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'1 ' 
1. rt.1nOTe3a AKC€I1fl-6pt.1HKa 6bln8 c¢lOPMYI114pOB8Ha J I B CBfi3H 

c t.1ccnegoeaHV1€M BbiCOK03Hepren14eCKI-1X El -nepexogoe, conpoeom

.QSIOU\I-1X peaK~\.110 HeihpOHHOro aaxeaTa e aTOMHbiX R.Qpax. CornacHO 

nmOT€3€, 3H1 nepeXO,Qbl TO IIi )!{€ CSMOil! npHpO,Qbl, 4TO \II rV1 raHTCKI-1~ 

,QVInOilbHbllli pe30H8HC, npOfiBilfiiOll\HikR 8 C€l.I€HI4\II ¢0T0R,Q€pHb1X peaK

~HIIi /rl-1nOT€38 AKcenfl/, npl-1 3TOM Clt1J1088fl ¢yHK~I-1R 3J1€KTPOMarHI-1T

HOrO nepexoga 38BVICIIIT ru1UJb OT 3HePrl-11-1 y -nepexoga 111 He aaeVI

CIIIT OT 3Hepn114 8036y>H,Q€HIIIFI A,Qpa /rlo1nOT€38 6pVIHKS/. B COOTBeT

CTBI-1\.1 C ,Q8HHOil! rlt1nOT€30il! CVIJ10Bb1€ ¢yHKUit11-1 ¢QTOB036y}f(,Q€Hlt1R FI,QpS 

1113 OCHOBHOrO· (P -l. ) 111 npOI-13BOilbHOro H\113KOJ1€)!(8ll\€ro f eoafiym,QeH-
0 -)h 

HOIO (P p..., h) COCTOFIH\IIil! ,QQJ1}1{Hbl VIM€T b O,Q\.1H8KOBYIO 3Hepren1'-1€CKYIO 

3aBV!CitiMOCTb, COBnaAaiOll.\YIO TaKme C CV!JlOBO~ $yHKI..IItle~ npfiMbiX )'-

nepeXOAOB 

Hltlfl fiAPa, 

lt\3 He~!TpOHHbiX pe30HaHCOB 

h ~ P, 0 +/puc, 1 I: 

P
0

, ~P . ~P 4 ~P , f 
.... h r .... h~ h-->o h -~ 

Puc .1. OnpeAeneHI-1e c1-1nosbtX d!YHKL.II-111! 

¢lOTOB036Y>I<AeH!-1FI 1-1 3JleKTpOMarHI-1THbiX 

nepeXOAOB. 

h Ha COOTBeTCTBYIOUIItl€ COCTOR-

/1/ 

--ttt--ttt----',I,L,_,l,l,L_ ~ \ 

~U-llL------------o• 

denOCP€ACTB€HHyiO 3KCnepi-1M€HTailbHYIO HH¢lOpMal..ll-110 MO>KHO nolly41-1Tb, 

paayMeeTcFI, nl-1wb Ail.A P 0 +-+h, Ph~ .... r 1-1 Ph-+o+./lpyn1Mitl cnosaMI-1, 

MO>KHO npeACTaBV!Tb, 4TO Ha Ka>KAOM B036y>~<A€HHOM COCTOfiHHH fiApa 

/He3aBHCHMO OT CTPYKTypbl 3Toro C0CTOfiHHf1/ B036y>KAaeTCfl rHraHT

C~I-1~ pe30HaHC TOi-l >K€ CaMOiit Q>opMbl, 4TO VI pe30HaHC Ha OCHOBHOM 

COCTQFIHHH. ~Mee.TCfl 04€Hb OrpaHH4€HHO€ tU.1CJl0 T€0P€TH4eCKitiX HC

CJl€~OBaHHiit, noc.Bflll.\el:i,HbiX .o6.ocHoeaHHIO rHnoTe3b1 AKcenf!-5pHHKa~ 



B pa6oTe /Z! aHal1H3 3Toiii ntnoTe3bl npoeOJ4t.111CR c t.1cnonb30BaH\.1eM 
fH.QPO,QIIIH8MH48CKOiii MO,Q€111-1. 6btJ10 noKa38HO, LITO AJ1fl Tfl}l{€J1blX R.Q€CI 
MO}l{HQ O>KH,Q8Tb no Kp8i1Hei1 Mepe npt.16JH.-1}1(€HHOrO BblnOJ1H€HI-1R ,QSHHO(.:O 
r!-1n0T€3bl, 8 TO epeM.A KaK .Q!lFI !1€rKHX R,qep OH8 6y,qeT, nO-BYl,QV'.
MOMy, HapyWSTbCR 113-38 60!lbWOrO BJ1HF!HHA nOB€pXHOCTH .R,Qpa H2 
¢opMy rHraHTCKoro ,qHnonbHOro pe3oHaHca. 

3Kcnept.1MeHTa!1bHaF! nposepKa rHnOTe3bt AKcen.A-6p!>1HKa TSK}!{e 
npe,qcraen.AeT aaMeTHbre TPYAHOCTH. Jlo nocne,qHero speMeHI-1 OHa 
6biJ18 npoBe,QeHa Jlii!Wb 48CTI-14HO ,Q!lfl Pfi,Q8 C¢ep\-14€CKVIX .R,qep C VICf10!1b30B8HVIeM peaK~VIVI ¢OTOB036y}!{,QeHVIF! VI H€~TpOHHOrO /VI!lM npo
TOHHOrO/ 38XB8T8. nposepKa Bbln0J1H€H8 ,QJ1fl CJ.1J10BO~ ¢yHKU.Y11-1 8 
048Hb orpaHV14eHHbiX 3HepreTt.14eCKVIX ~-tHTepsanax 7lh c yL!eToM El -
nepeXO,QOB Ha OCHOBHO€ VI OT,Q€JlbHbJe HVI}!{8i-1W~-te B036y}I{A€HHble coCTORHI-tfl .A.Qep. 06sop 3T\IIX pa60T 1-1M€€TCR B /S '. 8 He,Q.:::!BH€11 pa60Te .4 . 
npose,qeHa 6onee ,qeTa!lbHa.A nposepKa 3Toi-1 rlllnore3bl a peaKLJ.HVI 
(p, y) Ha p.A,qe VI30Tonos Ge, Sr , Y. 6bl!llt! nonyl.feHbt cwnoebre ¢YHKU.VIVI E1 -nepeXOAOB s ltlHTepeane 6-10 ~138 c ycpe.QHeHvreM no ·MHOrHM pe-3oHaHcaM ,QJ1.A nepeXO,QOB HS p83!11-14Hbl€ HI-13K0!1€}1{8Ll!VI€ COCTO.f!HI-1fl f 

