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BWY W COaBTOPbI [81] npu usyuenuu andbysum meau no rpaHuuaM 3epeH
g GuKpMCTannax anioMUHUA ¢ HepaBHOBECHON CTPYKTYPO#. HepagHosec-
HYI0 CTPYKTYpy CO3AaBany UMKAMYECKVM OTXMIOM C nocheayollen sakan-
KOM, MNACcTUYECKON aecopmauuei (oxatueM) M 3epHOrPaHNuHBIM npoc-
" KaNb3biBAHWEM. TepMounknuposatine YMEHbLLENO FPaHniHOe NpOHUKHOBE"
Hie W YyBenuyusano o6bemHoe. [lehopmauvn BAUANE CROXHBIM OOpasoMm .

Puc. 24. 3asucMmocTb woaduuneHTa Camo-
andbdysuu HUKeNR oF BpPEMEHN B OTONOKEH-
g 1 2 3 4 7v vwom (2 ¥ AeOPMUPOBEHHOM (1) marepwane '

‘8 38BMCMMOCTM OT CTeneHu 06)KaTWA, TMNA TPaHnubl U yrna pa3opreHTH-
POBKH. Mpockans3abiBaxme yBenuuusano rpaHuiHoe NpOHNKHOBEHWe.

Bbin0 NOKA3aHO [82], uro ecnun TUTaHOBbIE CPINaBbI TepMOUNKNNPO-
BaThb B MHTEpBane TemMnepatyp, aKniovaiowem nonumopdHsie npespawieHiA,
70 BO3HWUKaET NONUFOHN30BBHHEA CTPYKTYPa. Mpu 3TOM 0bpasytoLIne . ee
AUCNOKAUMOHHBIE CTEHIKH, crabunbHbie CamMu NO cebe, CTaHOBATCA elle
Gonee crabunbHbiMK B pesynuTare cerperauun Ha Hux NpUMecHLIX 8TOMOS,
B vacTHOCTW, YrnepoAs. Bce 3TO NPUBOAWT K TOMY, yto AnddysnoHHan
NPOHULABMOCTb 7TaKoit CTPYKTYpbl, N0 cpasHeHuto C 06bIuHON, yMeHbLLaeT-
cA. XapakvepHo, 4TO Haubonee crabunbHan CTPYKTYPa. C HAUMBHBLUIUM
. K0ahPUUNEHTOM avdxpyaun, obpasyeTch npu HEKOTOPOM onpeaefeHHOM
wuche TennocmeH: Npu Manom yMcne LUKAOB elie COXPaHRETCA Gonswoe
konuuecTeo AedexTdB, 8 Npu GONBLLLOM YUCNE — CUAbHO Bo3pacraeT paso-
puenTupoBKa (hparmenTos 3epHa.

Taxkum 06pa3oMm, Koraa metann HAXOAWTCA B METacTabunbHOM COCTOR-

HWW, KOrpa OH nperepnesaey CTpYKTYypHsle W (hasoBblie npespatLeHun, 310

€Ka3bLIBAETCA Ha NPOTEKAHUN ANhY3VOHNBIX NPOLEccos.

Dna awdbdysum no rpanviiaM 3epeH B 3TOM cmbicne Hambonbuies 3Ha
yeHWe MOXET UMETb ABWKeHWe rpanny. Mpumecy MoryT yBneKaThCA rpa-
HULG, ABWFaTLCA BMECTE C Hei, OTKPbLIBATECA OT Hee; COOTBETCTBEHHO
MOXET MEHATLCA cxopocTb Avdipysumn, MOTYT BO3HWKAETL WMPOKUE "wineit-
dbi”’ — 30HBI, oboraweHHie nnn obeanetiHble NPUMECHbIMK  aTOMEMH.

8 aroM nnaHe NpPeACTasnRIOT uHTepec ONyGAMKOBaHHLIG s 1978 r.
pabotel Xunnepta v Mapau [83], CMuaonst, Fotwanka n Tneiitepa [841.
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Neps: |
opBble wyvanu UMHKOBaHWE O.U.K. Xenesa B npouecbb PGKDKCTUII‘M;Q-

no

" Bo .sv0 pabo
- TOHBILIM‘;Oﬁus 7-9':;:0ccnenosanu HUK@AORLIA C/IAB THNA HUMOHUK, COC-
pa Ha OCHOBE HUKENA W WHTEpPMeTannuaa N'iaAI—

[}
zo (b:Tau. Mt::;;::pouna o;pauuua, OTAGNAIOWAR PEKPUCTANNN3OBAHHOE 3ep-
- onutponnpo':“ MaTpUULL, 8 NepemelleHne ¢poHTa pexpuctannu-
N poBsanoch NOTOKOM aTOMOB &MIOMMHMA Ha rpaHule 3epHa
koahduumneHra ancdysun nNo rpaHnuam asTopsi ucnom.so:

' Ban
W cooTHowenwe TapHGanna: D' = (d’/&)v, rae d — paccToAHue Mex-

:.y) uﬂnu:.m;'(:g:lr; '81 ~ WNpUHS rpaHnubl 3epHa (0,5 HM -~ ans pacve-
e D orcemamon mepoucmnun dpoHTra pexpucrannusaumm. B atom
rpawmy  (npu 900 oc 49“5')-”| 10'3”: K: 1601::_!1;@,‘:%2&; A ooTaeTeTooNHO)
} , A m*~/c, co

-B:(’)"”n ;;zx:;_gumerm D' nonywnnoch 8 OCHOBHOM 3a c;:::rg,:eu(l;os):
10 otue, KM‘;M /c)‘, 8 3HEPrMA AKTUBAUMM ABKE YBENUYUNach (E‘ =
o —— MONL; BCe CPaBHMTENbHbIe AAHHLIG — ANA caMoand-
B e aaropoa"eun:mmbm rpaHnuam 3epeH). Takoi pesyneTar,
- Jere .o,a;;)x CNYXKWTh YKa38HNEM H3 W3MEeHeHNe MeXaHus-
eonepmmau s YUIMXCA FPBHMUAX: 8TOMbl B TAKOW rpaHule Moryt

M Ha GonublMe PACcCTOAHUA, YTO, ECTECTBEHHO, NPUBOAUT

K yBenuueHnio KospuuneHTa norpaHuiHoh anddysmn.

H
nmmﬁz E:Bss]m:q::‘ UMEIOTCA NpOTUBOpeualMe pesynbTatsl. [e-Pexa u
aivii 3epén o u:;::nu T:KODOC’T& camoandibysun 8 HuKene B npotiec-
ot , 4TO OHa COTNACYeTCA C NUTEPaTYPHLIMU A8HHbLIMMK
] . =t parnl. Mutremeitep n Bupc [86], a Takxe poseto
ydany auddysuio N0 MUrPUPOBABLUMM FPaHULEM B TOMKUX m:mn-u)‘3
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[image: image2.png]WV yBenuienun cropocT no cpaBHe-
u. Tact ¥ coasToOpb! (88]

HUKenesbIX nnexKax wu He obHapyw
umca AnA HENOABWKHBIX rpauv
nmmetpmﬂoﬁ 48° (100 rpanvue HaKnoHa

0NOM Macc-cnempome'rpnu BTOPUUHBIX no'uos g wHTepsane
Temnepatyp 773-9713 K. PaccunTaHHbie anavenvA |
uneHT pacnpenenenvm MHAMA MexaAay rpauuueﬁ n o06bemom) HaXOANAUCH
s wnrepsane o7 83" 10~ po 88-1 -12 g3 fc ¥ NOAUMHANNCY ypaBHeHvio

Appennyca ¢ napameTpamu: KD’y =0,49 cmPlcnE' = (2037) K Ioxfmone.
CpaeHenve CO 3HaueHNAMWY napameTpos mbdysum 8 ABWKYLUMXCA rpanv-
yax (npw o6pa3oBaHuv npepLIBUCTBIX suineneHui) (pwc. 25) noKasa-
no, uTo NOABWKHOCTH nmetoT omnaxoauﬁ NOPRAOK.

Gnembl censad C 06BeKTOM cpaBHeHnA: WA B po-

Dpyro# acnekT NpoO '
6ote Xunnepra, wn B paboTe Cmunaoas! cropocTy anddyamm B ABVKYLNX-
cA rpannuax we amy TOro Xe T™na,

g crnase TOTO namepeHna roacuunen-

1a puddyswm. Mexay Tem napameTpbl andbyauy 1O rpaHuuaM zepen
gecema KO BCEMY 3TOMY yyBCTBUTENbHD!. Tak, 8 Apyro# paboTe Facva
coasTopamu [89] 6bina oGHapy»xera oueHb Gonbiuan NOABWKHOCTL WHOVA
B HeKoTOpbIX HENOABWKHbBIX rpaHnuax B HUKEne. MeToAOM MCBW 6bina
nccneposara 30° (110) rpannud B wHTepsane TemMnepatyp 067-1081 K.
- OKa3anoch, ¥T0 K5D'=54" 10°% exp (—161/RT) endlc; |E'] = xhx/mone.
fpwn 3HAYEHUAX 5~05bHm ¥ K ~ 1 uicnenHoe sHaueHwe D' ropasao Gonb-
wie, vem nO nuTepaTypHbiM ABHHBIM AR anddysm VHaMA NO rpaHvuaM
seped B nonuxpuctannmecxom Hukene. B@3MOXKHO, yro y Xwunnepra "
Cmuaoab! GoUm rpanuubl, no KOTOPLIM pubdy3nA wna GeICTPO He3aBwucK-
MO OT MX ABWKEHVA. B. FacT cunTaer, uTO NpaKTAUecKH

yawn, Koras MOWHO ObIno 6u1 cpasHwTh {no nAMTepaTypHbiM BaHHBIM) pnd-

dyswo B HENOABWKHOA W ABVIKYLUEACA rpaHnue
cucTembl W rpasvu oaworo Twna, @ 8 vex HemHorux cny4anx, Koraa 310

BO3MOXHO, pasnuuve n,udxbysmonuux NOABWKHOCTE!

nax NOPRAKA.
HakoHeu, ecTb eule oavH B@XHLIA acnexT npotnembl. Npu HEeKOTOPbIX

ycnoswAX MuUrpauvio rpasvi “MOYKET MHULMNPOBATL cama Anpdy3vA npw-
meceil No WAM [90}. o7 acpcpert nonysun Ha3BaHue DIGM-Diffusion

Puc. 26. Cxema BO3HNKHOBEHWA Anrma
A ~- noBepxHoCTL o6pasua co cnoem
pudby3anTa: anddy3na atomos no rpe
Hwue npueoamuT K ABMKBHWUIO rpaHnib
(] — wauansHoe nonoMenne rpaHuubl;
/| — nonoxexne pBwKYeiich rpaHnubl
g MOMeHT t}; B ofinacw [ =Vt (wvpw-
Ha obnact pactsope, ospasoaaameﬁca
pCneAcTBne APWKEHUA rpaHuubt)  Xumn-
yecKuit noTeHawan aToMoB pacreoputenf
yMeHbiLaeTCR

Hanpalrewnue
qupoy3il

_ 3HAMEHMAX NApameTpa ¥ [91] o

induced Grain Boundary Migrati
B roun gration. Ecnu aroMbl Npum ,
o ycnozm'u:;oua Dn-n:o::‘mporo MCTOYHMUKAE Ha r::)se;f(:;:::fd)rﬂmwm
T ocanamn nosa eHb Man, TO rpaHuua HauyHer ABVII'&TBCHDT;' -
O o rcyiied ot :; 304y, oborauieHHyto nNpUMecsIo. Tepmo, e
O e oo paﬂaonpoueoca ABMAGTCA YMEHbLUEHWe xummgzma-
T A ecrormo puTenA npy o6pazosaHum TBEPAOrO pacT oo,
o v pas wre MeToab! ONpeAeneHUA napameTpos oo,
rpaKnon Aaumyummp BUTLI NUWSL ANA HENOABUXKHBLIX FpaHu o
e CA FpaHWLaM MOoXeT MNPUBOAUTL K 3ua~::'r::b:z:;
Pewerue 3anauv . KOPPeKT
e : HOro OfnpeaeneHuA napam
Onsn-:)a | rz?‘):::gi Bp :3::;»: sam:)ea ;;:(e:maannét 3Hansrmfr:,?: 7332:2253'
ore 1811, 0 Kax mogenu ®uwepa '
ot yng::):l::zr;uo‘;;uaumenun rpaHuubl B 3'r:ﬁ' ::;:::a:::: a B
e ooy Hanpasne‘uuu‘ 1). rpaHMLA NepeMeLlaeTcA ¢ MOCTORHHOW o,
O aacen nbyon 2,uopmanm, npuM4YeM CKOPOCTb 3Ta ropasfio 6::::10-
i, va I,-pam;p.mbd)yunupylomee BELIeCTBO He B3auMoneW .
B s v KO.H e ua NerKo OTPLIBAETCA OT Hero W NpuH et
e e vise oo pauwn. MocnéaHee npeanonoxenue cn aumaer
e oo cnasop.ud:dayauu W, NO-BMANMOMY, MOXKET Gsltz :emm-
B 2o :;» B3aMMOAGNCTBUA NPUMECH C rpaHuued pyl‘:ﬂ-
oo Teuu:;pcla [69], paccmarpuBaercA xKaa:mcr'a 0.
D nooion , T.e. /0t) = 0, peanuayiowanca B 60 wor.
. BGonsLIUHCT-

Ana
OHUEHTPaLUN C' 8 rpaHMue peweHvie UMeeT BUA!

Ko:-;ﬁtbuuuem ancddysmm no rpaHvue.
A KOHUBHTpaUuM C B o6beme:

w—— '
C = C'(y) exp (—x %) npu x> 0,
| (216)

T4

Cc=C1(y)npnx<0.
(217)

Tw

::c. 27. NonepeuHsie Kouuenrpéuuon- b i
e npodunu BOKPYrF ABWIYLUBACA
rpaHuLbl  3epHa NpW y =LU pa3nsix
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“Taxum 0BpasoM, Ha CTAUMOHAPHOH CTEAMM ABWXYILEBACR rpaHuua - oc-
yabnAer 3a cooii wneid, 8 KOTOPOM anddyHaupyloulee BELWECTBO pac-
npepeneHo TaKk e, KaK B rpaHuue, T.e. no CTaUNOHAPHOH IKCNOHEHTE.
EcrecTBeHHO, 4TO wnedcd 38BMCHT OT ¥ = v /v,; SKCNOHEHUMENLHLIA cnaa
HauuHaeTcA, ¢ X = Wgt (puc. 27); vg = d (v/Dt) /dt. o
KoHlueHTpauvA 8- ABMXKYLLEACA rpanuue ¢ rny6urHoit napeet GbicTpee,
yeM B HenoaswxkHoi. MNpu sTom KONMMYECTBO Bewecrea ¢, NOrNOWEHHOTO
Aavi)kymeﬁcn rpaHuueit, Gonbuse, yem HENoABWXHOR. Takum 06pasoMm,

6LiCTPO  ABWKYULAACA rpaduua .3epHa WHTEHCMBHO 3aXBaTbLIBaET andhyn-.

ANpYIotine aTOMB C aHelwHeit nosepxHocTn obpasua v pasmasbiBaeT ux B
OTHOCHTENLHO TOHKOM fI0BEPXHOCTHOM choe,

Kak BWAHO W3 CPaBHEeHWA (208) u (216) c yuerom (209), otnuume
OT peLseHnA 3apa4M ANA  HEMOABIKHBIX TPaHMY 38KMOMAETCA B 38MeHe
Vg Ha.V. Tenepb OTBOA andpbyHAVPYIOWEro BeliecTBa w3 rpaHMubl KOHT-
PONUPYETCA He andysveii B8 36pHe, 8 MUrpaiiven rpaHnibl. Tak Kak
¥ MoxeT GbiTe B8ENUKO, 10 v owmnbka B ONPeAENeHUA D'S 6Ges yueta nsu-
JKOHWA FPaHMLbl MOXET COCTaBuTL HECKONBKO NOPAAKOB B No6ylo CTOPOHY.

BCe BbLILIGMINOKEHHOE TO3BONAET paspennTe COMHEHWR Bannyddu,

aaTopa HeaasHero ob3opa [92] no 3epHOr PBHUMHON andiby3nmn, OTHOCH-

TensHo KOPPEKTHOCTH caenernii 06 yckopenvu ancdyaun B ABWKYLLeAcA
rpaHiAUe Ha HECKOMbKO MOPAAKOS. :

Abfop yrnomaHyToro o63opa [92], obcyxaan npo6nembl, CBA3AHHLIE .

¢ QWU Mom, oGpawaer BHUMaHWe Ha 10, 4TO CHTYaUWR, BO3HWKAIOWAA MPW
VT Me, 6nu3ka no cmeicny K adpdexry Kupieraona. .

[leAicTBUTENBHO, NPH avddysvm UNNKS B MeAb U3 napa BO3HWKan aurm
[90], npuuem Ha ABMXYUIMXCA rpaHuuax Habniofanu o6pasoBakve TBep-
AOTO pAacTsopa Q-naTyHu, a nepneHaMKYNAPHO rpaHuue pocny ycul. B 0ob-
paTHOM JKCMEPUMEHTE, KOTrA8 UMHK yXOAUn w3 natynu 8 nap, Habniope-
N WHTBHCUBHYIO MOPUCTOCTL B oBeaHeHHOl 30He. Kpome TOro, CKOpPOCTL
OWTrMa 3asucut O NPUNOMEHHBIX BHELIHUX PaCTATUBAIOWNX Uin CKUMEI0-
WNX HaNPRKeHWA.

Takum ofpa3om, Bce 06CTOMT TaK, Kak B MONOXEHVK, KOTAa ABA 3ne-

MeHTE 3aMLLIEHWA ABWXYTCA C Pa3HOl CKOPOCTBIO: WX NOTOKW MO TpaHy-
LaM He DABHbI, YMCNO aTOMOB B HEKOTOPOM o6seme menAetcA (ysenu-
unpaeTcA. unu ymenswaerca; AWM menner HanpasfieHne B 38BUCMMOCTH
OT COOTHOLIGHWA NOTOKOB), COOTBETCTBEHHO BO3HMKAIOT CXKuMmaiowme W
PECTATMBAIOWME HANPRAXEHNA. WUnave rosopA, CUTyauun Gnuaka K B8O3HW-
Katowei 8 apdexte Knpkenpona. '

Kak n3BecTHO, stbext Kupkenaona npu B3anMHOi andby3un RBNAGT-
CA CReACTBMeM PasHUub! NOABIKHOCTE! KOMMOHEHTOB, UTO NPUBOAWT K

~ cMelLeHuIo NepBOHAYaNLHON FPaHNLLI pasaena mexxay Humn. Ecnn aswke-

Hyie rpaHuubl no KaKUM-NMBO NPUMMHAM 38TOPMOXEHO, pa3BMBAaIOTCA CO-
nytcrayouwme abdexTsl, Hanpumep, nopoo6pasosaHne — ahpext Ppen-
xena [93]. B 3asucumocTH OT ycnosui ahexTel KupieHpona n ®pen-
KenA MOryT NPOABMATLCA B pasHoil cTensHn nAn soobuie He NPORABAATL-
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1

- OCMOTUYECKHUX
.- BCNeACTBME PasHMUbI noaswKHoCTe! KomnoHeHtos. Cornacko ITOW KOH-

cn. B pabote [94] Gbina npeanoxens oGwan TePMOAWHAMUNECKAR TEOPHA
asthdexTos, BOZHNKAIOWNX B  METANIUYeCcKHX cn:iipqx

uenuuv B Pe3yNLTaTe CTPEMNEHWA CUCTeMbl K BbIPABHNBAHWIO XUMMUHECKNX
NIOTEHUMANOB KOMNOHEHTOB ¥ BCNEACTBUE Pa3HUUbLI noaswkHocTell BOS-
HWKEET OCMOTWYECKO® AaBNEHMe, KOTOPOe MOXET MPUBOANTH (npw nanu-
YWN COOTBETCTBYIOLIErO ETOMHOrO MEXaHW3Ma) K ABWKEHMIO FPAHWULbI
(sdbext Kupkenpona), K nopooGpasosatinio {achpext Ppenkenn), BO3-
HUKHOBEHWIO . AUCAOKAUMIA 8 NPUrPaHUYHON 30He [79] wn T.a. NanbHeiwes,

"' PACCMOTPEHWE - OCMOTHYECKUX adpeKTOB NpW MOrpaHUiHOi  Anddysum

© . K&KETCA None3HbiMm.

8, ANGGY3UA NO OAUHOYHLIM FPAHNILAM 3EPEN.
' CSA3b CO CTPYKTYPOA FPAHUL

- i
Pannue 3KCNEPUMEHTHI. B paHHMX 3KCNEepUMeHTax, BbINONHEHHLIX B NA-

- TMAGCATbIE FOAbI, U3yuanu aHvsoTponuio anctdysun, ANA 4ero uIMepAnu
rAYGUHY NPOHMKHOBEHWR 8 HANPABNEHWAX NapannensHom W nepneHanKy-
/ NAPHOM OCY HAKNOHKA rPaHuubl, 8 TaKxXe rny6uHy NOrPaHUYHOrO NPOHUK-

HOBOHUA WNU KO3GKDULMEHT MOTPaHNUHOH anddysun B 3a8BMCMMOCTH OT

"f’\i‘ '} yrna pasopueHTPOBKM ' COCEAHUX 3epeH. XOTA 3T IKCNEPUMENHTHLI He

HOCMNN CUCTEMATMYECKOrO XapaKTepa, TeM He MeHee CBA3b CO CTPYKTY-
poil FpaHWL 3epeH MNPOCMAETPUBAETCA B HWUX BRonHe oTyernueo. Pesynbra-

Thl 3THX  SKCNEPUMENTOB OueHb NOAPOGHO OOGCYXAeHbl B pa6ote [62],
MOSTOMY Mb) OCTAHOBUMCA H8 HUX KPaTKo.

PulP.
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Puc. 28. OpMENTBUMOHHER 32BMCHMOCTL 8HWIOTPONUN camombdysun no rpaHuuam

naknoxa {100) oc;
oot rpounu' cepebpe npu 460°C; P, u Py rnyGuka NPOHUKHOBEHWA BAONL W

Puc. 29. OPUEHTOLUWOHHBA 38BUCHMOCTD FNYGuHbI NPOHWKHOBBHMA ¥ UMHKE NO rpnnu;

S uam HaknoHa (100) B meam:
- avly=1yy —ndivyl : o
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[image: image4.png]Xoddman n TapH6on uccneposanu camoandipysuio cepebpa Baonb u
fnonepek CUMMMETPMuHBIX rpaHul HaxknoHa (100). Wx panHbie npeacTas-
neHbl Ha puc. 28: P, n P, — coorsercTayiouime FRy6uHbI NPOHNMKHOBEHWHA.
AHu3oTponuA avcdy3vM NNaBHO YMEHbILEETCA C yBenudeHuem yrna paso-
puen;uposxu, HO BCE )Xe COXPAaMAETCA BNNOTb A0 MAKCUMANLHOro yrna
B 45°.

AnanoruyHbie usmepeHuA Goinu nposeaeHbi Kynuurom u Cmonyxosc-
xuM. Onu wayvanu anddysanio UMHKAE BAONL W MONepeK rpaHul HaKnoHa
{100) 8 mean metoaom aeTopaavorpadmm. Hambonblwan aHnsoTponua Gbi-
na obHapyXxeHa Npy ManbiXx Yrnax pasopneHTUpOBKH {pnc. 29). Nauxre w
Opuw (uwt. no [35]) usmepAnn ckopagTe Andiby3un NO rpaHALaM Hak-
noHa (110) B GuKpWCTannax aniOMMHWA W HALWWAW TaKoKke, YTO 8HW3OTPONMUA
CYlLLLeCTBYET NPW BCEX Yrnax v C YBENUYeHUEM Yrna yMeHbLIAeTCA. Peayne-
tatel Xoddmana n TapH6ona Gbinn NOATBEPIKAEHB! XeHapukcoHoMm U Mak-
AMHOM MpU McCneaoBanumn - anddysuu B MOHOKpUCTannax cepebpa, ROA-
BEPrHyThIX M3ruby, nocne NONMrOHU3aUUY. Fny6uHy NPOHWUKHOBEHWR. N3~
MEpANN - NapaNNeNntHo W NepreHAMKYNAPHO. ocy M3rnba; ycKopeHHan And-
¢ysun Gbina o6HapyxeHa B NepBOM cnvyae.

Bce 3TM pesynbTaThl BO BCRKOM Cllyvae yKasbigaioT Ha Kpuctannu-
4eCKYi0 CTPYKTYpy FpaHul; B NPOTUBHOM cnyuae andcdysua Goina 6Gbi
WN30TPONHOA. ,

AKCNePUMEHTLI N0 M3YNEHUIO OPMEHTAUMOHHOW 3BBMCUMOCTH FAYGUHBI
NPOHMKHOBEHUA MOKasanu, 4TO ray6uHa, a; cnepoBaTensHo, U «oachu-
UMEHT norpaHudHoM Auddysnu, 3aBUCAT OT Yrna PasopueHTUPOBKHK CO-
ceaHux 3epeH. BnepBble Takve aKcnepumeHTbi Nposenu Jutep u Cmony-
xoBckuit. Uayysn gudibysmio cepebpa B Mean, OHM He OGHapYXunM npe-
MMYUIECTBEHHOTO NPOHWUKHOBEHUA MO FPaHMUAM NpW Yrnax pasopueHTH-
poeku 0 < 10 u 8> 70°. B unrepsane yrnos ot 10 ao 70° ray6una nor-
PEHWYHOrO NPOHWKHOBEHWA NpeBbiwana rny6uHy o6vemHOi auddysmm;
npeBbilueHWe BO3PACTANO C yBenuueHwem 0, pocTurano maxkcumyma npu
45°, a 3atem ymenblanocs a0 Hyna npu 70°. Ha ocHose 3Tix akcnepumen-
708 CMONYXOBCKMIA NPEANCXMWI M3BECTHYIO MOAeNt ‘'KOHAeHCauuu auc-
nokauui”’ B 6GONbLWeYrNOBOM rpaHuue Npu YyBenuYeHWH Yrna pasopUeH-
TMPOBKM, CXOAHYI0 C APYrOW W3BECTHOV - MOAENLIO “CIMAHUA AfEP AWUCNO-
Kauvn'’, npuHaanexauwien Nu.

g, rem
50

Puc. 30. OpueHTaBUUOHHER 38BUCUMOCTH
rnyGutbl NPOHMKHOBEBHWA ¥ NpU Camo-
mddyuu HUKENR NO rpPaHKLEM HaK-
82000  nowa {100) npu 1060 °C :

B panbHeiileM OPUEHTAUMOHHYIO 338BUCMMOCTL MOrPaHUYHON audxbysum
W3yyanun MHOrue uccneaosateny. Yneprposom v CMHHOTOM Npu u3yyeHuu

" camoandiby3un HUKenA no rpaHvuam) HaknoHa {100} 6bino o6HapyxeHO

MOHOTOHHOE BO3pAacTaHWe rNy6uHbI NPOHUKHOBEHWR, MaKCUMyM B paiio-
#e 45° u panvHeliwee nageHue A0 OGBEMHOro yposHA Npw yrnax, 6aua-
xnx k 90° (puc. 30). B octansAbix paboTax Gbinv O6GHapyxceHb! aonon-
HUTENbHBIE MWHUMYMbI NPU HEKOTOPLIX yrnax: XaiAHCOM u Cmonyxosc-
KUM — Np¥ uccneaosaHny camoauddbysmi xenesa No rpaHULaM HaKNOHa
(110) B cnnase xenesa ¢ 3% Si (puc. 31); ApxapoBuiM ¥ MeHbTUHON —
npu anddysnu cepebpa NO rpaHULAM HaKnoHa {110 B mean (puc.- 32);
{OkaBoit u CuHHOTOM — npu awdicdysuy BUCMYTa NO CUMMETPUUYHbLIM rpa-
Huuam HaknoHa (100) B meau (B0 BCex cnyuanx usyyanu avdipyauio na-
pannensHO OCH HaKNoHa) . ’

Hanuive MUHUMYMOB Ha ODWEHTEUMOHHOW 3aBMCUMMOCTH ANGQY3NOH-
HOM NPOHULEEMOCTU ABNAETCA BEXHLIM CBUAETENLCTBOM B MONb3Y CTPYK-
Npﬂux mMojeneii, NPeACKAa3LIBAIOWMX CYLLeCTBOBaHME NpPU HEKOTOPbIX
yrnax cneuvansHbiX BbICOKOYNOPAAOYEHHbIX FPaHWL, COCTOALMX W3 3ne-
MEHTapHbBIX ''CTPYKTYPHbIX eauHuu’”’. Moa "cTpyKTYpHOi eanHuuen’’ no-
HUMAIOT TPYNNY M3 HECKONbKWUX aToMoB, 06pasylolnX XapaKTepHYto KOH-
durypauvio, — aHanor anemeHTapHoit RAueiiku B obbeme. K TtakoBbiM OT-
HOCATCA, Hanpumep, mogens PCY — pewertku cOBnajalouux ysnos, Mo-
aenb MPH — nonHoi pelleTkU HanoXeHwi, mopesnb "thaBoOpUTHBLIX'' rpa-
nny [85] u apyrve. HepssHo B pamkax MOAeNu CTPYKTYPHbIX eAuHML
{19, 95, 96] Bannyddmn [92] ynanoce 06BACHWMTL paHHue pe3ynbTaThi,
fonyveHHbix TapH6onoM u XodhmaHom, paccmaTpuBan U3yueHHble UMK
4 rpannuel (9, 13, 16 » 28°), kak cMmech “‘haBoputHbiX’”’ ¢ Z=1n L =
=5 (Z — senuuuHa, o6paTHaA NNOTHOCTU COBNAEAGIOLLIAX Y3noB, KaK U B
mopenn PCY).

MNosaHee MUHUMYMbI andipy3HOHHOW# NpoHMuaeMocTH Habniopann Xep-

G

0}

150

100 . 1
0 20 4w 0 & w @ BE

8,2p09 0 1 20 30 40 50 60 70 82000

Puc. 31. OpMeHTAUWMOHHEA 33aBUCUMOCTb rMYGUHL! NPOHUKHOBEHWA ¥ Npu  caMommc-
thysuu >kenesa no rpaHuuam Kaxknora (110) s cnnase Fe + 3 % Si :

Puc. 32. OpreHTAUMOHHEA 38BUCUMOCTS IMyGuHbI NPOHMKHOBEHNA ¥ cepe6pa npn aud-
thysun no rpanuuam Haknoua (110) 8 mean ’ '
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Puc. 33. OpueHTaUMOHHEA 38BMCUMOCTD FNYBuMLI MPOHUKHOBOHWA ¥ UMHKE NPpU and-
dy3un no rpaHuLam Haknoka (100) ‘s aniommumu (250 °C) [971

Puc. 34. OpuenTaumonHan 3sBUCHMOCTL rnyGuHLI NPOHUKHOBEHUA ¥ NPOU3BONMNBLIS
GAMHMULI unHKa Npu Andbdyaum o rpaHmuam Haxnoxa (110) B anioMuHkM. Otpeaxu
NPAMBIX NPOBBASHLI B COOTBETCTBUM C NPEACKA3AHMNAMMU MOAGTY CTPYKTYPHBIX @AMHUL

\.

6esan w Buckonau [97]. Oum u3yvanu norpaHuunyio andpysanio yuHKa
B HanpaBnenws, nNepneHAMKYNADHOM W NApannensHom OcAM HaKNOHa
(100) u 110) B8 anloMnHUM (puc. 33). Kak BuaHo us atoro PUCYHKE, MUHK-
MYMbl Ha OpWEHTaUWOHHONW 3aBUCUMOCTYM APOHKLLAeMOCTH, NapanfenbHOM

(100), He -coorsercrayior TpaHuuaM 4acTuuHoro conprxenun (B mMogenu .

PCY). B cucreme (110) (puc. 34) MUHUMYMbI OTBEYalOT 0CO6bIM rpa-

Tennepamypa, °¢
200 400

725 135 145 155 o 2
000/T,K7

Puc. 35. TemnepaTypHan sasucumocTs KoathdmumenTa camoandbysum no rpaHuuam
HaxnoHa {100) B cepeSpe

4 60 &0
84,2000

Puc.” 36. OpuenTaumoHHEA 3aBUCMMOCTD JHEPIUM aKTUMBAUMKM Eax Auq)d)yiuu HUKENA
110 rpanuuam HaknoHa (100) B Mean ‘
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HWUAM, HO OHW HAGNIOAAIOTCA He NPW BCeX Yrnax, NPeACKasbiBasMbiX MO-
- mensio KpowGepra—BunscoHa. Ha puc. 34 npuseaeHbl, 0aHaKo, coBnNaaaio-

M@ C IKCNEPUMEHTENbLHLIMW TOYKEMW OTPE3KW NMPAMBIX, NOCTPOEHHBIX B

COOTBETCTBUN C PEACKA3BHUAMMA  MOAGAU CTPYKTYpHLIX eauHuu. Coor-

sercrayioume pacvetsl caenanu CavtoH u Butex [95] (uur.no Bannyddm
- [982]), paccmaTpMBan u3yueHHbie rpaHWUbI, Kak cMmecu ‘‘haBOpPUTHBIX'
¢ Z=1(0=0%, Z=3(6=7053%, T=11(0=120,620, =27
- (0=148,41° u Z=1(9 = 180°).

Pe3ynbTaTtel (Temnepa'ryp(nan 3aBucMMOCTL  Auddy3un o rpaHuuam
naxnoHa) TspHGona u Xoddmana npeactasnens) Ha puc. 35. Buawo, 4to
) . HAKNOH NPAMbIX B KOOPAWHATAX . 1gD'8 + T~' npubnusuTensHo oguHaKos
|f AnA yrnos pasopuentposku 9, 13 u 16° u HemHoro Bospacraer anm

 rpanmuel 28°. OpMEHTAUMOHHEA 38BUCMMOCTL SHEPrMM aKTUBaUMM and-

. dysun HuKenA no rpahmuam Haknowa (100) B. Meaw, nonyvennan 10ka-

B0l u CuHHOTOM, npeacrasneda Ha puc. 36. AHanoruyHaa 3aBUCMMOCTL

. Guina nonyveHa YneprposoM: U CHHHOTOM anA camoanddysun Hukena.

_JHeprua aKTBaUMM NOrpaHuyNOi andxpyaun sHauane napaer (go 8 < 20°),

;@ 38T8M OCTaeTCA NPUGNU3UTENBHO NOCTORHHON. YMeEeHbLUeHUe SHeprun aK-

THBBUMK NPU YBBNMYGHNW YrNa PASOPHEHTMPOBKU Habmoaanu Taioke Crapk
M Yneprpos, usyvasiwue camoauddysuio ceuHua.

"« [oABOAA WTOrM MEPBOro ABBALATUNETMA 3KCNEPUMEHTANLHOTO MUCCNe-

‘ _AoBaHuA autdbdyaun B GMKpUCTaNNax cneayeT OTMETUTb, YTO OGWMM Hepo-

. ¢TETKOM 3TUX MCCNeAOBaHMA 6GbINO OTCYTCTBME CUCTEMATMYHOCTW. Jlvwb
~ NOABNEHMe CTPYKTYPHbIX Moaeneil, 06yCNoBHBLLUNX BOSMOMXHOCTL KONUYECT-

_ BOHMOH OUBHKM CTeneHn YNOPAAOMEHHOCTH rPAHWLILI, UHWUUMPOBENO noO-

- CYBHOBKY IKCNEPUMEHTOB MO CUCTEMATHYECKOMY W3MepeHwio andysuon-

HbIX XApaKTepUCTMK B 38BMCMMOCTM OT YrNa Pas’opueHTMPOBKM ANA rpe-

_ _MAU Pa3HOro Tuna. JTOMY HeMano CNocoBeTBoBaNnO pa3paBboTKa HOBLIX Me-

_TOAMK MCCNEQOBaHWA, BKNIOHAA CNOCOGHI nofnyveHnA GUKPUCTannoB ¢ TOYHO

* M3BECTHbIMW NBpaMeTpamu, 8 TaiOke ycflexu (BUIMKO-XUMUN. YUCTBIX  Be-

iecrs, GnaroaapA yemy FOABMNAECH BOMOXHOCTb NPOBEAGHUA IKCHIEPUMEH-

"TOB HA OYeHb YUCTLIX O6BEKTaX, B KOTOPbIX CTPYKTYpHbIe OCOBEHHOCTH

rpaHuY He ''3ama3aHbl’’ NpuMecAMM.
Mepsoit u3 Takux pabor Gubina auccepraumn Opuia u3 dpaiiGepra.

'PesynbTathl 310l paboTbi, K COXKAaNeHwio, He ONy6AUKOBAHBI, U Mbl SHAEM

O Heii TONbKO MO MOHOrpacdmu FneiAtepa u Yanmepca [35]. B nepuoa ¢
1974 r. eBTOpaMM HACTOAWEA KHUIM C COTPYAHMKEMMU GbiNa BLINONHEHA
cepuA paboT no usyuenuio audipysun (B OCHOBHOM) uMHKaE B Gukpuctan-
Nax aniOMWHWA, NO FPSHUUAM HAKNOHA U KPyYeHUA c ocamu (100) u (111),
8 WMPOKOM WHTEPBANE YrNOB PASOPUBHTMPOBKM W TemRepaTyp [6, 98—102].
K n3noxenunio pesynbratos stx paboT Mul ¥ NepexoanM. :
Augpysur yurnka no odunouHsim 2paruyam 3epeH e amomunuy (OpueH-.
. TAYUOHNHAEA, TeMnepatypHan U bBapuveckan 3seucumoctu). 0puws (uMT. no

- T35]) wayvan adbdyanio umHka no rpsinuam Haxnowa (110) 8 6uxpucran-

" Nnax anioMUHWA C CoAepKaHWueM npumeceit < 0,002 %. MonyuexHan um
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[image: image6.png]OpPUEHTAUMOHHAA 3aBUCMMOCTb  KO3dbuuMeHTa norpaHuYHo  anddyaun
{D') npuseneHa Wa puc. 37. KoHueHTpauuoxHele npodunu Haxoauan me-
TOAOM CHATMA cnoes; D' paccuuTbisany no Yunnny B8 NpeAnonoKeHuw,
uro. = 0,5 Hm. Ha pucyHKe OTYeTAMBO BMAHDI MUHVUMYMb! Ha OpUeHTa-
UMOHHOM 3BBUCHMOCTM, HO COOTHECTM WX C Yrnamu Pa3’opueHTUPOBKH,
OTBEYAUWMMKN BbLICOKOA NAOTHOCTM COBMa-
ASI0WMX Y3NOB, MOXHO NUWb NPUGAUINTENL-
Ho. Mo muenmo lnelitepa 310 Hecosnage-
Hie obycnosneHo Tem, 4To BO BCex chyvaax
OCb HAaKSIOHa GMKPUCTaNNOB OTKNOHANACH OT

d

s HanpasnennAa (110) Ha yron ot 5 go 11°.
2
§
S
w’
Puc. 37. OpueHTauMOHHAA 3aBUCUMOCTL KO-
w0 . dvunenta audbdysum uuHKa no rpaHMUaM
10 50 100 8,2009 HaknoHa (100) 8 anwomurnn (no 0puwy)

B paGotax [6, 98—102] npusepeHss pesynbTarel onpegeneHuA napamer-
POB 3epHOTpaHUYHOM AUdDY3NN UMHKA BAONL FPAHUL HAKNOHA U KPYYEHUR
8 6ukpucrannax anmomuuua (A999) c ocamu {100} u (111} 8 WHTepBane
Temnepatyp 250—340 °C. Wurepean uccneayemMbix Yrios pas’opueHTUpos-
kn B cucteme (100) cocrasnan 10—45° a B cucreme (111) 10~60° {ann
rpaiuu kpydenna 30—60°), npuvem B uccneayembié MHTepsan nonaaano
He meHee 10—12 3HaveHuii yrnos. OTknoHewwe NOBEPXHOCTU OT 38AaHHON
nnockocT He npessiwano 2°. Touwocts B onpeaeneHun yraa pasopueHTU-
poBKkMU coctaBnana *1°, Koathduuuentsr norpauuumoin anddysum (Tou-
Hee npousseaenne D'S) paccumteiBanM no ®uwepy (npu HUIKUX Temne-
patypax, koraa 0,3<C'/Co<1,0 u f~10* —10°), nu6o no Yunnny
(npu BbIcOKNX Temnepatypax, 0,06 <C/C, 0,3, $<20).

Ha puc. 38 uao6pawens: audipyavoHHble KNUHBLA ANA rpaHwy HaksoHa
(100) ¢ yrnamu pasopuentupoeku 23,5 u 27,5°, cHaTbie B OTPAKEHHBIX
anextpoHax (puc. 38) ans pasHbix TemMnepaTtyp oTxkura. Xopowo BUAHO,
4T0 AudiPysHOHHEA NpoHUUaeMOCTs rpaHuusl ¢ 6 = 23,5° npu Bcex Tem-
nNepatypax MeHblue, yem rpaHuusl ¢ § = 27,5°, C noebiwexnem TeMnepa-
TYPbI ANMDADYIUOHHBIA KNUH CTAHOBMTCA WMPE W KOpPOWe; yron npu Bep-
WwK1He KNUHA craHoBUTCA Gonee Tyneim.

3HaveHnA napameTpos andibysun uMHka no rpanuuam waxnowa (100)

n{111) B aniOMUHUM npuBeaeHbI B TabA. 1,2, a no rpaHMuaM Kpy4eHuA —
B 1abn. 3, 4. .

110

, 280°C

25670

Puc. 38. inddy3noHHan NpoHULEemMOCTh rpaHnibl Haknowa (100) ¢ yrnom paszopueHTu-
poskn 8 = 2350 (sepxHuit pan) u 27,5% (mxHuiA PRA) NPU PasHLIX TemnepaTypax.
Auddyaun uunka s antoMununr; X300

¥

Tabnuya 1. NapameTpbl Anthdy3un UNHKS NO rPaHKUIM HaKsiona (100) » anoMmuHNK
(D' = wosdxbuument anddyInu, 5 — WNPUHE FPaHNLLI, £ — IHEPrNA aKTUBALUUN,
D, — NPeRIKCNOHEHUMANLHBIR MHOMMTEAN, 0 — YrOn PASOPUSHTHPORKM)

8, rpaa D'-5-10'*,cm?/cnpu T, °C E', xfx/mons D6 - 10'°, em? /e
260 280 310 340

1 4,9 8,0 11,3 20,0 39,7+3,3 4,6
16 8,7 15,0 215 30,4 38,6:2,9 5.8
20 11,3 18,4 30,7 45,3 37,6:2,1 7.0
22 8,9 15,0 21,5 35,6 38,9:2,6 8,9
235 5,0 9,3 15,0 25,2 47,2+2,1 2,7
26 75 13,0 18,8 29,1 38,51+2,5 5,4
27,6 10,6 16,7 25,0 38,8 38,512,1 9,3
285 76 12,2 19,6 29,8 43,5121 16
31 12,0 18,5 29,2 415 37,6:3,3 6,5
34 1,3 185 27,0 43,2 39,7:2,5 10

© 37 4,9 9,3 20,0 29,0 54,315,0 130
40 9,7 15,9 23,9 37,6 39,7:2,6 1
42 12,1 19,4 29,4 46,0 38,512,1 9,6






[image: image7.png]Talnuys 2. Napamerpel phdyaun UNHKS NO rPeHGEM Haknona (111)
s amomunum {oBosnasennn cm. s Tabn. 1)

D'-5-10'41 e’ /cnpu T, ¢

6, rpaa E', xBx/mons Dy6 - 10°,cm /o
250 280 310 340
12 08 20 - - —~ -
16 1A 2,4 39 - 53,1%5,0 23
23 1,9 35 7,6 - 657,3:6,4 10
28 1,2 3,2 656 - 72,7:4,2 220
31 8,7 16,6 30,0 60,0 54,3+2,1 22
33 4,0 7.3 12,0 22,8 48,1:4,2 2,7
¥BE . 43 8,1 17,0 25,8 565,2+4,2 14
3786 1,6 36 9,0 205 79,413,3 1100
39 5,2 10,4 19,1 32,4 66,8:2,1 26
42 6,8 10,0 16,0 205 48,1:4,2 36
4356 4,0 8,0 131 245 63,6:4,2 8.8
45 16 3,5 75 16,6 67,3t2,1 86
47,6 3,0 5,7 10,1 19,0 57,7425 16
63 20’ 38 8,2 14,2 58,1+38 13
55 15 33 8,6 14,2 67,7:4,6 90

Mpu BCex Temneparypax, ANA BCEX TMNOB FPAHUL W YINOB Pa3OpUeH-
TUPOBKM KOIDPUUMEHTE! NOrPaHMIHOR AndbYaum uamnoro nPeBbILIAIDT
oG\emuyoo Echu npunAate 8 =06 HM, To npu 250°C O’ usmennerca

TaGnuus 3. Napemerpul AndBYINN UMHIKE NO FPEHILAM xpyuuuu {100}
u amomunnu (0GosHavennn, cm. B Tabn. 1)

9, rpsa D':6:-10'*, cm?/c npu T.PC E', xfiw/mons D5 - 10°, cm®/c
250 280 310 340

o e ——

14 - 2,7 6.3 11,0 20,9 61,44+2,9 8,0

20 38 8.4 133 22,2 50,2+3,3 11

22 21 5,4 11,3 18,1 65,6+£3,3 9,0

26 39 10,9 171 29,2 68,1:2,1 75

27 2,2 '8 148 26,1 60,8:2,9 26

k)| 1,7 13 11,6 19,0 74,8:4,6 42

3 5,1 10,6 19,2 205 63,1x1,7 19

k< . 39 8,6 18,6 29,6 65,6:6,4 14

376 1.1 5,1 11,4 22,0 86,6¢7,1 31

0.8 49 108 234 43,2 ' 87,7:25 42

425 1.9 6,3 13,2 32,1 80,7¢2,9 20

48 2,7 7.3 18,0 418 78,2:4,2 100

e e AL S U,

‘ 4. Napamerpel anddysnn uuNKs NO rpesnuam Kpysennn (111)
\u shomwnun (0BosnaveHun cw. s Tabn. 1),

D’-5-10'*, cm®/c npu T, OC

o,rpu E', kAx/mone Dys - 10%, cm? /c
j 260 280 310 340
i ’ :
31 0,9 24 60 203 903:48 gp
2 08 29 6,1 224 97,4154 a3
37 0,14 05 18 - 108:5,0 90
a1 0,02 - - - - i
25 0,06 012 1,26 - 12319 870
438 022. 12 43 . 174 12517 6900
' 44 1.0 39 5,8 2,0  86,7:42 35
a8 0,02 008 986 - 123:9 - 440
80 0,6 1.4 37 140  92,8:4,2 12
&2 0,9 17 46 21,3 = 92868 13
676 026 = 08 2,6 - 1088 1700
008 - - - -

2
»
e
g

-

8 wHvepsane 10~ -7 _10-6 2/c (Tonbko ana rpauuu prqenun 111y~
' a0 10"? cm?/c), a npn 340°C — & uuvepsane 10°% — 10~° cm?/c. AnA
obvemnoi aucbebysun unkka B Mean D= 1,4 exp (~128,7 Kk ox/mons™! /AT
oém?/c. Taium o6pasom, npu 250 °C D ~ 10'”, anpu-340°C 107'! em?/e,
nno Ha 6—7 (npu 260°C) u nva 5-6 (npu 340 °C) . nopaakos mewsLwe,
«M KkoahmuneHt andibysum no rpaHuuam. ‘

Opuen'rauuouuan 38BMCHMOCTL  KOI(DGBUUMEHTE 38DHOTPAHUNHON And-
pysum D', yMHOXeHHOTO Ha WHPHHY rpaHuubl 8, MpeacTasneHa Ha puc. 39.
.Ha puc. 39, & NOKasaHbLI OPUEHTAUMOHHbIE 38BUCUMOCTU ANA CHCTEMbI
(100) a Ha puc. 39, 6 ~ anA cucrembt {111).

Bee saBMCMMOCTH, Kak ANR FpaHuL, HAKNOHE, TAK W ANA TPaHul Kpy-
./MGHMA HEMOHOTOHHBI: MPW ONpeAEeneHHbIX Yrnax, He 38BMCALUMX OT TeMne-
PaTYphl  AudY3MOHHOrO OTKWUIFE, HAGNIOABIOTCA MUHUMYMbI  3HBYEHMHA

D's. Vs puc. 43 n 44 Buano, 4T0 B Npesenax OAHONH CUCTEMBI Yribl, NPy
KOTODBIX HBGMIOAAIOTCA MUHMUMYMBbI, COBNAASIOT MNPAKTUMECKH ANA FPaHML
"HAKNONE U FPEHWULL KPYMEHWA W He COBNAAAIOT ANA pasHbiX cuctem. MMpu
Bonee HU3KMX TeMnepaTypax nemonoronuocn sasucumoct D'5(0) Buipe-
weHa cunshee. Tak, npu 250 OC oTHOWeHME MAKCUMAENEHOTO W MUHWMANG-
uoro anauenwit napametpa D'S ana rpamuu Haknowa {111) Aocmraet 10,
‘8 AnA-rpaHuy kpyvenna (111) — 50. B To xe BpemA npu 340 °C orHowe-
. HMe ux He npesbiwwaer 4, :

" 3naverun D'S paanuualorca Mexay coboi, KaK B npeaenax OAHOW cuc-
. TeMbl B 3aBMCMMOCTW OT TWUNA rPaHMULI, TEK ¥ B 38BUCHMOCTH OT OCH pa3-
' BopoTa anA rpanny OAHOTO_Tyna. U rpamuubl HaKNoOHE, U rpaHUUb! Kpyue-

'#MA ¢ ocbio passopota (108) umeioT Gonbiume 3HaueHuA napamerpa D6
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[image: image8.png]Puc. 39. OpueHTBUMOHHBI® 3B8BMCUMOCTH napameTpa D'S ann anddyaun A.;umca no rpe-
wuuam waxnous (8) u kpyvernn (6) B aniomutmn. Temnepatypa oTimra, “C:
1 — 340; 2~ 310; 3 —280; 4-250

NO CPABHEHWIO C COOTBETCTBYIOWMMYU rpaHuuamu ¢ ockio {111) npuyem ara
pasHuua HabnopaercA npu BCex TemnepaTtypax Awdiy3MOHHOTO OTXKUra.
B npegenax OAHOW'CUCTEMbI TPaHMILLI HAKSOHA UMeEIOT Gonblike 3Ha4eHWA
D'S, yem rpaHuu KpyueHWA. AHanoruuHoe 3axnioueHue Guino caenaxo B

andxbyaun B8 rpanuuax kpyveHus lpuwmbsinosuyem U CoaBToO-
g‘?% gﬁ%%l. 1 3y¥mﬂ' nud)gyau:) Men‘u)ay NO FPaHWYaM KPY4YeHUA B Bukpuc
vannax amomuema (nnockocte (100) u yrnst pasopuentuposku 15, 17,
36 u 55°), own npuwnn K BLIBOAY, YTO KOI(XBULMEHT 3EPHOTPAHUYHOIN

amddysun no rpaHMIaM KPYYeHMA BABOE MeMblle, YemM N0 rPaHuUaMm -

HAKNOHA. , .

MakcumansbHbie 3Ha4eHMA napametpa D'S MMeIOT rpaHMULI  HAKNOHa
c ocbto {100), & MMHMManLHble — TpaHMusl Kpydenur ¢ ockio (111). Mo-
BUANMOMY, Ha napameTp D'S BnuAeT pPasnuyHaA aTOMHaA NNOTHOCTL NAOC-
KOCTe# 100}' w {111] . 3amerum, kcrath, uro cooTaercraylowme aKcne-
PUMBHTLI ANA 06veMHoi audihyauu He Gbinu npoBeaeHbl. .

OpueHTAUNOHHbIE 3aBUCYMOCTM 3HBPTMW aKTUBAUUW  3ePHOIrPaHUYHOIA
avddysum E' ana atux ke cucrem npeacTasnensl Ha puc. 40, a, 6. Juep-

114

: k.lA\;/mm

20 %0 30 49 7/ 50
8, 2pad ‘
]

Fuc.‘ 40. OpMeHYaUMOHHAA 38BUCUMOCTL 3HBPruM aKTuaauun £ achysum umHka no
rpameuam Haxnons (8) u Kpyvenun (6) s aniommHun

\

FWI0 BKTUBBUWW HaxXoAUNM 8 NPEARONOXEHWM, YTO LWIMPHHA rpaHuuLl &
HE 38BMCHT OT TemnepaTypul. Buawo, 4TO, KaK M OPMEHTAUMOHHLIE 3aBM-

_CHMOCTH napameTpa D's, 38BUCUMOCTH E'(6) HEMOHOTOHHbI. MaKcumyMmsl

SHaueHWIA 3HEPrvW aKTUBAUWM 3epHOrpaHuuHoi  andipysuu HaGnropaloTca
NPU Tex Xe Yrnax, 4To W MUHWUMYMbI 3HaueHuid napamerpa D'S. Mpanuus:
cuctemsl (100) B CpeaHeM XapaKTepu3YIOTCA - MEHbIUMMK 3HayeHUAMMU £’
no cpasHenuio ¢ cuctemoit (111), rpaHMLbl HAKNOHE WMEIOT MeHbLUMe 3Ha-
wennn E' 10 CPEBHEHMIO C rPaHULAMU KpyyeHUA. Ecnu CPABHMBATL NONYYeH-

" HbIG 3HEYEHWA 3HEPruM BKTUBAUWMK 3ePHOTpaHWyHOK Auddbyanu ¢ o6nem-

wolt (E = 128,7 x[bx/mons), 10 otHoweHue E'/E pnA rpaHw HaKnowa :
meHnetca B npegenax 0,29—0,43 ana (100) u 0,37-0,62 ana {111), ann

-TPAHUY Kpydetua B npepenax 0,41—0,67 ana (100) u 0,67—0,97 anr {(111),
_OBpawaoT Ha Ce6A BHUMEHUE WPE3BLIYAHHO BLICOKME 3HEYEHWA SHEPruM

axTHsaum auddysum no rpaHnuaM kpyveHua c ockio {(111). 3Havenun
sToro napametpa A0XOAAT a0 0,97E u npesbiwaoT 06LINHO NONyvaeMbIe -
8 IKCNIEPUMEHTAX Ha NonUKpMCTannax sMavenna £, Gonee, vem B 2 pasa.
Cneayer OTMeTUTB, 4TO paccuuTanHble 3HaveHuA £ BKNIONAIOT B ce6A
H® TONLKO BhICOTY AWGDDYSUOHHOrO 68puepa, HO U TEPMOAUHAMUUECKOS
CNAraeMoe — SHEPrui0 B3AUMOAGHCTBMA aTOMa UWHKA C rpaHuues. Kax Gui-
o nokasaHo, darTuuecku Mol onpgaenaem e 80', a K8D', rae K — koad-
dwmunenT pacnpepenenun auddbyHAMPYIOWMUX aTOMOB npuMecy mexay rpa-
HuUel u o6vemom. Yuer 3Toro OGCTORTeNsCTEa AOGABNRET B SHEPrMIO

- AKTUBAUMM 3HEeprUIO B3aumoneicTeuA. [o-BUAUMOMY, B pamKex 4UCTO
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Puc. 41. OpMEHTEUHOHHBA 38BUCUMOCTH npomxcnbn’onuuanmoro muoxmTenn Dy, ym-
HOMEHHOTO HA WIMPUHY rpaHuubl 5, AnA Audby3sun UMHKS MO rpaHULaM HAKNOHa 100)
{2) u{111) (6) B anoMutmm

AW(DYINOHHOFO 3KCNEPUMEHTa PasaeniTb D' n K Henb3n, TaK e, Han-
pUMep, Kak Henb3A pasgenutb Kodddmuuent avddysuu D u nosepxHoct-
HOe HaTAXeHue 0 npu aHanuse Anudy3aMOHHON KoanecueHuuu.

AHanNOrMyHO OPMEHTALMOHHBIM 38BUCHMOCTAM 3HEPruM aKTWBaUWM 3ep-
HOrpaHwuHoi Andipysun HaGNIORAIOTCA HEMOHOTOHHLIG 38BUCUMOCTH : OT
Yyrna pasopueHTMPOBKW Napametpa Dob. Ana rpanuy Haknoxe 100) u

{111) onn npuseaeHu! Ha puc. 47 u 41, a, 6. Maxkcumyms! Dyd coovsercy-

BYIOT MaKCUMYyMaMm E'. Cnepyer BuiaenuTh OuYeHb LLUPOKMA mznepaan
usmenenmit Dy (or 1072 anA rpanuu Haknowa (1000 ao 10° cm’/c anA
rpanny, kpyverua (111) npu & = 0,56 um). Beicokne 3H82'|9Hm1 Dy Hamroro
NPEeBOCXOAAT WHTepBan uameHeHwi Do - (1073 — 1 cm?/c), xapakrepHuiit
ANA BAKAHCUOHHOrO MexaHuama auddyauu B oGreme.

