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XepcoHcKull HAYUOHAIbHBIU MEXHUYeCKUL YHUBepCUMem

MexaHomiazMeHHasi 00pad0TKA — MpUMe P UCII0JIb30BaAHUS
HAHOMATEPHAJIA HA NPAKTHKE

Ocobennocmy  MeXAHONAASMEHHOU 00pAOOMKU 3aKIIOYAemcss 6 MOM, YmO Mamepuan nepeo
Je38ueM UHCMPYMEHmMA, KOMOpslll NOOLEHCUM CHAMUIO, npuodpemaem 8 npoyecce pe3anusi HU3uue
Mexanuyeckue Xapakmepucmuriy, Yem Ha4aivhoi obpabamvieaemviii memann. Iloomomy paboma,
KOMOpPYI0 Heo6X00UMO 3ampamums 01 00pA306AHUS CMPYICKU 3HAYUMENbHO MeHble, YeM npu

0ObIUHOT MEXHOLO2UU.
Kniouesvte cnosa: aggexm;  popmoobpaszosanue;

mepmooupysuonnoe Hacvlujenue; XUMUKO-mepmuieckas oopadbomka.

NAA3MEHHbL 68000p00;  NOAUMEDDL,

HeoOxomMMOCTh HENPEPHIBHOTO OOHOBJICHUS TEXHOJIOTHH B CBS3M C HOBBIMH YCJIOXKHSAIOIIMMUCS 3aauyaMHu,
KOTOpBIC CTAaBHUT IIepeJ]l HayKOH IPaKThKa, TpeOYIOT HE TOJIBKO CHCTEMHOH paboThl HaJ NOJy4EeHHEM HOBBIX
MaTepHaloB C HEOOXOAMMBIMHM CBOHCTBAMH, HO M Pa3pabOTKy HOBBIX IOAXOJOB K CO3JaHUIO TEXHOJOTHH HMX
o6pabotkn. Cpem TakMX IOAX0ZI0B K pPa3pabOTKe MHHOBAIMOHHBIX CHOCO0OB MOBBIMICHHS 3((eKTMBHOCTH
(dbopmooOpazoBaHus JAeTallel MAIMH MOKHO BBIJCIHMTE CIIOCO0 MeXaHOIUIa3MeHHO#M 06pabotku (MITIO) [1].

dopmooOpazoBaHue JeTaliell 0 ATOMY CIOCO0Y NMPOU3BOJUTCS MyTeM OTACICHHS MaTepHasia OT 3arOTOBKH
B pe3yJIbTaTe COBMECTHOTO BO3ACHCTBHS Ha METAUI MEXaHUYECKOH SHEPIUMH M IUIA3MBl - PAJUKAIbHO aKTHBHBIX
YacTHI[ BOJIOPOJA, OOJANAIONINX ITOJIOKUTSIBHEIM SJEKTpHYecKUM 3apsgoM. CoracHO TpeIoKeHHOTO
MexaHu3Ma, i 0o0pa3oBaHMs B 30HE paspylICHHMs IUIA3MEHHOro 3¢ ¢dekra B CMa30YHO-OXIAKIAIOIINE
texaonorndeckue cpeactBa (COTC) mOMOJHUTENHLHO BBOJAT ToJmMep, Hampumep 1.5% mnommdtuiena. Ilox
BIMSTHAEM TEIUIOBBIX, JJICKTPHYCCKUX M MATHHTHBIX MOJIeH, KOTOpBIE B CHCTEME "CTaHOK-TIPHCIOCOOJICHHE -
HHCTPYMEHT - JeTajs" SBJIOTCA ITOCTOSIHHBIM CIyTHHKOM paspyIIeHHs, oOpasyeTcss MOHH3UPOBAaHHBIA Ta3
OOBIYHO TIpEACTABILIONIMHA CcO0OH CMech TpeX COPTOB YACTHI[ JJEKTPOHOB, OJHOKPATHO 3apsDKCHHBIX
MTOJIOXKHUTETFHBIX HOHOB M HEHTPAIbHBIX MOJICKYJ B3aMMOJCHCTBHE OOpa30BaBIIETOCS PajlKabHO AKTHBHOTO
HaHOMaTepuaia C peaJIbHOW CTPYKTypOH TBEpIOTO Tella CIocOOCTBYeT oOlerdeHnto aedopManuu U
paspymennio. OrTcioga cieayeT BBIBOA HMEIOMUII OTPOMHOE MPAKTHYECKOE 3HAYCHHE: NI PaJuKaIbHOTO
noBeimeHns ¢ ¢dexmBHOocTHn COTC mpucagku K HHM  ClIeAyeT HCKaTh CpPEId  BBICOKOMOJICKYJIIPHBIX
COCJIMHECHUH, AIOINX B IIEMH XMMHUYECKUX MPEBPALICHUI B 30HE pe3aHus OOJbIIyI0 KOHIECHTIPAIUIO aKTHBHBIX
¢dbopm Bogopoa u yriepoaal2].

