
c 3~'1 -· -~--
E , r(l< 

- - ,41</ 

OB"bED.VfHEHHbl i1 
J.1 H C T J.1 T YT 
.RD.EPHbiX 

VfCCilED.OBAH Vfi::t 

D.y6Ha 

1965 

5}~ 1 0 6 6/ /. lfl -e . !?_/ 

c. ~ ~ 1._ - L{ f-1 ~ . 

r.a. E¢HMos 

AHAilMTHqECKHE CBOHCTBA 
EBKilHLlOBbiX AMDilHTY 1l 

P-2485 



I '~ , ' , 

f.B.EijlHMOB 

AHAnHTHqECKHE CBO~CTBA 
EBKnHz:tOBb!X AMnnHTY ll 

P-2485 

Hanpanneuo B *YPHan 'HQepuau ljluauKa' 



i' 

' ,_-, 
'\! 

1. Baeneaae. nocTaHOBKa 3alla'IH 

B aenaaao npennoJKeaao!l aaTopoM npone.aype , peryniiJlH3allHH aenepeaopMapyeMbtll., 

T&OpH!I/1/, a TaKJK9 B HCCD9llOBaHHH TeOpH!I C C)'W9CTB9HHO H9DHH9UHbiM B3aHMOll911CTBH-
, /2/ ' '' ' 

9M rnaBHOII 3alla'lell SIBDSI9TCSI llOK83aTellbCTBO )'HHTapHOCTH. B BblCWHX DpHfiDHJKeHIIHX 

T90pH~ ~03M)'W9HHll, .nn~ pemeHH!I STOll Dpofin&Mbl HaM fiyll9T llOcTaTO~HO paCCMOTpeTb ; 

~j19ll)'IOW)'IO 38lla'ly, pyc~b 3allaH H9KOTOpb!ll DpOH3BODbHblil rp_acjl $e!IHMaHa C, n BH9W-

HUMH DHHH!I~H, nocTpOHM B ~9Tblp9XM9pROM 9BKilllllOBOM HMDy DbCHOM .: DpOCTp8HCTB9 

aMDIUIT)'ll)' 0 COOTB9TCTB)'IOW)'IO STOM)' rpacjly, ByneM C'IHTaTb .n BH9WRHX HMD)'DbC.OB_ lis 
9BKDHllOBbiMH'0 )'llOBD9TBOpS110WHMH 3aKOH)' COXpaR9BHSI q 

1
+ 

, BB)'T~eB~eft DHRBB DOCTaBBM B COOTB9TCTBH9 DpODar~Top: 
• KaJKnoll' 

' \ . ' 

(1.1) 

-eBKDHllOB ~BMD)'llbC, 41yHKilHSI V({) SIBDSI9TC!I ll9DOll B DDOCKOCTH KOMDD9KC-

soro { , y6btaai0mell nocTaT~'IBO 6btcTpo npu Re { .. + .. · • Tor~a aMDDHT)'na: 

COOTB9TCTB)'JOWaSI 3all,aHHOM)' rpacjly, ODBCb!Ba&TCSI HHTerpanOM BUlla 

4 
:F a f... f ll d 2

1 
ll 

. I I 

' ' VI (k I ) • 

k' +·m' 
I I 

0.2) 

3necb k1 ~, 

9BKilllllOB 4-HMD)'DbC, COOTB9TCTB)'IOWHll ll8HHOll DBHHR B llHarpaMM9i, m
1 

-

Macca COOTB9TCTB)'JODlell 'laCTHtlbl, H BTerpHpOBaHRe B (1,2) npOBO~HTC !I no '19Tblp9XM9pHOM)' ' 

9BitDHllOBOM)' HMD)'DbCHOM)' DpOCTpaHCTB)'i _ 21 - 4-HMn)'DbCbl, no KOTOpblM npOBOllHTCll 

HHTerpHpOBaHHe, 

3TOT. HHTerpan xopomo cxonHTCH, Tax Kax •npennonaraeTCll, 'ITO cjlysxnua V
1 

( k') 

llOCTSTO'I~O 6biCTpO y6b!B8,10T DpH k' .. + oo 

Mb! 6yneM •· C'IHTaTb, 'ITO ~axnanoaa a~nnuTyna F (1.2) coananaeT (c TO'IHOCTbJO 

llO nOCTOliHHOrO MHOJKHT9DSI) C peaDbHOll aMnDHT)'llO!I, XOTOp8ll COOTB9TCTB)'9T npOil9CCfo. 

ODHCbiB89MOM)' T9M . JKe CaMbiM rpacj!OM 41eliHMaHa, B 9BKDRllOBOII o()naCTH npOCTpaRCTB911HD

nono6Hbt£ BH9WHHX HMD)'DbCOB pi , OT KOTOpb!X 3aBHCHT pe8DbH8ll 8MnDRT)'ll8~ T,e, '-

-' B TOll· o6naCTH, rne 
1 
MOJKHO C'IHTaTb · 
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PI PI - = - q I q I • 
( 1.3) 

3.nec& 

PI PI =(pl)d (pi )o -(pi )1(pl)l-(p1 )2(p1)2-(~ )a(pl)3, 

ql ~ = ( ql) I ( q I ) I + ( q1}2( q I ) 2 + ( q I )a ( ql )a+ ( ql ) ~ ( ql ) 4 • 

nepeXO.ll B ~H3H'I9CKYID o6naCTb BH9illHHX HMnyn&COB p
1 

Aon>KeH ocyrnecTBHllTbCSI 

aHaHHTH'IeCKKM llpOAOH>KeaaeM a~mHKTY.llbl no COOTBGTCTBYIDIHKM KHBapaaHTHbiM H~myHbC-
, ' 

HbiM nepeMGHHbiM. npn 3TOM He06XOllHMO llOMHHTb, 'ITO BCe MaCChi KMeiDT OTpHilBTeHbHble 

m=m-i£. 
I I 

MHHMbiG .Q068BKK 

Heo6xollHMO nollqepKHyTb, 'ITO a cny-qae, · xorlla v
1 

( k 2) = 1 ana SIBJISIIDTCSI npocTo 

nonnnoMaMH no· · k 
2 

, aMnnHTyAa F B ( 1.2) coena.naeT c pean&nol! ncea.no~axnano-

aoll'aMnnnTyAoll a yxaaanaoll Bhlnie o6naCTH npocTpaHCTBeaao-noll06Hb~X aaemaax HMnyn&-

coa, 'nOCKOn&Ky B 3TOM' Cny'lae eBKHHllOB8 H nceBllOGBKHHllOBS ¢opMynHpOBKK 3KBHB8H9HT-

/3/.'. ' 141 ' ' 
Hbl • 3aMGTKM, 'ITO 8H8nH3 JI8Hll8Y OC06eBHOCTeil 8MnHHTyll B TGOpHK B03MylllGHHil 

H8'1HH89TcSI HMGBHO C BblpS>KeHHSI llHSI SMnnHTYllbl_ B GBKHHllOBOli MeTpHKe. 