TaGnuya 5. Opmnnuupimm nqnou‘(dcuu FPANUU SECTHYHOIO CONPANOHUR
N COOTRETCTRYIOMAMS 3HENSHNUA T

0, rpap (sxcnepument) 6, rpen (monens PCY) - I

HBIOM KpyueHue
Oc» paseopors (100)

235 22 22,6 13

28,5 27-31 28,1 17

37 3756 36,9 6
Oc» peseopora (111)

- . 278 13

37-42 382 7

46 46,8 19

" ORUEHTAUMOHNBIE MONIOKEHUA MUHUMANBHBIX 3HAYEHWHA ‘KoadbuineHTOB
sepHOrpannunoi Anddyaum D', YMHOXEHHBIX HE LWMPUHY FpaHWUb S,
n makcumanshbix E' n 8D okasanucs 6nmskn K yrnam Pa3opueHTUPOB-
% KM, NPW KOTOPLIX B MOAENM pelweToK cosnaaawwmx yanos (PCY) npeac-.
 K&3bIBAGTCA, CYLIECTBOBaHME OCOGLIX rpaHMi, — FpPaHMUiL YaCTMYHOro con-
pAXEHWA, ITW. rpaHuubl XEPAKTEPU3YIOTCA GONbLMM YMCNOM aToMOB,
obwmx- ANA ABYX COCEAMMX 36épeH, KOTOpbie O6Pa3yloT CBepXpelsevKy.
*.B Tabn. 5 npuBeaeHb! IKCNEPUMEHTANbHLIC 3HEYENWR YrOB, NPU KOTO-
L peiX HEBAOABIOTCA IKCTPEMANLHLIE 3HAYEHWA NapaMeTpoB 3epHOTPaHUY- |
. wol auddysnu, yrabi, npeackasaHHele Moaensio PCY, anm ocobeix rpe-
. HMU, 8 TEKOKe 3HEYeHVA NAPEMETPE Z — BeNuuMHbi, OBPATHOW NAOTHOETH
. . ysnos cosnaasiowmx avomos. B pamxax moaenu PCY oHa ABnAeTcR mepoii
. COBEDWIGHCTBA CTDOGHWA IPSHWY 36peH.
‘ ~ Cosnagenue yrnos, npw KOTOpbix HabnIOAaOTCA AKCTPEMAasibMbLIe: SNE-
1. YOWWA NAPAMETPOB 3ePHOTPANMYHONH Andibyaun, C rpaHMUEMU YacTUYHOrO
__QGONPAXEHWA ¥ PB3NUYME ITHX NAPAMETPOB ANA FPaHML C Pa3HOW KpuCTan-
© NOTPAMUYECKOR CHMMETPHOA MONHO, NO-BUAUMOMY, PaCCMATDUBAETE KaK:
- OfieHs QMNBHLIA "8DFYMENT & NONL3Y YNOPAAOYEHHOrO CTPOGHWA, MO KPAii-
Mol MOpe CNIBUMANBHBIX rPaHIY.
. B arHoweHun rpanmy oBuiero Tuna audihy3nOHHBIE IKCMIEPUMENHTHI' He.
. ASIOT OAHO3HEWHOTO OTBETA. B 3TOIN CBASM npeacTaBnAeT Ge3ycnoOBHbLIN
.. 'MHTOPEC pesynubTar, nonyueHHuii A.H.AnewuHeim u C.WN.Mpokodeessim
~ [104]. Onu uccnenosanu nosesenve napametpa D'6 B OKpecTHOCTM che-
- uManeHOH rpannusl. Bbina uayvena anddysuA HUKENA B rpaHMLe HAKIOHE
8 Meau ¢ yrnom pasopmentnposku 36,86 °C (Z= 6), npuvem yron paso-
PMOHTUPOBKM MEHANM C LWAroM B AECATYI0 rpaayca. Okasanoch, 4T0 Mu-
#wmym D'§ 8 okpectHocTH cneumannHod rpaHMubl — y3Kuit, ero wmupuHa
" ne npessiwaer 2°, a 3ssucumocts D'S or (0 —36,86°) Gnuska K nuHeit- -
#HOW. ABTOpbI OGBACHMAM 3TOT PE3YNLTET HA OCHOBE MPEACTaBNeHMA O 3ep-
. HOFPSHHYHBIX AMCNOKBUMAX, B' AyXe Moaenu Xapra. .
- Pacnonaran TOWHbIMM A8HHLIMM O AuDdYIMK B CReUManbHLIX rpaHuLex,
6oin0 6b1 UPE3BLIYAKHHO MHTEPECHO NPOAHANM3NPOBATH "BECh MONYYEHHBbIN
" METOPMAN HA OCHOBE MOAGNW CTPYKTYPHbIX eauHuy. Tem Gonee, uTo 8
. obsope [92] Bannyddu BLIpasUN. COMHEHME B KOPPEKTHOCTH ABHHBIX
, - |Opmwa, Bnepsbie HabRIOAABLUGrO 4YETKUE MUHMMYMbI HE OPUEHTAUMOHHONM
© samucumocTu D'S. Tenepb 3T coMHeHUA Ge3ycnosHo OTNAASIoT. :
' Bonswoit uKHTepec NPeACTaBNAIOT CB8AGHMA O BAMAHMM Ha Andibyanio
NO TPEHWUAM 3epeH ruApOCTaTMYecKOro Aasnexun. K coxaneHwio, Konu-
i MeCTBO TAKMX CBEAGHWIA upe3BbiuaiiHO orpaHuvero. B obzope Bannyddu
-+ [92] comepwuTcA ccbinka Ha eaMHCTBeHHYIO paGoTy MapTuH u COaBTOpOB,

_ ,f."*-<0'l'H_oeﬂlIlV|oeﬂ « Gonsbweyrnoso#i rpatnue obuiero Tvuna B cepebpe.

o Kak” ussecTHo, ofwee Bbipaxenve anA KoadbuuneHTa - audidysmin,
.. NORYYEHHO® B.MOAGNH CIYNSAHBIX . GITYXAGHUA, B PaMKax TeOpUM NepPexos:-
HOro cocronHun, umest e [787: ‘
D = PyA» exp (S*/R) exp [-(U* +pV*)/RT). (218)
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[image: image10.png]B 5TOM Bbipanenuu sHepruA axtussumu E = U* +pV*, rpe U* — wa--
MeHEHUE BHYTpEHHel 3HEepruW CUCTeMbI NPU Nepexoae 8TOMa U3 OCHOS-

HOTO B MepexoAHoe COCTORHWe; V* — coovBeTcTeyiollee U3MeHeHne 06be-
M8 MNN BKTMBAMOHHDIA 06BeM.
Kak cneayet u3 swipaxenna (218), aKTUBaUMOHHbIA 0Gbem onpeaennet

3aBMCMMOCTd KOS(hdhUuumneHTa gudxbvauu OT AABNGHNA®
{0In D/op) T= —V‘f RT. {219)

Afl.Netenu® wsyuan sssucumocts napamerpa D'S  ana - auddpyswn
uuHKka No rpanmuam Kkpyvesua (111) B 8NIOMMHWM OT FMAPOCTaTUYECKOro
aasnenmA. Onbite nposoavnn npu 320 OC s untepsane aasnewit o1 0,1
80 1,16 kMNa. Pesynbratel NpuseseHbl B Tabn. 6. _ :

Tatnuya 6. GEpANECKEn JEBNCHMOCTS NEPEMETPS D's ann anddysun unHka
no rpemuam xpyvernn (111) 5 amommmumn {V* — axTussunonnsil 0Guem pnn
anddyaun s pewerxe; V* = 13,0 om® /mons)

o, rpep D' 104, cwm®/c npu P, xMNa: V,cM/mome VIV VIQ
01 022 047 072 1,16
17 133 719 43 216 115 119 " 0,91 1,19
22 362 348 - 148 082 67 " 0,51 067
33 238 27 49 377 34 128 096 126
» 126 101 48 209 1,73 103 079 1,03
40 206 137 94 44 - 10,4 080 1,04
46 265 187 82 686 135 124 08 1,24
. ) _.

Taxkum 06pasom, ANA GONbLIMHCTBA MCCNBAOBAHHLIX FPaAHML 8KTHBS-
uuoHHbie 06vemMbl norpaxuuroi U oGvemHON Andxbyaun 6nmau (V/V* =
= 0,70—0,95) u Gonbwe aTOMHOro OGbema. ATOMHbIA 0GBeM anioMuUHUA
Q = 10 cm®/mons, cooTsercteento V' = (1,03—1,25) 2. Cxoansifi pesynb-

var Goitn nonyveH MapTum: V = (1,1£0,2) . WcknioueHue COCTEBNAET '

rparuua 22°, ann Kotopoi V'/V* = 0,61 u V// 2 = 0,67. 310 ncknioweHne
NPeACTaBnAET TeM GONbLWMIA MHTEpeC, NOCKOALKY OHO MoAy4eHo AnAm rpa-
HUilsl' C CBMON HM3KON Cpeaw McCNeaoBaHHLIX Auddy3nOHHON npoHAuae-
MOCTbIO. COFfIaCcHO BbLILENPUBEAEHHLIM ABHHLIM TakKue rpaHuubl Gansku
K FPAHULLEM Y8CTMMHOO CONPRIKEHUA. L

Aupdysun no paHuyam 3epen e ISTEKTUYECKUX CNNaeax C Hanpae-
nennold CTpYKTYpod. OpnenTUPOBAHHbIE TPBHWUBI 36peH obpasylorca He

' fleranun AJ1. Viccneposanue anddysnm iHHKS B0 MHAUBHAYSNLHLIM FPEHALEM

KpyvoHUR 8 anioMuiun. AsToped. xaua. ance. M.: MUCKC, 1979,
118 '

' Do = 6,0 cM

. TONLKO B TAKUX YHWKANbHbIX O6beKTax, Kax Gukpucrannbi, B HactoAuiee’

BPeMA LWMPOKOE NPHUMEHEHWEe B TNPOMBILLINBHHOCTH HEXOAAT METOAbI Han-
pasneHHoi KpucTannuaaiun. Tpu OpUEHTEUMM KPUCTANNOB OKASHIBAIOTCA '
OPHENTHPOBAHHBLIMK U FPaHNULI 3epeH. KK TAKOMY THAlY KpuCTannoe, B Yacr-
HOCTH, OTHOCATCA 3BTE@KTMMECKME CNNasbl C HANPABNGHHOW CTPYKTYPOWH,
Hanpumep, cnnas cemelictBa COTAC, cocToAWwMi U3 MATPHULI — TBEPAOrO
pacTBopa Ha OCHOBe KOGanNsTa WA HUKENA, YNPOUHEHHOW HUTEBUAHBIMM
xpuctannamu KapGuaHoit caser (xap6up tawtane). NMpw wanpasnexHoil
KpUCTannu3asuMn 8 cnnase (GOPMUPYIOTCA FPaHWbI 3ePeH, OPUEHTUPOBAEH-

'HbI@ BAIONb OCH POCTA.

B pabore C.3.BokwreiiHa un coastopos [105] metomom astopaguo-

_' rpathum KOCOro cpesa B MHTepBANe TeMneparyp 8001070 OC usmepenn:
" nppametpbl andibysun paawoaxtmsHoro usotona S3Ni B rpanuuax sepew

u obveme aBrextuuecxkoro cnnasa CoTaC—3(Co--20Cr—10Ni-12,2Ta—

- =0,8C), nonyueHHOrO METOAOM HaNpPasneHHoW Kpuctannusauuu. Monyuen-

HbI@ [AHHLIE CBUAETENLCTBYIOT O TOM, 4TO B WCCNEAOBAHHOM TeMMNEPaTyp-
Hom wHrepsane (0,6—0,8) 7, xosdpuumerter andubysun Hukena B rpa-

| HMUAX 3epeH IBTEKTUYECKOro CNAaBa Ha. 3—4 NOpAAKAE NPEeBLILSIOT 3HE-

YeruA Koahduunenta o6vemHOA anddysun. ITOT peaynLTaT NpeaCTasnAeT-
CA BRONHe ecf@c'rpeuusm. WMurepecHo apyroe. WccnegosatenamM yaanoch
pasnuuMTL NO KPaAHe! Mepe ABA TWNA rPaHMY — C BLICOKOA (nepBbit TUN)
M Huskoit (Btopoit Tun) anddysuonnoh nporuuaemoctsio. CooTeercrayio-
ume napmevgsl anddysuu cocrannaioT: anA o6vema £ = 313,6 kx/mons,
/c ana rpanny nepsoro Ttuna E' = 167 xfx/mone, Dy =
= 0,012 cmM?*/c (npu 8 =05 HM); anA rpawuy BTOporo Tuna £ =
=230 kfpx/mone, Dy = 3,0 cm?/c. ITH uMcna OTHOCATCA K FpaHuuaMm 3e-
pex B o6nacTu ¢ HanpaBneHHOR CTPYKTYPOiA. .
OGpawaer BHWMEHME CPBBHUTENLHO BLICOKOR 3HAYEHWE SHBPTWNA AKTH-
ssuwv rpawmu Broporo twna: E'/E = 0,73. Mo mHeHnio asTopos paboTbi

. 3T0 MOXET GbiTb CBA3AHO C BOIHUKHOBEHUEM B IBTEKTUMECKMX CNNasax B

fipoliecce HaNPABNEHHON KpucTannuaauun ocobbix rpanny, oGpasylouuxca B

- yonosuax, GnM3KuX K pasHOBECHBIM, W OGNARAIOWMX NOHWKEHHOW nosepx-

HOCTHOW aHeprueid. O B3aUMOCBA3N napameTpoB audpysuu €O CTPYKTY-

. poit rpaHuMy 3epeH 8 IBTEKTUYECKMX CRNABAX CBUAETENLCTBYET U 38BUCH-
- MOCTh ANGDYINOHHON NPOHULABMOCTH OT OPMEHTAUUM FPAHWL OTHOCHTENbL-

HO HENPABNEHMA pOCTa: ANDADYINA MO UCKPUBREHHBIM FPEMMLEM B 30He
© ANENCTOW CTPYKTYPOH uaeT 3HawvTensHo GbicTpee, Yem O NPAMOAUHe-
Heim  {06OMX THNOB), NapanNNentHLIM HANPEBNEHWIO POCTA B 30HE C Han-

' pasnesHoi crpylsrypoﬁ.

: 2 AUSOY3IUR NO OAUHOYHLIM BHYTPEHHUM MEXOAIHLIM FPAHULAM

Hexoropsie ocoGewnocru duﬁdiyﬁuu no mewghaarsim 2panuysm. Hapaagy

C FPAHALAMM 36DEH BEXKHONHLLMM CTPYKTYDHBIM SNEMEHTOM, ONPeAanAio-

{NM FeTEROTBHHLIA xapaxtep amddysnoHHbIX NOTOKOB 8 KOHCTPYKUMON-
T e





[image: image11.png]' HBIX MaTepuanax, ABMAIOTCA BHYTPeHHWe rpaHuus! $a3. B HeroTopbix cnie-

BEX OHM WFPAIOT UEHTPanbHylo ponb (Hanpuzmep, B BbILIGYNOMAHYTEIX 38-
TEKTUYECKHUX  CNNaBax, NONy4aemMbiX METOAOM HaNpaBneHHoR Kpuctanauaa-
uvu). B 3TMX Cnnasax NPOTAXEHHOCTb OTAENLHOW Mex(asHOW rpaHuubl
BecbMa BeNuKa — OHa MOXET NPOHM3LIBATL BCE 36PHO M Aaxe Bce u3fae-
Nue, U B 3HAYMTENbHOW Mepe OnpeaenAeT CTPYKTYPHYIO CTabUNbHOCTL M
APONPOYHOCTE. .

B o6sope [106] noaYepKHYTO, 4TO CMEKTP COCTOAHWA BHYTPEHHUX
MexdasHbIX FpaHuy, 3HaYMTeNbHO pasHooGpasHeii, Yem rpaHui 3epe, yxe
xXOTA 6bi NOTOMY, YTO rpaHuubl 3epeH Pa3fenrtoT KpUcTanibi oaHO n TOM
we ¢hasbl, 8 rpaHMULl — (a3 — Pa3nMUHLIX NO COCTaBY M (uacT0) nO KpM-
crannmieckoit cTpyktype cdas. Cneayer Taxke umeTb B BUAY, YTO reue-
3UC MexX(asHbiX FPAHWL 3HaYMTENsHO GoNnse PE3HOOGpaseH. pannub), 3e-

' peM BOSHWKAIOT NPX KPUCTANNU3AUWM PBCTINABA, UAW NPU PeKpUCTannU-

seuvu. Fpannust ¢as MoryT (hOpPMUPOBATROR NpU 3BTEKTHYECKOM, IBTeK-

_TOMAHOM ¥ NONUMOPMHOM NPEBPALLEHWAX, MPU PAcnane NepeckiLeHHOro
' YBGpAOrO pPacTBOpPs, B YCNOBMX, GRUBKMX UM Aanexux OT PaBHOBECKA.

Taxwum OGPASOM, ANANA3OH COCTOAHWA rpaHWi (a3 3HAYWTENLHO LWMpe,
HeM FpaHuly 3epeN,

fipn  WCCNRAOBEHWM BRMAHMA MeXPasHpIX TPaHUL Ha Avdpysnio Hab-
mopann [68] adibexT yckopenun audibyauu $3Ni- B »enesoyrnepoamc-
TeiX CRNasax npw nepexoge W3 opHodasvol (aycrewnt) B8 ABYxdhasHylo

. (aycremnt+yemenTnT) obnacte (npu 1100°C & 6 pes); snauAHne mop-

donorun ¢hs: npu 500—650 °C ¢>Ni 8 ssrexvomanoi ctann (0,8 % C)

.8 06pasuax C NNACTUHYETLIM NEPMUTOM andpysanposan sasoe 6GbicT-

pee, YeM C 38PHWCTbIM; BNMRHWe pasmeps das: npn 650 9C koadpmument
anddysun *>Ni 8 cpeaneyrnepoamcroit cranu (0,9% CJ ymeHswanch 8

11,6 pasa npu yBenuuewun CpeaHero pasmepa 4acTMu uementuta. Bce atn

pesynbratel Gbiau nonyyeHbl 8GCOPGUMOHHLIM METOAOM, 6e3 BhigeneHuA

_avdxby3nOHHOTO NOTOKA M0 MeXha3HbIM rpaHuuam.

Bnepebie NPAMbIE aBTOPaAMOrpadmueckue AOKa3aTeNsCTBa Onepexaro-
weit avddysmm no rpavvuam a3 Gbinn nonyyenst C.3.BokwTeiiHom u
coasTopamu: 3Ni B MarHmeBom uyryHe ¢ KPYNHbLIMW 4acTuamu rpadm-
ta u 113Sn B 6a66ure ¢ KpyNHbIMK uacTUuamu P-hasel  (SnPb) auddbyn-

AMPOBaNK MPEANOYTUTENHHO MO rpaHuuam ¢as. DHepruR aKTuBauwn aud-

thyaun HuKenA cocTasuna oKono 120 k[x/Monb, BANIKO K 3HEPrUN aKTh-
sauuu andibysum NO rpaHMuUaM 3epeH B xenese. ApoH n Beitn6epr meto-
A0M KOHTaKTHOW aBTopaguorpaduu o6H KUNK NPEUMYLLECTBEHHY!O N0
cpasHeHnio ¢ oGvemom has Ambd:ysmo"f Ag NO HEKQrepeHTHbIM rpaHu-

uam By, 8 cnnase Cu+ 14,3% (no macce) Al Mo. mHenwo asTopos Ha
NONYKOrepeHTHbIX rpaHuuax abdgext He Habntopanca. Paspewesne KOHTaKT-

voli astopaaworpadmu (oxono 20 MKM) BpAA AW MO3BONAET OTAWYUTL . -

3TM ABA TMNA rPAHWL — K TAKOMY BbIBOAY NPULLAKM aBTOPLI PaboTel [107],
NOATBEPAUBLLME, OAHBKO, Y4TO MeXasHble rpaHuubl f/Y; cCnyxar nyTAMK
'YCKOpeHHO andxbysuu 8 9Tol cucteme. P.MuoTposckuit n coasTopbl [108]

1;0‘

“yeranosuny, yto aucidysua *3Ni no Tem xe mexcasHeiM rpaHuuam B,
cucteme Cu—Al npoucxoanT Ha 4-6 nopaakos GbicTpee, YeM B chasax.
Axanornunbie pesynsTarsl 6binu nonyveHs! METOAOM asTopaavorpadmu
7 meicokoro paspewenun [74] npu nayuenmn audpyaun no mexdasHbiM
rpaHMuaM /7 B BHICOKONErnpOBAHHBIX HUKENeBsbiX CnAaBsax (y-TeepabIf
P Ha ocHose HuKenR, 7'-casa Tvna NizAl). B uHTepeane Temnepatyp
" 700-1000 °C koahduumentsl andipysun HUKeNA NO MeXdAa3HLIM rpauu-
1AM Ha ABA—TPMU MNOPAAKS NPeBbIWany 06beMHbIe 3HAYEHWA. Poct aocruran-
- cA 38 cveT Do, TaK KAK 3HEPruM aKTUBaUNK Gbink GaMaky [109].
WuTtepecHbie pe3ynsTatol GbiAn MONYYEHbl MPU WCCNEAOBAHWUW ancddy-
“/SMM N0 MEXDasHLIM FPEHVLEM 8 HANPEBAOHHO AKPUCTAANIN3OBAHHLIX 38-
“yewTvveckux cnnasax. B [110] uccnegomanu auddysuio **Ni B asyxdas-
"1 HOM 3BTEKTUYECKOM Crnnase Niz Ai{y)~ NizNb(8), nonyuerHoM OGbIuHbIM
i“gnocobom (6-thasa umeeT PaBHOOCHYIO CTPYKTYPY) ¥ METOAOM HanpasneH-
M wpuctannusaumn (0-basa mmeer ¢OpMy BBITRHYTHIX MNACTUH TOR-
HECKONbKO MUKPOH; rpaHuua ¢a3 opueHTUpOBaHa nNapannensHo
11911) 4, Il (010) 5. B nepsom cnywse andibyauonHan . NPOHMLEEMOCTL N
. ypanvuam a3 Bceraa sbiwe 06beMHON, BO BTOPOM — OHa Bbile TONLKO
‘pa KPUBONMHEIHBIX yuacTkax mexdasHuix rpasvu. Mmenwo 6naroaaps yc-
u’,‘l,_iéopenuoﬁ andby3nu B TaKUX yuacTKax npoucxoauT orpy6nexue (asosbix
|/ COCTABNAIOWIMX, W YXYALIAETCA TEPMUYECKER CTAGUALHOCTL CnNasa.
+ . Takum 06pasom, AnA rpaHuL a3, KaKk v ANR rpaHvl, 3epeH, Xapakrep-
_.wa/ onepexaiowan AWGhdY3IMA N0 CPaBHEHWIO C OGLEMOM, NO-BUAUMOMY,
" HOCKONBKO GONee MeANeHHan, Yem MO FPaHUUaM 3epeH. ITO yTBepXAeHWe
ghepyet aenath ¢ GONLIIOH OCTOPOXHOCTBIO, KAK M3-38 Manoro 4ucna
peaynsTatos, OCOGEHHO KONMYECTBEHHbIX, = TAK W MNOTOMY, 4TO GREKTP
" GOCTORHWNA MexhasHbIX TPaHWW — NOBTOPUM 3TO — OYeHb LIMPOK 1 onpeae-
“METCA CTPYKTYpOl, mopdonorueid, ANCNBPCHOCTLIO, cocrasom (a3 M ux.
_OpWEeHTUPOBKOI. B 37Ol CBA3W NPEACTABNARIOT WHTEPEC HeaaBHue ceeae-
‘HMA 06 OPMEHTALMOHHOW 38BUCHMOCTH mexastont andipysun, nonydeHHsie
“HOBBIM METOAOM asTopaauorpagmu onsr [111], coueTatowum asTOpaano-
" rpadMI0 BLICOKOTO Pa3PELLIEHNA C NPOCBEYMBAIOILEH 3NEKTPOHHOW MWKPO-
‘iexonueit. B cnnase tuna COTAC HabGmioganu onepexatowyio Ancddyawio
' MeX(dasHbLIM FPaHNLIAM B HanpasneHwn ocu pocTa. Oanaxko anddy3non-
. #W8M NPOHMLEEMOCTb FPaHULL (a3 B PA3NUYHBIX 3ePHAX OKa3anace PasnnuHoON.
“fipn opuenTuposkax (112) ¢ il (112}, npeumywiectBenHylo Autdysuto
fi0 FPaHMLAM cha3 Habnioganw, a npu opuentupoekax (110) 14¢ il (110}, —
/;#er. Nerenun n Pasymosckuit [112] o6wAcHuay 3ToT pesynerar Gonee Boi-
| 0OKOH MNOTHOCTbIO COBNAAAIOWMX Y3NOB H3 rpaHULax co B8TOpPOi OpUeHTH-
POBKOiA. ' ‘
7. OueBUWAHO, ANA Gonee ACHOro NOHWMAHWA (KU3NYECKOR CYLIHOCTW BOfI-
POCa HEOGXOAMMO NPUBAEYL CBEAEHWA O andbysuu N0 UHAUBMAYANLHBIM
rpanuuam cas. .
. Onpedenerue napamerpoe Jugpgysuu no mewghaansim 2paruyam. Mo-
b Guiwepa nerKo MOAMGBUUNPOBATL ANA ONUCaHWA AUdiy3un No Mex-
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[image: image12.png]dasvoit rpanmue (puc. 42). 7o Guino caenawo snepesie B paborax Bok-
AW ¢ coasTopamy u MapTux [113]. Touxoe pewenve 3spaun Geino nonyue- -
Ho MuwmHeim u Pasymosckum [69, 72]. He snasancs 8 noapo6HacTh,
W3N0XWM CYTb Aena. '

B ka0l us bas Andxby3UR OMHCHIBAETCA - YDOBHEHUEM Buia CO CBOMM
rxoathbnumneHToM andxbysum:

aC; ¢
— = D, (e
” ox® oy?

—).

(220)

Mpu Tex Xe YNPOUIeHWAX, yTo. ¥ B: ;aonenu duwepa, peuleHne ITOro
YPEBHEHNA MOXHO NPEACTABUTL B BUAS: - :
1 PR, . :
Cj=-C' erfc 2l /2/Dp0). (221)
S . ,
rae K;. — Koshdmumnent pacnpenenenmi Ambd:yuhupymmero SeulecTsa
MexAy rpanuuesi u i-Toi dason (i = 1,2). :
B cooTserctenn ¢ opmynoit  (221) andbyanoHHeik KUK He CUMMeT-
puien (puc..43). B npepene D; €D, ANhdYINOHHLIA - OTCOC C FPAHKILI
WAST TOMLKO B OAMY. U3 thas. ‘
JinA onpeaensHuA KOHUEHTPSUWW B rpaHvue C' MOXHO BOCNONBLIOBATE-
cA ypasHenuem (204), 8 KOTOPOM BMECTO Cnaraemoro

Dl ocl D, OC,
aa—— (———) ] o — ‘—_—) e
s e F0Ts T O

Mocne MOACTAHOBKW B STO ypaBHeHWe Bbipaxenna (221) nonywum

2 Dl ac . .
=05 ) x=0 CNeAYeT HanucaTh

Y
Puc. 42. Moasns Outwepe anA Andibysun no MexdasHoR rpaHuLe

»Pnc. 43. Aowmmetpun andxhySMOHHOIO KnwuHa nNph anddymn m'NMﬁ rp-mmu
122 o

- hashl ¥ nIOKAsANM, 4TO HAYMHEA C He
_’cm  ofuiMHOW cxemoil pacverta KO3(BUUMEHTE NOTPEHUIHOH antdysun.

. 1 = 06uemnan inddynn; 2 — anddysun no

‘onATe _ypagHenne (207) c adibeKTUBHBIM koathpuumneHtom andibysumn D,
KOTOPbIH MOXHO HAATH U3 YPAaBHEHUA: v

D \[D
’ 2 K 1 K,
CneayeT umerb B BMAY eul@ OAHO 0BCTORTENLCTBO, OTHOCALULRECR, Npas-
A8, W K TOTPaHnuHOi, W K MexdasHon anddysun. Ecnu Ha avarpamwe
COCTOAHMA ABYX 3MEMBHTOB ECTb NPOMEXXYTOUHbIS thaabi, T0 B Audiy- ‘

SWOHHOW nape, COCTOALGH U3 3TUX snéagu'roa mMoryT 06pa3oBbLIBATLCA U
pacTH CNOM NPOMEXYTOUHBIX ¢e3. 3anaun TAKOro TWNa BrepBbie PaccMoT-

(222)

" pen Barwep npumeHnTensho K- o6vemAph anddiysnn. OnHaxo, NOCKONbKY
{ampdysuA no rpanuue naeT 6bictpes, TO

npomexyTouHan thasa Gyaer
BOSHVMKATS B MePBYI0 Ovepeab Ha rpaHuue, 38XBaTHLIBATL NPUTPEHNIHYIO
oSNacTs U MOXMEeT UCKIKATDL KOHUEHTPAUMOHHBIR Npodmnb NOrpPaHNUHOM

" -anththysun. , S
s m%ggueuue TaKoll 3ap@4M O pogTe ''KnuHa” NPOMeXyTouHO#W ¢asbi Npw

MM NO rpaHvuam 3seped (umm das) 8 pamxax moaenv duulepa Gbi-

0. asH0 KNMHrepoM W COBBTOpaMU [114]. Caenas pAA AONOAHWTENbHbIX

ynpouialowmx npeanonoxenvit (thasa obpasyer Ha rpaHuue CNNOLWHOM

“cnoft, auddysmonnbiit "OTCOC” U3 FPaHMuLl B npeaenax cnoA pacryuiei

hasbl NOCTORHEH 1O _rnyGune) , 8BTOPbI  HalAW copMy KnuHa pacTyiue
4 \KOTOpPOiH FNYGMHBI, MOXHO NONb30BATL-

Po3ynsTarsl  USyYeHUA dugpysuu no OOUHONHbIM MaxpasHsIM 2panu-
yam. Mi3BeCTHO BCOro HECKONbKO uccnegosaxnit ancdysnm NO OAUHOYHBIM
SHYTPEHHUM MEX(]E3HLIM FpaHuLaM. GOHAM W COABTOPaMM MPEACTABNEHbI
ASHHMI® O U3SMEPEHUIO xospdmumenta aubdysum 11%Ag n 121gh no
pnoenoﬁ rpaHuue MeXAy NONMKpUCTaNNaMu xenesa w cepebpa B VHTEp-
sane Temneparyp 650—000 °C. O6pasust Gbiny NORYWEHLI ¢ MOMOWbLIO
‘Myauounoﬁ csapku. Bbino ycTaHoBneHo, YTo Npu Gonee HU3KWX TeM-
‘ pax Bxnaabi AndysuM NO FpaHuuam 3epeH B cepebpe W N0 Mex-
‘GasHOi rpanuLe CTBHOBUAMCL CPABHUMbLIMK, a soiwe 860°C (v.e. 0,927,
cepeBips u 0,807, Xenesa) u30TON Npoxoaun No MexchasHoR_rpaHuue '

Puc. 44. fuddysna '?*Sb no meybasHod
rpenmue Fe—Ag fnpu 882 °C:
rpannusm sepes Ag; 3 — anddysun no mex-
‘GasHoi rpaHmue )

it s






[image: image13.png]33 BPEMA ONbITE HAaCKBO3b W MOABMANCA . HA NPOTHBONONOKHON. -CTOPOHE
06pa3ua. Ha KOHUEHTPAUMOHHOW KPUBOX (38BUCHMOCTL CPeaHeN KOHUBHT-
pauuM B MNOCKOCTH y = CONSt OT rAyGuHbI NPOHMKHOBEHWA NO rpasuue
y) (p@c. 44) BuaHbl TPW YHBCTKA, KOTOPbIe aBTOPbI TPAKTYIOT CNEAYIOUMM
oBpasom: BepxHuit — npeobnaaaeT BKnaa o6vemHoM andibyanu, cpegHuin —
anddysun no rpaHviam seped B cepebpe U HMKHUA — autddysun no mex-
¢asHoir rpanuue. lNpu Temneparype 882 °C, Kk KoTOpoit OTHOCHTCA KPUBAR,
andysur no mexdasHoil rpaHuue uaet boictpee, Yem no rpaHuuaM 3epeH
cepe6pa. Ana '1°Mg -

Db =9 - 107> cM’/c; E' = 188 knd/mans; anA **!Sb.

Dys = 9 cm®/c; E' = 247 wfbx/mone.
" OTHOLLEHME 3HEPTHMW aKTHBAUWW avdbyauu no mexxcdhasHoi rpaHuue

K 3HepruM axkTusauun oGbemHOW andihy3um cepe6pa ¥ CypbMbl B Xenese ‘

W cepeGpe COCTABUNO COOTBETCTBEHHO ANA t10ag
E'/Epg = 0,65; ETEx, = 091,818 131Sb.
E'/Egy = 089; E'/Epg = 151.

Henb3R He OTMETUTb BLICOKWE 3HAYEHWA ITWX OTHOLIEHWH, TaK e Kak U
suicokue axavenma Dy (npu § = 0,5 HMm nopAaka 10°. u 10'. cm?/c .anna
cepepa W CypbMbi cooTBetcTBenHo) u D' — nopraxa 1073 cm’/c, Te.
Bbilie 3HaueHWit KoathdmumenTa Andibysum B xmaxocTu. fMocneatee obc-
TOATENLCTBO BhISLIBAET CEPLE3HOE COMHEHU® B KOPPEKTHOCTU BbIAGNEHUR
sknana mexdasHoi auddyaum Ha cdoxe Andibysum no rpaHuuam 3epeH
8 nonuxkpucranne cepebpa.

B pabore [115] npeacraBneHbi AsHHbIe MO W3MepeHWI0 NapameTpos
camoanddbysun 9Fe no mexdasHoit rpaHuue a/y (tepput — aycreHuTt)
B cnnase coctasa Fe 18 %Cr 10 %Ni. Mexda3Hylo rpaHuuy nonyuanu npu
AvdxbY3NOHHOM HECBILLEHUN NOBEPXHOCTH 06pasua antoMUHKeM, YTO NPUBo-
auno K obpasosaHuio cnon ¢eppwuta ¢ nosepxHocTu. Pasmep 3epeH thep-
pwTa u aycreHuta coctasnan okono 100 mkm. Bbinu nonyueHs! cneaylowme
napametpel antibyaun no mexdasHon rpakvie B cnnase TeXHUYECKOH
YUCTOTbS:

D5 = 15,3 cm®/c; E' =306 k/bx/Mons, a8 B CNnase BLICOKOA YMCTOTLI

. Db = 1,75-107% cm3/c; E' = 156 kbx/mons.

OTMeTUM, YTO B NEPBOM cnyvae OTHOLWeHWe 3aHepruu aKTusauun Mex-

thasHoi andxby3uu K 3Hepruv aKTMBaUMM 06BeMHON camoaundihysum xene-
38 B Q-COCTORHWM COCTEBMNO OKONO 1,2, & B Y-COCTOAHWM — okono 1,1;
go stopom — 0,62 u 0,68 coorsercraerHo. Buicokoe 3HaueHne IToro oT-
HOWEHWA B NEPBOM cCnyuae aBTOpbl OGBACHWNW aacopbumedt npumeceit
Ha rpanvue pasaena cas. B pabote [116] omm ykasanu Takxe, 4To amio-
MUHWIT cTabunuanpyeT mexcdaaHylo rpaHuny /Y u oficyaunu BAWAHWe Ha
CTaBUALHOCTE TPaHWUbI, ‘KPOMe YKCTOTLI _Pacnnasa, MODPUCTOCTH W ‘pocTa
124

. Bce e Bhicokue anavenun Do (3-10° cm*/c npu 6 = 0,5 HM) ©
_NGPBOM CAy4ae KDKYTCA COMHUTENbHbIMU. XoTA KoasdxbuumueHty and-
ySUN 1O mexcdasHoi rpaHnue 3nech, Kak u B pabote Bonaw, Gbin Bbiwwe,

| No rpaHuuam 3epeH B Tex e obGpasuax (puc. 45), oanaxo KoppexT-
¢Tb BLIAGNBHWA BKnapa MexdasHOW rpaHuubl NONPEeXHeMY BHYLUEET

Opbie ONaceHuA.

aMeTUM Ta10Ke, 4TO B 06Cy)aeHHbIX paboTax 6binv Hen3BecTHbI TOYHO
annorpadmueckue napameTpbt MeXdasHbix rpaHul, ¥YTO He NO3BONA-
‘MPOCNeAUTL CBA3b MeXAY auddysueid ¥ CcTPYKTYPont MexdasHbix
. .

STOM CBA3W NPEACTABNAIOT MHTEPEC Pe3ynuTaThi M3yueHWA Mexdas-
Aantbdysun No OAMHOMHBLIM TPEHWULAM C TOWHO 38A8HHLIMM KpWcTan-
pUNECKUMK NBPEMETPaMK, DA3AENAIOLIMMU ABA MOHOKDHCTaNNa. Jo
uWero BpemeHy Gbinv BLINONHEHbI ABE COPUM CUCTEMABTMUECKUX MC-
sanmii Taoro popa. Oawa ' kacanace awddysuy HMKeNR NO OAUMOY-
mexcasHbiM rpanuuam 8 cucteme Cu—Mo [117, 118], apyran —
Y3WR UHIMA NO OAMHOMHBIM MEex(hasHbIM rpaHuuam B cucTeme OfO-
repmanuii [7, 119]. -

loxcasHbie rpaHuubl noslysanu B pesynerare HanpaBnexHoON Kpuc-
RM3BUUA MEAU HE MOHOKPMCTANIUMECKOH MOANOXKKE monubaeHs nnu
— HA MOHOKPMCTAaNNMYECKOM NOANOXKKE repMaHun. 3anasan CoOT-

BYIOUWMM O6pasoM OPUEHTaUMI0O MOHOKPUCTaNNMYECKOH '3aTpaBKK’’,

80 750 650 T°C

(770)Moll(100)Cu

Tpanuya
HaKroHa

(panuya
KDYIEHUR

[100] Mo

rpanuua 83 B cnnase TeXHUYECKOW YACTOTM; 2. — rpaHnua $as B CNiase BLICOKON
o7 [ 116] ; 3 — rpanuua 3epen B aycTeHuTe BbicoKoi uncToTe [ 109}

‘46. Cxema 06pasua AnA usyueHnna auddysun NO OAMHOUHLIM MEX(A3HLIM FPEHK-
LB ucTeme Cu—~Mo .
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[image: image14.png]. nOAY4anu MexcdasHylo rpaHULY C 3888HHON KPUCTAaNNOrpauieckon opue-

TAPOBKON W C HYXHbIM Yrnom passopoTa c¢as. Buinn nonyyeHs! oGpasui, |
‘B KOTOPLIX NAOCKOCTL rPaHWubl cosnagana ¢ nnockocteio (100) mean w

(110) monubaeHa, a yron mexay Hanpaenewuamu (100) ‘meaw . v (100
monubaera usmeranca ot 0 o 45° vepes 3° (puc. 46) ; B cucteme Sn—Ge
NNOCKOCTb rpaHvLbl cosnaaana ¢ nnocikoctoio (100] onosa n (001) repma-
HUA, yron mexay HanpasnenuAamu (100) onosa u (100) repmaHuA Taioke
usMeHANCA OT' 0 o 45° (26 rpanuy B 3TOM MHTepBane yrnos).

B obelix cucremax 6bina W3MepeHa. OPMBHTELLMOHHAR 38BMCUMOCTL NO-
BEPXHOCTHOrO HaTAXeHWA; 06e 33BUCMMOCTM GbiNU  HOMOHOTOHHBIMU:
HanNWuUMe MUHUMYMOB YKAa3bIBANO Ha CylliecTBOBaHWE ‘'0cobbLIX’ Mexdas-
HbIX TPaHKUY NO aHanorum ¢ 0coGbiMN rpaHuLaMK 3epeN. )

B cucteme Cu—Mo Gbinu BbipauieHsl aABe MedxhasHbie rpaHMUbI — HaK-
NOHa ¥ KpyuennA. [udiby3uorHbI® OTXUIM NPOBOAUNKM B MHTEpPBANe Tem-
nepatyp 650—800°C, nocne uero Ha pEHTreHOBCKOM MWKPOAHAaNU3a-
TOpe CHUMAaNKU KOHUEHTPaUuoHHbIe Kpusbie (8—10 npoduneit Ha pasHom
PECCTOAKMM OT NOBEPXHOCTH) € NONEPEYHOTO WK NO HOPMANKM K MEXK-

chasHoil rpaHune. Beinu paccuuTaHsl napametpul MexchasHol avdibysuu

D's, E' v Dod. 3uavenun D'S ann 700°C, E' u Do anm Bcex yrnos pe-
30PUEHTHPOBKHU npuseaeHst B8 Ta6n. 7; OPUEHTAUMOHHLIE 38BMCUMOCTH
D'S —~ wa puc. 47, a, 6, {anA rpanwy HAKNOHA U KPYNEHUA COOTBETCTBEH-
HO), a OpueHTaUMOHHAaR 3aBUCMMOCTL E' — Ha puc. 48 (anm Bcex rpanny) .

Talinuys 7. OpreHTAUMONHER 3BBUCHMOCTS napdmerpos puddbysun Hukenn
NO OAMHOUHBIM Menihasibim rpanvuam (I — narnons, Il — xpywenun)
8 cuCTOME Meas —~ MonnGaen

6, rpen - D's, w*ic E, wxiwons . D5, mPlc

| If ! "

0 56-10"*' 38.10"*' 156 166 21072 1.107?
3 161072 1,7.10"2° 194 199 5:10"'°  9.t0"'*
6 6,7-10"%*' 47-10"*' 210 216 1-10"° 2.10"*

9 33:107*° 1,9:-10"%*° 175 173 |  3-107'" B.10°"!
12 2,1-107%°  1,7.107*° 166 178 210" 7-10°'!
16 68:107%' " 49.10"*' 20 21 3:10°'° g.10"1°
18 1,3:107%°  4,2.10°2° 177 181 3-10-!! 7-10°t%
2 20-10"*° 18-.10°%° 166 166 -6+107'7  7.410"'2
24 1,3:10"*° 1,3-10"%° 178 180 6-10"'  1.907'°
27 191077 * 15-10"*° 168 183 2-107'Y  q1.107°
30 9,7-10"*" 1,0.10°*° 172 177 3.10-!! 6-10°'!
33 1,3:107%°  18.10"?°" 170 166 5-10"'*  2.10°!
38 41-107*" 51-107*' 206 213 6§:107'°  1.10°*

39 2,1:10"%°  2,3.10°*° 161 160 9-10"'*  2.10°?
a2 1,8:107%° 32-10"%% 174 161 §-10"'*  1.10""?
45 1,0-10"?* 1,6-10°?° 180 188 7- 10" 2-10'°
126
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Puc. 47. Opuentauuonnan 3gsMcuMocTs napamerps D's anm addysun wuxenn no

- ORMHOYHBIM MENKDASHLIM FPEHHLAM HAKNOKS
“ ANR rpeHuL, KpyueHua ripy 700 °C (6)'5':: mc't'up::. C:Tl\zw Pex 650, 700, 750 800 °¢

- Kosthdmument auddbysum no mex

Bbiwe KoahduumenTa oGveMHOIM nm;:u r:;::nu:ua Hn:eﬁu_ Bn::ap;“w:
anddysun nemon'orouuo 38BMCAT OT yrna paaopueumpoaxu'. Ha6mo, —or
CA MUHUMYMbI D'6 n makcumymbr £ w Do8 ana rpauuu'c.o =6; A:éo‘;
36 rpag. Npu rex e yrnax Habnioaanuce MUHUMYMBI ¥ Ha opuenr'a -
HO# 38BMCMOCTH NOBEPXHOCTHOrO HATAXKEHWA, ' Hon

O6vemran audibysun D= 46.10°17 p2 [/
MPyprery M&/:d:yaua D {,6 10 m*/c, £=236 kfbx/mons, Dy =
B stom cmseicne pesynuTarsi cxo o
AHbI C NOMYYEHHLIMYU
rpaHuy 3epen (_ﬂanpumep, [6]1): B o6oux cnyvanax M”"“Mx:"%e:uouuux
cUMyMb) £ COOTBETCTBOBANM OCOGLIM rpaHHLaM. e
Mpn 6§ =05 um Dy~ 10° — 10%

Q
N
X
S
X
W
Puc. 48.. Opuentaunonnan 3ABUCHMOCTS 3HOD-
- UM aKkTUBBUMKM AudDYIMKM Hukenm no oan-
gunal: MEXDAINMIM FPAHHLEAM B CHCTOMe . 09 15 30 45
b pad
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[image: image15.png]~ . . . N

B cucreme Sn—Ge Gbinu BbIPALIGHBI mexasHbie rpar;::un :"pv:;g%ﬁa
KOHUEHTPaUVOHHLIE KpPUBbIe nocne AnthdySUOHHBIX onm. o 1
TAIOKe (ONVYaNK Ha PEHTreHOBCKOM MWKpOaHanuaarope; _puﬁ_ pournd
D'S, E' n Dob. Omxuru nposoaunu B  uHTepsane AasneH 0 Ao
1,15 MMa, yTO NO3BONMNO HaHTW, KPOMe opuemauuouuos; "] T:; :5[
TYPHO#, GapuyecKylo 38BMCHMOCTDL A NapameTpoB Memdmuoblsnu ﬂynM:.

Ha puc. 49,.8 npuBeaeHa OPHEHTAUMOHHER 38BUCUMOCTL an Tom-.
neparyp 40, 80, 120 n 160 oc, a Ha puc. 49, 6 — TaKaA Xe 3aBuCUM T
ana E'. OpuveHTauMoHHbIe 33BUCUMOCTH HEMOHOTOHHbI; RONOXEeHUe aK iy
pemymos (2, 39 n 40°) ogHO ¥ TO e NpM BCEX TeMNepaTypax u coo"
BercTeyer OCOGbIM IpaHKuam € HU3KUM noaepxuoc'msmsuarﬂmem::e".
BLICOKOH nNoTHOCTHIO coBnaaaowmx yanos (Z=1; 17 u b cooveer

' HO). OaHaKo B OTfiwuMe OT AuchdyanM MO rpPaHUUaM 3epeH W MO FPaHULEM Q

CUMYMbI KO-

cucteme Cu—Mo, npu aTuX yrnax HabnioaaloTcA Mak t

x:::amoa andibysuu, T.e. Auddy3uA No 0cobbiM rpaKHuLam 36310u cu::":-
ORMT HE MO uuam obwero Tuna.

" IPOVCXOAMUT HE MeAneHHes, 8 bbicTpee, Yem NO FPaH
M":B'rgo OTNUYME OTHOCUTCR TONbLKO K Koadxbuuuenty auddysmn. Ocobeim
rpaHuuUaM, Kak 370 6bin0 W paHblue, COOTBETCTBYIOT MAKCUMYMbl 3HEPruM
aKTusaunum u hpegm('qnoneuuua_nmo_ro MHO)KMTenﬂ.

OHeprui aKTUBaUMKM ANA  TPaHWL obuiero Tvna cootsercTBylor 40—
50 klok/mons u ysenuuusaiorcA Ao 80 k/bk/monb anA 0coBbix rpaHmu.
" 3HaYeHNA NPEAIKCMOHEHUMANBHOTO MHOXHUTENA, YMHOKEHHOTO Ha WHPUHY
rpanuuby, cocrasnmior 1072 —107° em>/c anA rpanuu obuero Tuna u A0

02 cm®/c — ana ocobbix rpanu. |
1 Mapametpul £ n Do AnA 0GbemHOW Anddy3un WHAMA B onose, :élpeae-
nexst E.A.CaBuukum TONLKO ANA MHTepBana temnepatyp 1_80—22Ls . 121111: |
wnTepsana 40—160°C [7, 119] E =61 kfw/mons, Do =2-107° cm7/c,

KAX [rmons

1
)

£
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: mer) ' M aKTUBEUNN
HHGA 3aBMCMMOCTL napamerpa D'5 (g} u aHeprum
?&(6?9 .Monpun:rg:;::n In no OAMHOUHBIM MEXGa3HEIM FPSHULEM KDYYEHWR B CHCTe-

wme Sn—Ge

‘ ~ . . ‘ .

YTO  PE3KO  OTAUYEETCA OT DpeSYNLTATOB, NONYYEHHBIX E.A.Casuykum:
108 xfok/mons u 34 cm?/c, cooTeercTBeHHO. Takum o6pasom, sxsueHuA
MHEPTUN . aKTUBAUMKM MexasHON Auddysun coctaensior 0,7-1,6 HalaeH-
HOrO 88TOPaMKU OGBEMHOrO 3HaYEHUR M TOMLKO 0,36—0,73 3HaveHun, Haii-
AenHoro E.A.Casuuxkmm. [na o6vemmoil Anthdbysun MHAVA B repmanum
E = 232 «Jx/mons, E'/E cocranner 0,17—0,34. v :

OTmeTM Takke BbicokmMe 3navennA Dyd. NnA ocobbix rpasuy (npu
6=05 nm) Do ~10* —10° cm?/c, D, Ha 5 nopraxos Bsiwe 06bINHbIX
3HaueHWA ANA OGBeMHON ANDDY3UM W 6NUIKO K 3HEYEHUAM aAna anddy-
MK HukenA no MexchasHbLIM rpaHNUamM KpyueHua B Cu—Mo u UMHKa no
rpaHnuam kpyuerun (111) B anioMuHuu.

Ha puc. 50, & npuseneHs! opueHTauMOHHbIE 3asucumoctu D'S ann Ang-
Pysun MHANA 1O OAMHONHBIM Mex(hasHLIM rPAHULLAM KDYYeHMA B Cuc-
Tteme Sn—Ge npu 160 °C: BEPXHRA KPWUBAA COOTBETCTBYET AABNEHWIO B
0,1 Na, wwxHAR — 0,39 MNa [119]. Ananoruyssie namepeHuA Gbinu npo-
Begexs! npu 0,72 u 0,45 MMa. :

YBenuvenue BHewHero gasnexus (BCecTOopoHHero cxatTua) ymeHswaer
KoaduuneHT auddysnu no scem rpaHuuam. Ha OPHUEHTAUMOHHLIX 3aBM-
cumoctAx D'S  (puc. 59)° XOpOWO BMAHBI TPU MAKCMMYMa NpU yrnax
2,31 v 40°, Tte. Tex, Npu KOTOPLIX Habnioaanuc IKCTPEMYMbl NpU Tem-
NepaTypHeix 3aBucumocTAx. B cnywae ysenwvenus pasnenws OpUeHTa-
UMOHHbIS 38BMCUMOCTU CrnaxwsaloTca, T.e. Audy3MOHHEA NPOHMLAEMOCTD
ocoBbIX rpaxuu nagaer 6bicTpes, wem rpaHuy o6uiero Tuna. 3To 3HaumT,
B COOTBETCTBUW C (hOPMYnoi (219), uTo aKTUBAUMOHHLIA 06beM anA andg-
thysun no 3Tum rpaHuuam Gonbiue, Yem no rpaHuuam obutero runa,

p=0,1Mla
160°¢

13
Vi em¥/mans

S

g v J0 45
Yeon 8, 2pad
Puc. 650. OpmentaumorHan 3seucumocTs napamerpa D'6 (s) u akTMBaUMOHHOrO 0Gue-

ma auddysun V' (6) ann auddysum In no ORNHOUHBIM MEX(DEIHBIM rPaHULAM KpY4e-
HAR B cucteme Sn—Ge :
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[image: image16.png]HafA 3aBUCUMOCTL aKTUBAUNOH-
e v V' aayomm a6 mencbasHo TDOHHLAM OROSO—rop-
il 06“':':omeuue V' k aKkrtusaumoHHoMy 06bemy npusoﬁ'bemuou and-
po ouﬂ 8 onose V". Mo aanHeimM [119] V* =4 cm /Mong, Y10 t;oc
bl “:‘;ono 0,25 atomHoro o6vema aonosa (S_Z=16,3 c™ /MOIII; ; c:
;:av::c: K amuaa'uuounomy obvemy AnA oﬁ::;:::u:::::d;f::::Momb
, UTO
B cmalol:'zn:)tiﬁn:api‘:xei ::: :‘:)ensmymue, nMeeT MaKCUMYMbl Npy
. oo OTCTBYIOI.I.M;( ocoGbiM rpaHuuam. 3HayeHWe aKTUBALWOHHOTO
e c::;:umcﬂ 8 wntepsane ot 5 (anA rpanuy obuero mr.l:) :;
(Z)g‘zrnglmonb {ana rpanwy ¢ yrnamm paaorggm;psoa:u\}/sg 40 :).3:1;(35
! TcR B uHTepeane 1,26-5,5, ,3—1,35.
oﬁ;:s:;a‘;w\::ﬂv nr::::mue Pe3ynbTaThi, Mbl npronuM K BbiBOAY :
cam: Mexay napamerpamu anddysnm u cTpyKTYpoi MexcthasHOW rpaHuust.

“crenenbld ee ynopAfoMeHHocTM. Kaxk ANA OAWMHOUHBIX FPaHWL 3epeH, TaK

N ANA OAWHOWNBIX MeX(das3HLIX rPaHUL XapaKTepHbl NOBbIWWEHHbIE 3ua::-
HUA 3HEPrUA aKTMBALMM, NPEAIKCTIONEHLMANBHOIO MHOXMUTENA v aKTH
uUMOHHOro o6vema anddy3aun.

8. MEXAHU3M AUOOY3UKN N0 MFPAHULLAM 3EPEH

7]
HecmoTpR Ha aosonbHo Gonbwoe uucno pa)Gor, Kacat:,:s:::; 1::::1:11:\:”
' 7 1o Mex X
seped W (B MeHbleW cTeneHw
::c':g:::u:n: TO? YTO ANA MHOTKUX CMCTeM WMEtOTCH sxcnepumeura:s:::
3HaueHUA NapaMeTpoB norpaHwdHon anddysuu, ans nexomp::;mmp;; "
TaUMOHHbIE, TeMnepaTypHele u Gapuyeckue 3aBUCUMOCTH, v
::emu'ao' NPOCNEeXUBAEMYIO CBA3b MeXAY napameTpamu A ym -
grpyxrypoﬁ rpaHMu, BONPOC O MexaHuame norpaHuuHol audhys
HbIM, .
T“II? Lpema:iero B8pemMeHn CepbesHbIX OCHOBaHWIA noasepratsh pe?::;a
BaKAHCMOHHbIA Mexanusm awddysun No rpaHuuam 3epeH He ::n::: MOK:
Tak, B pa6ore Bopucosa U coasropos Gbin NPOAHANU3NPOBAH Men o
;Tomaum ¥ BaKaHCcuAMM B obOveme ¥ NO rpaHulie 3spHa u flo :a ieHo
2Z|pmenue CBA3LIBAIOWEE 3HEPTMN aKTUBALMM obGbemHOi W A
Hoit andypy3um C aHeprueit rpaHuL, 3epeH ():

E-g=22y, (223)
" H — . LLIMPUNE TPBHALLI,
rae A — nepuon pewerku; N — uwucno Aesoraapo; m \
OM 8TOMHbIX CNoes. )
supx:::::::;u:n coasTopamu [100] 6binOo BbickasaHo npeanon:mem:o :
TOM, YTO SHepruio rpanny 3epeH 8 mogenu PCY MOXHO CBA3ATL C CYM

MECT COBNAaAGHWA:

u'=Ua(1—-\}—§)'
130

(224)

L2000

_HbIM rpasuuam s c4ucreme 0noso — TepMaHni.

OAMMONHLIX MOXDAa3HLIX rpaHMy Kpyy
Ance. M.: MUCuC, 1982,

rae Uy — 3HepruA "‘nnoxux” rpammy (-1—-)0) .
Mocraenra BbIpaxeHue (224) u (223), nonyyum

'=i 2,4 __1__
E-F - NA*Ug (1 \/?) (225)

Kak BuaHO w3 pue. 51, pna anpdysun ﬁmma no OAUHOYHLIM FpaHu-
uam (111) u (100) 8MOMUHUK NUHERHOCTL BLINONHAEGTCA BronHe yaos-
feTBopuTentHo. JkcTpanonAuMA sasuéumoctn £ or X-U2 B o6nacrte

1777
Q
N
. X 100
Puc. 51. 3asucumocrs 3Heprun aKTupa- §
WK norpaHmuHod audibysmu yumka B % £7
aNIOMKUHMK OT yncna oBumx aToMOB, npu- W
XOAAWMXCA Ha @AMHWLY AnWHb rpaHu-
usl.  3Havewmn E' app 1/ Z -0 coort- 507
sercTeyoT anddysun saone "nnoxux’’

petmu (okono 37,8 kfbi/mons ana (100) JIt
1 50,2 kx/mMons ann (1 M) g g2 g~

a6 g8 1VEF

o6vemHoit autdyaun (X - 1} ana rpauu
C 3Heprueii akTUBayuy 06vemMHoIt and
130 «x/mons) .

Ha ocHosanuu BbipakeHun (223) asropui paGots [99] ouernnu wu-
PUHY rpanuuel. Ana GonswuHcTea Bonsweyrnossix rpavuy Haknowsa {100)
B anmoMuimn U' = 0,7 [x/m? + @ N0 AaHHLIM 8BTOPOB PaGoThL! [99] ana
CRyvaiHLIX, “‘naoxux’ rpaHuy (100) £— F' ~9g2 kfbk/mons. Takum 06-
Pasom, m = 1,6 u wupura rpannus! § 0,6 um, yro oveHb BnM3ko Kk 3na:
“eHWio, npuxATOMY B8 Mopeny Ouwepa. Ananoruuxsie pesynsTathi Gbinn
nonyvens: Crpaymanom! gna Anipdyam ungua no OAVHOYHBIM Mexcchas-

u (111) npusogur x coBnageHnio
hy3mmn uuHka 8 anioMuimm (okono

ABTOpbI nocneaHmx 0630pos,
AAT K 3aKnioveHmio, 4To Andpy
BaKaHcronHoMy MeXaHusmy. U

Hanpumep, Bannydihm 192}, rare npuxo-
4R B rpaHMuax sepeH ocyuwiectenAerca no
M, OAHEKO, He GbINK W3BECTHBI AaHHbIE HM

1 Crpayman 6.5, MNosepxnoctHoe HaTmKeHNe W andipyauoHHbie XapaKTepucTUKK

eHun (001) onoso—repmanui. Astoped. Kang.
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[image: image17.png]06 OpMEeHTaLMOHHON 38BUCUMOCTM NApaMeTpoBs AuddY3un B OAUHOMHBLIX
rpaHuuax 3epeH pasHoro Tuna (3a ucknioueHuem paGotel 0puwa), Hu
0 Gapuveckoit 3aBMCUMOCTM KO3dipUUMEHTa NOrpaHudHON Audiby3vun, HU
0 napametpax aAuddysumn No OAWHOYHBLIM MEeXdasHbIM rpaHuuam.

B aT0i cBA3M npeacTaBnAeTCA UenecoobpasHbiM ellle Pas KPUTHYECKM
PaccMOTpeTb BCIO M3BECTHYIO COBOKYNHOCTb CBedeHW#i O Audidpysuu no
rpaHuilaMm 3epeH U NPOAHANM3NPOBATL UX COOTBETCTBME BAKAHCUOHHOMY
mexanuamy anddysun.

Baxancuonnsil mexanusm Ougdhysuu. Kak WIBECTHO, 3TO MexaHWU3M
ABNAGTCA OCHOBHLM Npn o6vemHon camoaudbysum U audibyawm 8 Teep-
AbIX DacTBOpax 3amelleHun, NO KpaliHeli Mepe C NNOTHOYNAKOBaHHOM
pewerkoi. lpn BaKBHCUOHHOM MexaHM3Me NEpPecKAKWBAIOWWI BaTOM Me-
HAETCA MECTAMW C BaKaHCcHel, 3aHMMan Gnvxanlwmii nyctoir ysen. Kaxo-
B8bl OXUAAEMbIE 3HAaYeHUA napameTtpos Audidy3vM NpU BaKAHCHOHHOM
mexanuame?

