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0oTepH 3apMa, rrpH.BOJVIJYHe K ~eq>H!!JITY aMIIJ\HTYJJ.bl CHrH<lJ\a 

IIpH perHCTpagHH THmeAbiX HOHOB KpeMHHeBbiMH ~eTeKTOpaMH 

H~epHbiX H3AY'feHHH, o6yCAoBAeHbl _ peKOM6HHagHeH .. HepaBHOBeCHbiX 

HOCHTeAeH TOKa B TpeKax. TH}KeAbiX HOHOB Ha CT~H IIAa3Mbl, KOr~a 

BCAe~CTBHe BbiCOKOH IIAOTHOCTH reHepHposaHHbiX qacTHgeii 

aAeKTpOHHO• ~blp0'1Hb1:2f nap BHemHee IIOAe aKpaHHpyeTCH. 

CYI!!ecmyeT ~Ba rro~o~a K oiiHcaHHIO rroTepb 3apMa. O~H H3 HHX 

ocHoBaH Ha peKoM6HHagHH Ha rpaHHge. Au-n-Si rrosepXHocrno-

6apbepHoro ~eTeKTOpa (1], BTOpOH • Ha peKOM6HHagHH B 06'beMe 

TpeKa [2,3], r~e CYJYeCTBeHHbi HapyrneHHH pemeTKH, .co3~asaeMbie 

perHCTpHpyeMbiM TH}KeAbiM HOHOM. B rrepBOM 

OTHOCHTeAbHbie IIOTepH 3apMa OIIHCbiBaiOTCH BbipameHHeM 

sJ;, 
'A.=R, 

rro~o~e 

(1) 

r~e s - cKopocTb rrosepXHocrnoii peKoM6HHagHH, TP - IIAa3MeHHOe 

speMH, R - npo6er qacTHgbi. 

BbmoAHeHHbiH B pa6oTe [3] ~eTaAIJHbiH aHaAH3 MO~eAH 

peKOM6HHagHH HepaBHOBeCHbiX HOCHTeAeH Ha CHCTeMe nepBH'IHbiX 

HeCTagHOHapHbiX ~eq>eKTOB, C03~aBaeMbiX B TpeKe e~HH'IHOrO HOHa, 

IIOKa3aA, 'ITO B STOM CAyqae OTHOCHTeAbHbie llOTepH 3apMa 

orrpe~eAHIOTCH. q>opMY AOH 

&ti-Kla.::·_ •• -....;A 1.~:-:ll")T ,. 
ue,.Jhll wcc.w~i'a:lwtl 

P&JlttOTEKA 
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~ A. = yIn(-:-), 
to 

(2) 

r)J.e y =(vthNvcr)/(4nDR), Vth .:. TeriAOBrui CKOpOCTb HOCHTe.l\eH TOKa, 

Nv - . qHC.I\0 o6pa30BaHHblX HOHOM BaKaHCHH, cr :. aq>q>eKTHimoe 

ceqeHHe 3axBaTa, D - Koaq>q>HgHeHT aM6Hno.JUipHoii MIPIPY3HH, to -

HaqaJ\bHbiH MOMeHT BpeMeHH, npHMepHO paBHblH BpeMeHH pe.l\aKcagHH 

HOCHTe.l\eH no HMny.l\bcy 9::10-12 c. OapaMeTp to paCCMaTpHBae-fc.H 

KaK BpeMH 3a)l.ep2KKH,. ipe6yeMoe )I..JUI ycTaHOB.I\eHHH. 

KBa3HCTa!JHOHapHoro pe2KHMa 'peKOM6HHa!JHH. OpHHHMilll. BO 

BHHMaHHe, qTo II.I\a3MeHHoe speMH T P o6paTHo nponopgHoHMbHO 

HanpH2KeHHOCTH a.l\eKTpHqecKoro no.JUI F [ 4], H3 q>opMy.l\ (1) H (2) 

BH)I.HO, qTo npeo6.1\a)l.aHHe Toro H.I\H )J.pyroro MexaHH3Ma npHBO.lJ.HT K 

TOMy, qTQ aKcnepHMeHTaJ\bHbie 3aBHCHMOCTH A(f-1) 6y)J.yT· · HMeTb 

pa3J\HqHbiH xapaKTep. 

