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NOCJIKEHHS M1 PO3BUTOK KIJIBKICHUX YSBJIEHB ITPO
MIKPOCTPYKTYPY CTAJII: MEXAHI3M 3HOIIIYBAHHS
1 TPIIMHOYTBOPEHHS 3AJIIBHUYHUX PEMOK

[IpeacraBneHi HOBi TeopeTHYHI MOMOXKEHHS, 1 TEOpii MEXaHIYHUX BIACTUBOCTEH CTalli, 30KpeMa pEeroK,
Ha OCHOBI pEaJIbHOI CTPYKTYPH 1 €NEeKTPOIOBEPXHEBUX BIACTUBOCTEH, sSBULI i mpoueciB. BcraHoBieHo,
110 pyHHYBaHHS KPUCTaJIYHOI PEIIiTKH METaly MOXe BiIOyBaTHCA SIK IIUIAXOM BiIpDHBY aTOMIB, IpHU
SAKOMY PEILiTKH Bipa3y po3MaJaroThes Ha Bl YACTUHM, TaK 1 HUISXOM 3CYBY aTOMIB, IIPU SIKOMY PELIiTKa,
MOCTYNOBO e OpPMYIOUUCH, PO3MAAAETHCS TUTBKH MiCisl 3HAYHOTO BUKPHUBIICHHS. JloBeIeHO, 0 HassBHUI
Ha peilli eTeKTPUYHUH MTOTEHLIial CTBOPIOE B Hil JOJATKOBI MEXaHIYHI HAIIPYTH.

KarwouoBi cioBa: 3amisHHYHA peiika, (epuT, LEMEHTHUT, MIKPOCTPYKTYpa, €IEKTPOIOBEPXHEBUI
MOTEHI[iaJI, MIl[HICTh, TPIlIIMHA, PYHHYBaHHS.

IHocranoBka nmpodaemu. OaHieIO 3 MPOOJIEM eKCIUTyaTallli peiKoBoi KoJii B
3QJII3HUYHUX TYHEJSIX € KOpO3is, Y TOMY UHCIII €JIEKTPOKOPO3is BiJl CTPYMIB BUTO-
Ky, Ta MEXaHIYHHUIN 3HOC PEHOK 1 peMKOBUX CKPIMJICHb, SIKI B YACTUHI TyHENIIB BiJI-
OyBalOTbCs JIy’K€ IHTEHCUBHO 1 3aB/Ial0Th 3HAYHUX 30UTKIB. BriuB 6ararhox ¢ak-
TOPIB Ha IHTEHCUBHICTh KOPO31i Ta MEPEeIYacHOr0 3HOCY € HEBUBUCHHUM, 3aXO/H 13
3aXMCTY BiJ KOpO3ii, epeadadyeHi 1iI0UYMMU IHCTPYKTUBHUMU JIOKYMEHTaMU, € He-
JIOCKOHAJTUMU.

Buxonsuu 3 BUKIIaIeHOTO, BCTAHOBJIEHHS BIUIMBY P13HUX (DAKTOPIB HA 1HTEH-
CUBHICTh KOpPO31i Ta 3HOC PEHOK 1 pEeUKOBUX CKPIIUIEHb B TYHEJSX € HEBUPIIIECHOIO
HAyKOBOIO MPOOJIEMOI0, a po3po0Ka 3aX0/liB 3 iX 3armo0iraHHs, OOTpyHTYBaHHS pa-
[IOHAJBHUX TEPMIHIB CIIYKOU PEHOK — JIy’ke aKTyaJbHUM 3aBJIaHHSIM.

AHaJi3 monepeaHix aocailxeHb i myoJaikaniii. Po6orta saBisie coboro ppar-
MEHT JocipkeHb [1 — 6], mo crnpsMoBaHiI Ha BCTAHOBJICHHSI BILUTUBY Pi3HUX (hak-
TOPIB HA IHTEHCUBHICTH KOPO31i Ta 3HOCY €JIEMEHTIB BEpXHbO1 OyI0BH KOJii B 3ai-
3HUYHUX TYHEJSAX.

MerTo10 gocaigxkeHb € po3poOKa HOBUX TEOPETUUHUX MOJ0XKEHB 1 TEOPI1id Me-
XaHIYHUX BJIACTUBOCTEH CTall, 30KpeMa 3ali3HUYHUX PEHOK, Ha OCHOBI peajbHOI
CTPYKTYPH 1 €IEKTPOIIOBEPXHEBUX BIIACTUBOCTEH, SIBUIII 1 MPOILIECIB.

HoBi mocaimkenns. 3riiHo 3 MeTanorpadiyHUMH JOCTIIKEHHSIMHU, BUKOHA-
HUMH B [7], y mpoleci eKcIulyarallii B T'OJIOBIII pEHKH BUHHMKAE CITKa TOBEPXHEBUX
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TPIILIMH, BUSIBJICHHS SIKUX BUKOHAHO 3a JIONMTOMOTOI0 Mar”iTHOro nopomiky. I[Ipu 1po-

MY HPOCTEXYEThCSI TEHAEHLIS 3CYBY CMYrH YOIK CEpeMHHM MOBEPXHI KOUEHHS B Ha-
npsIMKy pyxy (puc. 1).

Puc. 1 — Tpiuuau B 30Hi XBHJICIOAIOHOTO 3HOCY I'OJIOBKH peiik [7]

VY cMy31 TpIIMH CIOCTEPIraeThCA 30HA XBUIIENOAIOHOTO 3HOCY. Ha pizHux
NOMNEPEYHUX 1 MO3J0BKHIX HUTi(ax, BUPI3aHUX 3 PEHOK, 3apeecTpoBaHl TPILIMHU
rmbuHoro Big 0,7 mo 0,9 MM, BimcTaHh MK TpIIMHAMHU CKJIajla MPUOIH3HO
0,8 mm. CepenHe 301bIICHHS JOBXUHH BCIX TPIMIMH, IO JOCTIIHKYBAJIHCS, 33 PiK
cknano Big 0,32 go 0,57 mm. Bim3nadena 3MiHa CTPYKTypHu, HalOLIbII 3HAYHA B

MOBEpPXHI KOYEHHSI, puC. 2.

