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EPEBAHCIOOl mff3Hl001001 WC'OO'YT 

Ha npaaax pyxollHcH 

Y,!U\: s3g, f 'lj.3: 5.39. iZB. Z 

rPABCIOOt BAPJIEll OBAIOOoiOBHtt 

aI«::IIEPWilEHTAJihHOE WCCJIFJtOB.Affi1E PEAKLU4l1 

GiOTOPACJIEilJlEIDUI ,qEATPOHA Jil1HEruiO-IlOJIH­
Pl130BAHHl:OOI. ®TOHAMH B OBllACTK aHEPrIDi 

E1 • 400 + 800 MaB 

(01.04.16 - tpHaHKa aToNHoro .ffAP& K aneMeHTapHl>IX qacTKq) 

A B T 0 P E al E P A T 

AHCC9J>'l'aqKH Ha COKCKa.HHe yqeaoR cTeneHH 

K~&Ta <J>HSHKO-MaTeMaTKQ9CICKX HS.YK 

EPEBAH- 1985 
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Pa6oTa BlilllOJIHeHa B EpeBaHCKOM qiHs1111ecKoM HHCTHTyTe 

HaYllfflie pyKOBO,Jl,HTeJlH: ,qoKTop qillaHxo-uaTeua.THqecKHX HayK, 

aKa,n;eMHK AH ApMCCP r.A.BapTaneT$1H 

KaH,JJ,~8T qJH3HKO-M8.T8MB.THqecKHX HayK 

Il.W.I'a.JiyMJIH 

OqiK~aJibHHe onnoHeHTH: ,qoK'l'op.qiHsHKo-waTeMaTHqecnoc HayK 

!.H.Konec~KOB (' 1 

Ka.H,D,~aT qJH3HKO-NaT8MaTHqecKHX HayK 

I'.~.BeJ:i:TJtH 

BeAYIQB..H opr8.HH3aQHH:~eHHHI'pa,n;cKHft HHCTHTYT M8PHOft qJH3HKH 

381!1HT8 ,ll,HCC8pTaQHH COCTOHTCH 29 OKT.fl6p.fl 1985 r. 

B 14-00 qacos Ha saceAaHHK Cne~aJIHsHpoBBHHoro coeeTa 

~.034.03.0I npH Epe:eaHCKOM cfjlsHqecKOM KHCTKTyre (375036, 

r.EpeBS.H, yn.MapKap.HHa 2). 

c AHCC0pTaQHeft M~O 03H8KOMHTbCH B 6K6HHOTeKe 

EpeBaHcr.oro qJJl!sKqecxoro HHCTHTyTa. 

ABTopeipepaT pasocnaH 2? ceHTn6pR 1985 r. 

YqeH'blft cexpeTapb Cne~aJIHaHpoBaHHoro 
COBeTa, KaH,JJ,~aT lfJll3HKO-MaTeMaTHqec-

KKX HSYK I ~~ I B.A.illax~ .. ,.. 

( _; 

~ 

OBll\Afl X.APAro'EP.11CTl1KA PABOTbl 

AKTYa.JibHOCTb npo6neMl:il. PeaKqHH ~oTopacllleIIJieHHH AeRTpoHa 

'Od ~ p 'fl- .flBn.fleTC.fl O,qHHM HS ®'HAaMeHTMbHbllC npor(eCC?B. ,D.Jl.fl 

HccneAoBaHHtl: B o6nacTH MepHoR ipM:s1.uGt. l1ccneAoBB.HHe AaHHOR pe 

aKqHH npe,l\CT8Bn.fl0T DIHpoKHe B03MOJKHOCTH AJI.fl HsyqeHH.fl BOJIHOBOA 

®'HKI:(HH ,qeATpOHa, pasJIH"QHblX M8Xa.HH3MOB, npO.flBn.flKlll\KXC.fl B qioTOR­

A8PHblX npor(eccax, TaKHX K8K M830HHbl9 o6MeHHhle TOKH, H306apHble 

('OCTORHH.fl H ToA•' pOJlH BffYTpeHHKX cTeileHeR CB060AH HYKXOHOB B 

'i'°TOM0PHblX peaKqHHX. HecoMHeHHo, liTO HayqeHHe AaHHoro npo~ecca 

TaKllte nosBOJIHT BH.flBHTb pOJib napHblX Koppen~R B 9?<>TO.ffA8PHlilX pe­

&KI\HBX npH 6onblllHX nepe,Ita.HH&IX HMIJyJibcax, qoro oqeHb BBJltHO AJI.fl 

nocTpoeHHH HOBHX: TeopeTHqecKKX MOAeneA. 

B03HHRIIIHA sa IlOCJie,qHKe ro,qH TIOBl:ill0HHYit HHTepec K HCCJI8AO­

BBHHm npo~ecca 9?<>Topa~enneHH.fl AeATpoHa CBH3aH c npo6JieMoA cy­

~ecTBOBBHH.fl ,Jl,H6apHOHHHX: pesoHaHCOB. 06HaPYJiteHHe T8KHX COCTO.fl­

HHR llp8ACT8BJI.fl8T 3HallHT8JlbHYit HHTepec AJI.fl npoBepKH MOASJieR ane­

MeHTapHblX qacT~ B paMKax KBaHTOBOR xpoMOAHHaMHKH. B aToM acnex­

Te npor(ecc 9?<>TopacllleIIJieHH.fl 1d. - p rt. o6yCJioBJieH BIUIB,D;B.MH HSo­

BeKTopHblX H H30CK~.flPHlilX 9?<>TOHOB H noaTOMY YA06eH AJI.fl noHcxa H 

HCCJISAOBBHH.fl CBOftCTB KSK H30B0KTOpHlilX, TaK H H30CK8.JI.flPHhlX ,I\H6a­

pHOHHbll_C Pe30HaHCOB. 06HapyxeHHe noCJieAHKX npep,cTaBX.fleTC.fl B Hac­

TO~ee BpeM.fl npH~IlHMbHblM AJI.fl HayqeHH.fl IlPHPOAH AH6apHOHHNX 

( .30HS.HCOB. 