NogasnAouwee GONLILMHCTBO KOMWUYECTBEHHBIX OUEHOK NapameTpoB Anc-
y3nn OCHOBaH HA TEOPUM NEPEXOAHOrO COCTOAHWA VAW B8KTMBUPOBAHHOrO
KOMANEKCa, BNepBbIe NPeANOXKeHHOH JHPMHIOM ANR Dacyeta cKOpPOCTH Xu-
MUYECKNX PeaKkUMii N NPUMEHEHHOW K 8TOMHbLIM cikaukam Beptom u 3uue-
poM. CornacHO 3TOi Teopuu, aTOM NEpPeXOAUT. N3 WCXORHOrO COCTOAHWA
(8 ysne pewetku Unu Mexaoysnuu) B KOHeuHoe (B COCeAHOM y3ne WM
MeXA0y3nuu), Npeogonesas No AOpoOre MOTeHUUaNsHbIA Gapvep — nepe-
xopHoe cocroanne [120].

3aBMCMMOCTE NOTEHUMANBEHON 3HEPIUM OT KOOPAMHATHLI . (NYTH CKauka)
nokasaHa Ha puc. 52. N3 pucyHka ACHO BMAHO, 4TO TeNnnoBO# atppexr
anhdysum, T.e. pasHUUa SHTaNLNMIE (MK BAMBKUX K HUM B KOHAEHCUPO-
BAHHBIX CHCTEMAX — 3HEPruit) KOHEYHOro M WMCXOQHOTO COCTORHUA, Gnu-
30K K HYNIO He3aBUCUMO OT MexaHu3ma. U3 aucddby3sMOHHOro oneita Mbt
MOXEM NONYYUTL CBEAEHWA TONbKO O XapaKTePUCTHKAX NepexoaHoro coc-
- TOAHWA, ‘TOYHEE O Pa3HMLAX 3TUX XapaKTePUCTUK B NEPEXOLHOM W. UCXOA-
. HOM cOCTOAHUAX. Takum 06pa3zom, ANA TOro YTOGbI KCMONL3OBATL B HALLMX
NOCTPOGHVAX 3IKCNEePUMEHTaNbHbIe [aAHHbIE, Mbl AOMKHbI PAECCMATPUBATDL
nepexoaHoe COCTOAHWE. ' ’

HanomHum, 410 B pamiax MOAenW KOPPENWUPOBAHHBIX  GAYXAaHMW
 Bapauna ¥ XeppuHra TEOpPMA NEPEXOAHOrO COCTORHWMA AaeT cneayto-

Puc. 52. Mamenenne noTeHuMansHO# 3Hep-
™mu_ aToMe npu AuBOYIMOHHOM CKauKe:
X, — WUCXOAHO® COCTORHMO, X, — KOHeu-
HO® COCTOAHME, X, — NepPexoaHoe COC-
ToAHNe, £ — sHeprua aKTussuun

omenguanswas sweseun

8

2000

wee BbIpAXeHME aNA Ko uenf w: D= fyA? : .

X oxp [ore +pV')/R7']. athchuy a audbdysum: D= fyA?p exp (S*/R)X
U3 onbita mui HaxoauM npeaaxcnoxe 1bIbi k
v HUMANLHLIA MHOXMUTens D, |

HbIW, .NOMUMO reomeTpuveckoro MHOXUTeNA 7, ¢ dakTopom ko:)p(;:::::

.l
f" T,mrzur.zm::fzrypnoﬁfaaaulﬁumoctu koathduumenta Anddysum Haxogum
BauMu £ = U"+pV* (ee 06biyHo Ha3bLIBAIOT IHepruelt

‘ aK-
;:aauuu), & no 6Gapuveckoii — 8KTUBAUMOHHBIKN O6bem V* (p:gymeerca
‘Do cnpasegnueso s NPeAnonoXeHun, yTo BCe napameTpel, BxopAwme a'

0, OT TeMNePATYPL! M AaBNEHUA He 3aBUCAT) .
5 daxrop KOPpenAauun MOXHO Haiitw, . U3MEDAA  M30TONHLIN ahchexr
TOT 3hhexr Guin Bnepssie Baepen Werom, u BblpaXkeHne AnA Hero, yToy-

HeHHoe Jle Knepom, umeer 8va: Al

FAK = [(Da/Dg) = 1)/ tmg/my)¥? — 1y.

B stom Buipawenmu D, w D. — Ko3tduLmMen
mg — macesl aByx usoron:a' on,mfro " romeusnel;:n‘:?m)yam' ! M m
KoBmp:GTgre 'gena B nesoi YacTH STOro suipaxenuna durypuposan tons.-
"o c‘; o .’,fmm"" f, m Buipaxenue 310 6Gwino CNpaseanvBo Ton-
r—— ouun'a"somaqa NeMeHTapHOM aKTe Auddy3auoHHoro ckayka
Paers: TOM, . T06b1 yyecTs penakcauuio, cywectsyiowyio npu

| MeXahusme nepemMeweHuR, B ToM wucne W NpK BakaHcHOHHOM
nev Knep seen NonpasouHLIi MHOXMTENs AK — gonio obiweit ,rpancnnuuon:
:::eaxm:::m:c;:o a::qp;uu, goropyoo NepeHoCUT nepeckakusaowmii atom
e opese Y. Quenano, yto 0< AKX < 1 ‘(orcyrcrame . pe-

XOAHOrO COCTORHMA' NPU_BAKAHCUOHHOM MexaHusme — cneaylowas: aro

eoBerfwmou.mﬁv CKE8YOK, HaxoauTCA nocepeamHe vaihBVMﬂ'ﬁVCTB‘;MM 'Yr"
namu; Gnuxaiwme cocegu CmelleHb! (pasasuHynucs) no HopManu Kk Han-
PasneHnio nepecxoka. Mo okoHwaHum CKaYKa OHW BepHyTcA s cBOM y3-

LUeHuA BTOPLIX U TpeTbux cocepeii. . :
oa :T:a-;menmuﬁ nporpecc B Hanpasnexuu yuera . konnexktTuBHOro xa-
(Paﬁcp Mandxbyauonnoro CKkayka Gbin aocTurHyr 8 AVHEMUYECKUX TEOPUAX
) m,r' aHmM U ap.). B Hux cmewenue atoma paccmatpusaerca Kak pe-
K:lno pabr' Cynepnosanuuu HoOpManbHbix KoneGauwi pewerkw, B Kaxaom us

X NPUHAMAIOT yyacTe Bce aTome
: Pewerku. Ckavox npowcxo

Npu cosnaneHuu aBYx cobbiThii: o " ol
: OAUH aToM NpuobperaeT Gonew '
" yio amnnn-
ng:o;:remeunn 8 HY)XXHOM Hanpaaneuv!u, ero cmeutexue RocTUrHeT KpuTy- -
3HaYeHNA, n oaHOBpemeHHo OKpYyXaowme aromei 06pasyior "gui-.
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[image: image18.png]—-——-—'_'—'

py", T.e. pasABUHYTCA ¥ 3aiiMyT NOMOXKEHWA, NPU KOTOPLIX cxa':iox notpe-
GyeT HanmeHbLIero BO3MOXHOIO YBENW4eHWUA [OTEHUNANLHOW 3Heprun
peLUeTKM. OTMETHM, 4TO  CMelleH A coceael, Aaxe Gnwkawnx, Npu
ob6pasosarumn “pbipbl’’ 3HAYUTENLHO MeHblle, Yem Yy aToMma, cosepuialowero
cxasor. Okasanocs, 410 KpuTUIECcKoe cmellgHue cocTasnaeT meree nono-
auwbt (oxono 15 %) MexaToMHOro paccToRHMA ANA GOnbUIMHCTBa meTan-
nos ¢ NNOTHOYNAKOBBHHON pelueTKOi, W YTo cyuiecTaeHHb! aHrapMoHWJec:
kue poGasku K noTeHuuany s3aumoaeiicTBuA. Kpome T0ro, 41O ¥X BKnaa
COM3MEPHM C rapMOHUYECKOW UECTHIO noTeHunana, ol NPMBOAAT K 3aBw-
CMMOCTH 4acTOTbl CKaukoB OT macces andxbyHanpytoulero atoma (msoton-
Huit abdexT) .

OHepruR aKTUBALWUN andxpyawm no BaKAHCUOHHOMY MexaHu3my pasHa
cymMMe 3Heprud o6pa3oBaHuA ' (E,,') 1 .NepeMeuieHnA. (EM sakaucwii: £ =
=Ef,+E’J'. Kax npaswno, obe ' atepruu OueHUBaIoT - 8. YAPYrom npubnu-
»KEHWW, HECMOTPR Ha AOCTATOYHO GonbluWe CMeLLieHWA aTomMos [76]. Yaoe-
neTsopuTenbHoe cornacue C onbiToM 6bin0 nonyueHo TaloKe Npy OueHKax
C WCMONb30BAHNEM Pa3ANUHBIX NOTEHUMANOB MEXATOMHOTO B3aAMopencT-
‘auA — noTeHuwnana Tomaca—Pepwn, aCMMIATOTUYECKOTO notenuuana dpn-
aenA M, B rocneaxue rOAbY, MCEBAONOTEHUUAN0B.: OpHaxo HewGonee yC-
fleWHbLIMA OK33annch pasnuuHbie nonysMnupuyeckue KOppenAuuyM, npexae
Bcero € TemnepaTypoit NnasneHunA (E=18RTq = 35Tqa) ¥ “TeNNOTON
nnasnewa (E = 15,2\) . BonbwanA vacTb 3KCNEPUMEHTANbHBIX  ABHHBIX,
BO BCAKOM Cnyuae, AnA. camopudbysnn, YAOBNETBOPAET 3TUM Koppensa-

UHuAM. Hanbonee ApKoe UCKoueHue: COCTaBNAIOT HeKoTOpble merannsl

¢ 0.u.K. peleTKoi ty—-U, B-Ti, B —Zr) npw TeMnepaTypax HecKobKo
Bbilwe NONMMOPRHOFO npespauieHun. ,

Ouetkn Do OCHOBaHbI, FNaBHLIM o6pa3om, Ha ynpyroit moaenv 3une-
pa, CBA3bLIBAIOLLEN FHTPOMMIO AKTUBALMUN C aHeprven axKTuBauun Npon3BOA-
MO MOAYNA cABWAra NO Temneparype:

s = —E d (/) (226)

B e cmeemrmmaar——

dar

C nosbilueHUem TeMnepaTypsbl MOAYNb CABUra yMeHbLIaeTCR, noaTomy -

U3 Teqpun cneayer, 4to s*>0.

DHTPONWA aKTHBaUWU anddysmn no BaKAHCMOHHOMY MEXaHU3MY, KaK
W 9HepruA, pasHa cymme SHTpONUiA 06Pa3oBaHuA W nepemMeLLleHuA BaKaH:
cwit. Kak npasuno, Npu TeOpeTYecKON OueHKe TUX BENWUUNH YUUTbiBalOT
TONbKO W3MeHBHWe 4acToT KoneGaHnit OKPYKaIoWHUX BTOMOB. Bce oueHKW
noxassisaiot, uto S° =~ (1-3) A. Taxum obpasom, Do ~ (1073 = 1) cm?/e,
47O YAOBNETBOPUTENBHO cooTBercTayer nopaenAlolei uacTW  aKcne
PUMEHTOB. : ‘

AKTHBaUMOHHbI 06BEM cOrnacHo 'OEHKaM, He YUMTbIBAIOWUM penak-
cauwo, GAKM3OK K STOMHOMY. Ha camom Aene V' <Q anA nnotHo yna
KOBaHHbIX peweTox (r.un.x) n oxono 0,550 anA meHee NNOTHOYNAaKOBaH-
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Hbix (0.4.K) . Penaxcauma, crano 6 | ) o
, bITb, HEBENNKR, O 4Y6M ™ .
MO A8HHbIM. NPUBEAEGHHLIM HIKE: ' ono. cyauTE

OctosHoéi  Ouddynampylowmis  V*, cM?/mons™ cm? /mome™! VIR

MmeTann SNBMBNHT

Ag Ag " 93

w , , 10,3

A 2:' 136 10 (1’932

Au Au 7,2 10,2 ' 0.71

Pb Pb ' $'146—1 39 Za 2 st

A 2 ’ (4

Ag :3 9,1 103 g:g;—o,m

A S 86 103 083

K X 26 46 0567

u u v 36 12,7 028

N N 9,6-12,4 24 0,40-052
| ~8 135 - 0,44

Mpumeusnne: Ag, Al ‘ / '
LK. pELITKY. Ag, Al, Au, Cu, Pb -~ nmeioT r.u.k. pewerky; K, Li, Na, U ~

HanomHum, uto { '
X . 8 »uaxoMm metanne V' €0;
310 OTHOLIeHWe cocTasnAet okono 0,04, TR B NUAION corie

B Ny !
mwu::::b?orﬂgz‘l:xnr:& camoancdyaun GaKTOP KOppeAAUun MOXKHO
4HO rO MEX8HW3Ma W COOTBETCTBEHHO 110
:::’ra::nomy 3HaYeHUI0 U30TONHOro ahdexta Haittw AK. :e: msraTer
. KBHCHOHHOTO MEXaHWIMA MPUBEAEHbI HIDKe: {ann .}me: e ¢
JL.K. peteTKoi npuHaTto, yro f= 0,78, a ¢ o.u.k. =~ 0,72): nos ¢
| : K, ,72) :

Waovon aK v
108 A 111 V ln
pdi o3 " 112 0,86+0,06 0,90
Zn%$, Zns°® S oatn 03 _
Znes, Zne 0,930,03 - ‘
L 0,74+0,08 0,77
Fe*?, Fe !
Na??, Na** e o
0,50+0,06 0,52

AnA cpaBHEHWA CKaXeM, YT
, 4TO ANA NanNNaauA Npu MEKAOYS
x:uu:me nonyusnoce 6e1 AK = 0,79, a npu oGMeHHOM 1;6?":'::: nh::-'
:)‘ e’:m?)';l: er:mno y3enoHoM Mmexanuame 0,36, npu OGMOHHOh; 2 0,73 npv;'
M. BbiTECHEH ATO
. A 1,14, NP¥ UMKAUNECKOM (veTbipexaToMHoe
T VKA | '

mHHiT:Mbﬁoﬁ:s?ou, cyxpeHue 0 MexaHwsMe Awddy3um Ha OCHOBaHWUM

TonHoM asgexTe He BnonHe OfHO3HauHO. Ecnu cumrvars

- penaKcauuio MAOTHOYNAKOBaHHLIX pelueTok (r.u.k., r.n.) manoit, 1o AK =~

/1, U U30TONHbIA 3gxheKT OT,
AGET NPeAnoYTeHne BAKAHCUOHHOM
MYy nepea MeXaoysefibHbiM W OTBEPraeT NpPOoCToi oﬁmon‘-(AK;Gre“x(;::::

KO pen
KO penakcauvA B 6onee OTKPLITON pelwseTKe HaTPHA MONeT BbiTh IHaYUTENL- |

HO#; 7
qec';" :ga;omy PesynbTaT, NONYYeHHbI ANA HATPUA, COBMECTUM NPaKTH-
cemMy mexaHusmamu audbysnu, Kpome UMKNUYECKOro U, BEPOAT- "

* HO, BbITECHEHWA.
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[image: image19.png]BuinK  NPEANOXeHb]  PasfinyHbIe IMNUPHYECKNE COOTHOLLEHWA mexay
AKX W 8KTHBAUWOHHBLIM 0GBEMOM camoauddysvmn. Mpocreiiliee M3 HUX:
AK=V*/Q, rae 8 — aToMHuili o6vem. Cosnanenve, Kax cnepyet M3
gbile NPUBEAGHHBIX AAHABIX, BRONIHE MPUAMYHOE. ®UaNMECKaR NPUYUHA
3TOW CBA3W AOCTATOWHO ACHA: NPy CUNBHON penaxcauum BOKpYT BaKaHcuw
V*/ 2 ymenbaetcA. Ho atombl, OKpyxatoune BaKaHCUIO, BO BPEMA CKau-
K8 VHTEHCUBHO ABWraloTCA u GepyT Ha ceBA 3HaYUVMTENLHYI0 AONIO NepeHo-
CHMOIt KMHeTWueckoi 3Hepruu: AK napaer. Awanoruitbie paccyxaeHuA
NPUBOAAT K COOTHOWEHWIO! AK/AK  (npumecn) = V*/v* (npumech),
rae B 3HamenaTene CTOAT AK u aKTUBAUMOHHBIN 06bem audidysuu npumec:

HOro atoma 8 pactsope.

’:
Utak, anA - BAKaHCHOHHOrO MexaHn3ma XapaKTepHbl cnegyouine 3Have-

HWA napameTpoB OGBLEMHON amddyaun: E=Ef, +ET= 16); s8~ (1 -
—3)R; Do~ (1073 — 1) em?/c; V' <Q n AK<I. ﬂ .

Kaxkux naMeHeHui# B napamerpax antbdyanmn Mbl KAEGM, eCnu ancdysun
NPOMCXOAUT NO [PEHWUEM 3epeH Takoke MO 88KAHCUOHHOMY MexaHuamy?
Mo-BMANMOMY, CYLLECTBEHHOTO W3MEHBHMA MOXHO *AaTh TONLKO B 3HEp-
run aKTMBauUMK. M aHepruA o6pasoBaHuA, W SHeprvA nepemeLUeHNUA BAKEH-
cuit ymenbuwaiotca; nostomy E' <E. : N

EcAu NPUHATB, KaK 3T0 GbIYHO CYUTAIOT, YTO B NepexoAHOM COCTORHWNM'
MOHRET NONOXEeHHne TONbLKO nepecxakusauoumﬁ' aroM, a KOOPAMHAUWR
cocefeli He WUCMNbITbIBaET CYLLECTBEHHbIX W3MEHeHWid, ¥ Y4ecTb kpuctannu-
WeCKYIO CTPYKTYPY FpaHuu, TO HW 38METHOro W3MEHEHVA 3HTPONUKA aKTU-
BaUMW, HW 3BMETHOW penaKcauuu OXuaate He NPUXOAUTCA. IHTPONMA

AKTVMBAUMN MOXET HEeCKONbKO YMEHbLLNTHLCA {nocxkonsbky pasynopﬁp,ouen-.

HOCTb MEPEXOAHOTrO COCTOAHMA B FpaHWue, BEPOATHO, MeHblle OTNINYABTCA .
OT UCXOAHOro, 4Yem npyn anddysvu 8 o6ueme) , HO OCTaHETCA MRJIOKNTEND:
Hoit. Taxum, 06pasom, S’ <S* u Do <D, V' = V' ~Q n AK'~ AK.

ANanua OaHHbIx © Ougdhysuu & nonuxkpucraniax. Bannyddn [92]
o6pauiaeT BHUMaHWe Ha TO, YTO B pAAe cny4aes nabniogaerch ancdysnoH-
Hbiii MEPEHOC. MACcCH! BAONL FPaHUL 3epeH (Hanpumep, Npu NoOnayyecTn W
cnexannn [ 93, 121], snexTtponeperoce u tepmoanddysun, AUTMe. Kpo-
Me TOro, Fpanvubl 3epeH . MOTYT CAYXKUTb UCTOMHUKEMU ® CTOKaMWU TOveu-
Hpix AedexTos. ITn aKTsi HECOBMECTUMbI C PasHbIMK BapyaHTamMu o6meH-
HBIX MEXBHW3MOB M CBMAGTENLCTBYIOT B MOAL3Y MEXaHN3IMOB anddysum no
pedekTam, BepOATHEe BCEro, NO BaKaHCWUAM. MNpaBaa, HENbL3A NCKAIOYNTL
BO3MOXHOCTb anddysnn Mo rpaHuuam 3epet pasHbIX KOMMOHEHTOB C pas-
HO CKOpOCTBIO, €CMA_ CYLIECTBYIOT BblAeneHHbie HanpaBnexus, anddyavn
840NL KOTOPbIX obnerveHa. [INA rPaHULL HAKMOHA 3TV HaNPaBIEGHNA MOXHO
CBA3aTL CO CKBO3HbIMW KaHANamy, CyLIECTBOBAHWE KOTOPhIX BbiTeKaer
u3 mogenu PCY. Baone Takux kaHanoB BO3MOXHO nepemellieHne aTo-
MOB H8 3HAYMTENbHbIE PECCTORHMA, MpuMeM CKOPOCTb NepemelleHnA aTo-
MOB PB3HOFO COPTa MXeET GbiTh PasMYHON.

Be3ycnosHblit  MHTepec NPeACcTaBnNAnNo 661 uamepeHue 3dexra Kup-
kengona. He AcHO, oaHaKo, He TOABLKO Kak' OCYLIECTBUTL TaKkoW OfbIT,
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. /HO AmKE KAk 6ro NOCTaBMTL. BOIMOKHO, B KaY6CTBE ABVNYWIGHCH MeETKM

MOXHO 6bino Gbl paccMaTpusare ABWKEHW !
@ CAMOW I'paHMULbI, T.e. UM )
v adpchexcr Kupkexgona 8 oneitax no AUIMMy. 31a BO3MOXHOCTL um:‘emn :
8 TWATENbHOM KPUTHHECKOM BHANMU3e. : T

JKCnepUMeHTanNbHLIE 3HAYEHWA NapameTpoB TPaHNYHON andxbysuu, no-.

- NiyNeHHble B OfbITax .HA NOAMKPUCTanNNax, TAKXe He NPOTUBOPeYaT OXM-

ABEMbLIM ANA BAKABHCUOHHOTO MexaHuama. HanomHum o = -3
Z1) out /e Dy n EE = (035 = ONVE nm B (6 100X Enie
B curucraennoﬁ pabote MapTuH M COBBTOPOB, MIMEPHUBLIMX amu;aa-

UMOHHbIH OGvem npu camoauddysun eepeﬁblnoﬁonbihéyruosoﬁ rpaHK
obwero Tuna, nonyuunocs Vi¥ Q = 1,14£0,2; V// V"=’1;2.:At'<maaunonu::
obvembl npu audxbysuu B rpasuue M 8 Tene 38pHa B Npeaenax oWMGKW -
3K<|::epumeme coBnananT mexay coloft u ¢ aToMHbLIM 06BeMOM. -
- ;o:gtjnbm abdexr aAnn camoandihysum B nonukpucTanne U Baon.
O-rpaa rpaHvubl Haxknoxa s cepebpe Gbin U3mepeH POGMHCOHOM M

' Nevepcorom. Oum Hawnm, wto FAK = 0,4610,03 Hesasucumo OT Temnepa-

:y"gumu THNa rpaHuubl. He BnonHe ACHO, MOXHO NN MePeHOCHTL ypaBsHe-
CMM.M eTeua, s(n).meneuuoe ANA oﬁwa. Ha rpaHWyy, rae Apyrue ycrnosus
cam cnc::e. : AI;GKO BAaKnny(Mm [92] cnpaseanuBo sameuaer, 4To BO BCA-
- Hn T, HI He MOryT GbiTb MeHsLL ‘
Te 0,46 <F<1 1046 <AK<1, ® 04D 8 Yoo Gomase,
Ycnosue > 0,46 osHavaeT otc 7
, _ YYCTBME CUNbHOW KOPPeNnAuun, Hanpum
HEBO3MOXHOCTb CEPUM NOCNEAOBATENbHLIX CKAYKOB BAONbL BEIAGII:HH:IPO'
Hanpasnfuuﬂ (canana). Ycnosue AK > 0,46 03HauaET, 4TO TUNMYHDLIN
TOMHbIM CKAa4OK B rpaHuue He BOBNeKaeT B OAHOBPEMEHHOE ABKEHWE

_6onb|.uoe YuCno aroMoB, ‘MeXAY KOTOPLIMW RENUTCR 3HEPruA B nepesasns-

"HOW TOuKe.

c";'TQKMvM 06pa3om, pesynuTar, NOnyueHHbIi POGHMHCOHOM -1 l'leiepoouom—

Koobr_ouu aprymeHT NPOTUB TOrO, YTO B NEPEXOAHOM COCTORHUM MEHRETCA

nonp:uuauun GonbLoro ‘yucna aTomMos. CneayeT TONLKO NOMHUTL, YTO OH

«)01\; er:‘ eM:n yr;c;;:zgucnnna M QA MHAYBUAYaNLHOW 16-rpap rpaHUubI

, 1.8 , rpaHnubl, AaneKoi
00w, T PaHUUbLI, Aanekoii oF ycnoauﬁ.xopomero cOnpR-
o x:p:z:;oaauu K BbIBOAY, 4TO pe3ynabTaTL Ambd:,ysubuuux onslfoa Ha '
NNax COBMECTUMbLI C BAKAHCUOHHLIM MeXa ‘

8 rpaHuuUax 3epeH. o ramon Audubysnu'

Pesynstarer yucnennozo modenupoeanusn. HepasHo nOABUAMCS nepBble

YUCRieHHbI@ PacYeTbl B3AWMOAGIHCTBMA BaKaHCHii C GONbiIeYrnoOBLIMK rpa-

HAUaMK 3epen [122—124], ‘BbINONHEHHbIE METOASMU MONEBKYNAPHOW CTa-

- Tuxku. OHM nokasanu, 4to BAKaHCUK ¥ MeXy3enbHbie aTtombl 'cymec‘rayoor

:“!;:):Huqax,sepen 8 (opMe OTCYTCTBYIOLErO WMNW NULHErO aTOMa, KaK
pasnuurMeie ToueyHsle Aed)e!(m, XOTA OHN He OGA3ATENLHO NOKanw-

30BaHb! ¥ MOTYT GbiTb pacLUensieHbl MeXAY ABYMA WM HECKONLKUMM 8TOM- ..

HbIMK NO3 W ‘
UuMAMN. OHepruA 06paIoBaHnA BakaHcwit B rpauuue (E7) ' meHb: -

.wef Yem M?)KVSOHI:HOI’O QTOMB, CUNBLHO 38BUCHT OT 6¢ MECTOMNONOXKeHUA B8

: - '_»’_137'





[image: image20.png]TpaHMUE, HO BO BCOX CNyuanx Memble, uem 8 obveme (£%). Takum o6-
PasoM, 3HEPruA CBA3W Bakancun ¢ rpannuei € = (E)' — E7 acerna otpu-

uaTenbHa, U rpaHnitbl ABMAAIOTCA CTOKAMM BaKaHCMIA. YucnenHnie 3HaueHnA

PA3NNYBIOTCA AOBONLHO CUALHO ANA pasHbIX rpaHuy. Tak, pacuer [123]
ANA CNeuMansHOW rpaHnMubl HaKNOHa ¢ ocuio passopota (001) 8 o.U.K.
wenese (Z=15) pan sHavenme e, =—40 k[bx/mons = —0,4 3B, a
pacver [184] anm (110) creumansHol rpaHMubl HaKNOHA B 0.U.K.-XpO-
M@ Aan cneayloume 3HaueHUA €.;.: —4,0 3B (£=9); — 25 B(ZT=
=11) W -1,5 3B (2= 3; rpasuua aBolNHMKa).

Auramuvecknii pacver [125, 126] murpaumu Baxancum & (001) rpa-
Huue HaknoHa B o.4.K.-kenese (X = 5) noxaaan, 4ro: '

1) Yem meHbe 3Heprun 06pasoBdHWA BaKAHCUM B HEKOTOPOI NO3M-
UMM B rpaduue, Tem Yalle BaKaHCMA “OKasbIBAETCA Ha 3TOM MecTe. Tak,
B nosuumn ¢ €= —40 x/bx/mone 126 pas uz 195 npocunTaHHBIX CKay-
koB; ¢ €= —17 k[bx/mons 32 pasa; ¢ € = —8,7 kfx/mons 20 pas u T.4.

2) BakaHCMA ABWXETCA BAONML OCH HaKnoHa, a He NepneHAMKYNAPHO
K Heid (aHu3oTponua audibysum B rpannue) . '

3) Ecnm vactota cKaukoB BaKaHCUM W = wq exp (—E,,/RT), 1o pacuer
AseT ana o 3Havexue, 6nuaxkoe K o6veMHOMY, a AnA E',,, 49 kx/mons.
Tax KaK 3aHeprun 06pasosaHuA BaKaHcuM B Haubonee BbirOAHON nO3nuMUK
B rpaduye E'f=97 k[x/MOnb, 8 ANA BaKAHCMOMHOrO MexaHW3Ma and-
dy3un 3HepruA aKTMBaUMM paBHa Cymme 3Heprui  o6pasoBaHuA U nepe-
Mellenwn Bakaucuid £ =E;+E, 10 anm E' nonydserca 146 k[bk/Mons
npoTus 240 ANA 3HEPrMM  aKTuBAUMM 06beMHOM autdyaun. E'/E ~0,61,
YTO BNONHE PasymHO, ‘ _ ' :

4) MexysensHbie aTOMbI ManonoOABXKHLI MO CPaBHeHWIO C BAKAHCUAMM.

CoBOKYNHOCT: Pe3YNLTATOR MaLUMHHOO moaenuposaiua GesycnosHo
CBUAETENLCTBYET B NONL3Y BAKAHCUOHHOrO MEXaHW3Ma, BO BCAKOM chyuae
NO CPaBHEHWIO C MeXAOY3enbHbiM. Creayer Bmecte ¢ Tem NOAYEPKHYTb,
YTO peub WAET O eAHHCTBEHHOM AWHAMMYECKOM pacueTe MWUrpauum BaKaH-
cuu B rpaHuue, GespedexTHan cTpykTypa KOTOpOiA Gbina npeasapuTensHo
NpocYUTaHa B MOAGNU CTPYKTYPHBIX eaMHuy. HWKTO He MOAenuposan Hu
MUrpauuio aTomMoB NO ApYromy, Kpome o6MeHa C BaKaHCHel, MexaHusmy,
HW MUrpauuio B ADYrux MOJAENAX, Hanpumep, B Moaenu nonnagpos BepHa-

Na, KOTOPanA TaKXe YCNewHo UCTIONL3YETCA ANA ONUCAHUA CTPYKTYpPbi 60nb-

WeYrnoBLIX rpaHuL, 3epeH.

Ananuz Odanubix o Oudyzuu e Guxpucrannax. Haunem c aKTUBaUMUOH-
Horo o6nema. MNpu audyaum umkka no rpaHuuam xpyvenna (111) amo-
Munma: V'/Q = 1,03-1,24, a V// V* = 0,79-0,95. PesynsTar He oTnuvaer-
CA OT NONY4YeHHOro AnA Nonukpucranna, XOTA UCCReROBanach CePUA rpanuy
C pasHeiMWU yrnamu pasopueHTuposku. [lna ogmoi rpanmysr  (22°), cyan
no HaMmMeHbweMy KoatibuuueHTy andibysum, HauBonee 6nu3koil k yeno-
BUAM xopoliero cooTeetcteuA, nonywanocs V'/ = 0,67 u V'/V* = 0,51.

T Mpu audxbyaum wnama no MeXasHbIiM TPEHUUAM KDPY4YeHUA B CUCTeMe

Sn—Ge V'/Q2=0,3-1,35 u V'/ V* = 1,25-5,5.
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70T peaynbTar OTAWvaeTcA OT npeabigyWwuX. AKTUBAUMOHHDIN 06bem ana
0cobbiX rpaHuu (¢ xopowum conpaxexnem} Bospacraer u CTaHOBWTCA B
5,6 pas Gonbwe CoOTBeTCTBYIOWErO 3HaYeHUR anA 06beMHoff antdysnu
MHAUA B Onose; npaeaa, no cpaanenmcr C aTomMHLIM 06vemoM poct He Tax
adbexTen, scero Ha 35 %. ‘

K coxanenunio, aru Pe3ynbLTaTh) TPYAHO TpakTOBaTH OAHO3HayHo. Mpu
BAKAHCUOHHOM . MexaHu3Me g MNOTHOYNaKOBaHHLIX pewetkax V* ~Q,

dy3nm MeHbLue, Yyem 06beMHOIN.
-Hanomuum, uto OTHOWeHue £'/E cocTasnaer
. ANA An 3umn

anioMuHWK: Ay i e
NO rpaHuuam Haxknowa (100) 0,20-0,43, a no (111) — 0,37 - 0,62;
o rpanvuam kpyuenus {100 0,41-0,67, a no (111) — 0,67—-097;

AnA puddysun Hukens g cucteme Cu—Mo:

09;0 rpaHuyaMm HaknoHa 0,66—-0,89, a no Fpaluuam kpyvenua — 0,64~
ana anbdysun ungua B .cucteme Sn—Ge RorpaHuyam Kpyuenns 0,7—
Haunbonuwmii WHTepec aknabnaamrocoﬁi,;e_ FpaHuubl  KpyyeHus '(1i1) 8

anioMuHUM 1 ocobbie MexchasHbie rpaHuub), ana KOTOpbIX 3TO OTHOwWe-

HUe BLIDacTaeT cooTeeTcTBeHHO 80 0,97, a B cucreme Sn—Ge faxe 1,6

06beMHOro 3Hauenun. Bee Xe 3HaveHua £'/E, menbwme eAnHULLI, BUAKMO,

He NpoTusopevar BaKaHCHOHHOMY MexaHuamy, a TONbKO CBUABTENLCTBYIOT

o§ YNOPRAOYEHHO CTPYKTYype 0cO6bIX FPaHMU KpyyeHuR. 3Haveus e

E/E>1 (cucreme Sn—Ge), NO-BUAMMOMY, TPYAHO cornacosars Cc Ba-

Kaucuom-ium MexaHuamMom, ecnin KOHEYHO, NpaBunLHO cpashuBart, £ ' ¢

06beMHoI andipyaueii VHAWA B onose. ’ )

Noxanyii, camyio UeHHyl0 uHpopmaumo aaoT IHaveHun NPeAdKCnoHeH-
unanbHoro muoxutens Dy, CBA3AHHOFO ¢ 3HTpONueli aktueauuu. Ecnu gnn
BAKAHCUOHHOTO MexaHW3Ma O06BbeMHOM Andbdysum, uucneHHbie 3Havenua
Do momxHb Haxoutsea B wHTepsane ( 107—1) cm/c, 10 B 3KCNepuMeH-
Tax no auddysun 8 oguHOYHBIX FPaHUUAX NONy4aloT 3HayeHUs Dj, nane-
KO BbIXOAAWMe '33 3707 uHTepsan. Mpu 8 = 0,5 um 6Gbian HaiineHs! cneayio-
wme 3HaveHua Dy : h

ANA rpaHny 3epeH (UMHK B8 amomuxuu) — or 102 {rpaHuua Haknoua
€100} a0 10° em?/c (rpanuua Kpy4enna (111)) ;

ANR mexdasHbIX rpaHny B cucteme Cu—Mo — or 10° no 10° cm?/c;

ANA MexdasHeIX rpaHuy B cucteme Sn—Ge — or 102 #o 10° cm?/c;
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[image: image21.png]W

BO BCeX CNY4aAX MaKcuManbHble sHaueHuA Dy COOTBETCTBYIOT OCOGbiM
rpaHuuam. _
) Taxkum 06pasom, MMeeTCR Heckonsko aKCnepuMeHTanbHbIX (hakTopos,
OTHOGALMXCA K Andy3un NO OANHOYHBIM CheunantHbIM rpaHuiam 3epeH
w Mexx(a3HbIM rpaHuuam 8 GuKpUcTannax, KOTOpbIe He YAaeTCA 06BbACHUTL
'8 pamKax MpocTOro BaKaHCUOHHOIO MexaHu3ma. VmeeTCA B BuAy, YTO B
NEpexoaHOM COCTOAHWM MEHAETCA MoNoXeHue TONbiko oaHoi vactuubl. K
TaKOBbIM (HaKTaM OTHOCATCA: BbICOKWUE 3HAYEHWA 3HEPrUW aKTUBAUUW and-
dysvn no cneunanbHbIM FPaHALEM KPYYeHWR {111) B aNOMUHUM N MEX-
casHbiM rpaHuuam (cwcrema Sn—Ge, HeKOTOPble MaTepuansl ¢ HanpasneH-
HOM CTPYKTYpO#), BLICOKUE 3HAYEHWA Do ANA’ TPaHuL, KPYYeHUR Mmn
1 mexdasHbix rpaHuy (Sn—Ge, Cu—Mo), BbICOKNE 3HBYEHUA aKTUBAUWMOH-
Horo o6vema aunddysum UHAWR NO MexdasHbiM FpaHuuam Sn—Ge. Bos-
MOXHO, YTO CIOA8 CNEAYeT OTHECTH U HU3KOe 3HaueHue V'/v* =051 anA
22-rpap rpaHnubl kpyderus (111).
Hibke Mbl nonpobyem noKasaTb, YTO 3TW (haKTbl COBMECTUMb! C BaKaH-
CHOHHBIM MexaHuamom anddysun, Ho TPebyloT PacCMOTPeHnA HOBON MO-

Aenu NepexoAHoro COCTOARHWA, KOTOpOe ABNAETCA KOMANEKTUBHLIM B TOM

CMbICi@, YTO B HEM MEHAETCA KOOPAWHAUWA wenoi rpynnbl 4acTuu.
Modens zetepohasmbix nykryayud. Mopens nepexonHoro COCTORHUA,
0 KOTOpOW NOWAET pevb B 3TOM pasjene, CBA3aHA C o06pa3oBaHnemM rere-

podasHbix hnykTyaumii. Mei ofcyaum CBA3L MEXAY 3M1eMEHTEPHLIM aKTOM

anbdysum B TBEpAbIX Tenax v (NYKTYaUuMoHHbLIM ob6pasoBaHuemM unu uc-
We3HOBEHMEM NOKAaNbHbIX COCTOAHWA, KOOPAWHaUWA aTtomos B KOTOpPbIX
€OOTBETCTBYET CTPYKTYpe thas, meracTabunbHbix B DaHHOW obnactn Tem-
nepatyp, AaBNeHWA U KOHUEeHTpauwii. Ecnu MeTann He UCNLITbIBaET nonw-
mopcHBIX MPeBpauleHud, TO TaKOW MeracTabunbHoi haso MoxeT GbiTb
MMAKOCTb; €CAM WUCTILITLIBAET — KPUCTANNUYECKUE thasbl. CTpyKTYPY Ka-
kot umeHHo a3l Gyaer umerb rerepothasHan (NyKTyauua, 3aBucuT
OT WHTepBana TemMnepaTyp, AaBREHWA W KOHUEHTPaUMWA, NP KOTOPbIX NPH-
BoautcA Andiby3VOHHBIA ONLIT B AaHHOH cucTeme. Cxaxem, s86nusn Tem-
nepaTypbl NnNaBneHnA Haubonbuylo BEPOATHOCTL MMeeT »uakonoao6Han
chnykTyauun, B6nu3n TemnepaType! noAMMOoptHOro NpeBpallleHMA — KPUC-

tannuueckan. B pabote C'rpaymana1 OTMEueHo, YTO ANA CUCTEM C HECKONb-'

KvMKU (Da30BLIMA NEPexXoAaMn nepeoro pona BO3HMKAET BO3MOXHOCTL
peanu3aumv B pasHbiX TEMNePaTYpPHbIX WUHTepsanax HECKONbLKUX TUMNOB
reTepodasHbIX (NyKTYaumid, 4TO MOXeT MPUBOAUTSL K CNOXKHOW, Heappe-
HWYCOBCKOW TemrepaTypHOi 3aBUCUMOCTY KO3(hrumeHTa anddysum.
CBA3bL NEpexoaHOro COCTOAHWUAR NipW anddysun ¢ ‘NoKanbHbIM nNnasne-
Huem’, ¢ o6pasoBaHMeM kuakonoaoGHoM retepodasHoit nyKTyauwm
6bina, NO-BMAMMOMY, BNepBble paccMoTpeHa [IMHCOM, OcunosbiM, a TaKxe

! Cm. cHocky Ha c. 131,

¥
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X§H£gpom n Hax-_rpuﬁdMLWB pabore Knunrepa' o6cyxaeHa cease nepe-
XOAHOTO COCTORHUA C NOKaNbHLIM 06pasoBaHuemM MeTacTabunbHOW KpucTan-
nnveckoii cassi BEAM3N TOYKM MapTeHCUTHOrO Npedpaitenun. Takum, 06-
pasoMm, reTePod)asnan hnyKTyauua 8 3tom cnyua'e' npeacTasnAer c&ﬁoﬁ
CTPYKTYPHbIH thasosblit nepexos 1 poaa C HU3KOW TennoOToMN npeapameuhn.
Jta moaent Guina npusneveHa AnA OGBACHeHUA aHomanwit anddysum u
ANAacTUYHOCTH B KoGanusTe M cnnasax Wa ero ocHose [127]1. Bauakue naen
6bin ucnonb3oeaHbl ANA 06bAcCHeHUA AUdIDY3IVOHHBIX aHOManwit B8 MeTan-
nax ¢  o.u.K.-peweTkol,  MCNbIThIBAOWMUX NonuMopdHoe npespaiLeHne,
: 'ralgse p.pérux ‘cnyvaes aHomanbHo 6bicTpol Auddyaun u camonnd)d)yauv'l
u“::_): ’[ 113&();]. aHueca W ae dontena [128], Tusapu u Xupawo [129], Xep-

NpeacTaBneHne O NEPexOAHOM COCTOAHMM, KaK reTepocasHOM bnyk-
Tyauuu, BhONHe COBMECTUMO C BAKAHCUOHHLIM MeXaHW3MOM auddysun.

- DeficTBuUTENtHO, NpeacTaBUM ceGe, HaNpuMep, YTO B pe3ynLTate NOKaNb-

HOrO NAaBNEHMA B NEPEXOAHOM COCTORHWM KUAKONOAOGHYIO CTPYKTYp
npuoGpetaeT rpynna u3 17 8TOMOB, COAepXAILEA BaKaHcuio. OaHaKO |<oma-:j
HO@ COCTORHME MOCAe KPUCTaNAN3auum HUYEM He OTNUYAeTCA OT MUCXO0A-
HOrO, KpOMev TOFO; YTO BAKaHCWA MOXET OTK83aTbCA B APYrOM y3ne Kpu-
crannuyeckod pewetku. Takum o6pa3om, Ha OBGLIYHOM A3bIKE, NPUHETOM
npy “Bhucanun  anddy3unm NO BAKEHCHOHHOMY MEXaHU3MY |'vu,| MOKem
cxaam: YyTO Npou3oLuen oOMeH MecTaMu MeXAy OAHUM U3 'aromoa v Ba-
KaHcueld. WsmeHeHWe KacaeTcA B OCHOBHOM M@PEXOAHOTO COCTOAHUA. OHO
MEHAGTCA CYLLECTBEHHO NO CPABHEHWIO C KNACCUYECKON MonénSm." l'i'benc-
TaBhieHne O NEpPexXoAHOM COCTOAHWU Kak reTepocasHOW GnyKTyauwm noa-
BONAET caenare rpybule oueHkn napameTpos Auddysuu. JHepruA aKT-
BaUWM, QYEBMAHO, PaBHa 3HEPruM, KOTOPYID HEOBX0AMMO 3aTpaTWTL Ha
nnasnedne (Mnu npespalieHne) rpynnet M3 N aToMOB. CReaoBaTeNnbHO
E = n\, rae B cnyyae NOKanbHOro NNaBNeHUA A — TennoTa nnasneHun Boc:
NONbL30BABILUMCL XOPOWOQ W3BECTHOM KOpPenAuuein MeXay a3Heprueit .GKTM-
BauMM W Tennotoi nnaenenuA £ = 15,2\, nonyuuMm, 4TO YUCNO aTOMOB B
rpynne, npuobpetaiouleli XNUAKONOAOGHYI0 CTPYKTYDY B NEPEXOAHOM COC-
;onuuu, n= 15, 3T0 NOKa3LIBAET, YTO NOKaNLHOE NNaBfeHNe 3aXBarTbiBaer .
s:::::“ ?oopmuauuounue chepbl, ¥ B8 BbilePacCCMOTPEHHOM NpUMepe
WA (Mocne KPUCTaNNMU3auuM) OKasbLIBAETCA, KaK W NOMOXEHO npu
camoandhysuu NO BAKAHCUOHHOMY MEXAHW3MY, B COCeAHEM Y3H| bememu
MNockonsKy B nepexoAHOM COCTORHWM YYacTBYIOT N 4acTWL, Momuc;
OXXMAATb, YTO 3IHTPONMA aKTueaumu S* =S¢n BbIpacTaeT no aGéomo'moﬁ
a;_nmuue No CPaBHEHWIO C IHTPONMEH eAMHUYHOrO CKauYKa: MaxSg, ~n-
*S). CneposatentHo, NpeasKCNOHeHUMaNsHbIA MHOXUTENs Do ~:exp,(|s¢,,/

1 N ‘ -
Knurzep J1.M. WUccneaosanne aMHaMUKK peweTKku B86ANIN TOYKK CTPYKTYPHOrO

30BO
?;77_ ro fepexoaa nepsoro poAa 8 mertannax. Astoped. kaHa. gucc. M.: MUCKC,
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[image: image22.png]JRT) MOXeT UIMEHUTLCA OYeHb CUILHO, Ha ue;xo;n:o'(::::&l;:: b(';b:)pszc;r:'
WUTLCA B 38BUCUMOCTH OT 3HAKA OS¢yl - /
zznopge::ero YMeHbLIBETCA, Tak Kak Mang yBenuyeHue ;B:e:aac ;::;:;n:;
8 pesynbTate o6pasoBainA WUAKONOROGHOW CTPYKTYPLI. IT e e
CUAbHOW penaKcaunmy B XKUAKOM COCTORHUM. Ecn:a we rerepo e
TyauuA CBR3aHa ¢ 06pa3oBaHneM meracTabunsHon Kpnctannmecxom op6 v
TYPbl, MONbHLIA 0GBEM: KOTOpPOiA 3aMETHO OTAIMYBETCA OT M?ﬂbH 0 0Gve-
M8 CTabunbHOM * dhasbl, TO MOXHO OXWAATL 6ONbLINX 3HAYeHUN aKTuBal "
Horo ofwema audipysun, uTo n Habnioganoch npK anddysum um:,u:a °
MexasHbIM MPaHnaM B cuctTeme Sn—Ge (gmenuuble 061embl ono: )
p-cocronnmuax coctasnaloT 0,174 n 0,137 cm’/r, T.e. pasnuyaioTcA tl : K“m;
Tusapu n Xupavo [129] nocrynuposanm, vo AngdY3MOHHbIA ce sox
BKNtOYaeT Tpu cragwu: o6pasoBaHve BaKaHcun, B OAHOM U3 COCeA

yanos (AG',',), o6pa3oBaHue NepexOAHOro COCTOAHUA C KoOpAMHaUUed

aTOMOB, COOTBETCTBYIOWIEH XWUAKOCTH UAN meractabunsHon Kpuczannme;-
koit cTpyktype (AGg,), ¥ Murpaunio BaxaHcun BHYTPU reTepoa3Hol
nyktyaumm (AGp,). : 5 :

® ‘(l)oovaercTaeuuo, vameHeHve CBOBOAHOW 3HepruyM CUCTeMbI fpw nepe-.
XOfe U3 OCHOBHOFO B NEpPeXOAHO@ COCTOAHWe wnu cso6oaHan 3HepruA aK

Trsauun anddysnm

AG® = AG, + MGy + AGry. (227}

fepBblit uneH B NPaBOi 4acTH BLIRAKEHNA (227)
f = AHS - ’ (228)
AGT = AHf - TAST,

npuyeM ANA HOPMANLHLIX MeTannos Asi = 1,5,fa ANA acc;x—cnw;aes aHo-

mansHov antdy3anM, ynoMuHaswuxcA seiwe, AST, ~0 u AG, = AH,.
3Heprun, Heobxoaumen AnA 06GpasoBeHUA GNYKTyaunm — 3apop.uma

mervacrabunbHoi casel, Aqu. paBHa pasHuLe CBOGOAHbIX 3HEpruk craGM:z-

HOM ¥ MertacTabunbHoM a3 npu AaHHOW Temnepatype T (orpesok

Ha puc. 53).

Puc. 53. Cxemaruueckoe u3MeHeHne cBoBOA-
Hol 3neprun ¢as a u § ¢ TemnepaTypo.
OTtpesok PQ coOTBETCTBYST M3MEHEHWIO CBO-
GOAHOA  3HEPrUH, HEOGXOAUMOR AnA obpa-
30BaHuA f-ha3bl: Npu Temnepatype T

COobodnas HepeuR

Temnepamypa T
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3Hauenne AG,, AnA MMAKONOAOGHOM thnykTyaumu npubnusurensHo
COBRanaeT Co 3HaYeHMeM 3Hepruu aKTWBauum npouecca audibysun B Xua-
koil chaze. CornacHo CsanuHy oHO paBHo 2T, ANA WENOYHBIX MeTannos,
a no llep6aio u Cumnagy — 3T, ANR BCEX XNAKMX MeTannos.

Tusapu u XupaHo npocuuTanu cornacHo 3Toll cxeme xoathdurmuenTLI
camoanddysun Al, Cu, Mo, -xenesa U HECKONLKUX aHOMANLHLIX MeTan-
nos ('):=U, B=2r,f=Ti) n nonyuunu YROBNETBOPUTENLHOE cOBNageHue C
ONbITOM. :

HenssHo moaens nepexoaHOro COCTORHMA: Kax HUAKONOAOGHON reve- -
pothasHoi dnykTyauum Gbina passuta Knunrepom [131]1. OcHoBHOI HoBBIi
MNEMEHT 3ITOTO PAaIBUTMA 3BKMIOYAETCA B TOM, YTO BINYKTYBUMA >KECTKO
CBA3bIBAETCA C Y4aCTKOM KPUCTaNAa, Coaep alum AebexT. CoorTsercTaeH-
HO, W3MeHeHne CBOGOAHOM 3HEPrMM, ONPEAenAIOLIee BEPOATHOCTL — W ~
~exp (—AGp,/RT) —~ 06pasoBaHuA BHYTPM CTabuAbLHOM cdasbr | yuacrka
MeTacTabuneHoil  (xuaKonoao6Hoit) daaws 11 cneayer aanucath B Buge:

AGyp, = AGyyy + AGpgg + AGypp + AG“,“"' (229)

Mepsbie Tpu uneHa 8 370/ Gopmyne — O6biuHbIE; OHM OMNpeAenAloT U3-
MeHeHne XUMUYECKOM, MOBEPXHOCTHOM U YNPYroi sHeprum, a YyeTBepTbIA
CBA3BH C TeM, WTO NepexoaHoe cOCTOAHMe He O6A3aHO Hacnegosath Ae-
ekt crabunvHoii dasel. MpuMenuTensHO, HanpuMmep, K NoKansHOMy nnas-
fIGHHAI0 3TO O3Ha4YaeT, YTO BAKAHCMA Kak Gbl PacCTBOPAETCA B XMAKOCTH,

~ W TONLKO nocne KpucTtanausauuu NOABNAETCH CHOBA.

Bropoit anement paGoter [131], cywecrseHHmI anm pacyeros, 3aKnio-
YAETCA B NPOAMNONOXKEHUM, YTO YNPYrue MCKEXKEHMA ONPeAensioTCA MWL
u3MeHeHuem oGbema npu 06pasosanun HnyKTysunK. Moatomy npu Hynesom
U3MeHeHnn obvema

Vgn =n (V= V) + Vyeq = 0. (230)
AGynp = 0 u Bbipaxenue (229) npeo6pasyioTca k Buay:

AGyy = n(G,. - G|) .+aa(V“n)2’3 + AGAotb' S (231)

3aeCb 7 — YMCAO AaTOMOB B >KUAKONOROGHONM KOHdUrypauuy, cooreercr-
8ylolieid NepPeXOAHOMY COCTORHWIO: Gy, — G| — pasHoCcTb 06veMHbIX CBO-
6oaHbIx 3Hepruit ¢as (Ma oauH aTom); Vi1 — V|, — pasHoCTb aToMHBbIX
obvemoB; a — KoathduuMeHT, 3aBMCALMN OT topmbl pnykTyauuu; o -—
NOBEPXHOCTHOE HaTAXKeHMe Ha rpaHuue paspena das; Vaed — H3meHeHue
o6vema cucTeMst B NePexofHOM COCTORHWM BCNEACTBME WUCYEIHOBEHUA MAK
noAsnexnna pecexra. v

Buipaxenue (230) nossonmeT oueHuTbL YMCNo aTOMOB, CNeAOBATENLHO, |
pasmep bnyKTyauuu:

n=—Vaeo/ V), - V,). | (232)
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[image: image23.png]“'fpu OTKNOMeHWM. N OT 3HaueHwn, ONpeaenAsMOro (hopMynod 1232),
AGynp PE3KO BO3pACTaET.

7 86tume nonowerna moaenu Guinu npumeneHsi B pabote [131] Kk ca-
~ moanddyaun B kpncrannax. MockonkKy NPOUECC STOT CBA3EH C OGMeHOM

"-vvmcniuu MEXAY STOMOM W BaKaHcued, T.e. ¢ nepemeiiednem (AGT') sa- '

‘kaHcn, TO AGyp, paccuuTbiBaemoe no dopmyne (231), pasHo AGg'. Pac-
yer napametpos camoanddysnu ANA HECKONbKWUX MeTannos (Al, Au, Ni,’
Cu) Aan YAOBNETBOPUTENbHOE COBNAAEHNE C IKCNIEPUMEHTOM. 38MeTUM, 4TO
pacyeT He COAEPXKWUT NOATOHOWHLIX NaPameTPoB. '

Npu ouewxe no copmyne (232) uucna aromMoB, OGPA3YIOLIMX KUAKO-
" nopo6HYI0 CTPYKTYDY B NEPeXOAHOM COCTORHMM, N = Vg/ (V) —-V;), rae

Vyc 1 Vy — aTOMHble 06beMbl B XUAKOM M TBEPAOM MeTanne, a o6vem sa-

KaHcun Vg Gbin NPUHAT pashbiM 0,8V, asTop [131] nonyuun anA pasHbIX
merannos n= 13-20, T.e. BAKAHCUA CMBILAETCA AGACTBUTENLHO HA OAHO
MEXATOMHOE PACCTORHWE. 3aMETWM, YTO STOT pe3ynsTar CNpaseanvs ANA
dnykryauun cdepuveckoit cdopmbl. Mpu usmerenun dopmbl GayKTyaum.

(vanpumep, ecnu OHA BbLITATWBAETCA B KaKkoM-nu6o oaHOM uanpnaneuuu)_'

. cpegHee DACCTOAHME, HA KOTOpPOE CMELIBETCA BAKAHCUA, MOXET HaMHOro
NPesOCXOANTL MKATOMHOE PACCTORHKE. '

" Takwm oO6psaom, moaens revepocdasHbix GRyKTyauwit He NpoTUBOpE-
YUT BAKANCMOHHOMY MEXBHW3MY, HO CYLUECTBEMHO PaCUWMPRET BO3MOX-
HocT onucaxuA auddysun. MOXHO CKasaTh, YTO OH8 M3MEHAET NpeacTas-
fieHne O NEPEXOAHOM COCTORHWM NPU BAKAHCMOHHOM MexaHuame, MOAuepD-
KHBAET KONNEKTUBHbIA X8paKTep NEPEXOAHOr0 COCTOAHWA, cooTseTCTBEH:

HO MEHRET OUEHKK NapameTpos Auddy3uu, NOBONAA CBA3ETH UX © TepMmo-

" AMHaMUYECKUMKU XapaKTepucTukamu (a3 (TennoToi u TemnepaTypoit nnae-
NEHUA unu NONUMOPGHOro NPeBpaLLeHWA, NOBEPXHOCTHLIM HATAXEHUEM,
aTOMHBIMK 0Bbemamu) . : . :

Komnercayuonnsil gdexrt. XapaxKTepHOi OCOBEHHOCTBIO PesynbTatos,
NOAYYEHHbIX Npu n3yueHun Audxbysuu NO rpaHuuam 3epeH, ABARETCA .Nn-
HoiiHaA CBASL MEXKAY 3Hepruei aKTUBaLUMK E' n norapudmom npeasKkcno-
HEHUMaNLHOTo MHoXMKTEnA In Dy. Taxkan CBA3L NOAYYMna Ha3BaHWe KOM-

) murpaumn rpesul Haxnoua (1010 8 umkke.
A, — npensKCNOHEHUMANEHbIA MHONMTENL
252 © B BLIPENEGHMM ANA  NOABUKHOCTA  FPEHUL.
E’' — 3HeprnA MMIrpaunn

Puc. 54. KoMNeHCAUMOHHLIA ‘;a‘cbdnim npw

1 ~ rpavnysi HEKNOHE; 2 — rpaHub! KPyueHun;

A ettt et s e e e R
~ VB R A b3 2 702

:::c:,l::l::::::"e l EI}: TB._K:?:’ NOCKONLKY OAHOBpeMeHHoe ysenuﬁévme
, 0 bl ‘KOMNeHCUpyioT
K ngz, 4To Ko3pbuUMeHT andpyaun Mennerczymnga"o Apyroe, "P"”fo‘“
06wkrax?0:°r::::.r::e Habniodanu npu usywewnu auddysum s Apyrux
) PAbIX PacTBOPOB Ha OCHOBE OAHOrO pa
c
(132], 8 WuTeBMaHbIX KpucTannax pasworo auamerpa [1(335)- 1:0::;:::

. KUHeTuyeckux IKCnepumenTax: npu  uccneposaHum mur Pauun  rpaHuy

3¢
no;;;:A J:)l_:c; 3'5"?4'«:[4”' B pm;:’ 3anay XMMUMECKOU KuHeTUKW. B caasy c
KONLKUX paborax o6cywpanucs o
" NPpUYKHLI 3TOro aghpexra.
o auﬁ:::: oﬁmg:‘oy :::l:, NpuHaanexauwylo Porunckomy u Xanry, Mo:(::)
ecTs cho BaTb TaK. UsbbiTouHan aHeprua "
peraeT vactTuua B nNepexoaHOM COCT:  oromn—s
OAHUKU, Ha BepiuMHe
Gaprene, amcomoyn e p noTeHuuansHoro
A B HekoTopom o6veme, okpy»iaio
8KTUBUPYA ApYrue 4acTuusl, Haxo. ' e, Bovoraosy:
AAWWECA B8 3TOM o6beme. B
aKTUBaUWK onpepenneTca rt;aam,m Kotismbieiiy
. 06pa3oM, COOTHOWeHMEM
.CUNAUMM M 3NEMEeHTAPHOro aKTa CoOTa: " o (6w
TBETCTBYIOLIOrO npouecca (
Ciiy4ae BpemeHeM OCeAnoit xusHu). E . G
i - Ecnu auccunaumA npoucxoaut -
, HOBbIE uacmuu‘ng‘yc__:r_uleaaoo'r aKTMBUPOBATLCA U He oosepm‘:m 6::;

~ BY3UOHHBIA cKavoK.

