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ORUAfi XAPARTEPHCTHKA PAEO'ill 

AKTyMnHOCTb TeMH. Pa3BHTHe qiH3HKH 3JieMeHTapHNX qacTHU HepaapHB
HO CBSI38HO C -q,opMHpOBalilleM npe,ncTaBJieHH:il: 0 BHyTpeHHeM CTpOeHHH a.npo
HOB. B OCHOBe COBpeMeHHllX npe,ncTaBJieHHtt 06 ID{ CTpoeHHH JieJKaT KBaPK
napTOHHHe MO,I{eJIR. HcCJie,noBaHHe C.HJI, CB.!l3llBalOllllDC 1rnapKH B a,npoHaX, OT
HOCHTC.fl K O,nHO:il: R3 Bal!!Hefunmc o6JiacTett <pHSHKH 'laCTHU. 3TH CHJl!,l npo.!lB
JiflllTCR KaK B cnexTpOCKOIIHH 8JU)OHHWC COCTORHHtt, TaK ll npH o6pa30B8HllH 
8,npOHOB ll3 KBaPKOB B T.H~ _npoueccax a,npoHHsaUJ,IH. ilo3TOMY noJIY'{eHRe 
HOBllX 3KcnepHMeHTMbHWC ,naHHWC B KaJttnOM HS yi<asaHHWC HanpaMeHHA ll03-
BOJI.!leT yr.ny6HTb cynieCTBJ'l)l!IH0 npe,ncTa·BJieHH.!l O {1JH3HqecKott rrpllpo,ne C.HJI, 
.ll;e:ltcTBYJOIIIHX Mellr,llY KBaPKaMH B a,npoHax. 3Ha'-OiT8Jil,llllll HHTepec B 3TOA 
CBSI3.lf BblS!IBalOT 3KCnepHMeHT!i no cneKTPOCKOim.lf a,npOHOB, oco6eHHO no no
.lfCKY ll .lfCCJI8,I{OBarum MHOrOKBapKOBllX COCTO.!lHHtt. 

Baa:HMo,nettcTBHe KBapKOB B a,npoHax onpe,neJI.!leTCR saKOHaM.lf c.lfMMeT
P.lf.lf, KOTOp!lM IlO,I{'{HH.RJ)TCR HX CTeneHH CB060.llll. CBRSb KBaPKOB B a,ItPOHax 
ocyniecTBJIR6TCR 6Jiaro,napR Ha.lI.lf'llm y HIDC UB6TOBllX 38PMOB, npHBO.wmtlD{ 
K BSaHMHHM Inl8TOB!lM CHJiaM. SU (3) C.lfMMeTpH'!Haf! KapT.lrna In38TOBRX CTe
neHeH CB06o,nu H YCJIOBHe HeBHJieTaHHR KBaPKOB HS a,npOHOB, a,neKBaTHOe 
Tpe6oBaHHD 6ecUBeTHOCTH Ha6JIJO,naeMHX COCTORHHtt, orpaHHtmBaDT BOSMOX
Hlle BH,ll;ll Inl8TOBOtt CBffSH JI)IIl 06u'!HWC MeSOHOB HJIH 6apHOHOB, COCTORIIIHX 
COOTB8TCTB8HHO R3 KBapKa H aHTHKBapKa ( qq ) HJIH Tpex KBapKOB (-qqq ) • 

.BH,ll IU38TOBOtt CBR3H ,nJiiI TaKHX KBaPKOBHX CHCTeM MO~eT 6UTb TOJibKO TpH
wreTHHM, B 6o~ee CJIOXHWC KBapKOBWC KOHqJHrypawrnx MOryT npORBHTbC.!l 
,npyrne BH,Itli IUleTOBOtt CBRSH. HanpHMep, B 6ecIU3eTHWC 6apHOHax, COCTO.!l
IIIHX H3 WITH KBaPKOB (qqqqq }, CBR3b M8lKJlY RBaPKaMH MOllteT OCYJlleCTB
JlHTbCR, KPOMe 061l'lHUX TPHTIJieTH!lX, Taxxe OKT6THl1MH H ceKCTeTHl:lMH IU36-
'l'OBllMH C'HJ!aMH, 3TO IIPHBO.I{HT K Ka'l8CTB6HHOMY pacWHpemoo cneRTpOB coc
TommA MHoroKBapKOBliX a.nIJOHOB no cpaBHemno C Odli'lliblMH, CyniecTBOBaHHe 
MHOroRBapKOBllX COCTommtt, TaKHX, KaK ( qqqq ) , ( qqqqq ) J ( qqqqqq ) ll 
JU)., He sanpemeHO B PaMKax H3BeCTHHX IIpe,ncTaBJieHHtt O RBapKaX H CXeM 
RBapKOBoro CTpOeHH.!l a.npOHOB. IIoaTOMY Bonpoc 06 .lfX Ha6JmnaeMOCTlt HOCHT 
npRHUHIIHMbHllA xapaKTep. OrcyTCTBHe B npnpone TaKHX o6~eRTOB IlOTpe6o
BaJIO 6u HeTpHBHMbHWC ,I{OilOJIHeHHtt R cynieCTByiotitett RapTHHe CTpoeHH.!l a.n
pOHOE. C ,npyrott cTopoHll, ~aY'{eHHe cBottcrn MHoroKBapRoBHX a.npoHOB, B 
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CJIY'I88 rue 06HapyiK8HllR, M0'1t8T np:imecTH K BWUlJI8Iill!O HOBHX mmoB c:i,ur, 
CBJI3lffiaJOlllHX KBaPKll B a.n:poHax. 

KaK TeopeTnqecKU, TaK ll 3KcnepnMeHTaJibHO, 6H~O noKaSaHO, qTo B 
.impax npncyTCTBYlOT KBapRoBl:le KJiacTepu, 6oRee CJIOXHHe no CTPYRTYPB, 
qeM TpeXKBapROBHe 6apnoHH. Brumoe 3HaqeJme HMeeT ~OKa38TeRbCTBO cy
mecTBODaHHH MHOroRnapROBHX a.n:poHOB B CB060,nHOM COCTORHHH. IlOHCK Ta
RIDC COCTOmmtt BKJIIOqeH B nporpaMMH 3KcnepHMeHTaJII,HHX HCCJie~OBaHHH, 
npOBO~ Ha Bcex. KpynHefi:a:Iruc YCKOpKTeJLRX 3ReMeHTapHHX qacTnu. K HaC
TORW8MY BpeMeHH saperncTpnpOBaH PJm ~TOB B MHoroRBapKOBHe coc
TORHHR. 0,nHaKO no~yqerurue 3RcnepHM8HTaJibHHe ,ItaHHHe O 6o~um:HCTBe H3 
HIDC He noSBO~JilOT O,nH03HaqHO HHTepnpeTHpoBaTb rue, HJW Tpe6yioT ~ono~
HHTe~bHoro 3KcnepHMeHTa~bHOro no~TBe})JK,!l;eHHn. CymecTBYlOlllHX ~HHHX He
~OCTaToqHO TaIOKe )J.JISI CHCTeMaTH38UHH 06HapYJKeHHHx COCTORHRfl no B03M0'1t
HHM MYRbTHTIReTaM. Il03TOMY npHJlUHilRaJll,HO BaJKHOfl sa~qeit OCTaeTCR noHCK 
HOBHX CTaTHCTHqecIW o6ecneqeHHWC COCTommtt H, B Myqae RX o6HapYJKeHHR, 
BC8CTOPOHHee HCCJie~OBairne rue CBOHCTB. 

3KcnepHMeHTa~bHO 06HapYJKeHHOe .!lllJieHHe 3HaqnTe~Hott noMpHSauHH 
rnnepoHoB, po.lll',I(eHHIDC B npoueccax ~paI'MeHTauHH HenoMpHsoBaHHHX a,zwo
HOB, TaIOKe MO:HteT CBMeTeRbCTBOBaTb O npo.!lllJieHHH CM, CBJI3HBaJOlllHX KBap
Kll B a,n:poHax. ThnepoH, o6pasoBaHHHtt B npouecce ~parMeHTaUHH, qacTHq
HO COCTOHT HS KBapROBHX ~pal'MeHTOB nepBH-rmoro 8,llPOHa,a qaCTHtffiO - HS 
BHOBb o6paSOBaHHHX ~ no~qeHHHX HS MOPR KBaPKOB. CocTORHHR KBap
KOB B 6apHOHax (rnnepoHax) xopomo OilHCHBalOTCR BOJIHOBOii ~ett, 
su(6) CHMMeTplllffiofl no apoMaTaM H CilRHOBHM COCTORHRflM *, qTo nOSBO

MeT onpe~eRHTb COOTBeTCTBHe Me.lll',I(y no~nsauaen 6apHOHa H CilHHOBHMH 
COCTO.fiHIDIMH BXO~ Bero COCTaB KBapKOB. i;topMHpOBaHHe CilHHOBHX' coc
TORHRii ~PROB M0'1t8T npOHCXO~Tb,, B qacTHOCTH, sa cqeT cwr, BOSHHKa
lOlJlHX Me.lll',I(y KBapKaMll B, npouecce RX 8,llPOHHSaUHH. IlpH T8KOM MexaHH3Me 
no~H38UHH OHS saBHCHT OT HCTOqHHROB o6pasoBaHHR BOme~ B 6apHOH 
KBaPKOB._ B 3TOH CBRSH CTpaHHHe WIH oqapOBaHHHe KBapKH HrpaJOT BH~e~eH
RYlO PORb, nocKORbey ~ KOHKpeTHOH peaRUHH po.lll',I(eHHR co~ep,icamero rue 6a-, 
pHOHa H3BeCTeH HCTOqJmR 3TIDC KBapKOB - BaJiellTHHe KBapKH nepBH-rmoro 
8,llPOHa, ~ Mope KBapKOB. 

B noCJie,nHee ~eCRTMeTHe BOnpocaM noMpHSaUHH'HHKJIJ03HBHO po.lll',I(eH
HHX I'HI}epoHOB y~eMeTCR 60Rbmoe BHHM!llil!e· PaSBHTH ~HOMeHORornqecKHe 
MO~e;m, B KOTOpHX ~aHH He TO~KO KaqecTBeHHHe, HOH KO~eCTBeHHHe 
on;eHKH 3'l'OI'O . .!lllJieHHJI. B psme HS HHX no~HSan;HJI 06'bJICHJieTCR KaK pe..:. 
SY~TaT CilHH-op6HTMbHOro BSaHMO~ettCTBHJI KBapKOB B nMe CM, CBJISH
BruolllHX JDC B 8,llPOHH. 

*Jnpn OnHCamm 6apHOHOB, co~ep,icanm:x oqapoBaHHHe KBapKH, HCn0~3YlOT 
su(B) cHMMeTpH~YlO BOJIHOBYlO qJyllKUHJO. 
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BosMOll\llOCTb HHKJIRlSHBHOro no~o~a K HCCJie~OBaHIDO .!lllJieHHJI noJI/IpH
San;HH nmepoHOB JIBMeTCR BaJKHHM 06CTORTeRbCTBOM, npHBO,lUilllHM K cymecT
BeHHOMY ynpomeHIDO psma BonpocoB npH nocTaHOBKe 3KcnepHMeHTOB. 3To nos
BO~O TaIOKe saperHCTPHPOBaTb ~OCTaTO~O 60RbWY10 CTaTHCTHey rnnepOHOB, 
Heo6xo~ )J.JISI npoBe~eHHR TaKIDC HCCJie~OBaHHH. B HTore 6HJW nOJIYlleHH 
o6lI!HpHHe 3KcnepHMeHT~HHe ~aHHHe no nOMPH38Ul{H rnnepOHOB, o6pasOBaH
HHX pas~HHMH aJlPOHaMH B mHPOKOM ~!1Il8SOHe 3Heprntt. 0,nHaRC Cym8CT
BY10l11He ~aHHHe He OXDaTHBalOT MHOrHX acneKT?B 3TOro RMeHHJI, HMelOl!IHX 
Ba:HtHOe SHaqeHHe )J.JISI ero BCeCTOPOHHero HCCRe~OBaHHR. 

