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NMPUMEHEHUE MbE303JIEKTPUYECKUX MPEOBPA30BATEJIEA
INMPU CKAHUPOBAHWN CBAPHbIX COELUHEHNUA

Paspabomana cxema ckanuposanus memania co8MeujeHHbIM MemoooM, Ymo
nogviuiaem cmenenb 00CHOBEPHOCHU KOHMPOJIA NyMeM UCCIe008aHusi 00bekma ¢
nOMOWbIO PasHbix PoKycuposok. OcobeHHoCmb XO0pO0B8OU cXeMbl NPO36YUUBAHUS
MO NPOBEPKA € HUZKOU KOHMPOLIEOOCMYNHOCMbIO CEA3AHHOE C Y3KUMU NPOXOOAMU
mexncmpyonvix npocmpancme. Kougueypayus u gopma uckamens noszeonsiem
NPOHUKAMb U KOHMPOAUPOBAMb YUACMKU 20€ HAKIOHHOMY UCKAmento mpebyemcs
bonee wupokas paccmosHue 05 npoxood.

Hcnonvsosanue 08yx nbe3od1eKmpudeckux npeobpazoeamenell ygeiudusaen
NPOYEHM HAXO0NHCOEHUs OepeKmMO8 ¢ NOMOUBIO UCNONb308ANHUS PA3HOU (POKYCUPOBKU
U HanpaeieHHoCmu ay4d. Jmo 8 c60l0 ouepedb N0360.5en CKAHUPOBAMb 00bEeKMm
noo pasuwvimu yenamu. Hcknouenue Oehekmos MaieHbKoU niowaou nymem
nposepKu  0O0bEMHOOPUEHMUPOBAHHBIX — OeeKmMOo8 XOpOO8bIM — UCKamenem, da
NIOCKOCMHOOPUEHMUPOBAHHBIX OepeKmo8 HAKIOHHbLIM UcKkamenem. Imo cxema
KOHMpOs npedomspaujaem nepedpaxkosKy XopoosblM ucKamenem nio0CKOCHHbIX
Oeexmos u HAKIOHHBIM UCKamenem 00beMHbIX, NPU MO NO360s5A YMEHbUIUND
NPOYEHM  JIONHCHBIX CUCHANO08 UMW CUCHANI08 MANOU  AMAAUMYObl  KOMOpble
Quxcupyromocsa Kaxk oonycmumvii Oegpekm. Dmom memood Oaem 0oiee NOIHYIO
KapmuHy C8APHO20 COEOUHEHUs, 4MO 8 C80l ouepedb 6Iusem Had Kaiecmed
KOMMpOJs, a makdce Kasecmea MoHmasica u ceapku. Ilpumenenue 08yx 6u00g
uckamenei yckopsiem npoyecc KOHMpOIs Memaiia Had mpybonpoeooax noo
0ABIeHUAM PA3TULHBIX MUNOPA3MEPO8 U KOHpUeYypayuu, max Kax npedomspauwjaen
nepebpakosKy nymem omceusanuil TUMHUX CUSHATIO8.

Kntouesvie cnosa: nvezosnekmpuueckue npeobpazosament, KOHMpPOb, C6APHbIE
COeOUHeHUsl, CKAHUPOBaHUe, VIbMPA3BYK.

BBenenune

[IpoBeaeHne KOHTPOJIS MOBEPXHOCTEH HArpeBa SIBISIETCS OCHOBHBIM 00BEMOM
MJIAHOBBIX PEMOHTOB 3JIEKTPOCTAHIIMHN IO KOHTPOIIIO MeTayuia [1].

Ha nanHbIil MOMEHT Hepa3pylIalomuil KOHTPOJb SIBISETCS OJHUM M3 CaMbIX
3¢ deKTUBHBIX CITOCOOOB /17151 ONIPEIeNICHHS TPOYHOCTH U Ka4eCTBA MAaTEPUATIOB, a TAKXKE
dakTHYeCKuX MapameTpoB 0O0OBEKTA, €r0 IIBOB WIIH MOKPBITUS (TONIINHY, JIOTHOCTD,
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OJTHOPOJIHOCTH ), JIJIs1 BBISIBJICHUS J1e(hopMallfii U OTKIIOHEHUH B KIIIOUEBBIX y3J1aX MU
netansx [3].

YMeHblIeHne Opaka CBapHbIX COEAMHEHUH 1, COOTBETCTBEHHO, CHI)KEHHE 00BEMOB
PEMOHTA U NOBBILIEHUE HAJAECKHOCTH 3TO — CTUMYJIbl K BHEIPEHUIO B IIPOU3BOJICTBO
CUCTEM aBTOMATHU3UPOBAHHOTO YJIbTPa3BYKOBOIO KOHTpouIs [4-7].

B Hacrosimiee Bpems cyuiecTByeT OOJbIIOE KOJTHMYECTBO PA3HOOOPA3HBIX IO
OPUHIUIY JeHCTBUS M HAa3HA4YEHUIO mpeoOpa3zoBaresei, UCIOIb3yEeMbIX IS
Hesiell Hepa3pylIaero KOHTposd. BeIOOp NpuMeHseMOoro mbe303J1eKTPUIECcKOro
npeoOpa3oBarelis, a TAKXKe METOJIOB M CLIOCOO0B 00pabOTKHU 3aBUCAT OT KOHCTPYKTHBHBIX
0COOEHHOCTEH KOHTPOIMPYEMOro 00BEKTa M HIKOHOMHUYECKOW I1e51eC000pa3HOCTH
[6, 8-11]

MarepuaJbl 1 METOABI

Meroza OCHOBaH Ha IPUMEHEHM IBYX BHUJIOB UCKATEJIEH TAKUX KaK: XOPIOBbIN U
HAKJIOHHBIN TUI MbE303JIEKTPUYECKUX IpeoOpa3oBatenei [5, 6].

WX coBMecTHOE MPUMEHEHUs MPH KOHTPOJIE MeTalljia JaeT Oosiee JOCTOBEPHYIO
UH(OPMALIUIO O CEUEHUH U KOPHE CBAPHOTO COEIMHEHUS TaK KaK OHU UMEIOT Pa3HYIo
(OKYCHPOBKY yJIBTPa3ByKOBOTO ITyUKa.

@DoKycUpOBKa XOpJOBOTO THUIIA MCKaTeJlel OPUEHTUPOBAHA HA HAXOXKIECHUS U
ofpeieieHus1 00bEMHOOPUEHTHPOBAHHBIX HECIUIOIIHOCTEH CBAPHOTO COEAMHEHHUS.

Xopaossii Tuil [13I1 0THOCHTBCS K pa3ielIbHO-COBMELLICHHBIM ITPE00pa30BaTEIsIM.
XopaoBbie Mpeodpa3oBaTeIr B OCHOBHOM HCHOJB3YIOT I KOHTPOJS KOJBIEBBIX
CBapHBIX IIBOB TPYOHBIX 3JIEMEHTOB U3 YIIIEPOAUCTHIX M HU3KOJIETUPOBAHHBIX CTaJICH.
XapaxTepHasi 0COOCHHOCTb KOHCTPYKIIMHU XOPIOBOT'0 THIIA 3TO YCTAaHOBKA TOUKH (POKyca
YJIBTPA3BYKOBOI'O IIydKa B LIEHTP CBAHOI'O0 COEIMHEHHUs. DTO JaeT BO3MOKHOCThH K
0oJiee BBICKOKOM CKOPOCTH CKaHHPOBAHHUS TaK KaK HET HEOOXOAUMOCTH B BO3BPATHO
IOCTYIIaTENbHBIX JABM)KEHUSAX IIPU KOHTPOJIE HAKIOHHBIM pa3JelbHO-COBMEIIEHHOM
npeoOpasosarenem [12].

Takoii ctoco6 npo3By4YHBaHUs UMEET P TOCTOMHCTB!

1) OTcyTCTBYIOT JIOKHBIE 3XOCUTHAIIBI OT IPOBUCAHUI B KOPHE CBAPHOIO 111BA U OT
Hapy>KHOTO BajiuKka ycuieHus. Ha A-ckane nedekTockorna HabIoJatoTCs 3X0CUTHAIbI
TOJIBKO OT BHYTPEHHUX HECILJIOLIHOCTEN.

2) Xopaosslii [1211 no3BosIsSET BHISBIATH BCE TUITUYHBIE EPEKTHI CBAPKH, & CAMOE
IJIABHOE OH BBIABIISICT BEPTUKAJIBLHO OPHUEHTUPOBAHHbBIE NE(PEKThl TaKHE KaK CBUIIIH,
IUIOCKOCTHBIE HECIUIABIIEHUS U T.J.

3) Het nonepedHOro ckaHnpoBaHUs IOCKOJIBKY IIPO3BYUYUBAETCS CPa3y BCE CEUCHHE
CBapHOIO I1IBa.

4) CokpauatroTcsi TpyA03aTpaTbl Ha IOArOTOBKY (3a4HMCTKY) OKOJIOLIOBHBIX 30H
u3genuil. Tunuynas mmpuHa o01actu ckanupoBanus 30-35mm.

5) Peanu3syercst mpocTasi TEXHOJIOTHS HACTPOWKM M KOHTpoJsi. HacTpoiiky
nedexrockona npooasT no COII ¢ TopueBbIM MIOCKOJIOHHBIM OTBEPCTUEM.
BpakoBOYHBIN YPOBEHB yCTaHABJIMBAIOT [10 MAKCUMYMY 9XOCHUTIHAJIA OT INIOCKOJJOHHOTO
OoTBepCTUs (CM. pUCYHKH HUXKe). I'myOuHOMEp M BpeMeHHas peryjaupoBKa
qyBCTBUTEIBHOCTH J€(PEKTOCKOIA HE UCIIOIB3YyETCs.

10
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EcTp HECKONBKO OrpaHMYEHUH B CO3JaHUU U NPUMEHEHHUU XOPAOBBIX
npeoOpa3oBaTeiieil.

1 Xopmossiit IIDI1 sBaseTcs crnenuaiu3upoOBaHHBIM MpeoOpa3oBaTesIeM.
OH mpeaHa3HayeH sl KOHTPOJIS 3aJaHHOTO THHopa3Mmepa TpyOsl. Hampumep,
npeobpaszoBarenem I1122-5,0-38*4 mposByunuBaroT TpyOsl 38*4. Jlomycku Ha
U3MEHEHUE TE€OMETPUYECKUX pa3MEPOB (IUaMeTpa U TOIIIUHbI CTeHKN) He 6otee 20 %.

2 KauecTBEeHHbIE aKyCTHUECKUE XapaKTepUCTHKU XopaoBbix 1211 moryTt ObITh
MOJyYeHbl Ha TOHKOCTEHHBIX TpyOax HeOousbioro nuamerpa. Juanazon auaMmeTpos
Tpy6 28—-160 MM. J[nana3zoH TOMIMUH CTEHOK 4—14MmMm.

CoryiacHO HOpMaTUBHOW TEXHUYECKOM JOKYMEHTAllMi, OCHOBHBIE IapaMeTphl
CXEMbl CKaHMpPOBaHHUA (YIVIbl BBOJAA, HAIIPABIECHHOCTH JIy4a, Yroj HPU3MBI U T.II.)
BBIOMPAIOTCS TAaKUM 00pa3oM, 4TOOBI HANPaBJIEHHOCTH JIy4a KOHIEHTPHPOBAJIach B
paboueM ydacTKe Ce4eHHUs1 CBapHOIro coeAuHeHus. biaaronaps sTomy obecrieunBaercs
YBEpPEHHOE BBIABJICHUE PA3IMYHBIX JAe(PEKTOB B JIFOOOW 30HE CTHIKA B Mpenaenax
TOJIIMHBI KOHTPOJIUPYEMOTO 0OBEKTa, a TAK)KEe B OKOJIOIIOBHOW 30HE (7SI CTHIKOB,
BBIIIOJTHEHHBIX aprOHHOM U 3JIEKTPOAYTOBOW CBAapKOil). YIbTpa3ByKOBBIE BOJIHBI
pPacIpOCTPAHSIOTCS MapaJlJIeIbHO MOBEPXHOCTAM OOBEKTa KOHTPOJIS, a MIOCKOCTh
OTpaKeHHsI EPIICHINKYIIAPHA OTpaXKaroIIel MOBEPXHOCTH INIOCKOCTHBIX Je(EeKTOB.
[Ipoekiun myyeil, najaonX Ha HECIUIOIIHOCTh (M OTPAXKAIOIIUXCS OT HEro), Ha OCh
CBapHOTO COCTMHEHUS JIeXKAT Ha XOPIe CeYeHUs TPYObl, 0TCIO/Ia IPOUCXOIUT Ha3BaHNE
METO/a CKaHUPOBaHHUA. MHOTOYNCIEHHBIMU HCTIBITAHUSMH OBLJIO BBISBJICHO BBICOKAs
CTEIIeHb OIpeIeNIeHNUs1 00bEMHOOPHUEHTHPOBAHHBIX Ae(DEKTOB XOpA0BEIM MeTo1oM [ 13].

Pucynok 1 — XopnoBas cxema CKaHUPOBaHUs

11
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Pucynok 2 — Hactpoiika Ha cTanapTHbII 00pasel] npeanpusThs
C IUIOCKOZOHHBIM OTpaXkaTeaeM

[Ipumep MIMTENBHOCTH pa3BEPTKHU IIPU HACTPOMKE HA XOPI0BBIN IpeoOpa3oBaTeb

MHorouucaeHHble UCCIIEIOBaHUS KOHTPOJIS METajljla CTAaHI[IMOHHBIX CBAapHBIX
COEIMHEHUI IOBEPXHOCTEN HarpeBa nokaszaiu 3pPeKTUBHOCTh HaKJIOHHOTO THa [1911
IPY HAXOXKICHUH U OTIPEJICIICHUH IIOCKOOPHEHTHPOBAHHBIX 1€()eKTOB B OTIMYUH OT
XOPJIOBOW CXEMBI IPO3BYUNBAHMUS.

Bri6opka nedexroB nmpoBoauiock nosranHo cornacHo CT PK 2250-2012 «Csapka,
TEPMOOOPaOOTKA M KOHTPOJIb KAUeCTBA CBAPHBIX COETUHEHNH KOTJIOB U TPYOOIIPOBOIOB
IIPU MOHTAKE U PEMOHTE 000PYOBaHUS AIEKTpOCTaHIM» [14].

I I

1228567

Pucynok 3 — Cxema npo3ByunBanust HakjioHHOTO [1911

12
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[Ipon3BOAUTENBHOCTH KOHTPOJIS ONPEAEISETCS IIaroM M CKOPOCThIO CKAHUPOBAHUS
(mepemerienus) npeodpazosarens. [Ipu olieHKe BpeMEHH KOHTPOJISl YUUTHIBACTCS U
BpeMs Ha MCCIIeJOBaHUE JIe(eKTa.

Pucynok 4 — CkanupoBanue ¢ nomoiibto [I1311 HakmonHoro tuna

OHUM U3 CYILIECTBEHHBIX He0CcTaTKOB «Kitaccuueckoro» HakioHHoro tuna [1911
SIBJISICTCS CJIOXKHAs paciiu@poBKa AePEKTOB.

Pe3yabTarsl M 00CyKIeHUS

[ToaTOoMy HcclieqoBaHUE TEXHOJOTUM KOHTPOJIS CBAPHBIX COCJAUHEHUN C
pUMEHEHUEM 000pYI0BaHUs, MMO3BOJISIONIETO MPOBOAUTH OLICHKY U OMNpeeieHHe
bakTHYeCKUX pa3MepOB HECIUIOUIHOCTEH, SBISETCS B HACTOSIIEE BpeMs aKTyalbHOM
POOIEMOIA.

Pa3paboTannas cxemMa CKaHUPOBaHHSI METAJLJIa COBMEIIEHHBIM METO/IOM IOBBIIIAET
CTENEeHb JOCTOBEPHOCTH KOHTPOJS IMyTEM HCCIEJOBaHUA 00BEKTa C MOMOIIBIO
pa3HbIX QokycupoBok. [ToaroToBka Meramia K KOHTPOJIIO JUIsi COBMEIIEHHOTO METO1a
CKaHHUPOBaHMs TpeOyeT KaueCTBEHHOI'O 3aUMILEHHOTO U3/ENHS C IIEPOXOBATOCTHIO
noBepxHocTH He Xyxe 40 Rz, u Tpebyer pacuupeHus 3azopa MeXTPyOHOTO
MPOCTPAHCTBA C HU3KOU KOHTpojeaocTynHocThio. [llupuHa 3a3opa omnpenensercs
THIIOpa3MepaM KOHTpoJupyeMoro uzaenus. OcoO0eHHOCTh XOPAOBOU CXEMBI
MIPO3BYYHBAHUS ATO IPOBEPKA C HU3KOW KOHTPOJUIEJOCTYITHOCTBIO CBSI3aHHOE C Y3KUMHU
IPOXOJaMH MEXTPYOHBIX pocTpaHcTB. Kondurypanus u popma nckaresst H03BOJSET
MPOHUKATh U KOHTPOJIMPOBATH YUACTKHU I'/ie HAKJIOHHOMY MCKaTelro Tpedyercs 6osee
HIMPOKAsl pacCTOSIHUE AJIs TPOXO/Ia, TO3TOMY IS COBMEIIEHHOTO METO/1a HY>KEH OoJiee
HIMPOKUH 3a30p MEKTPYOHBIX IPOCTPAHCTB MIPH 3TOM COBMEIEHHBIA METO1 TpeOyeT

13
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Oonee rnaakyro noBepxHocTh (20...40 Rz) Tak kak XOpJOBBIH THUI UCKATEJIeH UMEeT
orubarouryto GopMy MoJ OIpeeeHHbII TUaMeTp TpyObl.

PexomMen1o0BaHHOE MPUMEHEHHE I'eJisi BMECTO 00JIee I'yCThIX CMa3bIBAIOIINX CPEACTB
TaKUX Kak (COJIMI0, INTOI) B BBUAY HU3KOM 3arpsA3HEHHOCTH IIPH CMEHE UCKaTellel U
TPOCCHKOB Ja0bl YMEHBIINUTH MONaIaHUE B THE3/Ia CMa3bIBAIOIINX CPEJICTB KOTOPOE B
CBOIO 0Yepe]Ib MOXKET IMOBIIHUSTH Ha IOCTOBEPHOCTH KOHTPOJISI U paboTe caMoro rnpudopa.

BoiBoabI

Hcnonb3oBanue nByx [1DI1 yBennuuBaeT mpOLEHT HAXOXKACHUS ACPEKTOB C
MIOMOIIbIO MCIOJIB30BAaHUS Pa3HO (POKYCHPOBKM M HAIPABICHHOCTH JIy4a. DTO B
CBOIO OYepeb MO3BOJISIET CKAHUPOBATh OOBEKT MOJI pa3HbIMU yriaMmu. Vckitouenue
ne(exToB MaeHbKOM IUIOIIA U ITyTeM IPOBEPKU 00bEMHOOPUEHTUPOBAHHBIX Ae(EKTOB
XOPJIOBBIM HCKAaTeJIeM, a IIOCKOCTHOOPUEHTUPOBAHHBIX Je(DEKTOB HAKJIOHHBIM
UcKaresneM. DTo cxema KOHTPOJIS PeI0TBpalaeT nepeOpakoBKy XOPIOBBIM HCKaTeIeM
IUIOCKOCTHBIX JC(EKTOB U HAKIOHHBIM HCKaTeJIeM OOBEMHBIX, IPU 3TO MO3BOJIAS
YMEHBIUIUTh MPOLEHT JIOXKHBIX CUTHAJIOB MJIM CHUTHAJIOB MAJIOM aMILTUTYAbI KOTOPBIE
(UKCUPYIOThCA KaK AOMYCTUMBIN Ae(eKT. DTOT MeTol JaeT 0ojiee MONHYI0 KapTUHY
CBapHOTr'0 COEJMHEHHs, YTO B CBOIO OYEpE/ib BIUSACT HAa KaueCTBA KOHTPOJIS, a TAK¥Ke
KayecTBa MOHTaXka U cBapku. IIpuMeHeHne IByX BUJIOB UCKATENEH yCKOPSIET MPOLIECC
KOHTPOJIsI METaJula Ha TPyOOIIpOBOIaX MO AABJICHHUSIM Pa3IUYHBIX TUIOPa3MEPOB U
KOH(HTypalmy, TaKk Kak Mpe0TBpaIlaeT NepeOpakoBKy IyTeM OTCEHBAHUM JIMITHUX
CUTHAJIOB.
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JAOHEKEPJIEHI'EH KOCBIVIBICTAPAbBI CKAHEPJIEY KE3IH/IE
HNBE3O3JIEKTPJIK TYPJEHAIPTTIOTEPAI KOJJAHY

bBipixmipineen adicnen memanovl CKamepney cxemacvl Hcacaiovl, Oyl 0ObeKmiHi
opmypni  poxycmapmen 3epmmey  apKbLibl  OAKbLIAYObIY — CEHIMOUIK — 0apedceci
apmmuipadvl. Xopoansix, OblObICIbIK, CXeMaHbvly epexutenizi 601bin mabvliadvl MmomeH
OAKBLIAHABIH MEKCEPY KYObIpapATbIK KeHICMIKmep iy map H#con0apbimMeH OaiaHbIcmbyl.
I30eywiiniy konpueypayusacol men niuini kKonbey iz30eyutice omy YuliH KeHIpex KaulbIKmbik,
Kaoicem OOamulH dcepiiepee Kipyee JcoHe backapyea MyMKiHOIK 6epeoi.

Exi nwvezoanexmpnix mypnendipeiwumi naudaniany opmypii coyienik Qoxyc
nen hoKycmvl KOA0AHy apKulibl aKayiapobl mady naibl3viH apmmulpadsl. byn o3
Ke3e2iHoe HbICaHObl apmypiti OYpLlUmMapoan cKaunepieyee MyMKinoik bepedi. Akkopo
i30eyuiniy konemoi 6az0aplan2an aKayiapslt, Al Keabey i30eYuliniy JHca3blKmulKKa
bazoapnanean aKayiapvlH MeKcepy apKblibl WASbIH AYMAKMbIY AKAVIAPLIH JHCOI0.
byn baxpinay cxemacer akkopO i30eyWiHiy HCAZLIKMLIK AKAVIAPLIH JHCOoHe Koabey
KoeMOi 130eyWini Kaiuma OpHAIACMbIPYbIHA HCO OepMell, Al HCa2an Hemece Kiudi
AMAAUMY OANBIK CUSHANIOAPObIH NALLI3bIH A3aUmMYy2a MyMKIHOIK Oepedl.pyKcam emisieen
axkay peminode beximinedi. byn a0ic 0onexepeneen KOCbLIbICMbIY MOAbIK OelHeciH
bepedi, byn 63 Keze2inoe OAKLLIAY CANACHIHA, COHOAU-AK OPHAMY JHCOHE OOHEKepaey
canacviHa ocep emeoi. I30eyuiinepoiy exi mypin KOJIOaHy opmypii eauemoep MeH
KOHueypayusnapovly KblCbIMbIMeH Kyovipaapoasbl Memanodvl 0axvliay Npoyeci
ACLLIOAMOAMAObL, OUMKEHT 01 APMBIK, CUSHAOAPObL elley ApPKbLIbL AKAYAApObl HCot02d
aicon bepmetio.

Kinmmi ces3dep: nvezoanekmpiix mypaenoipeiuimep, 6AKbLIAY, OOHEKEPACH2eH
KOCbLIbICMAp, CKAHepaey, Y1ompaoblObiCHbIK.

of welded joints in steam and hot water boilers, pressure vessels, steam and hot water *B. E. Zhangazin'
pipelines]. 'ERG Service LLP, Republic of Kazakhstan, Pavlodar
13 GOST R 55725-2013 Nerazrushayushchiy kontrol’, preobrazovateli Material received on 24.11.2022.
ul’trazvukovyye p’yezoelektricheskiye [Non-destructive testing, ultrasonic piezoelectric
transducers]. APPLICATION OF PIEZOELECTRIC TRANSDUCERS

14 ST RK 2250-2012 Svarka, termoobrabotka i kontrol’ kachestva svarnykh WHEN SCANNING WELDED JOINTS

soyedineniy kotlov i truboprovodov pri montazhe i remonte oborudovaniya
elektrostantsiy [Welding, heat treatment and quality control of welded joints of boilers
and pipelines during installation and repair of power plant equipment].

A scheme for scanning metal by a combined method has been developed,
which increases the degree of reliability of control by examining the object using
different focusses. The peculiarity of the chordal sounding scheme is a check with
low accessibility associated with narrow passages of intertubular spaces. The
configuration and shape of the finder allows you to penetrate and control areas
where an inclined finder requires a wider distance to pass.

The use of two piezoelectric transducers increases the percentage of defects
found by using different focusing and beam directionality. This in turn allows you
to scan the object from different angles. Elimination of defects of a small area by
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checking volume-oriented defects with a chord finder, and plane-oriented defects
with an inclined finder. This control scheme prevents the chord finder from
rejecting planar defects and the inclined volume finder, while allowing to reduce the
percentage of false signals or low-amplitude signals that are fixed as an acceptable
defect. This method gives a more complete picture of the welded joint, which in turn
affects the quality of control, as well as the quality of installation and welding. The
use of two types of finders accelerates the process of metal control on pipelines under
pressures of various sizes and configurations, as it prevents overfitting by screening
out unnecessary signals.

Keywords: piezoelectric converters, control, welded joints, scanning, ultrasound.
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1-23TopaiireipoB yHuBepcuteti, Kazakcran Pecniyonukace, [TaBnogap K.

TACIIAJIbl KOHBEWEP YLUIH TIPEK 3JIEMEHTTEPIHIH
CEHIMAINITH APTTbIPY

byn maxanada macnanvl KoueeliepOdiy poauKmi mipeKmepiH  CblpeaHay
mipexmepimen ayblCmulpy MyMKiHOiel Kapacmuipvliadsl. Culpzanay mipekmepi
MoMeH @QpaKyusibl MamepuanvbiMer Kanmaiean MmMAacnanvly mipex Hezizi 60avin
mabwiiadvl. Colpeanay mipexmepinoe atHAIMAbl dlIeMeHmmep, MOUbIHmipexmep,
matinay scytienepi JHcox, onap MexHUKAIbIK Kbl3Mem Kopcemy uvleblHOApbiH Kadicem
emneiidi. Cuipeanay mipekmepiniy KOHCMPYKYUACHLIHBIY — KAPANAatublMObLIbIbl
MeH KOMRAMObLIbI2bL, 07apObl NAUOANAHY Ke3iHOe JHCYKmeniemin Mamepuailoam
JICyKmemenepoiy e0ayip momeHoeyi, 011 yulin mipek Oeminiy yi2aioblHa OAiaHbLCbL,
Y3aK Kbl3Mem emy Mep3iMmi ocbl mipexmepee Jco2apbl OHIMOINIK NeH CeHIMOLIKmi
Kammamacolz emeoi.

Tacnanvt Kousetiepaepoe culp2anay mipeKmepin OpHAIACMbIPYObIY MYMKIH
cxXemanapwl, COHOA-aK poIUKmi mipex nex cvlpeanay mipeei 31emeHmmepiniy e3apa
opexemmecyiniy Ou3aiiHbl MeH KypblibIMObIK cxemanapuvl ycvinvliean. Ceipeanay
mipe2iniy ceHIMOINIK KopcemKiumepin ecenmey HCypeizinoi.

JKoeapvioa kenmipineen 3epmmey Homudicenepi 01apobly CeHIMOINIZIHIY He2i3el
Kepcemkiwmepine OAUIAHLICMbL Cbip2aHay O0asaHbiHblY OIPIIK Cana KopCcemKiumepi
POAUKmMI mipekmepoiy YKCac cand KopCemKiUmMepIHeH Yl ece Jcoaapbl eKeHiH Kopcemeol.

Komneetiep macnanapwi, onapoviy myuicneni KoCuLIblcmapsl, y3iieeH KoHeliep
MACNACyIH YyCmayaa apHAI2aH Kypuli2bliap, KOHEelepoiy muey mopanmapuliodasl
macnaaa apHa2an mipex Kypoligbliapbl CUSKMbL MACHA KOHBEUEPIHIY KYPbLIbIMObIK
S/IeMEeHMMepiniy pecypcvl  apmmulpy OCbl HCYMbICHbL  OPbIHOAY NpoYyeciHoe
O3IPNIeH2EH JHCAHA MEXHUKANLIK WeuiMoepoiy, MblCabl, muey mopanmapulioazsl
JiCoHe KOHgeliepdiy 60Cc mapmasblHOda2bl POAUKMI MIpeKmepOiH Cblp2anay mipexmepi
ecebiner KAMMAamacvl3 eminyi MyMKiH.

Kinmmi ces30ep: mipex snemenmi, cvipeanay mipesi, macna, Koueelep,
CEHIMOILNIK.

Kipicne

Tay-keH eHepKociOiHAer1 KoMK XyHeaepiHiH JaMybIHIaFbl 0achIM YPIIC OJapibl
TOJIBIK KOHBEWepIeyre Kolry OOJIbI TaObLIaAbl, TYTAC YK aFbIHbI KYpPbUIa/Ibl, OHBIH
y3U1yi Heri3ri (MarucTpaabAbIK) Taclaabl KOHBEHEpIiH 1CTEH IBIFYbIHA OalIaHbICTHI,
IIBIH MOHIHE, OCBl ICTEH IIBIFY/bI )KOI0 KE3€HIHJE >KYMBICTapbIH TOKTAThUIybIHA
okenexdi [1].
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Tacnanbel koHBelepiepiH KOHCTPYKIUAIAPbIHAA POIUKTI TIpeKTep dIeTTe
TacHaHbIH TIPEK 3JIEMEHTTEpl peTiHle KojiaaHbUiaabl. Tacmanapra apHajFaH Tipek
KOHCTPYKIMSUTAPBIHBIH OacKa TYpJIEpiHEH POJIUKTI TIpEKTEePAiH OACThI apTHIKIIBLIBIFbI-
TaCHaHbIH KO3FaJIbICBIHA TOMEH KapChUIBIK KO3 (HUIMEHTIH KaMTaMachl3 €Ty
(0,30-0,50). Anaiina, GeitHe TipekTepAiH OipKaTap KeMIIUTIKTepi Oap, oJapIblH €H
0acTBICHI-0JIapbIH KBI3MET €Ty MEep3iMiH HIEKTeHTIH KETKUTIKCI3 CeHIMAUTIK KYKTEY
TopanTapblHa 3—6 ail )koHEe KOHBelep KaKmnarblHIa 2,5-3 KbUI, COHBIMEH KaTap
TEXHUKAJBIK KBI3MET KOPCETYIH XOFapbl Kypaeniairi. Kemminikrepain KatapbiHa
POJIMKTI TIPEKTEpJIiH CaJIbICTBIPMAbl TYp/e *KOFapbl KYHBIH J1a KaTKbI3yFa 00iajbl,
oJapJIbIH Yiieci KoHBeWep i kanmbl KyHbIHAa 20 % acaapl. PonkTi TipekTepaiy xKui
e3repyiHe 6aiIaHbICTHI OJap IbIH O€TIiK KOHBeWepIIepiH Mai1anaHaTblH KOCIIOphIHAAP
YILIiH KQXXETTLUIIr alTapiIbIKTail MOHIe )KeTel )KoHe YIIKeH Kap KbUIBIK IIbIFbIHIAPMEH
OailaHbICTHI [2].

Komnsetliepaepain OYKiI KbI3MET €Ty MEp3i1MiH/Ie OJIapAbIH TIPEKTEPIHAET1 POJIUKTEP
eKiZIeH TopT-0ec ecere AeiiH xKaHapThUIAAbI, all KYKTEY TYHIHACPIHAE KUl Ke3ece .
PonukTi TipekTepre KbI3MET KOPCETY >KOHE >KOHJEY LIBIFBIHAAPbl KOHBEHEp YIIiH
OapibIK maiiganany mbFBIHAAPEIHBIH 40 % Kypaiasl.

100-1en acTaM JeHTANIBIK KOHBeWepiep naitnanansateia «KAZ Mineralsy poimk
TipeKTepi YIIiH POJIUKTEpre HOPMATUBTIK JKbULABIK KaXETTUTK mamMaMeH 5—10 MbIH
TeHre Oip poJuKTIH KYHBI Ke3iHae 10 MbIH JaHa Kypaiiabl, oJlapFa apHaJIFaH KbULJIBIK
mbFbIHAap 100 MitH.TeHrere AeiiH Kypaybl MYMKiH. ByJl KaKeTTUTiK KoCIHOPBIHHBIH
Kap>KbUIBIK MYMKIHJIKTepiHe Kapait 20 % FaHa KaHaraTTaHABIPBLIAAB. MyHIal
KaF1aiinapia KoHBeliepiepie KoHpeiep OelneyiHiH T03y KapKbIHABUIBIFBIH apTThIPAThIH
KOHE TYTacTail anFaH/a KOHBEHEp/iH CEHIMILIIINiH TOMEHICTETIH POJIHUK TipeKTepiH
KOHBelep KaKIarblHa KO0 KaJaMbIH KYLIeHTyre Max0yp Oosaibl.

Ic xy3inme OapiblK Tay-KeH eHAIPYIIl KOCINOpBIHIApAa KOHBeHepiepal Tuey
TOpANTapbIHAAFbl POJMKTI TIPEKTEPJIIH PECYPCHIH apTTHIPY JKOHE )KYKTIH Taclara
JTUHAMUKAJIBIK 9CEPiH a3alTy mpobiaemMackl OTKIp Typ.

KonBeiliepiik Tacnajapra apHajfaH TIpeK TOpalTapbl MEH 3JEMEHTTEPiHIH
JM3aHBIH XKETUAIPY — Tacnalibl KOHBeHepepAiH CeHIMAUIITIH apTThIpyAbIH HETi3ri
MiHeTTepiHiH Oipi.

PonukTi Tipektepre 6enriii 0anama )XbUDKbIMAIIBI TipeKTep O0JIBII TaObLIa k], OJIap
TOMEH YHUKeJiCTI MaTepHaIMEH KalTaaFaH OeJIiK YIIIiH TipeK Heri3i 00kl TabbuIabl.
ChIpFpIMaIIbI MOWBIHTIPEKTEP/I1 XKOHE POIMKTI MOMBIHTIPEKTEP/Ii OHAIPY KYHBI IIIaMaMeH
Oipzeil. bipak cblpranay MOMBIHTIPEKTEPIHAE aifHAIMAIIbI SJIEMEHTTEP, MOUBIHTIPEKTED,
Maiinay xyienepi oK. Onap ic xKy3iH/Je oJlapFa TEXHUKAJIBIK KbI3MET KOPCETY KYHBIH
Tasan eTneni. JKpunKpIMabl TipeKTep KOHCTPYKIMACHIHBIH KaparnaibIM/IbLIBIFBl MEH
BIKIIAMBUIBIFBI, OFAH apHAJIFaH TIpeK OCTiHIH YJIFalObIHA OaiIaHBICTBI KYKTEIreH
Matepuangad OelIiKKe MEHIIIKTI )XKYKTeMelep Al maijgananyblH alTapiiblKTai
TOMEH/ICY1, OCNIIKTIH OTKIpP KbIPJIbI KECEKTEPMEH Y3LTyiH KO0 JKYKTiH, Y3aK KbI3MET
€Ty Mep3iMi TeK YHKeTICKe KapChl TOCEM KaOaThIHBIH KAJBIHIBIFEIMEH IIEKTEIIE/I1, OCHI
KOJIIayJIapabl )KOFapbl OHIMIUTIK MIEeH CEHIMIUTIKIIEH KaMTaMachl3 €Te/Ii.
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OTaHJbIK XKOHE LIETEIIK ToXipuOene KoHBeHepIepAiH THEY KYPbUIFbIIapbIHIa
OPTYPJIl KOHCTPYKTHUBTIK IIEIIIMAEP/IIH ChIpFaHay MOJIIUITHUKTEPIH THIM/I MaiaaIany
MBbIcanaapsl Oenrini [3—6].

XKykrey TyHiHIepiHAEri CHIPFBIMANbl TIpEKTEPiHIH KBI3MET €Ty Mep3iMi
TachIMaJIJJAaHATBIH XKYKTiH abpa3zuBTinirine 6ainanbictel 30 000 caraTka neifin xeTei.
XKyxreme hpOHTHIHBIH KbICKA Y3BIHIBIFBIHA (2,5—3 M) OalIaHBICThI, OCHI aliMaKTaFbI
TaCHaHbIH KO3FAJIBICHIHA TO3IMILUTIKTIH KOFapbUIAYHI iC )KY31H/IE )KYK TaChIMAJILIHBIH
YKaJIbl SHEPTUs CHIMBIMJIBLUIBIFBIH apTTBIPMANIbl )KOHE TaCHaHbIH TEMIEPaTypabIK
KbI3YbIH TYIBIPMaiIbI.

I-cypetTe Tacnanbl KOHBeepiepaeri KbUDKbIMAIbl MOMBIHTIPEKTEP/IIH BIKTUMAI
cxeMaiapsl KepceTireH. JKplDKbIMalibl MOMBIHTIPEKTEPAIH Maijanany KacueTrrepi
aliTapibIKTail OJapAbIH XKOOAJBIK MICTIiMIEPiHe )KoHE aHTHU(DPUKITHOH BT )KaOBIHIAPIBIH
(u3HUKaNbIK-MEXaHUKAJIBIK KacueTTepiHe OaillaHbICThI, OJap/bl KapacThIpy KOHE
Tannay TOMEH/IE KeNTipUIreH.

Cyper 1 — Cpipranay TipeKTepiH OpHAIACTBIPYABIH BIKTUMAJ CXeMallapbl
a — TEeK XYKTey TYHiHiHJe; O — )KYKTey TYHiHIH/Ie )koHe 60C TapMaKThIH OYKiI
Y3BIHBIFbIH/IA (pE3eHKe-MaTa Tacnachl 0ap KOHBeiepep yIiH);
B — )KYKTEY TYHIHIH/E )KOHE POJIHK-TIPEKTi 00c OyTaKKa ilIiHapa aybICThIPY
(pe3eHKe apKaHbI Tacmacsl 6ap KOHBeHepiep YIIiH)

Kb KBIMaITBI MOMBIHTIPEKTEP/IiH CEHIMILTIK KOPCETKITEPiHIH aKbLITFa KOHBIM/IBI
MOH/IEPIH OJIAPIBIH )KYMBICHI TypaJlbl Ka3ipri yaKbITTa *KOK CTATUCTUKAIIBIK IePEKTePIiH
KETKUTIKTI Meuiiepi OoJiFaH jkar1aiiia FaHa airyra 6osaipl. bipak ceHIMAUTIK TEOpUsACH
»o0anay caThICHIH/A jKaHA OHIMHIH HEMece XYHEeHIH CEeHIMIITITIHIH €H MaHbBI3IbI
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KOpPCETKIIITEpiH 0a3albIK, MaccalblK OOJBII TAaOBUIATHIH YKCAC KOPCETKIIITEPMEH
CaJIBICTBIPY apKbLIbI JKaHa XKYHEHIH HeMece OHIMHIH OHIM/ILTIK JI9PEXKECiH AaI1 O0JnKayFa
MYMKIHJIK 6epei.

Marepunangap MeH aaicrep

KapacTbIpbUIbII OTBIPFaH JKaF1aii/ia ChIpFaHay TiperiHiH CEHIMIUTIK KOPCETKIIITepiH
CepUSUIIBIK KOHBEHEP/IiH POJIMKTI MOUBIHTIPEKTEPIHIH CEHIMILIIK KOpPCETKIITepIMEH
carbICThIpyFa 6omazpl. byl perte, KOHBelep KaHKAChIHBIH CEHIMIUIITT OFaH OpHATBIIFAaH
Tacrara apHajJFaH TIPEK AJIEMEHTTEPIiHIH >KYMBICKA >KapaM/bUIbIFbIHA OalIaHbICTHI
00JIaTBIHBIH €CKEPY KaXKeT, 0Jap IbIH Oenriii 6ip caHAbIK apThIKTHIFbI Oap. HoTmxecinne
TipeK JIeMEHTTepiHiH Oip Hemece Oenrisi Oip CaHBIHBIH ICTEH IIBIFYHI )KEJIIHIH 1CTeH
HIBIFyBbIHA JKOHE KeWIHHEH KOHBEHEp/iH 1CTEH IIBIFybIHA 9KeIMeyl MYMKiH. Jlemek,
TipeK CeHIMALTIrH (hOpMyITacbIMEH aHBIKTAIAThIH AKAYChI3 dKYMBIC 1CTEY BIKTUMAJIIBIFbI
KYKTEJreH Mapajuiesb Kopbl Oap sKyHeHiH CeHIMAUIIT peTiHe KapacTbIpraH eH [7].

(1)
n!
Ck=——__:

MYHIAERL Bn = m—wr o

n — Kyieze Tacna YUIiH TipeK 3JIeMEeHTTEPIHIH >Kalbl CaHbl;

k — akayJbl TipeK 2JIEMEHTTEpIHIH CaHBI;

g(t) — xylere KipeTiH OapibIK dJIEMEHTTEp YIIiH Oip/el KaObUIIaHAThIH opOip
3JIEMEHTTIH ICTEH LIBIFY BIKTUMAJBIFBL;

m— KYHEHIH JXyMbIC KaOIJIeTTIJIirT KaMTaMachl3 €TIJIETIH aKayJjbl TipeK
AJIEMEHTTEPIHIH IIEKTi CaHBI.

Aiita xetry kepek, ¢opmynansl (1) KoJgaHy KUbIH, OUTKEHI OFaH KIpETiH «W»
napaMeTpiHiH MOH1 KYOBIP/IBIH TYPiHE )KOHE MMalijaaHy rnapameTpiiepine OaiIaHbICTHI,
OyJ1 OHBI KOHBEHEp/IiH HAKThI KYMBIC JKaFJaiibIHIa aHBIKTAY/Abl KUBIHIATAJIb KOHE
YaKBITTBI KaXKeT eTeI.

byn amicTi KonmanFaH Ke3/1e TaClaHbIH HET13T1 TIpeK 3JIEMEHTI PETIHAC ChIpFaHay
TIperiHiH CeHIMANIriH Oaranay yuriH OipbIHFail ymI poJIMKTI Tipek (2-cyper, a)
KaObUIIaHa]Ibl, OJ1 apKaH bl KOHBEHepIiepMeH ka0 pIKTaFaH. OHBIMEH CaJIBICTBIPY YIIIH
yII OJIOKTBIK CBIpFaHay Tiperi KaObuimaHaasl. CEHIMIUTIKTI CaIbICTBIPMAJIbl Oaraiay
YIIIiH eHIMI1 )ko0asay Ke3iH1e KaObUTIaHFaH CEHIMIUTIKTIH MaHbI3/Ibl KOPCETKIIITEPIHIH
apakKaThIHACKI KapacThIPBUIIBL. By KaTeIHaCTap skaHaJaH KOOATaHFAH OHIM CarachIHBIH
YKaIIbIJTAHFaH MHMKATOPBIHBIH JKaJIFbI3 KOPCETKIMITEPI PETIHAEC, KYMBICCHI3IBIKTHIH
BIKTHMAJIJIBLUTBIK, (DAKTOPHI KOHE JKapaMIbUIBIK (DaKTOPBI PETIHAE KAPacThIPhLILIbIL.
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Cyper 2 — PonukTi TipekTep MeH ChIpFaHay MOUBIHTIPET] 3JIeMEHTTEpiHIH e3apa
OPEKETTECYiHIH KOHCTPYKLHUACHI MEH KYPBUIBIMJIBIK CYJI0aiapbl
a — POJIMK TIperiHiH KYPbUIBIMJBIK CYJIOachl; O — POJIMK Tiperi 3JIeMEeHTTepiHIH e3apa
OPEKETTECYiHIH KYPBUIBIMJIBIK CXEMAaChI; B — ChIPFaHay TipeTiHiH KYPBUIBIMIBIK
cynbacel; d — ChIpFBIMAIIBI TIPEK 3JIEMEHTTEPIHIH 63apa dPEKETTECyiHIH
KYPBUIBIMJIBIK CXeMachl; 1 — 0achlm aiy; 2 — poJIuK; 3 — KaJFacThIPFBIII THIIb3a; 4 —
KBUDKBIMAJIBI TIPEK MOAYJIIHE apHAJIFaH YilKeslicKe Kapchl IIacThHA

AKaychI3 ’KYMBIC iCTey BIKTUMAIJBIK KO3 ¢duuueHTi 6oipiHIIA Oip FaHa cama
KepceTKimn (Gopmyiia OOMBIHIIA AaHBIKTAJIAbI

. _ By (1)
KO =2 @ 2)

P _(t) mynzmarsl — BEP CBIPFBIMATIBI TIPETiHIH aKayChI3 KYMBIC ICTEY BIKTHMAIIBIFEL;
Pp.o.(t) — POJIMK TiperiHiH aKayChI3 )KYMBIC 1CT€Y BIKTUMAJIIBIFBI.

TypakTeIbIK KO3 duIneHTi 00WBIHINA KBUDKBIMAJIBI TIPEK CamachblHBIH O1p
KOPCETKIII TeHIEYICH aHBIKTaIa bl
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K@) =g~ 3)

Ty, MTy, , MYHIAFBI M — BLDKBIMAJIBL MOMBIHTIPEKTIH XKOHE POJIUKTI MOMBIHTIPEKTIH

Bo.c.

colikeciHIIe O1p aKaybIHbIH KaJIIIbIHA KEJITIPY YaKbITHI.

K(t)>1 xone K(1)<I Oonranna >xaHa ©HIMHIH >XOFapbIpaK cama JACHreiiH
KaMTaMachl3 €TeTiH CEeHIMAUIIT TypaJibl allTyFa 0oJaibl.

KpinxsiMansl TipeK NeH POJUKTI TipeyaiH KYPBIJIBIMIBIK
3JEeMEHTTEpIHIH ©3apa 9pPEKEeTTECYlHIH KYPBIJIBIMABIK CXeMallapblH
(2-cyper, 1 )xoHe 0) Ti30€KTi TI30EKTEp peTiHIe KapacThIpyFa O0Iabl.

OnapablH Kypamaac 3JeMEeHTTEpiHIH aKayjuapbl Oip-OipiHEH Toyelsci3 KoHe
OJIap/bIH Ke3 KeJITeHiHIH ICTEeH MIBIFYbI OYKLI )KYHEeHIH 1CTeH IIbIFybIHa okenei. [8-10].

CeHIMIUTIK TEOpUsChIHA COMKec Oipei SMeMEHTTEp KYHECIHIH aKayChI3 KYMBIC
iCTey BIKTUMAJIJIBIFBIH (pOpMyIIa OOMBIHIIA aHBIKTAYFa 00J1aIbI

5 _ N(z)
P(t) =35 4)
MyHAaFbI N (t) —t KapacThIpbUIATBIH YaKbIT APAJIbIFBIHBIH COHBIHIA KapaM/Ibl O0JIBIIT
KaJIaThIH O1p TUNTI 3JIEMEHTTEP/IH CaHBI,
N (t0)— >xapaMbl 2JIEMEHTTEPiH OacTanKbl CaHbI.

®opmyia (4) Keneci epexkenepii caKTail OTBIPBIIN, KapacThIPBUIBII OTBIPFAH YIII
POJHKTI TIpEKKEe KaTBICTBI KOJIAHbLTYbl MYMKIH [11]:

- OapabIK posukTep Oipi3ai cxema OOMbIHINA ©3apa dPEKETTECE Il )KOHE OIap/IbIH
Ke3-KeJIT'eHIHIH ICTEH IIBIFYbl POJIMKTIH 1CTEH LIBIFybIHA OKeJle ll, i TKeH1 OyJI skar naiiia
0J1 HOMHHAJI/IBI )KYMBIC PEKUMIHJIE )KYMBIC 1CTEH aMaiiibl;

- KapacThIPBUIBII OTHIPFAaH YaKbIT apaJIbIFbIH/A YIII POJIMKTIH OipeyiHiH FaHa ICTeH
HIBIFyBbIHA OailyIaHBICTHI TEK Oip FaHa POJIMK aKayJIbIFbI OPbIH alajbl.

byn xarnaiina N(t0)= 3 xxene N(t)= 2. Conna (4) colikec 6i3z1e

Np(t) 2

P = N 3

= 0,66

KapacTeIpblIFaH yakbIT WHTEPBaJbIHIA t JYPHIC TaHIAIFaH KaJTbIHIBIFBI Oap
ChIpFaHay MOMBIHTIPEKTIH ICTE€H IIBIFYBI, )KOFaphla alThUIFAHJIAN TIPEK MOJYJIHIH
aHTU(DPUKITUAIIBIK 2JIEMEHTIHIH eMec, ekitanaid. OChIHBIH HET131HIe OHBIH aKayChI3
XKYMBIC icTey BIKTEUMaIIsFsl P2'(t) 0,95-0,98 mierinzge 6arananysl mymkin. Conna

K(t)=2,98
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Byn ceipFbpIMalibl MOMBIHTIPEKTIH 1CTEH WIBIFY BIKTHMAJJBIFBl POJHKTI
MOWBIHTIpEKTEpre KaparaHaa IlaMaMeH YII ece TOMEH jKoHe OHBIH carla JAeHIreii 0Chl
KepCeTKilITe OipHelIe ece >KOFapbl eKeHIH KopceTe .

HaTu:kesiep #xaHe TaAKbLIAY

®dopmynansl naiganasa oTeIpbin, [K(T)] TypakThUIbIK KOAQHUIMEHTI OoNbIHIIA
ChIpFaHay MOWBIHTIPEKTIH CEHIMAUIIriHIH Oip KepceTkKillH Oaranay yIIiH Kejeci
epexenepeH IIbIFaMbl3:

— POJIUKTI MOMBIHTIPEK MIEH CHIPFBIMAJIBl MOMBIHTIPEKTIH O1p TUITI 3JIEMEHTTEPiHIH
aKayJapblH KaJlIbIHA KENTIPy YaKbITHI OipJieil 1en ecenTeneni;

— IIBIFBIPIIBIK TIPETiHIH 1CTEH LIBIFYBIHBIH HET13T1 ce0e01 PONMKTIH iCTEH IIBIFYbI
00BITT TaOBUTA/IBI, OJT POJIMK TIPETiHIH KajmblHA KEIMEHTIH 3JIEMEHTTEepi CaHAThIHA
xatajpl. COTCI3 PONIMKTI KAHACBIHA ayBICTBIPY POJIMK TIpETiH ilIiHapa HeMece TOJIBIK
OeJIIeKTey JKOHE OHbI KEHIHHEH OPHATY apKbUIbI XKY3ere achlpbliaibl. CTaTHUCTHKAIIBIK
moaJimerTepre coiikec [11], poiuk Tiperi akayJbIFBIHBIH OpTallla KaJlbIHA KENTipy
YaKbITBI 3 CaFaTThl Kypanibl;

— XBUDKBIMAJIBI TIpEeK YHKeNicKe Kapchl 3JIEMEHTI O6ap TipeK MOAyJl KajIblHa
KEJTIpUIETiH HbIcaH 00N Tabbutasl. OHBIH KOHCTPYKLUSACH! albIHOANBI YHKEITiCKe
Kapchl 3JIEMEHTT] JKaHACBIHA ayBICTBIPY Ka)KeT OOJIFaH jKaF/aiiia OHBI XKbLIAaM
aybICTBIPY MYMKIHAITH KapacTbIpaabl. MyHIal akayJIbIKThI KaJIIIbIHA KENTIPY YaKbITH,
ToXIpuOe KOpCeTKeHAEH, >KbUDKbIMAIBI TipeKTepi OemeKkTeyal Kaxer ernei, 1
caFaTTaH acrHaibl.

Copnan keifiH (3) TeHeyiHe COMKec, TEXHUKAIBIK KbI3MET KOPCETY >KaFaalbIHIa
KBUDKBIMAJIBI TIPEK CarachlHbIH O1pBIHFa KOpCeTKII

Ochburaifia, ChIPFRIMAIbl MOMBIHTIPEKTIH 1CTEH IIBIFYBIH KOHACYIIH KYPACIUIIr
POJIMKTI MOMBIHTIPEKKE KaparaHja 3 ece as.

