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I. BBeJteHHe 

B pa60T8X/I, 2/ 6ano rrpe~OE9HO HCTIOHL30B8TL CTIOHTaHHOe Hapy

meHHe CHMMeTPHH o6ono~e~oro noTeHUHana ~ nocTpoeHRR a~KTHB
HNX OCTSTO~ BSaHMO,neitCTBHI, BOCCT8HaBJIHB8DitRX HapymeHHH9 npHH
nmiH HHBaPHaHTHOCTH ( srutoHH coxpaHemm, npaBl1L71a oT6opa) • IIpe,nnOJio&e
HHe 0 cenapa6enLHOCTH BSaHMO,D;eiCTBHI H CaMOCOr~aCOBSHHe llOSBonH-
mT O,D;HOSHS~O onpe,n~TL ~p~OpH H KOHCTaHTH Cl1L71. 

3TOT MeTo.n; npHMeHHJICII ~ pasBHTHJI TPB.lJ~OHHO-HHBapHaHT
Hol MO,D;~ rHraHTCKOro ,D;HITOHLHOro peSOHaHCa!3-? B KOTOpol 8BHE9-
HH9 U9HTpa Ma.CC (U.M,) BH.IteJISIJIOCL .IIBHO, O.n;H8KO HSOB9KTOpHH9 .n;H

llOHLHil9 C~ He cor~aCOBHBanHCL C llOTeHUHanOM, ~TO npHBO~O K 
He06XO,D;HMOCTH HCITOJILSOB8TL ,D;OTIOHHHTenLHaft rrapaMeTp, 

B 88HHOI pa6oTe H~araeTCII TI~OCTL~ CaMOCOr~aCOBaHHaB TpaH
cnHUHOHHO-HHBapHaHTHaB MOJtenL rHraHTCKOro ,D;HTIOHLHOro peSOH8HC8, 

B KOTOpo~ HeT HHKaKHX ,D;OllOnHHTenbHUX napaMeTpOB, KpOMe BXO,D;fl~HX 

B 000n0494HH~ llOT9HUHan, 

2. OcTaTo~H~ BSaHMOJtelcTBHH 

TiycTL cpe,D;Hee rrOJie n.npa onHcHBaeTCII o6onoqe~HM noTeHUHBnOM 

U(z) = Uo ('l)- Ui(z)Tz + j; ~(z) (i-Tz), (I) 

rJte Uc (z) , ~ ('l) H U: ( '"1::) npeJtCTaBJIJIXlT Co60it COOTB9TCTB9H-
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HO H30CK8JtllpHoe, R30BeRTopHOe H .1\YJ!OHOBCKOe CJiaraeMHe, (; z -

-TpeTM KOMD:OHeHTa H30TOIIH'IeCKOI'O CIIHHa ('l'z =' + 1 ;rT,7IIl He.llTpoHa 

H-I ;rT,7IIl ITpOTOHa). Taxol ITOT9~aJI, 3~aHHHI B Jia6opaTOpHol CHC

TeMe ROOp,ItriHaT , HapymaeT Tpa.HCJIJi~OHHYil HHBapHaHTHOCT:O H npHBO,ItHT 

K H9COXpaH9HHil ITonHOI'O HMIT,YJI:OCa CHCTeMH. 

HapymeHHyD CKMMeTpHil MOEHO 6HHO 611 BOCCTaHOBHT:O nyTeM rrpeo6-

pa30BaHJUI B CHCTeMy Q.M. H SIBHOI'O BH..neJieHKfl ITOTe~ana JIOKaJIHSa

~ Q.M., 'ITO B03M~~ TOJI:OKO B CJIYt!ae O'leH:O ITpOCTHlC ITOT9H~aJIOB 
THna OC~TOpHOI'O 7 . 

C ~yrol CTOpOHH 1 CTIOHTaHHO HapymeHHYJl CHMMeTpHil TIOTe~ana 
MOZHO HCTICJI:030BaT:O ;rT,7IIl TIOCTpOeHRR ~RTHBHHX OCTaTO'IHHX B3aHMO~ef

CTBHI, ITOCKCJI:O.KY HCXO~I n()JIJIJ,{ft raMWr:OTOHHa.H CHCTeMH 'laCTHQ, H3 

KOTOpoi'O BH,neJIII9TCSI CaMOCOrJiaCOBaHHOe ITCJie, ~OJmeH 6HT:O TpaHCJIJi

QHOHHo-HHBapHaHTHHM. TaKHM o6pa30M, MOEHO ITOTpe6oBaT:&, 'IT06H 

[ u ('l) + h ' p J = 0 , (2) 

r,ne p - IICJIHHI KMrr,YJI:&C H h - OCTaTOqJ~He B3aKMO~elcTBIDI. KoHe'IHO, 

B 06JlleM CJIY'Iae CHCTeMH ypaBHeHH:A ( 2) He~OCTaTO'IHO ;rT,7IIl 0~03Ha'IHOI'O 

orrpe~eJieHRR BCeX ~yxqaCTK'IHHX MaTpH'IHHX SJieMeHTOB h ITO H3BeCT

HHM MaTPH'IHHM SJieMeHTaM O~OllaCTH'IHOI MaTpHQH nnoTHOCTH. 0~03Ha'I

Hoe TIOCTpoeHHe h CTaHOBHTCSI BOSMommM, eCJIK BBeCTH npe~CJIO&e
HHe 0 cerrapa6eJI:OHOCTH OCTaTO'IHHX BSaHMO~eiCTBHI. Tor~a h MOEHO 

HCKaTb B BH,IJ;e pa3.1IOlleHKfl ITO 6HJIHHeitHHM KOM6HHa.QHIIM P8.3.l'IK'IHHX ROM

M;yTaTOpoB CJiaraeMHX noTeHQHaJia c onepaTopoM HMITyJII>ca. Pa3.1IolleHHe 

6y~eT KOHS'IHHM, eCJIH COOTBaTCTB~aH aJire6pa ROMM;yTaTOpoB ROHe'IHa 

Jri SaMJtHYTa. B paccMaTPJri:saeMOM CJIY'Iae eTo onpe~eJVIeTCSI Pa.ItKWI:&Hoit 

3aBHCJriMOCT:&IO U ( 'l) . ECJIH BHCIJIHe ITpOH3BO~e TIOT9HQHaJia y6HBaJJ'l' 

~OCTaTO'IHO 6HCTpo~ 1To ~EHO OrpaHH'IHT:&CSI IlpoCTelmeit ~pyoft OCTaTOll

HHX B3aJriMO~elcTBRW 2-4f: 

h ~ he + h. 1.. + f1.-(. , (3) 

f A _ ~-ll- II ~ h = - ~ -.__- L L'. u, ( { K)' p l [ ~ uo ( z" ) ' p J 
L 2j

0 
1<~1 K=l (4) 

h == ;-1r: [; L~ (ZK) TK j5 ]~ [~ (_~ (tl<) ~ ' J5] 
.1 Z i K~ 1 1 K~ I 

(5) 
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I ."; ~ >t ~ -r -~ 
f'Lc = ~-1~ [f~i ~ (Yt<)' p J . L ~-:'t Lc ('tt< ), p J (6) 

3~ec:& h c , hi H he npe~CTaBJVUJT COOTBeTCTBeHHO H30CKa

.1IIlpHHe , H30BeKTOpHHe H ~TJIOHOBCKHe OCTaTOq}{H9 B3aHMO~eiCTBIDI. 

