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Anorauisi. ITocmanoexa npoonemu. Hapasi 111 BATOTOBJIEHHS IMIUIAHTATiB MIMPOKO 3aCTOCOBYIOTH 0iI0pO3UMHHI
MaTepiajid, cepell IKUX HalIepCIeKTUBHINI MarHieBi criiaBu. MarHiil — IpUpOJHUI eeMEHT OpraHi3My, MICTUTBCS B
KICTKOBIH Ta M'si30Biif TKaHMHAaX, Oepe ydacTh y pi3HMX OOMIHHHX mporecax. KpiM Toro, MarHiii i mpoayKTH Horo
0iokopo3ii MaroTh BiAMiIHHY OiocyMicHicTh. ['OllOBHa mepeBara MarHi€BHX CIUIaBiB — II¢ TIOBUTHBHUMA BIUTMB Ha
OpTraHi3M JIOJMHH, aje SKICTh He 3aJ0BOJIbHAE BHUMOTaM JUIA BHKOPHCTAHHSA IX B JEOACBKOMY Timi. IligBHiuuTh
BIIACTUBOCTI MAarHi€BHWX CIDIABIB MOXJIMBO Y pe3yJIbTaTi BJOCKOHAJICHHS NporeciB padiHyBaHHS Ta MOIU(IKyBaHHS
pinkoro crmaBy. Mema — H[OCIHIOWTH Ta BHIPOOYBAaTH pi3HI BYyTJIEUEBMICHI MaTepianm it padiHyBaHHS Ta
Moan(ikyBaHHA MarHi€Boro pos3miaBy. Memoouka. OnTudHa MiKPOCKOITIis, 3aCTOCYBaHHS CTAaHIAPTHUX METOAUK IS
BH3HAYCHHS MEXaHIYHUX BIACTHBOCTEH MarHi€BOTO CIUIABY Ta CIEUiaJbHUX METOIVK U1 BU3HAUCHHS padiHyBaIbHOI
tTa MoAu(DiKyBadbHOI 37aTHOCTI PI3HUX BYIJICHEBMICHUX MarepianiB. Pe3yibmamu. 3anporoHOBaHO TEXHOJIOTIIO
Moau(dikyBaHHS JMBapHUX MarHieBux cruiaBiB cucremu Mg — Zr — Nd npucnepcHuM rpadiTOBHM HOPOIIKOM.
IMokazaHo, M0 onTUMaibHA mpHcagka Byriemwo y Kimbkocti 0,05...0,1 % chpusie MiABUINECHHIO MEXaHIYHUX
BJIACTHBOCTEH YHACIIIOK MO/APIOHEHHS 3epHa Ta JI0JaTKOBOTO 3MIIIHEHHS CTPYKTYPHHMX CKJIAJIOBHX. 3allpONOHOBAHO
KOMIUJIEKCHUH (iNbTp, SIKMA MICTUTH PIBHI KUIBKOCTI MarHe3uTy, rpadiTy 1 BamHAKy, 110 3a0e3nedye MiJBUIIECHUN
piBeHb padiHyBaHHS pO3IUIABY JUIS OTPHUMAHHS BHCOKOSIKiICHOro JuTTs. [lokaszaHo, 110 3acTOCYBaHHS KOMIUICKCHOTO
ByIJIELIeBMICHOTO (inbTpa 3abe3medye He TinmbKH edekTuBHe padiHyBaHHS CIUIaBy, a W J0JaTKOBE HOro
Mo udixyBanHs. [Ipu IbOMY B CTPYKTYpi CIUIaBY CIIOCTEpPIraeThes MiJBUIICHA KUTBKICTh iHTepMeTanifHol y-dasmu,
oo 3a0e3mnedye IMiJBUIICHHS MIKPOTBEPIOCTI CTPYKTYPHUX CKIAJOBUX CIUIABY 1 CIIPUSAE TMOJIMNIOIEHHIO HOTO
¢i3uko-MexaHIYHUX XapakTepucTuk. Haykoea noeusna. JIoCIimKeHO CTPYKTYpPY Ta BIACTHBOCTI JIUTOTO MarHi€BOTO
cruaBy cuctemu Mg — Zr — Nd npu MoaudikyBaHHI AUCIIEPCHUM TpadiTOBIM MOPOIIKOM Ta (iIbTpalii Horo gepes
ByriienieBMicHi Marepianu. IIpakmuuna 3nauumicms. Po3poOieHa KOMIUIEKCHA TEXHOJOTIS OOpOOKH PpiIKOro
po3IUIaBy MarHi€eBux cruiaBiB cucreMu Mg — Zr — Nd 103BoJisi€e MONIMNIIMTH BHXiJ MPHUIATHOTO JHUTTS Ta
MOKPAITUTH HOTO AKICTh.

