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1. Baeueune 

YcTpaueune yrrhTpBqlHOIT9TOBb!X pBCXOUHMOCTeii: B psuty TeopHH B03MyiU9HHl! B KBBHTO­

BOl! TeOpBH UOITH HBITH9TCH OCHOBHOl! npo6rreMol! UpH ~OpMyrrnpOBKe CBMOCOrrraCO~BHHOl! TeO­

pHH MHKpO'iBCTHU, !lpH TBK H83b!B89Mb!X UepeHOpMHpyeMb!X B38HMOUel!CTBHHX YAflnOCh ycTpa­

/ 1,2/ 
HHTb paCXOUHMOCTH, nepeonpeuerrBB KOHCTBHTY CBH3H H MBCCbl 'iBCTBU , 0UHBKO OCTBITCH 

6orrhll!Ol! KITBCC H9p9HOpMHpyeMblX B38HMOUel!CTBI!l!, rue nporpaMMB nepeHOpMHPOJ:\OK He npom-

na. 

fiOUb!TKH ycTpBHHTh paCXOUHMOCTH BB9U9HH9M H9KOTOpOl! peryrrHpH3YIOUiel! npoueuypb! 

THUS npoueuypbl !laynn-BHrrnapca lliTOXH TeM, 'iTO UpH KOH9'iHb!X peryrrHp113YIOIIUIX MBCCBX 

Hapyll!B9TCH YHHTBpHOCTb UpH UOCTBTO'iHO 6orrbll!HX 3HeprHHX, Il03TOMY TBKOrO COpTS peryrrH-

pH38UHH acerua paCCMBTpHBBITHCh KBK npoMeJKyTO'iHbl9, 

0TKB3 OT nOKBITbHOCTH B38HMOU9l!CTBHH/S,
4/ UOKB He npHBerr K 3HB'iHT9ITbHb!M ycne­

XBM, UOCKOIThKY <j>opM<!>BKTOpbl HITH Hapyll!BIOT YHHTBpHOCTh UpH 60IThlllHX 3HeprHHX, HITH UpH­

BOUHT K UOHBIT9HHIO UOUOITHHT9IThHblX OC06eHHOCTel! y BMUITHTYU ~H3H'i9CKHX npoueCCOB B 

KOMITIT9KCHOii: UITOCKOCTH aueprHH, 'iTO COOTB9TCTayeT Hapyll!eHHIO ycrrOBHH MHKpOUpH'iHHHOCTH, 

~He KaJKeTcn, Heyuaqa c aaeueHHeM perrHTHBHCTCKoro o6pe3aHHH, coxpaHHIO!Ilero yHH-

TBpHOCTb H Upli'IHHHOCTh, CBH38HB C K838Bll!BMCH O'i9BHUHb!M ll0ITOJK9HH9M0 'iTO SMUUHTYUbl 

<j>u3nqecKHX npoueccoa pacTyT He 6biCTpee norrHHOMa HB 6ecKoHe'iHOCTH no aHeprnn. B Tep­

MHHonornu1 
11 

aMnrrHTYUbi HBrrHroTcn o6o6meHHbiMH ~YHKUBHMH yMepeHHOro pacTa, B aTnx 

YCITODHHX, 9CT9CTB9HHO, rr106ag peryrrHpH3y!OIU8H ~yHKUHH HITH ~OpM~SKTOp B HMAyiTbCHOM 

UpOCTpBHCTD9 UOITlKHbl o5rraU8Tb K8KHMH-ITH60 OC06eHHOCTHMH B KOH9'iHOii: 05rraCTH, B 3TH QCQ-

6eHHOCTH UpOHBITHIOTCH B <j>H3H'i9CKHX npoueccax UpH UOCTBTO'iHO 60rrhll!HX 3Hepr11HX, Hapyll!BH 

yHRTapHOCTb H T.a. 

/5,6/ 
B UOCU9UHee Bp9MH UOHBHITHCh pa60Tbl , rue UOK83b!B89TCH 0 'iTO Tpe6oaaHH9 UOITH-

HOMHBIThHOro pOCTB BMUITHTYU HB 5ecKOH9'iHOCTH CITHlllKOM CHUhHO H era MOJKHO OCrra6HTb, 

AMUITHTYUbl MoryT HM9Tb HB 6eCKOH9'iHOCTH cymeCTB9HHO oco6yro TO'!Ky, UpH 3TOM ITOKBITh­

HOCTb B UpH'iHHHOCTb T90pHH He 6yUyT H8pyll!9Hhl, ecrrH pOCT 6yU~T M9UIT9HHee, '19M ITHHel!-

aas BKcnoaeaTa no aaeprRR. 

TaKHM o6pa3oM, noHBrrHeTCH B03MOJKHOCTh npoaecTn perynnpn3aunro uenoii: <i>YHKunel! 

B HMUYIThCHOM UpOCTpaHCTBe, ~OJKHO OlKHUBTb0 'iTO yHHTapHOCTb TeopHH He Hapyll!HTCSI, UOC­

II:OIThKY HHKBKHX U05aBO'iHblX OC06eHHOCTel! UpH ITI06b!X KOH9'iHbiX 3HeprHHX He UOSIBHTCH, 

HarrH'iHe cyiUeCTB9HHO OC06ol! TO'iKH HB 6eCII:OH9'iHOCTH BO MHOrOM H3M9HSI9T UpH-

s 



Bhi'!Hhte npencTaaneaaH. B o6bt'IHOII cjlopMynapoaKe aMnnHTYAbl onHChiBBIOT AHarpaMMBMH 

cl>etlHM8HB. npii Bbi'IHCIIeHH!IX nepeXOil!IT K IIMITYIIhCHOMy llp811CT8BIIeHHIO II 38TBM 110BOp8'11I­

