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Benopycckuii HayuoHanbHblll mexHUYecKui yHugepcumen

BBICOKONIPOYHYIO  IPOBOJIOKY M3  CTald
12X18H10T ¢ nmpenenom npousoctd g0 1500 MIla
HOJTYy4Yal0T XOJIOJHBIM BOJIOYEHHEM KAaTaHKU C
cymmapabiM ofkatuem 80...90 %. IIpu sToM umc-
JI0 IEPEXOZIOB BOJIOYCHUSI MOXKET JocTurath 18...20.

Bricokue 5HEprocuioBble IMapaMeTpsl BOJIOYE-
HHUS TaKUX CTajed CONPOBOXAAIOTCSA HAJMIIAHUEM
MaTepHalia Ha HHCTPYMEHT BBHIY HeOIarompusr-
HBIX YCJIOBUM CKOJIB)KCHHS KOHTAKTHBIX NOBEpX-
HOCTEH B 30HE TPEHHUs. DTO IPHBOAUT K OOPHIBHO-
CTH TIPOBOJIOKH TIPH BOJIOYEHHH ¥ IOBBIIICHHOMY
M3HOCY HHCTpYMeHTa. AKTyaJabHOH mpobnemMoit
BOJIOYHJIBHOTO TIPOHU3BOJICTBA SIBIIAETCS CHIDKCHHE
BPEJIHBIX IIOCJICACTBUH YCIOBHH TPEHHS: NOBPEXK-
JICHUE IOBEPXHOCTH IPOTATMBAEMOTO METajlla U
HU3HOC HHCTPYMEHTA.

TpamuuuoHHO MCXOJHAS 3arOTOBKAa IEpe] BO-
JIOYCHUEM NPOXOJUT TIIATCILHYIO IPEIBAPHTEIb-
HYIO NOATOTOBKY, KOTOpas 3aKII0YaeTcs B IPOBE-
JI€HUH DPa3yNpOdHSIOIIEN TepMHUIecKod oOpabort-
KM, YJaJCHHM OKAJIMHBI U IOATOTOBKE IIOBEpPX-
HOCTH JUi 3aKPEIUICHHS M YICP)KaHHA Ha HeH
CMa3Kd B IIPOIECCE BOJIOYCHHUS. DTH IIpeIBapu-
TEJbHBIE Ollepanmuu 00ecIeunuBalOT HOPMAIBHOE
BBITIOJIHEHHE IUIACTHYCCKOM AedopManuu B GpHiIb-
epe, CHocoOCTBYIOT MONYYEHHIO BBICOKOKAYECT-
BEHHOM HOBEPXHOCTU H3JEJIUS, YMEHBIIAIOT YCH-
7M€ BOJIOYCHHUS U CHIDKAIOT W3HOC BOJOYHILHOTO
MHCTpyMeHTa [1].

Ilenpio mccneoBaHUM, NPHBEICHHBIX B JIaH-
HOH paboTe, fABIACTCH HM3YYCHHE BO3MOXKHOCTH
OPUMEHEHUsI  JJIEKTPOIUTHO-IUIa3MEHHOH  00pa-
6orkn (OI10) MOBEPXHOCTH AyCTEHUTHBIX CTaTEH
KaK BCIIOMOTaTEIbHOW ONEPAIllMH IIPHU MPOHM3BOI-
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CTBE 0COOOHArapTOBaHHOH NMPOBONIOKHU. [IpHMere-
HHe OIIO HampaBiCHO HAa CHIKCHHE TPYIOCMK(-
CTH IIpolecca MOATOTOBKH MaTepHaia K BOJOUE-
HHIO, a Takke Ha obecmedeHHe OE3BpEIHOCTH
npouecca ¢ TOYKH 3peHHA 3KO0IOorHu. Kpome Toro,
ucnons3osanue OIIO0 Mexny mnepexomaMu Ipi
BOJIOYEHHH MOXXET OBITh HAIpaBICHO HA YMCHb:
HICHHE YHCIIa IIPOXO/IOB U CHUKCHHUE HAIIPSDKCHIS
BOJIOYEHHS, TIOBBIICHHE pecypca paboThl HHCTDY-
MEHTa, yMEHbIICHHE OOpPBIBHOCTH IPOBOJIOKY,
yaydnieHue  (U3HKO-MEXaHHYECKHX XapaKTepH-
CTHK MaTepHaa.

