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TOMCKOI'O OPIEHA TPYJIOBOTO KPACHOI'O 3HAMEHMU ITOJIUTEXHUYECKOT O
HMHCTUTYTA um. C. M. KUPOBA

Tom 199 ; 1969

UCCJIEJOBAHHUE MNOTJIOWEHUA TOPMO3HOIo U3JYYEHMUSA
B LIEJJOYHOTAJIOUAHBIX KPUCTAJJIAX NPHU PA3JUYHbIX
YCJOBHUAX OBJYYEHUA

A. A. BOPOBbLEB, B. A. BOPOBEBEB, E. K. 3ABAJJOBCKASI, T'. I1. COKOJIOB

[Tox neiicTBHeM H3JyuyeHHs] MaTepHaJbl MeHSIOT CBOH (DH3HKO-MeXaHH-
yeckue cBoicTBa [l] u OmHON M3 XapakTepUCTHK MOJs HM3Jy4yeHHs, CBsI3aH-
HOil C M3MeHEeHHeM CBOWCTB OOJyYeHHOrO BELIeCTBa, SIBJSETCS IOIVIOLIEeHHAs
sHeprus [2, 3, 4, 5]. B pagnauuoHHoil (H3MKe W TEXHOJOTHH NOMHMO HHTe-
rpaJbHON BeJHYMHBI NOIJIONIEHHONH 3HEPrHH BakHO 3HATh ee paclnpeleleHue
10 00'beMy MOTJIOTHTENs] B Pa3JUYHBIX YCJAOBHUSIX 0OayueHus [7.]

Mbl paccMoTpesnu pacnpefeseHHe IOTVIOILeHHOH 3SHepruu mno o0beMy
NOTJIOTHTEs] M3 LIEJOYHOraJOUAHbIX COeAMHEHHI INpH O00/JyuyeHHH TOPMO3-
HBIM H3Jy4eHHeM C MaKCUMaJbHbIMH 3Heprusmu 6, 10, 30 Mass. Bce pesyib-
TAaThl MOJY4YeHbl METOAOM CTAaTHCTHYECKHX HCHBITaHHH [6] U  mpoBepeHb
3KcnepuMeHnTanbHo [10] ¢ moMOLIbI0 PEHTTeHOBCKHX MJEHOK, HOHH3allMOHHBIX
KaMep U KaJopHMeTpa. ; .

I'eomerpus pemaemoii 3agauu caeayiomas. [ToTok TopMo3HOro uamayue-
HHf NajaeT INepneHJuKyJspHO HA TOPLEBYIO CTOPOHY INOIVIOTHTEJNS] LHJIUHI-
puueckoil Qopwmbl. Juamerp mnoas o6ayuenuss wMeHsiercs ot 0,5 cm 1o
Hyp — muamerpa norsorutens. Ilorsorutenp Gpajcs B BHAE UHIMHAPOB
Juamerpamu ot 1,5 cu po 10 cm. Onpeneneno pacnpeneseHne IMOrJOMEHHON
SHepTuH 1o rayOHHe NOIVIOTHTeAss H no paauycy. OTHOCHTesNbHasi KBajJpa-
THYHas olMOKa pe3yabTaToB pacyera He npesbimaer 10—12%. B kauect-
Be II€PBOHAYAJbHOTO CIIEKTPAa TOPMO3HOTO H3JydeHHsI NPHHUMAJCS CIEKTP,
paccunTaHHbii o ¢opmydse ludda nas BonbppaMoOBO MHUILIEHH.

IIpu pacuere yuyuTbIBAJHCh CJAEAYIOIIHE 3JeMEeHTapHble IMPOLeCCH B3aHu-
MOJEHCTBHS 3JEKTPOMATHUTHOIO M3JIyYeHHs] C BEILeCTBOM: (DOTO3JEKTPHYE-
CKOe IMOIVIOIeHHEe, KOMITOHOBCKOe paccesHHe, obpa3oBaHHe Iap, H3 BTO-
DHYHBIX NPOLECCOB BO BHMUMaHHE NPUHHMAJacChb AHHUTHJSLHS 3JEKTPOHA H
TO3UTPOHA. :

