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KaK HaaecTHo, o6hP{HSH CX~Ma KBBHTOBOit TeOpHH nonsr, OCHOBBHHBSI HB Hcnonh3o
B8HHH raMHnbTOHOB8 cpopManH3Ma, npOBOJ:lHT K PllllY TPYllHOCTeli. 8 CBll3H C STHM no
ny111:1n pa3BHTHe -.a.pyrott no.a.xo.a. K KBBHTOBOA TeOpHH nong, KOTOpbiii HHOI".ll.8 H83bIB8IOT 
"8KCHOM8THqeCKHMN' • B 9TOM no.oxo.a.e BMeCTO Toro, 'ITO6bI BbJilHCb1B8Tb narp8H)l{H8H H 
pewaTb COOTB8TCTBYIOWH8 ypaaHeHHll llBH>K8HHll, IlbIT8IOTCll ccj:,opMynHpOB8Tb cpH3Hqe
CKH8 Tpe60B8HHll, KOTOpbIM AOn>KHbl YAOBn8TBOpl!Tb peweHHll STHX ypaaaeHHli " aaliTH 
ace MHOr~o6pa3H8 peweHHli. 

8 Teop1rn: BO3MyI.I..teHHA "aKCKOM8THll8CKHA" MeTO.ll B T8'18HH0 nocnetl,HHX .a.eCSITH . Ill neT ycnewao pa3BHBancl! Boron1060Bb!M • 8 pBMK8X STOrO MeTOJl8 YJlBnOCb ocywecT· 
BHTb nocne.ooaaTenbHOe nocTpOeHHe MBTPHUbl pacceHHHH H CO3,Cl8Tb annapaT noKanb
HbIX JlHH8MHqeCKHX nepeMeHHbIX, ll03BOnl!JOWHli ycneWHO Bb1q11cnl!Tb KOHKpeTHble acpcpeK
Thlo BoronJOfioay >Ke npHaanne>KHT II C>JlHa Ha aaHfionee pacnpocTpaaeHHbIX cj:,opMynHpoaoK121 cpH3HqecKHX TP800B8Hllli 'aKCHOM8THqecKoro• M8TOA8 BH8 paMOK T80pHH B03My
W8HHli • 

.Llpyrall pacnpocTp8H8HH8ll cj:,opMynHpOBK8 cpH3HqecKHX TpefioaaHHli 'aKCHOM8Tllqe-
CKOro· M8TOA8 BH8 p8MOK T80pHH B03MYW8Hllli Dblna npeAnO>K8H8 neMaHoM, CHM8H-
3HKOM II UHMM8pM8HOM/S-B/. KOTOpbi8 llOMIIMO s -MaTpllUbl II ee aap1rnu110HHblX npo• 
H3BOJlH.bIX AonycKa JOT cywecTaoaaH11e rali3eHfieproaa 'HHTepnonHpyJOwero• non>1 A(x), a ycnOBll8 MHKponp11qHHHOCTII cpOpMyn11py10T B BHJl8 Tp800B8HHll KOMMYTHp088HHll STHX 
noneli Ha nJOooli npocTp8HCTB8HHO-nOJlOOHOli noaepXHOCTH. C ITOMOWblO SToro M8T0Jl8 
y.oaeTCSI ocyI.I..teCTBHTb nocTpoeHHe H .OOK838TenhCTBO .aacnepCHOHHblX COOTHOWeHiul, 
OllHBKO,, .opyrax cyI.I..teCTB0HHO HOBbJX peaynhTBTOB noKa He nonyqeao. noaToMy B H8CTO· 
stwee Bp0MH OCHOBHO0 ai-iaMBHH0 B 9TOM M8TO.0.0 y.o.engeTCH BblHCHSHHIO (pH3H'leCKOI"O 
CMhICna. BOIIpOCOB cyruecTBOB8HHH H O.ll.HO3H8qHQCTH BB0.Q8HHblX B HeM aenH'IHH. 

B aToA CBH3H npe.ocTaanaeT Oon1:,wOA HHT.epec yTaep*.a.eatte. ablcKaaaaHoe 
XaaroM

161
• 0 TOM, 'ITO KOHeqHall yHHT8pH8ll M8TpHU8 .£lalicoHa

17 
/. CBll3bIB8IOW8ll co

CTOl!HHll B fiecKOHeqHO yJlaneHHOM npow noM (HnH oyAyIUeM) C COCTOllHHllMH Ha H8KO
TOpoli KOHeqHo pacnono>K8HHOli npOCTp8HCTB8HHO-nOJl06Holi noaepXHOCTH no cj:,opMyne 

He cywecTayeT. TeM CBMhIM CTBBHTCH no.a. COMH8HK8 BO3MO>KHOCTb IlOCTpOeHHH B paM
K8X raMHnbTOH0B8 cpopManll31148 BH ;yrp8HH8 HenpOTIIBOpeqHBOll CX8Mbl Jla>Ke B T80pHH 
BO3MYlll8HHtt. Mem.a.y TeM H3B8CTHO, 'ITO I"BMHnbTOHOB (popManH3M, H0CMOTpH Ha CBOH 
H8.0OCT8TKH1 Chlrpan OCHOBHyID pone B HCTOpH'ISCKOM paaBHTHH KB8HTOBoa TeOpHH rronn. 
noaTOMy aonpOCbl KOppeKTHOll cpopMynHpOBKH raMHnbTOHOBa cj:,opManH3M8, H B qacT
HOCTH, BbUICH8HHH BO3MO.}KHOCTH nony'leHHR KOH8'1HOa MaTpHUhl .[laAcoaa rrpHObpeTaIOT 
Oonbwoe 3HS'18HHe. 

HacTosuuaH pa6oTa nocasuueaa, rnaaHhIM o5paaoM, eonpocaM aae.oeHHH raMHnh
TOHHa11a B38HMOJl8liCTBHll H M8TpHUb! .LlalicoHa npH 8KCHOM8THqecKOM IIYTH IlOCTpoeHHll 
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MllTPHllbl paccel!HHll B TeOpHH BO3MyllleHHli
111

, HM8l0lllHM 6onbllloe 3Hll•!eHHe )lnll BhlllC

H0HHH B38HMOCBH3H raMHnhTOHOBbIX ll uer&MHllbTOHOBbIX MeTo.o.oa. 

nepah!e )lBe rnaabl J:IHccepTanHH HOCllT 063opHb1li xapaKTep. B rnaae 1 HanaraIOT-

/3-5/. Cll OCHOBHble MOMeHThl ll.KCHOMaTHKH neMllHa - CHMl1H3HKa- UHMMepMaHa • npH 

E 
/8/ .. 

