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Ilpe)lJIO)KeHa MeTO)lHKa O)lHOBpeMeHHOro H3BJie'leHH.ll HHCpopMaUHH O ITJIOTHOCTH ypoB
Heii, B036y)K)laeMbIX rrpH panHauHOHHOM 3axilaTe Me)lJieHHbIX HeiiTpOHOB, H CYMMbl panttauH
OHHbIX CHJIOBbIX cpyHKUHH El- H Ml-rrepeXO)lOB rrpaKTH'leCKH )lJI.ll Bcero HHTepBana 3Heprnii, 
yqacTBYIO!UHX B 3TOM COCTO.l!HHH. AHaJ1H3 HCITOJib3yeT 3KCrrepHMeHTaJlbHY!O HH!pOpMauHIO 
0 Bepo.l!THOCTH ITO.l!BJieHH.ll JlByxKBaHTOBbIX KaCKa,llOB Me)K)ly KOMITaytt)l- H 3a,llaHHbIMH HH3KO
Jie)l(a!UHMH COCTO.l!HH.l!MH 1nyqaeMoro .ll,llpa. OH MO)KeT 6b!Tb BblITOJIHeH B .ll,llpe C JII06oii 
nJIOTHOCTblO ypoBHeii, BKJIIO'lru! necpopMHpoBaHHbie. IlpHBe)leHHble )lJI.ll 26 .l!Jlep )laHHbie 
onpe,llen.l!IOT Bepo.l!THYIO o6JiaCTb HX 3Heprnii B036~eHH.ll, me HMelOTC.ll MaKCHMaJlbHble 
pacxo)K)leHH.ll Me)K)ly peanbHOH ITJIOTIIOCTblO yp0B11eii H, HarrpHMep, rrpe,llCKa3aHH.l!MH MO)le
JIH cpepMH-ra3a, H, KaK MHIIHMYM, onpe,llen.l!IOT o6JiaCTb .l!Jlep H .ll,llepHblX B036~eHHH, )laJlb-
11ei'lmee 3KCrrepHMel!TaJlbl!Oe H3yqeHHe KOTopoii MO)KeT )laTb HOBYIO H rrpHHUHITHaJlbHO Ba)l(
IIYIO HHcpopMaUHIO O CBOHCTBax .ll,llepHOH MaTepHH. 

Pa6oTa BblITOJIHeHa B Jla6opaTOpHH HeiiTpOHHOH !pH3HKH HM. 11.M.<I>paHKa Ol15Il1. 
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The method is suggested for simultaneous determination of the level density excited 
after the thermal neutron radiative capture and sum of the radiative strength functions 
for the El and Ml transitions in the excitation energy interval practically up to B". We 
analysed the intensities of the two-step y-cascades proceeding between the compound state 
and a given low-lying level of a nucleus under study. Such investigations can be performed 
for any nucleus. The data given for 26 nuclei determine the probable excitation energy inter
val where the significant discrepancies between the experimental densities and predictions 
according to different level density models (for example, the Fermi-gas model) are observed. 
So, the ranges of nuclei and nuclear excitations are determined the further investigations 
of which can provide the original information on the properties of nuclear matter. 
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1 BBe~eHHe 

IlonHaJI pa,11uaQll0HHaJI wupnHa Heii:TpoHHbIX peaoHaHC0B r -y ll cneKTpbI ucnymeHHblX 

")'-KBaHT0B (a TOM 'lllCIIe - U:JMepHeMhie a peaKQllll (n, 21') :lKCIICpHMeHTMbHbie llHTeH

CllBH0CTII ABYXKBaHT0BbIX KaCKa,110B 1-y-y Ha oa,11aHHhie Hll0K0IIe)Kamne ypoam1) orrpe,11e-

11JIIOTCH cpC,IIHllMll ::3Ha<teHllHMll KaK IIJI0TH0CTll ypoBHCH (TIY), TaK ll pa,11uaunoHHbIX 

cunoabIX q>yHKUllH (PC<t>) BO aceM llHTepaane aoa6y)K,11eH11H HlllKC Bn, u, pa.,yMeeTCH, 

cny<taUHbIM pacnpe,11eneHlleM l!X OTKJIOHeHHU 0TH0CUTellhH0 cpe,11Hero 0Ha'ICHIUI. 8Kcne

p11MeHTMbHbie ,11aHHbIC nony<ICHbI C norpeWH0CTbIO Ha ypoBHC ,IICCHTKa rrpoueHT0B. Ho 

B0::lM0lKH0CTH npHMoro aKcnep11MeHTMbHoro onpe,11eneHllH KaK TIY, TaK H PC<t> pao

,IICIIbH0 BO BCCM llHTepaane Boa6yJK,11aeMbIX COCTOHHllH ,[IIIH JII06oro H,llpa c ,II0CTaT0'IH0 

Bb!COKOH IIII0THOCTbIO ypoBHCH C no,1106HOl{ TO'IHOCTbIO B HaCTOHll.lCC BpCMH peanbHO He 

cymecTayeT . 

YKa::JaHHhie napaMeTpbI, onpe,11ena10mue paaanTue nponecca KaCKa,11Horo ")'-pacrra,11a 

HeiiTpOHHoro peooHaHca, MoryT 6bITh onpe,11eneHbI na aKcnepnMeHTa T0llhKO npn npn

Bne<teHllll HCKOT0pbIX rrpe,11no1IOlKCHl!H. HanpnMep, IIJIOTHOCTb ypoBHCH ll::3 CIICKTpOB

npo,11yKTOB H,llepHbIX peaKUllH MO)KCT 6b!Tb H0BIIC'ICHa T0IIbKO npu llCIIOIIb::30BaHllll MO

,IICIIbHbIX npe,11cTaB1ICHllH 06 1myqaeMOU peaKUllll (HanpllMep, npu 0TCYTCTBllll n1160 

KoppeKTH0M y<teTe HCpaBHOBCCHblX npoueccoa, 6Jill0KllX K peanbHbIM pac<tCTHbIM ::3Ha

<teHHHM BCp0HTH0CTH ucnycKamrn npo,11yKTa peaKQllll ll T.,11.). Eme xy)Ke o6cTOllT ,IICJI0 

c pa,11uaunoHHblMll CHJI0BbIMH q>yHKUllHMll. 3a llCKJIIO'ICHllCM rrpHMoro onpep;enemrn :-JTllX 

BCJill'IHH ll::3 peaKUHH ( n, ")'Ci) [1] 11 0UCHKll ll::3 crreKTp0B ABYXKBaHTOBbIX KacKap;oB p;rrn 

Tpex <teTHo-He<teTHhIX cocTaBHhIX ap;ep (2,3], aKcnep11MeHTa1IbHh1e p;aHHbie no PC<t> AJIH 

Bcero llHTepaana B036y)Kj];CHH.II O < E000 < Bn OTCYTCTBYIOT aoo6me. XoTH HCK0T0pa!! 

llHq>OpMau1rn 0 BpeMeHax lKH::3Hll pa,11a B0::36yJK,(ICHHbIX COCTOHHllH Hll)KC Bn llMCCTCJI. 

KocBeHHble IIp0BCpKll MO,IICIIbHbIX npep;IIOJIO)KeHllH npn :)TOM Bb!Il0IIHHIIIICb MHoro

KpaTH0. ,Una aToro llCII0IIb::30BM0Cb, HanpuMep, C0II0CTaBJICHHe pac'!CTHbIX II aKcrrepu

MCHTal!bHbIX II0IIHbIX pa,11uauuoHHbIX WHplIH [4], cyMMapHbIX HHTCHCllBHOCTeii p;ayx

KBaHT0BbIX KacKa,110B [5], crreKTpoB ncnycKaeMbIX ")'-IIY'ICH II ceqem1ii [6] B3aUMO,IICU

CTBll.ll HCHTpOHOB C .11p;paM11. OcHOBHOH Hep;ocTaTOK rrop;o6Hb!X MeT0,[IHK onpep;el!eHH.11 

TIY n PC<t> - rrpuHunm1anbHaJ1 HCB03M0lKH0CTh o6ocHOBaHHoii aapnau1rn Mop;eJibHhIX 

rrpep;cKa:JaHHH j];l!JI ueneii IIOIICKa llX OHa<teHHH, 06ecrre•rnaa10mnx nyqwee COOTBCTCTBHe 

pac<teTa aHal!ll3UpyeMhIM :)KCIICpHMeHTal!bHbIM p;aHHbIM. 

li XOT.11 H3MepHeMbie aKcnep11MCHTaJibHO rrapaMeTpbl III06oii Hp;CpHOI{ peaKUllH orrpe

,(leJIHIOTCH TOIIbKO TIY, PC<t> II Bep0HTH0CTbIO :lMIICCllll rrpo<tHX ee rrpop;yKTOB, B0::3MOlK

l!0CTII o,11no311a<tHoro peweHHH o6paTHoii aa,11a•m B o6meM cny<iae He cymecT~eT. Tio

aToMy IIpC,[ICKa:JaHHH rrapaMCTpOB He ll3Y'ICHHOI{ aKCIICpHMeHTaJibHO peaKUHH ::mxBaTa 

HeHTpOHa ,IIIIH HeKOToporo HCCTa6I11IbHOro llp;pa-MIIWCHII, KaK MIIHIIMYM, (11arrp11Mcp, 

,IIIIH rrpo6JieM TpaHcMyTaUl!ll npop;yKTOB ,IICJieHirn 1mu paC'ICTa H,IICpHbIX rrponeccoB B 

acTpoqiumIKe) MoryT 6b!Tb Bb!IlOJIHeHbI TOJibKO Ha 6aoe MOp;eJibHbIX npe,11cTaBJICHlll
0

1 0 

.Hp;pe. 

Ho cymecTBYIOll.lHC ceii•rnc MO,IICJibHbie npC,[ICTaBJICHIIH O rrpoucccax, npoHCXOAHlllllX 

B Hp;pe rrpn :3Hepru.11x B036y)K,lleHH.H Bb!We HeCKOJibKHX M:JB, He II03BOJIJIIOT j];OCTH'ib 

TO'IHOCTII pac<teTa orrpep;en.11eMblMII HMH rrapaMeTpOB .11p;pa, COOTBeTCTBYIOlllCI{ AOCTll

rHyToii :lKCIIepnMeHTOM. TaK, paCC'!HTaHHble IIO cymecTBYIOlllllM B HaCTO.llll.lCC BpCMJI 

2 

Mop;err.11M TIY n PC<t> (no Kpai'rne11 Mepe - p;ocTaTO'iHO npocTbIM n o6bI'iHO ncnoJib::lYe

MhIM p;rr.11 aHal!ll3a :)KCnepnMeHTa) r-y ll l-y-y MoryT OTJIH'iaTbCH OT aKcnepuMeHTal!bHbIX B 

HCCKOJibKO pao, a nepayro 0'Iepe,llb - ,lllIH JII06hIX Hp;ep ll::3 o6JiaCTH 4S-peaoHaHca HettTpOH

HOII CUJIOBOll q>YHKUHH. OTMeTIIM - H,llep, Ha1160Jiee Cl!O)KHbIX µ;JIH aKcnepuMeHTaJibH0ro 

1my•1eHUJ1. 

8To paCX0)Kµ;eHUe .HCH0 µ;eM0HCTpupyeT HecoaepweHCTB0 µ;ocTaT0'IH0 npoCTbIX cy

mecTBYIOllllIX MOµ;erreii nrroTHOCTH ypoBHeii II paµ;uauuoHHbIX CHlI0BbIX q>YHKUllll. AHa

mm B0OMQ)KHbIX CHCTeMaTU'ieCKHX norpeWHOCTen onpeµ;erreHll.H I-y-y [7] He BbI.HBllll 0CHO

BaHllll µ;rr.H o6'b.HCHeHU.H Ha6moµ;aeMoro pacxo)Kµ;eHll.H T0JibK0 OWH6KaMH aKcnepuMeHTa. 

li HMeHHO :)TO o6ycnaBJillBaeT noTpe6HOCTb B IIOJIY'ieHHH COOTBeTCTByromeii np.HMOU 

aKcnepnMeHTa!IhHOH HHq>OpMaunn no IIJIOTHOCTH ypoBHeii ll Clll!OBbIM q>yHKUll.HM B MaK

Cl!Mal!bH0 BOOM0)KHQM llHTepBaJie Mace u aHeprnii Boo6y)Kµ;eHH.H. licnOJib::lOBaHHe co

BpeMeHHbIX MH0roµ;eTeKT0pHbIX CllCTeM B COBoKynH0CTll C pa3BllTOH B JIH<t> Oli.ffli 

O'ieHb aqiq>eKTIIBHOU MeToµ;HKOll llOBJie'!eHll.H llHq>OpMaQllll HO raMMa-raMMa COBnaµ;e

HHll a np1rnuune II0OB0JI.HeT IIp.HM0 orrpeµ;enHTb o6cy)Kµ;aeMbie ::Jµ;ecb rrapaMeTpbI µ;rr.H 

rrro6oro µ;eq>opMHpOBaHHOro .Hµ;pa µ;o :)HeprHH Boo6y)K,lleHH.H, He MeHbWeii 3-4 MaB, HO 

TOJibK0 npH C0OTBeTCTBYIOllllLX oaTpaTaX Ha coapeMeHHbie µ;eTeKTOpbI ")'-HOJIY'ICHH.H. 

TeM He MeHee, µ;ocTaT0'IH0 II0JIHaJI H ,II0CTOBepHa!! HHCpopMaQH.H 06 o6JiaCT.HX B00-

6y)Kµ;eHHU, rµ;e cymecTayeT pacxo)Kµ;eHHtt Me)Kµ;y Moµ;enhHhIMH npeµ;cTaaJieHH.HMH o TIY 

H PC<t>, H CTeneHH TaKoro paCXO)Kµ;eHH.H M0)KeT noJiy'ieHa y)Ke cenqac npu aHal!ll::le 

HaKonrreHHhIX µ;aHHhlX 06 HHTeHCHBH0CT.HX µ;ayXKBaHT0BbIX KaCKaµ;oB. 

2 3KcrrepHMeHTailhHbie ~aHHbie 

B HaCT0.HIUee BpeM.H a :)KCnepuMeHTax, BblnorrHeHHbIX a ,[{y6He, Pure u P)Ke)Ke UOMe

peHbI lI npoaHammupoBaHbI cneKTpbI - pacnpeµ;eJieHU.H lIHTeHCUBHOCTeii µ;ByXKBaHT0-

BhIX KacKaµ;oa B 40 .Hµ;pax no o6rracTn 114 :::; A :::; 200. 8To crreµ;y10mue .Hµ;pa: 
114Cd, 

124,12sre, 12s I, 13s,131,13s,139 Ba, 140 La, 143,144,146 Nd, 1so Sm, 1s6,1ssad, 160Tb, 163,164,16s Dy, 
166Ho, 16sEr, 110Tm, 114,11s,111Yb, 116,111Lu, 11s,119,1so,1s1Hf, 1s2ra, 1s3,1s1w, 1ss,190Os, 

192Ir, 196Pt, 19sAu u 200Hg. 