Puc. 2 — MikpocTpykTypa cTaji Ha momepedyHoMmy HuTipi BHYTpimHbOi peiiku, %200:
a — rpe0iHb XBHJII 3HOIIYBaHHSA; O — 3amajHa XBHUJIi 3HOIIYBAHHS; B — 0€3 XBUJICTIO1IOHOTO 3HO-
cy; T — 30u1bIeHui gpparment 1 MikpocTpykTypu crami x2000

3rigHo 31 3HIMKAaMU Ha pHUC. 2, a — B, BUANMUN pO3Mip OLTBIIUX YaCTOK — 10
8mMm = 8/200 = 0,004 mm = 40 MM, BUAMMHI MiHIManbHUM — 1 MM, niiic-
Huit — 1/200 = 0,005 mm = 5 mxM. OTKe, MIKpOCTPYKTypa CTaji Ha IUX 3HIMKax
npeacTaBieHa Ha piBHI 3epeH ¢eputy. Ha puc. 2, r BunuMa TOBIIMHA JIAHIIOXK-
KIB, 10 HAXWISIOTHCS, 1 pO3MIp HAHMEHIINX YacToK — 01u3bko 1 mm. JliiicHa TOB-
muHa — 1/2000 = 0,5 mxm = 5000 A. Bumumuii po3mip 3epen 6innsbko 1 oM, mific-
uuit — 10/2000 = 0,005 MM = 5 MxM.

Sk Gaunmo 3 pHC. 2, T, Yy IOBEPXHi FOJIOBKUA peHKH Ha TpeOeH] XBHUIII 3HOIIY -
BaHHS CIOCTEPIraeThCcsl MPaKTUYHA BIJICYTHICTh 3epeH (eputy. B ocHOBHOMY B
MOBEPXHI FOJIOBKU PEMKU B I[bOMY MICIIl MIKPOCTPYKTYpa IMpecTaBlieHa HabaraTo
MEHIIIMMHU YacTKaMH (CBITJII M OLIBII TEMHI), SIKi 3JIMBAIOTHCS B JIAHIIOKKH, HAXH-
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JeHl 10 Kparo rojoBku. Lle oOymoBneHe, MaOyTh, KOB3aHHAM LUX JAHIIOKKIB Y
MOBEPXHEBOMY IIap1 FOJIOBKU PEUKHU 3 Mailke PI3KUM MEPEX0JI0M Bijl CTPYKTYpPH B
00csi31 10 I[bOTO TOBEPXHEBOTO 1Ay .

Y MIKpOCTPYKTYpi CTajli B 30H1 3aNaJIMHNA XBUJIl 3HOINYBaHHs (puc. 2, 0) J1aH-
I[I0)KKOBA CTPYKTYpa ¥ HaxXwWi JAHIIOKKIB BUPaKeH1 HabaraTo ciaOkimie. Y 30H1
0e3 XBHJIETIOIIOHOTO 3HOCY (pHC. 2, B) JaHIIOXKKOBA CTPYKTypa W HAXHII JIAHITIOXK-
KiB MPOSBISIOTHCS B 3HAUHIN Mipi, OJTHAK HAXWI JIAHIIOKKIB TPOXH MEHIIUMN, HIXK
B 30H1 MiJ TpebeHeM. ToOTO BUHMKHEHHS Ha TOJOBII PEHKH MOBEPXHEBOIO IIapYy,
0 TMOJISATAE 13 YaCTOK Habarato MEHIIOro po3Mipy, HIXK 3epHa (epuTy, BIaCTUBO
CTaJl Ha BCIX JUISHKAX MO3J0BXHBOTO ¥ nornepeyHoro npodinis. Buauma ToBu-
Ha 11010 mapy craHoBuTh 30 MM. [liticHa Topmuua 20/2000 = 0,01 mm = 10 MkM,
110 BIAMOBIAE CepeAHbOMY po3Mipy 3epHa (eputy B cram (13 mxm [8]).

XapakTepHo, 110 HEBEJUKI YaCTKU MOKPUBAIOTH TaKOX MOBEPXHIO 3epeH (e-
pUTY |, sIK BUAHE 3 pUC. 3, a, 1 puc. 3, 0, 3B'A3yIOTh iX MK C00010.

Puc. 3 — MikpocTpykTypa crajii Ha monepeyHoMy nutidi BHYTPIIIHBOT pelKu: a) 301blie-
HUI parMeHT 2 MIKpOCTPYKTYpPH CTali 3 pHC. 2, a; 0) 30ibIIeHui GparMeHT 3 MIKPOCTPYKTYpH
CTaJIi 3 puc. 2, B

ToBIMHA JAHIOKKIB, 10 HAXWISIOTHCS, 1 PO3MIp HaMMEHIINX YacTOK CTa-
HOBJIATH npuoim3Ho 0,5 MrM, a6o 2500 + 5000 A. IIi posmipu HaGarato MeHu,
HiK po3Mipu 3epeH ¢eputy (13 MKM), OJHAK CYTTEBO MEPEBUIINYIOTh CEpPEAHIN
po3mip 6iokis pepury (700 A) [9]. Ile, a Takok IPHHITUIIOBO iHIIMI XapaKTep Mi-
KpocTpyKTypH (3epHa (epuTy, NOKPUTI APIOHUMHU YaCTKAMH, 3'€THAHI [IMMH YacT-
KaMu), 10 BiPI3HAETHCS BiJl MIKPOCTPYKTYPH CTajli - Jy’Ke MIUIBHO 3JIUTI 3epHa
dbeputy, CBIIUUTH PO YTBOPEHHS HA MOBEPXHI M y MOBEPXHEBOMY Iapi CTalll B
TOJIOBIIl PEUKHU CTPYKTYPHHUX €JIEMEHTIB, BIACYTHIX Y MIKPOCTPYKTYpl HEHaBaHTa-
YKEHO1 CTaJl.