8TOM oco6oe BHHMllHHe yJ:1eneuo DCB0llleHHIO peaynbTaTOB pa6oThl opxepca • IlOCBll-

llleHHOli npo6neMe HeOJ:IHO3Ha'iHOCTH a onpeJ:1eneHHH 'HHTepnonHpyIOlllero" non11 A(x) no 

/6/ 38)lllHHOli rrpH'il!HHOll S -MaTpune, 11 TllK>Ke IIO)lHllTOMy XaaroM BOIIpocy CyllleCTB<r 

aauag H8SKBHBaneHTHhIX npe.o.cTaaneHHH KSHOHHqeCKHX nepeCT8HOBOqHbIX COOTHOW8HH8, 

B0J:1Ylll0MY K OTMe'ieHHOli Bhlllle npo6neMe HeCyllleCTBOBll.HHll KOH0'iHOli MllTPHUhl .llalico-

Hll• 

.1naaa n IlOCBlllll0Hll KpllTKOMy OilHCllHHIO OCHOBHblX MOMeHTOB J:111liCOHOBOJi cpOp

MynHpOBKH raMHnbTOHOBa cpopManH3M11, npH STOM BhIJ:leneHhl npHCylllHe ell OCHOBHb18 

TPYJ:IHOCTH. K HHM, npe>KJ:le acero, OTHOCHTCll aonpoc O nony'i8HHH KOH0'iHOll MaTpHllhl 

.llallcoHa nyTeM pellleHHll ypaaHeHHll ToMonara-llJBHHrepa
19•101, KOTOphlli J:1O CHX nop 

He 6bln paapellleH BBHJ:IY IlOllBneHHll npH aTOM, Hl1PllJ:IY c 'ynbTpllcpHoneTOBhlMH' , ellle 
• /11/ H oco6_blX 'noaepxHOCTHhlX pllCXOJ:IHMOCTeli, OTM0'10HHhlX anepBbie illTIOK0nb6eproM • 

,llpyra11 Tpy J:IHOCTb, BO3HHKl110lllllll B TeopHllX, 38Tp8BO'i,Hhlli n11rpllH>KH8H B311HMO.t:eliCTBHll' 

KOTOpb!X CO)lep>KHT npOH3BO)lHble (HnH B0KTOpHhle nonH) 0 CBll3al!a C n~ny'iE!HHeM TaKoro 

raMHnbTOHHll.Hll. B3ll.HMO)lellcTBHll, )lnH KO_Toporo Bb!IlOnHlln,ocb 6bl ycnoaHe HHTerpHpye

MOCTH ypll.BHeHHll :OMOHll.I"ll-illBHHI"epa BHJ:111 

i o H(x;u) -i oH(y;u) +[H(x;u), H(y;u)] =0 (2) 
OCT (y) ou(:r) 

npH Z•Y HRH xe:y. 

. /12/ 
nyTH )lnll ee npeo)loneaHll 6hlnH Hl1M0'i0Hhl B pa6oT1lX MeTTbl0311 H Kaaeaaall H 

· Ko6a
1131, KOTOphle o6o6lllHnH o6h!'iHhlli raMHnbTOHOB cpopMll.nH3M Bil ·cny'iali npoHaaonb

Hhlx npOCTpaHCTBeHHo-rro)l06HblX noaepxaocTeli, H nony'!HnH )lnll raMHnbTOHll8Ha B311HMo

.ae8CTBHSI Bblpa»ceHHe, a1tn10qa10wee qneu, KBa.o.paTHIIHhIA: no uopManHMC x: TaKHM noaepx

HOCTHM. nocne.o.aee o6CTOHT0nbCTBO npHBO.O.HT K nosraneHHIO B M8TPHll0 s (u; - 00
) ... He

qJH'ieCKoli' aaBHCHMOCTH OT BHJ:IB npoMe>KyTO'iHhlX noaepxuocTeli, J:1nll ycTpllHeHHll KOTo

poll 6hlnll B CBOe BpeMH npe)lnO>KeHa
1121 

nponeJ:1yp11, ae)lOCTllTO'iHO l!CHl1ll C MllTeMllTH

qecKoA TOqKH 3peHHH. 

KpOMe TOI"O, B rnaae ·u )l~H 0630p XllpllKTepHhlX 'iepT · 11KCHOM1lTH'ieCKOI"O MeTO)lll 

pocTpOeHHll MllTpHllbl p11CC8llHHll B TeOpHH BO3MyllleHHli .H 11nnap1lT1l 06061lleHHOI"O BllpHll

llHOHHOI"O yp11aaeHHll ll1peJ:1RHrep11, npeJ:1no>KeHHOI"O EoronI060BhlM/l/. npe 8TOM rn11a

HOe BHRMllHHe y )len11eTCll TPY J:IHOCTllM, BO3HHKl110lllHM npe Bb!BO)le RS STOI"O ypaaaeHRll 

1tnaCCH't8CKOro ypaaHeHHSI ToMo_Hara-lllaRHrepa, H B 118CTHOCTB. BHOBb B03HHX:We·a npo-

6neMe 'noaepxuocTHhix' pacxo.o.HM0CTeA. 3a.r:taqe nocne.r:toaaTenbHoro BhIBo.aa Ta1toro 

ypaaueHHll a paMKax MeTo)la EoronI06oaa R peweHHIO npo6neMhI 'noaepxHOCTHhlX' pac

xo.aHM0CTeA noCBHlll8H0 0CH0BH0~ co.aep>K8HH8 .OKCC8pT8IlHH, H3nomeHH08 B nocne.ay10-

WHX Tpex rnaaax. 
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B rn11ae ffi, npe>1<J:1e scero, npoHaBe)leH nocne.t1oaaTenbHblli Bh!BOJ:1 ypaaueHRlI 

ToMouara-lliaHHrepa H3 o6o6meHHoro ypaaH~HHH Wpe.o.Harepa, npHHUHnHanhHhle ocuo-
/1/ ' 

Bbl KOTOporo H3no.m:eHbl B • 0Kaaanocb, 'ITC aTOT BhIBO.O. y.ao6Hee acero npOH3B0-

