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K BOIPOCY OINTUMUIALIMN COCTABA AJTIOMOMATPUYHbIX
KOMIMO3NTOB AJ151 TPON3BOLCTBA
MALUNHOCTPOUTEJIbHbBIX 3AIFOTOBOK

Paboma nocesawena onmumuzayuu cocmaea 2ubpuUOHvLX (MpexKoMNnOHEeHNHbIX)
ANIOMOMAMPUYHBIX KOMNO3UMOB, KOMOPble KAK U Hauboiee uWupoKo UCnoIb3yemble
8  MAUWUHOCMPOUMENbHOU — OMpPACAU — CMANbHBLIX — 3A20MO6KU,  ABIAOMCH
NPOYUHBIMU, HO NPU DMOM OMAUYAIOMCA OM HUX 3HAYUMENbHO JIecKUM 6ecoM U
Koppo3uoHHocmotuikocmuio. Ilpednazaemcsi mumopnas Oobaska (apmuposarue)
8 MampuyHblll AIIOMUHUL OUOOpUOd MUMAHA U HAHOOUCHEPCHO20 OUOKCUOd
KpeMHUs (HAHOCUNUKU), KOMOpble OKA3bIBAIOM NOJIONCUMENbHOE GIUAHUEe HA
makue 0OCHOBHbIE MeXAHUYeCKUe C8OUCMBA MAUUHOCHPOUMENTbHBIX 3A20MOB0K KAK
NPOYHOCMb, NAACMUYHOCTb, MBEPOOCMb, HO NPU IMOM He YXyouidem XapaKmepHule
011 UCXOOHO20 HeapMUPOBAHHO20 ANIOMUHUA AHMUKOPPOIUOHHbIE CBOUCMEA U
He Npusooum K YGeiudeHuro ooujell mMaccvl MAWUHOCMPOUMENbHBIX 3A20NMOBOK.
s yemanoenenusi 3a8UCUMOCTU  GbIULEYKA3AHHBIX NOKA3amenell Mexanuieckux
ceoticms (napamemp onmumusayuu Y) cubpuoOHo20 artoMOMAMPUYHOLO KOMNOZUMA
om codepoicanusn apmupyiowux Hanornumenei (gaxmopor X, u X,) 6vin npoeeoen
npeosapumenvHulll  08YX(AKMOPHLIIL IKCNEPUMEHm ¢ ONUCAHUEM YCIO08Ull €20
nposedenuss U COCMAasieHuemMm Mampuysbl NIAHUPOBAHUS, KAPMbl NPOBEOeHUs
akcnepumenma. Onpeodenensl KOIPpuyuenmul pecpeccuu, 8bla61eHA UX SHAUUMOCHb
U € UCNONIL30BAHUEM ZHAYUUMBIX KOIPDUYUEHMO8 NOTYyUeHA YpasHeHUue pecpeccu —
mamemamu4eckas Mooeib, KOmopdas a0eK8amHo ONUCHIBAem NPOYecc NOTYYeHUs
ANIOMOMAMPUYHOLO KOMNO3UMA, 4 MAKice NO380Jem ONMmuMUsupo8ams pacxoo
apmupylowux Hanoinumenei 0ns obecnedeHus HeobXo0UM020 YPO6Hs NPOYHOCU
KOHeUHblX KOMno3umoe. Buiseneno, wmo u X, u X, snauumvie u cyuwecmeenno
BNUAIOM HA NPOYHOCTHbIE U OpY2ue MeXaHUYeCKue C80UCMBA MAUUHOCPOUMENbHOU
3a20MOBKU U3 ANIOMOMAMPUYHO0 KOMNO3uma. Aoexeamnocms (npucooHocms)
mooenu  npogepena kpumepuem @Duuwepa. Paboma evinonmeno 6 pamkax
peuteHus. 3a0auu no 6vlbopy NepCHneKMUBHbIX BeCOB8bIX NPOYEHMHBIX COCMABO8
ANIOMOMAMPUYHBIX KOMNOZUMOS C HAYYHOU OYEHKOU U AHATUZOM BIUAHUS 8bIOPAHHBIX
aApMUpYIouUX Mamepuaios Ha CMpyKmypy u C60UCMEd KOHEUHbIX ANIOMOMAMPULHBIX
KOMRO3UMO8 NOCPedCmeomM Memooos 00pabomku nepeuyHou uHgopmayuu u
¢axmopnozo sxcnepumenma (npedsapumenvrHoo) 6 pamkax npoekma AP19677907
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«Hccneoosanue enusanus MquO/HaHouacmuu, NPpOMbIULIIEHHbIX omxo0008 u cosuea
HA Ka4ecmeo MemaliudecKux 3a20mosoK OJis MAMWMUROCMPOEHUA).

Knrouesvie  cnosa: LUZIOMOMamlelellZ Komno3um, 6u60pud mumada,
HAHOCUIUKA, d)aKn’IOprllZ IKCnepumenni, onmumusayusd cocmaed, ypaeHeHUe
pezepeccuu, mexanudeckKkue CGOZZCI’HGCI, apmuposarue.

BBenenune

B coBpeMeHHOM MaIlIMHOCTPOCHUH HAOIIOAETCsl TEXHOJIOTHUeCcKast HEOOXOIMMOCTh
B JIETKHUX, HO IIPH 3TOM NPOYHBIX METAJUIMYECKUX 3ar0TOBKaX. Ty HEOOXOIUMOCTh
B IEPCIIEKTUBE MOTYT YyJOBJIETBOPUTH MeTajsioMaTpuuHble KoMno3utsel (MMK).
B ortuere o mupoBom perake MMK skcniepramu The Business Research Company
B JNaHHOHM obOmactu 3a 2023 ron oxupaercs, 9To 00beM MUpoBOro peraka MMK
BoIpacTeT 10 0,81 mupa gosmapoB k 2027 roy MpU CPEIHEr0I0BOM TeMIIE pocTa
8,6 %. Ha nannbiii MmomeHT Ha peiHke MMK B kauecTBe MaTpUUHBIX MaTEPHAIOB
HanOosee mupoko ucrnonbdytorcs Al, Mg, Cu, Fe, Ti. Haubonee pacipoctpaneHHBIM
U TIEPCTIEKTUBHBIM U3 HUX ABJseTCs Al, Tak Kak almoMoMaTpudHbie KoMno3uTel (AMK)
OTJIMYAIOTCS] MEHBILIUM BECOM, XOpOoIIel 00pabaThIBaeMOCTBIO, BRICOKOM COOTHOIIICHUH
MPOYHOCTU K BECY, NPEBOCXOJHOW KOPPO3MOHHOM CTOMKOCTBIO, ONTUMAJIbHBIMUA U
BBICOKMMH 3HAUYCHUSIMU TBEPJOCTU, U3HOCOCTOMKOCTU U TeIionmpoBogHoCcTH [1].
Jpyrue maTpudyHble MaTepualibl UMEIOT Psii KPUTHUUECKUX HENOCTATKOB, CUIIBHO
OTrpaHMYMBAIOLIUX 11€]1€cO00pa3HOCTh UX MPUMEHEHUsA: Mg — Hu3Kas MJIaCTUYHOCTb
Y HU3KOE CONPOTUBIIEHUE Pa3pyILIECHUIO, NOBBILIEHHAS] pEAKLIHOHHOCIIOCOOHOCTh IIPH
MOBBIIICHHOM TemMreparype, TpeOyroiiast TOMOJIHUTEIbHOT0 KOHTPOJIst; Fe — XpynkocTh
Y MEHbILIAsl yJIapHasl BA3KOCTh 110 CPABHEHUIO C IPYTUMHU KOMIIO3UTaMU, IPUMEHEHHE
B OCHOBHOM JJIsl TMOBBIIIEHHUS] U3HOCOCTOMKOCTH, HE MOAXOAMUT JJIsi IPUMEHEHUS B
Mopckol cpeze; Cu — HU3Kast IPOYHOCTh, B OCHOBHOM IIPUMEHSIETCS TaM, /1€ HYKHBI
XOPOILIKUE CBOMCTBA TEIJIONPOBOAHOCTU M 3JeKkTponpoBoaHoctH [1]. [Tostomy Ha
ceroansHuil 1eHb AMK sBistOTCS KpyIHEHIINM CEerMEHTOM MHpOBOro peiHka MMK
Y UMEET OTPOMHBII NOTEHLUAN JJIsl UHKEHEPHBIX IPUMEHEHUHN B MallIMHOCTPOEHUH,
AIPOKOCMHUYECKON OTPACIH, HJIEKTPOTEXHUKE, FIEKTPOHUKE, 0OOPOHHON OTpaciu,
ABTOMOOWJIBHOW M TPAaHCIIOPTHON MPOMBIIIJIEHHOCTH, BBI3BIBASsT MHAYCTPHAIBHYIO
3aMHTEPECOBAHHOCTh. TakXke MpeuMyIliecTBa B BUJE HU3KOTO KO3 duImeHTa
TEIUIOBOTO PACIIMPEHUS U MAJIOr0 BECa OTKPBIBAIOT MOTEHLNATIbHBIE BO3ZMOXXHOCTHU
s npuMmeHenuss AMK B poboToTrexHuke, J1a3epHOl MHKEHEPUM, TPOU3BOJICTBE
BBICOKOCKOPOCTHBIX U BEHICOKOTOYHBIX 000pY/I0BaHUH, T/Ie HA3BaHHbIE IPEHMYIIIECTBA
SIBIISIIOTCSI OCHOBHBIMU (haKTOpaMH JJIsl BBIOOpa MaTepHAIIOB.

Jnst nonyuenus metamnueckux AMK ucxoHble MaTpuyHble allOMUHHEBBIE
MaTepHuabl (MOPOLIKH ATFOMUHHUS, YUCTHIN aTFOMUHHIA, KOBKUE WIH Ae(pOpPMUPYEMBIE,
JUTEHWHbIE aJIIOMUHUEBbIC CIUIABbl) METOJAAMHU MH(DUIBTPALUU KUIAKHM METAIIIOM,
NOPOIIKOBON METaNJIypTrUH, JIUThS, OCAXKAECHUS apMUPYIOTCS Pa3IUYHBIMHU
MaTepHalaMH, OCHOBHBIMU M3 KOTOPBIX SBISIIOTCS OKCHJBI, HUTPUABI, KapOUIbI,
0opubl, CyIb(hUIBI, MeTaLTBI U MeTaiuTou sl [ 1]. IlpenBapuTensHbIil aHATUTUIECKHIA
0030p HAYYHO-TEXHUYIECKOU JINTEPATYPHI BHISIBHJL, UTO BCE OOJIBIIIE PACTET aKTyaJIbHOCTh
WCIIOJIb30BAHUS TBEPABIX MPOMBIIUICHHBIX [2—4]| U CEIbCKOXO035UCTBEHHBIX OTXO0B
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[5—7] B KauecTBE apMUPYIOLEr0 MaTepralla, KOTopas 1aeT BO3MOXXHOCTb BTOPUYHOTO
UCIIOJIb30BaHU HITH PELUKIMHIA TAKUX OTXOJI0B 0€3 yXyALIeHUs KadyecTBa KOMIIO3UTa
(«3emeHast TEXHOJIOT U ). Pe3ybTaThl UMEIOIIUXCS UCCIIeI0OBAHN, 00HAIeKUBAIOIINE
C TOYKHU 3PEHMS YJIYUIIEHHUS] MEXaHUYECKUX CBONCTB, YTO CO3JAIOT IPEANOCHUIKH
JUISL JQJIBHEUIINX UCCIENOBAaHUN U yCOBEpILICHCTBOBaHMUA. HecMoTpst Ha TO, 4TO Ha
JaHHBII MOMEHT IpH 1Tpon3BocTBe AMK 0CHOBHY!O 101110 apMUPYIOIIHUX MaTepHaloB
COCTaBJIAIOT MUKPOUYACTHILIBI, HAOIIOJAeTCA MHTEPEC K UCIOIb30BaHUIO0 HAHOYACTHII,
HanpuMep, yriepoJHblXx HaHomarepuaiaoB [8§—10], koTopele MOTYT CIIOCOOCTBOBATh
yIIy4dlIeHUIo KayecTBa koHeuHbIX AMK Osarogapsi BBICOKOMy YpoBHIO Moaytto FOnra
(~ 1 TIIa), npenena npounoctu Ha pactskeHue (>110 I'Tla), Hu3KON MIOTHOCTH
(~0,5+2,8 r/cM?), 4TO HAMHOT'O IPEBOCXOJISAT ITH KE MapaMeTPhbl y MUKPOYACTHII.
OnHUM K3 OCHOBHBIX IpPOOJIEM, OTPAaHMYUBAIONIUX B ONpPEAEICHHOW Mepe
npuMmeHeHne MMK B kauecTBe KOHCTPYKIIMOHHOIO MarepHaja B MallMHOCTPOEHUH
OCTaeTCsl UX HU3Kasl IUIACTUYHOCTh, M3-3a TaK Ha3bIBAEMOM «JIMJIEMMBbI IIPOYHOCTH-
wiactugHocTuy [11], koTopas 3akirodaercs B CHU)KEHHMU IUIACTUYHOCTU MaTepuaia
IPY OZJHOBPEMEHHOM YBEJIMYEHHHU €T0 IPOYHOCTH U MPUBOIIUH K 1eOPMAIIMOHHOMY
pacTpeCKNBaHUIO, pa3pyLLIEHUIO U HENPUTOAHOCTU MaTepyaia. OCHOBHBIMU IIPUYMHAMU
SBJISIIOTCS. KPUTHUECKUE MTPOOJIEMBI, CBA3aHHBIE C JIOKAJIBHOHN arjioMepamnueil 4acThIl
(HepaBHOMEPHOCTH CMEIIMBAHUS U JUCIIEPTUPOBAHUS), ITIOXHE MeX(azHbIE CLEIIICHUS,
crienu(prIecKre HeI0OCTAaTKU CYLIECTBYIOLINX CIIOCO00B rotyyenus. Jlannas npodiema
BKYIIE C 3a4acTyro goporoi croumocteo MMK 1o cpaBHEHHIO ¢ TpagULIMOHHBIMU
MaTepuansaMu co31aeT He0OX0AUMOCTh HAX0XK/ICHUS AIbTEPHATUBHBIX U CPABHUTEIBHO
Heoporux TexHosoruit npoussojictBa MMK. B ocoGeHHOCTH TmiieMMa XapakTepHa
METOJaM IOPOIIKOBON METAJNIyprUH, KOTOPbIE OCTAIOTCSA OCHOBHBIMU METOJaMH
nosyyeHuss MMK na nannom stane passutuss MMK. Ilpennaratorcst paznnynble
CTpaTeruu, KOTOpble B KAKOW-TO CTENEHH NOMOTYT MPEOAOJETh WIH PELIUTh ITY
JUJIEMMY. BOJIBIIMHCTBO 3TUX CTpPATEruil XapakTEpHbI METOAOM MOPOLIKOBOU
METAJUIypIUH1 U IPEATOIIaratoT 3a4acTy o 3aTPaTHBIE U TPYJO0EMKUE MHOTOCTYIIEHUAThIE
THIIBI PELIeHUs TPOOIIeM, TaKKe Kak Mexk(a3Hoe HaHoieKopupoBaHue [ 12], apmupoBanue
MHOTOMaCIITa0HBIMU U IBOMHBIMU CTPYKTYPUPOBAaHHBIMH yacTHLaMH [ 13], yBennuenue
IUTACTUYHOCTH KOMITO3UTa MUKPOJIETUPOBAHUEM, 3a CUET OITUMU3UPOBAHHON pEaKuu
COJIb-METAJUI U MHOTOCTYIIeHYaTONTepMo0OpaboTKH [ 14] 1 1p. AHaIN3 TaKKe BBIIBUIL,
4YTO METO/IaM OPOLIKOBOM MeTaJLTypruu i1 mpoussoactsa AMK xapakrepHsl Takue
HEJIOCTAaTKH KaK JUINTEIbHOE BpeMs (BILIOTH 10 20—40 yacoB) HOATOTOBKY OPOLIKOBBIX
cMecei, BKITI0Yasi X CMELIMBaHKE, CHIDKAIOIIEe TPOU3BOAUTENILHOCTD U 3(h(heKTHBHOCTD
IPOU3BOJICTBA; CI0XHOCTh MEXK(a3HOTO CLENJICHHUS U KOHTPOJsS MexdazHoi
peaknuu, TpeOYIOUINX MPUHATHE JTOTOIHUTEIBHBIX MEp [T YIy4IIeHUs, HaIpuMmep,
HE00XO0IMMOCTh BBOJA JIOTOJHUTENBHBIX JOPOrOCTOSIMX AUCIIEPCOUIOB, BBICOKAs
SHEPrOEMKOCTb MPOLIECCOB CIIEKAHUS U FOPSYETO NPECCOBAHUS IIOPOILIKOBOM CMECH;
TPYAHOCTb IMOJYYEHHS M3/IEIUNA U 3arOTOBOK OOJBIIUX pa3MEpOB; OrPaHUUYEHHOCTh
B 00beMax MPOU3BOJCTBA; CIOXKHOCTh MOJyUYeHUs: OECIOPUCTHIX METANINYECKUX
MaTepHayioB 0e3 JOMOJHUTENbHBIX 00pa00TOK U MaHUIYJISIUN; HEOOXOIUMOCTh
NPUMEHEHHSI MHOTOCTYIEHYaTO! WK CHIEHUaIbHON TepMOOOPaOOTKH. DTH HEAOCTATKH
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CO3JAI0T MPEANOCHIIKU I pa3paboTKU MEHee 3aTPaTHBIX M MPOU3BOIUTEIHHBIX
crnioco6oB nonyuenust AMK, yiydmiaronmx Mexx(pazHoe CIEIUIEHHE, a TAK)KE HMEIOIINX
NOTEHIMAJI MHTETPAlluu C JCHCTBYIOIIMMH IpousBojacTBamMu. [IpenBapurenbHblit
aHaJIM3 HAYYHO-TEXHUYECKOM JTUTEpaTyphl U COCTOSIHUS COBPEMEHHOT'O YPOBHSI TEXHUKH
BBISIBUJI, 4TO nosryyeHne AMK MeTonaMu TUThs pUBIIEKacT BHUMAHUE MHOTHX OTpacieit
IPOMBILUIEHHOCTH, MMOCKOJIBKY UMEIOT Psiji MPEUMYIIECTB, KOTOPHIE 3aKIIIOYAIOTCS
B MPOCTOTE, THOKOCTH U NMPUMEHUMOCTU K OOJIBIIOMY 00BEMY MAaTepuajoB MpHU
HHU3K03aTpaTHOM npou3BozcTBe [ 1]. Takxke nmpu 060CHOBaHHOM BBIOOPE aPMUPYIOIIUX
MaTepHaioB U COOIIOACHNHU TEXHOJIOTHYECKUX MPUHIMIOB JIUThs AMK ymyumatorcs
Mesk(pazHble CLEIIeHUs. JINThe XOpOII0 HHTErPUPYETCs C BBICOKOTIPOU3BOIUTEIbHBIMU
(mpokaTka, KOBKa, MeXaHnueckast 00padoTKa U Jip.) ¥ CIIeIUAIbHBIMU (yJIBTPa3ByKOBas,
Ja3epHas, MOBEpPXHOCTHAsA, Moauduupytomas oopaboTka U Ap.) mpoleccamu
MeTaI000paboTKH, T.€. He TPeOyeT MOJTHON PEKOHCTPYKLUH TPOU3BOACTBEHHBIX IIEXOB
IpY BHEJIPEHUU B IIPOU3BOCTBO.

HecmoTpst Ha UMerOIIUEeCss MHOKECTBO MTPEUI0KEHHBIX MO/IETIEH 110 ONTHMU3ALUU
AMK, cpeau HUX HEJIOCTaTOYHO MOJIEJEH JUIs OIpeesieHHe ONTHMAIbHOIO COCTaBa
camMuXx J100aBOK MJIM apMUPYIOIIUX HAMOJIHUTEICH, 00eCIIeYnBAIONIINX HAWTYYIINe
coueranust mexannueckux cBoiicts AMK. B cBs3u ¢ 3TuM 3a7a4a 1o onpeaesieHuo
ONTUMAJILHOTO COCTaBa apPMUPYIOLINX HAMIOJHUTENCH, 00eCcTIeYNBaIOIIUX HAUTyYIliee
COYETaHHE MEXAHUYECKUX CBOMCTB kKoHeuHOro AMK siBisieTcst akTyanbHOM 3a/1aueil.
C 510l Henpio OBUT IPOBENEH MPEABAPUTEIBHBIA IBYX(AKTOPHBIA 3KCIEPUMEHT
[15] nust ycTaHOBIEHHSI 3aBUCHUMOCTHU MOKa3aTellel MEXaHUYECKUX CBOWCTB
Y (Gb, MlIla) rubpunnoro TpexkomnoneHTHOro AMK ot conepskanust 1MOOpH/ia THTaHA
X, (TiB,, maccoBbli cocTas, ) 1 Hanocunukk X, (Si0,, maccosblii coctas, r) B 1000
pacIIaBlIeHHON aTllOMUHHEBON MaTPULIBI.

MarepuaJjbl 1 METOIBI

Jis ontumu3anuu coctaBa ruopugHoro AMK Al/ TiBz/ SiO2 BHayvase ObLI BEIOpaH
napameTp ontumusanuu (I10), KoTopbIil JOMXKEH OTBEYaTh BCEM IOCTABJICHHBIM
TpeOOBaHUSM.

10 npouecca nonyuenuss AMK:

— 0003HaYEHHUs TTAPAMETPA ONTUMHU3AMH: Y = G, ;

— 1eyb ontuMu3anuu: Y — Makcumusanus [10.

Hanee BbIOpaHbl (haKTOpbI, KOTOPBIE OKAa3bIBAIOT HauOoJblIee BIUSHUE HA
MexaHu4ecKkue cBorcTBa noixyyaemoro AMK.

DaKTOpBbI:

X, — conepxanue nubopuna turana (TiB,), r,

X, — conepxkanue HanHocumku (Si0,), .

VYcnoBust mpoBeaeHHs BYX(AaKTOPHOIO SKCHEPUMEHTA MPUBEACHBI B TaOIHIIax
1,2mu3.
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Tabmuua 1 — OcHOBHBIE YPOBHU M MHTEPBAJIbl BApbUPOBaHUS (PAaKTOPOB

DakKTopsl OCHOBHOH ypOBEHb WuTepBan BappbUpOBaHUs
X, 150,0 50,0
X, 125,0 45,0

Tabmuma 2 — YpoBHH BapbUpOBaHUs (aKTOPOB

daxTopsl
VYpoBHH X, X, r
OcHOBHOM 150 125,0
Hwxauii 100 80,0
Bepxunit 200 170,0

[Tocne cocraBiaeHUss MaTPULBl NJIAHUPOBAHUS MPOBOJUTCS IKCIIEPUMEHT Ha
BbIOpaHHOM OOBeKTe HcciaenoBaHus. ONbIThl MPOBOAATCS B CIyYallHOM MOpPSAKE B
COOTBETCTBUU C IPUHIIMIIOM paH1oMu3aluu. [ lepBsIM peain30BaH ONBIT € MOPSIKOBBIM
HOMEpOM 4, B KOTOPOM (PakTOphI MOAJIEPKUBATIOCH Ha BepXHEM ypoBHeE. Ilpu sTom
HoJlyuyeHa MakcuMasibHoe 3HaueHue npezena npounocty AMK (510 Mlla), BTopeim
peanu3oBaH OneIT HOMEP 1, B KoTopoMm 00a ¢akropa X u X, NOANEPKUBAIOCH HA
HIDKHUX YPOBHSIX, a npejen npoynoctu coctaBuia 440 Mlla, u t.1.

Tabnuna 3 — MaTpulia IuIaHUPOBaHMSI U KapTa MPOBEACHUS SKCIIEPUMEHTA

[Topsnok peanusauunu | Marpuua Beixon (I1O), MIla
HOMep OIIbITA OIIBITOB IO paHlIOMI/ISaLlI/II/I HHaHMpOBaHHﬂ )(1 X2 _

(mBe cepum) X, X, Y, Y A
1 2;3 -1 -1 +1 450 430 440
2 3;1 +1 -1 -1 470 490 480
3 4;4 -1 +1 -1 460 480 470
4 1;2 +1 +1 +1 500 520 510

Taxkum 006pa3zom, mociae MpoBeIEeHHs ABYX CEPUU OMBITOB (B KaXIOM IO YETHIpE
OTBITa C HEMOBTOPSIOMMUMUCS KOMOUHAIUSIMHA YPOBHENW (DAaKTOPOB) OKa3aIUCh
3aIMOJIHEHHBIMH CTOJIONBI 3Ha4YeHHUH BbIXoa Yu, 1 Yu,. Teneps ecTh Bce HE0OX0AMMOE
JUTSE 00paOOTKH M CTATHCTUYECKOTO aHAIN3a Pe3yIbTaToB dKCIepuMenTa [15].

PacueT nocTpouHbIX CpeIHUX MPOBENEH IO ypaBHEHHUIO (1):

Yy Y Y
Y, = ul ui, uyJ 1)

r7ie Y = 2 — YHUCIIO MOBTOPHBIX OMBITOB.
C nomo1pio ypaBHeHUs (2) ompeaesieHbl MOCTPOUYHbIE JUCIIEPCUU (IUCTIEPCUN
BOCITPOU3BOAUMOCTH):

L:l(?u - Yum)2 (2)
y—-1 '
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ITo (3) onpenenena cymma NOCTPOUHBIX IUCTIEPCUIA:

N
2 _ 2
SZ = Z S (3)
u=1

Bremonnena IMPOBCPKa BOCIIPOU3BOJUMOCTH OIILITOB I10 KPUTCPHUIO KoxpeHa:

SZ
G = Jumax
S§ (4)
Omnpitel paBHoMepHBI eciii G < GT, rtne GT — TabnuuHoe 3HAYCHHE KPUTEPUS
Koxpena, BeiOupaemoe B 3aBUCUMOCTH OT N, Y U YPOBHS 3HAUMMOCTH (HaJIeKHOCTH)
p. st nanHoTO cayvas ipu N =4, vy =2, p = 0,95 tabnuunoe 3nauenue GT = 0,95.
B ciyuae HEpaBHOTOYHOCTH OMBITOB HEOOXOAMMO YBEIWYUTH YMCIIO MOBTOPHBIX
SKCIIEPUMEHTOB WJIH MOBBICUTH UX TOYHOCTb.
Omnpenenensl KO3()PHUIHEHTH YpaBHEHHs pErPECCH:

b:E%E, ()
02%+%:%+i) (50
12—%+E;%+ﬁ; (56)
m:—i—E;%+ﬁ) (58)
by, = LoV Yt (51)

Jlanee mpoBepsieTcst 3HAUUMOCTh K03 duiinenToB perpeccun. s storo mo (6)
ONpeIeNIEHbI IUCIIEPCUsl BOCIIPOU3BOIUMOCTH

N Y S 2 N 2
S2 — Zu=1 Zmzl(Yu B Yum) _ Zu=1 Sa
Y N(y — 1) N
a taxxke 1o (7) ycpeaHeHHas AUCIEPCHUsl SKCIEPUMEHTa C YYETOM MOBTOPHBIX
OTIBITOB:

: (6)
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SZ
52 = 54 (M
Iyl
OnpenensiroTcst AUCTIEPCHsI U CPETHSSI KBaApaTUIeckas ommnoka kod3ppunuenron
perpeccuu St231 u Sp,

g2
sz =X (8a)
Sp, =[Sk, (86)

HaxonsT 3Ha4ueHre JOBEpUTEIHLHOTO HHTEpBAIA AT KOAPPUITUEHTOB PETPECCHH:
Ab; = £t Sy, 9)

rae t — tabauuHoe 3HadeHue kpurepus CTbrOJeHTa, KOTOpOE BHIOMpaeTCs B
3aBUCUMOCTH OT 4YHCJIa cTeneHer cBoboasl f, = N(y—1) u BeIOpaHHOTO ypOBHS
3HagnMocTu (00619HO 0,05). Koaddurment 3naunm, ecinu ero abcosnoTHOE 3HAYEHUE
OoJIbIIIE JOBEPUTEIHHOTO HHTEPBAJIA, T.€. KO3 (UIIMEHT 10JKEH OBITh O0JIBIIIE OTHOKH
€ro OmpeeseHHs, B3ATON C onpeeNeHHbIM 3arnacoM. [loxydennsie kK03 duuneHTs
CPaBHHUBAIOT C IOBEPUTETbHBIM HHTEPBAJIIOM U 10 PE3YJIbTaTaM CPaBHEHHSI 3aITMCHIBACTCS
OKOHYATeJIbHOE YPaBHEHHE PETPECCHUH.

Jlanee npoBepeHa aJeKBaTHOCTb (IIPUTOIHOCTH) Mozienu kpurepuem dumiepa F:

H
az
F= S—; (10)
Y
rJe Sﬁﬂ — JUcnepcus aJieKBaTHOCTH, KoTopas onpenensiercs o (11):
N_ ? _ Y‘ 2
Sgﬂ — 1.1—1( u Ll) (11)

N-k-1

rje Y — paccuuTaHHbIE IO MOJYYEHHOMY YpPaBHEHHUIO 3HAUEHUS BbIXOJA MpHU
3HAYEHUSX KOJAUPOBAHHBIX IEPEMEHHBIX, COOTBETCTBYIOIIUX KX /101 U3 CTPOK MATPULIBI
IUTaHMPOBaHHUSA; Y — yCPEIHEHHOE 3HAYEHHE BBIXOAa (MapamMerpa ONTHMH3AINH),
MOJIYYEHHOE MPU peaqn3alry MOBTOPHBIX OMBITOB ISl COOTBETCTBYIOIIEH CTPOKH
(xomOuHaIMK 3HaUeHU (aKTOPOB MATPUIIbI IUTAHUPOBAHUSA ). MOENIb MOKHO CUNTATh
anekBaTHOM, ecnu F < F_ . Tabnuunoe 3Hauenne kpurepus Puinepa HaxousT B
3aBUCUMOCTH OT uncia creneneit cBo0on f; = N—k—1 u f, = N(y—1), koTopbIe uncienno
paBHbI 3HAMEHATENSM COOTBETCTBYIOIINX IUCIIEPCUI S2 1 U S% , 1 YPOBHSI 3HAUUMOCTH
(game Bcero 0,05). 3xecs N —uuCiI0 BapHaHTOB OIBITOB (CTPOK) B MaTpUIIE ITTAHUPOBAHUS;
k — uucno BapbupyemMbIX (PaKTOPOB; Y —4UCIIO TIOBTOPHBIX (MapauIebHbIX) OIBITOB.
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Jnis onpenienenust Sfﬂ T10 [TOJTyYEHHOMY YPaBHEHUIO PErPECCUN BEIYUCICHBI 3HAUCHUS
BbIXOM1A. {71 y106CTBA pacueToB Sy PSIOM COMOCTABJIEHB! yCPEIHEHHBIE ONBITHBIE
3HAUEHUS JJIs TEX XKE YCIOBUU.

PesyabTaTsl 1 00Cy:KIeHUS

Pe3synbTarsl pacuera mocTpoUHbIX cpeHux 1o (1):

_ 450+ 430
Y, = ———— =440 Mlla,
_ 470 +490
Y, =———— =480 MIl,
_ 460 +480
Y, =————=470 M,
_ 5004520
Y, =————=510MIk

Pe3ynbTaThl pacueTa 3aHeCeHbI B cTon0er Yu Ta0uup 2.
PesynbTarsl pacueTa MoCTPOUHBIX AUCIIEPCHil 11O (2):

(440 — 450)% + (440 — 430)*

2 = 200,
1 2-1
480 — 470)% + (480 — 490)2
sg:( )+ ( ):200’
2—-1
470 — 460)% + (470 — 480)2
sg:( )<+ ( ):200’
2—1
510 — 500)2 + (510 — 520)2
32:( )"+ ( ):200.

* 2-1
CymMma noctpouHbIX aucnepcuit o (3):

S% = 200+ 200 + 200 + 200 = 800.
[IpoBepka BOCIIPOU3BOIMMOCTH OIBITOB IO KpuTepuio KoxpeHa:

200

G=—
800

= 0,25 < G-
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3HAYUT ONBITH PABHOMEPHBI.
PesynpTatel pacuera ko3 puiimenToB ypaBHeHU perpeccuu o popmyinam (5a—T):

_ 440 + 480 +470 + 510 _

= 475
0 4 ?
—440 + 480 — 470 + 510
bl — — 20,
4
—440 — 480+ 470+ 510
b2 - - 15

4 ?

440 — 480 — 470+ 510

Jucnepcusi BOCIPOU3BOAUMOCTH 110 (6):

, 800
SY - T = 200.

YcpennenHas ucriepcust SKcrepumenTa 1o (7):
, 200
Sy = - = 100.
Jlucriepcust ¥ CpeHsisl KBaJpaTuieckas omroka Kod(h(OUIIMEeHTOB perpeccuu 1o

(82) 1 (86):
, 100

Sbi —T— 25,

SbiZ\%:S.

IIpu f, = 4(2—-1) 3nauenne t = 2,78. Torjaa 3HaYEHUE IOBEPUTEILHOTO MHTEPBAIA
i K03 duumentoB perpeccuu no (9):

Ab; = £2,78-5 = 13,9.

CpaBHeHHE MOTyYeHHBIX 10 (hopmyiaM (5a-T) K03 HUITMEHTOB ¢ IOBEPUTEIILHBIM
uHTEpBasIoM Abi J1s BeIsIBIIEHUS UX 3HAUUMOCTH: b0 > Abi (3HauuMm); b1 > Abi (3HaUUM);
b2 > Abi (3HaumMm); b12 < Abi (He 3HaAUHMM).

BxirounB Bce KO3 GUIMEHTH PErpecchy, KOTOPhIE OKa3aluCh 3HAYUMBIMH,
OKOHYATEJIBHO 3aIUChIBACTCS] YPABHEHUE PETPECCUU:

Y = 475 + 20X, + 15X,.
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Huxe npencraBneHsl 3HaYSHUsI BBIX0/1A, PEICKA3bIBAEMbIE YPABHEHUEM PETrpeccruun
(12) u ycpenHeHHsie onbITHbIE 3HaUeHUsI 110 (1) [UIst COMOCTaBIEHUS:

3HaveHHs BBIX0/1a, MpeAcKa3bIiBaeMble (12) 3uavenns mo (1)
Y, =475 +20,0(-1) + 15,0(-1) = 440 ¥ =440
Y2:475,0+20,0(+1)+ 15,0(-1) =480 Y =480
Y, =475,0 +20,0(-1) + 15,0(+1) = 470 Y =470
?4=475,0+20,O (+1) + 15,0(+1) =510 Y=510

I[I/ICHepCI/IH AACKBATHOCTHU WJIK OCTATOYHAA JUCHCPCHUIA 10 (1 1)

G2 _ (440 — 440)* + (480 — 480)* + (470 — 470)* + (510 — 510)* 0.0
an 4-2-1 oo

3navenue kpurepus Oumepa o (10):

F_0,0_
100

[Ipu f, =N-k-1=4-2-1=1nf, =4 rabnnunoe 3na4enune kpurepus Oumrepa
Frabn=7,7. Torna F < Fra6mn, .. iMeeTcst OCHOBaHME CAENIATEH BBIBOI 00 aIeKBATHOCTH
IIOJIyYEHHOM MOJIETIH.

BrIBOBI

[Tonydena uneanbHas ageKBaTHAas MaTEMaTU4eCKas MOJEIb, KOTOpas B TOYb-
B-TOYb ONMCBIBAET INPOLIECC MOIYUYEHMsI JIETKUX U KOppo3noHHOcTOMknX AMK s
IIPOU3BOJICTBA MAIIMHOCTPOUTEIBHBIX 3arOTOBOK, W IO3BOJIAIOET ONTHUMHU3UPOBATH
pacxo] apMUPYIOIIUX HANOJIHUTEIECH B MaTPUYHOM MaTepHalle AJIOMUHUSA IS
obecrieueHHst HEOOXOAUMOM MPOUYHOCTH, MIACTUYHOCTH U TBEPAOCTH KOHEUHBIX
AMK. Ha nepBom stane HanOoJee ONTUMAIbHBIM BApHAHTOM MOXKHO CUUTATh OIBIT
Ned, rne makcumanbpHOE 3HaueHue mpezaena npoyHoctH AMK obecrieunBaercst mpu
no6asnenun 200 r qubopuna tutana u 170 v Hanocuauku Ha 1000 r MaTpuyHOTO
Mmatepuana. OTcro/1a, MOTyYEHHYI0 MaTeMaTHUYECKYI0 MOJEIb MOKHO HMCIIOJIb30BaTh
Kak 0a3y ans ontumuzanuu coctaBa AMK c¢ menbio o0ecriedeHuss HE0OXO0UMBIX
MEXaHUYECKUX CBOMCTB 3arOTOBKH, a 3HAYUT U JCTAJIEV MAIIVH U3 TaKaxX 3aroTOBOK,
IpU Apyrux 3HaYeHUAX pakTopoB. [lo momyueHHON MO MOXKHO CAETIaTh BBIBO/,
410 00a (pakTOpa 3HAUMMBIE U CYIIIECTBEHHO BIIUSIOT HA MeXaHUUecKue cBorictBa AMK.

Nudopmanus o puHAHCHPOBAHUH

JlanHas paboTa BBINOJTHEHA B paMKax HCClieIoBanus, (huHaHcupyemoro Komurerom
Hayku MUHHCTEpCTBa HayKH M BhIcIIero oopa3osanus Pecniyonuku Kazaxcran (rpant
Ne AP19677907).

0,0.
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MAIIHAHA KACAY JAUBIHIAMAJIAPBIH OHIIPYTE APHAJIFAH
TUBPUTI ATFOMOMATPHUIIAJIBIK KOMIIO3UTTEPIH OHTAMNJIBI
KYPAMBIH AHBIKTAY MOCEJIECI TYPAJIbBI

JKymvic  mawuna oicacay canacblHOa  KeHiHeH KOJLOAHbLIAmbiH — O0aam
datibiHoamanap cusakmol Oepix, 0ipax o1apOan aumapiblKmai JHCeHil CaiMaKneH
JICOHE KOppo3usiaa Me3iMOLIIcIMEH epeKuleieHemin 2uopuomi (YuKoMnoHeHmmi)
ANIOMOMAMPUYATBIK,  KOMROZUMMEPOIY KYyPAMbIH OHMAUIAHObIPY2Ad  APHANAH.
Mawwuna orcacay 0aublHOAMANAPbIHGIY — OEPIKMIK, NIACMUKATLIK,  KAMMbLIbIK
CUsiIKmbl  Hezizel MEeXAHUKAIbIK —Kacuemmepine OH ocep ememinoel, 0OIipax
COHbIMeH Oipee Dacmankvl apmupieHbecer AnoMuHUlice MoH AHMUKOPPOIUSLIBIK
KacuemmepOi HAUWAPIAMNAUMBIHOAU JHCOHE MAWUHA HcaAcay OAUbIHOAMAIAPBIHbIY
HCANNBI MACCACHIHBIY YI2AIObIHA OKeIMelUminoel emin Mampuyanbly aaoMUHULOL
mumar OUOOPUOIMEH JHCOHE HAHOOUCNEPCMI KPEMHUL OUOKCUOIMEH (HAHOCUTUKA)
az memuepoe MUHODPIbL apMUpiey Hemece Kyuwieumy YCbiHblAaobl. 1 ubpuomi
antoMOMaAmMpUYanIblk KOMROZUMMIY MEXAHUKANLIK Kacuemmepi KopcemKiumepiniy
(oymaiinanovipy napamempi Y) apmupaeyusi moamulpeolumapobly KypamblHa
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(X, oicone X, axmopnapet) moyenoiniein anvikmay yuwiin OHbIH UAPMMAPLIH
cunammatl OMuIpbin, COHOAU-AK HCOCNAPIAY MAMPUYACHIH IHCOHE IKCNEPUMEHTN
Kapmacely  Kypacmeipymer 0Oipee bacmankvl — eKipaxmopivl  9KCnepumenm
arcypeizindi. Peepeccus xoagghuyuenmmepi anvikmanovl, oiapoviy Manvl30bliblebl
QUKbLIHOANObL  JCOHE  MAaHLI30bl KO3 uyuenmmepoi  naudaiana  Omvlpuin
peepeccus menoeyi — anoMOMAMpUYAIbIK KOMIO3UMMmi any ypoicin adexgammvl
mypoe cunammai aiamvlH, COMbIMEH KAmap aiblHAMbIH COHebl KOMNO3UMMIH
MEXAHUKANBIK, CURAMIMAMALAPLIHBIY Kadcemmi Oeyeelin Kammamacslz emy yulin
apmupneyuli moamuvipeblumapovly WbleblHblH OHMALIAHObIPY2a MYMKIHOIK Oepemin
Mamemamukanplk Mooens anvinovl. X, 0e, X, 0e Manvi30bl JHcoHe anioMOMAmMpUyanbly
KOMNO3UMMEPOEH JHCACAN2AH MAUUHA JHcaAcay OaublHOAMALaApuiHbly Oepikmizine
JHcoHe backa 0a MeXaukanvlk Kacuemmepine aumapivlKmai ocep ememinoici
anvikmanovl. Moodenvdiy adexeammuliviabl (dHcapamovlivizbl) Puuiep Kpumepuili
botvinwa  mexcepindi.  Kymvic  AP19677907  «Mukpo/nanobonuexmepoi,
OHOIPICMIK KANOLIKMAPObIY JHCOHE bl2blCYObIH MAWMUHA HCACAYOd KOIOAHBLIAMbIH
Memain OaubIHOAMANAP CANACLIHA MUSI3EIH dCepin 3epmmeyy MmaxKblpblOblHOA2bl
2PAHMMBIK, AHCOOAHBIH OACMANKbL AKNAPAMmbl OHOEY HCoHe OACMAanKbl (PaKmopIbIK,
KCnepumMenm  90icmepin  KOi0aHa — OMuvlpbll,  COHebl  ATIOMOMAMPUYATHIK
KOMNO3UmMmepoiy,  KypoliblMbl MeH Kacuemmepine manoaiean apmupreyiuli
Mamepuanoapovly ocepin 2vliblMUu 06a2anay HcoHe manday apKblivl ATOMUHUL
MAMPUYATLIK KOMROZUMMEPOiY NePCREeKMUBMI CaiMaKmbvlK NAbi30blK Kypamoapuit
manoay mMiHOemin weuty uieyoepinoe KHcypeizinoi.

Kinmmi co30ep. antomomampuyanvix KOMnosum, mumar Oubopuoi, HaHOCUIUKA,
Gakmopnvlx  9KCnepumenm, Kypamovl OHMAUIAHObIPY, pezpeccusi meHoeyl,
MEXAHUKATBIK, Kacuemmep, apmupiey.
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MATRIX COMPOSITE FOR BILLET PRODUCTION

The work is devoted to optimizing the composition of hybrid (three-component)
aluminum matrix composites, which, like the most widely used steel blanks in the
engineering industry, are strong, but at the same time differ from them in significantly
lighter weight and corrosion resistance. A minor addition (reinforcement) to
matrix aluminum of titanium diboride and silicon dioxide nanopowder (nanosilica)
is proposed, which have a positive effect on such basic mechanical properties of
machine parts blanks as strength, ductility, hardness, but at the same time do not
worsen the anticorrosion properties characteristic of the original unreinforced
aluminum and does not lead to an increase in the total mass of machine parts blanks.
To identify the dependence of mechanical properties (optimization parameter Y) of
the hybrid aluminum matrix composite on the content of reinforcing particles (factors
X, and X,), a preliminary factorial experiment was carried out with the description of

ON OPTIMIZATION OF THE COMPOSITION OF A HYBRID ALUMINUM
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the conditions of its implementation and the compilation of the planning matrix and
the table of the experiment. Regression coefficients are determined, their significance
is revealed and using significant coefficients the regression equation - mathematical
model is obtained, which adequately describes the process of obtaining aluminum
matrix composite, and also allows to optimize the flow rate of reinforcing particles
to ensure the required level of mechanical properties of final composites. It was
Jfound that both X, and X, are significant and significantly affect the strength and
other mechanical properties of the mechanical engineering billet of the aluminum
matrix composite. The adequacy (fitness) of the model was checked by the Fisher
criterion. The work was carried out within the framework of solving the problem of
selecting promising weight percent compositions of aluminum matrix composites with
scientific evaluation and analysis of the influence of selected reinforcing materials
on the structure and properties of final aluminum matrix composites by means of
methods of primary information processing and factorial experiment (preliminary)
within the framework of the project AP19677907 «Study of the influence of micro/
nanoparticles, industrial waste and shear on the quality of metal blanks for
mechanical engineeringy.

Keywords: aluminum matrix composite, titanium diboride, nanosilica, factorial
experiment, composition optimization, regression equation, mechanical properties,
reinforcement.
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ECKI XbINgbIK PENIbCTEPLIH MAULAJIAHY CUMTATTAMAJIAPbIH
CbIHAY XOHE 3EPTTEY 9/ICTEPIH 93IPJIEY

byn maxanaoa penvcmiy Kacuemmepin Oazanayea colKecmix yuwin nAtlOAIAHY
Kacuemmepin (Me3iMOLNIK weel, YuKiOiKk Me3iMOLNIK, Wapuiay Cbi3amblHblY 6cC)y
2ACHLIOAMObBI2BL, YUKTIOIK CHI3AMKA MO3IMOLIIK, CIAMUKAILIK HCAPLIKKA MOZIMOLIIK)
aubIKmayaa apHaleaH CoIHAKMapowvly ooicmemenik KeweHi Hcacanvliovl. Ecki
gicone RP6S penvcmepiniy natioanany ceHimoiniein (mesimoinix wieei, yukioik
MO3IMOINIK, WaApWiay Cbl3amblHbIE — 6CY  JHCBLIOAMObI2bl, YUKIOIK — CbI3aAmKd
mes3iMOiiel, CMamuKaiblK Col3amKa me3imMoiniei) colHay KeweHin scypeizy yuin KP
2432 — 2013 oc. cotixec 90icmep Konoauwvliowl. Canvicmuipy ywin «APA3» XKIIC
(Axmebe penvc-apkanvik 3ayvimol) wiieapean PIT 65 munmi penvcmepdiy yacinepi
natioananviiovl. Ocvl 93ipieHeeH 90icKe COUKeC OHIMOLIIK CoIHAKmMapuvl JHCypeizinii
JHCOHe penbe Kacuemmepiniy CmaHoapmmaped couKecmizine manoay Hcacaiobl.
Mexarnukanvik scone natidanany Kacuemmepi OOUbIHWA eCKI pelbcmepoiy OHIMOLLie
RP65 canamwindasvl penvcmepee Kapasanoa momMeH eKeHi 0o1e10enoi. O3ipieHeeH
a0ic bolbiHWA penbcmeplin Natloalany ceHimoiniei mexcepinoi. Kazipei yaxvimma
Kazaxcman Pecnybnukacvlnbly memipacon penbcmepiniy KenmeeeH yuacKkeiepine
ecki R65 penvcmepi mocencen. Ecki penvbcmepee npomekmopoviy beminoe dcoHe
bacmeiy Oyuip Oeminde aumapivlkmail mo3ybl 0ap NAUOALAHBLIZAH PerbCmep
Jrcamaovl, m.6. naudarany Mep3imMiH ic JHCy3iHOe MAYCuLI2aH JHCOHE COUKeCIHule,
00aH opi nandaiany npoyecinoe dcemxinikmi ceHimoinikke ue emec. byn sicazoaiioa
penvemiy 6acvln mezicmey JicoHe (ppesepneyoi  Kauma NAtlodlaHy KesiHoe eckKi
penvcmepoe Kcypeizinedi, Oy 0a HCbLIYMeH HbledUmblI2aH KAOAmmuly moMeHOeyiHe
baiinanvicmul 01apobiy eMip cypyin momenoemeoi. ConbLMeH Kamap ecKi peibcmep
JHCAHA OHOIPICMIK HLICAHOAPObI CALYOA HCOHE KIpMe HCON0apObl Jcondeyoe bencendi
mypoe Kondanwvliaosl. Onapovl nAUOAIAHy memip JHcoa0apobl HeAH2bIPIY NPOYecin
Hawapramaowl, elumkeHi ecki yieioeei penbcmepoiy Jicui pyKcammapsl 00ImMatiosl
JiCOHe Natoalany CceHimOiniei memen OO0N2AHOBIKMAH Y3aK Kbl3Mem Mep3imine
Kenindix bepmetioi, o1apovl ayblCMbIPY YUIH HCOHOEY AHCYMBICIAPLIHA 04 KOCLIMULA
wibleblHOap Kasicem emineoi.

Kinmmi ce30ep: memip scon penvcmepi, nanioanany Kacuemmepi, ecKi perscmep,
yaeinep, Kaoa bepikmici, HCyMbiCbl.
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Kipicne

Kasipri yakeirta Kazakcran PecryOirKkachIHBIH TEMIpKOII pelbCTEPiHIH KONTETreH
yuackenepine ecki R65 penbcrepi Tocenren. Ecki penbcTepre npoTeKTOpbIH OeTiHIe
xKoHe OacThlH OYHip OeTiHae aliTapiblKTall TO3ybl Oap HaiijanaHbUIFAH pesibcTep
xKartajpl, T.0. maiianany Mep3iMiH ic KY31H/e TayChIIIFaH KOHE COMKeCiHIle, OJJaH dpi
naiganany Mpouecinye )KeTKUTIKTI cCeHIMIUTIKKe e eMec. ChiHaMa 9IicTepiHe KeJIeTiH
0o0JIcaK ecKi peabCTep/IiH SKCIUTyaTalMsUTBIK JKaF aiiapbl, TEMIp>KOJI KOJIBIHAH HIBIFYbI
JKOHE anaTThIK aKayjapbl Typajibl aHATMTUKAJIBIK 1I0JIyFa TOKTaNabIK [1]. JJonranak
KYOBIHBIH PEJIbC KOJIBIMEH 9PEKETTeCYiHEH TYBbIHJAaFaH YHKelic MpoLecTepiHiy
HOTIXKECIHJIE OJlapblH OeTTEpiHIH TO3Yybl OpBIH anajel. byn malganany THiMIUTIr
MEH KO3FaJIbIC KayilCi3IiriHiH TOMEHJeyiHe, TapTy KaOuleTiHiH HalapiiayblHa,
COHJIali-aK alTapibIKTall Kap KbUIBIK LIBIFBIHAApFa okeneni. Penbc akaysl — Oy
OeNriJieHreH CTaHJapTTapFa COMKeC KeIMEHTIH jKoHe OHIMHIH KbI3MET €Ty Mep3iMiH
KBICKapTyFa 9KeI COFAThIH Ke3 KelreH e3repic. Onap TOJBIK jKoHE JKapThlail 00Tybl
MYMKIH (MBICAJIbI, PEIbCTEPAIH O€TiHAE TOJIKBIH TOPI3Al TAOUFATTHIH OY3bUIBICTAPHI
naiiia 6onrana). KeUigaMIBIKTHI IEKTEY 1 €HT13Y/11 Tajal eTeTiH )KOHE KbUTKBIMAJTBI
KYPaMHBIH KO3FaJIBICBIHA KeJepri KeATIPETiH 3aKbIMAAHy PEbCTEPiH TOJIBIK
JKapaMChI3IbIFbIHA OKene Il [2].

Marepuangap MeH aicrep

PenbcTepaiH TO3IMIUIIK HIETiH aHBIKTay apKbUIbl MaiiJalaHy CEHIMIIIriH
Tanjuay dJIiCTepiHe TOKTANANbIK. PeabcTepAiH TO3IMAUTIK IIETiH aHBIKTAY 9JIICI CYBIK
MEXaHUKAIBIK KeCy 91iCTepiMeH pebcTepieH KecuireH y3bIHABIFRI (1200+10) MM TOTBIK
npouIbIl YATLIepAl ChIHAY, HUKIIIK )KYKTEY apKbUIbI KYy3ere achIpbliaabl. KykTey
CXEMachl - TETiC YII HYKTEJIl CUMMETpPUsIIbl Hily. TeMeHr1 TipekTep apachlHIarbl
KambIKTHIK (100015) mm. XKoraprbl IyaHCOH TipeKTep apachIHAAFbl OpTaFra OpHATHLIAbI
- (500£5) mm. Yarinep skyKTeme HUKIIiHIH acuMmMmeTpusichl ioc 0,1 60maTeiH pesnbe
0achIH TOMEH TYCIpIIL, )KyMCaK KyKTeme ie (KyIITi 6akpuiay) ceiHasa bl ChiHAK Oa3ackl
- 2 MAJUIAOH LIUKIL.

Te31MILTIK IET1H aHBIKTAYFa apHaJIFaH ChIHAKTAp KOPILIaFaH OpTa TeMIIEPaTypachIHbIH
15 © C-tan 35 ° C-ka aeitinri q[uana3oHbIHAA KYPri3ijei.

Te3imMuIiK IIETiH aHbIKTAY YILIIH YIATiIepi cbiHay 2 % eH KOFapbl CalbICThIPMAIIBI
KaTeIKIeH koHe kykTeme skuiniri 20-gan acmaiiteia 1000 kH xykTeme MUKITiHIH
MaKCHMAJIbl )KYKTEMECIH KAaMTaMachl3 €Tyre KaOiIeTTi ChIHAK MAaIlIMHACKIH/IA (ChIHAY
KaOIBIFBI) KYpriziieai. £2 % makcumanabl caabICThIpMabl KaTesiri 6ap I'm.

ChiHay Ke3iHJe YIrire ocep eTeTiH KYKTEMEHIH MOHI ChIHAJIAThIH PEJIbCTePIiH
MakKcaTblHa COWKeC TaHJaJlFaH MaKCHMaJIbl MOHHEH IUKJII TYple e3repyl Kepek
(cTanmapTThI KeIeMal KaTalThIIFaH penberep yiuid Oyi Mo 500-gen 700 kH-Fa neitinri
JIMara3oH/ia) KYKTey LUKIIHIH aCUMMeTpHsichl 6ap MuHuMyM 1uttoc 0,1. Opbip yirini
ChIHAY KE€31HJIE OJI YIIiH TaHAAJIFaH KYKTEY PEXHMI TYPaKThl O0Iybl KEPEK.

Ceinakrap 6exxy MoHi +1 kH acmaldThIH KYII ©JIIIETIIIIEH XKOHE LUKJIIap CaHbIHA
€CETITETIIINEH Ka0AbIKTaJIFaH THPOITYJIbCATOPBI HEMECE JIEKTP-THIPABIMKAIIBIK KYIIT
TYCIPETiH KOHJBIPFBICH 0ap ChIHAK >KaObIFbIHIA KYprizineai [3].
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OpOip YT )KOUBLUTFaHFa IeH1H HeMece ChIHAK 0a3aChIHAaH OTKEHTe JICHiH ChIHAIABL.
ChIHAaKTBIH COHBIH/IA YIT1IEp XKYKTEY HUKIIHIH MAaKCUMAIIIbI )KYKTEMECIH, ICTEH IIbIFY
[UKJICPIHIH CaHBIH HEMECe ChIHAK 0a3aChIHBIH MOHIH jKa3a/ibl.

Cyper | — PenberepiH TO3IMAUIIK IIETTH aHBIKTAayFa apHaJIFaH YIIri

Cypet 2 — 700 xH xyxTeme ke3iHjeri coiny, HuKagap causl 790056

Kecrte 1 — Penberepain TO3IMIUIIK IETTH aHBIKTAY YIIIH ChIHAK HOTHXKEJIEPIH Taljay

Te3iMailiK meriHiyg Maxkcumanapl . L
Yori Ne | HOpMananFan MoHi, CanpICTBIpMAJIBI skykrem, kKH Huknngap Teganlnlx
BUIFAIIBLIBIK, %0 CaHBbI mreri, MIla
KeM emec, MIla
E ¢ k1 790
JKBLIFBI ! 60 700 056 489
1 111
2 370 60 600 966 419
2 000
3 60 510 000 355
PI165 2 000
1 370 69 700 000 489
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Cypert 4 — Te3iMaLTiK ChIHAKTapbIHAH KEHIHT1 €CKi PENIbCTIH ChIHYBI

KI1C cratukanbIK xapblKKa TO3IMAUITH chiHay. CTaTUKABIK KapbIKIIAKTapra
te3imainikTi ausikTay ['OCT 25.506 6oiibiHIa sxxyprizuneni. Kemine yi yiri penbcTeH
CBhIHATIA/IbI.

CraTukanblK >KapblKIIaKTapFa TO3IMIUIIKTI aHBIKTayFa apHajJFaH YITriiep
11-cypertke coiikec penabctepaen 'OCT 25.506 xanmbl TamantapblHa COUKEC Kacalybl
KEpeK.
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Cypet 5 — CraTukanbIK )XapbIKIIaKTapFa TO3IMIUTIKTI aHBIKTayFa apHAJIFaH YJIT1

OiibIKTBIH eHi 3,5 MM-zeH acnaiiapl. Cepinmeni OpblH aybICTBIPY JaTUYUKTEPiH
OpHATY YIIiH UMITYJIbCTIK pa3psANeH HEMECe HYKTEIIK TOHEKEPICyMEH TOKTayIapIbl
JIOHEKEpIIeyTe pyKcat eTiie i, Oy )KaFaaiaa TipeKTep i OeKITyTre apHallFaH OypaHalIbl
TECIKTEep JKacaIMaiIbl.

KerikTeH mapiiay ChI3BIFBIH XKacay Ke3iHze, CoJlaH KEeWiH ChIHAY Ke3iHae YITiHi
JKYKTEY CXeMachl KOJIJaHbLIA kI [4].

Hlaprray KpeKWHTIH aJIIbIH aJla KOJIIaHy KeJleci KaFaiiaap/ia ’y3ere acblpbuiaabl:

— 0-men mmtoc 0,1-re meiiHri aCUMMETPHUSUIBI LHUKIIIK XYKTeMme (KepHey
aliMaFrbIHIaFbl OUBIK);

— KYKTey XKuiniri — 5-ten 120 I'u-ke aeifin;

— ©CII KeJle ’KaTKaH KapbIKIIAKThIH IIETIHE JKaKbIH YJTIHIH TeMIlepaTypachl
40 ° C xorapbl 00IMaybl KEPEK, ajl ChIHAKTap KYPri3iieTiH OeaMeneri reMmeparypa -
(2015) ° C;

— ceiHaMa eHinig 0,45-ten 0,55-ke geilin (yATiHIH MIETIHEH OMBIKIEH Oipre
€CeNTEereH/Ie) MapIiay ChI3aThl 6Ce/Il )KOHE KaPBIKIIAKThIH COHFBI 1,25 MM ocyi Ke3iHe
Kmax moHi 18-1en acniayst kepek. 22 MIla m1/2 .

CraTukanblK XapbIKIIAKTapFa TO3IMIUTIKKE ChIHAY Ke3iHJe TOMEHT1 TipeKTep
apachIHIaFbl KambIKTHIK (1801 1) MM, an yiri temnepartypacsl Mutyc (20+2) © C 60imyst
KepeK. YJIri TeMIlepaTypachlH YITire AeiiH OanKpITHal JOHEKEPICHI€H TEpMOTIapaMeH
chI3aT yibiHaH 5—10 MM KalIbIKTHIKTA OJIIIEY KepeK.
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Kecre 2 — CtaTukansIK >KapbIKIIAKTapFa TO3IMIUTIKKE apHAJIFaH ChIHAK
HOTHXKEJEPIH Taaay

Homunanasl MoH,
HaxTbr MarbHACHI
emec
C b HY
Ke3inmgeri
YJIT1 TeMIT.
Y °C Y ynri
y m . JymiH
) opraua Bip  yari| gprama
Kepcerxim YILiH
bip yari yurin
Ecki KbUTFBI -20 36,8
% 30 32 2 -20 35,9 36,6
apBIYyFa
TO3IMEinik, 3 -20 37,2
MIlaxm'"?
PII65 -20 37,3
30 32 -20 36,9 37,1
-20 37,2

32

M ECKi #MbINFLI

W PI&5

Cypet 6 — CTaTUKaIbIK )KapbIKKa TO3IMIUTIK KOPCETKIIII
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v

35
30 A
25 7 B HOpManaHFaH MaH

20

15 -/

10

B Ecki penec
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1 2 3

Cyper 7 — Y1 yiri yIIiH CTaTUKAJBIK JKapbIKKa TOIMILTIK

KfC mukmnmik sxapbIKIIakKa TO3IMIUTITIH ChIHAY. PenbecTepiH HUKIIIK ChI3aTKa
TO3IMJIUIINH aHBIKTAy CYBIK MEXaHHMKAJIBIK KECy apKbUIbl PEIbCTEPIEH KECUIreH
y3bIHABIFBI (1200+10) MM TOJBIK TPOQHIIBIL YATLIEPIi ChIHAY apKBUIbI IUKIIIIK )KYKTEY
dJIICIMEH JKy3ere achlpbuIa bl JKYKTey CXeMachl - Teric I HYKTeJli CHMMETPHUSLIbI HiTy.
TewmeHnri Tipektep apacbiHaarbl KABIKTHIK (100015) MM, XKoFapFbl myaHCOH TipeKTep
apacheIHIaFel opTara opHatbuIa bl — (50015) MM [5].

Yorinep skykTeMe LUKIiHIH acuMMmeTpusichl mioc 0,1 6onaTeiH pesbe 0achiH
TOMEH TYCIpim, )KyMcakK x)ykTemene (Kymri Oakpuiay) chiHanaabl. CeiHAaK 0a3achl —
2 MWUTMOH LUKJL.

CeiHakrap yii imringe aya temneparypacsl 15 ° C-tan 35 © C-ka aeiiiH, ayaHbIH
CaJIBICTBIPMAITBI BUTFAIIBLIBIFBI 45 % -man 80 % -Fa neitin xkyprizineai. CeiHay aiabIHIa
yarinep 6enme remneparypacbiia 15 °C-gen 35 °C-ka aeidi yiu carat 00MbI cakTarybl
KEpekK.

ChIHaKTap Kesecl )KYKTeMe JKaFaiiapbl MEH IapaMeTpiiepiH KaMTaMachl3 eTyre
Ka0ineTTi chiHay MamuHackiHaa xkyprizuteni: 1000 kH xykTey nUKTiHIH MAKCUMAIITBI
KykTemeci, Katelnik 12 %, sxykreme xxuiniri +2 % eH yinken kareniknex 20 ' acraiiabt
[6].

Hukmnik skapbIKIIaKTapFa TO3IMIUTIKTI aHbIKTay yiiH opOip yiari [OCT 25.502
OOMBIHIIIA TO3IMILTIK [IET1H aHBIKTAyFa apHAIIFaH ChIHAKTAPFa YKCAC IUKIIIK )KYKTeMe
Ke31HJe 1CTeH IIbIFaabl. OpOip YIriHiH 0achkl ChIHFaH aFbIHAH CypeTKe Tycipiienl.
Yoari Getinzae maiiga 60JaThIH KaphIKTap (PPOHTHIHBIH €Ki HYKTECI XOpJa apKblIbl
OipikTipiireH. OHBIH OPTAChIH aHBIKTAHbI3. XOPAAaHbIH OPTACHIHAA XKAaTKaH HYKTe/IeH
HEePHEHANUKYJIISP PeIbc OAChIHBIH T€HEPATPUKCIMEH (palnyChIMEH) KUBUIBICYFa KAJIITbIHA
kenripitesni. Kubuibicy HykTecl meHOepAiH HEHTp1 peTiHe KaObUIIaHa /Ibl, OHBIH JIOFACh
JKapBIKIIAK (PPOHTHIHA JKaKbIHIAM1b1. JKapBIKTHIH PaUYChIH (TEPEHIITIH) OJIIIeY OChI
HYKTEJICH KapbIKTap (PPOHTHIHBIH €H LIajiFail HYKTeciHe JeiiH Oip OarbITTa yuI peT
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I'OCT 166 6oiipiamia LHI-11-250-0,06 mranreHIMpPKYIJIb KOMEriMeH yprizineai. Opoip
YJIT1 yIIiH OyJ1 ChIHAy Ke3iHJIe ChIHFaH 00JIca, )KapbIKIIaKKa TO3IMIUTIK KO3 UITMEHT
KEepHEY KapKbIHAbUIBIFBIHBIH KPUTHKAIIBIK MOHIH €CENTey apKbLIbl aHBIKTAJIAIbI.

Kecre 3 — Lluknaik skapbIKIIaKTapFa Te3IMAUTIKKE ChIHAy HoTHxkenepin TanaayKfC

Kopmaramn
Kepeerxim | Yori No OpTatHEBHH CaJ‘ILICTLIpMai‘ILI Homunanns e P———
TeMIIepPaTypachl, | BUIFAIIBUIBIK, % | MOH, KEM eMec
°C
Ecxki xbutrsl | JKapsinyra 1 24 70 32 48,8
TO3IMOINiK,
Mo 2 24 70 43,2
PII65
1 22 69 32 44,5

[lapmray cwI3aTBIHBIH ©CY JKBUIIAMIBIFEI ChIHAFBI. lllapmray ceI3aTBIHBIH ©CYy
KBUITAMJIBIFBIH aHBIKTAYy YIIIH ChIHAKTAPIbl KYPTi3y YIIIH YATiHI Oip-OipiHeH
(180+1) MM KamBIKTBIKTa OpHaJaCKaH ChIHAY MANIMHACHIHBIH TIpEKTEepiHE
OpHAaJNIACTHIPAIbl, OChUIAlIIa OYpHIH KOJITAHBUIFAH OWBIK CO3BUTY KEpHEYJEpiHiH
artmarbl. ChIHAaK MalTHHACHIHBIH TIPEKTEPIHE ChIHAMaHBIH OYHip OSTTepiH/Ie OMBIK OCIHE
MepIEHINKYIISIp OpHATY anasiHaa 0ip-0OipineH (1,010,1) MM KalIbIKTHIKTa OpHATACKAH
OMBIKTAp TYpiHAE Oenrinep Koubliaabl. bipinmi 6enri oibIKThIH coHbHaH (1,010,1)
MM KaIllbIKTHIKTa KObUIaabl. OChI Oenrisiepre ColKec )KapbIKITaAKTHIH Y3bIHIBIFBI OHBIH
OacTankpl eiieMre JIeiiH ocyl Ke3iHJe /e, ®KapbIKIIaKTapAblH OCy KbUIIaMIBIFbIH
aHBIKTAy YIIIH ChIHAKTAp Ke3iH/e Ae Oakputanasl [7].

Kectre 4 — Illapmay chel3aTTapblHBIH ©CY KbUIJIaMJIBIFbIH aHBIKTayFa apHaJFaH
ChIHAKTap/IbIH HOTIKEJIEPIH Tallay
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Y 1 r i|AK =10 MITaxm'? AK = 13,5 MITaxm'?
) Temmepatypacel, | Hakrst Mon, M/10° Hopwmananran | Hakrer MoH, M/10°
Yori Ne C MOH,  apTBIK
emec M/10°
Homunanasr MoH,
apTeiK emec M/10°
Ecxki| 1 7,6 12,6
KBUIFBL
21 17 55
7,3 12,7
2 22 17 55
7,8 13,2
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Cypet 8 — K1C craTHKabIK KapbIKIIaKKa TO3IMAUIITIH ChIHAYFa apHaJIFaH YJIriiep
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Cypet 9 — llapmiay chI3aThIHBIH 6CY KaPKBIHBI
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Do peasc - L]

Cypet 10 — Ocy kapkbiabl S5M / 109 man acmaybl Kkepek

Haruxesnep MeH TaiKkblIAy:

1. Te31MaLIiK TIeT1 — OCHTIK )KOHE AUCTIIEPCTI JTUKBAIIUSHBIH MOWBIHHAH THIC 0ac
*KoHe (Hemece) TabaHFa 15 MM-JIeH acmalThlH KAllIBIKTBIKTA Tapadybl; MONBIHHBIH
KaJbIHIBIFBIHBIH 1/3 OeJiriHeH acmalThIiH cerperamus aiMarbIHBIH €Hl; MYHIai
alMaKTBIH Y3BIHIBIFBI 15 MM-JICH a3 PebCTIH TIK OCiHE KATBICTBI aCHMMETPHUSLIIBI
OpHaJaCKaH YKOFapJaThUIFaH KOHE TOMEHJIETIITeH KBIIKBULIBIK aiMaKTapbIHBIH
00JybIMEH TYCIHAIPIIE].

2. Mertann emec KOCBIHJIbIIAp — OOJATTHIH JIaCTAHYbIHBIH JXOFapblJIaraH
Kod(PUIMEeHTIHE COIKEC KeIIMEMIl.

BonarrapapiH KbI3MET KOpCETy KaCHETTEPIHE dCep €Ty JAopeskeci OOMBIHIIIA OKCHITI
MeTaJIJI eMeC KOCBIH/bLIAp €pPEKIIe OPBIH ajia/ibl, 0OJap KOl )aFJaiia TOTBIKChI3IaHy
peakusIapbIHbIH oHIMIepl 0ombin TadblIaAsl [4]. MeTamn emMec KOCHIHABLIAPIBIH
KYpambl )KOHE COHFBI OTTET1 MOJIIIEPi KOJIIAHBUTATHIH TOTHIKCHI3IaHIBIPFBIIIITAPMEH,
oJIapABIH KypaMbIMEH, CAHBIMEH, PETTUIITIMEH >KOHE OJapJbl OalKpIMara €HT13y
9IICIMEH aHBIKTaIaabl. MeTaIbIH KyPaMbIHIaFbl METAJIJI €MEC KOCBIHIBUIAP KBI3MET
€Ty KacueTTepiHiH OYKLUT KeIIeHIHE eIy dcep eTel. Aaiiia, TeK KOCHIHIBLIAPIbIH
CaHbl FaHA €MeC, KACUETTEPIH /e aHBIKTANIbI, O1paK OJIaH Ja KOIl JpexKeIe omap by
CHIIATHI, MIILI1H1, MOJIIIEPl MEH METAJUIbIH Tapalybl KajblTacazsl. Keiine TinTi OipHere
YJIKEH KOCBIH/bLIAp HEMECE KIlIpeK )KUHAKTay MaTepuasap/IblH KaCUeTTEepiHE dcep
€Tyl MYMKIH, MBICaJIbI, ITHYPJIbI, ACTIANTHIK JKOHE PEIHCTI OoJIaTTap HEMece OEepIKTIT1
YKOFaphl KOpbITHANap/bl aTal ©TKEH *6H. MeTall eMec KOCBIHAbLIApIbl OaKbuiay
MaceJieCl BIKTUMAJIBIK, SIFHU, KOCBIHIBUTAPIBIH JKAJIITBl CAHBIH FAHA €MEC, COHBIMCH
KaTap KOCBIHJIbUIAP/IbIH KPUTHKAJBIK OJIIEeM/EpiHIH dcepiH Oaranayra, Oenrui Oip
MaKcaTTarbl 00JaTTap YIIH KOCHIHIBUIAPABIH KypaMbl MEH OJIIIEMIIK TapaTybIHbIH
acepiH Oaranayra, ChIHaMa ajyJIbIH CEHIM/I1 d/IICTEPIH KOJIaHyFa HET13/IeJITeH KOHE
00BEKTHUBTI 3€pTTEY SJIICTEPIHE HETI13/IeE ],
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Mertau emec KOCBIHBLIAP TIACTUKATIBIK JIeopMalys MEH KaTaroIbIH «KOJIeMI1»
npolecTepiHe ic Ky3iHIe dcep eTmneiiai, Oipak osap >KeprijlikTi mpouecrepae —
JeCTPYKLU/IA, COHIaii-aK 00IaTThIH TYHIPIIIK XKoHe (a3aiblK KypaMbIHBIH TY31UTyiHIe
dPTYPJIi TOCLIAEpMeH Kepineni [8,9].

BonaTThlH TEXHOJOTHUANBIK (TEXHOJOTHUSJIBIK UKEMILIIr1, KYHFBIIITHIFH),
MEXaHHUKaJIBIK (COKKBIFA TO3IMJIUIIT) )KoHE SKCIUTyaTalMsUIbIK KacHeTTepl (KOppO3HsFa
TO3IM/ILIIIT) KOl )KaFAalia MeTalll eMec KOChIH IbIIapFa OaiilaHbICTHI.

3. Korutact Gepikriri — chlHay Ke3iHZe YJATiHIH ChIHybIHA OaiaHBICTBI COMKeC
kenmeiiai, 0yn CTPK 2432-2013 TanantapeiHa colikec KenMeiai. ANJIbIH ana —
60 °C neiiin cankpiHAaThUIFAH YIIri canmarsl 1000 Kr cainMakThiH 5 METp OMIKTIKTEeH
KYJIaybIHBIH 9CEPIHEH ChIHAJIFaH.

Toxipubenik chlHAKTap >KbUDKBIMAJIbl KYPAMHBIH JIOHFaJIaKTapbIHAH TYCETIH
JUHAMUKAJIBIK )KYKTEMEJIEepAiH dCepiHEeH CHIHBIKTAp CBHIHFBIIITHIKIICH OOJaThIH
PENBCTEPAIH CHIHFBIII OCPIKTIriH OaFranayFa MYMKIHJIIK Oepei.

4. Ecki penbcTeplli maiijjaniany OpOTEKTOp OETiHIH >KOFaphl aKayJbIFbIHA
0aiiJaHbICTHI KEHET iCTEH IIbIFyFa d9Kenyl MyMkiH [10,11].

Kecre 5 — Iaiinanany ceHIMILIIrH Taaaay

ATanybl Peabcrepain naiinanany cenimainiri
Te3iMaiIik CraTuKanabIK Huknmik [Mapmray ceI3aTBIHBIH 6CY
reri JKapbIKKa TO3IMIITIK KapKBIHBI
TO3IMIITIK AK =10 AK=13,5
MIlaxm'? MIlaxm'?
CTPK 2432-2013,| Kem emec 370 | 32MIlaxm'? 5 MIIH IHUKII 17m/10° 55m/10°
TOCTP  51685- MIla
2013 OotbIHWA
HOPMANAHEAH
Kopcemxkiuimep
Ecki penbe 355 32,1 Coiikec kenemi 15,3 497
PIT 65 canarnl 489 37,1 Coiikec kenemi 7,2 12,6
OHEPKACIN pesbei

1400

1200

1000

200 - W YaKeITWwa Kapcelnelk, MMa

o - .
600 - CyRBIKTEIKTEIH, KaiTa Beninyi, MMNa

Tesimginik weri, MMNa
400

200

Ecki pensc PM&5

Cyper 11 — [laliganany ceHIMIUTITIH Tanaay
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KopsbiThinabl. Ocbl 831pJIeHTeH d/1iCKe CONKEC OHIMAUIIK ChIHAKTaphI KYPri3iuil
XKOHE pelibC KaCHEeTTEepPiHIH CTaHJapTTapFa COMKECTIriHe Tajjgay XKypri3iuiai.
MexaHUKaIBIK JKoHE Naiianany KacuerTepi OOMbIHINIA €CKi PelbCTepAiH OHIMIUTITT
RP65 canateiHaFbl penabcTepre Kaparanaa TeMeH. CanbICThIpMaibl Tajay HeTi31H1e
ecKi pesnbcTep OipkaTap KOpCETKIIITep MEH maiianany ceHiMaumiri 6oipiHma RP
65 xxone DT 350 canaThIHIAFBl pelbCTEPJCH OHIM/IIIK KarblHaH alTapibIKTal
TOMEH eKeHIr mbiFapl. CanbICThIpMalIbl TAlJIay HETI31HAe ecKi penberep OipKaTap
KOpCETKIIITep MEeH naianany cenimauniri Oovisinma RP 65 sxene DT 350 canaTsiHarb
peNbCTepIeH OHIMIIIK KAFbIHAH alTapIIbIKTal TOMEH €KEH/IIT1 IIBIFaIbI.
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PA3PABOTKA METOJIUK UCITBITAHUAM
N UCCIUIEJOBAHUA SKCIINIYATAIIMOHHBIX
XAPAKTEPUCTUK CTAPOTI'OJHUX PEJBCOB

B oannoti cmamve paspaboman memoOouuecKuil KOMNIEKC UCHbIMAHU
no  onpedeneHulo  IKCNAYAMAYUOHHBIX — CBOUCME  (npedend  GbIHOCAUBOCHIU,
YUKIUYECKOL CMOUKOCIU, CKOPOCMU POCTA YCMALOCMHOU MPeujutbl, YUKIUYECKOU
MPEeWUHOCMOUKOCIU,  CMAMUYeCcKoll  C8eMOCMOUKOCMU) HA  COOMBEMCmeue
oyenke ceoticmg penvcos. PK 2432 - 2013 mna nposedenue Komniexca
UCNLIMAHULL  HA  IKCIAYAMAYUOHHYIO  HAOENHCHOCMb  (npedeil  GbIHOCAUBOCHIL,
YUKTIOCMOUKOCDb, CKOPOCb POCA YCMALOCHHOU MPEWuHbl, YUKIOCMOUKOCHD,
cmamuyeckas mpewuHoCmouKocmys) penvcos cmapoeo u PII65 ucnonvzosanucs
coomeemcmeyroujue memoowvl. /s cpasHeHus UCnoIb308AIUCL 00paA3Ybl PElbCO8
muna PI165 npouseoocmea TOO «APB3» (Axmiobunckuil peibcobanounblil 3a600).
1o paspabomannomy memooy 6vlau npoedeHvl IKCHIYAMAYUOHHbIe UCHBIMANHUS U
NPOAHATUUPOBAHBL CEOUCMEBA PENbCO8 HA cOOmEemcemeue cmanoapmam. Joxazamo,
YIMO NO MEXAHUYECKUM U IKCHITY AMAYUOHHBIM CEOUCHEAM CINAPble PEbChbl YCIYNAIOm
penvcam kamezopuu PI165. C nomowwio paspabomannozo memooa Ovlia nposepena
HA0eICHOCMb pelbcos. B nacmosuee epems muocue yuacmku scene3no00pOoHCHbIX
nymeu Pecnyonuxu Kasaxcman nponosxcenvt cmapvimu peavcamu P65. K cmapoviv
penbeam OmHOCAMEs Ovleuiue 8 YROmpeOaieHUU PeibCbl CO 3HAYUNENbHBIM USHOCOM
NOBEPXHOCMU KAMAHUL U OOKOBOU NOGEPXHOCMU 20J06KU U T.H. NPAKMUYecKu
UCmeK U, COOMEEMCmMEeHHo, He umeen O00CMAmMOYHOlU HAOEICHOCMU 8 npoyecce
danvHelueeo UCNOIBL308AHUS. B 9mom ciyuae na cmapulx peavbcax npu nosmopHoM
UCNONBL306AHUL NPOU3BOOUMCS AU osanue U Qpeseposanue 20106KU peabed, Ymo
CHUDICAem ux pecypc 3a cuem yMeHbUeHUs IMepMOoapMupos8antozo cios. Kpome mozo,
cmapule pebevl AKMUGHO UCTOAb3YIOMCS NPU CIPOUMETbCMEe HOBbIX NPOU3BOOCHIE
u pemonme noowve30uvlx nymeti. MIx npumenenue yxyoulaem npoyecc MooepHu3ayuu
JHCENe3HBIX 00pPO2, MAK KAK PerbCbl CMapoz2o 00pasya 4acmo He uUMerom 3d30pos
U He 2apaHmupyiom OIUMeNbHbIl CPOK CAYHCObL U3-3a HUSKOU IKCHAYAMAYUOHHOU
HAOEICHOCMU, a UX 3aMeHd maxaice mpeodyem OONONHUMENbHbIX 3AMPam Ha pemMonn.

Kniouesvie crnosa: scene3no0oposicHvle penvenl, IKCNIYAMAYUOHHbIE CEOCIEA,
cmapo2o0Hue pervesl, MOOeIU, NPOYHOCTb C8AU, IKCHIYAMAYUS.

DEVELOPMENT OF TESTING TECHNIQUES AND INVESTIGATION

OF THE PERFORMANCE CHARACTERISTICS OF OLD RAILS

In this article, a methodological set of tests has been developed to determine the
operational properties (endurance limit, cyclic resistance, fatigue crack growth rate,
cyclic crack resistance, static light resistance) for compliance with the assessment of
rail properties. RK 2432 - 2013 to conduct a set of tests for operational reliability
(endurance limit, cycle resistance, fatigue crack growth rate, cycle resistance,
static crack resistance) of old and RP65 rails, appropriate methods were used. For
comparison, samples of rails of the RP65 type produced by ARBZ LLP (Aktobe Rail
and Section Works) were used. According to the developed method, operational tests
were carried out and the properties of the rails were analyzed for compliance with
the standards. It is proved that in terms of mechanical and operational properties,
old rails are inferior to rails of category RP65. Using the developed method, the
reliability of the rails was tested. At present, many sections of the railway tracks
of the Republic of Kazakhstan are laid with old R65 rails. Old rails include used
rails with significant wear on the tread surface and the side surface of the head, etc.
has practically expired and, accordingly, does not have sufficient reliability in the
process of further use. In this case, on reused old rails, grinding and milling of the
rail head are performed, which reduces their resource by reducing the thermally
reinforced layer. In addition, old rails are actively used in the construction of new
industries and the repair of access roads. Their use impairs the process of railway
modernization, since old-style rails often do not have gaps and do not guarantee
a long service life due to low operational reliability, and their replacement also
requires additional repair costs.

Keywords: railway rails, operational properties, old rails, models, pile strength,
operation.
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BJINSIHUE COTC U MTAPAMETPOB KOHCTPYKLUN PE3LJOBOU
CBOPHOU PA3BEPTKN HA TOYHOCTb OBPABOTKH

42

B nacmosiwee epemsi cywecmayem 6onvuioe pazHooopasue Memaiiopercyuux
uHcmpymenmos. Homenkiamypy pesicyuje2o uRCmpymMeHma Onpeoensitom Ha 0CHOGe
ananuza Gopm, pasmepos, mpedyemol MmouHOCmu U Wepoxo8amoCcmy OCHOBHbIX U
O0ONOIHUMENbHBIX NOBEPXHOCMEN Oemainell ¢ Yuémom udd 8blOPAHHOL 3a20MOBKU.

Ha nosviwenue cmoiikocmu u U3HOCOCMOUKOCMU UHCTIPYMEHMO8, MAKJice Npu
Memannoodopabomre, 3hppexmusrHoe erusHUe OKAZLIBACM NPUMEHEHUEe CMA30YHO-
oxnadxcoarouux mexnoaocuseckux cpeocms (COTC). Quzuxo-xumuieckuii Mexanuzm
oeticmeus COTC oocmamouno ciodicen u, 8 0CHOBHOM, 00YCIOBIEH UMEHEHUEM
VCA0BULL  83AUMOOCUCIEUS. NOBEPXHOCMEU PelCcyueco KIUHA UHCIMPYMEHmMAd ¢
0OpabamvleaemMbiM MAMePUaiom, 4mo blpadcaemcs, npexcoe 6ce20, 8 UsMeHeHUU
VCR08ULL KOHMAKIMUPOBAHUSL.

Ha ocnose nposeoénnoco awnanuza KOHCMPYKYULL OMEYECMEEHHbIX U
3apyOedCHbIX  Npou3gooumenell  MemaulopedCyyux — UHCIMPYMEHmMo8  COeNaH
861600, UMO paA3PAOOMKA HOBbIX KOHCMPYKYUL OCYWECmENsemcss 6 HanpasieHuu
NPOEKMUPOBAHUSL COOPHBIX KOHCMPYKYUL, CMEHHBIX PEeXCYUUX NAACTUH, d MAKICE C
npuMeHeHueM KOMOUHUPOBAHHBIX PENCYUSUX UHCTIPYMEHMO8.

Koucmpyxkmuenvie ocobennocmu pe3yosoti cOOpHOU pa3eEépmKu U Kauecmeo
pabouux nogepxHocmell pejcywe2o KiuHa 3y0bes 00ecneuusaion  blCOKVIO
ahpexmusHoCcmb YUCTNOBOU Onepayuu pa3eeEpmuléanus, NOSbIUICHUE MOYHOCIU
00pabomkuy, a maxdice CMOUKOCMb UHCMPYMEHMA U CHUJICEHUE UepOX08amocmiu
obpabamuleaemvix demanel.

DKCnepumMeHmanbHbiMy  UCCIe008AHUAMU 0OPAOOMKY OMEepCmull pe3yo8oll
CcOOPHOLL pa3eEépmKU HA OCHOBE MEMOOUKU NIAHUPOBAHUSL NOLYYEHDbL, YO KAYeCmE0
0bpabomku omeepcmuil pe3yosoil COOPHOU PA38EPMKOU C HCECMKUM KPENieHUEeM
bezsepuunnvix 3y00e6 npu npumenenuu COTC yeeruuusaemcs ¢ 1,2..1,3 pasa,
8credcmeue YMEeHbUeHUs. meMnepamypul U mpeHus 8 30He Pe3aHUs.

Kurouesvie cnosa: pesanue, COTC, memannopedxcywuii uHCmpymenm, pe3yoeas
COOPHAs paA38EPMKA, PEAHCUMBL PE3AHUsL, MOYHOCHb, UEPOXOBAMOCHIb.
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Beeaenne

B nacTosimee Bpems cymiecTByeT OoJiblIoe pazHooOpa3ue MEeTaTIOPex yInuX
UHCTPYMEHTOB. HOMEHKIaTypy peXyIliero MHCTpyMEHTa ONPEesIOT Ha OCHOBE
aHanu3a GopMm, pazMepoB, TpeOyeMOl TOYHOCTH M HIEPOXOBATOCTU OCHOBHBIX H
JIOTIOJTHUTEIBHBIX TOBEPXHOCTEH JleTaleil ¢ yuéToM BH1a BBIOPAaHHOM 3aTOTOBKH.

Pa3paboTke U MPOEKTUPOBAHUIO PEXKYIIET0 MHCTPYMEHTA MOCBALICHBI PaOOThI
Kupcanosa C. B., I'peunminukosa B. A., Cxuptnaaze A. I'., Koxxesnukosa /I. B.,
[lerpymmna C. U., Kanesa I1. I'., Aynak H. C. u op. [1-3]

Ha nosbllenne CTOMKOCTH U M3HOCOCTOMKOCTH MHCTPYMEHTOB, TaKXe IIpU
MeTamiooopaborke, 3pPpexkTuBHOE BIUSHHE OKAa3bIBAE€T MPUMEHEHUE CMAa304YHO-
oxaxaaronux Texnonorudeckux cpeacts (COTC). Ou3nko-XxMMHYECKUNA MEXaHU3M
nevictBust COTC nocTaToqHO CII0KEH U, B OCHOBHOM, 00YCJIOBIICH H3MEHEHHEM YCIIOBUI
B3aMMOJICHCTBHS MOBEPXHOCTEH PEXKYIIET0 KIMHA HHCTPYMEHTa ¢ 00pabaThIBAeMbIM
MaTepuaoM, YTO BEIPAKACTCS, IIPEXK/IE BCETr0, B U3MEHEHNH YCIIOBUI KOHTAaKTHPOBAHMSI.

OO1IenpUHATO, YTO NP PE3aHUU METAJUIOB aKTUBHBIC B XUMUYECKOM OTHOILICHUH
MOBEPXHOCTH MHCTPYMEHTA U CTPYXKH BCTYNAaIOT B XUMHYECKYIO pEaKIUI0
¢ komnonentamu COTC, B pesynbTaTe 4ero o0pa3yloTcs 3allUTHBIC IUIEHKH,
HKPAHUPYIOIIUE aIT€3UI0 MEX/Ty FOBEHUIbHBIMU OBEPXHOCTSIMH HHCTPYMEHTAJIBHOTO
1 00pabaThIBAEMOr0 MaTEpUAIIOB.

