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lf3yqeHHe qiopMaJibHLIX acnei<TOB TeOpHH pacceJIHHJI He -

3aBHCHMO OT ,IJ;HHaMHqeCKHX xapaKTepHCTHK KOHKpeTHbIX 

npoueccoa HMeeT ,naBHIOIO HCTOPHIO. ,ll;JIJI KBaHTOBO-MeXaHH­

qecKHX CHCTeM oKa3aJIOCb y,no6HblM OilHCbIBaTb npouecc 

pacceJIHHJI C IlOMOil.{blO S -MaTpHl.{hl. CTpyKTypa 3TOH MaT­

PHUhl onpe,neJI.lleTCJI pa3JIHqHhJMH qiopMaJibHhIM-H YCJIOBHJIMH, 

KOTOpLle BhIBO,IJ;JITCJI H3 0611.{HX qlH3HqecKHX Tpe6oBaHHB. 

B pa6oTax reu3eH6epra/I/ B KaqecTBe TaKOBbIX 6blJIH 

Bhl,IJ;BHHYThl: nopeHl.{-HHBapHaHTHOCTb H YHHTapHOCTb MaTpH-

1.{hl pacceJ1HHJ1. OKa3aJIOCb, qTo ,na)Ke 3TH ycnoBH.ll ,naroT 

MHOro HHqiopMaUHH o CTPYKType S -MaTpHUbI. O,nHaKo npH 

nonblTKe 6onee ,neTaJib~oro Hccne~oaaHH.ll npoueccoa pac­

ce.llHH.ll OKa3aJIOCb Heo6xo,nHMbIM paccMaTpHBaTb MaTpH­

UY pacceJIHHJI He TOJibKO ,IJ;JIJI Bell{eCTBeHHbIX nepeMeHHhlX, 

HOH H3yqaTb ee aHaJIHTHqecKHe CBOHCTBa. ,ll;eno B TOM, 

qTo reu3eH6epr paccMaTpHaan MaTpHqHhle 3JieMeHTbI 'S -
MaTpHl.{bl, OTBeqaJOil.{He nepexo,naM Me)K,ny qlH3HqecKHMH . . 

COCTOJIHHJIMB, T .e. TOr,na, Kor,na coxpaHJIIOTCJI. IlOJIHbie 

3HeprHJI H HMilYJibC, a KBa,npaTbl 4-HMilYJibCOB paBHbl co­

OTBeTCTBYIOil.{HM MaccaM /T.e. Ha MaCCOBOH noaepXHOCTH/. 

Ho ,nJIJI u3yqeHHJ1 aHaJIHTHqecKHX caoucTa Tpe6yeTCJI ai.1:xo.n 

3a IlOBepxHOCTb Mace. B CBJl3H C 3THM B03HHKaeT BOnpoc 

o B03MO)KHOCTB H. o,nH03HaqHocTH TaKoro Bhixo,na. 3TOT 

Bonpoc B HeKOTOPOH CTeneHB pewaeTCJI ell{e O,IJ;HHM qlH3H­

qecKHM Tpe6oBaHHeM - npHqHHHOCTH. 

O6blqHo KBaHTOBo-MexaHHqecKaJI qiopMyJIBpOBKa npHH-

1.{Hila npHqHHHOCTH COCTOHT a TOM, qTo Tpe6yeTCJI, qTo6bl 

BOJIHhl He pacnpocTpaHJIJIHCb co CKOpOCTbIO, 60JibWeH CK0-

pOCTH CBeTa. 3TO 3KBHBaneHTH0 TOMY' ,qTo H3MepeHHJI 

,nayx Ha6nro,naeMbIX BeJIHqHH He ,Il;OJI)KHbl HHTepqiepHpOBaTb, 

eCJIH TOqKB pa3,neJieHhl npocTpaHCTBeHHo-no,no6HhlM HH­

TepaanoM, T.e. ,IJ;JIJI onepaTopa nonJ1 ¢(x) a rHJib6epTOBOM 

npocTpaHCTBe J{ HMeeT MeCTO COOTHOWeHHe/2/: 

[ 2Gkj,, '"' "---c-:i-;._;i;fL7.:)-!· 1 
' •• - - -. ,-. - - I!". , ~·, .,.,..r◄ ~ 0::<;p,'.'tJ:! o:~:m"-'g~E;:, .• j . ' 

