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ABSTRACT
Purpose. Development of the structure, functioning algorithms and mathematical model of a con-
trol system for the formation of multicomponent portions of charge for downloading into the blast
furnace to increase the capacity of a blast furnace and reduce the specific consumption of coke.

The methodology of research consists on simulation methods, which were used to test the devel-
oped control system for the formation of multicomponent portions of charge on a computer.

Findings. It is indicated that increase of efficiency of functioning of blast furnaces maybe to crea-
tion of control system of forming multicomponent (mixed) portions of charge before loading in a
stove. It is shown that the functioning control system is possible only if reliable means of measuring
geometric parameters portions, adequate value depending on the area of costs outlet funnel weight,
and the algorithm of the system in conjunction with current information of the process of mixing.

The originality. The algorithm of the system considering the location specified components, their
ratio in portions, total volumetric productivity of conveyor, variable geometry unloaded material in
conjunction with current information of the process of mixing. Found that developed control system
allows the formation of mixed portions form a portion of any structure that is defined by the opera-
tor using timely information on the process of mixing.

Practical implications. The results of the work can be used in the design and development of sys-
tems for automatic control of blast furnace batching.
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UMITYJIbCHOE MOJUP®UITUPOBAHUE BTOPHYHOI'O IOMA
I'ETEPOI'EHHBIX TBEPABbIX CIIJIABOB
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IMPULSE MODIFICATION OF SECONDARY BAR
OF HETEROGENEOUS SOLID ALLOYS

HccnenoBaHo MOBEPXHOCTHOE CTPYKTYpooOpa3oBaHUE B MaTepualiaX MpU BO3JICHCTBHH BBICO-
KOdHEepreTuyecknx umiyibcoB B TBEpIOM cruiaBe WC- Co. OTKpbITO BIMSIHHE yJapHO-BOJHOBOM
00paboTKN Ha MOP(OJIOTHIO MMOBEPXHOCTU U CTPYKTYpY Marepuana. CTpyKTypHbIE H3MEHEHHsS KaK
pe3yabTaT BIUSHUS YPOBHS M3JIYYCHUS, MO3UTUBHO BIMSIOT Ha W3HAIIMBAaHHE W COMPOTHUBIICHUE
U3ru0y TBEPbIX CILUIABOB.

JlocmikeHo TOBEpXHEBE CTPYKTYPOYTBOPEHHS B MaTepiajiax TMpH BIUIMBI  BHCOKO-
E€HepreTUYHUX IMIynbCiB y TBepaomy cruiaBi WC- Co. BigkpuTo BIIMB BUOYXOBOJHOBOT 00pOOKH
Ha MOP(QOJIOTiI0 OBEPXHI 1 CTPYKTYpPy MaTepiamy. CprKTypm 3MIHH SIK Pe3yJIbTaT BILTUBY piBHA
BUIIPOMIHIOBAaHHS, IO3UTHBHO BIUTMBAIOTH HA 3HOIIYBAHHSA i OMip BUTHHY TBEPIUX CIIABIB..
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OnpeneseHne HAYYHOH NMPO0JIeMbI U €€ 3HAUEHHE.

Brnepsble B Mupe pa3padoTaHa NMpOMBILIIEHHAs BHICOKOA()(PEKTUBHAS TEXHOJIO-
T'Hsl IPOM3BOJICTBA PEXKYILET0, pa3pyuiaroniero u GopmooOpa3yomero HHCTpyMeHTa
U3 BOJH(HPaMOKOOATETOBBIX U BOJIb(PPAMOHUKENIEBBIX CIUIABOB MyTEM MPSIMON pere-
HEpalMd BTOPUYHOTO CHIPhsI 0€3 MCMOJIb30BAHUSI TEPMOXUMUUYECKUX U METaUTypIu-
YecKux MeTo 0B [1].

TexHoIOrusT MPUHIUIIUAIIBHO OTJIMYAETCSI OT CYIIECTBYIOIIUX BBICOKMMH TEX-
HUKO-?KOHOMHYECKUMH MOKA3aTENISIMH, TPOU3BOAUTEILHOCTBIO, MAJION 3HEPTOEMKO-
CTBIO U 3KOJIOTUYECKON YUCTOTOM.

