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1 BBE,l.J;EHHE 

IIepBLI.II: sRcrrepHMeHT no. BLIBQZzy 'laCTHJJ; H3 D;HIUill'lecRoro ycRopHTeJilf HaornyTLIM RpHCTaJI-. 
' - ' ., ~ ' • ' • ' • •• _.. ' • •• > ' • • : • 

JIOM 6LIJI ocyll(eCTBJieH nacHHXpo<!Ja30Tpone Oll:JIR [1]. IlY'!OR y~impeHHLIX rrpOToHOB 
~ . '· .·.~ • ... ' ' - ' - -_. ' -' . .. 

HaBO,!lHJICJ! Ha .KpHCTaJIJI IIOcpe,!lCTBOM yMeHJ>meHHJ[ paBHOBeCHO.II: op6HTLI. IlpH 3TOM He-· 
. ' ·,. . . ;_ - '· ~: , .. :. ' - -~ . . . ' . ' :. . - ' - ' . :. ; - ~ · .. 

6om,maJI, OROJIO 10-::", s<!J<!JeRTHBHOCTL BLIBO,!la OIIpe,!leJIHJiaCL. RaR C06CTBeHHO, s<!J<!JeRTHc 
·;:.~ "·: ,-.·; .. ,:· .' .. ~~ ~-..i.i1; _,·", .. _,·_ ~; •• -~ ·~;·-· : .. ~·-._,; ... _ -·~·-,_ -~ '. 

BHOCTLIO OTRJIOHeHH.II IIJ'IRa C ,!laHHO.II: YrJIOBO:II: paCXO,!lHMOCTLIO, TaR H COOTHOmeHHeM IIQ-
_ _f· •• .• • '··: •• • · •• ,,;. -~ :., .•. ·- '' - ·.:;; '_ -, '-~~-.-<~-,·.·;_r ,., ... ,,:,.•,. -· ·•·•.• 

rrepe'IHLIX pa3Mepon RpHcTaJIJiaH rry'IRa •. IIocJie,!lHee 3Ha'IHTeJILHO yMeHLmaJio B03MoJKHyiO 

3~<PeRTH~HO~Tf ~~~O,!la. ·i :" ' , . : •t • : > :' , ,.. , . , . -

Ilo3,l(IIee 6~JI ocyll(e~~BJieH BLI~p~ IIpOTOHOB 70TsB H3 CHHXp~TP()H,alif<l>B~ (2). 3.nec!' .. 

nane.nenHe ny'IRa na .ne<!JneRTop o~yii(~CTB~Jio~L. JIOR~:ULIM HCRaiKen~eM. op6HTLI •. II pH . 

TaRoM nane.nenHH C03,!laiDTCJ! ycJIOBHJ[ ,!lJIH roro, 'IT06LI necL ny;qoR npoxo,!lHJI '1epe3 RpHcTaJIJii 
; ' · '_,. ~ • .o' 1 ' t ; . • ~' ' " o',< • ,,. ' c • • ' •· '• ~ 

TO, eCTL. HCKJIIO'IaeTCJI. reoMeTpH;qecKH.II: <lJaKrop yMeHLmeHHJ[. s<!J<!JeRTHBI!OCTH; 0,!lHaKO B 

<~R~nepx~enTe 6oJir.ma.ll ,!lJIHHa RpHcTaJIJia~,65 MM, RoTopa~~6oiie~.'leM n ipx pa3a npeBLI-
·,.~· i< -~--~·.·: >'-.}:'·-. •;·.: ·.,_- ~ ;··· -· ,·~; '. -:-·•./ · ,•',';• ''.~ ·~ _,;~ ,':' ',.,,. :· ·:_c··~, •- ., -. -_ .. ' 

m~~a ,!lJIH~Y, ,!l~RaHaJIHPC!~a:UHJ[• I~p~BO,!lH~a R 3Ha'IHTeJILII!'I~. IIOTepJI~. 'laCTHD;, .3axB<I,'IeH-. 

HLIX B H30I:HYTLie .RanaJILI RpHcTaJIJia. B pe3yJILTaTe s<!J<!JeRTHBHOCTL BLIBo.na 6LIJia. TaiORe: 
'• .. · .. _ . - ' - ' - . . . . - '. . . .. . ' . ' ~ : . ~. ' . . ·~- ~ 

MaJio.ll:. ··.-: 

94J<!JeRTHBHOCTh BhiBO,!la'.ny'IRa. H3 D;HKJIH'IeCROro YCROpHTeJIH· p ex MOJReT. 6LITL. BLime 
·.:· :. ~ ,_ ':,·•-- '',,/·~ c' "><'I .< • ••• ' -· • ~·- -:-•• •- •. - • ' - • 

s<!J<!JeRTHBHOCTH OTRJIOHeHH.II .'laCTHJJ; RpHCTaJIJIOM p d 3a C'leT IIOBTOpHJ.IX, rrpOXOJR,lleHH:II: HX · 
•• _ - •• _., ·,. " ·'··~ ~ :.. ••• ~ ' - • : • ~- • -:- ' • • .. ·' • "• • •• :· • •• .. • - - < '- •• 

· 'lepe3 ,ne<!JJieRTop [3]. BKJia.nKpaTnLix npoxolR,lleHH:II: 'laCTHJJ; 'lepe3 .ne<!JJieRrop B a<!J<iJeRTH-.. ,:~-~--- ·;.: ' .. ;.-;.~ '- ·-·- ; ·. '·.- ..... .' \'~·- '·'" .. :·'~ . ' 

BHOCTL · BLIBO,!la 6y.neT 3Ha'IHTeJILHLIM,. ecJni .nJixna RpHCTaJIJia ne:BeJIHRa, TaR 'ITO. Scr. < · Sm• .. . .. . . . ' ' . :' ... --~·· '... . ,. . . ..,.. ' "''. ' . 

H Scr < §n~ . 3.necL. s,;.. -. J);JIIIlla RpHCTaJIJia, .Ha ROTOpo.ll: cpe,!lHeKB.a.npaTH'IHLI.II: yroJI MHoro-, 
., 

RpaTHo~.o pacces,ml~J! cTaHOBHTCJ! paBHLIM RpHTH.'IeCROMY yrny RaHaJIHpoBaHHH, Sn- :AJIHHa: 

neynpyroro H,!lep!wro B3aHMo,ne.ll:cTBH.II ycRopenHLix 'laCTHJJ; B RpHcTaJIJie •. Ilepnoe onpe-
.·' ' f ·· ·• "' "• I _ .·• · · · · - • _.. 

,!leJl.lleT. Te~III poCTa:,aMUJIHTy.nLI 6eTaTpOHHLIX ROJie6aHH:II: H,CJie,!lO~aTeJILH01ymoByiO pac-., 

XQZUIMOCTL ny'IRa npx rronropHLIX npoxolR,lleHH.IIX 'lepe3 .ne<!JJieRrop~ BTOpoe- BLI6Linanxe : 

<iacTxn; · H3, n;xpRyJIHp;IOII(ero ny'l~a •. Ra.Koe H3 .llBYX. y~onmt: JIBJIHeTCJ! ~npe.neJIHIO~M, · .· .... •'· . '... . . . - •, . . . " ·-' 

3aBHCHT . oT yCJioBH.II: BLIBQZJ;a · x _sneprHH 'lacTHD;. TaR RaR yron MHoroRpaTnoro· pacceHHHJ[ · 

o6paTHO IIpOIIOpD;HOHaJieH 3HeprHH. 'laCTHJJ;, _TO IIpH O'leHL BLICOKHX 3Heprl!J[X ,l(JIH npo-. 