· J1T8K 0 nama 38ll8'i8 COCTOaT B H3y'leHHa aaanHTH~eCKaX OC06eHBOCTeil aMnnaTyllbl :F 

B ( 1.2) no aHB8pH8BTBbiM HMnyn&CBbiM. nepeMeBBbiM.· JlerJtO nOK838Tb0 'ITO no Cp8J!BGBaiD 

C aaanora'IBOil aMnnBTYAOll CJtanspnoll TeOpBH aMllnHTyAa F Be HM9eT llOnOnHHTen&-
: ' . 2 ' . 

BbtX oco6ennocTell, CBSI3aBBbiX c aana-qneM ~yaxnnl! V~k ) • .llellcTBHTen&ao, nocne napa-

MeTpnaanna 4>eAHMaaa nony'IBM: 

I 
N 

F=(N-l)!f 
0 

•••. j da
1 
•• daNI O( 1- l: a 1) f,.,J 

I= I 0 

rlle N - -qncno BByT{IeBBBX nnanA. 

n d~f 1 n v 
I 1 I 

[l: a (k
2 i-

l · I 

(k 2) 
I. 

m2 )] N I 
I, . 

(1.4)' 

. nYTeM npeo6pa30BaBaSI nepeMeBHbiX HBTerpnpoaaaaSI H3 Bblp8>K9BHSI0 CTomnero a· 3Ba

M9H8Tene, acerAa MO>Kao ycTpaBHTb 'lneabl, nnaellabte no oT~orneaaiD K f
1 

, nocne -qero 

/41 
nony'IHM ( Mbl TO'IBO cne.nyeM paccy>KlleHHSIM Ilaa.nay ) 

N 

l:. a (k~+:m:) =¢(a,q1 q
1

,m
2

)+:K(a,•f'L (1.5) 
l•t I 

I 
3ll9Cb K -:oAHOpOIUIB~ I!;BaApaTa'IHBSI- cj>opMa_ OT HOBbiX IlepeMGHBbiX HHTerpapoaaHHSI f C 

ltOacpcpHI!H9HTaMH0 38BaCsDnHMH TOnbltO OT nap~MeTpOB a ; a ¢ -: HGOABOpOAHaSI KBallpa'_ 

Ta'IHaSI cj>OpMa OT B~KTOpOB 

.nnarpaMMbl. 

ql 0 xapaKTepH3YIDIIlHX CB060ABble KOHilbl p8CCM8TpHB89MOil 

4 

-

l 
J 

t 

I i 
:' J 

- I 

:.~_-

·.· 

TaK KaK KBallp8TH'IH8Sl cj>opMa ¢ 3aBHCHT OT CKanspHblX npOH3Bell9HHil _ q q 0 TO 
-- · \ I I 

C y'leToli ( 1.3) ~onyqaeM B TO'IHOCTa HCXOAHOG Bblpa>KeHHe, C JtOTOporo BS'IHHan JlaHASY 

' /41 ' 
'npH BbiBOlle CBOHX H3B9CTHbiX ypaaaeaail: • 

3aBHCKMOCTb 'IHCllHTellSI OT BHGIHHHX HMnynbCOB Be MO>KeT, llpHBeCTa BH K K8KHM 

llOn~nHHTenbfthiM OCo6eHHOCTSIM B KOHG~Holl o6naCTH ~HBapH~HTHbiX HMnyn&CHbiX nepeMeH

HblX0 llOCKOn&Ky' B 'iHCHHT9ll9 CTOHT nenaa cj>yHKI!HH OT CK8ll9pHblX npOH3Be)leHB.li q q 
I I 

H napaMeTpOB a I 

0~TaeTCSI0 OllH8KO, O'i9Bb aa>KBb!A BOilpOC 0 BenH'IBBe· Clt8'1KOB B8 COOTBeTCTjlYIDIHIIX 

pa3pe3aX y cpyBKI!HK F • 3TOT BOIIpOC aenocpeACTBeBBO CBH3aH C YBHTapHOCTbiD S-MaT-

pllllbl Teop1111. Mb! ·.noxa>KeM cnellyiDmee caolicTeo aMnnKTyAbt .F , naaecTnoe xax npaaano 

' •/5/ 
KyTKOCCKoro ,• nycTb rpacj>, COOTBGTCTBYIDIHKil 'aMIIllKTyAe F • MO>KeT 6btTb pa36KT H8 

llBa 6noKa ·~ K ~I: 0 COGAHBGHHblX r BHYTPGHHKMK ·naHKSIMK (eM. pHC, 1), 

.... . q, 
l<t 

q I('· :!.). __ 

q. 
J 

ql'lf l<oz . 

Pac. 1 • 

r V.(k2) , (4) 

F = f ... Jdk
1 

••• dk F
1
(q,k )0~ F (q ·,k1 )o (q-k - ••• -...k ). 

- r 1 - II-'= I k2 + m 2 II - I I - r 
v v 

(_1.6) 

3lleCb -qepea q
1

( j = l, .. ;;:n
1
)li q;{j= ],,,;; n

2
) 0603H8'1eHbl BH9illHH9 HMllYHbCbl COOTBeTCTBeH-

H0.6llOKOB K ll,npK 3TOM BbiiiOllHGHO q=q'
1
·+,,.-+·q' =-(q +· ••• +q) (n=D 1+n 

D2 1 - D l 

q~cno anernnax nnanll). 4>ynxnna F1 ( q1, k1 ) a ~1 ( q; , k1 ) onKCbiBBIDT 6noxa 

K II ; OHH 3aBHCSIT OT CKanS!pHblX npOH3BelleHHll BGKTOpOB, q I q; II k I • 
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Torna aMnnnTyna F, paCCMaTpnaaeMali KaK WHKilHSI OT KoMnneKcaoro nepeMeauoro 

. 2 
z~-q ·, HMeeT caSiaannyro c naHHbiM_ paa6nenneM nmmro · aeTaneanSI, aa'UinarowyrocSI s 
TO'IK9 

z ~- ( m
1 

+ 
2 

+m~ • 

a CKa'IOK ~YHKUHH F. ua 3TOM paapeae naeTCSI ~opMynoll: 

r ' ~::s ,p r = =:s2 
~F(z)~i(2rr) ll V, (-m 2) J,d'Jr. •• ,fd k ll 0( k 

0
)ll(m 2+k ) x 

ll=l V 1 r v 11 v 
ll= 1 

(0 = ~ - C;l "=' 
x 8 ( q -k 1- ••• ,..k,) F1 ( q

1
, -k

1
) :Fn ( q;, k

1
). 

