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B pHne pa5oT nocnenaero apeMeaH 5bmo noKaaaao, 'ITO nHcnepcuoaHbie npaaH

na cyMM (n,n.c,), B biTSKS!OmHe H3 SHSnHTH'IHOCTH SMllnHTYJl p8CC9li8Hll B llliOC-

KOCTH saeprHHIMOryT 5biTb C ycneXOM llpHMeHeHbl ltllll liOlly'IeHHll SKCll9pHM9HT8nb

/ 1-2/ 
HO npoaepl!eMbiX COOTHOWSHHft MSJKitY cjlH3H'IeCKHMH BenH'IHHSMH , 

Bee Jl,ll,C, ecTeCTBeHHO paanenli!OTCll HS ltBS Knacca. nepBbiJl: H3 HHX o5pa-

/ 1,2/ 
3yiOT TSK H83biBSeMbl9 CB9pXCXOitliWH9Cll l{,ll,C, , ltllll BbiBOitS KOTOpb!X Tpe5y-

e TCll cyWeCTBOBSHHe JlHCllepCHOHHbiX COOTHOWeHHJl: 5ea Bbl'lHTSHHit He TOllbKO Jlllll 

CSMH X SMllliHTYJl, HO H Jlllll SMllnHTylt, yMHOJKeHHblX HS H9KOTOpy!O CT9ll9Hb SHep-

x/ 
rHH Ko BTopoMy Knaccy npHuaaneJKaT n.n.c., nonyqaeMbie a paMKax onpenenea-

/3/ 
Hb!X rlfliOTe3 o5 SCHMliTOTH'IeCKOM liOBalleHHH SMllliHTYllbl paCCSHHH.II ( OTROCH-

. /3/ /4A 
TellbHO SKCrrepBMeHTSllbHOrO liOI{TBeplK!lSHHll Jl,ll,C,, BbiBel{eHHbiX B , CM, pa5oTy ) • 

8 HSCTOl!Well: 38MaTK9 Mbl XOTenH 5bi o5paTHTb BHHMaRHS Ha TOT cjlaKT, 'ITO 

l{,ll,C, MOJKHO llpB:MeHliTb KSK CBOeo5pa3BbiJl: HBCTpyMeHT, C liOMOmb!O KOTOpOrO He

KOTOpb!e COOTHOWSHHll MeJKlly ceqeHHliMH llpH BbiCOKHX SHeprHHX OT05paJKaJOTCll 88 

HH3KOSHepreTH'l9CKYIO o5naCTb, B Ka'IeCTBe llpHMapa 5yllaT paCCMOTpaHO Me30H-

5apHOHHOe pacceliBHe, nocKonbKy a STOM cnyqae (a OTliH'IHe oT 5apnou-5apaoaaoro 

pacceHHHH) aeHa5monaeMaH o5nacTb a n.rr.c. cpaaaaTenbBO Mana, 5naronapH 'IeMy 

MOJKHO !IpOBeCTH Cp8BH9HH9 C SKCllepHMeJITOMo 

HaqJieM co caepxcxonHmHXCH n.rr.c. nycTb c(±) (vl ,n(±) (v) H EC:r) (v) SCTb 

COOTB9T CTB9JIBO KpOCC-'IeTBbiS H KpOCc-aeqeTJibiS SMIInHTyllbl paCCSHJIHH BllepeA, 

MHHMbi9 'ISCTH KOTOpb!X IIO OliTH'!eCKOJl: TeopeMe CBH3aHbl C IIOliHb!MH Ce'!eHHliMH 

paccel!HBH Meaoaoa Ha HyKnouax cnenyJOWHMH cjlopMynaMa: 

x/ 
3TO yCliOBHe SKBRBanel!THO npe.llliOliOJKeHHIO, "'TO llpH Bbl"'HCneHHH UHTerpanOB 

AO (-) ct> (+) jt:' f (vl d v -0 , f' v f (v) d v = 0 

( r - KOHTyp, H305pa)l{eHHbllt Ha pHCYHKe, 3HaKif ( +) COOTBeTCTBYIOT onpeJleneHHOI 