I r:,;,.f~.J~•,t.rn~:.{,.. i 
-,..,_.~---------
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[¢(x)¢(x')] = 0, npH ( X - X') 2 < Q • /1/ 

/yCJIOBHe JIOKaJILHOH KOMMyTa THBHOCTH/ • 
,[(JIB onHcaHHH cl>H3H1·1eCKHX HBJieHHH noJieBa.11 TeopHH 

.D;OJI)KHa co.n;ep)Ka Th nOHHTHe: "Ha6JUO.n;aeMble 'laCTHUbI". 
Il03TOMy Ha none HaJiaraIOT acHMnTOTH'leCKHe YCJIOBHH, 
T .e. Tpe6oBaHHe' 'IT06bl TeopHH .n;onycKaJia HHTepnpeTaUHIO 
B TepMHHax aCHMnTOTH'leCKHX Ha6n10.n;aeMbIX, COOTBeTcT­
BYIO~HX qacTHUaM C onpe,n;eJieHHOH Maccoii. MaTeMaTH'leCKH 
OHO Bblpa,KaeTCH B Tpe6oBaHHH cymecTBOBaHHH npe,neJIOB 12~ 

. · .. ..;, . . ' 

·'fim (<I>¢ r(t)IJI) = (<I>¢_£ IJI), 
. ·+ Ill 
- t ➔- 00 : ·out 

/2/ 

r.n;e 

<1>,IJI ~ J{'. 

r . . -
¢ <t> = ifl¢<x> a f<x> 

- 3 
a¢<x> f(x)ld x, 

/3/ 

ax 
0 

ax
0 

f(x) - JII06oe HOpMHPOBaHHOe pemeHHe ypaBHeHHH KneiiHa-
. A 

rop.D;OHa C MaCCOH m. ACHMnTOTH'leCKHe_ nOJIH <pin (x) H 
¢ (x) ,D;OJl)KHbl Y.D;OBJieTBOPJITh .n;u<l>cl>epeHUHaJILHbIM ypaB-

out 
HeHHHM H nepecTaHOBO'IHbIM COOTHOllleHHHM TeopHH CBO-
60,n;Horo nOJIH. Bee 3TH YCJIOBHH onpe,n;eJIHIOT cyIQeCTBOBaHHe 
YHHTapHoro onepaTopa 8 TaKOrO, 'ITO . 

A . -1 A 

¢ (x) = S ¢. (x)S. 
out m /4/ 

" 3TOT onepaTop s H eCTh MaTpHua pacceHHHJI. H3 YCJIOBHH 

YHHTapHOCTH CJie,n;yeT' 'ITO 
\ 

A 
A 

S = exp I i 7J l , /5/ 

r.n;e ry - 3PMHTOB onepaTop cl>aJLI; ECJIH npocTpaHCTBO 
. . V . A 

acHMnTOTH'ICCKHX noneH noJIHO, TO 7J MO)KHO npe,n;cTaBHTh 
KaK BHKOBCKOe pa3JIO)KeHHe no 3THM nOJIHM: 

A OO 1 4 . 4 .· 
7J = I · -f d x 

1 
••• d x h (x 

1 
••• x ):¢. (x

1
) ••• ¢. (x ) : /6/ 

n I .· n n n In · 1n n n . 

Ilpeo6pa3oaaHue <I>yp1,e· OT 3Toro Bblpa,KeHHH 6y,n;eT: 

2 

I 

~ 

,. 
T/ 

1 4. · 4 ~ 
I - f d k 

1 
... f d k h (k 1 ••• k ) x 

n! n n n 
/7/ 

2 2 2 2.~ ~ • x o (p 
1 

- m ) ••• o (k - m ) • ¢ . (k 
1

) ••• ¢ . (k ) . 
. n 1n 1n -. n _ 

H3 <l>oPMYJibI /7 / BH.D;H·o, 'iTO BXO.D;.RIQHe B onpe,n;eJieHHe 
MaTpHUbl pacceJIHH.R cl>YHKUHH h n (kl ••• k n)onpe.n;eneHbl TOJILKO 
Ha MaCCOBOH noBepXHOCTH, a BHe ee MOryT 6b1Th Bb16paHbl 
npOH3BOJlbHO,. T.e. 3a,n;aHHe Ma_TPHUbl pacce.RHH.R He onpe­
,n;eJIJieT hn (xp.-.xn) o·,u;HoJHa'IHhIM · o6pa3OM. EcJIH KaK-:JIH6o 

