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PO3POBJIEHHA TEXHONOIIT BArOTOBJIEHHSA KINELb
TOPUEBUX YWINbHEHb BIALUEHTPOBUX HACOCIB
I3 METANNIOKEPAMIYHUX MATEPIANIB HA OCHOBI KAPBIAY XPOMY
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Haeeodeno pesynomamu excnepumeHmanbhux 00caiodicenb wooo OmMpUMAanis KOMNO3UYIUHUX Mamepianie Ol
BUKOPUCMAHHSL Y NAPAX TePMsi MOPYEBUX 2epMemU3amopie i0yeHmposux Hacocis. Po3pobieno mexnonoziio ompu-
MAHHST 3HOCOCMITUKUX MAMepIanié Ha OCHOGI KapOidy XpoMy MemoOOM NpOCOYYBAHHS NONEPeOHbO CEHOPMOBANUX
nopucmux KapOiOHuXx cKelemie po3niasom Mapeanyeso2o Meivxiopy. Bemanosneno mexawniuni ma mpubomexuiumi
Xapakxmepucmuxku OmpuUManux mamepianie.

Kitro4oRi cioBa: KepMeTH, BiIIEHTPOBI HACOCH, TOPIIEBI TepPMETH3aTOPH, MIPOCOUYBaHHS, KapOia XpoMy, Map-
TaHIICBUI MEJIBXiop.

TIpusedennvi pe3yrvmamsl HKCNEPUMEHMATbHBIX UCCICO008AHUL NO NOLYYEHUIO KOMNOZUYUOHHBIX MAMEPUALOs8
0711 UCNONIL306AHUS 8 NAPAX MPEHUsT MOPYEBbIX YIIOMHEHUl YeHmpobedcHblx Hacocos. Paspabomana mexnonozus
HOLYYEeHUSI USHOCOCOUKUX MAMEPUAO8 HA OCHO8e KapOuda Xpoma MemoOoM NPONUMKYU NPped8apumenbHo cqop-
MUPOBAHHBIX NOPUCTIBIX KAPOUOHBIX CKENEMO8 PACHAABOM MAPSAHYEB8020 MeAbXUOPd. YCmano81eHbl MexaHuyeckue

u mpu60mexHutteCKue Xapakmepucmuku noJly4€eHHblX mamepuanos.
KunroueBnlie cioBa: KEPMCETHI, HEHTpOGE)KHHe HAaCOCBbI, TOPILOBLIC I'CPMETU3ATOPLI, ITPOIIUTKA, Kap61/1;[ Xpoma,

Mapl"aHLIEBHﬁ MCJIBXHUODP.

The experimental investigation results of manufacturing composite materials for their future use in friction
couples of the centrifugal pump seal faces were obtained. The technology of producing wear resistant chromium
carbide materials using impregnation of porous carbide frames with manganese cupronickel melt was developed.
Mechanical and tribological properties of obtained composite materials were determined.

Key words: cermets, centrifugal pumps, mechanical seals, impregnation, chromium carbide, manganese cupro-

nickel.

Beryn

Topiesi yuinbHEHHS MHUPOKO 3aCTOCOBYIOTh-
cs y HaTOra30Biii MPOMHUCIOBOCTI ISl TePMETH-
3amii BajiB BIALIEHTPOBUX HacociB. HanmifHIiCTh
pOOOTH TOPIIEBOrO YIIUIBHEHHS € OJHIEIO i3 BH-
3HAaYaJbHUX XapaKTEPUCTUK Mpale3JaTHOCTI Haco-
ca, 3TIIHO 31 32 CTATUCTUYHUMU JaHuMH [1] mpak-
4HO 70 % peMOHTHUX POGIT 3 Bi)Z[HOBHeHHSI npa-
IIE3IATHOCT] BILEHTPOBHMX HACOCIB IOB’SA32HO i3
BUXOJIOM 3 JIaJy YIIUTBHIOIOUHX EIEMEHTIB 3 PsIy
npuanH (puc. 1) Le IPU3BOJUTE [0 BUMYLICHHX
3YNUHOK TEXHOJIOTIYHUX JIHIH 1, K HACIIOK, 3Ha-
YHUX EKOHOMIYHHMX BHTpAT. Kle TOTO, BUTIKAHHS
TIEPEKaTyBaHOTO CEPENOBUIIA 3yMOBJIEHE BTPATOKO
TePMETHYHOCTI  YIIUTbHIOIOUUX EIEMEHTIB, IO
MPHU3BOAUTE 10 3a0pYyAHEHHS HABKOJIHIIHBOTO Ce-
PEIOBHINA Ta, BIANOBIIHO, MOJATKOBUX (DiHAHCO-
BHX BUTpAT, MOB’S3aHKUX 3 YTHIIi3alli€lo HeOe3med-
HUX PEYOBHH. Y HacocaxX NPOBIJHHX BHPOOHHUKIB
NPHUIUISETECS 3HAYHA yBara marepiajiaMm yIIiib-
HIOIOUHX €JIEMEHTIB, TOMY IX BapTiCTh JOCSTae
20 % BapTocTi Hacoca [2].

BusHayaneHEM (akTOpoM, Bij SIKOTO 3aie-
JKATh TPAaE3aTHICTh By3/la TOPLEBOrO YIIilb-
HEHHs € PalliOHaNbHUN MiAbIp MaTepiais yurinb-
HIOKOYHMX PYXOMHX Ta HEPYXOMHX Kineub. OCHOB-
HUMH TUIIAMH MaTepiaiiB JJisi BUTOTOBIICHHS PY-
XOMHX KiJenp [3] €: MeTalieBi CIUTaBH Ta KOHCTPY-
KIIiiiHa KepaMika Ta BOJb()PaMOBi KEPMETH.
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Pucynox 1 — OcHOBHi IpuYMHM BUXOAY 3 Ja1y
TOpPIEBUX repMeTH3ATOPIB

AmnHauni3 cydacHMX MyOJiKallii Ta IOCHTiIKEHb
MOKa3ye, M0 HaHOUIbII MOMIMPEHUMH METAICBUMH
CIUTaBaMH JJIsl BATOTOBJICHHS KiJIelb €:

* cipuii MomudikoBaHMK YaBYH MapKH
Meehanite [4] Ta waByH neroBanuii Ni, Cu ta Cr
MapkH Hipesucr [5];

* CIUIAaBM HAa OCHOBI MIJi: aJIlOMiHIEBI OPOH3HU
Ta MIJJHO-HIKEJIEBI CIUIaBH [6];

* KOpO3iMHOCTIHKi BUCOKOXPOMHCTI CTalli Ma-
pok 95X18T'OCT5632-72 [7] ta AISI316;

* crutaBu cuctemu Cr-W-Co (crenith).

