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B3aHMOAEeNCTBHE COOCTBEHHBIX KOAeOaHHA
B C(pepHIECKOM AHIIEKTPHIECKOM PE30HATOPE

IIpeomem u yenv pabomul. Hzeecmmno, 4mo npu usMeHeHuu OMHOCUMENbHOU OUINEKMPUYECKOU NPOHUYAEMOCIIU UAPA OISl HEKO-
MOPBIX €20 COBCMBEHHBIX YACMOM U COOMBEMCMBYIOUUX COOCMBEHHBIX KONEOAHULL XapaKmepHo aHoMatbHoe nosedeHue (OmKio-
HeHue om HOPpMbL 8 ROBEOCHUU COOCMBEHHBIX YACMONt, mpaHchopmayust cobcmeennvlx konebanutl). Llenvio nacmosuyeti pabomoi
ABNAEMCA U3YUEHUEe 3AKOHOMEPHOCMEN AHOMANBHO20 NOBEOEHUS CHEKMPATbHBIX XAPAKMEPUCTIUK OUITEKMPULECKO20 Wapd.

Memoodwvt u memooonozus padomul. /{15 0ocmudicenus NOCMABIEeHHOU Yelu NPUBedeHo peuieHie coomgemcmsyioujeli Cnex-
mpanvHotl 3a0ayu. Memoo peutenus 0CHO8AH HA NPEOCM A eHU SNeKMPOMASHUNHO0 NOJISL 8 BUOE PASTOHCEHUS NO 6EKMOPHbIM
cpepuieckum 601HOBLIM QYHKYUAM.

Pesynvmamur padomsr. Buinonnen pacyem 3a8ucumocmeit nepebix COOCMEEHHbIX YACMOM cheputeckoeo OUNEeKMpULecKo2o
pe3oHamopa om OMHOCUMENbHOU OUdIeKmpuyeckol nporuyaemocmu wapa. Ilpeonodcen cnocob xnaccugurayuu coocmeen-
nuix konedanui. On ocnoean na cmpykmype cobcmeennsix konebanuii. [lokasano, umo anomanvHoe nogedenue CnekmpanbHuIx
XAPaKmepucmux OUdIeKMpU1ecKo20 wapa coomseemcmsyen Xopouio U36eCHHOMY AGNLEHUI0 MEXCOYMUNOBOU CEA3U KONeOAHU.
B kauecmee ynpasnanoujeco napamempa 3mozo AGNeHUs UCHONb3Yemcs OMHOCUMENbHASA OUINEKMPUYECKAs NPOHUYAEMOCTIb
wapa. Yemanoeneno, 4mo 63aumooeticmeyionm 6HympeHHaAs U 8He s Moobl. [Ipu usmeneHuu Ousnekmpuyeckoil nPOHUYaemoc-
MU 603MONHCHO MHO2OKPAMHOE NPeobpazosanue mMoo.

3axniouenue. Pe3ynomamor npogedentsix ucciedo8anull no3onsAI0mM 00bACHUMb NPUPOOY AHOMATLHO20 NOBe0eHUs. CHeK-
MPATLHBIX XAPAKMEPUCIMUK cheputeckozo oudnekmpuieckozo pesonamopa. Hn. 5. bubauoep.: 11 naszs.

Knrouesvie cnosa: cihpepuueckuii Ousnexmpuieckuii pe3oHamop, cobCmeeHHas, 4acmoma, 63aumooeticmeaue codCmeeHHbIX KoeOaHul.

VYpaBHEeHHS AN COOCTBEHHBIX 4acTOT cdepuue-
CKUX JIMDJICKTPUYECKUX PE30HATOPOB BIIEPBBIE
obutn monydeHsl [ Mu u II. Jebaem B 1908-
1909 rr. [1, 2]. YncneHHbIH pacueT KOMIJICKCHBIX
COOCTBEHHBIX YAaCTOT JUIS MIUPOKOTO HWHTEpBasia
WU3MCHEHUS JMAJICKTPUYECKONW TMPOHUIIAEMOCTH
BriepBbie ObuT BhIMOMHEH B [3]. Hecmotps Ha ToO,
YTO CBOHCTBA C(PepHUECKUX JUINEKTPUICCKHX pe-
30HATOPOB HUCCIIEAYIOTCs OoJiee cTa JIET U UM T0-
CBSIIICHO OOIIMPHEHIIIee MHOXKECTBO ITyOIHKAIUA
(cm., Hanpumep, [4, 5] u uMerorUecst TaM CChLI-
K1), HEKOTOPBIC MX CBOWCTBA M Ha CETOMHs TpeOy-
FOT NaJIbHENIIET0 N3yYeHUsI.