B ofmem ciayyae HOMVIOUIEHHAS! 3HEPTHsS ONPEAEJISETCs BbIPaKEHHEM:

Em

: En(‘r’):S N(E?)E-»a(mdfs, (1)
0

——
rae E — sueprus xBaurta, N -— CIeKTp KBaHTOB B Touke I , B — K03(hdu-
UMEHT TOTJOLIEHUS] SHePTHH. Lish

Crporo rosopsi, pacuer no ¢opmyae (1) maer sHepruio, nepeaaHHyo
KBaHTaMH BTOPHYHbIM 3JIEKTPOHAM M C TOH TOYHOCTBIO, C KOTOPOH MOXKHO
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npeHeGpeub MEePEeHOCOM 3HEPrHH BTOPHYHBIMH 3JIEKTPOHAMH, 3TOT pacuer
OyIeT COOTBETCTBOBATb NOIVIOLIEHHON 3HEPTHH.

I yuera mepeHOCa SHEPIMH BTOPHYHBIMH 3JIGKTPOHAMH HaMH Tpen-.
JOXKEHA M HCCJaefoBaHa caeldymoomasi Mogenb. CuuTaeM, 4YTO BTOPHYHBIH
3/JEKTPOH BblJleTaeT B HaNpaB/JeHHH MOPOAHBIIEro ero kpanta. Ilpu 3TOM
SHEpIUsi 3JEKTPOHA IMOIVIOILAeTCs BJOJb HalpaBJEHHs €ro mnoJera corJyac-
HO 3KCIEPHMEHTAJbHO CHSATBHIM IepPeXOJHbIM KDPHBBIM.

Hamu Obli mpOBeleH NPOBEPOYHBIH pacueT pacrnpelejeHHsl MOTJIOILeH-
HOH 3Heprud Mo o6beMy o00pasloB H3 XJOPHCTOIO HATPHS TOJILIHUHOMN
40 e/cm? u puamerpom 1,5; 5 u 10 cu ¢ yueTom mnepeHoca 3HePrHH BTOPHY-
HBIMH 3JIEKTPOHAMH IO H3JIOXKEHHOH MOJIEJIH.

PacueTsl 10 H3J10:XKEHHOH MOJEJH M pe3yJabTaTbl pacdera no ¢dopmyJe
(1) B mpeagesax TOUHOCTH pacyera Ha rJ1y6y1Hax OOJIBIINX TOJIOKEHUS] MakK-
CHMYyMa, COBIAJAloT.

CyliecTBeHHOE OTJHYHe pPe3yJbTaToB HabJiogaercss Ha IIyOHHAX IIO-
IVIOTHTEJSI, MEHBIINX TOJIIIUHBI CJIOSI, T/ie BBINOJHAIOTCS YCJIOBUS 3JEKTPOH-
HOoro paBHOBeCHs. M3 3Toro ciaepyer, uTo IIpU pacyeTe pacrnpejeJeHust
MOTJIOLIEHHON SHEPTHH TOPMO3HOTO H3JyueHHsl B oOpaslax, TOJIMHA KO-
TOPBIX ME€Hee JJHHBI 1IpoGera BTOPHUHBIX 3JICKTPOHOB, HEOOXOAMMO YYHTHI-
BaThb NEPEHOC JHEPTHH BTOPHUHBIMHU 3JIEKTPOHAMHU.

Pacnpenesnenne NOTJIOIIEHHOH 3SHEPIHH NO TJyOHHE MOTJOTHUTENAS U3
MOHOKPHUCTAJIIOB 11eJ0YHOT3JOUAHBIX COe[AHHEHHI NPEJICTABJIEHO Ha pPHC.
1—IT—III. Tlo ocu aGcuucc OTJIOXKEHA TAyOHMHA IO KPUCTaMIy B 2/cm?, mo
OCH OpJAMHAT — IMOIVIOLIEHHAs] SHEPTHsl B €AHHHIAX M3Bpory. /M3By,;.
(e/cm?). TlonmyueHHble pacnpefeseHHs] TNOIVIOLIEHHOH 3SHEpPTHH MO TIJIyOHHe
HaXOJSITCS B XOPOILEM COIVIaCHU C pe3yJsTaTaMu 3KcmepuMeHnta [8, 9.