KOH84HOro FlAPS C WIIIPOKO J.13B€CTHbiMVI 3H84€Hl-1.AMVI CnVIH8 VI 4€THOCTVI I 11' • B 3TOI1 pa6ore no,qrsepmAaeTCfl BbrnonHeHVIe rl-1noTe3br AKcem~-
5pvtHKa. 0TMen1M, 4TO B pafoTe 14 / npOBOAIII!lOCb ycpeAH€HIIIe no WVI
POKOMy 3HepreTW4€CKOMY l-1HTepeany -1,2 M3B VI, BVIAIIlMO, n03ToMy 
H€ 6biJ10 o6Hapy}!{€HO OTK110H€HH.A CVI!lOBO~ r!JyHK~VIVI ph .... e (El, ry) OT rnaAKO~ nopeH~eBCKOH 38BWCI-1MOCTI-1. TaKM€ OTKJ10H€HM~ nP€ACKa3aHbl 8 /S/, f"A€ paCC4HT8Hbf 8 paMKSX KB83VIL/8CTI-14H0-¢0HOHHOI1 MO,Q€Jll.1 
pa,qllla~J.10HHbl€ CHJlOBble ¢YHKL.1VIl-1 c¢ep~t~4eCKI1X flA€P, 

2. UenbiO HacTO.Aute~ pa6orbr r~enr~eTcfl nposepKa rV~noT€3bJ AKce.nR-6pVIHKa All.A ,qecDoPMVIPOeaHHblx .AAep. PaccMoTpeHVIe seAeTcfl ,qn.n l.feTHo-L!eTHbrx F!,qep 8 pSMKaX K883VI48CTVI4HQ-¢OHOHHm1 MOAe!lVl, np!-1Me
H.AIOL1!ei::ic.A AI1.A OnVICSHII!fl HJ.13 KO!lemali~VIX 1-1 Bb!COKOJ1e}!{8L!.iVIX COCTORHI-1~ .AA€P, B TOM 4111CII€ rlllf8HTCKVIX p€30H8HCOB /S- 10/. 

~38€CTHO, LITO C yBeiJVI4€HM€M 3HeprHH soa6ymAeHVIR flJ10THOCTb 
.AA€PHbiX COCTO.AHIII~ P€3KO B03pacTaeT VI VICC11C,Q088Hl-1€ Ka>!<AOrO Y13 
HHX np€ACTSBJ1.AJ10 6bl rpOM03AKYIO 3SASL!y. C Y4€TOM TOrO, 4TO 
3KCnepVIMeHTSJ1bHOe paapeweHH€ 0TAe11bHbiX C0CT0fiHIIII1 B ,qeQ)OPMVIpO
BaHHbiX .A,qpax npH 3HeprHRX sbrwe 3-5 M3B orpaHM4€HO 111 1113 3Kcne
Pit1M€HTSJ1bHbiX ASHHbiX 11!38118KSIOTC.A VIX xapaKTepl-1CTVIKVI, ycpe,QHeHHbl€ no HeKOTOPOMY 3HepreTM4eCKOMy HHTepsany, A11.A OflVICSHVI.A CBOMCTB .A.Qep npltl npoMemYT04HbiX J.1 Bb!COKVIX 3Hepriii.AX 8036y}I(A€HVI.A 04€Hb 
nOJ183HbiM VI nepcneKTVIBHbiM .ABJ1ReTC.A MeTO,Q CVI!lOBbiX ¢YHKr_tlllrli 

17
"
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3TOT MeTOA n03BO!l.AeT, B 48CTHOCTI-1, HenocpeACTBeHHO nOJlyL/VITb seJ111!4VIHY ycpeAHeHHO~ no 3Heprvrlll eepO.ATHOCTII! aneKTpoMarH-HTHbrx 
nepeXOAOB M€>KAY R,qepHblMVI COCTO.AHII!.AMVI, MVIHY.A npOMemyTOL/HbiY. 3Tan peill€Hit1.A CJ.1CTeM CJlQ}I(H~X ypaaHeHI-1~ BbiCOKOro paHra npvt ,QeTS!lbHOM 
pac4eTe KS)f(AOrO ypOBH.A. no-BJ.1AVIMOMY, VICnOilb30BaHII!e MeTOAS YCP€AH€HJ.1.A .ASJ1R€TC.A eAJ.1HCTBeHHOi:1 peaJ'IbHm1 803MO>KHOCTbiO AJl.A Om1C8HVIR 
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C XOPOW€~ CTeneHbiO T04HOCTI-1 CBOt':1CT8 RA€P npl-1 npoMemyT04HbiX 1-1 

BbiCOKJ4X 3H€prl4fiX B036yX<A€Ht.1.R 6e3 CYli.-'€CTB€HH0rO o6pe3SH14fl f5a314-

Ca .R.Q€pHbiX COCTOfiHI-1~1, 4TO 06bt4HO ,Q€IlS€TCfl npH HCCil€.QOBSHL11-1 

Ae¢opMHposaHHbrx 1-1 cno>KHbtX cct>epH4eCKI-1x .R.Qep111~0peHMyu-'ecTea Me

TOAa CHI108btX $yHKU.VIi1 n03BOI1.RIOT npOB€CTVI f.1CCI1€AOBSHH.R BbiCOKO

B036ym,QeHHbiX cocTOfiHHH fiAeP c BbiXO.QOM a a paMKVI RPA, c y4eToM 
CJlO}I{HbiX KOHC!>\4 rypau.1-1i:l/l 2 , 13 1 \.1 nonpaBOK, CBfi3SHHbtX C T04HbiM 8bt

nOI1H€HI-1€M npi-1HUI-1na naynl-1 /14/. 