"r.tlll.l':{t<rii.itf RHC'rnt'JT 
~~~~~A. BCC3r.~OR1Uit 



TOHOB, HanpHMep UpH 20 TsB ,llJIH sse, onpe.zteJIHIO~HM .HBJIHeTCJI OCJia6JieBHe UY'JKa aa 

C'Jet .H.ztepimX B3aHMO.zte.II:CTBH.II:. Tor.zta RaK B o6naCTJISHeprH.II: npoTOHOB 10- 100 rsB B 

OCBOBHOM MHOroKpaTHOe paCCe.HHHe B .zteqJJieRTOpe, UpHBO.zts~ee R ymupeHHIO UpOTOHHOI'O 

ny'IRa, orpaHH'JHBaeT BKJia.zt Rpa~BLIX UpOXOJK,lleHH.II: B s<fJ<fleRTHBHOCTL~BLIBO,lla_· 

Xopomue nepcneRTHBLI npuMeBeHH.H RpHcTaJIJIH'JecRHe .zte<flJieRtopLI HMeiOT .ztJIH coopy

litaeMHX np~OHHLIX :H HOHHUX KO.!Diali:.ztepoB' sse, LHe, RHie H YHK: 3.zte2b liM~~ 
B03Mo.HiuocTI.,'ue mipyma.~~ RcmJia.ll:.ztepHoro peHiuMa, BHB,~Tb 'JacTHtiLI :Ha raJio nyqRa .ztJIH 

. . . ... . . . . . 

SRCUepHMeHTOB Ha <flil:i<cnp'oBalmo.ll:' MHmeBH. Paapa6oiRa Meto.ztiiR TaRoro BLIBO.zta . .ztJIH sse • 

u LHC yllte iie.ztetCJI ua TsBatpoHe H SPS [4, 5) •. TaR, B UEPH H~ SPS y~nemHo ocy~e. 

cTiireB: BMBo.zt up'oioHoB 12o·r~Bc.p~cT.Hilm~.ll: .zt~ 20 'l~coB c peRop.ztHI)A.s<fl<fleiiTuBiiocTb~ 
oRCiJio 10 %. ')J.IDi naBe.iteHrui :.I~c;iiii B:a .zte<fl.ITe~Top ucno~~>aoBaJiac~·n~~~pe..J~~·.ztu<fl<fly~ 

3H.H 'JaCTHI\, HHlii\li~poBaH~aJI BBe.zteHneM 6eJioro myMa B YCHJIHT~JII, CHCTeM~. ~6paTH~tt 
ciiJia~:: ,l.(JIH sse ~pe.ztJIOJKeHa H paapa6aTLIBaetC.H CHCTeMa HaBe.zteHH.H c UpO,llOJibHO.II: :ziil<fl~ 

<flyd~e.ll: 'JaCTHI\ [6).' ABropaMH 6LIJI npe.ztJIOJKeH ,llJIH. sse peao~aHCHLI.II: ~eTO~ pacRa'JRli 

. · i:Jpo.ztoJn.HLIX ROJre6~Hli.II: 'JaCTHI\ raJio, He 3aTparnBaiO~H.II: qacTifn UY'JRa . [7). 

B pa6oTe .ztaHLI aHaJIHTHqecRue'oiieHKH H peayJI~>TaTLI .qnc~eHHOro Mo~eJiupo;au:ii~:;<fl~ 

<fleKTHBHOCTli OTKJIOHeHH.H H.ztep RpHCTaJJJI(JM rrpHM~~liTe.ri~~o .R u'apa~etp~M ~yrui:~ipci~a 

JIB9! Ha ROTOpOM ~e,riaB~O UoJiy'JeHM nepBLie pe3JJibTaTLIUO yc~opemiro ~Y~K~ [s; 9]. 
KpHCTaJIJIH'Jecim.ll: .zte<fJJieRiop ,llOJIJKeH ycTaBaBJIHB~TL2H Ha a3HMYT~; r.zt~ pacxo.ltuM6~ii. 

UY'JRa MliHHMaJibHa, a orH6.arom;a.H OTCTOliT MaRCHMa~bHO OT op61ITLI, TO eCTb pH.ztO~r .C. 

<floRycupyro~e.ll: JrnHao'li:. Heo6xo.ziRMLI.II:. ,llJIH ioro 1JT~6Li. o6o.ll:ni: no'cn:e.riyro~ro·' .zte<floRy- . 

CHpy~ro . miH3Y j yroJI OTKJIOHeHIDI. RpHCTaJIJIOM COCTaBimeT . B cny.J:ae HyKJioTpOHa. OROJIO 

50 Mpa.zt. KpuoreBHOe o60IJY.ztOBaBne aal:py.!{B:Het BLIBO,ll B ropH30HT~JibHO~niai:ipaBJie~in;'· 

nosToMy HaMH · paccMaTpmia.riCH BLIBo.ii; :8 :Bep.fu~aill.noM uaripaBJieHnB::· Ko1.ImroTep~LIM . . . 
Mo.zteJIHp~BaHHeJ.l nccm!,tioilaHLI :Bo3M:oJKBoci-n llaBe.ztemui: qacTnii ua RpncTaJIJIH'JecRn.ll: .zte- :. 

<fJJieRTOp nocpe.ztCTBOM JIORaJILHoro. HCRaJKeHJIJI op6ni-LI; ROTOpoe MOJKet 6LITb C03.ztan6 Hll 

ByKJioTpOHe cy~ecTByro~e.ll: CHCTeMo.ll: ·RoppeKuipyro~nX MarHHTOB, H. B· peayJibTaTe nO:.. 

nepe'IHo.ll: .ztH<fJ<J>yann, · nHHI\HnpoBaHHo.ll: · BBe.zteHneM myMo~ II a· :H~<fl.rieRTopHLie ·u.nacT~HLI; 
IloRaaaH6; 'ITo n npn sHeprnn· ycRopeHHLIX .H.ztep,: .ztocTHJKHMo.ll: ui'uyKJioTpo:He, s<flqieR

THBHocTb BLIBO,lla MOJKet 6LITb. 3aMetHO yBeJIH'JeHa .. 3a C'JeT~ MliOrOKpaTHLIX ripoxoiK.zteHHJ:!: 

1JaCTHI\ qepea RpHCTaJIJI •. 
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2;. 8«»«»EKTHBHOCTb OTKJIOHEHHH ITYqKA 
KPHCTAJIJIOI\1' 

PaccMOTpliM; CJie.ztY.H [10), RaR c nepexo.ztOM OT npotOHOB R, HOH~M. c TO.II: li<e SHeprHe.ll: Ba 
." ~ 

nyRJIOH E 1 u3MeHHroTCHocHoBHLie BeJI~'lliHLI, xapaRTepuayromue RanaJIHpoBauue·li uaorHy-. 
'; o' • -, '• • ) 

TO~ RpliCTaJIJie, H OI\e~HM a<flqJ~~THB~OCTb RpHCTanJIH'JecRoro .zte<fJJieRTopa npH SHeprHH 
~. • j .;(·' /_,..~ - \ -:: • 1 • ~ t>. . .v. . 

'JaCTHI\, .ztocTHJKRMo.ll: .ua · HyKJioTpoHe. KpHTH'JecRn.ll: pa.ztHyc ~arnoa,, npu, ROTopoM . e~e 

· Boa~oJKBo RaHaJIHp~Baun~ ~acTHI\ B RpucraJIJie, yBe.riH'JliBa~CH c ~ = Ajz; RaR . 
; .----· . . . ~. 