KpOCC-"'eTHOCTH) MOJKHO rrpeae5peqb BKliSitOM OT 50~blliOrO Kpyra C R . 
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_ ,-~-~-

<±> v" -Jl , + 
lm C (II ) ----- [a ( "- p ) + a ( 1r p ) ] , 

2 -
.-a--~ 

< ±> 1/ v - /1 k - + I lm f) (II ) ~ [ a ( lc p) +a (k p) , 
2 -

~ <+> VII -IL k -o o 
lm E - ( 11) a - --- ( a ( k p ) + a ( k p ) I 

2 -

11 - s uep r n n M eaoua B n a6opaTopuo lf cncTe M e) . 

H a nn UJeM C B6pXCXOJUI [[{H6CH .Q.n.c • .QnH K OM6HHBI(HH a M n n HTyfl 

I c (-) ( "' ) ~ f)(-) ( II) + E ( -) ( II ) I : 

f lmiC(-)(v) - D(-)(11) + 1': (-) ( v)}dv = O 
0 

(I) 

(2) 

( 3 ) 

(4) 

B <jJHanqecKol! o6naCTH no,ruiHTerpanbHYIO !)>yHKIXHIO B ( 4) MO)KHO n cHny (I) 

B b lpB3HTb qepeo flOIIH b lC C 6'I6 1Il'!S! H3y'I£l6 M b!X n ponec c o n. n p n LIO C T OTO'IHO 60IIb-

lJIHX SHeprHHX II , HanpHMe p, H 8 'IHH8 SI C H6KOTOporo 
' ' = A, r ae A >>/1, . p. k • 

B6pHO npn6nHlK6HH06 pOBC fiC T B O: 

lm I c <->(11) - D(-) (Ill + E (-) (v) l ~ 

- -!- l[a(rr-p) -a(rr+pl]-[a(k-p)- a(lr.+p}]+ 

+[u(k
0

p} ~a(lc 0 pl]} . 
( 5) 

C Apyrolf CTOpOHb r, npH dblCOKHX SHeprHHX BCIIH'IHHy ( 5) MOlKHO C'!HT8Tb p8BHOl! 

/5/x/ Hymo H8 OC HOBBHHH 'cna6oro., COOTH0Ill6HHH .Ll )I{OHC OHa -TpHMCHa : 

}(/XOTR paBeHCTBO THIIB (6) B biBO.QHTCH 6ea KBKOrO-nH6o orpBHH'!eHHR HB 

3HeprHH1 HCH01 'ITO peanbHO ero cnel(yeT npHHRMBTb B pBC'!eT JIHnib B TOil 06-

IIBCTH 31IeprHII1 KOr/lB PB3HOCTb MBCC fT - H K -Me30HOB y JKe HecymeCTBeHna. 

f1MeHHO 3TO 06CTOHTenbCTBO Mbi HMeeM B BHJly, HBSJ.(BBR COOTHOIIIeHHH J!JKOHCOHB

TpHMeHa H ITOJl06Hbie HM pB86HCTBB ( CM., HBIIpHMep, ( J3)) XBpa KTepHblMH lliiH Bbi
COK03HepreTHqe cKo n o6nacrn. 
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{6) 

noaTOMy BMeCTO { 4) M bl ljJaKTH'!eCJtH n onyqaeM npSBHnO CyMM: 

A (-) (-) (-) 
J lm ( C (v) - D (v) + E (v) l d y • 0 . 

0 {7) 

nocne HBaoro BblneneHHH non~HbiX '!nea oB H HBTerpanoB no aeaa6nmnaeMoA o6-

/6/ 
n a CTH , a T8KJKe y'JeTa 4lopMyn { 1)-{8) COOT BOmeaHe {7) npHBHMSeT BHn: 

{8) 

ILk <-> (-) 
- q ( k + p ) • u ( k 0 

p ) + oq ( k 
0 

p ) ] d J1 - 2 J[ I m D ( Jl) - lm E ( J1)] d II , 
(LI 

A" 

rne m P , m A -MaCchi npoTOHa H A -r~rnepo.Ba • 

2 2 2 2 
MA•mA- m P -JLk {9) 

