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Bae.neH11e 

CpaBH0Hlle C 3KCIIepllM0HTOM J:111CII0pCIIOHHbIX COOTHOW0Hllll J:lnll pacceSIHIIH Brre-

pen HBnHeTCH B8lKH0llWIIM cpe.ncTBOM rrpoaepKll OCHOBJlbIX !Ipl!HUIIIIOB Teopllll Ha 

ManbIX. pacCTOHHllHX, 0.nHa_Ko 113 O!IbITa Mb! nony,rneM aMIInllTYJ:lY, KOTOpaH co.neplKIIT 

pa.n11au110HHb1e rrorrpaBKII, nocKonbKY B aacToHmee BpeMH aeT 6e3ynpeqaoro crroco6a 

rronyqeal!H ql!CTO H.nepaoll aMnnllTYJ:lbl 113 .naHHblX 3KCnep11MeHTa, TO J:lnH IIOBbIW0Hllll 

ToquoCTll npoBepKll J:lllCIIepc110HHblX COOTHOW0Hllll npu Bb!COKllX aHeprHS!X HylKHO llCIIOnb-

30B8Tb .n11cnepcl!Ol!Hbi0 COOTHOW0HIIS! aerrocpe.ncTBeHHO J:lnll aMIInllTYJ:lbI, rronyqaeMoii: 

113 3KCIIepHM0HTa ll BKmoqa10mell pa.n11au110HHbl8 norrpaBKll, Heo6xo.nllMOCTb yq{!Ta 

3TllX nonpaBOK ylKe npll J:lOCTllrHyToll ToqaoCTII 3KCnepllM0HTa CBH3aHa C TeM, qTo 

peanbHaS! qaCTb aMIInl!TyJ:lbl npll 6onbWIIX 3HeprllHX MHOro M0HbWe MHl!Moll, 11 Manbie 

ra.n11au110HHhl8 nonpaBKll K MHllMOll qacTll MoryT J:18Tb OTHOCl!TenbHO. 6onbWOii: BKna.n 

B peanbHYIO qacTb, 

8 caMOM .nene, 38 cq{!T aneKTpoMarHllTHOro B38IIMOJ:lellcTBIIH aMrrn11Ty.na IIHOH

HyKnOHHoro pacceHHIISI MOlKeT OTn11qaTbCH OT ql!CTO S!J:10pHoll MHOlKl!TeneM e 18 
· 'xi 

r.ne cjJa3a S • a &. "' ( a .. 1/137 , "' - aHepruH n110Ha B na6opaTopaoll c11cTeMe ) • 

Ilpll "'= 30 raa 3T8 cjJa3a paBHa 0,04, B TO Bp0MH KaK OTHOW0Hlle peanbHOll qacTII 

aMIInllTYJ:lbI K MJ111Mon f3 ":. 0, 1 - 0,2 rrpll Ton JKe aHepr1111, Ecn11 npeHe6peqb sneKTpo-

MarHllTHbIM cjJa30BbIM MHOlKl!TeneM, TO {3 H3M0HIITCS! Ha Benuq11ay nopS!J:lKB s. 
11/ 

To-eCTb aa 20-40%, B TO BpeMH KaK B rrocne.nHIIX O!IblTBX n11H.neH6ayMa . OWll6Ka 

B H3MepeHllll {3 np115nlllK80TCH K 10-20%, 

x/ 8 CT8Tbe llCIIOnb3YIOTCH pau11oaanbHbl8 0J:1IIHIIUbl : c = l ; ha 1, m .. l(m - Macca 

IIIIOH8 ) , 
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HnJKe Mb! 6yneM B OCHOBHOM paCCM8TpllB8Tb sneKTpoMarHllTHbie nonpaBKll 

llMeHHo TaKoro Tllna, conepJKamlle KpoMe a 6onbwol!:' qiaKTop f n w llnll fn Cl/0>. 

ITonpaBKll nopHnKa a noKa· neJKaT aa npenenaMll ToqHoCTll sKcnepllMeHTa, TeM He 

MeHee, B npllHUllne HyJKeH yqeT H T8KHX nonpaBOK, ITosTOMY B H8CTOS!lll8A pa6oTe 

38IlHC_bIB8IOTCSl CHaqana nncnepCHOHHbie COOTHOW8HHS! B o6meii qiopMe, yqHTblB8IOllllle 

Bee nonpaBKll nopHnKa a (n,3), ilanee B n.4 paccMaTp1rna10TCH nonpaBKn, cymecT

BeHHbie npn BblCOKllX sHeprHHX, 3To nonpaBKll nByx BHAOB, Bo-nepBbIX, HylKHO yqeCTb, 

qTO sneKTpoMarHllTHbie sqiqieKTbl MoryT H3MeHHTb 8CllMilTOTllKY peanbHOA qaCTH 
C-> ('F) - / 

aMnnHTYnhI T , rne T = T + T H HlllKHHe 3H8Kll OTHOCS!TCS! COOTBeT-- ·. + 
C::TBeHHO K ,, -p - II 'IT+ p - pacceSIHllIO, B CaMOM nene, nycTb T 0 

- qncTO Hnep-

HaH aMnnnTyna, a l, · - Bemec::TBeHHaH sneKTpoMarHHTHaH ¢aaa, HopMnpy~M T 0 

Ha nonHoe ceqemie, TaK qTo Im T
0 

.. u Torna, ecnu naJKe 
. . ; i 

w ➔ oo • KaK _ ~To qacTo npennonaraeTCH, TO 

Re TC->➔ O 
n 

(-) ., C-) • ., (+) C-) ., [ ( ) ( ) ] R~ T • cos u Re T
O 

+ s111 u Im T n ➔ Re T 
O 

+ u u _ oo + U + oo .• 

npn 

Ecnn qiaaa lJ Mennemro M8HS!eTcsi C sHeprlleA, TO yqeT STOA nonpaBKII CBOLlllTCS! 

