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§1. Bse.Qeaue 

B nocne.QHee BpeMSI M9TO.Qbi TeOpHH Mepbl H HHTe!'pHpOBSHHSI B ljlyHKUHo

HSnbHblX npocTpaHCTBSX WHpOKO HCnOnh3YIOTCSI B pa6oTaX no KBSHTOBOll TeOpHH 

nonst. 3TOT ~O.QXO.Q OCHOBSH Ha npe.QCTaBneHHH peWeHHll TOtJHblX ypaBH9HHll
0 

TeOpHH B BH.Qe ljlyHKUHOHSnbHblX HHTei'panOB/1,2/• 0.QHSKO B CHny OTCyTCTBHSI 

pa3BHTOl! TeXHHKH Bbi'IHCneHHSI .QOCTSTO'IHO 06WHX KBSApaTyp ljlyHKUHOHanbHbl9 

HHTe!'panbi SIBnSIIOTCSI "BeWb!O B ce6e" B TOM CMbiCne, 'ITO 06bl'IHO H3Bne'le

HHe He06XO.QHMOll HHijJOpMSUHH npHXO.QHTCSI n~OBO.QHTb noaTanHO C nOMOWb!O 

TOll HnH HHOll annpOKCHMSUHOHHOll npoue.Qypbl. Hau6onee npoCTbl H H3B9CTHbl 

TSKH9 annpOKCHMSUHOHHble npOUe.Qypbl0 npH KOTOpblX HS KSlK.QOM. STane Bbi'IHC

neHHll Mbl HMeeM .Qeno nHWb C I'SYCCOBbiMH KBSAparypaMHo TaK, .Qnst HCCne

.QOBSHHSI npo6neMbl HHijlpaKpaCHbiX BCHMnTOTHK ljlyHKUHl! rpHHS B KBSHTOBOi!: 

aneKTpO.QHHSMHKe 6binO pa3BHTO TSK H83biB89MOe npu6nHlK9HHe kl kJ c(),(!if.i/3,4~ 

B ASnbHel!weM, aanpuMep, B pa6oTe/5 1, aToT MeTo.Q 6bm ucnonbaosaa npu 

HCCne.QOBBHHH Si!KOHanbHOI'O npe.QCTasneHHSI aMnnHTY.Qbl ynpy!'OI"O paccestHHSio 

B .Qaaaoll cTaTbe npe.Qnai"aiOTCSI annpoKCHMSUHOHHbie npoue.Qyp~>I, H.Qeltao 

CBSI38HHb19 C npu6nHlK9HHSIMH 0 KOTOpb!e HCnOnh30BanHCb B pa60TSX/4,5/• Pac

CMSTpHBSIOTCSI TaKlKe neKoTopbie npuMeHeHHSI npe.QnolKeHHbiX npu6nulKeHHbiX 

MeTO.QOB ljlyHKUHOHanbHOI"O HHTei"pHpOBSHHSI B o6naCTH BbiCOKHX SHepi"Hll H ljJHK

CHpOBBHHblX nepe.QB'I HMnynbCSo 11HTepec K aTOMy BOnpocy CTHMynHpOBBH TeM 

06CTO!!TenbCTBOM0 '1TO HM910TPSI BeCKHe OCHOBSHHSI I"OBOpHTb, BblpSlKS!!Cb HS 

!!3b!Ke ljlel!HMSHOBCKOI"O HHTei"pHpOBSHH!I no nyTSIM, 0 .QOMHHHpOBSHHH B YKB-

38HHOlt 8CHMnTOTH'I9CKOll o6naCTH TpaeKTOpHl! '18CTHU0 HSitMeHee OTKnOH!IIO-



WHXeSI OT npSIMOJIHHeltHbiX nyTelt/6/, llpHMepOM TOM}; eny)KHT ]:!Ony'leHHOe B 

paMKaX KBa3HnOTeHUHanbHOro ypaBHeHHSI KBaHTOBOlt TeO~HH nonH/7/ npH yen~ 
BHH rnaAKOCTH/8/ noKanbuoro KBaaunoTeHnuana eo~~aAeHHe TO'IHoro pe~eHHSI 
e peweuueM, Y'IHTbiBaiOWHM nHWb npHMonuueltHble rpaeKTOpHH/9/, Auanua ua

no)KeHHbiX. B AaHHOlt paOOTe npuonHlKBHHii: noKa3biBaeT1 'ITO OHH ~pH BbieOKHX 

aHeprHSIX H ljJHKeHpOBaHHbiX nepeAa'laX HMnynbea SIBnSilOTCSI1 no eyTH ABna1 pea

nH3aUHSIMH oowelt KOHnenUHH npSIMOJIHHBltHbiX nyTelt. Pauee y)Ke paeeMaTpHBa

nueb pa3nH'IHbl8 BapHaHTbl npuonH)KeHHSI npSIMOnHHeltHblX nyTelt KaK B paMKaX 

ljlyHKUHOHBnbHOrO HHTerpHpOBaHHSI/B/, TaK H Ha S13b!Ke onepaTOpHoro MBTOAa 

peweuuii: ypaaHeHHlt KBaHTOBolt TeopHH nonSI191• CneAyeT noAqepKHyTb, 'ITO 

BbiOOp Taro HnH HHOrO MeTOAa AOn)KBH Ob!Tb eAenaH HeXOASI H3 KOHKpeTHOl! 

noeTaHOBKH 3aAa'IH e Y'I~TOM onpeAeneHHOlt KHHBMaTH'IBeKOii: oonaeTH, 

§2, <PopMynupoaKa npuonH)KeHHit 

PaeeMOTpHM ljlyHKUHaHanbHbllt HHTerpan no rayceoaol! Mepe 

I~ 
· const 

-iide~(eJ g"[vl e e (2.1) 

rAe IT(V ) - HBKHlt ·ljlyHKUHOHan, a Canst OOOOHa'laeT HOpMHpOBO'IHylO noeTOSIH

HyiO, KaK H3BeeTH01 Bbi'IHCnBHHB (2,1) MO)KBT Ob!Tb CBBABHO K HaXOlKABHHlO 

ljlyHKUHOHanbHblX npOH3BOAHbiX B COOTBBTeTBHH e ljlapMynol! 

f[8v]eg"[v]=expi...!....Ide 82 lell"lvl I 
4i 8p2(eJ V=O' 

(2,2) 

