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B nocneanue necsaTtuneTus NOCTUTHYTHI OONBIIME YCHEXU B MONYYEHHUH U UCCIIEAOBAHUU
HOBOT'O KJIaCCa METAJUIMYECKUX MATepHalOB — METAJUIOB ¢ HaHO- U MUKpokpucTtaummyeckoid (HMK)
CTPYKTYpO#l. OTH Marepuanabl 00JaaloT 0COOBIMH (H3MKO-MEXaHHUYEeCKUMHU cBoiicTBamu. C
MIPAKTUYECKOH TOYKM 3pEHHUs NPEICTABIISIET MHTEPEC CYIIECTBEHHOE IOBBIIIEHUE MPOYHOCTHBIX
ceorictB HMK MeramioB, KoTopoe HE COMPOBOKAACTCS OOBIYHBIM JIJISl TPATUIITMOHHOTO YITPOUYHEHUS
NaJeHUEM IIJIaCTUYHOCTH.

OCHOBHBIM (DaKTOPOM, NMPUBOJAIIMM K 3HAUUTEJIBHBIM M3MEHEHUSAM (PU3MYECKHX CBOMCTB
HMK metanios, Mo cpaBHEHHIO C OOBIYHBIMU MaTepUaIaMu SIBJISIETCS MaJbIil pa3Mep 3epHa, U, Kak
ClIeZICTBHE, — OOJIbIIas MPOTSKEHHOCTh HEPABHOBECHBIX I'paHMIl 3epeH. B 0OBIYHBIX MeTamiax Mmpu
cpenHeM pasmepe 3epHa 10 MM obOmast monst rpanuil 3epeH coctaBisier okono 0,01% obGwnema
Marepuana, B HAHOKPUCTAIIMYECKUX MeTauiax oHa gocturaeT 5-10%. BoJbIIMHCTBO AaHHBIX O
ctpykrype HMK MeramnoB B mocieaHee BpeMs INOJydYarOT METOJAMU CKaHUPYIOLIEH 30HA0BOM
mukpockoruu (C3M), B 4aCTHOCTH METOJIOM aTOMHO-CHJIOBOM MUKpockoruu (ACM).

Jannas naboparopHast paboTa BXOAMT B YUeOHO-METOJUUYECKHMH KOMIUIEKC paldoT ™o
CKaHHMPYIOIIEH 30HJOBOM MHMKPOCKONHH, TMpoBoasmmxcsa B jadopatopun C3M  Hayuno-
o0pa3oBaTenbHOro IeHTpa «Du3nKa TBEpIOTEIbHBIX HAHOCTPYKTYPY.

Omnucanue 1abopaTopHON pabOTHI MPEICTABIIAECT COOOM M3I0KEHNE MPOOIEMBI UCCIIEIOBAHUS
ctpyktypbl HMK metamnos meronom ACM. IlpuBoaurcst onucaHue MEXaHUYECKMX CBOMCTB HAHO- U
MUKPOKPHUCTANINYECKUX METAJIOB U CIIJIABOB, METOAOB BbIsABIEHUS cTpykTypsl HMK meramnos amns
C3M wuccnenoBanuii, a Ttake Metoguku ACM wu3MepeHHNl M YHCIEHHOW XapaKTepu3aluu
MOJIyYEHHBIX N300paKECHUH.

Omnwucanue maboparopHOi pabOTHl MpEeIHA3HAYEHO MJIsi CTYJCHTOB, OOYyYaloIIMXCs IO
cnerranbHOCTH 210601 - HAHOTEXHOJIOTHS B AJICKTPOHUKE, OAKAIIABPOB M MAaruCTPOB, 00YIAFOIINXCS
1o HampapieHH0 NoArotoBku 210600 - HAHOTEXHOJIOTHWA, acUpaHTaM, CIYIIAIOUNIUM Kypchbl IO
CKaHUPYIOLLEH 30H10BOM MUKPOCKOIIMH U MIPOBOISIINM CaMOCTOSITENIbHbBIE UCCIIE0BAHUS.
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BBenenne

B nocnennee necstuinerue nosBUIOCH OOJIBIIOE KOJWYECTBO UCCIEIOBAHUM, MOCBSILIEHHBIX
M3YUYCHHUIO CTPYKTYPBhl U CBOWCTB HaHO- U MHKpokpuctammiyeckux (HMK) meramnoB u cmaBos,
MOJIBEPTrHYThIX HMHTEHCHBHOM IuiactTuueckoi nedopmauuu (MIIJ]) meronoM paBHOKaHAIBHOTO
yraosoro (PKY) npeccoBanus. Cpeqnuil pasMep KpUCTAUIMTA B TAKUX MaTe€pHallax COCTaBJISET OT
HECKOJIbKUX JIECTKOB HAHOMETPOB A0 | MKM.

HMK cocrossHue wMarepuana MNPUBOAUT K YHUKAJIBHBIM MEXaHUYECKUM U JAPYTUM
(U3M4YEeCKUM CBOWMCTBAM M OTKpBIBAE€T IMYTh K CO3JaHUIO HOBBIX M MOAM(UKALUHM TPaTULIMOHHBIX
MeTalioB M cIulaBoB. C IPakTUYECKOW TOYKM 3pEHMs MPEACTaBIAETCS BEChbMa HWHTEPECHBIM
MOBBIIICHHE MPOYHOCTHBIX cBoMcTB HMK metammoB. OO0sryHO, Tipu pasmepax 3epeH menee 100
HAaHOMETPOB MpEJENl TEKy4eCTH IOBBINIACTCA B TPU-YETBIPE pPa3a MO CPABHEHHUIO C THUINYHBIMU
3Ha4eHUSAMHU. DTOT 3(P(EKT CBA3aH ¢ YIPOUHSAIOUMM ACHCTBUEM I'PaHMIl 3¢PEH U BO MHOI'OM MOXET
ObIThb ommcaH cooTHomeHneM Xoiuia-Iletya. Opnako B psage ciaydaee B HMK wmeramnax
cooTHoueHne Xoia-Ilerya He BBIMOJIHAETCS M 3aBUCUMOCTD IIpesiea TEKy4eCTH OT pa3Mepa 3epHa
OKa3bIBaeTCst 00JIee CI0XKHOM.

BakHO Tak k€ OTMETHTbH, UTO CYLIECTBEHHOE MNoBblieHHEe npouyHocty HMK merannos u
CIJIABOB HE COMPOBOXKAAETCSI OOBIYHBIM JJISl TPAJUIIMOHHOTO YIIPOYHEHUS MAJACHUEM TUIACTHYHOCTH.
Bo wMHorux cnywasx, myTeM ONTHMalbHOM o0O0pa®oTku, MokHO co3aarb HMK wmarepuan,
o0Jaaronuii ¥ TOBBIIEHHONW MPOYHOCTHIO W TOBBIMICHHOW TIACTHYHOCTHIO. [Ipu ompeneneHHBIX
YCIOBHAX B 3THX MarepHuajax HaOliolaeTcs BechbMa BBICOKAs IUIACTHYHOCTh M Jedopmanus 110
paspylleHusl TpU pacTSHDKEHMH MOJKET JIOCTMraTh COTE€H M ThICAY IPOLIEHTOB (SIBICHUE
CBEPXIUIACTUYHOCTH).

