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1. Xo~OW~ H3BeCT~O, 4TO PRAW TeOpHH B03My~eHHA /TB/ B KBaH
TOBOA TeOpHH.nOnR HMe~T, B006~e roeopR, HyneeoA paAHYC CXOAH
MOCTH, 4TO nOApa3yMeBaeT HanH4He OC06eHHOCTH B Hyne no KOH
CTaHTe e~aHMOAeAcTBHR. Ha-3TO o6c~ORlenbcTeo 6wno enepewe yKa
~aH6 naACOHOM~/ npHMeHHTenbHO K K3n, CBR3aBWHM HeaHanH~H4-· 
HOCTb no·. KOHCTa~TE;; B3aHMOAeACTBHR a (,a = e 2f4rr) c HeCTa-
6HnbHOCTb~ eaKyyMa OTHOCHTenbHO o6paa~eaHHR ADCTaT04HO 6onb
woro 4HCna 3neKTPOH-n03HTPOHHWX nap npH ,OTpH~aTenbHWX 3Ha4e
HHRX a· /T.H. AaACOHOBCKaR HeCTa6HnbHOCTb/. 

AcHMnTDTH4ecKHA xapaKTep TB e paa.ilH4HbiX MOAenRx TeopHH no-
nR 6bl.ri ADKa3aH e, pa6oTax 12-st. . • . . . . 

0AHaKo cyMMHpoeaHHe acHMnTOTH4ecKoro PRAa ecT~ HeOAH03Ha4-
HaR npo~eAypa. neACTBHTenbH0 0 K nony4eHHOMY TeM HnH HHbiM cno-

. C060M BblpameHH~, .KOTOpoe pacKnaAbiBaeTCR B HCXOAHbiA aCHMnTOTH-
4eCKHA PRA f(a) = ~an • fn , ecerAa MO>KHO A06aBHTb Bblpa>KeHHe 
THna e-c/a , KOTOpOe, B CBO~ 04epeAb., pacKnaAbiBaeTCR B Hyne-
BOA PRA T eAnopa • · . · 

nnR TOrO, 4T06bl OAH03Ha4HO BOCCTaHOBHTb ¢lyHK~H~ no ee 
/acHMnTOTH4ecKoMy/ PRAY, Heo6xOAHMO HMeTb AOnonHHTenbHY~ HH-
¢lopMa~H~ o cyMMe PRAa, HanpHMep, 3HaTb o.6nacTb aHanHTH4HO.;. 
CTH ¢lyHK~HH H T. n. 

BMecTe c TeM e PRAe MDAeneA KBaHToeoA .TeopHH nonR c .¢lepMio1o
HaMio1 /Hanplo1Mep, ~- K3n/ perynRplo1aoea~HwA, Ho HenepeHOPMHpoeaH
HwA PRA TeOplo11o1 B03My~~Hio1A lo1MeeT KOHe4HWA ~aAHYC CXOAio1MOCTio1m~ 
TaK KaK 41o1cno rpa¢loe pacTeT 6biCTpo c pocToM nopRAKa ,TeopHio1 
B03My~eHio1A /eoo6~e rOBOpR, KaK CTeneHb ¢laKTOp~ana/, TO B03MO>K
HOCTb CXOA1o1MOCT~1 PRAa TeOplo11o1 B03My~eHio1A B KaKoA-TO o6naCTH /He 
CBOAR~eACR K T04Ke, KaK 3TO lo1MeeT MeCTO B cny4ae•aCio1MnTOTio1-
4eCKio1X PRADB/ MO>KeT OCHOBWBaTbCR TOnbKO Ha 3HaKonepeMeHHOCTio1 
pa3nH4HbiX BKnaAOB DAHOrO nopRAKa· B TeOplo1RX C ¢JepMio10HaMio1, 

