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l.Baep,eHKe 

VIJl e ll non yqeHifll npe.aKn cyMM Jlflll ce'!eKKA B3B.KMOJl e AcTaKll 'IB.CTKU K3 JlHcnepceoH

HbiX COOTHOWeHKft (Jl,C,) H p8.3UH'IKbiX npeJliTOUO>KeHKft 06 B.CKMITTOTH'!eCKOM ITOBBJlBHKR 

8MOnHTY.O pacceSIHIHI BOCXO.QHT, no-aHll.HMOMy, K C8Mb1M nepBhiiM p860T8M flO TeopUH .a.c. H 

KX npaMeHBHKIO a xae.HTOaoA TeopKK nonst
1 1•21 

Xe.pe.xTepKoll oco6eKHOCTbiO nonyqe.e MbiX 

COOTHOlllBHHA HBnRBTCH T8CH8H C8H3b Me>K.ny HH3K03 HepreTRlJ9CKHM npe.aenOM 8MflnKTYil 

pacceRHHH H acHMllTOTHqecKHM noae.aeHHeM cetteHHA aaaaMo.neAcTBHH. B casraH c 9THM 

oco6blll HKTepec npeJlCTB.BnlleT nony'leHae npe.aHn cyMM "" Jl,C. Jlnll KOMITToH- s <P<JlexTe., 

ITOCKOUbKY HK3K0'18.CTOTHbll! npeJlen 8.MfiflHTYJlb1 pB.CCeliHHII cpOTOKOB npOK3BOUbKOII CHCTBMOA 

0JlH03K8'1HO onpeJleUl!eTCSI 06WKMK npKHUKIT8MK UOKB.UbHOft KB8.HTOBO!I TeOpHH UOUSI/
3 •4 •51 , 

B npe JlbiJlYlllKX pe.6oTax aaTopa
16

•
7 1 

pe.ccMB.TpHae.nHcb HeKOTOpbiB npaaHne. cyMM Jlnst 

ceqeHHA c1JoTOflOJ 'nOLU8HRH H8 HllpBX H HyKnOHBX, BhlT8K8K>WH8 K3 6 e 3BbftiKT8T8 nbHbiX .ll.C. 

K HH3K03HepreTH'!eCKHX T e opeM
1 3-B/ Jlnst pe.ccestHHst cpoTOHOB. HacTOstlllB.ll pa6oTa nocB!IlllBHB. 

,ll8nbH8AWeMy o6Cy.>K.0.8HHIO .O.HCnepcHOHHOf'O np8BHR8 CyMM nnst M8f'HHTHbiX MOM8HTOB HyKno

HOB/ S ,7 / H 8TOMHbiX !IJle p, 0CHOBH8!1 u e nb COCTORT B npoa e pxe TOrO, K8.CK0flbKO npaaHUO 

CyMM HC'i8pflb1888TCS1 8KR8.llOM HB3K0 3 HepreTRqe CKOrO nornOLUBHJHI K B BbHlCHBHHH CllHHOBOft 

3 8.BKCHMOCTK Ce'!eHKII npK BbiCOKHX 3 H e prHSIX cpOTOHOB. 3TOT aonpoc p8.CCM8.TpKB8UCH HeJlB.BUO 

B pa6oTe .[lpenne. K XKpKe. /
9
/. lJ.HCUBHHble p e aynbTB.Tbl HB.CTOSillleA pe.60Tbl HeCKOllbKO OTnK

'IBIOTCll OT peaynbTB.TOB/
9

/ . He.we 38.KfliO'IeHH e CBOLIIITCll K TOMy. 'ITO Jlflll BblllOnHeHK!I npe.

BH"na cyMM ueo6xo.aHMO npu:aneKBTb .aaHHbte no nornomeHHJO <PoTOHOB Ha HyKnoHax npH 

3 HeprHliX W ;:: 1 r s a, T. e . 'ITO BUH!IHH e CITKHOB biX scpcpeKTOB B o6nBCTH HeCKOUbKHX r s a 

cy w eCTBe HHO. 
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2 . A H c n e p c H o H H o e rr p a B H no c y M M a n H M a r H H T H o r o 

MOMeHTa Hyx.noHa 

Vf3 6e3B bl 4HT8Te JlbHbiX ,U.C. H HH3K0 3 HepreTK1.J.9CKOA T90p9Mbl ,anH KOMIITOH-acj>¢eKT8 

c ne.uyeT Upll&KllO cyMM .Ullll Mlll'HIITHO!'O MOMeHTB 'lllCTHUbl C UpOR3BOllbHblM CUHHOM S / ? / 