BonpmuHCcTBO nmaHHBIX 0 cTpykTtype HMK MeramioB OblmM  MOJTydYeHBI METOJaMU
JIEKTPOHHON MHKpockonuu (OM), peHTreHo-ctpykrypHoro ananusza (PCA) u, B mocneanee Bpems,
METOJaMU CKaHUPYIOLIEH 30HAOBOM MHUKPOCKOIIMH, B YAaCTHOCTU aTOMHO-CHJIOBOM MHKPOCKOIIHMH.
Bce »Tu MeTonbl MMEIOT CBOM JOCTOMHCTBA M HenocTtatku. [IOM wuccrnenoBaHusi MpencTaBisiOT
CIIO)KHYIO 3aJady, TaK Kak IpH H3FOTOBJIEHHMM OY€Hb TOHKOro o0pa3la M B Ipolecce
B3aMMOJCHUCTBHS METalIa C 3JIEKTPOHHBIM IIyUYKOM €TI0 HEPaBHOBECHAs CTPYKTYPa MOKET CHIIBHO
n3MmeHuTbesa. Meron PCA nins onpeneneHus pasMepa KpUCTAUIMTA MO3BOJISET MOIy4YaTh HAJEKHbIE
pe3ynbpTathl B obsnacte oT 1 10 100 HM, HO TaeT yCpeaHEHHBbIE MO0 00beMY NMPOHUKHOBEHUS Iy4Ka
pe3yJbTaThl U HE MO3BOJISIET OOHAPYKUTh B CTPYKTYpPE OTIENIBHBIX KPYIHBIX 3€pEH B Cllyyae, ecilu
CTPYKTypa HEOJTHOPO/IHA.

Metoa ckaHUpYIOIIEH 30HAOBOM MHUKPOCKOINHH, MOJ0OHO MEXaHHYECKOMY MpPO(HIOMETpY,
OCHOBAaH Ha WCIOJB30BAHUM MEXaHHYECKOTO 30HJA JUIS TOJyYEHHs YBEIHMUYECHHOTO W300pasKeHHUS

MOBEPXHOCTU. DTUM METOJOM MOXKHO MOJIy4yaTh TPEXMEPHOE M300paxkeHue (IIPOBOAUTH WU3MEPEHUS
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KaK B TUIOCKOCTH 00paslia, Tak U MO BHICOTE) HA BO3AYXE, B KUAKOCTU M B BAaKyyMe C pa3pelieHueM

BIIOTH /10 aTOMHOro. B Toxke Bpewmsi, npuMeHuTeNbHO K uccienoBanuto HMK meramnoB nmeercs
psn ycnoBuid 3¢ ¢dexkTuBHOrO npuMenenus meroga C3M.

st momyuenust uHbopmaruu o pazmepax 3epeH HMK mertamnoB metonom ACM BaKHBIM
SBJISICTCS. METOJMKA BBISBICHHS 3€pEHHOM CTPYKTYypbl oOpasua. B Hacrosiuee BpeMs OCHOBHBIMHU
METOJIMKAMU SIBJSIIOTCS XMMHUYECKOE U DJIEKTPOJIMTUYECKOE TPABIEHUE, NPUYEM Ul KaXKI0ro
KOHKpeTHOro obOpasia TpeOyeTcs MpOBOAUTH MOAOOpP ONTUMAIbHBIX YCIOBHM TpaBieHHs (cocTaB
TpaBUTEJISA, TEMIIEPATYpa, BpEMs U Jp.).

BropeiM HemanioBakHBIM (hakTOpoM sABIsieTCS 3P (HEKT KOHBOIIOLMH, TPOSBISIIOIIUICS B TOM,
yro noiayyaemoe ACM m3o0paxxeHHe Bcerna MpeacTaBiseT coO0M CBEPTKY peanbHOM Tonmorpaduu
noBepxHoctd M popmber ACM  30H#ma. OTOoT 3PPEeKT OCOOCHHO 3HAYUM KOTJIa pa3Mepbl
MIOBEPXHOCTHBIX OCOOCHHOCTEH (pa3Mepbl 3€peH) IPUMEPHO COBNAAAIOT C PATUYCOM 30HJA

(coctapnsronum ot 5 10 50 HM).

ean paéoTsr:

1.13yuyenue BnusHUA pazMepoB 3epeH HMK MetaisioB M CruiaBOB Ha MX MEXaHUYECKHE

CBOMCTBA;

2.W3yuenne Meroauk BbIsBIeHHA cTpykTypel HMK wmertannoB ans nocnenyroomux ACM

HCCIEN0BaHUM UX CTPYKTYPBI;

3. [Tomyuenne C3M wm3obpaxenuss HMK werammo (Cu, Al wnm ap.) B HCXOZHOM

HaHOKPHUCTAJINIMYCCKOM COCTOSAHUH U ITOCIIC PCKPUCTAIIIN3alUU,

4.00paboTka M YHMCIEHHas XapakTepu3alus noiaydeHHbIX ACM wn300pakeHUil C IeNbio

onpeneneHus pazmepos 3epeH HMK merannos.

OT4et mo paboTe TOKEH COMEpKaTh 00IMe CBEACHHUS 00 00BEKTE UCCIIETOBAHMS, METOINKE
noarotoBku obpasioB u metoge ACM wuccnemoBanus. B mpakTUdeckold dYacTH HEOOXOAUMO

OTPa3uTh MOJTYUYCHHBIC HABBIKH 06pa60T1<1/1 M aHaJin3a 3KCIICPUMCHTAJIbHBIX PE3YJILTATOB.
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Biimsinue pa3mepa 3epHa HA MeXaHH4YeCKHe CBOMCTBA

HAHO- U MUKPOKPHUCTAJTIHYECCKUX METAJ/IJIOB U CILIABOB

B nmocnennwee gmecaTWiieTME HUCHOJL30BAHME METONOB HWHTEHCHBHOM INIACTHYECKOU
nedopManuu AN MOJNYYEHHUS OOBEMHBIX HAHOCTPYKTYPHBIX METAIJIOB M CIUIABOB  C
ynpTpamenko3zepaucToi (YM3) cTpykTypoil B cyOMHKpoKpUcTauinueckoM (pasmep 3epen d ~ 100-
1000 M) wmnu Ha"HokpuctammueckoM (d < 100 HM) nuana3oHax crajl OJHUM U3 HauOosee
AKTyaJbHBIX HAIIPaBJICHUN MaTEPUAIOBEICHHUS.

Kak u3BectHo, mo0as ruiactudeckas AeopMaliis MOKET OKa3bIBaTh CYIIECTBEHHOE BIIHSHHE
Ha CTPYKTYpy M CBoiicTBa MarepuanoB. Hampumep, mpu TpaJuIlMOHHBIX METOAAX IUIACTHYECKOMN
nedopmaruu  (IpokKaTka,  BOJIOYCHHE,  IIPECCOBaHHE,  KOBKA,  Kpy4eHHEe W T.J.)
KPYITHOKPUCTAJUIMYECKUX METAJUIOB M CIUIABOB IPOUCXOJAT HM3MEIbYEHUE MHUKPOCTPYKTYpPHI H
dbopMupoBaHue sueek, cyO3epeH Hu (parMeHTOB, UYTO MOKET MPHUBOIUTH K OIpeAeTICHHOMY
MOBBIIICHUIO MX MPOYHOCTHBIX XapakTepucTUK. OIHAKO MaTepualbl, MOJBEPrHyThIEe Ae(opManun
STHMHU TPAJAUIMOHHBIMH METOJAMH, OOBIYHO O00JaNaIOT MOHMKEHHOW IUIACTHYHOCTBIO, KOTOpas
ABNISIETCS OAHOM M3 (PyHAAMEHTAJIbHBIX XapaKTEPUCTHK, HEOOXOTUMBIX ISl pa3pabOTKU HOBBIX
KOHCTPYKLIHMOHHBIX MaT€pUajoB.

Pasnokananvnoe yenosoe npeccosanue.

PKY mnpeccoBanue Hapsiny ¢ KpydeHHEM IO/ BBICOKUM JABJIIEHUEM OTHOCHUTCS K METOJam
UIIJI, BnepBbie ucnonab3oBaHHbIM 7151 Tonydyenuss HMK mertannoB u crimaBoB. McToprdecku MeTo
PKY mnpeccoBanust ans mosydeHust Oosibmux aedopmanuii Obut pazpaboran B.M. Ceranom u
corpyaHukamu euie B 1970-x romax. B mociennee aecstuneTre 3TOT METOA MOMY4HI JaJbHEHIIEe
pa3BUTHE.