KpoMe Taro, B HBKOTOpblX 3aAa'laX KBaHTOBOll TeapHH nonS! (eM,, HliUPHMeMO~ 

. 82 
TpeoyeTeSI onpeAenHTb Aelleraue AHijJijlepeHuHanbHoro oneparopa exp I~ I D 

8
v

2 
I, 

rAe 

ID~ 
8v2 

82 
I ael ae2 D (el ,e2) 8v (e1J 8v ( e2} 

4 

a D ( e
1 

, e
2

)- ljlyHKUHSI Tuna nponaraTopa, l1MEiSI B BHAY AanbHell 

HHSI, Mbl OO'&BAHHHM ooe 3aAa'IH enBAYIOWHM ooparoM. TpeoyeTeSI 

llHOHan fi ( V ) H3 eooTHOWeHHSI 

ll[v] .. "2 [ 
e = exp I..!.. f D _a_ 1 ell" v] 

2 . 8~ ~ 
e QIT[v] 

rAe " [v ] - aaAaHHbllt ljlyHKUHaHan, a D - ljlyHKUHSI ABYX nepeM 

qae, KarAa 

D = _..1. 8 a - e J 2 .· 1 2 

aua'leHHe ljlyHKUHOHana n l v ] npu · v = 0 onpeAenneT eornaeuo ljJ 

ljlyHKUHOHanbHbllt HHTerpan, Llnst ynpOWBHHSI aanHeH AelleTBHe AH!jli 

ro onepaTopa oyAeT 0003Ha'laTbeSI B HeKOTOpblX enyqaSIX 3HaKOM 

KaK B (2,3), 

Llnn HarnSIAHOeTH BBBAeM rpaljJH'IeeKHe 0003Ha'IBHHSI 

IT [v [ -o 0 . 13
2 CD 'TIDw" .. , 

exp I ..:L I D __n..:_ I IT·[V] 
2 8 y.l! 

=IT --~· 

B aTHX oooaHa'leHHSIX, uanpuMep, 

_i_ I D ~ 77 2 [v[ .. 2 /)'\ 0 +2 r\.__r'\, 
2 8v2 \lJ \.J'"'-.J 

rAe nepBbie ABa qneHa B OObi'IHOit TepMHHOnOrHH oyAeM Ha3b!Ba'I'I 

rpaljlaMH, llOA'IepKHBM1 'ITO XOTSI rpaljlbl (2,5) H HMelOT O'IBBHAHy 

e rpaljlaMH Cl>eliHMBHa, BO MHOrHX cny'laSIX HX BHeWHHlt BHA He 0~ 

l!H'Iero oomero c oobi'IHb!MH ljleltHMaHoaeKHMH AHarpaMMaMH. 

5 



>ry , enylKHT )lOny'leHHoe 'B 

\ TeOpHH nona/7/ ,npR yen~ 

BUa.QeHRe TO'IHOI'O peweHRSI 

rpaeKTOPHH/91. AaanHa R3-

,eT, 'ITO OHH ppR BbieoKHX 

lnHIOTCSI, no eyTR .nena, pea

:, Paaee ylK~ paeeMaTpHsa

i!HbiX nyTetl: Kal; B paMKaX 

>IKe onepaTOpHOI'O MeTO.Qa 

:e.nyeT no.n'lepKayTb, 'ITO 

H ReXO.QH H3 KOHKpeTHOi! 

lTH'IeeKOi! o6naeTRe 

yeeo~oi! Mepe 

(2.1) 

!T HOpMHpOBO'IHYIO UOeTOHH

> eae.neHO K HSXOlK.QeHHIO 

•p~ynoi! 

V= 0 .• (2.2) 

'"" nonSI (eM,, uanpaMe6}01 

. 82 c 

o onepaTopa exp(.!LfD--1, 
2 8v2 

'1 

I 
! 

aD (e
1 

,e
2

J- cWHKURH THUS nponai'aTOpa, J1MEiSI B BRAY .nanbHei!wHe UpRnOlKe

HHSI, Mbi o6'be.QRHRM o6e aa.na'IR ene.nyroWRM o6paroM, Tpe6yeTeSI aai!TH ljlyHK

UROHan 0 ( V ) H3 eoOTHOWeHRSI 

ell[v] exp (.if D ~I eiiiT[v] e IIIT[v] 
2 .· Bv2 -

(2.3) 

r.ne IT [v ] - aa.naHHbiA ljlyHKUROHan, a D - ljlyHKURSI .nayx nepeMeHHbiX. B eny-

qae, Kor.na 

D (2.4) 

aHa'leHHe cWHKUHOHana U l v] npH c v = 0 onpe.nenSieT eornaeuo ljlopMYne (2.2) 

ljlyHKUHOHanbHhli! HHTerpan, ~nSI ynpOWeHHSI 38UHeR .Qei!eTBRe .QRijlljlepeHUHSnbHo

I'O onepaTOpa 6y.neT 0603Ha'laTbeH B HeKOTOpblX eny'laSIX 3HSKOM yepe.QHeHRSI 

KaK B (2,3), 

0 . ti 
' -

1
- f D -;-:-r IT 2 8v 

(2.5) 

exp I ..:L f D ~ I IT,[v] 
2 8 y' 

=IT 

B aTHX o6oaHa'leHHSIX, aanpHMep, 

I',[le nepBbie .QBa 'lneHa B 06bl'IH011: TepMHHOnOI'HH 6y.QeM H83biBaTb HeeBst3HbiMH 

rpaljlaMH, llO.Q'IepKHeM, 'ITO XOTSI rpaljlbi (2,5) H HMeiOT O'leBHAHYIO aaanOI'HIO 

C I'paljlaMH i:lleti:HMBHa, BO MHOI'HX eny'lastX HX BHeWHHA BHll He 6y.QeT HMOTb 

liH'Iei'o o6wero c o6bi'IHhlMH ljlei!HMaHoseKHMH .naarpaMMaMH. 
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i· 
I 

npeAnOJIOlKHM Tenepb, 'ITO CTPYKTypa WHKUHOHana TT [v l T8KOB8, 'ITO 

HMeeTCSJ napaMeTp M8JIOCTH, CBSJ38HHbiA C IIeTneA, / B aTOM Cny'lae cyweCTByeT 

8IIIIpOKCHM8UHQHH8SJ npoueAypa, KOTopyiO Mbl H830BeM KOppeJISJUHOHHOA H Co-

I'JI8CHO KOTOpoA HweM 4j>yHKilHOH8JI fi [ V ) 

.. n n = .I g n,. 
n=1 

B BHAe PM8 

n OACT8BJISJSJ (2 ,6) B (2 ,3), HeMeAJieHHO nonyqaeM 

n1 = iT ~ ~ 

ll2= ~(;2_;2 )~~+@::®+ ... ~ ..... 