Q ~ 

4rr
2
s(l'o- v> 

~ -t Jw [uR(w)-uL(w)\dw 
w 

nop 

(2.1) 

r.ae 11- l'o S - M8liiHTHblft MOMSHT, Q B M - 38pR.O. H tlol8CC8 1.J.8CTHUbl, UR(L) -non-

H Oe c e qeHHe B31lRMO.U9ICT8KR ¢oTOHil CO CllHplln bHOCTb~ napannenbHOI (aHTHllllpannenb

HOI!) nonS1pH31li\RH 'lllCTRUhl 11 uaqanbHOM cocToHHHK. Cnpll!le.unHBOCTb npasHnll cyMM (2.1) 

npe,anonaraeT, qTQ CllHHOBBH 38BHCRMOCTb ceqeHHA C pOCTOM 3H9plHH CT8HOBHTC~ Hecy

lll9CTB9HilOI! • .[lnR ll)'][llOHOB neBilS! 'lllCTb pll!lellCTBil (2.1) nponOpUHOHilllbHil llHOMilllbHOM)' 

MBrHHTHOMY MQMeHTY K 

r.ue 

~ 2 2 
2rr e K 

M 
• J w-

1 
[u (w) -u (w)\dw 

R L 

(2.2) 

w 

K 
0 

= I ,79 , K
0 

= - I ,91 . 

npaBHllll cyMM (2.1) H (2 .2) B npRHUHll9 .UOll)'CKil~T H9llOCp9.UCTBeHH)'IO 3KCll9pHM9HTilllb

Hy~ uposepr<y. Mo>KHO Hll.1l9RTbCst, 'ITO 6hlCTphiA nporpecc s c03.UilHRK nonHpH30BBHHhtX 

MK W9 H 91 H HHT9HCRBHbiX ny'IKOB nonstpH30BilHHbtX ¢oTOHOB/ I0-
121 

ll03BOllHT B 6y.U)'W9M 

nposepKTb cnpase.unHBOCTb cooTHoweHHA (2.1) H ( 2.2). L{To6hr nony'lHTb npe.usapKTenb-

H~e C B9A9HHR 06 OTHOCHTBn bHOA pOnH B~ll8.0.0B OT o6nBCTH HH3KHX H B~COKRX 3HeprHA, 

MO>KHO llOllbtTilTbCH Bbl'lKCllKTb 3Hil'l9HR9 KHTerpllllll B (2,2) B npe,uenllX W < W <' 1 r3!1 nop - ,. 

C IIOMOWb.K) 3KCII9pKM9HT8nbH~X .UBHHbiX llO ciJoTOpO.>KJJ.eHHlO M930HOB. 8Kll8.0. OT npOU9CC8 

O.UHHO'IHO!'O rpOTOpO>KLl9HRH MO>KHO Bbtpll3HTb qepe3 Ct<llllHpHbt9 cPYHKUHH F 1 (k,cosfl), 

i = 1,2,3,4, 31l.UilHHe KOTOpblx nonHoCTbiO onpe.uenHeT MllTpHrty pellKUKH y + N ~" + N 
1131 

F = i(;; • ; ) F 
1 

<;;·<i><a .rk' x <J> <;; .1><;. ~. 
+--- - --F 2 +i F + 

kq kq 8 
(2.3) 

(;;. q )(l'. q) 
+ i F < 

q 

k - RMIIYllbCbl IIHOH8 H ciJOTOH8 8 C.U.M., 

~ 

< - B9KT0p llOllS!pK31lllKH cPOTOHil, 
r.ue q K 

nocne COOT&eTCTB)'IOlilKX BbiKnll.UOK HllXO.UHM 

+I 2 

t. q ( w) - q" ( w)- q L ( "') ~ ( -4 ") f J d.J: [I F t I 
-I 

2 

+IF~ I -

- 2 x Re( F~ F~ ) + ( 1- x ~ )( Re ( F'i F, ) + Re ( F~ F 8 ) ) J , 

4 

( 2.4) 



l<nH, 8 3 K8HBaJleHTHOll <jJopMe, 

+1 2 2 
i\ a ( w) = I (w)- 2 a ( w) • 2 rr ~ f dx ( I - x 2 )[ I F

8 
I + I F 

4 

I + 
tot J[ 

-I 

+ 2x Re(F~ F 4 )] - 2atot (w) , 
(2.5) 

c;·kJ 
r,lle X • ~ = Cos 0, atot (w) - llOJIHOe C8'18HH8 O.llHHO'IHOrO <jJOTOpO>K.ll8HHS! H CMbiCJI 

0603H8'18HHS! I"") O'I88K.ll8H H3 (2.5). 