BBIOT KOHTYP IIHTerp1IpOB8HII!I 110 3HeprHH ( k0 -+ i k • ) , nepeX0/1!1 TeM C8MbiM K eaKnH-

/7/ 
noay qeTbtpexMepaoMy npocTpaacTay. Eonee Toro, noxaaaao , 'ITO MOJKHO c<!>opMynnpoaaTb 

TeopHIO n 8BKIIHI10BOM npOCTp8HCTB8 H 3Ta cPOpMyiiiipOBKB 3KBHBBII8HTHa 06bi'IHOJI ITCeBI\OeB­

KIIHAOBOJI, npa HBIIII'IHII cymeCTB8HHOtl OC06eHHOCTH Ha 6eCKOHB'IHOCTH 3KBIIBaneHTHOCTb eBK­

IIIIAOBOtl H 11C8B/109BKIIIII10BOil cjlopMyrrHpOBOK HapymaeTC5! 0 110CKOIIhKY Hellb3!1 110BepHyTh KOH-

TYP ( k
0 

-+ ik • ) • 

M,r 6yneM paccMaTpnaaTb TaKIIe aapaaHTbl cymecTaeHHbiX oco6ennocTell, xorna a eBK­

rrnnoaoii n6naCTH aMniiHTy,lbl XOpOlllO y6biBaiOT 0 a B <!>II31I'ieCKOtl o6naCTH pacTyT 6biCTpee 

nOITIIHOMa, 0TCIOI1a CnenyeT, 'ITO H806XO!lHMO C CBMOrO aaqana cPOPMYIIIIpOBaTh TeOpHIO B 

8BKITII/10BOM npoCTpaHCTBe, a nepeX0/1 B <!>naaqecKyiO o6na'cTb ocymecTBII!ITb BHBIIHTII'!eCKIIM 

IIpOilOJI>K9Hil9M no HHB8pH8HTHbiM HMITYJibCHbiM nepeM9HHbiM. 

Mne KaJKeTCH, 'ITO eBKIIHAOBa cjlopMyniipOBKa !IBII!IBTC!I ecTeCTBeHHOll OCHOBOl! TeopHII 

rrpl! OTKa3e OT nonHHOMIIanhHOrO pOCTa aMHJIHTY/1 Ha 6eCXOHe'IHOCTII, 

8 /18HHOll pa6oTe Ha npHMepe CKaiiHpHoro norr!l 6yneT 110K&3aHO, 'ITO B03MOJKHO BBBCTII 

B T80pH10 penHTHBHCTCKOe o6pe3aHHe, KOTOpOe IT03BOHHT II36eJKaTb BCex paCXOAHMOCTeJI B 

Teopaa aoaMymeaiii!. TeopiiH ocTaeTcH noxarrbaoil, yHIITapnol! II npaqnaaoll. C TO'IKH apeHIIS! 

BBOAIIMOro o6pe38HH!I HeT HHKaKorO p831IH'IIIH MeJKAY nepeHOpMHpyeMbiMH H He11epeaopMHpy-

9MbiMH B38HMO.ll9:ACTBHBMH. 

OcTaeTC!I OTKpbiTbiM niilllh ao11poc o n£aeneHIIH aM11HIITYA aa 6ecxoaeqaocTH 110 aaep­

riiii. KaK II a o6bi'!Hbl1. nepeaopMnpyeMbiX TeopnHx, 3Ta 11po6neMa ae MOJKeT 6b1Th pemeaa 

B paMKaX TeopHII B03MyrueHHI!, 

2, Baeneane aneMeHTapaol! nnHHhi 

EyneM paccMaTpiiB&Th onaoKOM11oHerrTHoe cKarr!lpaoe none c 11rrOTHOCThiO narpaaJKnaaa 

aaanMonellcTBHH L (x) • · L
0 

(x) + L 1 (x) , rne. L 0 (x) - o6bi'IHbii! narpaaJKnaa cao6on-

uoro norr!l c Maceo!! fL a 

L 1 (x)~-g </> m(x): ( 2.1) 

rne m -neKoTopoe uenoe qacno, npn m •· 3,4 11onyqaeM xopomo naaecTHble 11epeaop-

MIIpyeMbie B381IMOAei!CTBIIS!, npn m > 5 TeopH!I aepeaopMIIpyeMa, 

KaK rOBOpHHOCb BO BaeneHHH, cymeCTBBHHbll! 11YHKT Hamero paCCMOTpBHH!I - <!>opMynH­

POBKa TBOpHII B BBKIIHAOBOM '!eTb!pBXMBpHOM 11pOCTpBHCTBB, 

/8/ 
Bocl1onh3YBMC!I peaynhTBTOM pa6oTbi n aannmeM S -MaTpHUy B BBKIIHA~BOI! <Pop-

MyniipOBKe B BH/19: 

4 

".) 

r 

(ij 
' ~ 

L 

4 /5 m 4 
S • expl-gfp x( __ ] !exp{Y, ffp\ d x 2 I(x 1 )~f'(x 1 -1< 2 )i(x 2 )! 

o l(x) 1 (2.2) 

3nech l(x) -BHBU!tlllll HCTO'IHIIK 11011!1 cp (X) H 

~ (• \.. 1 Jd4 lp(x -x ) 
fL A I -x,-- p e I 2 

(211) 4 2 2 p + fL 

,K 1 (jLy(x 1-x2)) . •-------- '. 
y{;~-:;;T 

(2.3) fL 
(2,;)2 

rne K 1 (z) -<i>YHKUH!I Maxnonanhna. 11aTerpnpoaaaiiB a ( 2.2) II ( 2.3) 11poaon1ITCH no 4-Mep-

