Yoriglarning aksariyat gismida hududning
asosiy tektonik buzilishlari - Qorabulog va Qalmog-
qgir yoriglari bilan yaqgin yoki mos keladigan yotish
elementlari mavjud. Bu yoriglarga perpendikulyar
yo‘nalishda yoriglar ancha kam bo‘ladi. Bu qonu-
niyat Qalmoqgir va Qo‘rg‘oshinkondan olingan
karyerlardagi kuzatuvlarda gayd etilgan.

Tog* jinslarining barcha turlari uchun 0 dan
300 m gacha bo‘lgan chuqurlik oralig‘ida darzli-
likning eng yuqori giymatlari kuzatiladi, bu 1 pogon
metrga 70 tagacha darzliklarni tashkil etadi.

Qalmoqgqir va Qo‘rg‘oshinkon karyerlarida
olib borilgan kuzatuvlar natijasida burchaklari 70—
90° bo‘lgan yoriglar, hatto ular o‘yiq tomonga
yo‘nalgan bo‘lsa ham, qiyalikning turg‘unligiga
sezilarli ta’sir ko‘rsatmasligi aniqlangan. Aksincha,
o‘pirilishlar asosan 0‘yiq tomonga 35-55° burchak
ostida joylashgan yoriglarda sodir bo‘ladi.

Tog* jinslarining fizik-mexanik xossalarini

o‘rganish loyihalashtirilayotgan karyer bortlarining
barqarorligini ta’minlaydigan fizik, mustahkamlik
va deformatsion ko‘rsatkichlarni aniglashga imkon
berdi.

“Yoshlik I koni goyali jinslarining fizik-me-
xanik xossalari 1-jadvalda keltirilgan.

Shunday  qilib,  siyenitodioritlar  eng
mustahkam jinslardir. Mustahkamlik ko‘rsatkichlari

giymatlarining katta tebranish diapazoni tog*
jinslarining turli darzlanganligi va yoriglar
to‘ldiruvchisining tabiati bilan bog‘lig.

Aniqlanishicha, agar yoriqlarni to‘ldiruvchi ma’dan
mineralizatsiyasi (pirit, xalkopirit) bilan ifodalansa,
tog‘ jinsining mustahkamligi nisbatan kam (300
kgs/sm? gacha). Asl o‘zgartirilgan material eng
mustahkam to‘ldiruvchi hisoblanadi.

Qalmoqgqir koni. Qalmoqqir koni geologik
jihatdan asosan turli tarkib va yoshdagi otgindi
jinslar ishtirok etadi. Eng gadimgi otgindi jinslar
asosan chuqurlikda rivojlangan konning janubi-
shargiy qismida yuzaga chigadigan kvarsli
porfirlardir. Yotish shakli gatlamsimon. Xuddi
shunday yotish shakliga ega bo‘lgan granodiorit-
porfirlar konning markaziy va janubi-shargiy
gismlarida uchraydi.

Siyenitodioritlar eng ko‘p tarqalgan bo‘lib,
maydonning 70% dan ortig‘ini tashkil qiladi.
Siyenitlar Katta Qalmoqqgirda markaziy shtok
yaginida uchraydi. Dioritlar Olmaligsoy konining
g‘arbiy qismida rivojlangan. Granodiorit-porfirlar

1-jadval
“Yoshlik I” koni qoyali jinslarining fizik-mexanik xossalari
Siyenito-dioritlar Dioritlar
Kuchsiz- O‘rtacha- Kuchli- Kuchsiz- O‘rtacha- Kuchli-
Ko‘rsatkichlar nomi o‘zgartirilgan | o‘zgartirilgan | o‘zgartirilgan. | o‘zgartirilgan | o‘zgartirilgan | o‘zgartirilgan.