[ToBepXxHOCTHOE CTPYKTYpOOOpa30BaHKE B MaTEepHasiax MPH BO3JEHCTBUN BBICO-
KODHEPTreTUYECKUX MMITYJHCOB MPOUCXOAUT 3a CUET KOMILIEKCa MOAUGUIIUPYIOIIHNX
3¢ (}HexToB, 00YCIOBICHHBIX TEPMHUUYCCKUMHU, TEPMOMEXAaHUICCKUMU U TUDHPy3rOH-
HeIMU siBeHUsIME [2]. Hapsiny ¢ ykasaHHbIMH (akTOpamu, (GOPMHPOBAHHUE CTPYK-
TypHO-(}a30BbIX COCTOSIHUI B 3HAYMTEIILHOW CTENEHU ONPEAENIeTCS U CTPYKTYPHBI-
MU 0COOEHHOCTSIMU 00padaThIBAEMOT0 MaTepHaa.

HccnenoBanne 00pa3iioB MPOBOJUIOCH C MTOMOIIBIO PaCTPOBOTO JIEKTPOHHOTO
MHUKPOCKOIIa ¢ BO3MOKHOCTBIO PEHTI€HOBCKOTO MHKpoaHanuza POMMA 202-M. B
OCHOBE HCCIEIOBAHUM JexkaT (PU3ndecKkrne 3aKOHOMEPHOCTH B3aUMOJICUCTBUSI ITy4Ka
AJIEKTPOHOB C BBICOKOM PHEPTrUeH U aTOMOB HCCIIEIYEMOI0 MaTepHalla.

Jlist mosydeHusi u300pakeHus TIOBEPXHOCTH 00pasiia MCIOJIb30BAIH JETEKTOP
BTOPUYHBIX 3JIEKTPOHOB. KOHTpacT n3o0paxeHus BO BTOPUYHBIX AJICKTPOHAX IMOJY-
YaeTcs BCIICACTBHE M3MCHCHHS BBIXOJa KOJMYECTBA BTOPHUYHBIX (HH3KO3HEPreTHYe-
CKHX) 2JICKTPOHOB C IMMOBEPXHOCTH U MX TPACKTOPUH MPH TEPEXOe OT OJHON TOUKH
oOpa3na K apyroil. MI3MeHeHue HakJIOHA MOBEPXHOCTU BCErO JIMIIb HAa HECKOJIBKO
IpalyCcoOB OOBIYHO OBIBAET JOCTATOYHBIM JUIsl TOIO, YTOOBI BBI3BAaTh 3aMETHOE U3MeE-
HEHUE SPKOCTH M300paKeHHsI. DTO TO3BOJISIET JIETATLHO M3y4YaTh CTPYKTYPHBIE dJie-
MEHTBI TIOBEPXHOCTH OOPAa3IOB C OOJBIION pa3periaroiieil cnocoOHOCThIO U TIyOu-
HOU PE3KOCTH.

XUMHUYECKHI  aHAIU3 MOpOIIKAa MPOBOAWIM C  TOMONIBIO  3HEPro-
nuccriepcuonnoro ananmmzaropa (DJIAP). AHamu3npoBajIoCh XapaKTEPUCTHUCCKOE
PEHTTEHOBCKOE M3JIyY€HHE C 3TajJOHa U 00pa3lia M MO METOAMKE KOJIMYECTBEHHOIO
ANIEKTPOHHO-30HA0BOr0 aHanu3za ZAF onpenensyiock ux NpOLEHTHOE COOTHOIICHHE.
Metomuka ZAF (MeToamKa Tpex IMONPaBOK) MPEACTABISAET cOO0M OTHOIICHNE (PYHK-
[IUU ATaJIOHa K PYHKIIMK 00pasia ¢ MonpaBKaMu: HA aTOMHBIA HOMEp, Ha MOTJIoIe-
HUE U (IIyOpPECLECHIINIO.

AHaJIHU3 HUCCICI0BAHMI NIPO0IeMbl U Iy OJIUKALMH.

Ecnu HekoTophiil 00BEM reTeporeHHOro TBEPAOTO Tejia MOJIBEPKEH ObICTpOHA-
npsLKEHHOMY COCTOSTHUIO 3a MpejiesiaMyd TPOYHOCTH MaTepuaa, TO pa3pylieHue Ho-
CUT MHOKECTBEHHBII XapaKTEp U CONMPOBOXKAAECTCS 00Opa30BaHUEM OCKOJIKOB CaMBbIX
paznu4HBIX GopM U pa3zMepoB. Takoe paspylieHHEe UMEET MECTO MPHU yAape U B3PhI-
BE.

esun u 3apa4m CTATBHU.

HccnenoBanue BIMSHUS PEXKUMOB BBICOKOIHEPreTUYECKON 00pabOTKH yaap-
HBIMHM BOJTHAMU Ha MPOCTPAHCTBEHHO-BPEMEHHOE paclpeie]IieHUue Mo TeMIeparyp,
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AJIEMEHTHBIA COCTaB, MOP(OJOTHIO TOBEPXHOCTH M MEXaHU3MbI (POPMHUPOBAHUS
CTPYKTYpPBI IPUTTOBEPXHOCTHBIX cioeB ciiaBa WC-Co, a Takke U3MEHEHHe CIyxeo-
HBIX XapaKTePUCTUK MOIUDUIIMPOBAHHOTO MaTepHraa.