Hal'r6Mee no~o6Ho :irnyqeHa noMpHsan;HJI A0 
, o6pasoBaHHHX B a,zwoH-

8,llPOHHHX H 8,llPOH-smepHl:llC BSaHMO~ettcTBIDIX. Ms cymecTBYJO!llliX ~aHHHX CJie
~eT, qTo no~nsaIJ;HJI A0 

saBHCHT OT THna a,n:poHa, B o6RacTH ~parMeH
TaUHH KOToporo OHH o6pasoBaHH. 0.nHaKo He CHCTeMaTHSHpOBaHH ~aHHHe 0 
BOSMOllllloii saBHCHMOCTH no~HsaUHH A0 

OT aToMHoro Beca (A) ~ep MHme
HH H He noJIYlleHH KOJm:qecTBeHHHe on;eHKH TaKott 38BHCHMOCTH. IlOJIYlleHHe 
3KCnepHMeHTaJibHHX ~aHHHX no A-saBHCHMOCTH no~HSaUHH A
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npe~cTaBJI/I
eT cymecTBeHHHfl HHTepec )J.JISI BHJICHeHHH poJW smep B noMpnsauim rnnepo
HOB H, Me~oBaTeRbHO, nsyqeHHR MexaHHSMa 3Toro RMeHHR. 

Ilo~H38IJ;HJI ~yrnx rnnepOHOB HCCRe~OBaHa He TaK no~o6HO, KaK 
llMJipHSan;HJI A0

• HanpHMep, KO BpeMeHH s~BepmeHHR aKcnepHMeHTaJibHHX 
HCCRe~OBaHHit, nORO:HteHHWC B' OCHOBY ~csepTaIJ;HH, He 6HRO HHKaKHX ~y
rIDC ~aHHHX, a K HaCTOHm8MY BpeMeHH ony6RHKOBaHH ~aHHHe e~HCTBeHHoro 
3KcnepHMeHTa no noMpHsaIJ;HH ==-, o6paSOBaHHHX B 06RaCTH ~parMeHTa
Ul{H HYKJIOHOB. KBapKOBHtt COCTaB H COOTHOWeHHe Me.lll',I(y paSJWqHHMlf HCToq
HHKaMH KBaPKOB (Mopcrrae HJW BaJieHTHHe) ,o6pasyionm:x -=:_- B npon;ecce 
~parMeHTaUHH HYKJIOHOB, OTRHqaIOTcJI OT aHaJiornqHHX xapaKTepncTHK A0 

IloBTOMY ITOJIYlleHHe aKcnepHMeHTaJII,HHX ~aHHHX no no~nsauax -=- Heo6-
xo.IO™o )J.JISI npoBepKH Mo~e~en, oTIHCHBaJOlllHX .!lllJieHHe noMpnsaIJ;HH. 

Oco6utt HHTepec npe~cTaBMeT cpaBHeHHe noMpnsauan CTpaHHHX CA
0

) 

H oqapODaHHHX CA~) 6apHOHOB, poJ!,!teHHHX B O~HaKOBHX YCROBHRX. BoRHo
BHe ~YHKUHH 3TIDC 6apHOHOB HM9IOT cxo~n BM, a HX pasRHqne CBO~TCJI K 
pa3JUNmO CTpaHHoro (s) H oqapOBaHHOro (c) KBapKOB, BXO~ B COCT8B 

Ao + 
I\ n Ac cooTBeTCTBeHHo. CnRHoBHe cocTOHHHR 3True RBaPROB onpe~eM-

JOT noJI/IpHaarnm COOTB8TCTBYlOmIDC 6apHOHOB, IlOCKORbey ~yraJI napa KBap-
'AO A+ 

ROB KaK B /\ , TaR H B /\c , xapaKTepnsyeTCR HYReBHM Cy-MMapHHM CilHHOM. 
Macca C-KBapKa B HeCKO~KO pas 60Rbme, qeM MaCCa B -KBapKa. IlOBTOMY 
cpaBHeHHe nMJipnsanidt AO 

HA~ nosBoRHT BHHCHHTb p~ Macca KBaPRa B 

JIMeHHH no~HSaIJ;HH HHKJIDSHBHWC I'HilepOHOB. no HacTogmero BpeMeHH He 
cymecTByeT aRcnepHMeHTaJII,HHX ~aHHHX no no~H38UHH A: , KpoMe pe
syRbTaTOB, Bome~ B ,ItHCC8PT8UliJO. OrcyTCTBRe TaKIDC ~aHHHX CBJIS8HO 
co CJioimocTJIMH per.HcTpaUHH Heo6xo,nHMott cTaTRCTRRH A~ na-sa Ma.noro 
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cetiemrn we o6pa3oBamrn n 6om,moro ypoBH.R co.nyTCTBYJO!UHX qic>HOBUX, co6u
Tnii. 

PemeHHe nepe'lllCJieHHUX BOilpOCOB IJMeeT BruKHOe 3HatieHUe ,nJIR BCSCTO
pOHHero aHa.mrna sra1ieHUR no.11.flpnsan;im, pasBnTnJI npe,ncTaBJieHnii o ~ro Me
xaHH3MaX H, CJie,nonaTeJ!bHO, ,nJIR :irny-qemm B38llMO,I(8HCTBllik1raapKOB npn 
o6pa30BaHHU a,npoHOB. 

0CHOBHOH UeJioID pa60TU RBJUleTCR IlOJiy-qeHne HOBOH HHqiopMa[(HH O CU
Jiax, CBfl3llBaIDUlllX KBapKn B anJ)OHax, nyTeM 3KCnepUMeHT8JlbHOro HCCJie,no
B8HllR 6apnoHOB, CO).J.8p.iK[liJl:iX CTpamrue H O'l8POBaHHUe KBaPKn, B npon;eccax 
~parMeHTan;nn HeilTpOHOB. 

3TH HCCJie,noBaHnR npoBO,nllJIHCb no ,I(BYM HanpaBJieHIDIM: 
- IlOHCK H H3YlJ:eHne o6Hapy~eHHoro MHOrOKBapKOBoro 6apnoHa; 
- H3YlJ:eHne noJIRpn3an;nn cTpaHilliX n otiapoBaHHUx 6apHOHOB, po~eHHlIX 

HHKJIB)3HBHO B H8iiTpOH-fl,nepHHX B38llMO,I(8HCTBHRX. 
3KcnepllM8HTU, IlOJIO~e1rnue D OCHOBY .nnccepTan;llOHHOH pa6oTU, 6UJ!ll 

npoBe,neHU B 1975-1984 rr c noMonu,m cneKTpoMeTpOB EWC, pacnoJIOJKeH
HlDC B HeiiTpaJibHOM RaHaJie 4H cepnyxoBCROro ycKopHTeJI.fl. B 3KcnepHMeHTax 
6UJia 3aperHCTPHPOBaHa HHqiopMan;nR, COOTDeTCTBYJOutaR ~2,6·107 H8HTPOH
R.n8PHllX B3allMO,I(8HCTBHH. AH8JIH3 3TOH HHqiopMan;nn H noJiy-qeHUe qlli3H'l8CKIDC 
pesyJibTaTOB ocymecTBJ!flJ!llCb B fuicTHTyTe qlli3lrnlt BHCOKHX 3Heprnii T6n.mrc
CKOro rocy,napcTBeHHoro YffHBepcnTeTa n B Jia6opaTopnn BUCOKRX sHeprntt 
06~8,nHHSHHOro llHCTHTyTa .fl,I(epHlDC HCCJie,I(OBaHllii Ha 3BM cepnn EC, C~C-
6500 H E3CM-6. 

HOBll3Ha pa6oTU COCTOHT B TOM, 'ITO: 
- o6HapyJKeH HOBUH Y3Knii 6apnoHHUii pesoHaHC N (1960) H H3YlJ:eHll ero oc

HOBHUe xapaKTepHCTHKn; 
- nnepnue CHCT8MaTll3HPOBaHa 38BHCllMOCTb TIOJIRpH38n;nR /\

0 

• o6pa30BaH
HllX B HYKJIOH-R.nepHUX B3anMO,neiicTBHRX, OT aTOMHoro Beca .fl,I(ep MIDIJeHU~ 
H Il0Jly-q8Hll ee KOJIH'leCTBeHHUe on;eHKn; 

- Bnepnue H3MepeHa IlOJIRPH3an;nR -=--, o6pa30BaHHIDC HYKJIOHaMR B o6JiaCTH 
3Heprnii, MeHblliHX 3Heprnn TIY'!KOB B Jia6opaTopnn HM. <l>epMH; + 

- nnepBHe H3MepeHa acHMMeTpHR B pacna,nax O'!apoBaHHllX ~apnoHoB Ac. 
HaytrnaR 3Ha'lHMOCTb ll ITP3RTH'l8CK8R UeHHOCTb pa60TU Oilp9,I(eJIRIOTCR 

TSM, 'ITO: 
- 06HapYJKeHne Y3ROro 6apHOHa co CRPUTOH CTpaIIHOCTbID Ka'leCTBeHHO pac

nmpMO cneKTpOCROnnID a,npOHHUX COCTORHUH; 
- HCCJie,noBaHne 3Toro 6apHOHa Il03BOJlllJIO yrxy6HTb npe,ncTaBJieHIDI O B03-

MOll\'.HHX BH,nax CHJI, CBR3UBaIDUlllX KBaPKH B a,npoHax, H RX npoRBJieHRIDC; 
- IlOJiy-qeHHUe 3RcnepHMeHTaJibHll8 ,naHHUe no IlOJIRpH3an;nR CTpaHHUX H O'la

POBaHH!IX 6apHOHOB HMeIDT cymecTBSHHOe 3H8'!9HHe ,nJIR BHRCHeHll.fl poJIR 
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CTIHH8 H Ma.CCU KBaPROB B npon;eccax HX a,npoHHsan;nn, a Ta~e ,nJIR YlJ:8-
Ta BJIHRHIDI R,nep Ha 3TH npon;eccu; 

- npe,nJio~eHHI:le pemeHHR pR,na MeTo,nn-qecKHX Bonpocon no aHaJIH3Y 3Rcne
pHMeHTaJibHoii nHqiopMan;nn n noJiy-qeHnro WH3H'lecKHX pe3yJioTaTOB npeA
cTaBJIJIIOT nprutTll'l9CKYJO l.l;9HHOCTb np.11 IIpOBe,nemm 3!WIIepm,19HTaJibHh!X 
llCCJie,noBalillii B H8MOHOXPOM8Tll'l9CK.11X rry'!Kax He~iTpaJibHh!X 'l8CTUn;; 

- npe,nJio~eHa cncTeMa opraHnsan;nn ,nJIR o6pa6oTKH 6oJiomoro o6~eMa aRone
pHMeHTaJibHoil HHWQPMan;nn. pa3pa60Tairn aJiropnTMU,H Ha llX OCHOBe C03-
.naH ROMIIJI8KC MaT8MaTH'leCKHX nporpaMM, ROTOpl:rn npHMeHRIOTCR COTPY.nHH
'l8CTBOM EWC-2 npn aHaJIH3e .naHHUX H Mory~ 6UTb HCITOJlb30BaHI:l B cxo,n
HllX 3KCnepnMeHTax; 

- ony6JIHROBaIIHUe no TeMe ,nnccepTan;nn -:mcnepHMciITaJibHUe pesyJibTaTu nc
noJio30Ba!ill B TeopeTH'l8CR.11X pa6oTax no CHCTCMaTn3an;nn 6apHOHIIUX coc
TORHRii H pa3BHTHID KBapR-napTOHHIIX MOAeJieil; 

- noJiy-qeHHUe pe3yJibTaTU H·BUBO,I(U ncnoJib30BalI!I rrpn paspa60TK8 npor
paMM HaYlJ:Hl:IX HCCJie,I(OBaHHH ,nJIR IlPOBO,nnMUX H 3aIIJlaHnpoBaHHI:lx 3RcnepH
MeHTOB Ha Y-70 H CTPO.llllleMC.fI YCROPHT8JII,HO-HaROilHT8JlbHOM KOMITJieRce~ 

TaKHM o6pasoM HaMetieH aRcrrepHMeHTaJibHllii rro.nxo.n n npoBe,neIIU nep
BHe HCCRe,I(OBaHUR, HanpaBJieHHHe Ha BWICHeHHe qll{3HtieCROH npHpo,nu CHJI, 
CBR3UBaIDUlllX CTpaHHlle n O'lapoBaHH!le IrnapKH B 6apnoHax n MHOrORBapRO
BHX a,npoHax. 

