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B 3KcnepuMeHTax no pereHepauuu K'S-Me30HOB Ha BO.IJ.o

po.IJ.e, BhmonHeHHhiX Ha CepnyxoBcKoM ycKopnTene c noMOll.J,hiO 

6eC<iiHJibMOBOrO HCKpOBOro cneKTpOMeTpa/1/, 6biJIO Jape

rHCTpHpOBaHO OKOJIO 106 CTepeoMarHHTOrpa~HH C06MTHH. 

IIpnMepHo nonoBHHa 3THX co6bnuu OTHocunacb K pacna)l,aM 

KI,-Me30HOB, B OCHOBHOM, no TpexqaCTH'IHbiM MO)l,aM. ,[(JIJI 

H)l,eHTH~HKai.J,HH pacna)l,OB C y'laCTHeM JienTOHOB B COCTaB 

cneKTpOMeTpa BXO)l,HJIH )l,eTeKTOp MIOOHOB 12/ H JIHBHeBMH 

)l,eTeKTop 3JieKTPOHOB Tuna "c3H.IJ.BH'I" 13~ HH)I(e npHBO.IJ.HTCH 

pe 3YJibTaTbl pa60Tbl no MeTO)l,HKe H)l,eHTH~HKai.J,HH pacna)l,OB 

K{J ->rr ± + e 'F + v. 11.IJ.eHTH~Hl.I,HpoBaHHhie co6biTHH 6biJIH ucnonb-

30BaHbl )l,JIJI H3y'leHHJI MaTpH'IHOrO 3JieMeHTa 3THX pacna)l,OB. 

IIpe.IJ.BapuTeJibHbie peJyJihTaTbi npuBe)l,eHbi B pa6oTe 
141 . 

11cnOJib30BaHHbiH B 3KCnepHMeHTe )l,eTeKTOp 3JieKTpOHOB 

COCTOHT H3 8 OT)l,eJibHbiX 6JIOKOB, Ka)l()l,biH H3 KOTOpbiX npe)l,

CTaBJIJieT C060H C60pKy H3 10 nJiaCTHH Cl.J,HHTHJIJIJITOpa paJ

MepOM 55 X 30 X 1 CM 3 , qepe)l,yiOll.I,HXCJI C nJiaCTHHaMH CBHH

I.J,a, 06II.J,aJI TOJill.J,HHa O)l,HOrO 6JIOKa COCTaBJIHeT 10 pa)l,Hai.J,HOH

HbiX e)l,HHHI.J,. Ka)I(.IJ.biH 6noK npocMaTpHBaeTcH .IJ.BYMH ~oTo

YMHO)I(HTeJIHMH. linoKH pacnoJIO)I(eHM B .IJ.Ba PH.IJ.a cnpaBa u 

cneBa OT ocu ny'IKa I puc. 1/. CurHaJibi ~oToyMHO)I(HTeneu 
OT .IJ.BYX COCe)l,HHX 6JIOKOB CYMMHpOBaJIHCb, npeo6pa30BMBa

JIHCb B l.J,H~POBOH KO)l, C noMOll.J,biO 6JIOKOB liAII /S/, nepe)l,a

BaJiaCb B 3BM H BMeCTe C )l.pyrou HH~OpMai.J,HeH, noJiy'leHHOH 

C YCTaHOBKH, JanHCbiBaJiaCb Ha MarHHTHbie JieHTM. llo)l,p06HOe 

onucaHue )l,eTeKTOpa H OTHOCJill.I,HXCJI K HeMy 3JieKTpOHHMX 

cxeM npnBe)l,eHo B pa6oTe 131 . 
11H~OpMai.J,HJI C MarHHTHbiX JieHT o6pa6aTbiBaJiaCb no npo

rpaMMe reoMeTpuqecKou peKOHCTPYKUHH VILLA, KOTopaJI: 

TaK)I(e HaXO)l,HJia BepiiiHHY pacna)l,a /"BHJIKH"/ H HMnyJihCM 

.IJ.BYX pacna)l,HbiX 'laCTHI.J,. ,[(anee C06MTHJI: aHaJIH3HpOBaJIHCb 

nporpaMMou cTaTHCTH'IecKou o6pa6oTKH KSUMX. 
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Puc. 1. KoHCTIIPYKijUJI u pacnOAOJK:eHue 6AOK06 oemeKmopa 
3Ae K111POH06. 

06pa60TKa HHlPOpMaiJ;HH, OTHOCBIIJ;eHCB K Ke3 - pacna,IJ;aM, 

OCYJUeCTBJIBJiach c IIOMOIUhiO IIO,IJ;IIporpaMMhi KODEL. B 3Toii 

IIO,II;IIpOrpaMMe IIpOBO,II;HJiaCb paClliHlPPOBKa aMIIJIHTY,IJ; CHrHa

JIOB ,IJ;eTeKTOpa 3JieKTpOHOB j,IJ;aJiee - aMIIJIHTY,IJ; ,il,3/, COIIO

CTaBJieHHe C HMIIYJibCaMH H KOOp,II;HHaTaMH 'laCTHU H BBe,IJ;e

HHe IIOIIpaBOK B aMIIJIHTy,IJ;LI. 

IlocKOJibKY 3HeprHB 3JieKTpOHOB OT Ke3 - pacna,IJ;OB B ,IJ;aH

HOM 3KCIIepHMeHTe HaXO,II;HTCB B OCHOBHOM ,11;0 25 F3B, TO 

no,IJ;aBJIBIOlllaB ee qacTh Bhi,IJ;eJIBeTcB B 11epBOM PBAY 6JIOKOB 

/10 pa,IJ;HaiJ;HOHHLIX e,IJ;HHHU BeiiJ;eCTBa ,IJ;eTeKTOpa/. ,il,JIB,IJ;aJib

HeHlllero aHaJIH3a HCIIOJib30BaJiaCb HHlPOpMaiJ;HB TOJibKO OT 

3THX 6JIOKOB. 
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2. AHaAu3 aMnAumyoH&IX cneKmpoe ,43 