,[{rr.H 29 no HUX c Bn0JIHe npHeMrreMOll TO'IHOCThIO onpeµ;eJieHa (HarrpnMep, [8)) TaK)Ke 

lI q>OpMa aHepreTH'leCKOll ::laBUCUMOCTll aepO.HTH0CTll no.HBJieHHH µ;ayxKBaHT0Boro Kac

Ka,11a, OaKaH'IHBaromeroc.H Ha rpynne HU::3KOJie)Kamux K0He'IHbIX ux COCTO.HHllll (npaK

TU'ieCKH - npocyMMHpoBaHHaJI no HHTepaany aneprnii: aoo6y)Kµ;eHll.H npoMe)KyT0'IHbIX 

ypoaHeii 0,5 MaB). 

O6bl'!HO cyMMa aceu lIX Ha6JI10µ;aeMOU B :)KCnepIIMeHTe lIHTeHClIBH0CTll C0CTaBJI.HeT 

20 - 50%, a a 0T,(leJibHbIX .Hp;pax µ;ocTnraeT ~ 100% o6meii: llHTeHClIBHOCTll nepBll'IHbIX 

nepexo,110B pacna,11a HettTpoHHoro peooHaHca. IloaToMy ::JaBIICIIMOCTll In OT :mepruII 

npoMe)KyT0'IH0ro ypoBH.H µ;aIOT ,IIOCTaT0'IH0 noJIHOe npeµ;cTaBJieHIIe 0 TOM, KaK Ha ca

MOM µ;eJie pa3BllBaeTC.H nponecc paap.Hp;Kll KOMnayHµ;-coCT0.HHIIH (HettTpOHHOro peoo

HaHca) a mo6oM .Hµ;pe c III06oii: nJI0TH0CThIO ypoBHeii a oaµ;a.HHOM llHTepBane :3Hepruu 

ero Boo6y)Kµ;eHll.H llE. XoT.H :)TO YTBep)Kµ;eHlle B npIIHQIIne M0)KeT 6bITh OWll60<tHbIM 

B ABYX CJIY'laJIX: 

a) ecJIII npouecc KacKaµ;Horo ")'-pacna,11a K0MnayH,11-cocT0.HHll.H (HettTpOHHoro peoo-

n .... .. - ... ~- . il i-· ----"~ I '-'v oc.,1,a1., .. ll1 ♦..-.tf ,:, .. ,.· ai,-. 
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HaHca) CilllbHO naBIICIIT OT CTPYKTYPhI ero BOllHOBOll <PYHKI.\IIII. OcHOBaHill! ,llll! TaKoro 

YTBep:aqi;eHill! IIMeJOTCl! - Ha6mogaeTCl! CllllbHal! Koppelll!I.\Ill! Me)Kgy OTHOllleHirnMll 3KC

nep11MeHTallbHb!X 11 pac'IeTHhIX l!HTeHCIIBHOCTell KacKagoB II np1rnegeHHOII HeIITpoHHoi'1 

lllilpl!HOll KOMnayH,1-COCTOJIHlIJI B 'IeTHO-He'IeTHb!X COCTaBHblX llgpax [5]; 
6) eClllI aHepreTil'IeCKal! naBIICl!MOCTb BepO.HTHOCTlI 3Ml!CClm HeHa6mogacMb!X B 3KC

nepHMCHTC BTOplI'IHhIX nepexogoB ABYXKBaHTOBb!X KaCKagoB Ha KOHC'IHb!C ypoBHII C 

EBOo > 1 MaB, HanpIIMep, CYII.\CCTBCHHO OTllli'IaCTCJI OT BCpOl!TH0CTll 11crrycKaHl!l! TCX 

BTOpll'IHbIX.1-nepexogoB, KOTOpble orrpegell.HIOT napaMeTpbl 11ny'IeHHb!X HaMl! KaCKa

,IOB. 

B llI060M cJiy'Iae l!HTCHCl!BHOCTb ABYXKBaHTOBb!X KaCKagoB L,,., (ngccb - BCp0l!T

HOCTb IlOJIBllCHl!Jl KaCKagoB C nepexogaMII, 3Heprlll! KOTOpb!X HaXO,ll!TCl! B nagaHHb!X l!H

TepBarrax rrpll 0,IH0M pacnage KOMnayH,1-COCTOl!Hllll) orrpegelll!CTCJI 0TH0lllCHIICM lllllpl!H 

I'.\i lI I';J nepBII'IHOrO II BTOplI'IHOrO rrepeXO,IOB K IlOllHbIM lllllpirnaM I'.\ lI I'; K0MnayHg

lI npoMC)KYTO'IHOrO COCTOl!Hllll KaCKagoB. To CCTb - 06II.\l!M 'IlIClIOM m COCTOJIHllll Hl!)KC 

ypoBHCll ,\ lI i, KOTOpb!C ,IOCTaT0'IHO lIHTCHCl!BHO B cpegHeM Bon6y)KgaIOTCl! np11 l!X 

pacnage. A TaK)KC BCllil'IHHOll TT.\i = p X .6.E, cooTBCTCTBYIOII.\Cll 'merry npoMc)KyTo'I

HhIX ypoBHell KacKa,IOB C nagaHHbIM nHa'IeHIIeM J" B lIHTCpBarrc .6.E. Eclll! naMeHI!Tb 

Il0lIHb!e lllllpl!Hbl Ha npoIInBegeHlll! "acpcpeKTlIBHbIX" napl\IIallbHb!X lllllpl!H II 'IlICllO BOn-

6y)K,1aeMbIX npII pacnage COCTOJIHilll ,\ II i ypoBHell, TO lIHTeHClIBHOCTb KaCKa,IOB M0)KeT 

6hITb Bblpa)KeHa cnegyIOII.\IIM o6panoM: 

I,.,,., = 'I:(I'.\;/I'.\) X TT.\i X (I'ij /I';)= I:(r.\;/ < r.\i > ffi.\i) X n;.; X (I';J/ < I';J > Tnij ). 
J,,r J,,r 

(1) 
"8cpcpeKTlIBHOe" cpegHee nHa'IeHl!e < I' > B 3TOM Bb!pa)KCHlm onpelJ;Clll!CTCl! KaK 

OTHOllleHl!e IlOllHOll lllilpl!Hbl I' pacnagaIOII.\IIXCJI COCTOl!Hllll ,\ lllll! i K 06II.\CMY '!I!CllY 

Bon6y,KgaeMb!X npII [)TOM ypoBHell ffi.\i llllll Tnif• CyMMIIpoBaHIIC no BCCMY Ha6opy 

KBaHTOBhIX 'Il!Cen J, 7r rrpoMe)KyTO'IHb!X II, rrpII HC06XO,llIMOCTII, Ha'IallbHOro II KOHC'!

Hb!X ypoBHell KaCKagoB Bb!Il0llHeHO ngecb ,Ill.SI COil0CTaBlleHirn C aKcnepIIMeHTallbHb!MlI 

gaHHhIMII. 

Bb1pa)KeH1Ie (1) MO)KCT 6hITb MO,lll!plll\llpOBaHO l!CilOllbtJOBaHIIeM COOTHOllleHl!Jl MC)K,IY 

rronHoll aKcrrepIIMeHTaIThHOll pagIIal\IIOHHOll lllilpIIHOll II orrpegenJIIOII.\l!Mll cc BenII'IHHY 

nHa'IeHIICM PC<t> II IIY cnegyIOII.\l!M o6panoM: 

r~KC x I-,-,= I:r.\i x n.\i x (I';1/I';) = I:r.\i x TT_\j x (I';J/ < I';J > m;1)- (2) 
J,1r J,n 

l1n (2) HeCJIO)KHO lIOllY'IllTb COOTHOlllCHIIe, CBl!3bIBaIOII.\CC Me)Kgy co6oii: IIHTeHClI

BH0CTb KaCKagoB, IlOlIHb!C pac'IeTHb!C lI aKcrrepI1MeHTallbHhle raMMa-lllIIplIHbl KOMnayHg

C0CT0JIHlll! lI Bepo.HTHOCTb Br lIOl!BlleHl!l! nagaHHbIX BTOplI'IHb!X rrepexogoB, cpegHIOIO 

,llll! nagaHH0I'O l!HTepBalla i aHeprIIll rrpoMe)KyT0'IHbIX ypoBHell KaCKagoB. 

rpac = r•Kc X '"' (JOKC/Bpac). 
"'Y "'Y L..J "'Y"'Y r ,. (3) 

B rrpegcTaBlleHIIII (2) 3Kcnepl!MCHTallbHal! lIHTCHCl!BHOCTb nponOpl\II0HallbHa a6co

llIOTHOMY nHa'ICHIIIO PC<t> rrepBII'IHhIX nepexogoB 

J =< r.\i > /(E~ x A213 
x n.\) (4) 
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II OTHOll!eHIIIO 'Il!Clla TT.\i BOn6y)KgaeMbIX B l!HTCpBarre .6.E rrpoMe)KyTO'IHhIX ypoBHell K 

lIOllHOMY 'Il!CITY COCTOl!Hllll m;1, Bon6y)KgaeMhIX rrpu pacnage ypoBHJI i. 
IlpegcTaBllCHl!C (2) B MaKCIIMallbHOll CTeneHII npilrO,IHO ,Ill.SI onpegelleHl!Jl Hau6ollee 

Bepol!THOll cpopMbI naBIICIIMOCTII PC<t> nepBil'IHhIX nepexogoB oT IIX aHeprIIII (Alll! na

gaHHOII aHepreTil'IeCKOll naBl!Cl!MOCTll IlllOTHOCTII ypoBHell, Bon6y)KgaeMhIX KacKa,IHbl-

Mll nepexogaMII) 

8To cnegCTBl!C Toro, 'ITO HCIIn6C)KHbIC pacXO)K,leHl!Jl MC)K,IY MO,ICJlbHO nagaBaeMOll 

IlJIOTHOCTbIO ypoBHell ( T .e. l!X 'Il!CJIOM B nagaHHOM IIHTepBarre) cyll\eCTBeHHO KOMilCHCll

pyIOTCl! IlOJIO)KIITCJibHOll KoppeJIJII.\l!ell 'Il!CJI~TeJil! II nHaMeHaTelll! OTHOllleHill! BeJil!'IIIH 

n.\;/m;1, onpege1rneMoro KOHKpeTHhIMII nHa'IeHHJIMH MogeJibHO nagaHHOll IIY. 
B npegcTaBJieHIIII (1) cyMMapHal! BepO.HTHOCTb Bon6y)K,leHIIJI rpynTihI ypoBHell .Hgpa 

B nagaHHOM IIHTepBarre aHepriln ero Bon6y)KgeHill! 11 IIX pacnaga Ha rpyn11y nagaHHhIX 

KOHe'IHhIX ypoBHell 011pe,1enl!eTCl! OTHOllleHileM lllilpIIH KaCKa,IHhIX nepexogoB K lIX cpe

gHeMy nHa'IeHIIIO. l1 o6paTHO npo11opI.1HOHaJibHa 'IlICJIY Bon6y)KgaeMbIX B npOI.\eCce 

KaCKagHoro 1'-pacnaga COCTOl!Hllll. EcTeCTBeHHO, ::JTO TOllbKO cyry6o Ka'IeCTBeHHal! lIH

Tep11peTaI.1IIJI Bbipa)KeHIIJI (1 ). TeM He MeHee, oHa nonBOJIJieT cgenaTb cnegyIOII.\He na-

KJIIO'IeHill!: 

a) IIHTeHCHBHOCTh KacKagoB onpegelll!eTCl! ( 1) TOJihKO cpopMOll cpyHKI.\IIOHaJibHOll 

naBIICl!MOCTlI PC<t> 11epBlI'IHhIX lI BTOplI'IHhIX nepexogoB KaCKagoB OT IIX aHeprIIH, a He 

ee a6coJIIOTHOll BeJIU'IIIHOll, TO CCTh, HanpIIMep, He naBUCIIT OT Olllll60K onpegeJieHl!Jl 

pacCTOJIHl!Jl D.\ Me)K,IY KOMnayH,1-COCTOJIHIIJIMII; 

6) B 0TJIH'IIle OT Il□BeCTHhIX cnoco6oB 011pe,1eneHl!Jl IIY, rge Bepo.HTHOCTh Bblxoga 

11pogyKTOB peaKI.\IIII npo11opI.1IIOHarreHa p, ngecb Ha6n10,1aeTCJI o6paTHO 11ponopI.1HO

HallbHal! ( Ka'IeCTBeHHO) naBlIClIMOCTb. 

8TOT Bb!BO,I IlO,ITBep)K,laeTCJI npIIBegeHHblMII B Ta6JIIII.\e OTHOllleHIIJIMII R cyMM Ha-

6llIO,laCMbIX B ::JKCTiepIIMeHTe IIHTeHCIIBHOCTCll KaCKagoB ,Ill.SI BCex 40 .Hgep B cpegHeM K 

IIX pac'IeTHOMY (1) nHa'IeHIIIO. 

Ta6nuu;a. CpeJuee JaJI 40 JIOep omuoweuue R :n,cnepuM.eumaabnou u pacc'l/,umau-

uou 011,Jl pa311,U'l/,1lblX M.0Je11,ei/, u11,meUCU6?1,0Cmeu 06YX'X:6U?l,ffi06blX -x;ac-x;a006. 