2 2 2 
( m A+ JLrr ) m P - JL k 

2m p 

8 KOHCT8HTbl B38HMoneitCTBHH g HM9IDT cnenymmHe 3H8'!eBHH: 

2 
g fTNN 

4 rr 
- 14,5 ± 0,4 • { 10) 

2 

~ 
4rr 

.. 4,8 .:! 1.0 
111 

/4/x) 
EciiH HCXOnHTb H3 'CHnbHbiX"' COOTHOmeB:Hl!: ll)I(OS:COHa -TpJIMeHa , 

x/3TH COOTHOIIIBHHH, KBK 11SB9CTH01 BbiirOIIHHJOTCH HBCKOIIDKO XyJKe, 'laM (6). 
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+[u(k+pl-u ( k- p)]au (k 0 pl- u (k 0 pl - u(77 + p l -u(rr- p l , ( 11) 

T O, IIOBTOpSISI n p HB8ll8HHbl8 Bh!We p a ccy)KJl8HHR, nerKO nony'IHTb napy ll.II.C,, BHB

nor H'IH biX ( 8) • M bi BblllHill8M n HU'b Olli!O H3 HHX, IIOCKOn&Ky B TOp Oe, II p H y qeTe ( 8) 1 

0'!8BHAH0 1 yJKe He SI B1JSI8TCSI He3B B HCH MbtM: 

2 a a 2 a 
277a g " A k M A 2 77 g"l:k M A 
--m; ( ~ )(~ + ml> - mAl - -m- ( - 4- 77- - )( ~ + m l> -m A )+ 

I> I> I> 

3ne c& 

A 

+ f yva -p~ 
flk 

[ _!__ u(k- pl 
2 

p.k 

_ l_ u ( k + p l - u ( k 0 p l + 
2 

+u (k 0 pl ] dv + f (lm D(-) -2l mE (- ) )d v .. O, 

w A k 

m~ - Macca ~ - rurrepoaa, 

2 Ma 

~ 
~ m - m 

2 
gp ~ k 

477 

~ I> 

< 3 ,2 • 

2 
-p.k 

171 

( 12) 

( 13) 

C a epxcxon.llmuecR n.rr.c. nnR Kpocc-'leTHhtX aMrrnuTyn TaKJKe MoryT 6b!T& 

IIp HMeHeHbl C n:en&JO OT06paJKeHH.II COOTHOW81!HII: M e lKJly Ce'!eHHSIMH 1 XapaKTepHbiX AnSI 

BbiCOK09HepreTu'leCKOII: o6naCTH, BB o6naCTb 6onee HH3KHX aaeprHII:, 

/8/ 
HarrpHMep, npuaeneaaoe B pa6oTe paBei!CTBO 

u ( k + p l + u ( k- p ) .. __!.._ [ u ( rr + p l + u ( rr- p l + u ( k 0 p l + u ( I 0 p ) J ( 14) 
2 

B C0'18T8HHH - CO CBepXCXOASilllHMHCSI n.n.c. BHllB 

f v lm [ D(+) (v)- ____!_ C (+) (v) 
2 0 

6 

.!_ E <+>(v)] .. o 
2 

(16) 



t 
\. 

naeT 

M2 
( _A_ 

2m 
0 

M 2 

) ( --~-
2mp 

M 2 
A 

- mAl ---+ 
2m P 

2 
M ~ 

+ m -m )---
P ~ 2 m 

p 

A 
+ T J 11 ...j11 2 -IL~ [a(rr - p) +a(rr+pl ] d11 + 

IL ,.. ( 16) 
A -2--2- I o I •o + - ] 

+ J 11 ...j 11 -ILk [-ya(k pl+,--a(k p)-u(k p)~u(k p) d 11 + 
IL k 
Ilk 

+ f 11 [ Im E(+)(v) ~ 2ImD(+) (vl) d v• 0 . 

w Ak 

BaJKHO fiO)l'lepKHyTb, 'ITO Bee nony 'leHHhie H8MH COOTHOllieHHS! ( 8), ( 12), ( 16) JlO-

nycKa~T conocTaaneaae c aKcnepaMeHTOM. npa aToM aeo6xonBMo acnonb3oaaT& 

I!Hllib Jl8BHbie 0 noaeneHHH Ce'leHHit npH He CI!HlliKOM BbiCOKHX 9HeprBHX. 

