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Bacrnn,eaa 3.B., Cyxoaoii A.M., XHTpoB B.A. 
3KcnepHMeHTaJILHall oueHKa napaMeTp0B, 
onpenemnoIUHX KaCKa)IHLlii y-pacnan KOM1la)'IUI-COCT0llHHii TllJKeJJLIX Mep. 
Hau6onee BepollTHall :mepreTli'!ecKall JaBHCHM0CTL C}'MMI,J panHaUH0HHI,JX 
CHJJ0BLIX qJ)'HKUHii )IHn0JJLHLIX nepexonoB )IJlll 0,52 M3B ,;;E, <B. 
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AHaJJH3 HHTeHCHBHOCTeii JIByxKBaHT0BI,JX KaCKa)I0B B rpynne ll)lep o6JJaCTH Mace 114 ,;; A ,;; 200 no-
3B0JIHJJ onpe,lleJJHTI, IIHTepBaJJl,J Hau6onee BepollTHI,JX JHaqeHllii nJJ0TH0CTII B036YJK.11,aeMLIX npll JaxBaTe 
TenJJ0B0ro HeiiTpOHa ypoBHeii II C}'MMU CHJJ0BI,JX qJ)'HKUHii nepsuqHI,IX El- 11 Ml-nepexonoB npaKT11qecKII 
BO BCeM )IHa11aJ0He B036YJK.11,eH11ii HIIJKe B •. 3T11 JKe naHHLle 0)IH0BpeMeHH0 ToqHo Bocnp0H3B0)1l[T 3KCne
pHMeHTaJILHUe Ben11q11HL1 noJJHLIX pan11aUH0HHLIX llIHPIIH HeiiTpOHHI,JX s-pel0HaHC0B IICCJJe)loBaHHI,JX 
lUlep. 

ITonyqeHO, qrn M0)leJJII CHJI0BLIX qJ)'HKUHii, npeTeH.llYIOIUIIX Ha nyqwee C00TBeTCTBHe peaJJLHOii CII
TyaUHH, )I0JJJKHLI 6onee neTaJJLH0 yq11nrnaTL CTPYKTYPY COCTOllHllll, CBlllLIBaeMUX y-nepeX0,llOM pacnana 
11eiiTpOHHOro pel0HaHca. Hau6onee np0CT0e KaqecTBeHH0e 061,llcHeHHe HaiineHHOro Bll,!la 3HepreT11qe
CKOii JaBHCIIM0CTH KaK nJJOTH0CTH ypOBHeii, TaK II CIIJJ0BLIX qJ)'HKUllll - IIJMeHeHHe COOTH0WeHllll BKJJa
na KBaJHqacT11qHI,IX II BH6paUHOHHLIX K0MnoHeHT B0JJHOBLIX cpyHKUHii B036YJK.11,aeMLIX nepBHqHl,IM nepe
X0)I0M COCTOllHHii. 0110 cnenyeT HJ con0CTaBJJeHHll npencTaBJJeHHii o6o6meHHOii M0,lleJJH CBepxTeKyqero 
lUlpa c Haii.lleHHOii BeJJHqHHOii fiJI0TH0CTH yp0BHeii, m Ha6nronaeMoii rapM0HHqHoCTH cneKTpa npoMeJKy
rnqHI,IX ypOBHeii HaH6onee HHTeHCHBIILIX KaCKa)I0B tt cpaKTa JaMeTH0ro yaenuqeHllll panHauH0HIILIX CH
JJ0BLIX qJ)'HKUHii no cpaBHeHHIO C npe,llCKalaHllllMH cymecTByroIUHX MO)leJJeii. 

HeB03MOlKHOCTL O,llH0BpeMeHH0ro B0Cnp0H3Be,lleHHll KaK noJJH0ii panttauH0IIHOii WHpHHI,J, TaK 
H HHTeHCHBH0CTH .llByXKBaHT0BLIX KaCKa)I0B npaKTllqecKH )IJlll Bcex ,llecpopMHpOBaHHLIX Mep npH 3T0M 
fi0JlH0CTblO HCKJlfOqaeT B03M0lKH0CTL rnro, qrn MP0 HHJKe 3HeprnH CBll3H 11eiiTpOHa M0JKeT paccMaTpH
BaThCll KaK CHCTeMa qacTHU HeBJaHMO)leiicTByromero qiepMH-raJa. 

Pa6oTa a1,mon11e11a B Jia6oparnpHH 11eiiTpo1111oii cpH3HKH HM. H.M.<l>pa11Ka OIUIH. 

ITpenpHIIT O61,enu11e11110ro HHCTHTYTa ll)lepHblX HCCJJe)I0BaHHii . .lly6Ha, 1999 
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The Most Probable Energy Dependence of the Radiative Strength Functions of Dipole 
Transitions at 0.52 MeV ,;;£, <B. 
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An analysis of the intensities of the two-step y-cascades in a large group of nuclei from the mass re
gion 114 ,;; A ,;; 200 allowed determination the probable level density excited after thermal neutron capture 
and sum of the radiative strength functions for the El and Ml primary transitions in the excitation energy 
range, practically, up to B,. These data permits also reproducing experimental values of the total radiative 
widths of neutron resonances in nuclei under study. 

The analysis showed that the strength function models pretending to better agreement with reality 
should provide more correct accounting for the structures of the states connected by the y-transitions fol
lowing the decay of neutron resonance. The simplest explanation of the observed energy dependence 
of both level density and strength functions is the change in the ratio of quasiparticle and vibrational com
ponents in wave functions of the states excited by the primary transitions. This follows from the notions 
of the generalized model of the superfluid nucleus, from the observed harmonicity in the excitation spec
tra of intermediate levels of the most intense cascades, and considerable enhancement of the radiative 
strength functions with respect to predictions of conventional models. 

Impossibility of simultaneous reproduction of the total radiative widths and two-step cascade inten
sity testifies that, below the neutron binding energy, nucleus cannot be considered as a system of noninter
acting Fermi-particles. 

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna, 1999 



OcHOBHb!C napaMeTpbl KacKaµ;Horo ,-pacnaµ;a Bb!C0K0B0□ 6ylKp;CHHOro C0CT0JIHIHI (Heii

Tp0HH0ro pe□oHaHca) JIµ;pa Maccbl A c Bb!CoKoii nrroTH0CTbIO ypoBHeii p - era norrHy10 

paµ;IIaI.UiOHHyIO llUipIIHY f 'Y II CilCKTp 1-II□Jiy'leHllJI (B '!aCTH0CTII - IIHTeHCIIBH0CTb f-y-y 

KacKaµ;oB II3 µ;Byx nocrreµ;oBaTeJibH0 IIcnyll.\eHHb!X ,-nepexoµ;oB) M0lKH0 0ilIICaTb, eCJIII 

orrpeµ;errIITb B paMKaX KaKIIX-JIII6o rrpeµ;cTaBJieHIIll KaK MIIHIIMyM: 

a) cpeµ;HIOIO IIJI0TH0CTb p B0□6ylKµ;eHHblX COCTOJIHIIll C □ap;aHHb!MII □Ha'!eHIIJIMII J"; 
6) cpeµ;HIOIO BepoJITH0CTb r fs IIcnycKaHIIJI ,-nepexoµ;a, CBJI3b!BaIOll.\ero np0II3B0Jib

Hb!e C0CT0JIHIIJI JIµ;pa f II s. 
YKa□aHHb!e napaMeTpbl µ;orrlKHbl 6b!Tb JIII6o onpeµ;erreHbl aKcnepIIMeHTaJibH0, mr6o 

□aµ;aHbI Moµ;eJibH0 B IIHTepBarre aHeprIIII Bo□6yJKµ;eHIIJI, paBH0M aHeprIIII CBJI3II Heii

TP0Ha Bn C T0'IH0CTbIO, COOTBeTCTBYIOilleii Il0Tpe6Hoii T0'IH0CTII paCC'IIITb!BaeM0ro 

napaMeTpa npoIJ;ecca 1 -pacnaµ;a. 

IloCKOJibKY aKcnepIIMeHTaJibHb!e □Ha'IeHllJI r 'Y II f-y-y B HaCT0Jill.\ee BpeMJI onpeµ;erreHbl 

B pJIµ;e JIµ;ep C norpelllH0CTbIO, He npeBbl!llaIOilleii ~ 10%, TO B03HIIKaeT IlOTpe6HOCTb 

B Moµ;errbHb!X µ;aHHb!X µ;rrJI p II r fs, IIMeIOll.\IIX He xyµ;IllyIO T0'IH0CTb. KaK µ;rrJI pac'!eTa 

yKa□aHHb!X napaMeTp0B B HeII□y'leHHb!X GKcnepIIMeHTaJibH0 JIµ;pax, TaK II µ;rrJI Il0HIIMa

HIIJI µ;eTarreii Il0Beµ;eHIIJI JIµ;epHOll MaTepIIII B o6rraCTII ee Bo□6yJKµ;eHIIll, rµ;e npoIICX0-

1];IIT npIIHIJ;IInIIaJibH0 BalKH0e II□MeHeHIIe CBOIICTB JIµ;epHOll MaTepIIII. To eCTb TaM, rµ;e 

HII□KorrelKall.\IIe ypoBHII c npocTeii!lleii CTPYKTypoii IIX B0JIH0Bb!X 4JYHKIJ;IIII TpaHcqiop

MIIpyIOTCJI B K0MnayHµ;-coCT0JIHllJI, µ;rrJI Il0JIHoro TeopeTII'lecKoro 0ilIICaHIIJI CTPYKTYPb! 

K0T0pb!X Tpe6yeTCJI nopJIµ;Ka ~ 106 
- 109 

K0Mil0HeHT. Moµ;erreii p II r fs, 06ecrre'IIIBa10-

ll.\IIX yKa□aHHYIO T0'IH0CTb rrpeµ;cKa□aHIIJI 3TIIX napaMeTp0B JIµ;pa, B HaCT0Jill.\Ce BpeMJI 

peaJibH0 He cyll.\eCTByeT. 8To II0HJITH0, TaK KaK µ;o CIIX rrop He 6bIJIO norry'leH0 Heo6xo-

1];IIMb!X IIpJIMb!X 3KcnepIIMeHTaJibHb!X µ;aHHb!X 0 IIJI0TH0CTII B0□6yJKµ;eHHb!X COCTOJIHIIll 

B □aµ;aHH0M IIHTepBarre IIX aHeprIIii II KBaHT0Bb!X 'IIIcerr, a TaKlKe - 0 IllIIpIIHax co-

0TBeTCTBYIOll.\IIX rrepexop;oB B IIHTepBarre Bo□6ylKµ;eHIIII ~ Bn c pearrbHOll T0'IH0CThIO, 

COOTBeTCTBYIOilleii µ;ocTIIrHyToii B peaKIJ;IIII (n,,) T0'IH0CTII orrpeµ;erreHIIJI ee II□MepJie

Mb!X napaMeTp0B . 