IlOJIHLIH aHaJIH3 aMIIJIHTY,IJ;HbiX CIIeKTpOB ,lJ,3 IlpOBO,II;HJICB 

B HeCKOJibKO 3Tanoa. Pe3yJihTaTLI nepBoro 3Tana aHaJIH3a 

IIpHBe,IJ;eHbl B pa6oTe /
3
/. ,il,JIB Ka)f(,IJ;OrO IIJieqa ,IJ;eTeKTOpa 

6hiJIO IIOJiy'-leHO CeMeHCTBO aMIIJIHTY,IJ;HbiX CIIeKTpOB B HH

TepBaJiaX HMIIYJibCOB '-laCTHU tl p = 1 F3B BO BCeM ,IJ;Haiia30He 

perHCTpHpyeMLIX HMIIYJihCOB OT 5 H Bhlllle F3B/c. IlpHMep 

TaKoro cneKTpa ,IJ;JIB HHTepaana HMIIYJihCOB 12-14 F3B/c 
npHBe,IJ;eH Ha puc. 2. 06o3Ha'-leHbi cneKTphi, nonyqeHHbie 

IlpH IIpOXO)f(,IJ;eHHH qepe3 ,IJ;eTeKTOp MWOHOB H IIHOHOB /OHH 

Bhi,IJ;eJIBJIHCh IIPH H,IJ;eHTH$HKan;uu K
113 

pacna,IJ;oB/, a TaK)f(e 

CIIeKTpbl OT pacna,IJ;OB, OTHeCeHHbiX K MO,IJ;e K e:~ .K IIOCJie,IJ;HHM 

IlpH'-IHCJIBJIHCb C06biTHB, He OTHOCBIIJ;HeCB K ,IJ;pyrHM MO,IJ;aM 

pacna,11;a KoL_Me30HOB. Pacna~bi K3II HCKJIW'-IaJIHCh 110 KHHe

MaTH'-IeCKOMY KpHTepuro P 0 :S. -0,004 F3B/c, a pac11a,IJ;bi 

K 2 7T 110 3Ha'-leHHW HHBapHaHTHOH MaCChi B CHCTeMe ,IJ;BYX 

IIHOHOB Mu7T ~ 0,508 F3B/c HJIH M7777 :: 0,488 F3B/c. ClleKT

Phi, o6o3Ha'leHHbie KaK c +77 npe,IJ;cTaBJIBWT co6oii cyMMy 

ClleKTpOB OT 3JieKTpOHOB H IIHOHOB Ke 3 -pacna,IJ;OB H ClleKT

pOB a,IJ;pOHOB OT $OHOBLIX C06LITHH /B OCHOBHOM, IIHOHOB/, 

He OTHOCBlliHXCB K paclla,IJ;aM KaOHOB. ClleKTp 3JieKTpOHOB 

(e) IIOJiy'leH llyTeM Bbi'IHTaHHB ClleKTpa OT IIHOHHOrO $oHa 

H3 cyMMapHoro clleKTpa "e+" ". 

CTpenKoii Ha pucyHKe o6o3Ha'leHa rpaHun;a, llpHHBTaB 

,IJ;JIB H,IJ;eHTH$HKaiJ;HH 3JieKTpOHOB: C06biTHe C'IHTaJIOCb 3JieKT

pOHOM, ecnu npu ,IJ;aHHOM HMIIYJihce qacTHUhi aMIIJIHTy,IJ;a ,il,3 

llpeBhilllana rpaHH'IHOe 3Ha'leHue. 

Ilpeo6Jia,IJ;aHHe 'IHCJia C06LITHH B He3JieKTpOHHOH qaCTH 

ClleKTpa Ha,IJ; '-IHCJIOM C06hiTHH 110,11; 3JieKTpOHHLIM IIHKOM 

yKa3hiBaeT Ha OTHOCHTeJibHO 60JiblliOe KOJIH'IeCTBO $oHa Ha 

,IJ;aHHOM 3Talle Bhi,IJ;eJieHHB K e3 - co6hiTHH. C uenhw 6onee 

nu;aTeJibHOH H,IJ;eHTHlPHKan;uu Ke3 -pacna,IJ;OB H OT,IJ;eJieHHB HX 

OT lPOHOBbiX C06biTHH fibiJI npoBe,IJ;eH ,IJ;aJihHeHlliHH aHaJIH3 

aMIIJIHTYAHhiX cneKTpOB ,il,3. OH BKJIW'IaJI cne,IJ;yiOIIJ;He 3Taiihi: 

yqeT KOOp,II;HHaTHbiX H BpeMeHHLIX IIOIIpaBOK B aMIIJIHTy,IJ;aX 

,D,3, Ollpe,IJ;eJieHHe KHHeMaTH'-IeCKHX KPHTepueB oT6opa Ke3-

paclla,IJ;oB, Bhi6op 6onee KoppeKTHOH npon;e,IJ;yphi H,IJ;eHTHlPH

Kan;uu 3JieKTpOHOB. 

3TH 3Tallbl HH)f(e paCCMOTpeHLI IIO,II;p06Hee. 
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Pa3HHIJ,a B K03$$HuHeHTax ycHneHHH <1>3Y, a TaK>Ke 

ITOTepH CBeTa B CIJ,HHTHnnHTOpax npHBO)l.HT K TOMY, 'ITO 

aMITllHTy)l.a cyMMapHOrO CHrHana OT .D.BYX 6nOKOB ,r(3 3aBHCHT 

OT MeeT a npOXO)K)l,eHHH qacTHIJ,bl qepe3 )l,eTeKTOP I y- H x
KOOP.IJ.HHaT/. 

3aBHCHMOCTb aMITllHTY.IJ.bi CYMMapHOrO CHrHana BepxHero 

H HH)t<Hero <1>3Y OT Y -KOOp,!J,HHaTbl /eM. puc. 1/ MO)KHO 

3aiTHCaTb B BH)l,e: 

-a(D-Y) -aW+ Y) 
A (y) = K1 e + K2 e . /1/ 

3.IJ.eCb K
1 

H K
2 

- K03q,q,HIJ,HeHTbi ycHneHHH Bepxuero H HIDKHero 

<l>3Y, a - K03$$HIJ,HeHT nornOIIJ,eHHJI CBeTa B Cll,HHTHnllJITOpe, 

D - nonyBbiCOTa nnacTHHbi CIJ,HHTHnnHTopa. 