Anpo6amtR pa6oTU H rry6JIHKaUlffi. OcHOBH!le pe3y~oTaTH n BUBO,I(U .nnc
cepTaUHH o6c~aJIHCb Ha HaYlJ:H!IX CSMHHapax ]a6opaTopHH BUCOKHX 3Heprnii 
H ]a6opaTopnn JU!8PHllX npo6JI8M 06~8,nlllI8HHoro HHCTHTyTa R.n8PHlDC HCCJie
,I(OBaHHtt, fuicTHTyTa qll{3HKH BUCORHX 3Heprnn T6HJIHCCKoro rocy,napcTBeHHO
ro YHHBepcnTeTa,: fuiCTHTyTa qll{3HKH BllCOKHX 3Heprnil (IlpOTBHHO), MHCTH
TYTa R.n8PHllX HCCJl8,I(OBaHHfi (MocRBa); ,noRJia.I(UBaJIHCb Ha cecCHRX OT.I(eJie
HHR fl.I(epHott qlli3HRH AH CCCP B MOCRBe {1978, 1979 n 1983 rr.) n B IlpoT
BHHO (1980 r.). Ha MeJK.UYHapo,nHUX H BCeC0!03HUX C8MHHapax "KnapKH-82" B 
CyxYMH (1982 r.), "KnapKH-84" n "KnapRn-86 ". B T6MHCH (1984 H 1986 rr.). 
B ful:eBe (1985 r.), B ~6He (1984 r.), Ha XIX EBponeiiCKOH RoHwepeHn;nn 
no npo6ReMaM MHorroc TeJI ~ wnsnKe B T6nJIHCH (1984 r.). Ha YI MeJK,JzyHa
po.nHOM CHMII03HYMe no IlOJIRpH3aUHOHHI:lM HBJieHH.fIM B .fl.I(epHott qlli3HRe B 
Oca«e (Hnomrn, 1985 r.); npe,nCTaBJieHI:l Ha Me~Hapo.I(HUX RonwepeHn;nRX 
no «pH3HRe BHCOKHX 3H8pI'l'lii B TORHO (HrroHHR, 1978 r.). M3,ll;lICOHe (CIIIA, 
1980 r.), B IlapRllte (~paHn;nR, 1982 r.), B EpailTOHe (BeJIHRo6pHTaHHJI, 
1983 r.), n Aettrrn;nre Cr.Ill', 1984 r.) n B EepRJIH (CIIIA, 1986 r.). 

0CHOBIIUe pe3y~bTaTU ,nnccepTan;nn co.nepJKaTCJt B 18 ny6JIHKaD;WIX, 
CITHCOR KOTOpUX IlpHBe,neH B ROHUe aBTOpewepaTa. 

5 



CO,llEPJKAHl1E PAEO'IH 

.ll.HccepTaUl'IOHHM pa6oTa-COCTOHT H3 BBe,I(eHIDI, qeTupex qacTeft, 
o6'.he.InIHJil()lUl1X Tpm1a,imaT1> rJiaB, saRJ!llqerum, npHJioJKeruur H,JJIIHcKa· Ul'ITH
poBaHHoil JIHTepaTypu. 

Bo BBeneHHH o6cy,imaeTCR aKTyaJil>HOCTI, BR6paHHoil TeMhl HCCJie,ItOBa
HHR H CqJOPMYJIHPODaHa IJ;6JII, pa6om. KopoTRO oxapaRTepH30BaH CYlll6CTBO
BaBIIIHil 3RCnepHMeHTa.JII,HRil H TeopeTnqecKHil CTaTyc HCCJie~eMRX BOilPOCOB. 
YKa3alla anpo6aUl'IR pa6oT, noJiolKeHI!HX B OCHOBY ~ccepTaUl'IH, H paCCMOT
peHO co.rtep,KaHHe paa.rteJIOB ~ccepTaUl'IH, 

B nepnoii qacTH AHCCepTaIJ;HH o60CHOBRBaeTCR BR6op 3KCrrepHM6HTaJII,
HOro IlOAXO.rta K pemeHHID nocTaBJieHHl:lX 3aAaq: IlOHCRa Y3KHX 6apHOllH!:lX pe-
30HaHCOB (YEP} H HCCJie,ItOBaHHR IlOJIRPH3aUl'IH CTpaHHl:lX n'oqapoBaHH!:lX 6a
PHOHOB. 

B nepBoil rJiaBe npHBe.rteHR aRcnepHMeHTaJI1>HRe .rtaHHRe no poJ;OJ;eruno 
rHrrepoHOB HYKJIOHaMH, a TaKJKe TeopeTnqecKHe oneHKH, nosBOJI.HlOlllHe onpe
.rteJIHTl> o6JiaCTI, IlOHCRa YEP. Ko DpeMelIB IlOArOTOBKH 3RCrrepHMeHTa.JII,Hl:lX 
HCCJie,I(OBa~ii. IlOJIOJKeHHRX B OCHOBY ~ccepTaIJ;HH, OTCYTCTBOBaJIH .rtaHHRe, 
CBH,I(eTeJII,CTBOB8BIIIHe O Ha6JIIO,I(erum 8APQHHoro poJK,IJ;eHHR oqapOBaHH!:lX qac
THIJ;,.Il03TOMY npH 0IlTHMH3aUl'IH 3RcnepHMeHTa.JII,HRX YCJIOBHil .D;JlR perncTpa
IJ;HH A: HCXO,I(WIH H3 rrpeAUoJiolKeHHR o ruiqecTBeHIIoil aHaJior:1rn xapaRTepHc
THK po,imeHHR A; H A0 

• B qacTHOCTH, 6uJio npe.rtrroJio.llteHo, qTo y-tn.e rrpn . . A+ /\o cepnyxOBCKHX 3Heprmnc c , KaR H , ,I(OJilltHR poJK,IJ;aTI,CJI B OCHOBHOM B 
nponeccax wparMeHTaIJ;HH HYKJIOHoB. 06cy,imaroTCR xapaRTepHRe oco6eHHocTH 
TaKHX nponeccoB, yqeT ROTOpHX Il03BOJIReT OilTHMH3HPOBaTI, 3RCnepHMeH
TaJibHRe yCJias :rur perncTpaUl'IH A~ . IlpeMolKeHo HayqaT1> noJIRpHaaIJ;Hro 
CTpaHHl:lX H oqapoBaHIIHX 6apHOHOB, po,imeHIWX B npou;eccax wparMeHTaIJ;HH 
HYKJIOHOB IlyqKa, 

B aTOil .lite rJiaBe paccMoTpeHR nponeccu npe,I(eJI1>Hoil wparMeHTaIJ;HH, 
T,H. ~WpaKW!OHHOHAHCCOUl'laUl'IH (.Il,ll.) HYKJIOHOB H o6cy,imaeTcR HX poJII, 
B o6paaoBaHHH YEP. IlpHBe,I(eHR 3RciiepHMeHTaJII,HRe .rtaHHRe, MJIIOCTPHI>YID
utHe Ha6.n:Io.rteHHe HyKJioHI!HX peaoHaHcoB, poJK.D;eHH!:lX B aTHX nponeccax. IIpo
neccu .Il.ll. OmtCllBalOTCR IlOMepoHHRM o6MeHOM B t -KaHaJie. Ms TeopeTHqecRHX 
OIJ;SHOR CJie~eT, qTo CYlll6CTByeT npHM6C!, qerupeXKBapROB!:lX COCTORHliH R 
IlOMepotty, ROTOPM MOlKST npHBeCTH R 3~RTHBHOM,Y o6paaoBRBa:mm B npo
neccax .rr.n. HYKJIOHOB MHOrORBaPKOB!:lX 6apHOHOB. 0.ItlJHM H3 B03MOlKH!:lX npoRB
JISHHil TaIGIX 6apHOHOB JIBJIRIDTCR YEP B crreRTpax MaCC ROHS"llillX COCTOJIHHH. 
B 60JII,IIIHHCTB8 MO,IteJiefi Y30CTb MHOrOKBapROB!:lX COCTO.llHHit 06'.bRCHJieTCJI aa 
cqeT HaJlll"IIIR BHYTpeHHero op6HTaJII,HOr0 MOMeHT8 MeJli,IIY RBaPK8MH HJIR HX 
KJiaCTepaMH. IlpH OllTHMH3aIJ;HH nyTefi ITOHCKa YEP, RPOMe rrepeqncJieHH!:lX ap-
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ryMeHTOB, yqnTUBaJiaCI, MaJIO'IHCJISHHOCT!, 3RcrrepnMeHTaJII,Hl:lX ,I(aHHl:lX no 

nponeccaM .rr.n. HYKJIOHOB B CTPaHHRe qacTHUEI. B HTore rrpe,I(JIOlKeHO HCKaTI, 
YEP B crreRTpax HHBaPHaHTIWX Mace CHCTeM L" K , o6paaoBaHH!:lX npH .Il.ll. 
HYKJIOHOB, 

0ITTHMaJII,HRM IlOAXO.ItOM R pemerum Bcex nocTaBJieHH!:lX 3a,I(aq RBJIRSTCR 
3RCnepHMeHTaJII,HOe HCCJI6,1:tOBaHHe TipOIJ;SCCOB wparMeHTaUl'IH HYKJIOHOB IlyqKa 
c o6paaoBaHHeM cTpaHIWX qacTHIJ;. BorrpocaM oo6opa 3KcnepHMeHTaJil>HOii Me
TOAHKH .D;JIR rrpoBe.rteHl!R 3THX HCCJie,ItOB~iHHH Ha cepnyxOBCROM YCROpHTeJie 
ITOCBJllllSHa BTOpaJI rJiaBa. B Heil CqJOPMYJIHPOBaHR ~pe6oBaHHR R qyBCTBH
T6JII,HOCTH H H36HpaTeJibHOCTH 3RcnepHMeHTa R perHCTpaIJ;HH HsyqaeMRX co-
6UTHil H npe.n;JIOJKeHR TiyTH HX ,I(OCTIDlteHHR. Tpe6oBaHHJI R tzyBCTBHTSJII,HOCTH . + 
B ocHOBHOM orrpe.zteJIJIIOTcR oneHKaMH ceqeHHil poJK.D;eHHR Ac H YEP. IloKaaa-
no, ~TO OHH MOrYT 6UTI, OCYlllSCTBJieHR B 3RcnepHMeHTe, rrpoBe.IteHHOM B 
TiyqRe HefiTPOHOB c TIOMOIJU,JO T.H. "qiopBap.It"-crreRTpoMeTpa. Heo6XO,ItHMM 
H36HpaTeJil>HOCTI, B 3TOM CJiyqae MOlKeT 6UTI, qacTHqffO ,I(OCTHrHyTa np:11 pe
I'HCTpaIJ;HH co6uTHil B 3RcnepHMeHTe, a B OCHOBHOM Ha CTaAHH 8HaJIH3a 38-
perHCTPHPOB8HHIDC co6UTH1i aa cqeT BUCORoro paapemeHHR no HHBapHaHTHRM 
MaCCaM BOCCTaHa:s.mrnaeMRX ROHWlfrypau;mi: BTOpHqffRX qacTHIJ;. 

