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PAKTOPBI, B/IMAIOLIHE HA A10/ITOBEYHOCTb
I'OPHO-OBOI'ATHTE/IbHOI'O OBOPYIOBAHHA
ITPH ABPASUBHOM H3HALIHBAHHHU

Ornipenener MexaHH3M B/MSHHSA aOpasHBHOM cpesbl Ha H3HALIMBAEMYIO TOBEPXHOCTb.
LlaHpl xapaKTepHCTHKH COCTaB/IAIOIIHX Ipollecca abpasHBHOIO M3HallMBaHHA. BBeaera
Vae/bHas XapaKTepHCTHKa BO3AeHICTBHA aOpasHMBHOH Cpedbl Ha H3HALIMBaeMVIo I10-
BepxHOCTb. PaccMoTpeHa 3aBHCHMOCTb H3HOCOCTOHKOCTH pPabOYHX MOBEPXHOCTEH 060-
TaTHTe/IbHOTO 0O0PYAOBAHHS OT SHEPIHH CTPYKTYPbI HX MaTepHa/Ia.

KmoueBble c/10Ba: abpasHBHBIE H3HOC, MHKpOYAapHOe BO3AEHCTBHE, M/IOTHOCTb SHep-
THH, Z0TOBEYHOCTh 060PYAOBaHHS, cpeda abpasuBHoro uaHammsaHus (CAH).

Cemunap Ne 22

T eXHO/MOTMYECKHe TTPOLIeCCh Top-
HO-OOOTaTHTE/IBHOrO  TTPOU3BO/-
CTBa XAPAKTEPU3VIOTCA OO/IBIION MHOIO-
TOHHAXKHOCTHIO ZI00BIBAEMOro U Iepepa-
GaThIBaeMOro Chipbsi, ob/1agatonero 6o/b-
oM abpasMBHOCTBIO. KOHTaKTHpys ¢ pa-
OoUrMU TIOBEPXHOCTAMH OOOPYAOBAHMS,
repepaCaThiBaeMasi Macca paspyliaert
HX, TI03TOMY abpasyBHBIM M3HAlIMBaHUE
[MIOBEPXHOCTH Ha3bIBAIOT ee paspyllieHue
o/ BO3AEHCTBHEM 6oriee TBepblX Yac-
THLl MUHEPa/TbHOTO TIPOUCXOXKIACHHUS.

AOpPasyBHBIN U3HOC XapaKTepr3yeTcs
Kak Hauboriee paclpOCTPaHeHHbI U
Hauboriee MHTEHCUBHBIM IIPOLIeCC pas-
PYIIEHHs MaTepyaZioB K3 BCeX BHIOB
MeXaHWUUECKOrO M3HAIIUBAHMS.

BosaetictBre Gorblliof Macchl Te-
pepabaTbiBaeMoro abpasuBHOIO  Chl-
pbs Ha pabourie NMOBEPXHOCTH FOPHO-
ob6oraTUTenIbHOTO obopyaoBaHu
[IPUBOAUT K TOMY, YTO €ro Mopa/ibHas
[O/ITOBEUHOCTh I[peBbilliaeT pusnye-
CKYIO B HECKOMBKO pa3 [1]. DTo sBne-
HUe XapaKTepHO TOABKO A7s 06opy-
IOBaHUs rOpHO-O6OraTUTE/ILHOTO
[IPOH3BOICTBA.

[potiecc abGpa3uBHOrO H3HAIIMBAHKSA
HeOOXOAMMO pacCMaTpyBaTh, UCXOAs U3
Ha/IMUMs TPEX ero COCTAB/ISIONMK :
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1. AOGpasuBHOM cpeabl, BO3ICHCT-
BYIONleli Ha M3HAIIMBAeMYIO [IOBepX-
HOCTb.

2. XapakTepuCTHK (MexaHWYeCKUX,
CTPYKTYPHBIX, XUMHUYECKUX) H3HallllBae-
MOV MTOBEPXHOCTH.

3. Cpenbl, B KOTOPOM MPOTEKaeT u3-
HalllBaHYe.

B MexaHrKe ropHsIx ropoa abpasu-
Bbl TO/IPA3AENSAIOT Ha /JBa OCHOBHBIX
Kiacca:

1. Crinyurie abpas3uBhbl U CYCIICH3UU.

2. MoHOMUTHI.

C TOuRM 3peHHys M3HAIIMBAHUS TOp-
HO-OBOTaTUTe/TbHOTO 060pYyaOBaHUSA
HaubOMBINNI HHTEpeC TPe/CTaB/IsIoT
abpa3vBel MepBoro Kiacca. AGpa3vBbl
BTOPOIO K/acca XapaKTepHbl 75 U3HO-
ca MNopoAOcpa3pyIIAloNIero MHCTPYMeH-
Ta.