I[Ipu peamuzaumn PKY mnpeccoBanus 3aroToBka HEOAHOKPATHO MPOAABIMBAECTCA B
CHeluaIbHOM OCHACTKE MOoJ JAaBieHMeM P uepe3 nBa KkaHajna ¢ OAMHAKOBBIMHU IONEPEUYHBIMU
CeYeHHsMH, nepecekarommmucs noa yriom 2D=90°-150° (puc. 1). Haubosee yacto ucmoian3yercs
yron 20=90°, korga JOCTHraeTcsi Camblii BBICOKHI ypPOBEHb MHTEHCHBHOCTH jaedopmarmii. [Ipu
HE0OXOIMMOCTH, B cIyyae TPyAHOAePOPMUPYEMBIX MaTEpUaJIoB, NedopMalys OCYIECTBIsIETCS pU
MOBBIIICHHBIX TEMIIEPATYpax WIH MPU YBEIMUYEHHBIX YIJIaAX NEPECEUCHMS KaHAJIOB.

Metonom PKY mpeccoBaHusi CHIBHOE H3MENbUYEHUE MHUKPOCTPYKTYPBI MOXKET OBITh
JOCTUTHYTO OTHOCHTENBHO JIETKO Y€ IOCI€ OJHOIO MM HECKOJbKUX MPOXOJO0B KaK B YHCTBIX
MeTajlax, Tak U B ciuiaBax. OmHako obecrneueHue GOpMHUPOBaHMS OJHOPOIHBIX YM3 CTPYKTYp C
00JIbIIIeYyTIOBBIMU TpaHuIiaMu 3epeH MmetogoM PKY nmpeccoBanus TpedyeT 3aMeTHO OOJBIIETo Yncia

MIPOX0/I0B (Kak MpaBmiio, 8 u boiee).
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Puc.1 Cxema PKY npeccoBanus.

Cmpyxmypa yrempamenxkozepHucmuoix memannos nocie PKY npeccosanus.

OCHOBHOW OCOOEHHOCTBIO CTPYKTYphl YM3 MeTamioB (puc. 2), MOJyYEHHBIX METOJaMHU
UITJl, sBustOTCS HEpPaBHOBECHBIE TIPAaHUIBI 3€pEeH — OTO TPaHUIBI C OOJNBLICYTTIOBHIMU
Pa30pUEHTUPOBKAMH, MMEIOIINE BBICOKYIO IUIOTHOCTh BHECEHHBIX TUCIIOKALUMH U, KaK pe3yibTar,
JAJTbHOJEHUCTBYIONINE HANpsDKeHUS. [[pyrMM HMCTOYHHMKOM HANpsHKEHUW CIIy’KAaT TPOWHBIE CTBHIKU
3epeH, CoAepIKalle HECKOMIIEHCUPOBAaHHbIE NUCKIMHAIUU. O HEPAaBHOBECHOCTU CBHUIETEIIBCTBYIOT
T Qy3HbIA KOHTPACT TPaHUIl U HM3THOHBIC KOHTYpPHl SKCTUHKIMM B 3€pHAX, HaOII0gaeMble Ha
INEKTPOHHO-MUKPOCKONIUYECKUX  u300paxeHusx.  IllupuHa ~ MeX3€epeHHbIX  IpaHUll B
HAHOKPUCTAJUTMYECKUX MaTepualiax COCTABJISET, MO pa3HbIM oleHkam, oT 0,5 1o 5 am. IlnoTHOCTH
JUCIIOKALMI BHYTPH 3€PEH CYLECTBEHHO MEHBIIIE, YeM Ha IpaHulax. Juciokauuyu U AUCKINHALUU
CO3JAIOT JAJIbHOJICHCTBYIOIINE MO HANpSOUKCHUH M SBISIOTCA NMPUYMHOM W30BITOYHON SHEPrHH
TpaHUL 3€pEH.

Omxur YM3 matepuanoB MPUBOJIUT K ABOJIOIUU UX CTPYKTYPhI, KOTOPYIO YCIOBHO MOKHO
pazgenuTh Ha ABa JTana. Ha mepBoM B pe3yibTare OTKMra IPH TEMIIEpaType, COCTABIIAIOIIEH
npumepHo 0.3 oT TeMIiepaTypsl IJIaBICHUS, IPOUCXOAAT peNaKcalysl HapsyKEHUH, IEpexo/] MPaHull
3epeH W3 HEPABHOBECHOTO B 0Oo0Jieeé PABHOBECHOE COCTOSHHE M HE3HAUYHMTENBHBIA POCT 3€peH.
JlanpHelnIee MOBBIIICHAE TEMIEPATypbl OTXKUIA WM YBEIWYCHHE €T0 JIUTECIBHOCTH BBI3BIBACT
cOOMpaTeNbHYI0 pPEKPHUCTAJUIM3AINIO, T.€. YKpymHeHHe 3epeH 10 pasmepoB 20-100 wxwm,

XapaKTePHBIX JUIsI OOBIYHBIX KPYMHOKPUCTAITMYECKUX METAIUIOB.
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Puc. 2. CrpykTypa KpyNmHOKPUCTAIIIMYECKUX (CIIEBA) U YIbTPAMEIKO3EPHUCTBIX METAJIOB.
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Mexanuueckue ceoticmea y1ompamenKo3epHUCbIX MEMAaulos.

Cpenu HEOOBIYHBIX CBOMCTB HAHOKPUCTAJUIMYECKHX M YJIBTPAME3KO3E€PHUCTHIX METAJUIOB B
IIEPBYI0 OuYepelb CIeAyeT OTMETUTb BBICOKYIO TBEpPAOCTb. TBEpAOCTH  XapaKTEpU3yeT
COIIPOTHBIICHHE MaTepHaja YNpPYrod W IDIaCTUYEeCKOH aeopManui W B 3HAYUTENBHOW Mepe

onpeACsICTCA NPEACIOM TCKYUCCTH O . PasMep 3CPCH OKAa3bIBACT CYHICCTBCHHOC BJIMSAHUC HA HETO.

OT10T 3(pdeKT Xopoio n3yueH B METaIaX W CIUIaBax C pa3MepoM 3epeH d Ooiee 1 MKM W HOCHUT

Ha3BaHue 3axoHa Xoma-llerya:

_ -1/2

o,=0,+k-d", (1)
rae O, — BHYTpPEHHEE HalpsHKeHHEe, IPENATCTBYIOIEE [BIDKCHUIO AUCIOKAIMH CO CTOPOHBI
KPUCTAJUTMYECKOW  pemieTkn W AedeKkToB pemeTkd, k — kodpdumuent Xoima-Ilerya,

XapaKTepu3yloIlui BKJIaJ B YNPOYHEHHE CO CTOPOHBI 3epeH. W3 ypaBHenus (1) ciemyer, 4uro
YMEHBILIEHUE pa3Mepa 3€peH [0 YJIbTPAMEIKO3EPHUCTOTO COCTOSHUS JIOJDKHO IIPUBOIUTH K
3aMETHOMY H3MEHEHUI0O MEXAaHMYECKUX CBOMCTB, B YaCTHOCTH K YIPOYHEHHMIO Marepuajia Mpu

YMEHBIIECHUH d.

KK mMertamisl VYM3 mMeTaiuinl
O-T A A
a8 N )
— - -
— -—
.{_f ________
ko T
Oy
0
— 172
d

Puc. 3. 3aBucumoctu Xosmna-Iledra mist KpymHOKPUCTANTMYECKUX
(KK) u ynpTpamenko3zepauctbix (YM3) MeTamios.