1. Hajmiy og‘irligi, g/sm* 2,57-2,94 2,54-2,81 2,52-2,91 2,64-3,06 2,61-2,95 2,64-3,01
2. Solishtirma og‘irligi, g/sm® 2,77 2,80 2,79 2,82 2,87 3,0
3. Umumiy g‘ovaklik 6,81 8,40 7,92 6,10 8,93 9,98
4. Samarali g‘ovaklik, % 0,5-1,69 2,23 1,15-1,25 0,5-0,9 0,35-1,78 1,15-1,25
5. Sigilish garshiligi, kgs/sm?
- tabiiy holatda 202-2173 118-1147 231-842 180-1761 425-1000 740-780
- suvga to‘yingan holatda 47-1232 - - 411-921 - -
6. Suv yutuvchanligi, % 0,03-0,71 0,89 0,48 0,1-0,67 0,69 0,60
7. Cho‘zilishga bo‘lgan qgarshilik, kgs/sm®

40-250 39-168 148-165 195-235 138-145 146-170
8. llashish kuchi kg/sm® 44-357 58-120 38-130 30-370 96-205 55-198
9. Siljish burchagi, grad. 61-80 50-65 45-48 43-46
10. Yumshatish koeffitsiyenti 0,22-0,92 - 0,26-0,86 -
11. Elastiklik moduli 4,6-5,4x10° 4,0-4,6x10° 4,2-6,21x10° 3,8-4,5x10°
12. Puasson koeffitsiyenti 0,20-0,23 0,19-0,31 0,21-0,26 0,25-0,30
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to‘rtta shtoksimon tanalardan iborat bo‘lib, planda
shimoli-g‘arbiy yo‘nalishda cho‘zilgan oval shaklga
ega. Daykali hosilalar orasida aplitlar, siyenit-diorit-
porfirlar, qora granodiorit-porfirlar, dioritli va
diabazli porfiritlar keng rivojlangan

To‘rtlamchi davr yotqiziqlari, asosan, o‘rta-
cha qalinligi 8,4 m bo‘lgan lyossimon jinslardan
iborat bo‘lib, past gatlamlarda galinligi 40 m ga
yetadi, baland gatlamlarda asta-sekin 0,1-0,3 m
gacha kamayadi.

Qalmoqgqir konining maydoni subkenglik va
shimoli-sharqiy yo‘nalishdagi bir qator yirik -
Qorabulog, Qalmoqgir, Shimoliy-Qorato‘g‘li va
kichikrog - Markaziy, Janubiy va Tog‘op yer
yoriglari, shuningdek, bir qator siniq tektonik
buzilishlar bilan kesishgan. Ushbu buzilishlarning
tavsiflari va ularning tog* jinslarining muhandislik-
geologik tavsiflari va massivning turg‘unligini
baholashdagi roli hisobotning tegishli bo‘limlarida
keltirilgan.

Barcha litologik xilma-xilliklarning ganotlari
va chuqur gorizontlarini tashkil etuvchi tog® jins-
larining fizik xususiyatlari bir-biriga juda yaqgin
giymatlarga ega: hajmiy massa 2,66-2,71 g/sm?,
solishtirma massa - 2,70-2,78 g/sm?, suv singdirish
- 0,40-1,35%, g‘ovaklik - 0,4% dan 3,8% gacha
o‘zgarib turadi.

Geologik tavsifi va muhokamalar. Namu-
nadagi tog* jinslarining mustahkamlik xususiyatlari

keng oraliqda o‘zgarib turadi (2-jadval). O‘rgani-
layotgan maydondagi eng mustahkam jinslar kon-
ning shargiy va janubi-g‘arbiy qganotlarini tashkil
etuvchi granodioritlardir.

Suvga to‘yingan holatda tog® jinslarining bir
o‘qli siqilishga qarshiligi o‘rtacha 26,4% ga kama-
yadi, granodiorit-porfirlarda 9,6% dan granodiorit-
larda 34,3% gacha o‘zgaradi.

Kon intruziv, effuziv va cho‘kindi jinslar maj-
muasining mustahkam jinslaridan tashkil topgan;
barcha turlari namunaning mustahkamlik ko‘rsat-
kichlarining yuqori qiymatlari va o‘xshash fizik
xususiyatlari bilan tavsiflanadi; ba’zilarida jinslar
xilma-xilligining mustahkamlik ko‘rsatkichlari chu-
qurlik ortishi bilan, xususan, dioritlar va grano-
diorit-porfirlarda ortib boradi, siyenit-dioritlar va
kvarsli porfirlarda esa qonuniy o‘sish yoki kama-
yish kuzatilmaydi; jinslarning fizik-mexanik xos-
salaridagi asosiy o‘zgarishlar darzlanish bilan, ay-
nigsa mustahkamlik ko‘rsatkichlarida bog‘liq.
Mustahkamlik ko‘rsatkichlarining maksimal qiy-
matlari massiv, kuchsiz darzdorlikka ega tog*
jinslariga, o‘rtacha qiymatlari esa yoriq buzilish-
lariga yaqin joylashgan o‘rtacha darzlangan tog‘
jinslariga, minimal giymatlari esa bevosita yoriq
buzilishlarining ta’sir zonasidagi kuchli darzlangan
tog‘ jinslariga to‘g‘ri keladi.