CoBpeMeHHoe COCTO.flHH8 SKcnepHMeHTaJibHblX HCCJISAOBB.HHR no 

poTopaclllenneHHm A8RTpoHa xapaKTepHayeTC.fl He60BbDIHM KOJIHqecTBOM 

OTAeJibHblX HSMepeHHI no ;xpi~pe~anbHOMY ceqeHHm H npocTl:iM no-
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JU1pH3al.\HOHHlilM napaMe'l'paM. ~i.re no ABOlbililM nOJIJq>Ha~oHHlilll 

napaMe'l'paM npaK'l'H118CKH O'fCY'fC'l'ByD'l'.·liMellll\HRCff o<S1.eN 3KCDepH­

MeH'l'aJlt.HnA Hff4lo~ ftBMe'l'CH HeAOC'l'Q'l'01UiYM He 'l'OJlbKO AJlft KOM­

DJ18KCHOro HCCJleAOB8lDUI npo~ecca Ha ypoBHe ClDlpa.llbHhlX 8MDJlH'l'YAt 

HO H npoBe,qeHlUI KOppeK'l'HhlX nap~aJI:bHO-liOJIHOBlilX 8H8JDISOB. IloS'l'o­

uy OCHOBH8ll axcnepHMeH'l'aJI&HU aa,qaqa 38IC11111&e'l'Cft B llOJIY118HHH 

CHC'l'eM8.'l'H118CKHX Aat!HHK no ,11,Hcppepe~8Jl&H614 ceqeHHJIM H paa.mt11-

HJAI llOJifiPHSaD.HOHHYM napaMe'l'pau. 

Uen:b paCSoTH a8lfJJIN&llac&: 

l. B aaMepeHHH aHepre'!'H'llecKoA sasecMMocTH acHIOleTpH'i ce-( 
Er· qeHHs L pea~ r"-Dft B KHHeMa'l'HlleCKOA o6JiaCTH 

ec14ili 0 • 0,4 + 0,8 I'aB H p • 45, 55, 65 B Cl.l,M. 

2. B H3MepeHHH yrJ1osoA saBHCHMOCTH 

Er • 600, 700, soo MaB. 

L.. npH aaepre.a:x 

3. B nposepxe DpeACKaaaHHA paa.JIHlDiHX 'l'eopeTH'llecKHX MOAe­

J1eA qio'l'opaciqen.neHHs Ael'l'poea s o6J1aCTH nposBJ.teHHs AJ16apHOHHhlX 

pe30Hat!COB. 

Ha'V!ffEUr eoBHaHa 2a.60TH sa:KJil)qae'l'cs s CJiep,ymiqew: 

I. BnepBhle H3Mepeea acHMMeTpHs ceqeHHs I.: pea~ P""* pn. 
L:.lcll,lf o 

B KKHeMaTHllBCKOit O~JiaCTH Er= 0,4 + 0,8 rsB H op • 45 + 95 ' 

B T~M llHCJie BnepBble H3MepeHa yrJIOBaH 3QBHCHMOCTb acHMMeTpHH 

ceqemu1 L B o6JiacTH seeprHit Er > 600 MsB. 

2. flOJiyqeHHHe pesyJibTaTbl no acHMMeTpHH cetieHHB [;. B 06-

JiacTH C'(s 0,4 + 0,8 I's!) B ~eJIOM He IlO,ll;'l'BBpi(AaIOT npeACKaaa( 

HMit CYll!0CTBYJOll\MX 9)eHOMBHOJIOI'Hll0CKHX MO,D;eJieit qioTopac~eDJieHHn ,11;ea­

TPOHa, B TOM llHCJie npe,11;c1<asrurna nap~aJibHO BOJIHOBblX atlaJIH30B, 

yqHTHB81>111HX BKJI8,11, Aff6apHOHHI:ilK p030HaHCOB. 

3. BnepBhle npoBeAeH 8HaJIH3 no HOBHM ea6~aeMhlM, 60J1ee 
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QfBCTBH'l'e.m.HlilM K Hlft'epcJlepelQl.IDI MSAY HSocKans:peoA H H30BBK'l'Op­

HOA llaCTbl> 8MIJJIJl'1'yAli ~ca 7rJ-. pn..• 
4. lfollOJI:bSOB8H HOadi cnoco6 H3MepeHM CJiytmAHhDC COBDa,qe­

'tHI, He tlYBC'rBH'1'8.II&HHI K BpeMeHHOI C'l'PYK'fYPe nyqKOB. 

Ilpapnecxu 1l!ffHOCT:& ,11,Hcce~OHHoll paCSo'l'w. PeayJIHa'l'H 

!iac'l'OmqKX JlCCJl8AOBaHHI H8lllJDI llp8B.'l'HlreCKOe DpHMeHeHHe: 

- B nposeAeHHH na~aJibHO-BOJJHollOI'o 81WDJ3a CXap&KoB-84) 

~ rd ... pn.; 
( - B Me'IOAJII<e ~ no.upaoBB11Horo SKcneplDleH'l'a frJ .... p ;[ , 

B '118.C'l'H HCDOJI:b30B81DUI CBe'l'OCHJlllHOI'O 118l'HH'l'HOI'O cneK'l'pOlle'1'pa H 

llpHMeHeHM KOppeK'l'Horo Me'l'OA& ~eJleHHJI CJIY1l8JIJmx COBII~eHHA. 

AnpoCS8llHJ! pacS05. Peay.11&'1'8.'fl:il AffCCBp'l'SQHOHROI paCSoTH .qo­

<JUWilBMHC& Ha-ceMHHa.pax EpeBaHcKoro qMaHtmcRoro HHC'l'HTy'1'a, Ha 

~ecCHmt Or~emu ~epaoR qiHsHKH AH CCCP (.Mocna, 1981, 1983 rr) , 

Ha ceCCJm CoBeTa no 8.JIBKTpoll8I'HH'l'Hla saB.HM0,1teAc'l'BH.1D1 (EpeBaH, 

1962 r.), Ha BCeCOll3HblX: RO.peHqllSX no Hyla10H-H.YKXOHHYM B38H­

MO,qeltC'l'BHBM (JleHHHrpa,q, 1962, 1984 rr. c BRJI1111eHHeM B tmCJlo 

BUHHx: peayJI:b'l'M'OB K~pelQIH) t Ha 118B,1.\YH&pOAHJ:ilX KOHqlepeHqH.RX 

no CIDIHOBHU OJleHIUDI B cJllsKxe IJpH BHCOKHX 8HeprHJDC (BpyiccelseH, 

1982 r.) H DO l}QHKe HeCKOJl:&KHX TeJJ:, MeaOHli H JieI'KHe JW>8. (Be-
1CHHe, l'IX:P, 198:> r.). 

llv§.mgpnWJ. Ilo '1'eMe AHCcepTSqim ODy(SmnroBSHo A8Bftb paCSOT, 

( 'lHCOR KO'l'Op!illt llpHJSeAeH B ~e 8BTOpeppa'1'a. 