R:(E,) = wR!(E1 ). 
' f 

::(1). 

Edl! H3MepHTf, .narn6 B OTHOCHTeJibHLIX e,llliHHI\aX r=R/Rc, TO, DpH O,llHOM,H, TOM JK~ OT

HOCHTeJIL~OM H3rH6e, '~pHTH'leCRH.II:·:·yroJI opHeHTaUliH 'JaCTlii\, ~ aTOMHLIM;DJIOCROCT.HMH 

RpHcTaJIJia ·.ztJIH y.zteplKaHHH B RaHaJie yMeHI.maetcH 

"···· '\,-' 

··-.!" 
t?~(r; E1) = w-:-1 '

2
.t?!(r; Et). 

,_.' ~,-_ \' .,. : •• . . • '-< < • • 
~i. .. -·~ ' ~ ; . (2) 

E~JIHJKe n pac~O,llliMOc~'b ny-<ilia 'Jx '83~r~pRTb B 0;~~-i:~;~~~H~~ ~.llliH~n~x k.';;_Jxfd: , ;~, 
• y • • - •• ; • • ,-. •. - ~ 

npn, O,llHOM H TOM me OTHOCliTeJihHO~. li3rH6e, 3aXBaT B pelKliM RaHaJinpoBaHH~ He lclBliCHT 

OTW 

.Pcw(r, k; Et) = P!(r; k; Et),, 
• ·- "' v,. .• <, ·-

.:J3) 

a. . .ztJIRHLI .zteRaHaniipoBaHn.H.· yBeJIH'JRBaiOTC.H nponopl\liOHaJibuo ·w· 

Sd'(r,·k; Et) .~ wSJ(;, k; e,).· 
'', 

., ' 
(4) 

:·_·-~ 

TaRHM o6pa30M, sqi<fleKTHBH~CTb OTKJIOHeiiHH :ny'I:Ra KpHCTaJIJrOM ;Ha neioropLI.II: yroJI ~0~ 

TaRJKe Ue 3aBHCHT OT W''Y 

:: -' ~{' P;;'(a;r;·k;Et) = PJ(o;r;k; E1 ), ·.' (5)' 

PJ(~;~.i E,)·;; 'p}{~,'~)~exp[-orR!/s:,:(~; kif;,)).': ... ·' (6) 
:;: .; . : ~ -~ -~ - ' .. · - ... ' ~-- '· 

9<flqieRTHBHOCTb OTKJIO~eHHH RpliCTaJIJIOM MaRCHManbHa ,llJIH MOHOHanpaBJieHHOro DY'IKa 

'JaCTH~. ··:n:'= sror~,C~~~~ na,pnc.L~p~.zt~TaB~erraaaBli~HM~CTb ~<fl<fleRTHBH~CTH ~T~JIO~ .· 

~e~~~ ~a~r~JI ~·::: 5o'~Pa.zt np~TonoB,, .H.ztep, 6C;2 ti 79Au~9~ c~~epr~~~~ 6 · rsBfnyRJIOH, 
f':': ~-- ,. > ·:· .~ ._··,· ••• t---, •.• ··• __ lt- :;:.:.> _.···, : .. .i<"". ,, .·. _' '·' ' : . . -,-- ' .• ' • ·.' ~ 

. OT Pa.ztliYCa li3rH6a RpliCTaJIJia RpeMHliH, H30rrryroro B,ll011b,(ll0) DJIOCROC'rel!. IlpH OUTH-, 

M~~h~~M 'naru~e oua .ztOCTH~~~ 20, %. Peay~~;a~~ n~~y~eHLI ·'J~c;~~~~~~ MO.zt~~~p~B~HHe~ 
·3 
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PHc.l. 8<P<!JeKTHBHOCT.b OTKJIOHeHHII H3ornyTHM KpHcTamroM rrapamrem.noro rry'IKa Jl]l;ep 

C 3HeprHeit 6 raB/H~KJIOH- KOMII.b~Te~~~it 3K~IIe~u~'eHT. ,l(e<!JJieKTOp- RpHCTaJIJI RpeM

HHJI: H~ornyTLrit, sil;om. (1~q) .ll,JI~~eli, Y~-~3pt~a 50 .~PM_:· KpHB~ 1- rrpoTonu, 2-

6CI2, 3 _ 19Aul97 
. ;,,L·.: 

rrpoxoJKJJ:eHHJI qacTHn; qepe3 RpHCTaJIJI B M'ciJJ;eJIH c ycpe]I;HeHHHM noTenn;HaJioM cHcreM:u 

~~:3ornyTux aToMHHX nnocxocTeA c Y'leT~M rrepepacnpe~eneHHJI qacTHn; no nonepe'lnoit 

aneprHH 3a C'leT MnoroxpaT~oro pacceJIHHJI na aneKT~ponax 11: .a:.npax [11) .. 3asHCHMOCTH 

OTJIH'IaiOTCJI MaCruTa6oM B~JIH'IHH R H 6JIH3KH J~;pyr J~;pyry npH H3MepeHHH H3fH6a B OT

HOCHTCJI.bHHX eiuin~~:n;ax r, 'ITO IIO}l;T~epJKJJ:aei TeopeTH'Ie~KHe on;enKH. CooTBeTCTByiOruHe . . 
' --

KpHTH'ICCKHe pa}I;Hycu H3rH6a _cooTBeTCTBenno paBHH R~,:CM: 1.16, 2.32, 2.88. · 
. 0' •• .• : • • • 

IlpH TeopeTH'ICCKOM paCCMOTpCHHH a<!J<!JeKTa OTKJIOHCHHJI IIJ'IKa. ~aCTHD; H30fHJTHM 

KpHcTanmiM, Boo6me xananHpoBaHHII, HMeeTCJI cso6QJlliHit napa:MeTp · - pacCTOIIHHe RpH

TH'IecKoro IIpH6JIIDKeHHJI qa~HD;W K cTeHK~ Ra~ana rc ,llJlJI cyrueCTBOBaHHJI CTa6HJI.bHHX 
... "; ' .· .. '\ 

TpaexropHA qacTHn;. · H~ p11:~.2a,6 ~peJ~;cTaBne'a~ T~peTH'ICCKH~ 3aBHCHMOCTH a<!J<!JeRTH-

BHOCTH OTKJIOHCHHJI IIY'IKa .. JI]l;C~ yrnepo.zia Hd~rnyiuM B}l;O~ (110) ll~OCK~CTeit Kp~CTaJIJIOM 
~. \ ~ . ' -

xpeMnrur H 3aB~~:c:HMocTH J~;~H J~;exananHpoBa~~JI oT' R cooTse;~TiiEin~o~ B paccilaTpHBae

MoM cnyqae xopomee corn.~c~e-c pe3ym.TaT~M~ k~}l;~poJ!ciniDi HM~M rrpH rc = 1.5 uh r]l;e 

ul·- aMIIJIHTy.na ~en~OBHX K~ncliaud aioM~~ ip'idanmi.·c po6-oM paCXQilH~~CT.II hy.i~ 
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Pe~~2. CorroC:T~UIJI~~H~-p~yiii,TaTci~ xo~'rorepH~~ 3KCIIepmreiia (1)~ ~~T.II~ecxi~ 
on;~~~K (2) }I;JIJI. a<!J<!Jexf~n~~TH- o~~on~n~ ~p~~:ciaim~~ (~) x'~ JteRanaJIHpo~~c 
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»epo.IITHocTI. 3axBaTa · qacinrt » peiKnM ·RaHaiiHpoilaHM 'ria iixo.lie"il lipncraJI~ u JlliHHLr Ra-. . - . . . 
