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Definitions. Problem statement We consider a quantum field model with a polynomial action
functional

S(p) = So(w) + Si(p)

The generating functional of Green’s functions is used to describe quantum physics

G(j) = C/eis(‘”)”“’Dso, = /exp(iSo(sa)+j<p)Dso

Full Green’s functions are the following

k
Gi(z1,..xx) = c/eis(@sﬁ(fl) - p(xk) Dy = M

Generating functional of connected Green’s function:
W(j) = InG(j) = Connected part of G(j)
We will calculate the full connected Green’s functions

5k

Wl ) = 5y i)

W)

Jj=0

in the Euclidean massless field theory at a critical point in a space of dimension d.



Functional Legendre transformations Let us consider the functional

G(A) :/exp{z Zf }D(p, with AjeF :/~-~/Ak(ac1,...,xk)go(m1)-~-gp(mk)dx1--~d:rk

k=1

from a set of potentials A = {4y, ..., A, }. It satisfies the Schwinger equations

) 1 6k - B
—G(A) = =——G(A), 1 < A A A) =

k=2

By substituting G(A) = exp W A we obtain the Schwinger equations for W (A):

SW(A) 1 _wy 9" w ~ , OW(4)
= — _— 1<k< A A
A, RS part s hEEm AT k; KA

)

Fennman rules.
W(A) = %TT In A+ W'(A)

where W’ (A) is the sum of all connected diagrams with vertices Ay, n < k # 2 and lines A = —A;*.



Legendre transform of order m < n of functional W (A)

™ (a, A) = W(A) — Z/ak(xl, oy TR) A (21, oo, g )day . dg,
k=1

whose arguments are a set of functions a = (a1, ..., ) and potentials

= (Am+17”'

,Ap). It is assumed

that the potentials Ay, ..., A,, are expressed in terms of the arguments (a, A) so that the relations

B oW (A) .
ay = A, k=1,..,m.
Hence,
(m) A
w:—Ak7 k:l’...,m7
5ak

and the functional

™ (a, A) =T (a, A) + Z/ak(:pl, vy Zp) A (21, oy g )day - - - dag,
k=1

can be considered as an efficient action for solving the problem of finding the Green’s functions aq, ..., @,

They are solutions to the system of stationarity equations

]

50%

—q)(m)(a,A) =0, k=1,..m

for the functional ®(™ (a, A). Substituting the found solutions of these equations into ®("™)(«, A), we obtain

the generating functional of the connected Green’s functions W (A).



To describe the diagrammatic representation of I'(%) (a, A) for k = 2, it is convenient to pass from ay, s
to the variables (51, B2, using the relations

ap =B, ag = %(52 + B7).

Then T(? (B, A) can be written as

L8, ) = STrinfy + T3, 4),

where the functional f@)(ﬁ , A) is the sum of the Feynman diagrams at the vertices 3; and As, ..., A,,, where
the lines 5 connect Ay vertices to each other, and ; vertices are attached to them directly. The (5, vertices
are not connected to each other by a line. All diagrams have the usual symmetry coefficients and are 2-
irreducible. A diagram is called 2-irreducible if it is connected and does not split into two non-trivial parts
if no more than two lines break in it. A vertex or a line is considered trivial.



Stationarity equations for the functional ®(*)(3, A) have the form

) - 6 = .
— (B, A)=A,+A —TI® =
5ﬁ1 (67 ) 1 + 261“‘ 551F (57‘4) Oa
) - 1 1 0 = _

(2) e (2) —
552(1) (8,4) 262 + 2A2 + 552F (8,A) =0,

and the last equation can be hung in the form of the Dyson-Schwinger
D' =A""-%,
where D = (3, is the full propagator, A = —A;' is the seed propagator, and ¥ = 26T (5, 4)/58, is

the self-mass operator. In the model, the last equation can be written in the form of the Dyson-Schwinger
equation.

1
Y= Asp + §A3ﬂ22143 +0'(43),
where O'(A3) is the sum of diagrams with three or more vertices A3 and the second equation has the form

1 1
AL+ AsB1 + 51435% + §A352 =0,



For I'®) (a, A) it is convenient to express the variables oy, as, a3 in terms of 3y, B2, f3
1 1
a; = f1, ag = 5(/32 +81), as = g(ﬂf + 38182 + B3 3)
Then I'®)(3, A) has the form
®) (8. 4) = & L 5. 338, + T3 (3. 4
r (/67‘4) = ETT lnﬁg - ?/8352B3 +I (55 A)a

and the lines of the diagrams T3 (8, A) are f35, the vertices are f35, Ay, ...A,. In T®3) (5, A) is the sum of all
3-irreducible diagrams with ordinary coefficients, containing only two vertices 3, included in I'®)(3, A) with
a minus sign.



Stationarity equations for the functional ®(*)(3, A) have the form

I 5@ 9 =@5 1y -
551‘1) (B,4) = Ay +A251+56 ' (3,A4)=0
I e ol I me
(552¢ (6714)_ 262 + A2+562F (ﬁ7 )

For the model with n = 3, in which the interaction action is determined by the potential As,
(8, A) = Asﬁl + A35251 +3 AsﬂSAa +0(43)

where O(A2) denotes the I'®) (3, A) contribution to I'®) (3, A) of all diagrams with three or more vertices
Aj and lines B5. In this case, the stationarity equations are written in the form

1 1
A+ A8 + 51435% + §A3ﬂ2 =0, Dl=A"1_ X,
where D = 5 is the full propagator, A = — A5 ! is the seed propagator, and ¥ is the self-mass operator.

_ 1
2 =207 (8,4)/68, = Asfh + 5 AsP3As + O'(A3).



Scale transformations and the theory of critical phenomena.
The element Sy of a continuous Abelian scaling group is given by number A > 0. For the o parameter, by
definition

Sha = ay = Ao

where the number A, is called the dimension of a. If A, # 0, then « is called a dimensional parameter, and
if A, = 0 is dimensionless. By definition, A in S is considered dimensionless.
For the function F(al,...,a")

S\F(al,...,a") = Fx(a!,...,a") = F(Sxa',... ,S\a") = F(a3,... ,ad).
That’s why
n n ) n n
Sx (H ozk> = H ok = \AS H o, A = ZAO"“’
k=1 k=1 k=1 k=1
Sx, (Sx,@) = AT Sy,a = AP AT a = (M Ao) 2 a = Sy,

Thus, the dimension of the product of the parameters is equal to the sum of their dimensions, and Sy, Sy, =
Sxaox, = S, S, - In addition, (S,\),\:l =1 and (S,\)_1 =S5)-1.



Functions F(a!,... a") for which
Syflal,..,a™) = f()\Aala17...,)\A“"a”) = )\Aff(al,...,a"),

are called generically homogeneous. They play an important role in the theory of critical phenomena. If in
(1) we put A = (a™)~/Ae" then we get

flat,...,a") = (ak):Tf’“f(al, cooya™mh),

where @/ = o/ /|a"|Pi, B; = Aj /A, .