OnbIT epeI0BBIX MATMHOCTPOUTEIBHBIX 3aBOJIOB [TOKA3bIBAET, UTO () (hEKTHUBHbIC
COTC mno3BossaoT B 1,2—4 pa3za moBbICUTh CTOMKOCTh MHCTpyMeHTa, Ha 20—60 %
(dopcupoBaTh PEKUMBI PE3aHUS, YMEHBIIUTH YHEPTO3aTPaThl IPU MEXaHOOOPaOOTKeE.
[Ipu npaBuIbHOM BBIOOpE COCTAaBa M KOHLIEHTPALIMU KOMIIOHEHTOB, BXO/ISIIIUX B COCTaB
COTC, MO>XHO YBETMYUTH CTOMKOCTD PEXKYILET0 HHCTPYMEHTA OT 2 10 6 pa3 [4—6].

Ha ocHoBe npoBe1€HHOTr0 aHaIN3a KOHCTPYKIMI OTEYECTBEHHBIX U 3apyOEKHBIX
IPOU3BOIUTENCH METAIIOPEKYIIMX HHCTPYMEHTOB MOKHO C(hOPMYIJINPOBATH BBIBO/,
4TO pa3pabOTKa HOBBIX KOHCTPYKIUI OCYIIECTBIISIETCS B HAIPABJICHUH TPOSKTUPOBAHUS
COOpHBIX KOHCTPYKIMH, CMEHHBIX PEXYLIUX IUIACTHH, @ TaKXKe C MPUMEHEHHEM
KOMOWHHUPOBAHHBIX PEXKYIIUX UHCTPYMEHTOB.

C yu€ToM U3710KEHOT0 OBbUTN pa3padOTaHbl KOHCTPYKLIMH HOBBIX METATIIOPEKYIITHX
UHCTPYMEHTOB JJIs1 00paOOTKU OTBEPCTHIA:

1) Pe3ioBas cobopHast pa3BEpTKa ¢ 6e3BEpIIMHHBIMU 3yObSIMH, IPA3EBbIMU KaHABKAMHU
U CMEHHBIMH KOMIICHCAIIHOHHBIMU IUIACTUHAMHU — COCTOMT U3 KOPIIyca, B KOTOPBII
yCTaHABJIMBAIOTCS YETHIPE BCTABHBIX pe3la-3y0a pa3BEPTKH, YCTAHOBICHHBIX B I1a3bI
CO CMELICHUEM JIPYT OTHOCUTENIBHO JAPYra BJOJb OCH M 3aKPEIUIEHHBIX MPUKUMaMHU
C KOMIICHCALIMOHHBIMU IUIACTUHAMHM /ISl YCTAHOBKU IEpe/l KaKJI0W MepeTOYKON H
oOecrieueHHst CHATHS MIPUITyCKa Ha TIEPETOUKY.

2) PesnoBas cOopHas pa3BEPTKAa cO CABOCHHBIMU O€3BEPILMHHBIMH 3yObsIMHU,
I'psA3€BBIMH KaHaBKAMU M CMEHHBIMU KOMITEHCAIIMOHHBIMU TUIACTHHAMHU.

3) Pe3uoBas c6opHas pa3BEPTKA CO CABOCHHBIMHU PA3HBIMH IO BBICOTE 3yObSIMU-
pe3naMu ¢ Oe3BEPIIMHHBIMU 3yObsIMH, I'PA3E€BBIMH KaHaBKaMH U CMEHHBIMU
KOMITCHCAIIHOHHBIMH IJIACTHHAMH.
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4) Pe3uoBas cOopHas pa3BEPTKa C peryIMpyeMbIMU O€3BEpPIIMHHBIMU 3yObSIMU U
I'ps3€BBIMH KaHaBKaMHU.

5) Pe3uoBas cOopHast pa3BEPTKa C KECTKUM KperieHHeM Oe3BepIINHHBIX 3yObeB,
I'psA3€BBIMH KAaHAaBKAMU M CMEHHBIMH KOMIICHCALIMOHHBIMU TUIACTHHAMU [7].

Oco0eHHOCThIO TPEIOKEHHBIX HHCTPYMEHTOB SIBIISIETCS TO, YTO UX pabouas
4acTh, T.€. PEXKYIIUE U KaTuOpyromue 3yObsi, UMEIOT MOBBIIICHHYIO CIIOCOOHOCTD
CaMOLICHTPUPOBAHUS IIPH PE3aHUU 32 CUET UCKIIIOYSHUS BepIInH 3yObeB. Kpome Toro,
MHOTOKpaTHOE KalnnOpoBaHue 00paboTaHHON NOBEPXHOCTH 00ECTIEYNBAET MOTYUCHNE
6osiee cTaOMIBHOTO pa3Mepa W yMEHBIIAETCS BEJIWYMHA OTKJIOHEHUH OT 33JJaHHOTO
pa3mepa C LelbIo MOBBIIICHUs KauecTBa 00padoTku [§—10].

MarepuaJjbl 1 METOABI

Hcnonp3oBaHue U3BECTHBIX U allpOOMPOBAHHBIX METOJIOB UCCIIEOBAHUI TEOpUHU
pe3aHust, IPUHIKIIOB MAIIMHOCTPOCHHUS, TEOPETUIECKON MEXaHUKHU, IPOSKTHPOBAHUS
METAJIOPEXKYIUX UHCTPYMEHTOB, METOJ0B MaTeMaTUYECKOTO MOJIEIUPOBAHUS
U ONTUMH3ALHMKM MAapaMeTpPOB JJIs JOCTHKEHHS TpeOyeMOoro KayecTBa ¢ y4EToM
HKCHEPUMEHTAIBHBIX HCCIIEIOBAHUH BIMSHUS KOHCTPYKTHBHBIX TAPAaMETPOB PECYPCO-
JHEeprocOeperapnInx METALIOPEKYIINX HHCTPYMEHTOB Ha TPHOOTEXHUUYECKHUE
XapaKTepUCTUKH HAa OCHOBE TOYHOCTH 0OpabOTKH, KBAJIUTETa, MIEPOXOBATOCTH
MOBEPXHOCTHU M TUIIA POU3BOICTBA.

Hcnonb3ys nporpamMMmuslii npoaykt APM WinMachine BbInojHEeH pacuéT
KOHCTPYKIIMH HOBBIX METAIIOPEKYIIHUX HUHCTPYMEHTOB — PE3IOBBIX COOPHBIX
pa3Béprok. VicxoaHble JaHHBIE: MaTepua Kopiyca — ctanb 45, a BCTaBHBIX 3yObeB-
pesuoB — T15K6. lnametp 06pabotku 45 MM, 00padaTsiBaeMblii MaTepral — cTaib 45.

PexxuMbl pe3anus yUuTHIBAINCH 110 4 BapuaHTaM (Ha OAHOM JIMHUY C IPUKUMaMU;
Ha OJHOM JMMHUU 0€3 MPUKUMOB; [0 BUHTOBOM JMHUU C NPUKMMaMH; 110 BUHTOBOKH
JMHUU 0€3 MPUKUMOB):

— 1 Bapuant: S = 0,2 MM/00; n = 160 06/muH, t = 0,25 mm. [TapameTpsl Harpy3Ku
Ha 4 3yba-pesua: P_= 328; Py =612, P =918;

— 2 Bapuant: S = 1,4 MM/00; n = 160 06/muH, t = 0,25 mm. [TapameTpsl Harpy3Ku
Ha 4 3yba-pesua: P_= 328; Py =612;P =918;

— 3 Bapuant: S = 0,2 MM/00; n = 160 06/muH, t = 0,5 mm. [TapameTpsl Harpy3Ku Ha
4 3yba-pesua: P_= 656, Py = 1144, P = 1836;

—4 Bapuant: S = 1,4 MM/00; n = 160 06/muH, t = 0,5 mm. [TapameTpsl Harpy3Ku Ha
4 3yba-pesua: P_= 656, P =1144; P = 1836.

Pe3ynbraThl pacyéToB KOHCTPYKIMHA PE3LOBBIX COOPHBIX pa3BEPTOK CBEICHHI B
Tabnuiy 1.
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Tabnuua 1 — Pe3ynbraTsl pacuéToB KOHCTPYKIMN COOPHBIX PE3LOBBIX PA3BEPTOK

Bapuant I'mybuna DKBUBAJICHTHOE Cymmapnoe muaeliHoe | Koaddunuent 3amaca
pe3aHus, MM HaIpsDKEHHUE 10 nepeMelIeHue, MM 10 IPOYHOCTHU
Musecy, MIla
Makcumaib-Hoe Maxkcumaib-Hoe o
3HaYCHHUEC 3HAUYCHHE 8 S
T o ? o)
FE 0 |EE
< O [
- ==
= E =
=l oz
S [<e} ('.:é e}
= >
1
0,25 57,064 0,009 13,668 1000
0,5 114,524 0,019 6,826
2
0,25 91,729 0,025 11,628
1000
0,5 179,909 0,048 5,931
3
0,25 59,239 0,012 10,322 1000
0,5 118,458 0,0245 5,162
4
0,25 58,506 0,007 18,549 1000
0,5 115,263 0,014 9,243

AHanu3 pe3yJabTaTOB KOHCTPYKIMH pe3loBOil COOPHOM pa3BEPTKHU C KECTKUM
KperieHrneM Oe3BepIIMHHBIX 3yOheB (Tabnuua 1) mpeacrasieH Ha pucyHKax 1-3.

Pucynox 1 — DxBuBasieHTHOE HaNpsDKEHUE TI0 Mu3ecy pe3loBoil cOOpHON pa3BEPTKU
C JKECTKUM KpeIuieHueM Oe3BEpIIMHHBIX 3yObeB 110 BUHTOBOW JTMHUU
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Pucynoxk 2 — CymmapHoOe THHEIHOE IepeMelieHrne Pe3oBoi COOpHOM pa3BEPTKH C
KECTKUM KperieHueM 0e3BepIIMHHBIX 3yObeB M0 BUHTOBOI TMHUU

Pucynok 3 — KoaddunmeHT 3anaca no mpo4HOCTH pe3LoBOM cOOpHOM pa3BEPTKHU C
KECTKUM KpeTieHueM 0e3BEpIIMHHBIX 3yObeB M0 BUHTOBOM THHUT

[Ipoananu3upoBaB MOJNyUYECHHBIE B pe3yJibTaTe pacuyéra KapThl Pe3yJbTaTOB,
OIICHUBAEM MPOYHOCTHHIE CBOHCTBA CMOJEIUPOBAHHON KOHCTPYKIIMHU PE3LOBOM
cOOpHOI pa3BEPTKHU C KECTKUM KpEIJICHUEM OE€3BEpPIIMHHBIX 3yObEB MO BUHTOBOM
JUHUH cHOpPMYITHpPYEM CIEAYIOIIUE BBIBOBI O €€ pab0TOCIOCOOHOCTH:

— MaKCHMaJlbHO€ 3HAYeHHE DKBUBAJICTHOTO HAMPSKEHHsI IO MH3eCy COCTaBiseT
58,506 MlIla;

— MaKcUMasbHOE cyMMapHoe JuHelHoe nepemerienue 0,007 MM, TOBOPHT O TOM,
YTO IIpu 00pabOTKE OTKIOHEHHE OT 3aAaHHON (POPMBI MUHUMABHO;

— o0J1aaeT XOpoIruMH MoKaszaTessiMu kK03 puiineHToB 3anaca mpoyHocTu —18,549.

Takum oOpaszom, npumenenue nporpammel APM WinMachine npu pacuére
METAJJIOPEKYIIHUX HHCTPYMEHTOB MO3BOJSET MOBBICUTH MPOU3BOAUTEIBHOCTD
MPOEKTUPOBAHUS U UCCIIEIOBATh MHOTOBAPHAHTHOCTH PEXKUMOB PE3aHUSI.
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Pe3yabTaThl H 00CYXKIEHUSA

AHalu3 CyIECTBYIOIUX KOHCTPYKIMIA U UCCIIENOBaHUS 00pabOTKH OTBEPCTHI
PEXYIIMMHU MHCTPYMEHTAaMU NPUBEIH K pa3padoTKe HOBOTO METAJJIOPEKYIIETO
UHCTPYMEHTA — PE3L0BON COOPHOM Pa3BEPTKH C OE3BEPLUIMHHBIMU 3YObSIMH — IS
pa3BOpauMBaHUs OTBEPCTUH MOBBIIICHHOTO KayeCcTBa MOBEPXHOCTH U TOUYHOCTHU
nuamerpa. be3BepiinHHbBIE pe3lbl-3yObsi pa3pab0TaHHOIO0 MHCTPYMEHTA JIUIICHBI
OJTHOT'O M3 HEJIOCTAaTKOB — HAJIMUMUS BEpIIMHBI, HanOoJjee caboi 1 H3HAIIUBAIOIIEHCS
YaCTH PEXKYIIEH KPOMKU OOBIYHBIX pe30B. Ho is MOBBILIEHNSI TOYHOCTH U KauecTBa
00paboTKM yKa3aHHOH pa3BEPTKON HEOOXOMMO NEPEAHIO0 U 33 JHIOI0 IOBEPXHOCTH
3yObeB JOBOJIUTH ITOCIIE ONEPALIMH 3aTOYKH, TIPH 3TOM IMTOBBIIIAETCS TAKXKE U CTOHKOCTh
3yObeB pa3BepTku [11].

J1J1s OBBIIIIEHNSI KauecTBa 00pabOTKH HEOOXOIMMO UCKITFOUUTH a0pa3uBHOE TPEHUE
MEX/y HapaBIAoMEeil 1 00paboTaHHOH MOBEPXHOCTHIO.

Jnst uckimroueHust abpa3uBHOTO TPEHUSI HA HAIIPABIISIOIIMX AJIEMEHTaX KOPITyca U UX
U3HOCA BBIITOJIHEHBI IPsI3eBbIe KAHABKH BJI0JIb 00Pa3yOIMX HAPABIISIOIET0 HMIMHIIPA.
Jlnst MCKII0YeHUs BO3MOXKHOCTU BHEJPEHUS NepeaHell KPOMKH HampaBIISIOIINX
HJIEMEHTOB Ha KOPITyce pa3BEPTKU B 00paOOTaHHYIO MOBEPXHOCTH BBIMOIHEHA (hacka
BJI0JIb HATIPABJISIOIIEH OKPYKHOCTH, 3aTPYIHSIOIIAsl BHEIPEHUE IPH BOZHUKHOBEHUHU
BUOpAIMii B IpoIiecce pe3aHusi, YTO TAKXKE MOBBIIIAET KaYeCTBO 00pabOTKH JieTaseil.

C uenpio yBeTUYEHUS CPOKa CIIyKOBI M pecypca pa3BEPTKHU 3a CUET YBEIHMUCHHS
KOJIMYECTBA MEPETOUYEK MPEIyCMOTPEHBI CMEHHbIE KOMIICHCAIIMOHHBIE IUIACTHUHBI,
YCTaHOBJICHHBIE MIOJ] OCHOBaHHE 3yObEeB-pE3I0B, MEHAEMbIC TP KAXKIOW MEPETOUKE,
JUIs KOMIIEHCAIIMH [TOTEPU pa3Mepa peslia 1o BICOTE.

Takum 06pa3oM, KOHCTPYKTUBHBIE OCOOCHHOCTH PE3LIOBOW COOPHOI pa3BEPTKH
U KadyecTBO pabo4yuX MOBEPXHOCTEH PEeXyIIero KinHa 3yObeB oOecreyuBaroT
BBICOKYI0 3(Q()EKTUBHOCTh YMCTOBOM Omepanuu pa3BEPTHIBAHUS, MOBBIIICHUE
TOYHOCTH 00pabOTKH, a TAaKXKe CTOMKOCTh HHCTPYMEHTA M CHIDKEHUE [IIEPOXOBATOCTH
00pabaThIBaEMBbIX JETaJICH.

JlanpHeiilee COBEPIICHCTBOBAHUE MPUBEIO K pa3paboTke COOPHOU pe3roBoOn
pa3BEPTKHU, y KOTOPOH yIBOCHHOE KOJIMYECTBO PE3LI0B-3yObeB, HACTPOCHHBIX HAa OJIUH
auaMeTp o0paboTKH IS JIydlIero KaauOpoBaHus oTBepcTHs [7].

B nponecce 00paboTku OTBEPCTHI MPOUCXOIUT U3HALIMBAHUE WHCTPYMEHTA,
YTO yXyJIIAeT KaueCTBO 00pabaThiBaeéMOi OBEPXHOCTH, MEHSIETCSl HACTPAauBAEMbII
pa3Mep U HeoOXOIMMO BBINOJHATH 3aTayuBaHue MHCTpyMeHTa. [IoBBICUTH
CTOMKOCTbh MHCTPYMEHTa BO3MOXKHO NPHUMEHEHHEM PE3L0BOIl COOpHON Pa3BEPTKHU C
peryaupoBaHueM O0e3BEepIINHHBIX 3yObEeB.

Koncrpykiust pe3noBoii cOOpHON pa3BEPTKU ¢ OE3BEPUIMHHBIMU 3yObsIMU, Y
KOTOPOH OTCYTCTBYIOT NPUXKUMBI, YTO MO3BOJISIET MOBBICUTH XKECTKOCTh 3yObEB-
pe31oB pa3BEPTKU B OCEBOM U paJUaIbHOM HAINpPaBICHUAX, Ojarogaps KpeIuieHUIO
3yObEB-pE3I0B HETIOCPEACTBEHHO K KOPIYCY KPETEXHBIMI BUHTAMH, M YMEHBIIIAETCS
KOJIMYECTBO JeTajei, BXOAIIUX B COCTaB Pa3BEPTKU, €€ rabapUTHBIX Pa3MEpPOB,
ce0ecTOMMOCTh U3rOTOBIICHHUS PE3LIOBOI COOPHOM pa3BEPTKH, yMEHBILIAIOTCS BUOpALIUU
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npu obpaboTKe, a, cieqoBaTEIbHO, OoOecnednBaeTcsi 00jiee BHICOKOE KaueCTBO
00pabaTbIBa€MOT0 OTBEPCTHSL.

Taxum 00pa3oMm, Ha OCHOBAHMHU BBIIIE HU3JI0KEHHOTO MOXXHO C(HOPMYIUPOBATH
CJIETyIOIINE BBIBOJIBIL:

1) IlpumeHeHne KOHCTPYKIMHA PE3LOBBIX COOPHBIX Pa3BEPTOK ¢ OE3BEPIIMHHBIMU
3yObsSIMHU yJTy4IIaeT EHTPUPOBAHUE  BHOPOYCTOMYMBOCTH HHCTPYMEHTA U TIO3BOJISIET
YBEIUYUTH KAU€CTBO U POU3BOAUTEIILHOCTH 00PAaOOTKH LIMIMHAPUIECKUX OTBEPCTHH.

2) Koncrpykuusi cOOpHOU pa3BEPTKU CO CIBOCHHBIMU O€3BEPIIMHHBIMU 3yObsSIMU
IPOU3BOAMT JIy4llIee BBITTIAXKHBAHUE U KAIUOPOBKY 00pabaThiBa€MOro OTBEpPCTHS,
YTO MOBBIIIAET Ka4eCTBO OOpaOOTKHU: MOBBIIIAET TOYHOCTh pa3Mepa U YMEHbBILIACT
OTKJIOHEHUS OT NMPaBUJIBHONU T€OMETPHUYECKON (POPMBI (OTKIOHEHHS OT KPYTJIOCTH).

3) B dopmupoBanuu kayectBa o0pabaThIBAa€MOro OTBEPCTHS BO3PACTaAET
pOJIb YBEIMUYEHHOTO LEHTpUpYomero 3pdekra, 3a c4€T YBEITUUCHHUS KOJIMYECTBA
paboTarouux 3yOneB.

4) CaBoeHHble Oe3BEpIIMHHBIC 3yObs-PE3LIbl YBETUUHUBAIOT CTEIICHb IEHTPUPOBAHUS
pexyiei yactu pa3BEPTKH OJHOBPEMEHHO B HECKOJIBKUX CEUEHHUAX IO JJIMHE
OTBEPCTHUS, YTO MOBBIIIAET TOYHOCTh OTBEPCTHUS 32 CUET YMEHBILICHUS OTKIIOHEHUH OT
NPaBUIBHOI T€OMETPHUECKO (OPMBI B IPOJIOIBHOM CEYEHUH, TO €CTh OTKIIOHEHUH
OT LMJIMHAPHUYHOCTH.

5) CaBoenHble Oe3BEpIIMHHBIE 3yObs-pe3lbl C PETyJIUPOBAaHUEM JMAMETPOB
YBEJIMYMUBAIOT CTOMKOCTh HHCTPYMEHTA U BpEMsI JI0 NIEPETOUKH [7].

Ha ocHoBe METOAMKH IUIAHUPOBAHUSA HKCIEPUMEHTAIBHBIX HCCIEIOBAHUN
00paboTKu OTBEpCTHH pe3loBON COOPHOM Pa3BEPTKU C KECTKUM KpEIJIECHHUEM
0€3BEepIIMHHBIX 3yObEeB MOJIy4EHbI SMIMPUUECKHE 3aBUCUMOCTH, KOTOPBIE IIPOBEPEHBI
Ha aJIeKBaTHOCTH MO Kputepuio duriepa; Ha TUIIOTE3Y OJHOPOJHOCTH JTUCIIEPCHIA 110
kpureputo KoxpeHna; 3HaunMocTs K03 GUIUEHTOB IpH oMoIu Kpurepust CTbroJIeHTA.

[IpoBenenune 3KCIEPUMEHTAIBHBIX HMCCIEJOBAHUN OCYLIECTBISJINCH Ha
BEPTUKAJIBHO-CBEPJINIBHOM CTaHKe Mojenu 2A135, TexHuueckas XxapakTepUCTHKA
KOTOPOTIO MPUBEJIEHa B HOPMATUBHO-TEXHUUECKOU JOKyMeHTauuu [12].

Martepuan 3arotoBok — crtaib 45. [IlpenBaputesibHO 3aTOTOBKH OyIyT
00pabaTbIBaThCS MO NEPEIHIOI HANPABIAIONIYI0 HHCTPYMEHTA U 3aKPEIUISIIOTCS
TPEXKYJIAYKOBBIM CAMOIIEHTPUPYIOIIUMCS MaTPOHOM, KOTOPBI YCTaHOBJIEH Ha
cTOJIe CTaHKa. IHCTpyMEHT OyAeT 3aKperuIsThCs MPU MOMOIIH MEPEXOJHBIX BTYJIOK
HETOCPECTBEHHO B IINMUHAETh CTAaHKA.

KayecTBO moBepXHOCTH OTBEPCTHH Mociie 00pabOTKH MPOBEPsIIacCh HA TOUHOCTh
dpossiM naAMKaTOpoM TESA DIGICO-10 1 111epoxoBaToCTh HOBEPXHOCTH OTBEPCTHUS
oOpabatbiBaeMoii tetanu u3mepsuiack npoduiaomerpom HOMMEL Tester T1000.

COTC MP-7 macnsHas cMa304HO-OXJIAX/IAI0IINE )KUAKOCTh MIMPOKOIO Kpyra
omepanuii: ToueHue, ppeepoBaHue, CBEpICHUE, MPOTATUBAHUE YIJIEPOJUCTHIX,
JIETHPOBAHHBIX, HEPKABEIOLIHMX 1 KapOIIPOUHBIX CTAJICH: CMa3bIBAIOIIIEE OXJIaXK/IAI0IIee
U MOIOIIIee JIeHCTBHE, 00pa30BbIBA MPOUYHYIO MACIISIHUCTYIO TUIEHKY HAa KOHTAKTHBIX
MOBEPXHOCTSAX, TEM CaMbIM CHMYKasi TPEHHUE M YMEHBIIAETCS TEIJIOBBIJICIICHHUE.
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DuU3NKO-XMMHYECKUE XapaKTepucTuku, corinacHo TY 0258-019-23693454-
2009: onHOpOHAs KUAKOCTh OT CBETJIO A0 TEMHO-KOPUYHEBOTO LIBETA; BSI3KOCTH
kuaematudeckas mpu 50 °C 23,0...30,0 cCr; mnotHocts nipu 20 °C 3850-950 kr/m;
TEMIIEpPAaTypa BCIBILIKKA B OTKpbITOM Turie He Huxke 140 °C; maccoBas A0 cepbl
1,0-2,0 % macc; conepkanue MmexaHudeckux npumeceid He 6onee 0,04 %.

Ha ocHoBe nosTy4eHHBIX JaHHBIX TPOBEICHHBIX AKCIICPUMEHTAIBHBIX UCCIIEA0BAHUIM
HOCTPOCHBI TPaQUKH BIUSHHUS PEKUMOB pe3aHUs Ha Ka4eCcTBO 00OpabOTKU OTBEPCTUI
@ 45 mm puHOM 45 MM mipu t = 0,5 MM = const (pucyHku 4-9). Ha pucynkax 4-9: 1 —
obpadotka ¢ COTC, 2 — 6e3 COTC.

Al MM

ey
a0l
0076

a0t

qor
aon
qa08
4006
aa04
qaoz

0 W o0 W w0 B0 B0 Tl odw

Pucynox 4 — BausiHre 4acTOThI BpallleHUsI HA OTKJIOHEHHUE JUaMeTpa

Al MM
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| |
0 42 gi 06 08 10 12 14 16 Smm/ed

PucyHnok 5 — BinsiHue nojauu Ha OTKJIOHEHUE AUaMeTpa
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Pucynok 6 — Briusinue rimyOuHBI pe3aHusi Ha OTKJIOHEHHE AUaMeTpa
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PucyHok 7 —BiusiHue 4acTOTHI BpallleHKs Ha IIEPOXOBATOCTh TOBEPXHOCTH

Ra mem |
a8
07
a6
05
04
03
02
ar

0 Gz gi 05 48

| | ! |
0 12 14 16 S m/ad

PI/IC}’HOK 8 — Biusaue [moJaa4u Ha IMCPoxX0oBaATOCTb TOBCPXHOCTHU
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Pucynox 9 — Baustnue riyOHHBI pe3aHusl Ha IEePOX0BAaTOCTh MOBEPXHOCTH

Takum oOpa3om, aHanmu3 oOpabOTKH OTBEPCTUH PE3IOBON COOPHOU Pa3BEPTKU
¢ )KECTKUM KpeIuieHHeM Oe3BepIIMHHBIX 3yObeB MOKa3all, YTO KauecTBO 00pabOTKU
oTBepcTuil yBenuuusaetrcs B 1,2..1,3 pa3a ¢ npumenennemM COTC, BciencTBue
YMEHBILICHHSI TEMIIEPATypPbl U TPCHUSI B 30HE PE3aHHS.

BrIBOaBI

Pe3moBeie cOopHBIE pa3BEPTKU ¢ O0E3BEPIIMHHBIME 3yObsSIMH 00ECTIEYUBAIOT
BBICOKYIO 3((EKTHBHOCTh M CTAOMJIBHOCTh YUCTOBOW OMNEpaIiy pa3BEPTHIBAHMS,
yIIydlIeHNe EHTPUPOBAHUS, CHIDKEHHE IIEPOXOBATOCTH 00pabaThIBa€MBbIX JeTasieit
U CTIOCOOCTBYIOT MOBBIIICHUIO TOYHOCTH U Ka4eCTBY 00paOOTKH OTBEPCTHUH.
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DKCTepUMEHTAIBHBIE UCCIIEeOBaHUS 00pabOTKU OTBEPCTUN PE3LOBOI COOPHOM
pa3BEPTKU HA OCHOBE METOJIMKHU TJIAHUPOBAHUS TOTYUYEHBI:

— Ka4yecTBO 00pabOTKU OTBEPCTUH PE3I0BOI COOPHOM Pa3BEPTKON € KECTKUM
KperuieHueM 0e3BepInHHbIX 3yObeB npu npumenennn COTC ysennuusaercs B 1,2..1,3
pasa, BCIEICTBHE YMEHBIICHUS TEMIIEPATYphl U TPEHUS B 30HE PE3aHUS;

— npu 06pabotke orBepcTuil AUHON 20 MM, 45 MM, 90 MM pe310Boil cOOpHOI
Pa3BEPTKOI C KECTKUM KpeIIeHHeM OE3BEpIIMHHBIX 3yObeB ¢ YBEIMYEHUEM HOAauU
U TIyOMHBI pe3aHusl YBEIMUYHBAIOTCS OTKJIOHEHHE AMAMETpa M IIEPOXOBATOCTh
MOBEPXHOCTH M YMEHBIIAIOTCS — C YBEIMYCHUEM YaCTOThI BPALLICHHUS.

PduHaHCHPOBaHHE

HccnenoBanust BBIMOJIHEHB! B paMKax IPaHTOBOTO (PMHAHCUPOBAHUS HAYUYHBIX U
(vnm) HayYHO-TeXHUYECKHX MpoekToB Ha 20232025 roawi o npoexty IPH AP19678887
«MccnenoBanre TpUOOTEXHUUYECKHX XapaKTEPUCTUK PECypco-IHeprocOeperaronmx
METAJUIOPEXKYIIUX HHCTPYMEHTOBY, puHancupyemoro Komurerom Hayku u Bbiciiero
obpazoBanuss MHBO PK.
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MCTK JKOHE KECKIII KYPACTBIPMAJBI YHFBLIAFBIIII
KOHCTPYKIMSICBIHBIH TAPAMETPJIEPTHIH
OHJIEY JADJIITTHE OCEPI

Kasipei yaxeimma memann xecemin Kypanoapowiy anyan mypainiei oap. Keckiw
KYpanovly HOMEHKIAMYpacsl mayoaizan OaublHOAMAHbIY MYPIH ecKepe Omulpbin,
OonuekmepOiy Heeizel JcoHe KOCIMWA Oemmepiniy NiWiHOepiH, oauemMOepin,
Kaoicemmi 0010121 MeH Kedip-0y0blpiblablH MAl0dy He2i3iHOe AHbIKMAaNaAobl.

Kypanoapowiy bepixmici men mosyea mesimOinicin apmmuipyad, COHOAU-AK,
Memann eyoey Ke3iHoe Matlay-caikplHoamy mexuono2usinvlk Kypanoapwvin (MCTK)
Konoany muimoi ocep emedi. MCTK ocepiniy uzuxa-xumusivl mexanusmi eme
Kypoeni oicoHe HeziziHeH Kypanovly Kecy coinacvinbly Oemmepiniy oyoenemin
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Mamepuaimen 03apa dpeKemmecy Heaz0auiapulibly o3zepyine odauianvicmyl, 0y,
eH anoblMeH, myticne Jcas0aliapblHblY 632epyiHeH KOPIHEOI.

Memann xecemin Kypandapovl OmMAaHObIK JiCoHe wemenodik OHOIpyuiniepoin
KOHCMPYKYUAIAPLIH MAL0ay He2i3iHoe i cana KOHCMpPYKYuaiapowl a3ipiey Kypama
KOHCMPYKYUAIAPODLL,  AVHICIMBIPLLIAMbIH — KeCKiul  NIACmMUuHanapovl  i#cooanay
OazblmbiHOd, COHOAU-AK Apalac KecKiul Kypanoapovl KONOAHYy apKblibl JiCy3e2e
aAcvIPLLIA0bL 0e2eH KOPbIMbIHObL HCACATLIHODL.

Kecxiw  xypama ynevinazviumoly KOHCMPYKMUSMI  epeKuienikmepi  dcoHe
micmepoi Kecy CublHACHIMBIY JHCYMbIC Oemmepiniy canacvl YH2wbliayouly masa
ONePayusIChIHbIY HCO2apbl MUIMOLNICIH, 6HOeY O0ON0ICIH HCAKCAPMYObl, COHOAL-
aK Kypauiovly Oepixmicin dicoHe oHOelemin Oenuexmepoiy Kedip-0yobipibiablH
memeHoemyoi KamMmamacol3 emeoi.

JKocnapaay o0icmemecine Hezizoenzen KecKiul KypacmulpMAaivl YHeblAA2bIUMbIH
mecikmepin  OHOeyOiy  IKCHepUMeHmmIK —3epmmeyiepi  Kecy — aumdazblHOdebl
memnepamypa meH yuxenicmiy memenoeyine oatinanvicmol MCTK Konoanzan kezoe
mebeciz micmepoi Kammvl OeKimemin KecKiul KypacmvlpMaibl YHeblideblUneH
mecikmepoi eyoey canacwl 1,2...1,3 ece apmuliaowl.

Kinmmi ceszoep: xecy, MCTK, Memainn keckiwt Kypan, xecKiut KypacmulpMaisl
YHabLIa2bI, Kecy pescumoepi, 0N0IK, Kedip-0yObipiblK,.
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THE INFLUENCE OF LUBRICATING AND COOLING TECHNOLOGICAL
MEANS AND DESIGN PARAMETERS OF THE INCISIVE ASSEMBLY
REAMER ON THE PRECISION OF PROCESSING

Currently, there is a wide variety of metal-cutting tools. The nomenclature of the
cutting tool is determined based on the analysis of shapes, sizes, required accuracy
and roughness of the main and additional surfaces of the parts, taking into account
the type of the selected workpiece.

The use of lubricating and cooling technological means (LCTM) has an efficient
effect on increasing the durability and wear resistance of tools, also in metalworking.
The physico-chemical mechanism of action of the LCTM is rather complicated
complex and is mainly due to a change in the conditions of interaction of the surfaces
of the cutting wedge of the tool with the material being processed, which is expressed,
first of all, in a change in the contact conditions.

Based on the analysis of the designs of domestic and foreign manufacturers of
metal-cutting tools, it is concluded that the development of new designs is carried out
in the direction of designing assembly structures, replaceable cutting plates, as well
as using combined cutting tools.

The design features of the incisive assembly reamer and the quality of the
working surfaces of the cutting wedge of the teeth ensure high efficiency of the
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finishing operation of the reaming increased processing accuracy, as well as tool
durability and reduced roughness of the machined parts.

Experimental studies of the processing of holes of a incisive assembly reamer
based on the planning methodology have shown that the quality of processing holes
with a incisive assembly reamer with a rigid attachment of the topless teeth when
using coolant increases by 1.2..1.3 times with the use of LCTM, due to a decrease in
temperature and friction in the cutting zone.

Keywords: cutting, LCTM, metal-cutting tool, incisive assembly reamer, cutting
modes, accuracy, roughness.
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OMIMNPUKO-MATEMATUYECKAST MOLEJIb OBPABOTKU LLITOKA
rmgpPoyniimHgPA CTPYUHO-ABPA3UBHbBIM METO4OM

B oannou cmamve paccmampusaromesi npoyeccol n0020MoSKU NOBEPXHOCHU
ONUHHOMEDPHO20 — WMOKA Nneped  HAHeCeHue  2a30MePMUEcK020  NOKPbIMUSL
Paccmompenvl mexanuueckue, xumuueckue, mepmuiecKkue, KOLIOUOHbLE, d MAKICE
9NIEKMPOMEXAHUHECKUE CNOCOObl NOO2OMOBKU NOBEPXHOCMU Neped HAHeCeHUuem
noxkpeimus. Buvlopan naubonee 3phexmusuviti cnocobd smo  OpobecmpyiHas
obpabomka. Bwibpano naubonee npuemiemoe 000pyoosanue Oasi NPOBEOeHUs
opobecmpytinoii obpabomxu. [lposeden sxcnepumenm no 06padomKu ONUHHOMEPHBIX
wmokos KapvepHoti mexuuku. Lllepoxosamocmes nosepxHocmu pemoHmMupyemo2o
WMOKA 3a8UcCUm Om CLe0YIOWUX NApamempog: Cuid coyoaperusi;, CKoOpocms HOMoKa
Opobu; paccmosiHue om pacneliumens 00 00padbamvleaemol NnOGEPXHOCMU, -
OUMeNbHOCMb 00PAbOMKU 0OHO20 YUACMKA, Y20l PACNbLIeHUs 0podu;, mun opoou,
ee cabapummble XapaKkmepucmuKu u meepoocmy, Yucio npoxo0os. Ilpoeeden ananus
napamempos eIuswWUx Ha npoyecc 0obpabomru. Beibpanvt napamempoi, komopule
Haubonee enusOm Ha npoyecc opodecmpylinou oopabomku. Cuna coyoapenusi, yeon
amaxu conna, epemsi 06pabomKu — Mo napamempsl KOmopole Haubosee Iusiom
Ha npoyecc Opobecmpylnol obpabomxu. Bwieedenvi epaguueckue 3a8Ucumocmu
no pesyrvmamam skcnepumenma. IIpogedeHo niaHuposaHue MHO20GHAKMOPHO20
9KCnEpuUMenma, no  pe3yrbmamam  KOmopoco NOJYYEeHbl  MamemMamuiecKue
sasucumocmu. Ilo  nonyueHHbIM MAMeEMAMUYECKUM — 3A6UCUMOCHAM — MOICHO
noIyuUms HeoOX00umMble GbIXOOHblE NApamMempul, 3d0d8 ONpeodeseHHble 6XO0OHbLE
napamempul 0Jis ROJIYYEHUs HEOOXOOUMBIX MOYHOCTHBIX XAPAKMEPUCIUK.

Knrouesvie cnosa: eazomepmuieckoe nokpsimue, opobecmpylinas 0o6pabomxa,
IKCHepUMEnm, Uepoxo8amocmn, 21YOUHa NPOHUKHOBEHUSL.

BBenenne

I[JISI HOJIy‘-IeHI/IH HOKpBITI/I}I C BBICOKUMHA 3KCHHyaTaHI/IOHHBIMI/I XapaKTepI/ICTI/IKaMI/I
HGO6XO,Z[I/IMO IIOMHUMO UCITIOJIB30BAaHUA HpOFpeCCI/IBHOFO METOda HAHCCCHUA HOKprTI/IH
HGO6XOI[I/IMO HpOBCCTI/I HOI[FOTOBKy HOBerHOCTHOFO CJI041. HOIII‘OTOBK& HOBCpXHOCTHOFO
CJI0s1 He0OX0IuMa JIJIs CHATHUS I6PEKTHOTO CIIOSI TOKPBITHSL, TOJTy4YeHHEe HEOOXOJUMOM
IIEPOXOBAaTOCTH i1 (popMUpoBaHUs NOKPHITUSA. OT KadecTBa MOBEPXHOCTHOTO CIIOS
3aBUCUT CaMO Ka4de€CTBO HOKprTI/IH. HaHHqu Ha HOBerHOCTI/I aerajlin pa3J11/111H1>1x
3arpsAA3HEHUN YXYALIAI0T KAYECTBO IOKPBITHUS.
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[ToBepxHOCTH JE(PEKTHBIX IITOKOB THAPOLIMINHIPOB KAPbEPHOU TEXHUKH OBIBAIOT,
3arpsi3HEHbl OCTATKAMU MOPOJbl, PA3TUYHBIMU OKHCIIAMHU, 33JAMPAMHU, MACIISTHBIMU
IUIEHKAMH, OCTaTKaMH XPOMOBOTO TOKPBITUS KOTOPBIE B 3HAUUTEIILHONW MEPE CHIKAIOT
HPOYHOCTH CLETUICHUS] HAHOCUMOTO IMTOKPBITHS. J[J1s1 O4MCTKH HOBEPXHOCTHOT'O CJIOSI OT
3arps3HEHUH CYIIECTBYIOT CJIEAYIOUINE METOIbI, TIOKAa3aHHbIE Ha PUCYHKE 1

MexaHn4ecKHi METO 1 OYMCTKU MOKHO MOJIETIMTH Ha JBa OOJIBIINX BUAA. DTO METO]
OYHUCTKH CO CHITHEM CTPYKKH U 0e3 CHATUS CTPYKKH. MeToa OYHCTKH CO CHATHEM
CTPY>KKHU 3aKJII0UAETCs B MEXaHHMUYECKOW 00paboTke pe3anueM (TokapHasi, ppesepHas,
Hape3aHue PBaHOM pe3bObl U T.11.). MeTo ] OUUCTKH 0€3 CHATHUS CTPYKKH 3aKITH0YaeTCs
B IPUMEHEHUH PA3JIMYHBIX METOA0B OBEPXHOCTHO-IUIACTHYECKOTO JIe(POPMUPOBAHUS
(HakaTka pe3bObl, HECKOCTpYiHas U IpobecTpyitHas 00paboTKH).

XUMUYECKUI
lmexaanecmﬁ | “Onf:'o”-ﬂHb'”
/MeToa OYNCTKM) _
NG A /| anexTpoxummieckuii
YETPa3ByKoBOi| KOMGUHUPOBAHHbI/
| Tepmmyeckuii |

Pucynok 1 — Mertoasl 04uCTKH

XUMHYECKUN METOJI 3aKJIFOYAETCS B TPABJICHUU 3arpsI3HEHHBIX MOBEPXHOCTEU
pa30aBICHHBIMH WU KOHIICHTPUPOBAHHBIMH KHCIOTAMH WJIH UX CMECSIMH.

DNEKTPOXUMHUECKHUI METOJI TO METO/I TPABJICHUS B PACTBOPAX COJIEH METaIOB
VI KUCIIOT C IPUMEHEHHUE dJIEKTPUIECTBA

Konnmounuslii MeTo 3aKiroyaeTcsi B 00€3)KHPUBAHUU MOBEPXHOCTH JETald
MPUMEHEHUEM PA3IMYHBIX KOJJIOUTHBIX CHCTEM.

[Ipu nmpuMeHEeHUHU yIbTPA3BYKOBOTO U TEPMHUUYECKOTO METOJOB OYUCTKH
pUMEHSIETCS 00€3KUPUBAHUE TIOBEPXHOCTEH C IOMOIIIBIO YIBTPA3BYyKa U TEPMHUUECKOM
00paboTku (HampuMep, HarpeB MOBEPXHOCTH C IEIbI0 00€3)KUPUBAHUS Ta30BOM
TOPEJIKON).

MexaHu4ecKuil Crmocod CO CHITHEM CTPYXKKHU JJIs HAIIEro ciaydas BBUIY
KOHCTPYKTHBHBIX Pa3MEpOB IITOKOB SIBISIETCS HE MOIXOJSIIAM BBHUIY OTCYTCTBHUS
CTAHKOB JIJIi MEXaHUYECKOH 00pabOTKM KPyHmHOTAOApUTHBIX JeTajell Ha MecTe
IKCILTyaTaIuu.

[IpuMeHeHrEe XUMUYECKUX, YIBTPA3BYKOBBIX, TEPMUUECKUX, KOJUTOUIHBIX U T.1.
METOJOB TaK € CTaBUT 3aTPYIHCHHS B UX MPUMEHECHHH H3-32 KOHCTPYKTHUBHBIX
pa3sMepoB LITOKOB.
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Hawubonee 3¢ pexTBHBIM CTOCOO0M MeXaHUYECKOM 00paboTKH O€3 CHATHS CTPYKH,
SBJISIETCS METOJ1 CTPYHHO-abpa3uBHOIro ouniieHus win o0padorka (CAQO) moBepXHOCTH.
OTOT METOJI MOMUMO OYHILEHUS OBEPXHOCTU OT OKAJIUHBI U T.II. 3arPSA3HEHUN aeT
HE00X0IMMOE YITPOUHEHHE U IEPOXOBATOCTh IOBEPXHOCTH, KOTOPast HEOOX01uMa JUIs
aIre3MOHHON MPOYHOCTHU MOKPBITHSL.

MarepuaJjbl 1 METOIBI

CtpyliH0-a0pa3uBHBIA METOJ] 3aKJIFOUAETCS B BO3/ICHCTBUU HAa 00pabaThIBaEMYIO
MOBEPXHOCTh a0pa3MBHOI0 MaTepHraa, BBIOPaChIBAEMOT'0 M3 COILJIa YCTaHOBKH MOIITHOM
CTpyel cxkaroro Bo3ayxa. [Ipy 3TOM MPOUCXOAUT HE TOJIBKO yJAIEHUE Pa3THYHBIX
3arpsA3HEHHH, CTapoil KpacKu, OKAIMHBI U T.1. O0paboTaHHAs TOBEPXHOCTH ITOJTy4aeTCs
IIEPOXOBATOM, YTO SIBJISICTCS] OCHOBHBIM YCJIOBUEM B 00€CTICUEHHH IPOYHOTO CLETIIICHUS
HaNbUIIEMOr0 MaTepualla C OCHOBHOW MOBEPXHOCTHIO (BBICOKAS aATe3us).

[IpuMenstoT aOpa3uBHO-THEBMAaTHYECKUNA U aOpa3uMBHO-IIEHTPOOEKHBIHI
crocoObl 00pabOTKK OBEPXHOCTH Mepe]l HalbllIeHHeM. B mepBoM ciryuae o6paboTka
OCYIIECTBIIICTCSA CTPYyeH ckaToro Bo3ayxa. Bo BTopoMm ciydae BeIOpoc abpas3uBa
HIPOUCXOIUT MOCPEICTBOM CHEIMAIBHOTO ammapara — apoOemMeTa (WK MeCKOMETa)
O[] IeHCTBHEM LIEHTPOOEIKHBIX CHIIL.

B 3aBucuMocTH oT Marepuana u pa3mepa abpasuBa pa3indaioT MECKOCTPYHHYIO
u ipobecTpyiiHyto 00paboTKy. [ 1aBHOE OTIMYME ATHUX JIBYX METOAOB 3aKIH0YAETCS
B pa3Mmepe a0pa3uBHBIX YACTHUIL: JJI MECKOCTPYHHOU 0OpabOTKH HCIOIB3YIOTCS
YaCTHUIIBl MEHBIIIETO uamerpa. Eciiu paHblie /i IeCKOCTPYHHBIX paboT MpUMEHSITH
KBapILEBBIA WM CUIMKATHBIN MECOK, TO Ha CErOJHSIIHUN JAEHb NMPUMEHSIOT Ooiiee
HKOJIOTMYHBIE MAaTepHaIbl — HUKEJBILIAK U Kyniepiuiak. st npobdectpyiinoit 00paboTku
UCTIOJIb3YETCs Pa3InvHasi 110 MaTepraiy M Croco0y M3TOTOBJICHUS IpoOb (YyryHHas
KOJIOTas1, CTaJIbHAs JINTAas, KOJIOTast IuTast, pyOsieHHast cTalbHasl, AIIOMUHUEBAs U T.11.).

B cinyuae gpobecTpyiiHoil 00paboTku, moMuMo oOpa3zoBaHus peibeda ¢
OTIpEeICICHHONW MIePOX0OBATOCTHIO, HAOMIOJAaeTCsl TaK)Ke Hakien oOpaboTaHHOM
IIOBEPXHOCTH, IOBBIIICHUE KOPPO3MOHHOM CTOMKOCTU M yBEIUYEHUE YCTAJIOCTHON
POYHOCTH.

Ynpounenue npoOecTpyiiHO 00paboTKON TpeOyeT CTpOororo CoONIOICHUS
TEXHUYECKUX YCIOBUH MO TBEPAOCTH aOpa3sMBHOIO MaTepHaa, MpoJOKUTEIbHOCTH
OYMCTKH, yIJIy HAKJIOHA COIUIa U HEOOXOAMMOMY JAaBieHUI0. Upe3MepHOoe uiu
HEJ0CTATOYHOE YNPOUYHEHHUE NETAlIU MOXKET OBITh MPUUYMHON MPEXKIEBPEMEHHOTO
paspymenus [1].

Ha pesynbTaTsl npobecTpyiiHoil 00pabOTKH BO MHOTOM BIIHMSET HCXOJHAs
IIEpPOXOBATOCTh MMOBEPXHOCTH, CTEIIEHb €€ 3arpsA3HEHUs, a TaK)XKE COCTaB CTaIH U
TepMuieckas 00paboTka.

PexomennoBannas cranpaprom I'OCT 9.304-87 mepoxoBaTOCTh IOBEPXHOCTH
JIOJDKHA HAXOJMTLCA B auanasone 6,3 — 16 Mxm (R = 25 — 63 mMkm). OnHako ToYHbIE
JTAaHHBIE BO3MOKHO MOJYYHUTh TOJIBKO SKCIEPUMEHTAIBHBIM ITyTEM.

Jlis MexaHnueckoi o0pabOTKU IITOKA MOAXOJUT CTalbHAas JuTas ApoOs S (46-
52 HRC), ee mpuMEHSIOT 151 OYUCTKU M YIPOYHEHUsI KPYIHOraOapUTHBIX JeTaje
00JIBIION MaCChI.
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[IlepoxoBaTOCTh MOBEPXHOCTH PEMOHTHUPYEMOTO IITOKA 3aBUCHT OT CIEAYIOIINX
apaMeTpoB:

— cuJIa COyAapeHHs;

— CKOPOCTb ITOTOKA JIpO0OH;

— paccTosiHUE OT PACHBLIMTENS 10 00padaThIBAEMOI TOBEPXHOCTH;

— ITUTEIBHOCTh 0OPaOOTKH OJHOTO yUaCTKa;

— YroJI paciblieHus Apoou;

— TUI Ipo0H, ee rabapuTHBIE XapaKTEPUCTUKH U TBEPAOCTbD;

— YHUCJIO POXOJIOB.

JlobuTtbcss HEOOXOAUMOTO 3HAYEHHS ILIEPOXOBATOCTH MOXKHO ITyTeM HM3MEHEHUS
BBILIICYKA3aHHBIX TAPaMETPOB.

Jlis mpoBeneHus ApoOecTpyiHOM 00pabOTKH MCIOIB30BaJIOCh 000pyI0BaHUE
EDUCT-O-MATIC (pucynok 2). [Ipeumy1ecTBo 1aHHON yCTaHOBKH B TOM, UTO Y HEe
nmeercs PUIbTP-MELIOK, KOTOPBIN YJIaBIUBAET MbLIb, T.€. IPOU3BOAUTCS OecIblieBast
o0pabotka. Takke MMEIOTCS pa3inyHble (UTypHBbIE HACAJKH, KOTOPBIE Pa3psKaroT
MIOTOK JPOOH.

Pucynok 2 — JIpoGectpyiinas yctanoBka 3amMmkHyToro nukia EDUCT-O-MATIC

OCHOBHBIE TEXHUYECKHE XapaKTEPUCTHKH YCTAHOBKH MTPECTABICHBI B TabuIIe 1.
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Tab6nuna 1 TexHHUYecKHe XapaKTEPUCTUKU APOOECTpyHHOW YCTAaHOBKH
«EDUCT-O-MATIC»

Juamna3on pazsuBaemoro aasieHus, MIla 0,3-0,7
[lorpebnenne Bo3ayxa, M*>/MUH 1,5-2,5
EmkocTs abpasuBHOTO pesepByapa, 1 2

[Jwnama3oH ¢pakiuii NCIOIB3yeMOTO 03_14
abpasuBa, MM ’ ’

Jnamerp coria yCTaHOBKH, MM 4,5
MakcumallbHas ITUPUHA 0YUINAEMOH T10JI0ChI 32

3a OJUH MPOXOA, MM

[IpunaTum meicTBus 1poOecTPYHHON OUHCTKH 2KEKTOPHEIH, OECITBUTIeBOM
["abapuTtHBIC pa3Mepsl (IUTMHA X MTAPHHA X 0.6 x 0.2 % 0.3

BBICOTA), M

Jlng npoBeneHHs SKCIEPUMEHTa MITOK THAPOLUMIMHApPaA OBLI 3aKperyeH B
TPEXKYJIAYKOBOM MaTPOHE PEMEHHOTO IPUBOJIA, TAK)KE TAK KaK IITOK JJIMHHOMEDPHBIH,
JIOTIOJIHUTEINILHO UCIIOJIb30BAIMCH POJIMKOBBIE CYNIOPTHI. AOpa3uBOCTPYHHBIN armapar
YCTaHOBJIEH Ha HaIpaBJISIOUIMX M mepeMeniaeTcss mo HUM. OOl BUI yCTaHOBKHU
MPEJCTaBIICH HA PUCYHKE 3.

Pucynok 3 — O6muii BUJ yCTaHOBKH

Tox nmeer cienytomue pazmepsl: Marepuain mroka — Ct45.

st mpoBeieHsT SKCTIepuMeHTa Obljia BEIOpaHa CTalbHAs KOJoTas ApoOb Co
cnexyromumu napamerpamu: tun apoou — JICK-0,3 mo 'OCT 11964-81; MukpoTBEPI0CTH
— 500 HV; miotHOCTh — HEe MeHee 7200 kr/M?, momycTuMoe cojJiep’kaHue ocTaTka Ha
cute Ne3 — He menee 65 %.

[TocTosiHHBIE BXO/IHBIE TApaMETPhI PU MPOBEACHUN HKCIIEPUMEHTA CIIEIyIOIINE:

- paccTosiHue 10 00padaThIBa€MO TOBEPXHOCTH;

- TUaMeTp ApoOecTpyHHOTO coruia — 4,5 Mm;

- tun abpaszuBHBIX yacTuil — JICK — 0,3 mo I'OCT 1964-81;
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- 4acTOTa BpallleHHUs MTOKa — 63 006/MHUH.

A M3MEHSIEeMbIMU BXOHBIMH [TapaMeTPaMH SIBIISUTHCH:

- Cuiia coynoapenus, F;

- Bpemst 06paboTky, t;

- YTOJI HaKJIOHA CTPYH, 3;

- CKOpPOCTh a0pa3MBHBIX YACTHIIL, O.

BbIxonHBIMU mapaMeTpamMH Ha 3Tare ApoOecTpyHHONW OYUCTKH OynyT: IiryOumHa
NPOHMKHOBEHHMS abpasusa (Y ), EepOX0BaTOCTh NOBEPXHOCTH (Y,).

OrneHka BAMSHHUS M3MEHSIEMBIX BXOJHBIX [1apaMeTPOB MPOIECCa HA BBIXO/HBIC
npeJcTaBieHa B Tabmuie 2.

Ta6ymma 2 OneHka BIMSHUE BXOJIHBIX TAPAMETPOB Ha BBIXOIHBIC

Mﬁ\ BBIXOIHEBIE
- Ah (Y1) R, (Y2)
BXOIHEIE

F (X1 + +

1(X2) =+ +

B (X3) + +

HpII_\IE"-IaI-H&i‘Z T BIIHACT. + BIHACT B 60.-".[]:1[[6& CTeIIeHH.
$ BIHACT B )I'EHblllﬁ‘f:I CTCIICHH, — HE BIHACT

Hcxons u3 mpoBeAGHHOTO SKCIIEPUMEHTA IPOBEIeHHAas olleHKa (Tabmia 2) Obu10
BBISIBIICHO, YTO HAUOOJIbIIEE BIMSHUSA Ha MOJyY9aeMYI0 IEpOXOBATOCTh UMEET yrojl
aTaKH COILIA, YEM OH BBIIIIE, TEM BBIIIIE IIEPOXOBATOCTh, /IBA IPYTHUX ITapaMeTpa BIUSIOT
B MEHbIIEH creneHu. Ha riyOMHy MpOHUKHOBEHHS BIHMSET HauOOJIBIIUM 00pa3zoMm
BpeMsi 00pabOTKH, T.e. 4eM OOJIbIIIE BPEMEHH HUJET 00padoTKa, TeM BBIIIC TTyOHMHA
Bpe3aHus ApoOu.

B nepBoii yacTu 3KCIIEpUMEHTaIbHBIX HCCIIEOBAaHUM OIIPENEIIAIACh 3aBUCUMOCTD
IIEPOXOBATOCTH MOBEPXHOCTH R ¥ riyOuHbI IpoHMKHOBEHUs abpasuBa Ah oT cuitbl
coynapenus F, co3maBaeMoro nmHeBMaTtuyeckoi mamuHoi. Cuiia ycTaHaBIMBAJIOCh
peryisTopoM komnpeccopa B auanaszone ot 0,186 no 14,76 H u xouTponuposanocs ¢
MIOMOIIIBIO TIOKa3aTeNel IByX TMHAMOMETPOB Ha BXO/ie U BbIxoe. [loTepu ynenpHOro
JaBJIIeHUs, HAOJI01aeMOro B mpolecce ApodecTpyitHoil 00paboTKH, 0OBSICHSIIOTCS
JUITMHOW BO3/IYIIHOTO NIJIAHTa, a TAKKE JUAMETPOM HUCIOIb3yeMOro abpasusa.

W3mepeHne mepoxoBaToCTH MOBEPXHOCTH IITOKA MPOU3BOIMWIOCH IIPU TTOMOIIU
nopraruBHoro m3meputens mepoxopatoctu TIME TR100 (pucynok 4). ['myOuna
NPOHUKHOBEHUs a0pa3uBa U3MepsUIach TTyOMHOMEPOM HHIUKATOPHBIM IIH(PPOBBIM C
urojpyaThiM HakoHeunukom ['MII-ITT-10 0,001.

[TomyuyeHHbIe pe3ybTaThl IPEICTABICHBI HA PUCYHKE 5 (a, 0).
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B xone mpoBeaeHUsT SKCIEPUMEHTA BBISICHUJIOCH, YTO MOBBIIICHHE Pab0ovYero
JIABJICHUS BO3/IyXa, IPH MIPOYUX PA3HBIX YCIOBUSIX, BEJET K IMHCHHOMY BO3paCTaHUIO
KaK LIEPOXOBATOCTH MOBEPXHOCTH R , Tak M riyOuHbI Bpe3anus abpasHBHBIX YaCTHUIL
Ah. Jlyuiue pe3ysbTaThl HAOJIIOJAIOTCS PU MAKCUMAJILHO BO3MOYKHOM JIaBJICHUH B
0,6 MlIa.

Pucynok 4 — I3mepeHnue 1mepoxoBaTocTu

Bo BTOpOIi HacTu sKciepuMEHTa BaphUPOBAJIOCh 3HAYCHHE YTiIa HAKJIOHA CTPYH
K 00pabaTpiBaeMOll MOBEPXHOCTH B Auamnazone oT 45° mo 90°. M3menenue yria
OCYIIECTBIISIIOCH CIIEIIHATIHHBIM JIEPIKATENIEM C BO3MOKHOCTHIO PEr'YTMPOBKH BHICOTHI H
TOYHOTO yria. ['paduku 3aBUCMMOCTH IIEPOXOBATOCTU R 1 1Ty OMHBI BpE3aHMs YaCTHIL
Ah 17151 TpeX yTIoBBIX 3HAYEHUN TIPEICTABICHBI HA PUCYHKE 6.

A ; e

30 T

L]

a 0
PucyHok 5 — 3aBUCMMOCTB IIEPOXOBATOCTH MOBEPXHOCTH R (@) 1 riryOuHbI
NpOHUKHOBeHUs abpaszuBa Ah (6) ot cuisl coynapenus F
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VYron HakioOHa CTpyH K oOpabaThiBaeMOi MOBEPXHOCTH UIsl ApoOecTpyrHHOM
00paboTKH 0Ka3ao OOJIBILIOE BIMSHUE KaK Ha INTyOWHY NPOHUKHOBEHHUs abpa3uBa Ah,
TaK ¥ Ha MepoxoBarocTh R . OTKIOHEHHE yIila HANBUIEHHUS OT MEPHEHUKYIISIPHOTO
HAIpPAaBJICHUS 110 OTHOLICHUIO K MOBEPXHOCTH IITOKA MPHUBOJIUIO K PACIIUPEHHUIO
wiomaau oopaboTKU, OJHAKO CIY>KMJIO IPUYUHOM CHIXKEHUS TUIOTHOCTH IOTOKA
npobu. B pesynpraTe dero mpu mMeramiorpauueckomM aHain3e MOKPHITHUS HA
OIIpeIeIeHHBIX YYacTKax HaOII0aIUCh PE3KUE CKAYKH MUKOB HEPOBHOCTEH, O/THAKO
o0111as1 MEepOX0BAaTOCTh OKa3ajach HECKOJIBKO HUXKE, UeM MpH yrie B 90°.

Fa ]

Pucynok 6 — 3aBHCMMOCTB IIEPOXOBATOCTU MOBEPXHOCTH R (a) v ruryOuHbI
MPOHUKHOBEHUs abpaszuBa Ah (0) ot yria araku corma 3

3aBepIlIaoUM 3TallOM HCCIEOBAaHUM SBIISUIOCH ONpPENEICHUE ONTUMAIbHOTO
BpeMeHH 00pabOTKH, HEOOXOIUMOTO JJIs JOCTHXXKEHUSI TpeOyeMbIX 3HAYEHU
IIEPOXOBATOCTH TOBEPXHOCTH. Bpems mosHo#l 00paboTKM MOBEPXHOCTH IITOKA B
nepBoM cirydyae coctaBmwio 3 muHyThl 30 cekyH. Jlaiee mpoucxoauio yBeITudeHre
IPOIOJDKUTEIBHOCTH 00pa0OTKH OTAECTBHOTO YYacTKa C IIMPUHON, PaBHON IIUPUHE
MOJIOCHI, OCTaBJISIEMOH POOECTPYWHBIM ammapaTtoMm 3a OJuH npoxoxa. I'paduku
3aBHCHUMOCTEH MPU MHHUMAIBHOW U MaKCUMAJIbHOW TPOJIOJKUTEIIBHOCTH 00pabOTKH
MPEJCTABICHBI HA PUCYHKE 7.

Kak BunHO 13 rpadukoB, hopMHUpOBaHHE HOBOT'O MUKpOpebeda MPOUCXOIUT B
TEUESHHUE MEPBBIX 3 MUHYT C MOMEHTA Havyasa APOOECTPYHHOIN OUMCTKY, TPU JaTbHEHIIeH
00paboTKe 3HAYEHHUs MEPOXOBATOCTH MOBEPXHOCTH R M IilyOMHBI IIPOHHKHOBEHHMS
abpasuBa Ah MEHSIOTCSI HE3HAYUTEITHHO.

PesyabTaTsl U 00cyxK1eHue

[InannpoBaHue SKCIIEPUMEHTA IIPELYCMATPUBAET:

— BBIOOp apTryMEHTOB U IIeJIEBBIX (DYHKIINIL;

— Ollpe/ieTICHUE Juana3oHa U3MEHEHUI apryMEHTOB B OINbITaX;

— YCTaHOBJICHHE YHCIla YPaBHEHUH apryMEHTOB M MX KOHKPETHBIX 3HAUYEHUI B
OTIBITAX;
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40 —

et

a 0
Pucynok 7 — 3aBUCMMOCTD HIEPOXOBATOCTH TMOBEPXHOCTH R (@) 1 riryOuHbI
NPOHUKHOBeHUs abpaszuBa Ah (0) ot BpeMeHH 00pabOTKH MITOKA

— CTAaHOBJICHUE COYETAHNs 3HAYEHH apT'yMEHTOB B KQ)KJIOM OITBITE B COOTBETCTBUHU
C PEKOMEHyEeMOU MaTpULIE IIJIaHUPOBAHUS YKCIIEPUMEHTA.

Bce atu nannbie coOuparotces B eiuHyo Tabmauiy (tabmuma 3). B He€ xe 3aHOCATCS
pe3yJIbTATHI ONBITOB (1I€EeBbIE (PYHKIIUHN) U XapaKTep 3aKa3bIBAEMBIX MOJIETICH.

[InanupoBaHue >KCIEPUMEHTa UMEET LIENbI0 MOJyUYeHHe HCXOMHBIX TaHHBIX,
HanOoJee aIeKBaTHO MPEICTABIAIONIUNX aHATU3UPYEMBIN IPOLIECC TPU MUHUMAIHHOM
yyuciae sKcnepuMeHToB. [Ipu 3ToM 3pdexT cokpameHus ducia HEOOXOTUMBIX
HKCIIEPUMEHTOB JOCTUraeT HECKOJIBKUX MOPSIKOB. BaKHEUIIMM NMPHUHIIUIIOM TAaKOTO
IUTAHUPOBAHMS SIBJISIETCS CIICAYIOLIEE.

Ecnu coOpaTh B OIHY TpYIILY OIBITHI C OIHUM YPOBHEM KaKOro-1100 apryMeHTa
(B MaTpuiiax OHM COOpaHbl B YHMCIOBBIE MPSIMOYTOJBHUKU MO 3HAYEHUSM IEPBOTO
apryMeHTa), TO BCE OCTaJIbHbIE apryMEHTHI B Tpymie OyayT NpUHUMATh IO OJJHOMY
pasy Bce BO3MOXKHbIE 3HAYCHUSI yPOBHEH.

[Ipu BbIOOpE apryMEHTOB CJEIYyeT UMETh B BUJY, UTO YAaCTh UX MOXKET
XapaKTepu30BaTh UCXOHBIN MPOYKT, @ 4ACTh - CAMy T€XHOJIOTHUIO Tpon3BoaAcTBa. Ha
BBIX0/I€ (PYHKIIUH XapaKTEPU3YIOT Ka4eCTBO KOHEYHOT'O IPOIYKTa.

JUi1s1 TUTaHUPYEeMBIX SKCIIEPUMEHTOB HCCIIEIOBAHNUS KaUeCTBEHHBIX XapaKTEPUCTHK
IITOKOB THJIPOLMJIMHIPOB MOCTIE MpoLecca poOecTpyHHOTO YIIPOUHEHHS MOIydaeM
CJIEYIONIHE MTapaMeTPhl Ha BXOJIE M BBIXOJIE:

Bxon: cuna coynapenus F, yrox ataku coruia 3, Bpemst 00paboTku t.
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Tabmuua 3 — CBoaHas TabnMia 3KCIIepUMEHTa

Cuita VYron Bpems IlepoxoBaTocTh I'mybuna x0 x1 x2 x3
coylapeHus | araku | oOpabGoTKH t, | TTOBepXHOCTH Ra, | MPOHMKHOBEHHMS
F,H comna f, © MUH MKM abpasusa Ah,
MKM
0,186 30 33 3,2 5 + - - -
0,468 40 4 3,8 11 + + - -
1,2 50 4,5 4,5 18 + - + -
1,88 60 5 6,3 23 + + + -
3,66 70 5,5 7 27 + - - +
6,102 80 6 7,5 33 + + - +
9,3 90 6,5 8 38 + - + +
14,76 100 7 10 42 + + + +

BrIxon: mepoxoBarocTh NOBEPXHOCTH R , TiryOrHa NpoHUKHOBEHMs abpasuBa Ah.

Hcnonb3ys marematudeckuii anmapat nporpammbl Microsoft Excel, 6501 mpoBeien
pPEerpecCHOHHBIN aHAJINU3 MOJTYYEHHBIX JaHHBIX. AHAJIU3, KOTOPOTO MOKa3aj, 4TO
JIaBJIEHUE BO3/1yXa HE BIHSIET Ha MTOJyYeHHE IEPOXOBATOCTH MTIOBEPXHOCTH U TITyOHHY
NPOHUKHOBEHHs. McXons U3 3TOro, OBUIO PEIIeHO MCKIIOYUThH TOT MOKa3aTeidb U
IPOBECTH aHAJN3 C IBYMs BXOJHBIMH IapaMeTpaMHu.

Takum o0Opa3zoM, MOJydYeHHBbIE 3aBUCUMOCTHU HIEPOXOBATOCTH M TIIyOHHBI
POHUKHOBEHHS IOCIIE MpoIIecca Jpo0ecTpyitHO 00pabOTKH OT pa3IuuHbIX (PaKTOPOB,
BIIMSIONIUX Ha Mporecc 00pabOTKH B IIEJIOM, a TAK)KE YPABHEHUS, OMIMCHIBAIOIINE 3TH
KPHUBBIE MOKHO 3aIMCaTh B BUJE MaTEMaTUYECKONH MOIEIH:

Ra =2,42 + 0,02F + 0,14/ — 1,08t
Ah = 0,33 + 4,7t — 0,27F — 20,58

AJZIEKBaTHOCTh MOJYYEHHBIX 3aBUCUMOCTEH OBIIO OIEHEHO MPH MOMOIIU
k0d(punnenta durniepa, KOTOPHIN MOKa3all pacyeTHOE 3HAUEHUS JJIS [IIEPOXOBATOCTH
F=46,2 u nns rnyounsl nponukHoBeHuss F=747,27 npu TabiM4HOM 3HAUYECHUU
F_,=5,409, uT0 roBoput 06 a/IcKBATHOCTH MOJTYYEHHON MOJIEIH.

BriBoabI

1 TIpoBeas aHamM3 METOA0B OUUIIEHUS TIOBEPXHOCTH NIEPE]] HAHECEHUEM ITOKPBITHS
U UCXOJI U3 KOHCTPYKTHUBHBIX pa3MepoB mToka (auametp 250 MM, aiuHa 1250 Mm),
HanOosee 3(h(HEeKTUBHBIM METOI0M OUHMCTKH SBJISIETCS IpodecTpyiitHas oOpadoTka.

2 Ha opmupoBaHue Ka4ueCTBEHHOT0 HOKPBITHUS BIHSAIOT TApAMETPBI IIIEPOXOBATOCTH
U Ty OMHBI IPOHUKHOBEHUS a0pa3uBa, B CBOIO OUYEpe/ib Ha 3TH JIBa [TapaMeTpa BIUSIIOT
yroJl aTaku COIlIa, CHJIa COyJapeHust U BpeMs 00pabOTKH.

3 Yem Oodbllie cuila COyAapeHus, yroil aTaku COIUIa, a TaKkKe Bpemsi 00paboTKH,
TEM BBIIIIE IIEPOXOBATOCTh MOBEPXHOCTH U TITyOHMHA IPOHUKHOBEHHUS.

4 Taxum 00pa3oM, Ha OCHOBAaHUHU PErPECCHOHHOTO aHAIN3a MOYKHO C/EIaTh BHIBOJ O
TOM, MaTeMaTH4YeCKasi MOJIEJIb JIaeT MOJTHOE MPEACTaBICHUE O Ipoliecce ApodecTpyiHON
00paboTKH.

5 Ha ocHOBaHMU BBIBEJCHHBIX MaTEMATUYECKHX 3aBUCUMOCTEN MOXKHO MOTYYHUTh
BBIXO/JIHBIE XapPaKTEPUCTUKH, 3a/1aB HEOOXOIMMbIE IaHHbIE HAa BXOJIE.
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I'MAPABJINKAJIBIK HUJINHAP COTALIBIFbIH
AFBIH/IbI ABPABUBTIK TOCIVIMEH OHJEY IIH
IMIIMPUKAJIBIK-MATEMATHUKAJIBIK MOJEJII

byn  maxanaoa eazomepmusinvblk  HcabuLIHObL  KOAOAHAP — ANOBIHOA  Y3bIH
e1uemMoicomaublkmoiy 6emin 0ablHOay npoyecmepi Kapacmulpoliaowvl. KabviHOb
Konoanap anoviHoa 6emmi 0atblHOAyObly MeXAHUKAIBIK, XUMUSTbIK, MEPMUSLIbIK,
KOJLIOUOMBIK HCOHE INEeKMPOMEXAHUKATILIK, o0icmepi Kapacmulpuliaovl. Ey muimoi
a0ic manoandvl 6y ObIMbIPAILL A2bIHMeH OHOeY. IKapblLivlc yutlin ey KoNatlivl HcabobiK
manoanovl. Kapvepnik mexwuxanvly Y3vlH oauleMOi o3eKkmepin oHoey O00ubiHud
aKcnepumenm ocypeizindi. JKeuwoenemin o3zex Oeminiy Kedip-OyObipaviavl Keaeci
napamempiuepee OAUIAHBICbL: COKKbL KYWi, OONUEK A2bIHbIHBIY HCHLIOAMObIZbL,
OypikKiwmen oyoenemin bemxe Oelinel KAaublKmulx, - Oip YUaCcKeHi OHOey y3aKmblabl;
bonwexmiy OypKy Oypwiulvl, OOMUEK MYPI, OHBIY JHCATNBL CUNATNMAMAIAPHl MEH
Kammuliviebl, omy camvl. Onoey npoyecine ocep ememin napamempiepee manoay
arcacandvl. GLIMBIPAILL ASLIHMEH OHOEY NPOYECiHe el KON acep ememin napamempiep
manoanovl. COKKbl Kywll, canmamauvly wadyvll Oypuliusl, oHoey YaKulinbl-
oyn napamempuep ObIMbIPAIbl ASbIHMEH OHOEY Npoyecine ey Kom ocep ememiH.
Oxcnepumenm nomudicenepi OOUbIHUA SPADUKATBIK MOVENOLNIKMED aAHLIKMALObL.
Ken axmopavt sxcnepumenmmi  dcocnapiaay oacypeizindi, ouwly Homuicenepi
OOUBIHUA MAMEMAMUKATLIK MIVeN0IliKmep anbiHObl. AnbiHea MAmMeMamuKaibik
maoyendinixmepee colkec Kaxcemmi 0910IK CUNammamaiapovli any ywin oeneini oip
Kipic napamempaepin OpHamy apkblibl KAJICEMMI Wbl2blC napamempiepin anyaa
bonaovl.

Kinmmi ce30ep: eazomepmusiivlk omcaOvlH, ObIMbIPAIbL A2bIHMEH 6HOeY,
IKCNEPUMEHm, Kedip-0yOuIpblK, eHy mepenoiel.
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EMPIRICAL-MATHEMATICAL MODEL OF HYDRAULIC CYLINDER
ROD PROCESSING BY JET-ABRASIVE METHOD

This article discusses the processes of preparing the surface of a long rod before
applying a gas-thermal coating. Mechanical, chemical, thermal, colloidal, as well
as electromechanical methods of surface preparation before coating are considered.
The most effective method is shot blasting. The most suitable equipment for shot
blasting has been selected. An experiment was carried out on the processing of long
rods of quarry equipment. The surface roughness of the repaired rod depends on
the following parameters: impact force; the fraction flow rate; the distance from
the sprayer to the treated surface, - the duration of processing of one section, the
angle of spraying of the fraction; the type of fraction, its overall characteristics and
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hardness; the number of passes. The analysis of parameters affecting the processing MPHTMU 55.13.17

process is carried out. The parameters that most affect the shot blasting process are https://doi.ore/10.48081/QLOD6747
selected. The impact force, the angle of attack of the nozzle, the processing time are the

parameters that most affect the shot blasting process. Graphical dependencies based *C. 0. Tycynoea’, J1. H. Maxmydoe?

on the results of the experiment are derived. Planning of a multifactorial experiment
was carried out, according to the results of which mathematical dependencies were
obtained. According to the obtained mathematical dependencies, it is possible to
obtain the necessary output parameters by setting certain input parameters to obtain
the necessary accuracy characteristics.

Keywords: gas thermal coating, shot blasting, experiment, roughness,

penetration depth. COCTOSHUE NPOBJIEMbI OBPABOTKU
TPYJHOOBPABATBLIBAEMbIX MATEPUAJIOB
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B oannou cmamuee npusoosimes pe3ynbmamul Uccie008anUs COCMOSHUN npood.iem
0bpabomku mpyoH006padamvi8aeMvlx MAmMepUaiIos 8 YCi08ULX OMeYeCn8eHHbIX U
3apyOeANCHBIX MAUUHOCMPOUMENbHBIX NPOU3EOOCTE.

Buisisneno, umo oopabomra mpyoHoobpadamei8aemvlx Mamepuailos pe3anuem
ABIAEMCS NPOOIEMOLL, KOMOPASL CONPOBOACOACTNCL MAMEPUATLHBIMU 3AMPamam. u
HU3KOUL Npou3600umenbHocmuio. [pobrema mosicem 3aKnouamcs maxoice 8 0oabuom
pacxooe pesicyujeco UHCMPYMEHma, mMak Kak 3mu MAamepuaibl UMerm 6blCOKUe
noxkazamenu meepoOCmu, NPOYHOCMU, 6A3KOCMU, KOPPOIUOHHOU CMOUKOCMU,
AHCAPONPOUHOCIMU  NPU  HUBKOU  MENIONPOBOOHOCHU, KOMOpble 3ampyOHsIOm
obpabomky pezanuem. Ilpednacaemcs cnocob mexanuuecxkou obpabomxu
MpYyOHO0OPabAmMbl8aeMblX MAMEPUALO8  BbICOKOCKOPOCHHBIM — (hpe3eposanuem,
KOMOpblil 8 HACmosujee 8peMsi SGIAEMCs OOHUM U3 PA36UBAIOUWUXCS HANPAGLEHU U
HeO00CmAamo4Ho U3y4eHHOU No CPAeHeHUIo ¢ Opyeumu memooamu. OOHAKO 8bisBIEHO,
UMo NPU UCNONb308AHULU 8bICOKOCKOPOCHHO20 (hpe3eposanus cyujecmeayem npobiema
8bIOOPA PEANCUMOB Pe3aHUs. 8 3ABUCUMOCTIU OM 00padbaAmvleaemMo20 Mamepuaid u
mamepuana pexcyujeco uncmpymenma. Takoice omcymcmeyonm cnpagoytvie OaHHble
10 8b100pY PeAHCUMOB pe3anus st 00pabomKu Ha 8vicokux obopomax. Tax kax panee
UCNONIb306AHHbBIE YHUBEPCATbHbIE CMAHKU He UMENU BO3MONCHOCMU 0becnedums
bonee 2000 ob6/mun, u COOMEEMCMBEHHO 6 CHPABOYHUKAX OAHbL PEKOMEHOAYUU
coenacHo omum 3HaveHusm. Ilpusedenvl pe3yibmamvl KCHEPUMEHMATbHBIX
UCCIe008anull  Npoyecca BblCOKOCKOPOCHHO20 (DPe3eposaHus 6blCOKONPOUHOU
neauposannoti cmanu 30XI'CA. Ilonyuennvie pe3ynromamsi NOKA3AAU, YO UMEIOMCS
8bICOKUE Pecypcbl OAHHO20 Cnocoba.

IIpu npasunbHO BbLIOPAHHBIX PENCUMAX PE3AHUS BO3MONCHO OOCMUIICEHUE
BbICOKUX KAYEeCMBEHHbIX NOKA3amesnell MexaHuyeckol 06pabomku u nosvluieHue

npoU3B00UMENbHOCHIU.

Kniouesvie crnosa: mpyonoobpabamuvieaemvii Mamepuan, 6blCOKOCKOPOCMHOE
@peseposanue, pedcumbl pe3anus, ulepoxoeamocme, meepoocmy,
npoOU3B00UMENLHOCHID.
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Beenenune

[ocTostHHOE pa3BUTHE HOBBIX OTPACIIeH TEXHUKU X OCBOCHHE HOBBIX 00pa3II0B MAIIH
HAXOJATCS B MPSIMON 3aBUCUMOCTH OT Pa3BUTHS METOJI0B BEICOKOIIPOU3BOUTEIHHOM
00paboTKu TpyaHOOOpabaThIBa€MbIX MAaTEpPUATOB (BBICOKOMPOYHBIX CTaJEH,
KaAPOCTOMKHUX, HEP)KABEIOLINX, HEMAarHUTHBIX CIIaBOB M JIp.) ¢ OCOOBIMU (hHU3HKO-
XUMHYECKUMHU cBoicTBaMU. OOpaboTKa 3TUX MaTepHaOB PE3aHHEM HUMEET CBOU
XapaKTepHbIE OCOOCHHOCTH, KAUECTBEHHO OTIIMYAOIINE €€ OT MEXaHUUECKON 00padOTKU
OOBIYHBIX KOHCTPYKIIMOHHBIX MaTepHuaios [1,2].

B Hacrtosmee BpeMs CyIECTBYIOT pa3lUMYHBIE CINOCOOBI pe3aHHs
TpyIHOOOpabaThIBaeMbIX MaTepHaIoB. MexaHnueckas 00paboTKa MpecTaBisieT co00it
HanOoJiee UCCIeI0BaHHbIM U BMECTE C TEM YHUBEPCAIbHBIN C110C00, B OOJIBIIMHCTBE
oTpaciiell MPOMBIIIIEHHOCTH OHa cocTaiisieT 90—95 % BceX BBINOIHAEMbIX ONeparuii
o oobpabotke pezanuem. Cormacuo uccnenpoBanusim /1. I'. EBceesa, A. C. Bepemiaku,
E. V. 3apy6uukoro, 0. I'. Kabannuna, JI. B. OxopoxoBa, B. H. [loxypaesa,
H. U. Pesnukosa, A. H. Pe3nukoBa, H. H. Peikanuna, C. C. Cunmna, H. B. TananToBa,
M. B. Illarepuna, A. C. Suromkuna, T. I'. Hacag u np. ocHOBHBIE TIp0OIeMbI TPU
pe3aHuu TpyaHOOOpabaThIBAEMbIX MAaTEPUAJIOB, B YACTHOCTHU KAPONPOYHBIX U
HEep KaBEIOIUX CTaJleil onpeAestoTes ciaenyomumu Gakropamu [3,4]:

— BBICOKHMM YNPOYHEHHEM MaTepHaia B mpolecce aedopmaruu pesaHueM, BBUIY
creun(uIeckux 0COOCHHOCTEH CTPOCHUS KPUCTAIUTMYECKON PEIIETKH;

— HHU3KOH TEIUIONPOBOJAHOCTHIO 00pabaThiBaeMOro Marepuaia, MpUBOALICH
K TOBBIIIEHHOHN TemmepaType B 30He KOHTAKTa M K aKTUBU3AIMM aJr€3UOHHBIX U
T Py3MOHHBIX SBICHUH;

— CIIOCOOHOCTBIO COXPAHSATh UCXOIHYIO POYHOCTH U TBEPIOCTh MPHU MOBBIIICHHBIX
TEMIIepaTypax, YTO MPUBOJUT K BBICOKUM YJIEJIBbHBIM Harpy3kaM Ha IMOBEPXHOCTSX
KOHTAKTa JIETAIN C PEKYILIUM HHCTPYMEHTOM;

— O0JIBLION NCTHPAIOILEH CLIOCOOHOCTHIO KAPOIIPOUHBIX U HEPXKABEIOIINX CTAJCH,
00yCJIOBJICHHOHM HaiauuueM BTOpPOM (ha3bl (Kpome TBEpIOro pacTBopa) odpaszyroeit
MHTEPMETAJUTUIHBIC BKIIOUCHHUS;

— MMOHIKEHHOW BUOPOYCTONYMBOCTBIO IBUYKEHUSI PE3aHMS, BRI3BAHHOM TOBBIIIICHHOM
YIPOYHAEMOCTHIO HEPKABEIOIIUX U 5KapPOMPOYHBIX MaTEPUAIOB IIPH HEPABHOMEPHOCTH
IPOTEKaHUs POIlecca X IMIACTUYECKOro 1e()OpMUPOBAHHS;

— HEBBICOKMM KayeCTBOM IMOBEPXHOCTH M3-3a MOBBIIICHHOHN MIaCTUYHOCTHU
TPYAHOOOpabaThIBAEMbIX MATEPHUAJIOB;

—3HAYUTENILHOM Pa3HO3EPHUCTOCTHIO U HEPABHOMEPHOCTBIO II0XO0 Ie(pOpMHUPYEMBIX
30H, IPUBOJAIIEH K PE3KOMY BO3PACTaHHUIO CUJI PE3aHusl, TEMIIEPATyp U K OBICTpOMY
pa3pyLICHUIO PeXyIIeld YaCTH HHCTPYMEHTA.

[IpyHuMas BO BHUMaHUE OCHOBHBIE IMPOOJIEMBbl, BO3HUKAIOIINE MPU pE3aHUU
XKapONpPOYHBIX U HEPHKABCIOIMIUX cTajeil HaumboJyiee BaXXHBIMU (pakTopamu,
ONpeNeAI0NUMU BO3MOXHOCTh BBICOKO3(p(eKTuBHON 00paboOTKU pe3aHuem
BBICOKOIIPOYHBIX, KAPOMPOUYHBIX U JIPYTUX TPYAHOOOpabaThIBAEMbIX MaTepUajoB
aBisitoTes [3,4]: oOecnieueHre BO3MOXHO OOJIBIIEH MPOYHOCTHIO PEXKYIIEH KPOMKH;
MUHHMU3ALUS SHEPTOCHIOBBIX MapaMeTpPOB; CO3JaHUE BBICOKOH JKECTKOCTH H
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BUOPOYCTOMYMBOCTH 3JIEMEHTOB TEXHOJIOTHUECKON CUCTEMBI; YIIPaBJICHUE TEIUIOBBIMU
MOTOKaMHM B 30HE pe3aHus il 00ecIeYeH s 3aJaHHOT0 KauyeCTBa MOBEPXHOCTH.

Ha pucynke 1 mokazanel OCHOBHBIE BUIbI TPYIHOOOpaOaTHIBAEMBIX MAaTEPUAIIOB,
LIMPOKO UCIIOJIB3YEMBIE B IIPOMBIIUICHHOCTH.

TpyaHoobpabarsiBagmble
marepuarbl

Mo cnyxebHomy lNo BeayLiemy anemMeHTy
Ha3HaYeHuUIo COCTaBISAIOLLErO MaTepuana

[ CTeknonnacTukoBble |

| Mo cTpoeHuto |

AYCTEHUTHbIE
CotoBble

’ MeTanno;(epaMquCKme ‘

BbicOKONpOYHLIE
1 CBEPXNPOYHLIE

|

‘ MarHWTHbIE U HEMarHUTHbIe I

Pucynox 1 — OcHOBHBIE BUIBI TPYJHOOOpAaOATHIBAEMBIX MAaTEPHAIIOB

[IpoBeeHHBIE HCCIIEIOBAHUS B YCIOBHUIX MAIIMHOCTPOUTEIBHBIX IIPOU3BO/ICTB, B
gactHocTH TOO «IlaBnonapckuii MammmHoCTpouTENbHBIN 3aB0», TOO «IlaBnogapckuii
3aBOJ METAUIOKOHCTpYKUui-NMcTanskon», TOO «IlaBrnogapckuii TpyOonpoKkaTHBII
3aBo» (T. [1aBnonap), TOO «Mexanunueckwuii 3aBoa PAITNI», TOO «KoncTpyKkTOpcKoe
bropo STEP» (r. Acrana), OOO «GIDRO STANKO SERVIS» (r. HaBou) u np.
NoKa3ali, 4To 00paboTKa TpyIHO0OpabaThIBAEMBIX MAaTEPHAJIOB PE3aHUEM SIBIISIETCS
npo0JIeMOoi, KOTOpasi COMPOBOXKAAETCSI MaTepUAIbHBIMU 3aTpaTaMU M HHU3KOH
POM3BOIUTENBHOCTHIO. [Ipo0ieMa MOXKeT 3aKiI0UaTCsl TakKe B OOJBIIOM pacxojie
pPEeXYIIEro MHCTPYMEHTA, TaK KaK 3TH MaTepHalbl UMEIOT BBICOKHE MOKa3aTeIu
TBEPIOCTH, MPOYHOCTH, BSI3KOCTU, KOPPO3UOHHON CTOMKOCTH, )KapONPOYHOCTH
IpU HU3KOW TEIJIONPOBOJHOCTH, KOTOpPBIE 3aTPYAHSIIOT 00pabOTKY pe3aHuEeM.
OTtcyTcTBHE BEICOKOOOOPOTHBIX METAJUIOPEKYIIIMX CTAHKOB HOBOT'O ITOKOJICHHS THUIIA
00pabaThIBalOIMX IIEHTPOB, CTAHKOB IOJYaBTOMATOB C YUCIIOBBIM MPOTPAMMHBIM
yIpaBJICHUEM B YCIOBHUSAX OTEUYECTBEHHBIX MAIIMHOCTPOUTEIBHBIX MPOU3BOACTB
C/IeP’KUBAJIM IPUMEHEHUE BBICOKOCKOPOCTHBIX CIOCOO0B 00paboTKU mpHu 00padboTKe
TpyAHOOOpadaTHIBAEMBIX MaTEpHAIOB. Pa3BuTHE OTEUECTBEHHON MAIITHTHOCTPOUTEIHHOM
OTpAaciH ¥ ero OCHaIlleHHE 3apyOeKHBIM TEXHOJIOTMYECKUM 000PY/J0BAaHUEM IUKTYIOT
pa3paboTKy U MpUMEHEeHue 0oJjiee MPOU3BOJIUTEIBHBIX U 3P(HEKTHBHBIX CIIOCOOOB
00pabOTKH, OJTHUM U3 KOTOPBIX SBJISIETCS CIIOCO0 BEICOKOCKOPOCTHOTO (hpe3epoBanus. /1o
HEJIaBHET0 BPEMEHH B MAIIIMHOCTPOUTEIBHBIX TPou3BoicTBaX PecryOnuku Kazaxcran
MPUMEHEHHE BEICOKOCKOPOCTHON MEXaHMUECKOM 00pabOTKH OBLIIO HEBO3MOXKHBIM U3-32
OTCYTCTBUS BBICOKOOOOPOTHBIX METAIIOPEKYIIUX CTAHKOB HOBOTO MOKOJICHHUS TUIIA
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00pabaThIBalOIMX IIEHTPOB, CTAHKOB IOJYaBTOMAaTOB C YUCIIOBBIM MPOTPAMMHBIM
ynpaBineHueM. [losBieHne TakUX CTAHKOB C IIMPOKUMH TE€XHOJOTHMYECKUMU
BO3MOKHOCTSIMH IT03BOJISICT IPUMEHSATH O0JIe€e IMPOU3BOAUTENBHBIE CIIOCOOBI 00pPabOTKH,
KaKUM SIBIIIETCS BBICOKOCKOPOCTHOE (hpe3epoBaHue. Mexanudeckas oopaboTka
OTBETCTBEHHBIX JIeTaJIeH U3 TPy AHO0OpadaThIBAEMBIX MaTEPHATIOB BEICOKOCKOPOCTHBIM
(bpe3epoBaHueM B HACTOAIIEE BPEMS SIBIISICTCS OJJHUM U3 PA3BUBAIOIINXCS HATIPABJICHUN
U HEJOCTAaTOYHO M3YUYEHHOH MO CpaBHEHHUIO C ApyrumMu Meromamu. CyliecTByeT
npo6sema BEIOOpa PeKUMOB PE3aHUs B 3aBHCUMOCTH 0T 00padaThIBaeMOro MaTepHasia
U MaTepHaja pexyIero HHcTpyMeHTa. OTCyTCTBYIOT CIIpaBOYHbIE IaHHBIE IO BEIOOPY
PEKUMOB pe3aHus g 00paboTKH Ha BRICOKUX 0bopoTtax (Hanpumep 6oiee 3000 06/
MHH). Tak KaK paHee UCIO0Ib30BaHHbIE YHUBEPCAIbHBIE CTAHKH HE IMEJIA BO3MOKHOCTH
obecneunth O6onee 2000 o6/mMuH [5,6], U COOTBETCTBEHHO B CIPABOYHHUKAX JAHBI
PEKOMEHIALMHU COTIACHO 3TUM 3HAYCHUSM.