B uactHOCTH, B pabote [5] ObuTO OTMEUEHO,
YTO CyLICCTBYET B3aUMHOC BIIHSIHUE (B3aUMOJICH-
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CTBHE, B3aWMOCBA3b) BHYTPEHHHX M BHEIIHHX
E-Mon amdsiekTpryeckoro mapa B ciydae, Koraa
MOYTH PaBHBI (MJIH [JaXKe PaBHbI) ICHCTBUTEIILHbIC
YaCTH MX COOCTBEHHBIX YacTOT. DTO SIBIICHHUE HE
O3HAYaeT PealbHOE BBIPOXKICHHE YYaCTBYIOIINX
MOJI, TaK KaK JIeHCTBUTEIIbHBIC WM MHUMbIC YaCTH
COOCTBEHHBIX YaCTOT Ha CAMOM JieJie He PaBHBI (B
[5] peun uaeT o KBa3UBBIPOKICHUU BHYTPEHHUX U
BHEITHUX MOJ). SIBJIeHHE HEe ObLIO 0OHAPYKEHO B
caydae H-mon. B [5] ormedeno Takike, 4to, nu3me-
HsIsl 3HAYCHHE UDIIEKTPUIECKHX TI0TePh B PE30Ha-
TOpPE M TEM CaMbIM BIIUsISI HA MHUMYIO 4acThb CO0-
CTBCHHBIX YaCTOT, MOKHO TIOJYYHThH pasHbie 3¢-
(et BRIpOKACHHS. [IpH 5TOM JemaeTcst pearno-
JIOXKEHHE, YTO OMUCAHHOE SIBJICHHUE OMPEICIISICTCS
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& Mo

X &, gy

Puc. 1. [TusnexTpuyecKuii map

B 3HAUUTEJIBHOW CTEIIEHW MMEHHO HAJMYUEM I10-
TEpPh B TUDJICKTPHUUECKOM IIape.

Lenbio HacTosIIeH pabOTHI SIBISIETCS U3yUCHUE
NPUPOIBI TAKOTO AaHOMAJbHOTO TOBEIEHHS CIIEK-
TPaJBbHBIX XapaKTEPHCTHK C(HEPUIECKOTO AUDIICK-
TPUYECKOTO PE30HATOPA.

1. 3apaua qudpaxuuu. [Tycts B oqHOPOIHOM
U30TpoIHO# cpene (obmacts Dy) umeercs: oxHoO-
POIHBIN M30TPONHBIA JUAIEKTPUYECKHNA 1Iap pa-
auycoM a (oomacte Dq; cm. puc. 1). O6nacts Dy
(s = 0,1) xapakrepusyercss OTHOCHTEIBHON aH-
AIIEKTPUUECKON & U OTHOCUTEIIBHOM MarHUTHOM U
npoHumaemoctsiMu (& > 0, (> 0). BonHoBoe umc-
o B obmactu Dy onpenensercs kak Ky = K\/&s s,
rie K = @/ C — BONHOBOE 4YHCIO B BakyyMme.

IMamaromiee Ha mrap mojie (KOMIUIEKCHBIE aMILIH-

Tyner) oGosnaanm kak (E™,H™). Beexem coe-

puueckyto cucremy koopauHar (r, 6, ¢), cBsi3an-
HYIO C LIEHTPOM JIMJIeKTpudeckoro mapa (€, €,

€, — OpTHI cepruuecKkoil CHCTEMBI KOOPHMHAT).

ITonHOE MoNE 6yHeM HUCKaTh B BUJC
(E'inc’ l:i inC)+ (EO’ HO)’
(E'.HY),

. r>a,
(E.H)= )
r<a.

3necy U jJanee MPEAINoyaraercs, 4To 3aBHCHU-
MOCTh TIOJIEH OT BpeMeHU umeeT BUI exXp (—i wt);
HEepaBeHCTBO I > a ompenenseT obnacts Dy, a He-
paBeHcTBO I' < @ — obOmacts Dj.

KpaeBass 3anmawa mudpakuum Qopmynupyer-
cs creayronmmM oopasom. Tpebyercs onpeneurh
BEKTOPHBIE TIOJIS (EO,HO) u (El,ﬁl), YIOBIET-
BOPSIIOIINE YpaBHEHHAM MakcBelia

VxE® =ikuH®, VxH® =—ikg,E® @)
12

B o0mactsx D (s =0,1), rpaHUYHBIM YCIOBHAM

6 xE™ +& xE"=¢ xE', @
6 xH™ +8 xH=¢ xH'
Ha IIOBEPXHOCTU IIapa U YCJIOBUIO HU3IIyYCHUS
CunbBepa—Miomepa

érx\/ﬂ_oﬁo+\/gﬁozo(r_l) 4)

Opu I —>co PaBHOMEPHO 10 BCEM HAIPaBICHUAM
€,. Ilpu onpezeneHHBIX yCIOBHUAX IVIAJKOCTH 3a-
nava (1)—(4) umeet enuHCTBeHHOE pemieHue [6].

W3 ypaBuennit Makcsema (2) (yuurtsiBast, 9To
V-E*=0, V-H®=0) moxer GBITH MOTYd4EHO
BEKTOpPHOE ypaBHeHHUe [ ebMrosiblia A1 SIeKTpH-
Y4ECKOTO TIOJIS:

AE® +kZE® =0. (5)

MarsuTHOE TIONie OIpPEAeNseTCS TpPH TaKOM
MOJIXO/I€ M3 MEePBOTO ypaBHEHUs MakcBesia:

HS = V x ES.