HaliHpOBaHH.II JMeHI.maiOTC.II,· H pe3RO na.l(aeT aclJclJeRTI{BHOCTI. OTRJIOHeHH.II .(pnc.3). 'f.aK, 

npH paCXOJ(HMOCTH paBHO:ll: KpilTH'leCK~My JrliJ ll c1 . 'IT01 KaK noKa3LIBaiOT . OI(eHRH1 6Jili~RO _./ . I ~ 

K oHm.naeMo:ll: BeJIH'lHHe pacxo.l(HMOCTH ny'!Ka ·HyrurOTpoHa Ha · .lleclJJieRTope npn Ha»eite-
. . . 

HH~ KOM6HHHpOBaHHLIM M~O.l(OM, BepO.IITH~CTI. 3aXBaTa yMeHI.ill~eTC.II npH~epHO BJ(BOe H 
-J • .-·,- ~ / 

Ha lrOp.II.l(OR na.l(aeT aclJclJeKTHBHOCTI. oT~OHeHH.II Ha paCCMaTpHBaeMLI:ll: yron 50 Mpa.l(. · .. 
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Pacxo,IJ;HMOCTll rry<II<:a, MKpa.l( 

Puc.3 3aBHCHMOCTI. acpcpeKTHBHOCTH OTIUJOHeHH.II nyqKa _RpHCT~~JIOM p d OT pacXOJ(HMO-
-· - : ·• ' '.· • ·'• { ' -F < 

CTH nyqKa. ~.liii ny'!Ka .II.l(ep 6C12 c :mepme~ 6TaB/HYRJI()H~.R=20 eM, ~ = 50 MPa.ll·.· 
. . - . ~ . . . . 

3.l(eCI. p c - Bepo!ITHOCTI. 3aXBaTa 'laCTlii( B pelRHM KaHaliHpOBaHHR1 lie.= 62 i.mp,a.ll- KpH-

TH'lecRH:ll: yroJI :KaHaJinpoBaHHH 
"\ 

!J pocTpaHCT!JeHHLI:ll: aK_~enT(lHC KpHcTaJIJIJI'lecK()ro .lleclJJieKTOpa,· onp'e.l(e.lille-"!:Lifi ero ·no~ 
nepeimLIMH pa3MepaMH, 3aBncni ol- pa.llliyca H3~ll-6a· R. ~eJio »-T~M, 'ITO o6uq;;o ncnoJII.3ye

MLie B 3KCnepHMeHTax no KaHaJIHpOBaHHIO BLICOKO'lliCTLie KpHCTaJIJILI KpeMHII.II H rep~aHJI.II 

no~aiOTC.II ynpyroMy H3m6y JlO onpe.l(eJieHHoro. npe.lleJia;. no.i:Jre. 'lero pa3pymaiOT~ •. Pa~; 
"- • • • • ~ • "• ~: { .>- <' •' "" ," : ".: " " -~ ~ ; -• <c'' "- " ~ ,"; • • • " ... "•' ~ • < .' • >', • o" ' ~ ~ ~' ~" T 

.llHYC xpynKoro pa3pymeHH.II R~r nponoprtHOHaJieH • TOJIIQHHe t. KpHcTaJIJIH'leCKOro 6JioKa. 
. ' ' . ' -- ! .. . -, ~- . . . '·+~ •• ~' ~ ·.--~·-· ~ ,-~ ~---

lif3 OnLITa. nepBoro 3KCnepHMeHTa no OTKJIOHeHJIIO ny'!Ka Kp1ICTaJIJIOM 1 BLinOJIHeHHOro ~-, 

~6He [12), ycTaHOBJieiro, 'ITO Jl.liii RpHcTaJIJia Kpe:MHH.II npH n3rH6e B.llOJII. {Ill) nJiocKocTe:ll: · 
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R..r(cl:r) ~ 76 x:t(MM); · OniHMaJii.aLIA,·» ·cMLicJie peaJIH3ai:tU:U: r:r~Kcn~a~Ii~a·;·.p.p~KTH

iuiocin oTKJioHeHii:n; pa.iuiyc ~3~a6a-~pB:cT~~iia Si Ji.lm »~»o.ii~ riy'lKa a.llep ·u3 ~~~1-poH~ 
COCTaBJJJieT"oKOJIO 20 cM;''coOTBeTCTByronirui .ll~IIHa KJlH~~a:;Jia- i ..... ~- ..... ~iTi'i.:;.. 

. . .... · .. ,. ~~~"\ 
TaKoro H3rH6a:TOJIIi{HH<l KpHCTaJIJia He .llOinKHa npe~iJ:imtTi(0.3M a 

MoiKHo :Bap&itpoBaTI.. qio6Li nepeKpLITI. nyq~:K;~oc;~.;oq'~o:ll: -~B.liii'eJ:~ O:~;~H~ -~'i() ~·;.r.:
O.llHaKo MoiKeT 6L'Iiii·'i!I.Iro.zim:ZM: HMer~ 6o'ne~ y3Iin:ll: .ll~qiJieK.f~p, 'IT(;' M:o~~· Ile~~;;~~~~-y;e:: 
liii'lllTI. rJiy6HHY 3a6poca 'laCTIII(. 3a. C'ler 'Iiaqanl.nux npoMaXOB npH jlliHpeim~ 'ny~~2. ~' 

TaKHM o6pa3oM, onTHMaJII.HLitt pa3Mep KpeMHHeBoro .l(ecpJieKTopa .ll.1Ili BLIBO.lla ny'!Ka .H3 . . ,., - ' 
;-, <c 

HyruroTpima;lO, _x 10 x 0.3 MM. BoJiee npHBLI'lHLIM HBmieTC.II li:cnoJII.3oBaHHe .lleclJJieKTo-

poB ~·.llliii~~~-.·2-·6. ~~. 0.l(HaKO B Hame:M c~yqae y:Bem!qeHJie .l(JIIIHLI KpacTaJIJia.zi~ 2 CM 

npHBe.l(eT R noTepe B aclJclJeKTHBHOCTH OT~liOHeHII.II no-.iTJI B. 3 pa3a1 KpoM:e'_;of~, .ziJia: ~.llep 
~- ', " "'' { " ' 

3Ha'lJITeJII.HO JMeHLillliT BKHa.l( B aclJclJeKTHBHOCTI. BLIBO.i\a OT"i~morOKp~~H~~ np~XOHIJ(eHH:ll: 
',- ~,..., ~ '••- . 

qepe3 .lleclJJieKTOp. -. 

3 HABE,IJ;~HVIE YCROPEHHOrO IIYl:.JRA HA 
,RPVIGTAJIJI . .. .. . ... -·· 

f.' Ha~e~e'~u'~·fl~MnoM. PaBIIOMep~oeM~.llJieHHoe HaBe.l(eHHe ny'!Ka H<i .lleclJJieKTop 6aM-
, * ,· - ,• -~ ~ . ' "" <>.. . '( . '- ' - ,. 

J>;' c..! 

noM, B npHHI(Hne, ll03B0.1IlleT IIMeTI. CHTyartlii0 1 'ROr.l(a 'laCTIII(LI BXO.ll.IIT no)( O'leHI. MaJILIMH 

ymaMn B ~~~cKoc;~~e KaHaJILI KpHcTaJI~a. O.llHaK~ npH 3T~id B: "npull.eJi~ai.te 'nap~MeTpLI" 