KopsITbIHIBLIAD

CeHiMAITIK — 00BEKTIHIH CalachlH CUIMATTAWTBIH HET13T1 KacHeTTepaiH Oipi.
JKorapsela KenTipiareH 3epTTey HOTHXKENEepl ChIPFBIMaJIbl MOUBIHTIPEKTEPIIH
CaraChIHBIH JKaJIFBI3 KOPCETKIMITEP1 OJIAPBIH CEHIMAUTITIHIH HET13T1 KOPCETKIMTEPIHE
0ailyIaHBICTBI POJIMKTI MOUBIHTIPEKTEP/IIH CallaChIHBIH YKCAC KOPCETKIMITEPIHEH YIII €Ce
KOFapbl €KEHIH KOpCEeTe .

Konseitep tacnanapsl, oigapAblH TYHiCTeNdl KOCBUIBICTAPHI, Y31JITE€H KOHBEHEp
TacmachlH yCTayFa apHajJFaH KypbUIFbUIap, KOHBEHEPIH THUEY TOpaNTapblHIAFbI
Tacmara apHajFaH TIpeK KYpPbUIFbUIAPbl CHUSKTHI Tacla KOHBEWEpiHIH KYPBUIbIMIBIK
AJIEMEHTTEPIHIH PECYPCHIH apTTHIPY OCHI JKYMBICTBI OPBIH/IAY MPOIECIHE d31PJICHTeH
’KaHa TEXHUKAJIBIK IIEIIIM/IEp/IiH, MbICaJIbl, THEY TOpaNTapbIH/IaFbl )KOHE KOHBEHEP/I1H
00C TapMarbIHJAFBl POJUKTI TIPEKTEPAIH ChHIPFaHAy TIpeKTepi ece0iHeH KaMTaMach3
€T1Tyl MYMKIH.
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INOBBIINEHUE HAJIEKHOCTH OIIOPHbBIX D2JIEMEHTOB
JIJIA JEHTOYHBIX KOHBEHEPOB

B Oaunou cmamve paccmampueaemcsi 03MONCHOCMb 3AMEHbI POIUKOONOD
JIEHMOYHO20 KOHBelepa Ha Onopul cKoabicerust. Onopbl CKObICEHUsL NPe0Cmasisiiom
cob0ll  OnopHoe ocHosauue OJii JeHMbl (OYMEPOSAHHOE HUKOPPUKYUOHHBIM
Mamepuanom. Y onop CKOMbICEHUST OMCYMCMEYIOM 8PAAouuecs 31eMeHmbl,
NOOWUNHUKOGbIE  Y37Ibl, CUCMEMbl CMA3KU, OHU HPAKMU4ecku He mpebyom
sampam Ha ux oocayxcueanue. Ilpocmoma u KOMRAKMHOCMb KOHCIMPYKYUU ONOD
CKONbIICEHUS, CYUeCTNBEHHOE CHUNICEHUE NPU UX UCHOIb308AHUU YOETIbHBIX HASPY30K
HA JIeHMY 0M 3A2PYAHCAeM020 MAMepUuala CiedCmeue y8eauueHus 0 Hee ONOpHOLUL
NOBEPXHOCMU, NPOOOIICUMENbHBINL CPOK CYHCObL 00eCneuusarom 3mum Onopam
8bICOKUE IKCHIYAMAYUOHHBLE KAYECMBA U HAOEHCHOCHb.

Ilpeocmasnenvt  803MOJICHbIE CXeMbl PAZMEWEHUSI ONOP CKONbIUCEHUS HA
JICHMOYHBIX KOHBeUepax, a maKice KOHCMPYKYUs U CMPYKmMYpHble CXembl
63AUMOOCUCMEUS. INEMEHMOB POJUKOONOPbl U ONOpbl  CKoaviceHus. Ilposeden
pacyem noxazamenetl HA0eICHOCHU ONOPbL CKONbICEHUSL.

Ilpugedennvie pezyrbmamovl UCCIEO08AHUN NOKA3LIBAIOM, YO eOUHUUHbIE
nokazamenu  Kawecmeda ONOPbl  CKOAbICEHUS,  00YCI0GIEHHbIe  OCHOBHLIMU
NOKA3aMeNnsiMU UX HAOEHCHOCMU, 8MPoe NPEeGbIUAION AHALOSUYHbIE NOKA3Amenu
Kauecmea poauKoonop.

THosviwenue pecypca KOHCMPYKMUBHBIX 3]1EMEHMO8 JICHMOYHO20 KOHeelepa
MAKUX Kax, KOHGelepHble JIeHMbl, UX CIMbIKOGble COCOUHEHUS, YCMpOUucmeda OJis
VAABAIUBAHUSI 000PBABULENICSL KOHBEUEPHOU JIeHMbl, ONOPHBIE YCMPOUCMBA OISl ICHMbl
8 V314X 3a2py3Ku KOHeellepa Modicem Oblmb 0becneueno 3a cuem pa3spabomanHulx 8
npoyecce 8bINOIHEHUS HACOsAWel pabomuvl HOBbIX MEXHUYECKUX PeueHUll, MaKux
KaK Onopvl CKOJbIICEHUs. POIUKOONOP 8 Y31aX 3aepy3Ku U HA XOJOCHOU Gemsu
KoHgeliepa.

Knouegvle cnosa: onopuwiii sn1emenm, onopa CKOAbICeHUsl, JeHmd, KOHaelep,
HAOEIHCHOCMb.
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IMPROVING THE RELIABILITY OF SUPPORT ELEMENTS
FOR A BELT CONVEYOR

This article discusses the possibility of replacing the roller supports of the
conveyor belt with sliding supports. Sliding supports are substructures for the tape
lined with low-friction material. Sliding supports have no rotating elements, bearing
assemblies, lubrication systems, they practically do not require maintenance costs.
The simplicity and compactness of the design of sliding supports, a significant
reduction in their use of specific loads on the belt from the loaded material due to an
increase in the support surface for it, a long service life provide these supports with
high operational qualities and reliability.

Possible schemes of placement of sliding supports on belt conveyors are
presented, as well as the design and structural schemes of interaction between
the elements of the roller support and the sliding support. The calculation of the
reliability indicators of the sliding support is carried out.

The above research results show that single indicators of the quality of the
sliding support, due to the main indicators of their reliability, are three times higher
than similar indicators of the quality of roller supports.

Increasing the life of the structural elements of the conveyor belt, such as
conveyor belts, their butt joints, devices for catching a broken conveyor belt, support
devices for the belt in the loading nodes of the conveyor can be provided due to new
technical solutions developed in the course of this work, such as roller supports in the
loading nodes and on the idle branch of the conveyor.

Keywords: support element, sliding support, belt, conveyor, reliability.
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BEPOSITHOCTHASI MOJE/lIb TEXHNKO-3KOHOMUYECKOU
QPPEKTUBHOCTU CUMYITIbTAHHbIX TEXHOJIOTMYECKUX CUCTEM

IIpeonooicena mooens npeOuKmMuBHON OYeHKU IKOHOMUUECKOU I dhexmugnocmu
MEXHON02UHECKUX CUCEM, 8 CIPYKIYPe KOMOPbIX UCNONIb3YIOMCS OONOTHUMENbHbIE
Qusuyeckue dieMeHmMbl, HANPAGIEHHbIE HA NOBbIUEHUE UX QYHKYUOHATLHOO
kauecmea. Cgopmynuposana yenesas QyHKyua, NO360IAOWASL  NPOBOOUMD
npoyeoypy — CMpyKmypHOU — ONMUMUAYUY — CUMYILIMAHHLIX — MEXHOIOSUYECKUX
cucmem no Kpumepuio Munumyma ux cmoumocmu. Ilpuseden npumep peanusayuu
NPeONOAHCEHHOU BEPOAMHOCIMHOU MOOeNU OYeHKU U ONMUMU3AYUU CIMPYKIMYPHO-
CNIOJNCHBIX PU3UKO-MeXHON0cUYecKUx cucmem. Hameuenvi nepcnekmugol pazeumust
npeonazaemozo nooxood.

Denomenonocuneckas 0OWHOCMb U CUMYAYUOHHAS 2UOKOCb NPednazaemozo
no0X00a Nno36osem pe3yIbmamueHo €20 UCNOIb306aMb NPU NOCMpPoeHuu Ooiee
a0exsamHuulx Mooeell npu MexXHUKO-IKOHOMUYECKOM aHau3e OpYeUx, He CEA3AHHbIX
C CUMYTbMAHHBIMU MEXHONOSUUECKUMU CUCIEMAMU, NPOYecco8 U CMpPYKmyp.
Ilosmomy Oannoe 0OCMOAMENLCMBO UMeem OnpedesieHHoe NPUKIAOHOe 3HAYeHUe
0151 NPUMAMUA  IKOHOMUYECKU OOOCHOBAHHBIX peuleHull Npou3800CMEEHHO2O0
xXapakmepa, a makyce 8 CAMbIX PAIUYHBIX 00IACHAX 3HAHUL, 8 MOM HUCIe He
@u3UKO-MEXHOI0UHECKO20 XapaKmepa.

Peanuzayus  npeonazaemozo  cmpyKmypHO-8epOSmMHOCIHO20 N00X00d K
NPeOUKMUBHOU  OYeHKe — MEeXHUKO-OKOHOMUYECKOU  3HAUUMOCMU — PA3TUYHBIX
O0ONONHUMENbHBIX UHHOBAYULL, 8 YACMHOCTIU 8 UOE CUMYIbIMAHHBIX MEXHOIOSUYECKUX
cucmem nO360IUNA  (POPMATUZ08AMb  COOMBEMCMBYIOWYIO  (DYHKYUIO U  HA
KOHKDEemHOM npumepe 0amv UIOCMPAYUIO AN2OPUMMA NOUCKA ONMUMATbHBIX
COOMHOWEHUT MENCOY INIEMEHMAMU PACCMAMPUBAEMOT CIPYKIYPbL NO KPUMEPUIO:
YeHAa-Kauecmeso ee 1eMeHmos.

Knouegvie crosa: seposmmocmuas Mooenb, d¢hpekmusHocnms, CUMYTbMAHUIM,
mexHon02u4ecKue Cucmembl, 8030eticmeaue, CMpyKmypHo-6epOAMHOCHHbIN NOOXO0O.

Beenenne

Hcnonb30BaHUE CUMYJIbTAHHO™*-IOMOJHUTENBHBIX (CUMYyJIbTaHU3M [(p.
simultannismesimal]) (hu3HKO-TEXHUYECKUX BO3ACUCTBUI Ha MPOIIECCHI CTPYKTYPHO- U
¢dopmMooOpa3oBaHus AeTaneil ABISETCS BaXKHBIM PE3EPBOM IMOBBIIICHUS HA (DYHKIIHIO
kauecTBa. [Ipumepsl Takux BO3IEHCTBUI XOPOLIO U3BECTHBI U LIIUPOKO IIPUMEHSIOTCS HA
IpaKTHKE; HArPEB Cpe3aeMoro ciiost 1 T.1. Kpome Toro, Bce 60I1bIIe pa3BUTHE TOTy4aeT
COBMEIIIEHHE TEXHOJIOTMYECKUX ONepaluii, B YaCTHOCTH IIPU MHOTOMHCTPYMEHTAIBHON
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obpabotke [1-6]. IToaTOMY OlIEHKa SKOHOMHUYECKOH 3(P(PEeKTUBHOCTH 0Aa30BOTO
AJIEMEHTA TEXHOJOTUYECKOI0 IIPOLIECCa C CUMYJIbTAHHO-I0IIOJIHUTEIbHBIM 2JIEMEHTOM
NPHU3BAHHBIM 00ECIEUYNUTh MOBBIIICHUE B OJTHO U TOXE BpPEMs pe3yJbTaTUBHOCTH
(YHKIIMOHUPOBAHUS TAKOW CTPYKTYPHI IPEACTABISIET COO0H aKkTyalbHYIO 3a/a4y IO
apryMeHTHPOBAaHHOMY OOOCHOBAHHUIO BO3MOXKHOCTH PAllMOHAIBHOTO MPUMEHEHHS
pa3IUYHbIX (PU3UKO-TEXHUYECKHX MHHOBAIIUH.

MarepuaJjbl 1 METOABI

Bosbiioe unciio pakTopoB BIUAHUS Ha TEXHUKO-3KOHOMHUYECKYIO 3()(heKTUBHOCTD
CHUMYJIbTaHHBIX CUCTEM, a TAKXXe TPYAHOPOPMATIH3YEMBIH XapaKTep B3aUMOACHCTBUS
UX CTPYKTYPHBIX 3JIEMEHTOB IPEIONPEAEIISIET UCIOJIb30BAHUE HA JAaHHOM 3Talle
IIOCTPOEHUS U aHajau3a COOTBETCTBYIOUIEH MOJEIN CTPYKTYPHO-BEPOSTHOCTHOIO
noaxona [7-9]. DTOT mOaX0J, UCTOIB3Ys BIIOJHE PEATUCTUYHYIO (PEHOMEHOIIOTHIO
B3aMMOJICHCTBHUS CJIaracéMbIX IEMEHTOB CUMYJIbTAaHHBIX TEXHOJIOIMYECKUX CHCTEM
(CTC), no3Bonser nmpencTaBuUTh GyHKIHOHAIBHO-0000IEHHBIN pe3yabTaT HX
KOMILIEMEHTapHOTO BO3JCHCTBUS Ha aHAIH3UPYEMbIil OOBEKT B BHUJE HATJISIHOU
CTPYKTYpPHOH CX€MBbI, BApMAHT KOTOPOi MPEACTaBIIEH Ha PUCYHKeE 1.

OTnuuuTEeNbHONH OCOOEHHOCTHIO JAHHOTO PACIHOJOXKEHHS 3JIEMEHTOB IMPH
skoHomuueckoM ananmuse CTC spisercs nanmumuue snementa (P,), o0yciosieHHoro
HEOOXOAUMOCTHIO IKCIEPTHOTO MJIM MUHOTO 0OOCHOBAHUS HCIOJIb30BAaHUS
JOIOTHHTENBHOTO BosjencTus (P;) Ha (YHKIHOHATBHOCTh OCHOBHOTO HIIH
JOMHHAHTHOTO TeXHOJOoTru4yeckoro siemenTa (). Kpome toro, obmuit KOHTPOIb 3a
kayecTBOM (pyHKIoHupoBanus Beceil CTC MOXKHO OCYIIECTBIIATH C HCHOIB30BAHUEM
KOHTPOJIBHOTO 0JI0oKa, (yHKIMOHAIbHAas HAJEKHOCTh KOTOPOTO OINpeaensieTcs
BepOATHOCTHIO P, . [Ipuuem BeposTHOCTHO-QyHKIIMOHABHBIE 3HAYeHus: P, P, P uP,
U T0-CYTHU IPEACTaBIISET COO0M OTHOIICHHS PEaTbHbIX, CTATUCTHYECKH 0OOCHOBAHHBIX
3Ha4YEHUH COOTBETCTBYHOLIUX napameTpoB aHanuzupyemoil CTC k ux Hekum
MaKCHMaJIbHO JOCTH>KUMBIM W/WJIM HOMHUHAJIbHO-a0COJMIOTHBIM XapaKTEepPHUCTUKaM.
3aMeTUM, YTO B CIy4ae HEBO3MOXHOCTH JOCTOBEPHOTO OIPEIEIIEHUS JTaHHBIX
BepossTHOCTHBIX napaMeTpoB CTC mpou3BoaUTCS UX DKCIEPTHOE OLEHUBAHME IO
CTaH/JapTHBIM METOJMKAaM, aJIallTUPOBAHHBIM K YCJIOBHSM perraeMon 3agauu [10].
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Pucynok 1 — CtpykrypHas cxema GyHKIIMOHATILHO-BEPOSITHOCTHOTO
B3auMozeicTBus ocHOBHOTO (PO) u nonosaurensHoro (P1) Buaos ¢pusuxo-
TEXHOJIOTHYECKOTO CUMYJIbTAHHOTO BO3ICHCTBUS HAa 00BbeKT aHanu3a (OA).

1 — 6J10k OCHOBHOTO (hU3UKO-TEXHOJIOTHIECKOTO BO3ICHCTBUS;
2 — ONIOK CUMYJIbTAHHOTO JAOMOJIHUTEIBHOTO BO3CHCTBHS C YUETOM €T0
BeposTHOCTHOM A pexTuBHOCTH (PD) M BO3MOXKHOTO KOHTPOJISI PYyHKITMOHATHHOM
HanexHocTH (PK) Bceit cuctembl B3aUMOICHCTBUS.

Heob6xonumo moguepkHyTh, 4T0 s paccmarpuBaemoit CTC nanuuwme
JOTIOJTHUTEILHOTO KBAa3UU30bITOUHOIO CTPYKTYPHOTO 3J€MEHTa, HampuMep OJoka
OKCIIEPTHOTO OLCHUBAHUs P, 1 000CHOBaHMS MPUMEHACMOTO BapuaHTa P sBisiercs
HEOOXOJUMBIM YCIIOBHEM (DYHKIMOHAJBHOIO CHMYJIbTaHU3Ma cUCTeMbI. [Ipuuem
BbIOpAaHHOE Ha ATOW OCHOBE €ro KOHKPETHOE BOIUIOUICHHE B BHJIE OINpPENEICHHOTO
KOHCTPYKTOpCKO-TexHoJoruueckoro pemenus (KTP) mpencraaser coboit —
JIOCTAaTOYHOE YCJIOBHE JUIsl BO3MOKHOM NMPAKTHYECKON  peanu3aluu MoTeHlrana
pe3yJIbTaTHBHOCTH JIOMOJIHUTENIBHOrO BO3/eiCTBHA P . B cooTBeTcTBUM C 5THM,
MCIIOJIb3Ysl M3BECTHBIEC MOJIOKEHHS MPUKIATHON TEOPUH HAJEKHOCTHU [1] UTOroBytO
BEpOATHOCTHYIO 3(pdextuBHOCTh pyHKIMOoHUpoBanus CTC, mpencraBieHHYO Ha
PUCYHOK 1, MOXKHO MPEJCTaBUTh KaK:

Py=Py+Py-Py —Pg-P3 Py (1)

rae P, — daxkTuueckas BEPOATHOCTHO-HTOroBas OUEHKA 3P(PEKTUBHOCTH
(GyHKIIMOHUPOBAHUS BCeX AeMeHTOB paccMarpuBaemoint CTC;

P,P, 1 P, — COOTBETCTBEHHO BEPOSTHOCTHBIC XaPAKTCPUCTUKU JIOCTATOUHO
HaJIC)KHOTO BBITIOJHEHUS CBOMX (YHKIHH paccMoTpuBaeMmbix 3yeMeHToB CTC,
IPEJICTaBICHHBIX HA pUCYHKE 1.

[Tepexoass HemocpeACTBEHHO K AKoHoMHYeckoMmy aHanu3dy CTC cnenan
BIIOJTHE PEANMCTHYHOE MPEIO0JIOKEHUE, KOTOPOE COCTOUT B cieayromeM. [lycts,
IJIs ONpPENeIEHHOCTH, BO3MOXHbIE MaTEepUATbHO-29KOHOMUUYECKUE MOTEPH MpPHU
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¢yHkunoHampHOM OTKa3e paccmaTpuBaemoid CTC OyayT mpsMonpornopuuoHaIbHbI
BEPOSATHOCTH HACTYIUIEHUS ATOTO cOoObITHUS. Toraa B MCXOJHOM MPHUOIHKEHUU
BEPOSITHOCTHAS OLIEHKA OOIIIeH 3aTPaTHOCTH MPOIecca SKCILTyaTallui TAKOH CUCTEMBbI
OyZeT onpenenaTbesi 3aBUCMMOCTBIO BHJIA!

Cos = (1 — Py)Cn + X2, C(PY) (2)

rae C  — obuue, CyMMapHO-BO3MOXKHbIE OTEpH B citydae otkaza CTC;

C(P,) — COOTBETCTBEHHO 3aTpPaThl Ha (POPMHUPOBAHUE M PEATUZALMUIO TIPOLIECCOB
(GyHKIIMOHUPOBAHUS ONpPEEICHHBIX 3JIEMEHTOB CTPYKTYpPBl paccMaTpuBaeMoil
TEXHUYECKOM CHUCTEMEI;

i =0,3 u [I; €, — KBa3MNOCTOAHHBIA KO3PYUUUEHT, XapaKTepU3yOUUM
HIKOHOMHUYECKHUE NoTepH B ciayuae otkaza CTC;
P, — onpenensercs us coornomenus (1).

3ameTuM, 4to B (2) Beipaxkenue (1-P ) ¢ BepoATHOCTHBIX mo3uimi [2] hakTrueckn
onpeensieT 3JKOHOMUUECKUi puck rpu otkaze Bceit CTC, u, kak cieiCTBHUE, ABISIETCS
OCHOBHBIM IPEAMETOM TEXHUKO-CTOMMOCTHOTO aHanu3a. [Ipuaem (1), no-cytu siBisiercs
HKOHOMHMYECKON MOJENbI0 OKujaemMoil 3arpatHoctu pynkuuonuposanus CTC, a
MuHMMHE3aIEs C  103BoJseT 000cHOBaTh Hanbonee spdexkrusroe KTP no kpurepuro
€ro CTOUMOCTH.

Jlns nanpHeiIIero anaau3a Mojenu ¢ yueroM (1) HeoOxoauma KOHKpETU3aIus
cooTHowenni tina C(P,), KOTOPYI0 MOXHO OCYIIECTBHTb, HAIPUMED, MOJjaras
CIIpaBeUIMBBIMHU 3aBUCUMOCTH BUA:

c(P)= CP™ i=0.3.11 (3)

rae C, v k,— x05QOUUMEHTHI, XapaKTEPU3YIOIHUE 3aTPATHOCTh NOCTHKEHUS
ONPEJETEHHOTO YPOBHS BEPOATHOCTHOW (PYHKIMOHANBHOW HAAEKHOCTH P,
aHanusupyemoro snementa CTC.

Taxum o6pa3om, ¢ yu€ToM BIONHE aJeKBaTHOH KoHKpetu3auuu C(P)) B Buae (3)
0a30BYI0 9KOHOMHYECKYI0 MoJienb 3aTpaTHocTH CTC Tuna (2) cnenyer paccMaTpuBaTh
KaK IeJIeBYI0 (DYHKIIHIO, KOTOpas MO3BOJISIET OCYIECTBUTH MOMCK ONITUMAILHOTO (Min)
3nauenus C ;110 COOTBETCTBYIOLIEMY BAPLUPYEMOMY NAPAMETPY, XaPAKTEPU3YIOLIEMY
aHanusupyemoe KTP.

Heobxoaumo nmoguepkHyTh, 4TO MpeasiokeHHast skoHomHuueckass mozens CTC
UMEET JIBE€ OTJIMYUTEIIbHbIE YEPTHI:

— BEPOSITHOCTHO-IKOHOMHUYECKOE NPECTaBICHUE PUCKA MATEPUAIbHBIX MOTEPD
B CJly4dae BO3MOXKHOI'O OTKa3a aHaJIM3UPYEMOH CHUCTEMbl, KaK OCHOBBI IS OLIEHKH
3aTpaTHOCTHU €€ (PYHKIIMOHUPOBAHUS;

- HaJW4ue BEPOSITHOCTHOIO B3aMMOJEHCTBUS MEXAY HEOOXOAUMBIMHU U
JIOCTATOYHBIMM YCJIIOBUSIMU JJISI OCYIIECTBJIEHUSI MPOLIECCOB (DYHKIIMOHUPOBAHUS
JIOTIOJTHUTEIBHBIX CTPYKTYPHBIX 31eMeHTOB B CTC.
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Hecmotps Ha (QyHKIIMOHAIBHYIO MPOCTOTY Mojenu Tuma (2) e€ gocratouyHas
UHTEPIPETAMOHHAS THOKOCTh MPH KOHKPETHOM MPUMEHEHHUH TO3BOJSET MOTYYHUThH
000CHOBaHHO-HAIJISIHBIC PE3YIIbTAThl, HEOOXOAUMBIE JUIsl HPUHSATHS COOTBETCTBYIOIIIHX,
HYKOHOMHYECKH OOOCHOBAHHBIX YTPaBIIEHUYECKUX perreHuil. [Ipuuem He3HauuTenpHas
Mo epHu3anus s3koHomuueckoi mozaenu CTC B Buze (1) 1act BO3MOKHOCTb PEAUKTUBHOM
OLICHKH HaJIe)KHOCTH aHAJOTUYHBIX WX CTPYKTYpHO Oostee cnoxkubix CTC.

[IpounnrocTpupyeM BBIIIEU3T0KEHHOE HArJISIHBIM MPUMEPOM IOHUCKA
HKOHOMHYECKH ONTUMAJILHOT0 3HaueHUs PyHKIMOHAIBHOH 3¢ dextuBHOCTH CTC mytem
UCIIONB30BaHuUsl 0a30BOI BEPOSITHO-CTOMMOCTHOM Mozenu (2). Jlis onpeneneHHoCcTH
paccyXJAeHUN BOCIOIb3yeMCsl MOAU(DUIIMPOBAHHBIM ISl HAIIETO CIy4asi U3BECTHBIM
MPUHIUIIOM PAaBHBIX BIUSHUMU, T.€. MOJIOKUM, YTO:

P=P,=P =P, (4)
k=k,=k =k, (5)

rae P — BepostHOcTHAs 3()PEeKTUBHOCTh (PYHKIMOHUPOBAHUS PACCMaTPHUBAEMOTO
anemenTta CTC;

k — xax u paHee, COOTBETCTBYIOMHMI KO3(PUIUEHT, XapaKTEepU3YIOLIU
HEJIMHEHHOCTh COOTHOIICHMI THIa (3).

@aktuuecku (4) u (5) o3HaUaeT paBEHCTBO (DYHKIMOHATBLHO-BEPOSTHOCTHOU
3 PEeKTUBHOCTH BCEX CTPYKTYPHBIX 37eMeHTOB aHanu3upyemoit CTC, npencraBieHHOM
Ha puc.l ¢ mo3unuii NX 5KOHOMUYHOCTH. Toraa HCX0IHOE BEPOSITHOCTHO-CTOUMOCTHOE
cooTHomeHue (2) ¢ yuérom (4) u (5) mpumeT BUA:

Cc.=(1-P)C +C, -P* (6)
rae CC=CO+C3+CA (7)

[Tocnennee COOTHOIIEHHE ONpPENENAET CyMMapHble 3arpathl € Ha obecreyeHne
BEPOATHOCTHON 3((HEKTUBHOCTH B €€ CTOMMOCTHOM BBIPQXEHHH IPU -OM YPOBHE
HA/IKHOT0 (PYHKIMOHUPOBAHUS JHOOOr0 CTPYKTYPHOTO 3JIEMEHTa aHAIU3HPYEeMOM
CTC. Haiigem sxctpemyM (min) 1o napamerpy P neneBoit pynximm (6) ¢ yuérom (7)
U BBIIIEU3JI0KECHHBIX JIOMYIIEHUIN U TOTYYHM:

(8)

W3 mocneHero COOTHOIEHUs MPH U3BECTHBIX 3HaueHusAX C,C ¥ k 0JHO3HAYHO
OTIpeIeTISIETCS] YPOBEHb SKOHOMUYECKH ONTUMAIBHOM BEpOSTHOCTHOU 3()(hEeKTUBHOCTH
Pop . CTPYKTYPHBIX 2JIeMeHTOB aHamu3upyemoid CTC. 1o 3HaueHue Pop . IPUTIPOYNX PABHBIX
yCIOBUAX 00ecTieurBaeT HaMMeHee 3aTPaTHyI0 BO3MOXKHOCTD (pyHKImoHupoBanus CTC

C YU4CTOM CTOUMOCTH 9TaIla 9KCIICPTHO-AaHAJIUTUICCKOI'O 000CHOBaHUSA paiuOHAJIBHOI'O
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BapuaHTa KTP 1o KOHKpeTHOMY BOIUIOIIEHUIO JONOJIHUTEIBHOIO CUMYJIbTaHHOTO
asieMeHTa B €€ cTpykrype. [IpuueM uncieHHble 3HaUY€HUs MapaMeTpoB MoAenu (2)
u e¢ ynpouHeHHOW monudukanuu (6) MOXKHO MONYYHTHh W3 aHATH3a HUMEIOITUXCS
CTaTHCTHYECKUX JaHHBIX 3KOHOMUYECKOTO XapaKTepa /WK SKCIIEPTHO-aHATUTHYECKUM
nyteM. B nanpHeiimem Oyer BecbMa M0JIe3HBIM IPOBECTH BEPUPHKAIIMIO YUCIEHHBIX
3HaYCHHUH MMapamMeTpoB, BXOMALIMX B JAHHYIO MOJENb IyTeM MOAPOOHOr0 aHaiIHu3a
¢yukunonupyroumx CTC B nefcTByIOIIEM IPOU3BOJICTBE.

Pe3yabTaTsl H 00CyKIeHTE

[IpakTUuecku 3HAYUMBIM CJIEJCTBUEM aHaN3a MPEIOKEHHON Mojaenu (2) u
BapuaHTa e€ pacueTHol Moaudukanuu (6) SABISETCA PEATUCTUYHOCTD OINPEIEICHUS]
I'paHMILIbI 5KOHOMHUYECKH 3()(HEKTUBHOTO NPUMEHEHHSI CUMYJIbTaHHO-I0TIOJIHUTEIBHBIX
¢dusuko-Texunyeckux BosneicTeuil (OTB) Ha HCXOIHYIO TEXHOIOTUYECKYIO CHCTEMY.
Jist 3TOr0 HE0OXOAMMO COOTHECTH OXKHJIAEMbIE 3aTPAThl, PACCUUTAHHBIE 10 MOJIEIU
(2) ¢ cuMyJIbTaHHBIM HCIIOB30BaHUEM U 0€3 IpUMEeHEHuUs JonoiaHuTeNnbHbIX OTB.

CxeMaTU4HO BBIIIEU3TI0KEHHOE B Ipa)MueCcKOM BUJIE MPEJICTABIEHO HAa PUCYHOK
2, KOTOpBIN HAaIJIJHO WUIIOCTPUPYET HE TOJIBKO BO3MOKHOCTh MUHUMHU3ALIMU 3aTpaT
Ha ¢ynkuuonupoBanue CTC, HO U MO3BOJSET ONpPEAETUTh caMy HEOOXOAMMOCTh
CHMYJIbTAaHHOTO IPUMEHEHHS TOMOIHUTENIBHBIX 371eMEeHTOB. [ [prueM 3ta He0OX0IMMOCTh
00OCHOBBIBAETCSl OLICHHBAHUEM IO KPUTEPUIO €€ IKOHOMUYECKH-()YHKIIMOHAIBHOM
nenecoodpasHoctu. [1o3ToMy naHHBIE MOJENM M 3aBUCUMOCTH, IOCJIE YHCICHHON
BepU(HKALUH [TyTEM aHAJIM3a KOHKPETHBIX aHAJIOTOB, CJIE/Ty€eT UCIOIb30BATh B KAUECTBE
UH()OPMALIMOHHO-METOAMYECKOM MOICPHKKH ITPOLIETYPbI IPUHATHS COOTBETCTBYIOLINX
YIPaBIEHYECKUX PELIEHUI B IEHCTBYIOIIEM MU IPOEKTUPYEMOM IIPOU3BOJICTBE.

Pucynok 2 — I'padudeckas WyuTrOCTpamus BEPOSITHON 3aTPaTHOCTH (HU3HKO-
TexHudeckoro BozaeicTeus (OPTB) ¢ yueTom ctouMocT 000CHOBAHUS U
pean3aiuy CUMYJIbTaHHO-JOMOJIHUTEIHHOTO (haKTOpa BIUSHUS

1 — xapakTep u3MeHeHuss ctouMocTd @TB (0OCHOBHOTO M CHMYJIbTaHHO-
JOTIOTHUTEIBHOT0);

2 — ctoumocTh ocHOBHOTOo @TB, Kak QpyHKIHUH OT €ro BEpOSITHOCTHOH
s dexTuBHOCTH peanu3anuu P;

3 —30Ha 9KOHOMHYECKH HE PaIlMOHATBHOTO UCTIONB30BaHus TononHuTensHoro OTB;
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4 — U3MEHEHHUE 0XUJAEMON CUMYJIbTAaHHOW PE3YyJbTAaTUBHOCTH OCHOBHOIO U
nomnoaHuTtensHoro ®TB B Buage OTHOIICHU PH/ Co6;

5 — 30Ha, XapaKTepHU3yIIlas SKOHOMUYECKYIO 3P(PEeKTUBHOCTh MPUMEHCHHS
nJonoauTensHOTO OTB.

Takum 06pa3zom, mpeACTaBICHHBIE HAa PUCYHOK 2 3aBUCHUMOCTH HAarJsaHO
IIOKA3bIBAIOT 30HY SKOHOMHYECKHU 11e1eCO00pa3HOro MPUMEHEHHs] CUMYJIbTaHHO-
JIOTIOJTHUTENBHBIX (DYHKIIMOHATIBHBIX HJIEMEHTOB, IPUYEM 3Ta 30Ha OYET pacIIUPSITHCS
10 Mepe BO3paCTaHUsI OTHOCUTEILHON CTOMMOCTH 0a30BBIX TEXHOJOTUN C UCXOTHOM
s dexruBnocTHIO P . KpoMe Toro, o0mmue 3aTpaThl Ha peaI3alu0 CUMYJIbTaHHOTO
KOMILJIEKCa KOHCTPYKTOPCKO-TEXHOJIOTHUECKOM MOIIEPKKH MOTYT OBITh JOCTATOYHO
3 PeKTUBHO MUHHUMHU3HPOBAHBI MYTEM MPUMEHEHHUS cooTBeTcTBYIOmUX PTB ¢
OIIPEJIETICHHBIM YPOBHEM COOTHOCUTEIBHOCTH: 1IEHA — Ka4€eCTBO.

BriBOaBI

deHoMeHOoIorH4ecKass OOIMHOCTh U CUTyallMOHHAs THOKOCTh IpenIaraeMoro
0/X0Ja TMO3BOJISET Pe3yJbTaTUBHO €ro MCIOJIb30BaTh MPU HMOCTPOCHHUH Ooiee
aJICKBATHBIX MOJIEJICH IIPU TEXHUKO-3KOHOMUUYECKOM aHAJIU3€E APYIUX, HE CBA3aHHBIX C
CTC, npoueccoB u cTpyKTyp. [loaTOMy 1aHHOE 0OOCTOSATENIBCTBO UMEET OIPEIeIIEHHOE
OPUKJIAJHOE 3HAUYCHHE IS MPUHATUS YKOHOMUYECKH OOOCHOBAHHBIX PEIICHUM
IPOHU3BOJICTBEHHOT'O XapaKTepa, a TAK)KE B CAMBIX Pa3IMUHBIX 00JIACTSIX 3HAHH, B TOM
qucie He PU3UKO-TEXHOJIOTHUECKOTo XapaKTepa.

Peanusanys npeyiaraeMoro CTpyKTypHO-BEPOSITHOCTHOTO ITOIXO0AA K IIPEIUKTUBHON
OLICHKE TEXHUKO-D)KOHOMHUYECKON 3HAYMMOCTHU PA3JIMUYHBIX JOIOJHUTEIbHBIX
MHHOBAIM, B yacTHOCTH B BUie CTC no3Bonmia popMann30BaTh COOTBETCTBYOILYIO
(GYHKIIMIO U HAa KOHKPETHOM INpUMEpPE NaTh WIIIOCTPAIMIO aJrOpUTMa IMOHCKA
ONTUMAaJIbHBIX COOTHOLICHUM MEXIY IEMEHTAMHU PACCMATPUBAEMOM CTPYKTYpBI 110
KPUTEPHIO: LIEHA-Ka4eCTBO €€ IJIEMEHTOB.
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Marepuan noctynui B pegakuuio 12.12.2022

*A. A. bap3oé’

'M. B. JlomoHOCOB aTbIHAaFBI MacKkey MEMIICKETTIK YHUBEpCHTETI, Peceit
Oepnepauuscel, Mackey K.

Marepuan 6acnara tycti 24.11.12.

CUMYJIbTAHJIbI TEXHOJIOT UAJIBIK KYWEJEPIIH TEXHUKAJIBIK-
IKOHOMMUMKAUJIBIK TUIMAIJIIT'THIH BIKTUMAJI/IBIK MOJEJIT

Texnonozusinvlk Jcytienepoiyy IKOHOMUKATIBIK, MUIMOLNIeIH Oodicamobl bazanay
MOOeI YCOIHLLI2AH, O01APObIH KYPbLIIMbIHOA 01apObly (YHKYUOHANObIK CANACHIH
apmmuipyea 0asblmman2an KOCHIMUA (DUUKATBIK dNeMEeHmmep KOAOAHbLIAOb.
Cumynom mexHONOUANLIK dicylienepli Onapobly ey MOMeHSl KYHbl Kpumepuiii
OOUbIHWA  KYPBIIBIMOBIK OHMAUIAHOBIPY NPOYeOyPACHIH JiCypeizyee MYMKIHOIK
bepemin makcammuol QYHKYUs mysicvipuimoanzat. Kypolibimovlk-Kypoeni guszura-
MEXHONOUANLIK  JicyllenepOi  bazanay MeH OHMAUIAHOLIPYObIY — YCbIHbLIZAH
BIKMUMATIObIK MOOETIH ICKe ACbIpYOblH MbiCAbl KeamipineeH. ¥CblHblLI2aH mocinoi
0ambvlmy nepcnekmueanapvl 6enciieHeen.

Ycvinbinzan  mocindiyy  (PeHOMEHONOSUANBIK  OPMAKMblebl  MeH  CUMYAUUSIbIK
UKEMOLNIZI OHbl CUMYTSAYUSIBIK MEXHOIOSUSTIBIK, JHCYUeNePMEH, NPOYECMEPMeH JHCOHe
KYPbLILIMOapMeH OAIAHbICHbL eMec DACKA MEXHUKATLIK-9KOHOMUKABIK manoaynapod
He2ypibim bapabap moldenvoepdi Kypyoa muimOi nauoanianyea MyMKIHOIK Oepeoi.
Conovikman, 0y oicaz0ail OHOIpICMIK cunammasbl SKOHOMUKAILIK, He2i30eneeH
wewimoepoi Kabvlioay yulin, COHOAU-ax, OLIMHIY OPMYPIL CATANAPLIHOA, COHbIY iUiHOe
uzuxa-mexnonousnbIK emec cunamma benzini Oip Kondanbanwl MoHze ue.

Op mypai  KOCbIMWA — UHHOBAUUANAPObIY — MEXHUKALIK-IKOHOMUKALbIK
MAaybI30bLIbI2bIH  OONINCAMObL Oa2anayea YCbiHbLI2AH KYPbLIbIMOLIK-bIKIMUMATObIK
mocindi, aman aumKanoa CUuMyIAYUsIbIK MEeXHOIOSUSILIK Jicylenep mypiHoe
Jrcyseee acvlpy muicmi OyHKYusHwvl pecimoeyee MYMKIHOIK 0Oepdi JicoHe HAaKmubl
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MBLCANOA KAPACMBIPLLILIN OMbIP2AH KYPULIbIM deMeHMmepPi apacblHOazbl OHMAIbl
KamviHacmapowl i30ey aieopummin Kpumepuii OOUblHWA cypemmeyee MYMKIHOIK
bepoi: baza-oHvIH dIeMeHMMEPIHIY Canacol.

Kinmmi  ce30ep:  viKmumanowvix  Mmooeni, MuiMONiK,  CUMYTbMAHUZM,
MEXHONO2USIIBIK JHCyleaep, ocep emy, KypPblabiMObIK-bIKMUMANObLK, MOCIL.

*A4. A. Barzov'
"Lomonosov Moscow State University, Russian Federation, Moscow.
Material received on 24.11.22.

PROBABILISTIC MODEL OF TECHNICAL AND ECONOMIC
EFFICIENCY OF SIMULTANEOUS TECHNOLOGICAL SYSTEMS

A model of predictive evaluation of the economic efficiency of technological
systems is proposed, in the structure of which additional physical elements are used,
aimed at improving their functional quality. The objective function is formulated,
which allows to carry out the procedure of structural optimization of simultaneous
technological systems according to the criterion of their minimum cost. An example of
the implementation of the proposed probabilistic model of evaluation and optimization
of structurally complex physical and technological systems is given. The prospects for
the development of the proposed approach are outlined.

The phenomenological generality and situational flexibility of the proposed
approach allows it to be effectively used in the construction of more adequate models
in the technical and economic analysis of other processes and structures that are not
related to simultaneous technological systems. Therefore, this circumstance has a
certain applied significance for making economically sound decisions of an industrial
nature, as well as in a wide variety of fields of knowledge, including those of a non-
physical and technological nature.

The implementation of the proposed structural-probabilistic approach to predictive
assessment of the technical and economic significance of various additional innovations,
in particular in the form of simultaneous technological systems, made it possible to
formalize the corresponding function and, using a concrete example, to illustrate
the algorithm for finding optimal ratios between the elements of the structure under
consideration according to the criterion: price-quality of its elements.

Keywords: probabilistic model, efficiency, simultaneity, technological systems,
impact, structural-probabilistic approach.
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Zh. K. Mussina’, *R. B. Kussainov?, L. R. Mussina®
!23Toraighyrov University, Republic of Kazakhstan, Pavlodar

IMPROVING THE PROCESS OF PROCESSING HOLES WITH DRILLS

One of the urgent problems of mechanical engineering is the processing of holes,
which are subject to high requirements for the accuracy of size, shape and location.
Most often, hole processing is carried out with the help of rod measuring tools. This
is due to their following advantages: relatively high productivity, low costs for pre-
production. The quality of the machined holes is determined mainly by the accuracy
of the cutting tools, machines and accessories used.

The drilling process with existing drills takes place under severe cutting
conditions. The magnitude of the front angle on the transverse edge is very
unfavorable. For standard spiral drills, the front angle y on the transverse edge is up
to minus 57—60. In view of this, on the transverse edge, instead of cutting, there is a
crumpling, squeezing and scraping of metal.

When drilling holes with existing drills, the transverse edge of the drill perceives
up to 80 % of the axial force, i.e. the resistance to axial feed is created by the contact
area of the transverse edge with the workpiece.

The specified working conditions of the transverse edge significantly worsen the
processing conditions and the quality of the treated hole. To eliminate the transverse
edge, a new design of a spiral drill is proposed — a two-vertex spiral drill without
a transverse edge, preliminary patent of the Republic of Kazakhstan Ne 19559. The
elimination of the transverse edge on the drill allows you to dramatically reduce the
heating and wear of the drill during the cutting process, increase the durability of
the drills.

The analysis of the results shows that the accuracy of the diametrical dimensions
of the holes after processing with two-vertex spiral drills increased by 1, 2 quality
compared with spiral drills; roughness decreased by 1, 2 classes.

Keywords: spiral drill, jumper, sharpening, durability, accuracy, productivity

Introduction

Hole processing can be performed in various ways. But most often it is performed
with the help of measuring tools, since this method has high productivity, low
requirements for the accuracy of machine tools — the accuracy of the machined holes
mainly depends on the accuracy of the machine, the tool and the equipment used, and
there is no need for highly qualified workers [1-5].

The most common method of obtaining holes in a solid material is drilling, holes
are obtained with low accuracy. More accurate holes are obtained when processing with
countersinks and reamers. In this case, the accuracy of the holes is ensured by better
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centering of the tool, increased accuracy and rigidity of the tool and easier working
conditions of each blade.

Comparison of working conditions of tools during drilling, countersinking and
deployment:

— drilling, number of teeth z=2, quality H11...H13, roughness Ra 10...20 y;

—countersinking, number of teeth z = 3—-6, quality H9...H11, roughness Ra 2,5...10 p;

—deployment, number of teeth z=4-12, quality H6...H9, roughness Ra 1.25...2.5 p.

When drilling holes, the following main types of defects occur: rough surface of
the drilled hole; the diameter of the drilled hole exceeds the specified one; displacement
of the axis of the hole; misalignment of the axis of the hole [6-9].

The cutting edges of the drill must be straight, of the same length and must be
positioned at equal angles to the drill axis. If these conditions are not met, the drill
leads away during operation, and the hole drilled by it turns out to be larger than the
diameter of the drill. In addition, the removal process is influenced by the anisotropy
of the properties of the processed material, the beating of the cutting edges.

The bridge (transverse edge) accounts for up to 60 % of the axial force and up to
15 % of the torque. The length of the transverse edge is equal to the diameter of the
core. The transverse edge of the spiral drill, instead of the cutting process, performs
scraping, crumpling and squeezing, the front angle is y < -57°. All this worsens the
working conditions of the drill.

The performance of the drill is negatively affected by the stressful working
conditions of the peripheral (external) part of the cutting edges, which leads to increased
wear. To improve the cutting conditions, increase the productivity and durability of
drills, several forms of sharpening are recommended, depending on the material being
processed, which allow to some extent to reduce the design disadvantages of spiral drills
noted above. Sharpening is performed on the back surface [4, 10].

Materials and methods

Recommended forms of sharpening drills, depending on their diameter and the
material being processed: normal (N), normal with sharpening of the transverse edge
or jumper (NP), normal with sharpening of the transverse edge or jumper and ribbon
(NPL), double with sharpening of the transverse edge or jumper (DP), double with
sharpening of the transverse edge or jumper and ribbons (DPL).

Sharpening the transverse edge and ribbons of drills in known ways does not solve
the problem. Therefore, this issue is open for further solutions with the development
of new designs of cutting tools.

In order to eliminate the disadvantages of hole processing with standard drills,
a number of drill designs have been developed and designed. The design of the new
drills is aimed at improving the processing accuracy (size accuracy, surface roughness),
durability, as well as cutting conditions [4, 9, 10].

To reduce the axial force during drilling, the transverse edge is cut through with a
special double sharpening, but it remains on the drill in a modified form, with smaller
front angles (a front angle y = 0 is created on each of the two halves of the transverse
edge). Such drills have proven themselves well in the processing of cast iron. An increase
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in the durability of the drill is achieved by using sharpeners for Klemm, Menzel, Dreez,
Feldstein, Glushchenko, which provide for sharpening the transverse edge to 0.1 — 0.2
mm.

To reduce uneven loading on the working part, drills with curved cutting edges
are used, which can have either a radius profile or a radius profile associated with a
rectilinear section. Due to the complexity of sharpening such drills, the curved edge is
sometimes replaced by a broken one, consisting of two sections with an angle at the
apex of 116-120 °, and an additional cutting edge at the periphery at an angle, in a
section 0.2 of the drill diameter.

To facilitate chip removal, reduce heat generation in the cutting area and increase
the durability of the drill on its front or back surface, chip-separating grooves are made.
The execution of chip-separating grooves on the front surface is more labor-intensive,
however, in this case, their periodic restoration is not required during the operation of
the drill [4, 11, 12].

For drills equipped with a hard alloy, designs with a special sharpening were
developed: a non-standard drill of the KMG design, a drill of the N.A. Shevchenko
design, a drill of the N.K. Klebanov design. Thus, their experimental studies have shown,
from the point of view of productivity, reduction of axial force on the transverse edge
and wear of the drill, the best results are provided by continuous drills with a radial
arrangement of the main cutting edges along their entire length or on part of the length
of the edges adjacent to the center of the drill.

However, on these drills, the transverse edge is not eliminated, but remains in a
slightly modified form. The forces acting on the transverse edge are not fully eliminated,
the front angle on the transverse edge decreases, but still remains negative. The specified
working conditions of the transverse edge significantly worsen the processing conditions
and the quality of the treated hole. To exclude a transverse edge, a new design of a spiral
drill is proposed — a two-vertex spiral drill without a transverse edge, preliminary patent
of the Republic of Kazakhstan No. 19559 [13]. The elimination of the transverse edge
on the drill allows you to dramatically reduce the heating and wear of the drill during
the cutting process, increase the durability of the drills.

Results and discussions

A two-vertex spiral drill without a transverse edge has design features (elements)
that coincide with the features of an analog: a shank, a neck, two spiral grooves for chip
removal, working (calibration and cutting) parts, the diameter of the core, a ribbon on
the calibration part — and the signs that distinguish it from its analogue: a cut of the drill
tip made on a half-diameter section in the axial part with an angle (the vertex of which
is directed to the shank) equal to the angle at the top (the well-known angle range at
the top of the drill is 30—150 °) with the formation of two vertices and two external (on
the periphery of the drill) and two internal (on the section of the vertex cut) of the main
cutting edges, separated by a groove cut between them, shifted relative to the axis of
the drill so that one of its walls is located on the axis in the axial plane of the drill and
cuts off the resulting internal hollow, preventing cutting.
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In addition, there is a part of the opposite cutting edge that is shorter than the cutting
edge reaching the groove wall and the axis; one wall of the groove is thus aligned with
the longitudinal axis of the drill, i.e. located in the axial plane; both drill vertices are
located on the same line perpendicular to the drill axis, at a distance of a quarter of the
diameter, and in one axial plane. drill planes; the internal main cutting edges are located
in the same axial plane of the drill; the specified design of the axial cutting part of the
drill eliminates the transverse edge, which is inherent in all types of existing drills and
is the cause of unfavorable cutting conditions.

The drill has, in addition to the calibration, one smoothing (guiding) ribbon on
the back of each pen at the back of the head; the claimed drill, like all drills, has two
versions for right and left cutting.

The proposed design of the cutting part creates favorable conditions for the operation
of the drill under the conditions of mechanical and thermal stress: when the angle at
the top is 120° for drilling steel and cast iron (the total range of angles at the top for
processing different materials is 30—150°), the angle between the outer cutting edges
is 120°; the angles between the outer and inner cutting edges and the end walls of the
groove cutting the transverse edge are 120°, which is about twice as large as when
cutting the transverse edge of a traditional drill adopted as an analogue, and creates
better conditions for heat dissipation; with other values of the angle at the top, these
ratios are slightly different.

Figure 1 shows the general view of the drill and its elements: angle 2¢ — at the
apex at the periphery and 2¢" — the angle whose vertex is directed to the shank; 1 — the
working part of the drill with screw chip grooves; ® — the angle of inclination of the
spiral (screw) chip groove; 2 — neck; 3 — conical shank with Morse cone; 4 — foot;
a — cut thickness; — length of the outer cutting edges with an angle of 2¢ at the top; —
length of the uncut inner cutting edge with an inverse angle of 2¢ at the top; (So — axial
feed per turn of the drill) — the length of the cutting edges at the value of half of the
axial feed (as with traditional drills); to prevent the removal of the drill axis and the
hole due to the asymmetry of the cutting edges on the drill feathers at the chip groove,
guide-smoothing ribbons are made.

Figure 1 — A two-vertex spiral drill without a transverse edge
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A spiral double-top drill without a transverse edge is much more effective than
spiral drills with a transverse edge; the proposed drill has optimal favorable cutting
conditions and increased drill resistance, the temperature in the cutting zone and drill
wear decreases due to the alignment of cutting conditions (mechanical and thermal
stresses, constancy of geometric parameters) on different sections of the cutting edges
(on all sections of the cutting edges there are positive front and rear corners); as a result,
an increase in cutting speed (drill resistance) and an increase in economic efficiency.
The recommended dimensions of the cut groove, depending on the diameter of the drill,
are shown in table 1.

Table 1 — Dimensions of the cut groove

Drill diameter, D, mm Groove length, 1k, mm Groove width, bk, mm
up to 10 2-3 0,5-1
10-30 34 1-1,5
30-50 4-5 1,5-2
50-80 5-6 2-2,5

Two-vertex spiral drills without a transverse edge were manufactured at the machine-
building enterprise of the city of Pavlodar «Format Mach Company» LLP (former
tool factory) and tested in the educational and production workshops of the Faculty of
Engineering of the NJSC «Toraigyrov University» at the Department of «Mechanical
Engineering and Standardization» (Figure 2).

Figure 2 — Designs of double-ended spiral drills without a transverse edge

After processing the holes with spiral and double-vertex spiral drills, the accuracy
of the diametrical size of the hole and roughness were investigated. To measure the
accuracy of the hole processing, an instrumental horizontal microscope IKG 3 and
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indicator nutrometers with inserts were used. A profilograph-profilometer mod. 259
was used to measure the roughness of the hole surface.