3aMeHHB K 1 HK2 HX OTHoiiieHHeM C=K 1/K 2 H pa3)l.enHB 

Bbipa)KeHHe /1/ ua ero 3Ha'leHHe npH Y =0, nony'IHM BenH

'IHHY OTHOCHTellbHOH nonpaBKH K aMITllHTy)l.e: 

+aD 
ALY.L =[C. e -a(D-Y)+ e -a(D+ Y)] _e __ . 

A(O) C + 1 
/2/ 

3Ha'leHHJI K03q,q,HIJ,HeHTOB a H C onpe)l.ellJiilHCb 3KCne

pHMeHTallbHO H3 aMnnHTY.IJ.HbiX cneKTPOB ,r(3. Ka)K.IJ.biH 6noK 

)l.ellHilCJI no KOOp)l.HHaTe y Ha TpH 30Hbl - O.IJ.HY B IJ,eHTpe 

H .IJ.Be no KpaHM pa6oqeil o6nacTH. llono)KeHHe MaKCHMYMOB 

3lleKTpOHHblX nHKOB )l.llJI Ka)K)l.OH 30Hbl cpaBHHBailOCb BO BCeX 

HHTepBanax HMnynbCOB na)l.aromHx qacTHIJ, H onpe,!J,enHnHCb 

HX OTHOCHTenbHbie C)l.BHrH. 3Ha'leHHJI C)l.BHrOB aMnilHTY.IJ. 

H cpe.IJ.HHe 3Ha'leHHH Y-Koop.IJ.HHaT Ka)K.IJ.OH 30Hbl no)l.cTaB

nHnHcb B $opMyny /2/. fiony'leHHaJI CHCTeMa .IJ.BYX ypaBHe

HHH peiUanacb MeTO.IJ.OM nocne)l.oBaTenbHbiX npH6niDKeHHH. 

Haii.D.eHuaJt TaKHM o6pa30M BenH'IHHa K03$$HIJ,HeHTa norno

meHHJI cBeTa a = 0,015 cM-I xopoiiio cornacyeTCJI c H3-

Be CTHbiMH )l,aHHbiMH )l,llJI Cll,HHTHllilJITOpOB /
6
/. 

Ko3$$HUHeHTbi C uaxo,!J,HnHcb oT)l.enbHO .IJ.llH Ka)K)l,Oro 

6noKa. CooTBeTCTByromHe nonpaBKH K aMnnHTy.D.e ,r(3 BBo

.IJ.HnHCb B no)l.nporpaMMY KODEL • B npe.IJ.enax Ka)K.IJ.Oro 

6noKa He 6binO 3aMe'leHO 3aBHCHMOCTH aMITnHTY.IJ.bi .I(3 OT 

X -Koop.IJ.HHaTbi, uo HMenH MecTo na)l.eHHJI 3q,q,eKTHBHOCTeil 

Ha KpaJtX 6nOKOB. 
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H3- 3a pa3HH:U:hi a ycHneHHBX q,3y cneKTphi aMnJIHTY.IU>I 

,l1;3 pa3JIHqaJIHCh ,AJI.II OT,AeJihHhiX 6JIOKOB. fi03TOMY OT,AeJihHO 

,AJI.II Ka)f(,AOrO 6JIOKa CTpOHJiaCh 3aBHCHMt>CTh nOJIO)f(eHH.II 

MaKCHMyMa 3JieKTpOHHOrO nHKa OT HMnyJihCa na,AaJOI:u;ero 

31IeKTpoHa A {p) IKanH6poaoqHaB KpHaaBI. ,l1;11.11 BHeiiiHHX 

6noKoa 11,7 I neTeKTopa I puc. 11, Kyna nonanaJOT qacTHUbi 

C HMnyJihCaMH OT 6 AO 15 T3B/c 3Ta 3aBHCHMOCTh JIHHeHHa 

H Bhlpa)f(aeTCB ypaaHeHHeM A(p) =a+b.p,rne a H b- napa

MeTphl np.IIMOH, p - HMnyJihC 31IeKTpOHa. ,lJ;JIB BHyTpeHHHX 

K nyqKy 6JIOKOB 13,51, Ky,Aa nona,AaJOT qacTH:U:hl C HMnyJih

caMH OT 9 AO 21 T3B/c, B o6JiaCTH 60JihWHX HMnyJihCOB Ha-

6JIJO,AaeTC.II OTKJIOHeHHe OT JIHHeHHOCTH, o6yCJIOBJieHHOe TeM, 

qTO He BC.II 3HeprHJI 3JieKTpOHHO-~OTOHHOH JiaBHHhl norrro

I:u;aeTC.II a aei:u;ecTae 6noKa. KanH6poaoqHLie KpHBhle AJIB pa3-

HhiX 6JIOKOB npHBe,AeHhl Ha pUC. 3. 
llpH aHaJIH3e pa6oThi neTeKTopa 3a apeMB ceaHca, KO

TOPhiH npo,AOJI)f(aJICB a cpenHeM 9-10 cy111oK, 6blna 3aMeqeHa 

HeCTa6HJihHOCTh B pa6oTe annapaTyphi, n03TOMY 6hiJia HC

CJie,AOBaHa TaK)f(e 3aBHCHMOCTh aMnJIHTYAHhiX cneKTpOB ,lJ;3 

ao apeMeHH. CneKTphi cTpoHJIHCh 3a Ka)f(,Ahle 2-3 qaca pa-

6oThi neTeKTopa I naa "paHa" 3anHCH HH~OpMa:U:HHI. llono)f(e

HHe 31IeKTPOHHhiX nHKOB H COOTBeTCTBYJOIUHe KaJIH6poaoqHhie 

KpHBhle HeCKOJihKO CMei:u;aJIHCh B 3aBHCHMOCTH OT BpeMeHH. 

B OT,AeJihHhiX CJiyqaJIX OTHOCHTeJihHOe CMei:u;eHHe ,AOCTHraJIO 

10t1o. fionpaBKH, yqHThiBaJOI:u;He 3TO CMei:u;eHHe, BhlqHCJI.IIJIHCh 

ABYMB cnoco6aMH. B nepBOM H3 HHX CTpOHJIHCh KaJIH6poaoq

Hhie KpHBhie H 3aTeM B nporpaMMY BBO,AHJIHCh nonpaaoqHhie 

K03clxllH:U:HeHTbl ,AJI.II napaMeTpOB a H b • TaK, qT06hl KpHBhle, 

noJiyqeHHhie B pa3HOe apeMJI, COBMeCTHJIHCh Me)f(,Ay C060H. 