KuarouoBi ciioBa: macniceuil cnnas; gyeneyesmicHi mamepianu;, @itempayis; MOOUDIKY8aHHs, papinyeanHs;
MIKDO3EPHO; MEXAHIUHI 61ACMUBOCMI; pAQIHY8aATIbHA MA MOOUPIKYEATbHA 30AMHICMb
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Abstract. Formulation of the problem. Currently, biosoluble materials are widely used for the manufacture of
implants, among which the most promising are magnesium alloys. Magnesium is a natural element of the body. It is
contained in bone and muscle tissue and involved in various metabolic processes. In addition, magnesium and its
biocorrosion products have excellent biocompatibility. The main advantage of magnesium alloys is the positive effect
magnesium has on the human body, but their quality is not satisfactory for use in the human body. Improved refining
and modification processes of liquid melt can increase the properties of magnesium alloys. Purpose of research: to
investigate and test various carbonaceous materials for refining and modifying magnesium melt. Method. Optical
microscopy, application of standard techniques for determining the mechanical properties of magnesium alloy and
special techniques for determining the refining and modifying ability of various carbon-containing materials. Results.
The technology of cast magnesium alloys modification for Mg — Zr — Nd system by dispersed graphite powder is
proposed. It is shown that the optimal carbon additive in the quantity of 0,05...0,1 % improves the mechanical
properties due to grain grinding and additional strengthening of structural components. A complex filter containing
equal quantity of magnesite, graphite and limestone is proposed. It provides an increased level of melt refining to
obtain high quality casting. It is shown that the use of a complex carbon-containing filter provides not only efficient
melt refining, but also its additional modification. In alloy structure the increased quantity of intermetallic y-phase is
observed, that provides increase the microhardness of alloy structural components and promotes increase of its
physical-mechanical characteristics. Scientific novelty. The structure and properties of cast magnesium alloy for
Mg —Zr — Nd system during modification with dispersed graphite powder and its filtration through carbon-containing
materials are investigated. Practical significance. The developed complex technology for processing the liquid melt
of magnesium alloys for the Mg — Zr — Nd system allows to increase the yield of suitable casting and improve its

quality.

Keywords: magnesium alloy; carbonaceous materials; filtration; modification; refining; micrograin;
mechanical properties; refining and modifying ability

Beryn OcHOBHI BHUMOTH 70 MoJu(piKaTopiB

. . . MarHi€BUX CILJIaBiB MCIUYHOTO MIPHU3HAYUCHHA —
Hapa31 JJI4 BHI'OTOBJIICHHA 1MIIJIAHTATIB

. . € MOXJIMBICTH YTBOPIOBATH HEpPO3YMHHI
ITUPOKO 3aCTOCOBYIOTh 010po3UnHHI L . -
. o~ HEHTpH KpucTamizauii, cTaOiIbHUNA — edekT
Marepianm, cepen AKUX HaOLIbII . :
. o N Mou(DiKyBaHHS, HU3bKa BapTICTh,
MEepCIeKTUBHI MarHieBl cruiaBu. l'onoBHa ix . } . . o~
. . Hele(IUUTHICTh 1 HETOKCHYHICTh. HailOinbi
nepeBara — IO3UTHBHMM BIUIMB MarHilo Ha ) .
. .y N MIIXOMAIMNA JUIT 1MX yMOB Byrienp [1],
OpraHi3M JIOAUHU. MarHii — HOpUPOJHUHN

rojOBHA TIlepeBara y BHKOPHCTaHHI SKOTO
nojisirae B HMOro 3JaTHOCTI 3a0pyAHIOBATH
MeTan OKCHJTHUMH BKJIFOYEHHSAMU 1
OPOAYKTaMHM pEakIlii MiJl Yac KOHTaKTy 3
po3mwiasoM [2]. BpaxoByroum, 1o ByrIJens
HEpO3YMHHUI y MarHii [3] Ta WOro 4acTUHKHU
abo kapbimu MOXyTb OyTH JIOJJaTKOBUMH
LEHTPpaMU KpucTaizarii, 3aCTOCYBaHHS
BYTJICLIEBMICHUX MartepialiiB, 30kpema, rpagirty,
mns MonudikyBaHHS ~ MarHi€BHX — CIUIABIiB
0auuTbCsd MEPCHEKTUBHUM HANPSAMKOM IS
HOJIMIIEHHS X SIKOCTI.

Hns 3axucty Ta padiHyBaHHA PiIKOTO
MarHi€BOro CIUIaBy IIMPOKO 3aCTOCOBYIOTh

€JIEMEHT OpraHi3My, MICTUTBCS B KICTKOBIH Ta
M'A30BI TKaHMHaX, Oepe ydacTb y pI3HHUX
oOMiHHMX mporecax. Kpim Ttoro, maruiil i
MPOAYKTH Horo O10KOpO3ii MaroTh BIAMIHHY
010CyMICHICTb.

