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HlOHbKO H.E., TroxT51eB IO.H~, <t>aycToB P.H.'.' P2 - 6996 

HHijlpaKpacHhie oco6eHHOCTII 11 caepxTOHKOe pacmenneHIIe -B noaiiTpOHIIII 

B paMK8X KB8311llOTeHUII8nbHOPO UO~XOA8 B KB8HTOBOfi TeOpllll nong HC -

cneaoaaH BKnaa M51PKIIX (IIHijlpaKpaCHbiX) ljloTOHOB B CBepXTOHKIIfi CABIIP 
ypoaHefi aHeprHII noaiiTpOHII51. DoKa3aH~,-_'rro 'IaCTII'IHhifi BhiXOA aa Maccoayro 

noaepxHOCTb c noMOIUbiO _napaMeTpa nonHofi aHeprllll noaaongeT nonHoCTbiO 
ycTpaHI!Tb IIHijlpaKpaCHbie paCXOAHMOCTH II TeM caM-hiM 6onee CTporo UOATBep­

·aiiTb peaynbTaThi npeAhiAYIUIIX Bhiq.ricneHI!fi. 

Coo6meHHe O&beAitHeHHoro HHCTHTy:ra a,nepHbiX HCCJie,noBaHHii 

Ay6Ha, 1973 

Nyunko N.E., Tyukhtyaev Yu.N.,.Faustov R.N. P2- 6996 

Infrared Singularities and Hyperfine 
Splitting ·in Positronium-

The contribution of the soft (infrared) photons to 
.the hyperfine shift of the positronium energy levels is 
studied in the framework of the quasipotential approach 
in quantum field theory~ 

It is shown that the partial departure off the mass 
shell with the help of the total energy parameter allows 
the infrared divergences to be·completely eliminated and, 
thereby, to confirm more rigorously the results of the 
previous calculations. 

_Communications of the Joint Institute for Nuclear Research. 
Dubna, 1973 
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PaCI!ICII1ICHIIe OCHOBHOrO ypoBHJI ITO 31!TpOHHI'I C TOtJHOCTl>D' ,11;0 o(, S 

cliJ1IO BIIepBUe BlJtJHC1ICHO C IIOMOI!Il>Kl ypa.B a·eHHI'I ])eTe-CoJIIIHTepa·, l /~ 

B STOlt pacloTe YCTpaHeiJHe OC06CHHOCTelt_ COOTBCTCTBJ'Ili!IHX HHTCrpl:-

1IOB B HHqJpaKpaCHOll OclJiaCTFI OCYillCCTBJII'I1IOC1> IIyTCM BBC,li;CHHJI oclpesa- · 

HHH BCJIHtJHHIJ BHpTYa1!l>HOrO TpCXI!MIIY1IhCa. 

B peayni>TaTe-nocne,J~;yDIJlero 6onee CTpororo Hccne~oBaHHH 

61i110 IIOKa3aH 0 1 tJTO oclmCTl> Tp.eXI!tiiiY 1Il>C OB 1 IIC paCCMOTpC!I!IaH 

BCJIC,li;CTBI!C oclpe3aHI!I'I 1 He BIIOC_I!T KOIICtJHOrO, BK1Ia,ll;a B CBepXTOHKI!tl 