Ha ocHoBe 3tux pexoMenaanuii 6s1mu paspabdotansl coctaBbl COTC HOBOTO HOKOJEHHUS, KOTOPBIE YCIIEIIHO
NPUMEHSJIMCh B PA3IMYHBIX TEXHOJOTHMYECKHX Mpolieccax o0pabOTKH TBEpIbIX Tel B Pa3IMYHBIX OTPACIIX
npombinuieHHOCTH[3]. Cepuiinoe mpomsBoactBo pasmumuabix COTC, obecrneynBarOUMX MEXaHOIUIA3MCHHYTO
00paboTKy MeTamia B TEUEHUH HECKOJBKHX JIET IPOBOIWIM Npeanpusatus Ykpaunsl U benopyccun: Kamysxckoe

IO «XnopBunwn», J[poroOsrueckuii HedTenepepabaTeiBaromuii 3aBon, HIIO «Macmay, JIbBoBckuit
He(pTenepepabaTeiBaromuii 3aBo 1 HoBOMONOLKUI XUMKOMOMHAT.
Hmxe npuBeeHBI HEKOTOPHIC PE3yJIbTAThl MEXaHOIUIA3MEHHOH 00pabOoTKH.
1. ®opmoobpazoBaHue AeTalell TOCPEICTBOM yJaJeHHsI C 3arOTOBKU CJIOSl MeTalia.
Tabauya 1
Texnonozuueckas s¢pgpexmusnocmo MIIO pezanuem no cpasneHuo ¢ 00bIYHOU 06PAOOMKOU
Omnepanus O06p abarbIBaeMbIit Mapxka D¢ heKTUBHOCTD IIpumeuanue
Martep uai MHCTPYMEHTA | MOBBIIIEHHE y 1y YlIeHHe Ka-
JILHOTO CTOMKOCTH gectBa 00paboOTKH
Marep nana nacTpyMenTa | (0%, CHIDKCHHUS
ap ameTpa
nrepoxoBaroctu Ra)
1 2 3 4 5 6
CaepieHue Cranu: Brictpopexy [Ipy  noBblLIEHHH
1as CTajlb CKOPOCTH  pe3aHus
12X13T°18]1 To xe 2,0—3,0 70 Ha 20% croiikocTh
X18H10 —«— 2,0—3,0 70 MCTAJIOP EXY IIEro
12X18H10T —«— 3,0—4,0 80 HHCTPY MCHTa HC
10X 14I'14H4T —«— 5,0—7,0 be3 n3menenus H3MCHUIIACE,
X 14T 14H3T —— 30—40 To xe 3aTpayuBaeMas
XBCI' —«— 3,3—6,0 e MOILHOCTb Ha
J0X2HIMA —— 2,0 —— obpabotiy
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40X —— 2,5 —«— YMEHpLIMIACh  Ha
10X14I'14H6T —— 5,8 —— 15—20 %
Cranu 45, 20, 10 Brictpopexy- | mo 7,0 —— Pesxxumbl 06paboTkH
mas craib HHTEHCU() UK OBAH
38X2H10JI To xe 2,0—2,7 50 bl Ha 25—55%
Crainb 35 —— 1,3—15 be3 u3menenus
2X 131 —— 1,25 To xe
2XBII —«— 2,4 50 CkopocTb  pe3aHus
2X1311 —«— 1,58 be3 mmeneHns noskIeHa Ha 25 %
DU-893 —«— 1,36 To xe
15XTIM @I —— 1,6 50
20XTHTP —«— 15 Be3 m3menenmst
X14H17 —— 2,5 To xe
Pe3p60- Craib 20 To xe 1,0 To xe CKopocTh  pe3aHus
Hap e3aHHe X14T'14H3T —— 4,0—5,0 —— HOBEINIEHa Ha 26%
10X 14T"14H4T —— 2,6—3,0 —— Ilpy  moBbIICHAN
12X13T°18]] —— 2,6—3,0 50 pSXHUMOB P e3aHUA
X18HI0OT —a— 40—5,0 be3 m3MeHeHns Ha 20% croiikocTh
X13H10T —— 2,0—3,0 50 HE M3MCHUITACh
Cranb 45 —«— 15 Be3 n3meHenus
Crans 50 —«— 1,27 To xe
Cranp aBTOMaTHAsA —_— 1,48—2,0 —_—
Craip 40 —«— 15—21 ——
Crans 25]1 —— 1,0 —— WuTeHcndukanms
P ©XKIMOB
o00paboTku Ha 28 %
Touenne X24H12CJI TBep aplit 2,5 be3 m3menenust M omHOCTh
CILIaB Y MEHbIIINIIACH Ha
15-20%
12X13T18]] BKS8 2,0-3,0 To xe
38X2HI10A To xe 2,0 50
Touenue 20X2H4A To xe 3,0-4,0
X14H7 —«— 2,0
35X Brictpopexy 2,0 CKopocTh  pe3aHus
yMmeHnblleHa Ha 30-
40%
25]1 Iiast CTajib 1,0
Ddpeseposan | 325J14H12CJT To xe 3,0-40 70
ne 12X13 —— 2,0-3,0
12X18H9T —— 20-25
X14 —— 2,0-3,0
X18H10T —— 40
X8HI10T —— 2,0-25 be3 u3meneHus Bo3MoKHOCTE
MHTECHCH( UK AN
pexmma o0paboTku
Ha 25 — 50%
40X13 —— 3,0-4,0 To xe
20X13 —— 4,0-5,0 ——
V8A —— 25-40 ——
XBI' —«— 40-5,0 —«—
95X18 —— 10 6,0 —— CKOpOCTh  pe3aHus
noBbIlIeHa Ha 24%
Al2 —— 40-5,0 ——