B cBsi3u ¢ 3THUM HayuyHbIE MCCIEAOBAHMS HANpPaBIEHHBIC K PEIICHUIO JaHHOM
npoOJIeMBbl SABISIOTCS AKTYaJlbHBIMU JJI1 OTEUYECTBEHHON MAIIMHOCTPOUTEIBHOM
OTpaciH.

MarepuaJjbl 1 METOABI

Bbln BBITIOJIHEHB! NEPBOHAYATIBHbBIE YKCIEPUMEHTAIBHBIE HCCIIEIOBAHUS IO
HCCIIeIOBAHUIO CII0C00a BBICOKOCKOPOCTHOTO (hpe3epoBanus [ 7,8]. DKcrepruMeHTaIbHbIE
UCCIIEI0BAHMS BBITIOJIHUIMCH O] pyKoBocTBOM Ipodeccopa K. T. Illeposa. MeToab!
uccie10BaHust 0a3UpOBAIHMCh HA OCHOBHBIX ITOJIOKEHHUSX TAKUX HAYK, KAK TEXHOJIOTUS
MAaIIMHOCTPOCHHUS, METAIIOPEIKYILIUE HHCTPYMEHTBI, TEXHOJIOTUSI KOHCTPYKIIMOHHBIX
MaTepHualoB, MaTepHajIOBeICHUE, Teopus pe3anus. s u3MepeHus MepoXOBaTOCTH
00pabaToOHHON MOBEPXHOCTH HCMOJb30Baica npoduiaomerp monenaun TR 100, a
JUIs M3MepeHus TBepaocTu MonaenbHblii TBepaomep TR 100. [Ing BeimosiHEHUS
HKCIEPUMEHTAIBHBIX HCCIIeI0BaHUN ObLT BBIOPAH KPYTJIbIi MPOKAT U3 JIETUPOBAHHON
ctanu 30XT'CA (nuamerpom 40 MM, anmuHO# 170 MM), KOTOPBIi ABISETCS MAaTEPUATIOM
MHOT'HX OTBETCTBEHHBIX JIeTaJIell MAaIIMHOCTPOUTENbHBIX U3enuil. s npoBeneHus
UCCJIEI0OBAaHUs UCIOJIB30BAJICA MOJIyaBTOMATHUYECKUN BEPTUKAJIBHBIA (pe3epHo-
cBepaunbHblid ctanok monenu JET JTM-1050 VSE. Ha pucyHke 2 nokasaH
MOJIyaBTOMAaTHUYECKUI BEPTUKAIbHBIN (Dpe3epHO-CBEPIMIBHBIN CTAHOK, PEXKYIIHMA
MHCTPYMEHT U Ipoliecc 00paboTKu.
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6)
Pucynok 2 — [TomyaBTOMaTn4eckuii BEpTUKAJIbHBIN (ppe3epHO-CBEPIINIbHBIA CTAHOK,

PeXyIIHNA MHCTPYMEHT U TpoIiecc 00paboTKH

a — MOJyaBTOMaTH4YeCKUH BEPTUKAJIbHBIN (pe3epHO-CBEPIUIIbHBIN CTAHOK;
0 — npouecc 00pabOTKH; B — PEKYILIUNA HHCTPYMEHT; | — pexXyIIUii HHCTPYMEHT; 2 —
oOpabaThiBacMasi 3aroTOBKa

J171s1 BBICOKOCKOPOCTHOTO (hpe3epoBaHUs UCIIOIB30BaIIN TOpLEeBYIO dpe3dy D=138
MM, Huciio 3yObeB KOTOpoii paBeH z=8 (puc.2,B).

B TabGnune 1 npuBeneHsl 3HaU€HUS LIEPOXOBATOCTH MOBEPXHOCTEN 00pa3LOB 1O
R, v TBEproCTH 110 BprHENUTIO (3HAYEHUS, Oy YEHHBIE ITyTEM U3MEPEHUS).

Tabnuna 1 — 3HaueHus MIEPOXOBATOCTH MOBEpXHOCTEN 0Opasua no Ra u TBeprocTu
1o bpunemnto

5 [lepoxoBaTocTh TBepaocTs 00paboTaHHON
S | 06paboTaHHOI MOBEPXHOCTH | TIOBEPXHOCTH MO BpuHemo
o
. & Ra, Mxm HB
TpynnooOpabarsiBaeMblii MaTepua S
=
ol
<
T =
& =]
Ra 1-4 @) = HB1-4 @} E’
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SOXICA 13,08 214
2 182 223 250 -
30 |2,13 245
4 1,9 228

B tabnuie 2 npuBoaATCS PEKUMBI BBICOKOCKOPOCTHOTO (hpe3epOoBaHUSI.

Ta6mmia 2 — [TopsiikoBbIe HOMEpPA UCTIBITAHUN

I'my6uHa npumycka t, MM
t=0,5 t,=0,75
CKopocTh Haspanue
BpalleHUs, o0pabarsiBaeMOro IpononbHas nofaya crosa S, MM/MUH
00/MHH Marepuana
S, S, S, S, S, S, S, S,
30 45 15 60 30 45 15 60
n,=2400 1 5 9 14 17 21 25 29
n,=2600 30XT'CA 2 6 10 13 18 22 26 30
n,=2800 3 7 11 15 19 23 27 31
n,=3000 4 8 12 16 20 24 28 32

Pe3yabTaThl M 00CYKIeHHE

HNccnenoBanue mMpoOBONUINCH B JAMANa3oHEe YacTOT BpAllEHUs CTaHKa
2400-3000 06/muH. T.€. n,=2400 06/MuH, n,=2600 06/mMuH, n,=2800 06/muH, n,=3000
00/mun. IIpomonbHas nogada crona npunsaTa S =30 mm/mMuH, S,=45 mm/Mun, S.=15
MM/MuH, S,=60 MM/MuH. A TiryOMHa npumycka Ha 00paboTKy npunsrta t=0,5 MM u
t,=0,75 MM (cm. Tabi.2).

Xpomkpemuuitmapranuesast ctaib 30XI'CA o0nagaeT BHICOKOH MPOYHOCTHIO U
BBICOKOI yCTOMYMBOCTBIO K yAapHBIM Harpy3kam. B coctaB mapku Bxogut 0,30 %
yriepona, a takxke 0,8-1,1 % mapraniia, xpoma, KpeMHHS B paBHBIX J0Js1x [9,10].

Ha pucynke 3 mokazaH rpaduk BIMSHHUS 4acTOTHI BpALICHUsS IIMHUHJIEIS HA
IEPOXOBATOCTh 00pabOTaHHOM MmoBepXHOCTH TpH t = 0,5 MM.
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Pucynok 3 — I'paduk BIUSHUS 9aCTOTHI BpAIlEHUS IIMUHENIS Ha IIEPOXOBATOCTh
00paboTaHHOM MoBepxXHOCTH Ipu t = 0,5 MM
1 —S =30 mm/mun; 2 —S =45 mm/mun; 3 — S = 15 mm/Mun; 4 — S = 60 MM/MUH

Ha pucynke 4 nokazan rpaduk BIMSHHUS 4acTOTHI BpalleHUs IIMUHJIEIA Ha
IIEPOX0OBATOCTh 00pabOTaHHOM MmoBepxHOCTH TpH t=0,75 MM.

Ra, v ‘
0,8 ey
0,7 7/ “““ -3
0,6 __:_,__.-_-T- “<<-- 5
0,5 — TR
If] i
0 2400 2600 2800 3000 1, 00/AMUH

Pucynok 4 — I'paduk BIUSHUS 9aCTOTHI BPAILIEHUS IIMUHEINS HA IIEPOXOBATOCTh
o0paboTaHHO# noBepxHOCTH pu t=0,75 MM
1 —S =30 mm/MuH; 2 — S =45 mm/MuH; 3 — S = 15 mm/MuH; 4 — S = 60 MM/MHH

Ha pucynke 5 mokaszaH rpaduk BIMSHHUS 4acTOTHI BpAleHUs IIMUHJIEISA Ha
TBEPJOCTh 00paboTaHHO MoBepxHOCTH NpH t=0,5 MM.
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Pucynok 5 — I'paduk BIUSHHS YaCTOTHI BpAIIEHUS IITHHJIENS Ha TBEPIOCTh
o0paboTaHHO# MoBepxHOCTH Ipu t = 0,5 MM
1 —S =30 mm/MuH; 2 — S =45 mm/MuH; 3 — S = 15 mm/MuH; 4 — S = 60 MM/MHH

Ha pucynke 6 mokazaH rpaduk BIMSHHUS YaCTOTHI BpalleHUs IIMUHJIEIS Ha
TBEPJOCTh 00paboTaHHOM moBepxHOCTH TpH t=0,75 MM.

HBE, *
20/ MM”

260
250

241)

230

0 |r | | | I ——
0 2400 2600 2800 3000 N, 00/MuH

Pucynok 6 — I'paduik BIUSTHHSI YaCTOTHI BPAIICHUS IITHHJIENS HA TBEPIOCTh
00paboTaHHOU MMOBEpXHOCTH TIpH t=0,75 MM
1 —S =30 mm/MuH; 2 — S =45 mm/MuH; 3 — S = 15 mm/MuH; 4 — S = 60 MM/MHH

[Tony4yeHHble pe3ynbTaThl MO HCCIEIOBAHUIO CIIOCO0A BBHICOKOCKOPOCTHOTO
dbpe3epoBaHus MOKa3adu, YTO UMEIOTCS BBICOKHE PECypChl JaHHOTO crocoba.
[Ipu mpaBunbHO BBHIOPAHHBIX pEXHMaxX pe3aHHUs BO3MOXXHO JOCTHUXKEHUE
BBICOKMX Ka4ECTBEHHBIX IMOKa3zaTeJdeld MexaHHuecKoid oOpaOOTKH M MOBBIIICHUE
MPOU3BOAUTENBHOCTU. JlJIsI MIMPOKOTO BHEAPEHUS CIOC00a BHICOKOCKOPOCTHOTO
dbpesepoBaHusa TpyAHOOOpabaThHIBAEMBIX MaTEpPUAIOB HEOOXOIUMO MPOBEACHUE
Cepuii SKCIIEPUMEHTAIILHBIX UCCIIEI0BAHUI IO OMPEICTICHUIO ONITUMATBHBIX PEKUMOB
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pe3aHus pasInYHBIX TPYAHOOOpadaThIBaeMbIX MaTepuasoB. [IpoBeneHHbI aHaIn3
MaTepHaJIoB JIeTalell MOJBEpPraronxcs MEeXaHn4eckoil o0paboTke Mmokasani, 4To
CaMbIM PACIPOCTPAHEHHBIM M CIIOKHO IMOAJAIOIIMMCS K MEeXaHW4eckorl oOpaboTke
ABJISIIOTCS TAKME MaTEPUAIIbl, KaK BBICOKOJIETUPOBAHHBIN YyTI'yH, U'3HOCOCTOMKHM YYyTYH,
TUTAHOBBIE CIUIABHI, CIEIMANbHBIEC CIUIaBBl, cTajb I anduibaa, BHICOKOIPOYHBIE U
CBEPXBBICOKOIIPOUYHBIE CTAJIU U JIP.

HNudopmanus o puHaHCHPOBAHUU

Hannoe uccinenoBanue ¢unancupyercs Komurerom Hayku MuHHCTEpCTBa
HayKH U BeIciiero obpaszoBanusi Pecny6nuku Kazaxcran (rpant «Kac rambim»
HUPH AP19174917 «HccrnenoBanve U MOBBIINIEHUE KaueCTBA BBICOKOCKOPOCTHOTO
(bpesepoBanus TPy JHOOOpaOATHIBAEMbBIX MATEPUAIIOB ITyTEM MOAEIMPOBAHHS ITpoIiecca
Y ONTUMU3ALUN PEKUMOB PE3AHUSD?).

BoIBOBI

Pe3ynpraThl 3KCHEPUMEHTANBHBIX MCCJIENOBAHUN BBICOKOCKOPOCTHOTO
dpesepoBanus crtanu 30XI'CA mokaszanu, 4TO yBEIMYECHHE MOJAYH OTPUIIATEITHHO
BIMSIET Ha Moka3aTtenu kadectBa (Ra u HB), a yBenuuenne ckopocTu pe3aHusi HOCUT
JBOSIKUH XapaKTep, T.€. NOJO0XKUTEJIbHO CKa3blBAa€TCs Ha IIEPOXOBATOCTh, a HA
TBEPIOCTh 00pabOTaHHOW MOBEPXHOCTH BIIMSAET OTpHULATEeNbHO. [laHHOE cocTosiHuE
BOIIPOCA JUKTYET HEOOXOJIUMOCTh MPOBEIACHUS TOMOJHUTEIBHBIX HCCIEIOBaHUI
[0 ONPEICNCHUIO ONTHUMAJIbHBIX 3HAUYEHUH peXUMOB pe3aHus. Taxxke HEoOXO0IUMO
UCCIIEIOBAaHUE XapAaKTEPUCTUKH MHCTPYMEHTAJIBHBIX MAaTEpUAIOB MCIOJIb3YEMBIX B
PEXYIIUX UHCTPYMEHTAaX MPUMEHAEMbIX JUIsi 00paboTKU TpyAHOOOpabaThIBaeMBbIX
MaTepHaJoB, U3YUYUTh HAINPSKEHHO-A€()OPMUPOBAHHOTO COCTOSIHUS HUX NPHU
BBICOKOCKOPOCTHOM (ppe3epoBaHUU U HCCIIEA0BATh TEIUIOBBIC SBJICHUS B Ipolecce
00paboTKu.
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KHWBIH OHJIEJETIH MATEPHAJIIAP/IBI
OHJIEY MOCEJEJEPIHIH KAFJABI

byn makanaoa omanowix dcone wemendik MauwuHa xcacay eHoipicmepinoei
KUbIH OHOCNIemiH Mamepuaidapobl O6HOey MOCeIeCiHIY Hcaz0alblH  3epmmey
Homudicenepi kenmipineen. Kuvin eyoenemin mamepuanoapovl Kecy apKblivl OHOeY
Mamepuanobik ubl2bIHOAPMEH HCOHe MOMEH OHIMOLNIKNEeH Kamap O0Iamvin mMocee
exeni anvikmanovl. CoHOAU-aK moceie KeCKiul KypalblHblY YIKeH UblebIHbIHOA
oonyvl MymKin, cebebi Oy Mamepuaroap MOMeH JHCbLTy OmKi32iumikke ue
JiCOHe Kammblibiabl, Oepikmici, mymxblpiblebl, KOppo3usaa me3imoiniei Cuskmol
Kepcemkiwmepi sicozapvl 601a0vl, Oy Kacuemmepi KecymeH 6H0ey0i KUbIHOAmMaobl.
Kuvin enoenemin mamepuandapovl MexaHuKaivlk oHoeyee Kazipei yaKkblmma 0amoin
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Kene JcamrKan bazplmmapbiibly 0Ipi 606N MAOLLIAMBIH JHCOHe OACKA d0iCmepMeH
CANBICMBIP2AHOA a3 3ePMIMEN2EH  JHCO2apbl  HCHLIOAMOBIKIbL  HCOH2BIAAY  90iCi
YCOIHLLLAOWL. J{eceHMEH, dHco2apbl HCbLIOAMOBIKIbL HCOH2BLIAYObL NAUOALAHY Ke3IHOe
onoeremin Mamepuanobly Jcone KecKiul Kypanobly Mamepuatbiia OailaHblcmbl
Kecy pesicumoepin manoay moceneci oap exeni anvikmanowvl. Conoaii-ax, sico2apol
AUHANBIMOApPOa 6HOey YWIH KecCy pedcumoepin manoay OOUbIHULA AHLIKIMAMANbIK
monimemmep oK. Bypuin Kondanvliean ombedan 6indexmep 2000  aiin/mun-
Man acmam JHcol10aAMObIKIMbL KAMMAMACHI3 emy MYMKiHOieine ue 6012aHObIKMAaH,
CollKeCiHue aHLIKMAMATLIKIMAapOad ol MoHoepee call ycvinvicmap oepineen. Koaapot
oepikmikke ue 30XI'CA 6onam mamepuanvin 6HOEyOe HCO2aAPbl HCLLIOAMOLIKIMNbL
JHCOH2bLAAY YPOICIH IKCNEPUMEHMMIK 3epmme)y Homudiceaepl KeamipineeH. Anvinean
Homudicenep ocvl 90iCmiy JHco2apvl pecypcmapvl bap exeuin xopcemmi. [[ypvic
MAROAI2an Kecy pedcumMoepimer MeXaHukaivlk oHOeyOiy JHco2apbl canaibl OHOey
KepcemKiumepine Jcone OHIMOLIIKMI apmmuipyea Kol Jcemiizyee O0aaobl.

Kinmmi co30ep: Kuvin onoeiemin mamepuan, Hco2apbl HCLLIOAMOBIKIbL
JHCOHBBLIAY, KeCy PecumMoepi, Kedip-0yovlpvblK, KAmmbvliblK, OHIMOLLIK.
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THE STATE OF THE PROBLEM OF PROCESSING
HARD-TO-PROCESS MATERIALS

This article presents the results of a study of the state of the problem of processing
hard-to-process materials in the conditions of domestic and foreign machine-building
industries. It is revealed that the processing of hard-to-process materials by cutting is
a problem that is accompanied by material costs and low productivity. The problem
may also lie in the high consumption of cutting tools, since these materials have high
hardness, strength, viscosity, corrosion resistance, heat resistance with low thermal
conductivity, which makes it difficult to process cutting. A method of mechanical
processing of hard-to-process materials by high-speed milling is proposed, which is
currently one of the developing directions and insufficiently studied in comparison
with other methods. However, it has been revealed that when using high-speed
milling, there is a problem of choosing cutting modes depending on the material
being processed and the material of the cutting tool. There is also no reference data
on the choice of cutting modes for processing at high speeds. Since previously used
universal machines were not able to provide more than 2000 rpm, and accordingly,
recommendations are given in the reference books according to these values. The
results of experimental studies of the process of high-speed milling of high-strength
alloy steel 30HGSA are presented. The results obtained showed that there are high
resources of this method. With correctly selected cutting modes, it is possible to
achieve high quality machining indicators and increase productivity.

Keywords: hard-to-process material, high-speed milling, cutting modes,
roughness, hardness, efficiency.
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SELECTION OF THE WORKPIECE TYPE FOR THE STEEL
REINFORCEMENT ROPE PRODUCTION

Reinforcing ropes are one of the most common types of products, consisting of
seven steel wires widely used in engineering, construction, agriculture, and other
industries. These products are in high demand in these industries due to their higher
strength than reinforcing ropes consisting of 2 and 3 wires. In the production of Kaz-
metiz LLP (Kaz-metiz), a wire was produced from two types of blanks (patented and
chemically processed) to improve the mechanical properties of the rope. The blanks
were tested for tension and bending. During the tensile test on the REM-100-M-1
stand, the first sample had high rates of breaking force and tensile strength of the wire.
During the bending test, the ability of blanks to resist destruction under alternating
deformations was determined. After the tests, rope samples with dimensions L = 520
mm and a diameter of 12 mm were made from these blanks for further testing for
tensile, compression, and bending on the RGM-600-M-1 test bench. Based on the
results of experimental and industrial studies, a type of blank was selected that meets
the requirements for finished products manufactured by Kaz-metiz LLP (Kaz-metiz).

Keywords: reinforcing ropes, testing, compression, metrological support,
workpieces.

Introduction

Seven-wire reinforcing ropes are prestressed reinforcement and are a strand
consisting of six wires of the outer layer, twisted in a spiral around one central wire.
The raw material for the manufacture of reinforcing ropes is wire rods with a diameter
of 11.00 mm of steel grade 80. The quality of wire rods is one of the main factors
determining technical and economic indicators and product quality of steel wire
production [1]. Drawing defects are unacceptable and affect the quality of the finished
product [2].

Patenting is in the fact that the wire, passing as an unfolded thread through the
furnace muffle, is heated to a temperature of 860—-9400 C, then enters the bath, in which
it is cooled to a temperature of 410-5500C, after which it slowly cools in the air [3].
The patented stock of reinforcing ropes has a higher strength and elasticity [4] than the
wire quenched and tempered after drawing: in the first case, mechanical strengthening
during drawing is added to the hardening achieved during heat treatment, while in
the second case, this mechanical strengthening is significantly reduced as a result of
recrystallization occurring during heating for hardening.Ropes are made exclusively
from hard-worked wire with a total reduction of approximately 70 to 80 %. Seven-wire
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reinforcing ropes is a strand consisting of one central wire and six wires of the outer
layer, twisted in a spiral around the central wire (Fig. 1) [5].

Figure 1. Construction of a seven-wire reinforcement rope 1x7

The rest of the article is structured as follows: Section 2 contains the experimental
part carried out in Kaz-metiz LLP, two samples with a diameter of 4.10 mm of a patented
and chemically processed workpiece were made for the experiment. The results of the
experiment are given in the conclusion section.

The experimental part

The main purpose of the experiment is to choose a method for obtaining a workpiece
for the manufacture of reinforcing rope with high mechanical properties.

To do this, Kaz-metiz LLP (Kaz-metiz) produced two samples with a diameter of
4.10 mm of a patented and chemically processed billet (Table 1) (Fig. 2). The chemical
composition and drawing technology of the workpieces are identical.

Table 1 — Technology for obtaining workpieces (samples)

Type of sample Geometric Wire Processing | Drawing speed,
Sample processing dimensions Method m/s Type of oil for
number drawing
. Patented
Nel Patented Diameter - 4.10 LUBIFIL VF3179
mm, length - 310
mm 3,0 m/s
Ne2 | Chemically Chemically SBS-Y
processed
processed
£l
|
(a) (b)

Figure 2 — Samples for the experiment: (a) diagram; (b)photo

During the tests, testing machines and measuring instruments were used, the
metrological characteristics of which are given in table 2.
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Table 2 — Metrological assurance of tests

Unit of physical
. Name, type of test
Name of the measured quantity . . Accuracy class,
. . device, regulatory Measuring range
parameter, designation measurement error
document
. Line-1000, State Stan-
Wire length, L mm dard 427-75 300 0,2
.. Micrometer MC, 0-25
Wire diameter, & mm State Standard 6507-90 0-25 0,01
Breaking force of wire, Universal test bench, o
P kN REM-100-M-1 4-100 kN no more than 1%
not listed in the test stand passport
Wire bend, N, - Test bench WJJ-6C
mm Calipers, CP- 11 -250-
Rope diameter, & 0,05 State Standard 0-250 0,1
166-89
Rope breaking o
kN Test bench, RGM- 24-600 kN no more than 1%
force,P 600-M-1

To determine the breaking force P and the tensile strength of the wire oB, the
workpieces were tested for tensile strength in accordance with the source [6].

Breaking force (P) - the maximum force required to separate the sample.

The temporary tear resistance (tensile strength cB) — is the stress corresponding
to the greatest force Pmax preceding the rupture of the sample. The time resistance to
rupture was determined by the formula:

Omax = max/FO

if, Pmax is the breaking force of the wire, kN
F -wire cross-sectional area,mm®.

The test was carried out on the SEM-100-M-1 and in accordance with the
requirements of the regulatory document (Fig. 3) [7]. The wire diameter was measured
in mutually perpendicular directions using a micrometer MC 0-25 (table 3).Mechanical
tests of samples on the machine are carried out by deforming the sample to destruction
with controlled movement of the active traverse. The cross - sectional area of the wire
was determined by the formula:

F = )

The test results are shown in Table 4.
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(a)
Figure 3 — Testing the sample for rupture on the bench REM-100-M-1:
(a) - type of the stand; (b) - wire break (highlighted in red - wire break area)

Table 3 — Measurement of the sample diameter with a micrometer MC 0-25 [8]

Measurement sketch Sample Nomlne;lf;ameter, Actual size, mm
1 3 4
i ! I
r b————— bemeee - Nel 4,12-4,13
I ! (]
" i i ! i
I . P i 4,1040,04
[ i i
i I |
: : ! Ne2 4,11 -4,13
: 1
1 3 4

Table 4 — Tensile test results

. . Temporary tear resistance,
Sample Breaking force (P), N Wire cross-sect;onal area F,
mm
N /mm?
Nel 26000 13,32 1952
No2 24650 13,26 1858

Bending tests were carried out on the test bench WJJ—6C in accordance with the
requirements of the standard in order to determine the ability of the metal to withstand
repeated bending and stretching (Fig.4) [6]. Metrological support of tests according to
Table 2. The essence of the method consists in alternately bending the sample to the
right and left at an angle of 90 degrees. Alternating stresses are created at the inflection
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point, which will lead the sample to a characteristic destruction. This type of test shows
the ability to resist destruction with alternating deformations [9].

If, after testing, there are no external defects on the sample surface in the form of
cracks, tears, delaminations, etc., then the material is considered to have passed the test.
The index of plasticity is the number of bends before destruction [9].

In the regulatory document of the enterprises of Kaz-Metiz LLP, where bending
tests are provided, as a rule, the minimum number of kinks for this type of product is
indicated [9]. If the sample fails at the specified minimum value or more, the sample
passed the test. Even for samples withstanding the number of bends, it is necessary to
pay attention to the nature of the destruction.

(a) (b)
Figure 4 — Test bench W1J-6C:
type of the device; (b) wire bending moment (highlighted in red - wire break area)

If, after the test, there are no external defects on the surface of the sample in the
form of cracks, ruptures, delaminations, etc., then the sample is considered to have
passed the test [9]. The test results are shown in Table 6.

Table 6 — Tensile test results

Sample Nominal bending value, N, > 9 [6]
Nel 15
No2 10

The results of bending tests given in Table 6 meet the requirements of regulatory
documents, according to the results it can be concluded that sample No. 1 has high
performance characteristics [6]. No external defects were found on the surface of the
two samples after testing.
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Corresponding reinforcing ropes are made from these samples, which are tested
for rupture, metrological support of tests according to Table 2. The dimensions of the
reinforcing ropes sample for tensile testing is: L = 520mm, diameter is 12mm. The
rupture tests were carried out on the RGM-600-M-1 test bench (Fig. 5). The universal
testing machine RGM-600-M-1 meets the requirements of the standards and is designed
for mechanical tests in the mode of stretching, compression and bending of samples
made of steel and other materials [6].

(a) (b)
Figure 5. Test stand RGM-600-M-1:

(a) loading the collet with the tested reinforcing rope into the clamp assembly; (b)
type of the test sample

The results of the breaking force tests are shown in Figure 6.

g

El

g 8

5 8
—t

g*
N

=]

breaking force, kN
g &
Ry

; — W
L. —

o 5 H B 5 88 4 8

1 2 “ & 8 10 2 " ® 18 EA] 22 24 =

elongation,mm
Figure 6. The result of testing reinforcement ropes for rupture
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Results and discussion

Based on the work carried out, it was found that samples from a patented billet
during tensile testing show high rates (Table 4) compared to a chemically treated billet,
which shows higher characteristics, such as strength and deformation of the metal under
tensile loading. The bending test of the samples (Table 6) determined the ability of the
patented workpiece to have a higher fracture resistance under alternating deformations.
According to the results of testing the reinforcing ropes for rupture, the patented blank
showed the value of the ultimate breaking force by 5 %, and the elongation by 8 % (Fig.
7) more than the chemically treated one, which shows the best physical and mechanical
properties of the reinforcing ropes from the patented blank.

Conclusion. Based on the results of production studies, it was established that in
order to develop a high-quality reinforcing rope, it is important for an enterprise to
process patenting, which provides high physical and mechanical properties. On the
basis of the work carried out, changes were made to the technological regulations in
Kaz-metiz LLP (Kaz-metiz) for the production of a rope with a diameter of 12.00 mm.
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BOJATTEI APMATYPAJBIK APKAHIBI OHIIPY
YIITH JARBIHIAMA TYPIH TAHJAY

Apmamypanvlx, apkanoap — MawuHaxicacay, Kypoliblc, aybll Wapyaulbliblesl
JHcoHe m.6. cananapoa KeyineH Koioauvlc mankaw sHcemi 601am ColMHAH MYPambiH
ey Kon mapanean eHiMHiY 0ipi. Amanzan canaiapoa oyn eHim 2 dcoHne 3 CblMHAH
MYpamviH apMamypanvli apKkanoapaa Kapazanoa 6epikmizimen Jco2apvl CypanvblicKa
ue. JKUIC «Kaz-metizy (Kaz-memus) eonoipicinoe apKaHHblH MeXAHUKALbIK
Kacuemmepin apmmuipy MAKcamvlHOa exi mypai oatvlHoamadarn (nameummenzem
JHCOHE XUMUAILIK OHOeN2eH) cvlm 93ipaendi. Jatvinoamanap ysinyee dcone uinyze
coinanovl. POM-100-M-1 coinax cmenOinOe co3vlny chinazvl Kesinoe Oipinuii yaeiniy
CO3bLLY KYWLL JICOHE Y3inyee Yakblmula me3iMoilik Kopcemxiumepi sco2apvl O0a0bL.
Uiny cotmaxmapul kesinde 0aublHOamManapobly ayblCnaivl 0e@opmayusiap Kesinoe
oysviyea xapcol mypy Kabinemi anvlkmanovli. PIM-600-M-1 cvinax cmenodinoe
y3inyee, KbiCblIyad, ULiyee CbIHAY MAKCAMbIMEH CbIHAKMAp JHcypeizinin 6oneaHHaH
Ketiin ocvl OauviHoamanapoan L = 520 mm, ouamempi 12 mm apkan yreinepi
azipnenoi. Toocipubenix scone onoipicmix 3epmmeynep nomuoicecinoe KIUIC «Kaz-
metizy (Kaz-memu3) oHOIpICiHiy OailblH OHIMOEpIiHe KOUbLIAMbIH MAIANMAPbIHA
cotikec 0aubIHOAMANbIY MypPi MaAyOALObL.

Kinmmi co30ep: apmamypanvlx apxanoap, CbiHaK, KblCbLLY, MEMPOIOSUSTBIK
Kammamacwsi3 emy, 0aublHOAMA.

*T. M. Byzayoea’, K. K. Kaiizaum’, A. K. Mamewoé’

I-23KaparanIMHCKUI TEXHUYECKUI yHUBepcUTeT nMeHHn AOblikaca CarnHoBa,
Pecny6nuka Kasaxcran, r. Kaparanaa.

Marepuan noctynui B pegakiuio 22.06.23.

BbIBOP BUJIA 3ATI'OTOBKHU JJIA ITPOU3BOJCTBA
CTAJIBHOTI'O APMATYPHOI'O KAHATA

ApmamypHvle Kanamol - 0OUH U3 CAMBIX PACNPOCMPAHEHHBIX U008 U30eTUl],
cocmoawuil U3 cemMu CMaibHblX NPOBOLOK, HAWEOWUX WUPOKOe NPUMEHEHUE 6
MAWUHOCTIPOEHUY, CIMPOUMETbCHIGe, CENbCKOM XO35UCMEe U 8 Opyeux Ompacisx.
B ykasanuwix ompacasx OanHas npooyKyus NOIb3Yemcs NOGbIUEHHBIM CHNPOCOM
no npuyure 6oiee 8bICOKOU NPOYHOCU, YeM aApMAmMypHble KAHAMbL, COCMOosuue
uz 2-x u 3-x nposoaox. B npouszeoocmee TOO «Kaz-metizy (Kaz-memu3s) ¢ yenvio
NOBbIUUEHUS] MEXAHUYECKUX CBOUCE KAHAMA NPOU3BEOeHd NPOBOIOKA U3 O8YX
8UO08 3A20MOBOK (NAMEHMUPOBAHHAS U XUMUYECKU 00pabomannas). 3aeomosku
UCNBIMBIBATUCH HA pacmsdicenue U Ha uzeud. Ilpu ucnvimanuu na pacmsicenue Ha
cmende POM-100-M-1 y nepsoeo obpasya 6viiu 6blcoKUe NOKAZAMENU PA3PLIBHOZO
VCUTUSL U BPEMEHHO20 CONPOMUBIEHUSL K PA3PLI8Y NPOBOLOKU. Bo epems ucnvimanuu
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Ha uzeud onpeoeneHvl CNOCOOHOCTL 30A20MOBOK CONPOMUBTANGCSA PA3PYULEHUTO
npu  3Haxonepemenuvix Oegpopmayusx. Ilocie npogedenuvlx UCHLIMAHUU U3
OaHHBIX 3A20MOBOK U320MOGAEHbl 00pasyvl xanama pasmepamu L = 520mm,
ouamempom 12mm 015 OanvHeluie2o UCNbIMAHUS UX HA PA3PLIE, Cocamue U uzeud na
ucnoimamenvrom cmende PIM-600-M-1. [lo pe3yrbomamam KcnepumMeHmanbHulx
U NPOMBIULTIEHHBIX UCCTe008AHUU BGbIOPAH BUO 3A20MOGKU, KOMOPHILL Omeeddem
MpedoBaHUAM, NPEOBLAGIAEMbIM K 20mosoll npodykyuu npouzsoocmea TOO «Kaz-
metizy (Kaz-memus3).

Kniouesvie  cnosa:  apmamypnvlie — Kamamel, — UCHbIMAHUE,  CHCAMUSL,
Mempoaocuueckoe obecneuenue, 3a420moseKd.
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STRESS-DEFORMABLE STATE
OF GLASS DURING WATERJET CUTTING

The most common modern technology for cutting float glass is cutting with
cutting wheels, which have a wedge-shaped obtuse cross section and are made of
hard alloys. Cutting glass is the creation of a system of cracks. During this, an area
of destruction is inevitably formed, consisting of a large number of tiny digs and
cracks that occur because of the action of the cutting tool.

In the process of waterjet cutting, the depth of surface and lateral cracks
increases. In addition, this increases the variation in the depth of the middle cracks.
These factors worsen the quality of the cut and increase the likelihood of a split not
along the cut. All this results in the necessity to ensure the wheel sharpening angle,
pressure and cutting speed that are optimal for the quality of the cut. These optimal
values depend on the thickness of the glass and the retained stresses in the glass.

The quality of the cut depends on the number and depth of microcracks
(especially the middle ones). With a decrease in the angle of sharpening of the wheel,
an increase in cutting pressure and speed, the average depth of the median cracks
increases, which has a positive effect on the quality of the cut.

As a result of the conducted research, optimal parameters of waterjet cutting
(treatment) were established, namely, the angle of sharpening of the wheel (110°-
160°), cutting pressure (35 N) and speed, which is favorable for the quality of the cut
and a reduction in the reject percentage.

Keywords: stress-deformable state, glass, waterjet cutting, wheel, sharpening,
sharpening angle.

Introduction

The most common modern technology for cutting float glass is cutting with cutting
wheels. The glass cutting wheels have a wedge-shaped obtuse-angle section and are
made of hard alloys (mainly based on tungsten carbide). The sharpening angle of the
wheel used depends on the thickness of the glass. In this case, the cutting takes place
in two stages: first a notch is made, that is a scratch is formed with a chain of cracks
appearing under it (usually from edge to edge of a sheet of glass with a straight cut),
and then a bending force is applied across the cutting line (splitting). Such glass cutting
is not cutting in the ordinary understanding of the word (such as cutting bread), but the
creation of microcracks in the glass under the action of a cutting wheel, along which
the glass then splits.
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Thus, cutting glass is not cutting in the usual sense of the word, but the creation of
a system of cracks. In this case, an area of destruction is inevitably formed, consisting
of a large number of tiny digs and cracks that occur because of the action of the cutting
tool. A thinner trace, contributing to a better separation of the cut surfaces, is obtained
using a diamond. Diamond, being the hardest mineral, regardless of whether its natural
or polished face touches the glass, is the most suitable tool for cutting glass [1-7].

Materials and methods

The quality of the cut is influenced by many technological factors — the type
and quality of the wheels, the quality of their fixation in the cutting head, the cutting
pressure and speed, the brand of cutting fluid and the uniformity of its flow, the type
and thickness of the glass, the quality (roughness, presence of scratches, cuts, surface
bubbles and stones) and the temperature of its surface, the size of the glass sheets,
cutting chart, stress distribution in glass (annealing curve), etc. The quality of the cut
depends on the number and depth of microcracks (especially the middle ones). With
a decrease in the angle of sharpening of the wheel, an increase in cutting pressure and
cutting speed, the average depth of the middle cracks increases, has a positive effect
on the quality of the cut [8§—14].

Waterjet treatment increases the depth of surface and lateral cracks. In addition,
this increases the variation in the depth of the middle cracks. These factors worsen the
quality of the cut and increase the likelihood of a split not along the cut. All this results
in the necessity to ensure the wheel sharpening angle, pressure and cutting speed that
are optimal for the quality of the cut. These optimal values depend on the thickness of
the glass and the retained stresses in the glass [15-21].

Results and discussions

Most manufacturers of cutting equipment give their recommendations on the
parameters of cutting various types of glass in the documentation for the equipment.
It is also very important to properly fix the wheel in the cutting head: it must rotate
freely around its axis, while remaining perpendicular to the plane of the glass. When
the wheel slips, a large number of cracks parallel to the surface are formed and the edge
of the glass is crumbling. With the inclined position of the wheel, the main crack does
not pass perpendicular to the surface of the glass and the cut is also non-perpendicular.
If the wheel swings on its axis, then the cut turns out to be intermittent and wavy and
therefore the split will be non-linear.

Figures 1, 2 and 3 show the types of glass cuts.

A

Figure 1 — A clean cut of good quality with small notches
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TR

Figure 2 — Poor quality of the cut with noticeable notches and chips

e I

Figure 3 — Very bad cut with notches, chips and a jagged edge

The critical load of microcrack development depends on its depth. When splitting,
in the case of large bending loads applied to the cut, it is necessary to ensure a large
difference in size between the middle and other cracks. At the same time, the depth
of cracks is not too important here, since with large bending loads, the applied load
exceeds the critical value for most middle cracks.

As a result, for example, for cutting glass of large thickness, it is necessary to
select cutting parameters in such a way as to reduce the number of surface and lateral
cracks, even at the expense of a general reduction in the size of all cracks, including the
«useful» middle ones. For this reason, for cutting heavy thickness glasses, equipment
manufacturers recommend wheels with a high sharpening angle. Depending on the
thickness of the glass and the equipment used, wheels with a sharpening angle from
110° (for thin glass) to 165° (for thick glass) are used. For example, Bottero company
recommends using the following wheels for its cutting tables, depending on the thickness
of the glass: 4-6 mm — 145°, 8-19 mm — 155°, 25 mm — 160°. When increasing the
thickness of the glass, it is also recommended to increase the cutting pressure and
reduce its speed.

The recommendations of Bohle company on the choice of the angle of sharpening
of the wheel for rectangular cutting of float glass are given in Table 1.

Table 1 — Recommended sharpening angles of the wheel (diameter 5 mm)

Glass thickness Sharpening angle
0.8-1.0 mm 110°
1.0-2.0 mm 120°
2.0-3.0 mm 130°
3.0-4.0 mm 135°

4.0-10.0 mm 140°
5.0-12.0 mm 145°
8.0-15.0 mm 150°
10.0-20.0 mm 155°
20.0-25.0 mm 160°
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Figure 4 shows the distribution of stresses created by the wheel over the thickness
of the glass.

Figure 4 — Distribution of stresses created
by the wheel over the thickness of the glass

Figure 5 shows the stress distribution in the glass after cutting.

Figure 5 — Stress distribution in glass
1 — cutting depth; 2 — pressure depth; 3 — tensile stress;
4 — compressive stress; 5 — reduced tensile stress

The wheel force is the most important cutting parameter. Figure 6 shows photographs
(in polarized light) of the edge of the glass. Cutting was performed with wheels with
the same sharpening angle (135°), but at different pressures: 35 N, 100 N and 35 N
(photo 30 minutes after cutting).
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) ~—

35N 100 N 35 N (in 30 minutes)
Figure 6 — Stress distribution in glass

Conclusions

As a result of the conducted research, optimal parameters of waterjet cutting
(treatment) were established, namely, the angle of sharpening of the wheel (110°-160°),
cutting pressure (35 N) and speed, which is favorable for the quality of the cut and a
reduction in the reject percentage.
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I'MIPOABPA3UBTI KECY KE3IHJAEI'T IIbIHBIHBIH
KEPHEY-JIE®OPMAIUASIIAY KYHI

Dnoam wblHbLIAPObL KeCYOiy e Kel Mmapanean 3aMAHAYU MeXHOIOUSACHI-CbIHA
mapiz0i do2an KuMAacel Oap dHcoHe Kammbvl KOPLIMAALIAPOAH JICACAN2AH KeCKiul
ponuxkmepmen xecy. Llvinbl kecy-6yn owcapvikmap scytiecin Kypy. byn owcazoaiioa
Kecy KYpanblHblY OcepiHeH nauda 00namvlH KONMmMe2eH YcaK CbIHbIKMAap MeH
ACAPLIKMAPOAH MYPAMbIH HCOUBLLY AUMASbL CO3CI3 KANbINMACAObL.

Tuopoabpaszusmi enoey kezinde Oemki oicoHe OYUIPAIK HCAPLIKMAPOLIH
mepenoiei apmaodvl. CoHbiMeH Kamap, Oyl Opmanavl HCAPLIKMAPOLIH MmepeHOicl
botiviHwa mapanyovl apmmuipadst. byn pakmopaap xecy canacely Hauwapramaosl
JHCOHE KeCLIMe2eH aKayiapobly bIKMUMaiobleblh apmmulpaosl. MyHwiy 6opi porukmi
Kaupay OypolulbIHblY, KbICLLMHBIH HCOHE KEeCY HCbLIOAMObIZbIHbIY KECY Candchl YUliH
oymaiinbl MOHOEpIH Kadxcem emedi. Byn owmaiinel MoHOEp wiblHbl KANbIHObIZLIHA
JHCOHE WBIHBIOA2bI KANIObIK KepHeYIepee OalIaHbICbl.

Kecy canacel mukpoowcapvikmapovly camvl MeH mepenoicine Oaiianblcmol
(ocipece opmawanap). Ponuxmiy Kaiipay 6ypviuusl azatiean Ke3oe, KblCbIM JHCOHE
Kecy JHCbl10amMOblebl JHCO2aAPbLIA2aHOd, OPMAH2bL HCAPLIKMAPOLIH Opmauia mepenoici
apmaokvl, by Kecy canacvlia oH acep emeoi.

Kypeisineen zepmmeynep Homudicecinoe euopoabpasuemi kecyoiy (eH0eyoiy)
oymainsl napamempiepi aHbIKMAIObL, AMAan AumKaHoa poIuKmi Kaupay oypvliuisl
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HAIIPA’KEHHO-AE®OPMUPYEMOE COCTOSHHUE
CTEKJIA IIPU THJIPOABPASVBHOM PE3KE

Haubonee pacnpocmpanennoil cospemennoii mexmonozuell packpos groam-
CMeKna AGNAEMCs Pe3KaA PeCYUUMU POTUKAMU, KOMOpble UMEION KIUHOBUOHOE
MYNOY2oabHOe CeyeHue U U30Mmasnugaromes u3 meepovlix cniasos. Peska cmexia
A6nAemest cozoanuem cucmemvl mpewun. Ilpu smom neuzbedxncHo obpazyemcs
obnacmuv paspyuleHust, COCMoauas U3 6OIbULO20 KOTULECMBA MeTbYAtIUUX GbIKOLOK
U mpewut, 603HUKAIOUWUX NOO OCUCHBUEM PeNCYUe20 UHCIMPYMEeHmd.

Ilpu euopoabpaszusnoii obpabomke ygeruuugaemcs 21youHa Nno8epxXHOCHHbIX
u bokoswvix mpewun. Kpome moeo, npu smom ysenuyusaemcs pazopoc no enyoume
CPeOUHHBIX mpewiun. Imu Gaxmopsvl yXyoularom Kaiecmeo pe3d u Y8eaiudusarom
8EPOAMHOCIb pazioma e no pesy. Bece amo npusooum xk momy, umo HeobXoo0umbvl
onmumanvHvle Ol KA4ecmed pe3a 3HA4eHUsl yend 3amoyKku poauKd, 0aeleHus u
ckopocmu pesa. Dmu OnmuManvbHvle 3HAYeHUs 3a6UCm Om MOIUUHbl CIeKId U
OCMAMOYHBIX HANPANCEHUL 8 CIeKLe.

Kauecmeso peza szasucum om xonuuecmea u 2nyoumvl MUKpoOmpewur (8
ocobennocmu cpeounnvix). llpu ymenvulenuu yena 3amoyku poauKd, yeeiudeHuu
0aBNeHUsl U CKOPOCMU pe3d CPeOHsIsl 2IYOUHA CPEOUHHBIX MPewun YEeauuusaemcs,
UIMO NOLOANCUTNENLHO BNIUSAEH HA KAYeCmE0 pe3d.

B pezynemame npogedénnvix ucciedo8anuil yCmauoeiensvl ONnmumMaibHble
napamempul 2u0poadpa3uEHoU pe3ku (00pabomk), a UMEHHO Yead 3amo4KU POJIUKd
(110°-160°), oasnenust (35H) u ckopocmu pesza, umo O1A2ONPUAMHO GAUsLEM HA
Kayecmeo pe3a u yMeHvuleHue npoyeHma opaxa.

Kniouesvie  cnosa: Hanpsoicenno-oeghopmupyemoe  cocmosmue,  CHMexo,
2u0poabpasuenas peska, poux, 3amouKa, Y201 3amoyKuU.
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METHOD OF DECREASE IN ENERGY INTENSITY OF THE GRINDING
PROCESS IN STIRRED MILLS

One of the most important and difficult problems related to the grinding process
in a stirred mill is the high energy intensity. This article proposes a method for
reducing the energy intensity of the grinding process in a stirred mill. The essence of
this method bases on the organization of the radial and axial impact on the particles
of the grounded material. This is achieved by the use of a new stirred mill design.
While the radial action is conducted by the rotation of the ellipsoidal stirrer, the axial
one is conducted by the vibrational oscillations of the chamber. The dependence
of the theoretical power on the functioning parameters of the new grinder was
established, and a computational experiment was carried out on the basis of this.
As the investigation results showed it is possible to reduce energy consumption in a
stirred mill by 20 % as a result of the use of this method.

Keywords: energy intensity, stirred mill, grinding process, power, product
fineness, grinding media.

Introduction

Stirred mills are considered to be as one of the perspective alternative for traditional
ball and vibrational mill. This is explained by the fact that stirring milling process can be
implemeneted under high-speed mode and, consequently, under high value of grinding
energy providing the fine and ultrafine product [1].

However, the fine and ultrafine process in stirred mills is characterized by high
energy consumption. For example, the well-known stirred mill «IsaMill» realizes high-
speed gridning process under 8000 kWt of power (stirrer speed is 1200 rpm, product
fineness is 7 um) or the stirred mill «Vertimill» consumes 3000 kWt to achieve 15 um
of product fineness.

In order to decide the problem related to considered problem the previous
investigations of the energy consumption in stirred mills have been analyzed. For
example, author of the work [2] presented the shear based stirred mill power model.
According to the shear based stirred mill power model the mathematical dependance
between power and parameters of the stirred mill has been defined. The dependance
allows to determine the operational parameters of the stirred mill to achieve energy
efficiency of the grinding process. In the work [3, 4, 5] the effect of the stirrer design
on the power of the stirred mill has been investigated. As the results of investigations
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showed, while disk stirrer is characterized by low energy consumption, cross stirrer
is characterized by high energy intensity. This is explained by the significant energy
losses on the agitation of the grinding media by cross stirrer. However, comparing
the product fineness, the use of cross stirrer allows to achieve the product with higher
product fineness in comparison with the case of disk stirrer use.

As a method of decrease in the energy consumption in the stirred mills, the
organization of the grinding process by action on the particles in radial and axial
directions is proposed [6].

particle

grinding ball

a)

Fa
Figure 1 - The scheme of the proposed method

In order to realize this method a new design of the stirred mill has been used [7].
The radial effect on the particles of the material is conducted by an ellipsoidal stirrer,
and the axial effect is conducted by vibration drive.

While the radial action is the action of the stirrer, the axial action is the action of
the vibrational drive (Figure 2).

unbalance shaf
L
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rotor

- electric motor (ellipse)
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= ?“q _ particle

** grinding ball

~ camera

particle

Ho elastic elements
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Figure 2 — The design of the stirred mill for imlementation of the proposed method
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In this case, the power spending on the stirrer action is decreased due to action of
the vibrational drive.

Materials and methods.

Power consumption PR in the stirred mill is carried out for the circulation of the
PbR grinding balls by means of the rotation of the ellipsoidal stirrer and the process
of grinding particles of the PgR material. Accordingly, the power balance equation for
determining the power PR can be written as follows:

Py = FRg + P (1)

The power required for circulation the grinding balls can be quantified by the
following relationship:
(b —c)en R

Pp=m,-g-Ny- 73

2)
In Eq. (2), m, is the mass of one grinding ball (kg), N, is the number of grinding
balls, b is the major semi-axis of the ellipse (mm), ¢ is minor semi-axis of the ellipse
(mm), n,is the rotation speed of the stirrer, g is the acceleration of gravity (mm/s2).
The determination of the number of grinding balls N, is performed from the
condition of the degree of filling the chamber with grinding balls, taken equal to ¢, = 0.8
[8]. To do this, the location of the grinding balls is simulated (Figure 3).

Figure 3 — Layout of the grinding balls (rhombic configuration)

As follows from Figure 3, a space (porosity) is formed between the grinding balls,
the total volume of which is determined by the following formula [9]:

ZVpor - kpor ’ ZVb > (3)

In Eq. (3), k,, is the porosity coefficient (kpor = 0.259) corresponding to the
rhombic configuration of the grinding balls (Figure 3), DV, is the total volume of
grinding balls (m ?).

The determination of the porosity coefficient k, was made according to the Slichter
formula:
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. T

k. =1- .
- 6-(1—cosOW1+cos “)

In Eq. (4), 0 is the the angle of intersection of the lines connecting the centers of
the grinding balls.

With a rhombic configuration of the balls,which most closely corresponds to the real
layout of the grinding bodies,the angle & = 60°because lines connecting the centers of
the balls form an equilateral triangle. According to formula (4), the porosity coefficient
at the value 1s £k =0.259.

por

The total volume of the balls is determined by the following formula:
SV, =N, -V, =4,1888-N R, (5)

In Eq. (5),N, is number of grinding balls, ¥, is volume of one grinding ball

(mm’) (7, =2 k)

Taking into account Eq. (5), Eq. (3) can be written as follows:

ZVpor =1,0849- N, R, (6)

Taking into account Egs. (5) and (6) the volume of filling the chamber with
grinding balls DV}, with the formation of «interspherical voids» can be determined by
the following formula:

dSVe =DV, + ZVW =52737-N,R;] (7)

['aking into account the formula for determining the degree of chamber filling with
g
grinding balls:
Vie 52737 -N,R;
(Pb = ZI/ = — (8)

g
U I U

In Eq. (8), ¥, is the «useful volume» of the chamber, i.e. the space of the mill
chamber with the exception of the volume occupied by the stirrer. The «useful volume»
of the stirred mill chamber can be determined by the following formula:

Ve =V Vi )

In Eq. (9), V.4is cylindrical chamber volume (mm?), 7, is the stirrer volume (mm?).

Taking into account the geometric shape of the mill chamber designed as a
rectangular cylinder with radius R, and height H; the volume of the cylindrical
chamber is determined by the following formula:

Vch' - nRr.?h : Hc‘h (10)
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The volume of the ellipsoidal stirrer is determined by the following formula:

V., =n-bch,, (11)

st

In Eq. (11), &, is the stirrer height (mm).
Then, taking into account Egs. (10) and (11), Eq. (9) takes the form:

V=R -H, —b-c-h,). (12)

The dependance for calculation the number of grinding balls follows from Eq. (8)
with taking into account Eq. (12):

N, = Q & 'E(th 'Hcii 7b.c'hsr)

N . 13
’ 52737 - R{ ()
The total drive power of the ellipsoidal stirrer: .
3 2 3
3 p--o m,-N,-g
Pp=|——| -(b=c)-n e

§ [12”] ( ) * 1 1 : 75 (14)
14512 | —+ —
R, R,

Similarly to Eq. (1), the required power of the vibration drive is determined by the
formula:
PA:PbA+PgrA- (15)

The power expended on the movement of grinding balls in the vertical direction due
to the vibrational movement of the chamber is determined by the following formula:
Ry=m,-Ny-g-4- ¢, (16)

The power expended for the operation of the mill in the axial direction:
, _( 3 ]m Ny g0 A9}

4
1-2 17
S <>

b P

Therefore, the total power of the mill can be determined by summing the Eqs. (14)
and (17), i.e.:

P=P,+P,. (18)

Thus, a calculation formula for determining the theoretical power of a new design
of mill has been obtained.
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Results and discussion.

To evaluate the effectiveness of the proposed method for reducing energy
consumption in a stirred mill, the computational experiment using a mill with the
following parameters (Table 1) has been conducted.

Table 1 — The parameters of the stirred mill

Parameter Symbol Value
Chamber radius R, 120 mm
Camera height h, 100 mm
The major semi-axis of the ellipsoidal rotor b 40 mm
The minor semi-axis of the ellipsoidal rotor c 30 mm
Rotation speed of the unbalance
n,

The kinematic parameters of the stirred mill are represented by the following

operating parameters which are the speed of rotation of the ellipsoidal stirrer 7z, the
amplitude of the chamber oscillations 4 and the speed of rotation of the unbalance
shaft n, .

For a joint study of these factors on the energy consumption a multifactorial
computational experiment has been conducted. The experiment consists in a theoretical
calculation of the product fineness at various levels of numerical values of the speed of
rotation of the ellipsoidal rotor 7y .

As a simulated material in a computational experiment, the river sand with the
following physical and mechanical characteristics has been choosed (Table 2).

Table 2 — Physical and mechanical parameters of the particle material

Parameter Symbol Value
Ultimate tensile stress
O-Bp
N
0,9 MPa 5
m
Elastic modulus E
N
18000 Mpa | ——
m
Poisson’s ratio
H 0,32

The values of ultimate tensile stress, modulus of elasticity and Poisson’s ratio for
a particle of river sand are selected based on reference information [10,11].

The levels of factor variation correspond to the smallest (min), average (med), and
largest (max) parameter values within the selected ranges, i.e. 1000 <n, <2000 rpm (
n, =1000 rpm - min, 7, =1500rpm - med, n, = 2000 rpm - max).
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After the calculations, the values of the product fineness and, accordingly, the power
costs were determined. The results are shown in the Table 3.

Table 3 — Results of a multifactorial computational experiment

1000 1500 2000
I’lR , I'pm
4,71 3,1 2,1
d(miu)
R4 ° pm
950 1383 1816
P, wt

Graphical interpretation of the results of the study of the influence of the speed of
rotation of the ellipsoidal stirrer on the product fineness and power is shown in Figure 4.

2000 T

— A=2 5mm, nA=1000 rpm

= A=3mm, NA=2000 rpm

s A=3 5mm, NA=3000 pm

[ene one-factor dependency i
% z —

T

1800

1600

Power P.W

1400

1200

1000

800 : .
1000 1200 1400 1600 1800 2000

_ Speed of rotation of the ellipsoidal rotor nR, rpm

Figure 4 — The graph of dependence of mill power on the
speed of rotation of the ellipsoidal stirrer

For comparison, within the specified range of ellipsoidal rotor speeds, we the one-

factor dependence of the theoretical fineness of grinding and power on the speed value
1, has been determined. The calculation results are shown in Table 4.
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Table 4 — The results of calculating the theoretical product fineness and power depending
on the speed of rotation of the ellipsoidal rotor

1000 1500 2000
np
) 11,32 5,03 2,83
2R$m) , MKM
866 1300 1732
PR , Bt

Thus, analyzing the values in Tables 3 and 4, it can be seen that in order to obtain
a specific value of the product fineness, it is required to spent less power applying the
proposed method.

Conclusion.

The grinding process in stirred mills is one of the most energy-intensive processes.
As a rule, a significant power for the grinding process is expended in the process of
stirring the load.

To solve this problem, a method is proposed to reduce energy consumption by
acting on the particles of the material simultaneously in the radial and axial directions.
To implement this method, a new design of the mill was used. The radial effect on the
particles of the material is carried out by an ellipsoidal stirrer, and the axial effect is
carried out by means of a vibration drive.

To evaluate the effectiveness of this method, a theoretical dependence of the
power on the parameters of the mill is derived. Using this dependence a computational
experiment was conducted.

Under a computational experiment a comparative analysis of the calculation of
powers for radial-axial and only radial action has been conducted. The results of a
comparative analysis showed the effectiveness of reducing the energy intensity of the
grinding process by 20 % while achieving the same product fineness.
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Fused deposition modelling, alternatively referred to as Fused Filament
Fabrication, is an additive manufacturing technique that has garnered significant
attention across various industries due to its diverse applications. This research
investigates the ultimate tensile strength and elastic modulus of 3D-printed Polylactic
acid samples, following the I1SO-527-2-2012 standard. The mechanical performance
of the created parts is considered from both experimental and computational points
of view. The finite element method within the ANSYS environment was employed for
computer-based load and strength calculations.

Tensile specimens are fabricated using the Fused deposition modelling approach.
The experimental outcomes were utilised to derive all the essential engineering constants
required for evaluating the mechanical behaviour. The validity of the theoretical model
has been confirmed through a comprehensive comparison with a substantial volume of
experimental data, exhibiting mean errors of approximately 1 %.

The objective of this research is to assess the effectiveness and efficacy
of analytical models in predicting the structural and mechanical behaviour of
components produced through fused deposition modelling.

Keywords: additive technology, fused deposition modelling (FDM), PLA,
mechanical properties, analytical model.

Introduction

Achieving optimal product quality and affordability, coupled with rapid
production timelines and competitive pricing while adhering to safety standards and
other benchmarks, is essential for maintaining competitiveness in the worldwide
manufacturing arena. A crucial aspect of product development is the engineering design
journey, beginning with requirement identification and culminating in a prototype primed
for manufacturing. The industrial perspective has shifted from conventional product
development approaches to additive technology, owing to the substantial capacity of
additive manufacturing techniques to curtail product development cycles and expenses.

Additive technologies, commonly known as 3D printing, have demonstrated
significant relevance and potential across various scientific disciplines. These
technologies involve creating three-dimensional objects by adding material layer by
layer, as opposed to traditional subtractive manufacturing methods that involve cutting
away material from a solid block.
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Additive technologies are extensively used in scientific research for rapid prototyping
and iterative design. Scientists and researchers can quickly create physical models of
complex structures, devices, or experimental setups, allowing them to visualise and test
ideas more effectively. Also, additive technologies can fabricate intricate and complex
geometries that are challenging or impossible to produce using traditional manufacturing
methods. This is particularly valuable in fields such as aerospace, materials science, and
nanotechnology. It should also be noted that 3D printing enhances science education
by providing tangible, hands-on experiences. It enables students and the general public
to interact with physical models, enhancing understanding and engagement in various
scientific concepts. One of the main advantages Additive technologies are explored
for sustainable practices, such as recycling plastics to create 3D printing filament and
fabricating energy-efficient components. Overall, additive technologies have a broad
and transformative impact on scientific research, offering innovative solutions across
diverse disciplines and fostering new avenues for exploration and discovery.

There are seven categories of additive manufacturing (AM) processes [1]. These
categories are based on the type of energy source and the materials used. Thus, parts
can be printed using various additive manufacturing processes, including Material
Extrusion, Photopolymerization, Jetting, Lamination, and other techniques. Each of
these processes has its own unique characteristics, advantages, and limitations, making
them suitable for different applications and industries. These processes offer a wide
range of options for AM. As mentioned earlier each process has its own advantages,
such as speed, accuracy, material compatibility, and post-processing requirements. The
choice of which process to use depends on factors like the intended application, material
requirements, part complexity, and production volume.

As technology continues to evolve, new AM processes and variations are being
developed, expanding the possibilities for creating complex and functional parts through
additive manufacturing. It’s essential to stay up-to-date with the latest advancements
in the field to make informed decisions about which process to use for a particular
project [2].

Among AM processes Material Extrusion is an inexpensive, faster printing method
and widely used technique. It is often referred to as Fused Deposition Modelling (FDM)
or Fused Filament Fabrication (FFF). There are several reasons for its popularity,
namely, accessibility and affordability, material variety, ease of use, build volume and
scalability, diverse applications, post-processing options, open-source community.
FDM uses a variety of thermoplastic materials that are extruded through a heated
nozzle to build up layers and create 3D objects. The choice of material depends on the
specific application, functional requirements, and desired properties of the final part.
The mechanical properties of different Fused Deposition Modelling materials can vary
significantly. Each material has its own set of strengths, weaknesses, and characteristics
that make it suitable for specific applications.

This article uses Polylactic Acid (PLA) material as an example. PLA is a widespread
and environmentally friendly bioplastic derived from renewable resources like cornstarch
or sugarcane. It’s easy to print, has low warping, and is suitable for a wide range of
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applications. The print material plays a key role in the mechanical properties of the
manufactured part. This article proposes to conduct a study in order to determine the
mechanical properties of parts manufactured by FDM and compare the results with a
computer model. Currently, numerous studies have been made by different researchers
[3-7]. Kumar and Singh [3] use multi-objective optimization to examine mechanical
characteristics of PLA. The accepted mechanical properties of PLA were unified by
optimising the FDM process parameters using Taguchi method. Croccolo et al. [8]
compares obtained experimental data with an analytical model which was developed
to predict the strength and the stiffness characteristics of FDM parts. Obtained model
was compared with experimental and affirmed.

Current study investigates simulation models of specimens that previously were
tested under different axial loads. Considering the works observed earlier, the relevance
of the work is proved by the theoretical and practical significance of the topic.

Materials and Methods

This article mainly explores the mechanical properties of parts that are made using
3D printing. The experimental process includes samples made of polylactic acid, as
was mentioned earlier a widely used material for FDM parts. The selected filament
belongs to Filamentive and has a diameter of 2.85 mm in white colour. All samples
were printed on an Ultimaker S5 printer with one nozzle. The nozzle was 0.8 mm in
diameter. A Cura program was used to obtain the G-code. It is also known that print
settings have an impact on part quality [9-11]. For this reason, all print parameters
were constant for all samples. At the same time, past experience and recommendations
from equipment producers were taken into account in order to set parameters. Sample
density was set at 100 %.

The schematic diagram and dimensions of the samples were indicated in Figure 1.
ISO-527-2-2012 standard was taken into consideration to prototype the 3D model of
the tensile test specimens in the CAD software. The experiments were conducted on a
Hounsfield-H10Ks universal testing machine with a capacity of 10 kN. The uniaxial
test is one of the most commonly performed tests in the field of mechanical testing
of materials. This test is designed to assess the mechanical properties of a material
under different forces. It provides valuable information about how a material responds
to applied loads, allowing it to determine various mechanical characteristics. This
information is crucial for material selection, design, and ensuring the safety and reliability
of various engineering applications.
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Figure 1 — Tensile specimen dimensions (mm)
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In addition to the experimental model for strength assessment, a computer model
was also built by means of the ANSY'S program. Computer simulations can be utilised to
predict and analyse the behaviour of material and structures under different conditions.
This software program is based on the finite element method (FEM). The finite element
method is a numerical technique used to solve complex engineering and mathematical
problems by breaking down a continuous system into smaller, more manageable
elements. However, it’s important to note that the accuracy of the simulation heavily
relies on the accuracy of the input data and assumptions made during the modelling
process.

Calculation scheme of the sample outlined on Figure 2. One end of the part is rigidly
fixed, the second end is subjected to a vertical tensile force of 2466 N.

B: Static Structural
Static Structural
Time: 1.s

A rorce:0.N
. Fixed Support

Y

50,00 (mm) Z/L X

Figure 2 — Specimen boundary conditions for tension

12.50 37.50

Young’s modulus was adopted on the basis of engineering tests of 5 samples
and corresponds to the arithmetic mean. Other values of the boundary conditions are
presented in Table 1.

Table 1 — Linear parameters of PLA specimens

Young’s Poisson’s Ratio Bulk Modulus, Shear Modulus.
Modulus. MPa MPa MPa
2964 0.3 2470 1140
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Result and Discussion

The aim of this research is to assess the mechanical characteristics of components
produced using the FDM technique through a combination of experimental and
computational approaches. Tensile, flexural and compression loads were applied to
the specimens in figure 1.

Figure 3 represents the tensile and flexural test results for the set of specimens
investigated in this study. As indicated in this diagram, the specimens exhibit tensile
strengths 0of 61, 62.5,61.9, 61.9, and 61.5 MPa (with a standard deviation of 0.5 MPa).
In this manner, it can be asserted that the trials are reliable.

Stress

0,02775

—1 == 3 - =l sessss 5

Figure 3 — Stress-strain curves for PLA samples

Additionally, the empirical results align with the values presented in previous studies
conducted by other researchers [12, 13].

The numerical technique yielded a normal stress of 62.43 MPa along the Y-axis at
the midpoint of the estimated sample length (Figure 4). Thus, the value of the numerical
method slightly exceeds the arithmetic mean value of the stress obtained on the basis
of the experiment on 0.67 MPa.

B: Static Structural B: Static Structural
Mermal Stress Mormal Stress 2
Type: Normal Stress[Y Axis) Type: Mormal Stress{Y Axis) (Scoped to Elements)
Unit: MPa Unit: ki Pa
Global Coordinate System Global Coordinate System
Time: 10 Time: 10

69.462 Max 62.434 Max
| 62.044 I

62.434 Min

54625
47.207

39,788
. 3237
24952
17.533 !
l 0115 v v
2.6961 Min ?/I\ Yj\
any 2500 00 ) B (1] 25,00 0.6 mem X
—_— —_— — —_—

Figure 4 — Y-axis normal stress and its value
at the midpoint of the estimated sample length
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This problem was solved in a linear formulation, where Hooke’s law is satisfied, and
this is obvious from Figure 5. For evaluation purposes, we can determine the Young’s
Modulus utilising the following equation:

Scomp  62.434

E = =
fcomp  2.1064 - 1072

= 2964 MPa

As a result, the same average value is obtained, which was obtained empirically.

62.434

50. e

40. el

[MPa]

30. ol

20, g

0. 4.e-3 8.e-3 1.2e-2 1.6e-2 2.1064e-2

[mm/mm]

Figure 5 — Graph of stress versus relative longitudinal strain
at the midpoint of a PLA sample

Conclusions

The primary outcome of the research paper revolves around the potential to forecast
the mechanical characteristics of Fused Deposition modelled components through the
utilisation of empirical data. Using experimentally derived mechanical attributes, a linear
formulation was employed to conduct a numerical computation. The variance between
the two techniques was negligible, constituting a mere 1 % disparity.

The suggested analytical model holds the potential to serve as a valuable instrument
for FDM designers and manufacturers. Specifically, it can offer guidance in assessing
attainable strength or stiffness by adjusting parameters related to the components.

Hence, it is feasible to employ analytical models for foreseeing the structural
performance of FDM components or similar types of AM components, relying on
material characteristics. As a result, these analytical models can support the 3D
printing procedure, thereby mitigating the necessity for time-intensive and expensive
conventional experimental methods.

REFERENCES

1 ISO/ASTM52900 Additive Manufacturing — General Principles — Terminology.
West Conshohocken, PA: ASTM International; 2015.

118

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2023

2 Parikh, H. H., Jadav, R., Joshi, P. 3-D Printing: A Review of Manufacturing
Methods, Materials, Scope and Challenges, and Applications//Lecture Notes in
Mechanical Engineering, 2023 P. 243-256.

3 Kumar, K., Singh, H. Multi-Objective Optimization of Fused Deposition
Modeling for Mechanical Properties of Biopolymer Parts Using the Grey-Taguchi
Method//Chinese Journal of Mechanical Engineering. 2023. — 36:30

4 Khalili, A., Kami, A., Abedini, V. Tensile and Flexural Properties of 3D-Printed
Polylactic Acid/Continuous Carbon Fiber Composite // Mechanics of Advanced
Composite Structures 10. 2023. — 407 — 418.

5 Cerda-Avila, S. N., Medellin-Castillo, H. 1. and Lim, T. Analytical models
to estimate the structural behaviour of fused deposition modelling components//Rapid
Prototyping Journal, 2021. — Vol. 27 Ne 4, P. 658-670.

6 Cuan-Urquizo, E., Barocio, E., Tejada-Ortigoza, V., Pipes, R. B.,
Rodriguez, C. A., Roman-Flores, A. Characterization of the Mechanical Properties
of FFF Structures and Materials : A Review on the Experimental, Computational and
Theoretical Approaches//Materials 2019, 12(6), 895.

7 Bragaglia, M., Cecchini, F., Paleari, L., Ferrara, M., Rinaldi, M., Nanni, F.
Modeling the fracture behavior of 3D-printed PLA as a laminate composite : Influence
of printing parameters on failure and mechanical properties // Composite Structures,
Volume 322, 2023, 117379.

8 Croccolo, D., De Agostinis, M., Olmi, G. Experimental characterization and
analytical modelling of the mechanical behaviour of fused deposition processed parts
made of ABS-M30//Comput. Mater. Sci. 79, 506-518. — 2013.

9 Xu, J., Xu, F., Gao, G. The Effect of 3D Printing Process Parameters on the
Mechanical Properties of PLA Parts//Journal of Physics: Conference Series, 2133 (2021)
012026, doi:10.1088/1742-6596/2133/1/012026.

10 Chacén, J. M., Caminero, M. A., Garcia-Plaza, E. and Nuiiez, P. J. Additive
manufacturing of PLA structures using fused deposition modelling: Effect of process
parameters on mechanical properties and their optimal selection//Materials & Design,
(2017) Volume 124, P.143-157.

11 Chen, Y. K., Shi, T. C. and Zhang, J. H. Influence of Printing Parameters
on Properties of Fused Deposition Modeling ABS Samples Engineering Plastics
Application, 2019. — 47. — 47-52.

12 Laureto, J. J., Pearce, J. M. Anisotropic mechanical property variance between
ASTM D638-14 type 1 and type iv fused filament fabricated specimens. Polym. Test.
2018, 68, 294-301.

13 Dobes, J., Hanon, M. M., Oldal, 1. Effect of infill density and pattern on the
specific load capacity of FDM 3D-printed PLA multi-layer sandwich, J Polym Eng
2022.-42(2), 118-128.

Material received on 30.08.23.

119



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 3, 2023

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770.

Ne 3, 2023

*A. Pakuwes’, b. /lonenoaeé’, X. P. /[acamanyoun’

12901inkac CaFbIHOB aThIHIaFbl KaparaH 1bl TEXHUKAIBIK YHHBEPCUTETI,
Kazakcran PecniyOnukacel, Kaparanssr K. ;

SMaunai3us TexHosIorus yuuBepcureti, Manaisus, Kyana-Jlymmyp.
Marepuan 30.08.23 Gacmara TYCTi.

FDM (3D BACBUUIFAH) BOJILLIEKTEPIHIH MEXAHUKAJIBIK
CUITATTAMAUJIAPBIH 3EPTTEY: DMIIUPUKAJIBIK
KIOHE KOMIIBIOTEPJIIK 9QAICTEP

Bangpimein  mynovipymen yaeciney, coHvimen xamap oicinmi OAIKbImymeH
grcacay 90ici, aooumuemi eHOIpic 90ici 6obin MaodwLIaAdLl. Opmypiai NAUOANAHY
MYMKIHOIKmMEPIHe Oauianblcmol OHOIPICMIK 9P CANACLIHOA YIKEH Kbl3bl2YUbLIbIKKA
ue. byn oicymvicma 1SO-527-2-2012 cmanoapmuina cotikec 3 D 6acwin wwizapvlizat
noaunrakmuxanvly Kolwikoil (PLA) yneinepiniy co3vlny Kywii men cepnimOinik
Mmooyni 3epmmenedi. JKacanean 6Gomuexmepoiyy MEXAHUKAILIK CUNAMMAMAIAPb
MoNCipubeniK — JHcasblHan 04, ecenmenzer JHCazblHaH 0d  Kapacmulpulidobl.
Komnwvromepoin oicykmemecimen bepikmicin ecenmey yutin ANSYS 6azoapramacoinoa

UCCnedylomes npeoenvbtas NPOYHOCMb HA pa3pulé U MOOYIb YNPY2oCmu 00pazyos
noaumonounou kuciomol (PLA), nanewamannvix na 3D-npunmepe, 6 coomeemcmauu
co cmanoapmom 1SO-527-2-2012. Mexanuueckue Xapakxmepucmuxu cO30aHHbIX
oemanel paccmampueaiomcs: Kak ¢ IKCNEPUMEHMATbHOU, MaK U ¢ pacyemHou
cmopouvl. Memoo koueunvix snemenmos 6 cpede ANSYS ucnonvzosancsi oOns
KOMNbIOMEPHBIX PACHEMO8 HACPY3KU U NPOUHOCHIU.

Obpasyvl 015 pacmsicenuss U3e0MAsIUBAOMCcs ¢ UCNOIb308AHUEM NO0X00d
MoOenuposanus — HANAAGIeHUs.  DKCNepuUMeHmAlbHble — pe3yivmamvl  Obliu
UCNONBL306AHYL 0TI NOTYUEHUsL BCEX OCHOBHBIX UHIICEHEPHBIX KOHCMAHM, He0OX0OUMbIX
07151 OYeHKU MexaHuyeckozo noseoerus. O6O0CHOBAHHOCHb MeOPemU4ecKoll Mooeiu
oviia noomeepicoena nymem 6CeCMOPOHHE20 CPAGHEeHUs CO  3HAYUMETbHbIM
00beMOM  IKCNEPUMEHMATLHBIX OAHHLIX, OEMOHCMPUPYIOWUX CpeOHuUe OuwuoKu
npumepto 1 %.

Llenvio Oamnnoeo uccredoanusi sGAAEMCs  OYEHKA dPdexmusHocmu U
0eliCIEEeHHOCINU AHATUNUYECKUX MoOenel NPU NPOSHOZUPOBAHUU CINPYKIYPHO20 U
MEXAHUYECKO20 N0BEOEHUs KOMIOHEHTNO8, NOTYYEHHBIX C NOMOUBIO MOOETUPOBAHUS
MEMOOOM NOCIOUHO20 HANAAGNEHIUSL.

Knioueswvie cnosa: adoumuenvlie mexnono2uu, Memoo NOCIOUHO20 HANAAGLeHUs
(FDM), PLA, mexanuueckue c80tcmed, aHATUMUYECKAst MOOEb.

conebl dniemeHmmep 90ici KOIOAHBLIOYL.

Toocipube yneinepi Oankbimovin MyHObIPY MOCILL  APKbLUIbL  OAULIHOALObL.
Tooicipube Homudicenepi MexanukaIblK CUnammamanapobl 6a2anay Yuin Kajcemmi
Oapavik  Hezizel UHIICEHePNIK KOHCMAaumanapovl dany ywin naudaiansliobl.
Teopusinbix MoOenbOiy oypvicmbiabl wamamer 1 % opmawa kamenepoi kopcememin
IKCHEPUMEHMMIK ~ OepeKmepoily MOHIMEH JICAH-)ICAKIbL  CATbICMbIPY  APKbLIbL
pacmanovl.

Byn 3epmmeydiy maxcamol bankvimoin mynovipymen yaciiey apKblivl alblH2aH
KOMNOHEHMMePOiy MEXAHUKATBIK, Kacuemepin 001xcayoaabl AHATUMUKanblK YaciHiy
muimoiniein bazanay 601vin madwviIAbL.

Kinmmi ce3dep: aooumuemi mexnonrocusiap, OaiKblmvln myHObIPY 90ici
(FDM), PLA, mexanuxanvlx Kacuemmep, AHATUMUKALBIK Y2,
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WCCJIEJOBAHUE MEXAHNYECKNX XAPAKTEPUCTHK FDM
JNETAJIEN (3D IEYATH): DMIIMPUYECKHE
A KOMIBIOTEPHBIE METO/IBI

Mooenuposanue ¢ HaniasieHuem, mMaKdice HA3LIBAEMOE U3COMOBTICHUECM
HANJABIeHHbIX HUmetl, npedcmasisem cooou Memoo a0OUmMuUeHO20 NPOU3E00Cmed,
KOMOpblll  NPUGIeK  3HAYUMENbHOe  GHUMAHUE 6  PA3IUYHbIX — OMPACISIX
NPOMBIULICHHOCIIU  U3-3A €20 PA3HOO0OPA3HbIX npumeHeHul. B asmoii pabome
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STUDY OF RELATIONSHIP BETWEEN THE PROCESSED MATERIAL
HARDNESS AND THE PRETREATMENT SPEED

This research is funded by the Science Committee of the Ministry of Science
and Higher Education of the Republic of Kazakhstan (Grant No. AP14972884). This
research has shown that a serious limiting factor inhibiting the use of harder metals
and alloys as dressing materials is the loss of form stability of the cutting edge when,
due to high contact loads, it is plastically deformed with deterioration of cutting
properties caused by changes in the geometry of the cutting edge. To address this
issue, a study of the relationship between the hardness of the machined material
and the pre-treatment rate was carried out. Pretreatment was carried out on two
heat-treated hardened 20X steel materials with a hardness of HRC 21...23 and HRC
19...20.

As a result it is established that by varying the hardness of the machined material
during tool lapping it is possible to increase the hardening effect and significantly
reduce the material consumption.

Also plots of influence of pre-treatment duration on tool life of T5SK10 when
turning steel 20X (HRC 16...17) and influence of hardness of working material on
optimum rate of pre-treatment of ROMY5 tool and time of pre-treatment are presented.

Keywords: Hardness, pre-treatment, hardening, optimum rate, wear resistance,
pre-treatment time.

Introduction

The existence of optimum regimes of tool pre-treatment is theoretically and
experimentally proved [1-5], but their fast and reliable determination is still an open
question. Taking into account that the main role in formation of the wear resistant
contact secondary structures is played by the deformation hardening processes, it is
necessary to solve the optimization of the pre-treatment mode from the deformation-
thermal point of view. Deformation hardening processes during tool pre-treatment are
realized on the background of technological factors, therefore when solving problems
of optimization of pre-treatment it is necessary to take into account all technological
features of exploitation of concrete type of the tool [6].

Numerous experimental studies have established that for the majority of metal-
cutting tools, optimum conditions for pre-treatment lie in the area of reduced cutting
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conditions, which can be achieved by reducing either the cutting speed or feed rate. In
order to clarify the efficiency of pre-treatment when varying different parameters of
cutting conditions, a special series of experiments was presented, when an optimum
condition was achieved by autonomous undercutting of cutting speed and feed.

The effect of improved durability when running at a reduced speed was almost twice
as effective as running at the optimum cutting speed compared to running at the optimum
feed rate, and this process of varying the cutting speed is much easier to implement [6].

Materials and methods

The optimum mode of tool pretreatment provides the best deformation and thermal
hardening conditions, which can be further improved if the pretreatment is carried out on
a harder material. To clarify this circumstance by special experiments a study was carried
out to find out the effect of hardness of the machined material on the wear resistance
of the secondary contact structure [5, 7]. The results of this series of experiments are
presented in figure 1, where the effect of hardness ratio of machined material to tool
material on the degree of increase of tool material durability after machining in relation
to a conventional tool is presented [7].

(utfing wedge
stublily luss

form boundar,
7/T :

%, 4
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03 g4 05 05 47 H./H,

Figure 1 — Effect of hardness ratios of machined (NP) and tooled (NT) materials on
the magnitude of the increase in pre-treatment durability

The dependence has monotonically increasing character, showing that with the
increase of hardness of the processed material the hardening effect of working surfaces
of'the tool increases, thus the degree of increase of durability can reach values at a level
of'4.5...4.6 times. The character of the specified dependence once again confirms that
deformation processes play an important role in the mechanism of formation of wear-
resistant secondary contact structure [6—8].

A serious limiting factor restraining the use of harder metals and alloys as running
materials is the loss of dimensional stability of the cutting wedge, when, due to high
contact loads, its plastic deformation occurs with deterioration of cutting properties
caused by changes in the geometry of the cutting edge. According to the existing
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conceptions [9—-11] the loss of form stability takes place, when the hardness ratio of
tool material to tool material is greater than 1.4...1.6. Then the boundary of loss of form
stability on figure 1 can be represented by the vertical line, drawn through the abscissa
axis at the level of . A doubling of the resistance takes place starting with a hardness
ratio of 0.5. Therefore the range of hardnesses of processed materials providing double
increase of firmness is 0,5...0,65 [6-8].

An important parameter of the pre-treatment process is its duration, which determines
the degree of completion of the secondary structure.

Results and discussion

Experimental studies on the pre-treatment of lathe cutters were carried out in the
laboratory of the «Technological machinery and equipment» department of the S.
Seifullin Kazakh Agrarian-Technical Research University. Machining of workpiece
from steel 20X during pre-treatment of cutters was made on screw-cutting lathe 1K62.

2/ . r : !I|I

2) b)

Figure 2 — shows the workpieces and cutters used during pre-treatment

1 — with hardness HRC 21...23; 2 — with hardness HRC 19...20;
a) workpieces of 20X steel hardened by heat treatment; b) undercutting tools from
T5K10
Figure 2 — Workpieces and cutters used during pre-treatment
Figure 3 shows the pre-treatment process for picks.

c) d)

Figure 3 — Process of pre-treatment of cutters

a) cutter Nel; b) cutter No2; c) cutter Ne3; d) cutter Ned
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Figure 4 shows the machined workpieces during pre-treatment.

Figure 4 — Machined workpieces during pre-treatment

1 — frequency of rotation nsp = 20 rpm; 2 — frequency of rotation nsp = 40 rpm,;
3 — frequency of rotation nsp = 63 rpm; 4 — frequency of rotation nsp = 80 rpm

a) workpiece with a hardness of HRC 21...23; b) workpiece with a hardness of
HRC 19...20

In figure 5 results of researches on influence of duration of the period of preliminary
pre-treatment on durability of the cutter from T5K10 at turning 20X with HRC 16...17
on modes V=60 m/min; S=0,2 mm/rev; t=0,3 mm are resulted.

Pre-treatment was carried out on two heat-treated hardened 20X steel materials with
ahardness of HRC 21...23 and HRC 19...20. In the first case, the pre-treatment speed was
Vn =3 m/min, and in the second case, Vn= 6 m/min. The pre-treatment time was varied
from zero to 6 minutes. The received results showed the following: at pre-treatment on
a workpiece with hardness 21...23, optimum duration of pre-treatment was 3 minutes,
and at cutting on a material with hardness 19...20 — 5 minutes, i.e. with increase of
hardness of processed material, duration of pre-treatment providing maximal durability
decreases. Depending on the pre-treatment time the character of wear accumulation
curve also changes. Thus, with the pre-treatment duration shorter than the optimum,
the catastrophic wear area is faintly visible on the blunting curve, which disappears as
the pre-treatment duration approaches the optimum one. Pre-treatment at the optimum
variant provides tool operation up to the accepted criterion of blunting in the mode of
steady-state wear. If the pre-treatment period is longer than the optimum, tool durability
decreases due to the high value of pre-treatment wear. Optimum mode of pre-treatment
corresponds to the value of pre-treatment wear in the range hp = 0,18 ... 0,22 mm.
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Figure 5 — Effect of pre-treatment duration on durability of TSK10
cutter when turning steel 20X (HRC 16...17)
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1 — hardness of pre-treatment steel HRC 19...20; 2 — hardness of pre-treatment
stee]l HRC 21...23

In earlier works on pre-treatment in order to substantiate the physical nature of
optimum regimes the studies on the independent influence of temperature and velocity
factors on the formation of wear resistant contact structures have been given [12—14].
In particular, it was noted that in the real process of cutting the temperature and velocity
factors are inseparable and are determined by machining modes. It was found that the
experimental character of the influence of cutting speed on the hardening and wear
resistance of the secondary contact structure of the tool is determined by temperature
factors, while the degree of hardening and the numerical value of wear resistance are
determined by the speed factor. In addition, it has been shown that the autonomous
velocity effect represents one of many, and not always dominant, factors responsible for
the degree of hardening. Indeed, the amount of hardening is determined by the degree
of plastic deformation, the numerical value of which depends on specific contact loads,
contact adhesion forces, process duration and sliding speed. Therefore, it can be assumed
that in many cutting modes, the contact layers of the tool reach the ultimate hardening
state, and the degree of completion of this process will mainly depend on time.

The effect of the hardness of the material to be machined on the optimum pre-
treatment speed and pre-treatment time is shown in Figure 6, from which it can be seen
that the optimum pre-treatment speed and time decrease as the hardness increases.

V.. m/min Ty, MU0
0 7
6
63 5
?\
4
.
2 I
31 7
2
16 7

o6 18 20 22 24 HRC

Figure 6 — Influence of hardness of the machined material on the optimum pre-
treatment speed of the R6MS5 tool and the pre-treatment time
1 — pre-treatment time tpr; 2 — pre-treatment speed Vpr
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The optimum pre-treatment speed in this case for a high-speed tool can be determined
according to the empirical formula

vV, =1.87-0,047-HRC,,

where Vopt is the optimum pre-treatment speed, m/s;
HRCm is the hardness of the pre-treatment material.