We consider the interaction model g(¢?)? in the Euclidean space of dimension d.

For the coordinates z*, i = 1,...d of its point, we define the scaling transformation as follows z% = 2%/},
that is, A, = —1, and ) = 2/, A, = —1 for the vector x = {z',...,2"} . We assume that the action
is invariant under scaling g — A®s and replacing p(z) — A2¢p(Az). As a result, we get A, = d/2 — 1,
Ay =4—dand

G(Azy, ..., \z2p) = )\_Q"A*"G(xl, wery Top)



Green’s functions with the contribution of a composite operator .
Let us denote

. "1
g(A7B7)‘) = /6_5 (A7B7A7§D)D90 = /eXp {Z k! (Ak: + )\Bk) } )

k=1

G(A,V) = / V(p)e A9 Dy = / (Z ;.Bjsoj) exp {Z ,i.Aksok} Do,
. 2.

§EG(A, V)
gk(A7 Va Ty, '-'>xk) 6A1(I1 Al xk /V S(A,SD)SD(:El) e QD(ZC}C)D(,D,

W(A, B,A) =InG(A, B,)\) = In < / o “*Bv**”)Dso) , WA, V) = %W(A,B, A)]H.

It follows that W(A, V) is the sum of connected Feynman graphs,
0
A = _—_—G(A,B =W(A A
G(A,V) = 51G(A BN =W(AVIG(A),

u W(A,V) = ceasunas gacts G(A, V).
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For large n we get the following result

n n? n n2 2 n

where

42— ©)sin(xET(d —2) _ 2(2 — &) sin(m&)T(26)
ME-LETD) (26— Drel()?

In the one-loop approximation, neglecting the contributions of O(A\?) on the right-hand sides (51), (52),
we obtain for 83(As, V), B5(As, V) the system of equations

By Ba(A3, V) Byt = ABLBa(A3, V) + ABafBh(As, V),
By By (A3, V) Byt = AB2Ba(As, V).

As a result of their solution, we get, the following result

=

pzl*k*z(k+£—2?(k+£—1) ((lk)(k+2§2) 2 lkttk%%t%l >
p=—k+ 2(k+§_n1)(k+§) ((l—k)k+2£(1—k—§) L Zktrkg;f_;l )
pzf%*z(mg*zg(mgq) ((k—l)(k:+2£—2) L 1,;]“2;5;1 >

w6t g g (6 Ve - SRR,
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1 Bseaenue

Onanm m3 mambojee pacIpOCTPAHEHHBIX METOIOM PACYETOB B KBAHTOBON TEOPHH TIOJNS W CTATHCTHYECKON
dusuke sBrsercsa Teopust Bo3Mmymennii. OHAKO, €CTh MPOOIEMBI, KOTOPBIE, I KOTOPBIX TAKHE METOIbI
HENpUMEHnMbL. [IpuMepoM TOMy ABJISAIOTCS 3a/a91 PACYETOB XapPAKTEPUCTHK KPUTHYECKUX siBIeHui. B 910i
00/1aCTH BOBHHMKJ/IM METO/IbI, B PAMKAX KOTOPBIX IIPUOJIMKEHHbIE PE3y/IbTaThl HAXOJAATCA B BUJE HAYAIBHDBIX
OTPE3KOB CTEMEHHBIX PSAJNOB, HO KOHCTAHTHI B3AWMOIEHCTBAA He ABJIAIOTCA WX TTAPAMETPAMHU PA3JIOKEHWUS.
Takwe MoaXOaBl MOKHO PACCMATPHUBATEL KAaK MOIU(DAKAIINIO TEOPHN BO3MYIIEHWH HA OCHOBE MCHOIb30BAHUS
JIUIST €€ TIOCTPOEHUS BEJTMYNH, KOTOPhIE MOYKHO CIUTATH MAJIBIMK B PACCMATPHBAEMON (DU3MUIECKON CHTyanun.
JI1st KOMMYECTBEHHOrO ONMCAHUS KPUTUIECKAX SBJIEHUI MCIOMb3YIOTCS KBAHTOBO IOJIEBbIE MOJIETH, B KOTO-
DbIX [IPOBOJSATCH PAacyeTbl B PAMKax € 1/n-pa3jioxkeHuil, rje €- OTKJIOHEHHE PA3MEPHOCTH HPOCTPAHCTBA d OT
HEKOTOPOTO €ro XapaKTepHOTO IS KayKI0#H MOIen 3HaueHns dj,, (Tak Ha3hIBAEMOE OTKJIOHEHME OT JIOTa-
puMUYIHOCTH), & 7 - YACJIO KOMIOHEHT MOJisA. Pe3ylIbTaTbl pa3IndHbIX UCCIIEIOBAHNN, IOy Y€HHBIE TAKUMU
METONAMM TIPEJCTABIECHA B KHUTa Bacuibesa.

Jlnst mocTpoeHnn TaKOW MOAMDUIMPOBAHHON TEOPHM BO3MYINEHMIH GOJBINIOE 3HAYEHUE MIPAIOT CHMMET-
puiinbie coiicTBa cucreM. s Momesneii kpurndeckux sipienuit ((B d-MepHOM €BKJIM/IOBOM IIPOCTPAHCTBE)),
KPOME MHBAPUAHTHOCTU OTHOCUTEJIBHO TPAHCJISIMA U BPAIIEHUH B €BK/IMJIOBOM IPOCTPAHCTBE PA3MEPHOCTH
d BasKHBIMU OKA3BIBAIOTCS MACIITAOHASA W KOH(MOPMHAS WHBAPUAHTHOCTH.

DyemenT S) HEMPEPBHIBHOM abeseBoil rpymmbl MaCHITAOHBIX MPEOOPA30BAHUN 33JaI0TCA ducaoM A > 0.
[TapameTpamMu MOZEIN MBI HA3BIBAEM T€ €€ KOHCTAHTHI, KOTOPBIE MOTYT OBITH 33IaHBI PA3TUIHBIM O0PA30OM.
Onm MOTYyT, B 9aCTHOCTH, MEHATHCA TP MACIITAOHBIX Npeobpaszosanuii. s napamerpa o o onpeenennto

Sha = ay = M.

e auciao A, HasbiBaercs pazmMepHocTbio «. Ecou A, # 0, TO (v HA3BIBAIOT PA3MEPHBIM HAPAMETPOM, & [IPU
A, = 0 6e3pasmepubiM. [lo ompenenennio A B Sy cuntaercsa 6e3pa3sMepHbIM.
Jasa byaxkmmn F(al, ... a™)

S\F(at,...,a") = Fy(a',...,a") = F(Sxa',...,Sxa") = F(a},... ,a}).

IloaTomy

n

S)\ ﬁ aE | = f[ Oz’f\ = )\AgL) H Ozk, Agn) = iAak7
k=1 k=1 k=1

k=1
S)\2 (S)\IO&) = )\f‘”S)\Qa = /\1A“)\2A”Oz = ()\1)\2)A"Oé = S,\l)\QOé.