HOMY eBKITIIAOBY x- H p -npocTpaacTay. To'!HhHl rpnaoacKne <!>yHKUBII n -oro rro-

psrnKa CB!I38Hbl c S -MBTpHuel! (2,2) COOTHOlllBHHBM/S/ 

G.(x 1 , ••• ;x s -I 0 s 
15I(x 1 ) • .o 15I(x. 

ll(x) •·0 
( 2.4) 

¢ypbe-11peo6pa30BaHH!I rpBHOBCKBX <i>YHKAHll (2.4) /181\YT BX 3HB'IBHBS! B eBKIIIIAOBOI! o6-

IIBCTH npOCTpBHCTBeHHO-ITOno6HhlX·BHBlllHBX BMITYIIbCOB, nepeXOA B <!>B31I'IBCKYIO o6naCTb 

ocymeCTBIIHBTCH ITO BHBBpBBHTHhlM BMI1YHbCHhlM n.epeMBHHbiM, 

J131IOJKeHHa!l npouenypa 3KBBBBIIBHTHa 06bi'IHOMY paCCMOTpBHHIO B AIT!I rrarpaHJKIIBHB 

B3aHMOABI!CTBHS! ( 2,1) C npH'IBHHOI! <!>yHKUBBI! ( 2,3) A8BT o6bi'IHhlB paCXOAHllliiecg BblpBJKB­

HBH B pHAY TBOpBH B03MYlllBHBI!, 

Hame ocnoanoe npennonoJKenne aaKIIIO'!aeTc!l a cneAyiOmeM. BMeCTO npH'IHHHOI! <!>ynx­

unn ~ fL (x) B ( 2.2) BBBAeM: 

Df'(x) -~,.(x)O{x 2 -·f ), 
(2.5) 

rAe 1 ' z >:O , 
0 (z ) • I 0 , . z < 0 • 

npii TaKOM Bbi6ope npii'IHHHOI! <i>YHXUI{Ij BCe YIIbTpa<!>BoneTOBbie paCXOAHMOCTB 6ynyT, ec­

TeCTBBHHO, OTCYTCTBOBBTb, 3anaqa 38KITIO'IaeTCH B TOM, 'IT06hl ITOK838Th 0 'ITO YHBTBpHOCTb 

H npB'IBHHOCTb TeOpBB He 6ynyT HapymeHhlo 

BaeaeHHbii! a ( 2.5) HOBbtll napaMeTp BMBeT CMbiCII •aneMeHTapHol! AIIHHbl• H B Ha-

meM nOAXOAe 5IBH!IBTCH AOITOIIHHTenhHbiM napaMeTpOM TeOpHH, 

npeJKAe acero paCCMOTpHM <!>ypbe-o6pa3 <!>yHKUHII DfL (X ). 

4 
I qx 

D~ (q) ~ frl xe D 11 (x) ~· ---
2 

q 2 t•fl 

2 
_, v,l (-q ) • 

(2.6) 

5 



2 e -.-
vfl (-q ) a{,duu 2 Jl(u.,jq) fl Kl(flU) 

0 .,;-qr u 
(2.7) 

rne ]
1 

(z) -<jJyHKilllll Eeccenll, 

( 
2 2 2 2 

BeKTop q - eBKIIRilOB q ~-q 
1 

+. q 2 + q 3 

2 
+ Q 

4 
) H CBll38H C UC9Bil09BKIIHilOBbiM BH9III-

HHM HMllYIIbCOM p (p 2 ~-p;-p2) COOTHOIII9HH9M 
2 2 

p •· -·q 

8&tp8JK9HII9 ( 2,6) onpellen1'19T npHqHHHYIO <jJyHKUHIO 9BKIIHilOBOl! o6naCTH, T,e, B o6naCTH 

UpOCTp8HCTB9HHO-UOil06HOI'O BH9IIIH91'0 HMllyiihC8 p 
2 

< 0 , nepeXOil B <jJH3Hq9CKYIO 06-

2 
IIBCTb p > 0 OCYIII9CTBIIH9TCH 8H8IIHTI!qecKHM llpDilOIIlK9HII9M UO 

2 2 
MHHBX p ~ _, q 

2 

D fl (p) ~ 
2 2 • 

_, v fl ( p ) • 

-p + fl -If' 

2 2 
~YHKUI!ll Vfl(p) uenaH, nonyqHM pa3noJKeHRe ee a pHil no p 

np11 n .. oo 

H YllOBII9TBOplleT yCIIOBHIO 

PHil ( 2.9) cxollHTCH npH ni06&IX 

2 1 - C p2 n 

v (p ) - ~ ~ -·- <...--v4 ) 
fl fl n=O n! fl 

1 ~tf 2+2n 
<;, ~ ( ,du u K 1 (u ) , 

2(n + 1)! o 

c w 
n 

(flO 

n! 

I 

2n 

lim (c. l ~ • 0, 
n .. oo 

2 
p 

2 
• npu p .. + 

2 :-T vf' (p)- exp lf.,jp 1. 