N310:xeHHe OCHOBHOTO MaTepHaJia.

B o0Opa3nax umeroTcss o0nacTH, pas3iuyarolifecss M0 XUMHUYECKOMY COCTaBy.
[Ipn mocnemoBaTeIbHOM CKaHMPOBAHWM 3JICKTPOHHOTO JIiyda TIO OO0pasily 3TH
00JacTi OTpa)karoT AJIEKTPOHBI C BBHICOKMMH JHEPTHUSMHU M C TIOMOIIBIO JIETEKTOpa
dbopMupyIoT N300pakeHNe 3a CYET KOHTPACTa OTPAXKEHUS, 3aBUCSIIETO B OCHOBHOM
OT aTOMHOTO XHUMHYECKOro sieMeHTa. KoaQ@uimeHt orpakeHus 3IIEKTPOHOB
YBEJIMYMBACTCSI C BO3pacTaHMEM aTOMHOro Homepa. Ecimu uccienyemas o0nacThb
SIBIISIETCSL  CIUTABOM  PA3JIMYHBIX DJIEMEHTOB, TO J(PQPEKTUBHBIA KOIPPHUIMESHT
OTpPaXEHUS PaBEH YCPEAHCHHOMY KO3 (UIIUEHTY OTPaKEHHSI YNCTHIX AJIEMEHTOB.

[Ipu perucTpanum curHajga ¢ HCCIEIyeMOro oOpas3la M MHocieayrouei
00paboTKe 100MBarOTCs, 4TOOBI Ha 3KpaHe nekTpoHHO-JIyueBoir TpyOku (DJIT)
JJIEMEHT C CaMbIM BBICOKMM aTOMHBIM HOMepoM (MM ¢a3a C CaMbIM BBICOKHM
KO3 PHUITUCHTOM, YCPETHEHHBIM C BECOBBIMU KOA(PDUITMCHTAMHU) BBITJIsIICT OCIbIM, a
CaMbIM HHU3KUM aTOMHBIM HOMEPOM - YEPHBIM, & C MPOMEKYTOUHBIMU 3HAYCHUSIMU -
COOTBETCTBOBAJI OBI pa3HBIM TPaaIlUsM CEPOTO.

CtpykTypHO-(ha30Bble PEBPAIICHUS, MPOUCXOIAIINE B MTOBEPXHOCTHBIX CIIOSIX
rerepodasHbIX MaTepUANOB IPH BBICOKOIHEPTETUYECKOW 00paboTKe ymapHBIMHU
BOJIHAMH  TEHEPUPYEMBIX  JIETOHAIMEH  B3pBIBUATBIX  BEIIECTB,  KOTOpas
pacrpocTpaHsieTcs Mo HOpMaIu K 00padaThiBaeMOM MOBEPXHOCTH, YTO MPUBOAUT K
CYLIECTBEHHOMY HW3MEHEHHUI0 MX (U3NKO-MEXaHWYECKUX CBOMCTB, OIpPENEISIOTCS
JTUHAMUKOW BO30YK/Ia€MbIX B MaTepuajie TETUIOBBIX IMOJEH M BOJH MEXaHHMYECKHX
HaIPSHKEHUU.

BcenenctBue  BBICOKOTO — TpajgueHTa TEMIEparyp ©W  TEPMOMEXaHHMYECKUX
HaTPsDKEHUH B 00pasIle MPOUCXOIUT 00pa30BaHUE KACKaJOB CMEIICHHBIX aTOMOB U
OOJBIION  KOHIICHTpAIMK  ACPEKTOB CTPYKTYPBI, UTO SBISIETCS TPUYMHON
HAOJIFOTAEMBIX CETPETAIMOHHBIX SBJICHUH M MHTCHCUBHBIX TU(DPY3HOHHBIX MTOTOKOB
atomoB mpumecu. Ha puc.l mpenactaBieHbl KOHIIEHTPAIIMOHHBIE TPO(HIN aTOMOB
yriepona (kpuBbie 1-3) u Bonbdpama (kpuBbie 5-7) B TBepmom ciutae BK8 mo
(TyHKTUpPHBIC KPUBBIE) U TIOCIIE BO3JACHCTBHS OMHUM (KpuBbIe 2, 6) 1 TpeMs (KpUBBIC
3, 7) umMIybca BBICOKOIHEPTeTUIESCKOTO HATPYKEHUSI.

