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CymeCTBeHHHe ycneXH TeopeTHqecKO0 H 8KCnepHMeHTanbHO0 ff'Aep

HO0 TWSHKH nosBOnHIOT B HaCTOH~ee BpeMH Hennoxo onHCliBaTb CBO0CT-

Ba OCHOBHWC H HH8KOnega~HX BOs6yg'AeHHWC COCTOHHH0 CTa6HnbHliX 

H'Aep.panbHe0mee paaBHTHe H*WHX npe'ACTaBneHH0 0 H'APe CBHSaHO C ne

peXO'AOM K Bee 6onee BliCOKOBOS6yE'AeHHliM COCTOHHHffM w K ff'APRM, 

Y'AaneHHb"),( OT nonOCH 6eTa-CTa6WnhHOCTH/I{ .0 B TOM,H B 'APYrOM 

cnyqae MH BCKOpe non!l,'AaeM B o6nacTh cnnowHoro cneKTPa HYKnOHOB, 

r'Ae CBHaaHHHe cocTOHHHff H'A8P nepeXOMT B peaoHaHCHue,Cner~HTHKa 

coCTOHHH0 cnnomHoro cneKTPa,cBasaHHaH,npeg'Ae Bcero,c HX HOpMit!poe

Ko0,Tpe6yeT cneqHanhHliX MeTo~oB pacqeTa,KoTopue ce0qac paaBHBaIOT

CH B paanHqHW{ BapHaHTax e~HHO0 TeOpHH anepHHX peaKuM0 H CBO~HTCH 

o6~HO K peweHHD CHCTeM aanennHD~HXCff ypaBHeHH0,QriHaKO noKa qTo 

8TH MeTO~H BeCbMa cnOEHH H nosBOnHIOT 'AenaTb pacqeTli nHWb B OT'Aenh

HWC cnyqaHX~~ApyroR cropoHu,~oBpeMeHHnH TeOpHH anpa pacnonaraeT 

MO~tlliM apceHanoM Tpa'AHJJHOHHO cneKTPOCKonwqeCKHX MeTO'AOB,XOpowo 

onpaB'ASBWHX ce6H npH pacqeTe CTPYKTYPH 'AHCKpeTHHX ypOBHeA anep, 

PeaoHaHCHI:re COCTOHHHH saHHMalOT npowegyToqaoe nonoEeHHe : XOTH 

~OpManbHO OHH H npHHS,'AneEaT cnnOWHOMy cneKTPY,HO BO MHOrOM COXpa

HHIOT HH,l\HBH,eyanhHOCTb,CEO~CTBeHHYD 'AMCKpeTHh'M ypOBHffM,UOaTOMY ecTe

CTBeHHO 6linO 6H nonHTaTbCH 8KCTpanonHpOBaTb cy~eCTBYDmHe TeopeTH

qeCKHe MeTO'AH,npHMeHHMHe K 'AHCKPeTHliM COCTOHHHHM,Ha cnyqa0 peao

HaHCOB,IlOOHTKa TaKoro PO'AQ Ha npHMepe peaKnHH 'Ae0TOHHOro cpHBR 
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H c,nenaHa B HaCTOH!Jleti AHCcepTat~HH. 

J;HccepTauHH COCTOHT 118 BBe.11:emrn, UJ8CTH rmtfl 11 3UKJU11!8HIIH. 

Bo BBe,n:eHi-rn paccMaTpHBaIOTCH MeTO'A1:i,HCOOJib8YeMb•e OCl!:,11HO , 

AJIH aHamrna neATOHHorn cpiiBa A ( clp} B Ha CBHSaHHi,:e cocTo

HHlifi Mep.B TaKOM aHasaae aanaqa ecTecTBeHHl:iM oCSpaaoM paaCS11eaeT

cn Ha 2 qacTH: 

1) on11caH11e Mexaa11aua peaKu1111 cp1:,ea Ha onaoqacT11qH1:,e cocTOHHHH, 

KOTOpoe npO,li8JJLIBU8TCll oCS~HO C IlOMO!JlbKl MeTona HCKaJlteHHWC BOJIH ; 

2) viieT OTRJJOHeHHH CTPYKTyPl:i RoaeqHoro cocTOHHH.H H~a B OT 

0'AHOqacTwqHoro,npOH3BOnHl!IHACn OC!hl'tJHO C ITOMO!JlbKl cneRTPOCKOnHqec-

KIDC taKTOpOB.Cpl:iBa s 
DO BB8,ll81111H pacc1.taTp11~aIOTCll nee 11p116JJ11JiCe_mrn, CD/13al1Hbl8 C TfJ.Kl1M 

aHaJil130M H np0113B0AHTCH oueHKa ToqHOCTl1 8THX np11CS1111geHH0 H ece

ro MeTona aaa1111aa B uenou 121. dTO 008B01JH8T IlOHRT&,KaKyKJ TOq

HOCTb uogHO TpeCSoeaT&,np11M8Hflfl 3TOT MeTon K cnyqaKJ Cpl:iBa Hape-

80HaHCHl:ie COCTOHHHH• 

3~aqa cp~Ba Ha peaOHaHCHl:ie COCTOHHHH TaKge COCTOHT HS 

nByx qacTe£1 

t)coanaH11e MeTona 11cKageHHHX BOJIH AJJH cpaBa Ha onHoqacT11qHoe 

peaoHaHcb!; 

2)yqeT OCTaTOqHHX B8aHMoneACTBH£1 B CTPYRType KOHeqHoro COCTOHHHfi 

Hnpa B nnn cnyqaH,Korna cpHB 11neT Ha cnogHH0 KounayHA - pe

aoHaHc KOHeqHoro H~a. 