<jJyHKUIIH 

r T 
·J :'i : ! ; 

6 

q2 

2 
v f' (p ) 

, 11MeeM (a Tep-

(2.8) 

(2.9) 

(2.10) 

( 2,11) 

(2.12) 

paCTeT, KaK 

( 2,13) 

'· .~· ) 

I 

'il 
L 

' ... -, 

'

II, 
~ 

t.q' 

B o6&tqHoM ncealloeaKIIHilOBOM npocTpaHcTae ¢yphe-o6pa3 
2 

V fl (p ) MOJKeT 6biTb 

38UHC8H B Bllll9 6eCKOHeqHOl! CYMMbl KB83HIIOK81IbHbiX OllepaTOpOB 

n n (4) 

vfl (x) - -·- ~ ...E.JL ( --;"-t- ) 0 (x) 
fl2 n•O n! 4fl• {I 

a• 2 2 2) 0- _ __ a __ J__,!__ (2,14) 

a X 
2 a X 

2 a x
2
2 ax: • 

0 I 

/5/ I 
KaK ilOK838HC/Me!lMaHOM , 06o6~9HH8<1 <jJyHKUHH Vfl (x) (.2,14) HBIIHeTCH IIOK,BIIb-

HO!l H8 KIIBCCe c'O OCHOBHbiX <jJyHKUH!l, UOCKOIIbKY Koa<jJ¢HUH9HTbl C
0 

YllOBII9TBOpH 

YCIIOBHID ( 2,12) .. 3TO 03H8"!8eT, qTo ll068BIIeHBe K 06btqHO!l npHqHHHO!l <jJyHKUHH KB83HIIO-

KBnhHoro one_paTopa v,. (x) He HapylllaeT IIOKBIIbHOCTH H UpHqiiHHOCTH, 

C TOqKH 3peHHll 06btqHbiX M9T0ll0B perynllpH38UHH 1 1Ip91lii81'89TCll HOB8ll Bbi"'HT8T9IIbH8 
2 

IIponellypa, IIpHqeM BblqHT89Mbii! qneH Vfl (p ) He HMeeT HHKBKHX OCo6eHHOCTe!l B mo6o!l 

2 
orpaHHqeHHO!l 06IIBCTII lliiOCKOCTH KOMUIIeKCHOI'O P , 3TO 06CTOllT91IbCTBO 06ecneqH-

aaeT BbiiiOIIHeHHe yBHTapHOCTII B TeOpHH, 

3, npo6neMa HeOllH03HaqHQCTH 

BMecTo 8 -<jJyHKUIIH B ( 2,5) MOJKHO BB9CTII npyryiO ll9!lCTBIIT91IbHYIO <jJyHKUHIO 

EH x 
2

) , KOTopaH ylloaneTaopsma 6&t ycnoBHIIM 

2 2 u 
8(x ) -+ (x ) 

· x 2 ... 0 
(u 2 1), (3.1) 

8(x
2

) 2 .. 1. (3.2) 
X .. 00 

YcnoBHH npH"'HHHOCTH H noKaiihHOCTH (2,11) HaKnan&taaeT nononHHTeiihHOe orpaHHqe-

HHe HB 8 (x 
2

) , nei!CTBHTeiibHO, B cnyqae 

rronyqHM lliill 

2 
D(x) = ~(x)8 (x ) 

V(-q 2) BhtpaJKeHHe 

V(-q2) = r
oo 2J1(u.,jq2) 2 flKt(l'u) 
,duu [ 1-El(ft )] ...__ __ 

.,;QT u 

OTK,Y{18 Jtn51 KO&<jJ<jJHUHHHTOB C 0 
B ( 2,9) HMeeM 

c 
2+ 2n 2 

2 ( 
[ duu [ 1 _, (-J ( u ) l K ( ) 

n + l)!o ? 1 
u • 

(3,3) 

(3.4) 

(8.5) 

11To6u en yuonneTROfJSina ycnOBHID (2.12) , He06XOLI.HMO IIOTpe0oBATh, t.t'!'06i>t 4lYHKUHH 
2 2 

[ l-8(u )] ' yOJoli38II8 llOCTaToqHO 6btCTpO npn u -+ ~ 

7 



EcrrH 

2 

2 y 
•a(u ) 

I 1 - ~ (u ) \ < A e 
2 

(u » 1), (3,6) 

rne A ' a H y IIOnO>KHT8nhHbie IIOCTORHHb19 1 TOrJla DpH 8CHMIITOTHt:I9CKH 5onhWHX 

n JIM88M 

en -
[Cons!]~ 

1((1-·_!_)n) 
y 

H ycrrOBHe ( 2.12) Tpe6yeT, 'IT06bl 

y> 1. 

(n >> 1). 

TaKHM o6paaoM, B uorrycTHMbiii Knacc ¢lyHKUHi! o6peaaHHil 

ynoeneTJJOplliOII!He ycnoBHilM ( 3,1), (3,2), (3,6) H (3,8), 

npHMepOM TBKOi! ¢JyHKUHH MO~eT cny~HTb 

2 2 y 
Gl(x ) • 1 -·exp 1- (~) I 

F 
(y > 1). 

2 
E)(x ) 

(3.7) 

(3.8) 

BXOilHT ¢JyHKllHH, 

(3,9) 

nonyqeHHbl9 yCITOBHil HBllliiOTCli UOCTBTO'IHblMH, BoaMO~HO, VTO 6onee TOHKHe O!leHKH 

pacumpHT Krracc nonycTHMbiX ¢JynKuHl!, 

ilrrH npOCTOTbl paC'I9TOB HJI~e Mbl 6yUeM paCCM8TpHB8Tb peryrrHpH38UHIO npii'IHHHOii 

<!JyHKllllll liD ( 2,5), 

4, MaTpH'IHbie aneMeHTbi BToporo nopHUKa 

AMnrrHTyUbl BToporo nopHnKa Teo pili! B03Myii!eHHi! np11 eaaHMouel!cTBIIII ( 2,1) onHCbiBa­

IOTC>I UllarpaMMBMII <l>eiiHM8H8 BIIUa: 

p H C, 1. 