Takum 00pa3oM, pa3MepHOCTb IPOU3BE/IEHUs [1APDAMeTPOB paBHA CyMMe UX pa3MmepHocreir, u Sy,S\, =
Sxoxn; = Sx, Sx,- IIpu A = 1 npeobpazopanue S; = 1 apigerca ToxaecTBeHHbIM 1 (Sy) ! = Sy-1.
Oyuxnun F(al, ... a"), 11 KOTophx

SyF(al,...,a") = F(\2atal, ., Aama™) = NAF F(al, ... a"), (1)

Ha3bIBAIOTCsT 0000ITIEHHO OaHOPOAHBbIMY. OHYM UTPAIOT BA’KHYIO POJIb B TEOPUHU KPUTHYECKUX sBjeHUil. Kcim

B (1) monoxkuTh A = (@¥) "1/ Aak o MBI MOTY UMM
AF
F(al,...,a™) = (aF)2er F® (gl a" 1),
e of = %

S\F(al, ... a,) = A2 F(al, ... ay)

B Teopun KpUTHYECKUX SIBJICHUH MCITOIB3YIOTCS KBAHTOBOMOJIEBBIE MOJIEJIN B €BKJIMIOBOM TPOCTPAHCTBE
pasmepaocTH d. s xoopaumHaT x', i = 1,...d €ro TOUKH MBI ONpEeJe]HM MACIITabHOe TpeoOpa3aBaHiIe
cremytommu o63azom o4 = x' /A, o ectb, Ay = —1, m x) = x/A\, A, = —1 aua Bekropa x = {z!,..., 2"}

Macmrabubiv peobpasosanueM dyukimu F(asq, ..., ay,) Ha3bIBAETCH

a Ap - pasmepHocTbio pyHKIuu F.

Ecmn Fy(a1,...,an) = Flaq, ..., ap), TO

[Ipoussemenne MacmTabHBIX MPEIOPA30BAHMIA

ITpoussopsmmii Gynkumonasn Gyukuuit I'puna B MoJen KBaHTOBOR Teopuu 1ojis ¢ geiicrBuem S(p) =
So(p) + Sint(p) 3amuceiBaeTcs B BUE

G(J) = c/eiS(w)JszaD% el = /eiSU(w)-"—J‘PD(p (2)
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rae So(p) - meiicTBre cBoGOHOI Teopun, U S;nt (@) obo3HaUaeT neiicrue B3anmogeiicteus. dnddeperntmpys
ero o J u mosaras J = 0, mbr nosydaem ¢yukiuu ['puna

Gr(x1, ey Tp) = c/eis(“’)gp(ml)...@(xn)Dw.

Cocrasromy omeparopy V(¢(x)) moast ¢ B paMkax (DYHKIMOHAJIBHOTO MOIXONA COOTBETCBYET JIOKAJIb-
Hbli dyrknnonan V(e(x)), or moas ¢ u ero npou3BogHbIX. CBOMCTBA CHCTEMBI, CBS3aHHBIE C COCTABHBIM
orneparopom V(@) xapakTepusyorcs QyHKIUIMY,

GV, 21, ) = ¢ / V(p(@)) €59 p(a1)...p(an) Do,

JIJIS KOTOPBIX MPOM3BOAAIINM (DYHKITHOHAIOM SBJISIETCS

GV, Jiz) = ¢ / V(p(x)) S@+% Dy, (3)

Ecau o6o3nauurb
S'() = S(e) + [ N@WV(pla)ds, G'(J) =c [ 52D,
TO

)
OA(x)

. !
GV, J,x)=—i G'(J)|a=o0- (4)
B nanbreiinem Mbl Oy1eM pacCMaTpUBATH KBAHTOBOMIOJIEHBBIE MOIe U B EBKINI0BOM MpOCTPAHCTBE C (DYHK-
[IMOHAJIAMU JI€HCTBUS U COCTABHBIME OI€PATOPAMU MOJIUHOMMAJIBHOTO BUIA. B KadecTBe 3ammcu HanbOjEe
ob1ero Buza npousBoisiiero dyuknuonasta yukuuit [puna mbl 6yaeMm ucmosib30BaTh Bbipazkenue [1]

G(A) = /efS(A’“")Dcp = /exp {Z ];Akapk} De. (5)
k=1

rae Ax = Ag(x1,...,x%) - GyHKIME k apryMeHTOB, KOTOPbIE MbI Oy/JeM Ha3blBaTh norexnuassamu. Mbr pac-
cMarpuBaeM MX B KadecTse aprymeHToB ¢dbynkuuonasia G(A), rue A o6o3HauUaeM MHOXKECTBO BCEX IIOTEHIIU-
asnoB Aj, ..., Ay. D101 DYHKIMOHAJ YIOBJIETBOPIAET YPABHEHUIM

1 6*

é

<Z Ay, 514(2 =+ A1> G(A4) =0, (7)
k=2 -1

rae (6) ypaBHEHUsI, CBA3U TPIOM3BOAHBIX 110 PA3JIMYHBIM HOTeHImManaM, a (7) - 970 ypasuenue [IBunrepa
[1]. B pamkax Teopuu Bo3MmyInenuii dyHkimmuan G(A) - sro cymma Beex auarpamM PeifHMaHa ¢ IUHAME
A = —A;"' u sepmmmamu Ay, tpu 1 < k < n, k # 2, ymMHOKenHas Ha ¢~ = exp(%tr In A) . Oyuxupmonas
W(A) = InG(A) upenrcrasiaser coboil cBa3uyo gacrtb G(A), r.e. cymMy Beex cBasHbIX guarpamm G(A) ¢
OOBIYHBIMU CUMMETPUIAHBIMIA KOI(DPUIIHEHTAMA 1 %tr In A. Takum obpazom, Aasd pPacCMATPUBAECMON HAMMI
mozesn W(A) siBasiercst mponsBoAsamuM (byHKIMOHAJIOM CBSI3HBIX GyHKImil ['prna.