>L ' .... •, ~:/-~~-. ·~ •• ·:>.,. <' -~·, O •; :·,i~~-fi}~:-"" ,'•:,.:',, ;.;,L •' 

TaKme o'ieHI. MaJILI. qaCTIII(LI .l(BHlf(JTC.II qepe3RpHc:raJIJI B J3KOtt npHITOBepXHOCTHOfi o6-
. ·.;, ~'·.:'":;,_ ·; _.-.· ··-.-~. ~~- ._.,.., "J: .. ~'p {·· •· . '.·;- "·, ... -- . -· 

JiacTH. HecoBepmeHCTBO cTpyKTYP~ noBepxaocmoro ._cJio.II,. CBJI3aHHoe ... c.o6pa6oTKott, .a • • 

TaKme Hen:p~JIJI~JIL~O-CTI. BHeilliie~· rpaH~ ~~II~T~:JI~ ~T~~~hlM mio~KO~:iiM: M~ryT He ITO~ • 

3BO~II~: ~aCT~I(aM 'jcp~eKTHBI;O OTKH~llJI;I.~~·n;~·- n~p~~~:·i~~-~.ll~~~H H:a ~~'cpli~KTOp: B, 
• .: \ ' ••• __,_ ~ • + ~-- • ' ' • • • ·.' ' • 

cJiyqae eCJIII. llOBepXHOCTb. KpHCTaJina II ero BLipe3Ka· COBepmeHHLI; aclJclJeRTIIBHOCTI., BLI

BOJla npli nepBOM np~x?m.heiiHH 6~iia 6LI 6JI~3Ka i'i~6p~T-!iqe~~H MaKCilld~JI~H~ B03~~}1{~~:11: 
acpcl>ekTHB'HociH: 'oTKJio~e~M IIJ'lKa' ~ )(a~ a ott y~JI6~~~-p~cxo.l(HMo~~~.; np~ ~~;;~pa:r~oM 
npoxolli.n:eaHn .l(ecpJieKTopa.· RpoMe Toro, · on.peiieiieii~~fi'· BKJiM .llaJIH 6LI KpamLI~ ~poxo-

·.' ·. ~-

lHJ(eHJIH 'laCTIII(' 'lepe3 KpHCTaliJI. 

Ecii. e~eO.l(Ho' o6cTOJITeHbCTBO,- KOTopoe:'~po.IIB.liii~-~·~,~II IICllOJI~3~~a:llHII 6a~n~ :n.~ . 
Iia»eieann-ii'y~~a:-~a Jt~~~~I<i~p: Rali6~io ~~~J~~~~~ .ll~clJJieK~op ~LI~~~;1o p<UM~man ~a 
a3HMyTe c 'MaKcH~aJII.Ho:ll: 6er~Tpou~ott cpyniirtHe:ll: j3y~? Pa3M:~~eaue e~o » rtenipe cp(my-
. . . , . ; .. ; 7 :.-, --- ' -. .-~-. :.l ._ -~ ··: ,_ .·: ;( _- --:' ·.; : - ,. - c ' - ~ • --

cnpyroli(ett JIHH3LI, XOTH B03MOmHo B · npHHnHne, conpnmeno ·c 6oJII.illHMH TPY.lliiOCTI!MH B 

7 .... 



MaHHDYJlllU:HIIX npu opHeHTHpoBaHHH KpHcTamra. Tor.na KaK BHe JIHH3LI orH6arorn:a~~ ny'IKa . 
_ · ~ ~. : · • · . • -v _ ' • ~ ·. •. '•. , . · • , l ' . 1 , • • · •. , · • • ~ , • • • • , • , • •• •• 

HeDapaJIJieJI&Ha opfiHTe. H DpH B3aHMHOM nepeMeii(eHHH DJ'IKa H ,lle!lJJieKTOpa DpHBO,llHT K · 
• ; '. ~ -. '' { • ',; •, < "• ; • ; , , '; • '•;: •' , , • ';..( ,.J.,. ~ _ ', ;» I< ', '> ~ - •· ' r •' -' '' < ' "' -· "'• • •· • 

pa3ppHe~rai(HH ero. C OTKJIOH;'100,~11~~ ~~OCKOCTJIM,.H, ,'ITO DOKa3aHO Ha CXe!'faTH'IeCKOM pH~ 
~- : .... ) -. ·-: t ~ "' ... :, . :~ '-: '-- .. -) - -'· . -

cyirite 1 4;' ;lJ;eJ:tci:B:iTeJli,Ho·;· pe3JJihTaTLI. _MO,lleJIHpoBaHH.Il npon:ecca B.blBO,lla DJ'IKa H3 HYKJI<r 
• : : .;'_:;(,'.,• ,' ,,. ·,', \ • :«I, ',; • "<' J ' < ' 1, ,- 0 J :,:,'>-'~£-' -. ,, ••• > ''' ,,• • ', > 0 > ~ : • > < ' ' r • 

TpOHa,DpH HaBe,lleHHH_ ero Ha KpHCTaJIJIH'IeCKHJ:i ,lle!lJJieKTOp fiaMDOM DOKa3.blBaiOT .iJ;oBOJihHO 
• - ·' .: : • • ..:! .•• ' •• ' ~- ; ··'· ..• '-.f ; . , .- · .. '_, \ --. J , ..• '. • - . • '. •• • • ' ~ ~' - . ' 

BH3KJIO a!lJ!lJeKTHBHOCTh TaKoro B.blBO,lla, OKOJIO) -%,. ~-· paCTJII(HJ:i. 6aMII6.biCTp0 JBO,llHT 
·-;:. \' • . '.- • . ,J -. { ' •• • ~ '' ...... ,._ --·. • ' 

DJ'IOK H3 JfJIOBOJ:i o6JiaCTH 3aXBaTa B pelKliM KaHaJIHpOBaBH.Il. 
.: :.. .... • . • ' , .. ;. :•<«-•- ., •..• ;_,· .. .. 

-.1: 

-;. ... ~ 

.. · .. :.(~·] },-, .... - .;,. . 
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PHc.4 liJIJIIOCTparirui ~3MeB:e:HIDi .B3aHMH~J:i; op~euian:H~ ·~pH~TaJI;ra' ~; ~y~~~: ~ :!lJ~OBOM. 
npocTpaHCTBe npH HCllOJih~O~aHHK; .ll~ HaBe:neiii.ll' 6aJna.·' I'- Ha'Ia~~:B:oe noio~~HH~ ny~i~ 
u MoMeiiT'liacanHH .lle!lJ';reKTopa 

~IJ .H. 

HaBe,lleBHe ny'IKa ua ,lle!lJJieKTop MOJKHO ocyrn:ecTBJlllTh, pacKa'IHBall 6~aTpOHB.ble KO: . 
• ' ~ ' •. : ' ' ,: ; ' • " ' 7' i : ' ~- '; '. ; - " . ' • • . '. -~~ "'·:,. 

Jie6aHHII 'IaCTHI(. 9To MOJKeT 6.blTh DODepe'IB<iJI .ziH!lJ!lJJ3HII. DpH BBe,lleBHH my~oll Ba. HB-
,,-_;.__·--.· .. -·.-,lr:· '- ~--;··., .;·.·-~.<-'· ,.,. ' .. ,. .. ~·--

!lJJieKTOpBLie DJiaCTHB.bl, aHaJIOfH'IHO MeTO,lly, HCDOJli,3yeMOMJ rlpH B.blBO,lle IrJ;'IKa DpOTOHOB, 

H3 SPS, ~~o p~onau~u~ ~~-c~a~K~'~a .'Iac;o~~x, KOTopLr~
1

~p_a~Ii~ ~~cToTao6p~e~~ 