W3 Bcero ckasaHHOIO CIEAyeT, YTO pPe3yJbTaThl M3y4YeHHUS OoOpa3oBaHMs IJIa3MeHHOro 3(d¢ekra B 30HE
pa3pyLICHUs] U €ro BIMSHHS HAa MPOIECCH AeopManun U pa3pyLICHUs, a TAKKE JaHHBIC UCIOJIb30BAHUS €r0 B
MPOMBIIIJIEHHOCTH SIBJIIIOTCS TOCTATOYHO OOHAICIKUBAIOIIMMHU Il TOTO, YTOOBI

paccMaTpuBaTh MEXaHOIUIA3MEHHYI0 00paboTKy (opMooOpa3oBaHHs AeTajeldl pe3aHHEM, HE TOJBKO Kak
0COOBI BEICOKOTIPOU3BOIUTEIILHBIA U SKOHOMHUYECKH

BBITOJIHBIN €IIOCO0 00pabOTKH MeTauia, HO U Kak 3¢ () eKTUBHBIN crIOCO0 yIpaBIeHHUs YKCIUTyaTallHOHHBIM U
CBOMCTBAMHU JCTaJICH.
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Tabauya 2
Texnonozuueckas sgppexmusnocmv MIIO npu wnuposanuu cmanu 30XT'CA
COTC u ee KOHIIEHTp aLyst CroliKoCTh KpyTa [lep oxoBa- Koaddpuument
MHH. % TOCTh nuig) OBaHHs

00p aboTaHHOM o o0seMy
HOBEP XHOCTH
R, MkM

Cunrernueckue COTC

3% - wo1it pactBOop AkBon — 10 M 3,4 68 0,90 59

5% - woIit pactBOop AkBOon — 10 M 3.4 68 0,90 59

3% - HBIit pacTBOp AKBOT — 12 12,3 246 0,55 133

oy cunrernmyeckue COTC

3%-nb1i1 AkBOu -11 43 86 1,06 63

10%-ub1it AxBou -11 2,8 56 1,1 60

Omy nibcnonssie COTC

3%-Hast sMyIbcnst YKkpuHona - 1 * 5,0 100 1,05 66

3%-nas smy bcnst Kapambona -1 12,5 250 0,66 200

2%-nast mucniepcust KoHieHtpara 11IBX | 28,5 570 0,6 187,6

B YKpuHose-1

* Baszosas COTC

2. ®opmoobpazoBaHue AeTallell MyTeM 00paboTKH MeTalula JaBICHUEM.

BrIBOZ 1O pe3yibTaTaM HCCIEIOBaHUA O TOM, YTO KOHTAKTHBIC B3aWMOJCHCTBHS IUTA3MEHHBIX IIPOJIYKTOB C
peaNbHON CTPYKTypoil MeTamia obierdaror mporecc AedhopManiy, Jan OCHOBAHUS VI MCHOJIB30BAHMS 3TOTO
3 dekra B TexHosorun 06paboTku MetamwioB maBierreM (OMJI). B cBs3u ¢ 3TiM ObuM pa3paboOTaHbl COCTABBI
COTC c¢ mobaBkamu moimMMepa, KOTOpPHIE OOECIEeYMBAIOT IPOSBICHHE B 30HE KOHTAKTAa Ae(OPMHPYEMOTO
Martepuana ¢ OKpy»xarwuieil cpenoit cnabo moHnzupoBaHHOTO ra3al4]. He BbI3bIBacT COMHEHHSI, YTO MEXaHU3M
aKTUBAlMM HCXOJHOW Cpempl B JAaHHOM Cilydae OTIMYaeTcss OT MeXaHm3Ma Ipu pesaHud. OmHako
9KCIEPUMEHTAIIFHO JOKAa3aHHBIN (haKT MPHUCYTCTBHA BOojOpoaa B MeTaimie rocie OMJI, cBHAETENBCTBYET O TOM,
9TO0 BOJOpPOJ MMPYHIMpPYET B 0OpabaTeIBaeMbIi MaTepras B MPOTOHHOM COCTOSHHH. J[uccormanus Boaopona,
BEPOSATHO, MPOUCXOJMNIA HA KATAIMTHYECKH AKTUBHBIX ITOBEPXHOCTAX, 0OPa3yIOIUXCS B XOJE MEXaHHYECKOTO
mponecca.bem  pa3zpaGoTaHBl cOCTaBBl I TPYOONPOKATHEIX U TPYOOBOJOUYMIBHBIX TEXHOJIOTHYECKHX
MPOIIECCOB MPOM3BOJCTBA XOJOJHOJC(POPMHUPOBAHHBIX TPYO, JHMCTOBON MPOKATKHM, OCOOEHHO VISl MPOKATKH
TOHKOTO JIICTa M3 TPYAHOAE(HOPMHUPOBAHHEIX CTalel, XOJIOAHON IITAMIIOBKH, BBITSKKE, 00BEMHON IITAMIIOBKH,
BOJIOUEHHIO U Jp. D()PEKTUBHOCT NPEWIOKEHHBIX COCTABOB OLIEHHMBAJACh HA PA3IMYHBIX JaOOPATOPHBIX U
NpOMBINUICHHBIX cTaHax [1,5]. Hinke npuBenensl HekoTOpBhIe pe3yibratel (Puc.l — 8)
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Puc. 2. 3aeucumocmo yoenvroti cunvl mpenusi (R)
Puc. 1. 3asucumocmo kod3gppuyuenma koHmaxkmHuozo om cmenenu 06xcamus () cm.10 6 cuazkax:
mpenus (1) om cmenenu obacamus(d) cm.10 6 cmasrkax: 1-RS-160 (®PI); 2 — « Tubanor A6» (Ppakyus);