.0.HTb, Hcxo.o.g Ha HHTerpanbHoro auanora ypaaueHHH ll.Jpe.z:urarepa .anH rnanKHX qJyaK

UHA g(x) • OIIHChIB8IOWHX *aKnIOtiBHHe H BhIKnI0':18HHe* B38HM0Ll.Bi1CTBHH, H npH 3TOM 

MO>KHO nony'iHTb (no-pll3HOMY onpeJ:1en"" KoaapnaHTHyIO onepauHIO aapbHpoa11ue11l, no 

KpaliHeli Mepe, J:1Ba ypasHeHnll Tena ypaaueHHll ToM0Hara-illsHHrep11. l-1a STHX J:IBYX 
/9,10/ ypaaueHHi:i KnaCCH'IBCKOMY onpeneneHHIO aapbHp0B8HHH no noaepxHOCTH u COOT-

B8TCTBY0T ypaBH8HHe, B KOTOpOM B K8'18CTB8 noKanbHOro raMHnbTOHHBH8,B38HM0.0.Bfi

CTBHSI HCIIOnb3yBTCSI EH,Ipa.m:eHHe 

rJ:1e 

H(x;u)= lim fH(x;g)g'(x )dx0
1 

t-+ 0u= 0( Tu•x") 

. /lS(g)_;W, 
H(x;g)=• 0 g(x) 

Ill a S(g) - o6o6llleHH8ll M8TpHna paccellHHll 

(3) 

(4) 

nocKOnbKY raMHnbTOHH8H H(:r;u) a MeTOJ:le EoronI06oaa-nony'iaeTC11 no Ha-

BeCTHOii MllTpHue S(g), )lnll BblllCHeHHll aonpoca O BhlllOnHeHlm ycnOBHll (2) )lnlt Bb!pa-
/14/ ->KeHRll (3) npeJ:IIlpHH_llTO HCCne)lOBllHHe oco6eHHOCTeii IlOCTpoeHHll MaTpHUhl pac-

CBHHHH 'B TeopHHX co CBH3HMH C npOH3B0.0.HhlMH. noKaaaao, 'ITO npH IlOCTpoeHHtl S -

MaTpHUhl B MeTO)le EoronI06osa BMeCTO (2) Tpe6yeTCll BhlllOnHeHRe 6onee cn115oro 

ycnOBHll BIIJ:1/1 

[L(x), L (y)] = 0 npH x~r (x;!-y) 
1 

cnpaae.anaaoro .anH n1060H nepeHOpMHpyeMoA TeopHH 1 a a xo.ne nocTpoeHHR a 3TOM 

M8TO,!l8 npHXOLlHT Henocpe.ncTBBHHO K T - npOH3B8.ll8HHHM narpBH>KHBHOB, B KOTOpbIX 

Hcnonh3yeTCH cne.llyrowee onpeneneaHe caepTKH 

i< T(--#-'A, a¢_)> = IJ(x"-yO) a•D"(:r-h) -0(y"-x0) a•D+(x-~-na "{3o(x-y),(5) 
ax a?o a:raay axaar 

r.ae "a - 8.llHHH'IHbill BBKTOp HOpMBnH. B peaynhT8Te .a.nH nro6oa TeOpHH B MeTo.ae 

Boron106oaa rronyqa10T Bbipa:m:eHHe 

S = T exp I if L (x) dx l . ( 6) 

B TO 2KB BpeMSI B M0,TO,ll8 .Llaiicoaa MbI cuaqana rrpHX0.0.HM K onepe>K.8IOlllHM 

npOH3B8.ll8HRHM MHOrOKpBTHbIX KOMMYTBTOpOB raMHnbTOHH8HOB, a nHWb saTeM nepexo

.0.HM K COOTBBTCTBYIOWHM T - npOH3B8.ll8HHHM, B KOTOpbIX Henocpe.llCTBBHHO HCIIOnb-

3Y8TCSI onpe.a.eneHHe caepTKH < T(.2..!:2 d<l>.l>(),aKn10qa10wee TOnbKo nepable naa qneua axaJy/5 
cpopMynhI (5). B HTore B MeTOJ:19 .llalicoHa nony'iaIOT, 'iTO 

S= Texp{-i fH(x;u) dx l, (7) 
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r.cte 11cnonb3oaaao T -npo1rnae.ctea11e, OTilH'IHoe OT T -npoHaae.cteHHll a (6), TaKHM 

o6pa30M, BHYTP0HHIIA CMbICil npoue.ctypbl MeTTb!Oaa
1121, lI03BOilllJOWeli nepexOJlHTb OT 

(7) K (6), COCTOIIT B TOM, 'ITO np11 8TOM OJlHOBpeMeHHO M0Hll!OT onpe.cteneHHe Cl30PTKII 

<T(~ iJ¢~J> , ax ayf3 0 

l-1cxo.o.H H3 aToro, HeTpy.o.Ho yCT8HOBHTh, 1-ITO B MeTo.o.e Eoromo6oBa .onsi TeOpHii 

co CBH3HMH C npoH3BO.0.HhlMH BbIIIOnHeHbl COOTB0TCTBYI01UH8 ycnOBHR U:HTerpu:pyeMOCTH 

KBK Jlilll H (X;/J) BHJl8 (4), TaK H Jlilll H(x;a) Bl!Jl8 (3), npH 8TOM HeJlOCTaJOWKli C 

STOA TO'IKK apeHHll '1Il0H B H ( x; u) IlOHBnHeTCH KaK paa B CHny Toro, l{TO B 3TOM Me-

To.cte a MaTpHue S(g) Hcnonb3oBaHo onpe.cteneHHe caepTKH BK.eta ( 5), co.ctep,,rnwee 

KB83HnOKanbHhii1 ttneH, He HC'1038IOlllHA B npe.aene g ➔ Bu • B peaynbTBTe nepBbie .o.aa 

qneHa H ( x; a) ( 6ea y'<eTa KOHTp'lneHOB) .ctnll TaK11x Teo pH A HMeJOT BHJl 

H (x;a)=-L(x) +½ [na 
2 aL (x) J 

a(~! ax 

(8) 

B 38KnIO'l,0HH0 rnaBbI BbISICH0H8 BO3MO>KHOCTb IlOCTpoeHHH MeTO.O.OM Eoron106oaa rpa

JlH0HTHO HHBapH8HTHOA M8Tpl!Ubl paccellHHll Jlilll CK8IlllpHoll aneKTp0Jll!H8MHKII B qJOpMa