(1.7) 

(1.8) 

3Jl9Cb noll k 1 nOHHMaroTCli '19Tblp9XM9pHbl9 B9KTOpbl C KOMnOH9HTaMH ( k
1 

, j I) ) 
=2 ... 2 2 1111, ... ... C;l ... 0 , 

TaK 'ITO k
1
=\ - k

10 
u (k 1 q 1 )=k 1 ~+ik10 q 14 , a d4 k

1
=d k

1
d k

10 
• BexTop 

~ (q ,I q 0 } YllOBJI9TBOpli9T COOTHOW9HHIO q2=·q 2 -q 2=-•Z , llOll ~yHKUHliMH .F (q ,k) 
~ - 0 . I J I 

H F 11:( q'j, k
1 

)cnelly9T llOHHM~Tb aaanHTH'I9CKOe npOIIOJI>K9HH9 K COOTB9TCTBYIOWHM 3Ha'le-
~ -

HHliM CKaJISipHbiX apryMeHTOB ( q k ) , ( q' • k ) HCXOllHblX ~yHKnHll F ( q , k ) H .F ( q' , k l 
J I J I I . J I II J I 't 

onHCbiBarowHX 6noKn I n II · 

Ecnn aTa ~OpMyna cnpaaennnaa, TOrlla YHHTapHOCTb B Bb!WeynoMHHaBWHXCli Teopn-
/1 2/ . . 

SIX ' · llOKa3b!BaeTCSI qpe3Bbl'lailHO npOCTO, 

llpn JlOKa3aT9JibCTB9 Mbl BOCnOJib3Y9MCSI M9TOllOM, no Hll99 ,CXOllHbiM C M9TOllOM, 
- . 161 

npenno>KeHHblM B pa6oTe • 

'Mb! CHa'lalia llOKa>KeM ~OPMYJIY ( 1,8) . llJili aMUJIHTYllbl C. JIB)'MSI npoMe>KyTO'IHbiMH 

JIHHHSIMH, a 3aTeM no HrtllYKilHH llOKa>KeM 99 llJISI aMnJIHTyll C npOU3BOJ!bHblM 'IHCJIOM npo-

M9>KyTO'IHbiX UUHHll, 

2, nuarpaMMa C llBYMli npoMe>KyTO'IHblMH UHHIIliMU 

8 3TOM naparpa~e paCCMOTpHM aMnJIHTYllY F , KOTOpaSI MO>KeT 6b!Tb npellCTaB

neaa B BHll9 llBYX 6nOKOB, C09llHH9HHblX llBYMH npOMe>KyTO'IHblMH JIHHHSIMH, KaK noKa3aHO 

Ha pHC, 2, 3TOll llHarpaMM9 COOTB~TCTBY9T CJI9llYIOW8SI BMnnHTYllB: 

. 2 

F =·J d4 k fd'Jr. ~ 
I ' 2 · 

k2+·m 2 
V2(k

2
2) B4'( q -k -k )x 

k ~+·m 2 1 2 
1 1 - 2 (2.1) 

X ~ ( q
1

, k 
1
,1< 

2
) F

11
( q; , k 

1
, k J, 

6 

.. 

:" 

·~. 

r~ 
t. -. 

1,'\ 

L 
'i ,, 
~ ;.-

)-

' ··, 1::. 

·;. 

,.> 

-_J, 

~!~· K, ~ 
---- qf- ~ ~ 

. J, 
K2 

I · 9n--, / I ' -· qn2. 

Pnc. 2. 

Yno6u6 aaecTa o6oaaaqeUBe: 

•<t
1

,k
1

) =-F
1

(q
1

; 'k
1 
,k 2)~1 (q[; k 1 ,k:), (2.2) 

llOCKOnbKY . k 1 +' k 2=·q 3ll_9Cb qepe3 k 1 H k 14 0603~'19Hbl COOTB9TCTB9HHO TpH, 

npOCTpaHCTB9HHb!X H '19TB9pTaSI KOMilOH9HTbl B9KTOpa .k 1 , 

Hac 6yneT .IIHTepecoaaTb oco6euaocTb aMnnnTyllhl F no nepeMeaJi:oll _z =:-:q2 ~ 

aoaunKarowali TOnbKO na-aa uann'IHli y nnarpaMMbl nayx npoMe>KyTO'IHh1X nnuull. Oco6ea-

HOCTH, cali3aHHble ~c auannTn'leCKHMR caol!:cTaaMH 6noKoB 

6ynyT, -Hn>Ke Mbl KOCH9MCli aonpoca, KaK oco6eHHOC'l'H 6nOKOB 

HB XOII aawero llOKa3aT9nbCTBa, 

H II 

n. 

y'IHTb!BaTbCH He 

II MoryT noanHSITb 

CnenaeM B naTerpane (2.1) aaMeny nepeMeHHhiX, nono>KHB n X =- k2 
1 I 

·llOJIY'IHM -nocne aeKoTOpbtX Jlhi'IHCneunii: 

F ( i) ~ J dx 1 V 1 (:l 1) 
I 

0 x +:m 2 
f ( x1, z ) • ' 

1 1 

X~ ~ 
f ( X z ) = · f dx 2 V 2 (x •) B ( X X Z ) 

11 
' . 2 1, 2

1 
' x; x2+.m2 

- 4 4 2 (4) . .. 
B_ (x ,x ,z )=J.d k Jd k ll(_x -k )ll(x -k2 )ll (q-k -k )tfl(k ,k )=-

1 2 - 1 2 1 1 2 2 1, 2 1 14' 

\\( x
1

, x 2- z) 

8(-z) 

J d n:. ~ (-; JX< X 1' X ~ :-z ~ . 
4( -i)_ 

7 

x2 -x 1+:z ) , 

'A/ ;_z 

x2~· k 2 
,2 

(2.3) 

(2.4) 

(2.5) 



z = -·q2 
(2.6) 

- 2 
x± =< ,/x

1 
+..FZ>. 

2 - (2.7). 

A( a, b, c)= 2 ab +·2bc +:2 ca - a 2 '- b 2
- c 2 "' 

(2.8) 
2 . 2 

=[(ya+yb)-c][c-(ya -yb) ]. 

llpB BHTerpBpOBaHHB B (2.5) KOOpJU!HaTHbie OCR BblopaHbl TaKHM oopa30M
0 

'ITO BeKTOp q 

HMeeT TO/IbKO 'ISTBepTyJO KOMllOHeHTy (q=·O, q =yq2 ). fiHTerpnposaHHe B nocnenHeM 
( . ' 

HHTerpane a (2.5) nposonnTCR no seeM uanpasneHHHM ·TpexMepuoro enBHH'!Horo sexTopa n 

<l>yHKilHH B( x
1

, x
2

, z .) 