Based on the above it is possible to conclude that by varying the hardness of the
workpiece during tool-hardening it is possible to increase the hardening effect and
significantly reduce material consumption. So, we are using steel with hardness HRC
20, optimum cutting speed is 28 mm/min, and grinding time is 5 minutes, while length
of the travelled path (or material consumption) is 160 m. With steels in hardness HRC
23, an optimum cutting speed of 4 m/min and a pre-treatment time of 3 minutes, which
corresponds to a travel distance of 12 m. Hence, pre-treatment on a billet with HRC 23
saves more than 10 times the material, and shortens the process by more than 15 times
compared with the raw steel process.

Conclusions

1. The efficiency of the pre-treatment of cutting tools can be improved by using steels
with higher hardness as the pre-treatment material. Higher contact loads occurring during
the cutting process provide greater strain hardening and shorten the pre-treatment time.

2. Pre-treatment increases not only the wear resistance of tool working surfaces,
but also the operational reliability and heat resistance of contact structures.

Based on the above, it can be concluded that by varying the hardness of the machined
material during the tool pre-treatment period it is possible to increase the hardening
effect.

Funding. This research is funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. AP14972884).
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3epmmeynep ropcemkenoOel, Kammvl Memanioap MeH KOPbIMnaiapobl my3emy
peminoe Kooanyeaa keoepei Keamipemin Manbl30bl ulekmey (haKxmopvl Kecy HCueeiniy
2COMEMPUSCHIHLIY ©32ePYVIHEeH MYbIHOA2aH Kecy KACUemmepiHiy HAuapiayviMeH
JHCO2apbl ACanacy dCyKmemenepiniy 9cepiner NAACMUKAILIK 0epopMayusianean
Ke30e Kecy ocueciniy niwinee mesiMmOinicin dcosanmy 0Ooavin mabwviiadvl. byn
Moceneni wewy Yuin ojoencen Mamepuaiovly Kammolivlebl MeH ai0bli ala eHoey
oopedceci apacvinoazvl Oauranvic sepmmendi. Anovin ara enoey HRC 21..23
gicone HRC 19...20 kammulavizol 0ap 20X kamatimuliean OO1IamMman jHcacaiean exi
MePMUSLIbIK OHOEN2eH MAMEPUALOd HCYPI3inoi.

Homuoicecinoe, Kkypanovl coipy ke3inde oHoenemin Mamepuaiovly KAmmolibleblH
032epmy apKulLivl Oepikmendipy 9cepin apmmaulpyaa HcoHe Mamepuaiobl MymviHyObl
e0vyip azatimyea 60AAMbIHObIZbl AHLIKIMALOBL.

Conoati-ax, anovin-ana exoey yzaxkmoleviiviy 20X (HRC 16...17) 6orammol
onoey xeszinoe TSKI10 Kypanvinvly mypakmulivieblHa ocep emy epapuxmepi dcone
onoenemin mamepuanovly Kammoliviebinvly POMS5 xypanein andvin anra onoeydiy
OHMALLbL JHCHLIOAMOBIZHIHA HCOHE ANObIH Alld OHOEY YAKbINbIHA dCepi Kemipiieen.

Kinmmi ce30ep: kammuiiblk, aniovin-aia OoHOeEY, UbIHLIKIMbIPY, OHMALIbI
JHCLLIOAMODBIK, MO3y2a MO3IMOLNIK, AN0bIH-AA OHOCY YAKbIMbL.
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HNCCIEJOBAHUE B3ANUMOCBA3U TBEPJOCTHU
OBPABATBIBAEMOI'O MATEPUAJIA U CKOPOCTH
IPEIBAPUTEJLHON IPUPABOTKH

Hccnedosanue unancupyemes Komumemom no mnayke Munucmepcmea
Hayku u vicuieco obpaszosanusi Pecnyonuxu Kazaxcman (epanm Ne AP14972884).
Ilposedennvie uccre0o6anus NOKA3AMU, YMO CEPLE3HBLIM — 0SPAHULUBAIOUUM
Gpakmopom, NpensmcmeyIowuUM UCHOIb308AHUIO OO0Nee MBEPObIX MEemallos U
CNIAB08 6 Kavecmee NPAsKU, AGISAEMCs Nomeps GOopMOYyCmouYU8OCmu pexcyuielt
KPOMKU, KO20d NOO OeUCMEUEM 8bICOKUX KOHMAKMHBIX HASPY30K OHA NAACMUYecKU
oeghopmupyemcst ¢ yXyouieHuem pedCcywux Ce0UCMs, Bbl36AHHbIX USMEHEHUEeM
ceomempuu pescywei Kpomku. ns pewtenuss smou npooiemvl ObLIO NPOEeOeHO
uccnedosanue Ces3u Mexcoy meepoocmvio 00padoOMaHH020 MAMEPUANa u Cmenensbio
npedsapumenvroi oopabomku. Ilpedsapumenvuas obpabomrxa nposoouUIacsL Ha
08YX MepMOoOPaboOmManuvlx Mmamepuaniax u3 zaxaiennou cmanu 20X ¢ meepoocmoio
HRC 21...23 u HRC 19...20.

B pezynomame ycmanosneno, umo, uzmenss meepoocmsv 00pabamuvléaemozo
Mamepuana npu npUMuUpKe UHCMpYMenma, MOAICHO NOBGLICUMD I ghexm YnpouHeHus
U 3HAYUMETLHO CHU3UTND PACX00 Mamepuad.
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Taxoice  npeocmasieHvl epaguxu GIUAHUSA NPOOOJIHCUMENLHOCU METAJUTYPIUs
npedsapumenvroi 0opabomxu Ha cmotkocmos uncmpymenma TIK10 npu mokaprotl
oopabomxe cmanu 20X (HRC 16...17) u ewusnus meepoocmu o6padbamvléaemozo
Mamepuana  HA - ONMUMATLHYIO  CKOPOCMb — NPeosapumenvhol — 0opabomxu MPHTH 53.37.91

UHCmMpymernma POM5 u epems npedeapumeﬂbﬂou 06pa60mi<u. https://doi.ore/10.48081/RTBP8301

Kniouesvie cnosa: meepoocmon, npupabomxa, 3aKaixa, ONMUMATbHAS CKOPOCHID,
UZHOCOCTOUKOCb, 8PeMsi NPUPAOOMKU.
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TEXHOJIOINs1 KOMI/IEKCHOU NMEPEPABOTKW 30J1bl:
TEXHOJIOMYECKUE PACYETbI 0 YTUITU3ALNN 307J1bl

B pabome nposeden ananuz cospemeHHbIX Memooo8 nepepabomKu 307bl
om cocueanus yereu u ux emuanue Ha oxpyscarowyio cpedy. llokazano, umo ¢
Pazeumuem y2oabHoU OMmpaciu pacmem Gblxo0 30J10ULTAKOBBIX OMX0008, KOMOpble
3anumMailom Oonvuue meppumopuu O0Ji XpaHeHus U ux ompuyamensHoe euusHue Ha
OKPYIHCAIOWYIO CPEDY.

B pabome paspabomana mexunonocuueckasn cxema KOMIIAEKCHOU nepepadomxu
307161 C NOJYYEHUEM MOBAPHBIX NPOOYKMOE — HCENE30CO0ePHCAUlec0 NPOOYKMA ¢
svicokum 00 50 % codeporcanuem dtcenesa, YUCMO20 KPEMHEIEMA C COOEPIHCAHUEM
99,9 % SiO, u memanrypeuueckozo enunosema mapku 1-0, npueoonozo 0
npou3B00Cmea anOMUHUSL.

Tloxazano, umo om nepepabomxku 1 m30.161 10 HOBOU MEXHONO2UU OONOIHUMENLHO
MOJICHO NOTYYAMb MOBAPHBIE NPOOVKMbL C GbICOKOU 00DABNEHHOU CIMOUMOCMbIO:
~100 ke xcenesocodepocawezo npooykma, ~400 ke uucmozo SiO, u okono 265 ke
Mmemannypeuyeckozo enurnosema (A1,0,) mapxu I'-0.

Hcnonvsosanue paspabomannoll mexHono2uu KOMIIEKCHOU nepepadomKu 301bl
NO360UM CIUMYIUPOBAMb PA3GUMUE IHEPLeMUYECKOU OMpAciy nymem NoAHOU
UX YMUuauzayuu ¢ noayyeHuem moSapHblX NPOOYKMOE C BblCOKOU 000a8NeHHOU
CMOUMOCIBIO U ROGbICUMb dpexmusnocme TOL] pabomalowux na corcueanuu yens
3a cuem oGneueHs 8 nepepabomKy omxo0008 30bl 8 Kauecmee 0ONOIHUMENbHO20
UCTOYHUKA CHIPBAL.

Kniouesvie cnosa: 3onowinaxu, nepepabomra, mexHonio2us, mexHoI02UIecKue
pacuemul, anoMuHull, yeemuole memainivl, P30, pacnpedenenue.

BBenenune

YTroabHBIE 3JEKTPOCTAHIIUH €KETOJHO MPOU3BOJIT OOJBIINE O0BEMBI 30JIbI.
50 % netyueii 301b1, mpousBeaeHHON B CILIA, yTHIM3UPYIOTCS B pa3IUYHBIX 00JIACTIX
xo3stiicTBa. bombIiast yacTh 30J71bI pacHoOiOKE€HA Ha MOJMIOHAX U 30JIbHBIX JaryHax.
30512 COACPKUT OomacHbie MUKpoaieMeHThI (As, B, Cr, Mo, Ni, Se, Sr u V), koTopbie
OKa3bIBAIOT HEraTUBHOE BIUSHHUE HAa OKPY’KAIOIIYIO CPeay M3-3a MOTEHIIHAIBHOTO
BbIIIIE€JIaYMBAHUS KUCIOTHBIMU JI0KIIMUA M TPYHTOBBIMH BOJIaMU. 30J1a —KpYITHEH M
Bu otxoa. Exxeronno B CIHIA nipousBoautcs 6osee 100 MumirnonoB ToHH. OOBEMBI
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€XXET0JIHOT0 BbIX0/1a 30J1bl B pa3pe3e pa3BUTHIX CTpaH B MiH. T: Muausa — 112, Kuraii
— 100, I'epmanus — 40 u BenukoOpuranus — 15 [1, 2, 3].

B Poccuiickoit @enepanuu neiictyer 6osiee 170 TEmIOBBIX 3JIEKTPOCTAHIIUI
(TOLI) Ha yroibHOM TOIUTUBE, B KOTOPBIX CIKUTAETCS €XKerogaHo 650 MIIH. T yris C
obpazoBanuem 300 muH. T 301bl. [lox XpaHeHue 30J10IUIAKOBBIX 0TX0J0B B Poccuu
otuyxaeHo Oonee 20 ThIC. KM? 3€MEIbHBIX yY4aCTKOB, HA KOTOPBIX HAXOJHUTCS
1,3-1,5 muipa. 1 30781 [4].

30512 BBITO/IHO OTJIMYAETCS OT OOBIYHBIX MECTOPOKACHUH MOJIE3HBIX HCKOIAEMBIX,
HAXO/IUTCS Ha IIOBEPXHOCTH 1 HE TpeOyeT O0JIbILINX 3aTpaT Ha 100bI4y. [ 1o BemecTBeHHOMY
COCTaBY 30J1y MOXHO PacCMaTpUBaTh KaK CAMOCTOSITEIIbHOE KOMILIEKCHOE ChIPbE IS
U3BJICUEHHSI 1IETIOT0 CIIEKTPa LEHHBIX MeTaIoB. HakomieHHbIle 00beMBI 307161 OUEHb
3HAYUTEIBHBL, U C KaKIBIM FOJJOM IIPOJIOJKAOT PACTH B TEOMETPUUYECKON TPOTPECCUH.

Pe3ynbTaThl TEXHOJIOTMYECKUX OIBITOB IpOIecca 2-X CTaUHHOTO BILIETaYNBAHUS
orapka COJISHOM KHMCJIOTOM IOKAa3bIBAIOT, YTO IOCTPOEHUE TEXHOJIOTUU C LIENIBIO €€
ONTUMH3AIMH, B YACTH COKPAIICHUS PACX0/1a COISTHON KUCIOThI U CHIDKEHHS 00bemMa
pacTBOpa, HE SABJSETCA OJAHO3HAUYHBIM [5, 6]. IIpu 2-X cTaguitHOM BbIlLIEIaYMBAHUH,
HECMOTPsI Ha JBYXKpAaTHOE CHHXXEHHE 00beMa pacTBOpa KadyecTBO PAacTBOPOB,
HaNpaBIsEMbIX Ha JAaJbHEHIINI MpoIecc KpUCTAUIM3alUU FeKcaruapara xjiopuaa
aJIOMUHHUS, OCTABISET XKeJNaTh Jyyliero. AJTIOMHUHUM COJepKaliue pacTBOPHI
XapaKTepU3yIOTCsI OBHIIICHHBIM COIepKaHueM npumecei, r/i: 69,05 Ca: 0,46 Si; 1,81
Fe, uTo OKa3bIBaeT CyIIECTBEHHOE BIMSHUE HA U3BJICUEHUE KPEMHE3EMA U KaueCTBO
HOJTy4aeMbIX POYKTOB B JaIbHEHIIINX MpoIieccax. X0Ts BO BTOPOH CTaAuu U yAaeTcst
MoJydeHHe KpeMHe3eMa BEICOKOro KadecTBa, % macc: Ca—0,02; Al-0,01; Fe — 0,02,
LUPKYJISLHS [T0Jy4aeMOro IIPU TOM IPOMEKYTOUYHOTO pacTBOpa cocrana, r/i: 5,86 Ca;
1,86 Si; 1,89 Al; 0,07 Fe, BeneT k moTepsiM alFOMUHUS U KPEMHUS MEXKIY MPOTyKTaMHU.
Kak crnexcTBue, mpu opraHuzaluu mnpouecca 2-X CTaJUWHOTO BBILIIEIAYNBAHUS
orapka He JIOCTUIaeTCsl BBICOKOI'O M3BJIEUEHUS] KPEMHE3€Ma B KOHEUYHbBIN TOBApPHBIN
IpOAYKT. V3BneueHne KpeMHMsI B TOBAapHbIM MPOLYKT coctasiser 98,1 %, npotus
99,7 %, cOOTBETCTBYIOLIEH M3BIEUYECHUIO KPEMHE3EMA B YCIOBHSX OJHOCTAIUNHOIO
BBILIEIAYMBAHKS OTapKa COJITHOM KHCIO0TOM ¢ SO-TH MPOIeHTHBIM ee n30bITKOM. Micxost
U3 3TOro, MPUMEHEHHE OJAHOCTAJUHHOTO BBILIEIAYMBAHMS Orapka MpeACTaBIsAeTCS
0oJiee NepCHEKTUBHBIM. B MOIb3y 3TOro CBUAETENBLCTBYET U TO, UTO C MPAKTUYECKOM
TOYKH 3pEHUSI IPUMEHEHHE 2-X CTaJUIHOTO BBIIIETAYMBAHU YCIOKHAET arnapaTypHoO-
TEXHOJIOTHUECKYIO0 CXeMy O0Ilel TeXHOJOTHH B LejaoM. BbIOOp U mcnoib3oBaHue
2-XCTaMIHOM TEXHOJIOTUH BBILIEIaYNBAHM OrapKa JOJKHO OCYIIECTBIATHCS UCXO IS
13 KOHKPETHBIX YCIIOBUN U BO3MOYKHOCTH IIPEANPUATUH.

BBuay oTcyTCTBHUS pallMOHANIBHON TEXHOJOTHH MEepepadOTKH 30JIbI OHU HE
UCTOJIB3YIOTCS, @ MPOJODKAIOT HAKAIUIMBATHCA, 3aHUMAasi OOJbIINE TEPPUTOPUH U
BBIBOJISI UX U3 3€MJICNIOJIb30BaHMs. Vcronbp3oBaHue pa3pabOTaHHON TEXHOJIOTHH
KOMILIEKCHOU NepepabOTKH 30J1b1 [I03BOJIUT CTUMYJIUPOBATH PA3BUTHE SHEPTeTHUECKOM
oTpaciy pecnyOJMKy 3a cueT nosbimeHus dgdextuBHocTr TOLl myTem BoBIeUeHUsS
UX B nepepaboTKy B Ka4eCTBE JOMOJHHUTEIBHOI'O MCTOYHUKA CBHIPbS C MOJHOM
UX YTUIU3alMeil U MOJTyYeHUEM TOBAPHBIX MPOAYKTOB C BBICOKOH H00aBIEHHOM
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CTOUMOCTBIO0. VICKITIOUEHHE UCII0Ib30BaHUS IOPOTOCTOSAIMX MAaTEPUAJIOB U PEareHTOB,
00pa3oBaHus AOMOJHUTEIBHBIX TBEPABIX H/WUIU KUJIKHUX OTXOJOB, pacUIMpEHUE
aCCOPTUMEHTA TOBapHOM MPOAYKLUMHM CHHU3UT U3JEPKKHU NpousBojcTBa Ha TOII.
3HAUYUTENBHO YMEHBUIATHCA 00BEMbl HAKOIUICHHOW 30JIbI, COKPATATCS YHEPro- u
MaTepHaJIbHbIE 3aTpaThl, PaCXOAYEMbIE Ha CKJIAJUPOBAHUE U XpaHEHHUE 30iIbl. Jid
> dexTuBHOM r1y60K0# 04ncTKH razos ot SO,, NOx u CO,, noiay4aeMbIx npu 00KKIe
305161 cOBMECTHO ¢ CaCl,, MOXKHO HCIOJIB30BAaTh TEXHOJIOTUH, ONIMCaHHbIE B paboTax
[7,8,9].

C >KOHOMHUUYECKON TOYKM 3PEHUS NMPUMEHEHUE HOBOM TEXHOJOTUU AN
KOMIUIEKCHOU MepepadOTKH 30161 00ECTIEYHUT CTA0MIIBHBIE YCIOBHS IJIsl CEJICKTUBHOTO
U3BJICUECHUS LIEHHBIX METAJJIOB B TOBAPHBIE NMPOAYKTHI 32 CUET UCIIOJb30BAHUS
HOBBIX TEXHUYECKHX pelIeHu («HOy-Xay»). K mpumepy, mo HOBOH TEXHOJIOTHH MPU
KOMILICKCHOH niepepaboTKe 1 T 30161 (IIPU yCPEIHEHHOM €€ COCTaBE) MOXKHO MOITYYUTh
~100 xr xenezocoxepxkamero npoaykra, ~560 kr uucroro SiO, u okono 265 Kr
MeTajuTyprudeckoro riamnosema (Al O,) mapku I'-0.

B nacrosmeit paboTe npuBeIeHBI pe3yIbTaThl TEXHOJIOTHYECKUX PE3YIbTATOB I10
nepepabotke 30161 TOLI-2 r. AnMatsl ¢ yaeiapHO# mpou3BoanTesibHOCTRI0 100 Kr/yac
30J1Bl.

Marepuansl 1 MeTozbl. PacueTsl mpoBeieHsl i nepepaboTKH 30JI0LUITAKOBBIX
orxomoB TOII-2 r. Anmatsl cocraBa, % Mmacc: 2,54 Ca; 27,16 Si; 14,12 Al; 5,34 Fe;
0,52 Mg; 0,67 Ti; mpouwue.

TexHOoIOrMYEeCKHE pacyeThl NPOBEAEHBl C UCIOJb30BAHUEM CIELHAJIBHO
pa3paboTaHHOI MPOrpaMMbl aBTOPAMHU HACTOALIEH padOThl C YYETOM ONTHUMANBbHBIX
[IapaMeTPOB U PEKUMOB KaX 100 OTJEIBHO B3SITOrO IIpoLECca.

Pesynpratel u obcyxaenue. IIpuHnunuanpbHas TEXHOJOTHYECKAs cXeMa
KOMIUIEKCHOU TepepaboTKU 30J0NIIAKOBRIX 0TX0A0B TOIl ¢ momydeHneM 4ucToro
KpEMHE3EMa U METAJULYPrU4ecKOro rIIMHO3eMa IIpeJICTaBIeHa Ha puc. 1.
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Pucynok 1 — [lpunnunuanpHas TEXHOJOTHUECKAs cXeMa KOMIUIEKCHOM nepepadoTKu
30JI01UIAKOBBIX 0TX010B TOL] ¢ moixy4yeHreM ToBapHbBIX IPOLYKTOB.

o pe3ynbTraTamM TEXHOJOTHYECKUX PACUETOB JUISI EPEPaOOTKU 30JIbI C YACTHHON

IPOU3BOIUTENHHOCTHIO 100 Kr/4 30161 OBUIH YCTAHOBJIEHBI ONITUMAIIBHBIE TAPAMETPhI
U PEKHUMBI KaXKI0TO OT/AEIBHO B3TOrO MpOIlecca, KOTOpbIE IMPUBEACHBI B Ta0. 1.
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Tabnuua 1 — TexHoJOrnuecKue napaMmeTphbl U PeXUMBI IPOLIECCOB

NoNo\rim Hawnmenosanue npouecca | [lapamerps! U pexxuMbl 3HaueHus
1 W3menvuenue ncxomqHon KpymHocth 100 mem
30JIBI
2 MaruuTHas Brixon
cenaparus 30761 ¢ JKeNe30CoIepIKaIIero
MOJTy4EHHEM TOBAPHOTO | MPOIYKTa / COIEpKAHNE
KEJIE30COAEPIKaILEero Kenesa / M3BJIeUeHHe
MPOAYKTa JKeJe3a B TOBapHBII 10/50/ 80.
TIPOIYKT, %o
3 OOXHUT HEMarHUTHON Temmneparypa 1100 °C
(bpaxiyu 30561 COBMECTHO
C XJIOPUIOM KaJIbITHSt IIponomKuTeIbHOCT 1 yac
B OKUCJIUTENbHON Pacxon CaCl, 2 paza OoutbIire
arMocdepe CTEXHOMETPHH IS
Ppa3noXKEeHUS MyJUTUTA
4 BrimenaunBanue orapka T:K 1:3
COJISTHOM KHUCJIOTOH C
HOJTy4E€HHEM TOBAPHOI'O Temneparypa 60°C
KpeMHe3eMa
[IponomkuTenbHOCTh 1 yac
Konnentparust HC1 30 %
5 Kpucrammmsanus Temneparypa 60 °C
rekcarujpara xJjopuaa
AITFOMUHMS Pacxox HCl-raza 0,5 n/mMun
Konnentparms HCI 26-30 %
IIponomKuTebHOCTD 1 yac
[IpoMbIBKa KpHCTALIOB Mmuoropasosas, HCI
(30 %)
6 Tepmuueckoe pa3znoxeHue Temneparypa 450-500 °C
AlCL,-6H,0
IIponomKuTENIbHOCTD 1 yac
7 Pexruduxanusa marounoro | Pacxon NH,OH (25 %) N36bITOK 1,2 OT
pacTtBOpa CTEXHOMETPUH IS
Temneparypa Pa3IOKEeHUsI XJIOPUIOB
LIBETHBIX METAJIJIOB U P30
[IponomxuTensHOCTD
293 K
90 MuH.

MarnuTHas cenapanus HCXOIHOMN 30J1bI

KonugecTBo 1 coctaB MpoIyKTOB MarHUTHOH cenapaiiy noka3ad B Ta0i.2.

Tabnuua 2 — KonngecTBo U cocTaB MPOIYyKTOB MAarHUTHOM cenapariu

[Iponykrst

Kon-Bo,

KT

CozmepxaHHe 2IeMEHTOB, % Macc.

Ca

Si

Al

Fe [IM+P37*
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g’pi;gﬂ”;” ast 9,23 0,85 2.63 2,92 47,63 -
gg;‘g;ﬂm“" 90,77 2,03 29.23 14,56 1.3 0,03
*IM, ppm: 22 Cu, 221 Zn, 55 Ni; P3D, ppm: 29 Sc, 45 Y.

OO0xUTr HEeMarHUTHON (PpaKIUH 30JIbI
Brixon orapka nmocie o6xxura coctasisieT 154,41 xr. CoctaB MOJTy4eHHOTO OrapKa

npuBeJieH B Ta0m.3.

Ta6muia 3 — XuMHU4eCKuid COCTaB orapka
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Tabnuna 6 — XuMHUYEeCKUi COCTaB pacTBOpa

DJIeMEHTBI KT % r/n
Ca 40,01 9,76 68,0
Al 13,74 3,35 35,37

Fe 0,92 0,22 0,5
% (LIM+P3D) 0,04 0,01 0,002

DJIeMEeHThI KT %
Ca 41,73 27,03
Si 26,16 16,94
Al 13,85 8,97
Fe 0,94 0,61
¥ (IM+P32) 0,05 0,03

BrimenaunBanue orapka CoJsIHOM KUCIOTON

B npouecce BhlmenauynBaHus MOJydaeTcs YUCTBIM kpemHe3eMm — 56,11 kr,
MIPOMBIBOYHEBIHN pacTBOP B KosmuecTBe 143,87 Kr 1 pacTBOp, HAMpaBIIsieMbIil Ha TIPOIECC
KpucTaum3anuu, B koaudectse 410,03 kr.

XUMUYECKHE COCTAaBBI TPOAYKTOB BbIIlIEIaunBaHuUs IPUBEIEHBI B Tabuuax 4, 5, 6.

Tabmuia 4 — XuMHUYEeCKU COCTaB KpeMHe3emMa

DJIeMEHThI KI' %

Ca 0,01 0,01

Si 26,16 46,63

Al 0,01 0,01

Fe 0,02 0,04

Tabnuna 5 — XuMHU4ecKuit cocTaB IPOMBIBOYHOTO PacTBOpa
DJIeMEHTBI KT % r/n
Ca 1,71 1,19 4,25
Si - - -
Al 01 0,07 2,31
Fe 0,01 0,01 0,01
T (LIM+P3D) 0,01 0,004 0,0001

138

Kpucrannmzanus rekcaruapara xjaopuaa amroMuaus (I'XA)
B nponiecce kpucramnuzamuu Beixos ' XA cocrasmisier 97,44 kr. Beixoa MaToO4HOTO
pactBopa — 312,69 xr. XuMHU4YeCKHe COCTaBbI MPOYKTOB MTOKa3aHbI B Ta0IMIaX 7, 8.

Taomumna 7 — Xumuueckunii cocras I XA

DJIEMEHTBI KT %

Ca 0,01 0,01

Al 13,7 14,06

Fe 0,003 0,003

Tabmmma 8§ — XuMHU4IeCKHi COCTaB MAaTOYHOT'O PacTBOPA
DJeMeHThI KT % V)
Ca 40,0 12,79 57,18
Si - - -
Al 0,05 0,02 0,69
Fe 0,92 0,29 0,38
¥ (IM+P33) 0,04 0,01 0,23

Tepmuueckoe paznoxenue ' XA

[IpoaykramMmu TepMudeckoro pasnoxeHuss ['XA sBisieTcs MeTalaypruuyecKui
rinuHo3eM mapku -0 — 26,05 xr u pactBop, B kosinuecTBe 234,6 Kr, HanpaBiIsieMblid
Ha peKTU(UKAIHIO 1715 BBIIEICHUS IBETHBIX MeTaJUI0B U P3D. XuMuyeckue cocTaBbl
IJIMHO3EMa M pacTBOpa MoKazaHsl B Tadiumax 9, 10.

Taonumua 9 — XuMu4yeckuii cocTas IIIMHO3EMA

DJeMEeHTBI KT %
Ca 0,01 0,05
Al 13,7 52,6
Fe 0,003 0,01

Tabmuma 10 — XuMuueckuii cocTaB pacTBOpa, HAMPaBIIEMOT0 Ha PEKTH(PUKAIITHIO

DNeMeHTbI KI' % r/n
Ca 35,2 15,0 190,4
Si - - -
Al 0,14 0,06 2,29
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Fe 0,23 0,1 1,28
T (LIM+P3D) 0,01 0,004 0,3

PexTudukarus pacTBopa ¢ BBIJICICHHEM IIBETHBIX MeTa/LI0B 1 P30

B nponiecce pektudukanuu Beigensercs 0,04 Kr ocajaka IIBETHBIX METAJIIOB,
coaepxanux P39, 1 000pOTHBIN pacTBOp XJIOpH/Ia Kalblius B KondecTBe 234,64 K,
KOTOPBIN HAIPaBJISETCS B TOJIOBY TEXHOJIOTHYECKON CXEMBbI — Ha O0XKUT 30JIbI.

N3BneueHne IBETHBIX METAIIOB, coaepxkaniux P33, cocrasmser 99,9 %.

XUMHUUECKHI COCTaB 000POTHOTO PaCTBOPa XJI0pHIa KabIvs puBeieH B Tadwmie 11.

CBOJIHBIN MaTepUaIbHBIN OAJIAHC KOMIUICKCHON TEXHOJOTHH NIEPepadOTKH 30JIbI C
yACIBbHOU MTpon3BOAUTENbHOCTRIO 100 Kr/9ac mpeactasieH B Taomwmie 12.

Ta6muma 11 — XuMuueckuii coctaB 000pOTHOTO pacTBOpa

DNIEeMEeHTHI K % r/n
Ca 35,74 14,99 190,4
Al 0,43 0,18 2,29
Fe 0,24 0,1 1,28

CpaBHUTENBHBIA aHATU3 MOJYUYEHHBIX PE3YyJbTaTOB C JaHHBIMU 0allaHCOBBIX
ONBITOB IO mepepaboTke 3061 B KojuuectBe 2000 r [10] moka3pIBarOT XOPOIIYIO
COTJIACOBAaHHOCTh MEXIY COOOM, YTO CBUJETEIICTBYET O BBICOKOUW 3((PEKTUBHOCTH
pa3paboTaHHON TEXHOJIOTHUH.

W3 1a6:n.12 BugHO, 4TO IpU NiepepaboTKe 30161 C YEIbHON MPOU3BOIUTEIEHOCTHIO
100 xr/gac nomy4aercs 9,23 Kr TOBapHOTO KeJIe30COIEPKAIIET0 MTPOYKTa C BHICOKUM
coJiep>kaHueM B HeM xeie3a (47,63 %), unctoro kpemHezeMa B kouuecTse 56,11 krc
W3BJICUCHUEM KpEeMHe3eMa B TOBapHbIN poayKT 96,33 % u 0,04 kr mpomeKyTOYHOTrO
IIPOJIyKTa, COJIEPAKAIIET0 [IBETHbIE MeTailIbl 1 P30.

I — xonuuectBo, kr; 11 — conepxkanue, %; Il — pacnpenenenue, %o.

Al Si Ca Fe (CutZntNiy+P3D
1 1l 1] 1 I I 1 1l i1 1 11 11 I 11 11

Hanmenosanme KT %

arpyseno:
3ona 100 959 | 14,12 | 14,12 | 100 |27.06 | 27,06 | 100 | 254 | 254 | 6,09 | 534 | 534 | 100 | 005 | 005 | 100
CaCl, 183,63 17,61 39,19 | 36,13 | 93,91
HCI (30 %) 759,01 72,79
NH,OH (25 %) 0,12 0,01

Beero: 1042,76 | 1000 | 14,12 100 | 27,16 100 | 41,73 100 | 534 100 | 005 100
Ioayueno:
MaruuTHas dpakims 8,19 0,79 0,40 487 | 282 | 021 | 2,60 | 0,78 0,02 020 | 0,04 | 442 | 54,0 | 82,82
Kpemnesem 58,87 565 | 001 | 0,01 | 0,04 | 16,12 | 2738 |59,35| 001 | 0,01 | 0,01 | 001 | 002 | 022
Tinosem [-0 26,58 2,55 | 13.57 | 51,04 | 96,09 0,01 | 005 | 003 | 0003 001 | 005
LIM u P37 npoxyxr 0,04 0,001 0,04 | 99.9 | 80.00
[bisi, razs 301,98 | 2896 1,69 056 | 405 | 0,638 | 021 | 11,95
OBoporasie razst HCI 382,15 | 36,08
OGopotssiii pacteop CaCly | 264,6 | 2537 | 0,16 | 006 | 1,12 400 | 1512 [ 9586 | 026 | 0.1 | 496 [ 001 |[0,004 | 2000
Beero: 1042,76 | 100,0 | 14,12 100 | 27,16 100 | 41,73 100 | 534 100 0,05 100

Tabnuma 12 — CBoaHbBI MaTepUaTbHBIN OalaHC TEXHOJOTHU KOMIIJIEKCHOM
nepepadboTku 305161 TOL 1. AJIMaThI ¢ yIeIbHOM TPOU3BOIUTEIIEHOCTRIO 100 Kr/49ac
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BoIBOBI

Pa3zpaboTana TexHOJOrHYecKas CXeMa KOMIUJIEKCHON mepepabOTKH 30JIbI C
IIOJIyYE€HUEM TOBAPHBIX IPOAYKTOB — JKEJIE30COAEPKAILErO MPOAYKTA C BBICOKUM JI0
50 % comepkaHuEM XKele3a, YUCTOrO KpemHeseMa ¢ cozepxkanuem 99,9 % SiO, u
METAJUTYprUUECKOro MNIMHO3eMa MapkH [ -0, mpuroiHoro yist Npou3BOACTBA AIFOMUHUS.

[Toka3zano, uTo OT nepepa®oTKH 1 T 30516l IO HOBOM TEXHOJIOTUU JONOIHUTEIBHO
MOHO MOJIy4yaTh TOBApHBIE MPOAYKTHl C BBICOKOW 100aBICHHONH CTOMMOCTBIO:
~100 xr xenezoconepxkamiero npoaykra, ~400 kr uucroro SiO, u okoyno 265 Kr
MeTauTyprudeckoro riamnosema (Al O,) mapku I'-0.

Hcnonp3oBanue pa3pabOTaHHON TEXHOJOIMM KOMIUIEKCHOH MepepadOTKU 30JIbI
II03BOJIUT CTUMYJIMPOBATh PAa3BUTHE DHEPIETHUUECKON OTpAC/IU IYTEM IOJHOW MX
YTUIN3AIMY C [TOTYYEHHEM TOBAPHBIX IPOYKTOB C BHICOKOH 100aBICHHOW CTOMMOCTBIO
U TIOBBICUTB 3 pekTrBHOCTH TOL] paboTaronmx Ha CKUTaHUH YIS 32 CYET BOBJICUCHHS
B IIepepabOTKy OTXO0JI0B 30JbI B KAUECTBE JOMOJHUTEIHLHOIO HCTOUHUKA CHIPbS.

Ha ocHoBaHuM pe3ynapTaToB MO KOMIUJIEKCHOW mepepabotke 30161 TOL[-2 r.
AJMaTel ¢ yJIeIbHOW MPOu3BOANTENbHOCTRI0 100 Kr/4 BBIAAHBI JaHHBIE 110 BBIXOAY
IIPOJIYKTOB, ONpPEEIIECHBl ONTUMAJIBHbBIE TAPAMETPBl U TEXHOJIOTMYECKUE PEKUMBI
KaXJI0TO OTJIIBHO B35 TOTO MPOIIEcca, COCTABIISIIOIIUX OCHOBY OOIIEH TEXHOJIOTHH.

Nudopmanusa o ¢punancupoanuu. VccienoBanus MpoBOJUINCH B paMKax
rpanToBoro (uHancupoBanus Komurera Hayku MUHUCTEPCTBO HAyKU U BBICIIETO
obpaszoBanus Pecny6nuku Kaszaxcran na 2021-2023 roasl mo nNpuoOpUTETHOMY
HarnpasieHuto «I eonorus, 100b4a 1 nepepadboTka MUHEPAIBHOTO U YTTIEBOJOPOJIHOTO
CBIPbs1, HOBBIE MAaTePHAJIbI, TEXHOJIOTUH, O€30IIaCHbIEe N3/IeIHS U KOHCTPYKLIUI IIPOSKTa
Ne AP09259637 «Pa3zpabotka BrICOKOI((HEKTUBHON 0€30TXOTHONW TEXHOJIOTUH IS
YTWJIN3ALKHU 3016l OT COKMTAHUS YIUISl C IIOJyYEHUEM TOBAPHBIX MPOJYKTOBY.
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KYJIJI KEHIEHAI OHJIEY TEXHOJOTHUSICBI: KYJIAI KOJETE
YKAPATY/IbIH TEXHOJIOTUSIIBIK ECENTEY.JIEPI

JKymvicma xkemipOi sicazyoan anviHaan Kyaoi eHOeyOiH 3amManayu odicmepine
JiCOHe 0AapObIH Kopuldean opmaea ocepi OouvliHwia manoay okcacanovl. Kemip
OHEPKICIOIHIH OAMYbIMEH KYN-KOMNIC KATOLIKMAPIHbIY OHIMOLIIZE 6cyde, Oyl o1apobl
cakmay yuwlin anvin JHCamrkan YiKeH ayMakmapobl JcoHe KOpulazan opmaza mepic
acepi apmuln Kejie JHcamrKaHvl KOPCemieeH.

JKymvicma mayapnvix onimoepoi — kypamvinoa 50 %-2a Oetiin memipi 6ap memip
Kypamowl onimoi, Kypamvirnoa 99,9 % SiO, bap masa kpemmnesemoi dcone anoMunul
ondipyee dicapamowl I -0 mapkans memannypeusnoix 2iunoszem (A1,0,) ara omoipoin,
Ky/10i KeueHOi OHO0eyOil MexXHON02USIbIK CXeMacyl 93ipeHOI.

JKaya mexnonocus 6otvinwa 1 mouna Kyi0i 6HOeyOoeH KOCbIMUIA KOCbLI2AH
KYHbL JIC02apbl Mayapivlk eHiMoepoi anyea boramuinoviebl kepcemineen: ~ 100 ke
memip Kypamowl onim, ~400 ke masa SiO, scone wamamen 265 ke I-0 mapkansl
Mmemannypeusavik 2nunozem (A1,0,).

Kynoi kewenoi xaiima onOeyoiy o3ipjleHeeH MeXHONO2UACHIH NAUOAIAHY
KOCbLI2AH KYHbL JIC02apbl MAyapivlk 6HIMOepdi aia Ombulpbln, O1ApObl MOJbIK
Kooeze JHcapamy JHCOMbIMEH IHEPSeMuKd CAdculi 0amblmyobl bIHMAIAHObIPYea
JHCOHE WUKIZAMMBIY KOCHIMUA KO3I peminoe Kyl KaIObIKMApblH Kalma eHoeyze
mapmy ecebinen Komip arcazymen dxcymuic icmeumin KOO0 muimoiniein apmmuipyea
MYMKIHOIK 6epeoi.

Kinmmi ce30ep: kyn-ooicoap, Kauma 6HOey, MexXHON02Us, MEeXHOIOSUSLIbIK
ecenmeyiep, amomunutl, mycmi memanoap, KCD, beninin mapany.
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TECHNOLOGY OF COMPLEX ASH PROCESSING:
TECHNOLOGICAL CALCULATIONS FOR ASH UTILIZATION

The paper analyzes modern methods of ash processing from coal burning and
their impact on the environment. It is shown that with the development of the coal
industry, the output of ash and slag waste is growing, which occupy large areas for
storage and their negative impact on the environment.

The work has developed a technological scheme for the complex processing of
ash to produce commercial products — an iron-containing product with a high iron
content of up to 50 %, pure silica with a content of 99.9 % SiO, and metallurgical
alumina grade G-0, suitable for the production of aluminum.

1t is shown that from the processing of 1 ton of ash using the new technology, it is
additionally possible to obtain marketable products with high added value: ~100 kg
of iron-containing product, ~ 400 kg of pure SiO, and about 265 kg of metallurgical
alumina (4,,0,) grade G-0.

The use of the developed technology of integrated ash processing will stimulate
the development of the energy industry by completely recycling them to obtain
commodity products with high added value and increase the efficiency of thermal
power plants operating on coal combustion by involving ash waste in processing as
an additional source of raw materials.

Keywords: ash slags, processing, technology, technological calculations,
aluminum, non-ferrous metals, REE, distribution.
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KPACHbIU LUJIAM — CbIPbE /151 FEOINOJIMMEPHbIX KOMITO3UTOB

C Hauanom HO8020 cmojemus 60 BCeM MUpe aKmueHo pPa3eueaemcs
meHnOenyuss 0Nl CO30AHUSL IKOIOSULECKU YCIMOUYUBLIX MAMEPUALO8 80 6CEX Chepax
JHcUzHedesTmenbHOCmU Yelosekda. B mo dice epems esce2o00no pacmem Koauuecmeo
NPOMBIUTIEHHBIX OMX0008, KOMOpble U3-3d OMCYMCMEUss 001acmu npPuMeHeHus,
N0ONeAHCANM 3aXOPOHEHUIO HA NOTUSOHAX C 02POMHBIMU NIOWAOAMU. B cés13u ¢ smum
OOHUM U3 Peanu3yemblX HanpasieHul 8Is1emcsi papabomra HO8bIX CIPOUMETbHbIX
MAMepuanos, 8 YacmMHOCMU, BANCYUWE20 6EUECBA C UCNOTb308AHUEM DPAZIULHBIX
omx0008. Ha cecoonsiunuii 0env, noscemecmuo UCnonb3yemblil 8IHCY UL MAMePUua
- nopmaaHoyeMeHm umeem pso0 HeOOCMAMKO8 U He Asemcs 0e30NacHbiM OJis
oxpyacaroweil cpeowvl. 1losmomy HeobXo0uMo Halmu e20 amaioe, Komopwli Obl
obnadan ecemu dnceraemvimu ceoticmeamu. Kax paz maxu mamepuanbl HA 0CHOBE
eeononumepos asnsiomes maxosvimu. Cywecmsyowue nooxoovl Ons Cunmesd
2CONONIUMEPHBIX CIMPOUMETbHBIX MAMEPUATIO8 HYHCOAIONICSL 8 YCOBEPUUCHCIMBOBAHUU.
B nacmosuweii 0630pHOU  cmamve PACCMOMPEHbL  HAYYHO-UCCAEO08AMENbCKUE
pabomvl no MeMOOAM ROJLYHEHUST 2CONOUMEPHBIX MAMEPUATIO8 U3 PAZTUUHBIX U008
ChIPbSL, 0OCYIHCOCHBL U CONOCMABLCHBL PE3YIbIMAMbl, A MAKICe NPUBLOCHbL YCI08USL
U PuU3UKO-XUMUMECKUE NAPAMEMPbL, SAUSIOUUE HA CBOUCMBEA KOHEUHO20 NPOOYKMA.
B amom uccaedosanuu oyenusaIact B03IMONCHOCb UCNOAb30BAHUS KPACHO20 8
Kauecmee npexypcopos Oiisk NOAYUEHUsL 2e0NOTUMEPO8 HA UX OCHOBE.

Knioueswie crosa: ceononumep, omxoobl, HPOMbIUIEHHbIE OMXOO0bL, KPACHbIL
WIam, colpbe.

Beeaenne

['eonmonuMepHbIe KOMIIO3UTHI CUMTAIOTCS 00Jiee IKOJOTHUECKU YCTOMUMUBOM
anpTepHaTHBON O6erony Ha noptiaanauemente (1K), mockonbky nocneanuii siBnsercs
BTOPBIM 110 BEJIMYMHE HCTOYHUKOM BBIOPOCOB CO2 (4-8 % MupoBbIx BeIOpOcos CO,)
U TPEThUM IO BEIUUYMHE moTpeduTeneM sHepruu [1], 4To mpuBeEnO K YBETHMUECHUIO
UCCIIEIOBAaHMI U pa3pabOTKe re0noIMMEPOB.

I'eononumMepsl 3TO TpexmepHble amopdHble MaTepuansl Si—-O—Al, momyyeHHbIe
aKTHBAaLMENl PacTBOpA ILEJOYbI0 MJIM CUJIMKATa IIEJOYHOIO METajljla MCTOYHUKOM
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AJIFOMOCHJIMKATA [P KOMHATHOW TemnepaType [2]. B uccinenoBaHusx 1o BceMy MUPY
B Ka4eCTBE HEOOXOIUMbIX HCTOUHHKOB AIIFOMOCUIIMKATOB UCIIOJIB30BAIIUCH CIIEAYIOIINE
matepuaisl (puc. 1) [3].

TpanuIMOHHBIM U BBICOKO PEaKIIMOHHOCIIOCOOHBIM MPHHATO CUUTATh METAKAOJIMH,
II0JIy4aeMbIi U3 KA0JIMHA, OUE€Hb PACIIPOCTPAHEHHOT0 B 3¢éMHOM Kope [4]. [Tpumecsamu
KaoJIMHA SIBJIAIOTCS KBApIl, CIIOAA, [TOJIEBOW 1IMAT, MyCKOBUT, OMOTUT, OKCUJ TUTAHA
U TUAPOKCHUT kenesa [S5, 6], U 0KuIaeTcs, 4TO KaoJuH Oyaer 00orat KaoJMHUTOM.
KaonuHut nepexoauT U3 KPUCTALIMYECKON B aMOP(HYIO CTPYKTYpy Mexay 650 u
800°C [6—8], HO 3TO 3aBUCHUT OT CBOMCTB MCXOJHOM TJIMHBI. PaznuuHoe reojgorudeckoe
POHMCXOXKICHHUE, MPOLECCH TEPMUUECKON 00paboTKH (OBICTpOE KaJbIIMHUPOBAHUE,
KaJIbLIUHUPOBAHHUE BO BpallatolIeics 1I€UN) U COAEpKaHUE IPUMECEN MOTYT U3MEHSITh
PEAKIIMOHHYO CIOCOOHOCTh METaKa0JIMHOB [9] 1, ClieJ0BaTENbHO, BIUATH Ha CBOICTBA
reonoaumepos [10,11].

Cbipbe AAA reonoAMMepH3aLum

NepenYHOE Cbipbe ETOpPU4YHOE Cbipbe

TNTMHA U TUHACTBIE MaTepuanbl oTX0Ab!

NeTyyas 30/1a, LOMEHHbI LK,
KaO0/IMHUT, METAKA0NMHHT, Ap. KpacHblid WAam, 0TX0Abl CTEKA], Ap.

PI/IcyHOK 1- Hcxonnoe ChIpbA JIA TTOJIYUCHUSA TCOIMOJIMMEPOB

OnHAKO € LeNbIO YIIyUIIEHHUS SKOJIOTHYECKOT0 MPO(UIIs reoroIMMepOB TpedyeTcs
UCIIOJIb30BAaHUS B KAUECTBE CHIPhS IPOMBIIUIEHHBIX TOOOYHBIX MPOYKTOB.

Bonbiioii MHTEpEC B Ka4ECTBE CHIPbsI VIS MOIYYEHHs T'€ONOIMMEPHBIX MAaTEPHAJIOB
MPEJICTaBIISIET KPACHBIH IIJTaM BBH/TY MOBBIILIEHHOT'O COAEPKAHMS IIEIOUH U amtfoMuHaTa [ 12].

ABTOpBI padoTs! [13] u3yyanu cnocoOHOCTh COEAMHEHMs KPacHOro Ijama U
JIETY4€eH 30J1bI OTBEPIEBATH TSLKEIIbIE METaILIbl. Ha OCHOBaHMM IOy YEHHBIX PE3YJIBTATOB
IIOKA3aHO, YTO CMECh KPACHOTO I1IJIaMa U JIETYYeH 30J1bI MO>KHO UCIIOJIb30BaTh B KAUECTBE
HEJI0pOroro EeoJIUTHOro NpoayKTa ¢ 3 dekTuBHOCTHIO OTBep)kAeHUA 98,23 %, 99,09
%, 99,72 % 1 98,21 % st Cu, Zn, Pb u Cd cooTBeTcTBeHHO. YueHbIMU [ 14] H3yueHsbI
CBOMCTBA T€ONOJIMMEPA HA OCHOBE KPacHOr0 LulamMa C Pas3IMYHBIM COAEpP’KaHUEM
KpacHOTO I1IJIaMa B ITPOLIECCE U3TOTOBJIEHUS KUPIIUYA U YCTAHOBIIEHO, YTO ONITUMAaJIbHAS
nonst 1o06aBku KpacHoro miama coctarisier 30 %. B paGore [15] ompenenens! aBe
CXEMBI JJIs1 OLICHKH BIIMSIHUSL COAEPKAHMSI KPACHOTO IIJIaMa ¥ IOPUCTOCTH Ha CBOMCTBA
reOINOJIMMEPOB Ha OCHOBE KPAacHOro nuiaMa. Pe3ynbpTaTsl MCCIEN0BAaHUM TOKA3aiy,
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4TO KOMOMHAIMS aIfOMUHUEBOU mmyapsl U 40 % Macchl KpacHOTro IjIamMa MpOsBIsSET
Hamyyini 3¢ dexr 3amerienus.

OnHako, HecMOTps Ha OOJIBIIIOE KOJTMUECTBO UCCIIEI0BAaHUI B JAHHOM HAalIPaBJICHUH,
MaTepualibl U CXEMBI JJ03UPOBAHUS B PA3HbBIX UCCIIEOBAHUAX CUIBHO PA3JINYAIOTCs, UTO
3aTpyIHSET MIOJIy4EHHUE PErYJISIPHBIX PE3YJIbTATOB I10 XapaKTEPUCTUKAM IeoloInuMepa
Ha OCHOBE KPAaCHOro muiamMa. B CBsI3u ¢ 3TUM HaMu ObUIM MPOBEJCHBI PAOOTHI 1O
UCCJIEIOBAHUIO OCHOBHBIX XapaKTEPUCTUK KPACHOTO LUIama, oOpa3yloulerocs Ha
npennpustusx PK.

MarepuaJjbl 1 METOIBI

B kaudecTBe 00BEKTa MCCIEAOBAHUI CITY>KWJI KPACHBIM NUTaM MM OOKCHUTOBBII
octatok, oroopanubslii Ha AO «Amromunwmii Kazaxcranay.

XUMUYECKHIA COCTAB KPACHOTO IIJTaMa 0XapaKTePU30BaH PEHTIeHO(ITyOpECLIEHTHOM
crieKTpomeTpueid. MUHEPAJIOrnyeCKuil COCTaB OLEHUBAIN METOJOM PEHTIEHOBCKOM
mudpakuuu (POA) na nmudppakromerpe Phaser Bruker.

PesynbTathl 1 00CyX)aeHNE

CoctaB KpacHOTO 1IuIaMa MpeicTaBieH B Tabuune 1 u pucynke 1.

Tabmmma 1 — Xumudeckuii coctaB 00KCUTOBOTO 1ijiama [16]
Cooepacanue oxcuoos, mac. %

SiO ALO, TiO Fe,0, Ca0 MgO K,0 Na,0

2 2

65.98 8.91 1.57 8.37 9.56 1.70 0.15 3.76

IIo pe3yibTatam Ta6J'II/II_U>I 1 OCHOBHEBIMH OKCHuJaaMHu, NPpUCYTCTBYIOILIUMHU B
KpaCHOM HIJIaME€, ABJISAFOTCA OKCHUIbI AJIFOMUHUS, KPEMHUS U J)KCJIC3a, YTO ITIOATBCPIKAACT
BO3MOJKHOCTD IMOJTYYCHH S I'CONOJIMMEPHBIX KOMIIO3UTOB HA €I'0 OCHOBC. KpOMe TOTO,
I1aM COACPIKUT OKCUBI HATPHSA, KAJIbIIHA U KaJIUsL, KOTOPBIC MPUMCHSIJIUCH B ITPOLECCE
IMPOU3BOACTBA CTCKJIA IPU CHUKCHHUU BA3ZKOCTU KPEMHE3CMaA.

- calcite, Pdf Number 000-24-0027

- calcium aluminum oxide, pdf Number 000-01-1051
- hematite, Pdf Number 000-13-0534

- magnetite, Pdf Number 000-07-0322
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Pucynok 1 — ludpaxrorpamma KpacHOro muiaMa
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OCHOBHBIMH MHHEpallaMU KPAaCHOTO IJaMa, BBISIBICHHBIMU METOIOM
PEHTI€HOCTPYKTYPHOTO aHanu3a (PUCYHOK 1), OBLIM KalbIUT, TPEXKAIbIUEBBIN
QIIOMUHAT, TEMaTUT, MAarHETHUT U JIp.

I1o pe3ynbTaTram Hccief0BaHUH MOKHO OTMETHTh, YTO KPACHBIH 1I1aM UMeeT Oosee
BBICOKYIO KOHIICHTPALIMIO OKCHA KaJIbIUsA U HATPUsl, YTO COOTBETCTBEHHO MOBBIIIAET
ero pH. B 310i1 cBs3u BaxHO ydecTs [17], 4To mpUCyTCTBUE KaJbIHs B U30BITOYHOM
KOJINYECTBE HETATUBHO 11 00pa30BaHUS TPEXMEPHOM aTIOMOCHINKATHON CETKH.

Bwmecrte ¢ tem, aBTopbl paboThl [19] cunrator, yto aromsl Fe moryt 3amemars
TOJIBKO 25 % aToMOB Al B CTpyKType reononumepa, u3 4ero cieayer, uro Fe O./Al O,
> (0,37 oka3bIBaeT OTpULATEIBHOE BIMUSHUE HA IPOYHOCTH HA cxatue. [1o pesyiapratam
Tabauubl 1 BuaHO, uTo conepxanue Fe O, cocrasuser 8,37 %, Torna kak Al O,
cocraysiet 8,91 % u coorBercTByeT cootHomenuio Fe,0./Al O, okoio 1,0.

N3BecTHO, 4TO MOIsIpHOE cooTHOIIeHHE Si/Al O4eHb Ba)KHO MPHU MPOU3BOJCTBE
T'€0IOIMMEPOB U BIUSET HA MUKPOCTPYKTYPY U MEXaHUUECKHE CBOHCTBA I€ONOINMEPOB,
KOTOpbIe 00pa3yloTcsi Ipu KOMHATHOM TeMmepaTtype. Takxke cooluaercss 0 BIUIHUU
coornomenus SiO /Al O, B NOBBILIEHUU MPOYHOCTH TEOMOJIMMEPHOTO MaTepHaa.
OnrumanbhbiM cootHomenueM SiO, /AL O, s 10CTHREHNs HaMOOIBILEN TPOYHOCTH
seasietest 3,4-3,8 [20]. B obOpasme uccieayeMoro KpacHOro IijaMa BBISBICHO
cooTHoIIeHue 7,4, 4T0 0Ka3aJioch 3a peieaMi He0OX0TMMOT0 IMana3oHa. Y CTAaHOBJICHO
[20], uto reomosmmepsl ¢ Gosee BrICOKUM cooTHommenuem SiO,/Al O, 3aTBepaesaroT
JIOJIBIIIE, B CBSA3M C TEM, YTO BPEMs OTBEP)KIEHHUS IeONOIMMepa KOHTPOIUPYETCS
YJacTULAMU ATIOMUHMS. Takum 00pa3oMm, JaHHBIN KPACHBIH IIJIaM HE SIBJISIETCS] XOPOIINM
MaTepHaIoM JUIs MOJyYEHHs T€OIOIUMEPOB U TpeOyeT KOMOUHUPOBAHUS C JPYTUMHU
JIOTIOJTHUTEIBHBIMHU MaTepUallaMH, COCTOSIIIUMH U3 ATFOMHUHUS.

HNudopmanus o puHaHCHPOBAHUM

Hannoe uccnenoBanue punancupyercs Komurerom Haykn MuHHCTEpCTBA HAYKH
u BbIciIero oopazosanust Pecny6nuku Kazaxcran (rpant Ne AP09259187).

BriBoabI

B nacrosieit pabote npeictaBieH 0030p Mo MPUMEHSEMBIM ChIPbEBBIM HCTOUHUKOM
0 pa3pabOTKe reOnoIUMEPHBIX KOMITO3UTOB. [Toka3aHo, 4TO OJJTHUM U3 TEPCIIEKTUBHBIX
CBIPbEBBIX MCTOYHHUKOB MOJKET CIYXHTh KPAacHBIM IuIaM, oO0pa3yroomuics B
AJIIOMHHHMEBOM IIPOMBILICHHOCTH B pe3yJibTare mnpouecca baliepa i u3BiedeHus
rimno3ema (Al O,) u3 G0KCHTOBOH Py/Ibl, KOTOPBIH BKIKOYAET 00paboTKy 60KCHTOBOK
pYZbl pacCTBOPOM THAPOKCUAA HATPHUS, ObUI OXapaKTEpH30BaH KakK MPEKypcop It
HOJYYEHHUsI T€ONOTUMEPHBIX KOMIIO3UTOB. BBIsBIIEHO, YTO MCIOIH30BAHUE KPACHOTO
nIamMa JJisi reoroJIMMepHU3aly yAOBIECTBOPUIO Obl HEOOXOJUMOCTh HaJJIexalei
YTUJIIM3AIMU 0TX0/1a, YTO YMEHBIIMIIO €r0 HETaTUBHOE BO3/ICHCTBHE Ha OKPY KAIOIIYIO
cpeny. Ha ocHOBaHUM IPOBEICHHBIX UCCIIEAOBAHUH YCTAaHOBIICHO, YTO JIJIsI IOy YE€HUS
Ka4eCTBEHHOT'O ¥ IPOYHOTO I'€0IOJIMMEPHOT0 KOMIIO3UTa HEOOXOJUMO KOMOMHUPOBAThH
KPacHBIM 1IaM C JOMOJHUTEIbHBIMH MaTepHajJaMHU C BBICOKMM COJIEpKAHHEM
QIIOMUHUS.

148

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2023

CIIMCOK HMCITIOJIb3OBAHHbBIX UCTOYHUKOB

1 Abdulkareem, M., Komkova, A., Havukainen, J., Habert, G., Horttanainen,
M. Identifying Optimal Precursors for Geopolymer Composite Mix Design for Different
Regional Settings: A Multi-Objective Optimization Study // Recycling. —2023. 8 (32).
[DnexTpoHHsIi pecypc]. — https://doi.org/10.3390/recycling802003.

2 N’cho, W. C., Gharzouni, A., Jouin, J., Rossignol, S. Impact of different
metakaolin mixtures on oligomer formation and geopolymer properties: Impurity effect
// Open Ceramics. —2023. —Ne 15.

3 Cong, P., Cheng, Y. Advances in geopolymer materials: A comprehensive review
// Journal of traffic and transportation engineering. —2021. —Ne 8 (3). — C. 283-314.
https://doi.org/10.1016/j.jtte.2021.03.004.

4 Nergis, D. D. B., Abdullah, M. M. A. B., Vizureanu, P., Tahir, M. F. M.
Geopolymers and their uses: review // IOP Conf Ser Mater Sci Eng. —2018. —Ne374.

5 Sahnoun, R. D., Bouaziz, J. Sintering characteristics of kaolin in the presence
of phosphoric acid binder // Ceramics International. —2012. —Ne 38. —C. 1-7.

6 Albidah, A. S. Effect of partial replacement of geopolymer binder materials
on the fresh and mechanical properties: a review// Ceramics International. — 2021. —
Ne 47. —C. 14923-14943.

7 Mansour, S. M., Ghernouti, Y., Chaid, R. Valorization of calcined kaolinitic
clay used in high performance mortar // Journal of Building Materials and Structures.
—2020. —Ne 7. - C. 32-41.

8 Kamseu, E., Alzari, V., Nuvoli, D., Sanna, D., Lancellotti, 1., Mariani, A.
Dependence of the geopolymerizationprocess and end-products to the nature of solid
precursors : challenge of the sustainability // Journal of Cleaner Production. —2021.
—Ne 278.

9 Elimbi, A., Tchakoute, K. H., Njopwouo, D. Effects of calcination temperature
of'kaolinite clays on the properties of geopolymer cements // Construction and Building
Materials. —2011. —Ne 25. — C. 2805-2812.

10 Wan, Q., Rao, F., Song, S., Cholico-Gonza’lez, D. F., Ortiz, N. L. Combination
formation in the reinforcement of metakaolin geopolymers with quartz sand // Cement
and Concrete Composites. —2017. — Ne 80. — C. 115-122.

11 Autef, A., Joussein, E., Poulesquen, A., Gasgnier, G., Pronier, S.,
Sobrados, L., Sanz, J., Rossignol, S. Infuence of metakaolin purities on potassium
geopolymer formulation: the existence of several networks // Journal of Colloid and
Interface Science. —2013. — Ne 408. — C. 43-53.

12 Du, Z., Sheng, S., Guo, J. Effect of composite activators on mechanical
properties, hydration activity and microstructure of red mud-based geopolymer // Journal
of materials research and technology. — 2023. — Ne 24. — C. 8077-8085.

13 Ma, W. J., Liang, Z. Y., Liu, M. S., Xu, Z. W., Zhao, Q. X. Synthesis
of lowcosting 4A-zeolite and stabilization of heavy metals from municipal solid
waste incineration fly ash and activated red mud // Asia-Pacific Journal of Chemical
Engineering. —2022. — Ne 17 (5).

149



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 3, 2023

14 Singh, S., Aswath, M. U., Ranganath, R. V. Performance assessment of bricks
and prisms: red mud based geopolymer composite // Journal of Building Engineering.
—2020. — Ne 32.

15 Ascensao, G., Seabra, M. P., Aguiar, J. B., Labrincha, J. A. Red mudbased
geopolymers with tailored alkali diffusion properties and pH buffering ability // Journal
of Cleaner Production. —2017. — Ne 148. —C. 23-30.

16 Ceprees, H. I1., Makcumona, B. B., Toserenos JI. T. [lepcnekTtussl
UCIIOJIb30BaHMS KPACHBIX IIJIAMOB B KEpaMHYeCKHUX TexHoIorusx // Matepuanst X X111
MesxayHapoaHO# KoH(pepeHIuN « XUMH U XUMUYecKast TexHosiorust B XXI Beke». —
2022. - C. 149-150.

17 Abbasi, S. M., Ahmadi, H., Khalaj, G., Ghasemi, B. Microstructure and
mechanical properties of a metakaolinite-based geopolymer nanocomposite reinforced
with carbon nanotubes // Ceramics International. —2016. — Ne 42. — C. 15171-15176.

18 Davidovits, J., Davidovits, R. Ferro-sialate geopolymers. Geopolymer
Institute Library. —2020. — 1-6. [Electronic resource]. — https://doi.org/10.13140/
RG.2.2.25792.89608/2.

19 Laheti, M., Yang, E. H., Tan, K. H. Proc. Int. Conf. on 40th Advanced Ceramics
and Composites (United States: Florida/Wiley). — 2017. — C. 21-33.

20 Faradilla, F. S. et al. Optimization of SiO2 /Al2 O3 Ratio in the Preparation
of Geopolymer from High Calcium Fly Ash // IOP Conf. Ser.: Earth Environ. Sci.
—2020. —Ne 616.

Marepuan noctynui B pegakuuto 07.09.23.

M. Yelubay', G.Aitkaliyeva®, D.Yerzhanova’, D. Karly*, S.Massakbayeva’
123Toraighyrov University, Republic of Kazakhstan, Pavlodar;

34Satbayev University, Republic of Kazakhstan, Almaty.

Material received on 07.09.23.

RED MUD - A RAW MATERIAL FOR GEOPOLYMER COMPOSITES

With the beginning of the new century, a trend is actively developing around the
world to create environmentally sustainable materials in all spheres of human life.
At the same time, the amount of industrial waste is growing every year, which, due to
the lack of a field of application, are subject to burial in landfills with huge areas. In
this regard, one of the areas being implemented is the development of new building
materials, in particular, a binder material using various wastes. Today, the widely
used binder - Portland cement has a number of disadvantages and is not safe for the
environment. Therefore, it is necessary to find its analogue, which would have all
the desired properties. Materials based on geopolymers may be promising. Existing
approaches for the synthesis of geopolymer building materials need to be improved.
This review discusses research works on methods for obtaining geopolymer materials
from various types of raw materials, discusses and compares the results, and also
presents the conditions and physicochemical parameters that affect the properties of

150

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2023

the final product. This study evaluated the possibility of using red as precursors for

obtaining geopolymers based on them.
Key words: Geopolymer, waste, industrial waste, red mud, raw material.
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KbI3blJI BAJIHIBIK — TEOITIOJIMMEPJIIK
KOMIIO3UTTEPAIH IIIKI3ATHI

Kanya eaceipoviy  Oacmanyvimern OyKin onemoe adam OMIPIHIH OapiviK
CANAnapulHOa KOLOSUSILIK MYPAKMbl MAmMepuaidaposvl scacay ypoici oencenoi
mypoe Oamvin xenedi. CoubiMeH Kamap, OHOIPIC KANObIKIMAPLIHbIY —KOLeMi
JHCHLL CallbIH apmuin Keaeoi, KOLOAHy CANACHIHbIY IHCOKMBbIZLIHAH 01apObl YIKeH
aymaxmapul 6ap noaueonoapea kemyze mypa kenedi. Ocviean OAUIAHbLICIbL HCy3e2e
ACHIPLLIBIN AHCAMKAH OA2LIMMAPOLIY OIPT — HCAHA KYPLLILIC MAMEPUATOAPbIH, aman
aumKanoa, opmypai KaioblKmapobl HAUOAIAHAMbIH OAUIAHBICMbIP2bIUMbL d3IPIE).
byeinei kyui Keyinen KOLOAHLLIAMbIH OAUIAHLICMbIPSbIUW — NOPMIAHOYEMEHMMIY
Oipkamap Kemwinikmepi 6ap dcoHe Kopuwiazaw opma Yuwlin Kayinmi 0Oonvin
mabwvinaovl. Condvlkman Oapavik Kadxcemmi Kacuemmepee ue OONAMbIH OHbIH
ananocvin maody Kepex. I eononumepnep necizinoeci Mamepuaioap coiap Kamapuvlua
arcamaovl. I eonoaumepnix Kypulivlc Mamepuaiiapbii cunme3oeyoiy Koioanvlicmaabl
mocinoepin scemindipy Kasicem. By wiony MakanacwlHoa mypii WUKizam mypiepiHen
2CONONUMEPTIK Mamepuanioapovl ary od0icmepi OOUbIHWA 3epmmey HCYMblCmapbl
Kapacmuipvliadvl, HOMuUdCeep MaiKblIaHAObl HCOHE CATbICIMbIPLLIAObI, COHbIMEH
Kamap conabl OHIMHIY Kacuemmepine dcep ememin apmmap Men u3uKa-XumusLibly
napamempiep yCcoluvliaovl. by zepmmeyoe Kbi3vlil 60KCUM Kai0blebl 2e0NoauMepiep
any Ywin npekypcopaap peminoe nauoaiamy MymKiHOieiH 6asaianob.

Kinmmi ce30ep: ceononumep, Kandvlkmap, OHOIPICMIK KALOLIKMAP, Kbl3bll
OanubIK, WUKizam.
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OINMTUMN3ALNSA CTOUKOCTUN &YTEPOBKN PA3JTMBOYHbIX KOBLLEW
®EPPOCITIIABHOIO NIPON3BO4CTBA

B oaunoii cmamve paccmampuseaemcs o00ma U3 Kuouesvlx npooiem
PA3TUBOYHBIX KOBULEll (eppoCniagHo20 Npou3soocmed. A umMenHo CmouKoCcmb
dymeposKu K Mexanudeckum u GulcoKomemnepamypHoim uaepyskam. Onucanvl
CMAaHOapmubie pexncumvl pabom u nepuoOULHOCmMyb 3amensl ymeposku. IIposedenvi
1abopamopHvle Uccredosanue no NOUCKY ONMUMAILHO20 COCMABA 3AUUMHO2O
cnosi. Onpoboeanvl HECKOILKO GAPUAHMOE COCMABO8 0 3aWumsl hymeposKu
Om KOHMAKmMa HCUOK020 Memania u wiaka. B pabome npugeden numepamypHulii
0030p NO NPUMEHEHUIO 3AWUMHBIX OZHEYNOPHBIX 00Mmazok. Ilodpoduo onucana
4enecoobpasHOCmb NPUMEHEHUs. 3AUUMHO20 ClI0SI PA3TUBOUHLIX Koswiel. Takoce
npeocmasnen 6 Kauecmee mpumepa UCHOIb308AHUE 3AUWUMHBIX 00MA30K 074
CMAnenIasuIbHO20 Npou3eoocmed. Ha nacmoswuil momenm oeneynopuvie 0OMasKu
cywecmsyom 6 00UUPHOM accopmumenme, ¢ 0OCHEYNOPHOCIbIO 8 UHmepeae om
500°C 0o 1900°C. B cmamve npusedeHo Onucanue pasHviX U008 OZHEYNOPHbIX
Mamepuanos, NpUMEHsIEMbIX 6 COBPEMEHHOe 8peMs, maKue Kax IuHO3eMucmole,
ANIOMOCUTUKAMHbIE,  CUTUKAMHbIE, MACHe3UmMogble, XPOMUMOBble MAmepudivl
U UCNOTL306AHUE 3AUWUMHBIX 00MA30K 6 PA3TUGOYHBIX KOBUIAX NPOU3BOOCTNEA
8b1COKOY21EPOOUCO20 heppoxpoma. Onpedenetvl ONMUMAaIbHbIE 8UObI U COCTNABbI
3AUUMHBIX 00MA30K U NPUBOOSIMCSL PE3VIbMAMbl CPAGHEHUs CO CINAHOAPMHIMU
PeACUMAMU  UCNONL3OBAHUSL PA3TUBOUHLIX KOBWIEU U C NPUMEHEHUeM KOoGuiel ¢
3AUUMHBIM CTIOEM.

Kuouegvle cnosa: ¢heppoxpom, paziueoumviii KOG, 3AUUMHbBIL  CIOU,
¢ymeposka, cmoikocme.

BBenenue

[IpousBoacTBO BBICOKOYyTIEepoaucToro dpeppoxpoma (maree ®X (B/y)) Ha
AKTIOOMHCKOM 3aBojie (heppOCIUIaBOB BEAETCS B IBYX IUIABIIIBHBIX Ilexax. OCHOBHAs
WX J0J151 BBITUIABIISIETCS B INIABUIILHOM 1iexe Ne 4, oCHaIIeHHOM COBPEMEHHBIMU ITeYaMu
MOCTOSIHHOTO TOKa. OcTaBIIasiCsl YacTh MPUXOJIUTCA Ha IIaBUWIbHBIN 1ex Ne 1, raoe
BolIaBka @ X (B/y) Mpou3BOAUTCA B Meyax rnepeMeHHoro Tok. HecMotps Ha TO, 4TO
9TH 1IeXa BBIIUIABISIOT UAeHTHYHbIe Mapku DX (B/y) CyHIECTBYIOT 3HAYUTEIbHBIC
OTJINYUS B IPOBOAUMBIX B HUX TEXHOJOTUYECKUX Mpoueccax. Cpeid OTINYUI MOKHO
BBIJICJIUTH OIE€palMU O BBIMYCKY U pa3iiMBKe paciuiaBa. B minaBuiabHOM 11exe Ne 4 He
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HpeyCMOTPEHO MCIIOIb30BAaHUE IPOMEKYTOUHBIX TEXHOJIOTHUECKHUX MPUCIIOCOOTCHUIM
JUISl pa3iIMBKM MeTajlla, TOr/a KaK B IJIAaBWIbHOM Liexe Ne 1 mcrnosb3yeT Lenblil
HapK pa3iandHoil nocyasl. OCHOBHBIM TEXHOJIOTMUECKUM CPEACTBOM IIPU pPa3IUBKE
MeTaJula SIBJIAIOTCS CleUalIbHBIE pa3IMBOYHbIC KOBIIM. KOBII mpeacTaBiseT coOoi
[JIyXOJOHHYIO METaUIMYECKYH0 KOHCTPYKLHUIO U3 JINCTOBOU CTAJIM C CUMMETPUYHO
pacIoIoKeHHBIMU OOKOBBIMH Har(amu Jyis rpy30M0AbEMHBIX MEXaHU3MOB (PUCYHOK

1.

Pucynoxk 1 — CoopouHsIit uepTex 1 o0IIuil BU pa3iuBouHoro kosma [T11-1

Pa3nuBouHbIE KOBIIM U3HYTPU UMEIOT OTHEYHOPHYIO (hyTEPOBKY, UCTIOTHEHHYIO
13 maMoOTHBIX kupnuued mapku tuna HIB-5. OrneynopHyto Kjiajaky BBIIOJHSIOT
B OJMH WJIM JBa CJOSA B 3aBHCHUMOCTH OT BBIIUIABIIAEMO Mapku ¢eppoxpoma. Uem
HUKE COJIepKaHUE yTIepoJa B CIUIaBe, TEM OOJIbIIE CIO0EB OTHEYMOPHOMN KIIaJKH.
ITpu BeiuiaBke deppoxpoma mapok ®X800-950 ¢ congepxkanuem yrieposa ot 8,01 1o
9,49 macc. %, pa3nuBOYHbIE KOBIIM (yTEPYIOT IAMOTHBIM KUPIHYOM B OJIUH CIIOM.
Knaaxky MCHOMHSIOT ¢ YCTaHOBKOW KUpNUYeil Ha peOpo B pajnaibHOM HAlpaBICHUH
OT BepTHKalbHOU ocu. B cpennem Takas kinagka BbiaepkuBaeT A0 10 pa3inuBok
deppoxpoma. Ecmm Beimnasnsercs geppoxpom mapok ®X600-650 comepkanuem
yriepona ot 6,01 no 6,49 macc. %, TO OrHEYIOPHYIO KJIAJKYy BBIIOJHSIOT B JIBa CJIOSI.
3/1ech KUPIUYM yCTAaHABIMBAIOT HA IUIANIKY KaK TOKa3aHO Ha PUCYHKE 2.

Pucynok 2 — @yTepoBka KoBIlIa Jyis pa3iuBku peppoxpoma Mapok ®X600-650
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JlanHas cxeMa (h)yTepOBKH KOBIIIA TIO3BOJISIET OMEPATUBHO 3aMEHATh KUPIUYHYIO
KJIaJIKy pabodero cios B KOPOTKHI IMPOMEXYTOK BPEMEHM H3-3a 0oyiee BBICOKOH
XUMHUYECKON arpeCCUBHOCTU METAIUIMYECKOT0 pacIuiaBa 110 CPAaBHEHUIO C PsIOBBIMU
Mapkamu OX (B/y). Cpok ciyxObl kKuprnyei padodero ciios pyTepOBKH HE IPEBBILIAET
6 BBITYCKOB paciuiaBa. Takum oOpa3oM, OJTHUM U3 OCHOBHBIX (DAKTOPOB, BIUSIOLINM
Ha CTOMKOCTb OIHEYIIOPHOM KJIAJIKU KOBILEH, SBJIAETCS XUMUYECKUM COCTAB IIJIAKO-
METaJUIMYECKOr0 pacIulaBa v IIeperpes MeTajula HaJl TeMIlepaTypou miasieHus. Mexons
13 (PU3MKO-XUMHUYECKHUX CBOMCTB BBIILIABISEMOIO CIUIABA [10JIOMPAETCsl OTHEYTTOPHBIN
MaTepuall, THEPTHBIM K HEMY WJIM B HEKOTOPBIX CIIydasiX CXOJIHBIM M0 XUMUYECKOMY
COCTaBy.

Taxoke 111 BbIOOpa THIIA OTHEYIIOPOB JUIsl (PYTEPOBKM KOBILEH OIPEENIIOIIIMH
(hakTOpamMH SIBIISIOTCS MOBBILICHHAS TEPMOCTOUKOCTh U HHU3Kasl TEIJIONPOBOIHOCTD,
CHOCOOCTBYIONIAS CHIKEHHUIO TEIUIOBBIX IMOTEPh Yepe3 CTEHKH KOBIIA, YTO B CBOIO
ouepeb YMEHbIIAET 00pa30BaHKE [UIAKO-METAITIMUECKOr0 TapHUCaKa, U30BITOYHOE
o0Opa3oBaHuE KOTOPOTO SBJIAECTCS MPUYMHON BBIBOJA KOBIIEH M3 SKCIUTyaTalluu C
MIOCJIEAYIOIIEH UX YACTKOM, a TAK)KE CHUYKEHHUIO II0Ka3aTelled IPOU3BOACTBA.

Hpyrum pakTopoMm, BIUSIOMIUM Ha CTOHKOCTH ()YyTEPOBKM KOBIIEH, CIIYKHUT
MEXaHUYECKOEe BO3JIEUCTBUE HA HEE IPU YUCTKE KOBIICH OT HMUIAKO-METAIIMYECKUX
HacThuIeH mociie pa3nuBKu. Ilpu ynaseHum HacTbulel (yTepoBKa MoOJBepraeTcs
MEXaHHMYECKHM YJIapHbIM Harpys3kam B Ipolecce o0paOOTKH Ha CIEIHATbHBIX
MeTaJUIMYECKUX MHKaX WK THApoMoioTax. Ha kimajke ocTaioTcsi CKOJIbI M BBIOOWHBI,
00pa3ys MIEepoXOBaTyIO MOBEPXHOCTh. B MOCIEICTBUM 3TH MIEPOXOBATOCTH CO3JAIOT
YCIIOBHSI JUIs aAr€3uM paciulaBa B CJIOM KUPIHUYHOM KJIAJKU M INOCTEIEHHOMY €ro
pa3pylLIEHUIO, YTO B KOHEYHOM MTOTe MPUBOJIUT K CHIDKEHHIO CTOMKOCTH (DyTEPOBKU
KoBIIA. B 1esioM, ¢ y4éTOM BBILIEU3JI0KEHHOIO MOXHO BBIICIUTH JBE OCHOBHBIE
NPUYUHBI CHUXKEHUSI CTOUKOCTH (YyTEepPOBKU KOBIIEH, 3TO TEPMOXHMMUUYECKOE
BO3/JEMCTBUE LUIAKO-METAJUIMYECKOr0 pacIjiaBa U MEXaHUYECKUE IOBPEKICHUS
B IIpoliecce 00CTy>KUBAaHUS KOBIICH. B 3TOW cBsI3u, MOUCK CIIOCOOOB yBEIMUYEHUS
CTOMKOCTH ()yTEpOBOK KOBIIEH 32 CUET YMEHBILICHHS BIMSIHUA 3TUX ABYX (DaKTOpPOB
BEChbMa aKTyajbHA. Y BEJIMUUTh CPOK IKCIUTYyaTAI[H OTHEYIIOPHON (PyTEPOBKU MOXKHO
3a cyeT 100aBJICHHs JAOMOJIHUTEIBHOTO KOJMYECTBA CIOEB KJIaJKH OTHEYHOPHBIX
KHPIIUYEH WM MCIOJIb30BaHUS HAaJUBHBIX QyTepoBok. Ho B mepBoM ciydae 3TO
MPUBEJET K YMEHBIICHUIO MTOJIE3HOr0 00beMa KOBIIEH U U3MEHEHHUIO €r0 MacChl. DTO
notrpe0yeT N3MEHUTh rabapuThl KOBIIIA B CTOPOHY UX YBEIMYEHHS U COOTBETCTBEHHO
YBEJIMUYUTH PACXOJIbl, KAK HA METAJJIOU3/ENNs, TAK U HA OTHEYIOPHbIE MaTEpUaJIbL.
JloTIOJIHUTENBHO YBEIMYMBAETCS HAIpy3Ka Ha Pa3IMBOYHbIE KPaHbI BBUAY U3MEHEHUS
BECOBBIX ITapaMeTpoB KoslIel. [Ipyu Takom packiiaje npeanodYTUTeIbHee IPUMEHEHUE
HaMBHBIX (yTepoBoK. HanmuBHas ¢yTepoBka Oojee KOMIAKTHAsE U HE MPUBOAMUT K
YMEHBUICHUIO MOJIE3HOr0 00beMa KoBIa. HecMOTpsi Ha MOJI0KHUTEIbHbIE MOMEHTHI,
HalMBHAs QyTepoBKa UMEET P HEAOCTaTKOB. K HUM OTHOCSTCS BBICOKAst CTOMMOCTh
OTHEYIOPHBIX MaTEPUAIIOB, CJIOKHOCTD U JUTUTEIBHOCTB Ipoliecca (yTepOBKH, a TAKKE
MOCIeAyoIel TepMOOOPaOOTKH.
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AJBTEpHATUBHBIM BapHAaHTOM JJIsl YBEJIMUYEHUS CPOKA CIIyKObI OTHEYNOPHOM
KJIaJKH KOBIIEH MOTYT CIY>XHTh 3alIMTHbIe 00Ma3ku. OTHEYNOpHBIE 3alllUTHHIC
00Ma3Ky MpPEJCTABISAIOT COO0H MOPOIIKKU U3 PA3JIMYHBIX OTHEYHNOPHBIX MaTepUaJIOB
OIpeIeICHHON 3epHUCTOCTH B CMECH € Pa3HOro poja 100aBkaMu, 00eCIeYNBaIOIIUMHU
CBSI3bIBAHME KOMIIOHEHTOB OOMa3KH C 3aluiiaeMblM MatepuaioMm. OOMa3ku Ha
pabouyro MOBEPXHOCTh OTHEYNOPHOU (PyTEpOBKHM MOKHO HAHOCHUTH BPYUHYIO WIIH,
YTO IPEAIOUYTUTENBHEE, METOAOM TOPKpETHpOoBaHus (pucyHoK 3). TopkpeTupoBaHue
siBisieTcsl HanOosee d(PEeKTUBHBIM CIIOCOOOM MOBBIMIEHUS CTOWKOCTH (PYTEPOBKHU.
Jlis TOpKpEeTHPOBaHUS IPUMEHSIOT KaK aJlOMOCHIIMKATHBIC, TAK U KPEMHE3EMUCThIE
u pyrue maccsl [1].

Pucynok 3 — TopkpeTupoBaHue pa3InBOYHbBIX KOBIIEH

VY4uTHIBas BHIIEU3II0)KEHHOE, MOXKHO CIEJIATh 3aKIF0UYEHUE O IIEPCIIEKTUBHOCTH U
NPUBJIEKATEIbHOCTH UCTIOJIb30BAHUS OTHEYOPHBIX 00Ma30K JUIsl 3aIUTHI OTHEYOPHBIX
KJIaJ0K ((pyTEepoBKH) pa3iMBOYHBIX KOBIIEH. TEXHOJOTUs JOCTATOYHO MpOCTas U
JIETKO TOJ/IaeTcsl MeXaHu3aluu. Takum o0pazoMm, LeIbl0 PadOThl SBISETCS OLEHKA
TEXHOJIOTMYECKON BO3MOXHOCTH UCIIOIb30BaHUs 3aIUTHBIX 00Ma30K /1715 yBETUYECHUS
CpoKa ci1y>k0blI )y TEpOBKH Ha pa3IMBOYHBIX KOBIIIAX ITyTEM IOCTAHOBKH JIAOOPATOPHBIX
OIIBITOB U ONBITHO-ITPOMBIIIJIEHHBIX UCTIBITAHUMH.

Hcnonp30BaHne OrHEYMOPHBIX 0OMa30K MOIYYHIIO IIUPOKOE PACIPOCTPAHEHHUE B
00JBIION MeTaITYpruf. B yacTHOCTH, cTaNenIaBuiIbHas OTPacib YCHEIHO IPUMEHSET
TaKUe MPUEMBI AJIS 3aIUTh] pa3IMBOYHBIX KOBILIEH. Ha HacTOAIMII MOMEHT CyIIeCTBYET
OOIIMPHBIA aCCOPTUMEHT Pa3JIMUHBIX CMECEW C OTHEYNOPHOCThIO B MHTEpBaje
500-1900 °C. Onupasics Ha IUTEpaTypHBIE AaHHBIE [2] OTHEYOPHBIE 0OMAa3KH YCIOBHO
MO>KHO pa3JIeJUTh Ha CIEIYIOIINE BUBI (B 3aBUCUMOCTH OT THUIIA HAIIOJHUTEA):

— IJIMHO3EMHUCThIE (MYJUTUTOBBIE, KOPYHIOBBIE, MYJUIUT-KOPYH/IOBBIE);

— aIIIOMOCHJIMKATHBIE (I1aMOT);

— CUJIMKaTHbIE (KBapIl WM KBAPIUTHI);

— MarHe3uToBbIe (TIepPHUKIIa3, MarHE3UTOBBINM MOPOLIOK TEPMOOOPAOOTAHHBIN);

— XPOMUTOBBIE (XPOMMTHI).

OrHeynopsl 0OBIYHO M3TOTAaBIMBAIOT M3 MPUPOJHOTO CHIPbS WM MOCIE
TepMO0OPaOOTKHU B pe3ysbTaTe AerupaTalny, 1eKkapoonu3ayu riuusl [3]. U3BecTHO,
4YTO JJIS 3aLIUTHl OTHEYNOPHOMN KJIaJAKU CTAJEIIAaBUIBHBIX KOBIIEH 3a4acTYyIO
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UCIIOJIB3YIOT IIAMOTHBIE 00Ma3KH, COCTOSIIIIME U3 IIaMOTHOT'O IMOPOIIKA M OTHEYITOPHOH
riHb [4]. B kadecTBe CBSA3YIOLIETO MaTepralia OOBIYHO MPUMEHSIOT KUIAKOE CTEKIIO.
Taroke BcTpedaroTcs JaHHBIE 110 UCII0Ib30BAHUIO MOJIOTOTO KBAPLIUTA WIIN AUCIIEPCHOTO
xpomura [4].

MarepuaJjbl 1 METOABI

Cyx0i1 MOJIOTBI! MaTepHa U CBSI3YIOILEE BEIIECTBO ITPEIBAPUTEIBHO B3BELIMBAIOT,
3aTeM 3aChINaloT B JJAOOPATOPHBIN CMECHUTENb, BKIIOYAIOT peXUM cMmemenus. [locne
3TOr0 B CMECHUTEIb HEOOIBIIMMU MOPLIMAMH ITOJIAIOT cBsi3ytoliee. [Iporecc cMemmBanus
MPOU3BOJISIT 10 TIOJTHON OTHOPOJTHOCTH cMecH. J{Jisi MaTepuanos, 00Ia1at0uX HU3KOM
CMa4YMBaEMOCTBIO U IUNIACTUYHOCTBIO MPETyCMaTPUBAETCS BBOJI IUIACTU(UKATOPA B BUJIE
OTHEYIOPHO 1ii OEHTOHUTOBOH IMUHEL. [ImacTudukaTop noxaercs B caMm MaTepuai v
110CJIE IPEABAPUTEIILHOIO CYXOI'0 CMEILIMBAaHUs IoaeTcs ceasyrolee. /s cmeceit, rae
BBICTYIIAET CBA3YIOLIMM OCHTOHUT, CIIEPBa OCYIIECTBIISIOT CyX0€ CMELICHNE MaTepuaa
¥ OGHTOHHUTOBOM TTIUHBI, 3aTE€M OAAETCS BOJA.

I'oToBBIN 00pa3er] yKiIaabIBAalOT Ha OIHEYMOPHBII MOJJOH M IPOCYIINBAIOT B
cymmibHOM mmKady mpu temmneparype He 6oiee 200 °C B Teyenue 15 MUHYT 17
yJlaJleHus TUIIHEH Biaru 1 u3dexanus repmoyaapa. [locne cymku o0paser ocTyxkaror,
OCMAaTpPUBAIOT Ha HAJIMYHUE TPEIIUH, BBIIUIABIICHUS CBA3YIOILEr0. 3aTeM My QesIbHYO IeUb
Harpesatot 10 1000 °C (moka3zaTeib cpeHel TeMIepaTypbl CyILIMIBHOIO TOPHA I1EYN)
U 1iocJie Habopa HeoOX0IMMOH TeMITEpaTyphl B Hee MOMEIIAIT 00paser (Ha 3alUTHbIH
MOJIJIOH) C BBIIEPKKOM B TeueHue 15 muH. [1o ncteuennn BpeMeHu BhIIEPKKH 00paserl
U3BJICKAIOT U OCTABJIIOT OCTYKaThCst. OCTHIBIINI 00pa3el] HOBTOPHO OCMATPUBAIOT Ha
HaJIM4Ke TPeluH (1edopMaIym), 3aMepsiroT TONHHY (ycanaky). CocTaBbl, OTBEYAIOIIHE
BBIIBUTAEMBIM KPUTEPUSM, TOIIOJTHUTEIBHO [I0IBEPTAIOT UCIIBITAHUAM HAa METAIIJIO- U
LUIAKOYCTOMYUBOCTG. [l 510N wmenu B neun Tammana B turie pacruiaBisitor GX
(B/y) /mmak ®X (B/y). 3areM B paciiiaB MeTajlIa/IIuIaKa OMYCKalOT MPeBAPUTEIBHO
TepMO0OpaboTaHHbIM 00pa3en 00Ma3ku (peABaAPUTEIHLHO HAHECEHHBIH Ha parMeHT
[IAMOTHOTO KUPIHNYa) U BeIIEPKUBaOT B TeueHue 30 muH. [locne BeiaepxkKu oOpaserr
U3BJICKAIOT U3 PACIUIaBa, OCTYXKAIOT M 3aMePSIOT INTyOMHY aAre3uu MeTaia/iaka. B
Tabnuie | mpuBeIeHbI COCTaBbI CMECH JIJIsi 00Ma3KH OTHEYIIOPOB.