Ta '

” c:e agl;:T:::::' ::r POCT pasynopagoueHHOCTH B HEKOTOpOM 06veme

3 - 3HTPONUN  aKTUBauuM) okasviBaeTcA npon
. o *
:;::m:ﬂe’r:;::p:;maaum. A TaK Kak cornacto Teopun nepit;(on‘::;:?z:
M NPeA3KCNOHEHUMUANLHOTO MHOMXUT .
ANA  KOHCTaHTbI CKOPOCTM wnwu Ko3dhu oran, pakin
218)] AomonuHeRoC uueHTa Auddysun, Hanpumep
TeH 3HTPONUKM aKTUBAUUW, TO OH OKa3b| :
NOPUMOHANLHLIM 3HEPruKM aKTUBRa ¢ o 1o e

umn. HetpyaHo aumpers, u

378 TpakToBKa 6GAM3Ka K uaeAm e reTepodamaL
oy -A » SANOXKEHHLIM B MOAENb reTepodasHLIX
Pesynerathi uccnegosaHun K3¢ npu audyaum uunika no oaunowuu'ﬁ.

Puc. 56, Komnencaunonneis apdexT npu and-

mu Z
3:““: N N0 OAMHOUHBIM rpaHMUaM 3epem B amio- ¥ ‘ T

-4 w2 126
E, kg /mons
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[image: image24.png]A aeneHbl Ha puc. 5. Nu-
" HEKNOHa U KPYYEHWA B anioMuHWUK Npu
rl:;l;::a:aBMcMMOCTB mexay norapudmom Do v E’ cononaeTcn"; ;.I::‘;-'
:om wnTepsane Dy (7 nopAaxos). WHTepecHo, 4To Touka ;u:?) B Y3
*TW YROBNETBOPUTE myto (DG ~ -
OBNETBOPUTENBHO NOXUTCA Ha TY Xe NpA
2 rgf“Kocca:g/ZuE‘- ~2RT ~ 10,6 k[ox/Mons), B TO BPeMA Kak Touka AnA

o6vemHoi audysunm B KpucCTanne B&NIOMUHUA HAXOAUTCA coBepLIeHHO

He.
° c:l%i:epxuem, 4YTO KaK W B NPeablaywux Cnyuanx, K3® nHabniopaetcA

BEKTOB, B KOTOPbIX MEHRETCA OAWH Napamerp
B(r| p: Az«:c:‘;:gz::::lxuuzgcbyauu fl0 rpaHvuam — yron pasopneumpo::ué
8 zpyrux ~ KOHUEHTPAUMA NPUMECH, ANAMETD HUTEBUAHOrO KpuCTan
T.A‘Ir)k; onpeaeneimAa KO® cneayer cyliectsoBaHue Tew'l’nemm’;ryg:; XK::;?;
6. TAKOW Temnepatypsl, Npu KOTOPOU s g
:ac‘;::mz;'::o':'g (Ja:a koabbuumenTsl  andidysuu omuaxo:;:;' cﬂzug:g
.TeanO ecnu D =Dy exp (—E/RT) v In Qo ~E, TO MOXHO O e,
=Aex;') (aE), rae A = const, 8 MHOXWTENL & WMmeeT pas;a;_p ),_ pora
HYl0 9Hepruu, U MOxeT ObiTb npeacTasneH B au#e ( g';::" “o, My
T — HeKOTOpaR MOCTOAHHEA Temnepatypa. loraa ,ex o nby
T'E—‘-";'n wn D=A, T.e. uMeeT OANHAKOBOE 3HAYEHWE ANAR BC S
pRAa, ::CMOTDH Ha pa3anuuHble 3HaYeHWA Do (3HTPONUK aKTUBAUWN) o

yoe

J0 560 630 g =
£’ Kgx/mans

Puc. 56. Kanouauuouuuﬁ ahdexT npu Ambcbyz_nu In NO OAMHOUYHBIM MEX(DAZHLIM
rpasuuam B cucreme Sn—Ge

‘ NPOU3BeAeHUA D'8 oT TemnepaTypsi
Puc. 57. CxemaTnyeckoe nao6paxenne 3asncuMocTi TYPM
n:u PASNKYHOM MONOMBHWN TEMNEPATYPLI KQMMEHCAUKW OTHOCUTENbHO nu3yuae!

WHTepsana TeMNepaTyp
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run aktueaumn. Takum o6pazom, Twoun ABNAETCA TeMnepaTypoi KoMm-
neHcauun. Haiitn ee MoxHo no yray B waknoma NPAMON, NOCTPOEHHON B
kooppuHatax InDgy npotus E:tgﬁf (RTomn) ~!. W3 puc. 69 cneayer,
AT NP Andibyauu UMHKa NO FPAHMUAM 3epeH B AMIOMUHWM Tcqy,r ~450 OC.
JT0 3HaveHue BAM3KO K TemMnepatype -nnaeneHWA uuHka (419 °C) U K
Temnepatype 3BTEKTUYECKOIO NPEBPAlIEHWA B cucTeme Zn—Al (382 °C).

AHanoruyHbie pesynbTathl 6Gbinu nony4eHbl Npu un3yyeHUmn andpysum
No OAMHOYHLIM MexhasHbiM - rpaHnuam. KD uabniopann kak npn And-

- (hysuM HuKena B cucTeme Cu—Mo, Tak w .npu antbdysuu nHava B cucre-

me Sn—Ge. Pesynetater ans unaua [134] nokasambl Ha puc. 66. Ty omn =
'=279°C, uro 6nusko K Tempiepatype nonmmopdHoro « — f npespauienun
8 onose (13°C).

3ameTum, 4TO npeacTaBneHue o CyulecTBOBaHuN Ty ompn MO3BONAET
NOHATL, NoueMy ocobbie OAMHOWHLIE FPaHWULI 3ePEH B ANIOMUHUK W oau-
HOuHble MexasHble rpaHuubl 8 cucteme Cu—Mo (c BbiCOKOIl 3Hepruedi
akTueaumn andipyann) o6nagaloT HU3KoiH Auddy3MOHHOI NPOHULLAEMOCTLIO,
4 OauHOuHble MexhasHbie rpaHuubi B cucteme Sn—Ge — BLICOKO! {no
CPaBHEHUIO CO CNy4aiHbIMK, HEYMOPAROYEHHLIMW PAHULAMW obwero Ti-
na). feno B nonoxeHun uHTepsana TeMnepaTtyp, B KOTOPOM U3MepReTcA

.anddyaun, no otHoweHmo K Tkomn- B nepssuix asyx cny4aAx OH pacno-

noxern Hwke Tyomn, @ B NOCReaHeM — Boiwe. Kax nerko MOHATL M3 Cxe-
Mbl Ha puc. 57, Korpa uHTepBan uamepexuit Huwe Twomn, 60onbwum E
c?oraerc?é'wb‘r 6oneiume P, a koraa Bbiwe — 5£I”I:I.I.IMM £ coorserctayior
MéHblve D, . o .

B auccepraunoHHoii paboTe Ctpaymana* 6eini0 nposeaeHo U3Mepe-
HWe napametpos AMdMdY3UM MHAVA MO MexhasHbIM rpaHUUaM B cHCTeMe
Sn—Ge kak B Hu3koTemnepaTypHom. (40—160°C; T\ o ~27°C), Tax
U ‘B BbICOKOTEMNEPaTYPHOM uHTepBane (180—220°C). Beinu V3MepeHbl
napameTpbl AudxPy3uM B OAMHOWHLIX rpaHwuax ¢ 0 = 2, 3,10, 14, 39 u
40%. MpaHuus! ¢ Gonee BbLICOKO 3HEPryein aKTUBaUNMM XapaKTepUIOBAENUCH
6onee HUsKoH AnIPYIUOHHOI NPOHNLEEMOCTLIO. AsTtop onATL HaGmopan
K3®, Ho Tyomn=232°C - Bbille, YeM WHTepBan Temnepatyp Audiby-
34OHHOrO onbita. OTMeTUM, 4TO TemMnepaTypa KOMNeHcaLuy coBnajasT ¢
TeMmriepaTypoi nnasneHuA onosa.

Henb3a He obpatnTh BHUMEHKE Ha TO, YTO BO BCEX CNY4aAX, KOraa Hab-
noganm K3®, remnepatypa KOMReHcauum oKasbizanac 6nuskoi K Tem-
nepatype Kakoro-nu6o (asosoro nepexoma: Temneparype nNaBsneHun,
Temneparype 3BTeKTUYECKOrO NpespallleHUs, Temneparype nosnmopdHoro
npespauienun. Mpu anddbysum 8 HUTEBMAHLIX KpuCTannax T.“,,,ltl oxass-
nace 6nnakoit K TemnepaType (hepPOMArHUTHOrO ynopaaouenus (o6paso-
BaHWA NoMeHOB) B cucteme Cu—2Zn,

1 Cm. crocky wa ¢, 131,
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‘Bce BbILLIEUINOKEHHOE MO3BONIAET NPEANONOXUT, YTO CyluecTBOBaHUE
KOMnNeHcauvuorsoro addbexra (B yacTHOCTH, Npu awhbdy3vu no rpaHuuam)

' MOXKHO DAECCMETPUBATL KaK MOATBEPKAeHWe MOoaenu retepocdasHbix Gnyk-
Tyaunii ANA NEPeXOAHOTO COCTORHUA.

B pabotre [102] Ha ocHosaHun moaenu PoruHckoro — Xaira Guina
cAeNaHa OUEHKA YMCNA YacTUL, NONYYAIOWMX AONONHUTENbHYID 3Hepruio,
npu aKTUBaUWK OAHOIN 4acTMuUbl. Bbinv UCRONB3OBAHL! A8HHLIE O Autdy3UK
UMHKE B aNIOMWHWM MO rpanMuam naknoHa (111). Oxasanoce, 4to 370
WACAO W3MEHRAMNOCh B uHTepsane 1622 B xopoluem COOTBETCTBMU C OUeH-
KaMy B8 MOAENy reTepotasHbix GnyKTyaumit.

. B pabote Knunrepa [131] Ha ocHOBe NpeAnOXeHHOro WM Pa3BUTUA
3TO MOAenu 6biN0 NORyueHo BbipaxeHue ANA KI® U cnenaHsl OUBHKK
Twomn ¥ Uncha aromos n' — yuactHukos nyktyaunu anA andbysun
UMHKA NO OAMHOMHLIM FPAHMUAM HAKNOHA B anloMUHUK. TEeMMNEepaTYpa KOM-

| neHcauwn. oKasanach 6NU3KOA K TemrepaType NNaBneHuA BNIOMUHUA, &
n' nsmenaniocs o7 16 4o 39 ana rpaHuu Haknowa (1000 n or 20 no 31
anm rpanny Haknowa (111). HanomHum, 410 AnA camoaudbysuu B KPUC-.
vannax n~ 15. : '

MoaBOAA WTOrW 3TOFO paspena v BCeA TNasbl, MOXHO CKa3aTb, YTO
Ganwaa YaCTb PACCMOTPEHHLIX apryMEHTOB, 3HaYeHuid napamerpos -And-
y3uu ¥ CBA3EH MEXAY HUMW He NPOTWBOPEYUT NPEACTABNEHWAM O B&-
KaHCHOHHOM MexaHusme auddysuu no rpaHuuam 3eped. OAHAKO HeKOTO-
pble (aKTbi, OTHOCAWMECA K 0CO6biM FpaHuuaM 3epeH (no kpaiiveit Mepe,
K 0cOGbimM rpaHuuam KpyueHus (111) B aniomuHun) 4 K 0COGbIM mexdas-
HBIM rpaWuuamM — 8 MepByI0 Ovepeab BbiCOKWe 3HaueHuA Do, 3aTeM BbiCO-
KKe 3HAYEHUR aKTUBAUMOHHOTO 06bema, aHeprun aKTuBauuu, a TaKwe K3¢o-

'~ NO3BONAIOT NPBANONOKUTD, "4TO npn anddysum B 3TMX rpaHuilax nepexoa-
HO@ COCTORHWE NPABMABLHO OMUCLIBATE B MOAGNW reTepodasHbix dnykTys-
umii. KoopauHauua aTomMOB BO (AYKTyauun cooTsercrayer Gnmxanwed

(no Temnepatype, ABBNEHWIO UNN KOHUEHTpauun) MertacTabunsHol chase.
Bo BCAKOM ciyyae anemeHTapHbli akT audidysumn B TaKUX rpaHnLax CBR3aH
C. akTuBaumelt rpynnei atomoB. He WCKNIOWeHO, YTO 3Ta MOAenb WMeeT
Gonee WHPOKYI0 O6nacTs npumenumocT: oT Audbysun B npaswubHOR
KpUCTannnuecKkoii peuletke A0 AUG(Y3vU- B CUNLHO HEYNOPAAOHEHHBIX
cuctemax (Hanpumep, amopdHbIX MeTannMYecKux cnnasax) .

ot
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Fassa v, MHI'PAI.IMﬁ FPAHMUL, 3EPEH -
1. PABUTUE NPEACTABNEHUA O MWIPALIUMK PAHUL, 3EPEM

’::1‘::::“ FNaBa, KaK 3TO CNeAyeT W3 HasBaHWA, NOCBAWeHa OMNCaHNI0 ABK-
)s n‘ rg'»mu 3epeH. CsoifcTBO rpanuy 3sepew NepemMeLlaTen, U NPUTOM
‘uamsm eﬁ|crpo, W3BOCTHO A8BHO. JTO CBOWCTBO NeXxuUT B ocn;)se oaHoro ,
; HENLLIMX TEXHONOFMYECKUX MPOLUECCOB — BTOPUIHOI pexpucrannu

© '38UMW, C HMUM CBA3EHO NOMyueHwe TpaHcopmaTopHOli cTanu n nnactuy-

:‘::% nmonnﬁgeua, 6e3 Hero Gbiu . 6bi néﬁgmomg_u ApOKaTKa, KoBKa
Ababﬁ'n;?lsn: ; ‘l:::‘;xm-;‘ecxn moban - TexHonoruveckan aedmpmauno'uuaﬂ 06:
8. Moatomy Ka3anoch - ecrecTeemHLIM
COGHOCTM rpaHuy K ABMXEHMIO NOREHAHOCTH, WaBmereTe e
] , N0 X NOABMKHOCTH, U3BNeKa
NePUMEHTOB NO peKPUCTANAU3ALMM, TOY ' g

_ Hee, NO POcTy 3eped B8 no
Tannuveckux cucremax. Tak ao ue'p.asu oJ: 38 ne.
. ero spemMeHu u nocrynanu. 3
CATKW neT coGpaH orpomHsiit npaxTuy "syavan
. OCKUIA maTepuan, KOTopuii, 6 '
floneseH B KEXAOM OTABNMHOM cnyvae ' T B e,
, MOYTU HUYErO He BHOCUT &
Hue ¢manuecknx npobnem mMuUrpauum Pavec.
rpanuy sepeH. PasButue cratucTuuec:
::::: ":l&ro:::o 06paboTiu Pe3ynLTaTOB M Pa3spaboTKa HOBLIX IKCNEPUMEN-
ey o 21’0:" :eﬂ;noeﬁnmor Cyiluectsa Aena. YcpeaHeHue no Gonbliomy
3 XOAMMOE ANR AROCTOBEPHOCTU IKCNe
r PUMEHTa H
nonvkpucTannax, 3neck NPEBPaTUAOCL B CBOK NPOTUBOMNONOXKHOCTD, "pa:;

. Ma3piBan”’ KapTuHY Murpausu no MHOXeCTBY no-pasHomy ABMXYLUUXCA

‘r:;:an:u. U3 aTux paHHBIX HENbSA NOMYWMTL B3BUMOCBA3L CBOWCTBO —
g Enti o.:'ypg;m I_;K@_e BOMPOCh), KAK CBA3L MOABWKHOCTU rPaHUL C ee Kpw
, BNMAHWE TeMMNepatypel, AaBReHWA, Npu] D

\ , NPUPOABI U KOHUBHTDE-

UMK MPMMECHLIX 8TOMOB Ha ABMNKEHWE rPAHWL ONPeAeNEHHOrO 'run: Me:a--

- HISM MUIpaUUM rpaHMU 3epeH W LeNbiit PRA APYIrUX dYHABMEHTANbHBIX ac-

::::‘T:BMMMI'DGQM” paHuy He Moryr 6Gbith U3yyeHbl pexpucn:inusauuon-
eTORAMN. Msmepennﬂ NOABWKHOCTY FPaHUL H8 OCHOB® A3HHLIX NO

. GPeAHeMy pa3mMepy 3epeH Nonukpuctanne B Nyywem cnyuae MOryT aath

::::o :pyﬁzu:mzueuky 3TOl senuumuHbl. Pexkpuctannusaumna (sTOpUuHan) —-
ACTUMK NPOLLECC IBONIOUMKM 36PBHHOA CTPYKT 1
’ Ypbl, npudem n
::g;ui' xyu:::::;: eﬂ'n:m B3aUMOREHCTBYIOUMX 4acTUL, — rpaHuy 3epenp:
_ . @HHO nosTOMY nonbiTka Xunnepra n V
PHIO peKpUCTaNAM3aUMKN NO aHBNOrMM C T ] "
CnesoBa ynexa He wmena. Bo. ekrmen nomon. mooameLa—
X Ne8 nepcnexTMBeH NOAXOA, MPeANOKEHHLIN
;m::: ;unne:rou W passuToii B paGotax Kana, Moppana u Sw6u [ 13;??
2 pea;ns:::e 3epe:::;‘1.crpykrype, COCTOAWIGA W3 WECTUYrONbHBIX 3ePeH,
; e nocn TeNbHLIX “‘NepeKnioueHmii’ cTopoH aoahukue'r '
— - - - . .. L e-
mr nepa ml:ewcgun’ YrOsibtibIX 36peH P v_.r‘_aro'r. AeheKT — Hg3BaHHbLIN Xunngp.
Ty, e neir”, Becoma YCTOUNMB W, ABUIaACH Y6P83 3ePBHHYIO.CTPYK-
oauo' . enae-rc — (yxpynHaer) sepwa. Mpy kaxaom ware napb! ucyesaer
6pHO.  CkopocTh UaMeHeHMA umcna sepeH Gyper NPONOPUKOHANbHE -

mcny pedexToB B CTPYKType, a CKOPOCTb YKPYNHeHWWR aepHa (B pek-
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[image: image26.png]PUCTANNU3AUMOHHBIX IKCNBPUMEHTaX — CKOPOCTE MEPEeMELLEHNA TPaHMLIbI)
ONpeAenAeTCA YUCIOM ’‘AMCHOKAUMIA’' B cUCTeMe U CKOPOCTLIO MX Nepeme-
uieHuA. Taxum o6Gpasom, ANA TOro YTo6bl ONpeAenUTs NOABWKHOCTL FPaHUL
36peH U3 XapaKTepUCTUK BTOPUYHON PEKPHCTaNNM3auuw, Ham Heodxoanma
HBAGKHAA KONWYECTBEHHaR TEeOpPMA pexpucTannusauwn'. Bes Hee 3tu pe-
3ynbTaThl UMEIOT TaKYIO Xe UEHHOCTb, KaxK koadduumneHT anddysuu, Bbi-
YMCNEHHLIA ““HANPAMYIO” W3 U3MEHEHMA CPeAHero pasMepa YacTul Npwu KO-
anecueHLum?® . .

B panuHeftuem Mbi  GyaeM OBCYXKAaTL NOYTW MCKAIOMMTENHHO AaHHbIe,
NOAYYEHHbIE B 3KCNEPUMEHTAX HE OfUHOYHBLIX IPaHULEX.

2, OCHOBHbIE ONPEAENEHNA

Mepexoa K 3KCNepUMeEHTEM Ha8 OAMHOYHBLIX FpaHMUaXx B8 GWKPUCTannu-
Yeckux 06pasuax co CTPOro 3a4aHHLIMW XapaKTEPUCTUKAMMW TPaHWUULl ¢
CamMoro OWMKPWUCTaNNG — KayeCTBeHHbI CKEBYOK B . U3YYEHHM MUrpaumm
rpasmy.

- OcHOBHOM 3apaueli METOAMKW WMCCAEAOBAHWA MUrpaUUKM ABNAGTCA ON-
peneneHne NOABWKHOCTH FPEHUULI — CKOPOCTU ABWXEHUA IpaHultbl Mop
AelicTBMEM eAMHUYHON ABWXYLLEN cvunbl. BenuunHa AF, Ha KoTOpyio YM@EHb-
WHTCA CBOGOAHEA 3HEPrUA CUCTEMbI, KOrAa FPaHNLA NPY CBOEM ABIKEHWN
npoiaet (“samereT’) eauHwuy 06vema, Ha3LIBAETCA TEPMOAVHAMMYECKON
ABVWXKYLUGA crnoii.

CBA3b MeXAy CKOPOCTBIO ABMXENMR rpaHMllbl M ABWKYILEH cMnoM 8
obuwem Buae Guina ycraHosneHa Bypke u TapHGannom Ha ocHoBe Teopun
abcomoTHbiX CKOpoCcTeit peakuvit. Ecnu oaHO n3 ABYX 3epeH o6napaer
Gonee BbICOKOW CBOBOAHOW 3Heprueid, yem Apyroe (puc. 58), vo vacrvo-
Ta Nepexofa atoMOB M3 3TOrO 3epHa Yepes rpaHvLy BO BTOpOe 3epHO Gy-
ABT Bbllwe, 4em uyacTota o6GpaTHOro nepexoda; pPe3yNbTUPYIOLLEA 4acToTa

nepeckokos

F* - F, _ F*~F, _ F*-F, AF
-« kT ~ kKT kT kT kT kT
F=7-F=me 7 T, T oI, (1~e ),
h h
(233)

! Noaxoa Xunnepra, HGCMOTPA Ha CBOIO YMO3PUTENLHOCTb, BLIAGARET FNABHOE —
CKOPOCTb BTOPUMHOM POKPMCTANNU3AUMM ONPeAenAeTCA (MOXOT ONpesenATecA) He
TOABKO MOABMKHOCTLIO FPEHUL 38PEH, HO W CTPYKTYPHbIMKM (DAKTOPaMM, B ABHHOM
CIy48e — YMCNoMm AeheKToB 38PeHHOM CTPYKTYpPbLI.

3 Nuuefivan BenuuMHa, onpepenseman AndDYsnoHHBIM NEPEHOCOM, AOMKHE Me-
HATLCA NPONOPLUMOHANLHO KOPHIO KBBADETHOMY W3 BpemeHW. B Teopum Koanecuew-
sun Jludbwnus—Cnesosa noxassHo, YTo Pa3Mep 48CTUU M3IMEHAETCA NPONOPUMOHANL-

HO KOPHIO TpeTbeit CTeneHu M3 BpPeMeHN.
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u Mnanka, cootsetcTBeHHO; £, £, 4 f*

8 NePBOM 3epHe, BTopom u & " o DBHLIS SHOPrUM aToN

nepexoaxom COCTORHUY: AF=F1 F
R Sl of

evexodyge
cocmosnue

Puc. 58 Cxematy

. 4Yecxoe n306panenue
c808oaHbIX 3Heprun, oTBeYaIOWUX ToY-
Kam B Kpucranne, nexxaumx no o6e
CTOPOHBI rpaHuy s 3epeH

3 }
a QAHHMI.(Y BpemenHu U3 3epHa g 3epHo nepeitper ﬁ' atomos:

N= g
| (234)
T, Aec /.Zo;o':;cno aromos -] MOCKOCTH r PaHULLbI.
b cMelleHnn V PaHuybI KaK uenoro GYAGT paBsHa
- _ z"_—i. _AF
v = kT *T
pe be (1 ). (235)

. TOB
M0 cvenenam AF/kT oKW B CKoBK

rpaHuL;

! ax 8 (236) moxHo
M nonyuury Bbipa<eHue AnA cxopocru pn::::’::;:

':::rpauuu, n MSKPOCKOI'M"OCKYDO noasux-
BeNUuMHY; ee U3mepenune 6CTb OcHOB- - .
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[image: image27.png]R tenb 3KCNePUMEHTa N0 MUrpauun. Cneaylolmi war — aHanus nonyuex-
WbIX PESYNbTATOB NO MAaKPOCKONWYECKOH NOABIKHOCTH HB OCHOBE W3BeCT-

MBIX TOOPETMYECKMX MPBACTABAGHWA O MNKPOCKONMHECKON MOABHKHOCTH,
@6 CBASA CO CTPYKTYPOW rpaHuu, NPUPOAOH M KOHUEHTpauwei npumecy
" T.A :

Takum 06pa3om, HaAeKHaA MHBOPMAEUMA O NOABWMKHOCTY FPaHNL MOXeT
GuiTb NONy4eHa TONbKO B GM3NYECKM KOPPEKTHOM 3KCNEepUMeHTe, Bbinof-
HOHHOM H8 OAMHOMHBIX TPERVUAX C 3BRAHHBIMW KpUCTANNOrpactuiecKuMu
XapaKTepucTMKamu B 06pasuax M3BECTHOTO XWMMYECKOro cocTasa. Kop-
PEKTHOCTb ke — BOCNPOW3BOAWMOCTL — CAMOrO IKCMIepUMEHTa No MUrpa-
umn obecneumBaeTcA DRAOM TpeGosaHuii: HEAeKHOCTbIO BbIBpaHHON Me-
TOAMYECKON CXeMbl MWFDAUMM B CMBICRE KOHTPONMPYEMOCTH ABIDKYLUENA
Cunibl  NPOLECCa, TEMNEPaTYPHO# CTabMALHOCTH, - BOCTIPOMIBOAUMOCTH U

 BOSMOXHOCTM u3MmeHennA AF B AOCTATOYHO WMPOKKX npeaenax; uayue-
HUEM ABWKEHMA rPaHvlbi, cBOGOAHOTO OT BO3MYLLAIOWEro BAWAHUA pas-
AMuHLIX AeheKTOB KPUCTANAMYECKOH PELIBTKK; HaKoHel, cnocobammu npu-
' FOTOBNEHNA GMKPUCTANNOB, OGECMEYMBAIOMMU ONPeAENeHHOCTL BbiGPaH-
HOM METOANYECKOMN CXeMbl, NapamMeTpOB rPaHUL, CAMOTO KpucTanna.

3. ABUXYUUE CUNbl MUIPALUKM FPAHUL 3EPEH

Mo pasmepHocTn (3HepruA Ha eavHmuy o6bema) u Mo M3NIECKOMY CMBbIC-
ny AF npepcrasnrer coboii pasneHne — cuny, AGACTBYIOLLYIO Ha eaMHWLY
nAoWaaN rpaHvubl. VICTOUHMKKM Xe ABWKYLLEA Cunel MOFYT GbiTh Camble
pasnuuHbie. B npuHUMNe, UMK ABNAIOTCA TPAAVBHTbI No6oli MHTEeHCUBHOMR
TEPMOANHAMMIECKON 1BPEMEHHOM: TeMNBPATYPbI, ASBNEHUR, NNOTHOCTH Ae-
heKToB, NNOTHOCTH 3Heprwn (Hanpumep, ynpyroi aehopMaumnK) , KOHUEHT-
pauuMy NpYMecH, HanpPRXKBHHOCTH MArHWTHOTO TOAA Y T.A. Onnaxo He Bce
TEOPETUYECKH BO3MOXHLI8 ABWXYWWME CUNbI PEanu3yemsl, MAU e OKa3bl-
BAIOTCA BECbMA MAaNbIMMU NO 3HAYEHMIO.

M3bbITOuHAA NNOTHOCTL AedPeKTOB B OAHOM W3 3epeH Gukpucranna -~
MOWHBIA WCTOYHUK ABWMKYWIeH CuNbl, 6Chu Peyb WuaeT O uncnoxauunxy.
K AOCTOMHCTBEM STOrO BMAA ABWKYUeH cwnbl cneayet OTHECTW NPOCTOTY
ero CO31BHNA, OTHOCWTENbHYIO BOCNPOW3IBOAWUMOCTL, BO3MOXHOCTE MEHATSL
SHBYEHWA ABAXYLLGH CWNb! B AOCTATOYHO LWMPOKNX Npeaenax W nony4ars
camble 6OnbluMe (U3 MIBECTHBIX B HACTOALLEGE BPEMA). 3HAYEHWA ABIKYLLEH
cunbl murpaunn (AF =pGb?, rae p — NNOTHOCTL Aucnokauwin; G —moayns

! A36iTOVHEA NAOTHOCTL BAKEHCHA B OAHOM U3 38peH GrKpMCTanna TaKXKe mMorna

Sut CAyNMTL ABMKYWSA cunoi murpauvn. OueHKn NOKAESHIBAIOT, YTO MPU _BHEPTUW

06pe30BSHUA BEKBHCHA ~1 3B PBSHOCT B WX STOMMOWA KOHUSHTpeUuM ~40* (sGnw-

.3 OT TemnepaTypsi nnasnewun) aser. AF ~10° [Rx/m®. Ho ocHOBHOM W HeyCTpaHw-

MBI HEAOCTETOK — CWABHEA HECTAOUNLHOCTL NPY ™ XAPAKTEPHBIX TOMNOPATYpaxX 3Kc-

NePMMEHTE— UCKITIONGET MCNIONLIOBAHKE ITOr0 THNA AeIeKTOB B KauecTse peansHoro
NCTOUHMKE ABIKYWEH CHUNb! MAFPBUM. .

1652

ynpyrocr; b ;- sextop Eioprepce; npw p~10'5 M2, G ~101? Dox/m?®
. V'#107°7 m*; AF~10" fx/m®). Bee sto obycnosnusaer WMPOKoe
- HCNONLIOBAHWE ITOrO BUAA ABMXYUIGH CUNLI, HECMOTPA Ha CYWeCTBOHHLIA

| HeROCTETOK — u3Metenme AF B Npouecce H3OTEPMUIECKOro Onkura. Mero-
| :\:::c:nn:ﬂ z::u.p;:rlr ) ﬁr:‘penaapwrenmue' 3KCNBPUMEHTBI NOIBAAIOT CHM-
Bty HeGnaronpuATHOro ¢akropa u caenats ero pocra-

PasHuua B nNOTHOCTM CcyGrpaHuu Meay sepHamu Guicpw '

, AOCTATOYHO CTaGULHYIO U, B O6lUeM, socnpou:;:gaumwo uam;n:»: c‘r:;
Murpauny Gonbleyrnosoii rpamuuss. OCOGeHHO 37O OTHOCHTCA K NuHeH-
4umﬁ CYGCTPYKTYpe, NONyNeHol NpW Bhipaumsanmy Kpucranna. B stom
;cnym ABMXyularR cufia cocraanmer ~2+3-10° fw/m1. PerynuposaTts

P "AF 8 wupokux npeaenax HeBO3MOXKHO, & BOCNPOUIBOAUMOCTL 6ée TpeGyeT
8 TILATENLHOrO ¥ KPONOTANBOIO 3KCNEPUMENHTE. [JOCTOMHCTBOM STOrO BUAs
=umyu§eﬁ CUNbl MUrPAUUN RBNAETCA BOSMOXHOCTL M3YYaTh ABKKeHWE
MNOCKON rpaHkMubl, K KOTOPOW, COBCTBEHHO, U OTHOCATCA BCO Muxpocxo-‘
muB.ckne TeOpuK MHUIrpauuM rpasmiL.
blllie Y)Xke OTMEYanoch, 4YTO ABMXYILYIO CUNY MUrPa -
TeBUTL Cebe Kak nasneHwe, OKa3biBaemoe Ha rp:uuuype:u;o!;gr?s::::cc
:::::::2 :g:;:oomno aHepruM. B pAge Metoauk aBsuxywsa cuna gefict-
B B/ieHa '
ma— P83HOCTLIO AaBneHWA NO 0Ge CTOPOHLI MeX3epeHHOMH

b AF=qae, ‘ ‘

(237)

I rae £ ~ aToMHBI OGBEM,

» PasHocte AssneHuii AP MOXET GbiTh CO3ABHA YMCTO MEXEHUYECKUM ny-
TéM, HO vawe BCero 5vnaroaapn PA3HOCTH KanWANAPHLIX faBneHui no obe
CTOPOHbI UCKPUBNEHHO!H rpannubl 3epeH. KanunnapHoe aasnerne

1- 1
S AP=ol—t—), (238)

1 3
T8 0 — NOBEPXHOCTHOE HAT:! -
rae o rpauuu: o fxeHus, a R, n A, — rnasHbie paguycsl Kpu- '
JKCNEPUMEHTANLHBIE METOAMKM WMCCNEROBAHWA MUF p

NONL3YIOWME ITOT UCTOYHUK ABWKYLUEN CUAbI — sueprmopacl;::mr?;:::&br i-
. OBNajaloT uenbIM PAAOM AOCTOMHCTB. 310 — BO3MOXHOCTS perynuposars
© B ONPeAeNeHHbLIX Npeaenax 3HayeHne ABWKYLLEA CUNbl, XOPOLLIEA 8ocnpous-

aoAuMoch, CTabUNLHOCTL NPW ABHHOI TemnepaType. AGCONIOTHO® 3HAYEHNE
_ ABWXYWeH cunbl nexuT B uKTepsane 10—10* fux/m®. '
) Anusorponun maznutnoll eocnpuumvueocTy 6uxpucranna — kak wuc-
“ro-mm( Asvxywei cunel. MannuHs ucnonvsosan 8HU3OTPONMIO MarHUTHO
BOCMPUUMUUBOCTU BUCMYTE B HaNpPaBNeHMAX napannénwom n nepneHam-
KynaprHom ocu C. B atom cnyvae asvxywan cuna

A\ .o .
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[image: image28.png]A
AF = —2)-(—H2 (cos? 8, — cos?d,), (238)

rae 0y, 8, — yron mexay HanpasneHsuem nonA u ocAMU C ANA KaXaoro
u3 sepeH Guxpucranna; H — HaNpPRXKEHHOCTb MBrHUTHOrO nonA; Ax — pas-
HOCTb MAarHWTHbIX BOCHPUMMYMBOCTEH B8 HaANPaBNEHWAX NapannensHoM M
neprneHanKynApHOM ocu C. B akcnepumentax Mannuwsa AF gocturana
~10° Dx/me. DocTouHCTBOM MeTOAa ABNAETCA BO3MOXKHOCTbL MEHATh
ABMXYULYIO CUNY OT HYNA A0 MEKCMMAanbHO BO3MOXHOrO 3HAYEHWA Henoc-
PeacTBeHHO B xoae akcnepumeHta, OAHAKO NPUMEHUMOCTL 3TOrO BuAa
ABWKYLIEA CUALI CUNBHO OrpaHuueHa. EAMHCTBEHHbIe M3MEpeHnA Murpa-
uWW rpaHuubl caenaHbl Ha BUCMYTE W HOCAT X8paKTep EAWHUYHOrO 3KC-
nepuMeHTa.

AHU3OTPONUA NOBEPXHOCTHO20 HATANEHUR BHEWHE NOBEPXHOCTU 6M-
KPUCTanna Taioke MOXeT GbiTb MCTOYHMKOM ABMXKYylleH cunbi. Ecnu no
066 CTOpOHbI FpaHulbl Ha BHeWHel NOBEPXHOCTM KPUCTanna nexar Kpucran-
norpagwmyeckiue NNOCKOCTW C CYLIECTBEHHO PE3NMUHON NOBEPXHOCTHOM
aHepruei, T0 sT0 MOXeT GbITb UCNONL3OBAHO ANA CO3AAHUA ABWMXKYLLEN CH-
nibl MMrpaumnn, KOTopar GyaeT "‘ronikath’’ rpaHuuy B HanNpasneHuu NoBepx-
HOCTY C BbICOKOW 3Heprueil. B atom cnyvae

AF = 2A05/),

rae AcS — pasHOCTLNOBEPXHOCTHBIX HaTAXEHWA no o6e CTOpPOHbI rpa-
HUUbI; A — TOALLMKHA NNACTUHbI.

MakcumanoHoe 3HaveHne aBwxywei cunel OrpaHu4yeHo He0GXOAUMOCTLIO
UCnosL30BaTL TOHKME O6pasubl, ANA KOTOPLIX NOBEPXHOCT U3 MCTOYHU-
K& ABWXYLUEH CUNLI NPEBPALLAETCA B WCTOMHUK TOPMOXeHWR. BepoATHo,
PasymHO, 4T06b! OnTUManLHoe 3Haveue AF He npesbiwanc ~10° Hw/m>.

Chucok ABMXYWIMX CUN MUrpauumu, eCTECTBEHHO, He OrpaHuunBaerca
nNepencnenkbimu. Kak uctouwuku AF B nutepatype 06CYKABlOTCA rpa-

AVBHT TemnepaTtyphl (AF = ASs grad T

, rae AS — pasHocTe aHTPONhMiA

MEXAY FpaHuueit u 3epHOM, & — TONWMHE rpaHUubl, 2 ~ 8TOMHBIA 06bem;

AF npn cambix 6naronpuATHbIX YCNOBMAX — grad T~10° "K/m, AS — anT-

PonuA nnasnedMA — He npesbiwaer ~10 [x/m>); sHeprua ynpyrux nan-
1 1
prxeHuit {AF =; (; -z ), rae T — ynpyroe Hanpaxenue, £,, £, —
1 2 .

MOAYNU ynpyroctv coceanux seped, AF = 10° [lx/m®) u ap. OgHako Ml
POWWIN OTPAHMYUTECA NWWL TEMU BUABMW  ABMXYWMX CWA, KOTOpbLIe
GbiNk  peanu3oBaHbl B IKCMEPUMEHTAX no U3MEPEHMIO CKOPOCTU MUrpa-
UMM rpaHuy 3epen.

PaccmoTpenHbie ABUXYylME CUNLI MUIPaaUK ABNRIOTCA ocnoab_ﬁ MHOro-
YHCNBHHBIX METOAUNECKWX CXE6M W3YNEHUA MUTpauMmM, npuyem, NOHATHO,
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YTO H8 OAHOW U TOM e ABMWKyLlel cune MOXeT BbITb NOCTPOEHO HECKOALKO
CYWLECTBEHHO Pa3finyHbIX CXeM W3MEPeHUA NMOABIKHOCTY rpaHuu.
TepmoauHaMmuuecikan ABWXYILAR cuna AF feiicTByeT Kak Ha ABWXKYLLYIO-
CA, TAK W Ha HENOABWXHYIO rpaHuuy. [eiicteue TOPMO3AWMX cun, K pac-
CMOTPEHUIO KOTOPLIX Mbi NEpPeXOAUM, rpaHvua MCNbITLIBAET TONLKO NPU
CBOEM [BWKEHUM — Ha HENOABMIKHYIO rPaHULY 3TU CUNbI He AeNCTBYIOT.
Topmo3anALline cunbl BO3HUKSIOT APY B3aUMO/EHCTBUM ABWKYLLENCH FPaHULI
¢ nedeKTamMu Kpuctanna — MUKPO- U MaKPOCKOMUYECKMMU ~ TOYGYHLIMU
fAediextamu (BaxaHcuu, NpPUMeECHbIE aTOMbl), AMCNOKAUMAMKN, 0GBEMHLIMK
BKMIOUGHUAMN BTOPOW askl (4acTuubl), rpaHMUaMn cy63epeH, BHewwHel
fI0BEPXHOCTLIO KpucTanna. HekoTopbie U3 nepeuncneHHbix AecekToB (Kak,
Hanpumep, 4acTvubi BTopoi hasbi) ABNRAIDTCA BecbMa cneunduyHbIMK, apy-
fhe, Kax NpMMecHsle aTOMbI WUNKU BHELUHAR MNOBEPXHOCTL KpUCTanna, npu-
cyTcreylot Bcerpa. COOTBETCTBEHHO pasnMYHO ¥ BHUNMEHWE, KOTOpOoe Mbi By-
4eM UM yaenaTs, .
BnuAnMe ToueuHbiX AedieKTOB Ha ABWKEHWe rpaHWL, 3epeH — aTOMOB
npuMecH 3aMelleHNA BaKaHCWil, BHeAPEHHbIX aTOMOB — BCerja yuyuTbisaer-
CA NpU aHanuse IKCNEPUMEHTa, ero UCCNeaoBaHWe 4acTO ABNRETCA OCHOB-
HOU uenblo. CuMTEETCA, UTO W3GLITOYHLIE BAaKaHCUU YCKOPRIOT ABWKEHUE
rpasuubl {136, 137]. OpHako npw UCCNENOBAHNM MUFPAUNKM OAUHOUHBIX
rpasuy, O6bLIMHO WMEIOT AEeN0 ¢ XOPOLWO OTOMOKEeHHbiMKM O6Gpasuamu, nos-
TOMY BAWAHWE M3GLITOUHLIX BAKAHCUI W BHEAPEHHLIX aTOMOB Ha ABWKe-
HUEe rPaHunL, B 3TMX 3KCNepuMeHTax, BEPOATHO, HE3HAYUTENLHO. '
BsaumopeiictBre ABWMKYWIEACA rpaHuUsl C NPUMECHLIMA aTOMaMKM yun-
TLIBAGTCA BO BCeX CNy4anX, NOCKONbKY, KaK HU BeNUKW ycnexv B nonyue-

. HAW YUCTLIX BeLlecTs, MAaKCUMafibHaR 4MCTOTa He MNpesblilaeT 10-+10"5

(no apyrum ouerkam — 10™% — 1073) % (at.).

KonuyecTBeHHbIM yYeT BAMAHWMA NWHEAHLIX AetheKTOB — B OCHOBHOM
PewWweTOYHbIX AMCNOKAUWA — Ha ABWKEHUE MeX3ePeHHbIX FpaHul B HacTOA-
Wee BpemMA 3aTpyAHeH. [MCNOKaUNM U3MEHRIOT NPaKTUMECKN BCe acrieKTbi
npouecca MUrpauun — ABWXYLLYIO CHAY, CTPYKTYPY ABWKYLUIEHCA TpaHuLbI,
ee NOABWMXHOCTL U Anthdy3noHHble XapaKTepUCTMKM, CBOWCTBA OKpPYXaio-
wero o6bema. .

- Ecnnm B cHCTeMe MMEIOTCR pacnpefeneHHbie Menkue BKIHOYEHWA, TO
VX B3aumoaeiicTene C rpaHnueid 3epeH Topmo3uT ee. Paccmotpum npocreit-
WMA BMA B3aUMOREGACTBUA — ‘‘reOMETpUuECKMii’, KOraa Beiroaa OT npw-
CYTCTBMA 4acTuly, BTOPOA (ha3bl 3aK/HOMAETCA B TOM, YTO OHM ‘Bbipe3alot’’
M3 rPaHMUbl KPYXOYKM nnowaasto ar> (r — paguyc vactuupl). B atom
cnyyae cBo6oaHan aHepruA 1 cM? rpaHvub!

F = (1 - nnA)o, ‘ (240)

rAe N — 4ucno 4acTuU Ha 1 cM? rpaHuubl; G — MOBEPXHOCTHOE HATRXKeHWe
FPaHnLbI.

Ecnu wactuub CABMHYTbL Ha HEKOTOpO€ pPaccToRHUe 8x ot nnockocty
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[image: image29.png]TPaHuvlibl, TO cuna, sosspammomaﬂ X B nNpexxHee nonoxexune, — ‘chJla CBR- .

31 YacTMUa — rpaHuua; " HH BO3MYWAIOWIErO BAMAHUA BHELWHEIH NOBEPXHOCTH Ha ABWKEHME PaHuLLbI
_ ' B K&XAOA MeToauyeckoi cxeme WCCNenoBaHnA mMurpaumm u o TOM, 4TO
f = 8F/6x = ~2an (6x)o. : (241) ~ HYXHO W3MeHUTb, 4TOGbI CAenaTk 3T0 BAWAHMG AOCTaTONHO Manbim,
, ) v Bnepeuie o6patun BHUMaHMe Ha TO, YTO BHEWHAA NOBEPXHOCTL Kpu-
Ecnm B8 1 cm® o6vema cogepxurca N vactu, To o6vemHan gonm yacTuy . cTanna MoXeT TOPMO3UTL ABMXNEHWE rpaHuu 3epen, Mannuna, B pabote
c= 4/3nr 3Ni Yactuusl, “cuaaume’” na rpaHuue, 3aknioveHb! BHYTpu o6be- ' [138] ‘cpaenaHe nonbiTka ONPeaenuTs AUHAMWUKY rpaHuubl, B3auMo-
Ma 2r X1 cM*, T.e. n= 2rN, unu AeiicTBYIOWEH C NOBEPXHOCTBIO, 1 MPOBECTH C 3TOI TOYKW 3peHun peTanib-
n= 2N = 3¢/ 2m2, (242) " HblA aHanus IKCNBPUMEHTaNbHLIX METOAUK M pe3ynbLTaToB.

CywiectaenHo, 4T0 ckoOpocTs ABMIKEHUR rpaHuubi, B3aumoaelicTByio-
Weit C NOBEPXHOCTLIO, ONPBAENAGTCA He TONLKO XapaKTepucTUKaMn rpanu-
Ubl U ABMXKYLLEH CUNOW, HO 3aBMCUT M OT NapametpoB 06pasua. Tak, ec-
N CKOPOCTU ABMKEHUA DA3NUYHBIX TOYEK rPaHWLbLI HE3HaYMTeNLHO pasnu-

-Taknm 06pazom, MakcumanbHan TOPMO3AUWAA cuna, AeACTBYIOWaR Ha
PaHully co cTOPOHLI MUKPOBKAIOveHuit (npu 6x = r)

AF; = —3ca/r . (243) T valoTcA  (NO CPaBHEHMIO €O 3HAveHWeM CKOPOCTH), TO MOXHO cuuTars,
' . UTO IpakuUa ABMXKETCA Kak Uenoe co ckopocTsio ¥ [138] :
Cuna AF; HasmiBaerca 3MHEPOBCKOW CUNOK TOpMOXeHuA. OueHku - AFA
nNokassiBaloT, 410 npu ¢=10"2, 0=50 Aw/mM> u r = 1 mxm AFy~ v (t) = . (244)
» ~-10° Ax/m?, T.e. AFy cpasHuma ¢ 06bIvHO UCMONb3YeMbIMH ABUXKY- , 1+ 24 ’ '
WMk cunamu murpauun. Mostomy npu usyuennu MUFPaUUM OAMHOYHBIX A, (A
PaHuL” 06BeMHbIX BKMIOYeHUH NpUXOANTCA W3beraTs (c nomowsio Tex- o g
HONOFUYECKUX NPUEMOB NPUrOTOBNEHUA o6pasuos, 4to, B O6uwem, BCer- - W3 Bsuipaxennn (244) suamo, uro ABWKeHVe Komnnekca rpaHuLa ~Ka-

“Aa ynaetca). TouHo TakKe MOMeT 6biTh CBEAGHO HAa HET M BO3MYyuWaloLLee
BNMAHUE BHYTPEHHUX NOBEPXHOCTel pasdena — rpaHuy, 6nokoe. ‘
Cnoxree 06CcTOMT Aeno ¢ BHewHei NOBEPXHOCTLI0 KpucTanna. Bo scex

. HEBKA OMPEAGNAETCA NOABUKHOCTLIO FpaHnubl A, NOABWKHOCTHIO KaHaB-
- KM Ay (t) w TonwmHoi o6pasya A.
NoasuxHocTs KaHaskK Ag(t) onpenennerca AOMUHMPYIOWUM  MeXa-

V3BECTHLIX 3IKCMEPUMEHTANbHbBIX MeToAnKax nonoxxeHue rpaHuubl d)MK' o HA3SMOM nepeHoca aToMOB M g@e paamepom. O6bemHan Am-b(byaun cyuiecr-
CMDYIOT NO NMHUU BLIXOAR €8 Ha BHELHIOW MOBEPXHOCTL, T.6. Kak pas i BOHH3 NUWL NpU pasmepax KaHaBsku Gonee 10 MKM. AnA merannos ¢ Hus-
B obnactu, rae BnuAHMe nocneaHei 0COBEHHO CylyecTBENHO. B o6pasuax " o ynpyroctbio napa (Al, Au, Ni u T.n) OCHOBHLIM MEX38HU3MOM pas-
‘Manoﬁ TONWHHLI BAWAHME NOBEPXHOCTH MOXKeT IpUBeCTM K NOMHOMY u3- .. BMTWA KaHaBOK ABNAETCA nosepxHocTHan Auddysun. B stom cnyuae s3a-
MEHEHMIO KapTUHbI ABNeHUA. *. ' BACUMOCTb NOABIKHOCTY KaHaBKW OT BpemMeHu umeer BuA: ‘
OaHopoaran BHewHARA NOBEPXHOCTb KPUCTanNa He AOMKHA BO3MYuUiaTh > s

nepeceiaiowyio ee rpaHuuy 3sepeH. MpusHakom B3BMMORENHCTBMA B KaHHOM o Aglt) =0yt ¥4, (245)
‘Cnydae AOMKHO O6bITb HapylweHWe OAHOPOAHOCTH BHeLHel nosepxHoctw. . -

W3 TepmoamuHammueckux cooBpaenmii Crieayer, 4To B MecTe BbIXOAA Mex- ‘\‘, AnA metannos c ewicokoit ynpyrocTuio napa (Zn, Mg) xawasxu moryr

06pasosuiBaTocA U NyTem NepeHoca aTomos 4epes rasosyio asy. Mpu pas-
MBpax KaHaBKu, MeMbWUX ANUHLI CBOBOAHOrO npobera B rase, nUMuTH-
PYIOLWMK CTaAMAMM NepeHOCa RANAIOTCA ucnapeHue U KOHAEHCaUUA: ecnu .
PaamMep KaHEBKM BEAMK NO cpasHeHuIo ¢ AnuHoOl cBo6oRHOrO. npobera,
Npouecc onpegennetcA andbysueit 8 rasosoii dase. ,
BpemeHHan saBucumocTs MOABMKHOCTU KEHABKM ANR NUMUTUDYIOUWL e/t
cragun — autbdysuu B rasosoit ase: :

Aglty = C,t7%3, : (248

a ann HCNApeHnA — KOHAeHCaUMM
Aglt) = Cyt~V2, ‘ (247)

38PEHHON IPaHMLLI HA BHELWHIOW MOBEPXHOCTL KPUCTANNa [OMKHE BO3HK-
KaTh KaHaska. Paamep u ctopma 3Toii KaHasku ONPeAeNAIOTCA MEXaHN3-
MOM nepeHoca BewecTBa, AOMUHUPYIOWMM NPU AaHHBIX YCNOBMAX, Temne-
- Patypoit u BpemeHem pocra. Mockonsky nepemeutenue nogo6HOM KaHas-
KW CBA3EHO C MEpPeHOCOM MAcChl, fpu onpegeneHHbIX ycnosuAx ona Gyaer
ABHraTbCA BMeCTe C rpaHuueld, He TOpMO3A ee. 3atem, No Mepe pocTa, Ka-
HaBKAa HauyHeT TOPMO3UTHL FpaHuLy u B panbHeidweM (onATh e 8 3aBUCH-
MOCTH OT pRAa haKTOPOB) MOXET OTOPBATHLCH OT rpaHvubl MAK NPaKTUYeC-
KW 3aTOPMO3UTL ee ABMXEHWE. JKCNEPUMEHTANBHO e BCeraa uccnefyerca
ABWXeHue Komnnekca rpaHuua — kaHaBka. Takoso KauecTseHHOR U3NOXe-
HUe ABNEeHNUA. . - '
Heo6xoauM 060CHOBaHHBIN KPUTEpWi, NO3BONAIOWMIA CYAUTL O CTene-
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[image: image30.png]Ouenkht aaiot: C; ~10~° M® ¥4/l — ann anlomunnn; C, ~107% M3

"¢/ nCy ~107%, M3 ¢"?/Bx — anA unmka [138].
~ Tpanuua cmoxer oropsatsca or KaHasKy, ecnuyA0BNeTBOPAETCA KpuTe:
pwii:

p=AFNS/20>1. ' (248)

B npotusHoM cnyvae rpaHuua Gyaer ABMraTbeA BMeCTe ¢ KaHaBKOM
CO BCe YMEeHbLUAIOLEeCA CKOpOCTLio. *
B HayanebHbIN nepnoa 06pasoBaHNA KaHaBK CMeLUeHme rPaHuUL!

I(t) = AFAt, (249)

T.8. CKOPOCTb FPaHWLLl YAOBNETBOPAGT DEXUMY TeOPUM 8GCOMIOTHLIX CKO-
POCTeA peakumii, a yepes AOCTaTONHO 60MbLWON BPeMeHHOI uHTepBan

I(t) ~¢, ' : (250) |

TRe € — nokasaren. cveneHy, ONPeAENAEMbIH AUMUTUDYIOWMM MeXaHu3-
MOM NepeHoCa aTOMOB. L ‘

NumnTupylowmm  mexanuamom nepexoca OfpepenneTcA W nepuoa T
MeXxAy MNOCNeAoBaTeNbHLIMU OTPbIBAMM IDaHWUbI OT KaHasku. Tak, anA
nosepxHocTHoi anddysun : :

A s (251)

T=[—
CA 0f,

(cooTsetcTBYIOUWME BbIP@KEHUA NONyYeHsI M ANA APYFUX MEXaHU3MOB ne-

peHoca) . '

C ymenbwienvem askyweid cunbl wnm TONWMHLI obpasua nepuop 7
pacTeT W CTPEMUTCA K BECKOHEYHOCTH no Mepe TOro, KaK Kputepuit p
(248) ctpemutcA Kk 1. duanvecku aro O3HavYaeT, 4TO rpaHvua Boobuie
He OTPLIBAETCA OT KaHaskn. Murpauua npaKTudecku npekpawiaerca. Ivo
BEPHO B TOM CMbiCnie, 4TO CKOPOCTb ABWKEHWA FPaHUULI - CTPEMWTCA . BO
BPeMEHM K HYNIO, HO OCTAHOBUTL rPaHULY KaHEaBKa He MOXET —~ MATerpan

/{e0) =}° v (t)dt pacxoautca anA Bcex MexaHu3MOB o6pasoBaHua u ne-
0

peMeLleHnA KaHaBKHK, o - N
CnenosatensHo,  BO3MOXHO CYWeCTBOBaHWe HEKOTOPOro fepuoanvec-
KOro npouecca, BbLI3BAHHOTO 06pa3oBaHMEM KaHEBKMW TePMUYECKOro Tpas-

- NIEHMA NO NUHWK BLIXOAA rPaHUULI 3epeH Ha BHELUHIOW NOBEPXHOCTL, COB-
MECTHbIM ABMXEHWEM rDaHUUBI U KaHaBKW, OTPbIBOM ABWXKYLUGIACA rpaHu-
Ubl OT KaHaBKMW, POCTOM HOBOW KaHaBKW W T.4. Pezynevar aroro npouecca
AOMKEH NPOABUTLCA B CKAYKOOGPAIHOM XapaKTtepe ABWXEHWUA MEX3epeH-
HO# rpaHuub. Ha puc. 59 nokasaHa 3soniouuA topmMbt ABMKYULelicA rpaun-
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Uel nocne oTpbiBa OT kaHaBku (pacwet [138]), a Ha puc. 60 — sasucu-
MOCTL CMeleHWA rpaHuubl 3epeH B BuKpUCTannax uuHka ot BpemeHn, no-
NydeHHan  no pesynbTatam MukpokuHocsemku [139]. Bosnuxaiowyio npu

Puc. 69. AuHamuka nameneHun c¢op-
Mbl ABUXYWEACA rpaHWUL! 3epeH, B3a-
MMoAeACTBYIOWeil ¢ BHEWNEH nosepx- 7 P ,

HoCTLIO (pacyert) ‘ : “8zw oy Iz,aosgf,

STOM KapTUHY ceiiYac HasbIBaloT NPOCTPaHCTBEHHO-BPEMEHHONM Nepuoauyec-
KOl auccunaTuenoii cTpykTypon [140].

MonyvetHbie pesaynstats nossonalor copmynuposare TpeGoBaHun,
BbINONHEHWE KOTOPLIX AenaeT sKcnepuMeHT no MCCNeAOBAHUIO NOABMKHOC-
TH TPaHUL UINMECKH KOPPEKTHLIM B Tom CMbICNG, YTO U3YYAIOTCA Henoc-
PEACTBEHHO cBOWCTBa ABMXKYWeiicA FPaHWULI, He WUCKaXKeHHble BAUAHMEM
nosepxHocT. Kputepuem Toro, yro NOBBPXHOCTL NPAKTUYECKU He BO3-
MyLaeT ABMKEHUE IPaHULLI, ABAAETCA:

_AFA  AFeS:
p= -—-—2000 ~ = > 1. (252)

Mockonsky Bo MmHorux METOAUKEX HM3YHEHWR MUrpauMu. rpaHuy asu-
KYW2aR CUNa CO3AAETCA NOBEPXHOCTHLIM HaTAXxeHWeM CaMOW rpaHuubI unK
BHewHel nosepxHocTy, 8binonHenue ycnosua (252) moxer oKa3aTuLeA

S,em

N

~N

.“ !
g 200 400 600 800 W0 re! g g W 60 80 07zc

Puc. 60. 3aBucumMocTs cMeLleHUA FPAHALLI 36PeH B GMKPUCTANNAX LMHKA OT BPEMEeHN:
1 - 3KCnepUMeNHTansHEA KpUBAR; 2 — pacyeTHaR Kpusan
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[image: image33.png]NPUHUNNUANLHO HEBO3MOXHLIM. [lostTomy MHTEpecHO PAaccMOTPeT C 3TOW
TOUKN 3DEHVA BCe W3BECTHbIE HaM METOAWYECKMEe CXembl WCCeAOoBaHUA
murpaunu. O6cyxpaembie METOAMKYU CBEAGHD! B tabn. 8.