MogellII: [9,1!} [10,11J [9,12] [10,12] 

R 2.1(2) 2.6(2) 1.4(1) 1.6(1) 

B pac'IeTe I1cnOllh□OBarrI1ch gBe panJIIl'IHhle MogellII [9,10] PC<t> ,Ill.SI El-nepexogoB (II 

ogHo'IaCTil'IHOll MogellI1 Baii:cKoncpa ,ll!Jl Ml-nepexogoB) II gBe [11,12] - ,Ill.SI IlllOTHOCTII 

ypoBHell . .UaHHble Ta6llIII.\bl BilOllHe O,IH03Ha'IHO onpegell.HIOT HaTipaBlleHile, B KOTOpOM 

cllegyeT MO,IIl!pIII.\IlpoBaTh MogeJibHhle npegcTaBJieHirn o PC<l> II IIY ,ll!Jl Toro, 'IT06bl 

06ec11e'II1Tb ageKBaTHOCTb TeopeTil'IeCKIIX npegcTaBJieHIIll ,IOCTIII'HYTOMY ypoBHIO 3KC-

11epI1MeHTa. A I1MeHHO: PC<t> nepBil'IHhIX nepexogoB MoryT IIMeTh aHepreTil'IecKyro na

BIICIIMOCTh, BOtJMO)KHO, HeCKOllbKO 6ollee CilllbHYIO, 'IeM npegcKOObIBaeMal! ,Ill.SI El- [9,10] 
IlllII ,lllJl Ml-nepexogoB. 8To np.HMO CllegyeT II□ gaHHhIX Ta6llilll;bl. 3aMeTIIM, 'ITO a6-

COJIIOTHal! )Ke ee Bellll'IIIHa ,lllJl OCHOBHOll MaCCbl nepexogoB MO)KeT 6bITb II 60llbllle 

npegcKanaHilll [9,10]. IlocnegHee oaKllIO'IeHile Heo6xogIIMO BBeCTII ,Ill.SI o6ecne'IeHIIJI 

COOTBeTCTBIIJl IlOllHhIX 3KCI1epI1MeHTallbHhIX II pac'IeTHbIX pagilaD;IIOHHhIX lllIIPIIH npII 

0Ha'II1TellhHO MeHhlllell, 'IeM npegKanh!BaeMal! [11], IIY. Ilpe)Kge Bcero - B gecpopMil

poBaHHhIX .Hgpax, rge TIOlly'IeHHal! Il3 Bblpa)KCHIIJI ( 1) IlllOTHOCTb ypoBHCll, KaK 11pa-
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BIIJIO, p;aeT tJHa'!eHII.!! I' 7 , B HeCKOJibKO pa□ MeHbIIIIIe, '!eM 3KCIIepIIMeHTaJibHbie. TaKIIe 

tJHa'!eH!llI IIOJIHOll IIIIIpIIHbl rroJiy'IaIOTC.l!, eCJIII /];JI.I! HOpMIIpOBKII PC<I> l!CIIOJib30BaTb 

3KcrrepIIMeHTailbHble p;aHHhle O ClIITOBb!X <PYHKUl!.l!X MeCTKIIX rrepBII'IHb!X rrepexop;OB II 

ep;IIHCTBeHHb!M II3BJieKaeMb!M rrapaMeTpOM C'II!TaTb IIJIOTHOCTb ypOBHel!. 

3p;ecb Heo6xop;!!MO OTMeTIITb cyll\eCTBeHHOe o6CTO.l!TeJibCTBO: aBTOpbl [10} pa□pa-
6oTanII CBOIO MOp;eJib /];JI.I! cq>epII'IeCKIIX, HO He /];JI.I! p;eq>opMIIpoBaHHb!X .l!gep. Ho rrpOCTa.l! 

aHanIITII'IeCKa.l! q>opMa gaBaeMbIX MogeJibIO □Ha'!eHIIn PC<I> BMecTe c nMeIOII.\elI q>u□u

tJ:eCKIIll CMb!CJI q>opMailbHOll B03MOMHOCTbIO l!X BapIIa~IIII (rryTeM l!□MeHeHl!.l! TepMOgH

HaMII'IeCKOll TeMrrepaTypb! .!!gpa) IIOCJIY)Kl!Jia OCHOBaHIIeM ):\JI.I! ee IICIIOJibtlOBaHil.l! B pac

'!eTe I'f'f ):\JI.I! BCex 6e□ IICKJIIO'IeHII.l! .l!gep, n::iytJ:eHHb!X HaMII. 8To orrpaBgaHo, IIOCKOJibKY 

ueJibIO rrpogeJiaHHOro aHaJIII□a .l!BJI.l!eTC.l! IIOIICK Han60Jiee BepO.!!THOll HeII□BeCTHOll q>yH

KUIIOHaJibHOll tiaBIICIIMOCTII PC<I> II IIY OT □Hepnm BOti6yMgemrn B q>opMe IIX oMngae

Moro oTKJIOHeHl!.l! OT HeKoToporo MogeJibHoro rrpegcTaBJiemrn. 0TMeTIIM rJiaBHoe ycJio

BIIe, KOTOpoe II IIOtlBOJI.l!eT orrpegeJIIITb ogHOBpeMeHHO II3 3KCrrep!!MeHTa BOtlMO)KHb!C 

3Ha'IeHII.l! KaK IIJIOTHOCTII ypoBHe11, TaK II CIIJIOBb!X <PYHKUIIll. KaK Bl!):\HO l!3 (1) - (3), 
OCHOBHOll rrapaMeTp, orrpegeJI.l!IOII.\IIll ycJIOBIIe COOTBeTCTBl!.l! paCC'Il!TbIBaeMb!X IIHTeH

Cl!BHOCTell II rroJIHOll IIIl!pIIHbI □KcrrepnMeHTaJibHb!M tiHa•ieHH.l!M - □To IIJIOTHOCTb Bo::i-

6yMgaeMhlX KacKagHhIMl! rrepexogaMII cocTO.l!HIIll. (3HatJ:eHIIe Br = (I';,/ < I';J > m;J) 

orrpegeJI.l!eTC.l! a6coJIIOTHOll BeJIII'IIIHoii: IIY, HO ):\JI.I! PC<I> - TOJibKO IIX OTHOIIIeHHeM). II 
IIMeHHO HerrocpegcTBeHHO orrpegeJI.l!IOII.\a.l! II□MepeHHb!e 3KCrrepIIMeHTanbHO l!HTeHCHBHO

CTll ABYXKBaHTOBb!X KaCKagoB BepO.!!THOCTb IIO.l!BJieHII.l! BTOpII'IHOro rrepexoga aq>q>eK

TIIBHO cyMaeT BOtlMO)KHblll Ha6op tlHa'IeHIIll l!CKOMb!X rrapaMeTpOB. EcJIH BepO.!!THOCTb 

Br = 1, To, KaK BII):\HO II3 Bb!paMeHII.l! (3), ):\JI.I! JII06oii: MogeJibHO □agaHHOll IIJIOTHOCTl! 

ypoBHell Bcerga MO)KHO HallTl! CIIJIOBbie q>yHK~IIII, KOTOpb!e o6ecrrc'IIIBaJil! 6bI COBirnge

HIIe 3KCIIepIIMeHTailbHb!X II pactJ:eTHb!X tJHa'!eHHll I' 7 II I'f'f, l! CIITyaUII.l! C !IX peaJibHb!Mll 

tJHa'IeHII.l!MII OCTaBaJiaCb 6b! IIOJIHOCTbIO HeorrpegeJICHHOll. 

Bb!paMeHII.l! (1) II (2) 6bIJIII IICIIOJibtlOBaHbI HaMII ):\JI.I! peanII□a~IIl! IITepa~IIOHHoro 

rrpouecca rroIIcKa [13} HaII60Jiee xapaKTepHb!X CBORCTB PC<I> II IIY, orrpegeJI.l!IOII.\IIX pa□-

BIITne rrpo~ecca KacKagHoro 1 -pacrraga KOMrrayHg-cocTO.l!HIIll T.l!MeJib!X Hgep, a uMeHHo: 

1) HaII60Jiee BepO.!!THOH IIJIOTHOCTU Bo□6yMgeHHb!X cocTO.l!HHH, o6ecrre'IIIBaK>ll\Cll 

HaIIJIY'IIIICC BOCIIpOUtlBegeHue 3KcrrepIIMeHTaJibHbIX IIHTCHCUBHOCTCll KaCKagoB - rrpn ::ia

gaHHbIX MogeJihHbIX rrpegrroJioMeHII.l!X o PC<I>; 

2) Hau60Jiee Bepo.!!THbIX □Ha'!eHIIH cuJIOBb!X <PYHKUUH ( TO'!Hee, cyMMhl PC<I> El- II 

Ml-rrepexogoB) - ):\JI.I! pa□JIU'IHb!X MO):\eJibHb!X rrpegcTaBJieHIIll O IIJIOTHOCTU ypoBHeu • .JJ:JI.!! 

□Toro U3 (1) ):\JI.I! Ha6opa ll3 HeCKOJibKUX MOgeJiell PC<I> orrpegeJI.l!IOTC.l! [13} Hau6oJICC BC

po.!!THble 3Ha'IeHII.l! IIY' o6ecrre'IIIBaIOII.\IIe HallJIY'IIIIee BOCIIpOII□BegeHUC 3aBUCUMOCTU 

I'f'f OT 3Hepruu B0□6yMgeHII.l! .!!gpa. 3aTCM lltl IIOJIY,!CHHb!X <PYHKUIIOHaJibHb!X 3aBUCUMO

CTell IIY BhlgeJI.l!IOTC.l! HaII60Jiee xapaKTepHbie oco6eHHOCTU u 06JiacTb ee BO□MOMHb!X 

□Ha'IeHuu. AHanorll'IHa.l! rrpouegypa rrpoBogIIJiacb ):\JI.!! Bb!paMeHII.l! (2). 
Pe□yJibTaTbl 6bIJIII IICIIOJib30BaHbl KaK IICXO):\Hble II KOHTpOJibHble ):\JI.I! OIIIICb!BaeMoro 

□gecb rrocJiegHero IIIara aHann□a: ogHoBpeMeHHoro Bocrrpou□BegeHII.l! Han6oJiec Bepo

.l!THOH <PYHK~IIoHanbHou □aBIICUMOCTU IIY II PC<I> OT 0HeprIIu rrepBII'IHoro rrepexoga 

E 1 (Jin6o □HeprIIII Bo□6yMgeHII.l! E,x = Bn - Ei) II orrpegeJieHU.l! 06JiacTu ux HaII60Jiee 

Bepo.!!THbIX □Ha•ieHnn. 
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3 0 COOTHOllleHHH BepO.SITHbIX H peanhHbIX 3Ha-
v 

qeHHH onpe~en.HeMbIX napaMeTpOB KacKa~Horo 

1 -pacna~a 

0TCYTCTBl!C ;i;o HaCTO.l!ll\Cro BpeMCHl! MCTO):\UK orrpe;i;e.:remrn (n□ Ha6.:rrogaeMbIX CIICK

TPOB 1 -KBaHTOB mm crreKTpoB nx c0Brragem1ii:) □HatJ:em1u IIY u PC<I> ):\JI.I! Bcero 1rnTep

Bana □Heprl!I! B0□6yMgaeMb!X ypoBHel! 03HatJ:aeT, no HaIIIeMy MHCHIIIO, 'ITO □Ta npo-

6.rreMa HC MO)KCT 6b!Tb pcweHa Tpagl!Ul!OHHb!MII cpegCTBaMII aHanu□a 3KCIICpIIMeHTa. 

lIMCHHO 3TO o6cTO.l!TC.:IbCTBO CTl!Mym1poBanO IIO.l!B.ileHl!e orrucaHHOro □gecb aHamma . 

IlpnH~l!IIl!a.ilbHb!M rrpu 3TOM, ecTeCTBCHHO, CTaHOBl!TC.l! Borrpoc O COOTHOllleH!U! 

MCMgy l!CKOMb!Ml! (pea.rrhHb!M!!) □Ha'ICHl!.l!Ml! rrapaMeTpOB rrpo~ecca II l!X Hal!6o.:ree BC

po.!!THOII o~eHKOR, rro.rry<IeHHOII rrpeg.rraracMbIM m1Me MCTogoM. Ilo Ii:aweMy MHemiro, □Ta 

npo6ncMa IIO.iIHOCTbK> 3KBHBaneHTHa rrpo6JICMC: "COBIIagaeT ml MaTeMaTl!'!CCKOe O)KI!

gaHne orrpegcJIJICMOll B JIKJOOM 3KCIICpl!MCHTe Be.iIH'!IIHbl C ce IICTl!HHb!U 3Ha'IeHneM"? 

.JJ:pyrl!Ml! cJioBaMl!, MbI mmaraeM, 'ITO ecJil! rrpegJiaracMa.l! McTogl!Ka He cogepMUT cn

cTeMaTII'IecKux owu6oK, cyll\eCTBeHHO rrpeBbllllaK>ll\l!X IIOJiy<IeHHblll CTaTI!CTl!'IeCKI!Il 

pa□6poc Hai'igeHHbIX □Ha'ICHl!I~ IIY u PC<I>, TO Hau6oJiec Bcpo.!!THbie ux □HatJ:emrn OT

paMaroT, KaK MHHl!MYM, Hal!6oJice xapaKTepHbie oco6eHHOCTI! napaMeTpoB, orrpege

JI.l!K>ll\l!X rrpo~ecc KacKagHoro 1 -pacnaga KoMnayHg-cocTO.l!HII.l! T.l!Merroro .!!Apa. EcTe

CTBCHHO, 'ITO □Ta npo6JieMa Tpc6yeT gaJibHClllllCro II3Y'ICHll.l!, a IIOlIY'ICHHb!C 3i];CCb 

pe□ynbTaTb! cnegyeT pacCMaTpIIBaTb KaK npegm1pUTCJibHb!C. 

4 AHaJIH::3 

TaKa.l! HeopgIIHapHa!! B03MO)KHOCTb ogHOBpeMCHHoro onpegc.rrCHl!.l! OCHOBHb!X napaMe

TpOB, onpegen.l!K>ll\HX npouecc KacKagHoro 1 -pacnaga Hgpa c MaKCUMaJibHo B031l0lKHOfr 

IIJIOTHOCTbIO ypoBHCll (B rrepByK> o•iepegb - geq>opMnpoBaHHoro ), B03Hl!KaeT l!□-na Toro, 

~ITO: 

a) npn orrpege.rreHmI tiHa'ICHI!ll gByx HC!mBecTHbIX BCIT!!'II!H - IIY n PC<I> g.rr.l! ::iagaH

Horo l!HTepBana 3Hepr!!ll ero COCTO.l!Hl!ll COBMCCTHO aHammnpyK>TC.l! pcnyJibTaTbl gByx 

HCtlaBI!Cl!Mb!X 3KCIICpIIMCHTOBj 

6) tJHa'IeHH.l! l!HTCHCl!BHOCTII KaCKagoB, onpegeJICHHb!C p;n.l! N l!HTCpBanOB 3Hcprnn 

B0□6yMl];CHl!.l! IIJIKJC Ol];HO 3Ha'!CHUe r '1> IIOtlBOJI.l!KJT orrpegcrrHTb ( co cpaBHl!TC'JlbHO ua

JIOll, xoT.l! II Hen::i6eMHOI! Heonpep;e.rreHHOCTbIO) 2N ::imt'IeHnii ncKOMb!X rrapaMPTp<>B un

::ia O'ICHb )KCCTKO p;eTepMI!H!IpOBaHHOl! (Ho He Ol];HOtJHa'IHOII) CB.l!tll! MClKl];Y tlHcl'I<'Hl!.l!Mll 

ITY n PC<l>, onpcp;en.l!IOII.\IIMH l!HTCHCI!BHOCTH Ha6nmp;acMbIX KacKagHhIX ncpexogcm. Ho 

caMa BOtlMO)KHOCTb Toro, 'ITO 2N napaMeTpOB npo~ecca KaCKfll];HOro 'y-pacnaga CKO

pee Bccro rrpII □TOM o6ycJioBneHa ycnoBH.l!MII p > 0 u r > 0 p;n.l! nro6oro 1rnTc'pBana 

BOti6yMl];CHl!ll II nro6oii: 3HeprIIl! rrepcxoga. KaK pe□ynbTaT, pclllCHl!C HflXOl];l!TC.l! !!3 Cl!

