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1. Bse)l.eHue 

CsoficTso YXH (HeH'f!lOHOB c 3HeprHeil - 10·7 
3B, cooTseTCTBYIO

mei1 HX MaKCHMaJJbHOMY nO)I.beMy B rpaBHTal.(HOHHOM none 3eMJIH Ha Bbl-

cory- I M) yAeplKHBaTbCH B JIOBYillKax. 06bHCHHeTCll HX noJIHb!M BuyT-

peHHHM OTpaJKeHHeM OT nosepXHOCTH BemeCTBa, eCJIH HX 3HeprHH MeHbllle 

3<jl<jleKTI1BHOro noTeHQ11aJJa semecTsa. ,LV!HTeJibHbie, TeopeTH'IeCKH npeA

CKa3bisaeMbie, speMeHa yAeplKaHHH YXH s nosylllKax (6nH3K11e K speMeHH 

lKI13HH HeliTpOHa - 900 C) O'leHb noJie3Hbl B 3KCnep11MeHTaJibHb!X <jlyHAa

MeHTaJJbHbiX 11CCJieAoBaHI1HX. 1-by'leHHe caMoro npouecca xpaHeHHl! YXH 

B JIOBYillKaX Bb!HBI1JIO HHTepeceyiO oco6eHHOCTb BepOl!THOCTH HX norepb 

np11 B3aHMOil,eHCTBHI1 c nosepxHOCTbiO: 6onbll1He AOnOJIHHTeJibHbie 

TeMneparypHo-He3aBHCI1Mbie, TaK Ha3bisaeMbie aHOMaJJbHbie, norepH YXH. 

B JII06oM cnyqae, JIY4Illl1e 3KcnepHMeHTaJJbHO noJiy'leHHbie speMeHa 

xpaHeHHH YXH s nosylllKax scer11a HaMHoro MeHbllle TeopeTH'IeCKHX 

OlKHAaHI1H. l1ccJieAoBaHI1e xpaHeHI1H YXH s nosylllKax l!BJil!eTCl! 

.uonrocpo4HbiM npoeKTOM KOJIJia6opaUHH fll1)!<1>-0l1)!l1. B nocneAHHe 

rOAbl, 6narO)Iapl! pa3BHTHIO MelKil,yHapOAHOrO CO'f!lYJI.HH'IeCTBa, Ha'!aJJaCb 

HHTeHC11BHal! nporpaMMa COBMeCTHb!X 11CCJiell,OBaHHH B I1JlTI C 

11CnOJib30BaHI1eM HCTO'IHHKa YXH B fpeHo6ne. 

B OAHOM 113 3THX 3KcnepHMeHTOB [!) Mbi Ha6n10AaJJH 

"aHOMaJibHOe" npoH11KHOBeHI1e xpaHl!J.U11XC» B nosylllKe YXH CKB03b 

56 MKM Be-<jlonhry, »BJIHIOJ.UYIOCH '!aCTbiO OAHOH 113 cTeHoK 3TOH nosylllKH. 

Bepol!THOCTb npoHI1KHOBeHHll HeliTPOflos c 3Heprueli (0,6-1 ,9) M cocTa

BHJia (5,0±1,5)·10"7
, 'ITO Ha MHoro nopl!AKOB 60Jibllle 3Ha4eHHll TYHHeJib

HOro 3<jl<jleKTa npOHHKHOBeHI1H .llJ!ll 3Toro o6pa3l.(a. 3AeCb H )laJJee 3HeprHll 
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YXH H3Mepl!eTCJI s BbiCoTe h MaKCHMaJibHOro no)l.beMa HeilTpoHa B rpaBH

TaUHOHHOM none 3eMJIH (g=9,8 Mc-
2
) cornaCHO cooTHOIIleHHIO E=mgh 

(IH3B:IcM). YposeHb )I.Ha cocyJI.a-cneKTpoMeTPa cooTseTCTBYeT h=O. B 

HaCTOllll\eH pa6ore ellle pa3 nposepl!JICJI <j>aKT npoHHKHOBeHHJI xpaHllll\HXCJI 

s nosylllKe YXH CKB03b TOHKYIO cTeHKY qacm nosepxHocTH 3Toil nosylllKH 

(cnJIOIIJHaJI BaKyyMHO-nJI(jTHal! <j>OJibra) H 3KCnepHMeHTaJibHO H3Y'IaJICJI 

MexaHH3M 3Toro npouecca. 

Ko speMeHH npose)l.eHHJI HaCTol!ll\ero H3MepeHHJI asTopaM 6biJio 

H3BeCTHo HeCKOJibKO MOJI.eneil, onHCbiBaiOil\HX npoHHKHOBeHHe YXH 

CKB03b <j>oJibrH, HeKOTOpble H3 KOTOpblX ony6JIHKOBaHbl (2-4). 

<l>eHoMeHoJIOrH'IeCKaJI Mo)l.eJib s3aHMOJI.eilcTBHJI YXH c nosepxHoCTbiO, B 

paMKaX KOTOpOH Mbl nnaHHpOBaJIH HaCTOllll\HH 3KCnepHMeHT, Tpe6oBaJia 

cyllleCTBosaHHJI HeKoToporo npouecca norepH YXH H3 nosylllKH 6e3 

H3MeHeHHJI ero 3HepmH (no KpailHeil Mepe 6e3 6onbllloro H3MeHeHHJI 

3HeprHH), )l.aBaJia npeJI.CKa3aHHJI H3Mepl!eMbiX BeJIHYHH, HO 6biJia 

HeyYBCTBHTeJibHa K KOHKpeTHoMy MexaHH3My. Ellle 6onee )l.eCl!TH neT Ha3a)l. 

A,I:(.CToilKa H AB.CTPeJIKOB npe)I.JioJKHJIH )I.Jill HenpoTHBopeYHBoro 

o6bliCHeHHJI pa311HYHhiX 3KcnepHMeHTos no xpaHeHHIO YXH HJI.eiO HX 

"MaJioro Harpesa", T.e. npouecca HeTepMOJI.HHaMHYecKoro Heynpyroro 

paccel!HHJI YXH B o6nacTb 3Hepmil oYeHb lfOJIOJI.HhiX HeilTpoHoB. B 

pe3yJibTaTe nposepKH 3TOfO npeJI.nOJIOJKeHHJI 6biJIO HCKJIIOYeHo BJIHJIHHe 

Heynpyroro pacceJIHHJI YXH B lllHpoKHil )I.Hana3oH CKopocTeil pacceHHHbiX 

HeHTPOHOB OT- }0 M·C·I )1.0 TenJIOBblX (5), 'ITO B 3HepreTHYeCKOH IIJKaJie 

COCTaBJIJ!eT 5 nopli)I.KOB. 0)1.HaKo OCTaBaJICJI HeHCCJie)l.oBaHHbiM y3KHH 
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JI.HanaJoH 3Hepmil ( cKopocreil) oT Ha'laJibHoil 3HeprHH YXH JI.o BeJIH'IHHbi, 

B HeCKOJibKO pa3 npeBbiiilaiOIIleil 3Hepm10 YXH. 

B HaCTOl!llleil pa6ore Ha6niOJI.aJICJI ripouecc Harpesa YXH HMeHHo 

B 3TOT JI.Hana3oH 3Hepmil. HHll<e npHBOJI.HTCll noJI.po6Hoe onHCaHHe 3TOro 

3KCnepHMeHTa B OTJIHYHe OT KpaTKOfO C00611\eHHll (6). 

2. MeTO/I.HKa H3MepeHHH n 3KcnepnMeHTaJJLHaH ycTaHOBKa 

3KCnepHMeHT BbinOJIHJIJICll Ha peaKTope l1J!JI B rpeH06Jie. ,ll;JIJI H3-

MepeHHJI H <j>opMHposaHHJI pacnpeJI.eJieHHll YXH no cKopocTJIM HcnoJib3o

BaJICJI rpaBHTal(HOHHblH cneKTPoMeTP (4, pHC.J). 3To BaKyyMHpoBaHHbiil 

BepTHKaJibHO ycTaHOBJieHHbiH l(HJIHH)I.p )I.HaMOTPOM 60 CM H BbiCOTOi! 

200 CM, H3fOTOBJieHHblH H3 JIHCTOBOH noJIHpoBaHHOi! HepJKaBeiOil\eH CTaJIH 

c TOJIIl\HHoil 6oKoBbiX CTeHOK 2 MM. B qacTH H3MepeHHil c Al-<j>onbraMH 

)I.HO cneKTpOMeTpa H ero CTeHKH 11.0 BbiCOTbl OKOJIO 25 CM 6biJIH noKpblTb! 

6e3BoJI.opoJI.HbiMH Ba3eJIHHoM H MacnoM <j>oM6JIHH. KpoMe Toro, s 3ToM cny

yae Ha )I.He cneKTPOMeTPa HMeJIHCb ( OCTaBIIJHeCJI OT npe)l.biAYIIlHX 3KCnepH

MeHTaTopos, noJib30BaBIIJHXCJI 3TOi! JKe ycTaHOBKOil) .l(OnOJIHHTeJibHble no

BepXHOCTH CJIOlKHOil <j>OpMbl, TaKJKe noKpblTb!e <j>OM6JIHHOM, yBeJIH'IHBa!0-

11\He npHMepHo B nomopa pa3a cyMMapeyiO nJIOil\a.l(h. BeyTPH cneKTPo

MeTpa no sceil BbiCOTe l(HJIHHJI.pa MOJKeT nepeMell\aTbCll nornoTHTenb YXH 

• aJIIOMHHHeBbiH .l(HCK (0 57 CM, h = 2 CM), Ha KOTOphiil CHH3Y H c6oKy Ha

Tl!HyTa noJIH3THJieHOBaJI nneHKa TOJIIl\HHoil 0,2 MM ( 6, pH c.!). BepoliTHOCTh 

norepH YXH npH y.l(ape o nosepxHoCTb nornoTHTeJIJI "' I, nocKOJihKY nonH-

3THJieH HMeeT noYTH eyneBy!O rpaHH'IHYIO 3HeprHIO H .l(OCTaTO'IHYIO TOll· 
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11\IIH)'. IlepeMemru~ norJJOTIITeJib YXH no BbiCOTe, MOJKHO orpaHII'IIIBaTb 

csepxy Ha HYJKHOM yposHe cneKTp xpaHRil\IIXCR YXH. 

TOHKru! <!Jonbra (J, p11c.J) ycTaHOBJJeHa Ha KOpOTKOM naTpy6Ke B 

HIIJKHeli '13CTII cneKTpOMeTpa TaK, 'ITO OHa RBJIReTCR 'laCTblO ero CTeHKH H 

repMeTII'IHO OTAeJJReT ero oT AeTeKTOpa YXH (2, p11c.l ). Ecn11 YXH He 

npOHIIK3lOT CKB03b <!Jonhry, TO C'leT B ):\eTeKTOpe He yseJJH'IHBaeTCR, KOf):\3 

cneKTpOMeTP 3anonHeH noA6apbepHbiMII YXH (HeilTpoHaMH c 3Hepmeli 

HlllKe 6apbepa <!JoJJbrll), a eCJJII npOHHK3lOT, TO nOTOK pemCTpHpyeMbiX 

HeliTPOHOB MeHJieTCJI nponopL\IIOHBJJbHO noTOKY YXH, na):la!Oil\HX 113 cneK

TPOMeTpa Ha TOHKY!O <!Jonhry. 

CneKTPOMeTp 3anonHReTCR YXH, nocryna!Oil\HMH OT ryp6HHhi 

JlJTaliepna no HeliTPOHOBOJ:\Y CKB03b AI-<!Jo.Obry (7, pHc.l) (OTAeJIR!Oil\YlO 

o6'heM cneKTPOMeTPa oT ryp611Hbi) s Te'!eHHe II 0 c, H nepHOi\H'IeCKH 3a

KpbiBaeTcR KJJanaHOM YXH') (5, pHc.l) Ha 200--480 c s 3aBHCHMOCTH OT 

peJKHMa H3MepeHHR. TaKHM o6pBJOM, Oi\HH L\HKJJ pa60Thi ycTaHOBKH 

AJJHTCR 3) Q-590 C. 