<!5opuynwpoBRe 11 peweHHP nepBoA qacTH aanaqa nocBn!JleHb! nep

BHe TPH ·rnaBb! naccepTaumr. 

8 nepB00 rJiaBe paccuaTpHBaeTCfl MeTOA HCK8JlteHHb!X BOJIH B 

0CS111eu c.nyqae,Korna KOHeqHOe COCTOHHHe nepenaHHOl'O HYRJIOHa npH

HanneEHT COJIOWHOMY cneRTPY· 

:U §1 ,](all auaJJH3 8,l\11HCTB8HHOH paHee npe.11:np11HllTOH Il0Ill1TKH/J/ 

npHM8HHTb ueron HCKUeHHb!X BOJIH K Cpl:iBY Ha TaH11e COCTOHHitfi,a 
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TaKite ctopizy1111pOBUHo OCHOBHl:ie TPYAHOCTH,B08HHRaKl!JIH8 npl1 pacCMOT
peHHH AUHH00 npoCS11eM1:i0B0-nepBI:lX,aMnJI11Tyna cp~"l!a Ha H8CBH38HHoe 

COCTOHHl1fl B MeTo~e 11CKaJlteHHb!X BOJIH 

CJ'~ /1.i!,, Jo1;, '-f '-JYii,?,J'ff-J"{K"'Zr'7,) Vil/' (1?Z-?r1) x 

JC 'f r+J ( t:d rd) 'fol ( I~ -1';,t) 
( 1) 

HB1IH8TCH paCX0AHIJl11MCH HHTerpaJIOM Hs-sa TOl'O,UTO BCe TPH BOJIHO

Bl:ie !WHKUHH '-f (i: ?i) np.HH~neitaT cnnowHouy cneKTPY 11 oCSnanaIOT 

HeyCSHBaP111e0 aCHMOTOTHKOA.TIOaTOMY npeEne Bcero HeoCSxon11uo KOp

peKTHO ycTpaHHTb STY paciOAHMOCTb B aun1111Tyne- Bo-BTOpoX,iteJia

TeJibHO cosnaTb TaKOA q11cJieHH1:iA M8TOA oueHRH .8TO~ aMOJIHTy'AN,KOTO

pf:l0 Il08BOJil11I CSH C MHHHMaJibHHMl1 H8M8H8HHRMH HCOOJin80BaTb cymecT

BYP~e nporpaMMH MeTona HCKaiteHHb!X BOJIH''AJIH cpuBa B CBH8aHHH8 

COCTOHHHH,HO He BKJIKJqaJI CSl:i 11HTerpHpOBaHHfi no oqeHb CSOJibWHM npo-
- ➔ 

ue~yTKaM HSMeHeHHH nepeMeHHNX t'n H f"p 

lJ §2 npe,llJJOllt8HH M8TO,llhl pemeHHll H3JJOJ:t8HHl1X 3a,llaq141• 1:01ca3a-

HO, qTo pacxonHMOCTb B awnnwryne CBH8aHa C Heen11HCTB8HHOCTbKl pe

meHHn ypaBHeHHff ]11nm.1aHa-lliBHHrepa 'A1IH sana~ Tpex Ten.oTa pac

xon11MoCTb 11cqesaeT,ec1111 BM8CTO ypaBH8HHH n11nnuaHa-WBHHrepa HCOOJil 

soBaTb ypaBHeHHn,npe~no~eHHHe rep~oeu/5/ 11 0611anaD~He en11H

CTBeHHHM pemeHHeM 'AJIH cnyqan TPex Ten.~pyro~ cnocoCS ycTpaHeirnff 

pacxon11MOCTH,OCHOBaHHb!'1 Ha 11COOJib80BaHHH BOJIHOl!IiX naKe'l'OB B sa

BHCHIJl8A OT BpeMeHH Teop1111 paccenHHn,npHBOAHTCH B flp1111o~eHHH 1. 

~Jlfi aMnJIH;-Y'AH Cpb!Ba B H8CEH8aHHOe COCTOHHHe nonyqaeTCH Bf:iPa~e-

HHe: 

R c.n f v, . 
2 r.,, j"" f .... ..,, -v ,-, J( <fl A R __.. ... r = j drn /otr;, u!J Ly Vo/' lk -,v'n1t dr;, JI dfln ){ 

0 O O o 0 

( 2) 

/<(II f--}Jf ~ U.· (f-} _ II.(+} 2 l/, (-)} 
4 / ?r. ' '-f, 'oi't, 'f It 

" I l'n :>/l I 
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r,n:e 
I-} <-) ~ - ~ I!, 1-I - """ ➔) t./j = l..f ( Kl' 7') / ( K11 l"n, f 

t-;-J f I .. -" ..., .., ,Ju, 
lft: = 'f +(KJr-'d}tfo/{lf'n-'f,/1 flt rr) -

IToBepXHOCTHH~ qneH B dTOM E!,l)aEeHHH onHC~EaeT BKJJa,n: B a.MnJJHTYAY OT 

BHeWHei1 OC5JJaCTM If_ ,( t',, L C? ( B npHC5mm:eHHH nJJOC!ntX BOJJH oa ne

peXO,D;HT BO EPOHCKHaJi EaTnepa ,.Pa,n:eyc fl . .n;onEeH C5uTb Bue5patt TaKHM, 

qToe5u BK~a,llOM MaTpHqHOPO SJJeMeHTa OT paSHOCTH OITTHqtCKHX noTeHuH

aJJOB 

"'/~ jdff /d[ lit '-Yvhll +V,A -VdA) u" (4-) 