Har bir litologik jinslar fargida 4 tadan 6
tagacha yoriq tizimlari ajratilgan.

2-jadval

Qalmogqqir koni yon va chuqur gorizontlari tog‘ jinslarining fizik-mexanik
xossalarining tajribaviy va o ‘rtacha giymatlari

. Suvga to‘yingan
_ e . | Tabiiy holatda ga o ymg
- Solishtirma | . .., | Bo‘linishdagi A X holatda
e . Suv Hajmiy s Gfovaklilik, - sigilishdagi B .
Tog* jinsi nomi o s 3| og‘irligi, 0 mustahkamlik . sigilishdagi
yutilishi, %| og‘irligi, g/sm 3 % . mustahkamlik .
g/sm chegarasi, MPa . mustahkamlik
chegarasi, MPa )
chegarasi, MPa
Siyenito- ,018-063 263-270 | 267-274|  040-288|  52-144 | 7001-1651 | 6331445
dioritlar ' 84 ' 84 : 78 : 78 22— S—ar b~
Burt g0 =289 259-279 | 271-298 [  Ti7-370 - 109-3L1 | 6AI-1271 ouo 86848
trykme : 20 : 90 : 90 : 920 : 920 : 90 : 90
Granodiorit  loss =087 5 g 204 =273 |, 270-285| ' 0S5-183 | | 74141 | " O#8-2021 | 516- 1490
: 18 : 18 : 18 : 18 T2 : 18 : 12
Granodiorit- 10— 164 262-267 | 268-298| . 0.61-259 53052 oa6341 =839 5 2291091
porfirlar ' 36 ' 36 ' 36 ' 36 ' 30 ' 30 ' 24
Kvars 15 260-238  250-257 | 267-271| 275-525| _ 37-93 4oq 300764 245257 =546
porfirlar ' 30 ' 30 ' 30 ' 30 ' 24 ' 30 ' 30
Ohaktosh Lz 24=359 ,,,259-277 | 272-282]  321-451|  71-135 o 1722 4gq 331551
: 18 : 18 : 18 : 18 ° 18 ' 18 : 18
. Chapda - o‘rtacha giymatlar,
I1zoh: . . . . . .
O‘ngda - suratda eksperimental giymatlar - maxrajda - o‘lchovlar soni
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Konning katta qismini tashkil etuvchi
siyenito-dioritlarda, shuningdek dioritlarda yagin
kenglik, shimoli-shargiy, submeridional va shimoli-
g‘arbiy tizimlar ustunlik qiladi.

Tog* jinslarining chuqurlikdagi solishtirma
darzliklarining o‘zgarishi aniqlandi. O°‘zgarish
asosan yirik tektonik yoriglarning yaginligiga
bog‘liq holda kuzatiladi.

Kon maydoni bo‘yicha yuqori gorizontlardagi
tog* jinslarining yuqori darzlanganligi kuzatiladi.
Bu, aftidan, massivning tektonik buzilishiga, tog*
jinslarining nurashiga, portlovchi jinslar bilan
ishlashga bog‘liq bo‘lib, ularning massivga ta’sir
radiusi 50-70 m ga yetadi. Umuman olganda,
chuqurlik bilan tektonik buzilish zonalaridan
tashqaridagi tog* jinslarining darzlik parametrlarida
ma’lum darajada pasayish tendensiyasi kuzatiladi.

“Unipromed” instituti tomonidan 5 ta asosiy
yoriq tizimi ajratilgan:

Azimut cho‘zilish,  Burchak, grad.
grad.
I —40-80 55-80
I —70-110 50-80
I —110-145 50-80
IV —230-245 55-70
vV  —270-320 50-85

Bundan tashqari, karyer bortlari pog‘onalari-
ning ustuvorligini belgilovchi yirik yoriglarning 5 ta
asosiy tizimi ajratildi: 300-10; 15-90; 110-160; 170-
240; 250-300 daraja.