B nepsoHa'laJJhHOM cneKTpe HeilrpoHoB oT ryp6HHhi WTaliepna 

AOJIJI HBA6apbepHb!X HeihpOHOB (3HepruR KOTOpb!X 60Jibiiie rpaHII'IHOH 

3Hepm11 CTeHOK HeHTPOHOBOAa II cneKTpOMeTpa) HaMHOrO npeBbiiiiaeT 

AOJIJO YXH (noA6apbepHbiX HeilTpoHoB). 1ho6I>I ycTpaHHTb BJIIISIHIIe 

06bi'IHOf0 HBA6apbepHOf0 npOHIIKHOBeHHR, KOTOpoe H3H3'1BJibHO, npH 33-

nonHeHIIH cneKTPOMeTpa, Ha MHOrO nopRi\KOB npeBhJIIIaeT HCKOMbiH 3cp

cpeKT, H3)\0 C BbiCOKOH 3cpcpeKTHBHOCTblO H36aBHTbCJI OT Ha)(6apbepHbiX 

HeliTPOHOB B H3'1BJibHOM cneKTPe H Ha)(eJKHO KOHTpOJJHpOB3Tb HX BJIHRHHe 
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Ha nocne)(y!Oil\ee H3MepeHHe. 3TO AOCTHraeTCR T3KHM npe)(BapHTeJJbHbiM 

<jlopMHpoaaHHeM cneKTPa YXH a cneKTpoMeTpe, 4T06hi HX MaKCHMBJJbHaR 

3HeprHR B npHroTOBJieHHOM cneKTpe 6hiJia 3H34HTeJJhHO HHJKe rpaHH'IHOli 

3HepmH aemecTaa <jlonhm (I, pH c. I), a TaKJKe nocTORHHhiM apeMeHHhiM 

aHanHJOM noToKa perHcTpHpyeMhiX YXH. CneAyeT OTMeTHTh, 'ITO norno

THTenh C nO'ITII Hyneaoil rpaHH'IHOH 3HeprHeH, noMell\eHHbiH H3)\ 06'beMOM 

XpaHeHHR, RBJIReTCR CaMhiM 3cpcpeKTHBHbiM H3 H3BeCTHbiX CnOC060B O'IH

CTKH cneKTpa YXH (Hx cpaaHeHHe eM., HanpHMep, a [7)). 

I13MepeHHe H H3MeHeHHe cneKTpa YXH s cneKTpoMeTpe, a TaKJKe 

KOHTponb 3a AHHaMHKoil ocymecTanReTCR nyreM nepeMeU(eHHR nornoTH

TenR no BbiCOTe. J13MepeHHe cneKTpa HeHTpOHOB, npoiiie)\WHX CKB03b 

<jlonhry, B03MOJKHo: I) aapHauHeil TOJJil\HHhi <jlonbrH, 2) sapHauHeli rpa

HH'!Hoil 3HeprHH cpOJJbfH, 3) cnel(HBJibHblMH H3MepeHHRMH C HeCKOJibKHMH 

nocneAOB3TeJJbHO p3cnonoJKeHHhiMH ¢onbr3MH (6yAeT onHC3HO Aanee ), 

4) MeTO)(OM H3MepeHHR CKOpOCTH C4eT3 )(eTeKTOp3 npH nO)(beMe ero B 

rp3BHT3UHOHHOM none 3eMJIH (np11 Bp311\eHim H30fHYTOf0 HeiiTpOHOBOi\3 

(3, PHC.I) BMeCTe C )(eTeKTOpOM). 

Al-oKHO )(eTeKTOp3 11 He i\OCT3TO'IHO 3epKanhHbie CTeHKII 

no)(BOi\Rmero HeilTpOHOBOAa OTp3JKalOT '!aCTh YXH, 'ITO 33TPYA

HReT p3C4eT 3cpcpeKTIIBHOCTII HX perncTp3UHII. ,UJIR ycTp3HeHIISI 

aToro He)(OCT3TK3 B 113MepeHHH noTOKa YXH, nBA3!011\HX H3 TOHKYIO 

cponhry, 11 ero 3aBIICIIMocm OT apeMeHH,H3 MecTo TOHKOil cpomrn ycraHaa

JJHaanacb TOJICTBR MeM6paH3 C H3BeCTHb!M KBJIH6pOB04Hb!M OTBepCTHeM 

2 
(1,07 ± 0,03) CM , OTCTORil\aR H3 HeKOTOpOM p3CCTOSIHHII OT AeTeKTOpa. T3-

•> CneuHanbHble H3MepeHHSI noKaJaJIH, ttTO npocal.JHBaeMocTb YXH ttepe3 JTOT 

KJJanaH B 33Kpb1TOM nOJJO)f(CHHH He npeBb!WaeT...., I o·8. 
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Kajl nOCTaHOBKa 3KBHBaJleHTHa H3MepeHHfO C "4epHbtM )J.eTeKTOpOM,,, T.K. 

llO'IHI see HeihpOHbl, nonaSll!He S OTSejlCTHe S MeM6paHe, S KOHe'IHOM 

HTOre perHCTJlHJlY!OTC~ ,ll.eTeKTOJlOM (nnO!Ua)lb OKHa KOTOJlOfO SO MHOfO 

Jla3 60JJbWe OTSejlCTH~ S MeM6paHe), a He S03Spa!lla!OTCH H3 llOJJOCHI 

MelK.Uy ,ll.eTeKTOJlOM H MeM6paHOH qepe3 OTBejlCTHe o6paTHO S 

cneKTJlOMeTp. 

ToHKHe <jlonhrH H3 AI HJJH Be c )IHaMeTpOM I 06 MM yCTaHosneHbi 

TaK, 'ITO HX SHYTJleHH~~ '!aCTb )\HaMeTjlOM 88 MM H, COOTBeTCTSeHHO, nno

wa)lb!O oKono 60 cM
2 

OTKJlb!Ta )In~ noToKa YXH H3 cneKTJlOMeTpa. Cepe

ilHHa <jlo,1brH HaXOilHTCH Ha Sb!COTe OKOJJO II CM OTHOCHTCJJbHO )\Ha cneK

TJlOMeTpa. <!>On bra repMCTH'IHO OT)\CJJHeT o6beM cneKTJlOMeTpa OT ll0>10CTH 

H30fHYTOf0 Hei<TjlOHOSO)la (3, pHC.1) )\JJHHOH 180 CM, H3fOTOSJJeHHOfO H3 

Hep;Kase!O!llCH CTaJJH, TaK;Ke C )lHaMeTJlOM 88 MM, COC,li.HHH!O!llefO cneKTpO

MeTp C )\eTeKTOJlOM. fepMeTH3allHH <jlOJJbfH )\OCTHraeTCH 06;KaTHeM ee 

Kpaes MelK.Uy .li.SYMH Te<jlJJOHOSh!MH npOK.Ha)IKaMH. TIOCKOJILKY 

KOHCTJlYKUHH ynJJOTHeHHH He YCTJlaHHeT npHHUHm!ll.JihHO "npoca'IHSaHHe" 

Ma.,oi:f )IOJJH YXH c 3Hepmei:f ShiWe rpaHHYHOH 3HeprHH Te<jlnoHa CKS03h 

KOHCTJlYKUHOHHh!e !llCJJH, a 3aTeM nocne)\OBaTe.%HO CKS03h 2 Te<jl.~OHOSh!e 

npoK.JJa)\KH, TO )lnH Ha)\e;KHOfO ycTjlaHeHHH S03MO;KH0f0 "npoea•msaHHH" 

see 3a30Jlbl 6h!>1H llOJJHOCTh!O 3aKJlb!Thl Ka)\MHeM H llOJIH3THJieHOM -

3<jl<jleKTHSHhiMH nomoTHTeJJHMH YXH. 

,[(eTeKTOJl YXH - nponopuHoHaJJhHhiH cYeTYHK, eo)lep;Ka!llHH 

I 0 Topp 3He H 900 Topp Arc Al-oKHOM TOJI!llHHOH I 00 MKM H nnO!lla.ll.h!O 

60 eM2 - yeTaHOBJJeH Ha KOHUe H30fHYTOfO HeHTJlOHOSO,ll.a TaK, 'ITO OH Ha 

100 eM Haxo.n.HTCH HHlKe yposHH <jlonLrH. TaKoe onycKaHHe )leTeKTopa no-

3Bon~eT, HcnonL3Yll ycKopeHHe YXH B none TlllKCCTH 3eMJJII, 
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no)laBHTI> oTpalKeHHe YXH OT noTeHuHana AI-oKHa )leTeKTopa, a y.n.a

neHHe ,ll.eTCKTOpa OT <jlOJihfll II pacnOJIOlKCHHC ero BHC lljlHMOH BH,li.HMOCTH 

o6pa3Ua H CUCKTJlOMCTjla U03BOJIIIJIO 3<jl<jleKTHBHO UO,ll.aBHTb <jlOH TenJIOBb!X 

HeHTJlOHOB, nopolK,ll.eHHLiii HeynpyropacceHHHLIMH (HarpeTLIMH) YXH Ha 

llOBCJlXHOCTH <jlOJihfll H BHYTJlCHHHX UOBCJlXHOCTHX CllCKTJlOMCTjla. ,[(rill 3a

!llHThl OT HCHTJlOHOB .ll.eTCKTOJl H no.n.BO.li.H!llHii HCHTJlOHoso.n. 6LIJIH o6ep

HYThi 6opHOH pe3HHOH TOJJ!llHHOH OKOJJO 1 ,5 CM CO BCCX CTOJlOH. ,[(H<jl<jle

JlCHUHaJJbHb!H aMnJIHTY.li.HLIH cneKTJl cHmana .ll.eTeKTopa YXH H3MepH1ICJI 

KalK.L\bie I 0 c 3KcnepHMCHTa, 'ITO no3BOnHeT nposo.n.HTL .n.ononHHTCJJLHLIH 

aHaJJH3 ,ll.aHHb!X nocne ero OKOH'IaHHH, Bbi6HpaH Jla3HLIC UOJlOfH ,li.HCKjlH

MHHaUHH aMnJIHTY.li.LI HMnyJJLCOB. 0,li.HOBJleMCHHO IICUOJih30BaJJHCL ,li.Ba 

pa6o'!HX HHTepsana .li.HCKJlHMHHaUHH: I) HaCTJlOHKa noporos .li.HCKJlHMHHa

UHH Ha Y3KHH UHK peaKUHH n + 3He -+ t + p, Q = 0, 764 M3B, 2) HaCTjlOHKa 

Ha 3Ha'IHTeJihHO 6onee WHJlOKHH ,li.Hana30H aMUJIHTY.ll., orpaHH'ICHHLIH 

TOJJbKO CHH3Y Ha yposHe, cooTBeTCTBY!O!lleM 3HeprHH E>O, 15 M3B. B nep

BOM CJiy'!ae <jlOH ,ll.eTeKTOpa HBJJHeTCJl MIIHHMaJJLHLIM, 'ITO U03BOJJJleT 113Me

JlHTh MaJJOBepOllTHh!C UjlOUeCCLI. Tip11 3TOM 3JICKTjlOHHaH 3<jl<jleKTHBHOCTb 

perHCTJlaUHH YXH COCTaBJIHeT - 62% ( OTHOWeHHC 'IHCJJa 3aperHCTJlHjlO

BaHHhiX HMnynLcos K 'IHCJIY aKToB 3axsaTa HelhpoHoB ll,li.JlaMH 
3
He). Bo 

sropoM cnyqae o6ecne'IHsaeTCJl nO'ITH I 00% 3JieKTjlOHHaJI 3<jl<jleKTHB

HOCTL perHCTJlaUHH YXH. EcrecTseHHO, see KanH6poBO'IHLie H3MepeHHJI 

noTOKOB YXH H speMeH xpaHeHHJI s cneKTJlOMeTJle nposo,li.HJIHCL c TCMH 

lKC noporaMH ,li.HCKJlHMHHai.\HH, 'ITO H COOTBCTCTByKl!llHC OCHOBHLIC 

H3MepeHHJl. CTa6HJJLHOCTL aMnnHry.li.HO-,li.H<jl<jlepeHI.\HaJJLHOH 

xapaKTCJlHCTHKH ,ll.eTCKTOpa H 3JieKTjlOHHKH, KOTOJlLIC O'ICHL Bali<HLI lljlH 
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PHc.l. CxeMa ycTaHOBKH: I) TOHKaJI (AI- HnH Be-) <jlonbra, 2) ,1\e