3. npoeepKa npt.1M€Ht.1MOCTllt rlltnOT€3bl AKcenfl-6plltHKa Tpe6yeT 

Y4€TS BbiCWlltX KQH$1-1rypSLt14ti 8 8011HOBOi1 Q>yHKLJ.lltlll B036ym.Q€HHbtX co

CT0f1Hllti:1, B HaCTOfltl.!ei:1 pa6oTe Mbt orpaHf.14111BaeMCR y4eTOM .QByxct>o

HOHHbtx KOMnOH€HT Ill, H€ paCCMSTpi-18S.R BI11-1fiHJ4R nplltHL.t14na nay111-1, 

3anY1CbiBSeM 8011HOByiO CIJYHKL..tl-110 8036y>I!.Q€HHOrO COCTO.RH14.R 8 814.Q€ 

'I'(K"J=I:>:c"a++-
1
-l u" Q;Q:i.P0 n g g g ..,;2 glg2 glg2 1 2 

/2/ 

C YCI10BY1€M HOpMlltpOBK14 

l(C") 2 + l (D" ) 2 
=1. /3/ 

g g glg2 glg2 
n n 

3.QeCb C g 14 Dg
1
g

2
-aMnm1TY.Qbt OAHO$OHOHHbtX 14 ABYX<f'OHOHHbtX KOMno-

+ A . H€HT, Q g - onepaTOp pO}f(.Q€Hio1fl $OHOHS g :;e: (1 J, r.Qe j - HOMep $0-
HOHa My.nbTwnonbHOCT\4 1\p. , if!0 - $oHOHHbti:1 eaKyyM. HHAeKc n o6oa

Ha4aeT HOMep B036Y>KA€HHOrO COCTORH1o1R .R.Qpa C $-1KCHpoeaHHbtMI-1 
aHa4eHHRMH npoeKLtHH yrnosoro MOMeHTa 1.1 4€THOCTI4 K~. 

raM14JlbTOHHSH MO.Q€1114 14M€€T CI1€AYIOI.q14~ B14A 
110

•
121

: 

/4/ 

.118Hbti1 B14A onepaTOPOB Bvv' 1-1 B€11"1414H r ;v" ,xapaKT€P143YI9Uli'IX ¢oHO
Hbl- C 3-Hepnretr W , np14BOAI-1TCR B pat:ioTe /10/ • 

CneAYR IS! 14 Hgcnonb3Yfl eap!.1aLt!.10HHbtH np14HL.tl4n, MOmHo no.ny-

414Tb ! 10, 12/ CHCTeMy ypSBH€HI4i1, onpe.QeJl.RICitqyiO 3Heprl-114 7f
0 

1-1 K03$

¢MU.Io1€HTbl C ~ lo1 0 ~ lg 
2 

BOilHOBbiX (!)yHKltW~' R,ctepHbiX COCTORHf.1H /2/: 

\ 

(w - ry ) C n - l U g D n = I) , 
g n g glg2 glg2 glg2 /5/ 

(w - 71 ) D n -l U g C n = 0 , 
glg2 n g!":l g glg2 g 

!61 
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Ycnoe111e pa3pewt~~MOCTIII 3Toi1 CIIICT€Mb1 ,qaeT ceKynFJpHoe ypaeHeHIIIe 
,Qilfl aHepr1o1i1 7J n : 

@(~) =det(l(w -'1 )S .-K ,[I =0, n ' g n gg gg 171 

K • = :1: gg 

,ll.nR npoaepKIII rt~~noTe3b1 AKce.nR-EipiiiHKa cne,qyer cpaaHIIITb C111noey10 
¢yHK~~~~~ np!IIB€,Q€HHOJ1 eepoRTHOCTI-1 ,QIIInOilbHOrO ~OTOnornomeHIIIfl C 
CV1JloBo11 ¢lyHKl.llo1ei:1 El -nepexo,qoe 1113 Bb1COKOB036ym,QeHHbiX cocroFJHIIIi1 
R,Qpa Ha $VIKCJ11POBaHHO€ H1113KOilemall.l€€ COCTORHIII€ (1 17K) 0 • 

npiiiB€,Q€HHaR eepORTHOCTb EA -nepeXO,Qa 1113 Ha~aJlbHOrO COCToR
HHR (I"K)i B KOH€l.IHO€ (1 17 K) f IIIMeeT BIII,Q llOl 

B;~ rCEI.)=(I;K;I.~iJr!'r )
2 

(M ;;rl
2 

/8/ 

Mi~r=<¢r(K,.)i)RI<fi(Krr) ·, 191 
a m - onepaTop 3IleKTPJI14€CKOro nepexo,Qa. BeJliii~IIIHa /9/ ,QJlfl nepe
XO,Qa 1113 OCHOBHOrO C0CTORHV1R Ha B036ym,Q€HHO€ /2/ 14MeeT BH.Q '10,1 2 / 

2-S i<O Y, (1.) 
( y ) [ e err (n) X g (n) + 

g 
/10/ 

(1.) ( ) ( X ( ) I "- C '.L . +•err PYgP) gP = g g g 

'10 121 Bee een1-1~111Hbl, axo.Q.Am~tte a I 10/. onpe,qeiJ~Hbl a' ' , OHI-1 xapaK-
TepH3YJOT COCTOfiHIIIfl $OHOHHOrO 6a3JI1Ca, e ~?f (n) Ill e ~?i (p)- 3$!teK-
TIIIBHbl€ 3apR,Qbl. Afl.FI EA-nepexo,qa M€)f(,QY npOJ.13BOJlbHbiMIII COCTO.FIHio'fR-
Ml-1 /2/ 

M. r = y2 :1: ( :1: C r D i + :1: C i D f ) L , 
1 -+ g gf g f gg f gi g j gg i g /11/ 

Ecn111 paccMaTpt~~earb nepexo,Qbl 111-1Wb Ha H~t~H<ai1w111e Bl-16paJ41110HHble co
crof!Hlii.A R,Qep, CTpyt(rypa KOTOpbiX, KaK nOKa3aHO 8 /15f,,QJlfl CVI.flbHO
,qecflOPMHPOBaHHbiX R,Qep 6JlVJ3Ka K O,QH0$0HOHHbiM H.flYl Cynepn03Vllt"H1 
MallO rO l4YlCJla O,QHO<flOHOHHbiX, T • e • 