Anamu3 paboT NMo abpasMBHOMY H3-
HalllMBAHUIO TTOKa3blBaeT, UYTO OHO Xa-
pakTepHayeTcs MHUKPOYAApPHBIM BO3/EH-
CTBMEeM Ha H3HallMBaeMylo I[OBepX-
HOCTb, OJIHAaKO, YHUBEPCa/IbHOM 3aBHCH-
MOCTH /11 pacyeTa M3HalIMBaeMOCTH H,
KaK C/1e[ICTBHe 3TOro, AONTOBEYHOCTU
obopyaoBaHua Het. [lns BbIGOpa MaTe-
pHaza U3HaIIMBaeMOM MOBEPXHOCTU He-
06XOAUMO OIpeae/uTh TapaMeTphl, Xa-



pakTeprayiolie CTereHb BO3AeNCTBUA
abpa3uBHOM cpedbl Ha H3HAIINBaeMYIO
TIOBEPXHOCTb, BBHISIBUTH TapaMeTphl CO-
MPOTHB/AAEMOCTH  M3HallMBaeMOMW  I10-
BEPXHOCTH BO3AEHCTBUIO abpasHBHOM
cpenbl Y MEeTOZIOM CPaBHUTE/IbHOI'O aHa-
13a, ¢ Y4eToM KoappULIMeHTa BIVAHIS
cpeabl, B KOTOPOM IIpOTeKaeT IMpOoLecc
abpa3uBHOTO MU3HAIIMBaHWsA, OIpese-
MTATb AO/ITOBEYHOCTb.

Bnusinve abGpasyBHOM cpeabl Xapak-
Tepr3yeTcs CKOPOCTHIO [ABUXKEHHsS 3TOM
cpeabl  OTHOCHUTE/IbHO — W3HALIMBaeMOM
TIOBEePXHOCTH WU CKOPOCTBIO ABHKEeHUsA
pabourx TOBEepPXHOCTelr 060opYAOBaHUSA
OTHOCHTEe/IbHO abpa3rBHOM MacChl.

BropeiM apameTpoM, XapaKTepH-
3yiomUM  abpasvBHYIO cpeay SBASeTCS
Macca abpa3viBa, BO3CHCTBYIONIETO Ha
W3HalMBaeMylo ITOBEepPXHOCTb, IO3TOMY
[7IaBHOM COCTaB/IFIOUIeH, XapaKTepy-
3yiolielt BAusHUe abpasyMBHOM Cpe/bl Ha
HW3HAIIMBaeMylo TMOBEPXHOCTb fAB/AETCHA
3Heprvs, C KOTOPOM BO3AENCTBYeT 3Ta
cpena.

DTy 3HEepPruio MOXKHO Has3BaTh 3HEp-
rMerl BO3AeHCTBUSL abpa3uBHOM Cpesbl
Ha U3HAaIMBaeMyIO [TOBEPXHOCTb.

[ns ee XapaKTepHCTHKU HeOoOXOoau-
MO BBECTU TIOHSATHE TI/IOTHOCTU 3HEepryuu

P= E - OTHOIlIEHHe Be/IMYKMHbI 3HepPIrun
S

BO3/IeVICTBUA K Be/lMUMHe U3HalllBae-
MO MOBEepXHOCTH. [1A0THOCTL 3Heprum
AIB/IFIeTCA  YOe/IbHOM XapaKTePUCTUKOM.
[To stomy mapameTpy MOKHO CpaBHU-
BaTb J0/I'OBEYHOCTb, KaK aHa/IOTMUHOTO
060pYaOBaHUs, MPUMEHAEeMOro Ha Oa-
HOM TEXHO/IOTUYeCKOMN orepaLmn

P, =2 P,, tak u cymMmmapHO Bcero oGopy-

[IOBaHWs, BXOAAINIETO B TeXHO/IOrHye-
CKoro o6opyaoBaHUs TOPHO-OBOraTH-
Te/IbHOTO TTpoLIecca.