Opnnako Ha npaktuke B YM3 metamiax, noiaydeHHbx Merogamu UITJI, umeromuecs: naHHbIe

BeChMa MPOTUBOpPeUnBHI (puc. 3). B psane paboT oOHapykeHa KiacCU4ecKas JTMHEHHas 3aBHCUMOCTD
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o,;(d™"7); orMeuensl haKkTBI OTCYTCTBHS 3aBHCHMOCTH O, OT pa3Mepa 3epHa, a TaKkKe HaIdHe

WHTEpBalla pa3MepoB 3€peH, I'/ie HAONIOAeTCs YMEHBIICHHE Mpejenia TEeKYYeCTH C yMEHbIIEHUEM
pa3mepa 3epHa (Tak Ha3bIBaeMbIid Y3PPEeKT «0OpaTHOTO» MU «aHOMalbHOro» Xoiuia-Ilerya). Takum
o0pa3oM, K HacTOAILIEMY BpPEMEHHM HAKOIUIEH OOJbIION OO0BEM SKCIEPUMEHTAIbHBIX JIaHHBIX,
KOTOpPBbIE HE yAAE€TCSl MHTEPIPETUPOBATH B PAMKAX TPAAUIMOHHBIX IMPEICTABICHUN O MOCTOSHCTBE
napamerpa k B cootHomeHnu (1). B wacTHOCTH, B psfe dKCIEPUMEHTAIBHBIX PaboT oOHapys>keHa
CYIIECTBEHHAs] 3aBUCUMOCTb KOd(PUIMEHTa k& OT CTENEHH U CKOPOCTH IMpeIBapUTEIbHOM
negopmanuy, TeMIepaTypbl ¥ BPEMEHU NPEIBAPUTEIBHOIO JOPEKPUCTAIUIN3AUOHHOTO OTXKUTA U
T.J.

HeoOpruHOEe MexaHu4ecKkoe oBeACHUE B MeTalliax, nmoAasepruyTeix UI1JI, cBuaerenscTByeT 0
MPUHIMIHATIBHBIX W3MEHEHUAX MeXaHu3Ma AeQopMali Tocie TOro, Kak B HHUX MPOHU3OILIO0
¢dbopmupoBanne YM3 crpykTypsl. Kak w3BeCTHO, MepeMelieHue AMCIOKAIMH W JBOMHHUKOBaHHE
SBIISTIOTCSI OCHOBHBIMH MEXaHHM3MaMd JaedopMaiu Ui KPYMHOKPUCTAUTMYECKUX METayuioB. B
YIBTPAMENIKO3EPHUCTBIX METaUIaX MPOUCXOAUT 3aTPyJHEHUE 3apOXKACHUS W IMEPEMEIICHUs
JUCJIOKAUi, 4TO NPHUBOJUT K YBEJIMYEHUIO MPOYHOCTH. B TO ke BpeMs, HalIM4He yIbTPAMEIKHX
3epeH MOXKET CIOCOOCTBOBaTh JAPYTUM Je(OpMAIMOHHBIM MeXaHH3MaM, HalpuMmep, TaKhUM, Kak
36pHOIPAHMYHOE TPOCKAIB3BIBAHUE W  BpPAIlCHHE 3€pEH, U, CIEJ0BAaTEIbHO, IOBBIIIATH
IJIACTUYHOCTh. BO MHOTHX ciy4asx, IMyTeM OINTHMAaIbHONH 00paOOTKH, MOXXKHO co3math YM3
MaTepuan, 00aJaroNfii U OBBIIIIEHHON MPOYHOCTHIO U MOBBIIIEHHON MIaCTHYHOCTHIO.

IIpakTrueckuil MHTEpEC MPEACTABIIAET SIBJICHUE BBICOKOCKOPOCTHOM M HU3KOTEMIIEpaTypHOU
CBepXIUIacTUYHOCTH, Habmogaemoe B HMK maTepuanax rnpu NOBBIIIEHHBIX TeMIlepaTtypax (mopsaka
0.4 ot TemmepaTypbl IJIABJICHUS) U OMPEICIIEHHBIX CKOPOCTSIX AedopManuu. B 3THX ycloBusix B
HMK marepuanax HaOmroaaeTcs BeCbMa BBICOKAsl TNIACTUYHOCTH U IehopMalivs 10 pa3pyLIeHUs Ipu
PacTsLDKEHUU JOCTUTAET COTEH U ThICSAY MPOLIEHTOB.

Takum 00pa3oMm, CYIIECTBYET BO3MOXHOCTh MPUHIMIHAIBHOTO HW3MEHEHUS CBOMCTB
METaJJIOB U CIUIAaBOB NMPHU (POPMUPOBAHUU B HUX YJIBTPAMEIKO3EPHUCTHIX CTPYKTYp, YTO TMO3BOJISET
peann30BaTh COYETAHHME BBICOKOM MPOYHOCTH M IUIACTUYHOCTHU. VMccrienoBaHMs TakMX MaTepUalioB
MMEIOT BeCbMa BaXXHOE Kak (yHIaMEHTaIbHOE, TaK U NpakTudeckoe 3HaueHue. C pyHnameHTaapHOM
TOYKHU 3PEHUS, 3TH UCCIIEOBAHUS MHTEPECHBI JJISl BBIICHEHHS HOBBIX MeXaHU3MOB nedopmanuu. C
MIPAKTUYECKOW CTOPOHBI, CO3[JaHNE HAHOMATEPHUAJIOB C BBICOKON IMTPOYHOCTHIO U TUIACTUYHOCTBIO TIPH
KOMHATHBIX TEMIIEpaTypax Ba)KHO C TOYKHU 3PEHHUs HMCIOJb30BaHUS 3TUX MATEpPUAIOB B KAaueCTBE
MaTepHaioB IS JIeTajeil MallliH, MUHUATIOPHBIX 1 0C000 TOYHBIX JIeTasiel TPOOOPOB U 3JIEMEHTOB

OTBETCTBEHHBIX KOHCTPYKIIHM.
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MeTtoauKa BbISIBJIEHHS CTPYKTYPbI

HAHO- U MUKPOKPHUCTAJTIHYECCKUX METAJIJIOB U CILNIABOB

st monmyuenus uadopmaruu o crpykrype HMK meranioB (cpeanuii pazmep 3epHa, yIJIbI B
npoduiie TpaHUL[ 3€peH, YIJbl B TPOWHBIX CThIKaX 3€PEH) METOJIOM CKaHUpYOIIeH 30HIO0BOIi
MHUKPOCKOIIMY BaYKHEHUIITUM SIBJISIETCS BBISIBIICHHE 3€PEHHON CTPYKTYpHl 0Opasua (puc. 4). Metoauku
noaroroBku HMK wmertamnos aiis ACM uccnenoBanuii 6epyT cBo€ Ha4ajao OT METOJUK MOJATOTOBKU
MIOBEPXHOCTU OOBIYHBIX KPYNMHOKPUCTAUIMYECKMX 0O0pa3LoB A ONTUYECKOM MeTayuiorpapuu. B
HacTosillee  BpeMs  OCHOBHBIMH  CIIOCOOAMHM  TOATOTOBKM  SIBJISIFOTCS ~ XUMHUYECKOE U
ANEKTPOJIUTUYECKOE TpasieHue. OQHAKO B Cilydae HaHOKpUCTaIMdeckux M YM3 marepuaioB
yCIIOBUSL TPaBJIECHUS CYILIECTBEHHO H3MEHSIOTCSA, NMPUYEM I KaKJI0ro KOHKpeTHoro oOpasna

TpeOyeTcsi MPOBOAUTH MOJ00pP ONTUMANBHBIX YCIOBHUH (COCTaB TpaBHUTENS, TEMIEpAaTypa, BpeMs U

ap.).

Metona C3M

Obpasey

MeTonuka BbIABNeHUs
CTPYKTYpHI

Puc. 4. BzauMocBs3b 00pasiia u MeTo/1a HCCIIEAOBAHMS OCYIIECTBIISCTCS
Yyepes MpaBWIIbHYIO TOAr0TOBKY YM3 Metaiia k C3M ucclie1oBaHuUIo.