·YA06Hoe npeACTaeneHio1e AnR 4neHOB PRAa TeOplo11o1 B03My~eHio1A 
B KOHe4HOM 06beMe, n03BOnR~~ee Y41o1TbiBaTb B RBHOM Blo1Ae TaKio1e 
COKpa~eHio1R, 6wno npeAnO>KeHO el9/, noKa3aTenbCTBO CXOAio1MOCTio1 pe
rynRplo130BaHHOro PRAa /B KOHe4HOM 06beMe/ npOio13BOA1o1TCR Aanee 
npocTbiM Ma>KopHpoeaHio1eM 4neHoe PRAa no a6con~THOA eenlo141o1He c 
HcnonbaoeaHHeM HepaeeHcTea AAaMapa AnR onpeAenHTene~. Heo6xo
Aio1Mo, DAHaKo, nOMHio1Tb, 4TO npoBeAeHHe peHOPMio1pOB04HOA npo~eAy
pw, T.e. BBeAeHio1e KOHTp4neHOB, MOmeT pa3pyWio1Tb B HeKOTOpWX cny-
4aRX 3TY CXOAVIMOCTb /Hanplo1Mep, B cny4ae B3alo1MOAeACTBio1R ~KaBbl 
'01/J cP B 4-MepHOM npOCTpaHCTBe-epeMeHio1/. 

0 r·bEa~1HEHHbiYl ~HCT!:1T~r 

)::.r-rtlbiX ~1ccnr :.:.:oa.l.H··· 
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0AHaKO no KpaHHeH Mepe B HeKOTOp~X 
aamH~X 4aCTH~x cny4aRx /perynRpr.tao-. 
BaHH~H/ PRA TeopHH B03My~eHHH.OCTaeT
CR CXOAR~HMCR B KOHe4HOH o6naCTH /He 
CBOAR~ei1cR K T04Ke/ H nocne npoaeAe
HHR peHOPMHPOB04HOH npotteAYPbl. K Ta
KHM cny4aRM OTHOCRTCR, HanpHMep, BKna
,q~ AHarpaMM "periopManoHHoro" Tr.tria . 
/eM. pHC.1/ B aHbMa~bH~H MarHHiH~~ 
MoMeH'T'"3ii'eKTp.oHa. B t<aaHToaoi1 3neKTpo
AHHaMHKe. BKnaA AHarpaMM, J.1306pame'HHbiX 
Ha pHc. 1, a·' aHoManbHbiH MarHHTHbiH Mo-
MeHT 3neKTpOHa pacKna,q~e~eTCR · ~ 
acHMnTOTH4eCKHH 3HaKonocTORHHbiH pR,q 
C $aKTOpHanbHO paCTY~HMH K03$¢HttHeH

TaMH/10/, 0AHaKo PRA H3 ·perynRpHaoeaHH~x ,qHarpaMM 3Toro THna . 
RBnReTCR ·cxo,qR~HMCR H nocne BBe,qeHHR KOHTp4ileHOB. 3TO OTKpbr
eaeT eoaMomHOCTb ,qnR cne,qy~~ero cnoco6a Ael1cTBHi1: 6yAeM cyM
MHpoaa·Tb perynRpH30BaHHbiH pR,q, HMe~~HH KOHe4HbiH pa,qr.tyc CXO,qH
MOCTH. nony4eHHOe BblpameHHe MOmeT. 6b1Tb aHanHTH4eCKiil npo,qonme
HO no KOHCTaHTe B3aHMOAeHCTBHR 3a npe,qen~ Kpyra CXO,[IHMOCTH, 
nocne 4ero yme cneAyeT CHRTb perynRpHaattH~. 

B AanbHei1weM 6yAeT l1Cnoni:..aoeaTbCR paaMepHaR perynRpHaattHR 
c D =4-2£ , £ f 0. 