J1j1s1 moCTpOeHus ypaBHEHUI, KOTOPBIM YIOBCIETBOPAIOT (byHKIME ['prHA, XapaKTepU3yIOIIue COCTaBHbIE
OTIePaTOPHI, YA0OHO BOCIIOJIb30BATHCH (popMan3MoM byHKIIMOHAIBHBIX peoopazoannii Jlexanapa. @yHk-
IMJTHAJIBHBIM IIpeobpa3oBanueM Jlexkxanapa nopsiaka m IpOou3BOAAIIEr0 (DYHKIIMOHAIA CBA3HBIX (DYHKIIH
Tpuna W(A) asnserca QyHKImoHAT

™) (o, A) = W(A) — Z/ak(ml, o 20 Ap (@1, o ) (8)
k=1

apryMeHTaMHi e0TOpOro siBiisiebcs Habop byHKImiA o = (o, ..., Q) W moreHpanoB A = (A1, ..., An).
IIpeamnonaraercs, uro m < n u noreHtmaabl Ay, ..., A, B npaBoii yacru (8) BLIPAKEHBI B TEPMHUHAX apry-
MeHTOB (v, A) Tak, YTO BBIIOJHSAIOTCH COOTHOIIEHUS

W)

Q= W, k= 17...7m. (9)
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Bcenencrsue storo,

ST (o, A)
= B Ag(wry e ar), k=1,..,m, 10
504]6(1'13"';55/6) k( ! k) ( )
n byHKIMOHAT
™) (a, A) = T (a, A) + Z/ak(xl, oy TR) Ap(21, o, g )day - - - dag, (11)
k=1

MOZKHO PacCMaTPUBATh KaK 3bHEKTUBHOE JeHCTBUE I PEIIEeHNs 33189 HAXOXK/IEHH [TOJHBIX HECBA3HDBIX
dyukumit 'prna 6e3 BaKyyMHBIX TTeTeh

k
1 A 1 6 1 0

= KIG(A) A%

B paMManHBaeMOfI MOJEJIN. OnHu gaBjsOTCS pemeHnaMu CuCTEMBbI ypaBHeHI/Iﬁ CTaITUOHAPHOCTH

)
— oM (q, A) = =1,... 1
Sar (,A) =0, k=1,...,m (13)

nns byakmuonana ®™ (a, A). IIpu mogcranoBke HAfiIeHHBIX pernenmii stux ypasmenmii B &™) (a, A) Mbr
HoJIyYaeM [pou3Bosiuii pyHKimonas ca3ubix Gynkuuii I'puna W(A).

g dyuknuonanbubix npeodbpaszoanuil Jlexkanpa npou3BOIBLHOIO HOPSAIKA CYLUIECTBYIOT IIPE/ICTaBJIe-
HUs B BHUJE OECKOHEUHON cyMMbl quarpamm @efiamana. jis mocTaBIeHHON HAMU 33Ja9YW MBI OIPAHUIUMCS
HICIIOJIB30BAHIEM BTOPOTO mpeobpasopanns Jlexanxkpa I'(2) (o, A). ]l omEcaHus TUATPAMMHOTO TIPeICTaB-
Jenns 3TOro (byHKIHOHAMA 6omee yIoOHbBIMA, deM (o, A) apnsmiorcsa aprymentsr (3, A), tae B = (b1, 32) u
a = (a1, @) CBA3AHDI COOTHONIEHUAMU

ay = B, ag = %(52 + B7),

k

U3 KOTOPBIX CJIeayer, 910 [ = %ﬁ
1

(1 m okt mporararop (. Bropoe mpeobpasosanue Jlezkanmpa I'(?) (B, A) MOKeT BBITH 3alMCaHo B BHIE

npu k = 1,2 - 310 monuble cBa3uble pyHKINN ['prHA: cpeamee mose

_ 1 - _
r@(3,4) = STrinpy +TE(5, 4), (14)
e dyukuuonan [ (B, A) aBngerca cymmoit quarpamm @eitnMana B Bepumnamu 31 1 As, ..., Ay, B KOTOPBIX

JINHUW o COEIUHSIIOT MEXKIy C000ii BepImmHbl Ay, a BePIUHLI 1 MPUCOEIUHSIIOTCS K HUM HEOCPeICTBEHHO,
T.e. TIPUCOEIUHSAIONMMM WX I BepimuHaM Ay JUHUSIM COOTBETCTBYET eauHuUIA. Beprmuabl (1 Mexmay coboit
JIMHUER He COoeuHSIOTCsa. Bcee mmarpaMMbl MMEOT OOBIYHBIE CHMMETPHUHHBIE KOI(MDPHUIIMEHTHI U SABJISIOTCS
2-HEenpPUBOAMMBIME. JluarpaMma Ha3aBaeTCs 2-HEIPHBOAUMOM, €CIi OHa CBI3HA W HE PACIaJIaeTcs Ha JBe
HETPUBUAJIbHbIE YACTH IIPU pa3pbiBe B Heill He Oosiee nByXx juHuil. TpuBHAIbHON CUMTAETCH BEPLIMHA HJIH
JmHus. VI3 BBIIE CKA3aHHOTO CJIEAYET, 9TO

8,0y =0, T (3, A)

"1
Z k
82=0 = EAkﬁlv
2= k=3""
u muHeiinast mo norenmuantam A sacrs [(2) (s, fl) MOYKeT OBITH 3aIMCaHa B BUIE

16 § \n= 1, &
expq = —fo— —ARp7T.
p{35n s ) 2
s mozesin ¢ n = 3, B KOTOPOii JeificTBHE B3auMOAEHCTBUS OIIPEIe/ISeTCs eJUHCTBEeHHBIM IOTeHIHraaoM As,

1

_ B 1 ) 1
(g, A) = iAsﬂf + §A35251 T3

A3B3As + O(A3) (15)

rie O(A3) obosnauaer ne 3apucsmmii or 31 BKIAT B 1"(2)(5, A) Beex auarpaMm ¢ TpeMs u 60Jiee BepITHHAME
A3 n qunuaym Ss.
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VpaBHEHUsT CTAIMOHAPHOCTH 1JsT (DYHKITHOHATIA <I>(2)(ﬁ, /_1) WMEIOT BUIL

) 1)
= @ 9 =2

) - 1 5
_Z ® S 1@

u (17) MoxkHO 3aBucaTh B Buje ypasuenus lajicona-IlIBunrepa

AT o3 (18)

1

rne D = [ - momuelit mponararop, A = —A;" - 3aTpaBOvHBII mpomaraTop u % = 26T (B, A) /5By -

oreparop cobcrBenHoii Maccol. B monenu (15)
1
Y= Asf + 5143522143 + O'(AY), (19)

rie O'(A3) - cymma auarpamu ¢ Tpemsi u Gosiee BeprimuHamu As u ypasrenne (16) uveer Bu

1 1
A+ AsBr + 5143512 + §A3ﬁ2 =0, (20)
Oyuknun ['puHa ¢ BKJIAIOM COCTABHOTO OTIEPATOPA.
O6o3naum
_ "1 , " Ly
G(A,V) = / V(p)e 54Dy = / (2_; j!Bjsoﬂ) exp {Zj i }D% (21)
, "1
G(A,B,\) = /678 (ABA9) D = /exp {Z H(Ak + /\Bk)gpk} , (22)
k=1
SFG(A, V)
(A, Vian ) = i = [Vl S09p(a) o pwDe, (@9
W(A,B,\) =InG(A,B,)\) =In ( / e <A’BA»¢>D@> L W(A, V) = %W(A,B,A)]H (24)
U3 (21), (22) caenyer, uro W(A, V) - cymma cBasubix rpados Peiinmana,
0
G(A,V) = 52G(A BN =W(AVIG(A), (25)
u W(A,V) = ceasunas qactb G(A, V). Tak kak
g Gi(AV)  G(A, V)G (4)
AV)= —W(AYV — 26
Biav) = Sy - B S SElE
6 G2(A V) Gi(AV)GI(A)  G(ATV)GEHA)  G(AV)G2(A)
AV — WA,V -2 2 — 27
PAVI= 5V AV = Ta gar TP gy Gy 0
n Br(A,V) = cBasnas wacrs B (A, V), k= 1,2, Mbl BuauM, 9TO
Br(A,V) = cBasuag gacts Gi(A, V), k=1,2. (28)

IMosnb3ysich TexHUKON DYyHKIMOHAIBHBIX peodpasoBanuil Jlexkanipa Mbl 110s1y4um anajgorudubie (16-17)
ypasuenns mas byukuuii 51(A, V), B2(A, V).

