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JIOKAJIbHBIE YPOBHH CHEKTPA
BJIOXOBCKOHW NOMEHHOWN I'PAHUIBI (BAT)
B MATHHTOCTATHYECKOM MNPUBJAWXEHUU

T. E. Xodenroe

LA onpeieseHus CEKTPa ManuX kofeGanuii GIOXOBCKOK AOMEHHON rpamuubl 8 Of-
HOOCHOM (heppoMarHeTHKe MPe/IaraeTcsi MPocToe NPHOJHIMEHHE, OCHOBAHHOE HA TEOPHH
MeAKOH NOTeHUHaAbHOH AMBL B A/NHRHOBOJHOBOM Tpeaese, KOTAa ONPEAC/SIOLUM SBJA-
eTC MarHHTOCTAaTHYECKOE B3RHMOMECHCTBAE, MPCANOMKEHRHA MNOAXOA MO3BONAET HOJYUHTE
VPOBHH NI0KANH30BAHABX HA TPAHHNE MOA. YueT 06paTHHX MPUNOBEPXHOCTHHIX BOJH MpH-
BOJHT K CHMMETDHUHOMY CMEKTPY.

JautensHoe BpeMsi 3ajada O CNEKTPe NPOCTEHIIEr0 MUKPOMATHHTHONO
o6bekta — 180° 610x0BCKOit aoMenHok rpanuubl (BJT) — cayxur npea-
METOM TeOpeTHuecKHX HcesenoBanufi [1—10]. Bes yuera MarautocraTHkH,
a TaKKe B OJHOMEDPHOM MPHOJIHMKEHHH CMNEKTP 3afadH NPOCT: JIOKATH30-
BanHas Oe3akTHBanHoWnas Moaa cmemennii BAT u oriesennas or Hee
uieasio Moa 06beMHBIX CTHROBBIX Bosa [1]. CnoxuocTs 3ajaun mph yuere
NPHIOBEPXHOCTHHLIX BOJH oOyc/oBJeHa CH/bHONK MOAHDHKAUHeHk crekTpa
MATHUTOCTATHUECKHM B3aHMOAeHcTBHEM. B 06/1aCTH MaJbIX BOJHOBLIX BeK-
TOPOB palHKalbHO MeHAeTcs NHCIepcHA Ge3aKTHBALMOHHHIX JOKAJIH30BAH-
uoix na BT xoneGanuit (Heoanopoxusix cMeulenniit BJAT) w Bosmukaer
ACHMMCTDHS CIIeKTPa 1O OTHOIIEHHIO K 3HaKy BOJHOBOro BekTopa [2]. Bos-
HHK4eT HOBAasl BeTBb MPHCTEHOUHBIX KoNeGaumuii onrthueckoro Tuna [3, 8, 9],
TaK JKe, Kak H NepBas Ge3aKTHBANMOHNHAS BeTBb, PACMOJOKEHHAs HUKE
cnekTpa 06heMHBIX CTHHOBBIX BOJIH. B HEMpepHBHOM CHEKTPe MOCJGNHHX
TOSIBJSAETCS KBa3UCTALHOHAPHBIN pe3oHaHCHb ypoBeHs [5, 3, 6, 7]. Yuc-
JeHHBl ananu3 cnekTpa [8] o6HapyKHBaeT RONMONHHTENbHHE JOKaJdbRLIE
YPOBHH, OTIEMJSIONIKECST OT AHA 30HB OOBEMHBIX CTHHOBBIX BOJIH C POCTOM
BOJIHOBOTO BEKTOpA. JIMCHEPCHS HHMKHETO JIOKAJIH30BaHHOTO YPOBHsS (cMe-
wenuii B/IT') B [IMHHOBOSHOBOM Npeiede, cledyioulasi #3 NPHOJHKCHHS
Caonuenckoro [10], nonyuena npu etporoM paccmoTpennn (8], BKmiouas
06acTh MaJIbIX 3HA4CHUN PakTOpa KauecTBa.