.IJ:rrJI rrony'!eHIIJI TaKIIX µ;aHHbIX II::30 Bceii o6naCTII GHeprIIii Bo□6yJKµ;eHIIJI HIIlKe Bn 
Heo6xoµ;IIMO pa□pelllIITb rrpo6neMy Bb!p;eneHIIJI Heo6xoµ;IIMOll IIHqJOpMaIJ;IIII II3 rrony'leH

Hb!X B 3KcrrepIIMeHTe µ;aHHblX. HaII60Jib!llIIe B03M0lKH0CTII µ;nJI aToro rrpeµ;cTaBJIJieT 3KC

nepIIMeHT, B K0T0poM orrpeµ;eJIJIIOTCJI Bep0JITH0CTII II0JIBJieHIIJI KacKaµ;oB II3 µ;Byx rrocne

µ;oBaTeJibH0 IICIIylll;eHbIX ,-rrepexoµ;oB, CBJI3b!Bal0ll.\IIX KOMIIayHµ;-·cocTOJIHIIe II □aµ;aHHb!ll 

HII3KOJielKall.\IIll ypoBeHb, II Bo□6yJKµ;aIOll.\IIX rrpII 3T0M rrpoMelKyT0'IHb!e C0CT0JIHIIJI JIµ;pa 

B □aµ;aHH0M IIHTepBane IIX GHeprIIii. 

BepoJITHOCTb paccMaTpIIBaeMoro rrpoIJ;ecca orrpeµ;enJieTcJI Bb!palKeHIIeM, coµ;ep)Ka

ll.\IIM 0TH0!lleHIIJI IllIIpIIH r >.i II f;J rrepBII'IH0ro II BT0pII'IH0ro rrepexoµ;oB K II0JIHbIM 

IllIIpIIHaM f;. II f; K0MrrayHµ;- II rrpoMe)KyT0'IH0ro COCTOJIHIIll KaCKaµ;oB, 06ll.\IIM 'III

CJI0M m COCTOJIHIIll HIIlKe ypoBHeii >. II i, K0T0pb!e µ;ocTaT0'IH0 IIHTeHCIIBH0 B cpeµ;HeM 

Bo□6yJKµ;a10TcJI rrpII IIX pacrraµ;e II BCJIII'IIIHoii n = p x D.E, cooTBeTCTBYIOilleii 'IIIcny 

rrpoMe)KyT0'!HbIX ypoBHeii KacKaµ;oB C naµ;aHHbIM IJHa'!eHIIeM J" B IIHTepBarre D.E. EcnII 

rrpeµ;cTaBIITb II0JIHb!e IllIIPIIHbl r). B BIIµ;e rrpoIIIJBeµ;eHIIJI cpeµ;HIIX rrapIJ;IIaJibHbIX IllIIPIIH 

Ha 'IIICJI0 Bon6yJKµ;aeMb!X rrpII pacrraµ;e COCTOJIHIIll >. II i ypoBHeii 



I'>,= LI'>.; X n>,;, (1) 

TO llHTeHCllBH0CTb KaCKaµ;oB M0)KeT 6b!Tb Bb!pa)KeHa cneµ;yIOll.\lIM o6pa30M: 

Ln = I:(r,;/r,)xn;x(r;1/C) = 2:(r,;/ < r,; > m,;)Xn;x(I';Jf < I';J > m;1)- (2) 
J,11' J,71' 

Cpeµ;Hee 3Ha'!eHIIe < r > B 3TOM Bb!pa)KeHIIII onpep;en.aeTC.H KaK OTHOilleHIIe rron

HOII lllllpIIHhl r pacnaµ;aIOll.\llXClI COCTOlIHIIll >. IInlI i K 06ll.\eMy 'IIIcny B036y)Kp;acMb!X 

np11 aToM ypoBHeir m>,; unu mil• CyMMupoBaHIIe no BCeMy Ha6opy KBaHT0BbIX 'mccn 

npoMe)KyTO'IHb!X II, nplI Heo6xop;IIMOCT11, Ha'IanbH0ro II K0He'!Hb!X ypoBHeir KacKap;oB 

BbIII0nHeHo 3p;ech p;n.a conocTaBneHII.H C 3KcnepuMeHTanbHb!MII p;aHHb!MII. 

Hau6onee cyll.\eCTBeHHo, 'ITO B npeµ;cTaBneHIIII (2) Benu'!IIHa L,7 o6paTHO rrponop

IJII0HanbHa ( Ka'!eCTBeHH0, He KOnlI'IeCTBeHHO) nnoTH0C'l'II B036y)Kp;eHHb!X COCTOlIHHl1 

II3y'!aeMoro .Hµ;pa Ii µ;ononHIITenbH0 onpeµ;en.HeTC.H 0TH0!lleHIIeM rrap11uanbHb!X IllIIpIIH 

3ap;aHHb!X rrepexoµ;oB K IIX cpeµ;HeMy (no BCeMy B03MQ)KH0MY cneKTpy) 3Ha'IeHIIIO. 

lIMeHHO 3T0 o6cTO.HTenbCTBO no3B0nlino [1] Bhlµ;enllTb cpaBHIITenbH0 Y3Kllll IIHTCp

Ban µ;n.H BCp0.HTHh!X 3Ha'!eHllll p n0'ITII B 30 .Hµ;pax II3 o6nacTII 114 s A s 200 µ;n.H 

HeK0Toporo Ha6opa µ;oB0nbHO CllnbH0 pa3nII'IaIOll.\lIXC.H rrpeµ;cTaBneHIIll 0 CIIn0Bb!X cpyH

KIIll.HX nepexoµ;oB, cpopMIIPYIOll.\IIX 113y'IeHHb!e KaCKaµ;h!. ,UocTaTO'IHO 6onblllIIe Bap11a

IJIIII Moµ;enbH0 oaµ;aHHb!X a6conIOTHhlX 13Ha'ICHHl1 rrap11uanbHb!X Illllp11H nepBH'IHb!X II 

BTOpII'IHh!X nepexoµ;oB KacKaµ;oB npu 3T0M IIl3-13a llX nonO)Kl1TenbHOll Koppcn.HIJl!H B Bbl

pa)KeHl111 (2) B aHanuoe [1] npHB0/l;.HT K 0TH0CHTenbH0 He6onb!ll0ll Heonpeµ;eneHH0CTII 

Hairµ;eHHOro 0Ha'!eHII.H nnoTH0CTII ypoBHCll B lllIIp0K0M IIHTepBane 3HCpr1Ill Boo6y)Kµ;C

HII.H II3Y'!aeMb!X .Hµ;ep. 

Ba)KHeirruuir pe3ynhTaT, nony'IeHHh!H B [1], oaKnIO'laeTc.H B TOM, 'ITO B 1rnTepBane 

aHepr11ir Boo6y)Kµ;CH11.H Bb!!lle ~ 0, 5Bn 3HepreTll'IeCKa.H oaBl1Cl1M0CTb nnoTH0CTII ypo

BHCll Ha11ny'Illll1M o6pa30M BocnpOIIOB0p;IITC.H B paMKax o6o6ll.\CHHOll M0µ;en11 CBepXTC

KJ'Iero .Hµ;pa B ee paHHeM Bap11aHTe [2]. A c y'IeToM peoynhTaT0B aHanu3a [3] - npu 

3Hepr11.HX B036y)Kµ;eHII.H OT 1-2 µ;o 3-4 MaB ycTaH0BJieH0,'!T0 nnoTH0CTb ypoBHell CIIIlbH0 

0TKil0H.HeTC.H OT 3KCnOHCHIJllanbHOll 3KCTpanon.HIJIIII [4], OCHOBaHHOll Ha npeµ;cTaBneHIIII 

0 .Hp;pe KaK 0 CIICTeMe '!aCTllIJ HeBOaIIMOµ;eircTBYIOll.\ero cpepM11-ra3a. Ilpu 3T0M He HC

Kil!O'ICH0, 'ITO B 3T0M IIHTepBane 3Hepruir p M0)KeT µ;a)Ke llMCTb 6mmKyIO K K0HCTaHTC 

BenH'IIIHY IInll µ;a)Ke HeCK0nbKO y6bIBaTb C yBen11'!eHIIeM 3Hepr1III B036y)Kµ;eHII.H Ha orpa

HII'IeHH0M IIHTepBane 3Hepr11ir. IIowiepKHeM, 'ITO 0CH0BHYIO norpc!llH0CTb B peoynbTaT 

[1] BH0CIIT Heonpeµ;eneHH0CTb cpopMbl (Ho He a6comOTHoro 13Ha'!eHII.H!) oaBIICIIM0CTII 

nap11uanbHb!X IllllplIH OT aHepr11u KaK µ;n.H nepBII'IH0ro, TaK II µ;n.H BT0pll'IH0ro rrcpcxo

µ;oB KaCKaµ;a. lJ TO ecTeCTBCHHo, noµ;HIIMaeT Bonpoc 0 CTeneHII CO0TBeTCTBIIlI Moµ;enb

Hh!X npeµ;cTaBneHIIll 06 3TOH BemI'IIIHe ee peanbH0MY 3Ha'ICHIIIO. 