Hccnenoanue npoBoauan Ha oOpasuax c wuc-
XOJIHBIM IMAMETPOM 4 MM U3 CTallH ayCTEHHTHOI
wiacca 12X18H10T mocie 3akanku mpu Temmeps
type 1150 °C ¢ oxnaxnenueMm B Boje. Tpu 06pas-
11 II0/IBEPTalld BOJIOYECHHUIO HA LETTHOM BOJIOYMIL-
HOM CTaHEe C CyMMapHBIMH CTEHCHAMH OOXXaTis
22 % (3a omuH nipoxoxn), 37 % (3a aBa mpoxona) i
44 % (3a Tpu mpoxoza). B kayecTBe TEXHOIOIHYE-
CKOM CMa3KH MCIIOJIb30BAJI HATPHEBOE MBLUIO.

B npouecce BonmoveHus HabmoOxanoch 3Hadl-
TeIbHOE Je()OpPMALMOHHOE YNPOYHEHHE CTAIH.
[Ipenen npounocTy Bo3poc B 2...2,5 pas3a npH He-
xoHoM 3Ha4eHHH 590 MIla. DkciepuMeHTabHo-
PacyeTHLIM METONOM OIpe/ie/ieHa TUHEHHAS 3aBi-
CHMOCTb IIpe/ieia NMPOYHOCTH CTAIM OT CTEMeH:
cymMMapHOH AedopMaluu. YIOpPOYHEHHE OOBACHS
€TCsl OPUEHTALMEH 3epHa BJIOIb JUHHH CKOJbKE-
HMA M 3aTPyJHCHHEM NBHXKCHHWS THCIOKALMH Ha
IPaHHUIAX 3¢PEH B CTPYKTYPHBIX HEOJHOPOIHOCTAX
U HecopeplIeHCTBaX. CTPyKTypHBIH aHalm3, Bb-
IOJTHEHHBI Ha CBETOBOM MuKpockome MeF-
¢bupmbr Reichert, Taroke mokasam, 4To C POCTOM
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cTeneHu JehopMalMu B CTPYKType CTaliH MOBBI-
maercs cojepkanue MapreHcura (puc. 1). Beico-
KOTErMpOBaHHAas CTaldb AayCTEHMTHOIO Kjacca
12X18H10T — HeycTOH4UBBIH B CTPYKTYPHOM OT-
HOLICHUM cruiaB. HeyCTOMYHMBOCTH CTPYKTYPHI
obbAcHAeTCS rNaBHBIM 00pazoM ¢a3oBBIMH IIpe-
BPAILlCHUAMM, NPOHCXOAAIMMH @pPH IUIaCTHYE-
ckoH aedopMaluH, B pe3ysibTaTe KOTOPOW aycTe-
HUT 3aKAJICHHOTO CIUIaBa IPEBPAILAeTCs B MAPTEH-
cur. Ilpu sTOM CTpyKTypa HAe(hOPMHPOBAHHOTO
dyCTEHHTA Haclielyercsi o0pa3ylolluMcs MapTeH-
CHTOM.
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Puc. 1. Pacnipenenerne MUKPOTBEPAOCTH B MOTIEPEYHOM Ce-
YeHHH TIPH PA3IHYHBIX CyMMAapHBIX CTeNeHaX AehopManuu