Ill!3.M9 KneAHa-f'op.ctoHa, 

111. 

f'naaa !X noclll!WeH·a peweHHJO rnaaHoro aonpoca aceli .ct11ccepTBUHII ,- nonyqeHKJO 

IlOK!IlbHOro raMKnbTOHKaHa B38HMO.cteliCTBKll B MeTo.cte Eoron106oaa no q,opMyne (3), 

npH 8TOM, npe>K.cte acero, oopawaeTCll BHHMaHKe Ha ponb Tpe6oaaHKli CKMMeTpKK KBa3H'

noKanbHbIX onepaTopoa, BBO.O,HMblX B 3TOM M8TO.O,e B s(p(peKTHBHbdi narpaH>KHBH B38HMo

.cteliCTBHll L (x;g) .
111• npaBKilbHbili y'leT 9TIIX Tpe6oaaHKli npKBOJllfT K TOMY, 'ITO lf3 

~cex )lHarpaMM, BCTpe'laJOWHXCll B nepeHOpMHpyeMblX Teop,rnx, ~ '1Il9H8M L(x;g), CO.ctep-

>K8WKM npOK3B0JlHble OT q,yKKUKli g (x) • npKBOJlKT TOilbKO JlHarp~MMa co6CTB9HHOl! 

3HeprHH 6030Ha • 

BecbMa cywecTBeHHO, 'ITO nepexo.ct K npe.cteny g ➔ 0 . a q,opMyne (3) ocywe-
" ·. /I/ 

CTBnSieTCH npu: ¢HKClip0B8HHbIX perynstpH38UHOHHbIX Maccax. nosTOMY, K8K IlOK838HO B 1 

a npe.ctenbHOe Bblpa>KeHKe Jlilll ll(x;a) .ctaJOT BKna.ct TOilbKO BXOJlllWKe a H(x;g) KBaaK

noKanbHble OlI9p8TOpb1, TaK 'ITO qJOpMyna (3) lipHHKMaeT BKJl 

H(x;a) = Um f(-l,(x) - 'I-;;, f A.+ 1(x, x1 ••• x.J 
0 

n=1 n. 
•➔ a 

X 

(9) 

x g(Ta -t; ) ... g(Ta -it;,) dx
1 

,., dx.l g'( Ta -x°) dx0
, 

Ill 
r.a.e An - aae.a.eHHhie a KBB3HnoKanbHbie onepaTop1,1, Heo6xo.c.HMbie .ann perynsptt-

aauKK MaTpl!Ubl S(g), via CTpyKTYPbl cpopMyilbl (9) BKJlHO, 'ITO ecnH onepaTopbl An co-· 

.a.ep»caT npDH3B0.llHbl0 OT O - CJ)yHKUHil:, TO nocne HHTerpHpoaaHHSI 3TH npOH3B0,0ffiI0. MO-

ryT nepexOJlHTb Ha q,yHKUKH g (x) .. 'lTO B npe.ctene 

6 

g ➔ 0 
{1 

MO)K0T IlpliBO,QHTb K 
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HHTerpttpyeMbIM BbJpa)KeHlHlM THna npm-1aae.o,eHHSI [, -cjlyHKIUIH 0.!lHH8KOBbIX apryMeHTOB. 

0.nHaKo, OK83bIB8eTc8. qTo npo6neMa ·noaepxHOCTHbIX. pllCXOJl.HMOCTeH HOCHT 3HaqHTenb

HO 6onee yaK11li xapaKTep
1141, ecnK a (3) nepexo.ctKTb K npe.cteny c .ctOil>KHol! aKKypaT

HOCTblO• T.e. BO BCeM Bbipa»ceHHH B uenoM nocne B3RTIHI acex HHTerpanoa, H yqeCTh 

CBOHCTaa CHMMeTpHH onepaTopoa An • noicaaaHo, 1iTO YK838HH8SI npo6neMa B03HHK80T 

TOnbKO B .O,HBrpaMM0 co6CTB0HHOH 3HeprHH 6oaoHa. a .ans OCTBnbHbIX .O,HarpaMM B 

Ka1.1ecTae ... rnaanoro qne.Ha H ( x; a) .nns 3TOH .nttarpaMMhl nony1.1eao 

H'(x:a)=-L(x;J)lx°=T (to) 
a• 

KpoMe Toro, JlilSI )lHarpaMMbl co6CTB0HHOli 9Hepr,m 6030Ha B H ( x; a) BXO,!lllT H9KOTo

pbie "'noaepxHOCTHbie. qneHble 

!Inst q)HaHqecKoH H M8T0MBTH1i0CKO.H. npapO,Clbl STHX qneHoa· B K8l{0CTBe npttMepa 

paccMOTpeHa .0.H8rpaMM8 BTOporo nopH.nKa co6CTB0HHOH SHeprHH HeilTpanhHoro CKansp

HOf"Q 603088 .o.ns TeOpHH C a¢¢eKTHBHhIM narp8H}KH8HOM BH.0,8 

2 

· L(x; 1 )= e z,: ¢/ (x): -1/..[Z3 -J][:1L'!-t:+m
2
: ¢ 2

(x):] -f;m2 :¢ 2(x): ax . (II) 

r.cte Z •• Z 3 , fim 
2 

- p8CXOJlSIWK9CSI (npK M/ ➔ ~ ) KOHCT8HThl 1 BB0.ll0HHb10. B / l, 

B 3TOM cnyqae .o.nH tt8CTH 05bl'{HOro I'8MHnbTOHH8H8 BTOporo nopH.O.Ka H 
2 

(r) 1 cooT

B0TCTBy10weH KB83HflOK8nbHOMY onepaTopy C npOH3BO.llHblMH, nonyqaeTCH Bbip8)K0HHe 

H,(r) =-[Z3-J] 2 Jim {dxdyg'(r-x°)g(,-y°l:cf,(x)¢(y ): 1\
2 

(x,y) = 
g➔o,. a,0(,:..x°) (12) 

=½[Z-1) 
2 2 

Iim 

11 ➔ 0 • T 

{ dx 
2 2 2 

I:¢~ ,[g2(,-x°JJ'-:__{!_£[g'(,-.x0 ) l I, 
a x2 a XO 

a KOTopoM BTopoH 11nea npH Henocpe.a.cTaeHHOM nepexoae K npe.aeny g ➔ e, npnao

.llHT K ·noaepxHOCTHoli"' pacxonHMOCTH. 