1972
JIMHEeTHO HEe3aBUCUMBIMU PEIICHUSIMUA ypaBHE-
Hus (5) B cepudeckoil cucreme KOOpIHMHAT SIB-
asiotest [7] BeKTOpHBIE ChepHyecKrue BOIHOBBIC
¢yuxkuun (VSWF, anni. vector spherical wave
functions) [7, 8]:

(|)
N (F k) = n<n+1)§; D5 6.0+
(1)
w50 08 0.0) )
:

S

0 (2)=

e §30(2) = yn(2)= J?Jnm(z),

é’n(z)—J—H(l)l/z(Z) — ¢yukipn PuxkaTn—

Beccens mepsoro u Tpethero pona; Jn.y(2),
H (1)1 /2(2) — ynkuu beccens u Xankens nomuy-

IIEJTIOTO MHJEKCa. BEKTOpHBIE chepruueckue Tap-
MOHHUKH, BXojsIue B (6), UMEIOT BH

Pun(0.9) = Py (cos0)e™ &,
Bun (60.0) = {27 (06, +imz] (6)¢, } ™,
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Con(0.9)={imz] (0)¢, — 7 (0)e, }e™

dP."(cos8) P (cos @)
Ton(0)=—"——, 7 (0)=—"——,
e Tpn(6) do mn (6) sinf
P"(cos@) — OpTOHOPMHPOBAHHBIE MPHCOEIH-

Hennbie Qynkipn Jlexanapa [9]. ITockoibky
VxMD(F k) =k NDF k), VxMD(F k)=

=k N(I)(r Ks), mome (ES,H®) NpPEICTaBUMO B
BUJIE

+BS MU (F k)

-n

AS N (7 kg )+]
(7)

AS MO (F k) +
33 }

Ikus i _nLBS NO (F k)

S S
rae Ay, 4 B, — Ipou3BOJIbHBIE KOHCTAHTHI.

Hapsiry ¢ VSWF (6), npuMeHeHHe HaxOmsT
VSHE &Y, N n M, Wisl:

e(h)
M
N i‘r’,(”}(r, ke)=n(n+ 1>—§2ks(rk)2r) x

m¢} s
nme
cosme | .
0
+§r;(|)(ksr) Zmn( {sinm¢}l9+

ST mz () —sinmeg 3 ’
r
mn cosme | ¢

xP"(cos 0){

e()
i {o(l)}(rj k)= ED (k) y

mn ksr
—sinme| .
mrz (6 -
mn( ){ cosmgp}e
X b
cosme| .
T
mn ){sinm(p}‘/’
2R | [
o (= N £ (DN,
2IN
aMED
| |
o (=M (-DME,
2iM
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B tepmmnax stux VSWF mpencrasnenus s
moseit Buma (9) MepemucHIBAIOTCSA CIEAYIOIINM
obpazom:

ES(F)=
{A%%HN*%(HI) " ipﬁ](—)l\]O(l)}Jr
{Bs(+)Me(l>)+,Bs( )Mo(n}

ks )

~ ol i Ve o(l
i i {ANINED +i AN+
X

m-on-(mn| +{ B Na +iB3 N

7€ 3HAKU «+» U «—» B BEpXHUX HHJIEKCaX KOdPPu-

B3(¥) oGosmauaror npeoGpaso-

mn}[“’é‘mo]

umentoB ASY) u

def
Bamms Buga his) = [hmn +(-1)
def
u (m,1) = max(m,1).
BbyneMm mnpexmonarars, 4To majaromiee MHoie

(E"™, H'"®) MosxeT GBITH PeICTABICHO B BUJIE

!amnN(l)(r k0)+]
+ﬂmn (r’ 0)

o MW (F, k0)+]

oty 2,2 +BnNO (k)

Ik'u 0 n=1m=-n
e Oy, U Pyn — U3BECTHBIC KOI(DDHIMSHTHL.
ITonnoe none Oyaem uckars B Buae (1), rne

£0(r) =i 2 [C‘Méﬁ(r ko>+]

+D2 M) (F ky)

|nc

Oy = i [CO MO, ko)ﬂ
ikﬂo n=1 m=-n +D (3)(I’ 0)
R = & | cl N (F k) +
El(r_): mn 1
nZ ZnLDl MO T k)|

DN

MO (P, k1)+]

Ikﬂl i m——n +D1 AN (T k)
rae Con, Dpns Chns Dy — HemsecTHbie kod(-
(bUIHeHTEI.
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VIOBIETBOPHM TpaHUYHBIM ycloBusM (3) Ha
MOBEPXHOCTH I1apa, BOCIHOJIb30BAaBILIUCH IPEA-
CTaBJICHUSAMU

e
§<'>S<k r) ©
& x M (F.kg) = - Cn(0:0)
S

U OPTOrOHAIBHOCTBHIO BEKTOPHBIX C(HEPHIECKUX
TapMOHHK (O, — cumBon Kponexepa)

2 PT
jo jo By Clry Sin6d0d g =
2w pw oy
=j0 jo Cn By 5in60d6d =0,

2 T o
jo jo By By 5in0d6d g =

(10)
=22(=)"n(n+1)8p,, 0y, »
b7 Y S
jo jo Coon C 1y 5in000d 0 =
=22(=D)"n(n+1)8y,,0,,
Ymuoxkas ycnoBus (3) Ha é:nn 6,p) mu

%

Cin(6,9) n yuntsiBas (9), (10), nomydaem 1se
HE3aBHCHUMBIEC CHCTEMbBI JIMHEHHBIX airebpamnde-
CKHMX YPaBHEHHM:

amn l//n (koa) + C_:r(T)m é/n (koa) =

= &Crlnn l//n(kla)»