Hb!X CO CTpyKTypOil _finOKOB 

f( X 1, Z) H F(z) 3aBHC.IIT. OT ApyriiX apryMeHTOB, CBH3aH

II 11 • Mbt ne 6yneM smuo yxaablsaTb sTy aasiiCIIMOCTb, 

TaK KaK STa 3aBHCHMOCTb Hac CSH'IaC HHTepecosaTb'He oyneT. 

Bee BblniiCaHHble BbiWe BblpaJKeHBSI onpeAeneHbl nHWb B oonaCTII z .< 0 • Hawa 

3aAa'la - ananHTII'IeCKII npOAOnJKHTb cPYHKI!IIIO .. F (z) B oonaCTb Z > 0 n Ha,i!Tn ocot5eu-

HOCTB STOfi cPyHKilHII, CBB3aHHble TO/IbKO C HanH'!HeM ABYX Bbl):leneHHbiX npOMeJKyTO'IHbiX 

nnnnl!. 

llpeJKne BCero paCCMOTpiiM OCOOeHHOCTB llOiliiHTerpanbHOrO Bb!paJKeHHSI B (2.3). Y llOA-

: HHTerpanbBOH cPyHKilHH HMeeTCSI nonJOC B TO'!Ke X = -•m 
2 

, a cjlyHKilBSI . f ( X 
1

, Z ) 
I I 

3Tn OCOOeHHOCTII B03HHKaJOT0 KOrna IIMeeT OCOOSHHOCTB B KOMnneKCHOH nnOCKOCTII x
1 

OABH H3 npe):lellOB,BHTerpHpOBaHHH B (2.4) COBnanaeT C nonJOCOM B TO'IKO x =-·m 2 
2 2 

'ITO npHBOiliiT K COOTHOWeJI:IJO 

I 

(y:x t;.·y::Z)2=-m2, 
I 2 

(2.9) 

OTKyna 

+ -2 
x~=-( m

2
t.:iV-z) • 

(2.9a) 

+ 
· llpocne):IBM, KaK llBIIJKyTCSI OCOOeHHOCTII X I H x1 B llllOCKOCTH KOMlllleK.CHOrO nepeMeHHOrO 

·XI H KaK OHH npiiBOilBT K llOSIBlleHHJO OCOOOHHOCTH y cjlyHKiliiH F(z) , llpii_ z OTpnna-
+ 

TenbHOM X I H x 1 KOMnneKCHbl. Korna z Ha'IHHaeT ysenH'IIIBaTbCH, AOCTIIraeT Hyne
+' 

BOrO 3Ha'leHHSI II CTaHOBIITCSI llonOJKIIT_;nbHbiM0 OC()i5eHHOCTH X I II X I onyCKaJOTC.II Ha 

oTpnnaTenbayro semecTsenuyro _OCb: x; = -( m.
2
!:;_v z) ( Mbi npnHIIMaeM ·v'-z-h/z. 

8 

• 

. 

-.' 
' 

. , '. 
f; 
•· 

.( 
I 
.. ·,. 

' . 
,' 

.1_1 

\. 

. x) ). C ysenii'!euneM 
+ . 

npn.z>O Z TO'!Ka X 1 ABIIJKeTCB BAO/Ib. seweCTBeHHOil 

ocn naneso n HHKaK ne snnsreT na oco6enHOCTH cjlynKnnn · F(z) • To'IKB x;/ nsnJKeTCH 

'2 
BAOllh semecTsennoll ocn aanpaso, npn z = m 2 

AOCTHraeT TO'IKII X= 0 , 1 OriioaeT ee 

llO '!aCOBOil CTpenKe ( HOCKOHbKY Mace a m 2 . 
, . ' I . 

HMeeT OTpHttaTellbHYIO MHHMYIO no6asxy 

. ' 2 
m 

2
-h ·) o' 3aXBaT_NBaeT KOHTyp HBTerpnpoBaHHSI H npH Z > m 2· 

. ' . 2 
sNmecxaaaunoe noxaaano na pnc. 3. 3aMeTnM,. 'ITO TO'!Ka z =·m 

2 
• 

nsnJKeTcB naneso. Bee 

ne smnueTCB oco6en- .. 

BOCTbiO cPyBKilH_H F(z } 1 TaK KaK o6a HanpasnenBH ooxona TO'IKH X= 0 OCOOeBBOCTbiO X 
· . · I · I 

+ x,· 2. 
-:- rtl1 ·-m:/ 

/ 
/ 

J"rtt )(1 ----TpaexTopnll 

OCOOeHHOCTH x,·_ 

Re)(t 

KOHTyp nnTerpnposaniin 

TpaeKTOp_Hll. + 
OCOOOHHOCTH )(f 

Pnc. 3. 

-no 

--·-
x, 

/, 

.npiiBOAHT K OABBaKOBOMY peaynbTaTy.·0co6eBHOCTb y·cjlyHKilBB F(z) B03HHKaeT, KOrAa. 

TO'IKB "I- seAyman xonTyp "7nTerpnpos~nnH, ,cosnaA-;teT c nonrocoM .x 
1
=- m ~- npoiic-

xonnT_:rax naaNsaeMNil aaJKHM KOBTypa nnTerpnposaunH. HMeeM: 

( 
_, 2 2 2 ' 

- m 2 -v z. ) = - m 1 ( z > m 2) , (2.10) 

x) 3aMOTBM, 'ITO OCOOOHBOCTH y cjlyBKilHH F(z) npn Z=·O He cymeCTByeT, Tall. 

KBK Jipyroi! BN60p 3HaKa V:-z =h./z llpBBOAHT K TOMY JKe CaMOMY peaynbTa:ry; 

9 



' 

OTlQ'll& 2 
z=(m 1+:m 2). 

, (2.11la) 

3TO U eCTb nonolKeHBe OC06eBBOCTU y 8MDDUTYllhi F( z) 1 CBSI38BBOi! C_ B&llli'!UeM llBYX 

. npoMeJKYTO'lBhiX DUBUI! y rpacjia, DOE838BBOrO B& pUCo 2 •. llpu Z > ( m 
1 
+:m 

2
)2 EOBTyp UBTe-

rpupOBSBUli DO X I DOE838H US puc. 4. 0603B8'lUM STOT KOHTyp 'lepe3 L +:• 

x; 

2 
-1111 

~ 

L+ 

!mX1 

0 

Puc. 4 • 

Rex, 

,Un!I Bbi'lUCDeHUli CK8'lK8 ljlyHKDUH F(z) HS pa3peae, B8'lBH8IOin9MCli B TO'lKe 

_, z = ( m ·t m
2
)2, Heo6xoAHMo Bhi'IHcnuT& ljlyHKnuro sa ApyroM 6epery paapeaa. nna aT oro cne-

eyeT .II3liTb UBTerpan lln'fl F( z) C llpyrRM 06XOllOM OC06eBBOCTR. 3TOT KOBTyp, KOTOpblJI, 

Mhi o6oaaa'IRM 'lepea L _ , noxaaau ua pnc. 5 • .Una Aan&nellmero yt~o6uo npeACT&~RTb 

X, 

.~ 
m~ 

f L_ 

Jmt1 

0 ReX,--

Pnc. 5 • 

/ 

10 

.. 

