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AMnnH_Tyna npouecca • rr + lf -. ·N + ( y BHpTyanbHhiA) CBSiaaaa c aa-

6monaeMbiMH npoueccaMH po)K.QeHHR e + e-:- H p. + p.- nap B rr N -cTonKHoBe-

HHSIX1 HHTepec K KOTOpblM1 B OCHOBHOM1 Bbi3BaH B03MO:lKHOCTbJO HCCne.QOBa

HHSI sneKTpOMarHHTHhlX ~OpM~aKTOpOB nHOHOB H HyKnOHOB BO BpeMeHHilO.Q06-
.2 

aotl: o6nacTH HHBapHaHTHhiX nepenaq ( ~ > 0) • Onaaxo nono6ao cnyqaro 
2 

sneKTpopo)K.QeHHSI nHOHOB (A > 0) onpeneneHHe 3Ha'ieHHti ~OpM~aKTOpOB 

aaTpy.QHSieTcSI aaBHCHMOCTbro peaynhTaToB oT ucnonbayeMotl: Monenu. Hanpu

Mep, .QaHHble no sneKTpH'ieCKOMy ~OpM~aKTOpy nHOHa .QaJOT 3Ha'iHTenbHbitl: 
Ill 

paa6poc nnn snexTpoMarHHTHoro panuyca • ITo sTotl: npH'iHHe cBeneHHR 

o ~opM~aKTopax aenban c'iHTaTb aane~HhiMH1 ecnu B ceqeaue npouecca 

OCHOBHOtl: BKna.Q naeT He6opHOBCKaSI 'iaCTb aMnnHTY.Qhl1 KOTopaSI1 • KaK npa..; 

BHn01 He OnHCbiBaeTCSI O.QH03Ha'iHOo 

B aacTonmeti pa6oTe noxaaaao, 'iTO nnn npouecca po)K.QeHHH nenToH~ 

HhlX nap B rrN -CTOnKHOBeHHSIX MO:lKHO ocymecTBHTb CHTyaUHJ01 Korna ce-

'ieHHe onpenenneTCSI B OCHOBHOM 6opHOBCKHMH qneHaMH aMnnHTy.Qbl1 OCTanb

HaH :me qacTb naeT nHIIIb Manbie nonpaBKH • 

.Uu~~epeauuanbHoe ceqeaue npouecca rr . + ·N -. ·N + ( y BHpTyanhHhitl: 

MO:mHO npe.QCTaBHTb B BH.Qe 
121

: 
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A2 d~ a =_a_ ( 

dA
2

dcosO 3TT 

duT du L 
----), -+ (I) 

dcosO dcos 0 

rtte ltBa •meHa B npaBoil: 'laCTH COOTBeTCTBYIOT pO:lKJteHHIO BHpTyan&Horo !}>o-

TOHa c nonepeqHoil: n nponon&Hoii nonsipnaauneil:; 
a - noCTOHHHaH TOHKOil: 

CTpyKTypbr, 0 - yron pacceHHHH B CHCTeMe ueHTpa Mace, A - "Maeea' 

.BHpTyan&Horo !}>oToHa. 

PaceMoTpHM nonepeqJiyro qaeTb !}>opMynbr ( 1). CeqeHne aanncnT OT 

HHBapnaHTHbiX nepeMeHHbiX ·s 1 t , A 2 
1 rtte s H t - 06bi'lHbie MaHttenb

CTaMOBCKHe nepeMeHHbieo flpn !}>nKeHpOBaHHOM ·s MaKeHMallbHOe SHa'leHHe 

A paBHo Am= v7- M , rtte M - Macea HyKnoHa, noaToMy npn aanaH-

HOM ·s po:lKlleHne !}>oToHa e A = A:m 
MO:lKHo paeeMaTpnBaT& KaK noporonoe 

po)KJleHHe. B eHny STOI'O npouece B OKpeeTHOeTH STOii TO'lKH Mbl HaS:biBaeM 

KBaannoporoBbiM. B encTeMe ueHTpa Mace npn A -+ Am 
HMnyn&e BHpTy-

an&Horo !}>oToHa k .... 0 , noaToMy Mbi MO:lKeM paano:lKHTb eeqeHne B pRJ:{ 

no k • 

g d aT --
. k d fi 0'0 + k 0'1 + k 2 0' 2 + .... , ( 2) 

I'J:{e q -· HMnyn&e TT -Me30Ha, 0 -TeneCHbiil: yron. 