TeKTop YXH, )) H30rHYTbtil HeilTPOHOBOI\, 4) rpasHTaUHOHHbtil cneKTpo

M~, 5) KnanaH YXH, 6) nonH3THneHOBbtil nornomTenb, 7) pa3,1\enHTenb

Ha» <jlonbra H3 AI 

HaCTPOHKe Ha Y3KHH nHK, KOHTPOnHposanHcb so speM» scex H3MepeHHil, 

"'TO no3BOn»eT YTBeplK,!\aTb, "'TO B HaweM 3KcnepHMeHTe nonHOCTblO 

£10,1\asneHO BnHHHHe BCeB03MOlKHb!X 3neKTpH"'eCKHX HaBO)\OK H npo6oes. 

flOTOK npOHHKalOll(HX HeHTPOHOB (3KCTPanonHUHH K MOMeHry 3a

Kpb!THH WH6epa) H3BneKaeTCH <jlHTHpOBaHHeM 3KCnepHMeHTaJJbHb!X ,1\aH

Hb!X 3aBHCHMOCTblO u 1+u2·exp(-tit,p), r)(e u 1 H u 2 - cso60I\Hbte napaMeTPbt, 

cooTseTCTBYIOll(He ypoBHIO <jloHa H noroKy npoHHKa!Oll(HX YXH, T,p -

BpeMH xpaHeHHH B cneKTPOMeTpe, H3Bne"!eHHOe H3 H3MepeHHH C KaJJH6po

BO"'Hb!M OTBepCTHeM. ,[(nH <jlHTHpOBaHHH HCDOnb3YIOTCH TOnbKO ,1\aHHbte 

DOCne 160-H CeKyH,l\bl B H3MepeHHHX CO cneKTPOMeTPOM, DOKpb!Tb!M 6e3BO

I\Op0,1\Hb!MH Ba3enHHOM H MaCnOM <jlOM6nHH H nocne 190-i\ CeKyHI\bl B H3-

MepeHHHX CO cneKTPOM~OM CO CTeHKaMH H3 HeplKaBe!Oll(eH CTaJJH, KOr)\a 
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DOTOK HeyHH"'TOlKeHHb!X Ha)(6apbepHb!X HeilTpOHOB B Ha"'aJJbHOM cneKTpe 

cTaHOBHnC» npeHe6pelKHMO Man. llol\p06Hee npouel\ypa H3MepeHH» no

TOKa npoHHKa!OmHx CKB03b <jlonbrH YXH onHcaHa s pa6oTe [1]. 

3. Pe3yJJbT3Tbi H3MepeHHH 

B HaCTOHll(HX H3MepeHHHX Hcnonb30BaJJHCb nocne)(oBaTenbHO AI H 

Be TOHKHe <jlonhrH. PaHee, B pa6oTe [ 1], Mbt Hcnonb30BaJJH TOnbKO Be

<jlonhry, a 3aMeHa ee Ha Al-<jlonhry no3BOnHna: I) xpaHHTb B cneKTpoMeTpe 

HCHTpOHbl KaK HHlKe, TaK H BbtWe rpaHH"'HOH 3HeprHH <jlOnbrH, DOCKOnbKY 

EA1<E"'P~·""""<E8,; 2) npoBOI\HTb H3MepeHHH s6nH3H rpaHH"'HOH 3HeprHH 

<jlOnbrH, me npe,1\CKa3b!BaJJOCb ysenH'IeHHe BepOHTHOCTH npOHHKHOBeHHH B 

6onbWHHCTBe MO,l\eneil; 3) yMeHbWHTb noTepH YXH s <jlonbrax s H3Mepe

HHHX npH KOMHaTHOH TeMneparype 6nar0,1\apH HCDOnb30BaHHIO 6onee TOH

KHX o6pa3UOB; 4) paCWHpHTb Kpyr B03MOlKHbiX 3KCnepHMeHTOB 6naro,1\ap» 

6onee ,1\ocrynHbiM 11 ,1\eweBbiM Al-<jlonbraM; 5) npH Hcnonb30BaHHH 

"M~I:rKoro" Ha\.faJihHOro cneKTpa YXH, cooTaeTCTBYJOlll.ero H3MepeHH.SIM c 

Al-<jlonbroH, noTepH YXH Ha CTeHKax cneKTpoMeTpa MHHHMaJJbHbl, 'ITO 

npH6nHJKaeT 'IYBCTBHTenbHOCTb 3KCnepHMeHTa K MaKCHM"-'1bHOH B COOTBCT

CTBY!Oll(CM I\Hana3oHe 3Hepmi1. 

3 .I. Kan116posa'!Hbie 113MepeHIIll 

KanH6poBO"'Hble H3MepeHH~ nposo)(HnHcb .1\BalK,!\bt: ,1\n~ cneKTpo

MeTpa CO CTeHKaMH 113 HCplKaBCIOll(eH CTaJJH H B cny'!ae, KOr)(a OHH £10-

KpbtTbl 6e3BOI\OpOI\HbiMH sa3enHHOM H MacnoM <jloM6nHH. Ha pHc.2 noKa-

3aHa 3aBHCHMOCTb noToKa YXH, na)(a!OmHx Ha <jlonbry, OT BbtCOTbt norno

THTen~ B H3MepeHH~X CO cneKTpOMCTpOM CO CTeHKaMH H3 HeplKaBCIOll(CH 

CTaJJH, Ha KOTOpble OnHpa!OTC~ OCHOBHbte BbiBO,l\bl HaCTO~ll(CH pa60Tbl, £10-
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PHc.2. 3asHCHMOCTb <I> (c·'·cM.2)-nnoTHOCTH nOTOKa YXH Ha 

<j>OJibre OT h(cM)-BbiCOTbl norJIOTHTeJI~ B cneKTpOMeTpe CO CTeHKaMH H3 He

plKaBeiOll.\eH CTMH. BepTHKMbHa~ JIHHH~ COOTBeTCTsyeT BbiCOTe cepe,!I.HHbl 

<j>OJibrH. 3neKTpOHHa~ 3<jl<jleKTHBHOCTb perHCTPaUHH HeilTpOHHOrO CHrHana 

pasHa 62% 

ny~eHHbie s HJMepeHH~X c nepeMemeHHeM nornoTHTen~ so speM~ 1..\HKna 

xpaHeHHJI. 

3KcnepHMeHTMbHbie .uaHHbie xopowo onHCbiBaiOTc~ Mo.uenbiO, 

npe.unonaraiOmeli cTaH.uapTHYIO nnoTHOCTb YXH Ha sxo.ue a cneKTpOMeTP 

50 HfCM3 B ,li.HanaJOHe 3HeprHH OT 0 ,!1.0 rpaHH'IHOH 3HeprHH HeplKaBeiOll.\eH 

CTMH [8), H cymecTBeHHoe ee no.uasneHHe s cneKTpoMeTPe H3-3a He 04eHb 

BbiCOKoro speMeHH xpaHeHH~ YXH s cneKTpOMeTPe no cpaBHeHHIO c spe

MeHaMH ero HanonHeHH~ H BbiTeKaHH~ YXH Ha .uereKTop. nocKOJibKY spe

MeHa xpaHeHii~ Ii3Mep~IOTCJI, TO MO,ll.eJib He CO,!I.eplKHT CB060,!I.HblX napaMeT

poa " .uaeT Ha.uelKHhie 3aKniO'leHH~. He6onbwHe Heonpe.ueneHHOCTH ·cs~-

10 

3aHbi c nonpasKaMH Ha noTepH s Al-!j>onLrax H KoHe'leyiO 3!j>!j>eKTiiBHOCTb 

.ueTeKTopa. no.uasneHHe noToKa YXH no OTHOWeHHIO K ero sem-I'!HHe Ha 

BXO,!I.e a 3aBHCHMOCTH OT BblCOTbi nOrJIOTHTeJIJI JIOKa3aHO Ha piic.3. ,lVJJI )'3-

KOro Ha'!anbHoro cneKTpa no.uasneHHe noTOKa H3-3a norepb s cnei<Tpo

Merpe MeHbWe, TaK KaK speMeHa HanOJIHeHH~ MMbl. 3aBHCHMOCTb, noKa

JaHHa~ Ha pHc.3, OTPalKaeT TPY.UHOCTL o6mero xapaKTepa npH pa6ore c 

60JibWHMH 06beMaMH xpaHeHH~ Ii, COOTBeTCTBeHHO, 60JibWHMH BpeMeHaMH 

HX HanOJIHeHH~. 04eBH,li.HO, Cyll.\eCTBeHHOrO yseJIH'IeHH~ nOTOKa B H3Mepe

HHJIX C nOJIHblM cneKTpOM, a COOTBeTCTBeHHO, H yseJIH'!eHHJI 'JYBCTBHTeJib-

HOCTH 3KCnepHMeHTa, MOlKHO ,li.OCTHrHYTb, yny'IWHB BpeMeHa xpaHeHH~ 

YXH s cneKTPOMeTPe. B HacTO~ll.\eM 3KcnepHMeHTe OHH cna6o JaBHCeJJH oT 
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PHc.3. 3asHCHMOCTb OT BbiCOTbi h (eM) !j>aKTopa no.uasJJeHH~ nnoT

HOCTH nOTOKa YXH Ha !j>onbre s cneKTpoMeTPe (co cTeHKaMH HJ HeplKa

seiOmeil cTanH) no cpasHeHHIO c noToKOM Ha sxo.ue s cneKTpOMerp s npe.u

nonolKeHHH CTaH,!I.apTHOH Ha'IMbHOH JIJIOTHOCTH 50 WCM
3 
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BLICOTLI nornonnenll H MeHliJIHCL or 80 c npH onymeHHOM nornoTHTene ,ll,O 

70 C npH MaKCHMaJihHO flO)l,HliTOM. 

<l>oH H3MepliJICll a npo,ll,OJI)J(eHHe acero 3KCnepHMeHTa. HcnonL30Ba

JIHCL )l,Be KOH<jmrypal.IHH HeilTpOHHOii 3amHTLI ,ll,eTeKTopa YXH. B o6oHx 

CJI)"iaJIX 4 1t-3amHTa )l,eTeKTOpa 6opHOH pe3HHOH TOJimHHOH I ,5 CM H Ha

CTpOHKa noporoa ,ll,HCKpHMHHal.\HH cHrHana ,ll,eTeKTopa Ha Y3KHii nHK ,ll,e

nanH <jloH He60JILIIIHM. 0)l,HaKO B nepBOM pe)I(HMe, KOf)l,a H30fHYTbiH Heii

TpOHOBO)l, C ,ll,eTeKTOpOM <jlHKCHpOBaJIHCh Ha flOCTOliHHOH BbiCOTe, HeihpOH

HaJI 3amHTa CO CTOpOHbl peaKTOpa 6LIJia ycHJieHa 6opHpoaaHHbiM flOJIH3TH

JieHOM. Bo aropoM pe)I(HMe 3amHTIL (6e3 6opHpoaaHHoro nonH3THJieHa) 

6LIJia CMOHTHpOBaHa Ha flOBOpOTHOM KOJieHe HeiiTpOHOBO)l,a H nepeMema

JiaCL BMeCTe c· HHM. 3aMeTHOH pa3HHI.\hl B ypoBHe <jloHa B 3THX ,ll,Byx pe)I(H

MaX He 0)1(H)l,aJIOCh, TllK KaK KOMflOHeHTa <jloHa, o6ycnoaneHHall 6hiCTpblMH 

HeiiTpoHaMH OT peaKTopa, y)l(e CHJihHO no,ll,aaneHa. TeM He MeHee npH o6-

pa6oTKe ,ll,aHHhiX y'IHThiBanoch, 'ITO OHH MOJYT pa3nH'IaThCll. YpoaeHh <jloHa 

B nepBOM H BTOpOM pe)I(HMaX H3MepeHHll COOTBeTCTBeHHO paBeH 

( 4,98±0,29)·1 o-< c'1 H (5,43±0,92)·10 ... c'
1
• YpoaeHb <jloHa npH OCTllHOBJieH

HOM peaKTope B TOM )l(e OKHe ,ll,HCKpHMHHal.\HH CHrHaJia C flOJIHOH 3amHTOH 

( C 6opHpOBaHHbiM flOJIH3THJieHOM) COCTaBHJI (2, 72±0,3 7)-1 0-< c'
1
• 

3 .2. 3aBI!CIIMOCTb BepOliTHOCTII npOHllKHOBeHI!ll OT Bb!COTbl 

nornoTI!TeJill 

BepOliTHOCTh npoHHKHOBeHHll onpe,ll,eneHa KaK OTHOWeHHe noTOKa 

npoHHKaiOmHx CKB03L <jlonLry HeiiTpOHOB K noToKy YXH, na)l,aiOm~<x Ha 

<jlonhry, 6e30THOCHTeJibHO K MeX8HH3MY 3T0f0 npOHHKHOBeHHll. 
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PHc.4. 3aBHCHMOCTb a-aepOliTHOCTH npoHHKHoaeHHll YXH CKB03b 

Al-<jlonbm oT h(cM)- BhiCOTbl nornoTHTenll a cneKTpoMeTpe co cTeHKaMH H3 

Hep)l(aBeiOmeii CTaJIH, flOKpb!TblMH 6e3BO,ll,Op0,1l,HblMH B83eJIHHOM H MaCilOM 

<jlOM6JIHH. 