:1: (D r ) 2 « :1: (C r ) 2 g g g 
g g 1 2 gf f 1 2 

f 2 
= (C go ) , 

f 
/12/ 

TO /11/ MO)!(HQ ynpOCTIIITb, cyMMY no 9. 111 3Hal4HTenbHO 
COKpaTHB cyMMIIIPOBaHH€ nO 
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Pac4eTbl, 8blnonHeHHbte 8 HacTO.RIJ.Ie~ pa6oTe, np080Aitlfllt!Cb a paM

Kax npltl6n~t~meHH.R /12/. 
88eAeM Cltlfl08ble $yHK~I-·H1 

b. 1 (EI.,~)~:l:B. r (E,\).p(~-~.)~(I.K.I.~il 1 K 1 )
2

:l:(M. 1 ) 2 p(>J-~.)= 
I~ · I__,. I I 1 1-1> 1 

0 I 0 OOi 0 

b 0 +~r (EA,r1l~fBo+~r(E,\).p(~-~,) ~ 

2 
~ :1: (M + ) P (~ -'I r ) = Po+~ r (EI. • ~ ), 

1 
p(~- ~.) ~-

1 2rr 

f 0 ~ f 

/13/ 

/14/ 

/15/ 

.\ - napaMeTp YCP€AH€Hit!FI. nerKO Blt!A€T b, liTO Clt!J108bl€ ¢YHK~Itlltl 

/13/-/14/ HOPM"POBaHbl YCI10B"RM" 

J bhf (EI.,q)dq~· fbi~f (EI.,~)d~~ :l:Bhr (EI.), 
--oe. 0 0 0 i 0 
~ ~ 

f b + (EI.,rJ)d~:: Jb + (EI.,~)d~ ~ :1: B + (EI.). 
--IXJ o _,. r 

0 
o .... r r o _,. r 

noACTaBI1RR /11/ B /13/ " Y4"TbiBaR /12/, nOI1Y4"M 

r o i I 2 p r (EI.,~)~ :l:p(rJ-'J.)I :1: C D L . 
I .... o i 1 ggf gfoggfo g 

0 

3A€Cb npOBOAIIITCfl ycpeAH€HHe no Ha4anbHbiM COCTORHitlfiM 

$1t!KCIIIPOBaHHOe KOH€4HOe COCTOFIHH€. 

Y4TeM cooTHoweHHe Me>~<AY ceKyJ1fiPHbiM ypasHeH~t~eM AI1M 

Hltl~ 7] ,. Ill K03$$H~VI€HT8Mitl Dig BOll HOBO~ ¢yHKL\IIIItl /2/: 
g co 

a1(~). 2 
-----'~ ~(D' )- , 

aT] i ggro 

/13a/ 

/14a/ 

/16/ 

i. f 0 -

COCTQR-

/17/ 

rAe $yHK~HFI 5(7Ji) TOmAeCTBeHHO cs.RaaHa c 8(77 i) /7/. Hcnonb-

308as A8Jlee 8H8Jllt!Titi4€CKH€ CBO~CTBa ¢YHK~Itlltl /15/ It! npOB€AR He

KOTOpbl€ npeo6paaosaHII!FI, MO)I{HO nony4HTb npocToe BblpameHII!e AJlfl 

c~t~noso~ ¢yHK~HH EA-nepexoAa: 

1 I--KK

0

g

0

,.
0 

:- ll~w ~~-:;~ -, =K- ~II 
I gi gigi gig i 

p ,·~ f (E,\, q) ~-1m 
0 " 

/18/ 
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(L C r o ) 2 
g g f 0 

Koo= g~r u; - z 
o gg f

0 

z o- 71 + i /\,.'2 . 

Kog i "'K gio= 2 
ggf w - z o ggr 

0 

/19/ 

3HaM€HSTeneM npaBO~ 4aCTH /18/ ABnA€TCA onpe.Q€11HT€J1b /7/ CHC
T€Mbl ypaBH€Ht.1i:1 /5/ .QJlA Ha4allbHbiX COCT0AHitli1 /2/ l.J1 i (K 17

) , 
paHr KOTOpO~ onpe,Q€J1A€TCA 4HCJ10M O.QHO¢OHOHH~X KOMnOH€HT g., 
e 4HCJU1Tene - oKalliMJleHHbli1 onpe,qenHTeJlb paH;a (g i -f 1) . nonyl...leH-

1 

HO€ B /lSI BbiPS>K€Hltl€ .Q.O.R CJ.1I10BOIIi ¢YHKL(HH npHB€,Q€HHOJ1 BepOATHO
CTM B036Y)f(A€HMR COCTORHM~ (J"K) fi_:::HO npM~e:m K BMAY 

1 1:.:_;11<<: g =z)a.~:::_~ g~' !1 17.0/ 
b + (EA,<J)~p + (EA,>J)=-lm 
o ~r o ~r " 1(,,, -z)li ·-K •I g gg gg 

no.Q4€pKH€M, 4TO paHr .Q€T€PMHHaHT08 B /18/ Itt /20/ Onpe.Q€Jl.A€TC.A 
g -pa3M€PHOCTbiO 6S3VICS O.QHO¢l0HOHHbiX KOMnOH€HT C n, KOTOpa.A g 3HSt..ti-1T€I1bHO M€HbWe pa3M€PHOCTV1 6S3l-1Ca .QByX¢OHOHHb1X KOMnOH€HT 
D n • 111 3TO CYll.leCTBeHHO o6ner1...1aeT LH1CneHHble pacYeTbl. g lg 2 

np~ ~CCneAOBaH~~ r~raHTCK~X pe30HaHCOB Ba*HOH XapaKTep~CT~
KOH ~Bn~~TC~ pa3Horo T~na npas~na CyMM. HeTPYAHO nony4~Tb ABa 
MOA€11bHO 3aB~C~MbiX npas~Jla CYMM, CBR3biBaiOUI~X CBOi:1CTBa r~raHT
CK~X pe30HaHCOB, nocTpO€HHbiX Ha OCHOBHOM ~ B036Y*A€HHbiX COCTOR
H~RX RAPa: 