~09 CJiaraeMOe B (3) BOCCTaHaBIDtBa9T HapymeHHYJl CHMMeTpHil 

COOTBeTCTBYJlltHX ITOTe~aJIOB B ypaBHeHHH (I). Ilo;n;CTaBJIIill (4)-(6) 
B (2), Jierxo ~eT:&, 'ITO CITOHTaHHO HapymeHHasl CKMMeTpiDI BOCCTa

HaBJIJmaeTCSI, eCJIK BO BCeX ypaBHeHHJIX 3aMeHHT:& ~oAlme KOMMYTaTopH 

THITa [ ~ , [U(?:), PJJ HX ope~ sHalle:EOOIMH no Hemr:sapHaHTHOMY 

~ IOl(ocHOBHOMY COCToaHKil XapTpH~Ka) H ITCJIOZHT:& 

.,... A - ....,. 

rv = J <ol [ p > Lt f u(j (11<) > p J] I C) (7) 

~ A ( _,. f
1

"' j <ciLP, [,f-1 ~('tK) Tz)~<:, PJ)IO), (8) 

......,. z .,._ - ' r; -=- -f <cliP, L~, '~-<: czKJ, P JJ J v) . <9> 

3HaKR 8~8Cb BH6paHH TaK, llT06H BCe rrapaMeTpH ,f 6WIH IICJIOllHTeJI:&-

HHMH. 

0TMeTHM, 'ITO eCJIK ~o:ltHHe ROMMYTaTopH B ( 7)-( 9) mlJJSIIOTCSI 

C - llHCJiaMR, TO B38KMO~eftCTBIDI (4)-(6) BOCCTaHaEJIHBaDT HapymeH

HYil CHMMeTpKIO TOl!HO. HanpHMep, B CJIYllae OC~TOpHOI'O ITOTeHQHana 

(onycTHM ey~oHoBcRoe cnaraeMoe) 

rn W 1. z L .v N- Z J U ('t) ~- --:z 0- 'l i- Tz 'Z -)\ - (IO) 

ITCJIY'IaeM 

~ ·' m. !\ (11_,£hi )')_ 
1 ( 0 ' 

(II) 

fi = "L ( N; ~ f' fo ( I2) 

IlpR 3TOM HSOCKanHPHHe H H30BeKTOpHHe CRnH BHp~CSI '!epee KOOp-

~aTH u.M. Bcero Sl~a R , HeiTpoHoB Rn H npoTOHOB Rr : 
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1o -~2 
h(J = - zti:,_ R , 

- !';, ( N _,. - i!. - )z 
hi- 'Y1_ 2hz A Rn A Rp 

(I3) 

(I4) 

3~ec:r, B hi OnyJqeHH sapfi,IJ:OB006MeHHHe KOMIIOHeHTH. BlJ.nHo, 'liTO BSaHMO

~elcTBWI h_,c, KOMlleHCJiiPYJlT IIOTeJmH8JI JlOKaJDISarnm n;.M., TipHtleM ,f
0 

HMeeT CMHCJl napaMeTpa JleCTKOCTH STOI'O IIOTeHn;Jila.lla. '!acT:& BSaHMO

~eiCTBWI hi , KOTOpYJl MO&HO BupasHT:&_ llepes R , TaKZe ~eT Ha 

KOMneHCan;HD BKn~a KSOBeRTOpHOI'O IIOTeHn;Jilana B IIOTeHn;Ha.ll JlOKaJlHSa-
- ?'; ~ 

D;HK n;.M • .l(pyraa llaCT:D, nponopD;HOHBJl:DHafl (Rn- tGf') , OTIKCilBaeT OT-

HOCHTeJl:&HHe ~nOJl:&HHe ROJ1e6amm n;.M. HeiTpOHOB Jil npoTOHOB, liTO H 

npHBO~T K B086~eHHD rHraHTCROI'O ~OJl:DHOI'O peSOHaHCa. 

ITo cpaBHeHHD J ~ee HCnO.ll:&SOBaBWHMHCfl cenapa6e.1l:&HHMH cKna

MH (CM., HanpHMep, S:.IO/) BSaHMO~eiCTBWI (4)-(6) o6Jl~am ~OM 
npe~eCTB. 0TMeTHM HeKOTOpHe HS HHX. 

a) 3TH BSBHMO~elcTBWI HB.llHmTCfl ~SHtleCRH 060CHOBaHHHMH, 

TaK RaK OHH BOSHHRallT KaK pe~ MHOI'OliBCTHt!HOI CHCTeMH, IIOMellleH

HOI B IIOTeHilJilaJl:DHYD HMY H CTPeMHIIleiCfl BOOCTaHOBHT:D HapymeHHYD 

CHMMeTpHD. HcnOJ1:&80BaHHe STHX BSaHMO~elcTBHI IIOSBOJlfleT HBHO BH

~eJlHT:D ~BHJiteHHe D;.M. CKCTeMH, 'liTO H8B08MO&HO TipH HCIIOJl:DSOBaHHH 

raMHJl:DTOHHaHOB C HapymeHHOI TpaH~OHHOI HHBapltaHTHOCT:&m. 

HcKYCCTBeHHoe B~eJleHHe pemeHWI c ftYJleBol aHepr.wel nyTeM 

II0~60P.8 KO'CTaHT HSOCRBJlflpHHX ( Jil ~alle HSOBeRTOpHHX) B8aHMO~ei
CT~9-II He pemaeT npo6JleMH, TaR KaK B 0~$!, CJIY'{ae IIOJ1Yt!aeMHI 

HH'l'erpan ,JOmllteHWI He COBII~aeT C HMIIYJl:DCOrl .u:; • 

6) BsaHMo~eiCTBWI (4)-(6) He CO~ep&aT HHKBKHX npOHSBOJl:DHHX 

napaueTpoB. 

B) BazHo OTMElTKT:D HeaBHYD 88BKCHMOCT:D SqxpeKTHBHHX CHJl OT pac

npe~eJleHWI IIJlOTHOCTH, IIOCKO.ll:DKY H cPoPMPaRTOPH K II8paMeTpH !" He

nocpe~CTBeHHO CBfiSaHH C IIOTeHD;HBJlOM H aBTOMaTHtleCRH MeHHmTCfl C 

KSMeHeHKeM noCJle~ero. 

r) HSOBeKTOpHHe CKH!l (5) llepes IIOTeHn;HBJl UL Il}lfi1!«> CBfiSaHH 

C SHepr.wel CHMMeTpHH ~a. ITpH TipOHSBOJl:DHOI IIapaMeTpHSaD;HK HSOBeR

TOPHHX CBJl CBfiS:D xapaKTePJiiCTHR r.wraHTCROI'O peSOHaHca C IIOTeHn;Jila

JlOM CHMMeTpHH IIO xpaiHel Mepe HCRSXa6TCfl. 

~) ~ ROHet!HHX noTeHD;HSJlOB OCTaTO'IHHe BSaHMO~eiCTBWI JlOKaJDI-
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30BaHH Ha IIOBepXHOCTH, H, CJle~OBaTeJl:DHO, He BOSHHRaeT HHRaKHX 

npo6JleM npH BWIHCJl6HHH MaTPJilt!HHX 3JleMeHTOB B ROHTKHYYJMe. 