TexHoorist OTpUMaHHS MarHi€BUX CILIaBiB
BKJIIOYA€ BUIUIABJICHHS CIUIABY B 1HIYKIIHHUX,
ra3oBUX Tie4ax, OOpOOKYy pIJIKOTO pO3IIaBy
¢mocom, 3anuBaHHA  (GoOpM 1 TEpPMIYHY
00poOky. [lomimmieHHs SKOCTI IMIUTAHTATIB 3
MarHi€BMX CINIaBIB Ta  IMIABHINEHHA  iX
MEXaHIYHUX BJIACTUBOCTEH MOXE JOCATaTHCA
crocobom yAOCKOHAJICHHS METO/IiB
MoauGiKyBaHHs Ta padiHyBaHHS PO3IUIABY.
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pi3Hi (uIrOCH, OJTHAK Y IbOMY BHUIIAJIKy BUHHKAE
3arpo3a 3a0pyAHEHHA MeTany ¢arocoM 1
npoayktamu Horo padinyBaHHs [4], 110
BUKIIMKAE MOSBY OCEpeaKiB (hIrocoBOi KOpo3ii 1
3HIDKY€E SKICTh IMIUTaHTATIB. J{JIs mMiIBHINCHHS
iX SIKOCTI 3aCTOCOBYIOTH (PUIBTPALiIO PO3ILIABY
nepen Horo 3aiuMBaHHAM y ¢opmy [5] 13
3aCTOCYBaHHAM MmaTepiais, 3IaTHUX
anacopOyBatu (uroc, HemeTaneBi BKIIOUYCHHS
[6] 1, m10 3a0€3MeuyOTh BUCOKY SIKICTh METATy
Ta IIBUIICHI MEXaHIYHI BJACTUBOCTI [7].

Jlo dinpTpamiitHux mMaTepiayiiB MOCTaBICHI
Taki BUMOTH [8]: MOXKIUBICTH JIETKOTO
OpoOJieHHsT Ta  pPO3CIBYBaHHS,  JOCTaTHS
MEXaHiYHa MIIHICTh, 1HEPTHICTh (UIBTPA a0
XIMIYHOTO CKJIaay CIUIaBy, CTaOUIBHHH e]exT

padinyBaHHS, HU3bKa BapTICTh Ta
HeJeDIMUTHICTD.

Takum BuUMOTraM 3aJOBOJBHSIOTH BAITHSK,
MarHe3uT 1 rpadir, SIK1 IITUPOKO
3aCTOCOBYIOTbCS B MeTanyprii. Y  pasi
B3a€EMOJIII IMX MaTepialiB i3 MarHi€BUM
CIUIAaBOM,  OJHOYAcHO 3  padiHyBaHHSIM
pO3ILIaBYy, MOYJTUBHI npouec 1oro

MouGIKyBaHHS BYTJENEM, IO BXOTUTH 0
CKJaxy matepianiB ¢inbTpa. BoueBuup, pisHi
BYTJICIICBMICHI Marepiaii MaTHUMyTh Pi3HY
padinyBasibHY Ta MoauU(]iKyBadbHYy 3/1aTHICTD,
3YMOBJICHY X XIMIYHUM CKJIaJOM 1 (i3UKO-

xiMiyHUMH ~ BiactuBocTAMH  [9]. Tomy
npaBUIbHUNA BHOIp Matepiany ¢iibTpa, IO
3abe3neuye T1IBUILICHY padiHyBaIbHY

3/IaTHICTh, MaKCHMaJbHE NOJpPiOHEHHS 3€pHa
MeTaly 1, K HACIiJAOK, ITIBUIICHUN KOMIUIEKC
BJIACTMBOCTEH MeTaly, TIOCTAa€ AaKTyaJbHUM
3aBJIAHHIM.

Marepianam i MeTOaM 10CTiTIKEHD

MarsieBuit criaB cucremu Mg — Zr — Nd
(% wmac.: 0,1...0,7 Zn; 0,4...1,0 Zr; 2,2...2,8 Nd,
Mg 3anuII0K ) BUTIIABISUIN B IHAYKIIWHIN eyl

turenpHOTO THIy IIIM-500. PadinyBanns
CIUTaBy MPOBOAWIM B PO3JaBalbHIA Tedi 3
MNOPIIHAM BiOOPOM pO3IUIABYy 1 BBOJIWIN
3pocTaroui PUCATKU JUCTIEPCHOTO
rpagiToBOro mMOpomKy (Mac. dacTtka, %!
99,1 C; 0,9 30mm) dpakuii 0,071 MM, peTenbHO
NepeMillyBaJId 1 3aJIMBajM CTaHJAPTHI 3pa3Ku
U  MEXaHIYHMX  BUIPOOYBaHb.  3pa3Ku
NPOXOJWIN TEPMiuHy OOpOOKy B medax THUILY
bemsB'to Ta IIAII-4M 3a pexumom T6:
HarpiBaua Jo0 540 + 5°C, ButpumKa
15 roawH, OXOJIOJPKCHHS Ha TIOBITpI Ta
crapinnasg 3a 200 + 5 °C, purpumka 8 rojauH,
OXOJIOJIKEHHS Ha TOBITPI.

EdekruBHicTh OUMUILIEHHS pO3ILIaBy
GinpTpalliiHUMU  MaTepiajlaMd  ITOPIBHIOBAIH
crocoOom BU3HAYCHHS XapaKTePUCTHK
MOBEPXHEBOI B3a€EMOJIl y PpI3HUX CHCTEMaXx.
JUis 1bOTO 3aCTOCOBYBAJM METOJ <JI€Kadyoi
kparti» [10]. 3pa3km 31 culaBy CHCTEMU
Mg — Zr — Nd (@ 7,5 mm x 7,5 MM) momirmanu
y rpadiToBHil HarpiBay, sIKHA PO3TAIIIOBYBABCS
B Iedi 13 KBapLUOBOIO CKJa YyCepeauHi
IHIYKTOpa Ha MiAKIAAII 3 MAarHe3UTy, BAITHIKY
ta rpadiry. Bu3HAauanm TOBEPXHEBHI HATSAT
(Gpr.), poboty koresii (Ax), amresii (Aa) Ta
KpaiioBuii kyT 3MouyBaHHs (Kp), a Takox
e(eKTUBHICTb  BHJAJCHHS  BKIIOUEHb 13
posmuiaBy mif yac ioro ¢inerparii (Wes.) [11].