_K J106aBneHl110··icoiicTaHThI B nllcnepcnoHHOM cooTHoweHllll nnH Tc-> • 

ITonpaBKll BToporo Tuna - STO yqeT HHTepqiepeHUllll KynoHOBCKOro H Slllepaoro 

B38HMoneACTBIIA B OilTllqecKoA TeopeMe, CBSl3blB8IOllleii MHHMYIO qaCTb aMnnnTynhI 

c aa6nronaeMhIM nonHhIM ceqeHll8M, 

ilanee B pa60Teco6cy)Kna10TCH H8KOTOpb1e TeopeTllqecKne Monenn nnH HaxoJK

neHHH H3 SKcnepllM8HT8 qllCTO stnepHoA aMilnllT)'llbl ( n.5), a T8KJK8 nocnenHHe SK-
. /1/ 

cnepllM8HTanbHbl8 naHHbl8 nnHneH6ayMa ( n. 6). BbIBOnbl co6paHbl B n, 6, 

2. OnpeneneHllH aMnnllTYll 

ITonHyIO 8MilnllTyny pacceSIHllSI 3apS!lK8HHblX qaCTllU 38IlllWeM B Blllle 

F 
T>. .. T

0
+e>.T. 

( l) 

~OTOHH8SI Macca A BBeneua nnH ycTpaHeHllst nuqipaKpaCHhlX pacxonllMOCTeA. 

KynoHOBCK8SI aMnnllTyna T 
O 

ll3BeCTHa, OHa COOTBeTCTByeT llllarpaMMaM, B KOTO

pb!X ·aapS!JK8HHbie qacTllUbl o6MeHHB8IOTCSI TOnbKO qJOTOH8Mll, ilnst ManbIX yrnoB 

TO ➔ ':" • AMnnllTyna T KOHeqHa ll 6yneT paCCMaTpl1B8TbCS! B nanhHeAweM,. 
' /2/ 

Bee pacxonllM0CTH npn >. ➔ 0 co6paHbl B qiaKTope exp I F >. I . B 6bmo 

no!lyqeao Bb1paJKeHlle nnst F >. B Bline qieAHMaHoBCKoro naTerpana, HaM yno6uee 
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'I 

I 
I 
fl 

\ 
-I 

i ., 

,·:'.:.........!:~.~ 

<: 

38IlllC8Tb F >. /3/ 
B nllcnepclloHHoA qiopMe : 

F •-z z a{2<f, (s,1,M)-2</,(n,1,Ml+ 2</, (t,M,M)+ 2</, (t.-1,lll 
.\ Ill ,>. .\. .\ >. 

2</, (s,m ,m l•{Hs,m ,m )fn(c/>.11 )-f(s,m ,m) 
A I II I II · I 11 

( 2) 

• 
/J (s,m

1 
,m

11
).,. 

s-(m-mi2oo 
I II. f ds(s -m 11 -m 2 ) 

I I I 11 

,, cm,+m:lll K(s 
1

) [s
1 

-(m
1
-m

2
)
2

] (s 
1
-s -if) 

3necb s • n ll I ·- 06b1qHbI8 M8HllenbCT8MOBCKlle nepeM8HHbie, 

11] 2] ½ K ( s) • I [ s - ( m -m ) [ s - ( m + m '") I , 
I II I 11 

z I ll z II - aapSinbI qaCTllU B enl1Hllll8X e • Benllqllffbl c ll f anecb, 

Boo6me roBopH, He onpeneneHbI, Ecnn nnH F >. B3SITb rpanlleHTHO-llHBapnaHTHoe 
/2/ . 

Bb!p8JK8Hll8 B Bline ¢eAHM8HOBCKoro HHTerpana , K8K STO 6bmO CJtenaao B pa6o-
/4/ 

Te ,To cam,•m2 

l"(s,m
1

,m
2
)s 

s -(m -m ) 
11 

oo ds 
I II f I 

Cm +m ) 2 (s -s-if)[s -(m -m )2] 
I 2 I I I 2 

+ f • 

II 

ilnst paccestHllH Bnepen ( 1 .. o) Re F >. Koaeqaa npu >. ➔ o 

s -m 2-m 2 
I I 2 

K(s 
1

) 

&, mlm2s1+ 

K
2
(s) 

I 

(3) 

ll CTpeMHTCS! K ayn10 

npll s .. .. • T8K qTo "npll Bb!C0KHX saeprnstx ero M0JKHO npeHe6peqb H 

i z I z2 a ( s - 1 - M II ) FI ,._ . 
>. t..O,s>>M. [s -( M+ ll2J[s-(M-ll11] 

• [ s -( M + 1)
21[s -(M-ll11

]_ • 
0 

4p 2 
01 a-171m ___ , 

SA2 All 
(4) 

rne 11• z
1

z
2

a/v, p - llMnynbC B CHCTeMe ueHTpa Mace, v -na6opaTopHast 

CK0p0CTb nnoaa. 3TO Bb!paJKeHne HBnHeTCS! pen~THBHCTCKIIM o6omeHneM pa"c:x:onstmeii

CSI KynoHOBCKOH ql83bl, K0TOpaSI B03HllK8eT ll npu HepenSITHBllCTCKOM paccMoTp8HHII 

aanaqn, 
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C 

rne 

B onpeneneHHll KOH8'1HOR 'ISCTH F). HMeeTClI npOH3BOn, EcnH B KS'leCTBe 

ll f B ( 2) Bb16paTb Bb!palKeHHlI 

B ll 
C • (l,06 /a) 

B 
l (a,l,M)aO, 

a - pannyc RnepHOI"O B38HMO)leficTBHlI, TO cjJopMynbl ( 1)' ( 2)' ( 5) 6ynyT 

COOTBeTCTBOBSTb aMnnnTyne EeTe 
/5 6,7 8/ 

T B ' ' 0 CBlI38HHOR C aMnnHTynoll T 

( 1), (2), (3) 
/4/ 

cooTHomeaneM 

Ta exp I 2i77f.n(2pa/l,06)) T 8 

3, .UncnepCHOHHbie COOTHOilleHHlI 

(5) 

( 6) 

' KaK Bll)lHO H3 (2), (8) npn t = 0 FA lIBnlleTClI aaannTU'leCKOll cjJyHKUll-

ell nepeMeHHOi! c.> .. ( l/2M 2 
) ( s - M 3 

- l ) c BemecTBeHHbIMU paapeaaMu (-oo,-ll, 

(+l,+oo), FA ➔ 0 Ilpll c.> ➔ oo BCIOJlY, KpoMe nellCTBHTenbHOll ocu, Bnonb 

nellCTBUTenbHOll ocu Im FA _npu 6onhmnx c.> nponopunoaanbHa fn c.> , ecnn 

ncnonb30BaTb onpenenemie (8), ITpn 6eTeBCKOM onpeneneann (5) Im F>.(c.>) ➔ const 

npn c.> ➔ oo .. ITpn o6onx onpeneneHHRX FA ynoBneTBOplleT COOTHomeHHlIM nepe-

KpeCTHOll CHMMeTpHH 

F (-c.>ll -=F* (c.>) I A IT+p A IT-P • 

(7) 