CyMMUpyst TVIOTHOCTH SHepruil abpa-
3MBHOIO BO3JACHMCTBUA KaXKIAOM eAVHMLIbI
00OPYAOBaHUS OAHOM TeXHO/TOTMUYECKOM

cxembl > P =P +P+P +..+P u

CpaBHHBas ee C APYroM, BbIMO/HAIOECH
AH/IOTMYHBle  Olepaluy  [Ipollecca

ZP2:P1 +P, +P +..+P,, Tam, rze

BbIIlIE [I/IOTHOCTb 3HEPrUM BO3ICHMCTBHA,
NPy BCEeX OCTa/IbHBIX PABHBIX YC/IOBUSX,
TaM Oo7bllle M3HOC U, KaK C/1efCTBHe
3TOTO MeHbllle A0/TOBeYHOCTh 060opYao-
BaHUA.

[lpu onTyMMasibHOM BapuaHTe B TeX-
HOZIOTMYECKOM CxeMe TopHOo-oboraTu-
Te/IbHOTO  TMpoliecca, /A0/TOBEUHOCTb
00OpYAOBaHUS Ha KakaOW Orlepaluu
AOMKHa ObITb OAMHAKOBOM W/ KPaTHOM
10 BpeMeHHU.

[lnsi OOCTHKEeHUsT 3TOro H3HallMBae-
Mble TIOBEPXHOCTH OOOpYAOBaHWs He-
00XOAMMO U3rOTaB/IMBaTh M3 MaTepua-
0B, 0b/afalolMX Pa3IMIHOM COIMpPOo-
THUB/SIEMOCTBIO.

B moboM cnyyae u mpu Bcex Ycio-
BUSIX ITPOLIECC M3HAIIMBAHWS OCYIIECTB-
sieTcsi B COOTBETCTBUMM C (pyHAaMeH-
TaMbHBIMKA 3aKOHAMM TIPUPOAbI, B YacT-
HOCTH C 3aKOHOM COXPaHEeHH sl SHePruu.

[nsa Toro, 4yToGHl OTAEMUTH OT MOHO-
[MUTHOM TMOBEPXHOCTU HEKOTOPBIA MHUK-
PO- WM Makpo- 0ObeM MaTepHasa A0C-
TaATOYHO 3aTPaTHThb 3HEPruio, Mo Kpaii-
Helt Mepe, HeoOXOoauMYIo A1 06paso-
BaHMA [BYX HOBBIX ITOBEPXHOCTEM COOT-
BeTCTBYOMIel riomaau. [Ipu atom obs-
3aTe/IbHO MPOMCXOAUT MPOLIeCC pa3phbiBa
MeXaTOMHBIX CBf3eM, TMPHUBOAANIMM K
OTZIe/IeHUIO OAHOM 4acTy KpHCTa/iIvde-
CKOHM pelleTKh OT aApyrodi u obpasoBa-
HUIO HOBBIX [TOBEPXHOCTEH.

PaapyiieHrie cTaHeT BO3MOXKHO TO/Tb-
KO TOI7/la, KOIZla W3HallMBaeMasi [TOBepX-
HOCTb, XOTsl Obl B OTZAE/IBHBIX MUKpPOYYa-
CTKax, OymeT HachlllleHa 3Hepruei, aoc-
TaTOYHOM /719 pa3pblBa MEXKaTOMHBIX
CBfA3ell, a TaKKe 3apOKAeHHUs Y Pa3BUTUS
TpellHH.

KonnyectBo paGoumx LIMKAOB H3Ha-
IIMBaHUA MMPY MUKPOYAApHOM XapakTe-
pe BO3AEHCTBUS, HeOOXOAUMbBIX /1A Ha-
KOI/IeHUs] B MUKPOYYaCTKaxX TMOBEPXHO-
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CTH 3HEpPruy, AOCTAaTOYHOM Ans paspy-
IIeHHs COCTaBUT:

E
m=—M

E

raoe Em - QHepruvd, rior7iolllaeMad H3Ha-

a

IMBaEeMOM1 IMOBEPXHOCTHIO, Ea - 3Hep-

rust abpasuBa.