Jlmr TIPOB_e.IteHHR HaMeqemmx HCCJI8,I(OBaHH1i HCITOJII,30BaJICR crreKTpoMeTp 
EHC-I, a saTeM 413e MOAHWlJKaWIH crreRTpoMeTpa EHC-2. Bee oHH 6uJIH pac
no.nol!teHR B HeHTpaJII>HOM KaHaJie 4H cepnyxoBCKoro ycRopHTeJIR. OIIHCaHHe 
rrapaMeTpOB IlyqKa RaHaJia 4H, ROHCTPYRUHH H YCJIOBHH 3RCIT03HW!H cneRT
poMeTpOB me TalOKe rrpHBe,I(eHR BO BTopoii rJiaBe. HeiiTpaJII>HUit IlyqOR coc
TORJI B OCHOBHOM H3 HeilTpOHOB, HMnyJII,CHRii crreRTP ROTOPUX xapaRTepH30-
BaJICR cpe,ItHHM 3HaqeHHeM ~ 40 raB/c, 3RcrrepHMSHTU no ITOHCRY YEP, TIOJIO
lKSHHRe B ocnoBy AHCcepTaIJ;HH, 6RJIH HaqaTu c noMonu,ro crreRTPOMeTpa EHC-I, 
B COCTaB ROTOporo BXO,ItHJIH aHaJIH3l!pyroutHii MarHHT CII-40 H ,I(ByxROOPAHH8T
HRe HCRpoBUe KaMepu C MarHHTOCTPHRW!OHHUM C'.beMOM HHqJOPMaIJ;HH .D;JlR perHCT
paIJ;HH BTOpHqH!:lX sapRJKeHHRX qacT~IJ; H,H3MepeHHR HX HMIIYJil>COB. PeayJII>Ta
TU, no;ryqeHHUe B 3TOM 3RcnepHMeHTe, OUJIH HCTIOJl!,30B8HU npH ITJiaHHpOBa
HHH H npoBe~eHHH

0

TIOCJISJJYl(JlllHX HCCJie,I(OBaHHn C TIOMOUU,JO cneRTPOMeTpa 
IillC-2. 3a BpeMR npoBe~eHHR 3RcrrepHMeHTOB cneRTPOMeTp 6UJI Il03TanHO 
ycoBepmeHCTBOBaH rryTeM BRJIIOqeHl!R Bero COCTaB HOB!:lX ,I(eTeRTOpOB. Boe-
ro OHJIO rrpoBe~euo qeTupe 3RCTI03HIJ;HH C .ItBYMR pasJIHqa!)lltHMHCJI MOAHWHKa
Ul'IRMH crrexTpoMeTpoB EHC-2 H IillC-2C, cxeMa rrocJie.ItHeil H3 ROTopux 
(B1:C-2C) IlPHBe,I(eHa Ha pHc. I. B o6eHX MO~HWlJKaI.tH,/IX HCil0Jll,30BaJICJI 
aHaJIH3HpYJO[ItHii MarHHT CTI-40 H pa3HOe qHCJIO )UlyxROOp,I(HHaTH!:lX rrponOpUl'IO
HMl>HHX KaMep c 2-MM maroM HaMOTKH cHrHa.JII>HHX rrpono;ro~eK (IJK), ){Ba 

MHOrORaHaJII,lWX rroporoB!:lX raaoB!:lX qepeHROBCKHX cqeTqnKa MIJTIICI H 
MJJI'l!C2 BXOAHJIH B COCT8B TOJI!,RO BTOpon MOAHWlfKaIJ;HH cneRTPOMeTpa. 
KoHTPOJII, pa60TU cneKTpOMeTpa, rrpHeM H HaROIIJieHHe 8RCIISPHMSHTaJII,HOtt 
:imqiopMaUl'IH OCYll!SCTBJIRJIHCb C IIOMOIJU,JO 3BM EC-1040, 
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Pl!c. I. CxeMa pacno~o~emm Ha KaHMe OCHOBHWC s~eMeHTOB 
cneKTpoMeTpa EliC-2C. 

B KOHUe BTOpo:0: r~aBH npHBeneHH yc.,10BIDI 3KCil03HWIB cneKTPOMeTpOB 
EliC-1, HfC-2 H mc-2c. B cneKTPOMeTpe EliC-1 HCilO~b30B8.JlaCb yr~epon
HM MHI1JeHb, aero aanycK ocymecTBJl.flJICR npH perncTpa~H He MeHee .TEex 
BTOPHlJHWC aap.fD!teHHl:lX l!8CTHU. Bcero 6u~o aaperHCTPHPOBaHO ""'2, 5• IO 
TaIOf.X C06HTd. IlpH Tpex 3KCn03H~ 9IC-2 T8Kllt8 npHM8HfLIU1Cb yr~epon
HruI MHIIl8Hb, a B 8,nHHCTBeHH0:0: 3KCll03~ 9IC-2C yr~epO'AH8R, a.JmMHHHe
Ba!i H Me'AH8R MH111eHH (M) qepenoBaJmcb qepea KalUCHe 4 + 5•I04 saperncT
PHPOBaHHl:lX He:0:TpOH-R.I{epHHX B3aHMone:0:CTBH:0: • .lJ.ruI aanycKa cneKTPOMeTpa 
Tpe6oBaJIOCb, 1IT06u qepea Hero npOJieTe~o He MeHee qempex BTopH'lHHX 
aapsmeHHHX l!8CTID.l. Bcero B T8l!8llli8 3KcnepHMeHTOB C IlOMOmr,JO cneKTPO
MeTpOB HfC-2 H me-2c 6u~o aaperHcTpHpOBaHO"' 2,3•I07 H8ffTpOH-R.I{epHHX 
B3aHMonei1cTBHtt. 

B TpeTbeff r~aBe o6cy,K,IJ;aJOTCR B03MOJKHOCTH npyrruc 3KCll8pHMeHTOB no 
noHCKY YEP H H3yqeHHJO CTpaHHHX H oqapoBaHHHX 6apHOHOB. PaCCMOTpeHH 
3KCll8PHM8HTH KaK C npHMeHeHHeM KaMepHOR MeTO,nHKH, TaK H 3~8KTpoHHott. 
IlOKa38HO, l!TO naHHHe, no~eHHHe C noMOlll]:,ID ny3HpbKOBHX RaMep, B oc
HOBHOM H3-3a OTHOCHT8JII,HO HH3KOtt qyBCTBHTe~bHOCTH T8KHX 3KCnepHMeHTOB 
He ll03BOJUIDT peIIIHTb nocTaB1IeHHHe B ,nHCCepTauim aa.natm. B pR.I{e pac
CMOTpemmx a~eKTpomrux sxcnepHMeHTOB 6~ aaperncTpHpoBaHa peKOP'AHM 
CT8THCTHKa HHJUil)3HBHO pollO];eHHHX rnnepOHOB, MaronapR qeMY C BHCOK0:0: 
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TOl!HOCTbID 6~ ll3MepeHa HX llO~H3a~. 0'AH8KO B 3THX 3KcnepHMeHTax 
He MOryT 6UTb pemeHH m>yrHe Bonpocu, paccMoTpeHHue BO BBeneHHH. B 
KOHUe r~aBH npHBeneHo cpaBHeHHe no OCHOBHHM xapaKTepHCTHKaM paccMOTpeH
HHX 3KcnepHMeHTOB C 3KCnepHMeHTaMH me. ITOKa3aHo, l!TO MR BHllOJIHeHHR 
npeM0'1t8HHO:li: nporpaMM!I HayqHHX HCC~eno:saHHH 3KcnepHMeHTH me xapaitTe
PH3YJOTCR Haw:iytIIIIHMH B03MOlKHOCTRMH. 

Bo BTOOOH l!8CTH ,nHccepTa~H pa~CMOTpeH!I BOnpocu 8H8JIH3a aaperncT
PHPOBaHHOR 3KcnepHMeHTMbH0:0: HHql()pMa~H H BHne~eHHR ncc~e~eMHX co6u
Td. 

B qeTDepTo:0: r~aBe npHDeneHa o6utaR CTPYKTypa o6pa60TRH naHHUX H 
no~eHIDI qJH3Hl!eCKHX peay~bTaTOB. 3Ta CTPYKTypa DO MHoroM OTpaJRaeT 
llOHCKOBHH xapaKTep nponeneHHHX 3KcrrepHMeHTOB, o6yMOBHBilfilH 60~bill0H 

o6~eM HCXOnH0:0: HHql()pMauim MR a~aa. ITpeM0'1teHHaR CHCTeMa opraHH-
3auim o6pa60TKH namrnx 6u~ OllTHMH3HPOBaHa C ue~bID pacmnpeHHR B3MO~
HOCTeii MR yqaCTHR B aH8Jlir3e 6o~bmoro 'lHMa rpynn WH3HKOB H3 pas~q
IlllX COTPY'AHHllalOIIIHX HCC~enonaTe~bCKHX ueHTPOB. 

Beeb npouecc o6pa6oTKH 6u~ paa6HT Ha TPH cTannn, B~l!aIDlllHX reo
MeTpnqecKyio H KHHeMaTHl!ecxyro peKOHCTPYKUHH 3aperncTpnponarnrux B 3RC
nepHMeHTe co6HTHH, Mon~ponaHHe nsyqae!Wi(X rrpoueccoB, nune~eHHe HHTe
pecyeMUX co6UTHH H HX WH3Hl!8CRH:0: 8HaJrn3. KalK.n:M H3 CTantttt npoBO,!Ui
~aCb B HeCKORbKO 3TaTIOB, pe3y~bTaTU KOTopux 3aIIHCUBMHCb Ha MarHHTHUe 
~eHTII. TaKaR CTPYKTypa o6pa60TRH .n;aum1x TI03BOM~a He3aBHCHMO H MHO
roKpaTHO ROHTpO~HPOBaTb ~OH 3T8TI 8IIMH3a H ocymeCTBJlfITb Heo6xonn
MHe KOppeRUHH. 

B 3TOH iKe rRaBe rrpHBeneHo OIIHC8HHe a.nropHTMOB OCHOBIIllX MaTeMa
·Tli'IeCRHX rrporpaMM, rrpHMeIUIDWHXCJI npH aHaJrn3C. Ha rrepBOM 3Tane ana.,rn-
3a HCilO~b30BMHCb nporpaMMh[ rcoMeTpHl!eCKOH peKOHCTPYKI:{HH TpaeKTOpHtt 
3apR'1teHHHX qacTHU. 3TH rrporpaMMU 6URH OTITHMH3Hp0Dallli C ue~bID BHCOKOH 
s<IxiJeKTHBHOCTH rroncKa TpaeRTOpHR. Oxonl!aTe~bH!IH oT6op TpaeKTopnil, T.H. 
~bTpa~n. H BOCCTaHOB1IeHHe HX napaMeTpOB ocymecT~HCb Ha noc~e
nyID[JtHX 3Tanax CTaTHCTHqecKoro aHaJrn3a. 

B l!eTBepT0:0: r~aBe OTIHCaHll TaKlKe yc~OBHR Mone~pOBaHHR rrpo~eccoB 
po.»meHHn YEP, HX pacrranoB H perncTpauHH. ITp1rne.nem1 pesy~bTaTu pacqe
TOB sqxlleK~HBHOCTeii perncTpa~H YEP B 3aBHCHMOCTH OT pa3~l!HHX RHHeMa
THqecKHX nepeMeHHHX. 