1 —macno H, —12; 2 — nanomosoe macno; 3 —1 % 31 % pacmeop nonumepa 6 macie UC-12;
pacmesop noaumepa 6 UC-12.
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Puc. 3. 3asucumocmov kodpguyuenma xonmaxmuoeo
mpenust (1) om cmenenu 06xcamus(d) cm.10 6 cmaskax:
1-RS-160 (®PI), 2 — «Tubanor A6» (@Ppanyus);

3 — nanvmogoe macno;

4 -1 % pacmsop nonumepos UC-12

25¢ !
N
as |
3.
4 + ¥— ' 375
L3 7 20

Puc. 5. 3agucumocmo xosgpuyuenma KoHmaxkmuozo
mpenus(l) om cmenenu obocamus(d) cm. X18HIOT ¢
emaskax: 1 — «Bumonud 47y (®OPI); 2 — «JIybponaxcy
(Ppanyus), 3 — «Kacmpon» (OPT); 4 — nanvmosoe
macno; 5 — xnopnapagunvl,
6 — 1% noaumepos ¢ macae UC-12.

Puc. 7. 3asucumocms ocesoeo ycurus(P) npu
X0n00HoU npokamke mpyo uz cm. 10 na cmane
XIIT-55 om eenuyunvl 1uHelino2o cmeujeHus

sazomosku(l) 6 cmaskax: 1 — 1% noaumepa 6 macne UC-

12 (6e3 npedsapumenvrozo ¢ocamuoeo nokpvimus,
2 —macno UC-12, mvino + npedsapumensvhoe
docpamnoe noxpvimue.

Puc. 4. 3aéucumocmso yoenvnotl cunvt mpenus(R) om
cmenenu o6acamus(d) cm. XISHIOT ¢ cmaskax:

1 — «Bumoauo 47» (DPI); 2 — «Jlybpunaxcy
(Opanyus); 3 — «Kacmpony (OPI); 4 — narvmosoe
macno; 5 — xropnapagumbi;

6 — 1% noaumepa ¢ macne UC-12.

Puc. 6. 3asucumocms paouanvrozo ycunus(P) npu
Xonoonou npokamke mpy6 uz cm.10 na cmane XIT —
55 om eenuyunpl aunetino2o cmewenus 3acomosxu(l) 6
cemaskax: 1 — 1% nonumepa 6 macne UC-12 (be3
npeosapumenbHo2o Goc@amnozo noKpvlmus),

2 — macno UC-12, mvino+npedsapumenvhoe
gocamnoe nokpwimue.

TR =11

2R 4w

Puc.8. Ilpogunozpammor aucma uz cm.10,
U320MOBIEHHO20 C NPUMEHeHUeM
nanbmosoeo macaa (1)

u 1% nonumepa 6 macne UC-12(2)
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Takum o00pa3oM, MpeACTaBICHHBbIE JaHHbIE CBUACTENLCTBYIOT O BbICOKOH s dextuBHOCTH MIIO
BEIpAKAIOMICHCS B CHW)KCHHH YHEProsaTpar Ha mpolecc o0pabOTKH, 3HAYHTCIEHOM COKPAIICHHH KOJIHMYECTBA
omepanMii B TEXHOJOTHYECKOM IIMKIE IPOM3BOJACTBA  XOJOAHOASHOPMHUPYEMBIX TpyO, MOBBINICHUU
MIPOU3BOMTEIFHOCTH INPOKATHOTO OOOPYNOBaHHS, a TaKKe IMOBBIIICHHH HAICKHOCTH W JIOJITOBCYHOCTH €ro0
paboThl, YIy4YOICHWH KadecTBa M3TOTOBIIEMBIX Tpy0 w® Jmcta. Beicokas »ddexmnBHOocTE MIIO
IIPOJICM OHCTPHPOBAHA TAKXKE W HA IPYTUX TEXHOJOTHYECKUX OIEpaIHsix 00paboTKH MeTaa JaBICHHEM.

Ilpu OMJI, kornga cCTeNeHb IUIACTHIHOCTH MeETalla ompeaessieT ee¢ 3()QPEeKTHBHOCTh, WM BOOOIIE
BO3MOYKHOCTh OCYIIECTBICHHS TEXHOJOTHYECKOTO TIIpollecca, TepMHYECKas aKTUBAalUs, CHIDKas YpPOBCHb
MEXaHHYECKOTO BO3ICHCTBHS Ha MeETalule IpH KOTOPOM HACTyHaeT BHAMMAas IDIacTHUecKas nedopmarius,
noBeImaeT 3¢ PEKTMBHOCTL Bcero mpoliecca. Ha mpaktuke, 3TO CBOHCTBO MaTepHaia JIeTJI0O B OCHOBY HIHPOKO
H3BECTHOTO crocoba ropsaedi oOpaboOTKM MeTamia JaBlieHHEM. 37ech TeMIepaTypa K oOpabaTsiBaeMoMy
MaTepually TOJBOJHUTCA OT BHEIIHETO HCTOYHHKA. B HameM ciydae MCTOYHHK TEIUIOBBIICICHHUS HAaXOJUTCS
BHYTpH MaTepHana, Kak pe3yJbTaT B3aUMOJCHCTBHS C HHM IIPOTOHA BOJOpoja. VIMEHHO molTOMY
pa3paboTaHHBIE TEXHOJOTHYECKHE CpPEJICTBA HAa OCHOBE BBICOKOMOJICKYJSIPHBIX COCIMHEHHH, KOTHa B 30HE
00paboTku oOpa3yeTcsi BBICOKas KOHIEHTpAUUs HOHH3HPOBAHHOTO BOJOPOJA, OTIMYAIOTCS OT OOBIYHBIX
croco60B 00paboTku nopasutesbHOM 3¢ dextuBHOCTRIO [1, 2].