Bo BTopoM cnoco6e 3TH K03~~H:U:HeHThl BhJqHcJIBJIHCh c no

MOIUhJO cne:u:HaJihHOH nporpaMMhi ELEK FIT . llporpaMMa Ha

KannHaana aMnJIHTYAHhle cneKTphi, OThiCKHBaJia nOJIO)f(eHHe 

KaJIH6poaoqHOH KpHBOH MeTO,AOM HaHMeHhWHX KBa,Apa TOB 

H BhiBOAHJia Ha neqaTh ee napaMeTphi laLI6HpancB HHTepaan 

HMnyJihCOB, r,Ae KaJIH6poaoqHa.ll 3aBHCHMOCTh JIHHeHHal. 06a 

cnoco6a nanH cornacyJOI:u;HecJI pe3yJILTaThi. 

B pe3yJILTaTe npoaeneHHB nepeqHcJieHHhiX KoppeK:U:HH 

aMnJIHTYAHOe pa3peweHHe ,AeTeKTOpa ynyqwHJIOCh B Cpe,AHeM 

Ha 10t1o no OTHoweHHIO K nepaoHaqaJihHOMY 3HaqeHHJO I puc.41. 

KHHeMa THqecKHe KpHTepHH OT6opa K e3- pacnanoa Bhi6H

paJIHCh cnenyroi:u;HM o6pa3oM. llocne Toro ,KaK Ha nepaoM 
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Puc. 3. Ceepxy - pacnpeoe/leHUR aMn/lU111YO 0111 3/leK111pOHOB 
0/lJI nepB020/leB020 6/lOKa,43, annpOKCUMUpOBQHHble pacnpe
Oe/leHUeM 0/lJI oecR111U UMny/lbCHbiX UH111epea/lOB 0111 6 00 
16 T3B/c. Ilo ocu A 0111/lOJICeHa aMnAu111yOa cuzHa/la e 0111Ho
cu111e/lbHbiX eouHUijax OAR Kpueou 1. ,l!AR Ha2/lROHOC111U Mac
w111a6 KaJICOOU C/leOyKJIJleU KpUBOU CMeiJleH enpaeo HU 20 
eOUHUij. Jlo OCU opOUHQ111 0111/lOJICeHO 'lUC/lO C06bi111UU: C/leBa -
0/lJI KPU8biX 279, C'llpaea - 0/lJI nepeou U OeCJI1110U KpU8biX. 
B ije11111pe npueeoeHbl KaAu6poeo'lHbte Kpuebte A(p) OAR 
'le111blpex 6/lOKOB Oe111eK1110pa. BHU3Y - 3QBUCUMOC111b C111QH
oap111HbiX 0111K/lOHeHUU 3/leK111pOHHbiX nUK08 0111 UMny/lbCQ 

3/leK111pOH08. 
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3Tane a.HallH3a aMnnHTY.D:HbiX CneKTpOB 6bln Bbipa6oTaH KpH
TepHH H,neHTHciJHKaiJ;HH 3neKTpOHa, H3 HMeiOIIJ;eHCJI CTaTHCTHKH 
Bbl,nenJinHcb ,nBa Knacca co6biTHH: a/ co6biTHJI, KOTOphle 
cor nacHo ,naHHOMY KPHTepHIO OTHOCHnHCb K K e 3 - pacna.naM 
/B O.D:HOM nneqe ,neTeKTOpa qacTHIJ;a H,neHTHciJHUHpOBanacb 
KaK 3lleKTpOH/, H 6/ C06biTHJI, KOTOpble He OTHOCHllHCb 
HH K o,nHoil Mo,ne pacna.na KL- Me 30HOB, To ecTb JIBnJinHCb 
HeH,neHTHciJHUHpOBaHHbiM clJoHOM. )J,nH 060HX KnaCCOB CTpoH
nHCb pacnpe.neneHHJI no KHHeMaTuqecKHM nepeMeHHbiM. IIy
TeM cpaBHeHHJI pacnpe,neneHHH ,nnH o6oHx KnaccoB co6biTHH 
6hinH nonyqeHhi KPHTepHH OT6opa no cne,nyiOIUHM napaMeT
paM: 

0,2_$: p T ~ 0,46 

0,3 < M < 0,57 
- TTTT -

6 ~ P17 ,e :::; 21 

Pv-l- ~ 0,16 

(P ~ )
2 

:::; 0,022 

2 
0:::; (Pv1!) ~ 0,2 

/3/ 

3.necb P77 ,., - HMnynhCbi nuoHa H 3neKTpoHa, PT - cyMMa 
HX nonepeqHbiX COCTaBnJIIOIIJ;HX, pv+ - nonepeqHaJI COCTaB
llJIIOIIJ;aJI cyMMapHoro HMnynhca BHnKH, M

1717
- HHBapHaHTHaJI 

Macca .D:BYX 3apJI)I(eHHbiX qaCTHU B npe,nnOJlO)I(eHHH, qTO 

OHH o6e ecTb nHOHbi, (P ;11 )2 
- KBa,npaT npo,nonbHOH COCTaB

llJIIOIIJ;eH HMnynhCa HeHTpHHO B CHCTeMe noKOJI KaOHa, (P; ) 2 -
napaMeTp, onpe.nenJieMbiH nonepeqHhiMH cocTaBnJIIOIUHMH 
HMnynbcoB npo,nyKTOB pacna.na 17 /. B KaqecTBe He3aBHCH
MOH npoBepKH onucaHHOH npoue.nypbi pacnpe,neneHHJI H3 
o6oux KnaccoB cpaBHHBanHcb c pacnpe.neneHHJIMH, nonyqeH
HbiMH Mo,nenHpoBaHHeM Ke3 -pacna.noB MeTo,noM MoHTe
Kapno /eM. IIpuAoJtCeHue/. 

llocne oT6opa K.,3 -co6hiTHH no Hail,neHHhiM KPHTepHHM 
CHOBa CTpOHllHCb aMnnHTY.D:Hble cneKTpbl )1,3, YTOqHJillHCb 
nono)l(eHHJI nHKOB H rpaHHIJ;a H,neHTHciJHKaiJ;HH 3neKTpOHOB. 