EcnH a MYJlbTHilOJlbHOM paano>KeHHH ,PyHKtiHA F
8 

H F
4 

OCTa&HTb H8CKOJlbKO HHawax 

napuHanbHhlX BOJIH, T O MO>KHO llOJiy 1UfTb 

2 

I + 
(2.6) 

06o/a;3a/'18HHS! MyJlbTHilOJlbHbiX 8MilJIHTY.ll Ef± H Me± llpHHS!Tbl 8 COOT88 TCT8HH c pa6oToll Y:y H 
L!p. 

CxeM a .llBJlbHellwax Bbi'IHc n e HHII TaKoaa. 3a HCXOL!Ho e 8blpa >KenH e Mbl 6epeM ,PopMyny 

(2.5 ). JlpeHMyll!8CTBO HCI10Jlb3088HHS1 .l\IISI p8C'1 8 T8 (2.5) COCTOHT 8 T OM , 'ITO 8KJI8.ll CyW8CT

B8HHb1X 8 HH3K03 HepreTH'I8CKOII 06J18CTH .llHilOI IbHbiX 8MilJIHTy Il <jJOT Op O>K.ll8HKS! C llOJIHbiM MO -

] = ~ Y'IHTbiBaeTCg Henocpeac TaeHHo 'lepea aKcnepHMeHTaJlbHOe ce'leHHe 
MeBTOM 

a (w) ' tot 
T. e . He 388HCS!WHM HH OT K8KHX T80p8TH'I8CKHX MO.ll8118ll CllOC060M. Jlng atot HCilOJlb30BBJIHCb 

3KC118pHM8HT8JlbHb!e L!8HHb!8 pa6oT / I
4
-I ;)/• 3H8'18HHS! H8p830H8HCHb!X 8MilJIHTy.ll 8 (2 . 5) 6pa

JIHCb a 6opHoacKoM npH6JIH>KeHHH, a peaoHaHcHwe BMilJIHTyllbl npH w s; 500 Mas Mbl 6panH 

H3 pa6oT JloHBKH HWoy
1161 

H WMH.llTa
1 171

• 8 o6nacTH 8TOporo (] p 3/2 M* ai518M aa) 

;I 
1< TpeTbero( ]

0 

-~/2+ M8 *-I688 Mas) peaoHaHcoa BKJIB.ll BMilJIHTY.ll E
2
_H E

8

_oueHHaan-

C SI 11pH6JIH>K8HHO CJ18.lly!OI.UHM 06paaoM: 

2 

I(3/2-; w). 24rr fiE 2 _I
2
0+a)2

• 3~a(3/2 - w), 

1 + 3a 

2 
+ q 2 2 8 0+{3) + 

I0/ 2 ;w )-96 rr-IE I (l+f3) = ..,.--~a(~/2 ; w) 
k 8- 0 I+2f3 

(2.7 ) 

H, .aanee, 

I p 2M* p 2M* " p 
fw-a(J ;w)dw,.-:-:-r--ofa(J ;W)dW=~-2 r a (] ;W-M*), 

M• -M M -•-M tot max 
(2.8) 

p r .lle W - nonHag a HeprJ<SI B c.u . M. H npe.llnonaranocb, 'ITO napuHan&Hoe ce'!eHHe a (] ; W) 

KMeeT ,PopMy peaoHaHca Bpei!Ta-BKrHepa c WHpKHOII r . napaMeTp a 8 (2 . 7) paa eH 
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a • 

C 1'18TOM (2.6) - (2.8) HBXOllHM 

-I 
I w I (3/2 ; w)dw • 

+ 

"'2-
E 2-

2 - -

3
0+a) "M!l,ot (3/2 l 0 max(3/2 ) 

1 + 3a M• 
2 

- M 
2 

2 + + 
(1+{3) ""'•1 r(5/2 )a (5/2 

-I 
fw 1(5/2 

8 tot max 
; w) dw • ...-- :--::--;;y • 

' 1 + 2 fJ t.i•1 - M 

rlle fJ -
"'•
E,_ 

(2.9) 

(2.10) 

(2.11) 

4HcneHHble 3HB'leHK!I napaMeTpoa a H {3 6blnK onpelleneHbl B pa6oTe 6ellepa
1 181 

H3 

ycnoeHst cornacoaaHKst c 3 KcnepHMeHTOM yrnosoro pacnpe.a.eneHHH ceqeHHH cpoTopo>K.neHHH 

0 rr -Me30HOB : 

a • 1/3 , 

fJ - ~ . (2.12) 

3HB'I8HK!I 0 ( !518) H 0 ( !688 ) onpellensWKCb HBMK K3 nonHOrO C8'18HHSI cpoTOpO>Klle-