Yoriq zonalari yaginida yoriglarning intensiv-
ligi maksimal bo‘lib, 60-70 tr/p.m.ga yetadi. (kern
bo‘yicha), yoriq bo‘shliq koeffitsiyenti 4,2-5,2% ga
yetadi. Yoriglardan 10-13 m va undan ortiq maso-
fada kuchli darzlangan jinslar zonasi ajralib turadi,
bu 30-40 tr/p.m. solishtirma darzlilik va 1,37-4,27
yoriq bo‘shliq koeffitsiyenti bilan tavsiflanadi.

Tektonik yoriglar ta’sir zonasidan tashqa-
ridagi tog‘ jinslari o‘rtacha va kuchsiz darzliklarga
ega bo‘lgan massiv tog* jinslari sifatida tavsiflanadi.
Darzlik intensivligi mos ravishda 10-30 m/s (o‘r-
tacha darzlangan) dan 5-10 m/s (kuchsiz darz-
langan) gacha, darzlik bo‘shliq koeffitsiyenti 1,5%
dan kam.

Qazib olish jarayonida karyer yonbag‘irlari va
bortlarida ko‘plab ko‘chkilar, o‘pirilishlar va o‘piri-
lishlar hosil bo‘ladi.

Barcha ko‘chki va o‘pirilishlar, shuningdek,
qiyaliklarning to‘kilishi noqulay - taxminiy tektonik
buzilishlar, ularning parchalanish zonalari, uzluksiz
cho‘zilgan yoriglar va nisbatan past mustahkamlik
ko‘rsatkichlari bilan tavsiflangan tog‘ jinslarining
yuqori darzlilik uchastkalari bilan bog‘liq. Shu
munosabat bilan deformatsiyalangan massalarning
hajmlari va ularning namoyon bo‘lish chastotasi
juda xilma-xildir. Ko‘chki massalarining hajmi 10
ming m3 dan 4 min m® gacha, ko‘chki massalarining
hajmi esa bir necha yuz kub metrdan 200 ming m®
gacha va hokazo.

Ekspluatatsiyaning  kon-texnik  sharoitlari
buzilganda ko‘chkilar, o‘pirilishlar, o‘pirilishlar va
qulashlar rivojlanishi mumkin. Ular asosan uzilmali
buzilishlar va zaiflashgan zonalar (maydalangan
zonalar, turli jinslar kontaktlari) bilan bog‘liq
bo‘ladi. Ushbu jarayonlarning jadalligi va hajmi
karyer chuqurligining oshishi bilan bog‘liq holda
ortib boradi.

Ko‘rib chigilayotgan konni gazib olishning
muhandislik-geologik sharoitlari bo‘yicha murak-
kab turga kiritish mumkin, chunki geologik-
tektonik sharoitlarning yetarlicha murakkabligi
bilan bir gatorda, Markaziy Osiyo mintagasida
chuqur gorizontlarni ochiq usulda ishlatish tajribasi
mavjud emas. Karyer maydonining darzlanish dara-
jasiga ko‘ra kuchsiz, o‘rtacha va intensiv darz-
langanlari ajratiladi. Jinslarning kuchsiz darzlangan
uchastkalari uzilmali buzilishlar zonasidan tash-
qarida joylashgan bo‘lib, bu yerda darzlarning
zichligi 1 metrda 8-10 darzdorlikdan oshmaydi.
Tog* jinslarining o‘rtacha darzlangan uchastkalari
uzilmali buzilishlar yaginida va pastroq tartibdagi
patsimon uzilmalar zonasida joylashgan. Bunda
yoriglarning zichligi sezilarli darajada 1,5 mar-
tagacha ortadi. Intensiv darzlangan joylar barcha
tartibdagi uzilmali buzilishlarga yaqin joylashgan,
darzdorliklarning zichligi boshga joylarga nisbatan
2 va undan ortig marta yuqori.