[Ticns po3miaBneHHS Kparli MeTalny Ta
nojanbinoi kpucramizamii (puc. 1) 3aTBepaini
3pa3kd  MeTally  po3pi3ald  HaBmia i
BUTOTOBISUTN TWTihu. MIiKpOCTPYKTYypy MeTary
HAa TIOBEPXHI KOHTAaKTYy «MeTal-TiAKIaIKa»
BUBYAIIM METOAOM ONTHUYHOT MiKPOCKOMIT TicCIist
TpaBieHHs Y 7 % CIUPTOBOMY PO3YHHI a30THOI
KHACIOTH. MIKpOTBEpIICTh METally BH3HAYaIIN
Ha MikpoTBepaoMipi ¢ipmu  «Buehler» 3a
HABaHTAXCHHS 1HJEGHTOpa, IO JIOPIBHIOBAJIO
10r.

Puc.1. Kpanns 3i cnnagy na ocnogi mazuiio niciis kpucmanizayii na epagimositi niokiaoyi
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EdextuBHicts  ¢inbTpamii uepe3  pi3Hi
MaTepialid  JIOCHi/KYBald HAa  MAarHi€eBOMY
crmaBi, micns  padinyBaHHS  ¢urocom  BI-2
(mac. yactka, %: 38..46 MgCl; 32..43 KCI;
8...10 CaClz; 5..9 BaClz; 3.5 CaF).
Ilonepennbo Harpiti 1o Temneparypu 500 °C
Marepianu ¢uibTpa TpanyspHicTio 10...50 Mm
[OYEepProBO  3acCHUMald HA  CITKY  3HIMHOI
JIUTHUKOBOL yarri BUCOTOIO 100 mm,
BCTAHOBJICHOI HaJ| CTOSIKOM JIMBAapHOI (OpMH, 1
3aIMBAIM JIMTI 3pa3kd 3 pOOOYMM JiaMeTpOM
12 Mmm TUTS BU3HAYECHHSI MEXaHIYHUX

BJIACTUBOCTEH Ta MeTaIOrpadigHOrO KOHTPOIIO.
TumuacoBuid omip po3pHBY (6s) 1 BiJIHOCHE

12 MM BU3HauYamM Ha po3puBHINA MammHi PS5 3a

KIMHATHOI ~ TeMmepaTypu.  MIKpOCTPYKTypy
BWIIMBKIB ~ BHBYQJM  METOJIOM  CBITJIOBOI
Mmikpockomii («Neophot 32») Ha TepMi4HO
0o0poONIeHNX  3pa3kax  TICHS  TPaBJICHHS
peakTuBOM, 1O ckiaagaBcss 3 1% a3oTHOI
kucimot, 20% omroBoi  kmcimotd, 19 %

IHACTHIHOBAHOI BoaH, 60 % eTHIIEHIIIIKOIIO.

XiMIYHAA CKJIaJ BWIMBKIB 13 MAar"i€Bux
CIUTaBIB  KOHTPOJIOBAIM 33  JOIMIOMOTOIO
ONTUYHUX eMiCIHHIX CIIEKTPOMETPIB
«SPECTROMAXx» Ta «SPECTROMAXXF»,
¢doroenexktpuunux crnekrpomerpie. MPC-§ ta
TDC-36.

Puc. 2. Mixpocmpykmypa maeniesoeo cniagy nicisi mepmooopooxu (%*350):
a — euxionuti meman, 6 — npucaoxa 0,05 % C; 6 — npucaoka 0,1 % C. ¢ — npucaoka 0,3 % C

Pe3yabTaTn nociigkeHb

JocipkyBamm BILJTUB 3pOCTAOUNX
MPHUCAIOK  ApiOHOAUCIIEPCHOTO TpadiTOBOTO
mopomky (mac. gactka 0.05, 0.1, 0.3%) Ha

CTPYKTYPOYTBOPEHHS Ta MeXaHiuH1
BJIACTUBOCTI MarHi€BOTO CILJIABY.
MikpocTpykTypa CIUIaBy CUCTEMU

Mg - Zr - Nd, BiamuToro 3a CTaHIapTHOIO
TEXHOJIOTI€I0, sBIsa CcOo0OK0  O-TBepIauit
PO34YMH 3 HAasIBHICTIO €BTeKTOiny (0 +7vy (aza)
chepuuHoi POpMH Ta OKPEMHUX 1HTEPMETAIi/IiB
y-dasu (puc. 2, a).

VBeneHHS Ta MiABUILEHHS KOHIIEHTpALii
rpaditoBoro MoaudikaTopa y CIUIaBl CIPHSIIO
3MEHILEHHIO pO3MipiB Ta KIJIBKOCTI
eBTEeKTOIMHMX BHUAUICHb (puc. 2, 6—e). Ilpm
[IOMY BEJMYMHA MIKpO3€pHAa 3MEHIIYBAJIHCS B
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1,5 pa3a, a po3Mipu CTPYKTYpHHUX CKIIaJI0OBUX —
ynBidi (Tabm. 1).