[lenbto BBISABIEHUS 3€PEHHON CTPYKTYypbl METAJNIOB SIBJIETCS BBIJEICHHUE MEXK3EPEHHBIX
rpanun. Kak mnpaBuio, npoduiab IpaHHMIBI Ha CTBIKE JABYX 3€pEH HMMEET OJMH W3 BapUaHTOB,
NIPEJCTAaBICHHBIX Ha pHC. 5. Mex3epeHHas IpaHHlla MOXKET MPEJCTaBIATh COOO0M yriayOieHue Wiu
CTYNEHbKY MEXJIy JABYMs 3€pHaMH, a TaK JK€ BBICTYIIaTb OTHOCHUTEIBHO IIOBEPXHOCTH 3EpEH.
Konkpernsiii Bapuant mnpoduist (puc. 6) 3aBHCHT OT THIIAa M YCJIOBHH TpaBJCHHS, a TaK K€ OT

KpUCTAIIOTpaQUUECKUX OPUEHTALIMNA MTPUMBIKAIOIINX 3EPEH.

Puc. 5. Bo3amoxHbIe Ipod i MeX3epEeHHON TPaHUIIBL.
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Puc. 6. Tonorpadus moBepxuHoct Al criaBa u npowIb JIMHIH Yepe3 TPaHUIly 3epeH: TPAHHIIA B BUIIC
CTYIIEHbKH (BBEPXY) U B BUJIC BBICTYIA (BHU3Y) OTHOCUTEIHHO TeJla 3¢pPHA.

CenexmusHoe xumuieckoe mpasieHue.

[lon XWMHUYECKHMM TpaBJIEHHEM TIOHHUMAIOT CIOCOO YJaleHHs IOBEPXHOCTHOIO CJOs
MaTepHala 1moj JeHCTBUEM CIIEIHAbHO TOA0MPAaeMbIX XUMHUECKUX PEaKTHBOB. B 3aBHcHMOCTH OT
MOP(OIIOTHH TOIy4aeMOi MOCIe TPaBJICHUS MOBEPXHOCTH XHMHYECKOE TPABIECHHE MOXKET OBITH
BBIPABHUBAIOIIUM (MOJUPYIOMIKUM, HUIMQYIOMKMM) WM W30MpaTeNbHbIM (CelneKTUBHBIM). [Ipu
BBIPAaBHUBAIOIIEM TPABJICHUH MPOMCXOJUT CIIaKUBaHHE peibeda MOBEPXHOCTH, YMEHBIICHUE €e
[IEPOXOBATOCTH, TIPU CEIIEKTUBHOM TPABICHHH — YyBEIWYEHHE HEOAHOPOJHOCTH IOBEPXHOCTH,
BBISIBJICHUE €(PEKTOB CTPYKTYPHI, TPAHUI ABOIHUKOB U 3€PEH, PACTPABIMBAHNE TPEUIVH U [apaIyH.

BroisiBeHHe TOHKOM CTPYKTYphl KPUCTANIUTOB, pa3Mepa 3€peH M MEX3EPEHHBIX TPaHHUIl B
MeTaJuIax MPOBOJHUTCS MOCIE MPEIBapUTEIbHON MEXaHNYECKOH MOArOTOBKU MMOBEPXHOCTH 00pa3LoB
(mumdrBaHUS ¥ aTMA3HOTO MTOJUPOBAHMSA) Il BEIPAaBHUBAHUS ITOBEPXHOCTH, a TAK)KE WHOT/IA MOCTIe
BBIPaBHUBAIOIIETO XMMHUYECKOro TpaBieHus. [locme 3Toro s kakaoro KOHKPETHOTO Marepuaa
no0MparoTcsl XUMHMYECKHE pEaKTHBbI, 00JalalolIfe CEeJNEKTUBHBIM JEMCTBUEM K BBISBICHHIO
MeX3epeHHbIX rpaHull. CelneKTuBHOE BO3/AeHCTBHE (0O0JbINAsi CKOPOCTh TPABJICHUS IPAaHMIL 3€pHA I10
CPaBHEHHIO C TEJIOM 3€pHa) OOYCIIOBICHO HEPaBHOBECHOCTBIO TPAHHUI] 3€peH, O0JIaJa0MNX
M30BITOYHON PHEPTUCH.

B Tabmuue 1 mpuBeneHbl BapuaHTBl TpaBUTENEW i BBIBIECHUS 3€PEHHON CTPYKTYpPHI

HCKOTOPBIX MCTAJUIOB U CIIJIABOB.


http://www.chemport.ru/chemical_encyclopedia_article_1045.html
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Ta6n1/1ua 1. BapI/IaHTLI TpaBHTeJ’IefI AJIL CCJICKTUBHOI'O XHUMUNYCCKOTI'O TPABJICHUS HCKOTOPBIX

MCTAJJIOB U CIIJIaBOB.

Marepuan CocraB peakTuBa VYcnoBus TpaBiaeHUs
Mem; HNO32H3PO4ZH2C402 (21 1: 1)
Bbponza FeCl;:HCI:H,O (1:1:1)
Amomunnit u | C,HsOH: HCI (5-20:1) + H,O:HF (5-10:1) | 3-10 cek., TpaBUTh CHa4aja B IEPBOM
€ro CIUIaBbI pacTBope, 3aTeM BO BTOPOM
Huxens HNO;:CH3COOH (1:1) 1 gac
HuxeneBsie HNO3:HCI: C3Hs(OH)3 (1:3:6) 10-15 muH.
CILIaBBI

Dnexmponumuueckoe mpasienue.

[Ipu snexTpoauTHYECKOM crocode TpaBiieHus (puc. 7) oOpa3el moMemarT B KaueCTBE aHO1a
(aHOMHOE TpaBJeHWE) WK KaToja (KaTOJHOE TpaBlICHHE) B AJICKTPOJIMTUYCCKYIO BaHHY. Karomom
CIJIy>KaT HEPacTBOPUMBIE B 3JICKTPOJIUTE MaTepHalIbl, TTIAaBHBIM 00pa30M CBUHEIl U MHOTIA JKEJe30.

TpaBnenue nNpoUCXOIUT IMyTeM OBICTPOro 3JIEKTPOIUTUYECKOTO PACTBOPEHUS, IMOITOMY
MIOMHUMO TIPABHIILHOTO MOI00PA AJIEKTPOJINTA TPEOYETCsI TOUHOE YCTaHOBIICHHE PEKUMa TPABIICHUS
(TUJIOTHOCTH AaHOJHOTO TOKa), B NMPOTUBHOM CIIydae MOXET MPOU30HTH UpEe3MEpPHOE PacTBOPEHUE
Metaia. Ilpomecc BeayT OOBIMHO TpH KOMHATHOM TemmepaType; UIMTEIbHOCTh Ipoliecca

HOZ[6I/IpaCTC$I OIBITHBIM IIYTEM U JICKHUT B MIPEACIaX OT HCCKOJIbKUX CCKYH/ 10 HCCKOJIbKUX MUHYT.

KaTox _ Awon _|_

Oﬁﬁwen

OIMeKTPOIUT

Puc. 7. Cxema 37eKTpOTUTHUECKOTO TPABICHHUSL.

ATOMHO-CHJIOBAsi MUKPOCKONIHSI
HAHO- U MUKPOKPHCTAJIMYECKUX METAJJIOB U CIIJIABOB

MeTo 1 aTOMHO-CHIIOBOH MHUKPOCKOITHH, TIOJIOOHO MEXaHUYeCKOMY TPO(UIOMETPY, OCHOBAH
Ha UCMHOJb30BAaHUM MEXAHMYECKOrO0 30HAA M TOJy4YeHUs M300pakeHHs MOBEPXHOCTH.
TpaauIMOHHBIM JATYUKOM CHIIOBOTO B3aWMOJCUCTBUS SBISETCS KpEMHHUEBAsT MUKPOOaka, KOHCOMIb

WM KaHTuiaeBep (OT aHrI. cantilever) ¢ ONTHYECKOM CXEMOH perucTpanvy BEJIWYMHBI U3ruda
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KaHTHUJICBCPA, BOSHHUKAIOMICTO BCJICACTBUC CHIIOBOI'O B3aUMOICUCTBHUS MCKAY O6p8_3LIOM Hn 30HAOM,

PacIoIOKEHHBIM Ha KOHIIE KaHTueBepa (puc. 8).

nasep doTonerexTop
T

B

30H]

oOpasert

Puc. 8. Cxema cuiioBoro ceHcopa.