Tadqgiqot hududi tog*® jinslarining fizik-
mexanik xossalari tahlili shuni ko‘rsatadiki, barcha
litologik xilma-xilliklarda chuqurlik bilan tog*
jinslarining fizik xossalarida sezilarli o‘zgarishlar
kuzatilmaydi, ularning o‘zgarishi darzlilik va
(kamroq darajada) namlanish bilan bog‘liq.
Mustahkamlik ko‘rsatkichlarida ham o‘zgarishlar
darzlilik va kam darajada namlik, ikkilamchi
o‘zgarishlar bilan bog‘liq.
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Karyer maydonining kengayishi va gazib
olish chuqurligining oshishi bilan karyer konfi-
guratsiyasi va bortlarga nisbatan uzilmali buzilish-
larning joylashuvi o°‘zgaradi. Bundan tashgqari,
hududning yuqori seysmikligi sharoitida chuqur
gorizontlarni ochiq usulda ekspluatatsiya gilish
tajribasi mavjud bo‘lmaganda, mikro- va mak-
rotektonik bloklarning bir jinsli emasligi va bort-
larda tog‘ jinslarining notekis namlanishi mavjud
bo‘lganda, kutilmagan muhandislik-geologik jara-
yonlarning rivojlanishi ehtimolini istisno gilmaydi.

Xulosa. Qalmoqqir va Yoshlik I qo‘shma
karyerlarining geologik-texnik xususiyatlarini o‘r-
ganish natijalari tog* jinslarining fizik-mexanik
xossalari, darzlilik va yoriglarning hududiy tagsim-
lanishini tahlil qilish orqgali qgazib olish jara-
yonlarining samaradorligini oshirish bo‘yicha
muhim xulosalar chigarishga imkon beradi.

Tog* jinslarining darzlanish darajasi qazib
olish jarayonidagi asosiy xavflardan biri ekanligi
aniglangan. Aynigsa, yuqori darzlangan joylarda
yoriglarning zichligi va yoriq bo‘shliq koeffitsiyenti
katta bo‘lib, bu ko‘chki va o‘pirilishlar xavfini
oshiradi. Karyer bortlari va pog‘onalarining tur-
g‘unlik  burchaklarini  optimallashtirish  orqali
konning xavfsizligini ta’minlash mumkin.

Hududning yugori seysmikligi va geologik
murakkabligi tufayli gazib olish jarayonida kutil-
magan muhandislik-geologik jarayonlar rivojlanishi
ehtimoli istisno gilinmaydi. Shuning uchun gazib
olish texnologiyalarini qo‘llashda zamonaviy mu-
handislik yondashuvlarini joriy etish tavsiya etiladi.

Maqola gazib olish sharoitlarini yaxshilash,
xavfsizlikni ta’minlash va murakkab geologik sha-
roitlarda samarali texnologiyalarni tatbig etish
bo‘yicha amaliy tavsiyalarni o‘z ichiga oladi.
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Annotatsiya. Rudani gayta ishlash hajmini oshirish, texnogen chigindilar, giyin gayta ishlanuvchi
rudalar va balansdan tashqgari past navli chigindilarni utilizatsiya gilish, gimmatbaho metallar ishlab
chigarishda tabiiy minerallar o ‘rnini bosuvchi texnogen foydali qazilmalarni qayta ishlashga jalb etish,
noyob metallarni gazib olish texnologiyalari va sanoat chigindilaridan noyob va gimmatbaho metallar
olishning yangi texnologiyalarini ishlab chigish, gimmatbaho metallarni gazib olish darajasini oshirish
uchun mavjud texnologiyalarni takomillashtirishga alohida e’tibor qaratilmogda.

Kalit so ‘zlar: Qora slanes, kuydirish, shixta, vanadiy tarkibli kuyindi, texnik soda.
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STUDY OF OPTIMAL PARAMETERS OF THE ROASTING PROCESS OF
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Abstract. Particular attention is paid to the improvement of existing technologies for increasing the
volume of ore processing, utilization of man-made waste, difficult-to-process ores and off-balance low-
grade waste, involvement in the processing of man-made minerals that replace natural minerals in the
production of precious metals, development of technologies for the extraction of rare metals and new
technologies for the extraction of rare and precious metals from industrial waste, development of new

technologies for the extraction of precious metals.

Keywords: Black shale, roasting, charge, vanadium-containing cinder, technical soda.