( 3) 
MOltHO C5b!JJO npeHee5peqb no cpaBHeHHD C .!l;BYMff qJJeHaMH B rrpaBOi1 qaCTH 

( 2) .,nam,Hetiwee yBeJJHqeHHe pa,n:eyca fl He ,n:oim:ao cKast>IBaTbCff Ha Bem1-

qffHe Cf" ,MC5o,xoTff oe5a qneHa B (2) HBJJHDTCH OCUHJJmtpyn~HMH TYHKUHHWM 

R_ , HO OC~HJJJJffl(Hff HX rrpOHCXO,D;HT CTPOI'O E rrpOTHEOfase M CYMMa B ( 2) 

OCTaeTCff Bcer,n:a nOCT0RHHOi1.~anee aMnJJHTy,n:a (2) npHBO,!l;HTCff K BH.Il,Y, 

y,n:oe5HOMy .!l;JJff HCnOJJbSOBaHHff B paMKaX oe5mawc MeTO,!l;OB HCKa!:eHH!:iX EOJJH. 

ITpH STOM .D;JJH yrrpo~eHHn pacqeToB noBepxHocTHoro qneHa B (2) Hcnonbsy

eTCH TaK HaS~Eaeuoe BKE rrpHC5JJIDieHHe JJOKaJJbHOI'O HMIJYJJbCa /6/ .!l;JJH 

OQeHKH onepaTopa 

K 2 = - {-f;-V} + Vr,2 + Vo/~} z fc [Ec1-Vdll (t,}+2 (E11- ~A(,.,))-

- 'ii /(Ed-VdA{l")XEp -V;,11 {r-J} .. e41 () J. 
(4) 

3,n:ecb HH,D;eKC y oaepaTopa yKaS!:iBaeT, Ha KaKyD BOJJHOBYD IPYHKI.\HIO OH ,n:eti

CTByeT; e· -yl'OJI pacCeffffflff .!l;Jlff yJieTaD~WC TipOTOHOB. 

B KOHue BTOpoti rnaBH no11yqeHH COOTHOWeHHff .D;JJa pacqeTa YI'JIOB!:iX KOppe

JJHQHti B cpuBe Ha HeCBHSaHH!:ie COCTOHHHH: 

d 3r · _ 2jic1Ail;,1J :Un.1 .Pa 
2 

I L _f__ " 
dE;,olflfc/Q,, - ;}_:1..)/i;,)"1::ft::n .,uA2 2-YA +1 M11-,s e.s+,t 

fl7c!y11 . 
( 5) 

~ / L (.hljMA m +yr /-13M,.. +m'lXesny ljtfl -y'}G~ ( 0;,)-lem ( 12;;,) I~ 
lm 

d 6 

. . eof-.eptf!EAf Jr 
r.n:e C: =l(2ed+1)i p-mn ;(e?e.,m,, -m,,JeJO)x 

{11, CJ"f (.e.f +mn). 

mp { t, 
2 

C } ,(11J1t 00 leJo)~ (W:1 ~) ;J)D ~ef'(r, -9}nAR. c(A.-1-;Jc'
2 we.lffl?n ::: 

" "Ii 2 c ( ( 6) 

= r;nmn (ep){'1loJ/,uen - 5P"All. d"-+--Y.: 2 We.1ef'Pn Ji 

I
R. -;;le,, ( _r,,,..,) 

2. - ;r r 1:c1r-) ,Xe ( ,t.;, r-J --~-- olJV · ( 7) ee1q, e,, - '<'cl f' I" / 

~ 0 L /2 _ Z,p,1 ;tit' Xe,, ( A) 

We.rep e,, : X..-e,, -a,-{ X1, :X-e,1 J,.~.R- ,7-1' ~ 'o,,., -e.t,=ll rv I,. ~fl ~ 
- dfx.,ll.!I °' (" ..,,U:r.y ~ vU:x -1-J.ty ; No H -KOHCTaHTl::l,Orrpe.r1enaeMo:e BH,!IOM noTeHqHaJJa 

v,,f H BttyTpeHHe~ BOJIHOBOti 'PYHKQHH ,!le~TOHa Y'ol ; :7t" 2. orrpe,n:enaeTCH 

tf,OpMy,rol,i (3); Xe. - e -ff napuHanbHaff BOJJHa J,i8 pasJJOlleHl-1ff ~ (kr-J 

B PH.D; no napqMaJJbHoM BOnHaM. 

B oe5~'lJHOM cnyqae,KOI',!la·perMCTpHpyeTCR TOJJbKO o,n:tta HS yneTaIC~HX 

qacTHQ (HaIJpHMep,rrpOTOH),Ba-palleHHe (5) nepeXO,!IHT B 

d 2r _ 2.e,/!, ;.1,1,. ;;,,,A .lle, 2. z ::rB +I ) _!.__l/r;. i (0.)1/z 
dFnolflt, - 'j:~ '¾- 6 :f~ Kp K'n .,l/,4e 2:Y,. -f-l_L 2Sn +/ 17n'11n 'I' . (9) 