0 m_ox - mox / 15,19 / 
HH:SI tr B OOJ18CTll BTOpOrO H Tp9Tbero pe30H8HCOB 

ITO 

amox(3/2 )= 3omox(3/2 ) • 90MK6 
(2.13) 

+ ,. o + 
(5/2 ) - 3a (5/2 ) • 66 Mt<6 0 

npH nony'leHHH (2.!3) Mbl npeHe6peranH BC8MH Hepe30Hll.HCHbiMH Bl<nBll8MH H HCUOnb30BBnH 

H3 0 TOUH'IeCKyto HHBBpHBHTHOCTb, WHpHHbl pe30HBHCOB 6panHCb H3 Ta6m<u Po3eHcpenbll8 K 

/ 20/ 
llP · 

riot (3/2 ) - 75 M 3B 

r (5/2 + > - 100 M3s tot 

C yqPTOM cnenaHHbiX npe.anono>KeHHR Haxo.n»M 

-I 

fw [1(3/2 { 

160 Mt<6 

; w) +I (5/2 +; w)]dw • 113 Mt<6 

(2.14) 

, a - 1/3 , fJ - ~ 

,a-fJ-0. (2.15) 

3aM8TI!M, 'ITO ;>830ti8HCH08 npK6nH>K8HH8 (2,8) MO>K8T npHBecTH I< 38Bb1W8HKIO OU8HHB88MOrO 

BKU8):l8, KpoMe TOrO, BTOpOll H Tp8THll pe30H8HCbl HM810T CUO>KHYIO CTpyKTypy, H H 8 Y'I8T 

6 
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3 TOr O o 6 C TOAT81lbCTB8 T8K>Ke M O>K 8T llpOABHTbC A B 38BbiW8KHK 3K8'18KHll (2.13 ) .!lilA <1
10

ax 

C yMMapKbill BKilB.Il s c ex Y'!TeKK biX KBMH c o rnacK o ( 2.5 ) H ( 2.6) BMnnHTy .ll O.llHKO'!Ho r o 

cpOT Op O>K .Il8HHA llH OK OB K8 npoTOHBX COCT8BilA8T 

1,3 r , s 

{

268 MK6 a - 1/ 3 , {3 - 1/ 2 -1 

221 MK6 

f 0) [u (w) -u (w)]dtu 
R L 

0) 

nop 

'ITO npe B biWBeT T eopeTH'Iecxo e 3 KB'IeKH e n p a sKn a cyMM (2 . 2 ) 
~ ~ ~ 

2 rr e "• 
• 203 M K 6 .. 

M 

(2.16 ) 

(2.17) 

n pu 3 H e p r H AX cpoT OHOB 0) ~ 500 M 3 8 3 H8'1HT8 1lbH8A .llOilA n o nHoro ce'!eHHA nornoweHHA 

o6ycn OBil8 H 8 ll p OU8CC8MH cp OTOpO>KJl8KH A H8C K OilbKH X M 830H OB ( rnaBHbiM o6 pa30M JlB Ol!H oro 

<Po T o p o>KaeHHA ) . Ha 3Kcn e p u M eH T e 6bJno o6Hapy >KeH o
121 1

, 'ITO s HHTe ps a n e 500 M 3 B :S 

$ W $ 1,5 r 3 B C 3 8M 8 THbiM C8 '18 HH8M HJl8T p88KUHA 

y + p .. rr + N * ++ ( 1238) . 
(2.18) 

Ce'!eHH e 3 T Oll p e aKUHH 6bi C Tpo s oap ac Tae T s 6 nu a H rropo ra, .llOCTH r a e T MBKCHMyM a s o 6nac

TH 0) • 650 M 3 B H 3 8TeM C ll8.1l88 T llO'ITH JlO HyrrA rrpH "' .. 1,5 - 1, 8 r a s. 803 M O>KHbiM 

CnOC060M KHTe p n p e T BUHH 3 KC nepHM 9 HT8 SIBnReTC R p 9 3 0 H8HCH8S1 M O.ll. 9 nb C B oa6 y >K .U9HH 9 M 

Hao6ap N* ( 15 18) H N* ( 1688 ) : 

y + N .. N*(l~18) rr + N* (1238) , 

y + N .. N * (1688) rr +N*(1238) . (2.19) 

8 p e30H 8 HC H OM llp11 6 1lH >K8HHH COO THOW8HH e M 8>K JlY BKilB.Il OM B llp8 BHil O C yMM ( 2.2 ) OT 

ll pOU8CCOB (2 .19) H C OOTB8TCTBYIO W HX llpOU8 CCOB OJlHHO'IHOrO cpOT Op O>K Jl e HHA llH OH OB orr p e 