2. PaccMOTpHM 6onee .,qeTanbHO H3nomeHHY~ BbiWe cxeMy. nonRpH
aattHOHHbiH onepaTop e K3,ll 17(k2) e OAHOneTneeoM npH6nHmeHHH 

paBHReTCR 2 £ 

.. 1 1 ll ) • 
. (k2'£):o-,.&!.:.._,f dx.x(l-x)( m2-x(1-x)k2·-io ,, ."u • 17 £ 0 

"R (k2 ;£) ,;.17u (k2 ;£ )'-17u(k2 ,.,Q; £ ), 

rr R (k2 ~ "' lim 17 R (k 2 ; £ ). 
£-+0 

1 .. 
! 

/1/ 

/2/ 

BKna,q rpa¢oe, H306pameHH~X Ha pHc.1, B aHOManbHWH MarHHTHWH 
MoMeHT 3neKTpoHa npH E I 0. paee_H __ 

a E (a ) "' .!!.!. I. a? • a E 
17 n_?O n 

£. 1 E • y2 . n 
an"' f dy(1-y)[17 (-,-,.m2 )] , 

0 R 1-y 
/3/ 

£=o0 . an _ . n! 
n-+oo 

2 

\ 

\ 

~ 

" I 

,( 

04eBii,tiHO, llTO PRA /Z/ HMeeT. KOH~4H~H /HeHyneaol1j p.a,qHyc cxo
AHMOCTH R£ -IE I ~ .llnR npocTOT~ HanomeHHR 6yAeM HcnonbaoeaTb · 
B ,qanbHel1weM BMeCTO.$QpMyn~ /1/ ,qnR nonRpH3attHOHHOro onepaTo-
pa·6onee npocToe a~pameHHe /4/ · 

. 2 
1T (k2;£ )= _,_1_- • .!!.!.(-· ~-· -1.!...:-· 

u 317 £ 4m 2-k.2 -iO 

( 

), /4/ 

KOTOpOe npHBOAHT K npaBHnbH~M ~CHOBH~M aHanHTH4eCKHM CBOHCTBaM 
"R(J.t2): 

a/ "R(k2 =0) = o; 
6/ 17R(k 2) - In k2 

k2-+oo 
e/ k2 =4m2 - T04Ka eeTeneHHR. 

noA06Horo po,qa aaMeHa He BnHReT cy~ecTBeHHO Ha nony4eHH~e pe-
aynbTaTbr. . . 

,llnR aHOManbHOrO MarHHTHOrO MOMeHTa ~ OOMO~b~ /3/, /4/ nony-
4aeM 

a£ (a)= 

a 1 dy.y /5/ 
=- r 17 a 1 Ill! £ 4v £ • 

0 1 +-. - (-~ ·[(--=.L-) -1]' 
. £ 3rr 4m2' (1+y)2 

PaanomeHHe /5/ a PRA no cTeneHRM a· npHBOAHT, KaK yme yKaa~ea
nocb Bbrwe, K aHaKonocTORHHOMY PRAY c $aKTOpHanbHO pacTy~HMH 
K03¢¢HttHeHTaMH /CM. /3//, B TO BpeMR KaK CHRTHe perynRp~3attHH 
/T. e. · E .... 0 I npHBOAHT, KaK H cneAoBano omH,qaTb, K pacXOAHMo-
CTH. . 

M~, o,qHaKo, He 6y,qeM cHHMaTb perynRpHaattH~ ,qo caMoro nocne,q-
Hero 3Tana. . ,_, . . 

npemAe 4eM CHHMaTb perynRpHaattH~, npo,qonmHM /5/ no a· aa npe
Aen~ Kpyra CXOAHMOCTH. 