ITo onpe~eJleHHD BSaHMO~eiCTBWI (4)-(6) He ~am BKn~a B CaMO

corJlaCOBaHHOe IIOJle. OrpaHJillleHHOCT:D HX SaKnm'laeTCfl B TOM, 'ITO OHK 

npHro~ ,IT,1Ili paCCMOTpeHWI TOJl:DKO ~OJl:DHHX B036Ylf,ll;eHHI Jl,ll;ep • .l(py

r.we KOMIIOHeHTH OCTaTO'IHHX B38KMO~eftcTBHI MOEHO IIOJlYt!HT:D, HCIIOJl:D

SYH. pa3.11H'IHHe THIIH CIIOHTaHHo-HapymeHHOA CHMMeTpHH, JlH60 ~aMH

'IeCRHe CHMMeTpHH. EcTeCTBeHHo, liTO raMH.ll:&TOHHaH MOlKHO ~OIIOJlHHT:& 

TaKllte JIJ06HMH .JWyrHMH TpaHCJIJin;HOHHO-HHBapHaHTHHMH CHJlaMH, KOTOp!le 

He ~aDT BKn~a B CaMOCOrJlaCOBaHHOe 110.116 (HanpHMep, CIIHH-CIIHHOB!l

MH HJlJil SaBHCfllllHMH OT CKOpoCTH CHJlaMH). 

0TM6THM, 'liTO H3JlOllteHH!lft B ~aHHO:it pa60Te M6TO~ BOCCTaHOBJleHWI 

HapymeHHOI CHMMeTpHH ~eimo 6.11HSOK R MeTO,IJ;qM, npeN{Ollte~ Ee

JIHeB~I3/, a TaiOKe EopoM H MOTTeJl:DCOHOr/I4/. B pa6oTaxf I5-I9/ 

CaMOCOrJlaCOBaHH6 npoBO~TCfl nyTeM B!l'IHCJleHKa JlH60 KOppeKTJiiPOBRH 

OT,IJ;eJl:&HilX CJlaraeMHX o60.1lo'le~oro noTeHD;HaJla no s~aHHol cix>pMe sa

BHCH.IIIHX OT IIJlOTHOCTH sqxpeRTHBH!lX BSaHMO,IJ;eiCTBH:it RBa8Hti8CTHU. B 
CJ1Yll8e cenapa6eJl:&HilX BSaHMO,IJ;eftcTBHI pesyJl:DT8T!l pa3.11Ht!HHX ITO,ll;XO

,ll;OB coBn~aiDT B npH6JlHJieHHH XapTpR-~Ra. Cauocor.11acoBaHRe B paM

KaX TeOpHH iiJepMH-D,II;KOCTR 06Jl~aeT 60.1l:&Wel 06IIIHOCT:&Kl, TaR KaK nos

BOJlH.eT yqRTHB8T:D 06MeHHHe 3qxpeKTH R paCCMaTpRBaT:D pa3.11H'IHHe BeT

BH KO.llHeKTRBHilX BOS6yx,IJ;eHKI. ITpH STOM,o~aKo,sHa'IRTeJl:&Ho yCJlolltHfi

KlTCfl 'IRCJleHHble paC'IeTbl. OTMeTRM T8Kllte 3H8'1RTeJl:DHHI npOHSBOJl B Bbl-

6ope RCXO,ll;HbiX sq¢eKTHBHbiX B38HMO,IJ;eiCTBRI. 

3. CneKTp Bos6y;neHKA 

B npR6JlneHHH MeTo,IJ;a CJlYllaiHO:it qasH ( C<l)) paccMOTPHM one KTP 

C06CTBeHHbiX COCTOH.HH~ NIH. raMKn:&TOHHaHa 

H = H 0 
-t- ho -t- ~ 1 -+ fcc , ( I5) 

r,IJ;e o~oqacTHtiHHI raMKn:&TOHHaH I I 0 
BMK>'IaeT Hcxo~lll o60.1lO'Ie'IHHI 

IIOTeHD;HaJl ( I) • 
~ peWeHHH. 3~8'1R RCnOJl:&SyeTCfl Ha6op 6asHCHHX '18CTH'IHO-,ll;bl

po'IHbiX orrepaTopoB • 

6 ., (JLJ ='C~~~--. 2:_; , Um :t~ li'm') ((m, a;rn , 
JJ V2Jd rnm . (I6) 

B KOTOpbiX HBHO BHDHCaHH TOJl:DKO RBaHTOBile 'IHCH8 yrJlOBOro MOMeHTa, 

a OCTaJl:&HHe IIO.JWaBYMeBaDTCfl. C HX IIOMOIIlbKl CTpoHTCfl n0.11HH1 Ha6op 

o6o6meHHHX KaHoHKtJ:ecRHX onepaTopoB 
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l. ~ ""'(<:z) rf,(V) J.l. 
·LB (JL) = 2- ~: 'Ji, 'Jr,; [ BJ'i (fl) +H) Bi'J (-J.t)] 

1 

1 ( , \ 1 - Z] (rz) 1p (Ji) }.(.- ] 
dvv f'v_;= 2 ~- .. ' J.,. LB,. (ft.) -(-1.) Bi'i (-JL) 

~ dd' -r d d d ~ 
(I7) 

y,nOBHSTBO~ B npR6nRxeHHH C~ KOMMWT~OHHHM COOTHOmeHRHM 

[ciS (}.(,) } ~~ (u') J == i d11v'.i5'fl /I' , 

ca:, Jtl,J = L{B~ CB~J= ... = o (IB) 

IlpB STOM aMILIDITY.nH tf H t.f IIO,n'DIHJIDl'ca: YCJIOBmO OpTOHOpMHpOBKH 

' ('Cz) ,,! (v) ;(-- ,p(rl'J - - •. \1 
-~, 0 't·,· 'J.,. (ni n,;r)- uv,;' , 
'Cz jj' 11 J1 (I9) 

r.ne n~ - ~CJia sarrOJIHeHRH oocTOIIHliA. B TepMHHax orrepaTopqB }17) 
raMHJIJ>TOHRaH H CBO.nHTca: K ~pMe HOPM8JI1>HHX KOJie6a.mti!20 

H c<p = J f fi { g~ t(fl) ~ (JL) + w} iv+ (~J riv (It) J, (2o> 

r.ne co6cTBeHHHe sHa~e:mm: c.Yv (RH,neKc v HYMSPYST pemeURH) Ha-

XO,IUITca: HS pemeURH ypaBHeHHA ,nBDe:mta 

[ H, (j~ (JL)] == i w}· du (,u) , 

[ H} ci.; (JL)J == -i ~ (J-1.) • (2I) 

Hs ypaBHeHHA (20) H (2I) CJie.nyeT, ~o npB Wv = 0 rr011BJJJ!eTca: mr

TerpaJI .nmme:mm: !B = ~ (KaHo~ecKH corrpmteHHI:lA eMY onepaTop 

rio ) l!! HBHO Bll,ll;~eTca: OOOTBSTCTBYJIIISJI ,nBlD!teHml U.M. ~aOTb 
I'aMHJIDTOHRaHa, T.e. Bll,ll;~STOH TaR HasHBaeMaf! I'OJI,ll;CTOYBOBCKaSI 

BeTBb, KOTOpaJI OBI! SaBa CO CIIOHTaHHHM HapymeUReM CBMMeTpo. 
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OnycKaR: npoMe:sy'l'O'IHHe BHKJIB,lUGI ( CM. ,neTwm Ji2I/) , npRBe,neM 

OKOffqaTanbBOe ypaBHeHHe ~ C06CTBeBBHX SHa~eHHI C HBHO BH,naneH

HHM pemeHReM UJ v = 0 : 

C<nl + ClPJ_ CrnJ+C' lPJ + CcrJ 
00 OV 01. Oi oc 

~:1.1 c(n}_ c<PJ_ CW)_c(p)_ n(p) 
Llivx o1. oi 11 H ~H 

S·lnJ_s<r, 
01. Ui 

S (n)+ c(p)+-3 II" 
11 r..J11 0;1. 