)lenA e T C A OTH o w e HHeM wHpHH pac naaa N•{!~!:J .. N+", N*{11~:} .. N*(l238)+ tT, K OT Op bie 

M bl n o naraeM llpH 6 1lH3 HTellbHO p88HbJM~2Q/ 8 3 TOM cnyqa e BKil 8 Jl BT Op o r o H Tpe Tbero 

p e30H8HCO B OJlHH O'IH OrO tPOTOpO >KJl8HHll H BKil8Jl rrpouec c a ( 2.1 8 ) B llp88Hil 0 C yMM ( 2.2) 

llpK 61l H>KeHH O paBHbl llpyr Jlpyry H HM eiOT B e llH'IHHy 80 MK6 llpH a-1/3 , {3a~ K 40 MK6, 

e c nH a a {3- 0 • EcnH BMeC T O p e a OHBHCHOll MOJlellK (2.19) MbJ npHMeM B p8MK8X M o a e nH 

KBBpKOB, 'ITO npo uecc y + N .. "+ N* (1238) o6ycnosne H s ocH OBHOM JlHilOilbHbiM cpoTo

p OA< Jl e HHeM llHOHa H8 KB8pKe
1221

, TO TOrJl8 MO>KHO llOily'IHTb 0 'ITO BKil8Jl rrpoue cca cpOTO

p O>KJleHHll H3 06apbl N * ( 1238) B (2.2) paseH 40 - 50 MK6. Mbl BHJlHM, 'ITO o6e MO.Ile

llH Jl8IOT .llOilOilHHTenbHbill ll01lO>KHT81lbHbill BKil8Jl llO OTHOW8HHIO K (2.16), ysenH'IHBBll T 8 M 

CBMbJM pBC XO>KJl e HKe C TeopeTH'IeCKHM 3H8'18HKeM (2.17). 8 061l8CTH 3 HeprKll cp OTOHOB 

• 0 / 23 / "' > I r a s .llOMKHHpyiOWKM rrpueccoM l!BilA8TCll cpOTOpO>K.IleHH e p -Me30H 0 8 • .[lnll 
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coena.oeHHSI npaeHna cyMM (2.2) c (2.17) ny>Kno, 'IT06bi B o6nacTH ebiCOKHX anepr-HA 

ebJnOilHSIJIOCb HepaBeHCTBO a
8

(<U) < t1L (<U) • EcnH annpoKCHMHpoeaTb ewcoK03Hepr-eTH'Iec-

K oe nor-no!UeHHe ct>oToHoe npo.ueccaMH, Kao6pa>KeHHbiMH na pKc. I, TO, npHMeHRR MO.llBilb 

KeBpKOe H rKnOTeay B.ll.llHTHeHOCTK BMilllHTy.ll ( qq) -eaBHMO.lleAcTBHSI, MO>KHO llOily'IKTb, 

q T Q n,nR BhliTOn HSHHSI H8p8B9HCTBB. (1 R - (1 L < 0 BMfillHTy.llB pacceSIHHSI KeBpKOB e CHHf'JleT-

H O M COCTORHRH n,On>KH8 6biTb 6onblll8 UO a6conJOTHOA B9nHtfHH8, l{8M 8MllnHTy .ll8 p8CC~RHHSI 

B TpHI1n8THOM COCTORHHH. 38M8THM B CBSI3K C 3 THM , 'iTO 3HeprHH CBR3H llC8B.OOCX.MRpHblX -M830HOB (CHHrn9TH08 COCTORHH9 ll8pbl qq 3H8tJHT9nbHO 60nbW8 3 H8prHK CBS13H B8KTOp-

HbiX Me30HOe ( TpKnneTHOe COCTOSIHHe napbl -qq ) . n paee,lleHHbie OUeHKH yKB3bJeBIOT, 'ITO 

.llll SI npoaepKK npaeKilB CyMM (2.2) He06XO.llKMO npKeneKBTb .llBHHbJe no fiOf'llO!UeitKIO cPOTO

HOB c a nepr-K e ll "' > I rae. 3 To r-oeopKT 0 TOM' '{TO cnHHOBBR 388 KCKMOC Tb ceqeHKll e 

0 6JIBC TK HeCKOilbKKX rae SIB JISieTCSI e!Ue Cy!UeCTBeHHOl!. 