Results of production tests of samples processed with metal-cutting tools:

1) spiral drills:

— the accuracy of the diametrical dimensions of the holes is 0.21-0.33 mm (12-13
accuracy quality);

— the roughness of the surface of the holes is within Rz=20... 80 microns, which
corresponds to grades 3 and 5 of roughness.

2) double-ended spiral drills:

— the accuracy of the diametrical dimensions of the holes is 0.11-0.13 mm
(11 accuracy quality);

— the roughness of the surface of the holes is within the range of Ra=2.5 ...10 p,
which corresponds to grades 4 and 6 of roughness.

Conclusions

Thus, the material located within the hole to be processed is completely cut off by
the external and radially arranged internal cutting edges of the drill having standard
front and rear angles; smoothing ribbons calibrate the hole and finally form its diameter
and roughness; since all the cutting edges of the drill have a given normative geometry
(front and rear corners), this ensures normal cutting conditions and reduces heating
and axial cutting force by eliminating the transverse edge and unfavorable cutting
conditions, accompanied by increased friction, heating and wear of the drill; increases
the durability of the drill.

The analysis of the results shows that the accuracy of the diametrical dimensions
of the holes after processing with two-vertex spiral drills increased by 1, 2 quality
compared with spiral drills; roughness decreased by 1, 2 classes.
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COBEPIHIEHCTBOBAHUE ITPOIIECCA
OBPABOTKHA OTBEPCTHUI CBEPJIAMHU

O0HOUl U3 aKmMyanbHoU NpobieM MAUUHOCMPOeHUs s6lsemcs 00pabomka
omeepcmutl, K KOMOPbIM NPEObAGIAIOMCs BbICOKUE MPeDOBaHUsi N0 MOYHOCHU
pasmepa, @opmvl u pacnonodcenus. Yawe 6ceco obpabomxa omeepcmuil
OCYWecmeniaemecsi ¢ HOMOWbLIO CMEPIHCHEBbIX MEPHLIX UHCIMPYMEeHmos. Jmo
00bsACHAECA  UX  CRe0YIOWUMYU  OOCHOUHCMBAMU.  OMHOCUMENbHO — 6bICOKOU
NPOU3BOOUMENbHOCINbIO, HUSKUMU 3AMPAMAMU HA HOO20MOBKY NPOU3B00CMEA.
Tounocmv 06pabomanHbIX OmMeepcmull ONpeoensemcs 8 OCHOBHOM THOYHOCHIBIO
NPUMEHSAEMO20 PeNHCYWe20 UHCTNPYMEHMA, CIMAHKO8 U OCHACHKU.

Ilpoyecc ceeprenust cywecmeyrowumu c8EPRAMU NPOMEKAem 6 MIICEbIX
yenogusix pezanust. Ouenv HeOIA2ONPUAMHOL AGNAeMCsl BeIUYUHA NepeoHe20 Yaeaa
Ha NOnepeuHol KpomKe. Y cmanOapmHuuix cCnupaibHblx c8EPN nepeoHuil y2on y Ha
nonepeunol Kpomke cocmaegisiem 3uavenue 00 munyc 57 ¢ — 60 °. Beudy smoeco
Ha NONEepeyHoll KPOMKe BMeCmo pe3aHusl umeem Mecmo cmsamue, 8bl0agiueanue u
cKobnenue Mmemana.

Ilpu ceepnenuu omgepcmuil Cywecmsylomumu ceepaamu nonepeunas KpomKa
ceepaa socnpunumaem 0o 80 % ocesoul cuivl, m.e. CONPOMUBIEHUE 0CEBOU NOOAye
co30aémcs 0baacmvio KOHMAKMA NONepeyHol KPOMKU ¢ 3a20MOBKOLL.

Vkazaunvie ycnosus pabomuvl nonepeunou KpoMKU 3HAYUMETLHO YXYOUWAiom
yenogus 06pabomku U Kavecmso obpabomannozo omeepcmust. [ns uCKaouenus
NOnepeyHol KpOMKU NPeodsiodCceHd HOBAsI KOHCMPYKYUsL CAUPATLHO20 C8epad —
08yX8epUUNHOe CRUPATbHOE C8epao De3 NOnepeuHoll KPOMKU, NpeosapumenbHulil
namenm PKNe 19559. Yempanenue nonepeurotl Kpomku Ha ceepie no380sen pe3ko
VMEHbUWUND Hazpesanue U USHOC C8epid 8 npoyecce pe3ans, NOGbLCUMb CMOUKOCTb
c6ép..

Ananuz pe3yrbsmamos noKazvleaem, Ymo moyHOCms OUAMEMPATbHBIX PA3MEPO8
omeepcmutl  nocie  00pAbOMKU  OB8YXGEPUIUHHLIMU — CRUPATbHLIMU — CEEpIaMU
yeeruyunace Ha 1, 2 xeanumema no CPAGHEHUIO CO CHRUPATbHLIMU CEEPAAMU,
wepoxogamocms ymeHvuiacy Ha 1, 2 kiacca.

Kniouesvie cnosa: cnupanvhoe ceepio, nepemvluka, noOmoyKda, CMOUKOCHD,
MOYHOCMb, NPOU3BOOUMENTLHOCHD.

K. K. Mycuna', *P. b. Kycauwvinoé?, JI. P. Mycuna’
1-23TopaitreipoB yHuBepcureti, Kazakcran Pecriyonukacel, [TaBnonap k.
Marepuan 6acnara Tycti 21.11.22.

BYPFBIJIAPMEH TECIKTEPAI OHAEY INPOLECIH XETUIAIPY

Mawuna drcacayovly esexkmi mocenenepiniy Oipi-omuemMHiy, NiUiHHIY JiCoHe
OPHANACYObIH09N0ICIHedCo2apbl MaianmapKouvliamsiHmecikmepoionoey. Kebinece
mecixmepoi eyoey o3eKk onuley KypaioapblHbly KOMeZiMeH Jcy3eze acblpblLidobl.
Byn onapoviy xeneci apmuikuibliblkmapuiia OQUIAHbICBL: CATBICIMBIPMATbL Mypoe
Jrc02apbl OHIMOINIK, OHOIpIicMI O0aliblHOAYy2a Kememin wblebiHOAPOblY MOMEHOIRI.
Onoencen mecikmepOiy 00102l Hezi3iHeH KOJIOAHbLIAMbIH KeCKil KYpanioulH,
CMAHOKMAPObIH HCOHE HCAOOLIKMBIY 09N0ICIMEH AHBIKMALAODL.

Konoanvicmaevr Oypeviniapmer Oypevliay npoyeci ayvlp Kecy HcazoaubliHOa
acypedi. Konoeney owcuexmeei andvinevl Oypvluumvly Moauiepi ome KOAAlCyl3.
Cmandapmmul cnupanvobl Oypevliapoa Kea0eHeH dcuekmezi y andbigebl Oypbilbl
munyc 57—60 Oetiin 601advl. Ocvizan OQUIAHLICMbL KOJOEHEH dcueKkme KecyoiH
OPHBIHA MEMAObIH MBINHCHIIYbI, CHI2bLLYbL HCOHE KbICMBIPBLIYbI OPbIH ANA0bL.

Konoanvicmaewr Oypeviiapmen mecikmepoi Oypaviiay kesinoe OypebliayoblH
Kenoeney gicuei ocomix kKywmiy 80 % - na Oeilin Kabvl10aUObl, i2HU OCbMIK bepiic
Keoepaici Kon0eHeH JHCUeKMity 0aublHOAMAMEH JHCAHACY AUMABLLMEH HCACANAODL.

Konoenen arcuexmiy xopcemineen scymuvlc icaz0aiaapvl 60y Hcaz0aiiapvit
JHcoHe onOenceH Mecikmiy canacvli e0dyip Hawapramaovl. Kendewew oicuexmi
000bIpMay YUiH CRUPATLObL OYPEbIHbIY HCAHA KOHCMPYKYUACHL — KOLOEHeH dicuesi
JHCOK eKl yuumbl cnupaivovl oypevl, KP Ne19559 anovin ana namenmi ycoiibiiobl.
Bypevinayoaswr kendeney scuexmi scoio Kecy npoyecinoe OypabliayObiy Kbl3ybl MEH
mo3ybiH Kypm azaumyea, oypavliapoviy bepikmicin apmmulpyaa MyMKiHOIK 6epeoi.

Homuoicenepoi manoay exi ywmol cnupaibOvl OypebliapMer 6HOeYOeH KeliiH
mecikmepOiyy  Ouamempiik —oemuemMOepiniy 0oa0iei  Cnupaibovl  OypebliapMeH
canvicmulpaanoa 1, 2 6Oinikminikke apmkauvii Kepcemeoi, Kedip-0yovipavik 1, 2
CHIHbINKA A3at0bl.

Kinmmi ce30ep: cnupanvowl Oypevl, dandawia, xaupay, mesimoinix, 0010iK,
OHIMOITIK.
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K¥PAMbIHOA MbIC BAP KAJAbIKTAPObI LEMEHTTEY
MPOLIECTEPIH 3EPTTEY

Kaszipei yakeimma may-xewn 6ativimy KoMOUHAMMAapuiHOa mycmi Memanoapobly
cynbuomi keHOepin Kama eHOeyOeH Konme2eH NUpUmmix 0ativimy KaioblKmapbsl
arcunakmanzan. Muic nen backa memanoapovl any ywin onaposl Kauma eHoey yaKeH
NPAKMUKATIBIK, KbI3bIZYUbLIbIK MYO0bIPaObL.

Makanada xypameinoa mvic 0Oap KAIOLIKMApObl YeMeHmmey apKblibl
enoey odici Kapacmwipvliadsl. Tooicipubenepde niacmuHaiapodsbl arOMUHULL
MOMbBIKCHI30aHObIP2bl peminoe Nau0aiaHbLIOb.

Mbuic CuSO, epimindicinen 0,3 MOMb/1 KOHYEHMPAYUACHIMEH YeMEHMMEN2eH
Ke30e anromMuHull OemiHoe KOMNAKMIL Mblc Kabamsl KpUCMAaiOaHamblHbl
anvikmanovl. Komnaxmini mvlcmuly myHObIPY YaKbimsl 5 MUHym.

Kpucmanoany xesinoe natioa 6oramuln b6enuwexmepoiy monuepi KpUcmaioany
OPMANILIKMAPbIHbIY NAUOA OOILY HCHLIOAMOBL2bIHBIY APAKAMBIHACHIHA HCOHE 0NAPObIH
00an api ocy KapkvinviHa baunanvicmyl. Llemenmmey mynovipyvina Kamvicmol Oy
YHMAKmuly OUCNEPCUACHL DNEKMPOO02aabl KyWNeH KOHMAKMINI 2a1b6aHUKANbIK
AHCYNMIK YeMeHmmey mo2blHbly KAMblHACLIMEH AHbIKMAIAMbIHBIH Oi10ipeoi.

NaCl epimindicinoezi kouyenmpayusicoinvly ocyimern Al-Cu xowmaxmini
eanveanuxanvlx,  oicyniniy - LK orcoeapuinayvimen, an  yemenmmey — mozbl
momenoezenoixmen, NaCl KOHYenmpayuacbiHbll JCO2apuliayblMeH MblC OUCNePCmi
yHmazvl myHbaza mycyi Kepek, ai myHOblpY HCbli0amMOblabl MOMeHOeYl Kepek.

Oumreni NaCl kamvicyvimen Cu’™ uonoapvl wekmi mokma Kamnvina Keneoi,
Oyn ducnepcmi eana emec, COHbIMEH Kamap OeHOpUmmi YHmaKmol 0a myHOwlpyaa
arcazoail dcacauovl. JlenOpummi yHmax epKin moamvlpvlieat Ke30e YiKeH Konemoi
anaovl, sznu NaCl KOHYeHmpayusacvlHblY JHCO2aAPLLIAYLIMEH YHMAKMbIY CYCHIMANb]
Mmbl2bl30blabl memMeHOeyi Kepek den boaxcayaa 601a0bl.

Kinmmi ce30ep: mbic, mMOmMbIKCbI30aHObIP2bIUL, —ATIOMUHUL, KATOLIKMAD,
yememmey.

Kipicne

Kasipri yakpITTa Tay-KeH 0aibITy KOMOMHATTAPBIH/IA TYCTI METALAAPABIH CYIb(PHUATI
KEHJICPIH OHJICY/JCH KCHiH KOINTETeH MUPUTTIK OalbITy KaJJABIKTAphl )KMHAKTAJIFaH.
Mpic xoHe 0acka MeTanIap/ sl ally MaKcaThIH/Ia OJIap/ibl KaliTa OHJIey TEXHHUKA MEH
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TEXHOJIOTUSUIAP/IBIH aFBIMIAFBI JaMy JCHI€HIH €CKePe OTHIPBIN HETi3T1 MPaKTHKAIBIK
KBI3bIFYIIBIIBIK Ty IBIPA/IbI.

BallbITy IbIH MUPUT KaJABIKTapblH OHJCYIHIH 3KOHOMHKAIBIK HEri3JesireH
TEXHOJIOTHSCHIH 13/1€y/li KONTEreH FhUIBIMA HHCTUTYTTap MEH YHBIMIAp Yy3aK yaKbIT
6oiibI kyprizin keneni [1-9].

LleMeHTTEY MBICTBI aJTyIbIH NEPCHEKTHUBAIIBIK TEXHOJIOTUACHI OOJIBIT TaObUIAIbI.

Byn mponecc M| MeTanbiHbiH M, 3JIEKTPONIO3MTHBTI METAJI HOHIAPHI Oap
EPITIHIIMEH KaHACYBIMEH JKYPE/Il, HOTHKECIHE M| METaJIbIHBIH TOTHIFYbI (MOH/IaHYbI)
*oHe M, MeTajll HOHIaPbIHbIH HOJIJIIK BAJICHTTUIITIHE ACHIH TOTBIKCHI3IaHYbI KYPE/Ii.
Byn peakuusHbl Keneci XUMUSAIIBIK TEHIEYMEH CHITaTTayFa 00a bl

naMy + HLM;CJr — Jisz"+ + ny M, (1)

Lemenrtrey rugpoMeTapayprusijga keidip MeTanaapAsl aly YUIiH KeHiHEH
KOJI/IaHbLIaJIbl, MBICAJIbI, KEHIII CyJIapblHAH JKoHe OallaHCTaH THIC KEHAEPIHEH yiimeni
CIATUICHAIPYACH aJIbIHFaH epITIHAIEPACH MBICTHI aily. COHBIMEH KaTap, IIEMEHTTEY
THAPOMETAIUTYPTHSUIBIK €PITIHAIIEPAl epITIHAUIEpACH METaIAapabl dJIEKTPOTUTTIK
aly Ke3iHJe >KoHe MeTallJapAbl 3JEKTPOJIUTTIK Ta3apTy Ke3iHJe OH MeTajJAap.blH
KOCIaJapblHAaH Ta3apTy YIIIH KeHIHEH KOJIaHbLUIa bl

Tycti MeTamnyprus yiIiH LEMEHTTEY MPOIECiHIH MaHbI3AbUIBIFBIH CaHAAPMEH
KepceTyre 00aabl — 9JIEMIIK HUKEIIb MEH MBIPHI oHAIpiciHiH 80 % acTambl KoHE
MBICTBIH 10 % 1IeMeHTTey MpOoIeCciH KoJaHa OTHIPHII aabIHAIbI [2].

MarepuaJjaaap MeH aaicrep

JKorappbia KenTipiireH TeOpHsUIbIK HesIIapAblH HeTi31H/1e OYJI )KyMBICTa PEaKIus
OOMBIHIITA KYKIPTKBIIIKBII €PiTIHAIIEPIHEH MBICTHI aTIOMHHHHAMEH IEMEHTTEY
KapacThIPbLIA IbI

2)

AJTFOMMHUEH MEH MBICTBIH CTAaHIAPTThI 3JICKTPOXUMHUSLIBIK MoTeHIramaapsl (E°) oip-
OipiHeH oTe epeKIIecHe Il. ATan aiTKana, amroMuHuiIiH E° - 0,76 B, mpicTein E° + 0,34
B TeH [4]. Opune, Oy )KyMbICTa MOTEHIMATAAP/IbI OJIIICY MIAPTTAPHI (epiTIHALIEPAIH
KOHIICHTPAIIMSCHI MEH TEMIIePaTyPAachl, COHBIMEH KaTap KbICHIM) CTaHIAPTThIIAH ©3Telle
Oonel. JlereHMeH, OChI )KYMBICTa KOJJIAHBUIATHIH IIEMEHTTEY/Il OTKI3y JKaFaalbIHIa
AITFOMUHHI MEH MBICTBIH 3JICKTPOXHUMHMSUIBIK MOTCHIIMAAAPhI ApAChIH/Ia alTap IbIKTaM
alpIPMaIIBLILIKTEL KYTY 3a0/1bl. ConbiMen KaTap, CuSO, epiTinaicine GaThIpbUIFAaHHAH
KEeHiH OIpiHINI COTTE ANIFOMHHUM YATICIHIH 3JEKTPOXUMHUSIIBIK IMOTEHIIMAIBI OCHI
epITiH/AIET] ATFOMUHUIN MOTEHIIMANIBIHA TeH 00JIa Ikl I KYTY 3aHbl. CollaH KeifiH, erep
IIEMEHTTEY apKbUIbl ATIOMHUHHUN OCTiHJIE MBIC KPUCTAJJIaHCA, IIEMEHTTEY OaphIChIHIA
QIFOMUHUH YITICIHIH MMOTEHIMAIBI OH MOHJEP aiiMarbiHa aybICybl Kepek. [lemeHTTey
HOTIIKECIH/IC aJJFOMUHHM YJITiCIHIH MOTEHIIUAIBI AJFOMHUHHA MEH MBIC TIOTEHIHAJIIAPbI
apachIHJAFbl KEUOIp KOMIIPOMHUCC MOHTE KTy KepeK.
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MpbIC YHTaFBIH allyAbIH AJIEKTPOJMTTIK dJIici ©Te KpIMOAT OoJica 1a, ACHIPUTTI
YHTaKTap/bl ajdyFa MYMKiHAIK Oepeni, Oysl MeTasIkepaMHUKaIbIK ©HEPKaciOl yIiH
eTe MaHbI3/BI [ 1, 2]. DIEKTPONUTTIK 9/1iCIICH CANIBICThIPFAHAA LIEMEHTTEY d/IIC1 e19Yip
ap3aH )KoHE KapamnaibIM aJ1ic, alblH-aa OeNriIeHreH KacueTTepi 0ap yHTaKTap. bl —
JIEHAPUT, TUCTIEPCHs KOHE T. 0. TaralibiHIayFa MYMKIHAIK Oepexni [3].

KYKipTKBIIIKBLI epiTiHALIEPIHEH MBIC YHTAFbIH TEMipPMEH HEMEHTTEY apKbLIbI ATy
eTe erkel Terxkei 3eprrenred [4-9].

CoHbIMEH KaTtap, JUCIIEPCTi MBICTBIH IIEMEHTTIK TYHBIPYbI MBICKA KaTBICThI Oacka
Jia Tepic MeTaIap Il KOJIJaHy apKbLUTEI MyMKIH OOJIBIT KOPIHE 1, MbICAJIbI, A TFOMIHUNII.
Bipakra MbIC YHTaKTapblH aly TOCLII PETIHAE MBICTHI AIIOMUHUIMEH LIEMEHTTEY Il
7ie a3 3epTrenred. by sKyMBICTBIH MakcaThl KYKIPTKBIIIKBUT €piTIHAIIEPIHEH MBICTHI
ATIOMUHUKAMEH IIEMEHTTEY Ke31HJIeé MBIC YHTAFbIH aJy MPOLECIH 3epTTey OOJIBII
TaOBUTA Bl OACTTE THAPOMETAIUTYPrUsiia METAJIbI €PITIHAIIEH MYMKIHAITIHIIIE TOJIBIK
ally YUIH LeMeHTTey Xyprisuteni [2]. LlemeHTTey MeTalbIHbIH O€TiHIIE KOMITAKTiIi
KaOBIH-KA0ATBIHBIH Maiia O00JIybl IEMEHTTEY METAIBIH ePITIHAIACH OKIIAYJIaiIbl
JKOHE IIEMEHTTEY peakiuschl TOKTaael [1, 2]. LlemeHTTeNneTiH MeTaNIbIH OeTiHIeT1
[eMeHTTey OapachlHIa maiiga O0NaThIH [EMEHTTENIeTIH MEeTaul Ka0aThl [IEMEHTTEY
npoIlecine KeAepri KenTipMeyi yiiH 0y Kabat 60pnbuiak, IMcepcTi 00Iybl Kepek
[1, 2]. Hementrey TyHOACHl KOMIAKTLII eMec, OOpIbLIIAK TYPIHJE KPUCTAIJaHybIHA
BIKIIAJI €TeTIH dJICTepAiH Oipi — epiTIHAIHIH TeMIepaTypachlHbIH >KOFapblLIaybl
[1, 2]. Ocbiran Gaiinansictel 70 °C Temnepatypana Kypambiaa CuSO, xene H,SO,
0ap epiTiHAi/le MBICTHI ATIOMUHUAMEH IIEMEHTTEY OOMBIHIIA ToXKipubenep Kypriziii.

[Monsapuzauusansik enmeynuep I1-5827 moTeHHUOCTATHIHBIH KOMEriMeH
rajJbBaHOJMHAMUKAIBIK PEKUMIHIE TOK Oepy *KbUIIamIbIFbl 3,4 MA/MM? ‘MUH TE€H
OosFaH >kaFaaiia xXyprizinail. JKyMbIc 37€KTpOITapbIHBIH HOTEHIMAIAAPHI KYMICXIIOPIbI
3JIEKTPOIbIHA KATHICTHI OJIICH/ 1, COJIaH KeHiH NOTEeHIMAIIapAbIH CTAHAAPTTHI CyTerl
HIKanachblHa Kaita ecentenai. JKyMbIC 3IEKTpOATaphl AUaMeTpi 2 MM 3TOKCHJTI
HIaiBIPMEH >Ka0bUTFAH ATFOMUHUH XKOHE MBIC CHIMIAP/IbIH YIITAPhI OOJIBI TaObLIAIbI.
LlemeHTTeNreH MBICTHIH aTFOMUHUNIIH aHOATHIK CUIIATTaMachlHa dcepiH OoapIpMay
YIIiH aHoAThIK nosspusanus CuSO, epiTinaicimen 6ipael KonuenTpauusaarsl MgSO,
epITIHAICIHAE 3ePTTENAl — KOHTAKTLII (IEMEHTTEY) rajJbBaHUKAJBIK XYMTEPiHIH
AHOATHIK MPOLIECIH 3epTTEyre apHaIFaH MYH/Iai 91ICTIH 3aHIBUIBIFBI [ 7] KOpPCETIAreH.

Mpeic yurarein any ymin xesemi 2 qutp CuSO, epiTiHaigepi KOJIaHbUIIb,
[EMEHTTEeY MaTepuaibl peTiHae Oeri 2 nM? O00naThlH aTIOMUHUIN TUIACTHHAIAPHI
KOJaHbuLbl. LleMeHTTeyieH KeliH yHTaK >KybUIaJbl )KoHE BaKyyM[bl KEHTipy
mkadbIHaa KenTipijeai. MbIC YHTaFbIHBIH IPaHyJIOMETPUSIIBIK KYpaMbl MEH CyChIMaJIbI
THIFBI3BIFB CTAaHAAPTTap OoifbiHIIA aHBIKTANABI [9, 10]. bemmekTepaiy opraiia
MeJIIepl YHTaKThl METaJUIypTrUsAChIHAA KaObUIAaHFaH dJlicTeMe OOWBIHINA eJIeKTi
TaJIJaybIHbIH HOTHXKeNepl Herizinae ecentenai [11].

HIprFapbutFal CyTeKTiH MeJiiepi kejdeMaik oaicneH enmenai [12]. Texipube
HOTH)KECIH/IE aJIbIHFaH CYTEKTIH OJIIIeHTeH koejeMmi [12] kepceriiren ojic OoWbIHIIA
KaJBIITHl JKaFaainapra akenni. Mukpockonusuislk 3eprreyiep METAM-PB21
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MeTaIIor padusUIBIK MUKPOCKOIIBIH KOJIIaHy apKbLIb >KYpriziiai. Cyperrepai KyxKartay
DCM310 canpik 6eiiHekaMepacbIMeH KOMIIBIOTEpPIe CYpeTTi jKa3y apKbLIbl OPbIHAAIIBL.
HaTu:kesiep ’xaHe TaAKbLIAY
Konuentpauuscer 0,3 monb/n CuSO, epiTiHAICIHEH MBICTBI aTIOMHUHUAMEH
[IEMEHTTEY Ke3iHJAe KeJAeHEeH MeTaaorpadusuiblk TidiMTacta (muiudrTa) aiKbiH
KOPIHETIH aTIOMUHUNIIH OeTiHAEeri KOMIAKTLII MBIC KabaThl KpUCTaITaHATHIHBI
aHbIKTangs! (1-cyper).

Cypert 1- llemenTTenren Mpic KabaThl Oap aJTIOMUHHII CHIMHBIH KOJIICHEH KUMACHI:
1 — aTFOMUHUIN CBIMBI, 2 — KOMITAKT11 MBICTBIH Ka0aThl; 3 — STIOKCUTI IIABIp

l-cypeTTe KepceTIJNIreH KOMMNAaKT1J1 MbIC KaOaTbhIHBIH TYHIBIPY
YaKbIThl 5 MUH. DMOKCUATI MAaWbIpMEH KYHBUIFaH METaJ-IEMEHTAaTOPAbIH
(amIOMUHUN CHIMBI) KOJJACHEH KHMachl OOWBIHIIA OFAH KOMIAKTIJ1 MBIC
KabaThl KpUCTAJIJaHFAaH OCBIHAAN TIJIMTAacTap *KacaJblHAbl )KOHE LEMEHTTEY
npouecidiH y3akKTohiFbl 30 xoHe 60 mMuH Oonabl. KoHIEHTpamusacs
0,3 monb/n CuSO, epiTiHAICIHAET] aTIOMUHUA CHIMHBIH YCTay yaKbITBIHBIH
apTybl KOMIIAKT1J1 MbIC KaOaTbIHBIH KaJbIHABIFBIHBIH YJFalOblHA
9KEJIMENTIHI MeTanaorpa@usaiablK TYpA€ AaHBIKTAJNJIbl — KaJIblHJbIFBI
l-cyperrterineil Kanajpl, SFHU LEMEHTTEY MPOLECIHIH Y3aKThIFbl 5 MuUH. Jlemek,
[IEMEHTTEY MPOIIECIHIH OacTanmKbl KE3€HIH IE MMaif1a O0JIFaH IEMEHTTEJIETIH METAJIJIbIH,
aTal aiTKaH/Ia MBICTBIH KOMIIAKTLI1 KadaTs! amromuaniiaiyg 6oetia CuSO A epiTiHAICIHEH
OKUIayJai/ibl, COaH KeHiH LIEMEHTTEY PEaKIUsIChl TOKTAIbI.

KomnakTini TyHOa neMeHTTey MpOIEeCciH TEeKEUTIHIIKTEeH, Taxipulene osap
LEMEHTTEJIreH MEeTaJlIblH KOMIIaKTLJIl eéMec, AUCHEepCTl, SIFHU YHTAK TYpIHJE
KpUCTaJIZJaHyBbl YIIIIH OCBIH/Ial IPOLECC JKaFAaliapbIH jkacayFa ThIpbicajibl. JlucnepceTi
TYp/l€ LEMEHTTENINeH METaJIblH KpUCTaJJaHyblHA BIKIAJ €TETIH 9JICTepiH Oipi
— epITIHAIre XJIOp HMOHAAPBIH €Hri3y Oousbin Tadbuansl [1-3]. CoHabIKTaH, Kejecl
Toxipubenepae xaop nonaapsl NaCl rypinge CuSO, epirinaicine enrisinmi. CI7
OosMaraH Ke3/1e, SFHU MbIC KOMIIAKTLI1 TYHOA TYpiHIe KpucTanganraH keszae (1-cyper)
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OyJ1 xKaFaiiia MbIC LIEMEHTTEY OapbIChIHA CYTEKTiH O6ITiHy1 )KYpMeiTiHI OalKaiabl.
Otkisinren toxipubenep CuSO, epitingicine Cl” MOHAApBIH €HII3y HEMEHTTENrEH
MBICTBIH JUCIIEPCTi TYPiHJE KpHUCTajJJaHyblHa FaHAa €MeC, COHbIMEH Karap jkaHama
KaTOJATHIK MPOIECTiH Maiia 00IybIHA — CYTEeKTIH O6JIiHYi1HE 9KeNIeTiHIH KopceTTi. by
xarnaiiaa epitigaeri Cl” KOHIEHTpaIMACHIHBIH KOFaphlUIaybIMEH OOTIHETIH CyTeKTIH
mediepi aprazsl (1-kecre).

Kecre 1 — NaCl koHIEHTpalUsACBIHBIH O6JIIHI€H CyTeri MeJIepine acepi. Bnusnue
koHIeHTparuu NaCl Ha konudecTBo BeIAeNUBIIErocs Bogopoaa. Epitinaineri CuSO .
koHueHTpanusicel 0,3 moinw/i1. Llementrey OeTiniH ayaansl 4 cm?. [Iporiectiy y3aKThIFbI
0,5 carar

Toxipude Ne NaCl xoHIEeHTpanHsACH, MOJIB/JI CyrexTiH OeniHyi, M1
1 0,1 48,328
2 0,3 65,058
3 0,6 83,646

[Monspuzanusneik enmemaep kepcetkenaen (2-cypet), CI” noHmapbl MBICTBIH
cTanoHapJbIK nmoTeHnuanbiH 10 B-ka Tepic MoHAep aiiMarblHa aybICTBIpabl. Jlom
OCBIHJIal KaFaaiapaa allOMUHUNIIH CcTalmoHapibIK moTeHmansl 0,33 B-ka Tepic
o6omaael. Ocwuraitima, Al-Cu koHTakTLT (IIEMEHTTEY) TrabBaHUKaAIBIK xkynte Cl~
MOHJIAPBIHBIH KOHLIEHTPAIUACH xKoFapbiiaybiMeH DK 0,22 B-ka aptaabl.

Cyper 2 — Al-Cu raibBaHHKaJBIK KYITEr1 HEMEHTTEY IIH OIS PU3AIUSIIBIK
auarpammanapsl: 1°-3” — 0,35 mons/n MgSO, epitinpaicinaeri Al anoarsr epyi; 1-3 —
0,35 monb/m CuSO4 epitinaiciaaeri Cu KaToATH KaJIIbIHA KEITyi.

NaCl konnentpauusacel, mons/a: 1,1 —0; 2,2 —0,35; 3,3’ - 0,60
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DNEeKTPOXUMUSAIA SIEKTPOIUTTET] Oap 3aTTap IbIH HOHIAPHI IEKTPOATHIK TOTHIFY-
TOTBIKCBI3JIaHY IPOILECTEpiHE KATBICHANTHIH OOr/1e 3JEKTPOIUT I aTalabl.

bizniy xarnaiina NaCl Germe snexkTpoauT 00ja OTHIPHI, CuSO, epITIHICIHIH
TYTKBIPJIBIFBIH apPTTHIPa/Ibl, OChIFAH OalIaHBICThl KATOATHIH MOJISPU3ALMICH apTaabl
(2-cypert). ConbimMen katap, NaCl kateicybiMeH Cu*" HOHZApbl OCBHI MOHAAPABIH
KaTOATHIK aiiMaKTapra >KeTKi3inyi audQy3usicbIMEeH MIEKTENTreH Ke3/e IMIEKTI TOKTa
KanmbeiHa kenei [ 1-3]. XKanmel, 2-cyperte kopcetinreneii, NaCl KOHIIEHTpaIUsChIHBIH
xorapputaybiMeH Al-Cu KOHTaKTiIl TaJbBaHUKAJIBIK XKYNTIH LIEMEHTTEY TOTHI
TOMEHICHII.

Kpucrangany kesinge naiiga 0onatelH O6NIIEKTEPAIH MOJIIEpi KPUCTATAAHY
OpTaJbIKTAapBIHBIH Maiaa 00y >KbUIJaMIBIFBI MEH OJapIblH OJaH dpl ecy
KaJIJaM/IbIFbIHA apaKaThlHAChIHA OailaHbICThL. LleMeHTTey TYHABIpYbIHA KaTBICTHI
Oyn yHTakThIH tucnepcusicbl DKK MeH KOHTaKT1jI1 ralbBaHUKAJIBIK XKYIITIH IEMEHTTEY
TOTHIHBIH KaThIHACHIMEH aHBIKTAJIATBIHBIH OUIIIpeIi.

Epitinnineri NaCl koHIeHTpanuschiHBIH XoFapbuiaybiMeH Al-Cu KoHTakKTiIi
ranbBaHuKaNbIK KyntiH DKK aptansl, an nementrey Torel azasasl (2-cyper), NaCl
KOHLIEHTPALIMSCHIHBIH )KOFapblIaybIMEH JUCIIEPCT] MBICTBIH AUCIIEPCTI YHTAFBI TYHOAFa
TYCYiH KYTY Kepek, Oy xaFaiia TYHIbIPY KbUIIaMIbIFbl TOMEHACY1 KepeK CHSKTHI.
NaCl karbicybiMer Cu** MOHIapHI IEKTi TOKTA KaJIbIHA KEJICTIHIIriHEeH, OYJI AUCTIepCTi
FaHa eMec, COHBIMEH KaTap JEHAPUTTI YHTAKTHI 1a TYHABIPYFa XKarJnail xacailabl
[1, 2]. leHapuTTi YHTAKTHI epKiH ceOy Ke3iHae YyiKeH kenemai ananbl, sFHu NaCl
KOHIIEHTPALUSACHIHBIH XKOFapblIaybIMEH YHTAKTBIH CYChIMAJIbI THIFBI3/IBIFBI TOMEHACY1
Kepek Jien 0oymkayra 60mabl.

KopsbIThIHABI

KYKIpTKBILIKBLT epiTiHAUIEpIHEH MBICTHI aTIOMUHUIMEH LIEMEHTTEYTe 3epTTey
anram pet xyprizinai. CuSO, epiTiHainepiHeH MBICTBI AUCIIEPCTI TYPAE UEMEHTTEY
YIIiH aJIOMUHHUIII XJIOp HOHAAPBIMEH aHOATHI epiTy MpOIEciH OeJICeHIIpy KaKeT
€KEeH/IIr1 3KCTIEPUMEHTAIIBI TYPEC aHBIKTAIbI.

MpbIC YHTaFbIH MBICTHl QJIIOMUHUWMEH LEMEHTTEY apKbUIbl ajdy OoibIHIIA
YKOCTapIiaHFaH Toxipudenepain HoTwxkenepi Al-Cu KOHTaKTLI1 rajlbBAHUKAJIBIK KYITIH
AJIEKTPOATHIK MPOLECTEPiHIH MOMSAPUZALMSIIBIK OJIIICyJIep HOTHXKEIEepiHe CoMKec
KeJel.
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UCCJIEJOBAHHUS NPOLECCOB IEMEHTALIUU
MEJIbCOJIEPKAILLIMX OTXOJ0B

B nacmoswee epems Ha 20pHO-0602amumenbHuIX KOMOUHAMAX CKONULOCH
OONbUOE  KOAUYECTBO NUPUMHBIX  XB0CMO8 0bo2aujeHus om nepepadomxu
cyibuonbix pyo0 ysemuvix memannos. lloemopuas ux nepepabomka ¢ yenvio
Oooussneyenus Meou u Opyeux Memaulos npeodcmasisiem 00abuol NpaKmuieckKul
unmepec.

B cmamve paccmampueaemcsi cnocob nepepabomku  MedbCOOEPAHCAUUX
OMX0006 C NOMOWbIO YeMenmayuu. B sxcnepumenmax 6 kauecmee 60CCMaAHOBUMENS
UCNONL306ANU ATIOMUHULL 8 NIACTUHAX.

Vemanosneno, umo npu yemenmayuu meou amomunuem uz pacmeopa CuSO,
Konyenmpayueti 0,3 MOIb/1 HA NOBEPXHOCMU ANIOMUHUS KPUCTIANIUZYEMCSL CLOU
KOMRAKmuou meou. Bpems ocadxcoenuss KOMnaKmuou meou 5 Munym.

Pasmep  obpasyowuxcs npu  Kpucmaimuzayuu  yacmuy — 3A6ucum  om
COOMHOWEHUsSL CKOPOCMU 3APOACOCHUS. YEHMPO8 KPUCALIUIAYUU U CKOPOCMU
ux oanvHeuue2o pocma. IIpumeHumensHo K YeMeHmMAayuoHHOMY OCANCOCHUIO MO
o3Hauaem, ymo OUCNEPCHOCHb nopowKa onpeoeinsiemcs coomuoueruem I/Cumoxa
yemenmayuu KOHMAaKmHou 2anbeanonapwvl. I10CKoOIbKYy ¢ pocmom KOHYeHmpayuu
NaCl 6 pacmeope I/]C xonmaxmnou eanvearonapvl Al-Cu eospacmaem, a mok
yeMeHmayuu yMeHbuaemcs, ciedyem O0icu0amys, Ymo ¢ pocmom KOHYEeHmpayuu
NaCl dondicern ocaxicoamvcst 6oiee OUCNEPCHbLL NOPOULOK MeOU, RPU ITOM CKOPOCHIb
0CadNcOeHUst, No-8UOUMOMY, OO0INHCHA YymeHbulambcsi. T10ckonbKy 6 npucymemeuu
NaCl uonvr Cu?* 6occmanasiugaiomcest Ha npedebHOM mokKe, 3Mo co30aem YClo8us
07151 0CaNCOeHUsl He MOAbKO 601ee QUCHEPCHO20, HO U Doslee OeHOPUMHO20 NOPOUIKA.
bonee Oendopummuwiti nopowiok npu e20 c80000HOU 3acvinke Oyoem 3aHUMAMb
OOLUWULL 00BEM, M.e. MONCHO NPEONOLONHCUMb, YMO HACBINHAS NIOMHOCHb NOPOUWKA
¢ pocmom konyenmpayuu NaCl 0ondrcna ymenvuuamuocs.

Kntoueswie crosa: medsb, 60ccmanogumend, amioMUHULL, OMxXoobl, YeMeHmayus.
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STUDIES OF THE PROCESSES OF CEMENTATION
OF COPPER-CONTAINING WASTE

Currently, mining and processing plants have accumulated a large amount
of pyrite tailings from the processing of non-ferrous sulfide ores. Their repeated
processing in order to recover copper and other metals is of great practical interest.

The article discusses a method for processing copper-containing waste using
cementation. In the experiments, aluminum in plates was used as a reducing agent.

1t has been established that during cementation of copper with aluminum from
a CuSO, solution with a concentration of 0.3 mol/l, a layer of compact copper
crystallizes on the surface of aluminum. The time of deposition of compact copper is
5 minutes.

The size of the particles formed during crystallization depends on the ratio of
the rate of nucleation of crystallization centers and the rate of their further growth.
As applied to cementation deposition, this means that the fineness of the powder
is determined by the ratio of the EMF and the cementation current of the contact
galvanic couple. Since with an increase in the NaCl concentration in the solution, the
EMF of the Al-Cu contact galvanic couple increases, and the cementation current
decreases, it should be expected that with an increase in the NaCl concentration,
a more dispersed copper powder should be deposited, while the deposition rate,
apparently, should decrease. Since Cu*" ions are reduced at the limiting current in
the presence of NaCl, this creates conditions for the deposition of not only more
dispersed, but also more dendritic powder. A more dendritic powder with its free
filling will occupy a larger volume, i.e. It can be assumed that the bulk density of the
powder should decrease with increasing NaCl concentration.

Keywords: copper, reducing agent, aluminum, waste, carburizing.
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MODELING OF A CONTINUOUSLY CAST BILLET
CENTRAL POROSITY REDUCING PROCESSES

The results of studies aimed at solving the actual problem of improving the
quality of continuously cast billets are presented. Technical solutions have been
developed to improve the crystallization process by means of pulsating metal blowing
with an inert gas in the mold and shear reduction of the billet in the secondary
cooling zone of a continuous casting machine (CCM). Physical modeling of shear
reduction of continuously cast billets in the secondary cooling zone of CCM on model
ingots has been carried out. The resulting macrostructures of model ingots were
studied, indicating the absence of internal cracks in the central zone of the billet
at a degree of deformation of up to 5 % and small shear angles (< 15-18°), and at
a degree of deformation of more than 5 % and shear angles of about 18°, cracks
develop periodically, emerging on the surface of the ingot. With pulsating blowing
and shear «softy compression in the final period of solidification, their positive effect
on reducing the zone of columnar crystals and reducing the central porosity was
established.

Keywords: continuously cast billet, central porosity, CCM, crystallization, crack.

Introduction

The development of central porosity in continuously cast billets is mainly due to
the presence of a deep liquid hole, a developed columnar structure, which makes it
difficult to feed the billet during shrinkage, and also prevents non-metallic inclusions
from floating during the casting process. A promising way to reduce the central porosity
in a continuously cast billet is the «soft» reduction of the ingot in the secondary cooling
zone of the CCM [1].

The wide use of this method is limited, since it is impossible to use large degrees
of reduction due to the risk of developing cracks in the workpiece. Therefore, for its
implementation, dynamic compression systems are used [2, 3].

The purpose of this work is to simulate the processes of producing continuously
cast billets using soft reduction of continuously cast billets.

Materials and methods of research

Analysis of the quality of continuously cast billets of square and round sections,
produced at the enterprises of PB LLP «Casting» and PB LLP «KSP steel» from 2006
to 2010 showed that in billets with a developed columnar structure, the size of pores
and shrinkage cavities has a higher value. Therefore, with a decrease in the proportion
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of columnar crystals in a continuously cast billet, the value of axial porosity will be
smaller, which will reduce the required total degree of compression of the continuously
cast billet in the process of soft reduction. In [4], it is noted that the process of workpiece
reduction can be intensified by using shear deformations.

Based on the foregoing, the authors proposed a comprehensive method for improving
the quality of a steel continuously cast billet by pulsating metal blowing with an inert
gas in the mold and shear reduction of the ingot at the end of the secondary cooling
zone of the CCM [5]. The method of pulsating blowing is proposed to be used to reduce
the proportion of the columnar structure in the workpiece. It can be implemented with
no suction of the melt into the dip tube before supplying pressurized inert gas in each
cycle and with vacuum suction of the melt.

Theoretical analysis showed that the implementation of pulsating blowing in the
CCM mold is possible at an argon flow rate of up to 5 I/min, a pulsation frequency of
up to 16 Hz, and an amplitude of gas pressure fluctuations in the system from 0.08 to
0.15 MPa. At high values of these parameters, a perturbation may occur on the metal
surface in the mold and the quality of the workpiece surface may deteriorate.

Experimental studies of the formation of the macrostructure of a continuously cast
billet during pulsed blowing were carried out on a laboratory CCM for the cross section
of the mold 30x30 mm and ingot pulling speed 1 m/min. The casting temperature of the
model lead-based alloy is 350 °C. Pulsation purge was carried out with vacuum suction
through a tube dia. 5 mm at an immersion depth of 15 mm with a pulsation frequency
of 0—5 Hz, an inert gas flow rate of 0—5 1/min. The pressure in the dip tube was in the
range of 0.08-0.12 MPa. To analyze the microstructure, longitudinal templates were
cut out from the obtained workpieces, ground, polished, and etched in a solution of the
following composition: 42 g M O,, 29 ml HNO,, 100 ml H,O.

The macrostructure was studied on an MPB-2 instrument (X24). The width of
the zone of columnar crystals was measured. It was revealed that at a gas flow rate of
4-5 1/min, waves are observed on the «mirror» of metal in the mold. An analysis of
the macrostructure of the obtained samples showed that pulsating mixing has an effect
on the length of the structural zones of the ingot. The zone of frozen crystals slightly
increased, the zone of columnar dendrites decreased. The width of the zone of equiaxed
macrograins increased. This allows us to conclude that the pulsation effect contributes
to an increase in the number of nuclei of solid particles in the melt due to the breaking
off of dendrites and the washing out of crystal nuclei from the interface between the
solid and liquid phases into the axial part of the forming ingot.

The experimental results were processed by regression analysis in Microsoft Office
Excel. Taking the argon flow rate (I/min) as x1 and the pulsation frequency (Hz) as
X,, we obtained the regression equation (1) to determine the width of the zone of the
columnar structure (y, %) of a model lead alloy ingot:

y =48,07-4,56x, —0,67x, (1)
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Calculated correlation coefficient (R* = 0,71), which showed good convergence
of results; the adequacy of the model was carried out. Fisher’s design criterion F 0,41
lessF__ .

The hydrodynamics of continuous casting was modeled on the experimental setup,
which was a model of a CCM mold made of Plexiglas. To obtain a fluid motion similar
to the motion of molten steel in the liquid core of a hardening workpiece, the equalities
of the Reynolds, Froude and Weber criteria were observed. Experimental studies on
hydraulic modeling of pulsating blowing in the CCM mold were carried out for the
section 125%125 mm. Water consumption (Q’ = 10 I/min) corresponded to the drawing
speed of the steel billet of 2.5 m/min, water was supplied through a channel dia. 9 mm
(areal pouring nozzle has a diameter of 14.5 mm, which corresponds to a scale of M =
0.6). As bubbling gas, air was used, which was supplied through a tube with a diameter
of 5 mm, lowered into the mold under the liquid level to a depth of 90 mm. The gas flow
rate varied from 1 to 5 m/min. To create a vacuum, a separate channel was connected
to the tube by means of a pulsator, through which the gas was pumped out..

Results and discussion

A series of experiments were carried out with liquid pouring with an open jet and a
submerged jet through a submerged nozzle: without purge, with purge, with pulsating
purge without vacuum suction into a dip tube, with pulsating purge with vacuum suction
into a dip tube. It has been established that the most intense movement in the liquid is
provided by pulsating blowing of the liquid hole with vacuum suction of the liquid into
the dip tube, which should eventually stimulate the processes of nucleation due to the
destruction of growing dendrites during solidification of the workpiece and prevent the
development of a columnar structure.

Shear soft reduction of the continuously cast billet in the secondary cooling zone
of the continuous casting machine is provided by a pull-straightening device due to the
installation of pairs of conical and cylindrical rolls. Also, vertical supporting rollers
should be additionally provided, which will ensure the rigid position of the workpiece
along the CCM production line. The process of shear reduction of continuously cast
billets at the end of the solidification period was modeled in a number of experiments.
The degree of healing of the central porosity was compared with different reduction
schemes, as well as the maximum degree of reduction before the appearance of cracks
in the workpiece at the end of the solidification period.

To determine the degree of healing of the axial defect, laboratory studies were
carried out to simulate the reduction of continuously cast billets from lead alloys. The
reduction was simulated in cylindrical and conical rolls at different degrees of reduction
and shear angles. Tapered rolls implemented a shear reduction scheme. For modeling,
we used the Pb — Bi alloy, from which ingots with a cross section were made 17x17
mm. Holes dia. 2 mm for modeling central porosity.

The model ingot was reduced in two passes. In the first pass, the ingot was
compressed with a shift and the cross section of the model ingot was obtained in the form
of a parallelogram; in the second pass, the geometry of the model ingot was restored,
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its dimensions after compression were measured with a caliper, the dimensions of the
hole were measured using an MPB-2 microscope with a division value of 0.05 mm.

The behavior of an artificial defect was described using the hole closure ratio v,
which is the product of the elongation factor and the ratio of the cross-sectional areas
of the hole before and after deformation (2):

y=nFF,, 2)

where F’__and F° _—hole area before and after total reduction; e — drawing ratio.
Coefficient y shows the relationship between the reduction in cross-sectional
areas of the defect and the workpiece; at ¢ > 1 the cross-sectional area of the defect
decreases less intensively compared to the cross-sectional area of the workpiece, and the
elimination of discontinuities is unattainable. Corresponds to complete healing y = 0.

The elongation ratio was determined by the formula (3):

n="Fg/F (3)

| CII »

where F°_ and F’_ — ingot area before and after total reduction.

Further, the area, the elongation ratio of the model ingot, and the hole closing ratio
were calculated from the obtained values.

An analysis of the experimental results showed that the complete closure of a hole
with a diameter of 2 mm (y = 0) in the absence of shear reduction, it is achieved at an
elongation ratio p = 1,24. With shear compression, the hole is completely closed at a
lower elongation ratio (at o = 30°, p=1,13).

To process the simulation results, regression analysis was carried out in Microsoft
Office Excel. Received the regression equation (4) to determine the coefficient of hole
closure y from shear angle a model ingot and elongation ratio e model ingot:

W=5.26-0,020— 4,15 4)

We determined the correlation coefficient R2 = 0,89 (Fisher’s design criterion
F = 0,53, which is less F__ ). For various draw ratios e built graphs of dependence of
the coefficient of closing the hole y on the shear angle a (figure 1). On the basis of the
experiments carried out, it can be unambiguously concluded that shear soft reduction
provides a more effective healing of the central porosity in workpieces compared to
linear.
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Figure 1 — Dependence of the coefficient of closing the hole y from shear angle o
model ingot from lead alloys at = 1,06 p

At the next stage of research, the maximum possible degree of shear reduction of
a model ingot from an alloy of the Pb — Bi system was determined at the end of the
period of solidification without the appearance of cracks. For comparison, ingots without
reduction were obtained. For the experiment, a device was used to simulate the shear
reduction of billets with a liquid core in the production of a continuously cast billet
[6]. Dimensions of the metal mold 60%x60x40 mm. The thickness of the moving plates
is 5 mm. The thickness of the wedges during the experiment varied from 2 to 10 m,
which provided different values of the shear angle. The use of a wedge 10 mm thick
corresponded to a shear angle of 18°, 2 mm thick — shear angle 5°. The compression
application time was determined using a Chromel-Copel thermocouple installed in the
center of the mold. The reduction was carried out at 330 °C, which corresponded to
the minimum overheating of the metal above the liquidus line and provided a liquid
core in the ingot.

After the experiment, the macrostructure of the ingot was studied using microscopes
MPB-2 (x24) and USB Micro. The study of the macrostructure of model ingots
showed that there are no internal cracks in the central zone of the workpiece at a
degree of deformation of up to 5 % and small shear angles (< 15-18°). With a degree
of deformation > 5 % and shear angles ~ 18° the development of cracks is periodically
observed, emerging on the surface of the ingot, which can be explained by the loss of
plasticity of the alloy.

Conclusions

1 An integrated method is proposed to improve the quality of a steel continuously
cast billet due to pulsating metal blowing with an inert gas and in the CCM mold and
shear reduction of a continuously cast billet in the secondary cooling zone of the CCM,
confirmed by innovative patents of the Republic of Kazakhstan No. 19409, No. 21195.

2 Physical modeling revealed the nature of the influence of pulsating metal blowing
with an inert gas on the formation of crystallizing metal and established the dependence
of the width of the columnar zone of crystals of a model workpiece on the flow rate and
frequency of pulsations of an inert gas.

63



KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 4, 2022

3 By physical modeling of shear reduction of continuously cast billets in the
secondary cooling zone of CCM on model ingots, the mechanism of defect healing
“central porosity” was revealed and it was found that the degree of defect healing during
shear reduction is higher than during linear one.

4 On model billets, it has been established that the use of shear reduction of a
continuously cast billet with a liquid core to reduce axial shrinkage porosity is possible
at low degrees of reduction and shear angles.
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of a continuously cast ingot in order to improve the quality of rolled products]: avtoref.
dis. kand. tekhn. nauk. — Karaganda, 2010. — 21 p.

6 Innovacionnyj patent Respubliki Kazahstan na izobretenie Ne23127 «Ustrojstvo
dlya modelirovaniya processa prokatki pri proizvodstve nepreryvnolitoj zagotovki
[Device for modeling the rolling process in the production of continuously cast billet]». /
Serzhanov R. I., Bykov P. O., Bogomolov A. V. —zayavl. 15.10.2009; opubl. 15.11.2010,
byul. No 11. -3 p.