Pa3nnyaroT KOHTaKTHBIM, HEKOHTAKTHBIM U NPEPBIBUCTO-KOHTAKTHBIM («I1OJYKOHTaKTHBIN»)
croco0bl  IPOBEACHUS  CHJIOBOM  MHKpOCKONuHU. Vcronb30BaHME  KOHTAKTHOTO — CIocoOa
npearnonaraeT, 4ro 30HJ ynupaercs B oOpasen. [lpu wu3rube kaHTwieBepa MOA ACHCTBUEM
KOHTAKTHBIX CHJI OTPa>KEHHBIM OT HETO JIy4 Jla3epa CMEIIAETCs OTHOCUTENBHO LIEHTPA KBAIPAHTHOTO
¢oronerexktopa. TakuM 00pa3oM, OTKIOHEHHE KaHTHJIEBEpAa MOXXET OBITh OMNPEAETICHO 10
OTHOCHUTEJIbHOMY M3MEHEHUIO OCBEIIEHHOCTH BEPXHEN U HIKHEN MOJIOBUHOK (OTOIETEKTOpA.

[Ipu mucnonb3oBaHME HEKOHTAKTHOTO CIIOCOOA 30HJ yIaleH OT MOBEPXHOCTU M HAXOAMUTCS B
o0acTi AEUCTBHS 1aTbHOAECHCTBYIOLIMX MPUTATMBAIOMUX CHl. CHIIBI IPUTSKEHUS U UX TPaIUCHTBI
ciabee OTTAJIKUBAIOIINX KOHTAKTHBIX CHJI. [103TOMY JUIs MX AETEKTUPOBAHHS OOBIYHO MCIIONIB3YETCS
MOJyJIIIUOHHAsE METOAMKA. J[JIsl 3TOTr0 ¢ MOMOIIBIO TIbE30BUOPAaTOpa KAHTUIIEBEP PACKaYMBAETCS 110
BEPTUKAJIM HA PE30HAHCHOM 4acToTe. BJamm oT MOBEpXHOCTU aMIUINTyJa KoJeOaHUil KaHTHUIIeBepa
UMeeT MaKCUMallbHYI0 BeqnuuHy. [lo mMepe mpuOimXKeHHs K MOBEPXHOCTH BCIEACTBUE ACUCTBUS
IpaJeHTa CUJI MPUTSHKCHUSI PE30HAHCHAs 4acToTa KojeOaHUil KaHTUiIeBepa U3MEHSETCS, IPU ATOM
YMEHBIIAETCS aMIUIUTY/1a €ro KojieObaHuil. DTa aMIUTUTYIa PETUCTPUPYETCS C TIOMOIIBIO ONITHIECKOM
CHUCTEMBI II0 OTHOCUTEIBHOMY W3MEHCHHMIO IEPEMEHHOM OCBCILIEHHOCTH BEPXHEHM W HIDKHEU
MIOJIOBUHOK (POTOJIETEKTOPA.

[Ipy «IMONMYKOHTAaKTHOM» CIOCOOE M3MEPEHMH TaKXKe MPUMEHSETCS MOAYJIALUOHHAS
METOAMKAa M3MEPEHUSI CHUJIOBOIO B3aUMOJAEUCTBHUA. B «IIOIYKOHTAKTHOM) pPEKHUME 30HJ YaCTUYHO
KacaeTcs MOBEPXHOCTH, HAaXOAACh IONEPEMEHHO KaKk B 00JacTH NPUTSDKEHUs, TaKk U B 0O0JIACTH
OTTaJIKUBaHU.

JUia uccnepnoBanus crpyktypel HMK MeTtannoB u cIutaBoB METOIOM aTOMHO-CHUIIOBOM
MHUKPOCKOIIMM MOET OBbITh HCHOJB30BaH JI000H pexum pabotei ACM — KOHTaKTHBIH,
HEKOHTAaKTHBIA WJIM TOJYKOHTAKTHBIH. KOHTaKTHBIN crioco® n3MepeHnii Hambolee yA00CH ¢ TOYKH
3peHMsl IETEKTUPOBAHUS CHUJIOBOIO B3aUMOJCHCTBUSA, T.K. BEJIMYMHBI CHJ OTTAJIKUBaHHUA B 001acTH

KOHTaKTa MOTYT 3HAUUTCIIbHO IIPCBBIIIATL BCIWYHUHBI CHII TIPUTSKCHUS. O,I[HaKO mnpu ¢€ro
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HCIIOJIb30BAaHNU CYHICCTBYCT OIIACHOCTb 6BICTpOFO H3HOCa HWJIM [AaXC IIOJOMKH 30HIA. HpI/I

OECKOHTAKTHOM CIIOCOO€ M3MEpPEHMH pa3pylleHHE 30HIa MEHEE BEPOSITHO, OJHAKO Mallbl H
n3MepsieMble curHaibl. [loaTromy HauOosiee wyacTo [ BHU3YyalW3allUd pa3IMYHBIX CBOMCTB
MMOBEPXHOCTU B CHJIOBOM MUKPOCKOIIUU HCHOJIb3YETCSI «IOTYKOHTAKTHBIN» COCO0 AETEKTHPOBAHUS
B3auMozeicTBus. Ilpu 3ToM BcleAcTBHE KPaTKOBPEMEHHOCTH KOHTAaKTa BO3JCHCTBHE 30HAA Ha
IIOBEPXHOCTh MHUHUMAJbHO, a HU3MEpSAEMBbIE CHUTH&JIbl JOCTAaTOYHBI JUIsI MX HAJEKHOTO
NETEKTUPOBaHUS. JIOMOJHUTENBHBIM MNPEUMYIIECTBOM «IIOJYKOHTAKTHOIO» croco0a sBISETCS
OTCYTCTBHE CJIBHIOBOM COCTaBJISIONICH CHIIBI BO3JCHCTBHS Ha HCCIEIYEMYIO MOBEPXHOCTb, UTO

CYLIECTBEHHO YMEHBIIIAET UCKAXKEHUS MOTyYaeMbIX N300paKeHUH.
Onpenenenue pazmepos 3epeH u3 pe3yabTaTtoB ACM n3MmepeHuii

OcHOBHO 3a/1auell uccie0BaHMs CTPYKTYpPbl METAINIOB U cIIaBOB MeTo oM ACM sBnsiercs
BBISIBIICHHE 3€PEHHON CTPYKTYpPBI, 00pabOTKa M aHalu3 W300pa’keHHi, BKIIIOYAIOIIUE OIpeIeIeHUEe
CJIEYIOIINX MapaMeTPOB:

1. Pasmepni 3epeH

2. Yrasl B npodusie rpaHuLl 3epeH

3. Pa3mepsl yactuiy BTOpoit ¢assl

4. Yribl B TPOMHBIX CThIKaX 3€peH

5. [locTpoeHne THUCTOrpaMM pacIpeleieHus] YKa3aHHBIX [apaMeTpoB U  OINpeiesieHue

CpeIHUX Pa3MepOB.

Kak mnpaBmiio, ompeneneHue BCEX MNEPEUMUCICHHBIX BEIMYHH TPEACTABIAETCS JOBOJIBHO
CIIO)KHBIM. YacTHmbl BTOpOW (pa3sl MOTYT HE BBIBISATHCA ITyTEM CEJICKTHBHOTO TPABICHHS
OJTHOBPEMEHHO C MEXK3EpEeHHBIMHM TpaHMIIAMU. YTOd B NIpoduie TpaHHIl Ha CTHIKE JABYX 3€peH
SIBJIICTCS BEJIMUMHOM, CUIIBHO 3aBUCSAIICH OT yCIIOBUH TpaBJICHHs U, CIIEOBATEIbHO, HE SBIISCTCS
HE3aBUCHMOM XapaKTEepUCTUKONW 00pa3ia.