,Mb! 6yneM npennonaraTb, 'ITO aMnnHTyna T ( c.> l ( ,mu T 
8 

) lIBlllleTClI 

C Y'l~TOM sneKTpOMSI"HHTHbIX B38HMO)lellcTBHll npn Am O aaanHTll'leCKOi! cpyHKUllei! 

c.> C pa3pe30M B)lOllb BemeCTBeHHOll ocu, COOTBeTCTBYIOlllllM YHHTapHOCTII ( T,e. OT 

no + l /2 M u OT -1 /2M no + oo ),, 11 UMeeT orpaH11'leHHy10 CTelleHb pocTa 

npu c.> ➔ ... Toqaee, Mb! npennonolKHM, 'ITO CTeneHb pocTa T He Bb!ille 

Toll, KOTopalI llpllHHMaeTClI B Teo pun CHllbHblX B3a11MonelkTBHil ( CM, n11c11epCHOHHbie 

COOTHOilleHlllI ( 9) HHJKe). 3TII 11pen11ono)KeffHlI H8Tpynao llpoBepHTb B HH3illHX IIOpllnKax 

TeopHH B03Myl!leH11ll, ITo-BHJlHMOMY, IIX MOJKHO JlOKa3aTb H B o6meM cnyqae. 

Hc11onb3Yll COOTHomeHHlI nepeKpeCTHOll CHMMeTpHH Jlllll cpyHKUllll TA H FA , 

11ony11aeM 

6 

D (c.>) • D (-c.>) 
+ 

A ( c.>) •- A (-c.>) , (8) 
+ 

r.ne D + • Re T + , A+• 1m T + (HHJKHHe 3HaKH OTHOClITClI COOTBeTCTBeHHO 

K IT-p: H !'=P -p7icceRHH;;;), 

3a11nmeM Tellepb nnc11epCHOHHbie COOTHomeHHlI )lllll 

(+) 
T - (c.>l•l/2(T_(c.>).±.T+(c.>.)) BBHne 

DC+l (c.>l • DC+l(l) + 
ll ll 

f ( c.> - l) 

ll ll ll 
M[ l-0/2M) I[ c.> - (l /2M) ] 

+ ___ _ 
ll oo (+) 

c.>-1 - f dc.> 1 c.> 1 A (c.> 1) 

/ ll ll ll 
IT -I llM(c.> I -1)( (i) I -c.> ) 

(9) 

(-) ll 
D ( c.> ) ,. c.> c (c.>) + 2 f , c.> 

c.> ll_ (l /2M) ll 

.. 
_..!£_ J 

+ IT -1/llM 

(-) 
d c.>I c.> IA ( c.> 1t 

ll ll 
c.> I -c.> 

MHHMYIO 'ISCTb aMIIIJHTYJlbl B aeaa6n10naeMoll o6naCTll MO)KHO 11pencTa_BllTb B 

BH)le cyMMbl 110 CllCTeMe COCTOlIHHll, coneplKSl!lllX O)lHH HyKllOH H llpOll3BOllbHOe 'lHCnO 

!pOTOHOB, B 11epBOM nopRnKe 110 a Im T Bb1pai1<aeTClI B STOll o6naCTll qepe3 aaann

TH'leCKOe 11pononJKeane aMllnHTYJlbl !pOTOpOJK)leHHlI ( CM, 11punoJKeane 1). ITp116nHJK8HHO 

BK.nan STOil o6nacTH B nnc11epCIIOHHblll HHTerpan MOlKHO oueHHTb, IICIIOllb3YlI !lllll aM-

/9/ 
llllllTYJlbl !pOTOpOJK)leHlllI cpopMynbI pa60Tbl ll Y'IHTbIBalI BK.nan (8,8) pe3oHaHca 

ll 6opHOBCKHll qnea, 3TH oueHKll IIOKa3b!BaIOT, 'ITO BK.nan aeaa6n10naeMoll o6naCTll 

B n11c11epCIIOHllbie COOTIIOille!IHlI llpll Bb!COKIIX SHepl"lllIX ( (i) ~ 5 fsB) HeBenHK (_ .. a), 

11 llpH COBpeMe!IHOll TO'IIIOCTH SKCllepnMe!ITa HM MOlKHO 11peae6pe'Ib, 

4. IT011paBKH llpH Bb!COKIIX s11eprlllIX 

Te11epb Mb! paCCMOTpHM 11onpo611ee Te pannaUHOHHb!e 11011paBKH, KOTOpb!8 cy

mecTBe!IHbl Jlllll llpoBepKII nnc11epcHOHHbIX COOTHomeHHll B o6nacTH Bb!COKIIX saeprnll. 

Bo-11epBbIX, Y'l~T sneKTpoMal"HllTHOI"O B3aHMonellCTBillI Be.tteT K 113MeHeHIIIO ac11M

IITOTHKH aMllllllTYJlbl T .CooTBeTCTBe!IHO Me!IReTCSI BenH'lllHS KOHCTaHTbl Bbl'IHTSHHSI C 

B nnc11epCHOHllblX COOTHOilleHIISIX )lllll D (-) ( 9), ITycTb )lllSI 'IHCTO sinepaoll aMllllllTY-

rf-;? (c.>) 
)lb! T n C a C st a £im 

~ (i) 
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nycTb, nanee, 
±IB D 

T + •e T .:t • Torna B nepBOM nopsinxe 

~<->. o<-> +c.i 8/srr( a +a ) • 

no a 

OTcrona 

rne 

D - + 

c .. lim 
c.> ➔oo 

C 
em 

o<ic.i) - <:om 
c.> 

+ C st 

8/s'rr(u (oo)+ u (oo)), 
+ 

( 10) 

<:>aaa _8, aoo6me roaopsi, MoJKeT aaa11ceTb OT aHepr1rn. npennonoJKnM, Hanp11-

/6-8/ 
Mep, 'ITO B Monen11 EeTe nonyqaeTcsi 'IHCTo sinepHasi aMnnnTyna T n .. T 8 ( 5). 