~ (1. K. AJ< II 1 K 1 f 2 2: B . ~ 1 (F-A l ~ '2: L 2 , 
1 1 0 0 j l () g g 

(OOAvii
1

K
1
)-2 '2:~ 1 B + (EA)~(I K A1<'I 1K 1r 2 }',(~,-~, )B 1 (EA)~ f Q --'>f I 0 l 0 0 1

0
4 

~(I K .Ap I I, K f )-
2 

}', (~.-~f) B i~f (EA)~ }',,,~! . /22/ 11 oo i 10 0 g 

Bocnonb30aaawl!1cb /13a/-/14a/, nony4aeM AJ1n c~noabiX ¢lyHK1..1~~ 

/P
0

+ (EA,~)d~~ fP. 1 (EA,~)d~~ fp f (EA,~)d~~:l:L 2, o --'>f o 1 o-+ o 1 -+o gg 
/21a/ 

/22a/ 
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,lVl.R 8bi.RCH€HL-1.R nOilHOTbl L-1CnOI1b3Y€MOrO O,QH0$0HOHHOrO 6a31-1C8 CYMMy 
/22/ 1-1 /22a/ He06XO,QHMO cpasHMTb C XOpOWO H38€CTHOH MO,Q€JlbHO 
HeaasHcHMoiil aHepreTL-14eCKM s3seweHHO~ cyMMO~ EWSR 18

•
101 

• 
OgHaKo 1-13 npas~-111 cyMM /21a/-/2Za/ He cnegyeT anp1-10pH s~non

HeHL-1e nmOT€3bl AI<C€I1R-6PHHI<a, noci<Oilbi<Y, RBJlRJ=!Cb MHTerpaJ1bHbi
MH Xapai<T€pi-1CTHI<aML-1, OHH O,QH03H84H0 H€ Onpe,Q€Il.R~T 3HepreTL-1-
4€CI<OIIt 3BBHCHMOCH! CHilOBbiX <!JYHI<~L-111, I<OTOpaR 8 npi-1H~Hne MO)i(€T 
6btTb coeepweHHO pa311H4HOill ,qnR pa3Ili-14Hb1X cocTORHHi1 J=~,qpa I i o 
~n" f 0 I. 

4. ,ll.nfl HenOCP€,QCTB€HHOC1 npoeepi<H 3TOi7t rYinOT€3bl 6btJ1H 8btnon
H€Hbl pac4€Tbl CL-1Jl0BbiX $yHI<~Hi1 /18/ J.1 /20/ AJlfl DRAB CI1y4aee 
8 fl,Qpax 

176Hf H 
156 Gd. napaMeTpbl cpe,QHero nOJlR J.1 KOHCTSHTbl 

napHOrO lA MYilbTL-1nOilb-My!lbTHnOJlbHOrO B381-1MO,QeillcTBL-1H 6b1Ill-1 B3.RTbl 
1-13 113 •161. Y41-1Tblsanocb oKono 100 H€iiiTpOHHb1X 1-1 100 npoTOHHbtX 
O,QH04SCTL-14Hb1X YPOBHei:f CP€,QHero nOI1.R. 6bt!lH B3f1Tbl C!l€AYIOU\L-1€ 
3Ha4€HL-1.R 3$$eKTL-18HbiX 3aP.R,QOB: 

8 
(A) (n) ~ ! ~ AnR A~ 1. 
eff l 0 AflR A f 1 • 

(A) ~ 
8 err (p) ~ ~ 

z 
A 
1 

AJlR A~1. 

AnR A /1. 

npH npoee,qeHHH paC4€TOB 6bl!ll-1 nPL-1HRTbl CI1€AY10Ll.IL-1€ orpaHL-14€HL-1.R. 
~3 8C€X $0HOH08 f<B)I(,QOil! MYilbTYinOJlbHOCTH (,\ .-_4) Y4T€Hbt TOI1bi<O 
Hat-16onee I<0!1Il€1<TH8Hbte, nocKOJlbl<y HM€HHO OHH npe)f(,Qe scero onpe
AenRtoT noee,qeHHe CHI10BOill <J)yHI<~L-11-1 8 L-1HTepecyiOLl.l€i1 HaC B ,QBHHOM 
cny4ae o6nacTL-1 r1-1raHTC1<0ro peaoHaHca. BoaMO)I(HOcTH 3BM no380J1H-

11111 YI..IIIITbiB8Tb ,QO 30 $OHOH08 f<8)1(,QOi:1 MyJlbTJ..1nO!lbHOCTL-1, I<OTOpbtC 
,Q888Jll-1 OT 70% ,QO 94% 81<Jla,Qa 8 nO!lHYIO 3HepreTH4€CKH B38€W€HHYIO 
cyMMy /22/ ,QilR scex $OHOHOB, nonyt..teHHbtX 8 npl-16n~t~)I(€HL-11-1 RPA. 176 156 AnR .Q8YX R.Qep Hf 1-1 Cd 6bti11-1 pacct..tY!TaHbt cHnoea.R ¢JYHK~~t~R 
/20/ soa6y)I(,QeHL-1.R ,QlllnOJlbHOro r1-1raHTCKoro pe3oHaHca c K77 

=- 0-1-1 ,
H CHI10Bafl ¢YHI<~HR I 18/ ,Q!l.R ,QL-1nO!lbHbtX nepexo,qos H3 cocTO.RHHH 
C (I"K); ~r1, 3-2, 3-3 ~ 1-1 Ha H~li<ai:iwee COCTORH~e c(l"K)r~2+2. 

