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AHHOTAUH.R 

PaccMoTpea npouecc KynoHoBcKoro aoa6y)!{neHHSI BbiCOKHX onaoayKnOHHhrX 

YiJOBHeft Sl.llpa nocpencTBOM 6oM6apnHpOBKH ero TSI)!{enbiMH HOHBMH C 9Hepr&eft, 

M eHbweA KynoHoBcKoro 6ap&epa. BenH'IHHa nonyqeaHbiX ceT.feHHA yKaabrBaeT 

B03MO)!{HOCTb 9KCnepHMeaTanbHOft npoBepKH cywecTBOBBHHSI ypOBHeA:. 
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B peaKuHHx, o6ycnosneHHhiX KynoHoscKHM soa6ymneHHeM Hnep, qar.ue scero 

H86JJIOnaiOTCSI KOJJJJeKTHSHbie S036ymneHHSI, KOTOpble COOTSeTCTSyiOT~ ~spar.uaTeJJbHhlM 

H SH6paUHOHHhlM CTeneHSJM CS060nhlo EoJJbW8SI '18CTb aKcnepHMeHTOS OTHOCHTCSI K 

uayqeaHIO aau6onee HH3KHX yposaeA IHH*e I ~as/. 3To o6cToSJTen&cTso o6~HCHSJ-

eTCH TeM, 'ITO S Ka'leCTSe ycKopSieMhlX HOHOS HCllOJJb30SaJJHCb npOTOHhi1 neiTOHhl 

H 0\ -qacTHUhl He60JJbll!OA aHeprHH. npH yseJJH'IeHHH aaeprHH HOHOS MO)KHO Ha-.. 
neHTbCSI llOJJy'IHTb ShlCOKHe S036y)KneHHhle COCTOSIHHSI Hnep; OnHaKO npH aT..OM 

aHeprHSJ OK83biBaeTCSI 3H8'1HTeJJbHO SbiWe KYJlOHOSCKOrO 6ap&epa, H CT8HOSSITCSI 

S03MO)KHblMH npyrHe peaKUHH 1 • o6ycJJOSJJeHHbie HnepHbiM S38HMonei!:CTSHeM 1 KOTO-

pb!e 38TpynHHIOT HCCJJenosaHHe. 

B CSSJ3H c paasHTHeM TeXHHKH s HacToHr.uee speMH noSJSJJSJeTCSJ S03MO)KHOCTb 

ycxopHTb THmenble HOHbi /snnoT& no HoHos Fe. [ i] I. Ec TecTseaao, 'ITO He-

llOJJb30S8HHe TaKHX HOHOS ll03SOJJHT npOllSHHyTb 06JJ8CTb H3y'laeMbiX ypOSHeA BQ~-

6ymneHHOI'O Hnpa MeTonoM KynoHoscKoro soa6y*neHHH 3Ha'IHTeJJ&HO nan&we 

/ "" 6-7 ~as/ • C aToA TO'IKH 3peHHSI npencTaSJJHeTCSI HHTepeCHbiM SOllpOC 0 

KYJJOHOSCKOM S036y)KneHHH Hnpa TSJ)f{eJJhlM HOHOM C llOCJJenyiOI.UHM SbiJJeTOM cpas-

HHTeJJbHO aHeprH'IHOI'O J' -KsaHTa /6-7 ~as/. 

3ToT npouecc Momao paccMoTpeT&, onHpaHCb Ha Monen& o6onoqex, T.e. 

e paMxax onaoayKJJOHHhiX eoa6y*neHHA. KaK uasecTHo, paHee BbmonHeHHhle pac

qeTbi aaanorH'IHoro npouecca e o6nacTH MaJJbiX soa6ymneHHA He MornH npHsecTH 

K ynOSJJQTBOpHTeJJbHbiM peayJJ&TaTaM, TaK KaK aKcnepHMeHT8JJbHbie 3H8'1eHHSI sepo

SITHOCTeft panHaUHOHHhlX nepexonos Hnpa 06Hapy)KHJJH 6oJJbWHe OTKJJOHeHHSI OT 

BepOHTHOCTe:lt, Bhl'IHCJJeHHhlX TeopeTH'IeCKH Ha OCHOSe MoneJJH He3aSHCHMbiX '18CTHU. 

3TO H fiOHSITHOt TaK K8K S o6JJaCTH M8JJblX S036y)KneHHA samHyiO pOJJb HrpaiOT 

KOJJJJeKTHBHhle acneKTbi snpa. On aaKo, KaK noKaaaao s pa6oTe [ 2 J , nocssr.ueH-

"" HOA pe30H8HCHOMY pacceSIHHIO O -xsaHTOS Ha snpax, B HHTepecyiOI.UeM HaC 

sHepreTuqecxoM HHTepeane onpE:!n eng IOI.UYIO pon& Hrpa IOT on HoHyKnoHHbie nepexon hi. 