8 

B Ka~uol! TO'IKe Ha UllarpaMMe CXOUHTCH m ITIIHIIl!, nycTb IIM99TC>i BHyTpeH~ 

HHX nHHHti. 0t503H8tiHM qepe3 p CYMMY BH9I11HHX HMnynbCOB, BXO.QHUlHX B TOtiKY X l 

Torua aMnrrHTyua, cooTBeTCTBYJOII!aH aToll UHarpaMMe, B o6nacTII p 
2 < 0 OflHCbiB88TCSI 

IIHTerparrOM 
lox 

2 2 • 
T 2 (p ) • g f,d xe D p. (x) 

(4.1) 

2 2 
HanoMHHM, 'ITO eeKTop q -eBKITHUOB II a(q ~ -•p , a B ( 4,1) IIHTerpllpOBBHI!e npo-

BOUIITCH no 4-MepHOMY 9BKITHUOBY X -npOCTp8HCTBy, 

noucTaBITilll D p. (x) no ¢lopMyne ( 2,6), norry'IHM: 

2 
4 

lqx 

f.d x e 
2 

T 2 (p ) ~ g 
2 

f ) • 
r 2 

~,.(x)O(x 

Bocl10l1b3yeMCR COOTHOllieHI!eM 

t' 
~ P. (x) • 

2 2 f 
2
dK !) • (It )~K (X), 

(rp.) 

2 
rue n. (K ) -<!>aaoBbil! o6'heM CKarrllpHblX 'IaCTHll C MaCCOl! 

-8(t·l) .. (4) 
2 dk I . dk, 

O,(K )-(211) f- .. ·f-!. (k-k, 
2w 1 2w, 

- k ) , 

/, 
2 .. 2 

p. +:k j 

2 2 ~ 2 2 
k •· k O -•k • K 1 • H rue (L) E 

j 

K ~ K ( x) -npH'IHHHall ¢Jyi!KUHII ( 2,3) CKarrHpHOJ! 'IBCTH!lbl C MaCCOl! 

no.tiCT8Bl11lll ( 4,3) B ( 4,2) H BOCl10l1b30B8BlliHCb ( 2,6), norry'IHM: 

2 2
00 

2 2 
T 2 (p ) E g f. d K n r ( K ) D K ( p) = 

(rp. )2 

2 
- V K (p )] 

2 00 2 2 

··g r dK n.<K >l~ 
'2 -p + K 

(IJL) 
i< 

(4.2) 

(4,3) 

p. 

(4.4) 

(4.5) 

3aMeTHM, 'ITO C pOCTOM K ¢lyHKUHSI D K ( p ) 8KCnOH9HUH8l1bHO y6b!B8eT 1 T8K K8K 

no (2,6) H ( 2.7) 
~ 

~ 

2 Jr(uy'-p ) K K I (K u 
D K (p) ~ f duu 

y' -·p 2 
(4,6) u 

f. 

H -Kf 
2 2 

D K (p) - e (K >> I P I>· 
(4.7) 

9 



L_ 

J.1HTerpan (4,5) CXOLlHTCll, T8KHM o6p830M, llpH J1!06biX , llOCKOJ1hKY <jla30Bbli! 06'b-

2 2 /9/ 
eM (} , ( K ) pacTeT llpH K -> ~ , KBK 

n, (K
2

) 

2r -4 
•- K 

AMn/lJ!Tyua T 2 (p 
2

) aemecTBeHHa B o6nacTH 
2 2 

p <(rfJ-) 
2 

a np11 p 

2 
lll10CKOCTII KOMJineKCHOrO p OH8 I!M99T paspe3, HB'IHHBIOII!HJ!C!I C TO'IKH 

H MHIIMB!I 'IBCTh paBHB 

2 2 2 
Im T 

2 
(p ) c " g 0 , (p l 

(4.8) 

y6hiBaeT, B 

p 2 c(rfJ-)
2 

(4,9) 

• B COOTB9TCTBHH c Tpe60B8Hli9M YHIIT8pHOCTH, npyrllx oco6eHHOCTel! y 8Mlll111TYJibi T 2 (p ) 
2 2 

B JII06oi! orpaHH'I9HHOi!06JiaCTH KOMllli9KCHOrO P H9T, T8K K8K VK (p ) -nenall, 

2 
Ha 6ecKoaeqaocTH p 

2 
T2(p ) HMeeT cymecTaeaao oco6y10 TO'!Ky, Dpa 

2 
p .... +. OQ e..; p 2 

2 ' 
(p ) 

(4,10) 
2 

Re T 
2 

_(p· ) - e 

5, Bbicmae rrop!IAKB Teopua B03Mymealll! 

nnll JIOK838T9lihCTB8 YHHT8pHciCTII B BbiCmBX llOPliJIK8X JIOK8JKeM, 'ITO npo6neMa CBOJIBT"" 

Cll K paCCMOTpeHBIO 06bi'IHbiX LlHarpaMM TeOpBB B03Mymeaul!, 3anameM npH'IBHHyiO <jlyHKilHIO 

o,..<P > (2,6) HliB (2,8) B BBJie: 

3aM9THM, 'ITO 

2 
<l>yHK!lHll d IL ( p ) 

2 

o, (p) c 

dl'- (p ) . 
2 --p +JL -·1< 

2 2 2 

d" ( p ) c 1 + (p -·" )VI' (p ) . 