MapTreHCcuTHOE NpeBpalleHUe B IpoLecce ma-
CTHYECKOH AedopMaluy pOTeKaeT ¢ 06pa3oBaHu-
¢ NPOMEXKYTOYHOH (hasbl £-MapTEHCHTA, HMEIO-
LIEr0 T'eKCaroHaJIbHYI0 IUIOTHO YNAaKOBaHHYIO pe-
werky. Ilpomcxomur oHO 6Ge3nuddy3uoHHBIM
CIBUTOBBIM IIyTeM C OOMIBIIOH CKOPOCTBIO IIPH
OrPAaHM4YEHHOM POCTe KpHUCTa/UIOB. BHauane obpa-
IOTCA NehEKTHl YNAaKOBKH, a KOT[a MX KOHIEH-
TpalHs JOCTUraeT KPUTUYECKOH BEIMYHHBI, HAUH-
HAETCS MapTEHCUTHOE mpeBpaieHue [2]. 'ekcaro-
HaTbHas €-(aza COXpAHACTCH NPH CPABHHUTEILHO
ManbIX cremneHsx nedopmauuu. IIpu 6onee Brico-
KMX CTENCHSX OHA HENPEphIBHO NpEBpALIACTCs B
MAPTCHCHUT. AKTHBH3UPYIOLICC BIMIHHE IUIACTH-
jeckoi nedopManuu Ha Y => O-PEeBpaLICHUE 3a-
BUCHT OT XHMHYECKOI0 COCTaBa, crnocoba, Temre-

DATYpPBI, CTETICHH M CKOPOCTH Aedopmaumu. [Lia- '

(rMyeckas JgedopManus JAHHOM CTald MOXET
TaKK€ BBI3BIBATh PA3IMYHYIO CTENEeHb CyOCTpyK-
TyPHBIX M3MEHEHHMH: 00pa3oBaHME AMCIOKALMH C
lepeKTaMM YNAKOBKM PAa3NU4HOH IIOTHOCTH,
0NIOKMpOBaHHME IMCIOKAUUH NPHUMECHBIMH aToOMa-
1 ¥ 0Opa3oBaHUE BHIIECICHUH.

AHanu3  pacnpeneneHHs — MHKPOTBEPAOCTH
(vuxkpoTBepmomep Micromet-II, nHarpy3ka 25 1)
B IONEpeYHOM ceueHuu obpasua (puc. 1) nokasan,
TO HIOBEPXHOCTh OOpasna ynpouHeHa B Oombuiei
(TENIEHHU, YeM BHYTPEHHsA 4acTbh. [loBepXHOCTHBIN
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CII0H TONMMHOM 0K010 50...70 MKM HMEET MHKpPO-
tBepnocts 3,8...43 ITla, a BHyTpeHHHH -—
3,4...3,6 I'lla.

B 3aBHCHMOCTH OT TEMIEpPaTypHO-CKOPOCTHBIX
YCJIOBHH 1e)OPMUPOBAHHS M CXEMBI HAPSHKEHHO-
IO COCTOSHHMS HHTEHCHUBHOCTH NPOTEKaHUs CyO-
CTPYKTYPHBIX ¥ (pa30BbIX U3MEHCHHH, a TAKXKeE HM3-
MEHCHHEC MEXaHHYECKHX CBOMCTB CIUIaBa MOTYT
OBIT HEONIMHAKOBBIMH. YCTaHOBJIEHO, YTO BEIIM-
YMHa M MHTEHCHBHOCTH Je(QOpPMALMOHHOTO VII-
POYHCHHS fBIAIOTCH HAUOONBIIAMU B Clydae
NpEeIBApUTCIbHON JeDOpPMallUM  PaCTHKCHUEM,
HaUMEHBIIMMHM — NIPDM YUCTOM CJBHUTE, a CXeMa
CKaTHSl 3aHUMAeT HPOMEKYTOYHOE MOJIOKCHUE
[3]. CxopocTh mpupoCTa KOJHYECTBA MAapTEHCHTA
B 3...4 pasa Oonblle B ClIy4ac pPacTSDKCHHSA, YeM
npu npokarke. Ecnu HeoOXomumo mnpumeHeHue
Gonpnmx crenmeHeH oOxaTuil, To aepopmauHio
CTalM CleAyeT OCYIIECTBIATh 3a HECKOJIBKO IPO-
xonoB. Ilpu Gonpuiof cremenu pedopManuu 3a
OIMH NpPOXOJ 00pasyercs MEHbILEEe KOIHYECTBO
MapreHcuTta. OnpefeneHHyI0 poib B 3TOM 3ddek-
TE€ WUIPAET BBIACICHUE 3HAYUTENBHOIO KOIUYECTBA
TEIUIOTHl IpH OONBIIOM EOMHUYHOM OO0XKATHH.
MHUKPOCTPYKTYpHBIH aHAIM3 IOATBEPAWI, YTO C
POCTOM CTENEeHH JAe(OpMalMK KOJIHUYECTBO Map-
TCHCHTA B CTaJIM BO3pacTaer.