CytTeBa nepeBara BUKOPUCTAHHS KileIb TOP-
LIEBUX YIIUIBHEHD 13 METaJICBUX CILIABIB HacaMIie-
pen, i3 4aByHy, OpOH3M Ta MENbXiOpy TOJSTaE y
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FSRUS
a

KapOil KPEeMHII: a — peaxyitinocneuenutl, 6 — oimooanvhuil [9]
Pucynok 2 — CTpykTtypa kap0iny kpemMHiio

Pucynok 3 — ¥Ycaaka SiC nicias TBepao¢a30Boro cnikanHsi

TOMY, IIIO MPH 3HUKHEHHI PiTUHHOI IUTIBKH Y 30HI
TEPTS Ta MEPEXolly A0 PEKUMY CYXOro TepTs He
CIIOCTEPITa€eThCsl PamnTOBOrO iX BUXOAY 3 Jany
(mpotiec 3HOIIYBaHHsS € MOCTyrnoBuM). Kpim Toro,
YILUIbHIOKOYI METaseBl KiIbLsl XapaKTepU3yiOThCs
BHCOKOIO TETUIONPOBIIHICTIO (OKPIM HEIPIKaBit040i
CTali Ta CTeNiTy) Ta BHCOKOK MiunicTio. Ilpn
LbOMY iX BapTICTh € MOPIBHSHO HU3bKOK. OCHOB-
HUM iX HEJIOJIKOM € HM3bKa CTIHKICTH y cepeno-
BHUIIIAX, sIKi MICTATh a0pa3uBHI YACTUHKH.
Kepamiuni Kinblisi, BUTOTOBJIEH] 13 MaTepiaiB
Ha OCHOBI KapOiny kpemnio (SiC) Ta okeuay amo-
MiHito (Al,O;) TopiieBuX yIliJIbHEHb, HA JaHUN Yac
€ HalOLIbII PO3MOBCIOUKEHUMH 4epe3 iX BHCOKY
3HOCOCTIMKICTb Ta XiMI4HY iHEPTHICTH y Oararbox
arpecuBHUX cepemoBuiax. Kinmbis i3 marepianiB
Ha OCHOBI KapOily KpEeMHII0 € HaHOUIbII yHIBep-
CaJIbHUMH, 3 OIVIAy Ha iX BHCOKY 3HOCOCTIHKICTh
B YMOBAX OJHOYaCHO abpa3sUBHOIO 3HOLIYBAHHs Ta
Il XIMIYHO AKTUBHUX PEYOBWUH (KUCIIOT, JYTIiB i
T.1.). PeakuiiiHocnieuenuit SiC OTPUMYIOTH IUIS-
XOM IPOCOYyBaHHS KpeMHIEM C(OpPMOBaHOI 3aro-
TOBKH 13 cymini rpadity Ta SiC, y pe3ynbrati 4o-
ro BHACJIIOK MPOXOPKEHHS XiMiuHOT peakiii ¢o-
pMyeThCs 0naTKOBUi (BTopuHHME) SiC, sxuii
3B’s13y€e 3epHa nepBuHHOro SiC y Oe3mepepBHiit
kapkac [8]. IIpu oMy, mporec peakiiiHOro CIi-
KaHHS XapaKTepU3YEThCS HE3HAYHOKI YCaJKO0

(<1 %). CtpykTypa OTpUMaHOro MaTepiany xapa-
KTEPHU3YEThCS HASBHICTIO Y MDK3EPHOBOMY IPOC-
TOpl BUIBHOTO KpEeMHIil0 y KutbkocTi 8—-12%
(puc. 2, a). HasiBHICTh BIIBHOTO KPEMHIIO CYTTEBO
BIUIMBAE Ha XIMIUHI BJACTMBOCTI Martepiaiy, OCKi-
JILKY TIPH MTPOXOKEHHI peakilii BUIbHOI0 KPEMHIIO
i3 CepeIoBHILEM, SIKE IEPEKAUYETHCS, yTBOPIOKOTh-
Csl HACKPI3HI KaHaIIM, 3a[I0BHCHI POAYKTaMH pea-
KIii, 1 mapa TepTst BUXOAUTH 3 Jaay. st 30imb-
IIEHHS BMICTy KapOimHoi (asu Ta, BiANOBITHO,
3MEHIIICHHS YaCTKH BUIBHOIO KPEMHIIO Yy CKJIaj
BHXIJHOI IIMXTH BBOAATH YacTHHKHU SiC, sIKI CyT-
TEBO BIIPI3HAIOTHCS 3a po3Mipamu (puc. 2, 0).

SiC, cmedyeHuid y TBepAi (aszi, OTPUMYIOTh
cnikanHsaM 3a temmneparyp 2000-2100 °C 3aroro-
BOK, C()OPMOBAHHUX 13 CyOMIKPOHHMX IOPOIIKIB 3
BHCOKOIO HAJJTMIIIKOBOIO ITOBEPXHEBOIO CHEPII€0
Ta TTMTOMOIO MOBEPXHEIO ~ 45 M’/T, IO Jae MOXK-
JUBICTh OTPUMATH YCAJIKy MpH cIikaHHi 10 23 %
(puc. 3) [10]. st IpHCKOPEHHS MPOLIECY yCAIKH
4aCTO BMKOPUCTOBYIOTh aKTUBYHOYI JIOOABKH BYT-
Jnetto, 6opy Ta alroMiHI Y KibkocTi ~ 1 Mac. %.

CuninifioBanuii Tpadit OTPUMYIOTH METOIOM
PCaKILiifHOr0 MPOCOTYBAHHS IIOPUCTHX IPpad)iTOBUX
3aroTOBOK KpEMHIEM Y 3aXHUCHIil aTtMocdepi 3a Te-
mmepatyp ~ 2000 °C. CTpykTypa OTpUMaHOTO Ma-
Tepially € HemepepBHUM KapkacoM i3 SiC, skuid
MICTUTh BKJIIOUEHHS Byrjiemi Ta rpadity. Taka
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CTpYKTypa (puc. 4) 3abe3neuye OHOYACHO BUCOKI
aHTU(PUKUINAH] BIACTUBOCTI Ta BUCOKY TEILIONPO-
BifHICTb. JlNIss BUIOTOBJICHHS Kilelb TOPLEBUX
YIIUIbHEHb 3aCTOCOBYIOTH CHIIIIIHOBaHi rpadith
Mapok CI'-T (oTpuMaHi MPOCOYyBaHHIM KPEMHIEM
rpadiry mapku [1I'-50), CI'-IT (oTpuMmaHi mpoco-
YyBaHHSM KPEMHIEM TpadiToBOi CTPYKKHU, IOAPI-
OHEeHUX TpadiTOBUX BIIXOMdIB IMOMEPEAHBO ILIAC-
TU(]IKOBaHUX Ta CHOPMOBAHUX 3 BHKOPHUCTAHHSIM
3B’SI3KH 13 IyJIbBEPOAKEITITY).