B ToM cny'lae, Korna caepxcxonHmaecH n.n.c. aanacaTb aenb3H, MO:JKao no-

/3/ fi bi T8TbCH npHMeBHTb lii!H H8lliHX Itenelt npaBHI!8 CYMM, HaltzxeHHbie B pa6oTe : 

a<->+ 1 
A 

<- > (-) A I 
J I m f ( v) d 11 • :r C I 

0 a<->+ I 
I 

(17) 

a<+>+ 2 

I m 11f (-)(II) d11 .. - :r c <+> 
A I 

J I 
a~+>+ 2 0 

( 18) 

(±) 
rne a 1 -pezx:JKeBCKBe TpaeKTopBH npa eyneaoi!: nepezxa'le BMnyl!bca, a 

H3BeCTHbie B T&OpBB UOI!IOCOB Pezx:JKe MHO:lKBTena·. 
/S/ 

npa BbiBOZXe COOT.I!OmeaHA ( 17) -( 18) B npezxno.naranoc&, 'ITO cymeCTB)'lOT 

caepxcxozxgmaec.H zx.n.c. zxnH cjJyHKitHA sazxa 

a<t > af-> 
f c-> (Ill _ ~ c;-> .....:..~~ ___ -...;<~-.....;~~.,...>;___ __ 

s in rr a~-) 

ai+> a<+> 
(+) v + '(-v) I 

C I ' (+) 
s in rra 1 

(19) • v 
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Mbl OITHliieM 3lteCb CITOC06 paccy)KJ:IeHHl!:, aeCK01IbKO OTIIH'ISIOmHl!:CH OT H3JIO)I(eHH0-
/3/ 

ro B , HO npHBO!!HmHl!: K TeM )l(e paBeHCTBBM ( 17)-( 18) • 

.CJ.nH npOCTOTbl orpaHH'IHMCH pSCCMOTp&HHeM TOIIbKO KpOCc-Pe'leTHOl!: SMITIIKTY.llbl 

I(-) (v) . nocK01IhKY Tenepb f(-) (v) He y6b!B89T HS 6eCKOH9'1HOCTH, HHTerpan 

cP f(-) (v)dv a 0 (eM. npHM9'18HHe Ha CTp. 2 H pacyHOK HM89T CMb!CII TOJibKO ,. 
npH Koae'IHhiX aaaqeaaHx panHyca R nono)I(HM R s A rne A - napaMeTp, <jla-

r ypHpyromal!: B ( 17) -( 18) H onpenenHromal!: o6nacTh, B xoTopol!: y)l(e cnpaaennHBO 

peJ:t)l(eBCKOe SCHMITTOTH'I9CK09 npeJ:tCT8BJI9HHe: 

(-) r • (-) 
~ c, " 

(-) 
at 

<-> 
at 

-(-v) 

. (-) 
stnrra 1 

( 20) 

npH II ~ A 

QqeBH!!HO, rrpH R .. A paBeB:CTBO 
(-) §>-1 (v)dv•O MO JltiiO ne p&iUS:CII'!'b 

r 
B BHJ:te: 

J 
CA 

(-) 
f (v) d" 

A (~) 
+4iflmf (v)dvaO. 