¢H3Hl{0CK8H npHllHH8 IlOHBneHHH T8KHX pacxo.nHMOCTefi B npHHUHile Ta }Ke, l!TO H 

npHqHHa IIOSIBneHHSl 06bI1iHbIX •ynbTpacf:JHoneTOBbIX"' paCXO.llHMOCTeH, a HM0HHO - H038KQH

HOe HCnonb30B8HHe M8T0MBTHqecKoro IlOHHTHH TOl{KH B KBBHTOBOH TeopHH nonH .nnR 

OIIHCBHJHI tjJH3Hl{0CKHX npoueccoa. TTptt 3TOM, ecnH "'ynbTpacf:moneTOBbie"' pacxo.a.HMOCTH 

IlOHBnHroTCH acne.a.cTBHe (paKTHqecKoH HeonpeaeneHHOCTH T -npOH3BeneHHH B T011K8X 

coana.neHHSI apryMeHTOB, TO B .ll8HHOM cnyqae B03HHKBIO:UHe Bblp8)K0HHH (paKTIPi0CKH 

He onpe~:nef[bl a6nH3H noaepxHOCTH BbIKJll0":10HIHI B38HMO,OellcTBHH, T.e. B TQqKe x0 = ,. 

C M8T0M8THqeCKOii TO'IKH apeHJ.IH B03HHKHOB·em1e ·rroaepxHOCTHbIXP p8cxO.llHMOCTeH 

· Ill 
B M0To,ne Eoronro6oaa T8K)K0 B npHHUHile IlOHHTHO, H60 BB0.ll0HHbl0 B KB83HJ10K8nb-

Hbl0 onepaTOpbI An H II pH ¢ttKCHp0B8HHblX perynHpH38UHOHHbIX Maccax SIBnmoTCH 0606-
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ii 
11 
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ii 
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IUeHHhlMH cj:,yHKUH!IMH, HHTerpHpyeMblMH B Knacce )l0CTBT0'IH0 rna)lKHX cj:,yHKUHi! i.(x), 

K K0T0p0My He OTH0CHTC!I O -cj:,yHKUH!I, B pe3ynbT8Te )ln!I )lHarpaMMbl co6CTBeHHOi! 

aHeprHH 6O30H8, KOTopaH HBnH9TCH HBH6onee CHnbHO pacxo.o.HllleacH,c TOqKH 3p9HHH 

•ynbTpacj:,HoneTOBb!X" pacxo)lHMOCTei! )lHarpaMMOi! B 11epeH0pMHpyeMh1X Te0pH!!X, nepe-
. · ' 

XO.ct K npe.a.eny ~ ➔ (Jr B o6blqHQM CMbICne H8B03MO>KeH • 

Op.HBKO, npe)lenbH0My Bblpa>KeHHIO a ( 12) M0>KH0 npH)lBTb anonHe onpe)leneHHb!i! 

CMhlcn, ecnH onpeJlenHTb o6o6IUeHHYIO cj:,yHKUHIO A2 ( r, y) TaK, 'IT06h1 oHa 6hma HH

Terp11pyeMoi!· B Knacce cj:,yHKUlli! i<(X) ' BKnIO'IBIOU.l<;:!M O -cj:,yHKUHH, Henocpe)lCTB8HHO 

TBK0e onpe)leneH11e upoaeCTH He YJl88TC!I, n0CK0nbKY BblpB>KeHHe )ln!I "2 (x, y) B8CbM8 
Ill . 

)K0CTKO q)HKCHpyeTCH Tpe6oB8HHHMH KOB8pHBHTHOCTH, yHHTBpHOCTH H npHqHHHOCTH. 

noaTOMY HBMH npe.ano>KeHa H8KOTOpasr BCilOMoraTeJibH8SI 3KBHBaneHTHaH npoue.o.ypa, 

KOTOpasr nosaonsteT BhIHCHHTb, K8KHM o6paaoM HY>KHO npOBO.llHTb ·noaepXHOCTHyIO' pery

n11p113BUHIO ii2 (rl H yCTBH0BHTb B03HHKBIOIUHi! npH 8T0M K0He'IHb!i! np0H3Bon. B pe

aynbTBTe )ln,1 ii2(r) nony'leHo cne)lyIOIUee K0He'IH0e Bblpa>KeH11e 

- . l,t, - a a 
H.(r)~½ [Z

3
-1]

2
f di [:¢--:-: __ ¢,_.a ]J_,,_ 

• ax' a:t', oa x-r, 

r.ae a - npOH3B0JlbH8H noc·toHHH8H. 
oa 

(13) 

TTpH pac'cMOTpeHHH .O,HarpaMM CTBpWHX nopst!lKOB BbISICHIIJIOCb, 'ITO BO scex nopH.n

xax nocne npoae.oeHHH 'noaepxaocTnott• perynspH38UHH nosansrroTcH KOHeqHm~ "noaepx-
a,t,2 

HOCTHbie" KOHTpqneHbl BH.ll.S a '1f' • H, KpOM8 Toro, BO acex HeqeTHbIX nopSl,nKax, Ha-

qffHBSI C Tp8Tbero, fOHfnHIOTCH KOH8qHbl8 'noaepxHOCTHbie" KOHTpqneHbI HHOA onepaTop

H0i! cTpyKTyphl : ~: , Koacj:,cj:,eu11eHThl npl! K0T0pbIX )ln,1 npocT0ThI B JlBnbHei!weM 
ax, 

KnB.U)"TCR paBHbIMH Hynro. TaKHM o6paaoM, y.o.aeTCR B8CbM8 CTporo IlOKasaTb, qTo 

npe.!J.no>KeHHYIO •noaepxHOCTHYIO" peryn11pH3BUHIO H ( x; !1) M0>KH0 npoaeCTII nocne)lo

BaTenbH0 ao acex nop!!JlKBX TeopHi! aoaMyIUeHHi!, a JlnH H ( x;a l nonyqaeTc11 cneJly10-

wee K0He'IH0e Bhlpa>KeH11e ( C y'leT0M Bb!Il0nHeHH!I )ln<I Hero ycn0BH!I ( 2)) 

aL(x;l) ]al 
H(x;u)=-L(x;l)lxo=T +½[n" a(~) x0 =T.,., 

"' ax 
( 14) 

r)le 

L(x;l)=L(x;l)+½[Z -1]:(n ~) 
3 k ax k 

(15) 

a Z3- KOHCTSHTa, co.nep»camaH IlOMHMO pacxo.O,RlllHXCH (npH u: ➔ 00 ) BblpB>K8HHli, 

BXO.O.HI.UHX. B z, . eme H npOH3BOnbHbie IlOCTOHHHb18 aom • TeM caMbIM, npo6neMa 

'noaepxHOCTHbIX" paCXOJJ,HMOCTeA, nocTaaneHHSSI s / 
11 •.1 /, MO:>KeT 6b1Tb ycneWHO pe

weHa, a ypaBH8HH8 TOMOHara-llJaHHrepa MO)K8T HM8Tb B KB8HTOB08 TeOpHH nonH 

XOTH 6bI orpaHHq8HH08 IIpHM8H8HH8. 