,UanbHell!llee pa3BIITIIe MeT0/l;lIKlI aHanII3a 3KcnepIIMeHTanbHOll IIHcpopMaIJIIII 06 IIH

TCHCIIBH0CT.HX KaCKaµ;oB, CB.H3b!BaIOll.\lIX ypoBeHb .Hµ;pa, B036y)Kµ;aeMblll npu oaxBaTe 

Meµ;neHH0ro HCHTpOHa, C p.Hµ;0M ero HIIl3Kone)Kall.\lIX COCTO.HHIIH no3B0nIIno HallTII B0l3-

M0)KH0CTb nony'IaTb II3 3TIIX µ;aHHb!X KaK nnoTHOCTb ypoBHell, TaK II Clin0Bb!e cpyHKIJIIII 

f =< r,, > /(E~ x A 213 x n,) (3) 

2 

;imr KacKa;:\HbIX rrcpexoµ;oB 0J:IH0BpcMeHHo. MeTo;inKa aHamma u 1rncpopMa111rn 06 onpe

;i:c:JeHHOII TaKll1I o6pa30NI nnoTH0CTll COCTO.HHIII! .a;iep, Ha1I6once Cil0)KHbIX ;l:IlI aHa;JU3a, 

orrunrna B rrqmoii 'IaCTII aTOII pa6oTbI [5]. 3µ;ecb )KC aHammnpyIOTClI no:ry'IcHHbie ;i:aH

Hbie o cyNIMc cu:roBbIX cpyHKIIIIII El- u ;\,ll-ncpexo;10B, 3Ha'Iemrn K0TopbIX C0BN!eCTHo 

C pc3ynbTaTa111! [1,5] II03B0illIIOT oµ;HoBpeMeHHO B0CIIp01I3BCCTll C T0'IH0CTbIO, :l0CTll

rHyT010I B 3KCIIep11NleHTC, KaK l!HTeHCIIBH0CTll KaCKa;J:0B, TaK l! no:rHbie pa;i:11a11uoHHbie 

Cl!Il0BbJe cpyHKIIIIII uei°ITpOHHbIX pe3oHaHC0B. To eCTb rrony'ICHbI Han6onee Bep0lITHb!e 

3Ha'ICHl!lI 3TIIX napaN!CTp0B ;i;:r.a p.ap;a .aµ;ep !IO o6naCTII 1IaCC 114 s A s 200. 

2 AHaJIH::3 

Bee ;-JHa'!CHlllI II3Y'IaCMbIX B aKcncp!!MCHTC II CBlI;-JaHHbIX C ,-pacnanoM BC:Ill'IIIH onpe:1e

:IlIIOTClI npol!3BC)J;CHII('M [}H,t'IeHllii nap111mnbHb!X Illl!pl!H Ha n:r0TH0CTb B036y:llqaeibIX 

llMll ypoBHCI!. lI 0TKil0HCHllC O)J;HOll 113 HllX B KaKy10-m160 CTopoHy K0MIIeHCI!pycTClI 

6onbilllIM nn11 MCHbilll!M 0TKn0HCHllCM gpyrm'i: B rrp0TllB0II0ilQ)KHYIO CTopouy. II0:.no:.1y 

nI06oi"1 aHanIIO yKa3aHHb!X BCll!I'IllH ):I0il)KCH J'IlITb!BaTb 3T0 o6CTOlITCilbCTBO - uai"i;icu

H0MY MllHHMalibH0MY IInJI MaKCHManbH0MY 3Ha'!CHIIIO nnoTH0CTll ypOBHCii, Hanpll!.H'p. 

6yp;yT C0O'l'BCTCTB0BaTb MaKCIIManbHbl(' llnl! Ml!HllMaJibHbIC 3H1l'!l'HlllI C00TBCTCTB)'IO

ll.\lIX IIM CIIIl0Bb!X cpyHKIIIIH. 3Ty npIIHIIIIIIHanbH0 HcycTpaH!IMYIO Hcorrpep;eneHH0CTb 

cncµ;ycT Y'IlITbIBaTb npn aHann3e Tnm1 rrpoBoµ;IIMoMoro 3/J;l'Cb II B [1]. 
fl TO )KC BpeMlI HanJI'Ille Cl1libHOii CBlI31l IICK0Mb!X rrapaMCTJHlB M0)K_CT 6b!Tb no:Il'3H0 

npll ccm~KIIIIII nonrrcHHb!X pc3ynbTaToB: ccnn no KaKIIM-T0 KpllTCpIIm,I no:ry'H'HHb!C 113 

npogcnaHH0ro aHamma 0Ha'IeHJrn CIIIl0Bb!X cpyHKIIIIII, Hanpm,rcp, He MoryT 6b!Tb m·no:ib-

30BaHbl µ;n.a on11cau1rn 3KCIIepIIMCHTa, TO C00TBeTCTBYIOll.\llC l!M 3Ha'ICHlllI n:roTHOCTII 

ypoBHell TaK)Ke HC MoryT C00TBCTCTB0BaTb 3KCIIepHMCHTanbHb!M µ;aHHhl1I. ,I(aJKe B TO!.! 

cnriae, ecnII He IIMCCTClI HHKaKl!X gpyrnx OCHOBaHuii gn.a YTBl'PlKA('HlllI, '!TO OHi! H(' 

C00TBCTCTBYIOT peanbHh!M 13Ha'IeHIIlIM. IlpnMcp TaKoi"1 CHTya111m npl!Bl';l<'H Hl!)K('. 

OTMeTIIM, '!TO npu pac'ICTC nonHOll Illllp11Hbl K0MIICHCaIJIIlI, uarrp1111cp. 0TK;J0H('HlllI 

paC'ICTHOi°I nnoTH0CTII ypoBHCI! OT l!CTl!HH0ro 3H1l'!CHlllI C0OTB<'TCTB)"Klll.\111! 0TK;J0HC

HIIeM CIIn0Bb!X cpyHKIJH{! lIBnlICTCll nonHoii, a npn pac'!CTC I...,, - T0ITbK0 'IaCTll'IHOii. 

Ilocncµ;HPC II no3B0illICT Bb!p;cm!Tb gn.a Il](J6oro µ;namt30Ha ,rnepr11ii B030YlKJ:('Hl!lI ll;i:pa 

TC l!HTCpBanhI B03M0ll(Hb!X 3Ha'!CHI!l! nnoTH0CTII ypoBHCii II (']In0Bb!X cpymrn;11ii. K0-

T0pb!e no3B0ITl!IOT onncaTb 3KCnepl!MCHTanbHb!C µ;aHHb!C no I' -y II f-,, C T0'IH0CTbKl. 

COOTBeTCTBY!Oll.\Cll T
0

0'IH0CTII 3KCncp11MeHTa. McTO):\l!Ka am1m1;:ia onncaHa B [1,5] II 311-

KITIO'IaCTClI B II0IICKC Ha6opoB cny'miiHh!X 13Ha'!CHl!Ii l!CK0Mb!X napa11cTp0B, K0T0pbl<' 

n0ilH0CTbIO B0Cnp0H3B0):llIT 13Ha'!CHl1lI r -y II f-y-y, onpcµ;enCHHbll' B .'lKCil<'Jlll1H'HT<', ll B 

0IJCHKC rrapaMCTp0B pc136poca cny,rni!Hb!X 13Ha'ICHllii TaKoii BbI6opK11. 

IlolICK m1116oncc BCp0lITHb!X 3Ha'!CHJIIi cyMMhl Clln0Bb!X cpyHKIJIIJi µ;1monbHb!X Il('

pcxoµ;oB np11 ncnonb30BclHllll 3KCncp1IMCHTanbH0 0IIp<'/:l<'ITlI<'Mb!X f.1 I! /-,, !.!OlK<'T 0b!Tb 

Bh!II0ilHCH ABYM.H crroco6aMI!: 

a) li3 Bb!palKCHlllI 

r, x 1-y-y =Lr,; x n; x (C1 / < C1 > 11/ij) (4) 
1,tc 
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i];llH 3a;:.aHHh!X pa3llll'!Hh!X MOi);ellhHh!X npegcTaBrreHl!I! o IIllOTHOCTII B036y)K;i;ac~!h!X 

KaCKagaMI! npoMe)KyTO'IHh!X ypOBHeu onpe;i;e.:rneTCH l!HTCpBarr B03MO)KHh!X 3Ha'!CHIIII 

cyMM cooTBeTCTBYIO!l.\lIX UM paguaa:uoHHhIX c1moBhIX <pyHKU:IIII El- u Ml-nepcxogcrn; 

6) onpegerreHUeM Ha6opoB nap pa3Hoo6pa3Hh!X B03MO)KHh!X ( TO eCTh - CllJ'Ial!HhIX) 

3Ha'IeHIII! IIllOTHOCTII ypoBHeU II Cl!JlOBh!X <pyHKU:lllI, KOTOph!C ygoBJlCTBOIJH!OT Bh!pa)Ke

HIIHM (1,2) llllll (2,4) COBMeCTHO. KaK 6hmO ycTaHOBllCHO B [5], 3TI! BCJlll'll!Hhl Bapbllpy

!OTCH B ;jOCTaTO'IHO Y3KOM IIHTepBarre IIX 3Ha'IeHUll. 

B Bh!pa)KeHIIHX (2),(4) B COOTBeTCTBIIII C ycrrOBIU!Ml! 3KCIIepHMCHTa cyin.mpoBaHIIC 

Bh!IIOJlHeHO IIO BCeM B036y)KgeHHh!M ypoBHHM Hgpa. A IIOCKOllhKY aHarrwn1pyeMh!e 3i];CCh 

3KCIIepHMeHTaJlhHh!e gaHHh!e HBllH!OTCH cyMMOll l!HTCHCl!BHOCTCll KaCKa,lOB C pa3Jll!'[

Hh!Ml! MYllhTl!IIOJlhHOCTHMH l!X nepexogoB, TO B03MO)KHOCTH IIOllY'ICHlrn B3am.rno HC-

3aBUCIIMh!X 3Ha'IeHl!H PCct> gm1 El- u Ml-nepexogoB 1m gaHHhIX 06 l!HTCHCIIBHOCTHX 

KaCKagoB He npocMaTpl!BaeTCH. 