Pucynok 4 — Ctpykrypa cuiiniiioBanoro
rpadiry [11]

[IpocouyBanusIM rpadiTy CrlaBaMd CHCTEMH
Si-B orpumytots GopocuniuirioBaHi rpaq)lm (map-
ka BCI'-60), siki MOPIBHSAHO 13 CHJIIIIHOBAHUM Tpa-
(bITOM XapaKTepU3YIOThCS HU3BKOIO 3aIUIIKOBOIO
MTOPHUCTICTIO, BUCOKOIO MIIIHICTIO il 4aC CTUCKAH-
HsS Ta TBEPAICTIO, a TAKOXX XOPOIIOK XIMIUYHOIO
CTIHKICTIO (30KpeMa y po3urHaX CipuaHoi, a30THOI,
consiHoi Ta ocopHoi kuciaor). HaitOinpmn yHi-
BEPCAJILHOI0 MapKOI CHIIIIHOBAaHUX KapOimiB, €
Marepial, JErOBaHUH OJATKOBO OKCUIIOM AIlIOMi-
uito (mapka '”AKK 55/40) AKUH XapaKTePU3yEThCsI
BHCOKOIO XIMiYHOIO CTIiMKICTIO Y Psi/li arpeCHMBHHUX
KHCJIOTHUX CEPE/IOBHIIL [12]. Hns minBuuieHHs
SKCIUTyaTalliiHUX XapaKTePUCTUK CHIIIiHOBaHUX
rpadirtiB (30kpemMa TPIIMHOCTIHKOCTI) GopMyBaH-
HSL 3arOTOBOK IPOBOJAMTECS BaKyyMHHMM IPeCy-
BaHHAM [13]. CrisibHAM HENOMIKOM CHITILIHOBAHMX
rpaiTiB € BUCOKA KPUXKICTb, HU3bKA [PUIIPALIBO-
BYBAHICTb, 10 YCKIIAIHIOE 1X KPIiIJICHHS B MeTalie-
BUX obOolMax.

Kinblis i3 MatepialiiB Ha OCHOBI OKCHJIY ajlto-
MIHIIO OTPUMYIOTh (POPMYBaHHSM 3arOTOBOK 3aja-
HOI (DOpMHM NUIAXOM MPECyBaHHS ab0 JIUTTS i
THUCKOM IUTacTU(IKOBAHOI MacH 13 MOPOIIKIB TJIH-
nozemy (ALOs), uncrorow 94 — 99% Ta noxans-
LIOr0 CITIKAaHHS Ha MOBITPi, SKE CYMPOBOKYETHCS
3HAYHOK ycankor (puc. 5). OTpuMaHi y Takui
CIoci0 KUIbI XapaKTePU3YIOThCS BHCOKOIO TBEp-
JICTIO Ta BUKJIFOYHO BHCOKOIO XIMIYHOFO CTIHKICTIO
Y CEpEIOBHII MEePEBaXKHOI OLIBIIOCTI KUCIIOT, JIy-
riB ta ByrieBoaHiB (1o 1800 °C) [14], mo 103BO-
JIi€ BUKOPHCTOBYBATH iX y Hacocax Juis HaToXi-
Mi4HOI nIpoMuciIoBocTi. OHaK, OCHOBHUM (haKTo-
pOM, IO CTpUMYE iX LIMPOKE 3aCTOCYBAHHSL, € HH-
3bKa CTIMKICTb POTH TEPMIYHUX YAapiB, IO BUHH-
KalOTh IPH MEPEXOl y pSKHUM cyxoro tepts [15].

Hitpun xpemuito (SizN4), oTpumanuii MeTo-
JIOM TapsT90To MpecyBaHHs a00 BUCOKOTEMIIepaTy-
PHOTO ra30CcTaTMYHOro yuiiibHeHHs [16], 3actoco-
BYIOTb, 3a3BMYail Ul KUIELb TOPLUEBUX YIIUIbHEHD
CIIEIaNbHOrO MPU3HAYCHHS, 10 AKHX BHCYBAIOTh-
csl BUCOKI BUMOTH IIIOJI0 TPIlIMHOCTIMKOCTI Ta Mi-
ITHOCTI TPU BHUCOKHX IIBUAKOCTSX KOB3aHHS Ta
Temneparypax. Jist xijenp i3 MatepialiiB Ha OCHO-
Bi Si3Ny, SIKi MPaIlOIOTh B 0COOJHUBO BaXKKHX YMO-
BaX, aBTOpu poboru [17] mpononyoTs HAHOCHTH
Ha poboui mnoBepxHi anmaszomonibni DLC
(diamond like coatings) — mOKpuUTTsI, sIKi 3a0e3Ie-
YYIOTh BHCOKY 3HOCOCTIMKICTh 3aBISKH HU3BKOMY
koedimierty Tepts ~ 0,001 (y cepenoBuiii Boan),
IO BUKIMKAHO TMPOXO/KEHHSM TIPOIECIB Ccamo-
3MalllyBaHHs y 30H1 ()PUKIIHHOTO KOHTAKTY.

Kepmemu ma memanoxepamiuni komnozumu

Haii6inpin  po3MoBCIOPKEHUMH  KepMETaMH
JUI. BUTOTOBJIEHHS yIuiJILHIOIOtH/Ix KUIeb II0YU-
Hatoun i3 1960-x pokis € Bonb(hpamoBi TBepAi
cutaeu cucteM WC-Co ta WC-Ni, oTpuMaHi pm-
KO(baSOBI/IM CHiKaHHSIM, KUIBKICTh  METaJIeBOi
3B A3KM y SKMX CTaHOBHTH 6-15 mac. %. Ix BuKo-
PUCTaHHS K TPUOOTEXHIYHUX MaTepiajiiB 3yMOB-
JICHE BUCOKUM MOJIYJIeM IPY>KHOCTI KapOiaHoi da-
3, TBEPIICTIO Ta MIIHICTIO IiJ Yac 3THHAHHS Ta
CTUCKaHHs (HAWBUIIOK CEPEN YCIX BIIOMHX Kep-
METIB), BUCOKOIO TEIUIONPOBIIHICTIO (3aIEKHO BiJ
BMICTY METaJIeBOro KOMIIOHEHTY). Bombdpamosi
TBEPJi CIIaBU palliOHAJIBHO 3aCTOCOBYBATH Y Ia-
pax, Jie IPUCYTHI 3HAYHI MMTOMI HaBaHTAXKCHHS Ta
JIOITYCKAEThCS MMPUCYTHICTh a0pa3MBHHUX YaCTHHOK.