KpoMe Toro, np11 paCCM0TpeHHH Te0pHH C L ( x; 1) BHJlB ( 11 ) Bbl!ICHHnoc b, 'IT0 

8 

nony'IBIOIUHi!C!I B 8T0M cny'lae MeT0)l0M Boron106oaa rBMHnbT0HHaH H(x; "') ae coa-

na)laeT C ;:--L(x; 1) B CTBpWHX nop!!JlKBX )l8>Ke 6e3 y'leTa •noaepxHOCTHhlX" K0HTp

'lneH0B, XO;>! CBM acj:,cj:,eKTIIBHbli! narpaH>KIIBH L(x;l) YJl0BneTB0p!leT npH 8T0M ycn0BHIO 

HHTerpHpyeM0CTH (2). B03HIIKBIOIUHe np11 8T0M )l0nonHHTenbHble 'lneHb! B H(x;u) l!Me-

lOT Ty >Ke onepaTopHyIO CTPYKTYPY, 'IT0 11'qneeh1 B L (x; 1) ", TeM caMhlM, He aaaH-

C>tT OT noaepxH0CTH, noaTOMY 0HII TBK>Ke YJl0BneTB0p!!IOT ycn0BHIO (2). nocne)lHee 

o6cTORTenbCTBO roaopuT o TOM, qTo ycnoaHe HHTerpnpyeMOCTH aoo6rue onpe.o.enseT 

H ( z,· U) TOnbKO C TQqHQCTblO .o.o qneHOB, He 38B HCHlllHX OT noaepXHOCTH, H .o.nst OKOH

qaTenbHOro ¢uxcupoB8HHH raMHnbTOHHaHa B~aHMO,neACTBHSI neo6xo.nHMO npnanexaTb 

Jlpyr11e Tpe6oBaHirn. Ba>KHei!WIIMII na HHX !!Bn!IIOTC!I Tpe60BBHH!I K0He'IH0CTH (npH 

M/ .. ~ ), nonyqaeMoi! npH peweH11n ypaaHeH1111 ToMOHara-illanHrepa S -MaTpHUhI n 
Ill . 

COOTBSTCTBHe ee BH.!18 S -MaTpeue, nonyqeHHOA B • nonyqa10uu1AcR B p8MK8.X 

MeT0)la Boron106oaa H(x;u) 0KB3hlBaeTC!I BBT0MBTH'leCKH yJl0BneTB0p!!IOIUIIM 8THM 
. a . 

ipe6oBBHll!IM, O)lH8KO, BBHJlY Toro, 'IT0 npo6neMa nepexo)la M; .. ~ B )lBHHOi! pa6o-

T8 He paccMaTpnaaeTcR, a TBK}Ke aan.ny nosanennsr npo6neMbl "noaepxHoCTHhlx" pacxo-

a',t, a:t.. 
)ll!MOC;ei! )ln!I Bb!pa>KeHni! BH)la < T(p ,'::'la ~)ln!I npoCTO;bl 113n0>KeH!l!I B Ki,j'leCTBe 

' " y 
raMnnbT0HHaHa H ( X; .,..) MP>KH0 paccMaTpHB8Tb Bb!pa>KeH11e ( 14). C0)lep>KaIUee 

ace npHHUHIIHanbHO ea»cHb1e qneHbl' TeM 6onee, qTo nonyqeHne M8TpHIIhl D.ailc.oaa _ 

nyTeM peweHH!I ypaBHeHK!I ToMOHara-illBHHrepa !IBn!leTC!I )laneK0. He C!iMOi! YJl06eol! 

npoue.nypoA, H60 B03HHK8IO[U88 npn 8TOM Bbipa»ceHne OK83b1B88TCSI· paanO}K0HHblMH He 

no CTeneHHM KOHCTaHTbI CBSI3H, a no CTeneHRM H(x;u) 

B CBSl3H C 8THM .a,ng nonyqeHHSI M8TpHIIbI D.aacoHa H BbISICHSHHSI ponH, KOTOpyIO 

nrparoT B TeOpHH KOHeqHble "noaepXHOCTHbie" qneebl, MbI o6pamaeMCH K Henocpe.ncTB0H"' 

H0My n0CTp0eHKIO M8TpI<Ubl S(u,.-~> 113M8TpHUhl 

S(u; -~)=·lim S(I<), 
g .. 0 

"' 

s (I<) no cj:,opMyne 

qTo H ecTecTaeaeo a M8To.o.e Boron105osa. TTpu 3TOM B cuny CBH3H 

.,.. 
lim fL(x;g) dx':'-,fdx' H(x;u') 

g .. o -
·"' . 

(16) 

(17) 

B03HHK88T Ta }KS IIpo5neMa 'noaepxHOCTHbIX" pacXO,!lHMOCTe.a. ·noaepxHOCTHyIO" pery-

n11p1138UHIO ( 17) M0>KH0 npoBeCTH yKaaaHHhlM Bb!We cnoco6oM, npH'leM npoBe)leH!le ee 

a MaTpHue S(g) 11an>1eTC11 )la>Ke 6onee norK'IH0i! onepauHei!, 1160 raMHnbTOHll;IH H (x;u) 

a (3) onpeJlen11eTc11 no 11aaecTHoi! MaTpeue S(g) , 11an1110wei!c11 a MeTo)le Boron10-
2 

6oaa OCHOBHOi! Benn'IHH0i!. KoHe'IH8>1 (npH cj:,11KC!1pOBBHHblX M; ) MaTp11ua .llai!COHB 

onpe.nensteTCH npH aTOM a an.ne 

0 -
S (u, -) = Texp Ii f L(x; 1) dx l, ( 18) 

r)le L ( ll:; 1) KMeeT BH)l ( 15), np!1'18M BhlpB>K8HHe ( 18) YJl0BneTB0p>teT 0Cbl'IHhlM Tpe-