(2~6) 

n,- ,: ["' _,, -3•1•'-•'Jl ·~+v+··"(2.7) 

n = .2_ rr" 
,. n! CBSJ3H8SJ 

'18CTb 

·v+···· 
PaccMaTpHBSH rpacjlHKH (2.7), y6eJKA8eMCH, 'ITO Koppena:uHORHbiA· MeTOA AeitcT-

BHTeJibHO COOTBeTCTByeT pa3JIOJKeHHIO no 'IHCny neTeJib, IIpH'l~M B fin A8eT 

BKJI8A ltHWb CB!I3H8!I '18CTb CyMMbl BCeX I'p8cjloB C n neTJISMHo 

06pbiBaa: p!IA (2.6), Mbl nony'laeM npH6nHJKeHRoe BbipalKeHHe A.IIH lj>yHKIUfo

Rana fi • 3TO 1IpH6JIHlKeHHe CIIpaBeAJIHBO, ecnH AJISI JII06b!X n ~- 2 BbiiiOJIHa:eT

CSJ HepaBeHCTBO: 

;;n, . « ;n, 
CBSJ3H8SJ . . HeCBH3H8H 

(2.8) 

'18CTb '18CTb 

6 

B aToM cny'lae npn paanoJKeRHH e H B PM no CTeneHSJM g Y'l~~ 

AaeT H8M I'n8BHbie 'IJieHbl B K8lKAOM nopSJAKe, AOY'l~T ll 2 -nonpaBKJ 

H T,A, 

C KoppenSJUHOHHOA nponeAypoA TeCHO CBSJ38HO pa3JIOJKeHHe BH 

grr 
e 

- .. n 
eg"[ 1+ .I --1., (ir- if)"]. 

n=2 n. 

TaKoe paanoJKeaue BCTpe'lanocb B pa6oTax/4,51 •. oao HMeeT B o6m 

06JI8CTb npHMeHHMOCTH, 'ITO H KOppeJISJUHOHHOe .npH6JIHJKeHHe, H OTl 

OT Hero TeM, 'ITO A8eT MeHbWee 'IHCJIO IIOnpaBO'IHbiX 'IJieHOB B K8~ 

Ke no g o 3aMeTHM, OAH8KO, 'ITO BbJCWHe IIOnpaBO'IHbJe 'IJieHbl B KC 

HOM pa3JIOlKeHHH HMeiOT, Ha HaW B3I'JISJA, 6onee npoCTOft reoMeTpH'leC 

(eM, (2,7}), 'ITO o6nei''l8eT B HeKOTOpoA CTeneHH ei'O HCnOJib30B8HJ 

KaK 6hlno OTMe'leHo BbJWe, paccMOTpeHHbie npu6nuJKeRHSJ xopc 

cyweCTByeT napaMeTp, M8JIOCTH, CBSJ38HHbiH C neT .IleA, .MoJKeT cnyq 

'lTO B TeOpHH HMeeTC!I M8Jlb!H napaMeTp, CBSI38HHbiA C liHHHeft, Toe 

wHA npH sapbHposaRHH lj>yHKUHoaana rr [ v 1, TorAa B03MOJKHo npos 

JIOlKeHHe IIO 'lHCJIY JIHHHH, COeAHHliiOWHX p83Rble IIeTJIH, npeACT8BJIS 

Ae 

TT ( V ) I a Tf ;£ 
71

1 e -I fTf(~> v(~> d~ 

H nOACT8BJl!I!I (2,10) B COOTHOWeHHe (2,3), IIOnyqaeM 

enl£v1=1 + f-+ fll I BTf
1

ii£N
1

1 I 
n=l n. J=l 

X 

n n 

-ifv( .I Tf ) -
2
1 

fD (.I 71 2
1

) -iEfD (.I Tf Tf ) 
X e j:l J }=;1 e I<J I J 

I'Ae 'IJieH8M C pa3Hb!MH Tf npHnHC8H napaMeTp M8JIOCTH l , npH'li 

= ll l [ V ) npH l = 1 0 . 

7 



iOHana TT [v ]' T8KOB8 1 'ITO 

, B aToM cny'lae cymecrsyeT 

~eM KOppeliRUHOHHOA H co-

' pru:ta 

Tellb; npH'J{lM B U n 

n neTliSIMHo 

(2.6) 

JlaeT 

~Hoe BbipalKeHHe JlliSI cWHKUHo

ISI ni06biX n 2;, 2 BbinOliHS!eT-

(2.8) 

j 

I 
l 
I 
I , 

B aTOM cny'Jae npH pa3nolKeHHH e H B prot no CTeneHSIM g y'J{lT liHillb lit 

llSeT HSM I'liSBHble 'JlleHbl B KSlKilOM nopru:tKe, llOY'J{lT II 2 -nonpaBKH K HHM 

H T,Jl, 

C KOppenRUHOHHOA npoue11ypoA TeCHO CBSI38HO pa3liOlKeHHe BHil8 

-- - oo n 
!ITT !ITT[ J .,.. g 

e =e + ... - 1-n~ n. 
(TT-rrJ"1. (2.9) 

TaKoe pa3liOlKeHHe ecTpe'lanocb B pa6oTax1 4•5 /. 0Ho HMeeT B o6meM TY lKe 

o6naCTb UpHMeHHMOCTH 1 'ITO H KOppeliRUHOHHOO UpH6n!:IlKeHHe 1 H OTliH'JaeTCSI 

OT Hero TeM1 'ITO llSeT MeHbwee 'IHC_liO nonpaBO'JHbiX 'JlleHOB B K8lKilOM nopru:t

Ke no g • 3aMeTHM 1 OllH8K01 'ITO BbiCWHe nonpaBO'IHbie 'llleHbl B KOppeliSIUHOH

HOM pa3liOlKeHHH HMeiOT1 Ha HaW B3I'llru:t1 6onee npOCTOA reoMeTpH'IeCKHA CMb!Cll 

(eM, (2,7)), 'ITO o6ner'JaeT B HeKOTOpolt CTeneHH ero HCUOllb30B8HHe,-

KaK 6blll0 OTM9'19HO BbiW9 1 paCCMOTpeHHbie npH6liHlK9HHSI XOpOWH 1 KOI'Ila 

cymeCTByeT napaMeTp M8li0CT~ 1 CBSI38HHbiA C neTnelt, .MolKeT Cny'IHT_bCSI H T8K1 