Jlns  pacueta TEPMOMEXAHMYECKHX  XapaKTEPUCTUK  0OpabaThIBaeMOro
MaTepualia YMCICHHO Pellaid CUCTEMY YPaBHEHHM, CoepiKaIlyto: 1) KHHETHYECKOe
ypaBHEHHE, OINMCHIBAIONICE MEPEHOC MOHOB B BEIIECTBE; 2) YPaBHEHUS MEXaHUKU
CIUIOITHOW cpensl; 3) ypaBHEHHE Ui BHYTPEHHEW SHEprum C ydeToM dddexra
TETUIONPOBOJHOCTH ~ Ccpelbl; 4) IIMPOKOIMANAa30HHOE YPAaBHEHHWE COCTOSHHS.
Hcnonp3yss 4HCICHHYIO cXeMy YWIKHHCA IUIsl OAHOMEpHOro (IUIOCKOro) ciydas,
MPOBEICHBI PACYCThl TEPMOMEXAHHMUCCKUX XapaKTEPUCTHK TBEPBIX CIUIABOB (pHC.
2). B pesynbraTe MOIEIMPOBAaHUS YCTAHOBIICHO, YTO JIJIS 3HaYCHMS, Hanpumep Es =
1.2 JIx/CM?, MakCHMMaJlbHOE [0 MOMAYII0 TEPMOYIPYIO€ HANPSIKEHHE MOMKET
nocturath 3HaueHus 2.7 Mlla; MakcuManbHasi TemmepaTypa MoBEpXHOCTH oOpasia -
3420 K; makcuMmaibHbIE CKOPOCTH HarpeBaHUsS M OXJAXKJICHHWS, COOTBETCTBEHHO,
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1.37-10" K/c m 1.09-10'"" K/c; rnyomna mnpomnasnenuss - 0,07 MM, Bpems
HaXOJIEHUs 00pasla B PacIUIaBIEHHOM COCTOSHUM - 7,5HC; cpemHss CKOPOCTb
JBYOKEHUS poHTa paciuiasa - 18 m/c.

c(x), % am

Puc. 1. Konuenrpanuonssie npoduin yriepojaa u Bojabdpama 0 U MOCIE BHICOKO-
HEPreTUYECKOl 00pabOTKH yIapHBIMHU BOJHAMHU

Jlns omumcaHMsl cerperalvoHHBIX sBieHUN B criaBe BK8 mpu BosjaeiicTBuun
MOIIIHOTO MMITYJIbCA UCXOJAUJIM U3 YPABHEHHUSI MACCOIEPEHOCAa C YUYETOM I'PAJUEHTOB
TeMIIepaTyphl U aaBicHus [2]:

k k
ot ox ot T ox T ox

C 'PAaHUYHBIMHA U HAYAJIbHBIMHU YCJIIOBHUSIMU

oC(0,t) =0, C(b,t) =C,; C(x,0) = d(x), 2)

rne C(X,t)-koHIeHTpanusi aToMOB Ha TJiayOmHe X B MOMeHT Bpemenu t; D -
kodpunment muddysun; T - temmeparypa, P - nasnenue; K, u Ky - Ttepmo- u
Ooapomudpy3noHHbIle  OTHOIICHUSA.  DYHKIUS #(X)  onmcelBaeT  HavaNbHBIA
KOHIIEHTPALUOHHBIN MPOQHITH 10 BO3ACHCTBUS BBICOKOOHEPIETUIHOTO UMITYJIbCa; b -
KOOpAMHATA 3a/Hel moBepxHocTu oOpasua; Cy - koHcTtanTa. Crnenuduky yaapHOro
BO3JICMCTBUSI MCCIEAOBAIM MCHOJb3Ysl BBIPAKEHHME JUIsI JIaBJI€HUST B  BHJIE
COJINTOHHOTO MPOUIIS:

P(x,t) = P,ch (x=s(t=7) (3)

X

rae PO - amrumiTyna gaBieHus; Xo - MOJYIIMPUHA HMITYJIbCA; S - CKOPOCTH €Tro
pacnpocTpaHeHus; T - BpeMs 3a/Iep>KKH UMITyJIbCa.
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E, fiwicw

Puc. 2. 3aBCHMOCTh MAaKCHUMAJIBHOTO YPOBHS HaNpsDKEHHs 1) 1 MaKCUMaJIbHOM CKO-
poctu HarpeBa 2) ciaBa WC-Co ot sueprun YB