Pucynox 5 — Xapaxkrep ycaaku ALO; micjisi TBep1o¢a3oBoro cnikanHs
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3aranpHa mpobieMa TOIIyKy aHajoriB J0 BO-
TH(PPaMOBUX TBEPIHX CILJIABIB 3AJUINAETHCS Y Jia-
HUH Yac HE BUPINICHOIO, OCKUIBKH, HE 3BAKAIOUH
Ha CBOIO YHIBEPCAIBHICTh, YIIUILHIOOYI KiIbLIS i3
BonbpamoBux TBepAux ciuiasis cucremu WC-Co
MAfOTh PsiJi HEJIOMIKIB, 3yMOBJICHHX HH3BKOIO XiMi-
YHOIO CTIMKICTIO KOOAaJbTy, SKUH PO3YMHSIETHCS
HaBITh y XIMIYHO 4HCTii Boxi [18], BHCOKOIO TyC-
THHOIO MaTepially, [0 YCKIaJHIOE HOro eKcrurya-
Talil0 y BUCOKOWBHKICHUX MApax TEPTsL, & TAKOK
BHCOKOIO BapTICTIO, SIKa MPOTATOM OCTaHHIX POKiB
JTMHAMIYHO 3pocTae (puc. 6), Tomy OUIbII palioHa-
JBHAM € BUKOPHCTaHHS KOMIIO3UTIB HA OCHOBI Ke-
pamiuHHX MaTepiaiiB 3i 3B’S3KaMH Ha OCHOBI KO-
po3iiiHOCTIMKuX crutaBiB. [lpencraBHUKaMH JHC-
MepCiHO-TBEP/IIFOUMX CIUIABIB HA MiJJHIA OCHOBI €,
30kpemMa, cruiaBu cuctemu Cu-Ni-Mn. 3a ganumu
[19] Ha#iOLIBII BHCOKA 3MaTHICTH 10 3MIIIHCHHS
MpH TEPMOOOPOOIIi CrToCTEPiraeThest sl CIIJIaBIB 13
MacoBuM BmictoM Cu — 60 mac. % (pemra Ni Ta
Mn B OTHAKOBUX MPOIOPIiSAX), KPIM TOro HaBele-
HUM CIUIaBaM XapaKTepHa BHCOKa KOpO3iiHa CTili-

KiCTb.
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Pucynoxk 6 — lunamika pocty cBiTOBHX LiH

Ha BOJb(pam

OnHak, CyMICHICTH CIUIaBiB BKa3aHOI CHCTEMH
i3 tyromnaBkumu KapOimamu IV-VI rpymu mepi-
OJIMYHOT CHCTEMH €IEMEHTIB € Ha JaHWW 4ac Mpak-
TUYHO HE BUBYEHOIO, 10 YHEMOXKIJIUBIIIOE PO3PO0-
Ky KOMIIO3MTIB, JIe MapraHiieBi MeIbXiOpH BHKO-
HYIOTh POJIb MATPUYHOI (ha3H.

Mera poboTu. BeraHoBIICHHS XapaKTepy ¢o-
PMyBaHHS CTPYKTYypHHX HapaMeTplB Ta il BILIUB
Ha MEXaHIYHi BJACTHBOCTI Ta PO3po0Ka TEXHOJIOTIi
OTpUMaHHA KIJ'ICIH) TOPUEBUX FepMeTI/I3aT0p1B Bl}l-
ICHTPOBUX HACOCIB METOJIOM MOpPOIIKOBOI MeTa-
JIypTii Ta crIoco0OM MPOCOYYBaHHS MOPUCTUX Kap-
OITHUX KapKaciB.

Martepianu i MeToguka nociaimxkenb. Cepen
METO/IiB TOPOIIKOBOI METanyprii, SKUMH, SIK Mpa-
BUJIO, OTPUMYIOTH 1 METallOKepaMidHi MaTepiaiu
TPUOOTEXHIYHOIO MpPH3HAYCHHS 31 3B’S3KOI0 Ha
OCHOBI MapraHIIeBUX MEJIbX10piB, HAHOLIBII palli-
OHAJIBHO 3aCTOCOBYBATH METOJI IPOCOYYBAHHS T10-
nepeaHbo chOPMOBAHOTO MOPUCTOTO KapKacy po3-
TUTaBOM, 3 OTJISIy Ha HOro nepeBarw Haj Tpajau-
IHHAMH METOJAMH, a caMe :

— MOXKJIUBICTIO BHUTOTOBJICHHSI BHPOOIB CKJIa-
JHOT KOH}Iryparii;

— BIZICYTHICTIO YCaJIKH, 1[0 CYTTEBO CIIPOIIYE
TEXHOJIOT1F0 BUTOTOBJICHHSI BUPOOIB;

— MOXJIUBICTIO BUKOPHCTaHHS SIK METaJeBOl
CKJIAJIOBOI CILIABIB, MOPOIIKH SIKAX HE BUTOTOBJIS-
10Tbesl cepiiino. [Ipu uboMy MeTaneBi KOMIIOHEHTH
MOXyYTb OyTH 3aCTOCOBaHi y BHUITIALI BiIXOAIB,
nuIamy, CTPYKKH 1 T.I1., IO CYTTEBO MiIBUIIYE pe-
HTaOeNBHICTh METONY;

— IPOCTOTOO TEXHOIOT], sika 3a0e3MedyeThCs
BIICYTHICTIO TPYIOMICTKHX Omepauii 3i 3miury-
BaHHS Ta PO3MENIOBAHHS BUXIIHUX KOMIIOHEHTIB, i
BHUKOPHUCTaHHI CTAaHIAPTHOTO MIYHOTO Ta MPECOBO-
ro 00JaTHaHHSI,

— HH3bKOIO TPHBANICTIO MPOLECY, KA IpHU
NPaBUIIbHOMY Mif0OPI KOMIIOHEHTIB 3a0esredye
MaKCHUMallbHO TIOBHE 30€peeHHs iX XIMI4HOTO
CKJIazy, Ta, BIAMOBIIHO, 1 BIACTUBOCTEH.

— HHU3BKHUM BIUIMBOM MIKIJUIMBHUX JOMIIIOK
(Hacamriepen, okcHIHUX (a3), sKi y Imporeci mpo-
XO/KEHHSI ()POHTY pO3ILIaBYy 4Yepe3 MOPUCTE TiIO
MEPEHOCATHCS HA MTOBEPXHIO BUPOOIB Ta y MOJalb-
IIOMY JIETKO BUAAISIOTHCS MEXaHIYHOI 00POOKOIO.