‘ L (11)
Omn V/r,l (koa) + Cmné,r;(koa) =

k ,
:k_ocrlnn v (kja);
1
ﬁmn Vh (koa) + I:_)r(r)m é,n (koa) =
kO Dl
ki
Brn¥i (Kg2) + Dy &1 (kg2) =

= Lt} Drlnn l//é (kla)-

mn lr,/n (kl a) s
(12)

My

CucreMa JHHEHHBIX alreOpanvyecKux ypaBHe-
uuit (11) omuchIBaeT MO BICKTPUUECKOTO THIIA
(E-tumna wiu TM-Tuma), a cucTeMa JIMHEMHBIX all-
rebpandeckux ypasHeHuii (12) — oy MarHUTHO-
ro tuna (H-tuna win TE-tuna). Cucrembl JTHHEH-

14

HbIX anrebpanueckux ypasuenuit (11), (12) ume-
0T CJIEYIOIIEE PEIICHHE:

Con = 100mn / Aq (to / 111, Ko / K3 Ky, ko),
mn = 160 (4o / 111,k /K3 ki, Ko@) Croy

=iBmn / An(Ko /Ky, iy 1 55 K12, Kpd),
ISr?m =10, (K / Kys by / 14y kla>koa)Dr1nn’
rae
def
An(xa y;VsW) = XV/n (V)gﬁ(W)— yV/r/1 (V)gn (W)a
def
On (X, Y3V, W) = Xy (V)@ (W) = Yy (V) y (W).

2.3anaya Ha coO6cTBEeHHBIE KoJie0anms. [lepe-
HaeM K U3y4eHHIO COOCTBEHHBIX KoJeOaHUil 1u-
ANEKTPUUECKOTO IIapa, T. €. JIEKTPOMarHUTHBIX
noJjiel, KOTOPbIE MOTYT UMETh MECTO B OTCYTCTBHUE
nagarornero mond. [lomaras xosddunuerTsr o,
B TATAOIIETO TIOJISE PABHBIME HYJIO, CHCTEMY
JMHEHHBIX anredpandeckux ypauenuit (11), (12)
CBElleM K OJIHOPOAHBIM CHUCTEMaM JIMHEHHBIX ai-
re0OpanvecKkux ypaBHEHUH CIeIYIOUIero BUA!

Cnlko) = 20CL w (k)
M (13)
Con&r(kpa) = ° C‘ V(TS
n;n(koa) = 0 Dl mn ¥n (kla)a
B p (14)
Dpn &7 (koa) = 70 Do V7 (k).
1

CucremMa JHHEWHBIX anreOpamdecKux ypas-
uennii (13) ommchiBaeT cOOCTBEHHBIE KOIEOAHUS
anekTpuaeckoro tumna (E-momer wim TM-mozsn), a
CUCTEMa JIMHEHHBIX ajareOpanvecKkux ypaBHCHHUU
(14) — cobcTBeHHBIE KONeOAaHUS MATHUTHOIO THIIA
(H-momer miu TE-Mozpr).

U3 ycioBus CyliecTBOBaHHMS HETPHBHAIBHBIX
pemenuit 3tux CJIAY monmyyaem ypaBHEHHS IS
HAXOXJICHUSI COOCTBEHHBIX YaCTOT JTUAJICKTpHUYE-
CKOTO TI1apa:

_l//n(k a)é,n (kOa)_

H

Ryt k)=0 Ewom);  (15)
1
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k
k—OV/n (k@) ¢y (koa) -
1

—%w;<kla>;n<koa>=o (H-wome).
1

(16)

Tonaras m3sectabiMu Cp, 1 Dy, HaXOTUM

— k,a)
CO :ﬂl//n( 1 Cl ,
" ke
— K (k;a)
Dr?m = ¥nth Drlnn~
k1 gn(koa)

3. Kparkuii ananu3 co0CTBEeHHBIX KoJjeda-
Huii. CoOcTBeHHbIE KOIEeOaHUsI N30TPOITHOTO M-
ANIEKTPUYECKOTO I1apa JEJSTCS Ha JBa CEMEHCTBa!
1) xonebanus osnexTpuueckoro tuma (E-momsr
wi TM-monel); 2) xkonebGaHus MarHUTHOTO THIIA
(H-momer mmm TE-Mozpr). CoOCTBEHHBIE YaCTOTHI
9THX KOJeOaHWH HAXOAATCS COOTBETCTBEHHO W3
ypaBuenuit (15) u (16). A3umMyTanbHbINA HHACKC M
He BxomuT B ypaBHeHus (15) u (16), T. e. umeer
MECTO BBIPOXKJICHUE COOCTBEHHBIX YacTOT IO MH-
nekcy m. KpatHocTs BeIpoxkieHHs paBHa 2N+ 1 —
9TOT pe3ynbTar cieayer us mpencrasienns (13).
Jua E-mon HopMupoBaHHOM COOCTBEHHOH YacTo-
TeE knqa =(@pg/C)a (g — HOMEp KOpHSI ypaBHEHUS

(15)) cooTBETCTBYIOT MOJBI E;‘mq (m=0, ..., n),
OIHUCBHIBAEMBIE  IOJIAMHU Eémq (N = A,%(rr )Nr?]ﬂ),
Hinng (F) = (ks / k) A M,
(m=1, ..., n), omMCHIBaEMBIE MTOIAMH E;’nnq(F) =
=IASONOD  HE () = (K / ik )i AY M.
Ja H-mox HOpMupoBaHHOW cOOCTBEHHON YacTo-