C!pyqypa II ~ JDICC!P'£8UH!• ,l{,BccepT~ COC'l'OHT 118 BBe·· 

qemur, tm'1'HpeX rJlaB 11 a8Jr.:llllllelBU •. Olla COAep&T_ 129 ~Ma­

lllHHOIDICHoro 'l'eKC'l'a, '7 'l'~ H 41 pBeyHKOB. Cmtcox qwmpyexol 

JIH'1'8pa'l'ypH BifJD)tf8e'1' II9 HaHlleHOBaHd. 

0caoBHli8 pe!YA'l'aftl, llYHOCllllHe Ba 38!!!H'l'lt 88KDD118D'l'C.R B 
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........ e,IJ.Y1>11\eM: • , T 

I. Au npo:se,n,emts Hc~oB&HHA peaKI.\HH ipc>TopaciqeIIJieHHJI'. 

rd-"> prt paapaCSOTaHa SKCDepMMeH'faJlbHM annapaieypa, B TOM llHC­

Jie: 
a) paapaCSo'f a.H c:seTOCKJlbHHit BapH8.HT Mal'HH'l'HOrO cneKTpOMeT­

pa c l'l'Jlo~ sax:aar,rou L\p • ~,5. ro-3 
cp, npoae,n,eHW pac11e­

TI:il ero xa.paKTepHC'fHK, C03,TJ,&Ha H HaJiqeHa CHCTeM& perHCTpHpynqMX 

cqeTliffKOB cneKTpoMeTpa; 

6) MQAepHH3.llpOBa.H I2~o;iJ,YJlbHiidt BpeMJl'.-npoJieTHHit cneK'fpOMar 

ael'rpOHOBi 
B) paspaCSp'fa.H 9-KaJUlJlbHWl nap~ cneKTpoMeTp, npoaep,eHH 

pac'll~TI:il ero xapaxTepHCTHX. 

2. Oc~eC'fBJieHa H8JI~Ka H KaJIHCSpoBKa SKCnepHMeHTaJibHOiit 

annapaTypH, B TOM llHCJle C HCDOJ1b30B8.HH0M pe~ wc'fop~eHH.H 
+ 0 . ' 

!Ir H 'JC - MeSOHOB Ha npo'fOHHOI MM1118HH •. 

3. Paspa6oTa.Ha 111eTo,1J,HKa HsMepeHHs ac.00.eTpHH ceti:eHH.H I:.. 
JIHHeib¥>.-DOJUWHaOBaHJiblMH ~OH&UH Kl)1: 

a). paspa.<SoTaH MI'OpHTM MO,JJ,emq>OBa.HHS pea~ 7tl. ~ p fL 

MeTOJYl}4 MoHTe-}{a.p.uo; 

CS) npoae,u,eHbl on;eHKH BKJI~a. ipoHo~ npol\e~7oa THna rrJ..,NN'l[, 

'('A_,. IVMrrr; 
B) paapaCSoTaHa Me'l'0,1J,HKa HSMepeHHJI'. .H oCSpa.<SoTIDI ,D,a.HHblX; 

r) npeWJ:OJteH KOppeK'fHHlt M8TO,D, HSMepeHH.H CJiyqa.IDib!X COBilr 

,n,e~A, H81iYBCTBlf:Te.llbHiidt K apeMeHHoA C'rp1K'fYP8 J:IYtll«I.· 

4. c IlOMOlqbll cosp.aHHOA annaparrypii H paap~oTammA M0TO,IJ,HKH: 

a) anepm1e HSMepeHa acKMMeTpW! cet1eHH.H £ peam.~rn: 
,,.rJ-.. pn.. B KHH6Ma.THtl6CKOA oCSJiacTH Er· o,_4 -i- 0,8 rsB .; 
U CU.11 0 .. 

0p '"' 45 t 95 B CUM; ': ·f~ 
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CS) anepaHe HSMepeHa yrJIOBa.H saBHCHMOCTb acHNM:eTpHH ceqe­

HH.H B o6JiaCTH SHeprHA £,, /' 600 MsB. 
5. Ha OCHOBe HSMepeHHR no.nyqeHH CJl8,DYXllllH8 pesyJibTaTH: 

a) pesyJibTSTH no acHMMeTpHH ceti:eHHa I:. B n;eJIOM He no.u,­

TBe~amT npe,D,CK&saHHI qJeHOMeHOJIOrHt18CIG!X 1110,D,eJleA ipc>TopaCiqen­

Jl8HHS .u,eATpoHa, B TOM tlHCJle npe.u,cKasaHHA napn;HaJibHO-BOJlHOBHX 

aHBJIHSOB, ytlHTHBallllll'lX BKJla,Il; ,D,H6apHOHHHX pesOHaHCOB; 

CS) aHaJIHS ,D,aHHhllC no yrnoBoA saBHCHMOCTH ~ nop,TBeJlllS,11.a­

eT p,oMHmtpoBaHHe HsoaexTopHHX aMIJJIHTYA BCSJIHsH /;7" • 400 MsB; 
( a) pesyn&TaThl a.HaJIHsa no AL.=1:(9)-Z:.(x-0) yKasHBaJ>T 

Ha BOSMOJKHyl) CTPYKTYPY B sHepreTHtleCKOA saBHCHMOCTH c MHHHMy­

MOM OOJIH3H fr • 500 MsB. 

KPATKOE CO)J,EPlKAH.VlE PABOThl 

Bo BaeneHHH oCScYlK,ll;aeTca aKTYaJihHOCTb npoBeAeHHHX HcCJie.u,o-
' Balll!:A, ipc>puyJIHpyeTCH HX qeJib H npHB~AHTCJI'. KpaTKOe COA8pttaHHe 

KBJI(,IJ,OR HS rJiaB AHCcepTan;HOHHOA paCSOThl. 