Bubip kap6imHoi ¢a3u s kepMeriB Tpuoo-
TEXHIYHOI'O0 TPU3HAYCHHS 31 3B’SI3KOK0 HA OCHOBI
MaprafieBoro MenbXiopy NpPOBOAMBCS 13 ypaxy-
BaHHSM TaKUX X OCHOBHUX XapaKTEPUCTHUK:

— BHUCOKOT'O PIBHS TBEPJOCTI Ta MOJYJS IMpPY-
JKHOCTI,

— BHCOKOi KOpO3ifHOT CTIMKOCTI Ta XiMIi4HOT
CTabIIbHOCTI;

— BHCOKOI TEIJIONPOBiTHOCTI;

— 3MOYYBaHOCTI CILIAaBOM-3B’SI3KOI0;

— HHM3BKOI BapTOCTI.

[opiBHsBHMIA aHANI3 KapOiaiB, MEPCIIEKTUB-
HUX JUIs BAKOPUCTAHHS K KapOinHoi pasu kepme-
TiB JUIs KUICLb TOPLEBUX YIIUIbHEHb 33 3MOYYBa-
HICTIO MIJUTIO i 3HAYEHHSMH iX MIKPOTBEPAOCTI Ta
TEIUIONPOBIAHOCTI (puc. 7), ToKasye, L0 Haii-
OUIBII BAAJIUM IOEJHAHHSIM HABEICHHMX XapaKTe-
PHUCTHK XapakTepusyeThest kapoin Banazio VC.

OpHak, TOPIBHUIBHUE aHaJli3 BIIHOCHOI Bap-
TOCTI METaJeBUX KOMIIOHEHTIB (i3 ypaxyBaHHIM X
MATOMOT MacH) HaBeIeHUX KapOinHux das (puc. 8)
MoKasye, 10 JUis V BOHA € BHIIOIK MPAKTHYHO Y
3,5 pasu, Hixk qig Cr. Xoya BiTHOCHA BapTIicTh Ti €
HIDKY0I0, HiK Cr IIPakTHYHO y 1Ba pasu KapOimm
TUTaHy HE 3MOYYIOTBCS MIiIIHO0, WO MPAKTUIHO
YHCMOXKIIMBIIIOE OTPUMAHHS MaTepialliB y CHCTEMi
TiC — mapranneBuii MeIbXiop.

TakuMm YMHOM, BUXOISYM i3 TOPIBHSIBHOTO
aHali3y BIAaCTUBOCTEH KapOimHuX (a3, a TaKoxK
CKOHOMIYHHX MIpKyBaHb, OTPUMaHHS KEPMETIiB
JUISl BUTOTOBJICHHS KiJIellb TOPIIEBUX T'ePMETH3aTO-
piB mpoBogmiock Ha ocHOBI cuctemu: CrsC, —
Cu-Ni-Mn. Sk BuXiaHi KapOiaHI KOMIIOHEHTH IS
JOCITIDKeHb BUKOpUCTOBYBanu nopomuiku Cr;C, 3a
TV 14-22-28-90 ta TY 6-09-03-10-75 i3 cepenim
PO3MIpOM YacCTHHOK Bif 6 10 120 MKM.

3pa3ku AN JOCHiPKEHb OTPHMYBAalld METO-
JIOM TIOPOIIIKOBOI MeTajyprii y Takuil crocio: mo-
pouiku Cr;C, pi3HEX ¢pakmiii 3MilTyBaIH y TpaBi-
TaniiiHoMy OapabaHHOMY 3MilryBadi i3 miactudi-
katopoM (5 %-umii po3unH kayuyky CKI-3 I'OCT
14925-79 y 6enzuni bP-1 (TOCT 443-76) npotsrom
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Pucynok 7 — IlopiBHslUIbHA XapaKkTepUCTHKA 3MOYYBaHOCTI Mijii0, MikpoTBepaocTi (A) Ta Tenjio-
NpoBinHocTi (W) KesiKUX Tyromjiapkux kapoiais IV — VI rpynu nepioqu4Hoi cucTeMH eJieMeHTIB

BigHocHa BapTicTh

Pucynok 8 — BignocHa BapTicTh MeTajieBUX
KOMIIOHEHTIB KapOifHux (a3,
nepcrneKTUBHUX VISl 3ACTOCYBAHHS K MaTepia
AJIsl Kijlenlb TOPIEBUX repMeTH3aTopiB

12 roJI. Kinpkicte muacTudikaTopa CTaHOBUJIA
30% Bin 06’emy mopomwky. Ilicns cyminns orpu-
MaHoi CyMilli IPOBOAMNIACK ii TPaHyYIISALIs MUISXOM
MEpeTUpaHHs 4Yepe3 CUTO 13 PO3MIPOM KOMIpKH
1 mm. OTpuMaHi TpaHyIU MPECyBalk y 3arOTOBKU
He00Xi1HOT (hOPMHU METOJIOM OJIHO- Ta JIBOCTOPOH-
HBOT'O XOJIOJJHOTO TMpPECyBaHHS y CTalleBiil mpec-
¢dopmi 3a tucky 300-500 MITa. ChopmoBaHi Ta-
KUM YUHOM 3aroTOBKHU i3 BIIKPHTOIO MOPHCTICTIO
20-40 % mnOMIIAIMCh B QJIYHJIOBI TUIJII 13 HaBaXK-
kamu criasy MHMII (i3 po3paxyHKy Ha 3amoB-
HernHs 100 % mop). Jani npoBoanIochk HarpiBaHHS
3aroToBoK y BakyymHii meui CIIB-1,25/25-U1 no
temnepatypu 1100 °C. Ilpu npoMy mNpoXoauTh
TUTABJICHHS! CIIJIABY Ta 3allOBHEHHS HUM IIOp Kepa-
MIYHOr0 Kapkacy. [licis oXomomKeHHs 10 KIMHAT-
HOI TeMIepaTypH 3pa3ku MOBTOPHO HATPIBAIH JUIS
3a0e3MedyeHHs] MPOXO/PKEHHS TPOLIECiB CTApiHHS.
st OTpUMaHKUX MaTepialliB MPOBOANIOCH BHU3HA-
YeHHs TBepaocTi 3a Bikkepcom Ta koedimieHTta
TEPTS 38 CXEMOIO JIUCK-KOIIOJIKA.