¥YcraHoBIEHO, 10 MIKpPOTBEPIICTh
eBTEKTOITHUX BUAUICHb JIUTOTO CIUIaBy Oyia
3HaYHO BHIIOI0 32 MOKAa3HHUKaMH MaTpPHUYHOTO
O-TBEPIIOTO PO3UMHY. Y TEpPMOOOPOOICHOMY

CIUIaBi criocTepiranocs 301IbIICHHS
MIKpOTBEpJOCTI ~ MaTpulll Ta  3HUKCHHS
TBEPJOCTI E€BTEKTOiqy, IO CBIAYUTH IPO

MIIBUILEHHS OJHOPIAHOCTI TEPMOOOPOOIEHOTO
crutaBy. Ilpucanka Byraemro Big 0,05 go 0,3 %
crpusiia M1JIBUIIEHHIO MIKpOTBEPIOCTI
CTPYKTYpPHHUX CKIagoBux (tabm. 1) 1, sk
HACIZIOK, TMIABUIICHHIO MIIHOCTI  CIUIABY
(Tabm. 2).

MopaudikyBaHHs ~ Mar”i€BOro  CIUIaBY
JNpiOHOMCIIEPCHUM  TPa(iTOBUM  HOPOIIKOM
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(0,05...0,1 %) copusut0 MiABUIIEHHIO HOTO

MiBUIICHHS KUTBKOCTI Momudikaropa, 1o

IUTACTHYHOCTI 3a PaxXyHOK YTBOPCHHSA BBOJUTHCA, CIPUYNHIOBAJIO OCAKC 3HUIKCHHSA
JIOJATKOBUX  IIEHTPIB  KpucTamizamii Ta  (i3MKO-MEXaHIYHUX BIIACTHBOCTEH Marepiaiy
noapiOHeHHs  3epHa  Mertany. llomampmie — (Tadm. 2).
Tabauys 1
Po3Mipu CTPYKTYpPHHUX CKJIA/IOBHX TA iX MIKpPOTBEpAICTh y 3pa3Kax i3 MarHieBoro cnjiaBy
Ipucanka Posui Mikpotsepaicts, HV,
MozmbixaTopa 03MipH CTPYKTYPHHUX CKJIQJIOBUX, MKM MTTa
(C), mMac. yacTka, . ] .
% eBTEKTOIN MIKpO3epHO MaTpus eBTEKTOI
0e3 Mmoud. 60...330 160...280 771,9...899,2 1011,7...11195
0,05 60...240 100...210 984,5...1045,0 1292,8...1387,4
0,1 60...200 80...200 1014,5...1054,3 1296,4...1621,7
0,3 50...180 60...180 1065,3...1268,9 1357,5...1787,7
Tabauys 2
MexaHi4Hi BJIacTHBOCTI 3pa3KiB i3 MarHi€BoOro cijiaBy 3 NpUcaaKoI0 rpa¢iToBoOro NopomKy
n o ©) MexaHi4HI BIaCTHBOCTI
P HcaHI\IZZCM:iIT;;aOTA? pa (&), 0e3 TepMooOpOOKH TTICIIS TEPMOOOPOOKH
) ’ o5, MIa 5, % o5, Mlla 5, %
6e3 Mmoaudikaropa 153 1,9 223 29
0,05 163 2,5 231 4,9
0,1 178 3,1 240 4,8
0,3 173 3,0 236 3,5

Ha miacraBl BUINEBHKIAIEHOTO MOXHA
3a3HAYUTH, MO0 MOAUGIKyBaHHSI MAarHi€BOTO
cruiapy  ByrimeueM g0 0,1 %  cnpusuio
MMABUILEHHI0O WOT0 MEXAHIYHUX BIACTUBOCTEMN
BHACJI/I0K J0JTATKOBOTO 3MIITHEHHS
CTPYKTYpPHHUX CKJIQJIOBUX CIUIaBy Ta
noApiOHeHHs  3epHa. TepmiuHa 00poOKa
CTpUsIa TIiIBUIICHHIO OIHOPITHOCTI CIUIaBY
BHACIIIJIOK TIEPEPO3MOJIITY €JIIEMEHTIB  MIXK
OCSIMH  Ta  MDKOCBOBUMH  TPOCTOpaAMU
JCHAPUTIB, 110 3yMOBIOBAJI0O BHPIBHIOBAHHS
BIACTUBOCTEH  B3/MOBXK  IMepepily  MeTamy.
[Ipucanka y posmnaB Outbiie 0,1 % Byrierro
CIIPUYUHIOBAJIA 3a0pyIHEHHS MeTary
TJTiBKaMU, 30UIBIICHHS] TTOPUCTOCTI MaTepiary
1, SK HACIIJOK, 3MEHIICHHS HOTr0 MeXaHIYHUX

cucreMax: ciiaB — (ubTp, daroc — GuUIBTp,
CIUTaB — BKIIOYCHHSI, (DITFOC — BKJTFOUCHHSI.
AHaii3 pe3yJbTaTiB JIOCHIKEeHb (Tadi. 3)
MoKa3aB, II0 IOBEPXHEBUU HATAT (Gpr) Ha
TpaHMIll CIUIaB — ra3 y CHCTEMax CIUIaB —