ThITM rRaBa TIOCBRl!leHa OllTMMH3aUHH YCROBHH BHne~eHHR "IBCTrui H 
pe30HaHCOB C OT~l!HOH OT HYM CTpaHHOCTbID. B OCHOBe TaKoro Bune~eHIDI 
RmmT nneuTH4JHKaUWI He:0:TPMbHHX cTpamrnx qacTnu /\ 

0 
n K ~ n rroMe

nyroumtt TIOHCK COCTORHH:0:, pacrran8lOlllHXCR c o6pasoBaHHeM 8THX l!aCTHU. 
/\

0 

H t-<~ ttneHTH4JHUHPOBaJIHCb cpe,nH "HeHTP~HHX BMOK", BOcnpoH3BO-
.ItffillHX reoMeTpHID HX pacrranoB COOTBeTCTBeHHo Ha p iT- H u~ iT: lliJlH OllTH-
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Mlf3HpoBaHJ:l reoMeTpHtieCKHe Fl KlUleMaTITTecKFJe YCJIOBIDI Bll,IteJieHH.FI' TaKIDC 
pacna.n;on. 3TH YCJIODHR 3c.l.Bl1CeJli1 OT qlll3HtieCKFIX 3a,rta'I amumsa co6HTHJ.i, 
co,neplKaumx A0 

HJIH K 0

5 • Ha pHc. 2 npHBe.zteH· cneKTp HHBapHaHTHifX 
Mace CHCTeM!I p 7r .n;JIR HeiiTpaJihllliX BFIJIOK, BH,ll;eJieHlillX B 3KCil03llUIDIX 
cneKTpoMeTpa EMC-2C. llil:K B o6JiaCTH Maccu A0 

Ha 3TOM cneKTpe cooT
BeTCTBYCT 3aperHcTpHpOBaHII1:IM pacna.naM A"- p .,,- , KOTopue aHaJIHsl'!po
BaJIHCh c l(CJibJO H3MepeHHR A-saBHCHMOCTH rroJIRpn:saUHH A0 

• B Tpex aKc
nosmumx CilCltTpOMeTpa EHC-2 6HJIH BH,n;eJieHl:l co6HTHR, co.n;epJKa:anrn K~ , 

cpe,lJ,FI KoTopux HcKaJIHCb pacna.n;u oqapoBaHlillX 6apHOHOB A~ . CneKTP 
:mrnapliaHTHl:lX MaCC B CHCTeMe 71•7,- ,ItJUI BOCCTaHOBJICHHHX B 3THX co6!:lTHR.X 
HeiiTpaJiblillX UHJIOK np1,-rne.n;eH Ha pHc. 3. IlHK B o6JiaCTH Macchi K~ o6yc-
JioMeH pacna.n;aMll K~ ... n•u-. 

xj()3~-.-----.---.--.----,----, 
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PHc. 2. CneKTP llHBap.11:aHTHIDC Mace 
p77"· HCHTpaJiblillX BHJIOK, 
Bll,!(CJICRHHX ~R HsyqeHIDI 
A-saBHCHMOCT.11'. noJIRpH
sawm A0
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M(rr♦rr-J-M(Ks), M3&/c'I. 
PHc. 3. CneKTP HHBapllaHTHl:lX MaCC 

7•JT-HeilTpaJibllliX BHJIOK B 
co6UTHR.X, Bll,IteJieHHl:lX 
.n;JIR noHcKa pacna,non A\ . 

,11;.rrR onpe.n;eJICHHR napaMeTpOB, xapaKTepH3YJOU(l1X HHKJII03llBHOe polK,D;e
HHe A0 

• 6HJIH BOCCTaHOBJieHH cneKTPli npo,rtOJlhllliX ll nonepetIHHX COCTaB
JlllJOU(l1X HX HMnyJlhCOB. Orrn:caHa MeTO,lJ,FIKa noJiyqeHHR TaKHX cneKTPOB no 
weillIMaiioncKoft nepeMeHHoil x, paspa6oTaRRM ,ItJUI BoccTaHoBJieHHR cneKT
poB rum:eMaTITT9CKHX nepeMeHHllX, He ll3MepReMHX B Kalli,D;OM HS saperncTpH
POBaHHllX COOHTHH. 

IO 

) 

' -, 

B 3Toil xe rJiaBe paccMoTpeHH Bonpocu m.n;eJicHHR rnnepomrux pesoHau
con, pacna.naxmtirxcR c oopasonamrnM A0 

• Ha pHc. 4 np,rne)leH cneKTP HH
napnaHTHJDC Mace cHcTeMH A0 

7T-, liJIJllOcTpnpyioumii Ha6.moitemre pacna.noB 
z::-(I385)-A

0

1r cpe,lJ,FI co6:EITHH, OTOOpaHllliX ,ItJIR IlOllCKa YEP B 3KCilCpHMeH
Te, npone.neHHOM c IlOMOlln,IO cneKTPOMeTpa IMC-2 *>. ITpHBe,neHHHH crreKTp 
arrnpoKCllMHpOBaJICR rJia,rtKOH KIJHBOil ,ItJlff qioHa Fl ~YJIKUHeil EpeilTa-BHrnepa 
,ItJUI pesoHaHCa {IJYHKTllpHHe KPHBHe Ha PHC. 4). Onpe,neJieHHHe TaKHM o6pa-
30M 3HatJeHHR MaCCli ll IIIHPHIU1 pesoHaHCa xoporno corJiaCYJOTCR C Ta6JIH1IJU1Mll 
.naHHHMH ,ItJUI L-(1385). 

150 

PHc. 4. CrreKTP HHBapHaHTHUX 
Mace CHCTCMU /'..,°-.,,.-,ll;J!R 
C06UTHH, BH,ll;eJieHHUX c 
l.{CJlb!O ITOHCKa YEP. 

<" 600 
~ 
a, 

f450 
~ 

)J.)m ,H3Mepemm IlOJIRPH3auIDI 
-=- · 6uJIH BII,neJieJm HX pacrra,nu Ha 

11j()() 1600 1800 
M ( li0 :n:·), M3B/ci 

-A° H 7T - cpc,lJ,FI ncex co6HTHti, 
3apcrHCTPHPOBaHHUX C IIOMOUU,IO 
06CHX MO,lJ,Flqll!Karmu cneKTpOMeTpa 
illC-2. C OTOH ueJibID 6UJIH OT06-
paHU co6UTHH, B KOTOPIDC A0 

H 
o.n;Ha H3 OTpm.{aT€Jlhl{O sap.lD!tCHHUX 
qacTHU o6pasyioT TOITO~OrHJO KaC-
Ka.n;noro pacna.n;a. Pacrrpe.ne~eHHe 

OT06paHHEIX co6UTHH no BCJIHtJHHe HHBapHaHTHOH Macau CHCTeM!l /1..0 
7,- npn

Be.zteHo Ha PHC. 5, lli!:K B o6JiaCTH MaCCU -=-· COOTBCTCTByeT saperncTpHpo
BaHHHM pacna,naM -:.. · - A° F-. 

illecTM rJiaBa rrocB.Rll{eHa BH.n;eJieHmo -o-qapoBaH!lllX 6apnoHoB A\ c ue
~bJO HsyqeHHR rue noJIRpH3aUFJH H cpaBHeHHR c rroJUipH3a!lHeii A0

, 3aperncT
PHPOBaHHl:lX npn aHaJIOrHtJHl:lX yc~OBHRX. TaKoe cpaBHeHHe 6uJio rrpoBe~eHo 
,ll;JIR ,I\: H A0 

, poJK.neHHHX HHKJII03HBHO B HetiTpoH-yrJiepo,rumx BsaHMo,neilcT
BHRX, 3aperHCTpHpOBaHHHX C TIOMOUU,ID cneKTpOM€Tpa EllC-2 **). llCKaJIHCJ:, 
pacna.n;u /\: qepea HCHTpanhHUe cTpaHHUe qacTHUU cpe,llH co6EITHA, co~ep-

f\O. 0 + + -
JKalUHX /\ • HJlH Ks' H He MeHee Tpex sap.lD!teHHHX tJaCTHU h. h H h. 

*J B pesyJibTaTe aHaJIHSa COOUTHH, 3aperHCTpHpOBaIUU1X B 3TOM 3KCnepH
MeHTe, BH.IteJieHo HaH60Jihmee KOJ!lltJeCTBO Yh1', 'ITO II03BOJIHJIO rrponeCTll 
llCCJie.n;onaHHe ero CBOtiCTB. 

JUE) CTaTHCTHKa, saperHCTpllpOBaHHaR c IlOMOlln,IO crreKTPOMeTpa mc-2, 
COOTBeTCTByeT HaH60~hllleA CBeTHMOCTH cpe,lJ,FI Tpex rrpoBe.n;emru:x 
3KCIIepHMeHTOB. 
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1ToKa38HO, tJTO yCJIOBllJI :mcnepuMeHTOB EMC OITTHMaJII,Hl,I ,ItJIJI perncTparnm 
pacna,n;on /\ ~ TaKoii Itomfmryparnrn. Ha pnc. 6 np1rne,neID,1 pacnpe,neJiemm 
OTo6pammx COO!:lTHH no HHBapllaHTHl,IM MaCCaM B CHCTeMaX I,(~ p1r1r(;3) ll 
/\

0

1r+·1,..-1i-(6). B Ra.JK,nOM H3 np:irne,nemmx pacnpe,neJieHH.li B o6JiaCTH Mac-+ . 
cu Ac Hac5JIJO,nruoTcH y3rorn ITHKH, cBH,neTeJI1,cTBYJOmHe o perncTparnrn pac-
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PHc. 5. CneKTP HHBapHaHTH!:lX Mace 
CllCTeM!:l /\

0
1T- D COO!:lTll.lIX' 

COOTBeTCTByromHX KacKa.n
HOii TOITOJIOrHH, 
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Puc. 6, CneKTpl:l HHBapllaHTHUX 
MaCC I,(~ p7i+1T- (a) ll 
/\0 7T +7r+ .,,.- (6) .• 

TpeTl>.fI tJaCT:6 ,n:;rccepTaUHOHHOli paOOTil noCB.II!lleHa noucey YEP B CllC,
TeMe L-(1385) It n nccJie,nonamno oonapYJKeHnoro cocTommJI N(l960). 

B ce,n1,Moil rJiane npnne,neID,1 pe3yJI1,TaT11, no.7IY'ieHID,1e B aKcnepnMen
Tax EMC-I, H'IC-2 n H1C-2C, K0Top11e cBH,neTeJII,CTBYIOT o na6JIJO,neHHn YEP, 
pacna.nalOlllerocm na L-(1385) n It. Ilpu· aHaJIH3e a1rnrrepHMeHTaJI1,Ho:tt HH
qxipMaUirn, 3aperncTpnpoBaHHoa c noMouu,ro cneKTPOMeTpa EMC-I, 611JI0 no
JIY'ieHo cooTBeTCTBYIOmee y-Ka3aHHe, a B aKcnepnMeHTe, npone.neHHoM c no
Momi,ro cneKTPOMeTpa EMG-2, O!lJIO IlO,IlTBepJK,neHO cymecTBOBaHlle 3TOro pe-
30HaHCa H llCCJI0,IlOBaHl,I ero OCHOBH!le xapaKTepnCTllKH. PesonaHc npo.HBHJI
CJI KaK ysrodi CTaTllCTHtJeCKH 3HatJllMI1H ITHK B cneKTpe HHBapllaHTHUX Mace 
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j 

BTOplltJHilX tJaCTHU /\
0
1r 1/,.t· OKOJIO MaCCil .,_ 1960 MaB/c2 • 3TOT ITHK HaOJIJO,naJI

CJI, ecJIH COOilTWI OllJIH Bil,IleJieH!l Ilpll YCJIOBHH, tJTO /\0 H ,r JIBJJillOTCJI 
npo.nyETaMH pacna,n;a L -(1385), n He HaOJIJO,naJicJI n npoTnBHOM CJIY'iae. B 
pesyJII,TaTe aHaJIH3a 3KCnepUMeHTaJII,HUX ll MO,lleJIHponamrux C06!:lTllH 611JIO 

noKa3aHO, 'ITO HaOJIID,naeMilil IlllK He RBJI.HeTCJI romeMaTH'IeCKHM OTpalKeHHeM 
Hll o,nnoro H3 ll3B0CTHUX HJ!ll rHITOT0TlltJ0CKllX pesonaHCOB. J3 3KcnepHM0!ITe, 
npone.neHHOM c noMOUU,ID cneKTpOMeTpa H1C-2C, TaIOKe 6I1JI saperHCTPllPOBaH 
3TOT pesoHaHc. AliaJIH3 cnrHaJIOB OT fflCI ll M!lI'4C2 (CM. pnc, 1) B :JTOM 
:mcnepHMeHTe nosBOJIJ,!Jl H,neHTn~ponaT1, It n no,nTnep,nnTL cnpaBe,nJI.1:1-
nocT1, MeTO,nHKH Bll,neJiellll.H Y3KHX pesol!aHCOB B :mcnepnMeHTaJC, D KOTOPUX 
OTCYTCTBOBaJia Henocpe,nCTB0HHa.H n.neHTH~HKaUHH sapmKemmx tJaCTll~. 

Ha pnc. 7 npnne,neHil cneKTPil HHBapHaHTHl,!X Mace CHCT0Ml:l z:-(1385) 
It, HJIJIIDcTpHpyrom;re na6JIID,neHne o6HapYJKeHHoro pe30JiaHca N (1960). 