B03MOKHOCTb PAcNPOCTPAHEHHA HCIONb3OBAHHBLIX MOAXOAOB, OTNPaB-
NSIOUHKXCS OT CMeKTpa OAHOMepHOH 3aiaum, wa Gosee caoxuwie THub IT,
B 0COGEHHOCTH ABHIKYUIHeCs, He TMpeacTaBJagetcs npoctoéi. He B mocaen-
HIOIO Ouepelb 9TO CBA3AHO C FPOMO3NKOCTBIO PA3NOKEHHS NO COGCTBEHHBIM
(GYHKUHAM ORHOMEDHOH 3a/a4H, KOTOPOE HEOCTATOUHO YWHTHIBAET XapaK-
TepHEIe YepThl MHOrOMepHOro ciyuas. Huxe npeanaraetcss TeopeTHueckas
cXeMa, TMO3BOJSUIAs OTHOCHTENbHO MPOCTO ONPENENHTh CHEKTP 3anauH,
chenats AL OGUIMX 3aKMIOUEHHt O €ro XapakTepe H IoNycKaioulas nepe-
HOC Ha ApyrHe GoJlee CIOXKHBIE CaydaH.

Tlyets OJIH konnnHeapna ¢ ocbio 2z, a naockocts BTN comanaer ¢ xz,
Tak uto nHopmanb K JT —ock y. OaHOMepHas CTPYKTYPa HeBO3MyLIEHHOH
BAT onuceiBaeTcs yrioMm @o=qo(y), OTCUHTHBaeMHM OT OCH z. YpaBHe-
HHA 175 MAJILIX KOJCOAHRI HAMATHHYEHHOCTH WMEIOT H3BECTHBIA BHJ
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NOKa/AbHOM cHeTeMe oTcueTa XyZ, CBA3AHHON C PABHOBECHHIM HamnpaBieHH-
eM BEeKTOpa HaMarHHYeHHOCTH My (y), KoTOpoe coBmajaer ¢ JOKAJbHOMN
ockjo Z: my, — nepneHAuKyJaspHo naockoct B m mx—B miockoctn
BAT nepnesauxkyaspro Mo(y). Maruurocratuueckre noas h=—yy/Q
BbipAXKEHL B MCXOAHBIX KOOPIAHHATaX Xyz. I’J)HHH H3MEPATCH B eAHHH-
uax wupnisl BAT A=Va/B (a, p>0-— KoHCTaHTH O0OMeHa M OXHOOCHOf
AHH30TPOMHH), BpeMa —B eAuHHuax 1/(yMB) (y — MarHHTOMexaHHuecKoe
OTHOILIEHUE, M—*MD)lyJIb BeKTOpa HaMal‘HH‘lEHHDCTH), MarHHTOCTaTHYE-
CKHIT NOTeHIHaJ H3Mepsiercst B eannunax 4nMA, Q=p/4n— dakrop kaue-
crBa. [log MarHuTHHMH nOJAMH B (1) MOXKHO TNOHHMAaTb Takke clalble
BHEUIHHE MATHHTHBIE NOJs, H3MEDeHHbie B eAHHHIAX TONs AHH3OTPOUHH —
pM. Crpykrypy BAT, crenys dynnamentanbsoi pabore [3], BhiGepem B
BHe

sin g = ch~y, cosp, = thy, ¢, <0, )
OnepaTtop

L= ooy +1—2/chty, Lpy=0 ®)

MMeeT HHMKHWHA ANCKPETHBIN YpoBeHb Po=1/chy ¢ myJeBhM COGCTBEHHBIM
3navenneM (Tpancasuuu JT') H OTAeJeHHBI OT HEro IIeJbl0 HeNpephB-
HBI CMEKTP OGbeMHBIX CIHHOBBIX BOJH, KOTOPLIC B OJHOMEDHOM NpHOIH-
KeHHH 6e30TParKaTebHbl.