. • ·_ :- ' ' J: -.. ; '.,,.. ~ • .. --

'\,. 

fo H 'IaCTOTa CaMHX 6era;pOHH.bl~ KOJiefiaBHJ:i qf0 • 

.- ~- ' ' . .· -. · •. ; . - ;"•.!'.;.: ~~)t~,;~ :-:· r ~ 

2. Ilonepe'IHaJI .n:ncpcpysn.11. KpHcTilmm'IecKHJ:i ,lle!lJ;reKrop, B Kaliepe_ uyKJiorpoua 
~ ~' ~ ·: ' . ·.: -'. ' ' ' . ' ' " . .. ·- . 

.llOJDKeu 6.blTL pa3Meii(eB Ba paCCTO.IlHHH OKOJIO .3 CM.9T op6HT.bl, .'IT06.bl Be fiHTL llOMeX01t ,. 

ua cTaioiH HIDKeKI(HH. B~p;H~aJih~OMY aMHTTa~cy E~ = 2 x 10-6 ycK~peu~.blX .llO ~ar:- .. 
/. •. ~ .. :; •' '?.-~ '!;: .. :.( ' . ~ • ~. _.,. ,.,·- ,. . .. 
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CHMaJibHOJ:i-3HeprHH JI,llep Ba a3HMyTe ,lle!lJJieKTOpa-cOOTBeTCTBJeT Cpe,llHeKBa,llPaTH'IHOe 

O~MOHeHHe OT op6HTLI Uyo = 0.5y'E11 .: {J11 ~ .2.5 MM.' Ilo;raraJi, ~TO "Ka~aHHe'';llJ'IKO~ 
·:.. t. ">' • ; ~ . - . ! i i . . ! - . t • ·_ 

,lle!lJ;reKTopa Ha'IHHaerCJI npH 3 u 11 , aTo 03Ha'Iaer Heo6xo,llHMOCTh yileJIH'IeHHJI u11 npHMepuo· 
l . ' ' ' . ' . '· 

, B :4 pa3a,' a 3MHTTaHCa B 16 paa, ,llJI.Il T0~0-~~06~ 'IaCTHI(LI Ha'Ia~ DODa,llaTL Ba ,ll;e!lJJieKTOp 
. . I . . - ~ . . ::_:- ~~ -. . ; . 

H _BHBO,llHThC.Il. 0TCIOAa DpH HCDOJih30BaHHH .llJlll HaBe,lleHHII ny'IJia_ IrODepe'IBOJ:i .llHlPlPJ3U;. 
! . 'J ' -i t-~-:! 

H3 JK~JiaeMoro npeMeHH B.blBo.ila r Mo~o' on:eHHT~ Heo6xo,llHM.blJ:i q)e.ilHeKBa,llPaTH'IHkJ:i yro;r 

OTKJIOBeHHH, coo6rn:~6'~~~ ~~CTHn;e npH;npoxo~emm 'Iepe3 ~!lJ;reKiopH.ble n;raci~B.bl • 
i ~.~--,_~ ·_-::~~~-:-.; ' ; ~ ' ; ~>-·:~,;.~:~' ... .:. . ) 

. .··· )f~Ji a;;,,~, "~:· . ';~" .. . Jcc (7) 

TaK,' ,llJI.Il r == 1 c HMeeM (]' n""ai ::::; 1.5 MKpa,ll. CooTBeTCTByrorn:ee 3TOMY yrm)BoM:y OTKJii>BeBHIO 

cpe~eKBailpaTH~~j:'i~t1:i:irHe u~ ~~4Jne~~~~i~~ n;racTJ~~{p~iiio {U} · = 0.6 :~B '~ 
!.-~ ---.:-J~---'·,'>,>,~:~:..-~··>.::=~;•·,_~···~:::::.~--.:.:··.• :,_..J <,~ ,_!_,..,,,,1.~,~ _ _;. ..... ,_,~--~·-··-''--••·-·A,,. "<'"•'"'"·'-'·-··~: 

1l,llep c w = 2 H c anepmeJ:l: 6 faB/HYKJIOH~ 

HpH -Mo.zfeml:po:BaH~H ni.IBo.!ia nY".ixa H3 ';iyKJioTpoua uaMH p~ccMa~pHBa~c& JV!e ro'IKH -

B KOJihn;e' ycKopHTeJI.Il. B O,llBOJ:i paaMeru;aJICJI HBcpJieKTop; B .llpyroJ:l:. 'Iepe3 cynepnepHO.ll 
·)'i_.~----.···-)·-·· .. · .-~ t-r~.-.-·: !r:·;;:~" > ·; ;.::.: ••• ._""; ,, c ;· •. ··,- -·"',; -•·'·:~.·-· • ~ ·: '· ·• _,, ... ·- •·• • 

cpa3y 3a JIHB3oJ:i D - KpHcTaJIJI: ,Ha-.:iaJI&Hoe pacnpe,lleJieHHe 'IaCTHU: sa,llaBaJioc& ua a3HMyTe 
· . . :~:.,~J·;-.:E;:_·,;c .. · '~- _,i:· •• h~_.; · .:..:."--,~~-: t. ...... •·· ••• -... ~- ··tc;.·-,,·~· _ -~ .. , .. · ~ -~--' 

KpHCTaJIJia.H DOJiafaJIOCL rayccoBCKHM COCpe,llHeKBa,llPaTH'IHLIM OTKJIOBeBHeM, ODpe,lleJllle-. 
, ,>', " i; ~-.., > ~, > -: • ,;' ) - .,.•,. t •' '• '# , ; oA •; • "- • • '-!, • '-' " :• • •' { • •, • ' \ • • 

M.blM 3MHTTaHCOM ny'IKa. ,l{Be MaTpHn;.bl nepexo,lla :B.cnoJih30BaJIHcL .llJlll TpaucnopTHpOBKH 

ny'IKa OT KpHcra:~mi;~ HH!lJ1IeKTopy H. o6paTuo; i qaCTHULI, irpoxoiill irmf)Jieil:op,' no;ry'IaiOT . 

c;ry~a~~.ble6T="o'nenHH ~ nepT~Kamno~·Ii~p~uneHHH. 9io nl.t3&i:naer H~ .llHlPlPY3Hro, ~ 
' . ; ., . . '.: .. ~- . ' ! i ! • • • " 

OBH UOlla,ll~; Ba .ziecpneKi~p;:; , : _; ' ~ " 

. · · cl6~acTL yr;roB, c Jioiopd~~ ~;;_~~Hti.bl · uxoMT n '.ll~!lJ;re!nop,' yileim~HBae±~ up~ ~a~: 
'. ,_· -,. ;': '•' :.: ;::.···::=~ , . .,_ ] ' ! •4 , ::::::--·: •• ' 

JieBHH ,lle!lJJieKTopi OT op6im: Y6~ H 'c yileJIH-le:B:HeM TOJIII(HH.bl pa6o'Iero CJIOH ,lle!lJneKTOpa : 

~. ol!pe,lleJllle~oJ:l: P~.c~p~~~~~~~!~ ~~jHn:uo ~o~p~~aTaM TO'IeK BXO,lla. H~tpHc.5 npe.ll

cranneuo ·· no;ry~e~~~~: ~~;{~~~;au~eM yr~ono'e · p~cnpe,lleJieBHe' · 'IaCTHU: ua :zie!lJ~e~Tope · 
npH ~aJI~~~i.er~ ~-;·~~6:~~.t~:·l4 H 2~ MM UpH cpe,llHeKBa,llPaTH'IH01t ~~U~T.Yie :myMa 

.. ~ '.l.:. . _-:-:. - . ..:--:~:-~; -. .'. ·. . ,, -~,- .:~;:.._' ~ ·~- ~--~ :_: :_ 