PaceMoTpHM Koa!}>!}>nuneHTbi paano:lKeHnH a • TlepBbrii qneH paBeH 
i 

KBat:{paTy MOJ:{YJIH aMnnHTyt:{bi B TO'lKe k = 0 •. floCKOJibKy B STOM cnyqae 

nOJIHblil: MOMeHT BHpTyan&HOI'O !}>oToHa J = 1 1 '?P6HTan&Hbiil: MOMeHT Ha

qanbHOil: CHCTeMbi B CHny eoxpaHeHHSI nonHo:ro MOMeHTa npHHHMaeT SHa'le

HHH f = 0, 1, 2. Jia COXpaHeHHSI 'leTHOCTH enet:{yeT, .. 'ITO f = 0,2 eooTBeT-

eTByeT aneKTpnqecKnM J:{HnonSIM E n E 
. . 0+ 2- ' a f = 1 - · Mai'HHTHbiM !{II-

nonHM M 1 + II M 1 _ • 0J:{HBKo n TO'IKe k 0 aTn noenet:{HIIe ncqeaa-
roT, n a 0 · aanncnT Ton&Ko oT EO+ II E 

2
_ .• 

4 

·i 
j 

l 

\1 
t:J 
i 

}~ 

BbmeHHM Tenep& aanncnMocT& · OT Myn&Tnnoneil: crieJJ.y: 

n noKa:lKeM, 'ITO pRJ:{ {2) KoHe'IeH. EenH o6oaHa'lHTb aMnnn~ 

nonepe'IHbiX !}>OTOHOB 6yKBOil: 5 1 TO eeqeHHe B e.u.M. aanF. 

IIIHM o6paaoM: 

_q_ 

k 

d aT 2 
l<fi5U>I , 

dO 
rt:{e 

4 
~=:£ 

i =1 

2 0 ~ ( ·s , t , A ) • 
i ' 

3necb 0 1 - cTpyKTypHbre. Koa!}>!}>nuneHTbi1 a 5
1 

- cKanHpHbre 
. IU . 

(eM., HanpnMep, ) • Ha npnHunna naanMHocTn pas no:lKeHJi 

~1 no Myn&TnnonHM connanaroT e !}>opMynaMn J:{JISI peanbH 
/4/ u •• 

HHH 1 KOTOpbie B J:{aJI&HeHIIIeM Mbl 6yt:{eM aanuebiB8Tb yen 

co 

~=:£IE 
i f f:!: 

M 
f:!: 

P (cos 0 )I 
f 

C JJ.pyroil: CTOpOHbi1 aMnnHTYJJ.bi ~i paSJIO:lKHM B OKpee~ 
k B PHil no CTeneJniM k 

00 

~. = :£ kn e (s, t) • 
-c. n= 0 n 

Boenon&ayeMcSI Tenep& nonet:{eHHeM Myn&Tunoneil: npn.~ 

Topoe nerxo nony'IHT&, ecnH peiiiHTb ypaBHeHuSI {5) OTHOCHTE 

noneil: H yqecTb eBOil:CTBa nonHHOMOB ne:lKBHJJ.pa: 

f 
M0 - k t.+ . 

Ef .;. k f 
+ . 

f > 1 , 

f > 0 , 

E - kf- 2 f > 2 • f- . , . 
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( 1) 

pom.neHHlO BHpTyanhHoro !flo-

a ~ ITOCTOHHHaH TOHKOii 

ITpa Mace, ;\ - 'Macca"' 

1) • CetJeaue aaBHCHT oT 

u t - o5bi'IHbie MaH.nenb-

MaKCHManbHOe 3HatJeHHe 

xnoHa, noaToMy npu aa.naH

CMaTpHBaTb KaK noporoaoe 

STOii TO'IKH Mbi Ha3hiBaeM 

~ ... ;\ 
m HMnynbC BHpTy-

( 2) 

·on. 