Kak noxasano B [2, 6, 4], BaxXHO} OCOGEHHOCTBIO HEOZHOMEPHOTO Cay-
uas cucrembl (1) sIBASETCS CHJIbHAS MarHHTOCTATHUECKas Je0KATH3aUHs
no koopaunare y. JlokanusoBanHeie Ha JII' ypoBHH 06.1a0al0T aCHMNTOTH-
KO# exp(—k|y|), rie k— Mausifi BOAHOBOR BekTop B maockoetn [T, Bume-
cto exp(—|y|/A) B onmomeproM cayuae. DTo O3HauaeT, uTO B mpelee
MaJIbIX BOJIHOBBIX WHCEN yDOBHH HEYyBCTBHTEIBHH K AETAJNSIM CTPYKTYDBI
BT, koropsie He mpeBocxoasaT 1/k. VI3 TeopHH MeJKOro ypoBHs ypaBHe-
uns [penunrepa ciexyer, uTO MOTEHUHANH MOTYT OGLITh 3aMeHEHH Ha
nenbra-GyHKUEE §(y), Ko3h(OHUNEHTE nepel KOTOPHIMH 3aBHCAT TOJABKO
OT HHTErpPajibHBIX XapaKTEPHCTHK CHCTeMbl, a NOTEHUHa/bHbE 6apbepbl —
Ha cTyneHyaThie (GyHKUHH.

OcHoBHOE MpHOMMAKEHHEe HACTOsNIeR PaGOTL COCTOHT B Cledyiouleil Mo-
AupHKanHA onepaTtopa (3), BXoasuero B cuctemy (1):

Lol ——amap 41— 2(). @

MoanHKanis npoBefieHa TaK, Y4TOGH COXPAHAJICH HYJIEBOH RHCKPETHHIR
YPOBeHb

A - .

L¥%o (4) =0, o (9) = exp(—1y]), ©)
creflylomui  H3 ycloBHs cummBanMs npu y=0: Y (0—)=¢;(0-+) n
Py (0—) — ;" (0 +) =2¢*(0). BesoTpaxaTeNbHOCTL HCXOAHOrO NOTEHIK-
ana paxe NpH k<1 He COXpAHSETCS, HO HENMPEPLIBHBI CMEKTP, 118 KOTO-

POro BaXXHO yKa3aHHOe OGCTOSTENBbCTBO, HHXKC PACCMATPHBATBCR He OyieT.
CoOTBETCTBEHHO BHpaxeHist (2) TaKike MPeTepueBaioT H3IMEHEHHA

sing, — 26 (1), cos ¢, — sgn (1), (6)

rie sgn(y) —3nakoBas ¢yvHKuHA. [TepBoHayaIbHas 3a1a9a C MepEMEHHbI-
MH KO3(@UIUHEHTaMH CBOAHTCH K CHCTeMe JaHHeAHMX YPaBHeHHH C mocTo-
SHHEIMH KO3 (HUHeHTaMH B A8BYX o6aactax y>0 u y<O0 ¢ ycloBHAMH
ClIHBaHHSA, 06YCAOBICHHRME §-NOTeHnHaaoM npH y=0.

Cuayana o6paThMcs K HanGo/see HHTEPECHOMY C/ydalo: NPHCTEHOUHbe
KO/e6aHHs He 3aBHCAT OT KoOpAHHATH Baoas OJIH —z u pacnpocrpans-
10TCA BAOAb OCH X, YCJIOBHA CHIHBRHHA PelleHHi B HyJje, Kak BuAHO 3 (I)
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C 3aMenamyu (6), COCTOSIT B HEMPEPHBHOCTH KOMNOHEHT HaMArHHYCHHOCTH
Mx,y, HEMPEPLIBHOCTH MATHHTOCTATHYECKOrO TNOTEHUHAJa ¥ H €ro NpOH3-
BOAHOH Jx/0y. Ha npousBofHBe HAMAarHHYEHHOCTH O-TIOTCHUMAT HAKJIAAbl-
Baer ycJoBHe