3. Tepmom Gy3HOHHOE HACKIIICHUE CTANCH.

AHamM3 KUHETHYECKUX U TePMOJUHAMHUYECKUX IapaMeTpOB MPOLECCOB NAECTPYKIHUH MOJMMEpPOB MOKa3all,
4T0 TpU Temmeparypax Tepmogectpykiuu (TJ]), COOTBETCTBYIOIIMX TeMIIepaTypaM XHMHKO -TepMHUYIECKOMN
obpabotku (XTO) 800-1000 °C, nomkHbl HaOMOAATBCS BBICOKME CKOPOCTH OOpa30BaHUs YIJIEBOIOPOIHOM
ra3oBoi CMeCH, COCTOSIEH M3 yIiepoJa U BOJOPOJAa B aTOMapHOW W APYrol akTuBHOW ¢Gopme ( paauKalbl,
HOHBI, HOH-pagukansl ). [Tockonbky 3¢ dexmBHOCTs XTO METa/UIOB 3aBUCUT OT KOHIIEHTPALUMH HACHIIIAIOIIEr0o
3JIEMEHTa, HAXOSIICTOCsS B aKTMBHOW (opMe, TO B MOJMMEPCOJACPKALIMX CPEeaxX CleayeT 0KUAATh OoJbIeit
HHTeHCH()MKAIUK HACHIIICHUS Y€M B HU3KOMOJICKYJSIPHBIX KapOropusatopax [6].

JeitctButensHo, npu T/l moaMMepHO# COCTABISIONIEH Cpel B TeMIlepaTypHO -BpeMeHHO# obnacty (1-3 MuH,
500-1000°C) HemoCpeACTBEHHO Ha TOBEPXHOCTH MeTa/lla BO3HHUKAET TMOBBIMICHHAS  KOHIICHTPAIUS
PEaKIMOHHOCIIOCOOHBIX paJUKAIBHBIX IMPOIYKTOB, AaKTHBHO B3aMMOJCHCTBYIONIMX C IOBEPXHOCTHIO C
BBIJICTICHIEM AaTOMOB HACBHIOIAIONIMX SJEMEHTOB. DTO O0O0YCIABIMBACT BBICOKYIO CKOPOCTb HACBHINICHUS B
HaYaJbHBIA Tepuo] o0pabOTKM M BCero mpoiiecca B IejoM. TakuM 00pa3oM Ioyarajiock, 4YTo MOJUMEpHBIE
MaTepHasbl MOTYT HAaWTH MIMPOKOE TNPUMEHEHHE i1 MHTeHCH(HKarmu TepMo M (y3HOHHOTO HACHIIICHUSI
CTaled pasIMIHBIMU 3JeMEHTaMHu (YTIepOoJOM, a30ToM, KpEeMHHEM H Ap.) U3 NeCTpYKTHpylomux mpu XTO
AKTUBHBIX TIOJIMMEPCOCPIKAIINX COCTABOB, YTO MOXET OO0ECIeYHTh IIOJNyYeHHE IOKPBITHH C BBICOKUMH
IKCIUTyaTAl[HOHHBIMU Xapaktepuctukamu [7,8].

v TT
L

.z

T
@ ze 40 a0
t,c

Puc. 9. 3asucumocms ckopocmu u30KoHYeHmpayuoHHol o6aacmu mepmooud@yzuonnozo nacviujenust (V)
cmanu 45 om epemenu obpabomru (t) 6 1%-neix pacmeopax noaucmupona 6 moayone (1), norucmupona 6
xnopbenzone (2), nacmoobpasnoil komnosuyuu Ha ocrnose I1BX (3), noaumemunimemaxpuiama @ Xaopoensoe
(4), noausununxiopuoa 6 xnopboenzone (5), moayone (6).

VI3 naHHBIX MpENCTABICHHBIX HAa pUC. 9 BHAHO, YTO HACHIIICHHE CTANM YINIEPOIOM, KaK M3 PacTBOPOB
MOJIMMEPOB, TaK M U3 IACTOOOpasHbIX KapOIOPU3aTOPOB IO3BOJSAET JOCTUTHYTh BBICOKHX CKOPOCTEH
neMmentanmu  (V=0,256 M/c), Torma Kak Wu3BecTHbIe, HaubOojee 3¢ (eKTUBHbIE KapOIOPHU3aTOPbI HE MOTYT
obecrnieunth ckopocTs HackimeHus Boime 0,064 m/c. IlodydeHHBIE pe3ybTaThl CBUACTEIHCTBYIOT TAKXKE O TOM,
YTO BBICOKAs CKOPOCTh HACHIMICHHS SIBIICTCS CIEACTBHEM TEPMOJICCTPYKIUH IMOJMMEPOB BXOIINX B COCTAB
HaChIIAIOUIEH BaHHBI, ITOCKOJILKY B OTCYTCTBUE IOJMMEpPa CKOPOCTb HACBILIEHMS U3 YTJIEPOICOIEPIKALIMX
pacTBOpHTENeH 3HAYUTENBHO HIDKE (KpuBas 1).