· Unoi = 5 Mltpa.ll; IIIHpHna yr;roBoro pacnpe,lleJieBHH .llJlll 28·MM npHMepuo B 2 pa3a 6oJihme. 
't~.--:,_· .. ~--~-~~-:':::· ... .-.. ~;:_~--~.~---".· _·, _1 : ·: --~ • •• -(;::_·.~:~::"'~~~.;·: ;"·::.:> 

Ha pB.c:6,no'Ka3aBii cooTBeTCTBJIOII(He pacnpe,lleJieHHII 'IaCTHI( no .'IHCJIY o6oporo1i .llO n<r 

na,llJ:rui;~~.ll~!lJ~eK~~P-~~;~im B.bl~cma pacTer KaK KB~aT.:p~~To~H~:~e~~~~~pa or 
. ,. "· 

op6HT.bl npH O.llHHaHOBo1t aMnJIHTJ.lle myMa, ro · ~~L .llJlll Y6c=28 MM yiieJIH'IHBaeTCJI B 4 

pa3a. H~ :pH~. 7 upHBeieui.l p~tnpeJie;reB11Jl uo ioop,llHnaTaM. ro'IeK rron~a~~JI ~~cTHn: u 

,lle!lJneKrop'upH p~uo1t q)~.ztHeKilaJipaTH'IH01t ~~TY.ll~ myMa u~;n. llpH Un,;i ~ S MKpaJt 

g· 
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_BepTHKanhHhiH yr,on, ¥pa,n;· · 

PHc:s·: .; IIonepe"i:mlJI ;itH<I><l>Y3HH.': Pacnpehe1en~~ ·• ..J~c~iiri ~J 'y)Jia~ · ~~o.it~ ~ .lle~~~RT~p 
• , ..• ,, '.. • •.• __ ,---.--~· .-.-----,) , ~'.!'i(fi• ··--,,~ ~.,'; -,.:; ·,v~ ,_ '"'-- • ···~· '! ;·~ ;;o;;···~~·'; :" ..:.~.\; ,,· :-

npH paccTOHHHH .n;e<PJieRTopa·OT·op6n±LI Ybc·, MM: 14 (a), 28 '(6). Cpe,llHeliBa.zipaTH'IHM 

a~iriniTy,zr;a myMa;·u,"i~r;:;'·5 MRpa,ll: tincilo '<r~cT~·u ·~ ~yt;K~ N ~·Iooo'£mi 'Pric:5:9 

0 
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() 

:s: 
::r' 

I ,-:.::_ 

2aa a 2aa 
-~:... --, .... -'".I 

·-~:.-..::.· .. :- ~ 
qHcno o6opoToB, 1 Q3 

-· . ' ' . .-·'"' . ·-- . ' . . ~- ::-. 

• Puc.6 Ilonepe'IHM:.lln<P<l>Y3HH. Pacnpe,lleJieHne ,'laCTHU no 'IHCJIY o6oporoa .llO nona,lla-
-· . . .· ' ' ~.. ' . : ' . . . - . ' . : . 

HHH Ha.zie<!>JieK~Op ,llJIH Ybc, MM: _14 (a), 28 (6) 
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B_epTHKanhHag KOOJ),lJ;HHaTa, MM 
; ·~ ~ . 

Puc. 7 .. Iloriepe'IHM .llR<l><l>Y3HH. Pacnpe.i{eJienHe sepTHKaJILHLIX KOOP.zlHHaT TO'IeK sxo.ziai 

'la~T.HU B ,lle<I>JieKTOp IIpH pa3HOl!. aMnJIHTJ,lle niJMa O'n~i; MKpai: 1 (a); 2.5 (6), 5 (a).•IloJI- ... 

HaH TOJiillHHa ,lleqiJieKTOpa 0.3 MM 

IIIHpHHa pacnpe.n;eJieHHH IIpHMepno 'pasna TOJifilHHe ,lle<!>JieKTOpa. IlpH yMeHbiiieHHH aM· 

nn'H;~.llLI myMa mHpHna pa6o'le~o cJio~-.n;e<PJieKTo~a 'yMeHbmaeTCH. ~::•_, ] -~~ 
. i :J: Pe3oHaHcHaR pacKa<IKa. Hase,lle~~e nyq~a nyKJIOTpona aa·i~~JieKTip:M:miui~o > ~--~ ,.J --; I <· , ·, ~.:. __ -- -~ ": 

ocymecTBJIHTb, ncnoJib3YH pe3onancnyw .. pacKa'IKY 6eTaTponHLIX KOJie6anHl!. qacn1u. Ha 
.:~-~ ~::~~ :.-~~ ~:! ~ d ' : ' .. ..: • • l:· ~-:;~3~ ~ ·· . .:::. 

pnc.8~no:Ka3alll;, pacc'IHTaHaoe pacnpe.n.eJiemi:e no KOOp.llHHaTaM TO'IeK BXO.llci 'laCTHU B .llfi: 
> ::"":·: ~-~· ~ '~-1 ~: ~ ~ ' . . . --;-: ~::.:=:~;~:f "; . ; 

<PiieKiop, npa ocy!lleCTBJieHHH nepHOM'IecKoro, c nepHO.llOM Tv = 20 T0 /o'rKn:oaelnm B 5 ·n 

10 ~~pa1 ~p~:~poiolK,lleHHH nx '1epe3: HH<!>Jie~TOp. Pacnpe.n;eJieHHJI 3;~~;~~bHO :y>ie, ~eM 
, .. <~,~-~--:~:::::·:~ ~:·:~ :_~~-.: . ~·i ;:; ~ ; . ~~:~::.~-~.-::.::.~~3. ; . . 

llpH nonepe'IHOJ!. .llH<l><l>J3HH C TOll. JKe cpe.n;HeKBa,llpaTH'IHOl!. BeJIH'IHI!Ol!. :yma OTKJIOHe!IHH, 

a ;~~~~~o~ iipe~a· ~ "sLI6po~a,/n;~Ka na .lle<PJieKTop 3Ha'IHTeJii~~·~~~;~~:(~ac.9). 
;: ::.C-7 ·.·: ~.::;- ·.-·.:::,;:~c;·~ c.::~ ·; ·:·< ·~~ ! , ;. :,;:,.:::::~::. -~·:_;::-.: : • 

\ 4.;.::KoM6HHHpoualiuhlii MeTo~ uase.l{eHHR. Muoroo6opoTHhiH BhiBO~ ny•u{a. 

T~~~?it ymape~n~ ;~Jio::~i· p~~~;~a • 'laci~u, nona~aioJliHX ~~::i~~:;~~~~~:;~i<o ~HH-
' JKaeT 3<l><l>eKTHBHOCTb OTKJIOHeHHH (pHc.3), npe,llCTaBJIHeTCH uenecoo6pa311LIM HCIIOnb30Ba-

·: ,: ; - ::~.-: ~·)·.·.:,··) c-.·~:.:~;-~-- ~-- -· . :· .-. .. 
HHe KOM6HH.HpoBaHHOro MeTO.D;a,. KOr,lla ny'IOK 6aMllOM _IIO.D;BO.D;HTCH .D;O Kaca.~HJI C .lle<!>JieK-

TOpOM. H TOJibKO 3aTeM·BLI6paCLIBaeTCH Ha ,lle<I>JieKTOp c:noMO!llbiO nonepe'IHO!t .llH<l><l>Y3HH 

HJIH ~e:i~aa~cnol!. pac~a'IKH 6eTaT;OHHLIX KOJie6aHal!.; .. . 