., 

120 

~ 100 

f 
~ lO 
z 

60 

40 

20 

1000 

+ 
++ t t 

!ij+ + ++ t ' 
++++1 

2000 2200 2400 

M(:1:"(13s~K'), M,B/c' 

t 
+++ 
"°" • 

Puc. 7 .CneKTPil 1mnapnaHTIIIlX 
MaCC CHCT0Mll L -(1385) ~ 

_I'licTorpaMMOH Ha 3TOM pncyJIKe 
0~03HatJeH cneKTP, nOJIY'i0HHI1H 
,IlJIH COBOKYITIIOCTll C00!1THH. sape
rncTpllpOBaHHl,IX BO BC8X paccMOT
peHHl,!X 3KCITepHMeHTaJC El1C. !JynK
TllPHOH J,! TOtJetJHOli KPllBllMll npn
Be,neHU peayJII,TaTil annpoKCllMaUHll 
3TOro cneKTpa COOTB0TCTB0HHO pe-
30HaHCIIOH ll ~HOBOH Kpl:lllhlMR, 
tiep1mMH KPYJKKaMlf noKasaH cneKTp 

~JIJI poJK,neHHUX COOHTHH B OTHOCHT0JII,Hl,IX e,nHH~ax. BOCCTaHOBJJeJIH!:lH C 
yi:i:eTOM 3qq>eKTllBHOCTH llX perncTpai.nm. 

.AHaJill3 xapaKTepllCTllK HaOJIID,nennoro pesoHaJica npHBe,neH B BOC!,MOH 
rJiaBe. EoJII,IllllHCTBO xapaKTepncTHK OllJIO onpe~eJieJIO B 3KcnepHMeJITe, BI1-
ITOJIH0HHOM C n0Mom1ro cneKTPOM0Tpa H1C-2, ITOCKOJII,J<Y npn 3TOM OllJia sa
perncTpllpOBaHa n Bll,neJieHa HaHOOJII,llia.H CTaTHCTllKa N(l960). XapaKTepnc
THKH ,nnqxf)epeHUHaJII,Horo cetJeHHH poJK,neHHJI pesonaHca 611JIH oripe,neJieH!l B 
PaMKax napaMeTpnsaUHH · 3/ 3 2 n d 6 dp ~ exp(-ei·PT)·(1-x), (I) 

r.ne PT - nonepetJHM cocTaBJIJIIDman liMilyJII,Ca pesonaHca, ax - nepeMeH
Ha.H !PeHHMaHa. Pacnpe,neJieHM saperHcTpnponaHirux pesonaHcHUx co6I1THil 
no Pill no npo,nOJII,HOH COCTaBJimoll1eH HMnyJII,ca B JiaO. CllCTeMe, PL ' 
npnne,n~HU COOTBeTCTBeHHO Ha pnc. 8 n 9 tJepHUMH TOtJKaMlf. IlynKTHPIIIlMlf 
JIHHHJIMH Ha 3TllX pllCYHKax ITOKa3aHl,I pesyJII,TaTH annpOKCHMaUirn npnne,nen-

13 



Hll.X cneKTpOB B paMKaX Bllpruttemm (I) • B o6JiaCTll P; < 0, 24 (ThB/ c) 2 

6wm IlOJIYtieHII 3Haqerum IlapaMeTpOB: 
b = (9,9 ± 3,0) (raB/c)-2 (2) 
n = (0,2 ± 0,2), (3r 

KOTOpiie YKa3liBa!lT Ha ,nnq,paKIU!OHH!Ii! xapaKTep MeX8HH3Ma .. o6_pa30BaIDm 
pe30HaHca. 

\ +->.{t-
? 10

2 
\ '~ 

! '+ '+, ... \ 

i 't < ' ~ ' 
5 \ .... , 

l_ '°1 '. 
~ \ 

1 

PRc. 8. Pacnpe,n;eJieHne po!titemmx N (I960) 
( • ) H qJOHOBliX C06iiTHi! ( O ) no 

P;· 

CBeTJihlMll KPYJKK8Mll Ha PHC. 8 npHBe
.neHO pacnpe,n;eJieHne no P~ .n.rur if,oHOBliX co-
6uTna, HHBapnaHTHaR Macca cncTew 
L-(1385) ~ KOTopux cooTBeTcTByeT 6JIR-

o,, o,4 o,• -0,• , JKafuimM HHTepBaJiaM B cne!5Tpe cnpaBa :n CJie-
P;,rraa/cJ• Ba OT pe3oHaHcHoro n:nKa. lfa pHCYHKa Bn,n;-

HO, qTo qJOHOBlie H pe30H8HCHlie C06iiTHR llMeDT pa3HIIi1 xapaKTep pacnpe
.neJieHJUI no ~. 
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~ 30 

-~ 20 
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PRc. 9. Pacnpe.neJieHHe 3aperncTpnpoBaHHIIX 
B 3KcnepmmHTe lillC-2 N (1960) 
no PL. 

B HHTepBaJie HMIIyJibCOB OT 23 .no 
53 ThB/c 61iJia nayqeHa 3aBHCllMOCTb-ceqe-

28 " 38 •3 ;.a 53 mm poJ!t,lteHRR pe3oHaHca OT HMflYJII>ca nep-
P,. ,f3B /c Bwrnoro Hei!TpoHa P

0 
• IloJIYtieHo, '!TO ceqe-

HHe nponopI.tHOHaJII>Ho P~ npn 
a = -(0,28 ±. 0,04). (4) 

B pe3yJII>TaTe 8Ha.lJH3a HHq,opMall;Hl'l, aaperncTpllpOBaHHOi! npn 3KCil0-
3HUR/lX cneKTpoMeTpa IMC-2C c TpeMR .II,llepHUMH MmlleHRMH, 6uJia H3MepeHa 
A-38BliCHMOCTI, ce'leHHR po!tI{eHHR N(I960). OHa OTIHCliBaeTCR CTeneHHUM 

a. 3aKOHOM. A npn 
cl.= (0,6 ±. 0,3). (5) 

CoBOKYflHOCTb TIOJIYtieHHWC xapaKTepHCTHK (2 - 5) po!tI{eHHR·pe30HaH
ca B HeffTpoH-.II,llepHliX maHMo.neffcTBKJDC cooTBeTCTByeT npoueccy JUI nep
BH'lHoro Hei!TpOHa. 3To IlO,D;TBeIJ!titaeTCR Taror.e TeM, '!TO pe30H8HC Ha6JID
.naeTCR TOJibKO npn OTCYTCTBRH .npyrnx 3apmr.eHHliX qacTHU, 3aperncTpnpo
BaHHWC cneKTPOMeTpoM. WJIO ITOJIYtieHo, 'ITO npOH3Be.n;eHHe ceqerum pQ!tite
mm N(I960) B HeffTpoH-_yrJiepo.mwx B3aHMO,n;ei1cTBIDIX Ha BepoRTHOCTI, ero 

14 

pacna.na no Ha6JID,n;aeMOMY KaHaJiy: 
6·B = (I,I5± 0,19) MK6/R.n;po yrnepo,n;a. (6) 

M3 cpaBHeHHR C .naHHIIMli .npyrruc 3KCnepHMeHTOB 6iiJIO onpe,n;eJieHO, qTo Be
Jill'lRH8 (6) COCTaBJIReT OKOJIO 5% OT ce'leHRH npouecca .lUI HefiTpoHa B 
cncTeMY L-(1385) ~. 

B 3TOtt JKe rJiaBe np:ime.neH aHaJIR3 yrJIOBliX xapaKTepHCTRK pacna.na 
pe30HaHCa, Il03BOJillBIIIHtt IlO~TI, orpaHHqeHHR Ha B03MO~e 3Ha'leHHR p . 
ere CTIHHa-•rnTHOCTH ( J ) • Ha pnc. IO qepHIIMli TO'lKaMll Ilp:nBe.neHO pacn-
pe,n;eJieHlle po!titeHHUX N (I960) no BeJIRq:HHe cos 'V , r.ne Y - yroJI MeJK
.ny BeKTOpOM HMflYJibCa L-(1385) B CHCTeMe noKOR peaoHaHca H BeKTOPOM 
HMTIYJibca /\

0 
B CHCTeMe noKOR L-(1385) • IlYHKTlipHhlMH JIHHIDIMll • Ha 3TOM JKe 

8 
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PRc. IO. Pacnpe,n;eJieHRe PO!titeHHllX 
N (1960) no cos "o/ ( • ) li 
oJKH,n;aeM!le crreKTFli .n.rur paaJIRq
HllX 3HaqeHliH J (fiYHKTliPHlie 
JiliHHli). 

PHCYHKe IlORa3aHli pacnpe,neJieHHR, Olllli~ae
Mlie MR onpe,n;eJieHHllX aHa'leHRH JP. BR.n;Ho, 
qTo 3RcnepnMeHTaJinHoe pacnpe,n;eJieHRe 
COOTBeTCTByeT B03MOJKHliM HaTypaJibHliM 
3HaqeHHBM JP, H8q:HHaR c 3/2-. Pacnpe~ 
.neJieHRR polK,lleHHliX N (1960) no cos 9, 
r.ne 8 -yroJI I'oTTqipn,n;a-.II.JKeKcoHa, li no 
yrJIY TpeiiMaHa-fulra • 'P ' npRBe,n;eHII COOT
BeTCTBeHHO Ha plic. II li pnc. 12 (qep

HUe TO~KR). B npRJioJKemm noKaaaHo, qTo noJiyqeHHlie pacnpe,n;eJieHHR no 
cos 0 H 'f HCKJIDqaDT 3HaqeHHe JP = 3/2- MR N (1960). 

10 ,, 
~ 
:,: 

8 :,: 

.~ 

'11 6 
:li 
:ii 
~ 4 g 
:,: 
5 

2 

0 
-1. 

++++ 

PRc. II. Pacnpe,neJieHRe po!titeHHliX N (1960) 
no cos 8. 

B .neMTOli rJiaBe npoaHaJili3RpOBaHII OTHO
CRTeJibH!Ie BepoRTHOCTll KaHaJIOB pacna.na 
N (1960). Ilpli IlOHCKe B03MOJKHUX pacna,n;oB Ha 
CTpaHJ{lle qaCTHD;!:l aHaJIH3HPOBaJIHCI, KaK .naHHIIe, 
TIOJIYtieHHIIe B 8RcnepliMeHTax me, TaR H ony6-
JIHKOBaHHIIe peayJibTaTli .npyrnx 3KCnepnMeHTOB. 

0 +1 Ilpn noHcKe K8HaJIOB pacna.na 6ea CTparumx qac-
cos8 THU B KOHeqHIIX COCTORIDUIX 6iiJIH npoaHaJIR3lipO-
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PHc. I2. Pacrrpe,ne~eHHe po~eHHIIX N (I960) 
( • ) H qioHOBIIX C06IlTHH ( 0 ) , no f 

~ ::, 
Ballli TO~bKO pe3y~bTaTil .Iij)yr:wc 3KcnepHMeH-
TOB. 03 nOJIY'IeHHHX BepxHIDC orpaHRtJeHRH WU! 

OTHOilleHHH BepORTHOCTeil HCKOMl:DC KaHaJIOB pac
na.na N (I960) Ha CTpaHHHe tJaCTHIJ;fl K 3ape
I'HCTpHpOBaHHOMY CJie,nyeT 3HatJHTe~bH8R pom 
qJaKTopa ueHTpo6eJKHoro 6apbepa, IIpHBO.IJ;Rlllero 
K no,naBRemm BepORTHOCTH pacna,noB C BllCOKH
MH op6HTMbHHMR MOMeHTaMH. &l~o nOJIYtJeHO 
TaJOKe orpaHHtJeHHe Ha BepORTHOCTb pacna.na 
N (I960 )-+t,. 7T , KOTOpoe MOlKeT 611Tb 06'.bRC

HeHo npaIIBROM 0Ky6o-UBeitra-llii3YKH H CBH,ne
TemcTByeT o TOM, 'ITO N (1960) RBJUieTCR 6apHOHOM co CKpllTOH CTpaHHOC
TblO. 