IIpaKTl!'IeCKI! Im KOM6HHaIJ:HI! (1),(2) MO)KHO onpegerrHTh TOJlhKO cyMMY Cl!JlOBhIX 

<pyHKIJ:l!ll. IIpn'IHHa TOMY - aHTl!KoppellHIJ:IIH B03MO)KHhIX 3Ha'Iem1u f(El) H f(Ml), 
ygoBrreTBOpH!Oll.\HX Oi];HOBpeMeHHO KaK COOTHOIIIeHH!O (1), TaK ll (2). XoTH llHTepBarr 

BapHaU:Hll llX B03MO)KHh!X 3Ha'IeHl!li IIpIIHU:IIIIl!aJlhHO orpaHU'IeH, HO pa36poc 3Ha'remiu 

f grrH Ka)Kgou MYllhTl!IIOllhHOCTH 6e3ycrrOBHO npeBhIIIIaeT pa36poc 3Ha'IeHUll cyMMhl 

f(El) l! f(Ml), o6ecne'IUBaIOIIIHX COOTBeTCTBHC 3KcnepHMCHTallhHh!X H pac•reTHhIX 

f.x II I-,'Y' He MeHhIIIYIO npo6rreMy pa31i:errhHoro aHarrH3a Cl!llOBhIX <pyHKIJ:l!H El- u Ml

nepexo1i:0B npe)J;CTaBJlHeT KoppeKTHhiil y'IeT IIX aHTHKoppCllHIJ:lll! I! HHTepnpeTaIJ:lll! pe-

3YllhTaTOB IIpH ee HaJll!'IHH. CooTBeTCTBeHHO, MhI He CTaJlH 1i:erraTh Ha gaHHOM 3Tanc 

aHamI3a KaKl!e-rr1160 3aKJlIO'IeHHJI O CTeIICHH COOTBCTCTBl!JI llJlll HeCOOTBCTCTBl!H Ka

)Ki];Oll l!3 gByx Cl!llOBh!X <pyHKU:Hll cyIIIeCTBYIOIIIHM MogerrhHhIM npegcTaBrreHHHM. 

licKOMhIC cyMMhl f(El)+ f(Ml) Im ypaBHCHHH (4) MoryT 6hITh onpC)J;CllCHhI TOllhKO 

IIpH HCIIOllh30BaHHH 'Il!CllCHHhIX MCTO)J;OB peIIICHHH. ,Il;rrJI COBpCMeHHh!X 8BM IIPOIIIC 

Bcero 3TO MO)KHO cgerraTh cnoco6oM, aHarrorH'IHh!M npC)J;JlO)KCHHOMY B [1] - 3agaB HCKO

TOphIC Ha'IallhHh!C 3Ha'IeHHH f (El) H f (Ml), 3aTCM MHOrOKpaTHO l!CKaJI(aTh l!X HC3a

BHCHMO gpyr OT gpyra go6aarreHHeM HCKOTOph!X crry'IaUHhIX <pyHKIJ:Hll. To CCTh pearrH-

3au;11eu crry'IaUHoro MOHTC-KaprroBcKoro npoa:ecca c napaMeTpaMH, o6ecne'IHBaIOIIIl!MH 

ero a<p<pCKTI!BHYIO CXOi];l!MOCTh. Heo6xO)J;HMh!C HCKa)KaIOIIIHe <pyHKD;IIH, ecTCCTBCHHO, 

i];OJl)KHhI o6ecIIC'IHBaTh OIITI!MaJlhHOC H3MCHeHI!C BaphIIpyeMOll nepeMCHHOll Ha orpaHH

'IeHHOM y'IaCTKe ee onpegerrCHl!JI KaK B CTopoHy YBCllH'ICHHJI, TaK H YMCHh!IICHIIJI. Ecrrl! 

Ha gaHHOM 3TaIIe HTCpaa;HOHHOro rrpon:ecca crry'IailHhie HCKa)KCHHJI YMCHhIIIaIOT cyMMy 

KBagpaTOB pa3HOCTCll MC)KiJ:Y 3KCIIepHMeHTaJlhHh!MH H pac'!eTHhIMH 3Ha'ICHHJIMH !-y-y BO 

BCeM l!HTepBarre ee onpe1i:erreHIIH, TO COOTBCTCTByIOrn;He "HcKa)KCHHh!e" 3Ha'ICHHJI PCct> 

(npl! Heo6xogl!MOCTH - COBMeCTHO C COOTBeTCTByIOrn;HMH "HcKa)KeHHhIMH" 3Ha'IeHH

HMH IIllOTHOCTH ypoBHCH) paccMaTpHBaIOTCH KaK HCXOi];Hhie i];llJI Clle)J;y.10rn;eu HTepaD;HH. 

IIpon;ecc noHcKa HaH6orree BepoJITHoro crry"IaUHoro 3Ha"IeHIIH cyMMhI f (El) + f (Ml) 
)J;Oll)KCH, ecTeCTBeHHO, IIpOBOi);IIThCJI MHOrOKpaTHO )J;llH pa3JlH"IHh!X I!CXOi];HhIX 3Ha'ICHI!ll 

PCct> 1 -nepexogoB paccMaTpHBaeMhIX MYllhTHIIOllhHOCTCH II IIllOTHOCTeu ypoBHCH. 8To 

Heo6xogl!MO C)J;eJiaTh, "IT06h! 6e3yCJIOBHO rrepeKph!Th Hall)J;CHHh!Ml! 3Ha'ICHIIHMl! BCCh 

HHTepaarr B03MO)KHh!X 3Ha"IeHl!H rrapaMeTpoa KacKagHoro 1 -pacna1i:a, 06ecne"Il!Ba.10-

IIIHX COOTBeTCTBHC 3KCIIepIIMeHTa H pac'ICTa. 
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B gaHHOll pa6oTC OIII!ChIBa.lOTCH pC3YllhTaThl aHamma, Bh!IIOJlHeHHOro B COOTBeT

CTBl!Il C Bapl!aHTOM "6") 06ecne'I1IBa.10rn;llM norry'IeHIIe MaKCIIMaJlhHO B03MO)KHOro KOJlII

'ICCTBa IIH<pOpMaD;IIII O napaMCTpax Jigpa, onpegerrHIOrn;IIX pa3Bl!TIIC npon:ecca KaCKa)J;

HOro ,-pacnaga HeHTpOHHOro pe30HaHca. MeTOi];IIKa aHarrima II )J;aHHh!C IIO Ha11geHHh!M 

3Ha'IeHirnM IIllOTHOCTl! ypoBHCll, B036yJKgaeMh!X IIpII 3aXBaTe TeIIJlOBoro HeIITpOHa, 

OIIl!CaHhI B [5]. 

3 Ha1160Jiee BepO.HTHbie J3HaqeHH.H cyMM CHJIOBbIX 

q>yHKI.J;HH µ;11110JibHhIX rrepexoµ;oa 

3.1 Ilp116JIH)KeHIIH, HCIIOJib::JOBaHHbie B pac'leTe 

HegocTaTO'IHhlil o6'heM 3KCIICpIIMCHTaJlhHOli IIH<popMaD;IIll O KaCKa)J;aX ,-nepexogoB (II3y

'ICHhl TOllhKO KaCKaghI Ha HII3KOllCJKarn;IIe KOHC'IHh!e ypOBHH JI)J;pa 6e3 onpegerreHHJI 3Ha

'ICHI!JI J" IIX npoMClKYTO'IHOro ypoBHH) !IC II03B0llJICT IIOllJ'Il!Th HCKOMh!C BCJIII"IIIHhI 

6e3 IICIIOJih30BaHIIJI )J;BYX IIpC)J;ITOllOJKeHl!il: 

a) B paC'ICTC 3agaeTCJI paBeHCTBO IIllOTHOCTeII ypoBHeU pa3lIH'IHOll 'IeTHOCTH. He-

1m6eJKHhIC OTKllOHCHIIJI IIX 3Ha'ICHllil B KaKOll-TO Mepe KOMnCHCHPY.IOTCH TeM, 'ITO H3 

aHamma orrpegeJIHCTCJI H conocTaBrrHeTCJI C MO)J;CllhHh!MH 3Ha"IeHIIJIMH TOllhKO cyMMa 

nrroTHOCTCH ypoBHeu o6eIIx 'ICTHOCTCH. HecKOllhKO 6orree geTarrhHh!H aHarrII3 rrpo6rreM, 

CBH3aHHhIX C 3TIIM npII6Jll!)KCHIICM aHaITH3a, npo1i:erraH B [5]; 
6) CIIJIOBhIC <pyHKD;IIll nepeXO)J;OB 3agaHHOll MYllhTIInOJihHOCTH 3aBHCJIT TOJihKO OT 

aHeprHl! nepexo)J;a. 

HecoanageHl!e IIX 3Ha'ICHIIH npH pacnage cocTOHHHH c pa3llII"IHOH 3HeprIIeu B03-

6yJKgeHIIH, HO C Oi];HOll II TOH JKe 3HeprIIell ,-KBaHTa, "IaCTl!'IHO KOMIICHCIIpyeTCJI TCM 

o6CTOJITellhCTBOM, 'ITO Bh!pa)KeHne ( 4) 3aBIICIIT OT a6corrIOTHOro 3Ha'IeHIIJI CIIJlOBh!X 

<pyHKD;IIll nepBH'IHhIX nepexO)J;OB, HO TOllhKO OT IIX OTHOIIIeHIIJI - )J;llJI BTOpII'IHh!X. XoTJI 

KoppellHD;IIH IIIHpl!H BTOpII"IHhIX nepexogoB KaCKagoB CHIIJKaCT BllHJIHIIC BToporo npeg

IIOllOlKCHIIH Ha npIIBe)J;eHHh!e HIIJKe )J;aHHh!C no cyMMe CIIllOBhIX <pyHKIJ:IIll, onpe)J;ellHTh pe

arrhHY.IO CTCIICHh ee BllIIJIHllJI Ha HHX norrHOCTh.lO HeB03MOlKHO. HeKOTopy.!O HH<popMaIJ:II!O 

Ha 3TOT C'ICT MO)KHO IIOllY'IHTh, conocTaBJlJIJI paC'ICTHh!C II 3KCnepIIMeHTaJlhHhie HHTCH

CHBHOCTH nepBI!'IHh!X ,-rrepexogoB Ha HII3KOJleJKarn;IIe ypoBHII. K CO)KaJleHII.IO, )J;OCTI!'Ih 

Oi];H03Ha'IHOCTI! 3aKJlIO"IeHIIll B TaKOM conocTaBrreHHl! HepearrhHO: nopTep-TOMaCOBCKl!e 

<prryKTyar:i;nll IIII!pHH )J;llJI orpaHH"IeHHOro KOllII'IeCTBa nepeXO)J;OB npIIBO)J;JIT K CllIIIIIKOM 

60Jlh!IIOll OIIIII6Ke IIX cyMMhl. 8Ta npo6rreMa MO)KCT 6hITh peIIIeHa 3KCIIepnMeHTaJlhHO. 