Torna T oTnn'IHa OT Tn • <f:Jaaa 8
8 

= 2i17l'.n (2p a/1,06 ) (6). B pacCMlTp11-

aaeMOM n11anaa0He aHeprni! STY cpaay MOJKHO C'IIIT8Tb KOHCT8HTOi! 8 B - 0,049. ( B 

IIHTepnane aHepr11ll: 10-60 fan Maxc11Ma11bHaS1 a6conroTHasi own6xa np11 TaKoll: aaMeHe 

t,,. 8 .. 0,007 unu nopsinxa 15% 8 ). npu 3TOM B nucnepCUOHHbIX COOTHOW8HUSIX nnsi T 

C om 
-3 

3,8 10 • 

Ecnn acnMnTOTl!Ka 

/10/ 

(-) 
D 

D 
onpenensieTCSI BKnaAOM OAHOI'O unn HeCKO/lbKIIX 

nonrocoB PenJKe .· , To C 
et 

o. B o6meM cnyqae np11 CTpOI'OM M8T8M8Tll'18CKOM 

BbIBone nncnepCllOHHbIX COOTHOW8Hllll: nnsi T KOHCT8HTY 
· · /11/ 
C st H8/lb3SI OT6paCblB8Tb • 

c.t MOJK8T 6b!Tb He TOnbKO KOHCT8HTOi!, HO ll ljiyHKunell: c.> , AOCT8TO'IHO 

MenneHHo y6brnaroweil npu c.i ➔ oo , HanpuMep, l / l'.n c.i • npu61111J1<8HHyIO OU8HKy 

C •t MOJKHO nony'IHTb, conocTaB/ISISI peaynbT8Tbl U3M8p8HIISI C8'18HIISI peaKUIIII 

nepeaapsinxu " - + p ➔ ,ro -t n c TeopeTl!'leCKIIM aHa'leHHeM d u / d t , 
ex 

KOTopoe no-

nyqaeTCSI ll3 COOTHOW8Hllll: 1130TOnU'l8CKOll: IIHBap11aHTHOCTII nnsi 'IHCTo sinepHoll: aMn11n-

- <-> c.i ( a - u ) 
TYAbI. Im T = - l/y2 A ,. ± V2 -

ex n 4 11 
np11 t =O Re T ,._ 1=,o<-> 

• ex y2 n 

H8XOAllM 113 n11cnepCllOHHblX COOTHOW8Hllll: ( 9), conepJKam11x C 
•t 

, Y'IUTblB8SI OW116Kll 

-3 
H3MepeHHSI d a ex / d t , 

nopsinKa, 'ITO ll Com 

u + 11 u _, nonyqaeM IC •t I -~ 2,5 10 , T.e. Toro JKe .. (-) 
npn T8KIIX C •t MOlKHO onpenem!Tb aMIT/IIITYAY T TaK, 

'IT06bl A/ISi Hee 6bmll cnpanellnl!Bbl micnepcl!OHHble COOTHOW8HIISI 6ea Bbl'll!TaH11ll:. nnsi -TaKoll aMnnl!TYllbl C 
em 

-c st 
OnHaKo H8T HIIK8KIIX OCHOB8Hllll: YTB8plKll8Tb, 'ITO 

aTa aMn1111Tyna T 11 6yneT 'IHCTo sinepHol!. 

B npHHUHne B8/lll'IIIHbl C II C 
•t MOJKHO oueHl!Tb, llCITOllb3YH naHHbie no 

"P - pacceHHIIIO np11 Hl13Kl!X aneprunx. n11cnepCIIOHllbl8 COOTHOW8Hl!SI C llBYMSI Bbl

/12/ 
'll!TaHIISIMI! npu c.> ➔ 00 ll8IOT 

8 

j 
i 

t 
l 
f 
·t 

1-, 
J 
~ 
~ ·•r'I JI 

4-.,, 
I, ' V 

i 

f' 
I 
!I 
)', 

1 

! 
l 

(; 
} 
j 

3necb 

2 

!-,.(1)-!-,.(oo)a 
2 f l oo d 

+-- f c.i 
l-(l/2M)2 4rr2-1/2M ,I-;-- [A_(c.i )-A+(c.i)] • 

. (-) 
!-,.(oo) •lim D (c.i)/c.i = C 

c.) ➔oo 

ye.> - l . 

!-,. (l ) • 2/3 ( a - a ) (l + 1/M ) 
I 8 

(a - a )- nn11Ha IT N -pacceSIHIISI B s - COCTOSIHirn. 
I 3 

( 11) 

D 
'-1To6bl nony'll!Tb c.t.nocTaTO'IHO BM8CTO A±noncTaBl!Tb B (11) A£-u±(c.i). 

To'IHOCTb onpell8/18Hl!SI C st 38BIICIIT T8K)l{8 II OT Yll8'1HOI'O Bb16opa MO/l81111, C no

MOlllblO KOTopoil no ll8HHbIM axcnepnMeHTa HSXOlll!TCSI 'IIICTO sinepHaH ll/ll!Ha ( a I - a a L 
K COJKaneHUIO, npu coBp8M8HHblX ow116xax ll3MepeHl!i! B 0611aCTII Hll3KIIX 3Hepr11il 

-3 
3TOT M8TOA npllBOAllT K a6conroTHOi! row116Ke t,,. C ~ 5.10 • npeB1,1waromell: OlKUAa-

eMoe 3ll8'18Hll8 KOIICT8HTbl c. 
npoaH8/lll31lpyeM Tenepb nollp06HO p8All8UIIOHHbl8 nonpaBKll B ycnOBl!ll YHII-

. . /4/x) 
TapHOCTll. HMeeM B nepBOM nopSIAKe no a 

A = p / 4rr [ u ( > 0 )- u (> 
tot min o 

0 ll + 271l'.n(2/0 )D. 
min min 

nnsi nucpcpepeHUll8/lbHOI'O ce'leHUSI pacceHHIIH 1!8 M8/lbie YI'llbl UMeeM: 

du/dfi-= 1' 2 + (l+/3 2)A 2 +2T [/3+271fn(2/0l]A 
0 0 

ll 
't -- 211/ P 0 

0 
p - llMITYllbC B c.u.M. 

/3-=D/A 

nnsi aMn/lHTYllbl TB nonyqaeM 8HanOI'll'IHbie COOTHOWeHUSI: 

A •p/4rr [u (>0 ) - u (>0 )] + D 2 71fn (l,06/pa 0· l, 
B tot min o min B min 

du/ d0 
., ll 
T 

0 

. 2 2 RI 

+ ( l + /3 l A + 2 T [ /3 + 2 71 fn ( 1,06 /pa 0 ) ] A 
B B o B . B 

~ 

( 12) 

( 13) 

( 14) 

(12a) 

(13a) 

X, B npu110JK8HIIII II 38Ill!CbIB88TCH ycnOBIIe YHHT8pHOCTll BO ecex nopHllK8X 

no a B HepellSITIIBIICTCKOM cnyqa_e. 