%@2)(5, A+ AB) = A1 + AB1 + (Az + AB2)f1 + %f@) (8,A+AB) =0, (29)
1
PG (B,A+ \B) = 1@;1 5 (A2 +ABo) + 2 e )(8,A+ \B) =0, (30)
032 2 032

[MpomuddepenimpoBas 3Ti paBEHCTBA MO A ¥ MOJOKUB A = 0, MBI TOJIyYUM
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P+ QuiB1(A V) + Q1282(A, V) =0, Po+ Q2151(A, V) + Q2202(4,V) =0 (31)

e
0°L®(8, A) °L)(3, A) I (8, A)
9 :A 9 — 9
= By + By, + E By, AR, Qn 2 552 , Q12 5508
52r<2 (3, A) 5202 (8, A) S2r@ (g, A) 1
fB E B ! = — 2 \H —p=2
2+ S A 0By 21 35268, 22 552 252

[IpeoGpaszosanue Jlexxanapa I'?) (3, A) ynosrersopsier ypasuenuio [1]

5T (5, >_ TR

Ton As(B2 + B7) -I-kZSAkHT, (32)

JITOGA) _ g FTOGA)  FTO6,4) [ﬂ@)wﬂ I .
6 5% 55165 553 502081

ST, A) 1 e 5 80(B,A) (82T (B, A)\ " 5
T*ﬁ(ﬁ1+p)79752 5B 0Bi0ps ( 352 ) 55, , 3<k<n. (34)

u Beaeacrsue (10),

ST (B, A) B @61"(2) (o, A)
352 0B2  dan

1
=——A,.

5712
Takum obpazom,

51 (5, A) FPW&A)T PLOEA) oy PTOBA) 008, 4)

11 =

6162 653 052031 S 0f2
Ypasuenus (31) Moryr ObITb 3alIMCAHBI B BUJIE
(Qu1 — Q12Q%5 @21)B1(A, V) + Pr — Q12Qq; P = 0, (35)
(Q22 — Q2Q11 Q12)B2(A, V) + P — QuQy' P = 0. (36)

910 HYKHO poBepuThH !!!
B paccmmorpum momens ¢ A, = 0 npu k > 3. B 3Tom ciyuae ypasaenus ynpasuenus (32-34) mpuoGpe-
TAOT BUJ,

STA(B,A5) 1 )
(Sﬁl - 5‘43(62 + ﬂl)a (37)
0P8, 45) s 1, (8°T®(8,45)\
e =0y +As3b — 1A3 (5522 > As, (38)
5{‘(2)(67143) B 1 ) B 5 1 52F(2)(ﬂ,A3) -1 5
oAy s TP AL D= e oA (agz) B (39)

—1

21(2) (2)
Qu = 44 <”(5A3)> Ay — Bt = Ay — 2B 4s)

6f5 02
Ecnm B TpaHCIATIMOHHO WHBAPWAHTHONW KBHTHOBO-TIOJIEBOI CHCTEME PEATIM3yeTCsT MACIITBOHAS WHBAPH-
AHTHOCTD ( KPUTUYECKAS TOYKA), TO BCE MAapPHbIE KOPPEJIAUOHHBIE (DYHKIMY JIOKAIBHBIX OIIEPATOPOB C HECOB-
HAJAOMIMHI PA3MEPHOCTAMHE, a TAKyKe WX CPeJHUE 3HAYCHHS PABHDBI HYJIIO.
B srowm ciyuae Py = Py = 51(A, V) = 0 u ypaBaenus (31) npeacrasisior coboil cucremy AByX OJHOPOI-
HbIX JIMHEHHbIX ypasHenuii pis So(V, A)

Q1202(A, V) =0, Q252(A,V) =0. (40)
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Ecnu B xagectse f2(A,V, 1, 22) noacrasuth B (31) dbyukimo Buga

T (1 — 2)
(-731 _ 33‘2)2@

(41)

rie T,S?) 11 (X1 —T2) TEH30D, HOCTPOEHHBILH 13 cuMBOI0B KpoHekepa 1 KOMIIOHEHT BEKTOPA X1 — T2, TO LEPBOE
U3 3TUX YPABHEHUH YIOBJIETBOPSETCS TPUBWIHHBIM 00Pa30M, TaK KaK B PAMKAX PA3MEPHON peryasapu3alnu
MacmTabHO WHBApUAHTHBIE (DYIIKIUU OJHON MEepeMEeHHON paBHBI HYJI0. B o0IieM ciyde B mpaBoil dacTu
BTOTODPro u3 ypasHeHuil (31) BO3HUKHET CyMMa BbIpazkeHuii aHajorudubix (41) ¢ TOil Ke pa3MepHOCTHIO
2a—n+2k, tae k - ancno cumposioB Kpomekepa B TeH30pe T;(LZL,)MHH ¥ Pa3MEpPHOCTH KOOPANHATHI T CIUTACTCS
pasuoit —1. Takum obpazom, pewenus SBo(A, V,x1,x2) ypasuenunii (41) Mbl MOXKEM MCKATh B BUJIE JMHEHHOI
KOMOMHAIMU TeH30pHbIX dyHKuil (41) OAMHAKOBOIO paHra n 1 Pa3MepHOCTU Q.

B repmunax npeobpasoBanus Jlexanapa dbyukims B (A, V, 21, x2) yAIBIETBADSET OJHOPOTHOMY JIMHEI-
HOMY WHTErpaJibHOMY ypPaBHEHUIO

3*T@) (B, A)

-1 -1 2,

T, o, A, V,y1,y2)dyi1dys = 0, 42
J (B s ) =2 S ) oA Vi) (12)
e T(?)(3,, A) = T3 (5, A ’ﬁ . Cnenosarensuo, B2(A, V,y1,y2) - cobcrBennast DyHKIMS ¢ COOCTBEHHBIM

1
3HAYEHHEM 5 MHTErPajibHOIrO OlepaTopa C AJpoM

B sl (B A). (43)

3/1eCh IPeIIoIaaebes, 9T0 [So - ITO MOJHBIH IPOIATATOP HOJIS (Y PACCMATPUBAEMON MOJEJIN, KOTOPBI, eCIIu
aHoMaJshHasT PA3MEPHOCTH (0 HETPUBHATILHA, SBISETCS MACIITAOHO WHBAPWAHTHBRIM PENTeHNeM CaMOCOTIaco-
Bannoro ypasuernuda llIBwnarepa-/laiicona

-1 _ 61—‘(2)(62714)

Owno caexyer n3 (18) ecam B 3TOM ypaBHEHWH TOJOKHUTH D = f35, 31 = 0 u or6pocuts A™!, T.e. ocTaBuThH
TOJIHKO T€ BEIMHHIHBI, KOTOPHIE HMEIOT Pa3MEPHOCThH 0BPATHOTO MOJHOTO MPONAraTopa B, *, He COBIMaIAIONTy 0
¢ pasmepHocThio A™L, B cHiTy IpeAmonoXKeHns 0 HATHIHA AHOMATLHON PA3MEPHOCTH Y MO .