ITocne BonoYeHUs Ha MOBEPXHOCTH MaTepHaia
NPHUCYTCTBYIOT 3aJHPbl ¥ MHKPOTPELIHHBI, KOTO-
pble SBIAIOTCH KOHLICHTPATOPAaMH HaNpsOKCHHH
(ueHTpaMy pa3pyLIeHHi) PH MOCISAYIOLHX MPO-
xomax BojodeHus. Mx rimybuna pocturaer 30...
...50 MxM (puc. 2), cpeHee 3HaYESHHE ILEPOXOBaA-
TOCTH OBEPXHOCTH COCTaBIsACT 1,25 MKM.

C nenbl0 CHWKEHWs BIMSHHS H3I0KEHHBIX
BBIILIE MIOBEPXHOCTHBIX (PU3UKO-MEXAHHYECKHUX He-
OJJHOPOJHOCTEH Ha BOJIOYEHHE 3arOTOBOK M3 ay-
CTCHHTHOM CTalIHW IPOBEACHBI HCCIICJOBAHHA 110
BO3/ICHCTBHIO Ha COCTOSIHHE MOBEPXHOCTHOTO CIION
JJICKTPOIHUTHO-TIa3MeHHOH  obpabotku  (BOI10),
KOTOpas ABJISCTCS BBICOKOIPOU3BOAUTEILHBIM Me-
TOZIOM CHIDKEHHS ILEPOXOBATOCTH, OUMCTKH, IIOJ-
TOTOBKH IOJ IIOKPBHITHSI IIOBEPXHOCTEH H3JIENUN
cnoxHoi ¢opwmsr [4]. D110 noxsepraiu 3aroToB-
Kd TOCIe BOJOYEHHS C Pa3HBIM BpeMeHeM (10
10 MuH) B 5%-M BOJHOM pacTBOpe (NH4)ZSO4,

miaoTHocTh ToKa — 0,2...0,3 A/cM’, TemnepaTypa
anexrponura — 75...85 °C. DkcnepuMeHTalIbHO yC-
TAHOBJICHO, YTO IIPH 3THX PEXUMaX CKOPOCTh CheMa
MaTepHana COCTaBIAIa IIPUMEPHO 5 MKM/MHH.
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MHuKpOTpeIMHsI

3anupst

Tocne 3I10

Puc. 2. CtpykTypa NOBEpXHOCTH 1eOpPMHUPOBAHHOIO MaTepHana o U mocne D110, x200

ITocne 3I1O mpu cwveme 25...50 MxM Ha mo-
BCPXHOCTH 3aroTOBOK OTCYTCTBOBAJIM KakKue-THOO
3arps3HeHus, okanuHa. [loBepxHocTs MMena One-
cramumi Bun. Takum obpazom, SI1O moxer 3ame-
HUTh PSJ TNPEIBAPUTEIBHBIX H OKOHYATEIBHBIX
omepanuii OTAENKH Hepel BOJOYCHHUEM: MEXaHH-
YECKHUX — HUTHGOBKY, MOTMPOBKY; XUMHYECKHX —
TPaBlICHUE, YAAJICHHC CMa3KM pacTBOPCHHEM,
obe3xupuBanue, OTOCNIKY HIM NACCHBALMIO B pac-
TBOpaX KHCIOT, @ TaKXKe 3JIEKTPOXUMHYECKOEe IO-
JTMPOBaHHE, KOTOPOE HCHONIB3YeTCS A OYHCT-
KM TIOBEPXHOCTH ¥ NpPUAAHUS €H AEKOPATHBHOTO
BHUJA.