TakuMu CTPYKTYpHUMH €JIEMEHTaMHU MOXKYTh OyTH MOBEpXHEB1 010Ku depu -
Ty, €JIEKTPOIIOBEPXHEBUIN MOTEHIIIAN SIKUX 3MIHUBCS 32 PaXyHOK B3a€MOJIII 3 aTo-
MaMH KHCHIO i yCTaHOBJICHHS piBHOBakHOTO (mpu pH 7) eneKkTpornoBepXHEBOTO
norexHuiany. Busnaunmo ioro.
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EnextponoBepxHeBuii MOTEHIIIAN 32 PaXyHOK B3a€MO/I11 3 aTOMOM KHUCHIO!

0 _‘//OFe -n,:e +¥00 -no __—1,77-2+1,44°3

- =-016 B
YEn n 5 1

I€. WQFe, V0O — a0CONIOTHUH €JIEKTPONOBEPXHEBUI NOTEHIIIAN 3aJ113a Ta KUCHIO;

NEe, NO — KUIBKICTB aTOMIB 3aj1i3a Ta KUCHIO B MOeKydl Fe;0s.
PiBHOBaxHwmit (pu pH 7) eleKTpornoBepXHEBU OTEHITIAN:
wlq=-016B-0059-7=-063B

Bincranbs Mk noreHiianBuzHadaabaumu ionamu (I1BI) Fe?* o Ha MOBEPXHI
0JI0KiB (epurty:

) dqze 2,2-10710.2.16.1079 (M-Kﬂ
O = =

- o J=35,4-1o—1°M=3,5 HM
eeoWsy | 1-885-107°-]-0,63 \ B

Cuiia naTepaibHOrO €JIEKTPONOBEPXHEBOTO BIAIITOBXYBAHHS

e z%e?b 22.(16-10192p

fEI _ _
AT gee0ag®  4-1.885-10712 . (35.10710)3

=0068b (1)

ne: z — BanentHocTi [IBI # IIPI; € 1 gy — BigHOCHA i abcodOTHA AlCTEKTPUUHI
npouukHocTi Mixk TIBI i TIPI (e = 1, g = 8,85-10_12, ®d/m); e — 3apsaa eaeKTpoHa
(e = 1,6-10™° Kn); b — posmip 610xy Fe;03, M.

BianoBigHo 10 UX JaHUX MpeAcTaBieHl rpadiku 3MIHU CHIH JIATePaIbHOTO
€JIeKTPOIIOBEPXHEBOTO BiAIITOBXYBaHHA fklL ¥ mputsaranus frp B 3anesxHOCTI Bin

b, puc. 4.

3rigHo i3 rpadikamu (puc. 4), piBHOBaXHUN po3Mip OJIOKY (epUTy, Mo KOH-
TaKTye 3 BoJI010, piBauit 400 M (a6o 4000 A = 0,4 MxM), 1m0 BimoBinae po3mipam
HaMEHIINX YacCTOK Ha puc. 2, . TakuM 4MHOM, HallMEHII1 YacTKU Ha pUcC. 2, T 13
cepeaHiMu po3mipamu 61u3bko 0,5 MKM € Oi10kamu QepuTy 3 piIBHOBAXKHUM €JIEK-
TPOIOBEPXHEBUM MOTECHI1AJIOM l//P e = —0,67 B no Bcix rpaHsix 0JIOKY.

PosrasineMo MexaHi3M yTBOPEHHS TaKOTO PIBHOBAXHOTO MOTEHITIANY .
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[Ipu xoHTaKTI CTajl, M0 HE MICTUTh OKICHOI ILJIIBKU, 3 TIOBITPSIM MOJICKYJIH
(aToMH) KHCHIO aJICOPOYIOThCS Ha MOBEPXHI OJIOKIB, BIJHOBIIIOIOTHCS IO aHIOHIB
2— ..
O” 3a paxyHOK Iepexoay Ha HUX €JIEKTPOHIB 13 OJIOKY, pucC. S.
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Puc. 4 — 3anexHicts cui, H, 1aTepanbHOTO eNEeKTPOTIOBEPXHEBOTO BIAIITOBXYBAHHS fJIITT

I1BI ii npuTsramus KyroBoro kationa Fe?* o pemrirui 6moky frp B posmipy b (M) Gmoky Fe,Os
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Puc. 5 — AncopGuist atomiB kncHio O, iX BiJHOBIEHHS 3 TEPETBOPEHHAM B amionn O i
POHUKAHHS aTOMIB KHCHIO B IPOIIAPOK mpoTHioHis Fe’*

Ha miciri 30irmoro enexkTpoHa 3aIMIIaEThCs HAJTUIITKOBUN KaTiOH Fe2+, SIKAH
cTae nmoteHuianBu3HadaabHuM i0HoM (I1BI) Ha rpani 070Ky, 110 KOHTAKTYE 3 MOBI-
TpsAM. Y pe3yJibTaTi MO MOBEPXHI BHYTPIUIHIX I'paHeil OJOKIB 10 HUX CHPSIMOBY-
IOTBCS CJICKTPOHH, Ji¢ BOHU € mnoTeHmianBusHavanbaumu (I1BE), BigHOBIIOMOUYN
BHHUKI KaTionn Fe*, a Ha iXHPOMY MICL Ha BHYTPILIHIX IpaHsAx OJIOKIB 3a1M-
AOTHCS HAIIUIIKOB] Kationn Fe’’. Ha HEUTpasi30BaHOI B TaKHil CIOCiO MoBepX-
Hi 3HOBY aJICOPOYIOThCS MOJICKY/ M (ATOMH) KUCHIO 3 BUHUKHEHHSIM [1BI Fe?*, ITpu
BuHikHenH] [I1BI Fe®* ua BHYTPIIIHIA NOBEPXHi OJOKIB y MPOIIAPKY MPOTUIOHIB

2 )
(ITPI) Fe " BUHHMKA€ HAUTHINKOBE IMOJIE MO3MTHBHOTO 3HAKA, 3 SKOTO BUTICHSIIOTH-
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cs1, mo nepedysanu tam [1PI Fe?* 3a mexi osioky. TyT BOHU 3'€IHYIOTBCS 3 aHIO-
namu 0%, 1o YTBOPIOBAJIUCS 32 PaxXyHOK BIJHOBJICHHS, YTBOPIOIOUM MOJIEKYJIHU
okcuny Fe,0s.