Mcnollh30BaHIIe )J;eTeKTOpOB BhICOKOll G<p<peKTIIBHOCTH BMCCTC C CIICTeMOll aHTl!KOM

IITOHOBCKOU 3aIIIIIThI (ncIIOllh3YCMh!X B COBpeMCHHhIX MHOrO)J;eTeKTOpHh!X ycTaHOBKax) 

II03B0JlHJIO 6h! BeChMa cyrn:ecTBeHHO pacIIIIIpIITh gHaIIa30H 3HeprIIU KOHe"IHh!X ypoBHell, 

)J;llJI KOTOphIX onpegerreHhl IIHTCHCIIBHOCTII )J;BYXKBaHTOBhIX KaCKa)J;OB no cpaBHCHH.IO C 

II3J'ICHHh!Ml! HaMH. B crry"Iae, ecrrII IIX 3KcrrepHMeHTaJlhHO norry"ICHHaH cyMMa 6h!rra 6hr 

6Jll!3Ka K 100%, OTHOIIICHHJI HHTeHCIIBHOCTII KacKagoB Ha pa3llll"IHh!e KOHe"IHh!e ypoBHil 

K l!X cyMMe )J;aITH 6h! <popMy 3HepreTII'IeCKOll 3aBHCIIMOCTl! CllllOBh!X <pyHKD;l!ll BTOpII"I

Hh!X rrepexO)J;OB i];llJI J1.106oro l!HTepaarra npoMeJKyTO'IHh!X COCTOJIHHll KaCKa)J;OB. 

IIoMHMO O'IeBl!)J;HOll B03MOJKHOCTII 3KcrrepuMeHTaJlhHOro pa3peIIIeHIIJI rrpo6rreMhl 3a-

5 



BIICIIMOCTII CIIllOBbIX <pyHKIIIlll OT ::meprIIII B036y:aqi;eHlrn .!!IJ;pa B noTeHIIIlallbHO B03M0JK

HOM GKcnepIIMeHTe, IIMeIOTC.!I HeKOTOpbie B03MOlKHOCTll OIIeHKII CTeneHl! l!X pacxoJKge

HII.!I Ha 6a3e YlKC cym:ecTBYIOm:IIx gaHHbIX. 

1. IIpu Hanl:l'll!II IJ;OCTOBepHbIX, xopoIIIO ycTaHOBlleHHbIX go MaKCIIMallbHO B03MOJK

HOll GHepruu B036yJKgeHU.!I cxeM ,-pacnaga (napaMeTpOB B036yJKgeHHbIX COCTO.!!Hllll 

- GHeprul! E;, cnI1Ha, '!eTHOCTII II MOil; pacnaga) B03MOlKHO conocTaBllCHUe UHTeHCU

BHOCTell ABYXKBaHTOBbIX KaCKagoB, ugym:ux 'Iepe3 npoMeJKyTO'IHb!e COCTO.!!HllJI E;, C 

a6COl1IOTHbIMU IIHTeHCIIBHOCT.!IMII l!X nepBU'IHbIX u BTOpll'IHb!X nepexogoB. OHo gacT 

3Ha'!eHIIe a6COl1IOTHOll 3acerrJICMOCTII COCTO.!IHU.!I E, npu pacnage BCCX BbIIIIellCJKam:ux 

ypoBHell .!!IJ;pa, B036yJKgaeMbIX npII 3aXBaTe HeUTpOHa. cha BCllil'II!Ha onpegerrJICTC.!I 

TOH JKe nrroTHOCTbIO ypoBHeu u curroBbIMII <pyHKIIUJIMU El- u Ml-nepexogoB II M0JKeT 

6bITb pacC'IIITaHa KaK IJ;1!.!I cym:ecTBYIOm:IIx IIX Mogerre:ii:, TaK u IJ;ll.!I npIIBCIJ;eHHb!X B [5] u 

HIIJKe pe3Yl1bTaTOB. 

ConocTaBrreHire pac'!eTHOll II 0KcnepI1MeHTaJ1bHOll 3acerrJieMocTu ypoBHell c 3Hep

rne:ii: BbIIIIe ~1 MaB MOJKeT XOT.!I 6bl '!aCTU'IHO OTBeTUTb Ha Bonpoc o TOM, B KaKOII 

CTeneHII pe3yl1bTaTbl Il3Y'ICHU.!I rrpoIIecca KacKagHoro ,-pacnaga yrry'IIIIaIOT COOTBeT

CTBUe MeJKgy npegcTaBrreHll.!IMII O ero napaMeTpax ll peanbHOll nrroTHOCTbIO B036yJKgae

MbIX ypoBHell u IIIIIpIIHaMU noJIBllJIIOm:uxcJI ,-nepexogoB. Heo6xoguMbie gaHHbie TaKoro 

Tilna K HaCTOJim:eMy BpeMeHII noJIBlllll:ICb HegaBHO ll llIIIIIb IJ;ll.!I 
168 Er [6]. 

2. CurrOBb!C <pyHKIIlllI nepBU'IHbIX II BTOpU'IHbIX nepexogoB KacKagoB, KaK II nrroT

HOCTb ypoBHCll C 7r = + II 7r = -, MoryT 6bITb He3aBUCIIMblMU nepeMCHHbIMII aHal1I13a 

[5]. K COJKarreHIIIO, npu 3TOM B03HIIKaIOT IJ;Be rrpegerrbHO CllOlKHbie npo6rreMbI: 

a) HegocTaTO'IHaJI a<p<peKTUBHOCTb ucnOl1b3YeMoro UTepaIIUOHHOro npoIIecca Tpe-

6yeT HenpueMllCMO 6ol1bllIIIX 3aTpaT BpCMCHII 8BM npu CTOllb cym:ecTBeHHOM yBellII

'!eHIIU napaMeTpoB aHanI13a; 

6) IIHTepBarr HaugeHHb!X B03MOlKHb!X 3Ha'!eHUll 6N napaMeTpoB, onpegcrrJieMbIX l:13 

N + l ypaBHeHII.!I u 6N HepaBeHCTB, IJ;OlllKCH cym:ecTBCHHO paCIIIIlpIITbC.!I no cpaBHCHIIIO c 

peal1Il30BaHHbIM ero BapuaHTOM C BIJ;BOC MCHbllIUM 'IIICllOM BapbupyeMbIX napaMeTpOB. 

3.2 Paµ;1mu;u:oHHhie cu:noBhie <f>YHKu;u:u: µ;mi Moµ;eJihHO naµ;anae-

MOH IIJIOTHOCTU: yponHeu: 

Bb!IIIC OTMe'!arrocb, 'ITO cym:ecTBYIOT gBa nyTu OIICHKII 3Ha'ICHllll pagI1aIIIIOHHb!X CilllO

BbIX <pyHKIIIIll, cnoco6HbIX BocnpOI13BeCTII onpegerreHHbIC B 3KCnepIIMCHTe <pyKIIUOHallbl 

npOIICCCa KaCKagHoro ,-pacnaga. KalKIJ;blll l:13 HIIX UMCCT CBOU IJ;OCTOIIHCTBa II HCIJ;0-

CTaTKII. Ho HaII60J1bllIUC B03MOlKHOCTII no norry'leHIIIO IIH<popMaIIIIII npegocTaBll.!ICT 

COBMCCTHOC onpegerreHIIe nrroTHOCTU ypoBHCll II Clll10Bb!X <pyHKIIIIll. EcrrII y<ICCTb, 'ITO 

pC3Yl1bTaTbl [1,5] .!!CHO noKa3b!BaIOT, '!TO MOIJ;Cllll nrroTHOCTU ypoBHCll, Bocnpomrnog11-

m:e:ii: npu pac'ICTC <pyHKIIIIOHallbl paccMaTpIIBaeMoro npOIICCCa C TO'IHOCTbIO Ha ypoBHC 

IJ;CC.!ITKa npOIICHTa, He cym:ecTBYCT, TO 3TO npII'IIIHa Toro, '!TO OCHOBHbIC ycurrIIJI 6bll1II 

CKOHIICHTpupoBaHbl HaMII Ha pean1maIIIIII BTOpo:ii: B03MOlKHOCTU. 

TeM HC MCHCC 6blrr BhlnOllHCH ll nepBblll Tlln aHanu3a - TO CCTb IJ;ll.!I 3agaHHbIX, 

MOIJ;CllbHO pa3l1lPiaIOIIi;IIXCJI, nrroTHOCTCll ypoBHCll onpegerrJillIICb B03MOlKHbIC 3Ha'ICHII.!I 

paguarruoHHb!X CllllOBbIX <pyHKIIIIll IJ;IInOJlbHb!X nepexogoB, YAOBllCTBOp.!!IOIIJ;IIX COOTH0-
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IIICHl!IO ( 4). IIprrnrrumm:rhHbIX pacxoJKgcmmii 11cJK;i:y no:ry•reHHbIMn TaKl!M 06pa3oi.,1 

Cl!l10Bb!MII <pyHKIIl!.!1111! II nplIBCIJ;CHHblMH Ha p11c. 1-4 pe3y:rbTaTaMI1 npu IICIIOl1b30Ba

HIII! Mo;:i:c:rn !Il10TH0CTI! ypoBHCII [2] He Ha6rrro;i:a:rocb. 

(),ieHb cym:ccTBCHHbIC 3aKl1IO'ICHIIJI O Cl!l10BbIX <pyHKIIl!JIX II !Il10THOCTll ypoBHCi°I y;i:a

l10Cb II0l1}''llfTb rrp11 I!C!I0l1b30BaHIUI B 3T0M Bb!palKCHl!l! rrpe;i:Ka3b!BaCMOIU! [4] II:IOTHO

CTl! B030YlKACHHb!X COCTOJIHI!II JIIJ;ep, BKlllO'ICHHbIX B Halli aH&"Jl!3. OgH03Ha'IHO II 6e3y

Cl10BH0 0bll10 rrorry•reHo, 'ITO Hai°ITll 3Ha'ICHl!Jl Cll:IOBblX <pyHKIIlli°I, crroco6Hb!C Bocrrpo-

113B('CTl! rrpOI13BegeHI!C l!HTCHCl!BHOCTll KaCKagoB Ha IIOl1HYIO pagnaIIl!OHHJIO IIII!p!!HY 

KOl.!IIH}"H::J;-COCT0J!Hl!Jl gJrn OCHOBHOH MaCCbI ;i;e<popi.,mpoBaHHbIX l! rrepeXO;\Hb!X JI;J;Cp rrpn 

1!al1b!X 3HCprnii ncpBll'!Hb!X nepexogoB Kacia;i;crn ( E,, ~ 1- 3 :vfoB ), HCB03MOlKHO ;:i:aJKe B 

npIIHIIIIIIC. 'I To Il0i!H0CTbK) noTBCplK;i;aeT BbIBOgbl, CIJ;Cl1aHHb!C B [1.5] 0 TOJ.,I, '!TO n:roT

H0CTb ypoBHCi°I TJ!lKCJl0ro ;i:c<popM!!p<rnaHHoro Jigpa, Cl1e;i:yrom:aJI 1!3 npegcTaBi!CHl!lu! O 

HCM, KaK 0 CI!CTCMC HCB3Hl!l.!OgCiiCTByrom:nx <pcpMII-'laCTIIII, He },IOJKCT C0OTBeTCTB0-

BaTb pea/IbHOCTll, no KpaiiHcii MCpe - grrJI COCTOJIHl!H, B036yJKgaei.,fb!X B peaKIIlll! ( n' I) 

Ha TenrroBb!X HCI!TpOHaX. CooTBCTCTBYIOIIi;,UI M0;(C/lb II cc napaMeTplmarrrrn [4] ;::i;aroT 

Il/lOTHOCTb ypoBHCH, BO MHOro p,m 0Oi!bllIJIO B036yJKgae,-,10i"1 npn 3HXBaTC TCill10B0ro 

HCHTpoHa. Bo3MOJKHOc Ka'ICCTBCHHOC o6'bJICHCHl!e 3Toro <peHoMeHa 6bmo ;i:aHo Hai.,m pa

Hec - KaK HCIJ;OOIICHKa IIMCIOIIJ;l!MUCJI M01];C/IJ!Ml! JIIJ;pa pom1 BIIf>parruoHHb!X B030YlK;J;('HI!I! 

npn 3Heprirn mm6yJKgCHl!JI HlllKC, KaK Ml!HIIMYM, ~ 0, 5B,,. 