WccnenoBaHust MIEPOXOBAaTOCTH IIOBEPXHOCTH
(Benl'YT, ACM «HanoTtomn») IOKa3ajH, YTO IIOCTE
OIIO 1o cpaBHEHMIO C MEXaHHYECCKHM IOIHPO-
BaHHEM INpoGHIb TNOBEPXHOCTH Oonee CriiaKeH
(pHc. 3), 4TO CHIKAET BEPOSTHOCTH 0Opa3OBaHMs
TPEeIMH NpHu BojoueHuH. CpenHee 3HAYCHHUE IIIe-
poxoBaTtocTH cocTaBmuio 0,16 MKM.

Camwxenue nepoxosaroctu npu 110 (puc. 3)
B CBOIO OYepenb NPUBOAUT K CHIDKCHHUIO KOd(pdu-
LIMEHTA TPEHUS MEXY 3ar0TOBKOM U HHCTPYMEHTOM.

Ha puc. 2 npencraBneHsl MHMKPOCTPYKTYPBI
MOBEPXHOCTHBIX CIOEB 1e(QOPMHPOBAHHOH MPOBO-
noxu 10 u nocne 3110.

Ha muxpotsepnomepe Micromet-II 6sm1a mpo-
BEPEHa MHKPOTBEPJOCTh TOHKOT'O MOBEPXHOCTHO-
ro cnos go u nocae OI10. YcranoBneHo naneHue
MUKpPOTBepAOCTH npuMepHo Ha 1 I'Tla, uto oOmsic-
HseTcs cHATHEM B pesynpTare D110 Haubonee Ha-
rapTOBaHHOIO CJI0S MaTepuana 3aroToBkH. [laze-
HHE MMKPOTBEPAOCTH MOXHO TaKKe OOBACHHTH
JIOKaJIbHbIM TEPMHYECKHUM BO3ACHCTBHEM Ha TOH-
KMH NOBEpXHOCTHBIN cnod npu OIIO u cHikenu-
€M KOJIMYecTBa TBepHoH (a3bl: KapOHIOB M Kap-
OOHUTPHUIOB Ha NMOBEPXHOCTH CTAIH B PE3yJbTaTe
u3bupatensHoro «rpasiacHus» npu OI10. Kapbu-
Il ¥ KapOOHHMTPHUABI MOC/IE MEXAaHUYECKOH MOMH-
POBKH 3aHHUMaOT 2,52 % Bcelt mionanu odpasia.
IMocne D110 xapOunoB U KapOOHUTPHIOB 3aMETHO
MEHbIIE M OHHU cocTaBisioT 0,76 % obmiei mio-
magu (puc. 4). CHMXEHHE MUKPOTBEPIOCTH TIO-
BEPXHOCTH 3arOTOBOK MEXIY MPOXOAaMH BOJIOYC-
Hus B pesyabrate D110 ymydmuT ycnoBus TpEeHHS
IIPH BOJIOYEHUH H, KaK CJIECTBHE, MOBBICHTCS Ka-
4ECTBO NOBEPXHOCTH HAarapTOBAHHOM IMPOBOJIOKH.