C~BI!r OCHOBHOro YPOBHI'I II03HTpOIIHH/2/• 

XopOillO 1!3BCCTII0 1 .tJTO KBaSHIIOTCH~a]ll>!llitl IIO,li;XO,ll; B KBa!ITO 

BOlt TeOpHH II01II'I HBJ!HCTCH HaH601!ee aqxpeKTHBHW MCTO,li;OM ,li;1IH 

0 J 4' 
BIJqHcneRim ypoBaelt aaeprHH·.CBHaaHuoro cocToi'!HHH ,IU!YX tJaCTHU1 ' '. 

O,li;HaKO H 3~BC1> B03HHKaeT HC06XO,li;HMOCT1> B OT,li;Ml>HOM p~CCMOTpCHHH 

BK1Ia,ll;a B CBepXTOHKOe paCI!ICII1ICHHC II03HTpOHHI'I OT COOTBCTCTBYDIIIHX 

,nHarpaMM B ~tH!lJpaKpacaolt o6nacTH. MH<jlpaKpacnue ococleanocTH' 5 / 

IIOHB1IHDTCI'I 1IHID1> IIpH rrepeXO,ll;e Ha MaCCOBYD IIOBCpXHOCTl>. KBa3H­

IIOTCHI{I!a1I CTpOH;CI'I/J/C IIO~Oilll>D a11~1IlrrY,li;IJ pacceHHHH ,li;BYX tJaCTI!l{ 

.'4' 
BHC MaCCOBOll IIOBCpXHOCTH 1 a C,ll;BHr ypOBHelt 3HeprHH OIIpC,li;C1IHCTCH1 1 

MaTpHtJHIJMH 3JICMCHTaMI! KBa3HIIOTCHI{I!ana Me~y B01IHOBllMH 

tPYHKI{HHMH CB1'!3aHHOro COCTOHHHI'I1 T.e. BHC qJH3HqeCKOlt 061IaCTH pac­

CCHHHH. TaKHM Oclpa30M,HHqJpaKpaCH!le OC06CHHOCTH B 3TOM cnyqae, 
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'5' BOOd!lle rOBOpSI 1 He .l(OJlli:H!I cJWIH d!I B03HHKaT:E/ 1 • 0.l(HaK0
1 

KaK 

npaBHJI0 1 Ha npaKTHKe B!IIlHCJieHHe MaTpHtlHHX ::JJieMeHTOB y.l(aeTCII 

BUnOJIHJ1T:b J!HJII:b B TaK- Ha3HBaeMOM npHdJIHli:eHHH pacCeSIHI1~6/ 
1 

KOr.l(a 

HMnyJI:&CH qaCTHn nepeBO.l(IITCII ~KT~eCKH Ha MaCCOBYD noBepXHOCTL. 

JTa npone.l(ypa npHBO.l(HT 1 C O,l(HOlt CTOpOHH 1 K ynpomeHHD COOTBeTCTBYD-

QIIX BHpa!CeHJ1lt 1 C ,llpyrolt - K OTCYTCTBl!tJ pa.l(nanJIOHHUX 

(COdCT~eHHO-~HepreTHqeCKHX) nonpaBOK .l(J!II BHemHHX J!HHHlt .l(HarpaMM 

'PeltHMaHa'5 ' ', 

ltpoMe Toro, cymecTByeT· npodJieMa npaBr1JlhHoro yqeTa MHoro­

KpaTHoro OdMeHa MHrKJ1MH ( HHcppaKpaCH!IMH) cpOTOHaMH B BHpTyaJI:&­

HbiX npoMeJKYTOqHIIX COCTOHHHHX .lUlYX qacTnn. ,lLeJIO B TOM
1 

qTO 

OdUqHoe pa3JIOXeHHe no llOCTOHHHOll TOHKOlt CTpyKTyp!I 3,l(eC:& He­

npHJ.!eHH!~O 1 H nOSTOMY HeOdXO.l(llMO npOI13BO.l(HT:b CYMMHpOBaHUe deCKO­

_neqnolt nOCJie,l(OBaTeJI:&HOCTH COOTB9TCTBYDillHX ,ll.Harprum. :JT0
1

B CBO!l 

oqepe.l(:& ,npHBO,l(>!T K yqeTy 3qxpeKTa CBH3aHHOCTH 11 YCTpa!leHIUJ 

nncppaxpacHux pacxo.l(HMocTen. Taxoe cymmpoBanHe npome Bcero 

OCYIJleCTBUT:b C nOMOIIl:bD HOB oro ypaBH eH HH TJIDa .JLailCOHa ,l(J!II .l(BYX­

qaCTHqnolt qJYHKnHH rpHHa, .noJiyqeHHOro B pad OTe/7/ • .' 