7 Lekhov, O. S. Tekhnologicheskie vozmozhnosti ustanovok sovmeshchennyh
processov nepreryvnogo lit’ya i deformacii dlya proizvodstva metalloprodukecii
[Technological capabilities of continuous casting combined processes installations
and deformation for the production of metal products] / O. S. Lekhov, D. H. Bilalov //
Proizvodstvo prokata. —2016. — Ne 7. — P. 24-26.

8 Ganin, D. R. Obzor i analiz ustrojstv dlya podachi shlakoobrazuyushchih
smesej v kristallizatory mashin nepreryvnogo lit’ya zagotovok [Review and analysis of
devices for supplying slag-forming mixtures to molds of continuous casting machines]/
D. R. Ganin, K. V. Licin, E. A. SHevchenk // Chernaya metallurgiya. Byulleten’
nauchno-tekhnicheskoj i ekonomicheskoj informacii. —2018. —T. 1. —Ne. 1. — P. 58—64.

9Fedorinov, V. A. Matematicheskoe modelirovanie napryazhenno-deformirovannogo
sostoyaniya metalla na uchastke pravil’no-tyanushchih ustanovok nepreryvnogo lit’ya
/' V. A. Fedorinov, A. V. Satonin, N. A. Kulik [Mathematical modeling of the stress-
strain state of the metal in the area of straight-pulling continuous casting installations]
// Obrabotka materialov davleniem. —2010. — Ne 1. — P. 21.
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10 Marukovich, E. I. Nepreryvnoe lit’e mednyh anodov dlya naneseniya OXNANCOCHUSL MAUUHBL HENPepbleHo20 Tumbs 3a2omoeox (MHJI3). Ocywecmeéneno
gal’vanicheskogo pokrytiya pri proizvodstve metallokorda [Continuous casting of Qusuueckoe MOOeIUPOBAHUE COBUL08020 0ONCAMUS HENPEPLIBHOIUMBIX 3A20MOBOK
copper anodes for electroplating in the production of metal cord] / E. I. Marukovich, 6 30He emopuuno2o oxaadxcoenus MHII3 na modenvnvix crumxax. Hccnedosansl
V. A. Matochkin, S. R. Chudakov, A. M. Branovickij, V. A. Dement’ev // Lit’yo i ”Oﬂyl‘e””b’eMaKpocmpmeypb’Moaeflb”blx CIUMKO8, yKasbleaiowue na omecymemeue
metallurgiya. — 2006. — Ne 3 (39). — P. 67—72. BHYMPEHHUX MPEWUH 6 YeHMPAIbHOU 30He 3a20MO6KU Npu cmenenu degopmayuu 0o

5 % umanvix yenax cosuea (< 15— 18°) u npu cmenenu degpopmayuu b6oree 5 % u yenax
cosuea oxono 18° nepuoduuecku HaOIOOAEMCs pazeumue mpewjut, blX0OSUUX
Ha nosepxHocmy caumka. Tlpu nynrvcayuoHHou npooysKe U CO8US0BOM «MSISKOM»
0bocamuy 8 KOHeuHbvlll Nepuoo 3ameepoesanis YCMaHo8IeHO UX HOLOHCUMENbHOe

* 1 ~
B- A- Ca-nu"'a GIUAIHUE HA COKpaUuleHUe 30Hbl cmonouamolx Kpucmaijilos U CHUMNCEHUE YEHMPATlbHOU
'Metamnyprust uactutyTel Opb PFA, Peceit ®enepanuscel, EkatepunOypr K. nopucmocmu.

Material received on 24.11.22.

Marepuan 24.11.22. 6acmara TycTi Kniouesvie crnosa: nenpepvignoiumas 3a20moskd, YeHmpaibHas NOPUCMOCHLb,
MHUJI3, kpucmanauzayus, mpewunda.
Y3IIKCI3 K¥YUBIJIFAH JAMBIHIAMAHBIH OPTAJIBIK
KEYEKTIJII'TH TOMEHIAETY NPOUECTEPIH MOAEJIbAEY

Y30ixciz  kyiiviizan  OaubiHOamanapobly CAnAcvLlH  apmmulpyobly — 63eKmi
Mocenecin weulyee Oasblmmanead 3epmmeyiepoiy Homudicenepi KelmipiiceH.
Kanvinma unepmmi eazben nyavcupiieneen Memanobvl ypiey #coHe 0aiublHOaManiaposl
y30ixciz xywo wmawunacvinoty ({YKM) kaimanama caikbiHoamy aiumasbinoa
OQUbIHOAMAHBIY bI2LICYbIH A3aUmy ecebiHeH KpUCmAanoaHy npoyeciH HCaKcapmy
YUWiH MEeXHUKALBIK wewimnoep a3ipaeHoi. Y30iKci3 Kylblizan 0aublHOamanapobl yiei
Kyumanapoazvl JJYKM kaimanama carkplHOamy aumasblHOa blebiCyobl a3aumyouly
Qusuxanvix Mooeni KHcypeizindi. Anvinean yaci Kyumaiapovly MaKpOKypblibiMOapbl
3epmmendi, Oyn 0atbIHOAMAHBIE OPMANLIK atiMazbiHoa 5 %-2a Oetiinei depopmayus
Odopedicecinoe dicone Kiui vlevicy Oypviuumapeinoa (< 15—18°) ocone oeghopmayus
dopedicecinoe TUKI HCapblKUAKmMapObly HCOKMbl2blH Kepcemedi. 5 %-0an acmam
JHcoHe bl2blcy bypviuumapsl wamamer 18°, scapvikmap nepuoomsi mypoe oamuin,
Kytima beminde natioa 601advl. Ilyibcayusnvly ypaey JHCOHe bl2blCy «ACYMCAK»
Cbl2biMOay Ke3iHOe KamyOulH COHebl Ke3eHiHOe 01apObly 0a2anaivbl KPucmaioap
aiimasvii azaimyeaa HeoHe OPMAanblK KeyeKminikmi azaiumyeaa oy ocepi aHblKmaiobl.

Kinmmi ce30ep: y30ixcis Kyuviizan oaubinoama, opmanvly keyekminix, J{YKM,
KPUCMANOamny, HcapolKuldax.

*B. A. Canuna’
"Muctutyt meraiwtypruu YpO PAH, Poccuiickas ®enepanus, r. EkarepunOypr
Matepuan noctynui B pegakuuto 24.11.22.

MOJEJMUPOBAHUE MMPOLIECCOB CHUKEHUS IIEHTPAJIBHOM
MNOPUCTOCTH HENPEPBIBHOJIUTOM 3ATOTOBKH

HpueedeHbl pesyibmamoul MCCJZE()OGGHLHZ, HANpAaejleHnvlXx Ha  peuteHue
aKmyaﬂbHOij npO6ﬂ€Mbl no6blULCHUA Kadvecmeda HenpepbleHOJIUmMbIX 3adc0mOBOK.
Pa3pa60maHbl mexHuveckue peuieHusl no CoBepuleHCmeo8anuo  npoyecca
Kpucmasiiuzayuu 3a cyem nyﬂbcaquHHOﬁ npodyeku memaiila UHEPMHbIM ca30M
6 Kpucmajiuzamope u CO8U206020 00CAMUSL 3A20MOBKU 8 30HEe 6MOPUHHO2O
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E. KebezeH', * []. A EceHzanuee? b. C. KenamaHoe?®.
123 AKTIOOMHCKUH pernoHanbHbIi yHuBepcuteT nmenn K. XKybanosa,
Pecny6iinka Kazaxcran, r. Akrobe

UCCJIE4OBAHUS NMPOLJECCOB BbICOKOTEMIEPATYPHOIO
TBEPJO®A3HOIO BOCCTAHOBJIEHUSI XPOMOBOMU PY[bl C
UCI10JIb3OBAHUWUEM [J151 BOCCTAHOBIJIEHUS1 KOKCA KHP

Boccmanosnenue anemenmos u3z oKcuoo8 OmMHOCUMCS K UUCTY Haubolee
PACNPOCMPAHEHHBIX U CILOHCHBIX BUO08 MEemMANTypeuieckux npoyeccog. Om enyounul
NOHUMAHUSL IMUX NPOYECCO8 60 MHO2OM 3ABUCAM UHMEHCUPUKayus U co30aHue
HOBBIX 3P PEeKMUBHBIX MEXHON02UL NePePabomKy PYOHO2O CbiPbsi.

3nakomcmeo u aHanu3 3HAUUMENLHO2O KOIUYECm8d pabom no mepmoouHamuxe,
KuHemuke U MeXAHUu3My B0CCMAHOGICHUS JJIeMEHMO08 U3 XPOMCOOEPIHCAUUX
MAmepuanos noKA3aau, Ymo y uccieoogameneii Cywecmsyiom pasuvie 83215106l no
amum gonpocam. Haubonee seposamuulii mexanusm 60CCMAan08IEHUS XPOMA U HCene3a
U3 XpOMUMOBHIX PYO MEEPObIM V2AepOOUCTHBIM B0CCIAHOGUMENEM ONUCLIBACICS
2a30(asHo-meepoopasHoll cxeMoll ¢ yyacmuem HeYCMOUYUBbIX 2a3000pa3HbIX
yacmuy.

Cmambs noceswena usyyeHuio npoyeccos meepoodhaznoeo 80ccmanosienus
XPOMOBOI Py Obl C UCHONBLIOBAHUEM 01 80CCManos1enus Kokca Kumatickou napoonoii
pecnyonuxku (KHP). B pabome npusooumcsi onucanue MemoouKku npogedeHuUs
1a00PAMOPHBIX UCCAEO08ANUL, PACHEem WUXMOBLIX MAMEPUANO8 U Pe3Vibmambl
uccnedosanuil. Ilpeocmasnenvl pe3ynomamevl mMEepoOOPA3HOZ0 BOCCNAHOGLEHUS
xpoma us xpomopyonozo xouyenmpama (Cr,0, — 52,8 %) npu memnepamypax
1450°C, 1500 °Cu 1600 °C. [Ipedcmagnenvi OarHvle no GIUAHUIO BPEMEHU BbLOEPIHCKU
Ha cmeneHb 80CCMAaHo8IeHus Xxpoma. Mamepuansl cmamovu MO2ym UChOIb3068amMbCsl
UHIICCHEPAMU-MEMANTYP2AMY U HAVUHBIMU — PAOOMHUKAMU — 3AHUMAIOWUMUCS
npoyeccamu YiyuuleHus. MexHoI02ul npou3so0cmea heppoxpoma.

Kniouesvie cnosa: xpomosas pyoa, éoccmanosnenue, XpoOMO8ulil KOHYEeHMpam,
cmenenb 80CCMAaHOGIeHUs, PeppoXpOM.

Beenenne

BonpocamMu ucnosib30BaHUS METANJIU30BAHHBIX XPOMUTOBBIX MAaTE€pHAJIOB
(okatsIIei, OpUKEeTOB) MHOTHE I'0JIbl 3aHUMAJIUChH PA3JIMYHbIe HccienoBareny [1-6].
HawuGonee BeposITHBIN MEXaHW3M BOCCTAHOBIICHUS XpOMa U XKeJie3a U3 XPOMUTOBBIX Py
TBEPJBIM YIJIEPOAUCTHIM BOCCTAHOBUTENIEM OMUCHIBAETCA ra3o(hazHo-TBepaoda3HOM
CXEMOM C yd4acTHeM HeyCTOMUYMBBIX ra3000pa3HbIX yacTull. HemocpeacTBeHHBIM
BOCCTaHOBMTEJIEM OKCHJIOB SIBJISIFOTCSI aTOMBI YIVIEPOJA, KOTOPbIE JOCTABIISIFOTCS K
IIOBEPXHOCTH 3€PEH XPOMMTA I10 TPEUIMHAM B 3€pHaX U [1OpaM BMELIAOLIEN OPOIbI
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ra3000pa3HbIMHU YIJIEPOICOIEPKAIMME MoJieKynamH. [lepeHocurkamu yriepoia MOryT
ObITh HEyCTOHUMBBIE MOJIEKYJIbI M pagukaisl: C.0,, CH,, CH,, CH,, CH u ap., koTopbie
B PE3YyJIbTaTE MHOI'OKPAaTHOI'O IOBTOPEHUS aKTOB paclaja U COEAMHEHHUS SBIISIOTCS
scTa)eTHHIM MEXaHU3MOM, JIOCTABIISIOIMM XUMHUECKU aKTUBHBIE aTOMBI YIJIEpo/ia B
ri1yOb KycKa py/isl. Bropast uacTb JaHHOW CXEMBI ITPEIIOoIaraeT, YT0 BOCCTAHOBJICHUE
3JIEMEHTOB JOCTABJICHHBIM K OKCHJaM YIJIEPOJOM, IPOUCXOIUT 3a cueT auddysuu
KaTHOHOB ¥ aHMOHOB B PELIETKE XPOMMTA [10 HAIIPABJIEHUIO K IOBEPXHOCTH 3€PHA, T.€.
ABJISIETCS TBEPAO(A3HBIM U MOXKET UMETh AIEKTPOXUMUYECKYIO IPUPOAY.

Jlnst mpoBeAeHUs KCIEPUMEHTAIBHBIX MCCIIEN0BAHUI 110 MPEABAPUTEIBLHOMY
BOCCTAQHOBJICHHIO XpOMa U3 XPOMUTOBBIX Py HEOOXOAUMO YUUTHIBATh CIEAYIOIIEE:

— Temreparypa Havana BocctanosiieHus xenesa u3 FeO Cr,O, pyzbl cocTaBiser
912 °C, cnengoBarenbHO, TEMIIEpATypa MPOLECCA IPEABAPUTEIIBHOIO BOCCTAHOBIICHUS
JKeJe3a JI0JDKHA OBITh BBIIIE JAHHOTO 3HAYCHHUS;

—TeMIeparypa Hayajia BOCCTaHOBJICHHUS XpoMa M3 py/Ibl C 00pa30BaHuEeM KapOuaI0B
cocrassieT 1130-1160 °C, cnenosarenbHo, TEMIEpaTypa Ipolecca IpeaBapUTEIbHOTO
BOCCTAHOBJICHUS XpOMa JI0JKHA OBITh BBIIIE JAHHOTO 3HAYCHUS;

— TeMIlepaTypa Hauyajla BOCCTAHOBJICHUS XpOMa M3 PYIbl ¢ 00pazoBaHHEM
METaJUIMYECKOr0 XpOMa BBIIIE, YeM TeMIlepaTypa oOpa3zoBaHMs KapOHIIOB XpoMa U
cocrasisieT 1240 °C, cienoBaTenbHO, MPOLECC BOCCTAHOBIEHUS XPOMUTOBBIX Py
BCErJia MPOTEKaeT ¢ 00pa3oBaHuEM KapOHIOB XpOMa, YTO HEOOX0IMMO YUUTHIBATh IIPU
pacuere KOJIMYeCTBa BOCCTAHOBUTEIS;

— YUUTBIBasI BHIOPAHHYIO CXEMY KapOOTEPMUYECKOTO BOCCTAHOBJICHHUS XPOMUTOBBIX
Py, MOKHO OTMETHUTh, 4TO AU(PQPY3HsI KATUOHOB U AHHOHOB B PEIIETKE XPOMHUTA
ABJIIETCS TMMHUTHPYIOILKM 3BEHOM I10 CKOPOCTH IPOLIECCAa BOCCTAHOBJIEHUS, IO3TOMY,
IS CHSATUS KUHETUYECKHUX 3aTPyAHEHHH HEOOXOAMMO CTPEMHTBHCS MOJYUYUTh
HaMMEHBIIYIO (PPAKLUIO HIUXTOBBIX MaTEPUATIOB.

MarepuaJjbl 1 METOABI

Onucana MeTOIMKA TPOBECHUS SKCIIEPUMEHTOB C XapaKTEPUCTUKON 1ab0paTOpHO-
UCCIIEI0BATENBCKOro 00opyaoBanus. B tabmumax 1 u 2 npeacTaBieHbl XUMUUECKUH
COCTaB PYJHBIX MaTEpUAIOB U TEXHUYECKUI COCTaB BOCCTAHOBUTEIIEH.

Pacuer pacxona BOCCTAaHOBUTEJIEW pa3HOrO THUIIA

Pacuet coctaBa muxTsl BeinonHseMm Ha 100 r XpoMOBOTO ChIpbSI.

Tabmuua 1 — Xumuueckuii cocraB pyaubix Mmatepuanos (MXJI Axkt3®), %

HaumenoBanue ConepxaHre KOMIIOHEHTOB
pyZHOro MaTepuana Cr,0, SiO CaO MgO AlLO FeO C S W

2

XPpOMOBBI KOHIIEHTpAT

JIO®-1 JITOK (0-3 wu) 52,8 6,4 0,3 19,6 7.5 12,3 0,05 0,01 | 0,24
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TexHuyecKui aHaJIn3 BOCCTAHOBUTEIIEH M aHAJIN3 30JbHOW YaCTH NPEACTABIICH B
Tabnure 2.

Tabmmna 2 — TexHuYecKni aHajaIn3 BOCCTAHOBHUTEIEH, XMMHUUECKUI COCTAaB 30JbHOM
yacTu, %

HaumMenoBaHue TexHHYECKHH aHATH3 XUMHUYECKHUHA COCTaB 30JIbI
MaTepuaia Y \Y A S P ALO Fe O, SiO, | TiO, | MgO | CaO
Koxc KHP 0,98 | 3,1 13,2 0,36 | 0,008 12,5 15,4 40,4 - 7,1 10,8

[Ipu pacuerax NpUHATHI CIEIYIOIINE YCIOBUS:

CrteneHb BOCCTAHOBJIEHUS XpOMa B pacdyeTe HE 3aKJaJblBaeTcCs, CBBIIIE
CTEXHOMETPUYECKU HEOOXOIUMOTO AJI1 BOCCTAaHOBUTENS KO3 (PUIIMEHT MPUHUMAETCS
1,2. CteneHp BOoCCTaHOBIICHUS kene3a, Yo — 100.

MeTtoauka pacdera. MeToauka pacdyera CTEXHOMETPUIECKH HEOOXOTUMOTO
KOJINYeCTBa BOCCTAHOBUTENS MMOKa3aHa Ha MPUMEPE XPOMOBOTO KOHIIEHTpaTa
(Tabmuma 1).

[TotpebGHoCTh B yriepoae st BocctaHoBieHUss 100r XxpoMoBOro KOHIEHTpATa
COCTaBHT:

Peaxnus Pacuer Komuuectso C, kr
Cr,0,+3C=2Cr+3CO (52,8 -0,85) -36/152= 10,63
FeO+C=Fe+ CO (12,3) - 12/72= 2,05
Uroro 12,68

YacTp yrieposa BOCCTAaHOBUTENS MONJET Ha BOCCTAHOBJIEHHE OKCHUIOB 30JIBI.
[TosToMy conepskanre akTUBHOTO yriteposa Oyaet Hke. OJJHaKO, yIYUTHIBAs CICIUPHUKY
pouecca, OTIMYAOLIEHCS OT 3JIEKTPONEYHON IJIABKH OTCYTCTBHEM KUJKOHM (pa3bl U
KpaiiHe MaJIbIM COJIEpKAaHUEM OKCHJIOB JK€J€3a B 30JbHOM 4acTH BOCCTAHOBHUTEIS
ko2 dument u3opiTka (K ) B pacuerax ¢ yueTom yrapa npunar pasubm 1,2. Torna
¢ yaetom K KoIM4ecTBO HEOOXOAMMOrO TBEPAOTrO yriaepoia cocTaBuT 15,22 kr.
B nepecuere Ha xokc KHP 310 3Hauenue cocrasur, 1: 15,22-100/82, 35=18,48, T1e,
snauenue 82,35 - C B kokce (C_=100-A-V-S-P-W).

[Tomyuennoe 3HaueHue pacxona kokca Ha 100r KoHIIeHTpaTa 3aHOCUM B Ta0IHILy 3.
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Tabnuua 3 — CooTHOLIEHHE MaTepUaNoB B OpUKeTe JJIS MOJHOIO BOCCTAHOBIICHHS
Xpoma, T

Bapuanrt Marepuan Bec
Konnentpar (Cr,0,-52,8%) AI'OK dpaxuus ucxoxnas 0-3 mm 100

! kokc KHP 18,48
Konnentpar (Cr,0,-52,8%) AT OK ¢ppaxuus monoras menee 0,074 mm 100

2 koxkc KHP 18,48

N3rorosreHne ONMBITHBIX OPUKETOB JUISI TIOJTHOTO BOCCTAHOBJICHUS XpOMa U3 PYAbI
OO0mue ycrnoBusi — Bce BOCCTAHOBHTENN MUMEIOT (pakuuro menee 0,074 mm; —
COOTHOIIIEHHE BOCCTAaHOBHUTEIIS M PYAbI HE 3aBUCHT OT (PPAKIIMOHHOTO COCTaBa UCXOAHBIX
MaTEpUAJIOB; — 10 KaKI0MY BapUaHTy U3rOTOBWIN 4 OpuKeTa (OpMEHTUPOBOYHBIN BEC
onHOTO OpHuKeTa 150 1.); - 001IIEe KOTMYECTBO 00PasIioB - 16; - o100p BIAKHOCTH CMECH
YCTaHABJIMBAETCS OMBITHBIM MyTEM; — CyIIKa OPUKETOB HA BO3JyXE B €CTECTBEHHBIX
YCIIOBUSX HE MEHEe | CyTOK; — IOCJIe MOTHON CYIIKH OpPUKETHI 3arpy>KaroTcs B IeYb JUIs
00paboTku. M3roToBieHne OpUKETOB MPOU3BOIMIOCH HA TPOMBIIIIEHHOM Tipecce [1-50.

Pazmepsnt popmb 1t ipeccoBanust 00pas3ios — 100x100%30 mm.

PexuM npeBapuTeIbHOTO BOCCTAHOBIICHHS U1l BCEX BapPUAHTOB IIUXTOBOK:

—Temriepatypa ooxkura 1450, 1500 u 1600 °C; - mmmTensHOCTh 00KUTA ITPH padoUeit
temneparype — 10 munyt, 20 munyT, 30 MmunyT, 60 MuHyT, 90 MUHYT, 120 MUHYT; —
00pa3IIbl 3arPyKAITHUCH B IIE€Yb C MOMEHTA €€ BKIIFOUEHHST; — JUIS OITBITOB UCTIOJIb30BATIMCH
AJTyHJIOBBIE THIJIH, 3aKPBITHIE KPBIIIKOW M3 JIESTKOBECHOTO IIAMOTA I YMEHBIICHHS
OKHCJICHHUS;, — [UTUTEIIFHOCTh HArpeBa Medr ¢ 00pa3iaMu BCeX BapUaHTOB JI0 pabodeii
TeMmmepatypsl 1 dac; — oxyiaxaeHue 10 KOMHaTHOW TEMIIEpaTypbl BMECTE C MEYbI0 BO
BCEX BapHaHTaX OIBITOB.

XUMHYECKUH aHATM3 BCEX 00Pa3LoB MPOBOIMIIM Ha CJIEYIOIIME KOMIOHEHTRL: Cr
Cr,O,. Xumuueckuii ananm3 00pasios B OIbITAX ¢ MAKCUMAIIbHBIM BOCCTAHOBJICHUEM
XpoMa POBOIMIIN Ha cieayromue komnonentsl: Cr, Cr,O,, Si0,, MgO, ALO,, CaO,
Fe ,FeO,C,P,S. Ouenky crenenu BOCCTAaHOBJICHHS TPOU3BOIMIIN CPABHUTEIILHBIM
oOpasom mo coxepxanuio Cr  Ha OCHOBE PE3yJIbTAaTOB XMMHUYECKOIO aHANU3a C
XpOMOM, BBEJICHHBIM C PYJAHBIM MaTCPHATIOM.

Pe3yabTaThl M 00CYKIEHHE

B Tabnuuax 4, 5 u 6 mpeacTaBiIeHbl pe3yIbTaThl TBEPI0(Pa3HOTO BOCCTAHOBICHUS
xpoma u3 xpomopyanoro konunenrpara (Cr,0,— 52,8 %) npu temmneparypax
1450 °C, 1500 °C u 1600 °C. B Tabnuiie 7 npeacTaBieHbl JaHHBIE 10 BIUSHUIO BDEMEHU
BBI/IEP’KKH Ha CTETIEHb BOCCTAHOBJIEHUS XpoMa npu Temneparype 1450 °C npu pa3Hbix
(bpakuusx KOHIIEHTpaTa U BUaX BOCCTAHOBUTEIIS.
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Tabnuna 4 — Pe3ynbraThl TBEp10(a3HOrO BOCCTAHOBJICHUS XpoMa M3 KOHIIEHTpaTa
(Cr,0, — 52,8 %) npu Temnepatype 1450 °C

BapI/IaHTI)I IIMUXTOBOK

HAYKA NN TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 4, 2022

Cr,0, 06w 57,2 58,7
Crmer 22,2 23,4

60
CrelneHb BOCCTAaHOBJIECHUS 56,7 58,3
Cr,0, 06 553 58,2
CrmMer 21,0 24,3

90
CTeneHp BOCCTaHOBJICHHS 55,5 61,0
Cr,0, 06w 57,2 57,0
Crmer 22,2 21,5

120
CTeltleHb BOCCTaHOBJICHHS 56,7 55,1

Tabmuma 6 — PesynbpTaThl TBEpA0(})Aa3HOTO BOCCTAHOBJIEHHUS XpOMa U3 KOHIIEHTpaTa
(Cr,0, — 52,8 %) npu Temnepatype 1600 °C

BapuaHTbl IMXTOBOK

Brinepxka, MaccoBas 710715 ¥ CTETIeHb
MHHYT BoCCTRHOREHMS Xpona, % Konuentpar Konnentpar menee 0,074 Mm
0-3 mm 1 xokc KHP u xoxc KHP

Cr,0, 06y 49,5 52,8
Crmer 7,0 13,1

10
CTrerneHb BOCCTAHOBIIEHUS 20,7 36,3
Cr,0, 0011 51,6 56,1
Crwmer 10,6 21,0

20
CTeneHp BOCCTAHOBICHUS 30,0 54,7
Cr,0, o611 54,0 58,4
Crmer 16,0 24,0

30
CreneHb BOCCTaHOBJICHUS 433 60,1
Cr,0, obug 53,5 58,1
Crmer 17,2 23,9

60
CTeleHb BOCCTAHOBIICHHS 47,0 60,1
Cr,0, 061y 55,0 57,8
Crmer 17,8 21,1

90
CTerneHb BOCCTAHOBIIEHUS 473 53,4
Cr,0, 001 55,6 56,8
120 Crmet 20,7 23,0
CreneHb BOCCTAaHOBJICHUS 54,4 59,2

Tabnuua 5 — PesynbraTsl TBEp0()a3HOrO BOCCTAHOBJICHHS XpOMa M3 KOHIIEHTpaTa
(Cr)0, - 52,8 %) npu Temneparype 1500 °C

MaccoBas 10 1

BBIHGp)KKa, MUHYT CTCIICHb BOCCTaHOBJICHUA

BapuaHTb! INXTOBOK

Konuentpar 0-3 MM 1 KOKC

Konuenrpat menee 0,074 mm

Bbll\f;g;m’ xgﬁ;gﬁiﬁiﬁjﬂigﬁﬁ:i}:’ Konuentpar 0-3 mm u xoke | Konnenrpat menee 0,074 MM
> KHP u kokc KHP
Cr,0, 001 55,9 59,1
Crmer 22,2 26,7
10
CTeneHb BOCCTAHOBICHUS 58,0 66,0
Cr,0, 06y 58,1 59,0
20 Crmer 26,0 28,5
CTelneHb BOCCTAHOBIIEHUS 65,4 70,6
Cr,0, 061y 56,5 58,3
Crmer 23,0 223
30
CTeneHb BOCCTAaHOBIICHUS 59,5 559
Cr,0, 061 58,0 59,4
Crmer 28,1 29,3
60
CTeneHb BOCCTAHOBJICHUS 70,8 72,1
Cr,0, 061 57,9 59,5
Crmer 27,8 29,2
90
CrerneHpb BOCCTaHOBIIEHHUS 70,17 71,73
Cr,0, 061y 59,6 60,1
120 Crmer 29,3 30,8
CrelleHb BOCCTAHOBIICHHS 71,9 74,9

xpoma, % KHP u xokc KHP
Cr,0, 061y 51,8 57,8
Crmer 11,4 22,5
10
CrerneHb BOCCTAHOBJICHUS 32,2 56,9
Cr,0, 00 52,9 58,7
Crmer 14,9 25,3
20
CTerneHb BOCCTaHOBJICHHUS 41,2 63,0
Cr,0, 061 56,1 58,4
Crmer 21,0 24,0
30
CTterneHb BOCCTAaHOBJICHHMS 54,7 60,1

72

Ha pucysnke 1 moka3aHa 3aBUCUMOCTb CTEIIEHH BOCCTaHOBIICHHS XpoMa OT (hpaKIiu
xpomopyanoro konuentpara (Cr,0, — 52,8 %) npu temneparype 1450 °C ¢ usmeHeHnem
BPEMEHH BBIJIEPKKHU Npu ucnosib3oBanuu kokca KHP. IIpenmymiectBa MoiaoToro
KoHIeHTpaTa AJisi kokca KHP He BbI3pIBaeT COMHEHH, 0COOEHHO MPH ATUTEIBHOCTH
BbIIepkKU MeHee 90 munyT. [Ipu Beigepikkax 6onee 90 MUHYT IpEeUMYIIECTBA MOJIOTOTO
KOHIIEHTPATa COXPaHSAIOTCS, HO C MEHBIIICH pa3HUIEH B CTETIEHU BOCCTAHOBJICHHUS.
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0 XapakTepy Takue ke, kak npu temneparype 1450 °C. Heob6xonumo otnathb
IPEANOYTEHUE MOJIOTOMY MaTepHaiy JUlsl yJIy4lleHNs: BOCCTAHOBUTENIBHBIX ITPOLIECCOB.

Pucynok 1 — 3aBHCHUMOCTB CTETIEHH BOCCTAHOBJIEHHS XpoMa OT (ppakiuu
xpomopyanoro konuenrpara (Cr,0, — 52,8 %) npu temnepatype 1450 °C ¢

M3MEHEHHEM BPEMEHHU BBLAECPKKHU MpU Ucnoib3oBanuu kokca KHP
PucyHok 2 — 3aBUCUMOCTB CTETIEHH BOCCTAHOBJIEHUS XpoMa OT (hpakuuu

xpomopyanoro konuentpara (Cr,0, — 52,8 %) npu temneparype 1500 °C ¢

Ta6JII/ILIa 7 — Baustaue BPEMCHHU BBIJICPIKKH Ha CTCIICHb BOCCTAHOBJICHHA XpoOMa IIpU
HU3MCHCHUCM BPCMCHH BBIJICPIKKU IIPU UCITOJIb30BAHUH KOKCa KHP

temnepatype 1450 °C npu pa3HbIx (pakusx KOHIIEHTpaTa U THIIa BOCCTAaHOBUTEIS, %o

Bpews Konnerpar Konuentpar menee 0,074 mm n xoxke KHP r 75 A
BBLIEPIKKH, 0-3 mm 1 xoxc KHP
MHHYT CrerneHb BOCCTaHOBJICHUS
10 20,7 36,3 S
20 30 54,7 £
30 433 60,1 E 65 —&—Komuuentpar 0-3 MM 1 kokc KHP
g
60 47,0 60,1 E —®—KoHmeHTpar MeHee 0,074 MM H KOKC
90 47,3 53,4 S o KHP 1600 0C
m
120 54,4 59,2 z
=
5 5
Tabnuna 8 — BausiHue BpeMeHH BBIIEPKKH HA CTENEHh BOCCTAHOBIICHHS XpoMa MpH
temmneparype 1500 °C npu pa3HbIX (ppakiusx KOHIIEHTpaTa U TUIIa BOCCTAHOBUTES, %0
5
Bpewms Boiaepxkky, | Konnenrpar 0-3 Mmm 1 kokc KHP ‘ Konnentpar meree 0,074 mm n kokc KHP %0 0 10 2 30 0 50 60 20 30 00 100 110 120
MHUHYT Crenenb BOCCTaHOBJICHUS L BpeMs BbITepAKH, MEHYT y
10 32,2 56,9
20 412 63.0 Pucynok 3 — 3aBUCHMOCTh CTETIEHH BOCCTAHOBIIEHUS XpoMa OT (ppakuuu
30 54,7 60,1 xpomopyanoro konuentpara (Cr,0, — 52,8 %) npu temneparype 1600 °C ¢
60 56,7 58,3 M3MEHEHUEM BPEMEHH BBIAECPKKHU IIPU UCHoab30BaHuu Kokca KHP
90 55,5 61,0
120 56,7 55,1 Ha pucynke 3 noka3aHsl 3aBUCMMOCTb CTEIIEHH BOCCTAHOBJICHUS XpoMa OT (ppakiuu
Ha PUCYHKE 2 IpeacTaBji€Ha 3aBUCUMOCTE CTCIICHU BOCCTAHOBJICHUA XpoMa OT XpPOMOPYIHOTO KOHIIEHTpaTa (Cr203 — 52’8 %) IIpU TEMIIEpAType 1600 °C ¢ uzmMeHeHueM
0 o
¢paxumu xpomopyanuoro koruenrpara (Cr,0, — 52,8 %) npu temmeparype 1500 °C BPEMEHHM BBIAEPKKHU Npu ucnosb3zoBaHuu Kokca KHP. IIpeumymecrBa MoiaoToro
C U3MCHEHMEM BPEMEHH BBIJIEPIKKH TPU UCIONB30BaHUM Kokca KHP. 3aBucumoctu KOHIIEHTpaTa AJisi 000MX BOCCTAHOBHUTEINEH HE BhI3bIBacT coMHeHUI. Ha pucynke 4 u

Ta6J'II/II_Ie 10 moka3aHbBI 3aBUCHUMOCTH CTEIICH BOCCTAHOBJICHUS Xpoma Ui KOHIICHTpAaTa
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¢pakuuu menee 0,074 MM OT TeMIiepaTypbl U BpEMEHH BBIIEPKKU. DTHU 3aBUCUIMOCTH
NOJTBEPKAI0T IpenMyiiecTsa kokca KHP.

Tabnuua 10 — BausHue TemnepaTypbl ¥ BpeMEHH BBIACPKKH Ha CTETICHb BOCCTAaHOBJICHUS
Xpoma 171t KoHeHTpara pakipu mexee 0,074 MM pH pa3HbIX THIIAX BOCCTAaHOBHUTEI, %o

Bpewms Beiaepkku, Konuentpar menee 0,074 mm u xoke KHP
MUHYT CreneHb BOCCTaHOBJICHUS
1450 °C 1500 °C 1600 °C
10 36,3 56,9 66,0
20 54,7 63,0 70,6
30 60,1 60,1 55,9
60 60,1 58,3 72,1
90 53,4 61,0 71,7
120 59,2 55,1 74,9

B nenom, npu temmniepatype 1600 °C npeumyniectBa kokcom KHP nposiBisiroTcst
Oonee penbedHoO.

PucyHnok 4 — 3aBUCUMOCTb CTETIEHH BOCCTAHOBJIEHHS XpOMa JJIsi KOHIIEHTpaTa
¢pakuun menee 0,074 MM OT TeMIepaTypsl M BpEMEHU
BBIIEPKKH TPU PA3HBIX TUIIaX BOCCTAHOBUTES

BrIBOaBI

1 LenecooOpa3Ho MpUMEHSTh KOHIIEHTpaT u kKokca KHP B Monorom coctosiHun
1o ppakuuu menee 0, 074 mMM;

2 OntumaneHas TeMieparypa BoccraHonseHus 1600 °C ¢ ucnonab30BaHUEM KOKCa
KHP ¢ Bo1eprkkoii okoso 60 MunyT. [Ipu 3THX apaMeTpax JOCTUTaeTcs MaKCUMaJlbHasI
CTEeINEeHb BOCCTAHOBJIEHUS XpoMa, paBHO# 72,1 %.
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Marepuan 24.11.22. 6acnara TycTi

KXP KOKCBIH KAJIIIBIHA KEJITIPY YIIIH XPOM KEHIH ’KOFAPbBI
TEMIIEPATYPAJIBI KATTBI ®A3AJIbI KAJIIIBIHA KEJITIPY
ITPOLHECTEPIH 3EPTTEY

Oxcuomepoen  s1emeHmmepoin MOMbBIKCHI30AHYbL  MEMALIYPULTIbIK,
npoyecmepOiy ey Kon mapai2ar JHeoHe Kypoeii mypaepiniy 6ipi 601vin mabdwviiaobl.
Ken wuxizamoin on0eyoiy srcaya muimoi mexHoI0SUsIAPbIH KAPKLIHOAMY JHCOHE
Kypy Kebinece ocbl npoyecmepdi myciny mepenoicine OauiaHbiCmbl.

Tepmoounamuxa, KUHemuKa JHCoHe KypamblHOa Xpom Oap mamepuanioapoar
aneMeHmmepOi KAINbIHA Kenmipy MeXanusmi OOUbIHWA JICYMblCmapobly eo0oyip
CAHbIH MAHLICMbBIPY JICOHE Manday 3epmmeyuinepoiy Oyn mocenenep 00ubIHUA
opmypai Keskapacmapuvl b6ap exewin xepcemmi. Xpomum Kenoepinen Xpom MeH
memipoi Kammwl KOMIPMeKmi MOmuvlKCbl30aHObIP2blUNEH KATNbIHA Kelmipyoil eH
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BIKIMUMAT MEXAHUZMI MYPAKChI3 243 mopi30i Oonuexmepoi KAMMumulH 2a3 Qasaivl-
Kammul (hazanvl cxemamer CUnammanaobl.

Maxana Keimaii Xanvix Pecnyonuxacvinvity (KXP) KOKCblH KAINbIHA KeAMipy Ui
XpOM KeHin Kammul (pa3aivl KAINbIHA KeAmipy npoyecmepin 3epmmeyze apHaieaH.
JKymvicma 3epmxananvix 3epmmeyiep iCypeizy 90icmeMeciHiy cunammamacsl,
wWuUxXma MamepuailoapvlHuly ecedi JicoHe 3epmmey Homudicenepi Keamipineoi.
1450 °C, 1500 °C owcone 1600 °C memnepamypada Xpom KOHYEHMPAMbIHAH
(Cr,0, — 52,8 %) xpommely Kammoel pasaibl MOMBIKCHI30aHY HOMuUdICENEP]
yevinviaean. Makana mamepuanoapvin  Geppoxpom  OHOIPY MEXHONOSUSACHIH
Jrcakcapmy npoyecmepimen aunanvicamvin Memannype-unicenepiep MeH 2bliblMu
Kbl3MemKepiep natoaniana aniaowvl.

Kinmmi  coe30ep: xpom KeHi, MOMBIKCbLI30aHY, XPOM  KOHYEHMpAamol,
MOMbBIKCHI30aHy 09pexceci, (heppoxpom.

E. Kobegen', * D. A. Esengaliev’, B. S. Kelamanov’.

123 Aktobe Regional University named after K. Zhubanov,
Republic of Kazakhstan, Aktobe.

Material received on 24.11.22.

STUDIES OF THE PROCESSES OF HIGH-TEMPERATURE SOLID-PHASE
REDUCTION OF CHROMIUM ORE USING THE PRC COKE RECOVERY

The reduction of elements from oxides is one of the most common and complex
types of metallurgical processes. The intensification and creation of new efficient
technologies for processing ore raw materials largely depend on the depth of
understanding of these processes.

Acquaintance and analysis of a significant number of works on thermodynamics,
kinetics and the mechanism of recovery of elements from chromium-containing
materials have shown that researchers have different views on these issues. The most
probable mechanism for the reduction of chromium and iron from chromite ores
by a solid carbon reducing agent is described by a gas-phase-solid-phase scheme
involving unstable gaseous particles.

The article is devoted to the study of the processes of solid-phase reduction of
chromium ore using coke recovery of the People’s Republic of China (PRC). The
paper describes the methodology of laboratory research, calculation of charge
materials and research results. The results of solid-phase reduction of chromium
Jfrom chromium ore concentrate (Cr,0, — 52.8 %) at temperatures of 1450 °C,
1500 ° C and 1600 ° C. are presented. Data on the effect of exposure time on the
degree of chromium recovery are presented. The materials of the article can be used
by metallurgical engineers and scientists involved in the processes of improving the
production technology of ferrochrome.

Keywords: chrome ore, reduction, chrome concentrate, degree of reduction,
ferrochrome.

79


https://www.scopus.com/authid/detail.uri?authorId=57194129457
https://www.scopus.com/authid/detail.uri?authorId=55624812500
https://www.scopus.com/authid/detail.uri?authorId=55625163000

KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 4, 2022

MPHTH 53.31.23

https://doi.org/10.48081/KOZV9746

A. b. KyaHobikoe', A. I'. Bakupoe?, A. K. XKyHycoe?, * I1. O. bbikog“.
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3EPHUCTBLIE ®UJIbTPbI N3 30J1 3KUBACTY3CKUX YITIEU
A1 PAOUHUPOBAHUA NEPBUYHOIO AJTIOMUHUA

B nocneonue 200vi namemunaco menOeHyusi G08NEUEHUSI @ INEKMPOIUIHOE
NpoU3BOOCMBO  ANIOMUHUSL  MeHee KAYECMBEHHLIX UCMOYHUKO8 Cblpbs 074
npou3BO0CmMBa aHO008, 4MO NPUBOOUM K 3ACPAIHEHUI0 MemAaild NpUMecimu
MAICENBIX YGEMHBIX MEMALI08 (8 YACTIHOCMU 8AHAOUS).

Hccenedosanua  noceawjenvl  yoanenuio obpasylowuxcs npu  obpabomie
antomMunus-colpya garocom na ocroee boprotu kucromel (H.BO,) unmepmemaniuoos
U3 pacniasa 3a cuem QUILIMpayUOHHO20 PapUHUPOBAHUSL.

Ilpu paspabomxe cnoco606 PuibMpayuoHHO20 PAPUHUPOBAHUSL OCHOBHBIMU
BONPOCAMU  ABISIOMCS  6bI00P MEMOo0d pPAPUHUPOBAHUS U MAMEPUAnog O0.s
U320MoGAeHUs Purbmpa.

s yoanenuss menxkux 6KmoueHull, yuumuléas 60abuol 00vbem Memania npu
INEKMPOIUZHOM NPOU3BOOCMEEe AIOMUHUSL (00 8 MOHH 8 KANCOOM 8AKYYM-KO8Uie)
Hauboaee IPHeKmusHo ¢ IKOHOMUUECKOU MOUKYU 3PEHUsT UCNOTb308AMb HACHINHbIE
3epHUcmvle hurbmpol.

B xauecmee mamepuana ona uzeomoenenus 3epeH uabmpa uUcnoab308aidch
301a Dxubacmysckoeo yans, cocmosuwas 6 ocnosnom SiO, u ALO,.

IHlonyuennuvie  00pasyvl  ANIOMUHUS — AHATUSUPOBANUCL HA — PACHPOBOM
INEKMPOHHOM MUKpockone upmol JEOL ¢ cucmemoii muxpoananuza INCA Energy.

DKrcnepumenmanbHvie UCCIe008aHUSL NOKA3AMU BO3MONICHOCHIL UCHONb30BAHUS
307161 DKUOACMY3CKUX Yenell 0 U320MOBNeHUsl SPAHYI HACHINHBIX (UIbMPO8 O
PAPUHUPOBAHUS ATTOMUHUS-CBIPYA.

JlemanvHuvie ucciedosanus Ha pacmpogom dNeKMPOHHOM MUKPOCKONE Qupmbl
JEOL ¢ cucmemoii muxpoananusa INCA Energy nokazanu 603mMoiCHOCHb YOQIeHUs
npumecell Y8eMuvIX MEMAalo8 U 8 Nepayro oyepedb GaHAOUS.

Kniouesvie crosa: amomunuil, pagpunuposanue, npumecu, puibmp, 30.14.

Beenenne

B nocneanue roasl HaMeTUJIaCh TEHJCHIIUS BOBJICYCHUS B IJIEKTPOJIH3HOE
MIPOU3BO/ICTBO ATFOMUHUS MEHEE KAUECTBEHHBIX UICTOYHUKOB ChIPbsI JIJIs1 IPOU3BOICTBA
AHO/IOB, YTO MPUBOIUT K 3arPSI3HEHUIO METAJLJIa IPUMECSMU TSHKEJIBIX LIBETHBIX METAJLIOB
(BuactHocTH BaHaaus) [ 1-3]. Kak uzBectHo [3—5] BaHaauii mpu KOHIEHTPALIMH OKOJIO
2 ppm CHUXXAaeT 3JIEKTPONPOBOHOCTh AIFOMUHUSA B 2 pasa.
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B KazaxcTtane nis mpou3BoJAcTBa 000XKEHHBIX aHOJOB AJIOMHUHHEBBIX
AIIEKTPOIU3EPOB YaCTUIHO HcTonb3yeTcst MecTHbIN Koke TOO «YITHK-IIB» (ITaBnoaap,
Pecny6iinka KazaxcTaH) ¢ MOBBIIIEHHBIM COJIEPYKaHUEM BaHAAUA U IPYTUX IPUMECEH.

B psine pabot [4—6] npeanoxensl criocoObl pahuHUPOBAHUS IEPBUYHOTO ATFOMHHUS
OT NpUMecei BaHa/1Ms1, KOTOPBIE HE HAIIUIHA IIUPOKOTO MPOMBIIUIEHHOTO IIPUMEHEHUS.

B paGore [7] aBTOpaMu Hcciae10BaHa TEXHOIOTUSA paUHUPOBAHUS IEPBUYHOTO
TIOMHUHUS OT pUMecei BaHaaus Oopcoaepxarieit muratypoii Al-B BHe 31eKkTponi3Hoi
BaHHBI. MccieqoBanus mokaszanu [7]:

— CHIDKCHHE COJICpKaHUs BaHA/IUsA B cpeHeM Ha 78 % B OCHOBHOM Macce MeTalia,
IpU YBEJIMYEHHH €T0 COACP)KaHUs B HIDKHEH dacTu KoBia (00bem 10 5-10 % ot
€MKOCTHU KOBIIA);

— MePeBOJ] 3HAYUTEIHHOTO KOJMYECTBA BaHAMsI B UHTEPMETAIUIN,

— CJIOHOCTb B Pa3/IeJICHUU HHTEPMETAJUIU/IOB BaHAIUS pa3MepoM okoJio 10 Mkm
U pa)UHUPOBAHHOTO AIIOMUHUS B KOBIIE TPAJIUIIMOHHBIMU METOaMU (OTCTaUBaHUE
B TeUCHHH 4—7 4acoB HE JaJI0 MOJOKHUTEIBHOTO Pe3yIbTaTa).

JanpHelimue ucciaeqOBaHUS MOCBAUICHBl YAAaJCHUIO 00pa3yrOIUXCs
UHTEPMETAUTUIOB U3 paciiaBa 3a cyeT (GUiIbTPalMOHHOTO paMHUPOBAHUS.

MarepuaJjbl 1 METOIBI

IIpu paspaboTke croco0oB (UIBTPALMOHHOTO paUHUPOBAHHUS OCHOBHBIMHU
BOIIPOCAMU SIBJISIFOTCSI BEIOOP MeTO1a paMHUPOBAHUS K MATEPHAJIOB /ISl U3TOTOBJICHUS
¢ubTpa.

Bce metoap! punbTpaniioHHoro padhuHUpoBaHus noapasaesstores [8—12]:

1 mo MecTy npuMeHeHus: BHe()OpPMEHHbIE, BHYTpU(OPMEHHbIE (PUITBTPHL;

2 10 MEXaHU3MY OTJICJICHUS] HEMETANTNYEeCKUX BKIIIOUEHUI: ceTuaThlil, Ha KeKe,
TITyOWHHBIHN, aICOPOIIMOHHO-XUMUYECKHIA;

3 mo ¢opMe MpUMEHsSEMOro Kapkaca (QHIbTpa: CeTKa, 3epHa, KUIKUE (IIOCH,
NEHOKEPAMHUKa, OTHEYIIOp € IPSIMBIMU KaHAJIAMU;

4 10 aKTUBHOCTHU MaTepuaia (GpuiIbTpa: HEUTpaIbHbIEC, aKTUBHBIE;

5 1o arperaTHOMY COCTOSIHUIO: )KUJIKUE, TBEP/IbIC;

6 10 COBMECTHOMY MPUMEHEHUIO C APYTHUMH croco0amMu papuHUPOBAHUSA:
dbunpTpanus + Bubpanus, punsTpanus + aerazanus IpoayBKOM razaMu, GribTpanus
+ 00paboTka ¢rocamu; GUIBTpaLuUs + 3JIEKTPOMAarHUTHOE BO3ACHUCTBHE.

dunbTpoBaHUE UMEET psiJ ocodenHocrel [8—12]:

— padMHIPOBAHUIO OABEPraeTCs MOCIEI0BATEILHO BECh 00BEM KHIKOTO METalIa,
a caM MPOIIECC MOXKET ObITh OCYIIECTBIIEH HEITOCPEICTBEHHO MPH pa3jIMBKe pacijiaBa
U3 TIeYd B KOBII MJIH JIUTEHHYIO (hopMmy;

— CpaBHHTEJIbHAS IPOCTOTA TEXHOJIOTHUECKOTO MPOIecca;

— JIETKO BIIUCHIBAETCS B JACHUCTBYIOLIUN HA IPOU3BOJACTBE TEXHOJIOTUYECKUU
npouecc.

CymecTByeT J1B€ NPpUHLUHUIUAIBHBIE CXEMBI Ipouecca GUIbTPAIUOHHOTO
paduHUpOBAHUA METANIOB — 3TO (PUIBTpOBaHUE Yepe3 IJIOCKHEe U 00bEMHBIE
¢ueTpsr [11].
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KOHCTPpYKTUBHO (QUIBTPBH MOXXHO pa3faeiauTh Ha cieayioumue THUIbl [8—14]:
IUTACTHHYAThIe KaHAJIbHBIC; JIACTUHYATHIC STYCHCTHIC; CeTYaThie; BOPOHKOOOPA3HEIE;
IIEHOKEPAaMUYECKHUE; HACBIITHBIE 36PHUCTBIE (KYCKOBBIE).

AHanu3 HayYHO-TEXHUYECKON MH(OPMAIMK IOKA3bIBACT, YTO IS yIaJICHUS MEJTKHX
BKJIFOYCHUH HEOOXOJMMO NMPUMEHEHHE OOBEMHBIX (MIBTPOB. YUUTHIBAsK OOJBIION
00BbEeM MeTaJlIa IPU AJIEKTPOIU3HOM IPOU3BOCTBE ATIOMUHUSA (10 8 TOHH B KaXKI0M
BaKyyM-KoOBIIIe) Hanbosee 3pPeKTUBHO C IKOHOMUYECKOM TOUKHU 3pEHUS HCIIOIb30BATh
HACBIITHbIE 36pHUCTHIE (DUITBTPHI.

0O0630p nutepatypsl nokazan [8—14], 4To OCHOBHBIMU MaTepHaliaMu (PHIBTPOB,
SIBJISIFOTCS CIIEIyIOILHUE:

1) Ha OCHOBE OKCHJIOB: KOPYH/[, TJIMHO3EM, IIaMOT, MAarHe3UT, aIyHUT, OKHCh
LUPKOHMSI, 6a3a]IbT, KOHBEPTOPHBIH IIUIAK;

2) Ha ocHOBe rpaduta: rpaguTOBBII 60 TUTIIEH, TEKCTYpUPOBaHHbIE IPa(UTOBbIE
BOJIOKHA;

3) Ha OCHOBE CTEKJIOBOJIOKHA: CETKH IIETCHHBIE U CIIPECCOBAHHBIC;

4) U3BECTHSIK;

5) Ha ocHoBe cosield: Gurockl TBepabie (52,7 % CaF, + 47,3 %NaF; 51,0 %MgF, +
49 %NaF; 66 % NaCl + 34 %NaF; 60 %Na3AlF,+ 40 %NaF) n xunxue.