¢H3H4eCKHM ycnoeHeM, HaKna,q~aaeM~M Ha aHa4eHHR aHoManbHoro 
MarHHTHOro MOMeHTa a(a~, RBnReTCR OTCYTCTBHe paapeaa /H co
OTBeTCTBeHHO CKa4Ka/ Ha nonomHTenbHOH nonyoCH B KOMnneKCHOH 
nnOCKOCTiof a .• 

Heo6XO,[IHMO OTMeTHTb, 4TO B~pameHHe /5/ MOmeT 6~Tb aHanHTH-
4eCKH npo,qonmeHO BO Be~· KOMnneKCHyn nnOCKOCTb·£ 'H CHRTHe pe
rynRpH3attHH /T. e. I£ 1-+ 0 I MomeT npoHcxo,qHTb BAOnb npoHaaonbHo
ro HanpaaneHHR B KOMnneKCHOH nnOCKOCTH £ • 

· 0Ka3~BaeTCR, 4TO .peaynbTaT Cy~eCTBeHHO 3aBHCHT OT TOrO, Ka
KHM_o6pa30M'M~ CHHMaeM,perynRpH3attH~. 

BocnonbayeMCR'HMe~~HMCR npoHaeonoM ,qnR Toro, 4To6w nony4HTb 
ee~eCTBeHHY~ ¢yHKLtH~ a(a.) npl-f a.> 0. 
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1 w 1 

r+ .w 

PHc.2a PHc.26 

AHanHTH4ect<oe npoAonmeHHe /5/ a o6nacTb Rer <0 
npeACTaBHTb B BHAe 

4 2 f 
af (a ) = 3 ( m2 J r 

·11 r 

rAe 
f(x) = £_-x-2v'l-x)2 

x3J 1-x 

. 2 
w (r • a ) = 1 -317 c!!!:. ){ 

2 11 

d 1/r-1 f t 1/r) t. t • ( 

t-w(r; a) 

{ . -·, 
a· 

. 

a ',q'aa· B03MOmHbiX Bbi60pa AflR KOHTypa f OOKa3aHbl Ha 
Bbl6epeM B Ka4eCTBe KOHTyp<f r cneAYIO~HH KOHTyp: 
' 1 
r~:rcr+ + r_ ). 

B peaynbTaTe AflR a£ (a) nony4~eM BblpameHHe 

4 
2 "" d 1/£-1 ' 1/£ 

a f (a.)= 3 ( __!!!..)£ p r _L! __ f(t ) 
112 1' t-w 

\!_ 

r_. 

MOmHO 

/6/ 

p~-tc.2a,6. 

171 

B nony4eHHOM Bblpal!<eHHH · MomHo nepeXOAHTb K npeAeny r ->0-. Hecnom~ 
H~e B~4HCneHHR npHBOART K OTBeTy 

· a(a) :lim a£ (a ) = 
E-'0- "" . t -t 

= aP r --!!tL...!{e l .. 
0 t-317/a. 

'/8/ 

AHanor~-t4H~M oqpaaoM MomeT fibiTb npocyMM~-tposaH sKnaA a aHoManb
H~~ MarHHTH~A MOMeHT 3neKTpOHa nonRpH3a~HH sat<yyMa .B ABYXOeT
neBOM, TpexneTneBOM. H T ·A· , npH6nH~<eHHH 1\flR 00flRPH3aijHOHHOrO 
onepaTopa. 
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npeAnOmeHH~H HaMH MeTOA CyMMHpOBaHHR MOmeT HaHTH ce6e npH
MeHeHHe H AflR Bbi4HCneHHR 6onee cnomHbiX BKnaAOB 1\flR PRAa MO
AeneA KBaHTOBOH TeOpHH nonR. 

B 3aKfll04eHHe HaM XOTeflOCb 6~ Bblpa3HTb npH3HaTeflbHOCTb 
B.A.MaT~ee~y H A.H.Tasx~~~A~e. a T~Kme'A.B.~YAHHOBy, c.n.Ky
newosy, ·A.H.C~-tcaKRHy,, H.6.Ct<a4Kosy,_ JI.S.Ul~pi<osy aa ·naneaH~e. 
o6cymAeHHR.· ' · · · · -· · · 
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