_Omx, y(y>0+4) 4 Imx.u(y—>0—) _ 7
e 2my,, (0), o

Pemenne moanpuuuposanHoit cucremn (1) muiem B Buie mpsmoit Gery-
meit BOAHE exp(—iwi+ikx). TIpu onpejiesleHHH CMeKTpa 4acTOTY @ [OBCIO-
Ay Gyaem CUHTaTh TMOJOXKHTEJbHOMN, Mpeinojaras, yrTo KoneGanus BO3OYX-
RawoTcs cAabLIMH BHELIHHMH TOJISIMH, KOTOPHle BellecTBenHsl. Bosvosxua u
HHAA TOCTAHOBKA 3afaud, TPebylollas yueTa OTPHUATEJBHBIX HaCTOT, —
3aaga KouH ¢ HauaNbHBIMH YCAOBHSMH [3].

Jasi  TPUCTEHOUHBIX  KOJAeGAHHi ~ aMIMHTYAB  TIPONOPUHOHABIK
exp(—py) B obnactu y>0 u exp(py) B obaactu y<0, mpHueM MOAJIENKA-
1He ONpejeNeHHIO MoKazaTeldu p=p(w, k) noJOXHTeJbHE. Boaumkaio-
1[He ypaBHEeHHS A5 NoKasaTeseli ONHHAKOBH B 0Genx o6aacTax

[For+dre—p R =]

’ ®)

HO ypaBHeHHs AJS aMIVIHTYA pas3/H4yaloTCA H 3aBHCAT OT 3HAKa k.
Byaem cunrath cHauana k nosoxurensHbiM. Ecou uwactora Membue
YaCTOTH 06BEMHLIX CTHHOBLIX BOJH

o <o=V{I+([1+EF1Q),

TO (8) mMmeer wecTh AEHCTBHTELHBIX CHMMETPHYHBIX KODHEH, H3 KOTODPHIX
JIOCTATOUHO TOJBKO TPEX MOJOKHTEbHEIX

P 0=V 1412018 £ VTG F o7, o= ©
Pewenne (1), o6pamaioueecs B HyJb Ha 6ECKOHEUHOCTSX, 3ABHCHT OT

LIECTH MPOH3BOJBHEIX NOCTOSHEBIX C{° (i=1—23)
m, =Cte iyl —|—C*e""”“" +Cie —RIJ‘
my =i (Cts, eyl + Cise— ! P21¥) —CEehI0lY; (10)

r=sen () (Cire™™ | 4 Cire™¥! 1 C5Q(1 —w)k-e*1"1),
riie BBeIeHH 0603HAUCHHS
r{p)=lok—p(l—p*+END(p), s(p)=lkp/Q — o (P*— KD (p); (11)
D(p) =(p*— &) — (P> — k)P~ R2/Q, (12)

Bepxunii 3HaK OTHOCHTCH K 06aacTH y>0, HHKHHN — y<O0, HHAekcH 1 1 2
Y GYHKUHIL 7 W § yKa3LBAIOT HA 3aBHCHMOCTH OT py W pa. Mcnoabsys yeno-
BHAL HEMPEPLIBHOCTH M, ¥, dy/0y  (7), noce BBeeHNs CHMMETPHUHBIX Tie-
pevmenunx a, =C; —C7, b= =Cr+cCr NPHXOAKM K pacnajaiouleiics cH-
cTeme

a, +a,+a,=0, s,a, +sa,—a; =0,
N10ia; - rapaay - Q1 — @) a,=0; (13)
(pr—1) by + (P~ 1) by + (k—1) b, =0,
S P—= Db+ 5P — )b —(k—1) by
by + raby + Q1 — @)/k-by =0,

a4
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1
OTMeTHM 34€Ch, YTO BEYHC/CHHE HOPMATbHOTO NOAs A, = — T /0y no