Tabmuna 1- CocTaBbl OTHEYTIOPHBIX 00MAa30K

Ne ni/mt CocraB cmecu OrueymnopHocTts*, °C IIpumeuanue

MouitoTsli mamot-85%

BenToHuT B KauecTBe

1 Benronur (rnuna orueynopHast)-8-10% 1730
mactTuduKaropa

Kunkoe crexno-10-20%
Muxpocunuka-75%

2 lnax POX-5% 1750 -

JKunkoe crexino-20%
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Ksapuut
3 1750 --
JKunkoe crexino-20%
Illrak BY ®X -80 %
4 1730 -
s)kuakoe ctekiao 20%
IIsu1e ATY -90%

Bentonut B KauecTBe

5 Benronnt-5% 1890
mactTuuKaTropa

Kunkoe cTexno (mo HeoOX0MMOCTH )

MoJtoTHIi KOPYH] € 5Ke000B
6 1800 -
JKuakoe cTexio / amroMUHAT HATPUS

*TemnepaTypa yKa3aHHBIX CMeCE OBbIIM OMpeAeNICHBl MyTeM JIa0opaTOPHBIX
HUCCIIETOBAHUMN.

OrnpezesieHre CBOMCTB M BBIOOP ONTUMAILHOTO COCTaBa OTHEYIIOPHON CMecH

[lepen mpoBeneHueM TecTOB ObUIM OMpEENIeHbl HanbOoyiee BaKHbIE OLIEHOYHBIE
KPUTEPHH [T OTHEYTIOPHBIX cMecel. B 3TOT nepeueHb BOIUTH CIIEAYIONIHE TOKa3aTeIH:

— IUTACTUYHOCTh UCXO/IHOM YBIA)KHEHHOW CMECH

— a/re3us CMECH NMpU HAHECEHUU Ha OTHEYMOPHBIN KUPIUY

— CTOMKOCTH TipH npeaBaputenbHoi cymike (200 °C)

— CTOMKOCTh TepMudeckum Harpyskam (1000 °C, a1t MOAETMpPOBaHUS CYIIIKU KOBIIICH )

— CTOMKOCTb IPU CMauMBaHUU PACILUIABOM (MOJIEIMPOBAaHNE KOHTAKTA C PAcIIaBOM
B KOBIIIE).

W3 mectu BapuaHTOB ONMPOOOBAHHBIX BapUAaHTOB CMECEH, BILIETIEPEUNCICHHBIM
KPUTEPHUSIM OTBEYAJIM COCTaBBl HA OCHOBE MOJIOTOTO miamota, ntaka X (B/y) u
kBapruTa (coctaBbl Ne 1, Ne 3 u Ne 4). CoctaB Ha OCHOBE MOJIOTOTO KOpyHa (Neb)
00J1atan HU3KOW TUIACTUYHOCTBRIO U aATe3Ue K OTHEYNOpY M JadbHEWIIHNE TeCThI
C 2TOM cMmechio ObUIM mpekpaiieHbl. CMech Ha OCHOBE MHUKPOCHIIMKHK OOJaaeT
JIOCTATOYHO BBICOKOM IIACTUYHOCTHIO, HO TPEOYyEeT MOBBIIIEHHOTO YBIaKHEHHS (COCTaB
Ne 2). lo6aBka Boabl coctaBuiia nopsiika 40 % ot cyxoit Mmaccel HanoaHuTens. [Ipu
9TOM IOKa3aTesu MO aAre3ud K OTHEyNnopy ObLIM HEYJIOBJIETBOPUTEIBHBIMU, CMECH
oTciauBanach oT Kupnuya. [1o 3Toi mpuyrHe TECTHI 0 OCTABIIMMCS KPUTEPUSM HE
MIPOBOUIIUCH.

Cwmech Ha ocHOBe XpomuToBou mbun ATY-4 (coctaB Ne 5) oOGnamana BBICOKOH
IUTACTUYHOCTBIO U aJire3ue K maMoTHOMY Kuprnuyy. OJHaKO Mpu IpeIBapUTEIbHOM
cymike rmpu 2000°C (Bo nzbexaHune TepMOITIOoKa MPU BEICOKOTEMIIEpATypHOM 00paboTKe)
o0OMa3Ka MOKPhUIACh NTYOOKMMH TPEIIMHAMU C OTCIIOCHUEM OTIENbHBIX (hparMeHTOB.

[TpoMpinieHHBbIE UCTIBITAaHUSA B yCI0BUAX BhIIJIaBKM PX800-850 Ha meuax
miaBwiILHOIO 11exa Ne 1

B yyacTok ¢yTepoBKHM KOBIIEH YCTAaHOBHUJIU KOBII C MPEABAPUTEIbHBIM
JIEMOHTaKEM O0TpaOOTaHHON OTHEYNOpHOU Kinaaku. [locie ycraHoBKH KOBIIA, pabodrm
MEPCOHAJIOM IIeXa Ipou3BeAeHa KaJKka (yTepoBKHM KOBIIA IMIAMOTHBIM KHUPIIHYOM
COIIACHO JACHCTBYIOIIErO TEXHOJOIMYECKOro persiamenTa. [loBepx mamMoTHOM KITaiKu
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MIPUMEPHO Ha TPETH €€ IUIOIIA N HAaHECIH OTHEYIOPHYI0 00Ma3Ky U3 CMECH MOJIOTOTO
0051 mamMoTa, OEHTOHUTA U KHUIKOTO cTekia. Cienyromyo TpeTh KIAIKH oOMa3anu
CMEeChIO KBapLuTa 1 cTekia. Ha ocraBiryrocs miomaas HaHecIn 0OMa3Ky Ha OCHOBE
Moustotoro nuiaka @X (B/y) Takxke Ha CBSI3Ke U3 JKUIAKOro crekna. Ilpu mombiTke
NepeMeIeHus KOBIA K Y31y CYIIKH IPOU30IIIIO OTIUIIAHUE BCEX TPEX BUIOB OOMa3Ku
C OrOJICHHEM OTHEYIOPHOM KJIaJKHU. YBEIHMUEHHE PACX0Ja CBA3YIOLIETO (3KHUIKOTO
CTEKJIa) He IPUBEJIO K KAKUM-JIN00 n3MeHeHUsIM. C y4eTOM 3TOr0, OTIBITHI CO CMECSMHU
Ha CBSI3KE U3 PACcTBOpA CUJIMKATa HATpus NpeKkpaTuin. KoBII 3a4UCTUIN OT OCTaTKOB
CMECH U MEPEIUTH K UCTI0Ib30BaHUI0 KOMOMHUPOBAHHOM CBSI3KH, COCTOSIIEH U3 CMECH
LIEMEeHTa, OEHTOHUTA U OPraHUYECKOro CBs3yomero (nauee Jluruo). Mcnonp3oBanue
KOMOMHHUPOBAHHOM CBSA3KU MO3BOJMIO YCTPAHUTH MPOOJIEeMy OTCIOEHUs 00Ma3oK
BHE 3aBUCHUMOCTH OT THIa HamodHutens. C y4eToM 3TOro, Ha MEpBOM dTare KOBII
MOJIHOCTHIO 00Ma3alii CMeChI0 Ha OCHOBE I1amoTa (pucyHok 4). Cmech cocTosiia u3 85
% MOJI0TOr0 IaMOTHOI0 0051, 6 % 1ementa, 3 % Jluruo u 6 % O0enToHuTa. BraxxHOCTH
cMmecH cocTasisuia nopsaka 20 %.

Pucynox 4 — HanecenHast 3amuTHasi 00Ma3ky Ha OCHOBE MOJIOTOTO 00sI mamMoTa

["oTOBBII KOBIII 3aITPAaBUIIM TECKOM U YCTAaHOBHJIU Ha y3ei cymiku. [1o ncteuennn 30-
40 MUH CyIIKH (COTJIACHO MPUHATHIM HOpMaM ) IPOU3BEIN OCMOTpP 00Ma3kH koBiIa. [Ipu
BU3yaJIbHOM OCMOTPE TPEIIH WIH OTCIOECHUS OTHEYTIOPHO 00Ma3KK He 00HAPYKEHO.
Jlanee KOBII MCIIOJIB30BAIN MPHU BBIIYCKE C MOCIEAYIOIIUM OCMOTPOM COCTOSIHUS
OTHEYMOPHOU Ki1aku. [loBpexIeHni OTHEYIIOPHOH KIIAIKH He ObLTO 3a)MKCUPOBAHO
U SKCIUTyaTalyio KOBIIA MPOJOJIKAJICS B IITATHOM pekume. TexXHOIOrnuecKux
OTKJIOHEHUH U KaKuX-T100 3aTpyIHEHUH MPH UX IKCIUTyaTallMy HE 3aUKCHPOBAHO.
Kosum Beepaxanu ot 13 1o 18 Hanusos npoTtus 10 HanmuBoB B 0a30BOM BapuaHTe 0€3
obmasku. Heo0XomMo OTMETHTB, YTO B ATOT IIEPHO.T OCHOBHYIO JIOJTIO BHITIIABJICHHOTO
U Pa3IUTOro MeTayiia coctanisuia Mapka ®X800.

Ha cnenyromem sTane B KauecTBe 0OMa3Ku HCIIOIb30BaId MOJIOTHIM KBapLUT
kpynHocThio 0-1mMM. CMech cocrosiia Takke u3 85 % kBapuura, no 6 % LeMeHTa u
OeHTOHUTA, a Takke 3 % JIurHo. 31ech cpeaHsis BIaXKHOCTh CMECH He TipeBbiaa 16 %.
CwMmech 001aana xopoltei aare3ueil K OorHeynopHoON Ki1a ke U He BbI3bIBaJIa 3aTPYAHEHHIM
npu odmaszke koBiia. [Ipoiecc cymku KoBiIa U AajdbHEHIIENH 3KCIUTyaTallluy MPOLLIe
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6e3 ocnoxkHenuit. Ha aTom Tune o6masku takxke ObU10 HcrbiTaHo 3 koBira. KonnuecTBo
BBIITYCKOB cocTaBuiio OT 10 10 14 BeimyckoB. Crieayronye onbIThl ObUIH IPOBEICHBI
C HCIoJIb30BaHKEM MoJioToro nutaka @ X (B/y) Takxke Ha Tpex Kopiax. [IponeHTHbII
COCTaB M BJIAYKHOCTb CMECH Obljla aHAJOIMYHON HCIIBITAHUSM Ha OCHOBE KBapIIMTA.
Pecypc xoBuieit He mpeBbIIaNno 8 BBITYCKOB HECMOTPS Ha TO, YTO BhIIIABIIN OX
(B/y) mapku ®X850. MHave roBopsi, MoKa3zaTesu 10 XOJUMOCTH KOBIIECH HOTYYHIUCH
HIDKE 4eM B 0a30BoM pexxuMe. CpepHue 3HaueHHsI HAIMBOB 110 BCEM MPOBEIEHHBIM
UCTIBITAHUSM TIPECTaBJICHbI B TabuIe 3.

Tabnuna 3 — Pe3ynbTarhl UCHIBITAHUN PA3IMYHBIX THUIIOB OTHEYMOPHBIX 0OMa30K B
ycioBusix BoiIaBku @X800-850 B I11] Ne 1 (komyecTBO HATHBOB)

HammeHnoBanme KonmvecTBo HanmBOK
be3 o6masku (6a30BbIil epuo.) 10
[Iamot 15
Kgapuut 11
[Inax ©X (B/y) 8

Pe3yabTaThl 1 00cy:KI1eHNe

[IpoBenensl TecToBBIE Ta00PATOPHBIE OMBITHI 110 ITO00PY 3AIUTHBIX OTHEYOPHBIX
00Ma30K GyTepoBoK paznuBovHbIX KoBirel [1L1-1. TTo pe3ynbraTaM TeCTOB ONpeIeIeHbI
3 coctaBa cMeceii Ha OCHOBE MOJIOTOTO 00 IIaMOTa, MOJIOTOTO KBapIuTa 1 nutaka @X
(B/y). Onipo6OBaHbI OMBITHO-TIPOMBIIIUICHHBIC HCIIBITAHUS HA PA3JTMBOYHBIX KOBIIAX
[LI-1 mpu npounzBoacTBe heppoxpoma Mapok DX800-850, B cBs3U € UeM BBISBICHO, UTO:

—CTOHKOCTh (DyTEpOBKM KOBIIEH C 0OMa3KOW Ha OCHOBE MOJIOTOrO 0Os Imamora
B cpeHeM cocTaBiisgeT 15 HanuBoB npotuB 10 BeIMyCKOB Ipu 0a30BOM pexUME Ha
mapke ©X800;

— CTOUKOCTh (yTEpOBKH KOBIIEH ¢ 00Ma3KOi Ha OCHOBE MOJIOTOTO KBapIHTa
cocraBmia B cpeaHeM 11 HamuBoB mpoTuB 10 BIMyCKOB npu 6a30BOM pexuMe Ha
mapke ®X850;

— CTOMKOCTBH (hyTEpOBKH KOBIIEH ¢ 00Ma3Koii Ha OCHOBE MOJIOTOro nuraka X
(B/y) coctraBuia B cpeiHeM 8 HaMMBOB MPOTHB 10 BBITyCKOB Ipu 0230BOM pEXHME Ha
mapke OX850.

BoIBOBI

[IpoBeieHHBIE ONIBITHO-ITPOMBIIIJIEHHBIE HCIIBITAHUS [T0KA3aJI1, IEPCIEKTUBHOCTD
UCTIOJIb30BaHUS 3aIIMTHBIX 00Ma30K JIJIs TOBBIIIEHHUS CTOMKOCTH (yTEpOBKH. JlaHHBII
METO/]] TIOJIOKUTENBHO BIMSIET HA YBEJIMYEHHUE CPOKA CIYXKObI OTHEYIIOPHOMN KIIaJKH
(beppocCIuIaBHBIX Pa3IMBOYHBIX KOBIIEH. [[puMeHeHne 3auuTHBIX 0OMa30K Ha OCHOBE
[IaMOTa TOKA3bIBAIOT HanOoJiee BBICOKUI PE3ysbTaT MO CPAaBHEHUIO C 3AIMUTHBIMHU
CJIOSIMU coJieprkalue kBapuut u nak O X (B/y).
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®EPPOKOPBITITA OHJAIPICIHIH K¥1O IIOMIIITHIH
OYTEPOBKACBIHBIH TO3IMAILJIITTH OHTAMAJIAH/BIPY

byn maxanaoa ¢eppoxopvimna euoipiciniy Ky weomiwimepiniy Hezizel
Mocenenepiniy 6ipi Kapacmwipviiadvl. Aman aumxanoa, mecemuiy MexaHuKaubix
JHCOHE Jico2apbl  MeMNepamypanvly Jcykmemenepee mo3imoiniei. JKymvicmoiy
CMaHOapmmul  pedicumMoepi dicone meocemoi ayblCmulpy OJiCUiLiei CUNAmmanzaw.
Kopeanvic kabamvinwviy oymaiinel Kypamvln maby yulin 3epmxanaisly 3epmmeyiep
arcypeiz0i. Cyubl Memanovly HCoHe WIAKMbIY HCAHACYBIHAN KANMAMAHbL Kopaayad
apHanean KOMRO3Uyusanapowly Oipuewe HycKaiapvl colHaxman emmi. JKymvicma
KOp2auvli OmKa me3imoi sHcadbiHOapObl KOAOaHy O0ublHua o0ebuemmepae uony
bepineen. Kyw womiwimepiniy Kop2anvlul KaOamvlH KOJOAHYOLIH OpPbIHObLIbIbl
ezoicel-meaoicenini cunammanean. Mvican peminde 6oram OanKulmy Yulin Kopeauvliu
ocadbvinoapuin  Kondany Oa Keamipineen. Kasipei yaxweimma omxa me3imoi
arcabwvinoap ke aykvimoa oap, omxa meszimoiniei 500 ° C-man 1900 ° C-xa Oetlin.
Maxanaoa antomunuil, amoMUHOCUTUKAM, CUTUKAM, MACHE3UM, XPOMUM CUSKMbL
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Kasipel yakuimma KoA0aHbLIAmulH opmypai munmep cunammanzat. byn socymvicma
KOP2anvlC 2#cabblHOApblH  OHOIPICMIK  Jicaz0aunapoa, aman aumkaHoa dHcoeapsl
KOMIpmexkmi (heppoxpom any yuwin Ky wemiuimepinoe KOIOaHy CUNAMMAI2aH.
Kopeanvic srcabvinoapvinwiy oymailiel mypiepi MeH Kypamvl aHvikmanaovl. Kyio
wemiwuimepin natuoaranyovly CmMaHoOapmmul PpPeICUMOepiMeH JHCoHe KOpaaHbulC
Kabamoi 6ap womiwmepoi KOLOAHYMEH CAbICIMbLPY HOMUNCENePT KeAMIPIIeeH.

Kinmmi ce30ep: eppoxpom, Kyt wemiwi, Kopaanvlul Kabam, ¢ymeposka,
Mo3IMOLNIK
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OPTIMIZATION OF THE LINING RESISTANCE
OF THE FERROALLOY PRODUCTION POURING LADLES

This article includes one of the problems of casting ladles of ferroalloy
production. It is the resistance of the lining to mechanical and high-temperature loads.
The standard modes of operation and the frequency of replacement of the lining are
described. Laboratory studies were carried out to find the quantitative composition of
the protective layer. Several variants of compositions were tested to protect the lining
from the contact of liquid metal and slag. The paper presents a literature review on
the use of refractory coatings. The expediency of using the protective layer of pouring
ladles is described in detail. The use of protective coatings for steelmaking is also
presented as an example. At the moment, refractory coatings exist in an extensive
range, with fire resistance in the range from 500 °C to 1900 °C. The article describes
the different types used in modern times, such as aluminous, aluminosilicate, silicate,
magnesite, chromite. This paper describes the use of protective coatings in industrial
conditions, namely in casting ladles for the production of high-carbon ferrochrome.
The optimal types and compositions of protective coatings are determined. The
results of comparison with the standard modes of using pouring ladles and with the
use of ladles with a protective layer are given.

Keywords: ferrochrome, pouring ladle, protective layer, lining, resistance
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NI-FE-C-O TOPT KOMIOHEHTTI XXYUECIH TEPMOANHAMUKAIIbIK-
ANATPAMMAIJIbIK TAJIQAY T¥PFbICbIHAH 3EPTTEY

Ocvl maxkanada HUKeIKypamoac KOpbIMNAHbIHLIY (Qa3anblk ayblCyblH JHCOHe
KeweHoi Kopuimnauvly Kypamuvin keamipindi. Ni-Fe-C-O mepm komnonenmmi
acytieci  Kypoliobl JcoHe HUKETbKYPamoac KOpulmnauvly @asanvlk KypambiH
ecenmeyee apHAN2AH MAMEMAMUAKATLIK MOOCNIHIY HOMudiCcenepi aHbIKMAaaobl.
Topm xomnonenmmi Ni - Fe - C - O memanouvix scytieci Fe - C- O, Ni- C- O, Ni - Fe
- O, Ni - Fe - C sicexe mopm memanowlx yul KOMIOHEHMMEH JHCyliedeH mypambvltbl
anvikmanovl ocone Ni - Fe - C - O moepmmik HCYUecCiHiH KOCbLIbICMAPbIHbIH
Qazanviy  mene-menoicin  manday Kesinoe, Kapacmuipbin —OmMulp2aH  Mepm
Komnonewmmi dcytie 14 mempasdpoar mypamsi sicone Xuza 80ici 60tibinua Oapvix,
Koemi ecenmen wibleapuliovl . Konepysummi dicone unkonepysnmmi OQIKumlH
KOCHLIbICIApObl ecKepy apKblLibl KapanauvlmM mempasopee 60y Ke3iHoe 0aapOblH
xenemi (V = 0,999989) mey 601061. byn ecenmin Oypvic ecenmenzenin kopcemeoi.
Huxenvgypamoac xopvimnauwiy KypamvlHoazbl dNeMeHmmepoi 032epmy apKblibl,
sienu Ni - 15 - 45 %, Fe 54,0 - 82,5 %; C 1,0 - 2,5 % bOonean xe30e, KOpulmnaHly
Gazanvix kypamvl Fe - Fe3C - Ni3Fe 00b1cblHOG OpHANACKAHBL 081€10EHOL.

Kinmmi ce30ep: mepmoOouHamukanblk-0uazpammansvlk maiday, HUKeIbKypamoac
KOpblmna, ¢asanvix Kypam, Kemipmezimepmusaivly ypoic, yu KOMROHEHmmi Jcylie,
Mepm KOMROHEHmMmI Jcylie.

Kipicne

MeTamuryprusiHbIH T€OPUSACHl MEH MPAKTUKACBIHAA TEMIIEpaTypa *KoHE KbICBIMFa
0ailyIaHbICTBl METAJLTYPrUSJIBIK KaliTa eHAeyre KOJJaHbUIAThIH MaTepHalJapablH
KYHIH 3epTTey MaHbI3/bl. TepMOAMHAMUKAIBIK-AHAarpaMMalIbIK Tajljay, aTbl alThIn
TYpFaHJaii, 3epTTeNeTiH Kyleae XUMUSUIBIK OailllaHbICKa TYCETIH KOMIIOHEHTTEPIIH
reOMETPHUSUIBIK AUarpaMMaMeH O1piKTipUIreH TepMOJUHAMUKAIBIK Oarachl. OcbIHal
KOMOMHAIMS XUMHUSIIBIK 3aHBUIBIKTBIH TOJBIK TYCIHYre MyMKiHairi 6epeni. CyHbIK
dazana >xaraalibIHIa TEPMOAMHAMUKAIIBIK O0KaM/Ibl XUMHSITBIK OPEKETTECYIIH OTYi
oTe >koFapbl. COHIBIKTaH KOPBITIA 1IIIH/ETI Maiiia 00JaThlH 0Nl KOCHUIBICTAPIBI
auarpaMma TYPiHJE KOHE XHUMUSIIBIK peaKIUsIapIblH MOHAEPIH Tere-TeHIIK
JKaF1aii1a TepMOIMHAMHKAIIBIK-IHarpaMMalblK KECKIHIH aHBIKTayFa 00aapl. Anaiina,
KYpJeli xKyhenepaeri npouectepi ASCTYpili TEPMOJAMHAMHKAIIBIK 3€pTTey KypAaeml
MaTEeMaTUKAJBIK €CenTeyyiepAl KOJIAaHybl Tajlal eTe/l KoHe KONTEreH Tayelici3
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peakIusaapAblH TEPMOAUHAMHUKAIBIK apaMeTpJIepiH aHbIKTay KaKeTTIJIiriMeH
OaitnanbicThl. KeOinece peakuusinapasiy [ HOOC SHEPrUsChIHBIH ©3repyiH aHbIKTAY YILiH
KaXXETTI1 3aTTap/IbIH OipKaTap KacueTTepi Typasbl MOJIIMETTEp IIEKTEYIIi HeMece MYJ1ieM
MoaJiMeT KOK. COH/IBIKTaH J1a KOIl KOMIOHEHTTI XKYHeIeri TepMOANHAMHUKAIIBIK TalAay
MYMKIHJIITT KMBIHFA COFaJIbl )KOHE MPOLECTIH apajiblK Ke3eHJCPIHIH epeKIIeTKTepiH
€CKepMeiijii, OUTKEH1 0JI TeK MPOLECTIH KipiC KdHE IIBIFIC ITApaMETPIIEPIMEH JKYMBIC
JKacanpl.

Mertastyprusarbl IpoLECTep/l I9CTYPIIi TEPMOANHAMHKAIIBIK 3epTTeyre Oanama
peTiHje TePMOAMHAMUKAJIBIK-IHAarpaMMalIbIK Tajaay djici 0oibin TaOblaanbl. byn
aic JK.O0immeB aTbIHAAFbl XUMUA-METAJUTYPIHsi HHCTUTYThIHAA *KacainFaH [1]. Ocbl
9JIICTIH €PEKILEIIIrT METAILTY PrUsUIBIK TEXHOIOTUsIFa KOJIIaHy TYPFBICBIHAH aca THIM/I,
OWUTKEH1 OJ1 METAJUTyprUsJIbIK OHJACY/I€ KOJJAHBUIAThIH HIMKI3aT MaTepHUasiapbIHbIH
(azanblk KYHiHIH epeKIleNniKTepiH aHblKTayFa MyMKiHaik Oepeni [2]. CoHbIMeH
Karap, OChl 3epTTeyJep/iH TYNKLTIKTI HOTH)KECI METAJUTYPrUsuUIbIK KOPBITIAIap/IbIH
KypaMbIHa )KaKbIH XKeKe Kyieeri (pazanblk KypaMHBIH JHarpaMMachl OOJIbI TaObLIa bl
Jlnarpamma KeMeriMeH MeTasll )KoHe KO KyHesepineri (hazanblK e3repicTepiH aHbIK
OaiikayFa >KoHe 3aTTapAbIH COHFbI KYHiH OopKayFa MyMKiHIIK Oepei. KerkoMmoHeHTTi
XKYHe YIIiH TepMOIMHAMUKAIIBIK-THAar paMMaJIbIK TaJ1ay apKbUIbI KaXKETTi KOPHITIAHBIH
XUMUSUIBIK KypaMbIHa OaillaHbICTBl (pa3aiblK KypaMblH aHBIKTAy >KYMBICTapbIH
xeninereni. COHABIKTaH 1a KapacThIpbulbi oThipral Ni-Fe-C-O metanabik xyiieaeri
KaXeTTi (hazaibIK KypaM/Ibl TEPMOIMHAMUKAJIBIK-HAarpaMMalbIK Tajl1ay TYPFBICBIHAH
3epTTey ©3€KTi OOJBIN TaOBLIAIBI.

ZKYMBICTBIH MaKcaThl — METAJ/IBIK JKYH€ HET131H/e HUKEeITbKYPaMIac KOPBITIIaHBIH
(hazasnbIK aybICy 3aHIBUIBIKTAPBIH aHBIKTAY KOHE KYPJEIIl KOPBITIIa KYPAMHBIH OOJIBICHIH
ecenTey.

Matepuannap MeH aaictepi. bonar 6aaKbITy TEXHOIOTHACHIH/IA KOJIAAHBUIATHIH
HHUKeJIbKypamJ1ac KOPBITIIa TEXHOJIOTUSCHIH jKacay YIIiH, TopT koMroHeHTTi Ni-Fe-C-O
KYHECIHIH TEPMOAMHAMHKAIIBIK KACHETIH OLTY MiHAETTI OOJBIN TaObLIA b

Tept komnonentTi Ni-Fe-C-O MeTanapIK KyHeciHiH AuarpaMMachiH Kypy YILiH,
OCBI JXYHeneri Ty3ineTin KochuibicTapbii ['n66c (AG,,) SHEprus MOHIH aHBIKTay
kaxer. Kocbuibictapabin AG, , MOHIH TEPMOJIMHAMHMKAIIBIK CO3JIKTEP KOMETIMEH
aHBIKTAIEI [3,4]. Analiga keitbip KOChUIBICTAp YIIiH AG,, MOHJIEepP1 KOK, COHIBIKTAH
Jla CTAaHAAPTTHI JKaF1aii1a Kanaanaa 6ip apajbIK KOChUTBICTAp IbIH I HOOC SHEPrHAChIHBIH
moHiH ['n60c-I"enpbMronbil TeHACyiMEH ecenteiai [5].

AG? = AHY — TAS? )

Tept komMmoueHTTI Ni-Fe-C-O Meranaslk xyiie yniiH TepMOIUHAMHUKAIBIK
napameTpiiep ecedl HoTmwKenepi kecte | KenTipiireH.
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Kecrte 1 — TepmoanHaMuKanbIK mapaMeTpiiep eceOiHIH HOTIXKecl
AGZQS’ AS298, AH298,
Ne Kochuibic
kJx/Momb Jx/mMonb JIx/Monb
1 NiO -211,597 37,99072 -239,7432
2 Ni O, -509,132 157,93 -485,344
3 Ni Fe -67,917 168,84 -15,56448
4 Ni.C 25,104 106,2736 75,312
5 NiCO, -617,926 86,1904 -694,544
6 FeO -224,299 60,75168 -264,8472
7 Fe,O, -740,338 87,4456 -822,156
8 Fe O, -1014,164 146,18896 -1117,128
9 FeC 18,794 108,3656 25,104
10 FeCO, -665,089 95,3952 -738,149648
11 CcO -137,143 197,543376 -110,524544
12 CO, -394,380 213,67688 -393,513568

1 - i kecTeie HOTHXKECIHEH Kopil TypFaHbIMbI3Iai, Ni-Fe-C-O MeTanabIK xKyieHiH
12 apanbIk KapanaitbiM KocbutbicTap Ty3ineni. Tept komnoneHTTi Ni-Fe-C-O MeTanasik,
xy#eci Fe-C-0O, Ni-C-O, Ni-Fe-O, Ni-Fe-C xeke TopT MeTanbIK *Kyie1eH Typaapl. Y1
KOMITOHEHTTI 1IIKi )KyHenepAiH TepT Kypamaac 0emiriHiH cyOCONUATIK KyphUIBIMbIHAH
IIBIFATBIH MIEKaPAJIbIK YIITIK XKYyHenep OolbiHIIa yebiHbUIFaH Majimertep Ni-Fe-C-O
KYHUECIHIH TeTpa’JpiHiH IIOFbIpIaHy KEHICTITIH 3JeMEeHTapiibl KBa3uCHUCTeMalapFa
ypbIC 06Ty YIIiH SKeTKITIKTI.

Ni-Fe-C-O »xyifecinze KpucraiaiaHy oONbICTapbIH aHBIKTAY YIIiH, KOHTPYSHTTHI
KOCBUIBICTAP/IbIH KOOPAUHATTAPHI 2-1111 KecTeie KenTipiareH. XXyiieae 16 KoHrpy>HTTI
KOHE MHKOHTPYSHTTI OAJKHUTHIH KapamaibIM jXKoHE KYpJenl KOCBUIBICTap TY3LIell.
JKorapbia KeNTipUIreH YIITIK XKyHenep HoTWxenepine cyiiene oteipbin, Ni-Fe-C-O
TETPa’Ap/bl aHBIKTAY YIIiH, KOPIIJIEC OPHAICKAH YIIOYPBIIITAPABI Ka3y apKbUIbI
OpHaTy OHalbIpaK. Opi Kapait CoKec YIIOYpHIIITH KOPBHITHIHBUIAY apKbLIBI 3ePTTENECTIH
TOPTTIK KYHEHIH HOTIKECIH/IE TeTpasp MbIFapbuiaabl. CoaH COH OCHI TOPTOYPHIIITHIH
Kypamzac OeJlikTepiHiH OipiH IIErepTy apKbUIbl, ipreiec Keiaeci TopTOyphIITH Ta0y
YILIH >KaJIbl )KYHeHiH 11K )KYHeCiHiH YIIOYphIIIbIHA AeHiH a3aiiTyFa 6omabl.

Kecre 2 — Ni-Fe-C-O »xyilecinaeri KOHTpYIHTTI KOHE MHKOHTPYIHTTI METAJIBIK
KOCBUIBICTAp >KOHE OJIapbIH KOOPIMHATTAPHI

Nep/p Kocsuibictap MaccaiblK KypaM HeTi3iHeri KoOpAHHaTTap

Ni Fe C O
1 Ni 1000 0 0 0
2 Fe 0 1000 0 0
3 C 0 0 1000 0
4 (0] 0 0 0 1000
5 NiO 786 0 0 214
6 FeO 0 778 0 222
7 Ni, O, 710 0 0 290
8 Fe O, 0 700 0 300
9 Fe,O, 0 724 0 276
10 Ni Fe 759 241 0 0
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11 Ni,C 936 0 64 0
12 Fe C 0 933 67 0
13 CcO 0 0 428 572
14 CO, 0 0 273 727
15 NiCO, 495 0 101 404
16 FeCO 0 483 103 414

1 — cyperre Ni-Fe-C-O TepT KOMIOHEHTTI XKYyleneri KOHIPY HTTI JKoHE
MHKOHTPYSHTTI OAJTKUTHIH KOCBUIBICTAP/IbIH TETPadApaIusl HOTHUKEC] KEJITIPLUIreH.

Xorapsiga KenATIpUIreH YUITIK XKyilenep HoTHKelepiHe cylHeHe OThIphIn, Ni-
Fe-C-O Terpasapzpl aHbIKTay YILIiH, KOPIILIEC OpHAICKAaH YIIOYPBIIITAPIbI jKa3y
apKbUIbl OpHATY OHAMBIpAK. Opi Kapail colikec YIIOYPBIIIThHI KOPBITBIHbLIAY apPKbLIbI
3epTTeJIETIH TOPTTIK KYHEHIH HOTHKECIH/E TeTpadap 1ibiFapeuiagsl. ComaH coH OChl
TOPTOYPHIIITHIH Kypamaac OeiKTepiHiH OipiH LIerepTy apKblibl, ipreiec Keyeci
TOPTOYPHIIITHl Ta0y YIUIH KaJIbl XKYHEHIH 1K1 XyHeciHiH YIIOypbIIIbIHA AeHiH
azaiityra Oomnagel. 1 - cyperre Ni-Fe-C-O TopT KOMIIOHEHTTI )KyHeAeri KOHTPYIHTTI
YKOHE UHKOHTPY3HTT1 OANKUTHIH KOCBUIBICTAP IbIH TETPAdIpallis HOTHXKECI KEeTIPUITeH.

CypeTTeH Kepin TypraHbIMBbI3Zal, JuarpaMMaHbl Kypy Ke31HJ€ HHUKEJb >KoHe
TeMIpAiH KapOuaTepl MeH kapOoHaTTapsl eckepinai. Ocbl fuarpaMMaHbl )KoHE OHbBIH
(azapIK KypbUIBIMBIH KaOBUTAAY B! )KEHUIAETY YIIIH OHBI KypaMac OeikTepre Ooik.
Tpanchopmanus kodpduimeHTTepl 6acTanKpl KOMIOHEHTTEP OOUBIHIIA (XUMHUSITBIK
Kypambl OOHMBIHIIA) (Pa3aIbIK Kypam/Ibl aHBIKTayFa apHaJIFaH Xu3a 9ICIMEH eCenTeiH/I1

[6].

Cypert 1 — Ni-Fe-C-O xyiieciHiH >aJIbl KopiHici
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Hukenbkypamaac KopsITHaizapAslH (a3ajblK KypaMblH aHbIKTay yiniH Ni-Fe-
C-O TopTTIK KYHECiHIH KOCBUIBICTAPBIHBIH (ha3ajblK Tere-TeHIITH Tajaay Ke3iHe,
KapacThIPBIN OTBIPFAH TOPT KOMITIOHEHTTI JKyiie 14 TeTpasapaan Typaabl 5KoHE OJapablH
KapamnaibiM Kesemepi (TeTpadap KeJeMIepiHiH Kallbl cymmachl 1-re TeH) 3 -mi
KecTeJle KeJTIpiIreH.

Kecre 3 — Ni-Fe-C-O TepT KOMIIOHEHTTI >KyHeaeri KapamaibiM TETpa’ip Ti3iMi XKoHE
oJIapJIbIH COMKeC Keaemepi

Ne p/p Terpasapnap Kapanaiibiv xkenemaep
1 2 3
1. Fe,0.-Ni,0.-O-CO, 0,135682
2. Fe,0,-Ni O.-FeCO,-CO, 0,009130
3. NiCO,-FeCO,-CO-CO, 0,037058
4. NiCO,-FeCO,-C-CO 0,136757
5. Fe O,-Fe,0.-C-Ni Fe 0,018216
6. Fe,0,-Fe .C-C-Ni Fe 0,195449
7. Fe O,-Fe,C-FeO-Ni Fe 0,002746
8. Fe-Fe C-FeO-Ni Fe 0,011289
9. NiCO,-C-Ni,C-Ni Fe 0,091133
10. NiCO,-Ni-Ni,C-Ni Fe 0,006231
1 2 3
11. NiCO,-Ni-NiO-Ni Fe 0,005209
12. NiCO,-Ni,0,-NiO-Fe O, 0,005373
13. Ni Fe-Fe,0,-C-NiO 0,170526
14. NiCO,-Ni Fe-C-Fe O, 0,175190
Cymma 0,999989

1 — cyperte xoHe 3 — KecTe/IH HOTIXKeJIepiHe Kepin TypranbiMbizaail, Ni-Fe-C-O
TOPT KOMIIOHEHTTI KYHEeHI KOHIPYIHTTI ’KOHE HHKOHTPYIHTTI OATKUTHIH KOCBLIBICTAPIBI
€CKepy apKbUIbI KapanaibiM TeTpadapre 6emy ke3inae onapabiy keaemi 0,999989 ten
OosFaHbIH Kepyre 0oJazibl. by TeTpasapanusHbIH TyphICTBIFBIH PACTAMIbI.

KopbITnia KypaMbIHBIH KBa3wxyienepain OipiHae opHaiacy KpuTepueciH Xusa
TeHjeyl OoibIHIIA ecenTenareH Oenriii Oip MOJUTONTHIH EKIHII KOMIIOHEHTTEPIHIH
N-1I1 CaHBIHBIH O0ap O0apibIK KOA(PDHUIIMEHTTEPIHIH OH MOHAEPI OONBIN TaOBLIA b
[7-10]. Y)Korapblaa alThTFaHIapBI €CKEPE OTHIPHII, KecTe 4-Te Xu3a oici OoibIHIIA
ecenTereH 0a3anbIK TETPadApHiH 14 KOHTPYIHTTI )KOHE MHKOHTPYIHTTI OATKUTHIH
KBa3HM-XKYHeJIepiHiH opOip eKiHIII KOMIIOHEHT] YIIH KO3 PHUIUEHTTEP] KeNTipijreH.
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Kecre 4 — KapanaiibiM TeTpasapiapablH Ti3iMmi, onapasiH keseMi xkoHe Ni-Fe-C-O
JKYHECIHIET1 eKiHIII KOMIIOHEHTTEP TeTe-TeH/IITH ecenTeyre apHairad KodppuimeHtrep

Terpasapuap. olapIeH KelleMi XoHe TpaHCchopMalsiiay ko3 guuuesTrepi
ol o 1 2 3 4 5 6 7
= % o Feo0s- Fe Os- N1COs- Ni1COs- Fe;Os4- Fes04- FesOs-
58l & Ni;Os- Ni;Os- | FeCOs- | FeCOs- FeOs- e FesC —
o= O- FeCOs- CO- C- C- C- C-
= g C02 C02 COZ cO Ni3:FC NigFE Ni3Fe
el
KeleMaep 0,13568 | 0,009130 | 0,037058 | 0,136757 0,018216 0,19545 0,00275
ai 0| 1025422 0 0 -3,96904 0 1,30537
Ni az 1,40845 0 0 0 3,65151 | -0,34032 0
as -0,40845 | -14,8612 | -1,76129 | -0,74825 0 0,02280 | -1,62290
as 0 5,60697 2.76129 1,74825 1,31752 1,31752 1,31752
by 142857 | -2,96609 0 0 12,5000 0| -411111
Fe by 0 0 2,07039 2,07039 -11,5000 1,07181 0
bs -0,42857 6,36908 0,50946 042811 0| -007181 511111
b4 0] -2,40299 | -1,57986 | -1,49850 0 0 0
1 0] -27.3070 0 0 0 0 57,2488
c Co 0 0 0 0 0 0 14,9254
3 -2,66300 | 39,57539 4,69032 1 1 1] -71,1741
C4 3,66300 | -11,2684 | -3,69032 0 0 0 0
di 0] -4,18834 2,02020 2,02020 -29,1666 3,62319 14,4074
o d> 0 1,40845 0 0 30,1666 | -2.81156 0
ds 1 6,07006 0,48048 0.40665 0 0,18837 | -13.4074
da 0] -2,29017 | -1,50068 | -1,42686 0 0 0
- Tetpasapmap, onapIsH KeleMi #oHe TpaHc]opMaranay KopQuImeHTTIepi
o o 8 9 10 11 12 13 14
25| : _ | _ | _ |
=R = Fe- N1CO:;- NiCOs- NiCOs- Ni1COs- NiskFe- Ni1COs-
52| g FesC- C- Ni- Ni- NiOs- Fe0s- NisFe-
© 2| E FeO- NisC- NisC- NiO- NiO- C- C-
n 5 NigFe NisFe Ni3FB Ni;Fe Fe,03 Ni0 Fe.03
Kelemep 0,011289 0,09113 | 0,006231 | 0,005209 0,005373 0,170526 | 0,175190
a -0,31752 0 0 0 0 0,87846 0,28870
Ni a 0] -0,06838 1 1 -2,81579 | -0,30244 1,12924
as 0 1,06838 0 0 3,81579 0] -0,02916
as 1.31752 0 0 0 0 0,42398 | -0,38878
by 1 0 0 0 0 1,38278 | -0,90922
Fe b, 0 0,21534 | -3.14938 -3,14938 -4,43233 0,95250 0,59297
bs 0] -336472 0 0 4,00376 0 0,09183
by 0 4,14938 4,14938 4,14938 1,42857 | -1,33528 1,22442
C1 -13,9254 0 0 9,90099 9,90099 0 0
C © 14,9254 1| -14,6250 9.79060 | -27.56827 0 0
' C3 0 0 15,6250 | -18,69159 18,66728 1 1
Cq 0 0 0 0 0 0 0
ds -3,50450 2.47525 2.47525 0 0| -3,22649 2,12152
o d2 0] -0,16622 2,43100 -3,67290 10,34210 1,11083 | -1,38360
d; 4,50450 | -1,30903 | -3.90625 4,67290 -9,34210 0] -0,21427
dy 0 0 0 0 0 3,11565 0.47635
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HoTtmxenep xoHe Tankpuiay. HukenbKypamaac KOPHITIIaHbIH (Pa3aiblK KypaMbIH
AHBIKTAy YIIIH TEPMOJIMHAMHKAIBIK-IAArPAMMAIIBIK Talay HOTIIKECIHIH KOJIIaHy
ApKBUIBI, SIFHU 4-1111 KecTe[e KeATIPUITeH dp kKeKe TeTpadapiiH kodpduiuentrepine
ColKeC HUKEJIbKYPaM/Ibl KOPBITIIAHBIH XUMUSIIBIK KypambiH (100%-Fa TeH etin 6eminy
KaKeT) KOubIn ecenteiini. HoTmxkecinae ecentey OapbIChIHIAa HOPMATHBTI-(a3aibiK
KYpaMbl OH MOHTe he 60Jica, KOPBITIA KYpaMbl COJI )KeKe TEeTpadip/ia OpHaIacabl.

5 - mi KecTene dp TYpJi XUMUSIIBIK KypaMFa e HUKEIbKYpaM1ac KOPBITIIaHBIH
XUMHUSIIBIK KYpaMbl JkoHe (a3aibIK KypaMbl KEITIPUITeH.

Kecre 5 — HukenbKkypamaac KOpBITIIAHBIH XUMUSUIBIK KOHE (Pa3ablK Kypambl

XUMUSIBIK Kypamsbl, %o ®dazansIk Kypamsl, %
Marepan Ni Fe C Fe Fe.C Ni Fe
Kopsitna-1 15,0 82,5 2.5 42923 37,314 19,763
Kopsirma-2 25,0 78 2 37,212 29,850 32,938
KopsiTna-3 35,0 63,5 1,5 31,499 22,388 46,113
KopsiTna-4 45,0 54,0 1,0 25,787 14,925 59,288

3epTTey HOTHXKENEepi KOPCETKEHIeH, HUKEIbKYpaMIac KOPBITIAaHbIH (a3abiK
Kypambl Fe-Fe C-Ni,Fe KocbuibicTap/ian TypaThiH 00JIbICTa OPHATIACKAH.

KopbIThIHABI

Hukenpkypamaac KopbITia KypaMbeIH Mojenbaeyre apHanral Ni-Fe-C-O Teptrik
KOMITOHEHTIHIH JKy#eci )kacapl. TepMoIMHaMUKAIBIK-THar paMMAaIbIK TaJIIay 91iCIHIH
ecenTey MapTTapbl KENTIPLUIIL.

TepmoanHaMuKaNbIK-AHarpaMMaiblK Tangay Hotmwkeci O6oitpiama Ni-Fe-C-O
TOPT KOMITOHEHTTI XKyie 14 Terparapaan typaasl. Ni-Fe-C-O xyiiecinaeri OeniHreH
KapanaiibiM TeTpasapiaapasiH kenemi (V= 0,999989) tex 6omnbl.

Ni-Fe-C-O xyiieciHiH KBa3uKesaeMmIepl apKblIbl HUKEIbKYPaMaac KOPBITIIAHBIH
dazanblK Kypamaapsl aHbIKTaNAbl. HoTkeciHae HUKEIBIIIH op TYpJi XUMHUSIBIK
Kypambl Ke3inze pazanbik Kypambl Ni,Fe-Fe-Fe,C o6abicbinma opHanackaH.

Kap:xbuianabipy

by xxymeic Kazakcran PecriyOnukacs! FelabIM skoHE KOFaphl O11iM MUHUCTPJTITIHIH
FpuibiM KOMUTETI KapKbLIaHABIPATHIH 3epTTey IHIeHOepiHae opbiHAanasl. (rpanTt Ne
AP19679501).
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Marepuan noctynuin B pegakuuto 16.07.23.

UCCJEJOBAHUE YETBIPEXKOMIIOHEHTHOM
CUCTEMBI NI-FE-C-O C TOYKH 3PEHUSA
TEPMOANHAMUNYECKHU-IUAT'PAMMHOI'O AHAJIM3A

B oOannoii cmamve npugedenvt ¢hazosvie nepexoovl HUKENCOOePIHCAUe2O
cnaasa U cocmas KoMniekcHozo cnaaga. Coz0ana uemvlpexKkOMNOHeHmuas
cucmema Ni-Fe-C-O u onpedenenvl pe3ynrbmamvl Mamemamuieckon Mooenu
pacuema ¢hazoeozo cocmasa Huxeabcooepicaujeeo cnaasa. bviio obuapysiceno,
umo uemvipexkomnonenmuas memaniuveckas cucmema Ni - Fe - C - O cocmoum
U3 uemvipex OmoOenbHbIX MEMANIUIEeCKUX MpexKomnonenmuuvix cucmem Fe - C
-O, Ni-C-0O, Ni-Fe-O0O, Ni-Fe-C, unpu anaruse (hazoe02o pagHosecus
coedunenuli wemeepmuunou cucmemwvt Ni - Fe - C - O, paccmampueaemas
UemvlPeXKOMNOHEHMHAs cucmema cocmoum uz 14 mempasopos u paccuumana no
Memody Xuswl 6eco 06vem . Pazbuska obwel cucmemvl 0Cyuwecmeanena ¢ y4emom
KOHZPYIHMHBIX U UHKOH2PYIHMHBIX coeoutenull. CyMma OmHocumenbubix 00vemos
aneMeHmapHvix mempa’opos pasna (V=0,999989), umo noomeepaicoaem eeprocmo
npogedennol mempasopayuu. bvino dokasano, umo npu usmenenuy 21eMeHmos 8
cocmase Hukeacooepacaujeco cnaaga, m. e. Ni - 15-45 %; Fe 54,0 - 82,5 %,; C 1,0 -
2,5 %, gasoewiii cocmae cnaasa naxooumces 6 oonacmu Fe - Fe C - Ni Fe.

Knioueswvie cnosa: MepMOOUHAMUYECKU-OUACP AMMHBLLL ananus,
HUKeIbCoOepHcawull  cnias, @aszoeuvlii cocmas, Kapbomepmudeckuti npoyecc,
MPEXKOMNOHEHMHAS CUCMEMA, YeMbIPEXKOMNOHEHMHAS CUCMEMA.
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Material received on 16.07.23 A. C. EpxaHoe?, I1. A. Mamoe®
134K aparaHIMHCKUI MH/TyCTPUAIBHBIA YHHBEPCUTET,
STUDY OF THE FOUR-COMPONENT NI-FE-C-O SYSTEM FROM THE Pecniy6nuka Kazaxcrawn, r. TemupTay;
POINT OF VIEW OF THERMODYNAMIC-DIAGRAM ANALYSIS *HOxHO- Y palIbCKUi TOCYAapCTBEHHBI YHUBEPCHTET,
Poccuiickas ®eneparus, r. YensiOnHCK.
This article presents the phase transitions of a nickel-containing alloy and the *e-mail: bakytsuleimen@mail.ru
composition of a complex alloy. A four-component Ni-Fe-C-O system was created
and the results of a mathematical model for calculating the phase composition of a KOMIJIEKCHOE UCCJIE[JOBAHUE COCTABA
nickel—cmlfltaining alloy were determined. It was found that the four-component metal U CTPYKTYPHbBIX OCOBEHHOCTEM XXENE3HOU Py/fbl
system Ni - Fe - C - O consists of four separate metal three-component systems Fe - JINCAKOBCKOIO MECTOPOXEHMUSI

C-0O,Ni-C-0O, Ni-Fe-O, Ni-Fe- C, and when analyzing the phase equilibrium
of compounds of the quaternary system Ni - Fe - C - O, the considered four -
component system consists of 14 tetrahedra and is calculated by the Hiza method of
the entire volume . The breakdown of the general system is carried out taking into
account congruent and incongruent compounds. The sum of the relative volumes of
elementary tetrahedra is equal to (V=0.999989), which confirms the correctness of
the tetrahedron. It was proved that when the elements in the composition of a nickel-
containing alloy change, i.e. Ni - 15-45%; Fe 54.0 - 82.5%, C 1.0 - 2.5%, the phase
composition of the alloy is in the Fe - Fe3C - Ni3Fe region.

Keywords: thermodynamic-diagram analysis, nickel-containing alloy, phase
composition, carbothermic process, three-component system, four-component system.

Hacmosiwyee uccneoosanue nocesaujeHo uyueHuto 0cobeHnocmeli 00IUmMo8oul
arceneznou pyowl Jlucakoeckoeo mecmopodcoenust. IIpoeedensvt sxcnepumenmol no
PA3N0ACEHUIO 00IUMOBOTU PYObL 8 AMMOCHEpe 8030YXa € 0OHOBPEMEHHBIM KOHMPOIEM
memnepamypul u maccwl 0opazya. Obwas nomepsi maccvl npu 0bxHCU2e COCMABUNA
npakmuyecku 15 %. JlemanvHas Xapakmepucmuxka XuMuueckoeo cocmaed u
MUHEPANOSUU CBIPOUL U 0DONCHCEHHOU PYObl ObLIA NPOBEOEHA ¢ UCNONbIOBAHUEM
ONMUYECKOU U INeKMPOHHOU MUKPOCKONUU, MEMOOOM PEHM2EeHODA308020 AHAIUZA
¢ nomowpwio Ougpakmomempa. Buiseneno, umo enaeHviM pyoOHbIM MUHEPATLOM
00UMOBOU PYObL SAGIACMC 2EMUM, KOMOPbLL NOCLe OKUCTUMETbHO20 00dcuea
mpancghopmupyemcs 6 eemamum. Jpyeum pyOHbIM ~MUHEPAIOM  ABJAemCcs
MacHemum, cpeou HeMemailudecKux MUHepanog ecmpedaemcs keapy. Pocgpop
npucymcmesyem 8 ude 2uopoghochama sncenesza u pocpama antomunus. Ilocmpoena
Kapma pacnpeoenenus 0CHOGHbIX 9AEMEeHmMOo8 8 Ucx00Hou pyoe. [loomeepaicieno,
umo oonumuvl 06PA308aHbl NPEUMYUJECMBEHHO OKCUOAMU Jicenie3d, NPUCYMCMEYION
paszvl nycmoii nopoovl, cocmosiuue 8 OCHOBHOM U3 OKCUO08 KPEMHUsL, Kpome Mmoo,
8CMPEUaromesi U KOMNIEKCHble OKCUOHble ¢hazvl, 20e NPUcymcmeyiom HecKoIbKO
anemenmog (Fe, Si, Al). [lonyuennvie dannvle Mocym 0bims noiesmwl 0Jist pa3padomKu
meopuu U MEXHONO02UU  NUPOMEMATYPSULECKOU NepepabomKu  0OAUMOBbLIX
JHcenesHbIX pyo ¢ 8bICOKUM codepaicanuem ocghopa.

Knroueswvie cnosa: scenesa, scenesnas pyoa, eémum, cemamum, 0oaum, ghocgop,
Jlucakosckoe mecmoposicoenue, OKUCTUMETbHBIN 00dCUe.

Beenenne

OonuroBas xene3Hast pyJa HpeacTaBiser co0oil 0aHO U3 HanboJee 3HAUUMBIX
HOPUPOAHBIX PECYPCOB, UTPAIOIIUX BAXKHYIO POJIb B MUPOBOM MpoMbIuIeHHOCTH. Ha
CErOJHALIHUN JEHb CYLIECTBYIOT OTPOMHOE KOJIUYECTBO MECTOPOKICHUNA OOJIUTOBOMN
xene3noi pyasl: Kopou (Benukobpuranus), ['apa-/Ixebuner (Amxup), JlorapuHruu
(Opannums), Ansoepra (Kanana), Banu-®aruma (Caynosckas Apasus), [1esy (Ilakucran),
Pamum (M3pannbcko-nuBaHckas rpanuna), Ardas (Hurepus), Exi (Kurait) [1-8]. ITo
JUTEpaTyPHBIM JJAHHBIM 3aI1aChl OOJIMTOBBIX KEJIE3HBIX Pyl COCTABIIAIOT 0K0JI0 10 MiIp.
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T B Kutae, 140 min. T. B ctpanax EBponsl, u 66 miH. T. B [lakucrane [8—10]. OnnuM u3
KPYIHEHUIINX MECTOPOKICHUN XKeJe3HOU pyasl B Poccnn u mupe sBiisiercs bakuapckoe
MECTOPOKIEHHE, 3aI1aChl KOTOPOTro cocTaBisAoT 28,7 Miipa. T. [11]. Bypokene3nsikosble
pyas! JIucakoBCKOro u AsITCKOro MECTOPOXK/IEHUS COCTABIISIOT Oojiee 6 MIIpA. TOHH U
npezacTaBisioT 6oiee 60 % 3amacoB Beex Kene30pyAHbIX MECTOpoXkKAeH!H PecrryOnuku
Kazaxcran [12—13].

JIncakoBCKOE XKeIe30pyAHOE MECTOPOXKICHHE, PACIIOI0KEHHOE Ha IIPAaBOM Oepery
p. To6on B Kocranaiickoii obnmactu, sSBIs€TCA OJHUM M3 KpYIMHEHIINX U Hamboiee
U3Yy4YEHHBIX UCTOYHHUKOB OOJINTOBOW pynbl. MecTtopoxkieHue oTkpbITo B 1949 rony
Y panabCcKUM IeoIOrH4ecKruM yIpaBiieHHeM, a ¢ 1970 roaa pa3zpadbaTeiBaeTcsi OTKPHITHIM
crocoboM, uto obecrieunBaeT Oosiee JEUIEBYIO A0OBIYY pyAbl. 3amackl pyasl, €
yrBepxaeHHbIMU B I'K3, onienensl o cienyromum kareropusim: A+B+Cl1, co cpegaum
coziep:kanueM xenesa 35,4 %, cocrasisitor 1728,2 mun 1; C2, coneprxkaiieit okoio 25,56
% xene3a, coctaBisaoT 1158,36 mitH 1. 3a6anaHcoBbIE PY/bL, CO CPEAHUM COIEPIKAHUEM
xenesa 25,56 %, coctaBusaoT 3031,6 maH T. [TaBHBIM MHHEpAIOM JIMCAKOBCKUX
PYA SIBIII€TCS TUAPOTETHUT. JINCAKOBCKHUE PYJIbI MIPEJICTABISAIOT COOON PHIXIIYIO CMECh
0O0JIUTOB OYpOTo KeNe3HsIKa 1 3epeH KBApIIEBOI'0 IEeCKa C HU3KUM COJIep)KaHHEM XKeJie3a
(30-40% Fe), noepiennsiM KoauyectBoM (ochopa (0,8-1,2% P,O,) n rnunozema
(4-5 % AlLO,) [15-17].

enbto maHHOW pabOTHI SABIAETCA KOMIUJIEKCHOE HCCIEJOBAaHUE COCTaBa U
CTPYKTYPHBIX OCOOEHHOCTEH kKeae3Ho pyasl JIMCAKOBCKOTO MECTOPOXKIACHUS U
IPOIIECCOB MPeoOpa3oBaHus €€ CTPYKTYPHBIX COCTABJISIONIMX MPU MPOKAIMBAHUU.
Pe3ynbraThl HCCIeI0BaHUS MOTYT OBITh MOJIE3HBI JIUIsl IPOSKTUPOBAHUS U Pa3pabOTKU
TEXHOJIOTMYECKUX CXeM O0OTalleHHus M MOCIenyromeld nepepaboTKu, a TakxKe A
NPUHATUS PELICHUM O JAJIbHEHIIEH 3KCIUIyaTaluu U pa3BUTUHU JIMCaKOBCKOTO
MECTOPOKIACHHUS.

MarepuaJjbl 1 METOABI

B xauecTBe 00beKTa HCCIIeJ0BaHUS BRIOpaHa phIxJiasi 00IUTOBas pya JlncakoBckoro
MECTOPOXKIAEHUs KpynHOCThI0 10 1 MMm. KomIuiekcHOe McciieloBaHHE MCXOIHOIO
MaTepHala BKJII0YaJI0 UCCIIE0BAaHUE FIIEMEHTHOTO U MUHEPAJILHOTO COCTaBa YacTHll,
npeoOpa3oBaHuil pybl IPU HarpeBe, MOCTPOCHHUE KapT paclpe/iesieHHe 3JIEMEHTOB B
YaCTHUIAX PY/IbL.

JUst u3y4eHus ociae10BaTeIbHOCTH IPeoOpa30BaHUi B py/ie IIPU HarpeBe MPOBETH
SKCHEPUMEHTHI BO B3BelIMBaouieil MydenpHoii neun Nabertherm ¢ Bo3MOKHOCTBIO
HENPEPBIBHOTO KOHTPOJISL TeMIepaTypsl U Macchl oOpasna. Ilpu 3ToM, B pabouyro
30HY €YH MOMENAIN KOPYHAOBBIA TUTEJb, B KOTOPBIM 3achlIali MOPOLIOK PYJIBL,
HarpeBaiu co ckopocthio 250 °C/uac no temnepatypsl 1200 °C u BbIAepKHUBaIN B
TeyeHue 1 vaca. [l vccinenoBaHusl Ha ONTHYECKOM U AJIEKTPOHHOM MHUKPOCKOIIAX
00pa3ibl HCXOHON M 000XKEHHOH py/JT 3aIMBaIH SMOKCUIHON CMOJIOH, nutndoBanu
U TTOJIUPOBAINA. XUMUYECKUN COCTAB CTPYKTYPHBIX JIEMEHTOB 00pa310B ONpeIesid
Ha 3JIGKTPOHHOM MHuKpockone JSM-6460LV ¢upmer JEOL ¢ ucnoiap3oBanuem
SHeproaucrepcuonHoro ananuzaropa ¢upmel Oxford Instruments s onpeneneHus
3JIEMEHTHOTO COCTaBa B TOUKAX U I10 IIJI0IIAJ1 MUKPOPEHTI€HOCIIEKTPAIbHBIM METOAOM.

174

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2023

PentrenodasoBsiii ananu3 npooauiau Ha nudpakromerpe «Rigaku Ultima IVy.
[Tomyuennsie nudpakTorpaMMel paciupoBaiv ¢ HOMOIIBI0 IporpaMMel «Match! 3».
Pe3yabTaThl H 00CYKIEHUSA
Ha pucynke | npeacraBieHsl pe3ysibTaTbl KOHTPOJIS MAacChl pyAHOro o0pasiia npu
HarpeBe, a Ha PUCYHKE 2 — pe3yJbTaThl paciin(ppoOBKA PEHTICHOTPaMMbI 00pa3LOB
PYJBI 10 U TIOCTIE 00KHTa.
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Pucynok 1 — I3mMeHeHre Macchl HICXOIHOTO MaTepuasa
npu o0Xxure B arMmocdepe Bo3ayxa

Ha rpaduke n3meneHust Macchl OT TeMIEpaTypsbl (puc. 1) MOKHO BBIICIUTD YETHIPE
xapaktepHbix yuactka: MmeHee 320 °C, ot 320 °C go 430 °C, ot 430 °C g0 900 °C u
6omee 900 °C. YuutbiBasi MUHEPATBHBINA COCTaB HCXOIHOM PyIbl, MOYKHO MPEATIOaraTh,
YTO Ha MEPBOM YYACTKE MPOUCXOAMUT IUCCOLMALNS THAPOOKCHIOB *keine3a [18], Ha
BTOPOM y4YacTKe — JHUCCOIMAIMsI KapOOHATOB eJie3a 1 0ojiee MPOYHbIX KapOOHATOB
KaJbIUsl U MarHusi, a Ha TPEThEM ydacTKe pasjoxkeHus ruapodocdara aTroMUuHUS,
TaKKe BhIropaHue npupoaHoro yriiepoaa [ 19]. [oseimenue temnepatypsi Boiiie 900 °C
COMPOBOXKAACTCSI HE3HAUUTEIBHON MOTEPEel MacChl Py/bl, IPU MPOJOIKUTEIHHOM
BeIZiepkke (1 ywac) mpu Temneparype 1200 °C, macca KOHIIEHTpaTa HE U3MEHSETCSI.
Ob6mee n3menenne maccel coctaBmiio 14,5 %. [lpu ananuze rpaduka 3aBUCUMOCTH
CKOPOCTH M3MEHEHHMSI MacChl PyJbl OT TeMIepaTyphl, BUIHBI 2 TTUKa cKopocTH. [Ipu
temnepatype 186 °C ckopocth motepu macchl cocrasisier 0,111 %/mun, a npu
temnepatype 337 °C BBIABISIETCS MaKCUMYM CKOPOCTH MOTEPH MACChl U JIOCTUTAET
0,299 %/mun. B Temnepatypuom unrepBaiie 525-1200 °C ckopocTh MOTEPU MACCHI
cocrasiset oT 0,075 mo 0 %/MuH.
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Pucynok 2 — PentrenorpaMmma UCXoaHOH (2) U 0003xxkeHHOH (0) pyab

®azpr: 1 — FeO(OH), 2 - Fe,O0,, 3 - Si0,, 4 — AIPO,, 5 — FePO, 2H,0, 6 —
CaHPO, 2H,0, 7 - Fe O,, 8 - FePO, Ca Fe,O,

OcHoBHBIMY (hazamu UCXOHOM py bl siBstoTCs ré€TuT FeO(OH), marnerur Fe, O,
1 kBap1l SiO,, HOMUMO OCHOBHBIX (a3 BbisABJIAIOTCA coenunenus AIPO,, FePO4 2H O
u CaHPO4 2H20 (puc. 2a). I[Tocne OKUCAUTETHHOTO O0XKUTA BBIABISIOTCS (Ha3bl
Fe,O,, FePO, u Ca Fe O,. CornacHo pesynbrataM pEeHTI€HO(pA30BOTO aHAIN3a, TPy
okucnurenabHoM HarpeBe Tétut FeO(OH) Tepsier Bogy M mpeBpamiaercs B reMaTUT
Fe,0,. ®ocdop B mpomykTe 06)Mra NpUCyTCTBYET B Bujie coenunennii FePO, u AIPO,
(puc. 20).

Hcnonp30BaHue ONTHYECKOTO U AJIEKTPOHHOTO MUKPOCKOIIOB ITO3BOJIIIO BBISIBUTh
CTPYKTYpPHBbIE€ KOMIOHEHTBHI PYJbl U MPOAHAIU3UPOBATH MPOUCXOASAIINE B HUX
U3MEHEHHUs IPU OKHUCIIUTEIHHOM Harpese.
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Pucynok 3 — KapTsl pacnpeneneHus 31eMEHTOB B HCXOTHOU py/Ie.

Ha pucynke 3 npencraBiieHbl KapThl PacipeelIeHHs B UICXOTHOW PyJie OCHOBHBIX
AIIEMEHTOB, KOTOPBIE MPUCYTCTBYIOT B 3HAYUTEILHOM KOJMYeCTBE. BUIHO, 4TO YacTh
anemeHToB (O, Fe, Si, Al) BU3yaabHO MO’KHO COOTHECTH CO CTPYKTYPHBIMHE 2JIEMEHTaMH,
npecTaBIeHHBIME Ha (otorpaduu. Tak, 00JUTH 00pa30BaHbI MPEHMYIIECTBEHHO
okcuaamu xenesa. J[pyrue ¢asbl cocTOAT, B OCHOBHOM, U3 OKCHJIOB KPEMHUS H
anmromMuHHAs. Kpome TOro, BcTpedaroTcss U KOMIUIEKCHBIC (a3bl, IJIe MPUCYTCTBYIOT
cpa3y Heckosibko 3emeHToB (Fe, Si, Al). ®ocdop, kambluii 1 MarHUA pacrpeaesIeHbl
NPaKTHYECKH PAaBHOMEPHO IO Bcel ruromanu GoTorpaduu, U UX MPaKTUIECKH
HEBO3MO)KHO OTHECTH K KaKOW-TO KOHKPETHOH (ase.

Cnexp 3

imm 3nexTponkoe wiobpaxkexne 1 i 300mEm . 3nekTpoHKoe niobpakeHue 1

Pucynok 4 — CTpyKTypHBIE 37IEMEHTBHI HICXOAHOU PYIbI

Ha pucynku 4 u 5 mpencrtaBieHb QoTorpaduu c obnacTtiaiMu
MUKPOPEHTI€HOCIIEKTPAJIbHOTO aHAJIU3a CTPYKTYPHBIX COCTABJISIOIIUX B MCXOJIHOM
1 0003 KEHHOM 00pa3iax, a pe3yiabTaThl MUKPOPEHTTEHOCIEKTPAIbHOTO aHan3a
CTPYKTYPHBIX COCTaBJISIOUINX MpeacTaBieHbl B Tabnune 1 u 2. Ha pucynke 4a MOXHO
yBUZIeTh (a3pl oonrTa (CHeKTp 1), KOTOphIe UMEIOT KPYTriaylo (hopmy, Takke ¢asbl
KBapua (CHekTp 2) U KOMIUIEKCHBIX OKculoB (crekTp 3). [locie oxucauTenbHOro
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00XHUra OOJUTHI HE Pa3pyIIAOTCS, UMEIOT TaKkKe KPYTIyro (GopMy, HO TOSBISIOTCS
TpemuHsl (puc. 5).

Tabnuna 1 — XuMudeckuit coctaB UCXOAHOU pyabl (at. %)

Crnekrp | O Mg Al Si P Ca Ti \% Mn Fe Co Cu Zr
la 70,6 |- 2,6 1,0 0,4 0,1 - - - 249 10,2 - 0,2
2a 67,8 |— — 322 |- — — - — - - - -
3a 67,7 |— 8,7 12,5 |- 7,6 0,1 0,1 — 33 - - —
16 70,0 0,3 2,0 1,6 0,6 0,1 - - 0,1 252 10,1 -

26 64,9 |- - - - 0,1 - - 0,1 34,6 |03 - -
30 70,0 |- - - — 0,1 - - 0,2 29,4 10,2 0,1 —
46 68,2 |— — 0,2 — - - - 0,1 31,4 |0,1 - -

500mkm 3nexTposHoe nsoBpaxenue 1 500mkm 3nexTponHoe usobpamenne 1

Pucynok 5 — CTpyKTypHBIE 3JIEMEHTHI 000KKEHHOT0 00pasia

Tabnuna 2 — XuMu4deckuit coctaB 000X KEHHOU pysl (aT. %)

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2023

Cnextp |O Mg Al Si P Ca Ti Cr Mn Fe Co Ni Zr
la 61,8 |03 2,2 1,6 0,3 0,2 — 0,1 332 10,2 - 0,1
2a 67,7 |- — 322 |- — — — — 0,1 — — —
3a 542 |- 0,6 0,2 — — — 0,7 0,7 43,1 |03 0,2 —
16 694 |- 0,8 27,6 |- 0,1 — — — 2,1 — — —
26 54,1 |- — 5,5 — — 0,6 12,6 |04 19,6 |— 7,2 —
36 53,5 |- 4,2 2,4 0,3 0,2 — 0,1 0,1 38,8 10,2 — 0,2

W3 tabnuupt 2 ceyeT, 9To Ipy OKMCIUTENLHOM 00xkure 3a cueT yaanenus H O u
CO,, KOMMYECTBO KUCIOPOA B 000MOKEHHON Py/I€ CHUKAETCH, @ KOIMYECTBO OCTAIBHBIX
3JIEMEHTOB YBEITUYHUBAETCS MPONOPIIMOHaIbHO. B Tabnuimax 1 u 2 B Toukax 2a MOKHO
YBUJIETh YUCTBIA TUOKCH]T KDEMHHSI.

B pe3ynbraTe OKHUCIUTEIBHOTO 00XHWra B OOMUTOBOU pyae JlmcakoBCKOTO
MECTOPOXKJICHHSI MarHUTHBIC CBOWCTBA HE MOSBIAIOTCA. [loka3aHO 4TO OOXKHUT HE
NpUBEN K MEXaHMUYECKOMY Pa3pyIICHUIO OOJIUTOB, OTHAKO B HUX MOSBUIMCH HEOOIBIIIHE
TPEIINHBI.
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Marepuan noctynui B pegakuuto 18.06.23.

*b. T. Cyneiimen’, H. bI. Kocoaynemoé’, I'. A. Aounoé’, A. C. Epycanoé’, I1. A. 'amos’
1-234Kaparanipl HHAYCTPHSIIBIK YHUBEPCHTETI,

Kazakcran Pecniyb6nukacer, Temipray K;

*Onrycrik-Opan MeMilekeTTik yHuBepcureri, Peceii denepanusicel, YensOMHCK K.
Marepuan 18.06.23 Gacnara TycTi.

JIMCAKOBCK KEH OPHbBIHBIH TEMIP KEHIHIH KYPAMbI MEH
KY¥PbIJIBIM/IBIK EPEKIIEJIIKTEPIH KEIUEHAI 3BEPTTEY

byn zepmmey Jlucaxosck ken OpHLIHOG2bI 00AUN MEMIP KeHIHIY epeKuleNiKmepin
sepmmeyee apHanean. Yieiniy memnepamypacbl MeH maccacvlh Oip meseinoe
OakpLial omeipsbin, aya ammochepacvlHod OO0aUM KeHiH blovblpamy OOUbIHUA
aKcnepumenmmep cypeizindi. Kyuoipy xeszinde oicannvl maccanvly Hco2anybl
wamamern 15% kypaowi. Llluki scone Kyuodipineen KeHOEpOiH XUMUSIBIK Kypambl
MEH MUHEPANO2USCHIHBIY —e2oHCell-Me2AHCeUN] CUNAMMAMAChl ONMUKAILIK, JHCOHE
INEKMPOHObI MUKPOCKONUSIHBL, OUPPAKMOMemMPOIH KoMe2iMeH peHmeeHOIK (ha3anbik
manoay 90icin Konoana omuipvin xcypizindi. Qoaum KeHiniy nezizei KeH MuHepabl
2emum exeni aHblKmanovl, 0J1 Momvl2y KyuoipiieenneH Ketliin 2emamumie auHanaoul.
backa xen mumnepanvi-macnemum, Memanl emec MUHEpAIOap apaculioa Keapy
Kez0ecedi. Docghop memip cuopoghochamul dncone anomunuil pocghamol mypinoe
bonaovl. bacmankwl xenoezi nezizei anemenmmepoiy, Mapany Kapmacwvl CarbiHObl.
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Oonummepoiy nezizinen Oipoeti-ne3 OKCUOMepiHeH Mmy3iiemini pacmanobl, He2i3iHeH
KpeMHULl MOmbIKMAapblHaH mypamuli 60C HCLIHbICMbIY (hazanapvl 0ap, COHbIMEH
xamap oipuewe snemenmmep (Fe, Si, Al) bonamvin xewenoi momulx pazanapul 6ap.
Homuoicenep arcoeapvl gpochopavt oonum memip KeHOEpiH NUpOMEemaiiypeusiivly
on0eyOiy MeopusaCyhl MeH MEeXHOIO2UACHIH HCACAY YWIH NAl0anbl 6OIYbl MYMKIH.

Kinmmi ce30ep: memip, memip Kemi, eémum, cemamum, ooaum, ¢pocgop,
Jlucakosck ken opHbl, MOMbIKMbIPLIN KYUOIPY.

*B. T. Suleimen’, N. Y. Kosdauletov’, G. A. Adilov’, A. S. Yerzhanov’, P. A. GamoyV’
234K araganda Industrial University, Republic of Kazakhstan, Temirtau;

>South Ural State University, Russian Federation, Chelyabinsk

Material received on 18.06.23.

INTEGRATED STUDY OF THE COMPOSITION AND STRUCTURAL
FEATURES OF IRON ORE OF THE LISAKOVSKOYE DEPOSIT

This study is devoted to the study of the features of the oolitic iron ore of the
Lisakovskoe deposit. Experiments were carried out on the decomposition of oolitic
ore in an air atmosphere with simultaneous control of temperature and sample weight.
The total weight loss during firing was almost 15%. A detailed characterization of
the chemical composition and mineralogy of raw and burnt ore was carried out using
optical and electron microscopy, X-ray phase analysis using a diffractometer. It was
revealed that the main ore mineral of oolitic ore is goethite, which after oxidative
roasting is transformed into hematite. Magnetite is another ore mineral; quartz
is found among non-metallic minerals. Phosphorus is present in the form of iron
hydrophosphate and aluminum phosphate. A map of the distribution of the main
elements in the original ore has been constructed. It is confirmed that the oolites are
formed mainly by iron oxides, there are gangue phases, consisting mainly of silicon
oxides, in addition, there are also complex oxide phases, where several elements
(Fe, Si, Al) are present. The obtained data can be useful for developing the theory
and technology of pyrometallurgical processing of oolitic iron ores with a high
phosphorus content.

Keywords: iron, iron ore, goethite, hematite, oolite, phosphorus, Lisakovskoe
deposit, oxidative roasting.
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MPHTMH 53.37.91 Beegenne

https://doi.org/10.48081/ENPE6713 MunepanpHble 3amackl 30J10Ta HE O€3rpaHUYHBl U IIPU COBPEMEHHOM YPOBHE
noTpebIeHus U TOI0BOM J100bI4e =~ 3 THIC. TOHH, TUX 3amacoB XBaTut Ha 18—19 mnerT.
B cBs13u ¢ 3TUM, 60IIBIIIOE 3HAYCHUE UMEET PAaCIIMPEHNE MATEPUATIbHO — CBIPHEBOM Oa3bl
MCTOYHUKOB 30J10Ta. TaKMMHM MUCTOYHUKAMH MOTYT SIBJISITHCSI TEXHOTE€HHBIE OTXOJIBI.
Hanpumep, B AO «I'MK Kazax anteiny o0umii 00beM TEXHOJIOTHUECKIX MUHEPATbHBIX
obpazoBanuii (TMO — XBOCTBI epepabOTKH 30JI0TOCOIEPIKAIINX PY) COCTABISET 25
MJIH. TOHH [1], a 3amacel Ua0B B XpaHuiauile MailkanHCKOW 30J10TOU3BIEKATEIbHOMN
¢dabpuxu Nel cocraBmstor 6omnee 1 miH. ToHH [2].

[lepepaboTka ChIpbsi TEXHOT€HHBIX MECTOPOXKICHHUH 3aBUCHT OT TOI'O B KAKOM BH/IE
Pecny6sinka Kazaxcraw, r. [1aBiogap; B HUX HAXOJUTCS 30JI0TO. B 3aBUCMMOCTH OT 3TOro BHayaje K TEXHOT€HHOMY CBHIPBIO
*TOO «SA Mineralsy», Pecniyosinka Kaszaxcraw, r. [1aBiozgap. NPUMEHSIIOT Pa3IMYHbIE METOJbI OOOTAIICHHUS, C MOCIECAYIONINM BhIIIEIaYUBAHHEM
*e-mail: shoshai.z@tou.edu.kz ¢ nmomouibto Oaktepuil [3] unu pearentoB [4], 1uO0 MUpOMETATITYyPTHUECKOMN
nepepaboTkoii [5], mnbo ux coueranuem. Yaiie BCEro 30J10TO B XBOCTAX 30JI0TOA0OBIYH
HaXOJIUThCA B TOHKO BKPAIUICHHOM BHJE, B NMPUCYTCTBUU CYIb(PUIOB — NUPHUTA,
NUPPOTHHA, apceHonupuTa. JlaHHble MUHEPAJbl IOBBIIAIOT PACX0] LIMAHUIOB [6]
U JaXe JeNaloT HeBO3MOXKHBIM J100bI4y 305I0Ta nuaHupoBanueM [7]. Takoe chipbe
Ha3bIBAIOT yIOpHBIM. [IpeiaratoTcs pa3niuyHble METObI TEPEePadOTKH [T U3BICUCHUS
30J10Ta U3 YIOPHOT'O ChIpbs. TaK C LeNIbI0 CHUKEHUS pacX0/la PeareéHTOB U MOBBILLIEHUS
M3BJICUYEHUS 30J10TA BBITIOJIHEHBI UCCIIEI0OBAHHUS 10 TEXHOJIOIMHA aMMHUAa4YHO-LIUaHUCTOTO
BhIlenaunBanys [8]. [Ipenaratorcst 1 METO bl TPEABAPUTEIBHOTO OKUCICHUS IUPUTA
¢ momouibio menouei [9]. Onnako HanboIee pacIpOCTPaHEHHBIM METOOM SIBIISETCS
00HTI MOJIy4E€HHBIX YIOPHBIX KOHLIEHTpaToB Ipu Temmeparype 500 — 700 °C [10].
Wnet okucnenue nupura 10 NUPpOTUHA, MarHETUTA U 1ajee 10 rematura (1).

XK. Wowad’, *P. B. CanuHoe?, M. A. CadeHo8a’,

A. b. baeesa*, b. C. Kopabaeeg®

“Bocrouno-Ka3zaxcranckoro rexuuueckoro ynuepcutera umenu J{. Cepukbaena,
Pecniy6nuka KazaxcraH, r. Ycrb-KameHoropek;

*TopaiireipoB YHauepcutet, Pecryonuka Kazaxcran, r. [1aBnonap;

*®OPITI na [1XB «HaunoHanbHbIi HEHTP SKCHEPTH3bD CAHUTAPHO-THTHEHUYECKAsI
naboparopus no [TaBnomapckoit oonactu KCOK M3 PK,

N3YYEHWE BIINSIHUSI MUKPOBOJIHOBOU AKTUBALINN
HA rugPOMETAITYPIrMYECKWUU NMPOLIECC U3BJIEYEHUS
30JI0TA U3 TEXHOIEHHbBIX OTXO4O0B

brazopoonvie memannvl, maxue Kax 3010MO HA NPOMIANCEHUE MHOSUX JIem
OCTAIOMCsT OOHUMU U3 CAMBIX 8OCPEOOBAHHBIX, NOCKOIbKY AGIAOMCSA Mepou
Mamepuanbublx yeHHocmeil. B nocnednee epems 3010mo He moavko He Ympamuio
ceoell aKmyanbHOCMu, HO U C pA3GUMUEM HOBbIX MEXHON02Ul CIMAHOBUMCS 6Ce
bonee 60cmpedOBAHHBIM 8 INEKMPOHHOU U OpYeux 00IACAX NPOMBIULIEHHOCHU
NnO NpuyuHe C8OUX YHUKAIbHbIX Kadecmg. OOHAKO KOAUHEeCmBO U KA4ecmeo
MUHEPATLHO2O CbIPbsl, U3 KOMOPO20 000bl8AIOM 3010MO, C KANWCObIM 2000M
naoaem. B ceéazu ¢ smum, ocmpo ecmaem gonpoc o bonee 2ny60Kou nepepadbomie
VHOPHO20 MUHEPANLHO2O CbIPbsL U MEXHOLEHHLIX OMX0008, COO0EePAHCAUUX 3010MO.
Tax 6 Pecnybauxe Kazaxcmane uMeomcsi CywecmeeHnble 3a1edHCu MeXHOSeHHbIX

FeS,—»FeS—Fe, O, —Fe O, (1)

MecmopodxcoeHull 3010ma — xeocmul obo2awerusi u m.o. Ouu Ovliu 0OPA308aHbL 6
mom nepuoo, Koeod MexHONI0UU NO U3EILeHEHUIO 30]10Md U3 MUHEPATLHO2O CbIPbs
He Ol cosepuienHbimu. Tlepepabomrka mexHo2eHHbIX MeCMOPOICOCHUL NO36OIUM
CYWecmeeHHo pacuupums coipbesyio 6azy 0odwviuu 3on0ma. Paspabomra maxux
MeCmopoicOeHull umeem psi0 Npeumyuyecms, HOCKOIbKY Cblpbe U36/1e4eHO Ha
NOBEePXHOCMb U UsMenbueHo. Kax npasuio, 3010mo 8 X60Cmax co0epicumcs 8 euoe
TMOHKUX KPANIEHUIL 8 CYIbUIax mpyoHo noooaiowuxcs yuanupoganuio. B oannou
cmamue paccmampusaemcs Cnocod uzgieyenus 3010ma u3 X60Cno8 NUPUMHoU pyosl
AO «Matixaun 3on10mo» cooepaicawyux 3010mo 6 Koauvecmee =~ lo/m. Ilpu nomowsu
npedsapumenbHo20 MUKPOBOIHOB020 HASPe8A U NOCAEOYIOue20 MUOMOYEBUHHO20
BbIUYENAUUBANUS YOANOCh U36TeUb 00 94 % 3010ma. Be3z 06pabomKu MUKpo8oIHOBOU
06pabomxu uzsnevenue 3010ma cocmasuno 67 %.

Knrouesvie cnosa: xeocmul obozawenus, 3010mMo, MUKPOBOIHOBASL AKMUBAYUS,
PEeYUKIUHS, MUOMOYEBUHA.
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Coobmaercss 00 ycmemHOM NpuUMeHeHUE oO0Xura cyiab(GuAHOTO
30JI0TOCOJIEPIKAILIETO CHIPBS B IICEBIOKHIIAIIEM CIIOE C MTOCIIECTYIOIIMM BBIIIEIaYUBAaHUN
[11]. [ToMrMO MPEUMYIIECTB, MPOLIECC 0OKUTA C UCIOIB30BAHUEM DJIEKTPHUECKHIX
nieyeid, OKMCIICHHE I10]] BRICOKUM JIABJICHUEM H APYTHE MOA00HBIE CIIOCOOBI MPHUMEHSIEMbIE
JUIS pa3joXKEeHUs MUPHUTAa UMEIOT CBOM HEJOCTATKU — BBICOKHE 3aTPAThl SHEPTUU U
skomnormueckue mpoodiemsl [ 12]. IToBeicuTh 3(h(heKTUBHOCTH MUPO MPOIIECCOB BOZMOKHO
C IPUMEHEHHEM MHKPOBOJIHOBOro obkura. Coobuiaercs 4to cyiab(puasl U TUPUT B
Y4aCTHOCTH 0CO00 YyBCTBUTENIbHBI K MUKPOBOJIHOBOMY HarpeBy. IIpu MUKpOBOTHOBOM
00JIyyeHne MUpUTa, TETUIO UHAYLUPYETCsI HEIIOCPEICTBEHHO B CAMOM MHHEpaie. 3a CUeT
3TOrO COKPAIIAETCS pacxo/l SHepruH. VcrpITaHye Ha BhIIIETIaYUBaHKE C HCIIOJIb30BaHHEM
THOMOYEBHHBI OBLJIO IPOBEAEHO JJIs1 00pabOTaHHBIX MUKPOBOJIHAMU U HEOOPaOOTaHHBIX
30JI0TBIX KOHIEHTPATOB. [Ipy BhIlIeIa4YMBaHUN THOMOUYEBUHON U3 HEOOPaOOTaHHOTO
KOHLIEHTpaTa u3Biekanock 80% 3050Ta, Korjga u3 00paboOTaHHOTO KOHIIEHTpaTa
30JI0TO MOTJIO OBITh U3BJIEYEHO OTHOCTHIO. DPPEKTUBHOCTD BBIIIETAUNBAHHS 30J10TA
YBEJIMYHMBAJIACH C YBEIMUCHUEM BPEMEHU MUKPOBOJIHOBOT'O O0JTyYeHHs, a TaKKe ¢ Oosee
BBICOKUM COJIEpKaHUEM THOMOUYEBUHBI [ 13]. B 1pyrom uccienoBanuu U3 TyromiaBKoro
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MUHepaa MUPUTHOTO MPOUCXOKAeHHS OblI0 u3BiedeHo 93,1 % 3omota 3a 180 mMuH.
C MIOMOIIIBIO IpeBapUTENbHON 00pabOTKH MUKPOBOJIHOBBIMU BOJIHAMH. B kauecTBe
BBIIIIETIAYMBAIONIETO peareHTa ucnosp3oBanack TuomoueuHa (0,1 M) [14]. Takum
00pa3oM, MOXKHO TNPENOI0KUTh, YTO MUKPOBOJIHOBOE OOJIy4YE€HHE U MOCIeIyoIee
TUOMOYEBMHHOE BBILIETAYMBAHUE MOXKET CYIIECTBEHHO MOBBICUTH 3(PPEKTUBHOCTH
IIpoLecca N3BJICYEHMS 30J10Ta KaK U3 MUHEPAJIbHOI' O, TAK U U3 TEXHOI'€HHOTI'O ChIpbs. B
JTAaHHOM paboTe ObLIO0 N3yUeHO BIMSIHUE 00KHUTra B My(eTbHOM 1 MUKPOBOJIHOBOM IIEUH
Ha M3BJICYCHUE 30JI0Ta U3 XBOCTOB MaliKauHCKOM 30710TOM3BIEKATENbHON (haOpHKu
Nel ¢ moMo1bt0 BOIHOTO pacTBOpa THOMOUYEBHUHBIL. CxeMa IPOBEAECHUSI SKCIIEPUMEHTA

IIPUBE/ICHA HA PUCYHKE 1.