3KCTpanoJIHpOBaTh hn<k1-••kn) 3a MaCCOBYIO nouepxHOCTh, 
TO MO)KHO cl>opMaJILHO BBeCTH IlOH.R_THe TOKa j (x) qepe3. 

cl>YHKUHOHaJI1,Hy10npoHJBO.D;HYIO 

j (x) == i oS S - 1 . /8/ 
8¢. - 1n <x > 

H onpe,n;eJIHTL HHTepnonupy10mee none 

¢(x):, ¢in(x) + ffiR(x-,x')j(x')d _x', /9/ 

j (x) = ( □ - m 2)¢(x) •. 

- 2 2 
EcJIH h (k 

1 
••• k ) KOHe'IHbl H HenpepbIBHbl B6JIH3H -k. = m , To 

n n 1 

ycJIOBHe /2/ 6y,n;eT BblnOJIH.RThC.R. B CB.R3H C HCO.D;H03H8.'I-
HOCThlO 3KCTpanoJI.RUHH h (k

1 
••• k ) . 3a Maccouy10 noeepx -

. n n 

HOCTL, cymecTuyei MHoro noneii, cooTBeTcTBYIOmux ,n;aH­
HOii S -Ma.TpHUC H y,n;OBJICTBopi~uuix cna6OMY acHMnTOTH­

qe CKOMY }'CJIOBHIO /2(_, _ cne,n;o~a TeJii.HO, _ 

S ... ¢ ( x) HCO,I:{HO3Ha'IHO. /10/ 
,r •• • 

O.nuaI<o, eCJIH Ha none ¢(x) HaJIO)KHTh YCJIOBHe JIOKaJILHOH 
KOMMy-ra'rltBH<>CTH /1/, TO cooTueTCTBHe /10/ cTaHoBHTCJI 
o,n;HoJHa'IHbIM / 3/_ ,IJ;pyrHMH cnoBaMH, ycnouue /1/ ecTL 
oocmamo'lHOe ycnouue ,n;nH cymecTBOBaHH.R HHTepnonupy10-
mero non.11, HO He 11eo6xoou.Moe. Jionee Toro, cymecTBYIOT 
HeJioKaJILHble non.Ji,' COOTBCTCTBYIOIQHC ,n;aHHOH MaTpuue pac­
ceHHHH H y.n;ouneTBOpHIOIQHe YCJIOBHIO /2/. EcTeCTBeHHO, 

BO3~HKae::r -~-onpoc O KJiacce noneii cp (x) , COOTBeTCTBYIOIQHX 
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.ztaHHOH S -MaTpH:u;e H Y.ztOBJieTBOPJIIOI:u;HX OCJia6JieHHOMY yc­

JIOBHIO npHqHHHOCTH /HeJIOKaJibHLie IlOJIJI/. 

B TeOpHH 3JieMeHTapHLIX qacTHD; cyi:u;eCTByeT ,llOCTa­

ToqHo MHOro TaKHX TeopHii, .B KOTOPLIX yCJIOBHe npHqHH­

HOCTH c«l>OPMYJIHpOBaHO He KaHOHHqeCKHM cnoco60M. Cpe.ztH 

HHX 3HaqHTeJibHOe MeCTO OTBO,llHTCJI TaK Ha3LIBaeMLIM 

TeOpHJIM "HeJIOKaJIH3yeMLIX noneii", T .e. TaKHX noneii (¢1,1) , 
KOTOpLie HeJib3JI ToqHo onpe.zteJIHTb B .ztaHHOH Toqxe (x µ) 

H KOTOpLie Il03TOMY y)Ke He JIBJIJIIOTCJI «i>YHKD;HJIMH ToqKH. 

K 3TOMY xnaccy OTHOCJITCJI: Mo.zteJIH Mapxoea! 4 I , 
IOKaBLI /5/ :e, B onpe.zteJieHHOH CTeneHH, - KBaHTOBaJI Teo­

PHJI IlOJIJI B HMilYJibCHOM npocTpaHCTBe IlOCTOJIHHOH KPHBH3 -

HLI, c«l>opMy.nHpOBaHHaJI B pa6oTaX B.r .Ka.ztLIWeBCKOro, 

M.,lJ..MaTeeea, A.,lJ..,lJ.oHKOBa, P .M.MHp-KacHMOBa/6/. 