2 IIpoctoit mpumep
[IpogeMoHCTPUPYEM METOABI pACTIETOB AHOMAJTHHBIX PA3MEPHOCTEN COCTABHBIX OTIEPATOPOB € TTOMOIIIBIO yPaB-

HeHus camocorsiacoBanus (44) B Mozesnu 6e3MaccOBOrO CKaJISIPHOIO N-KOMIIOHEHTHOTO T10Jist © = (¢, ..., )
B DBKJ/IH/OBOM IIPOCTPAHCTBE PA3MEPHOCTH d € AeHCTBHEM

d
1 1
) =500 + M@ (45)
p=1

IJIe MBI BOCIIOJIB30BAINCH 0003HaueHusaME J,0% = Y ;_, gffj gf; L oE =3 ph.
Ipoussonanmii pyakyoHasa GyHxnuit I'prHa B 3TOH MOJEIH MOMKHO IIPEACTABATE B BUJE

G(J) = c/efs(“")“’JDgp = c’/efs(@”/’)*‘NDgoDw (46)
e
1< 1 1
) =52 0up® + 50+ SV (47)
p=1

U HOPMHPOBOYHBIE KOHCTAHTBI ¢, ¢’ onpezensaiorcs ycaosueMm G (0 1.

|)\0
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O6o3na49uM

G(J,J)=¢ / e~ S TeIHT DDy, W, J') = InG(J, J') (48)
npom3BoasIIuil hyHKImoHasa ¢Gyukiuit ['puna cucrems! mosteit o, v, a Takxke cBsa3ubie Gyukimu I puna
SW(J,J") W(J,J')
51(55) = 7 N ) 52(5517952) TR E TN )
oJ(x) | _ . ( o (z2)|
SW(J,J") W (J,J")
Bi(r) = ——7=—> s Ba(w1,22) = o
0J (x) P 0J' (x1)0J" (x2) o

Paccmarpusas §;, ) xak komnonentsr Bekropa 3; = (B;, 0) nna i = 1,2, BBeJeM B KauecTBe IIOTEHIUAIA
B3aMMOJIEHCTBUST A3 CUMMETPUYHBIN TEH30D TPETHEr0 paHra JJjis KOTOPOro ero ceeprka Asf(; ¢ BeKTOpamu
(51 mmeer BuI

k
AP = VAGS =AY [ B8 (w)is
k=1
Ucnonp3yst BTOpoe mpeobpazoBanue Jlexxanapa

o . 1 1 - .
P, 43) =T (51, b2, As) = 5Trin By + S Trin B + TP (51, 2, 4s),
rae
I 1 1
L@ (51, B2, As) = 5 VA B2 + L AB;Tr(B2f2) + O(N?)
MOXKHO BRIYHCIUTD byHKInu ['prna ﬁ_; = (ﬁl, Bi), ¢ = 1, 2. pemuB ypaBHEHUS CTTIAIIMOHAPHOCTH JIJI COOTBET-

cytomero ¢ynkimonana ®(2) (5, A). B kpurernueckoit Touke 1 = 1 = 0 u ypasuenne (44) npencrasisier
coboit cucreMy JIBYX ypaBHeHuil 1isi Bo u ()

2 5f(2) (/327 Béa AB)

Byt = AB2f3y + O(N?), (49)
0532
(2 !
;—1 — QM — })\TTﬁgﬁg 4 (f)()\Q)7 (50)
Yo 2
a 1uist (42) 3ammuceiBaeTcs B BUIe IBYX ypapuenwii myst Bo(As, V), B5(As, V)

52T (By, By, As) 52T (By, By, As)
y ' Ba(As, V) By = A3, V), +2 = 5(A3,V) = 51
62 ﬂQ( 3 )ﬂQ 6&2562 52( 3 ) 6ﬂ26,8§ /32( 3 ) ( )

= AﬂéﬁQ(AQ% V) + Aﬁ?ﬁé(A3a V) + O()‘2)7

62f 2)(527ﬂéa143) / _
S A V) = (52)

= 25252(143, V) +0(\?).

62f(2) (657 65, A3)

/—1
52(‘437 ) =2 565662

B2(As3, V), +2

Mb! npejionaraeM, 4To CUCTeMa B KPUTUYECKOH TOuKe obJajaeT cBOMCTBAMM TPAHC/ISIUOHHON M poTallu-
OHHOH MHBaJIMAHTHOCTH, ILIPEJIoJaraeM TakK:Ke, YTO OHA MHBAPUAHTHA OTHOCUTE/ILHO BpalleHus b - Kom-
MOHEHTHOTO TIOJIsT rasnaro. Torma, B CHIy MAcCHITabHOW MHBAPMAHTHOCTH, mpomararop [s(x,z’) momust ¢,
KOTODBIil sIBIIsIeTCS N X 1 - MaTpuIei, u nponararop 35(x, ') moss 1 B caMoM 00IIeM ciiydae MOTYT OBITh
IpeJICTaBIeHbl B BUE

A B

m7 Ba(z, 2') = m

Ba(z,2') =1 (53)

rae 1 - equnngHas n X n - Marpung, a A, S, a, 0 mocrogHmble napaMenTpsl. VI3 HUX v - Pa3MEPHOCTDH MO
© W 0 - Pa3MEPHOCTH TOJIS .
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MbI BCTTOTB3EM CJIEIYIONTHE COOTHOIIEHUST JJIs WHTErpaJjiOB B MPOCTPAHCTBE Pa3MEPHOCTH d

e dgd 4\
[ S = () (54)

p
dyd _WEH(Oé,ﬁ,d—Oé—ﬁ) (55)
(z—y)?(y—a)? (z—af)eti=8) ~
3necb p,z,z’,y - 310 BeKTOpa d-MepHOTO mpoctpancTBa, ¢ = d/2, H(a) - 370 OTHOmEHHE IBYX TaMMa-
dbynxupit: H(a) =T'(a')/T (@), roe o' = —a, ncnonpzosano obosuavenne H(aq, ..., a,) = H(ap) -+ H(ay,),
KoTOpoe, u emy aHasmornduoe I'(aq,...,an,) =T'(aq) - - T'(a,) Oyaer nosesHbIM 1 B JaIbHEHINeM JIJ1s1 COKpa-

meHus 3anucu GOpMyJI.
3 (54) mbl osiyuaem npezcraBieHue Jis aeabra-dbyHKIUT

1 . 1 AN 1 . H(a)
5<x):w/€pdpd:wi%ff(“)<ﬁ> = 7 b e (56)