11 



OnHcaHHa.H npoue,nypa o6pa6oTKH noaTop.Hnacb. liLmo npo
ae,neHo HeCKOnbKO TaKHX HTepaUHH. 

0KOH'IaTenbHa.H npoue,nypa H,D;eHTHclJHKaUHH 3neKTpOHa 
3aKJIIO'Ianacb B cne.nyromeM. 

3neKTpOHHble nHKH B aMnnHTY,D;HbiX cneKTpax ,nn.H Ka:>K
,noro HHTepaana HMnynLcoB ~ P= 1 T:JB/c annpoKCHMHpo
aanHCb pacnpe,neneHHeM raycca I puc. 41. Bbi'IHCn.HnHCb 
ero napaMeTpbi: ueHTP - A H cTaH,napTHoe OTKnOHeHHe 
a co CBOHMH owH6KaMH. KanH6poBO'IHa.H KpHBa.H A (p) pac
C'IHTbiBanacb nyTeM annpOKCHMaUHH nony'leHHOH 3aBHCHMOC
TH nono:>KeHH.H ueHTpa pacnpe,neneHH.H oT HMnynLca qacTHU 
np.HMoii HnH KPHBoii BToporo nop.H,nKa. 

AHanorH'IHbie 3aBHCHMOCTH ,nn.H a xopowo annpoKCHMH
poaanHcb np.HMoii: 

a(p)=c +d.p. 

Pac'leTbi npoH3BO,nHnHcb Ha 3BM c HcnonL30BaHHeM 
6H6nHoTe'IHbiX nporpaMM FUMILI H MINUITL . Ha puc. 4 
npHae,neHLI KanH6poBO'IHLie KPHBLie ,nn.H ,nayx 6noKoB neaoro 
nneqa ,neTeKTopa H 3aBHCHMOCTb a(p). )J.anee, ,nn.H Ka:>K,noro 
nneqa ,neTeKTOpa CTpOHnOCb pacnpe,neneHHe OTHOCHTenbHbiX 
OTKnOHeHHH aMnnHTY,D;bi )].3 OT KanH6pOBO'IHOH KpHBOH: 
~A= A I A (p) - 1 

KpoMe yKa3aHHoii BbiWe 3aBHCHMOCTH oT HMnynLca 
'laCTHU, BenH'IHHa a HeCKOnbKO pa3nH'IaeTC.H ,nn.H pa3HbiX 
6nOKOB )].3 H3- 3a TOrO, 'ITO <1>3Y HMeiOT pa3nH'IHOe aMnnH
Ty,D;HOe pa3peweHHe. B BenH'IHHY ~A BBO,D;HnaCb nonpaBKa, 
y'IHTLIBaiOma.H o6a 3THX 3cllclleKTa: 

M'=~A-a __ _ 
a (p )n 

J,neCb a eCTb ycpe,nHeHHa.H no BCeM 6noKaM BenH'IHHa, 
B3.HTa.H no HHTepaany HMnynbCOB 9711 T3B/c, n - HOMep 
6noKa. )J.n.H OKOH'IaTenbHoro oT6opa K..,3 -pacna,noa aeJIH'IHHa 
~A' ,D;JI.H 3neKTpOHOB orpaHH'IHBanaCb 3Ha'leHHeM: ~A '~-2· a. 

12 
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',J 
'I 

3. JipuMeCb {/JOHOBbiX C06bJIIIUU U 3{/J{/JeKIIIUBHOCIIIb 
. uoeHmU{/JUKQijUU K..,3- pacnaooe 

KaK y:>Ke ynoMHHanocb, clJoH B aMnnHTY,D;HbiX cneKTpax 
)].3 BKJIIO'IaeT KaK nHOHbl OT Ke3 -pacna,noa, Kor.na 3neKTpoH 
npowen B npOTHBOnonO:>KHOM nneqe )].3, TaK H nHOHbl OT 
,npyrHx pacna,noa K0

- Me30HOB, a TaiOKe HeH,D;eHTHcilHUHPOBaH
Hble a,npoHbi I puc. 21. 

Pacnpe,neneHHe aenH'IHHbi ~A' 6bmo nocTpoeHo npH .no
nonHHTenbHOM ycnOBHH: B Ka:>K,D;OM nneqe )].3 OT6HpanHCb 
Te co6biTH.H, ,nn.H KOTopbiX aenH'IHHa !l A' 6Lina 6onLwe, 'leM 
B npOTHBOnOnO:>KHOM IT.e. aMnnHTy,na )].3 ne:>Kana 6niDKe 
K KanH6pOBO'IHOH KpHBoiil. EcnH 6bi Mbl HMenH ,neno TOnbKO 
c K..,3 -pacna,naMH, TO npH TaKoii npoue,nype aMnnHTY,D;Hble 
pacnpe,neneHH.H BKJIIO'IanH 6bl TOnbKO 3neKTpOHHbiH nHK. 
HanH'IHe a 3THX pacnpe,neneHH.HX co6LITHii, ne:>KaiUHX neaee 
3neKTpOHHOrO nHKa, 06.H3aHO clJoHy, He OTHOC.HJUeMyC.H K 
K e3 - pacna,naM. Ilony'leHHOe pacnpe,neneHHe ~A' ,nn.H neBO
ro nneqa )].3 npHae,neHo Ha puc. 5 lnnaaHa.H KpHaaHI. )J.n.H 

2000 

zig 1500 
d 

1000 

500 

1.0 . 0.5 0. AA 0.5 
Puc. 5. PacnpeoeAeHue eeAut~uH ~A' OAJI Aeeozo 6AoKa J(3 
npu ycAoeuu, t~mo OAJI npaeozo 6AoKa j(3 coomeemcmeyK>JI#OJI 
eeAut~uHa UMeem MeHbwee 3Hat~eHue /nAaeHaJI Kpuea.R/ u ee
AU'IUHbl ~A' npu npoxoJKoeHuu rr- Me3oHoe om KIJ3- pacnaooe 
t~epe3 AeBbiU 6AOK oemeKmopa /zucmozpaMMO/. CmpeAKOU 
omMet~eHa npuH.11ma.11 zpaHuija uoeHmu(JuKaijuu :JAeKmpoHa. 
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He3neKTpOHHOH qacTH cneKTpa B aMnnHTY~Y ~3 BBO~HnaCL 
nonpaaKa, yquTbiBaiO~as HMnynLc qacTHD;bi. rucTorpaMMa 
npe~cTaanseT co6oii aHanoruqHoe pacnpe~eneHue ~ns aMn
nHTY~LI nuoHoB, 3aperucTpupoaaHHbiX B K

113 
-pacna~ax. 