B HaCTOHIJ!eH pa6oTe npose)J.eH cpaBHHTe.l\bHbiH aHa.I\H3 BK.I\a)l.a 

B peKOM6HHa!JHOHHble noTepH 3apH)J.a 060HX MeXaHH3MOB npH 

perncTpagHH . TH2Ke.l\biX HOHOB noBepXHOCTH0-6apbepHblMH 

)J.eTeKTOpaMH. 

OocKO.I\bKY npogecc reHepagHH )J.e!peKTOB CTPYKTYPbi 
. ' ' ~ 

TOpM03HIJ!HMCH HOHOM HB.JUieTCH !pYH.lJ.aMeHTaJ\bHbiM npogeccoM, TO 

BbiBO)I.bi, nO.I\y<IeHHbie B pa6oTe [3], )J.O.I\2KHbl 6biTb npHMeHHMbl K 

)J.eTeKTOpaM pa3.1\HqHbiX THnOB, B TOM qHC.I\e H K noBepXHOCTHO• 

~ t 
2 

I 
I 

6apbepHbiM )J.eTeKTOpaM. ·HaM npe)J.cTaB.JUieTcH; qTO PM 

aKcnepH!'deHTaJ\bHbiX pe3y.l\bTaTOB, . nO.I\y<IeHHblX .Ha noBepXHOCTH0-

6apbepHblX )J.eTeKTopax, npomsopeqHT npeM02KeHHOH · B pa6oTe [3] 

MO)J.e.I\H noTepb 3apH)J.a. 

Ha pHc.1 npHBe)J.eHa 3aBHCHMOCTb cpe)I.HHX noTepb 3apH)J.a oT 

HanpH2KeHHOCTH 8.1\eKTpHqecKoro no~, nO.I\y<IeHHilll npH 06.1\y<IeHHH 

qeTbipex nosepXHOCTH0-6apbepHbiX )J,eTeKTOpOB · HOHaMH 136Xe c 

aHepmeii ~ 1 MaB / HfK.I\OH. OpHMrui .1\HHHH, KOTopru~ npe)J.cTaB.JUieT 

pe3y.l\bTaT annpOKCHMa!JHH aKcnepHMeHTa.l\bHblX )J.aHHblX )I..JUI Tpex 

)J.eTeKTOpOB, HMeeT HaK.I\OH oqeHb . 6.1\H3KHH K e)I.HHH!Je, qTo 

CBH)J.eTe.l\bCTByeT 0 .1\HHeHHOM xapaKTepe 3aBHCHMOCTH A(f·1). 

8KcriepHMeHTMbHbie ToqKH, rioAyqeHHbie .li..JUI qeTBepToro )J.eTeKTopa, 

TaK2Ke Y.li.OB.I\eTBopHIOT .1\HHeiiHoii 3aBHCHMOCTH A. OT F-1. 

CHcTeMamqecKHH C)I.BHr B.l\eso . ToqeK .li..JUI aToro )J.eTeKTopa CBH3aH, 

no-BH)I.HMOMy, C CHCTeMamqecKOH norpeiiiHOCTbiO onpe)J.e.l\eHHH 

y)J.e.l\bHOrO conpOTHB.I\eHHH HCXO)I.HOrO KpeMHHH, COOTBeTCTBeHHO, H 

norpeiiiHOCTbiO HanpH2KeHHOCTH · 9.1\eKTpHqecKoro no.JUI B )J,eTeKTOpe. 

)lHana30H H3MeHeHHH HanpH2KeHHOCTH a.l\eKTpHqecKoro no.JUI 

npHMepHO COOTBeTcTByeT )I,Hana30Hf, HCC.I\e)J.OBaHHOMy B pa6oTe [3), 

O)I.HaKO B )J.aHHOM C.l\y<Iae .1\0rapH!fJMHqecKHH xapaKTep 3aBHCHMOCTH . ' . 