3. n p 8 B H n 0 C y M M An R M 8 r H H T H bl X M 0 M e H T 0 B H H 3M 8 He H He 

M 8 r H H T H 0 ro M 0 M 9 H T 8 H y K n 0 H 8 B Sl 8 p 8 

Vfa cPOPMYilbi (2.2) cne.oyeT, 'ITO eJIHSIHHe act>cjJe KTOe CeSI3H HB cPOT OpO>K,lleHHe Meso-

HOB H8 HyKnOHe, H8XO.O.RW.BM C SI BHyTpH Sl.llpB, nplf,BO,UHT K H3MBH8HKIO M8f"HHTH0f"O M OM8HT8 

CeR38HHOrO HyKJIOHB. 8 pa6oTe BeTOpa /
7

/ npBBKilO CyMM (2.2) 6bJil0 H CfiOilb30BBHO .llllR 

OUBHK H BnHSIHKSI npHHUHll8 nayne K8 senK'iHHY MSrHKTHOrO MOM8HT8 CBSI 3 8HHOrO HyKnOHS. 

O.nHaKo npH '-Hicne HHOM pactteTe no.nHHTerpanbHOe Bblpa>K e HHe 6blno B3RTO c HenpaBHnb

HbiM 3HBKOM H noaToMy OKOH'IBTenbHbiA peaynbTBT (ct>opMyna ( 13) e11 1
) neeepen. HR>Ke 

.. / 7 / 
Mbi eepHeMCSI K a T OMY eonpocy. CxeMa pac q eTa liH'IP.M He OTJIH'IBeTCR oT npe>KHell • 

Bb!pB>K e HHe llllSI cPBKTOpa o· $. R ("') $. 1 • Y'<HTb!BBJO!Uer-o yMeHbllJ.eHHe ce'leHHSI ct>oTo

pO}K .lleHHSI flHOHOB HB CBH38HHOM HyKnOHe flO Cp8BH9HH10 CO CB060.llHbiM HyKnOHOM HMeeT 

/ 24 / 
BH.ll 

R (<U) • f p(p)dap 
Jk+ ; J<d 

1 ~ ~ 

17J6 
[2p (4p- 3<U)+2d (4d - 3<U) + 

p F F 

a 
+<U 

f 
~ ~ ~ 

(p -d ) 
3 F ) 

"' 

f'.lle p (p} - cPyHKUHR pacnpe.oene HHSI HYKilOHOe e MO,lleJIH cPepMn- r-aaa: 

p ( p )-
{ 

3 
-a 

4":F 
p < PF 

p>p 
F 

(3.1) 

(3.2) 

p F • 250 ~aB - HMnyn b C <f>e p MH d • Y 2M( <U - p. -< ) - MBKCHMBil b Hbi ll HMilYilbC HYKIIOH B 

OT.llBttH, I' - Macca nRoHa, t - cpe.oHRSI aneprHSI e oa6y>K.oeH HSI Rnpa . 
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" 8 
8HOM8nbHbiA MBrHKTHbiJ:\ MOMPHT CBH38HH0f'O HyKnOH8 1 6yneM HM€Tb 

.. -1 ~ ~ 
K - Ka 
-1(-~- J w ( 1-R(w)X oR (w)- "L (w))dw (3.3) 

"' nop 

B ¢opMyny (3.1) a xaqecTae cao6oauoro napaMeTpa axoaHT BapbHpyu 3HB'IPHHe 

Me:»<ay 0 H 10 Mas, Mbi uaxoaHM c IIOMOWbiO (2.5) H ( 3.3), 'ITO "
8 

yaenuquaaeTCH no 

a6coniOTHOll aenH'IHHe ua 4-6%. <l>opManbHo yaAnH'IeHHe 1< 
8 

no cpaaueHHIO c " o6MICHHeT

cu TeM, 'ITO a o6nacTH auepruA w :; 230 Maa BblnonuueTCH uepaaeHCTBO !:>.o = o R(w)-oL (w)<O, 

IIOCKDflbKY aOMHHHpyiOWHll B 06fiBCTH nopora BKnaa S -aonHbl ¢oTOpO:»<aeHI!H BXOaHT B 

fla C OTpHU8T9nbHblM 3H8KOM. VfHTepnpeTHpOBBTb ysenHlJ9HH9 K B <j:>H3iPiP.CKH HBf'nH.OHbiM 

o6p830M np9.UCT8BnSI9TCR .[lOBOnhHO 38TpyD.HHT€nbHbiM, TBK KBK H3 K8lJP.CTB8HHbiX C006pa>Ke

HIIll cneaoaano 6hi cxopee o:»<RaBTb yMeHbW9HIISI "
8 

• Oueuxa .[lpenna H Baneuxu
1251

, 

nonyqeHHBR nyTe M BhllJKCneHHSI ¢eRHM8HOBCKHX JlH8f'p8MM 1 D.89T 38TJX8HH9 H30B9KTOpHoA 

qacTH "a ua aenR'IHHy rropuaKa 6%, B TO apeMSI KBK rrpuMeHeuue rrpaauna cyMM(2.2) aaeT 

::u:pcj:JeKT, Cp8BHKMblft flO aficoniOTHOA BenH'-IKHe, HO npOTHBOnonO>KHOf'O 3H8K8. 4T06bT flOH51Tb 

npHlJHHy yxaaaHHoro npoTHsopelJHR, He o6xo.nHMO nposecTH 6onee no.npo6Hoe Hc cnenoaaHHe 

B 0 1IpOC8 0 COOTBBTCTBHH o60HX M !.! TOtlOB BbP.Ht:CneHHSI M8f'HHTHbiX MOM 9 HTOB. 