Ko BTOpOMY KJiaccy OTHOCJITCJI TaKHe TeopHH, B KOTO­

PLIX CB060.ztHLie IlOJIJI JIBJIJIIOTCJI o6LiqHLJMH JIOKaJibHLIMH 

onepaTopaMH, a HeJIOKaJibHOCTb BBO,llHTCJI BO B3aHMO.zteii­

CTBHe B BH.zte pa3iJHqHLIX «l>opM«i>aKTOpOB. O.ztHHMH H3 nepBLIX 

TaKHe TeopHH paccMoTpenu r.B.BaTarHH/7/, ,lJ..H.EnoxHH­

:u;eB/8/. BnocJie,llCTBHH 3TOT IlO,llXO,ll nonyqHJI ,llaJibHeiiwee 

3HaquTeJibHOe jf3BHTHe B pH.zte pa6oT ,lJ..A.KHp)KHH:u;a/9/' 

A.H.Jle3HOBal1 , r .B.E«l>HMOBa/ 11 /. . 

B HaCTOJlt:u;eii ,llHCCepTa:u;HH TaK)Ke H3JIO)KeHa TeopHJI, 

OTHOCJII:u;aJICJI KO BTOpOMy THDY. 

IIo H&WeMy MHeHHIO, 3TO HanpaBJieHHe HMeeT ei:u;e H TO 

npeHMyt:u;eCTBO, qTO no.zto6HaJI TeopHJI MO)KeT 6LITb IlOCTpoe­

Ha 6e3 BBe.zteHHJI IlOHJITHJI B3aHMO.zteiiCTBYIOt:u;ero IlOJIJI: 

liHTepec K HJyqeHHIO HeJIOKaJibHLIX Teopuii oco6eHHO 

npOJIBHJICJI IlOCJie Toro, KaK 6LIJIH o6Hapy)KeHLI TPY.ztHOCTH 

JIOKaJibHOH KBaHTOBOH TeopHH, CBJl3aHHLie C HaJIHqueM 

YJibTpa«l>HoJieTOBLIX paCXO,llHMOCTeii. HeJIOKaJibHLie TeopHH 

B HeKoTopoii CTeneHH .ztaIOT B03MO)KHOCTb YCTpaHHTb 3TY 

TPY.ztHOCTb nyTeM BBe.zteHHJI «l>opM«i>aKTOPOB B Ma TpHqHLie 

3JieMeHTLI PJ1.zta TeOpHH B03Myt:u;eHHH ,llJIJI 8-MaTpH:u;LI, co­

OTBeTCTByroi:u;eii JIOKaJibHOH TeOpHH. IlpH 3TOM He06XO,llHMO, 

qTo6LI He HapywanucL .ztpyrHe npHH:u;HnLI TeopHH: yHHTap­

HOCTL, peJIJITHBHCTCKaJI HHBapHaHTHOCTb H T • .zt. HMeH-HO 

3TH npo6JieMbl H paccMOTpeHLI B HaCTOJII:u;eii ,llHCCepTa:u;HH. 

,lJ.HccepTa:u;HJI COCTOHT H3 ceMH rJiaB. 

B nepeou ZAaee H3JIO)KeHLI OCHOBHLie npHHD;HilLI KBaH-

4 

.. 

TOBOH TeopHH IlOJIJI, HX B3aHMOCBJl3H H .ztaH 3KCKypc B HC -

TOPHIO Bonpoca. 
Tax KaK YCJIOBHe /1/ CBJl3aHO C npHHD;HilOM KBaHTOBaHHJI 

H ,lla)Ke B CJiyqae ceo6o.ztHOrO JIOKaJibHOrO IlOJIJI BLITexaeT 

H3 Hero/12/,TO BO emopoii ZAaee ,llHCCepTa:u;HH .ztaH HeKoTo­

PLIH aHaJIH3 IlOHJITHJI "KBaHTOBaHHJI" H ero 06061:u;eHHe 

Ha HeJIOKaJibHLie IlOJIJI. 