, IlepBbil!: tJneH. paBeH 

OCKOnbKy B STOM Cny'tae 

J5IIT.anbHbiil MOMeHT Ha- · 

MeHTa npHHHMaeT 3Ha'le

T1 . ,'ITO e. = 0,2 COOTBeT-

I· e = 1 ·- · MarHHTHbiM .!111-

STH nocne.nHue HctJeaa-

BbUICHHM Tenepb aaBHCHMOCTb oT MynhTHnonefi clie.nyroumx tJneHoB. 

H noxameM, 'ITO pH.!l (2) KoHetJeH. Ecnu o5oaHa'IHTb aMnnHTY.!lY ucnycKaHHH 

nonepetJHbiX !floTOHOB 5yKBOii 5 I TO cetJeHHe B c.u.M. aanmueTCH cne.nyro

IIIHM o5paaoM: 

_q_ 

k 

d uT 

dO 

. 2 
"' I < f I ~ I ~i > I , (3) 

r.ne 

4 
~ = I o ~ ( s, t, ..\

2 J. 
l =1 l l (4) 

3.necb 0 l - CTpyKTypHbie. KoalfJ!fJHUHeHTbi1 a ~~ - CKanHpHbie aMnnHTY.!lbl 

( . /3/) u . . . 
CMo 1 HanpHMep, • n3 npHHUHna B3aHMHOCTH paanomeHHH aMnnHTy.!l 

~~ no MynhTHnonHM coana.naroT c lflopMynaMH .nnH peanbHoro !floTopom.ne-
/4/ 

HHH 1 KOTOpbie B . .QanbHeiiiiieM Mbi 5y.QeM aanHCbiBaTb YCJ10BHO B BH.Qe 

k 

P (cos 0 Jl • e ( 6) 

C .!lpyroii CTOpOHbi 1 8MITnHTY.!lbi ~~ paanOmHM D OKpeCTHOCTH ManhiX 

B PH.!l no CTeneHHM k 

00 

~ = I kn f ( s , t J • 
A. n=O n 

( 6) 

BocnonhayeMcH Tenepb nose.neHHeM MynbTHnonel!: npu, ManbiX k , Ko-

Topoe nerKO nony'IHTb1 ecnH peiiiHTb ypaBHeHHH (5) OTHOCHTenbHO MynbTH

none:ii H y<lecTb CDOHCTBa nonHHOMOB nemaH.Qpa: 

e > 1 , 

Ee+ - k e, e > 0 ' (7) -

Ee- ke-2, e > 2 . 
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To.r~a, Bhi.r:tensiSI SIBHo saBJICHMOCTb MynbTHnoneit oT k npn ManhiX k 

3annweM (5) 5 BH.ne: 

00 f ' - f-2 
~. = :I k I E f , M f , P f (cos 8) I + :I ]{ I E f , P f (cos 8) I . 

'1 f=O + ::!: f=2 -

CpaBHHBa.si clJopMynhr (8) H (6), nony'laeM: 

II -IE . E I "o- O+'. 2- k= o ' 

e 1 = 1 E 1+, M 1+ , E 3 _ , cos 8 1 k=O , 

t =IE , M 
n n+ n+ 

,E ,cos81 
n+2- k=O 

(8) 

(9) 

TaKHM o6pasoM, Mhi BH.r:tHM, 'ITO B n -brii: 'lneH pasnollieHHSI (6) .na

JOT BKna.r:tbi MynbTHnonH c op6nTanbHhiMH MOMeHTaMH f = n , n + 2. Ec

nH Tenepb y'le.CTb 1 'ITO npH cPHKCHpOBaHHOM ·s op6HTa.JibHbi:fi MOMeHT OI'pa

HH'IeH HeKOTOpbiM MaKCHManbHbiM 3Ha'leHHeM H3-3a KOpOTKO.r:teitCTBHSI smep

HbiX CH.JI, TO PSUl (6) OKa3hiBaeTCSI KOHe'IHbiM, H, C.Jie.r:tOBaTe.JibH01 cnpaBe.r:t