A.(F-1) He HaG.i\IO)J.aeTCH. 
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BTopoH: aKcrrepHMeHTa.J\bHbiH q>aKT, rrpoTHsopeqaJ!!HH MotteAH 

[3], CAettyeT H.3 .3aBHCHMocTH aMIIAHTYJ.tbi cHma.JI.a oT yrAa sxotta 

HOHa B J.tCTCKTOp, IIOKa.3aHHOH Ha pH.c.2. .zlaHHrui · .3aBHCHMOCTb 

rroAyqeua rrpH o6AyqeHHH riosepxH:ocTHo-6apl,epuoro J.tCTCKTopa 

HoHaMH 136Xe c suepmeH: ::::1 MaB/nyKAoH [5]. KaK BHJ.tHO H.3 

pHc.2, Ha6J\IOttaCTCH CHJ\bHrui .3aBHCHMOCTb IIOTCpb .3apHtta OT yr .J\a 

sxotta qacTHgbi a ,1\eTeKTop. HarrpnMep, rrpH: yrAe axotta ·9=65° 

J.tOIIO.J\HHTC.J\bHrui IIOTCpH .3apHJ.ta COCTaB.J\HCT 18 'MaB IIO K~6pOBKe 

J.tCTCKTOpa IIpH HOpMa.JI.bHOM IIaJ.tCHHH qacTHg Ha J.tCTCKTOp. 

Y BC.J\Hqe}me IIOTCpb .3apHtta C poCTOM .. yr .J\a BXOJ.ta HOHa B J.tCTCKTOp, 

He CBH.3aHHOC C BXOJ.tHbiM OKHOM J.tCTCKTOpa, . OTMeqeHO TaKme B 

pa6oTax ( 6, 7], f/.tC HCC.J\CJ.tOBaJ\CH OTKJ\HK IIOBCpXHOCTHo-6apbepJ-ioro, 

tteTeKTopa rrpH ero o6AyqeHHH HOHaMH 58Ni c aueprHeii 133,9 MaB 

[ 6] H ocKoAKaMH tteAeHHH [7]. CHAbHoe so3pacTaHHe hoTepb .3apHtta 

C pOCTOM yr .J\a BXOJ.ta qacTH!! B /.tCTC}\TOp cor AaCHO MOJ.tC.J\H [ 1] 
0 · · ·, , 1 _._.... . u" 

ecTecTBeHHbiM · o6pa.3oM CBH.3biBaeTcH · c yaeAHqeHHeM' aq>q>eKTHBHOH 

IIJ\OJ!!attH B.3aHMOJ.tCHCTBHH TpeKa CO BXO/.tHOH. rioBepXHOCTbiO' 

tteTeKTOpa. B MOtteAH [3], rtte ocHonHoif. BKJ\att B rroTepH o6yCAoBJ\CH 

peKoM6m1agH~~ uepasuoseCHbiX uocHTeAeii TOKa · .; ua tte!peKTax 

CTPYKTYPbi, rropo2KJ.taeMbiX TOpM0.3HJ!!HMCH , HOHOM, ' TPYJ.tHO uaiiTH 

KaKoe-AH6o o6bHCHCHHC STOMY. SKCIICpHMCHTaJ\bHO~I)' !paKTJ • 

. ,J .. 
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Pa3.1\.H'IHH Mem.,ny 3aBHCHMOCTbiO noTepb 3apH~a A OT 

~;~anpH2KeHHOCTH 9AeKTpH'IeCKOfO IIOAH F ~ HOHOB 136Xe, 

IIpHBe~eHIIOH Ha puc.1, H 3aBHCHMOCTbiO ~ AerKoro OCKOAKa 

CIIOHTaHHOfO ~eAeHHH 252Cf, IIOAyqeHHOH B pa6oTe [3], MOI}'T 6biTb 

o6yCAoBAeHbi Ha'laAOM npoyecca MJAbTHIIAHKayuu 3apH~a npH 
·. ·' . ' 

perucTpayuu ocKOAKos ~eAeHHH. Yse~uqeuue aMIIAHTY~bi curuaAoB a 

o6AacTH CHAbHbiX noAeii H3-3a MYAbTHIIAHKagHH 3apH~a 6y~eT 

IIpHBO~HTb K Ka2KYIJ!eMJCH yMeHbllleHHIO IIOTepb 3apH~a, BCAe~CTBHe 

qero 3aBHCHMOCTb /..(f-1) M02KeT IIpHHH'l_:b AOrapH!J>MH'IeCKHH 

xapaKTep. T aKoii .aq>q>eKT ~oA.meH na6.J\IO~aTbcH, B nepsyiO oqepe~b, 

HMeHHO ~ AerKH~. OCKOAKOB ~eAeHHH, IIOCKOAbKy, KaK IIOKa3aHO B 

pa6~TaX [8,9], IIf>O!!~CC MJAbTHIIAHKagHH 3apH~a ~ AerKHX 

OCKOAKOB Ha'IHHaeT f>a3BHBaTbCH . IIpH MeHblllHX riO cpaBHeHHIO C 

TH2KeAbiMH OCKOAKaMH IIpHA02KeHHbiX K ~eTeKTOf>Y HaiipH2KeHHHX. 