TeopHH, paaBHTaSJ e ( 2] , yn oeneTeopHTeJJ&Ho cornacyeTcH c aKcnepuMeHToM. 3To 

o6cTOHTeJJbCTBO naeT HaM HeKOTOpOe OCHOB8HHe HCllOJJb30S8Tb npH OUeHKe ceqeHHSI 

yKaaaHHoro Bhlrne npouecca Monen& o6onoqeK. 

B xaqecTee KOHKpeTHoro npHMepa paccMoTpHM KynoaoscKoe soa6y*neHHe 

anpa PQ.£01 u .20 u HOHOM /(e • KynoHoScKHA 6ap&ep s aToM cnyqae 6yneT no 

llOpSinKy SeJJH'IHHhl paSeH -v 130 ~as. nycTb KHHeTH'IecKaSJ aHeprHH HOHa COCTas-
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JlSieT "-J 100-120 Mae • .H.upo MO)KeT nepeii:TH B OCHOeHOe COCTOSIHHe, HcnyCTJt;e 

1(- KeaHT c aHeprHeA: 6 Mae, ecnu, HanpHMep, npu · eoa6yJK.oeHHH ocymecTenSieT-

C S1 Heii:TpOHHbiA: LlHnOJlbHO aneKTpH'leCKHA: nepeXOLl 2.f.,,-i- 2 9.1/2. • noTepsr aHep-

rHH HOHOM Ha eoa6y)K.UeHHe S1Llp8 COCTaenSieT Bcero .V 

Zr.Z:a.e-2 
HaweM cny'lae 6eapaaMepHbiA: napaMeTp 'l -= f, tr 

1120. KpoMe Toro, e 

1 xapaKTepH3YlOLUHA 

.[leH)KeHHe HOH8 e Ky110HOeCitOM none SI.Upa, 6y.oeT paeeH f ~ 50 >> 1. npH 

aTHX ycnoeHSIX npouecc eoa6y)K.oeHHSI MO)KHO paCCM8TpHeaTb K118CCH'IeCKH • ... 
nonHoe ce'leHHe eoa6y)KneHHSI nopH.oKa Ei onpenenSieTCSI Bbipa)KeHHeM [3]: 

0£1 = (-t,Z!Jve}~B(£1.)-JEl (rJ, 
rne Z, - 3apSILl HOHa, V - ero CKOpOCTb1 

8(£1.} - npuaeneHHaSI 

BepOSITHOCTb 1 CBSI38Hqag C p8LlH8UHOHHhlM LlHnOJlbHO-aneKTpH'IeCKHM nepeXOLlOM, 

kt - cpyHKUHSI 1 HMeiOLUSSI O'leHb CJlO)KHOe CTpOeHHe H o6ycnoaneHH8SI op6HT811b-

HhlMH HHTerpanaMH. DnH pH.oa aHa'leHHA: napaMeTpa } oHa Ta6ynupoeaHa 

I CM., HanpHMep, [ 41 I. napaM eTp ~ MO)KHO ehl'IHCJlHTb no cpopMyne: 

"':? A~ E' I .2 ~ z.,._~ I .6 II+ .s-(6,£) + ) 
I = /2, 6S(E.-fii£')1h \' 32: £. -... ' ~~c 

rne 

A,_ 
~E'=(l+A,/A2).1E ,A, - Macca uoHa /a e.oHHHuax npoTOHHOA: Macchll, 

- Macca SILlpa, a .1E - ero aoa6y)K.ueHHe. 

npuee.oeHH8SI eepOSITHOCTb 8(f1) /c y'leTOM aanonHeHHOCTH COOTBeTCTByiO

LUeft o6oJIO'IKHI HM.eeT eH.o: 

B(EJ.)==-~ J J~*r 'fi.r1 dr /\:tL,+Y(2.LJ+i)/(LdOOILfo)I
1
WYL,lLf}j.jfi.}. 