nHBO pasnollieHHe (2). Hs clJopMyn (9) O'leBH.r:tHo TaKllie c.nenaHHoe Bhiwe 

3aKnJO'IeHHe, 'ITO npH k = 0 Ce'leHHe 3aBHCHT OT sneKTpH'IeCKHX .r:tHnoneit 

E 
0+ 

H E 
2-

Hs · .PoTopolli.r:teHH.si sap.sillieHHhiX TT -Me30HOB Ha HyKnOHaX H3BeCTH01 

'IT0.9rieKTpH'IeCKHe .r:tHnOnH EO+ nE2 _ B WHpOKOM HHTepaane SHepi'HH OT 

nopor-a J:tO BTOpOI'O TT N -pe30HaHCa B OCHOBHOM onpe.nenSIJOTC.si 6opHOB

/5/ 
CKHMH 'lneHaMH H cna60 3aBHC.siT OT ScPcPeKTOB nepepaCCe.siHHSI 

3TOT clJaKT .r:tOMHHHpyiOweit pO.IIH 6opHOBCKHX 'I.JieHOB B yKa3aHHbiX 

sneKTpH'IeCKHX MynbTHITO.Jl.siX Ha R3biKe .r:tHCnepCHOHHbiX COOTHOWeHHfi: 06'&stC..:, 

HsteTCR ManbiM BKna.r:tOM B .tlHCnepCHOHHbiH HHTei'pan pe30HaHCHOI'O Mai'HHT

HOI'O .nnnonst M1 + • B cTaTH'IeCKOM llie npe.nene STOT BKna.n nonHoCTbJO 

/6/ 
HC'IesaeT 

3anHWeM .r:tHCnepCHOHHOe COOTHOWeHHe .r:tnst sneKTpH'IeCKHX My.JlbTHllD- -

neil:: 

6 

6 - 2 
. 2 opH._ 2 • P 00 

, ]m Ef (s; A ) . · 
Ee (s, A ) =Ee (s,A )+- f d·s +R c-~ 

" 2 ·s ' ·s f (M+!l) -

I'.r:te R f (-s , ~ 2 
) o6osHa'laeT BKna.n nepeKpeCTHOI'O KaHana 

Hbie BKna.r:thi np.siMOI'O KaHana. 

llnst MynbTHnoneii EO+ H E 2 _ .r:tBa nocne.nHHX 'lneHa · 
2 . 

A = 0 COCTaBnstJOT MeHee 10% OT_OCH05HOI'O 6opHOBCKOI'O 

9Hepi'Hit B o6naCTH nepBOI'O rfN -pe30HaHca. 3TO nonollie_HI 
2 . 

est H B cny'lae A > 0 · , ecnn npe.nnonolliHTb, 'ITO Bee .r:tHHa 

6eHHOCTH no A 
2 

co.neplliaTcH B clJopMclJaKTopax H ''ITO 6nnlliaii 
2 . 

HOCTH npn A > 0 HaM nsaec.rHhi. KaK noKa3hiBaJOT oueHKH, . 

pepacce.siHHst He MeHRJOT cymecTBeHHO saBHCHMOCTb oT A 2 

06'&stCHHTb TeM, 'ITO B3aHMO.r:te:fiCTBHe B KOHe'IHOM COCTORHHH 

.Pas rr·N -pacceSIHHR1 . KOTOpbie .siBnstJOTCR cPYHKUHRMH TOnbK• 

Hs Bhiwensnolli_eHHOI'o cne.nyeT, 'ITO B clJasoaoM npocrp~ 

npouecca polli.r:teHHst nenTOHHbiX nap cymecrByeT TO'IKa, cooTJ 

3Ha'leHHstM k = 0 , A = A m , B OKpeCTHOCTH KOTopoii ce~e: 

llO'ITH llO.JIHOCTbiO onpe.nensteTCSI 6opHOBCKHMH 'lneHaMH 1 Toeo 

lim ..!L d aT:. 

k-+0 k a--n 
6opH. 6opH. 6opH. 