K co.maAeHHIO, aBTOf>bi [3] He npHBOMT aKcnepuMeHTaAbHbiX 

~aHHbiX ~ • rpynnbi TH.meAbiX ocKOAKOB ~eAeHHH. BAHHHHe 

paCCMOTpeHHOfO B pa60Te [3] MeXaHH3Ma llOTepb 3apH~a B CAyqae 

TH2KeAbiX OCKOAKOB ~OA2KHO 6biTb 6oAee Bbipa_meHHbiM, llOCKOAbKY 

TH2KeAbiH OCKOAOK npH MeHbllleM npo6ere C03~aeT IIf>H ~~pM02KeHHH B 
. I ~ 

~eTeKTope .• 6oAbllle CTf>yKTYf>HbiX napymenuii. Kpo~e Toro, eCAH 

IIf>HHHTb BO BHHMaHHe,. 'ITO MJAbTHIIAHKa!!Hfl 3apMa Ha6.J\IO~aeTCii 

~ TH2KeAOfO OCKOAKa IIpH 6oAee BbiCOKHX 3Ha'leHHHX HaiipH2KeHHH 

6 
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CMetgeH~H, TO B 9TOM .CAyqae IIOHBAHeTCH B03M02KHOCTb HCCAe~OBaTb 

IIOTepH 3apMa B 6oAee lllHf>OKOM Maiia30He. aAeKTf>H'IeCKHX llOAeH 

6e3 BAHHHHH aq>q>eKTa MJAbTHIIAHKa!!HH,. . 3aTpy~IOtgero 

HCCAe~OBaHHe IIOTepb 3apH~a B CHAbHbiX SAeKTf>H'IeCKHX . IIOAHX; 

T aKHM o6pa3oM, cpaBHHTeAbHbiH aHaAH3 noTepb 3apMa ~ AerKHX H . ' . . 

TH2KeAblX OCKOAKOB , . MOf 6bi . CIIO,C06CTBOBaTb · BbiHCHeHHIO . BKA~a 

paCCMOTpeHHOfO, B pa6oTe [3] MeXaHH3Ma B peKOM6HHagHOHHbie 

IIOTepH 3apMa. 

He OTf>H!!aH ~eiicTBH~ onucannoro B pa6oTe. [3] .MexaHH3Ma 

IIOTepb 3apH~a, Mbl .C'IHTaeM, 'ITO . HCIIOAb30BaHHble. IIf>H pac'leTe 

OTHOCHTeAbHbiX llOTepb · · 3apMa IIpH6AH.meHHH . ~. pacnpe~eAeHHH 

renepupoaaHHbiX HOHOM .HepaBHOBeCHbiX HOCHTeAeH ~ TOKa H 

C03~aBaeMbiX TOf>M03Hl£HMCH . HOHOM BaKaHCHH. (npHBOMT K 

cytgeCTBeHHOMY 3aBbillleHHIO. . MaClliTa6a atp!peKTa. : • 3aBblllleHHe 

atptpeKTa CBH3aHo co CAe~JIOI£HMH MYMH · o6cTOHTeAbcTBaMH: 

1) 3aMeHa peaAbHOfO pacnpe~eAeHHH B~OAb · TpeKa 'IHCAa 

reHepHpOBaHHbiX :HOCHTeAeH Ha . AHHeHHOe c IIOCTC>HHHOH 

nAornocTbiO N0/R (No noAHoe 'IHCAO renepuponaHHbiX 

nocnTeAeii, R npo6er HOHa) IIf>HBO~HT K · cytgeCTBeHHOMJ 

3aB:billleHHIO noTepb n . f>e3YAbTaTe .3aBbillleHHH KonyeHTpayuu 

HOCHTeAeH B KOHge TpeKa,: r~e KOHgeHTpayHH · ~e!peKTOB CaMaH 

BbiCOKaH; 

7 



2) .3aMeHa peaAbHoro pacnpe~eAeHHH B~o.Ab TpeKa quCAa BaKaHcuii; 

co.3~asaeMbiX TOpM0.3HI!!HMCH HOHOM,_ Ha paBHOMepHOe 

pacnpe~eAeHHe npHBO~T K .3aBbiiiieHHIO llOTepb B pe.3y.i\bTaTe 

.3aBbiiiieHHH . quCJ\a ~e!peKTOB B o6AaCTH C BbiCOKOH ll.i\OTHOCTbiO 

HepaBHOBeCHbiX HOCHTe.l\eH. 