Kirish. Yurtimizda vanadiy tarkibli ma’dan
xom ashyolaridan keng turdagi jahon talablariga
mos keladigan vanadiyli katalizatorlar ishlab chiqa-
rishda, po‘lat ishlab chiqarish sanoatida ligerlovchi
elementi va ferroqotishmalar sifatida qo‘llash so-
halarini kengaytirish, ishlab chiqarish tannarxini
pasaytirib, sifat jihatidan yuqori darajaga olib chi-
qish bo‘yicha ko‘plab ilmiy amaliy natijalarga
erishilmoqda [1].

Respublikamizda ishlatilgan vanadiyli katali-
zatorlardan vanadiyli oraliq mahsulotlar olish bo‘yi-
cha qator tadqiqotlar olib borilgan, shuningdek qora
slanes uran-vanadiyli rudalardan vanadiy ajratib
olish bo‘yicha NKMK AJ mutaxassislari tomonidan
qator ilmiy tadqiqotlar o‘tkazilgan. Respublikada
vanadiy po‘lat ishlab chigarishda va ferroqotish-
malarda ligerlovchi element sifatida keng qo‘l-
lanilib kelinmoqda, ishlab chiqariladigan vanadiy
mahsulotlarining tannarxini pasaytirish va ularni
sifat jihatidan yuqori darajaga olib chiqish dolzarb
vazifa hisoblanadi [2].

Maqola Markaziy Qizilqum qora slanes
ma’danlarini biriktirib kuydirish natijasida vanadiy
tarkibli kuyindini ajratib olish texnologiyasini
yaratishga bag‘ishlangan bo‘lib o‘z ichiga quyi-
dagilarni oladi.

Adabiyot tahlil va metodlar. Markaziy
Qizilqumning qora slanes rudalarining asosiy tadqiq
gilingan konlari asosan Auminzatov tog‘larida
joylashgan. V20s miqdori 0,5 dan 2,8% gacha, ba'zi
na’munalarda V205 miqdori 9% ga yetadi. V205

ning o‘rtacha miqdori balansli ma’danlarda 1,12%,
balansdan tashqari ma’danlarda esa 0,8% ni tashkil
qiladi. Tog‘jinslarning tarkibi va tabiatiga ko'ra
rudalar aralash silikatli va aluminosilikatli turlariga
kiradi. Ma’dan mineral komponentlarini asosiy
tarkibi oksidlardan iborat [3].

Vanadiyning ko‘p qismi vanadatlar - roskoelit
(murakkab tarkibli mineral), folbortit va korvusit
bilan bog‘langan holda uchraydi. Vanadiyning kam-
roq qismi esa uranavanadatlar tarkibida bo‘ladi.
Shuningdek qora slanes ma’danlarining minera-
logik tarkibi o‘rganildi va 1-jadvalda ntijalar
keltirilgan.

1-jadval

Qora slanes rudalaridagi vanadiyning

minerologik tarkibi

V ning
. mineral
. Mineral e
Mmergl . Mineral formulasi tarkibidagi V ta_rklblga
nomlanishi . . nisbatan
miqdori, % . L
tagsimlanishi,
%
Roskoelit KV;[AlSi3010][OH], 22,8 60-65
Korvusit V204'6V205'nH20 31,5 15-20
Tuyamunit | CaO-2UO3zV,05H,0 10,6 2-5
Karnotit Kz[UOz]z[VO4] '3H20 20,2 8-10
Qora slanes rudalarining murakkabligi

shundaki ularning Kkatta gismida murakkab tarkibli
mineral roskoelit ko'rinishidagi vanadiy mavjudligi
bilan bog'lig bo'lib, bu ushbu turdagi uran-vanadiy
konlarini sanoatda o'zlashtirishni giyinlashtiradigan
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asosiy sabablardan biridir [4].

Tanlab eritishda reagentni tanlash uchun ruda
tarkibi aniglanadi, tanlab eritishga tayyorlanadi, va
quyidagi shartlarga javob berishi kerak:

Foydali komponent minerallarini tanlab eri-
tish; texnologik jihozlarga nisbatan past agressiv-
ligi; reagentning arzonligi va uni ishlab chigarish
ko'lami; atrof-muhitga zararli ta’sirlarning kamligi;
foydali komponentlarga nisbatan oksidlovchilik
xususiyatining mavjudligi yoki oksidlovchining
komponentlarni yaxshi erituvchanlikka muvofigligi

[3].