PaccMoTpHM aMnJIHTY.l(Y paccennHn ~JieKTpona H no311Tpona 

BHe MaccoBoll·noBepxnocTH, Hsoelpaxennyn na pHc.I 

... E,f -£~~ 

~ -£ • ..:.r 
.... E)-p 

PHc.I 
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llepeXO.l( Ha MaCCOBYD noBepXHOCT:b 1 oqeBH.l(H0 1 COOTBeTCTByeT 

£2 . p2·+ m2 = 12.+ mz (I) 

B cnyqae s~aqu na cBnsannue·coCToHHHH nonnaa saeprwn 

CHCTeMH 2E B nepBOM npHdJIHl!teHHH onpe,D;eJIJieTCH HepeJIHTHBHCTCKHMH 

KYJIOHOBCKHMH ypoBHHMH saeprnH: 

e2. 
o(=--

-o<2m 
2E =2m- 4n 2 lt.JI 

n= i}2, 3) ... 
(2) 

B KOHKpe_TH!IX J8CqeTaX CBepXTOHKOil CTpyKTyp!i no3HTpOHHH Od!l 1lHO 

Cl!iBaeT .l(OCTaToquo c nyxuon ToqnocT:&nnoJIOXHT:& 

-+ --+ 
p:::9=o' E = m.. 

0.l(HaKO npH 3TOM He\le,l(JieHHO B03HHKaDT HHcppaxpaCHHe paCXO.l(liMOCTH 

Ha npOMCXJ'TOqllHX ~Tanax BHqJ1cJieHHIL H XOTII .B cymmpHOM Bbl-

pallte~mi .l(JIH cBepxTonxoro pacmennennn ocnosnoro ypoBHH ~TH pac­

XO.l(HMOCTH B3aHMHO KOMneUCHpyKlTCH 1 llHcppai>paCHHe OCOdCHHOCTI1 

TpedynT donee aKKypaTHOro pacCMOTpeHHH. 

C ~TOll UeJibD y.l(Odi!O 11CllOJI:b30BaT:b llpHeM qacTHqnoro 

BHXO.l(a 3a MaCCOBYD noBepXIIOCTb • llpn TaKOM riO.l(XO.l(e Mil nonaraeM 

~ -p=~~o, E# n1' (J) 

a Bem1q1-1na 2E onpe.l(enneTCSI cooTnomenHeM (2). Tor.l(a ace HHTerpa­

JIH no BHpTyaJibHHM HMnyJI:&CaM CTUHOBHTCII KOHeqHHMHo TaKI1M Odpa30M, 

3TOT J:'!PileM HrpaeT pOJI:b qm3J1qecKoil peryJIHpH3aUHH HHTerpaJIOB B 

HHcppaKpaCHOll OdJiaCTH. 

s· 
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B Ka'leCTBe np>IMepa paCCMOTp>U! BKJI8,A B CBepXTOHKli!il C.li;BHr 

S- ypoBHeil aneprnn (2) .n;narpaMM .IJ;Byx¢oronnoro o6MeHa c To'l-

-1 5 . 4 I 
HOCThil ,11;0 'lJJeHOB ilOpi!.IJ;Ka CA • COOTBOTCTBYDli(ee BHpaxeHHe' I 

Ji!UeeT BH.n;: 

L1 Eh;: = J-9;(o)J
2< Tp~~(E) + Tc2

:(E)-2 \{ f(E)\{Js), 

r,n;e KBa.n;paT MO,JzyJiil KYJIOHOBCKOil BGJIHOBOil ciJYHKUHli! B Ha'laJJe 

KOop.n;HHaT 

I 1? (o)/z = (d.m)3' 
o 8rtn3 

e2. v. (k) =- /?"' c 
,li;HarpaMMbl C .li;BJMII napaJIJieJihHblMH li! nepeKpeCTH!lMH tlJOTOHH.biMH 