(fnfnSn mn 

BHpalKeHHff (5),(9) i'opMaJJbHO OITHC8BaDT rrpoqecc cpoBa B 11n6oe COCTOff-l 

HHe cnJIOWHOI'O cneKTPa (T.e.peaKQHD pasBana ~e~TOHa) H BKJJK)l{aDT cyM

MHpOBaHHe no BCeM napuHaJJbHHM BOJJHaM fn .0,n:HaKO B aKcnepHMeHTaJib-: 

HUX cneKTPaX y11eTa~ npOTOHOB, HapH,n:y C JJHHHHMH, COIITBeTCTBYIC~HMH 

cp1::1By Ha CBRSaHHlie COCTOaHHH,HMeDTCfl H JJHHHH,COOTBeTCTBYKl!IHe cp~BY 

Ha pesouaHcs. 

rnaBa BTOpafl nocBameHa aHaJJHTHqecKOMy OITHCaHHD rrpOQecca Cp!:iBa 

B ccyqae,KOI',D;a fasa 0,!l;HOP HS napqHaJJbHh'X BOJJH eA ITpOXO,D;MT qepes 

pesOHaHC rrpH 3HeprHH f:o C WMpHHO~ r .B aTOM c11yqae BOJJHOBaff 

io/HKll,Hff :Ze,, (.O'JrrpHHHMaeT BH,n;: 

/-[ (rr,) c:c • e-
{ 

.£ (.K) lie,, (r') 

n e'~ ti11{Kl''+de,, - ¥'-) 

r-t:I<. 
I 

r 7R. , 

( 1 Oa) 

( t 0(5) 

r,n:e ~ -pa,n:eyc ,n:e~CTBHR noTeHu2ana,orrpe.r1enHeM~ KaR paccTonHHe, 

Ha KOTOpOM MOll!'.HO nOJJb30BaTbCff aCHMnTOTHKOti BOJJHOBO~ TYHKqHH (106). 

4n {r-) -peweuHe Toro ll!'.e pa,n;HaJJbHoro ypaBHeHHR, qTo H X-e,, , pery-

11apHoe B HyJJe H HOpMMpOBaaaoe Ha e,!IHHHu.Y BO BffYTpeHHe0 OC5JJaCTM: 
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p._ 

. ! /uen (1")/2 J,., -= j_ 
0 

( 11) 
... , .... , 

Bc5mrn..i OT peaoHaHca MHOlltl1!TeJib fl ( k.) rrplrnHMaeT EH.!l; /'I' i:; 
2.(,) 1 r/2 

Jl K "" 'I (E-Eof -f- r·'A 
( 12) 

ZcrroJihBYfl ( 10), r 12) , MOl<HO rroirnaa Tb, tJTO B cnyqae peaomrnca cetJeH..ie( 9) 

rrepeXO.!l;l11T B pe30H!iHCHYIO topu.yny dpe~T- BHI'~_epoBCKOI'O THITa 

d 2~ Z_ ,., 2 Cr} 0 ) r12 
·v ,..., JC (0)/ 7e,:1er,en 2 • (13) 

ol ip dEn m e,,m. 'P (En - Fo /1" +-- r /4 

Tip..i 3TOM ponr, WHpl11Hti BO BXO.!J;HOM KaHaJie BoITOJIHHIOT rrapu..iaJibHtie HHTerpa 
o (R lfe, 

JIN .£1pe. =;.L-e✓ ;tfj, /"n di" ,0Hl1! rrpaKTHtJec1rn Mano OTJIHtJ8IOTCfl OT COOTEe 

TCTBYIOIJll11X rrapu..iaJibHb'X HHTerpaJIOB,OITHCa~alOl!lv!X Cpb!B .!J;etlTOHOE E CBff3aH

Ht.e COCTOflHHff Ue,, .B cnyqae,KOI'.!J;a w..ip111Ha pe30HaHcafcTpeMHTCff K 

ffYJI10,peaoHaHCH8ff KPHBaff (13) rrepeXO.!J;v!T B b-tyHKUHIO 

d
c/2u ~Z.. /te,,mn (0;,JIY.fle;,oe,,)2 d(E11-Eo) 
2,dEn mn · 

H topuyna cetJeHHff CpNBa B peaoHaHCHNe COCTOSHl11ff rrepeXO.!J;HT B H3BeCT-

HYIO rf,opMyny( CM, /'J, IO/) .!l;Jlff ce"t:Jetrnff Cp!:iBa B CBff3aHHNe COCTOHHl11ff, 

Ecn..i ytJeCTb CBff3h BbJP8liteHHff .fl. ( 1c) C, ,. BpeMeHeM lltv!3HU pe30H8HCHOI'O 

COCTOffHvlff 7: /U/,TO 3TO 03Ha"t:JaeT,tJTO C pOCTOM 7: MOHOTOHH8fl 38BH

Cl1JMOCTb OT 3Hepr..i..i,CBO~CTBeHH8fl cetJeHl1IIO paaBana .!l;eV.TOHa (9),nepexo

.!l;HT B Tl11ITV.tJHYIO peaOHaHCHYIO topMyny (13) .Tip..i m,peXO.!J;e K L= v:> (cTa