JlJ1 1OCTOBEPHOTO OMpeEeNieHUs] BEIMYMHBI CPEAHETO pa3Mepa 3epHa, BIOOp pa3Mepa CKaHa
HEOOXOMMO MPOU3BOJUTH TaKKMM 00pa3oM, 4TOOBI Ha M300pakeHWH ObUTO BUIHO mopsiaka 20-50
3epeH (puc. 9). [Ipu uccnemoBanuu 0Opa3IOB, MOABEPTHYTHIX MPEIBAPUTEIHHON MEXaHHUYECKON
nedopmanuu, HeOOXOJUMO YUUTHIBATh, UTO pa3Mepbl 3¢pPeH BOIb OCH Je(POPMHUPOBAHUS U MOMIEPEK
€l MOTYT OTIMYaThCSA, TMOATOMY MPOBOJUTH MU3MEPEHHUS pa3MEpOB 3epeH HEOOXOAMMO OTIEITHHO
Broib oceid X u Y (g aToro obpaserr B mpubOope Mpu M3MEPEHUHU JOHKEH OBITh OPUEHTHUPOBAH

BJIOJIb OTHUX OCEH).
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Puc. 9. ACM uzo6paxenne YM?3 Gponssl (a) 1 0Tox:keHHOro mpu 450°C aqroMuHEEBOrO ciuiasa (0).

Jnst onpenenenus pazMepoB 3€peH MOXKET ObITh MPEATIOKEH CIEAYIOINN alrOpUTM:

1. Pacnieuaraiite n300pakeHHE IMOBEPXHOCTH, IO KOTOPOMY HEOOXOAMMO OCYIIECTBUTH
U3MEpeHue pa3MepoB 3epeH, Ha jaucte Oymaru. HHorma ymoOHO UCHOIB30BaHUE
JIBYMEPHOTO SIPKOCTHOTO W300paKCHHs, B HEKOTOPBIX CIIy4asX IJs TOAYEPKUBAHUS
OTACJIBHBIX TI'paHUll 3€PCH MOKHO HCIOJb30BATh MOACIUPOBAHHC YCJ'IOBI/Iﬁ IIOACBECTKHU
MOBEPXHOCTH TOYCUHBIM UCTOUYHUKOM (ITOACBEYCHHOE M300paKeHue).

2. IIpouepTuTe KapaHIAIIOM T'PAHUIBI BCEX MOJHOCTHIO BUIUMBIX Ha M300paKEHUU 3EpPEH,

npoHyMepyiite ux (puc. 10).

A R

d,=8,24 MKkM
[ 7 d,=10,72 MKM
9 \/ 10
dy
8 ”s*l
¥
13 14 3

Puc. 10. CxemaTrueckoe n300pakeHHE 3epEHHON CTPYKTYPHI.
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Puc. 12. 'mcTorpamMMel pacnpenesieHus pa3MepoB 3epeH 1o ocsiM X U Y, onpeielieHHbIe 1o puc. 96,
a TaK YK€ BEpOATHOCTHBIEC apaMeTPhl PacIpeIeICHuUs.

®
I[J'ISI MOCTPOCHHA TUCTOIpaMMbl JAHHBIX W OHNPCEACJICHUA CPpCAHEro pasMepa 3€pHa BO3MOXKHO HCIOJb30BaHUC

nporpammbl Microsoft Excel.
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Bausinue paguyca 3akpyrieHusi 30H1a Ha pe3yabTaTbhl ACM u3mepeHuit

HecmoTpss Ha BO3MOXHOCTH JocTKEeHHST MeToAoM ACM BBICOKOTO MPOCTPAHCTBEHHOTO
paspenieHus, nHGopMaIus o perabede UCCIenyeMOi MOBEPXHOCTH MOXKET HEaJeKBaTHO OTOOpaKaTh
peasbHble 0COOEHHOCTH TIOBEPXHOCTH BeleAcTBHe 3 dekTa KoHBoMOIMH Win dhdekra "ymmpenus
npoduns". Jlro6oe ACM uzoOpaxeHune SBISIFOTCS KOMOHWHAIMEH MOBEPXHOCTH 00paslia W 30HIA,
KOTOPBIA HCTONB3YETCSl JUII OTOOpPaKCHHST TOBEPXHOCTH. JTOT apredakT, Kak MpaBHIIO, JIETKO
YUUTHIBAETCSI HA KAUECTBEHHOM YPOBHE IIPHU MHTEPIPETALUU PE3yIbTaTOB (OCOOCHHO €CIIU pa3Mephl
MOBEPXHOCTHBIX OCOOEHHOCTE HAMHOTO TMPEBBIIAIOT PAJAMYyC KOHYHMKA 30HIA), OHAKO st
KOJIMYECTBEHHBIX OIIEHOK Ba)KHO 3HAHWE METOJIOB BOCCTAHOBIICHHUS PEAbHOM F€OMETPHH OOBEKTOB.

[IpumenurtensHo K pesyiabratraMm ACM wuccrienoBanuii 3epeHHoi ctpykrypsl HMK metannos
U CILJIaBOB BAYKHBIM SIBJISIETCSI BOIPOC O CIOCOOHOCTH MpHOOpa pa3peninTh ABa COCETHUX 3€pHA, T.€.
0 pazpematoieit cnocoonoctu Mmerona ACM.

Iphexm "ywupenus npoguns”.

Paccmotpum ciyuait B3ammoeicTBus uccieayemMoro oosekra m ACM 30Hma (puc. 13) B
clly4ae, KOrjJja KOHYHMK 30HJa XapaKTepu3yeTcsl pajauycoM R, MpUOIM3UTENLHO PaBHBIM paguycy
3aKpYTJICHUSI 7 TIOBEPXHOCTHBIX OCOOCHHOCTEH — R =~ r. B nmaHHOM ciydae ABMKEHHE 30HIA TIO
MOBEPXHOCTH OOBEKTa MOXKHO paccMaTpuBaTh KaK JBMKEHHE Iapa paauyca R MO MOBEPXHOCTH

11apa pajauyca r, To €CTh 30H] Oy/IeT ONUCHIBaTh YTy paguycoM R+r.

d

Puc. 13. Cxema npodwist MOBEpXHOCTH U 30HA, a TaK ke MPodHIIb
MIOBEPXHOCTH, OTMUCHIBAEMBI KOHYMKOM 30H/1A.

PaccmarpuBas npsimoyronbsHbii TpeyroibHUK ABC Ha puc. 13 1y ero cTOpoH 1o Teopeme
ITudaropa MOXKHO 3anMCaTh COOTHOILIEHHE AB?*=AC? + BC®. Jlnuna cTopoHbl AB = (R+7), CTOpOHBI
AC = (R-r), cropousi BC = d. Torma ans mWMpUHBI TPOJOJBHOIO pa3Mepa MOBEPXHOCTHBIX

0COOEHHOCTEHN d MOXKHO MOJTYYUTh COOTHOIICHHE:!

d=2~Rr.

PacueTsl moka3pIBalOT, 4TO MPH OTOOPaXXEHUU IHMOBEPXHOCTHBIX OCOOEHHOCTEH pa3MepoM
=20 HM 30HAOM c paguycoM R=20 HM, pa3mep ocoOeHHOCTell Ha Tomorpaguu MOBEPXHOCTH
coctaBuT 40 HM, T.e. B JIBa pa3za NMPEBBICUT UCTUHHBIA pazmep. Takum oOpa3oM, JUis MPaBUILHOM

KOJIMYECTBEHHOW HMHTEpIpeTanuu moiydeHHbIXx ACM pe3ynbTaToB y4eT BIHMsHHA (OPMBI 30HIA
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HE00X0/1UM, OCOOCHHO KOT/Ia pa3Mepbl OBEPXHOCTHBIX OCOOEHHOCTEH (pa3Mephl 3epeH) MPUMEPHO

COBMAJIAIOT C PaUyCOM 30H/a.

Jlamepanvnas pazpewiarowjas cnocooHocme.