JIHHI'li!Mli! ,n;aDT BKJI8,A: 

00 

T 2 \E):::: rff.t-) oerJkr ~2m 
par l'~ 2. m2J L~ + 1. Yk 2 +m2' + 

0 

( 4) 

8m
2 

] r.--)o( 2
[ lt!!!h1 2 1 m2_£2 8l 

+3Ve+m2 (k'+m2_£}j=l6i~ rnl[3mVm~E2'+llz m.2. -3], 

QQ 

T2~ -~'""':-;.)~ 2jJkr 2m _ 1 + cr-(E)-l~~/Jnz l2mk+mz-E2 "Vkz+m2 
0 

Smz. l (_,.-)o< 2 ro m2. !)] 
+ 3(kz.+m~lzj = 0i~ in2 L 1..h.m 2 ~E2. +-y-

6 

'.-

., 
l 

... I 

1 _., 

_(; 
I 

,. 

a BH'lHTaeMail nrepan>~H qJieHoB HH3mero nopil,li;Ka 

r g, (d3k e2. h7 e2 ~ _,) 
Z\1c: F(E)\_{fs = (2,;y Y k 2. ·rP·~ml._£2) ·6m2 { ~-~ = 

.. (_. +) 8d/')oo d k -+..,) 4JirJ.. 2 

= 6'·6: - = •b 
. i 2 3m k2._.. 111 2.-E 2 · (~ 2. 3m~ 

0 

IloCKOJihKY {m 2-E 2
),...., /11 2 o/.2. 1 TO Be3.IJ;e 1 r.n.e :3TO He ilpli!BO)l.li!JIO K 

paCXO.IJ;HMOCTi!M HHTerpaJJa 1 M.b1 ilOJIOXHJili! m 2 -E 2 =0 • TeM 

CaM.biM M.bl OTdpOCHJIH 'lJieH.bl BHClllHX ilOpi!)l.KOB ilO cJ... 1 KOTOp.ble tl 

ne ,n;oJIJKHhl Y'lli!Tb!BaThCil B paccMaTpHBaeMO!A s.n;ech npli!dJIJi!XeHHli!. B 

pe3yJJhTaTe 1 ilO.li;CTaBJiilil npli!BC,ll;eHH.ble Bwrne B.bipall:eHHil B paBeHCTBO (4), 

uu Hail.IJ;eM c.n.B>~r S-ypoBHeil 

2ll' rv \2 o/..2 --+ - o{!)fn ~ -.> 
LlEh}s=-J~(o) ~<~·~>=- 8.71123 <6;~ . . .(s) 

coBna.AaDll\Hit c pesyJihTa'lbM padorit. 4 ·• 
l i 

.lis B.bipalll:eHJi!il (5) BH)l.H0 1 'ITO BCe 'lJJCH.bl ilOpi!.IJ;Ka o/..~ 

li! ln.d.. B3aHMHO YHH'lTOXHJ!l'!Ch
1 

H OCTaJIHCh J!Hlllh 1IJJeH!l ilOpi!,li;Ka tX~ 
O.n.naKo, KaK yJEe yKasuBaJJoch aurue, f!eodxo)(HMO e•11e paccMorpen 

B03MOlKH!llt BKJia)l, MHOrOKpaTHOrO 06MeHa MilrKHMH KYJIOHOBCKHHli! 