CdopmynupoBanHasi KpaeBas 3amada 1-3 pemianach YHUCIEHHO KOHEUYHO-
pPa3HOCTHBIMH  METOJaMH COBMECTHO C  ypaBHEHHEM  TEIUIONMPOBOJIHOCTH.
Koaddunment mudpdy3nn D u xapakrepuctuku mmmyibca (Po, Xo, S) B pacyerax
BBICTYNaJli B  KA4eCTBE BapbUPYEMBIX IMapaMETPOB, 3HAYCHHS  KOTOPBIX
OMPENEISUINCh U3 BU3YAJIBHOTO COIMOCTABICHUS M3MEPEHHBIX W PACCUYUTAHHBIX
KOHIEHTpalMoHHbIX Tpoduned. Koapdumumentsr Tepmo- u 6apoanddy3noHHBIX
OTHOIIICHWH  OLECHUBAIWCH IO alroputmy pabotrel [3]. UYroObl omucath
HEMOHOTOHHBIH X0/ HaOJII0AaeMbIX KOHIICHTPAIIMOHHBIX KPUBBIX, B (opmyie (3) B
HKCIIOHEHTY BKIIOYWJIM BpeMs 3aJCpXKKH HMITydbca 7. DTO OOYCIOBICHO TeM
¢dhaKkTOM, 4TO TP BO3ACHUCTBUN UMITYJIHLCOM Y B MpHu O0IBIIMX MIIOTHOCTSIX SHEPTHUH B
30HE 00pabOTKU MPOUCXOTUT UCTIapeHue Marepuana. [Ipu aTom Hapsny ¢ apdexTom
TEPMOYIIPYTOCTH BKJIAJ B (OPMHUPOBAHUE BOJH HAMNPSHKEHUS BHOCUT HMMITYJIBC
OT/IayH.

Hcnapenue HauMHAETCs JIMIIb IO MEPE OCTHKEHUS TEMIEpaTypbl KUIICHHUS, a
HE cpa3y ¢ MOMEHTa JeWCTBUs uMMyibca. [IpuBenennsie Ha puc.l TeopeTnyeckue
KpUBBIC Ui aTOMOB yriepoaa (4 - s ogHOTO Harpykenus, 4' - mus Tpex) u
Boib(paMa (8 - Tpu HArpyKEHHUS ) COOTBETCTBYIOT MOMEHTY BPEMEHH MOJIHOTO
3arBepiaeBanuss obOpasia (60 HC) W chAeAyIOIIMM  3HAYCHHSAM IapaMETPOB:
ko3 dunment mupPysun aromos yriaepoaa 0.0002 cm?/c, atomos Boasdpama - 0.005
cm?/c, amuntyna gainends +10 I'Tla (momokuTenpHBIM 3HAK - JJII aTOMOB
yrJiepojia, OTPHUIIATENIbHBIN - IS BOJIb()pama); CKOPOCTh pacpOCTPpaHEHHS UMITYJIbCa
6 xkM/c. U3 cormocTaBiieHNsT MOJICITBHBIX PACYCTOB ¢ IKCIICPUMEHTAIBHBIMU JTaHHBIMHU
cienyeTr, 4Tto 3HaueHus kodpduinmentoB aud@y3un aTroMoB B CIUIaBE IPHU
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BO3ICHCTBUM HUMITyJIbca Ha 9 MOPSIKOB OOJBINE, YeM MPU HEMPEPHIBHOM DPEKUME
TEpMOOOPaAOOTKHU.

Ha ocHoBaHuMM TPOBEACHHBIX WCCICNOBAHUNA MOXHO TIPENIoiaraTth, 4YTO
NEPeHOC aTOMOB B TBEPAOM CIUIaBE MpU BO3JEHCTBUM YB BbI3BaH, TJIaBHBIM
o0Opazom, IpaJIieHTOM TEeMIEepaTypHl, a HEMOHOTOHHBIH XapakTep
KOHIICHTPALMOHHBIX Mpoduiieil pacnpeaeaeHuss aToMoOB B o0pasiie nociae o0paboTKu
- TpaaueHTOM JaBicHUN. MCTOYHMKOM BO30YXKJICHHS BOJH HAINPSHKCHUN TPU
mwoTHOCTAX dHeprun Es<0.9J[DK/cMm? siBnsieTcst 5 dEKT TEpMOYIIPYrOCTH, BbI3BAHHbIN
PE3KUM  pacUIMPEHHEM  pPa3orpeToro 10  BBICOKMX  TEMIIEpaTyp  TOHKOIO
IIOBEPXHOCTHOTrO cjios, a npu Es>0.9JDK/cm? - ummynsc oTmauu, 00yCIOBIEHHBIHA
cyOnumanen Mmatepualia B 30He 00pabOTKH U MOCIEAYIOIUM Pa3IeToOM MapoB.