.s (pJ 
oc 

-s<P) 
fC 

C(Pl+C(PJ+C(P) -srrJ SCPJ+3l"' 
DC 1C CC f(" CC 'lc 

(22) 
= {). 

3,neCb RH,nSKCBMII n R p 060SHa~eHH COOTBeTOTB6HBO HeiTpoHHHe 

l!! fiPOTOHHHe OYJIMH BR,na ( C ,j - O,II;HO~aCTB'IHHe SHeprmt) 

jl (ol..) ,1(- y (o<.') c(n.,;J) = z;(n,p) _!)'j_ __ ,_j_'.L..!.._n._j_=rz.i_'l 
j_ c)__ .iJ' (CJ'- c.i) Uc..v -c.i (- w.7] 

(23) 

+ (oi.)~ t (..J.') 

S
(n,p) )_,(n,p) . . , . (c·r-E·)(n·-rl·r) 

= j . d 1d J 1J ,) j J J -dd-' ------------- ---· 
, jj' (c.J,_ E.J)z- c...., .. ;z (24) 

B KOTOpHX BH,neKCH r;L , d-' rrpo6erall'l' SHa~eURH 0, I, C. • BeJmlm-
Ha (

0 
ROKmD~eHa Rs ypaBHeHHH (22) B nponecce BH,neneURH pemeHHR 

cAJ -J ~ 0 , a ocTSJibHHe napaMeTPH :BHpalltalOTca: ~epes npBBe,neHHHe 

~Tpl!!'IHHe ~eMSHTH BMIIYAbCa p H ~p~opoB BSaHMO,nelcTBBI 

t<J);c L UJ ('l), p J : . 

V'- 1 -,., '}-- -:-~ ("<:,.) ..J( t•(-1) 
J 

1 
-=- .., / " <.. z L", p., . · . . ( n i -- rt j r) 

J 'Lz Jj' dJ J'J , 

(25) 

'(" _ __ -( -,(!>} X ~~(C) . ) 
) r ' 3 ? o p r · f'/ . ( n_j - n j I • 

c JJ' J J J J 

(26) 

Pemaa: ypaBHeHRH ,nBHJtemm ~ aMILIDITY.n. AerKo noKasaT:&, ~To ~ 

COCTOHIIRH C WI) -- 0 

lfjr; I u;v ~ o ""' fJ'j 
(27) 
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T. e. Ha,beHHHI HHTerpaJI ,II;BltaeHJm COBIIB,D;aeT C IIOJIHHM mmyJI:&COM 

q)( 11 ) =- 1 Pp-
. o r VmA (28) 

llplll STOM COOTHOmemm ( I8) rapa.H'l'lllpym' HaM COxpaHeHllle IIOJIHOI'O 

mmyJI:&ca BO BC6X BOS6Ylr,li;6HHHX O.ItH<*>HOHHHX COCTOJDIHIDC C ~ f 0 

Q~ ()-~.)I o') = (-v:/wv ~ (p) + V 1_v Jv (p)) /O '), ' 

·1- J] " " Q ) I ' lQv(J.L),Qv,(ft' =dvv'on-t';- v(P 0)>=0. (29) 

EcTeCTBeHHO, 'ITO onepaTop cio (fl) omsHBaeTCII nponoplOIORaJI:&HHM 

mop,II;HH8Te ~.M. R y . 
Ha6op onepaTOpoB p J-< • R y • a: (J-l) H ltv (;-t) JIBJISieTCII 

IIOJIRHM, 'ITO II03BOJIJI8T B MeTO~e C~ pasJiaraT:& IIO HeyY Jlll6He O,ItHo

'IQCTH'IHH6 onepaTOplil. IIpo:se~eM TaitOe pa3JIOZ6Rlll6 ~ BSallllfO~eiCT

BHI ho , h .L H he lll ~eJilllM lll3 HHX CJiaraeMHe, SaBHClllltHe OT 

XOOp,II;HH8Tiil ~.M. CyMMapHd pesyJI:&TQT IIOJIY'I86TCI1 B ~e 

,_ =- do-a:-~ Rz 
rLR Z 11/~_ (30) 

Teu caMHM B rapMOHH'Iecxou nplll6.mr.leRHH mmo ~eJIJieTCII 'laCT:& 

OCTQTO'IRHX BSSlllMO~eiCTBllll, KOTOpaK KOMn8RClllPY8T IIOT8Rl018Jl JIOita

JIHSQIOrllll ~. M. , HeHBRO CO~e~Cil B o60JIO'I8'1HOM IIOT8Rl018Jl8. 

B rapMOHlll'lecxow IIPlll6JlueRHH MO&HO HaiiHcaTL KOJt1.[8KTHBHiill 

I'a.MWil>TOHlllaH, OIIlllCHBamtHI ,IJ;BDeHllle ~.M. ClllCTrm H8B38lllMO~eiCTBYJl
lllHX 'IQCT~, II0Mel!l8HHHX B IIOT8Rl018JILHYJl mr;/I 

H
o _ _i_ -..~ 

'-'"'u - 2mA p + 
1o-t;-J";; R.Q_ 

21iz ' (3I) 

lll 0~6RlllTl> OC~TOPHYD 'IQCTOTY ROJie6aHHI ~.M. B 060JIO'I9'1HOM no-

T8Rl0ri8JI8 -nw = c ro-a1-<Jc)1/2 
R. rnA (32) 

10 

.. 

• 

,. 

3!-a onemra HOCift' camco:r.IaCOBBIIIDII .xspauep, ~- mK ~ 
n 38Jm:Cft m DOHJIQII8U. 

4. IlpaBpa gJWI 

Hlrrerpao:.mre .xspaDe]:llC'l'DII JtiiiiQD.diHX B036p;Jtemd .Qep 111.~ 
oo BB.PBJ18ft 11epes ce1leBJUI ~~~ c p83D'DIBK a&epreflf
'leCJDIII BeCOII ( Cll. , Bll1IplDEV.22 ) 

6n = j t; '5(cr) dcr = 

r- 3 n+-1. ) 
16 .ft. z w... Bv (E:1 
91ic v 

n=O,:!c:f,i.;t, .. ' {33) 

r..e B" (Ei)-npneJteBBYe Bepoll'I'IIOCH EI-uepexo.noB ~ mJl8U>IIIIX 

coC'rOIIBd, Er - 8JiepiWII r - KBBJrMB. 1ImldoKee B3BeCTHO ~ 
BO-H838BIIcmm8. upa1IIID) ey-. 

6 = 25i/·e
2 "/-i.. p~ = ~5f3e 2 

x 
o m.c A !Jfic 

X (oJlm lf(Et), fH-P2
/2mA, m(Et)]]IO.) , {34) 

l',lte m ( E 1) - JtiiiliWdiRI JOeB'l' Qpa, e - 3ap11Jt llpO'I'OBB. 

Kl:acCII'Iecmd npe.JtU ~ 6 0 UOQ'Iell IIB1t e~:e.-;CTBBe nesmm:C~DmC

ft B38111m.J;eiCTBIII 0!' CBDpoCTel .&p:I:OHOB. 

)qJyroe 1101:831108 ~ ey-., 3BBBC8lllee m BSaJDm.u;eiCTBIII, 

6HBo na.yqeao B ~~: 
.fj,"3 2. 

Gn = -:9hce-<olfm: 111.1 H. I 11, ihn] J ID> = 

-= !'Ji 3 ~:Jr:- .:LI/\o/2.+ _L /l\1.l 2+ ..1_/Ac 12 } 
'J tL c p 1,"; d1. r.: (35) 

aJteCL BeDl'UDI8. 