4. n p a B H n 0 C y M M P, n Sl M 8 r H H T H bi X M 0 Me H T 0 B H C n H H 0 8 a Sl 

38BHC HMOCTb ce q e HHSI d>OTOQ8CW.enneHH51 M8nOHyKnOHHbiX 

B uacTouweM pa3aene -Mbi rrpKM9HHM npaanno cyMM (2.1) K BTOMHbiM uapaM H3 aayx 

H Tpex HyKnOHOB. 3KcnepHMeHT8nbHbte ,Q8HHbte no llOJTHOMy ceqeHHlO Q::loTOpacwenneHHSI 

SI.O.Bp d H He a ,QOBOnbHO XOpOWO OllH.CbiB810TCR BKnB.UOM OT HeCKOnbKHX HH3WHX MynbTHITo

neA cj:)oTonornoweHHSI. Y1.{HThiBBS1 OTHOCHTenbHO cna6y10 CBH3b HyKnoHoe a 8THX SI.npax, ceqe-

HH9 ¢oTOpO>KaeHHH M930HOB ITpH "' > "' - Y" 
"'y1r - rropor o6p83DB8HHH fiHOHOB) MO>KHO 

npH6nlf>K8HHO 3BMe HHTb ceqeHHeM ¢oTopo>K.neHHH Ha cso6o.aHbiX HyKnoHax. TaKH:M nyTeM Mbi 

0U9HIIM BniiSIHHe pB3nH'!KbiX ¢aKTOpOB HS BblfiOnHeHH9 ITpBBHna CYMM (2. !) anSI p8CCM8TpHBa-

eMbiX Sl,nep. 

BKna.n 8neKTpHqecKor o H MBrHHTHoro .nHnonbHoro ¢oTopacwenneHHSI a npasHno cyMM 

(2.1) MO>KHD Bblp83HTb B HBHOM BHae rrpH IIOMOWK CTBKaSpTHDl! TeXHHKH fiOny'!eHHH npSBHn 

cyMM anSI ¢oTopacwenneHHH uaep
1261

, ecnH ucrronb30BBTb anu orr e paTopoa E1 11 M I - nepe-

XO.llOB ,nnHHHOBOnHOBOe npH6nH)K9HHe 

A 

J I[ D X • D y ll J. = J > 0, (4 .1 ) 

9 



J ~UM .< w ) d 4 2. I [" " l l w = TT •< J. = J M. ,My J. = J > - (4.2) 

2 " " 
- 4rr ~ I< J: I MY+ iM xI J • = J >I 

J . " 
r11e 0 - Olle p B TOp .D. H ilOJlbHOrO MOM8H T 8 , M - on ~ p8TOp M B rHKTH OrO MOM 9 HT8 H ycpe.a-

H C HH e B (4 .1) II (4.2) B CllDTC~ n o OCHOBHOMy COC TOH HH~ Hllp8 CO C DHH O M 

CllHH B H8 OCb Z , pB BHOA Jz . 
a s 

H npoeKuHel! 

.llnH Hne p He H H M hl 6 yneM 6paTb B OIIH OBbie cpyHKUHH S - COCTO~HHSI C CHMMeT-

pH'IH O A pa-';.HB/JbHOA '18CTb~. B 3 TOM cny'!ae Bhipa >Ke HH e (4,2) T8K>Ke o6palllaeTCH s 

Hynb, ecn» M HM ee T BH .ll cyM MLI O.llHOt.fBCTHlJHbix . on e paTopoa: 

M 

rn e gf- o p 6 HT8 /JbHb!l\ 

TOHOB K H e ATpOHOB S1Jlp8 . 