OTanyuTeNnbHOH OCOOEHHOCTBIO 3€PHUCTHIX (UIBTPOB SBISETCS OOJbIIAS
MOBEPXHOCTh KOHTAKTa C METAJNIMYECKUM DPAcIIaBOM B Ipoliecce (UIbTPALlUU U
HaJIMYue JUIMHHBIX, TOHKHX U M3BUIUCTBIX MEX3EPEHHBIX KaHAJIOB MEPEMEHHOIO
ceueHus [8—14]. Pemaroniyto posb B OTAEIEHUN KPYIIHBIX BKJIOYEHUH U IUIEH B JAHHOM
cilydae IPUHAISKUT MEXaHHUECKUM Tpolieccam, a B OTACICHUN TOHKOAUCIIEPCHBIX
BKJIIOYEHUH — aAT€3MOHHBIM, TPOXOSIIUM MO BCeH TTyOrHe PUIbTPa U Ha3bIBAEMBIM
«TIIyOUHHOWY (punbTpauen.

OTH MpoLEcCh UMEIOT MECTO OJHOBPEMEHHO, HO B 3aBUCHUMOCTH OT Xapakrepa
TEUYEHHUs, OTHOUICHHUS pa3Mepa sYelku (GuiIbTpa K pasMepy BKIIOUYECHHS, PUPOIBI
Matepuana QpuibTpa, XapakTepH3yollell B3auMOJEHCTBUE €ro ¢ pacijiaBOM H
BKJIIOYECHUSMH, ITPE0OIaAI0IMM MOXKHO CUATATh JIHUIIb OAUH U3 HUX.

Haubonee nozguue padorsl yuensix MUCuC B yactHoctH B Tpyaax Ten 3. b.
OBbUI IPEITIOKEH PeaKIMOHHO-KPUCTATU3AMOHHBIN Mexanu3M (PKM), nmpu kotopom
paciuiaB GUIBTpyeTCs OT PacTBOPEHHOM yacTu npumecH [15]. TepmoaunaMudeckoi
HPEINOCHUIKOM JJIs ITOTO SBJISETCS HEPABHOBECHOE COCTOSIHHE PACILIaBa I10 OTHOIICHHIO
K peakuuu oopazoBaHus (as.

Cxema PKM BkittouaeT B ce0s cienyromue ctaauu [15]:

— JIOCTaBKa yJaIsIeMOi MPUMECH K MOBEPXHOCTU (PUIBTPa U CBA3BIBAIOILEIO €r0
kommoneHnrta (1);

— agcopOuun ux Ha noBepxHocTH puibTpa (II) M XUMHYECKON peaKLuu MEXIy
HUMU;

— BBIJICJICHUSI HEMETAJNINYECKON (a3bl, KOTOpas MOXET HAaKaIIUBAaThCS Ha
HOBEPXHOCTH JINOO YAaNsAThCs IMyTeM BOUThIBaHHS B opsl ¢puibTpa (111).

Pa3paborana konu4yecTBEHHAss MOJAENb JJs onucaHus 3(pHeKTUBHOCTH
GunbTparuOHHOr0 paGUHUPOBAHUS KUIKUX PACIIaBOB, YUHTHIBAIOIIas BCE

82

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 4, 2022

padunupytomue 3pPexTsl — ceTouHsli, anare3nonuslii 1 PKM. Cymmapusiit
K03 uumeHT ocaxaenus pasex [15]:

n=1-[(Cy,/ Co)m/ (1 +m)]~[(Cy,/ CO /(1 +m))] (1)
rge m= Co(p) / CO(XC)

Co(p) 1 C, ., ~ COOTBETCTBEHHO CO/ICP)KAHHE PACTBOPEHHOM M XUMHYCCKH CBSA3aHHOM
qacTell yaansieMoil nmpuMecu B He(hUIbTPOBAaHHOM paciuiase, %o;

C_ uC_  —COOTBETCTBEHHO COJIEPKaHNE PACTBOPEHHON U XMMUYECKH CBSI3aHHOMN

k(p) k(xc)
yacTell yaansieMoi nmpuMecu B GUIBTPOBAaHHOM paciuiase, %.

B pabote Ob11 paccMoTpeH mporiece GUIbTParMoOHHOT0 pahUHUPOBAHUS KUIKOTO
AIFOMUHHMA-CHIPIA nocie GpuarocoBod 00paboTku 6opnoi kucnoroi (H,BO,). B
nporiecce padhuHUPOBaHUS 00pa3yroTcs UHTepMeTauasl VB2 pazmepom oxomo 10
MKM. [InoTHOCTB TOOpUAa Banaaus cocrasiser 5,10 r/cm?, uro B 2 pa3a Oosblie ueM
y amomunus (2,69 r/cm®), npu temmneparypax OJIM3KUX K TeMIepaType IUIaBICHUS
anoMuHus VB2 HaxoauTcs B TBEPAOM BHJIE.

C yuerom 0ompIIoro oobemMa MeTajlia MpU AJIEKTPOJIN3E ATIOMUHUS B KauecTBe
¢unbTpa ObUT BBIOPaH HACKITHON 0OBEMHBIN (DHIIBTP C TpaHyIaMu pazmepoM 15 —25 mm.

B kauecTBe MaTepuana Al H3TOTOBIICHUS 3€peH (PUIbTpa UCIOIb30BATIACh 30714
OxkubacTy3ckoro yris, cocrosmas B ocHoBHOM SiO, u Al O, (tabmuua 1 u 2).

Tabnuna 1 — XuMudeckuit coctaB 30J1 DKUOACTY3CKHUX YIien, %o

SiO ALO Fe,0, [FeO |TiO, |CaO MgO SO mi.m. | rurp. Boga | CO <SiO,

2 273 2 3 2

46,7 25,2 6,58 0,66 |1,28 |7,66 3,1 1,26 |3.41 0,57 3,96 26,7

Ta6muia 2 — ®a30Bo-MUHEPATIOTUYECKHUIM COCTAB 301 DKMOACTY3CKUX yTiie, Mac. %
(ycpenHeHHBIN)

IMonesoit Kopynn
AmopduszoanHoe | OKcHubl PYHL, Vraucrteie
Crexmnodaza III1aT, KBapll, MYJUIUT, Kanpuut
TJIMHUCTOE BEIECTBO | JKele3a JaCTHUIIBI
THPOKCEH KpUCTOOAIUT
30 25 9 10 7 8 11

XUMUYECKHI COCTAB aTFOMHHUSI-CBIpIIA TPUBe/IeH B Taduuie 3. XUMHUYEeCKUi cOCTaB
AIIOMUHUS-CBIPLIA ONPEEIISAIICS Ha ONTUKO-3MUCCHOHHOM criekTpomeTpe ADC-500.

Tanmna 3 — XuMuuecKkuid COCTaB MEPBUYHOTO ATFOMUHHS 10 paduHUPOBaHUs, %o

Al Si Fe Cu Mn
96,1299 3,2557 0,4105 0,0071 0,0032
Mg Ni Cr Ti \Y%
0,0239 0,0115 0,001 0,0323 0,0132

BrimnaBka u ¢arocoBoe paduHUPOBAHUS ATIOMUHUA-ChIpLIa OOPHON KUCIOTOM
MIPOBOJIMJIOCH AaHAJIOTMYHO padote [7].
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OuipTpaninoHHOe paMHUPOBAHUE OCYIIECTBISJIOCH HA SKCIEPUMEHTAIBHOM
ycTaHOBKe (pucyHOK 1), koTopas cocrosia u3 ¢puipTpytomero 6ioka 1, 3épen
¢unpTpa 2 U GopMbl 3, B HUKHEH YacTH Pacrioyiarajoch OTBEPCTUE IS UCTCUCHHS
npopUIBTPOBAHHOTO METAJJIa B KOBII, KOTOPOE 3aKPhIBAJIOCH OTHEYIIOPHON CETKOM.

Pucynok 1 — Cxema 3KkCriepUMEHTaIbHON YCTaHOBKHU

[omy4enHble 00pa3iib! (PUCYHOK 2) aHATU3UPOBAIIMCH HA PACTPOBOM 3JIEKTPOHHOM
mukpockone ¢pupmel JEOL ¢ cucremoii mukpoananuza INCA Energy.

Pucynox 2 — O6pasiibl mpohuiIbTPOBAaHHOTO ATFOMUHUS-CHIPIIA

Pe3yabTarsl u 00CyKIeHUE

Ha pucynke 3 u B Tabmuiie 4 rpeicTaBiIeHbI pe3yIbTaThl HCCIEA0BAHUS ATFOMUHHUS
nocne papunuposanus 6opuoi kucnoroi H.BO,, na pucynke 4 u tabnuue 5 mocine
buIbTpaK Yepes 3ePHUCTHIA QUIBTP.

Tabmmia 4 — XapakTepuCcTHKa XUMUYECKUX JJIEMEHTOB 0 PE3ysIbTaTaM pacTpOBOM
3JIEKTPOHHOM MHKPOCKONUM oOpa3la alllOMHUHHA-ChIpLA Mocie (ICcCOBOTO
padunupoBanus, %

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770.

Ne 4, 2022

Makec.

8,65

MuH.

0,73

Pucynok 3 — Pe3ynbTaThl pacTpOBON 3JIEKTPOHHON MHKPOCKONHH 00pasua
ITIOMUHUS-CHIpLA TTocIe (IIF0OCOBOrO paUHUPOBAHUS

Tabnuua 5 — XapakTepucTUKa XUMHUYECKHUX 3JIEMEHTOB IO pe3yjbTaTaM pacTpOBOM
AJIEKTPOHHONH MUKPOCKOMHH O0pa3la aTloMHUHHI-ChIpLA Mocie (GUIbTPAHOHHOTO
padunupoBanus, %

Cnektp B crar. (6] Al Si
Crnektp 1 Jla 51,77 47,50 -
Crextp 2 Jla 52,21 47,79 -
Crnekrp 3 Jla 11,59 77,31 0,83

Makc. 52,21 77,31 0,83
MuH. 11,59 47,50 0,83

Crektp \% Cr Fe Hror
Coekrp 1 - - 0,73 100,00
Crekrp 2 - - - 100,00
Crnekrp 3 - - 8,65 100,00

84

Cnextp B crar. o Al Si
Coextp 1 Ha 35,45 49,41 11,70
Crnekrp 2 Jla 48,96 25,13 6,51
Coextp 3 Ha 7,33 23,59 69,08
Crnekrp 4 Jla 6,27 91,18 1,74
Makc. 48,96 91,18 69,08
MuH. 6,27 23,59 1,74

Crektp \% Ca Fe Uror
Crextp 1 - 3,44 - 100,00
Coektp 2 - 19,40 - 100,00
Crnekrp 3 - - - 100,00
Crekrp 4 - - 0,81 100,00
Makc. - 19,40 0,81
MuH. - 3,44 0,81
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PucyHnok 4 — Pe3ynbTaThl pacTpoBO#l 3JIEKTPOHHON MUKPOCKOIIMH 00pa3iia
IIOMUHUS-CHIPIA 1Oce GUIBTPAMOHHOTO pahUHUPOBAHHS

BriBoabI

1 DkcnepuMeHTaNbHBIE MCCIEA0BAaHUS [10KA3a]IM BO3MOKHOCTh MCIIOJIb30BaHUS
307161 DKUOACTY3CKUX YTJIEH NIl U3TOTOBJICHUS TPaHyJl HACHIIHBIX (UIBTPOB JJIS
padpUHUPOBAHUS ATIOMUHH-CBHIPIIA.

2 JletanpHbIe UCCIIEOBAHUS HAa PACTPOBOM IJIEKTPOHHOM MHUKPOCKOIE (DUPMBI
JEOL c cuctemoii Mukpoananusa INCA Energy nokasaiu BO3MOXHOCTb yAaJ€HUS
IIpUMECEN [IBETHBIX METAJUIOB U B IEPBYIO OUYEPEAb BaHA .
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BACTAIIKBI ATIOMUHUM I TASAPTYFA APHAJIFAH EKIBACTY3
KOMIPIHIH KYJIHEH KACAJIFAH TYAIPIHIKTI CY3T'LJIEP

Conebl  dtcvLn0apsl  91eKmpoau3  onoipicine  aHoOmapovl  OHOIpy  YWiH
WuUKizammuly canacwl3 Ke30epin mapmy ypoici 6aukanovi, Oyi Memanobly ayvlp
mycmi Memanoapovly (aman aumkaHoa SaHAOUOIH)KOCHANAPLIMEH JTACTAHYbIHA
oKeneoL.

3epmmeynep  purempayusnvlx  mazapmy — apKwiivl - OAIKGIMAOAH — UWUKI
antomunuiidi 6op Kouurwliel (H.BO,) necizinoezi asvinmen onoey kesinde naiuoa
boramuln Memaniuomepoi KHcowaa basblmmanaaH.

Cyzeiden mazapmy s0icmepin d3ipaey Ke3iHOe Hezizei Moceneaep Cy3ei acacay
Yuwin mazapmy 90ici MeH Mamepuaioapvii mayoay 6o1vtn maodwliadbvl.
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AnoMunuiioiy  21eKmpoau3 OHOIPICiHOe Memanobly YIKeH KOJNeMiH ecKkepe
OmbIpbIN, YCaK KOCHANApObl Kemipy Yulit (op 6aKyymovlK uieiekme 8 monnaea Oetlin)
9KOHOMUKATILIK, MYPeblOaH CYCbIMANbl MyUpuixmi cyseinepoi KoI0any muimoi.

Cysei dondepin dcacay ywin mamepuan peminoe neeisinen SiO, owcone AlO,
mypamuin Exibacmys kemipiniy Kyai naioaiansliobl.

Anvinzan amomunuil yreinepi Inca energy muxpoauanus oicyueci oap JEOL
upmacvinbly pacmpavlk 21eKMpPOHObL MUKPOCKONBIHOA MAL0AHObL.

Oxcnepumenmmik 3epmmeynep WUKI3AmM anOMUHULIH mazapmyaa apHani2am
cycvimansl cy3einepoiy myuipwixmepin gicacay ywin Exioacmys xomipiniy Kyain
nanoanany MyMKiHOI2iH KOpcemmi.

Inca energy mukpoananuz oicyueci 6ap JEOL dupmacvinoly pacmpivik
INEKMPOHObI MUKPOCKONBIHOARYL e2dicell me2dicelili 3epmmeyiep mycmi Memaioap
MeH el anoblMeH 6aHAOUll KOCRANAPbIH Kemipy MyMKIHOI2IH KOpCcemmi.

Kinmmi ce3dep: amomunuii, mazapmy, Kocnaiap, cy3sei, Ky

A. B. Kuandykov', A. G. Bakirov’, A. K. Zhunusov’, *P. O. Bykov*.
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GRANULAR FILTERS FROM EKIBASTUZ COAL ASH
FOR REFINING PRIMARY ALUMINUM

In recent years, there has been a tendency to involve less qualitative sources
of raw materials for the production of anodes in the electrolysis production of
aluminum, which leads to contamination of the metal with impurities of heavy non-
ferrous metals (in particular vanadium).

The research is devoted to the removal of intermetallides formed during the
processing of raw aluminum with boric acid-based flux (H,BO,) from the melt due to
filtration refining.

When developing filtration refining methods, the main issues are the choice of
the refining method and materials for the manufacture of the filter.

To remove small inclusions, taking into account the large volume of metal in the
electrolysis production of aluminum (up to 8 tons in each vacuum bucket), it is most
economically efficient to use bulk granular filters.

The ash of Ekibastuz coal, consisting mainly of SiO, and AL,0, was used as a
material for the manufacture of filter grains.

The obtained aluminum samples were analyzed on a JEOL scanning electron
microscope with INCA Energy microanalysis system.

Experimental studies have shown the possibility of using the ash of Ekibastuz
coals for the manufacture of bulk filter granules for refining raw aluminum.

Detailed studies on a JEOL scanning electron microscope with the INCA Energy
microanalysis system have shown the possibility of removing impurities of non-
ferrous metals and, first of all, vanadium.

Keywords: aluminum, refining, impurities, filter, ash.
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UCCJIEQOBAHUE BIIUSIHNSTI MACCbI TSIFOBO-TPAHCITOPTHOU
MALIWHbI HA EIO TAAIOBO-CLEINHBIE KAYECTBA

Jlannas paboma nocesujena UCCIEO08AHUIO  GAUAHUSL KOHCMPYKMUGHBIX
napamempos MAawiuHvl HA €20 3KCHIYAmAayuoHHble ceoticmea. B oannoi cmamve
paccmMampusaemcs  GIUsSHUE MACCbl  MA2080-MPAHCHOPIMHOU MAWUHBL HA €20
oKCnyamayuouusle  kawecmea.  Paspabomana  mamemamuuecxkas — mooenv
83AUMOOCIUCMBUST  PE3UHOBOU  2yceHuybl ¢ OonopHvim ochosanuem. C  yenvio
CHUDICEHUSI MAMEPUATIbHBIX, SPEMEHHbIX U PECYPCHbIX 3ampam HA ApoGedeHuUe
IKCNEPUMEHMATBHBIX UCCAeO08AHUI U NOJYHUEHUS. OAHHBIX OJIsL MANEMAMU4ecKo20
MOOeUPOBAHUA B3AUMOOELICNBUSLEY CEHUUHO20 O8UINCUMEISL C 2DYHIMOM UCCAEO08AHUS
npogedeHvl  Memooamu  Pusuiecko2o Mooeruposanus. Mcnoav3oean  memoo
PA32OHA-HAKAMA MOOEIU X00080U CUCMEMbl HA 20PUBOHMANbHOU NOBEPXHOCMIU.
Tlpeonooicennviii. memoo Odaem MOHYHOCL 3AMEPO8 U BO3MONCHOCMb CPAGHEHUS.
PA3HLIX 6APUAHMOE MOOenell 6 OOHUX napamempax maccvl u 6oasvl. CyuHocmo
Memooa 3aKaOYAemcst 8 COOOUWEHUU MOOeaU MOYHO ONPeOeNeHHO20 KOIUYeCmad
9Hepeuu, Komopasi obecnedusaem pazeoH MOOeiu 00 ONpPedeNeHHOU CKOPOCHU.
3amem sma cxopocmb eacumcsi 3a cuem NOMepPb 6 Oudicumene npu HaKame.
Oxcnepumenmvl NPOBOOUNUCL C UCHONB30BAHUEM VHUBEPCANbHOU HECAMOXOOHOU
MOoOenu X00080U YACMU 2YCEHUUHOU MAWUHbL C YNpYeol OAanaHCupHou noo8ecKoll
Ha necke, GIANCHOM CyeluHKe U POGHOU OemoHHOU niowaoke. B pesynomame
NPOBEOCHHBIX IKCHEPUMEHMANbHBIX UCCLEO008AHUN YCMAHOBIEHO, MO KANCOOMY
8U0Y NOYBbL COOMBEMCMBYEm C60e 3HA4eHUe ONMUMAILHOU MACCbl MIA2060-
MPAHCNOPMHOU MAWUHDL.

Kouesvle cnosa: msa2080-mpancnopmuvie MAuuibl, X0008ds CUCMEMA,
Qusuueckoe Mooeruposarue, MoOeib WAcCu MAuuHbl, Mi20680-CYENHble KA1ecmad.

Beeaenne

JUist SKCIUTyaTaluy B pa3sHOOOPa3HBIX YCIOBHUIX CO3aHBI TATOBO-TPAHCIIOPTHBIE
MaIlHbI Pa3HbIX TUIIOB M KOHCTPYKIIUH C Pa3TMYHBIMU TEXHUYECKUMU XapAKTEPUCTUKAMU.
Tun v Ha3HaYeHUE MAUIUHBI ONPEAENSIOT KOHCTPYKIMIO €T0 XOJO0BOM CHCTEMBI.
TSAroBo-TpaHCHIOPTHBIE MAIIMHBI IIUPOKO HCIOIb3YIOTCS B CEJIBCKOM XO034HCTBE, Ha
CTPOMTENBCTBE MIOCCEHHBIX M JKEJIE3HBIX OPOT, Ha MPOKIIATKE Ta30HEPTEPOBOIOB,
TOPHOPYIHOM MPOMBIIIEHHOCTH U IPU Ppa3BeAKe MOJIE3HbIX UCKOoNaeMbIX [1, 2, 3].
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B paMkax Hay4HO-HCCIIEI0BATENBCKOM pabOThI KOJUIEKTHUBOM aBTOPOB Pa3padOTaHbI
KOHCTPYKLIUH XO0OBBIX CHCTEM TATOBO-TPAHCIIOPTHBIX MAILIUH, 0COOCHHOCTBIO KOTOPBIX
SBIISICTCSI TO, YTO OHM CHAOXKEHBI pe3MHOAPMHUPOBAHHBIMU T'yceHUIamMH [4, 5].

B paGore [6] pa3spaboTana MmaTeMaTHUeCKasi MOJENb B3aUMOCHCTBUS PE3UHOBOM
T'YCEHHULbI C OMOPHBIM OCHOBaHHWEM. [l MOJlydeHHs MOATBEPKIAEHUS PE3YJIBTaTOB
TEOPETUYECKUX HCCIIEOBAHUI ObUTH IIPOBEICHBI IKCIIEPUMEHTAJIbHBIE UCCIIET0BAHMUS.

MarepuaJibl 1 METOABI

OKCIIEpUMEHTAIbHBIE UCCIIEI0BAHUS BIUSHUS KOHCTPYKTHUBHBIX IIapaMeTpOB
TATOBO-TPAHCIIOPTHON MAIIMHBI HA €ro HKCILUIyaTallMOHHBIE KauecTBa TPEOYIOT
OOJIBIIKX 3aTpaT PECYPCOB, BpeMeHU U cpeacTB [7, 8, 9]. [ToaTomy € 1eNbI0 CHUKEHUS
MaTepUaJIbHBIX, BDEMEHHBIX U PECYPCHBIX 3aTpaT Ha IPOBEIEHUE 3KCIIEPUMEHTATIBHBIX
UCCJIEIOBAHUM U IMOJIYYEHMS JAaHHBIX JJI MaTEMaTHYE€CKOTO MOJAEIUPOBAHUS
B3aMMOJEHCTBUS I'YCEHUYHOI'O JIBUKUTENS C TPYHTOM IIpENIaraercsi UCIoJIb30BaTh
Metoabl puszmdeckoro monaenupoBanus [10]. [lpu pusznueckom MoAeTMpPOBAHUH
IPYHT OCTaBJIAIOT HATYPHBIM, a MAIIMHY 3aMEHSIIOT MOJEJbI0, KOTOpas UMUTUPYET
BO3/JCMCTBUE HATYPHOM MalIWMHBI HA IpyHT. [Ipy 3TOM IPOUCXOAUT U3MEHEHUE
MacmTaboB, HO COXpaHsAETCs MpUpoJa sABjIeHUs. KauecTBeHHbIE U KOJIMYECTBEHHBIE
CBSI3H [TOJIOOHBIX SIBIICHUH YCTaHABIMBACTCS B BUJIEC KPUTEPHAIBbHBIX COOTHOLIEHUH [11].

Jlnst mpoBeleHHs] SKCIIEPUMEHTANIBHBIX UCCIIEI0BAHUI HUCIOJb30BAJICA METOJ
pa3roHa-HakKaTa MOJEJIU XOJOBON CHCTEMBl Ha TOPU30HTAJIbHOW NOBEPXHOCTH,
00eCTIeYNBAOLIHIA TOJTyYeHHE CPABHUTENBHBIX JAHHBIX Ha TBEP/BIX U MATKUX IPYHTAX
[12]. Jausblii MeTon obecredynBaeT TOYHOCTh 3aMEPOB M BO3MOXKHOCTb CPaBHEHUS
pa3JIMYHBIX BAPUAHTOB MOJIENICH B OJIHUX MapaMeTpax Macchl U 0a3bl.

Jlns mpoBeeHHs dKCIEpUMEHTOB Ha Kadenpe «TpaHcrmopTHas TeXHUKA H
noructukay HAO «TopalirslpoB yHUBEPCUTETA» CIHPOEKTUPOBAH U MU3TOTOBJIEH
CTEHJ| JUIsl UCCIIEIOBAaHUsI Pa3IMYHBIX TUIIOB XOJOBBIX CUCTEM Ha HECAMOXOAHOMU
YHUBEPCAJIbHOW MOJIEIH XOI0BOM YaCTH TATOBO-TPAHCIIOPTHOM MamuHbl [13].

CymHOCTh METOJIa 3aKIII0YaeTCs B COOOIIEHUH MOJIEIH TOYHO OIPE/IEeICHHOTO
KOJINYECTBA SHEPTUH, KOTOPasi 00ECIIEUMBACT PAa3roH MOJIENH JI0 CKopocTd Y. 3arem
3Ta CKOPOCTb I'ACUTCS 3a CUET NOTEPh B ABMKUTENE IIPH HaKaTe (BbiOere).

[IpakTudecku co3iaHue ONpeeIEHHON BEIMUMHBI SHEPTUU MO>KHO OCYLIECTBUTD,
MCII0Jb3Yys NMOTEHIUAJbHYI0 3HEPTUI0 NOAHATOro rpy3a. Cxema NpoBeAEHUs
JKCIIEPUMEHTA IIPE/ICTAaBIEHA HAa PUCYHKE 1.
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Pucynok 1 — Cxema npoBeieHHsI SKCIIEpUMEHTa METO/IOM pa3roHa - HakaTa

I'py3 maccoii m_moIHMMAeTCst Ha BBICOTY h | 1 COSXMHACTCS TPOCOM Yepe3 CHCTEMY
OJIOKOB C MOJIEITBIO, YICPKIUBAEMOH B ICXOAHOM ITOJIOKEHUH CTOMOPHBIM yYCTPOMCTBOM.
IIpu paccronopeHry MOJENIN IO ISHCTBIEM IPy3a M COBEPIIACTCS PAsTOH e Ha
Y4acTKe, COOTBETCTBYIOIIMM BBICOTE h | MajeHns rpysa ¢ MOCIeayOmnM BEIOErom Ha
uaHy /.

HorenumansHas sHeprust m_ - h rpysa m_ pacxozyercs Ha:

a) IIPEOIOJICHHE CHII CONPOTHBIICHUS JIBHKCHHIO Ha y4acTke h,_;

0) pa3roH MOJIeTH 10 CKOPOCTH V ;

B) pa3roH rpy3a A0 CKOPOCTH V;

I) IOTepH B OJIOKaX.

(1)

rae n, — KIIJ[ cuctembl 6J‘IOKOB,n6H:0,98;

F~ cuia conpoTusiieHns: KauyeHuIo;

E - kuHeTnueckas sHEprust MOJIEINH;

Erp— KHUHETHYECKasl SHEPTUs rpysa.

[Ipu ocTaHOBKE Tpy3a €ro SHEPTUst TPATUTCS Ha yAap, @ MOJIEIb JIBHIKETCS AAJIbIIIE
3a CYEeT MPUOOPETEHHOM €10 KHHETHYECKON YHEPTUH.

VYuutsiBas, 4TO NPU PABHBIX CKOPOCTAX SHEPTHs MPOIMOPLHOHAIbHA MaccaM,
MOy YUM

£, _my 5
Erp Mg, (2)

rJe m,,— Macca MOJIEIH.
B MOMEHT KacaHus Ipy3a m,  OINOPHOH MOBEPXHOCTH KMHETHYCCKAs SHEprus E
CUCTEMBI I'PYy3-MOJIEIIb C OJTHOM CTOPOHBI PABHA CYMME KHHETHUECKOM 3HEPTUU MOJIENH
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U Tpy3a, a ¢ Ipyroil — pa3HOCTU MEX]ly MOTEHIMAIBHOM 3Heprueil rpys3a u paboToi,
3aTPavyeHHOM Ha IPEOJOJICHUE COIIPOTUBIICHHs KAYECHUIO MOJICJIM HA y4acTKe hrp

E=E,+E, €)

E=m_-h-n,—F-h, (4)

N3 ypaBaenus (2) u (3) noxyunm

i
R (5)
I”rp + m,,

[Moacrapnss snauenue £ n3 ypapnenus (4) B ypaBHenue (5) noayuum

(6)

Kunernueckas SHEPIruAa MOACIIHU PACXOAYCTCA Ha ITPEOAOJICHHUE CUIT COITPOTUBIICHUA
Ka4CHUIO MOACIIN F} Ha y49aCTKeE BBIOETA )

E =F, -1 (7)

1

Honcrasnss 3Havenne £; u3 ypasnenus (7) B ypaBHeHue (6) HOIyduM

Otcrona

(8)

B nmannoit (bopMyﬁe i}}lﬁqeﬂne Mg *Tlsz  COOTBETCTBYET TATOBOMY YCHJIHIO F|.
3aMEHUB OTHOIEHUE — — 4Yepe3 k, e k — KodpuienT Boibera, moayIuM

m
dbopmymy, yaoOHYO JUTsl SKCIIEpUMEHTATBHBIX PACUE€TOB

)

3HayeHue F, NpEJCTaBIseT COOOM CPEJHION BEIUYUHY CHJIBI CONMPOTUBIIECHHS
Ka4eHUIO MOJIEJIH.
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CKopoCTh B KOHIIE pa3roHa MOXKET OBITh OIpe/IeieHa U3 paBeHCTBA IPHOOPETEHHOM
MO/IEJIBIO SHEPTUU B IEPHOJ Pa3roHa U pacxoa e€ Ha BeIOer

OTCIOZIa

i (10)

Pacuetnas popmyna (10) cripaBeamBa rpu noctosiHHOM cute F; . [Tpu nepeMeHHOM
CHUJIE MIOJTYYarOTCs PE3YJIbTATHI, JIOCTATOUYHbIE JJIsl CPABHUTENIbHBIX OIBITOB.

ObecnieueHne YUCTOTHI OMBITOB JOCTUTAETCs MPOBEACHUEM JKCIEPUMEHTOB Ha
MOYBE C OJJTHOPOIHBIMH (PH3UKO-MEXaHUIECKIMH CBOWCTBAMU 11O TITyOHHE.

Pe3yabTaTsl U 00CyKaeHNE

HccnenoBanue npoBoAMIOCh HA YHUBEPCAIBHON HECAMOXOIHOM MO/IENIN XO/10BOM
YaCTH T'YCEHUMYHOM MAIlIMHBI ¢ YIOpyToi OanancupHoil noaseckoi. Ilpononbhas 6a3a
moenu — 380 MM. OTIBITEI OBLITH MPOBEACHBI HA TIECKE, BIAKHOM CYTTIMHKE U POBHOM
OCTOHHOM ILIOIIAJIKE.

OCHOBHbIE XapaKTEPUCTUKHU TPYHTOB:

a) mecok — o0beMHBINH Bec 16 kH/M?, Baaxuocts 5 %, mioTHocTh 1,6 /M3,
CTPYKTYPHBII cOCTaB: yacTulbl pazmMepoM 2,0 mm cocTaBisin 4%; 1,0 MM cocTaBisiiin
6 %:; 0,5 MM coctasisiu 17 %; 0,25 MM coctaBistin 73 %.

0) cyrmuHok — o0beMHbIi Bec 20 kH/M?, BnaxHocTh 15 %, wioTHoCcTh 1,5 1/M°.
CyIrJMHOK — 3TO TJIMHA CO 3HAYMUTENbHOM MPHUMECHIO MECKa U MbIJIEBUIHBIX YACTHIL.
CocraB cyrnuska: riusa 15 %, necok 35 %, neuieBuanbie yacTuilsl S0 %.

B) OETOHHAs TOPOKKA — MPSIMOJIMHEITHAs TUToIIaAKka 0e3 ykioHa. [Ipu npoBeaeHnn
OIBITOB HMCITOJIB30BAJICSA IIEMCHTHBIN O€TOH IJIOTHOCTHIO 2,0 I/M°.

C 1enplo ornpeAesieHus BIUSHUAS MacChl MAIIMHBI HA €T0 TSATOBO-CIICTTHBIE CBOMCTBA
OBLITM M3TOTOBIIEHBI Mojaenu Maccamu 48 kr, 64 xr u 80 Kr, 4TO B mepecueTe s
HaTypasbHOM MamuHbl cooTBeTcTBYeT MaccaM 30 kH, 40 xH u 50 xH. Kpome Toro,
KakJ1ash MOJIeNb JIorpy’Kalach Oa/IaCTHBIMU Tpy3aMH, 00ecreuyrnBasi TEM CaMbIM
MIPOMEKYTOYHBIE 3HAYEHUS MACChl MOJIEIIN.

N3menenne Macchl MOJIEH MPOU3BOAUIIOCH ITPU TOCTOSTHHBIX TApaMeTpax X0J0BOM
YacTH, MMO3TOMY COMPOBOXKAAIOCh COOTBETCTBYIOIIUM U3MEHEHHEM YJIEIbHOTO
JIaBJICHUSI.

DKCneprUMEHTAIbHbBIE IAHHBIE O BIMSHUU MAaCChl MALIMHBI HA €r0 TATOBO-CLICTTHBIE
KauecTBa [TOKa3aJlv, YTO MPHU MOCTOSHHBIX apaMeTpax X0JA0BOM YaCTH HA KaX10M BUJIE
TPYHTa UMEET MECTO CBOE, ONPEACICHHOE 3HAU€HUE ONTUMAJILHON MacCHI.

AHanu3 pe3yJabTaToOB MCCIEI0BaHUM, TPUBEIECHHBIX HA PUCYHKE 2, TOKa3all YTO
Ha OeTOHHOH TUIOMIAAKe KOA(D(DUIIUEHT COMPOTUBICHHUS KAU€HUIO MTOYTH TOCTOSIHEH
Y HE3HAYMTEIbHO YBEJIMYHMBAETCS JIMIb NIPU MUHUMAJIbHON Macce MalluHbl. JTO
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IIPOUCXOAMT 3a CYET YBEJIUYECHUS IIOTEPh B I'YCEHUYHOM JBHIKHUTEIIE, KOTOPBIE MAJIO
3aBUCAT OT MACCBI.

Ha necke conpoTuBieHne Ka4eHUIO YMEHBIIAECTCS ¢ YBEJIMYEHUEM MaCChI TATOBO-
TPaHCHOPTHOM MaIIMHBI. DTO 0OBACHIETCS TEM, YTO OCHOBHYIO YaCTh COITPOTUBIICHUS
COCTAaBJIAIOT CUJIBL, MAJIO 3aBUCSALIME OT Macchl. Ha recke 310 Cuilbl TpeHMs B 1E€TalsAX
T'YCEHUYHOI'O JIBHKUTEIIA.

PI/IC}/HOK 2 — 3aBUCHUMOCTb COIIPOTUBJICHHUA KAQUCHUIO OT MaCChl MallIMHBI

Ha Bnaxzom cyrimHke Ko3(p(GHUIHEHT CONMPOTHUBIEHNE KaYEHHUIO MJIaBHO
YMEHBIIAETCS, MPOMOPLHUOHAIIBHO YBEJIUYEHUIO MAaCChl MAIlIUHBI. JTO OOBICHSIETCS
TEM, 4TO ITIOTEPH HA NIPECCOBAHNE ONIOPHOTO OCHOBAHUS MaJIO 3aBUCAT OT MAaCCHI.

Taxoke OpLIM IPOBEEHBI MCCIIEIOBAHUS BIMSHUS MACChl MAILIMHBI HA COITPOTHUBJICHUS
Ka4eHMIO IIPU PA3JIMYHBIX 3HAYECHUSAX CKOPOCTH JBHKEHMS, KOTOPBIE IMOKA3AJIH,
YTO MPU MOBBIIIEHUH CKOPOCTH JBM)KEHUSI XapaKTep 3aBUCUMOCTU KO3(pPuimeHTa
CONPOTHUBIICHUS KQUEHHUIO OT MACChl MAILIMHBI IPAKTUYECKU HE U3MEHSIETCS.

Ha cBsi3HOI nouBe, B YaCTHOCTH BJIAQXKHOM CYIJIMHKE, KOO(PGUIUEHT CLUEIICHUS
YBEJIMYUBAETCS [TPU CHUIKEHUN MACChI 10 3aKOHY, OJIM3KOMY K TUIIEPOOIHYECKOMY, UTO
COOTBETCTBYET HAJIMUUIO COCTABIIAIOIIEH CHIIBI CLEIIJICHHS, HE 3aBUCAILIEN OT MacChlI.
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Pucynok 3 — 3aBucumocTtb Kod(puiimenTa CrernieHuss OT MacChl MallTUHbI

boutn mpoBesieHbl uccaeqoBaHus BIUSHUS MacChl MAalIMHBI Ha KO3 UIUEHT
CIIETUICHHS TPHU PaA3IWYHBIX 3HAUuCHHAX Kod(pdunumenta OyKcoBaHUS, KOTOPHIE
MoKa3aJii, YTO C YBEJIMYEHUEM MacChl MAllIMHbl yMEHBIIIAeTCs 3HaueHue Ko3dduimenta
cuerienus. [Ipu 3ToM Macca TATOBO-TPaHCIIOPTHOM MaIIMHBIL, KaK [TOKa3aJiu pe3yIbTaThl
HCCIIeIOBaHUs, IPUBEICHHBIE B paboTax [14, 15], He BiIusgeT HAa BETUYHHY OyKCOBaHUS.

N3 rpaduka, npuBeaeHHoOro Ha pucyHke 4 BuaHO, yTo Ha mecke KIIJ[ xomoBoi
YaCTH YMEHBIIAETCS MPU YBEIWYEHUU MACChl MAIIWHBI, YTO OOBSICHSAETCS POCTOM
MOTEPh MOIITHOCTH Ha JAe(OpMaIIHIO TPYHTA B CBSI3U C YBEJIIMYCHUEM JIaBJICHHSI Ha HETO.

Ha posnoi#i 6etonnoi mimomanke KII/[ xomoBoi 4acTu yBenIuduBaeTcs MpHU
YBEJIMUEHUH MAacCChl MAaIIUHBL. DTO OOBSACHSAETCS TEM, YTO MOTEpH Ha jAedopmariuio
TpyHTa Mallbl.

Ha Braxxnom cyriuake Hanbonbmuii KITJ] Xx010B0# 9acTH IMEET MECTO IPU Macce
MaiuHbl 40 kH. YMeHbiieHne Maccol mpuBoauT K cHbkeHuto KI1/ 3a cuet yBenuueHus
K03 PUIHEHTa COMPOTUBIICHUS KaUY€HUIO, a YBeIWUYeHUH Macchl cHmkaeT KIIJ]
BCJIE/ICTBHE BO3PACTaHUS CONPOTUBIICHUS KaUeHHIO U OyKCOBaHUs U3-3a AepopMariu
TpyHTA.

Pucynox 4 — 3aBucumocts KIIJ[ X010BOM 4acTH OT MacChl MAIIMHBI
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BoiBoabI

PaccmoTpeHHbIE pe3ynbTaThl 3KCIIEPUMEHTOB MOKAa3add, YTO KaXXJOMy BHUAY
IIOYBBI COOTBETCTBYET CBOE 3HAUEHUE ONTUMAIbHON MacChl MallliHbL. B cBA3M ¢ 3TUM
paloHaIbHO 3a/1aBaTh MacCy TATOBO-TPAHCIOPTHOM MAaIIMHBI 110 TEM OYBEHHBIM
YCIOBHSIM, KOTOpBIE TPeOYIOT MUHHUMAJIBHOTO €r0 3HaYeHMs, a Ha JAPYTUX IPyHTax
JIOTpYy’KaTh MAIIMHY JOTIOJHUTEIbHBIM OaNIACTHBIM I'PY30M.

HccnenoBaHusl BBHINMOJHEHB B paMKaxX I'PaHTOBOTO (MHAHCUPOBAHUS
(byHIaMEHTAJIBHBIX U MPUKIIAJHBIX HAYYHBIX HCCIEIOBAHUN 110 HAYYHBIM M Hay4HO-
TeXHU4YeCKUM poekTam Ha 2021-2023 rozp! mo npoexty MPH AP09258862 «Pa3paboTtka
U HCCJIeIOBAaHUE MHOTOLEIEBOr0 TPAHCIOPTHOIO CPEACTBa», GUHAHCHPYEMOIO
Komurerom Hayxku MOH PK.
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K. K. Abuwes’, *A. XK. Kacenoé’, P. b. Mykanoé’, H. C. Cembaes’, A. /. Cyneiimenos’
12345TopaiirpipoB yHuBepcuteTi, Kazakcran Pecriybnukacsl, [TaBinonap k.
Marepuan 24.11.22. 6acnara TycTi

TAPTY-KOJIIK MAIIMHACBI MACCACBIHBIH OHBIH
TAPTY-¥CTACY KACUETTEPIHE OCEPIH 3EPTTEY

byn  oicymvic  mawunamely  KOHCMPYKMUSMIK — NAPAMEMPIEPIHIY — OHblH
navdanany Kacuemmepine ocepin 3epmmeyee apuaneau. byn maxanada mapmy-
KOIK MAUWUHACBIHBIY MACCACHIMbIY OHbIY OHIMOINIZIHE ocepi Kapacmulpblidobl.
Peszeyxe  wivlnocblpObly  mipex  He2i3iMeH OpeKemmecCyiHiy —MAamemMamuKaiblk,
modeni dcacanovl. Tooicipubenix 3epmmeynepee Mamepuaiobl, YaAKbIMmbl HCOHE
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PECYPCMbIK  UbI2LIHOAPObl  A3AUMY  JCOHE WBIHICHID MADAHObL KO32A2bIUMbIH
Jlcepmen  opeKemmecyin MAmeMamuKkanvly, Mooeivoey Yuwlin MoriMemmep any
Yuwin puzuxanvix Mooenvoey s0icmepin KOJLOAHY apKblibl 3epmmeyiep Heypeizinoi.
Kenoenen bemmeei sicymvic icmetimin gicytie MoOenin dcedendemy-xcazaiay s0ici
KOOAHbLIObL. ¥ Chinblizan 90ic enuey 0810I2iH JicoHe Oipoell MACCAnblK HCOHE
bazanvlk napamempiepoesi Mo0enb0epoiy Spmypii HYCKAIAPbIH  CANbICIbIPY
MYMKIHOIZIH Kammamacwolz emeoi. Q0icmiy MoHI MOOenbOi benzini Oip HeblI0AMObIKKA
oetiin yoemyoi Kammamacol3 ememin HAKmMbl AHLIKINAI2AH IHEPIUsl MOauepimeH
Kammamacwiz emyoe sxcamvip. Cooan Keuin Oya HCLLIOAMObBIK JHca2anay Ke3iHoe
Ko32an2blil  KOHObIP2blOaabl dco2anmynapaa baiianvicmul coneodl. Tooicipubenep
KymOoa, ObIMKbLL Ca30a JicoHe mezic 6emon naam@popmacyiHoa cepnimoi meyecmipy
CYCHEeH3UsACbL 6ap WbIHIHCHLP MAOAHObL KOAIKMIH JCypic 6oniciHiK ombeban 630iciHeH
JHCYpMetmin YaeiCiH Konoauy apkwlivl Jcypeizinoi. Toocipubenix 3epmmeynepoiy
HomuUdIcecinOe Mmonvipakmuly opoip mypine mapmy-KouiK MauuHACbIHbIY OMALLTb]
MACCACHIHbIY O3IHOIK MOHI Oap eKeHi AHbIKMANObL.

Kinmmi ce30ep: mapmy-konik mawunaniap, oicypic owcylieci, OU3UKATLIK
MoOenboey, MauuHa KHeypic 6oniciHi MO0, mapmy-ycmacy Kacuemmepi.

K. K. Abishev', *A. Zh. Kassenov’, R. B. Mukanov’, N. S. Sembaev’, A. D. Suleimenoy’
Toraighyrov university, Republic of Kazakhstan, Pavlodar
Material received on 24.11.22.

RESEARCH OF THE INFLUENCE OF THE MASS OF THE TRACTIVE
AND TRANSPORTATION VEHICLE ON ITS TRACTION
AND DRAG PROPERTIES

This work is devoted to the study of the influence of the design parameters of
the machine on its operational properties. This article discusses the influence of the
mass of the traction-transport machine on its performance. A mathematical model of
the interaction of a rubber caterpillar with a supporting base has been developed.
In order to reduce material, time and resource costs for experimental studies and
obtaining data for mathematical modeling of the interaction of a caterpillar mover
with the ground, the studies were carried out using physical modeling methods. The
method of acceleration-coasting of the running system model on a horizontal surface
was used. The proposed method provides measurement accuracy and the ability to
compare different versions of models in the same mass and base parameters. The
essence of the method lies in providing the model with a precisely defined amount of
energy, which ensures the acceleration of the model to a certain speed. Then this speed
is extinguished due to losses in the propulsion unit during coasting. The experiments
were carried out using a universal non-self-propelled model of the undercarriage of
a tracked vehicle with an elastic balancing suspension on sand, wet loam and a flat
concrete platform. As a result of the experimental studies, it was found that each type
of soil has its own value of the optimal mass of the traction and transport machine.

Keywords: tractive and transportation vehicle, undercarriage system, physical
modeling, model of a undercarriage of a vehicle, traction and drag properties.
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A. Tynenoeg', X. A. llluHaucbaeea?, *I". XX. bek6osamoe?®, A. C.
HxyHycb6ekoe*

1-23410sxH0-Ka3axcTaHCKH YHUBEPCUTET UMEHU Ay330Ba,

Pecriyonuka Kaszaxcran, r. [lIpiMkeHT

WCCIIELJOBAHVE BIINSIHNS YCIIOBUIA BUXEHUS
ABTOMOBMIIbHOIO TPAHCIIOPTA HA COCTOSIHUE
OKPYXXAIOLYEN CPELbI

Konuuecmeo — 6vibpocos  moxcuunvlx — gewjecme — om  agmomoobuell
HEeNnoCcpeoCmeeHHO C6A3aHbl C  2Pa00CMPOUMENbHO-NIAHUPOBOYHBIMU  YCIOBUAMU
Gopmuposanus  cucmemvl OpeaHU3AYULL  OOPOACHO20 O8UMNCEHUA. B Hayunou
cmamue npueedeHbsl Pe3yibmambl UCCIe008AHUS, KAK PeabHble YCI06Us OBUNCEHUS
asmomodunell BIUAIOM HA KOAUYECTE0 MOKCUYHBIX 8b16POCO8 OM ABIMOMOOUTLHO20
mMpancnopma Ha okpyscarouyio cpedy. Ilpusedeno cpagrnerue 0CHOBHBIX MeMo008
OYEHKU KOIUHLEeCMBA 8PEOHbIX BelyeCns 8 OMpPabomasuIux 2a3ax asmompaHcnoOPmHbIX
cpeocms. HUccnedosamenbckoti 2pynnou npo8eoeHo UCCie008anue YUKIA OBUNCEHUS.
8 PEAIbHBIX YCLOBUAX OBUINCEHUS HA YIUYAX 20P00A O] OYEHKU KOTUHECMBA BPEOHBIX
seujecms, 8blOPACHIBAEMBIX ABMOMOOUTLHBIM MPAHCNOPMOM. 3a OCHOBY 3008020
yukia essma paboma oOsueamens HA «XOJNOCMOM X0OV» 6 ONCUOAHUU «3€TeHO20
CUCHANAY nepeod NepeKpecmKoM, MPO2aHue ¢ Mecma nocie pa3pemaniyezo CUeHaIa
U pazeoH 00 ONPeOeNeHHOl CKOPOCU, OBUNCEHUE C YCMAHOBUBULELICS CKOPOCMbIO
nocie 00CMuUdICeHUs ONPedesleHHOU CKOPOCHIU U MOPMOCEHUE 00 NOTHOU OCIMAHOBK.
Onpedenenvl cpeoHeuacosvie 6blOPOCl MOKCUUHBIX Beujecms Olisk PA3HbIX MUNO8
asmomodunell Ha PasHblX MUNAX ABMOMOOUTILHBIX 00PO2 C YYemOM COOMHOUEHUs
spemeHu pabomvl asMoMoOUNEl NPU PATUYHBIX PEHCUMAX OBUNCEHUS.

Pesynomamul uccnedosanus noxkasviearom, 4mo yeeaudeHue paccmosHus Mextcoy
nepekpecmkamu, nepexo0 om 00poe ¢ pecyiupyemMblMu NePeKpecmamu K 00poeam
€ NepeKpecmKamu pazHo2o YPOosHs NPUBOOUM K CHUICEHUIO 8bIOPOCO8 MOKCUUHBIX
seujecms, a nepexod om c80000HO20 NOMOKA K YACMUYHO-CEA3ZAHHOMY UU NIOMHO-
CBA3AHHOMY NPUBOOUM K YEEIUYEHUIO 8bIOPOCO8 MOKCUYHBIX GELYECE.

Knrouesvie crosa: aemomoOunvHulll  MPAHCROpm, 6bl0POCHl  MOKCUUHBIX
seujecms, €30060U YUKIL, XOJIOCMOU XO00, PA320H, YCMAHOBUGUieecs O8UdICeHUe,
MOpPMOdICEHUe

Beenenune

I'pagocTpouTtenbHbIe-TIAHUPOBOYHBIE (AKTOPHI MPEAONPENCISIOT YCIOBUS
JIBUKCHUSI aBTOMOOMJIBHOTO TPAaHCIOPTA, T.€. CO3JAIOT YCIOBHS IBUXCHUS B
CBOOOIHOM, YaCTUYHO-CBS3aHHOM WJIH TUNIOTHO-CBSI3aHHOM MOTOKE. B 3aBUCHMOCTH OT
yCIIOBUH, POPMUPYIOTCS PEKUMBI IBIKEHUS aBToMOOmIIeH. [loaToMy pacxo TormmuBa

102

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 4, 2022

Y UTHTEHCHUBHOCTH BBIOPOCOB TOKCHYHBIX BELIECTB HEOOXOAUMO ONPEAETIATH HE TOJIBKO
B 3aBHCHUMOCTH OT THIIa OJBM)KHOT'O COCTaBa aBTOMOOMJIBHOTO TPAHCIIOPTa, HO M OT
YCIIOBHIA JIBUKEHHUS, KOTOPBIE XapaKTEPU3YIOTCS yJIEIbHBIM BECOM (COOTHOILIEHHEM)
BpPEMEHU JIBI)KEHUSI aBTOMOOWIISI IPU Pa3IMYHBIX PEKUMaXx JBUraTessl Ha XOJIO0CTOM
XOJIy, B pEKUME pa3roHa, B pexumMe paboThl C yCTAHOBUBIIECHCS CKOPOCTBIO, B PEXKUME
TOPMOKECHHUS.

MarepuaJjbl 1 METOABI

B oredecTBEeHHOH MpaKTHUKE ISl ONpPENEeICHUs] BHIOPOCOB TOKCHMYHBIX BEILECTB
NPUMEHSIOTCS B OCHOBHOM Tpu MeToAa. OJMH M3 HUX OCHOBAaH Ha OIpeaelIeHUU
IPOJYKTOB CTOPAHMS UCXOsl U3 KOJIMYECTBA TOILIMBA, PACXOLyeMOT0 aBTOMOOMIISIMH,
OH HE YYHUTBIBAET HU CTPYKTYPY MapKa aBTOMOOMIIEH, HU SKCIUTyaTal[IOHHBIE IIOKAa3aTeNN
uX pabOThl, HU MEPOIIPHUATHUS IO CHIPKEHHIO TOKCUYHOCTH BBIOPACHIBAEMBIX BEILECTB
[1]. DTOT METOA ABISETCS MPOCTHIM, HO HEJOCTATOUHO TOUHBIM, T.K. MOKET IPUBOAUTH
K 3HAYUTEJBbHBIM omnOkaM. Tak, 0OHO U TO K€ KOJIMYECTBO TOIUIMBA B YCJIOBHUSAX
JOCTATOYHOTO KOJIMYECTBA KHCIOPOJa MOXET CropaTh B JABHraTelNsX MOJIHOCTHIO B
JIBYOKHUCH YTJIEpOJIa, a IPU HEJOCTATKE KUCIOPOAA, B KPUTHUECKUX YCIOBHUSX, ITO KE
KOJIMYECTBO TOILUIMBA MOXKET MOJTHOCTHIO TPAaHC(POPMHUPOBATHCS B OKHCH yriepoaa. [lpu
3TOM ¢ 0TpabOTaBIIMMHU I'a3aMU HE BBIAEISIETCS ABYOKHCH yriepona [2, 3].