Ilepaaa r~aea ,D,HccepTan;HH noCBHJlleHa oCSsopy rreopeTHqecKKX 

H 3KcnepHMeHTa.IlbHblX paCSoT no .qioTopaCll\8nJiemm .u,eATpoHa 1ol-> pn.. 
B oCS~acTH SHepr~ Bl>lllle IOO MsB. B HeA onHci.maerrca 4>oIJMMH3M 

cnHpaJibHHX aMIIJIHTy,D,, npeACT8BJl8Hbl HX HSOTODHtlecKHe CBOitC'l'Ba, 

KOTOPI:ile npOHBJl.RllTC.H B CHMMeTpHH 3KCD8pHMeHTaJlbHblX Ha6JI11p,aeMHX 
c'4l'f 

OTHOCHT8J1bHO ep :: 'JC/2 npH <tiHKCHpOBS.HHOM 3H8Q8HHH H30CnHHa 
CU,M 

( 
1Jc>TOH8, tlTO nosBO~Jl'.eT no pa3HOCTM H8CSJD>Aa8MHX WJ:S yr~OB 9p M 

cu.H 
Jt:- Gp B~eJIHTh BKJI~ HHTe:ptPepeHD;HOHHblX t1JieHoB THna 

F.$FV (I], r.u,e F" H Fv - cooTBeTCTBeHHO HSOCKaJIHPHb18 H 

H30B6KTOPHH8 aMilJIHTy,IJ,li. IlpHBeAeHH xapaKTePffbl8 Teope'l'Htl8CKHe 

~o,u.enM npon;ecca qioTopaCiqeIIJieHHs .u,eRTpoHa. 06cYlK,ll;amTc.H npHHD;H-
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IlHS..~bHbte TPYAHOCTH B OilHCaHHH CTpyRTYPH ASATpoHa H B OAH03Haq­

HOM ~6ope MSXSHH3Ma npo~ecca cpoTOpaC!l\eIIJieHHs. B § 3 KpaTRO 06-

CYJl',ll,88TCB npo6neMa AH6apHOHHbDC pe30HaHCOB, IlpHBeASHbl HMem111Hecs 

B nHTepaType napJ.\Ha.JihHo-sonHo~e aHa.JIH3H AaHHhDC no ~oTopac~eIIJie­

HHIO AeRTpoHa, yqHThtBM~He BMB,I\ AH6apHOHHhIX peaoHaHCOB. B KOH­

~e rnasbl (§ 4) npoBeAeH o6aop axcnepHMeHTa.JibHHX paCSoT no cpoTo­

pac111enneHHm AeATpoHa B oc>nacTH 3HeprHH Bbllle O,I raB. 

KpaTRO OIIHCaHa 3KcnepHMeHTaJibHM ll!eTOAffKa, HCDOnb3YSMM B H3Me­

peHHfiX acHMMeTpHH ceqeHHs Z:.. peaRJ.\HH rrJ~ Pf1- , H npHseAe~ 

nonyqeHHhle B 3THX pa6oTa.x OCHOBHhle peaynbTaTH. YKasHBaeTCB Ha 

BaJKHOCTb npoBeAeHHB Aa.JibHeRlirnx nonfiPH3aI\HOHHhlX 3KcnepHMeHTOB 

H cpopMYRHpyeTCB ~enb HaCTO.Hll\HX HccneAOBaHHA. 

BTOPa.R rnaBa DOCBSlJllSHa OIIHC8.Hldll SKCDepHMeHTaJibHOR annapa­

TypH, HcnonbayeMO~ AJIB KCCJieAO:ea.HHB peaKL\KH 1tf._, pn-. 
3KcnepHMeHTaJibHhle HCCReAOBaHHB npoBOAffnHCb Ha nyqKe nHHeR­

HO-IlORfi~H30B8.HHhIX cpoToHOB EpeBaHcKoro cHHXpoTpoHa (pHc. I) npH 

3HeprHHX sneKTpoHoB 1=e = I,75, 2,5 H 3,5 I'sB (§ I) [2,3] 

!dOHHTopHpoBaHHe nymm ocYllleCTBJI.HJiocb RBa.HToMeTpoM BHnbCOHa, a 

H3Mepettvie H KOHTpo~b 3HepreTHqecxoro cneKTpa cpoToHoB - c no­

MOll\blO MHoroRaHBJibHoro napHoro cneKTpoMeTpa PJ5 -9 ( § 2) [2] 

liapm.::: .;.J:HTpoMeTp p,5 -9 Il03BORJIJI H3Mepi:rrb cpoTOHHbl~ cneKTp 

OAHOBpeMeHHO AJIH AeBsTH aHaqeHHR SHeprHH ~OTOHOB B o6nacTH 

fl.Er= 0,3Er c maroM 0,03E-o , rAe Er - aHaqeHHe cpeAf ". 

GHepnm napHoro cneKTpoMeTpa. YnpaBJieHHe P:5 -9 OCYllleCTM.IJJIOC.t> . 

B aBTOMaT111qecKOM peJKHMe C IlOM0!11blO 3BM [2) . cHepreTHqecKOe pas­

pemeHMe ( 0(£7)/E7 ~I%) H a~KTHB:-IOCTb perHCTpa.J.\HH P$ -9 6bl­

~H onpeAe~eHbl Ha OCHOBe pacqeTOB MeTOAOM MOHTe-KaPHO· B 3KCile­

pHM6HTaJibHhIX HCCHeAOBaHHfiX HCilOHb30BaJl8Cb JKHAKOAeATepHeBSfi MH-
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meHb (§ 3). B § 4 OlDICHB&eTCB CBeTOCHHbH!id!: MB.rHHTH!id!: cneRTpo­

MeTp [3] , HCilOJihayeMHR AJ!B perHcT~ npoToHOB. CneKTpoMeTp, 

BKJUlllEllll.qHR ABe KllWYDORbHblEI JIKH3H, aHa.JIH3HPYllfill'tlt MaI'HHT H Te­

necKon C~HJfJIS!qHOHHhJX cqeT'IDIKOB, HMen yrnoBOR H HMIIYHbCHHA 

aax:eaTH ~Q • 3,5· ro-3 cp H f5(PJ/P z 3% COOTBeT~TBSH­
HO. OnTHMaJlbHSB KOHcpHrypaI\HB cneKTpOMeTpa H ee OCHOBHble xapaK­