a 
0 

=2IE 12+41 E '
2 

0+ 2-

Hs clJopMynhi (11) cne.nyeT npaKTH'IecKast peKoMeH.nauns 

Ha.r:telliHOI'O cnoco6a onpe.neneHHst clJopMciJaKropoB: npH pasn~'lll 

SHepi'HRX H3Mep.siTb ce_'leHHe. B OKpeCTHOCTH MaKCHManbHbiX . • 

anbHOI'O clJoToHa. Cne.nyer OTMeTHTb, 'ITO sTa o6nacrb clJasoa 

CTBa Bhii'O.r:tHa H C KHHeMaTH'IeCKOii TO'IKH 3peHH.si,· llOCKO.JlbK)' 

Hhie 3Ha'leHHR .. MSCCbi'_ BHpTyanbHOI'O cPOTOHa COOTBeTCTByroi 

'leHH.siM HMnynbCOB nenTOHOB, nei''Ie pei'HCTpHpyeMhiX B 9THX 
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fi OT k npH ManhlX k 

E , P
0 

(cosO) 1. 
f- L 

{8) 

{9) 

qneH paano~eHng {6) Aa

raMH e = n I n + 2 • Ec

>p6HTanbHhlii MOM9HT OI'pa

~aa KOpOTKOA9iiCTBHg gAep-

1 cneAoBaTenbHo, cnpaeeA

' TaK~e CAenaHHoe BhiWe 

>T aneKTpnqecKHX AHnoneii 

•B Ha HyKnOHaX H3B9CTH01 

OM HHTepeane aHepi'Hii oT 

>M onpeAengroTcg 6opHoe-

/5/ 
epepaccegHHg 

X qneHOB B yKa3aHHhlX 

:OHHblX COOTHOW9HHii 06'hgc-

·pan peaoHaHCHOI'O Mai'HHT-

:e aTOT BKnaA nonHOCTbiD 

2 
6opH. oo . F.v ( , ,\ 2 ) 

Ee(s,,\ )=Ee (s,,\2)+.!_f ds'Jm ·s, 
11 (M +P.) 2 s '- ·s 

( 10) 

I'Ae 2 Re (s,,\) o6oa.aaqaeT BKnaA nepeKpecTHOI'O KaHana·H HeCHHI'yngp-

HhJe BKnaAhl npgMoi'o K.aHana, 

nnH MynbTHnoneii E 0+ H E 2- ABa nocneAHHX qneHa ·a { 10) npn. 

,\ 2 = 0 COCTaBnHIDT MeHee 10% OT OCH06HOI'O 6opHOBCKOI'O.·qneHa AnH 

aHepi'Hii e o6nacTH nepeoi'o 11N -peaoHaHca, 3To nono~e.Hne coxpaHgeT-
2 

cg H B cnyqae ,\ > 0 , ecnn npeAnono~HTb, qTo ece AHHaMnqecKHe oco-
2 . 

6eHHOCTH no ,\ coAep~aTcg B tjlopM!jlaKTopax H •qTo 6nn~aiiwne oco6ei:I-
2 

HOCTH npH ,\ > 0 HaM H3BeCTHbl, KaK noKa3hiB8IDT OU9HKH 1 ,atjlt!Je;KTbl . ne-:-

pepaccegHng He M9HHIDT CYW9CTB9HHO 3aBHCHMOCTb OT ,\ 
2 

, 3TO nei'KO 

06'bgCHHTb T9M 1 qTO B3aHMOil9iiCTBH9 B KOHeqHOM COCTOgHHH aaBHCHT OT 

tjlaa TTN -paccegHHg,. KOT0pbl9 gengroTcg tjlyHKUHgMH TOnbKO aHepi'Hll, 

Ha BhJwenanolli.eHHOI'O cneAyeT, qTo e tjlaaoeoM npocTpaacTee Ang 

npouecca po~AeHng nenToHHblX nap cymecTeyeT ToqKa, cooTBeTcTeyromag 

3HaqeaHgM k = () 1 ,\ = ,\ m 1 B 0Kp9CTHOCTH KOTOpOii C9~9llll9 npOU9CCa 

noqTH nonHOCTbiD onpeAenHeTCg 6opHOBCKHMH qneHaMH, T,e, 

6opH. 6opH. 6opH, 

=· 21 E 12 
+ 4 I E 

2 

0+ 2-

T· 
1
. ..!1. d a • 
zm --- =a 

k~o k a n o 
{11) 