'ITO B TeOpHH HMeeTCSI MSllbiA napaMeTp1 CBSI38HHbiA C ·nHHHeA1 T,e, ao3HHK8¥>

WHA npu sapbuposaHHH cj>yHKUHOHana TT [ v 1, Tor11a B03MOlKHO nposeCTH pa3-

nolKeHue no 'IHCny liHHHA1 COellHHSIIOillHX pa3Hbie neTliH, npellCTSBliSISI TT B BH-

119 

TT [v 1 (2,10) 

H UOilCT8BliSISI (2,10) B COOTHOW9HH9 (2,3), nony'JaeM 

(2.11) 

r11e 'lneHaM c pa3HbiMH Tf npunucaa napaMeTp ManocTH € , npu'l(lM II [v 1 = 

= II ( [ v 1 npu ( = 1 • 

7 



!l>yHKUHOHan fi E [ V ) Hlll9M B BHAe 

00 

n£ = l: £ n nn+l • 
n=O 

(2,12) 

OrpaHH'IHBasrcb nuwb HeCKOnbKHMH nepBbiMH qneHaMH pSIAa (2,12), Mbi npuxo-

AHM K npu6nHlK9HHIO, KOTOpOe H830B~M "Tf i Tf j -npu6nHK9HHeM", 

Bhi'IHcneausr npuaoAsrT K cneAyiO!IlHM BbipalKeHHSIM Ami nepsbiX qneHos: 

nt g;:; ® 
n = ..iJ3. I D ( 8;; J2 ... 

2 2 81i ~ 
g2 82i7 1..2.. 82;:; 

ll3= 2i f D13 Du + 
8v1 8 v 2 2i 8113 8~~.t 

+ g 8i7 

8 .,;3 
8i7 

8114 1 ... ~+~ 

rAe UHtjlpbl 03H8'18IOT nopSIAOK CBepTKH, T,e, 

H T.A, 

82;; 
D ~-

J D13 248v 8v2 
1 

82;; 
J ael ae2 ae3 ae4 • 

.ov
3 

8v
4 

82i7 82; 
D ( et, e3) D (e 2, e4) 8v(et)8v(e2J ov(e3)8v(e4J 

(2,13) 

TaKHM o6paaoM, Mhi AellcTBHTenbHO nonyqunu paanolKeHue no qucny nu

HHll, COeAHHSI!OIIlHX p83Hble neTnH, T 8K KBK Mbl HMeeM Aeno CO. CBSI3HbiMH 

rpatiJaMH, 'IHCna TBKHX nHHHll k If neTenb n CBSI38Hbl HepaBeHCTBOM 

8 

~ 
1\ 

f 

k > n -1 • 

3TO BeAeT K .TOMY1 'ITO CYMM8 nepBbiX n qneHOB Tf I Tf J -npu6nHlK€ 

lKHTCSI B 8H8nOrH'IHOli: CyMMe KOppenSIUHOHHoro npu6nHlK9HHSI1 T,e, 06 

MeHHMOCTH nepsoro H3 HHX He lllHpe, qeM BTOpOrO, npaMeHeHHe ero 

KO, MOlKeT Cy!lleCTBeHHO ynpOCTHTb BbiKnBAKH, T8K KBK npH 3TOM He~ 

AHMOCTH HMeTb Aeno C CyMMOll 

®--® + ~+· ··-+~+· .. 
0TM9THM T8KlKe, 'ITO nepBbie qneHbl BO BCeX paCCMOTpeHHbiX n: 

HHSIX COBU8A8IOT1 8 paanH'IHSI UOSIBnSIIOTCSI nHWb npH Bbi'IHCneHHH UOUJ 

3TO o6CTOSITenbCTBO SIBnSieTCSI O~palKeHHeM TOrO tP8KT8• 'ITO paCCMO~ 

M9TOAbl B npHMeHeHHH K Bbi'IHCneHHIO BbiCOKOSHepreTH'IeCKOll BMnnHT: 

CeSIHHSI npeACTBBnSIIOT paami'IHbie B8pH8HTbi npH6nHlKeHHSI npSIMOnHHeil 

Tel!/6/, 

§3, nonpaBKH K Sl!KOHBnbHOl! tjlOpMYne 

PaCCMOTpHM npHMeHeHHe p83BHTbiX Bbi!Ile MeTOAOB AnSI KOHKpeT 

Mepa aMnnHTyAbl pacceSIHHSI ·ABYX CKanSipHbiX HyKnOHOB B MOAenH 4nl 

KOTOpaSI B npeHe6pelKeHHH paAHSUHOHHbiMH nonpaBKBMH H BKnaABMH n 

BBKyyMa npeACT8BHM8 B BHAe/5/ 

ig2 -lx(p1-q1) 1 
l(qt,q2;p1,p2)=-- JdxD(x) e ra>.. X 

(217 )4 d 

xS>..(x;q1,q2; p1,p2) +(ql-> q2), 

rAe 

S>..=f[8v ]
00

[8v ]
00

exp{ig2>.. jae jar D [-x +2e a1(eJ-
1 -oo 2 -oo -oo -oo 

9 



(2.12) 

ll!lla (2.12), Mbi npHxo-

1 An.H nepBbiX 'Ineuoa: 

+ (2.13) 

lnOlKOHHO no 'IHCny nH

AOnO co' CBli3HblMH 

I HepaBeHCTBOM 

k > n - 1 • (2.14) 

3TO BOAOT K TOMy0 'ITO CYMMa nepBblX n 'InoHOB TJ i TJ J -npHonHlKOHHll COj]Op

lKHTCl! B auanOI"'H'IHOli CYMMO KOppenl!UHOHHOI"'O npHonHlKOHIIllo T,e, OonaCTb npH

MOHHMOCTH nepBOI"'O H3 HHX He WHpe, 'IOM BTOpOI"'Oe npHMOHOHHO 01"'00 OllHa-

K00 MOlKOT cymecTBOHHO ynpOCTHTb BbiKnaAKH, TaK K8K npH 9TOM HOT HOOoXo

AHMOCTH HMOTb Aeno C CyMMOfi 

0TMOTHM T8KlK0 0 'ITO nepBbiO 'InOHhl BO BCOX p8CCMOTpOHHblX npHonHlKO-

HH.IIX C0Bll8Aa!OT0 8 paanH'IH.II llOl!Bnl!IOTC.II nHWb npH Bbi'IHCneHHH nonpaBOK, 