9 



BenH'IHHa 0 min orpaHH'!eHa CHH3Y 11a-aa MHoroKpaTHoro pacceSIHHSI B MaTepn-

ane M11weH11, BMecTo 0 min np11 pac'!eTax yno6Hee 11cnonhaoaaTb aenH'IHHY 

-t =p202 
min min 

TaK KaK OHa npaKTH'!eCKII He MeHSieTCSI a IIHTepaane SHeprHft 10-60 rsa 

-t = 10 -a rsa / i: )
2 

• 
min 

11MeeM: 

<p =271f.n(2/0 I ± mn 
)=71f.n(.4p2/-t 

B \ 
cf, ± a 271 f.n (1,06 / pa 0 min ) ,. 0,03. 

) .. o,os 
min 

(15) 

cf, ± np11 paccMaTpHBaeMbIX SHeprHSIX MOJKHO C'IHT8Tb KOHCTaHTOft. Tenepb MOlKHO 

nony'IHTb oueHKY OT!IOCl!Tenbl!Ol! BenH'll!Hbl panHaUHOHHblX nonpaBOK B ycnOBl!II YHII -

TapHOCTII 

2_71 f.n ( 2 / 0- min ) I D / A I ., 1,5 % , ( 16) 

CTaTl!CTH'!eCKaSI OWH6Ka H3Mepelll!SI nnH A paBHS 0,3%. 

Op!! onpeneneHHII D H3 (13) pan11au110HHhle nonpaBKII B ycnOBIIII yHHTapHOCTH 

-4 11/ 
MOJKHO He Y'IIITb!BaTb, Op!! STOM OWH6Ka /ti.{3 < 5 • 10 , 0wH6Ka 113MepeHHSI· 

/ti.{3"' 2 • IO -
2 

• OnHaKo BKnan nocnennero '!neHa H3 ( 12) B n11cnepc110H11b1ft HHTer-

pan llnSI D (-) 

Ta: 

npl!BOAIIT K nonpaBKe. Toro JKe nopHAKa, '!TO II OWIIOKI! SKcnep11MeH-

A (-) un = Cu 

17 

00 

¢+ J 
WO 

(+) 
dwlwlD (wl) 

Cull - Cu 2 
I 

Op!! w>lO rsB BKnan Hll3KOSHepreTH'!eCKOl! o6naCTI! B (17) Man, TaK '!TO 

( 17) 

, (-)· 
MOJKHO nonoi,rnTb Cu O = 5 rsa. 4To6bi oueHl!Tb nopHAOK /ti. D ' MOlKHO ncnonb-

(+) /10/ (-) 
aoaaTb nnsi n (w)pe.z:o«eBcKtte qiopMynh1, nonyqeHHbIC B • Ben11'!11Ha -/ti.D cna5o 

(-) (-) . 
38Bl!CIIT OT SHeprHH /tJ. D ,. -0,030; /tJ. Di .. - 0,010 npl! 10 rsa ,5 Cu !, 60 rsB, 

/ 1/ (-) 
3Kcnep11MeHTanbHbJe OWl!OKH a /ti. D .. 0,015 - 0,035 • 

SKCil, 

10 

TaKHM o6paaoM, l!CilOnb3YlI ( 10), ( 12) H ( 13), MOlKHO npoaepSITb ,:111cnepCHOHHbie 

COOTHOWeHml 11enocpeACTBeHHO Ami aMnnHTYA T HnH TB c TO'IHOCTbJO, npeBbIWaJO-

x/ 
mell KynOHOBCKHe nonpaBKII 

5, TeopeTH'l0CKl!e Monen11 nnsi nony'leHHSI TD 

Ecn11 Mb! BbIAenSI eM l!HcppaKpaCHbI0 pacxOAIIMOCTI! '10Tblp0XXBOCTKII OObl'IHbIM 
/2/ . 

penSITl!BHCTCKII l!HBapHaHTHblM MeTOAOM , TO ecTeCTB0HHO npl!XOAIIM K onpeneneHHJO 
. /4/ 

( 1) - ( 4) KOH0'1HOll aMnm!TYAbl 17 N - paccceSIHHSI T , Op11 TaKOM onpenene111111 

cpaKTOpbI, coneplK8!lllle paCXOASl!lll!eCSI np11 A ➔ 0 

cpeftHMaHOBCKl!0 HHTerpanbI, 

'!ne11b1, npocTO BbipSlKaJOTCSI '!epea 

Op11 Hll3KIIX. sneprHHX (w« 1) MOJKHO 38Ill!C8Tb 3KBl!BaneHTHoe ( 1) . - ( 4) on-

penenen11e aMnnHTYAbl T 11£1 Sl3b!Ke 06bi'IHOli HepenSITl!BIICTCKOl! KaBHTOBOft Mexam1-

KH: 

xi 

T = 1/2 i p ; ( 2 f + 1 ) exp I - i 71 fn 2 pr + 2 i ( u f +of) l P f ( cos 0 ) = 

= T + exp I - i 71 fn 2 p r + 2 i u I T 
0 0 

2 -1 
T = - 71 ( 2 p sin 0 / 2 ) exp ( - 2 i 71 fn ( sin 0 / 2) - i 71 fn 2 pr + 2 i u I = 

o · 0 

= 1 / 2 i P ~ < 2 e + 1 > exp I - i 71 fn 2 P, + 2 i u e I Pe < cos 0 > 
f 

EcnH KaK-IIH6ynb ynacTCSI onpenenHTb 'll!CTO HA0pHoe nonHoe C0'1011He UD, 

TO H3 COOTHOWeHHll TH Ila ( 12) II ( 13) MOJKIIO Hal!TH SIJ:IepHyJO aMnnHTYAY T n • 

OycTb T .. exp ( i 8 I T , ' .rne T onpenensieTcSI 11a ( 12) 11 ( 13). 11MeeM 
n n 

n n n [ J A = p / 417 u ; A = p / 417 u ( > 0 
1 

) - 'u ( > 0 
1 

) + cp D ; + ± mn o mn n n 

d;/d0=T 2 +(1+tl 2 )A 2 +2T ({3 +cf, )A ' 
O Pn D O D D D 

rne ¢
11 

=8
11 

+271 fn (2/0mln ). 
Ha STOli Cl!CT0Mbl ypaB11ea11ll MOlKIIO onpenenHTb 8 n H D 

n 

11 



216f 
T • 1 /2 i p f ( 2 f + 1) ( e -1 l exp I 2 i ( O' f - O' 

0 
)I Pl ( cos I) ) ; 

·c 18> 

exp I 2i O' l 
ru + + i '1 l 

rcf+1-1111 

AM11n11Tyna T ,Boo6me roBOplI, conep)KIIT KOll8'lllb!8 11p11 A ➔ 0 r ➔ oo B 

11epenlITIIBIICTCKOM cnyqae) 11 t · ➔ 0 qnellbl IIOplIAKa a , 

E 
,~ . 