JiameTp atoma kucHio O, piauii 2-0,66 = 1,32 A, Menme, mixk Bincrans Mix
MOBEpXHSMU OJOKIB (heputy, 0OyMOBJICHOIO J1aMETPOM KaTiOHIB Fe?*, PIBHOIO
2.0,8 = 1,6 A [10]. V pesymbrati ascop6oBaHi Ha MOBEPXHEBOMY GIIOIi aTOMH KH-
CHIO Tu(y31MHUM NUISIXOM mepeminiatoThesi B mpoiapok [TPI Mixk moBepxHeBuMU
onokamu ¢deputy. TyT mpoliec BiTHOBJICHHSI aTOMIB KUCHIO ¥ BuHHMKHEHHs [1BI
Fe?* Ha Guoui dbeputy TpUBa€ JOTH, MOKU HE BCTAHOBUTHCS PIBHOBAXKHUN €JIEKT-
poroBepxHesuii motenmiat y gy = —0,67 B mo BCix rpaHsAX MOBEPXHEBOTO GIOKY
deputy. L1 x 6J10KM 3HAXOAATHCA MK IOBEPXHEBUMU 3epHAMU (EPUTY.

Takum 4KMHOM, y CTajl MOBEPXHEBUH map 3epeH (peputry BKpUTHI OioKaMu
dbeputy po3mipamu 61u3pk0 0,5 MKM 13 HETATUBHUM PIBHOBAXXHUM €JIEKTPOIIOBEP-
XHEBUM MOTEHIIANIOM. Y 3B'SI3KY 3 THM, 1110 pO3MIpH LUX OJ0KIB HabaraTo OuIbLIE,
HIX OJIOKIB yCeperHi CTalli, a, BIJIMOBIIHO, MoBepXHeBa KoHueHTpairis [TP] takox
HabaraTo MeHIle. [cTOTHe 3MEHIIEHHSI a0CONIOTHOT BEJIUYMHU PIBHOBAXKHOTO €Jie-
KTPOIMOBEPXHEBOI'0 MOTEHI[IATy TOBEPXHEBUX OJIOKIB (hepUTy, y MOPIBHSHHI 3 elie-
KTPOIMOBEPXHEBUM IMOTEHIIIATIOM OJIOKIB (PEepUTy B 3€pHi, MPUBOJUTH A0 3HAYHOTO
ocliabJieHHs 3B'A3Ky IUX ONOKIB 13 3epHamMu. Lle 0OyMOBIIO€ MOXKIMBICTH 3CYBY
MOBEpXHEBUX OJIOKIB MMiJi BIUIMBOM HaBaHTaXEHHS BiJ Kosieca. MexaHi3M Takoro
3CYBY MOJISITAE B HACTYITHOMY.

Ha noBepxueBux 010kax ¢peputy nepedyBarTh riaparosani [1P1 Fe?*, Tak mwo
MDK MOBEpPXHSAMH Kojeca U peliku nepedyBatoTh aBa piBHoBaxkH1 [1EILI, mo xoH-
TaKTYIOTh OJIMH 3 OJHUM 4epe3 rigparoBani [1BI Fe?*, mos's3ani 3 [IBI OH™ (Ha
IPaHUIll 3 BOJOI0). Y pe3ysIbTaTi HABAHTAXKEHHS BiJ| KoJieca CIPUHMAETHCS ITUMH
[1BI.

Cuna, nepenana Ha oauH Ttakuii [1BI npu ixHiii moBepXHEBii KOHLIEHTpAILii N

JIOPIBHIOE
H
oy 625-108| 2 9 8
fen = =— =H |=388-10 *=0,39-10 " H,
A 17| 1
n 161-10
2

Jie Oy — Halpyra B TOJIOBLI PEMKU B1Jl HABAaHTa)KEHHS Ha BICh 25 T, 0 = 625 Mlla

[4].
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Cuna fEJ_-[ MIEPEBUIIYE CHITY 3B'I3KY MIXK Fe?* i OH y upoMy KoHTakTi frpp,

pisry 0,35-10° H [4]. Tum 6inble, U CHIA IEPEBHINYE CYTTEBO MEHINY CHIY
3B's13Ky Mosiekynu Boau 3 [IBI i I1PI (ioH — aumosbHa B3aeMojis HabaraTo ciad-
Killle 10H — I0HHOI MPH MOPIBHAHHOCTI BijicTaHed M HUMHM). J[ist O1TbIN peanbHO-
ro ySIBJEHHS MPO 1[I CHJIM, BU3HAYUMO MILHICTh OJUHUYHOTO KOHTAKTy ¥ Hampyry
B HbOMY BiJl PUKJIAICHOT B1J] KOJ€Ca CUJIM

MILHICTh OIMHUYHOTO KOHTAKTY Fe?" - OH™ JOPIBHIOE

f 11078
Rg =P _ 0:35-10 [H ]:1,37-1011£ﬂ2]=137000 MITa,

aée 1,62-10_20 M2 M

110 BIAMOBIJIA€ TEOPETUYHIN MIITHOCTI cTai (a0 MOAYIIIO 11 MPY>KHOCTI), 1Ie

aée — mwiowa iona Fe®* Yy KPUCTAJIIYHUX pelIiTKax Gepury.