Mcnons30oBaHne KpUTEPUA P B KauecTBe Knaccudmkatopa nossonAer
P83AENUTL CYLLECTBYIOUME METOAUKH WCCNEAOBAHUA MUrpauun OAWHOY-
Mol rpanuusl Ha ase rpynnbi. K nepeoVi rpynne OTHOCATCR METOAMKM,
B KOTOPbIX ABWKYLLBA CUNA ONPEAENAETCA PasHOCTLIO NNOTHOCTEA CBO-
GoaHONW 3HEpruw 3epeH GuKpucTanna v He 3aBUCUT OT dopmbl obpasua u
rpaHuuLl, ee MONOXKeHWA W aHepruu. U3 HuX ‘Haubonbluee 3HaveHwe AF
W, ecrectBenHo, p B meroauke N° 3. BoamyuieHue BHEWHeH NOBEePXHOCTLIO
346Cb NPAKTUYECKM OTCYTCTBYET, OAHAKO CO3AaHWe OAUHOYHON rpaHuULbt
C 3348HHBIMW CBOWCTBaMW B 3TOW MeTOAMKE — WCKNIOUUTENLHO CNOXHAA
sanava. Cxema N° 1 ucnone3osanace Octom u Parrepom, C ee NOMOLLLIO
NONyUeHbl UHTEPECHbIE PE3YNLTETL MO OPUEHTUMOHHBLIM M KOHUEGHTPAUWOH-
HbIM 38BMCUMOCTAM MMUrpaUMM OAMHOMHBLIX FPaHWL 3epeH. Oavnm un3 ee
HOCTOMHCTB ARBNRETCA BO3MOXHOCTL YCTPBHWTL BNMAHWE MOBEPXHOCTH,
yBenuunsan ToniumHy obpasua. .

Bo BTOpYl0 Fpynny BOWNW METOAUKH, ABWXKYILER CWNa KOTOPbLIX CO3-
ABETCA NOBEPXHOCTHOW 3HEPrHel, NOBEPXHOCTHLIM HATAXKEHWEM camoi
rpanuusl. 310 meToauku “knuHa” (N°2 B 186n. 8), “'yronka” N° 4, ""3ep-
HOFpaHWUYHOH nonyneTnn” — N°7 M “yacTuyHOl 36PHOTPaHMYHOH nony-
netnu” — N°9. YkasaHHbie METOAMKW RORYYWNU B nocneaxee BpemA Hau-
Gonbluee PacnpocTpaHeHne, C MX MOMOLLBIO BEINOMHEHbI MHOFOUMCAGHHbIE
VCCNEAOBaHUA MWFpauvi rpeHuy B PasHbiX matepuanax {cm., Hanpumep,
{65, 141—147]). Bonswoe pacnpocTpaHeHe MeTOAUK 3TOW rpynnel CBA-
38HO C BLICOKOM CTAaBMALHOCTLIO ABWXYLUGA CuNbI KaK BO BPEMEHM, TaK
W 8 TeMNEPaTYpPHOM WHTepBane, BOCNPOU3BOANMOCTEIO W BO3MOXHOCTLIO
MEHATb €6 B AOCTATOMHO LWMPOKUX npeaenax. HeAOCTATKOM TaKUX METO-
AMNECKUX CX8M ABMABTCA HEBO3MOXKHOCTb B HEKOTOPLIX CRYYaAX YCTpa-
HUTL BO3MYLLAIOWEe BAWAHWE BHELWHEA NOBEPXHOCTU. Oco6enHo 3TO OTHO-
cutcR K cxemam 4, 9, 10 (cm. Tabn. 8). [ehicTtButensHo, ecnu BAWAHWE
rOPU3OHTANLHBIX MOBEPXHOCTeEN (KpuTepuit 1) MOXHQ CAeNaTb, ManbIM,
yBeNWYMBaA TORWMHY obpasua, To ¢ 60KOBOI NOBEPXHOCTLIO (KpUTepUA
Pa2) neno obcTout uHave. Ux BRuAHWe ABARETCA “BPOMKAEHHLIM'' NOPOKOM
NOMOGHBIX CXeM, NOCKONLKY ABWKYWAR CUNAa MMFpauvu AnR paccMaTpu-
BaGMbIX METOAUK

"AF ~ola; (263)

rae 8 — NVHeAHAA XapaKTepucTuKa ABWKYLWEA cunbl. .
" B 3TOM CRyuae SHaueHMe KPUTEPUA P 3TO KOHCTEHTA, OnpeaenAeman Of-
HOLWeHUeM 3HAYEHUA TOBEPXHOCTHLIX 3SHEPrUA rPaHuLbi W NOBEPXHOCTH,
KOHCTEHTS, He NPeBLIWAIOWaA, KaK nokasbisaioT oueHky, 10. ina o6vex-
TOB C HUM3KOW ANGXDY3MOHHON ROABUKHOCTLIO, fipY He OYeHb BLICOKUX TeM-

nepatypax u HeGOnbLIMX BPEMEHEX OTKUra BAMAHME NOBEPXHOCTH ewe He

000

. AF = o/R,

cxasnisaerca, Ho anA umHKa ¢ ero BbICOKON neTywecTuio cx 4

, ema N* 4 npu-
B8OAMT K cxmnooSpasno'::Y' ABwxennio rpaHuusl (puc. 70), Toraa Kak r'll':u
MCNOMNL3OBAHUN CXEMbI 38BMCMMOCTL CMELLeHM '
ety WeHNA rpaHuubl OT BpemeHu

Cxema N°2 wucnons3osaniack Patom u Xy AnA uayueHun ABWKeHUA rpa-

- HUU 36peH B BNIOMUHWN. 3A6Cb TAKXKE HEOGXOMAMMO YYUTLIBATE BAMAHME

K&K ropusOHTanbHOM, TaK U 6OKOBOH MOBEPXHOCTH, OAHAKO CUTYBUMA Hec:
KONLKO WHaA. [lBIKYLLaR cuna B 3TOA cxeme

(254)

L. HO SHEYEHUE KPUTEPUA P MOXET GbiTb CAENaHO AOCTATONHO GOfbLIMM
. NYTeM YBEAUYEHUA YrNa NPY BEPLIMHE KAWHA, U TONWMHLI 06pasua.

PesynuTatel 3KCNEPUMEHTOB HEOAHOKPETHO O6CYXKAanWUCL B NUTepaty-

_pe. AAnn 3toro Guinu peansHuie OcHOsaHWA: B paGotax Pata u Xy o6uapy-

EHO, YTO 3BBUCUMOCTb CKOPOCTH ABIDKGHMA FPEHULILI OT ABMXKYLUSH CHMb)
CYUIOCTBOHHO HenuHedHE, U B M3IYMOHHHOM MHTepBane moxer GbiTh aNNpox-
cumuposana soipaxeruem v~AFT, rae m = 1,6+4, 310 He oornacvctca‘- c
Teopuei aGCONIOTHLIX CKOPOCTOH PeaKuwWi, AsIOUed, KAK U3IBECTHO, NUHEN-
HYIO 38BMCHMOCTD, Aampu M PAA’  KOMMEHTATOPOB OGBACHANK 3TOT daxr
BAKAHUEM APUMECHLIX aTomos. B paGote [138] nokasano, 4To aaHHLR pe-

.. 3ynbTaTel, NO-BUAMMOMY, CBR38HMI C HEYUTEHHbLIM B38MMOAGHCTBMEM rIpa-

HMUbI C BHOWHEA nosepxHOCTMO. Oxur o5pasuUOs NPOBOAWICA B BOCCTS-
HOBUTENLHOR aTMOC(DEpe, 8 NONOXKEHUE TPaHKiLI DUKCUPOBANK Yepes Gornb-
wue NPOMEXYTKH BpeMeHy, ONPOAENAA YCPOAHEHHYI0 CKOPOCTb ABVKEHUA
rpaHuibl: '

-
-= . — 1 T
v ,JLT {%{ vv(t)dt]./ t] = gv(t)dt. (255)
Numutupyloumit mexanuam nepexoca aTomos npy 06pa3OBaHUM KaHas-
Knu s amommuq — nosepxHocTHaA audpyana. Ana Hee [138]:
1 1 {(1+%)? 1 2«4
v=4AF-A,{——-—-—’In-—-—-— - — :
k3 ek* 14 K‘ﬁ(armg Ney

k = [AFNof, — 1]-V?,

+ n/BJ ; (256)

3asucumocrs (256) NPU  3HAYEHWAX nA .
oc pamMeTpos, XapaKTepHbIX ANA
akcnepumentoB Pata u Xy, npuseneHa Ha puc. 61. Tpu gocratouHo Gonb-

WKX ABMKYWMX cunax, KaK 1 cneaosano oXxuaate, v.~AF, npi manbix xe

AF BaanmogeiicTene rpaHuus! C NOBEPXHOCTBIO CYLLIECTBEHHO MCK ‘
Hedinyio 3asucimocTe v (AF). Kak. suaHo us ,p:yc. 61, Aeﬁt::rau:'ent':‘:uﬂz-
niopterca 3aBucMocTs v ~AFYS ™% Tpu MéHbwux 3HavenuAx AF sTa se-
BUCUMOCTL MOXET CTaTb eyle Gonee pe3koil. 3aMETUM, YTO OUEHKE KpUTe-
pvA p AnA sKcnepumenTos Para u Xy pana sHavenve 0,6<5.
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[image: image34.png]3HaunTenbHLI MHTEpeC NpeAcTaBneT, Ha Haw BarnAp, cxema N° 7. Owa
coueTaeT 8 cebe AOCTOMHCTBE cxeMbl N° 8 — NOCTOAHCTBO ABWKYLLEH CUnbi~—
# cxembt N° 2 — BO3MOMXHOCTb UCKNIOYUTL BAIMAHWE BHELIHEH NOBEPXHOCTH.
Kputepuit 3TOH cxembl

p= 05N oa. ' (2567)

MNpuuumar p2 10, nonyunm, 4TO ANA KOPPEKTHOCTH 3IKCHEPUMEHTA
Heo6xoaumo, uTobbl A/a > 3. Ha puc. 62 npuseneHa 3aBucumocts v (AF),
NONYYGHHAA Ha ANIOMUHUK C noMOotUbLI0 ykasauHoit metoanku. Mpu maneix
ABMXYWMX Ccunax, KaK 1 Cneposanc oXxuaarh, HaGmopaetcR obycnosneH-
HO® MOBOPXHOCTHLIM TOPMOXKEHUEM OTKNOHeHWe OT nuneliHocTn. Heo6-
XOAMMO OTMETUTbL @llle OAHO AOCTOUHCTBO METOAMKW 3EPHOTPAHUYHOI
nonyrietn  (cxema N°7) — BO3MOXHOCTL TOYHOTO pacyeta (OPMbI CTa-
UMOHEDHO ABWKYLUGIACA NOAYNeTAK W ee XapaKTepucTHK [149]. Nonyuen-
#ele B pabote [149] cooTHOweHna NO3BONAIOT ONPEAENUTL CKOPOCTb CTa-
UMOHEPHOTO ABIKEHWA rPaHUUbl KAK UeNOro — foayneTnu — B 3aBucK-
MOCTA oT Asmxyueﬁ CHNbI, 6CNU M3BECTHA 38BUCUMOCTL MWKPOCKOMK-
YecKon noaswxHocTH A (v) or HOPMaNbHOW# CKOPOCTH 3NeMeHTa rpaHy-
ubl v. B axcnepumente HabnioaaoT, oaHaKo, MaKPOCKONUYECKYIO NOABIXK-
Hocte nonynernu A. Creaylowee ypasHexue [149] nonnoc'ruo oTo6paxaer

, .
v crife
167107

167107

— Pacuem .
1621075 K o Innepurenm

7? 0° , ‘10* I} 5 /A
4F, Axln , AF=2facm7!

Puc. 61. 3amMCHMOCTL CPeaHell CKOPOCTU ABWKEHMA FDAHWLL! 38PEH OT ABMKYLIBA CH-
nst {B.B Ruth, H. Hu)
Puc. 82. 3asucumocts CKOPOCTH ABWXEHUR MEXIBPOHHON rPEHULLI OT ABMXYLLEH cHnbi

166 :

CBA3L MG)KAV MUKPOCKONWYECKUMM  KUHETUMECKUMU CBOWCTBaMMU rpa-
HWULI 1 MaKPOCKOMNWYeCKUMKU CBOWCTBaAMN nonynernu:

L

; vvdv 28 (V)
[

nwov O\/?‘ -

rae a{v) — dyHkumn, obpatHan V(a); @ — wupuna nonynetnm; v — cko-
POCTb ABIKEHUA FPEHMLLI KaK L4enoro.

Ha puc. 63 u 64 npueeaeHsi axcnepUMeHTaNbHO nonyvetHan c¢opma
ABMKYLIGACA rpaHuLbl B BuAe 3epuorpanmuou nonynevnu u pacver no
AaHHbIM paborw [149],

Taxum o6pasom, cxema N° 7 3epHorpaHuuHoi nonynetnu (cm. Ta6n. 8)
NO3BONRET MO W3BECTHOW 3aaucumocm v (AF) onpeaenuTs MuKpocKony-
4ECKY!0 MOABMKHOCTb,

Meroauxka uayveHua Mur'bauun .TPaHML, 3epeH C NOCTORHHOWM aamxyu.wn
CHNOA METOAOM 3ePHOrPEHWYHON NONYNeTN He NO3BONAGT NOAYYUTL AGC:

Aly)=

Viav, ~ (268)

' TaTOYHO Gonbwme ABM)KYI.I.!MG CuAbl — METOAUYECKM OYeHb TPYAHO Bblp&c-

TUTL Y3KWA CpegHuin Kpucrann. MunumansHbili pasmep cpeAH’ero Kpuctan-
na, NonyvyeHHuit B 3|<cnepumeu'rax Ha UWMHKe, ¥MeNn 3ua-|euue ~0,1 mm
[148]. OCHOBHBIMM AOCTOMHCTBAaMM CXeMbl U3Y4OHUA MUIDaUMM rPaHNL
meToaoM “yronka” (puc. 65) ABMAIOTCA OTHOCUTENLHAR NPOCTOTA MpKIro-
ToBNEHWA 06pasLOB U BO3MOXHOCTh BAPLUPOBAHUA ABWKYLLENA CUAbI — U3~
MeHeHWeM yrna NoAXoAs (@ NMEPBOHAYANLHO NNOCKONA rpaHuubl K nosepx-
HOCTU. MeToavKa yronka OTHOCUTCA K METOAMKEM C KOHTPOAMPYeMOii ABK-
Kyweit cunoii npouecca murpauun. TepmuH "Konrponupyemaa ABVXYULSR

Puc. 63. Mpanuua & suae nonynernm
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[image: image35.png]Puc. 64. PacuetHan opma SBMXYLLSACA FPEHULIM B METOANKE 36PHOrPaHMYHOR NONyneT-
nm )

Puc. 65. Cxema 06pasUS AN WCCNEAOBAHWA NPOUSCCS MUFPOLUNK METOAOM "yronka’:
# — nepBOHEYANEHOS NOSIOKBHKE FPaHNLLI; // — KONEWNOS NCNOXEBHUE

CMOR™ O3HAYSET, NTO 3HaYGHWA AF MEHAIOTCH NO ONPEASREHHOMY 38KOHY
B NPOUECCe ABMKEHMA TPaHWMULI, CaM 38KOH MOWeT GbiTb U He M3BECTEH,
OAHAKO NPBAMOAraETCA, YTO Mbl 3HAGM IHAYEHME ABIKYLAEN CHUAN B KaX-
b1t MOMEHT BpeMeHu. [BHXKYILAA CUAS MHUIPEUMN FPaHULbL!

S
AF = oK 4-, (259)
rae K — KpWensHa rpaHuusbl; AgS — pasHocTs _NOBEPXHOCTHLIX HEPrui no
06e CTOpPOHbLI rpaHnLbL!; A — TonwmHa oSpasua,

AnA onpeseneHnA KpuBM3HLI rpanvtiel K 'Heo6XOAMMO WAKM peWnTL
sanany 0 (hopMe ABMKYLIGACA rPaHUilbl MK HaATW NPUEMNeMYI0 annpoK-
cumaumio. ‘ '

Hanpumep, UCKPUBNBHHBINA YY8CTOK rPaHMILLI MOXKHO annpoKCUMMPOBaThL
runepbonoit. B sTom cnyvae ypasHeHMe ABVXKEHMA rpaHWUbl MOXeT GbiTh
sanmcano 8 suae [150]: :

ada/dt = Aofla), - (260)
rae A ~ NOABWXHOCTb W MOBEPXHOCTHOS HATAXEHME TPAHWULI, KOTODbIe
8 NPUHUANG MOTYT 38BWCETh OT OPHEeHTAUMW rpaHvusl B GuKpucranne;
F (a) — macwtabupiid MHOXUTENL. S .
Mopo6Haa annpokcumauuA yaoGHA, KOraa yron MOAXOAA rPaHWUbLl K
Kpao o6pasua 6 pased m/2. OgHaro 310 He Beeraa Tak. W Toraa npu6nu-
wexue ‘runep6onbl” craHOBUTCA HeyaaGHbiM, B aTom cnyuae npuxoautes
npuberats K dpyrum npuBnMKeHUAM — NPEACTABNATL UCKPWBAGHHbIA yyac-
TOK rpaHMubI Napabonoil UK OKPYXHOCTbIO. BCe NPUBYIKEHUA AslOT 6An3-
«ue pesynurarel. Ha puc. 66 npuBeaeHa 3asucHMOCTL mMacwTabHoro daxkro-
. pa OT yrina & ANA “runepbonuuecKkoi’ rpaHuubl U rpaHuEel — “‘Ayru OK-
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po::oc‘m". "Becwa HarnAaHo ﬁpoﬂsnnm:n OCHOBHO® AOCTOMHCTEO mrro
yroaka™ — peskoe ysenwueHue maciuTabHoro ¢akropa'c YMeHblue-
HMOM YTNia @ W BOIMOXHOCTb Ha OCHOBE 3TOrO pPerynupos
‘Myuied cunsl Murpaumn, : YIMPOBATS pasuiep AB@-
., B pabote [142] npu nccneposanmu murpa
Unii MeToaoM yronka Ha6-
+, JHORGNM RBUNEHME (haceTuaToOl rpaHMULI, 4TO CBHAETENLCTBYET O CHIbHOM

5

Puc. 66. Saaucﬁuocru MacuITabHoro g

S baxrops f ot yrna a anm rpamuust ru- =
B nepGonuyeckof dopmsr (7) 1 rpanuus: 5. w5 2 25'
o '8 BuAe ayru okpyxxoctw (2) [150]° ' o000 -

“; OPUBHTAUMOHHON 38BMCUMOCTH NOBEPXHOCTHOTO HaTAXeHuA. OAHAKO U B
4 3TOM cnyyse o6wen opma ypasHeHUR, ONpeaenAIOWero ABMXYWLYIO cuny
i, W CKOPOCTb FPaHULLI, OCTAIOTCA Han3MeHHbIMU. 3xayeHun O onpeaenAloTcA
", YPaBHEHMEM
.9 = arccos (AcS/o), (261)
«, CBASHIBAIOIAM DA3HOCTE MOBBPXHOCTHBIX HETRXEHWH HA Topue obpasua
. no 06e CTOpOHbI rpaHUUb) (Aof) C MOBEPXHOCTHLIM HATAXKEHWEM Camoli
- TPaHWULI. [INA MAaTepUanos ¢ BbICOKOCHMMETPUYHBIMM KPUCTANNINYECKUMY
| peweTKaMn 3HaveHne Aof Mano, B HeKOTOPLIX cnyyanx (Hanpumep, npu
;. WOCN6AOBAHWM MWFPauMM rpaHuubl Haknowa Tuna (100)) AoS pasHo Hy-
‘mo. B stom cnyyae ucnonssosaHme runep6oNMYECKOro ApUGAMIKEHUA
WMeeT cmbicn. Ho npu  uccnegosawum murpaumm rpanuy seped s UnH-
ke 8 cywecrsenHo meHbwe 90°. MoctorKcTBo 0, xopowo suaumoe w3
- pme. 67, nossonAeT nOCTPOMTL 3KCREPUMEHTaNbHLI MeTOA onpepene-
“HUR A v W 0 N0 “3BECTHOMY 3HaYeHWI0 OAHOW #U3 HuX. [OCTOMMCTBO
‘fPEANaraeMoro MeToAa 38K/IOYABTCR B TOM, YTO PA3HOCTbL MOBEPXHOCTHLIX
. HATAXKeHWI Aa;? OTHOCUTCA K BROMHE ONPEABNEHHBIM KPUCTANAMNECKMUM
‘nosepxHocTAM obpasua. . »
v~ OCHOBHAA TPYAHOCTL 3af84M O ABMNEHWM rpaHuMubl B MeToge yronka
" COCTOMT, K&K BWAHO, B ONPEAENEHVM IDAHUYHLIX YCNOBWI, KOPPEKTHO
onucsialownx npouecc. B paGote [151] npeanowen metoa pewenna sroit
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[image: image36.png]Puc. 67. Cneas! ABMXKYLIEACA FPEHULLLI B GHKPUCTENNE UMHKE

3801844, OCHOBbIBEIOWMACA Ha MPEACTABNEHUM O NPOMEXYTOMHOM paBHOBe-
cun. B cooTsetcTBUM C ITUM npeacTaBnexvem noTeHUManbHan TepMOAnHa-
MUYECKEA (YHKUWA CMCTEMbI B K®KALIW MOMEHT BPeMeHW MUHUManLHa,
HECMOTPA Ha NpoTeKalowue B cucTeme HeoGpaTumble npolLeccs!. Ecreg'r-
BeHHO, YTO peyb MAET He 06 abBCONTHOM MHMHUMYME TepMoauHamuyec-
KOro nOoTeHuwana, a O NPOMEXYTOYHOM, XapakTepusyiowlem HauBonee
ycroitumsoe (HO He meTacTabunbHOE) COCTOAHME B KDKALIA MOMEHT Bpe-
MeHW. W3noxeHHbI MeToa MOXeT GbiTh Takke chOpPMYynMpoBaH Kak npo-
LecC OMnpedeneHnA YCAOBHOrO 3KcTpemyma {(MuHuMyma) dyHKumnoHana,
ONPEAENAIOWEr0 TEPMOAUHAMUYECKWIH NOTEHUMAN CUCTeMbl, YPaBHEHUAMM
CBASW ANA KOTOPOrO ABAAIOTCA YpaBHeHWA AswkeHuA. PaccMoTpexHoe
npeacTaBfieHne, BEPOATHO, COBMNapaeT ¢ NPUHUWMNOM, COFNacHO KOTOpOMY
cMCTeMa, HE KOTOPYIO AGWCTBYIOT 3afaHHble TePMORMHaMMYECKHe cunbl,
CTPEMUTCA K PABHOBECMIO KPaTUaliluMM NyTem, C MaKCUMAaNLHON CKOPOCTLIO
CHWXXeHnA cBOGOAHO! axepruu. PesynsTaThl pacueTo Ha IBM npuseaeHsi
'Ha puc. 68 u xopowo cornacyioTcA ¢ 3kcnepumentom [151]. Pacvethan
chopMa rpaHmnibl XOPOLO aNNPOKCUMUPYETCA AYFOA OKPYIKHOCTH.

Mpyu 3HaKOMCTBE C pPa3NUYHBLIMKU METOAWYECKUMU CXeMaMi ecTecTBeH-
HO BO3HMKAET BONPOC:
ueid vcCNemOBaTL CTPYKTYpHmie 0coBGeHHOCTW ee noaswxHocTu? B paGore
[162] pewseHa 3apava O CTAUMOHEPHOM ABIKEHWW FPEHML 3epeH MoA AeiiCT-
BUeM COGCTREHHOrO MOBEPXHOCTHOrO HAaTAXKEHUA.

[Ana U-06pasHoit nonynetnn cKOPOCTL CTaLLMOHAPHOr0 ABMXEHUA

ot+m/2

= ofa [ Ady,

a—nf2

(262)

Puc. 68. MNocnesosatenbHbie NONOXKEHUA ABK-
YLWBACA FPBHUUBLI 3@peH Gunpucranna (pac-
yer)

450’
21,5
1615

'
32’
1’
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MOXHO NK B 3KcnNepumeHTe C MCKDMBJ'IGHHO“ rpaHuv-,

rAe &8 — WMPYHE NONYNETAN; & — Yron MeXAY HeKoTopbim thuKcHposan-
" HbiM HanpasfieHueM B KPUCTaNne U HanpaBneHWem CTaUUOHAPHOIO ABMXKe-
HUA — NPAMBLIMK YYacTKaMK .NONYNeTNH
B obuiem cnyvae CKOpPOCTL CTaUMOHAPHOrO ABWXEHWA NONYNeTAW 3aBu-
CWT OT ee OPUBHTALUMM B KPUCTanNe; ANIA NUHEAHON CBA3U MEXAY CKOPOCTLIO
W ABWXKYULEH CUNOK 3Ta 3aBUCHMOETL ONPEAENAGTCA Pa3HOCTLI0 NOABWMKHOC
Telt NPAMONUHENHBIX — HENOABWKHLIX! — Y4aCTKOB rPaHuuUb.
Ecnn pelerka KPUCTaNNa CUMMETPUYHA MO OTHOWEHUIO K WHBEPCUW,
TO CKOPOCTL OT OpveHTauuu nonynetnu jasucets He Gyaer. B atom chy-
vae SKCNEPUMEHTHI MO MUrpauMy NONYMeTAN AalT BO3MOXHOCTL Oonpeae-

" . NUTb TOALKO YCPeAHEHHYIO MO BGEM NPUCYTCTBYIOWMM B NOfyNeTne Hanpae-

NGHMAM NPUBEAEHHYI0 NOABMKHOCTL. HO; 3Ta ycpesHeHHaR MOABWKHOCTL
NPUHUNANUANGLHO OTAMYAETCA OT TaK Ha3bIBAEMON CpeaHeli NoABWKHOCTH
rpaHul 3epen, nonyqaemou B pesynsTaTe U3yYeHNA KWHETMKW POCTa 3epeH
‘an mcpucranne.Vl fieno He TONLKO B TOM, YTO B NONUKPWUCTanne ycpea-
HEHWE NPOUCXOAMT MO PasHLIM PaHWUAM, Pa3NMYAIOWHUMCA He TONbKO
opueu'rpuueu, HO W pasopueHTauueir. YcpeaHeHue B NONMKpUCTanne — 3To
€TATACTUYECKOE YCPEAHEHNE, OHO WMeeT CMbICH TONLKO MPU NPUHATUM He-
KOTOPOW CTAaTUCTMYECKOI FMMOTeskl O pacnpeaeneHUU rpaHny 3epeH No ux
" xapaKTepucTukam (Hanpumep, npeanonoxeHuAa o6 oTcytcreun B o6pasue
TeKCTYPb! WAKM O PaBHOMEPHOM pacnpefeneHU rpaHuL 3epeH NO PasopueH-
TSUMOHHBLIM . apameTpam u T.a) . Kak npasuno, 3T runoTtesst B aKcnepu-
_MEHTe He BLINONHAIOTCA, NOMEMY M AaHHbIE, NONYYeHHbIE HA NONUKpUCTan-
nax, XapaKTepu3YIOTCR OTHOCWUTENLHO MIOXOi MOBTOPAEMOCTLIO. YCpeaHe-
wue xe no cdopmyne (262) - 3T0 ycpeaHenue cuamuecKoe, OT ONbITa K
ONbITY OAHO U TO Xe.

"YcpeaHeHHaR no opueHTauMM B GUKpUCTanne NOABWXKHOCTE FPaHWUbI
OKa3LIBAETCA CYLUECTBEHHO 3aBUCALLEN OT PasOopUEHTauMK MEXAy -3epHaMu
6uKpucTannga, OT YMCTOTbI MaTtepuana U APYTrUX XapaKTepucTUK CUCTeMbl.

" MosToMy AaHHbIE, MONYYEHHLIe B METOAMKAX C KanUNAAPHOW ABMXKYLLeHA
CHMNOV Ha KPUBONWHEAHLIX rpaHWLax, HECMOTPA Ha GCBOW YCpeaHeHHbIN
X8pAKTEp, HECYT BaXKHYI0 WHGOPMALMIO O KWUHETUMECKUX CBOWCTBAX FpaHvL

" s8peH W NO3BOMAIOT BLIACHUTL WHAMBUAYANbHLIE OTANNMA MEXAY Pa3HbiMK
rpaMuuamu. B Kpucrannax xe, pewerka KOTOpbIX 06nanaeT WHBEPCUOHHON

| CAMMETpWe, CKOPOCTL NOAYNETNW MOXKET 3aBUCETh OT €6 OPUeHTaUWUM OT-

" HOCMTBNLHO KpucTannorpadmueckux Hanpasnennii [162].

] MpoBeaeHHbIN aHanu3 ofpeaeneHHLIM 06pasom M3MeHUN HalwKn NpeacTaB-

. fIEHWA 'O KOPPEKTHOCTH 3KCMNEPUMEHTAMNLHLIX MEeTOAUK MCCNeAOBaHMA NoA-

* BMXKHOCTH OAMHOYHBIX FPaHNL 3epeH.

. MoxHO yKasaTh TPW OCHOBHbIX CNOCOGa NONYYeHUA 3KCMEPUMEHTaTbHBIX

PeSyNLTaTOR MO MNOABMKHOCTM TPAHAL, HE WUCKENEHHbIX BO3MYLLAIOWMM

" BfINAHNEM - BHelHe nosepxHocTy. , Mepsbiit NyTh — UCNONbL3OBaAHUE 3IKCNe-

" PUMEHTANbLHBLIX METOANK, NO3BOMARIOWMX CO3AaTh GonbluMe 3HaYeHUA . KPU-

TopuA p. BTOpOH NyTb — WCCREAOBaHME MWUIPaLUY B TAKUX BPEMEHHBIX W

TOMNEPATYPHLIX MHTEPBANax, B KOTOPLIX AaXe NPU ManbiX 3HAYEHWAX O .
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rpAHMUA yCnesaeT NnpoNT AOCTATONHLIA AnA IKCNEPUMEHTANLHOTO U3Mepe-
HUA NOABWKHOCTU NyTL, 8 KaHaBKa He TOPMO3IWUT rpavuuy. Tpetwit nyTh —
HenpepbiBHaA (BMKCAUMA MOMOXKEHUA ABWKYILEACA rpaHuubl ¢ nOcneaylo-
WAM  aHanNU3oM, NO3BONAIOWMM BbIAGNNUTS xapaKTepucTuKu cobcTBeHHO
FPaHULLb! AGKe NPY CANBHOM BANRHWA NOBEPXHOCTH.

Mepebiit U BTOPOK CNOCOGLI NONYYEHUA ONBITHLIX AAHHLIX, HEUCKAKEH-
HbIX NOBBPXHOCTLIO, PAaCCMOTPeHb! Bbiwe, Kakumu ke BO3IMOXKHOCTAMM
HabNIOAGHUA ¥ KOHTPONA 33 ABWKYLUEACA rpaHWueit pacnonaraet skcne-
PUMEHT 1O M3YYEHNIO MUrpaunn?

4. METOAUYECKHUE BONPOCHI M3MEPEHWUA CKOPOCTH
ABUXYWERACA FPAHULILI 3EPEH

Onpegenerine CKOPOCTU MUIPAaUNK UHAMBUAYANLHOW rPaHWUbLI 3epeH peant-
HO OCYULECTBNAEGTCA MyTeM M3YMEHUR [ABUKEHUA MEKPOCKOMNUYECKoro
oTpeska rpaHuilsl. HopmaneHan cKOpOCTb ABWXXEGHWA ONpeAeNAETCA No Bpe-
MEHHOW 3aBUCUMOCTY CMELLEHUA 3TOr0 OTPe3Ka MO HOpManu K ero nosepx-
HOCTH.

[AnA onpeaeneHuA YKAa3aHHON 3aBUCAMOCTU B HACTOALLEE BPEMA WC-
fONb3YIOT "HECKOTbKO OCHOBHbLIX CMOCco6oB.

Cnocob duckperHozo HabnoOdeHus 3a CMEWEHUEM MEN38PEHHOU 2paHu-
Ysl € OXNaMO6HUBM OT TeMNEPaTypsl OTWUz2a 00 KOMHATHOU. JroT cnocob
TpaavumoHeH. Onpenenurs MONOXEHWE FPaHUUbI 3epeH NOCRe OXNEaKAeHWUA
AO KOMHATHOW TemnepaTypbl He COCTaBAAET TPYAR. JTO MOXHO CABNaThb
fl0 KaHaBKaM TEePMMYECKOro TPaBNeHUA, 06pasoBaBLUMMCA NPU OTHWUre

/oﬁpasua, ""BAKAHCMOHHLIM' KaHaBKaM, 06Pa3OBABILMMCA NPU ero OXNax-
ACHWW, AU XUMUYECKUM TpaBreHnem. OCHOBHOE LOCTOMHCTBO — MPOCTOTA,

" OCHOBHOW HEAOCTATOK — HEU3GMKHOCTb YCPEAHEHUR NO GOABLIOMY NpO- .

MEXYTKY BpeMeHU Mexxay HabnioaeHnAMY.

OanvH u3 cnoco6oB cOCTOUT B TOM, 4TO O6pasey B BLICOKOTEMMNEpa-
TYpHOW nqeﬁke B Nnone 3peHUA MUKPOCKONa NepUOAUYECKU '‘MOACTYKHBEET-
cA” Ha 20—30 °C B TeueHue KopoTkoro spemenu — 2030 c. Taxkan onepa-
umMA NPUBOANT K TOMY, YTO W36bITOYHLIE TENNOBbIE BAKAHCUKW, BbIXOAALLME
no rpaHuile 3epeH -Ha BHELUHIO NOBEPXHOCTL, 06Pa3yloT B MecTe ee nepece-
YEHUA C MEX3IePEeHHONR rpaHuuedt 3ameTHyl KaHaeky. [lockonbKy Bech
METOANYECKUA NPOLECC MCCNEAOBAHNMA MUIpPauUM NPOTEKaeT "‘NoA MUKpPOC-
KOMOM"', OH cyluecTBeHHO Gonee “‘Habniogaem’”. ITUM B 3HAYUTENbLHOM CTe-
NeHn YCTPaHAGTCA OCHOBHOM HBAOCTaTOK METORWKM.

Cnocobs! HenpepsIsHo20 HaBMOOBHUA — CaMbie HaABXKHbIE W (M3VYECKK
KOppeKTHbie. B HacToAllee BPEMA W3BECTHO HECKONLKO NPUHLMUNOB, KOTO-
pble MOTyT neus B ocnoay HenpepsIBHOro HabnioaeHA 38 NONOXEHVEeM rpa-
HULbI.

Muxpokunocsemxa e nonapusoeanHom ceere. Meton Becbma yaoGeH,
HajexeH, TaK KaK A8ET He TOALKO MONOXKeHWe ABWKYLLBIACA rpaHMubi, HO
# ee HOPMY B KaXAblih MOMEHT BpemeHu,
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Puc. 69. Knsorpamma Murpaium rpaHuubl sepen 8 Gukpucranne uMnKa

Ha puc. 69 npuBeseHa KMHOrpamma npouecca MUrpauuM UHAVBUAYaNL-

' KWHOCBEMKM NO3BONAET NONYYUTL BCE NAPaMETPbI, Heosxonumue ANA onpe-
. (NOMBHUA NOABVIKHOCTU FPBHWUL!I 36P8H — BPEMEHHYIO 3aBMCMMOCTb HOp-
3mbuoro CMBLLIOHWA rpaHuUbl U PaAUYC KPUBU3HbI FPaHMLIbI.

o K cowaneHuio, MeToaMKa HabniogeHUA B NONAPU3OBAHHOM cBETe npu-
- "MOHMNME NIUWb ANA OrPaHW4EHHOrO KPYra ONTUYECKU aHU3OTPONHLIX mare-
. pUanos.

“ - Mpumerenue 3Muccuounodanakrponuo¢7 MmuKpockonuu. TeopeTniecku
9TOT METOA MOXET CNYIXUTL OCHOBOW HENPEPLIBHOTrO CNEXEHUA 38 ABMKE-
Huem rpaHuubl 3epeH. Ho metoauueckue OCOGEHHOCTM OrpaHWuMBAIOT Me-
peveHb MaTepuanoe, NPUroaHbIX ANA WCCNeAOBAHWA 3TUM METOAOM, MeTan-

Puc. 70. 3aBncMOCTL CMELEHUA OAHOM
M TOR e MUrpupyioled rpaHuubl
sepev B nedopmuposatiHoM Ha 36 %
‘MOHOKpucTanne Cu oT BpemeHn Bbli-

Cmewsenue, 107
S «»

S

Mepwiu npu 253°C (a) w 269 °C. 5

Cxanupyowan SNeKTPOHHAA MUKpOC-

wonun, aaunsie N.0.Wmuara no (&.Xec- :
mp,CXodmaun) g 10 20-30 40 50 60 70 ¢ .
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[image: image38.png]NaMKu ¢ AOCTATOYHO BLICOKOM TeMnepaTypoi nnasnexun (Fe, Ti, Cr). 3toro
HEAOCTATKA NMeHa CKAHWPYIOWAA 3M1eKTPOHHAA MWKPOCKOMHA. (nas-
Hoe ee [OCTOMHCTBO — BOSMOXHOCTb M3YUeHWA MUrpauvu 6onbweyrno-
BbIX ORWHOUHBIX FPaHWU 3epeH Ha 'NPOMEXYTOYHOM™ YpoBHe — MexAy
ONTUYECKOW M 3NEKTPOHHOW npocaeunBaloLLei . MUKpocKonuei. Wcnons3o-
BaHWe 3TOr0 METOAA NOKAa3ano, B HaCTHOCTW, YTO ABWKeHWe rpaHWiibl 38peH
B8 AehOPMUPOBAHHBIX KPUCTaNNax MpM HU3KWX TemnepaTypax NpoucxomuT
ckaukoo6pasHo . (puc. 70). Taxan HeOAHOPOAHOCTL ABMKEHWR He CBR3aHA
C BO3MYLWAIOWMM BAWAHWEM BHELWHe/ MOBEPXHOCTH — NpU Temnepatype
aKcnepuMeHTa ANMhY3UOHHBIN fepeHOC 8TOMOB NPaKTUYECKU OTCYTCTBO-
san (~250 °C, mean) . BeporTHee Bcero, HaGnioaaemble CKauku — pe3ynb-
Tar B3aMMOAGIHCTBUA ABWKYWENCA rpaHvusl C AedbeKTamy KpuUcTanna, B
OCHOBHOM AMCNOKALUAMK, Y CTAHOBNEHNE 'TOHKOH CTPYKTYPbI” BPEMEHHbIX
338BUCHMOCTEN CMELLEHNIH rPaHUuLLbl — ECTECTBEHHbIV Pe3ynbTaT aKcnepumen-
Ta c Gonee BLICOKUM, YeM METOA ONTUMECKOA MUKPOCKONUM, paspelueHnem.
B TO X6 BPeMA OTCIOAA, KOHEYHO, He CNeAyeT, 4TO onucaHne OpUeHTaUWOH-
HOIl 33aBUCMMOCTM MWIPaUMM NP NOMOWM MaKPOCKONMUYECKUX NapameTpos
ABARETCA BEcbMa NPUBNIDKEHHbIM W HenonHbiM. Bee 3aBucuT OT TOrO, Ha
KaKOM YpOBHE P&CCMaTpuBaThb 3TO OfcaHwe. Ha MaKpPOCKONMYECKOM
ypoBHe OHO ABNAGTCA CTOMbL K@ MONHLIM, KaK, CKaXeM, onucaxue cazo-
8bIX NEpexoAcB C NOMOWBLIO YPaBHeHWH Knayanyca—KnaneiipoHa wnn
Opendecta. 3aMeTUM, HTO C TOYHOCTLIO A0 Pa3peleHnA ONTUYECKNX MaKpo-
cKonuueckux metoaos (~107% cm) saemcumocTtn Ha puc. 80 — nuueditbie.

Ucnons3oeanue peHT2eHoeckod Tonozpaguu. TpaHuua npu peHTreHosc-
Koii Tonorpacduyeckoit cvemke no metoham Bepr—Bapperta, Slaura Gyaer
npeacTaBnATL co6oM Ha hoTonNnacTuHKe Kpan Tonorpacduyeckoro usobpa-
MeHuA oaHOro w3 seped. Chemka TONOTpammsl TpeGyeT CKaHWPOBAHMA W
BecbMa ANUTENbHLIX BbiAEKEK — TMOPAAKAE OAHOrO 4aca Ha MUANUMeETp
wupmnHel o6pasua. paHuua Ha cTeike Gyaer ebirnAneTs PasMbiTON, ¥ TOu-
HOCTb OMNpefieneHnA ee NONOXKEeHWA HeBenuka. [NA rpaHull, ABYKYLUUXCR
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Puc. 71. CxeMa W3MOHEHNA UHTEHCNB-
HOCTH PBHTIEHOBCKOIO NYYKa Npu nepe-
meweHun ofny4aemMoro y4acTka BRons
o6pasua. 3epHo 1l HaxoautcA B Opar-
rOBCKOM MonoxeHuu. I n 2 — napsio-
umi n andparnpoBaHHsii PEHTreHOBC-
Kui nyuku
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i %8 NMONONEHNEM ABWXYILGACA rPaHWLbI 3epeH

" ¢o cxopoctAmu Gonee 10~° cm/c, meTos BoOGLE HenpuMeHuM. B HacToR-

ulee BPeMA K3BECTHA NWWL OAHA paboTa, B KOTOPOW STOT MeTOA Gbin mc-
| NONb30BEH Ha NpaKTUKe {Fpaxem, Kan, 1956 r.).

Petitzerosckuld Merod HenpepsieHozo cneweHus 3a deuxywelca 2paHu-
yed [55]. Ecnu y3kuil PeHTreHOBCKWi Nyy HanpasuTh Ha 3epHO / He Ha-
XOAALLEECA MO OTHOWEHUIO K fiydy B GpParroBCKOM NONOXEHWH, 7O UHTeH-
‘GMBHOCTL aucparuposanHoro nywa (/,) 6Gyaer. umers Hewxotopoe (aocta-
TOuUHO HW3KOE) 3HaveHwe / a1 {puc. 71, a). Ecam Teneps nepeasuHyTh o6pa-
sl AN CMeCTUTL PEHTIFeHOBCKWIA Nyy Tak, 4To6bl noA NYYOK nonano 3ep-
.Ho Hl, HaxopAueecR B GParroBCKOM MNOMOXEHUH, UHTEHCUBHOCTL OTPAEH-
- HOFO nyva BbIPACTeT 4O MAKCMMANLHOrO 3HaweHWA /). YcTaHoBum oBpaseu
‘¢ uccneayemol rpaHvueid 3epeH Tak, uToGbl pPeHTreHOBCKMIA NywoK naaan

' 'HBNOCPeACTBEHHO Ha rpaHuuy. B 3TOM crydae uHTeHCMBHOCTL Audparupo-
7 B8HHOFO PEHTTEHOBCKOro Nyuxa /,, GyASBT NPOMEXYTOUHOW mexay /g, u

‘-_l“-"“. Ecnn cmeuwienne rpaHuubl 8 o6pasue npu -ee MUrpauMm HenpepbLIBHO

. KOMNeHcUpoBaTh cmelleHnem obpasua Tak, 4To6bl /4, 6bina NMOCTOAHHOIM,

O CKOPOCTb ABWKEHUA rPBHMULI B Ka&XAbIA MOMEHT BPEMEHU pPaBHa CKO-
‘poctn 06pasua OTHOCMTENLHO PEHTreHOBCKOrO NIyM8 B TOT )K@ MOMGHT
spemenn. Co3naHHan Ha OCHOBE 3TOro npuHuMna ycraxHoska [66] nos-
'BONAET BECTM HeNpepbiBHOE ABTOMATHHECKOE CRieXeHue 33 ABWKYWEACA
rpaHMued u perucTpMpoBaTh cmelieHue ee (puc. 72). YyBCTBUTENLHOCTL

_ONPBAEGNEHUA CMEUIEHWA TpaHULbl COCTaBARET 3—5 MKM, TOYHOCT Of-

;meneﬂnn cmewienva 10 MKM, TOYHOCTb ONPEAENIBHA CKOPOCTH ABWKEHUA
rpasmubt ~2 %. [lewkeHue 'uMCTLIX” rpaHM, HEKNOHA HE MOXEeT GbiTh
obu_apymeuo C NOMOULLIO ABHHOTO cnocoba, OAHAKO Ha AOCTATOMHO CO-
BEPLIBHHLIX -KPUCTanNax ycraHoBKa HauuHaet "pasnuuate’”’ 3epHa Gukpuc-
TaNNa, ecnKU Yron MeXay HOpPManbHbiMM K 06nyvaemoli noBepxHOCTH
KpucTannorpadmueckummu 0cAMU npesbilwaer ~10' .

HaGniogeHnA 3a ABWKEHWEM rpaHuy, 3epeH BeRyT B BbICOKOTEMNEPa-
_TYPHBIX Kamepax-NpucTaskax K u3MepuTensHoMy npubopy — MHKpoc-
KONY, PEeHTreHOBCKOW ycTaHoBKe u T.4. Heckonbko cnos o Hux. Hecmor-

,em

Puc. 72. 388MCHMOCTE CMOLIGHWA TpPaHULLI
;OT BPeMEHW, MNONYYeHHAA Ha YCTaHOBKe
HONPEPLIBHOTO ABTOMETUYECKOTO CNBNOHUA
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[image: image39.png]PA HA MUHWETIOPHOCTb Pa3MepoB — Kamepbl A0MHKHbBI NOMELLIATLCA HA Npea:-
METHOM CTONMMKE MUKPOCKONa — OHKU YAOBNETBOPRIOT UENOMY PAAY XecT-
KUX W NOPOi NPOTUBOPEYUBLIX TpeGoBaHuii: OAHOPOAHOE TemnepaTypHoe
none no AnuHe o6pasia B WMPOKOM WHTEpBane Temneparyp; KOHTpONb,
perynupoBaHuMe W W3MeHeHWe Temnepatype B 330aHHOM PeXUMe; UHepT-
Han atmocdepa WAM AOCTATOMHO BbICOKMI BaKyyM; HU3KaA Tennosan
unepuuounoi:n Harpesatenn; wmanoe paccToRHue = Mexay o06pasuom u
OGBLOKTUBOM MUKPOCKONa MAU MUKPOKWHOYCTAHOBKM; HU3KaR Temnepa-
TYpa Ha BHeWHeN NOBEPXHOCTH Kamepb! 1 o6beKTMBe MUKpPOCKONA.
XapaKTepucTUKN COBPEMBHHLIX Kamep ANR U3Y4eHWA MUFpauMKn rpa-’
HULL AOCTATOYHO BLICOKW: TOMHOCTb MOAAEMKAHUA temnepatypeb) > £ 0,6 oc;-
MEKCUMANbHER PASHOCTb TeMNepaTyp MeXAY KpaitHumn TouKamu obpas-
ua — meHee 0,5 OC (npu anuHe obpasua 1,6 cM u TonwMuHe 0,2 cm). Pac-

(8 ToM uucne M Ksapuesoro OKHa) NpU Tem-

nepatype Harpesatena 600 OC we npesuiwaetr 40 0C. Oco6exHocT MeTO-
ANYECKON CXEMbl W3Y4eHWA MWrpauuK OAWHOMHOW TpaHnubi, cnocoba Hab-
MIOAGHNA W UKCAUNK MONOXKEHUA ABMXYLUGMCA rpaHnlibl, KOHCTPYKUWOH-
HbI@ X8PaKTEPUCTUKN YCTEHOBKW BLIPBXAIOTCA B TOYHOCTH U3MepeHnA Noa-
'BKHOCTM M ee nepemeTpoB (NPUBOAATCA TUNMUHbIE 3HaYEHWA ANR 3Kcne-
pUMeHTOB  Ha 6uKpucTannex) : NOFDEWHOCTL B M3MePeHUM Temnepatypbl
~0,130,2%; NOrPeWHOCTb M3MEPEHNA CMELLEHUA rPaHMubl M CKOPOCTH
ee ABWKEHUWR — ANR METOAUK HenpepeiBHOM huKcauun — meHee 1%; aHep-
ruv aKTusauuu — meHee 5 %. '

U xora "paGora ¢ 6GuKpucrannamu” Tpebyer OT 3KCNepUMeHTaTopa
SHEUUTENLHBIX YCUAWA KaK NpW BbipaiumeaHun 06pasuos ¢ rpaHvLen 3aaaH-
HOW pA3OPUEHTAUWM, TaK W NpU NPUroTOBNEHUH 6UKPUCTANNOB CNOXHOMA

\ reomerpuu” [160], Ho pesko Bospocwme TPYAOEMKOCTS W ANUTENLHOCTL
BKCNEPUMEHTa NONHOCTBIO OKYNAIOTCA MHDOPMALIMOHHON L{EHHOCTbIO NOAY-
YeHHbIX pesynbratoB. Npu ITOM nonyueHue GMKPUCTANNOS B SHauMTeNb-
HOW Mepe OCTaeTCA WCKYCCTBOM, W KEK TAKOBOEe XapaKTepu3yeTCR npexkae
BCEro HEOAHO3HAYHOCTHIO PELIeHWA M ONPeaenAeTCA He TONbKO duanko-xu-
MWYECKUMW CBOWCTBAMM “MCCNEAYeMOH CUCTeMbI, HO W 0CO6GEHHOCTAMMN
sKcnepumenTatopa. PexopaHule nexasatenu — 6uKpUCTannLl € OTKNOHe-
HUOM KPUCTANNOrpaduyeckux NapameTpoB OT 38A3HHLIX HA YypOBHE Hec-
KONbKNX MUHYT. OaHaKO OGbIuHaA, XAPaKTepPHaR TOUYHOCTH 6nuKpucTannos,
MCNONb3YOMbIX ANA U3YYEHWA MUrDAUMM TPaHWULI 36DEH, COCTaBMNAEY OT
40,56 ao 1° no scem napameTpam (yron pasopueHTMpOBKW 36peH, OTKNO-
HEHWE NAOCKOCTM 06pasua OT 38AaHHOH, OpUEHTAUUA FPaHuLLI B GupKmc-
ranne) [4, 65].

Heli MOBEPXHOCTU Kamepb!

cToAHWe OT obpasua A0 o6bekTHBa — MeHee 2,0 cM; Temnepatypa BHew-

4§ ‘5. OPMEMTAUMOHMMIE 3ABMCHMOCTM MOABWKHOCTH FPAHN
4 3@@EKT CNEUMANBHBIX FPAHKL I 3EPEH.

SBMCYMOCTb NOABMXHOCTM rpaHuL, 3epeH OT OPHUEHTAUMOHHbLIX rapamer-
poB — Yrna pasopueHTHpOBKH 3epeH, OpWeHTaUMK rpaHuubl 8 Gukpuctan-
8, TUNA TPaHUUbI (Haylgnonla W Kpy4eHMA) — ONPeAenAeT 3epeHHYI0 N Kpu-
grannorpaguyeckyio ivqpyKIYpy POKPUCTANNU3OBAHHOrO Marepuana. imen-
HO U3 POKPUCTANNIM3BLUMOHNBIX 3KCNEPUMEHTOB W NONYHeHbl Nepabie caene-
WA 06 OPHEHTAUMOHHBIX COOTHOLIGHUAX, OTBEYAIOLMX MBKCUMENLHOH CKO-
m: pocta 3epeH 8 nonukpucranne. Mabupatensibiii, CeNeKTUBHLIA pocT
C ONpeAeNeHHOH PasopueHTaMer, T.6. ABMKEHUE ONPERENBHHbBIX MEX-
S6POHHDLIX IPaNHML, NPOABAAGTCA NPWU peKpuUcTaniM3aumn crons GypHo, uTO
#e ocTasnaer COMHeHMii B CBOEM CYLLECTBOBAHUN KaK AB/GHUA. O npek-
pleno- NOATBEPKAAET OCHOBHOW ' MAKPOCKONUYECKUA PE3YNbLTaT Teopwuu
ETPYKTYPeI GOonLLIeYrNOBLIX TPaHULL 36PeH — BbLIBOA O PAa3NUMKK, WHOTAAR
BOCLMA CYLUIECTBEHHOM, WX CTPOEHWA W, BEPORTHO, cmoicTs. B cnyuae
qjopmuoﬁ POKPUCTANAN3aUMN TaKoe CBOMCTBO — 3TO NpuUBeAeHHEAR NOA-
BIKHOCTb — NpousBeneHme NOBEPXHOCTHOrO HATAXKEHWA HAa NOABUXKHOCTL
FpaHMLbLI. 3KcnepUMeHTLI, B KOTOPbIX u3ydanach Murpauun Gonblieyr-
IOBbIX FPaHAL 3epeH B AehOPMUPOBAHHLIA MOHOKpUCTaNA, NoKasanu, 8
BCTHOCTH, YTO rPaHMUb! HAKNOHA OGNAfalT 3HauMTENnsHO Gonblied noa-
(HOCTBIO, 4eM rpaHuubl Kpyuenun [141]. Ha ocHose 3Tux 3xcnepumet-
8 MOCTPOGHA NEPBAA OPHEHTBUMOHHAR KPUBAA MUIPBLMOHHBIX XapaKTe-
PUCTUK PaHML 3epeH — 38BMCHMOCTL CKOPOCTH ABWKEHNA MEX3epeHHON
p;bmuuu B NIOMMHUM OT YINa PasoOPUEHTUPOBKM 3epeH BOKPYr OcH {1110
j;_mc. 73). B asnbHeiuiem UCCNBAOBEHMA TAKUX 38BUCUMOCTEN NPOBOANNK
} OCHOBHOM Ha GuKpucTannuyeckux o6pasuax, 4To He TONbKO NO3BORAET
CHATL BCIO OPMEHTAUMOHHYIO KDUBYIO, HO 1 ONpeAenvTb BNMAHNE HA Hee
DASNNYHBIX (AKTOPOB — TeMNEPaTYPbi, AABNGHWA, NPUPOALI U KOHUEHTPa-
M npumeceit n ap.
" B GonbluMHCTBE pPaGoT XApaKTePUCTUKM MMrPalun paccMaTpusanu
WML ANA FPAHWL HECKONbKUX (Tpex—ueTbipex) PpasopUeHTUPOBOK BOK-
;pyr OTAGNLHLIX OCeH Pa3BOpOTa, 4YTO A8ET CPABHWUTENbHLIE XAPAKTepWC:

67
40
xr
S
! 237
. 73. OpHEHTAUMOWHEA 38BMCHMOCTb 38PHO- =
TPOHWYHOA CKOPOCTM MUTPOLUMWW V B BIIOMAHWM. 17

SpHA  PBIOPUEHTUPOBAHBI BOKPYr obwed ocu
11) wa yron 0. Crpenxof 0803H8EHA PAIOPUBH-
Tauun rpawuust asodwmka { B.Liebman, K.Lliic- 0
ke, G.Masing)
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[image: image40.png]TUKM NOABIXKHOCTA 3TUX FPaHuL pPar u Xy, 145, 153, 154] (puc. 74) .
B pabote [145] asTOpbl fionaranu, YTO W3yanu MUrpaumio rpasul 'yacro-
ro Haknona (KaK OHO W 6bi10 ANA NAOCKON, elle HemMurpuposasiuei rpa-
. Wuupl), Toraa Kak Habniopanach MUTPaUMA FPaHULbI C KOMNOHEHTOH KpY-
YeHUA,

[octaTouHo nonHbie {no yrnosbiM napamerpam) OPVEHTALMOHHBIE 38
. BUCMMOCTH CKOPOCTH (NOABWKHOCTH) MWFpaUMK U ée Napamerpos — sHep-
rUM 8KTHBAUWW, NpeasKcnoHeHuMansHoro axTtopa — nonyueHbl ANA ABYX
_meTannos ¢ r.u.K. peweroii . (cBuHua ¥ anioOMMHUA) , 8 TaKXe UuHKa —
MeTanNa ¢ reKcaroHanbHoH ctpyxTypoit [47, 1656—168].