KornuecTBo sHepruu, MNorziolmaeMoe
MHKPOOOBEMOM  M3HAIIMBAaeMOM  I10-
BEPXHOCTH, 3aBHCUT OT SHEPrOeMKOCTU
[MPOLIECCOB, IIPOTEKAIOIIMX B MeTaslle
IIPY B3aMMO/ICHICTBUY C abpPasvBOM.

BemunHa sHepreTMyeckyx —3aTpaT
IpY peanysaliMi 3TOro MpoLecca CBS-
3aHa C 3Hepruel CTPYKTYphl MaTepurasa.
SHeprusa CTPYKTYphl — 3TO paboTa, He-
obxoauMasi Ansl pasbearHeHUs TBepAo-
ro Tesa Ha OTAe/bHbIe aTOMbI WK MO/Ie-
KY/Ibl, OTHECEHHasi K OZHOMY MO/Isl KpH-
CTa/I/IMYEeCKOro BellecTBa [2]. DHeprus
CTPYKTYPB MaTepuasa 3aBUCUT OT CH/I
MEKaTOMHOIO B3aHMMOICHCTBUS, KOTO-
poe orpeaernsercs CBA3SMH: KOBA/ICHT-
HOM, HOHHOM, MeTa/riMdecKod, u Baw-
nep-Banbcooit [3], sHeprust CTpYRTYpHI,
KOTOPBIX COOTBETCTBEHHO paBHbl: 1180
k/xk/Monb, 752 klx/moms, 108
k/x/monb, 10 x/x/Mons. Haubonee
[IO/IHO CH/BI MEXAaTOMHOIO B3anMO-
AefiCTBUA (XMIMHUECKHe CBH3M) IIpes-
CTaB/IEHbl B TAKUX COEAWMHEHUAX KakK
KapOuael, obnaaamolive Haubo/biIen
TBEPAOCTBIO M3 BCEX XUMHUECKUX CO-
eViIHeHHWH.

B Toxke BpeMsa adpdpekTHUBHOMY YBe-
MUEHHIO COMNPOTHB/ASEMOCTH abpas3uB-
HOMY  M3HAIMBAHHIO  CIIOCOOCTBYIOT
dakTophl TBEPAOCTU U OAHOPOAHOCTH
CTPYKTYPBl MaTepUa/iOB, MPUMEHSEMbIX
[T VU3TOTOB/IEHHA PabourxX TMOBEPXHO-
CTert rOpHO-0B0raTUTe/IbHOTO OBopYao-
BaHMA.

[lns CTPYKTYpPHO-OAHOPOAHBIX Marte-
PHAZIOB  3aBHCHMOCTb M3HAIIMBAEMOCTH
MOZKeT ObITh BbIPakeHO HEePaBEeHCTBOM:

H, >H,,
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rone H,, - TBepmocts MaTepuasoB H3-
HallMBaeMoM rnoBepxHocty, H, - TBep-

0CTb abpasyBa.

OTa XKe 3aBUCUMOCTb A/ CTPYKTYPHO
HeOQHOPO/HBIX MaTepUa/loB BhIpazKaeT-
cAl @aHA/IMTUYECKH C/IeaIyIoIM 0OpasoM:

ezzn:di ‘&,
1

rae &€ - U3HOC MaTepHa/ia NMOBEePXHOCTH,

& -

i HM3HOC OTAe/IbHOIro KOMIIOHEHTa,

BXOZSIIEro B CTPYKTYpYy MaTepuana, d.

- 0obbeM OTAenbHOTO KOMITOHEHTa B
CTPYKTYpe MaTepHana, N - 4Mc/Io KOM-
[MOHEHTOB, BXOASANIMX B CTPYKTYPY Ma-
Tepuana.

[laHHOe BbIpazKeHHe FOBOPUT O TOM,
YTO YeM HuKe 3HaueHHWe H3HOCa OT-
[enbHOTO KOMIIOHEHTa, U 6o7bllie ero
o0beM B CTPYKTYpe, TeM HUXKe 3HaueHUe
rsHoca B LenoM. OaHako AaHHas 3aBU-
CHMOCTb He YUMTHIBAeT B/WSHUS CTPYK-
TYPHBIX CBsi3ell Mexay OTAenbHbIMU
KPUCTa/I/IaMH  KOMITOHEHTOB, BXOZSIIHX
B 0ObeM MaTepua/ia U PacCTOSHHS Mex-
Oy HUMM, 4TO TIPH C1abblX CBA3AX M
CPaBHUTE/IBHO OO/BIIMX  PACCTOSHHAX
MIPUBOAUT TPU abpasyMBHOM BO3AEHCT-
BUM K OOBIMHOMY BBIOMBAHHWIO WU BhI-
MBIBAHHIO 3ePEH U3 CTPYKTYPBI.