E1ie MeHee TOUHBIM SIBIISIETCS METO/I OIIPEJIEIIEHUS] BECOBOTO BBIOPOCA TOKCHUHBIX
BEIIIECTB UCXOJIsl U3 TPAHCIOPTHOM paboThI, BEIPAXKEHHOM 00IUM 00bEMOM B TOHHA-
kM [4]. OueBuaHO, 4TO OOIIMIT 00beM PabOTHI ABTOMOOWUIISL OMPEACIIEHHOTO THITA
(rpy30BOH, JIErKOBOM aBTOMOOWJIb M aBTOOYCHI), BBIPAXKEHHBIII B TOHHA-KM, XOTS
U YYUTBIBACT MOJENIb aBTOMOOMJIL M €ro KOHCTPYKTUBHBIE OCOOCHHOCTH, HO HE
OTpa’kaeT yCIIOBHM ero paboThl, T.€. 3Ta paboTa MOXKET OBITh BBIIIOJIHEHA HA JOPOTax
C Pa3TUYHBIMU COCTOSIHUEM MOKPBITUH, HA TOPOJCKUX MAaruCTPAJIsIX Pa3InyHOTO THIIA,
IPU Pa3IUYHBIX YCIOBHSX IBUKEHUS (B CBOOOAHOM, YACTUYHO-CBS3aHHOM MJIM TUIOTHO-
CBSI3aHHOM IIOTOKE ), TIPH PA3IMYHbIX PEKUMAX JBIKEHHUS aBTOMOOMIIS (COOTHOILICHHUSX
KOJIMYECTBA U ITPOIOJKUTEIIEHOCTH PAa3rOHOB-TOPMOKEHHI U OCTAHOBOK TPAHCIIOPTA),
IPU PA3TUYHBIX CKOPOCTSX ABMKEHHS U T.1.

Taxum 06pazom, Ipu OTHOM U TOH XKe TPAHCTIIOPTHOU paboTe BO3HUKAET OOJIBILION
KOJIMYECTBO KOMOWHAIIMN €€ BBIIOJHEHHUs, XapaKTepU3yIOLIUXCS Pa3THIHBIMU
KOJINYECTBAMH BHIOPOCOB TOKCHYHBIX BEILIECTB.

Haubosee TouHBIM B HACTOSIIEE BPEMS SABISETCS METO/ OIIPEIEIIEHUS] MACCOBOTO
BBIOpPOCA TOKCHYHBIX BEIIECTB MOTOKOM aBTOTPAHCIOPTHBIX cpencTtB [5—7]. Tem He
MEHEe 1 B HEM HE yUUTBHIBAIOTCSI YCIIOBUS U PEKUMBI JABHKECHUS TPAHCIIOPTHBIX CPEZICTB.

OnHako, mpex e YeM MepenTH K UCCIIeI0BAHUIO0 BIMSAHUIO (DaKTOPOB OpraHU3aIUH
JBUKEHUS HAa MHTEHCHUBHOCTH BBHIOPOCOB TOKCHYHBIX BEIIECTB, HEOOXOIHMO
paccMOTpeTh METO/IbI pacueTa BECOBOIO BEIOPOCA B 3aBUCUMOCTH OT KOHCTPYKTHUBHBIX
0COOEHHOCTEH, TEXHUYECKOT'O COCTOSIHUSA, IKCIUTYaTallMOHHBIX TApaMETPOB, a TAKKe
CTPYKTYpHI napka apromobuseii [8]. 3 Teopuu nBurateneil BHyTPEHHETO CTOPaHUS
U3BECTHO, YTO KOJMYECTBO OKHUCH YIJIEPOJa, MOJIydaromencss Mpu cropaHuu 1 xr
OEH3MHa, MOXKHO TOJIyYUTh U3 YPaBHEHUS:
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11—
Mg =2—0.212
co 14K B (1)
_ 95,
rze o — K09 GUIHCHT H30bITKA BO3AYXa, X= "~
o B
K — ko3¢ dunment, onpeaenstomuil BO CKOJIBKO pa3 0o0JIbIIe KOJMUYECTBO OKUCH
M
yriaepoga OoT KOJIM4eCcTBa Bogopoaa, K = MHZ =0.45;
co

Q, — KOJIMYECTBO BO3/lyXa, M3PACXOJOBAHHOE NIPU CIrOPAaHUM | KI TOIIIUBA, KT
Z, — KOJIMYECTBO BO3/lyXa, TEOPETHYECKH HEOOXOAMMOE JUISl TIOJIHOTO CrOPaHust
1 Xr TOILIMBA, KT.

VY CTaHOBIIEHO, YTO TEOPETUYECKOE KOJIMUYECTBO BO3/yXa JJIs IIOJHOTO CrOPaHUs
1 kr >xuaKoro Tormaa (6¢=1) MOXKHO onpeaenuTs o Gopmyie [1]:

2)

WA YEepe3 XapaKTEPUCTUKY TOIUIMBA B FOPIOYEH CMECH, COCTOAIIECH U3 MapoB
TOIIMBA U BO3AyXa:

Zy =—=(0.79 + BC) 3)

1.99

2.37 o

237 H -2 ~ 0402
¢ _ 1
Torna, macca cmecu Mc =X Zp + 7.
[TpoxyKTBl CropaHusi COCTOST M3 00pa30BaBIIUXCS B Pe3yJIbTaTe PEaKLIHUH
YTJIEKUCIIOTO ra3a, BOASHOTO Mapa, H30bBITOYHOTO KHCiIopoaa u a3zora. Obmiee
KOJIMYECTBO MPOITYKTOB CrOPaHUsl, OTHECEHHOE K | KI' TOILIMBA, COCTABHT:

Jlist 6eH3uHa ff =

My = M¢o, + Mp,0 + Mo, + My, 4)

KonuyecTBO OT/ENBHBIX COCTABIAIOIINX MPOJYKTOB CrOPAaHMS ONpEAeNsieTcs
CJIEIyIOIIMMH YPaBHEHUSIMU:

()

rae 0.21«Z, — mMacca IOCTYNMUBILETO KUCIOPOIA UL CTOPAaHUS TOIUIMBA, KMOJIb/KT
TOIUINBA;
0.21Z,—macca Kucnopoia, BCTyHMBIIETO B PEAKIUIO CTOPAHHsI, KMOJIB/KT TOILINBA.
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NnIIn:
Clec-1)
M02 = m(&?g + ,8) (6)
My, = 0.79 « Zg (7)

Torpa, nmocie npeodpa3oBaHUM, MOTYUYUM AJIS JIFOOOTO KOJUYECTBA MPOIYKTOB
CrOpaHMsL:

c H
My ==+~ +0.79Zp + Zg(x —1) (8)

[Tpu C=0,855 xr, H=0,145 xr, O=0 (mys1 6eH31HAa) TEOPETHUYECKOE HEOOXOIUMOE
KOJIMYECTBO BO3ayXa st cropanus 1,0 Kr TorimBa: 7,=0,512 xmoinb. Konuuectso
okucu yrirepoga MC0=0.149(1—)..

Becosoe coneprkanne okucu yriiepoja B 0TpabOTaBINMX ra3ax npu cropanuu Q.
KI' TOIIMBA COCTABUT:

Qco = 28-0.149Q7(1 — @) = 4.17Q7(1 — a) 9)
rae 28 — MOJIEKYJIAPHbBIA BEC OKUCH YTJIEPOIa.

CocTaB M KOJIMYECTBO BHIOPOCOB TOKCHUYHBIX BEIIECTB B OTPaOOTABIIMX ra3ax
aBTOMOOWMIICH SIBISIOTCS QYHKIMEH peXKUMOB JIBMKECHHS aBTOMOOMIICH, 3aBUCSIIIUX OT
IPaJOCTPOUTEIBHO-TUIAHUPOBOYHBIX YCIOBUH (DOPMUPOBAHHS CHCTEMBI OpTaHU3aIUI
JBMKEHUSI U HETIOCPEJACTBEHHO CaMOW OpTaHM3alliil JBUKEHUS aBTOMOOHIBHOTO
TPaHCIOPTA.

Ha ocnoBe dopmynsl (9) u yaenpHOro Beca BpeMEHH pabOThl aBTOMOOUJIS B
pPa3IMYHBIX pekruMax (), 4aCOBOM BBIOPOC OKHCH yTJepojia B OTpabOTaBIIMX ra3zax
OJTHOT'O aBTOMOOWIISI MOYKHO OTIPEJICIIUTh M3 CISAYIOIIEro YPaBHEHUSI:

(10)

raeG, (npy ~ JACOBOH PACXOJI TOILTHBA IIPU OTIPEIETCHHOM PEKIME paboThI aBTOMOOHIIS,
Kr/d;
Y s(upy — YACTIGHBIH BEC BpEMEHH paboThI aBTOMOOMJIS B OIIPEICTICHHOM PEXHME;
XX — XOJIOCTO! XO[;
p — pasrox;
y — ABMYKEHUS C YCTAHOBUBLIEHCS CKOPOCTBIO;
T — TopmoxkeHue.
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HccnenoBaHUsIMH YCTaHOBIICHO, YTO KaK P HOPMAJIbHOM IIPOTEKAaHUH ITpoLiecca
CropaHus TOIUIMBA, TaK U MPHU €ro HapyLIeHUH, KOdPPUIUEHT U30bITKA BO3ayXa
0. MOKET OBITh JJOCTATOYHO TOYHO OIPEIENICH MO COCTaBY MPOAYKTOB CTOpaHHS.
KonnuecTBo TormimBa, HaXOAIIETOCs MPU Pa3roHe BO BIYCKHOM TpyOompoBoje,
MOJKET Ha MOPSAZOK M OOJbIIe MPEeBBIIIATh TO KOJIHMYECTBO, KOTOPOE HEOOXOAMMO,
4T00BI 00pa30BaTh TOPIOYYIO CMECh B Ipejieniax BocIulaMeHsieMocTH. MccnenoBanue
TOIIJIMBHON SKOHOMHUYHOCTH aBTOMOOMJICH IIPU pa3roHe SKCIIEPUMEHTAIBHBIM ITyTEM,
C TOYKM 3PEHHUS OIpe/ieJIeHHUs] IPOAYKTOB CrOpaHUs, SBISETCS CIOXKHOW 3amayei,
IOCKOJIBKY NIPU pa3roHe MMEET MECTO HapylIeHHe OajlaHca MEXIy KOJINYECTBOM
TOILJIMBA, TIOCTYMAIOIIUM B CUCTEMY IMUTAHMSI, M KOJIMYECTBOM TOILJIMBA, CTOPEBIIEM B
UWIMHAPAX Ha 3TOM pexume [1].

Jlnst ormpenienieHusl pacxo/a TOIIMBA Ha PEKUMAaxX YyCTAaHOBUBLIETOCS JBMXKEHUS
aBTOMOOWJII OYEHb BaXXHO NPAaBUIBHO OLIEHUTH CPEIHIOI CKOPOCTh PAaBHOMEPHOTO
JIBIDKEHUS, T.K. YaCOBOM pacxo/[] TOIJIMBA PACTET C YBEJIMUYEHHUEM CKOPOCTH. AHAIN3
JUTEPATYPHBIX JAaHHBIX OKA3BIBACT, YTO CPEAHUE CKOPOCTH PABHOMEPHOTO IBMYKEHUS
aBTOMOOMJIEH B TOPOJICKHX YCIOBHSX, KaK IPABUIIO, HAXOIATCS B UHTEPBAJIe CKOPOCTEH,
ONPENIETAIOMIUX KOHTPOJIbHBIE pacxo/ibl ToruBa [1, 2]. DTOT UHTEpBaJl COCTaBISET
30—40 km/49 ans rpy30BbIX aBTOMOOMIIEH 40—60 KM/9 1St IeTKOBBIX. Takoil quamna3on
CKOPOCTEH MO3BOJISET MCIOJIB30BaTh JUJIS pacyeTa pacxojia TOIJIMBA B PEKUMaAxX
YCTaHOBHBILETOCS IBU)KEHHS [TACTIOPTHBIE TEXHUYECKUE XapaKTEPUCTHKH aBTOMOOMIICH
(KOHTPOJIbHBIE PACXOBI TOILUINBA).

Pacxox TomiuBa U BBIOPOCH TOKCHYHBIX BEIECTB 3aBUCAT OT TEXHHYECKUX
napaMeTpoB aBTOMOOMJIS M €ro JIBUTaTelss, OT peXuMa JBUKEHHUS aBTOMOOMIISL
(mapameTpbl €3J0BOTO IIMKIIA), 00YCIOBICHHOTO CTPYKTYPOH M THIIOM MarucTpaiei,
HAJIMYHEM IIEPECEUCHHUH B OTHOM U Pa3HBIX YPOBHSIX, & TAKXKE OT CTPYKTYPBI M COCTOSIHUS
IOTOKa — BHJIOB TPAHCIIOPTA, IUIOTHOCTH, HHTEHCUBHOCTH U CKOPOCTH JIBM)KCHUSI.

Pe3yabTaTsl M 00Cy:KI1€HUE

JUis pelieHust 3a/lauyd CHIDKEHHsI pacxoja TOIIMBAa M BBHIOPOCOB TOKCHYHBIX
BEILIECTB aBTOMOOMIIbHBIM TPAHCIIOPTOM, 32 CYET ONITHMU3AIMN YCIIOBHH €r0 IBIKEHNUS,
IPOBEJICHO HCCIIeIOBaHUE €3/I0BOT0 IIMKJIAa HA MAaTUCTpAJIsIX ropoja. B kauectse 6a3uca
€3/I0BOTO LIMKJIA MPUHATA OCHOBHAsE KOMOMHAIUS 3JEMEHTOB PEXHMa JABUKCHUS
aBTOMOOWIIA — paboTa IBUTaTEN sl Ha «XO0JIOCTOM XO.Iy» (OCTaHOBKA IEPE/1 IEPEKPECTKOM
B O)KMJAHHH Pa3pEIIAoNIero CUTHANA JIBUKEHHs), TPOraHUE C MECTa U Pas3roH J0
YCTaHOBUBIIEHCS CKOPOCTH, ABM)KEHUE C YCTAaHOBHBIIEHCS CKOPOCTHIO, ABM)KEHUE
C BBIKJIIOUEHHOH mepenayeil U TOPMOKEHHE /10 MOJHONW OCTAaHOBKHM aBTOMOOWIIS.
[onusiit e3goBoii muka (EL]) npuHAT Kak HEKOTOpasl ynpolleHHas KOMOMHAIMS
HOCJIEI0BATEIBHOTO COEIMHEHUS DIIEMEHTOB JIBUKCHUS.

HccnenoBanue €3/70BOr0 IIUKJIA OCYIIECTBIISIIUCH C MOMOIIBIO CIEHUAIbHOM
MUHH-Ta00paTopuu, 000py0BaHHOM B MuKpoaBToOyce I'A3-32213. ABTOMOOMIIB-
1abopaTopus ABUTAJICS B COCTABE TPAHCIIOPTHOI'O IMOTOKA 110 HanboJIee 0XKUBICHHBIM
MarucTpajisiM ropojaa (MapupyThl ABUKEHHUS COCTABIISUIMCH HPEABAPUTENHHO).
PeructpupoBainch pexuMbl IBUKEHUS MHKPOaBTOOyca, a TakkKe MHTEHCUBHOCTb,
IUIOTHOCTb U COCTaB ITOTOKA I10 BU/IaM TPAHCIIOPTHBIX CPEJICTB.
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[Ipu npoBeneHNN UCTIBITAHUH (PUKCHUPOBATUCH HIDKENIEPEUHUCICHHBIE TApaMeTpPhI:
CKOPOCTH JIBYKEHHSI aBTOMOOWIIST; TPOMIEHHBIN MyTh: OO 1 Ha KaX10i nepeaayue
KIIIT; moka3aTeslb COCTOSIHUSI aBTOMOOWJIA: BpeMsl B JIBUKEHHH, OCTAHOBKA U
KOJINYECTBO OCTAHOBOK; MOJIOKEHUE phlyara KOpoOKHU repeayd U Bpemsl IBHKCHHS B
KaXJ1011 repeayue; yCKOpeHUs U 3aMeJICHHsI MUKpPOaBToOyca.

DKcnepruMEeHTaIbHBIE JaHHbIE 00pa0aThIBAINUCH U PE3YJIbTaThl pACYETOB ITPHUBEICHA
B Tabymua 1. Ha pucynke 1 mocTpoen rpaduk €310BOro MMKJIA JUIsI MarucTpasiei
00IIErOpOACKOr0 3HAYEHUS PETYJINPYEMOTO JIBHKCHHUS.

Tabmuua 1 — Pe3ynbpraTsl HCClie10BaHUS €37J0BOTO IIMKJIa MarucTpaiei 00IeropoicKoro
3Ha4YeHus peryiaupyemoro asmwxenus (MPJI)

HawnmenoBanue Havanpnas Koneunas [lepenaua Bpewms, ¢ Honst [lyTs 3a
pexuma CKOpOCTh, KM/ CKOPOCTb, BpeMeHH, % | pexHM,
KM/4 M
XoJocToi X0 0 0 HEUTp. 9,25 3,93 0
Pasron 0 18,7 II 8,7 3,7 23
Pasron 18,7 30,1 I 8,0 3,4 54
Pasron 30,1 46,3 v 15,0 6,38 159
VYcranoBuBieecs 46,3 46,3 v 6,8 2,89 87
JIBUKCHUE
TopMmorxkeHue 46,3 30,5 v 8,8 3,74 93
TopmorkeHue 30,5 18,7 11 8,9 3,78 60
Pasron 18,7 30,1 I 8,0 3,41 54
Pasron 30,1 46,3 v 15,0 6,38 159
TopmosxeHne 46,3 30,1 v 8,8 3,74 93
TopmoxeHnue 30,1 0 v 11,4 4,85 48
XomocTto# xo1 0 0 HEUTp. 18,5 7,87 0
Pasron 0 18,7 1I 8,7 3,7 23
Pasron 18,7 30,1 111 8,0 3,4 54
Pasron 30,1 46,3 v 15,0 6,38 159
Pasron 46,3 51,8 \Y 19,2 8,16 262
YcranoBuBIIeecs 51,8 51,8 \' 28,4 12,07 409
JIBHKEHUE
TopmosxeHne 51,8 46,3 A\ 8,7 3,7 119
TopmorxeHnue 46,3 0 A\ 10,8 4,59 69
XoJocToi X0 0 0 HEUTp. 9,25 3,93 0
BCEI'O 11 nepe-kirou. 235,2 100,0 1925
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Pucynok 1 — I'pacduk EL] ans maructpaneir o01ieropoAackoro 3HaueHus
PETYJIUPYEMOTO ABH>KEHHUS

[Tomo6HbIe e370BbIe UKIBI pa3paboTanbl B OonbmuHCTBE cTpaH Epomnsl, CILLIA,
SAnonuu u B Heckonbkux ropojax crpad CHI [9, 10]. B Ttabnuna 2 mpencraBieHbl
HEKOTOPBIE U3 MIHPOKO U3BECTHBIX €3/10BbIX IIUKIIOB.

CpaBHeHHE Hallero uccieryemMoro e3aoBoro uukiia ¢ Esponeiickum n EpeBanckum
ELl mo3BossieT OTMETHTH HX CYIIECTBEHHBIE PA3TUUKS 10 MAKCUMAJIHbHO YCTAaHOBUBIIICHCSI
CKOPOCTH U COOTHOIIEHHIO BPEeMEHHU pabOThl aBTOMOOUJIECH MPH pa3IMuHbIX peKUMaX
JIBUKEHUS.

Tabmuua 2 — CTpyKTypa BpeMEHHU peXMMOB pabOThl aBTOMOOMIIEH MPU pa3IUUHBIX
€3/I0BBIX IIHKJIaX

Hanmenoanue e3goBoro XouocToit xon Pasron YceranoBuBLIecs Topmorkenue
IHKJIa JIBUYKCHHE

CeK. % CeK. % CeK. % CeK. %
Kamudopuwuiickuit 20 14,6 45 32,8 30 22 42 30,6
EBpomnetickuii 60 33,7 33 21,9 50 28,1 29 16,3
Jloc-Anmxkeneca 37,3 19 19,3 24.4
HAMMU (Mocksa) 60 33,8 42 21,5 57 23,2 36 18,5
MocCKOBCKHIt 30 25 25 20,0
EpeBanckuit 432 12,3 118,7 35,5 61,3 18,3 111,8 333
Uccnenyemsrit 37 15,7 105,6 449 35,2 14,9 57,4 24,5

OTH pa3nuyuusi MOXKHO OOBSCHUTH HEOJMHAKOBBIMHU YCJIOBHSMHU JIBH)KEHHS Ha
MarucTpajisiX pa3jMuHOrO THIA C COOTBETCTBYIOIIEH IUIOTHOCTHIO TPAHCHOPTHBIX
noTokoB. Ha ocHOBe 3THX JaHHBIX MOXKHO CJIeJlaTh BBIBOJ O TOM, YTO CO3/IaHHE
YHHUBEPCAJIBHOTO €3/I0BOr0 LMKJIA, KOTOPBII IOCTATOYHO TOYHO XapaKTepHU30Ball Obl
BCE BO3MO’KHBIE YCIIOBUS ABMKEHUSI aBTOMOOUJIS IO pa3IMyHbIM MarucTpasisiM ropoa,
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ABJISICTCS. HEKOPPEKTHOMU 3aj1adyeit. /[ kaXaoro KpynHoro ropoja, OTIM4aroIerocs
TUIIAMU MarucTpajiei no GyHKIHOHATbHOMY Ha3HAYCHUIO U YCIIOBUSIMH JIBUKECHUS HA
HUX, JOJDKEH ObITh onpeaeneH cBoii EL] mo Tunmam maructpaneii.

bbiy mpoBeIeHBI ClIEHUAIbHBIE UCCIIEI0BAHUS €310BbIX LIUKIIOB JUIsl CKOPOCTHBIX
JIOpPOT, MarucTpasneil 00ImeropoCKOro 3Ha4eHus HenpepeiBHOTO ABMkenus (MHJ),
MarucTpaien 00IeropoiCKOro v pailOHHOTO 3HAUYEHUS C PETYJINPYEMBIM JIBUKECHUEM
(MPI) nyist nepepacnpeesneHus ABM>KEHNsSI BHYTPU PalilOHOB U 30H FOPOJIa, CETh YIIMIL
MECTHOT'0 3HAYEHUs JUIA [IepEPACIIPECIICHHS [IOTOKOB TPAHCIIOPTA BHYTPU OTJEIbHBIX
MHUKPOPaHOHOB U UX MOJIBOJIa HEMOCPECTBEHHO K TPOMBILUICHHBIM 30HaM, 00bEeKTaM
u xuieiM gomam (MMJI). B kadecTBe CKOPOCTHOM JOPOTH MCIIOJIB30BANICS YYACTOK
tpaccel IsiMkenT-Capspiaram, ansa onpezaenenust napamerpos ELl na MHJI 6b11
BBIOpaH y4acTok 1o npocnekty Kynaesa ot ynuiel TaxubaeBa 10 yauisl XKenTokca,
I7ZIe OTCYTCTBYIOT IlepeceueHue Ha oJHOM ypoBHe. Onpenenenue napamerpos El
11 MM/I oCy1IecTBIISIIOCh Ha yJIMIAX MECTHOTO JBH)KEHUS B PA3JIMUHBIX palloHaX
r.llIsimkenTa. Pesynbrarel uccnenosanuil ELl mid pasnuyHbIX THUIIOB MarucTpalen
NpUBE/CHbI B TabIuUIE 3.

Tabmuua 3 — Pesynbratsl uccnenoBanuii EL| ans pa3auyHbIX TUIIOB MarucTpaien

Tun marucrpanu XonocTol Xox, Pasron YcTaHoBUB- Topmo-xeHue
nreecs BIDKCHUE
CeK. % CeK. % CeK. % CeK. %
CkopocTHas opora 18,5 11,4 78,8 48,6 36,0 22,0 28,8 18,0
Maructpaiab 00mero-poackoro
3HAYEHUsI He-TIPEPHIBHOTO 18,5 10,8 62,4 36,5 64,4 37,6 25,9 15,1
JIBIDKCHHS

Marwucrpanps 001ero-poackoro u
paifoHHOTO 3HaUEHUS C PEeTyIIH- 37,0 15,7 105,6 449 35,2 14,9 57,4 24,5
pyeMbIM JABMXKCHUEM

Maructpanb pailOHHOTO
3HAYCHUS] CMEIIAHHOTO 54,4 17,3 154,64 49,2 12,3 3,9 93,0 29,6
JIBHYKCHUS

HccnenoBanue COOTHOIICHHUS BPEMEHH OT/ACIBHBIX PEKUMOB PaOOTHI aBTOMOOHIICH
(puc. 1, Tabn. 3) Mo3BONSET CAENATH CIEAYIONINE BHIBOIBL:

— 3HAYUTEJILHOE BIIMSHHE HA N3MEHEHHE PEKUMOB PaOOTH aBTOMOOMIICH OKA3bIBACT
TUIM MarucTpajieu;

— B YCJIOBHUSX COCPEIOTOYEHHUS ABWKEHHUS aBToMoOuieit va MPJl u MM/]
(orcytcrBytor MH/I), B CBSI3M ¢ COKpallleHHEM PACCTOSIHHM MEXIY MepeKpecTKaMu
no cpaBHeHuto ¢ MH/I, yBennuuBaeTcsi KOJIMYECTBO PAa3rOHOB M TOPMOXKEHUM, U
COOTBETCTBEHHO, COKpallaeTcsi BpeMs ABM)KCHHSI aBTOMOOMIIEH C yCTaHOBHBIIEHCS
CKOPOCTBIO, B PE3YNIbTATE — YXYAIIAETCS COCTOSTHUE OKPYIKAIOIIEH Cpebl;

— OTCYTCTBUE CKOPOCTHBIX JOPOT M MarucTpajieil HENpepbIBHOIO JBUXKEHUS
MIPUBOAMT K YCUJIEHUIO KOHIIEHTPALIMH ABMKEHUS TpaHcnopTa Ha M P/l 1 noBkIlLIEeHUIO
IUIOTHOCTH M MHTEHCHUBHOCTH IBH)KEHHS Ha HHUX, IBUKEHHE aBTOMOOHMIBHOIO
TPAHCIOPTA MPOUCXOAUT B YACTUUYHO-CBA3AHHBIX ITOTOKAX, & B HEKOTOPBIX CIydasX U
B IUIOTHO-CBSI3aHHBIX MOTOKAaX, YTO OOyCNABIMBAECT PE3KOE YBEIMUYECHUE KOINYECTBA
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Pa3rOHOB-TOPMOKEHUN U UX IPOAOKUTEIHHOCT. Kak crieicTBIE, TPOUCXOAUT POCT
pacxoja TOTUIMBA U TOKCHYHBIX BEIOPOCOB.

C u3MeHeHHeM CTPYKTYpbl MarucTpaieid mo QyHKIHOHATLHOMY HA3HAYCHHIO
MEHSIOTCS TAPaMETPhI MPOMYCKHOM CIIOCOOHOCTH, PEKUMBI IBIKEHUS U TTOKA3aTeNH
pacxoja TOIUIMBA U BEIOPOCOB TOKCHYHBIX BEIIECTB.

Ha ocHoBe mccrnegoBaHusi mapamMeTpoOB €3J0BBIX IIUKIOB (Tabnuma 3) amis
MarucTpayieil pa3IMYHOro Kiacca OnpeaeNieHbl yCPETHEHHBIC 3HAYSHUS 110 CTPYKTYPE
3aTpaT BpeMeHHU pabOThl aBTOMOOWUJICH B ONPEICIICHHBIX PEKUMAX C YUYETOM yCIOBUI
JBIKEHUS (CBOOOIHOE, YaCTHYHO-CBSI3aHHOE U IIOTHO-CBSI3aHHOE) HA HUX (Tadiua 4).

Tabauua 4 — Koapdurment V/{,,), yIUTHIBAIOLINII COOTHOLICHHS BPEMEHH PaboThI
aBTOMOOWMIIEH P Pa3IMYHBIX PEKUMAaX JABHKCHHS

VcaoBus ABHKEHUS PesxuMBI IBIKEHUS
yCTaHOBHBIIIEECS | TOPMO-)KEHHE
. pas3roH
XOJIOCTOM X0/ JIBUKEHHE
1. CBoGoHOE 0,110 0,351 0,390 0,149
MH/] 2. YacTHYHO-CBSI3aHHOE 0,108 0,365 0,376 0,151
3. [TnoTHO-CBsA3aHHOE 0,106 0,415 0,306 0,174
1. CBoGoaHOE 0,161 0,412 0,186 0,241
MP/] 2. YaCcTHYHO-CBSI3aHHOE 0,157 0,449 0,149 0,245
3. IlmoTHO-CBSI3aHHOE 0,148 0,497 0,101 0,254
1. CBoGoaHoOE 0,178 0,428 0,106 0,288
MM/ 2. YacTHYHO-CBI3aHHOE 0,173 0,492 0,039 0,296
3. [110THO-CBsI3aHHOE 0,155 0,535 0,010 0,300

AHanu3 TaHHbIX Ta0auIa 4 MO3BOJISIET CALNATh CJIETYIONIUE BBIBOIbI:

— otcyrcTBue MHJI it cBOOOTHOTO TIOTOKA TPAHCTIOPTHBIX CPEICTB, IPUBOIUT
K YBEJIMYCHHUIO BPEMEHH PabOThl aBTOMOOMIICH B peXMMax pa3rOHA-TOPMOKECHHUS Ha
MP/I Ha 30,6 %, a Hra MMJI — Ha 43,2 %;

—nipu aBkeHny Ha MPJ] cooTHOIIeHHe BpeMeHH paboThl aBTOMOOMIIEH B pexkuMax
pa3roHa-TOPMOKEHUS, IPH IMEPEXOC U3 CBOOOTHOTO IIOTOKA B YaCTHYHO-CBSI3aHHBIN,
yBenuuuBaeTcs Ha 6,3 %, a B IJIOTHO-CBA3aHHBIN — Ha 15 %);

— B 30HAaX YaCTHUYHO-CBA3aHHOTO M IUIOTHO-CBSI3aHHOT'O MOTOKOB Ha MPJI u
MM/ nauGosiee 4acTO MOSBIAIOTCS CIIy4ad OTCYTCTBHS YYaCTKOB JBUKEHUS C
YCTAaHOBUBILEHCS CKOPOCTHIO, T.€. BECh MPOLECC JIBUKEHUSI COCTOUT U3 YepeOBaHUs
[IUKJIOB Pa3TOHA-TOPMOXKEHHUS, YTO OOYCIOBIMBACT PE3KOE YBEIMYCHUE pacxoia
TOTUIMBA, U3HOCA KOHCTPYKIIMHA aBTOMOOWISI M YBEIMYCHHE BHIOPOCOB TOKCHUYHBIX
BEILECTB.

Ucnonwzys hopmyiry (10), momydum 3aBUCUMOCTH YaCOBBIX BBIOPOCOB TOKCUYHBIX
BEILECTB MPHU PA3TUYHBIX PEKUMAX ABUKEHUS aBTOMOOMIICH:

Geonp) = GTmpy417(1 = anp)) (11)
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(12)
(13)

rae — 4acoBO#l BBIOPOC TOKCHUYHOTO KOMIIOHEHTa IpHU
COOTBETCTBYIOILIEM PEXXUME paOOTHI ABUTATENsl aBTOMOOMIIS, KI/4;

(1—a(np)) — KO3 HUIMEHT, yYUTHIBAIOIINN YCIOBHUS CTOPAHUS TOILTUBA B CMECH C
BO3/IyXOM IIPH COOTBETCTBYIOLIEM PEKUME PaOOTHI (XOJIOCTOM X0, pa3rOH ABUraTeIs,
YCTaHOBUBILIEECS JIB)KEHHE) IPUHUMAETCS B pacuerax no nanubiM HAMMU [11]: nns
aBTobycoB (1—a )=0,15, (1- ap)=0, 17, (l—ay)=0, 11; nist IeTKOBBIX aBTOMOOMIIEH
(1-a )=0,13, (1—ap) =0,15, (1—ay)=0,10; JIJIs1 TPy30BbIX aBTOMOOUJIEH
(1-a =017, (1~ )=0,18, (1-a )=0,12.

Pe3ynbraThl pacueToB MpecTaBlIeHbl B TAOIHUIE 5.

JUist IpOTrHO3UpPOBaHUS (pacyeTa) MacCOBOTO BhIOpOCAa TOKCHUYHBIX BEIIECTB
B KOHKPETHBIX 30HaX ropojia C y4eTOM IMEpPCHEKTUBHOU IIOTHOCTU JIBMXKEHUS U
HEPaBHOMEPHOCTH €€ pacIipeieIeHus], a TAKXKE PA3TIHMYHS B YCIOBHUIX PEKUMA JIBIKCHUS
Ha pa3IMYHBIX THUMAX MarucTpaieil, mpempiaraeM Cleayonryo 3aBUCUMOCTb:

GheryYitr)) (14

rne Lk — npuBenensslii npoGer k-ro Tuma TpaHcnopra, KM;

V& — cpenHss CKOPOCTh aBTOMOOMIEH Ha MarcUTpajId ONpEIENeHHOr0 TUIa B
JIOKAJIBHOW 30HE TOpoAa, KM/4;

Kk, —xoodduuunent npusenenus nmpooera;

&%, — K03 GUIIEHT pacTpe/IeIeHNs IIOTHOCTH ABHKEHIS 110 30HAM H MArHCTPaIIH
roposa;

Vitoex) — KOI(QDUIMEHT COOTHONIEHHST BPEMEHH PaGOThl aBTOMOOHIIEH TpH
Pa3INYHBIX PEKUMAX JIBUKECHUS.

JUist pa3IMyHBIX TUIIOB aBTOMOOMIIEH pacCUMTaHbl 3HAUEHUs IOKa3aTesel CpeJHUX
Y4aCOBBIX BBIOPOCOB TOKCHUYHBIX BEILIECTB C yYETOM COOTHOILIEHUS BPEMEHHU UX paboThI
IPU Pa3IUYHBIX PEeKUMaX JBI)KEHUS HA MaruCTPasX pa3IMyHOrO THIIA.

ITo pe3ynabTaTaM pacyeToB NPEICTABICHbI 3aBUCHMOCTH YaCOBBIX BBIOPOCOB
TOKCHYHBIX BELLIECTB OT U3MEHEHUS PACCTOSIHUS MEXKLY PETYIMPYEMBIMH IIEPEKPECTKAMU
JUIS pa3iUYHBIX TUIOB aBTOMOOuUiel (pucyHnke 2). OTMETHM, YTO yBEJIHYECHUE
pPacCTOSIHUSA MEX1y NEepeKpecTKaMU MPHUBOJUT K CHHXKEHHIO BBIOPOCOB TOKCHYHBIX
BEIIECTB. DTO MPOUCXOIMT 33 CUET YMEHBILEHH JTOJIU BpeMEeHH paboThl aBTOMOOUIIS
B peXXMMax pa3roHa 1 TOPMOXKEHUS B 001l CTPYKType 3aTpat BpeMeHH (pUcyHke 3).

Ha pucynke 4 n3zo6pakeHbl rpaQuKy, XapaKTepu3ymoollue BIUSHUE YCIOBUI
JIBIDKEHMSI HA 4aCOBbIE BBIOPOCHI OKUCH YTIIIEPOA Pa3InUHbIMU TUIIAMHU TPAHCIIOPTHBIX
CPEACTB.

111



KA3AKCTAH FblllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 4, 2022

PucyHnok 2 — 3aBucumMocTs Pucynok 3 — Pacrmipenenenne BHIOPOCOB
WHTEHCUBHOCTU BHIOPOCOB TOKCHYHBIX TOKCHYHBIX BCIICCTB
BEIIECTB OT U3MEHEHHSA PACCTOSHU
MEXIY PErYIMPYEMBIMU IIEPEKPECTKAMU

1 — cBOOOHOE; 2 — YaCTUYHO-CBSA3aHHOEC; 3 — INIOTHO-CBS3aHHOC
Pucynox 4 — Bnusinue yciaoBuil IBKEHHS Ha YAEIbHBIN BIOPOC OKHCH yTiiepoa
Pa3IUYHBIMU TUIIAMU TPAHCIIOPTHBIX CPEICTB

BriBOaBI

[IpoBeneHHOE 3KCIEPUMEHTAIBHOE UCCIEN0OBAHUE €30BbIX LIMKJIOB Ha
MarucTpaisax pa3IudHOro (PYHKIMOHAIBLHOTO HA3HAYCHUS MMO3BOJIUIO YCTAHOBHTH
3aBUCUMOCTH BBIOPOCOB TOKCHYHBIX BEIECTB OT YCJIOBHW JIBMIKCHUS TOJBHUKHOTO
cocTaBa aBTOMOOUMIIBPHOTO TPaHCIOpPTAa Ha aBTOMaructpansax. [IpoBeaeHHBIMH
HCCJICIOBAHUSAMH yCTAHOBJIECHO, YTO yCJOBHUS IBWKEHUS aBTOMOOHUIBLHOTO
TPaHCIIOPTa OKa3bIBACT 3HAYMUTEIBHOE BIMSHUE HA PACXOJ TOIUIMBA U KOJIUYECTBO
BBIOPOCOB TOKCHUYHBIX BemecTB. M3 puc.4 BUIHO, YTO MU3MEHEHHUE Kacca
maructpaieid — nepexoa or MPJl xk MH/l mo3BoasieT CHU3UTH BBIOPOCHI
TOKCHUYHBIX BenlecTB Ha 3-8 % B 3aBUCUMOCTHU OT THUMA TPAHCHOPTHBIX CPEJICTB.
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[Tepexox 0T cBOOOJHOrO MOTOKA K YACTUYHO-CBSI3aHHOMY MPUBOJUT K YBEITHMUCHUIO
BBIOpPOCOB TOKCHYHBIX BemiecTB Ha 10—11 %, a k miaoTHO-cBsizaHHOMY — 110 14 %.
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ABTOMOBHIJIb KOJIITTHIH KO3FAJIBIC KAFJAWJIAPBIHBIH
KOPIIIAFAH OPTA )KAFJIAHUBIHA OCEPIH 3EPTTEY

Aemomobunvoepoer yavl 3ammap  UbleapblHOLIAPLIHLIY — MOIUED]  HCOTL
K032AbICbL  YULLMOACMBIPY  JICYUeCiH  KanbINMAcmuipyobly KAld KypblIblCbl-
Jlcocnapaay — wiapmmapvimen  mixkenei  oatiamvicmul.  Feublmu  makanaa
aBMOMOOUTLOEPOIY  HAKMbL  KO32AAbIC  HCA20AUIAPbl  AGMOMOOUTL  KOJiciHeH
KOpuazan opmaeaa ubleapuliambliH Vbl bl2apblHObLIAPObIH MOAUEDIHe Kanall ocep
ememinoizi mypanvl 3epmmey Homuiceepi KeimipineeH. AGmoKkenix KypaioapvlHull
nanoananblizan 2azoapblHoaabl  3USHObL 3ammapobly  Meuuepin  bazanayoviy
Hezizel v0icmepin canvlcmpipy KeamipineeH. 3epmmey moObl asmomoOunsL Keici
wpleapamuii 3UHObL 3ammapovly MOAuepin bazanay ywin Kaia xeutenepinoezi
HAKMbl ~ KO32aAblC  Jcaz0auvlHoa  Jcypic  yuxnin  3epmmeoi.  Kypic  yuxni
KO32QIMKbIUIMbIY KUBLIBICMbIY AN0bIHOA «IHCACHLT OeNciHiy Kymin mypean «boc
JHCYPICH JHCYMBICLIHA, PYKCAM emiNeeH CUSHANOAH KelliH OPHbIHAH KO32alyed HCOHe
beneini 6ip HeviI0aMObIKKa Oellin yoemyee, benzini 0ip Hebli0aMObIKKA HCeMKEeHHEH
Kellin mypakmuol JHCbLIOAMObIKNEH KO032alyed JHCOHe MOblK MOoKmazanaa Oetlit
meodiceyee Heciz0enzeH. ABmomoOUIbL Hcoa0APbIHLIY Op MypiHOe2i op mypii munmezi
ABMOMOOUTLOEPOIY OpMaAad CAeamMmblK, WbleAPbIHOLLIAPLL 9P MYPAi K032aIblC
pestcumoepindei asmomoounrbOepoil HCYMbiC YAKbIMbIHLIY APAKAMBIHACLIH ecKepe
OMBIPBIN AHBIKMATIOBL.

3epmmey Homudicenepi KUbLIbICMAP apaculHOaz2bl KAWbIKMbIKIMGIY Ya2aI0bl,
pemmenemin Kuvblavicmapul 6ap scondapoan spmypii 0eyeelioezi Kuvblavicmapul 6ap
JHCcoNOaApaa ayvicy Yavl 3ammapobly WbleapblHOLIAPLIHBIY MOMEHOeYIiHe dKeemIiHiH
JHcoHe 60C asvlHHAH TWIHAPA Oallianvlcmvl Hemece mulebl3 OalIaHbICmbl d2blHad
aywvicy ybl Wbl2apblHObLIAPOblY KOOEIIHe 9KeLIeMIHIH Kopcemeoi.

Kinmmi co30ep: asmomobunv Kenici, yavl 3ammapovly wbl2apblHObLIAPY,
arcypic yuxai, boc srcypic, yoemeni K032anvic, mypaKmul JHCblI0AMObIKNEH KO32AMbIC,
meiceny.
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STUDY OF THE EFFECT OF ROAD TRAFFIC CONDITIONS
ON THE STATE OF THE ENVIRONMENT

The amount of toxic emissions from cars is directly related to the urban planning
and planning conditions for the formation of a system of traffic organizations. The
scientific article provides the results of a study on how real car traffic conditions
affect the amount of toxic emissions from road transport on the environment. A
comparison of the main methods of assessing the amount of harmful substances in
the exhaust gases of vehicles is presented. The research group conducted a study of
the traffic cycle in real traffic conditions on the streets of the city to assess the amount
of harmful substances emitted by road. The driving cycle is based on the operation of
the engine at «idley in anticipation of the «green signaly in front of the intersection,
starting after the permitting signal and accelerating to a certain speed, moving at
a steady speed after reaching a certain speed and braking to a complete stop. The
average hourly emissions of toxic substances for different types of cars on different
types of roads were determined, taking into account the ratio of the operating time of
cars in different traffic modes.

The results of the study show that increasing the distance between intersections,
moving from roads with regulated intersections to roads with intersections of different
levels leads to a decrease in toxic emissions, and the transition from free flow to
partially-connected or tightly-connected leads to an increase in toxic emissions.

Keywords: road transport, toxic emissions, driving cycle, idling, acceleration,
steady-state traffic, braking.
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IMPROVING THE DEVELOPMENT OF A PISTON RING
BASED ON SOLID LUBRICANT

In the article, in relation to the similar conditions of use of internal combustion
engines with a crank mechanism and the main indicators of a piston seal having
the same design parameters (in particular, cylinder diameter, piston stroke), a
comparative assessment of the indicators characterizing their duty cycle and
indicator parameters of each of the engines is made (in particular, by the magnitude
of the indicator tangential and circumferential force, torque and indicator power).
The authors carried out work on the use of sealing in the form of rings with a contact
surface based on a solid antifriction material — graphite.

1t is concluded that, in relation to similar conditions of use, the indicator torques
formed during the working cycle of these machines are not equal in magnitude. The
indicator torque of the crank mechanism of the engine exceeds the corresponding
torque of the internal combustion engine. This conclusion also applies to the ratio of
the indicator capacities of the considered thermal machines.

Keywords: Internal combustion engine, crank mechanism, working fluid, piston,
piston ring, grease.

Introduction

The piston seal in the form of a set of compression rings is one of the main elements
of the engine that determines the reliability and efficiency of the engine. The efficiency
of piston engines depends on a number of factors. Among them, friction losses, gas
leaks during air compression and gas expansion largely determine the technical and
economic performance of the engine. The design of compression rings in the form of
two or three C-shaped rings made of alloyed cast iron has long been established in the
engine industry [1]. At the same time, it is assumed that the sleeve is lubricated with
drip oil from the crankcase, and the friction of the compression rings on the surface
of the sleeve is liquid with a coefficient of friction equal to 0.07-0.08. However, in
practice the situation is different.

Firstly, the oil does not get into the upper part of the sleeve, since it is blocked by
the piston.

Secondly, the upper part of the sleeve has an elevated temperature, usually
determined by the level of oil resistance and is a maximum of 220-230 °C. The
temperature of the piston and cylinder is an important parameter for operational safety
and service life. Exhaust gas temperatures vary between 600 to 850 °C for diesel engines,
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and 800 to 1050 °C for gasoline engines. At this temperature, the oil liquefies and loses
its lubricating properties [2].

Thirdly, during the combustion process, when the gas pressure increases sharply,
gases penetrate through the joint between the ends of the ring into the cavity between
the ring and the piston body and create an additional force pressing the rings against the
cylinder liner mirror, much exceeding the force set by the elasticity of the ring. Due to
the heat capacity, the piston and other parts in the combustion chamber, it is impossible
to accurately determine temperature fluctuations. But it can still be argued that there
is a small amplitude of change in the temperature of the piston, albeit a few degrees,
depending on the stroke, whether it is the intake or the working stroke. The bottom
of the piston is the first to be heated by incandescent gases and absorbs a different
amount of heat, depending on the stroke, engine speed and load. The high temperature
is primarily discharged through the piston rings to the cylinder walls, and to a lesser
extent, by the piston skirt.

Materials and methods

As a result, the friction in the cylinder liner, especially in its upper part, increases
significantly. In this case, attention should be paid to the form of wear of the working
surface of the compression rings and the surfaces of the upper and lower ends. They
differ in shape and size in different engine models, and these differences mainly depend
on the ratio of the height of the compression rings, the radial thickness and the size of the
gap between the upper shelf of the piston groove and the upper end of the compression
ring (Figure 1). It is known from the theory of friction and wear that wear is directly
related to friction, which clearly confirms the increased friction of compression rings
in the upper part of the cylinder liner [2].

Figure 1 — The dependence of the wear of the cylinder liner on the height
of the cylinder liner forming: solid line — average wear in eight directions,
dotted line — maximum wear

Analyzing the above graph, if we assume that at a distance of 60 mm from the top
of the sleeve, friction corresponds to liquid friction with a coefficient of friction of
0.07-0.08, then within the first 20 mm of the piston stroke, wear is 6—8 times more
intense, which can only be with semi-dry or even dry friction of the rings. This means
that the coefficient of friction in this part of the cylinder is at least 0.4-0.6.
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The friction of the rings in the cylinder liner leads to a distortion of the cylindrical
shape of the sleeve, which leads to a violation of the tightness of the piston contact [5]
and a decrease in the quality of the engine (Figure 2).

Figure 2 — The plot of the wear distribution along the cylindrical surface in the radial
direction along the four belts of the cylinders of the internal combustion engine

Due to the wear processes in the piston contact, compression in the cylinders
decreases after the first 500 hours of operation, which leads to a deterioration in
the technical and economic indicators of the engine with a tendency to progressive
deterioration of all indicators. Usually, the inter-repair period of automotive engines is
assumed to be equal to 3000 engine hours. According to engine tests in real operating
conditions, all engine parameters have changed significantly (compression, torque,
effective power). At the same time, at the end of the inter-repair period, the specific fuel
consumption doubled, which led to a corresponding increase in operating consumption.

In the field of improving the piston seal, there are a number of ring designs
aimed at reducing friction losses and wear of both rings and cylinder liners. There are
rings with a conical contact surface of different directions (minute and five-minute),
L-shaped, triangular, etc. However, in an internal combustion engine, a piston seal
with conventional rectangular rings remains one of the most conservative components
in terms of design.

Results and discussion

The authors carried out work on the use of sealing in the form of rings with a
contact surface based on a solid antifriction material — graphite [2]. Graphite is used
in engineering as an antifriction material [9]. The use of graphite as a solid lubricant
in a movable contact was adopted by analogy with the movable contacts of electric
machines, where it is also required to have a tight contact of mutually moving elements
and minimal wear of the contacting surfaces [7,8]. The coefficient of friction of graphite
and composite materials based on it is equal to 0.15-0.20.
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The seal design consists of two rings made of bronze or steel, located in a common
annular groove in the piston. Each of the rings consists of two half-rings having a stepped
joint of half-rings in a vertical plane, while the joints of the upper and lower rings are
located in 90 degrees relative to each other. The half-rings are unclenched and pressed
against the cylinder liner mirror by springs. At the same time, the stepped joints slide
over each other within certain design limits, which eliminates the breakthrough of gases
through the locks of the rings into the space under the rings (Figures 3-4).

- D= cons > D= const »

Figure 3 — Design of compression rings with solid lubrication
and stepped joint of half rings

U — the sliding surface of the half-rings docking; A — the mounting gap; b — the
permissible increase in the gap when the half-rings are worn; I — the width of the new
ring; E — the width of the ring at the point of maximum wear, D = const — the diameter
of the sleeve.

Figure 4 — Cross section of the ring: 1 — metal (bronze or steel);
2 — graphite filling (figures — dimensions in mm.)

The seal design was tested on an experimental engine based on the UD-2M engine
with cylinders with a diameter of 72 mm [3]. The engine has been upgraded for cylinder
operation conditions without lubrication in dry seal mode. As a result of experiments,
it was found that the seal provides compression at the level of the engine’s nominal
value, the friction of the piston shift with the experienced pistons in the cylinder liner
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is 58 % of that for a standard seal with sleeve lubrication. Experiments to assess the
intensity of wear with wear measurement using three methods (direct measurement
of dimensions at the point of maximum wear, measurement of changes in ring mass
and measurement of chord changes on the cylindrical surface of the ring, the method
according to STST [4]) showed the operability of the piston seal, its reliability, as well
as a resource commensurate with the resource of a typical seal, but, unlike the typical
variant, without a noticeable decrease in quality indicators throughout the entire period
of operation [8].

At the same time, an analysis of the operation of the pilot seal showed that not all
potential opportunities for improving the quality of the piston seal were achieved [3,9].
To ensure the tight fit of the cylindrical surface of the rings to the cylinder mirror, the
rings must be movable and constantly pressed by springs to the contacting surface of
the sleeve. Taking into account the temperature deformations, the rings in the annular
groove of the piston were installed with a gap. When the piston moves up or down, the
rings are pressed against the upper or lower end surface of the annular groove due to
friction. When a cyclic dose of fuel is burned, an increased gas pressure occurs in the
over-piston volume of the cylinder [3]. Since the piston body has a certain gap, and the
rings are pressed against the cylinder mirror by springs, the gas pressure acts on the
upper end surface of the ring and presses the package of rings down within the gap. In
this case, gases enter the gap above the upper ring into the annular cavity, creating an
additional force of pressing the rings against the cylinder liner mirror. Accordingly,
there is an additional force for the movement of the piston, as well as increased wear
of the rings.

To eliminate this effect, a new ring design was developed. They are also made of two
half-rings, have stepped joints of half-rings, two rings are located in a common annular
groove in the piston. The difference lies in the shape of the cross sections of the rings.

The upper ring has a rectangular cross-section. To press it against the cylinder
liner mirror, one or two C-shaped springs are used with joints placed in diametrically
opposite places [7,9]. This ensures that the semi-rings are pressed against the contact
surface of the sleeve without distortions.

The lower ring has a smaller diameter of the inner hole, and there is an angular bevel
in its lower part. A steel C-shaped spring is placed in the corner groove under the ring.
Acting on the angular surface, the spring simultaneously presses the lower half-rings
to the cylinder liner mirror, and also creates a force that presses the entire set of rings
to the upper end surface of the annular groove. Due to this, the breakthrough of gases
into the annular cavity is excluded.
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Figure 5 — Cross section of the package of half-rings with by pressing the rings
to the upper end the surface of the annular groove by means of an annular spring
and an oblique cut of the edge of the lower ring

The design of the ring allows you to calculate the main characteristics of such a
piston seal. Thus, the pressing force of the upper ring can be determined by analogy
with the brushes of electric machines. A specific pressure of 0.2 kg/cm? is recommended
for them [9].

So, if the rings are designed for a cylinder with a diameter of 72 mm, and the height
of the ring is assumed to be 6 mm, the area of pressing the ring against the cylinder
mirror is approximately 1/3 on each side. At the accepted dimensions, the area of the
force contact is about 23 cm?. At a specific pressure of 0.2 kg/cm?, the spring force for
the upper ring should be equal to 0.46 kg. This is easy to adjust by placing the piston
with the rings on a flat surface and loading the ring with a load at the top until the ring
is completely drowned in the piston groove.