Tak, HanpuMmep, MpU LUEMEHTALMH B TeUEHHE | MHUH W3 pacTBOPOB MOJMCTHpOJa B Tosyosie mpu 900°C
HaCBIIIEHHe JocTUrasio rIyOomHel 0,6 MM, TOTZa Kak W3 PacTBOPUTEI TPU TeX JK€ YCIOBUAX (TOIyod,
x1opben3on) — 0,1 MM, a 13 0OOBIYHO PUMEHAEMBIX B TIPOMBIIUICHHOCTH XHUJKUX U TBEPIBIX KapOOpHU3aTOPOB —
70 1 MM B TedeHue 5-6 9, IpH UCTIOJIB30BAHMH K€ TOKOB BBICOKOI acToThl — NryOuHbI | MM 3a 10-15 MuH.
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OOmiee conepxkaHue yriepoma B oOpasuax u3 cramm CB-08, oGpabotanHbix B 1%-HOM pacTBOpe
noJMcTUpoia B TosnyoJie npu 870°C B Teuenue 1 muH, coctamsier 1,03 macc. % npu ucxomnom 0,136 macce. %.

XapakTepHOH OCOOCHHOCTRIO MOJMMEPCOJEPIKAINX KapOIOPHU3aTOPOB SBIETCS TAKKEe M TO, YTO B
pe3yibTaTe HACHILCHHS W TOCICAYIONECH 3aKalKh IOCTUTAeTCs BBICOKAS MHUKPOTBEPAOCTH ITOBEPXHOCTHOI'O
cnost obpasna (Puc. 10). DTo MOXHO, HO-BHIMMOMY, OOBSICHUTh CICIUPUIHOCTRIO CTPYKTYypPHI YIIPOYHESHHOTO
ciosi, popMupyroIerocss B mporecce NEMEHTAMA U JabHeHmeit TepMmooopaboTkn. MIyIbCHBIN HAarpeB JIo
TEeMIIepaTyp BBIIIE TeMIepaTypbl ()a30BBIX MPEBpPAlIeHHH MeTalla W OJHOBPEMEHHOE BO3JICHCTBHE
HMITYJIbCHBIX JIABICHHH (ra30B M MapoB, BOSHUKAIOIIUX IIPU TSPMOICCTPYKIUH ITOJMMEPHBIX KapOIOpH3aTOPOB)
C TOCIeAYIONMM OXIKICHHEM OKa3bIBACT CYIIECTBEHHOE BIHMSHHEC Ha (DHU3HKO-XMMHYECKHE IIPOIIECCH
B3aMMOJICHCTBHS MeTaa ¢ KapOropnu3aTopoM U 00pa3oBaHKE CIICIMDHICCKUX CTPYKTYDP.

20

T T T
(o} 0,2 04 0,6 h, mv

Puc. 10. Usmenenue muxpomsepoocmu (Hu) no cevenuro obpasya (h) cmanu Ce-08 nocie yemenmayuu 6
1%-rom pacmeope nonucmupona 8 monyone 8 meuerue 1 Mun npu memnepamypax

800°C (1), 870°C (2), 900°C (3).

CormacHO  [aHHBIM  PCHITEHOBCKOTO  aHaim3a, (a30BBIMH  COCTABIIIONIMMH  ITOBEPXHOCTHOTO
T Py3MOHHOTO CJIOSI TOCJE IEMCHTAllMH U TepMOOOpPaOOTKU SBISIETCS MApTCHCHT, ayCTCHHT U KapOubl
xenesa (FesC, FeC) [7].

Hanbonee mmpoxoe pacupocTpaHeHHe H SKOHOMHYECKYIO IesiecoobpasHo cte XTO B mommMepcoaeprkammx
COCTaBax MOXET HalTH 11 yNPOYHEHHWS MHCTPYMEHTAJIBHBIX cTajeil. Hampumep, neMeHTanms cBepi U3 CTaJH
P6M5 B Teuenme 20c mpm 900°C obecmeumBama HacweimeHHe Ha Dnyoumry 0,06MM ©  yBelmueHne
MUKpPOTBEPJOCTU MOBEPXHOCTHOIO c0sA ¢ 95Mma no 115MIla.

Pe3ynpTatel MccIeIOBaHMS MPOIECCOB HU3KO- M BBICOKOTEMIIEPATyPHOTO MNAHUPOBAHUS CBEPJI U METIHUKOB
n3 craim POMS B cocTaBax Ha OCHOBE BOJHBIX PAacTBOPOB MONMAKPIIIAMHIA U MOYEBHHO -()OpMabACTUAHBIX
CMOJI TIOATBEPKAAIOT BO3MOXKHOCTE 00pabOTKM HMHCTPYMEHTa CO CKOPOCThIO, B 10-20 pa3 Gomblrel ckopocTi
LMaHUPOBaHMs B 0OBIYHO MPUMEHIEMbIX B IPOMBILIICHHOCTH cpeax (1adi. 3).