Ha puc. 2 1-1 3 npe,qcTasneHbt peaynbTBTbl pac4eT08 Clll!lOBbrx ¢1YHK
~L-1C1 bi-+f (El,ry) ,qnR 176Hf. Ha 3THX )!(€ p~t~cyHKax .QJl.R cpaeHeHL-1R 
npH8€,Q€Ha CliiJlOBa.R $yHI<~H.R b o+-+ f (El ,ry), paCCI..IHTBHHBFI 8 npH6JlH
)f(€H\.1YI RPA. Cpa8HeHHe CL-1Il08btX ¢yHK~HC1 b

0
+ -+f(EA,ry), pacc4HTaHHbrx 

8 npH6Jllo1)1(€HL-1H RPA c yt..teTOM aHrapMOHHI..IHOCH1, nO,QTB€P)f(.QBeT 
BbiBO,Qbl /1 3 /0 cna60M BJliiiRHYIL-1 3$¢l€KT08 aHrapMOHH\..IHOCT\.1 Ha B€J1H4H
HY 111 ¢JopMy CHI108oi7t ¢YHK~YIH 8 o6nacTH rHraHTCKoro peaoHaHca. Ha 
PHCYHKOB BH,QHO, \.ITO rHrBHTCKHill ,Q~t~n01lbHbli7t pe30HSHC, onHCbiBB€Mbt!li 
c1-1noeoW ¢lYHK~HeH bi..,.

2
+

2
(E1,1jl), CABY!HYT npY16nH3HTenbHO Ha 1,2 M38 

no OTHOW€HHIO K b o+ f (El,ry),t..tTO C00TB€TCTByeT 3HepntH ypOBHFI 
2+2 8 176Hf, 0,QHBKO -;.py,QHO cpaBHL-1Tb $OPMbl o6eHX KPHBhiX H3-3a 
paanl-141-1~ 8 K03~H~HeHTax Kne6wa-rop,qoHa H HanH4H~ yKa3aHHOro 
3HepreT!-14eCKOrO CABvtra. no3TOMy Ha cneAy~~HX puc.4-6 An~ YA06-
CTBa TaKOrO cpaaHeHI-1~ nPYIBOA.RTCR CHJlOB~e ¢YHK~HH Po+-+f(El, ~) 
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0,6 

0,4 

0,2 
T2-2'2'>.-,..-

,... ....... _,. 

11 12 13 14 

' ' 

15 15 ),M>B 

Puc.2. rpa<!>"K" C"nOBbiX ¢JyHK~"C1 bi~f (El,~) 
np!-1se,QeHHblX eepO.ATHOCTei1 El-soa6y}!{,QeH\IlA 
COCTORHHi1 C I"K = 1-Q /CnDOWHS.A DHHH.A -
paC4eT C y4eTOM SHrapMOHH4HOCTH, WTpHXQ
BaR - RPA/ " El-pacnaAa rz ~ 2 +z /wTp"x
nyHI<n1pHa.A/ a 

176Hf. MynbTYlnOnbHOCTb 

nepexoAa (/.rl tr ~ 10. 

1-1 Pi...,. 2+2 (El,1Jtr)' r,Qe TJ tr- 3Heprf.1.R nepexo,Qa, OTC'-H1TbiBaeMaR oT 
3HeprHH B036ym,QeHH.A $\llKCHPOBaHHOrO KOHe4HOrO COCTO.AHHR: n ~ ., tr 
= TJ -7] f 

0 
= T} - Tf 2+2 • 8\ll,QHO, LITO CHI10Bble cf)yH KU,J.1t-1 p i -+ 2+2 (El, T}) 

80 BCeX paCCMOTpeHHbiX CilYLIS.AX 6JH.13 K\ll K Po+...,. f (El, T/), npH 3TOM 

pi-~> 2 +2 (E.\, 1J) 6Jllll>Ke K Kpi-1BOi1, OnHCb18SIOW,ei1 nepeXO,Q 1-13 OC-HOBHOrO 

cocTO.RHH.R s eoa6ym,QeHHOe e npH6nHmeHHH RPA. no-BHAHMOMY, 3TO 

8 

1 5 16 

n-2'2 

J3-2'2 

18 7, MoB 

Puc.3. rpa¢l"K" C"nOBbiX ¢JYHK~"C1 bi~f (El,ry) 
npHse,qeHHbiX sepo.ATHOCTei1 E1-soa6y}I(,QeHHfl 
COCTOfiHHH 1-1 /cnnOWHaA TOnCTaA nHHHA -
C yYeTOM aHrapMOHH4HOCTH, WTpHXOSaA -
RPA I' El-pacnaAa r3 ~z+z /wTp"x-

- + nyHKTHpHaA/ H 1 142 2 /cnnOWHaR TOH-
KaR n"H"R/ e 176 Hf, (.\~) tr ~11. 



06bfiCHfi€TCfl TeM, LlTO B paclleTax He YllJ.1Tb1BaJH•1Cb TpeX$0HOHHb1e 

K0Mn€)HeHTbl BOil HOBO~ ¢yHK~VIJ.1 /2/, KOTOpble MOrJ1J.1 6bl BHeCTI-1 ,QO

nOJ1HJ.1TeJ1bHY~ ¢parMeHTa~~~~~ ,qsyx¢oHOHH~x cocTOfiHVIH. CpasHeHVIe 

0,6 I ,f \' 

' \\ 
~:'\, : l ',\ 

"·"' I 1/ 
0,4 175Hf ' I • \I 

'I 

,-..- o~-o 

0,2 

' 
-<o ,, 

I ·;,. 

11 12 13 14 15 71,MJB 

Puc. 4. fpacfJVIKVI CVIJ10BbiX ¢JyHK~V1H 

p. ( (El, I} t ) npitt8€,QeHHbiX 8epORTHOCT€~ ,. r 
El -8036y}I{.Q€HVIR cocTORHVI~ 1-0 111 El-
pacna,qa 3-2 __,. 2+2 8 176 Hf 8 3aBVICHMO

CH1 OT 3Hepn1H nepexo,qa r1tr ~ !11i -r1 f \, 

(Ap. )tr :-:10. 0603Hal.leHHR Te }1{€, LlTO Ha 

PHC. 2. 

npas"n cyMM /21/" /22/ An" B 0 +~r (Ll) "13, 42 >2 (El), npose· 
,QeHHOe HaMH, nOKa3biBaeT, LlTO OHVI XOPOWO Bbln011HfiiOTCR. 