tPOTOHaMH 1 Y'lli!THBaDli(>flt 3qxpeKT CBi13aHHOCTH. B ilpOMeli:YTO'lHU'X 

Bli!ptyMhH!lX COCTOi!HHi!X. :lJieKTpona II il03HTpOHa,. IfCilOJ!h3Yii 

Mero.n;, np~.n;JioXeHH!llt B padore/
7/, Mil H~lf,n;eM, 'lTO cJie,eyer pac­

cMoTpen. BKJia.A,.IIBYX ,JJ;HarpaMM, li!3o6pa:ii:imnux Ha pli!c.2, r.IJ;e 

nyHKTHpnolt JIHHHeil odosHa'leHu KYJIOHOBCKHe tlJOTOHhl. • 

7 
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liOCKOJihKY 3HeprHSI CBSI3l! fl03l!TpOHHSI (2) Mana, TO BCe 3qxpeKTH 

CBSI3aHHOCTl! npOSIBJISIDTCSI Jll!mh npH MaJIHX l!MnyJILCaX'B!!pTJaJihHOro 

<poToHa. !IapaueTp, orpaHH4HBaDn~v.li HH3K04aCTOTHYD oOJJB.CTh, A, 
cne,zyer BOOpaTh TaKHM, tJToOu 

o<_2h1 ~~« m 
Ha npaKTHKe y,D;odRo B3SITL A r.... o<m • B oOm.cTH k < ~ 
Mil MOJKeM BOCflOJih30BaThCS! iflYHKURell rpl'!Ha RepeJISlTl!Bl!CTCKOrO 

ypaBHeHHJI l!lpe,D;nHrepa .c KYJIOROBCKHM noTeHunanoM: 

(6) 

. * 
GNR(~ .... £) =- '\:"' . Vn (p) K (!) . . (7) 

c p, q, L.J E - E + lO 
· It n 

COOTBeTCTBYD~l!ll BKJia,D; B CBepXTOHKHll C,D;BHr ~-ypOBHell 
3Heprnn !!MeeT BH,D;: 

'* . . . . 
p,_fJ~ ~~· JdpJ<j 1f$fl[zT~ (f.1;E,)-2N f'{E,llf:Sl} lf,(ij! 

(8) 
r,D;e 

~ Cf,f;E) =(G}~)r-.e; ~ rd3k k ~ !f,Jp-J}J~(f+tk) 
. otn "'2.fi/ J 6 k + E -E . . \<<..\ n. tt. 0 -:- l 0 
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fY; F(EJ\{~]< = 
. 

~ ·- ). ez !. . fJ3k . ez . In 
= ( (\·6'2 6tn2 (2Jf)3 J). (p- if .... k)2 [(q+kf+tn 2-E

0
1. 

. K< 
BOCflOJih3yeMCSl Teneph TOX,D;eCTBOM 

k = 1. + Eo-En -+- .(E"-Eo)2 

k-+En.-Eo . .·k k(k+E~.:..£0) 

H ypaBHeHUeM li!pe,D;HHrepa ,D;JIJ! ItYJIOHOBCKOll BOJ!HOBOll qyHKUHH: 

F-J.(E) ¥ ·= Vc ¥ 
umr . e 2. J + ?if"( 9) :n (E2._;n2._tLJ 1p"(f)=~(21TY Jr . - -·-

B cnny orpaHHqeHHJ! (6) Ha odpe3aHHe l!MflYJihCa Bl!pTyaJihHOrO 

ifloToHa n ouelllm 

(En.- Eo ) ,..._,. Jn o< 2. 

nocne,D;HH_ll qneH B pa3no:m:eHnn (9) He ,D;aeT B~Jia,D;a B npHHl!T·oM 

npl!dJIHlltCH HH, 

liCflOJih3YSI ypaBHeHH6 (10) ,. MOJ!:HO flOKa38Th, QTO. BO BTOpOM 

qneHe pa3JIOliteHHH (9) Bennqnlla {Eo ~Eit) 3aMeHSieTCJI Ra 

1 (-+ ~ ~) _., 
2tn p-9-·'< ·k ' 

H c yqeToM .ycnoBnll non11oru BoJIHoBux ifJYHKUHll 

~ ~ (j-fkJ~({+~k)={2r)3 d(f-"{-tJ. 
n . . 