UHOHapaoe COCTOHffi'le' 'f'opuyna (18)eCTeCTBeHHtal o<5pa30M rrepeXO.!J;HT 

E cetJeHHe Cpb'.Ba Ha CBff38HHh!e COCTOffHl11fl 

B rnaBe TpeThe~ npOH3BO.!J;HTCff tJHCJieHHOe l1JCCJie.!J;OBaHHe TOtJHOCTH 

H rrpe~eJIOB npHMeH~MOCTH rrpe.!J;JIOllt€HH00 MeTO.!J;HKH Ha 3KCrrepHMeHT8JibHO 

0 f7 
H3BeCTHOM rrp~Mepe cp8Ea B O.!J;HOtJaCTHtJHIDl peaoHaHc ..fd3Ja H'APa 

(CM, /ll, ];!/). B HatJane I'JiaEh! yKasaHo, KaK cne'AJT H3MeHHTb cy-

111ecTBYIO~IO rrporpaMMY HCKB.!teHHNX BOJIH AJiff cpuBa E CBHSaHHh!e COCTOff

HHff /l(J/ I tJTOCl!:i paCCtJHTb'.EaTb C ee IlOMOl!lblO cpNB Ha pesoHaHC!:i,OTH HS-

8 
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MeHeffi'Jff 3aKJIIOtJaKJTCJI B TOM, tJTO, ao-rrepEb!X, K ,KU:B',,ll;OMY rrapu..ianbHOMJ 

HHTerpany . i.1r,en .!J;OClaBJI!'I!OTCff rroaepXHOCTHue tJJieHti w~t;o e, ( CM, Bb:

pa;iceHHff r 7), < !?) ) • Bo-BTOPNX, viaMeH.<reTCJI c5noK cueTa HeiilTpOHHO!,i -eontto

BOv, tyHKl!HH IT. K. aCHMITTOTHKa BOJIHOBOtl 'PYHKUH"1 pesoHaHCHOf'O COCTOH

Hv!q OTJIHtJaeTCfl OT aCHMITTOTHKH CEff3aHHOI'O COCTOflHvlff,0AHaKO OCHOBHOtl 

W.€T0.!1; ITOHCKa EOJIHOBO~ ll1YHKUHH no 3a.!l;aHHOV. ,mepr1,rn H .'"(BYM rrapaMeTpaM 

noTeHJ~Hana oc·raeTCH HeHsMeHHoM,f,Jiff pactJeTa cetJeHHfl CpHBa Ha CKJIO

:~ax pesoaaHCHO~ Kp,rnoril HCIT0Jlb3Y€TCff Hei1TpOHHaJI BOnHOEa,. QJYHK!.Uiii 1 

Ha~.!l;eHHaH no 06HtJHOMy MeTO'AJ HCHa~eHHiiX BOJIH, 

C ITOMO~bKJ TaKO~ MO.!J;HTHUHPOBaHHOti rrporpaMMU HCCJI€.!J;OBaJiaCb aa

El'ICHMOCTb cetJeHHfl CpoBa OT Bb'.ClOpa pa.!J;t-fYCa oc5pe3aHHfl IL (CM,(2)-(4)). 

TioKaaaHo, q•ro HatJmm.r1 c Rm,n:::: 3 + Lr /?. ff.!l;pa cetJeHHe c xopoweti TOtrHo

CTbIO ( ~ 1 O") ) OCTaeTCff ITOCTOfIHHb'.M L'J He 3aBHCHl!IHM OT R. 'B COOTBeTc

TEHH C EnBO.!l;aMH rnaBn rrepBO~.oTO H orrpe.!J;€JIJieT TOtJHOCTb rrpe.!J;JIO~eHHOI'( 

MeTO.!l;a,ttati.!l;eHO,tJTO t{L'JCJIO rrpOTOHHblX H .!J;etiTOHHIDC rrapuHaJihH!:iX BOJIH~~x, 

KOTOpne tteoc5xo~wMo ytJHTb!BaTb B pactJeTe,onpe.!J;eJIHeTCff .!J;JI.r1 Ka~.!J;oro 

3HatJeHHff R_ 06b'tI!iliM COOTHOWeHHeM fmcrx ""Amt¥.x: . R I I'.!J;e !Cm~x ~ 
m<1:,,cft"ct, .t;, J. Ilo1<asaHo, "t:JTO .!l;JIH onpenenemrn BenHtJHHbl dO-/oJ.Jl , o6mHo rro-

nyqaeMoti L'l3 3KCnepHMeHTOB,MOlltHO HCITOJib30BaTh taKTOpHsauviio 

dz(J' -1/2. r 
dfl.cl.E :a: (E-E"r-es) 2 

+ 

r~e 

1(0)= JZ~_/ 
cl:ldE /E=£~1 

r%, 

I 
2 

f (0) I ( 14; 

q:vicneHHb'.e pactJeTbl Kpv!Bb'X dzr /dSldE Ha CKJIOHax pe30HaHCHO~ KPHBOtl 

ITOKa3tlBaKY.J:; tJTO 3Ta faKTOp..isau,Hff ~aeT 3HatJeHHff Jrr/d.x'. C TO"t:JHOCTblO 

.!J;O HeC:KOJibKHX mioueHTOB, nonytJeHHaff KpHBaff d0;c!R. .!l;Jlff pe30HaHca /c/Jh 