Tabauya 3
Cpena ;l"eMnepaIypa, Bpemsi, Mux gﬁzzp?OHHoro cIosl, MuipoTsep-nocts*,
LIMaHUPOBaHUs C MM Mima
560 1 0,030 103
Tosmaxpuam 560 5 0,045 103
800 0,25 0,040 103
800 0,50 0,060 110
MoueBuHO- 560 1 0,020 103
¢dbopmanbaeruaHas 560 5 0,040 110
cMoJa 800 0,25 0,040 118
800 0,50 0,060 110,5

*MI/IK]i)OTBepLLOCTL 1o 06paboTku cooTBeTcTBOBaAAa 85—95 MIla.

Tak, ecnu MpU HUCIOJB30BAHUU TOJUMMEPHBIX cOCcTaBOB B TeueHue 5 MuH mpu 500°C u 0,5mun npu 800°C
JIOCTUTaeTCsl HachllleHHe Ha DiIyOuHy cootBetctBeHHO 0,04 m 0,06MM, TO mHpH KUAKOM I[IMAHHUPOBAHHH B
COJITHBIX BaHHAaX HackimeHne mnpu 560°C 3a 24 gocturaet riyounsl 0,045MM, a NMpPU HHUTPOIEMEHTALMH B
TpudTaHosamube npu 850°C 3a lu — nHa myOuny 0,080MM. Ilpu 3TOM HM3HOCOCTOHWKOCTH CBepJl IMOCHe
OUaHUPOBaHMs Bo3pactaeT B 1,5-2,5 paza. B Hacrosimee BpeMs yCTaHOBJICHBI ONTUMaibHbIE pexuMbl XTO,
pa3paboTaHBl TEXHOJOTHYECKHE COCTABHI I LEMEHTAllMM, LHHAHWPOBAHUS W KapOOCWIMIHPOBAHUS CTAJCH.
Taxum 00pazoM, MPOJEMOHCTPHPOBAaHA BO3MOXXHOCTh M TMEPCICKTUBHOCTh XHMMHKO -TEPMHUYECKOH 00paboTKu
CTalleii B TOJMMEpCOJCpXKAIIMX COCTaBax. B 3ToM ciydae BBICOKYyI0 J((EKTHBHOCTh, KA4EeCTBO U
TEXHOJIOTUIHOCTh TPOIECCOB HACBHIMCHUS CTACH YIIepoJOoM, a30TOM, KPEeMHHEM W JIPYTHMHU JJICMEHTAMH,
BXOJMIIMMHU B COCTAB ITOJIMMEPHBIX KOMITO3UIIHA, 00ECIIeTNBAIOT MPOIECCH B3AMMOICHCTBISI HOHU3UPOBAHHOTO
BOJIOPOJA C HACHIMIAEMbIM METAIIOM.
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Cepis: Texniuni Hayxku

4. BypeHue ropHBIX HOPO/]] BEICOKOH KaTETOPHU TBEPAOCTH.

Ilpn OypeHHMHM TOPHBIX MOPOJ BBICOKMX KAaTErOPUH TBEPIOCTH, OCOOCHHO B pa3BEJOYHOM I€OJIOTHYECKOM
OypeHUH, HCIONB3YIOTCS TIIIMHHUCTBIC PAacTBOPHI, KOTOPHIE 3ajMBAalOTCi B CKBaKHMHY. OCHOBHOE Ha3HaueHHE
TAKHX TEXHOJIOTHYECKHX COCTABOB — IOBBICUTH HM3HOCOCTOHKOCTh MHCTPYMEHTa M CHHU3HUTH JHEPIeTHUECKHUE
3aTpaTel Ha TEXHOJOTHYSCKHH mporecc. [lokasatenb H3HOCOCTOHKOCTH pexymiero OypoBOTO HHCTpYMEHTa
3HAYHTEJHFHO IOBBIMIACTCS B IICHE C YBEIMYEHHEM TIIyOHHBI CKBa)KMHBI, IOCKOJBKY M3HOCHBIIHICS HHCTPYMEHT
HEOOXOMMMO 3aMEHHTh, I YEer0o HaJ0 BBINOJHUTH YPE3BBIYAHHO TPYyAOSMKHH Ipoliecc — IOAbeMa U3
CKBaKHHBI OYPOBOI KOJOHHHI.

Ecmn rmyOwHa CKBaKMHBI MCYHUCIIOTCS HECKOJBKHMMH KIJIOMETPAaMH, TO C TAaKOi ITyOWMHBI WHCTPYMEHT
HEOOXOIMMO TIOJHATH HA MIOBEPXHOCTh, 3aMEHHUTh €T0, a 3aTeM OIyCTUTh Ha IITyOnHY.

Brimm mipoBeieHBI IPOMBINUICHHBIE MCTIBITAHUS OypPOBBIX PACTBOPOB C MOJMMEpHOI no0aBKoi B ONeBCKOH
re0JIOTUYECKOM MapTHH NPH BBIIOJHEHHN T€0JI0TOpa3BeouHbIX 0ypoBbIX paboT B JKutomupckoi 00:1[9)].