50BSHHSIM KOB8pH8HTHOCTH, yin{TapHOCTH H npaqHHHOCTH. JJ.eAcTBYH o5blqHblM o6pa3oM, 

K3 ( 18) M0>KH0 nocne)l0BBTenbH0 nony'll!Tb II Bb!pB>K8HKe ( 14) )lll!I H ( x;u ). 
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1ITO K8CS8TCH ¢1t3J{lleCKOro CMbICna KOH9qffbIX *noaepxHOCTHbIX' KOHTpqJleHOB B 

MSTpHUe nai!COHB Bll/lB ( 18), TO ycTSHOBneHO, 'ITO 3TOMY Bblpa,KeHHIO MO:>KHO npH/lBTb 

BH/l 

S(a,-~)= exp Ii F(a) l S(u, -~), 
(19) 

rae u 
S(a,-~)=Texp Ii fL(x;l)dxl. 

(20) 

TeM CBMbIM, ace· 'noaepXHOCTHbie"' qneHbl a MaTpn:ue .naacoHa MoryT 6hITb BbillSneHbI 

B yHHTBpHbli! MH0:>KHTenb, HC'leaa10w11i! npn nepexoae K s -MaTpnue. TaKHM o6paaoM, 
/1/ • 

8 .08HHOM cnyqae peannayeTCSI BblCK838HH8SI eme B Hll0SI O TOM, tJ.TO noaepxaocT-

Hbie' KOHTpqneHbI B ll(x;a) ,mn>110Tc>1, c q,nan'leCKoi! TO'IKH apemrn, necywecTaeHHbJ-

MH H MOI'YT 6b!Tb yaaneHbl H3 aero nyTeM HeKOToporo rpaaneHTHOI'O npeo6paaoaaHHll, 

OcyweCTBHB nocnea11ee, Mb! MO:>KeM paCCMSTpHBSTb B . Ka'leCTBe Tl ( x; u) anll n106oi!. 

nepeaopMHpyeMoi! 

:>KeHue (20), 

TeOpl<H Bb!pa:>Kel!He (JQ), a B KB'leCTBB MBTpl!Ubl nai!COHS - Bblpa-

2 
npn M; ➔~ MaTp11ua S ( u, - 00 ) no ace a aePoHTHOCTH pacxo.a,nTcH. O.oHaKo, 

MBTpnua S(a, -~) BHJla (20), KBK noKaaano aawe npeaaap11TenbHOe paccMOTpeane, 

npoae.z:teHHOe B HH3WHX nopHllK
0

8X T00pHH BO~MylllSHHit, M0)K0T OK838TbCH KOH0t{HOA 

aenll'IIIHOi! 119 TOnbKO B TBK0i! npOCTOi! TBOpHH KBK none X:apcTa-THppHHra, HOH )lnll 

Te·opHH C L ( x; 1) BH)la ( 11 ) • TeM He MeHee, 3Ta npo6neMa Tpe6yeT aanbHei!wero 

H3y'leHHll1 TaK:>Ke KaK H npo6neMa nony'IBHHll KOHe'IHOi! MaTpHUbl nai!COHa npH Jlpy-
2 

roM nopH/lKB npeaenbHbIX nepexoaoa, T,e. Kor aa caaqana a ( 16) ycTpeMn>110T Mi ➔ ~, 

a IlOTOM /i! ➔ (J 
u 

IY. 

TpeTbll ocH0BHaH npo6neMa aaenoi! JlHccepTaUHH, paccMaTpHaaeMaH a rnaae Y, 
/9/ • • -cocToHT a HHTepnpeTaunu npon:aaona a orrpe.aeneHHH HHTepnonHpy10mero nons· 

/15/ 
A(x) H 91'0 CBll3H C MaTpHUei! nai!COHa, noKaaaHO , 'ITO ecnH HCXO/lHTb H3 <pop-

MYllbI .anst *nuTeprronn:pyromero' nons an.na 

,., + 
A(x) = S T(¢Jn (x)S)= ¢,/xJ +JD (x-y) j(y) cly

1 
(21) 

TO M0)KHQ .aaTb .nao8Hyl0 HHTepnpeTar:iu10 YK838HHOMY np0H3Bony. 

Bo-nepBblX, BTOT npOH3BOn B A (x) MO:>KeT 6h1Tb CBl!3aH C Heon pa )lenel!HOCTblO 

B onpeaeneHHII T -npouaee)l9Hllll np11 tpHKCHpoaal!HOi! S -MaTpnue BO BCeM npo-

CTpaHCTBB HMnynbCOB, cywecTaoaaHHe KOTOporo cneayeT y:>Ke 113 
111• HHb!MH cnoaa-

MH, ecn11 K09tptpllUHeHTHbl9 'PYHKUIIH 

0606we1111y10 q,y11Ku1110 Dret (x-y) 
HO onpeaenHTb B BH.ae 

j (x) y:>Ke cf,HKCl!poaaHblt npoHaaeae1111e IIX Ha 

OCTaeTCR Heonpe.a.eneHHbIM, TBK qTo A(:r) Mo»c-

10 

rel 
A(x) = 'Pin (x) + JD (x-y) i(y) dy + <;;(Qx )i(x), 

(22) 

raeQ(Oxl.- IIOilHHOM no CTeneHSIM □ x C npDH3BODbHbIMH aeliCTBHTenhHhIMH K09¢-

'PHUHeHTBMH. YcTa11oaneao, 'ITO none A (x) BH)la (22) YllOBneTBOplleT acHMilTOTH'le-

CKOMy ycnOBHIO neMaHa-CHM8H3HKa-UHMM0pMaHa
131 

H ycnoamo noKanbHOCTH, ecnH 

s -MaTpHua yaoaneTBOpHeT ycn0BHIO npH'IHHHOCTH Boron106oea
121 /. 