·-

, l 
J 
~ t 
if . f 

·r 
~~ 
l 
f c 
~ u r 
~ 

l
j~, 
~ 

( 
~· 

1. 
•• ·.~.';!1 

'),~ 

._.,~ ... 
·~ ~J I . ~ 
t.i 
~ 

.II'.' 

·i\ .. 

'!'YHKDIIIO F( Z) B& BepXHeM II BII>KBeM 6eperaX paapeaa II BHlle! 

F+:(z)=f dxiVI(xl) l\f(x,,z)+:f dxiV,(:r,) f(x,.z), 
- x +·m2 :r +·m2 f:t I I 0 I 1· 

(2.11) 

a£( x 1 , z >=f+C x
1

, !Z)- £_< ~~· z >. (2.11a) 

3t~ec& 'lepe3 f + o6oana'leHhi KOBTyphi, noxaaannble na pnc. !l, a 'lepea f+ ( x ,z) o6o-: 
- - I 

3Ba'leBhi 3H&'leHBll ljlynxnnn f ( :r f z ) na BepxneM _n nnlKHeM 6epery paapeaa aToll ljlyBK-

nnu, ua'lnBaromerocll II TO'lKe x-. 
I 

f~)(1 

Re '!1 '4- 2 !_ -m,·. ID 
-= • :: 

!+ 

Pnc. 6. 

Ma (2.11) nerxo Ilhi'lUCDUTb CK&'lOK ljlynxnnn F(z) • MMeeM 

aF(z) =·F+(z) _ F_,(z) =J dx1 V1 (:r 1) 

• . x +· m2 
< I I 

a£( x 
1
, lZ >, (2.12) 

rt~e 'lepea t o6oana'lena pa3HOCTb KOHTypoii f + -·t _ . TaKHM o6pa3oM HHTerpan 

(2.12) DpOllCTSBnlleT C060J1 IIBTerpan no 38MKByTOMY KOHTypy BOKpyr nonroca . X =·-:m2 • 
I I 

3TO llSeT 

aF(z) =-·2rri O(z -(m 1+:'!1 2)2 ) V 1 (-m21 )M(-ni~:z ). 
(2.13) 

3al1MeMCSI Tenepb ~bi'lllcn~nueM a f( -m:. z) • .Unll aToro BepneMcll K Bbipa>KeHRIO 

(2.4). llpu Z >.0 'RMeeM X: = ( v.x; +-h/;-)2 • 'Hac HHTepecyeT CK8'l0K ljlyHKDUH 

f( x 1·, lZ) npn OTpnnaTeDbBblX 3B8'l9BHSIX X 1 • llonaraB VX 1= -•i.;::x-,. , nOCKODbKY KOBTYP 

IIBTerpHpOBSHIISI DO :r1 Mbl nOI10p8'lHB8DII no 'l8COBOli CTpenKe OKODO TO'lKH 

11 

X =0 
I 

,-



I 

+ > 

BMeeM X; ~.~Fx I :!;;JZ) ~ •. Ha _PHC. 7 HOK838BO ABHlKeBBe TO'IeK, 
+ 

X, H COOTBeT-

CTBeBBO -.XOBTyp~ BBTerpBpOBB~BBe 

.2. 
-:-mi x: 

o6naCTb 

i!>0 1 )(,<O 

"'f.¥ 

/ 
I 

'11 

~-

.9"~>~~ 

~< 
TpaeKTopnn 

TO'IKH x; 

\ 
ol5naCTb 

r"?O, 'x, >D 

·x; 
/ 

~-,(· 

x+ 
2 

o5naCTb 
' . 

Re )(a 

? <0, 't1 >p, 
TpaeKTOpBB 

TO'IXH ')(: 
xi --+-.-- '-.../"'"' 

Puc. 7~ 

+ . . ~ ' . 
0co6eBBOCTb x, , 

x =- m 

B03BHK8eT, KOrAB Bepxanft npeAen x ~ =-<v-x
1 

+:Yz.J.. coBna-

ABeT c nomocoM ~ 2 

-- '-~ ~ 
r-(y--xl+·..f,z) =-m2 HIIB 

. ~ 
X 1=~( m ,-rz) • (2.14)' 

3H8'19BBB ¢>yBKHBII f ( x 1, 'Z ) 118 BepXHeM II BHlKHeM 6eperax paape38 nonyifaTCll, eCmt 

BBTe,rpallhl !ins f (X • z) ' Bbl'IBCnSITb no KOHTYPBM. ct ··n c _,, CBa:iaBBblM c ABYMSI 

B03MOlKHbiMII ol5xoAaMn oco6eaaOCTH. 3Tn KOBTypbl noxaaaBbl ua puc. 8. HMeeM B nTcire 

f.:!::(x 1,z.) =J 
C+· 

. 0TCIOA8 nerKO MOlKBO .BSIITII 

. d X; V2 (X ~ 

" +. m' -, . 2 

12 

B ( x 
1
, !I< :1 z ) • (2.15) 

,,_ 

J 
1 

·f; 

~. 

f1 f ( X jl IZ ) =· f ( X , Z) - f ( X : z ) =J. d X 2 V' (X a) B ( x , !I< 
0 

z ) •· 
+ I - I · X +·m 2 I ·2 

c , 2 

=-·2rri V
2 

( -m~) B ( x 
1

, -m 2~ z ) , 
(2.16) 

rAe KOB'cy'p C = C+ - C - SIBJIBeTCB 38MKByTbiM KOHTypOJ.~ BOKpyr nonroca x =·-·m 2 

noaTOMY HHTerpan paBeB Bbl'leTY BOAIIBTerpanbBOft ¢>YBKUBH B TO'IKe 

.ftw~Yz 

x,.+ ~ c: -~2. x: )(2. )(2 R~Y2.. 

c+. C'+ 

Puc. 8. 

noACTBBnBSI (2.16) B (2.13) 0 HOJIY'18eM 

:z: z=--·m' 
2 2 

C! 
-mz 

(!_ 

2 2 

fm'lz 

(2:17) 

2 2 
11F(z)=-·(2rr )0 ( z-(m

1
+:m')) V (.-m

1
2)V

2
(-m2) B(-m2,-ma ,z). 