HopMHPOBKa c~enaHa no aMnnuTy~HOMY cneKTPY nHoHoB . 
qacTb rHcTorpaMMLI, ne)l(a~as npaaee rpaHHULI u~eHTH!l>u

Kau;uu 3neKTpoHa, onpe~enseT KonuqecTBO 4JoHa B BLI~eneH
HbiX Ke3- pacna~ax. llpHCYTCTBHe !l>oHa nHOHOB OT K e3 -pac
na~OB MO)I(eT npHBeCTH K HenpaBHnbHOH MeHTH4JHKaD;HH 
3lleKTpOHa H nHOHa H HenpaBHllbHOMY BhlqHcneHHIO KHHeMa
THKH pacna~a. ~nH HCKniOqeHHH TaKHX C06biTHH npH OKOHqa
TenbHOM OT6ope Ke3 -pacna~oB Tpe6oaanocb, qTo6bi ~ns 
aMnnHTY~bl CHrHana ~3 OT nHOHOB BhlfiOllHHllOCb ycnOBHe 
L'. A'.::;. -4· a . llocne npoae~eHHH acex onucaHHLIX npou;e~yp 
aHanH3a aMnnHTY~HbiX cneKTPOB H OT6opa C06LITHH no KpH
TepHHM npe~LI~y~ero pa3~ena OCTaBWHHCH 4JoH B OT06paH
HbiX Ke3 - pacna~ax He npeBLiwaeT 1 11/o. 0THOCHTenbHas 
aenuquHa !l>oHa pacnpe~eneHa paBHOMepHo no HMnynLcaM 
3lleKTpOHOB. 

2 
AHanH3 pacnpe~eneHHH (P0 ) noKa3an, qTo ~ons K rr 3 -

pacna~oB cpe~u !l>oHOBbiX co6biTHH He npeBLiwaeT 0,211/o. lie 3 
yqeTa HH4JopMaD;HH OT ~eTeKTOpa MIOOHOB ~OnH 4JOHOBbiX 
K1L 3 - pacna~oB cocTaBnHeT 411/o. 34>4JeKTHBHOCTb perucTpau;uu 
co6biTHH ~eTeKTOpOM MIOOHOB paBHa 9811/o. ll03TOMY 4JoH OT 
3THX pacna~oa npeHe6pe)I(HMo Man. KpuTepuii Mrrrr(5) uc
KniOqaeT co6biTHH, ne)l(a~ue B o6nacTH Macchi KaoHa, orpa
HuqeHHOH ~BOHHbiM annapaTypHbiM pa3peweHHeM no 3cWJeK
THBHOH Macce ~Byx nuoHoB. OcTaawuiics 4JoH OT K2 rr - pac
na~oB TaK)I(e npeHe6pe)I(HM, nocKonLKY nonHoe qucno 3THX 
C06biTHH He npeBLIWaeT 1,511/o OT o6~eH CTaTHCTHKH. 

0cTaBWaHCH BenuquHa 4JoHa OTHOCHTCH K HeMeHTH4JHD;H
pOBaHHLIM BHnKaM, KOTOpLie nOHBllHIOTCH B pe3ynbTaTe 
B3aHMO~eHCTBHH HeHTpOHOB nyqKa C renHeM, 3anonHHIO~HM 
06'beM. llpH Bbi6paHHOH rpaHHD;e H~eHTH4JHKaD;HH 3neKTpOHa, 
orpaHHqeHHOH ~BYMH CTaH~apTHbiMH OTKllOHeHHHMH OT D;eHTpa 
pacnpe~eneHHH L'. A' , 34Kl>eKTHBHOCTb perucTpau;uu 3neKT
poHoB ~on)I(Ha 6LITb oKono 9311/o. 3Ta aenuquua no~TBep~a
eT CH cpaBHeHHeM queen HeHTpanLHbiX ~onrO)I(HBy~X KaOHOB, 
BXO~H~HX B pacna~HLIH 06'beM /MOHHTOpa/, KOTOphle 6LinH 
Haii~eHLI H3 aHanu3a Ke3 -, K 113 - u K rr 3 -pacna~oa. B pe-

14 

3YllbTaTe OnHCaHHOH BLIWe npou;e~ypLI 34J4JeKTHBHOCTb pe
rHCTpan;HH 3lleKTpOHOB ~3 He 3aBHCHT OT HMnynbCa 3lleKT
pOHa. Ha puc. 6 npuae~eHbi pacnpe~eneHHH no HMnynLcaM 
3lleKTpOHOB ~nH peanLHbiX /rHCTOrpaMMa/ H MO~enHpOBaH
HbiX /nnaaHaH KPHBaH/ pacna~oa. Ha puc. 7 npuae~eHLI 
aHanoruqHbie pacnpe~eneHHH X -Koop~HHaT TpeKoB 3neKTpo
HOB B nnocKOCTH ~3. H3- 3a BLineTa qacTH 3neKTPOHHo-4Jo
TOHHbiX naBHH 3a npe~ellbl ~eTeKTOpa, B MeCTe CTLIKa ~BYX 
6nOKOB Ha6nw~aeTCH na~eHHe 34>4JeKTHBHOCTH perHCTpaD;HH 
~3. fi03TOMY pa6oqaH o6naCTb ~eTeKTOpa 3neKTpOHOB Bbl;. 
6paHa Ha 1,5 CM MeHbWe peanbHbiX pa3MepoB CIUIHTHnnH
TOpOB ~3. Cornacue npuae~eHHbiX /3KcnepuMeHTanLHLIX 
H Mo~enupoaaHHbiX/ pacnpe~eneHHH ~aeT OCHOBaHue cqu
TaTb, qTo B npe~enax paccMaTpuaaeMoii o6nacTH reoMeT
puqecKaH 34J4JeKTHBHOCTb ~3 paBHOMepHa. 