[loa cTpyKTYpHO! CBA3BIO, B IaHHOM
cydae, cieayeT TMOHWMMATh CBfA3b, CO-
eVHSAIONIVIO OTAe/bHble KPHCTa//Ibl B
vzgenuy (MMOBEpPXHOCTh) M MPUAAIOIIYIO
MaTepuasnny MOBEPXHOCTH HEeOOXOAUMYIO
MEXaHUYECKYIO TMPOYHOCTb. ODTH Mexa-
HHUUECKU IIPOUHBIE CBS3M CO3Al0TCS B
rpoliecce Mo/MyUeHrs MaTepuasia H3Ha-
IIMBAaeMOM TIOBEPXHOCTU WU H3aenus,
MOBEPXHOCTH KOTOPOIO TOABEPratoTCs
usHocy. /[laHHOe MO/oXKeHe CIipaBes-
MMBO W Asl CTPYKTYPHO OAHOPOAHBIX
MaTepHa/IoB. Hanmume nedeKToB
CTPYKTYpe MaTepuasia OcCr1ab/iseT Mex-
aTOMHbIE CBSI3M W HMHTeHCUHLIMPYET
npotiecc paspyiieHus. Kcronssys kap-



OUabl C PA3INUHON MEXXaTOMHOM CBSA3BIO
M TEXHO/IOTMYECKUE MeTO/Ibl TO/TYUeHs]
M3 HMX M3HAIIMBAaeMbIX T[OBEPXHOCTEMH
(M3genuit), MO3BO/AIOUIMX  HM3MEHSTh
CTPYKTYpPHbIE CBA3W Mexay Kapbuaamu
MOXHO BMATh Ha BeMMUMHY AO/ITOBeY-
HOCTU ofopyaoBaHus. KpoMe ykasaH-
HbIX (PAKTOPOB — XapaKTepPUCTHK abpa-
3UBHOM Cpe/ibl, U3HAILINBAEMOl ITOBepX-
HOCTH Ha [I0/ITOBEYHOCTh OOOPYAOBAHMUS
MOXKeT OKasblBaThb Cpeda, B KOTOPOM
MPOMCXOANUT abpa3vBHOE H3HALIMBaHHUE
(CAHM). OHa MoxeT ObITb OCHOBHOM, KU-
C/IOTHOM, HeWTpasbHOU, ¢ 60BN
B/IA’KHOCTBIO M/IM  3alb/IGHHOCTBIO, C
HMBKWMM WM BBICOKHMMI TeMIlepaTypaMH,
Y OKasblBaTh COOTBETCTBYIOLICE B/MSIHUEC
HA MHTEHCHBHOCTb M3HAIIMBAHUS.

B nocnenHvie Bpemsi MOSIBUIMCH Me-
TOABl YITPAB/IEHHS XapaKTepPUCTHKAaMHU
CAN c uenblo YMeHbIICHUS 3HEPryu
BO3CMCTBUS Ha M3HAIIMBAEMYIO [10-
BEpPXHOCTb.

ViccnenoBaHus ToKasaauv, 4TO W3-
MEHeHHEe MeXaHHUECKHX XapaKTepu-
CTUK abpasWBHOM MacChl IpU ee
npoxoxaenun uepes CAKW npu pea-
nv3alunu MeToaa MarHUTHO-HM-
nyibcHoM obpabotku (MKO) mosso-
nfeT CHU3UTh SHEpPruio paspylleHus
abpa3vBHOM Macchl B Mpolecce pas-
Mona KBapleBbix MeckoB [4]. Takum
o6pa3oM, AOCTUTHYTO  CHUKEHHe
SHepruy BO3AENCTBUS Ha HW3HallU-
BaeMyio TOBEPXHOCTb U YBe/UUeHHe
[IO/ITOBEYHOCTH 0BO0OPYaA0BaHUS.
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