IlpH 3TOM B ocHOBY noJio)KeHa 11.zteR A~A.KHpHni10-

ea/1a/ H E.KOHCTaina/14/o TOM, :iTo KBaHTOBaiIHe CBJl3aHo 

C BBe.zteHHeM JIHHeHHOH. CBJl3HOCTH B HeKOTOPOM paccnoe­

HiIH £ ·Ha.zt CHMIIJieKTHqecKHM. MHoroo6pa3·HeM M C .ztH«l>­

«l>epeH:u;HaJILHOH 2-«l>opMoii da H cnoeM C/KOMDJieKcHaJI nnoc -

KOCTb/: . 

C ➔ f /ii/ 
,I, TT 

M 

Taxoii IlO,llXO,ll K KBaHTOBaHHIO .ztaeT B03M0)KHOCTb .paccMaT­

pHBaTb «i>HJHqeCKHe CHCTeMLI, «l>a30BOe npocTpaHCTBO, Ko-. 

TopLix M He npe.ztnonaraeT cne:u;HaiiLHoro pa3.zteJieHHJI no­
KanLHLIX KOOP.ztHHaT Ha "npocTpaHCTBeHHLie" H "HMDYJILC­

Hble". 

B HH«i>HHHTe3HMaJibHOH «l>opMe nonyqeHHOe a1nopoM yc­

JIOBHe KBaHTOBaHHJI. ,llJIJI HeKOTOPOH BenHqHHLI A(f) ,xapaK­

TepH3YIOt:u;eii «i>HJHqecKyIO CHCTeMy; HMeeT BH.zt: 

A A 

[A((1)A((2}l = w((1 ,(2). /12/ 

3.zteCb ( j - BeKTOp Ha M, w(( 1,( 2)- «i>opMa KpHBH3Hbl CBJl3-

HOCTH B paccnoeHHH, KOTOpaJI B cnyqae o6blqHoro «l>a30BO­

ro npOCTpaHCTBa, C ToqHOCTblO ,llO KOHCTaHTbl, COBDa.ztaeT 

C KnaccHqecxoii CK06Koii IIyaccoHa. BBe.zteHHe CBJl3HOCTH 

B paccnoeHHH f Il03B0JIJleT c«l>opMynHpoBaTb ycn0BHe KBaH­

TOBaHHJI B. «l>opMe K0HTHHyanLH0ro HHTerpana, .3a.ztaHH0ro 

Ha MHOroo6pa3HH Bcex nyTeii nqq'•coe.ztHHHIOI:u;HX .zt~e .ztaHHLie 

T0qKH q H q', IlpH 3T0M MHOroo6pa3He {l qq' M0)KeT 

6b1Tb annp0KCHMHP0BaH0 MH0)KeCTB0M JI0MaHLIX reo.zteJH­

qecKHX, coe.ztHHJIIOI:u;HX Te )Ke T0qKH /15/. B ,llHCcepTaD;HH 

noKa3aHo, qTo B 3T0M cnyqae B.zt0JIL ,W06oii reo.zte3uqecKoii 

B paccnoeHHH Ha paCCT0JIHHH e = Llp C0.ztep)KHTCJI «l>o-
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KailLHa.H TO'IKa. 3TOT pe3ynLTaT .HBil.HeTC.H HOBLIM. Bcne,n_­

CTBHe Toro, 'ITO TaKHe TO'IKH MoryT 6LITL coe;:i;HHe­

HLI HeCKOilLKHMH reo;:,;e3H'leCKHMH, 3Ha'leHHe KOHTH­

HyanLHoro HHTerpana He .HBil.HeTC.H O.l);H03Ha'IHLIM, a 3aBHCHT 

OT .l);OilOilHHTeilLHLIX ycnoBHii. 

B 3aKilIO'leHHH rnaBLI, Ha OCHOBe H3IlO)KeHHOro qiopMailH3-

Ma, B Ka'leCTBe npHMepa BLIBe;:,;eHLI nepecTaHOBO'IHLie co­

OTHOWeHH.H J.tilJl CB06o;:,;Horo CKanJlpHoro IlOil.H ¢ (x). 
O6o6uteHBe IlOHJITH.H BHeWHeii npOH3BO.IJ;HOH d Ha 

KOHTHHyanLHLIH cnyqaii Il03BOilHilO anepBLie 3anucaTL ycno­

BHe IlOKanLHOH KOMMyTaTHBHOCTH B HeCKOilLKO HHOH qiopMe:. 

d(oj) = 0, .l);Il.H (x-x')
2

<0, /13/ 

r;:,;e 

8 j = f d 4x j (x) 8 ¢ (x). 