0 ( 21) 

CnenaeM Tenepb npennono)l(eaae, 'ITO f-4 ( v) MO)I(eT 6b1Tb annpoxcaMa:posa.Ha 

Bblp8)1(98HeM ( 20) BO Bcel!: KOMnii8KCHOl!: llJIOCKOCTH v npa I vj >_A • 3Ta rxno-

Te3a OCHOBaHa, Bo -nepBb!X, Ha 8H8JIOrHH C .HepeJIHTHBHCTCKOl!: T90pllel!:, rne 8CHMll

TOTHKS Pen)l(e HerrocpeJ:tCTBeHHO CBH38H8 C <jlopMyJIOl!: 

pa (z).,za 

I z I .. 00 I, 

cnpaaennasol!: so acel!: KoMnnexcaol!: HnoCKOCT• z (aa liCKIIIO~eHli&M o6JiaCTll 

I arg z I • rr ) , a BO-BTOpblx, Ha xay~eHHH aaanrrw'lecxax cBol!:cTB nxarpaMM 

<jleAHM8HOBCKHX, CYMMHPOBBHHe KOTOpbiX npHBO!!HT K 8Mll1JHTYJ:18M C pen)l(eBCKHM 
ltl'l 

noseneaHeM B TeOpHH nonH 

Tax xaK <jlyHKnxa r<-> (v) nel!:CTBHTenhaa aa aexOTopoM yqacTKe aemecTaea

Hol!: oca, TO, cornacao npamxxny -<:HMMeTpxa: lllBaPJta, a ltoMnnexcaol!: o6nacTH oaa 

li0JI)I(H8 YliOBJieTBOpHTb YCIIOBHIO 

f(-) (v*) .. ( f(-) (v))* . (22) 
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3TO COOTHOI119HHe H906XO.!IHMO Y'Il!TbiB8Th IIpH IIO.!ICT8HOBK9 ( 20) B HHTerpan 

f f (-) ( V) d V H3 ( 21) • <l>aKTH'I9CKH 3.!19Ch U9/I9C006p83HO p8CCM8TpHB8Th tPYHK -
C A (-) (-) 

UHH ljJ I '" ~ C I V a I H 

(-) a~-) (-) -trra)-> at> 
'V 2 = -~C 1 (- v) .. -rc 1 e v 

IIO OTA9/IhHOCTH 

Ycnoaue (22) 6y.~:~eT BbiiiO/IHeHo, ecnH .!1/ISI ¢YHK UHH 'V 1 (v ) paapea B rrnocJWCTH 

v 1Ip0B9CTH OT 0 .!10 - oo ( -rr ~ arg V !> Tr ) , B .!IllS! If! 2 ( V) - COOTB9TCTB9HHO 

oT 0 n o + oo ( 0 ~ arg v ~ 2 rr ) . B HTore 6yneM HMCTh: 

ItA 

rr 2rr 
f !(-) ( v) d v = i A f '11 

1 
( A e1 ¢) e t c,f> d c,b + i A f ljJ 

2 
( A e t c,f> ) e t c,f> d c,f> 

-11 0 >, 
(23) 

OTKYAH, Y'IHTbiBBSI (21), IIpHASM K COOTHOli19HHIO ( 17). 

EcnH BblllHCBTb ):l.rr.c. ( 17) A ilS! HMII/IHTY.!Ibl C (-) (v)- D(-)(v)+ E(-) ( v) 

/10/ 
H rrpHHS!Tb BO BHHM8HH9 COOTHOI119HHSI, y CTHHOB/I9HHb!9 B 

lm D(-) 
a a 

(v) .. zrpv P + 6 r VB V VB 
{24) 

Im E (-) (v) .... 2 r 
p 

v ap + 6 r 
vB 

v a va 

r p H r V B -p9A>K9BCKH9 !)lHKTOpbl , OTB9'IHIOIIIH9 06MeHy wTp9Tb9il~ H "' BOCbMOft"' 

KOMIIOH9HT8MH OKT9Ta BSKTOpHbiX M930HOB H !IpOCTbi M o6pa30M CBSI3811Hb19 C 

C I(:>. ) ) , TO B peay/IbT8T9 M bi OllSITh IIpH):(SM K !jlopMy/Ie ( 8) • 

CnenoaaTenhRo, o6a Knacca .~:~.n.c. MoryT 6b!Tb Hcrro/Ib30BHHbi .!IIISI oTo6pame

JHISI HCHMIITOTH'I9CKHX COOTHOlll9RHl\ Me)f(.!ly C9'!9HH!IMH B HH3K03HepreTH't9CKYIO 06-

/IHCTb. 
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