CrnaxuBanue nmoBepxHocTH B mpouecce JI10
U Pa3synpoOYHEHHE MOBEPXHOCTHOrO CJOs Crocod-
CTBYIOT CHIDKCHHIO NpeZeia NPOYHOCTH MaTepua-
na. Ypanenue Oosee TBEPAbIX IOBEPXHOCTHbIX
cioes npu OI10 cHmwKaeT npenen TeKy4ecT! Mare-
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Bpems o6paboTku, MuH

Puc. 3. Bausuue nponokuteabHocTd OI10 Ha mepoXoBaTOCTh HOBEPXHOCTH
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Puc. 4. BrineneHue kapOuoB Ha NOBEPXHOCTH AehopMupO-
saHHOH ctamu 12X18H10T no u mocne OIIO ¢ momomuisio
nporpaMmMsi AutoScan

pHaia, CHWXKasi ¥ DHEPrOCHIOBbIE IAPaMETPHI TPO-
1iecca BOJIOYEHHU.

KonH4yecTBEHHO CHIDKEHHE DHEPrOCHIIOBBIX
XapaKTEPHUCTHK MPOLECCa BOJIOYECHHS C HCIONB30-
BaHHEM MpomexyToyHoit OIIO moxxer ObITh pac-
CYUTAHO MO BHIPHKEHUAM AJI ONpPEACNICHUS Ha-
IPSDKCHUS Ha BBIXOJE M3 BONOKH. Onpenensionu-
M (akTopaMHM IIpM pacyeTe HANpsKeHHS BO-
TOUCHHMS SBIAIOTCS NpPEien TEKYYeCTH MaTepuaia
1 koo duuuent Tpenus. [lpu Bonoyenuu ¢ BI10
ylaercss JOOMTBCS YMEHBLICHHUS Ipelena TeKyde-
etu 1o 11 %, a cHwxkenue ko3h(UIHMEHTa KOH-
TAKTHOTO TpeHus MoxeT pocturath 10 %. Takum

VIIK 621.88.084

obpa3oM, ymeHbLIeHHE KO3QOHLHEHTa TpPEHHA
(fi </) n npenena Texy4yecTH (G < G, ) NPHBOIUT

K CHHXXCHHIO HalIpSKCHHUA Ha BBIXOJC M3 BOJIOKH H
COOTBETCTBCHHO HAarpy3Kd Ha HEC.
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Pa3paboTaHHbie peXUMBI BOJIOYEHUS C MpUMe-
HeHueM OIIO no3BONSAIOT CHHU3HUTH YHCIO MPOXO-
JI0B IIPH TIOJY4YEHUH 0COOOHArapTOBAaHHOW IPOBO-
JIOKM ¥ TIOBBICHTH pecypc pabOTbl HHCTPYMEHTA.
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HccnenoBanus nocieqHUX JeT MOKA3bIBAIOT,
10 Haubonee MHGOPMATUBHBIM CIIOCOOOM OImpe-
EICHHMS TEXHHYECKOTO COCTOSIHHS TOLIMITHHKO-
0r0 y3ia sBIIS€TCA BHOPOIMAarHOCTHKA, TaK Kak
WKIBIA BHOPOCHTHAN COIEP)XUT MH(OpPMALUIO B
UBHCHMMOCTH OT BUZa e()eKTa U CTENeHH €ro pas-
iTis. [ 3TOro CO31aHb! CrenUaibHbIe H3MEpH-
EIbHBIE KOMIUTEKChl. OHAaKo B OTIENbHBIX CIIy-
X IMardHOCTHKY MO Pe3yJIbTaTaM TOIBKO CIeK-
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TPaJbHOTO aHAIK3a OCYLIECTBUTH 3aTPYIHUTEILHO
(HampuMep, OUATHOCTHKY JIIEKTPOMEXaHH3MOB C
PacIOI0XKEHHBIMHU B HENOCPEACTBEHHON OJIM30CTH
OT NOALIMITHUKOB 3y0UaThIMU HIEpeia4yaMH).
JocToBepHbIM cnoco0OM CUMTAETCs OIpene-
JCHHE COCTOSIHUS [OJUIMIIHMKA II0 KOHTPOJIIO
JJIEKTPOCONPOTUBICHUS MACISHON IJICHKH B Ha-
TPYKCHHOM 30HE NOJALIMIHUKA JUTS OLEHKH PEKH-
Ma TpeHus. M3BECTHO, YTO IPU OKCIUTyaTauHu
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