B mpem1>eu zAaee anepaLie ;:,;aHa qiopMynupoBKa ycnoBH.H 

MaKponpH'IHHHOCTH B TepMHHax BOilHOBLIX naKeTOB / 16 1 . 
IlpH 3TOM OCHOBHa.H H.IJ;e.H COCTOHT B cne;:i;yrouteM. B CHny 

· Toro, ':ITO rpaHHUa BOilHOBOro naKeTa He MO)KeT 6LITL on­

pe;:,;eneHa TO'IHee, 'leM KOMilTOHOBCKaJl ~IlHHa, B npe;:,;enax 

1/m YCilOBHe MHKponpH'IHHHOCTH MOmeT HapywaTLCJl, H 

3TOT qiaKT He MO)KeT 6LITL o6HapymeH IlPJIMLIMH3MepeHHeM. 

EcnH npe;:,;nOilO)KHTL, 'ITO neHTpLI BOilHOBLIX naKeTOB OilH­

CblBaIOT KnacCH'leCKHe TpaeKTOpHH, TO ycnoBHe MaKponpH­

'IHHHOCTH 03Ha'laeT; ':ITO paCXO.IJ;JlutaJICJl BOilHa c:{J out = 0 ·, 
noKa O.l);HH H3 BOilHOBblX naKeTOB He nona;:,;eT B cBeTOBOH 

KOHyc 6y;:i;yutero ;:,;pyroro. B cnyqae pacceJ1HHJ1 ;:,;ayx ':lac­

THU BLipameHHe .IJ;Il.H pacxo.z:tJ1uteiicJ1 BOilHbl HMeeT BB.I(: 

<I> (x
4
,x

3
) =<I>. (x

4
,x l 

out lD 3' 

\ 

4 /14/ 
4 4 8 S + 

- ifd ~d xl<0I------S I0>f,a<xzlfa<x1 ). 
o ¢ (x 

1
) ••• 8 ¢ (x 

4 
) 

liepJl qiyHKUHOHanLHble npOH3BO.IJ;HLie OT <I> (x4,X ) no Bon-
out :J 

HOBLIM naKeTaM, nony'IHM ycnoBHe MaKponpH'IHHHOCTH: 

6 

~ 

' I, 

l 

2 
8 <I> (x

4
, x

3
} 

out 
- exp I - m I s I l , /15/ 

of ,8(x
2 

)of a (x
1

) 

r;:,;e s-HHTepaan BHe o6nacTH '11(x 1,~,x3,x4 >,onpe;:,;en.HeMoii 

COOTHOWeHH.HMH: 

2 
(x

2
- x

1
) > 0, 

. 2 
(xi - x

2
) > 0, 

ti > t 2 ' 

(xi - x 1) > 0, 

t i > t I , (i = 3,4 ) • 

IlpHHUHil npH'IHHHOCTH B 3TOH qJOpMe HapywaeT ycnOBHe 

MHKponpH'IHHHOCTH H.H.lioron1060Ba/l7 ~ T .e. . . 

8 ( BS .8+)JO / --. - r , .l);IlJl X 2 '- XI • 
8¢(x 2) 8¢(x

1
) -

/16/ 

TaK.. KaK IlpH qJOPMYilHpoBaHHH ycnoBHJl MaKponpH'IHHHOCTH 

MLI IlOilL3yeMCH IlOH.HTHeM 6nH30CTH Mem;:,;y TO'IKaMH npo­

CTpaHCTBa-apeMeHH, TO .l);Il.H 3Toro He06XO.l);HMO BBeCTB 

IlOHHTHe pacCTO.HHHH Me)K.l);y HHMH, T .e. MeTpHKy; 

3Ta MeTpHKa onpe;:,;en.HeTCH c IlOMOlltLIOilOilO)l(HTenLHO 

onpe;:,;eneHHOH nopeHU-HHBapHaHTHOii, KBa;:,;paTH'IHOH qiopMbl: 

2 2 2 R (x)=2(xn) -x ;?0, /17/ 

rne n - HeKOTOpLiii e;:i;HHH'IHLIH BpeMeHHno,n_o6HLIH BeK-

Top/18/. 