/15/ Bo-aTOpb1x. npoHason a A(x) MO)KHQ CBSI38Tb C Heonpe.neneHHOCTbIO B on-

pe.o,eneHHH S _M.8TpHUbl BHe 8HepreTffqecKoH noaepxHOCTH nptt cf:iHKCHpOB8HHOM onpe

.o.eneHHH T - npOII3B0.0.0HHH. YcTaHoanetto, q'fo 8CHMilTOTHll0CKOe ycnoane npHBO!lHT 

K q,opMyne an>1 onpeaene11H>1 non>1 A(x) BH/la 

(0:x. -m2)A(x) =-j(x), (23) 

H3 K0T0p0.ti cne.o.yeT, qTQ BCHKBSI H0O.0,HO3H8qHQC.Tb B onpe.oeneHHH ·nHTeprro1npy10mero" 

nonH CBSI38H8 C H00.0.H03H8'llHOCTblO B j (x) • T BK>K.e Il0K838HO, K8K MO.>KHo· rrepexo-

JlHTb OT 0/lHOi! IIHTepnpeTaUHH Ilp0113BOna B l!O~e A (x) K apyroil B CHny tpOpMyilbl 

T ( ¢. (x) S ) = T' ( ¢ . (x) S ) ( 24 ) zn tn , 

r.ne s OTnHqaeTCH OT s TOnbKO BHe aHepreTHqeCKOA rroaepxHOCTH. 

B peayilbTaTe OKB3b!BaeTCll/ l 5/, 'ITO He TOnbK0 s -MaTpHue, aaaaa11oli onpe

.neneHHbJM o6pasoM BHe aHepreTHqecxoA rroaepxHOCTM, C00TB8TCTByeT uenbiii PSI.ll "'nH

TepnonHpyIOIUHX"' noneA, HO 11, Hao6opoT, 0,llHOMY "'HHTepnonHpyroIUeMy,, non10 COOTBeT-

CTByeT H8CKOnbKO Bblp8.>K8HHH .llnH S -MaTp.Hllbl BHe aHepreTHqecKOii noaepxHOCTH. 

YcTaHoaneHHbie T8KHM o6pa30M peaynbT8Tbl np1:1MeHHIOTCH K BbIHCH0HHIO B03Mo.>K

HbIX H00.0.H03HaqHQCTeH B MaTpu:ue ,llaAcoHa - ( IlOMHMO OTMeqeHHbIX BbIWe "noae pxHOCT-

HbIX"' KOHTp'lneHOB) t KOTOpble MoryT IlOSIBMThCH B S( OQ, a) B CHny npHcyniei! raMHnb-

TOHOBY <p0pManH3M·y CBll311 Me>KJlY onepaTopaMH B npeJlCTalineHHllX rai!aea6epra H 

B38HMOJl0ilCTBHSI 
+ 

F(x)=S(~,u)F0ut (x)S (~,u). 
(25) 

npH pacCMOTpeHHH CBll3H BH)la (25) Me:>Kay onepaTopaMH nonei! BblllCHHnOcb, 

"ITO npOH3BOn B ,, HHTepnonu:py10IUeM,, none BH.UB ( 22) He MO)keT 6bITb BKn10qen B Kosq:>

tpHUHeHTHble <pyHKUIIH MaTpHUbl nai!COHB U<apBOI'O IlOpll/lKB (npH tpHKCHpOBaHHOH S -

Ma~pHU8 BO BC8M rrpocTp8HCTB8 HMrrynhCOB). B CBH3H C 9THM 06p":1WBeTCH BHHM8HH8 

Ha TO, "ITO BbJp8.>K8HHe BH.ll8 (25) q:laKTH"l:0CKH He onpe.aeneao, IlOCKOnhKY IlpH ero pac-

Kpb!THH (a o_TnH'IHB OT Bbipa>KeHl!R S 'Pout (x) ) Mb! ac.:peqaeM~ll C npOH3Be)leHHllMH 

<pyHKUHi! D (x-y) Ha q,yHKUHIO 0(y0 -·x'). Bb1611pall coDTBBTCTBYIOWHM __ o6pasoM 

onpeaeneHHe_ Bb1pa:>KeHHll 0 (y0-x0
) ¢out (y) 'Pout (x) , MO:>KHO na q,opMynhI BHJ:la 

(25) IlpH/lTH K (22). 

AHanorHqHast CHTYBUHSI HM08T MeCTO .o,ng CBH3H Me.>K.o,y raMHnbTOHH8H8MM B 

npe,ncTaaneHHHX JaiiaeH6epra H B3aHMO.ll88CTBHH BH.ll8 
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rJle 

+ 
H( x; 1) = S(~, a) 11 out (x; 1) S (~,a), 

oL(yu/ J 11oui(x;l)=-,.f ot (x), \ dy. 
t=l 

(26) 

(27) 

nocKOnbKY raMHnbTOHH8H H (x; 1) B raAaeH6eproaoM npe,C.CTaBn8HHH CBH38H C Ha-

61110Jla8MhIMH Benu•rnuaMH, a Haut ( x; 1) OTJIHqeu OT nonyqeuuoro pauee 110u/ x;a) 

BHJla ( 14), B03HHKaeT Bonpoc, KaKoe H3 Bblpa:>KeHHll ( 14) H (27) !1Bll!10TC!I "HCTHHHbIM' 

raMHnbTOHH8HOM B n pe.a.cTaeneHHH B38HM0.08ACTBHH. HaH6onee ecT0CTB8HHO0 pewemrn 

8Toro eonpoca COCTOHT B TOM, qTo6w BB8CTH npoH3BOn B onpe.o.eneaue npOH3B0,C.0HH8 

(B TOM 'iHClle MHOroKpaTHbIX) o6hl'<Hb!X CB0pTOK cf, out (y) cf, out (x) ua q,yHKUHIO 

0 (y0 -,x°) , Torlla OllHO ·u TO >Ke Bblpa>1<euue Jlll!I ll(x;l) MO>KHO nony'<HTb1 

cornacoaaHHO no.a.611paS1'~8MHnhTOHH8H B38HMO,a.eACTBHH B npe.a.cTaaneHHH B38HMO,a.ea

CTBHH H npaBHna YMHO>K8HHH M8TpHUbI S ( "'°,a) Ha 8TOT raMIUlbTOHit:aH. TeM C8MbIM, 

no KpaiiaeA: Mep8 a HHSUIHX nopst,a.xax, oTna,oaroT B~HKHe onaceH1u1 Toro, 'tlTO HBnHqe:e 

B llout (x;a) BHJla (14) pacxOJl!llllHXC!I npu M; ➔ ~ Bhlpa>1<euull Mo>KeT npu

aec-:i-H K pacxo.a.HMOCTSIM B Ha6n10.a.aeMbIX eenH'IHHax. 
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