Kpurepuem paspemiaromnieii cnocoOHOCTH MO0 HOpMalnd A/ MOXKET CIIY>KUTh MHHUMAJIbHOE
U3MEHEHHE Z-KOOpJUHATHl INPH CKaHUPOBAHUH, JETEKTHPyeMOoe Ha ypoBHe IIymoB. llpexen
paspelieHns Mo HOPMajM SIBJISETCS XapaKTEPUCTUKOM MpuOopa M OOBIYHO COCTaBISET JIOJU WIN
€IMHULIBI aHTCTPEM.

OnHO3HaYHOW MPOIEAYpHl ONPEEIICHUs JIATEPaJIbHOM pa3peliarolieil cCiocoOHOCTH MeToaa
ACM mHer. Opnako s mpuMepa paccMoTpuM puc. 14. IlycTh KOHYMK 30HJa XapakTepHU3yeTcCs
paznycoM KpHMBM3HBI R, a pa3peliaeMble 0COOCHHOCTH MOBEPXHOCTHU (3epHa) — paauycoMm r. Torna
BO3MOKHOCTh  JIATEPAJIBbHOTO  pPa3pelleHUs] TOBEPXHOCTHBIX OCOOCHHOCTEH (MHHHMMAIbHOE
paccrosiHue Mexay oObekTaMu d) OyZeT cBsi3aHa C MpPEesoM paspelleHus Mo HopMaiau Ah.
Kpurepuem paspemenuss 1ByX 3epeH SIBIISECTCS YCIOBHUE BO3MOYKHOCTH JECTEKTUPOBAHUS Pa3HMIIBI B

3HAYEHUSX BEPTUKAIHHONW KOOPAMHATHI UIJIbl Ha/l 36pHOM U MEXKY JABYMS 3€pHAMHU.

A T

A C

Puc. 14. Cxema npoduiast mOBEpXHOCTH U 30Ha (cleBa) 1 Mpopuiib
MTOBEPXHOCTH, OMTUCHIBACMBII KOHYMKOM 30Ha (CIIpaBa).

PaccmatpuBast npsamoyronbHbiii TpeyronbHuk ABC Ha puc. 14 ans ero cTopoH mo TeopemMe
[udaropa MoxHO 3amucats cootHomenne AB? = AC? + BC?. Jlnuna croposst AB = (R+r), cTOpOHbI
AC =d/2, croponst BC = (R+r)—Ah . Toraa 1is MUHIMAJIBHOTO PACCTOSIHUS MEXY ABYMS 3€pHAMH,
IIpU KOTOPOM TpaHuLa Mex1y HUMHU Ha ACM u300pakeHUH ele MOXeT ObITh 3aperucTpupoBaHa
(korma ee ryOMHA paBHA MUHUMAJIBHOW pa3pemaroiieid CoCOOHOCTH MO BEpTUKATH Al ), MOXKHO

3aliucaThb:

d = 2,/2(R + r)Ah— AR )

[TockonbKy, Kak OBUIO CKa3aHO BBINIC, MPEEN pa3pelieHus M0 HOpMalld A/ OYCHb Maj, |
MHOT'O MEHBIIE paauyca 30HIa, TO KBaJApaTOM 3TOW BEJIMYMHBI MOXXHO NpeHeOpeub. Kpome Toro,
JOCTUKUMOE MPOCTPAHCTBEHHOE Pa3pelICHHE TOJIKHO SIBISATHCS WHBAPHAHTHON XapaKTEPUCTUKON
npubopa (He 3aBHCSIIEH OT 00BEKTa MCCIENOBAHUSA), TO €Tr0 CIEIYET ONMPEICINTh, pacCMaTpUBas

yCIIOBUE IETEKTUPOBAHUS IBYX TOUEUYHBIX 00beKTOB (7=0). Toraa cooTHomeHue (2) mpuMeT BUA:

d = 2+]2RAh
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CBsA3bIBasA MPECACI Pa3pClICHUS B JIATCPAJIbHOM HAIIPaBJICHHUHU dc npeacioM paspClICHUA 110 HOpMaJIn

Ah ¥ panuycoM KpUBU3HBI 30HIMpYIOIIEro ocTpusi R. Pacuersl mokas3eiBatoT, 4To npu Az =0.1 HM,

paauyce 30H1a R=20 HM, pa3pelIeHNe B J1aTepaJIbHOM IIIOCKOCTU COCTaBIAET 4 HM.

MeToanuyeckue yKa3aHus

[Ipexxne uyeM NpUCTYNUTh K pabOTe Ha CKAaHUPYIOUIEM 30HIOBOM MMKPOCKOIE CIEAYET

U3Y4YHUTh PYKOBOJICTBO I0JIb30BATENS Npudopa.

Texunka 0e30MaCHOCTH

[Ipubop ynpasnsercs HanpsbkeHuem 220B. DxcrulyaTanuio CKaHUPYIOLIETO 30HIOBOTO
MHKPOCKOIIA ClIeyeT Mpou3BoauTh B cooTBeTcTBHH ¢ [ITD u [1TH anekrpoycraHoBOK moTpeduTeNei

HanpspbkeHueMm 10 220 B.

3agaHue

1. I/ISy‘II/ITe BJIIMSIHUC Pa3MEPOB 3CPCH HMK mertamioB M CIjIaBoB Ha WX MEXaHHYECKHE

CBOMCTBA.

2. HM3yunrte METOAMKY BBISBICHUS 3€PEHHOU CTPYKTYpPBI HMK METAJIJIOB TS

nocnenyromux ACM uccienoBaHui.

3. Homyunte ACM wuzo6paxkenus HMK wmeramnos (Cu, Al wnm ap.) B HCXOAHOM

HaHOKPHUCTAJTINIMYCCKOM COCTOSAHUH U ITOCIIC PCKPUCTATIIIN3AIIUU.

4. Omnpenenure pasmepsl 3epeH HMK meramnoB u3 momyderHsix ACM u300pakeHUH.
[ToctpoiiTe rucTorpamMmy pacnpezesieHus: pa3MepoB 3€peH, ONpeAesuTe cpeHee 3HaueHUue pa3Mepa

3C€PHAa U BEPOATHOCTHLIC ITaPaMETPhI PaCIIPCACICHUA.

KonTpoabHbie BOIpochl

1. Pacckaxxute 0 mpuMeHEHUH METOJOB MHTEHCUBHON MilacTHUeCKON nedopManuu AJis
MOJTy4eHUsI 00BEMHBIX HAHOCTPYKTYPHBIX METAJJIOB H CILJIABOB.

2. HazoBuTe OCHOBHBIE OCOOEHHOCTH CTPYKTYpbl YJIbTPAMEIKO3EPHUCTBIX METAJIOB
nocne PKY npeccoBanusi.

3. Pacckaxkxute O HEOOBIYHBIX MEXaHHMUYECKHX CBOMCTBaX HAHOKPUCTANIMYECKUX

MCTAJUIOB IO CPABHCHUIO C KPYITHOKPHUCTAIINYCCKUMU MaTCpUalaMu.
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4. CopaBennuB nu  3akoH Xoita-Ilerya mpu yMmeHblieHHE pa3mepa 3€epeH 110

YJIbTPaMENIKO3EpHUCTOIO COCTOSHUSA?
5. Ha3oBuTe OCHOBHBIE METOOMKHM BBISBICHUS 3€PEHHOM CTPYKTYypbl HAHO- U

MUKPOKPUCTAIINICCKUX METAJIJIOB U CILJIABOB.

6. Onuimure OCHOBBI METO/1a AaTOMHO-CHJIOBOM MUKPOCKOIIMU U €70 OCHOBHBIE THUIIBI.
7. Onuiure METOJUKY OINpENEIeHHs pa3MepoB 3epeH U3 pe3yipTaToB ACM n3mepeHuit.
8. Pacckaxxute o BAMSHUM paaMyca 3akpyrjieHuss 30HAAa Ha pesynbratel ACM
HU3MEpPEHHUI.
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