3TOT qneH ro~ecraeRHo odpa~aercSI B HYJih • 

9 . 

(9) 

(IO) 
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TaKID! oCipa3oM, BHpa.JiteHHe .(8) npHHH!AaeT Blf,ll;: 

nE L. _ 1. r , .. , .. )}.(~);;. ..... ) 4Jir). { \ '3k (? ..... ~ 
/,fs- (2Ji)6 Jdfd~ '!0~ r ~~-~ 3mZ jd O(p-~..:k )-

k<.X 

_ _i_fJ3k e2. m } ·-+ 

(2T1? J (p- f-"kl· [Ca+kY+tn1...Eij l£(1 ). 
k<.X I o 

Bropoe cnaraeMoe B pasencrse (II) npeoeipa3yeu c nouo~bD 

ypaBH8HHH (IO) ,D;RH BOnHOBon tPYHKI.tHH: 

fJ;r¥:qni2~.J~k _ e• --- -- = 

= rd~r ¥c;>) r d3k 8 cp-f-"k). J 0 kJ<A 

(II) 

TaKHM oeipa30M,o0a cnaraeMHX B BHpal!teHUH (II) B3aUMHO YHHliTOllt8.DTCH, 

n, cne,n;osarenbHO, B paccM~TPifil aeuou npHCinnxeHHH nKna,n; MHOroKpar.;. 

HOrO OClMCHii. KYROHOB CKHMl1 '¢JoTOHaMH B CBepXTOHKHl1 C.l{BHr $ -ypoB­

Hel1 3HeprHH oeipa~aerca B nynb: 

L1EJ.,~s = 0. 
BUXO,D; 3a MaCCOBYD ITOBepXHOCTb C I10MOI!!bD· BBC,D;CHHH napaMeTpa 

nonHon :mepr:rm 2 E -=/:2m ~.tenecooeipasen e•ue H noroMy, liTO 

3TO I103BORHCT OT!ta3aTbCH OT HBOClXO,D;HMOCTH nocne,n;oBaTenbHOrO 

HHTerpi!pOBam:IH ITO HyneBOH H npOCTpaHCTBeHHllM ltOMITOHBHTa.M 

snpryani>noro lleTHpexHMnyni>ca, Koropoe ropa3.n:o _cnol[!!ee KoBapuaHT7" 

HllX MBTO,D;OB napaMeTpH3ai.tHH HHTerpanoB, 

PaccuorpHM, HanpHMep, .n;HarpaMMY oCi~eHHoro B3aHMo.n;el1cTBHH 

C BepmHHHOR llaCTbD TpeTbero nop~Ka, H30ClpaXeRHYD Ha pHC,J 

!' 

pi 
2£----

p2 

Pnc.J 

IIocne npose.n;eHHH npoi.te.n;ypii nepeHop.l.mposKn BHpa:r.teHne .n;na Bepmnn-

Hol1 llaCTH B HYlmOU HaM_!l_P~M{jmll!CCHHH HUeeT BH,Il;: -~----------

c(E)=~f;},::~~t~ { __ __w~-f~:-2m' _ --+ 

+ w 2+k'--2wm-2tn2
} 

{(w+E)2_k 2 -mzj2 = r; J(E). 

ITepeHOpMHpOBKa npOH3BO.l{HTCH B TOl!Ke 

~ 2 ;D 2 =£2 
1 (2. ' 

( ?1. + ~) 2 = 0 ' 

liTO OCiecnellHBaeT OTCYTCTBHC lHl¢lpaRpaCHHX paCXO,Il;ID.!OCTCH H 

pa.n;naiUlOHHHX nonpaBoK .n;nn BHerunHx nnHnn. Haueionee y .n;oeinuM 

MCTO.l{OM BHI10JII!8HHH IfiJTerpHpOB8JUII! ITO BupzyaJibHOlty HMI1YJibCY 

(12) 