I. 0Kpy)I(HOCTH cooTBeTCTByiOT Al-<jlonhre TonmHHOii II ,5 MKM. 

2. KBMPBTbi - ,ll,BYM 17,8 MKM Al-<jlo.%raM H nonH3THJieHoBoMy 

KOJihl.\Y Me)l()l,y HHMH, He BJIHliiOmeMy Ha flOTOK Ha,ll,rpaHH'IHbiX HeHTpOHOB, 

HO nornomaiOmeMy no,ll,rpaHH'IHble, eCJIH HM y,ll,aJIOCb npOHHKHYTh CKB03b 

nepayiO Al-<jlonhry. ,IVIll y,ll,o6CTBa cpaaHeHHll pe3yJibTaTOB )l,aHHble, nony

'leHHble c ,ll,BYMll <jlonhraMH, npHBe,ll,eHhi B ,ll,pyroM Macwra6e (wKana 

cnpaaa), y'IHThiBaiOmeM )l,ononHHTeJibHble noTepw B 6onee TOJICTOM cnoe AI 

BepoliTHOCTH npoHHKHOBeHHll YXH CKB03h <jlOJibrH npH <jlHKCHpo

aaHHbiX BhiCOTax nornoTHTeJill 6biJIH H3MepeHbl ,ll,Jill AI-(II ,5±0,2 MKM, 

pwc.4, OKpy)I(HOCTH) H Be•( 15,0±0, I MKM, pHC.5) o6pa31.\0B, a TaK)I(e ,ll,Jill 
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PHc.5. 3aBHCHMOCTb a-sepo»THOCTH npoHHKHoseHHH YXH CKB03b 

Be-cpO!lbfY TOJllllHHOH 15,0 MKM OT h(cM)·BbiCOTbl nor!lOTHTe!lH B cneKTpO

MeTpe CO CTeHKaMH H3 HeplKaBe!OweH CTa!lH 

KOM6HHatU!H .1\BYX Al-cpO!lbf (no 17,8±0,3 MKM) H nOJ1H3THJleHOBOf0 

KO!lbUa MelK.!\y HHMH (pHc.4, KBa,!\paTbl), KOTOpaH 6y,!\eT OnHCaHa ,1\a!lee. 

06e JaBHCHMOCTH M» AI (pHc.4) H Be (pHc.5) Be.!\yT ce6» O.!\HHa

Koso: ] ) BepOHHOCTb npOHHKHOBeHHH pacTeT C yse!lli'teHHeM HaYa!lbHOH 

3HepmH YXH; 2) B .~HHeHHOM npH6!1HlKeHHH 3KcnepHMeHTa!lbHbiX ,1\aHHbiX 

npOHHKHOBeHHe HCYe3aeT, eCJlH HaYa!lbHblH cneKTp He CO,!\eplKHT HeHTpO

HOB c 3HeprHeH BhiWe HeKoroporo "nopora". 

3.3. 3Hepmll npoHHKaiOll(HX YXH BhiWe rpaHwmoi-l 3HepmH 

(j>OJibrH HJIH HHlKe? 

,LV!» OTBeTa Ha 3TOT son poe 6bi!lO npose,!\eHo H3MepeHHe c Ha6opoM 

H3 OTCTOHlllHX ,llpyr OT .1\pyra Ha - ] MM ,1\Byx Al-cpO!lbf TOJllllHHOH 
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17,8 MKM KalK,!\aJI H ] 00 MKM nOJ1H3TH!leHOBblM KOJlbUOM Me)!()ly HHMH C 

BHyTpeHHHM ,1\HaMeTPOM 88 MM, YCTaHOBJleHHblM TaK, YT06bt nOJ1H3TH!leH 

He nepeKpbtBan o6nacTH, o6nyqaeMoil YXH H3 cneKTPOM~a, H, cooTBeT

CTBeHHo, He BJlHHJI Ha nOTOK Ha,llrpaHH'IHblX HeHTPOHOB, HO nOf!lOll(a!l HeH

TpOHbl c 3Hepmeil HHlKe rpaHHYHoil 3HeprHH AI, OKa3asumecH JanepTbtMH 

MelK.!\y !j>onbraMH s cnyYae no,!\6apbepHoro npoHHKHOBeHHJI YXH CKB03b 

nepsy10 Al-!j>on&ry. To ecTb, npOHHKaiOwHH noTOK HC'!e3HeT, ecnH oH o6y

cnosneH no.!\rpaHH'IHbtMH HeilTpOHaMH. EcnH 3TO Ha,llrpaHH'IHbte Heil

TpOHbt, TO npOHHKaiOUlHH IIOTOK ,1\0JllKeH yMeHbiiiHTbCJI COOTBeTCTBeHHO · 

noTepHM npH npoxolK,!\eHHH CKB03b .1\0IIO!lHHTe!lbHYIO TOJilllHHY AI. TioTOK 

yMeHbWHJlCJI TO!lbKO B,!\BOe! J13MepeHHH 3aBHCHMOCTH BepOHTHOCTH IIpO· 

HHKHOBeHHH OT TOJllllHHbl Al-cpO!lbfH (pHc.6) IIOKa3a!lH, YTO TaK H ,LIOJilKeH 

ynacTb noTOK H3·3a nOTepb B .1\0IIO!lHHTe!lbHOil Tonwe AI. 3To 03Ha'!aeT, 

'ITO: ] ) IIpOHHKa!OwHe HeHTPOHbl HMeiOT 3HeprHIO BblWe IIOTeHUHa!la 

!j>onhm, 2) HX CKopocTb He HaMHOro npesbtwaeT cKopocTb YXH, no

CKO!lbKY OHH 3!j>!jleKTHBHO IIOf!lOUlalOTCH B TOHKHX CJIOHX AJ. 3HepreTH'Ie

CKaH 3aBHCHMOCTb BepOHTHOCTH npOHHKHOBeHHJI IIOKa3aHa Ha pHC.4 

(KBa.LipaTbt). ,LV!H y.!lo6cTBa rpa!j>HYecKoro cpasHeHHJI 3THX pe3y!lbTaToB c 

H3MepeHHeM npOHHKHOBeHHH CKB03b 0,!\HHapey!O !j>OJibfY ,1\aHHble C .1\BYMll 

cpO!lbfaMH H IIOJ1H3THJleHOBb!M KOJlbUOM IIpHBe,LieHbl B ,LipyroM MaCWTa6e, 

Bbi6paHHOM TaK, 'IT06bl o6e 3HepreTH'IeCKHe 3aBHCHMOCTH HMeJIH O.LIHY 

HOpMHposKy. B npe,!\enax cTaTHCTHKH 3HepreTH'IeCKHe 3aBHCHMOCTH no

.ll06Hbi. AHanom'IHOe H3MepeHHe 6bmo npose,!\eHo c 3-cnoilHoi-l !j>onbroil: 

(17,8 MKM AI)+ (2,5 MKM KJiell) + (17,8 MKM AI). TOHKHH C!lOH BO.!\OpO.L\0-

CO,!\eplKawero KJieJI C He60JlblliHM IIOTeHUHa!lOM H 60JiblliHM Ce'!eHHeM IIO

Tepb (B OCHOBHOM Heynpyroro pacceJIHHJI H CH!lbHO 3aBHCHUlHM OT CKOpO-
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CTH - 1/v) cna6o BJJHJ!eT Ha Hll.llrpaHH'IHhte HeilrpoHhl, HO norJJOll\aeT no.u

rpaHH'IHhte, eCJJH OHH K3KHM-JJH60 o6p330M OK33aJJHCh 33nepTh!MH B npO

crpaHCTBe Me)K,!l)' AI-!jlonbraMH. Pe3yJJhTaT Ta!OKe no.nTsep.nHn Bhtso.u o 

TOM, 'ITO npOHHK310ll\He HeHrpOHhl - Hll.llrpaHH'IHh!e. 

,Z:WyroH Cll0C06 H3MepeHHX 3HeprHH noc.qe npOHHKHOBeHHX CKB03h 

!jlonhry - H3MepeHHe cKopocTH C'leTa .neTeKTopa YXH npH H3MeHeHHH Bhi

COThl llO,U"heMa .UeTeKTOpa OTHOCHTeJ!hHO ypOBHX !jlO!!hfH. TaKoe H3MepeHHe 

6btJJO c.uenaHo c 15,0 MKM Be-!jlonhroll npH MaKCHMaJJhHO nO.UHHTOM norno

THTeJJe. KaK BH.UHO H3 m6n.1, npoHHKHOBeHne cna6o 3aBHCHT OT BhtCOTht 

no.n1.eMa ,neTeKTOpa, 'ITO yK33htBaeT Ha To, 'ITO 3HeprHx npoHHK310ll\HX 

HeHrpOHOB Cyll\eCTBeHHO Bh!IUe M3KCHMaJJhHOH 3HeprHH B H3'13JihHOM 

cneKrpe. 

Ta6JJH113 1 

BhtcoTa .UeTeKTopa 

OTHOCHTeJJhHO 1{eHrpa tPO!!hfH (CM) I1pOHHK310ll\HH nOTOK . I 0'
6 

-90 1,8±0,45 

0 1,6±0,25 

115 1,3±0,25 

3.4. 3aB!lC!lMOCTb Bepol!THOCT!l npOH!lKHOBeHHJI OT TOJJll\llHbl <jJOJJbrll 

B H3MepeHHH c .usyMx 17,8 MKM Al-!jlonhraMH n nonH3THneHOBhiM 

KOJ!hl.\OM 6h!JJO YCT3HOBJJeHO, 'ITO npOHHK310ll\He HeHTpOHhl HMeiOT 3Hep

fHIO Bhtrne noTeHUHana AI. 3Ha'lnT, caM npouecc npoxolK,!leHHH HeilTpoHos 

16 

Ta6JJH11a 2 

0rHOCHTeJJhHOe no.nas.1eHHe 

BhtCOTa nomoTHTe.q• (<;M) noTOKa s AI-!jlonhrax TOJJll\HHoil 

96,6 MKM H 17,8 MKM 

68,5 6,3±0,6 

81 4,6±0,3 

90-110 2,3±0,2 

ax 10-6 

10 ,-- ·-~---

. '? 
' -o 
'I . . ¢ 
2 

c) 
0 

0 ·'---
10 100 

d,MKM 

Pnc.6. 3asHCHMOCTh a-sepOHTHOCTH npoHHKHOBeHHH YXH OT 

d(MKM)-TOJJll\HHhl A1-¢onhm npH BhiCOTe nornoTHTen• 55 CM. Ksa.upaT co

OTBeTcTByeT H3MepeHHIO C .UBYMH A1-!jlOJ!hf3MH TO!!ll\HHOH 17,8 MKM H no

JJH3THJ!eHOBhiM KOJ!hl.\OM MelK,!ly HHMH (BK!13.U pe<jlpaKUHH Hei'iTpOHOB H3 

rpaHnue .nsyx A1-<jlonhr HesenHK). CneKTpOMeTp co cTeHK3MH H3 HeplKa

setOll\eH CT3JJH, llOKpb!TbiMH 6e3BO,UOpO.UHbiMH B33e!!HHOM H M3CJIOM 

<jloM6JIHH 
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CKB03b <j>OJJbry T]JHBHa.JJeH, a BpeMH npe6bJBaHHH HeHT]JOHa BH)'TpH <j>OJJbrH 

Ma.JJO. 3ara.uKa JKe 33K!IJOYaeTCH B yseJJHYeHHH 3Hepn111 YaCTH xpaHHlJ.lHXCH 

YXH. KpoMe Toro, Tor.ua MOJKHO, noJJb3YHCb 3aBHCHMOCTbJO 1/v ceYeHHH 

3axsaTa H Heynpyroro pacceHHHH, oueHHTb 3HeprHJO npoHHKaJOll.lHX Heii

TpOHOB IIO 3aBHCHMOCTH nponycKaHHH OT TO!Ill.lHHbl <j>O!IbrH, npe.UCT3B!IeH

HOH Ha pHc.6. 0Ha OKa3a.JJacb oYeHb Ma.JJOii. OueHKa onHpaeTcH He Ha pac

YeT, a Ha H3MepeHHbJe noTepH YXH H3BeCTHoii 3HeprHH s HCIIO!Ib30BaHHbJX 

<J>onbrax. IIornoTHTeJJb no.UHHMa.JJCH Ha TaKHe BbJCOTbJ, YT06bJ s cneKTpo

MeTpe MOr!IH xpaHHTbCH Ha.Ua.JIIOMHHHeBbJe HeHTpOHbl, KOTOpble MOr)'T 

IIpOHTH <j>OJJbry CTaH.UapTHbJM CIIOC060M, TaK KaK HX 3HeprHH BbJWe ee IIO

TeHUHa.JJa (CM. Ta61.2). 1-f.UM KalK.llOH H3MepHeTCH 33BHCHMOCTb npOXOlK.lle

HHH OT TO!IlJ.lHHbl <j>OJJbrH. IlOCJJe.UHHH TOYKa B Ta6JJ.2 COOTBeTCTByeT 

IIOTOKY HeHTpOHOB, perHCTpHpyeMbiX .UeTeKTOpOM IIpH OTKpblTOM WH6epe 

(Hx 3HeprnH onpe.ueneHa npH6JJH3HTeJJbHO ). 