3TO OOCTO.IITOnbCTBO HBn.HeTC.II OTp8lKOHHOM TOI"'O ljlaKTa, 'ITO paCCMOTpeHHbiO 

MOTOAhl B npHMOHOHHH K Bbi'IHCneHHIO BbiCOK09Hepr'eTH'IOCKOfi 8MllnHTYAbl pac

COl!HHll npeACTBBn.IIIOT paanH'IHblO B8PH8HTbl npHonHlKOHH.II np.HMOnHHOliHblX ny

Tefi/6/, 

§3, nonpaBKH K 9fiKOH8nbHOfi ljJOpMyne 

PaCCMOTpHM npHMOHOHHO p83BHTblX Bb!We MOTOAOB An.H KOHKpeTHOI"'O npH

Mepa aMnnHTYAbl pacce.HHH.II 'llBYX CK8n.HpHb!X ayKnOHOB B MOAOnH l..Jnt"'g :rp 2 rp':, 
KOTOp8.11 B npeueopelKOHHH paAHaUHOHHhlMH nonpaBKaMH H BKnaAaMH nonl!pH3aUHH 

BaKyyMa npeACT8BHM8 B BHAe/5/ 

(3.1) 

S,=f[8v ]
00

[8v ] 00 explig2.\jd~jdrD[-x+2~a1 (~)-l\ 1 -oo 2 -oo -oo -oo 



" 0 0 d ( 2, 
-2ra2(r) -2 ~dTf "/Tf) +2I dTf "2 (Tf)]l =e f[Bv ]oo[Bv ] .. e ;gMT (3.2) 

-. -r " z ...... 2 ...... 

8 1,2 ce) Pz,20 (~) +qz.20(-~J • (3o3) 

EyAeM ncKaTb acnMnTOTHKY !J!yaKunoaanbHoro HHTerpana SA npn 6onbWHX 

aaeprnmc s=(p 1+p 2i n !J!nKcnpoBaHHhrX nepeAa~ax nMnynbca t=(p1 - q 1 )
2 

npoBeAeHHble Bbl~HCneHHSI noKa3biBaJOT1 ~TO B 9TOM cny~ae C neTnSIMH CBSI3aH 

napaMeTp 1 I s , a c nnHHSIMH - 1 I ys x/, TaK ~To 6naroAapSI cooTaowe

llHJO (2o14) B n -HOM nopSIAKe no g 2 AnSI BenH~HHhr SA npa ¢HKCHpoBaH

HOM x f. 0 rnaBHbrA ~neH 6yAeT HMeTb acnMnTOTHKY 1 I s" , a cneAyrowaSI 

nonpaBKa 1 I s" Vs o TaKHM o6pa30M1 ecna Mbi XOT!fM Bhi'IHCnHTb nnwb 

ABa nepBb!X aCHMnTOTH'I9CKHX ~neHa B KBlKAOM nopSIAKe no g 2 1 YA06HO . 
npHM9HHTb Tf i Tfj -npa6nHlK9HH9 1 0606WeHHOe AnSI ABYX !J!yHKUHOH8nbHbiX nepe-

M9HHblX Vz H V 2 1 npH'I~M AOCTSTO'IHO HCnonb30B8Tb npn6nHlK9HHe 

II2 e =1 +Il.zr ••• - no Tnny pa3nolKeHHSI (2o9). HTaK, npn6nnlKeHHaSI !J!opM)'na 

AnSI _ S A HMeeT BHA: 

2' - • \ 2 ,.4 B ; 2 ] 
S - elg 1\IT [1+ 11\ 6 Id1J ~ (---) V=O 

A - 4 i=1,2 B v
1 

(Tf) 
(3o4) 

HcxOASI H3 !J!opM)'nbi (3.2) Ami SA , Mbi nonyqaeM cneAyrowee BbrpalKeHae 

AnSI IT 

iT I = _1_ I d4k D(k) e-lkxioodl: dr e2 lk[~a (~)-ra (r)] 
V=0 (27T )4 !. 1 2 X 

x/ " 
HanoMHHM, ~TO peqb HAeT o neTnmc n nnHHSIX, onpeAenSieMbiX npaBH-

naMH (2o5)o 

10 

(277 ) 4 s 

1 Id4k D(k) e-lkx j d~ dr X 
lk-ll~l +lrl] 

e 

2ik[e a,(~) -r ~] 
e Vs Vs 

• k2 
e 1 yB [lel+lrl] 

B !J!opM)'ne (3.5) Mbl CAenann 3aMeey nepeMeHHblX ~ , r ... ? 
Aaanorn~Ho nony~aeM 

rAe 

iA2 g 4 

4 
IdTf [( BiT )2+( BiT )2] I 

B Vz (Tf) B v2 (Tf ) V=O 

i A2 g4 

(277 )8 8 2 

Id4k
1

d 4k
2

D(k
1

) D(k
2

) e-lx(~+k2) (kzk2 

I d~zdrz dl: d 2ikz[~z az(~J..! -r ~ 
-oo !.2r2 e ys ZVs 

k2 
+ ~ [l~zl+l: 

.2 
8 1 (~2) 8 2(r2) k2 [ 

e 21k2[~2 Vs -r2 Vs ] +I Vs ~~21 +lr21 x 

1 x-=- [ <ll (~z, ~2) + <ll (rz, '2 J l vs 

<ll ce1 ,~2 J =0(~1 ~ 2 )[1~1 1 ~Cl~2 1-le 1 1J+I~2 IOCI~1 1 

HaAAeM Tenepb acnMnTOTHKY BblpalKeHHA (3o5) H (3o6) npn s ... • 

BBHHOM t o 8blpalKeHHe (3o5) HaAO npH 9TOM. Bbl'IHCnHTb C TO'IH< 

qneHOB 0 ( 1 I a2), a cs;e) - c TO'IHOCTbJO o"(l I "S
3

) 0 .LlnSI 9TOro 

11 



(3,3) 

~pana -S ,\ npn 6onbWHX 

HMUynbCa t= (pt- q t ) 2 
, 

1 cnyqae C neTnliMH CBl!3aH 

ro 6naroaapll cooTaowe

bi S ,\ npH 4JHKCHpOBSH-

KY 1 I · s" , a cneayiOWall 

f'OTlfM Bbl'IHCnHTb nHWb 

tl!J:IKe no g 2 , yao6ao 

aayx WHKUHoaanbHbiX nepe

,aoaaTb npn6nn>KeHne 

npn6nn>KeHHall ~opMyna 

(3.4) 

aM cneay10wee BbipalKeime 

HliX, onpeaenl!eMbiX npaan-

1 

2ik[~a,ceJ -r~] 
e Vs Vs 

B 4JopMyne (3,5) Mbl caenann aaMeHy nepeMeHHbiX e . r .. 