U MOJBI Enﬂnq

TE knqa =(@hg/C)a (g — HOMEp KOpHS ypaBHEHUS

(16)) cOOTBETCTBYIOT MOJIBI Hsmq (m=0, ..., n),

onuchiBaeMbie nomaMu  Epoo (F) = Bot M ey,

s = ; s(+)ned
Hung () = (K / ik ) BotONS,
- ES ey =
(m=1, ..., n), onuceiBaemble nomsamu Eq . (F) =

_ips(=)pgod s N ; ins(=)Nod
- IBmlgl )Mmlgl)’ Hmnq(r) - (kS /IkﬂS)IBmI('] )ng)
B [3] 651510 mMOKa3aHo, 94TO CIEKTP COOCTBEHHBIX
KoJie0aHui cPepruecKOro AUIIEKTPUIECKOTO pe-
30HAaTOpa pacIIeIUIIeTcs Ha BHyTpeHHHE (mose
pacrpesielieH0 BHYTPU PE30HATOpa) W BHEIIHHE
(moyie pacrpezeneHo B OKPECTHOCTH IOBEPXHO-

CTH pE30HATOpa WJIM BHE €r0) MOJBI M OKa3biBa-
eTcsi 0oJiee CIIOKHBIM, Y€M Yy TOJIbIX 00BEMHBIX

U MOJIBI Hr?mq
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pe3oHaTopoB. OH COCTOUT U3 JBYX CEPHM, Kax-
JIOW U3 KOTOPBIX CBOMCTBEHHA pa3juyHas 3aBU-
CHMOCTh OT JIUIJICKTPUYCCKOH MPOHHUIIAEMOCTH
mapa. COOTBETCTBEHHO KOPHU XapaKTepUCTHYe-
CKHX YpaBHECHHMH BHYTPCHHHX M BHEIIHUX MO
1eNieco00pa3Ho HyMepoBaTh OTAeIbHO. Bo n3be-
JKaHUE MyTaHUIBI JJIS1 BHYTPEHHUX MOJ| OCTaBIIS-
10T 3a1UCh T Mg Wi TE g, @ JUIS BHELIHUX MOX
A00aBIAIOT WTPUX HpH HHACKCE (. TMpy,q mim
TEng - B ommame ot pabor [3, 5], B nactosmeti pa-
0oTe kojeOaHus KIACCU(PUIMPYIOTCS HE O BO3-
pacTaHWi0 peajbHOM YacTH COOCTBEHHOMN YacTo-
Thl. KoneOanus knaccupuImpyoTcs Mo CTPYKTY-
pe snekTpoMarHuTHOTO moiisi. OCHOBaHUEM ISt
TaKOW KJIACCU(HKAIMK SIBISICTCS] OMUCAHHOE Jia-
Jiee B3auMOJIEHCTBHE COOCTBEHHBIX KOJIeOaHHH.

ITpu pukcHpoBaHHOM HHIECKCE N YHUCIIO BHEII-
HUX MOJ KOHEYHO. J[JI1 BHEHMIHHX MOJ Tanq,
ypasuenue (15) npu Hedernom n umeer (N + 1)/2
KOpHEi, a mpy ueTHoM N — 1 + n/2 kopHs (0nuH KO-
PEHBb IMEET HYJICBYIO PeabHYI0 4acTh). [lomo0OHas
KapTHHA UMEET MECTO M JUISl BHELIHUX T E,q-MOL:
npu HedeTHoM N ypaBHenue (16) umeer (n + 1) /2
KOpHEeil (OZIMH KOPEHb UMEET HYJCBYIO PEasbHYIO
9acTh), a MPU YeTHOM N — 1 + N/ 2 xopHeii.

CobcrBennbie 4actoThl TMpn- 1 TEq,-Mon
chepryecKoro IUIEKTPHIECKOTO Pe30HaTopa sB-
nsirorest koMrutekcHbiMu [3]. KomrutekcHas co0-
CTBCHHAsl YacTOTa O3HAYAeT, YTO COOCTBEHHBIC
KoneOaHusl ABISIOTCS 3aTYXaloIIUMHU. B JIFOOOM
OTKPBITOM PE30HATOPE UMEIOTCSI IOTEPU Ha M3ITy-
YeHHe, KOTOPbIe MPHHIMITNAIBHO HEYCTPAHUMBI.
Crektp COOCTBEHHBIX YacTOT JHAICKTPHYECCKOTO
pe30HaTOpa Ka4eCTBEHHO MEHSETCS B 3aBUCHMOC-
TH OT BEJIMYMHBI MATEPUANTLHBIX KOHCTAHT.