Hanpyra, nepenana na I1BI, nopiBHIo€:!

f 1078
o = FA _ 039-10 (H j: 1,52.1011(£j=152000 Mlla,

a,%e 1,62~10_20 M2 M2

10 TAKOX MOPIBHSHHE 3 TEOPETUYHOIO MIITHICTIO ¥ IEPEBUIIYE MIIHICTh OJTUHHY -
HOTO KOHTaKTy Fe** — OH".

Taxkum 4YMHOM, HaBaHTaXEHHS B1J] KoJieca MPUBOAUTH O PYWHYBaHHS OJJUHU-
YHUX TiApatoBaHuX KOHTAKTIB 1 cruttonrye [TEI Mixx xkonecom i TOJI0BKOIO perkH,
nepetBoproroun Horo B ITEII 13 ogauM 3aranbaum mapom [TPI OH™.

Crucnenns I[1EII Ha nmoBepxHi TOJOBKH PEUKHU 3 MOABOEHHSIM KiIbKOCTI [TP]
B HbOMY IIiJl KOJIECOM MPUBOJUTH O BUHUKHEHHS HaaauiikoBoro 3apsany [1P1 Ha
MOBEPXHI 3€pHA, 0 KOHTAKTYye 3 BOJoI0. JlarepanbHa pyxiuicts nux 1Pl mpu-
BOJIUTH JI0 IXHHOT'O PIBHOMIPHOT'O MEPEPO3MOJLITY MO BCiM MOBEPXHI 3€pHA, y pe-
3yJbTaTi 4OTro HajuikoBa koHreHTpaisa [1PI Ha xoxHo1 rpani Oyzae menmie B 6
pasis i ckiaze 1,61-107/6 = 0,27-10" 1/m?, npu IbOMY BCTaHOBIIIOETHCSI PIBHOBA-
JKHHMH eTeKTpOnoBepXHeBHii motexuian v g = 1,36/6 = 0,23 B.

BianosigHo, moBepxHeBa KoHleHTpallis HauikoBux [1BI cknazne:

_eeovin _ 188510771023 21012 ( 1 ]
= — U, : 2 !

n= =
di-ze 233.1019.2.16.101° 746.107%°

M
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a BIACTaHb MI)K HUMHU.

ag =\/E =\/;—\/3,72-10‘17 =61-109M=61nm

n \o,27-10%
ne d; — Bimcranp Mmix [IBI i ITPT (m).

Benuunna d; gopiBHIOE CyMi pajiiyciB KaTioOHA Fe?* i amiona OH™
d; = (0,8 +1,53)-10° = 2,33 10 m.

Cuia BIAIITOBXYBaHHS Mk OJIOKaMH B CMY31 OJIOKIB, 1110 KOB3alOTh, JOBXU-
HOIO |, Ika BUHMKAa€ HA YOTHPHOX IMO3JOBKHIX TPaHAX 3 IICCTH Ta MEPEIAETHCSI HA
KpaiiHi 3epHa, JOPIBHIOBATUME

EIT z?e®1 . 4-256-107%%.4000-20717 .5.107

JATIP =4 =4

F
4reeq - ag 11116107 .85* .10~

=0,014 H

TopueBa cuna, U0 NPUTATYE KpaitHi OJOKK 10 CYMDKHUX 3€pPEH KPUCTAIIYHO1

PEIIITKH
2 2 1n—20
Frips = 2frp 5 =2-145.108 . 200 10— 64005
ag 85°-10

ne: frp — cuna mpursaranas mix [1BE i ITP] Fe”" B OMHMYHOMY KOHTAaKTi Mixk

omokamu B 3epHi (heputy, H [4].

Sk G6aunmo, JatepaibHa CHJIA BIJIITOBXYBAHHS MIXK 10HAMU MEPEBUIILYE CHU-
7y, 110 NPUTATAE KpaitHi OJ0KHU 10 PENIITIl, OTKE, CMyra MOBEPXHEBUX OJIOKIB MO-
BUHHA BUABIIOBATUCA 3 MiJ Kojeca mo cTopoHax. OJHaK [IbOMY 3CYBY MEpEIIKO-
JOKAIOTh TPUBAKOYl CMYTH MTOBEPXHEBUX 10HIB, Y PE3YJIbTaTi HOr0 KOXKHE 3€PHO BU-
SBJISIETHCS M1J] AI€I0 3YCTPIYHUX CHJIM BUIITOBXYBAHHS M CHIIM, IO MEPEIIKOIKAE
BUILITOBXYBAHHIO, K1 CKJIAJIAlOThCA alireOpaiyHo 3aeXHO BiJ HanmpsiMkiB. HaiiGi-
JblIa pe3yJbTyloua CUjia, 110 BUAABIIOE OJIOK, BUHUKAE HA TIEPEXiTHOMY MaiilaH-
YUKy M1K TOPU30HTAIBHOIO i O1YHOIO TOBEPXHIMU TOJOBKH peliku. Pe3ynbryrouy
CUJIY BUJIABJIIOBAHHS MPU IIbOMY MOKHA MTPEJCTABUTH SIK:
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Forp =2F o p - C0S45° =141 F '\l =141.0,014=002 H
Tak sk cuia eneKTPONOBEPXHEBOr0 BIIIITOBXYBAaHHS MIDK OJIOKAaMU 3HAYHO
MEePEBUIIYE CHILY, IO MPUTArae OJIOK JI0 3€pHa, y IIap, IO 3MIMIAEThCS, OJIOKIB
(JTaHITI0KOK) OyIyTh 3aTydaTHCS 1HIII IIapy OJIOKIB, SIKi CTAIOTh JOCTYITHHUMH KHUC-
HEBUM aToMaM 1 BOJ1, 1 TOTEHI[Iau IKUX CTaloTh piBHUMU —0,67 B.
[Ipu 11bOMY BCTAHOBIIIOETHCS PIBHOBAKHUM CTaH:

EIl
FHAT.FP =Frps - Nem (2)

3BIJIKM YHCIIO IIapiB OJIOKIB, IO 3a]Ty4at0ThCS B 3CYB JIOPIBHIOE:!

F El
Ny = - JATIP _ 0,014 919 3)

Fapp  0,000064

30Ha 3CyBY OJIOKiB pO3MOAUIAETHCS i KyToM 45° Bijl KOHTAKTY y3/I0BXK peii-
KH, puc. 6.