OOGxur
1.MydensHast 2.MUKpOBOIHOBAs 3.be3 o6xmura
BeimenaunBanme

Pucynok 1- Cxema npoBeieHUs 3KCIIEPUMEHTA

Marepuajbl 1 METOBI

Bce skcniepiMeHTHI TPOBOIMIUCH B JIAOOPATOPHSIX aHATTUTUIECKUX HCCIIEIOBAHUI
nenrpa npeocxoactsa «Veritasy BKTY um. J[.Cepuxbaepa (https://www.ektu.kz/
divisions/veritas.aspx) u TopaiireipoB YHuBepcurerta (https://tou.edu.kz/ru/component/
university?department=126). B xauecTBe 00beKTa MCCIEIOBAHUS HCIIOJIb30BAIUCH
(Pucynok 1) xBoctel MaiikanHckoil oboratutenbHoi Gadbpuku Ne 1 B kommuecTBe
100 Kr B34TBHI METOIOM KBAPTOBAHMUS U3 BAJIOBOM MPOOBI HA YIAaCTKE XBOCTOXPAHMIIHIIIA.

T

\.'.:"f s Ot 2 A AR
Pucynok 2 — XBocTsl Maiikaunckoii oboraturensHoit padpuxu Ne 1
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XuM. coctaB oObekTa uccienoBanus (Tabnuna 1) ompenensics ¢ MOMOIIBIO
Macc-CHeKTpOMeTpa ¢ MHAYKTUBHO cBs3aHHOU 1uazmoil ICP-MS 7500cx ¢upmbl
«Agilent technologies» (CLLIA). {1t u3ydenust MOp(hoI0ruy OBEPXHOCTH MaTEPHAIOB
(Pucynok 3) ucnonb3oasncst mukpockon BX-51 (Olympus, Anonus). s uzyueHus
¢da3oBoro cocraBa o0BEKTa MCCIENAOBAHUS, 10 U MOciae o0Xura B MyQeabHoH
u MHUKPOBOJIHOBOH I€4X PUMEHSIIH peHTreHoBCKHi tudpakromerp X’ Pert PRO
npousBojcTBa komnanuu «PANaliticaly. [Ing uzyuenus tonorpaduu, mopdonoruu,
Ka4eCTBEHHOT'0 U KOJIMYECTBEHHOT'O 3JIEMEHTHOT0 MUKPOAHAJIM3a B TOUEHYHOM 001acTH,
HOCTpPOEHHUs pouIIei pactipeieieHus SIEMEHTOB B/I0JIb 38 JaHHON JINHUH, TIOCTPOCHHUS
KapT paclpeaeseHus] 3IEeMEHTOB Ha BHIODAaHHOM ydacTKe OOBEKTa HCCIe0BaHUS,
MCII0JIb30BAJIM PACTPOBBIN IEKTPOHHBIM Mukpockon JSM-6390LV npoussoacTtsa
kommannu «JEOL Ltd.» (Snonwus). ns npoBeaeHus o0XUra HCIOJb30BalH
anekTpornedb MydenbHyro Mmoaen SNOL-6,7/1300 1 KyXOHHYI0 MUKPOBOJIHOBYIO II€Ub
MoIHOCTHIO = 1 KBT; wactoroii = 2,45 I'T'11. BeienaunBanue npoBouIOCh C HOMOIIbIO
BOJHOTO pacTBOpa THOMOYEBUHBI KOHIIeHTpanwuei 20 1/n npu temneparype 60 °C.
Hagecka Becom = 250 1. Cootnomenue T/2K = 1/2 (TBepmoro / »uakocts). Matepuan
BbIIll€TIaunBaeTcs B TeueHue 120 MUH ¢ epeMeIIMBaHUEM Ha MarHUTHOM MEILIAJIKE.
pH nmpouecca = 1,5. Kaxxapie 30 MuHYT 0TOMpanuCh IPOOBI IS U3YUEHUSI KHHETUKU
npouecca. Jlns nopnepxanus pH nponecca nodasnsics Fe,(SO,)3 = 1,8% n H,0, =
20 mu1/71. BelenauynBanyue NpoBOJUIIOCH C IEPEMEIIMBAaHIEM Ha MATHUTHOM MEIIajIKe.
Jlis n3MenbpueHusl MaTepruasIoB MPUMEHSUIMCh IapoBast U BUOPALIMOHHAS MEJIbHUIIBL.
TBepayto u xxuakyo (assl pazaensinn GuiabTpanuen, a GuIbTpaThl aHATU3UPOBATIU
Ha COJIepXKAHUE 30JI0Ta U APYTUX LIEHHBIX KOMIIOHEHTOB. OCTaTKU OBUIM BBICYIICHBI
U TaKKe MPOAHAIN3UPOBAHBI JUIS ONPEENICHHUs COACPKAHUSA B HUX 30JI0Ta U JIPYTUX
LIEHHBIX KOMIOHEHTOB. ONbITHI TOBTOPsUIHN 2 pa3a. [Ipu pa3Hulie 3HaueHU pe3yIbTaToB
6onee 1 % sKciepuMEHT MOBTOPSUIU. Bee peareHThl aHaIMTHYECKON YUCTOTHI.

Pe3yabTaTsl M 00Cy:KI1€HUE

B Tabnuue | mpeacraBieH CpelHHI SIEMEHTHBIN COCTaB JIeKalbIX XBOCTOB
MaiikanHcKOi 000TaTUTENBHON (abpuKy.

Tabnuna 1 — CpeaHuii 371eMEHTHBII COCTaB XBOCTOB
DneMeHT Si S Ba Fe Al o Ca K Zn As

Macca, % 18,3 5,8 16,4 5,5 5,8 44,8 0,18 1,2 0,48 0,024

[IpucyTcTBUE KPEMHHUSI TOBOPUT O HAJTMYMU KBapIla, JKeJIe30 U cepa, Kak MpaBuilo,
cojepikarcs B BUIe MuHepajoB nuputa. Ha pucynke 3 mokazana mopdoiorus
MIOBEPXHOCTH JISKAJIBIX XBOCTOB MailkanHCKOH 000raTuTebHON (habpHKH.
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Pucynok 3 — Mopdoorust moBepXHOCTH JIEKaIbIX XBOCTOB MallkanHCKON
oOoraTturenbHOM habpuku

Ha pucynke 36 noka3aHna yBeJIMYeHHasl 4aCTh y4acTKa BbIIEJICHHOTO KPaCHBIM Ha
pucyHke 3a. C 00JIbII0i BEPOSITHOCTBIO 3TO YaCTUYHO OKUCIICHHBIN KPUCTAILI TUPUTA.
3T0 KOCBEHHO IOITBEPKAAETCS HATMYMEM DIIEMEHTOB CePhI U JKelle3a 00HAPYKEHHBIX
IIPY [TOMOLIY PacTPOBOTO 3JEKTPOHHOI0 MHUKpockona (PucyHok 4).

T

JCnexTp ?‘é
&

T00mkm - - gnepgw”mp;mm onHaA wkana 1915 wmn. Kypcop: 15942 (4 1umn.) k3B
a) 0)
Pucynox 4 — Mopdosorust (a), KaueCTBEHHBIH U KOJTMYECTBEHHBIA 2JIEMEHTHBIN
MHUKpPOAHAJIU3 B TOYEYHOU 00J1acTu (0)

[Iposenennsiit POA (PucyHok 5) aHanu3 MOATBEPAW HaIWUYHWE NMHPUTA B
koaumuectBe = 11,3 %, a Takxke OapuTta W KBapia B kosmuyectBax 61,8 % u 26,9 %
COOTBETCTBEHHO.
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v

Pucynoxk 5 — POA ananu3 o0beKTa UCCIICTOBAHMS

Cranus o0xura

1 OGpa3upl 00beKkTa UccaeaoBaHusl B kKoauuectBe = 250 T ObUTH 000KEHHBI B
teuenun 30 munyT Tipu temmneparype 700 °C B mydenbHol neun. Bpemst o6xura
OBLTO T10,I00pPaHO Ha OCHOBAHWM paHee MPOBEJEHHBIX HccienoBanuid. [Tocie obxura
Martepuan ob11 moaBepruyT POA ananuzy (Pucynoxk 6a) u Obuta uzydeHa MopgoJiorus
o0pa3s1ia ¢ MoMOIIbI0 PACTOPOBOI0 MUKPOCKOIIA.

2 OOpasupl 00beKkTa ucciaeaoBanus B koandectBe = 250 T ObUTH 000KEHHBI B
TEYEHUU |5 MUHYT Ha MaKCHMMaJbHOW MOIIHOCTH B MUKPOBOJIHOBOH meun. Bpewms
00>xura OpUTO TT0I00PaHO HAa OCHOBAHWH paHee MPOBEEHHBIX HccienoBanuid. [Tocie
o0xxura matepuan Obl1 nmoasepruytT POA ananu3y (Pucynok 60) u Obuia m3ydeHa
Moposorust 06pasia ¢ HOMOIIbIO PaCTOPOBOTO MUKPOCKOTIA.
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Pucynok 6 — POA ananu3 o0bekTa Uccie0BaHus MOCIIEe 00XKHUTa
B My(denbHOH (a) 1 MUKPOBOJTHOBOM 1ieun (0)

Pe3ynbrarel mpoBeaeHHON TepMUYECKO 00paboTKH B 000MX Cydasx MOKa3aiu
3aMETHOE CHMKEHHUE KOJIMYECTBA NuppuTa 3a cuet okucaenus ¢ 11,3 10 0.3 % u 0,6 %
B My(eIpHON U MUKPOBOJIHOBOW TIeuH coOoTBeTCTBEHHO (PucyHok 6). Ha pucynke 7
rokaszaHa Mop¢h0oJIOTHsI TOBEPXHOCTH MTPOOKI mocie o0xura B myenbHoit (PucyHnok 7a)
1 MUKpOBOJIHOBOM 1teun (PucyHnok 76). Ha cHuMKax n300pakeHHBIX HA PUCYHKE 7 HE
OBLII0 0OHAPYKEHO KPUCTAIIIOB 10 CBOEMY BUAY HAIIOMUHAIOIIMX KPUCTAIJIBI TUPUTA.
Ha pucynke 8 mokazaHpl CHUMOK ¥ MUKPOAHAJIU3 XBOCTOB TOCIIe 00KUTA CACIIaHHBIN
C TIOMOIIIBIO PACTPOBOTO MUKPOCKOIA.
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Pucynok 7 — Mopdosiorust moBepXHOCTH JIEIKATBIX XBOCTOB MaiikanHCKOM
oborarutenbHOM (haOpHKH Mocie 00kura B My QpesIbHOM () 1 MUKPOBOJIHOBOH miedH (0)

C 2

200MEm 3nekTpoHHoe W3ctpaxeHue 1

lonka# Wkana 1915 wn, Kygcop: 15,42 (3mm.) (&5

Pucynok 8 — Mopdosorus (a), KadeCTBEHHBIH U KOJIMYECTBEHHBIN 3JIEMEHTHBIN
MHUKpPOaHaJIu3 B TOYEHYHOU 0bacTu (0) mocie ooxura

Mopdoinorusi, Ka4eCTBEHHbIH U KOJIUYECTBEHHBINH 3JIEMEHTHBIH MHUKpOAHAIHU3
B TOYEUHOH 00JacTH crieKkTpa 1, XBOCTOB MoOcie 00XHUra MOKa3aHHBIM Ha PUCYHKE
8 moKa3bIBaeT OTCyTCTBUE cepbl. OTCYTCTBHE CEPHI €1IIe pa3 MOATBEPKIAeT MPAKTUIECKU
TIOJIHOE PA3JI0KEHUE TMPUTA 3a CUET OKUCIIEHH Cephl B BHAE SO, Kak pu 00KKIe Kak
B My(eJIbHOI TaK U B MUKPOBOJHOBOM TMEYH .

Ha cnenyromem stane npoBOAMIOCH BBIIIENIAUYMBAHUE 30J0Ta U3 XBOCTOB 0e€3
TEPMHUUYECKOM 00pabOTKH U MPOLIEAIINX 00KUT B MYy (PEeNTbHOM U MUKPOBOJIHOBOH MEYH.

Cranus BbllIeIa4UBAHUSA

[Ipu mpoBeneHUU BhINIETAYUBAHUS 30JI0Ta U3 XBOCTOB 0e3 obOxkwura 3a 120
MUHYT yJajaoch u3Biedb 67 % 3omota. Ilpu mpoBeneHuu BbIlIeNavyuBaHus 30JI0Ta
U3 XBOCTOB MPOILIEANINX OOKUT B My(eNbHOI TMeun M3BICUYECHUE 30JI0Ta COCTABUIIO
92 %. Ilpu npoBeZeHNH BhIIIETAYUBAHUU 30JI0TA U3 XBOCTOB MPOLIEAIINX OOKUT B
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MHUKPOBOJIHOBOM IMeYu U3BJIeUEHHUE 30JI0Ta cocTtaBmiio 94 %. Ha pucynke 9 nokaszan
rpaduk 0TOOpakKAIOIIMI M3BICUECHUE 30JI0TA U3 CHIPbs MOATOTOBIEHHOTO Pa3HBIMU
METOJaMHU.

100 -
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60 -
50 -
40 A ——A

H3Baeyenue Au (%)

30 1 —-5
20 - 8
10 A
0 I+ . . . . . .

0 20 40 60 80 100 120

Bpemsi (Mun)

Pucynok 9 — I'paduk u3BIe4eHrE 30710Ta U3 CHIPhs OJTOTOBICHHOTO Pa3HBIMHU
metonamu: (A) — 6e3 o6xwura; (b) — 00xwur B MmyenbpHo meun;
(B) — 06xur B MUKPOBOJIHOBOM MeUn

BriBoabI

Kak 1 0’xnanoce 00XUr MUPUTHOTO ChIPhs CYIIECTBEHHO YBEJINYWII U3BIICUEHHE
30J10Ta, 3a CYET BHICBOOOKIEHUS CBSI3aHHOTO TOHKO BKPAIUIEHHOT O 30J10Ta. [Ipu 3TOM
00HT C TIOMOIIBI0 MHUKPOBOJHOBOH Te4n oka3ajcs HanOosee 3¢dhekTuBHbIM. s
o0kura B My(eTbHOM reun ObIIOo 3aTpadyeHo 45 MUHYT Ha BBIXOT 10 Temreparypsi 700 °C
¥ 3aTEM HETIOCPEICTBEHHO Ha caM 00xHT B TeueHnH 30 MuHYT. OOKUT B MUKPOBOJTHOBOM
HIEYH 3aHsUT BCETo 15 MUHYT. DTO CBA3aHHO C TEM, YTO MUKPOBOJIHOBAs I€Ub MH Ty LIUPYET
HarpeB HEMOCPEACTBEHHO B KpUcTajuie mupuTa. [Ipu 3ToM TOHKO BKpaIjeHHOE 30J10TO
B METAJUTMYECKOM BHJIE TAK)KE€ HAUMHAET Pa30rpeBaThCs BHYTPU KPUCTAJLIA, TEM CaMbIM
ycKopsist BCKpbITHE. C 3THM TakKe CBSI3aHHO U 00JIee BEICOKOE M3BIICYEHHUE 30JI0TO TIPU
MOMOIIM BOJHOT'O pacTBOPa THOMOYEBHUHBI. IOCKOJIBKY IPU HarpeBe MUKPOBOJIHAMU,
BCE TOHKO BKpaIJIEHHOE 30JI0TO OKa3bIBA€TCs BCKPHITHIM. J[aHHOE HanpaBIeHUE KpaiiHe
nepcrneKTUBHO. Jlanee aBTOPHI MIIAHUPYIOT U3YYUTh KUHETUYECKHE 3aKOHOMEPHOCTH
BBIIIEIAYMBAHUSI 30J10Ta BOJHBIM PACTBOPOM THOMOYEBUHBI U3 MHUHEPAIBHOTO U
TEXHOT'€HHOI'O ChIPbsl aKTUBUPOBAHHOI'O MUKPOBOJIHOBBIM HAarpeBOM.
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TEXHOTEHIIK KAJTIBIKTAPJIAH AJITBIH AJTY IbIH
TUJIPOMETAJYPTHUSIBIK TPOIECIH MUKPOTOJKBIHMEH
BEJICEH/IIPYIIH OCEPIH 3EPTTEY

Acvln memandapoviy OIpi anmvlH KenmezeH Jieblioap OO0Ubl YIKeH CYPAHbICKA
ue, OUMKeHi 01ap MamepuaioblK, KYHObLILIKMbIY enuemi oonvin madwvliadsl. Coyevl
VaKulmma aimviHHbIY 63eKMINiel apma mycKeHimen Oipee JHcana mexHoaA0UsNapObIH
0amMybIMeH 2IeKMPOHObL JcoHe DacKa 0a cananapoa O3iHiH epeKkuie Kacuemmepine
baliianvicmovl Cypanvicka ue 6oaa bacmaowvl. Anarioa, anmuii OHOIPLIemMiH MUHepalobl
WUKI3AMMbIH MOIUEPT MEH Canacwl Hcolil calibih memernoeyoe. Ocvlzan 6aiianbicmbl
KYPamblHOA aimvliH Oap KublH OHOENemin MUHepaiobl WUKI3am NeH mMeXHO2eHOIK
Kal0bIKMapobl He2ypavbiM mepey oHoey mypaivl moceine emkip myp. Ocvliatiuia,
Kaszakcmarn PecnybnukacvlHOa aimviHHbIH MEXHO2EHOIK KeH OPbIHOAPbIHLIY €0oyip
KeH OpblHOapbl bap - Oatibimy JicoHe m.0. KanobiKmap oaap MUHepaiobl WMUKI3amman
AIMBIH ALY MEXHOI0SUSIAPbL 0aMbIMAZAH Ke3eninoe natioa bonzan. Texnoeenoik Kew
OPbIHOAPBIH Kalima exoey anmvlH oHOIpYOIH WuKizam 0a3acvlH edsyip KeHetimyee
MYMKIHOIK Oepedi. MyHnOatl ken opulHOapbit ueepyOdiy OIpKamap apmulKuibLIbIKMApPbl
bap, etimkeHi wuKkizam icep Oemine Wbl2apbllean JHCoHe YCakmanean. Odemme,
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MACROSTRUCTURE OF A HOLLOW BILLET FROM STEEL 25CRV
UNDER DIFFERENT TEMPERATURE CONDITIONS OF CASTING

In this work, the influence of technological factors and the macrostructure of
hollow cast billets made of 25CrV steel on the mechanical properties at various
temperatures was studied. It has been established that the branched transcrystalline

STUDY OF THE EFFECT OF MICROWAVE ACTIVATION ON THE
HYDROMETALLURGICAL PROCESS OF GOLD
EXTRACTION FROM TECHNOGENIC WASTES

Precious metals such as gold have been among the most sought-after metals for
many years, as they are a measure of wealth. Recently, gold has not only remained
relevant, but with the development of new technologies, it is becoming more and more
in demand in electronics and other industries due to its unique qualities. However,
the quantity and quality of mineral raw materials from which gold is extracted is
decreasing every year. In this connection, the question of deeper processing of
refractory mineral raw materials and technogenic wastes containing gold arises.
Thus, in the Republic of Kazakhstan there are significant deposits of technogenic
gold deposits - tailings of enrichment, etc. They were formed in the period when
technologies for extraction of gold from mineral raw materials were not perfect.
Processing of anthropogenic deposits will significantly expand the raw material base
of gold production. Development of such deposits has a number of advantages, as
the raw material is extracted to the surface and crushed. As a rule, gold in tailings
is contained in the form of thin phenocrysts in sulphides difficult to cyanidise. In this
article the method of gold extraction from tailings of pyritic ore of JSC «Maikain
Goldy containing gold in the amount of = 1g/t is considered. Microwave preheating
and subsequent thiourea leaching recovered up to 94% of the gold. Without microwave
treatment the gold recovery was 67 %.

Keywords: tailings, gold, microwave activation, recycling, thiourea.
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mechanical properties of pipe billets obtained at different temperatures of casting the
melt, which have a transcrystalline (columnar) macrostructure, is carried out, and
with an increase in the degree of its dispersion, the strength and plastic properties
increase. It is shown that the presence of a large temperature gradient promotes
the formation of columnar crystals, the orientation of which is determined by the
direction of the heat flow. To ensure high mechanical properties, it is necessary to
obtain a finely branched transcrystalline macrostructure of the billets.

Keywords: 25CrV, hollow billet, macrostructure, mechanical properties, casting
temperature.

Introduction

Pipe billets made of steel 25CrV obtained by continuous cast have a exceptionally
columniform macrostructure with radially ordered crystals growth from the out
aboveground to the center. Since there are a moderately comprehensive character of
technological constituents that influence the crystallisation of these billets (overheating
temperature and time, receptacle temperature, casting temperature, casting speed, cooling
rate, metallic deoxidation, modification, etc.), sporadically there are predicaments related
with a rock-bottom commensurate technological and machine-driven properties, the
exploitation of situation constitution destruction, the embrittlement of steel, etc. There
are furthermore contradictions related with the consequence of the macrostructure on the
properties of continuously casting billets made of steel 25CrV. On the individual hand, it
is recognized that pipes produced from billets with a columniform macrostructure have
a higher semipermanent capability compared to billets with an equiaxed macrostructure
[4—7]. On the over-the-counter hand, it has been accepted that the intergranular crispiness
of these consequences is outstanding to the formal propinquity of a coarse columniform
constitution and the exploitation of breakage on the frontiers of columniform dendrites.
At the corresponding time, thither is a diversification of macro- and microstructures

197



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 3, 2023

of broadloom pipes made of steel 25CrV, outstanding to the consequence of the
technological constituents mentioned above [8—10].

Materials and methods of research

In the process of obtaining billets, the influence of such a factor as the melt casting
temperature was studied in the range from 1450 to 1600 °C. Billets with an outer diameter
of 210 mm and an inner diameter of 127 mm were cast. The macrostructure of templates
from pipe billets made of steel 25CrV, the chemical composition of which is given in
Table 1, was studied. The determination of mechanical properties was determined by
tensile testing.

Table 1 — Chemical composition of steel 25CrV
Steel C Si Mn Ni S P Cr Mo \%
25CrV 0.25 0.28 045 0.19 0.017 | 0.019 1.68 0.27 0.18

Results and discussion

The study of billets from steel 25CrV showed that it is possible to accomplish
contradistinctive macrostructure and mechanical properties depending on the temperature
of the liquidize casting. The nature of the crystallisation cognitive semantics which
arbitrates the macrostructure of the pipe billet made of steel 25CrV, upon be contingent
on the liquidize casting temperature and the conditions of its solidification.

By ever-changing the liquidize molding temperature, individual can importantly
consequence the structure of the billet (Table 2). Lowering the cast temperature of the
liquidize decrease the imagination to transcrystallization and encourages the formation
of an equiaxed dendritic structure. During the experimentations in this work the values
of steel casting temperature 1450, 1475, 1500, 1525, 1550, 1575 and 1600 °C were
chosen. An analysis of the macrostructure of billet templets confirmed that with a
diminution in the liquidize casting temperature, the imagination to transcrystallization
decreases, and the zone of equiaxed crystals from the out surface of the casting billet
increases (Figure 1).

Thus, in pipe billets from steel 25CrV, it is possible to obtain a completely
transcrystalline (columnar) structure, a columnar structure with a small inclusion from
the inner surface of equiaxed crystals up to 10 mm deep, a mixed structure with different
levels of the length the zone of columnar crystals — 15-20 mm, 10—-15 mm, 5-10 mm
from the outer surface, as well as a completely equiaxed structure, although the latter
structure is rarely obtained and always contains zones of columnar crystals near the
walls of the billet. By changing the melt casting temperature, it is possible to vary the
mechanical properties of the billets in a wide range.
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a b c
Figure 1 — Macrostructure of billets

a—macrostructure at casting temperature 14501500 °C; b — macrostructure at casting
temperature 1525-1550 °C; ¢ — macrostructure at casting temperature 1575-1600 °C

Table 2 — Macrostructure and mechanical properties of billets

Casting Tensile strength,
temperature, °C Macrostructure MPa

Ne Yield strength, MPa | Elongation, %

1 1450 Zoqes of columnar and 490 305 143
equiaxed crystals

2 1475 Zoqes of columnar and 507 325 16.1
equiaxed crystals

Zones of columnar and

3 1500 cquiaxed crystals 537 358 17,9
4 1525 Columnar branched crystals 592 396 18,8
5 1550 Columnar branched crystals 588 381 18,5
6 1575 Coarse columnar crystals 522 330 21,8
7 1600 Coarse columnar crystals 530 341 22,3

A relative analysis of the pipe billets mechanical properties obtained at different
liquidize casting temperatures, which have a transcrystalline (columnar) macrostructure,
showed that with an increase in the measure of its dispersion, the capability and
impressionable properties, as advantageously as impact strength at extension
temperature, increase. This relatively contradicts the information obtained in the works
of additional authors, where it is explicit that the plastic properties and impact strength
of billets with a transcrystalline macrostructure increase with an accumulation in the
casting temperature of the melt. The results obtained in this work can be explained by the
positive chain reaction on the all-inclusive heterogeneous of mechanical characteristics
the devastating of columniform crystals and an increase in the commensurate of their
branching. The transcrystalline macrostructure of castings, formed at a melt casting
temperature of 1550-1600 °C, has an average cross section of dendritic branches of
4.6 mm?, and formed at a melt casting temperature of 1500 °C, 2.3 mm?.

Billets with a cross-bred macrostructure have a mark down commensurate of
strength, malleability and toughness, determined by a different correspondence of the
breadth of districts with different shapes of dendrites. The heterogeneous nature of
the macrostructure of the billetrs fix up with provision a non-uniform apportionment
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of stresses during testing, which occasions a decrease in the mechanical properties of
billets made of steel 25CrV. An analysis of the representatives mechanical properties
showed that the beyond compare compounding of mechanical properties is exhibited
by pipe billets made of steel 25CrV with columniform crystals obtained at a liquidize
molding temperature of 1525°C. It is this liquidize molding temperature that make
sure the creation of a transcrystalline macrostructure consisting of thin branched
columniform crystals. These results are in concordance with exhortations with reference
to the superiorities of obtaining a transcrystalline macrostructure, on the other hand
in the contemporaneous studies, it was constitute that in progression to increase
the commensurate of mechanical characteristics, it is all-important to accomplish a
homogeneous transcrystalline macrostructure of pipe billets, consisting of thin branched
columniform crystals. It should be anticipated that much a macrostructure testament
accommodate a high-pitched heterogeneous of mechanical and technological properties
and a mark down imagination to the materialisation of transmissible microheterogeneity
during consequent plastic and heat treatment of behaviour towards of pipes made of
steel 25CrV.
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Conclusions

To provide improved mechanical characteristics of pipe billets made of steel 25CrV,
it is necessary to obtain a finely branched transcrystalline macrostructure, which can
be done at a melt casting temperature of 1525 °C. Such casting parameters provide a
higher complex of mechanical and operational characteristics.
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KYIOJIbIH OPTYPJII TEMIIEPATYPAJIBIK JKAFIANMJIAPBIHIA
25XM®A BOJIATTAH JKACAJIFAH KYBIC
JANBIHIAMAHBIH MAKPOKYPBLIBIMBI

Byn orcymvicma opmypai memnepamypaoazbl MEXAHUKANbIK KACUEMepee KyblC
gyuviiean 25XM®DA 6oram oativlHOamanapbiHbly MexHOI0USIbIK (DaKMOpPAapbl MeH
MAKPOKY PLLILIMbIHBIY 9cepi 3epmmendi. Kyovip 0aiblHOaMalapblHbIH MAPMAKMAi2aH
MPAHCKPUCTIATIUMING MAKPOKYPLLILIMYbL €H KOAAabl 06016in madviiadvl. Kyovipiv
KYbIC OQUbIHOAMAanapobly MmapMaKmaneai mpaHcKpUCmaiiummi MakpoKypolibIMbIH
anyobl Kammamacwvls ememin y30iKCi3 Kyloobly memnepamypaisly napamempiepi
anvikmanovl. Tpauckpucmaniummi (6a2ananvl) MaKpoKypolibiMbl Oap OAIKbIMAHbL
KY100bly opmypii memMnepamypacblHod dlblH2aH Kyoulp OaublHOAMALAPbIHbIH
MEXAHUKABIK — KACUemmepiHe — CAlbiCIMbIPMANbl  Maioay — JHcypeizindi — JicoHe
OHbIY OUCNEPCUSL OOPENCECIHIH IHCO2APBIIAYbIMEH OepiKmIK NeH NIACMUKAIbIK,
Kacuemmep apmaovl. Temnepamypauviy yIKeH epaoueHminiy 6oxybl OazaHaibl
Kpucmanoapovly nanoa 00ayblHa bIKnail emeodi, 01apovly 0OaA2blmbvl  HCHLLY
A2bIHBIHLIY  OA2bIMbIMEH AHLIKMAA0bl. Mexanuxanvl Kacuemmepoiy dco2apbl
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Marepuan noctynui B peaakiuio 06.09.23. STUDY OF REFINING OF PRIMARY ALUMINUM FROM IMPURITIES OF

3 NON-FERROUS METALS USING «ACTIVE» GRAIN FILTERS BASED ON
MAKPOCTPYKTYPA MOJIOW 3ATOTOBKH U3 CTAJIU 25XM®A [1PU BORIAN ACID

PA3JIMYHBIX TEMIIEPATYPHBIX YCJIOBUSAX PA3JINBKU

B oannoii pabome uccieoogano enusnue MEXHOAOSUYECKUX (DAKMOPOS8 U
MAKpOCMPYKMYpobl HOABIX IUMbIX 3a20mo60K u3 cmanu 25XM®A na mexanuyeckue
ceolicmea  npu  pa3IuuMLIX  memnepamypax. Ycmawoeneno, umo Hauboiee
01A20NPUATNHOU ABIAENCA PA36EMEICHHASL MPAHCKPUCTAIUMHAS MAKPOCMPYKMYPa
mpyouwvix 3a20moeox. OnpedeneHvl memnepamypHvie napamempvl HenpepbieHO2O
aumes, obecneuugarowue NONYYEHUE PA3EEMBIEHHOU  MPAHCKPUCTATLIUMHOU
MAKpoCcmpykmypvl  mpyouvlx noelx 3a2omoeox. Ilpogeden cpasHumenvbHbwill
AHATUZ MEeXAHUYECKUX CGOUCME MPYOHBIX 3A20MOBOK, NOJIYVUEHHbIX NPU PAIUYHOU
memnepamype 3aAUSKU pAacnided, KoOmopwvle UMEom MpPAHCKPUCTAIIUMHYIO
(cmoabuamyio) MakpocCmpykmypy, u ¢ yeeiudeHuem cmenenHu ee OUCNHepCHOCHmuU
npoyHoCcmHble U naacmuveckue ceolicmea eo3pacmaiom. Illokazano, umo
Hanuyue OOIbUIO20 SpAOUeHmA MmeMnepamyp cnocoocmseyem o0paz08aHuio
CMoAOUamvIX KPUCMALI08, OPUEHMAYUsL KOMOPbIX ONpeoensemcs HAnpagieHuem
Meni06020 nomoka. Jus obecneduenusi 6bICOKUX MNOKA3amMenell MexaHuuecKux
CBOLICME HEe0OXOOUMO NOTYYeHUe MOHKO PA36eMEIEeHHOU MPAHCKPUCTNAIIUMHOU
MAKpOCMpyKmypol 3a20MOGOK.

Knouesvie  cnosa: 25XM®DA, nonas 3azomoexka, MaKpocmpykmypd,
Mexanuieckue ceoucmea, memnepamypa pasiusKu.
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This article presents the results of comparative experimental studies on the
complex two-stage processing of primary aluminum by flux treatment with boric acid
(H,BO,) in a ladle with further filtration purification of the melt through granular
filters and one-stage filtration purification of primary aluminum through active
granular filters with boric acid additives.

The research was carried out within the framework of grant funding by the
Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan under the Zhas Galym competition under the IRN AP19175493 project
«Development of technology for refining primary aluminum with active surface filtersy.

The research results showed that a complex one-stage technology for cleaning raw
aluminum from non-ferrous metal impurities using active filters reduces their content in
primary aluminum. Laboratory studies showed a decrease in the content of vanadium
by 53.3 %, copper by 19.8 %, magnesium by 49.6 %, manganese by 51.7 % and silicon
by 97.1 % in primary aluminum when using the active filter cleaning method.

A comparative analysis of aluminum purification methods showed that the
issue of using active filters needs further study in order to determine the degree of
purification from non-ferrous metal impurities, depending on various parameters of
the active filter.

Keywords: aluminum, non-ferrous metal impurities, filtration, boric acid, flux,
active filter.

Introduction

The largest aluminum production enterprises operate in the Pavlodar region of
the Republic of Kazakhstan. At present, world practice shows the use of lower quality
raw materials for the production of anodes, which are so necessary for electrolysis
enterprises [1].

The main source of pollution in this case are asphaltene compounds. Asphaltenes
concentrate a high content of harmful impurities (V, Fe, Si, Ni, Ti, etc.), which are
contained in anodes used in electrolysis plants. One of these impurities is vanadium,
which significantly reduces the electrical conductivity of aluminum at a concentration
of about 2 ppm [1, 2, 3].

In Kazakhstan, for the production of baked anodes of aluminum electrolyzers,
local coke of UPNK-PV LLP (Pavlodar, Republic of Kazakhstan) with a high content
of vanadium and other impurities is partially used.
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Fluxes used at the enterprise JSC «Kazakhstan electrolysis plant» are made on the
basis of cryolite, aluminum fluorides, sodium chloride and do not remove the above-
mentioned hard-to-recover impurities, including vanadium [1].

In a number of works [4, 5, 6], methods for purifying primary aluminum from
vanadium impurities are proposed, which have not found wide industrial application.

In [7], the technology of refining primary aluminum from vanadium impurities
with a boron-containing Al-B alloy outside the electrolysis bath was studied. Studies
have shown [7]:

— decrease in the content of vanadium by an average of 78 % in the mass of metal,
with an increase in its content in the lower part of the ladle (volume up to 5 — 10 % of
the ladle capacity);

— the transition of a significant amount of vanadium to the intermetallic compound;

— the complexity of the separation of intermetallic compounds of vanadium and
refined aluminum in the ladle by traditional methods (settling for 4 - 7 hours did not
give a positive result).

For further development of methods for removing non-ferrous metal impurities from
primary aluminum, it is necessary to study the separation of the resulting aluminum
from the intermetallic compounds formed during refining. The literature review
shows that the most promising method of purification of aluminum from the formed
precipitated intermetallic compounds is filtration by various methods. Currently, in
most cases, smelters do not have a filtration step that can ensure the removal of heavy
metal impurities.

Materials and methods

In this work, comparative experimental studies were carried out on the complex
two-stage processing of primary aluminum by flux treatment with boric acid (H,BO,)
in a ladle with further filtration purification of the melt through granular filters and
one-stage filtration purification of primary aluminum through active granular filters
with boric acid additives.

Table 1 shows the chemical composition of primary aluminum before refining,
taken from the electrolyzers of Kazakhstan Electrolysis Plant JSC with installed anodes,
obtained using calcined coke of UPNK-PV LLP (Pavlodar, Republic of Kazakhstan)
with a high content of vanadium impurities.

Table 1 — Chemical composition of primary aluminum before refining, %
Al Si Fe Cu Mn Mg Ni Cr Ti \
96,1299 | 3,2557 0,4105 0,0071 0,0032 0,0239 0,0115 0,001 0,0323 0,0132

Two series of experimental purification of molten aluminum were carried out.

In the first series, at the first stage, primary aluminum was smelted in a laboratory
induction furnace, H3BO3 was introduced at a temperature of 850 °C at the rate of 1.2-2
kg/t of raw aluminum, then the melt was held for 15 minutes and chemical treatment
was carried out. The composition of refined primary aluminum was determined on a
DFS 500 optical emission spectrometer.
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At the second stage, primary aluminum treated with boric acid was filtered through
a granular filter. When choosing the parameters of granular filters, the recommendations
of the following works [8 — 10] were considered.

The experimental setup (Figure 1) consisted of a filter block 1, a filter grain 2 and
amold 3, in the lower part of which there was an opening for the outflow of the filtered
metal into the ladle, covered with a refractory mesh.

Figure 1 - Scheme of the experimental setup

As a result of the search for the optimal material for the purification of primary
aluminum from heavy metal impurities, it was decided to use Ekibastuz coal ash (Figure
2), with an A1203 content of about 30 — 32 %. Aluminum oxide is the most preferred
base for chemical reactions occurring in the Al-Ti-B system during the extraction of
heavy metal impurities.

[

Figure 2 — Filter grains
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Determination of the chemical composition of primary aluminum after treatment
with H3BO3 flux and subsequent filtration through a granular filter on an optical
emission spectrometer DFS-500 showed a decrease in the content of impurities. The
degree of removal of impurities is shown in table 2.

Table 2 — The degree of removal of impurities from primary aluminum after treatment
with H3BO3 flux with further filtration through conventional granular filters, %

\ Si Cu Mn Mg
47,7 97,9 17,6 50,0 47,5

In the second series of experiments, primary aluminum was smelted in a laboratory
induction furnace. Next, aluminum was filtered through an active filter with grains treated
with boric acid (Figure 3). This step allows reducing the processing time of primary
aluminum by combining the stages of refining and filtration, as well as removing hard-
to-remove impurities of transition compounds in the Al-Ti-B-V-Fe-Zn system.

Figure 3 — Active filter grains

Determination of the chemical composition of primary aluminum after filtration
treatment showed a decrease in the content of impurities. The degree of removal of
impurities is shown in table 3.

Table 3 — The degree of removal of impurities from primary aluminum after applying
an active filter, %

\% Si Cu Mn Mg
53,3 97,1 19,8 51,7 49,6

Results and discussion

The research results showed that a complex one-stage technology for cleaning raw
aluminum from non-ferrous metal impurities using active filters reduces their content
in primary aluminum.
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Laboratory studies showed a decrease in the content of vanadium by 53.3 %, copper
by 19.8 %, magnesium by 49.6 %, manganese by 51.7 % and silicon by 97.1 % in
primary aluminum when using the active filter cleaning method.

A comparative analysis of aluminum purification methods showed that the issue of
using active filters needs further study in order to determine the degree of purification
from non-ferrous metal impurities, depending on various parameters of the active filter.

Funding information

The research was carried out within the framework of grant funding by the
Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan under the Zhas Galym competition under the IRN AP19175493 project
«Development of a technology for refining primary aluminum with active surface
filters».

CIIMCOK HMCIIOJIb3OBAHHbBIX NCTOYHUKOB

1 Ibragimov, A. T. Aluminum electrometallurgy. Kazakhstan Electrolysis Plant,
Pavlodar : House of the press. —2009. — 263 p.

2 Gorlanov, E. S., Batrachenko, A. A., Smailov, B. S., Morozov, A. Y. Role of
Vanadium in Aluminum Electrolyzer Melts, Metallurgist, Vol. 62(9-10), (2019) 1048-1053.

3 Gorlanov, E. S., Batrachenko, A. A., Smailov, B. S., Skvortsov, A. P. Testing
Baked Anodes with an Increased Vanadium Content, Metallurgist, Vol. 62(1-2) (2018)
62—69.

4 Khaliq, A., Rhamdhani, M. A., Brooks, G. A., Grandfield, J. F. Removal of
Vanadium from Molten Aluminum-Part I. Analysis of VB2 Formation, Metallurgical
and Materials Transactions B volume 45, DOI https://doi.org/10.1007/s11663-013-
9974-x. —2014. — 752-768.

5 Khaliq, A., Rhamdhani, M. A., Brooks, G. A., Grandfield, J. F. Removal of
Vanadium from Molten Aluminum—~Part II. Kinetic Analysis and Mechanism of VB2
Formation, Metallurgical and Materials Transactions B, DOI: 10.1007/s11663-013-
9975-9. -2013. — 769-783.

6 Khaliq, A., Rhamdhani, M. A., Brooks, G. A., Grandfield, J. F. Removal of
Vanadium from Molten Aluminum—~Part III. Analysis of Industrial Boron Treatment
Practice, Metallurgical and Materials Transactions B, DOI: 10.1007/s11663-013-9975-
9.-2013.—-769-783.

7 Bykov, P. O., Kuandykov, A. B., Zhunusov, A. K. Refining of Primary
Aluminum from Vanadium // Defect and Diffusion Forum, 2021, 410DDEF. — P. 405
—410.

8 Shipilov, S. E., Ten, E. B., Zholdubayeva, Z. D., Shipilova, S. S., Yurchenko,
E. V. Refining of metal melts by filtration method / Metalurgija. — Volume 58, Issue
3-4.-2019. - P. - 303-306.

9 Shayakhmetov, B. K., Kimanov, B. M., Ten, E. B., Zholdubayeva, Z. D.,
Issagulova, D. A. Gravimetric and dilatometric research of elements action on three
dimensional filter by thermal effects / Metalurgija, 53(1). —2014. — P. 44-66.

207



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 3, 2023

10 Ten, E. B., Kimanov, B. M., Rakhuba, E. M. Deposition of nonmetallic
phases at filter surfaces / Steel in Translation, 42(5). —2012. — P. 411-414.

11 Bykov, P. O., Kuandykov, A. B., Zhunusov, A. K., Tolymbekova, L. B.,
Suyundikov, M. M. Complex processing of primary aluminum to remove impurities
of non-ferrous metals // Metalurgija, Volume 62 (2). —2023. — P. 293 — 295.

12 Bbikos, II. O., Kynycos, A. K., Tycynoexoa, M. K., A6coasimoBa, /I. P.
PadunupoBanue anmoMuHus — ChIplia OopcoaepkaumMu Marepuanamu // Hayka u
texnuka Kazaxcrana, 2021, Ne 2. — C. 77-84.

REFERENCES

1 Ibragimov A. T. Aluminum electrometallurgy. Kazakhstan Electrolysis Plant,
Pavlodar: House of the press. —2009. — 263 p.

2 Gorlanov E. S., Batrachenko A. A., Smailov B. S., Morozov A. Y. Role of
Vanadium in Aluminum Electrolyzer Melts, Metallurgist, Vol. 62(9-10), 2019. — 1048-
1053.

3 Gorlanov E. S., Batrachenko A. A., Smailov B. S., Skvortsov A. P. Testing
Baked Anodes with an Increased Vanadium Content, Metallurgist, Vol. 62(1-2). —
2018. — 62-69.

4 Khaliq A., Rhamdhani M. A., Brooks G. A., Grandfield J. F. Removal of
Vanadium from Molten Aluminum-Part I. Analysis of VB2 Formation, Metallurgical
and Materials Transactions B volume 45, DOI https://doi.org/10.1007/s11663-013-
9974-x. —2014. — 752-768.

5 Khaliq A., Rhamdhani M. A., Brooks G. A., Grandfield J. F. Removal of
Vanadium from Molten Aluminum—Part II. Kinetic Analysis and Mechanism of VB2
Formation, Metallurgical and Materials Transactions B, DOI: 10.1007/s11663-013-
9975-9. -2013. — 769-783.

6 Khaliq A., Rhamdhani M. A., Brooks G. A., Grandfield J. F. Removal of
Vanadium from Molten Aluminum—~Part III. Analysis of Industrial Boron Treatment
Practice, Metallurgical and Materials Transactions B, DOI: 10.1007/s11663-013-9975-
9.-2013.—-769-783.

7 Bykov P. O., Kuandykov A. B., Zhunusov A. K. Refining of Primary Aluminum
from Vanadium // Defect and Diffusion Forum, 2021, 410DDEF. — P. 405 — 410.

8 Shipilov S. E., Ten E. B., Zholdubayeva Z. D., Shipilova S. S., Yurchenko
E. V. Refining of metal melts by filtration method / Metalurgija. — Volume 58, Issue
3—4.2019. - P. 303-306.

9 Shayakhmetov B. K., Kimanov B. M., Ten E. B., Zholdubayeva Z. D.,
Issagulova D. A. Gravimetric and dilatometric research of elements action on three
dimensional filter by thermal effects / Metalurgija, 53(1) (2014), P. 44—66.

10 Ten E. B., Kimanov B. M., Rakhuba E. M. Deposition of nonmetallic phases
at filter surfaces / Steel in Translation, 42(5). —2012. — P. 411-414.

208

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2023

11 Bykov P. O., Kuandykov A. B., Zhunusov A. K., Tolymbekova L. B.,
Suyundikov M. M. Complex processing of primary aluminum to remove impurities
of non-ferrous metals // Metalurgija, Volume 62 (2). —2023. — P. 293 — 295.

12 Bykov P. O., Zhunusov A. K., Tussupbekova M. Zh., Absolyamova D. R.
Rafinirovanie aluminiya — syrca borsoderzhaschimi materialami // Nauka I tehnika
Kazakhstana, 2021, Ne 2. — P. 77 — 84.

Material received on 28.07.23.

*4. b. Kyanowixoé', I1. O. bBvikos’
“TopaiireipoB yHuBepcureti, Kazakcran PecryOnukacel, [1aBnonap k.
Marepuan 28.07.23 Gacniara TYCTI.

BOP KbIIIKbLIbI HETT3IHAEI'T «BEJICEHAI» TYWIPIIIKTI
CY3I'VIEPAI KOJIJAHA OTBIPBIII, TYCTI METAJIJTI KOCITAJIAPBIHAH
BACTAIIKBI ATIOMUHUM I TABAPTYAbI 3EPTTEY

byn maxanada 6anrkpimanvl myuipwixmi cy3einep apKblivl 00aH Opi Cy3y
APKbLIbLL MA3APMYMEH JHCOHE 60D KbIUKbLIbL KOCRAIapbl 6ap OenceHoi myuipuikmi
cyseinep apxulibl OACmanivl AlOMUHUNOL OIp camblibl CY3Y APKbLIbL UWOMILMe]
bop vuuxoiioimer. (H.BO,) ¢arocmi enoeymern bacmankvl anomMuHuiol Kewenoi
eKi camblibl 6HO0ey OOUbIHUA CATbICIMbIPMATbL IKCHEPUMEHMMIK 3epmmeynepoiy
Homuoicenepi KemipiizeH.

3epmmeynep Kazaxcman Pecnyoauxacet Foinoim  owcone  oicozapvl  Oinim
munucmpniei Folwoim kKomumeminiy «XKac aanvimy KoHKypcwl Ootbinwa HPH
AP19175493 «bencendi bemi bap cyseitepmer 6Acmanyvl aiOMUHULOL mazapmy
MEXHONOUACLIH  d3ipaeyy  dcobacel  OOUbIHWGA — 2PAHMMBIK  KAPAHCLIAHObIDY
wenbepinoe Hcypeisinoi.

3epmmey nomudicenepi benceHoi cyzeinepoi naioaIaHa OMmvlPbIn, WUKE ATFOMUHUTIOL
mycmi Memaul KOCHAAApblHAH MAa3apmyobly KeuwleHOl Oip camblibl MexHOI02USACH
011apObIH OACMANKbL AIIOMUHULIOEST KYPAMbIH MOMEHOCHEMIHIH KOpCemmi.

3epmxananvix 3epmmeynep OenceHoi cyseinepmen mazapmy 90iCiH KOIOAH2AH
Kez0e bacmankvl aniomunutioe sanaouii 53,3 %, moic 19,8 %, maenuii 49,6 %,
mapeaney 51,7 % oicone kpemnuii 97,1 % Kypamvl momenoezeHin Kopcemmi.

Amomunuiioi  mazapmy 90ICMepiHiH CAlbICMbIPMAbL  Manidaybl 0enceHOl
cyseinepoi  Kondawy moceneci OeiceHOi Cy32iHiy opmypai napamempiiepine
baunanvicmvl mycmi Memanoapovly KOCHALAPbIHAN MA3APMY 00PeNCcecin anblKmay
yuwiin ooan opi 3epmmeyoi Kaxcem ememinoicin Kopcemmi.

Kinmmi ce30ep: antomunuii, mycmi memann Kocnauapol, cy3y, 60p KblUKbLIbL,
@moc, bencenoi cysei.
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*Ye. N. Makhambetov', S. T. Gabdullin?, Z. Zulhan®,
NCCIEJOBAHUE PAOUHUPOBAHUSA IEPBUYHOI'O AJITFOMUHUA A. M. Zhakan*, A. A. Myrzagaliyev®

OT NPUMECEN HBETHBIX METAJIJIOB C IPUMEHEHUEM
«AKTUBHBIX» 3BEPHUCTBIX ®PUJIbTPOB
HA OCHOBE BOPHOM KHUCJIOTBI

B oaunoni  cmamwe  mpeocmasnenvl  pe3yibmamvi  CPAGHUMETbHBIX
IKCNEPUMEHMANBHBIX UCCTEO08AHULL NO KOMNIIEKCHOU O8YX3MAanHou obpabomike
nepeuuH020 antomMunus Gaocoeoti obpabomxou boprou kucromot (H,BO,) 6 kosuie
¢ danvHeuutell purbmpayuoHHol OUUCIKOU PACHAABA Yepe3 3ePHUCTbIE (UTbMPYL U
00HOIMANHOU PUTLMPAYUOHHOU OUUCTNKOU NEPEUYHO20 ATIOMUHUS Yepe3 aKMUBHbLe
3epHuUcmole Quibmpsi ¢ 000asKamu 6OPHOU KUCLIOMBL.

Hccenedosanus npogoounics 6 pamxax 2panmogozo gunancuposanus Komumema
Hayku Munucmepcmea nayku u evicuieco oopazosanus Pecnyonuxu Kazaxcman no
xouxypcy «Kac I'anvimy no npoexmy UPH AP19175493 «Paspabomka mexnono2uu
PauHUposanus NEPEULHO20 ATIOMUHUS PUILIMPAMU C AKMUBHOU NOBEPXHOCTNBION.

Pesynomamul  uccnedosanuii noxkazanu, uymo KOMNIEKCHASL OOHOIMANHAS
MEXHONI02USl OYUCIKU ATIOMUHUA-CHIPYA OM  HpUMecell Y8EemHbIX Memallog ¢
UCNONBL30BAHUEM AKMUBHBIX (DUILIMPOE CHUNCAEM UX COO0EePIUCAHUe 8 NepeUUHOM
ATIOMUHULL.

Jlabopamopnuvie ucciedosanus noKaA3AIU CHUICEHUE COOEPIHCAHUS 8AHAOUS HA
53,3 %, meou na 19,8 %, macnus na 49,6 %, mapeanya na 51,7 % u xpemuus na
97,1 % 6 nepsutuHoM antoOMuHUU NPU UCNOALIOBAHUL MEMOOd OUUCKU AKINUGHBIMU
dunompamu.

Cpagnumenvhvlil aHAIU3 MEMOO08 OYUCKU ANIOMUHUSL NOKA3AT, YMO 80NPOC
NpUMEHeHUsl AKIUBHBIX (DUILINPOE HYIHCOAemCsl 8 OATbHeleM U3YUeHUU ¢ Yeabio
onpeodeneHust cmenenu OYUCMKU Om npuUMecell YGEMmHvIX MEMmaiio8 8 3a8UCUMOCU
OmM paA3TULHBIX NAPAMEMPOS AKMUBHO20 DUTbMPA.

Kniouesvie cnosa: amomunuil, npumecu YGeMHuIX MemMAailos, Quibmpayus,
OopHas Kucioma, aoc, AKMUSHbLI GUiIbmp.
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THERMODYNAMIC MODELING OF THE SMELTING PROCESS OF A
NEW COMPLEX CHROMIUM-MANGANESE-SILICON
CONTAINING FERROALLOY

This article presents the results of a complete thermodynamic modeling of
the smelting process of chromium-manganese-silicon-containing ferroalloy from
chromium and manganese ores of Kazakhstan. A complete thermodynamic simulation
of the smelting process of chromium-manganese silicon-containing ferroalloy was
performed in the software package « HSC Chemistry 6». The principle of operation
of this software package is based on the principle of maximum entropy and takes
into account all known properties of the reacting components that make up the
thermodynamic system. Thermodynamic analysis for modeling the smelting process
of a complex alloy was carried out in the temperature range from 900 to 1800 °C
for three real charge compositions (with a lack of 10 % solid reducing agent, with a
normal course of the regime and with an excess of 10 % solid reducing agent). The
mechanism of joint carbothermic reduction of silicon, aluminum, calcium, manganese,
chromium and iron was studied using the Cr-Si-Al-Ca-Mn-Mg-O-C system. The
calculations carried out make it possible to fully consider all the physicochemical
processes occurring during the smelting of chromium-manganese silicon containing
ferroalloy by the carbothermic method. According to thermodynamic data, the optimal
consumption of solid carbon per 100 kg of ore mixture (chromium and manganese
ore), in the amount of 17 kg, has been established. The chemical composition at a
temperature of 1800 °C is, %: Cr - 43.43; Mn - 21.28; Si - 10.25 and Fe - 24.55.

Keywords: complex alloy, carbothermic process, chromium-manganese-silicon-
containing ferroalloy, thermodynamics, chromium ore, manganese ore.

Introduction

To determine the rational parameters of the technology of smelting chromium-
manganese-silicon-containing ferroalloy, it is necessary to conduct a thermodynamic
analysis of the state of the system, which allows determining the probable direction
and depth of transformations of charge materials from the beginning of melting to
metal production [1-2]. The mixture of starting materials for ferroalloy smelting is
multicomponent (manganese and chromium ore, carbon reducing agent). To establish the
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mechanism of joint carbothermic reduction of silicon, aluminum, calcium, manganese,
chromium and iron, it is necessary to study the main reactions in the Cr-Si-Al-Ca-Mn-
Mg-O-C system.

The relevance of the work lies in the need to develop a comprehensive ferroalloy
technology by developing theoretical and technological foundations that contribute to
increasing technical and economic indicators, as well as solving the task of attracting
poor manganese ores of the Republic of Kazakhstan for metallurgical processing [3—4].
The ever-high demand for quality steel grades contributes to an increase in the production
of ferroalloys, in particular, complex alloys based on three main elements-manganese,
silicon and chromium, which are acidifiers of steel. To lay the scientific basis for the
production of a complex chromium-manganese silicon-containing alloy (FeCrMnSi)
using chromium and poor manganese ores in Kazakhstan, the study of Phase balances
in the Cr-Fe-Mn-Si metallic system and the establishment of its general laws is carried
out [5,6,7].

Materials and methods

To calculate the coexisting phases in the Cr-Si-Al-O-Mn-Mg-O-C system,
thermodynamic values from the HSC Chemistry 6 database were taken. The database of
the integrated HSC Chemistry 6 program is based on and updated by SGTE. According
to the sources [8,9,10], the error in calculations on the HSC Chemistry software package
is no more than 4-6 %, which is quite acceptable. The HSC software allows you to
quickly and easily perform conventional thermodynamic calculations using personal
computers. Therefore, HSC has a wide range of applications in scientific education,
industry and research. The equilibrium composition of the multicomponent oxide and
metal system was developed using the «Equilibrium Compositions» module. For the
calculation, the algorithm of the «GIBBS» program of the minimum potential of the
Gibbs energy was used.

For thermodynamic analysis, the principles that formed the basis of thermodynamic
modeling of Cr-Si-Al-Ca-Mn-Mg-O-C systems were formulated.

1 Temperature. Thermodynamic analysis was carried out in the temperature range
from 900 to 1800 °C. The lower limit characterizes the standard state, changes are
insignificant up to a temperature of 900 °C, the upper limit is the final state, the melting
point of the components, the formation of the final reaction products, that is, the initial
and final equilibrium states of the system.

2 In all calculations, the pressure was chosen to be 0.1 MPa, which approximately
corresponds to a pressure of 1 physical atm., characteristic of most metallurgical
processes, including processes of solid-phase coal-thermal interaction.

3 Volume. The volume is determined by the thermodynamic state of the system.

4 The system is closed, there is no exchange with the environment.

5 A complete thermodynamic analysis was carried out for three real charge
compositions (with a lack of 10 % solid reducing agent, with a normal course of the
regime and with an excess of 10 % solid reducing agent) for smelting a complex
alloy of manganese and chromium ore, in order to determine the optimal mode of the
carbothermic process (Table 1).
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Table 1 — Chemical composition of the charge mixture, kg.

Charge | 010, | Fe0, | MnO, | SiO, | ALO,  CiO | Mg0 = C
Nel | 27 | 15 B3 29 | 12 | 3 8 1l
Ne2 | 27 | 15 3 29 | 12 | 3 s | 14
Ne3 | 27 | 15 320 | 12 3 8 | 17

6. The following substances were selected as associates for calculations:

- metal phase: Cr, Fe, Mn, Cr,C, Fe.C, C, Cr,C,, Cr,C,, FeSi, Cr,Si, CrSi, Fe,Si,
Cr.Si,, Si, CrSi,, Al, SiC, FeSi,, Fe Si,, Cr,,C,, FeSi, ., FeSim’ CaC, Mg Si, CaMg,,
MnSi, MnSi _,MnSi __,Mn C,Mn C, Mn C,, Mn,Si, Mn,Si, MnC,, Mn,C, Al SiC,;

- slag phase: Cr,FeO,, Cr,0,, SiO,, MgSiO,, FeAl O,, AL,O,, CaO*Al,0,*2Si0,,
MgO*Al,0,, CaMgSi,O,, CaO*MgO*28i0,, CaSiO,, Mg,SiO,, MgCr,O,,
(CaMg)0.5Si0,, (CaFe)0.5Si0,, Mg Al Si.O ., Cr MgO,, FeSiO,, MgO, *3A1,0,*2Si0,,
Al Mg Si O, CaAlSiO,, CaO*MgO*SiO,, FeO, Ca0*Al,0,*Si0,, CaO*Cr,0,,
Mg ALSi,O ,, CaMgSiO,, CaO*Al0,, *2FeO*SiO,, CaFe(Si0,),, CaO*2AL0,,
*2Ca0*MgO*28i0,, *2Ca0*Si0,, *2Ca0*Al 0, *Si0,, Fe0*Si0,, Ca0O, Al,0,*2Si0,,
Ca,Si,0,, *3Ca0* SiO,, CaO*MgO, *3Ca0*Mg0*28i0,, *3Ca0*Al,0,*38Si0,,

Ca,SiO,, Fe,ALSi,O,,, Fe,O

182

Ca,MgSi,0,, CrO,, CaO*6AL0,, Fe,AlSiO » Fe,0,,
Fe.O,, *3Ca0O*Si0,, *2Ca0*Al,0,, MgCO,, MgFe O,, AIO, CaFeSiO,, MgO ,
374 2 273 3 274 4 2
Fe,MgO,, *3CaO*Al0,, MgFel’415Cr0_632.04_07, CaO*F§ZO3, Ca3F62Si3OI2, CrO,,
*2Ca0*Fe 0,, CaMg(CO,),, Mg Al,0,*AlSi,0, ,Mg Al SiO , Ca,(AlSi 0O,),*CaCO,,
Mno‘?554Ca0.0446SiO3, Ca,Cr,(Si0,),, CaFe,O,, MnO*Al1,0,, MgCrO,, MnO,
MnSiO,, CaCrO,, MnCO,, CaFe,O,, Fe, MnO,, MnO*Fe,O,, CaMg (CO,),, MnO,,
*2Ca,Si0,*CaCO,, Cr(CO),, Ca,Si,0,*2CaCO,, *12Ca0* AL O,, Cr,0,,, Fe (CO)

12°

*4CaO*ALO,*Fe,0,, Cr,0,, Fe,(CO),, Ca(MnO,),, Mn,0,, Mn,SiO,, MgMn.O,,

Mn,O,, CaCO,;

" (;gas phase: CO,, CO,, SO, Mg, Al,, Si, AlO,, MgO, ALO, Mn,
n

(€90

Results and discussion

The main purpose of thermodynamic modeling in this work is to establish the
regularities of the distribution of chemical elements between metal, slag and the gas
phase during carbothermic reduction of chromium and manganese ore.

Data analysis shows that the initial composition of the charge, recovering, undergoes
significant changes. As a result of modeling, it was revealed that, during the smelting
of chromium-manganese-silicon-containing ferroalloy by the carbothermic method up
to 1800 °C, the formation and some changes of elements (Figure 1, 2, 3 and 4) in the
gas, metal and slag phase are observed.
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Figure 1 — Dependence of the condensed and gas phase composition on temperature
(consumption of solid carbon 11 kg per 100 kg of ore mixture)
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Figure 3 - Dependence of the condensed and gas phase composition on temperature
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Figure 4 - Dependence of the condensed and gas phase composition on temperature
(consumption of solid carbon 20 kg per 100 kg of ore mixture)

Analysis of the curves shown in the figures shows that:

— charge mixture Ne 1 (Figure 1), solid carbon consumption 11 kg. The reduction
processes of metal formation begin at a temperature of 1200 °C, the content of iron
and manganese at a temperature of 1300 °C is 8-9 kg in the metallic phase, practical
in all solid carbon costs. At a solid carbon consumption of 11 kg per charge mixture,
the phase - Cr,FeO, at a temperature of 1300 °C will decompose into free Cr,O,, the
content of which reaches 22 kg in the slag mixture. As the temperature increases, the
content of Cr,O, decreases to 18, the high content of Cr,0O, and SiO, in the slag phase
indicates a clear lack of reducing agent. In the composition of the metal phase, the
silicon content is very low.
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— charge mixture Ne 2 (Figure 2), solid carbon consumption 14 kg. The reduction
processes of metal formation begin at a temperature of 1200 °C, the content of iron
and manganese at a temperature of 1300 °C is 8-9 kg in the metallic phase, practical
in all solid carbon costs. With a solid carbon consumption of 14 kg per charge mixture,
starting from a temperature of 1100 to 1450 °C, the phase — Cr,O, in the slag mixture
decreases, and the Cr content increases to 15 kg in the metal phase. The high content
of SiO, in the slag phase also indicates a lack of reducing agent.

— charge mixture Ne 3 (Figure 3), solid carbon consumption 17 kg. The reduction
processes of metal formation begin at a temperature of 1200 °C, the content of iron and
manganese at a temperature of 1300 °C is 8-9 kg in the metallic phase, practical in all
solid carbon costs. At a solid carbon consumption of 17 kg per charge mixture, starting
from a temperature of 1100 to 1300 °C, the phase — Cr,O, decreases in the slag mixture,
the content of Cr, Cr,C, Cr,C,, Cr.C,, Cr,Si, CrSi, Cr,Si,, Si, CrSi,, Cr,,C, increases in
the metal phase. The SiO, content in the slag phase is reduced to 6 kg, which indicates
the abundance of the reducing agent (Table 2).

— charge mixture Ne 4 (Figure 4), solid carbon consumption 20 kg. The reduction
processes of metal formation begin at a temperature of 1200 °C, the content of iron and
manganese at a temperature of 1300 °C is 8-9 kg in the metallic phase, practical in all
solid carbon costs. At a solid carbon consumption of 20 kg per charge mixture, starting
from a temperature of 1100 to 1300 °C, the phase - Cr203 decreases in the slag mixture,
the content of Cr, Cr,C, Cr,C,, Cr,C,, Cr,Si, CrSi, Cr,Si,, Si, CrSi,, Cr,,C, increases
in the metal phase. There is a high silicon content in the metal at a temperature of
1800 °C, 15.80 %.

According to thermodynamic data, changes in the composition of metal and slag
were calculated for each charge mixture at a temperature range of 900—1800 °C.

Table 2 — Chemical composition of metal and slag

Charge mixture Ne 1, consumption C_. - 11 kg
. °C Metal composition, % Slag composition, %
Cr Mn Si Fe Cr,0, Fe,0, Sio, AlLO, CaO
900 0.0 51.6 0.0 10.7 30.72 12.26 31.73 13.66 2.80
1000 0.0 46.4 0.0 23.0 31.81 8.81 33.07 14.14 2.99
1100 0.3 42.1 0.0 32.5 32.87 5.27 34.48 14.66 3.19
1200 38 39.4 0.0 357 32.45 3.54 35.69 15.13 3.33
1300 26.3 31.5 0.0 34.7 23.64 0.84 42.15 17.76 4.03
1400 339 29.5 0.0 327 18.65 0.80 44.95 18.93 431
1500 37.2 28.7 0.1 319 16.08 0.75 46.38 19.52 4.49
1600 39.1 28.2 0.2 315 14.39 0.69 4731 19.89 4.66
1700 40.3 27.9 0.3 31.2 13.35 0.67 47.78 20.11 4.81
1800 40.5 27.9 0.4 31.0 13.44 0.84 47.46 20.05 4.90
Charge mixture Ne 2, consumption C_ - 14 kg
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¢ °C Metal composition, % Slag composition, %
' Cr Mn Si Fe Cr,0, | FeO, Sio, ALO, | CaO
900 0.00 42.29 0.00 13.82 31.17 10.88 32.27 13.85 2.88
1000 0.06 38.04 0.00 25.65 32.52 6.57 33.94 14.47 3.11
1100 1.02 35.05 0.00 32.99 33.35 3.01 35.49 15.04 3.33
1200 16.84 30.67 0.00 31.52 27.40 1.96 39.41 16.66 3.73
1300 36.85 25.48 0.01 28.67 13.29 0.55 48.08 20.23 4.62
1400 43.28 24.02 0.06 27.22 5.83 0.43 52.29 22.01 5.05
1500 45.79 23.43 0.21 26.69 2.21 0.33 54.26 22.88 5.32
1600 46.65 23.19 0.72 26.55 0.79 0.24 54.71 23.35 5.55
1700 46.65 23.15 2.14 26.55 0.73 0.22 53.50 2391 5.82
1800 46.31 23.26 3.53 26.63 1.44 0.29 51.48 24.45 6.09
Charge mixture Ne 3, consumption C_ - 17 kg
¢ °C Metal composition, % Slag composition, %
’ Cr Mn Si Fe Cr,0, Fe,O, SiO, ALO, CaO
900 0.00 36.17 0.00 14.96 31.50 9.85 32.67 14.00 2.93
1000 0.10 32.88 0.00 25.54 32.94 5.23 34.47 14.66 3.18
1100 1.69 30.72 0.00 31.01 33.36 2.07 36.02 15.24 3.40
1200 25.80 25.39 0.00 27.43 20.75 1.26 43.52 18.36 4.14
1300 40.94 22.04 0.02 25.15 4.55 0.29 53.11 22.33 5.14
1400 43.59 21.47 0.19 24.69 0.31 0.14 55.44 23.39 5.42
1500 43.68 21.40 1.40 24.70 0.03 0.07 54.62 23.96 5.63
1600 43.48 21.30 5.51 24.58 0.01 0.05 50.78 25.94 6.18
1700 43.25 21.18 9.90 24.46 0.04 0.08 45.60 28.61 6.88
1800 4343 21.28 10.25 24.55 0.05 0.12 43.90 29.46 7.17
Charge mixture Ne 4, consumption C_ ., - 20 kg
t, °C Metal composition, % Slag composition, %
Cr Mn Si Fe Cr,0, Fe,0, SiO,| AlLO, CaO
900 0.01 31.76 0.00 15.25 31.76 9.04 3298 | 14.12 2.98
1000 0.12 29.19 0.00 24.62 33.22 4.35 34.82 | 14.79 3.23
1100 2.23 27.53 0.00 28.80 33.23 1.57 36.38 | 1538 3.45
1200 30.58 22.04 0.00 24.50 14.38 0.79 4734 | 19.95 4.53
1300 40.00 20.18 0.02 23.18 1.51 0.16 54.89 | 23.05 5.33
1400 40.81 20.01 0.31 23.09 0.06 0.07 55.50 | 23.52 5.47
1500 40.76 19.96 2.54 23.09 0.00 0.03 53.45 | 24.61 5.79
1600 40.32 19.74 10.63 22.82 0.00 0.02 44.13 | 29.54 6.97
1700 40.18 19.67 14.86 22.71 0.00 0.02 36.78 | 33.54 7.83
1800 40.41 19.78 15.80 22.85 0.00 0.03 3290 | 3591 8.29
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Conclusions

Thus, the calculations carried out fully allow us to consider all the physico-chemical
processes occurring during the smelting of chromium-manganese-silicon-containing
ferroalloy by the carbothermic method. The optimal consumption of solid carbon is 17 kg
per 100 kg of ore mixture, the chemical compositionat 1800 °Cis, %: Cr—43.43; Mn—21.28;
Si—10.25; Fe —24.55.

Thermodynamic calculations also show that increasing the consumption of solid
carbon to 20 kg per 100 kg of ore mixture reduces the chromium and manganese content,
the chemical composition at 1800 ° C is, %: Cr — 40.41; Mn — 19.78; Si — 15.80; Fe —
22.85.
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*«ERG-[iH FBUIBIMU-3epPTTEY KOHE WHIKUHUPUHT OPTAJIBIFbD) KPEMHUVCOJEPXKXAIIETO ®EPPOCILIIABA
XKUIC, Kazakcran PecriybOnukacel, AkTe0e K.
Martepuan 10.07.23 Gacnara TycTi. B oOannoti cmamove npusedenvl pesyibmanmol NOAHO20 MeEPMOOUHAMULECKO20
MO()eJZMpOGaHM}Z npoyecca 8blNjld6KU xpOM-MapeaHeu—erMHuﬁcodepofcawezo
JKAHA KELWLEHI XPOM-MAPI AHEH-KPEMHHFI KYPAMJIAC geppocnnasa  uz xpomosvix u mapeaunyesvix pyo Kazaxcmana. [Tlonnoe
(I)EPPOKOPI)ITHAHI)I BAJIKI)ITY HPOHECIH mepModquaMuquKoe ManﬂupO@aHUﬂ npoyecca  6blnjlaeKu  Xpom-mapeaHey-
TEPMOJMHAMMKAJIBIK MOJEJbIEY KpeMHuticooepicaujeco peppocniasa ovliu npou3eedeHvl 8 RPOSPAMMHOM KOMNIEKCE

«HSC Chemistry 6». Ilpunyun pabomsi 0anH020 NPOSPAMMHO20 KOMNIEKCA
OCHOBAH HA NPUHYUNE MAKCUMYMA SHMPONUU U YUUMBIEAIOWULl 6Ce U36ECHIHbIE
ceolcmea  peasupyrowmux KOMHOHEHMO08, COCMABTAIOWUX MEPMOOUHAMULECKYIO
cucmemy. Tepmoounamuueckutl anaius 0asi MOOEIUPOSANUS NPOYECccd GbINIABKU
KOMNIEKCHO20 CNIABA OCYIeCmeIsics 6 memnepamypiom unmepsaie om 900 0o
1800 °C onst mpex peanvhvix cocmagos wuxmol (¢ Hedocmamkom 10 % meepdoco
80CCMAHOBUMENS, ¢ HOPMATLHLIM X000M pedicuma u ¢ uzovimxom 10 % meepdoco
soccmanogumenst). Mexanusm cosmMecmHozo KapoOMepMuiecko2o 80CCmano61eHUs
KpeMuusl, anOMUHUS, KATbYUsl, MApeanyd, Xpoma u dicene3d uzyiany no cucmeme
Cr-Si-Al-Ca-Mn-Mg-O-C. [lposedennvie pacuemvl, 6 NOIHOU Mepe HO360JAI0M
paccmompems 6ce QUIUKO-XUMUYECKUE NPOYECcchl, Npomexarowue npu Gulniaske
XPOM-Map2aHey-KpeMHULLCOOepIcayeo geppocnnasa KapbomepmuuecKum
cnocobom. CoenacHo mepmoOUHaAMUYECKUM OAHHBIM YCMAHOGIEeH ONMUMANbHbIU
pacxoo meepdoeo yenepooda Ha 100 ke pyouoi cmecu (XpomMosol u mMapeanyeso
pyou), 6 konuuecmee 17 ke. Xumuueckuii cocmag cnaasa npu 1800 °C cocmagnsem,
%: Cr-43.43; Mn - 21.28; Si - 10.25 u Fe - 24.55.

Kniouesvie cnosa: xomnaexcuviil cniag, KapoOomepmudeckutl npoyecc, Xpom-
Mapaaney-KpemHuticooepaicayuti eppocnias, mepmooOuHaMUKda, Xpomosas pyod,
Mapeanyesas pyoa.

Byn makanaoa Kazaxcmannviy Xpom dcone mapeaney KeHOepineH KypamblHOd
Xpom-mapeaney-kpemrutl  6ap  geppoxopuimnansl  6aiKpimy ypoiciH  MmOJbIK
MePMOOUHAMUKANBIK — MoOeaboey — Homuoicenepi  KeamipineeH.  Kypamvinoa
Xpom-mapeaney-Kpemrutl  6ap  geppoxopulmnansl  6aiKpimy ypoiciH  MmOJbIK
mepmoournamuxanvix mooenvoey «HSC Chemistry 6» b6azoapiamanvix KeuteHiHOe
2ACYpeizinoi. Byn baz0apnamanvlk KeUeHHIH HCYMblC RPUHYUNLMAKCUMATIObL SHMPONUS
NPUHYUNIHE He2i30eN12eH JHCOHe MePMOOUHAMUKAILIK HCYUeHI KYypaumvli peaKyus
KOMNOHenmmepiniy Oapivlx beneini Kacuemmepin ecxepedi. Keuienoi kopbimnansi
bankpimy ypoicin moodenvoeyee apHai2aH mepmMOOUHAMUKATLIK MAA0Ay Yul HaAKMbl
wuxma xypamer yuin 900-0en 1800 °C Oetiinei memnepamypanblk uHmepeanioa
orcypeizindi - (10%  kammovl  MOMBIKCHIZ0AHOBIPSLIUMbBIY, — JHCEMICNeYULIICIMEH,
Kanvinmol pesicummen acone 10% xammuvl momviKCoi30anObIP2blUMbIY  APMbIK
menwepiver). Kpemnuil, amomunuill, Kaibyutl, mMapeauey, Xpom JHCOHe MemipOiH
Oipaecken kapoomepmusinblk momuikcovizoany mexanusmi Cr-Si-Al-Ca-Mn-Mg-O-C
arcytieci apkwiiwl 3epmmendi. Kypeisineen ecenmeynep Kypamvinoa Xpom-mapaaney-
KpemHuti bap @eppokopblmnansl KapbOmepMusiivlk MoCiMeH OalKblmy Ke3iHoe
bonamuln  6APALIK,  DUBUKA-XUMUATBIK,  YpOicmepOi moavlK Kapayad MYMKIHOIK
bepedi. Tepmoounamuxanvix monimemmepee cotikec 17 ke memuepinoe 100 ke
KeH KOCRACLIHA (XPOM JCoHe Mapeaney KeHOepi) Kammbvl KOMIPMEKmiy OHMAailivl
wivlebiibl anblkmanovi. 1800 °C memnepamypada KOpblmMnaHvly XUMUSLIbIK KYpambl
%. Cr-43.43; Mn - 21.28; Si - 10.25 sicone Fe-24.55.

Kinmmi co30ep: xewendi Kopvimna, Kapoomepmusiivlk ypoic, KypamvlHOA XPOM-
Mapeaney-KpemHul bap heppokopeimna, mepmoOUHAMUKA, XPOM KeHi, MapeaHey KeHi.
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UCI10JIb3OBAHUE MATEMATUYECKUX METOL4OB
B YIPABJIEHUW MPEQIMNPUATUEM

B nacmosuwee epems axkmyanvbHbiM AGNAEMCS  AHANUMUYECKUU HOOX00 6
ynpaegnenuu npeonpusmuem. Taxoitl nooxo0 npeononazaem UCHOIb308AHUE
Mamemamuueckoeo — annapama.  Mamemamuueckue — Memoovl  NO3GONAIOM
CMOOeUPOBAMsd NPOUIEGOOCMEEHHBIL NPOYECC, NPeoCmagumy MOUHbIE PEUECHUs.
Pesynsmamut uccnedosanuii cayacam 0ist 060CHOBANHUS YNPAGIEHUECKUX peulenull. B
O0aHHOIU cmambve paccmMompensvl 60NPOChl NPUMEHEHUSL MEXHON02UU ONMUMATLHOZO
VApasnenus Ons HAXO0MHCOeHUS] IKOHOMUYECKUX U MEXHONIO02UUEeCKUX NoKazamenell.
Llenv pabomul: ucnonvzosanue mMemooo8 MamemMamuiecKoeo nPopamMmuposanus 8
VApasienuu npou3e00cmeom 6 ooaacmu mpancnopma. B pacuemax ucnonb3oeansi
peanvubie oanHvle KOHKpemnoz2o npeonpusmus. Cocmasienvl yenegvle yHKYuu u
VCI0BUS OCPANUYEHUL HA NepeMeHHble, OMPAdXCarouue MexHoa02UYecKull npoyecc
npeonpusamus. B pacuemax Ovinu ucnonwb3oeanvl aHAIUMUYECKUU U epaguyecKull
Memoobl pewrenutl. Mcciedosanus nposoosamcs 8 Ciyydasx JUHEUHOU U HelUHelHOU
yenesvix (QyHKyull. Ycioeus oepaHuyveHull 8 COOMEEmMCmeUU ¢ MexHOLo2Uel
umerom AUHEeUHblll U HeAUHelnblll 6ud. Paccuumuleaiomes: nianvl npou3eoocmsd,
naaHsbl pearuzayuu npooyKyuu, Hauoenvl 2n00aibHble IKCMpeMymbl. 3Hauumocmy
UCCNe008anUs COCMOUM 6 MoM, 4mo Oe3 MamemMamuieckoe0 ONUCAHUsL NPOYEeCccos
COBPEMEHHbII YPOBEHb YAPAGIEHUS U NIAHUPOBAHUS He MOdcem Dblmb 00CMUSHYM.
Tonyuennvie pacuemst 0arOm 603MONHCHOCHb U30EAHCAMb PUCKOS NPU NIAHUPOBAHUU
npoussoocmea. Tounwlll NPOSHO3 NO3GONUM GbICIPAUBANb GEPHYIO CIPAMESUIO.
Hannolii npaxmuveckuti. Mamepuan Moxicem UCNoaAb308aAmMbCsl HA NPeOnpUATNUSX
mpancnopma 0Jis nogvlueHus: 3ghghexmuenocmu pabomei.

Kniouesvie cnosa: mamemamuyeckasn mooenv, memoo muodxcumenei Jlazpanoica,
yenegass (YyHKyus, ONMUMANbHLIU  NAAH, HEIUHEUHOe NpOpaAMMUpPOBaHUe,
cmpamezust, 2100a1bHbII IKCPEMYM.

BBenenune

B Hactosiiee BpeMs ynpaBlieHHE NMPOU3BOJACTBOM B TpaHCIOPTHOU cdepe
UMeEeT CI0XHYI0 3anauy. HayuHblli m0OAXO0J B MIaHUPOBAHUU, OOCITYKUBAHUU H
MIPOTHO3UPOBAHUHU TPEOYET OT COBPEMEHHOTO CITCIIMAIIMCTA BBICOKON KBaTH(UKAIIIH
U IPaMOTHBIX pacyeToB. [I[pumMeHeHHe pa3IMuyHbIX METOJ0B MAaTEMaTHU4YE€CKOTO
MOJIEJTMPOBAHUSI TO3BOJIUT MPABUIILHO BBICTPOUTH CTPATETHIO MPEANPUATHS U CACTaTh
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HayYYHbIC U IPAKTHYECKUE BBIBOBI. B 1anHON paboTe paccMOTPEHbI MaTEeMaTHUECKUE
IIOJAXOJbl B YIPAaBJICHUU TEXHOJOTHMUYECKUMMHU Ipolueccamu npennpustus. Llens
paboThl — MPUMEHEHHE METOJ0B MAaTeMaTHYE€CKOro MPOrpaMMHUPOBAHUS MPU
peLIeHUH TPOU3BOACTBEHHBIX cuTyanuil. O0BbeKT uccienoBanus - npeanpusitae TOO
«CapsiapkaAstollpom» (nanee — npennpusarue), creuagIu3upylomnieecs Ha coopke
aBToMoOwmel. [IpenmeT uccneqoBanus — MoKazaTesd 0ObEKTa.

JUist JOCTHXKEHUS LeN B paboTe perainch 3a/1a4u:

1 MccnenoBanue npon3BOACTBEHHOIO IIPOLIECCA IPEATIPUATHS.

2 TlpumeHeHue MaTeMaTHUUYECKUX METOJOB I MOJAEIMPOBAHUSA IIPOLECCOM
yIpaBIEHUS.

3 Hcnonp30BaHUE METOAUK ISl ONPEAEIICHUS HAWIYUYIIUX U PallMOHAIbHBIX
peLIeHu.

[IpakTryeckas HEHHOCTh Pa0OTHI 3aKITFOYAETCS B TOM, YTO IPEATI0KEHHBIE METOIbI
MO3BOJIAT KBATU(HUIIMPOBAHHO MOXOUTh K YIIPABJICHUIO IIPOU3BOJICTBOM.

['unore30i Hay4HOr0 UCCIIEN0BaHUS SBIIETCS IPEAIIONIOKEHUE O TOM, UTO CUCTEMA
HAyYHOI'O TOJX0/1a SIBJSETCS MCTOYHUKOM MOBBIMIEHUS 3P(HEKTUBHOCTH PabOTHI
npennpustys. [Ipeanonaraercs, 4To BHEAPEHNE MaTEMAaTHUYECKUX METOJI0B B CHCTEMY
yIpaBJIeHUs 00ECTICUUT MPEANPUATHIO CHIDKEHUE U3/IEPIKEK ITyTEM COBEPILICHCTBOBAHMUS
yIpaBJIeHUs, T03BOJUT HAPACTUTh 00BEMBI IPOU3BOAUMBIX PA0OOT H T.JI.

B nHayuHO# IuTepaType MnpeacTaBieH 10CTaTOYHbIH 0030p MPUMEHEHUS] METOJIOB
MaTEeMaTHYECKOTO IPOrPaMMHUPOBAHUS B PA3JINYHBIX Cepax e TeTbHOCTH YeI0BEKa.
VimuTannoHHble MOAETH B IUIAHUPOBAHUM HA MPEIIPUATHH MPEACTABICHBI B paboTe
[1]. B Hayunbix cTaThsx [2—3] NOpUBOASTCA UCCIENOBaHUS 3a]a4 HEJIUHEUHOTO
IPOTPaMMHUPOBAHUS C JIMHEHHBIMH OIpaHHUYEHHUSIMU B cepe TPAaHCIOPTHBIX 3a7ad.
Pabota [4] HocuT pyHIaMEHTAIbHBINA XapakTep. AHATUTHYECKHUE METO/IbI ONITUMHU3AINN
IIpeJICTaBJIEHbI B Tpyaax [5—8]. 3ajauu HEJIMHENHOr0 IPOrPaMMUPOBAHNUS COAEPKAT
npuOIMKEHHBIE aTOPUTMBI HA OCHOBE aJTOPUTMOB alllpoKcHUManuu, padora [9].
Teopus MmaTreMaTu4yecKoro nporpaMMupoBanus B cratee [10] npencrasiena B cirydae
HEJIMHEHHOH 11es1eBoi (pyHKIMEeNH 1 HOpPMUPOBAHHBIMU YCIIOBUSIMH, HAJIOKCHHBIMH Ha
apryMeHTHI.

MarepuaJjbl 1 METOIBI

[IpuMeHsanIuCh aHAIUTHYECKUE U T'padUueCKHe METOJbl MaTEeMaTHYECKOIO
nporpaMMupoBaHus. PaccMoTpeHsl ciyyau, Korjaa meneBas (yHKIHS JHHEHHOTO,
HEJIMHEHHOT0, IPOOHO-TTMHEHHOTO BUJIOB. Y CIIOBHS OTPAaHUYECHHH TMHEHHOTO U HETMHEHHOTO
BUJIOB. B kauecTBe mMareprana ObUIM KCIOJIb30BAaHBI MPOU3BOJICTBEHHBIE ITOKA3aTEIN
NPEIPHUATHS: IPOU3BOACTBEHHBIN IU1aH, IUIAH peaIu3aliii IPOAYKLMU U APYTHE.

Omnpenenenus maaHa MNPOU3BOJACTBA U IUIAHA peaIU3aluy MPOAYKLHUH, B Cllydae
HEeJTMHEWHOM 11eN1eBoH (DyHKIMU U IMHEWHOW CUCTEMBI OTPaHUYEHHH OBLIO OIpeesiCHO
METOAOM MHOXUTeNnen Jlarpamxa.

Haxoxnenue mokazaTtesneidl nNpeanpusTUsi, HEOOXOAUMBIX JUIsI HPUHATUS
CTPATEru4eCcKOro IJIaHa pa3BUTHS, BHIIIOJIHIETCS B CiIydae, Koraa LesieBas (pyHKIusI
— AapoOHo-nuHelHoro Buaa. K 1aHHONW Mojenu MPUBOJAT 33Ja4d HA BBIUMCIICHUE
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3arpaT, peHTabeIbHOCTH MPOAAK, CEOECTOMMOCTH U3CIUN. Y CIIOBUSI OTPaHUYEHUIN
Ha MepeMeHHbIe (POPMUPYIOTCS UCXOS U3 BXOJHBIX JAHHBIX.

[Iporno3upoBanue paboThI PeNPUATHSL, IUTAHUPOBAHUE PEMOHTA 000pYy10BaHuS,
yIIpaBJICHUE MaTEpPUAIbHBIMU PECYpPCaMM PELIAIOTCS HE TOJIBKO aHAIUTUYECKUMU
METOAaMH, HO U rpaduueckuMu. OHU UCHOJIB3YIOTCA, KOT/IA IesieBasi (PYHKLUS WU
yCJIOBUSl OIpaHUYEHUN MMEIOT HEJIMHEHble BUIbl. B myHkTax 1-5 paccMoTpeHsl
UCCJIE0OBAHMS PA3IMYHBIX IPOU3BOICTBEHHBIX IIPOLECCOB.

1 IIpeanpusarue ocymectBiser coopky 35000 aBromobmiIell B roa mo AByM
TEXHOJIOTHYECKUM crocobaM. IIpu cOopke oaHOTrO U3IeNus NEepPBBIM CIOCOOOM
€ro ce0ecTOMMOCTh paBHa 3X,, BTOPBIM — X,, TI€ X, U X, - 00BEMBI BBIIYCKa 10
COOTBETCTBYIOIIEMY TEXHOJIOIHYecKoMy crocoOy. PaccuntaeM miaH mpou3BOJICTBA,
pY KOTOPOM Ce0ECTOMMOCTh IPOU3BOACTBEHHOM NPOAYKIIUH Obl1a OBl MUHUMAJIEHOM.

Maremaruueckast MOJIEIIb UMEET BUJL:

L = 3x;x;+x:x—min, wm L = 3x%; +x°,—min,

IIPH YCIIOBUSAX OIPaHUYCHHUN
x, +x, =35000,

x5 20.

Hcnonp3yercss meron MHOXHTENeH Jlarpanka, coCcTaBisieTcsl cCHavyaina (pyHKIUsS
Jlarpanxa:

F(x.x,,2)=3x] + x5 + A(x; +x, —35000).

YactHble mpon3BogHble PyHKIMH F 110 Kak101 nepeMeHHOM pUpaBHIEM K HYJIIO
1 HalileM HeU3BeCTHRIC:

6x,+4=0
2x, +4=0
x, +x, —35000=0.

x; = 8750, x, = 26250, A= - 52500, otxyna L =918750000.

2 Ilpennpusitue peanusyer aBTOMOOMIM JIByMsl CIIOCOOaMU: Yepe3 pO3HUUHYIO U
ONTOBYIO TOProBiIio. [ Ipu pean3annu NpoIyKIUK B KOJTHYECTBE X, B PO3HHUILY, PACXOJIbI
COCTaBJISIIOT 4X1+X21 JICH. e]1., @ P NPOJIaKe MPOTYKIIUU B KOJMIECTBE X, ONITOM — )(22
neH.en. Haiinem onTuManbHBIN IUIaH peain3aliy NPOLYyKIHMH, MUHUMHU3HAPYOIIUN
CyYMMapHBbI€ pacXojbl, €ClIU 00Ilee YUCIO0 NPOAYKIHUH, KOTOPYIO HEOOXOIUMO
peanu30BaTh 3a TaHHBIA OTpe30K BpemeHu coctasisieT 300 e.

MaremaTiueckas MOAEIb 3a/1a4H:
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L= 4X1+X21 + X22—>min,

IIPU YCJIOBUAX OIPAaHUYECHUN
x, +x, =300,

Xy, = 0.
Oynknusa Jlarpanxka:
F(x,x,,A)=4x, +x] +x3 + Ax; +x, —300).