2 
d" (" ) = 1 . 

uenall rro p H y6biBB9T !IpH p -> -• ~ • 

Caa'!ana paccMoTpHM uaarpaMMY TpeThero nop!!JIKa, noKasaanyiO Ha pac, 2. 
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(5.1) 

(5,2) 

(6,3) 

~-

p, 

p H c, 2. 

p 1 , p 2 ' p. -CYMMbl BHQWHHX HMITY.llbCOB lJ8.CTHII, CXOlUIIIlHXCSI COOTB9TCTB9BHO 

B T011K8X X 1 X 0 ' X 8 r 1 , r 2 r a - "iHC.llO BHy-rpeHHBX .llBHHA: M8>K.Il.Y TOll-

KBMH J: 2 H X 3 X a H X t 1 X I B X 2 • B 9BK.llB.!lOBOA of5naCTH BH9WHHX HM-

/10/ 
nynbCOB, HMQHHO : 

• PJ .,. z J < (j ~ 1,2,3 ), 

l\(::,t-~.~)= 2z 1 z 2 + 2z 2 z 8 + 2z 11 z1 -z: -z:- z: > 

(5.4) 

CJ-(. /::. 1'--i 

nocne Bbl.ll.9.ll9HBSI lJ -«flyHXUBH, COOTB9TCTBYIOIIl9A COXp8H9HBIO aaeprHH HMITy.llbCB 

p
1 

+ p
2 

+. p lf"" 0 , 8T8 .llHBrpaMM8 OITBCbiB89TCSI HHTerpanoM 

! ol t ' " lqJ XJ (4) 
T8 (z 1 ,z 0 ,z 8 )~g 3 fd x 1 N ••fd x8 e 5 (x 1 +1t 0 +x 8 )x 

(5.5) 

'a 'J ':a 
x D~ (x

1 
-x •) D ~ (x .-·x, )D ~ (x 8 -x 1 ), 

r.n.e HHTerpHpOB8HH91 KBK H B ( 4.1), npOBO.LlHTCH DO 9Bl'tliH.llOBy -npocTp8HCTBy, B 

B9KT0pbl q t q2 q 
8 

-eBKliH.llOBhl, DpB'l9M 

• 2 
qJ .. _,PJ • _,z,, 

(5.6) 

(q I q l ) ~ -. (pI p l ) ~ t\> ( z I + Z l - z k ) ' 

r.ae i o6paayJOT nepecTSHOBKY 1{HC9li 1,2,3. noacTBBJUISI KB>K.IlYlO Dk (x -x ) 
I j 

no lllopMyne ( 4.3) , ITOIIY'IHM 

, a""'~ 2-2 2
00

2 2 
T,<•,.• •• •,) •g f~·· n, 1 <•,lf,d~.n,,<•.lf.d•, n,, <•,lx 

(r1J') C•:~l') <ra~ >2 (5,7) 

X MK I K:a'\a (z I • z 2 , Z a ) ' 

-..:• ( • !.,, ~-
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4 4 4 4 I qj X J ( 4) 

MK
1

K
2
"i

3
(z

1 
,z

2
,z

8
) = 3 fc) x 1 fd x 2 f~ x 8 e 8 (x 1 +·x 2 + xa)x 

X D K (x 1 -- X 2 ) D K I (x 
2 

-X 
8 

) DK 
2 

(x a -X 1 ) o 

(5.8) 

OepeXOLlSI K HM!TyJibCHOMY I1p9LlCTBBJI9HIIIO B ( 5,8), IIOJIY'IHM: 

• 2 2 2 

f 
d k dKj (-k )dl( (-(k +qg) )dK (-(k-q ) 

a= :.t 8 2 
(5.9) 

M"t K 2 Ks , (z I ' z 2 ' z a ) 2 2 2 2 2 2 
(k + K 

1
-·id[(k +:qg) +J< 2 -•if](~k-q 2 ) +J< 8 -id 

3TOT IIHTerpaJI OIIHCLIB89T B9p!UHHHYIO cJ>yHKUHIO C I1pOH3BOJibHbiMII MBCCBMII K I , 

K l 1 K 2 , KOTOp8SI COOTBeTCTBYBT JJ:H8I'p8MM9 

p H c, 3, 

11HT9I'pllpOBBHH9 IlpOBOLlHTCSI ITO 9BK/IllllOBY JIMITYJ1bCHOMY IlpOCTpHHCTBy. <l>yHKilHII, 
2 

CTOSI!UH9 B 'IHCJIHTeJie, ll9Jlb!9 H y6b!B810T Ilpll k .. +.. , THK 'ITO IIHTerpan XOpO!UO 

CXO/li!TCll.. 

Oco6eaaocTn cJ>yaxnHH M" ,!CJ "a (z 1 , z 2 , z a ) no nMnynbCHLIM nepeMeHHhiM z 1 , z 2 

Z a CBSI38Hbl TOJ1bKO C o6pameaHeM B HYJ1b 3HBM9HBT9J1SI H 60J1b!Ue HI! C '19M llPYI'HM, 

00:3TOMY K 113Y'I9HIIIO oco6eHHOCT9li HMII/IIITY/lbl ( 5, 7) noJ1HOCTbiO npi!M9HI!M 8HHJ1H3 

/II/ /12/ 
nannay I! KyrKOBCKOI'O , H, CJ19/lOBHT9J1bHO, Bee neo6xOJlHMb!9 ycnOBHSI JlJISI Bb!llOJ1He-

HHH yHHT8pHOCTR BbiiiOnHeHbi, 

CymecTBeHHO 38M9TI!Tb, 'ITO, KOI'JlB nan!lBY BbiBOilii/I CBOH ypaBHeHHSI, eMy 6biJIO Heo6-

XOLliiMO noTpe60BBTb, 'IT06J;>I BMII/IliTYilbl HM9J111 perynRpHyiO TO'IKY HH 6eCKOH9'1HOCTH no 

IIMI1YJ1bCy, To/IbKO B :3TOM cnyqae OH Mvr nepel!TII K 9BKJ1llllOBOi! MeTpi!Ke noBOpOTOM KOH-

Typa (k O .. i k 4 ) II CBSI38Tb OCo6eaHOCTH LlHHI'pBMM C o6pal!leHHBM B Hy/Ib H3B9CTHOi! 

xeanpaTH'IHoll cJ>opMbi no enemnHM HMrrynbcaM rrocne a -napaMeTpH3BilHI! <l>el!HMaHl/ 
111