Ha tjlopMynhJ {11) cneAyeT npaKTHqecKaH peKoMeHAaung AnH Han6onee 

HaAe~Hoi'o cnoco6a onpeAene.ang tjlopM!jlaKTopoe: npH paan~qHhiX nonHhiX 

aHepi'ngx naMepgTb ceqeane B OKpecTHOCTH MaKCHManhHhlX ·"Mace"' BHpTy

anhHOI'O tjloToHa. CneAyeT OTMeTHTb, qTo aTa o6nacTb tjlaaoBoi'o npocTpaH

CTBa Bhii'OAHa H C KHH9MaTnqecKOii ToqKH 3p9HHg, nOCKOnbKY MaKCHManb

Hhl9 3HaqeHHg "MaCChi" BHpTyanbHOI'O tjJOTOHa COOTB9TCTByroT 6onbWHM ·aaa-

qeHHSIM HMnynbCOB nenTOHOB 1 nei'qe pei'HCTpHpyeMhlX B aTHX ycnOBHgx, 
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Y CJIOBHB 06MeHa 

IlpenpHHTbi H cooomeHHSI Ol1.Hl1 paccbmaiOTCSI 6ecnnaTHO 
HMHOrO OOM8Ha,yHHB8pCHTeTaM, HHCTHTyTaM, na6opaTOpHS11 
Hay"'HbiM rpynnaM H OTA8llbHblM Y"'8HbiM 6onee 50 CTpaH. 

Ilony-qaTenSIM H3AaHHii Ol1.Hl1 npe,qocTaBnSieTCSI B03MO>KHI 
SIBHTb HHHUHaTHBY B 6ecnnaTHOH nOChlllKe ny6llHKaUHH B ll~ 
ooMeHa npHHHMaiOTCSI Hay"'Hbie KHHrH 1 >KypHallb1 1 npenpHHT 

- nyollHKaUHH no TeMaTHKe 0115111. 
EAHHCTB9HHbiH BHA nyol1HK8UHH1 KOTOpbiH HaM npHCblllS 

3TO penpHHTbl ( OTTHCKH CTaTeil: 1 y>Ke- onyonHKOBaHHbiX B Hay 
H pSI,qe cny-qaeB Mbl CaMH o6pamaeMCSI K Hay'IHbiM y-qpE 

6onee KpynHhlM riony'laTellSIM Hawnx HSAaHHii - c npocb6on 
Cl18Tb HaM K8KHe-nH6o KHHI'H HllH BbinHCaTh AllSI HaWeii 6H6J 
>KypH8llbi1 H3AaiO.IIIH8CSI B HX CTpaHaX. 

0T.QeJI&Hhle 3anpoc111 
l1snaTenhCKHH 0Tll8ll e>Kei'OllHO BbinOllHSieT· OKOllO 3000 0 

coB Ha BbiCbillKY HaAaHHfi Ol1.Hl1. B· TaKHX aanpocax cne,qy 
YK83biBaTb HHA8KC sanpaWHBaeMoro H3A8HHSI. 

A.Qpeca 

f1HCbM8 no BCeM BonpocaM OoMeHa nyonHKaUHSIMH 1 a T~ 

oT,qenbHhle H3LI8HHSI cne,qyeT HanpaBnSITb ·no a,qpecy: 

MocKna, 

FnBBHbiiJ liO'ITBMT1 n/H 79. 
Hs~aTenbCKHil oT~en 
Oobe~HHeHHoro HHCTHTyTa 

H~epHbiX HCcne~OB8HHit. 

A,qpec AllSI nOCblllKH Bcex ny6nHKaUHH B nopSIAKe OOM9J 
5ecnnaTHOH no,qnHCKH Ha Hay'IHbie >KypHallbi: 

MocKna, 

FnaBHbiit noqTBMT__. ,JJ/g. '~ 
HayqHo-TexHHqecKa~ 69~ 
Oobe~HHeHHDrO HHCTHTyTa 

H~epHblX HCCne~OBBHHit. 