B H.!J;pe O t:f xopowo cornacyeTCff c 3Kcrrep..iueaTaJibHblMH .!l;aHHb!l,rn /D/, 

AHanorHtJHHe pactJeT!:idOJ'dJZ. npo.!J;enaHbl .!l;JIH MO.!l;eJihHWC cnyqaeB,B 

KOTOpblX sHeprv1q CBqs111 nepe.!J;aHHoro Ha ypoEeHb ldJ/2 HevTpOHa ..isMeHff-

g 



nacb B npe~enax OT -3 ~o t 2, 7 MSB c waroM no 0,25 MaB, 

npli STOM ,n;JIJI COCTOiIHlit'I C OTp111uaTeJibHOV. SHeprHeti CBa3H HCilOJib30-

Banacb 06WIH8H nporpaMMa liCKa.JCeHHWC BOJIH,CeqeHHe CpaBa rrnaEHO 

paCT8T C pocTOM 3HeprMH HetiTpOHa,nepexo,n; OT CBH3aHHHX COCTOFr°ID'l~ 

K peaoaaHCHliM xopowo BDIIIC!rnaerca B 3TY nnaBHykl aaBHCIIJMOCTb,C po

CTOM WHpHHbl peaoaaHCOB TOqHOCTb Hawero MeTo,n;a yxy,n;waeTca,o,n;HaKO 

BOJIOTb ,n;o f ~ h.t3B OHa OCTaE!TCa B npe,!\eJiax ~30%, T,e, E npe,n;enax 

06b"tlHOti TOqHOCTH MeTo,n;a HCKaJ!:E!HHb!X BOJIH, 

CtopMYJIJ.fPOBaB H npOBepMB MeTo,n; HCKa!teHHblX BOJIH ,O:JIH Cpb!Ba Ha 

o,n;HoqacTI/JqHue peaOH8HCbl,MH nepexo,n;MM K yqeTy CTPYKTYPbl CJIOEHHX pe-

30H8HCOB COCTaBHOI'O a,n;pa,KOTOpb!e T8KEe Ha6nv,n;avTC.'I B Cpb!Be,Bonpo

CaM cneKTpOCKOOI/Jli peaoaaHCHtiX COCTOaHHti OOCBa~eHa rJiaBa qeTBepTaH, 

B § 1 yKa3aHo,qTo,noJib3JffCb taKTOpHsauMeti (10),(12),MOEHO EKJIDqaTI 

on;HoqaCTI/JqHHe TTOTeHqHaJibHb!e pe30H8HCH B MeTo,n; ,JJ;HaroHaJIU3arwu Ma

TPHU OCTaTOqHOf'O napaor~ E3aHMO,n;etiCTBIIIH HapaBHe C o,n;HoqacTIIJqHb!MH 

CBa3aHHb!MIII COCTOmH'IHMH /t1, 14/, □pH 3TOM 06b.'t1Hb!e cneKTpOCKOOlll-

qecKHe 'f'opMyJIH 6y,n;yT coxpaHaTb npe~HHti ,BH~,a pOJib o,n;HoqaCTUqHW( 

BOJIHOBHX 'f'YHKIJ.lllti peaoHaHCHHX cocTOHHlllti 6y,n;yT HrpaTb fyHKUHH Ue(""}, 

onpe,n;eJieHHue BHPWKeHI/JlIMH (10),(11),B qaCTHOCTH,,n;lllaroaaJibHble MaT

puqaHe sneMeHTb! OCTaToqHHX B8a1mo,n;eticTBHti'6y,n;yT npHE0,0:1/JTb K pac

~en,reHHD pesoaaHCOB (CHaTHD Bb!pO~,n;eHHa no CilHHalr,),a He,n;HaroaaJibHHE 

- K nepeMeWMBaHHD paanHqHHX KOHtHrypauHti,B § 2 paCCMOTpeHa B03-

MO~HOCTb 3KCTp800JiiIUHH TTORqTHfl cneKTpOCKOOIIJqecKOf'O taKTOpa Cpb."Ba 

Ha c,ryqat, peaoHaHCHHX COCTOiIHHti /IS,IG/, 8 KaqeCTBe HCXO,O:HOI'O 

6aaHca ,n;Jifl onHCaHHff cnnowaoro KOMnaya,n;-peaoHaHca Hcno,rbayeTca 

6a3HC HeB3aHMO,n;e~CTBYDmHx KaHaJIOE,f.anee HCTTOJib3JIOTC~ peayJibTaTH,nO 

,ryqeHHble ~aHO /!?/ npH ,n;Haf'OHaJIH3aUIIIH MaTpliUH OCTaToqHb!X B3aHMO

,n;ev.CTBlllti Ha TaKOM 6a3HCe H paccMaTpMBaeTCff c,ryqati,Kor,n;a ~ ynpyroM 

KaHaJie (OTKPb!TOM' eCTb o,n;HoqaCTHqHHti IlOTeHuHaJibHb.~ peaoHaHC npH 

3HeprHH Eo C WHpHHOti lo .JinH OilHCaHH.'I 3TOI'O pe30HaHca HCilOJib-

10 

I 

ayeTCfl taKTOpH3aUHff EH,n;a (10),(12' (qTo6u paCWHpHTb·oanaCTb npHMe

HetfHff 3TO~ taKT0pH3at!HH K0HCT8HTa r. aaMeHfleTCff Ha J;,(E) II4, IHI), 

Iloxaaaao, qTO scne,n;CTEIIJe yqeTa OCTaTOIIHHX E3al1MO,n;etiCTBH!! BClIROe 

CJIO~HOe llHOrOtJaCTIPlHOe COCTOiIHHe Lf B aaKpblTOM KaHane nonyqaeT 

np111Mecb ·OT o,n;HoqaCTI/JqHoro pesoHaHCHOro COCTO.'IHHR Ue B OTKPHTOM . 

ynpyroM ftaHane.KBa,n;paT K03ifHuHeHTa· 3TOH npHMeCH E THnHqHOM c,ryqae 

kc_ - Fol > ,---., ( Fe -nono~eHHe KOMnayH,n;-pesoHaHca) onpe,n;e,me;rcH OT Howe-

Hl'leM: 

/c/2 = ¼E,J, ( 15) 

r,n;e r -W*PHHa KOMnayH,!l-pesoHaHca,r,;/Ec) -WHPHHa ynpyroro o,n;HoqacTH• 

qHOf'O pe30H8HCa,npl'!MeW11Ba~meroc1I K ,n;aHHOMy CJIOEHOMy COCTOaHHD, 

V,cnOJib3Yff nonyqeHHb!e pesyJihTaTbl ,0:JIH CTPYKTYPb! peaoHaHCHOti BOJIHOBOti 

tYHKUHH l'I jaKTOpH3aIJ.l'!D (14),MO~HO noKasaTb,qTo s -taKTOp,onpe,n;eJiff-

eMai\ KaK 06b"tlHO,OTHOWeHHeM . 