2 
I 2 I 2 

npeo6paayeM B( ,-m
2

• -m
2

• rz ) • BoaBpamaBCb K (2.5), MOlKBO 38MeTBTb, 'ITO <!>YBK-_____ __!1~- 2 

~ex~ 

UHSI VA( X , X , -z ) MeBSieT 3H8K, KOrAa npOBCXOAHT ABHlKeane KOHTYPB HHTerpnpOB8HHB
0 . I 2 

KBK HOK838HO DB pHC. 7. 3TO CBSI38BO C TeM, 'ITO· MO:lKHO 38BHC8Tb: 

y.lt.(x ,x ,-z > =v(x+-x Xx -x >=V:x+:...x vx·-x-
lo 2222 22 22 

~ o5nacTn it 1 > 0 : n ~ < 0 • nerKO BHA9Tb 0 'ITO npn nepeXOAe B '?6naCTb Z > 0 

H X;.< 0 npOHCXOAHT Bpameane KOHTYPB HHTerpnpOBBHHSI OKOnO TO'IeK BeTBneBHB STOll 

¢>ynKnBB,' 'ITO npHBOAHT K noRBneanro MHOlKHTenSI (-if =·-1 • HTaK, 

../>..(x 1,x .. -z) =--IJ>..(xl'!!:
2
,-z) I 

(2.18) 
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!IpH X .<· 0 
. . 

z=(inl+:m2)2 

x~<O H 

IIOJIY'IIIM 

0.<% .(: ( m +:m.)
2 

, npll: nepeXOAO IIO nepeMOHHOll Z 'lepe3 IIOpor 
• I 2 • 

J>..(-m2, -m2,- z) =-·1;/.-)t.( m2, m2; z 
I . 2 I 2 

(z>(m l+:m2)2') ,· 
(2o19) 

'- TaK JtaK HaC HHTepecyeT 3Ha'leHHe· ¢yHKIIBB Ha BepXHOM 6epery. pa3pe3ao 0KOIAaTen&HO 

(/ 

C y'leTOM (2o18) B (2o19) ¢yHKIIHH B ( -m:, -m~, z) MOlKeT 6b!Tb aanHCaHa B BHAe:· 

~2) . 2_m2 ) 
fdn .. (!-(~ y~az • i Z+ m I ? 0. (2o20) 

• n . 4z 'C./z 
B (- m2 , ;_m 2 , z) = ·h/->..(m,

2 
,m ~.z) 

I 2 8 Z 

noJicTaBJIHB (2o20) B BblpalKeHHe AJIB CKS'Ilt8 (2o17), nerKO y6eAHTbCH, 'ITO non)r'leHHSB 

<jlOpMYna C~BIIaAaeT C ( 1o8) B CJiy'!ae r =· 2 , .. eCJIH Bb16paTb CHCT9MY KOOpABHaT, rAe 

BOKTOp q HMeeT TOn&KO 'leTBepTy!O KOMIIOHellTy OTJIH'IHOII OT HYJIH (q =·0, flu·= y Z ) o_ 

TaKHM o6pa30M, Mbl AOK8381IH <jlOpMYny._(1.8) A1IH cny'laH AHarpaMM C ABYMH.!IpOMOlKYTO'!-

HblMII JIHHBHMB, 

·, 3aMeTHM, 'ITO A1IH aamero AOJta3aTe1I&CTBa AOCTaTO'IHO· C'IHTaTb, 'ITO _aHaJIHTII'IeCKHe 

caoih::TBa 6noJtOB. I H II TSKOBbl, 'ITO oco6eHHOCTil:· <jlyHKnBII <F 1. B .F11 .He COBna.na-. 

lOT C H3y'laeMbiM~. oco6eHHOCTSlMH1 MR. cymec'l'ayeT CIIOC~6, 6naroAaps_ KOTOPOMY llX MOlKHO 

paaAeJIHT&i .HanpHMep, B cny-qae, ecnH cosnaAeHHe oco6enuocTe.ll npoHCXOAHT TOn&KO npll 
·. . I .. . ' 

onpe.neneHHbiX 3Ha'leHil:HK Mace 111111 HHBapllaHTHbiX HMIIyn&CHbiX nepeMeHHbiX, OT·KOTOpb!X 

aaBHCllT ¢yHK!IIl:ll: F1 H F11 :. a npu Apyrnx aaa'leaxrus_ aTnx nepeMeHHbiX oco6eHH~CTH 

p~3A91ISl!OTCSl, Ta!tOe IIOJIOlKeHHe Jtalt pa3 ll:M~eT MeCTO B ItalKAOM nopstAKe.TeOpBH B03-

MYIIl9HIIII AJISl KalKAOI! 0Tll9n&HOII AHarp,a~Mbl <l>ellHMaH8o 

BbmnmeM eme. onay <jlopMYny, xoTopast HaM noaano6nTcst B .ttam.nellmeMo _Tax KSK 

HaMil. !IOlta3aH0
1 

'ITO ¢yH!t!IHSl F( z) BMeeT paapea, .Ha'IHHa!OI!lBI!CSl B TO'IKO. z'=(m +m ) 
2 

.... 

' I 2 
H CKa'IOK A :F(z) Ha 9TOM pa3pe3e H3BeCTeH H1 KpOMe TOro, .F( z) o6na.naeT KOHO'I-

Hb!M 'IHCJIOM OC06b!X TO'IeK; TO ¢yHKIIH.!I F ( Z) MOlKeT 6b!Tb npellCTaBJieHa B cne.nyromeM 

BRA':: 

.F(z)=·--1-_. f d z~-A F(z'). 
2,. i < . :az' -·z - i £ 

m 1+m~ , .. . .. 

A(z) +-B(z), 
A(z'·) 

(2o~1) 

rne '1epe3 A ( z) H B (z) o603Ba'leHbl HOKOTOp~:e. <jlyHKIIIIB, _ KOTOpbie ·o6nanaroT BCOMH 

oco6euuoc.TstMH ¢yHK,nHH .F(z) , xpoMe nauuoro paapeaa; KoHKpeTnbill BRA ¢yHKnllll 

A(z) II B(z) B nan&HellmeM AJI.!I HaC He 6yAeT cymeCTBeHeH, 

Eme aaMeTHM, 'ITO <jlyHKnHH .F ( z) AF(z) A(z) H B(z) 3aBHCllT 0T _npyrHX ., 

HMIIyn&CHblX nepeMeHHbiX, KOTOpble Mbl ll11Sl npOCTOTbl He BB91IH B 0603Ha'leHR.!Io 

14 

.... 

.. 
'I 

\ 
\ 

I 
,I 

•\ 

I 
~ ' . I .. 