,ll.nR npOBepKVI YCTO~I.lVIBOCTH nony'-leHHbiX pe3yJ1bTaTOB K H3M€He

HHIO pa3MepHOCTVI $OH0HHOrO 6a3\ttCa 6blilH npoBe,Q€Hbl ,QOn0IlHJ.1TeilbHbl€ 

M€TO,Q\.1Ll€CKHe HCCil€,QOBaHVIfl. 3HallVIT€I1bHOe COKpa~eHVI€ ¢OHOHHOrO 

" ! 
! i 

I 
I 

-~ 

"' ' 
./ 

' I 
•I 
' tl 
\I 
\I 
';\ 33~2'1 

\'\ 0' - 1 I 

\' 
·~ ,, 
·~ 

12 13 14 15 16 17 

Puc.5. fpa<!J"K" 
Pi4f(El,ry,,) s 
0603Ha'-leHVIR Te 

CHilOBbiX ¢yHK~HH 
t76Hf,C'-v)" = u. 

}l{e, ~TO Ha pVIC. 3. 
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0,3 

0.2 

0,1 I 
.-; 

; 

; 
\;, 

"'-.--

8 9 10 11 12 13 11. 15 j 1,MJB 

/?u,c.6. rpa¢1-'!KI-1 Cltl!lOBbiX ¢YHK~Itti'i Pi-+f(El,7Jtr) 
s l56 Gd, (Af1\r=10.06oaHa4eHitiR Te >Ke, 4TO Ha p111c. 2. 

npOCTPSHCTBS, HanpHMep, 4YIC!la yt..H1Tbi8SeMbiX ¢OHOHOB C 30 AO 11 
AilR 176 Hf I (All) i "" 33/ lti3MeHH110 eem14J.1HY CHilOsoiii ¢YHK~ItiH 
p 3- """ 2+2 (El, 71) s o6nacT~t~ pesoHaHca He 6onee, l.leM Ha 3-5%. 
npYI~J1YI31t1TeJlbHO TSKHe me pe3y!lbTSTbl no!ly4eHbl Itt 8 APYrl-1X C11Y4SRX 
coKpa~eHHR OAHO¢OHOHHoro 111 ABYX¢OHOHHoro npocTpaHCTB. TeM ca
MbiM nOK83SHO, 4TO IIICnOJlb3yeMOe $OHOHHOe npOCTPSHCTBO RBJlFieTCR 
AOCTSTOl!HO noJlHbiM Ill pe3y!lbTSTbl pac4eTOB CltlilOBbiX $YHK1..114iii 3JleKTpo
MarHI-1THbiX nepeXOAOB 0KS3biBSIOTCR ycTOiii4V1BbiMH K 06pe3SH1t110 :ne-
ro npOCTpSHCTBS. J.1ccneAOBSHittR nOKS3SJ1JII TSK>Ke, l.ITO YA0BJleTBO
PHTenbH6R T04HOCTb peaynbTSTOB nony46€TCR npH HCnOI1b30B6HHH 
BbTCOK03HepreTH4€CKHX cJ>oHOHOB, pacc4HTaHHbiX a npH6nH>K€HHH TaM
Ma-~aHKOea. JTO ynpo~eHH€ CK636I10Cb B OCHOBHOM H6 H3M€H€HHH 
M6IIbiX no a6COfliOTHO~ B€m14HH€ M6TPH4HbiX 3II€M€HTOB U g 

glg2 ' 
KOH€4Hbl€ me pe3YI1bT6Tbl AJlR Clo1I10Bb1X ¢lYHK4H~ H3M€HJ.1IIJ.1Cb B npe
A€flaX HeCKonbKHX npoueHToa no cpaaHeHH~ c npH6nHmeHHeM RPA. 

5. TaKHM o6pa3oM, H3 npHBeAeHHbiX pac4eTOB Bvt,QHO, 4TO rHno
Te3a AKcenR-6pHHKa ablnonHReTcR .Q11R Ae¢lopMMpoeaHHbiX 4eTHo-4eT
HbiX RA€P npvt nepeXOASX Ha HH3KOJ1€}f{6L!J,Ce COCTORHH€, 6nH3KO€ no 
cTpyKType K OAHO¢lOHOHHOMy. HeomHASHHO xopowaR T04HOCTb ee ebl
nonHeHI-1R,_ no-BI-1,QHM0My, RBnR'eTCR CII€,QCTBH€M H€CKOilbKI-tX npltt4HH. 
06cy,QI-1M H€KOT0Pbl€ H3 HHX. 

Bblwe y>Ke OTMe4a.AOCb-, "'TO peaynbTSTbT MoryT HecKOIIbKO H3Me
HRTbCR, €C11H Y4€CTb ¢parMeH-T6UI-1Kl BbiCOKOil€>K6~HX COCTO.RHJ.ti1 no 
Tpex¢lOftOHHbiM ypOSHRM, TO eCTb HCnOilb30B-aTb 6o:nee CJlO>KHblH BHA 
BOIIHOBOH ¢lyHKUWH /2/. ~anee He06XO,QJ.1MO o6paTHTb Oco6oe BHHMa
Hlit€, 4TO HH)KaHwa-tiJI ypoeeHb 2+2, El-nepeXO,Qbl Ha KOTOpbJH pac
CM6TpHB611HCb BbiWe, RB!1R€TCR ,QOB011bHO- npOCTbiM no CTPYKType. 
HanpHMep, AnR 176Hf OCHOBHaR KOMnOH€HTa ero BOnHOBOH ¢lyHKUHH -
nepebiH $-OHOH C X{l ""22 - COCT6BflR€T 88% B HOpMMpQBKe. rJo-3TOMy 
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YI.I€T B HSCT0HW,l:1X PSC4€TSX MaJlbiX KOMnOH€HT BOJlHOBOill $YHKL\llll:1 co

CTOHHY!R 2 ~ H€3HBLIJ.-1T€JlbH0 I-13M€Hl:1Jl pe3yJlbTaTbl ,(ill~ CI-1JlOBOilt (f>yHK