CTCMbl im N + l ypaBHCHIIll II 2N HepaBeHCTB. 

EcTCCTBCHHO, '!TO B anan1me TaKoro poga l!CIIOJlbtJYCTC.l! l! HC.l!BHOC npcgIIO.iIOlKCHI!(' 

o TOM, 'ITO ncKoMbIC nHa'ICHl!.l! ITY u PC<I> .l!BJI.l!K>TC.l! p;ocTaTo•rno r.rrap;Kl!Mll <PYHKUl!.l!im 

:-.neprIIII. 

lf::i COOTHOlllCHl!ll (1) II (2) HClibtl.l! onpcgemITb l!CKOMb!C napaMCTpbl B aHam!Tll'IC-
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CKOH cpopMe. IloaTOMy 6b!.il llCII0Jlb30BaH llTepa[lllOHHb!H rrponccc- II0IICKa HCK0T0pb!X 

crrrm11Hb!X 3Ha'!eHnii: IIY n PC<t>, 06ecrre'!I1Ba10m11x ace 6oJihlliYJO cTcrreHb cooTBeT

CTBllH KaK MelKgy aKcrrepllMCHTaJibHb!Ml! llHTeHCl!BHOCTHMll KacKagoa, TaK I! IIOJlHOl! 

paglla[lllOHHOH umplIHOH ll paCC'Il!TaHHb!Mll ITO (1,2) !IX )Ke 3Ha'ICH!IHMII. .IJ:rrH clToro 

;:iagaaarracb HeKOTOpaH, B '!aCTll BapnaHTOB pac'!eTOB BeCbMa IIp01!3B0llbHaH lI il<tlKC 

lIHOrga a6COJIIOTHO HepearrhHaH cpopMa <pyHK[ll!OHallbHOH 3aBI!CI!MOCTl! PC<t> OT 3Hep

run rrepexoga 11 IIY OT 3Heprnn ao;:i6yJKgeHirn Hgpa. KaK ncxogHhie ncrroab3oaaauch 

m160 06merrp1rnHTb1e [9-12] Mogean PC<t> n IIY, TaK l! nx JKe 3Ha'Iemrn, ncKalKCHHbIC 

C IIOMOlliblO <pyHK[llIH (5) rrpOI!3B0llbHb!M o6pa30M B pa3Jll!'!Hb!X llHTCpBarrax 3Heprm'i 

KBaHTa !Ill!! B036ylK):ICHl!H llgpa. Ilponegypa IIOl!CKa nap l!CKOMb!X BCJll!'Il!H ocymccTBllll

llaCb crregyJOllil!M o6paaoM: ucxogHhie <pyHK[ll!OHallbHbie 3aBl!Cl!MOCTI! IIY n PC<t> nc

KalKaJil!Cb l!X YMHOlKeHl!CM Ha HeKOTOpb!e CllJ<IaHHble <pyHK[llil!. B Ka•1eCTBe IT0CJIC):IHI!X 

l!CITOJlb30BaJIOCb CJiegyJOUICC Bb!palKeHne: 

f(E) = exp(A x (E - U)2 /0'2
), (5) 

rge gaH o6ecrre'!eHl!ll cxogIIMOCTll orrncblaaeMoro nTepannoHHoro rrponecca cay'Iaii:

Hble 3Ha'IeHnll rrapaMeTpOB A, U n O' Bbl611parrncb II3 nHTepaaaoa [-0,2; 0,2]; [0;En] II 

[0,1 MaB; 0, 3En] cooTBeTCTBeHHO c ncrrorrb30BaHneM cTaHgapTn3oBaHHoii: crry'IaHHOII 

aeJIII'Il!HhI, paBHOMepHo pacrrpegeJieHHOH B [O;l]. Ecan ncKalKeHHbie TaKttM o6paaoM 

3Ha'!eHl!ll IIY n PC<t> (gall El- II Ml-rrepcxogoa pa;:igerrbHO) o6ecrreqnaaan rry'IUiee co

OTBeTCTBne MeJKgy pacc'!IITaHHb!Ml! l! l!3MepeHHb!Ml! l!HTeHCl!BHOCTHMl! KacKagoa, TO 

OH!! llCITOllb30BaJillCb KaK BXO):IHble ):lllll caegyJOmero Uiara l!Tepa[llll!. 

QqeB!I):IHb!H Kpl!Tepnii: 3TOro - yMeHbllieHlle cyMMbl KBagpaTOB OTKlIOHeHI!li pac'!eT

HOro 3Ha'!eHl!ll I-y-y OT 3KcrrepnMeHTallbHOro grrH l!HTepa,;,rra 0 < Enoo < En no cpaaHe

Hl!IO C rrpeghlgymeii: lITepanneii:. CooTBeTCTBeHHO, "ncKalKeHHaH" OITl!CbIBaeMb!M crroco-

6oM IllIOTHOCTb ypoBHCli !! Cl!JlOBb!e <pyHK[ll!l! paccMaTpl!BaJiaCb KaK HOBOe "MogellbHoe" 

rrpegcTaBJieHIIe, 6onee COOTBeTCTBYJOUiee orrpegenlleMb!M BelllI'Il!HaM. OHo CTaHOBl!l!OCb 

l!CXO):IHb!M ):lllll HOBOH l!Tepa[lllll. TaKaH rrponegypa Ha coapeMeHHb!X KOMITb!OTepax ( B ;:ia

BlICl!MOCTlI OT cTerreHl! pacxoJKgeHIIll MeJKgy Ha'!al!bHhIMl! 3Ha'!eHl!lIMl! IIY, PC<t> 11 l!X 

pearrbHb!Ml! 3Ha'!eH!IlIMl!, a TaKJKe - OT TO'IHOCTll rrogroHKl! pacqeTHb!X 3Ha'!eHl!H K 3KC

rrepl!MeHTaJibHb!M) Tpe6yeT B cpegHeM OT HeCKOJlbK!IX gecl!TK0B Ml!HYT go HeCKOllbKl!X 

'IaCOB ):lllll ogHoro Bapl!aHTa pac'!eTa. IloaTOMY Mb! 6b!Jll! BhIHyJKgeHbl orpaHl!'Il!TbCH 

MaKCllMYM 30 Bapl!aHTaMll ):lllH KaJKgoro !13 26 llgep, orrucaHHb!X 3gecb. Pac'!eT Tpe6yeT 

IT0CTOlIHHOrO KOHTpOllll TOllbKO B Ha'IaJibHOli CTa):lllll llTepa[ll!OHH0ro rrponecca o6b!'IHO 

B CllY'IaHX, Korga l!CXO):IHble 3Ha'!eH!Ill rrapaMeTpOB HepearrbHO garreK!I OT OlKl!):laCMb!X B 

paMKax cymecTBYIOllil!X cerogHH rrpegcTaBJieHl!H Ha 3TOT C'IeT. lIMeHHO ;:igecb B03MO

)KeH Bb!XO):I B T0'IKY lIOKaJibH0ro MllHllMyMa cpegHero KBagpaTa OTKJlOHeHllH._ 

Ho rrogqepKHeM, 'ITO 3Ha'!eHIIll IIY l! PC<t> grrll Ha6nJOgaBUillXCll noKallhHhIX Mll

HllMYMOB Bcerga l!Merrn 60llblliee pacxolKgeHIIe C cymecTBY!OllilIMl! MogeJibHb!Ml! rrpeg

CTaBJieHl!HMl!, '!eM rrpnaegeHHble H!IlKe pe;:iynbTaTbl. 

Ilponegypa ITOl!CKa BepOHTHb!X 3Ha'IeHl!H lICKOMbIX rrapaMeTpOB 6blrra rrpogerraHa 

grrH pllga 3aMeTHo pa;:imi'Ia!Ollil!XCH l!CXO):IHb!X IIY II PC<t> l! Bcerga cxognrracb K 06-

meii: ):lllll 3T!IX BapnaHTOB <pyHK[ll!OHallbHOli 3aBllClIMOCTl!, 06ecrre'IIIBa10meii: Hanrryq

Uiee coBrrageHne pac'!eTHb!X lI 3KCITepnMeHTaJibHb!X !IHTeHCl!BHOCTeH KacKagoB. 3gecb 
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rro;:i;pa3yMeBaCTCll, 'ITO TCpM!IH "o6maH" COOTBeTCTByeT HeKOTopoMy pacrrpegel!eHI!IO 

CllJ'Ial!Hb!X Bellll'Il!H co BIT0l!He orrpegerreHHbIM cpegHI!M lI gncrrepcl!eli (rrpnBegeHHbIMlI 

;:i;arree Ha pncyHKax). 

EcTeCTBeHHO, 'ITO rrpn orrncb!BaeMOM crroco6e orrpegerremrn 3Ha'ICHIII! IIY ll PC<t> B 

MaKCl!MallbHOH CTerreHl! llCITOJlb30BaJiaCb l!Me!OUiaHCll 3KcrrepIIMeHTaJibHaH lIH<popMa[l!Ill 

0 llgpc. 8To - IlllOTHOCTb ypoBHelI rrp!! 3Hepr!!l! CBll3l! HelITpOHa, 3Heprnn B036yJKge

mrn l! KBaHTOBb!e 'Il!CJia xopOUIO ycTaHOBJieHHbIX H!I3KOJieJKamnx ypoBHeii: ll MO):\ l!X 

pacrraga Hl!JKe E~,.c ~ 1 - 2 MaB grrll He'!eTHbIX u '!eTHbIX llgep cooTBeTCTBeHHO. OH!! 

6pam!Cb !!3 COOTBeTCTBY!OllilIX KOMIT!IlIH[llIH (rrocrregHne, ecTeCTBeHHO, C MaKClIMaJib

Hb!M y'IeTOM crreKTpocKOITl!'IeCKOH l!H<pOpMa[llllI, rrorry'IeHHOli HaMll paHee rrpn aHa

mme rrapaMeTp0B Ha116oaee l!HTeHCl!BHbIX ABYXKBaHTOBb!X KaCKagoB ) • .IJ:orroJIHl!TellbHO 

<pnKcupoaarrocb (Ha ocHoaamm [14]) OTHOUieHne mupnH Ml- II El-rrepexogoB grrll ux 

3Hepr1m, HeCKOJlbKO MeHbUieii:, 'IeM 3Hepr!Ill CBH3l! Heii:TpOHa En• 

4.1 Ilpn6muKeHH.H, HCilOJib:JOBaHHhie B aHaJIH:Je 

4.1.1 IlJioTuocTh ypoaue~ 

IlocKOJlbKY orpaHll'IeHHOCTb o6'beMa rrorry•reHHOli 3Kcrrepl!MeHTaJibHO umpopMa[l!Il! He 

IT03B0JllleT orrpegel!l!Tb Beeb Ha6op rrapaMeTpOB, orrpegeJill!Ollil!X l!3MepeHHbie B 3KC

rrepuMeHTe Belll!'Il!Hbl, B03HllKaeT rrpo6l!eMa o60CHOBaHHOro Bb16opa rrpegITOl!OlKeHIIH, 

CHl!Ma!OllillX 3TY rrpo6neMy ll B TO )Ke BpeMll B Ml!Hl!Mal!bHO B03MOlKHOli CTerreHI! l!CKa

)Ka!OllillX l!CKOMbIH pe3yrrbTaT. To, 'ITO IlllOTHOCTb ypoBHeli pa3lll!'IHOH 'IeTHOCTl! IIpl! 

Hc6ol!bllil!X 3Heprl!l!X B036ylR'.):ICHl!ll MOlKCT 6b!Tb pa3l!l!'IHOH - <paKT gaBHO l!3BCCTHb!li. 

Oco6eHHO 3TO crrpaBe):llllIBO ):ll!H OKOl!OMaru'ICCKl!X llgep. Ilpo6neMa !!3Y'Ial!aCb Teope

Tl!'ICCKl!, HarrpnMep, B [15] . .IJ:Ba Bb!BO):la, cymecTBCHHble ):lllH HaUiero aHaJil!3a, COCTOlIT 

B TOM, 'ITO: 

a) B gal!CK!!X OT Marl!'ICCKl!X llgpax ylKe rrpl! yMepeHHb!X 3Heprl!l!X (Harrpl!Mep, Bhlllie 

3 MaB B 'ICTHO-'ICTHb!X gecpopMI!pOBaHHbIX llgpax) lK):laTb cymecTBCHHb!X pacXOlK):ICHl!li 

B IIY gnll ypoBHeii: c paann'IHOH '!eTHOCTbJO HeT oco6b1x ocHoBaHn:ii:; 

6) l!MC!Ollil!CCll pa3l!l!'Il!ll B Ill!OTHOCTl! YMCHbllia!OT rrpl! YBClll!'ICHl!l! 3Heprl!l! B03-

6ylK):ICHl!H llgpa. 

Ilo 3TOH rrpl!'IlIHC B aHaJill3e Mb! l!CIT0l!b30Bal!l! rrpegrrOl!OlKCHl!e O paBeHCTBe: 

p( 7r = +) = p( 7r = - ), HO rrony'IeHHb!e O IIY Bb!BO):lbl OTHOCl!M TOllbKO K cyMMe 

p( 7r = +) + p( 7r = - ) . 
AHarrOrl!'!HaH Cl!Tya[ll!ll Ha6n10gaeTCll C rrepexogaMl! pa3lll!'IHOH MYllbTl!ITOl!bHOCTl!, 

orrpegel!ll!Ollil!Ml! 3Ha'!eHl!ll 3KCITep!IMCHTaJibHb!X BClll!'Il!H - El- lI Ml. lix Cl!JlOBb!C <pyH

K[ll!l! l!Bllll!OTCll He3aBl!Cl!Mb!Mll rrapaMeTpaMII aHaJil!3a, HO cyMMa Cl!l!OBb!X <pyHK[ll!H 

3Tl!X rrepexogoB ):llllI BCCX Hgep l!MeeT cymecTBCHHO MCHbllilIC OTKl!OHCHl!ll OT cpegHero, 

'ICM Cl!l!OBble <pyHK[ll!lI ):lllll KalKgo:ii: MYllbTl!ITOllbHOCTl! pa3):ICllbHO. Ilo3TOMY BO BTOpoii: 

qaCTlI Hallieli pa60Tbl aHaJil!3IIpy!OTC.!I He caMl! ClllIOBbie <pyHK[ll!l! ):ll!ITOllbHb!X rrepexo

):IOB, a TOllbKO !IX cyMMa. 