3.oecb e - acpcpeKTHBHbiA: 38pSILl HYK110Ha /a HaWeM cnyqae C"""' 014/ t 

(Lc,.J. 00 ILl 0) - KoacpcpHuHeHT Kne6wa-)Kop.uaHa, · W - cpyHKUHSI PaKa, 

a ~ H :Yj - pa.uHaJlbHbie '18CTH eOJlHOBhlX cpyHKUHA HyKnOHa B H8'181lbHOM 

IOCHOBHOMI H KOHe'lHOM /aoa6y)K.UeHHOM/ COCTOSIHHSIX 0 COOTeeTCTeeHHO. Bbipa)Ke-

HHSI Ll11SI Jq H ~ Mbl 38HMCTeyeM H3 pa60Tbl [2] • 0HH SIB11SIIOTCSI TO'l-

HhlMH peweHHSIMH npu6nu)KeHHoro ypaeHeHHSI Wpe.oHHrepa c y'leTOM pa3MblTOCTH 

rpaHHU SI.Upa H HMeiOT eon: 

Y/ = {i .2o(·(r-t;/)-ex.p [- ~/(~-n.')j 
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pbiX onpe.oensUOTCSI npH peweHHH ypasHeHHSI. 

MaTpH'IHbi:it aneMeHT 1 SXOLISIUlH:l!: S 8(£J) MO)KHO paCC'IHTaTb 'IHcneHHO. 
-13 

Oa OKa3hiSaeTcSI paSHhiM "'-' 5,6• 10 eM. 

#e.2° /100-120 Mas/ 

2•10-2 M6. 

npa yMeHbweHHH aaeprHH HOHa ceqeaae nanaeT npaKTH'IecKH aKcnoaeanaanb

ao, 'ITO o6ycnosneao nose.oeaHeM ¢yHKUHH Je
1 
{f) 

p,/):1.08 
EcnH Slnpa 0 6oM6ap.oHpOS8Tb 3H8'1HTenbHO 6onee TSimenbiMH HOHSMH, 

~e .r6 aanpHMep, rc 360 Mas/, To npH aHeprHH 

300 Mas /npH 6onbweA aaeprHH CTSHOBHTCSI B03MO)i{Hb!M npSIMOA KOHTaKT Mem.oy 

Slllp8MH/ C9'19HHe paBHO 0' = 0,01 M6. 

Cne.oyeT yKa3aTb a.oecb TaKme Ha npHHnHnHanbHYIO B03MomaocTb BhllieTa 

He:l!:TpOHOB H3 Slllpa /ceqeaHe BblneTa npOTOHOB 6y.oeT 3H8'1HTenbHO M9HbWe &3-38 

HSnH'IHSI KynOHOBCKOrO 6apbepa/. 

npe.ononaraSI1 'ITO o6paTHbiA nepeXOLl SIBnS19TCSI 'IHCTO LIHnOnbHO-aneKTpHqe

CKHM H HCnOnb3ySJ o6wyro TeopH!O yrnOBOil: KOppenSIUHH /eM. [5] f, a TaKme [3] 1 

MO)i{HO Bbi'IHCnHTb yrnoBoe pacnpe.oeneaae 0 - KBSHTOB LinSI cnyqag fYefl 0+P8AOI 

Oao HMeeT BH.o: W("'i-) = 1- o,o6¥·~ {Cos/i}. 

AaanorH'IHbiM o6paaoM Momao nony'IHTb ceqeaHe KynoaoBcKoro Boa6ym.oeHHSJ 

.onH cny'laH o.oaoayKnOHHbiX nepexo.ooB Ksa.opynonbao-aneKTpaqecKoro THna. Koa

KpeTHbiM npHMepoM Mom e.,- cnymHTb nepexo.o 1 hu;,_ _, Jl/'1/t. B PfS 20
tl /aHeprHH 

nepexo.oa "' 3,5 M aB/. 

Vf cnonb3yH yK838HHbiA BbiW9 M9TOLl onpe.oeneHHSI BOnHOBbiX ¢yHKUHA1 MO)KHO 

Bbi'IHCnHTb MaTpH'IHbiA aneMeHT < r 2)ff 1 KOTOpbiA OK83biB89TCSI paBHblM! 

< rt. )if:::; 20,2• 10-26 CM2 
o 

Tor.oa, Hcnonb3yH ¢opMyny: 
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rne 
~. Zz. ez 

<A= tn., vL 
I ln.,- npHaeneHHaH Macca qacTHUhi H Hnpa/, .nnH 

HOHOB A/e 20 c 9HeprHeit ,..... 120 Maa nonyqaeM 0"' =0,24 M 6. DnH HOHOB 

Fe s-6 c aHeprae it ,.... 300 Maa ceqeHHe oKaablaaeTCH paBHhiM 0,67 M6. 

BenHqHHa BblqHc1leHHbiX ceqeHHit HB11HeTCH nocTaToqHO 601lbWOH. noaTOMY 

uenecoo6pa3HO rrocTaBHTb aKcnepHMeHTbl c uenbiD aHanHaa BbiCOKOpacrrono*eHHhlx 

aoa6y*neHHhiX ypoBHeA gnep. ... 
A aTop npHaHaTeneH C.M. nonHKaHoBy a a noneaHbie o6cy*neHHH. 
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