e 

a2(r2) ] 
-r2- + y; 

X 

X 

(3,5) 

HaltJ:teM Tenepb aCHMUTOTHKY BbipalKeHHlt (3,5) H (3,6) npH S .. oo H. ~HKCHpo

BaHHOM t , Bbipa>KeHne (3,5) aaao npn aToM. Bbi'IHCnHTb c TO'IHOCTbiO J:IO 

qneaoa 0 ( 1 I tl), a (3,6) - c TO'IHOCTbiO 0(1 l·s3 ). Llnll aToro nepelt):leM 

11 



p 
,l 

II ,, 
ll 

li 
p 
i! ,, 
li 

ii 
' 

:1 

B CHCTeMy- llSHTpa MaCC H HanpaBHM OCb Z 

'laCTH!l. Tort:~a 

BJ:IOllb HMUyllbCOB HaneTaiOI!lHX 

p 
1,2 

v-;- v s- 4m2 
= I --, o, o, ± I , 

2 2 

q = 1h, ±l.Lv 1 + 1,2 2 
+ys-4m2 (1+ 2t )1, (3,8) 
- 2 s - 4m 2 

... 2 t 
~.L. =-

H, UOJ:ICTaBnHH (3,8) B (3,3), nony'laeM npH s-+ ooH 4JHKCHpOBaHHOM t 

8 t reJ 

vs 

8 2 re) 

Vs 

1 

- 2 

1 

n+ + 

:=. -n 
2 

+ 
n- = (1,0,0, -;~;.1) • 

~.! 1 o r -e J + o r- J , 
Ys s 

...rs - (3,9) 

K.1 
o r -e J + or ....L J, 

s 

Hcnollb3YH (3.9), · nony'laeM acHMUTOTH'IeCKHe BhlpalKeHHH t:~nH (3,5) H (3.6). 

HMeHHO, 

iT 
1 

(277 )4 s 

4 00 /: 
I d k D(k) e-ikx I ae dr ei<,(ko-kz)-Ir(ko+kz) X 

k~K1 ik2 1 
x l1-2i--=-[eor-eJ +r8(-4"J] +-- [ 1e1 +lrl l 1 + o r-J -

Vs ..fS s2 

1 d2kt ... ... ·ii' ::; ---- f eiklxl lL1L . 
8772 s 11 + p.2 + sV s 8772 [ (xo+"z) (J ( -xo-"z) + 

12 

..... 
-to ik X 

+ (xz-x 0 ) 8(x0-xz)] fd2kL e .L. .L. 
k.! 

Il2 + p.2 
.L. 

+ 

16"2 s v-; 
[I "o + "z I +I "o-"z I l f d2 k3_ eikJ..xJ. kf: __ . 

i"'t + p.2 

+ • 

1 . ... ~.L.".L. . 
= - - K o ( P. I x .L. 1J -~ ... [ ( "o + "z ) 8 ( -xo - "z ) 

41TS 477 sv s I ".L. I 

+ (xz-x0 )8 (x 0-xz) K 1 (p. lx.L.I)-
ip. 2 
. - [I 

877 sys "o+ "z I + 

+lx 0 -xzl] K 0 (p. li.L.IJ +0(..!._) 
s2 

2 4 
i>..g 

4 

- a; 
877 y2 + (--

I a.,., [ ( Bv (.,., J 8v2 (TJ J 
1 

/ l I -::. 
V=O 

.;>,2 g4 
(277)8s2vs Id4k1 d4k2D(k1) D(k2) e-ix(k1+k2)(k1k2) X 

X t de dr d~ dr e ielk10-k1z>-Ir (k10+ k1z> 
-oo 1 1 2 2· X 

1e2(k20-k2~)-Ir2(k2o+ k2z J 
e [ ~ ( e 

1 
t e

2 
) + ~~~ ( r 

1 
f r 

2
) ] + 0 I 

;>..2 g4 ,_2 
[ I "o + "z I + I "o-X z I ] K~ ( p. I r.L.IJ + 0(· 

32~s2vs 
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[tOnb HMllYnbCOB HaneTS!OWHX 

m2 (1+ 2t ) I • (3,8) 
s - 4m 2 

00' H qllfKCHpOBSHHOM t 

1 
(-), 

s 

+- ), 
s - (3,9) 

ipalKeHHR llnR ( 3,5) H ( 3,6)' 

;1 +lrlll + 0 (-
1
-) :: 

s2 

kJ. 
----- + 
rtz + 1'2 
l 

... ... 

2 

' ( I;, I ) - ill [ I xo + X z I + + (x -x ){} (x 0 -x) K 1 ll .. -'-
z 0 z 81T s v s 

2 4 
i>.g 
4 

[( 0; 2 °; 
I dTJ ) + ( ov

2 
(TJ) ovl ( TJ) 

1e2(k2o-kz~)-Ir2(kzo+ k2z) 
e 

i>.? g4 1'2 
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! 

I 
II 

B cjJopMYnax (3,10), (3.11) Mbi C'IHTaeM I ;.L I /. 0 , 'ITO o6ecne'IHno !ISM 

CXOilHMOCTb acex HJITerpanoa. <l>yJIKUHH K 0° II K 1 smnsiiOTCSI cjJyHKUHSIMH MaK

.lloJISilbllS JIYfiOBOI'O H nepBOI'O llOPSIIlKS H onpensriOTCSI BblpS>KeHIISIMII 

...... 
K

0
(pl;liJ 

1 l k X 
=- f d2 k e L L • K ( ,... I a Ko ( IL I1.L I ) 

2rr l -+2 2 ' 1 IL x.L J = - -----
kl +P ar" 11 1 J l 

Tenepb nollcTaansreM (3,10) 11 (3.11) a (3.4) H nonyqaeM HCKOMYIO cjJop

MYny llfiSI SA 

SA - e 

2 ... 
ill A K (pix, I> 

---0 ... l1-4rrs ig2 AIL 

4rr sys 

1':1~ ;L 
I ; .L I 

X 

x[(x0 u)8(-x
0
-xz)+(xz-x

0
) 8 (x

0
-xz)] fS. (p 11L1) + 

+ 
g2 Ap2 

8rr s,fS 
[lxo+xzl +I xo-xzl] Ko(IL lill)-

ig4A2/L2 

32rr2 s 2 vs 
2 

[ I xo + xz I + I xo -xz I ] K1 (p I ;.L I J 1 • 

(3,12) 