3.3 Paµ;u:au;u:oHHhie CU:JIOBhie <f>YHKD;U:U: U:3 COBMeCTHOro u:x onpe-

µ;eneHU:H c IIJIOTHOCThIO yponHeii 

.IJ:aHHb!C O cyMMC CII/IOBb!X <pyHKIIIIH gnnO/lbHb!X nepcxogoB, IIOl1Y'ICHHb!X npn C0B1H'

CTH0M onpegc/lCHI!l! IIX 3Ha'!CHlllI lI n/l0TH0CTII ypoBHCi°I 113 COOTHOIII('HI!Ii ( 1-4 ). npI!B('

gcHbl Ha p!Ic. 1-4. lfo Ha6opoB crry'mi°rnh!X 3Ha'ICHl!H p u f (El) + f ( 1\Il) :J:i!JI ;i;aHHoii 

3Heprllll IlCJ)Bll'IH0ro nepexoga KaCKaga onpcgenJilll!Cb [5] KaK l!X qwgHC(', TaK I! Ha11-

6011ec BCJ)OJITHb!H pa36poc no o6b!'!Hb!M CO0TH0lIJCHIIJIM MaTCMaTI!'H'CK01°i rTaTl!CTl!KII. 

OHH COII0CTaB/IJIK)TCJI C M0IJ;CllbHb!Mll 3Ha'IeHl!JIMII, Il0IIY'ICHHb!MII ("/l('AYK>m:1111 06paao11: 

K 3Ha'!CHIIJIM f(El), onpegencHHb!M B C00TBCTCTBl!I! C M0IJ;CIIJI111! [7] I! [8] (Bq>XH!IJI I! 

HlllKHI!C KJ>HBbIC C0OTBCTCTBCHH0 ), go6aBJ1JI/IOCb 3Hit'ICHI!e f ( ,1!1) = con st' H0p~mpo

BaHH0C TaKHM o6pa30M, '!T06b! 0TH0lIJCHIIC ill!Ipl!H MarHl!THb!X II 31I('KT!)Il'!('CKl!X Il('

pexogoB C 3Hepr!IJIMII B6/III3ll Bn C0OTBCTCTB0Ba/10 6b! gaHHb!M K0,-,!Ill!/IJ!l!Illl [9] . .J:l1JI 

cpaBHCHIIJI C 3KCilepIIMCHTanbHbIMll gaHHb!Mll, nony'IeHHb!MII 113 I!TepaIIIHmm>ro npo

IICCCa C gonycTI!MbIMU ( B paMKax cym:ecTBY!OIIi;l!X MOIJ;('l1CH) Hit'Ia/lbHbIMII 3Ha'H'Hl!1Ill 

nrroTH0CTII ypoBHCH II ClI/I0Bb!X <pyHKIIlIH Ha pIICJHKax nyHKTI!p0M npl!B(';J;CHbl T(' )K(' 

caMb!C cpcgHHC 3Ha'!CHlIJI, HO nony'ICHHblC, KaK 0lll!GtH0 B [5], 113 IITC{Hll!II0HH0ro npo

IICCCa C a6co/lK)THO HcpeamICTll'!CCKIIMI! Ha'IaJJbHb!Ml! 3H1VICHI!JIMI! Il/l0TH0CTI! yp,rnm'ii 

p(E,x) = p(Bn) = const. 
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CorrocTaBJICHIIe gaHHbIX ITO ClIJIOBbIM q>yHKl\lBIM rrp11 CTOJib paaJIIP!HbIX Ha'IaJibHblX na

paMCTpax IITCpal\lIOHHOro rrpo11ccca IIOKa3blB1LCT, 'ITO OIIjl!'/:l!'iICHHbI<' B aua,Ilm!' IIHT<'H

CIIBHOCTCII KacKagon cpcgmw <>T cyMMbI J(El) + f(A1l) gocTaTO'IHo cnaf>o nanncrrT oT 

cro rryTn, II, CiIC):IOBaTC/IbHO, MoryT paccMaTpl!Bi\.TbCfl KaK Ha116om'<' B<'flOHTHbI<' 3H11'H'

Hlrn. flhIBO):I IIMC('T TO'IHO<'Tb, orpa.Hl!'I<'HHYIO ncpP'!Jl('iI('HHbl11Il B pa.a):l('Jl<' 3 II]HIO:JJI;+;('-

11 



HlIJ!Ml! aHamma. 

CpaBHeHl!e aKcnepl!MeHTaiihHhIX pe::iyiihTaTOB c npe;i:cKa::laHUJ!Ml! Han6o;icc 'IaCT0 

ucnoiih::lyeMh!X aKcnepnMeHTa TOpai.,rn Mogenei'i [7 ,8] noKa::lhIBaeT, '!TO: 

a) cyMMhl Cl!iIOBh!X <pyHKI.\lli°I El- l! Ml-nepeXO;J;OB He J!BiIJ!IOTCJ! M0HOTOHHh!MII <pyH

KI.\llJ!Ml! aHeprlll! nepexoga, a, cKopee Bcero, oTpaJKaJOT Hmr6orree o6mne cB01'1cTBa 

CTPYKTYphl COCTO.l!Hl!H, CBJI::laHHhIX COOTBCTCTBYIOll.llIM nepexogoM. 8To MOlKH0 Bl!;J;CTh, 

HanpnMep, l!::l conocTaBrreHllJ! norry'leHHh!X pe::iyrrhTaTOB B 
156

•
158Gd, r;i:e ycrromrn :JKC

nepl!MCHTa (::iHa'!emrn ]" ypoBHCII, CBJ!::laHHh!X KaCKagaMII, r,\ l! nrroTHOCTh B006ylKga

CMhIX COCTOJ!Hlll!) TaKOBbI, 'ITO pacxoJKgeHJIC norry'leHHh!X cyMM Cl!.f!OBh!X (pYHKI.\lll! J:ll!J! 

naphl l!::l0T0n0B ragorrumrn o6JI::iaHO 6h!Th MeHhllle, '!eM B mo6h!X gpyrnx KOM6l!Hal\HJIX 

conocTaBrreHHJI; 

6) cTeneHh 3aBncnMocTu f (El) + f (Ml) OT aHeprun cymecTBeHH0 oTrrwmcTCJI OT 

npep;CKa::iaHl!ll Mogerrei'i [7,8]. 8To cnpaBC)l;lll!B0, no Kpai'iHeH Mepe, )l;.f!JI '!eTH0-'leTHh!X 

COCTaBHh!X .l!)l:ep o6rraCTl! 4s-MaKCl!MyMa Hel!TpOHHOH Cl!.f!OBOH <pyHKI.\Im; 

B) 3Ha'!eHIIJ! cyMMhl Cl!l!OBh!X <pyHKI.\lii°I B03pacTalOT npn nepcxogc OT 0K0l!OMarw1e

CKl!X Jigep K garreKl!M OT MarII'!CCKl!M l! npu nepexoge OT Bh!COKOB036yJKgeHHh!X C0CTO

J!HlIH K npoCTh!M no CTpyKType HlI::lKOl!ClKall.llIM ypoBHJIM ( TO eCTh - npu yBeiIII'!CHllll 

aHeprnn ")'-KBaHTa). B cqiepn'IeCKl!X JI)l;pax 
114Cd n 

124Te ux onpcgerreHHhre 3Ha'!eHIIJI 

BnorrHe BocnpmmB0)l;.l!TCJ! M0)J;CllhIO [8], ecmI npegno.rr0lKlITh, 'ITO Cll.f!0BaJI <pyHKI.\l!JI Ml

nepexogoB He ::iaBncnT OT aHeprnn ")'-KBaHTa. B 
128 I, 140 La, 146 Nd, 150 Sm,. 181 HJ, 

188,190Os, 196 Pt u 200 Hg Mogerrh [8] B paMKax Toro JKe npegno.rroJKeHIIJI o Ml-nepexogax 

rrn6o C00TBCTCTByeT aKcnepnMCHTY, · rrn6o ero npeBhllliaeT )l;l!J! nepBlI'IHhIX nepexop;0B 

Ha Bh!C0K0l!e)KaIIIl!e YP0BHII; 

r) He l!CK.f!IO'leHo, 'ITO nrroTH0CTh ypoBHeH B pai'ioHe aHeprnn CBJ!3lI HeHTpOHa ( X0TJI 

6h! B HeK0T0ph!X l!p;pax) cyIIICCTBeHH0 0TKl!0HJieTCJ! OT 0TH0Cl!Te.f!hH0 MOHOTOHHOll 

3aBlICl!M0CTl!, npnBep;eHHOll B [5]. 8Ty B0;:JM0lKH0CTh Heo6xognMo BBeCTll )];.fl.I! Toro, 

'IT06hI 06'h.!!CHllTh npl!'IHHY pacXOlK)l;eH!Ill MeJKgy HaI!p;eHHhIMl! a6corrIOTHhIMl! 3Ha'ICHlI

J!MlI cyMM Cl!.f!0Bh!X <pyHKI.\lill ll !IX M0)l;C.f!hH0 npep;CKa::laHHhIX 3Ha'!eHl!ll B pl!p;e cocegmrx 

no A .srgep. To ecTh a<p<peKT "n::irroMa" B aHcpreTn<iecKoi'i ::iaBHCl!M0CTl! nrroTH0CTl! ypo