HMHTEeHCUBHOE TEPMHUYECKOE BO3JCHCTBUE MPH INIOTHOCTIX sHepruu Oonee 0.9
JUK/CcM? npuBOIUT K 3aMETHBIM MOP(OJOTHYECKUM H3MEHEHUSIM MOBEPXHOCTH
TBEpPABIX CIUIABOB, B pE3yJbTaTe€ YEro MPOUCXOAUT OOpa3oBaHHE pelbePHBIX
MTOBEPXHOCTHBIX CTPYKTYP, XapaKTePU3YIOUIUXCS HAJTMUNEM KpaTepOB U KPATEPHBIX
oOpa3zoBaHuii, pasMmepbl W (GopMa KOTOPBIX 3aBUCAT OT IUIOTHOCTH DSHEPTHH U
KOJIMYECTBA UMITYJILCOB 00paboTku (puc. 3).

UccnenoBanne 3akoHOMEpHOCTEW MOP(HOIOrMYECKUX HW3MEHEHH TO3BOJISET
OTMETHUTh, YTO TMOBBIIIEHUE MHTEHCUBHOCTH BBICOKO3HEPTETUUYECKOIO BO3JEHUCTBUS
CIIOCOOCTBYET YBEJIMUYEHUIO MacmTaba Moau(uKanuum OT KPUCTAUIMYECKOTO JI0
3€pEHHOr0. JTO MPOSBISETCA Yepe3 B3aMMHOE PACTBOPEHME, CBSI3bIBAHUE 3€PEHHBIX
KOHIJIOMEpaToB ¢ o0pa3oBaHueM coeauHenui o tumy Co,W,C, u Co,W,0.,.

B cinywae wucnons3oBaHusi CcuUibHBIX YB  HaOmoparoTcs  aHaJIOTUYHbBIC
MOp(HOJIOTUYECKUE U3MEHEHHSI IOBEPXHOCTH.

Puc. 3. Mopdonorus noepxuoctu cruiasa cucrembl WC-Co
nocJie 00pabOTKH BBICOKOAHEpreTuyHo Y B

IIpu moTHOCTH SHepruu ummmyinbca Es =0,8 JIkx/cM? XOpOLIO BBISABISETCS
CTpykTypa Marepuana (Ha (oHe KapOMIHBIX 3E€pPeH BHJIHBI TEMHBIC YYaCTKH
K00aJIbTOBOM CBSA3KH, cpeaHuii pazmep 3eper kapouga WC cocrasnser Mkm). [Tpu Eg
= 1 Jx/cM? KBa3uCTAaTUYECKHE TEPMOYNPYTUE HANPSDHKEHUS B IIOBEPXHOCTHOM CIIOE
BO3pACTalOT HACTOJIBKO, UTO MPUBOIAT K cMmemieHuto 3epeH WC OTHOCHTENBHO IpyT
apyra ¥ o0Opa3oBaHHIO XapakTepHoro penbeda. Habmromarorcs Takke MpHU3HAKU
OIJIaBJICHHUS BEPIIMH MHOTOTPAaHHUKOB KpucTamioB WC, 4TO CBHIETENBCTBYET O
JIOTIOJTHATEIBHOM pacTBOpeHHH B HeM kobOanbra (puc. 4). C yBenuuenuem Eg o 2
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Jlx/cM? 3TOT TIpoLece yCWMBaeTcs, a HauuHasg ¢ Es = 2,7 Jlx/cM?, mpOMCXOANT
WHTEHCUBHOE  TIEpEIUIaBJICHUE TOBEPXHOCTHOTO  CJIOS,  COIMPOBOXKJAIOIIEECs
o0Opa3oBaHHEM MHKpPOKPATEpPOB JHaMETpPOM 10 2.5 MKM (B MecTax pacIoJIOKCHUs
Co) u TmpOTSHKEHHBIX MHKpoTpemmH. Halmromgaercss Ttakke (QparmeHTanus
KOOaJIbTOBOM CBSI3KM C 00pa3oBaHUEM Pa3IMUHOTO pojaa MukpoaedekTos. [lpu Eg =2
Jlx/cM? 3aMKCHPOBAHO IMOSBICHUE HOBOM (pa3bl HA TPaHHUIIE KapOMIHOTO 3€pHA U
KOOaJIbTOBOM IIPOCIONKH.