Hamu ucciaenoBaHa TakKe 3aBHCHMOCTb HHTErPaJIbHOM BEJHYHHBI 110-
IVIOIEHHOH B oOpaslie 3HepPrHH M ee pacnpefiesieHds M0 o0beMy B 3aBHUCH-
MOCTH OT pa3MepoB TeJa M AHaMeTpa Iyuka.

Pacnpenenenue norJouleHHON 3HEPrHH IO PaJUuyCy KpHUCTaJjia HMEIOT
BUJ yObIBAIOLIMX KPHBLIX, NMEPeXOAslliUX K HacbleHuwoo. [Ipu  o6ayuenun
00pasioB INOTOKOM 3JEeKTPOMArHMUTHOTO H3JIYUeHHS, IIONepedyHoe CeueHHe
KOTOPbIX PaBHO IIOWIAAM TOPHA INOIJIOTHTE/]s, Ha KOTOPOH paccMaTpUBaerT-
Cs1 NOIJIOIIEHHAsl 3Heprusi B (YHKLHMH OT pajuyca obpasua, NPUBOJUT K
6oJiee paBHOMEPHOMY pajuaJ/JbHOMY pacrpeeseHuIo.

Binsnue pasmepa nosast obJydeHHsl HAa BeJHUHHY IOTVIOLIEHHOH 3HEp-
THH TOPMO3HOIO H3JIy4eHHsI B ILIEJOYHOTAJOUJHBIX KPHUCTAJIaX IMpercTaB-
JgeHo Ha puc. I—III, rae mo ocu abcuuce OTMOXKEH AHAMETP IMOJsT OOJyYEHHs
B CM, a TI0 OCH OpPAMHAT — IIOIVIOUIeHHas1 3Heprus B MaB Ha 1 MsB nanaro-
LIeli SHEepTHH.

M3 sTux pesysbTaTOB BHJAHO, YTO BeJMYHMHA IOIVIOIIEHHOH B 0Opasie
SHEPIHH JHUHEHHO 3aBUCHUT OT JAuaMeTpa 1oJs obJydeHHsT. 3aBHCHMOCTb Ke
MOIVIOIIEHHON 3HEPTUH OT JAuaMerpa oOpasLoB IPU INOJHOM OOJyYEHHH
HMeeT HacbllleHHe (puc. 2—1I).

O6e mocaennue 3aBHCHMOCTH OIPEAENSIOTCS BEJHUYHHON YTeueK 3SHep-
rug U3 o6beMa o6pasua. 3aBUCHMOCTBb yTeueK, ONPEeAeJEHHBIX KaK BBIHOC
SHEepPrud yepe3 OOKOBbIE IIOBEPXHOCTH o6pasua OT guaMerpa obpasiia u Io-
Jas obJsydueHHs npejcraBaeHa Ha puc. 2—II.

[Tpn HeH3MEHHBIX COYETAHHAX NOJs OOJydYeHHs H JUaMerpa NOIJIOTH-
TeJIsl YTeUKH YMEHbIIAIOTCS NPH Iepexoje K MOIVIOTUTENI0 ¢ 6oJjee BBICOKHM
ATOMHBIM HOMEPOM M IPH Ilepexoje K MEHBbIIUM MAaKCHMAaJbHBIM 3HEPIUSM
TOPMO3HOTO H3JydyeHHs. CBA3aHO 3TO C TeM, UTO NPH OOJBIIMX AaTOMHBIX
HOMepax IOIJIOTHTENs] W MEHbIIHX 3HEepPrHsiX TOPMO3HOrO H3JYy4YeHHs IJIHHA
CBOGOJHOTO Ipobera KBAaHTOB COKpPAIlaeTcs, 4TO IPUBOAUT K GOJbLIEMY

IIOrJIOIIEHHIO PAaCCEeAHHOIO0 H3JAYyUYCHHS.
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Puc. 2. 3aBucuMOCTb NOTJIOMIEHHOR B 06pasiie SHEPTHU U ee yTeyeK OT pas3Me-
poB 00pa3uUoB U IONEPEYHOrO CEUEHHs IaJaloIIero MOTOKA H3JIy4YEHHUS