OcHoBHuii Matepian. CTpykTypa oTpUMaHO-
ro Marepiainy mpejcTaBise co0Ow 3epHa KapOin-
HUX (pas, sIKi JOCTaTHBO PIBHOMIPHO PO3MOALICHI y
MeraineBiii MaTpuuHiid ¢asi (puc. 9), 06’eMHa KOH-
LIEHTpAIlil YaCTUHOK TBepzlo'f ¢$asu CTaHOBHUTH
~ 60 06. %. Taka CTPyKTypa BiIHOCHTBCS 10 MaT-
PUYHO-aPMOBAHOTO THITY Ta BIIIOBIA€ MPaBHITY
apmi, mo, y cBOW0 4epry, mnependadac BUCOKHH
PiBEHb 3HOCOCTIIIKOCTi B YMOBaX TEpTsS KOB3aHHSI.

BaxuBUM ~ TEXHOJOTIYHMM  MapaMeTpoM,
KWW BU3HAYAE CTPYKTYPY, Ta BIAMOBIIHO EKCILTY-
aTallifiHi mapaMeTpu MeTaJoKepaMidHHUX MaTepia-
JB, OTPUMaHHX IPOCOYYBAHHSAM, € TPUBAIICTbH
KOHTaKTy PO3ILIaBY i3 KapOigHO (a3or0. Sk Bu-
HO 13 MIKPOCTPYKTYp OTpPUMaHUX MartepiaiiB
(puc. 10), 30UIBLICHHS TPHUBAJIOCTI KOHTAKTY BiA
15 no 45 XB. IPU3BOANUTD A0 MEPEXOAY CTPYKTYPH
13 MATPUYHO-apMOBAHOTO TUITY Y KapKacHui. [1pu-
YHHAMH LBOTO € MOCHICHHs AUQY3iiiHuX mporie-
CiB, SIKi € IPUYMHAMH KOAryJsiiii kKapOiHUX dac-
THHOK, POCTY 3€pHa Ta 3MEHIICHHS IPOIIAPKIB
MeraneBoi ¢a3u. Takuil xapakTep 3MiHH CTPYKTY-
pH HE € CIIPUATIMBUM 3 TO3UIIIT 3a0e3medeHHs 1o-
€JIHaHHS TBEPJAOCTI Ta TEIUIOMPOBIIHOCTI, OCKiJIb-
KM JIUISIHKH TUTACTUYHOI Ta TEIJIONMPOBITHOI MeTa-
JieBoi (ha3u CTaroTh 1307b0BAHUMU.

OcobnuBicTiO po3pobiieHoro Marepiainy €
BJIACTUBICTh JI0 3MII[HEHHS NIISIXOM TapTyBaHHS 3
HACTYIHUM CTapiHHAM. JIJIsg IOCHIIKEHHS IhOTro
NpOLECY 3pa3sKH  HArpiBalM 10  TEMIICPaTypH
600 °C, npu sikiii BuTpuMyBanu nporsrom 0,5 rox.
Jlani ix 0XoNO[KyBaqM y BOJI, HIC/S LBOTO BH-
TpUMYBaIUCh Npu Temnepatypi 450 °C B giama3oni
qacy Big 0 1o 16 TOJL. Bigrak mpoBOIuIIOCs BUMI-
PIOBaHHS TBEPAOCTI MeToAoM Bikepca xapakrep
3MIHU TBEPOCTI 3aJISKHO BiJl TPHBAJIOCTI CTAPIHHS
HaBezieHo Ha (puc. 11). SIk BUAHO 3 pUCYHKY, IIO-
YaTKOBa TBEPJICTh 3pa3KiB, BATPUMAHUX y KOHTa-
KTi i3 po3miaBoM npu 45 XB., IEPEBUILYE TBEP-
JCTh 3pa3KiB, BUTpUMAHUX MpH 15 xB. OHaK, pH
130TepMIYHOMY BUTPHUMYBaHHI y TIPOIECi CTapiHHS
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a) 15 xs; 6) 45 xe

Pucynok 10 — EBoJionisi MikpoCTPpYKTYpH KOMIIO3ULiiiHOT0 MaTepiany
3aJ1€5KHO Bil TPUBAJIOCTI BATPUMKH NPH NPOCOYYBaHHI

3pOCTaHHSI TBEPAOCTI 3pa3ka, KU BUTPHUMYBaBCS
Yy KOHTAKTI 13 pO3IUIaBOM IIPOTIroM 15 XB., Mpoxo-
IATH OUTBII MuHAMIiYHO. TaKuM YHHOM, HOTO TBe-
paicth micist 10 rox TepMooOpoOKH n0CsATaE piBHS
~ 680 Kre/MM”, 1O TEPEBUIIY€E TBEPIICTH 3paska,
BUTPUMAHOTO y KOHTAKTI i3 PO3ILIABOM IPOTSTOM
45 XB. 1 MJJIAaHOTO aHAJOTIYHIN TepMiuHili 00p00-
mi, Ha ~ 50 krc/Mm’. OTKe, NPH BHUTOTOBICHHI
KOMITO3UTIB JIJIsl 3a0€311eUeHHs] BUCOKUX EKCILTya-
TaliiHUX XapaKTEPUCTHK TPUBATICTh OTPUMAaHHS
MOBHHHA OYTH SKOMOT'a MEHIIOKO.

PesynbraTtu TpuOOTEXHIYHUX BUIIPOOOBYBaHb
PO3pO0JICHUX KOMIIO3HUTIB B YMOBax TEPTS KOB3aH-
Hs1 Oe3 3ManryBaHHs (puc. 12) mokasywTh, mo y
nporeci TepTst 31 30LIBIICHHSM TPHBAIIOCT] BHIIPO-
OoByBaHb 10 1 roa Koe(ilieHT TepPTS JIHIKHO
3HIDKYETHCS MPAKTHYHO Y 3 pa3u. OTxe, po3pod-
JIeHI KOMITO3UTH XapaKTEePU3YIOThCsl BHCOKOIO 3]1a-
THICTIO JI0 TIpUTIpAIfoBaHHs. Bka3aHna xapakrepuc-