4. BoccmaHoe/leHue UMny/lbCHozo cne1<11lpaKtMe30H08 

fipH BOCCTaHOBneHHH HMnynbCHOrO cneKTpa KaOHOB no 
pacna~aM Ke3 6bm ucnonb30BaH MeTo~ nocTpoeHHH cneKT
poa ~Bh3HaqHo onpe~eneHHbiX aenuquH, npuae~eHHLIH B 
pa6oTe 81 . B ycnoauHx ~aHHoro 3KcnepuMeHTa onpe~e
nHnHCb HMnynbCbi 3apH)I(eHHbiX npo~yKTOB pacna~a H yron 
Me)I(~Y HanpaaneHHeM noneTa HeiiTpanLHoro KaoHa H cyM
MapHbiM HMnynbCOM nHOHa H 3neKTpOHa. 3TOH HH4JopMaD;HH 
He~OCTaToqHo ~nH O~H03Haquoro BOCCTaHOBneHHH HMnynL
ca HeHTpanbHOrO KOHa. llpH BbiqHcneHHH HMnynbCa KaOHa 
nonyqaiOTCH ~Ba peweHHH, CBH3aHHLie C ~BYMH B03MO)I(HbiMH 

HanpaaneHHHMH npo~OllbHOrO HMnynLCa HeHTpHHO B CHCTeMe 
nOKOH KaOHa. ~nH BOCCTaHOBneHHH cneKTpa He06XO~HMO 
HMeTL MaTpHD;Y BepOHTHOCTeH, onpe~enHIO~HX CBH3b Me)l(~y 
HCTHHHLIMH u nO)I(HLIMH peweHHHMH. TaKyiO MaTpuu;y M MO)I(HO 
nocTpOHTb ~nH Mo~enupoaaHHLIX Ke3 -pacna~oB. B 3TOM 
cnyqae H3BecTHo, KaKoe H3 ~ayx peweHHH "ucTHHHoe". Ecnu 
0603HaqHTb no~06HYIO MaTpHD;Y ~nH 3KCnepHMeHTanLHLIX 
~aHHLIX qepe3 E , a HCKOMLIH cneKTp- qepe3 N, TO oqeBMHO 
cne~yiO~ee COOTHOWeHHe: 

E=N·M+ M-N. /4/ 
qepTa Ha~ MaTpuueii M 03HaqaeT TpaHcnouupoaauue. 
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MaTpHqHoe ypaBHeHHe /4/ COOTBeTCTByeT n llHHeHHblM 
ypaoueHHeM,ecnH n - pa3MepuocTh MaTp.v:u;, npuqeM qucno 
3THx ypaoueuuii 6onLUie qucna ueH3BecTHhiX. TaKaH cHcTeMa 
peUiaeTCH MeTO,!J;OM HaHMeHblliHX KBa,ll;paTOB. 

HMnynhCHhiH cneKTP KaOHOB onpe,ll;emmcH B o6nacTH 
16-'-44 T3B/c. B cooTBeTCTBHH c annapaTYPHhiM paJpeUie
HHeM 19 1 3Ta o6nacTb 6Lma pa36HTa Ha 19 HHTepoanoB. lihlnH 
llOCTpOeHbl 19 X 19 Ma TpHD;bl ,!J;llH 3KCnepHMeHTallhHblX H 
MO,!J;enHpOBaHHbiX ,!J;aHHbiX. Y CllOBHH OT6opa 3KcnepHMeHTallb
HhiX H MO,!J;enupoBaHHhiX pacna,!J;OB 6LmH H.ll;eHTHqHbi. KpoMe 
orpauuqeuuii ua reoMeTpuqecKue pa3Mephl ycTaHOBKH, ,!J;nHHy 
pacna.ll;uoro o6'beMa H KHHeMaTuqecKHe KPHTepuH, yKaJaHHhie 
oo BTopoM paJ,!J;ene, Tpe6ooanocb, qTo6hl o6a peUieHHH, 
nonyqeHHbie npu BblqucneHHH HMnynLca Kaoua KaK ,!J;nH 3KCne
puMeHTanhHhiX, TaK H ,!J;llH MO.ll;enHpOBaHHblX C06biTHH,ne:>KanH 
B npe.ll;enax 16-44 T3B/c. )l.nH MaTpuquoro 3neMeHTa Mo,!J;enu
poBaHHhiX pacna,!J;OB oaphHpooanoch Juaqeuue napaMeTpoo 
uaKnoua <lJopM<iJaKTopa ..\ + oT 0 .li;O 0,05. He 6Lmo JaMeqeuo 
BllHHHHH BenHqHHbl 3TOrO napaMeTpa Ha <lJopMy HMllYllbCHOrO 
cneKTpa KaOHOB. 

Ha puc. 8 npuoe.ll;eHbi HMnynhcHLie cneKTPhl ueiiTfanhHhix 
KaOHOB, onpe.ll;eneHHhie H3 auanH3a K e 3 - H K 

11
/ 14 -pacna

.li;OB. 3HaqeHHe MOHHTOpa ,!J;llH 3TOH o6naCTH HMllyilbCOB, 
onpe.ll;eneuuoe H3 Ke3 -pacna.ll;oB, paauo /2,23±0,08/· 109 

a H3 K113 -pacna,!J;OB - /2,36±0,05/. 109 ll 4 / . XopoUiee 
cornacue <lJopM cneKTpOB H MOHHTOpOB CBH,ll;eTellbCTByeT 
o npaoHnhHOH npo:u;e.ll;ype Bhi.ll;eneHHH Ke3 - co6blTHH MeTO.li;OM 
aHallH3a aMllllHTY.li;HblX cneKTpOB CHrHallOB,!J;eTeKTOpa 3lleKT
pOHOB. 