CnenaB plIA ecTeCTB81lllbIX 11pen11ono)Ke1111l!, eTe pe11111n B nepBOM np116n11-

)Ke111111 38A8'1Y nonyqeHlllI 'IIICTO lIA8pllol! SMllnllTYAbl no ASIIHb!M 8KCll8pllM8HT8 B 

cnyqae paccelIHlllI aepenlITIIBIICTCKIIX 38plt)K8HHblX 'ISCTIIII HS lIApax. 

Tr = T 
O 

+ exp I - i '1 l'n 2 pr + 2 i O' 0 + 2 i 71 l'n ( 2 p a / 1,06" l } TB (19) 

Ha oc110Ba111111 a11an113a, 11ponena11aoro EeTe, 11enb3lI, onnaKo, YTBep)KtlaTb, 'ITO 

llpOCTOe penlITIIBIICTCKOe 0606me1111e (1), (2), (5) cjJopMynbl (19) 6yneT ASBSTb 

'IIICTO lIA8p1Iy10 aMhnllTYAY B o6naCTII a11epr11J! Ctl ~ 1 • 

ilnH 6onhwllx a11epr11ii npo6neMa aaxo)KA8HlllI TD 
/6/ 

nonpo6ao paccM0Tpe11a B 

KaK IIOK838nll SBTOpb! aTOll pa6oTb!, AOCTSTO'IIIO npenrionO)KIITb, 'ITO cjJa3bl pacce-

ltlllllI, nonyqaeMbie 11e11ocpeACTB81lllO 113 8KC1Iep11Me11Ta, paBHbl CYMMe 'IIICTO lIA8pllb!X 

II KynollOBCKIIX cjJa3, 'IT06bl nony'IHTb SMllnHTYAY, 6nll3KYIO K 6eTeBCKOii. 

3TH apryMellTb! B IIOnb3Y Toro, 'ITO TD .. T B, lIBnlIIOTClI 118Hllb!MII II IIHTepec

llb!Mll, XOTlI II He BIIOnHe CTporllMII, TToplIAOK IIOllpSBKII 38 C'leT .H98AAHTHBHOCTII cjJa3 

011e1111BanclI B KB8311Knacc11qecK0M np116nll)K8HIIII TOnbKO AnlI II0T81111118nbllOro pacce

lilllllI, ilnH 8TIIX 0118110K nyqwe 6bmO 6bl 11cnonh30B8Tb K0MnneKCllblii IIOT8111111Sn, 

nonyqeH11b1ll B pe3ynhTaTe · cjJe110Me11onor11qecKoro a11am13a rr p - 11 p p -pacceltHIIH 

. /13/ • 16/ 
(cM,, 11a11pnMep, ) II 118 !OKSBCKIIll, KSK B , Boo6me, B3811MOAellcTBll8 penlI-

TllBIICTCKIIX 'ISCTIIII C IIOM0lllb!O Toro 11n11 1111oro IIOT81111118na MO)KJI0 onHCSTb nnwb 

/6/ 
npn6m!)K811110, noaTOMy SBTOpb! paccMaTpllBSIOT npo6neMy ll 118 lt3b!Ke KBSIITO-

Boll Teopllll nonH B nepBOM nopHAKe no a • 01111 npl!WIIII K Bb!B0AY, 'ITO yqeT 

nnarpaMM, onHCblBS!OllllfX 061\!ell !pOTOHOM M8)KAY ABYMH naqanbllb!Mll 111111 ABYMH 

KOll8'1llb!MII qaCTIIll8Mll TSK)Ke B8A8T K pe3ynbTaTy T .. T • OAH8KO. npll 8TOM npen-
• D B 

12 

IIOIIO)K8HO, 'ITO OCHOBH0J! BKnan. B 8TII nnarpaMMbl naeT IIIIWb CKS'I0K aMnnllTYAbl 

HS nel!CTBl!TenbHOJ! oc11, 
· xi 

CBlI381lllb!l! C o6MeHOM cjJOTOHOM nJIWb B naqanbH0M 11n11 

K0ll8'1HOM COCTOltllllll 

/8/ 
noxep 

/6/ 
pac.cMoTpen Te )K8 n11arpaMMbl1 'ITO II SBT0pbl Y'IIITblBSlI IIpll 8TOM 

cjJopMcjJSKTOpbl B c1>0-.0llllblX Bepw11nax. nonyqa1011l8lIClI IIpll TSKOM nonxone 'IIICT0 Hnep

HSlI cjJa3a ef, D T8K)K8 6nll3K8 K ef,B • KoacjJcjJ111111enT rrepeA '1118110M a fn Ctl , na10m11M 

161 /8/ 
rnaBllb!l! BKnan B cjJa3y llpll 6onbWIIX Ctl , II B ,11 B OAIIH8KOB.He3.H8'111T811bll8H pa3Hll-

118 ( • 10-15%) o6ycnoBnena ne 3SBHCHlllllMII oT c.., qnenaM11 rropHnKa a • 

. /8/ 
Ha OCHOBSIIIIII pe3ynhT8TOB T8K)K8 H8nb3H CA~IISTb OKOll'l8T8llbHOro 3aKnl0-