THKa OCOOJIMBO BXKJIMBA JJIsi POOOTH TOPIICBHX
repMeTH3aTopiB, OCOOJIMBO MiJ 4Yac 3amycKy Ta
3YIUHKHA HACOCHUX arperatiB, OCKLIBKH MPH I[bO-
My BHHHMKAIOTh PIi3Ki CTPUOKH TeMIepaTypH, SIKi
MOXYTh TPU3BECTH [I0 TEPMOPO3TPICKYBAHHS Ma-
TepianiB Kutenb. OCOOMMBO ACKPABO 1€ TPOSBIIS-
€TbCS NPY BHKOPHCTaHHi Kilelb i3 Kepamiku Ha
OCHOBI OKCHJy QJIIOMIHIIO Ta KapOigiB KpEeMHIko.
TakuM 4YHHOM, pO3POOJICHI KOMIIO3UTH MOXKYTh
OyTH 3ampoOIlOHOBAaHI, SK 3aMIHHHKU KepaMIYHHUX
MaTepiaiaiB B yMOBaxX poOOTH, A€ iCHYE PHU3UK BH-
HUKHEHHS cyxoro TepTs. Husbka Temmepatypa
orpuMaHHs kepMmeTiB Cr;C,-MapraHIeBHM MeENbXi-
Op T03BOJISIE HE JIMIIEC BUKOPUCTOBYBATHU iX Y BH-
ISl MOHOJIITHUX MaTepiajiiB, a TAaKOXK HaHOCHUTH
MTOKPUTTS Ha IX OCHOBI METOJOM IIYHOI'O HaIlIaB-
JICHHSI Ha CTaJieBi 3aroToBKu. 1{e 103BoNsiE CYyTTEBO
CKOHOMHUTH MaTepiajM Ta CIPOIIYE TEXHOJOTIO
OTpUMaHHS BUPOOIB.
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Pucynok 11 — 3ane:xnicts koeginieHTa TepTsl Bil TPUBATOCTi BUIPOOOBYBAHHSA
B napi komno3utiB Cr;C, — MHMu 60-20-20 3a Tucky 0,64 MlIla

BpaxoByrouu mpoBeneHi JOCTIIKEHHS, TeX-
HOJIOT'1S TIPOMHUCIIOBOI'O BHT'OTOBJICHHS KiJIellb TO-
pIEBUX TMOBMHHA CKJIAJATUCh 13 TAKHX OCHOBHHX
orepartii:

Cywinnus. [IpoBoauThCS T BUIAICHHS BOJIO-
T'M 13 TIOPOIIKY KapOigy mepen po3MeloM Y cy-
MIHIBHIA madi 3 peryaroBaHHIM TEMIIEPaTypH 10
200 °C. Yac BuTpuMyBaHHS — 6 TOJI.

Poszmentoganns. TlpoBoautscst y BiOpamiiiHo-
My MIIHHI, 110 J]a€ 3MOTY JOCSTTH JUCIEPCHOCTI
nopomiky 1...10 Mmxm. Y BiOpamiiiHui MIMH 3aBaH-
TaXYIOThCS. PO3MOJIBHI Tilla Pa3oM 3 Marepiajiom,
0 NOApiOHIOEThCS. 3alOBHEHHS OapabaHy po3-
MeJIbHUMHU TiUTaMu ckiagae 75-80 %, 06’em mopo-
MKy KapOigy XpoMy HeE MOBHHEH IIepEBHIIYBATH
00’€M TIPOCTOPY MIXK KYJISIMH.

I'panynomempisn. 1lg omnepaiis npu3HayYeHA
JUI. BU3HAUCHHSI TPaHYJIOMETPHYHOTO CKJamy Io-
POLIKY 3 BUKOPHCTAaHHAM KiIacH(iKaliiHuX CUT 3
pisHuMH po3mipamu komipok. ITopourok npociro-
€ThCS Yepe3 CUTa Pi3HUX HOMepiB. [lopomiok, skuit
MPOMIIIOB Yepe3 yci CHTa, HAIXOAUTh Ha OIepallito
JIO3YBaHHS.

Jlozyeanns. Ha nanifi onepaiiii HEOOXiIHO
MPOBECTH 3BAXKYBAHHSA TOPOIIKY KapOigy Xpomy
Ha Barax 3aJiIsl MOXKITUBOCTI TIPOBEJICHHSI HACTYII-
HHUX €TalliB MPOLECY, & TAKOXK 3BaXYBAHHsI HE0O-
XiTHOT KimbkocTi Menbxiopy MHMu 60-20-20,
SIKUIl BUKOPUCTOBYBATUMEThCS TIPU IPOCOUYBaHHI.

3amiwysanns. 3MilllyBad CKJIATAEThCS 3 €M-
HOCTI, 3aKpIIUICHOT MiJ] HaXWUJIOM, MPUBOAUTHCSI B
IO eNeKTponpuBoaoM. [l MpUroTyBaHHS CyMi-
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111, TIOPOIIIOK KapOioy XpoMy 3aCHIIAEThCS 1 mepe-
MilyeTbes 3 IutactudikaropoM (5 % po3UMHOM
Kay4dyKy y OeH3UHi.

IIpecysanns. 3amimany CyMill, TONEPETHBO
MPOCYIIEHY Ha TOBITPi, MPOCIIOIOTH Yepe3 CHTO.
®opMmy sl IPECYBaHHs 30MPAIOTH Ta OYUILYIOTh
BiJl 3IMIIKIB MONEPEIHBOrO MPECYBaHHs. 3aMmi-
LIaHy CyMill UIUIbHO YKJIanaioTh y 3i0pany ¢op-
My, OJaTKOBO YIIUILHIOKTE i 3aKPUBAKOTH KPHILI-
Koro. 3i0pany i yurineHeHy (GopMy BCTaHOBIIOIOTh
y mnpec. IIpecyBanHsi mpoBonsTh mig THckoMm 0,3-
0,5 t/cm’. Tlicns 3usTTa i3 npecy dopMmy Binpasy
pO30MparoTh Ta BUIUTOBXYIOTh 3 HE IPECOBKY.
JIJ1s TIOKpaIIEHH st IKOCTi PECOBKY HEOOXIHO BH-
TPUMYBATH JEIKMH Yac IMix HaBaHTaxeHHsM. [lic-
JIsL BI3yaJIbHOTO OIJISLY CIPECOBAHOTO Matepiany
Ha HAsBHICTh TPIUIMH NPECOBKA MEPENAETHCS HA
HACTYITHUH eTan TEXHOJOTTYHOTO MPOoIecy.

Bioeonka naacmugikamopa ma CRiKaAHHA.
[pecoBka nomimaerbes y mia Tury CHIBJL, micns
Y4Oro BOHA T€PMETU3YETHCS Ta CTBOPIOETHCS BaKy-
yM. Jlnst Bigrouku nerkux gppakuii niuacrudikaro-
pa (6eH3UH) NPECOBKY HArpiBaloTh 10 TEMIIEpaTy-
pu 400 °C BpogoBk | TOAWHM, MICHIS YOTO PI3KO
301IBIIYIOTH TeMiiepatypy a0 1000 °C mis Binros-
KM BaXkuX (Qpakiiii ractudikatopa (Kaydyk).
[Torim BinOyBaeThCs CIIKaHHS 3a TEMIIEPATypH
1150 °C, mo TtpuBae 45 xpuiuH. [licns cnikaHHS
MPOBOAMTHCS BI3yaJbHHUI OTJIA]] HASIBHICTD TPIIIMH
Ta BU3HAUCHHS YCaJIKH.