B BUpaXeHnH (I2) HBJIHCTCH MeTOA, HCnOnb30BaBmHV.Cn B CTaTbe(B/, 

.llJIH _p ( £) _ C ero I10U:Oiltbll MOXHO nOJV llKTL: 
,... . co 

· o(E)= m2 2c(f d z ,.. 
J . sr o (z+m'--£2}t/(z-¥m 2~E2Y'+4-zm2 

..., o< r_ stm 2 7 . 
== .11 fYnz::_£2 • - :1 :: W= i Vz' sinO, k =VZ'cosB. 

(IJ) 



CooTB eTCTBYD!l\H i1 BKJia,IJ;_ B CB epXTOHKHli C,IJ;BII:r 

:mepnm ,4 / IXJ.DeH: 

S-ypoBHeli 

r -2 /I"V(o)j2 r; e2 
I. ., e2] 

LlEhfs =(S :> ~ f!-4m2flEo/-2\/dF(Eo)4mz 

""' ~ - .. -
r,l\e. s = f ( 61 + o:z.) ) s 2 = ~ ( 3 + 6'1· 6'2.) 

e2.m f cPk d. m Yc F(Eo) = (2li)3 j k2.+rn1-E; = ..Ym2 -Eo2. 

ilO.l\CTaBJl.IIH BUpalll:eHHe (13) ,li)IH _f(E) B paBeHCTBO (14), Mil 

uali,n eM: 

j, 2. ;v ol.. s: 
IJEr =-~/1ito)j2.<.s2)=- m <sz> 

A/s 111 2 0 2Jih a 

'lTO TaKXC C0rnacyeTCH C pe3yRbTaTOM padoTu'41~ 
TaKHM odpa3oM,BUXO.Jt 3a MaccoByn noBepxHocn c llOMOll\bD 

napaMeTpa nonuon 3Hepnm 2 E. :/;2m no3BonaeT npoB ecTH B 

(14) 

(15) 

paMKil.X KBa3HllOTeHUHaRbHOrO llO,ltXO,Jta rtoppeKTHOe paCCMOTpeRae BKJia­

,IJ;a MllrKHX ( Ull<!JpaKIXJ.CH!lX) <!JOTOHOB H Tell CaM!lM donee CTporo 

TIO~TBep,l\HTb pe3JJibTaT!l B!l'lHCReHHn CBepXTOHKOrO C,JtBHra ~ -
. ypoBHei1 3HeprHH no3HTPOHHa, rtony'leHHUe B padoTe' 4/. KpoMe Toro, 

B OTJIH'lHe OT MeTO,IJ;a HeKOBapaaHTHOrO odpe38HHH HHTerpaJIOB B 

OdJI!l.CTH MaJI!lX TpeXHMllJRbCOB, npe,ll;ROXeHH!ln B!lme npHeM ,Jt!l.eT . 

B03MOllt!IOCTb HCTIORb 30Ba Tb donee Y.JtOdH!le B peJIHTHBHCTCKOn TeOpUH 

KOBapHaHTH!le CllOCOd!l HHTerpHpOBaHHH ilO.BHpTyaJibHilM KMllJJibCaM, 

'lTO cymecTBeHHo odnerqaeT B!l'lHCJieHHe BKJia,l\a nopH,IJ;Ka c( 6 

B CBepX~OHKOe pacmenneHHe OCHOBHOrO ypoBHH 3HeprHU ll03HTpOHHH'B/. 
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B .3aKJID'lemm aBTopu B!lpa:a:anT .dnaro,IJ;apHoCTb H.H.EoronndoBy, 

A.A.JiorynoBy, JI • .U.ConoBbeBy, A.H.TaBXemt.Jt3e, li.T .To,IJ;opoBy u 

O.A.XpycTaneBy 3a BHHManue K padoTe H none3H!le odcyx,l\eHHH. 
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