Rudani tayyorlash bosgichining texnologik
sxemasi quyidagi jarayonlarni o‘z ichiga oladi:
gazib olingan rudalarni foydali komponent tarkibi
bo'yicha saralash, maydalash, g°alvirlash, uyumni
uyish, aylanma eritmalar orqgali sulfat Kislotaning
kuchli eritmasi bilan eritish, shtabelni suv bilan
yuvish va undan keyin samarali eritmalarni komp-
leks gayta ishlash (1-rasm).

1-rasm. Qora slanes rudalarini boyitish
Jjarayonining dastgohlar zanjir sxemasi.

Natijalar. Biz avval ma’danni qayta ishlashga
tayyorlashning tayyorlov jarayonlarini o‘tkazdik va
qizdirib biriktirish ko‘machlash bilan materialni
kuydirishning magbul sharoitlari aniqlandi, chunki
materialda uglerodning yuqori miqdori mavjud
bo‘ladi va undagi vanadiy oksidlangan holatda
bo‘ladi, bunda erish darajasi ancha past bo‘ladi.
Tadqiq qilish magsadlar uchun ma’dan namunalari
350 mm dan 5-10 mm gacha yiriklik bilan jag‘li
maydalagichlarda yanchildi [6]. Mahsulotni kuydi-
rish va tanlab eritish jarayonlari yuzasi yupqa
bo‘lgan mahsulotni talab qilishini bilganimiz uchun,
biz vanadiyli ma’danni bir bosqichli sharli tegir-
monlarda yanchdik. Tadqiqotlar shuni ko‘rsatdiki,
ma’danli xom ashyodan V20s ajratib olish
jarayonida 1 mm o‘lchamli mahsulotni yanchish

darajasi 80-90% tashkil etadi va bu qizib birikishi
va sulfat kislota bilan tanlab eritish uchun maqgbul
sharoitlar sanaladi. Qizib birikishga va tanlab
eritishga duch qilingan ma’danning 0,25-0,083 mm
o‘lchami uchun biz olgan natijalardan 1 mm
o‘lchamli ma’dan natijalari farq qilmadi. Shuning
uchun kuydirish tanlab eritish uchun maqbul
sharoitlar sifatida biz 1 mm maydalikdagi ma’danni
tanladik. Tadqgiqotlarda shu narsa aniqlandiki, aynan
maydalashning 1-bosqichli sxemasi va yanchish-
ning 1-bosqichli sxemasi tanlangan.

Vanadiy tarkibli ma’danni maydalashdan
so‘ng biz shixtani kuydirish (qizib birikish) jara-
yoniga tayyorlaymiz. Buning uchun vanadiyni
suvda eriydigan ko‘rinishga o‘tkazish lozim.

Ma’danni kuydirish kinetikasi

Texnik tarozilarda 1 kg massali tanlangan
ma’danni o‘lchandi va unga 30 gr texnik soda
qo‘shib shixtani tayyorlandi. Shundan so‘ng uni
mufel pechga kuydirish uchun qo‘yamiz. Kuydirish
jarayonini tadqiq qilish har xil haroratlarda olib
boriladi, 700-900°C haroratlar oralig‘ida, vaqt ora-
liglari 4 soatni tashkil qiladi.

Kuydirish vaqtida ma’dan har 20-30 daqiqada
aralashtiriladi. Kuydirish jarayoni tugagandan
so‘ng, biz kuyindi massasini o‘lchashimiz mumkin.
Shunda biz massa kamayganligini ko‘ramiz. Buning
asosiy sababi shundaki, ma’dandagi karbonat yu-
qori haroratlarda parchalanadi va karbonatning
uchuvchanligini keltirib chigaradi. Bunda karbo-
natli tuzlar quyidagilarga parchalanadi:

NaxCO3=NaO+CO

CaCOz = CaO + CO2

MgCO3 = MgO+ CO2

2-jadval
Natriy tarkibli birikmalarni qo ‘shish bilan
qizdirib biriktirish natijalari: Tajriba Nel
Vanadiyning dastlabki migdori 6700 gr/t, t=700
OC, texnik soda sarfi NaCOs 30 grikg

Ne Kuydirish Sthta. Kuymo“ KhL.'y.' nﬁ.'
tir Vaqti daq massasi, massasi, C IQIS 1,
' g g %
1 30 1030 | 101585 | 98,63
2 80 1030 | 1008,77 | 97,94
3 120 1030 998,93 96,98
4 200 1030 975,53 94,71
5 240 1030 945,44 91,79
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2-rasm. Qora slanes rudalarini kuydirish
jarayonida kuyindi chiqishining vaqtga

bog ligligi.