KapOoOHATOBa MIJIKJIAJKa Ta CIUIaB — OKCHJT
nepebyBaB Ha piBHi 71...80 MJ[x/M2.
@moc  po3TikaBcs  Ha  KapOOHATHHX

Marepiajgax 1 MpakKTUYHO HE 3MOYYBaB OKCH/IHI,
10 CIIPUYHHSIIO Pi3HI 3HAYSHHS TOBEPXHEBOTO
HaTATY (Gpr) HA MAKJIAJKaX 3 OKCHJIB Ta
kapOoHatiB. Anresist (Aa) Ha TpaHUI PO3ILTY
dmoc — migkmagka 3 CaCOs, MgCOs Ta
rpadity cramosmwna 131, 127 ta 124 M]lx/m?
BIMOBIIHO, 10 y 2...3 pasu Oimblne, HIXK
anresiss Ha TpaHUIl Quroc — MmIKIaaKa 3
OKCHIIB. Y CHCTeMax CIUIaB — IMiJKJIaaKa 3

XapaKTCPHUCTHUK. . o
. Kap60HaTlB Ta CIUIaB — OKCHJ MCHIIHWU KYT
EdextuBHicTh OUMUIIEHHS pO3IIaBy . .
. . 3MOYYyBaHHA 1 BIAIIOBIAHO BCJIHKaA p060Ta
BaITHAKOM, Marg€3uTomM 1 l"pa(blTOM . .
. aaresii orpumani g marepiany 3 CaCOa.
MOP1BHIOBAJIA crocooom BU3HAYCHHS
XapaKTEPUCTHUK TMOBEPXHEBOI B3aeEMOJIi Yy
Tabnuys 3
XapaxkTepuCTHKH OBEPXHEBOI B32€EMO/II MK CIIABOM, (MIIOCOM Ta MaTepiaIoM MiIKJIAN0K (cepeIHi MOKA3HUKH)
. 66 AA KK
Marepian p-r ° AALM]Tx/M? N P
i KH: . M Jx/m? 9, oM/ M Jx/m? M Tx/m?
JuIa cruias/ duroc cruias/ uiroc cruias/ uiroc cruias/ Quroc cruias/ diroc
1 2 3 4 5 6
CaCOs 80/79 128/49 32/131 158/155 -126/-25
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3axinuenns madbauyi 3
1 2 3 4 5 6
MgCQO3 71/78 141/53 17/127 141/156 -125/-31
rpadirt 73/76 155/50 9/124 143/152 -138/-26
SiO; 72/103 131/132 24/35 139/204 -116/-170
Al;03 75/100 138/144 21/20 149/200 -129/-183
MgO 71/102 149/138 12/29 141/203 -130/-174

BKITIOUCHHS, aje OUThIl e()EeKTHBHO — OKCHIU
marHiro (puc. 3, a).
EdextuBHicTh padinyBaHHS XapaKTepH-

PaginyBansHa BiactuBicth Gurocy (Wegn)
XapaKTepU3y€eThCsl pOOOTOIO aAre3ii 0 MeTay.
Mixdaszauii HaTAT (aare3is) Ha TPAHMUIIl CIIIaB . .
— ¢umroc cTaHOBUTH: Gpr. = 79 MJx/M; 0 = 49. 3Y€TRed - CyMapHoIo - CHEPIICIo 3B AKY

AJresis BKIIOYEHb 1O MeTaly cepen (Irocy COp6eHI B .BKmoquH% (Wep.) y cucremt-
cknana mia SiO2, Al20s 1 MgO Biamosigao 140, TBepanit QinbTp (copbeHt) — MeTaneBuit
143 T1a 132 MJlx/M2.  BpaxoByioum, mo posmiaB — Bkir4eHHS (¢uroc). I[loBHOTA

’ BUJIAJICHHS BKJIFOYEHB y po3IIaBi

padinyanbHa BractuBicth  (urocy  (Wegn)
3pOCTa€ 31 3MEHIIIEHHSAM POOOTH ajare3ii, MOKHA
3pOoOUTH BHUCHOBOK, IO (iroc aacopOye 1l

3HWKyBaacs Mg d4ac ¢uibTpamii  Bif
BalHJAKY 10 MarHe3uty Tta rpadity — 279,
259 Ta 250 MJIx/m? Binnosinro (puc. 3, 6).