S _. d~ /J~ 
= cl.fl ::11<enep. cli o~aoqacT,Teop., ( 16) 

COBna,~aeT C Bb.'Pall'.eHHeM (15'.0TCKl,!(a BH,!(HO,qTo,KaR H cne,n;oBaJIO OllCH

,naTb,fHaHqecKH~ CMb!CJI s -taKTOpa ,!(Jiff peaOHaaca OCTaeTCfl npeE

HHM (Mepa O,!(HoqacTHqHOCTH COCTOffHHff) .Ho H8JIHqHe y pesoHaHca HyK1IOH

HOti WHpHHb! r Il03E01IffeT cpaBHHBaTL Mell'.,n;y C06o!! ,n;Be 3KCnepl'!MeHTaJIL· 

HO Ha6JID,n;aeMble Be1IHqHHH:ceqeH11e cp~Ea eyKJIOHa Ha peaoHaHC H WJ.fPHHy 

peaOHaHCHOPO ynpyroro pacceffHI/Jff HyRJIOHa Ha 3TOV. Ee Ml'!WeHH: 

5 :::: r/ro. ( 17) 

l!HcneHHaH npoBepKa cnpaBe.n;nHBOCTH 3TOro COOTHOilleHH/1 npOH3B0,JJ;HTCH 

B § 3,)vrfl 3TOPO HC001Ib3JIOTCH 8KCnep111MeHTaJibHHe .naHHble no peaRuHaM 
f'd -1t t9 12 

cp1:rna 1 , p)., Ha a,n;pax B , F H C • illJ.fPHHbl o,n;HoqacTl,fqHHX peso-
.11' ckr/ 

HaHCOB /;, Onpe,n;eJifllOTCff B nporpaMMe 0,0:HOBpeMeHHO C ceqeHl'!fl),lH /dJl,. 

nonyqeHHble peaynbT8TH IlOK83HBaIOT,qTO COOTHOWeHHe (17) B~IlOJIHaeTCff 

C TOqHOCTbD ,-- 40% H pPaKTHqecKli He 3aBHCHT OT Bl:l60pa napaMeTpOB 

O'AHOqaCTHqHOf'O noTeHuHaJia.~cnoJib80B8Hllle COOTHOWeHl'lfl (17)nOBHW8eT 

Ha,n;E!EHOCTb cneRTPOCKOnHqecKOti HH'fx)pMauHH ,!(Jifl Cpl:lBa Ha pe30H8HCHne 
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COCTO.FJIDlff,TOr'Aa KaK 'AJiff $ -taKTOpOB,Hav.,D;eHHWC ll3 cpuBa B CEff3aH

H!:t6 COCTO.FJHlifJ, TaKotl rrpOCTOtl npoaepKH He cymeCTByeT.IlonyqeHH!ie · B ''.'. '", 

3TOM rraparpate peayJibTaT1,· llCllOJib3YIOTCff TaKxte 'AJlff pacqeTa BpeMeHll •-' . 
xtll3HM 'Zp He'AaBHO o6HapyxteHHoro naoMepa n.npa Co c npOTOHHO~ pa-

.!IHOaKTIIBHOCThKl• PaccqHTaHHOe TaK Lp" I0
2
ceK Hennoxo cornacyeTCff C 

3KCnepHMeHTaJibHlJM SHaqeHHeM 7t,,;:::: IG ceK.AHanornqm,e coo6paxeHllff 

HCllOJibayIOTCjJ 'AJIJJ npe'ACKaaaHll[ff apeMemr !tll8HH r,,_ noKa He 06HapyxeHHO< 

Tc.
. 63 u • 

l'O ll30Mepa ff'APa ~ C HeliTPOHHOtl p~HOaKTllBHOCTbKJ.Bce 3TH pesy~ 

JibTaTa nO,D;TBepxt'AaKJT BliBO'A O B03MOXHOCTH 3KCTPanoJI~ 06h't!HhtX crreK

TpOCKOnnqecKHX MeTO'AOB pacqeTa Ha cnyqatl peaoHaHCOB. 

B § 4 paccMaTPHBaeTCJJ B03MOXHOCTb BOCCTaHOBJieHMff CTPYKTYPa BOJIHO

BOtl 'fYHRD;ll[II[ pesoHaHCa BO BHJTpeHHetl o6JiaCTH R'APa no 11[8BeCTH!iM nap

u:naJibHW4 WHPHHaM peSOHaHCa B pa3Jill[qH!,JX OTRpb'Tl1X RaHaJiax. 