Bocnonwzosapmmucs (55), 1718 MHTErpaJbHBIX oneparopos K, K/ B KOODIMHATHOM NPEICTABICHAN C SIPaMA
) )

c 1

K@y=—— K@y=——— 57
(z,y) e (z,y) @ =T (57)
TJIe ¢, (v, € - 3a/IaHHBIE YHCJIA, MBI MTOJIydaeM
: / / d 3 : H(E) d /
lim [ K(z,y)K'(y,2")dy" = 7 H(a,d — @) lim ———— = 7"H(a,d — «@)d(x — z'). (58)
e—0 e—0 (x _ x/)2e
CraemoBaTenbHO, siIpo 0OpaTHOro K K omeparopa WMeeT BU,
1 H(d,—a)
K1 _ K — p(a) - = ’ . 59
(021) = 00 (29) = =S ) = s = O (59)
B cnencreme Toro, uro I'(z, —x) = ['(2)T'(—z) = —n/(x sin(rz)), nusa p(a) umeercs Tak:ke TPeICTABIEHIE
o sin(ra/)T(a,d — «)
plo) = - 24 . (60)

B rnaBHOM ofHOMETIEBOM MpHOIMKeHnH ypasHenus (49), (50) B KoopamHaTHOH GopMe 3alucH MMeoT
BUJL

AB A?
o) b A -
Az — y)2d=e) (z —y)2eta) B(x —y)xd=) 2 (z—y)to
13 (61) cremyer, uro
o =d—2a, M?B+p(a) =0, np(a) = 2p(d — 2a). (62)
Bammcas « B Buge a = & — 1 — 1/2 u Bocnonb3oBasumuch (60), (62), MbI Iy4aeM ypaBHeHHE
n(l+n/2)sin(r(1+7/2))0( —1=n/2,§+1+1/2) = 2(§ =2 —n)sinm(§ =2 -2+ n,d -2 —1).
[Ipu Gonbmux 1 MBI MOJYyYaEM CJAEAYIONUil Pe3yabTar
1 1 1 1 T -1 1)1 1
77=771+C9(2) Co=24mito <2) aep = mIE-LET )+0(2) (63)
n n n n 2 n n
re
4(2 — &) sin(w&)I'(d — 2 2(2 — &) sin(w&)T'(2
= M2 QT =2) _ 202 ¢)sin(re)T(2e) 6

T —1,§+1) (26 = 1)mel(€)?

B oanonermBom npubnuzkenuu, npenebperas sriaagamu O(A\?) B npasbix gacrax (51), (52), Mbl nostyaum
nas Bo(As, V), B5(As, V) cucremy ypaBhenuit

By ' Ba(A3, V) By " = ABLBa(As, V) + AB2Bh(A3, V), (65)
Byt BY (A3, V) By = ABafa(As, V). (66)
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k o .
Obo3uaunM tfu).,.uk () cumMerpuyenlii TEH30p paHra k IIOCTPOEHHBIl W3 KOMIOHEHT I, BEKTOpa & =

{1, ..., T4} B d-MEPHOM IPOCTPAHCTBE TAKOH UTO €TO CJIEJ IO JIFO0OH TTape KOMIIOHEHT C HOMEPAMM 7, ] PABEH
HYJIIO:
d
(i5) (k) — (k) _
T (z) = Z TR AL (£)=0 (67)
Hispy =1

e Oy, ,,; - cumson Kponekepa. Kpome Toro, mpeamonaraercs, 9To

tELkl)#k (LU) = mll«l o xl‘«k + Elﬂmp«k (.’L’), (68)

u Ly, (:c) ABJISIETCS TMHEHHONW KOMOMHAINMEH TeH30POB, KAXK/IbIi M3 KOTOPBHIX IMOCTPOEH U3 MPOU3BEIeHUs
k
n > 0 cumBosios Kponexkepa, k—2n > 0 koMnonenT sekTopa x 1 (22)". DTUMH yCIOBUAMHU TEH30D tgu)---uk (x),
KOTODBII MBI OyZeM HA3bIBATH HEIPUBOIUMBIM, ONPEIE/ISIETCS OHO3ZHATHO.
_ )
Ecmu 0, - Bextop 0, = {01,...04}, Tme 0, = Bepr TO

(=D)*220M0(y) 4 1 2w

- 2
Ty 1y e () 3y = gy s (O) 0 %)

k
t/(il)m/»tk (.’)3) =

Herpyano rakxke ybenurbes, Bocnoab3oBasiumcs (55),(69), uro

(k)
1 ts .. ~(.271 —33‘2) 1
d (d)d (d) B ik _ 70
// R (x —x1)?® (31 —x2)%0 (w9 — /)¢ (70)

_ DO - k) g // @, @ 1 1 1
= ri(b) tul...uk (81) d-’l?l d$2 (iL’ — xl)Qa ($1 — w2)2(b7k) (:EQ — 1-/)2(: =

(-D*n?H(ab ke3¢ —a—b—ct T—F) 4 ! -
2kF(b> /Ll.../tk( I) (J? _ x/)Q(a-Q-bJ,-c—k—d) -

C wH(a,b—k,e,3¢ —a—b—c+ Kb —ka+btc—d) 5 .. (z—a)
F(ba+b+c—k—d) (z — o/)2atbte=d)”

Nuem perrrerne ypasHennit (65), (66) B KOOPANHATHOM TIPEJCTABICHUN B BHUIE

(k) (x — ')

ti..
62(1437 V) = 62(1437 V7 x, m/)ul,...,uk =C #1($ﬂj .%,)27 ) (71)
(k) /
. — S D RTI  A
62(1437 V) = 62(‘43) Va x>$/)u1,~~7uk/ = C'ul(xyi(w/)z,—y) (72)

rae C, C,, ¥ TOCTOAHHbBIE MapaMeTHI, MbI BIanM, aTo (59), (65), (66) MOTYT yIOBIETBOPATHCA TOIHLKO MPH

7. k
k = k. Ilpu 3TOM WX mpaBaBs ¥ JieBasg YaCTU OKA3BIBAIOTCS MPOMOPIIHOHAIHHBI TEH30PY tf“)_,,#k (x—2'),usB

KauecTse cieacTBuii u3 (65), (66) Mbl m0oJydaeM ypaBHEHMs

Cp(a)q™ (a, ) ABC NAC B "3

AQ((E _ x/)Q(d72a+'y) (il’ _ x/)2(o’+'y) + (.’E _ 1./)2(a+f‘y) - ( )

Cp()g™ (7. ) maC y

B2(x — 1./)2(d72a+7y) (x — x/)2(a+'y) - (74)
B KOTOPBIX MBI HCIOIb30BasH ofosmauenue ¢\¥) (¢, x) mms bynxmun