4. B3ammoneiicTBHe COOCTBEHHBIX K0.Ie0a-
Huii. Ha puc. 2 u 3 moka3aHbl 3aBHCUMOCTH peaib-
HBIX 9acTel (HOPMHUPOBAHHBIX) COOCTBEHHBIX Yac-
tor Re(ka) u norapupmor mobporrocteit 1g(Q)
(Q =-0,5Re(ka) / Im(ka)) mepBbIX COOCTBEHHBIX
xonebanuii TMgnq 1 TMgqq (N = 2,4) ot Bennumubl
JHdIIeKTprYeckoi nponunaemoctu & (Im(g) =0,
Uy = Uy = & = 1). U3 pucyHkoB BUAHO (CM. TaKkxke
[3, 5]), 4TO B OKpPECTHOCTH HEKOTOPHIX 3HAUECHHIA
£ peasibHbIe YaCTH COOCTBEHHBIX YaCTOT CONMKA-
I0TCs1 — 00pasytoT rpaduk BuHa, a moOpoTHOCTH
(kak ¥ MHUMBIE 4aCTH COOCTBEHHBIX 4acTOT) CO0-
CTBEHHBIX KolieOaHuii mepecekatorcs. Ha puc. 3
HaOIOaeTCsl BTOPOM BapHaHT MOBEJCHUS CIICK-
TPaJbHBIX KPUBBIX: PeaIbHBIC YACTH COOCTBEHHBIX
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Re(ka)
12
10

N N O
N oW A

&

19(Q)

1,0 4

0,5

0,0
10 %
7
Puc. 2. Tpapuku 3aBucumocreit Re(ka) («) u 19(Q) (6) xo-
nebanuit TMy,y- (kpuBas 1), TMgy; (kpuBast 2), TMy,, (kpu-
Bast 3), TMgys (kpuBas 4) ot g (1 =1)

Re (ka)
14
12
10
8
6 4
4 3
2 2
0 & 1
a
I9(Q)
2,5 1
2,0
15 4
1,0 3
0,5 2
0,0
2 4 6 8 10 &
o

Puc. 3. Tpadpuku 3asucumocreii Re(ka) (a) u 19(Q) (6) xo-
nebanuit TMyyyr (kpuBast 1), TMy,, (kpuBas 2), TMg,, (xpu-
Bast 3), TMy,3 (kpuBas 4) ot & (1, =1)
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Re (ka)
2,8

2,6

25

2,4

23 5
2.2

21 2 2 1
2,0 &
19(Q)

0,8

0,7

0,6

0,5

0,4

0,3

0,2

0,1 &
4 5 6 7 8

0

Puc. 4. Tpapuku 3aucumocreii Re(ka) (a) u 19(Q) (6) xone-
Ganuit TMyy, (xpuBast 1) 1 TM,,- (kpuBas 2) ot € npu pas-
HBIX 3HAYCHHSIX (1. CIUTOMIHAS JIMHMS — Ly = 0,8; myHKTHpHAs
nuuust — (g = 0,9; wrpuxnyHkTHpHas auHus — Uy = 1,0

6 2

Puc. 5. Pactipenencuue ‘I—T‘ (y=1)a-¢ =3,ka=2,256 -

~0,731i; 6 £ =9, ka=1,761-0,059i; 6 - &, = 3, ka=3,321 -
—0,596i; 2 — £ = 9, ka = 2,181 — 0,689
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Y4aCTOT MEPECEKAIOTCS, a TI0OPOTHOCTH (KaK U MHH-
MBI€ YaCTH COOCTBEHHBIX YacTOT) COOCTBEHHBIX
konebanuit commkatorcs. Ha pucynkax atu obmac-
TH 0003HaYEHBI KPYKKAMH.

OnucaHHOe aHOMAaJIbHOE TIOBEIeHHE COOCTBEH-
HBIX YaCTOT MOOYAMIO aBTopa paboTsl [5] BbIcka-
3aTh MPEIION0KEHNE O BO3MOKHOM BBIPOXKICHUN
BHYTPEHHUX U BHEIIHUX MOJ AUNIEKTPUYECKOTO
mapa. Onpenensioniee BIMSHAE HA XapakTep Io-
BE/ICHUS CTIEKTPAbHBIX XapaKTEPUCTUK B YCIOBH-
SIX KBa3UBBIPOXKCHHS, IO MHEHHIO aBTOPa paboThI
[5], umetot motepu (Im(g;) # 0) B muasnexkrpuue-
ckoM mape. OnHaKo U3MEHUTh HOBEACHHUE CIICK-
TPaJbHBIX KPUBBIX MOXHO WU APYTUM CIIOCOOOM.
Ha puc. 4 nmpuBeneHBI 3aBUCUMOCTH COOCTBEHHBIX
4acToT OT & Konebanuil TMy,, u TMgyq. Ipu pasz-
HBIX 3HAYEHUSX [/ . CIUIOUIHBIE KpuBble — 1y =0,8;
MyHKTUpPHBIE KpuBble — L4y = 0,9; mTpuxmyHkTup-
Hble KpuBble — 1y = 1,0. Ilpu 1y = 0,8 xpuBsIe pe-
QJIBHBIX 4YacTell COOCTBEHHBIX YaCTOT IIEepeceKa-
FOTCsI, @ KPUBBIE TOOPOTHOCTEH COOCTBEHHBIX KO-
nebannii commkatores. [Ipu 1y = 1,0 kpusble pe-
AIBHBIX YacTeil COOCTBEHHBIX YaCTOT COMMKAIOT-
cs (oOpasyroT rpadpuk BuHna), a kpuBbIe 10OPOT-
HOCTEHl COOCTBEHHBIX KOJEeOaHHMH IMEpeceKaroTCs.
Ipu 1y = 0,9 MOXXHO TOBOPHUTH O BBIPOXKICHUU
COOCTBEHHBIX YacTOT ¢ IpaMuecKoil TOUHOCTHIO.
Hudpamu Ha puc. 4 0003HaYEHBI COOTBETCTBYIO-
LIMe TUMBI Konebanuid. 3ametum, uto npu 4y = 0,9
u Yy = 1,0 npu u3menenun &; HaOmonaercs 00-
MeH Turmamu konebanuit. [Ipm 1y = 0,8 oOmena
THTIA KOJIeOAaHWH HE TPOMCXOIUT, HaOIIOHacTCs
TOJILKO THOPHAM3AIUS THUIIOB KoJeOaHW B He-
KOTOPOW OKPECTHOCTH TOUYKH (&) TepeceucHus
KPHUBBIX PEANbHBIX YacTell COOCTBEHHBIX YaCTOT.
I'ubpunuzanms TUIIOB KojeOaHWN MPOUCXOIUT U
mpu Uy = 0,9 m 1y = 1,0 B HEKOTOpPOH OKpECTHO-
CTH TOYKH (&) MaKCHMAJIBHOTO CONMKCHHUS pe-
aJTBHBIX YacTell COOCTBEHHBIX yacToT. Ha pmc. 5
MPUBEJICHO paclpeleiCHue TMoJeH KoyieOaHui
TMg,q 1 TMg,¢ B cityuae oOMeHa Tumamu kojeba-
wuid (¢y = 1,0). Ions Ha puc. 5, & U 6 OTBEYAIOT
ITPUXITYHKTUPHOU CIIEKTPATIbHON KPUBOM YEPHO-