··' 
OpocToii aHa.i\H.3 peaAbHbiX pacnpe~eAeHHH HepasHoBeCHbiX 

HOCHTeAeH TOKa H BaKaHCHH B~O.i\b TpeKa HOHa, npHBe~eHHbiX B 

pa6oTe [3], llOKa.3biBaeT, qTO npHMepHO UO.I\OBHHa BC;eX BaKaHCHH 

cocpe~OToqeHa Ha yqacTKe TpeKa ~HOH ::2. MKM OT KOH!Ja TpeKa, B 

TO 2Ke BpeMH B ~lTOH 06.1\aCTH npo6era reHepupyeTCH .1\HIIIb npHMepHO 

1/30 qacTb OT · scex HepaBHOBeCHbiX HOCHTeAeii. B pa6oTe [3] 

9KCnepHMeHTaAbHO noKa.3aHo, qTo npOHB.I\eHHH .3axBaTa 

(A0Ka.i\H.3a!JHH) 9.1\eKTpOHOB npH HX ~peH!pOBOM nepeHOCe qepe.3 

pa.3pYIIIeHHYJO o6AacTI> He . Hao.i\IO~aeTcH. CAe~oBaTeAbHO, ~e!peKTbi 

CTPYKTYPbi, AOKaAH.30BaHHbie B o6AaCTH TpeKa, cooTBeTcTByrol!!eH 

MaK<!HMJMY pacnpe~e.l\eHHH BaKaHCHH, He OKa.3biBaiOT · B.I\HHHHH Ha 

C06HpaHHe HepaBHOBeCHbiX 9.1\eKTpOHOB, reHepnpoBaHHbiX H BHe 9TOH 

o6AacTH. 0Tcro~a B~Ho, qro npnMepHo noAOBHHa Ae!peKTOB · He 

M02KeT ~aTb CJ1!!eCTBeHHOf0 BK.i\~a B UOTepH .3apMa. ;! 

)lAH KOJ\HqecTBeHHOH oyeHKH · UOTepb .3apH~a B o6AaCTH 

MaKCHMJMa pacnpe~eAeHHH quCAa BaKaHCHH BOCUO.i\b.3yeMCH 

9KCnepHMeHTaAbHbiMH ~aHHbiMH H.3 pa60Tbl (10], r~e npHBe~eHbl 

8 

noTepu .3apH~a ~ HH.3K09HepreTHqHbiX HOHOB Ni, Cu, Ag, 1~7 Au, 

238U. Opu aHaAH.3e. .ucno.i\b.30BaHbi : .~aHHbie B 9HepreTHqecKHX 

~ana.3oHax 10,1- - 19,8 M9B •-AMI noHOB ecTecTBeHoii cMecH 

H.30TOUOB Ni, 3 '4 . 