(10) We NPUBOAHT K BO3HHKHOBEHHMIO §-GYHKIHH, TaK KaK COOTBETCTBYIO-
uIHit Ko3G@HUUKHCHT HCUE3aeT B CHJY TOCAE[HErO W3 ypaBHenmfi (14).
Cucrema (13) npHBOAMT K QHCHEPCHOHHOMY yPaBHEHHIO AJIS @

QU —0) (s5—5) +raps (1 +8) —rip, (1 55 = . (15)

Moxkno ykasarth OJHO €ro AefiCTBHTeIbHOe peutenne o=1+1/Q wan B pas-
MEpHOM BHE

o= yM (B + 4n) (16)

¢ k=0. Yacrora (16) pacnosio:kena B HENDEPHBIOM CNEKTPe OGBEMHHX

CNHHOBEIX BOJH H OTBEHAET KBASHCTALHOHAPHOMY DE3OHAHCHOMY YPOBHIO

[3, 5—7]. Herepmunant cuctemnl (14) mpu sToM He ofpamiaerca B Hydb,

nosToMy cobeTBennas (pyuxuus yposus (16) awthcummerpuuna. Hapaay c

9KCTOHEHUHANBHO CTIAMAIOINMA COCTABJSIOUIHMH B HEil HMEeTCs OCLMJJIH-

Ppyfolilas coCTaB/sIONasl, Tak KaK MOKA3aTeNb Py TeNePh WHCTO MHHMBIN.
Jlucnepenonnoe ypasuenne cucrems (14)

LU= (g, — 1) (o2 — Dz — s — (k=1 X

X [ry(pe—=1) (1 +8)—ra(pr— (1 +5)] =0 (17

o6aafaer 6odee GoraTeiM HaGopom peutenuit, CHauana PacCMOTPHM HH3KO-
yacToTHu mpenen k0, @k, KOTODOMy COOTBETCTBYIOT HEOAHOPOAHHIE
cmentenus BT, C TpebGyeMoii TOUHOCTbIO HMeeM

pVTFIQ, py1 + (B — QuY)/2;

nm 1+ UQ, s —Qu/(Qo + A )
~ =@k yiTT0— + 1/ ~——L
o~ SL[EVTRR—0(+10} s~T6

B mepBoM HecHcuesaloulem mpubaukennu modyuaem Hz (17) ypaBHeHue
w2+ 2k0/Q—k?Q=0, uto gaer L MOAH cMewenni BAT

o, = 4myMAL (VT FQ—1), k>0, (19)

Tak kak Bce @;=0, TO KOMIOHEHTEl HAMariHICHHOCTH CHMMETPHYHH Mo ¥.
B uuzweM mno A NPHOAHKEHHH NOJyyaeyM coOGCTBeHHBE GVHKIHH

—kf —piiyl  ~tut o R p—kiyl ]
=C3| —————¢ -+ & +—-fe H
m, S[ZHUQ’”,J ' Ll ]

my = iCy [e"“)(kwm— —;—fe"'“”]:

il )
2--2/Q—2(1+1/Q"?  Qo-t+k

xz@sgny[ e‘”'«]—g—fe’“”]. (20)