Lo
o]

[TTTTIx

AT [TITTN

9]

Puc. 6 — 3oHa 3aimydeHHs OJ0KIB y 3CYB i Ai€l0 HaBaHTaKEHHS BiJ] KoJieca

KinbKICTh JIaHIFOKKIB OJIOKIB, IO 3a1y4aloThCsd B 3CYB I BIUIMBOM HaBaH-
Ta)XXECHHS B1J] KoJieca, MOXKHA BU3HAYMTH 3a CXEMOIO Ha puc. 6. L1 KibKICTh 0JIOKIB
BU3HAYUTHCS MOJOBUHOK JOOYTKY OJIOKIB MO BUCOTI N 30HU 3CyBy Ha KUIBKICTB
OJIOKIB 10 MIMPHHI 30HH 3CyBY B:

1 h B h-2h-tg45° h?tg4s5®

_-._. 5 4)
CM > 5 (
2 bp by 2bf bg
[TincraBumo 11¢ BUpaxeHHs B (3):

EIl

h2tg 450 _ FHAT (5)
b2 Frip s
B .
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I3 ObOro piBHﬂHHH BHCOTa N BU3HAYUTHCS BUPAKCHHSAM .

FEIL b2 40002 .10~20
ho |—aarre %p _ (0.014-4000%-10 7 _oq5 106 59 e (6)

Frp g - tg45° 6,4-107° -1

[0 BIJMOBIJa€ BHUCOTI IIapy, IO 3MIIIAETHCS, OJIOKIB (PepUTy Ha MOMEPEUHOMY
npod .

Ile cBiAUUTH MPO KOPEKTHICTh PO3KPUTOrO MEXaHI3MY 3HOIIYBaHHS TOJIOBKU
peliku o BepTukaii. TakuMm 4MHOM, MEXaH13M 3HOILIYBAHHS FOJIOBKU PEHKH 1O Be-
pPTUKAJl TMOJISITa€ B TOMY, IO MiJ BIJIMBOM HAaBAaHTaXXEHHS BiJ KoJieca CILIIOILY-
totbest [TEII Ha moBepxHeBHX Oj0Kax 1 KoJieci, 110 MPUBOJIUTH 10 30UIbIICHHS
koHIeHTpairii I[1P1 B HUX 1 BUHUKHEHHIO CHIIM JaTepajJbHOTO €JIEKTPOIIOBEPXHEBO-
ro BIJIIITOBXYBaHHS MK OJJOKaMHU Ha MOBEPXHI FOJIOBKU PEUKH, sIKa 3MILIAE 1ApU
i BUTICHSI€ KpaliHi OJIOKM Ha BEpPXHbOMY 3aKpYIJICHHI IOJIOBKM HA30BHI U ycepe-
IUHYy Kouii. Bioku, 10 BUTICHSIIOTHCS yCepeAUHY KoJiii OynyTh 3pi3atucs pedop-
JI010 KoJieca, a OJIOKH, 1110 BUTICHAIOTHCS HA30BHI, OyAyTh MPUBOIUTHU JI0 HAPOC-
TaHHS.

Ha Binminy Bij 3cyBy OJIOKiB (hepUTy B morepeyHomy npodini, ae cuia, ja-
TEPaIbHOTO E€JIEKTPONOBEPXHEBOTO BIJIIITOBXYBAaHHSA MK OJIOKaMu, TOOTO cuia ix

BUTHCHEHHSA f ]]%ET, J0J1a€ CUTy 3B'sI3Ky Mik Onokamu Frp g, 1 ipu 11boMy BiiOyBa-

€ThCSL BUTUCHEHHSI HA KPOMKY T'OJIOBKH PEHKH, 3CYB OJIOKIB y MO3A0BXHHLOMY Ha-
MPSIMKY TOJIOBKM PEMKHU B1IOYBATHUCS HE MOXKE, TOMY 110 KpalOBUX OJIOKIB y LIbO-
My BHIAJIKy HEMAE, 1 3CyBY MEPEIIKOJKAE JIOOOBHM OMip 3yCTPIYHUX OJIOKIB 1 3€-
peH. Y pesynbrari y Qopmyii Jis CUIU JIATEPAIbHOTO €JIEKTPOIOBEPXHEBOTO
BIJIIITOBXYBaHHs BenuunHa | Oyne He MOCTiIHOIO, K y monepeuHomy mnpodini, a

3MIHHOFO

CEN 4z%e%bgl  4.22.256-107°8.13.107°

= =1116-1 (7)
IALE areggad 1116.1070 .14 10740

BianoBigHo, iif mepenikokae cuiia BIAPYUBY 3€pHA IiJl TAKUM K€ KyTOM, aje

B MPOTWJIC)KHOMY HAMPSAMKY, Y 3B'SI3KY 13 YUM TAaHTE€HCOM KYTiB 3HEBAXKUMO:

g 18%.2071

Fapz=2-f3-N3=2-145.10 1?10

=078 H 8)
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PiBHICTE cvit:

EIl - — — —
FE o =Fpp3, 11,16-1=0,78, 1=0,78/11,16=0,069 m = 6,9 cm, (9)

10 BIJMOBIJA€ JAHUM PO JOBXKHHY XBWJII KOPOTKOXBUILOBOI'O XBHJIETIOIIOHOTO
3nocy 1 + 10 cm [11].

CnizioM 3a BHAABIIOBAHHSAM IEPIIOTO 3€pHA Ha MOBEPXHIO TOJIOBKH PEHKHU
B110yBa€ThCSl MOCTYIOBE BUAABIIOBAHHS IHIIKX 3€PEH, y PE3yJbTaTi YOr0 HAKO-
MUYYETHCSl XBUJISL 3HOIIYBAHHS 3a3HaueHOi JoBxuHU. [lomiOHO 1iit xe gopmyri