Biz ma’danni 700°C haroratda kuydirgani-
mizda uning rangi kulrangga o‘zgaradi. Ma’danni 4
soat davomida kuydirganimizda, u yopishmaydi.
Kuydirish jarayonining asosiy mohiyati shundaki,
bunda yuqori haroratlarda uglerod karbonatli gaz
ko‘rinishida parchalanadi hamda go‘shilgan natriy
tarkibli materiallar vanadiy oksidlari bilan birla-
shadi va suvda hamda kislotali muhitlarda yaxshi
eriydigan natriy vanadat hosil bo‘ladi [7].

3-jadval
Natriy tarkibli birikmalarni ge ‘shish bilan
qgizdirib biriktirish natijalari: Tajriba Nel
Vanadiyning dastlabki migdori 6700 gr/t, t=800
OC, texnik soda sarfi Na,COs 30 gr/kg

No | Kuydirish | Shixta | Kuyindi ';‘.‘y.'”ﬁ.'
t/r Vaqti daq massasi, massasi, C IC]IS |,
: g g %
1 30 1030 | 99058 | 9617
2 80 1030 | 97023 | 9419
3 120 1030 | 92045 | 8936
4 200 1030 | 90653 | 8801
5 240 1030 | 89545 | 86,94

Kuyindini chigishi, %
S
Kuyindining massasi, gr

30 80 120 200 240

B K uyindini chiqishi, % ===Kuyindini massasi, g Kuydirish vaqti, min

3-rasm. Qora slanes rudalarini kuydirish

Jjarayonida kuyindi chiqishining vaqtga
bog ‘ligligi.

800°C haroratda qora slanes ma’danlarini
natriy karbonat qo‘shib kuydirganimizda kuyin-
dining rangi jigarrang tusga kirdi va bir-biri bilan
birikib golmadi. Bunday haroratda olingan kuyin-
dimiz tarkibidagi natriy vanadat keyingi tanlab eri-
tish jarayonlarida eritmaga o‘tish darajasi yuqori
bo‘lganligi kuzatildi [8].
4-jadval
Natriy tarkibli birikmalarni ge ‘shish bilan
qizdirib biriktirish natijalari: Tajriba Nel
Vanadiyning dastlabki migdori 6700 gr/t, t=900
oC, texnik soda sarfi Na2COs 30 gr/kg

Ne Kuydirish Sthta. Kuymcﬁ Khl.Jy.' nﬁ.'
t/r Vaqti daq massasi, massasi, C IQIS I,
’ g g %

1 30 1030 945,53 91,8
2 80 1030 923,45 89,65
3 120 1030 895,72 86,96
4 200 1030 825,55 80,15
5 240 1030 787,46 76,45

100 18 1000

89,65
6,96
% 5 900
W“
80 ~ 787,46 800

Kuyindini chigishi, %
]
Kuyindining massasi, gr

9
30 80 120 200 240
B K uyindini chigishi, 0% === uyindini massasi, g Kuydirish vaqti, min

4-rasm. Qora slanes rudalarini kuydirish
Jjarayonida kuyindi chiqishining vaqtga
bog ‘ligligi.

900°C haroratda qora slanes ma’danlarini
natriy karbonat qo‘shib kuydirganimizda kuyindi
bir-biri bilan birikib qoldi va keyingi tanlab eritish
jarayonlarida eritmaga o‘tish darajasi juda past
bo‘lganligi kuzatildi [9].

Xulosa. Kuydirish jarayonini tadqiq qilish har
xil haroratlarda 700-900°C harorat oraliglarida, 4
soat vaqt oraliglarida o‘tkazildi. Kuydirish uchun
maqgbul harorat sifatida 800°C deb belgilandi,
vanadiyning bog‘lovchi materiali uchun natriy
karbonatning dastlabki materialning 3% li massasini
go‘shish bilan 4 soat davomida o‘tkazildi, kuyindi
chiqishi 86,94% tashkil etdi. Kuydirish natijasida
dastlabki shixta massasi kuyindi massasiga
garaganda kamaydi, qaysiki bu harorat tartibi bilan
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