Puc. 4. ®pakrorpamma uznoma criaBa cuctembl WC-C0 pa3pyiieHHOT0 BEICOKO-
SHEpreTudeckumMu Y B

VY cTaHOBICHHBIC CTPYKTYPHO-(Pa30BbIe N3MEHEHUS B TIPUITIOBEPXHOCTHBIX CIIOSNX
TBEPBIX CIUIABOB IMPHU BO3JICHCTBUN BEICOKOIHEPTETUYHBIX UMITYJIHCOB 00YCITOBICHBI
cnenyronumu b dexTamu:

1. Pasmbitem Mmexdaszubix rpanun WC-Co, (mpakTHUeCKd C TOJHBIM HX
WCUC3HOBCHHEM B CJIydyae TOHKHUX MEXK3EPEHHBIX MPOCIOEK), 0Opa3oBaHUEM
3€pEHHBIX KOHTJIOMEPATOB,;

2. Cnusauem rpanun 3epeH WC Ha ydacTkax UX OOJBIIOW MPOTSHKEHHOCTH
(cBsI3aHHOCTH);

3. OOpa3oBaHWEM HWHTEPMETALIUAHBIX XUMHUYECKHX COCAMHCHHHA 110 THILY
CoxW,C, u CoW,0..

MakcumanibHasi —TeMmreparypa TMpH  HauOONBIIMX IUIOTHOCTSIX  SHEPTUU
(CKOpOCTSX JCTOHALMU) MOXET JOCTHraTh TEMIICPATyphl IUIaBJICHUS (a3bl JIUIIb B
TOHKHMX (70 1 MKM) MPUIIOBEPXHOCTHBIX CIIOSIX, CYIIECTBEHHO MEHBIIUX, YEM pa3Mep
3epEHHBIX KOHTJIOMEPATOB.

DKCIEpUMEHTAJIbHO  HaOJfo/laeMble  3€peHHBIC  KOHIJIOMEpaThl  UMEIOT
IPEUMYIIECTBEHHO 1 y3nOHHYIO IPUPOIY u XapaKTEPHUIYIOTCS
HEOJTHOPOJHOCThI0 XMMHUYECKOTO COCTaBa MO CedeHuro. HeomHopoaHOCTh cocTaBa
KOHTJIOMEpATOB  SIBIISIETCSl  CIEACTBHEM IPECHIIICHUS TBEPAbIX pPACTBOPOB U
o0Opa3oBaHMsI HOBBIX HMHTEPMETAUIUIHBIX (pa3. B meHTpax kapOWIHBIX 3€peH I0-
npexxHeMmy octaetcs (¢aza. I[lockonbKy B pe3ysibTare yKa3aHHBIX IPOIIECCOB
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OTCYTCTBYIOT SIPKO BBIpaKEHHBIC TPaHUIIBI pasfena ¢a3, 00pa3oBaHUs BBITISAIAT KaKk
eIMHBIE KOHTJIOMEPATHI.

dopmupoBaHUe MOAOOHBIX CTPYKTYP OKAa3bIBAE€T CYILECTBEHHOE BIHUSHHE Ha
U3MEHEHHE UX (U3HKO-MEXaHUYECKUX CBOMCTB.

BbIBOABI U MEPCHEKTUBLI JAJbHEHIIUX UCCICJOBAHUM.

VY cTaHOBJIEHO, YTO BO3/IEUCTBHUE BHICOKOIHEPTETUUECKON 00pabOTKU yIapHBIMU
BOJIHAMHU Ha TBEPJbIH CIIAB COMPOBOXKIACTCS CUIHLHO HEOAHOPOIHBIM Pa3orpeBOM
IPUTIOBEPXHOCTHBIX CJIOEB M BBI3BIBACT YCHJICHHBIN MaccorepeHoc ¢ koddduimen-
TamMu AUQQy3un, TPEeBHIIAIIUMA Ha 8 MOPSAKOB KOApGUIMeHTs Auddy3un npu
OoObIYHOM TepMHUYecKoil o0paboTke marepuaioB. OOpaboTka yJaapHBIMUA BOJHAMU
IPUBOJUT K CYIIECTBEHHBIM MOP(OJIOTUYECKUM, CTPYKTYPHBIM U (ha30BbIM M3MEHE-
HUSIM TIOBEPXHOCTHBIX CJIOEB CIJIaBa; 00pa30BaHUIO KpaTepoB, popma U pa3Mephl KO-
TOPBIX 3aBUCAT OT MAPaMETPOB UMITYJIBCOB, TOMOTE€HU3ALIMU IOBEPXHOCTU B PE3YJib-
TaTe OIUIABJICHUSI U B3aMMHOTO PACTBOPEHMs (pa30BbIX COCTABJISIONIMX, a TAKKe 00-
pa30BaHUIO MHTEPMETAIUTHIHBIX COCIMHEHHN. B cilydae MCIoab30BaHUS UMITYJIHCOB
Oonbmioit mMommuoctn Ha rpanune WC-CO ormeueHo mosiBieHHE HOBOW (ha3bl
Co3WoCs4. COBOKYNMHOCTH CTPYKTYPHBIX MPEBPALIEHUN MPUITIOBEPXHOCTHBIX CJIOEB B
pesynbTare o0pabOTKM OKa3bIBAET BIMSHUE HA M3MEHEHHE (PU3MKO-MEXaHUYECKUX
cBoiictB cmiaBoB cuctembl WC-CO, 4TO CBHIETENBCTBYET O BO3MOXHOCTH HaIpaB-
JICHHOM MOJM(UKAIIMN UHCTPYMEHTAJIbHBIX MATEPUAJIOB Uil PEIICHUS TEXHOJIOTHYe-
CKHUX 3a/1a4.
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ABSTRACT
Purpose. The influence of the high-energy processing modes by impact waves on the space-time
distribution of the temperature field, the elemental composition, the surface morphology and mech-
anisms of the formation of the structure of the near-surface layers of the WC-Co alloy, as well as
the change in the performance characteristics of the modified material.