B pabBote PaTrepa W Octa onpeaeneHbl X8paKTepUCTUKH NOABUKHOCTH
rpaHvL HaKNOHE (100) B SOHHOOMMUIGHHOM CBUHUE OT yrna Pa30PUEHTH-
poskn 3epex Gukpuctanna {puc. 75). D70 eAMHCTBEHHO® WCCNeA0BaHNE,
B8 KOTOPOM M3yvanv ABWKeHWe RNOCKOM rpakmubl. Cxema MCCNeoBaHUA
murpaumu (cm. N° 1 's Tabn. 8) ABMXYWaEA Cuna — Pa3HOCTL NNOTHOCTEM
cybSrpammy B 3epHax 6uxpucrannd. AR BCEX UCCNeaoBaHHbix 06pasuos
HaGNIoAANacs NMHEAHEA 3aBUCUMOCTD CKOPOCTH FPaHVULI OT Temneparypbl
B KOOPAUHATAX lgv —T"!, canaerenscTyiowan 06 aKTMBAUMOHHOM XapaK-
Tepe npouecca. [lanee, Ha OPHMEHTAUMOHHBIX KPUBBIX CKOPOCTU MUrpauun
NP AOCTATONHO HU3KUX Temnepatypax (~200 OC) npoRBARIOTCA 4eTKUE
MAKCHMYMBI, NONOXKeHn8 KOTOPbIX NPUENUSHTENEHO COBNAaaET C KOOPAW
HETEMU CNELMENbHBIX FPaHML B pelleTke coBNajaloWMX Y308 ANA TPaHW
naxnona (100} (23, 28 u 379) . OpueHTauuoHHbIe KpuBbIe 3Hepruu aKTv-
BSUMM MHTDAUWW TaKXKEe WUMEIoT HEMOHOTOHHBIV X8paKTep, C TO# nulb
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~ Puc. 76. OpHEHTBUHOHHLIE 3BBUCAMOCTH noasxHocTw  {8) u ee xapaktepucTuk —

5 25 X

. sHepruA axTusauwn (0), npeasKcnoHeHuManbHOro MHOXMTEnR (8) rpawuy HaKknoHs

{100}, (1777, {110) B anomunun

HULLOM, :
, ::;M s:um. 4yTO CneuManbHLIM rpauu‘uaM OTBEYAIOT MHWHUMYMbI 3HEprum
- Ha puc. 76._npuBeneHbl OPUEHTAUMOHHbLIE 38BHCUMOCTU NOABIKHOCTH
¥ 68 XapaKTePUCTUK ANA rPaHWL HaKNOHa {100}, (111), {(110) B antoMuHUM
C CyMMapHbiM coaepxaHuem npumeceit (2:5) 10™% % (ar.). [147, 155
- 167]. Me'ron.uxva WCCNeNOBAHUA — C MOCTOAHHOW ABWKYWISH CUNOi 'cxema'
sepHOrpaHuuHoit nonynetnu (cm. N° 7 8 Te6n. 8) . ina Bcex nceneaoauuux

\ FPAHUL HBKNOHE 38BUCHMOCTL E (¢} ¢ pocToM yrna pasopHeHTUPOBKU pes-

v :o rlaémna, a 3aTeM OCUMNNMPOBana BOKPYr HEKOTOPOrO CPeAHero sHaue-
.HMA. CreuuanbHbiM FPaHUUEM HA KPMBLIX MOABWMXXHOCTU W NPEAIKCAOHEN-
UMANBHOrO MHOXWTENA OTBEYAOT MAKCUMYMbl, H8 OPUEHTAUMONHHOW 38BU-

3 :
::HMOCTVI sHeprun axKTusauMu — MHUHUMYMbI. MonoxeHne aKCTPeMyMOB Ha
.- KpUBbLIX COBNafaET C KOOpPAUHATAMU CReUUanbHbIX T PaHMly, AOCTATOYHO

. ‘xopowo: Tak, anA rpanuy (100) akcTpeMymsb! HaGnioaaloTca npw 23%+19;

o, .
280:10, 38°£1%; ana rpawmu Haknowa (111): npw 28%:19; 38°+19;
. 46%£1° n, HakoHew, ANA rpaHuii HaxnoWa (110) npu 27°+1°; 39%£1°,

Ha puc. 77 u 78 — OpMeHTaUWOHHbBIE 38BMCUMOCTHM 3HEpPruu aKTUBEUMK

Murpaumv rpanmy Heinona (1010) u (1120) B uumke uncroToli cooraerct-

179






[image: image41.png]125
§
t b3
< 8¢ §IZJ
§ X
o 2 3.04
W
~ 92
10 70 50 77 9| 15 30 45 60 75 W

", epad

Puc. 77. Opuemmuonm 28BUCMMOCTS SHOPIWK SKTHBELUWM £ MUIPauUMK rpaHuL HaKAO-
Hp {1010) B uuHKe

v, a0

PuC. 78. OpHeHTALUOHHAR: 38BUCHMOCT SHBPIUK axTUBaUMM £ Murpauvin  rpanKi HaKno-
ua (1120} & unHke

, geuwo 5-10~% % (ar.) w 5.1073 %. (a1.) . MeToAMKE UCCNEAOBAHUA MUFDa-
‘UMM — C MEPeMEHHOM ABIKYLLOH CHAON, "yronok” (cm. N°4 B Tabn. 8)
[4, 157]. Kak BMAMM, KBYeCTBEHHbIA XOA KPUBbIX TaKOW X6, KaK U AR
r.4.K. MeTannos. TaK xe, K&K W AR HWX, 6CTECTBEHHO CBA3ATL MUHUMY-
" Mbi 38BucumMocTn E () co CTPYKTYpHBIMK OCOGeHHOCTAMM TpaHUll. Curyas-
UMA 306Cb OCNOXHABTCA, NOCKONLKY ANA F.N.y. METannos TouHbie PCY"
CYL{eCTBYIOT NHWb ANA NOBOPOTa BOKPYr OCH {0001} n anA runoTeTuyec-
KUX CTPYKTYP C PBUVOHANbHLIM OTHOWeHNEM c/a. B obuiem xe cnyvae
MOXHO FOBOPUTH O CBEPXpeLIeTKAX, GNMSKMX K COBNAAeHWIO, He O FeoMeT-
PMNECKOM COBMAaAieHNM, @ O (M3NYECKOM — COBNAAEGHUA A0 nonorgpoﬁ Ao
aTomMHOro avamerpa. Ha puc. 79 npueeneHb pacue'rm;le OPHOHTBUMOHHBIO |
3BMCHMOCTI OGBEMHOM ONM COBRAAaIOWMX Y3noB ™ OT yrna nosopota
sepen Bokpyr oceit (10100 u (1120 8 umuke [4], nonyuenHbie 8 Npu6-

z-’

a7

a2

408

” M
0 4w 6 &

‘. X

Puc. 79. OpuentaynonHsie SBBUCHMOCTH HOR AONY COBNBARIOWINX y.anoi i ann
PASOPUEHTALUWK BOKPYT OCe#H (1010) u(1‘1 0) B UNKKE: \
| — /e = 0,15; !l — e/a = 0,07 }

'
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IDKONMM . DELIETOK COBNAAGHUA ( B 3TOM NPUGNIMKEHWM COBMAABIOWNMM
CMHTSIOTCA  Y3Mbl, OTCTOALME OAMH OT APYrOrO H8 DACCTORHWE, MeHblue
wexoroporo €:€=0,065; 0,100 u T.a., b — napametp pewerku. Beicora
maKcumymos sasucumoct X! (p) gomkHa sasucets OT crenenu Hecosna-
AGHUA €, 8 NONOXBHNE MEKCUMYMOB — NPSKTUYECKU HE 3aBUCUT HU OT
. HA OT Pa3MepoB PacHeTHON Aveliku) .

CpaaHerne pesynbTaTOB IKCNEPUMEHTE [I0 MUIrpauMM rPaHUL HAKNOHA
‘S UMHKE C pacYeTHLIMW OPMEHTEUMOHHBIMM  38BMCUMOCTAMM Z NOKA3LI-
BEOT, 4TO W ANA I.Ny. METanna HaGMIOARETCA YeTKaA KOPPeRAUMWA noso-
; MOHWR IKCTPEMYMOB Ha KpuBbix A (p), E{p), Ao (p) c xoopaunaramu
CNeUnansHLIX Tpalmal. - _

‘Bce paccMOTPeHHBIE OPUEHTAUMOHHLIE 38BMCUMOCTH NOABMKHOCTM Gonb-
"IIGYTrNOBLIX FPAHML HBKNOHA HOCAT HBMOHOTOHHLIW XxapakTep. CooTsercr-
YIOlKe IKCTPEMYMBI HE KPUBLIX NOABMICHOCTU U 66 NapaMeTPOB OTBEYSIOT
CNeUVansHbLIMKM FPaHUUAM 8 pelleTKe cosnajalowmx  ysnos. Peamep oc-
UWANNAUKA NAPAMETPOB MUIPAUMM AOCTATONHO BENMK: ANA NOABWKHOCTH—
-3 NOpAAKA, ANR SHePruM aKkTMBaUMM — 63—210 klbk/mons (ana rpe-
uy HaxnoHa (111) B anoMuHuK) . ‘

.+ Bonpocsl, Ha KOTOpaie xoTenocL Gui NONyYuTL oTeer. Movemy cneunans-

Huie rpaMnunl oGnaasor Mlmuansuoﬁ"ﬂomumnocmo?} Kakosa ceasy
NIADEMETPOB NOABMKHOCTU C XAPAKTEPUCTMIKEMM NPOUECCOB fNepeHoca B
KPUCTANNG, KOHKPETHO, € XAPAKTEPUCTMKAMM OGBOMHON ¥ NOrpPaHUIHOM
MMyauu? ECTs NN KOPPENAUMA MOXAY CTPYKTYPHBIMW X8PAKTEPUCTH-
KaMu rpaHny, (B 4acTHOCTM, OGLEMHON AONEA COBNAAAIOIUMX Y3NOB) U Mur-
POUMOHHLIMK CBOACTBAMM CheunansHbix rpaduu? Movemy rpaHuuam ¢ Mu-
WMANbHOW SHEPTveil aKTUBBUMM OTBEYEST MAKCUMAENbLHER MOABMKHOCTL?

XOTA HEKOTOPLIE M3 NOCTABNEHHLIX BONPOCOB HOCAT AOCTATONHO 06-
Ml XapaKTep, NOCTAHOBKAE WX CTaNa BO3MOXHOW NOCAe NOABNEHWA pac-
. CMOTPEOHHBIX BbILLE SKCNEPUMEHTENLHLIX PAGOT U NONYYeHNA COOTBETCTBYIO-
L ALMAX 38BUCHMOCTN.

AnA TOro 4To6bl TEOPMA MWTPAUWM MOFfIa OTBETUTL HA NepBbLIN BON-
POC, B HOA C CAMOro Havana AoMXHA GbiTh 38N0XKEHA KONMYECTBEHHAA MO-
‘ASne CTPYKTYpb! rpaHuu. Taxen cxema Gbina peanusosaHs Jlw, ucnonb3o-
BBLIMM ANA NOCTPOGHMA CBOIC MOAENb GONblueyrnoBOW rpaHMilbl 36peH,
KOTOPOA TpaHWLA NPBACTaBNAET GeCKOHEUHbI PRA NAPANAENLHBIX ANC-
noksunil, C yBsenuueHWem Yrna pasopueHTHPOBKW 36peH YBENUYMBAGTCA
‘nopucrocTs’’ rpatnusl. “TopMcTocTs” FpaHMubl — MOBEPXHOCTHOE Crylie-
‘ime o6veMa — usmeHeHne 06bemMa CHCTeMbI NPYU BBEAGHVM B Hee eAUHMUbLI
nnowaair rpaHuubl. C yBenuueHMem NOPMCTOCT B rpaKuuUe PacTeT Yucno
atomos, oGnapsiowmx HanGonsiwedd noaswxHocTeio. Koraa Aapa amcnoka-
, UMl CONPUKOCHYTCA (STO AO/MKHO NPOU3DHTM No moaenu Tu. BGNWMIN 37°

KUMU  CBOACTBEMU . ANDDYINOHHOA NPOBOAUMOCTLIO W NOABKHOCTBIO.
" HeCOMHEHHO8 AOCTOMHCTBO TeopuM Jlu — ABHLIN BUA OPUEHTAUNMOMHOM
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rae v — CKOPOCTs MMIPALMKU rPaHMiibl HEKIIOHA C YIAOM PasopUEeHTUPOBKHY
@ Vo — CKOPOCTb MWrpauMy rpaHulbl HAKNOHA C YriOM PasopueHTpoB-
xn 37°; b — sexTop Bioprepca; ro — PaaMyC AAPA BAUHNYHON AMCNOKAUUN.

Bua 3asucumocty v (@), cornacHo ypasHenuio (263), — kpusan, nnasHo
NOBBLILIAIOUWIAACA C POCTOM Yrfa pPasOpPUEHTUPOBKW ¢ W BLIXOARWEA Ha
ropusonTans. npu (27r,/b) sing/2 = 1. Takum 06pasom, onNucaTh HeMOHO-
TOMHbI BWA OPWEHTBUMOHHOW 3aBUCUMOCTN ypaBHeHue (263) He moxer.

EQVHCTBONHLIM M3BECTHLIM HaM CaMOMNPOW3BOMbHLIM NPOLIECCOM, Ofpe-
AGNAIOLMM EAMHMNHDIE NepexoAbl aTOMOB B TBEPAOM Tene, ABAAETCH Awd-
dyaua. 310 pgeer topmansHoe Npaso NPeACTaBuTL Buipaxexue (236),
nonyseHHoe ANA CKOPOCTW MKUIPSUMM TPaHuUbl Ha OCHOBE TEOPUMU NEPexop-
HOrO COCTOAHWA, B BUje: .

£ A

... b, AF ~ '

v = — -—g kT’ , . (264)
b KkT:

rae Ep — aneprun axtusauun amdpysum; Do — NPeA3KCNOHEeHMANBHLIA
| MHOXUTENb B BhipaXkesun AnA koadduumenTa auddysun.

Bonpoc saKniouaeTcA B TOM, Kakoi andbysueit onpeaenAerca npou.aec
MUrpaumun Gonbmeyrnosux rpauuy 3eped. Mo mueHwmio Sliokke u [letep-
Ta — 370 ob6veMHan Auddy3uA, -MaunuH nonaraet, YTO pasymMHee CYMTaTb
KOHTPONMpPYIOLMM Npoueccom antdysuio NO rpaHniiam 3epeH, TOR xe TOY-
xu 3peHun Npuaepxusaotca Tapu6onn, Bek, Xy u pRA Apyrux uccneaosa-

Tenei. Ecnu cornacuTecR C TeM, 4TO [ABWKEHWE rPaHWL 36PeH KOHT-

PONUPYETCA NOrpaHudIHOW Andhysuedt, TO Mbl MOXET NONLITaTLCA (xotA
'Gbl KGYECTBEHHO) OGBACHUTL XOA 38BUCUMOCTH V(p), BOCMONL3OBABILMCHL
ASHHLIMH NO AnGBY3UM UMHKA NO rpaHuuam waknona (100) u (111) B amwo-
‘muHnn (89, 100]. Ho (cm. rnaey |1l HacToRweit kHuru) KoabduuMeHTs!
anddysuM N0 CNELKanLHBIM TPaHMUEM MHUHUMANbHLI, 8 SHEPrWA aKTUBa-
UMM — MaKCHMaNLHO Bbicoka, KapTuha nonywaetcr AuameTpanbHo npo-
TUBONONOXKHAA TOMY, YTO Mbl HabnlofaeM B IKCNEPUMEHTE NO MUrpauun.
MoXHO BO3pa3MTh: Npn norpaHuuHoi auddysun UIMEePRETCA NOABUXHOCTL
. ATOMOB BAONL FPaHMLLI, TOrAa KAaK MuUrpaumy cnocobcTsyioT ckauku no-
nepeK Hee; Aanee, MUrpauMA rpaHWUb! OCYLWIECTBNAETCA camoandibyamed,
a B axcnepumenrax [99, 100] uameprnace awdbdysna atomMoB Npumecu.
O6a 3amevaHuA CNPaBeanuesl. Becbma BO3MOXHO, 4TO OPWEHTAUMOHHAA
3aBUCMMOCTb Anddy3un aToMOB MOMNepex rpaHuitbi UMeeT NPUHLUNNANLHO
ApYroii BMA, 4eM 3Ta ke 3aBUCUMOCTb AnA Andidy3un aTOMOB 8a0NL rpa-
Huubt. K COXANeHWIo, METOROB W3MepeHWA '‘riornepedHoi’’ NOrpaHudHoOH
avwdibysun B HacTorlee BpemA HeT. [lanes, XOTA AaHHbIE NO OPUEHTAUUOH-
HbIM 38BMCUMOCTAM Npu camoandysnn No rpaHuuaM OTCYTCTBYIOT, OAHE-
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KO HET OCHOBAHWA OXMAATb, YTO UX BUA GYAET KAYECTBBHHO OTAUYATLCA OT

. Y)K8 U3BECTHbIX 3aKOHOMEpPHOCTel.
.AnTepecro npocneants, HaGnionaerca nNu cooTseTcTBME Memay cTeneHblo
| YNOPAAOYEHHOCTH rpaHUUbLl — fONell COBNAAAIOWMX ysnos Z~! u napamer-
- POM NOABIKHOCTM (Hanpumep; aHeprueli axtveauun). Ecnu anm rpauwy
- HaknoHa (100> u (110) B anioMUHMK B MCCNENOBEHHOM WHTepBane yrnos

© Pa3opMeHTUPOBKM NOAROGHOe coOTBeTCTBME HabnioaaeTcA — rny6uHa mu-

HAMYMOB Ha Kpnaqﬁ E (p) xavectsenHo cornacyerca ¢ X! anm kewagoro
#3 Hux, 10 AR rpaHuy {(111) NOAHOrO COOTBETCTBMA HeT. AHANOrMYHaR
| KapTuHa: naﬁmomerenmrpmuuuannona {100) B cBuMue u anA opuen-
' TAUMOHHLIX 38BUCHMOCTER rpanuy uaxnoua 8 uuHke. JToT haKT He AB-
NAGTCA HEOXMABHHLIM. Benwunna 2! — o6wvemuan gonn COBRafsIoMX Y3-

“ JIOB — HB MOXET NOAHOCTBLIO XapaKT
oy PEKTEpU3oBaTh CBOMCTBA M c-rpvmypy
W, HakoHeu, nouemy: rpauuuamc Muuumanmoﬁ anepruoﬁ aKTHBEUWM

\ OTBEYEET MaKCHManEHaA noaswxeocTs? [na Beex U3YMEHHBIX CHCTEM rpa-

. WAL HaKnoHa HaGNIOAAETCA TaK Ha3bIBABMBIA KOMNEHCAUWOHHMIH adipeKT —
mmeﬁnea 38BUCYMOCTL 3HEPTrMM aKTUBAUMM OT NOrapUBME NPEAIKCNOHEH-
. uManbHoro MHoxurena (puc. 54, 80, 81). TaHreHc yrna HaKnoHa NPAMBbIX
He ABNAGTCA KOHCTAHTOM, XAPAKTEPHONH ANA RAHHOFO BOLLECTBA, & 3aBMCUT
Of OCW pa3BoOpOTa 3epeH. Temneparypa KoMnexcauun Gnanaka K Temne- .
PaTYpe nnasnieHWA COOTBETCTBYIOWErO MeTanns, OB6LIMHO Mpesbiwan ee Ha
" HOCKONLKO NBCATKOB rpaaycoB. Taxum o6pa3om, uccreaoBaHHbI B aKcne-

o pUMeHTe uHTepBan Temnepatyp ﬂB)KKT HKE TemMNepaTypbl KOMNeHCauwM,

‘\ ‘Kax 6bino noxasawo 8 rn. Il (cm. puc. 87), B aTom cnyvae maKcumans-
! HbIl KuHETMYECKMH KOIDDUUMEHT OTBEYAST MUHKMANBLHON . 3Heprm: aKT™!-
- BaUNN, ‘

3

0 5§ 1w 15 2 -2 0 2 4\ & 8
g A, cm¥fe I Ay 611
Puc. 80. 38BHcMMOCTL 3HepTUM BKTUBBUUM Murpauum £ oT NpeasKCnoHeHUMENbHOro

MHOXMTENA 8 YPasHeHWM MOABMIKHOCTM ANA TPEHUL HAKNOHA 100); (110); 11D
B anIOMUHKK

Puc. 81. 3asucumocts sHeprun akTuBaumu murpaumm £ ot NPeAIKCNIOHEHUMBN bHOTO
Muomu'rann AnA rpaHuy Haknowa (100) B anioMuHMy pasnuuHod wucToTbl, % (aT.):
1 —99,99996 Al; 2 — 99,9992 Al; 3 — 99, 98 %Al
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[image: image43.png]CyulecTBeHHO, 4TO pacTsopumbie NPUMECKH - HE W3MEHAIOT _DIONOXOHNA
npnnz::‘x??'(lé)ﬁg)., Ha puc. 81 npuseaeHa NPAMaR W(lgAy? ANA rpanvu
nanora (100) B o6pasuax anioMuHnA C KOHUEHTpaUned PacTBOPUMBIX
npumeceii 8 WHTepBane .10~ — 2-107% % (ar.). Kak BHAMM, TOUKH,
oTHOCAWWECA K O6pasuam C Pa3NUUuHLIM CORepKAHMEM TpUMeECH, YKNa-:
ABIBSIOTCA HA OAHY NMPAMYI0 {165].

. B3AUMOAERCTBUE ABWKYIEACH rPAHMUbI 3EPEH
(6: HPMMECI"I‘HMH ATOMAMMW. TEOPUA ‘nmmecnoro TOPMOXEHUA

e B CAMOM YACTOM Mmarepuane NPUMECHBIA  COCTaB  FpaHnubl cyuie-
CTBEHHO OTNWYAeTCA OT o6bemHOro. W3secTHo TaKxe, Y10 MUrpauua rpeé-
HUL HeOBbIKHOBEHHO Pe3Ko OT3bIBAETCA HA N3MeHeHUE KOHUBHTPAUNK W
npupoAbl Npumecedt 8 o6veme Kpucranna. Mo-snanmomy, NOABWKHOCTS
. TPAHAUBI OQHO U3 Hanbonee YyBCTBUTONbHBIX K NPUMECAM csoicTs rpa-
HML 36PeH. ' ‘

Bce KONWYECTBEHHbIE TeOpUW 838UMOABACTBUA ABWKYIWSACA FpaHnlbl
36peH C NPMMECHI0 UCXOART W3 TOro, YTO rpaHuua ysnexaer 38 co6oit
OGNAKO CEerperMpoBaHHOA NPUMECH, mdubvnmpviomeﬁ yepes Kkpwcrann.
Bnepsble TaKYyl0 MbiCAb gbicikasanu B8 1957 r.__{l_npng»_ge " A_efrept. B nocr-
POSHHOW VMW Teopun NOABWKHOCTD ‘rpauuuu“;gmmwmpy’nen awdby3non-
HOW NMOABVIKHOCTBIO NpUMecH,
AF,,
ypaaneﬂun"’aﬂumteﬁua, OCKONbKY CUARWIME Ha rpaHuue 8TOMbl RBWKYT-
CA C TOW e CKOPOCTbIO, YTO U cama rpaHnue: . .

kT
AF. =v —T, (265)
v D (=)

rae D (°) — woadbuument andxbysum npumecu B8 o6veme oGpasua Baanv
o‘: rpatuusi; ' — 4ucno 8TOMOS npumecy, ancop6upoBaHHbIX rpaHVuen.

Takum o6pasom, rpaHvua ABWKETCA NOA peiAcTenemM 3thbeKTUBHON
aswKylweR cunel AF — AF; w cxopocTb ee MUrpauvn

(266)

v =Ag (AF — AF;),
rae Ag — NOABMIKHOCTb YNCTOW rPaHUub!.
W3 dopmyn (265) w» (266) nonyunm:
kT
v = OF/(1/Ag + Y )l").; _ ) (267)

Mipw HWSKOA KOHUEHTPAUWUN pacTeopeHHOW NPUMecH usoiepma aacop6-
umy MoxeT GulTb AnNnNPOKCMMKPOBEHE nsotepimon eHpwn, U
T =F [Clo = Coldx = 25 exp (Uo/kT) (268)

184

a cuna NPUMECHOrO | TOPMOXEBHUA rPaHAUL!
peiicTBYIOUIER HE  eaMHuLY NAOUAM rPBHWUBI, ONPEAENAETCA W3 -

| — KOHUEHTPSUMA NPUMECH HA PAcCTORHWA X OF rpanuubl; Co — KOH-

‘tpmuh npumec 8 oGueme; § — wupMHa rpaHnubL; Uy — aHeprun
Wmﬁmwn aTOME NPUMeECcK C rpanuueit. :

NMpu Ag % D (o) /kT NpNXOAUM K OCHOBHOMY YPABHEHWIO TeOpUW Nok-

U°+ ED
kT
D,e
= AFA, = AF ——, (269)
25¢ kT

ne A, — NOABMKHOCTL "rpASHON'’ rPaHUUL! — rPAHULLI C ATOMBMU NpK-
ecw; Do nE D~ NPeA3KCNOHOHUMANLHLIA (BAKTOP U 3HEPTHA aKTHBaUUK
‘ndbdysvwm npumecy. ' »
Takum 06pa3oM, POCT KOHUSHTPAUMK MPWMECH BbisbiBaET yMeHbLIGHWE
ONOPOCTY MWFPAUMY TPaHWUbLI, & SHEPIUA AKTUBAUMW MWrpauun pasHa -
@ 3Heprun aKTUBAUMK andy3nn NPUMecH 1 SHEPTU B3aUMOpEHCTENA
oCH © FPaHULGH. -
" BSMMMOAEHCTBME STOMA NPUMECH C FPAHWLGH B MOAeNM Moxke—[lerep-
MOXHO NPeacTesuTh Tak, GyaTo Kaxasim aACOpGMPOBAHHLIH ATOM NpUK-
Wm K rpaHuUe NPYXKMHKOR. Yem GeiCTpee ABWKETCR rPeHUUA, TeM C
onbLIGH CUAOH NPUMEch TOPMOSUT rpaHuuy. OAHAKO CYULeCcTBYET npeaent:
A CUNA HATAKEHWA MNPYXKMHKN W, COOTBETCTBEHHO, NPEAeNsHaR CKOPOCTL
pKeMUA rpaHuubl. Mpy npessbilieHnn 3TOH CKOPOCTH NPYXUHKE PBETCR -
MeCb OTPbIBAETCA OT rpanmubl. TpeaensHan CKOPOCTL NO Niokke—[le-
TY .

~EplkT
. Do 0! v,

v (270)

= —
kT 5
ne Uo/d — MBKCUMENbHER CWNa B38MMORENHCTBMA aTOMOB NpUMecH C
gpaunueﬁ. ‘

MpeackasaHne BO3ZMOXHOCTU OTPbLIBA ABVKYLGHCA rpaHMLbI  36peH
ancopGMpPOBAHHOA NPUMECH. — OAHO U3 HanBonee BRXHbLIX ROCTIDKEHUA

MonbiTKM NpoBepuTs Bbisoab! Jliokke—/leTepTa NPeANpPUMHAMANUCL B OC
JOBHOM M3MEpEeHUeM CKOPOCTH pOCTa 3epeH B NOAKKPUCTANNAaX PasnuuHoR
MCTOTSI, B TOM YMCNe W NernpoBaHHbIX. OCHOBHOW BLIBOA — NaAeHUe CKo-
HOCTH . ABMIKEHUA TPaHMUL! C POCTOM KOHUEHTPaUUK npuMeceii’ — NOATBEPXK-
sercn Ha onbite. OaMako B pRAE APYrUX BAXKHBIX MOMEHTQB COrNacuA
KcriepumeHTa U Teopum Het. Us (269) cneayer, uTo ueM meaneHHee and-
HAWPYIOT &TOMbI Npumeck, Tem Gonble TopmosAwmii addexT. Ikcne-
eNT He noarsepxaseT ato (Xonmc u coaaTopul) . He wabniopaerca
KONWYECTBBHHOrO COFNacA B KO3ddmuneHTax anbdysun, PacCUUTaHHLIX
no Teopun Jiokke—[leTepra n HENOCPEACTBEHHO UIMEPEHHBIX. :
" Npuenexarensiocte mopenu Nioxke—/[letepra — husuvecKan ACHOCTb
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[image: image44.png]n mance uicno napametpos. OAaHako PAA AONYLIEHWA TeOpUW Bbi3biBaeT
BO3PAKEHUA,

1. MpuHMMaeTcA, 4YTO BCe aTOMbl NPUMeECH B3AWMOABHCTBYIOT C rpa-
HMUeli ¢ oawHakoBOi cunoi. Taxoe npeanonoxeHue O3HauaeT, YTo BCA
aacopbUpoOBaHHAA NPUMECL HaXOAMTCA H8 OAHOM W TOM Xe DPacCTOAHUH
OT CepepMHbl rpaHnubl. TO AOMKHO NPUBOAUTL K GeckoHeuHo Gonsuwomy
rpaaMeHTy KOHUGHTpauun. B neicTBUTENbHOCTH Xe, HECOMHEHHO, AROMKHO
CcywiecTsoBaTh OnpeaensHHoe pasmbitue BGNM3U ABMXKYLIEACA rpaHvLibl.

2. PaccMaTpvBan MOAENt Y3KOW rpaHnubl, HeNb3A CYNTaTb, YTO fipuMec-
Hbl@ aToMbl, yBfieKaeMmbie rpaHuueldi, AMdxbyHANPYIOT uYepes HencKamen-
Hyto matpuy. Andidysua npoucxeant B HenocpeacTBeHHOW 6nusocTu or
rpaHuiisl, FAe NOPAAOK PACTIONOXEHNA -8TOMOB UCKaxeH, p.ud)d:ysun 06-
neruesa.

3. Npu Up <0 Teopun Jliokke—[lerepTa He NPeACKasLIBAET BAUAHUA
npumecn Ha MUrpaumio rpaiuusi. OAHaKO OYEBMAHO, YTO ABMXEHWE ue-
pe3 KpucTann o6NacTM NOHMKEHHOW KOHUEHTPaUUM NPUMEcH CBA3IAHO C

antddysueli nocneaHeid 1 AOMKHO TOPMO3WTL MPEHULY 3epeH. o

OcHoBHO® AOCTOMHCTBO Teopun Jliokke—[leTepTa, HECMOTPA Ha YKAa38H-
Hbie HEAOCTATKWM, — KOHCTPYKTWBHOCTb, OHa BNepebié MO3Bonuna Konu-
4eCTBEHHO ONWUCAaTb MEXaHU3M NPUMECHOTO TOPMOXEHWA TpaHULL 3epeH.
BBoaumble B TEOPUM NapameTpbl — 3HEPruA CBASH NpumecH C rpaxnueit
1 ee andhyanMOHHbIE XapaKTepuCTMKW — (PU3NYECKN MOHATHLI W, B NpUH-
uune, AONYCKAIOT BO3MOXHOCTb HE3BBUCUMOrO W3MEPBHWA MM pacyeta.
3nauennn Uy, onpepeneHHbie pasHLIMM METOAMM, PasHATCA Ha NOPAAOK
u Gonee. Npeanoxennwiit Niokke u fleTeptom HU3MKO-XUMMUUECKMA CNOCcOb

onpenenesun Uy Kak Gyato nuweH atoro Hepoctatika. 3aecs Up BbIYUC:

nAetcA n3 KoathduuMeHTa pacripeaeneHnA NPUMeECcH Mexay TBEepRoi M
wuaKoii (asaMK, UCXOAR M3 CTBPOro NpeacTaBneHuA o6 aHanorum mex-
Ay rpaHuuedi sepeH W PacniasoOM AaHHoro sewectsa. Ho u 3pecek, He roso-
pA yxe 06 OANO3HOCTM CONETEHMA "NKUAKONOAOGHEA rpaHuua’ 8 HacTORWee
BPEMA; WMEIOTCA MpUHUMNWAnbHbie TpyaHocTu. Onpeaenexne Ko3dibu-
UMEHTA PECNPSAENEHNA MPUMECH MEeXKAY TBEPAOM M KMAKOW thasamu no
AMArpaMMaM COCTOAHMA MPWU ManbiX KOHUEHTPAUMAX conprxeHo ¢ Gonb-
WOl OWMBKON — B 3TOM Cfiyyae 3HAYMTENLHAA 4acTb NPUMecH B TBEpPAON
thase aacop6upoBaHa Ha ANCNOKALUVUAX.

Moatomy cneayet cornacurecA ¢ Xunneptom [168], yto Teopun npu-
MeCHOr0 TOPMOXEHUA B UeNom Gonee nonesHa ANA M3BNEYeHUA MHGOP-
MaUMM M3 IKCNBPUMEHTANbHBIX [AHHBIX, YeM ANA NPEACKA3aHMA napamMer-
POB MPUMECHOI0 TOPMOXXEHWA. ‘

DanvHeiiee passuTHE TEOPUM NPUMECHOrO TOPMOXKEHMA TOWNG NO
NyTH OTKEsa OT NEPeYMCNeHHLIX YNPOWaloWmUX RONyuUleHwiA moaenu Jlio-
krke—ferepra (Kan, JNMiokke u llvioBe) . B atux pabGorax rpaHuua cuuvaer-
CA NOTEHUMANLHOM AMON ANA NpUMeEcH C 3aaaHHOR GOpMOI N rny6uHoR.
[lsvkeHne TaKoi MOTEHUMANBLHOW AMBI YepPe3 KPUCTann NPUBOANT K aud-
thysun npumecn kak B oBnactu rpaHuubl, Tak ¥ B6ANM3M Hee, YTO ¥ Mno-
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- poXaaeT TOPMO3ALLMWIA 3tdeKT. B atux Moaenax noTeHuman B3aumopeicT-

;% BMA NPUMECH C TpaHuLeld, KOHUGHTPAUMA NDUMECH, KUHeTUuecKue koac-
! dMUMBHTBI CHWTBIOTCA HEMPEePLIBHLIMKU (YHKUMAMM PEBCCTORHWA OT cepe-

AVHbI - TPaHULbI, PeanbHo COCTABNAIOLIEro fiMilb HECKONbKO MEeXaTOMHbLIX

" AWM, NO3TOMY TaKue MOAENW MONYYMNN HB3BaHWe MOAesle KOHTUHYanb-
“. HOro NpuGANKeHNUA.

MpaxTyecku B sTMX paBoTax A4HO pewleHWe PAAA 4YacTHLIX Chyvaes
Andby3UOHHOTO  PACTIDEABNEHMA NPUMECH, ABMXKYLIGACA 33 rpaHuuei.
Kax v 8 mogenn Miokke—[leTepTa, GKOPOCTb ABWMKEHWA FPaHUULI CYU-

‘ TaeTCA NponopunoHansHoi abdexTuerol aswxyweid cune (266), a cuna

fpUMeCHOro  TOpMOXKeHUA AF, * onpieaenneTch  CoAepxaHnem Npumecy

. gGAN3KM rPaHMiLbI M CUNOIl ee B3aMMOAGBHCTBUA C rPaHuLen:

o0 du
AF... =J;C(X) ;—dx, (271)
‘rae C(x) — aToMMan KOHUEHTPaUMR npumecH B eauHuue OGbema Kak
HenpepbiBHaA GYHKUMA PaccTOAHMA RO rpanuubl; dU/dx — cuna, ¢ Korto-
PO’ aTOM NpUMeCH AGACTBYET Ha rpaHuLy, HaXOAAChL Ha PaccTORHUA X OT
.88 CepeaunHbl.
Taknm 06pazoM, ANA oNpeneneHUA TOPMO3ALLEH CUALI HeO6XxoanMOo
JROATH KOHUBHTPaUMIO NpumecH BOGNU3N ABMXKYLLEACA TpaHuubl, unu, Apy-
FUMKU CnOBaMW, pelwuTb ypaBHeuue authdysum B cucTemMe KOOPAWHAT,
ABVWKYWENCA C NOCTOAHHOIA CKOPOCTLIO v BMecTe C rpavuueit’. B asu-
MYUIBHCA CUCTEME KOOPAMHAT YPaBHEHWE HeNnpepLIBHOCTM WUAW BTOPO
3aKkoH duKa umeeT BUA: ’

= 0. : (272)
/ MpounTerpupyem Boipaxenue (272) :
026, 0C W ez
‘ax kT ox Vit = Ed =0 (273)

/ 0 — KOHUEeHTpauuA npuMecu 8 oﬁ'beme BAanu OT rpaHultbl.

; Us (266), (271), (273) nonyunm Ky6uueckoe ypasHeHwe, pewleHue
“KOTOPOro onpefenAeT MCKOMYIO 33BUCUMOCTb CKOPOCTV OT ABMXYyUied

“CUAtbI:

5“.y3—y2+—1—-(1+aCoA)y——1——— = 274
: (BALF)? (BAAF)? ( )
the y = v /AAF = vive; (275)

- .
: ABYMQPHGH 394848 CNOMHA U MOXET GbiTb PGIIJOM. TONbKO ‘MOﬂQHHbIMM Me-
‘TOABMH, NOITOMY o6biuHO OrpaHNINBAIOTCA paocmo‘rpenuem OAHOMEPHOro Ccnyuan.
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[image: image45.png]228 P ipmax \ (276)
g kT —e  dx

: o sh? (U(x)/2kT)
o= 4CokT f ama
—00 D (x)

(277)

AnA ABYX NpeaenbHbIX CNy4aes ABWKEHUA TPaHMubl C NPHUMECHIo BbI-
BOAbI AAHHOrO NOAXOAa NPUOGPETAIOT OCOGEHHO NPOCTYIO huanvecKylo
HarNRAHOCTG. ‘

Ecni CKOPOCTb ABWXEHWA rPaHUUbl HAMHOrO Gonbuie CKOPOCTU NpuMec: -

HOFO aroma, ABMKYULerOCA NOA ASHCTBMBM CUNbI NPUTAXEHUA TPEHNUDL,

D dU )
» — (— , (278)
YT (dx)m ‘
TO
v = AAF [1 — —————] =AAF. » (279)
g*A(AF)?

s (279) w (276) cneayer, uto npumecs c Gonbiuei Audby3nOHHOR
NOABMMHOCTbIO 6yaeT cunbHee TOPMO3NTb rpanuuy. OaHako BnhuAHMe
BTOPOro 4neHa B ypasMeHun - (279) HeBeNWKO, W CKOPOCTh MUrpaUun
ONPEAEenAeTCA B OCHOBHOM NOABWXHOCTLIO YACTOA rPaHuubl. ITa CUTYBUMA
oTBevaeT AecopGuum C FPaHNLLI OCHOBHOK MAacChi NPUMECK. '

Bropoii nNpepentHeiil Clyvaii COOTBETCTBYET ManoH CKOPOCTH, Koraa

1 A dx
—_>7

' (280)
v ~A D (x)

rge A — paccCTOAHWE OF TPaHUlbL), HA KOTOPOM KOI(MULMENT NIOrpaHNYHON
andxbyaun D (X} CTaHOBWTCA NPaKTMMECKU PaBHbIM OGBeMHOMY KO3thdm-
uveHTy auddyann.

CKOpOCTe YCTSHOBNEHWR PABHOBECHOTO pacnpeaeneHuA npumecu BOGAU-
SU rpaHnUb} ' .

Vauds ~ Dep/A - (281)
-rpe
Dep ~ 2N} /D). (282)

‘ B atom cnyvae B npouecce ABWKEHWA PaHULbL B6NU3N Hee ycnesaeT
YCTaHOBUTLCA pasHOBecCHOe pacnpepeneHne npuMec KU CKOPOCTe ASWU-
HeHunA

v ~AAF/(1 + Aa). . (283)
188 |

\WbIX KOHUGHTDaUMAX Npumeck (¢, < e, < c;)

{x) nonyulm
AckT exp (U, /kT) AF-D .
= AAF/(1 . . - N (284)
De, kT C, exp (U, /kT)

Mbi npuwnu K pesynbraty Jliokke—[erepra.

Mexay: ABYMA STHMU NPeAeNbHLIMU CUTYBUUAMMY NKUT  nepexoaHsA oG-
p, B KOTOPOH ypasHewne (274), Kpome yXke paccCMOTPEHHbIX petje-
, WMOeT TpeTbe, MeycToiWuMBOe. B 3TOM O6nacTM CKOPOCTE ABIDKEHUR

82. 33BUCMMOCTD CKOPOCTM ABUNOHUA
FPSHMULI V OT Asuxywedt cunel AF npu pas-

MULI NPY UIMEHEHMW COOTBETCTBYIOWMX nepemounbix (aBvxywed cu-
, TOMNEPATYPb!, KOHUGHTPALUM NPUMECH) MOXET MEHATLCA WAN NNABHO,
1M CIKaUKOM. ITa CUTYBUMA COOTBETCTBYET NIOKKe—AeTepTOBCKOMY- OTPbI-
‘TpaHWULI OT npumeck (puc. 82) .
Teopuw, KOHTUHYBNLHOTO NPUGAMKEHNA NUWeHbI MHOTUX HEROCTaT-
' mopenu Jhokxe—[leTepTa: yunTbisaercA. AudibysunoHHoe pacnpeaene-
‘Npumeck 86AM3N  ABWXKYWIENHCA TPaHWLLI; FPaHWLY TOPMO3UT Kak
ArMBSIOLLBACA, T8K ¥ OTTANKWUBAIOWAACA OT Hee npumecs. Mpu Gone-

X CKOPOCTAX ABWKEHUA MEANeHHO AUdXDYHAMPYIOLIAA NPUMECL He yC-

38 rpaNmued, ¥ OCHOBHOW BKNAA B TOPMOXeHWe BHOCAT GbicTpo-

i POYHAUPYIOLWME 8TOMbI, YTO COrNacyeTcR C aKcriepumenTamu Octa u

' 'He BCE 3KCNEpUMEHTanbHbie (aKTsl, OAHAKO, MOTYT GbiTb OfMCAHbI B

KAX M3NOXKEHHbIX TEOPWIi, PAA BLIBOAOB HOCUT KAYECTBEHHLIR XapaKTep,

MIOCHOBAHHOCTb HEKOTOPLIX UCXOAHLIX NPEATNOCHLINOK Bbi3biBAET COMHeHMe,

Bo-nepsbix, NpeanofoxeHne O HenpepbiHocTM dynkuwii C(x), Ulx),
H{x) Gbino Gbi ecTectBeHHbIM, ecnn Gbl 06NACTL CYUIECTBEHHOTO U3MEHE-
3MUX NSPAMOTPOB W3IMEPANACE MHOTUMW MEXATOMHLIMW DACCTORHUA-

i, 8 3TO NPOTUBOPEYNT HBLMM COrOAHALIHUM NpPeACTaBNeHUAM 06 y3KoWn

HAlUe.

Bo-BTopeix, ycnoeue, YTO pacTeop ABNAETCA pasGamneHHbIM, MOXeT

) BLINOAHATLCA B O6NACTH rPaHUULI ARXE NPU MANLIX OGBEMHLIX -KOH-
PAUWAX. Taxum o6pasom, CneaylowiMm wWarom AoMxeH 6GbiTh ywer
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[image: image46.png]AUCKPETHOCTU WU3MEHEHWA CBOICTB W NapameTpos cucTeMbl B6NM3N rpaHu-
usl. NMioke, Pukcen n Posenbaym (1970) npeanoxunn RUCKPETHYIO MO-
AeNb ABWKEHWA TPaHuUbl, B3aMMOAENCTBYIOWEA ¢ npumecsio. B Teopum
Niokke~—lliTiose (1971 r.) UCNONBLIYIOTCA AUCKPETHbLIE 3HAYOHUA KOHLLEHT-
PeUMM W SHEPruM; rpPaHMLE PacCMaTPUBAETCA Kak o6NacTb TOMLMHOW B
oAVH, ABE. MMM TPW aTOMHBLIX CNOA; NPeAnonaraeTcA, YTO BHYTPU rpaqu-

Ubt Konueumauuﬂ npumecu MOXKeT AOCTAraTh 3HaYeHuA ﬂOpﬂAK! QAMHVII.IbI,’

pacnpepeneHue Bonbumana 3aMeHAETCA pacnpepeneHuem ¢épmﬁ-—~rnupaka.

B-Tpetbux, ko3adibuumnenT Aucbcbysuu NPUMECH CYLLECTBEHHO Pa3NuueH

B 30He rpaHuusl ¥ 8 o6veMe KpucTgnna. Annpoxkcumauus dyHkuwm D (x)
KOHCTAHTOM MOXKET CYULeCTBEHHO WCKA3UTL pe3ynsTaTht pacvera. Oxasbl-
BAETCA, MPU TakWX CKOPOCTAX ABWKEHWA rPaHUULI, KOrAa NpPUMecHoe
TOPMOXKEHUE MAKCUMAaSbHO, 8TOMbI -IPUMECH KOHUEHTPUPYIOTCA B TOW 06-
NacTh KpuCTRNa, B KOTOpoi koadduuneHT auddysum sbiwe. (Mostomy
NPUMeECHOe TOPMOXKEHUS, PaccyUTaHHoe C nepemeHHbiM D {x), Bceraa Mewo-
we, 4eM C HEKOTOPLIM MOCTORHHLIM {ycpepHeHHBIM) Koscbdmuueurom
Anthdysun.

B-ueTBepTLIX, KaK yKa3an TeMKun [160] YCNoBHue HENPEpbLIBHOCTH
KOHUeHTpauun npumecu npu x= 0 (B ueHTpe rpaHuusl) dusnuecku He

oGoctosaHg. [lanee, HeNnb3A PacCMATPUBATL ABMKEHME MPaHMULI K&K Leno-

ro, HE yunTbiBEA GNYKTYSBUMOHHBIA X8PaKTep ee NepemMellleHnA W NOoKany-

HOrO M3MeHeHWA ee (OPMbI NPW BCTPede C MPENATCTBUAMU — HENOABMK-

HbiMM aTOMamu npumMech. YueT 3TOro OGCTOATENLCTBa NOKA3LIBAET, 4TO
M npu “Gesanddysnontom” npoliecce pacnpefieneHue NPUMEGH OTHOCH-
TeNbHO rpaHmubl HEORHOPOAHO. VI3 Mogenu TeMKuHa, B YBCTHOCTH, cneayeT,
YTO NPUMECL MOXKET He TONbKO 3aMeASIATbL, HO W YCKOPATb ABWXKEHWe rpa-
HUEbI, ITO NPOUCXOAUT TOrAa, KOrAA 8TOMbI NPUMECH nepexoanT us sep-
Ha B 3epHO 6biCTpee, 4em ETOMbI PaCTBOPUTENA.

AHanu3 ¢nyKTyauMoHHbIX HecTabunbHoCTed Npu naumenuu rpaHuy 3e-
peH npeacTaBNAeT 3HAUMTENLHbIA WHTepec. Tak, Poir u Baysp [161] no-
Kasanu, 4To Manble GnyKTyauuu GopMbi rpaHuib! NPUBOAAT K BO3HUKHO-
BEHUI0O HEOAHOPOAHOTO PACNPeJeneHWA NpuMecH BCNeACTBUE

rpaHvlbl OTCTaeT OT APYFrUX, KOHUEHTPAUMA NPUMECH B HEM CTAHOBWUTCH
Gonsulje, TOPMO3ALLEEe BAWAHWE YCWIMBAETCA, W ITOT y4acTOK OTCTaeT etie
cuncHee. DaKTOpPOM, CTaGUAKIUPYIOWMM NNOCKYI0 hOPMY rpaHul, 3epeH,

ABNABTCA NOBEPXHOCTHO® HaTtAxenwe. OTCTaBLMA YYaCTOK WCNbLITLIBAGT

Ha cebe Bce Gonbliee TOPMOXKEHWE NpPuMechl0 ¥ Bce Gonbluee. YCKOPAIO-
tee BO3AGCTBME CO CTOPOHL! OCTaNLHOW rpaHuiibl. B HEKOTOPLIA MOMEHT
npUMeCHble aTOMbi OTPbIBAIOTCA OT 3TOr0 YYacTKa rpaHutibl, NosTomy dop-
Ma ABMKYULENCA rPaHiLbl AOMKHA HENPEPbIBHO OCUUNNNPOBATD.
Henoaswxibie atombl B moaenax fliokke—llTione, KaHa He TOPMO3AT
rpauuty. OnHaKo yueT 3TOrO C MOMOULLIO TaKOW KOHKPETHOW AeTanu,
KaK u3MeHeHne ¢OopMbi rpAHMULI NPU  BCTPeYe C NPENATCTBUAMM, NPO-
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obneruen- .
HOil anddysunm npuMecn B NNOCKOCTM FPaHWUbLi, ECn HEKOTOPbLIA yyacToK |

TMBOMNOKA38H CamMOiX BHYTPeHHed CTPYKType 3TUX (heHOMEHONOrNYeCKNX
‘. TEOPWi.
Bone toro, B paGotax Xuwnnepta [159], Xunnepra u Cynamana [162],
4 mupnn [163] npomaraHaupyetcR O6WMA TePMOAUHAMUMECKUA MOAXOA K
fipo6neme NPUMECHOrO TOPMOXEHWA, OCHOBAHHBLIW Ha aHanuse AUCCUNUpye-
MOH Npu ABIOKEHUM rPaHUUL CBOGOAHON 3HepruM cucTembl. [fleiicTau-
TENbHO, BAMHCTBEHHLIM TOPMOAWHAMUMECKMM DPE3YNLTATOM ABVKEHWA Ipa-
HULLLI B cUCTeMe ¢ npuMechio ABMAETCA Auddy3noHHOe nepepacnpeaeneHmne
87O npumecy, npoucxoasuiee NPU MUrpaumu rpaHnust. Takum o6pasom,
. TEDMOAUHAMUYECKYIO TOPMO3ARLLYI0 cuny AF, MOXHO Cpasy OueHUTb KaK

AF, = 4G, /9, (285)

rae AG, — csobogHar 3HepPruA, AncCcMNUMPylowar Gnaronapa andidysum
8 ofveme OAHOro MONA, ‘'3aMETEHHOM’’' rpaHWuelt NPV ee ABWMKEHUW
£} — aTomMHbIii 06Bem.

~ Ana 6unapuoro cnnasa CKODOC‘I'b anccunauvMu  cBo6OAHON  IHepruM

dav, : (286)
v - dx

~n

FAe noTok J — 370 NOTOK aTOMOB NpW B3aWMHOM amdbysnu; V — 06vem.

D diG, - G,)
h=—-dp=— —C - -, (287)
™ dx .

nocxonsky
dG 1= d(G, - G,)
B () At FE = [ S ——' dx, (288)
£ dt v —oo dx
cuna NPUMECHOro TOPMOXKEHUR
X 1 d(G, - G,)
AF = — — [ Jp—" dx, (289)

"R8 V — CKOPOCTL ABMKEGHUR IPaHULbI.

CylliecTBEHHO, 4TO ANA NpeAenbHLIX CNY4aes BLICOKOH W HU3KONH CKO-
pocteit BhiBOAMI NoaxoAa Xunnepra u CyHAMEHE COBNARaloT C pe3ynp-
. Yaramu Kana w Jloxxe—lliTiose. [eicreutensHo, us (278) w (276) vop-
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[image: image47.png]MO3RALIAA CUNE NPUMECH ANA TPaHUULI, ABMXKYWWEHCA CO cxopocmo,’nm-

HOro Gonuleli NPUMECHOrO 8TOMa, NPUTATMBABMOro rpaHuygeit:

C o dU '

AF, = f\(—d-—)’D(x)dx.
X

Sl (280)

AnA BbICOKMX CKOPOCTE# ABMKEHWR B pa3basneHHOM pacTsope (Kak
y Moxke—llitioBe—KaHa) KOHUeHTPaUMA NpuMecH Besge OAMHAKOBA (g -
Ha A3sbike 06o3Havenuii [268]), u us (287) n (289) nonyum
oo dAG '
J D] —d—-lde.
L1

vkT § —eo

0n0
CiC3

{291)

4TO cosnagaer ¢ Boipaxerem (290).

XOTA yKasaHNbIA NOAXOA CNPABGANUB, KaK 3TO OTMEYAIOT CaMM aBTO-
'Pbl, NUWL ANA CTAUMOHAPHOTO ABWKEHUA, Ero AOCTOMHCTBA OYEBMAHBI. O
NPUMEHNUM BO BCEM WHTEpBane KOHUEHTPaUWA W ANA Mo6ol TepMOAUHEMM-
YeCKOH MOAEGNH CUCTeMbl (B YAaCTHOCTW, aBTODbLI [ 162]  npoananusmposs-
AW CUTYaUMIO ANA PerynApHOro PacTeopa), KaK ANA ABMIKGHUA MEX3ePeH-
HbIX, TAK U MEXGAa3HLIX rpaHuL. _

AHanus NPUMecCHOro TOPMOXeHUA, . BuInonHeHHbIH B [162], nokasan,

Q

S

]

Cuna npurrecroeo mopMoxenyn
< ]

4 G2 g4 066 48 10 17 - 45 0
Cocmad cnpode _ x=exp(-vd/2D')

Puc. 83. Je8uCHMOCTS CUALI NPUMECHOrO TOPMOMEHMA OT COCTaSA CnNass, PACCUNTAH-
HEBR NPK PESHRIX SHEYSHNAX CKOPOCTU MUrpaunu v- (6 — wimpuns rpammust, D ~ xoad-
uumuesHT anddysun npumecu) [ 162]

Puc. 84. 3emucMMOCTE CUNBI NPUMECHOTO TOPMOXBHUA X = ig(aF, a/ RTcc}) or
CKOPOCTH MHTFPBUMK ¥, DECCUMTBHHEA NPM PASHMX SHAYSHMAX KOIDDUUUeHTS no
HWNHOA auddysun Dy (D — kospduunent ovemnoi anddysnu) [ 162] ’

102 '

R

wT0 cuna TODMOXEHUA He 38BMCUT OT 3HaKa cerperauvMu npumecw, T.e.
A OTTANKUBAIOWOACA OT rPaHuLbl U NPUTArMBAIOWEHCA rpaHuueid npume-
NONHAA CUNA TOPMOXEHWA OAMHEKOBA | (pesynsTar, Tae conapaloumii
BbiBOAamMU Teopuu Sliokke—lliTioe u Kama) (puc. 83). Mepexon ot me-
IX CKOPOCTEiH . ABWXKEHWA IPEHULLI K BLICOKUM 1 OTBeuSIOWMIA eMy MaK-
CMMYM CUMbI MPUMECHOTO TOPMOXKEHWA, KaK 0Ka3anocs, BeCLMa YyBCcTBY-
YeneH cdopme noteHumana — cBo6oAHOM 3HEprun B3aUMOAGHCTBUA NpK-
‘mece — rpaHuua. Taioke CYWECTBEHHO 33BUCHT CWNA NPUMECHOTO TOPMO-
EHMA U OT OTHOWeHUA KO3thdmuuenTos audipysum B rpaHuue n o6reme—
Drp/Dos (puc. 84) .
e K eomaﬁéﬂmo, Mcnonb3osats pesynsTathl Xunnepta u CyHamana He-
fIOCPOACTBEHHO ANIR 8HANU3A 3KCMEPUMEHTANLHLIX PesYNLTATOB HenpocTo,
MOCKONLKY BAMHCTBEHHBIM BBLINUCIEHHBIM B paboTte nepamerpom fAsaAeTcR
[ CUNa TOPMOXEHUA, KOTOPYIO TPYAHO MSMEPUTL IKCNBPUMEHTANLHO.
-Bsaumonedictaue aromos npumecy Mexxay coboit u ux ynpyroe Baaumo-
Bue C rpaHnueit onpeaenner no [163] caoiictBa rpaHuue: 8 KOHULBHT-
pUpoBaHHLIX cnnasax. [MoTeHuuan s3aumoneiicTeua npumecy c rpasuuen
IMOET JOCTaTONHO CNOXHLIA BUA U 33BUCHT OT B3BMMOCBA3AHHLIX NONe
KOHUGHTPAUMIA M HanpAXeHuit. B 0o6nacte HUaKuX cKopocTesi MUrpauvum
HUSHTPAUMOHHLIA NPOUNL OYBHD YYBCTBUTENEH K CKOPOCTH, CREACTBUEM
FO NPU ONPEAENEHHLIX YCHOBUAX ABAAETCR PE3KOE YMEHbLUGHME noa-
on OCTW rPaHMULI NPU YBBAMYEHUWM CKOPOCTU Murpaumn. [ns pasbasnen-
MRIX PACTBOPOB NOTEHUMEN B3AUMOAGHCTBMA FPaHULE — APUMECh CTAHOBUT-
i HO38BUCHMBLIM OT NONEIl KOHUEHTPAUWIT W HaNPAXKEHMIA, M MOAeNnb Wunpnu
163] csoautea Kk mMogenu Kana u Niokke—UiTiose.
WHTepecHbit noaxos « npobneme aBwXeHWA FpaHuubt 3epeH B cucTeme
Tipumecsio npeanoxeH Becrewrewom u Pymom [164]. Mpuuuny npumec-
O TOPMOXEHUR aBTOPb! BUAAT B PA3NWYHON NOABWKHOCTH ATOMOB MaT-
Subl W NpuMec nonepek rpaHuupl. MepBoHauaneHblii BapuaHT Teopuu
a6otal anA GuHapHoro cnnasa u OTCYTCTBMA 83aUMOAGHCTBUA NpUMe-
t ¢ rpanuuei ((/=0). B stom cnyvae ckopocts MUrpaMK NNOCKOIA
PAHMULI ONPEAGNARBTCA BbipaeHHeM:
= Civy + Clv,, (292)
CL u C} — kowuentpaumn .NBPBOrO ¥ BTOPOro KOMMOHEHTOB Nepes
yweAca rpannueii; v, =31 AF,, v; =8 AF;, — ckopoctu atomos
BOro u BYOpOro copra nonepex rpanuubl; 37,33 — NOABMKHOCTH 3TUX
Yomos; AF;, AF, — pswxywme cunsi ana K&XAOTO U3 KOMIMIOHEHTOR
POTBETCTBEHHO. - ' v

3HeveHns aABMNYWMX oun ONPenenAIOTCA KaK BHEWHUMKU NPUYMHaMM,
HaKOBLIMY ANA aTOMOB NEPBOr0 W BTOPOro COPTa — M3MEHeHWe CBO-
IAHOW 3Hepruu Af atoma npu nepexoge us 36pHA B 38PHO — TaK M YUCTO
PONUAHLIMY,  OCMOTHYECKHUMM thakTopamy, BbI3BAHHBIMU "crpemng-_‘
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[image: image48.png]HMEM"' BLIDOBHATL KOHUEHTPAUWIO aTOMOB ASHHOMO copTa.no o6e CTOPOHbI
rpaHuubl. [INA MAEaNbHOTO PacTeopa
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AF,-=-—1-[Af+kT n (<], (203)
b o

rae b — ANWHA CKauKa; €} C} — KOHUBHTPaUMA TOMOB j-Toro copTa ne-
‘pea u nosaav ABWXYLIEACA rpaHiubl, ?oomerc'raleﬂno. (292)

[nA pa36aBneHHbIX PacTeopos ci € 1, Ci~1, n ypaBHenue o2
CBOAUTCA K V ~Vq, 'T.e. CKOPOCTb MMrpaunv rparnubl onpenenAeTcA -
pOCTHIO 3TOMOB_MaTpuubi. 3amennexHne MUrpauMM rpaHuubl NPUMeEcHIo Hac
Tynaer, KOraa "51/'5'2 <1. B atomM cnydae NOABIKHBIE aTOMbI 2’1’“'.“"""
CKaNAVBAIOTCA N038an rpaHvubl, 370 npusoamt Kk pocty Cz v (y, Ac;o,_
B CBOIO Ovepeab, YMeHbLAeT ABWXYLUIYIO cuny AF, w yBennunsaer 1.
ATOMbl PacTBOPUTENA HaYUHaIOT WHTEHCUBHO NEpPexoanuTb qepfa _::pauuuy,
yBEeNWUUBEA KOHUEHTPauo pacTBOpPEHHbIX 8TOMOB nepea He. Tax |<m<|
CKOPOCTb rpaHnilbl OnpeAenfAeTcA ‘CKOPOCTLIO NEpexoaa aTOMOB MaTpuub
vy, 3TOT hheKT AOMKeEH 3aMeANATL ABWKEHUE FPaHNLLLI.

MNpu cTauMoHapHOM ABWKEHUW rpaHnlibl CKOpOCTb €€ RpONOpUUOHanbHa A

Af/ b 1 HEKOTOPOW (hYHKUMM NOABWKHOCTU:

e
Af e,
v =—.

L (294)
b 1—C, + CofF”

rne?/— OTHOLLIEHNE NOABMKHOCTEA KOMMOHEHTOB; Co — KOHUEHTpauvA.
fipn F<€cy, v~1/Co, Kak ¥ B APYrUX TeOpuUAX NPUMECHOrO TOPMO-
" jeHWA. Cuna NpUMECHOTO TOPMOXEHWA NpH CTAUMOHAPHOM  ABMKEHWUW

rpaHnubl

AF = (1 -3)C, af 0 -'-‘5")7c,v (298)
T C, b 7
1-C, +-'§;

nponopuuonani.ua cKOpocTH, KaK 370 HabniopaetcA n B nuq;cgysl:)moua:z
TEOPVAX NPUMECHOTO TOPMOXXEHWA. Ocob6eHHOCTL yp.a‘gne.rmn { -8

MOXHOCTb OTPULLaTENLHON CUNbI TOPMOXEHWUA. Mpu'a > 1 cuna Topmome:
HUA AOMKHA YCKOPATH ABYXKeHWE TPaHuuib!. Bnpo::n:,cxa: :mmo %3 ypas

cKOpEHWe BecbMa HeBenuKo Ake o .