Hpocouysanns. Crneuenuii  Kapkac KapOixy
XpOMy MOMIIIAETHCS B aTyH/IOBUH THIElb, HA JHI
SKOTO 3aCUIaHO TOPOIIOK JIOKCHAY IHUPKOHIIO.
Bpuxker MHM1u 60-20-20 BcTaHOBIIOETHCS Ha Kap-
kac Cr;C,. Turenp nmoMimaerscs y miv, M4 repme-
THU3YETBHCS Ta CTBOPIOETHCS BakyyM. [Ipomec mpo-
xoauTh 3a Temieparypu 1150 °C npotsrom 15 xB.
[IpocoueHuii Kapkac OXOJIOJDKYEThCS y Tedi 3i
MIBUIKICTIO 0XOJIOKEHH 25 °C/XB.

Tepmoobpobka. Bupid micias croikaHHSA Ta
MPOCOYYBAHHS MIIAA€ThCS TapTyBaHHIO. [apTy-
BaHHS TPOBOJUTHCS BUTPUMYBaHHSIM 32 TeMIlepa-
Typu 600 °C BopomoBx 1 roa, 3 HACTYITHUM OXO-
JIOJDKCHHSAM y Bogi. Ilicis yoro BupiO mimgaeTbes
crapiaHto 3a Temrepatypu 400 °C mpotsrom 16
TOJIVH.

Llnigpysannsa. Ha naniii onepauii uutidyiors
HAYMCTO BHYTpilHIO moBepxHI0. [lIBuUiKicTh
obeprannsa 18 wm/c, rmbuna nutipyBanns 0.01—
0.02 MM, noB3goBxHg momada [ 0.3-0.4 mMm Ha
X1

Honipyséanns. HemnomMUHHICTh  YIILIBHIO-
YHX TIOBEPXOHb KiJIelb HE MOBHHHA TIEPEBHIIYyBATH
0,6-0,9 mxm npu Ra=0.6 mxm. [l yucToBoi 00-
poOKH pOOOYMX MOBEPXOHb BHKOPHCTOBYIOTH JIO-
BeneHHs. Lleil mpoiiec 3BOAUTHCA 10 3TJIaIKyBaH-
Hsl HEPIBHOCTEH MOBEPXOHB 3 JIONTOMOT0I0 adpasu-
BHHX IOPOLIKIB 32 HAABHOCTI 3MallyBaJbHUX pe-
YOBHMH. 3MallyBajlbHa PEIOBUHA YTBOPIOE MK IMO-
BEPXHAMHU NPUTHPAHHS | IUIMTOKO IIAP, HACUIEHUH
abpasuBHuM MatepianoM. ToBUWMHA wapy HE 10-
BHHHA TIEPEBUIIYBATH PO3MIp aGpa3HBy, TOMY It
JIOBEJICHHS! 3aCTOCOBYIOTh HEB’SI3Ki PiIMHH, TaKi 5K
BoJza 1 rac. Bubip Matepiany abpa3uBy HEOOXiIHO
3MIMCHIOBATH, BPaxOBYIOUM TBEPIICTh EIIEMEHTY
nputupanss: Ha/Hv=1,3...1,7, ne Ha — TBepuicTh

abpasuBy, HM — TBepaicTh mMartepiany. BukiHdyBa-
NbHY OOpOOKY 3 METO OfCpXKaHHsS HEOoOXimHOi
HIOPCTKOCTI MOBEPXHI CIIiJ] BAKOHYBaTH JIPiOHO3e-
PHUCTHM MOPONIKOM IPH TIOCTYIIOBOMY 3MEHIIEH-
Hi BEJMYMHH 3€PeH abpasuBy y Mipy NOKPaIICHHS
SIKOCTI IIOBEPXHI JieTali, mo 06pobusieTsest. Kou-
TaKTHUH THCK Ha MOBEpXHIO nosuHeH Oyru 0,03-
0,06 MIla st monepenHpOro NpUTHPAHHS | 0 01-
0 03 MIla mis BUKIHIYBaJIBHOI OOPOOKH. LHBI/I}Z[-
Kicte mepemimenns nperami 0,1-0,0,5 m/c, minBu-
IIICHHS IIBUIKOCTI 1 KOHTAKTHOTO THCKY HeOaXkaHe
4yepe3 HarpiBaHHs JeTali 1 MOXKIUBICTD i1 medop-
Martii.

BucHoBku

Briepiiie BcraHOBJIEHO, IO MTPH MPOCOYYBaHHI
MaprafieBiM MENbXIpOM TMOoNepeHbo chopMoBa-
HUX MMOPUCTUX KapKaciB, BATOTOBIICHHX i3 KapOixy
XpOMY, PO3IJIABOM MapraHIIEBOro MebXiopy ¢o-
pPMyeThCS BHpakeHa rerepod)a3zoBa CTPYKTypa i3
BMICTOM KapOiqHOi ckiamoBoi ~ 60 00. %. Pospo-
OJIeHI KEpMETH XapaKTePU3YIOThCsS BUCOKOIO 31aT-
HICTIO JI0 3MII[HEHHS ITiJ] Yac CTapiHHS 32 PaXyHOK
BUJINICHHsT iHTepMeTaninnux ¢a3. [lokazano, mio
30UTBIIEHHS. TPUBAIOCTI TMPOIECY MPOCOYYBAHHS
NPU3BOAUTE [0 CYTTEBOrO 30UIBLICHHS PO3MIpiB
KapOifHUX 3€peH 32 paxyHOK ix koarymsuii. Ilpu
LbOMY MaTepian YacTKOBO BTPAYalOTh 31aTHICTH
JI0 3MIITHEHHSI.

Po3pobiieHo TPOMHUCIIOBY TEXHOJOTiI0 BHUTO-
TOBJICHHSI KiJellb TOPIEBUX YINUIBHEHb BIIIECHT-
POBHX HACOCIB.

VY nopanbmux JOCTIHKEHHIX MEPCIIEKTUBHUM
€ TIOIIYK 1HIINX KapOiIHUX (a3 Al BUTOTOBIICHHS
MOPHUCTUX KapkaciB Ta (abo) iX MOeAHAHHS JUIS
OTPUMAaHHS KEPMETiB, SKi B yMOBaX MEXaHIYHHX Ta
(PUKIIAHIX HABAaHTAXKCHD MOETHYIOTh MEXaHI3MH
JIMCTIEPCHOTO Ta JIUCTIEPCIHHOrO 3MIIIHEHHS.
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