H(E—-Cd—(x— k20— x+k—=ED(x —k,d— 20+ x

(¢, = 2 T ) (75)

L(x,d—2¢+x — k)
st Toro, urobel ypasaenus (73), (74) uMesn pelienue, [OJKHbI BHIIOJHATHTCA COOTHOIICHHUSI

Yy=v+oc—-—a=v+d—- 3 (76)

Cp(a)g™ (o, ) + AMA2BC + AA3C = 0, (77)

2Cp(a)Q™ (0,7) + nAAB?C = 0. (78)
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Bnech pasencrsa (76) obecreumBaioT coBHajenue mokaszareseii creneneit mpu (z — 2')% B (73) u (74), a
(77), (78) - aTO CcUCTEMa OJHOPOJHBIX JIMHEHHBIX ypaBHenuii qjia koucrant C, C. YcjioBue ee pa3pernmMocTu
3aIUCHIBACTCA B BUJIE

p(0)q™(0,7)(p()g™ (@, 7) + AA’B) + nA*A*B* = 0.
[oncrasus ciona p(a) = MA2B, p(o) = nA\A2B/2, 0 = d — 2a, 5 = v + d — 3, Mbl 1I0JIy4aeM ypaBHeHHe

a® (0, 7) (@™ () + 1) = 2. (79)

O6o3HauuB o« —y = 0 — 7 = p, u nozacrasus B (79) v = o — p, 5 = 0 — p Mbl 3anminem (79) B BUIE ypaBHEHUS
HA UHIEKC p

Q™ (0, p)(Q™ (v, p) + 1) = 2, (80)
rjae UCIoJab30BaHO 0603HaquI/1e

W o HE=Cd=CC—p—kp+(+k—OT(C—p—kd—C—p)
VHr) = T(C—pd—C—p—k) -

_ F(C37€,7d7<7p3p+k+cl)

= . 81
F(<I7d_C7<_pap+k_</) ( )
IIpu k = 0 MBI mOTy9aem
Q¢ p) =H(E—(d—=(C—pp+ (=€)
s ananusa pernenuii ypapuenus (80) Ham yJZ00HO 3amucarb €ro B BUJIE
2
(k) - 41=0 82

a yuxmmn Q) (a, p),2/Q"™ (o, p) npencrasuTs Kak Mpom3BeseHHs ABYX byHKITIIL:

k k 2 k k
QW) =i (e (). s s = i (@ p)ek (),

rmempua=&—1-n/2, 0 =2—1

(k) ~m=2p+26-2)(n—2p+2))(n+2(p+k—1))(n+2(p +k))
() = (n+2¢—2)(n+28)(n—2)n ’ (83)
T +n/2,1=n/24+p+k,14+1/24+E1-1/2—p+E)
PP v —n/21+n/24pthkl—n/2+E1+0/2—pte)

v (o.p) =T @ —n—p2—n+p+k—8), (85)
A(p+&—2,n+26—2)
TR2-—n2-n—E,ntptrk+E—2n—p+26—2)

(84)

v (0, p) = (86)

Mur mimeM pemernne ypasnenus (82) B suge p = p(n) = po + p1n + O(n?). Ipu n = 0 bynxuus ugk)(a, )

MOYKET OBITH CHHTYJISAPHOIA, & ugk)(a, p) TIpU MAJIBIX 7) KOHEYHA:
k 2(po +k—=1)(po +k)(po — &)L+ po — &
u®(a, p) = ( )( )( )( )

0 U(k) [0 = .
n(1—€)¢ +0(°"), uy” (o, p) =14 O(1) (87)

OyaKRIIMA v%k)(a, p) cunryigpHa B Touke 1 = 0 ipu pg = 2+nu pg =& —2—n—k, rme n > 0 - 1€J10€ IUCI0:

(-1)""Td+k+n—¢)

o), o = T +0(n°), (88)
_1\n+1 k4+n—
o) peamnn = et 0, (59)
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(k)

®yHKIwMK vy (o, p) TP ITUX 3HAUEHUAX po U 1) = 0 KOHEYHA U

(k) (k)
(k) _ 2F7 (€, n) 0 (k) _ 2F;(€,n) 0
Q (avp) po=2+n - 77 + 0(77 )7 Q (Oz,p) po=E—2—n—k - 77 + 0(77 )7 (90)
1 F{¥ (€. n) 0 1 P (¢,n) 0
— -2 2240 — =2 2240
Q(k)(o-’p) R n(1+p1) (77 )a Q(k)(d,p) ek 77(1 —p1) + (T] )7 (9]—)
rae
PO ey = LR A2 k—é—ln_)(g)zn —OB+n=§) (0
(k) B (=) T4+ k+n—§&E—2,26—2)
F(&m) = T2 —&nt+k+&2 —n—4) (93)
D(g,n) =2+n-pEn)n, pM(En) =€—2—n—k+p" (€ n)n, (94)
p(lk)(f,n)zl—i— (_1)n+1r(4+k+n_€7§_2’2£_2) (95)

n(1+k+n)24+k+n)24+n—-8B+n—-r(-&k+n+E26—4—n)

Ecma pg = 1 —k,—k,§,6 -1, TO ug )( p) KoHeuHo mpu 1 — 0 U p; ONpemesIsIercs IOACTaHOBKOM
p=po+pinB (82)u Tpe6OBaHI/IeM 9TOObI MOJIyYE€HHOE TaKUM OOpa30M ypaBHEHHE YIOBJIETBODSJIOCH C
rounocrrbio 10 O(n). Bocunosbzosasiiucs (83- 86), nerpyauo ybenurnhes, 4ro eciu p = po + p11), U po =
1=k, —k,£,6 — 1 10 Q®(a, p) = ul? (0, p) mecunrymapno mpu 11— 0 1 1/QM (3, p) = 1/QU)(2, po) + O().

VuurbiBas 3tu pyskiuu B npubsuzkenun 1 = 0, Mbl 101y4aeM 4 ypaBHEHUs [Jid P1

(1+20)(k+E—2)(k+E—1)  2kD(26 —2)

+1=0, mpu pg=1-—k,

1-90%¢ T(26+k—3)
LE2)0 ke 2 DRCED) g o, o=
(1- 2pl><(11—12)—5 Ok+6) 2<’;(+2€1>+!Fl§25;)2> +1=0, mpw pp=¢.

B pesyabrare ux pereHus MbI TOJIyYaeM CIEIYIONINA Pe3yIbTaT

Pkt S e ((1_k)(k+2€_2) o 1k++k252£_31> (%)
p=—k+ 2(k +§—n1)(k +¢) ((1 “REFAA k- + = thkzg%_; : ) (97)
p:£_1+2(k+£—27;(k+§—1) (UC_DUH%_Q) - lktrkzg%_?,l) (98)

m= 6+ sy (k- Db 26— - SEERECLY, (99)
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