BHei'i, l!pKo npoJIB.f!J!IOllllillC.I! [1,5] npn He6o.f!hllillX aHeprn.srx Bo::i6y)K)l;CHH.!!, B03M0)KH0, 

npoJIBl!J!eTCJ! l! npn 60.f!hllil!X, X0T.I! l! B MeHhlliei'i CTeneHn. ArrhTepHaTl!Ba :JT0MY YTBep

lKp;eHlIIO - npegnorrolKCH!Ie 0 cyIIIeCTBeHH0M yBemI'leHl!l! Cll.f!OBhIX <pyHKI.\l!ll ::ia C'!eT 

xopo1110 lI::lBCCTH0ro a<p<peKTa K0.f!.f!CKTlIBH0ro ycnrreHlIJ! BepoJITH0CTH ")'-nepexoga npn 

pacnage COCTOJ!Hl!ll, CTPYKTypa BOl!HOBOll <pyHKI.\l!l! K0T0pbIX cogeplKlIT 3Ha'llITC.f!hHhie 

Bn6pal\l!OHHhie K0Mn0HCHTh!. Pe111eHne :JTOll )J;lI.f!CMMbl Tpe6yeT He T0llbK0 garrhHCllllillX 

aKcnepnMeHTaJihHhIX nccrregoBaHui'i, HO n cephe::iHoro TeopeTn'!ecKoro nogxoga. Ecrrn 

npeg.f!0)KCHHaJI B [5] lIHTepnpeTal\lIJ! no.rry'ICHHhIX penyrrhTaT0B B KaKOH-TO cTeneHH co-

0TBCTCTyeT peaJihH0CTlI, TO aKTYaJihH0CTh C00TBCTCTBYIOIIIHX nccrregoBaH!Ill BnorrHe 

onpegerr.sreTCJ! (pl!:Jl!'ICCKOll 3Ha'Il!M0CThIO n::iy'leHl!J! nepexoga OT CBepXTeKy'lero C0CT0-

J!HlIJ! K 06hI'IHOMY B TaKOll BCChMa cne11n<pl!'ICCKOll Cl!CTeMe, KaK l!p;po. 

OTHOClITC.f!hHhIC 0TK.f!0HCHl!JI Hall)l;CHHh!X nHa'ICHllll ClI.f!0BhIX <pyHKI.\lIH u nrroTH0CTl! 

ypoBHei'i OT nx cpep;Hero ::iHa'!eHIIJI xapaK-repn::iyroTCJI BeChMa cnrrhHOII 0Tpn11aTel!hHOH 

KOppe.rIJ!I.\lICll. Ee BbI6opo'IHOe nHa'ICHlie B 6ol!hllilIHCTBe crry'!aeB lI::lMCH.l!CTCJ! OT -0.6 

go npaKTl!'!CCKl! -1, X0TJ! B HCCK0llbKl!X .srgpax YMCHhlliaeTCJ! no Mogyrrro go ~ -0.4. 

12 

C y'leToM Toro, 'ITO HaII)l;eHHhre naphr crry'laHHhIX nHa'leHllH napaMeTpoB npo11ecca 

")'-pacnaga Bcerga cogeplKaT HCK0T0ph!e crry'laHHh!e HCK0pperrnpoBaHHhie 0TK.f!0HCHll.l! 

(gmrna 1nepa111mHHoro npo11ecca Cll.f!hH0 orpaHll'llIBaeTCJ! B0::lM0lKH0CT.l!Mll 8BM), CTe

neHh CB.1!3l! CII.f!0BhIX <pyHKI.\llll l! n.rr0TH0CTH ypoBHCll crregyeT C'IHTaTb CIIIC 60.rree Bhl

COKOH. To CCTh :JTl! BC.f!lI'll!Hhl He .l!B.f!J!IOTC.I! HenaBl!Cl!MhIMl! nepeMCHHh!Ml! BhlpalKeHl!ll 

(2) n (4), 'ITO u o6ycrraB.f!llBaeT caMy B0::lM0lKH0CTb l!X 0)l;H0BpeMCHHoro onpegerreHl!J! 

Ha 6a::incc l!MCIOIIIllXC.I! ;KcnepnMeHTaJihHhIX gaHHh!X n (pll::ll!'ICCKl! geTepMllHl!p0BaHHh!X 

orpaHn'leHni'i Ha ::lHa'!eHU.1! ucK0Mh!X Berrn'luH. 

3.4 11cToqHHKH ourn6oK CHJIOBbIX <l>YHKIJ;HH 

IIocKO.f!hKY napaMeTphl Bhipa)KCHl!.1! ( 4) l!::lMepeHh! C norpelllH0CThIO, B03Hl!KaeT Bonpoc 

0 ee B.f!l!J!Hl!l! Ha penyrrhTl!PYIOIIIYIO BC.f!II'll!HY ourn6Kl! npnBep;eHHhIX Ha puc. 1-4 cyMM 

currOBhIX <pyHKI.\l!H. BepoJITHhIH pan6poc :JHa'!eHUH gaHHhIX, npuBegeHHhIX Ha pucyH

Kax, BK.f!IO'laeT T0.f!hK0 HeonpegerreH0CTl! Cl!.f!0Bh!X <pyHKI.\l!H, o6ycrrOB.f!eHHhIX HeogHo

nHa'IH0CThIO HaiigeHHhIX [5] nHa'!eHUH nrroTH0CTl! ypoBHei'i, u onpegerrJieMbIX llll!pl!HOH 

l!HTepBarra B0:JM0lKHhIX Ha6opoB napaMeTpoB, B0Cnpol!::lB0)l;.!!IIIl!X l!:JMepeHHble :JKcne

pllMCHTa.f!hH0 rrapaMeTphr npo11ecca KacKap;Horo ")'-pacnaga. 

IIocKorrhKY npou::iBegeHIIe r.~ Ha I"l"I u ncK0MaJI Berrn'lnHa r.\i cB.sr::iaHh! rruHeHHo, To 

:JKcrrepnMeHTa.f!hHhie 0TH0Cl!TC.f!hHble Ollll!6Ku norrHOH llll!pl!Hhl u llHTCHCllBH0CTll KaCKa

)l;OB (nx BC.f!ll'll!Ha o6bl'IHO C0CTaBJIJ!CT ~ 10%) npllB0)l;.l!T K TaKl!M )KC no MaCll!Ta6y 

Ollll!6KaM Hai'igeHHh!X napl\l!aJihHbIX llil!pl!H. Bapua11UJI aHepreTl!'leCKOll naBl!Cl!M0CTl! 

I"l"I Ha ypOBHe 25%, l!CIT0.f!h:J0BaHHaJI B [5] )];.fl.I! 01\CHKl! B.f!l!.l!Hll.l! Ha peny.f!hTaT B0:JM0lK

HOH cucTeMaTn'!ecKoi'i rrorpe111HocTu orrpegerreHu.sr xoga aHepreTn'!ecKoi'i naBucuMocTu 

I"!"!, u::iMeH.sreT ::iHa'leHne Hai'igeHHOH cyMMhI curroBhIX <pyHKI.\l!H grr.sr Bcex paccMaTpnBae

MhIX .!!p;ep Ha BC.f!l!'lllHY, He rrpeBhilliaIOIIIYIO npl!BC)l;CHHYIO Ha pucyHKaX 1-4 HeonpegerreH

H0CTh paccMaTUBaeMh!X ::l)l;CCh BCJil!'ll!H. ,IJ:pyrl!Ml! CJI0BaMl! - 0CH0BHaJI HenpegerreHH0CTb 

nHa'!eHUH KaK nrroTH0CTl! ypoBHei'i, TaK u cyMM curroBhIX <pyHKI.\l!H 06'h.1ICHJieTc.1I He no

rpellIH0CT.l!Mll aKcrrepl!MCHTaJibH0 orrpegerreHHhIX :JHa'leHl!ll IT0JIHhIX pagua11uoHHhIX llll!

puH ll IIHTCHCl!BH0CTl! KaCKagoB, a rrpel!MYIIICCTBCHH0 - CB.!!3hIO ITJI0TH0CTl! ypoBHCH l! 

pagua11noHHbIX Cl!JI0BhIX <pyHKI.\llll B l!:JMep.!!eMhIX <pyHKI.\l!OHarrax rrpo11ecca KacKap;Horo 

")'-pacnaga l! HC)l;0CTaT0'IHh!M K0.f!l!'ICCTB0M :JKCITepl!MCHTaJihHhIX gaHHbIX. 

TaKUM o6panoM, Ha 0CH0BaHl!ll rrpogerraHH0ro aHarruna B0:JM0)KHh!X Ollll!60K MCT0-

)l;l!Kl! u un npuBegeHHhIX Ha puc. 1-4 penyrrhTaTaToB no onpegerreHUIO <popMhI aHepre

Tll'ICCKOH naBl!Cl!M0CTl! CllJI0Bh!X <pyHKI.\l!ll C Bh!COKOH Bep0.!!TH0CTbIO crregyeT BhIB0)l; 0 

TOM, 'ITO C00TBCTCTBl!.I! naBl!Cl!M0CTl! f(El) l! f(Ml) OT :mepruu rrepexoga M0)l;CJIJ!M 

[7,8] (B KOM6nHal\l!l! C rrpegcTaBJICHUJ!Ml! 06 0)l;H0'laCTl!'IH0M xapaKTepe Ml-nepexogoB 

f(Ml) = canst) B rr1060M .srgpe He cyIIIeCTByeT. Borree Toro, Herrhnl! ga)Ke ncK.rrIO'll!Tb 

u TaKoii cuTya11uu, 'ITO aHepreTn'IeCKaJI naBl!Cl!M0CTh f(El) u f(Ml) pa::iJil!'!Ha B 

HeiiTpoHHh!X penoHaHcax c pe::irrn'IHOH r~. Ha TaKyro B0:JM0)KH0CTh yKa::lbIBaeT Harru

'Il!e (10] CllJihHOH K0ppCJIJII.\l!l! l!HTCHCl!BHOCTeH Ha6rrrogaeMbIX KaCKap;oB u rrpl!BC)l;CHHOH 

HCHTpOHHOH llil!pllHhI B 'ICTH0-HC'ICTHhIX C0CTaBHbIX Hp;pax. EcTeCTBCHHO, noc.rrep;Hl!l! 

rnnoTe::la nop;JIC)Kl!T :JKcnepnMeHTaJibHOH rrpoBepKe, X0TlI 0Ha rrorn'IeCKl! Bh!TeKaeT He 

TOJihKO un gaHHh!X [10], HO l! un Ha6rr10gaeMh!X B pa::irrl!'IHh!X l!p;pax Bapua11ui'i cyMM 

Cl!lI0BhIX <pyHKI.\llll. 
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Puc. 5.Conocmao11,e11,ue 11,au6011,ee BepollmUblX 311,a'l,e11,uif, n11,omuocmu ypoa'/ieu u 

cyMM CU/1,0BblX fPY'li'K:V,UU 6 cocmaB'liblX llJpax 181 H j U 
183W 6 3a6UCUM,OCmU om 3'1iCpi!1LU 

oo36yJ1CJe'/iUll n nepB1L'l,'li020 nepexoJoo coomoemcmBe'li'/iO. 