(PJ 3 y 2. r. = t_ z (C.i·-E·) (7... 1-J··· (n.-n·•) 
p 3 j.j' I I J 1 J (36) 

.xspaue]JB3JM' BD¥ ae~ICTB.JI*X npMOBOB. a OCT&Dilllle CDr-
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raeMHe CBR3aHH C OCTaTO~ B3aHMO~e~CTBHHMH, IlpR~eM 

_ I ~-,fi'J _ jl(oi.)JI _ 

1\::L- 3 ~~ U'-r EJ) Tj'j (Y Y1 JJ'J (ni- uj') 
1 I (37) 

KaK R CJie~OBaJIO Olm,ItaTI>, xapaKTep B3BHMO~eftCTBRII ( IIpHTIDiteime HJm 

OTTaJIRHBaime) onpe~eJIJieT 3HaK COOTBeTCTBYJ!lqero BKJI~a B (35). 
llHTerpa.n::&Hoe ce'ieHHe 6-r z rroa)eT rrpocTo o~eiDITI> aaep-

rmo ROJl'JieRTHBHOro B036YJE.I!;6HRII B BHAe* 

Ez = (6-r2 /Go)t/2-
(38) 

R C STO~ ~eJil>IO RCIIOJ!l>30BaJIOCl> B J1adoTax/ 4-6/. AHaJIOrH~HOe IIpaBR

~0 CYMM RCIIOJ!l>30BaJIOCl> B pa6oTefG3/ ~ 0~6HKH aHepr.KI MOHOIIOJ!l>

HOro R KB~ynOJII>HOro H30CKanRpHHX peaOHaHCOB. 

IllHpo~to KCIIOJII>SYJOTCJI Truate HHTerpa.n::&HHe cetJ:eHH.Il G_ 1 R G_ z , 
xapaRTepH3~e cooTBeTCTBe~o CYMM8PHYID c~ EI-rrepexo~oB R 

aHeprHJO CHMMeTpHR ~a/22 • 24 • B~ xopome! CXO~MOCTH HHTerpa

~a no aHeprHH (33) aTH ce'ieHH.Il o6HtJ:Ho orrpe~eJIJliOT B a~tcnepHMeH
Tax IIO !fx>TOHe:ftTpoHHllM pe~. 

C IIOMO~l>ID KHTel'paJil>HllX Ce'IeHHft MOXHO orrpe~e~Tl> pacrrpe

~eJieHRe raMMa-nepexo~oB no cne~RY. B036YJE.I~;eHH!' 2I (aHaJIOrH'IHSH 

B~a onpe~ennnac:& B padoTe 2 7) 

W = LOn_ /6o- (6+1 /6oYJ f/Z 
(39) 

B npHdJIHll:eHHH o.n;Horo KOJIJieKTHBHoro cocroHHHH W= 0 • Ilo

CKOJILKY Gt 1 H G+z 3aBHCIIT OT ocTaTO'IHllX B3aHMO~elcTmdt, TO 

B~a ·w HB.Ilii6TCJI aqxpeRTRBHOI xapaRTepHCTHROit KaR IIOTe~ana, 
TaK H CM. KoHe'IHO, OHa He HMeeT llpRMOI'O OTHOWeHH.Il K H~aeMOi!: 

IIIHpKHe I'l!lraHTCKOI'O pe30HaHCa , IIOCKOJ!l>.KY He Y'UITimaeT aqxpeRTOB, 

CBR3aHHllX C BHHeTOM '!aCT~ B C~OWHOI CITeRTp H C Pa3Ba.JIOM 'iaCTH'i

HO-.zu,tpO'IHllX B036YJE.I~;eHRI ITO OOJiee CJIOJIHHM KOHqJHryp8J.lHRM. 

li)~ o~eHKH aHeprHH K~eRTHBHllX B036~eHHI RHOr~a RCIIOJ!l>3YIOT 

K .zu>JTHe RHTerpan:&HHe cetJ:eHH.Il, H~HMep 

~OJ!l>HOI IIOXffPH3yeMOCTl>ID ~eP/2 . 

12 
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5. Pac~eTu HHTerpa.n:LHHX xapaRTepHcTHK 

Pac'ieTH HHTerpa.n:LHHX xapaRTepRCTHK rHraHTCKoro ~rrOJI:&Horo pe-

30HaHca IIP,70BO~Cl> C IIOT6HUHaJIOM By~ca-CaKCOHa C rrapaMeTpH3auHel 

~errypHoBa 251: 

Uo(t)=- L.i-t exp o!-('l--Ro) ]-i..v 
0 ) 

(40) 

ui < rc) = rrt. N;;_ z u 0 c rc J ) 
(4I) 

l
(z:-t)e?..L3_t(l 2 

~('l)= Ro 2 2 R) J,zs,f<o, 
(c.-1) e 2 _ 
-;L- ' ·?:;. Ro (42) 

~ec:& Ro =I,24AI/3~, d._ - napaMeTp .ztKcixlJY3HOCTH noTe~ana, on-

pe~eJf.I!Dlllti PIW'IaJILHYJO !fx>PMY B3a:HMO~eiCTBd h 0 R h.L ; "7_ -
- H30BeRTOpHUI rrapaMeTp, ROTOpul xapaRTep:II3yeT TaKlle CJ6J!Y K30BeK

TOPHHX B3amto,n;e!CTBHI H Be.IDI'IHHY 3HeprHH CHMMeTpHR. B IIpH6JrueHHR 

XaPTPH-~Ka aHeprH.Il CHMMeTpHR paBHa 

( ~ A 
~~ P. N-?:l __ J/o)~' U(/f )(~) I J\ < 

fcl.(.M..U. -- jL!i..U...U A - z \' ~: 1 :1 K LL K 0/ . 43) 

3Ta ~'IHHa, B 'iaCT~OCTH, orrpe,n;eJIJieT CMY MOHOIIOJ!l>HUX H30B6RTOp

HHX B3aHM~6,CTmii B CBMOCOr~aCOBaHHOM OIIKCaHHR K306apaHaJIOI'OBUX 

cocTo.a:mtl!.'
1 
426 

1
. Cmm-op6HTaJII>HUI noTe~a.n: HMeeT TY lite !fx>PMY, tzTo 

H B pa60Te 25 • • 
llpHBe~eM KBa3HKn~CC~6CKHe 0~6HKH napaMeTpoB llt6CTKOCTK ~ 

BH6p8HHOI'O IIOTeHUHanaf 2I 

1o ~ Viii' d Va 1'0 2 A 
16 Ro 

( 
N-2)2 fi ~· ·r;_ -A- rlo 

(44) 

(45) 

J: ~ e_~_'l_:: (Z~i) (
46

) 

OTcll,n;a BH.n;Ho, 'ITO :BteCTROCTL Raoc~Horo noTe~ana pacTeT ImR 

A 2 /
3 • OTHomeHHe CMOBHX KOHCTaHT K3oBeRTopHHX H zaoc~HHX 

CM OIIpe~e.JIJleTCJI BeJIH'iHHOI 
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( 
N-Z ~ x1 JY Q = "l A J ro1~;__ ~ ~ . {4?> 

B 'DICJieHHHX pac'le'l'ax, npe,nC'l'aBlleHHHX RDe, J'DI'l'ID8DICI> Bee 

CBfl88HHH6 COC'l'OJDDIIl, CWIOIIBOI CDelt'l'P BDDpOKCJIIIIIPOBai:CS: peSOB8H~ 

IIHMil ypoBHSMII c = ue 60Jiee 2 laB. MeTO.n lll'DIC.emm 'l'~l 
COC'l'omml ,naH B 27/, 8 uporpaiMI. p8C'IeTOB - B pa6o'l'e' 2S, • 
IIOJIHOT8 O,ItHO'IaC'l'H'IHOI'O 68SBC8 B03BOJD!e'l' BC'IB:pmmati> IIp8.BDO CJW 
(34) C TO'IHOCTJdl .ItO H6Clt011bKIIX D:pOiteH'l'OB. 