442y, +4=0
2x,+ 14 =0
x; +x, =300=0.

x; = 149, x,= 151, A= - 302, oTkynma L. = 45598.

3 Hdust cOopku ABYyX BUIOB aBTOMOOuUied (A um B) mcnosb3yercs Tpu THma
TEXHOJIOTUYECKOT0 000pyaoBaHus. Kaxaplii TpaHCIOPT JOJKEH MpoTH 00padoTKy
Ha KaXJOM M3 TUIIOB 000pynoBaHMs. BXoaHbIe TaHHbBIE TpUBEIeHBI B Ta0uIe 1.

Tabmuna 1 — BxoaHble JaHHbBIE

Trn oBopy tosans 3aTparhl BpeMeHH, 4 .

1 2 7

2 1

3 20 4

3arpaThl Ha 5 5
IPOM3BOJICTBO, YCII.ACH.C1I.

Oo6opynoBanwue | u 3 TUIIOB MPEANPUATHE MOXKET UCTIONB30BaTh HE Ooee 25 u 72
4acoB COOTBETCTBEHHO, 2 THIIA — HE MeHee 8 4. PaccunTaem IiiaH mpou3BOICTBA MPU
MUHHMMAJIbHOH CpeIHEH Ce0eCTOMMOCTH OTHOTO n3aenus. O603HaYNM X, —~KOJIMYECTBO
aBTOMOOMIICH Bi/ia A, KOTOPOE ClIeyeT H3OTOBUTh PSANPUATHIO, X, — Brxa B, x, ,>0.

OO1mue 3aTpaThl Ha MX MPOM3BOJCTBO COCTABAT (2X, + 5X,) YCIL. JICH. €]1., CPEHSA
ce0ecTOMMOCTh OJTHOTO AaBTOMOOMIISI paBHA:

2x, +5x,

X, +X,
Leneas ¢pyHKIMA:
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I 2x, +5x, s min IIPOU3BOICTBEHHBIH IIPOLIECC, KOTOPBII MOXKET OTPAKATh IIJIAHBI, 3aTPATHL, BBIPYUYKY U T.[1.
B ’ [Tepemennble X, ¥ X, —00BEMBI, IIEHBI U T.]I.

ITpon3BOACTBEHHBIN MPOLIECC NPEANPUATHS BhIpaKeH pyHKkumnei L = 5x +4x, rae
T ——— X, M X, — 00BEMBI BBITTyCKaeMbIX aBToMoOumel Buaa A u B. Paccunraem rmobanpHbIe
puorp ’ Iy 4 Tr. <95 HKCTPEMYMBI LIEJI€BOH (PYHKIIMH, IPY OrpaHUYEHUSIX Ha ITOKa3aTelNu:
e +2%, T +x; <16
2x, +2x, > 8 X1 TXy =
20x, +4x, <72, X|, 2 0.
OO6nacTh JOMYCTUMBIX peleHn cucTeMbl orpanndenuii — A ABC, pucyHok 1. O61acTh TOMYCTUMBIX PelIeHUH MPeACTABIeHa Ha PHCYHKE 2.
AX7
‘H\“‘-..._“
Xy
C R
0 ll\ ’Xl o
Pucynok 2 - O65acTh JOITyCTUMBIX PEIICHHUH
Pucynok 1 — OG1acTh AOMYCTUMBIX PEIICHUI L
I'papuent pynkym grad L = 51+ 4j . JIuHUM ypOBHS — TMHUY, TIEPIICHANKYIISIPHBIC
Iy +5y -2 IPagueHTy, C YIIOBBIM KO3 PuiuenTom, paBHbpIM 4/5. ['106anbHbIE MUHUMYM
Haifzem X, n3 byHKIm L="1 "2« , = ‘X nocturaercs B Touke O (0,0), riobanbHblil MAKCUMYM — B TOYKE A KacaHUs JIMHUU
? X+ X, 5-L YPOBHSI U OKPY>KHOCTH. Y paBHEHHE MPSIMOI, Ha KOTOPOM JIEKHUT IPAAUEHT (PYHKIUU:
VYrnoBoii ko3 HULHEHT NPsSMOl paBeH: 4
L-2 3 .
kzi krzi xZ_le'

] 2 .
5-1 (5-L)
PemaeM CI/ICTeMy METOAOM INOACTAHOBKMU:

®yuxnus k(L) Bozpacraet, Tak kak k' > 0. Torzaa, B rouke C meseBas GyHKIHs OyaeT

HNMCTh HAUMCHBIIICC 3HAUYCHUC. Haﬁz[eM KOOPpAWHATBI TOYKHU C U3 cUCTEMEI ypaBHeHPIfIZ X_2 + X_Z _ 1 6
1 2T
oy = 4
2x,+x, =8 Xy =— X,
20x, +4x, =72, 5
HaxoaInmm
1 4 20
X =—, X,=—, L=—.
3 3 7

4. PaccMOTpUM CHTYyalHIo0, KOTJA YCIOBUS OTPAaHUYEHUN UMEIOT HEJIWHEWHBIN
BUJ, a ueneBas GyHKuUus — nIuHehHbIH. lleneBas pyHKIUSA nmpeacTaBiseT
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X, X, = )
41 41

_ 5. 2041 16V41 164441

41 41 41

5. PaccmoTpum 3a51auy, B KOTOpoH 1ieneBast (pyHKIMS HETMHEHHOTO BU/IA,  YCIOBHS
orpanudeHuil — nuHeiHoro. [IponsBoacTBeHHas GyHKIUS
2
L = (x1-5)*+(Xz - 3)* nMeer OrpaHUYEHHUS:

x, +3x, <12
X, +x, <8

Xy, 2 0.

Omnpenenum rinodanbHble SKCTPEMYMBI (PYHKITHH.
UYetsipexyronbauk OABD — 0051acTh TONyCTUMBIX PEIICHUNA, PUCYHOK 3.
JIunuu ypoBHS — OKPYKHOCTH C HEHTpoM B Touke O,. MakcuManbHOE 3HAYEHHE

IpOM3BOACTBEHHAA QyHKIMs uMeeT B Touke D (8;0), Munumansroe - B Touke O, (5;3),
L(D) = (8-5)* +(0-4)*> =25.
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Pucynok 3 — OGacTh AOMYCTUMBIX PEIICHUI

Pe3yabTarsl M 00CyKIeHUE

B nynxTe 1 pe3ynbraT rcciae1oBaHus MoKa3bIBaeT: s TOr0, 4TOOBI ce0eCTONMOCTh
MPOU3BOCTBEHHOM MPOIYKLUH OblJIa MUHUMAJIbHOM, HEOOXO MO MPOU3BOINUTH COOPKY
0 TIEPBOMY TEXHOJIOTHYECKOMY crioco0y B komudecTBe 8750 ef1., mo BTopomy — 26250
€/1. aBBTOMOOMJIEH, IPY 3TOM MUHUMaJTbHAs cebecTonMocTh coctaBut 918750000 nen. en.

B nynkTe 2 BBIBOJ CIIEAYIOIIMI: ONTUMAJIBHBIN IIJIaH peaau3aiii aBTOMOOWIICH B
po3nuiy paBeH 149 en., ontom — 151 enn., MUHUMaJIbHbIE CYMMAPHBIE PACXObI COCTABSIT
45598 new. en.
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Pesynbrar myHKTa 3: NpEeIIpUSATHIO CIEAYET BBITyCcKaTh 3 aBTOMOOMIS BUIa A u 1
aBToMoOuITs Buaa B. [Ipu aTuX ycnoBusax cpeaHsis ce0eCTOMMOCTb OTHOTO aBTOMOOIIS
OyJIeT MUHUMAaJIbHOW U paBHOU 2,85 JeH. ell. (3/ech U Jajee MOTydYCHHbBIE TaHHbIC
OBLITM OKPYTJICHBI UCXO/ISI U3 CMBICIIA 33]Ia4H).

OrtBer B 3a71aue 4 03HAYAET, YTO ITI00ATBHBII MUHUMYM, PaBHBIN HYJTIO, JOCTHTAE€TCS
B Touke O(0, 0), rmo0anpHbI MaKCUMYM, paBHBIN 25,6 nocturaercs B Touke A (3;2,5).

[IyHkT 5: rmoGanbHBIE MAaKCUMYM paBHBIA 25 MpPOU3BOACTBEHHAS (PYHKIIHS
nocturaet B Touke D (8;0), rmobanbHbIil MUHUMYM, paBHBIN HYIIO — B Touke O1 (5;3).

Takum oOpa3om, BBIIBHHYTas THIOTE3a O HAYYHOM TMOJXOJE B YIPABICHUU
NPOU3BOJACTBOM IMOJATBEpkaaeTcsi. MaTeMaTUYeCKHE pacyeThl JAlT TOYHOE
HaIlpaBJIEHUE PA3BUTUSI IPOU3BOJICTBA.

AHanu3 pe3ybTaToB FTOBOPUT O TOM, YTO aHAJTUTUUECKHI OJIX0/] B IJTAHUPOBAHUU
NPEANPUATUEM JOJHKEH OCYIIECTBIATHCS C MOMOIIBI0O METOJOB MaTEMAaTHYECKOIrO
MozenupoBanus. [IpennoxkeHHble peneHus Jat0T BO3MOKHOCTb TOYHO CIJITAHUPOBATh
Y TPaMOTHO YNPABJIATh NPOU3BOACTBOM. JlaHHBIE HCCIEA0BAHUS UMEIOT EPCIIEKTUBY
BHEJIPEHUS B IPOU3BOJICTBO.

3akio4eHue

ABTOMOOUIIECTPOUTETHHOE MPEANPHUATUE OCYIIECTBISECT PA3IHUHBIC OMEPAIHH:
CBapKy, OKpacKy, cOopky aBromoOmieit. [Ipon3BoauT pa3nuyHbie TUIIHI TPAHCIIOPTHBIX
cpeacTB. YmpaBieHne pabo4uM MPOIECCOM HOCHT MHOTOBEKTOPHBINA XapakTep.
IToatomy:

1 [IpumeHneHne MaTreMaTUUYECKUX METOAOB JJIsl PEIICHUs MPOU3BOJICTBEHHBIX,
TEXHOJOTMYECKHX 3a/1a4 O3BOJIUT C JOCTATOYHOU TOYHOCTHIO PACCUUTATh TPABUIIbHbBIE
CTpaTeruu U PUCKHU.

2 B pe3ynbTaTe TOYHBIX PEIICHUN MPOrHO3UPYETCs paboTa MPOU3BOJCTBEHHOTO
nporecca, GOpMHUPYIOTCS BEPHBIC HAYYHBIE M MPAKTUICCKUE BBIBOIBI.

3 DxoHOMUYeCKUH A3PPEKT OT MPABUITHHBIX PEIICHHI TOCTABIEHHBIX 33]1a9 MOXKET
JIOCTUTaTh COTHU MUJUIMOHOB TEHTE.
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Matepuan noctynuin B pegakuuto 30.06.23.

*C. B. Apenvesa’
"Pyaubrit uHAYyCTpUAN Bl HHCTUTYTHI, Kazakcran PecryOsukachl, PyiHblii K.
Marepuan 30.06.23 Gacniara TYCTI.

KOCIIOPBIH/IbI BACKAPYJA MATEMATHKAJIBIK
OJIICTEPI KOJIJAHY

Kaszipei yagoimma kocinopvinovl 0acKkapyOvly aHATUMUKALGIK MOCII 63eKmi
bonvin  madwviiadel. byn odic mamemamuxanelx annapammoel NAuOAlaAHYObl
Kammuovl. Mamemamuxanviy o0dicmep 6HOIpIC NpoyeciH Mooeivoeyee, HAKMbl
wewimoepoi  ycolHy2a MYMKIHOIK —Oepedi. 3epmmey nomudicenepi backapy
wewimoepin Hezizoeyee Kvismem emedi. Byn maxanada 3KOHOMUKATLIK JicoHe
MEXHONOUANBIK KOpcemKiumepoi maby ywin oHmaiiivl 6acKapy mexHoi02UsCbIH
KOIOAHY Kapacmulpuliaosl. Kymblcmuvly MaKcamol: KOK caiacblHOazbl OHOIpicmi
backapyoa mamemamukanvlk oOaz0apramanay odicmepin Koidawy. Ecenmeynep
HAaKmul  KOCINOPLIHHLIY — HAKMbl  0epeKmepin  nanoaianovl.  Kocinopwinnviy
MEXHONIOUSILIK NPOYECIH KOPCeMemiH AuHbIMAIbLIAP2A WeKmeynepoiy 00beKmuemi
GyHKYusAIapLl MeH wapmmapel Kypacmuipslican. Ecenmeynepoe wewimoepoiy
AHATUMUKATILLK, HCOHE SPAPUKATBIK 90icmepi KONOAHBLIObL. 3epmmeyep Col3bIKMblK
JHCOHE COIZLIKMBIK eMeC MaKCammblK, QYHKYUALAP HCA20AublHOA  HCYpeizineo.
Texnonoeusiza colikec wiekmey wapmmapsl Cbl3bIKIMbIK HCOHE CbI3bIKMbIK eMec
gopmaza ue. Ouoipic scocnapbvl, OHIMOI OMKIZY HCOCNAPYL eCENENin, OYHUEHCY3LIIK
weKmen — WLIKKAH.  3epmmeyoiy  MAaHbl30bliblebl  MbIHAOA: — npoyecmepoiy
MaAMeMAmuKaielk, CUNAMmMAMACbIHCbL3 6acKapy MeH JHCOCNApaayoObly 3AMAHAYU
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OIMNPEAEJNIEHNE MPOAOJIbHON YCTOUYNBOCTHU MOJTYIYCEHUYHOMN

* 1
S. V. Arepyeva TSIrOBO-TPAHCIOPTHOU MALUUHbI

'"Rudny Industrial Institute, Rudny, Kazakhstan.
Material received on 30.06.23.

USE OF MATHEMATICAL METHODS IN ENTERPRISE MANAGEMENT

Currently, the analytical approach to enterprise management is relevant. This
approach involves the use of a mathematical apparatus. Mathematical methods
allow you to simulate the production process, to provide accurate solutions. The
research results serve to substantiate management decisions. This article discusses
the application of optimal control technology for finding economic and technological
indicators. The purpose of the work: the use of methods of mathematical programming
in the management of production in the field of transport. The calculations used the
real data of a particular enterprise. Objective functions and conditions of restrictions
on variables reflecting the technological process of the enterprise are compiled.
Analytical and graphical methods of solutions were used in the calculations. Research
is carried out in the cases of linear and non-linear objective functions. The conditions
of restrictions in accordance with the technology have a linear and non-linear form.
Plans for production, plans for the sale of products are calculated, global extremes
are found. The significance of the study lies in the fact that without a mathematical
description of the processes, the modern level of management and planning cannot
be achieved. The obtained calculations make it possible to avoid risks when planning
production. An accurate forecast will allow you to build the right strategy. This
practical material can be used at transport enterprises to improve work efficiency.

Keywords: mathematical model, Lagrange multiplier method, target function,
optimal plan, nonlinear programming, strategy, global extremum.
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B cmamve npeocmasnenst pezynibmamol HAY4YHO-UCCIE008AMENbCKAS paboma
6 pamxax eocoiooxncemnou HUP AP09258862 «Paspabomka u uccredosanue
MHO20YENe8020 MPAHCNOPMHO20 cpedcmseay. Onucana Heobxo0UMOCmb NOBbIUUEHUS
aphexmuerocmu ucnonvzosanus mpancnopmuou mexnuxu. OOHUM U3 HANPAGIEHUL
no YAVHUeHuo noxasamenei padomvl MAWUH SGISAEMCs YCOBEPUIEHCIMBOBAHUE
X000601l cucmemvl MsA2080-MPAHCNOPMHBIX Mawiul. Baownoe snauenue umeem
Makaice nPoOOIbHASL U NONEPEUHAS Y CIMOUYUBOCHb MSA2080-MPAHCHOPMHOU MAWUHDL.

B kauecmee obvexkma uccnedosanus 6blOpan NOJY2YCEHUUHbI OBUICUMEND,
KOMOpblil A815emcsi KOMOUHayuell KOIECHO20 U 2yceHuyHo2o osudicumenei. Ha
OCHOBE AHANU3A CYWECMBVIOWUX KOHCMPYKYUU NOLYEYCEHUUHbIX O8Udcumenei
HAYYHBIM  KOJLEKIMUBOM  pa3pabomana HOBAs KOHCMPYKYUs NOLY2YCeHUUHO20
osuUdICUMeNIS MALOB0-MPAHCNOPMHOU Mawiunbl. [Ipueooumcs onucanue 08uIcumers.

Vemouuueocms  maz2o80-mpanHcnopmubix  MAwlu — Xapakmepusyemcs:  ux
CNOCOOHOCMbBIOPAOOMAMb HANPOOONLHBIX UNONEPEUHBIXYKIOHAX 0€30NPOKUObIBAHUSL.
Inagnvimu Kpumepusmu yYCmouuugoCmu msae080-mpancnopmHoll Mauubl nPOmMue
ONPOKUOBIBAHUSL AGAIOMCI XAPAKMEPUCTIUKU €20 2e0OMemPUHeCKUX Napamempos u
PACNON0dCEHUE YEHMPA MACC OTMHOCUMENbHO 08UIICUMEIISL, ONpeOensiowue cpanuibl
CMamuyecKkoll YCmouyusocmu npu NOMOwY Maxk Ha3bleAemMblX NPeOebHbIX Yelo08.

B cmamve npeodnoscenvt ewvipasicenus 0ns onpedeneHusi npeoenvbHoco yead
NPOOONILHOU YCMOUYUBOCU NOTY2YCEHUUHO2O MA2080-MPAHCROPMHOU MAWUHDL.
B xauecmee Oaszwi uccnedyemoii noxy2ycenuuHou msaeo80-mpaucnopmHoOl MAUUHbL
aemopamu evlopan mpakmop benapyc 82.1. B pesynsmame pacuemos npeoenvhbiii
yeon noovema cocmagui = 56°.

Knrouesvie cnosa: mseo6o0-mpancnopmuas Mawiuna, Xo008ds —cucmema,
NOJY2YCEHUYHBIU OBUNCUMEND, CMAMUYeCcKas YCMOUYUBOCmy, NPeoeibHblil Yo
noovema.

Beenenne

Jljis SKCTuTyaTanuu B pa3HOOOPA3HBIX YCIOBHSIX CO3JaHbl TATOBO-TPAHCIIOPTHHIC
MAaIllMHBl Pa3HbBIX TUNOB U KOHCTPYKUUW C pa3JIMYHBIMU TEXHHYECKUMHU
XapaKTepUCTHUKAMU. THUI U Ha3HAYEHHE MALUWHBI ONPEAEISIOT KOHCTPYKIHUIO €ro
XOJI0BOM CUCTEMBI. TAr0OBO-TPaHCIIOPTHBIE MAILIMHBI LIUPOKO UCIIONIB3YKOTCS B CEIbCKOM
XO3SIICTBE, B CUCTEME KOMMYHAJIBHOTO XO35MCTBA, B CTPOUTEIBCTBE, TOPHOPYIHOU
MIPOMBIIUIEHHOCTH U T'€0JIONOPA3BEJIKE.
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OpHo¥i U3 3a7a4 B TPAHCIOPTHOW OTPACiM Bcerja ObLI BONPOC MOBBIIICHUS
3¢ (EeKTUBHOCTH UCTIOIB30BAHUS TPAHCIIOPTHON TEXHUKHU, OOJIBIIYIO POJIb B PEIICHUU
KOTOPOM, IPUHAJJIEKUT COBEPILIEHCTBOBAHUIO UX XOJIOBBIX cucTeM [1].

Ha coBpeMeHHBIX TAT0BO-TPaHCIIOPTHBIX MAILIMHAX IPUMEHSIOTCS XOZ0BbIE CHCTEMBI
C KOJIECHBIMHU, TYCEHUUHBIMM U MOJIYTYCEHUYHBIMU JABWKUTEISIMU. [1oiTyryceHMuHbIM
JBIDKUTENb SBIIETCS KOMOWHAIMEH KOJIECHOTO M TYCEHWYHOro ABMxkuTenei. Kak
IIPaBUJIO, TYCEHUYHbBIN JBUKUTENb SABIISIETCS BEIYIIUM, U yCTAaHABIMBAIOT BMECTO
3aJIHEro KoJieca, a KOJECHBIA JBM)KUTENb — IEPEIHUM HalpPaBIAIOLUM [2].

[Ipu BBIMOJHEHUH CEIBCKOXO3SHCTBEHHBIX M TPAHCIOPTHBIX pabOT Ba)KHOE
3HAa4YE€HHE MMEET IIPOJI0JIbHAS U NONEPEYHAasl YCTOMYUBOCTh TATOBO-TPAHCIOPTHOMN
MalHHbl. JlaHHBIH [T0Ka3aTelb BayKEH KaK C TOYKH 3pEeHHs 0€3011aCHOCTH OCYIIECTBICHUS
IIPOU3BOICTBEHHOIO MPOLIECCA, TAK U C TOYKHU 3PEHMSI IPOU3BOIUTEIIBHOCTH MALLTMHHO-
TPAKTOPHBIX U TPAHCIOPTHBIX arperaTos [3].

MarepuaJjbl 1 METOABI

Hauwunas ¢ 2021 rogy komexktuBoM TexHuueckux kadenp HAO «Topaiirsipos
YHUBEPCUTET» NMPOBOAMUTCS Hay4YHO-UCCIEJOBaTedbCcKas paboTa B pamMKax
rocoromxernoit HUP AP(09258862 «Pa3paboTka u Mccie0oBaHue MHOTOIIEIEBOTO
TPAHCIIOPTHOI'O CPEJCTBAY.

B cooTBeTCTBMM € KaJIeHAapHBIM IIJIAHOM IIPOEKTA [IEPBOHAYAIILHO IIPOBEIEH aHAIN3
CYUIECTBYIOIINX KOHCTPYKIIMU TPAHCIIOPTHBIX CPEJICTB JUIsi 0OOCHOBAHMS U BhIOOpa
KOMIIOHOBKHM MHOT'OLIEJIEBOTO TPAHCIIOPTHOTO CPEACTBA. B pe3ynbrare npoBeeHHOM
paboThl HaYyYHBIM KOJUIEKTUBOM pa3paboTaHa KOHCTPYKIUS MOJYTYCEHHYHOTO
JBUKUTENIS TATOBO-TPAHCIIOPTHON MaIIMHEI [4, 5].

[TonyryceHn4HbI ABUKUTENb COJIEPKUT NEpeHEE Halpasisdolee Koyueco 1
C MEXaHM3MOM HAaTsKEHUs 2, 3aKpPEIUIEHHOE Ha pblyare 3, KOTOPbI YCTaHOBIIEH
Ha I'yCEeHMUYHOH Tenexke 4. Ha ryceHMYHOH TelneKKe TakKe YCTAaHOBIIEHBI 3a/JHEE
HAIpaBJIIOLIEe KOJIeco 5 1 6araHCUPHbIE KapeTKU 6 ¢ ONOPHBIMU KaTkaMu. ['yceHnunas
TeJeKKa 4 CBA3aHa C OCTOBOM TPAHCIIOPTHOI'O CPEACTBA 7 € MIOMOLIBIO ITPOJOJIBHOTO
peruara 8. IIposonbHbI pblyar 8 OJHUM KOHIIOM IIAPHUPHO KPEMUTCS K I'yCEHUYHON
TeJeXKe 4, a JPyTUM — K OCTOBY TPAHCIIOPTHOI'O CPEJCTBA 7 IOCPEACTBOM KPOHIIITEHHA
9. B cpenHeil yacTu IpOJOJIBHOrO phlyara 8 IAPHUPHO 3aKPEIVIEHBl MEXAHU3M
HATSDKEHHS 2 M IPY>KUHHBIN gemMiipep 10, KoTopslii CBsi3aH C 0CTOBOM TPAHCIOPTHOTO
cpezcTBa NOCPEJACTBOM KpoHIuTeiHa 11.

[TonyryceHU4HBIN IBUKHUTENb CHA0XKEH PEe3MHOAPMHUPOBAHHBIMH T'yCEHUIIAMHU
12, 3anemnstomuiicss ¢ BeAymuM Kojiecom 13. Pe3anHoapMuUpOBaHHbBIE TI'yCEHHIIbI
HPE/ICTABISAIOT COO0H MOHOJIMTHBIE KOHCTPYKLIUH, APMUPOBAHHBIE CTAIEHBIMH TPOCAMHU
14, 3aByIKaHM3UPOBAHHBIMU B KOPJIOBYIO PE3UHOBY!O JIeHTY. Ha BHyTpeHHel cTopoHe
T'YCEHHUI] CIIPOQHIMPOBAHBI PE3UHOBBIE 3yObst 15, BHYTPH KOTOPBIX UIMEIOTCS 3aKJIa/IHbIE
METAJIJINYECKHE 3IIEMEHTHI 16.
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Pucynok 1 — IlonyryceHHMuHBIH IBUKHUTEIb C PE3MHOAPMUPOBAHHBIMU I'yCEHULIAMHU

[lepenayua KpyTAIIEr0 MOMEHTA OCYILIECTBIIAETCS 3aleTIIEHUEM PE3NHOBBIX 3yObEB C
BE/IyILIUM KOJIECOM, KOTOpasi BMECTO 3yObEB UMEET NoNepeyHble TpyOb! 17 1 BBIOJIHEHA
B BUJie ABYX (praHIeB 18, )K€CTKO COEMHEHHBIX MEXy COOOI.

[TonmyryceHUUHBIN ABMKUTENb paboTaeT cieayommmM oopa3oM. Benymee koneco
13, ocb KOTOpOI yKpeIuleHa B KOPIyce TPaHCIOPTHOI'O CPEeACTBa, 3aLEIUIIEeTCs C
PE3MHOAPMUPOBAHHBIMU T'yCeHULIAMHU 12 U NpUBOAUT ee B ABMKeHHe. ['yceHnuHas
TeJIeXXKa 4 TIepeKaThIBAeTCs ONOPHBIMH KaTKaMU 0 HYKHEH BETBU I'yCEHUYHOM JICHTHI,
JeKalen Ha rpyHre [6, 7].

VY CTOMUYMBOCTD TATOBO-TPAHCTIOPTHBIX MAILIMH XapaKTEPU3YETCsI UX CIIOCOOHOCTHIO
paboTaTh Ha MPOAOJIBHBIX M MOMEPEUHBIX YKIOHAX 0e3 onpokuibiBaHus. B cBs3u ¢
3TUM pa3INYyaroT MPOJOJIbHYIO U MONEPEUHYI0 YCTOWYMBOCTh TATOBO-TPAHCIIOPTHBIX
MamvH [8].

[IpononbHas yCcTOMYMBOCTh — 3TO CBOMCTBO TATOBO-TPAHCIOPTHOW MAaIIMHBI
CONMPOTHUBIATHCA ONPOKHUIBIBAIOLIEMY IBHXXEHUIO BOKPYI MOMEPEYHOH OCHU
onpokupiBaHus. Havany onpokuabsiBaHUs MpEIUIECTBYET INepepacrnpeesieHne
OTIOPHBIX PEaKIHii 10 MOCTaM MaIlIMHBI U PABEHCTBO HYJIIO OJJHOM U3 HUX. [IpenenbHoe
MOJIOKEHNWE BO3HMKAET B MOMEHT BPALIEHHUs, KOT/Ia BEKTOP CUJIBI TSXKECTHU HPOMIeT
Yyepe3 0Ch BO3MOXKHOTO OIPOKHU/IbIBAHHUS.

['maBHBIMU KPUTEPUSMHU YCTOWYMBOCTH TATOBO-TPAHCIOPTHOM MAIIMHBI IPOTHB
ONPOKU/BIBAHUS SABJIAIOTCS XapaKTEPUCTUKU €ro reéoOMEeTPUUYECKHX MapaMeTpoB U
pacIoNoKEeHUe LEHTPAa MAacC OTHOCUTENIBHO ABMXKUTEIS, ONPEEISIONe ITpaHHLIbI
CTaTUYECKON YCTOWYMBOCTH IPH IMOMOIIIM TaK Ha3bIBaEMBIX MpeeIbHbIX yIioB. [Ipu
PACIONIOKEHUH TATOBO-TPAHCIIOPTHON MAIIIMHbI HA HAKIIOHHOM OMOPHOM OBEPXHOCTH,
COOTBETCTBYIOILEH OAHOMY U3 MpEAEIbHBIX YIJIOB, BO3HUKAET ONPOKUABIBAHUE O[T
JeCTBUEM TOJIBKO CUJI TsKecTU. Ecin yunThIBaTh BIUSHUE U APYTHX CUIT, KPOME CHITBI
TSOKECTH, TO CJIEIyeT UMETh B BHJy KPUTHUECKUE YIJIbl, XapaKTepPHU3YIOLIHe Havaio
ONPOKUBIBAHUS B PACCMATPUBAEMOM ciydae [9].

HauGonpmmii yron nojgbema, Ha KOTOPOM TSTOBO-TPAHCIIOPTHAS MAIIMHA MOXKET
CTOATH 0€3 ONPOKKIBIBAHMUS, HA3BIBAIOT IPEIETLHBIM CTATUYECKUM YTTIOM MOIBEMA 0, .
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Cxema BHENIHUX CHJI, JCHCTBYIOIIMX HA TATOBO-TPAHCIIOPTHYIO MAalIMHY, [TOKa3aHa
Ha pUCyHKe 1.

Pucynok 2 — Cxema BHEIIHUX CUJI, IE€UCTBYIOIINX
TATOBO-TPAHCIOPTHYIO MAIIUHY Ha MPEEIbHOM MOIbEME

B uccregyemMom nomyryceHu4HOM JBUKUTENE T'yCEHUUHBIN ABHKUTENb YCTAHOBIICH
BMECTO 33JIHET0 KOJIeCa, a KOJECHBIN IBH)KUTEIb SBIISICTCS MIEPETHUM HAIIPABJISIONINM.
[ToaTomy npo1osIbHAS YCTOWYUBOCTD MOJTYTYCEHUYHOM TATOBO-TPAHCIOPTHOM MAIITHbI
OIIPEJIETIAETCS MOJIOXKEHUEM LieHTpa Aasjienus D . IIpenenbHbiii yroa noabema o Oyaer
COOTBETCTBOBATH TAKOMY IOJIOXKEHHUIO, KOT/1a IIEHTP JaBIeHus D _cMecTuTcs K 3aaHek
KPOMKE OIOPHOM MOBEPXHOCTH T'YCEHHUIIBI.

YpaBHEeHUE paBHOBECUS MOMEHTOB, BIUAIOIIUX HA YCTOWYHUBOCTH TATOBO-
TPaAHCIIOPTHON MaITMHBI MOYKHO BBIPA3UTh Y€pPE3 BhIPAKEHUE

Monp = My, (1)

rae MOHp — OIIPOKHU/IBIBAOILIA MOMEHT;

MyH — YAEPKUBAIOIIUM MOMEHT.

[Ipu 3TOM ONPOKUABIBAHUIO COOTBETCTBYET TAKOE MOJHATUE JABUXKUTENS HaJl
ONIOPHOU MOBEPXHOCTHIO, IPU KOTOPOM YT OJI ITOABEMA OCTOBA JOCTUTAET IPEAECIBHOTO
3HAYEHHUs U JaJbHEUIIee ero ABUKEHUE B HAIIPABICHUN KpEHa IO/ JAEHCTBUEM CHUIIbI
TSOKECTH U UHEPIIUU CTAHOBUTCS HEOOPATUMBIM.
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YpaBHEHHE PaBHOBECHUS MOMEHTOB OTHOCHUTEJIBHO LIEHTPA JABJICHUS TATOBO-
TPAaHCIIOPTHOM MamMHbl D Ha MobeMe MOXKHO 3aIKCaTh CIEAYIONUM 00pa3om

Gy ay - cosag = Gy hy - sinay, ()

rae G, — Macca TAr0BO-TPaHCIIOPTHOM MaIllMHBbI;
au — F'OPU30HTAJIbHAA KOOpAWHATA LICHTPA TAKCECTU MAllIUHBI;
hH — BEPTHUKaJIbHasg KOOpAUHATA LEHTPA TAKECTHU MAIIUHBI.
N3 BeipaxkeHus (2) moayyuM ciaeayroliee

sin ay ay

tgay =——m=—. (3)

COS Uy hy

[Ipu BeIBOMIE hopMyItBI (3) TpeHeOperaeM CUIaMH COTPOTUBIICHUS ABUKEHUIO.

Pe3yabTarsl U 00CyKIeHHE

B pesynbraTe 0630pa MaTepraioB MyOIuKaluy BEAY X YUEHBIX U CIICIIHATUCTOB
B 00JaCTHU 3KCIJIyaTalUu TATOBO-TPAHCIOPTHBIX CPEJICTB M MEXaHU3ALUHU
TEXHOJOTMYECKHUX MPOIECCOB, a TaK)KE Ha OCHOBAHMU JaHHBIX, OMYOJIMKOBAHHBIX B
CHEIMATN3UPOBAHHBIX HAYYHO-TEOPETUUECKUX U3JAaHUSIX, IPOBEICH KOHIENTYaIbHBIH
aHaJIM3 BOMpoca peanu3aluu noTeHnuana 3pHeKTUBHOCTH IKCITyaTalluu KOJIECHBIX
MmanH. OH oka3aj, 4To MpobsieMa MOBBIIICHHUS YCTOMUYNBOCTH HA CKIIOHAX HE UMEET
OKOHYATEJILHOTO PELICHUS U OCTAeTCs aKTyalbHOM.

[IpoBeneM pacdeT MpoOILHOW YCTOWYMBOCTH HCCIEAYEMOU MOIYTYCEHUYHOM
TATOBO-TPAHCIIOPTHOM MamuHbl. B kauecTBe 0azbl HamMu BbIOpaH TpakTop bemapyc
82.1. HekoTopble reoMeTpUUECKHUE MapaMeTphbl JAHHOTO TPaKTOpa MpPE/ICTaBICHbI B
pab6ore [10].

['opuszoHTanbHas U BEepTUKaAJIbHAS KOOPAMHATHI IIEHTPA TSIKECTH TATOBO-
TPAHCIIOPTHOM MAINHBI PaBHBI COOTBETCTBEHHO = a 1430 MM 1 =h 965 MM,

Otcrona
tg @, = —=1.482.

[IpenenbHbIii oy noabemMa CoCTaBui = o 56°.

Bo MHOruMX mccienoBaHusX, ydeOHUKAX M HAy4dHOH JUTEpaType HNPUBOASATCS
IIpEJIEeJIbHBIE YIJIbl NPOJOJIBHON YCTOMYMBOCTU KOJIECHOTO TpPakTopa B IIpejaesnax
35-40°. I1pu nanpHeeM pa3BUTUHA KOHCTPYKIUHU TPAKTOPA, CBI3aHHOE YBEJINYEHUEM
HSHEPrOHACHIIIEHHOCTH, MOILHOCTH JIBUrATEJsl, MAacChl TPaKTOpa U U3MEHEHUEM
HEKOTOPBbIX KOMIIOHOBOYHBIX CXE€M, MPEAEIbHbIE YIJIbl MPOJOJIBHON YCTOMUUBOCTH
yBeauuuiaucey 10 43—47°. [lpu nucnosib30BaHUM MOJYTYCEHUYHOIO JBHXKUTENS, KaK
MIOKA3bIBAIOT HAILIM HUCCIIEA0BAaHUS, YBEIUUYUBAECTCS NPEIEIbHBIA Yroa IpOJOJIbHOM
YCTOMYUBOCTH.
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BriBoabI

B pesynbraTe npoBeeHHBIX UCCIIEI0OBAHUHU YCTaHOBIIEHO, YTO IIPU UCII0JIb30BaHNUN
IOJYyI'yCEHUYHOI'0 JBMIKUTENS YBEJIUUUBAETCS MPEAEIbHBIN Yyroja IpoAoJbHON
CTaTUYECKON yCTONYMBOCTHU KOJIECHOH TATOBO-TPAHCIIOPTHOM MAIIMHEL. B nanpHenmmx
UCCIIEIOBAHUAX 3aIUIAHUPOBAHO IPOBECTU PACYET JUHAMUYECKOTO yria IMoabema
MAIlUHBI, JUIsI 5TOT0 HEOOXOIUMO YUUTHIBATh CHIIbI COMPOTUBIICHHUS ABHKEHHIO.

PduHaHCHPOBAHHE

HNccnenoBanue BBIMOJHEHO B paMKax I'PAaHTOBOrOo (pUHAHCUPOBAHUSI
(dyHIaMEHTaJIBHBIX U IPUKIIAJAHBIX HAYYHBIX UCCIIEIOBAaHUN 110 HAYYHO-TEXHUYECKHM
npoektaMm Ha 2021-2023 rossl o npoexty AP09258862 «Pa3paboTka u uccienoBanme
MHOTOIIEJIEBOTO TPAHCIIOPTHOTO CPeNCTBa», (huHaHcupyembli KomureTroM Hayku
MunucTepcTBa HaAyKH M BbIcIero oopasosanus Pecybnuku KazaxcraH.
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*K. K. Abishev', K. B. Assylova’ Mmabanobl KO32aIMKbIUUMAPObIY KYPbLIbICLIH MAl0ay He2i3iHOe 2bLIbIMU YIHCHIM
12Toraighyrov University, Republic of Kazakhstan, Pavlodar. Mapmy-Keik MauUHACLIHbIY ACAPMBLNAL WLIHICLLD MAOAHObl KO32aNMKbIUbIHbLY
Material received on 05.09.23. JICAHA KOHCMPYKYUSACHIH #c00aNa0bl. Kozeanmkbiuumuly cunammamacyl KeimipineeH.
Tapmy-kenik MauUHAIAPLIHGLIY ~ MYPAKMbLIbILL  01apObly  OOUNbIK  JICOHE

DETERMINATION OF THE LONGITUDINAL STABILITY Kel0eHer eHicmepoe ayoapuliMail JCyMuiC icmey Kabinemimer Ccunammandaobl.

OF A SEMI-TRACKED TRACTION AND TRANSPORT VEHICLE Tapmy-kenix MauiUHACLIHbIY —ay0apbliy2d Kapcbl MypaKkmolibleblHblY, —He2i32l

Kpumepuiiiepi OHvlY 2eOMEmpUsIblK NApaAMEmpiepiHiy CUnammamanapvl JHcoHe
wexmi Oypvlumap oen amaiamoii CMAMUKAIbIK MYyPAKMbLIbIKINGIY UeKaAPalapbiH
AHBIKMAUMbIH  KO32ANMKIUKA KAMbICIbL MACCA YEHMPIHIY OpHAIACYbl 00IbIN
maowvliaowl.

Maxkanadascapmuinarimapmy-KoaK MAUUHACLIHBIY OOUTLIK MYPAKMBLIbISHIHbLY
wexmi OypulUbIH AHVIKMAY2a apHALeal epHeKmep ycvlHbliean. Aemopaap Beaapyco
82.1 mpaxmopuin 3epmmen HamKaH AHACAPMbLIAN WLIHHCLLD MAOAHObL MAPMY-KOIK
MAWUHACHIHBIY  Oa3acel peminde manoaowl. Ecenmeynep nomuoicecinoe wuiexmi
Komepy Oypoiuvl = o, 56° mer 6010bL.

Kinmmi cezdep: mapmy-kenix Kypauvl, yHCypic JHCyeci, HCapmvliaibIHICHID
Mabanobl K032aAmKbll, CIMAMUKAIbIK MYPAKMbLIbIK, WeKMi Komepy Oypuliubl.

The article presents the results of the research work within the framework of the
state-funded research AP09258862 «Development and research of a multipurpose
vehicley. The necessity of increasing the efficiency of the use of transport equipment
is described. One of the ways to improve the performance of machines is to improve
the running system of traction vehicles. The longitudinal and transverse stability of
the traction vehicle is also important.

The object of the study is a semi-tracked propulsion, which is a combination
of wheeled and tracked propulsion. Based on the analysis of the existing designs of
semi-tracked propellers, the research team has developed a new design of a semi-
tracked propulsion traction vehicle. The description of the mover is given.

The stability of traction vehicles is characterized by their ability to work on
longitudinal and transverse slopes without overturning. The main criteria for the
stability of a traction and transport vehicle against overturning are the characteristics
of its geometric parameters and the location of the center of mass relative to the mover,
which determine the boundaries of static stability using the so-called limit angles.

The article offers expressions for determining the limiting angle of longitudinal
stability of a semi-tracked traction and transport vehicle. The authors selected tractor
Belarus 82.1 as the base of the investigated semi-tracked traction and transport
machine. As a result of calculations, the maximum lifting angle was o, = 56°.

Keywords: traction vehicle, running system, semi-tracked propulsion, static
stability, maximum lifting angle.

*K. K. Aouwesé’, K. b. Acvinosa’
2TopaiireipoB yHuBepcureTi, Kazakcran, [laBnonap k.
Martepuan 05.09.23 Gacrnara TycTi.

'KAPTBLIAY TAPTY-KOJIK MAIIIMHA CBIHBIH BOMJIBIK
TYPAKTBUIBIFBIH AHBIKTAY

Maxanaoa AP09258862 « Ken cananvl KoK Kypaibi Jco0aNay HeoHe 3epmmeyy
Memaexkemmix O100xcemmix F3)K ascvinoaswl eblibiMu-3epmme) HCyMblCIMAPbIHbIY
Homuoicenepi kenmipineen. Kenix mexnukacvln namuoaiany muiMOilicin apmmolpy
Kaosicemminiei cunammanean. Mawunanapowiy JeymMule KOPCEeMKIUMepPIiH JHcaKcapmy
bazblmmapviHbly 0PI MAPMY-KOIK MAUMUHATAPBIHBIY JHCYPIC HCYUECiH HCeminoipy
bonvin  madwviiadvl.  Tapmy-kenix MAWUHACLIHBIY — OOUNBIK — JHCOHE KOIOCHEH
Mypakmulivlebl 0d MAHbI30bL.

3epmmey  mvicamvl  peminde  OOH2ANAK — JHCOHE  UWIBIHIICHID — MAOAHObI
KO32AIMKbIUMAPObIY KOMOUHAYUACHL 006IN TAOLIAAMBIH JHCAPTNBLIAL UUBIHHCHID
Mmabanovl  KO32aIMKblul  Mayoanowvl. Kondanvicmasbl  Hcapmuliaii  WUbIHHCHID
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MPOBELQEHUE OlNbITHO-MPOMbILLJIEHHbBIX NCIbITAHUNA
YCTAHOBKWU 0 OBPABOTKE AHTUOBJIEQEHSIIOLEN XNOKOCThIO
BOPTOB U AHNLY XXEJIE3HO4OPO>XHbIX NOJIYBAI OHOB

B YCJI0BUSIX PA3PE3A «MOJIOQEXHbIN»

B cmamve npeocmasnenvi pezyivmamol HAYYHO-UCCIE008AMENLCKOU pabONbl
«lIposedenue  ONbIMHO-NPOMBIULIEHHOZ0 — UCCLEO08AHUA  AHMUOONIEOCHAIOWEe20
cocmasa (AOC) ons  obpabomku 2Hc/0 NONYBAZOHO8 6 YCI08UAX —paA3pesd
«Monooéacnviily 6 svinonnennou TOO «Mining Research Group» 6 coomeemcmeuu
¢ 0ocosopom ¢ TOO «Kazakhmys Coaly.

Lenvio onbimHO-NPOMbIUNEHHBIX UCHLIMAHULL AGTATOCL NPOBEOCHUE UCHLIMAHULL
N0 U3YUEHUI0 padomoCnOCOOHOCMU YCMAHOBKU 1O obpabomxe anmuodnedensuel
AHCUOKOCTIBIO OOPMOB U OHULY  IHCENE3HOOOPOICHBIX NOTYEASOHO8 U ONPEOeNeHUIO
aphexmueHocmuy  npuUMEeHeHUus  aHmMuoOIeOeHsWel  JHCUOKOCMU  npu  00pabomke
JHCENEIHOOOPOIICHBIX  NONY8ACOHO8 6  ycaosusx paspesa  «Monooéocnviily  TOO
«Kazakhmys Coaly. /[na docmudicenust yenu ObLiu nocmasiensvl ciedyouue 3a0auu:
nposepums pabomocnocobHOCb YCMAHOBKU 8 YC108usix paspesa «Monooéxchviity TOO
«Kazakhmys Coaly; nposepums coomeemcmesue napamempos yCmaHO8KU MeXHU4eCcKoll
Xapaxkmepucmuke; npoeepuntb: COOMEEmcmeue YCmaHoeKu npasuiam 6e3onacHocmu
U NPOMBIUIEHHOU — CAHUMApuu,  Oonpeoeiums  3QDGEeKmueHOCs — NPUMEHEHUs
anmuobeoeHs el HCUOKOCIU NPU 00pabomKe Hcene3HOOOPOINUCHBIX HOJYEASOHO8 O
yenosutl yeoavHoeo paspesa «Monooéocnvitly TOO «Kazakhmys Coaly.

B xo00e nposedennvix ucciedosanuti bviiu onpeoeieHsl: cpedHuil pacxoo (i/éae)
AHMUOONIEOCHAWUX HCUOKOCHEN HA OOUH NOJYBA2OH, CpedHee 8pemsi 0bpabomku
AHMUOONICOCHAWUMY — HCUOKOCMAMU — 00HO20  noayeazona. Ilpu nposedenuu
ONBIMHO-NPOMBIULIEHHBIX UCTLIMAHULL BU3YATbHBIL OCMOMP NONYEACOHO8 NOCIe
Pasepysku yeis noKaza, ymo npumenenue ecex uoos AOK oano nonoscumenvhwiil
apghexm — 6opma u OHUWA NOYEALOHOE NPAKMUYECKU BCE YUCMbLE 8 CPAGHEHUE
¢ HeobpabomanHviMu noryeazonamu. OOHAKO NPU HATUYUU CHE2d NO 8CeM) OHUUYY
¥y 06pabamvleaemvix NOLY8ACOHO8 6bI3bIGACH HATUNAHUS Vel N0 8CeMy OHUUYY
NOTY8A2OH08, NOIMOMY npu 0dpabomxe nonysazonos AOK nHeobxooumo npogooumun
MWAMenbHyl0 O4UCIKY NOLY8ACOHO8 OM CHe2d ¢ NPUMEHEHUEM PYYHO20 mpyod uiu
COBPEMEHHDBIX CUCTEM OYUCKU U 000V8a NOLYBACOHO8 O CHEZq.

Knrouesvie  cnosa: yeonvuvii  paspes, awmuobnedensiowue cpeocmaa,
06pabomxa nory8azoHos, yeob, ONbIMHO-NPOMbIULIEHHbLE UCHLIMAHUS, YCMAHOBKA
no 0bpabomke noyy8a2OHOB.
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Beeaenne

Paspe3 «MosogexXHbI» OTHOCUTCS K BOPIMHCKOMY KaMEHHOYTOJIBHOMY
MECTOPOXKJEHUIO, pacmnoyioxkeHHOMY B OcakapoBckoM paiioHe KaparanauHckoi
obmactu Pecybnuku Kazaxcran. Knumar paiiona paspeza «MonoaexHbIi»: pe3ko
KOHTHUHEHTAJIbHBIN C IIPOIOJIKATEIbHOU XOJIOAHON 3UMOM U KOPOTKUM >KapKUM JIETOM;
TEMIIEPATypa BO31yXa MOXKeET focTurats jgeroM +30°C++40°C, 3umoii -40°C+-45°C;
riyOuHa MpoMep3aHusi TPYHTOB Jocturaer 2,5-3,0 M; cpeaHeroioBoe KOJINYEeCTBO
ocankoB coctasisgeT 250-300 MM; B TeueHME KaJIEHJApHOIo roja IyKT 4acTble U
CHJIBHBIE BETPHI, AocTUraronue ckopoctu 10-20 m/c; BETpOBOH peKUM HETTOCTOSHHBIH.
OCHOBHBIE METEOPOJOTUYECKHE U KIMMATHUYECKUE XapPAKTEPUCTUKU NPUBEICHBI B
tabmune 1 [1].

Tabnuna 1 — MeTeoponaoruvyeckue U KIMMAaTHYECKHUE XapaKTePUCTUKH pas3pesa
«MoO10IeKHBII

MeTeoposioTHueCKie XapaKTePUCTUKU [okazarenn
Cpenusiss MakCUMajbHas TEMIIEpaTypa HapyKHOTO BO3Ayxa Haubosee >KapKoro +297
Mmecsa romga, T°C ’
Cpennsiss MUHUMaJbHas TEMIIEpaTypa HapyXKHOTO BO3AyXa HauOosiee XOJOIHOTO 213
Mecsia roaga, T°C ’
CpenneronoBast po3a BeTpoB, %:
— CEeBEpHBII 11
— CEBEPO-BOCTOUHBIH 10
— BOCTOYHBIN 5
— FOTO-BOCTOYHBII 5
— FOXKHBII 19
— IOro-3anaIHblil 27
— 3ama/iHblN 15
— ceBepo-3amaHbIil 8
CKOpOCTh BETpa MO CPEIHUM MHOTOJICTHHM JIaHHBIM, TTOBTOPSEMOCTD MPEBBIIICHUS 1
KOTOpOH cocTaBisieT 5%, M/c
CpenHeroioBasi CKOpOCTh BETpa, M/C 4,2

B cBsi3u ¢ oTpHUIaTEIbHBIMU KIMMAaTUYECKUMHU YCIOBUAMH Ha BopinHcKoM
MECTOPOXIEHUHU pa3pe3a «MoJo/1e:KHOe» BO3HMKAIOT PUCKHU MPUMEP3aHUs YIJIs K
60opTaM U THUIIIAM KeJIe3HOJOPOXKHBIX ITOJTyBarOHOB B 3UMHUM IEPHO/, YTO IPUBOIUT
K OCHOBHBIM IIpo0JieMaM B MeCTax pa3rpy3ku yris. Ha cerogHsmHuii 1eHb N3BECTHbI
MHOT0 paboT B 00J1aCTH IIPEAOTBPAILEHHS CMEP3aHHS I'PY30B Ha OTKPBITHIX ITOJIBUYKHBIX
cocraBax [2—6]. C uenbio npeoTBpaIleHust IpUMEp3aHus yIis K OopTaM U THUILAM
HKEJIe3HOJIOPOKHBIX TOJIyBarOHOB B 3MMHEE BpeMs ObLIa MHUIIMMPOBaHA paboTa Mo
U3y4eHUI0 3(QPEKTUBHOCTH IpeaABapUTEIbHON 00pabOTKH aHTHOOIEACHIIOUIMMU
KHUJIKOCTSIMH.
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MarepuaJbl 1 METOABI

B 2022-2023 rr mpoBeneHa Hay4dHO-HcclegoBaTenbckas pabora (HUP) B
cooTBeTcTBUU C¢ forosopoM Ne 2000006110 ot 15.04.2022 rona «IIpoBenenue
OTIBITHO-IIPOMBINIJICHHOTO UCCIIe0BaHus anTuobneaenstomero cocrara (AOC) s
00pabOTKH /1 TOTyBarOHOB B YCIOBUSIX pa3pe3a «MonoaéxHsiin» [7]. B cooTBeTcTBIH
¢ kasieHaapHbIM ruianom HUP BeimmonHeHsI:

— aHaJIU3 (PU3MKO-MEXaHUYECKHE CBOMCTBA 100bIBAEMOTO YIJIS;

~ aHanu3 NpoUIAKTUIECKUX METOIOB IO MPEJAOTBPAILCHUIO MPUMEP3aHH
HACBITHBIX I'PY30B, B YaCTHOCTH YTJIS;

— CBOMCTBA aHTHOOJIEAEHUTEILHON U IbLIEIIONABISIONIEN JKUIKOCTH,

— aHAJIN3 KIMMATHYECKUX yclIoBUH, puMeHUMOocTh AOX (aHTHoOIEeIeHUTeIbHAS
XKHJIKOCTb) B YCIOBUSX pa3pe3a «MoJIoaeKHOEY;

~ pa3paboTKa MPOEKTa ONBITHO-KOHCTPYKTOPCKOW YCTaHOBKH CHCTEMBI IS
00pabOTKU ¥ HAHECEHUST aHTHOOJICICHSIICH KUIKOCTH;

~ pa3paboTKa TEXHUYECKON JOKYMEHTAIMH Ha YCTaHOBKY;

~ MOHTaX OTNBITHO-KOHCTPYKTOPCKON YCTAaHOBKU U THIPABINYECKON CUCTEMBI;

— BBIOOP aHTHOOJIEACHSIFOIICH KUIKOCTH;

— OTIBITHO-TIPOMBIIIUICHHBIE HCIIBITAHUS yCTAHOBKH 110 00pabOTKe aHTHOOeICHSAIIIEH
KHUJIKOCTBIO OOPTOB M THUIIL KEJIE3HOJOPOKHBIX TIOTYyBaroHosB [7].

OOBEKTOM ONBITHO-IPOMBIIUIEHHBIX HcTbITanui (1anee OITN) Opla pa3paboTanHast
yCTaHOBKa (Jjajiee ycTaHOBKa) Mo 00paboTke anTnoOneneHsmei sxuakocteio (AOX)
OOPTOB M JHMII] KEJIE3HOIOPOKHBIX ITOJIyBaroHoB (pucyHok 1) [8].

==
(5

o

Pucynox 1 — OnBITHO-TIPOMBINIUIEHHAS] YCTaHOBKA 110 00pabO0TKe aHTHOOIEICHSIIEH
KUIKOCTBIO 60pTOB W JHUL] )KCJIC3HOJOPOIKHBIX
MOJTYBaroHOB B YCJIOBUAX pa3pe3a «MooIEKHbI:
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1) xuakocTHas pammna ¢ popcyHKaMu; 2) MeXaHM3UpPOBAHHAS CTpeJa;
3) omepatopckas KomMHaTa; 4) HacoC BBICOKOTO JTaBJICHUSA;
5) pe3epByap XpaHEHUs )KUJIKOCTH

JlaHHasi yCTaHOBKa pa3MelIeHa BO3JIE KEJIE3HOJOPOKHOT0 MyTH Ha pa3pese
«MonoAEKHBII U PECTABISET U3 CEOsI OMBITHO-MIPOMBINIICHHYO KOHCTPYKITHIO 10
00paboTKe MOIyBaroHOB aHTUOOJIECHAIMMH cpeacTBaMu. OOpaboTKa MPOUCXOTUT
IyTEM OpOIICHMS KUAKOCTHIO JTHHIIE U CTEH MOJIyBaroHa Mpu MOMOILM BbIIBHKHON
CTpEeJbl M YCTaHOBJICHHBIX Ha HEH (opcyHOK. B cocTaB ONBITHO-IIPOMBIIUICHHON
KOHCTPYKLIUU BXOJIUT:

— TEIUIOE MOMEILIEHHE IS )KUKOCTH B 000pyI0BaHHUS;

— onepaTopcKasi KOMHATa ISl YIIPaBICHHsI KOMIUIEKCOM;

— HACcOC BBICOKOT'O JJaBJICHUS JJIS OJa4u IPOTUBOOOJIECCHSIONIETO BEIIECTBA U3
pe3epByapa B KUAKOCTHYIO paMIly;

— pe3epByap XpaHeHHUs: IPOTUBOOOIIECICHSIONIETO PACTBOPA;

—KU/IKOCTHAs pamIia ¢ pOpCyHKaMHU M MEXaHH3UPOBAHHAsS CTpeNia IS IOTPYKEHUS
YKHUJIKOCTHOM pamIibl B ITOJTyBaroHsbI.

[enbt0 ONBITHO-MPOMBIIIJICHHBIX UCIIBITAHUN SIBJISIETCS] IPOBEICHUE UCTIBITAHUI
0 M3Y4YEHHUI0 PabOTOCIOCOOHOCTH YCTAHOBKH U OIpeeieHuI0 3(PPEeKTUBHOCTH
NPUMEHEHHS aHTUOOJEICHIIIEH XUIKOCTH MPH 00pabOTKE KEIEe3HOI0POKHBIX
II0JIyBarOHOB B YCJIOBUAX paspesa «MotoaeKHbIiny.

[Ipy BBINONHEHUU OMBITHO-IPOMBIIIJICHHBIX HCIBITAHUM OBUIM HMCIIOJIb30BAHbI
CJIEYIOLIME OCHOBHBIE METO/Ibl CCIIC0OBAHMI: Ha0II0ICHHE, U3MEPEHUE, CPAaBHEHHE,
METO/bI IJITAHUPOBAHUS M 00paOOTKH SKCIIEPUMEHTATIBHBIX UCCIIETOBAHHIA.

ONBITHO-IPOMBINIIIEHHBIE UCTIBITAHUS IPOBOAWINCH B 3 (Tpu) »Tana [7]:

1) NOArOTOBUTENIBHBIN;

2) npoBeJICHUE UCTIBITAHU;

3) 3aBeplaronuii.

OIIN nmposogunuck [lpuemounoit komuccueit (I1K), B coctaB KoTOpoii BXOAMIN
npejactaBuTenu opranuszanuii (paszpes «Momonéxusiit» TOO «Kazakhmys Coal»,
TOO «Mining Research Group», nocraBimumku AOX, KaparanmuHckuii TeXHUUECKUH
yHuBepcuteT uMeHu Aopuikaca Carunosa). O61ee pykoBoactso OIIU ocymecTBisiio
TOO «Mining Research Group», koutpoas nposenenus OIIU ocymectsiasiio TOO
«Kazakhmys Coal».

Ha nmoaroroButensHOM 3Tane ObUIM BBIOJIHEHBI CIICAYIONIME BUABI padoT [7]:

— mi1anupoBaHue cpokoB nposenenus OIIN (BriOop nat mposeaenuss OITU
OCYIIECTBIISJICA TOCJIe MPEIBApPUTEIILHOTO aHaIu3a MPEACTOSIIEd TeMIepaTypbl
OKpY’Karollel cpezipl Ha paspese «MooaeKHOe»);

— BeIOOp aHTHOONENeH s fouX xkuakoctel (3 Buga AOXK);

— 03HAKOMJICHHE HH)KEHEPHO-TEXHUYECKUX PAOOTHUKOB C YCTAHOBKOIA; TPOBEICHNE
MHCTPYKTaXa M0 TeXHUKE 0e30MacHOCTH 00CIy>KHUBaroLIero nepconana [9, 10];

— MpeiBapUTeIbHOE OIPOOOBaHKE PAOOThl YCTAaHOBKH.

OIIN npoBoauIKCH 110 3 JaTaM:
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1) ¢ 25 mo 26 depais 2023 r. — ONBITHO-TPOMBIIIUICHHBIE UCTIBITAaHUS Ne 1;

2) ¢ 26 mo 27 deBpans 2023 T. — ONBITHO-MPOMBIIUICHHBIE UCTILITAaHUS Ne 2;

3) ¢ 3 no 5 mapra 2023 r. — OIBITHO-IIPOMBIIIIIEHHBIE UCTIBITAaHUS Ne 3;

[opsimok pabor, BeinoiHseMbIx npu nposenenuu OITU [7]:

1. Ha xeae3HOJ0pOKHBIN MyTh MOJ MEXaHU3UPOBAHHYIO CTPEILy YCTaHOBKH
MIO/1aBaJICS )KEIIE3HOAOPOKHBIN COCTAB ¢ KOMuecTBOM Ootiee 25—30 moyryBaroHoB.

2. Ilepen HayasioM 0OpaOOTKH MOJTYBAaroOHOB MEPCOHAN yOEXJajcs B KauecTBE
MPEeIBAPUTEIBHON OYMCTKH MOJyBaroHOB OT OCTAaTKOB T'OPHOM MaccChl, CHETa U Jp.
[ToaroToBKY U IpeABApUTEIHHYIO OUUCTKY MTOJYBArOHOB JKEJIE3HOI0POKHOTO COCTAaBa
obecnieunBal pazpe3 «MoJIoaEKHBIIN».

[TpueMouHast KOMUCCHS, OCYIIECTBIISIA:

— BU3YyaJIbHBII OCMOTP [IOJYBarOHOB KEJIE3HOIOPOKHOI'O COCTAaBA C IPUMEHEHUEM
¢doro/Buneo pukcanumy;

— MUCHMEHHYIO (PUKCAIIIO HOMEPOB I0JIyBaroHOB, UX CTEIIEHb OUUCTKH U JJPyTue
YCIIOBHS, BIMSAIOLINE HA YUCTOTY MPOBEACHUS HCIIBITAHUI.

3. O6paboTka MOIyBaroHOB KEJIE3HOJAOPOXKHOTO cocTaBa 3 Bugamu AOXK
ocymecTBisuioch nmoja HabmonenueM 1K ¢ ¢ukcanueit B AKTax mpUEMOYHBIX
WCTBITaHuH (Tabnuma 2):

— JIaThl ¥ BPEMEHHU UCTIBITAHUH;

— TeMIepaTypbl OKpY KaroIlel cpeibl HEMOCPEICTBEHHO HA MOMEHT MCITBITaHHIA;

—HOMepoB 00pabaTeiBaeMbIX 1oTyBaroHoB 3 Bumamu AOX ((oro/Buneo puxcarms),
a Tak)Ke HOMEpPOB He 00padaThIBacMbIX MOITYBaroHoB (poTo/Bueo huKcarys);

— o0paborku monyBaronoB (dorto/Buaeo ¢ukcanus) 3 sugamu AOXK
MEXaHU3UPOBAHHOU CTPEJION YCTAHOBKU;

— Cpe/iHero BpeMeHH Ha 00pabOTKy OJHOTO MOJYBaroHa;

— pacxog (1/Bar) AOXK Ha oauH momxyBaros juis pazaundabix AOX.

ITocne OIIN noposKHBIH KENE3HOLOPOAKHBIN COCTAB OTIPABIISUICS IO/ TOTPY3KY YITIS.
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Tabauna 2 — OnbITHO-IPOMBINIIEHHBIE HCIIBITAHUS

BH3yaIbHBIH 0CMOTD

OopadoTKa
Homep nomyBaroHa MOIYBaroHOB 10 - IOIYBArOHOB IOCTIE
nomyearoHoe AOJK
MOT PY3KH Pa3TPy3kH

BH3yaIbHEIH 0CMOTD

ONEBEITHO-TIPOMBIIIIEHHbIE HCIIBITAHHA Nel

e —— E

ONBITHO-IPOMEBINUIEHHEIE HCNBITaHHA Ne2

ONEBITHO-TIPOMBIIINIEHHbBIE HCIIBITaHHA No3

Bpemst aBMKeHHUSI TPYKEHOTO KEJIE3HOJIOPOKHOTO COCTaBa ¢ 00pabOTaHHBIMU
MOJTyBaroHaMH HE MPEBBIIIA CPOKA MPOBEICHUS UCIIBITAHUS — JI0 72 4acoB:

1) OnbITHO-IPOMBINIITICHHBIC HCTIBITaHus Nel :

— JlaTa OTIpaBKH MoiayBaroHoB 25.02.2023 r.;

— naTa mpuOBITHS MOJyBaronos 26.02.2023 r.;

2) ONBITHO-MIPOMBIIIJICHHBIE UCTIBITAaHMS No2:

— JlaTa OTIPaBKHU MOJIyBaroHoB 26.02.2023 r.;

— nata npuOkITHS ToyBaronos 27.02.2023 r.;

3) OnbBITHO-MIPOMBIIIICHHBIE UCTIBITaHMS No3:

— nata otnpaBku noiayBaroHoB 03.03.2023 r.;

— nata npuOkITHs noiyBaronos 05.03.2023 r.

B xone ucnbeiTaHUl OTCIIeKHMBAJaCh TEMIIEpaTypa OKpYKarollel cpeabl BO
BpeMs JIBUKEHUS TPYKEHOIr0 KEJIE3HOJIOPOKHOTO cocTaBa ¢ 00paboTaHHBIMU
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MOJyBaroHaMH MO0 METEOPOJIOTHIECKUMHU MTapaMeTpaMu IpeJicTaBlIeHHbIM Duiinanom
PI'TI «Ka3rugpomer» Kaparanauackoit u ¥JibITaycKoi 00IacTsm.

[Tocne mpuOBITHS TPYKEHOTO KEIE3HOJAOPOKHOTO COCTaBa ¢ 00pabOTaHHBIMU
NOJIyBaroHaMu B MyHKT pa3rpy3ku, TOO «Kazakhmys Coal» obGecneunsno poctyn
[IK Ha mecto pazrpysku. [1K ocymiecTsisiio Habm0eHIE 32 PA3TPy3KOil TPYKEHOTO
KEeJIEe3HOJOPOKHOT'O COCTaBa ¢ 00padOTaHHBIMH MTOJyBarOHAMH.

[Ipu mpoBeaeHUN ONMBITHO-IPOMBINUIEHHBIX HMCHBITAHUN OCYIIECTBISIOCH
¢doro/Buneo ¢ukcanus Bcex MOIyBaroHoB (Tabiuia 2 — JAEMOHCTPALMOHHBIE (OTO
IOJIyBaroHOB) Ha BCEX ATalax BBIOJHSAEMBIX pa0boT. Bce anekTpoHHBIE MaTepuatbl
6butn nepenansl npeacrasutessiMm TOO «Kazakhmys Coaly.

Ha 3aBepmatomiem srtamne [7] BbIOTHEHB! 00paboTKa U aHAINU3 PE3yIbTATOB
UCTIBITAaHUH ¢ 0(hOpMIIEHHEM AKTOB ITPHUEMOYHBIX UCIIBITAHUN, B KOTOPBIX OTPAXKEHBI:
¢daxTrueckue qanuele (hoTo/BUaCO (PUKCAINSA), T0TyUYEHHbIE B pe3yIbTaTe UCTIBITAHUH
yCTaHOBKH; (hakTuueckue naHuble (poTo/Buaeo pukcarus), OTpaxarouue COCTOSHNE
00pabOTaHHBIX KETE3HOJOPOKHBIX MTOTYBATOHOB IOCIIE BHITPY3KHU YIJIS.

Pe3yabTaTsl M 00Cy:KI€HUE

AHanus NoJay4yeHHbIX pe3ysbTaroB [ 1] mokasai:

— OIIN npoBoauiuck Ha 87 oOpaboTanHbix nmoimyBaronax TOO «Kazakhmys Coaly,
YTO COOTBETCTBYET TEXHUYECKOMY 3aaHHUIO;

— pacxon (n/Bar) AOX Ha onun momyBaron coctaBui aist AOXK-1 — 1o 6 n/Bar;
AOX-2—no 7,5 n/Bar; AOX-3 —9-10 11/Bar) He peBbILIAET PEKOMEHTyeMblil HOpMATUB
12 n/Bar;

—Bpemst 00paboTku AOX onHOTrO MoTyBaroHa B cpeaHem pocturaet 10 40 cexyH,
YTO HE MPEBBIILAET PEKOMEHAYEMBbIE 3 (TpH) MUHYTHI 10 TEXHUUECKOMY 33JIaHUIO;

— IIpY IPOBEJIEHUH OIIBITHO-IIPOMBILUIEHHBIX HcnibITaHui Ne 1 1 Ne 2 BU3yanbpHbIi
OCMOTp IOJIyBaroHOB I1OCJIE pa3rpy3Ku MOKa3al, YTO NPUMEHEHHE BCEX TPEeX BHJIOB
AOX nano nonoxutenbHbld 3QPekT — 0opTa U AHUIIA MOTYBATOHOB MPAKTHYECKU
BCE YHCThIE B CPaBHEHHE C HEOOpPaOOTaHHBIMU IOJIyBarOHaMH, MECTaMU UMEIOTCS
HE3HAUNTENIbHbIC HATUIIAHUS YIS, IPUYMHAME HAIMIAHUS YTJIS SBIISIOTCS MIEPETaabl
TEMIIepaTyp, MPOUCXOAAIINE B TIEPUOJ] BPEMEHU C MOMEHTA 3arpy3Kd J0 MOMEHTa
pasrpys3KH;

— IPHU MPOBEJCHUU OIBITHO-POMBIIIIEHHOTO UCTbITaHUus Ne 3: BH3yasIbHBIN
OCMOTp HOJIYBAaroHOB JI0 OTPY3KHU MOKa3aJl HAJIMYUE CHEra M0 BCEMY JHUILY Y BCEX
00pabaTeIBaeMbIX I10JyBarOHOB; B CBS3HU C 4eM, 00paboTka noiayBaronoB AOX He nano
HOJIOKHUTEIbHBIN 3 (PeKT — 6opTa U THUILA TOITYBArOHOB UMEN HAIMUIIAHUS YTJIs 110
BCEMY JIHUILLY [T0JIyBaroHOB; HOATOMY IIpu 00padoTke rnoimyBaroHoB AOXK Heo6xoaumo
HPOBOJIUTH THIATEIbHYI0 OYHCTKY IOJIYBAaroHOB OT CHEra ¢ MPUMEHEHHEM PY4HOTO
TPy/a WIK COBPEMEHHBIX CUCTEM OYMCTKHU M 00/TyBa MOJIYBaroHOB OT CHeTa.

Nudopmanust o puHaHCHPOBAHUM (IIPH HAJTMYNH)

HUP Beinmonneno B pamkax gorosopa Ne 2000006110 ot 15.04.2022 rona
«IIpoBeenue ONBITHO-IPOMBIIIICHHOTO UCCIIEA0BAaHNS aHTHOOJIEICHSIOIIETO COCTaBa
(AOC) nns 06pabOTKHU X//1 MOJYBAaroHOB B YCIOBHX pas3pe3a «Mosoa&xXHbIN,
¢unancupyemoro TOO «Kazakhmys Coal» (Kazaxmbic Koan).

248

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2023

BoIBOBI

Takum 006pa3om, 1eb ONBITHO-IPOMBIIICHHBIX HCHBITAHUN YCTaHOBKH IO
00paboTke aHTHOOJIEAEHSIONIEH KUAKOCTbIO OOPTOB M JHHIL JKEJIE3HOIOPOKHBIX
HOJTyBaroHoB B ycloBusX paspesa «Monoaéxusiiiy TOO «Kazakhmys Coal» cuntaercs
JOCTUTHYTOM. J[Jst TOCTIKEHHS TOCTABICHHOM 1111 OBLITH PEIICHBI CIISYOIIIE 3a1a4u:

— OCYILIECTBJICHA MTPOBEpKa pabOTOCIIOCOOHOCTH YCTAHOBKHU B YCJIOBHUSAX pa3pes3a
«Momnonéxusiit» TOO «Kazakhmys Coal» — ycTanoBka paboTocrnoco0Ha;

— OCYIIECTBJICHA MIPOBEPKA COOTBETCTBUS MapaMEeTPOB YCTAHOBKH TEXHUYECKOMH
XapaKTePUCTHKE — YCTAHOBKA COOTBETCTBYET 3asIBICHHBIM TPEOOBAHUIM;

— OCYILIECTBJICHA TIPOBEPKA COOTBETCTBUSI YCTAHOBKHU IpaBUiIaM 0€30MacCHOCTH U
HPOMBIIIJICHHON CAHUTApHH — YCTAaHOBKA COOTBETCTBYET 3asIBIICHHBIM TPEOOBaHUAM;

—omnpenenenasdpexruBHocTs npumeHenust AOXK mpu 00paboTKe KeIe3HOJOPOKHBIX
MOJTYBaroHoB Juis ycloBuii paspesa «Mononéxuslii» TOO «Kazakhmys Coal» — AOX
3 PeKTHUBHBI IPH 00pabOTKE KEJIE3HOIOPOKHBIX MTOJTyBarOHOB.

CIIMCOK HMCIIOJIb3OBAHHbBIX UCTOYHUKOB

1 Otder o Hay4yHO-ucclengoBaTenbckoil pabore «IIpoBegeHune OonmbITHO-
MPOMBIIIUIEHHOTO HCcCTeIoBaHus aHTHoOneaeHstomiero cocraa (AOC) ast 06paboTku
/1 TIOJTyBaroHOB B YCIIOBHSIX pa3pesa «MooaéxHbIi» (3aKIYuTeNbHbli). — 2023.
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«MOJIOJIEKHBIN» PA3PE3I ’KAFJIAUBIHJIA TEMIP %KOJI JKAPTBLIIAW
BAT'OHJAPBIHBIH BYHIPJIEPI MEH TYBIH MY¥3/IAHYFA
KAPCHI CYWBIKTBIKIIEH OHJEY KOHIHJIEI'T KOHIBIPFBIFA
TOXKIPUBEJIK-OHEPKOCINITIK CBIHAKTAP )KYPI'I3Y

Maxanaoa «Kazakhmys Coaly JKILIC-men scacanzan wapmga cotikec « Mining
Research Groupy JKUIC opwvinoazan «Monoodescusiily paspesi dicazoauiblHoa
«icapmuliai  8a2oHOapObl  6HOey Ywin my3oanyea Kapcel Kypamea (MKK)
MOdACIPUOENIK-OHEPKOCINMIK 3epmme)y JHCypei3yy 2bliblMU-3¢PMme) IHCYMblCbIHbIH
Homuoicenepl KemipiiceH.

Taocipubenix-onepkocinmik ChIHaKmapowly maxcamoi «Kazakhmys
Coaly KUIC «Monoodesicuviily paspesi 2caz0aublHOa memip JHCON AHCapmblidil
8a20HOApbIHbIY OYUipiepi MeH myOiH MYy30aHy2a Kapcbl CYUbIKMbIKNEH OHOey
JHCOHIHOE2]  KOHOBIP2LIHBIY — JICYMbIC  KAOLIemminicin — 3epoeney come memip
JHCON ACAPMBLIAL 8ACOHOAPBIH OHOEY Ke3iHOe My30aHyed Kapcvl CYUbIKMbIKNbL
KOOAHy MuiMOiniein atkbiHOAy OOUBIHULA CHIHAKMAD JCypeizy 601bin madwliaobvl.
Maxcamxka sicemy ywin xeneci minoemmep xotwiiovl. «Kazakhmys Coaly KIUIC
«Monoodedichbiily paspesi 2caz0aiblHOA KOHOIPEbIHbIY JHCYMbICKA KAOIlemminiein
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mekcepy; OpHamy napamempiepiniy MexXHUKAIblK CUnammamaza CouKecmicin
meKcepy; KOHObIP2blHblY KAVINCI30IK JHCOHE OHEPKICINMIK CAHUMAPUsL epedcenepine
cotikecmicin mexcepy, «Kazakhmys Coaly JKILIC « MonooesicHolily kemip paspesiniy
Hca20auapsl Yuin memip Jcoul HCaApmuliall 8a20HOAPbIH OHOey Ke3iHoe My30aHyaa
Kapcol CYUbIKMulKMbl KOJLOAHYObIH MUIMOLNICIH AHbIKINAY.

JKypeizineen 3epmmeynep 6apvicvinoa: Oip dicapmuliail 8a2oH2a My30aHyad
Kapcwl  CYUbIKmMulkmapobly opmauia wwlebliHbl (1/6az); 0ip dcapmoliail 6azoHaa
MY30aHy2a Kapcol CYUbIKMbIKMAapmen oHO0eyOiy opmawid YaKblimvl aHbIKMALObl.
Tooicipubenix-eHeprocinmix ColHaKmapowvl JHCypeizy KeziHoe KOMIpOi mycipeeHHeH
Kellin olcapmuiaail 86a2oHO0apovl kesden woavin mekcepy MKC — oy Oapivik
myprepin Koaoawy OH Homudice 0OepeeHin Koepcemmi-ocapmuliail 6a20HO0apOblH
Oytiipaepi men myoi onoenrmezen HCAPMLIAU BA2OHOAPMEH CATLICMBIP2AHOA iC
Jrcy3inOe bapvlevl masza. Anaioa, OyOesemin Hcapmoliali a20HOaApObIy myoiHoe Kap
bonean Jcazoaiioa, Hcapmoliall 8a20HOApOLIY MyoOiHOe KOMID HcaObICLIN KAAAObL,
COHOBIKMAH JHCaApmMbulIall 8a20HOAPObl OHOEY Ke3iHOe JHCapmbulidail 6a20HOapObl
KapOaH Koa eHOezin Hemece 3aMamayu mdazapmy JCylenepin JcoHe dHcapmuliail
68a20HOAPObL KApOaH ypaeyoi KOA0aHa Omulpbin, MYKUSmM ma3anidy Kaxicem.

Kinmmi ce30ep: xomip paspesi, my30anmyea Kapcol Kypaiodp, HcApmvlidil
68A20HOAPObL OHOEY, KOMID, MONCIPUOENIK-OHEPKICINMIK CHIHAKMAD, HCAPMbLIAL
8A20HOAPObI OHOEY KOHOBIPEbICHL.

N. B. Bakhtybayev', *0. T. Balabayev’, G. S. Suleimenov’

3«Mining Research Group» LLP, Republic of Kazakhstan, Karaganda;
*Abylkas Saginov Karaganda Technical University,

Republic of Kazakhstan, Karaganda.

Material received on 04.09.23.

CONDUCTING PILOT TESTS
ANTI-ICE FLUID TREATMENT UNITS
SIDE AND BOTTOM OF RAILWAY GONDOLA CARS
IN THE CONDITIONS OF THE «YOUTH» OPEN PIECE

The article presents the results of the research work “Conducting a pilot study
of an anti-icing composition (AIC) for processing railway gondola cars in the
conditions of the «Molodyozhnyy open pit, carried out by Mining Research Group
LLP in accordance with an agreement with Kazakhmys Coal LLP.

The purpose of the pilot tests was to conduct tests to study the operability of the
installation for treating the sides and bottoms of railway gondola cars with anti-icing
liquid and to determine the effectiveness of the use of anti-icing liquid when treating
railway gondola cars in the conditions of the Molodyozhny open pit of Kazakhmys
Coal LLP. To achieve the goal, the following tasks were set: to check the operability
of the installation in the conditions of the Molodyozhny open pit of Kazakhmys
Coal LLP; check the compliance of the installation parameters with the technical
specifications, check the compliance of the installation with safety and industrial
sanitation rules, to determine the effectiveness of the use of anti-icing liquid in the
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processing of railway gondola cars for the conditions of the “Molodyozhny” open pit
of Kazakhmys Coal LLP.

Inthe course of theresearch, the following were determined: average consumption
(l/car) of anti-icing liquids per one gondola car,; average time of treatment with anti-
icing liquids for one gondola car. When conducting pilot tests, a visual inspection of
gondola cars after unloading coal showed that the use of all types of liquid coolant
had a positive effect - the sides and bottoms of gondola cars are almost all clean
compared to untreated gondola cars. However, if there is snow on the entire bottom of
the processed gondola cars, it causes coal sticking all over the bottom of the gondola
cars, therefore, when processing gondola cars, it is necessary to thoroughly clean
the gondola cars from snow using manual labor or modern systems for cleaning and
blowing snow from gondola cars.

Keywords: open pit, anti-icing composition, gondola car processing, coal, pilot
tests, gondola car processing unit.

253

Ne 3, 2023



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 3, 2023

MPHTUH 55.51.33
https://doi.org/10.48081/ZPRK 8879

*A. B. Poxkoe', B. LLl. Ackapoe? P. P. Xali6ynnuH?,

A. P. KeHxekeega*, ®. E. KaHam®

1-2345KaparaH IMHCKUI TEXHUYECKUH YHHUBEPCUTET UMEeHU AObuikaca CarnHoBa
*e-mail: alexktpm@mail.ru

OlPELQEJIEHUE ONTUMAJIbHbIX TAPAMETPOB NrPY3OHECYLYEIO
[MOJIOTHA KPYTOHAKJIOHHOIO IMIIACTUHYATOIO KOHBEUEPA

OOmoil U3 OCHOBHBIX OMIUYUMETHBIX OCOOEHHOCIEN COBPEMEHHO20 COCMOHUSL
OMKPBIMBIX 20PHBIX PAOOM ABNAEMCS YCMOUYUBASL MEHOCHYUSL K YBETUYEHUIO 2Ty OUHbL
U Npou3BOOUMENbHOCMU Kapbepos. B smux ycnosusx naubonee s¢pghexmusroil
CMAHOBUMCsL  YUKTUYHO-nomouHas mexnonoeusi (LIIT) paspabomku nonesnvix
uckonaemulx. Omo noomeepoicoaemcs umesuiumcs onvimom npumenenus L[IIT na
Kapvepax cmpansl. B nawe epems onvim sxcnayamayuu L{IIT gvis6un Heodxoo0umocms
CO30anust  CNeYUANbHbIX MUNO0E KOHBEUEepos8, CHOCOOHbIX  MPAHCNOPMUPOBAND
KPYNHOKYCKOBYIO ~ 2ODHVIO  MACCYy NOO  YeIamu —YCMAHOBKU, PAGHbIMU — Vely
ecmecmeenHo20 OmKOCA 4Yacmu Kapvepa, Komopwle cocmaensiom 35..45 epao.
OO0HOUl U3 KOHCMPYKMUBHBIX CXeM MAKUX KOHBEUepos ABNAemcs. KPYMOHAKIOHHbII
nAACMuH4Yamulil KOH8elep, 8 KOMopoul, Oisi YOePAHCAHUS 2PY3a HA Hecyujem NOJIOmHe
UCNONb3YEMCs. NPUHYUN Noonopa epysa (nodoepiicusaiowue nepeeopooku). /s
CHUDICEHUSL  MAMePUAIOeMKOCIU — 2PY30HeCyuje20  NOJOMHA — KPYMOHAKIOHHO20
NAACMUHYAMO20 KOHGellepd, HeoOX00UMO onpedenuns ONMUMAIbHble COOMHOULEeHUs
MEACOY 2e0MEMPUUECKUMU NAPAMEMPAMU 2PY3080U AYEUKU (YHACMOK 2PY30601 6emEU
MedHcOy 08YMS NOOOEPAHCUBAIOUUMU NEePe2OPOOKAMU) KDYMOHAKIOHHO20 KOH8eUepd.
Cocmasnena mamemamuieckas MOOeLb ONMUMUZAYUY 2eOMEMPUYECKUX NAPAMEMPO8
2PY3060Ul AUEUKU KPYMOHAKIOHHO20 NIACMUHYAMO20 KOHBelepd, npeoCcmasisioudst
coboul yenesyio QyHkyuio odvema epysa 8 epy3080i suelike, npu QUKCUPOBAHHOM
3HAYeHUU NIoWaAoU NosepxXHocmu 2py3060u sueliku. Llenesas (yHkyus ucciedosana
HA MAKCUMYM YUCTEHHbIM MEmMOOOM, 6 pe3ylbmame 4e20 NOLVYEeHbl 3A6UCUMOCTU
ONMUMATLHBIX  3HAYEHULl  2eOMEMPUUECKUX NAPAMEMpPOs8 2pY3080U  AYelKU Om
OMHOCUMENbHOU BETUYUHBL WUPUHBL NOJIOMHA KOHSeepd, Yeld YCMAaHO8KU KoHsetiepd,
yena ecmecmeenHo20 OMKOCA MPAHCNOPMUPYEMO20 MAMeEPUald.

Knrouesvie  cnosa: yukiuuHO-nOMOYHAs MEXHONO02US,  KPYMOHAKIOHHbIIL
KOHgellep, 2eomempuiecKue napamempsvl, MAmeMamuieckas Mooeib, yenesas
dyukyus, obvem epy3a 6 aueliKe, ONMUMALbHbIE COOMHOUEHUSL.

Beenenne

B nociennue rogsl pu OTKPHITOM JOOBIYE MOJIE3HBIX HCKOMIAEMBbIX, 0COOEHHO Ha
riIyOOKHX PYAHBIX Kapbepax, OCTPO BCTaja MpobdieMa 0OOHOBIEHHS CYIIECTBYIOIIMX
TEXHOJIOTUYECKUX BHJIOB TPAHCIIOPTA, HOBBIILIEHUS €r0 SKOJIOTMYECKON 0€3011acHOCTH
U SKOHOMHUYECKOH 3(PPEKTUBHOCTH, YIYUIICHHUS €0 TEXHHYECKUX MapaMeTpoB MpPHU
TPAHCHOPTUPOBAHUH BCKPBILIHBIX [TOPOJT M ITOJIE3HOTO UCKOIIAEMOTO.
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TpancmopTHble CXeMbl Ha OOJBIIMHCTBE KPYIHBIX PYIHBIX KapbepoB
chopmupoBanuck B kKoHie 60 - x win B 70 - X rogax, Korja B IOCTATOYHOH Mepe
HE YYHUTHIBAJIACh HKOJOTHYECKasi 0€30MacHOCTh NPUMEHEHHs TOTO HJIM MHOTO BHIA
TpancnopTa. B Hacrosiee Bpems 3Tu Kapbepsl gocturiu riyounsr 300 — 400 M,
U IPUMEHSeMbI B OOJBIIMHCTBE CIIy4aeB Ul TPAHCIOPTHPOBAHUS TOPHOM MacChl
aBTOTPAHCIIOPT CTaJI SKOHOMHUYECKH HeIPPeKTUBHBIM. [ IpruMeHeHne KpyTOHaKIIOHHBIX
KOHBEHepoB, pacroyiaraéMblX O] yIIIaMHd OTKOCOB OOPTOB Kapbepa, MO3BOJIIET HE
TOJIbKO HanboJiee pe3Ko CHU3UT JJIMHY TPAHCIIOPTUPOBAHUSL, HO ¥ CBECTH 10 MUHUMYMa
TOpPHOKaNUTaJIbHbIE paboThI [ 1—4].

KpyToHaKIOHHBIMU HA3bIBAIOTCSl KOHBEMEPHI, Y KOTOPBIX TPY30HECYILEE TI0JIOTHO
UMEEeT YroJl MoabemMa, OOJIbIIUNA KPUTHUECKOTO (MPU KOTOPOM Ipy3 Ha IIaJKOM
IPY30HECYLIEM IIOJIOTHE €111€ HE UMEET I'PAaBUTALMOHHOTO IIEPEMEIICHHUS).

Bo3MosHBI cieyromue cnocoOsl yepKaHus rpy3a Ha IPy30HECYIIeM 3JIeMEHTE:
NyTeM HOBBIMIEHUS KO3(PPUIIMEHTa CLUEIJICHUS Ipy3a ¢ MOBEPXHOCTHIO MOJOTHA,
YBEJIMUYEHUS J1aBJICHUS TPy3a Ha [I0JIOTHO, CO3/1aHus IOJIIOpa Ipy3a Ha MOJIOTHE [S].

KoHncTpykTuBHaAsI cxeMa KpyTOHAKJIOHHOIO KOHBEHepa ¢ MCIOJIb30BaHUEM
IIPUHIMIA TOJAIIOpa Ipy3a, C PACIOIOKEHUEM IOAAEPKUBAIOLIUX IEPErOPOJOK Ha
OTJEJIBHOM TATOBOM OpPI'aHE UMEET ONPE/IEIIEHHBIE IPEUMYILIECTBA: YBEIMUEHHUE JUTUHBI
KOHBEWepa B OZIHOM CTaBE; BO3MOXKHOCTb TPaHCIIOPTUPOBAHMSI KPYITHOKYCKOBOIO I'py3a;
o0ecrieyeHre Ha/Ie)KHOM OUUCTKU HECYIIETO MOJIOTHA U TIP.

Jlnist moBeIeHUs Y3PPEKTUBHOCTH UCIIOJIBb30BAaHUS KOHBEHEPHBIX MOILEMHUKOB,
HE0OXO0IMMO Ha 3Tale MPOCKTUPOBAHMS KOHBEHEpa MCIOJIb30BaTh ONTHUMAJbHBIC
COOTHOLLIEHUS] T€OMETPUUYECKUX [TaPAMETPOB I'PY30HECYIIETO TOJOTHA KOHBEMNEPA, C
LIEJIbI0 YMEHBUIEHHSI €70 MaTEPUAIOEMKOCTH.