3.5. ,[(llHaM!lKa cneKTpa YXHnpllllX xpaHeH!lll B cneKTpoMe-rpe 

B 3KcnepHMeHTe B03HHK!IO npoTHBOpeYHe, 3aK!IJOYaJOmeecH s TOM, 

YTO: I) B HaYa.JJbHOM CIIeKrpe Ha.UrpaHHYHbJe HeHT]JOHbl .UO!Ili<Hbl 6b1Tb IIO

rJJOll.leHbl, HO 2) IIpOHHKaJOll.lHe HeHT]JOHbl HMeJOT Ha.UrpaHHYHYJO 3Heprn10. 

TaKoe B03MOJKHO TO!IbKO npH H3MeHeHHH (yseJJHYeHHH) 3Hepnm 

onpe.ueneHHOH .UO!IH xpaHHlJ.lHXCH HeiiTpOHOB. O.uHaKo, eCJJH 3TO TaK, TO B 

H3MepeHHH C HeiiO.UBHJKHblM IIOr!IOTHTeJJeM HX perHCT]JaUHH .UO!IJKH3 6bJTb 

3aTpy.UHeHa IIOTOMy, YTO OHH 6onee 3<j><j>eKTHBHO rn6H)'T B IIOrJJOTJ-JTeJJe, 

YeM co6HpaJOTCH Ha .ueTeKTop. To eCTb, npOHHKaJOll.lHH CKB03b <J>onbry no

TOK MOJKeT 6bJTb 3Ha'!HTe!lbHO ycHJJeH, eCJJH IIOC!Ie 3anOJJHeHHH cneKTpO

MeTpa B TeYeHHe II 0 C H IIOCJJe.uyJOll.leH OYHCTKH cneKrpa OT Ha.urpaHHY-
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HbiX HeHT]JOHOB B TeYeHHe 80 C (B CJJyYae CIIeKrpOMeT]Ja CO CTeHKaMJl Jl3 

HepJKaBeJOll.leH CTa.JJH) OOrJJOTJlTe!lb 6y.UeT OTK!IJO'!eH, T.e. OO.UHHT Ha Bbl· 

cory, .uo KOTopoil He MOryr no.UHHTbCH .UaJKe YXH c yseJJH'!eHHOli :mep

rneil. EcnH cneKTp npll xpaHeH!lll He ll3MeHH!ICH 6LI, TO npoHHKaJOll.lllH no

TOK He 3aBHCe!l 6hJ OT OO.lll,eMa IIOr!IOTHTe!IJI. rlliiOTe3a 0 pOlK.lleHJlH Ha.ll· 

6apbepHhiX HeHT]JOHOB 113 xpaHHll.lllXCH B !IOBYWKe IIO)l.6apbepHhiX 6Lma 

nposepeHa 3KCnep11MeHTa.JihHO. .lJ:eiiCTBHTe!lhHO, npOHilKaJOll.lHH qepe3 

<j>OJJhry IIOTOK HeHT]JOHOB npH IIO.UbeMe IIOr!IOTHTe!IJI Ha M3KCIIMa.JJheyro 

BhJCOry B03p0C B 25 pa3! 3"fo 3HaYHT, YTO B CIIeKrpe CO speMeHeM 'IHC!IO 

Ha.urpaHHYHhJX (Ha.Ua.JJJOMIIHicieBhiX) HeiirpOHOB pe3KO B03pocno. MoJKHO 

H3MePHTh IIX CIIeKT]J, IIO.UHIIM3H norJJOTIITe!lb Ha Pa3HYJO BbiCOTY Ha BpeMJI 

xpaHeHIIJI YXH s cneKTpoMeTpe (p11c.7). IIp116JJII3HTerrLHo .no aHeprnH 

(120±15) CM YHC!IO HeHT]JOHOB, npocaYI!BaJOll.liiXCJI Yepe3 <j>OJJbry, paCTeT C 

yseJJHYeHHeM BbJCOTbl OOrJJOTIITeJIH, O)l.H3KO .l(a.Jiee IIX IIOJII!Oe YIICJIO B IIH· 

Terpa.JJhHOM cneKTpe He yseJJII'IIIBaeTCJI, HeCMOT]JJI Ha .l(a.JJee IIO.l(HIIMaeMbiH 

norJJOTJoJTeJib, YTO YKa3bJBaeT Ha OTCYTCTBIIe B CIIeKrpe HeHT]JOHOB C 60Jib

lliHMH 3Hepr11HMII. PolK.lleHHe Ha.u6aphepHhJX HeiirpoHOB 113 xpaHHlll.llXCJI B 

!IOBYWKe IIO.U6apbepHbiX .l(O!IJKHO IIpHBeCTII H K XapaKTepHOMY 113MeHeHIIJO 

3aBHCHMOCTII HeiirpoHHoro c'!eTa OT speMeHH. Ha p11c.8 npe.n.cTasrreHhi 

.l(aHHble, COOTBeTCTBYIOll.lHe ycpe.UHeHIIJO 3aBIICIIMOCTeH OT BpeMeHII HeH

T]JOHHOrO C'leTa )l.!IJI rpeX HaH60JihlliiiX Bb!COT IIO)l.beMa IIOrJIOTilTeliJI Ilpll 

113MepeHIIII CIIeKrpa HarpeTbiX HeHT]JOHOB • .lJ:eHCTBIITe!lhHO, IIOC!Ie IIO.UbeMa 

IIOrJIOTHTeJIJI Ha 80-il CeKyH)l.e C'leT paCTeT, 'ITO COOTBeTCTBYeT rOpa3.!(0 

rry'IWIIM speMeHaM xpaHeHIIJI yseJJIIYIIBlliiiX 3HeprHJO YXH s rrosyll!Ke rrp11 

IIO.UHHTOM IIOr!IOTIITe!le. Ilp11 3TOM .!(3HHble XOpOlliO COOTBeTCTBYJOT rrpe.n-
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fiOJIOJKeHHIO 0 fiOCTO»HHOH BepOXTHOCTH reHepa!.(liH Ha.D,6apbepHbiX HeH

TpOHOB H3 fiOJ163pbepHbiX, a BpeM» HX xpaHeHH» 113BJleKaeTC» 113 KaJJ116po

BO'IHbiX 113MepeHHH C He60!JbiiiHM OTBepCTHeM. 

AHaJJOrH'IHOe H3MepeHHe 6b!JJO CAeJJaHo co cneKTpoMeTpOM, 

CTeHKH KOTOporO noKpb!Tbl 6e3BOAOpOAHbiMH Ba3e!JI1HOM H M3C!JOM 

,PoM6JJHH. KpoMe Toro, B 3TOM cnyqae npoBOJIHJJaCb J~OnOJJHHTeJJbHa» 

n, UHKJI-I 

4 ...... 

2 ~-- - - .......... l 

0 
0 50 100 150 

9 

200 

h,CM 

PH c. 7. I13MepeHI1e cneKTpa H3MeHHBIIIHX 3Hepr1110 YXH. 3asi1CH

MOCTb n-KO!JH'IeCTBa HeHTpOHOB, perHCTpHpyeMbiX AeTeKTOpOM 33 0A11H 

l.IHK!J H3MepeHH», OT h(CM)-BbiCOTbl fiOAbeMa nOJJH3TI1!JeHOBOfO norJJOTI1-

Te!J» so speM» xpaHeHI1» YXH B cneKTpOMeTpe. BbiCOTa nornOTHTeJJ» np11 

HanonHeHHI1 cneKTpoMeTpa H noJ~rOTOBKe cneKTpa scerJ~a 55 cM. BpeM» 

noJ~rOTOBKH cneKTpa npH 33Kpb!TOM BXOAHOM KJJanaHe 80 c. CneKTpoMeTp 

CO CTeHK3MH 113 HepJKaBeiOll.leH CTaJJH. lJepHbiH KB3ApaT COOTBeTCTByeT 1-13-

MepeHHIO C HenOJIBHJKHbiM norJJOTHTeJJeM 
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P11c.8. BpeMeHHble 33BI1CHMOCTH J(c'
1
) 

500 

t. c 

CKOpOCTI1 C'leTa 

HeflTpOHOB, pemcTpHpyeMblX AeTeKTOpOM B H3MepeHHH c 17,8 MKM AI

,Ponbroi1 11 cneKTpOMeTpOM co CTeHK3MH H3 HepJKaseJOll.lei1 CTaJJH. BpeM» 

noAbeMa norJJOTHTeJJ» oKo,,o I 0 c. 

I. 0-80 c. 0'1HCTKa Ha'!aJJbHoro cneKTpa OT HaArpaHH'IHblX 

("H3AaJJIOMHHHeBblX") HeHTpOHOB. 

2. flocJJe 80 C - H11JKH~~ KpHB3H. flOTOK npOHHK310IIIHX HeflTpOHOB 

so speM» xpaHeHH» YXH B cneKTpOMeTpe. CnnowHa» JlHHHH - HOpMHpo

saHHa» speMeHHa» 33BHCHMOCTb noToKa YXH, naAaJOIIIero Ha .po,1bry, H3-

BJJe4eHHa» H3 H3MepeHHH C KaJJH6pOBO'IHblM OTBepCTHeM. 

3. flOCJle 80 C- BepXH~~ KpHBa~. flOTOK Hef\TpOHOB, npOHHK310ll.IHX 

CKB03b <jJOJJbry, B H3MepeHH»X C nOAbeMOM nOfllOTHTeJJH Ha BpeMH yAepJKa

HH» YXH. CnnowHa• JJHHH~ cooTBeTcTsyeT rHnoTeJe o6 yseJJH4eHHH 3Hep

n-m YaCTH noJ~6apbepHblX YXH. flpeAnonaraeTc• nocTO~HHaH sepOHTHOCTb 

reHepal.IHH HaA6apbepHblX Hei1Tp0HOB, BpeMeHa XpaHeHHH H3BJleKaiOTCH H3 

KaJJH6pOB04HblX H3MepeHHH 
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nposepKa CaMOCOrJl3COB3HHOCTH pe3yilbTaTOs: B TCYCHHe nOCJlC.liHHX J 00 C 

XpaHCHH~ TIOrJlOTHTCJlb (TIO.liH~TbiH Ha npe.liWCCTBYIOillHH 0Tpe30K BpeMCHH 

XpaHCHH~) 6b!Jl OTiy!lleH .110 HaYa!lbHOH BbiCOTbl (.110 TIOJlOlKCHH~ 

TIOfilOTHTCJlR npH 3aTIOJ1HCHHH cneKTpOMCTpa H TIO.llfOTOBKe CTICKTpa). 