¥

L4

4

3
2200200000
p &4

6666666

+4

POPVOOPLG PO
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°
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&
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a o

Puc. 3. Paginysanvna 30amuicme ¢rocy do exnouens (a)
ma egpexmusHicme paginyeanms posniasy mamepiaramu Qirempa (6)

I'muOuny B3aemoxii Mix cmiaBoM Ta  Marepian ¢inprpa 3 CaCO3 Ha raubuny
MaTepiajaom dbineTpa ominroBayim 180 MKM, MmO 3HAYHO TEPEBUITYBAJIO [if0
MertanorpadiyHuM aHamizoMm. YcTaHoBuiM, rpadity (10 mm) 1 marHesuty (12 mm)
[0 MarHieBUd po3mjaB TpoHUKaB y  (puc. 4).

a 0 8

Puc. 4. Mikpocmpykmypa epanuyi 63aemo0ii memany 3 pinompom (x500): a — 3 eannaxy; 6 — iz epagimy; 6 — 3 maznesumy
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v MOBEPXHEBIN 30H1 KOHTaKTY
JOCTIUKYBaHUX  Kpamenb 3 MarepiajioMm
HIIKIIaI0K crioctepiranu MiBUIICHY
(mopiBHsSIHO 3  pemTol0 00'eMy  Kparuii)

KUIBKICTh 1HTEPMETAaNi/iB. YCTaHOBJIEHO, IO
O11bLIe IHTepMeTali/liB BHSIBJIEHO B
MOBEPXHEBIH 30HI Kparulli HOpU KOHTAKTI 3
MarHe3uTOBOIO 1 IKJIAAKOIO. Po3mipu
IHTepMETANIAIB  Jocsraid 25 MKM, 1O Yy
3...4 pa3u OinblIe, HXK y KpaIuiax MNPy KOHTAKTI
3 BamHsAkoM Ta rpadirom. BenuumHa
MIKpO3epHa y Marepiaii BCIiX JOCIHIKyBaHHX
Kpamenb TepeOdyBajla Ha  OJHOMY  DiBHI
(Tabm. 4).

MIiKpOTBEpPIICTh O-TBEPAOTO PO3YHMHY B
MOBEPXHEBUX 30HAX Kpareib BCIX BapiaHTIB
Oyna aemo BUINOK, HDK y IeHTpl (Tabm. 5).
ITinBuiena MIKpPOTBEPIICTh MaTpHII,
€BTEKTHUKH Ta IHTEPMETAII/IIB CIIOCTepiraiacs y
MeTali Kpam, OTpUMaHOl Ha MIJKIaAmi 3
MarHe3uTy, IO MIBUIIE 3a BCE IMOB'SI3aHO 3
nporiecaMu  AuQy3ii eIeMEHTIB MiAKIAAKH Y
METAJICBUI PO3ILJIaB.

KinbkicHwmii aHai3 CTPYKTYpPHHUX
CKJIAaIOBHX Yy 3pa3Kax i3 JOCIHiPKyBaHOTO
CIUTaBy TMOKa3aB, IO 3a B3aEMOIl MeTaly 3
MaTepiaJlaMi  MiIKIaJKH yTBOPIOBAIUCS SIK
MOO/IMHOKI 1IHTEPMETAIIIN, TaK 1 IX CKYNYEHHS.
Ix iHmexkc Ta cepemHiii po3Mip 3pocTamy Bif
MarHe3uty Jo rpadity Ta BamHsAKy (Talm. 6).
[Ticns KOHTaKTy MeTaly 3 MaTepialaMu
MIIKIA0K  3MiHIOBajacs  tomorpadis Ta
MOp(}OIIOTist BKIIOYCHD.

QinpTpalis cmjgaBy d4epe3  MAarHesur,
BaHAK Ta rpadit copusia MOMITHOMY
MoAPiOHEHHIO MIKPO3EpHA METaly, OCOOIHMBO Y
pa3i BHUKOPHUCTaHHA KOMIUIEKCHOTO (iibTpa,
10 MICTUTH PiBHI YaCTUHU MarHe3uTy, rpadity
Ta BamHAKYy. MexaHiuHi  BUNPOOyBaHHS
MOKa3aJIH, 110 (dinpTparis po3IUIaBy
MiJBUIIyBada MIIHICHI (6s) 1 miacTudHi (J)
XapaKTepUCTUKU MeTaly. Bumi 3HaueHHs
MEXaHIYHUX BJIACTUBOCTEH Ta  MIUIBHOCTI
OTpUMaHi Ha 3pa3Kax, BHUIOTOBJICHHX 13
3aCTOCYBaHHIM KOMILJIEKCHOTO ¢inpTpa
(33 % Marae3uty + 33 % rpadirty +
+ 33 % Banusky) (Tabmn. 7).

Tabnuysa 4

CrpyKTypHi cKI1210Bi Kpamne/ib po3ILIaBy PH KOHTAKTI 3 PI3HUMH MiIKIaJKAMHU

Marepian I'mubuHa B3aeMOiT, MKM Po3mip Mikpo3epHa, MKM Po3mip y-dazu, Mkm
MiIKTAIKA
BaIlHAK o 180 80...155 2,0..5,0
rpadit Jo 12 80...185 3,0..7,0
MAarHe3uT o 10 75...150 3,0...20,0
Tabnuys 5
MikpoTBepicTb Kpanejib po3iiaBy NPU KOHTAKTI 3 Pi3HUMM MiiK/IaIKaMu
MixkpoTtsepaicts, HV, MlIla
Martepiait miakIagaku ) MaTpUL (6 +y)-baza J-baza
Kpai LEHTD
BaITHAK 860,0...978,5 735,4...934,5 11904...1372,9 2 827,8
rpadit 796.,0...899,1 764,8...795,0 1 228,8...1894,6 2830,8
MarHe3ut 897,1...1174,8 827,0...1 032,3 1229,8...2295,9 2 825,8...5145,0