/6/ /8/ 
'181llllI, 'ITO TD ., TB B penHTIIBIICTCKOM cnyqae. H B 

1 
11 B He Y'IIITbIBaeTCH 

BKnan BllyTpeHHIIX cjJoTOIIOB, KOTOpb!8 MoryT naTb cymecTB8HHYIO rrorrpaBKY IIOPHAKS 

al'nru ,_... 
I 
I 

P11c, 

[I [ 
/ 14/ 

Bb!'IIICIIHH SCIIMIITOTIIKY n11arpaMM, 113o6p8)K811HblX Ha p11c. 1 • HSXOAHM, 

'ITO BHyTpe111111ll ii BHewnnll U'OTOHbl ASIOT OAIIIISKOBbiii BKnan B cjJa3y, nporrop11110Hanb

llbl_il: fn Ctl , 

CnenyeT eme yqeCTb o6MeH cjJoTOIISMII Me)Ktly 'ISCTIIIISMII B ll8'18llbHOM II Koseq

HOM COCTOHIIH.IIX, BKnan OT 9TllX n11arpaMM KOH8'18H npn A ➔ 0 • HO conep)KHT qnellbl, 

nponop1111011anbHb!8 fn Ctl • KoH8'1HO, He llCKn10qe11a B03MO)KIIOCTb, 'ITO rrpn cyMMllpOBS

llllll Bcex 8TllX norrpaBOK Mb! npnneM K pe3ynbTaTy, 1183H8'lllT811bllO 0Tllll'l810lll8MYC.II 

/8/ 
OT 

. /7/ 
B 3aKn10qen11e sToro pa3nena oTMeTnM ·eme pa6oTy • CnenaB npennonoJKe1111e 

/6/ . 
06 ann11Tlll:IHOCTll cjJa3, aBTOp nonyq1m TSKOll )Ke pe3ynhTST, KaK ll B , 

xi 16/ 
3aMeTHM, 'ITO ecn11 B ypaBH8llllll (3.10) ll3" cnenaTb II0ACTSHOBKY 

k 2 
- m 

2 + if) -l ➔ -i rr 6 ( k 2 
- m 

2 
) , 

KSK npennara10T SBT0pbI, TO B ( 3, 12) nepen IIHTerpanOM. nOlIBllTC.II AOIIOIIHHTenhllbill 

MHO)KllT811b 1/2. A11anor11qnoe ( 3, 12) ypaanenne AlllI MHllM0ll 'ISCTll SMllnHTYAbI 

paccelIHlllI Brrepen cnenyeT H3 ycnoBHH YHHTapHOCTll. "IT06bl rrony,!llTb ll3 Hero 

T =T • HY)KHO eme norrycTIITb, 'ITO B cjJopMyne T' .. T + e FAD T cjJaKTOp F ~ 'lllCTO 
nB AO D A 

MllllMbill, 
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6. CpaaHeHHe C aKcnepHMeHTOM. 3aKflIO'leHHe 

Ll11cnepCHOHHbte COOTHOWeHl!ll npoaepllnHCb llflll aMnnHTYllbl TB ( 12"a) ( 13a. ) B 
/1/ (+) 

IIHTepBane aHeprHl! 8-20 raa • EbtnO ycTaHOBneHo, 'ITO TB y.noaneTBOpneT lll!Cnep-

Cl!OHHbtM COOTHOWeHl!llM B npe.nenax CTaTHCTH'leCKIIX ow1160K, KOTO~bte B aTOM aKcne

pHMeHTe MeHbllle rnaBHbtX pa.n11an110HHblX nonpaBoK, paCCMOTpeHHblX B n.4. OTKno

HeHHe lll!CnepCHOHHOll KpHBOl! nnn TC-> OT aKcnepnMeHTanbHblX TO'leK 3aMeTHO npe-
B 

BbtWaeT cTaTHCTH'leCKHe ow116KH. TaKoe paCXOlKllE!HHe CBll38HO, no MHeHHIO aBT0-

/1/ poB 
O 

C He no.n.na10mel!Cll Y'lllTy CIICTeMaTH'leCKOl! ow116Kol! 1!3MepeHHll, KOTopasi 

MOlKeT cymecTBeHHO 1!3MeHHTb T (-) , HO He Bill!lleT Ha T (+) • 3TO He e.QHHCTBeH-
B B 

Hoe 06'bncHeH11e. MomHo nony'IHTb .nnn Tc-> xopowee cornac11e c n11cnepc110HHbtMH 
B ~ 

COOTHOWeHl!llMH, ecnn BbtfipaTb KOHCT8HTY B~l'IIIT8Hl!ll CB .. 3.10 II y'leCTb T8K-

me pa.n11an11qHHbte nonpaBKII B ycnoBHII yHHTapHOCTH. l1cnonb3Yll aKcnep11MeHTanbllbte 

naHHbie nnn TB , nerKO MOlKHO .Hal!TH Benl!'IHHY aMnnHTYAbl T npll Tex me 3H8'1eHH

llX aHeprHH, T (+) II T (-) xopowo cornacy10TCll C n11cnepc110HHbIMH Kpl!Bb!MII C=0. 

Bonpoc O TOM, coana.naeT nH K8K8H-HH6ynb 113 aMnnHTYll C 'll!CTO H.nepHoll 

aMnn11Tynol\,. T n.~. ~OlKHO pewl!Tb, npoBepnll COOTHOWeHl!ll H30TOnH'leCKOil IIHBapHaHT-

HOCTH. Pe3ynbT8Tbt TaKqro conocTaBneHHH nnH 

/15/ 
pH.QKe np11ae.neHbl B Ta6n11ue. 

T H T 8 
c .naHHbtMH no nepe3a-

KaK BHllHO, COOTHOWeHl!ll 1130TOnH'leCKOl! HHBap11aHTHOCTII He Bb!IlOilHllIOTCll 

nnn T, a TB' XOTH H He .npoTHBOpe'IHT HM, HO cornacyeTCll He cnHWKOM xopowo. 

Pa3yMeeTCH, Ha OCHOB8HIIII STIIX naHHblX Henb3ll nenaTb OKOH'laTenbHOro 38KilIO'leHHll, 

T8K KaK ow116KH.Cfll!WKOM Benl!KH. 