B !lemeepmou zAaee ;:,;uccepTaUHH paccMoTpeHbl npHMe­

pLI HenoKailLHLIX Mo;:,;enea, Y.llOBileTB0pHIOutHX ycnoBHIO npH­

'IHHH0CTH a qiopMe /15/. 
B Ka'leCTBe nepaoro npHMepa/19/ paccMoTpeH MaTpH'I­

HLiii 3IleMeHT S -MaTpHULI /Bo BTOp0M nop.H.IJ;Ke TeOpHB 

·Bo3MYuteHHii/, cooTBeTCTBYIOuteii B3aHMo;:,;eiicTBHIO: 

w = g:¢: /18/ 

1 



AKay3anbHhIH MaTpH'IHhIH 3neMeHT CTPOHTC.H nyTeM 3aMe­

Hhl B HeM o6b111HOH npH'IHHHOH qiyHKl.(HH DC (x) Ha aKay3anL-

Hyro: 

DC (x) = JDC (x - ,;) p(,;, n >ie' 
a 

/19/ 

r,IJ;e p( ,;, n) - qiopMqJaKTOP, 6hICTpO y6h1Bal011.(HH BHe 3n­

nHilCOH,IJ;a: 

2(xn) 2 -x 2= a
2

• /20/ 

,D;anee paCCMOTpeHhl pa3nH11Hble BH,IJ;hl qiopMqJaKTOPOB p(,;,n) 
H Te orpaHH'leHH.H Ha Hero, KOTOpbie HaKna,IJ;blBalOTC.H ,D;py­

rHMH nocTynaTaMH I<BaHTOBOH TeOpHH. 

PaccMOTpeHa TaK)Ke MO,IJ;enh, KOr,IJ;a ycnOBHe npH'IHH­

HOCTH HapymaeTC.H B BepmuHe cBeTOBOro KOHyca. B 3TOM 

cny11ae ponh o6hl11HhIX 3aiia3,IJ;hIBaroll(HX H onepe)Ka10ll(HX 
ret 

aMnnHTY.D; Fadv (x) urparoT IPYHKl.(HH: 
ret ret . 

<lladv (x) = Fa<lv(x) + ¢/ (x, n), /21/ 

+ 
r,IJ;e ¢- (x, n) y,IJ;oBneTBOp.HeT ycnOBHIO npH'IHHHOCTH B qiopMe: 

+ 2 2 2 ¢-(x,n) ➔ 0, npu R =[2(xn) -x ] ➔ co, /22/ 

-
,lJ;aHo HHTerpanLHoe npe,D;cTaBneHHe ¢ <Q),y,IJ;oBneTBOP.HIOil.(ee 

ycnoBHIO cneKTpanhHOCTH/20/ · 

cp (Q) ,= 

R;(~ 
00 • 1 (i) J 2 J df-. J 2 [ (Q - ,;) 

171 0 Z - 0 2m -a 
1 

/+lz, ,;) dz 2 

➔ 

+ Q 2] 

2m 2-a 

J 
-co 

1 . RO(,;) 

dg-_ p J 
171 0 

(-) . 2 
f (z,fldz 

z2-[<Qo- ,;)2 + Q2] 

+ -
/ ¢(Q) - qiypLe-06pa3 [¢ (x,n)-¢ (x,n)l /. 

8 

/23/ 

B n.Rmoii Z/laee ,IJ;HCCepTal(HH ,IJ;aH BblBO,IJ; ,IJ;HcnepCHOHHblX 

cooTHomeHu:ii:, ocHoBaHHhl:ii: Ha MeTo»;e H.H.Eoronro6oBa, 

E.B.Me,IJ;Be,IJ;eBa, M.K.IIonuBaHoBa/ 21 / ,IJ;n.11 11N -pacce.11HH.11. 

IIpH 3TOM HapymeHHe ycnOBH.H IIpH'IHHHOCTH CB.H3aHO C 

BBe,IJ;eHHeM qiopMqJaKTOpa / 20/: . 

02 
p(Cil) = ----

n2 + Cil 2 
/24/ 

r,IJ;e n = 1... ' a - qiyH,IJ;aMeHTa~hHa.H ,D;nHHa, H IIpHBO,D;HT K 

IIO.HBneHHIOa nonrocOB nepBoro IIOp.H,D;Ka Ha MHHMOH OCH 

B TO'IKax n = ±J . ,D;ucnepcHOHHble COOTHOilleHH.H B TaKoii 

qiopMe paCCMOTpeHbl BIIepBble. 