, 

B uameM cnyqae aMnnHTyJiht y}i{e 3BIIHC8Hbi B eBKllH.llOBOM npC'cTpaHCTBe, H noTOMY cymecT­

BeHHBH OC069HHOCTh H8 6eCKOHeqHOCTH He BnHH9T HB TIOn0}1{9HHe OC069HHOCTefi AHarpaMM, 

AuanorH,_IIIhie paccymneHHH npHMBHRMhi H K .nuarpaMMe npoH3BOnhuoro rropH.nKa. 4>aK-

12 

2 
TOphi d K E-k ) o6ecne'!BBHIOT CXOJlHMOCTb IIHTerpaiiOB H He BIIHSIIOT Ha Il0/IOlK8HHe OCO-

6eaaocTei! aMnnaTyll. AaanaTaqecxae cBOI!~TBa onpe!lenHIOTCH TOJ1bKO aaaMeaaTenSJMI! 

[ 2 ~ 
k 1 +: " 1 -· it' I ' , T,e. BhlpalKeHHHMH o6Lr'lnoll Teopna soaMymeal!i!, ll/IS! xoTopLrx cnpa­

/ 11 ,12/ 
Bell/IHB aaaJIH3 naarpaMM, npoBe!leHHbtl! B • B coaoxynaocTn c paseacTBOM ( 5.3) 

IIOIIY'IH8M BC8 He0!5XOJlHMb!8 YCIIOBHSI llJ1H Bb!llO/IHBHHSI YHHTHpHOCTI!, 

TaKHM o!5paaoM, yanTapaocTb B Teopnn c aae!leHHhiM o6peaanaeM ( 2.6) Bhrrronnena, 

ecnl! oua Bhlnonaeaa a o6Lr'IHOI! Teopun B03Mymeaall. 

B. noae)leane aMnniiTYil npn !5onbmnx aaepri!SJX 

Kax 6hlno BLurcaeao B paaAene 4, aMnnHTYilbi BToporo nopS!/lKa pacTyT a cJ>naJiqecxoi! 

o!5naCTH EbrCTpee mo(SoA xoneqaoll cmenean aaeprnn. O!laaxo TO'IHhle aMrrni!TY/lbl ae llOnlKHbl 

paC'I'Ho noxalK&M, KHK CyMMHpoBHBHe 0IIp9ABJ19HHOI'O KJ18CCa JlHHI'paMM MOlK9T HCIIpBBI!Tb IIO­

/IOlK9HH90 nnll O~p9/lBII9HHOCTI! paCCMOTpHM B38HMOJl9liCTBH9 1 OIII!Cb!B89M08 narpHHlKliHHOM 

4 
L 

1 
(x) • - g : <f> (x) 

(6.1) 

AMII/IHTYilH paCC9SIHHSI CKHIIHpBbiX '18CTI!Il 1 COOTBBTCTBYIOlllBSI Jli!HI'p8MM9 1 1!306palKBHBOi! HH 

puc, 4, cornacao ( 4.1) H ( 4,5) 

3 

p H C, 4. 

Jl89TCSI BblpBlK8HH9M 

T 
2 

(s) 

2 
g "' -- 21£. 4(~) f dK -41L

2 

.,.2 -- [ 
I( 2 -s+·K -it (6.2) -· V K (s) I·· 

3Jl9Cb Mbl BOCIIO/Ib30BHJ1HCb p8B8HCTBOM 

n. <" 
2 

> 
--- .I K 2 -41L 2 

4(277)2 v -K~ 

KaqeCTBeaHoe rroae!lenne Re T 2 (s) npe!lcTaaneHo HB rpacJ>uxe (pnc. 5) o 
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li.L 

Re"T;(S) 
C11•Ha?l B 

" s, 

p. c. 15. 

Mo>KHO noJt838Tb, 'iTO acHMIITOTHKH Re T 2 (s) paBHbl 

, +1v-;-
ReT2 (s) - - g e , s .. +·""' , (6.3) 

ReT, (s) _ g' Cos1v-• ---- , s .. _,.,., -· (6.4) 

.,..C TO"'HOCTbiO .llO 'iHCfl9HHbiX MHO>KHT9l19Ae 

PaccMoTpBM Tenepb aMnnHTy.lly, onBChiBaeMyiO cneayiOmeft cyMMOA aaarpaMM. 

~·=><:::::><+~+~+ .. 

p B C. 6. 

CyMMa paaaa 

(A) 

(E) 

(B) 

T(s) a 

T, (s) 

- T 2 (s) (6.5) 

Ha rpa¢uxa aa pH C. 6 BHJJ.HO, lJTO Ka"'eCTBeHHO paanB'IHht cnellyJOmHe cnyttan: 

1 < T 2 (0), 

2 
T, (0) < 1 < T 2 ( 4 ~ ) , 

• T,(41') < 1. 

B cny1.1ae A y aMnnHTY.llbl T(s) noHBIIH9TCH non10c npu s < 0 , T.e. B TO'iK9 

,s
1 

•· p: •· J.1: < 0 • 3TO COOTB9TCTByeT ITOS1Bl19HHIO B TeOpHH 'IBCTHUbl C MHHMOA MBCCOft 

14 

HIIB 'liYXOBOrO' COCTORHUR, 3TOI'O Be liOIIlKHO Ob!Tbo 0TC!Oll8 cnenyeT, 'ITO B<"'HHK8eT YCIIO-

Bue, CBR3b!B8JOmee KOHCT8HTY CBR3U 
2 

g C 'aneMeHTapaoA !IIIBHOA' 

T 2 (0) < 1 
g 2 ~ yt - 1 ~ 

(
:-::--:T2 ) r ,d t --:r- L du u

2 
K I (u) < 1. 

IT I t :ljlft 
HIIU <a. a) 

HanoMBHM, 'ITO a cnyqae B38HMO!IeAcTBBR ( 6,1) T 2 (0) pacTeT norapH<j>Muqecxu npu f ... o. 