BUBJIMOI PAGMYECKHUIA CIIMCOK

To IIBeTa Ha puUC. 4, a, 6 U 2 — ITPUXITYHKTUPHON
CTIIEKTPaJIbHOM KPHUBOH CEpOro IMBETa. 3aMETHM,
YTO BO3MOXKHO MHOTOKpaTHOE IpeoOpa3oBaHue
mox (puc. 3).

OnucanHOe MOBeACHHE COOCTBEHHBIX YacToOT,
IOOPOTHOCTEH COOCTBEHHBIX KoJeOaHWi, CTPYK-
TYpbl COOCTBEHHBIX KOJICOAHWH NpH HW3MEHEHHUHU
3HAYEHMII MaTepHANIBbHBIX TAPaMETPOB (B 4aCTHOC-
TH, JAMAJIEKTPUYECKOW TPOHUIIAEMOCTH WM M-
ANEKTPUYIECKUX MOTEPb) JOCTATOYHO XOPOLIO M3-
BECTHO B nuTeparype (cm., Hanpumep, [10, 11]) n
oTpenensieTcs Kak SBJICHUE MEXIYTHUIIOBOW CBA-
31 kosebanuii. B pabore [11] paccmorpeno B3a-
HUMOAENHCTBUE COOCTBEHHBIX KOJIEOAHUI IUANIEK-
TPUYECKOTO Iapa C COOCTBEHHBIMH KoJeOaHHS-
MH OTKPBITOTO PE30HATOpa, HO 3aKOHOMEPHOCTH
9TOTO SIBJICHUS T€ )K€, YTO OMHUCAHBI BhIlIe. Takum
00pa3oM, aHOMaJILHOE MOBE/ICHHUE CIIEKTPaIbHBIX
XapaKTePUCTHK CHEPHUUECKOTO TUIIEKTPUUECKOTO
pe30HaTopa SBISIETCS CIECTBUEM MEKTy TUIIOBOI
CBSI3U KOJICOaHUH, KOTOpasi IMEET MECTO B PacCMar-
pUBaeMOM pe30oHaTope.

BoiBoabl. [lpuBenensl pemenus 3agadund aug-
PAKLUH ¥ CIIEKTPAIBLHOM 3a1auu 1Sl CheprIecKo-
TO JAMAIEKTPUYECKOro pezoHaropa. Pemenus oc-
HOBAaHBI HA MPEICTABICHUN 3JIEKTPOMArHUTHOTO
NOJISL B BUZIE PA3JIOKEHUs 110 BEKTOPHBIM cepu-
YEeCKHM BOJHOBBIM (DYHKIIHSIM.

ITpoBenen pacuer 3aBUCHMOCTEH MEPBBIX COO-
CTBEHHBIX YacTOT C(EpPHUUYECKOTO IUIIEKTpUYe-
CKOTO Pe30HaTopa OT OTHOCUTEIBHON JAUAICKTPHU-
YyecKod mpoHuIaeMoctu mapa. IIpensoxkeH cro-
co0 kinaccuukanuy COOCTBEHHBIX KojieOanuit. OH
OCHOBaH Ha CTPYKTYpe COOCTBEHHBIX KOJICOAHUI.

OOHapy>KeHO U UCCIIEJOBAHO SIBICHHE MEXIY-
THIIOBOH CBSI3M KOJEOAHWH B JHAICKTPHYECCKOM
mape. B kagecTBe ynpasIsionmero napaMmeTpa 3To-
T SIBJICHUSI HCTIONIB3YETCSI OTHOCUTEIIbHAS IUDIICK-
TpHYeCcKas TPOHUIIAEMOCTh Iapa. YCTaHOBIJIEHO,
YTO B3aMMOJICHCTBYIOT BHYTPCHHSSI M BHEIIHSS
Mmozpl. [TokazaHo, 4To MpH U3MEHEHUH TUIIEKTPH-
YECKOW MPOHUIAEMOCTH BO3MOXXHO MHOT'OKpAT-
HOe npeo0pazoBaHUe MO/,
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THE EIGENMODE INTERACTION IN A SPHERICAL DIELECTRIC RESONATOR

Subject and Purpose. It is known that varying the relative dielectric constant of a dielectric spherical ball causes disturbances
in the normal behavior of some of its eigenfrequencies and corresponding eigenoscillations, going with the transformation of
the latters. The purpose of the work is studying the laws of this anomalous behavior of spectral characteristics of a spherical
dielectric resonator.