BennunHa yTeuek SHEPTUU MOTOKA 3JEKTPOMArHUTHOTO M3JyueHHS ye-
pe3 OOKOBble CTEHKH IHJIMHIPUUYECKHX 00pas3lloB OMPENEeNsIOTCS B OCHOBHOM
COOTHOIIEHHEM IJIOLAAN HOJs OOJy4eHHs W IJIOIIAJM TONEePEeYHOro ceue-
HuA o0pasla M yMEHbLIAIOTCSI C POCTOM MOMEPeyHOro cedyeHHsi oOpasia B
cJyyae paBeHCTBa JAMaMeTpa 1oJs OO0Jy4YeHUsS H IOIJIOTHTeas. B sToM cay-
yae omuOKa B ONpeJeJeHHH MOIJIOUIEHHON B 06Gpasile SHePTUH ‘MOXKET MI0-
crurath 25% TOJMBKO 3a cueT GOKOBBIX yTeueK, OCOGEHHO MJs MaTepuaJoB
C MaabIMH 3()()eKTHBHBIMH aTOMHBIMH HOMEpPaMH H MJOTHOCThbIO. [lpu co-
OTHOULICHHH JHAMETPOB MQIJIOTHTEJS M NoJs obaydeHus 3:2 u Qosiee yTey-
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KH 3HeprHH uepe3 GOKOBbIE NMOBEPXHOCTH 00pasloOB He NpeBbIAT 5% OT
IIOTJIOIIEHHOH 3HEPTHH ¥ MOTYT HE YYHTBIBAThCS.

[TosyueHHble pe3ysnbTaThl MO OOBEMHOMY paclnpeieseHHI0 TMOTJOUIeH-
HOIl 9HEPTHU IMO3BOJSAIOT:

a) ONpeNeJHTb BeJUYMHY IOIVIOIIEHHOH 3HEPrHH B JIOO0OM 3JeMeHTe
o6beMa oOpasla 1mo 3aMepeHHOMY 3KCIIePHMEHTaJJbHO KOJHYECTBY 3SHEPIHH
TOPMO3HOTO H3JyuyeHHs, ynaBllleMy Ha oOpasen 3a ceaHc 0OJydYeHHs,

6) BbOpaTh M3 oObeMa oOpasla CJOH BellecTBa, MMeIHil Hanbo/b-
1IyI0 paBHOMEPHOCTb B paclpe/leieHHH MOTJIOIIEHHOH 3HepTuH Mo paauycy,

B) INpH TNpoBedeHHH OO6JyuYeHHsI TKaHeld B MeQUIMHCKOH paAHOJIOTHH
OLIEHUTb B 3alIUIIEHHOH 3KPaHOM YaCTH TKAHH BEJHUHUHY MOIVIOLIEHHON
3HePTHH, OOYCJOBJEHHYIO YyT€KaMH 3HePrHH IIOA 3KpaH H3 00JydyaeMoii
YacTH.

[Ipu npoBeseHnun MHOrMX paboT 1o OOGJNy4eHHIO AJS1 AOCTHUKEHHUS] OJHU-
HAaKOBOTO paJHalHOHHOro 3(p@exkra HeOOXOAHUMO AOOMBATBHCS PaBHOMEPHO-
CTH pacnpejesjeHusl IOIVIOUIeHHOH 3Hepruu mo o6veMmy obpasina. Irtoro
MOXKHO JOCTHYb HCIOJIb3Yys JABYCTOpOHHee oOJsyueHune o6pasuos. [lonayuen-
Hbl€ pe3yJIbTaThl II03BOJSIOT OLEHHUTh PABHOMEPHOCTb pacHpeiesieHHs II0-
IJIOLIEHHON 3HEPTHH IO TJyOHHe IOIVIOTHTEJsl NPU JABYCTOPOHHEM OO6Jyue-
Huu. M3 puc. [—IV caenyer, 4ro nog60poM HEPrHH TOPMO3HOrO H3JYYEHHS
MOKHO JOCTHYb IIPH ABYCTOPOHHEM OOJYYCHHH PAaBHOMEPHOCTH TJyGHHHOIO
pacmnpenesieHds IOIJIOWEHHOH 3Hepruu He Xxyxe 109, uto mpuemsiemo BO
MHOTHX 3aj/layax.
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