·\. 
I 

I 

l 
. fi 

3. naarpaMMa· c IIPOII3BOn&HbiM 'IHC1IOM npoMelKyTO'IHbiX nHHHll 

B npe.nb!AymeM naparpa<jle Mbl .noxaaanu <jlopMyny (1,8) .nnst cny'IB.!I r = 2 o P,;c-

CMOTpHM Tenep& llBarpaMMY <l>ellHMaBa, KOTOpall MOlKeT 6b!Tb pa36HTa Ha ABa 6JIOit81 Coe

AHH9HHbiX ( r+:1) !IpOMOlKYTO'IHbiMH JIHHHllM~ (pHC, 1), 8TOll AHarpaMMe COOTBeTCTByeT 

aMII1IIl:TyAa ( 1o6) t rAe BMOCTO f BallO IIOACTaBHTb ( r + 1) , nepenllmeM 9TO BbipalKe-

HBe a BIUle: 

4 2 \ 
.F =J d k rtl Vrt! (k r.J 

2 2 
kr+ 1 +: mr+ 1 

4 (4) 
J d k P ( q , q', k 

7
k)8 ( q-k -k), 

·I · I PI-! PI-! 

.. 
p . , 4 4 

(q1,q
1

_, kr+:l, k )=Jd k
1 
... fd k, D 

--~ 

V.,(k;) 

k
-2--2 
v + m v· 

X Fl ( Cit ' kl) ~I ( qj- .• kl ) • 

06oaaa'leHHll 3Aee& Te lKe, 'ITO H npelKAe. 
/ 

(4) 

8 ( k -k I-.. ;~ r ) X 

(3o1) 

(3o2) 

npeAIIonOlKBM Tenep&, 'ITO <jlyHK!IHSl p ( ql o q; o k PI-I J k ) , paCCMaTpHBaeM8SI 

KaK ¢yBX!IIl:ll KOMIIJieKCHOro nepeMeHHOrO ( =- k 2 
0 HMeeT JIHHHIO p83p8381 H8'1HHaiO-

lllYIOCSI B TO'IKe (•(m
1
+ .. <fm r )

2
, CBSl3aHnyJO C HaJIH'IHeM r !IpOMBlKYTO"'Hb!X, JIHHHll, 

IIPH'IeM CKa'IOK H8 STOll JIBHHH paapeaa AaBTCSl <jlopMynoi! (1,8), B cny'lae f=·2 STO 

YTBeplK.QeHHe !Sb!JIO AOKa38HO B npe.nbiAYIIlBM naparpa<jleo Hama 3alla'la COCTOKT B TOM, , 

'IT06bl noxaaaT&, '!To, ecnH <jlopMYna- ( 1.8) cnpaae.nnnaa .nnst IIpOMBlKYTO'IHbiX JIHHHll, 

TO ona 6y.neT C!IpaBeAJIHBa H B CJiy'Iae ( II- 1) JIBHHI!, 

Cornacno aaMe'laHHIO a Kolllle npenblnymero naparpa<jla, <jlynKnHIO P ( q , q' , k k ) 
I· I t+l 

MOlKRO 3a!IHCaTb B BRAe: 

p ( q
1 

• q' ,k · , k ) =· ·1 J du
2 

A P (17 2) 
. I· PI-I --

. • 21Ti · 17 2 +:k 2_1£ 

<mt.:.-.:o.m_.)~ 

2 ' 2 . ~__..!_"•4-:B ( -k ,,.;); 
A(u 2 ,,,;)· 

(3.3) 

2 . 2 
<l>yHK!IHH, A(-k ,.;.)H B(-k , •• ;} HMBIOT TY lKe IIpHpOllY• 'ITO H B (2,21), nnll npOCTOTbl Mbl 

H8 BBOllHM HHKaKBX llOII01IHHT8n&HbiX BHllBKCOB_H Be yxa3biBSeM BCBX nepeMeHHbiX1 OT 

KOTOpbiX STH ¢yHK!IHH 3aBHCSlT, 

noACTaBHM ( 3o3) B ( 3,1) t nony'IHM 

15 



,' /', 

ci' 2 
) ' (4). 

··F ~J k,.,.l va:1 Cka:1 [. d k 0 (q-k-kr+1 )x 
2 2 

kr+1 + mri-1 

xl -
1

- f 
da

2 
!:J.P (!7?) A( -k 21 ... t. 2 

I .... ' I -t B (-k 
217i a 2+·k 2 -if A(a!l 1·•·.l 

(3.1)' 

(m + .. .--tm >2 
1- . r 

liJITerpan. C <jlyJIKD:Hell B ( -k 
2 

l.,,_)ae )laeT_ BKnS)lS B OCOoeJIHOCTb 1 npOHCXOllliiilYIO H3-3a 

sanH'IHSI (r +l) npoMe>KyTO'IHbiX naaall 1 KOTOpbte Mbl paccMaTpHBaeM, OnycKaSI STOT 'lneH, 

nepenaweM aMnnHTYllY B anne: 

d' 
R(~'~q2)=J ~ 

. k 3 
ri-1 

... 
·.F a._1_ f da 2 R(a 31q~1 

2rri • (3.5). 
(m + •• ;+m )2 

I • 

2 ' Vn- 1 (k n- 1) f d k t. P(a 2
) 

+:k :r1 ·k 2 +·a·2 

' ( ,, . ) 
A(-k'~···>· o· < q-k -kn-1 • 

A(a· 2 1•••> 
(3._6) 

lierKo BH)leTb, -.iTO cPYHKUHSI R(a 2 ,q2 ) H~eeT B .TO'IHOCTH CTpyKTypy )lHarpSMMbi C 

llBYMll npoMe>KyTO'IHbiMII naaHSIMH, KOTopaS! obtna 

'<Pe. TioaToMy nnH aee cnpanennnna <!>opMYna • (2;21): 

paccMOTpeaa a npeJlbillYIUeM naparpa-

rAe 

R(a 2 , q~ =-1- f dK
2
d R(K

3
1 a

2

) 

2rri K2+·q2-·if 

(a+ma+f2 

A'(-q', ••• .) +:B'( -q2, a~ , .. ;_i 1 

A'(K 2
, .. •:) 

. 2 2 2 2 
,t. R(K', a')=i(2rr) 8(ic- (a+:mr+l) ). va+l ( -ma+1 )x 

4a 
X f d k4+1 

" •a a (,)• • • (3,8} 
f d4k '8 (k~l O )o(k +m 2 )8(k ) o(k 2 +:a2):0 (p -k -k) X 

i 
rne p • 

x !:J. P ( a
2

) 