B .neCRTOH r~aBe o6cyiK.naeTCR plI.n MO.IJ;eReH 3K30TH'leCKHX 6apHOHOB H 
pacCMOTpeHH pe30HaHCil - KaH,llH.IJ;aTil.B 3K30TH'lecKHe a,npoHH. 3K30TH'lec
KHH Ha6op KBaHTOBIIX '!Hee~ y a.npoHa, KaK npaBHRO, 06'.bRCHReTCR ero 
MHOrOKBapKOBIIM COCTaBOM. B o6meM CRyqae MHOrOKBapKOBIIH a,npoH, HanpH
Mep, IDITHKBapKOBUH 6apHOH MOlKCT xapaKTepH30BaTbCR He3K30TH'leCKHM Ha-
6opoM KBaHTOBIIX 'IHCe~. a He0611'IHM CTPYKTypa - npORBHTbCR Bero aHO
MaiibHOH Y30CTH. Ha PHO. I3 npHBe,IJ;eHo cpaBHeHHe MaCC H illHPHH H3BeCT
HllX He3K30TH'leCKHX HYMOHHIIX pe30H8HCOB (o603HatJeHH CTaH,llapTHIIMH 
cneKTpOCKOIIHtJeCKHMH CHMBO~MH) C MaCCaMH H illHPHHaMH aHOMaiibHO Y3KHX 
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PHc. I3. 3HatJeHHR Mace (M) H llHPHH (r) li3-
BeCTHHX HJKROHHHX pe3oHaHCOB 
(cneKTpOCKOilH'l8CKHe CHMBO~). 
KaH.IJ;H.IJ;aTOB B YEP ·(2-4) H 06Hapy
JKeHHoro pe3oHaHca N(I960) (I). 

pe30HaHCOB - KaH.nH.IJ;aTOB B IDITHKBapKOBIIC 
6apHOHH (o6o3Ha'!eHl1 2-4). 06HapyxeHHI:Ifi pe-
3DHaHc N (I960), o603HatJeHHHH l Ha 3TOM lKe 
PHCYHKe, xapaKTepHsyeTCR HamteHbillCH ruHpH
HOH, 'ITO RBJIR8TCR .nono~TeRbHilM CBH,ne
Te~bCTBOM B no~b3Y ero IlRTHKBapKOBOH CTPYK
Typll. COBOKYilHOCTb TaKHX xapaKTepHCTHK 
N (1960), KaK Macca, illHpHHa, CilHH-tJeTHOCTb, 
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H~e BHyTpeHHero op6HTafilHOro MOMeHTa, MeXaHH3M po~eHIDl Hero 
Ce'!eHHe, li30TOnHtJecKHii CilHH (I/2)' HaJIHtme CKPilTOil CTpaHHOCTH, H3 
Bcex paCCMOTperumx MO,IJ;e~en IlRTHKBaPKOBIIX 6apHOHOB HaltlIYtJIIIHM o6pa30M 
COOTBeTCTBYeT T.H. MO,IJ;eJIH Meso6apHOHOB. EapHOHil B 3TOH MO,IJ;eJIH COCTO
RT H3 ,IlByx UBeTHHX KBapROBilX KRaCTepoB, pas.ne~eHlillX op6HTMbHilM MO
MeHTOM n cBRSaHHHX no~eM OKTeTHHX UBeTOBIIX CM. B paMKaX MO,neJm Me-
306apHOHOB N (1960) RBJUieTCR npe~CTaBHTe~eM 5/2+ SU(3) 9-MeTa. Pac
CMOTpeHa B03MOJCHM Hl(eHTHqnntaUHR ,npyrHX 't/IeHOB 3Toro 9-MeTa C HeKo
Topw.m H3 Ha6Jm,naBDmXCR RaH,U;li,IJ;8TOB B 3K30T.HtJeCKHe 6apHOJW. 

B BHBO,IJ;ax no TpeTbett tJ8CTH o6CYJ!Ol:8eTCfl B03MOJCHOCTn IlOHCKa .npy
rmc 3K30THtJeCKHX 8.Iij)OHOB npH pa3JmtJHilX 3Hepnrnx nyqKOB, B T. q. H Ha 

CTponmeMCR YCKOPHTeRnHO-HaKOimTeRbHOM KOMMeKce H~B3. 

B tJeTBepToil tJaCTH .nnccepTaUHH npHBe,nelfil pe3yRbT8Tll HCCRe,IJ;OB8HHfl 
IlOMPH38UHH CTP8HlillX ~ oqapOBaHHIIX 6apHOHOB, o6pa30BaHHilX HHKJII03HBHO 
B 8.Iij)OHHHX peaKUHRX. 

B O,IJ;HHHa.IJ;U8TOil rRaBe npoaHaIDI3HPOBaHII CY1JleCTBOBaBillHe 3KCnepHMeH
TafilHHe .namrue no noMpH38UHH rnnepOHOB. Hs KatJeCTBeHHoro paCCMOTpe
HHR COCTOmmtt rnnepOHOB, pollr,I(eHHHX B pa3JIH'!HllX a,npoHHIIX peaKUHRX, 
CJie,nyeT, 'ITO HaJIHtJHe y HmC noMpH38UHH Hee 3H8K o6yc~OMeHH THnOM 
nepBRtJHoro a,npoHa, B o6~acTH ~parneHTaUHH KOToporo oHH 06pa30:saH11, 
He38BHCHMO OT THna .Iij)yroro nepBHtJHOro a.n:poHa. KoJIHtJeCTBeHHHil aHaJIH3 
BeJIRtJlllll:l IlOMPH38Izym IlOKa3HBaeT, 'ITO OHa 38BHCHT OT KHHeMaTH'leCKHX. 
nepeMeHHIIX X .H PT, IlpH KOTOP:WC saperncTpHpOBaH rnnepoH, HO He 38BHCHT 
OT 3Hepnm peaKUHH. IlpHBe,IJ;eHa CHCTeMaTH38UHH ,IJ;aHHHX no IlOMPH38UHH 
/\ 

0
, pollr,I(eHHHX Ha pasJIHtJIWX R.Iij)ax. TI pH STOM BeJIH'!HHII noMPH3aUHH AO

, 

H3MepeHHHe B_ pa3JIH'llil1X 3KCnepHMeHTax, 611JIH rrepeCtIBTa.Hll C yqeTOM H3-
BeCTHWC saBHCHMOCTeff OT X H PT T8K, tJT0611 HCKJ!DtIHTn BJIWIHlie KHHeMa
THtJecKHX rrepeMeHHHX Ha pa3JIHtrae COilOCT8MReMUX 3HatJeHHii Il0MPH38UHH. 
B pesy~bTaTe TaKoro 8HaJIH3a IlOJIY'leHO JK838HHe Ha TO, 'ITO a6COJIDTHM 
BeJIHtUUia IlOMPH38UHH /\ 

0 
y611BaeT C pOCTOM aTOMHOro Beca R,IJ;pa MHrueHH 

(A) H TeM 3HatmTeRbHee, tJeM ma:e 3HeprnR peaKUHH. 
B .IJ;BeHa,zmaToii rRaBe npHBe,neHH pesy~TaTH nsyqeHHR B sKcnepmieH

Tax fil!C-2 IlOMPH38UHH CTpaHHiiX H oqapoBaHHIIX 6apHOHOB, o6pa30BaHHIIX 
B HelTpOH-R,D;epHilX B38HMO,neffcTBHRX. 

Ha.7.rwme Tpex R,D;epHIIX MllllleHeff IIpH 3KCn03HUHH cneKTPOMeTpa El1C-2C 
Il03BOJIHJIO npoBepHTb BIIBO.D:, Il0.7IY'lemwn B O.IJ;HHHa,zmaToil rRaBe, H Bnep
Blle 3KCnepmieHTaJlbHO H3MeIJHTl:> A-38BHCm!OCTb IlOMPH3aUHH /\

0 
• }Inst H3Me

pemm T8KOff saBHCHMOCTH npe,nn:oxeHa M9TO.IJ;HKa, Il03BOJJ.flEJ1llM HCKJIIO'!HTb 
li3 pactJeTOB 3qq>ElKTHBHOCTn pe!'HCTP8UHH pacna.noB /\

0

-p,;-, KOTOPM 6~ 
O,IJ;HHaKOBOff B 3KCil03HUKHX C pa3JIHtJalOIUHMHCR MllllleHRMK. A-38BHCHMOCTl:> 
IlOJIRpH38UHH 6~a H3MepeHa WU! /\

0
• 3aperHCTPHPOBaHHIIX npn p T > 0' 6 
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rsB/c, B paMKax napaMeTpHsawm: a-A~. TioJIY'IeHHUe 3HatJeHrut napaMeTpoB 
a n /' H KOHTypu CTatmapTHUX Oilll!OOK iµm HHX npHBe,neHU Ha pHc. 14. 9TH 
3HatJeHIDI corRacyioTcR c pesyRbTaTaMl'I aHa.,msa, npoBe,neHHoro B O.nHHHa.n:
uaTott rRaBe. 3an!TpliXOBaHHOfi IlOROCOH Ha PRC. 14 0003Ha'IeHa oMaCTb 
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PHc. 14. 3HatJeHIDI napaMeTpoB, xapaKTepH3YJ()lllWC saBHCHMOCTb 
IlOJUIPH381UlH (\ 

0 

OT A, 

0 

napaMeTpOB, COOTBeTCTBYIOUIM B8.7IWIHH8 noJUipHsawm f\ , po~eHHUX B 
H8HTpOH-yrRepO,nHUX B3aHMO,neilcTBHRX npH PT> 0,6 rsB/c *>. IlyTeM cpaB-· 
HeHHR C ,naHHUMH ,npyrRX 3KcnepHMeHTOB IlOKa3aHo, 'ITO no~H38UIDI 1\

0

, 

o6pa30BaHHUX B HeilTpOH-R,nepmnc B3aHMo.nettcTBHRX, He OT~tJaeTCR OT. no
.7UipH3auJIH /\

0

, o6pa30BaHHUX B npoTOH-.1J,!1;8pHUX B3a:HMO,neilcTBIDIX, 
B 3TOtt xe rRaBe npHBe.neHU pesyRbT8TU H3MepeHHR nOJUipHsawm .:_ , 

POlf.n8HHUX B HeilTpoH-R,nepHUX B3aHMo.neilcTBHRX. Hs-sa H83H8'IHT8~bHOtt 
CTaTHCTHKH saperncTpHpOBaHHUX -=- - TaKoe H3MepeHHe 6~o BUilO~eHO Ha 
OCHOBaHHH aHa~sa CJMMBPHOH HHq>opMawm, saperncTpHpOBaHHOH BO Bcex 
3RCil03Hl.UIBX cneKTpOMeTpOB El1C-2 H El1C-2C. Pe3YRbT8TU H3MepeHlifl npHBe
.neHU Ha pnc. 15 CB8T~M KPYXKDM. )J.Jm cpaBHeHHR Ha 3TOM xe PHCYHK8 npH
Be,neHU pesy~Taru H3MepeHIDI IlOJUIPH3awm --:- , POlf.n8HHUX OTpRuaTeRbHU
Ml'I KaOHaMH, npH pa3HUX 3HatJeHHRX p T. BH.nHO, 'ITO 3HaK noJUipH38UHH --: - , 
o6pa30BaHHUX HettTpOHaMH, OTPHUaTeReH R OT~tJaeTCR OT ITOJUIPH38UHH -=-: 
o6pa30B8HHUX OTpHUaTeRbHUMl'I KaOHaMR. 