K xoHmentpaty OypoBOTO pacTBOpa, NPEACTABISIONIEMY cO00I BOJHYIO 3MYJBCHIO TyIPOHOB, IOCIE
CTalM OMBUICHHSA TyApoHOB mpubaBmum 43% BomHyo mucnepcuro nomBuHWxIopuga(IIBX) mapxu E-62 B
TAKOM KOJIMUECTBE, YTOOBI MOCie pa30aBieHUs MOJyYEHHOTO KOHIIEHTpaTa BOJOH MOJy4YuTh OypOBOMH pacTBop,
cojepkamieil 4 BECOBBIX MpoOIeHTa cMecHu ryapoHoB, 0,45% BecoBbix [IBX, octampHOEe — Boma. Jucmepcus
IIBX, pasbaBmsuiack BOAOH 40 KOHHIEHTpauuu mucnepcHod ¢assl 0,3-0,4 BECOBBIX IPOIEHTA, YTO MO3BAILLIIO
oJy4aTh IpH TAKUX KOHIEHTPAIMAX TEXHOJOTMYECKOe CpPEeACTBO, obnajaromee  JOCTATOYHON
CEIMMEHTALIMOHHON U arperaTuBHON yCTOWYHUBOCTBIO.

OddextuBHOCTE OypPOBOrO pacTBOpa ¢ MpUMEHeHHeM A00aBKu BoJHON mucnepcun [IBX oneHHBagoch B
cpaBHeHMH C 3] deKkTuBHOCTEI0O OypoBoro pactBopa u3 cMmecu ryapoHoB (OCI) mo pesyiabrataM OypeHHs
rpanntoB  X-XIlI kateropuii TBepmoctn. bypenume npoBomuioch Ha OypoBbiX craHkax tuma 3UD-650M  (
OypoBoii nHacoc-HI'P 250/50, mauta-MPVYI'V-2, ¢ mpumeHenueM aiMasHbIX KopoHoK Ttuma 15AWM3T 200,
JUaMeTPOM S9MM).

Ilpy npuMeHeHWM CTaIbHONH OYpWIBHOW KOJOHHBI auaMeTpoM S50MM CKOpPOCTb BpalleHHs pOTOpa
coctaBisia 78000/MuH, a NPU NPUMEHEHHH TIIAJKOCTBOJBHON KOJIOHHBI M3 JIETKOCIUIABHBIX OYpPHIBHBEIX TPYO
mametpoM 50MM - 106006/MuH. OceBast Harpy3ka npu 0ypenun pasasuiach 800—1000 xr.

B Tabmure 4, 5 1 6 npencTaBieHbl CpeaHUE pe3ysbTaThl paboThl Ha 5 OypOBBIX ycTaHOBKaX. Kak BuaHO U3
MIOJyYEHHBIX JaHHBIX NPUCYTCTBHE IIOJIMMEPHOII KOMIIOHEHTH! B PacTBOPE MO3BOJISIET CYLIECTBEHHO MOBBICHTDH
H3HOCOCTOMKOCTh alMasHBIX KOPOHOK, CHH3UTh JHEpPro3aTpaTtsl Ha Iporecc OypeHHs IpH CYHIICCTBEHHOM
MTOBBIIICHUU CKOPOCTH Oyperus[9].

IomydeHHBIE MaHHBIE CBHICTENLCTBYIOT O TOM, 4To B Oymymem, MIIO mact BO3MOXXHOCTh C BBICOKOM
3( P EeKTHBHOCTRIO OCYIIECTBINTh OypeHHE TBEPABIX MOPO.

Pe3ynpTaThl MPOMBINUICHHBIX UCTIBITaHUH OypeHus ropHeIx mopox X —XII xateropuit tBeproctn

A.Yucno 06opoTtoB OypoBoro nHCTpYMeHTa 780 00/MuH; ) aMa3HON KOPOHKH — SOMM.

Tabauya 4
Ne | Tlokazateqn OypeHus ocr MIIO
1 CpelHuil yAeIbHBIA pacxoj MOITHOCTH KBT-uac/m 5,42 2,77
2 | MexaHndeckasi CKOPOCTh OypeHHs M/4ac 2,49 2,98
3 | lpoxonka Ha KOPOHKY, M 25 32
4 VYaenpHBIH pacxXoa aiMa3oB, KapaT/Mm 0,78 0,61
b. Yncno o6opoTtoB 6ypoBoro uHctpyMenta — 1060 06/MuH; @ anmMa3HbIX KOPOHOK — 46MM
Tabruya 5
Ne | TMokazatemu OypeHust ocr MIIO
Cpenauii yaenpHBIH pacxoJ MOIIHOCTH KBTuac/m 9,06 8,13
IIpoxoaka Ha KOPOHKY, M 9,7 17,2
CTCeHIOBBIC HCIBITAHUS
Tabauya 6
Ne | Tlokasatemu OypeHHA ocr MO
0,45 % 075% |1%
1 Cpemmsist MexaHHYIeCcKass CKOPOCTb CM/MUH 1,980 1,640 2,360 2,180
2 Cpennsis motpebsieMasi MOIIHOCTb, KBT 0,860 0,680 0,760 0,75
3 Cpenssis ynenbHas pacxo[Has MOIIHOCTh, KBruac/m | 0,725 0,693 0,538 0,574
4 H3HOC KOPpOHOK, MM 0,590 0,018 0,046 0,021
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