TepHCTHKH 6hlJIH onpeAeneHhl MeTOAOM MoHTe-KaPHo. HeRTpoHH pe­

rHcTpHpOB8.JlllCb c OOMO~bl> BpeM.H-npo~eTHOrO cneKTpoMeTpa [2,4] ' 

BKJll)'l8lllllero I2-MO.JU1RbiihlR AeTeKTop He«TpOHOB (4 x 3 MaTpHqecKoR 

( ~pyKTypH), rOAOCKOll H3 4-x cqeT'IHKOB aHTHCOB118A0HHfl H c~o­
BHA KOHBepTop 2 PSA·AJ!· aqqieKTHBHOCTb perHCTpaqHH HeRTpOHOB 

onpeAeH&JI8Cb c DOMO~bJ) pacqe'l'OB MeTOAOM MoHTe-KaPHO H COCT&B­

n.flJla npmtepHo 25%. ,!VI.a: B~eneHH.a: c.nyqaRHhlX coBlla,11,eHHA MeAl,D,Y 

MaI'HHTHJ:ilM H He«TpOHHiilM cneKTpoMeTpaMH B 3KCOepHMeHTe HCDORb30-

sancs AeTeK'l'Op R ( pHC. I) ~ perKcTpHpyD!llHR qacT~ OT AO­

nonHHTenbHOR MHll!eHH [5] (§ 6). B Ko~e· rnaBH npHBeAeHa 6noK­

cxeMa sneKTpOHHOR ROI'HKH 8RcnepHMeHTa ( § 7). 

Tpe!b.H rnaaa DOCBml\eHa MeTOAffKe aKcnepKMeHTS H KaJIH6poBKe 

annapaTypH. B § I o6cYJKAaeTc.a: sbl6op sKcnepHMeHTSHbHOA cxeMH 

AHB HSMepeHHB acHMMeTpHH ceqeHHB I. peaKL\KH 1rl-;1> ptt c HC­

DOHbSOB&HHeM nyqKa KorepeHTHOI'O TOpM03HOro Ha.nyqeffi!s. PacqeTli 

sKcnepHMeHTSHbHHX napaMeTpoB ( § 2) 6blJIH npo-BeAeHbl MeTO,I\OM MoH­

Te-KaPHo H BKJIIOqaJIH: 

( - MOAeRHpOBaHHe KHHeMaTHKH peaKIJ,HA; 

- MOAeim:poBB.HHe npoQecca perHcTpa~ npoToHoB B Marffi!THOM 

cneKTpoMeTpe; 
- MOAenHpOBaHHe npoQecca perHCTp~HH HeRTpoHOB B HeHTpOH-

~OM cneKTpoMeTpe. 
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Ha OCHO:Be pacqeTOB H pesyJibTaTOB KaJIKOPOBOtnililX HSMepeHHa 

OilpeA0JI.HJiacb sqqieKTHBHOCTb peI'HCTp~ KaK OTA0JibHHX ysJIOB 

3KCil0p:HM0HTaJibHOA ycTaHOBKH, TaK H Beel annapaTyphl B ~e.nOM. 

B § 3 om1ca.Hhl aJiropwrw H npon;e,izypa, HCDOJib8ye:Mhl0 A.JUI on;eHKH 

BKJia,D,a tpoHOBblX npon;eccoB THna Jd..,1lNH$ 1pi-r«'JC/l/lf$, rrJ-.1fllN, 
fd..,.'JC'J'N/11. BKJia,11, aTJIIX npon;eccoB pactmThlB8JICJ'! B npH!SJIHllteHl!IK 

ipasoBOI'O 061.eMa [2] • B § 4 OflHCa.H HCllOJlbSyeM&tA B 0KCll0pHMeHTe 

cnoco6 HSMepeHHJ'! CJiyqaAHblX COBila,D,eHHA, HetzyBCTBHTe.nblihtlt K Bpe-

MeHHoA CTPYKTYpe nyqxoB ycxopKTeJiei! [5]. . ( 
Ka.nH!SpoBRa napHoro, MBI'HHTHoro H HeATpoHHoro cnexTpoMeT­

poB, B TOM qHCJie onpeAeJieHHe OTHOCHTe.nbHHX 3qxp0KTHBHOCTeA Ka­

HaJIOB p $ -9. ycTaHOBJieHl!le noporoB perHCTpa.qHH HeATpOHHOI'O 

cneKTpOMeTpa, onpe,qeJieHl!le peaJlbHOA CB6TOCWlbHOC'l'H MB.I'HHTHOI'O 

Cil0KTPOM0Tpa H T.A. onHcblBB.eTCJ'! B § 5. B § ti OnHCaHa KaJIH!SpoB-
0 ,,.. 

Ka annapaTypbI c f!OMOJJ\bll peaKD;l.fH1f....,JCP H 'QP-il'lr rt (2,3]. 
aaKJIJOtl.8JIJIJ\aJICJ'! B onpeAeJieHHM BpeMeHHoro paspemeHHJ'! HeATpoHHoro 

Bp0ME-IlPOJI0THOro cneKTpoMeTpa, B a!SCOJDOTHOA I'Pa,11,YHPOBKe BpeMJ'!­

npoJieTHOI'O TpaKTa H B on;eHKe 3cpfleKTOB nepepacceJ'!HHA HeRTpoHOB. 

qeTB0pTa.!i I'Jiasa IlOCBml\9Ha OilHCaHHll npon;e,n.ypbl H3MepeHHE 

acHMMeTpHH ce'lJeHK.H E. , 06pa60TK11 ,Il,aHHblX, o6c~eHHll noJIY'lJ9H­

HbJX pe3yJibTaToa. ~ § I onHcblsaeTC.ff 3KcnepHMeHTaJibHaE npon;eAY­

pa, COCTO.H111aE H3 ~Byx OCHOBHbJX 3Tanoa: 

neps!Jrl:i 3TIU1 3aRJII0qaJICR B HacTpOAKe 3RcnepKMeHTaJlbHOR ' 

ycTaHOB!\li (IOCTlllJ;lOBKa 'O - r.ytrna 11 iKl1,I\KO~ei:iTepMeBOA Ml1lll9HH' ( . 