I [g f el 
I 

" .. 
~gp ul+gnul], 

g - ql8KT0p llpOTOH OB, g p(n) - CD HHOBbi C 

( 4 .3) 

g - cp8KTOpbl npo-

noncTasnSIH s ( 2. 1) 3 HB'IeHHH p. (He 
8 

) =- 2,12 ; p.( H ) =2,98 H annpoKCHMHPYH 

BK/JBll cpOTOpO>KllCHII SI M C30HOB HB He
8 

(H
8

) B llHCDepCHOHH blll HHTe rpBII (2 .1 ) '1Cpe3 ceqe

HH C cpOTOpO>KllCHHSI HB CB060ll HOM Hel!TpOH C ( npOTOH e) , 110/JY'IBC M 

He
8 

2 "2 e 2 

1.1" 7,73 

H s: 
2 rr 2 e 2 

~7,02 

2 2 2 
rr e 
~3,6~+8(He 8 ), 

2rr2e2 s 
~3,2+1l(H ) , 

(4.4) 

(4.5) 

rne q e p ea ll(He 
8

) 11 ll(H 
3

) o6oaH a'laeT CSI BKnan cneny~lllHX u e y'!TeHHhiX H aMil cj:Ja KT Op os: 

B KnU.O OT rrorno weHlHI BbiC WHX MyJlbTHfi On e ~, CyW.eC TB OBBHH e OfiMeHH bJX T OK OB B SI D.p8X, 

11 0llp8BKH. H8 Hp11M 9Cb BbiCLUHX KOHci"HtrypBUH.A 8 OC H OBHOM COC T O S1HHH Sl.llP.p H T.n. KaK BH.ll

HO 113 (4 .4) II (4.5) , B/JilSI Hile n epe'I HC/JCIIHbi X cj:JS KTO pOB 118 HBCblllleHHe 11p8BH/18 CyM M c y-

WCC TB CH II O • .llnS! nel!TOHil p.( d) = 0,857; M d ~ 2 M \ S = !. C DOM Olll b~ cj:JopM yn 

(:1. 1 ) H (4,2 ) HBXOll HM : 

"~ ~ 2 
MT 0,02 

2 2 
rr e 
~(-20,9 + 13 ,7) +ll(d). (4.6) 

npH ll On) l.f e HKH. (4 .6 ) Mbl fi OJlQ)K MJJ H C9 Y. e tU1e q)Q T O p O>KLle HHSI fiHOHOB J10nstpH30B8HHbTMK 

QJo T •)H8MU Ha nonHpH30Bo'111HbiX .ne ATOHD.X p8 B HbiM CyMMe Ce l:f eH HA: H8 C B060.UHOM npOTOHe 

H H Cl!TpOH e H, KpOMe T Of"O , HC001lbClOBB11 1! npu BHIIO CYMM ( 2,1 ) ll/JSI HyKnOHOB, 60/JbWOl! 

OTpHIIBTC/JbHbii! BK/JBll B ( 4 .6) o6yC/JOBIIC H N\ 1-nepeXOllOM B CI!Hr/JeTHOe COC TOSIHH e llBYX 

/ 27/ 
HyKnOHOB . OncHKH noKll3hiB £HO T, Y. TO ylfeT o6MeHHbi X T OKOB 11 no11paaoK Ha aan83Llbiaa-

1 0 
-, 



HHe K E l- K Ml-nepexo£!8M He ycTp8KlleT KMBJO lUerocll B (4.6) p8CXO }I{ J:leHHll, T8KHM 

06p830M, K8K J:ln ll HyKnOHOB, T8K K B £18HHOM cny'I8B HB06 X0£1HM O npHBnBK8Tb £!8HHble n o 

nornOlUBHKIO cpOTOHOB Bb!COKHX 3HBpl"'HI!, UQCKOnbKy !IK3K03HB pl"'eTK'IBCKHX BKn8J:lOB Heao -

HB£1 0CT8T O'IHO J:lnll H8CbllUBHHll np8BKn8 CyMM, 

06lUHI! HTOI"' npOBBJ:lBHHbiX OUBHOK CBOJ:lKTCll K 38Kn10'1BHKIO 0 T OM, 'ITO BCnH CnRHOBbiB 

3cpcpBKTbl H y6biB810T C pOCTOM 3H8pl"'HK cpOTOHOB, TO HB H8CTOnbKO 6biCTpO, 'IT06bl np8BHnO 

CyMM M8l"'HKTHb!X MOM8HTOB 6binO 6bl HB'IYBCTBHTBnbHO K UOI"'nOlUBHH IO cpOTOHOB C 3 HBpl"'H e l! 

"' > 1 r3s. 

B 38KnJO 'IBHHe BBTop Bblp8}1{8eT Kcxpe HHJOJO 6n8roa8pHoCTb A . M . 58n£1HHy 38 BHHM8HHe 

II nnoJ:lOTBOpHbiB o6cy}I{J:lBHHll H B.B. n8ll1KBBK'Iy 38 6onbll1YIO nOMOlll b B p860Te, 
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