OnTuMu3zanmy napaMeTpoB rPy30HECYILET0 IOJI0THA KPYTOHAKIIOHHBIX KOHBEHEPOB
yJIeJIeHO I0CTaTOYHOE BHUMaHue. B paboTte [6] rccnenoBana onTUMU3AIMS TAPAMETPOB
JUHEWHON yacTH TpyOUaThIX KOHBeWepoB; B paborax [7-9] paccmarpuBaroTcs
BOIIPOCHI ONTUMHU3ALIMN T€OMETPUUECKUX ITapaMETPOB KPYTOHAKIOHHOIO KOHBeHepa
C IIEPErOpOIKAMHU.

B npuBeneHHBIX MCCIIEI0BaHUSX BBISIBJIEHHBIE 3aBUCUMOCTH I'€OMETPUUYECKHUX
napaMeTpoB OT BIUSIOUIUX (AKTOPOB ONpEAENeHbl B aOCOJIOTHBIX 3HAYECHHSAX
1apaMeTpoB.

JUisi TIOBBIILIEHUS] YHUBEPCAIBHOCTH pelIeHus Obuio Obl Oojee 1esecoodpa3Ho
IIOJIyYUTh 3aBUCUMOCTH OIITUMAJIbHBIX TEOMETPUUECKUX [TAPAMETPOB I'PYy30HECYLIETO
II0JIOTHA KPYTOHAKJIIOHHOT'O KOHBEMEpa B OTHOCUTEIbHOM BBIPA)KEHUU OT OCHOBHOTO
AKCIUTYaTallMOHHOT'O IapaMeTpa KOHBelepa — MPOU3BOAUTEIBLHOCTH.

Lenbto vccaenoBanus ABIsSETCS pa3paboTKa METOANYECKUX OCHOB OIPEIEIICHUS
OIITUMAJIBHBIX [IAPAMETPOB I'PY30HECYIIETO [10JI0THA KPYTOHAKJIIOHHOT'O TNIACTUHYATOTO
KoHBeHepa. lJis ToCTHKEHMs TTOCTAaBICHHOH 1€ He0OXOIUMO PEIIUTh CIIEIYIOIIHe
3a/1a4u:

— pa3paboTaTh MAaTEMAaTHYECKYI0 MOJIeIb ONTUMHU3ALHMU T€OMETPHUYECKUX
[IapaMeTpPOB IPY30HECYIIETO MOJI0THA KPYTOHAKIOHHOTO IJIACTUHYATOr0 KOHBEWEpa;
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— ONPEAEIUTh 3aBUCMMOCTH ONTHUMAJbHBIX I'€OMETPUYECKUX MAapaMETPOB
IPY30HECYLIEr0 MOJOTHA KPYTOHAKJIOHHOIO IUIAaCTMHYATOr0 KOHBEHEpa OT €ro
9KCILTYyaTallMOHHBIX XapaKTEPUCTHK.

MarepuaJjbl 1 METOABI
®opmMma rpysa B Irpy30BOH siueliKe KpyTOHAKIOHHOIO KOHBelepa (y4acToK
rpy30HECYLIETr0 MOJ0THA MEXAY ABYMs IOAAECPKUBAIOIIMMU IIEPErOpoaKaMuU
IPy30HECYLIETO MO0JI0THA) NpeAcTasieHa Ha Pucynke 1 a).
a) 6)
P oxz
b

//:

0/\\/ < h ’h
R Ih g

[ dz
ok | . I
y

¥

y O

Pucynok 1 I'py3oBas siueiika KpyTOHaKJIOHHOTO KOHBEHepa
A) — dhopma rpysa B rpy30Boii sueiike; 0) — monepedyHoe ce4eHre rpy30Boil ssueiikn

OueBUJHO, YTO ONTHMAJbHBIE COOTHOIIEHUS I€OMETPUUYECKUX MapaMeTpPOB
IPy30BOH STUEHKH SBISIOTCS TAKUMHU, KOTOPBIE 00ECTIEYNBAIOT MAKCUMATIBHBIN 00beM
rpy3a B I'Py30BOH SY€HKE KPYTOHAKJIOHHOTO KOHBeWepa, IIPU 3aJaHHOW IUIOLIAIN
OOKOBOI MOBEPXHOCTH I'PY30BOIl SIUEHKH, T.€.:

V=f(B,d,h,L)—max (D)
pu S=const.

I'ne: B,d,h,L — reomeTpruyeckue mapaMeTpsl Ipy30BOi sUEHKH KPYTOHAKIOHHOTO
koHBerepa (Pucynok 1); S — nmiomanbs O0KOBON NMOBEPXHOCTU TPYy30BOH STUEHKH
KPYTOHAKJIOHHOI'O KOHBEHEPA.

O0BeM rpy3a B s4eiiKe MOXKHO ONPEAEIUTH 0 popMmyIie

V=[,S(2)dz 2)

rac: - (bYHKI_II/IH [Ionrajau morncpeyHoro CCUCHUs rpysa Ha KOHBeﬁepC B 3aBUCUMOCTH
OT paCCTOAHUA OT HIDKHEH NEeperopoaxku 10 paCCMaTpruBaCMOI0 CCUCHUS.
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Pe3yabTarsl H 00CyKaeHTE

PaccmoTpuM nomnepedHoe ceueHue rpysza KpyTOHAaKJIOHHOTO KOHBeiiepa Ha
paccTosiHUU Z OT HUKHEH neperopoaku (Pucynok 1 6)).

Pa3znenum nonepeuHoe ceueHue Ha 2 YaCTH: BEPXHIOIO U HIKHIOHO.

Hcxoas U3 TOoro, 4ro ouyepTaHHEe BEPXHEW YacTU ONMHUCHIBaeTCs Napaboiioil, u
YTOJI HaKJIOHA KacaTeJIbHOM U MOBEPXHOCTHU I'Py3a PABEH YIUIy €CTECTBEHHOI'O OTKOCA
MaTepHala-p, To OuepTaHue BepXHel yacTu onuceiBaercs Gpynkuueit [10]

tgp
Y _B+2dz*x2

3)

Bricora «aankuy» rpy3a onpenenurcs hopmynoii (3) u npu x=B/2+dz 6yaer paBHa:

H,=(B+2dz)tgp/4 4)
[Tnomaae BepXHEH YacTh Ipy3a OMPEACIISIeTCS BRIPAKCHHEM:
A otdz _ (B+2dz)?
$p=2Jz" " (H, — y)dx=—""——tgp (5)
ITnomanas HUXKHEN yacTu
Sy=(B+dz)h: (6)
[Tnomaae monepevHoro ceYeHus rpy3a B CEUCHHUH Z:
B, cn (B+2dz)? , .
S(z)=5;+S; —Ttngr(Berz)h: (7)

Bricota 60opTta rpys3a B c€4eHHUHU Z, U pa3Bajl 0OPTOB OMPEEATCS CIeIyOIIMMHU
BBIPKCHUSIMU:

h,=h-ztg(B-p) (8)

d, == h,=[-ztg(B-p)] 9)

[oncrasus (8) 1 (9) B (7) momyunm hyHKIIHIO IJIOIIA M TONIEPEYHOT0 CEYEHUS Ipy3a
Ha KOHBeﬁepe B 3aBUCHUMOCTH OT paCCTOAHUA OT HIDKHEH NEpEropoaxKu A0 CCUCHUA Z:

- d d
S(z)—(B + 22 [h — 2tg(p — P)|}21gp/6+[ B + 22 [h — 2t(B — p)I* (10,
*[h-ztg(B-p)]
[MoxcraBus (10) B (2) mosryunM BeIpakKeHHE JIJIs1 00beMa Tpy3a B TYCHKE TPy30BOM
BETBU KPYTOHAKJIOHHOTO KOHBEHEpa:
2
V=[tep(B + 2d)/6-+(B+2d)h]I- tg(B-p)[4%B+8%)+2d]lz/2+
P (11)
+ tg(B-p)[4—tgpt—11°
[Tpou3BOIUTENBHOCTH KPYTOHAKIIOHHOTO KOHBEWEpa onpeaenuTces mo Gpopmyre:
v
Q=3.67vy (12)
[Ipu mpoexTHOM pacueTe OOBIYHOTO KOHBeHepa, ucxons u3 Tpedyemon

MPOU3BOIUTEIBHOCTHA OMPENCISIIOT IJIOMAlb IMOTEPEYHOTO CEYCHHs, a 3aTeM
reOMETPUYECKHE pa3Mephl JKeno0a KOHBeepa.
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JUis KpyTOHAKJIIOHHOTO KOHBeiepa yJ00HO OnmepupoBaTh MOHATHEM CpeaHEH
IJIOLIAU CEYECHMS, ONIPEACIIIEMOU COOTHOLLIEHUEM:
4
Fop= (13)

Wnn, yauteiBas popmyny (11) momyuum

Fo=ltgp(B + 2d)*/6+(B-+ 2011 ta(p-p)[42B+85 )+ 2d]1 /2+

2
+ tg(B-p)[4 <tgp+]12

O4eBUIHO, YTO UMEIOTCS ONTHUMAJIbHBIE COOTHONICHUS MEX]y MapamMeTpamu
B, d, h u | ¢ Touku 3peHust obecreYeHns: MaKCUMaIbHOM MPOU3BOJAUTEIBHOCTH TIPU
OTIPENIEIICHHOM PacXo0/ie MaTepuaa. HeCyIero mojoTHa, T.e. er0 MaTePUaATOEMKOCTH.

[TockonmbKy TIPOU3BOAMTEIHLHOCTh KPYTOHAKIIOHHOTO KOHBEWepa OInpeaesseTcs
00BEMOM I'py3a B sTYCHKE KPyTOHAKIIOHHOTO KOHBEHEpa, TO METalIOEMKOCTh IPy30BOM
BETBH OYJIIET ONMPEACNATHCS IUIOIMAIbI0 MOBEPXHOCTH HECYIIETO IMOJOTHA OJHOMN
STYSHKH U IJI0IIA]IHF0 TIOBEPXHOCTHU OJTHOM NIEPETOPOJIKH, TaK KaK KaKast [IeperopoIKa
NPUHAIICKUT OJHOBPEMEHHO JIBYM COCEJIHUM STUCHKaAM.

Taxum 00paszom, 3aauy HaXOXKJICHHS PAIMOHAIBHBIX TEOMETPUIECKUX Pa3MEPOB
Ipy30BOI BETBU KPyTOHAKJIIOHHOTO KOHBEIepa MOKHO COPMYITHPOBATH CIIETYFOIIIUM
00pa3oM: TIpH 3aJaHHOM IJIOMIA N IIOBEPXHOCTH STYCHKH HAUTH TaKHe €€ pa3MepBbl, IPH
KOTOPBIX 00eCIieunBaeTCsi MAaKCUMyM 00beMa Tpy3a B siueiike KoHBeiepa. [Ipu aTom
JIOJDKEH OBITh YUTEH TOT (haKTOp, 4TO KOHBEHEp NMpeHA3HAYCH [T TPAHCTIOPTUPOBAHUS
KPYITHOKYCKOBOTO Tpy3a.

[Tmomane GOKOBOW MOBEPXHOCTH sUelku (cM. PucyHok 1 a)) ompenenum 1o

dbopmye

(14)

S=(B+2Vd? + h*[+(B + 2d)*tgp/6+(B+d)h (15)
N3 (15) naitnem
[=[S-(B+d)h-(B + Zd)ztgp/6]/( B+2Vd? + h?) (16)

Kak Bunno u3 popmysi (11), pynkims oobema 3aBucut ot 4-x napamerpos B, d,
h, 1, mpruem Tpu W3 HUX SBJISIOTCS HE3aBUCUMBIMH, a YUETBEPTHIN BBIpaXKaeTCsl Yepe3
OCTaJIbHBIC TPH.

Haubonee yno6Ho Beipasuts napametp | yepes mapamerpst B, d, h u 3agannyio
IUTOIIA1b OOKOBOM MOBEPXHOCTH S. J[aHHAs 3aBHCUMOCTH BBIPAKAE€TCs COOTHOLLICHUEM
(16).

J171st oJTyYeHUs yHUBEPCATTbHOTO PEIICHHS, HEOOXOIMMO BBIPa3UTh TEOMETPHUYCCKUC
napaMeTpbl B OTHOCHUTEIBHBIX €IMHHUIAX. Y 10OHEe BCEro, BHIPA3UTh UX B BHJE
OTHOIICHHS K KOPHIO KBaJPaTHOMY M3 ILIOIIATUd OOKOBOW MOBEPXHOCTH SYCHKH,

CHEAYIOLIUM 00pa3oM:
B=uvs; d=y\/s; h=e\/s (17)

[ToncraBum (17) B (16) nomxyuum:
]_1—(a:+y)£—(a+2y)tgp/6\/§
a+2,/y?+e?

(18)
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NnJin
=ys (19)
rac
1— — 2¥)t 6
y= (a+y)e—(a+2y)tgp/ \/E (20)

a+2y2+e?

[MoxcraBum (17) u (20) B (11) moayuum BeIpakeHHE 1ENEBON (QYHKITUU
V={ltgp(a + 2y)*Hoty)ely/6-ta(B- p)*
*[tgp(dyo/e+8y 2/e)+2y Wh2/2+tg(B-p)[4y 2tep/(6&2)+y/e|ih3/3 14/S3)

I'me mapameTp  BeIpaskaeTcs 4epes o, Y U € cooTHomeHueM (20).

Haiing makcumym dynknun (21), momyunm 3HadeHus B, d, h, | B oTHOCHTEIBHBIX
€IMHUIIAX OT KOPHS KBAIPATHOTO M3 TUIOMIAIH OOKOBOW MOBEPXHOCTH STUCHKH.

Y n1o0Hee BhIpa3uTh FTEOMETPHUECKIE TapaMeTPhl TPY30BOM BETBH KOHBEHepa yepe3
KOpPEHb KBaJIPATHBIN M3 CPEITHEH TUIOIIAIN CEUSHHSI TPY30BOi BETBH, TAK KaK CPEIHSIS
TUTOINAb MOKET OBITH OIpEe/IesieHa MPH MPOSKTUPOBAHUU KOHBeHepa 1o (hopmyilie:

. Q
L (22)

1)

[TonctaBuB popmynsr (16)-(18) B popmymny (13), momydum BeIpakeHUE s
COOTHONIECHUS IUIOIIAICH:

E="2—tgp(a + 29) /6o p)e- ta(B-p)ltap(@dya/s+8y /ey +2yy+ (23)
+tg(B-p)[4y *tep/(6e ) Hy/el?/3

Torma NepeCUYCT Ha HOBBIC OTHOCUTCIIBHBIC CAMHUIBI 6yz[eT OCYHICCTBJIATHCA 110

bopmynam:
a":a/ﬁ; y’:y/\/_'; E’ZS/ﬁ; 1/)’2(/1/\/3 (24)

[TockonbKy KOHBeHep npeaHa3Ha4deH Ui TPAaHCIIOPTUPOBAHUS KPYITHOKYCKOBBIX
Ipy30B, TO MUHUMaJIbHbIE 3HauUeHUus B u | OyayT orpaHMunMBaThCS MaKCHUMalIbHON
BEJIIMUMHOM KyCKa TpaHCHOpTHUpyemMoro marepuana. [lostomy, /1is mojydyeHus
ONTUMAJIBHOTO PEIICHUS! B OTHOCUTENIBHBIX €AMHUIAX CIelyeT 3a/1aThCsl BETMUYMHON
0L ¥ OIIPEJIENTUTh ONTUMAJIbHBIE COOTHOILIECHUS Y, € U Y , COOJIIO/Iast [IPU ATOM YCIIOBHE:

y>a (25)

PaccunTtaB ontuManbHble COOTHOIICHMS JJI Pa3IMYHBIX B MOXHO MOCTPOUTH
HOMOTpPaMMy ISl ONpEeNeeHUss ONTUMAaJIbHBIX COOTHOLIEHUH MO U3BECTHOMY
COOTHOUIEHHIO ONpPEIeasieMOMy HCX0As U3 TpeOyeMoi Mpou3BOAUTEIBHOCTH U
KPYIMHOCTH KycKa TPaHCIOPTHUPYEMOI'0 MaTepuasa.

Tak kak nenesas (QyHKIHUSI JOBOJBHO CJIOKHA, TO aHAJUTUUYECKOE PEIICHUE
MOJIYYUTh HE YAAETCs, IO3TOMY HEOOXOAMMO UCKATh PELICHHE YUCIEHHBIM METO/IOM.
B nccnenoBanuu ucmnosib30BaH rpaAMEHTHBIN METO/T TOMCKa MHOTOMEPHOT'0 ONITUMYyMa
— METOJI HaucKopeiiero nmoansema [10].

CornacHO 3TOMYy METOJly, BBIOMpPAIOT HayajJbHYIO TOYKY, U 3aT€M CMEIIAIOT
KOOPJMHATHI Ha I11ar B HAIIPABJICHUH IPaIieHTa QYHKIIHU C [TOCIIETYIOLUIM BEIYHCICHUEM
ueneBoi pyHkuuu. Eciu ee BenmunHa oka3blBaeTCs OONbIIE TPEABLAYIIEH, BBIYUCIIAETCS
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I'PaJMEHT B HOBOW TOUKE, U BCS MPOLEAYPA MOBTOPSIETCS 10 00ECIIeUeHUs 3aJaHHON
TOYHOCTHU BBIYMCIICHUM.
I'papuent pyHKIUMN OHpC,Z[eJISIGTCH BBIPAXKCHUEM

grad F el+—ez+ +—Bx" €n (26)

[ITar u3mMeHeHHUs Ka)XXA0ro rnapamerpa MpU METOJE HAaUCKOPEHIIEero noabema
ompezensercs no Gopmyse

Xip1=X 0V, (27)

I'JIe 0-BeTTMYMHA CMEICHHS, YMEHBIIIAIOIASICS TI0 Mepe MPUOIMKEHUS K ONTHMYMY;

Vi-oTHOCUTENbHAs BENWYMHA 1-i YaCTHOW MPOU3BOJHOMN, OMpeAeIsieMOn Mo

dbopmyiie
IZ (—)2 (28)

Haiinem BoIpaskeHUs A1 4aCTHBIX MTPou3BOAHBIX. [lepenumiem (28) B Buze

v=Ay+BY2+Cip3 (29)
re:
A=tgp(a + 2y)?/6+(at+y)s (30)
C=tg(B-p)[4y *tgp/(6e*)+y/e] 31)
B= tg(B-p)[tgp(dyu/c+8y2/e)/6+2y?/2 (32)
YacTHble MPOU3BOAHBIE OT (29)
9 %A, 9B g g B s 35 2
v aA Bt,b o8 atp 8¢ 81,1;
5, 5,V g, o, W TVB i 3YeC (33)
a_v:%w+ 81,!) SB l‘b2+2 B w acl‘b3+;w3 8#’
Tae: 9g dg
a =tgp(a + 2y)/3+¢
=~ -tg(B-p)[tepyp?]/(3e) (34)
X0
Ja

22— {[-e-tgp(a + 2)/3)(a+2/y% + e2)[I-(ay)e- tgp(a +

+2y)2/6}/[(a + 2,/y? + €2)?]

% =2tgp(a + 2y)/3+¢

on (35)
2~ tg(B-pltep [tepa/e! 16y/e)/612]2

% = tg2(B-p)(4ytgp/(3e?)+1/5)/3
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% = {[-e-2tgp(a + 2¥)/3](a+2\¥Z + £2)-Q2y\YZ + €2) [1-
(aty)e - -tgp(a’ + Y6} [(a+ 2/y2% + £2)?]

——CH-
o& i

= = tg(B-p)ltgp(day+8y?)/6£2 /2
(36)

= = -tg?(B-p)[4ytgp/(3e”) 1y/e?])/3

=[-(a + y)(a+2\y? + €2)-2e/\Jy? + %) [1-(a+V)e-(a +
2Y)2tgp/6)/[(a + 24/ ¥2 + £2)?]

CornacHo BBILIECTIPUBEIEHHON METOJUKH PACCUUTAHBI OTHOCUTENIbHBIEC BETUUUHbI
reOMETPUUYECKUX NTapaMETPOB HECYILIETO MTOJIOTHA.

Pe3ynbraThl pacuera mokaszaHbl Ha TpadUKe 3aBUCHMOCTEH OTHOCUTEIHHBIX
pa3sMepoB I'Py30BOil BETBH KPYTOHAKIOHHOTO KOHBEKWEPA OT OTHOCUTEIBHOMN IIMPHUHBI
nosiotHa (PucyHok 2), mpuueM Bce BEIMYMHBI OTHECEHBI K KOPHIO KBaIPAaTHOMY W3
CpeIHeH IIIOMIa I CEYCHUS, YTO TIO3BOJISIET, UCXOIS U3 TPEOYyeMO TPOU3BOAUTEILHOCTH
KOHBEWEpa U KPYNHOCTHU KYCKa TPaHCIOPTHUPYEMOTO MaTepualia, ONpeaeiIuTh
ONTUMAJIbHBIE TEOMETPUUECKHUE Pa3MEPhI IPY30BOM BETBU KOHBENEPA 10 IPUBEAEHHBIM
3aBHCUMOCTSIM.
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OTHOCHTENBHEI pasMep MMPHHEI TONOTHA, B

PucyHok 2 — 3aBUCMMOCTH OTHOCHUTENBHBIX Pa3MepOB I'PY30BOM BETBU
KPYTOHAKJIOHHOTO KOHBEIepa OT OTHOCUTENIbHOM IINPHUHBI MOJIOTHA TPU yTJIe
YCTaHOBKH KOHBeiepa =35°
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BriBoabI

B npezncraBieHHOM HCCIE10BaHUH U3JI0KEHBI METOIUYECKUE OCHOBBI OIIPEICIICHUS
ONTUMAJIbHBIX IIAPAMETPOB IPY30HECYLIETO MI0JI0THA KPYTOHAKIIOHHOT'O IUIACTUHYATOIO
KOHBeliepa. B xoae mpoBeAeHHBIX TEOPETUUYECKUX HCCIEIOBAaHUI OBLIM PEIICHbI
CIIEAYIOIINE 3a1a4UN:

— onpezesieHa 1eneBast QyHKIHs, COCTABIIAIOIIAs OCHOBY MaTEMAaTHUECKOW MOJIEITN
ONTUMU3ALMU F€OMETPUUYECKUX [TAPAMETPOB I'PY30HECYLIETO [T0JIOTHA KPYTOHAKIIOHHOTO
IJIACTUHYATOr0 KOHBENEpa;

— OIIpeJIeJIEHbl 3aBUCUMOCTH OTHOCHUTEJIBHBIX ONTUMAJIBHBIX I'€OMETPUYECKUX
[apaMeTpoOB IPY30HECYLIETO IIOJOTHA KPYTOHAKIIOHHOIO IUIACTUHYATOrO KOHBEHepa
OT OTHOCUTEJIbHOM BEIUYMHBI LIUPUHBI II0JOTHA KOHBEWEpa MPU Pa3iIudHbIX yIiax
€CTEeCTBEHHOI'0 OTKOCA TPAHCIIOPTUPYEMOI'0 MaTepuaa 1 yrila yCTaHOBKY KOHBeHepa.
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DETERMINATION OF THE OPTIMAL PARAMETERS OF THE
LOAD-CARRYING FABRIC OF A HIGHLY TILT PLATED CONVEYOR

7’KOFAPBHI EHKEMTIJITEH TACBIMAJIIbI KOHBEMEPIIH KYK
TYCIPYIII MATACBIHBIH OIITUMAJLbBI

ITAPAMETPJIEPIH AHBIKTAY.

Awvix 90icnen oHOIpYOiy Kazipei Hca20atiblHbIH 6acmbl epeKeniK Oeniiepitiy
Oipi — Kapvepnepdiy mepenoiei MeH OHIMOLNIZIH  apmmblpyObly  MYpPaKmbl
ypoici. Mywnoaii scazoaiinapoa naiidanvl Kazoaiapovl ueepyoiy Yukioik debiHObl
mexnonoeusicel (CPT) ey muimoi 60onadvi. Mymnvl enimizoiy awuvlx KeHiumepinoe
CLT xondawnyowiy dap mooicipudeci pacmaiiovl. bizoiy yaxeimma CPT nauioanramny
mooicipubeci 35 ... boramvin kapvep OoniciHiy mipeny OYypvlubIHA MeH OpPHAMY
OypblUmapsuinda  yaKen oaulemMoi may MAccacvl macvimanoayea Kaoiiemmi
KOHGellepepOiy apHaiibl mypaepin Jcacay Kaxcemminiein auvikmaowl. 45 epadyc.
MyHoaii kousetiepnepdiy KOHCMPYKMUGMIK CXeMAlapblHblY Oipi - mik Kenbey
NIACTMUHATBL KOHGeLep, OHOA JCYKMI MACLIMALOAY Wbl KeHenme YCmay Yulin s#cyKmi
mipey npunyuni (mipex Kamkaiap) Koadauwliaowsl. Tik keibey nepporosl Konseepoiy
HCYK KOmepeiul MOpblHbIH MAMEPUAL WbI2bIHBIH A3amy YWiH HCYK YAULbISbIHbIHY
2eoMempusAIbIK napamempaepi (exi mipeyiul Kaaka apacblHodzsbl HeyK mapmdazbibly
yuackeci) —apacvlnodaesbl  OHMAUILL  APAKAMBIHACMAPObl  AHBIKIMAY — KaAdCcem.
kousetiep. Tik konbey niacmunanbl KOHEeUuepOin HCYK YAULbIZLIHbIY 2e0MEMPUIANBIK
napamempuepin O4mMaillaHObIPYObIH MAMEMAMUKATBIK MO0 KYPacmuIpulLiobl, 011
HCYK YAUBIZLIHOARLL JHCYK KOLEMIHTY 00bekmuemi yyHKyuscwyl 6016in maobwuliaouvl,
JIcyK  Geminiy ayoanvl Oencineneen MoHi Oap. ysawwblk. Maxcammovlx @yHKyus
CaAMObBIK 90ICeH MAKCUMALObL Mypoe 3epmmendi, HOMUNCECIHOe JHCYK YAULbIEbIHbIH
2eOMEeMPUANBIK NApaAMempepiniy oymailibl MoHOepiHiy KOH8elep Macnacbiibll
CanbLICMbIPMANbl eHile, KOHelepOdi OpHamy OypblublHa moyendiliel aHblKmanobl.
JHCOHE MACLIMATOAHATNBIH MAMEPUATObIH OMBIPY OYPbIULbL ATLIHOB.

Kinmmi ce30ep: yukndix azvlH MEXHONO2UACHl, MIK Koabey Koueaelep,
2COMEMPUATBLIK, NAPAMEmpep, MAMeMaAmuKaIblk MoOelb, MAKCAMmuly (YHKYU,
YAWBIKMA2bL KHCYK KOJIeMi, OBMatiibl apakamvlinacmap.
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One of the main distinguishing features of the current state of open pit mining is
a steady trend towards an increase in the depth and productivity of open pits. Under
these conditions, the cyclic flow technology (CPT) for the development of minerals
becomes the most effective. This is confirmed by the existing experience of using CLT
in the country’s open pit mines. In our time, the experience of operating the CPT has
revealed the need to create special types of conveyors capable of transporting large-
sized rock mass at installation angles equal to the angle of repose of the part of the
quarry, which are 35 ... 45 degrees. One of the design schemes of such conveyors is
a steeply inclined plate conveyor, in which, to hold the load on the carrier canvas,
the principle of load support (supporting partitions) is used. To reduce the material
consumption of the load-carrying web of a steeply inclined apron conveyor, it is
necessary to determine the optimal ratios between the geometric parameters of
the cargo cell (section of the cargo branch between two supporting partitions) of
the steeply inclined conveyor. A mathematical model for optimizing the geometric
parameters of the cargo cell of a steeply inclined plate conveyor has been compiled,
which is an objective function of the volume of cargo in the cargo cell, with a fixed
value of the surface area of the cargo cell. The objective function was studied to the
maximum by a numerical method, as a result of which the dependences of the optimal
values of the geometric parameters of the cargo cell on the relative width of the
conveyor belt, the angle of installation of the conveyor, and the angle of repose of the
transported material were obtained.

Keywords: cyclic flow technology, steeply inclined conveyor, geometric parameters,
mathematical model, objective function, cargo volume in a cell, optimal ratios.
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DEVELOPMENT AND RESEARCH OF A SMALL ELECTRIC-POWERED
VESSEL USING PHOTOVOLTAIC CELLS

The article reflects the research of the possibility of using solar panels on small-
class vessels in order to improve environmental safety. A mathematical model and
algorithm for calculating the elements and characteristics of «small» passenger
ships with various types of electric solar power plants have been developed. Scope
of application: uninterrupted supply of electric energy to the consumer on ships. The
results obtained in the work can be used for the development of renewable energy
projects. To justify the rationality of using an electric motor and electrochemical
energy sources, extensive field tests were carried out on the Irtysh River, during which
the composition of equipment, passenger capacity, operational speed and the length
of the line of operation varied.Based on the enlarged flowchart, the authors develop
a program that allows for a quantitative analysis of the impact on the characteristics
and elements of a «smally passenger vessel of various complexes of an atypical
rowing rig using an electric motor as the main one. The program provides for the
calculation of such economic indicators as the payback period of the vessel, the cost
of transportation of one passenger, profit from the operation of the vessel.

Keywords: «smally ships, vessel, solar panels, electric motor, battery.

Introduction

The transition to a «green economy» is largely due to increased emissions
requirements and rising fuel prices. Currently, Western shipbuilders have implemented
vessels with both combined drive and fully electric. The latter are, in our opinion, very
promising for river transport. The development of the photovoltaic cell market and
technological progress in the production of batteries contribute to the implementation
of bold innovative projects.

The advantages of using solar panels include:

— prospects, availability and inexhaustibility of an energy source in conditions of
constant growth of prices for traditional types of energy carriers;

— complete safety for the environment.

However, this energy source is characterized by such disadvantages as dependence
on the weather and time of day; seasonality in mid-latitudes and the discrepancy
between the periods of energy production and demand for it, unprofitability in high
latitudes; the need for energy accumulation; high cost of construction associated with
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the use of rare elements; the need for maintenance (periodic cleaning of surfaces from
contaminationheating of the atmosphere above the power plant; low power density.

The issue of using atypical energy sources may be relevant for “small” passenger
ships providing local and intra-city transportation.

Materials and methods

Employees of the Faculty of Engineering of Toraighyrov University are working
on the creation of environmentally friendly small vessels with an electric power plant
and solar power panels (Fig. 1). The projected pontoon vessel has an electric motor
with a capacity of 10 kW, 8 solar panels and a battery voltage of 48 V.

The main problem in the design of such vessels is the justification of the spheres
and conditions for the use of combined or autonomous non-typical energy sources for
electric propulsion systems.

Figure 1 — Prototype of a vessel with photocells

The solution of the task can be achieved based on the analysis of the mathematical
model of the vessel, which, when calculating with its use of the main characteristics,
elements, economic indicators and criteria, should take into account the main aspects of
the creation and life cycle of a vessel using an atypical complex of electrical equipment.

Article [1] defines that electromechanical solar panels are constructed using a
motor-screw-slider-rack-and-pinion design in combination with solar panels.

The article [2] shows a new design of a small autonomous ground vehicle powered
by solar energy. The vehicle was made of composite materials of natural origin. It was
equipped with an electric motor powered by an ultralight photovoltaic panel.

In [3] a simplified ship size optimization base on the existing ship design for
obtaining minimum propulsion power by using golden search section algorithm has
been applied.

The paper [4] illustrates the practical new technologies (naval architecture small
craft design, mechanical and electrical design), rational design and engineering approach,
safety and reliability methods used in solar boats. In our project, the boat is powered
by lithium-ion batteries that can be charged at any time by the photovoltaic generator
placed on a flat top structure.

267



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 3, 2023

The paper [5] aims to analyze the possibility of applying renewable energy sources,
particularly solar and wind energy, on an existing vessel by conducting technical and
economic analysis. Data for the solar hour’s number and wind distribution are gathered
from the six locations in the Adriatic Sea over 32 years period.

The peculiarity of the mathematical model of a vessel with an autonomous electric
rowing unit (AERU) is related to the characteristics of electric power sources reflected
in it, which ensure the operation of the rowing electric motor (EM) and makes up the
second part of the model. If the obtained characteristics change the mass-dimensional
characteristics of the vessel as a whole, then the latter are corrected and only economic
indicators are calculated based on them.

Expression (1) defines the required power, mass-dimensional characteristics and
the possibility of placing the main equipment of the ship’s electrical power plant of the
vessel. The system describes the requirements for sufficient capacity of batteries and
the number of their elements, the condition for placing modules of photovoltaic cells
and a set of equipment in the hull of the vessel.

N U)P)tr y ey I
(Rt me) ¢ 1,5y 10
bat (1)

l . 3 .
Ny 2 nf (Ubat' Cbat) + ng (Ubat' Cbat)

Cbat =

S (L, B) < Ssp

where C, is the total capacity of the battery, Ah;

U, , — voltage of the main electrical network, V;

C (L, B)— the capacity of photovoltaic cells, Ah;

Q —is the total capacity obtained when recharging during the parking of the vessel;

"et — the number of elements that provide the necessary mains voltage and the
required capacity for the vessel to move at a given speed during a certain voyage
parameters, time;

n§' — the number of elements connected in series;

ns' — the number of elements connected in parallel;

s& — total area of photovoltaic modules;

Ssp — the area of the superstructure deck designed to accommodate the solar array;

The structure of the complex of electrical equipment significantly depends on the
type of autonomous electric rowing unit. Figure 1 shows the schematic diagrams of the
AERU. The power source of the propeller electric motor in both cases is the battery,
but the first scheme provides for the possibility of parallel supply of current to the EM
from the battery and diesel generator (DG). As an option for working under this scheme,
the DG is used only for charging the elements.
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Figure 1 — Schematic diagram of an electric power plant (a); schematic diagram of a
combined power plant (CPP) (b)

D — diesel engine; G — generator; B — batteries; S — photocells; Rec — rectifier; LC
—load controller; MC — mode controller; INV—inverter; SWITCH — main switchboard;
EM - electric motor; R — reducer; T — transformer.

The subtask representing the design component is connected with the determination
of the composition of the necessary equipment and operational modes of the vessel,
which significantly depends on the type of the ship’s power propulsion system and
determines its configuration.

The calculation of the mass-dimensional characteristics of the battery cells is based
on the calculated required capacity for a given driving time on electric traction. The
total capacity is determined depending on the set mains voltage and the required total
capacity of the vessel, which is according to the methodology given in [6].

According to the total capacity, the number of battery cells providing the required
mains voltage is calculated by the formula

Mgy = Ubat/Uel ’ (2)

where n:1s the number of cells interconnected according to the calculation scheme;
U, V — voltage of the electrical installation;
U, V is the average voltage of one element.

The power output of the battery can be found by the expression

_ (Pe + NEC)
bat — )

TNe

where P, kW is the required power of the propeller to ensure the movement of the
vessel at a given speed;

N, ., kW — estimated capacity of the power plant;

1. 1s the total efficiency of the system.

The capacity of the batteries is determined by the expression
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P, - 1000
€,y = o 1000 4
bat Uba[ . hp ( )

where is the permissible depth of battery discharge.
The operating time of an electric motor from batteries is calculated by the formula

e (5)

For the CPP, the share of energy accounted for by the main sources of electrical
energy is a given value. When distributing the shares of energy between the DG and
battery, it is worth following not only the parameters of the voyage (the estimated
operating time of the vessel on battery), but also the fact that when determining the
power of the generator, it is necessary to take into account the energy needs of other
consumers for the operation of the vessel in the current operational mode.

To calculate the mass-dimensional characteristics of the battery, taking into
account the features of their design, as well as a significant proportion of the mass, in
order to avoid large errors, it is preferable to take technical characteristics for specific
manufactured equipment.

The efficiency of using photovoltaic cells as an additional power source of the
vessel is largely due to the indicators of insolation for the region of operation of the
vessel during the entire navigation . The total capacity of the modules installed on the
deck of the superstructure is determined by the formula

ZPSB:M'](SB (6)

where kg, is a correction factor that takes into account the efficiency of the system
and the operating conditions of the batteries; is the power of the photovoltaic module.
Determined by the technical characteristics; n$? — the number of modules located on
the deck of the superstructure; £, , — the average value of insolation for the current
period for a given region of operation of the vessel (horizontal platform; A — the power
of insolation on the earth’s surface per square meter, 1000 W/m?.

Similarly to the battery, the mass-dimensional characteristics of solar cells are
calculated for specific equipment.

In the case of an electric ship power plant, the operation of the vessel is provided
by one main engine — electric. With this approach, the following operational modes
that determine the operation of a particular equipment at the moment can be enlarged
for the CPP.

The beginning of movement. The need for maximum energy causes the simultaneous
supply of electricity from the battery and the DG.

Standby mode. This mode is used during the parking period at the bus stop. In this
mode, the diesel generator works to power the ship’s power grid and charge the batteries.
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Also, the use of this mode is possible to activate the EM and move at a minimum speed
without using battery power.

Electric mode. In this mode, the vessel moves at cruising speed exclusively with
the help of EM. At the same time, the battery charge level is constantly monitored.

Boost. The mode is designed to move (if necessary) at maximum speed. This
contributes to high dynamics and rapid acceleration. The power supply is supplied to
both the screw and the consumers.

Coastal mode. This mode is used when the ship is in port to connect to shore power
to charge the battery.

This approach makes it possible to quantify the operating time of the vessel using a
specific energy source and calculate accordingly the need for a particular type of energy.

All of these tasks are closely related to each other, so their division into groups
is rather conditional. At the same time, their solution occurs within the framework of
probabilistically uncertain information (the duration of a particular operating mode, data
on the required amount of a specific type of energy). These factors determine a certain
conditionality of the solutions obtained, which are only close to the actual operating
conditions of the vessel [8].

In Block 1, the initial data is set.

Block 2 contains the optimal values at the stage of solving the optimization problem
for the vessel as a whole for diesel-mechanical SPP.

In Block 3, depending on the specified type of AERU, the composition of the SPP
equipment is determined.

Block 4 controls the presence or absence of photocells in the task with a given
utilization factor of the superstructure deck.

In Blocks 5, 6, the mass-dimensional and capacitance characteristics of photovoltaic
modules are calculated.

Unit 7 calculates the required battery capacity depending on a given fraction
(combined version) or for a fully electric power plant. This parameter depends on the
full capacity of the vessel, which consists of the required energy to ensure operational
speed, internal ship needs, power reserve, taking into account losses during conversion
and transmission of energy in the system, as well as the time of operation of the vessel
from the battery during the day.

In Block 8, the mass-dimensional characteristics of the entire complex of installed
equipment and the minimum required dimensions of the machine room and the room
for the placement of the battery are determined.
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Figure 2 — Block diagram of the problem of designing «small»
passenger ships with various types of electric SPP

In Block 9, the dimensions of the engine room determined at the previous calculation
step are compared with those calculated for a vessel with a diesel-mechanical SPP.

As aresult of the inspection in Blocks 10, 11, if necessary, the main dimensions of
the vessel are adjusted (to meet the requirements for the placement of equipment) and
the characteristics depending on them.

In Block 12, the construction cost, the performance indicators of the vessel on the line
and the economic efficiency criteria for the selected variant of the vessel are calculated.
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Block 13 examines the impact of the type of SPP on the environment at the initial
design stage. The calculation is reduced to determining the amount of estimated emissions
of pollutants into the atmosphere during the period of operation under consideration.
The calculation is performed using averaged indicators according to generally accepted
methods for operated river vessels [7-10].

In Block 14, the comparative economic indicators of a vessel with an atypical SPP
complex and a vessel with a diesel-mechanical installation are calculated.

Conclusions

On the basis of an enlarged flowchart, a program is being developed that allows
a quantitative analysis of the impact on the characteristics and elements of a «small»
passenger vessel of various complexes of an atypical rowing rig using an electric motor
as the main one. The program provides for the calculation of such economic indicators
as the payback period of the vessel, the cost of transportation of one passenger, profit
from the operation of the vessel.

In order to substantiate the rationality of using an electric motor and electrochemical
energy sources, extensive field tests were carried out on the Irtysh River, during which
the composition of equipment, passenger capacity, operational speed and length of the
line of operation varied.
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Maxanaoa cy keniciniy 5K0A02UANBIK KAVINCI30IZIH apmmbipy MAaKCAmvlHOA
Wazvli KIacmuvl 63eH KemelepiHoe KyH Oamapesniapvli NnatdaiaHy MyMKIHOICIH
3epmmey KepcemineeH. JNeKmp KyH SJ1eKmp CMAHYUsIAPbIHbIY dpMYypai munmepi
Oap «wasblny HCONAYWBLIAD KeMeNepiHiy dNeMeHmmepi MeH CURAmmamaiapvl
ecenmeyOily MamMeMamuKaiblK, MOOeli MeH aneopummi scacanovl. Kondany canacol:
wazvli  Kenemoi Kemenepoe MYMbIHVUIbIHbL NEKMpP IHEPSUACHIMEH Y30IKCI3
Kammamacwslz emy. JKymvicma anvlHean Homudicenep HCAHapmMulIAmblH SHEp2us
KO30epi canacvlioaevl Cy KOMKmepin 0amMulmy YUin nauOaianbLILybl MyMKiH.

Dnexmp K032anmgblulbl MeH 21eKMpPOXUMUSLIBIK IHeP2Us KO30ePIH NAtlOANAHY ObLH
ymuimMObLabiablH  Heeizoey ywin llasnooap obnvicvinoasvl Epmic e3eninoe ken
0ANANbIK, CHlHAKMAp JHCYypeizindi, oubly 0apulcblHOa KONOA Oap HcabOblKmapOouly
KYpamvl, JHCONAYWBLIAD CHIUBIMObLIbI2bL, NAUOANAHY AHCHLIOAMObIZbL, COHOAU-AK
nanoanany Jceniciniy ysaxmolavl 632epoi. Yiaxkeumineen O10K-cxema Heei3iHOe
asmopaap Inekmp Ko32aIMKblUbIH He2i3el peminoe naudalaHamvih MUunmix emec
ecy KOHOBIPEbICbIHbIY OPMYPIl KeWEeHOEPIHIY «UAsbiHy» JHCONAYWbLIAD KEMECIHIH
CUNAMMAaMAnApsl MeH dJIeMeHmMmmepine oCepin CAnOblK Mandayaa MyMKiHOIK bepemin
baz0apnama o3ipnendi. bazoaprama kemeniy emeny mepsimi, OIp AHCONAYUIBIHBL
MmacvlManday KyHvl, KeMeHi naudaianyoas myckeH namuoa Cuskmol SKOHOMUKATBIK,
Kepcemxiumepoi asmomMammanobipvlican ecenmeyoi Ko30etioi.
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Kinmmi ce30ep: «waeviny — xemenep, keme, KyH NaAHenvbOepi, d1eKmMp

KO32a/IMKblULbl, 6amapeﬂ.

*P. 3apunoé’, I1. I'aspunoé’, P. Mykanoé’, A. Mazoyoait*, A. Kexenog’
134TopaiireipoB YHuBepcuret, Pecriyonuka Kasaxcran, r. [1aBnozgap;
’PHOKCKUI TEXHUYECKHI YHUBEPCHUTET,

WMHCTHTYT 7KEN1e3HOI0POKHOTO TpaHcnopTa, Jlareus, r. Pura;

*BhICIIMi KOJIEIHK JIEKTPOHUKU U KOMMYHHUKAIIHH,

Pecnyonuka Kaszaxcran, r. [TaBnoanap.

Marepuan noctynui B pegakiuio 06.06.23.

PABPABOTKA U UCCJIEJOBAHUE HEBOJIBIIIOT'O CYIHA
C QJIEKTPUYECKHUM INPUBOJOM, HCITIOJB3YIOLET O
®OTOIJNEKTPUYECKHUE 3JIEMEHTDBI

B cmamve ompadgiceno uccredosanue 603MOACHOCMU UCHOTB30BAHUSL COTHEYHBIX
naneieu NUMAHUAHAPEUHBIX CYOAXMANIO20 KIACCA C YEbIO NOBBIULEHUS DKONOUYECKOU
bezonacnocmu 800Ho20 mpancnopma. Paspabomana mamemamuueckas mMooensb
U anzopumm pacyema 3NEMEeHMO8 U XaAPAKMepPUCMUuK «MAiblXy NACCANCUPCKUX
CY008 C PA3IUYHLIMU MUNAMU DIEKMPUYECKUX CONHEYHBIX INeKMPOCMAaHYULL.
Obnacmv npumenenus: becnepeOoliHoe CcHabICEHUE INEKMPUUECKOU dHepeuell
nompeoumens Ha MAIOMEpHuIX cyoax. Pezyismamol, nonyuennvie 6 pabome, mozym
ObIMb UCTIONB306ANDBL 151 PA3PAOOMKU BOOHBIX MPAHCNOPMHBIX CPEOCME 8 00AACmU
60300H08AEMBIX UCIOYHUKO8 IHEPLUL.

Ymobvr  0bocHoBamb  paAyUOHATLHOCHL  UCHOIL308AHUSL  INEKMPULECKO20
08uzameris u 2NeKMpPOXUMULECKUX UCTIOYHUKOB IHEPIUlL, ObLIU NPOBEOeHbl OOUUPHbIE
nonegvie ucnvimanus Ha pexe Upmoiu 6 Ilasnooapckoii oonacmu,, 6 xo0e KOMOPwIX
BaPLUPOBATICS. COCAG UMEIOWe20Cs 000PYO0BAHUsL, NACCANCUPOBMECTIUMOCHID,
IKCNIYAMAYUOHHAS CKOPOCMb, A MAKHCE NPOMANCEHHOCb JTUHUU IKCHIYAMAYUU.
Ha ocnose yxpynuennoil 010K-cxemvl agmopvl paspabamuiéaiom mnpocpPammy,
N0360IAI0WYI0 NPOBOOUMb KOIUUECBEHHBI AHAU3 GIUSHUS HA XAPAKIMEPUCTIUKY
U 9NeMEeHmbl  «MAN020»  NACCANCUPCKO20 — CYOHA — PA3TUYHBIX  KOMNIEKCO8
HeMunuuHol epeOHoll YCMano8KU, UCNOIb3VIOWel d1eKmpoosueamenb 6 Kauecmae
ocnosHoeo. Ilpoepamma npedycmampusaem asmoMamu3upOBAHHBIL  pacyem
MAKUX IKOHOMUYECKUX noKazamenell, KaKk CpoK OKYRAemocmu cyOHd, CIOUMOCHb
nepegosKu 00HO20 NACCANCUPA, NPUOBLIL OM IKCHIYAMAyUll CyOHd.

Kniouesvie cnosa: «manviey cyoa, cyoHo, conneunvie naneiu, S1eKmpoogueameib,
AKKYMYAAMOp.
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NMPABUIIA AJ151 ABTOPOB
HAYYHbIA XXYPHAJ1 TOPAUIrbIPOB YHUBEPCUTETA
«HAYKA W TEXHUKA KA3AXCTAHA»

PenakionHas KoJulerusi MPOCUT aBTOPOB PYKOBOJCTBOBATHCS CIEAYIOUIUMU
MpaBUJIaMU TPH TOATOTOBKE cTaTel /yisi OMyOJIMKOBAHMUS B XKypHAJIE.

Hayunsle cTaThy, pe/icTaBIsieMble B pEIAKIHIO KypHaa JOJKHbI ObITh O(OPMIICHBI
corfiacHo 0a30BbIM M3/IaTEIbCKUM CTaHIapTaM MO 0(hOPMIICHHIO CTaTel B COOTBETCTBUH
¢ I'OCT 7.5-98 «XKypnansl, cOopHukd, nHPpOpMaMoHHbIe u3aanus. M3gaTenbekoe
oopmIieHHE MyOIUKYEMbIX MATEPUATIOBY, PUCTATEHHBIX ONOIHOrpaUIeCKIX CIIUCKOB
B cootBercTBHM ¢ ['OCT 7.1-2003 «bubnmorpaduueckas 3anvchk. bubmmorpadudeckoe
ornucanue. O01ue TpeOOBaHUs U MPABUIIA COCTABIICHUS.

*B HOMep aomyckaeTcst He 0oJ1ee OJHOM PYKOIIMCH OT OJHOI0 aBTOPA JIM0O0 TOro
’Ke aBTOPA B COCTaBe KOJJIEKTHBA COABTOPOB.

*Kosmm4ecTBO COABTOPOB OHOI CTaTHU He OoJiee S.

*CTeneHb OPUTHHAJIBHOCTH CTATHH J0JLKHA COCTABJISATHL He MeHee 60 %.

*HanpapJisiemble CTaTbH He 10/KHBI ObITH PaHee Oy 0JIMKOBAHDBI, He JI0IYCKAeTCsl
nocjeaymiiee omyoJMKOBaHHE B APYTHX KyPHAJIAX, B TOM YHCJIe lepPeBo/Ibl HA Apyrue
SI3BIKH.

*PerieHne 0 NPUHATHH PYKONHCH K ONMYOJMKOBAHMIO MPUHUMAETCH TOCJe
NpoBe/IeHUs] MPoLeAYPbI pelleH3UPOBAHMS.

*PeneH3upoBaHue MPOBOAUTCH KOH(PHIEHIHAIBHO («IBYCTOPOHHEe cJIenoe
pelleH3UPOBaHNe)»), aBTOPY He co001IaeTcs UMsl PeLieH3eHTA, a PelleH3eHTY — UM
aBTOpPA CTATHMU.

*CTaThy OTHPABJIATH BMeCTe ¢ KBUTaHIUeH 00 orviaTte. CTOMMOCTb MyOJIMKAIIAA
B ’)KypHaJie 3a crpanuiry 1000 (oqHa Thicsiua) TeHre, BKJIOYAasi CTAThM MATUCTPAHTOB
U IOKTOPAHTOB B COABTOPCTBE C JIULIAMH C Y4€HOii cTeneHbIo.

* Omiara 3a cTaTbl0 He BO3BpallaeTcs B cJydae, eC/iM CTAThSI OTKJIOHEHA
AHTHUILJIATHATOM WJIM PelieH3eHTOM. ABTOP MOKeT NOBTOPHO OTHPABUTH CTATHIO HA
AHTHUILIATHAT WIN peleH3eH3upoBanue 1 pas.

CraTby 10/KHBI OBITH 0(pOPMIIEHBI B CTPOTOM COOTBETCTBUHU
€O CJIeYIOIIHMH PABUJIAMH:

— B sxypHaJIbl IPUHUMAIOTCSI CTAThU 110 BCEM HAYYHBIM HAIPaBJICHHSM, HAOpaHHBIE
Ha KOMITBIOTEPE, HalleuyaTaHHbIE HA OJIHOW CTOPOHE JIMCTa ¢ osisiMu 30 MM CO BCEX CTOPOH
JIMCTA, 3JICKTPOHHBINA HOCHTEIIh CO BCEMU MaTepHaiaMU B TEKCTOBOM peziakTope «Microsoft
Office Word (97, 2000, 2007, 2010) s WINDOWS».

— OO0uwmii 00beM CTaThU, BKIIFOUYash aHHOTAIIWH, JINTEPATYPy, TaOJIHUIIbI, PUCYHKH U
MareMaTideckue (hOpMyJIbl HE TOJDKEH MPEBBIIIATh 12 CTPAHMIL IeYaTHOT 0 TeKCTa. Texcm
cmambwu. keenb — 14 nynkmos, capuumypa — Times New Roman (0151 pycckoeo, aHenuiickozo
u Hemeyxoeo s3viko8), KZ Times New Roman (015 Ka3axckoeo A3vlka).

CTpyKTypa Hay4HOW CTaThu BKJIFOUACT HA3BaHHE, AaHHOTAIMH, KITFOUCBBIE CIIOBA,
OCHOBHBIC TOJIOKEHHMSI, BBEJCHHE, MaTCPHAIbI U METObI, PE3yJIbTaThl U OOCYKICHHE,
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3aKJIIOUEHHUE, BBIBOBI, HHPOPMAIMIO 0 (UHAHCUPOBAHUU (IIPU HAJIUYUU), CIIHCOK
JIATEPaTypbl (MCTIONB3YEMBIX HCTOUHUKOB) K K&XKII0M CTaThe, BKIII0Yasi POMaHU3UPOBAHHBIH
(TpaHCIMTEpUPOBAHHBIN JIATUHCKUM aj()aBUTOM) BapHaHT HANMCAHUS WCTOYHHUKOB HA
KUPUJLTHLE (HA Ka3aXCKOM U pyccKoM si3bikax) cM. [ OCT 7.79-2000 (MCO 9-95) Ilpasuna
MPAHCIUMepayuu KUpUIIO8CKO20 NUCbMA JIAMUHCKUM AlHaABUNOM.

Cratps 107KHA COAEpIKaTh:

1 MPHTH (MexrocynapCTBEHHBIH pyOpHUKAaTOp HAYYHOH TEXHHYECKOU
uH(pOopMaIMN);

2 DOI — nocine MPHTHU B BepxHeM npaBoM yIily (IIpUCBAMBAETCS U 3AIIOJIHAETCS
peaKkuueit xKypHaia);

3  ®@amuiusi, UMs, 0T4eCTBO (TIOJTHOCTHIO) aBTOPA (-OB) — HA Ka3aXCKOM, PYCCKOM
Y QHIJIMHACKOM SI3BIKAX (HCUPHBIM UPUDMOM, NO YeHmpy),

4 YueHasi cTeneHb, y4eHOE 3BaHHE;

5 Addunmanus (haxynbTeT WK HHOE CTPYKTYpHOE OAPA3/eIeHHe, OpraHu3aius
(mecto paboTsl (yueObl)), FOpO/I, IOYTOBBIM HHAEKC, CTpaHa) — Ha Ka3aXCKOM, PyCCKOM U
AHTJIUHCKOM SI3BIKAX;

6 E-mail;

7 Ha3paHue cTATBHU JI0JDKHO OTPAXKATh COJCPKAHUE CTAThH, TEMATUKY U PE3yJIbTaThI
NPOBEJICHHOTO HAYYHOT'O HCClieoBaHMsA. B Ha3zBaHue craTbu HEOOXOAUMO BIIOXKHTH
UH()OPMATUBHOCTH, IPUBJIEKATETIBHOCTD M YHUKAJIBHOCTH (He bonee 12 cnos, nponucHvimu
OYK6aMU, IHCUPHBIM WUPUDMOM, NO YEeHMPY, HA MPeX A3bIKAX: PYCCKUU, KA3aXCKUI,
auenuticKutl 1ubo Hemeykuii),

8 AHHOTaIUs — KpaTKas XapaKTepUCTHKA HA3HAUYEHNUS, COJCPKaHusl, BUIa, (OpMbI
U JpYrux ocoOeHHOCTeN cTaThi. JloimkHA OTpakaTh OCHOBHBIC U IIEHHBIC, [0 MHEHHUIO
aBTOpA, TaIbl, 00BEKTHI, MX MPU3HAKU U BBIBOJIBI POBEICHHOTO HUccienoBanus. Jlaercs
Ha Ka3aXxCKOM, PYCCKOM U aHIJIMICKOM JIMOO HEMEIIKOM SI3bIKaX (pexomenoyemblil 00bem
annomayuu — ne meree 150, ne 6onee 300 cnos, Kypcus, HeHCUPHBIM WPUDMOM, Ke2lb —
12 nynkmos, absaymwiil omcmyn ciesa u cnpasa 1 cm, cm. oopaszeuy);

9 KiroueBble cj10Ba — HAOOP CIIOB, OTPAKAIOIIUX COJEPIKAHUE TEKCTa B TEPMHHAX
00BEKTa, HAYYHOH OTPACIN U METO/IOB UCCIIEAOBAHUSA (0OPMAAIOMCI HA MPeX A3bIKAX:
PYCCKUIL, KA3AXCKUU, aHeTUNICKULL TUO0 HemeyKull, Ke2ib — 12 nyHkmos, Kypcus, omcmyn
cnesa-cnpasa — 1 cm.). PekoMeHryeMoe KOJIMYECTBO KITFOUEBBIX CIIOB — 5-8, KOJIMUECTBO
CJIOB BHYTPH KJIH0UeBOi (hpa3el — He Oosee 3. 3agatorcs B MOPAIKE UX 3HAYMMOCTH, T.€.
caMoe Ba)KHOE KJTFOUEBOE CJIOBO CTAThU JIOJKHO OBITH IIEPBBIM B CITHCKE (CM. oOpaszey);

10 OCHOBHO¥ TEKCT CTATHH U3JIaracTCcsl B ONPEAEICHHOMN II0CIIEA0BATEILHOCTH €0
yacTel, BKIIOYAET B ceOs:

- Beenenne / Kipicne / Introduction (a63ay 1 cm no nesomy kparo, scuprvimu 6ykeamu,
Keanb — 14 nynkmog). OG0CHOBaHUE BBIOOPA TEMBI; aKTyalIbHOCTh TEMbI WM ITPOOJIEMBI.
AKTyaJIbHOCTb TEMBI OIIPEAECIIAETCS OOIIMM HHTEPECOM K H3yUEHHOCTH IAHHOTO OOBEKTa,
HO OTCYTCTBHEM HCUEPIIBIBAIOIIMX OTBETOB HA MMEIOIINECS BOIIPOCHI, OHA JJOKa3bIBACTCS
TEOPETUYECKOMN UM IIPAKTUYECKON 3HAYMMOCTBIO TEMBI.
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- Martepuasbl 1 MeTOABI (ab3ay 1 cm no 1eeomy Kparo, HCUpHuiMuU OyKeamu, keeib — 14
NYHKMOo8). JI0JKHBI COCTOSITH U3 OIMCAHUS MaTEPUAIIOB U X0/1a pabOTBhI, 8 TAKXKE MOJTHOTO
OITMCAHMUS UCTIONH30BAHHBIX METO/IOB.

- PesyanbTatsl M o0cy:kaeHue (abzay 1 cm no nesomy Kparo, dHcuphvimu OyKeamu,
keanb — 14 nynkmos). IIpuBoauTcs aHanu3 1 00Cy>KIEHHE OIyYEHHBIX BAMH PE3yJIbTaTOB
ucceioBanus. [IpHBOISITCS BEIBOIBI 110 MOTYYEHHBIM B XOZI€ MCCIIIOBaHUS PE3yJIbTaTaM,
PaCKpBIBACTCSI OCHOBHASI CyTh. M 3TO OJIMH M3 caMbIX BaKHBIX Pa3ZeioB cTaTbi. B HeM
HE00XO0JMMO POBECTH aHAITU3 PE3YJIbTaTOB CBOEH PaOOThI M 00CY K ICHUE COOTBETCTBYIOIINX
PE3yJBTAaTOB B CPABHEHHH C MPEABITYIIMMU paOOTaMH, aHAJIM3aMH M BBIBOJAMH.

- Hudopmanmio o puHAHCHPOBAHNY (1pu Hanuyuu) (ab3ay 1 cm no nesomy Kparo,
AHCUPHBIMU OYK8amu, Ke2lb — 14 nyHkmos).

- BoiBoabl / KopsiTeiaabl / Conclusion (a63ay 1 cm no nesomy kpaio, scupHuimu
oykeamu, ke2ib — 14 nynkmos).

Br1B01bI — 000011IEHIE 1 [TOABEICHUE UTOTOB paOOTHI Ha JAHHOM 3Tarle; OTBEPIKICHHE
MCTHHHOCTH BBIJBUT'A€MOTO YTBEPKICHUSI, BHICKa3aHHOT'O aBTOPOM, U 3aKITI0UYEHHE aBTOPA
00 N3MEHEHNH HAYyYHOT'0 3HAHHS C YYETOM IOTyYEHHBIX PE3YyJIbTaTOB. BBIBOIBI HE JOIKHBI
OBbITh a0CTPAKTHBIMHU, OHHU JIOJDKHBI OBITh MCIIOJIE30BAHBI JJIs1 0000IIEHUS PE3yJILTATOB
UCCIIeIOBaHUS B TOM WJIM MHOM HAay4yHOH 00JacTH, C OMMCAHHEM HpPEJIOKESHUN WU
BO3MOXHOCTEH JajbHEHIIe paboThL.

- CnHCcoK MCno/Ib30BaHHBIX HcTOYHNKOB / [laiinananran nepexrtep Tisimi /
References (rcupnvimu Oykeamu, keenv — 14 nynkmos, 6 yenmpe) BKIIIOYAET B CEOSL:

CraThsl U CIUCOK HCIOJIb30BAHHBIX MCTOUYHUKOB JOJDKHBI OBITH O(OPMIICHBI B
cootBerctBuH ¢ ['OCT 7.5-98; TOCT 7.1-2003 (cm. obpasey).

OuepeHOCTh MCTOYHUKOB ONpeEesieTcsl CIeayIomuM o0pa3oM: cHavaia
HOCIIeIOBAaTEIbHbIE CCHUTKH, T.€. ICTOUHUKU Ha KOTOPBIE BBI CChIIIAETECH IT0 OUYEPETHOCTH
B CaMO#l cTaThe. 3aTeM JIOMOJIHUTEIbHBIE NCTOYHUKH, Ha KOTOPBIX HET CCBUIOK, T.C.
MCTOYHHUKH, KOTOPBIE HE MMEIIM MECTO B CTaThe, HO PEKOMEH/IOBaHbI BAMHU YHMTATEIISIM
JUTSL O3HAKOMJICHUS, KaK CMEXHBIE PabOThI, IPOBOIMMBIE NapauiebHo. O0beM He MeHee
10 He Gonee yem 20 HaMMEHOBAHU (CCBUIKM M MPHMEYAHMS B CTaTbe 0003HAYAIOTCS
CKBO3HOUM HyMepalued U 3aKII0YaroTcs B KBaJpaTHbIE CKOOKH). B ciiyuae Hamuuws B
CITUCKE UCTIOJIb30BaHHBIX HICTOYHHKOB padoT, IPE/ICTaBICHHBIX Ha KUPUILTULIE, HEOOXOAUMO
NPEJICTaBUTh CIIHCOK JIMTEPaTyphbl B JIBYX BapHaHTaX: MEPBbI — B OpUTHHAJE, BTOPOM
— POMaHM3UPOBAHHBIN (TpaHCIUTEpALUs JJATUHCKUM aln(aBUTOM) BapUaHT HAIHCAHUS
MCTOYHHKOB Ha KMPWJUTHULIE (Ha Ka3aXCKOM U pyCCKoM si3bikax) cm. [ OCT 7.79-2000 (MCO
9-95) Ilpasuna mpanciumepayuy KUpUII08CKO20 NUCbMA JIAMUHCKUM ANPaABUMOM.

PoMaHn3MpOBaHHBII CIIUCOK JIMTEPATYPHI JOJHKEH BBITTIAAETH CIACAYIOIM 00pa3oM:

aBTOp(-bl) (TpaHCIAUTEPALINS) — HA3BAaHUE CTAThU B TPAHCIIUTEPUPOBAHHOM BapUaHTE
— [mepeBo/1 Ha3BaHMS CTATHH HA AHTTIMACKHHN S3bIK B KBAJIPATHBIX CKOOKaxX | — Ha3BaHHUE
Ka3aXO0s3bIYHOT0 JIUOO PYCCKOS3BIYHOTO UCTOYHUKA (TPaHCIUTEPALHS, TUO0 aHTTTHHCKOEe
Ha3BaHME — €CJIM €CTh) — BBIXO/IHBIE JaHHbIE C 0003HAYCHUSIMU HA aHTJIMICKOM SI3bIKE.

11 AnmocTpanuu, nepeyeHb PUCYHKOB U MOJPUCYHOUYHBIE HAAMUCU K HUM
NPEACTABISAIOT 10 TEKCTY CTaThU. B 3JI€KTPOHHOM BepCHM PUCYHKH M MIUTIOCTpALUU
npencrasisitores B popmare TIF umu JPG ¢ pasperienuem He menee 300 dpi.
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12 MartemaTudeckue (popMy.ibl 10DKHBI ObITH HaOpaHb! B Microsoft Equation Editor
(xaxmas popMmyna — oJuH 0OBEKT).

Ha oraesbHOM cTpaHuie (mocjie CTaTtbu)
B 3/1eKTPpOHHOM BapuaHTe NMPUBOAATCH NMOJHBIE IOYTOBbIE a/Ipeca, HOMepa
cJ1yke0OHOT0 U IoMalHero TejedoHoB. e-mail (HoMep TesedoHa 1151 CBA3M
pPeJaKIHMY ¢ ABTOPAMM, He MYOJMKYIOTCS);

Ceeaenus 00 aBTopax

Ha ka3axckoM si3bIke Ha pycckom si3bike Ha anrymiickoM si3bIke
Oamuiust Umst OtuecTBO (MOJTHOCTHIO)
JI0IDKHOCTD, Y4€Hasl CTEICHb, 3BaHUE
Opranusanus
T'opon
Wupeke
Crpana
E-mail
Tenedon
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HNndpopmanns 1151 aBTOPOB

Penakums He 3aHMMAETCS JIUTEPATYPHOI U CTHIIMCTHYECKOH 00pa00TKOM CTATHH.

Ecnu craThst OTKIIOHEHA aHTUIUIArKaTOM MM PEIIEH3EHTOM CTaThsl BO3BpAllaeTCs
aBTOpY Ha J0paboTKy. ABTOp MOKET MTOBTOPHO OTIPABUTH CTAThIO HA AHTHUILIArUaT WK
penieH3eH3upoBanue 1 pas. 3a cojiep;kaHue CTaTbu HECET OTBETCTBEHHOCTh ABTOP.

Cratbu, 0OpMJIeHHBIC ¢ HADVIICHHEM TPeOOBAHMIA, K NYOJUKANNU He
NPUHMMAKOTCS ¥ BO3BPAIIAIOTCS ABTOPAM.

JlaToil mocTymieHnst CTaTbu CUUTAETCS JIaTa MOTYUYESHUs peJaKIEN €€ OKOHYATEIIbHOTO
BapuaHTa.

Cratbu myOIMKYIOTCS 110 MEpE MOCTYIUICHHUSI.

IlepuoanyHOCTH U3IAHMA )KYPHAJIOB — YeThIpe pa3a B rojl (e:keKBapTaAJIbHO)

Cpoku nojauu CTaThu:

- iepBbIi kBapTan 110 10 deppass;

- BTOpo# kBaptai 10 10 mas;

- Tpetuid kBapTai a0 10 aBrycra;

- YeTBePThI KBapTai 10 10 HOSOPsI.

CraTbu OTHPABJISITH BMeCTe ¢ KBUTaHIUeH 00 omiaTe. CTOMMOCTHITYOJITMKAIAN
B ypHase 3a crpanuiyy 1000 (omgHa ThICSYa) TEHTe, BKIIIOYAs CTATbU MaruCTPaHTOB U
JIOKTOPAHTOB B COABTOPCTBE C JIMLAMU C YYEHOU CTEIEHBIO.

CraTbi0 (3J1eKTPOHHYIO BEPCHIO, H KBUTAHLIMU 00 O1J1aTe) cJieAyeT HANPaBJIATh
Ha nouTy: nitk.tou.edu.kz. /I;1s1 mogavyu crarbu HA MyOJIMKALMIO HEOOXOMMO IPOUTH
perucTpanuio Ha caire.

140008, Pecniy6smnka Ka3zaxcran, r. [laBionap, yi. Jlomosa, 64,
HAO «TopaiirelpoB yHUBEPCUTETY,

M3parensbcrBo «Toraighyrov University», kao. 137.

Ten. 8 (7182) 67-36-69, (BHyTp. 1147).

E-mail: nitk.tou.edu.kz.

Hamm pekBU3UTHI:

HAO «TopaiirslpoB yHUBEPCUTET» HAO «TopaiirblpoB YHUBEPCUTET» Hpunoxenne kaspi.kz Irarexu —

PHH 451800030073 PHH 451800030073 Obpasopanne —Onzara sa BY3e —

BUH 990140004654 BUH 990140004654 3anonusere Bee rpadet (B rpade Pakyibrer
yKaxuTe «3a nmyOnMKanuio B HAYYHOM

AO «Jysan Bank» AO «Hapoanslit bank Kazaxcrana» KKYPHAIC, HASBAHKE KyPHATA  CCPHHY)

NHK KZ57998FTB00 00003310 MUK KZ156010241000003308

BUK TSESKZK A BUK HSBKKZKX

Koe 16 K6e 16

Kon 16 Kox 16

KHIT 861 KHIT 861
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OBPA3EL] O®OPMJIEHHNS CTATEN
MPHTHU 14.37.27

DOI XxXXXXXXXXXXXXXXX

C. K. Aumukeesa
TopaiireipoB yauBepcuteT, Pecrrybnmka Kazaxcram, r. [laBnomap

TEOPETUYECKASI MOAEJIb ®OPMWPOBAHUS KOMITETEHLNA
COLMNAJIbHBbIX PABOTHUKOB YEPE3 KYPCbI NOBbILLUEHWA
KBAJINOUKALNN

B oannoit cmamve npedcmasnena meopemuueckas mooenb HOpMUposaHus
JUYHOCIMHBIX U NPOPECCUOHATLHBIX KOMIEMEHYUL COYUATbHBIX PAOOMHUKO8 Yepes
KYPCbl ROBbIUEHUsL KEATUDUKAYUU, KOMOPAsi pazpabomand 6 pamkax 0OKmMopcKou
Juccepmayuu «Popmuposanue TUUHOCMHBIX U NPOPECCUOHATLHBIX KOMNEeMEHYUL
COYUATLHBIX PAOOMHUKOG Yepe3 KYPCbl NOGbluieHus Keanupurayuuy. B cmamve
npueoosImcs.  nedazocuyeckue  ACnekmvl Camo20 Npoyecca  MOOEeNUPOBaHlsl,
nepevucienbl  omanvl  nedacocuieckoco  mooenupoganus.  IIpedcmagnenvi
MEMOOON02UHECKUL, NPOYECCYATbHBIIL (MEeXHOI02UYeCKUT) U UHCIMPYMEHMANbHBII
VPOGHU  MOOenu, ee  yelb, MOHUMOPUHZ  CHOPMUPOBAHHOCTIU — UCKOMBIX
KOMnemenyutl, a maxaice peyiomam. B moodenu nokazanvl KomMnemeHmmocmubiil,
JUYHOCMHO-OPUESHMUPOBAHNBIL U NPAKMUKO-OPUEHMUPOBAHHbIIL Nedd2o2uiecKue
nOOX00bl, 3AKOHOMEPHOCMU, NPUHYUNBL, VCI08US QOPMUPOSAHUS  8bIOPAHHBIX
KOMNemenyutl, OnUCAHbl dMAanbl Pearu3ayuu npoyecca Gopmuposanus, YpoeHu
ChOPMUPOBAHHOCTNIU TUUHOCMHBIX U NPOPDECCUOHATIbHBIX KoMnemenyull. B pazoene
NPAKMUYECcKol No020MOBKU NPeddeaemcs. UHMepaKkmusHas paboma 6 cucmeme
crywamens-npenooasamenb-epynnd, N0OPas3yMesaioudst IULHOe Yuacmue Kaxicoo2o
cneyuanucma, a makdice OMKpvlmue nepeoeo 6 Haueli cmpane Pecnybruxanckozo
obwecmeennoeo 0bveounenus «Hayuonanohulii  anvanc npopeccuoHaIbHbIX
COYUANbHLIX  pabOMHUKO08Y». [lanHas Mmoldenv nodpasymesaem nod codOll
danvrelulee COBEPUIEHCBOBAHUE U CAMOCHMOSMENbHOE PA3GUMUe TUYHOCHIHBIX
U NpopecCUOHANbHBIX KOMREMEHYU COYUATbHLIX PADOMHUKOE. Dmo Nno380Jsem
y8udems 8 MOOenU IPHeKMUBHOCMb pedaru3ayul Kypcos nosblueHUs Keatugdurayuu,
hopmbl, memooul u cpedcmea pabonivl.

Kniouesvie crosa: meopemuueckas mooeib, KOMHEMEHYUY, NOBbIUEHUE
Keanuuxayuu, coyuanbhvie pabomHuKu.

BBenenue
CormmanbsHast paboTa — OTHOCHUTEIILHO HOBAsI /TSI Hatel cTpanbl mpodeccust. [Toatomy
00y4yeHre COIMAIbHBIX PAOOTHHUKOB Ha COBPEMEHHOW CTAJIMHM HE XapaKTepU3yeTcs
HaJIMYMEM JOCTATOYHO pa3paboTaHHBIX 00pa30BaTEIbHBIX CTAHIAPTOB, KOTOPHIE
HaXOJIUIU OBl BEIpAKEHHE B (POPMYITHMPOBKE MEJArOTHICCKUX 1IEIeH, B COIEPKaHUH,
TEXHOJIOTHIX Y4eOHOTO Iporiecca.
IIpoodonoicenue mexcma nyonuKkyemoeo mamepuaia
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MaTepna.m,l U METOAbI

Teoperndeckuil aHaauM3 HAYYHOM IMCUXOJIOTO-IIEIArOrnuyecKOrd U CrelraabHOU
JUTEPATYPHI IO MPOOIIEME UCCIICTOBAHMS; aHAIN3 3aKOHOAATEIIbHBIX U HOPMAaTHUBHBIX
JIOKYMEHTOB IO OTKPBITHIO OOIIECTBEHHBIX OOBEAMHEHUN; aHAIHN3 COJEPKaHUS
nporpaMM KypCOB MOBBIIMIEHUS KBaJIU(DUKAIMH COMUAIBHBIX PaOOTHUKOB;
MOJIEJIMPOBAaHUE; aHAINU3 U 0000I11IeHNE eAArOTNYECKOr0 OIbITa; OMPOCHBIE METOIbI
(6ecena, aHKeTHpPOBAaHUE, HHTEPBHIOMPOBAHNE); HAOJIOEHNE; aHATU3 MTPOIYKTOB
JEATETLHOCTH CIIEIMAIIMCTOB; SKCIIEPUMEHT, METOJbI MATEMATUYECKON CTATHUCTHKHU
1o 00paboTKe IKCIEPUMEHTAIBHBIX JTAHHBIX.

IIpoodonscenue mexcma nyonuKyemoeo mamepuana
PeSyJ’lBTaTbI u 06cym21e}me
UTtoOb! MOHATH OOBEKTUBHBIE 3aKOHOMEPHOCTH, JICJKAIIUEe B OCHOBE Ipoliecca
q)OpMI/IpOBaHI/ISI U pa3sBUTHUA JUYHOCTHBIX U HpO(l)GCCI/IOHaJ'II)HI)IX KOMHCTGHHI/Iﬁ
COIMAJIbHBIX PAOOTHUKOB 4epe3 KypcChl MOBBIIIEHUS KBalW(UKALUK, HEOOXOIUMO
YETKO MPEACTaBIATh ce0€ UX MOJEIIb.

IIpoodonsicenue mexcma nyoiuKyemoeo mamepuana
BoiBoabI

Takum oOpa3oM, Ha OCHOBAHMM BBIIIEU3I0KEHHOTO MOXHO CJEJIaTh BBIBOJ O
TOM, YTO TEOPETHUECKAst MO/I€Tb (POPMUPOBAHHUS TUUYHOCTHBIX U IPOECCUOHATIBHBIX
KOMIIETEHIUH COLMAIbHBIX PAOOTHUKOB Yepe3 KypChl MOBBIIEHUS KBaTU(UKAIIIU
COAEPKUT TPU YPOBHS €€ peanu3aruu.

IIpooondcenue mexcma nyoIuKyemo2o mamepuana
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C. K. AHTHKeEBA
TopaiirsipoB yHUBepcuteT, Kazakcran Pecriybnukace, [1aBnonap K.

BLIIKTLIIKTI APTTBIPY KYPCTAPBI APKBLIBI OJIEYMETTIK
KBbI3BMETKEPJIEPAIH KY3IPETTLIIKTEPIH KAJIBIIITACTBIPY IbIH
TEOPUSLIILIK MOJIEJI

byn makanaoa «Oneymemmix  KvizmemkepaepOiy OLIKmMiNieiH - apmmuolpy
Kypcmapuvl apKblibl Mylediblk HCOHE KOCIOU KY3Ipemmilikmepin Kaiblnmacmoipy»
OOKMOpAbIK ~ ouccepmayus  wenbepinde o3ipieHeen  OLIKMINIKMI  apmmuolpy
KVpCmapvl  apKulibl  oleyMemmiK Kbl3MemKepaepoiy myasanvlk JicoHe Kociou
Ky3blpemminiein Kaielnmacmulpyovly meopusivly mooeni ycvimwviiean. Maxarada
MoOenboey NpoYeciniy neda2oeuUKaIblK ACneKminepi, nedazoeukaiblk MoOeibOeyoiH
Kezeyoepi keamipineen. MooenvOiy 90iCHaMAIbIK, RPOYeccyanloblk (MEXHOI0SUAIbIK)
JdCOHe acnanmulk OeHeelllepl, OHblH MAaKCcamvl, Kaxjxcemmi Ky3vlpemmepoin
KAILINMAcy — MOHUMOPUHZ,  CcoHOaui-ax — Homudiceci  ycvinmvliean. Moodenvoe
Kysvlpemminikke, myjeaza Oazblmmanzan MHcoHe npaKkmuxkaza oazvlmmanzan
nedacozuxanvly, — mociioep,  mawoanean — Kysvipemmepoi  KATbINMACMbIPY
3aHOBLIBIKIMAPSL, KA2UOAMMAPbl, Wapmmapvl KOpCemineeH, Kaiblnmacy npoyecin
icKe acvlpy KeseHoepi, JceKe JAHcoHe Kociou Kyzvlpemmepoiy Kanblnmacy oeHeeunepi
cunammanear. Ilpakmuxanvly  OaublHObIK — O6IIMIHOE  MbIHOAYULbI-OKbLINYULbL-
mon oicylecinoe UHMEPaKmuemi JHCyMulC YCIHbLIAObI, Ol 9P MAMAHHBIY JiceKe
KamwviCYblH, COHOAU-AK elimiz0e an2aukbl «Kociou oleymMemmik Kplzmemrepiepoin
VAMMBIK AbAHCHLY PeCnyONUKAIbIK KO2AMObIK Oiplecmiciiiy aubliybln OL10iped.
Byn mooens oneymemmix Kvizmemxepaepoin dcexe dHeoHe KociOu Ky3vlpemmepin 00an
api dicemindipyoi scone mayenciz damvimyowt 6i10ipedi. byn moodenvoe Oinikminikmi
apmmuipy KypCcmapvli icke acvblpyoblly MUIMOLNIZIH, JHCYMbIC HbLCAHOAPbl, ddicmepi
MeH KYpanoapvli Kepyee MyMKIHOIK Oepedi.

Kinmmi co30ep: meopusinvix mooens, Ky3vlpemminik, OLiKminikmi apmmaolpy,
oNleyMemmiK KvlzmemxepJep.

S. K. Antikeyeva
Toraighyrov University, Republic of Kazakhstan, Pavlodar

THEORETICAL MODEL OF FORMATION COMPETENCIES OF
SOCIAL WORKERS THROUGH PROFESSIONAL DEVELOPMENT
COURSES

This article presents a theoretical model for the formation of personal and
professional competencies of social workers through advanced training courses,
which was developed in the framework of the doctoral dissertation «Formation of
personal and professional competencies of social workers through advanced training
coursesy. The article presents the pedagogical aspects of the modeling process
itself, and lists the stages of pedagogical modeling. The methodological, procedural
(technological) and instrumental levels of the model, its purpose, monitoring
the formation of the required competencies, as well as the result are presented.
The model shows competence-based, personality-oriented and practice-oriented
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pedagogical approaches, patterns, principles, conditions for the formation of selected
competencies, describes the stages of the formation process, the levels of formation
of personal and professional competencies. The practical training section offers
interactive work in the listener-teacher-group system, which implies the personal
participation of each specialist, as well as the opening of the first Republican public
Association in our country, the national Alliance of professional social workers. This
model implies further improvement and independent development of personal and
professional competencies of social workers. This allows you to see in the model the
effectiveness of the implementation of advanced training courses, forms, methods

and means of work.

Keywords: theoretical model, competencies, professional development, social

workers.

Caenennsi 00 aBTopax

Ha ka3zaxckom si3bIKe

Ha pycckoM si3bIke

Ha anrauiickoM si3bIKe

AnTukeeBa Camai
Kanarosna

«llenaroruka >xoHe
TICUXOJIOTHST» MaMaHIBIFBI
OOMBIHIIIA TOKTOPAHT
«TopaltFpIpoB
yauBepcuteTi» KEAK,
['ymaHuTapibIK xKoHE
9IIEyMETTIK FBIIBIMIAP
(bhakymbTeTI,

[TaBnonap,

140008,

Kazakcran PecmyOmkacsr,
samal antikeyeva@mail.ru,
8-000-000-00-00

AnTtnkeeBa Caman
KanaroBna

JIOKTOPAHT TIO
CIETMATFHOCTH
«Ilenaroruka u
TICUXOJIOTHSD»

HAO «TopaiirsipoB
YHUBEPCUTETY,

DaxynpTeT TYMaHUTAPHBIX U
COIIMATBhHBIX HaYK,
ITaBnonap,

140008,

Pecmy6mmka Kazaxcram,
samal antikeyeva@mail.ru,
8-000-000-00-00

Samal Kanatovna Antikeyeva
doctoral student in «Pedagogy
and psychology»
«Toraighyrov University»
NCIJSC, Faculty of Humanities
and Social Sciences,
Pavlodar,

140008,

Republic of Kazakhstan,
samal antikeyeva@mail.ru,
8-000-000-00-00

304

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2023

ITy0nukanmoHHasi ITHKA HAYYHBIX )KYPHAJIOB
«BecTtHuk TopaiirbipoB yHUBEpCUTETAY,
«KpaeBenenne», «Hayka u Trexuuka Kazaxcrana»

PenaknnonHas xosurerus xKypHalloB «BecTHuK TOpairslpoB yHUBEpPCUTETY,
«Kpaesenenue» u «Hayka u Texauka Kazaxcrana» B cBoeil paboTe mpuaepKuBacTCs
MEXIYHapOJIHBIX CTAHIAPTOB IO 3THKE HAYUYHBIX MyOJMKALMN U yYUTHIBAET
MH(POPMALIMOHHBIE CAlTHI BETyINX MEKYHAPOIHBIX KyPHAJIOB.

Penaknnonnas koyierus )KypHasa, a TaKXKe JIMLA, y4aCTBYIOIIHME B U3aTEIIbCKOM
IPOIIECCE B LIEIISIX 00ECTICUeHHsI BRICOKOTO Ka4eCTBA HAYYHBIX Iy OIMKAIINiA, BO M30eKaHne
HEJ00POCOBECTHON NMPAKTHKHU B IyOJIMKAIIMOHHOW JIEATEIHHOCTH (MCIOIh30BaHUE
HEJJOCTOBEPHBIX CBEJICHUM, U3rOTOBJICEHUE JAHHBIX, IJaruaT u Jp.), o0ecrneueHus
OOIIECTBEHHOTO MPU3HAHMS HAayYHBIX JOCTHIKEHUH 00sS3aHBI COONIOIATh 3TUYECKUE
HOPMBI U CTAaHJAPThI, IPUHATHIE MEKAYHAPOIHBIM COOOLLIECTBOM U IIPEATIPUHUMATH BCE
pa3yMHbIe MEpBbI [T NPEAOTBPALICHNS TAKMX HAPYLIEHUH.

PenaxiyionHast KoJuteryst HU B KOEM CIIydae He TOOLIPSET HEIIPABOMEPHOE IIOBEICHHE
(TutaruaT, MaHUTYJSIHS, (haTbCU(UKAIINS ) ¥ TIPUIIOKHUT BCE CHITBI JUIS TIPEIOTBPAILICHHS
HACTYIUIEHHUs MOJ0OHBIX ciay4yaeB. B ciydae, eciny peaakIIMOHHOW KOJUIETHMHM CTaHET
U3BECTHO O JIFOOBIX HEMPaBOMEPHBIX JEHCTBHUAX B OTHOIIEHUH OITyOJIMKOBAaHHOW CTAThU
B JKypHAJI€ WIH B CIIy4ae OTPULIATEIBHOIO PE3yJIbTaTa SKCIIEPTU3bI PEAKOIUIETUH CTaThs
OTKJIOHSIETCSI OT ITyOJIMKALIUH.

PenakunonHasi KOJUIeTHs HE JOJDKHA PacKpbIBaTh MH(OpPMAIMIO O MPHUHATHIX
K OIyOJIMKOBAHHMIO PYKOIHCEW TPEThUM JIUIAM, HE SBIISIIOIIMMCS PEICH3EHTaMH,
NOTEHIUAIBHBIMU PELIEH3EHTaMH, YWIEHaMU PEJaKLMOHHON KOJUIETHH, paOOTHUKaMH
tunorpaduu. HeonmyOimkoBaHHbIe TaHHBIE, TIOTyYEHHbIE U3 PYKONHUCEH, HE JTOJDKHBI
UCIOJIb30BaThCsl B JIMUHBIX MCCIIEOBATENILCKUX LEAX 0€3 MUCHbMEHHOIO pa3peleHHs
aBTopa.

OTBeTCTBEHHOCTH IKCIEPTOB (pPeleH3eHTOB)

PenieH3eHTHl TOJKHBI AaBaTh OOBEKTHBHBIE CYXJEHHUS M yKa3blBaTh Ha
COOTBETCTBYIOLIHE OMyOJMKOBaHHBIE PabOTHI, KOTOpPHIE eme He MUTUpYrTcsa. K
peleH3HpPYyEMBIM CTaThsIM ClleyeT oOpamarbest KoH(UIeHInaabHO. PereH3eHTs
OyIyT BEIOpaHBI TAKMM 00pa30M, YTOOBI HE OBLII0 KOH(DIMKTA MHTEPECOB B OTHOIIICHHUH
UCCIIEIOBaHMSI, aBTOPOB U / WJIM CIIOHCOPOB UCCIICOBAHMUS.

OTBeTCTBEHHOCTH ABTOPOB

OTBETCTBEHHOCTB 3a COZiepKaHe pabOThI HECET aBTOP. ABTOPHI 00s13aHBI BHOCUTD
WCIIPABJICHUS, IOSICHEHUS, OIIPOBEPIKEHUS U U3BUHEHHUS, €CJIM TAKUE UMEIOTCSI.

ABTOp HE JIOJKEH MPEJICTaBIATh CTAaThIO, HACHTUYHYIO paHee OmyOIMKOBaHHOMN
B JIpYrOM XypHajie.B gacTHOCTH, HE TPUHUMAIOTCS TIEPEBOJIbI HA aHTIIMICKUN JTHOO
HEMEILKUH SA3bIK CTaTe|, y’Ke OIyOJIMKOBAHHBIX Ha JIPYTOM SI3BIKE.

B cirydae oOHapyskeHHs B pyKOIIHCH CTaThU CYIIECTBEHHBIX OIIMOOK aBTOP JOKEH
COO0IIUTH 00 3TOM PEAAKTOPY Pa3zena 10 MOMEHTA ITOJIIHCH B IIe4aTh OPUTMHAI-MaKeTa
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HOMeEpa XypHasa. B mpoTHBHOM ciyuyae aBTOp JIOJKEH 3a CBOM CUET MCIIPAaBUTH BCE
KPUTHYECKHE 3aMEUaHUs.

HanpaBiisist cTaThlo B )KypHal, aBTOP OCO3HAET YKa3aHHYIO CTENIEHb IIEPCOHAIBLHON
OTBETCTBEHHOCTH, YTO OTPA)KAETCS B MUCbMEHHOM OOpAIEHUU B PEIAKLHOHHYIO
kosuteruto JKypHana.
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