HacTpoiii;n per11cTp11py10!J1eA annapaTypbl, no;rytteffi'!e ny1rna no;rnpHao­

Ba.HHDiX ipoTor: ,'13MepeHlie 3HE'}-f'.)'flflj8(;-{;.::< CilCKTPOB 11 T.,IJ,.); 

BTOpu>l 3TaI1 BJ{Jll()qa.JI HUflDCf..'l',l;l'. ~ ieHHo H3MepeHHe acHW.4eT­

pHl1 ceqeHJ1.H i". 1<'0HTpOJib OCHJ:<:!U./, .Ji\Cflt31Jl1MeHTallbHhlX napaMeTpOB. 

~0 

~ 

06pa6oTKa Aa.HHbllC (§ 2) saKJUOqa.JiaCb B onpeAeJieHHH Bb!XOAOB 

accJie~eMoro npo~ecca, qacJia ~oToHoB B 06JiacT11 saxsaTa eKcne­

p11MeHTaJihHon annapaTypbl H B0JI11tll1Hbl aqxp9KTl1BHOn IlOJIEPl.f3~HH 

'( - KBaHTOB. Ilp11 onpeAeJieHMl1 aRcnepHMeHTa.JibHblX Bb!XO,Il,OB l1C­

noJib30BaJIHCb pesyJibTaTbl BpeME-npoJieTHOI'O aHaJmsa HenTpOHOB 

(pHc. 2). 06~n ypOB8Hb ~OHa B o6JiaCTli IlHKa HenTpOHOB H3 MCCJie­

~eMOI'O npon;ecca He npeBOCXO,IJ,HJI IO% M B OCHOBHOM 6bLJI o6ycJIOB­

JieH CJiyqaibililMH COBna,11,eHH.f!MH (nYffKT11p Ha p11c. 2). 
Ha p;ic. 3 aKcnepHMeHTaJibHble Koop,n,HHaTHble pacnpeAeJieHHR 

( ,eATpoHOB MS pea~li, rel-> pn. cpaBHlllBalOTCE C pe3YJibTaTaM~ 
pacqeTOB. Ka.K BH,ll,HO H3 pHCyHKa, MeJi'i,ll,Y 3Rcnep11M0HTOM H pacqeTa­

MH Ha6JillAaeTC.H YAOBJieTaopHTeJibHoe corJiac11e c y'lleToM 3qxp9KTOB 

nepepaCC9.ffHl1E (rJI. 3, § 6). a~KTHBH09 qJ.!CJIO tPOTOHOB, COOT­

B0TCTBYIJII\09 saxsaTy 3KcnepHMeHTaJlbHOA annapaTypbl, 11 B0JI11llHHa 

sqqieKTHBHOn noJisq>H3an;HK Oilp0A0JIEJIHCb Ha OCHOB0 3HepreTI.fqecKHX 

cneKTpos Er~ B o6JiacTH saxBaTa annapaTypbl, HaxonJieH­

HblX B XOA0 Ha6opa cTaTl1CTHKH (pHc. 4). 

AcHMMeTpM.H ceqeHHE Z: onpeAeJIRJiaCb no ~opMyJie: 

[_ _ CJ. - Cu 

- A1C.L. + P.t.Cll 

rAe CJ. 111 C II - SKcnep111MeHTaJibHh!e BblXO,!Vils npHBeAeHHble 

K OAl1HaKOBblM 3~KTHBHblM qHCJiaM cpoTOHOB ,Il,JIE COOTB9TCTByioillKX 

( ,p11eHT~A aeKTopa noJI.!ipHaan;HH, PJ. 11 Pu - cooTaeTcTBYllll\Me 

c9JI11llHHbl a!f4ieKTl1BHb!X noJI.Hpl13an;HA ipoToHoB. Oll!l16Kl1 B aeJI11qHHe 1: 
BKJIJ0qa.n11 cTaTHcT1t1'llecK11e ow116K11 B onpe,n,eJieHHH C.L 11 C11 M ow116-

KH {"- IO%) B onpe,D.eJieHKH P.i. 11 P11 • Ilo;ryqeHHble pesyJibTaTbl 

,IJ,JIE L. np11ae,I1,eHbl B Ta6JIH4e I. TaM JKe npHBe,n,eHbl aHa'tleHM.ff ,n,11ip-

II 



/ 
ipepeHI:\KBJibHblX ceqeffiiJ;i, noJiy-qeHHble Ha OCHOBe BWCO,D,OB C.L , C /I 

H pacqeToB MeTo,11,oM MoHTe-KapJio. PesyJibTaTbl no ,D,H~peHI:\KaJibHO­

My ceqeHHn B npe,11,eJiax sosMmKHoJ;i CHCTeMaTHqecKoA omH6KH IO f 20% 
COJ'JiaC;yK:TC.tl c aHaJIOI'HllH.blMH ,D,a.HHblMH, noJiylleHHh!MH B ,11,pyrmc JiaCSo­

paTOpH.RX, qTo, B CBOD oqepe,11,b, nO,D,TBepllr,ll;aeT KoppeKTHOCTb SKCne­

PHM9HTaJibHOJ;i M9TO,D,HKH. 

PeayJibTaTY HcCJie,D,oBB.HHJ;i 06cJ')ll,Il,ailTC.11 s § 3. TioJiy-qeHHhle 

peayJibTaTbl ,D,JIR acHMMeTpHH ceqeHK.11 ~ [6, 7 ,8,9] (Ta6JIHI.\a I) 