DoTOK npOHHK3101llHX HCHrpOHOB ynan .110 BCJlHYHHbl, COOTBCTCTBYIOIUCH 

3KCnepHMCHTY 6e3 TIO.llbCMa TIOfilOTHTCJl~, YTO H CJle.llyeT OlKH.llaTb H3-3a 

6b!Crpb!X 3cpcpeKTHBHbiX noTepb, ysenHYHBWHX 3HeprHIO YXH s 

ony!llCHHOM TIOrJJOTHTCJie. 

4. AHaJiu3 B03MO;KHbiX JIO;KHhiX JcjufleKTOB 

4.1. DposepKa Ka'!ecTBa O'IHCTKH Ha'!anhuoro cneKTpa 

.[VI~ KOHTpOJI~ CTCTICHH TIO.llfOTOBKH H3Ya!lbHOf0 CTICKTpa 3QlQlCKT 

HC;:(OCT3TOYHOH ero OYHCTKH OT H3.llrpaHHYHbiX HCHTpOHOB 6b!Jl yCHJieH: 

TI0rJJOTHTC>1b ycTaH3BJIHBa!lC~ Ha T3KOH Bb!COTC, YTO B CTICKTpOMeTpe CIUC 

33BC;:(OMO OCTaBanHCb H3.llrpaHHYHbiC HeihpOHbl TIOCJIC CT3H.llapTH0fO Bpe

MCHH OYHCTKH CTICKTpa. y!J pHC.9 TIO QlOpMe rpacpHKa BH.liHO, YTO 3QlQlCKT 

nponycKaHH~ Ha.llrpaHHYHbiX HeliTpoHos, npHWC.!UJJHX H3 HCTOYHHKa YXH 

H ClUe He ycneswHX TIOfilOTHTbC~ B CTICKTpOMCTpe (norJIOTHTC.% Bb!WC 

59 CM), H Ha6JIIO.li3CMOC npOHHKHOBCHHC (nOrJJOTHTCJib HHlKC 59 CM) - 3TO 

;:(Ba pa3Hb!X npouecca. J.i3J10M HHTerpanbHOH 3aBHCHMOCTH TIOTOKa npOHH

KafOW,HX He~iTpOHOB OT BhiCOTbl OOfJIOTHTeJJ.ll, T.e. CKalfOK ee npOH3BO)J.HOH, 

03HaYaeT CKaYOK s .liHcpcpepeHQHanbHOM cneKTpe YXH. To ecTb, Mbl HMeeM 

.liCJIO He C MOHOTOHHO CTia.llaiOwHM "XBOCTOM" HC.liOYH!llCHHbiX H3.llrpaHHY· 

Hb!X HCHTpOHOB, a C KaKHM-TO .liPYrHM npouecCOM, KOTOpb!H reHepHpyeT 

HCHTpOHbl onpCJICJICHHOH 3HepreTHYCCKOH rpynnbl, YCTKO OT.liCJICHHOH OT 
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PHc.9. 3aBHCHMOCTb perHcrpHpyeMoro noTOKa YXH oT h(cM)·Bbi

coTbl TIOJ1H3THJICHOBOrO norJIOTHTeJI~. 06naCTb Bb!We 59 CM COOTBCTCTBYCT 

npOXOlK.liCHHIO Ha.llrpaHHYHb!X HCHrpOHOB. 06naCTb HHlKC 59 CM - npOHHK

HOBCHHIO 3a CYeT H3MCHCHH~ 3HeprHH ( CnilOWH~ JlHHHJ! - 3TO JlHHCHHOe 

npH6J1HlKCHHe B norapHQlMHqCCKOM MaCWTa6e, KOTOpoe 6onee TIO.llp06HO B 

JlHHeliHOM Macwm6e MO>KHO paccMorpeTb Ha pHc.4). CreHKH 

CTICKTpOMCrpa TIOKpb!Tbl 6e3BO.liOpO.liHbiMH Ba3CJ1HHOM l1 MaCJlOM QlOM6JlHH 

"xsocTa" nepsoHaYanbHoro cneKrpa HelirpoHos, 3anycKaeMoro s cneKrpo

MeTP OT HCTOYHHKa YXH - ryp6HHbl llhaliepna. 

3aMC.liJICHHe O'IHCTKH cneKrpa OT H3.116apbepHbiX HelirpOHOB MO>KCT 

6b!Tb, B npHHQHne, Bb!3BaHO BbiCOKOH BCpO~THOCTbiO 3CpKa!lbHbiX Orpa>Ke

HHH YXH oT cTeHOK cneKrpoMerpa. O.liHaKo 3Ha'IHTCJibHOro JaMC.liJICHHJ! 

TCMna OYHCTKH CTICKrpa HC Ha6JIIO.lla!10Cb HH B H3MCpC!IHH, npe.liCTaBJICH

HOM Ha pHC.9, HH BO BpeMCHHOH JaBHCHMOCTH TIOTOKa HMrpaHHYHb!X HCH· 
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Tj)OHOB BO BpeMJ! nO,I\fOTOBKH cneKTj)a (pHC.8), HH no OTJlH'IHIO KpHBOH 

c6opa YXH Ha .I\eTeKTOp oT JKcnoHeHThi a KanH6poso'!HhiX H3MepeHHJ!X c 

He60JlblliHM OTBepCTHeM (pHC.I 0). 3-ro n03BOJ1J!eT 3aKJliO'IHTb, 'ITO BJlHJ!HHe 

3epKa!lbHbiX OTjJID!<eHHil Ha npo~eCC O'IHCTKH cneKTj)a OT Ha.urpaHH'IHbiX 

HeHTj)OHOB .[\OCTBTO'IHO MaJlO H He CMOJKeT 06bJ!CHHTb Ha6niO.UaeMbiH 

3<jJ<jleKT. 

0 50 100 150 200 '" 300 

t, c 

P11c.l 0. ITposepKa 3KcnoHeH~HaJlhHOCTH 3aBHCHMOCTH He>iTpOH

Horo nOTOKa (B ycnOBHbiX e.[\HHH~ax) OT BpeMeHH B H3MepeHHJ!X C KaJ1H6-

pOBO'IHbiM OTBepCTHeM npH 38Kpb1TOM BXO.[\HOM WH6epe )lJlJ! cneKTpOMeTpa 

CO CTeHK8MH H3 HepJKaBeiOIUeH CTaJlH 

4.2. IJposepKa OTC)'TCTBHll Ml'!KpOOTBepcT!lH B <j>OJibrax 

,[(IDKe He60JlblliHe MHKpOOTBepCTHJ! B <jlonhrax HMHTHpOBaJlH 6hl 

npoHHKHoseHHe YXH. IT03TOMY Ka'leCTBO <jlonhr TIUaTenhHO KOHTponHpo

sanocb: I) no HareKaHHIO B03.I\yxa; a CTaH.uapTHOM H3MepeHHH c I 0 M6ap 

B03J\YX8 C 0.[\HOH CTOpOHbl cpOJlbrH H BaKyyMOM 104 
M6ap C .UpyrOH ee 

24 

CTOpOHbl onpe.QeJlJ!JlOCb HaTeKaHHe B03.Uyxa BO BTOpOH o6beM npH nepe

Kpb!TOH ero OTKa'!Ke; 'IYBCTBHTeJlbHOCTb H3MepeHHJ! n03BOJ1HJla 6hl 06Ha

pyJKHTb OTBepcme 10'10 
OT nJlOI~a.QH <jJ011hfH; OTBepCTHe He 6biJ10 06Hapy

JKeHO HH B O.UHOH H3 <jJOJlhr; H3MepeHHJ! npOBO.[\HJlHCb CO BCeMH o6pa3~aMH 

.[\0 H3MepeHHH C HeHTpOHaMH, nocne H3MepeHHH H B HeKOTOpbiX CJly'laJ!X 

MeJK,I\y HHMH; 2) sepOl!THOCTb npOHHKHOBeHHJ! XOpOIIIO BOCnpOH3BO!lHJlaCb 

.[\JlJ! pa3!1H4HhiX <jJOJlbf 0.[\HHaKOBOH TOJliUHHhl, 'ITO MaJlOBepOl!THO, eCJlH 

OHO 06bJ!CHJ!eTCJ! cny'laHHhiMH MHKpOOTBepCTHJ!MH; 3) HeHTpOHhl 

npOHHKaJlH .QaJKe CKB03h Al-<jlonhry TOJliUHHOH 96 MKM, HaJ1H4He 

MHKpOOTBepCTHH B KOTOpOH eiUe 6onee MaJlOBepOl!THO; 4) 3aBHCHMOCTH 

sepol!THOCTH npoHHKHoseHHJ! OT Ha4aJJhHOH 3HeprHH YXH H OT 

npoMeJKyTKa speMeHH nocne 3aKphiTHJ! wH6epa a 3KcnepHMeHTe c 

nO.QbeMOM nOrJlOTHTeJlJ! npOTHBOpe4aT rHnOTe3e 0 MHKpOOTBepCTHJ!X. 

4.3. 0TC)'TCTBHe JIOlKHOfO "Harpeaa" np!i .I\Bl'!lKeHilH norJIOTHTeJil! 

00CJ1e 80-H CeKyH.Qhl nOfJlOTHTeJlb nO.QHHMaeTCJ! OT h=55 CM Ha 

6onhWYIO Bhicory. B npHH~Hne, B03MOJKeH JlOJKHhiH 3<jJ<jleKT, Bhi3BaHHhiH 

H3MeHeHHeM 3HeprHH HeihpOHOB npH y,I\ape 0 .[\BHJKYIUHHCJ! nomOTHTeJlb. 

HeilTpOHhi, oTpaJKaiOIUHec• oT y .uan•IOIUeilc• HHJKHeil nosepxHoCTH norno

THTen• (c He60JlhlliOH sepOl!THOCTb!O), MOfYT TOJlbKO yMeHbWHTh 3HeprHIO 

H n03TOMy, B npHH~Hne, He MOfYT )laTh JlOJKHOfO 3<jJ<jleKTa. \-h-3a cyiUeCT

BOBaHHJ! IUeJlH MeJK,I\y CTeHKOH cneKTpOMeTpa H .UHCKOM nOrJJOTliTeJlJ! 4aCTb 

YXH nona.uaeT B npocTpaHCTBO Ha.u nornoTHTeneM. 3TH HeihpoHhl, oTpa

JKaJ!Ch OT .I\BHJKYIUeHCJ! HM H8BCTpeqy sepXHeH nosepXHOCTH aJliOMHHHe

BOro .I\HCKa, nony4aT )lOnonHHTenhHYIO 3HeprHIO H, B cny'!ae noc,1e.UyiO

IUero nona.QaHHJ! B HHJKHHH 06beM cneKTpOMeTpa, CMOfyT 38TeM npOHHK-
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H)'Tb CKB03b <j>OJJLry. 0.UH3KO: I) YHCJJeHH3H OUeHK3 flOK33biB3eT, YTO COOT

BeTCTBYIO!UHH 3<j><j>eKT .UOCT3TOYHO MaJJ; Ha llHCK MOryT 3anpblfH)'Tb TOJJLKO 

HeHTpOHbl C 3HeprHeH 6onee 57 CM; 113MepeHHH 33BHCHMOCTH nOTOKa H3!l-

6apbepHbiX HeHTPOHOB OT BpeMeHH flOK33biB310T HX OTC)'TCTBHe BbiUJe 

59 CM Ha 80-ll c nocne HaYa~a nonbeMa nomoTHTenH; TaKHM o6p33oM, 

"onaCHbiH" llH3fl330H 3Hepml! COCT3BJJHeT 2 CM, OT 57 110 59 CM, HelhpOHbl 

H3 KOTOporo "HeBHJlHMbi" 8 H3MepeHH.SIX C HenO)].BH:>KHbiM nOfJJOn1TeJieM; 

cneKTp Hei!TpOHOB B cneKTPOMeTpe H3BeCTeH (pHC.2); !lOJIH HeiiTpOHOB H31l 

/lHCKOM B 3TOM !ll13fl330He B H3YaJJbHOM CneKTpe COCT3BJJHeT - I 0"' OT KO

JJHYeCTBa flO.UrpaHHYHbiX HeiiTpOHOB; 3<jl<j>eKTHBHLie flOTepH 3TOH Y3CTH 

CfleKTP3 B HHlKHeH nosepXHOCTH flOfJJOTHTeM o6e.UHHIOT ee He MeHee YeM B 

10
3
-10

4 
p33; KpoMe 3Toro, Hano yYecTL H noTepH Ha sepxHeii nosepxHOCTH 

flOfJJOTHTeJJH; 2) 3T3 fHflOTe3a npOTHBOpeYHT 33BHCHMOCTH r.OTOK3 npOHH

K3101UHX HeHTpOHOB OT BbiCOTbl flOfJJOTHTeJJH npH CK3HHpOB3HHH CneKTpa 

HarpeTLIX HeiiTpOHOB (pHC.7); 3) npe!lflOJIOlKeHHe 0 HarpeBe HelhpOHOB Ha 

!lBHlKY!UeMCH noprnHe-norJJOTHTeJJe He 06bHCHHeT npOHHKHOBeHHe npH He

flO!lBHlKHOM flOfJJOTHTeJJe; 4) npennOJJOlKeHHe 0 Harpe Be HelhpOHOB OT 

llBHlKylUeHCH nosepXHOCTH npOTHBOpeYHT H 33BHCHMOCTH HelhpOHHOfO 

CYeTa OT BpeMeHH (p11c.8), YK33LIB3IO!UeH Ha reHep3UHIO H3!l63pbepHbiX 

HeHTPOHOB so see speMH yneplKaHHH YXH s cneKTpoMeTpe (a nonbeM no

rJJOTHTeJJH llJIHJJCH TOJILKO- 10 c). 