If the piston body has a gap in the cylinder liner of 0.25 mm (0.125 mm per side),
the end surface of the ring in the gap perceives the pressure of gases at the time of the
combustion phase, the area of such a surface is about 0.26 cm?. At a gas pressure of
70 kg /cm? at the moment of combustion, the force squeezing the package of rings from
the upper edge of the annular groove is 19 kg. Since the force of 19 kg is directed
upwards, and in order to press the half-rings to the sleeve mirror, a horizontal force
of about 0.5 kg is required, the angle of the bevel of the edge of the lower half-rings
is determined [3.5]. At the given values, it is approximately 10 o with respect to the
horizontal surface when using a spring with greater elasticity.

Conclusions

The considered design of the piston seal is applicable both for traditional engines
with cylinder lubrication with drip oil, and for new engine designs in which the oil sump
is isolated from hot cylinders operating with the use of solid lubricant.

Thus, the rings during engine operation have a tight contact with the cylinder liner
mirror, and are also pressed against the upper end surface of the annular groove in the
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piston, which creates a sealed contact and eliminates the appearance of additional forces
pressing the ring to the sleeve surface, providing minimal friction and low wear of the
rings and the sleeve.
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KATTBHI MAWJIAY HETT3IHAE ITOPINEHBJIIK CAKUHAHBI
JAMBITYABI XKETIJIAIPY

Maxanaoa iwmen ocany xozeanmyviuvin KIIM-men xondanyowiy yxcac
wapmmapulHa JcoHe Oipoeli  KypulibiMOblK napamempiepi 6ap noputenvoi
mulavl30ay0vly Heelsel KopcemKiwmepine (aman aumkanod, YutuHopoiy ouamempi,
NnopuieHb HCypici) Kamuvlcmol, 01APObIH HCYMbIC YUKTIH HCOHE KO32ANMKbIUMAPObLIH
OPKAUCHICLIHBIY UHOUKATNOPILIK NAPAMEempIlepin CUnammauimoli Kepcemxiumepoi
canvicmulpmansl 6az2anay H#cacaniaovl (aman aumKanod, MAHSCHYUAIObl JHCOHE
auHAIMANbL  Kyumepoiy UHOUKAMOPAbIK WAMACHL, QUHATY MOMEHMI JHCoHe
UHOUKAMOPILIK Kyam). Aemopnap xammul yUKenicke Kapcvl Mamepuan-cpagum
Hez2i3iHOe dicanacy bemi 6ap cakunaniap mypiHoeci mulebl30azblumbl NAUOAIAHY

OOUBIHULA HCYMBIC IHCYP2I3OI.

Ocbl MAUWUHANAPOBIY HCYMBIC YUKTL Ke3iHOe KANbINMACKAH YKCAC Nauoaniamy
24CA20AUNAPBIHA KAMBICIbL UHOUKAMOPILIK, MOMEHmmep Wamacsl OOUbIHWA meH
emec Oezcen KOpublmulHObL dcacanaovl. Koszeanmrvuumory KIIM unouxamopivix
auHALY MOMEHMI [UMeH JHCaHy KO32aIMKbIUbIHbIY MUicmi MoMeHmineH acaovl. byn
KOPbIMbIHObL KAPACMBIPLLILIN OMbIP2AH JHCHLY MAUWUHATAPBIHLIY UHOUKAMOPILIK

KyammbslilbleblHblH APaAKAMblHACbIHA oa KanvlCmeaol.

Kinmmi cesdep: lIwmen dcany Ko32aimybiuibl, UIHOI-UAMYHObL MEXAHU3M,

JHCYMBIC CYUBIKMbI2bL, NICNEK, NiCNeK CaKUHACHL, Malliay.

*M. K. Kyanvuues', A. K. Kaykapoé’, I. K. Taxanosa’
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COBEPHIEHCTBOBAHUE PAZPABOTKHU INIOPIHIHEBOT' O
KOJIbIIA HA OCHOBE TBEPJIOM CMA3KHA

B cmamve npumenumenvno K CXO0CMEEHHBIM YCIOGUAM UCTIOAb30BANHUS
ogucamenetl GHYMPEHHe20 C2O0PAHUL C KPUBOUWUNHO-UUAMYHHLIM MEXAHUZMOM U
OCHOBHbIX NOKA3amenell NOPuiHe8o20 YNIOMHeHUs, 001a0aruwux 0OUHAKOBLIMU
KOHCMPYKMUBHbIMU NAPAMEMPAMU (8 YACTMHOCMU, OUAMEMPOM YUTUHOPA, XOOOM
nopwiHs), O0enaemcs CpaGHUMENbHAs OYeHKa nokazameneu, Xapakmepuzyiouux
ux padouuil Yuxki U UHOUKAMOPHbIE NAPAMEMPbL KaAxNc0020 u3 osucamenci (8
YACHOCIU, NO GeTUYUHE UHOUKAMOPHBIX MAHSEHYUATLHO20 U OKPYICHO2O YCULULl,
Kpymsiuge2o MOMEeHmMa u UHOUKAMOPHOU MOWHOCmu). Aemopamu nposedena paboma
1O UCNOTL308AHUIO YNJIOMHEHUsL 8 6Ude Koey ¢ KOHMAKMHOU N08EePXHOCMbIO Ha

OCHOB8e MBEPO020 AHMUPPUKYUOHHO20 Mamepuaia — zpagpuma.
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Jlenaemcsa 3aknioueHue, 4mo, NPUMEHUMENbHO K CXOOCMBEHHBIM YCI08UAM
UCNONb306aHUS, hopMupyemble 6 medeHuu paboueco YUKiad Mux MauuH
UHOUKAMOPHble KpYymawjue MOMeHmbl He pagHbl HO enuyune. HMnouxamopHulii
KpYymMAWUL MOMEHM KPUBOUUNHO-ULAMYHHO20 MEXAHUIMA 08U2ames npegvliidem
COOMBEMCMEYIOWULL  MOMEHM  08Ucamens GHYMPEHHe20 C20paHus. IDmom
861600 PACNPOCMPAHAEMCA U HA COOMHOWEHUE UHOUKATNOPHBIX MOWHOCHElU
PACCMampusaemsix Mmenio8blx MauluH.

Knrouesvie cnosa: [leucamens 6nympennezo ccopanus, KpUGOUUNHO-UAMYHHbIU
Mexanuzm, pabouasn HcUOKOCmy, HOPULeHb, NHOPUIHEBOE KONbYO, CMA3KA.
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NMOBBbLIUIEHUE 39PEKTUBHOCTU SKCITIIYATALNU
®OPCUPOBAHHbIX ABTOMOBWIIbHbIX AN3ENIbHbIX ABUIrATEJIEA
COBEPLUEHCTBOBAHUWEM YIPABJIEHUSI OB BEMOM MACJIA

B CMA304YHOW CUCTEME

Axmyanvrou 3a0auell N0 NOBLIUEHUIO HAOEHCHOCU — ABMOMPAKMOPHIX
deueamenetl A67IAEMCs COBEPUIEHCMBOBAHUE NPOYECCO8 CMA3KU. B kauecmese morowux
U Oucnepeupylouux Npucadox UCHONL3VIOM  BbICOKOWENOUHbIe  CYIbHOHAMYL,
AKUTCATUYUTATNBL A MAKIICE ANIKUDEHONANGL U PA3TULHBLE OpY2Ue CONU CYTbPOKUCIOM
U KApOOHOBHIX KUCIOM U OM UX KOHYEHMPAyuu 6 MACie 3a6UCUTN CHUICEHUe
UHMEHCUBHOCIMU  00pA308aHUs Yenepooucmuix omaodicenui. Ha ochnose 3axoua
0eticmeyIouux MAacc NOAY4eHd 3a6UCUMOCHb KOHYEHMPAYUU UCX00H020 Geujecmsd
om eépemenu. Ilpu cocmaenenuu ucxooHo2o oughghepenyuanbHo20 ypasrenus pacxood
WeNOYHOU NPUCAOKU 8 npoyecce pabomul YUmeno napamempsbi 00IU6a Macid.

IIpogedenvl sKcnayamayuontvle UCCie008aHus N0 ONPeOeleHUuIo PayUOHaILHOU
NEPUOOUYHOCIU 3aMEHbl MOMOPHO20 MACIA, 4 MAKdiCe NPUBeOeHvl pe3yibmambl
00pabomxu  IKCNEPUMEHMANbHbIX — OAHHbIX. Obocrosana — onmumanvHas
NEPUOOUYHOCMb 3AMeHbL MACHA 8 ghopcuposantbix ousensx KAMA3-EBPO, komopas
AnnPOKCUMUPYEMCsl  NOTUHOMOM 6mopoll  cmeneny. Onpedenena OnMUMAiIbHAs
Hapabomxa 00 3aMeHbl MACaa no pasiuyHblm epynnam asmomoounei KAMA3-EBPO.

C yuemom paziuuus 6 UHMEHCUBHOCNU USMEHEHUsI WeENL0YHOCU MAcla 8
npoyecce pabomvi OvLIU ONpedeneHbl NAPaAMempubl 3a6UCUMOCIU NO PA3TUYHBIM
epynnam agmomoounetl. Ilonyyenvl nozpewiHocms werouHoCmu npu 008epUMenbHoll
seposmuocmu 80 %. Onpedenervl HOpMamueHwvle (npedeibhbie) SHAUEHUA NOKA3amerell
COCMOsIHUSL MOMOPHO20 Macaa 0ist hopcupogantvix ogueameneti KAMA3-EBPO

Kniouesvie crosa: ¢popcuposanuvie ousenu, MomopHoe Macio, nepuoOutiHOCmy
3aMeHbl MAcad, HOpMamueHvle nokazamenu macia, Kamas.

BBenenne

IloBbI1IEHHE HAEKHOCTH ABTOTPAKTOPHBIX ABUTATEIICH SIBIISIETCS BaXKHOU 3a1a4e
JUIS. DKOHOMUKHU CcTpaHbl. OTKa3bl ABUTATENICH, 00YCIOBICHHBIE HU3HAIIUBAHUEM,
BBI3BIBAIOT JUIUTEJIBHBIN IPOCTONM TEXHUKH, 3HAUYUTEIbHBINA PACXO0/] 3alIaCHBIX YaCTEH,
YCIIOKHSET IKCIUIyaTallMi0 MallvH. B Halel cTpaHe Ha BBINYCK 3alacHbIX YacTeu
pacxoayetcs 10 50 % cpeacTB, OTBEACHHBIX Ha BBIIYCK HOBBIX MaluH [1].
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CTOMMOCTh KalmHUTaJIBbHOTO PEMOHTA aBTOTPAKTOPHBIX JIBUTaTeJIed COCTaBIISIET
70-80 % OT ux CTOMMOCTH, a BTOpUUHBII pecypc coctasisger 30—40 % [2]. 3a Bech
CPOK CITy>KOBI aBTOTPAaKTOPHBIX JIBUTATENIeH Ha obecrieueHue ux paboTocnocoOHOCTH
pacxofyercsi CpeicTB B 5—6 pa3 Oombiiie, yem Ha u3roropienue [7]. [Toaromy moBbltieHue
Ha/I&KHOCTH aBTOTPAKTOPHBIX JIBUraTesei COBEPIIEHCTBOBAHUEM IIPOLIECCOB CMA3KU
ABJISIETCS AKTyaJIbHOU 3a7a4ei.

Marepuansl U METOIBI

Copneprkanue MpucazoK B MOTOPHBIX Maciax ¢ (OPCUPOBAHUEM aBTOMOOHMIBHBIX
JNBUTaTeNell MOCTOAHHO noBbIimaeTcsi. OCOOEHHO 3TO OTHOCHUTCS K MOIOIIE-
JHCTIEPTUPYIOIINM H BSI3KOCTHBIM IpHcaakaM. HasHaueHue Morole-1ucreprupyonmx
IPHUCAJIOK — CHUKEHHE MHTEHCHUBHOCTH OOpa30BaHMS YIJIEPOAUCTHIX OTIOXKEHHH,
IJIaBHBIM 00pa30M Ha HWJIMHAPOIIOPIIHEBOM rpymie u TypOokommnpeccope. B kauectse
MOIOIIHX U TUCTIEPTUPYIOIINX MPUCAIOK HCIIOIB3YIOT BEICOKOLIETOYHBIE CYIb(OHATHI,
IKWICATHULUIIATHI, 2 TAKOKE ATKUIPEHOISATHI M pa3In4HbIe IPYTHE COIH CYJIb(OKUCIOT
U KapOOHOBBIX KUCIIOT.

Moro1ie mpUcaaKy Mo CBOEMY IEHCTBUIO ACTAT Ha IETEPIeHTHI U JUCTIEPCAHTHI.
Hereprentsr (detergents) [1] sABASIOTCS MOBEPXHOCTHO-aKTHBHBIMHU BEIIECTBAMH,
001aJaloMMK MOIOIIMMHU CBOMCTBAMH, 3alIUINAIOIIMMU MTOBEPXHOCTh AETale OT
NPUIMIIAHUS U CKOIIJICHUS HA HUX MTPOAYKTOB OKUCIICHUS. AHHOHHBIMU JIeTEpPreHTaMu
0OBIYHO OBIBAIOT MAacIOPacTBOPUMBIE aNKHIOEH30JCYyIbPOHATH, hochoHATH U
Jpyrue aHajoruyHble coeuHeHus. OHU UMEIOT IIEJIOYHbIE CBOMCTBA U SBISIOTCS
3 PEKTUBHBIMU HEUTPAIU3aTOPAMH KHCIIBIX TPOAYKTOB OKUCIICHUS.

CynbdoHnatsl, pochoHaThl U IPYTUE ACTEPTCHTHI SBISIOTCSA COJISIMH METAJLIOB,
MOATOMY IPH CTOpaHUU 00pa3yroT 307161, Takue Mprca Ky Ha3bIBatOT BEICOKO30JIbHBIMU.
B nacrosimee Bpems, HapsAy C HUMH, UCHOJB3YIOTCS HOBBIE OpPraHHUYECcKHE
CHUHTETHUYECKHE JIETEPTeHTHI, KOTOPbIE HA3bIBAIOTCS MAIO30JIbHBIMU WM 0€330JIbHBIMU
npucaakamMy. B coBpeMeHHBIX MOTOPHBIX Macaax MPUMEHSIOT CJIOXKHBIE KOMIO3ULIUU
u3 oboux gerepreHToB. OCOoOyI0 aKTHBHOCTH JE€TEPTEeHTHI MPOSBISAIOT B ropsdeM
JIBUTATEIIe, YTO CIIEAYET YUUTHIBATh IPH 3aMEHE MacJa.

HucnepcanTsl (dispersants) [ 1] mogaBiIsiFOT arioMepaIyio 1 CIMIAaHUE TPOIYKTOB
OKHCIJIEHHs, 00pa30BaHKe [IJIaMa ¥ OCAXKIEHHE CMOJIMCTBIX OTJIOKEHUH Ha TOBEPXHOCTH
neraseil. B kauecTBe nucrepcaHToB 0OBIYHO HCTIONIB3YIOTCS HOJIMMEPHI C OISPHBIMU
rpynnamMu U CyKIMHUMHJBI. Jlucrepcanbl MOAAEPKUBAIOT KOJUIOMIHBIC YaCTHIIBI
OPOJYKTOB OKUCICHUS U 3arps3HEHUN BO B3BEIIEHHOM COCTOSIHHMH. B OCHOBHOM
OHHU MOJICP>KUBAIOT YHCTOTY Herporperoro asuratens. llpu sddextuBHOi pabore
JUCIIEPCAHTOB MOTOPHOE MAaciio TEMHEET, a AUCIEPTrHPOBAHHBIC MEJIKUE MPOTYKTHI
OKHCIICHHS HE 3a0MBatOT (QUIBTPHI U HE OCAXKAAIOTCS HA TOPSUMX JICTANAX ABUTATEIIs.

3aKOHOMEPHOCTH M3MEHEHHUs KOHLEHTpAIMu MPUCATOK B Macie B Ipolecce
HKCIUTyaTaIllil OCHOBAHbI HA 3aKOHAX XUMUYECKOH KMHETUKU. CKOPOCTh XUMUYECKOH
peakuuu B pacTBOpE OMpenessieTcss U3MEHEHUEM YHCiia MOJIEKys BeuiecTBa dn B
eauHMIly Bpemenu dt B enuHuIie oobéma V
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3HaK IUTIOC «+)» UCIOJIB3YIOT, €CIIM CKOPOCTb ONPEENSIETCS 110 IPOAYKTY, 8 MUHYC
«—« TI0 UICXOAHOMY BEILECTBY.

CKopocTh peakIuy 3aBUCUT OT IPUPObI pEarupyroNnx BEIECTB, UX KOHIIEHTPALUH,
TeMIIEpAaTypbl U HAJIUYUS KaTalu3aTopa. 3aBUCUMOCTh CKOPOCTH PEaKLIHUU OT
KOHLICHTPALUN OINHUCHIBACTCS 3aKOHOM JECHCTBYIOIIUX MAacCC: CKOPOCTbh XUMHUYECKOU
pPeaKIuyu B KaXAbli MOMEHT BPEMEHU IPOIOPLHMOHAIBHA TEKYIIUM KOHUEHTPALUAM
pearupyromux BemecTs C, BO3BEIEHHBIM B HEKOTOPBIE CTEIIEHU

v =kCiCy (2)

rae k — koHcTaHTa CKOpOCTH (HE 3aBHUCSINAst OT KOHIIEHTPAIUH);
X, Y —HEKOTOPBIE YHCIIa, KOTOPBIE HA3BIBAIOT MOPSAKOM PEAKIIMH 110 BEIIECTBAM
A u B, COOTBETCTBEHHO.

Ha ocHoBe 3akOHa IEHCTBYIOIMX MAcC MOJy4€HA 3aBUCUMOCTh KOHLIEHTpALUU
HCXOJHOI'0 BEUIECTBa OT BPEMEHU

v =kCiCh (3)

WuTerpupys 3T0 ypaBHeHue B npeaenax ot 0 1o t nomydnm

dCy

w = kG @

PaboTa aBTOMOOHIBHOTO ABUTATENS OLIEHUBAETCS IPOOEroM aBTOMOOMIIS, KOTOPBIi
IPU CIIOXKUBIIMXCS YCIOBUSX IKCIUIyaTalluy MPsIMO NMPOMOPIMOHATIEH BPEMEHH.
[Toatomy ypaBuenus (3) u (4) ¢ ucnosb3oBanueM npodera | npumMyT BUI

dc,

a kCy ()

C = Coexp(—kl) (6)

CxemaTHuYHO 3aBUCUMOCTb (6) IprBE/IeHa Ha PUCYHKE 1.
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Pucynok 1 — 3akoHOMEpPHOCTh U3MEHEHUS IIETOYHOCTH MOTOPHOI'O Maciia
B Iporiecce paboTsl 6e3 JoIrBa

OpHako 3TH ypaBHEHUS CIPABEIMBbI IPU IOCTOSHHOM 00BbEME Maciia B CMa304HON
cucteme. B mpouecce 3KkcruryaTanuu aBTOMOOMIISA TOBBIIIAETCS PAacXo] Macia Ha
yrap, npeebHoe 3HaueHHe KOToporo coctaBiseT 2—2,5 % [2]. Tak mist aBToMoOums
KAMA3-6520 ¢ neuratenem KAMA3-740.51-320 pacxon TOmjIuMBa COCTAaBIISIET
39 /100 xm. [Tpu mecstaroM mpobere 4,5—5 ThIC. KM (IT0 OTYETHBIM JIAHHBIM) PacXo/
Macia Ha yrap coctaBuT 35-48 1. Jlaxke eciu NpUHATH CPETHUM pacXoj] Macia Ha yrap
B JIBA pa3 MEHbIIE MPEJEIBHOI0, TO PacXxo] Macia B Mecsl cocTaBUT 17-24 i, 4ro
COM3MEPHMO ¢ 00BEMOM CMa304YHOM CUCTEMBI.

[TosTOMy IpHu COCTaBIEHUH HCXOTHOTO AU PepeHIINaTBHOTO YPaBHEHUS pacxo/a
IIETIOYHOM MPUCAIKHU B ITpoIiecce paboThl HEOOXOIMMO YUUTHIBATh TapaMeTpPhI 10JINBA
Mmacia. B mporecce skcrutyaTalyy JBUTaTeNs ¢ MOCTOSHHBIM KoJmuecTBoM Macia G
B MACJISTHOM cucTeMe (TIpH JOJIHMBE Maciia, PaBHOM €ro yrapy), KOJIM4eCTBO MIETOYHON
IPHUCAJKK C 3aBHCUT OT MCXOJHOTO C, KOJMYECTBA, MHTEHCHBHOCTH Pacxoja o
MIEJIOYHOM MPHUCAZKU, OTHECEHHOM MO BCEMY KOJHMUYECTBY Macja B CHCTEME B JIOJISAX
C/IMHHLIBI C, Ha HEHTPAIN3aLMIO POJYKTOB OKUCIICHHS, HHTCHCHBHOCTH yrapa Q u
mommsa Q macna [1].

3a npober dl KoaMYECTBO MIEIOYHON MPUCAAKH yMEHbIIaeTcss Ha dc B eMHUIIE
00néma macia i Gdc Bo BcéM 00béMe. Takoe yMEeHBIICHHE TIPOU30MIET 13-3a pacxoa
IEJI0YHOM TPUCAKU Ha HEUTPAIM3AIIUIO IIPOYKTOB OKUCIIEHHS 3a 5TOT pober o cdl,
TMOTEPH IIETOIHON NIPUCATKHA CO CropeBIINM MacioM Q cdl 1 oCTyIIICHNS I1eI04HOI
MIPHUCAKU TIPH JOJIUBE Maciia chodl; nockolibky Qy = Qmn = Q

Gdc = a.cdl + coQdl. (7)
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WHTEHCMBHOCTD, MOJIIO 0, PACXOJA €IMHMIIBI IIETOYHON NMPHUCAIKH 3 €IMHHUILY
npodera Ha HEUTPANHU3ALUIO POYKTOB OKHCIICHUS IPUHUMAIOT IPOIOPLUOHATIBHON
COJICPKAHUIO CEPhI B TOIIMBE U PACXOAy TOILINBA.

[Tocne mMaTemMaTH4yecKux mpeoOpa3oBaHUN M peUICHUs YpaBHEHHUs BHadaje
OTHOCHUTEJIFHO | OTyYaroT 3aTeM 3aBUCUMOCTD IIEI0OYHOCTH C OT npobera 1:

_(@+ap)l
CO(Q+(’IC€ G

(8)

c=
Q+a.

[Ipu cHIXEeHNUU MIENOYHOCTH HUXKE 3HAUCHUS CIl YBEITUUMBACTCS KOPPO3HOHHBIM
W3HOC 13-32 HETIOJTHOM HeHTpanu3aiuu Kuciot. [ToaToMy eciin ypoBeHb epBOHAYATBHOM
ménoynocty c¢0 OOJNBIIOH, a ¢ >CH NP 3HAYUTEIHHOM MpoOere, TO CPOK 3aMEHBI
Macla onpeesnseTcss HaKoIIeHueM 3arpsisHeHnid. CXxeMaTHuYHO MpPOIEcC U3MEHEHUS
HIEMTOYHOCTH MPH TOJIMBE MacJia MOKa3aH Ha PUCYHOK 2.

PucyHok 2 — 3akOHOMEPHOCTh H3MEHEHHUS IETOYHOCTH MOTOPHOTO Macia
B Ipo1iecce paboThI C TOTUBOM

B nmpouecce skcmiyatanuu (GOpcUpOBaHUs ABHUraTeseil, B TOM 4ucie u
UCIIOJIb30BaHUEM TYpOOHAJyBa, CYIIECTBEHHO MOBBIIIAETCS TEMIepaTypa JAeTaieH,
4TO HE y4TeHO B auddepeHunanbHoM ypaBHeHUH (7). CKOpocTh OOJBIIMHCTBA
peaxIyii yBeTUUNBAETCS C POCTOM TeMIIepaTyphl (TEPMOAKTUBUPYEMBIE MPOLIECCHI).
JUJ1s KOJIMYEeCTBEHHOT O ONUCaHMsI TEMIIEPAaTYPHBIX (P (HEKTOB B XUMHUUECKOM KHHETUKE
UCIIOJIB3YETCS ypaBHEHHE AppeHuyca

)
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rae R — yHuBepcanbHas ra3zosas IOCTOSIHHAS,
A —MHOXUTEIb, ONPEAEIAEMBIA IPUPOIOI pEaKLINN;
Ea — sneprus akrusauuu;
T aGcomroTHas Temneparypa B °K.

Ecnau B Masio ¢opcupoBaHHBIX ABUTATENIX TeMIlepaTypa JeTaieil mo mepe
OTJIO’KEHUH POYKTOB OKUCIICHUsI Macia Bo3pacTaia Ha 5—7 °C [2], To B pOpCHPOBAHHBIX
TypOoHaayBoM qu3essix — Ha 2030 °C. 310 He00X0AUMO YUUTHIBATh IPH COCTABICHUN
muddepeHraIbHOro ypaBHeHus (7). 3anuiieM ero B BUjie

Gdc = —(a., + bl)C — CQdl + C,Qdl . (10)

Pemenune ypaBHeHHs C OMOUIbIO IMporpaMmMHoro cpenctsa «Matlab 6.5» [3]
MO3BOJIMJIO MOJYYHTH CIIEYIOlee ypaBHEHHE B 00IIEM BUIE

(11)

HavaabHBIX ycsoBusx: nmpu 1=0, C=Co noiydum cieayroriee BhIpaKeHre

(12)

Bugno, uto B ypaBHeHHE BXOAUT QyHKuOHs erf, KoTopas MMeeT XapakTep
KyMYJISITUBHOM KPUBO. DTO CBUIETENILCTBYET O HAJTMUUH TOUKH TTepernda B PyHKIUU
mEI0YHOCTH OT HapaOoTku. To ecTh, ¢ Hayana pabOThl CBEXKEro Macia pe3Ko
CHIDKAETCS ero MIEI0YHOCTh, HO CKOPOCTh PEAaKIMU CHIDKACTCS U CTaOMIM3HPYEeTCs.
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3aTeM BCIEICTBUE POCTa TEMIIEPATYPHI IeTaJIeN U3-3a OTIOKEHUI CKOPOCTh PEAKIIUU
Bo3pacTaer. CXxeMaTUYHO 3TO MPEACTABIEHO HA PUCYHKE 3.

[

PucyHok 3 — 3aKOHOMEPHOCTh U3MEHEHMS MIETOYHOCTH MOTOPHOT'O Maciia B
nporiecce paboThl C TOJTUBOM U C yUETOM BIHSHUS TEMIIEPATyphl AeTanen

Kak BuaHO u3 BbIpaxkeHUs (12) OHO MMeeT CIIOXHBIM XapakTep, XOTsS H
HOJy4YeHO ¢ ydéroM nomyiieHuid. [loaToMy i MpakTHUECKOro MPOTrHO3UPOBAHUS
MIEI0YHOCTH MOTOPHOTO Maciia B Ipolecce padoThl 3TO YpaBHEHHUE LIE€IECO00pa3HO
annpoKCUMUPOBATh MMOJIMHOMOM TPEThEH CTENeHU, UMEIOIIeM TOUKY Iiepernda, kak u
UCXOJITHOE YpaBHEHUE

y=a+bl+cl*+dl? (13)

e a, b, ¢, d —mapameTps! KpUBOM, ONpeieiieMble MO HKCIIEPUMEHTATIbHBIM JaHHBIM
METOI0M HaMEHbBIIUX KBaPaTOB.

Taxoil xapakTep KpuBOH OOBACHSAET TaKyl0 YCTOHYMBYIO HKCIUTYaTallHOHHYIO
0COOEHHOCTD, uTO 50 % M3HOCa AeTaneit ABUraTels npoucxo st B mocneanue 20 % ero
cpoka ciryx0bl [4]. [ToaToMy OT HapaOOTKU A0 3aMEHBI Maciia CyIIeCTBEHHO 3aBUCUT
Ha/I&KHOCTD JBUraTeNs.

Bsi3kocTHBIE TpUCaIKU IPUMEHSIOTCS TS YITyUIIEHUs BA3KOCTHO-TEMIIepaTypHBIX
XapaKTepUCTHK. B MHOCTpaHHOM JuTepaType UX Ha3bIBAIOT YIYYINAIOIIMMU HMHJEKC
BSI3KOCTH HJIM MOJu(HUKAaTOpaMH HMHJIEKca BA3KOCTH (viscosity index improvers,
viscosity index modifiers — VIM). K BsA3KOCTHBIM mpucajgkaM OTHOCITCS U
JIeTIpECCaHThI TEMIIEpaTyphl 3aCThIBAHUS, JEHCTBHE KOTOPBIX OCHOBAHO HA IIOAABICHUN
refeo0pazoBaHus IPU HU3KOHM TeMnepaType n3-3a KpUcTalIn3aluy napagpuHa.

B kayecTBe BA3KOCTHBIX (3aryLIaroNNX ) IPUCAI0K UCIIOIb3YIOT HOIUN300y THIICHBI
U nosiumeTakpuiathel [ 1]. Dpdekt ux npumMeHeHust 3aBUCUT OT 0COOEHHOCTEN MacIIsTHOM
OCHOBBI U O0BSICHAETCS CBEPTHIBAHUEM UX MOJIEKYJI KOJIBIIOM ITPU HU3KHX TEMIIEPATypax
U pa3BEPTHIBAHUEM TPHU BBICOKHX, YTO CIIOCOOCTBYET BO3PACTAHHUIO BSI3KOCTH.

Hakonnenue B macie B mporecce paboThl ac(aabTO-CMOIUCTBIX KOMIIOHEHTOB
BBI3BIBAET IOBBIIIEHUE €ro BA3KOCTH. OJHAKO BCIEACTBUE HEYJOBICTBOPUTEIBHON
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paloThI TOIUIMBHOMW anmnapaTypbl Au3eleil, 0COOEHHO Ha YaCTUYHBIX PEKUMaX, 4aCTh
TOIJIMBA HE CrOpaeT, a MOMaJaeT B KapTep JABUrarensd. BeiencTsue 3Toro BS3KOCTh
Macila CHWXKaeTcs B rmpoiecce paboThl.

Jnst popcupoBaHHBIX aBTOTPAKTOPHBIX JBHUTaTesIeil XapaKTepHO CHUXKEHHE
BA3KOCTH Maciia B Iporecce paboTsl. DTO 00yCIOBICHO YXYIIIEHHUEM COCTOSHHS
TOIIMBHOM ammapatypbl. 3a HapaboTky 16-20 ThIC. KM, TO €CTh A0 3aMEHBI
Maclia, JaBJIeHHE BIPBICKA TOIUIMBA (OpCyHKaMu cHmxaercss Ha 15-20 % [2], uro
CYLIECTBEHHO YXYAIIAeT KaueCTBO PaclbUIMBAaHUS U HcHapsieMocTb. [Ipu 3Tom Bcé
OosbLIast 1031 TOIUIMBA HE CTOpaeT, a IONalaeT B KapTep U pazkmkas macio. [Toatomy
TEHJCHLUIO CHUXKEHHUS BA3KOCTH MOTOPHOTO Maciia B mpoliecce paboThl MOKHO
NPUHATH AHAJIOTUYHON TEHJECHIIMHM CHUKEHMS MIEIOYHOCTH, TO €CTh MCIOJIb30BaTh
ypaBuenue (13).

CrpaBelTMBOCTh TAKOTO MEXaHHW3Ma CHIKEHHUS BA3KOCTU MOTOPHOIO Macja
B Iporecce padoThl MOATBEPXKAACTCA U CHHKCHHEM TEMIIEpaTypbl BCIBIIIKUA. JTO
CBUJETEIBCTBYET 00 YBEIWYEHUHU JOJU NErKUX (TOIUIMBHBIX) (pakuuil B Macie.
TenaeHnno U3MEHEHHUs 3TOTr0 MoKa3aTels B Ipolecce padoThl Macia TaKkKe MOXKHO
onucath ypaBHeHueM (13).

Takum 00pa3zom, U3MEHEHHE MTOKa3aTelNei COCTOSHUS MOTOPHOT'O MacJa B IIpoliecce
paboThl (OPCUPOBAHHBIX JIBUTATENEH XapaKTepu3yercs TpeMs (pazamu BcieacTBUE
pOCTa TeMIIepaTyphl N3-3a OTIOKEHHH Ha AeTaNIAX. ITO 0COOEHHO 00y CIOBIMBAET CPOK
3aMeHbl MOTOPHOTO Macia.

Pe3yabTaTsl M 00Cy:KI1€HUE

JUis ompeneneHus] palMoOHAIbHON MEPHOJUYHOCTH 3aMEHbI MOTOPHOI'O Macja
ObUIN IPOBEICHBI KCILTyaTallMOHHBIE UccieoBanus Ha aBToMoOmax KAMA3-EBPO
B YIpaBJIEHUH TEXHOJOTHYECKOro Tpancnopta «kOrrpancras» B TedeHUe JIBYX JIET.
Amnanus npo0 mMacia npoBomiIn Ha 20 aBTOMOOMIISIX Yyepe3 2 ThIC. KM Ipodera Maca.
Bcero 6bu10 npoananusupoBano 6onee 100 mpob macna.

UcnonsizoBanu macino Shell Rimula R3 X SAE 15W40, koTopoe siBiseTcs
anaiorom macna M10/[(m) mo 'OCT 8581. Ilpu ananuse npoO macia ONpeaessim:
KMHEMaTHYECKYI0 BA3KOCTh, CCT, TeMIepaTypy BCIBIIIKA B OTKPBITOM Turie, °C,
3arpsA3HEHHOCTD, CM', miesiouHoe unciio, Mr KOH/r macna, otHocTs ipu 20 °C, r/am?,
MaccoBasi 103151 BoAbl, %. [TapameTpsl onpeaessuiy o oouenpuHsToi B 1abopatopuu
Metoauke [5—10].

PesynbraTsl 00paboTKH COOpPaHHBIX HKCIIEPUMEHTAIBHBIX JAHHBIX IIPUBEACHBI HA
pucyHkax 4—7 u B Tabnune 1.
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Pucynok 4 — 3menenue ménoynoctu C U BI3KOCTHU 1 B IIpoliecce padoThl
MoTopHOro Macina 1o asromoomisiMm KAMA3-EBPO

Pucynok 5 — 3meneHnue Temneparypbl BCIBIIIKY tB B Ipoliecce paboThl MOTOPHOTO
macna no asromoomiim KAMA3-EBPO

Pucynoxk 6 — U3menenune 3arpsa3HEHHOCTH Z B TIpoIiecce paboThl MOTOPHOTO Macja
o apromoouiisim KAMA3-EBPO
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Pucynok 7 — I3meHeHue I0THOCTH p B Ipoliecce paboThl MOTOPHOTO Maciia 1o
asromoomisim KAMA3-EBPO

Cyns 1o mapaMeTpy JOCTOBEPHOCTH R?, SKCIIEpUMEHTANIbHBIC JJAHHBIE C BRICOKOM
TECHOTOMH CBSA3U ITOATBEP)KIAI0T aHAIMTUYECKHE 3aBUCUMOCTH. VICKIIIOueHIE COCTaBIIET
JIMILB 3arps3HEHHOCTh Macia. POCT MHTEHCUBHOCTH 3arpsi3HEHHs Macja B IIPOLEecce
paboThI, BEpOSITHO, 00YCIIOBIICH OOIIMM YXYIIIEHHEM OYMCTKH BO3/1yXa H3-3a IOTEPH
TEPMETUYHOCTU YIUIOTHEHUM.

OOBIYHO CUUTAIOT JOMYCTUMBIM CHM)KEHHE MICJTOYHOCTH B MpoIecce padOThI B
JIBa pa3a oT ucxoaHOro ypoBHs [1-4]. Cyzas no xkpuBoii (pucyHok 4) U napamerpam
(Tabnuua 1), nepuoIMYHOCTH 3aMEHBI Maciia MOXKET OBITh 16—18 ThiCc. kM. OKOHYATETHHO
CpeaHsIsl IEPUOJMYHOCTH 3aMEHBI Maciia MOYKET OBITh OTIpe/iesieHa 10 SKOHOMHUYECKOMY
KPUTEPUI0O — MUHUMYMY CYMMapHBIX YJEJIbHBIX 3aTpaT Ha 3aMEHYy Macljia U Ha
obecrnieueHre pabOTOCIIOCOOHOCTH JIBUTATEIS.

BsizkocTh 3a BpeMsi paOOThI Macja 10 3aMEHbl CHUXAETCS MOYTH BABOE, YTO
CYILLIECTBEHHO CHMKAeT HaAEKHOCTh B IIEPBYIO OUYEPEIb MOAIIUITHUKOB KOJIEHYATOrO
Baja. CHUKEHHE IUIOTHOCTU U TEMIIEpaTyphl BCHBIIIKK B Ipolecce paboThl Macia
00yCJIOBJIEHO MONAJaHUEM B HETO TOIUIMBA, YTO FOBOPUT O HEYJIOBIETBOPUTEIHLHOM
COCTOSIHMH TOITUBHOM ammapaTyphl.

3arps3HEHHOCTHh Macia 3a BpeMsi ero paboThl Bo3pacTaeT 0osiee YeM B IATh pas.
OTO CBUAETEIBCTBYET O HEYI0BIETBOPUTEILHOM COCTOSIHUM CUCTEM OYUCTKHU Maciia v
BO3/TyXa. TO €CTh BUHBI pE3€PBHI MOBBIIICHUS KAYECTBA TEXHUYECKOTO 00CITy >KHBAHUS
aBTOMOOMIIEH

CoracHO COOpaHHBIM B ONMOPHBIX MPEANPUATUSIX OTYETHBIM JIAHHBIM 10 3aTpaTam
Ha podunakTuky u Tekyuii peMoHT apurareneit KAMA3-EBPO cpennss ctoumMocTtb
maca cocrasisiet 200 py0./m.
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Tabmuua 1 — [TapameTpsl 3aBUCUMOCTH ITOKa3aTeNIei COCTOSHHUSI MOTOPHOTO Maciia OT

HapabOTKH
Ilokazarenu a b c d R2
COCTOSTHUS
N, cCt 15,02 -0,703 0,068 -0,002 0,95
C, mr KOH/r 10,08 -0,646 0,050 -0,001 0,873
ts, oC 228.9 -5,091 0,496 -0,016 0,919
Z, cm-1 10,14 37,97 - - 0,914
p, Kr/mM3 883,4 -0,902 0,056 -0,001 0,820

3arparbl Ha yCTpaHEHHE OJHOTO OTKa3a JBUTATEls, CBA3aHHOTO C COCTOSHHUEM
Maciia 1 CMa304HOM CHUCTEeMBI, cOCTaBIsIOT B cpeareM 3500 py6. C yuérom 3toro u
NOJYYEHHBIX paHee AaHHBIX M0 BIUSHHIO nepuoanynoctu TO Ha mapaMeTrp moToka
oT1ka3oB [11], momyunm nzmeHenue yaensHbix 3arpat Ha TO u TP B ponecce paboTsl
Macia (pUCYHOK 8).

Pucynok 8 — 3aBucuMocCTh y1eibHBIX 3aTpaT Ha 3aMeHy Macia (1), Ha TekyIuii
peMOHT (2) 1 cyMMapHbIX (3) OT IEPUOJUYHOCTH 3aMEHBI Maciia 10 aBTOMOOUIISIM
KAMA3-EBPO noakoHTposIbHON napTuu

JList onpeieneHus ONTUMAJIbHOM IIEPUOINYHOCTHY 3aMEHBI MACIIa AIIPOKCUMUPYEM
JTaHHbIE KPUBOM 3 Ha puC. § MOJIMHOMOM BTOPOW CTEIIEHH B BHUJIE

Y=a+bl+cl? (14)
AKCTpeMyM (MUHUMYM) JaHHOU (DYHKITUU OMPEIETUM U3 yCIOBHS

Y’ =b+2cl=0 (15)
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OTKYI[EI OInTHUMaJIbHasA Hapa60TKa J0 3aMCHBbI MacCJjia COCTaBUT
I, = b/2c (16)

C yuéToM pa3nuyus B MHTCHCHUBHOCTH H3MEHEHUs IIEIOYHOCTH Macia B
nporecce padoThl OBLIM OMPEEICHBI MapaMeTphl 3aBUCUMOCTH (14) 1o pa3nuyHbIM
rpymnmnaM aBToMOOWIeH, KOTOpbIe MPUBEIEHBI B Ta0IuIle 2. 3MeCh TaKKe MPUBEICHBI
ONTHUMAJTbHBIE 3HAYCHUS HApaOOTKH JI0 3aMEHBI Maclia IO TUM TPYIIIaM aBTOMOOUIICH.

Tabnuna 2 — [Tapamerpsl 3aBucuMocTH (14) 1 onTUManbHBIE 3HAYCHUS HAPAOOTKH 10
3aMeHBI Maciia 1o pa3InyHbIM rpynnam aBromoouneit KAMA3-EBPO

a b c
opt optg
B cpennem
1,95 0,108 0,00293 18,4 17,5
KAMA3-4311
1,77 0,0965 0,00257 18,77 17,9
KAMA3-5321
1,778 0,0996 0,0026 19,2 18,3
HE®A3
1,919 0,105 0,00296 17,75 16,9

3HayeHus 10pt COOTBETCTBYIOT CpEIHEMY 3HAUCHHIO MOKa3aTeyeil coCTOsIHUA
Macja, Ipu KOTOPOM BepOsITHOCTh oTka3a cocrtasiser 0,5. Oanako xkodddunmeHt
OMACHOCTH OTKa3a MO CMa304YHOM CHUCTeMe JBUTaTess cocTaBiseT B cpeanem 12. To
€CTh, YCTPAHUTh MPOMYLICHHBIA OTKA3 B CpelHeM B 12 pa3 qoposke, YeM BBINOIHHUTD
npoduIaKkTUKy cMa3zouHoil cucteMbl. [loaTomy ans rapantuu 80 % 6e30TKa3HOCTH
CMa304HOM CHCTEMBI 11e7IeCO00pa3HO ONPEAENIATh FapaHTUPOBAHHYIO (C BEPOSATHOCTHIO
80 %) nepuoANYHOCTD 3aMEHBI Maca 1y,

Jlns Bcex aBTromoomieit KAMA3-EBPO nonmydnM norpemrHocTs METOYHOCTH TPH
noseputenbHON BepostHocTH 80 % 0,48. C yu€roMm 3TOrO B Tabnuie 2 MpUBEACHbI
3HAUYEHMs TAPAHTHPOBAHHOW ONTHUMAJIBHOW MEPUOJUYHOCTH 3aMEHBI Maciia. JToi
NEPUOJMYHOCTH COOTBETCTBYET U HOPMAaTUBHOE rapaHTUPOBAHHOE 3HAYCHHUE MTOKA3aTes
cocrosHus Macna Cng. Mcrone3ysi 3Ty METOJIUKY, OTIpeieIeHbl HOpMaTHBHbIE 3HAUCHHSI
U IpyTUX MOKa3aTesneil Macia, KOTopble MpUBEAeHBI B TabmuIe 3.

Tabnuna 3 — HopmatuBHble (MpeienbHbIe) 3HAYEHHUS MOKa3zaTeleil COCTOAHUSA
MOTOpHOTO Macha s (popcupoBanHbix asurareneii KAMA3-EBPO

[oxazarenn Cpennee, C, I"apantuposantoe, C
n, cCr 11,0 11,5
C, mr KOH/r 6,5 7,0
t,°C 196 202
Z, ™! 750 690
p, Kr/m3 878 878,5
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BoiBoabI

Takum o6pa3zom, peKkOMeHIyeMble 3HAUeHHUs] HapaOOTKH 70 3aMEHBI Macja B
cpenHeM Ha 37 % NpeBbIAIOT CPEIHION NEPUOIUYHOCTh TO-2 B TpeThbel KaTeropuu
yclloBUH skcmuryaranuu. llenrecooOpa3Ho HCIOJIB30BaTh PEKOMEHAOBAHHBIE
IpEJENIbHbIE 3HAUEHUS [T0Ka3aTeIel COCTOSIHUS Macya IPU €ro 3aMEHE 110 pe3yJIbTaTaM
ananu3a. OTpaboTaBiee Maciao MOXKET OBITh XOPOILINM CBIPHEM JJISI pereHepaliuy U
UCIIOJIb30BaHU 1OCIIE B MaJIO()OPCUPOBAHHBIX U CpeIHE(OPCUPOBAHHBIX IU3EIISX.

HcToyHuk (pMHAHCUPOBAHUS MCCIIEOBAHUN — YTIPaBICHUU TEXHOJIOTHYECKOTO
Tpancnopra «tOrrpancras» r. Caparos, Poccus.
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KAMA3-EBPO ®OPCUPJIEHI'EH ABTOTPAKTOPJIbI IU3EJIBAEP/IIH INPROVEMENT OF PREVENTION OF LUBRICANT SYSTEM

MAWJIAY KYWECIH AJIJIBIH AJTTY ITAPAJIAPBIH XKETLIIIPY

AemompaxmopiviK, KO32aIMKbIUMAPObIY, CEHIMOLLIZIH apmmublpyObll 63eKmi
MiHOemi Mmailiay npoyecmepin dacemindipy 6onvin madwvliadvl. JKyavlul dicoHe
blObIPAbIUL KOCHA PEMIHOe JHCOo2apbl CIMINL CYIboHammap, arKuicartuyuiammap,
COHOAU-aK ANKUAPDEHOTAMMAapObl JicoHe Cyahammul KblUKbLIOAD MeH KapOOH
KbLUKBLIOAPbIHbIY 632¢ 0¢ mY30apblH KOAOAHAObl, MAl KYPAMbIHOA KOMIpmeKmi
my3inimoepOin natioa 601y KapKblHObLIbIZbL OCHLIAPObIH WLO2bIPAAYbIHA OAUIAHLICHbL
bonaodvl. Opekem emywii Maccanap 3aHbIHbIY He2i3iH0e Oacmanka 3ammoly
ULOSBIPAAHYbIHBIH YAKLIMKA Moyenodiniel anvikmanowvl. JKymvic ypoicinoeei cinmini
MYHOAHBIY WbI2bIHLIHLIY Oacmanksl Ouggepenyuandvl meyoeyin Kypy KesiHoe
Matiovl ecenen Ky eauiemoepi eckepineeH.

Momop maiivin  ayblcmulpyovly YmulMObl Ke3eHOLnieiH aHbiKmay OoublHua
IKCHYAMAayusnbly — 3epmmeynepi  JuCypeizindi, COHOQU-aK — IKCHePUMEHMMIK
OepexkmepOi oHOey Homuoicenepi xeamipindi. KAMA3-EBPO ¢opcupneneen
ouzenvoepinoezi Maiovl aAyblcmulpyOblH OHMAUIbL Ke3eHOiniel Heziz0en2eH, Ol
eKiHWi 0opediceli NOTUHOMMEH HCYbIKMamvliadvl. Ayvlicmuipyaa Oetlinel ymbvimobl
RAiOAIAHbIM AHLIKMATIZAH.

IKymulc ypoici kezinoezi MaiiOvly CLNMININIZIHIK 032epin 0mblpy KAMKbIHbIHOA2bL
AUBIPMAUBLIBIKMbL ecenke dia OMmulpbin, a6MoMoOUnILOepOiy Mmypiai monmapbsl
botiviHwa moyendinix oauemoepi anvikmanzat. 80 % cenimeepaik bIKMUManOblKma
cinmininikmiy Ooncizoiei Oencineneen. KAMA3-Eypo yoemeni Ko3eaimkblumapsl
YWIiH MOMOp MAUbIHLIY JICAU-KYUI KOPCeMKIWmepiHiy HOpMamuemix (uexmi)
MOHOEpPI AHLIKMAAObL.

Kinmmmi ce30ep: ¢popcupaeneen ouzenvoep, Momop mativl, Mal ayblCmvipy
Kezenoiniei, mauoviy Hopmamusmi moHoepi, Kamas.
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OF THE FORCED AUTOTRACTOR DIESELS KAMAZ-EVRO

An urgent task to improve the reliability of automotive engines is to improve
lubrication processes. As detergents and dispersing additives, highly alkaline sulfonates,
alkylsalicylates, as well as alkylphenolates and various other salts of sulfonic acids
and carboxylic acids are used, and a decrease in the intensity of formation of carbon
deposits depends on their concentration in oil. On the basis of the law of acting masses,
the dependence of the concentration of the initial substance on time is obtained. When
compiling the initial differential equation of the alkaline additive consumption during
operation, the parameters of oil topping were taken into account.

Operational studies were carried out to determine the rational frequency of engine
oil replacement, and the results of processing experimental data are also presented. The
optimal frequency of oil change in the forced diesel engines KAMAZ-EURO, which is
approximated by a polynomial of the second degree, is justified. The optimal operating
time before oil change for various groups of KAMAZ-EURO cars has been determined.

Taking into account the difference in the intensity of changes in the alkalinity of
the oil during operation, the dependence parameters for different groups of cars were
determined. The alkalinity error is obtained with a confidence probability of 80 %. The
normative (limit) values of engine oil condition indicators for KAMAZ-EURQO boosted
engines have been determined.

Keywords: high-powered diesel engines, engine oil, oil drain interval, oil quality
standards, Kamaz
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NMPABUIIA AJ151 ABTOPOB
HAYYHbIA XXYPHAJ1 TOPAUIrbIPOB YHUBEPCUTETA
«HAYKA U TEXHUKA KA3AXCTAHA»

PenakiuonHas KoOJulerusi MPOCUT aBTOPOB PYKOBOJCTBOBATHCS CIEAYIOIIUMU
MpaBUJIaMU TIPU MOATOTOBKE CTaThel JJIs OMyOJIMKOBAHUS B JKypHAaJe.

Hayunble ctathu, mpeacTaBiaseMble B PelaKIMIO )KypHaua AOJKHBI ObITH
ohopMIIeHBI COrlIacHO 0a30BbIM H3JaTENbCKUM CTaHAApPTaM MO O0(GOPMICHUIO
crateir B coorBeTcTBUM ¢ [[OCT 7.5-98 «XKypHnainbl, cOopHUKH, HHDOPMAIIMOHHBIE
uznanus. Mznarensckoe opopmiieHne MyOIMKYyeMbIX MaTepuasioBy, MPUCTATEHHBIX
oubmmorpaduueckux cricko B cooTBeTcTBHM ¢ 'OCT 7.1-2003 «bubdmuorpaduueckas
3anuck. bubnnorpadudeckoe onucanue. OO1He TpeOOBAHUS U ITPABUIIA COCTABICHHSD.

* B Homep AomyckaeTcsi He 0oJiee 0JJHOM PYKOIKUCH OT OJIHOTO aBTOpa JINOO TOro
K€ aBTOpa B COCTaBE KOJIJICKTUBA COABTOPOB.

* KonnyecTBO COAaBTOPOB OJHOM CTaThu HE Oosee 5.

* CrerneHb OpUTHHAILHOCTH CTAaThU JOJKHA COCTABIATH HE MeHee 60 % (coriacHo
PEIICHUIO PeIaKIIMOHHOM KOJIICTHH).

* HampaBiisieMble CTaTbU HE JOJKHBI OBITh paHee OMmyOIMKOBaHbI, HE IOMYCKAeTCs
nocieayroliee orny0IMKOBaHHE B IPYTUX KypHaIaX, B TOM YHCIIE IEPEBOJIbI HA IPYTHE
S3BIKH.

* PemeHre 0 IPUHATUU PYKONHUCH K OMYyOJIMKOBAHHIO MPUHHUMAETCS MOCIHE
MPOBEJCHUS MPOIIEyPhbl peLEH3UPOBAHHUS.

* JIBoitHOE perieH3upoBaHue (CIenoe) MPOBOAUTCS KOH(PHIEHITUAIBHO, aBTOPY HE
CO00IIIaeTCsl UMS PELEH3EHTA, a PEIICH3EHTY — UMS aBTOpa CTaThH.