npHae,11,eHY Ha pHc. 5,6,7, r,11,e OHH cpaBHHBSIOTCR c npe,11,cKaaaHHK­

MH paaJIH'llHl>IX TeopeTHqecKHX Mo,11,eJieA. AaHHhle no SHepreTHqecKoA ~ 

aaBHCHMOCTH z: [7 ,8] (pHc. 5) He COI'JiacyioTC.tl c pacqeTa.MH 

Orasa H ,D,P., la:ate H pesyJibTaTB.MH nap~BJibHO-BOJIHosoro 8.HaJIHsa 

"ToKHo-78", yqHTHBSll~ero BKJIB,11 ,D,H6apHoHH!XlC pesoHattcos. CorJia­

c11e MeJK,17.Y yrJioBblM nose,11,eHHeM sKcnepHMeHTaJibH&IX ToqeK H Teope­

THqecKHx KpHBblX [8,9] (pHc. 6) B ~eJIOM Hey,D,OBJI0TBOpHT9JibHOe 

aa HCKJIJJqeHHeM AaHHHX: npH E"( • 500 MaB, r,11,e Ha6Jm,D,aeTC.fl Ra­

qecTBeHHoe corJiac11e SKcnep11MeHT8JibH&1X ,D,a.HHlilX c pesyJibTaTBMM 

iJeH0MeHoJior11qecKoA Mo,11,eJIH Orasa H AP· Ha pHc. 7 3KcnepHMeHTaJib­

.-1ble ,D,aHHble no Z::.. cpaBHHBSllTCK c npe,11,cKaaaHHrorn nap~8JibHo-soJI­

HOBblX 8.HaJIH30B "XapbKOB-84" H "ToKHo-84", BKJil)qSl)~HX ,D,H6apHOH­

Hble pesOHaHCbl. KaK .BH,ll,HO HS p11cyriKa, pesyJibTaTbl aHaJIHSa "Xapb­

KOB-84" KaqecTB9HHO BocnpOH3BO,D,.flT nose,11,eHHe 3KcnepHM9HTaJibHWX 

P.a.HHblX no yr;rosoa aasHcKMocTH L npH £r .. 400 MsB. Cor-

JiacHe peayJibTaTOB napLµ!aJibHO-BOJIHOBOI'O 8.HB.JIH3a "ToKHo-84" c .. 

HaCTO.flll\iolMH 3KcnepHM9HT8JibHblMH ,D,aHHblMH RBJIK0TCK Hey,11,oBJieTBOpH-< . 

TeJibHh!M, ocoCSeHHo B o6Jiacm sHeprHA Ea-~ 500 M3B. 

KaK OTMeqaJIQCb paHbme, paaHOCTH Ha6Jm,D,aeMh!X AJIK YI'JIOB 
CU,/'f <:U,M 

0p 11 TC-Sp tzyBCTBHTeJibHbl K BKJIB,IIBM HHTepPepeHI:\KOHHblX 
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ij 

( 

( 

qJieHos TKna F~FV' , a ,11,oMHHHpoBB.HHe HaocKaJI.flPHoR HJIH 11so­

BeKTOpHoR aMIJJIHTY,D,bl npHBOAHT K cHMMeTpHtlHHM yrJIOBblM nose,11,eHH-

ecu.H O 
RM Ha6Jm,D,aeMblX OTHOCHT9JibHO p "' 90 • HaCSJm,D,aeMM CHM-

MeTpH.fl B yrJIOBOM nose,11,eHHK 3KcnepHMeHTaJibHblX ,D,8.HHhtX no acHM­

MeTpHH ceqeHHR Z. AJIK E 'O' = 400 MsB ( pHc. 7) yKaab!BaeT Ha 

CJiaCSocTb npO.RBJieHHK HSOCK8JI.flPHblX aMIIJIHTY,D, B6JIH3H BOS6J')ll,Il,eHHK 

11 - Hso6apbl H TeM CSMblM HSOCKaJIKpHbIX ,D,H6apHOHOB. Ha pHc. 8 

IlOKaaaHa 3HepreTHqecKM saBHCHMOCTb ti!.. = z::.ce) -L(1r- e) ' 
clJ,M 

noJiy-qeHHa.ir Ha ocHoBe HacTo~ ,D,aHHb!X no Z:. ( Gp • 45, 
O eCU,M O [ J 65 ) H AaHH!XlC BoHHa ( p = II5, 135 ) I . KaK s~o HS 

pHcyriKa, Ha6JID,11,aeTCR CJia6BJl: CTpyKTypa c MHHHMyMOM B6JIHSH fr= 
500 MsB. 0TCyTCTBHe aHaJIOI'HllHOR CTpyKTypbi B 3HepreTHqecKoA aa­

BHCHMOCTH I:. BOSMOJltHO 06'b.RCHRTb MaJiblM BKJIB,JJ.OM H30CKaJIKpHHX 

a.MIIJIHTy,J:l, CHJibHee npOKBJismJl!HXC.fl B {j"E.(13) sa cqeT HHTepipepeH­

~OHHhlX q;reHOE (!] . 
B saKJIDqeHHH ~OpMyJIHPYJ>TCK OCHOEHble pesyJibTaThl ,D,HCcepTa­

~OHHoa pa60Tbl, BblH9C9HHhle Ha 3aiqHTy. 
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Ta6JIH_Ya l 

£f' (MeB) 
C&4~1'f~··· 

9p (rp~) L. ~(MK6/cp) 
398 ± 2I 45 :!:: 0,7 -0,02 ± 0,04 1,70 :!:: 0,08 

39b ± 22 55 ± 0,8 0,04 ± 0,05 1,80 ± 0,08 

395 ± 24 65 ± 0,9 0,28 ± 0,05 1,75 ± 0,08 

44? ± 24 45 ± 0,8 0,06 ± 0,06 1,15 ± 0,05 

446 ± 25 55 ± 0,8 0,01 ± 0,05 1,29 ± 0,06 

446 :!:: 26 65 ± 0,9 0,08 ± 0,05 1,16 ± 0,05( 

497 :!:: 33 45 ± 2,5 -0,15 ± 0,05 0,95 :!:: 0,05 

500 ± 26 55 ± 0,8 -0,IO ± 0,05 0,90 ± 0,04 

496 :!:: 28 65 ± 0,9 -0,06 ± 0,06 0,93 ± 0,04 

548 ± 27 45 ± 0,8 -0,18 ± 0,05 0,92 ± 0,04 

54b :!:: 28 5b :!:: 0,9 -0,25 :!:: 0,05 0,88 :!:: 0,04 

b47 :!" 30 65 :!" 1,0 -0,02 ± 0,05 0,84 ± 0,04 

59tl ± 40 45 ± 2,b -0,18 ± 0,05 0,60 :!:: 0,04 

59b ± 42 55 ± 2,o -0,28 ± 0,05 0,65 ± 0,04 

600 ± 32 65 :!:: 1,0 -0,25 :!:: 0,05 0,55 :!:: 0,03 

598 ± 34 75 ± 1,1 -0,20 ± 0,07 0,'74 ± 0,04 

b97 ± 37 8b ~ 1,2 -0,03 ::!. O,Ob 0,67 :!. 0,04 

592 ± 39 94 :!" l,.<: -0,15 :!: 0,07 0,5 ± 0,03 

t..>96 ± 32 45 ± U,b -0,23 ± 0,05 0,38 ± 0,02 

693 ± 34 bb ± 0,9 -0,3.<: ± 0,05 0,30 ± O,~r· 
093 ± 3o ub .!: 1,0 -0,30 ± O,Ot.i 0,33 ± 0,0' 