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6_:2 

Beb+HKarr&Hag~obp~HHa~a. MM 

Puc.8; Pe:~onancnan pacxaqxa 6eTaTpOHHLIX xone6anntt Ha qac:roTe fv = £0 /20.! Pacnpe

.nenenne xoop.l(Hnai.foqe~ B~Ql(a qacTHI{ no TOJI~HHe,.ne~n~KTopanp~;paanott aMnnn~Y.ne 
.. -. .- .;· . . . ' ,, " . ' ' 

"·· 

6.2 

~03Myru;emiH, 11Kpa.n: 5 (a), 10(6) -.' 

::r 
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() 
a:l 
;:t. 
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:s: 

. :::r':. :• 

'•f.-
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Puc.9 ··· Pe:~onancnan: pacxaqxa.· Pacnpe.nenenne no TJHcny · o6oporoB· .no nona.namiH TJa" 
' ' '. ' . ,, . . ' 

CTHI{ Ha .l(eqmeKTClp npH paanott aMnnHTy.l(e B03Myru;eHHH;Mxpa.n: 5 (a), 10 (6) 

12. 

.. ;.:: 11 pe.l(Ilonariur ncnom3oBanne 3Toro nocne.l(Hero. MeTo.na, MLI npoBenH Mo.nennpoBaHHe 
- - :; ~ '.. ,._ ·.:; . - . '~-...., .. ~ ' - - . . •' ·.· -. '. ' . - . . . . . ' ... ) . ' 

BLIBO.l(a· n~.TJ~a ~CKOpe~HLIX qaCTHI{ ~3 HYKnOT~OHa _KpH~aHJIOM .~peMHHH, H30~HYTWl C 

Pa)(HYCOM 20 CM ~]lOnb {110) ,nnoCKOCTe~, H_ c onTHMaJThHLIMH P(l.3Mepa)!H· re~eparo,p 

. myMa BruuoqanCH nocne Taro, KaK I{eHTp nyTJxa npH nepeM:eru:eiiHH 6aMnoM · oxaaLIBanCH 
:. .. ' '. . . --.. · •{-~- ~--.·~- ';· . :. < •. _. ·-~. _., . . •._ ._. • .. _ .- .. ,_,-; ·-' .· -

Ha paCCTOHHHH 7 MM OT .necpneKTOpa. qaCTHI{LI, nona.nan B pe:!yJThTaTe .l(Hcpcpy3HH Ha 
.· :~- '0-~-~: .. --\_·.-~ <_ '_t:· ,:' _-,_. ,_. ,. . •• • :._ ,:;._ .• :""· •. ·-_. -_ .";·;1·". .· ,· ~ _; . " . ·-·~ .-._ 

KpHCTann, C'IHTanHCb BLIBe,ZJ;eHHLIMH H3 HYIWOTpOHa npH OTKnOHeHHH Ha yron Y' >.a-:-Oco!, 

. r.v;e «=50 Mpa.n- y~n-H3~H6a~ 0~~~ = 100 M~pai ~ ~ro~x~nnn~al{~H. liacrH;~ c ;;;~H 
0,.~ < Y' < a- Ocol, r.v;e O,.c = 10 Mpa.n ·-. yrnoBott axcenTanc HYKnOTpomi~' TepHnnd Ha 

creHKax KaMepLI, a npH Y' < Oa~ - o~TaBanHCb B I{l!pxynHpyroru:e:w: nyTJR~. qacn TJacTHI{ . 

TepHnacL B neynpy~~~ H,D;epH~~ co)r,v;apeHruiX ·;; ~~HCT~~. ' , .. f ; 

IlonyTJ~HHaH scpcpe_xTiiBH~CTb·BLIBQ!(a CB~~ef.% ~ 'H.v;ep~~C12 HA %'.v;nH Jl.l(ep 
' . 

79 Au197• Pacc~ilTaHHLie.pacnpe.v;eneHHH no 'IHcny npOXOJK.l(eHHtt 'JaCTHI{ TJepe:! .v;~cpiiex-
-· ~, t.)<: :. • :: -.~- ··::_;~_;: ;~.: -.~ -_- ;-,:_ r .. :·:::. > ·:::. 

Top 11.0 BbiBo.v;a H3 nyxnoTpona .v;nH H.v;ep C H Au npe.v;cTaBneHLI Ha pHc.10a,6.' Bxna.n . . 

. ,RpaTHLIX npoxolK.l(eHHtt 3Ha'IHTemno yBeJIHTJHBaeT s.!fl!fle~THBHOCTb, ~oropair npH mipBOM 

npoxolK.l(eHHH cocTaBJIHeT ·.D;JIH.o6oHx cny-.i:aeB J!Hllib oRono 3 %. KpaTHOCTb npoxolK.l(e-. ~ . . 

HKtt, KaK H cne.v;oBMO OJKH.l(aT&," BLime . .D;JIH 6onee n~rKHX _H.D;ep yrnepQ!(a H .v;oc~Hram:, 20. 

::r :s: 
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46 

26 
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-~ 

qHCITO npOXOjK,IJ;eHHM 

Puc:lO Pacnpe.v;eneHl!H BLIBe.v;eHHblx H3 HyxnoTpona Jl.l(ep 6 C 12 (a) H. 79 Au191 (6) c 
. ~ - . . . '. . . ' 

SHeprHett 6 rsBjnyKnoH no TJHcnY nepece'leHJdt,RpHCTaHJIH'leCKOro .necpne~ropa. qHcno 

TJaCTHI{ B nyTJKe N = 2000 
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8TO npoll~oJUIT 6narb~apHMeHmeM:y ocJia6iem~rb ~Hp~ynHpyiofuiro riy-~ia npB: HhepnLix . 

s3airMo~eil:CTlliDIX B RpHCT~ire; si ~ 7. 79 ~M 'll . :1.07. CM COOT~~CTBeH~O .. 3~eci. ~Jie~eT 
OTMeTH;L, 'ITO. so3:i.m.IIUI~cTi.; BYBo~a' hpH Rpa'rn~x i:rp~;o~~H~~ ;;;epe3 ~ecpnei~~ MOlKeT 

, .... ,,, ... ·~, . .,. · .. --~,~·>'····-~-.-."· ···.-·, ;_~<r·~··_ ·-. :-:._·:--~: ... _ -· 
6LITI.' 3Ha'lHTeJII.HO MeHI.IDe ~ ,HOHOB ITO cpaBHeHHID C H~paMH H3-3a H3MeHeHHH 3ap~o-

. soro COCT~HHHH npH nepso:M: ·npoxo~eH~H 'lepe3 RpHcTilln; R~TOpoe MOJKeT npHBeCTH R 

•'· Bu6:LrsaHHID'HXH3 n;HpRy.rrilpyw~ero nyTIKil. ·": ... (.• 
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