B pac'leTax BCHOlll>80B81:0Cl> 8H8'1e&e nap&IE'fpa ~HOC'l'B 
cf- = !,6 4>11-r. 3ua'lemm napmeTJ)OB "/_ B Yo BK<S][p8JIIIm. 'l'8lt, 

'IT06H Bll'DICJIBHHHe 8H6pl'IDI O'l'.lte.JIBHBH Hei'rpoHa B upo'l'OH8 B coce,n

HHX ae11e~~ 6wm 6m!aKII It aitCnepmeH'l'UJ.HO JllldovtaeiiiDI 
SHa'leliBIIIof' 2Q • 06H'IHO .ltOCTBraeTCJI COr.JI8CBe p8C'IB'l'OB C 8ItCn6].llllleii

TOM C TO'IHOC'tJdl 0,5 M8B. 
PesyJILTa'l'H pac'leTOB AJDI pa.na JJ.Jtep npe,nC'l'aBlleHH B 'l'adJI:Jme 

BMecTe c Bcnom.soB8HHHMIII saa11eHBHMB napmeTJX>B ·rz • Vv • Pao-
'leTH IIOita88JIB 1 'ITO B30CKW1JIPH81I lreC'l'KOC'l'l> (B3 ooo6palreHBI ~
MepHOCTB B Ta6Jmne npBBe.JtBHH 3H8'16HBH BeJDI1UIH r=(3/I(Ji)fhJm)!1.f") 
:eoapacTaeT c MaccoBHM 'DICJIOM lt8K A 213 

, 'l'. e. B COOTBe'fC'l'B1DI c 

.KBa3BK118CCB'I6CKOI o~eHKOI ( 44) , XO'fJI B JipeBHIII88T ee CBC'l'6M8'1'JI

'16C.KH H8 5-IQ%. OTHomeHBe KOHC'l'81I'f B30BeltTOJlBHX B B30CK8lDIJHDIX 

CBJI J 1 J Yo 3aMeTHO MeHJIBTCJI OT Jl,1ij)8 It JJ.JtPY B O'.l'JD111ae'fCJI OT KB&-

3HKRaccxqecxol oneaxx (47), rrpx noRy11eHHH xoTopoR no•ar~ocL, 11TO 

H30B8KTOpHaH fiROTHOCTb nponopnxoH~LH8 B30Clt~ftpHOI, ltalt B COOT

BBTCTBY~Be O~H0118CTH11HH6 fiOTBHnH~H. 

Bu'IJICJieHHHe 8H8'16HBJI napmeTpa lreC'l'KOC'l'B J.ey'JIOHOBCKOI'O n~ 

T6ImHW!8 Oita38JIBCI> MB3ltBMB It OiteHite (46), Oco6eHHO .-,AJI TDeRHX 

~ep. 

O'l'Me'fBM xopomee corJiaCBe Bll'DICJieHHHX cpe,ItHe.KB8,1U)fl'R'II 

pa.ltBYCOB ~-w.JteJIBHBH D:pOTOHOB ('l1~)f/Z C 8ItCn6pJDEH'J'8JJJ.HHW 

SH8'1eJDIIDIII aJ cpe,ItHeltB8,11J)8TB'IIIHX Sap&J(OBBX p8JtJIYCOB < 'l:-/ f/Z • 

B CBMOCOl'JI&COB8HHOM no.nxo.ne aaepiD c:m.B'l'pD { ma(llluvleH'l' 
fo cu .,u ._.u . ) paC'l'eT IIIJIDEPHO D:pOOO:pllllOH8JUdiO Beliii'Dlle BSO-

BeltTOp&Ol'O napmeTpa '1'l._ • .AmulOI'Jl11HHM OOpasoll pacTeT B O'l'H~ 

meHBe KOHC'l'81I'f XJ. l'!o , T. e. BOapac'l'am BSOBelt'.l'OpaHe ClUB, T8lt 

lt8K B30CKBJDlpH81I lreC'l'KOC'l'l> .fv O'leHl> Cllado saBIICIIT O'l' "l_ • Cl:e-
.ltOBaTe.JILHO, D:pOHOPJ:UIOHMl>HO BeJIB'DIHB ?'[ pac'l'e'f B 8H6pDIII l'B-

14 

raHTCKOI'O .ItiiiiOJILHOI'O pe30HBHC8 1 K8lt 8TO npo,neJ«>HC'l'PBPQBBHO H8 

p11c. I. IlpB "{-- 0 BeJDI'DIH& E2 'DICJieHHo C'l'peMHTCJI K aHepi'Hlil 

r&pMOHH'IBC.KHX KOJie6aHJII ~.M. B 060JI0116'<DIOM BOT6HitJIIM9 1iu.JR, on

pe.JteJIBHHOI ypaBHeHHeM ( 32) • 3Ha'leHBH 8TOI BeJiliTDIHH ~ paCCK>TpeH

HHX Jl,l(ep npHBe.neHH B Ta6Jr. I. DTMeTlDI, 'ITO aHa11emm 1i.wR YMeHD-

m81lTCJI c pocToM uaccoBOro 'DICJia npBMepHo K8lt A- 116 
• nru:r oc-

~TopHoro IIOT9HitJIIM8 U] R COBna,naeT ( C TO'<DIOCTl>ll )tO He-

60Jl:&mol norrpaBKIII, CBII38HHOI C HSOBBKTOpHHM TIOTBHD;HaJIOM) C OC~

JlllTOpHOI 118CTOTOI W o , T. e • YMeHDJDaeTCJI C pocTOM M8CCOBOI'O 

11HCJI8 lt8K A- 113 
• P83JIB'U!e B noBe.nemm GJR o6yCJioBJJ:eHo ROHe11Hoc- • 

TI>Il noTeHD;HaJia By.nca-CaitcoHa. 3-ro o6cTOl!'l'eJILCTBO H onpe.neJIIleT 

oT KIIOHeHHe MaccoBOI saBBCBJ«>CTB E z oT saKOHa A- 113 
• Ta.KHM 

06p830M, B CaMOCOrJI8COB8HHOM MilltpoCKOBB'IeCKOM BO;JtlCO.ItB ifla,KTKt!ec-

.KH SMOlreHH 068 THil8 ItO.JIJIBitTHBHHX ,u;mme&l (OTHOCBTeJILHHe KOJie6a

mm ~.M. HeiTpoHOB B D:pOTOHOB B SBYKOBHB KOJle6amm B cq,ep:lflleCKOM 

peSOHaTOpe HBITJ)O~~ H D:pOTOHOB B D:pOTHBOiflaae) , paCCJ«>TpeHHHX B 

KaiieJILHOI l«>.lteJIH • 

Ilp11 pasyYHHX SH8119HBIIX SHepi'BH CBMMeTpm (ftcu..u.:' 25-35 MaB) 
npe.ncitaaUBaeM8JI Teop11el BeJIB'DIHa E 2 IIPlDIBPHO Ha IO % MeHI>me 