693 ± 38 ?E.i ± :i,I -0,15 ± O,Ob 0,20 ±" 0,01 

b9b ± 313 t:lb ± l,I -0,34 ± 0,08 0,25 t 0,02 

698 ± 41 9b ± 1,2 -0,18 ± 0,07 0,28 ± 0,02 

79ti ± 35 40 ± 0,9 -0,38 ± 0,07 O,Io ± O,OI 
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( 

Ta6JIHqa l (DPQ80JD1teHHe) 

Et<MaB) 0~4~;-~) L l-<MK6/cp) 

797 ± 38 55 :!: 1,0 

794 ± 41 65 ± 1,2 

792 ± 44 75 ± 1,2 

?96 ± 47 85 :! 1,2 

795 ± 52 95 ± 1,3 

-0,42 ± 0,07 

-0,34 ± 0,0? 

-0,24 ± 0,07 

-0,45 ± 0,08 

-0,28 ± 0,07 

;:·' :; '.•·J; 1.~tJg£~r~f~,o--tf:<>."::~ 

0,17 ± 0,01 

0,13 ± 0,01 

0,13 ± 0,01 

0,13 ± 0,01 

0,17 ± O,OI 

'f 
~ .. ~ 

~ 
~ 

E.-.. -.--

P11c. I 

lu 
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IlQ!UlliCH K PHCYHKAM 

PHc. I. oKcnepHMeHTa.7lbH8.J'I ycTaHOBKa: D - aJD183HM MM111eH1>, 

I< - KOJIJIHNaTopa, .SM - O'llH!q8.l)IJ\He Mal'HHTbl, p $ -9 -

napH~ cneKTpoMeTp, BFJ.+ 3, BBi + 3,:>Fi + 3, ,SB -

c~THJIJI~OHHhle cqe'l'llHKH TeJiecxonos napHoro cnexTpo­

MeTpa, Pb - cBH~OBM ;aiqHTa, L.D2 - JllHAKOAeRTepH­

eBaS ( BOAOP0Aft8.JI) MHllleHI:>. ,., :5 - MaI'HHT~ . cneKTpo-. 

MeTp,/!/~ - HeRTpOHH~ BpeM.a-npoJieTH~ cneKTpoueTp, 

( C - KOHBepTop1i1, M. - 61i1CTpmt uoHHTop, Sc - JIHBHe­

soA cqe'l'lDfK, G. - KBaHTOMeTp. 

( 

PHc. 2. Bpeu.a-npoJieTmre cneKTPlil HeRTpOHOB H3 peaI<qHH a'"'* pn... 
IlyHKTHpHaa rHcTorpauua - BKJI~ c~ COBD~eHHR. 

lliHpHHa KaHa.718,.... I,2 uc. 

PHc. 3. PacnpeAeJieHH.a HeaTpoHOB H3 peaKI!HH 1ti-9 pn. no CTOJI­

CSqa.M H no cTpOKaM N$. ToqKH - aKcnepHMeHT, rHcTorpaM­

Ma - pesyJI1>TaTH pacqeTOB MeTOAOM MouTe-Kap.no. 

PHc. 4. auepreTHtiecKHR cneKTp H pacqeTHM KPHB8.JI DOJiapH3a.qHH 

~M. I'HcTorpaMMa - auepreTHqecKHA saxsaT axcnepHMeH­

TaJibHoR ycTaHOBKH. 

PHc. 5. auepreTHtiecxa.a 38BHCHMOCTb acMMMeTpHH ceqeHH.a z:. pe­
CU,M 

axqHH 0r)-;. p fl- ,IVI.a yrJIOB BWieTa npoToHa B Cl..(M Sp • 
• 45,55,65,75,85,95°. To~ . • - Xap1>xos, e - HaC­

TO.fillla.a pa6oTa. KpHsae - peayJI1>TaTa pactieToB: ABofbia.a 

mTpmmyuKTHpHa.a - JlWKe, 111TpHXIIyHKTHPHa.ii · - Orasa H AP. , 

DyHKTHpHa.a H CDJlOmHa.a - "ToKHo-78" c yqeTOM BKJI~a AH-

6apHOHHNX pesoHaHCOB !(3-), 0(1+) H 1(3-), 0(3+) COOT-

seTCTBeHHo. 

2I 
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?He. 6. YrJIOBBJl saBHCHMoc·1·J> acKMMeTpHH ce'lleHK.r. Z:. peaKQHH 

'(d.~ pfl- ,!VI.ft saeprmi: lflc>TOHOB B JiaCS. CHCTeMe £ 'O ... 
• 0,4 .;. 0,8 rsB. ToqIGl: 0 - ~acxaTH, x - BoHH-?9, 

• - BoHH-82, • - XapbKOB, • - HaCT0$Ul\M pa<SoTa. 

I\pHB:cre - pesyJibTaTH pacqeToB: IDTPHJCIIYHKTHpHM - Ora:sa. 

H ,JU>., ToqetmaH - Yaexe, nyHKTHPHaSI H cllJiolllH8.ft -

TOKH0-78. 

PHc. 7. YrJioB8J! samtcHMOCTb acHMMeTpHH cet1eHH.ft J:. peaKL\HH 

7d ~ pn.. ,!VI.ft SHeprKH qx>ToHa B Jia!S. cHcTeMe E '( = ( 
• 400, 500, 600 MsB. ToqKH - cM.prn:c. 6. KpHBble - pe­

synbTaTbl pacqeToB: TO'll6'11HM - XapbKOB-84, CIIJIOlllHSH H 

mTpIDCnyHKTHpHaH - ToxHo-84 cooTBeTcTBeHHo !Ses yqeTa 

H c yqeToM p,11<SapHOHHCllC pesoHaHCOB I(2+}, I(3-) H 0(3+). 
' * .. i' 

PHc. 8. cHepreTH'llecxa.ft 38BHCHMOCTb flI:.(9p)=Z:.(9pJ-L,('J(- €Jp) 

P,JIH YI'JIOB BHJieTa npoTOHa B C1l,M e; • 45, 650, 

cxcnepmaeHT8JlbHhl6 ToqKH - CM, B T6KCT9, KpHBblEl - Te 

:ate, 'llTO H Ha pHc. 5. 
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