HaTepecao OTMeTHTb, 'ITO ycnoaue ( 6,8) ooecnequaaeT aocon!OTHYIO CXO!IR?AOCTb uccne­

nyeMOI'O pRAa nuarpaMM (puc, 6) ao ace A eBKIIH!IOBOA oonacTu, H ecnu Mbl nocnenoaaTenb ... 

ao npC)BOilUM eBKIIUliOBY <j>opMynupoBKY Teopeu, TO xoTenocb Obi, 'lTOObt PSlllbl Teopuu BOaM)'o 

meauA cxonunue& Obi Beane a eBKIIHliOBOA o6naeTH, a aaanuTuqeeKoe npononJKeaue a <j>u3u­

qecxyJO oonaeT& naaano Obi BCP H)'JKHble ocooeaaoeTH y aMnnuTyll <j>u3uqeexux nponeeeoa. 

B cnyqae B B Teopuu ITORBIIReTCR pean&aoe cagaaaaoe coeTORHHe c MaecoA 
2 2 

m < 4/L 1 KOTOpaR B8XO!IHTCSI U3 ypaBHeHHR 

2 
T

2 
(m ) • 1 • ( 6.7) 

ripe 3TOM onaoapeMeaao B03HHKaeT peaoaaac npa aaepruu s 0 (eM, pee, 6). 

Koaeqao, 'ITOObL enenan. oxoaqaTen&HbiA BbiBOll o ao3MOJKHOcTB noganeauR CBSI3aa­

aoro COeTOSIHBR B eHCTeMe liBYX 0030HOB, H900XO!IUM0 0 C O!IHOA eTopoHbl 0 li0K838Tb1 K8KOe 

BIIUSIHBe OK83biB810T APYI'H9 liH8r'p8MMbl B TeOpBH1 a C .ttpyroA '"-B p8MK8X paecMaTpUB89MOI'O 

xnaeca nuarpaMM aeooxo.ttBMO noxaaaTb, 'ITO aMITIIRTYliB T (s) ae RMeeT npyrux oco6ea~ 

HOCTeA H8 nepaoM IIBCTe KOMITIIGKeaoA nnoexoeTB s IToKa 3TH aonpocbt oeTaJOTCB 

OTKpb!Tb!MH, 

B enyqae B HBK8K.RX li008BO'IHblX Oe009HHOCTeA Ha aemeCTBGHHOA OCR y 

8MITIIHTY .tlbl T ( s) He ITOHBnHeTCSI, 

B uenoM aMnnaTyna T (s) ae pacTeT npu s .. ~ H 

lim T (a) • -· 1. 
••+:oo 

(6.8) 

HTaK, nonyqeao, 'ITO oeaoaaoA poeT xaJKnoA nuarpaMMbl npe eTpeMneHBB aaepruu K 

OeeKOHG'IHOCTH MOJKGT Ob!Tb KOMITeHeHpOB8H yqeTOM !IR8r'p8MM BblemHX npHOIIRJK9HHA T90pHU4 

7, 3 8 K II 10 q e H B 9 

ITposeneuaoe uccnenosaaue noxeaano, 'ITO B03MOJKBO nocTpOBTb yauTapayJO, noxan&-

uy10 H npequaayJO 

MBHTBPHYIO .tliiHH)'' 

s -M8TpHity, BBO!IR p91ISITHBHeTCKOe 00p938HB9 B TeOpH!O BIIU 'sne-

• ITpu aTOM oxaabtaaeTCR, 'ITO aoaauKaeT <j>yuxnuoaan&HbtA npoB3• 
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eon npH Bbi6ope peryn>IpH3YJO!llell cjlyHKUHH. HaM KaJKeTc>I, 'ITO ecnB o6pe3aHHe npoacxollBT 

Ha llOCTaTO'IHO MaJibiX paCCTO>IHH>IX, TO npB HII3KIIX 9HeprB>IX aMITJIIITYilbl 6yllyT MaJIO 3a-

saceTh oT aToro rrpouaaona. 

CnenyeT oTMeTBTb, 'ITO e npeanaraeMOM eapaanTe TeopBB o6b!'IHbre nBcnepcaoHHble 

COOTHOlll9HHH H9 6yllyT Bb!ITOJIH>!TbCH 113-3a CY!ll9CTB9HHOll OC069HHOCTB aMITJIIITYil Ba 15ec-

KoHe'IHOCTB, OnHaKo ecnB nn>I neKoTopoll aMnnBTYilbi A(z) c cymecTeenHoll oco6ea~ 

HOCTbiO Ha 6ecKOH9'1HOCTB 113B9CTH8 (jlyHKUB>I 8 (z) C TOll JK9 OC069HHOCTbl01 'ITO B y 
A(z) 

A (z) , TO TOrllB OTHO!ll9HB9 --- 6yneT Ha 69CKOH9'1HOCTB orpaHB'i9HO B 1111>1 aTOll 
a(z) 

eenB'IHHbl MOJKHO 6yneT nacaTb aacnepcBOHble oTHO!lleHB>I, B uenoM aTOT aonpoc lloCTaTO'I• 

no cnoJKeH ,,a Tpyano cKa3BTb 'ITO-nH6o 6onee onpeaeneHHoe, 

B 3aKnJO<~eHHe BbrpaJKaJO rny6oKyJO 6naronapHOCTb aKaa. H.H. Boron106oey, 

npo(jl. n.l1. BnoXHHneey, npocjl. M.A. MapKOBy, 11.T. Toaopoey B A.H. TaexenBil39 36 none3i-

Hbl9 o6cyJKileHH>I, 
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