CrrIIHOBaH ;:iaBHCIIMOCTh IIY npaKTII'IecKII He BapbIIpoBarrach B pa3lll!'!Hb!X BapIIaH

Tax pac'ICTOB lI 3agaaarracb B COOTBeTCTBlllI C rrapaMeTpl!3a[ll!Cli [11] l!lll! [12]. BlllllIHl!C 

Bbl6opa KOHKpeTHOH MO):lelll! Ha KOHC'!Hblli pe3yllbTaT rrpu 3TOM rrpaKTl!'ICCKl! OTCyT-

CTBYCT. 
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Heo6xoµ;IIMO oco6o ITOµ;'IepKHYTh, 'ITO ITepe'IIIcrreHHbre BbIIIle He;i;ocTaTKll ITpe;i;rra

raeMoro 3µ;ecb cIToco6a oITpeµ;erreH1rn ITITOTHOCTII ypoBHeii: xapaKTepHbI p;rrJI mo6oro Me

Toga OITpeµ;erreHIIJI :no11 BeJIII'Il!Hbl II3 CITeKTpOB ITpoµ;yKTOB mo6011 JIµ;epHOll peaKIIl!ll. 

Ho ITpeµ;rraraeMhlH HaMII MeToµ; l!MeeT MaKCl!MaJibHYIO 'IYBCTBllTCllbHOCTb µ;rrJI MIIHl!

MaJibHb!X 3Ha'!eHIIH IICKOMOH BelIII'Il!Hhl ll IT03BOJIJieT a6COJIIOTHO TO'IHO 3aqmKcnpoBaTb 

µ;narra30H CIIIIHOB, µ;rrJI KOTOphlX OITpeµ;erreHO 3Ha'ICHlle p. 

4.1.2 Ilpo6JieMhI Moµ;eJibHoro npeµ;cKaoaHIUI PC<f> BTOpIPIHhIX nepexoµ;oB 

KaCKaµ;oB 

Ilpn pac'!eTe IIHTeHCllBHOeTll KaCKaµ;oB ITO Bhlpa)l(eHl!JIM (1) II (2) llCKOMb!Mll ITapa

MeTpOB erreµ;yeT paecMaTpI!BaTb eyMMY B036y)l(µ;aeMb!X (B µ;aHHOM llHTepBarre :rnep

rnii:) rrepBll'IHhlMll El- lI Ml-ITepexoµ;aMn ypoBHeH II eyMMhl J(El) + J(Ml) cnrroBbIX 

<pyHKIIIIH ITepBII'IHb!X ITepexoµ;oB. cho ITpn6Jil!)l(eHIIe ITOlIHOCTb!O o6oeHOBaHO TeM, '!TO 

0KeITepIIMeHTaJibHO yeTaHOBJieHHhlH BKrraµ; Bblellll!X MYllbTllITOllbHOeTeii: B pa3BIITIIC ITpo

rreeea KaeKap;Horo 1 -paerraµ;a HeHTpOHHoro pe3oHaHea eyIIIeeTBeHHo MeHbllle ITorpelllHO

eTn 0KerrepIIMeHTallbHO OITpeµ;erreHHhlX IIHTeHeIIBHOeTeII KaeKaµ;oB. 

Ho ITOMIIMO 0Toro, µ;rrJI pae'!eTa I"/"/ Tpe6yeTeJI OITpeµ;emITh TaK)l(e ll OTHOIIleHne eII

lIOBblX <pyHKIIIIH BTOPII'IHbIX ITepexoµ;oB TeX )l(e MYllbTIIITOllbHOCTeH K l!X )l(e epeµ;HeMy 

ITO eITeKTPY 3Ha'!eHIIIO, TO eeTb BeITII'IIIHY Br. PearrbHO OITllebrnaeMbIH 3p;ecb aHarrn:J 

MO)l(HO BhlITOlIHIITb TOllbKO B paMKax HeKOTOpoii: rIIITOTe3bI, OITpeµ;eITJIIOIIIeH eBJI3b 3Ha

'IeHIIH PC<t> ITepBII'IHbIX II BTopn'IHhlX ITepexop;oB. HyrreBoe ITpII6rrn)l(eH11e o•ieBII;J;Ho: 

IIX eIIlIOBbie <pyHKIIIIII Ol);IIHaKOBbI, eerrII Ol);IIHaKOBa 0HeprIIJI ITepBII'IHOro II BTOpII'IHOro 

ITepexoµ;oB. 

Ho e'!l!TaeTeJI He Bbl3h!Ba!OIIIIIM eoMHeHIIJI TO o6eTOJITerrbeTBO, 'ITO ITPll YMCHbllle

HIIII 0HeprIIII B036y)l(µ;eHIIJI II3y'!aeMoro JIµ;pa BepOJITHOeTb IIeITycKaHlrn ')'-ITepexoµ;a Bee 

B 6orrhllleH eTeITeHII OITpeµ;errJieTeJI llHIJ;IIBIIµ;yarrbHOH eTpyKTypoii: BOITHOBbIX <pyHKIIIIH 

cooTBeTeTBYIOIIIllX eoeTOJIHnii:, n, B03MO)l(HO, BO Bee MeHbllleH eTeITeHn - BITIIJIHlleM cpc

/J;HllX BepOJITHOeTeH lleITyeKaHIIJI ')'-KBaHTa B036y)l(µ;eHHhlM JIµ;poM. Bo3MO)l(HOeTb 0Kerre

pIIMeHTallbHOro II3y'IeHl!JI [)TOH rrpo6rreMbl OIIJITb-TaKn oeJIO)l(HJieTeJI TeM, 'ITO llHTeH

enBHOeTb Ha6rr10µ;aeMbIX BTOpII'IHbIX rrepexoµ;oB KaCKaµ;oB orrpeµ;errJieTeJI He TOllbKO l!X 

urnpnHaMH, HO ll ITlIOTHoeTb!O ypOBHeii:, Haxoµ;JIIIIl!XeJI Hl!)l(e ITPOMe)l(yTo•rnoro ypoBHJI 

KaeKaµ;a. 

Mbr He paeeMaTp1rnaeM 3µ;eeh BOITpoe O TOM, l!MeeT llll OITpeµ;erreHHbIH <pH3IPieeKHH 

eMbICll ITOHJITHe eHITOBOH <pyHKIIIlll BTOpH'IHbIX ITepexoµ;oB ITPII MallbIX 0HeprIIJIX B03-

6y)l(µ;eHHJI ITpOMe)l(yTO'IHbIX ypoBHeH KaeKaµ;oB. Harrn'!IIe BITOJIHe OITpeµ;erreHHOro 3Ha

'!eHl1JI I"("( B Ka)l(l);OM KOHKpeTHOM llHTepBarre 0Heprnii: B036y)l(µ;eHl!JI 03Ha'!aeT, 'ITO cy

IIIeeTByeT HeKoTopoe epeµ;Hee ITO IIHTepBarry l:,,E 3Ha'!eHIIC ri/, KOTopoe MO)l(CT 6h!Tb 

HeITOllb30BaHO B Bhlpa)l(eHHll ( 4 ). 
Ho ITpaKTII'IeeKaJI e11TyaIIIIJI He eTOITb KpHTII'!Ha. HeoITpeµ;erreHHoeTu 3Ha'!CHIIH PC<t> 

BTOpIP!HhlX ITepexoµ;oB TpaHe<popMupy10TeJI B HeoITpeµ;erreHHOeTu pae•ieTHoro 3Ha'!elnrn 

K00<p<pIIIIlleHTa Br B Bbipa)l(eHIIJIX (1-3). Ero epeµ;Hee ITO BeeMy CITeKTpy 3Ha'ICHlle OITpe

µ;erreHo B 0KeITepIIMeHTe II paBHO BepOJITHOeTll ITOJIBJieHUJI Beex Bhlµ;erreHHbIX B 0KeITepu

MeHTe KaeKaµ;oB ITpll O)J;HOM paeITaµ;e KOMITayHµ;-eoCTOJIHIIJI. ,I(rrJI 6oJiblllllHeTBa ll:JY'ICH-
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HblX JIµ;ep OHa rrpeBbIIIlaCT 0,2-0,3 Ha pacrrap; 11 '!aCTO rrpeBbIIIlaeT 3Ha'!eHl!e ~ 0, 5. Ilp1I 

YMCHblllCHIUl 0Hepr111I B036y)l()l;CHirn Br )lOIT)l(HO ITJiaBHO Bo3pacTaTb OT MIIHID,!allbHOro 

3Ha'IeHIIJI ;i;o C;J;l!HlIIIbl. 8To II ITorry'IeHO B OIIl!CbIBaCMOM aHaJIII3e B 11p1I6rr11)1(eHllll, '!TO 

eJ!lIOBbIC <pyHKIIHll ;J;l!IIOilbHb!X rrepexo;i;oB 3aBIIeJIT OT 0HCprmr rrepexo;::ia, HO He 3aBIICJIT 

oT 0Hepn11I B036y)l(µ;eHl!JI ypoBHJI. Ecmr 0To He TaK, TO 3Ha•1eH11JI Be:nI'IIIHbI Br :1orr

)l(Hbl B03paCTI! BhllllC, HaITp1IMep, 110:JOBIIHbl 0Hepr1III eBJI31I HellTpoHa, II, B03'.\!0)l(HO, 

orrycTl!TbCJI HII)l(C no epaBHeHl!IO e 3aBl!elIMOeTb!O µ;rrJI 0;\llHaKOBbIX CllITOBbIX <pyHKIIIIi°l 

( TO'!HCC - O):\llHaKOBOll qiopMbl IIX 3aBllellMOeTll OT 0Hepr1111 rrepexoµ;a), II po;i;erraHHhlll 

HaMn aHa:nm TaKoH B03MO)l(HOeTll HIIKaK HC neKJIIO'!aeT. Ho B 0ToM r11110TeT11'!eeKo:>.1 

crrrrne B03HIIKaeT rrpo6rreMa BBe;::teHIIJI pa;t1IKailbHO HOBblX ITpeµ;eTaBITCHl!II O eBoi°ICTBax 

JIµ;pa. HarrpnMep, o6'bJieHJIIOIIIIIX ITpll'IHHY pe3KOro yBelIIP!eHlrn eJ!lIOBbIX <pyHKIIlli°I rre

pexoµ;oB Ha caMblC Hl!3KOJIC)l(a[IIl!e ypoBHll 113 µ;oeTaTO'IHO Y3Koro IIHTepBarra (He 6orree 

1-3 l'vfoB) 0Hcpr11i"1 Bo::-i6ylK)lCHII.!! HCIIOCpeµ;cTBCHHO HlllKC 0Hepr1111 eBJI31! HCi°ITpOHa II 

cyIIICCTBCHHoro nx yMeHblllCHII.!! µ;mr ypoBHCII Hll)l(e 0, 5Bn, Ecmr Y"ICCTb, 'ITO rrpn

BClJ;CHHbIC HIIlKC pc::-iyrrhT<lTbl ITO ::-JH<l'!CHIIHM IIY BbllllC 0.5B,.. KaK !.lllH1I:{1y11. Hl' rrpo

TI!BOpc•mT mrn6orrce cc c0Bp<'MCHHOl
0

l Mo;i;em! [12), TO Ha ;i;aHHoi"r CT,t;:(1111 II::-J}"ll'Hllll 

CBoi"rcTB nµ;pa B µ;narra::-JOH<' 3Hepr11n CBJl3ll HCIITpoHa B03MO)l(HOCTb pe3Koro pa::-JITll'lllll 

CIIlIOBb!X <pyHKIIIIi°I rrcpmI'!Hb!X ll BTOpll'IHhlX rrepexoµ;oB He crrcµ;yeT pacCM,lTpl!BaTb KaK 

eµ;IIHCTBCHHYIO IIPll'IHHY paexoJKµ;emrn Me)l(µ;y Ha6rr10gaeMb!MI! II l,!Q)leJibHO paCC'!l!TbIBa

eMblMll llHTeHel!BHOCTl!Mll KaCKaµ;oB. K TOMY )l(e 3Ta rrpo6rreMa 6e3 Tpyp;a !,j())K('T 6bITb 

pellleHa :rneITep11MeHTHilbHO, CClIIl C ITOMOIIIb!O coBpeMeHHb!X MHorop;eTCKTOpHb!X CIICTe'.\! 

BbIµ;emI_Tb B ITpOII3BOllbHOM nµ;pe oeHOBHYIO '!aCTb µ;ByXKBaHTOBb!X KaCKa;\OB. HnKaKl!X 

<pll31I'!CCKIIX llilll TCXHll'IecKIIX rrpo6rreM IIPII aHailll3C TaKl!X pe3yrrhTilTOB ccii•rnc He 

Blll);HO. 

Ha ITCpBOII eTaµ;IIll aHamma 3KCI1CpHMCHTHilbHb!X µ;aHHb!X [13] mm6orreC' C)"IIIl'CTBCH

Hb!M OKanarrcn pe3yrrhTHT, rronBOiIJIK)!IIIIII cµ;cmtTb YTBCp)l(µ;CHIIC, '!TO paCXOlKl);C'HIH' !,!(')K

µ;y J;~c II J~;c o6ycJIOBJICHO ITpeHMYIIICCTBCHHO paCXO)l(l);CHl!CM MClKI);)' IIITOTHOCTbKl pc

aIIbHO Bon6y)l(µ;aeMb!X B peaKIIlllI ( n, 'Y) ypoBHCII 11 rrpeµ;cTaBJICHIIJIMII [11] I!O :nm1y 

IIOBOµ;y. 

<l>opMa cBJinll MC)l(µ;y IIY, PC<t> II IT, He IT03BOIIJieT OITpcµ;errnTh nn corrocTaBrrcHnn 

3KCIICpllMCHTil II pac•IeTa llCKOMb!C BClIII'lllHbl OAH03H,l'!HO II Hl'::-JaBIICIII-IO KaK B aHalll!::-J(' 

[13], TaK II B OIIIICb!BaCMOM HlllKC. Hcnn6eJKHa KOMIICHca111rn HC'KOToporo OTKiIOH('Hl!Il, 

HaITpIIMep, IIY OT ucTIIHHoro nHa•ieHIIJI oTKrroHeHIICM PC<t> cooTBCTCTByK>IIIl'Ji Bl'ITll

'lllHbI II 3HaKa. TcM HC MeHCC, MO)KHO eµ;cmtTb BIIOlIHC oµ;Ho:Jml'!Hbl(' II ;:\OCTOB('pHbH' 

3aKITIO'!CHirn O TOM, B KaKOM HaITpaBIIeH111I, rµ;c II µ;a)l(e HaCKOJibKO Tpe6ycTCJI '.\!();:\II

<pllIIllpOBHTb cyIIIeeTB)'IOIIIllC ITPCACTHBlICHll.!! 0 BCpOHTHOCTII ncrrycKaHirn ,-- KBaHTa II 

•rnerrc B036y)l(µ;aeMbIX ITpll 3TOM ypoBHCII. 