OnHaKo s nocnenyiOLUHx H3MepeHHHX cnenyeT noK33aTL 

OTC)'TCTBHe 3T0f0 JIOlKHOfO 3<j><j>eKT3 3KCnepHMeHTaJJbHO, C!leJJ3B sepXHIOIO 

nosepxHOCTL .UHCKa TOlKe nomomaiOmeii, HanpHMep, noKpLIB ee Ha I 00 % 

flOJIH3THJJeHOM. 
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4.4. IIposepKa OTcyrcTBHll .UH!l>!l>Y3HOro p33MbiBaHHll crreKTPa 

npH xpaHeHJm 

I). YposeHL 11 cneKTP cnyYailHLIX Bi!6pauHll 6LIJIII 1!3MepeHLI a 

npe!lLI.UY!UeM 3KCIIepi!MeHTe, '13CTHYHO IICIIOJIL3YIO!UeM 3yY lKe 3KCIIepi!

MeHTaJJLHYIO ycTaHOBKY [9]. B 3Toll pa6ore 6Lmo Ha6niO.ueHo, 'ITO p33MLI

TI!e Hei!TPOHHOfO cneKTpa, COOTBeTCTBYIOLUee 113MepeHHOMY ypOBHIO 8116-

paullil, He npeBLI!UaJJO .UOJJeil MIIJJJIIIM~a, T0f.U3 K3K H36JJIO.Q3eMLIH 3$

<j>eKT s Hamel! pa6ore coOTBeTCTBOBaJJ 6LI p33MLITIIIO - I M. YposeHL Bl!6-

paullll B H3CTOHLUeM 3KCnep11MeHTe He yaeJJH'IIIJJCll BO MHOfO p33, T3K K3K 

113MepeH11e npOBO!li!JJOCL B 3HaJJOrii'IHLIX BH6pai.(HOHHLIX YCJJOBIIJ'!X. 

2) P33MLITI!e cneKTPa npii Ka;K.QOM y.uape 113-33 Bi!6pau11ili!JJII!lpy

roro .UII<I:>¢YJH0f0 npouecca IIpOTHBOpe'IIIJJO 6LI Ha6JIIO.U3eMOMY OTCyrcTBH10 

33BIICIIMOCTH BepOliTHOCTH reHepal.(lll! Ha.Q6apLepHLIX HeiiTpOHOB OT BpeMe

HH xpaHeHHH YXH s JJOBYUJKe, YK33LIB3IOLUell, 'ITO Ha6monaeMoe H3MeHe

HIIe· 3Heprn11 npoHCXOilHT 3a OilHH IIJJH He6oJJLIIIoe KOJJH'IecTso ynapos YXH 

o CTeHKY JJOBYIIIKH. 

5. BeJIH'IHHa H3MeHeHHll 3Heprnn 

Bo3MOlKHo, <<noporoBLie>> 3<1:>¢eKTLI s cneKTpaJJLHLIX 3aBHCIIMOCTliX 

sepOHTHOCTeH npOHHKHOBeHII5! (B JII!HeHHOM npi!6JJHlKeHI-111 3KCnepi!MeH

TaJJbHb!X .U3HHLIX) HOCU B HallleM 3KCnepHMeHTe CHCTeMaTH'IeCKIIH xapaK

Tep. ITpoHHKHOBeHI!e CKB03L Al-<j>onLry npeKpamaeTCJI, ecnH Ha'laJJLHaH 

3Hepmll YXH MeHee (29±5) CM (pi!c.4 ). A caMo npoHIIKHOBeHI!e 

803MOJKHO, eCJIII KOHe'IHaH 3Hepr115! 60JILUJe (60±2) CM, 'ITO COOTBeTCTBYeT 

cyMMe rpaHIIYHOll 3Hepnm AI H BLICOTLI Hl!lKHero KpaH <j>onLrll ( c 

He6onLrnoll nonpasKoii Ha norepH B <j>onLre ). AHaJJOrHYHa 33BHCIIMOCTL 

(pi!C.5) llJIH Be-$OJILrH CO 3H3'1eHHHMH (130±10) CM H (255±!0) CM 

cooTBeTCTBeHHO. A MaKCHMaJJLHaH 3Hepmll YXH s KOHeYHOM cneKTPe 
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pasHa (120±15) CM. TaK, nonyqaeTCg, 'ITO so scex 3THX cnyqagx rpaHHU.a 

KOHe'!Horo cneKYpa ysenH'IHSWHX 3Heprmo YXH npH6JJH3HTenhHO pasHa 

Y.l\SoeHHoil rpaHHU.e Ha'laJJbHoro cneKTpa (pHc.ll ). CneKTp 3Hepmil s 

0)\HOKpaTHOM aKTe <<B036y;K.UeHIDI» H3 cywecTBYJOiliHX )(aHHLIX Tpe6yeT 

ClleU.HBJibHOfO HCCJle)(OBaHIDI. 
E*,CM 

300 ~~~~--~~----~-,,-----~-

250 , •................ , .•••••. [ 

200 

150 ~----------------------------- ·+· ........ . 

100 

so 

0 ~ 
0 50 100 150 

Eo,CM 

PHc.ll. 3asHCHMOCTL E'(cM)-rpaHHU.bi cneKTpa HJMeHHSWHX 3Hep

rmo ("s036)'lK.l(eHHLix") YXH OT £
0
(cM)-rpaHHU.LI Ha'laJJbHoro cneKTpa 

YXH. CnnowHag JJHHHg cooTBeTcTByeT Y.l\BOeHHIO rpaHHU.bi cneKTpa 

6. OuenKa aepoHTHOCTH noTepb YXH nJ-Ja yaenn'!eHnll 

nx:meprnn 

B cTaH)(apTHLIX 3KCnepHMeHTax c xpaHeHHeM YXH cneKTp Heil

TpOHos s nosyiiiKe o6pe3aH coi:nseTcTseHHO rpaHHYHOil 3HepmH semecTsa 

CTeHKH JIOSYIIIKH JIH60 no ee BbiCOTe (eCJIH Bepx JIOBYIIIKH OTCyYCTByeT), 

HJJH no nonoJKeHHIO nornoTHTeng. EcnH yYeCTb Ha6JJIO)(aeMblil s HacTog

meil pa6oTe 3<j><j>eKT "s036yll<.l\eHHg"- ysenHYeHHg 3Hepnm YXH 
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To, s mo6oM H3 3THX cnyYaes 6onLwag '!aCTb ysenH'IHBwnx 3Hep-

rHIO YXH MOJKeT nOKHHYTh nosyiiiKy, cooTseTcTBeHHO npoHHKHys BHYTPh 

creHKH, Sb!JJeTes H3 Hee '!epe3 sepx HJIH nom6Hys s nornoTHTeJie. BepogT

HOCTb "so36ylK)(eHHg" 6JIH3Ka K sepogTHOCTH noTepb, HO BKKypaTHbiH aHa

JIH3 Tpe6yeT )(eTaJJLHoro JHBHHg npou.ecca. OpHse)(eM JIHIIIb ou.eHKY sepo

nTHOCTH "soJ6yll<.l\eHHg" YXH. CneKTpb! xpaHgmHxcg YXH s HacTogmeM 

3KcnepHMeHTe H s pa6oTax (I 0, II], TaKJKe, KaK H pa3Mepb1 nosyiiieK, 6b!JJH 

no'ITH O.l\HHBKOSbl, YTO ynpomaeT cpasHeHHe pelyJibTaTos. BepogTHOCTb 

noTepH YXH s pa6oTax [I 0, II] pasHa (6,7± I ,0)-10'5 c·'. l!Hcno HeilTpoHos 

s JJOSYIIIKe no .l\BHHbiM pHc.2 npH6JIH3HTeJibHO pasHO I ,3·1 05 /K,rr (K,rr -

3<j><j>eKTHSHOCTb )(eTeKTopa H pemcTpaU.HOHHoro TpaKTa). DoToK npoHH

Ka!Oll\HX HeilTpOHOS npH HenO)(SHlKHOM nOrJJOTHTeJJe CKS03b 17,8 MKM Al

<j>OJibry (ycpe)(HeHHe SCeX )(aHHbiX C 6e3SO.l\OpO.l\HbiM SB3eJIHHO-<j>OM6JIHHO

SbiM noKpb!THeM H 6e3 Hero) - 0,024/K,rr H/C. Y CHJJeHHe nOTOKB npH MaK

CHMBJibHOM nO)('beMe norJIOTHTeJJg COCTaSngey 25 pal. 3KCTpanOJJgU.Hg K 

Hynesoil TOJJil\HHe <j>OJihrH )(aeT .l\OnOJJHHTeJJbHoe ycHneHHe s 2, I pa3a. 

Dapu.HanbHa• sepoHTHOCTb Ha)(6apbepHoro npoHHKHoseHHH YXH s Al

<j>onhry npH nO)(HnTOM llOrJJOTHTeJJe pasHa - 1/(4,0±1,5) (BepOHTHOCTb 

CTOJIKHOBeHHH HeHTpOHa C <j>OJibfOH no)( TBKHM yrnoM, 'lTO nepneH)(HKy

JigpHaH COCTaSJIHIOil\BH ero CKOpOCTH Sblllle rpaHH'lHOH CKOpOCTH <j>OJibfH, 

yMHOlKeHHaH Ha KBaHTOso-MexaHH'leCKYIO seponrHOCTb npOHHKHOBeHHH 

CKB03b Hee; BJibTepHaTHBHbiH npou.ecc - nOTepH S CTeHKBX JJOBYIIIKH). Ta-

KHM o6pB3oM, sepOHTHOCTb "so36y)f(,!leH w1" 

(0,024±0,002)·(25±2)-(2, I ±0,2)-(4,0± I ,5)/(1 ,3±0,2)·1 o·'"'(4,0± I ,5)- I o·' 

pasHa 

·I c . 

B npHse)(eHHOH oueHKe Mhl nonhiTaJJHCh yYecTb soJMOlKHble JaBHCHMOCTH 

OT cneKTpa "soJ6ylK)(eHHbiX" HeiiTpOHOB, HX yrnosoro pacnpe.l\eJieHHH. 
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SKJJa)la yseJlHYeHHH 3HeprHH npH OTpall<eHHH OT <jJOJlbfH (eCJlll OHO SalKHO). 

BepoHTHOCTh Ha6moaaeMoro H3MeHeHHH 3HeprHH YXH npH6JlH3HTeJlhHO 

pasHa seponHOCTH aHOMaJlbHhiX noTepb YXH, o6HapylKeHHhiX s pa6oTe 

[I 0]. Eonee aKKypaTHoe cpasHeHHe 3THX seponHocTell s03MOlKHO s paMKax 

cymeCTSYIOll.lHX )laHHbiX, HO HSJlHeTCH npe)lMeTOM OT)leJlbHOrO 

HCCJie)loSaHHH. 