1Iony11eHHble ,D;HCIIepCHOHHhle COOTHOilleHH.H OTilH'lalOTC.H 

OT o6bl11HhlX ,D;OIIOilHHTenhHblMH 11neHaMH BH,D;a: 

2 
(i) - (i) 2 

0 p(Cil) N (iO), 
n2+ (i) 2 

0 

/25/ 
(i) 2 - (i) 2 

0 -

n2+ 

2 p(Cil)~N(iO) 
(i) n , 

0 

r,IJ;e N - 06hl11Ha.11 aMnnHTy,D;a pacce.11H_H.11, o6na,D;aroll(a.H 06bl11-

HhIMH aHanHTH'leCKHMH CBOHCTBaMH. 

Y11HTb1Ba.H 3TH 11neHhl, H3 cpaBHeHH.H C 3KCIIepHMeHTOM 

MO)KHO c,D;enaTh ol(eHKY BepxHeii rpaHHl.(hl IPYH,IJ;aMeHTanLHO:ii: 

5 -13' 
,IJ;IlHHhl: a -0,8 .10 CM, 

B wecmoii ZAaee .D;HccepTal(HH 06cY)K,D;aeTc.11 Bonpoc 

0 Bbl6ope BeKTopa n ·• CnO)KHOCTh 3TOro BOIIpoca 3aKnro11a­

eTC.H B TOM, 'ITO ecnH paccMaTpHBaTb 3lCCIIepuMeHThl, B Ko­

TOpbIX O,D;Ha H3 11aCTHI.( nocTeIIeHHO y,D;an.HeTC.H Ha 6onhlllOe 

paCCTO.HHBe, TO ee B3aHMO,D;e:e:cTBHe C OCTanbHhIMH IIOCTe­

neHHO yMeHbiuaeTC.H H B KOHl.(e KOHl.(OB CTaHOBHTC.H paBHblM 

Hynro •. 3TOT qiaKT ueo6XO,D;HMO Y'IHTbIBaTb IIpH Bbl6ope BeK­

TOpa n , .. CB.H3aHHoro B HalllHX MO,D;en.HX C HMnynhCaMB qac­

THI.( pi,' l 3Ta npo6neMa pemaeTc.11 TeM, 'ITO n onpe,IJ;en.11eTc.11 

OT,D;enhHO ,D;Il.H Ka)K,D;OH "cB.H3HOH 11aCTH" B pa3IlO)KeHHB 

S-MaTplll(hl Ha OT,D;enhHble KOMIIOHeHTbl. 
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B ceObMoii z11aee ,IJ;HccepTau;aa paccMaTpHBaeTcH npo-

6neMa: KaK .coxpaHHTb ycnOBHe YHHTapHOCTH B HenoKanb­

HbIX ,MO,IJ;em1x. IIpe,IJ;no>KeHa HeKOTOpaH q>OpMailbHaH, a TOl{­

Hee, anre6paa11ecKaH cxeMa, BnepBi.1e paccMoTpeHHaH Bpa:,-

6oTe / 22/ ,IJ;nJI npocTeiiwax cny11aeB Teopau BO 3MyID;eHHii~ 

B OCH,OBe 3TOA cxeMbl ne>KHT B03MO>KHOCTb Bblpa3HTb MHH­

Myro 11acTb aMnnHTYAhl An 11epe3 ,IJ;eHCTBHTenLHyro Dn c no­

MOID;blO peKyppeHTHbIX COOTHOWeHHii/ 221, ·IlpH 3TOM Heo6xo­

,llHMO ·IlOCTYJIHpOBaTb BLIDOJIHeHHe TO>K,lleCTBa 

·, 1 00 + 
A =-ITT, 

n 2 s=L.n::--s s 
/26/ 

r,IJ;e T n= <Dn + iAn} -:n-Liii 11neH B pa3JIO>KeHHH aMnnHTY,llbI. 

B TaKoii cxeMe HeJioKaJihHYIO· TeOpHIO MO>KHO nocTpOHTb, 

BB0,llH q>OpMq>aKTOP JIHWb B ,l\eHCTBHTenbHyro 11aCTb aMDJIH­

TYALI pacceJIHHJI. 

OCHOBHLie pe3yJibTaTbl, H3JIO>KeHHble B ,IJ;HccepTan;HH, 

ony6nHKOBaHbl B pa6oTaX /16, 18,19,20, 22/. 
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