BCTAHOBIIIOETHCS PIBHSIHHS CHJI BUIABIIOBAHHS OJIOKY HaJl TOBEPXHEIO PEUKU

_g 40002 .10"%
352.10"%

Fripp =2- f5 Ny =2-1,45-10 =0,00038 H (10)

cEn_4-2°-25610°°.4000101%1 _ 16381071

— ~342.1072.1=03421 (11)
JATIE 191610%0.87%.10%0 47910 10720

PiBHICTE cvit:

Fiar op = Frip.s. 0,342:1 = 0,00038, | = 0,00038/0,34 = 0,0011 M = 1,1 My, (12)
1o Bianosigae Bijacrani 0,8 MM Mk TpimuHamu, puc. 1.

biiok BUTICHSIETHCA 3 TOBEPXHEBOTO MIapy OJOKIB HA 3€pHI PEPUTY, NPU I[HO-
MY Ha MiCIli BATHCHYTOTO OJIOKY YTBOPIOEThCS B LILOMY IIapi momnepeuHa (1Mo mm-
pUHI TOJIOBKH peiikn) mrinHa mupruHoro 400 HM. V 1o MIUTMHY BiApa3y NpOHUKAE
BOJIa i1 Ha MOBEPXHI OJOKIB PEPUTY, 10 OTOJIUIM MiJl HI€H0 MIUIMHOK BCTAHOBIIIO-
€ThCSl PIBHOBAXKHUY eJIeKTponoBepxHeBuii norenuian —0,67 B.

VY pe3ynabTaTi 3MEHIIYEThCS KUIBKICTh KOHTAKTIB YTBOPEHHX OJUHUYHUMHU
ocepeaKkamu, 3 MOBEpXHEBUM 3epHOM. KaTioHn Fe?* Y IMX OCEPEIIKaxX OrOJIOKTh-
cs. [Ipomapok Mk 3epHamMu GepUTy € TOCTYIMHUM JJIsl IPOHUKAHHS B HHOTO MO-
aexkys Boau. OcTaHHI T'IpaTyIOTh KaTIOHM, IO 3BUIBHHUIIUCA, Fe”, mo BHKIHKaE
PO3KJIIMHEHHSI MK 3€pHAMU B HOPMaJIbHOMY J0 MOBEPXH1 HANPSIMKY .

Enepris rigparauii kariona Fe®* nopisrroe U' = 1875 k/lx/mons. PoGora
pospuBy cymixuoro 38's3ky Fe?* — [IBE nopisutoe Up = f dy. 3 piBrsans f dy = U"
3HAXOJIUMO:

ISSN 2079-0821. Bicauxk HTVY «XI1I». 2013. Ne 64 (1037) 139



UF

fo2
dq

(13)

KinbkicTh KOHTAKTIB 13 OCEPEIKIB MPOMOPIIHHO HILTLHOCTI OBEPXHEBOTO 3a-
pAy, a OTXKe, BEJIMUKHI €JIEKTPOIOBEPXHEBOr0 MOTEHITIATY .

OcranHiil 1ist 3epeH Qpeputy ycepeauHi ctani aopisHioe —1,77 B, a s nose-
pxHeBux 3eped —0,67 B, ToOTO 4mcIIO KaTiOHIB, 0 3BIIBHUIHCS, Fe?* MIPOTIOPITIH-
o (1,77 = 0,67)/1,77 = 0,62 B, a uncino 36epexenux kourakris Fe** — IIBE mose-
PXHEBUX 3epHax - nponopiiao 0,38 B.

Buxoasuu i3 mporo cmiBBigHomeHHs piBHsSHHS (13) npuiiMe BUIIISL;

0,38 fd,=0,68 U" (14)

Bennuuna cunm po3puBy 3B'SI3Ky Fe?" — I1BE i3 poro PIBHSIHHSA IOPIBHIOE

JIx
. 0,62-1?(7)5000 | o _HM|_en 187-1063:0’2-10_7:2_10_8 H
03825210%0.60210°% ,,, 1 wm 152.10"
MOJIb

10 CYTTEBO BuIe cuid 383Ky Fe?* — TIBE f = 1,45-10° H.

TakuM YMHOM, BUTUCHEHHS MMOBEPXHEBOr0 OJIOKY (pepuTy 13 mapy OJIOKIB Ha
MOBEPXHEBIM 3€pHI MPUBOJUTH A0 MPOHUKAHHS MOJIEKYJ BOJAM B IMPOIIAPOK MIXK
3epHamMu GepuTy, 3HAUHOMY 3MEHILIEHHIO a0COIIOTHOI BEJIMUUHU €JIEKTPOIOBEPX-
HEBOT'O MOTEHIIIATy TOBEPXHEBOI'O 3€pHA, 3BIJIbHEHHIO KaTIOHIB 3alli3a Fe?* 3 onu-
HUYHUX KOHTAKTIB, YTBOPEHUX IIEMEHTUTOBUMH OCEpEJIKaMu, iX Timparaiii i BuU-
HUKHEHHS 32 PaXyHOK I[bOTO CHJIBHOTO THUCKY, II0 PO3KJIMHIOE, 1110 PO3PUBAE 3B'sI3-
ku Fe”* — TIBE. [loBepxHEBE 3€pHO BIAPUBAETHCS B THUX, IO JIEKATh HUXKYE, 1
Mpoliiec TpUBa€. Y pe3ysbTaTi pO3BUBAETHCA TPIIIUHA.

BuzHauuMo 10AaTKOBY CUITY JIATEPAIbHOTO E€JIEKTPOMOBEPXHEBOTO BIAIITOB-
XyBaHHsI MK OJlokamu (epuTy B MiJIONIBI PEUKHU BijJ MOTEHIIATy B KOHTAKTHOMY
npoBoi. HanpyxeHicTh €1EeKTPUYHOTO T0JIsI, CTBOPIOBAHOT'O CTPYMOM Y KOHTAKT-
HUX npoBojax, nmpu Hanpysi 3000 B u BifcTaHi Bii KOHTAKTHOTO MPOBOY 10 00-
poOku TyHeao h = 1 M cknaze:

E =9(Ej =$ ~30002 (15)

M M
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ne: U — Hampyra B KOHTaKTHUX NMPOBoJax, B; h — BiicTaHp Biji KOHTAKTHOTO MPO-
BOJIY /10 OOpOOKH TYHEIO, M.