Methods. The samples were analyzed by means of a scanning electron microscope with the possi-
bility of X-ray microanalysis of REMMA 202-M. The research is based on physical regularities of
the interaction of a high-energy electron beam and the atoms of the material being studied. A sec-
ondary electron detector was used to obtain an image of the sample surface. The chemical analysis
of the powder was carried out using an energy-dissipation analyzer (EDAR). The characteristic X-
ray radiation from the standard and the sample was analyzed, and the percentage ratio was deter-
mined by the method of quantitative electron-probe analysis of ZAF. The ZAF method (the three-
correction technique) is the ratio of the reference function to the sample function, with corrections:
atomic number, absorption and fluorescence.
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Findings. The investigation of thermal and diffusion processes in the near surface layers of the al-
loy WC-Co was carried out. The influence of the irradiation on the morphology of surface and
structure of the mate-rail is investigated. It was discovered that the structural changes as an effect
of the irradiation render positive influence on the wear and tear resistance of solid alloys.

Originality. Fundamental way of shock wave treatment to stimulate destruction of powder product
of any configuration in order to obtain a high-quality powder for further formation, sintering and
tool manufacturing of multiple use is demonstrated; ecologically friendly technology of hard alloys
and cermet components of outdated military hardware and ammunition recycling has been devel-
oped.

Practical implications. It is established that the effect of high-energy processing by shock waves
on a hard alloy is accompanied by a highly inhomogeneous heating of the near-surface layers and
causes an enhanced mass transfer with diffusion coefficients exceeding by diffusion factors by 8
orders of magnitude during conventional heat treatment of materials. Treatment with shock waves
leads to significant morphological, structural and phase changes in the surface layers of the alloy;
the formation of craters, the shape and size of which depend on the parameters of the pulses, the
homogenization of the surface as a result of fusion and mutual dissolution of the phase constituents,
as well as the formation of intermetallic compounds.

Keywords: tungsten, cobalt, tool, hard alloy, metal ceramics, recycling, heterogeneous medium
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B craThe paccMOTpeHBI aKTyaJIbHBIE BOIIPOCHI JIBMKEHUS LIMXTOBBIX MATEPHANIOB IO 3JIEMEH-
TaM 3arpy304HbIX YCTPOMCTB JOMEHHBIX medel. [IpoBencH aHain3 CylmecTBYIOMUX METOIUK TE€O-
PETUYECKOTO OINpPEACIICHUs] KNHEMAaTHYECKUX XapaKTEPUCTUK JBUKCHMsI IIMXTHI, YKa3aHbl UX J0-
CTOMHCTBA U HEIOCTATKU. BBIABIEHO, UTO CYLIECTBYIOIINE METOAUKH HE MOTYT YUUTHIBAaTh B HEOO-
XOIMMOM Mepe psijl BaXKHBIX IIapaMETPOB IIMXTOBBIX MaTE€pPUAJIOB, KOTOPBIC, UCXOMAs U3 IPAKTHUKHY,
KOppeNUpYITCsS ¢ KWHEMAaTUKOHN JBUKeHUS. Marepuaisl paOboThl MOTYT OBITH MCIOJIB30BaHBI IIPU
pa3paboTKe HOBBIX M ONTUMHU3ALMH CYLIECTBYIOIIMX METOIOB [10/1a4y HMIUXThI B pabouee NpocTpaH-
CTBO IOMEHHOM I1€YH C IHUPOKUMH BO3MOXKHOCTSIMHU KOPPEKLHMH U palMOHAIN3ALUU TEXHOJIOTHYe-
CKHX OIlEpaLlUi.
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