Ha6.1nmaeMOI aaepi'Bll MaKCJIMYMS EI-pesoaBHca. AHMol'H'D:l!di pesyJIL-

TaT HOJIY'I89TCJI 11 B .ltPYI'JIX MHitpoCKOBB'IBCitiiX p8C119T8X, B ROTOPHX 

CBJIOBOI rrapaMeTp 11SOBeltTOp~ BS~)telcTBBit CBIISEIB81ICJI C 8H6pl'B

el CBMMBTPBH (CM., HarrpHMep{, 3l-330,a TaKES B pawxax KanenbHOH KO~e
nH,napaKeTpU KOTOpoH nonyqeHU nyTeK no~rOHKH K 3KCnepHM6HT8AbHUK 

M8CC8M Jl,l(ePI34/. B Taopm ~pMH-D,ltKOCTH C 38BB~ OT WIO'l'HOC

TH CJI£118Mil np8BJIJILH08 OIIHC8HB6 SHepnm EI-pesOHBH~rJOJIY'I89TCJI rrpB 

J'BeJJ]Jti9HD IIapaMeorpa 1180BeKTOpaHX CJI£11 B .1tB8 pasef I 1 'ITO, HeCOfr 

HBHHO, npHBe,lteT It CJUILHOM;y paccorJI&COBBHDl aqxpeltTBBHl:CC CBJI C 113o

BeKTOpHHM TIOTBHD;HaJIOM. IIOSTOyY 6oxee npaB.ItOBO)t06HHM rrpe,ltCTasnRBT

CJI o6'LflcHeHBe OTMe11aHHoro pacxOlf,Itemm Teop~ c ~cnepJDEHTOM ny-
TeM BBe.lt8Hllfl aqxpeKTBBHOI M8CCY KB8Slfli8CTmi 14• 1 BOSID1K811Qel 

11s-sa 38BBCBJ«>CT11 BSaBJ«>,IteitcTBBI ~'f _ qmpocTH lfYMOHOB. Y'leT sa

BHCIIIIP!X OT CKOpoCTH CBJI 06'LflCBilaT' 24/ TB.KEe Ha6.ouJ:8DIIBeCJI B 8K

cnepBMeHT9 npeBHIII&BBe npaBHJIS CYJIM no CpaBHBHIDl C KIISCCB'IBCKOI 

o~eHROI (34). 

B HecorJISCOBBHHHX J«>~eJUIX BCB OTMellaHHHe BHIIIe sqxpeKTH Olt8-

3YBallTCJI 38Jl8CKBpOBBHHIDOI D:p0118BOJIOM B BH6ope KOHC'l'81I'f BSaBJ«>

.ItBICTBBit. 

O~HHK H3 BaxHux pesyRhTaToB C8JlocornacoBauHoro no.nxo~ ~eT-
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T'J.!C, 2, l.TI8KTpaJibHOC p<J.CIIpC,l\8118HV!8 BepOHTHOCTl! iU
nepeXO,l\OD no cneKT py r- no3dYJK.llelmil n H,l\pax I 40

ce 11 c'l)ti Pb. 

(l) - H8C8.1.!0COrJiaCOD1lliHIJ8 paCl!CTH, (2) - C8.J,IOCDrJJ1lCOBall

HI>.8 paCl!CTb!, i3 00011X B1l.'fll1i:UITitX paCti8TOB IIOJIY'I8Hhl Cli8.1\YIO-

li{l18 3Ha'IeHI1H 6
0 

n E2: 6 0 = I,'1:J :rai3, E2- ~ 14,1 1;\a.G 

n 140
ce; 6 0 = 2,~2 ihi.l, E 2 = 12,3 d3ll n 

200
Pb. 
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CH TO, 'ITO B HeM B npH6Jzmitemm MeTo.n;a C~ ITOJIY'IaeTCH 60Jiee nm:poroiit 
pas6poc CKHH EI-rrepexo.n;oB ITO crreRTpy Bos6~eHB!, '!eM BO Bcex 
~ecaMOcorJiaco~ammx pac'ieTa:x:, rrpoBe.n;eHHHX .n:o HacTOJIIItero BpeMeHH 
/4,9-II,3I-33/, B .n;aHHo! pa6oTe MH BHITOJIHKn:H ~~eHHH pactie-

TH B pru.ma:x: TpaHCJIIIII;HOHHO-HHBapHaHTHOit MO.n;eJIH" 3 ' , B KOTOpoit He 
rrpOBO.n;HJIOC:O CaMOCOrJiaCOBaHHe ITO HSOBeRTOpHOMY H KYJIOHOBCROMY 
ITOTeHD;HaJiaM. HsoBeRTOpHHe CKHU BH6HpaJIHC:O B BH.n;e 06'beMHHX CWI 

' t = ~1t (l·i~)z (R - R )z n . .L 2 JL A n p ' (48) 

r.n:e .1€ .i - rrpoHsBOJI:&HHit rrapaMeTp, B o611leM CJIYtiae He cBflsaHHHit c 
SHeprHeit CHMMeTpHH. 3HatieH:HH Je:L ITO.IJ;6HpaJIHC:O TaR, 'IT06H aHepnm 
neHTpoH.n;a peaoHaHca E?. (wrH ce-qeHRf! 6+ 2 ) B caMOcorJiacoBaHHHX 
H HecauocorJiacoBaHHHX pac'ieTa:x: coBrra.u;aJIH. IlOJIY'IeHIW:e ciTeRTpaJib
HHe pacnpe.n;eJieJml ;ri,1U1. Jmep 1~°Ce H 203 p 6 ITO~aHH HQ pHC, 2 . 
(npa aTo' zcrrOJIDS<?BSHll saa'ieHHH ae .L = 325r5/3 MaB <I>u-2.1\JUI '+t,z 
lll 275r5 3 MaB <I>u-2 l\1fH!Jo!p b) . 

KOJIJI'iecTBemmit uepoit yRaSrumoro paSJ.mtnm crreRTpaJI:&HHX pacnpe
.n;eJiemUl JIBJIJieTCH Be.JmtmHa W , orrpe,IteJieHHSSI ypaBHeHHeM (39). B 
Taonxue I npxBe,l\eHH SHalJeHHH~,BH'IHCHeHHHe B pauxax CaMocornaco

BaHHo! ll aecauocorJiacoBaHHol MO.l\eHe~. ~o CKcTeMaTJI'iecKOe npe
Bwne~me HQ 4G-50 % BeJ.[JitiHHH W B CaMOCOrJiaCOBSHHOit Teop:HH, 
TaKHM o6pasou, cauocorJiacoBaHHHA no.n:xo.It o6eciTe'iHBaeT B cpe.n;HHX H 
T.IIJKeJIHX ~ .IJ;OCTQ'l'O'iHO nmpomdt "OCTOB" ;ri,1U1. Bli'iHCJieH:HH HCTJIHHO:I! 
mapHHH pesOHaHCa nyTeM y-qeTa BHneTa 'iSCTKU B CTinOmHO:I! CITeKTp lll 

pa3BaJia 'iQCTll'iHQ-.n;Hpo'iHHX COCTommil ITO 60Jiee CJIOmmM ROHiPlllrypa
~. 