B Bb!pS>KOIIIIH (3,12) MIIO>KIITenb nepell cjJHI'ypHOll CK06Koll COOTBOTCTByeT 

9il:KOHSfibHOMY llOBellOHHIO SMllfill'i'yllbl paCCOSIHIIS11 a 'lfiOHbl B CK06Ke onpeAe

fiSIIOT IlonpSBKH OTHOCHTefibHOli: BOfiH'IIIHbl 1 /ys, HHTepeCHO OTMeTHTb nosra-

fiOIIIIO B nonpaBO'IHbiX 'lfieHSX 3SBI!CI!MOCTH OT X z H .x 0 1 T,e, B03HHKHQ-

BeHHe TSK HS3biBSeMbiX acjJcjleKTOB 3SllS31lbiBSHHSI, 

llpOBOASI SHSfiOI'H'IHbie Bbi'II!CfieHI!SI1 MOlKHO y60ili!TbCSI1 'ITO BCe nocne

llYIOilllle 'lneHbl llOCTSTO'IHO 6biCTpO y6b!BSIOT no CpSBHeHIIIO C BbiniiCSHHbiMH, 

0AHSKO CTOIIT llOil'IOpKJIYTb1 'ITO 9TO OTH!Oilb He 03HS'ISeT AOKS3STenbCTBS 

CllpSBOilfiiiBOCTII B O'lep'IOHHbiX paMKSX 9Ji:KOHSilbHOI'O npeAC,TSBfiOHIISI llfiSI SM

llfiiiTYilbl paccesrHHsr, .lleno B TOM, 'ITO KOacjJcjJHUIIeHTHble cjJyHKUIIH a aCHMnro-

TH'IOCKOM pa3no>KeHHH, BbipaJKaiO!llHecsr qepe3 cjJyHKUIIH MaK-.llouanbAB 

I'YfiSipHbi Ha MSfibiX pSCCTOHHHSIX1 npH'I~.M 9TS CHHI'YfiSipHOCTb YCIIfiiiBI 

Mepe POCTS CKOpOCTII y6biBSHIIH COOTBeTCTByiO!llei'O 'lfieHa llpll 60ilbW 

·CneAOBSTefibH01 IIHTerpHpOBSHIIe aenH'IIIHbl SA B COOTBeTCTBIIII C cj!, 

(3,1) npH HSXOlKAOHIIH SMllfiiiTYAbl paCCOHHHH MOlKOT llpHBeCTII1 B006I 

Plio K llOHBfiOHIIIO 'lfi0HOB1 HapyWS!OillHX B BbiCWIIX llOPSIIlKSX llO . g 2 : 

Hblll PSIIlo Ha B03MO>KHOCTb llOHBfiOHIIH TSKIIX 9KCTpS'IfieHOB B OTAellbf 

3 
PSIIlKSX TeOpHH B03My!lleHHli: B MOAensrx TllllS cp 6binO YKS3SHO B PI 

Tax/11,12/, 

0TMeTHM B 9TOH CBH3H 1 'ITO B paMKSX KB83HllOTeHUIISilbHOI'O nc 

B KBSHTOBOll TeopHII llOfill HMeeTCH CTpOI'Oe 060CHOB8HHe Sli:KOHSfibHOI 

CTSBneHHSI Ha OCHOBe npennonolKeHHH 0 I'fiSilKOCTH fiOKSilbHOI'O KBS311I 

UHana, 

B paCCMSTpHBSeMOM HSMH llpHMepe Mbl HMeeM Aeno C CIIHI'yfiHI 

HMOAeli:CTBHeM, npHBOillllllHM B npeHe6pelKeHHH P81lHSUHOHHbiMH a!flcjJeKT 

KB83HllOTeHUH8ny THll8 J0K8Bbl 1 Tpe6yiO!lleMY OC06oll: OCTOpOlKHOCTH, 

Mbl HSAeeMCH, 'ITO p83BHTbie B pa6oTe MeTOAbl MOI'YT OKS38TbC 

HbiMH npH paCCMOTpeHIIH Kpyra BOllpOCOB1 CBH3SHHbiX C npo6neMoli: AO 

TellbCTBS 9li:KOH8fibHOI'O npeACTSBfiOHHH B MOAOfillX TeOpHH nonsr, 3Ta 

OAH8K01 BbiXOAHT 38 _PSMKH Hi:ICTOHillell: CTSTbH, 

AaTopbi BbipaJKaiOT rny6oKyiO npH3HaTenbJIOCTb H.H. Boron106oay 

XHHUeay, M.K. nonHBSHOBy, A.H. TaaxenHA3e 38 CTIIMYnllpyiOillHe 3SMt 

B.M. Bap6awoay, M.K. BonKoay, C.B. ronOCKOKOBy, A.B. EcjJpeMoay, E 

cTepeaKo, H.T. ToAopoay 3a none3Hbie o6cyJKAOHHH, 

nHTepaTypa 

I. R.P.Feynman. Rev.Mod.Phys., 20, 376 (1947). 
2. H.H. Boron106oa, llAH CCCP, ill!, 225 (1954). 

3. E.c. <l>paAKHH, TpyAbi <I>HAH, ~ 7 (i965). 

4. B.M. Bap6awoa. )I(ST<I>, ~ 607' (1965). 

5. B.M. Bap6amoa, c.n. Kynewoa, B.A. MaTaeea, A.H. CHCSKHH. TM«<l 
342 (1970), 

6. B.M.Barbashov, S.P.Kuleshov, V.A.Hatveev, V.N.Perv 

shin, A.N.Sissakian, A.N.Tavkhelidze. Phys.Lett., 

484 (1970) • 



0 , 'ITO · o5ecne•mno HaM· 

K 1 . siBm!IOTCH ljlyHKUHHMH MaK

IIOTCH BbipalKeHHliMH 

,4) li nony'laeM HCKOMYIO ljlop-

X 

(3,12) 