Haﬂl::;;écz:'rgft)léo»;n chroﬁu.te‘v'l Moaenu ABAAETCA OTCYTCTBUE "camonpon3s-
gonbHOro” adexra OTPbIBA rpaHUUb OT npuMecH, KOTOPbIi aHanusupyer-
cA BO BCeX TEOPUAX AU PY3UOHHOTO NPUMECHOTO TOPMOXEHHA. Ecnusa
noaxone Jliokke—[fletepra, Wriose, Kana athdexT OTpbIBA HACTynaer npu

onpeaeneHHbIX JHAYEHUAX BHEWHUX napameTpos — Temneparypsl, ABMHy-

weil cunbl, KOHUEHTpauuu, T0 B paccmMaTpMBaemoi MOJenn aBTopsl Nbi-
TaloTCA [06MTbCA 3TOrO 3exTa UsMeHeHUeM NapameTpoB BHYTPEHHUX,
a WMEHHO — W3MeHeHWeM OTHOWGHWUA NOABMIKHOCTEH KOMNOHeHTOB 8.
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~ . A ~r . K .
WUameHeHue & oOT 3HaYGHMIA a<€1 po a = 1 oTBevaeT '‘nonHoMy’’ OTpLIBY,
KOFA2 K& NapaMeTp @ MEHRETCA OT 3HaYeHnA '@ <€ 1 A0 HOBOFO 3Ha4YeHMA,
MEHbLLIEro eanuHuNLbI, 4TO OTBe4aeT '"4aCTUYHOMY'' OTpbiBY. ABTOPLI NpeA-
flonaraioT, YTo NOAOGHbIE M3MEHEHWA HapameTpa @ MOryT 6biTb CBA3aHbI
© 36pHOrpaHnyHbIMK ha30BLIMK Nepexoaamu. .
HeobxoauMOCTL BBeAeHWA  HOBOrO' nNapamerpa, W3MepUTb KOTOPLIA B
HEe33BMCMMOM 3KCNepuMeHTe B HACTORULeEe BPEMA HEBOSMOXHO, CYLUBCTBEH-
HO CHWKEET 3BPUCTU4ECKYIO LLeHHOCTb Teopun BecreHrena n Pyma.,
PaccMOTpeHHbIE Bbile TEOpUU MPUMECHOr0 TOPMOXEHWA, HECMOTPA Ha
" ux OTHOCMTENbHOE pasHooGpasue, He YUMTLIBAOT - HU BCex acnexTos (wor-
N8 BeCbMa CYLLECTBEHHLIX) NpPobBnemsi — Kak, Hanpumep, B3auMoaeicTBnA
apcop6upoBaHHbIX aTOMOB APYF C APYrOM, B 3TOM Cny4ae 3HEPruA B3auMo-
. peicTBMA nNpumech — rpaHuua GyaeT yHKUWEA KOHUEHTPaUMMU|— HW BO3-
MOXHBIX MEXaHU3MOB, OTBETCTBEHHLIX 38 NPUMECHOe TOPMOXKeHWe — TakK,
8acOpPGUMR MPUMECU HA FPaHMue NPUBOAMT K U3MEHEeHUIo 88 NOBEepPXHOCT-
"HOrO HaTAXKEHWA ¥, BECbMa BO3MOXHO, CTPYKTYPbI; C 3HEPreTUMecKoM Toy-
‘KA 3PEHUA CHUXKEHNe MOBEPXHOCTHArO HAaTAXKEHUA 8HANIOTMNHO COBEPLUEHCT-
~ BOBAHMIO CTPYKTYPbi rpaHuubI.
* TeM He MeHee, HECMOTPA Ha yKasaHWHble HefoCTaTku, Teopua anddy-
SWOHHOTO NPUMECHOTO TOPMOXEHMA B HACTOALLLee BPEMA ABNAETCRA Hanbo-
nee paspaboTaHHOW W NOruMuecKy 3aBepLUeHHO, NPeaoCTaBAAIOLLEN IKChe-
PUMEHTaTOpPY pacyeTHbie CXeMbl OfpeAeneHA OCHOBHLIX NapameTpoB
833MMOABNCTBUA ABWKYLUEACA rPaHuLibl C NPUMECHIO. '

?,. B3AUMOAENCTBUE ABUXKYIENCA MPAHUUbI 3EPEH )
€ NPUMECHLIMU ATOMAMMU. IKCNEPUMEHTAJIbHBIE PE3YJIBTATLI

floRsneHue TeopWit NPUMECHOrO TOPMOXXEHWA YNOPAAOUNNO IKCTEPUMEH-
YanbHble WCCNEeAOBaHWA BAMAHWA NPUMECH HA MUFPaUMIO FpaHuL, YKa-
238N0 yeTKMe HanpasBneHuA HamBonbweit 3addexTUBHOCTM Takux pabor,
TPAHULLI KOHUBHTPAUMOHHBIX O6nacTedl, B KOTODbIX MOXHO OXMAATL UHTe-
pecHBIX  NPOABNEHWi B3aMMOAEHCTBUA FPaHULLI C  NPUMECHIO, TPeBOBaHUA,
KOTOPbIM fIOfHKEH OTBevaTb IKCNEPUMEHT, Pe3ynsTaTthl KOTOPOro noasep-
" £al0TCA 06paboTKe B AYXe YKa3aHHbIX TEOPWiA.
.+ MNposepke TeOPWA MPUMECHQro TOPMOXEHUA MNOCBRIIEHO HE OMeHb
;. BHBMMTENLHOE, K CcOXanewuio, uicno pabor, AeTanbHbli 0630p KOTOPBLIX
 paH O.flumutposbiM, Gpomaxo # W.[AUMUTPOBLIM {165]. 3pech, BepoAT-
HO, CneayeT 3aMeTWTL, YTO NPOBepPKa MAM, NpaBuUnNbHee CKasaTtb, CpaBHeHwe
BLIBOAOB TEOPUM C IKCMEPUMEHTOM, BO3MOXHA B  ABYX HanpasfieHWAX.
Bo-nepBbix, 370 aHANU3 IKCNBPUMEHTANbHBIX ABHHBLIX C TOYKM 3peHUA Npu-
MECHOIO TOPMOXEHWA, T.6. 8HaNW3 WM3MEHEHMR CKOPOCTH, NOABKHOCTY,
BHEPruM aKTUBaUMM MMUIPaLUKM B 3aBUCUMOCTH OT NPUPOALI W KOHUEHTPa-
"W npumecu. TeopuW NPUMECHOFO TOPMOXEHUA NOA "'NPUPOAOH’ npw-
MOCH NOHMMAIOT 3HEPrvio BIaUMOAGIHCTBWA NpUMECH C rpaHvuel n Kosd-
= dmumeHT autbdyaun npumecs. Bo-BTOPLIX, BO3MOXHA NpoBepKa U aHanu3
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[image: image49.png]NPeACKa3aHHbIX TeopuAMM 3tieKToB, B TOM uncne Hanbonee APKOro w3
HUX — 3fexTa OTpLIBA ABMKYLIEACA FPaHWbl 3epeH OT aacopbuposaH-
HOiA NpuUmecH. '

Tpe6oBaHMA, KOTOPbIE NPEABABAAET TEOPUA K IKCMEPUMEHTY, AOCTE-
TOUHO HKECTKME: 37O ABWKYLLISA TUNA M3BECTHOTO 3HAYEHWA; YUCTLIA Metann,
NervpoBaHHLIA ONPBABNEHHON NPUMECHIO; FPaHuua, KpucTannorpacduyeckue
napamMeTpbl KOTOPOA TOYHO W3BECTHbI, M, HABKOHEW, KOPPEKTHOCTL camoro
IKCMepUMeHTa NO MuUrpauvn. Mccneaosanni, NONHOCTHIO YAOBNETBOpAIO-
WMX ITUM TPeGOBAHWAM, BEPOATHO, HeT. [10sTOMY paccMOTpuUM aKcnepw-
MEHTbI, MaKCUMAanbHO,NPUENMKAIOWMECA K ITOMY uaeany.

Bnusnue xonyentpayuu npumecu. Ha puc. 85 npuseaeHa 3aBMCMMOCTb
CKOpPOCTY MUIpauMM TPaHWL 3epeH B CBMHUE C KOHTPONMPYeMbiMu pobGas-
‘kamu ofosa, cepeGpa U 30NM0Ta, NONy4eHHaR Ocvom u Parrepom. 3kcne-
PUMEHTBI HA OAMHOWHLIX GONbLIEYFNOBLIX FpaHuLiaXx, ABWKYWBA cuna —
SHEPrUA NWHEAYaTOH CTPYKTYphl. BnAHO, 4TO AaHHbie COrnacyloTcA C 3a-
KOHOMEPHOCTbIO Jliokke—/leTepTa -—noraputiM CKOpPOCTH MUIPaLUM | YMeHb:
WEETCA NMHEIAHO C POCTOM KOHUeHTpauuM npumecw (cTporo no Jliokke—
AetepTy CKOPOCTb AOMKHE NanaTh o6paTHO NPONOPLUOHENLHO KOHUGHTPa-
UMM, HO ANA Y3KOTO WHTEPBANa KOHUGHTPAUWH W Manbix a6COMIOTHbIX 3HE-
YEHWAX MX 3KCNEPUMEHTANILHO MOXET HaBNIAATLCR NPUBEAGHHBA Ha PuC.
05..3aBMCMMOCTb) . Y Ka3aHHaR NVHeRHOCTL NONYYeHS QAR BCEX W3Y4YeHHbLIX
Octom u Parrepom npumeceii. Mpuuem enuAHwe cepeGpa M 30noTa Ham-
" HOFO CMNbHee, YeM OnoBa: noGaBkKM Ag M Au NOHWKAIOT NOABMIKHOCTL
rpanvubt 3eped B 15 pas Gonee adhdeKTUBHO, YeM Takue xe nobasku - Sn.

v,emfe
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Puc. 86. 3asncMMoCTb CKOPOCTH Murpauuy v Gonblueyrnosoit rpaHNLLb 38PeH B CBUHLS,
OWLIEHHOM 30HHOW NnesKoil, oT aoGasok onosa, cepeGpa n sonoTa npu 300 oCc (4W. -
Rutter, K.T. Aust)

Puc. 86. 38BMCUMOCTE CKOPOCTH .POCTE ¥ HOBLIX 36PEH B XONOAHOKATAHOM BNIOMUHUN
npu 132 °C 0T KOHUSHTPSUWK PACTBOPSHHBIX BTOMOB MBAM W MBFHUA:

1, 2 — BAbI KOHUBHTPAUUONHOH 38BMCUMOCTH CKOPOCTH pocTa; 3, 4 — COOTBOTCTBOHHO,
* nepexoaHbie o6nacTH ANA mean u marwun {(C. Frois, O. Dimitrov) :
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. Xopouiee cornace sKCNepUMeHTa W Teopuu HaGAIOARETCA ANA AGHHLIX,
nonydeHHsix ®pya n [umnTpoBLIM ANA POCTa 36peH B ANIOMWUHWW, NEruUpO-
HHOM Megsiou marHnem. Ha nonyvenHbix kpuseix (puc. 86) uetko Ha6-
| MIOAGIOTCA NBA BMAA KOWUGHTPAUMOHHOW 38BUCMMOCTW: NDU ManbiX COAEP:
MBHUAX NPUMECH CKOPOCTb He 3BBMCHT OT KOHLEHTPaUMM; NP GONbLIMX —

| POXOA MOXAY ABYMA 06GNacTAMU pe3Kuii.

.Aaum: TEMNEPATYPHLIX 3aBUCUMOCTEN MOABUIKHOCTY TaKXKe [A6T OCHO-
PAHME rOBOPUTL O PeanbHOCTH NPEANOXEHHbIX Teopueii anddyaMOHHOro
NPUMECHOr0  TOpMOXKeHUA KoHuenuwid. Ha puc. 87, @ AcHO BMAHLI ABe

E,xhx/mons.

0t 107% w? 9!

“un<2  gp-1
Cug. % (am.) v 0

77
cAg ) % (am.)

Puc. 87. OHeprua axTusauun £ pocta sepeH Npu PeKPUCTRNNN3ALUM BNIOMUWHUA, Neru-

KOHUEHTPAUMOHHbIE OGNACTH SHEPrWM aKTWMBABUWWM: NPU HU3KUX CcoAepKa-
HUAX MErHUA . 3HEDIHA BKTUBALWM - He 38BMCHT OT KOHUEHTPaUWW W paBHa
COOTBETCTBYIOWIEMY 3HAYGHWMIO ANA MUIPAaUMM FPEHMU B YMCTOM Meranne:
%683 x[bk/mone. fepexos B8O BTOPYl0 OGNACTb SHEPrMA aAKTUBAEUUM
00BEPLIAET CKEYKOM W NOCTUraeT 3HaueHuit ~ 146 klbk/monb, 4TO OTBeEvaeT
sHepruu aKTusaumnu o6vemHol camoanddysuu.

Heckonbko APYrod BMA MMeeT KOHUEHTPEUMOHHAA 38BMCHMOCTb 3Hep-
MM aKTMBBUWMM POCTA 3epeH B ANIOMMHMKM, NerupoBaHHOM cepeGpom (puc.
87, 6). ArAa HM3KNX KOHUEHTPaUWA cepebpa sHepruA aKTUBauMM He OTNW-
WAGTCR OT 3HAYEHMHN, XapaKTEPHLIX ANA ‘YNCTOro’’ anIOMUHWA, 8, HAYMHER
© HEKOTOPOro COAepXaHuA cepebpa, MOHOTOHHO pactet. Bauskuii K onu-
CAMHOMY XOA KOHUEHTPEUWOHHON 38BUCHMOCTM 3HEPFUM AKTMBAUMW MWUr-
Paunm 06HAPYXKeH Ha OAMHOUHBIX rPaHUUax B ceuHue (puc. 88).

B pabotax [144, 147] Ha 0Gpasuax aniOMWHWA BLICOKOWH, YACTOTLI MC-
CNOAOBAHA  NOABMXKHOCTL OAMHOUHLIX IpaHMl, obWero Tuna K rpaHuy .
axnona (100), aanekux ot-cneumansubix (puc. 89, 90). KoHueHTpauuoH-
HYI0  38BUCMMOCTL 3HEPrUM aKTHBAUWM MOXHO pasAenuTs Ha TPU yuacT-
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" Puc. 88. 3aBMCUMOCTb 3HEPIUN SKTUBELMM MWFDaUMN rpaxnu OT conepxanun cepebpa
v son0Ta 8 caunue (J.W.Rutter, K.T.Aust)

-4 -3 -2 ¢

Puc. 89. 3asMCMMOCTb 3HEPTUW aKTMBaUMY MUrpaLun E rpanuvy, obwero Tuna .o'r co-
ABPKAHWA PACTBOPUMbIX npumecei B oGpasue (ig C)

ka. Yuactok | — HM3KaR KOHuUeHTpauuA npumeceit. JHEpruA aKTUBauuN
nocTofHHa M 6nnaka K 3Hepruu aKTUBaUWy NOTrPaHNUHOM camoanddysun.
Yyactox || — Kkpusoit XapaKTepu3yeTcA 3HauuTenbHbim POCTOM 3HBPTUN
aKTMBaLLMN C MOBbILUEHMEM KOHUEHTpauUWU npumecy. VIHTepec npeacTasnAer
noseaeHve dyHkuun E (C) Ha nocneaHem yuacTke Kpueoii. 3aecb aHepruA
aKTMBaN MWIpauuy TpaHuy He B03pacTaer ¢ POCTOM KOHUBHTpaUWN Npw-
meceii, HaBnoAgeTCA A@Xe HeKoTOopoe ee CHYKeHWE. AHanornuHbiiA pesynb:
tat Gbin obHapyxeH npu PeKPUCTANNN3aUNU BNIOMUHUR C poGaskamu me-
an Topaorom ¥ BaHaepmeepoM. B pa601¥ [144] nameHeHne KOHUGHTpA-
UMOHHON 38BMCMMOCTW 3HEPTrU aKTMBAUMM pPaccMaTpuBanoch Ha OcHoBe
npeacTaBneHni anddhy3HOHHOrO NPUMECHOTO TOPMOXEHUA ¥ apcopbuun
B3aUWMOAGICTBYIOWMX 8TOMOB Ha HEOAHOPOAHOW rpaHnue. OavH us oc-
'HOBHbIX BbIBOAOB aHanu3a [144] — nWHEAHOCTL aHepTUN aKTUBAUMK MUrpa-
umm B KOOpAWMaTax E-igC npwn "cpeaHnX'’' 3aNONHEHWAX — XOpoLwo
WUNMIOCTPUpYeETCA  puc. 100, 101 Habnioaaeman 'Koppenauun' ABNAGTCA
" MBKPOCKOMNMYECKUM A0Ka3aTeNbCTBOM HEOAHOPOAHOCTH "CTPYKTYPbI 6one-
(eyrnoBoOi rpaHnubl. Mozaens OAHOPOAHOM TpaHuLb! (et B cxeme ananuaa
oTBevaeT usoTepMa aacopbuwm flaHrmiopa) NPMBOANT K COTNAcHio aKcne-
pUMeHTa M pacveta nuwb B 06NacTV MAanbIX KOHUEHTPauui npumech, YTo

Q
-~

Puc. 90. KOHUEHTPAUMOHHAA 38BUCH-
MOCTb 3HEPIMM aKTMBAUWA MUrpauMn
OAMHOMHBIX rpaHut, o6uero THNA W
rpaHuL HEKNOHA, AANeKUX OF cneunans-
HbIX, B anIoMUHAK PA3NNMHOR YNCTOTHI
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BbISBAHO OrPaHNYEHHOCTbIO

B o rome, Yyucna NPUMEPHO OAVHAKOBBIX AACOPOUUOH-

Skmeemansuop 3HaveHne dyHkuun £ (C) o6BbACHRETCA B paMKax fpPeAac-
tesneHuii pabotut {144] cnepyiowum obpasom. B ysenuuenve 3Heprim
aKTMBAUMA MUrpauuyM BHOCAT CBOW BKNap He BCe ancop6upoaannblg Ha
-FpaHMUe aTOMbl, 8 TONLKO ‘UX M36LITOMHEA vacTe. Takum o6pa3om n
crpemneHnu aacopbummu K Hacbiwenuto £ GyaeT CTPeMUTLCA K MaKchh'ﬂ Mp"
LOnA  XapaKTepHbIX NapaMeTpoB 3KCNEPUMEHTA pacveT aan ynoanera:': .
Tonauoe 3HaYeHne IKCTpeManbHoi Toukn (~10% % (at.)). -
‘ O CHX NOP Mbi PAaCCMaTPUBANK BAMAHWE NPUMecei
Huy obuierc Tuna. UmeHHO NOITOMYy BMeECTE C pzﬁora::a :?) ::;r:::: .:3:
pauUM OAMHOUHLIX FPaHKL 3epeH Mbl 0GCY)KAANM 1 pe3ynsTathl pexpucran-
NN3aUMOHHbIX’ U3MepeHnit. Cam ycrarioaneuuuﬁ ¢haxT cyLlecTBOBaHUA cne-
uvanbHeiX rpanul, obnaparoumx 0cobbiMu csoiicTaaMKu, CTaBUT Bonpoc:
K&K NPOABNAIOTCA 3TW CBOWCTBE BO B3aUMOASHCTBUMK G np'umecuo? .
 Ocr n ParTep usyuanu BAMAHME ONOBA Ha ABWKEHWE OAMHOYHBLIX Gonb-
WeYrnoBbIX rpaHuy — ‘‘cheunansHuix’” v obwero Tuna — B cauHue. U3
3KCNEPUMEHTANbHBIX A8HHBLIX BUAHO (puc. 91, a, 6), uT0 onoso To;mo-
| SMT_ABWKEHVE KaK rpaHuu obliero TMna, TaK M cneuuanbHbiX rpasuu, oa-
Kmmo ABWXKEHVE NOCNEeAHUX B CYLLECTBBHHO MEHBLUBH CcTeneHw. Auan('aruu-
HAA KaPTMH8 W ANA KOHUEHTPAUWMOHHOW 3aBUCUMOCTM 3HEPIvM aKTHBaLuK:
: 8 WCCNeAOBaHOM WHTepBane KOHUEHTPauuWid 3HepruA aKTUBaunw cneuuanb.-
' HbIX TP8HMU OCTEETCA MOCTOAHHOW, TOrAa Kak AnA rpaHuy o6wero Tuna
OHE OLLYTUMO PECTET C yBenuueHuem coaepxaHvn onosa, Tak cdopmupo-
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‘ (6) B cannue oT coABpPMaHNUA onoBa:
1 — cneuvansHbie rpaHuyel; 2 — rpaHuubl oGwero Tuna (K.T.Aust, JW.Rutter)
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Puc. 91. 3saucumocTb ckopocm (8) W 3HePrUyM SKTUBBUVK MUIPaUMW FPaHMLL 38DOH
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Ha puc. 92-84 npusepeHs! pesynsTaTel M3y4eHMA OPMEHTAUMOHHBIX
38BMCMMOCTeN FIOABIWKHOCTV rPEHML HAKNOHA B ANIIOMUHWK WM UUHKE Pasnuy-
Hoit uuctoTel [4, 146, 147, 158]. Kak cneayer us rpadmkos, BuA OpueH-
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C PasnNMuHOW CTPYKTYpPON NPaKTUYECKW OTCYTCTBYeET. 3TH 3aKOHOMEPHOCTH
NPOABRAIOTCA HA PA3NMYHBLIX CUCTEMAX FPaHWL, HAKNOHA B T.U.K. M F.1.Y.

metannax v, no-BMANMOMY, ABNAIOTCA yHuBepcanbHuiMU. Mo mepe cHke-
HWA KOHUEHTPAUMN NPUMECH HAYVHAIOT NPOABAATLCA CTPYKTYPHbIE CBOWCT- .

82 rpaHMl: NOABWKHOCTL W 3HEPIrUA BKTMBAUMMWM CreUManbHLIX rPaHy
CTaHOBATCA 3KCTpemanbHeIMK. Mpy pansHeillem. NOBLILIEHUM YUCTOTbI OG-
pasia pasfiMume B KMHETMYECKMX CBOHCTBEX FPEHNL BHOBbL WCYE38ET: Ha rpa-
nuuax (100) B anomunun m (1120) 8 uMHKe NpW ROCTATONHO BbICOKON
YMCTOTE MATEPWANa OPHUEHTAUMOHHBLIE 38BMCUMOCTU KMHETUMECKMX XapaKre-

PUCTUK HOCAT MOHOTOHHBIN XapaKTep (oaHaKo anA’ rpaHuy, Haknowa (1120)

POCT 4YMCTOTLI MaTepuana BHOBb NPMBOANT K HEMOHOTOHHOW 3aBMCUMOCTH

SHepr| U aKTMBauMn OT yrna pas’opueHTUPOBKK, YTO ABNAETCR CReACTBMEM .

OTPbIBA ABMKYULLEACA rPaHMUb! 38PeH OT NPUMECH N CMeHbI MeXaHW3Ma ABU-
WeHUA ~— NOABNEHVA ''6e3aKTUBBLMOHHOID’ MEeXaHU3Ma ABUXKEHMA) .
“Takum 06pazom, HabNIORBIOTCA HEKOTOPbIE YEPBAYIOLUIMECA KOHUEHTPa-
UKOHHbLIE MHTEPBaNbl, B KOTOPLIX CTPYKTYPHbIe 0COGEHHOCTHU rpaHuL NPOAB-.
nAT cebA B KuHeTuveckux ceolicteax. MonyuexHsle pesynbTaTbl nOKa3bl-
BAIOT, B YACTHOCTH, YTO NPEACTaBeHWE O BRMAHUUA NPUMECH NPEUMYLLECT-
BEHHO WA rpaHuubi obwero TMNa W rpaHUuLl, AaneKkue OT CreUWanbHbiX,
He HocuT aGcomortHoro xapaktepa. Mapuc. 92-984 sugHo, 4TO TaKoe nose-
ABHME — NMUWL YACTHLIM Cnyuait VU3MeHeHWA NapameTpoOB MMrpauun cne-
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FUPOBKN ¢ 36pBH B ANIOMMHWN PAINUIHOR YMCTOTLE. | — NPBAIKCNIOHEHUKANBHDIR MHO-
ﬁmmnb 8 YPaBHEHMMK MOABWKHOCTH ' '

AMLHLIX FPaHNL W rpaHuy OGUIero THNA C MBMEHEHUEM YWUCTOTSI o6pasua.
38BUCUT OT KOHUEHTPAUVOHHOTO WHTEPBANA U TUNA rPaHULLLI.

- TakomMy nosegeHuio KOHUEHTPALMOHHLIX 38BUCUMOCTEH NOABMIKHOCTH
HO NONLITATLCA A8Tb: KaYECTBEHHO 0GBACHeHWe, : ‘

1 Paccmotpum 3sonioumnio hopmbi OPUEHTEUNOHHON 38BMCUMOCTH IHEPruK

KTUBAUNM MUrpaUMM £ OT KOHUEHTPAUMM NpuMecH B o6bpasue. Byaem
iamtan, YTO MWIDaBUMA rpaHMubLl NPOMCXOAUT NyTeM eauHWdHbIX (Audbdy-
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Puc. 94. OpHeNTAUMOMHEIE 38BHCHMOCTH HEpFHM BKTHBELUM E MUF : :
i PAUMK FPaHIL HEKNO-
na 1010) (a) n 1120) (6) & UMHKe pasnmMuHof yucToTel, % (at.) Zn: .
1 —99,995; 2 — 99,9995 .
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Puc. 95. Cxema 380NIOUMM BMAS OPMEHTBUMOHHOW 38BUCWMOCTH SHEPIrUK aKTUBEUUK
Murpanun. £ ¢ namMeHeHMeM KOHLBHTpaUUK npumecy B oGpasue (/—/V)

Puc. 96. CpasHEHUE® 3KCNEPMMEHTANBHBIX ABHHBIX NO MOABMXHOCTH PaHWLL HAKNOHE
{100} [99,99995 % {ar.) Al] c pacuetHbiMu no J.C.M.Li (vouxn — sKcnepumeHT; nn-
HUN — TeopwA)

3MOHHBLIX) Nepexonos aTOMOB. B uMCTOM BelwlecTBe 3HaueHWe 3HEPruM aK-
TMBaUMM NOrpaHnuHON camoaudibysuu, u sua dyrkumm £ (p) Gyayt Taku-
MM, KaK Ha puc. 95. KpuBaa 4, NpuyemM CNBLMaNbHLIM rPaHULEM OTBEYaloT
MaKCUMYMbi 3Hepruv axTusauvn®. [epabie NOpUMM NPUMECKH, BBEABHHbIE B
oGpaseu, ancopbupyIOTCA B OCHOBHOM Ha rpaHMLax, AaneKux OT cneunans-
HbIX. ITO OGYCNOBNGHO TEM, YTO YUCNO MCKAKEHHLIX MeCT (ancop_ﬁuuou-
HbIX LEHTPOB) B TaKUX rpaHMUax cyulecTBeHHO Gonobuwse, Yem B creuuans-
Hbix rpaHmMuax. Kpome TOro, NOBEPXHOCTHOG HAaTRXXeHWe OGLIYHBLIX FpaHnuu
3HAUATENLHO BbILE, YeM CReuuanbHbiX, 8 NOBEPXHOCTHOS HaTAXKeHWe — ABWU-
Kywan cuna aacopbuvm. Takvum o6pasom, Manbie KOHUEHTPAUUM NPUMecH
GYyAyT B NepBYi0 OYepefb ROHMKATL MOABMIHOCTL (NOBLIWATL SHEPrvIO
aKTMBaummn) o6bluHbIX rpanwu. Npu atom sua sasucumocty £ (p) Gyaer
6nm30K K kpusoii 3 Ha puc. 95. Mo mepe pocTa KOHWEHTPalMu NpumecH
8ACOPGUMA HA OBbLIMBIX rPaHMLAX PACTeT, M KPUBAA 3 BUAOUIMEHRETCA B
kpuaywo 2. [anbHeliwmit pOCT KOHUEHTPaUUN NPUMECH NPUBOAWUT K pa3Bu-
TO# aacopbuMu M Ha CheunanbHbIX TFPaHuKax, a CneaosaTenbhHo, K ucwes-
HOBEHWIO pAasHUULI B NOABWMKHOCTM (3Heprum akTusauun) mexay oGbiy-
HbIMW W CheunansHbiMM rpakuuamu (puc. 85, Kpusan ,1),

Morpannsian anddyaun, paccmarpusasiwanca 8 . Il — 3to anddyms saone
rpaMMiLLl. MUFPBUMA XXe rPeHULL NPOWCXOANT (YTEM NEpPexXoAa STOMOS MONepPeK rpe-
Hubl. O 33KOHOMEPHOCTAX TAKNX MOPOXOAOB Y HEC HET 8 MACTOAUGE BPOMA HUKE-
KuX AsHHLIX, OAHBKO MOXHO, BEPOATHO, C AOCTOBEPHOCTHIO NONABFETH, YTO OTNWYW-
TensHan 0COGOHHOCTE OPUEHTBUMOHHBIX KPHUBLIX — MHHUMYMBI KOo3hduuneHros and-
DY3UN ¥ MEKCHMYMbI 3HEPrUM BKTMBAUWA ANA CTIOUMENLHBIX FPEHWIL — COXPBHHTCA
¥ B ITOM CRyuss. JT0 CBR3AHO C XAPAKTEPOM _mwysm B YNOPAAOUBHHLIX CHCTE-
max [ 166].
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"TOM FPAHMU HBKNIOHA B PA3HLIX KOHUEHTPAUMOHHLIX WHTepBanax.

W nocneaMee, 4TO XOMETCA OGCYANTL B 3TOM paspene. PaHee, paccMaT-
PUBAR MPUMEHWMOCTL PEINUYHLIX TEOPHIA MUrpauMM K OGBACHEHMIO BNAS
OPHSHTAUNOHHOR 38BUCYUMOCTH NOABMKHOCTH, MbI "orseprnu” noaxoa Jv,
K8K He MO3IBONAIOWMA ONMUCATL OCUMANALMKM HA KPUBOH NORBIKHOCTW.
‘HO ANA MOMOTOHMLIX 3aBucuMOCTeit A (@) (cm. puc. 93) ahanus Nu -paer
ennoxue pesynsrathl {puc. 98).

30OEKT OTPMBA ABUXYWEACA IPAHULLbI 3EPEH
OT AACOPSUPOBAHHON NPUMECH

il W3INArancA IBOMIOUMOHHLIA BUA BO3AGHCTBUA MPUMECH HE8 MUrpa-
10 FPAHUL ¥ NapameTpbl NOABUIKHOCTH rpaHvubl 3eped. Ho Teopun npep-
3bIBACT (K!K" OTMEUAsNOCcs) BOIMOXHOCTb B3aMMOAGHCTBMA W APYroro
0A8, KOTAS rPaHMUa NPW AOCTATOMHO GONBWMX CKOPOCTAX W TeMnepary-
PAX OTpbIBAGTCA OT aacopGupoBaHHOH npumeck. Cpean paznmumbix athrex-
408 NPUMECHOTO TOPMOXEHUR OTPLIB ABWKYULIEACA rpaHuubl OT NPUMecH
saHumaeT ocoboe mecto. Mayuewue aToro Asnewna nossonAer HamBonee
‘sdbexTHaHO peanusosaTh APOrpaMMy N3MEPeHWA XaPaKTEePUCTUK B3aUMO-
AsiicTBUA Npumecn c rpanuueit. IdibexT OTpoIBa NPeaCTaBAAeT COBOM IKCT-
PIMANLHYIO CHTYAUMIO Npw ABIDKEHUN TPaHWULI, TOPMO3ALLEACA aacopbu-
POBAHHLIMU HE HeAl aTOMamMM, CHTYaUWio, B KOTOPOI B3aumopeiicTBue rpa-
Piibl C NPUMECHI0 NPOABARETCA Haubonee OTMETAMBO, 8 ANA ONPERGNCHUA'
PDAMETDOB NPUMECHOIO BISMMOABIACTBMA HEOBXOAMMO MUHUMANLHOE YUC- ‘

SKCMNEPUMSHTOS. .
- B Teopun Jlokke—[fleTepta achheKT OTphbIBa BOSHUKAET TOrga, Korpa
HPUMECHDLIE 8TOMbI He MOTYT ABWraTLCA B TOM Temne (C TOi CKOPOCTHIO),
KOTOpLIA MM 3anaeT rpamua. B Teopuax Jfliokke—llinose n Kana noxasa-
YTO 8TOMbl H8 TONILKO '‘NCNAPAIOTCA’ € rpaHuubLt IPU NOBLILWEHUN TeMm-
Pbl, HO M "CAYBBIOTCA” C Hee C POCTOM CKOPOCTH ABWXeHuA. C oa- -
HOA CTOPOHbI, YeM GbiCTpEe ABMKETCA FPaHMUE, TeM MeHblue aTOMOB yaep-
NMBAGTCA B nNOTeHUMANLHOW AMe, T.e. B aacopbupopaHHOM coctoAHun. C
APYroii CTOpOHbI, YemM MEeHble aacopGUPOBaHHLIX. BTOMOB, TeM MeHblue
-TODMO3ALLAR CHNE W BbIWE CKOPOCTL .FPaHnlibl. Takan nonoxutensHaa o6-
PaTHER CBA3b MPUBOAWT K NABMHOOGDPA3HOI NOTepe rpaHuuel NpUMecHoOro
ofnaxa, 470 coOOTBETCTBYeT NpeackasaHHOMY Jliokke M [leTepToM OTpbi-
Y rpasnubl ot npumecu. MHTepec Kk aTOMy ABNEHWIO NOHATeM. 3TO npex-
\® BCOr0 MHCTPYMEHT M3YM@HWA CUCTeMbl TPaHWila — RpUMeCch, IO3BONAIO:
AMné BLIRBATL NPUMECH, OTBETCTBEHHYIO 38 TOPMOXEHWE TPaHWLbI, XapaK-
: CTUKW agcopounMm sTO npumecy Ha rpaHMue — TeNNoOTy agcopbuumn
M MMCNO aKTMBHLIX (MCKEXeHHbIX) MeCT B rpaHuue, onpeaenute audihy-
'SHOHHbIE NApaMeTPbi. NPUMBCHBLIX _8TOMOBEB  3epHOrpaHUYNON O6nacTu.
Mo camoe rnasHoe — sdext OTpbIBa NO3BOMAET M3YaTh CBOWCTBA rpaHu-,
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Ubl, NUWEHHOM OKPYXaloWeil ee aTMOCGepbl W3GLITOUHBIX ACOPGHPOBAEH- .

X aTOMOB, Yero Henwv3n AOOMTLCA Aaxe g:auo'ﬁ. rnyGoKON OUMCTKOW Ma-
:bua. Mpu 3TOM O6HApYXKMBAIOTCA HEOXMAAKHLIe 3DeKTbI U CBOWCTBA.
Peanu3aiiun 3T0# nporpammbl  UenecooBpasHa  ANA  UHAMBWAYANbHBLIX
rpamMuL, ONpeAeneHHOW KpucTannorpadmn, B CUCTEMaxX 334aHHOrO NpuMec-
HOroO COCTaBa; K rPaHuuUe B NPOLEcCe SKCMEPUMEHTa A0MKHA GbiTe npunoMXe-
Ha AOCTAaTONHO 6ONbWaR ABWXYWAA cWNa, 3HaueHMe KOTOPOH W3BECTHO.

Jliokke w iliTioBe paspaGoTana pacueTHam cxema, yAaoGHER anA ofpe-’

6OTKM  3KCNEPUMEHTANLHLIX AAHHLIX NO 3(heKTy OTPLIBA ABWKYUIACA

rpaHvisl OT npumeck. OMa NO3BONMAET ONPeAENUTL MPEAIKCNIOHEHUMANLHLINA

MHOXUTENDb - U SHEPruio axKTusauvu Avddysun npumecyu, OTBETCTBEHHON 38

s(exT, onpegenute aHepruio csAsu U; Npumecn ¢ rpaHuueid, 4ucno

aacOp6UMOHHBIX MecT B rpanuue. Tlocneaxuia napameTp onpeaenAeT 4MCo
yanos Z B rpaHuue (CTPOro roBOPA, YMCNO MECT), SHEPrUR CBA3K KoTo-
peix ¢ npumecsio (Up) oTnuuaeTcA oT Takosoh B o6veme.

Bo Bcex TeopuAx ANGDGY3UOHHONO NPUMECHOTO TOPMOXKEGHUR paocmr-
PWBASTCA MOAGNLHAA rPaHMUa, BCe TOYKU KOTOPOA ABWMIKYTCA C OAMHAKO-
BOH HOPManNbLHOW CKOPOCTHIO; B SKCMEPUMEHTE ke TaK GbiBaeT AaneKo He

Puc. 97. Usmenenne dopmsl nonyner-
K NP1 OTPLIBE 66 OT NPUMECH

1 — no oTpbiBa; 2, 3 — pasnuuMHLIe CTe-
nexu oTpeisa

Bcerna. OTPbIB MCKPUBNEHHOrO Y4acTKa rPaHMLibl, ABWXKYLUErOCA MOA ASHCT-
B1eM COGCTBEHHOro NOBEPXHOCTHOTO HATAXEHMA, — npouecc Gonee cnox-
Hbiid, YeM ONUCbIBEBMLIA TEOPUel OTPLIB NNOCKOrO yyacTKa rpaHuubl. Pe-
3yNLTATH! UCMONB3OBAHWA TEOPWA MPUMECHOTO TOPMOXKEHUA MOTYT 3aBM-
CceTb OT PpacnNpeAeneNnA CKOPOCTeA B ABMKYLWIGACA W3OrHYTO# rpaHuuye.
B pabore [149] sra: 384848 pELIEHA ANA METOANMKW 3epHOrPAHMYHON nony-
netnu (cm. N° 7, Tabn. 8) . U3 Bcex Touek nonynetnmn GuicTpee BCX ABWKET-
CR €6 BEPLAWHA, CKOPOCTL KOTOPOA PaBHA CKOPOCTH V NEpPeMELIeHHA No-
nynetnn - kak uenoro. B npubnmwennn Jliokie—[letepra, ecnu v<v"
[cm. ypeBHenne (280], rparnua wu B OaHON TOuKe He OTOPBETCA OT Npi-
‘mecu. Monynernn, ckopocts v KoTopoit Gonswe v*, Gyaer COCTOATs M3
YYECTKOB rpaHMilbl KaK csOGOAHLIX. (OTOPBABLIMXCA) OT NpuMecu, TaK w
ABWKYUWMXCA BMECTE C NPUMECHIO. YYaCTKKU rpaHuusl, Nexaume Aanexko or
BEPLMHLI NONYNeTAN, ABWKYTCA MEANEHHO U NOITOMY He OTPLIBAIOTCA OT
npumecu. Mo Mepe OTPLIBA ABWKYWEIACA NOAYNETAM OT npumecy ee topma

Gyaet menATLCR (puc. 97). Ckopoctb mMurpauun nonynemu onpegenner-
CA 38BUCMMOCTLIO:
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et G amp—— (AT T b i e

F—V

= y sin (-—— ), ‘. ' ‘ . (208)

. VF—VL

y Vg =7n0Ag/a, v, =n0A,/a (A n A;) — nopswxHOCTH rpanuubl
0GOAHON'’ OT NPUMeECH U ABUKYILEACA BMECTe C Helo) .

3asucumocte (296) rpadivecku npeacrasnena Ha puc. 98. Jta amer-

M8 NO3BOSIRET ONWCATL NOBEAGHME 3ePHOTPAHWYMON NONYNeTNH npu

ImerennAX v /vy W NOCTOAHHOM 3HEMEHUM v, /ve (pasubie kpuabste coor-

BYIOT PA3NUYHBIM SHAUEHNAM omomenun az— vi/ve). Npn Gonbumx

Vg TPSHMLA ABIKETCA BMECTe C fIPUMECHLIO CO CKOPOCTLIO v; (nuHun

Ha puc. 88). Koraa v*/vg, ymeHswanch, AOCTUTHET aHauennR v, /ve

gKa b), 4acTb NpUMecH OTOPBETCA OT BEPLUMHLI NETAN, W rPAHNLA CKau-

: npnoSpe*rae*r CKOPOCTH, COOTBETCTBYIOULYIO - TOUKe C. 3aTeM no mepe

eHbLUeHUA v*/ Ve Bce Gonblue 8TOMOB: Gyaer orpusanca, ¥ CKOpOCTh

ynetnu npubnuautcR K v.. Ecnu tenepn ysenuuuts v */ Vg, CKOPOCTL

yneTnn GYAET U3MEHATLCA NG TON e KPUBOH A0 TOUKM: d nocne 4ero
CKAYKOM CTaHeT paBHO# v, ("‘npuaunanue” npumeck) . -
[lonyvenHuie 8 [149] anA 3epHOrpaHUYHON NONYNETNIN 38KOHOMEPHOCTH
IBOXPSHAIOTCA, B OCHOBHOM, ANA NI0GOA CXeMbl MUIPaUMU rPaHUULI MOA
cTevem COGCTBEHHOrO NOBEPXHOCTHOrO HaTAXKEHUA.

. OAHAKO, 4YTO KACBETCA KOMMYECTBEHHBIX DPACYETOB MO CXeMe J'hokxo—
liTiome, Mexcly IKCNEepMMEHTOM W Teopueit CYLIeCTBYeT OnpeaeneHHan
COrnacosaHHocTs. OHA 38KNIONEETCA, B YACTHOCTH, B TOM, YTO B TeOpe-
8CKUX PAcYeTax O6GCYKAAETCA 3aBMCHMOCTL CKOPOCTH ABWMKEGHUA rpe-
bl OT ABMXYLUEH CHNbI UNKM KOHUEHTPaUMW nNpumecn, TOTAA Kak 80
“M3BOCTHLIX IKCNEPUMEHTEX W3YYEETCA TEMMEpATYPHEA 3aBUCUMOCTb
DOCTH MUFDaUMM FPAHWL, OTPhIBAIOWMXCA OT npumecw. Tipeanonaraer-

o4 vmm aa v/V,

/¥4

Puc. 98. Auarpamaa ANR ONPeABNEHNA cxopom CTEIMOHEPHOTO ABMIKEHNA NONYNETNU
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[image: image54.png]duument auddysun, 4to M B 06vEMe HEMCK®KEHHON MaTPHLbI. TeopeTu-
yecKuil aHanW3 MCNONb3yeT NPOCTEALMA BWA NOTeHUWana B3aMMOAGHCTBUA
rpaHuubl C NPUMECHIO — TpeyronbHbiid NoveHuman, W, HaKOHel, B Teopuu
Niokke—lliTioBe, KaK 1 B Te0pun Mokke—/[leTepTa, paccCMaTpUBaeTCA NNOC-
KA rPEHWUA 3epeH, TOrAA KAK 3KCNEPUMEHT 06bluHO NPOBOANTCA HA NCK-
pusnennoli rpanuue. B [166] atu mOnpocLI Gbii NPOAHANWU3INPOBAHLI B
pamkax noaxops Mokke—lliTioBe AnA aepHOTpaHMiHOi nonyneTnu. “uc-
nennbiii pacier Ha OBM nokasan, 4TO KaK XOA 3aBUCMMOCTH CKOPOCTH
ABVMKEHWA MPaHUULI OT ABWKYILEA CHAbI W TEMNEPaTYPbl, T8K U NapameTpbl
ahbeKTa OTPHIBA NPEKTUYECKM HE 38BUCAT HW OT BUAA NOTeHuuana Baau-
MOZASHCTBUA NPUMECH C rPaHWLEH, HW OT TOro, MNOCKAA MK UCKPUBNEGHHARA
rpaHuua yuacteosana 8 akcnepumente (puc. 99, 100). C ysenuuennem
3HEpPruM B3BMMOAGIACTBUA NpumMechH C rpanuuent Uy pacter ABMXKYWER CW-
ne W Napaer cKOPOCTL ''HArPY)KeHHON'' rpaHuubi, 370 CBA33HO C POCTOM
aacop6uwm. Tlpy HEKOTOPOM MaNnoM 3HaueHuK Uo OTpbIB B Buae pe3Koro
CKaYKa UCYE3aeT, YCTYNaR MecTo nnasHOMYy neperuby Ha KPWUBOA.. AHTEpec-
HbIM, H8 HaW B3rNAA, MOMEHTOM PaGoThi ABMNOCL M3yueHWe BUAS ‘KuHe-

lgv,enfe

Puc. 99. TemnepaTypHan 3aBMCUMOCTL CKOPOC-

1 12 13 4 15 TH AsmxeHnA nnockol (/1) w uckpueneHHo#

1000(T, K7 (/) rpanuus!
lgv,enfe
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Puc. 100. Bnunnne gopmsi (2) u rny6utn (6) notexunana B33UMOAORCTBUA rpaHNUS —
NPMMECH H8 3aBMCHMOCTL CKOPOCTH OT TOMNePaTypbl KCNepUMEHTa:
| — TpeyroneHbi noTenuman; I/ — Tpaneuvesnakbid; /11 — rayccuara
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g v,emfe

195
1000/T.X

TR, W05 475 185

1000(T, K7
Puc. 101, TemnepaTypHan 38BUCUMOCTL CKOPOCTU MUTpauMK rpaHMLibl NPY PaaNHYHBIX

SHAYBHUAX OTHOLWEHUA Drp/’Doﬁ‘
-100; 11 —=10;1H =1

0 20

i Puc. 102. 3aBMCHMOCTE CKOPOCTH MWFDaUMN ¥ rPaHuub! HaKNoHa 111 (= 30°
NPOKATEHHOM 30710TE OT TeMNEPaTYPb! .

ETMuecKnX KPUBBIX W NapameTpos OTPbiBA MPaHuulLl OT npumecd B 38BM-
CMMOCTM OT OTHOLUGHUA xoapuuventa anddysum npumecn B8 obnactu
b rpaHMubl K er0 0GBEMHOMY SHaYeHWIo {Drp/Dog) - Moka3aHo, uvo C poc-
£ TOM 3TOrO OTHOWEHWA TOYKE OTpbIBa CMmeulaeTcA B o6nacTb BLICOKUX ABM-
wyuwmx cun. 10T abdexT dmsuveckn nerko O6BACHUM — aTOMBI B o6-
NICTV Fpanvubl C YBENMYEHWEM YKE38HHOTO OTHOWeHWA CTAHOBATCA NOA-
WWOKHES M NPOAOIKAIOT ABMrATLCA C rpaHuuedt c Gonblueil CKOPOCTbLIO,
cooTaercTayioueli Gonbiue ABWXyweit cune {puc. 101).

s Junamdenue

14 16 18 28 22
1000/T,K~!

11 12 13 14 15 2000/TK

Puc. 103. TemnepaTtypHbieé 38BUCUMOCTU MOABUKHOCTH rpiuuu naknowa (111) (o=
= 38°) » aniomMuHWM

Puc. 104. ToMNepaTYPHER 38BHCHMOCTS NOABHIKHOCTH PBHMLL! HAKNOHS (10?0) {p=
= 30°%) » unHke :
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[image: image55.png]a Konmmmuoro 'CPABHEHWA PACYET C IKCTIBPUMEHTOM B [166]
eHo oTHOweHWe Dpo/Doe. Okasanocey, 4T0 310 3HBYEHUE HA YaMe-
'MBNI0: ANA BNIOMUHVA Dyp/Do6 = 10. Takum 06pasom, KoaphuNeHT

5 .

anddysun Dpp He moxer GbiTh OTONAECTBAEH C. KOsdpuumernTom and-

dysun D' BAONL TPEHUUBI, NOCKOABKY, NPH PECCMETPUBAGMbIX TOMMEPaTY-.

G S

pax nocneanwit npessiwaet Dyg 8 105+10° pas. Mo-suaumomy [166],
STO DPEINMYME CBASSHO C TeM, 4TO MUFPBUMA ONPEnenAETCA anbdyseit

/ gTOMOB NONEPEK FPSHULLLI, 8 He BAOND Hee. .
" JKcnepuMeNHTansHo addeKT OTPLIBa ABMKYWEACA FpaHULLLI OT Npume-
W 6bin OGHEPYXKEH M WCCNEROBAH HB ORMHOUHLIX FPaHULaX naknona (111)
B ‘onoTe ¥ anloMubny, (10100, (11200 8 unnke [63-66, 141, 167, .168].
Ha puc. 102—-104 npeacTasneHbl TeMnepaTypHbie 338BUCUMOCTH CKOPOCTH
(noaBwXHOCTH) Fpanuu 8 30n0Te [141], amomutnu (54] w uunxe [63].

' 3txpexT OTpLIBE 9KCNEPUMEHTANBHO ' NPOABNABTCA B BUAG Pe3KOro name-

HEHWR CKOPOCTM MWFPaunK rPaHMUBI C TeMNepaTypoit B8 Y3KOM Temnepa-~
‘TypHOoM nHTepaane. Beiwe u Hyxe o6nacTy OTPLIBE CKOPOCTL rFPpaHuubl 38
SUMCHT OT TEMNEPATYPLI OGBIMHBIM SKTHBAUMONHLIM obGpa3om. XapdKre-
PUCTUKM NPAMONMHEAHLIX YYaCTKOB M NOROXeHUe TOUKW OTPbIBA COASP-’

7 et BakHyio uHGopMauuo 0 AUtdY3HOHHBIX caoMcTaax npumecy, 0TBeTCT-
BeHHO# 38 OTpbIB, N O X3paKTepse B3aUMOARGIHCTBUR 3TOH npumecn C rpa-
HWUol. [inA nonydeHun 3toi nHbOPMaUMM HeoGxoauMo oBpaborart, 3Kc-
NepuMeNTaNbHbie [BHHLIE B TEPMUHEX TEOpUW andrby3HOHHOrO “NpumMec-
HOTO TOPMOXEHWA. ' .

K HACTOAWIEMY BDEOMEHW HaKONnNeH ,anmurensnsm o6veM 3Kcnepumen-
TansHbIX AaHHbIX N0 3ddeKTy oTpLIBa vMHAMBUAYANbHOA rpaHuubl OT Npw-

mecHoro obnaxa. 3dibext yaanoce OGHAPYKUTb Ha CRBUWANLHBIX W Bnua-

KMX K CheuMansHbimM rpaHvuax. Ha rpanuuax obiuero Tuna u 8 marepuanax
¢ Gonbiumm coaepxaHuem npumeck shdexT He HaGNIORAETCA: B IKCNEPU-
_MeHTe He YAARETCR CO3AaThb HECTONLKO Gonbluyio ABWKYULYIO cuay, yTo6b!

“OTOPBATS rPaHNLLY C BbICOKOMA 8ACOPBUNOHHO CNOCOBHOCTLIO OT 3HAYUTOND-

" HOrO KOnKYeCTBa TOPMO3ALUEH NPUMECH.
TeopeTuuecknii ‘8HanuUs 3JKCMepUMSHTANLHLIX ‘RBHHLIX NO OTPLIBY rpa-
- MWW HEKAOHa (111} w (1010), (1120) B anioMuHUKA ¥ UMHKe Ha OCHOB®
“teopuu Jhoxke—lliTioBe noKasan, 4TO NPUMECHID, OTBOTCTBEHHOA 3a TOp-

" NANLHO NErMPOBEHHOTO XKENEIOM B IKOHUGHTPSUMAX,  AIOCTATOUHO | HU3KHX,
" uToGbl  ahpeKT OTpbIBA MOXHO eule Gbino Habniopats, HO CYLLECTBBHHO

- NPSBOCXOAAWMX KOHUEHTPaumio nioboro Apyroro paCTBOPSHHOTO 3NeMeH-
ye [56]. Mccnenosank Gnu3Kylo' K CreuwanbHoi rpaHuWily Haknowa a1
YrOM PasOPUEHTHPOBKH 38,59, 3dpext orpbisa Hablniopanca s obnactu

Typer (puc. 105, Tabn. 9) ., [annbie, NONYYeHHbIE U3 TEOPUH ANDXPYIHOH-

e

MOX@HUE rpaHullbl A0 OTPbLIBA, T.8. NPUMECHIO, OT KoTOpOii oTopBanach
TPAHWUS, RBAGTCA )Keneso — B ANIOMUHWA U aNOMUKNA — B UWHKE
[4, 54). 370 nos3sonkno nocTasuts paGoty, B KOTOpOi u3yveHne adxbexra
~ OTpbiBa NPOBOAWNOCL Ha GMKPUCTaNNAaX BLICOKOYMCTOrO ANIOMUHWA, CNe-

TeMnopaTYp 480560 ?g_. B 3aBUCHMOCTH -OT ABMKYLLGR Cunbl U Temnepa- .

1,75 1,25 1,35 745
1000/1,%

$-3
s .
<-4
>
-§ L R T N .
W5 125 435 145
1000/7, K

ic. 106. TeMNEPATYPHAR 38BUCUMOCT CKOPOCTH ABUIKEHWA FPaHWLLLI Haxnowa (111)
\lp = 36,6:0,6°) 8 oBpasusx /—/I! () u IV—VI (%) ANIOMUHWA, NETUPOBAKHOMD Xane:

™M (Tabn. 14)

o-'-'l‘-‘lo" %; HI~8-10"% %; IV—1,16-10"" %; V —1,6-10"% %; V/I—1.66.

rpea  KOHUSHTPEUUA 3ueprun sam-  Yncno aacopb- T % (ar.)/em?
: TOpMOIAWEH NPU- MOABACTENA C UMONHBIX MOCT )
mecw, 107° % (ar.) rpstmueii Uy, 8 rpakuue Z,
wkx/mons % (a7.) /om®

Anomunud, BPENUYS HEKIIONE {111), TOPMOIRWEA NPUMECE X630

7 (o6paseu)*! 148 1,0- 104 7.1 - 10°
7 (o6pazey 11} 11,7 1,4.10** 8,0 10°
8 1,7 1,4-10** 6,2 -10*
1,16 .13 1,4-10** 8,910
1,6 11,3 11104 11,3-10°






[image: image56.png]lMpodonxerue Tabn. 9

T % (a1.) /om?

¢, Tpea KoHuesTpauun Oneprun B83an- Yucno aacopt-
TopMO3AWeR npu- MOAGACTBMA C  LMOHHBIX MecT
mecu, 10~% % (at.) rpawuueh U,, B rpaumue 2,
wfbx/mons % (av.) Jem?
1,65 13,4 1,3-10** 15,9 - 10
38 2 16,3 2,3-10'* -
1 23,4 7-10'? -
23,0 2,4 10'* - ,
445 11 11,7 1,6-10'¢ 96 - 10°
445 6 14,6 1,2 -10'* 68 -10°
45,5 5 12,6 1,6-10'* 61 -10°
48,3 4 14,2 1,4-10'* 52 10°
46,5*° 8 11,3 1,4-10** 6,1 -10°
27,2 49 - 102 21-10°
6 11,7 1,7-10'* 7,410
45** 6 305 42 -10'? .2,6- 10"
5 134 1,3-10'* 6,6 - 10°
30,9 38-10'? 19-10°
Uunk, 2penuya HaKnoHa (1010), TOPMO3IRUIAR NPUMECD amomquuﬁ
30 3 171 1,4-10'* 1,3-10'°
37 3 18,0 1,4-10'° 16-10'°
K]
Uunk, spanuys HarnoHa (1 120) . TOPMO3AWAR NPUMECH anmomunull
34 3 31,8 59 -10'° 16-10'°
66 1 32,6 8- 10'* 48 - 10°
66 3 339 48 -10'? 15 -10'°
81 1 34,3 9,0-10'% “w 4810
88 3 334 g8 - t0'? 16-10'°

*1 AF/ AF) =16 )
3 JKCNEPUMEHTANBHDIE ABHHLIO SHENUINUPYIOTCH B PAMKBEX aacopbunoHHof Moaenn
C ABYMA TUNAGMU UEHTPOB apcopbumu .