Tabmuys 6

KinbkicHa oniHka BKJIIOYEHb Y TOCTITHIX 3pa3Kax MArHi€BOro CIUIaBY

OUHUYHI BKIIIOUEHHS

CKyH‘IeHHﬂ BKJIFOUCHb

Marepian piavrpa iHzexc, | cepeaHiit po3Mip d, MKM iHzeKC, | cepeaHiit po3mip d, MKM
MAarHe3uT 0,00708 3,899 0,00143 9,988
rpadit 0,00910 4,495 0,00125 8,912
BaITHAK 0,01180 5,673 0,00274 17,15
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Tabauys 7

®Di3nKko-MexaHiYHi BJIACTUBOCTI TePMOOOPOOIeHUX 3Pa3KiB i3 MarHieBoro cniiaBy
nicJis pi3HUX BapiaHTiB inbTpanii (cepeani 3HaUeHHS)

Bapianr dinepartii Di3uK0-MeXaHiYHi BJACTUBOCTI
65, MIa 3, % (i3uyHAa Ir'ycTHHA, I/cM®
0e3 diapTparii 249,0 34 1,6951
MAarHe3uT 256,0 47 1,6984
rpadir 255,0 4.9 1,6855
BaIHsIK 282,0 57 1,6978
KOMIUIEKCHHN 291,0 6,6 1,7298
T . . Marepiany (MarHe3uT, BamHAK Ta rpadir)
aKUM  9YUHOM, Kpalli  BJIACTHBOCTI .
. 3a0e3nevyBasiocs e(heKTUBHE roro
MarHi€eBOro  CIUIaBy  JOCSTalOThCA  MPHU . )
padinyBanHs. 3acTocyBaHHsA (uIbTpa, IO

¢inpTpanii yepe3 KOMIUIEKCHUN (iIbTp, IO
MICTUTh  BamHSAK, MarHe3utr 1  rpadit.
3acTocyBaHHS KOMIUIEKCHOTO (inbTpa [7] mpu
BUPOOHHUIITBI BWJIMBKIB 3 MarHi€BUX CIUJIaBiB
JI03BOJII€ TIABUINUTU IXHIO SIKICTh, (Di3UKO-
MEXaHIYHl BJIACTUBOCTI Ta MHIABUINUATH BUXII
MPUAATHOTO JIUTTS.

BucHoBxnu

1. TIlpucagku [0 MarHi€BOro CIUIaBy
nucriepcHoro rpadiroBoro nopomiky g0 0,1 %
CIPUSIIOTH 1 IBUIIICHHIO MEXaHIYHUX
BJIACTUBOCTEH MeTally BHACIIOK J10JJaTKOBOTO
3MILIIHEHHS K TBEPJOr0 pO3YMHY, TaK 1
eBTekTOigy. Ilpm  1poMy  3MIHIOIOTBCS
napaMeTpu eBTEKTHYHOTO TIEPEeTBOPEHHS 1
BiIOYBa€ThCA 3MEHIIEHHS €BTEKTOimy O + 7.
Tepmiuna o00poOka crpusie — MiJBUILEHHIO
OMHOPIAHOCTI ~ MeTaly MK  OCIMH 1
MIKOCBOBUMH MPOCTOPAMH JI€HIPUTIB.

2. YCTaHOBIIEHO, IO B Tporeci (impTpartii
MarHi€BOro po3IUIaBy 4Yepe3 BYIJICIIEBMICHI

MICTUTh PiBHI KUIBKOCTI MarHe3uTy, rpadity i
BallHAKY IIiJ] Yac pO3JIMBAaHHSA MarHi€BOTrO
CIUIaBy, 3a0e3medyBajio 3MEHIIEHHS pPO3MIPiB
CTPYKTYpHHX CKJIaJ0oBUX MeTanmy y 1,5 pasa,
MiIBUIYyBajgo #oro wmimHicth Ha 20% 1
IUIACTUYHICTH MailKe BJBIYI.

3. 3’dcoBaHoO, 10 3a B3aEMOJIIi MaTepiamiB
¢inbTpa 3 MarHi€BUM pO3ILJIABOM BiAOyBa€eThCS
eexTuBHE Horo mMoaudikyBaHHs. [Ipu mpomy
B CTPYKTypi  CIUIaBy  CIIOCTEPIra€ThCs
MiJBUIIEHA KUIBKICTh IHTEPMETANIIHOI Y-a3u,
mo 3abe3neyye MiABUIICHHS MIKPOTBEPIOCTI
CTPYKTYpPHHUX CKJIQJOBHUX CIUJIaBy 1 CIIpUSE
M ABUILIEHHIO Horo (bi3UKO-MEXaHIYHUX
XapaKTePUCTHK.

4. 3acTocyBaHHS BYTJCIIEBMICHUX Marte-
piamiB ans MoaudikyBaHHS Ta padiHyBaHHS
CIUTaBiB Ha OCHOBI MarHit0 JAOCUTh €(PEeKTHUBHE
UL IIOBUINEHHS SKOCTI JIMTTA MEIUYHOIO
NpU3HAYeHHs Ta TOJIMIIeHHS #Horo Qi3uko-
MEXaHIYHUX BJIACTHBOCTEH.
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