HaJ>HC. 16 npHBe.neHO COITOCTaMeHHe pesyRbTaTOB R3MepeHHR ITOJUipR-
3aUHH /\ :e: A+c • JJ.,m Toro, tJTo6u HCKJID'IHTb B03MOlKHlle sKcnepHMeHT~HUe 

Heonpe,neReHHOCTH, o6a pesyRbTaTa ITOJIY'ISHU npH a~se TORbKO HettTpoH-

*' Pesy~TaTu, IlOJIY'IeHHUe c IlOMO!Ub!O cneKTpoMeTpa EHC-2. 
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PHc. 15. CpaBHeHHe IlOJUipH3aUHH -=-- ' 
POlf.neHimx HHKJID3l!BHO H0HT
POH8Ml'I (o) ll OTPHuaTS~HU
MH KaOHaMH ( • ) • 

. 
yrRepo,nHUX B38:HMo.nettcTBHll, saperncTpH-
poBaHHUX C ITOMO!UbD cneKTPOMSTpa E11C-2. 
IlpH BU'IHMSHHH noJUipH3aIUIH /\: 6URO 

yqTeHO noRyqeHHOe Y}(a38HH0 Ha pa3~'IH8 
3HaKOB rrapaMeTpOB acHMMeTpHH BILJieTa 
BTOpH'IHUX 6apHOHOB B pacna.n:ax /\: -
- I\+ 1\0 t,( 0 p 11"+1r- H < .. rr•rr•lf-;. Ilpe.nno-

RarMocb TaIOKe, 'ITO 3TH napaMeTpu paB
HU no a6cO~THOH Be~tmHe MaKCHMaRbHO 
.nonyCTHMOMY 3HatJeHmo - e.nmrnue, EMH 
nocRe,nHee npe.nnoRoxeHHe HecrrpaBe,rr.,rn-

PT 'r 3 B./4 BO TO IlORRPH3a'"'R /\"" no a6CORIOTHOH t . '-""' C 

Be~HHe 6y.n;eT OORbllle, 'I8M np1rne.n;eHHaR Ha PllCYHK0, lfa nOJIY'I8HHUX 
.naHHUX CRe,IzyeT, 'ITO /\: TIOJUIPH30BaHU 3Ha'illT8RbHee, 'I8M /\
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PHc. 16. 3aBHCHMOCTb IlO~H38UHH /\
0 

OT PT H Ml'IHHMaJibliaR no a6co
~THOMY 3HaqeHHIO IlOJUip:irna-

UHR f\~. 

B TPHHa,nuaTOH rRaBe o6cylf.na8TCR 
PR.n TeopeTH'I8CKHX MO.IJ;eRefi, OIIHCUBaIO
mHX SIBJieHHe IlOAAPH3aUHH HHKJ!D3HBHUX 
rnnepOHOB,.H paCCMOTP8HO RX COOTB8TCT
BHe cymecTBYIO!llHM 3KcnepHM8HTaRbHUM 
.n;aHHUM. CoBOKynHOCTb IlOJIY'I8HHUX B 
3KCI10PHM8HTax me pe3YRDT8TOB no A
saBRCHMOCTH noJUipHsaun11 /\ 

0 

• noJUipH-
3awm ~ - H acH.MMeTpim B pacna.nax /\: 
Ryqme COOTB8TCTBYIOT rpynne MO,neRett, 
B KOTOPUX SIBJieHHe IlOJUIPH3aUHH o6yMOB-

R8HO CllliH-op6HTMbHUM B3aHM0~8HCTBH0M KBapKOB B IlORe CHR, CBR3UBaIDmHX 
WC B a.n;poHU. 

B 3aKRIO'I8HHH Cq>DPMY~POBaHU OCHOBHl:le pesyRbTaTU R BUBO.nu .IJ;Hccep
TEIUHH, B nOJIY'I8HH8 KOTOPUX aBTOp BHec onpe~eRRIO!llKfi BMa~. 
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B rrpHJio~eHIDf rrpHne,neHH pacqeTU, Il03BOJIHBIIIHe ITOJIY'IHTI, peayJII>TaTU 
BOCI,MOH rJiaBH lO'!CcepTamm. 

OCHOBHHE ~113WIECID1E PE3YJibTA'ill VI BHBO,UH ,lU1CCEPT.AI.U1V! 
:.:.:-:i 

I. 06Hapy.JKeH Y3RHH 6apHOHHl:lH pe30HaHc N(I960). Orrpe,neJieHa ero 
Macca (!956±7) MaB/c2 H lllHPHHa (27tI5) MaB/c2 • Ilpone,neH aHaJIH3 yrJio
BIIX xapaKTepHcTHK pac~a pe30HaHca Ha L- (!385) H ~, 113 KoToporo 
CJie,nyeT, 'lTO ero CilHH-qeTHOCTI, paBHa 5/2+ HJIH 7/2-, HJIH OOJiee BHCOKO
MY HaTypaJII,HOMY 3Haqemno. H3MepeHli xapaKTepHCTHKH poJK,Ite.HHJI N{I960) 
HeHTPOHaMH c HMfJYJII,COM 30-60 raB/c, KOTopue COOTBeTCTByioT npoueccy 
.IlHWPaKUHoHHott .nHCCOW!amm HeilTpOHOB. 

2. IlOJIY'IeHU BepXHHe rpaHHil!l OTHOilleHHH BepOJITHOCTH B03MO.lKHUX Ka
HaJIOB pacna,na pesoHaHca K nepORTHOCTH HaO~eHHoro: N(I960) -
L- (!385) ~. 

3. Ha OCHOBaHHH aHaJIH3a CYTileCTBYJOUlHX 3KCnepHMeHTaJIMIIIX .IlaHHUX 

noKaaaHo, qTo OOHapy~eHHliH pe30HaJIC JIBJIJieTCJI oapHOHOM co CKPUTOH 
CTpaHHOCTI,IO. 

4. ITpone.neHa KJiaCCHWHKaUWI pe30HaHCa nyTeM ero conocTaBJieHHJI C 
.IlPYI'HMH 6apHOHaMH B paMKax MO.IlCJieil 3K30THqecKHX 6apHOHOB, H3 KOTOPOH 
CJie,nyeT ero COOTBeTCTBHe IUITHKBapKOBOMY COCTOJIHH10 {uds) (ds) MO.Ile
JIH Meao6apHOHOB. 

5. B pe3yJII>TaTe OOHapy.JKeHIDI 6apHOHHOro pe30HaHca N (!960) co 
CKpHTOH CTpaHHOCTI,IO Hera HCCJie.IlOBaHHR nOJIY'ICHO YKa3aHHe Ha CYTileCTBO
BaHHe OKTeTHUX uneTOBUX CHJI Me~ KBapKaMH, OTJIHqa.DII1HXCR OT uneTOBUX 
CHJI CBR3UBaHHR KBapKOB B H3B8CTHUX a,npoHax • 

.6. YKa38HO HanpaBJieHHe H orrpe.IteJieHU OITTHMaJII>HUe YCJIOBHR noHCKa 
B a,npoHlillX peaKltllilX MHOrOKBapKOBUX COCTOJIHHH, co,neplltatUHX CTpaHHUe 
HJIH oqaponaHHUe KnapKH. 

0 

? • Bnepnue rroJiyqeHH :mcrrepHMeHTaJII>HUe .ItaHHUe o ITOJI.fIPH3aW!H /\ , 
pol!UleHHUX HHKJIXJ3HBHO BO B38HMO.IteilcTBHRX H8HTPOHOB C TpeMJI R.IlepHUMH 
MHlll8HJIMH H3 yrJiepo,na, aJIJOMHHHR H Me,nH. Ha OCHOBaHHH 3THX naHHUX ITO
Ka3aHO, 'lTO /\

0

, POl!UleHHUe B OOJiaCTH wparMeHTamm H8HTPOHOB, noJIJipH-
30BaHU TaK ~8,RaK H /\

0

, POl!UleHHUe B OOJiaCTH wparMeHTaUIDf rrpoTOHOB. 

8. 3KcnepHMeHTaJil>HO noKa3aHO YOUBaHHe ITOJIJip1rrnamm /\° C pOCTOM 
aTOMHoro Beca R.Il8P MHWeHH, Ra KOTOpo.il OHH poJK,IteHU. Bnepnue CHCTeMa
TH3HpoBaHU 3KcnepHMeHTaJibHUe .ItaHHUe no 3TOH 3aBHCHMOCTH H noJiyqeHU 
ee KoJIHqecTBeHlille oueHRH. 
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9. BnepBHe H3MepeHa noJIJipH3aUHR - poJ!UleHHUX B OOJiaCTH WPar-
MeHT8W!li HYKJIOHOB npn 3HeprHJlX,CYTileCTBeHHo MeHI,illliX 3HeprHH IIy<IKOB 
B Jia6opaTopIDi HM. ~epMH. 

IO. Bnepnue 3KCnepHMeHTa.Ill>HO H3MepeHa acHMMeTpH.fl B pacna,nax O'la
POBaHHUX 6apHOHOB. IlOJIY'I8HO yKaaa1me Ha pocT Il0JIRPH3amm 6apnOHOB C 
yneJIHqeHHeM Maccu xnap:ita, onpe.IteJimomero HX noJIJipHaaUHro, 

II. IlOKa3aHO, 'lTO COBOKyllHOCTI, noJiyqeHHUX 3KcnepnMeHTaJioHUX .IlaH
HUX no IlOJIRPH38W!H CTpaHHUX H oqaponamrux 6apHOHOB COOTBeTCTByeT B03-
MOJIUIUM npoJIBJieH!rIBM CilHH-Op6HTaJII,HOro B3aHMO.IleHCTBH.ff CTpaHHUX HJIH oqa
ponaHHIIX KBapKOB B noJie CHJI, CB.fl3UBa!OtUHX liX B a,npOHU. 

12. HaMeqeH 3KCnepHMeHTaJIJ,HUH IlO.IlXO.Il K HCCJie,IiOBaHIDO 6ap.HOHOB H 
MHOroKBapKOBUX a,npOHOB, co.nepJK.amruc CTpaHHue HJIH oqapona1rnue KBaPKH, 
Il03BOJI.RIOlIIHH noJiytrnTI, HOBYJO HHWQPMaW!IO O CHJiax, CBR3UBaIOU(l{X 3TH Knap
KH B a,npOHaX, 

B .ll,HCCEPTAUIDf PEIIIEiill TAKJKE 3A)WI11, HMEIOOlvlE METO,UWIECKOE 3HA lffiHHE 

1, IloxaaaHa B03MO~OCTI, B paMKax e,nHHoro 3KcnepHMeHTaJil>IiOro IlO,ll
XO,Iia npOBO,nHTI, IlOHCK H HCCJie,nonaHHe MHOrOKBapROBUX a,npOHOB H H3Mepe
HHe IlOJIJIPH3aUHH liHKJIJ03HBHO poJK,IteHHUX CTpaHHUX H O'lapoBaHHUX 6apHOHOB. 

2. Tipe.ll,/IO~eHa CHCTeMa opra.HH38UHH o6pa60TRH 3KcnepHMeHTaJibHOil 
HHWQPMaW!H, KOTOpaJI npHMeHJieTC.ff COTPY.IlHHqecTBOM El1C-2 H MO~eT OUTb 

npn:rurra npH aHaJIH3e B paMKaX lllHpOKOrO COTPY.IlHH~8CTBa HCCJI6,IiOBaT8JII,
CKIDC U8HTpOB OOJil>IllliX Oci'.beMOB .11:HWOPl~U,HaKOIJJI6HHOii Ha MarHHTHhlX HO

CHTe:'1.f!X, 

3. Pa3paOoTaH PR.Il aJirOPHTMOB n: Ha rue OCHOBe C03.IlaH KOMilJ!eKc Ma
TeMaTHqecKHX nporpaMM, npHMeHReMUil .IlJI.fl aHaJIH3a HHWQpMamm, saperHcT
pHponaHHoil B 3KCnepHMeHTaJC El1C, H npHrO.IIHUX .IlJI.fl HCnOJII,30BaHH.fl B .IlPY
rHX aKcnepHMeHTaJC, 

4. Ilpe.ll,/IO~eHa MeTO,nHKa BOCCTaHOBJieHH.fl HHKJIJ03HBHUX cneKTPOB BTO
PH'lHHX a;npOHOB, o6pa30BaHHUX HeMOHOXpOMaTH~eCKHM JIY'{KOM HettTpOHOB. 

5. Tipe.ll,/lo~eHa MeTO,nHKa H3MepeHHR IlOJIJipli38W!H rHnepoHOB, POJ!UleH
HUX Ha JI.Ilpax C pa3Jrnl!aIOutl™HCJI aTOM!illMH BecaMH, KOTOpaJI Il03BOJI.fleT 
HClq!ID'lHTI, MHOrHe H3 B0,3MO.JKHUX CHCTeMaTHqecKHX OIIIHOOK H3MepeHHH. 
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