* KButaHius 06 oruiate npeIocTaBIIseTcs Mocie MPUHATHS CTaTel K My OIuKaIuu.
Croumocts myOauKanuu B xxypHaie 3a crpanuiry 1000 (ogHa Thicsiya) TEHTe.

* moxtopantam HAO «TopaiirelpoB yHUBEpPCUTET» U HHOCTPAHHBIM aBTOpam (6e3
Ka3aXCTaHCKUX COAaBTOPOB) MyOJIUKalIKs B XKypHasle OecIIaTHO.

*Ecnu cTaThsl OTKJIOHEHA aHTUIUIArHaTOM WIIH PEIIEH3€HTOM CTaThsl BO3BPAILlAeTCs
aBTOpYy Ha JA0pabOTKy. ABTOp MOKET MOBTOPHO OTHPAaBHUTH CTaThIO HA aHTHUILIArHaT
WM perieH3eH3upoBanue 1 pa3. OTBETCTBEHHOCTH 32 COJIep KaHUe CTaThH HECET aBTOP.

Penakuus He 3aHUMAETCs TUTEPATYPHOUN U CTUIIMCTUYECKOM 00pabOTKOM CTAaThU.

Crarbu, opopMiIeHHbIE ¢ HAPYIIEeHHEM TPeOOBaAHMH, K NMyOJHKANUU He
NPUHUMAIOTCA M BO3BPAIIAIOTCS AaBTOPaM.

JlaToil mocTynieHus CTaThM CUHTAETCS JaTa MOJydeHUS peJakiueil ee
OKOHYATEJIbHOTO BapHaHTA.

Cratpu myonuKkyroTcs o Mepe nocryruienus. JKypHan dopmupyercs ucxonas u3
KonuuecTBa He Oosnee 30 crareil B 0THOM HOMEpE.

Ilepuogu4HOCTH U3IAHUA )KYPHAJIOB — 4 pa3a B roj (e:keKBapTajibHO).

Cpoxu nogayu cTaTbu:

- mepBbId kBapTa 10 10 gespans;

- BTOpoi kBaptai 10 10 mas;

- TpeTuit kBapTan a0 10 aBrycra;
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- yeTBepThIi kBapTan A0 10 HOSOPsL.

Hayunslii ;xypHan «BectHuk TopalrelpoB yHuBepcurera», «Hayka u TexHuka
Kazaxcranay BbIITyCKaeTCsl C IEPUOINYHOCTBIO 4 pa3a B TOJl B CETEBOM (JIEKTPOHHOM)
¢dopmare B cieayromue yCTAHOBIEHHBIE CPOKU BBIX0OJ[a HOMEPOB JKypHaJIa:

- IEpBBI HOMED BbIyckaeTcs 10 30 MapTa TEKYyILEro roja;

- BTOpoii HoMep — 10 30 uroHs;

- Tpetuit Homep — 10 30 ceHTs0ps;

- yeTBepTHIi HOMep — 10 30 nexadps.

CraTbio (37IEKTPOHHYIO BEPCHIO U KBUTAHIIMH 00 OIIAaTe) CIIeyeT HAalpaBIIsATh Ha
calrax:

- https://vestnik.tou.edu.kz/

- http://stk.tou.edu.kz/

Jl1s mojauu CTaThy Ha MMy OJIMKAIMI0 HEOOXOAMMO MPOUTH PErUCTPALIUIO Ha CalTe.

ABTOp, KOTOpBI BHEC HAHMOONBIINI MHTEIIEKTYaJbHBIA BKJIAJ B MOJATOTOBKY
pykonucu (Ipu ABYX M OoJjiee COaBTOpax), sIBJISETCS aBTOPOM-KOPPECHIOHAECHTOM U
obo3HauvaeTcs «*».

ABTOpBI U3 pa3HBIX y4eOHBIX 3aBE/ICHHI yKa3bIBaOTCS nuppamu '

Jli1g ocy1iecTBIEHUS IPOLEAYPBI IBOMHOTO PELIEH3UPOBaHU (CJIENIOT0), aBTOpaM
HEO0OXO0IMMO OTIPABIATH Ba BapUaHTa CTAaThbU: MEPBBIA — C yKa3aHHEM JIMYHBIX
JTAHHBIX, BTOPOH — 0€3 YKa3aHUs JIMUHBIX JaHHBIX. [Ipu HapyIIeHUH IPUHIUIIA CIIETIOTO
PELIEH3UPOBAHUs CTaThsl HE PaCCMATPUBAETCS.

CraTbu 10/1KHBI OBITH 0)OPMIIEHBI B CTPOTOM COOTBETCTBHH
€O CJIEeAYIOIMMH NIPABHJIAMM:

— B xypHalbl IpUHUMAIOTCS CTaThU MO BCEM HAaYUYHBIM HAIPAaBICHUSM, B
AIIGKTPOHHOM BapHaHTE CO BCEMH MaTepuajaMH B TEKCTOBOM pemakTope «Microsoft
Office Word (97, 2000, 2007, 2010) ans Windows» (B ¢popmarax .doc, .docx, .rtf).

— O61uit 00beM CTaThbu, BKIIIOYAsi aHHOTAIUHU, TUTEPATyPy, TAOIUILIbI, PUCYHKU U
MaTeMaTH4ecKue GOpMyJIbl TOJHDKEH COCTABIISATH He MeHee 7 U He 0oJiee 12 cTpaHuIy
NeYaTHoro Tekcra. [lona cmpanuy — 30 mm co 6cex cmopon aucma, Texcm cmambu:
kezenb — 14 nynkmos, eapnumypa — Times New Roman (015 pycckoeo, anenutickozo u
Hemeykoeo s3vik08), KZ Times New Roman (015 Ka3axckoeo s3viKa).

CTpykTypa Hay4YHOW CTaThU BKJIIOYAET HA3BaHUE, AaHHOTAIUs, KIIOUEBbHIC
CJIOBa, OCHOBHBIC TOJIOKCHHS, BBEJACHUE, MaTepHAIbl U METO/AbI, PE3yIbTAThl U
o0cyxeHue, 3aKI0UYeHNe, BBIBOABI, HHPOopMaIUO 0 (UHAHCUPOBAHUU (MIPU
HAJIMYWHU), CIUCOK HCIIOJIb30BAaHHBIX MCTOYHUKOB (JIUTEPATYPhl) K KaXAOU CTAThe,
BKJIIOUAsi POMaHU3UPOBAHHBIN (TPaHCIUTEPUPOBAHHBIN JTATHHCKUM an(aBUTOM)
BapUAHT HAMMCAHUS UCTOYHUKOB HA KHUPUJUIHIIE (HA KA3aXCKOM M PYCCKOM SI3BIKaX)
em. I'OCT 7.79-2000 (MCO 9-95) Ilpasuna mpanciumepayuu KUpUiio8cK020 NUCbMa
JAMUHCKUM AL asumom.

Cmampusn 0onxcna cooeprcamp:
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1. MPHTH (MexrocynapcTBeHHbIH pyOpHKaTOp HayYHOH TEXHHUYECKOMH
UH(POpPMALIUN);

2. DOI—-nocine MPHTMU B BepxHEM IipaBoM yIity (IpUCBaNBAETCS U 3aIIOJIHAETCS
penakiuen xKypHana);

3. Nuamumansl (uMs, oT4yecTBO) @amMuiius aBTopa (-0B) — Ha Ka3aXCKOM, PyCCKOM
Y aHTJIMHCKOM S3bIKaX (KUPHBIM HIPUPTOM, 110 LIEHTPY);

ABTOp, KOTOpBIM BHEC HAMOOJIBIINN WHTEIJICKTYalbHbIH BKJIaJ B MOJITOTOBKY
pykonucu (Ipu IBYX U Oojiee COaBTOpPax), SABISAETCA aBTOPOM-KOPPECIIOHAEHTOM U
o0o3Hayaercs «*».

ABTOpBI U3 pa3HBIX yueOHBIX 3aBEICHUI YKa3bIBAOTCS Huppamu ',

4. A¢pdunauanus (opranuzanus (Mecto paboTsl (yuedbl)), cTpaHa, ropoj) — Ha
Ka3aXCKOM, PYCCKOM M aHTTIUICKOM si3bikax. [TomHblie nanubie 00 addunnaniy aBTopoB
NPECTaBISIOTCS B KOHIIE XKy pHaJa;

5. Ha3zBaHHe CcTaTbM JOJDKHO OTPaXXKaTh COJEp)KaHUE CTAaThbU, TEMATUKY U
pe3yJbTaThl IPOBEACHHOI0 HAYYHOT'0 UCcciieloBaHus. B Ha3BaHue cTaThil HEOOXOAMMO
BJIOKUTh HH(POPMATUBHOCTH, IPUBJIEKATEIBHOCT U YHUKAJIBHOCTH (He Oostee 12 cios,
NPOMHUCHBIMUA OYKBaMH, KUPHBIM HIPU(PTOM, IO ILIEHTPY, HAa TPeX fA3bIKAaX: PYCCKUH,
Ka3aXCKUH, aHTVIMACKUI JTM00 HEMELIKHUI);

6. AHHOTAIMS —KpaTKas XapaKTepUCTHUKa HA3HAYCHUS], COIEPKAHUSL, BUIIA, (DOPMBI
U IpyTruX 0COOEHHOCTEH cTaThu. Jl0JIKHA OTpakaTb OCHOBHBIE U IICHHBIE, 10 MHEHHIO
aBTOpA, 3Tarlbl, 00bEKTHI, UX PU3HAKU U BBIBOJIbI IPOBEACHHOTO HccieaoBanus. Jlaercs
Ha Ka3aXCKOM, PYCCKOM M aHTJUICKOM JTMOO HEMEIKOM sI3bIKax (PEKOMEHIyeMbIi
00BEM aHHOTAIIUU HA sI3bIKe MTyOnuKkanuu — He MeHee 150, ne 6onee 300 cioB, Kypcus,
HEKUPHBIM IPU(TOM, Keriab — 12 MyHKTOB, a03alHbIil OTCTYI ClieBa U cipasa 1 cm,
cM. oOpasen);

7. KnioueBble c10oBa — Ha0Op CIIOB, OTPAXKAIOIINX COJAEpKAHUE TEKCTa B
TepMUHAX O00BEKTa, HAYYHOM OTpPAciIM M METOAOB HccienoBaHus (0hOopMIAIOTCS
Ha TpeX A3bIKax: PYCCKHMH, Ka3aXCKUU, aHTTUUCKUI Tu00 HEMEUKHil; KeTlb —
12 myHKTOB, KypcuB, OTCTYIN clieBa-crpaBa — 1 cM.). PekoMeHnayeMoe KOIu4ecTBO
KJIIOYEBBIX CIIOB — 5-8, KOJIMYECTBO CIIOB BHYTPHU KIIIO4EBOH (hpa3sl — HEe Oonee 3.
3agaroTcs B MOPSAAKE MX 3HAYUMOCTH, T.€. CAMOE BA)KHOE KJIFOUEBOE CIIOBO CTaThH
JOJKHO OBITH TIEPBBIM B CIHCKE (CM. oOpasen);

8. OCHOBHOWM TEKCT CTATbU U3JIATaeTCs B ONPEIEIIEHHON MOCIIeI0BaTEIbHOCTH
€ro 4acTeil, BKIII0YaeT B ceOs:

- BBenenne (ab3am 1 cM 1o JIeBOMY Kpalo, KUPHBIMH OyKBaMu, KErjib —
14 nynkroB). OG0ocHOBaHHE BHIOOpPA TEMBbI; aKTYaJbHOCTh TEMBI HIJIM MPOOJIEMBI.
AKTYanbHOCTh TE€MbI ONpENEseTcss OOIMM MHTEPECOM K M3yUYEHHOCTH JAHHOTO
00BEKTa, HO OTCYTCTBHEM HCUEPIIBIBAIOIIUX OTBETOB Ha MMEIOIIMECS BOIPOCHI, OHA
JIOKa3bIBACTCS TEOPETUUECKON HITU MPAKTHUECKON 3HAUMMOCTBIO TEMBI.

- MaTepunaJibl M MeTOABI (ab3ay I cm no 1e6omy Kpaio, HCUpHuIMU OYKEaMU, Ke2lb
— 14 nynxmos). JI0omKHBI COCTOSITh U3 ONIMCAHUS MAaTEPUAJIOB M X0/1a pabOThI, a TAKXKE
MOJTHOT'O OITMCAHUS UCIIOJIb30BaHHBIX METO/IOB.
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- PesyabTathl m o6cyxaenmue (abzay I cm no negomy Kpawo, HCUpHbiMU
oykeamu, xeenv — 14 nynkmos). IlpuBoguTcs aHamu3 U 0OCYXJIEHUE MOTYyUYEHHBIX
BaMHU pe3yJbTaTOB HMccienoBaHus. [IpuBoaATCS BBIBOJBI MO MOJYYEHHBIM B XOJ€
UCCIICZIOBAaHUS Pe3ysIbTaTaM, PacKpbIBAaeTCs OCHOBHAS CyTh. M 3TO OIMH U3 caMBbIX
Ba)XXHBIX pa3/ieioB cTaThbi. B HEM HE0OXO0AMMO MPOBECTH aHATU3 PE3YIHTATOB CBOCH
paboThI 1 00CYKAEHUE COOTBETCTBYIOIIMX PE3yJIbTATOB B CPABHEHHH C MTPEIBIAY MU
paboTaMu, aHaIKU3aMHU U BBIBOJIAMH.

- Undopmanmio o puHancupoBanuu (npu Hanmyuu) (ab3ar 1 cM mo jJeBoMy
Kparo, )XUPHBIMU OyKBaMH, KETJIb — 14 IIyHKTOB).

- BeiBoABI (ab3ay 1 cm no negomy Kparw, HCUpHbIMU OYKEAMU, Ke2lb —
14 nynxmos).

BriBonpl — 006001IeHNE U TTOJIBEICHUE UTOTOB padOTHl Ha JaHHOM D3TaIle;
HOJTBEPK/IEHNE HCTUHHOCTH BBIABUTAEMOT0 YTBEP)KICHHS, BEICKA3aHHOTO aBTOPOM,
U 3aKJIOYEHHE aBTOpa 00 M3MEHEHHUU HAyYHOTO 3HAHUS C yUYETOM IOJYyYEHHBIX
pe3ynbTaToB. BRIBOABI HE JOJIKHBI OBITh a0CTPAaKTHBIMH, OHH JOJIKHBI OBITH
UCTIOJIb30BaHBI 17151 0000IIEHNs pe3yIbTaTOB UCCIIE0OBAHUS B TOM WIM HHOM HAyYHOH
00J1aCTH, C ONTMCAHNUEM MPEATIOKEHUN WM BO3MOXXHOCTEH JabHEUIIe pabOTHI.

- CHMCcOK MCNOJBb30BAHHBIX MCTOYHMKOB (CKUPHBIMU OYKBaMH, Kerjib —
14 myHKTOB, B IICHTPE) BKJIIOYAET B CEO:

CraThsl U CIUCOK HCIOJIB30BAHHBIX MCTOUYHUKOB JOJDKHBI OBITH O(OPMIICHBI B
cootBercTBUU ¢ ['OCT 7.5-98; TOCT 7.1-2003 (cm. obpa3zer).

OuyepeHOCTh UCTOYHUKOB ONpeaeseTcs CIeAyIomuM o0pa3oM: cHavyaia
HOCJIEIOBATEbHBIE CCHUIKH, T.€. HCTOYHUKH Ha KOTOPBIE BBI CChLIAETECH 10 0YePETHOCTH
B CaMOil cTaThe. 3aTeM JIOTOJIHUTEIbHBIE NCTOYHUKH, Ha KOTOPBIX HET CCBUIOK, T.C.
UCTOYHHMKH, KOTOPBIE HE MUMEIHU MECTO B CTAaThe, HO PEKOMEHIOBAHbI BAMH YUTATEISIM
JUTSL O3HAKOMJIEHHSI, KaK CMEXHbIE pabOTHI, TPOBOMMBIE apayuieibHO. O0bem He MeHee
10, ne 6onee yem 20 naumerosanuti (CCbUIKU U MPUMEYAHUSI B CTaThe 0003HAYAIOTCS
CKBO3HOM HyMepalien 1 3aKII04aroTcsl B KBaJpaTHbIe CKOOKH), IPEMMYIIIECTBEHHO 3a
nociennue 10-15 ner.

B ciydae HanmmuMs B CIIMCKE UCIOJIB30BAHHBIX HICTOUHUKOB paObOT Ha KUPHUJUIULIE
(Ha Ka3aXxCKOM M PYCCKOM S3BIKaX), HEOOXOIUMO MPEACTaBUTh CITIUCOK JIUTEPATYPHI B
JByX BapuaHTax: 1) B opuruHaie (yka3blBalOTCS UCTOUHHUKH Ha PyCCKOM, Ka3aXCKOM
U aHTJIMHCKOM JINOO HEMELIKOM SI3bIKaX); 2) pOMaHU3UPOBAHHBIN BapUaHT HATMCAHUS
MCTOYHHMKOB Ha KUPWITHILIE (Ha Ka3aXCKOM U PyCCKOM SI3bIKAX ), TO €CTh TPAHCIUTEPALIUS
natuackuM andasutom. cyu. I OCT 7.79-2000 (MCO 9-95) IIpasuna mpanciumepayuu
KUPULIOBCKO20 NUCbMA JIAMUHCKUM ANPABUMOM.

Onanaiin cepsuc Tpancnumepayus no 'OCTy — https://transliteration-online.ru/

IIpaBuia TpaHcauTEpaMM KHPHJIOBCKOI0 MHCbMA
JIATHHCKHUM aJI()aBUTOM
Pomanusuposannslii cnucok aumepamypol 001HCEH 6bl2NA0EMb CEOYIOULUM
o6pazom: aBTOp(-bl) (TpaHCIUTEPALUS TUOO aHTIIOA3BIYHBIN BAPUAHT IIPU €TI0 HATUYHN)
— Ha3BaHME CTaThbU B TPAHCIUTEPUPOBAHHOM BapUaHTE — [IEPEBOJ Ha3BAHUS CTATbU
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Ha aHTJMICKUN S3bIK B KBAJIPAaTHBIX CKOOKax| — Ha3BaHHE Ka3axXOsS3bIYHOTO JIMOO
PYCCKOSI3BIYHOT'O UCTOYHMKA (TPAHCIUTEpALUs, JINOO aHTIINICKOe HA3BaHUE IIPU €ro
HaJIMYUH) — BBIXOJHBIC JIaHHBIC C 0003HAUCHUSMH Ha aHTJIHICKOM SI3bIKE.

* MWimocTpanuu, nepeyeHb PUCYHKOB U MOAPUCYHOUYHBIC HAIMUCH K HUM
NPECTaBISAIOT MO TEKCTY CTaThU. B 3JIEKTPOHHOI BepcuU PUCYHKU U MIUTIOCTPALUU
npezacrasisitores B popmate TIF nim JPG ¢ pazpemennem He menee 300 dpi.

* MaremaTtnuyeckue opMyJibl JT0JDKHBI ObITH HaOpaHbl B Microsoft Equation
Editor (kaxnas ¢popmyina — o1uH 0OBEKT).

Ha otneabHoii ctpannue (1mocJjie CTaTbM)

B s5eKTpOHHOM BapHaHTe MPUBOJATCS IOJIHbIE NMOYTOBbIE a/ipeca, HOMepa
cJAYKeOHOro U JoMamHero tejaedonoB, e-mail (Homepa TenepoHOB A CBS3H

pelakLuy ¢ aBTOpaMH, He My OIHKYIOTCS);

CeBeaenus 00 aBTopax

Ha ka3axckom si3bIke Ha pycckoMm si3bike Ha anrymiickoM si3bIke
Oamuiust Umst OtaecTBO (MMOJTHOCTHIO)
JI0IKHOCTD, Y4€Hasl CTEIEeHb, 3BaHUE
Opranusanus
T'opon
Nupeke
Crpana
E-mail
Tenedon

140008, Pecnyo.iuxa Kazaxcran, r. [1asjonap, yia. Jlomosa, 64,
HAO «TopaiirblpoB yHUBEPCUTET»,

M3narenscrBo «Toraighyrov University», ka0. 137.

Ten. 8 (7182) 67-36-69, (BuyTp. 1147).

E-mail: nitk.tou.edu.kz.

Hamm PE€KBHU3UTLBI:

HAO «TopalirblpoB YHUBEPCUTET» HAO «Topaiirsipo yHUBEpCUTET» Ipunoxenne kaspikz Ilnarexn —

PHH 451800030073 PHH 451800030073 Obpasosanue —Onzara 3a BY3w -

BUH 990140004654 BUH 990140004654 3anonnsere bee rpadui (B rpadpe axynprer
yKaxuTe «3a MyOJIMKalHI0O B HAyYHOM

AO «Jysan Bank» AO «Haponnsrii bank Kazaxcrana» KYPHAIIC, HA3BAKME KyPHATA H CCPHID)

NHMK KZ57998FTB00 00003310 VUMK KZ156010241000003308

BUK TSESKZK A BUK HSBKKZKX

Ko6e 16 Koe 16

Koz 16 Kox 16

KHII 861 KHIT 861
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OBPA3EL] O®OPMJIEHUA CTA TEU
MPHTU 14.37.27
DOI XxXXXXXXXXXXXXXXX

C. K. Aumukeesa
TopaiireipoB yauBepcuteT, Pecrryonuka Kazaxcran, r. [laBmomap

TEOPETUYECKASI MOAEJIb ®OPMUPOBAHUS KOMITETEHLNA
COLNAJIbHBbIX PABOTHUKOB YEPE3 KYPCbI NOBbILLIEHWUA
KBAJINOUKALUNN

B Oannout cmamve npedcmasnena meopemuveckas mooenb HOpMUpPoBaHus
JUYHOCMHBIX U NPOPECCUOHATLHBIX KOMNEMEHYUL COYUATbHBIX PAOOMHUKOG Yepes
KYPCbl NOBbIUUEHUS K8ATUDUKAYUU, KOMOPAsi pa3pabomana 6 pamxax 0OKmMopcKou
ouccepmayuu « Dopmuposanue TUUHOCMHBIX U NPOPECCUOHATLHBIX KOMNEeMeHYUl
COYUANBHBIX PAOOMHUKOS Hepe3 Kypcbl Noeblulenusi Keanugurxayuuy. B cmamve
npueoodsmcs.  nedazosuyeckue  ACnekmvl  Camo20 Npoyecca  MOOeIUpO8aHusl,
nepeyucienvl  omanvl  nedazozuieckozo  mooenuposanus.  IIpedcmagnenvi
MEMOOON02UHECKUL, NPOYECCYATbHBII (MEXHOI02UYEeCKUT) U UHCIPYMEHMANbHbLI
VPOGHU — MOOenu, ee yelb, MOHUMOPUHZ  CHOPMUPOBAHHOCTIU — UCKOMBIX
KoMnemenyuil, a maxoice pe3yiomam. B moodenru nokasanvl KomnemeHmHocmuwiil,
JIUYHOCMHO-OPUESHMUPOBAHNBIN U NPAKMUKO-OPUEHMUPOBAHHbII NedazocuiecKue
n00X00bl, 3AKOHOMEPHOCHMU, NPUHYUNBL, VCI08US QOPMUPOSAHUS GbIOPAHHBIX
KOMNnemenyutl, OnUCAHbl dMANbl Peanu3ayuu npoyecca GopmMuposanus, ypoeHu
chopmuposanHocmu IUYHOCIMHBIX U NPOPECCUOHATBHBIX KoMnemenyull. B pazoene
NPAKMUYECKol NoO2OMOBKU NPeddeaemcs. UHMepaKmusHas paboma 6 cucmeme
cryuiamenb-npenooasamenb-epynna, noopasymMesaiouds IUHHoe yuacmue Kaxicoo2o
CHeyuanucma, a makdice OMKpvlmue nepeo2o 6 Haueli cmpamne Pecnybnuxanckozo
o0bwecmeenno2o  0bwvedunenus «Hayuonanrbnvlli  anvsiHc  npogheccuoHanrbHbIX
coyuanvublx  pabomuuxos». Jannas mooenvb noopasymesaem noo  coboul
oanvHeliuee COBEPUIEHCMBOBAHUE U CAMOCMOSIMENbHOE DA3GUMUE TUYHOCHIHBIX
U NpopecCUOHANbHBIX KOMREMEHYU COYUATbHLIX PADOMHUK08. Dmo no380isem
y8udems 8 MOOenU IPHEeKMUSHOCMb pedru3ayuu Kypcos nosblueHUs Keatugurayuu,
Ghopmol, MemoObl u cpedcmsea pabomoi.

Kniouesvie cnosa: meopemuueckas mooenb, KOMHEMEHYUY, HNOBbIUEHUE
Keanuguxayuu, coyuanbivie pabomHuKuy.

BBenenue
CormmanbsHast paboTa — 0OTHOCHUTEIIEHO HOBAsI JTs Hatlel cTpanbl mpodeccust. [Toatomy
00yueHre COIMAIbHBIX PAOOTHUKOB Ha COBPEMEHHOW CTAJIMHM HE XapaKTepU3yeTCs
HaJIMYMEeM JOCTATOYHO pa3paboTaHHBIX 00pa30BaTEIbHBIX CTAHIAPTOB, KOTOPHIE
HaxXOJIUIU Obl BEIPAKCHHE B (POPMYITHPOBKE MEJArOTHICCKUX 1IEIeH, B COJIepKaHUH,
TEXHOJIOTHSIX YYeOHOTO mporiecca.
Ipooonicenue mekcma nyoauKyemo20 mamepuand
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MaTepua.m,l " ME€TOoAbI

Teopernueckuil aHaau3 HAYYHOUW IMCUXOJIOTO-IIEIarOrnyeCKOrd U ClelHaIbHON
JUTEpaTyphl O IpobiieMe HCCe0BaHNs; aHAJIN3 3aKOHOAATEIbHBIX U HOPMATHUBHBIX
JOKYMEHTOB IO OTKPBITHIO OOIIECTBEHHBIX O0BEJUHEHUN; aHAIU3 COAEP KaHUS
IporpaMM KypCOB IMOBBIIIEHUS KBadU(UKALUU COLMAIbHBIX paOOTHUKOB;
MOJIEJIMPOBAHUE; aHAINU3 U 00001eHNE EAArOTUYECKOTO OIbITA; OMPOCHBIE METO/IbI
(6ecena, aHKeTUpOBaHUE, UHTEPBBIOUPOBAHKE); HAOIIOIEHUE; aHAJIU3 MPOIYKTOB
JeSTEIIbHOCTH CHEIHAIMCTOB; HKCIIEPUMEHT, METO/Abl MaTEMAaTUUYECKONH CTaTUCTHUKU
1o 00paboTKe IKCIEPUMEHTAIBHBIX JTAHHBIX.

IIpodonsicenue mexcma nybauKyemo2o mamepuana
Pe3y.]'leaT])I H 06cy>lc21e}me
UTo0OB! MOHATH OOBEKTUBHBIC 3aKOHOMEPHOCTH, JIS)KAIllUEe B OCHOBE Ipollecca

GbOopMUPOBAHUSA U PA3BUTHUSA JUIHOCTHBIX M MPO(ECCUOHATBHBIX KOMIETEHIIUN
COIMAJIbHBIX PA0OTHUKOB Yepe3 KypChl MOBBIMICHHUS KBATIU(PUKAIIMU, HEOOXOIUMO
YETKO MPEICTABIATH ce0€ X MOJIETb.

IIpodonsicenue mexcma nybauKyemo2o mamepuana

BoiBoabI

Takum oOpa3oM, Ha OCHOBAHMHM BBIIIEU3IOKEHHOTO MOXHO CJEJIaTh BBIBOJ O
TOM, YTO TEOpPETHUYECKast MO/I€Tb (POPMUPOBAHHUS JTMUYHOCTHBIX U MPOPECCUOHATBHBIX
KOMIIETEHIIUN COLMAIbHBIX PAaOOTHUKOB Uepe3 KypChl NOBBIILIEHUS KBaTU(UKALIUU
COAEPIKUT TPU YPOBHS €€ pealu3aruu.

IIpooondcenue mexcma nyoauKyemo20 mamepuana

CnucoK UCI0JIb30BAHHBIX HCTOYHUKOB

1 Maxun, A. H. [lengarornueckoe MoieTupOBaHue : CyIIHOCTb, 3PPEKTUBHOCTH U
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BLIIKTLTIKTI APTTBIPY KYPCTAPBI APKBLIBI OJIEYMETTIK
KBbI3BMETKEPJIEPAIH KY3IPETTIIIKTEPIH KAJIBIIITACTBIPY JIBIH
TEOPUSLIILIK MOJIEJI

byn makanaoa «Oneymemmix KbizmemrepaepOiy OLIKmMiniein  apmmuolpy
Kypcmapul apKblibl Mylediblk JHCOHEe KOCIOU Ky3ipemmiiikmepin Kaibinmacmoipy»
00KMOpIbIK, — ouccepmayust  wenbepinde o3ipieHeen  OLIKmIinlikmi  apmmolpy
KYpCmapvl  apKblibl  oleyMemmiK Kbi3MemKepaepoiy Mmyasanvlk JicoHe Kociou
KY3vlpemminiein Kaielnmacmulpyovly meopusnvly, mooeni ycvinviiean. Maxarada
MoOenboey npoyeciniy neda2ocuKanblk ACneKminepi, nedazocsukaiblk Mo0eib0eyoiy
Kezeyoepi keamipineeH. MooenvOiy 90iCHaMAIbIK, NPOYECCyanloblk (MEXHOI0SUTbIK)
JHCOHe  acnanmoelk OeHeellepi, OHblH MaKcamvl, Kaxcemmi Ky3vipemmepoin

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.
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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
courses». 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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NMyBIINMKALUWOHHAS 3TUKA
B HAYYHOM XXYPHAIJIE
TOPAUIbIPOB YHNUBEPCUTETA
«HAYKA W TEXHUKA KA3AXCTAHA»

Penaknuonnas xoserus HayuHbIX )xypHainoB HAO «TopalrblpoB yHUBEPCUTET
«BectHuk TopaiireipoB yHuBepcutetay, «Hayka n texuuka Kazaxcrana» u HaydHO-
nomyJsipHoro xypHana «Kpaesenenue» B cBoeil mpodeCcCHOHaIBHON e TeNbHOCTH
MPUIEPKUBAIOTCS MPUHIUIIOB U HOpM [lyOnuKalnnoHHON STUKU HAYYHBIX JKYPHAJIOB
HAO «TopaiirsipoB yauepcuter». [lyOnukanuonHnas 3Tuka pa3paboTaHa B
COOTBETCTBUU C MEXIYHApOAHOU IMyOJIMKAIMOHHON 3THYecKoi HopMmoi Komutera
no nyonukauunoHHoil 3tuke (COPE), sTuueckumMu nmpuHOUNAMH MyOJIUKAIUH
xypHanoB Scopus (Elsevier), Kogekca akanemuueckoit yectnoct HAO «Topaiirsipos
YHUBEPCUTET.

[TyOnukanmoHHas STUKa ONpeesisieT HOPMBIL, IPUHIIUIIBI M CTAHJAPTHI ITUYECKOTO
MOBE/ICHUS PEAAKTOPOB, PEIIEH3EHTOB M aBTOPOB, MEPHI MO BHISBICHUIO KOH(MIMKTOB
MHTEPECOB, HEATUYHOTO MOBEJCHUS, HHCTPYKIIUHU MO U3BATUIO (PETPaKIUH),
WCITPABJICHUIO U OIIPOBEPKEHUIO CTATHH.

Bce yuactHuku mponecca myOiauKanuu, coOMI0Aal0T MPUHLIHUIBI, HOPMBI H
CTaHAapTHl MyOIUKAIMOHHOMN STHUKH.

KauecTBo HayyHOro *xypHana obecrneynBaeTcss UCMOJTHEHUEM MPUHIIUIIOB
YUYaCTHUKOB Mpollecca NyOJMKaluKU: paBEeHCTBA BCEX aBTOPOB, NPUHIIUI
KOH(UACHIIMATFHOCTH, OJIHOKPATHBIE MyOIMKAIMK, aBTOPCTBA PYyKOMHUCH, TPUHIIMIT
OPUTHHAIILHOCTHU, MPUHIUN MMOATBEPKACHUS UCTOYHUKOB, IPUHIIUI O0BEKTUBHOCTH
Y CBOEBPEMEHHOCTH PELICH3UPOBAHUSI.

[IpaBa u 00s13aHHOCTH YJICHOB PEJAKIIMOHHBIX KOJUIETUH HAYYHBIX >KYpPHAJIOB
HAO «Topaiirsipos yausepcutet» «BectHuk TopalirsipoB yHusepcuteray, «HHayka u
texHuka Kazaxcrana» u HayyHo-nonyJisipHoOro xxypHaia «Kpaeseaenue» onpezesneHsl
CO CMK 8.12.3-20 YnpaBieHue HayqYHO-U3JaTEIbCKON JIEATEIIbHOCTBIO.

IIpaBa u 00SI3aHHOCTH PeLIEH3EHTOB

Penien3enTsl Hay4HbIX )KypHanoB «BectHuk TopalreipoB yHHBepcuTeTa», «Hayka
u TexHuka Kazaxcrana», HaydyHO-nomyssipHOTo xypHana «KpaeseneHnuey, 00s13aHbI
PYKOBOJICTBOBAThCSI IPUHIIUIIOM OOBEKTUBHOCTH.

[lepconanbHast KpUTHKA B aipec aBTOpa(-0B) pyKOMKCH HeonmycTuMa. Periensent
JOJKEH apryMEHTHPOBATh CBOU 3aMeUaHMs K 0O0CHOBBIBATH CBOE PELICHHUE O IPHUHITUU
PYKOIIHMCH WU O €€ OTKIIOHECHHH.

HaunonanbHOCTB, penuruo3Has NpUHAJIEKHOCTh, MOJIUTHYECKUE WU HHBIE
B3IJISA/IBI aBTOPA(-0B) HE IOJIKHBI IPUHUMATHCS BO BHUMAHHE U YYUTHIBATHCS B TIPOLIECCE
PEIeH3UPOBAHUS PYKOITUCH PELIEH3EHTOM(-aMH).

DKcnepTHasl OLIEHKa, COCTaBIIEHHAs] PELIEH3EHTOM JOJDKHA CIIOCOOCTBOBATH
NPUHATHIO PELICHHUS PeAAKIUEeH O MyOIUKaIIUY ¥ IOMOTaTh aBTOPY YIYUIIUTh PYKOHCH.
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Perienne o MpUHATUU PYKONUCH K ITyOJIMKalMU, BO3BpALIEHUE PabOThl aBTOPY
Ha M3MEHEHHE WIH J0paboTKy, JTu00 pemeHre o0 OTKIOHEHHH OT MyOJuKaiuu
NPUHUMAETCS PEAKOIUIETHEN OMUPAsCh Ha PEe3yJIbTAaThl PELIEH3UPOBAHMUS.

[IpuHIIUT CBOEBPEMEHHOCTH PELIeH3UpOBaHMs. PerieH3eHT 00s3aH Npe1oCTaBUTh
PELEH3HIO B CPOK, ONIPEIENICHHbIN pelakiuei, HO He o3aHee 2-4 Heaelnb C MOMEHTA
NOJyYeHHUs] pyKOITUCH Ha pelieH3upoBanue. Eciu paccMOTpeHue CTaThbu U MOAr0TOBKA
pELICH3UU B Ha3HAUE€HHbIE CPOKH HEBO3MOYKHBI, TO PELIEH3EHT JOJDKEH He3aMeIJTUTEIIbHO
YBEIOMHUTH 00 3TOM HAYyYHOT'O PEAAaKTOpA.

PerieH3eHT, KOTOPBIM CUMUTAET, YTO €ro KBaJH(HUKAIMI HE COOTBETCTBYET MO0
HEJI0CTaTOYHA ISl MPUHATHUS PEIIeHUs] MPH PEeLEH3UPOBAHUM IPETOCTABICHHON
PYKOITUCH JIOJDKEH HE3aMeIJIUTENbHO COOOIUTh 00 3TOM HAYYHOMY PEIAKTOpy U
0TKAa3aTbCsl OT PELEH3UPOBAHHS PYKOIIHCH.

[MpuHnun KOHPUAEHUUATBHOCTH CO CTOPOHBI peleH3eHTa. Pykomnucs,
NpeIOCTaBIEHHAs PELIEH3EHTY Ha PEICH3UPOBAaHUE JOJKHA PacCMaTPUBATHCS Kak
KOH(HICHIIMATIBHBIN MaTepua. PerieH3eHT umMeeT npaBo JIEMOHCTPUPOBATH €€ U/HITu
00CYX/1aTh C IPYTUMH JMIIAMHU TOJIBKO MOCTIE MOJIy4YEHHUsS] TUCbMEHHOTO Pa3peIieHus
CO CTOPOHBI HAYYHOTO PEIAKTOPa KypHasla U/Uiu aBTopa (-0B).

Wndopmanust u unen HaydyHOU paOOTHI, MOJTYUYCHHbIE B XOJ€ PELEH3UPOBAHUI
U obecrieyeHus MyOJIMKAIlMOHHOI'O MPOIlecca, He JOJDKHBI ObITh MCIOJIb30BaHbI
peLeH3eHTOM(-aMu) [T TOJyYeHUs TMYHON BBITOIBI.

[IpuHLIKIT TOATBEP)KIEHUSI UCTOYHHUKOB. PelleH3eHT T0JKeH yKa3aTh Hay4dHbIE
paboThl, KOTOpbIE OKa3ajlu Obl BIMSHHE HAa HCCIENOBATEIbCKHE PE3yIbTaThl
paccMaTpuBaeMO PyKOIHMCH, HO He OBLIM NpuBeaeHbl aBTOpoM (-amu). Taxxke
pELIeH3EHT 00s13aH 00pPaTUTh BHUMAaHKUE HAyYHOT' O peJaKTopa Ha 3HAYMTEIILHOE CXO/ICTBO
WINA COBMAJICHUE MEXJy paccMaTpUBAaEMOM PYKOIHCHIO U paHee OIyOIMKOBaHHOM
paboToii, 0 KOTOPOM €My M3BECTHO.

Ecnu y perieH3eHTa UMEIOTCS JJOCTAaTOUYHBIE OCHOBAHUS 110J1araTh, YTO B PyKOIIHUCH
COJCPXKHTCS TUIaruaT, HEeKOPPEKTHbIE 3aMMCTBOBAHUS, JIOKHBIE U c(paOpUKOBaHHBIE
MaTepHalbl UM pe3yJIbTaThl HCCIEIOBaHUSA, TO OH HE JIOJDKEH JOMYCTHTh PYKOIIUCh
K MyOJIMKaIMK U TPOMH(GOPMHUPOBATH HAYYHOI'O PEIaKTOpa XKypHala O BBISIBIEHHBIX
HapyIEHHUSIX MPUHIMIIOB, CTAHIAPTOB U HOPM IyOJIMKAIIMOHHON U HAyYHOM 3THKU.

IIpaBa n 00s13aHHOCTH AaBTOPOB

[TyGnukannonHas 3TUKa 6a3upyeTcst Ha COOI0ICHUH TPUHITUIIOB!

OaHOKpaTHOCTH MyOMuKanuu. ABTOP(-bl) TApaHTUPYIOT YTO MpEACTaBICHHAS
B PEIaKIMIO PYKOIHUCh CTaTby He ObLIa MpEeJCTaBiIeHa JJIsi PACCMOTPEHUs B Jpyrue
uznanus. [IpeacraBieHne pyKONMUCH €IMHOBPEMEHHO B HECKOJIBKHMX KypHanax/
U3JJAaHUSAX HEIPUEMIIEMO U SIBJISIETCS TPyObIM HapyIIeHUEM HPUHIUIIOB, CTAHIapTOB
¥ HOpM IyOJIMKAIIMOHHOW ATHUKH.

ABTOpCTBO pykonucH. JInmo, KoTopoe BHECIO HAUOOIBIINI HHTEIUIEKTYaTbHBIN
BKJIa/l B TIOATOTOBKY pYKONHCH (TIpH IBYX M 0ojee coaBTopax), SABISETCS aBTOPOM-
KOPPECIIOHJIEHTOM U YKa3bIBa€TCsI IEPBBIM B CIIUCKE aBTOPOB.
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J171st KK [10¥ CTaThU IOJKEH OBITh HA3HAYEH aBTOP ISl KOPPECIOHACHITUH, KOTOPBIA
OTBEYAET 32 OATOTOBKY (pUHAIILHON BEPCUU CTaThH, KOMMYHHKAIIUIO C PEIKOJUICTHEH,
JIOJDKEH 00€CIeYUTh BKJIIOUYEHHE BCEX YUYACTHHKOB MCCIIEAOBAaHUS (IPU KOJIUYECTBE
aBTOPOB 00Jiee OJTHOT0), BHECIIUX B HETO JOCTaTOYHBIN BKJIAJ, B CIICOK aBTOPOB, a
TaKXe MOJy4YUTh 000pEHHE OKOHYATEIbHON BEpCUH PYKOITUCH OT BCEX aBTOPOB JJIs
IpeCTaBICHUs B PelaKLUIO s MyOsnkanuu. Bee aBTopbl, yka3aHHbIE B pyKOITUCH/
CTaThe, HECYT OTBETCTBEHHOCTD 3a COJIEpKAHNE PaOOTHI.

[IpuHuun opuruHanbHOCTU. ABTOP(-bl) FAapaHTUPYET, YTO PE3YJIbTATHI
UCCJIeI0BAHMS, U3JI0KEHHBIE B PYKOIHCH, TPEICTABISIOT CO00M OpUTHHATIBHYIO
CaMOCTOSITEIbHYIO Pa0OTy, 1 HE COJIepKaT HEKOPPEKTHBIX 3aMMCTBOBAHUII U IJ1aruara,
KOTOpbIE MOTYT OBITh BBISIBJICHBI B IIpOIECCE.

ABTOpBI HECYT OTBETCTBEHHOCTB 32 ITyOJIMKAIHIO CTaTeH C IPpU3HAKaMU HESTHYHOTO
HOBEJICHHU, IJlaruaTa, caMoIjaruara, CaMoOUUTUPOBaHUs, panbcudukanuu,
(adpukanuy, UCKaXKEHUs JAHHBIX, JOXKHOTO aBTOPCTBA, AyOIUpOBaHMS, KOH(IUKTA
UHTEPECOB 1 OOMaHa.

[puHIUI TOATBEPKICHUSI ICTOYHHKOB. ABTOP(BI) 00513yeTcsl PAaBHIIBHO YKa3bIBaTh
HAyYHBIE U MHBIC NICTOYHHKH, KOTOPBIE OH(H) UCTIONIB30BaI(H) B XO/Ie iccenoBaHus. B ciydae
UCIIOB30BaHMs KaKUX-JTMOO yacTel Yy KuX paboT W/WIM 3aMMCTBOBAHUS YTBEPKICHUI
JIPYToro aBTopa(-0B) B PyKOMUCH JIOIDKHBI OBITh YKa3aHbl OMOIHOrpagUIecKie CChUIKHU C
yKa3aHHeM aBTOpa(-0B) MEPBOMCTOUYHUKA. MH(pOpMaLusl, Moy4eHHas! U3 COMHUTEIIBHBIX
MCTOYHHUKOB HE JOJDKHA UCHIOIB30BAThCs IPH 0(hOPMIIEHHH PYKOITHCH.

B ciyudae, ecnu y peLieH3eHTOB, HAyYHOTO PEJAKTOpPa, 4jeHa(-0B) PEIKOIICTHH
KypHaja BO3HUKAIOT COMHEHHMS MOJJIUHHOCTU U JOCTOBEPHOCTH pPE3yIbTAaTOB
UCCIIeIOBAaHUS, aBTOP(-bI) JOJDKHBI MPEIOCTABUTH JTOMOJHUTEIbHBIE MaTePHAIbl IS
HOJTBEPKIACHUS PE3yIbTaTOB WK (PaKTOB, IPUBOJAUMBIX B PYKOIIUCH.

Hcnpasnenue ommbOK B mpoliecce MyOauKanuu. B ciyyae BBISBIEHUS OMIMOOK
U HETOYHOCTeH B paboTe Ha M00O0M cTaguu MyOIMKAMOHHOIO MPOLIECcCa aBTOPHI
0053yI0TCSI B CPOYHOM TOPSIIKE COOOIIUTH 00 3TOM HAyYHOMY PEIaKTOPy U OKa3aTh
IIOMOIIb B YCTPaHEHUHU WJIM UCTIPABJICHUH OIINOKH JUIs Iy OJIMKAIMY Ha caiiTe )KypHajia
cootBercTByomIe koppekuu (Erratum mmu Corrigendum) ¢ komMeHTapusimu. B
cirydyae oOHapy>KeHUs TPyObIX OMMOO0K, KOTOPhIE HEBO3MOKHO UCIIPABHUTh, aBTOP(-bI)
JOJKEH(-HbI) OTO3BAaTh PYKOIHCH/CTAThIO.

[puHwn coOmroaeHnus MyOIUKAIIMOHHOW 3TUKH. ABTOPBI 00s3aHBI COOIIOAATH
3THYECKHUE HOPMBI, CBSA3aHHBIE C KPUTHUKON HMJIM 3aMEYaHUSMHU B OTHOLICHUU
HCCIIEJOBAHUN, & TAKXXE B OTHOLIEHHM B3aUMOJECHCTBHUS C PEIAKLHUEN IO MOBOLY
penieH3upoBaHus U myonukanuu. HecoOutoieHre 3THUECKUX MPUHLUIIOB aBTOPaMHU
pacLeHnBaeTcss Kak rpy0oe HapyleHHE STHKU MyOJIMKalUil U 1aeT OCHOBAaHUE IS
CHSTHS PYKOIHCHU C PELICH3UPOBAHUS H/HUIIH 1Ty OIHKAIUH.

Kongaukr uarepecos

Kondguukr uarepecos, mo onpeaeneHuto Komurera no myOaMKanuoHHON 3THKE
(COPE), 310 KOH()IUKTHBIE CUTYallMH, B KOTOPHIX aBTOPBI, PELEH3CHTHI WIH YJICHbI
PENKOJUIETUN UMEIOT HESBHBIE MHTEPECHI, CIOCOOHBIC MOBJIUATh HA MX CY)KIEHUS
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KacaTeJbHO MyOsuKyeMoro matepuana. KoOHQIUKT MHTepecoB MOSBILETCS, KOraa
UMeIOTCA (PUHAHCOBBIC, JIMYHBIC WU MPO(ECCHOHANBHBIE YCIOBHS, KOTOPbIE MOTYT
HOBJIHATH HA HAYYHOE CY)KJICHHUE PELICH3eHTa 1 WICHOB PEJIKOJUIETHH, U, KaK pe3ysbTaT,
Ha pellleHHe PeIKOJIJIETUH OTHOCUTEIBHO MyOIUKAIIUH PYKOIIHCH.

I'maBHBINA pefaKkTOp, WIEH PEAKOUIETHH M PELEH3EHTHl JOJDKHBI OIMOBECTHTH O
HNOTEHIUAIEHOM KOH(IIMKTE HHTEPECOB, KOTOPBIA MOXKET KaK-TO MOBJIHMATH Ha peLLICHNE
pelaKIMOHHON KOJIIeTHH. YIeHbI peAKOIIIET U JOJDKHBI OTKA3aThCsl OT PACCMOTPEHUS
PYKOIIHCH, €CJIH OHU COCTOAT B KAKMX-JINOO KOHKYPEHTHBIX OTHOILIECHHSIX, CBA3aHHBIX
C pe3yJbTaTaMM MCCIIEOBAHUS aBTOPA(-0B) PYKOIHKCH, JTUOO €CIIM CYIECTBYET HHON
KOH(JIUKT UHTEPECOB.

[Ipu nmogaue pyKomnucH Ha pacCMOTPEHUE B KypHaJI, aBTOP(-bI) 3a4BIISIET O TOM, YTO
B COJIEp’KaHUM PYKOIUCH YKa3aHbl BCE MCTOUHUKU (DUHAHCUPOBAHUS UCCIICAOBAHMS,
TaK)Xe yKa3bIBalOT, KAKME UMEIOTCS KOMMepUecKue, (puHaHCOBbIC, TUYHBIE WUIIU
npodeccruoHaIbHbIe (PAKTOPbI, KOTOPbIE MOTTM ObI CO3AaTh KOH(PIUKT UHTEPECOB B
OTHOLICHUH MOAAHHON Ha pACCMOTPEHUE PYKOMUCH. ABTOP(bI), B TUCbME MPU HATTMYUH
KOH(JIMKTa HHTEPECOB, MOTYT YKa3aTh YUECHBIX, KOTOpBIE, IO UX MHEHHIO, HE CMOTYT
00BEKTHBHO OLIEHUTh UX PYKOIHCH.

PerieH3eHT He JOKEH paccMaTpUBaTh PYKOMHMCH, KOTOPHIE MOTYT MOCIY>KUTh
NPUYUHAMH KOH(IIUKTA HHTEPECOB, IPOUCTEKAIOIIETO 3 KOHKYPEHIHHU, COTPYJHUYECTBA
WIN IPYTHX OTHOLICHUH ¢ KeM-JIMO0 U3 aBTOPOB, UMEIOIIUX OTHOLICHHE K PYKOIIHCH.

B cnyuae Hanuuus KOH(IUKTAa HHTEPECOB C COJEpKAaHUEM PYKOIMHCH,
OTBETCTBEHHBIN CEKpeTaph JOKEH M3BECTUTh 00 3TOM IJIaBHOTO PEIAKTOpa, MOCIe
Yero pyKOIHCh IepeaeTCs IPyroMy peLeH3eHTY.

CymecTBoBaHHE KOH(MIUKTa HHTEPECOB MEXAY y4aCTHHKAMHU B Ipoliecce
paccMOTPEeHUs U PELICH3UPOBAHUS HE 3HAYHT, YTO PYKOIHCH OYyJET OTKJIOHEHA.

BceM 3anHTepecoBaHHBIM JMIIAM HEOOXOAMMO, IO MEpe BO3ZMOXKHOCTHU HU30eraTh
BO3HUKHOBEHHS KOH(JIUKTAa MHTEPECOB B JIOOBIX BapHaLMAX HA BCEX dTamax
nyOuiukanuu. B ciryuae BO3HUKHOBEHHUSI KAKOTO-TH00 KOH(IJIUKTA HHTEPECOB TOT, KTO
0OHAPY>KWJI TOT KOH(IIUKT, JOJDKEH HE3aMeUTUTENTbHO OLIOBECTUTH 00 3TOM PEIAKIIUIO.
To e camoe Kacaercs JOObIX IPYrUX HapyIIEHUH MPUHIUIIOB, CTAaHAAPTOB U HOPM
nyOJIMKAMOHHONW M HAYYHOM STHKH.

HesTnuyHoe noseaenue

HesTH4yHBIM MOBEIEHUEM CUUTAIOTCS JIEMCTBHUS aBTOPOB, PEIaKTOPOB HIIU
u3/aTeNs, B ciay4yae caMOCTOSATENIFHOTO TPEAOCTAaBICHHS PELIEH3UH Ha COOCTBEHHBIE
CTaThH, B CIy4ae JOTOBOPHOTO U JIOKHOTO PELIEH3UPOBAHUS, B YCIOBUAX OOpaIIeHus
K areHTCKUM yCJIyraMm JUisl MyOJMKaluK pe3yJbTaTOB HAyYHOTO HCCIIEIOBAHMUS,
JKeaBTOpCTBa, Ganbcudukauuu u GabpuKanuu pe3yiabTaTOB MCCIEJOBAHUS,
nyOJIMKanus HeIOCTOBEPHBIX TICEB/I0-HAYYHBIX TEKCTOB, MIEpeauu PyKOIUCH CTaTeil
B JIpyTre u3ianus 6e3 pa3pelieHus: aBTOpoB, Mepeiadl MaTepHajIoB aBTOPOB TPETHUM
JIMLIaM, YCJIOBHS KOT/1a HAPYILICHbI aBTOPCKHUE MPaBa M MPUHIIMITBI KOH(UIEHIINATBHOCTH
PElaKLMOHHBIX MPOLIECCOB, B CIIyyae MAaHUITYJISLUU C IUTHPOBAHUEM, IIJIATHATOM.
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