·ypaoli CKOoKoli cooTaeTcTayeT 

a' qneHbi B CKOOKe onpene

HHTepeCHO OTMeTHTb llOHB-· 

·z x 0 t T,e, B03HHKIIQ-

yoenHTbCH, 'ITO ace nocne

cpaaaeHHIO C , BblllHCSHHb!MH, 

oaHa'laeT noKaaaTenbcTaa 

IOI'O npenc·TaaneHHll JJ.nll aM

HTHbie ljlyi!KUHH B aCHMllTO-

TH'IeCKOM paanolKeHHH, BbipalKaiOWHeCH 'lepea ljlyHKUHH MaK-Lloaanbna, CHH

rynHpHbi Ha MSnbiX paCCTOliHIIHX0 llpH'IIlM STS CHHI'ynHpi!OCTb ycHnHB89TCll UO 

Mepe pocTa CKopocTH yobiBaHHH cooTaeTcTayiOwero 'lneaa npH f5onbWHX s • 

CneaoaaTenbHO, HHTerpHpoaaHHe aenH'IHHhl SA a cooTaeTCTBHH c ljlopMynoA 

(3,1) npH HaXOlK/leHHH aMnnHTYJJ.bi pacceHHHll MOlK9T npHB9CTH 0 BOOOWe I'OBo

pll, K llOHBneHHIO 'lneHOB, HapywaiOWHX B BbiCWHX nopHJJ.KaX no g 2 SliKOHanb

Hblli PM· Ha aoaMOlKHOCTb noHaneHHH TaKHX SKCTpaqneaoa a oTaenbHbiX no-
3 

PMKaX TeOpllll B03MYW9HIIli B MOAenHX THna tP ObinO YK838HO B paoo-

Tax/11,12/, 

0TM9THM B STOll CBH311 0 'ITO B p8MK8X KB83HllOTeHUHanbi!OI'O llOJJ.XOAa 

B KB8HTOBOli TeOpHII nonH HMeeTCll CTpOI'Oe OOOCHOBSHHe SliKOHSnbHOI'O npen-

CTaBneHHll Ha OCHOBe npeanonOlK9HHll 0 rnaJJ.KOCTH noKanbHOI'O KB83HllOTeH-

u11ana, 

B paCCMaTpHaaeMOM HSMH npHMepe Mbl HMeeM JJ.eno C CHHI'ynHpHbiM B38-

HMOJJ.eliCTBHeM, npHBOllliWHM B npeHeopelK9HHH paJJ.HSUHOHHblMH aljlljleKTaMH K 

KB83HllOTeHUHany THna lOKaBbi, Tpe5yiOW9MY OCOOOli OCTOpOlKHOCTH, 

Mbl HSIJ.99MCH0 'ITO p83BHTbl9 B paooTe MeTOJJ.bl MOI'yT OK838TbCH nonea

HbiMII npa paccMorpeHHH Kpyra aonpocoa, CBH3aHHbiX c npooneMoli JJ.OKa3a

renbcraa aliKOHanbHoro npeacraaneHHH a MoaenHx reopHH nonH. 3Ta aaaa'la, 

OJJ.H8K00 BbiXOJJ.HT 38 paMKH HSCTOHWeli CTSTbH, 

Aaropbi BbipalKaiOT rnyooKyiO npH3HarenbHOCTb H ,H, Eoron106oay, Ll.H .Eno· 

XHHUeay, M.K. nonHBaHoay, A.H. TaaxenHJJ.3e 38 CTHMYnHpyiOWHe 3aMe'ISHHH, 

E.M. Eapoawoay, M.K. BonKoay, C,B, ronocKoKoay, A.B. EljlpeMoay, B,B,He

CTepeHKo, H.T, Toaopoay 3a none3Hbie oocyJKneHHH. 
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· Y CJIOBHJI 06MeHa 

flpenpHHTbi H coo6meHHsr OHHH paccbmaiOTcsr 6ecnnaTHo, Ha 
HMHOrO o6MeHa,yHHBepCHTeTaM1 HHCTHTyTaM, na6opaTOpHSIM1 f 
HBY'IHblM rpynnaM H OT.IlenbHbiM yqeHbiM 6onee 50 C'I_'pBH. 

flonyqaTensrM H3.1laHHii: OHHH npe.llocTaBnsreTcsr B03MO}KHOCTl: 

SIBHTb HHHUHBTHBY B 6ecnnaTHOii: nOCbinKe ny6nHKBUHii: B lly6H) 

o6MeHa npHHHMaiOTCSI HBY'IHbie KHHrH 1 )KypHBnbi1 npenpHHTbl ll 
ny6nHKBUHH no TeMBTHKe 011.Hl1. ~ 

E.llHHCTBeHHbiii: BH.Il ny6nHKBUHii:1 KOTOpbiii: HaM npHCbtnaTb 

9TO penpHHTbl l OTTHCKH CTaTeii: 1 y}Ke ony6nHKOB8HHbiX B Hay'l:Hbl 

H pSI.Ile cnyqaeB. Mbl CaMH o6pamaeMCSI K Hay'IHbiM yqpe}KilE 
.6onee KpynHhlM nony'laTensrM HaWHX H3.1laHHfi - c npocb6ofi 6ec 
cnaTb HaM KaKHe-nH60 KHHrH HnH BbiUHCBTb .llnSI HaWeii: 6H6nH01 

. }KypHanbi, H3.1laiO.mHecsr B Hx cTpaHax. 

0 TA8JibHiie 3anpOCii 

l131laTenbCKHii: OT.Ilen e}KerOilHO BbiUOnHSieT OKOnO 3000 OTileJ 
COB HB BbiCbinKY H3.1lBHHii: OHHH. B TBKHX 3anpocax cnenyeT. 

YKB3biBBTb HH.IleKC 3anpaWHBaeMoro H3.1l8HHSI. 

A.npeca 

fiHCbMa no BCeM BOnpocaM o6MeHa ny6nHKaUHSIMH 1 a TaK}KE 

OT.IlenhHhle H3.1laHHSI cne.llyeT HanpaansrTb no B.llpecy: 

MocKBa, 

FnaBHbrit IIO"<ITBMT, niH 79. 
• ff.saaTeni.cKHit oTaen 

06betiHHeHHoro HHCTHTYTB 

HtiepHbiX HCCIIetiOBBHHit. 

A.llpec .llnsr nocbmKH acex ny6nHKaUHii: B nopsr.llKe o6MeHa, 

6ecnnaTHOii: DO.IlnHCKH Ha HBY'IHbie )KypHanbi: 

MocKBa, 

FnaBHbrit IIO"<ITBMT, niH 79. 
Hayqno-TexHH"<IecKaH 6H6nHoTeKa 

06betiHHeHHOro HHCTHTYTB 

HtiepHbiX HCCIIetiOBBHHif. 