H.30Tonos Cu, · 6',3 

17,8 M9B -~- HOHOB- ecTeCTBeHHoii CMecu 

12,3 .- .. M9B -~ HOHOB .• ecTecTBeHHOH cMecH 

H.30Tonos Ag, 6,5 - 12;1 M9B ~ HOHOB 197 Au, 6,6 - 14,6 :M9B 

~ HOHOB 238U .. _J;b .aHaAH.3a 9THX · ~aHHbiX CAe~yeT,.- qTo 

OTHOCHTC.I\bHbie llOTepH .3apH~a, · CBH.3aHHble C OCTaTO<iHbiM ~e!peKTOM 

~Er> BbiqHCJ\HeMbiM KaK pa.3H()CTb Me~y llO.i\HbiM. ~e!peKTOM . (~E) H 

~e!peKTaMH, o6yCAOB.I\CHHbiMH BXO~HbiM OKHOM ~eTCKTOpa (~f.w) -H 

CTO.I\KHOBeHHHMH C aTOMaMH KpeMHHH (~En), ,COCTaBAHIDT ~ErfE ·-

= 4-9%. 3~ecb E -~oAH 9Hepruu, pacxo~yeMaH · Ha HOHH.3ayuro. ECAH 

~ O!JCHKH noTepb B.3HTb BCpXHHH npe~e.l\ BeJ\HqHHbl ~ErfE, TOr~a 

- ~ -
MH ocKo.i\Ka'·~eAeHHH c aHeprueu 95 M9B noAyqaeM ~E~30 ·0,09 ~ 

0,3 M9B. YqeT ~aHHbiX pa6oTbi [10] no.3BOAHeT c~eAaTb BbiBo~. qTo 

BKA~OM npnMepiio noAO!lHHbi scex· Ae!peKTOB 
1
B peKoM6H·~~!JHOHHbie 

llOTepH .3apMa MO~HO npeue6pe%, UOCKO.i\bKY 9TOT BK.i\~ He 

:ripesbiiiiaeT __ 0,3 %' · oT no.i\Hoii · · 9Hepruu ocKo.i\Ka: · Kouye!ITpaylffi 

cocTaBIIIeHC~: qacTI-1 BaKaHCHll 6y~eT HflHMepHO B 2 pa.3a HH2Ke cpe~eH 

KOH!JeHTpa!JHH, nocKO.I\bKY npHMepHO UO.I\OBHHa· BaKaHCHH 

HCK.I\IOqaeTCH 'H.3 paCCMOTpeHHH, a Caf\1H BaKaHCHH paccpe~OToqeHbl 

npaKTHqecKH B~O.I\b Bcero TpeKa (.3a HCK.i\IO~IeHHeM yqacTKa Tpel<a 

9 



.zt,hHHOH ::2 MKM OT ero KOHga). 0TCIO~a BH~HO, qTO ~ame B paMKax 

MO~e.I\H [3] BK.I\M B llOTepH .3apMa peKOM6HHagHH HepaBHOBeCHbiX 

HOCHTeJ\eH, CBH.3aHHOH C OCTaBilleHCSI, llOAOBHHOH BaKaHCHH, ~oAmeH 

6biTb npHMepHO B 2 pa3a MeHbllle. 

TaKHM o6pa.30M, aHaAH.3 noKa.3biBaeT, qTo HcnoAb.30BaHHbie B 
_ . .,~ 

pa6oTe [3) npH6AH2KCHHH pacnpe~eAeHHH HepaBHOBeCHbiX HOCHTeAeH 

H saKaHCHH B~O.I\b TpeKa HOHa npHBOMT · K cyi,YeCTBeHHOM)' 

.3aBbllllCHHIO llOTepb .3apH~a 'H.3•.3a. peKOM6HHagHH HepaBHOBeCHbiX 

HOCHTe.l\eH Ha CHCTeMe nepBHqHbiX ~eq>eKTOB; -C0.3~asaeMbiX B TpeKe 

e~HHHquoro HoHa. · 

B .3aKJ\IOqeuHe oTMeTHM, qTo ~ npaBH.II.bHoro onHcaHHH 

peKOM6HHagHOHHbiX llOTepb .3apH~a npH perHCTpagHH • THiKCAblX HOHOB 

Heo6xo~HMO yqHTbiBaTb BK.I\M o60HX pacCMOTpeHHbiX MeXaHH.3MOB. 

O~IiaKo Mbi C'IHTaeM, 'ITO BK.I\M MexaHH.3Ma . nosepxuocrnoif 

. peKOM6HHagHH B CAyqae nosepXHOCTH0-6apbepHbiX ~eTeKTOpOB, llO• 
• 

BH~HMOMY, HBAHeTCH onpe~eAHIOI,YHM. 0oC.II.e~He~ .3aMe'laHHe 

no~TBep*AaeTCH 8KCnepHMCHTaAbHO Ha6AIO~aeMbiMH. ua 

llOBep~OCTH0-6apbepHbiX ~eTeKTOpax yr.II.OBbiMH .3aBHCHMOCTHMH 
(\ 

noTepb, ~ KOTOpbiX TPY~Ho HaHTH o6bHCHeHHe B paMkax MO~e.I\H, . . . 

pa.3BHTOH B pa60Te [3). 
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