HOFO MPUMECHOTO TOPMOXKEHWR,
scex 06pasuos, 4TO MPEACTaBNAETCA BaXKHLIM NOATBEMKASHNEM NPaBUNL:
HOCTW aHanwu3a ABnexnA (Tabn. 9) . QHepruA gaaumoneictena Uy oxasanach
ANA 3TOW rpaHWubl pagHoii 12,9117 kox/mons. Ocobeid unTepec npeac-
TaBNAeT BONPOC O NpUpOAE W uucne apcOPGUMOHHBIX MeCT B rpaHuue 3e-
per. AncopbuwoHHaR eMKOCTb rpanviibl, onpeaeneHHan no peaynbrartam
9KCEPUMEHTOB, OKasbIBaETCA PaBHOd ~10'% cM™2, 4TO 3GMETHO HWKe
3HEYEHMI, NONYYEHHBIX METOAOM Oe-CNeKTPOCKONUN Ha rpaHuLax ‘obuwe-
ro tvna B nonuxpucrannax. OaHaKo B 3TOM HeT. Huuero cTpanHoro. Ecrect-

BOHHO, UTO CNEUMANLHAR W GAM3KWe K Heit rpaHuubl MOrYT NPeAoCTaBnTSL
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XOpOWIO COrNacyloTCA Mexay coboit ANR
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8ACOPGUPOBAHHLIM 8TOMaM OTHOCHUTENbHO ‘HeGONbLLOE YUCNO MECT, peskd
| p83NMMAIOLUMXCA 3HEPrUeil OT HeUCKaXeHHbIX YSnoB B OGbeme Kpuctanna.
3amerum, UTO 3TU AaHHblE NONYYUTHL upyruh cniocoBom Henb3n. Anio-
MUHWIA HE NOMAETCA N0 rPaHWLaM 36peH, W NPAMbIE 3|<cn'opumunnwue‘
METOAb! W3YUEHNA Cerperauuu npumecy (ome-cnexrpocxonha. v Ap.) 3aech '
HENPUMEHWUMBI. Hg MOXET NMOMOML W METOA, OCHOBEHHLIM HB OfpeaeneHnm
KOHLEHTPAMOHHON 38BUCUMOCTU NOBEPXHOCTHOrO HATAXMEHWA W 38TeM
aacopbuvorHoit dopmynsl Fu66ca; ¥ KoHUeHTPaUUM CAMIKOM Manbli, W
HAAGKHLIX METOAOB W3MEPEHUA “ROBEPXHOCTHOrO NETANKGHWA OAMHOUHbLIX
:‘;‘)’:o:::":'e‘:o:un HeT. DdbeKT OTPLIBA OKA3HIBEETCA 3A6CH SAWHCTBEHHO
K TOMYy Xe 4 7 '
pyMEHTOM, \ Pe3BLIYaHO YYBCTBUTENbHBIM W TOHKUM MHCT-
HepaBHo 6bin0 0GHapyxeHo Hosoe B pamiax adibexTa oTpbiBa Aene-
HMe — ABOMHON NOCNEAOBaTENbHbIA OTPLIB rPaHMUbE or npmweénoﬁ arMoc-
¢hepbl. JKCNEPUMENTLI NPOBOANNYN HE CHEUMANEHONA TpaHNLe waxnowa (111)
¢ =,4»6,§° (o6paTHan nnoTHocTs cosnapatoumx ysnos Z = 19) B oﬁpaa:
48X anioMUHMA, NErupoBaHHoro xeneaom [169]. OcaBeHHOCTL TeMNepaTyp-
HBIX 3aam_mmocreﬁ NOABMXHOCTA 3TOH rpaHuUb! B 06pasuax ¢ NpUMechio—
ABOWHON NOCNEAOBATENbHLINH CKEYOK, CONPOBONABIOLMACA PE3KUM N3Me-
HEHMEM 3HEPIUW SKTUBAUMW MUrpaUMK (puc. 108), AHanus noxasan, uTo
#uA 38BUCAMOCTER  /—//] ANA NErvpOBAHHBIX XENesOM 06pasuos CBA3aH
C NOCNeAoBaTENbHbIM OTPLIBOM FpaHUlbl OT 4TOMOB.XKeneaa, ancopbupoaan:
HBIX HE ABYX Pa3HLIX TUNaX BACOPOUMOHHBIX UOHTPOB, paanmanoumxcti
eprueli BaaumopencTeun. Ana oanoro TMNG LEHTPOB SHEPruA B38MMO-
ASCTBUA 8TOMOB XENe3a C rpaHNLeit OKasanach pasioit|11,8£0,8.1cox/mons,
R apyroro — 28,6 kfbk/mMone. Mpu 3TOM pasnwuHbIM DKasanocs U 4uc-
aacgpﬁuugznuux UeHTPOB: NEPBOro TUNA '1,5-10'“, a BsTOpPOTO ~—
i A-10** em™*, OueHka NOBEPXHOCTHOW MAOTHOCTM. Y3NOB COBnaaeHun 8
¥ pamkax mosenv ;l:gmetox coBnapalowmx ysnos ANA ASHHOM rpaHuubl Aana
anavennn 1,8-10'% om™, uto COBNAAAET C UMCNIOM MECT MpBOro THNa.
Y MOXHO AOMYCTUTb, YTO 8KTUBHLIG UEHTPbI NEPBOro THNA PACNONOXEHL! B
| rpaHnue ¢ TOI Ke MNepPUOAUYHOCTLIO, YTO ¥ COBMAARAIOLLKE Y3Nbl W WHTep-
NPeTMPOBATL WX KAK HBMGONEee UCKANEHHbIS yNECTKW MeXjay coBnapaio-
muwm yanamn. OTHOCHTENIbHO 8KTUBHLIX UEHTPOB sroporo vuna s [169]

120 1w 140

150

d 055K

091,07

k. Puc. 108. TeMNOPaTypHAR 38BUCHMOCTb MOABWIKHOCTH cneunansiof r
_ CIBUMBNLH PaNNLLbI HAKNO-
i wa (111) lp= 46,5¢0,6°%) B 06pasuax anwomununi |, 111 W 11, 1V (ém. Ta6n. 9) , nernpoban-

HOMO MeNe3aom

n





[image: image57.png]. BHICKa3LIBAGTCA I'lpOAl’IbﬂO)KGHMG,

YTO OHM CBA3AHBI C 38PHOTPAHWNNHBLIMU
AMCNOKBUMAMY, "'BbIGUPAIOLIMMK YTOBOS OTKNOHEHWE PeanHol uccne-
AOBSHHON rpaHulibl OT MAGANBHOW CNEUNMANbHOW Pa30PUEHTUPOBKN. '

OTMmeTMM, 4YTO AaHHble 06CYXKABEMbIX sxcnepumentos [169] noaTeep-
AMNM M3BECTHYIO AHOMANWIO andibyanu Kkenesa B anioMUHVK, [A8 1O A8H-
HbIM PRAS aBTOPOB HaGNIOAROTCA ABe PE3Ko fasnwmua rpynnei  anddy-
SHOHHLIX XB8PDAKTEPUCTHK! Do =41 .107% cm/c, Ep= 67 xfx/mons n
Do = 136 cm?/c, E, = 1885 klbx/mons. HauGonee pPacnpoCTPaHeHO
MHEHWe O CBA3M STOW aHOMaNWu ¢ andxbyaneit No AeheKTHLIM -obnactam
xpucranna [170].

B nonbsy Toro, uto HaGniopaemoe cKauKkooGpasHoe WU3MeHeHne CKO-
POCTH ABWKEHUA FPaHuubl CBA3AHO C OTphIBOM @e OT aacop6upoBaHHOH
‘npumech, CBMAETENHCTBYET PAA haKToOpoB: NOCTOAHCTBO (s npepenax
owMbKN WIMEPEHNid) pacyeTHbIX sHaveHuit aveprun B3anmopeiictaun Uo
W uMCNa aACOPBUMOHHBIX UeHTPOB Z, MONYYeHHBIX W3 o6paborkn napa-
METPOB CKa¥Ka ANIA OAHMX W TeX ke rpaHuubl W npumecn, HO Ha o6pas-
Hax C Pasnu4HLIM COABPIKAHWEM nocneaneit (cM. Tabn. 9); NpaBMALHLIA
CABUT TEMNepaTypbl OTpbiBA C POCTOM KOHUGHTPauUUK W ABWKYLEA CUnbI
{(yem BbIWE KOHUSHTPAUMA W 4EM HWKE ABWXYILLAA CUN8 MUTPaLuK, TeMm
npw 6onee BLICOKUX TemnepaTypax HaBniopaetcA addexT).

Ha puc. 107 npuBeaeHo uYucno ancopGUNOHHBIX UEHTPOB TUna | - te
UeHTPOB COGCTBEHHO B rpaHuue, 8 He Ha 36pHOrPAHWUHBIX AMCNOKAUMAX —
KaK GYHKUMA Yrna OTKNOHEHWA Ap ot cneunansHow pasop’ueﬂmpoaku.
Kak .» cneayer M3 (M3N4ECKOro cmsicna Z;, apcopGuvoHHan eMKoCTb
rpaHWLBI OCTaeTCA NOCTOAHHOI B AOCTETOYHO WMPOKOM MHTepBane oTKno-
uennit. Haxoneu, s puc. 108 npuseneHa TEMNEPATYPHAR 3BBUCMMOCTL
NOABWXHOCTY rpPaHullbl HaxAuHa 11n, ¢=36,5°, nonyMeHHan Ha AByX
o6pasuax amomurna (I v 1) ¢ OAMHAKOBbIM COABPXEHWEM KKenea, HO C
PasnMUHOA ABIKYILLEA CUNON MUTPaUnN. (AFll AF, = 1,6, npu atom ab-

-3
50

Y %"’

. B e e .

740 <-5

=35 >
-6

47 4 45 papad 20 0 440 wirn!

Puc. 107. Uncno aKTMBHBIX ueHTPoB Z; ® rpanuuax, GnusKux K cneunansHoft (p =
= 46,8° + Ayp) .

Puc. 108. TeMNOPETYPHAA 38BMCMMOCTE MOABUKHOCTH FPaHMULI HaKAOHA (i‘l1) o=
= 36,6°) anmobpasuos 1u il : .

212

[KT = 107%) . Koop-
#3MEHEHNA CKOpOC-
. HO 3HABYEeHMA NOA-

CONIOTHO® SHAYGHME ABWKYIWLER CHAbI BECHMAE uano,
aMHaThl (CKOPOCTL M TemnepaTypa) ckaykooGpaAH
TH ABWKEHUA rpaHuubl Ha 3TMX 0Gpasuax ‘
BWKHOCTOH M8 HWIKO- W BLICOKOTEMNEPATYPHA , x cosnagawor. 310
: AOKE3LIBEET, 4TO ABWKYWEA CUNA MUTPaUMK [4 . onpeaenAer vemne-
PaTypHbiit WHTepBan 3dibexTa B COOTBETCTEWM C BRIBOASMH Teopun And:-

(Y3MOHHOTrO NPUMECHOTO TOPMOXEHWR  YGEAUTENRHO KONMUECTBEHHO
tomepmef 6r0 NPMPOAY. 3aMETUM, YTO MIMEHENNA ABIXYLUEH Cunbi B

1,0 pasa npyu cTONb HE3HAUUTENLHOM u‘.amehnﬂgm«ilﬂ"eb AocTaroy-
HbIMM, YTOGLI CABMHYTL Hauano oTpuisa Ha 26%.

OTpbiB rpaHuubl OT ascOPGMPOBAHHON NPAMECH — APKAR WANIOCTPAUNA
& NpuHUMNa MaKCManbHOH CKOPOCTH YBbInK, CBOE i aHeprun cucTemsl,
E wnm npuHumna npomexcyTousoro paswosecun [1611. AacopGuva npume
CY HA TPaHUUe BbI3BEHA CTPPMAeHVEM NOHWSUTE CBOGOAHYIO 3Heprme.
TP8HUUBI; OTPbIB NPUMECH OT rPaHMILL! NOBHHLAST NOBEPXHOCTHYIO IHEPTMIO
‘ ?:Oﬂﬂﬂbl. HO PE3KO YBENMINBSET 68 NOABIKHOCTE, YTO NQIBONRET CUCTEME

ICTP#e CHIDKATL- CBOGOAHYIO BHEPrHIO . BCIGACTENE  YMOHbLeHUA OoGbema
3epHa ¢ Gonee BLICOKOIH CBOGOAHON anepriei. - -
. B pabote [149] nokssamo, 4TO CTSUMOHAPHOS ABWXEHME nonyneTnu
J ovaeuaer sctpemymam anccunaTueitoi dywiun?; :
Vd
Yiv)=2[20v—a rf d B

‘ 0 A(v) B

" Tonbko MaKcuMyMbi 3TON dy L .
e YHKUMM OTBEMNIOT YCTORUMBOMY CTEUHOHA
"‘K‘MV Asnxenmio. Cropocty, COOTBETCTBYIOWMNE  MUHUMYMY Yiv), Yﬁbpl:
BWT C POCTOM ABMKYWIEH CUNbI; W TEKNE POLLGHWA COBEDLUEHHO He yC-

(207)

\V “
Puc. 109. OB Bia 060BwISHNOR ANCCHNETBHOR dyHKuMN ¥ (V )

CCNBTUBHER (hYHKUUA — JHEPTMA, ANCCHTIUDYSMEA CHCTOMOA B eanHuuLy Bpe-
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[image: image58.png]Toiunsbr. Gynkuma W (v) ANR pE3MUHBIX 3HEYEHWH v* B npubavxeHnn
Nioke—[leTepTa NpeACTaBnEeHa Ha puc. 109. Mpu nuHeXHONH 3aBUCMMOCTH
CKOPOCTH OT ABMXYWEA CvNbl (A = const) dyHkuuA W uncneHHo pasHa
CKOPOCTH AUCCUMNAUUN ceoboaHoi aHeprum. -

Pasnuune 8 A8ACOPGUMOMHON CNOCOGHOCTY PasHbiX TPaHUL, ocobexro
3aMeTHOe Y UWHKa, rae aAcOPBUNOHHBIE EMKOCTU TPaHWL, HaKnoHa (1010)
W (1120) pasnwsaiotcA Ha 1,5—2 NOpPAAKE, NPUBOAMT K paay addexros.
TaK, CTAHOBMTCH ACHbIM, NOYeMy npu_oaHoN u TOW %@ KOHUEHTpauWn pacr-
BOPMMOt NMpUMeECH Ha rpaHnLax {1010 u (1120) HabniopalOTCA NPUHLK-
(MANLHO Pa3HLIE OPUEHTALMOHHbIE 3ABUCUMOCTU noaswxHocTh. PasnuuHan
ACOPGUMOHHER 8MKOCTb FpaHmu Hakrowa (1 1200 wn <1070 npusoaut K
TOMY, YTO HA FPEHWLAX C BbICOKUM €6 3HaYeHWeM (1010} aacop6uMoH-
HO® HACHIUIGHWEe HACTYynaeT paHulle (npw Gonee HW3KOM KOHUEHTRALWK
npumecy) , Yem Ha rpasnuax ¢ manoi aacopOUMOHHON BMKOCTLIO ((1120)).
Mostomy (cm. puc. 94) npu oaxoi w TOW e KOHUGHIPaUWW npuUmecH
CBOMCTBA -CneunanbHbiX 1 O6bIYHBIX FpaHKU B cucTeme (1010) RvsenupoBa-
Hbi, @ B (11200 CYLLECTBEHHO PaSNMYHDI. : :

Cneayloumit adexT cBA3AH C CYWeCTBOBAHMEM rpaHUI, C OYeHb HW3-
KO BACOPBUMOHHOM CNOCOGHOCTLIO. 970 — sthexT atepmuueckoro (Ge-
3aKTURBLMOHHOTO) ABWXEHMA [paHuU 3epeH. AKcnepumeHTanbHo oM 06-
MAPYXEH Ha CcrneuunanbHbiX K 6nM3KNX K HUM rpaHuuax HaKnoxa {1120
{4, 167, 168, 171]. Ha pwuc. 110 npuseaeHtl TeMnepaTypHble 3aBUCUMOCTH
NOABMKHOCTA ANA PAAA rpaHML, Ha KOTOPLIX HaGnloaaercA atpdext. Xoa
sasucumocti A (7) xapaxTepeH ANA rPaHUL, Ha KOTOPbIX wabniopaerca
apext oTpbiBa. CyulecTBeHHO HOBLIM “ ABNAETCA 3KCNEPUMEHTANbHbIA
GaKT, 3aKAIOYAIWMIACA B TOM, 4TO focne OTpekiea oF NPUMECHON aTMmoC-
tepbl CKOPOCTb ABYXEHWA rPaHUUbI He 38BUCUT OT TemnepaTypbl. Celvac

g4 15 16 47 148 19 20

15 17 19 21 23 -1
1000/ 51 " 1000/T,X

“Puc. 110. TemneparTypHan 38BncMMpCTs

‘NOABMIKHOCTY FPanny Haknowa (1120) 8
umnske [ 46]: :

-6 v a— p=34° (£=23); 6 — p %56°

14 15 16 17 18 1000/, (£E=3B);8—p= 85° (2= 11)

f; .. Puc. 111, Temneparypan sasncumocrs

. B8 OCHOBHOM COXPaHAeTCH) .

Rkttt I T PN YN e

:S::;Y’ii’::o ﬁv’:’:’;::l;mp BECATH 'PA3BPUEHTMPOBOK, HA KOTOPLIX Habnio-
KoM TPRLIM 10 Moa' ucf:nenoaauo B8NUAHKe pasMYHLIX aKTopoB -~
o GeTanne — sa 3q:bm.ew npumecu 8 o6pasue, OPUeHTAHWM TPaHWUbI
e A eKT 6e3aKTUBAUMOHHOTO ABMKEHUR . \

npommmre o Ha adiphexT 6e3aKTUBAWMOHHOTO ABIDKEHUR IpaHuL
ABOAKO. Bo-nepBhiX, ¢ yBenuueHneM YMCTOTbI LMHKA pacTer

" umen
0 CRIEUMAnbHLIX W GANM3KKMX K HUM rpaHMl, HA KOTOPbIX NPOABNAETCA

:ﬁ:;:;bﬁeszmusauuonuoro ABWXKeHNA. Bo-aTophiX, NPUMECk YMeHbilaeT
AKTUBBUMOHHOTO ABWkeHuA rpanuubt. Hapuc. 111 npusepe-

. Ha TeMNepaTypHaR -3aBUCUMOCTb NOABMKHOCTH TPaHMUbl HaxnoHa (1120),

= 0 s
fn .o:gm: o[Gﬁasur?x C PA3NVMHLIM COAEPXAHMEM TOPMO3ALWEH npumecy —
- lloasmxkHocTe rpannubl Ha 6e3aKTUBBUMOHHOM yyacTKe

fIOABMXHOCTY rpaHUiLbl HaKNoHa (1120)
lp = 66°) & ummke ¢ 1-10-* % (ar.)

L AL 310 % (ar) Al (2) WS e 17 18 19 0

000/T, k™1

HWKe B 06pasuax ¢ 6Gonee BLICOKWUM COABPXKSHMEM ATOMOB ANIOMUHMA.

"2;:; e::::gu:;p ;:J)'Ikbaﬂ o6bACHUTE HA OcHOBE Teopwn andidby3MOHHOFO

| eHUA, MOCKONLKY M0 HEWMM 1|

L ‘ PeACTABAGHUAM Ha

602;;»:::::@:“ y4acTke rpaHuua aswkercA Ges apcopbuposanHbix (B ru6-
CMbicnie, T.e. u3GbITOWHLIX) aToMOB npumecu. Fpeanoxexa

[4] nocratoumo npoctam moagens B3aUMO/IGHCTBMA ABIDKYLLEHCA rpaHuLbl

‘i :anp?lur;:cn;::M aToMaMK, paBHOMEPHO pacnpeaenextbim 8 o6bveme Kpucran-
§ na. ABWKEHUU IpaHuLa NPUTATUBEET BCT)

| @4aIOUIMECA aTOMb!
; NpUMecKH, KOTOpble  HeuMHawT Autd "o

. yHanposarh K Heil. MuHosas artom
- :p:::p:c“i'l ;z:‘:::: _elueHeKoTopoe BpeMA NPOAOMKAET B3AUMO/EIHCTBOBATL
. . I 8TOM HEKOTOpOe BpeMA ABWKETCA n

/. K YXOAAWE rpaHuue, HO OTCTaeT, Bbil i i
. : A 0 AR 13 “30HBI NPUTAXKEHWR'' -
HO# 2/icp, Fae OMB3aUMOAGACTBYET C rpaHMueli c'enn?)ﬁ f Z Vet

max = Uo/lxp

ecn ]
(ecnu atom He nputArueaerca, a OTTANKWBAETCH, CXema B3aumoaei#cTBuA

- .
Tepmun " 63aKTUBELMOHHOB ABUNXKEHME” HE OSHAYAST TOMHOTO papeHcTsa Hynwo

“ 3HepruM axIMBaUMN. OH NI OTPEKEST IKCMEPUMEHTANMHO OOHAPYKEOHHbIA haKT

STOPMUYHOCTH ABMKOHWA TPBHUULI, YTO MOXET GbiTe u Npu £ ~kT, nockonbKy npak-

| TMNECKW KaxAbifi CKaYOK npeoaonesaiowiero 6apsapa ByAeT YaBHLIM
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B 3TOM CRiyuae CKOPOCTb ABWKEHUA rpaHuLLbl 3epeH

/1 " Be,D kMUY Q‘EA !

(AF - A)?

aF: A (208)

R

{1+

rae Co — YACHO aTOMOB Npumecn 8 1 cem3;
npuMecH. \

Buipaxenme (208) dmsnuiecku NPaBWILHO ONWUCHLIBAET TOPMOXKEHNE
rpaHnLLbl "Topuaummm’’ B KpUCTaNne aToMamMu Npumecu. 970 TOpMONKEHNE
mano, ecom Co, Uo, D 6nu3KM K Hynio; nocneaHee ycrnoane o3Havaer,

D -~ koadmunent andysun

w0 HENoABXMbIE GTOMbI NpUMecH B38MMOAENCTBYIOT C rpaHuuell B Teue-

|9ToT e "haKTOp AeACTBYET " B Cnyvae
ABWIKOHMA IPaHNUbL. Ycnosue
‘ABWKYTCR BMmecTe C rpaxnuen,

HMe. OYGHL KOPOTKOro BpemeHu.
Gonbluux 3HaueHwiA AF-A — ckopocTu
-» 00’ Q3HAYEET, YTO NpUMeCHbie aTOMbl
: V = AAF, :
MOET YMEHBIUUTD CKOPOCTL HA 663aKTHBAUNOH-
HOM YYacTKe He Gonee, Yem B /\BA pass, ¥TO MO NOPRAKY BeNnn4nHeI COr-
NAOYETCA C SKCNOPHMEHTOM (¢m. puc. 111). .

B paGore [171] cpenana nonbiTka ASTS iINECTBEHHYIO (TEOPWIO Sb-
dexra GesaKTMBAUKOHHONO (aTepmMuuecKOro)  ABWKEHWA MEXIEPEHHOM
rpaNUUbl HA OCHOBE TEODUM NEPEXOAHOIO COCTOAHMA W YNpyro# moaenu
STOMMNbBIX NEPExXOAOB. :

B pabore {171] npeanonaraercs, 4T0 638K THBEUMONHOE ABVKEHWE —
Pe3yRsTAT rPYNNOBOTO  KOOMEPSTHRHOMO npoueccs, Korga rpynna ws n
aTOMOB COFMECOBAHHO CMeELLBeTCA, MePeBOAR yepes TPaHULY OAWH. MNpwu
3TOM A6POPMALMA METPHLILI COIASETCA BLAMM N ATOMBMN, )

[lBiKyUIan CHAA MWrPEUW NpW FPYNNOSOM MOONEPATUBHOM Mpouec-
Co TAKEA KO, KaK . Npw MEXAHU3MEX, OTIpeAeNnAeMbIX SAUHUIHBIMK epe-
XOQAMW STOMOB: B Pe3ynbTaTe rpaHwua CMEILAETCA Ha PAacCTOAHUWS, oTBe-
waIOULes NEPEXOAY M3 3epHA B 36PHO OAHOTO BTOMS, a napamMeTpsi aKTHBK-
pyemoro npolecca — CBOGOAHER 2HEPTUA, SHEPTUA W SHTPOMMA BKTMBALUA
COOTBETCTBEHHO B 11 Pa3 MeHbwe, YeMm ANA MeXaHWIME BGANHUYHDBIX
nepexonos.

‘ECAN SHEPrWI0 SKTUBEUMN MUTDBUMKM, OTBEUAIOULY!O AMHWIHLIM Nepexo-
asM, NpUHATH pasioit ~40 kx/mons [4], To ana Toro uToGhi E=kt
. PN ROCTETOMHO BLICOKUX (anA uuKka) TemnepaTypax HeobxoauMo n=
= 10. 310 3HaueHne N 6nAn3Ko K Ynchy aTOMOB B CTPYKTYPHOM aneMeHTe
rpaHNUL! U NPEACTABNRETCA PaSyMHBIM.

Iwp
W TOTD8, 8CTECTBOHHO,
Mpumecs, no (288),

9. WE NPEACT ABNEHUA O MEXAHU3MAX MUTPALUM
TPAHUL 3EPEH B METANNAX

BCe CYWIGCTSYIOUME MOABNN MEXEHWIMOB MUrpaunu rpaHnlLy 3epeH MOoX-

HO PasAenuTe Ha ABe Gonblwue rpynnbi:

© MOHTEPHBIA 8KT CMOLLIGHWA FPaHuuLl — pesynbTaT NEPeXoAs OAHOFO 8To-
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MEXBHUSMb] MUTPaUMW, TAS ane-

Jraprr T

M8 —MEXBHUIME!  BAMHNYHBIX nepexom'p" —. # MEXEHUIMBI rpyRnOBbIX

L nepexonioB, rae aNEMEHTApHBIA GKT CMEUISHWA ONPENENAGTCA NepexonoM

HECKONLKUX aTOMOB.

" Ouenis NOKESLIBAIOT, 4TO BO MHETMX: (CRYWaRX aKcnepuMenTansHsie. -
ABHHLIG NO BHEPTUA BKTUBBUWA M- (PAASKCNIOHEHUMANLHOMY MHOXWTENK
B YCPABHEHWN CKOPOCTM MUFPaUMK; HBMHOYO NIPEBLILIAIOT WX 3HANEHNA, AUK-
TyeMmbie MOENBI0 MUTPALMM C MOMOULbIO GRMHWYHBIX NEPEXOAOS aTOMOB.
(Fneittep, Xeitrep, Xoddmann), 310 nobyaano MoTTa uckars o6bAcCHeHNe
BLICOKWM 3HEYEHWAM E Wy B NPEACTERAGHMAX O FPYNNoBuIX (KonnexTus-
HbIX) NEPEXOAaX 8TOMOB. CBOY MeXaHUSM MUrpaumMu MoTT CBA3LIBAN C KOHK:
| PETHOM CTPYKTYPOii rpaHMUbI, TBK ApaeMOli_"'OCTPOBKOBOH™ MOAenbIO.
. Mo.MotTy wncro atomos 8 rpynng n ~ §TQ PASMEp "'OCTPOBKA™ XOpOWero
L | cONpRXeHNA, APYrUMM CriOBaMM, PO3NEP CTPYKTYPHOIO 3NEMEHTa FpaHuubl.
£’ B 10 e BpemMA opMansHo n — ITO NAQEMATD. 38ANM U MOXET GbITb OueHb
[ cnaBo CBA38H CO CTPYKTYDHGIMM: OOBRRHOCTAMY . FPaHULLI. Tpanuua ripu
CBOSM ABIDKEHWM "DACRNABNAET” rPYNMY.B: 7 STOMOB HA CTOPOHE WMCHE3Al0-
WerO 3€PHA W "KPUCTANNMaYeT" YaKYIO Mo PYNfy Ha CTOpOHe pacTyile-
ro sepHa. OTOXAECTBNGHWE NPOLECCE NGPEHOCE C NNABAEHVEM nossonAer
YMOHBWHTL WACTO N8PAMETPOB 3848WM: CBOGORHAR SHEDIMA BKTHBAUMA
murpaumn F, 3HEPIrWA ¥ SHTPONMA ‘aKmesauwm F S, aBWwKywan cuns
murpauny AF pasHbl COOTBETCTBEHHO: .

F=nl(1-TIT,); E=nL, ,
_ _ B 209
s =nAS, = n(LIT,); AF = nAF., (209)

_rae L w Tpy — CKPLITaA Tennova u deopm'v peTYD nnasnenun; AFy < — Ak

KYWBA CUNA MUTrPBUMK B PBCYETE HE STOM™. »
L Buipmxenive MoTTa ANA CKOPOCTH MWTPALLIWA NO MEXaHR3MY TPynnosbiIx
. 18PEXOA0B MMEeT BUA: SR -

ot  (300) °

v = bvn’iFl- exp ( ) exp (— f—‘i) '
o kT nn kT,
. YpasHenne (300) cansuisaet BbICOKHS SHENGHUR 3HEPruv AKTHBAUMA MUT-
DOUYMM ¥ NPBAIKCFIOHEHUKANLHOTO MHONMWTONA C YMCNOM aTOMOB B rpynne.
, Vs suipexenna {(300) snano, uTo SHEPIUA. BKTUBSUMN MWIDBUMK — nl
. . sHTpONMA - Murpaunu (hakruieckn. "WW IPeAsKCNOHEHUNANLHO- :
NOPIMONENVIMY, NDUUEM Koachdmument

ro  muowmtenn) — nl/Tpn npom e

1 Mo oNpPeasNeHMIO ABMXKYUISA -cuns Wirpsuwm AF; — 370 pesNOCTS' ceoBOAMBIX
SHEPTWA BTOMS B MCYEHIOWSM W PACTYINEM sepuex. TIOITOMY, NPY NEPEX0AE 1 STOMOS
. SROBOAHER IHEPFUA CUCTOMb! YMOHLUIBETCA HA nAf,. MHONMTeNs 7° — NPEBOf YBCTH
{300), nOABNAETCA BCNGACTENG TOTO, YTO KKK ABINYILSN OUNG, TBIC W CMOUISHNS Fpe-’
AMUSI NPONOPUNOHANSHLI PEIMEPY FPYNNM 7, EE ’
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npondpimoHanbHocT paseH: 1/7;,,.. Takum o6pasom, Teopua Motra He
TONbKO NPEACKB3LIBAET CyllecTBOBaHNE KOMNEHCAUMOHHOTO addexTa anA
MHrPAUMM rPaHMy 3ePeH, HO W AAET O4eHb BNUIKOE K’ PEAnbHOMY 3HaYEHUe
roadubuumerTa nponopunoHansHocT!

PesynpTatsl : 3KCMEPUMEHTOB NO  MCCNEAOBEHWIO OPUEHTALMOHHLIX 38
BUCUMOCTEH MNOABMKHOCTU IpaHUL, HAKMOHA B BbICOKOYUCTBIX aIIOMM-
WM » umHke [4, 155] -nokasanu, 4To rpaHuia MOXeT ABMraTLCA KaK
NyTeM nepexoAa esMMMMHLIX aTOMOB, TaK W rpynn atomos. Pasmep rpyn-

bl 8TOMOB 38KOHOMEPHO MEHRETCR C YIFNOM DasOPHEeHTUPOBKM 3epeH.

B pabote [171] chenana nonbITKa (HEHOMEHONOrMYECKOTO OMNMCIHWR
MEXABHU3Ma ABWKEHWA rPaHML 3epPeH Ha OCHOBE TeOpUWM MEPEexXoAHOro coc-
TORHWA U YNPYro MOaenu aTOMHbIX NBPexXoaoB (3Ta mMogens yxe o6ecyx-
AanacL HamMu B CBA3M C Teopuelt 6e3aKTMBAUMOHHOIO ABWKGHWA rpaHWL
sepen) . Caoboanan 3HepruA aKTMBaUMM NO 3TOW moaenu — paboTa sdhdek-
TMBHOA RetbopMaunKM MaTpUULI UK paBoTe KPUTHYECKOrQ CMELLEHMA 8TO-
ma (unan rpynnel atomos). Mo aasHe:m [171] rpynnosoit KonnekTuBHbIN
fepexon — ITOW TAKOM 'IEMEHTAPHLIA. aKT CMEWEeHWA rpaHuubl, Korapa
U3 36PHE B 36PHO OAHOBPEMBHHO MEPEXOAMT rPYNNa U3 1 He B3aMMOAGACT-
sylowMx Mexay coboii atomos. O606WieHHOe BLIDAXKEGHNE ANA CKOPOCTH
ABVKENUA TPAHUULI 38PBH C NOMOLLLIO PA3AINYHBIX MEXAHUSMOB

AF gF
v = fbvn— exp [~ —], (301)
’ kT kT
rae f — napamertp, 3aBucAlMIA OT TWna nepexoaa; B=n — anAa rpynno-

BOTO KONNeKTUBHOro nepexoga; f= 1/n — pna rpynnoBoro kKooneparuse-
HOro nepexogd; = 1 — anA eauHUYHOrO nepexoaa.

E, xhn»c/mons
725
84
0 L ]
igA, gA,cn¥e

Puc. 112, CxemaTuecKaR 3aBUCMMOCTL 3Heprun axTuseauwm £ oT norapudma npea-
SKCNOHEHLNANBHOTD MHOXMTENA B YPAaBHBHUN NOABUIKHOCTH Ig A : .
| — rpynnosoit;konnexTueHbif nepexon; // — rpynnoso# KoonepaTtuBHbIf NEPExXOA.

Puc. 113. 3aBHCHMOCTL 3HBPIrUKM SKTHBEUMKM OT norapudma NPeAIKCNOHEHUNANBHOTO
MHOXMTENA ANA rpaHuy Haknokxa (1120)
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WUs (301) - cheayer, w0 MeXaHU3M rpYMNOBLIX KONNEKTUBHLIX Nepexo-

,m xapak'repuayemn BbICOKUMW SHNBHMFIMVI IHepruM #“ 3HTPONUW 8KTU-
.BAUNNH, a npyu rpynnosom KOOﬂOplTVIBHOM MexaHU3Me 3HePruA u 3HTPOo-
" N aKTusauuu YMEHLLWAIOTCA NO CPaBHEHUIO C COOTBETCTBYIOUMMU XapaK-

TEPUCTUKEMHN eAMHMMHOro nepexoas. W3 BbipaxeHua (301) _CNepyeT, '4yTo

,3aBucumocte £ = f(InA,) npeacrasnner coboi npnmylo NUHWIO, OAHY U

TY e ANA BCOX PACCMOTPEHHLIX MEXAHM3MOB nepexosa. :
CxemaTnyeckn 3Ta 3aBUCHMOCTL NPeACTaBneHa Ha puc. 112; touxa “'C"'—
3T0 TouK8, OTBevalowian n= 1. Bnpaso OT Touku “C" — rpynnosbla Kon-
NEeKTMBHbIC NEpPexoAaLl, BNEBO — rPYANOBbIE KOONEPaTMBHbIE MEPEXOAbLI.
Ha puc. 113 — 3asucumoctsy £ = f (1ng) Ana rpaHuy waknowa (1120)

.8 uuHke. Ha NpAMOI neaT ToMKMW, OTHOCALMECA KO BCEM rPaHuam
"{1120), 8 TOM uncne U Kk 6Ge3aKTHBAUMOHHLIM (8TEPMUYECKNUM) "yyacTKam

nx aswxerna. Kak suaum, nuﬂeﬁuocrb byHkuny £ = f(lg Ap) aeitcTeiA-
TensHo Habniogaercna.





[image: image61.png]BUBNUOrPAGUYECKUA CNTUCOK

1.0pnoe A.H., MNepeeesenyse B.H., Puibun B.B. Ipanmusi 38pen B8 metannax. M.:
Merannyprua, 1980. 156 c.

2. CTPYKTYpas MOX3BPEHHLIX U MEXDasHbIX rpeHuy/ Koceeuv B.M., Heenes B.M.,
fTanarnux 11.C., ®edopenio A.M. M.: Merannypruna, 1981. 256 c.

3. B KH.: ATOMHam CTPYKTYpa MmexaepeHHsix rpaHuu/ Toa pea. Opnosa A.H. M.:
Mwup, 1978.292¢. -

4. Koneyxud Y4.B., Cypcasee B.I., leundnepmer J1.C, Nopsvxnocts Gonsweyrno-
SbiX FPANML HAKNOHA B UNHKE, .—I'Ipenpum NOTT AH CCCP, Ysproronosxa. 1979,
48 c. .

6. Ashby M.F., Spafen F., Willlams S. — Acta Metaliurgica, 1978, v. 26, p. 16471663,

8. Anewun A.H., Boxurreiin B.C., Merenun AJL., Weundnepmen J1.C. — Meranno-
ctusnka, 1980, 1.2, N° 4, c. 8389,

7. Straumal B.B., Bokstein B.S., Klinger L.M., Shvindierman L.S. — Scripta Met.
1981, v. 15, N° 10, p. 1197-1200. . ‘

8.3ucmen A.A., Poibun B.8. — Nosepxxocre, 1982, N° 7, ¢. 87.

9. Grimmer H. — Acta Cryit., 1974, v. A30, p. 680.

10. Grimmer H., Bollmsnn W., Warrington D.T. — Acta Cryst., 1974, v. A31,-p. 17—
211,

t1. Poibun B.B., lepeeeseryes B.H. — ®TT, 1976, 1. 17, c. 3188—-3193; c. 1662
1670.

12. Opnoe A.H., nopammuee BH Poiburi B.B. — ®TT, 1975, 7. 17, ¢. 1662—-1670.

13. Hermann G., Gleiter H., Baro G. — Acte Metallurgica, 1976, v. 24 p. 353-360

14. Bonnet R., Dursnd F. —Phll Mag., 1875, v. 32, p. 997. .

16. Bonnet R. — Scr. Met., 1976 v. 10, p. 801.

16. Hwang M., Lawghlin D.E., quctaln 1.M. — Acta'Metallurgica, 1980, v. 28, p. 621-—
628.

17. Mykura H., Bansel P.S., Lewis M.H. — Phil. Mag., 1980, v. A42, p. 226232

18. Pond R.C., Smith D.A. — Scr. met., 1977, v. 11,p. 77. i

19.88/luffi R.W., Brokmen A., King A.H. — Acta Metallurgica, 1982, v. 30, p. 1453—
1470. .

20. King A.H., Amith D.A. — In; Dislocation Modelling of Physical Systems (ed. by
M.F.Ashby and R.Bullegh, C.S,Harley and J.P.Hirth), p. 544. Acta—Scripta metall.
Conf.. Vol. Pergamon Press, Oxford, 1981,

21. King A.H., Smith D.A. — Phil. Mag., 1980. v. A42, p. 495,

22, Shih K.X., LiJ.C.M. — Syrface Science, 1975, v.50,p, 109124,

23.Pond R.C., Smith D.A., Vitex V. — Acta Metallurgica, 1979, v. 27, p. ‘235241,

24. PoidrBypd AN1. ~ l'loupxnocrs, 1982, N* 10, c. 121.

25, ®padroe B.E., Weundnepman /1.C. — Nosepxwocts, 1982, N° 9, ¢. 8.

26, ®pedicoe B.E., lUleundnepmen /1.C. TepMOAWHEMMKE FPEHNL, 38DEH. l'lonpxuoc'r-
HO® HATAKEHUS U BACOPBUNA B BuHEPHLIX cucTemax, — Mpenpunt UOTT, AH CCCP,
Yeproronosxa, 1980. 24 c. :

27. ®padxoe B.K., UWeundnepmen J1.C. — OMM, 1979, 1. 48, sein. 2, c. 207302,
' 28, mocuunua A.A,, Wespyman 11.A, Onanveckan xumun. M.: MeTannyprun, 1976.
c.

29, Lea C., Sesh M.P. — Phil. Mag,, 1977, v. 35, \° 1, p. 213—228.

'30.B KkH.: Metoass lmuu nosepxwocted. Mep. ¢ anrn./ Noa pea. 3sHaspusl. M.:
Mup, 1979, 682 c.

31. Yepenun B.H., Bacunsee M.A. Metoas! u npuGopbl AnA aHaNU3S NOBEPXHOCTH. M-

" vepuanos. Knes: Haykosa flymxa, 1982. 400°c.

32. Frumem@np @.A., lieapymen CJ1. CoBReMEHHLIS METOAS KOHTPONA KOMNOMUNOH-
HBIX METEDHANIOS. M. Merannyprun, 1978. 248 c.

33. Fnuxmen E.J. — B xn.: fNoknaast i1} BoecoiosHOro coseiusimn no Sssumoasicr

220

BUIO MEXAY AHCNOKAUWAMW W BTOMEMW MPUMECEA W CBOACTBAMKU MeTannos. Tyne:
TNW, 1976. c. 183.
34, Brongersma H.H., Spernasy M.J., Buck T.M. — Surf. Sci,, 1978, v. 71, p. 657—-678.
.+ 36. Fnedrep I'., Yanmepc 6. Bom.u.lwrnouue - FPAHMLLI sepeH/ Mep. c anrn. M.: Mup,
: 1976. 374 c.
38. Herrmeann G., Glaiter H., Béro G. — Acta Metsllurgice, 1976, v. 24, p. 3563.
37. Awasecxuil b.C., SOKwradH 5.C, Huxomsckud I.C. — ®MM, 1982, 7. 54, Buin. 4,
c. 780—764. )
38. Interfacial Segregation/ Ed. W, cJohnion, J.M. Blakely — N,—Y. ASM, Metals Park,
. 1979438 p.
39, Hondros E.D., Seah M.P. — Int. Met Reviewa, 1977, v. 22, p. 262—-301.
40. borwreidn 5 C., Knuwzep J1.M., Muxonscxud I.C., ®padxoe B.E. Weundnep-
man J1.C. — OMM, 1979, 1. 48, sein. 6, c. 1212—-1219.
A1. Auaecxuld B.C., boxwrein b.C., Huromscxuid I.C., Xonodos C.A. — MNosepx-
HOCTs, 1984, N° 8, c. 107—112,
42. Boxwrsiln 5.C., Weunanepman J1.C. ~ ®TT, 1977, 1. 19, suin. 3, c. 931,
43, Boxurreiln B.C., Weundnepman J1.C. — B KH.: HayuHsie ocHOBbI MaTepuanosene-
HuA, M.: Hayxa, 1981, c. 117-132.
‘44, Hondros E.D., Seah M.P. — Met. Trans. A., 1977, v. 8A, p. 1363—1371.
46. Richard C., Guttmann M., Rieu J., Goux C. — J. de Physique, 1975, v. 36, p. C4,
p. 161—166.
48, Xavarypan A.T. Teopuna (halossix NPEBPAUISHUA U CTPYKTYPE TBEPALIX PECTBOPOB.
. M.: Hayka, 1974, 384 c.
&1. Knunzep J1.M. — Nosepxwocrs, 1984, K° 8, c. 51.
48, Boxwreiin B.C., Knuwzep /1.M,, Ulcundnapmn 1.C, — XoX, 1974, 1. XLVIII,
N° 6, c. 16271528,
4D, Xapr E.B. — B KH.: Csepxmenkoe 39pHo 8 Merannax. l'lep ¢ anrn. M.: Merannyp-
rvn, 1973, c. 232-243,
180. Shvindlerman L.S., Straumal B.8. — Acta met. 1986, v. 33, N° 9, p. 1736—49.
'81. Warrington D.H., Ggjmmer H. — Phil . Meg., 1974, v. 30, p. 461.
2. Cleiter H. — Radex-Rundschau, 1980, H 1/2, S. 61—58.
«63 Apucroe B.10., Koneyxui 4.8., Q(panol 8.r., llleundnopmn J1.C. — BAH CCCP,
19786, 1. 225, sbin. 4, c. 804.
Aristov V.Ju., Kopezky Ch.V., Shvmdlmnan L.S. — Scr. met., 1977, v. 11, p. 109—
11
6. Apucroe B.10., Koneyxud 4.8., Monodoa A.A., Weuronepmar 11.C. — OTT 1980,
T. 22, c. 3247. '
’58 Monodoe A.A., Koneyxuid Y.8., Weundnepman /1.C. — DAH CCCP, 1981, c. 260,
N5, c. 1111,
67, MT'npa I. 3nexTpoHuka asdexTos B mnynpoaounuxnx M.: Mup,/ fep, c 8Hrn.
1974, 388c¢. .
8. Byn B.M., 3acapuyran 3.H1. — —¥IT®, 1979, Buin. 3, ¢. 76, c. 1089—1099. .
. 8yn B.M., 3aeapuyian 3.M. — Nucema 8 XXITO, 1983, 7. 37, Bbin. 12, ¢. 571—575
80, Morr H., fiseuc 3. IneKTPOHHLIG NPOLECCH! B uoxpucrannmecxux aomecfsax TIA-
" Nep. c anrn. M.: Mup, 1982. 422 ¢.
781, Morr ‘H.®. Mepexoan MoTann—u3oNATop: Mep. ¢ awrn. M. Hayxa, 1979, 344 c.
. 3aiinean [w. TNpuHuunet “Teopun Teepaoro vena: Mep. ¢ anrn. M.: Mup. 1974,
472 c. :
. Xmocrurxoe WU.H., Xadrun M.C. — KIT®, 1978, 1. 75, c. 11568.
64. Xaiixun M.C., Xmocruxos M.H. — Mucsma 8 KIT®, 1981, 7. 33, suin. 3, c. 167.
86. Ppadroe B.E., Weundnepman /1.C. — NosepxHocts, 19682, N° 11, c. 50.
'88. Koceauy B.M., Gadsynsdun 5.M. — OMM, 1979, 7. 48, c. 443,
'87. Mapverwo B.)., Mapwun A.A. — XIT®, 1980, 1. 79, c. 267,
88. Boxwredn C.3. Mmddysus w crpyxrtype Memmos M.: Metannyprua, 1973.
’ 206c. .
221






[image: image62.png]09. Muwuw 10.M., Pasymoscruil H.M. — ®MM, 1982, 1. 63, suin. 4, ¢c. 756—763.

70. Muwun 10.M., Pasymosckud U.M. — ®MM, 1982, 1. 54, swin. 5, c. 923—827. ‘

71. Muwun 10.M., Pasymoecxuil .M, — OMM, 1982, . 53, suin. 5. ¢. 954—962.

72. Muwur 10.M., Pasymoecxuid M.M, ~ Noeepxuocts, 1982, 1. 1, N° 1, ¢. 82~89.

73, Pud €. —~ 3neKTPOHHO-30HAOBMIH MuKpoasanus. M.: Mup, 1979, 424 ¢,

74. 3neKTPOHHO-MHUKPOCKONMYECKEn astopapuorpadma 8 MetannoseaeHun/ Boku-
TeAn C.3., MuHabypr C.C., Kuwxun C.T., Mopo3 /.M. M.: Merannyprun, 1978.
264 c. :

75. Lodding A. — Adv. mass. Spectrom., v. 8A {Proc. Bth Intern. Conf., Oslo, 1979),
London, 1880, p. 471-484,

76. Anewun A.H., Boxwredn 5.C., UWeundnepman 11.C. — NMosepxHocts, 1982, 1. 1,
N6, c 1-12,

77. Cnesos B.8., Mydnoe—Ilerpocan .0, Tariarepoe /1.8. — NAH CCCP, 1981, T.
257, 4, c. 871-8785. ‘ _ ,

78. Sowwredn 5.C. Mndbysun 8’ merannax. M.: Metannyprun, 1978,248¢c.

79. Boxwredn 5,C., Bopobees E.M., Knunzep 11.M., @pudsmsn E.M., lleundnep-
men J1.C. — KOX, 1973, 1. 47, N° 1, ¢, 146—149. :

80. Soxwreln C.3., Kuwxun C.H., Muwun 10.M., Pasymoecxuil .M. — BAH CCCP,
1985, 1. 280, N° 5, . 1126—1128. , .

81. Przybylowiez K., Suligs I., Michne M. — Archiwum Hutnictwa, 1980, v. 25, p.
163-169.

82. Boxurreiin C.3., 3ionune H.MN., Maprosuy 0.8., Mupcrwll 1. M., TNMpoxodyees 11.8.—
WUss. AH CCCP, Metanns, 1978, N* 8, c. 318322,

83. Hillert M., Purdy G.R. — Acta Metallurgica, 1978, v. 26, p. 333-340.

84. Smidods K., Gottschelk W, Glaiter H, — Acts Metaliurgica, 1978, v. 26, p. 1833—
1838. .

86. de Reca N.W., Psmpillo C.A. — Scripta Met., 19786, v. 9, p. 1366—13861.

86. Mittemeijer E.J., Boers A.M. — Phin Solid Films, ]980_, v. 66, p. 126—136.

87. Grovenor C.A.M. — Scripta Met., 1982, v, 16, p. 317=-320 . '

88. Gust W., Lodding A., Odeliug H., Predel 8., Roll U, — In: Diffusion in Metals and
Alloys: Proc. of In¢. Conf. DIMETA—-82.Jkds. Kedves, D. Beke, Trans. Tech. Publ.
Switzerland, 1983, 686 pp. - .

89. Gust W., Hintz M.B., Lodding A., Odelius H., Predel 8. — Acta Metallurgics, 1982,
v, 30, p. 7592,

90. Ballufii R.W., Cahn J.W. — Acta Metsllurgica, 1981, v. 29, p. 493-500.

91. Muwun 10.M., Pesymoscrkud H.M, — MNosepxwxocrs, 1983, N°* 7, c. 6—-11.

92, Beliuffi R.W. — Met. Trans. A., 1882, v. 13A, N 12, p. 2069—-2005.

93. Fezysun A.E. Dnddymonnan sona. M.: Heyxa, 1979, 344 c.

94, Boxwreiln 5.C., Weundnepman 11.C. — ®TT, 1974, 1. 16, ». 8, ¢c. 2381-23886.

86, Suttan A.P., Vitec V., Phil. Trans. Roy. Soc. (London), 1983, v. 81, p. 1618—
1623,

96. Brokman A., Balluffi R.W. — Acta Metallurgica, 1981, v. 29, p. 1703—1719;

97. Herbeuval |., Biscondi M. — Camptes Rendues Acad. Science, Ser. C., 1979, t. 273,
p. 1416. . o o

88. Anewitn A.H., Borxwreln b.C., leundneomen1.C.~ Wsa. SY208.}YepHan metan-
nyprun, 1976, N9, ¢, 138-140, -

88. Amewin A.H., Boxwredn 5.C. lsunompmen /1.6, — ®TT, 1977, W 12, c. 3611—
3516. :

100, Aleshin A.N., Aristov V.Yu., Bokshtein B.S., Shvindiermen L.S. — Phys. Stat. Sol.
(), 1978, v. 45, p. 368.
101. Borcwredn 5.C., Merepun AJN., Weundnepmen N1.C. — U, ay30s. YepHan metan-
‘nyprus, 1979, N° 7, c. 9899,
102. Anowun A.H., Boxcuwrein 5.C. — OMM, 1979, . 48, c. 531-543.
103. Przybyjowicz K., Bankowska H., Sinczek E. — Z. Symp. of Polish Acsd. 6f Sc.
* Krynica, 1974,

222 ' '

s S rom o i o A

N . i ' ’ . Proc. of
.Anewun A.H., [lpoxogivee C.H. — In: Diffusion in Metals and Alloys.
04 int. Conf. DIMETA-82, Eds. F.Kedves, D. Beké, Trans. Tech. Publ. Switzerland,
1683, 685 p. "
Boxwredn C.3., bonbepoes E.B., Kuwwun C.T., Pssymoecxkud U.M. — OMM,
“4981, 1. 51, sbin. 1, ¢. 101107,
om;mn'in C.3., l'unsbypz C.C., Kuwxun C.T., Pasymoeckui U.M. — Nosepx-
wocts, 1984, N° 1, c. 5-—-19. e
2. Ruzzante J.'E., Kurokawa S., Garcia E.A., Dyment F. — Acta Metallurgica, 1980,
v. 28, \° 6, p. 699-707.
Piotrowsku E., Neuman C., Dyment F. — Scripta.Met., 1981, v. 15, N° 3, p. 303—
308,
A.B.
, Borxwreln C.3., bonGeposa E.B., Kuwruw C.T., Kynewoea E.A., Ilozynoe A.8.,
. Muuiun O.M., Pasymoseciuii U.M. — DAH CCCP, 1980, 1. 263, \° 6, c. 1377—1 380
. BoxwredH: C.3., Bacunewox 1.5., [yGapees M.A., Kuwwxun C.T., Mopos /1.M.,
‘Copokuna J1.I1. — OMM, 1977, 1. 44, 8. 2, c. 440.
.- Boswrelin' C.3., Bacunsrox N.5., Wanun P.E. — Ass. AH CCCP, Merannei, 1980,
‘N"3,c 128, :
flerenun A.J1., Pasymoeckuil M.M. — ®MM, 1979, 7. 47, smin. 1. ¢. 223,
, Mertin G. — Acta Metallurgica, 1975, v. 23, N° 6, p. 697~702. _
. Knunzep N1.M., Kozad U.P., Crpayman B.5. — ©®MM, 1982, 1. 53, esin. 4, c. 780—
786 o . _
vJuve—-Duc D., Treheux D., Guirgldeng P. — Acta Metallurgica 1979, v. 27, N° 9,
“p. 1487—1495, _
,Juve—Duc D., Treheux D., Guiraldeng P. — Mater. Sci. and Engng, 1980, v. 42,
'p. 281—-288. :
. Boxwredn B.C., Budevickud W.B., Knuwzep /.M. — MeTtannodmsuxa, 1982, 7. 4,
N 3, c. 109-110. :
8. Bokwredn B.C., Budencxud W.B., Knuwzep /1.M. — Wss. By2os, YepHan mevan-
nyprun, 1982, N° 9, c. 13-14,
19. Straumal B.B., Klinger L.M., Shvindlerman L.S. — Scr. Met., 1983, v. 17, p. 275—
. 279,
0..5oxwredn b.C., Boxwreiin C.3., Xyxoeuyxuil A.A. TepMOAMHEMUKE U KMHETHU-
“wa audpbysum s TRepasLIx Tenax. M.: Merannyprun, 1974, 280 c: :
421. Ashby M.F. — Acta Metallurgica, 1974, v. 22, p, 275~289.
22. Bristove P.D., Brokman A., Spaepen F., Balluffi R.W. — Scr. Met., 1980, v. 14,
: . W08, p. 943—-950,
123, Brokman A., Bristows P.D., Balluffi R.W. — J. Appl. Phys., 1981, v. 52, p. 6116—
. 8127, -
4. lMoxponuensid B.B., A200kun B.B. — ®MM, 1983, 7. 56, N° 2, ¢. 392396,
28, Balluffi R.W., Kwok T., Bristowe P.D., Brokman A., Ho P.S., Yip S. — Scr. Met.,
.2 1981, v. 15, p. 961956,
8. Kwok T., Ho P.S., Yip S., Balluffi R.W., Bristowe P.D., Brokman A. — Phys. Rev.
- ‘Letters, 1981, v. 47, p. 1148—1151. ) .
7. Boxwredn B.C., Boxwredn C.3., Knuwzep II.M., Pasymoacxuil U.M. — OMM,
-~ 1977, 1. 44, N° 3, c. 642—643. .
2B. Sanchez J.M., De Fontaine D. — Acta Metallurgica, 1978, v. 26, ¥ 7, p. 1083~
= 10986, o .
128. Tivari G.P., Hirano K. — Trans. Jap. Inst. Met., 1980, v. 21, ¥ 10, p. 667—673.
30, Herzig C. — In: Diffusion in Metals and Alloys. Proc. of Int. Conf. DIMETA-82.
" Trabs, Tech. Publ. Switzerland. 1983, 685 p. ‘ T
131, Knunzep /1.M. — Metannodusuxa, 1964, T. 6,N° 5, c. 1118,
. 132, Kucunuwun B.A. — Wse., AH CCCP. Metannsi, 1976, N* 1, c. 230-235.
4. 133, Cypmdea I''M., Tacadse ®.H. — OTT, 1968, 7. 10, \° 3, c. 910-911.
' 134. Crpaymen B.6., Boxwredn B.C., Knuwzep /LM., Weundmepmean 11.C. - oTT,
1982, 7. 24, ¥ 5, ¢. 1317-1320.

223





[image: image63.png]135. Morral J.E., Ashby M.F. — Acta Metallurgica, 1974, v. 22, p. 567.

136. Haessner F., Holzer H.P. — Acta Metallurgics, 1974, v. 22, p. 695.

137. Kopxcoe B.M. — U3s. AH CCCP, Merannsi, 1876, 1. 5—6, N° 3, c. 124.

138. Apucrod B.10., ®pedioe B.E., Weundnepman J1.C. — ®MM, 1978, 1. 45, c. 997,

139. Anronoe A.B., Koneyrxui 4.8., lllcuuanopmm 11.€., Cypcacea B.I". — DAH CCCP
1978, N° 2, c. 213,

140. 36esiunz B. O6pazosanne cTPyKTYp NpH HeoGpPETUMbIX npoueecux Nep. ¢ Ham.
- _Ji:Mnp, 1879, 279 c. .

141, Apucroe B.10., Gpudman E.M., Waundnepman J1.C. — OMM, 1973, 1. 38, c. 850.

142. VlswanathonR Bauer C.L. — Met. Trans., 1973, v. 4, p. 2645,

_ 143.Grey E.A., Higging G.T. — Acta Motallurglca 1973, v. 21, p. 309.

144. Fridman E M., Kopezky Ch.V., Shvindlerman L.S., Aristov V.Yu. Zt. Metallkunde,

1973, Bd 64, S. 468.

146. Deminczuk D.M., Aust K.T. — Acta Metallurglca, 1976, v. 23 p. 1149,

148. Weurdnepman J1.C., ®pudmar E.M. — OTT, 1973, N° 15, ¢, 3700.

147. Frldman EM., Kopozky Ch.V., Shvindlerman L.S. — Z. Metallkunde, 1976, Bd 66,

148. m 8.5., Cyposess 8.1., Ueundnepssan n. — OMM, 1980, T. 49, sun. 5,
c. 10221026

mm;nm Cpaduoe: B.E.,  Hsuninepmaw fLL..— OTT, 1980;. 1. 22, pan. 6,
c.

1500 Mvcvenwep- M.C.,  Soyap: Y. — B 1000 POrpssanmmnesus: MORRNISae: METepNs-
nom. M:: Mevannyprun, 1082, ¢, 262206

‘16%. Anrowos A.B., ozmee I011., Konewcuit 4.8., Blauridrepmen 11.C. — WCCCP
1972, 203, asin. 2,

162. ®pedxoe B.E., Weundnspman /1.C. — Nosepxrocrs, 1982, N° 1, ¢. 90,

183. Viswanathen R., Bauser C.L. — Acta Metallurgica, 1973, v. 21, p. 1099.

164. Masteller M.S., Bsuer C.L. — Scr. Met., 1976, v. 10, p. 1033.

165, Koneyrxcud 4.B., ®pudsan E.M., lllcunampmn J1.C, — Metannodusuxa. Bein,
61. Kuen: thxo-a Lymxs, 1975, ¢. 102,

166. ®pudman E.M., Koneuyxud Y.B., Weundnepman /1.C. — OTT, 1874, 1. 186, c. 1775.

167. Apucroe B./10., Mupoynux B.ﬂ., Weunonspman J1.C. — OTT, 1976, 1.18, ¢. 137~

. 142,
168. Cypcecee B.I., Andpeces A.B., Koneuxuli 4.8., Weundnepmen J1.C. — ®MM, 1976,
v.41,c. 1013, .
169, Hillert M. — Metall. Sci., 1979, v. 3—4, p. 118—124.
160. Temrur A.E. — B ku.: Basumonseficrane nedeKtos u CsoficTsa meTannos. Tvnl.
. TN, 1976, c. 22-26.
161. Roy A., Bauer C.L. — Acta Metallurgics, 1975, v. 23, p. 957.
162. Hillert M,, Sundman V, Acta Metallurgica, 1976, v. 24, p. 731. B xN.: A‘rounln
CTPYKTYDA MEX30PeHHLIX rpanuy. M.: Mup, Mep. ¢ axrn, 1978; ¢, 37.
1863. Shirley C.G, — Acta Metallurgica, 1978, v. 26, N* 3, p. 391404,
1684, Westengen H., Ryum N. — Phil. Mag.; 1978, v. 38A, p. 279--295.
185. Qumurpos O., ®pomexo'P., Qumurpos . — B kH.: ngpucmmuuunn meTan-
nuueckux matepuanos. M.: Metannyprua, 1982, ¢, 107.
166. Monodoe A.A.; ¢MK08 B.E., UWeundnepman 11.C., Knnnon r.u. — oTT, 1984,
1.26, s8N, 2, c.475-480.
167. Iu(.o:wnu:iz Y.8., Cypcases BI'., Weundneoman Ji.C.— nAH CCCP 1978, 7. 238,
¢ 8
168. Kamzky Ch.V., ‘Shvindlermen L.S., Sursseva- V.G. — Scr. Met., 1978,v 12, N° 10,

168. Mazl;)docM Koneuxuit 4.8., Weundnepman 11.C. — OTT 1981, +. 3, .man. 10,
c. 2048,

170. Hmnd — Wss. syaos. Yephen meTannyprun. Guinus wevennce; SOOW:T: 12,
17, Koneyxutt 4.8., Cypossss B.T., mcumwn.c-mwn T 29;.0. 408