Biacrans no nigomBu peiiku gopiBHioe mpudiauzno 10 m. HampyskenicTh ene-
KTPUYHOTO TOJISI B JIAHIF031 KOHTAKTHHUM MPOB1J — MIJOIIBA PEUKHU CKJIaJe, BiIO-
Bi1HO, 300 B/M. Pi3HMIM MOTEHITIAIIB 110 BUCOTI PEHKH MIXK IIJOIIBOIO 1 TOJIOBKOIO
pPEVKU CKIIae

U = Eh, = 300-0,15 = 45 B.

[ToTenmian Ha migomsi peiiku +22,5 B, Ha romosmi —22,5 B, a enexrponosep-
XHEBUH MOTEHIIIal Ha mifommBi peiiku 22,5/24 = 0,94 B.

VY pe3ynbTaTi, 3HaUHY YACTUHY 4acy Mepej TiM, SIK MOi3J 13 €JIeKTPOTITOr0
3ailfie B TyHelb, MifolIBa pelku Oyae aHoAOM 1 KopoayBatume. Pazom 3 Tum, no-
3UTUBHUM MOTEHII1aJl HA MIJOIIBI PeWKH BUKIMKAE JOJIATKOBY CHIIY JIATEPaTIbHOTO
€JIEKTPOTIOBEPXHEBOTO BIJIITOBXYBAaHHS, SIKE BUKJIMKA€ BUHUKHEHHS 1 PO3BUTOK
TPILIUH y MJ0MIB1 pEUKHU.

BucHoBkHu.

BcTanosneHno, mo pyiiHyBaHHSI KPUCTaJIIYHOT PEUIITKH METally MOX€ BiJi0y-
BaTHCS K IUISXOM BIPHUBY aTOMIB, MPU SKOMY PEIIITKU Bipa3zy po3MaJar0ThCs
Ha JIBl YaCTHHH, TaK 1 HUISXOM 3CYyBY aTOMIB, IIPHU IKOMY PEIIiTKA, MOCTYIOBO Jie-
(hOpMYIOUHCH, PO3MAMAETHCA TUIBKU MICIS 3HAYHOTO BUKPHBJIEHHS. TeopeTHyHU-
MH JOCIIDKCHHSMH 1 pO3paxyHKaMH JOBEJEHO, 10 HasBHUW HA PEUIll eIeKTpHY-
HUM TOTEHIlIa]l CTBOPIOE B HiM JOJATKOB1 MEXaHIYH1 HAMpPYTH, SIKi 3 TOYKH 30PYy
3a0€e3MeueHHs] MIITHOCTI KOJii Oe3MeuHi, TpoTe COpPUSIIOTh BUHUKHEHHIO MEPBUH-
HUX MIKPOTPIIIMH 1 NPUCKOPEHHIO PO3BUTKY IUIACTMUHUX Jedopmailiii, a oTxe,
3HOCY PEHOK.
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HocninxeHHss i po3BUTOK KiNbKICHHX ySIBJeHb NP0 MIKPOCTPYKTYPY CTaJli: MeXaHi3M 3HO-
HIyBaHHS i TPilIHHOYTBOpPeHHs 3aai3HuuHNX peiiok / /I.A. IUIYI'TH /] Bicauk HTY «XIIl». — 2013.
— Ne 64 (1037). — (Cepist: Ximist, ximiuHa TexHomorist Ta exonorist). — C. 130 — 143. — Biomiorp.: 11 Ha3s.

[IpencraBieHbl HOBbIE TEOPETUUECKHE MOJIOKEHNA ¥ TEOPUU MEXaHUYECKUX CBOMCTB CTANM, B YacT-
HOCTH KEJIE3HOJJOPOXKHBIX PEIIbCOB, HA OCHOBE PEATILHON CTPYKTYPHI U DJIEKTPOIOBEPXHOCTHBIX CBOWCTB,
SIBJIEHUI U TPOILIECCOB. Y CTAaHOBJICHO, YTO pa3pylIeHHE KPUCTAIUIMYECKON PEIIETKH MeTallia MOXET Mpo-
HCXOANUTH Kak IMyTEM OTpPbIBA aTOMOB, IPU KOTOPOM PEUIETKH cpa3y paclajaroTcs Ha JIBE 4acTH, Tak U
MyTEM CMEIIEHHs aTOMOB, IIPU KOTOPOM PEILEeTKa, MOCTENEHHO AeOpMUPYSICh, pacragaercsi TOIBKO MOo-
CJIe 3HAYMTENbHOIO MCKPUBICHMS. J[0Ka3aHO, 4TO MMEIOLIMIICS Ha PelbCce AEKTPUUECKUN MOTEHIUA
CO3JIa€T B HEM JONOJTHUTENbHBIE MEXaHUUECKUE HATIPSHKEHUS.

KnroueBble cjioBa: ene3HOAOPOKHBIA penbe, (GEppuT, LEMEHTUT, MUKPOCTPYKTYpa, 3JEKTPOIMO-
BEPXHOCTHBIM MOTEHI[MAJI, IPOYHOCTD, TPEIIMHA, PA3PYyLICHHE.

Presented new theoretical concepts and theories of the mechanical properties of steel, particularly
railway rails, based on the real structure and surface electrical properties, phenomena and processes.
Found that the destruction of the crystal lattice of the metal can occur through separation of the atoms,
wherein the lattice immediately split into two parts, and by displacing atoms, wherein the lattice is gradu-
ally deformed, decays only after a significant curvature. It is proved, that an on railway rails electric po-
tential it creates additional mechanical strain.

Keywords: railway rails, ferrite, cementite, microstructure, electrosurface potential, strength, crack,
destruction.
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