OcHOBaHI!CM µ;rrn 3Toro 3aKlIIO'ICHlrn llBIIllIOTeJI penyrrbTaTbl nny'IeHIIJI rrpofirrc1!bl 

cxoµ;IIMOCTH 3Ha•icHnii IIY u PC<t>, µ;cMOHCTp11py10IIIl!C Ham1•mc BIIOJIH<' OIIJH'i:\<':Jl'HHhIX 

I!X nHa'ICHIIH, OTHOCllTl'llbHO crra6o naBllCJIIIIllX OT Bhl6opa ml'IallbHb!X IIJ)1I6rr11;+;('Hllli 

llCKOMb!X ITapaMCTp<lB 1my,mcMoro rrporrccca. OcHOBHOII apryMCHT B IIOIIbay aaKJIK)'i('

Hllll, 'ITO 3TO ACHeTBIITCIIbHO TaK, ACMOHCTpnpycTCJI Ha pnc. 1. B Ka'H'CTBC IICXO;\HbIX 

ITPCACTaBrrcH1111 o IIY II PC<t> µ;rrn Hnx, a TaKlKC u Allll 'IaCTll ocT,UibHbIX, rrpnB<';::tl'HHhIX 

B aHammc, l!CITOIIbnOBitlll!Cb a6eoJIKlTHO H<'JH'iU!bHb!C ITpcµ;cTaBIT<'HIIH. 
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A HMeHHO: !IlIOTHOCTh ypoBHeii BhlllJe o6rraCTH xopOUIO ycTaHOBneHHhlX .aµ;epHOH 

crreKTpOCKOIIl!elI Bon6yJKµ;eHHhIX COCTO.lIHHH rrpHHHMarracb paBHOH !IlIOTHOCTH ypoBHeH 

rrpH 3Hepnm CB.lI3H HeHTpOHa, a CHlIOBhle q>yHKIIHH lIHHeHHO y6hIBarrH rrpH yBenH"le

HHH 3HeprHH rrepexoµ;a. TeM He MeHee, KoHe"lHhlH penynhTaT nTeparrnoHHoro rrporrecca 

BIIOlIHe B!IlIChIBaeTC.lI B 06IIJyIO KapTIIHY' KOTOpa.a 6brrra rrorry"leHa µ;n.a µ;ocTaTO"lHO 6orrh

lllOro Ha6opa pannII"lHhIX pearrHCTII"lHhlX II HepearrIICTII"lHhlX IICXOp;HhlX 3Ha"leHIIH IIY 
II PC<I>. 

4.2 CncTeMaT1PrncK11e omn6KH orrpeAeJieHH.H 111 H HX BJIH.HHHe 

Ha IlY 

3aBHCIIMOCTh lIHTeHCHBHOCTII KaCKaµ;oB OT 3HeprIIII IIX rrpoMelKyTO"lHhlX ypoBHeii co

µ;eplKHT rrapaMeTphl, naµ;aHHbie, ecTeCTBeHHO, C HCKOTOphlMII CIICTeMaTII"leCKlIMH rro

rpelllHOCT.l!MII. Han6orree BalKHOH rrpII 3TOM .l!BlI.lieTC.lI OUIII6Ka, c KOTOpOH orrpeµ;eneHo 

3Ha"IeHHe cyMMhl IIHTeHCIIBHOCTCH BCex Ha6nroµ;aeMhIX B 3KCIIepnMeHTe KacKaµ;oB. A 
ee 3Ha"IeHHe rrpaKTII"ICCKII IIOlIHOCThIO q>opMIIpyeTC.lI TOH CIICTeMaTII"ICCKOH rrorpeUIHO

CThIO, c KOTOpOII orrpeµ;eneHbI -B HaCTO.lIIIJee BpeM.lI a6corrIOTHbie IIHTeHCIIBHOCTII HaII60-

nee CHlihHhlX rrepBH"IHhlX BhICOK03HepreTII"IeCKIIX rrepexoµ;oB B crreKTpax ,-ny"IeH paµ;n

arrHOHHoro naxBaTa TeIIlIOBhIX HCHTpOHOB (IIMCHHO OHII IICIIOlib3YIOTC.ll µ;rr.a HOpMIIpOBKH 

3Ha"IeHIIH 1-y-y ). ,Un.11 MIIHIIMII3aIIIIII 3TOH OUIII6KH Mhl rrpeµ;IIO"IIITaITII IICIIOlih30BaTb KaK 

perrepHbie TOlihKO µ;aHHbie KOMIIIIlI.lIIIIIH [16], IIOCKOlihKY OHII 6hllIII 6orrbllleH "laCThIO IIO

ny"IeHb(Ha oµ;HoH II TOH JKe ycTaHOBKe rrpaKTII"IeCKII µ;n.a 3ITeMeHTOB BceH rrepIIoµ;n"IeCKOH 

Ta6nIIIIhI. EcnII y"IeCTh, "ITO µ;n.a MHOrIIX II3 IIny"IeHHhlX HaMH .11µ;ep II3MepeHhl H rron

Hbie crreKTpbI ,-rry"IeH (µ;rr.a KOTOphlX cyMMa IIpOII3Beµ;eHII.lI IIHTeHCHBHOCTII Ha 3Heprnro 

KBaHTa q>II3II"IeCKH µ;eTepMIIHIIpoBaHa (17] 3Ha"IeHIIeM l00Bn), TO y Hae HeT cepbenHhlX 

OCHOBaHIIH OlKIIµ;aTh, "ITO BClIII"IIIHa 1-y-y coµ;eplKIIT CIICTeMaTII"IeCKyro OUIII6Ky, naMeTHO 

rrpeBbIIIJaIOIIJYIO CTaTIICTII"leCKYIO rrorpeUIHOCTh HaU1ero 3KCIIepHMeHTa. 

PearrbHOe, HO MeHhlllee BlIII.lIHIIe Ha TO"IHOCTh orrpeµ;erreHII.lI HaII6onee Bepo.lITHhIX 

nHa"IeHHH IIY II PC<I> oKanhrnaeT CIICTeMaTII"IecKa.a OUIH6Ka, c KOTopoH BhlrronHeHo 

pannoJKeHHe 3KCIIepnMeHTalibHhlX CIICKTpOB Ha KOMIIOHCHThl, naBHC.l!IIJIIC OT 3Heprnu 

TOlihKO rrepBII"IHOro (BTOpll"IHOro) rrepexoµ;a KaCKaµ;oB. CornaCHO [8], Heµ;ocTaTO"IHa.lI 

CTaTIICTIIKa perIICTpIIpyeMhlX COBIIaµ;eHIIH MOlKCT 3aBhllllaTb IIHTeHCIIBHOCTh KaCKaµ;oB 

c MeHbllleH 3HeprneH rrepBII"IHoro rrepexoµ;a KacKaµ;a n naHIIJKaTh - c 6orrhU1e11. MeToµ;nKa 

aHarrIIna q>OpMhl pacrrpeµ;eneHl!.lI crry"IaHHhlX OTKlIOHeHIIH IIHTCHCIIBHOCTeH KaCKaµ;oB OT 

IIX cpeµ;Hero 3Ha"IeHII.lI, omrcaHHa.11 B [18], II03BomreT orreHIITh 3TY OUIII6Ky. B HaII6o

rree BalKHhIX IIHTepBanax 3HeprIIH B036yJKµ;eHII.lI ee BenII"IIIHa He rrpeBhlllJaeT ~ 20% OT 

nHa"IeHl!.lI, rrony"IeHHoro TIO MeToµ;nKe [8]. IlpaKTII"IeCKa.lI OIICHKa Blil!.lIHl!.lI 3TOH OUIII6KII 

He cocTaBn.lieT rrpo6neM, ecnII, HarrpIIMep, rrpeµ;rronolKIITh, "ITO µ;rr.a KacKaµ;oB c rrep

BH"IHhlMII rrepexoµ;aMH C 3HeprneH E-y < 0.5Bn Ha6nroµ;aeMa.ll IIHTeHCIIBHOCTh ;a;onJKHa 

6bITh yMeHhllleHa, HaIIpIIMep, Ha 25% c COOTBeTCTBYIOIIJIIM yBelIII"IeHIIeM IIHTeHCIIBHO

CTII KacKaµ;oB c 6onhU1eii 3Heprnei'r rrepBII"IHOro rrepexoµ;a. TaKa.11 rrpoBepKa 6hlna Bhlrron

HeHa µ;n.11 Bcex .11µ;ep. Ee OCHOBHOH penynhTaT - IIlIOTHOCTh ypoBHeH rrpII MaIThlX 3Heprn.ax 

BOn6yJKµ;eHII.lI MOlKeT HeCKOlihKO IIOBhllllaThC.lI OTHOCIITeJihHO rrpnBeµ;eHHhlX µ;aHHhlX. B 
"IaCTHOCTII, 3TIIM MOlKeT 6hlTh "IaCTII"IHO o6'b.l!CHeHO pacxoJKµ;eHne MeJKµ;y Ha6nroµ;ae-
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MbIM "'Il!CJIOM rrpoMe)KyTO"'IHhIX ypoBHeii KacKaµ;oB II orrpeµ;eJieHHOR (pnc. 4) ITY µ;mr 

192 Jr. Ho npn 6oJihllil!X :meprmrx BO:J6y)Kµ;eHHJI :JaMeTHOro pa3Jil!"'Ilill 3Tl!X pe:JyJih

TaToB c µ;aHHbIMll puc. 2-5 He Ha6moµ;aeTcJI - paa6poc :JHa"'IeHuii IIY µ;JIJI pa:JJil!"'IHhIX 

BapuaHTOB pac"'IeTa "'IaCTO rrpeBhilllaeT Ha6moµ;aeMoe paCXO)Kµ;eHIIe IIY 1];JI.ll pa3llll"'IHb!X 

cpopM :JaBllCl!MOCTll l!HTeHCl!BHOCTl! KaCKaµ;oB OT 3Heprlll! BO::i6y)Kµ;eHl!.ll nµ;pa. 

B n;eJIOM MO)KHO :JaKJIIO"'Il!Th, "'ITO Ha µ;aHHOM 3Tarre 3KCrrepIIMeHTaJibHOro l!CCJieµ;o

BaHl!.ll npon;ecca KacKaµ;Horo 1 -pacnaµ;a HeiiTpoHHoro pe:JoHaHca rrp1rneµ;eHHbie :Jµ;ech 

p;aHHble ITO IIJIOTHOCTll BO:J6y)Kµ;aeMbIX B Hell COCTOJIHllll CJieµ;yeT paccMaTpl!BaTb KaK 

Hau60Jiee Bepo.lITHbie, µ;a)Ke rrpu Halll!"'Illll Olllll60K lICIIOJib:JOBaHHb!X 1];Jill 3TOrO 3KCIIC-

puMeHTallbHbIX µ;aHHbIX. 

5 Ha1160J1ee Bepo.RTHa.H q>opMa :3HepreTHqecKoH aa

BHCHMOCTH IlJIOTHOCTH B030y)Kµ;aeMbIX KaCKaµ;-
v 

HbIMH --y-nepexoµ;aMH COCTO.RHHH T.R)KeJibIX .Rµ;ep 

3Ha"'IeHIIJI IIY u PC<l>, o6ecrre"'IIIBaIOIIIllX BO:JMO)KHOCTh oµ;HoBpeMeHHOro Bocrrpoll:JBe

µ;eHIIJI KaK :JHa"'IeHllll Iy-,, TaK u r "/) 6e::iycJIOBHO, orpaHl!"'IeHbI HeKOTOpbIM l!HTepBaJIOM 

l!X µ;orrycTl!MbIX 3Ha"'IeHllll (0Tl! BeJil!"'Il!HbI, KaK MllHl!MYM, He MoryT 6bITb OTpun;aTeJib

HbIMll l!lllI 6ecKoHe'!H0 6oJibllil!Ml!). Hau6oJiee cyIIIeCTBeHHbIR, l! ne O"'IeBll1];Hblll C caMoro 

Ha"'IaJia rrpoµ;eJiaHHOro aHaJIU:Ja pe:JyJibTaT :JaKJIIO"'IaeTCJI B TOM, "'ITO peaJibHa.ll BeJIII"'Il!Ha 

o6JiaCTl! B03MO)KHbIX :JHa"'IeHl!ll l!CKOMbIX BeJill"'Il!H OKa:JaJiaCh nacTOJibKO MalIOR, "'ITO 

Il03BOJil!Jia IIOJIY"'Il!Tb BIIOJIHe KOHKpeTHble :JaKJIIO"'IeHl!ll O -cTeneHll pacXO)K1];CHll.ll Me)Kµ;y 

cyIIIeCTBYIOll!l!Mll ceii"'IaC Moµ;eJihHb!Ml! npeµ;noJIO)KeHll.lIMl! II peaJibHb!Mll :JHa"'IeHIIllMlI 

l!CKOMbIX BeJIII"'IllH. 

PaccMaTp1rnaeMa.1I 3µ;ech IIY u ee BepoJITHa.ll Heonpeµ;eJieHHOCTh Haxoµ;uJIUCh cJie-

µ;yroIIIIIM o6pa:JoM: µ;JIJI pa:JJIII"'IHhIX IIcxop;HbIX :JHa"'IeHllR IIY II PC<l> (paamr"'IHbie co

"'IeTaHllll npol!:JBOJibHO lICKa)KeHHhIX npeµ;cKa:JaHIIR Moµ;eJieR [9-12] lIJill )Ke l!X nenCKa

)KeHHbie :JHa"'IeHl!.ll) ncnOJib:JOBaJil!Cb KaK ncxop;Hb!e µ;JI.II onpeµ;eJieHl!ll µ;Byx Ha6opoB p n 

S = f(El) + J(Ml), o6ecrre'l:IIBaIOIIIIIX noJiy"'IeHIIe :JHa'IeHl!.ll ((I;~c - rr;c)/M;~c)2, HC 

npeBbllllaIOIIIeC 0,5-1,5 Ha oµ;nn lIHTepBan. Ilpn 3TOM 60JibllllIC :JHa"'ICHl!JI 3TOR HeBll3KlI 

noJiy"'IaJil!Cb B CJIY"'Ia.lIX, Korµ;a 3KCnepIIMeIITaJihHO noJiy"'IeHHbie lIHTeHClIBHOCTlI KacKa

µ;oB µ;ocTaTO"'IHO ClIJibHO q>JIYKTynpyroT OTHOCIITeJibHO cpeµ;Hero :JHa'IeHl!.ll B coceµ;HIIX 

no 3Heprl!ll BO:J6y)Kµ;eHl!.ll l!HTepBanax l!X npoMe)KyTO"'IHbIX ypoBneii. lfo noJiy'IeHHbIX 

TaKIIM o6pa30M na6opoB nap cJiy"'IaRHhIX :JHa"'IeHIIR IIY u PC<l> onpeµ;cJIJIJIIICh KaK nx 

cpeµ;Hne :JHa"'IeHlI.ll, TaK u BepO.lITHble OTKJIOHeHll.ll no o6bI"'IHbIM COOTHO!IIeHllllM MaTCMa

Tl!"'IeCKOR CTaTl!CTlIKl!. Oµ;HOBpeMeHHO C 3Tl!M 6bIJI ocyIIICCTBJieH l! noucK MaKCl!MallbHO 

B03MO)KHOrO :JHa"'IeHIIJI IIY. 8To 6bIJIO cµ;eJiaHO µ;JI.II BCex 6e3 l!CKJIIO'IeHl!JI nµ;ep aHaJIO

rl!'IH0 npeµ;cTaBJieHHOMY Ha puc. 1, HO µ;JI.II HeCK0JibKl!X B03MO)KHbIX BapIIaHTOB PC<l>. 