IlpKBe.n;eHHHe B Ta6JIJine I TeOpeTlli'IeCRHe 3HS'ieHKH HHTerpaJI:&HHX 
ce'ieHB! f)_ 1_ H 6_ 2- MOJKHO cpammn co cpe,It!UIMR sHa'iemmMH 
3THX Bemr<mH ;ri,1U1. T~~ .Jmep, lliSBIIelJeH:liHMH H3 .IJ:a.HHHX ITO qJDTO
He!TpoHHHM pe~351 

A-'ll~ (j_j_ = (O,I86 ± O,OI3) M6, 

A-S/3 6-z = (2;4 ± 0,2) ro-3 M6/MaB. (49) 

CllcTeMaTJI'iecKOe npeBilllleHHe TeopeTlli'IecroiX sHa'ieHB! fJ_.i H 6_2- rrpR:
l'o«) CBIISaHO C TeM, 'iTO npe.n;CitaSHBaeMOe TeOpHeit ITOJIOJ!eHlle neTpoli,I(Q 
pesoHaHca oRaS:tmaeTCH mme axcnepliiM9H'l'aJil>Ho Ha6.1mnael'o«)ro npJIDEp

Ho HQ I0 %, Ilpll Cp;BJII'e peSOHaHCa B o6JiaOT:L 60Jiee BHCORIIX 9Hepi'HI 
COOTB8TCTB6HHO }')(6H:&WaTCH H BeHHliHHH (j_j_ Ji[ G-2_ 
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0TMeTRM 1 qTo B ~aHHOft pa60Te He rrpoBO~OCb CaMOCOr~aCOBaHRe 
ITO CITHH-Op6HT~bHOMY ITOTe~any. O~aKO ~~eHHHe pacqeTH no
HaS~ 1 qTO BH.KJIIlqeJme STOI'O ITOTe~~a rrpHBO.n;HT TMbKO K HeOOJib
WOMY K~eCTBeHHOMY HSMeHe~ KOHCTaHT BSaHMO~elcTBH! H SHeprBH 
ueHTpo~a peSOHaHCa. EQnee qyBCTBRT~bHH pesy~bTaTH pacqeTOB K HS
MeHe~ rrapaMeTpa .n;H@)ySHOCTH d ( H COOTBeTCTBeHHO pa.n;H~bHOfi 
~pMH OCTaTO~ BSaRMO~elCTBKfi), ~0 OTMeq~OCb paHee B pa6oTe/S/. 

3aMIJJileHHe 

TaKHM o6pasoM, HCITMbSOBaHHe rrp:mnnma TPaHCJtmnmHHOi HHBa
pHaHTHOCTH K CaMOCOr~aCOBaHRe ITOSBORHDT B rrpe~MO~HHH cenapa-
6~bHOCTH orrpe~~Tb ~snqecKH OOOCHOBaHHHe ~p~opH H KOHCTaH
TH OCTaTO~ BSaHMO~elcTBHl no S~aHHOft ~pMe 06Moqe~OI'O noTeH
UK~a. IlpK STOM BOCCTaHaBJmBaeTCJI B rrpK~HHH M8TO~a C~ Tpa.HC
JISIIniOHH8S:I HHBapHaHTHOCTb rB.MWibTOHHaHa, qTo ~aeT BOSMJJIHOCTb HB
HO Bll,llMHTb ~mtteHHe UeHTpa MaCC rrpH pacCMOTpeHHH .n;HTIOJlbliHX BOS-
6~eHHl H~ep. OcTaTO~e BSaRMO~eficTBHH HeHBHO saBKCHT OT nHOT
HOCTR, a xapaKTepHCTHKR HSOBeKTOPHHX C~ CBHSHB~CH C SHepr.we! 
CHMMeTpKH. 

llpHMeHeHHe CaMOCOr~aCOBaHHOI'O TIO~O~a K HSyqeHHID rHraHTCKQ
I'O ~MbHOI'O peSOHaHCa rrpHBO,IJ;HT K CTMb lite rrpocTHM ~re6panqec
KHM ypaBHeHHHM, qTo R B .JWyrRX MO~~ C cenapa6~bHHMR C~aMH. 

Hc~e~oBaHHe HHTerp~bHHX xapaKTepHCTHK noKaSHBaeT, qTo ca
Mocor~acoBaHHH! rro~o~ ecTecTBeHHHM o6pasoM o6~cRHeT oTKnOHeHHe 
SaBKCHMOCTH SHeprKH peSOHaHCa OT SaKOHa A-I/3, KaK o6y~o~eHHoe 
B OCHOBHOM KOHeqffOCTbiD OOO~oqeqffOI'Q TIOTe~~a, T.e. ecTeCTBeH
HHM 06paSOM yqRTHBaeT 06~eMHHe R ITOBepXHOCTHHe K~eKTHBHHe ~H
llteHHH. PacqeTH TIOKaS~, qTo RCITMbSOBaHHe HSOBeKTOPHHX ,ll;HTIMb
HHX C~, cor~aCOBaHHHX C RSOBeKTOpHHM noTeHUK~OM, rrpRBO,IJ;HT K 
sHeprHR pesoHaHca rrpRMepHo Ha 10 % HHllte Ha~aeMoA. Cor~acxe 
TeOpKH C SKCnepKMeHTOM ~erKO ~OCTRraeTCH BBe~eHHeM S~KTHBHOfi 
MBCCH, KaK R B KaiT~bHOi M0~~/34/. 

B caMocor~acoBaHHOM no~o~e n~aeTCH saMeTHO 6Mee mHpO-

KOe aHepreTxqecKoe pacrrpe~~eHRe c~H E1-rrepexo~oB no cnexTpy Bos-
6~eHHii, qeM B .JWyrRX MR!tpOCKOnnqecKHX no~o~ax, qTo MOllteT OKa
saTbCJI BalltHHM rrpH BHqxMemm nmpHHH rHraHTcxoro pesoHaHca. HoBHe 
KaqecTBeHHHe oco6eHHOCTH, cBB:saHHHe co crreKTp~bHHM pacrrpe~~e
HHeM E1-nepexo~OB, BOSHHKaDT TaKJ!te npK RCMe~OBaHHH rrepexo~ 
ITROTHOCTeR R !jJOpM<jla.KTOpOB Heynpyroro pacCeHHRH sneKTpOHOB. IlonylleH-

HHe pesy~bTaTH 6ylJYT HMOllteHH B .zwyroA pa6oTe. 
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Taomma 

XapaKTeWCTHKl! rnraHTCKoro .n;HITOJibHOro pesoHruiCa 

H;:ulo 58Ni 90z'l. 140c e 200Pb 

Vo , f,!aB 53,3 51,8 51,3 53,3 

7[ 0,63 0,90 0,80 0,63 
r;, · A-213

, MsB~o 49,9 46,7 45,0 46,3 
):'.i I Xo 1,38 0,98 I,23 0,89 

f'c A/Z.(Z-1) ,Msl33·<l 2,67 2,83 2,97 3,08 
< 7.} >112, ':i!M 3,80 4,22 4,87 5,53 

<'lZ>f/~ PM 3,78 4,27 '1,88 5.50 
'JKCn. /30/ 

)3cuM f\1. , !.isH 23 34 31 26 

E2 ' UsB 17,8 14,6 I4,1 12,3 
w, MsB 

CaMOCOr~ac. 2,3 2,5 3,3 3,9 
w, MsB 

I,4 I,G 1,7 2,4 He caMocor~ac. 
6 · A-'~13 

- .i ' 
M<l 0,22 0,23 0,2I 0 .~~2 

6-z ·A-S/310'\ 
MO/i.JsB 3,3 3,!3 3,2 3,6 

ttw-R, !AsB II,I 9,9 9,0 8,6 

B sa.KJIIlqeHHe aBTOPH B!ipaJI8JOT Maro~apHOCTb A.B. HrHaTJOey 
sa ITMeSHHe o6c~eHHH pa6oTH H B.B. Il~bqxey, H P.M • .fiMa.JreeBy 
Sa TIOMO~ B rrpoBe~eHKH pacqeTOB. 
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