B l'JiaBe nJITOtl paCCMOTPeHa 'APYI'He BOSMOXHOCTH npnMeHe-

HHR paapa6oTaHHWC MeTO'AOB.B § 4 aHaJIHaHpyeTCJJ cpc:B A ( olll)B .Ha 

ll306ap-aHaJIOrOBae pesoHaHCHae COCTORHHff•~CllOJib30BaHHe ypaBHeHHtl 

]etlHa II[ aHaJJHTll[qeCKHX MeTO'AOB BTopon rJiaD!il noaBOJiffeT CBq8aTb ceqe -

HHe cpHBa B aTo cocTORHHe ;; TAR. c ceqeHHeM cpaBa okr/dsl ua cooT-

cncTeMa A +n BeTCTBy!Olllee "PO'AHTeJibCKOe"cocTOJIHHe 

d<r Il'tR. I 
dSl = 2T11--tl 

cl(; 
dfl.. ( 18) 

du- J.A-R. 
HcnOJib30BaHl-re peayJll,TaTOB tieTBepTOil rJJaB!il Il03BOJJlleT CBll3aTb df" 

C ceqeaneM cpi,:Ba Ha O'AHOqacTHqH!itl noTeHu;HaJibH!itl peaoHaHC npOTOHOB 

B none R'APa A ; 
o(U-IAR 

d'l 
s ----

2TA + -I 
du
cHl o~HoqacT. ( 19) 

H §2 paCCMOTpena ¢opMyJJa ,ll;Jlll yrJIOBUX KOppeJIHUllil neilTpOHOB n npo

TOHOB ll3 cpuBa Ha peaonaHCHOe COCTOllHlle.IloKaaaHO,tITO Olla MOXeT od~

JJCHHTb o6aapy;,;eHHJKl SRcnepHMeHTaJibHO aCHMMeTPHKl yrJIOBOro pacnpe'Ae

JieHHjJ pesoHaHCHI:iX qacTHU: no OTHOWeHHD R HanpaBJieHHD HMnyJibCa JJ'APa 

12 

oT.naqn. 

E § 3 o6cyxt,D;aeTCR BOSMO!tHOCTb rrpnMeHeHll.FJ paCCMOTpeHHI:!X MeTO,ll;OB R 

peaKNiRM Tllna ( Lt· 
6 ol.) , fl.· 1 t) , B KOTop1:,x npo1,1cxo~HT rrepe,D;aqa c< -

qacTllU!:i Ha pe30HaHCHt.e COCTO.FJHll.FJ 06pasyKJ1qerOCR ff,ll;pa. I1orrnsaHO, q•ro . . 

B OTJil/[qlle OT aHanornqHI:,;X peaKQll0 cp1:;:ea II[ llO'AXBaTa Ha CB.R3aHI-!ble co-

lCTO.RHHR /J~)' 201 II 'APYrllX MeTOJIOB aaamrna o< -KJiaCTep1,1aanmr B 

R.npax 121- 231 3Tll rrpouecca MOI'YT ,naTb 6onee TOqffYKl llHfOpMan;llKl 

o cTeneirn o< -KnacTepnsau;nn,T.K.COOTHOWeHne (17) MOxteT 6UTb HCllOJib 

aoeaHO 'AJ!H a6COJJDTHOP HOpMllpOBKII[ ceqeHll~ cpuBa. 

e rnaae wecTo0 paccMoTpeac: MeTO,ll;a pact1eTa /cl,25/ H aHa

nnsa 1261 peaKt\lltl cp1,rna Ha pesoHaHCHble cocTOffHl/lff , rrpe,nnoxeHHb!e 'APY

r11M"0 aBTOpaMll. iipoBe,D;e HO cpaBHeHn:e ll[X C MeTO'AaMll, npe,I\naraeM!iMll B 

,ll,llCCepTauHn. 

B I1pnnoxeHHII: 11 ,D;aH Bb!BO'A topMyilc: ,n:nn WHPV.Hb'. 0'AHOtIBCT'0qHoro 

llOTeHu;HaJibHO!'O peaoHaHca, KOTOPYKl uenecooCipa3HO '0CnOJJb30BaTh B cny

qae oqeHb ysKHX pesoHaHCOB: 
R. 2 

· 2·//Ko /
0

] &Jefr-}U(r-Jf<e(!v}c{,-,j 
1 

-:::: m 2<. 2 j/Ref ,.,J/2 d,-,-!?Jfffef"/l/fr-Jl?er,..,Jd,.,J 2 

0 D 

3.necb R-P.-pan:11anbHan BOJIHOBa.<i tyHKUll:R Ha MaKCHMyMe peaoHaHca B no-

TeHulil:ane V, ( t') ; lf(r)= f: V (,,..,) ; v(,-J -"B03MYl!laKllJIII:i1" llOTeH!J,VlaJI 

( mo6aa qacTb nonaoro noTeHu;nana V-, '; fie -co6cTBeHHafJ i'YHKn;n:n 

pa,nHanbHoro ypaBHeHHa Wpe,D;lifHrepa c noTeHun:anoM V,(JV)- V[;v); R -
JJKJ60e 3Hat1eHJ.1e pa,neyca,.nnff KOTOporo MO!tHO n:cnOJib30BaTb aCllMllTOTllqec-

KOe npe'ACTf!.BJieHlil:e tyHKu;tm Re f '1 . 

OcHOBHae pesynh·raTa ,nllccep:raqnn: ,1J;OKJJB,!111Banncb Ha Bcecoroa

HWC KOH<pepeHJ.V,1ffX II WKOJJax !if ll3JIO!teHb! B paCioTax/2, 4, II, 12, 15, 16, 19, 

21-23/ 
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