2 
I(. 

~ • ri-1 a+l 0 . r+l 

TIOJlCTSBn5151 (3,7) B (3,5) H MeHSISI UOpS!JlOK HHTEirpiipOBSHHll no 
2 

a· a 

'IBM 

16 

2 
"• nony-

l ;i 

2 
F = _1_ f dK !:J.F(K2) 

2rri K
2 + q 2-i f 

A'{-q 2
, ... ) +3"(-q 2

1 ... ), 

A'(K 2 , ... ) 

rne 

(m 1+ •• >-hn a+ ( 

2 
(K-m ) 

1 a+l 
!:J. F (K

2
) = - f <b 2 L\ R ( K 2 , a2) • 

217i . 2 
Cm

1
+ .. ;.~m,> 

Bocnono3osanwacb <!>opMynaMa (3.8) a (1,8),:,nony'!HM: 

(K•m,f-1) 2 

2 2 2 2 
!:J. F (1<

2
) =-1- f <b· 1(2!7) 8 (" -(a+m ) 2 ) V (-m 

2rr i a+ I r+t a+l 
(m +.:.;~ta ) 2 

I • 

a 

X 

(3.9) 

(3.10) 

X f d'kr+l 
1::$ •2 =:s (4)., 

f d'k 8 (k~ 1 o' )o(k +·m 3 )8(1c )0 (k 2 +a2)1l (p -k -k )x 
.. • pt..) r+l 0 pt.) 

' 2 ·=- 4
1:;11 I::S2 2 'xi(2,.) ll V,_,(-m,_,)fdk1 • .,fdk,ll 8(kN!)o(k>.+m>.)x 

V=l ~I . 

Ill:; ..,. - I::S 
!G • , 

X li ( k - k - ... ,.. k ) .FI· ( Q • kl ) F ( q .• kl ) = 
· I • 1 II I 

' . a+! 
• I ti-l r+l 2 ° 4 Ql 1:;11 •2 

=i(2rr) nv,_,(-m,)f
1

dk 1 ... fd'ka+
1
l18(kN!)o(k>.+mr>x 

=t · ~I 

(4) .. 

Xo (p -k 1- .. ,-kr+
1
)F

1
.(ql ,k 1 )~1 (q; 1k

1
), 

TSK KSK 
2 

(K....,..ri-1) 

'-. 

f 
- (4) .. 

d a 2 f dk 8 ( k 
0 

) o (k 2 +:a 2) 1l ( p 

(1111 +; •• ~, )2. 

17 

- k - k )= 1 • 
a+ I 

(3.11) 



I 

i, 

2 
0KOII'IaTellb'!0e Bb!pl! ~<eHUe )lllSI .\ F(K ) IIOllHOCTbJO. COB!Ia)laeT C <j>opM)'llOl! ( 1,8) 1 

1"'!10 BMCCTO r· B3SITO ( r+ 1) , 3TO )lOKa3biBaeT CnpaBe)lllHBOCTb <j>opMynhi ·(1,8)~ 

Cne)lyeT aaMeTBTb, 'ITO npo.llenaHHhte anecb Bhi'IHcneHIISI cnpane)lnHBhi c TO'IHOCTbJO 
\ 

)lO OI"'OBOpOK, C)l9llaHHbiX B KOH!l9 npe.llbl)lymero naparpa<j>a, 

3 a K n 10 'I e H H e 

HTaK,'HaMn ilOKa3aHo npanHno KyTKOCCKoro .llllSI HOpManbHhlX noporon B_ cnyqae 

llpOH3B.OllbHhlX )ll!a!"'paMM 4>el!HMaHa, KOI"')la )lBarpaMMhl 3aii,HCb!BaiOTCSI B eBKllH)lOBOM 

H!l.mynbCHOM npocTpaHcTne, a n Ka'leCTBe <l>YHKilHl! o6peaaHHst Bht6Hpa10TCSI nenhle <j>ynKnnH. 

0TMOTUM eme paa; 'ITO B Clly'!ae ·yl (k 2 )= 1, npOB9Jl9HHOO. )lOKa3aT9nbC,T,BO HBllS19T-. , \ 

_est ilOKa3aTenbCTBOM npanHna KyTKOCCKor~ nnst o6hl'IHhlX )liflirpaMM KBaHTonol! TeopHn. 

1 nonsr, IIOCKOllbKY IIC913)l09BKllHilOBbl HHTerpanhl )lllll aM!IllHTYil <l>Jt3B'I9CKHX npOil9CCOB a· 

·.a.BKllHil~Boii o6naCTH npocTpaHCTBeHHo-·nO.Il06HhlX BHemHHx HMnynbcon ncer)la MoryT 6hlTb 

3anHCaH!>! B 9BKllH)lOBOM npocTpaHCTBe, a n'epeXO)l B <j>H3B'IecKy~ o6naCTb ncerlia MOlKHO' 
, . . I 

paCCMOTpeTb KaK 8HallHTB'I9CK09 npO.Il0l'!lK9HB9 110 BHB8pB8HTHhlM BMIIynbCHhlM -nepeMeHHbiM, 
' ' 

• ~TO KaCaeTCSl 8HOMallbHbiX OC06eHHOCTel! )lB8I"'p8MM1 TO KaK·cne.llyeT H3 pa3)lena 1, 

OHH B03HHKaiOT o6hl'IHbiM o6pa3()M npn y'leTe aHanHTB'IeCKHX cnoACTB 6noxon . H II 

HanpHMep, nosraneHue aHoManb~ol! oco6eHHOCTH nnsr o6hlKHoneHHol! TpeyronbHOl! HnH '19Thl

pexyronbuol! llHarpaMMhl MOlKHO npocne)lHTb M9TOllOM1 aHallOI"'B'IHhlM HCIIOnb30BaHHOM)' 
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B 1 llp9llCT8BllllH C()OTBeTCTByJOmyJO aMUllHTYJlY B BRAe •" II H3y'lasr 3aTeM oco6eH-

HOCTH <l>YHKilHH AF(z'). no ApyrHM HHnapHaHTaM, OT ,KOTOpblX osa sasHCHT, 

\ HaKOHen, OTM9THM, 'ITO, Ka_x cne)lyeT H3 npHneAeHHOro AoKaaaTenbCTna, BBeAesse 

B nenol! <j>yHKilHH o6pe38HHH V(k
2

) 1 HapymaJOmel! SKBHBlllleBTBOCTb 9BKllHAOBOl! H. 

ncenA09BKllHAOBol! <j>opMynHponoK TeopuH, se HapymaeT auanHTH'IeCKHX caol!cTn TeopHH B 

nJ06ol! xoHe'IHOl! o6nacTB HMnynhCHbiX nepeMeHHhlX, CnpaneAllHBOCTb npansna KyTKOCc_Koro 

)l9llaeT AOBOnbHO UpOCThlM AOKa3aTellbCTBO yHBTapHOCTK B ynOMHBaBmHXCll Bblme TeOpH-
/1,2/ ' 
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