I..Illll-1 p. "'" (El,7])no cpaBH€HY!IO C npH6Jli-1}.'{€HHbiM pe3y!lbTSTOM, KOr,Qa 

COCTO~~~e "'""2+2 CI...IY!TSJlOCb ql-1CT0 O,QH0$0HOHHbiM. HeCOMH€HHbiJI! YIHTe

pec npe,QcTaBmU1a 6bl npoeepKa rV!noTe3bl A!lH 3JleKTPOMarHYITHbtx 

nepeXO,QOB HS 6onee CJlO}!(Hbl€ COCTO~Hl-1~, B I..ISCTHOCTI-1, lo-IHT€P€C€H 

son poe o CTPYKType rl:1raHTCKoro pe3oHaHca, nocTpoeHHoro Ha 11 KOM

nayH,Q-cocroAHVII-111, KOr,Qa 3apaHee TPYAHO 0}1{1-l,QSTb BblnO!lH€.HH.A nmo

T€3bl AKcen.A-5p~o-~HKa. B 3TOM cny1.1ae, Blti,Qit1MO, sameH y1.1er TeMnepa

TYPHbiX 3¢rpeKTOB /t?:.nplt1 I-1CC!le,QOBSHYII-1 BbiCOKOJl€}1{SW,It1X COCTOAHV!J7! 

Heo6XO,QI-1MO YLII-1TbiBSTb 8Jlli1AHVI€ nplt!HI..Illlna naynl-1 /l 4 ·: B paccMSTPI-1Bae-

MOM 8 3TOilt pa60Te CllY4S€ 3TO BJlHAHI-1€, 8VI,QI-1M0 1 H€8€Jllt!K0 1 
nOCKOflbKY Cp€,QVI ,QByX$0:-:0HHbiX COCTOAH\.1~, ,QSIOW.lo-IX OCHOBHO~l BKJlS,Q 

B CI-1!10Byl0 tlJYHKl\VIIO /18/, rnaeHyiO POilb ~t~rpaiOT COCTOAHVIB, O,QJ.1H 

lt13 ¢OHOHOB KOTOpbiX g f 
0 

==221 ~BJ1A€TCFI Clt!JlbHO KOJ1Jl€KT!IIBY13t.1POBaH

HbiM. 

B HaCTOAW.eilt pa6ore rHnoreaa AKcen.A-6p~t~HKa npoeepAnacb ,QllA 

El -nepexo.QOB. Bo3MOmHO o6o6W.eHHe ee Ha nepeXO.Qbl ,Qpyr~t~x Mynb

nmonbHOCTeilt, nocKOJlbKy ¢OPMYllbl I 18/-/20/ npHMeHMMbl .QJlR npo~t~a
BO!lbHbiX A.f.L. B 3TOM cnyl!ae MO}I(HO 0}1(1-l,QSTb 66nbWl-1X OTKilOH€Hl-1Vi 

OT yKS3SHHO~ rl-1nOT€3bl, nocKOJlbKY 8 OTI!HI...II-1€ OT ,QMnOilbHbiX co

CTO.RHI-1~ 177 
==1- KonneKTY1BHble cocrORHI-1R c APYri-1MM K 17 pacnpe,Qene

Hbl 8 Wl-lpOKOM 3Heprenli.I€CKOM I-1HT€PBSI1€ 191, a H€ TOilbKO 8 o6na

CTM rl-lrSHTCKOrO pe30HSHCS. no3T0My 3¢$eKTbl aHrSpMOHI-ll.IHOCTVI AJlR 
HVIX MOryT npO.ABI1RTbC.fl CM!lbH€€. 8 3TO~ pa60T€ OCHOBHO€ 

BHHMSHl-1e YA€Il.AJ10Cb o6nacr~ rl-lraHTCKoro peaoHaHca, pacnpe,Qene

HHe CY111bl KOTOpOrO ,Qil.A ,Q€C!JOpMMPOBSHHbiX .A.Qep onpe.Q€IlA€TCA ge

$OpMSl\I-1€Vi A,QPS M CHJlOilt OCTSTOI...IHOrO B3a~MO.Q€iltCTBI-1R. ~3M€H€Hlo1.R 

CI-1Il080~ C!JyHK~I-11-1 BH€ 06IlSCTY1 pe30HSHCS, 8 LISCTHOCTM, B o6naCTY1 

3HeprMY1 CBR3!11 H€~TPOHa, 6y,QyT, nO-BH,Qlo1MOMy, 6onee L!YBCTBHT€Ilb

Hbl K BilHAHI-110 CJ10}!{HbiX KOH$1-lrypaUI-1~, ofipe3aHVBO \bOHOHHOrO 6a3HCa 

1-1 gpyri-1M 3¢¢leKTaM. 3ro Heo6xo.QI-1MO YLI14TbiBSTb np1.1 pac1..1ere pa.ql-la

~VIOHHbiX CI-1Jl0BbiX ¢YHKL\Y1~ Heilt·rpOHHbiX pe30HSHCOB. 3aK!110l.llo1T€JlbHbl€ 

3aM€LiaHY1R nOKS3biBaiOT, LITO paCCMOTp€HHblilt B H8CTORW.€~ pa60T€ BQ

npOC o BblnOilHeH~t~l-1 r~-tnOT€3bl AKcen.A-6pl.1HKa Tpe6yer npogonmeHI-1R 

I-1CCI1€AOBSHI-1ilr, npoee,QeH~t~e KOTOPbiX nnaHY1pyeTC.R. 

B 3SKJ1101.1€HI-1€ aBTOPbl BblpS}!{SIOT 6na ro,QapHOCT b B. r. ConoabeBy 3a 

npWBJ1ei..I€HJ.1€ 8Hlo1t4SHI-1.R K ASHHO~l npo6JleMe VI CTMMYill-lPYIOU\1-1€ AVICKyc

CI-11.11 a TSK}I(€ B.B.BopOHOBy, IO.n.nonoey, r.UJe¢>Jll.1HCKOVi V1 3.We¢

Jli-1HCKOMY 38 none3Hbl€ o6cy}!{,Q€Hlo-IA. 
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