Han6orree HpKHM rrpuMepoM, IllilIIOCTpHpy10ll\HM 3TO yTBep)Kµ;eHHC, JIBlIJICTCJI rrapa 

JIµ;ep - 181 Hf Il 183W. Ilo CBOHM OCHOBHhIM rrapaMeTpaM OH!! 1rn60 uµ;eHTil'!HhI, rru6o 

µ;ocTaTO'IHO 6rrH3KH: '!eTHOCTh qucrra HYKlIOHOB, IIlIOTHOCTh ypoBHen:, IIOlIHall paµ;uau;II

OHHaJI nmpIIHa, CTPYKTypa KOHe'IHhIX ypoBHeH KaCKaµ;oB II T.µ;. OcHOBHOC panlIH'Uie - B 

183W rrpIIBeµ;eHHaJ! Hen:TpOHHaJI nrnpIIHa B HeCKOlihKO pan MeHhlllC, 'ICM µ;irn KOMrrayHµ;

COCT0JIHlrn 181 Hf. To eCTh BKrraµ; Ol];HO'!aCTII'!HhlX KOMIIOHCHT CI'O BOlIHOBOH cpyHKll;IIIl B 

MaTpII'IHhIC 3lICMeHThl rrepBH'!HhIX rrepexoµ;oB II, CCTCCTBCHHO, IIX COOTHOlllCHHC C MHO

I'O'!aCTII'!HhlMil KOMIIOHCHTaMII CYU\CCTBCHHO panrruqaJOTCJI. BechMa CYU\CCTBeHHO pan

lIII'!aIOTCJI B 3THX JIµ;pax CIIlI0BhlC cpyHKll;IIII rrepBII'!HhlX rrepcxoµ;oB, HC06xoµ;IIMhlC µ;rrJI 

BOCIIpOII3Beµ;emrn 3KCIICpIIMCHTallhHhlX HHTCHCIIBHOCTCH KaCKaµ;oB - pIIC. 5. K CO)KalIC

HIIIO, 3T0 TOlihKO KOCBCHHhlH apryMeHT B rroµ;µ;ep)KKY rrpeµ;rrorro)KCHIIH, 'ITO CTPYKTypa 

BOlIHOBOH cpyHKll;IIII KOMIIayHµ;-coCTOJIHIIJ! CYU\CCTBCHHO BlIIIJICT Ha CIIlIOBhlC cpyHKll;IIII 

rrcpexoµ;oB. IlpJIMOH 3KCIICpIIMeHT no rrpoBepKC TaKOI'0 rrpeµ;rrorro)KeHIIJI B03MO)KeH Ha 

rrro6oM IICTO'IHIIKe pcnoHaHCHhlX HCn:TpOHOB rrpu IICII0lih30BaHIUI COBpeMCHHh!X Bh!CO-
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K0Ka'ICCTBCHHh!X H PGc-p;CTCKTopoB. ,IJ;rrJI !IiIOTH0CTII: TpeyroilbHl!KI! - •mc:ro 3KCIICp1!-

11CHTailbH0 Ha6rrroµ;aeMbIX rrpoMe)KyT0'!Hh!X ypoBHCII µ;ByXKBaHT0BhlX KaCKagoB, I'l!CT0-

rpaMMa - Ha1!6orrec BepoJITHhre (3] o)Kl!gacMbIC l!X 3Ha'!eHIIB p;rrH Hy.:reBoro rropora per11-

cTpau;m1 KaCKaga. To•IKI! C O!lll!6KaMI! - Han6orree BCf)OJITHb!C 3Ha'!CHl!JI, y;:ioBlICTBOpJI

IOU\IIe CO0TH0!llCHlIJ!M (3,4). IlyHKTllpHaH n CIIlI0lllHaJI ill!Hl!ll CO0TBCTCTBYIOT Moµ;e:rJIM 

[4] II [2] C0OTBCTCTBeHHO. O6o3Ha'!CHlIJI ;a;rrJI cyMMbl CIIlIOBb!X cpyHKll;l!II aHa.'!OrI!'IHbl pnc. 

1. 

4 3aKnrotieHlfe 

IIpcgm>)KCHa MOµCilbH0 HC3aBI!CIIMaJI MCTOl];IIKa orrpeµ;erremrn Hal!6orrec BepoJITHOI! rr.:IOT

HOCTII ypoBHCII II cyMMbl CIIlI0Bb!X cpyHKll;l!H )J;lIJI B036y)K)J;CHHhlX COCTOJIHin'i I! ;:(I!II0.:Ib

Hb!X rrepcxoµ;crn, rrpoJIBiIJIIOll\l!XCJI B peaKll;IIII pag1rnu;II0HHOI'0 3aXBaTa TCIIJIOBOI'O HCII

TpoHa lip;paMI! C MaKCIIMailbHOII IllIOTHOCTbIO ypoBHCI!. XoTJI rro:ryqeHHb!C pc3y:rhTaTbl 

II3-3a HCIIOilb30BaHirn HCKOTOpb!X rrpcµ;rroiIO)KCHlli°I, BKlIIO'ICHHblX B aHa.:IJI3, HC crre;:iyeT 

paccMaTIIBaTb KaK ycTaHOBlICHHhlC OK0H'IaTClibHO, ORI! TCM HC MCHCC p;eM0H,Tpi!pyroT 

HalIJI'U!C BCCbMa ccpbC3Hb!X II JIBHhlX pacXO)K)J;CHl!i°I MC)Kµ;y cyru;eCTB)'lOll\llMII rrpeg,TaB:rc•

HlIJIMI! 0 Hgpc I! pearrhHOH CIITyau;uei'!. 

8TI! µ;aHHb!C II0lIH0CTblO corrracyro1'cJI c IIOlIJ'ICHHOl'i pam~c [11] Ka'ICCTBPHHOJ°! Kap

TIIHOI! 113yqaeM0I'0 rrpou;ecca, a l!MCHH0 - CYU\CCTBCHHb!M B.:IIIJ!Hl!CM Bon6yJKgCHl!I! B1!-

6pau;11oHHOI'O T1ma Ha CBOJICTBa 11gpa go 0Hepn1:i\: ~ 3-4 M0B II 6orrbllll!M B.:IIIJIHl!P~I KBa

mr•mcTJPIHbIX B036ylKp;CHIIH rrpII 6orree BbIC0KUX Bo36y)Kp;CHirnx. Ocmrnamre )J;iIJI TaKoro 

B031\I0)KH0I'0 o6'hJICHeHirn - YMCHblllCHIIC !IlI0TH0CTI! ypoBHeii 0TH0CI!TCilbH0 rrpegcKa3a

HIIi°I MOI\ClICi°I, III'H0pupyIOU\IIX Hill! HC)J;0Oll;CHIIBaIOU\IIX B.:IJ!JIHHC Korre6aH1!I! 11µ;pa Ha 3T0T 

rrapaMeTp II Kopperrnpyroll\UC C HIIM !IO 3Hcpnrn B036yJK;a;aeMblX COCT011HIIIUI )'BC.:IIPIC

HIIC CIIlIOBhlX cpyHKll;HII KacKap;HhlX rrepexop;oB. A UMCI0ll\CCC11 YBC.:Il!'ICHl!C cy1111 CIIlIOBb!X 

cpyHKll;l!H KaCKagHb!X rrepexo;a;oB M0)KCT 6b!Tb KH'ICCTBCHH0 06'b1!CHCHO rrpocTcfrlllll1I o6-

pa30M T0ilbK0 H3BeCTHbIMII II3 TC0pIIII K0illICKTIIBHhlMI! 0cpcpeKTa1111 yc11m·H1111 Bcpo11T

H0CTI! ,-rrepexoga. BTopair B03M0)KH0CTb ofrb1!CHCHII11 yc11rreHI11l f CB113aHa C TC'M, '!TO 

B paHOHC 3HCprIII! CBJI3II HCIITpoHa cpcp;HCC pacCT011HIIC' MC)KI\Y K0MrrnyHp;-C'0CT011HIIJI1111 

D>, oTKlI0H11CTCJI OT ycpegHCHHoi'.r 3aBIICIIM0CTII B CTopoHy MCHbllll!X 3Ha•rem1ii. O!ll1160K 

aKcrrepi!MCHTa, ;a;ocTaT0'!HbIX grr11 o6'h11CHCHl!11 II0lIY'ICHHb!X pC3YilbTaToB, Mb! mdiTII HP 

CM0I'lIII. 

Ha µ;aHHOII cTap;nII II3J'ICHIIJ! o6cy)Kµ;aeMoro 11BlICHIIJI !I0lIJ'ICHHhlC pc:iyrrhTaTbl I! 

3aKrrro•1emrn o cro rrpnpogc crregyeT paccJ..mTpIIBaTb KaK rrpc;a;Bap11TC.:IbHbic, HYJK;:taro

ll\l!CC11 B gailbHCII!lleM rrogTBCJ))K/i;CHllll. Mac!llTa6 mi6rrrogaCMhlX 0cpq>PKTOB II BO:JJ..IOJK

Hb!C IIJ)ll'I!IHbl !IX rrpoHBiICHI!Jl o6ycrraBmrnaroT HaCT0JlTC'libHYIO HC'O0XO)J;IIMOCTb ga:rb

HCll!llCI'O I\CTallhH0I'0 1my•1CHIIJI CBOi°ICTB 11gpa B 0KpCCTHOCTJlX E,,. ~ 0, 5fl,, - B 06.:raCTII 

rgc, B03M0)KH0, rrpoIICX0/i;I!T pe3K0C II paguKaiibH0C l!3MC'HCHIIC (TO CBOl<icTB. 

Pa6c>Ta rro;a;gepJKaHa rpaHT0M P<t:><t:>ll 99-02-17863. 
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