Methods and Methodology. To achieve the goal, the corresponding spectral problem is solved. The solution method is based
on the electromagnetic field expansion in vector spherical wave functions.

Results. For a spherical dielectric resonator, numerical curves of the first eigenfrequencies were obtained depending on the
relative dielectric constant of the sphere. A method is suggested for identifying eigenoscillations based on their structure. It is
found that the anomalous behavior of spectral characteristics of a dielectric sphere corresponds to the well-known phenomenon
of intertype mode coupling of the oscillations. Also, as shown, it is the relative dielectric constant of the sphere that is a control
parameter of the considered phenomenon. It is established that the interaction holds between internal and external modes. And
as the dielectric constant varies, multiple mode conversion is possible.

Conclusions. The results of the conducted studies allow us to explain the nature of the anomalous behavior of the spectral
characteristics of a spherical dielectric resonator.

Key words: spherical dielectric resonator, eigenfrequency, eigenmode interaction.
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10.B. Csiwos

IPE im. O.4. YeukoBa HAH VYkpainu
12, Byn. Axan. IIpockypu, Xapkis, 61085, Ykpaina

B3AEMO/IIA BJIACHUX KOJIMBAHD ¥V COEPMYHOMY JIEJIEKTPUYHOMY PE30OHATOPI

I[peamer i meTa podoTu. Binomo, 1o y BUMagKy 3MiHU BITHOCHOT JICIEKTPHYHOT MPOHUKHOCTI KyJi JUIs NESKHUX ii BIACHUX
YaCTOT Ta BiIIOBIMHUX M BIIaCHUX KOJMBAHb MA€ MiCIle aHOMAJIbHA MTOBEIiHKA (BiIXUICHHS Bil HOPMH B TIOBEIIHII BIACHUX
4acToT, TpaHc(opMallist BIaCHUX KOJIMBaHb). MeToro 1i€i poOOTH € BHBUCHHS 3aKOHOMIPHOCTEH aHOMAaJIbHOI MOBEIIHKH CIICK-
TPaNBHUX XapaKTEPUCTHK JieTeKTPIIHOT KyIi.

MeTtoau i MeTomos10rist po6oTH. [I151 JOCATHEHHS IIOCTABIICHO! METH HaBEICHO PO3B’SI30K BiITOBIHOI CIEKTPAIEHOT 3a/1a4i.
OCHOBOIO METOY PO3B’sI3aHHS 331a4i OyJI0 MOJAHHS eJIeKTPOMArHITHOTO MOJIS y BUIVIA/1 PO3KJIaJaHHs 32 BEKTOPHUMH cheprd-
HUMU XBHJIBOBUMH (QYHKIISIMU.

Pe3yabTaTn podoTn. BukoHaHO po3paxyHOK 3aJ€KHOCTEH IEpIINX BIACHUX YacTOT ChepUIHOTO MieNeKTPHIHOTO pe30Ha-
TOpA BiJl BITHOCHOI Ai€IeKTPHIHOT IIPOHUKHOCTI KyJIi. 3aIporoHoBaHo crioci6 Kiracu¢ikanii B1acHuX KoiauBaHb. OCHOBOIO I1bO-
TO crIoco0y € CTPYKTypa BIaCHHUX KOIMBaHb. [I0ka3aHo, 10 aHOMAaJIbHA ITOBE/IIHKA CIEKTPAIBHUX XapaKTePUCTUK HieIEeKTPHIHOL
Ky BiANOBifae 1oOpe BilOMOMY SIBHIY MiXTHIIOBOTO 3B’SI3Ky KOJIMBAaHb. Y SKOCTI KEpPYIOYOTO IapamMeTpa CTOCOBHO LOTO
sIBAIIA OyJI0 BUKOPUCTAHO BiTHOCHY JieJIeKTpUYHY NPOHHUKHICTE Kyii. BcTaHOBIIEHO, 10 B3a€MOIIIOTh BHYTPIIIHS TA 30BHIIIHS
Moxu. [Ipu 3MiHI [ieNeKTpUYHOT MPOHUKHOCTI MOXJIIMBE Oaratopa3oBe HEPETBOPEHHS MOJ.

BucnoBok. Pe3ynsrati mpoBeeHIX HOCTIKEHb Jal0Th MOXKIIUBICTS ITOSICHUTH IPUPOAY aHOMAJIBHOI HOBEIHKY CIIEKTPalTb-
HUX XapaKTePUCTUK c(hEPHUIHOTO JIIeTEKTPUIHOTO pe30HATOpa.

Knrwuogi cnosa: cihepuunuil dienexmpuunuii pe3oHamop, 81dcHa Yacmomad, 83A€MOo0ist 61ACHUX KOIUBAHD.
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