McnoJib:JOBaHIIe MaKCIIMallbHOR lICX01];HOR nJI0THOCTlI ( TeM 6oJiee, B JIBHO HepeanhHO 

6oJib!IIlIX ee OTKJI0HeHl!JIX OT O)KIIµ;aeMoro :JHa"'IeHlI.ll) npn cpaBHIITeJibHO peaJIIICTU'IC

CKlIX npeµ;cTaBJieHll.lIX O PC<l> µ;aeT OCH0BaHlI.ll O)KUµ;aTh MaKCl!MallbHYIO BepoJITHOCTb 

Toro, "'ITO B pe:JyJibTaTe MH0rO"'Il!CJieHHbIX l!CKa)KeHllll MalIOR aMnJIIITyµ;hI ucxoµ;noii l!C

KOMOR :JaBl!Cl!M0CTl! 6yµ;eT noJiy"'IeHa on;eHKa µ;eiicTBl!TeJihHO MaKCl!MallbHO BO:JMO)KHOII 
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IIJI0TH0CTII ypoBHcfr, crroco6mm BocnpmmBeCTlI paccMaTpIIBaeMbie :Jµ;ecb napaMeTpbl 

npon;ccca KacKaµ;Horo 1 -pacnaµ;a oµ;HoBpeMeHH0. EcTecTBeHHo, rrpII ycJI0Birn (pea;umo

BaHH0M Ha1'.UI), "'ITO 3Ta npoIIe;:i;ypa noBTOp.lleTCJI MHOro pa::i. 

Ilony"'ICHHb!C pe:JyJJbTaTbl rrp1rnegeHbI Ha pIIC. 2-5. Om! no:JBOJJJIIOT cgenaTb Bno;rne 

onpcgcncHHb!e BbIBOp;b! 0 nyTJIX B03MO)KH0l! MO)ll!q>l!Kan;1m Mogenei"i nnoTHOCTl! ypoBHe11, 

o6ecne•nrnaIOIIIIIX yMeHb!IIeHne pacXO)KgeHUJI Me)Kgy pac"'IeTHb!MH H 3KcnepnMeHTa:rb

HbIMl! rrapaMeTpaMII KacKagHoro 1 -pacrraµ;a. 

3aMCTl!M, "'ITO B HeK0TOpbIX Hgpax, B OCHOBHOM - OKOJIOMarl!"'IeCKlIX, Ha11geHHa.ll 

IIJIOTHOCTb ypoBHell npn He60JibllilIX 3Hepnrnx B036y)KgeHHH 1rnorga Jie)Kl!T Hl!)Ke TOI°!, 

KOTOpa.ll COOTBeTCTBYCT nony<ICHHbIM HaM paHee gaHHb!M no cxe1'.IaM !IX Bo::i6yi1qeH

Hb!X COCTOHHllfr l! MogaM pacrraga. Bo3M02KHOe o6'bHCHCHl!C - npHHJ!Tbie npl! aHan1me 

npcgnono2KCHllH o paBeHCTBe IIJIOTHOCTCII ypoBHe11 c 1r = + u 1r = - n o He:JaBl!Cll

MOCTl! PC<l> KacKagHhIX ncpcxogoB OT nHepnm Bo36y)Kgemrn pacnaµ;aIOIIIerocH ypoBHH 

JIBJIJIIOTCH CJIHLUK0M rpy6b!M npl!6/ll!2KeHl!CM. Ho He l!CK:IIO'IeHa B03MO)KH0yTb I! Toro, 

'ITO 'HtCTb Hai:iµ;eHHb!X MYJJbTHnrrcT0B ypoBHel! Ha caMOM gerre npeJl;CTaBJIJIIOT l!3 cc6H 

Cl!Hrl!CTbl. I( C0lKal!CHIIIO, T0"'IHOCTb cneKTpOCKOIIlI"'IeCKOIU! l!Hq>op1rnn;1m, norry•me1mii 

ll3 pcrHCTpnpyc1,1bIX Ge-geTCKT_opaMII COBnaµ;eHHx°I, HC no3BOJ!llCT noKa µ;a Tb O;:\H03Ha'I

Hblll OTBCT Ha 3T0T C'ICT. MMccTcn n arrbTepHaTHBHa.ll nrnoTe3a: cpegHJIJI BeponTHOCTb 

B036yJKgCHHll KacKa)lHb!MlI nepexogaMl! ypoBHCx°! C ogHlIM I! TCM lKC 3Ha'!('Hl!Cl\l J") HO C 

pa3JIU'IHOR CTPYKTypoi:i BOJIHOBOR cpyHKD;lrn, OTJ!l!'IaeTCH HaCT0llbK0 ("l!:IbH0, 'IT0 TaK0(' 

pa3l!ll'!He Tpe6ycT Y'ICTa npn paC'ICTC. 

Han6orree BCJ>0HTHiill nJJ0THOCTb B036y)KgaeMb!X npn 3aXBaT(' T<'n:I0Boro HCl!TJlOHa 

COCTOHHIIll BhlrrrngnT cncgyKJIIIlIM o6pa3oM: go 1-2 MnB (B 3aBl!("J!1!0CTI! OT 'ICTH0CTI! 

'II!Cm1 HJKJI0H0B B JIµ;pc) HMC!{)ll!lICCJI µ;aHHb!C He rrpOTHB0J>C'IaT 3KCIIOH<'HII!HlilbHOii 3KC

TpanoJJJID;Hl! Mngerrn cpepMn-rana c napaMeTpaMn nn [11]. OT 1-2 l\foI3 :::10 H<'K0Toporo 

rroporoBoro 3Ha'IeHHJI Eb IIJIOTHOCTb ypoBHefr l!3MeHJICTCJI , 3H<'prncii BOa6ylK;:\CHl!ll 

Jigpa 3Ha'II!TCJ!bH0 cna6ee, '!eM npeµ;rronarmoT rrro6b!C CJll!CCTBYRlll!!I(' T<'0p<'TJ!'l('("l(I!(' 

rrpcgcTaBJJCHlIJI Ha 3TOT C"'IeT. BbILUe nHa'IeHlrn Eb :::::; 2 - 3 µ;rrH H("l('THbIX II :::::; 3 - 4 

MnB grrn 'ICTHhIX no N nµ;ep nrroTH0CTh ypoBHeH, cKopce Bcero, ny'ILU<' cooTB<'T<"TBY<'T 

npegcKanaHHJIM o6o6IIIeHHoH Mnµ;emi cBepxTeKy"<Iero ngpa (OMCJI) B <'<' rrpocTciiLU<'Ii 

rrcpBoHa"'Ial!bHOx°I cpopMC C HCK0T0J>b!MH HC nplIHIIHIIl!allbHbIMI! Bapi!all;l!ll1!!1 cc napa1H'

TpCJB. 

TaKoe H3MCHCHHc noBegcmrn IIY B pai:ione :crnepnrn B036y)Kgemrn Eb M0lK<'T o3Ha

"'IaTb KH'ICCTBeHHOC ImMeHCHHe CBOIICTB Jigpa. PeryrrnpHO na6nrogaBLUl!IiCH paHCC [19] 
cpaKT B03MOlKHOii rapMOHl!'IHOCTH cneKTpa rrpoMC)KJTO'!Hb!X COCTOllHl!Ii Han60.1cc l!H

TeHCl!BHbIX KacKagoB nonBOJ!JICT npcµ;noJIOlKHTb, 'ITO npn Mal!h!X 3Hcpr1rnx Boa6ylK)I;C

Hllll goMl!H!IpyIOIIICC BlllIJIHlIC Ha CBORCTBa Hµ;pa 0Ka3b!BaIOT B036yJKgCHl!H Bn6paIIl!OH

H0ro TIIna (He60JibLUOe '{HCJ!O q>OHOHOB 6oJib!IIOR nHepnm, KaK M0lKH0 npcgnorrantTb). 

O"'ICHb 6blcTpoc 3KCnOHCHD;HaITbHOC (unn 6rrH3KOC K HcMy) BonpaCTclHl!C IIJ!0TH0C'TI! ypo

BHCI°I BbILUC Eb onpeµ;crrJICT TI!II HX BepO.lITHOR CTJ>YKTJpbl - KaK )l0Ml!Hl!PYl<>ll!('(' B/ll!HHI!(' 

BHYTJ>CHHlIX B036JlK1J;CHIIll C J'IaCTl!CM µ;oBOJ!bH0 6oJJbLUOro 'IIICJia KBH3l!'Hl<"Tl!II. 

JJ:rrn npHMOro OTBCTa Ha Bonpoc, B KaKOR CTenenn crrpaBegmrno 3T0 aaKJJ!()'J('HI!(', 

neo6xoµ;HMO c BbICOKOx°! TO"'IHOCTbIO npJIM0 orrpeµ;emITb nrroTHOCTb ypoBH<'Ii. 8To U0)KH0 

cgerraTb, CCJ!ll Bhrµ;em!Tb nn aKcnep!IMCHTal!bHbIX CIICKTpOB I! onp<'µ;emITb rrapal\lC'TpbI 
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6onbll!ero, 'leM l];0CTltrHyTo cen-qac, 'IUCna ABYXKBaHT0Bb!X KacKaµ;oB B mo6oM nµ;pe 

µ;o :rnepr:im B036ylKµ;emrn ux npoMelKyT0'lHbIX ypoBHeii, He MeHbll!e11 3-4 MaB. IlpaK

TII'lecKII 3T0 M0lKH0 cµ;enaTb npu yMeHbll!eH!nI BeiilI'lUHbl nopora 'lYBCTBl!TellbH0CTI! 

npu perucTpaIImI l!Hl];UBIIµ;yanbH0ro KaCKap;a C l];0CTIIrHyToro K HaCT0llI.UeMy BpeMCHU 

3Ha'leHUll ~ 10-4 
(Ha pacnaµ;) B HeCK0llbK0 pa3, M0lKeT 6b!Tb, Ha nopnp;oK. K TaK0MY 

Bb!B0AY npl!B0l];l!T pacCM0TpeHue pe3YllbTaT0B [18] CTaTl!CTl!'leCK0ro aHarr1ma pacnpe

µ;erreHl!ll OTKllOHeHl!ll cnrm11Hb!X lIHTeHClIBHOCTe11 KacKap;0B 0TH0Cl!TellbH0 IIX cpegHero 

3Ha'leHI!ll II 3KCTpanonllIIllll annpoKCl!Ml!py10me11 cpyHK!Il!ll K HyrreB0MY 3Ha'IeH!!IO 110-

pora 'lYBCTBl!TellbH0CTl! aKcnepuMeHTa. lIMeHHO aT0T aHamm l! µ;arr B!IepBb!e npm.1y10 

oIIeHKY IIY µ;o aHepruu B036ylKp;eHl!ll 3-4 MaB, npuHIIl!ITl!anbH0 He corrracy10my10cn c 

npeµ;cTaBneHI!llMl! Mop;enu cf>epMu-ra..,a, HO /];0CTaT0'lH0 xopoll!0 IT0l];TBeplKµ;aeMyIO 110-

rry'leHHb!Ml! 3p;eCb pe3YllbTaTaMl!. XoTll 3µ;ecb Heo6xop;l!MO 0TMeTl!Tb, '!TO /];llll pnµ;a 

nµ;ep, 6rrl!3Kl!X K N=126 (TpaKTyeMblX TeopeTl!KaMII KaK nµ;pa Bl!6paIIl!OHHOro Tlrna), 

Bb!IlOllHeHHbIH 3p;ecb noucK Hau6orree Bep0llTH0ro 3Ha'leHUll IIY µ;eM0HCTpHpyeT ( Ha

npuMep, pl!C. 4) HaITll'll!e l!BHoro "ll3llOMa" B xoµ;e ee 3aBIICl!M0CTl! OT aHepnm. Ta

KOll l!3ll0M xapaKTepeH µ;mr TepM0l];l!HaMl!'!eCKl!X <PYHK!Illll ( Hanpl!Mep, TenrroeMK0CTl! ), 

0lll!CbIBaIOI.UUX q>a30Bblll nepexoµ; BToporo poµ;a B BeIIIeCTBe. IlonbITKY norrycpeHoMe

H0noru'leCK0ro era y'leTa B npeµ;errbHo npocT0M Moµ;errbH0M noµ;xoµ;e npeµ;npl!Hlllll! aB

T0pbI [20]. l'.I X0Tll napaMeTpl!30BaHHall 3aBl!Cl!M0CTb [20] Bb!ll!e Kpl!Tl!'leCKOll T0'IKII 

0lll!CbIBaeT Illl0TH0CTb ypoBHeii xylKe, HelKerru [12], l! npUB0l];l!Mall 3p;eCb ee Bep0l!THall 

3aBl!Cl!M0CTb Hl!lKe 3-4 MaB, npeµ;cTaBrreHIIll [20] MoryT B KaKOll-TO CTeneHII 0TpalKaTb 

cyTb Hau6orree xapaKTepHbIX oco6eHHOCTeii: nµ;epnon MaTepIIII. 

6 Bo::JMO)KHOCTH He::JaBHCHMOH :JKcrrepHMeHTaJibHOH 

rrpoaepKH 

OcHOBHOll Hep;ocTaT0K npoµ;erraHH0ro 3p;ecb aHanII3a II norry'leHHbIX pe3yrrbTaT0B 3a

KllIO'laeTcl! B TOM, 'ITO 0HII l!MeIOT Bepol!THOCTHblll xapaKTep. IIoaToMy B03Hl!KaeT 

Heo6xop;l!MOCTb l!X He3aBIICl1MOll npoBepKII. IlpIIH!Illlll!arrbHbIX Hepell!aeMbIX npo6rreM 

npu 3T0M HeT. KaK Bl!/];H0 U3 µ;aHHbIX pnc. 2-5, µ;o Il0ll0BUHbl aHeprlll! CBll3l! HeHTpoHa B 

n3y'laeMb!X nµ;pax 0lKl!p;aeMoe cpep;Hee pacCT0llHl!e MelKµ;y B036ylKµ;eHHbIMU B peaK!ll!l! 