B HaC'I'Olltllel! pa6oTe noKa3aHo, KaK MOlKHO npoaepl!Tb lll!CnepCHOHHbie COOTHO

weHl!ll C TO'IHOCTbIO, npeBbiwa10meil rnaBHbte pan11an110HHble nonpaBKll. IToKa 113-38 

6onbllll!X CIICT0M8TH'leCKHX own6oK, npu6nH3HTenbHO paBHblX KYilOHOBCKIIM nonpaBKaM, 

T8K8ll npoBepKa HOCIIT npe.naap11TenbHbtll xapaKTep, XOTH CT8TIICTH'leCKHe ow116KH 

ll0CT8TO'IHO Manbt, 

Bbtwe, B n.4 Mb! y6en11n11cb, 'ITO He6onbmoe, nopllllK8 KynoHOBCKIIX nonpaBOK 

pacxomneHl!e n11cnepCHOHHOl! KpHBOl! C aKcnepHMeHTOM MOlKHO ycTpaHHTb,COOTBeT

CTBYIOWl!M o6pa30M Bbt611pan KOHCT8HTY Bbl'IIIT8HIIH C • 0TC!Oll8 BII.QH8 B8lKHOCTb 

·lieaaBHCHMOro onpe.neneHHll C.. 3Ty KOHCT8HTy B npHHUHne MOlKHO onpenenHTb 113 

COOTHOl!leHHll ( 11)' HO llilH aToro HYlKHbl 6onee TO'IHbte aKcnepnMeHTbl npH H113KIIX 

aHeprmIx. B '18CTHOCT!!, OlllH6Ka 113MepeHHll llflllHbl pacceHHHll (a I -aa) He nonmHa 

14 

Ta6n11na 

MK6 
w (raa) da ex/ dt ( .. ) 

(raa/c)
2 

da ex/dt, da ex / d t 
SKCn B 

8 510+250 
-184 

174+118 

-61 
246 :!:. 37 

10 491+219 
-165 

130+123 
- 27 

222 :!:. 29 

12 377+175 
-133 

103+62 

-22 
186 :!:. 24 

14 392+267 
-164 

109+97 
-32 

182 :!:. 24 

16 
+160 74+ 43 184 :!:. 29 288 -114 - 4 

18 
+203 68+62 88 :!:. 84 285_137 - 6 

~ ~ ~ -2 
npeBbtW8Tb 3.10 - 4.10 ( B H8CTOHmee BpeMll .. 7.10 -10 ) • LlnH Toro 

'IT06bI no naHHbtM aKcnep11MeHTOB npH 6onbWIIX aHeprllllX MOlKHO 6btn0 Ha.QelKHO on

pellenl!Tb 'IHCTO smepHYIO aMnnHTyny TD • HYlKHbI 6onee CTpor11e MO.Qenu. IToKa K npo

BepKe nucnepc110HHbtX cooTaoweHHll cnenyeT nonxonHTb ae npennonara.u, 'ITO Mb! 

HMeeM lleno C 'IIICTO H.QepHoli 8MilflHTynol!. 

ITp11nolKeH11e 

MHIIMYIO '18CTb aMilflHTY.QbI u N·-pacceHHl!ll B HeHa6n10~aeMOli o6naCTII MOlK-

HO Bbtp83l!Tb B nepBOM rropH.QKe no a 'lepe3 aaannTH'lecKoe npononmea11e aMnn11Ty-

llbt lj>oTOpOlKll0Hllll • 

·Ac+> _ _L_5pl[l +_Ly(p+p')]CU + U )I 
64u 2 - plpl p2p2· 

( 1.1) 

AC->= __ i_Sp{[l+ - 1-y(p+p')]E U 
64 ir 2 P 3 P f3 pa p 13P a ( 1.2) 
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2 ff' 
4 

k. ➔ , , ➔ , I ""'n n ➔ ➔ ➔ I-.➔ n n ➔ · U =l:fdfi _______ f(p s ,q p P s, kt)xF*(ps,qp I .p s ,ktl.(1.3) 
P ,P an,f O , Ii a f3 
pa (p ·+k) (p p ) 

n . O O 
_,._ 

3necb p, + q , -=p +q.. p n + k . Bb16paHa CHCTeMa KOOpAHHaT i, + q a O. 

AMnnnTyAa qJOTOPOJKAeHHH onpenenHeTCH H3 COOTHOWeHHH 

➔ ➔ I ➔n ➔ n ➔ • ( ) 4 ( n Ii i:, n ➔ ➔ I ➔n n ➔ <ps, qp p s ,kt>=-• 21T 16p q p k ) u(p+q-p -k)F(ps, qp p s, kd. 
0 0 0 - 0 ( 1.4) 

TlpnnoJKeane II 

Ham1weM ycnoBHe yHHT8pHOCTH AnH aMnnHTYAbl T B HepenHTHBHCTCKOM cny-

,rae. Hs COOTHOWeHHfi (18) n0nyqaeM: 
. . 218f 2l(erf -a) 

lmT(O)=p/41TfdOIT(0)l 2 +Im{.-i/2pl:(2f+I)(e -I)(e O -I) 
f , 

BBOAH T 
O 

• exp { i 'f/ fn p r I T 
0 

nony,raeM c TO'iHOCTblO AO qneHOB nopHAKa 0 min 

H3 ( 18): 

2 IT 217 • 
fdOIT(0)l -=er(>0 1 )-er (>0 )+2f dcos0 f d¢Re[T(0)T *(0)], 

mn o 0 0 o 
IT • min lJ. · 218 f 

Hcnonb3YH cooTHoweHne fdcos0T (0)[P (cos0)-l .]= e21 o (e -1), nonyqaeM 
0 o f 

21T IT • . 218 f c 2l(erf -er ) 
Re( fdip fdcos0T*(0)[T(0)-T(O)]l=Im(ilT/p 2 l: (2f+I)(e -IlCe 0-I)I 

0 0 0 f 
min 

IT . ,. 

ImT(O) = p/41T[er(>0 min )-er
0
(>8 )] + p f d cos 0 Re I T * (0)T(O) I 

min 
0 

o 
min 

HnH 

lmT(O)=p/41T[er(>0 )-er(>0 )]-Re(iT(O)[I-exp(2i71sin8 /2)]1. 
mln o mln _ mln 
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PyKOllHCb llOCTynnna B H3A8TenbCKHfi OTAen 
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3aMeqaHne np11 KoppeKTy'pe 

B TeKCTe pa6C>Tbl IIMeJOTClI HeTO'iHOCTH, He BnHHJO!IlHe Ha q11cneHHpie oueH-

KH n BblBOAbl. ASHHOli pa6oTbl, TaK, ·(n.2) Re_~ ➔ 7]1T/2 FA cf, o npnru ➔oo 

( n.3). B q>opMynax ( 9) H ( 17) nporrymeH Koa,f>,f>nu11eHT 2 nepeA HHTerpanoM. ( Own6-

KH ITO BHHe 8BTOpa), 
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