ABTOphl Bbipa:>KaiOT npH3HaTenhHOCTh Ja pa6oTy no co-
3.ll;aHHID, HaCTpOHKe H 3KCnnyaTaiJ;HH B 3KCnepHMeHTe ,!J;e
TeKTOpa 3neKTpOHOB cneAYIDI:u;HM TooapHI:u;aM: B.K. liupyneoy, 1 

A.C.BooeuKo, T .C.rpuranaUIBHnH, B.ll.)l.:>KOPA:>Ka,!J;Je, 
H.M.HoauqeHKO, H.H.KaKypuuy, B.B.KyxTHHY, A.H.Mo
po30By, IO.H.CanoMaTHHy, A.E.Ceuuepy, B.E.CHMOHOBy 
H ll. T. To,!J;opooy. 
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Puc. 8. CneKmpbl UMnyAr.coe KI,- Me3oHoe, eocc1/laHoeAeHHble 
U3 Ke3 - u KJL3 - pacnaooe. 
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JipU/IOJICe HUe 

Mo.nenHpoBaHHe Ke3 pacna,noB ocyuiecTBnHnoch MeTo
.noM MoHTe • Kapno c HcnonL3oBaHHeM nporpaMMhl, onHcaHHOH 
B pa6oTellOI. K :noii nporpaMMe 6blna .no6aBneHa no.n
nporpaMMa, yqHTbiBaiOIUaH noTepH 3HeprHH 3ileKTpOHa Ha 
TopM03Hoe HJnyqeHHe. Bee BemecTBO ycTaHOBKH 6blno 
ycnOBHO pa36HTO Ha 6 6nOKOB B.L(Oilb OCH YCTaHOBKH. ~nH 
Ka:>K,noro 6noKa 6Lma paccqHTaHa ero pa.nHai.J.HOHHaH ,nnHHa. 
IlpH npOXO:>K,L(eHHH 3apH:>KeHHOH qacTHI.J.bl qepe3 TaKOH 6nOK 
BemecTBa onpe.nenHnocb H3MeHeHHe npoeKI.J.HH Koop.L(HHaT 

H yrna 0 TpeKa. IloTepH 3HeprHH npH npOXO:>K,L(eHHH 3ileKTpo
Ha qepe3 Ka:>K,nhlii 6noK cneKTpoMeTpa paccqHThiBanHCh no 
llJopMyne: 

E=E .e-y 
0 ' /5/ 

r.ne E 0 - 3HeprHH 3neKTpoHa, BOIIIe,niiiero B 6noK, a cpe,nHee 
3HaqeHHe BenHqHHbl y onpe,nenHnOCb .L(ilHHOH 6noKa f H pa
.L(Hai.J.HOHHbiMH noTepHMH Ha e,nHHHI.J.e ero ,nnHHhi. Pa,nHai.J.HOH
Hhle noTepH 3ileKTpOHa xapaKTepH3YIOTCH 6onbiiiOH BenHqHHOH 
pa36poca TepHeMoii 3HeprHH. BenHqHHa y, c yqeTo,M llJnyKTya
I.J.HH noTepb 3HeprHH,pacnpe.neneHa no 3aKoHy 1 11 ': 

-y b. e -I 
e ·Y W( y)dy = ------- dy 
i(bf) /6/ 

jqepe3 r(be) 0603HaqeHa raMMa·liJyHKI.J.HH/. 
IlpHMeHHnCH cne.nYJOIUHH anropHTM po3LirpLIIIIa BenH

qHHhl y. HHTepBan 3HaqeHHH .nnH y oTO,no2,16 6bln pa36HT 
Ha 50 nO,L(biHTepBanOB pa3HOH .L(ilHHbl. C pOCTOM y yBenHqH
Banacb .nnHHa no,nLIHTepBana. BepoHTHOCTL ,nnH y nonacTL 
B nepBLie n HHTepBanoB BLiqHcnHeTcH no llJopMyne: 

w 
n 

Yn -y bE -1 
= f _e __ • y 

0 [' (bT)-- d y /7/ 

ecnH HCnOilb30BaTb pa3nO:>KeHHe B pH.L( .L(ilH HenonHOH raMMa
liJyHKI.J.HH I 12 I: 

20 

-~ m k 
e "·Y = x _I (y ,m)== ---"-!1 t I ----

n i(m t1) k=l (m+1) ... (m+k) 
w 

n /8/ 

B HaUieM cnyqae BenHqHHa m= E • b He npeBLIIIIaeT 3HaqeHHH 
0,02 .nnH Bcex 6noKoB, H BLipa:>KeHHe /8/ ynpomaeTcH: 

-Yn m k 
e • Yn = x 

W '" ----- • l 1 + I --- l. 
n r· ( m + 1) k~ l k! /9/ 

B npe.nenax Ka:>K,noro no,nLIHTepBana BenHqHHa y pa3hlrpLI
BanacL paBHOMepHO. 

C yqeTOM pa,nHai.J.HOHHbiX noTepb cpe,nHHH KBa,npaT yrna 
pacceHHHH B Ka:>K,L(OM 3ileMeHTe ycTaHOBKH onpe,nenHilCH no 
4JopMyne 1 1 :~/ 

2 
<8 / 

cp 

2 
E.., 

= -----------. t 
c 2. p:!. e-Y /10/ 

3.necL t - ,nnHHa 3neMeHTa B pa,nHai.J.HOHHLIX e,nHHHI.J.ax, E
5 

= 21 M:JB, a p - HMnynLc 3neKTpoHa nepe.n Bxo.noM B ,naH

HLIH 3neMeHT. 
Bcero 6Lmo pa3LirpaHo H JanHcaHo Ha MarHHTHhle neHTLI 

400000 pacna.noB K {'3 , ,nnH KOTOPLIX 3apH:>KeHHble npo,nyKTLI 
npoUinH qepe3 OCHOBHLie ,neTeKTOpbi cneKTpOMeTpa. Pacnpe
,ne~eHHH xapaKTepHOH BenHqHHbl (p

1
;'j i f (3) , qyBCTBHTenb

HOH K 3KCnepHMeHTailbHbiM OUIH6KaM, XOpOUIO cornacyiOTCH 
,L(ilH 3KCnepHMeHTanbHhiX H MO,L(enHpOBaHHbiX C06biTHH 

/puc. 9/. 

21 



5-J03 

N 
anoz Ml)' 

l 

IP.:) 

2 
Puc. 9. PacnpeOeAeHue eeAU'IUHbl ( ~/*11) OAJI 3Kcnepu-
MeHmaA&H&zx /zucmozpaMMa/ u MoOeAu'J)oeaHHbiX /nAaeHaJI 
KpueaJI/ pacnaooe. 
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PyKonHch nocTynHna a H3,IJ,aTenhCKHH OT,IJ,en 
21 HOH6pH 197 5 ro,IJ,a. 
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