(n,,) ypoBHllMl! He MeHee 2-3 KaB. Ilpn l!CITOIIb30BaHl!l! C0BpeMeHHbIX µ;eTeKTopoB 

u -qucrreHHoro MeToµ;a yny'lllleHl!ll paapell!eHI!ll [21] ll!UpIIHbI ITIIK0B B cneKTpax - pac

npeµ;eneHIIl!X l!HTeHCl!BHOCTeii: l];BYXKBaHT0BbIX KacKaµ;oB HeHaMH0ro npeBbllllaIOT 3Tl1 

3Ha'leHI!ll. To ecTb- cyIIIeCTByeT B03M0lKH0CTb Henocpep;CTBeHH0 Ha6rr10µ;aTb B aKcne

pIIMeHTe npaKTII'leCKl! BCe B036ylKp;eHHbre C0CT0.!IHUll rr106oro .11µ;pa µ;o 3-4 MaB, ecnl! 

npuBep;eHHble Ha puc. 2-5 pe3yllbTaTb! C00TBeTCTBYIOT µ;eii:CTBl!TellbHOCTl!. Heo6xoµ;u

M0CTb TaKOII npoBepKII crreµ;yeT l1 l!3 Toro, 'ITO B aHanII3e l1CII0llb30Banl!Cb nepe'll!CneH

Hble Bblllle rrpeµ;nonolKeHII.!I. A Hel!36elKHOCTb l!CIT0llb30BaHl1.!I Ha6opa runoTe3 rrp.!IM0 

crreµ;yeT 113 IT0llH0ro 0TCYTCTBII.!I C00TBeTCTBYIOIIIero o6'beMa aKcnepl!MeHTaITbHOll l!H

cpopl!a!ll!ll. 

ThaBHbIH IICT0'lHl!K ueonpeµ;eneHH0CTII nony'leHHbIX naMII 3Ha'leHIIll IIY II PCcf> -

aTo Heop;H03Ha'lH0CTb cooTHoll!eHl!.!I PCcf> El- u Ml-nepexoµ;oB BO BCeM IIHTepBane 

ux 3Ha'leHIIH ( OT npaKTII'lecKoro nopora aKcnepIIMeHTa, cocTaBrr.!IIOIIIero 0.52 MaB, µ;o 
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:mepr1m CBll31! HCl!TpoHa). Ona o6ycrroBJICHa TCM o6cTOllTellbCTBOM, 'ITO B 60:Ibllll!H

CTBC II3Y'IeHHb!X l!gep B OCH0BH0M Bb!l];ClICHbl KacKap;b! Ha K0He'!Hb!e YP0BHI! 0;:!HOII II 

TOI! lKC 'H~THOCTI!. KaK npammo, aTo KaCKap:bI 1!3 El- I! Ml-nepexoµ;oB. IIoaToMy cy-

1.UCCTBYCT )IOCTa TO'IHO lllllpOKlli°I Ha6op l!X 3Ha'IeHm'i, 1103BOillllOI.Ullll B0CIIp01!3BeCTI! 

Ol];HOBpCMCHHO KaK IIHTCHCIIBH0CTb KaCKa;:toB, TaK II IIOiIHYIO pap;l!a!ll!OHHYIO lllllplIHY, 

µ;alKe CCJIII !IX 3Ha'ICHl!ll OTK:I0HlllOTCll OT pearrbHblX. OnuCbIBaeMbii°I 3;:tecb aHam13 B 

IIpl!H[IIIIIe XOTl! 6b! 'laCTl!'IH0 YlKC CCII'lac cnoco6eH pell!l!Tb II aTy npo6:re11y, ec:m 

Bocnpo1!3BO;:tIITb HC TOilbKO cy:1.1:1.1y Bcex Ha6rr10µ;ae:vlb!X l!HTCHCl!BHOCTe1'i: KaCKa;:toB, HO 

II nx cyMMbI Ha KOHC'IHbic ypoBHI! c paam1'!Hoi'1 'lCTH0CTbIO pa3;:tCllbHO. Pa3yMeeTcl!, 

npu 3TOM TpygoCMKOCTb ana:r1ma pe3KO B03pacTCT. TeM He Meuec, Mb! npegnonarae:1.1 

Bb!IIOJIHl!Tb T,lKoro po;:ta anamm )];:Ill Tex HCMHorux He'!eTHO-HC'lCTHb!X ngep, B K0T0pb!X 

ABYXKBilHTOBb!C KacKap;b! 3aKaH'IIIBaIOTCll yp0HHllMll KUK II0iIOlKIITe:rbH01°I, TUK II 0Tpl!

[laTeiibHOi°I '!CTHOCTH. ,Il;rrn OCHOBHOII )KC MaCCbl 0IIl!Cb!BaCMb!X 3/];eCb ngep µ;:rn ::noro 

Heo6xo;i;nMO BbIIIOiIHl!Tb 3KCIICpllMCHTb! C )];CTCKTopa1,,m 60iibllle1'i: 3q>q>eKT;!BHOCTI! II C 

"aHTIIKOMIITOHOBCKon" ::-iamuTm
0

1. CooTBCTCTBy10mne µ;aHHbre II03BorrnT npnMo norry

'llITb II cpopMy 3aBl!CIIMOCTI! PCcf> BT0Pll'!Hb!X rrepexogoB OT 3Heprmr B036ylK;:tCHl!ll 

K0HC'!H0ro ypoBHll KacKaga. 

7 3aKJIIOqeHHe 

HecMoTpll Ha HCI136ClKHb!C HeonpcgencHH0CTl! rrpoBeµ;euuoro anamr::-ia, M0lKH0 BbI:{C'

iil!Tb nau6orrcc xapaKTepubie oco6eunocTI1 KaCKaguoro 1 -pacnaga lll];<'p c A > 100 ua 

ypoBHC 6orrce llilll MCHec pcamICTll'!HblX II '!aCTll'IH0 np0BCJH'HHb!X rl!IT0T(':1. 8To: 

1. McHblllclJI IllIOTHOCTb B036ylKp;CHHblX COCTOllHIIII, 'ICM TO ("/1(';:tY<'T Il3 o6mcrrpu

HllTb!X rrpeµ;cTaBITCHIIIi Mop;cmr HCB3al!MO/];CllCTBy10mero cpqnm-ra::-ia npaiiTl!'!('("KI! BO 

BCCM µ;nanaaonc Bo::-i6ylKµ;eunii HHlKC En, no Kpa!IHCII MCJH' - µ;rrn ll;:tq> 1m 06:rncTu 4S
MaKCIIMyMa HCHTponnon cnmrnoi"r <PYHKIIHH. II, nan6orrce BPJ>0llTHo, '!To :>Ta n:ioTH<><"Tb 

rrpn :>Hcpr1rnx B036J)Kl];CHII.!I Bblll!C Eb ~ (Epar + 2) M:ciB il)"Ill!c B<"<'ro Bocnpon:mo

µ;nTcn o6o6meuuon Moµ;errbIO cBepxTcKy,rcro nµ;pa. XoT.11 [12], CK0J>('<' Bccro, pcry.-irrpHo 

::JaBbJ!llacT IlilOTH0CTb ypoBHCll B HC'ICTH0-HC'IeTHb!X .11µ;pax. 

8To tJaKn10•renne cnpaBcp;mrno T0ilbKO B TOM crry-qac, Korga cpe/];Hllll BCJl0llTH0CTb 

Bo::-i6ylKp;CHl!ll /];BJXKBilHTOBb!M KacKaµ;0!',1 B 3ap;aHH0M M<l/I0M IIHTCpBanp RHepr1111 B03-

6y)Kl];CHI!ll era npOMC)KJTO'IH0ro ypoBHll ]" HC 3aBHCIIT OT CTpyKTYJlb! C0CT0llHllll i. n 
rrpOTHBHOM crry'lac 3aKJilO'ICHl!C crreµ;yeT OTHCCTl! K HCKOTOpofr :>q>q>CKTIIBH<n'i Il;J0TH0-

CTl! B036JlKl];CHHbIX COCTOllHl!ll. 

2. Bo3MOlKHOC Ka'leCTBCHH0e ll3MCHCHIIC CBOHCTB HCMarI!'ICCKoro µ;ecpop11upom1H

Horo nµ;pa B panonc 3Heprnn cro Bo::-i6ylKµ;cmrn ~ 2 - 4 M:JB. 

OrpaHH'!CHHblll TOilbKO T(~HII'ICCKIIM o6ecnc'ICHIICM 3KCITCp11M('HTa o6'bCM Il<>il}''H'H

Hb!X AaHHbIX no KaCKaµ;HoMy ,-pacnaµ;y KOMrraynµ;-cocTollHIIIi CiI0lKHb!X ll)];Pp orrpel];('

JlllCT THIT IlOJIY,ICHHbIX 3aKillO'!CHl!ll - KaK µ;ocTaTO'IH0 npPµ;Bapl!T('ilbHb!X II B i.;ai.;oii-To 

CTCIICHH rnrroTCTll'ICCKl!X. Ho 3aKJIIO'ICHl!C o HaCTOllTenbHOii m·o6xog11MOCTII JJ;11llbH<'ii

IIJero :>KcncpnMCHTanbHoro l! TeopeTl!'!CCKoro l!3J'ICHH.ll CBoiiCTB llp;pa B pacnmTp<'H

HOII o6rraCTl! cro B036JlKl];CHHii crrcµ;ycT C'!IITaTb 6e::-iycm>BHbIM. lIMCHHO OHO ~!O)K('T 

µ;aTb npIIH!IIIIll!aJibHO Ba21,HJI0 II Hl'I13B<-'CTHJIO /:(0 CIIX nop IIHq:>op1m111110 o CBOIICTBHX 

nµ;epuoii MaTcJmn npu ne6orrbll!l!X ,rnepr1rnx cc Bcm6ylKA<'HI!ll. 
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OrmcaHHblll 3)leCb MeTO)l aHamma II ero pe3y.:1bTaTbl .HBJI.HIOTC.H 'IaCTbIO 1nepauuoH
Horo rrpouecca. Ero BTOpa.H rrorromrna - rro)l6op cpyHKUIIOHaJibHOll 3aBUCIIMOCTII PC<P, 
06ecrre'II1BaIOII.\eI! 0)1:HOBpeMeHHO KaK HaI16orree TO'IHOC BOCIIpOl!3BC)leHl!e 3Ha'ICHllll rrorr
HOll pa)lI!aUIIOHHOI! wnpIIHbl KOMrrayHJI-COCTOJIHI!ll, TaK II l!HTCHCI!BHOCTII KaCKil;J;OB. 

OIII!Cb!BaeTCll B crre,:i;yroll.\ell HaweiI pa6oTe. 

Pa6oTa rrop;Jiep)KaHa rpaHTOM P<P<PH 99-02-17863. 
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PyKonHCb nocrynHJia 8 H3/laTeJibCKHH 0T/leJI 

13 HJOJJ>I 1999 ro11a. ----~---·-

BacHJibeBa 3.B., Cyxosoii A.M., XHTpoB B.A. 
3KcnepHMeHTaJibHllll oueHKa napaMeTpOB, 
onpe)leJUIIOII.\HX KaCKa)lHbIH y-pacnan KOMnaytt)l-COCTOlIHHH Tll)l(eJlbIX ll)lep. 
HaH6oJJee BepOlITHllll IlJJOTHOCTb B036}')1()leHHbIX COCTOlIHHH 
B HHTepsarre OT 1-2 M3B no B. · 

P3-99-202 

IIpe)lJJO)l(eHa MeTO)lHKa O)lHOBpeMeHHOI'O H3BJJe'!eHHll HHCpopMaUHH O IlJJOTHOCTH ypoB
Heii, B036}')1()laeMblX npH pa.nHauHOHHOM 3axiiaTe Me)lJJeHHbIX HeiiTpOHOB, II CyMMbl pa.nHauH
OHHbIX CHJJOBbIX !p}'HKUHH El- II Ml-nepeXO)lOB npaKTH'!eCKH )lJJ.ll Bcero HHTepsana 3Heprnii, 
yqaCTBYIOIUHX B 3TOM COCTOlIHHH. AHaJJH3 HCilOJJb3yeT 3KcnepHMeHTaJJbHY!O HH!pOpMauHIO 
0 BepOlITHOCTH IlOlIBJJeHI!lI JlByxKBaHTOBblX KaCKa)lOB Me)l(Jly KOMilayttJl- II 3a)laHHbIMH HH3KO
JJe)l(aIUHMH COCTOlIHI!lIMH H3yqaeMoro ll)lpa. OH MO)l(eT 6b[Tb Bb!IlOJJHeH s ll)lpe c JJI06oii 
IlJJOTHOCTblO ypoBHeii, BKJJIO'lllll necpopMHpoBaHHbie. IlpHBe)leHHbie )lJJ.ll 26 ll)lep )laHHbie 
onpe)leJilIIOT sepOlITHYIO o6naCTb HX 3Heprnii B036}')1()leHHll, rne HMelOTCll MaKCI!MaJJbHbie 
pacxo)l(JleHHll Me)l(Jly peaJJbHOH IlJJOTHOCTblO ypoBHeii II, uanpHMep, npe)lCKa3aHIU_IMH MO)le
JIII cpepMH-ra3a, II, KaK MHHIIMYM, onpe)leJilIIOT o6naCTb ll)lep II ll)lepHbIX B036}')1()leHIIH, )laJJb
ueiirnee 3KcnepHMeHTaJJbH0e H3yqenIIe KOTOpoii MO)l(eT )laTb HOBYIO II npHHUI!IlIIaJJbHO Ba)l(
HYIO HH!pOpMaUIIIO O CBOHCTBax ll)lepHOH MaTepHH. 

Pa6oTa Bb!IlOJJHeHa B Jla6opaT
0

0pHH HeiiTpOHHOH !pll3HKH HM. 11.M.ll>paHKa O115I11. 

TipenpHHT O61>e)lHHeHHOro IIHCTIIT)'Ta ll!lepHblX IICCJie)lOBaHHH. Jly611a, I 999 
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of Heavy Compound Nuclei. 
The Most Probable Level Density 
in the Excitation Energy Interval 1-2 MeV to B. 

P3-99-202 

The method is suggested for simultaneous determination of the level density excited 
after the thermal neutron radiative capture and sum of the radiative strength functions 
for the El and Ml transitions in the excitation energy interval practically up to B •. We 
analysed the intensities of the two-step y-cascades proceeding between the compound state 
and a given low-lying level of a nucleus under study. Such investigations can be performed 
for any nucleus. The data given for 26 nuclei determine the probable excitation energy inter
val where the significant discrepancies between the experimental densities and predictions 
according to different level density models (for example, the Fermi-gas model) are observed. 
So, the ranges of nuclei and nuclear excitations are determined the further investigations 
of which can provide the original information on the properties of nuclear matter. 
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