J1HTepeCHO CpaSHHTb sepOnHOCTH npOHHKHOSeHHH, H3MepeHHbie C 

O!lHHaKosbiM HaYanbHhiM cneKTPOM YXH, O!lHHaKOShiMH speMeHaMH Ha

nonHeHHH cneKTPOM~a H nO!lfOTOSKH cneKTpa, C O)lHHaKOSbiMH <jJOJlb· 

raMH (AI, 17,8 MKM), HO pa3HblMH nOKpblTHHMH CTeHOK cneKTpoMeTpa. ,l\nH 

CneKTPOMeTpa CO CTeHKaMH H3 HeplKaSeiOll.lell CTaJlH sepOnHOCTb npOHHK-

• -6 I 
HOSeHHH pasHa ( 4,05±0,60)·1 0 c· . ,l\nH cneKTpOMeTpa, CTeHKH KOTOporo 

noKpbiTbi 6e3SO!l0pO!lHblMH Ba3eJIHHOM H MaCJlOM <jJoM6JIHH, 

(5,85±0,35)·1 o"" c"
1
• K COlKaJleHHIO, s npeaenax CTaTHCTHKH HeJlb3H 3aKJJIO

YHTb, pa3JlHYaiOTCH 3TH senHYHHhi HJlH HeT. 3asHCHMOCTh senHYHHbl J<jJ

<jJeKTa OT MaTepHana CTeHOK JlOSYWKH Tpe6yeT )lOnOJIHHTeJlbHb\X 

H3MepeHHH. 

7. BbiBOAbl 

Ha6JIIO)leH aonoJIHHTeJlbHhill (K H3secTHb!M 3axsary 11 HeynpyroMy 

Harpesy Ha nosepxHocTH')) MexaHH3M noTepb YXH, xpaHHll.lHXCH s no

sywKe H3 HeplKaBeiOmell CTanH 6e3 noKpbiTHH ee SHYTpeHHHX nosepxHo

CTell, a TaKlKe C HX nOKpblTHeM 6e3SO!lOpO)lHbiMH Sa3eJ1HHOM H MaCJlOM 

<jJoM6nHH. OH 3aKJJJO%eTcH s ysenHYeHHH 3HepmH YXH c seponHOCThiO-

., Ha rny6HHe HOpManbHoro KBaHTOBO-MexaHHLJecKoro npoHHKHOBeHIDI YXH a 

CTeHKY- 15 HM (- 150 A). 
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10-5 Ha yuap. TipH 3TOM sepxiDill rpaHHUa cneKTpa ysenwmsmHx 3Hepnno 

Hel!TpOHOS OKa3biBaeTCll B npose)(eHHOM li3MepeHHH npH6Jlli3!1TeJJbHO 

S.l\BOe Bbiiiie, YeM sepxiDill rpaHHUa HaqanbHOro cneKTpa YXH, HJJH H3Me

HeHHe 3HeprnH 6onee BepOl!THO, HO npoHCXO)(HT 3a HeCKOJJbKO y)(apOB. 

06Hapy;KeHHbiH 3cpcpeKT He l!BJJlleTC5! 06hiqHbiM HeynpyrnM pacce5!HHeM 

YXH Ha cTeHKax JJOBYIIIKH [12,13], O.l\HaKo B pe3yJJbTaTe ysenHqeHHj[ 

3Hepnm YXH MOrYT ropa3!lO my6;Ke npoHliKHYTh BHYTPh semecTBa, me 

OHll HarpesaiOTC5! HJJH 3axsaTbiBaiOTCll CTaHAapTHbiM Cll0C060M, a eCJJll 

cTeHKa JJOBYIIIKH TOHKaH, TO B036Y;K)(eHHbie YXH npoXOMT ee HaCKB03b. 

06HapylKeHHoe ysenHYeHHe 3HepmH YXH noJIHOCTbiO o6nHCHlleT 

npoHHKHOSeHHe xpaHl!IUHXCH s nosy111Ke YXH CKS03b 56 MKM Be-¢onbry, 

H3MepeHHOe S pa60Te ( 1). 

J1HTepeCHO nposepHTb S npHMOM 3KcnepHMeHTe, I!MeeT JIH OTHOIIIe

HHe HaCTOHll.lee Ha6JliO)(eHHe K aHOMaJlbHblM TeMneparypHO-He3aSI!CI!MblM 

noTepaM YXH [I 0), I!MeiOll.liiM noYTII ry l!<e sepoHTHOCTb (Ho o6HapylKeH

HhiM npH 6onee HH3KHX TeMneparypax II C .1\pymM semeCTSOM), IIJIH K .1\py

fi!M sonpocaM, nOHSJlHIOIUHMCH s <jJH3HKe YXH, HaqHHaH c caMbiX nepsbiX 

3KcnepHMeHTOs s 1968 ro)(y [14, 15). HanpHMep, K Hes03MOlKHOCTII nony

YHTh .i\Jll!TeJlbHbie, npe)(CKa3aHHhie TeopeTHYeCKH, speMeHa xpaHeHI!ll YXH 

S JIOsywKax; K Y.l\HSHTeJihHO 60JlbiiiOMY KOJli!YeCTSY SO)l.OpO)(a Ha nosepx

HOCTH, KOTopoe TPe6yeTCH )(Jlll o6bHCHeHHll speMeH xpaHeHHa YXH s JJO

sywKax np11 Hli3KHX TeMneparypax (XOTH np11 KOMHaTHOH TeMneparype 

l!MeHHO HaJlHYHe SO.l\OpO)la Ha nosepXHOCTH l!SJllleTCJI )(OMIIHHpyiOIUeH 

npHYHHoll noTepb YXH, o6HapylKeHHoll npH H3MepeHHII HarpeTbiX Ha 

CTeHKaX JIOSyWKII HeHTPOHOS S pa6oTaX (12,13)11 llO)l.TBeplK)(eHHOH npl!

MblM ero Ha6JIIO.l\eHHeM [16)); K HHTeHCHSHOMY Harpesy YXH Ha nosepx

HOCTH uenbHo-Be-o6pa3ua [17], HO K ero OTCYTCTSHIO Ha nosepxHOCTII AI-
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<j>oJibrH, noKpbiTOii 0,5 MKM Be [5] H .D.p. MHoro'IHCJJeHHble nponmope'IH» 

B mrrepnpeTaUHH 3THX 3KCnepHMeHTOB MOrliH 6bl 6b1Tb, B npHHUHne, CB»-

3aHbl co CJIO)I(HOCTbiO .D.ByxcryneH'IaToro MexaHH3Ma noTepb YXH: cHa<Jana 

yBeJIH'IHBaeTCH HX 3Hepm» - H B pe3yllbTaTe OHM 6onee He MOryr y.D.ep)I(H-

BaTbC» B JIOBYlliKe H BXO.!I»T B CTeHKy - a 3aTeM y)l(e HC'Ie3a!OT no CTaH.D,apT-

HbiM napUHaJibHbiM KaHaJiaM noTepb, HeynpyroMy HarpeBy HJIH 3aXBa1)' 

BHyTpH Bell\eCTBa. IJpH 3TOM nOClle.D,HHH npouecc npOHCXO.D,HT npeHMyll.le

CTBeHHO He B npHnoBepXHOCTHOM cnoe - !50 A, KaK npe.~~nonaranocL, a B 

TOJICTOM cnoe BemecTBa (HanpHMep, .D,ecnKH H coTHH MHKpOH .!Ill» AI HJIH 

Be npH KOMHaTHoii reMneparype ). Henocpe.D.CTBeHHa» )l(e perHcTpauH» 

yBeJIH'IHBlliHX 3HeprHIO YXH BCer.D,a 3aTPY.D.HeHa TeM, 'ITO TOJllliHHa xapaK-

TepHOrO CliO» Bell\eCTBa, B KOTOpOM npOHCXO.D,HT HX noTep», MHOrO 

MeHbllle, '!eM TOllll.lHHa CTeHKH JIOBYlliKH. 

H3MeHeHHe 3HepmH xpaH»IllHXC» YXH B3)1(HO Y'IHTbiBaTb B 3Kcne

pHMeHTaX. B '!aCTHOCTH, see H3MepeHH» speMeHH JKH3HH HeiiTpoHa c Hc

nonb30BaHHeM YXH HCXO.!I»T H3 npe.D,nonolKeHH» o cTporoM coxpaHeHHH 

3HepmH HeiiTPoHa B nosyrnKe, 'ITo, KaK TenepL npe.D.CTaBJI»eTC», TPe6yeT 

cneuHanLHoii nposepKH. O.D,HaKo BJJH»HHe 3<jl<j>eKTa ysenH'IeHH» 3HeprHH 

YXH, ecJIH OHO OK3)1(eTc» B3)1(HLIM, 3Ha'IHTeJILHO MO)I(eT 6hiTb no.D,asneHo 

3KCnepHMeHTaJihHO TaKHM orpaHH'IeHHeM Ha'laJibHOrO cneKTPa B JlOBYlliKe, 

'IT06bl OHH H nOCJie H3MeHeHH» 3HeprHH He )lOCTHrJJH 6bl 3Ha'!eHH» rpa

HH'IHOH 3HeprHH CTeHKH JIOBYlliKH HJlH ee OTKpblTOrO Bepxa H MOrJJH 6bl B 

HeH y.D.ep)I(HBaTbC». 

IJO-BH.D,HMOMy, HaH6onee BalKHbiM H Ha.D,e)I(HbiM BbiBO.D,OM »BJJ»eTC» 

cne.D,yiOll.lHii: )l3)1(e npH 3<j><j>eKTHBHOii O'IHCTKe Ha'laJibHOro cneKTpa YXH B 

JlOBYlliKe OT Ha.D,6apLepHbiX HeHTPOHOB B npO.D,OJllKeHHe BCero BpeMeHH 
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xpaHeHH» Ha6nJO.D.aJIOCb "napeHHe" H3 Hee YXH c 3Hepmeii 3aMeTHO Bblrne 

nepBoHa'laJibHOH 3HepmH xpaH»lliHXC» YXH. I1pH4HHOii 3Toro »BII»eTC» 

Manosepo»THoe He6onbrnoe yseJIH'IeHHe 3HepmH YXH npH B3aHMO

.D,eiicTBHH c nosepxHOCTbiO. MexaHH3M 3TOro npouecca H cneKTp 311epmii 

<<B036ylK.lleHHblX>> HeHTpOHOB Tpe6yJOT )laJibHeiilllero 3KcnepHMeHTaJib

HOrD HCCJie.D,OBaHH». 

3KCnepHMeHT BblnOJIHeH B paMKaX nporpaMMbl KQJ1,1a6opaUHH 

I1!151<1>-0115111-11JIJI: B.E.BapnaMOB, n.rellbTeH6opT, B.B.HeCBH)I(eB

CKHH, ~M.M.I1eH.!Ille6ypH, A.I1.Cepe6pos, A.B.CTpenKoB, P.P.Tanb.D,aes, 

A.r.XapHTOHOB, B.H.Wseuos, K.WpeKeH6ax, I1.C.51ii.D.lKHeB. 

ABTOpbl secbMa npH3HaTe,lbHbl A.WTaiiepny 3a co.D,eiiCTBHe Bbl

nonHeHHIO 3KcnepHMeHTa, a TaKJKe 6naro.D.apHbl 3a noMOlllb B ero npose)le

HHH ~.J>eppyepy, IJ.ToMa, X.IOC1)' H BCeM HalliHM KOIIJleraM 3a HHTepec K 

pa6oTe, none3Hbie o6cylK.!IeHH» H MopanbHYIO no)l.!lepJKKy. 
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EI0-96-258 

E-96-321 

E2·96-334 

E3·96-336 

E3·96·369 

E3·96-507 

lll.2-97·6 

E7·97-49 

«JlO 3!p¢cKTaM BCTpC411 B KOJibUCDbiX. KOnnaiincpax)), Jly611a, 1995. !98 C, 

(Ha aurn.SIJ.) 

Tpyllhl 3 MC:lK.Il)'l!ap011HOro CIIMnOJII~fa «.lleiiTpOH -.il.yfiiJa-95)), Jly6ua, 

1995, 374 c. (na anm. XJ.) 
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o cfJHJHKe)), )ly6na, 1996, 2 TOMa, 630 c. (na anm. XJ.) 
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1996, 170 c. (Ha anrn. HJ.) 

Tpynhl MC)K)l)'ll<lpOJli!Oro CCM1111apa «J1JITCfPaJlhl flO TpaCKTopWIM: }]_y61!a-<J6>}, 

lly6""· 1996, 392 c. (na anm. n) 

Tpy.UI>l Poccniicxo-HcMenKoro coBemaHIHI 110 <flHJnKe U)KC..'lh!X KnapKofl. 

lly()ua, 1996, 240 c. (ua anm. stJ.) 
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