me f=(1—5 (VTFQ—D)VTFe

Hecmotps Ha rpy6ocTh MCXOZHOTO npuGAWXKenns, cnektp (19) Touno
BOCTIPOMBBOAHT PE3YABTAaTHl CTPOrOro paccMorpenusi [3], coGerBerubie
DYHKLUUH ONPelesOTC TPeMs XapaKTCpPHHIMH anuHavmu. Ha Goabwmux
PacCTOAMMAX AOMHHHDYET BKaaj SKcriowehTsl e *lvl, Torza kak Ha wMa-
JBIX — CYLICCTBEHHH BCC TP cocTaBisiomie. ITepexofl K OAHOMEPHOMY
cayyalo  Heperyaspen. UToGbl HOJYuHTb  OJAHOMEPHOE COOTHOLUEHHE
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8y/8y=my, cACACTBHE mocaefuero W3 ypasHenuii (1), cieayer cuauama co-
BepWIHTL mepexoa k->0, a satem yxe o—-0. HemepecraHoBowHOCTL npede-
JIOB THNHYHA AAS 33434 C MarHHTOCTATHUECKHM AaJbHOJCHCTBHEM. Cam
npejen, He3aBHCHMO OT MAarHHTOCTaTHYECKOH ocnﬁe}moc‘m, OﬁllﬂﬂaeT eme
HOTIONHHTENbHOR CHHTYJISPHOCTBIO, OTpakaloileli HeycTo#unsocTs BT or-
HOCHTeNbHO CMellennmit. OHa CHHMaETCH NPH BBEJEHHH JIOKAJLHOH aHH30-
Tponuu no [l], sakpenasioute#t npocrpancrsennoe nosoxenwe T, uau
JHCCHNATHBHLIMH YJEHAMH NPH NBHXKeHWH Hesakpemsensoii JIT.
JHpyroe nokannsosannoe y nosepxnoctn BT pemenne ancneperono-
ro ypasnenus (17), Buepsrle moayuennoe B [3], cM. Takke [8, 9], oTBewaer
HH3KOYACTOTHO! BETBH ONTHYECKOro THNA, B npexene k—0, w—>1:

m5=‘yMﬁ(l+%kA), 05> 0, k> 0; o
R=14+VQl2( + 12+ 1V Qi(py + Pa),

rae 6bI0 HCmoab3oBauo r=—1/p u s=1/(p’—1). B mpeneae Q>>1 noay-
gaem R=2yQ, Tak uyro (21) Touwo coBmajaer ¢ pesyasTatamu [3]; B npe-
nene Q< 1—R=2 Bmecto TouHOro 3Hauenus w*/4 no [3]. Xapakrepuo s¢-
(eKTHBHOE NOAAB/ICHHE MATHHTOCTATHYCCKOrO BKAAJA B IIedb B BhIpaixe-
nun (21). AmanoruyHasi CHTYallHs MMeeT MECTO B ORHOPOAHO HaMaTHHuYeH-
HOM (epPOMAarHeTHKe NPH DACHPOCTPAHEHHH CIHHOBHIX BOJAH BAOJb Ha-
NpaBAcHAA HAMarHHUCHHOCTH (OCH aHM3OTpOmHH). B cuayuae JOKadbHONO
ypoBHs (21) «HanpaBiieHHe» HAMATHHYEHHOCTH COBNIAfaeT C OChIO X, HO
MexaHusM (OPMHPOBaHHs yPOBHs Gojee caomen. TIPOCTPAHCTBEHHBI BHI
co6erBennbix  Qynkumit aagormuen (20). B mpesere y=0, k=0, o=1
HMeeM

mx=iColV 2Q, m,=—Cy/V'2, Q> 1;

my =2Cy/Q, m,=—C,VQ, QK 1,

npHuemM npH k=0 BbinoJHAcTcst cooTHoweHHe fy(y) = (Cs~my(y))/Q. Ec-
au Q> 1, T0 KoneGanis NPEHMYIIECTBEHHO TIOASPH3OBAHE B NeEPNEHHKY-
aspHoit BT miaockocty, npu Q<1 umeer MecTo 06paTHas CHTyauus.

Mo cux mop paccmaTpuBajics ciyyali npsiMot BOJNHE! exp(—iof-+ikx)
C MOJIOXKHTENBHOH YacToTOHl M BOJHOBbHIM BekTopoM. OGparthmcs Teneps K
OTPHUATENBHBIM 3HAUEHUSM BOJHOBOTO BEKTOPa B NPsAMOji Boame. Bwmecto
(10) cosepuwenno anajornuHbiM 06padom Terepb noayuaes (k<0)

(22)

—:C.*e'”““-{— e lul +C§e“”

=i (Chsi™™ 14! 4 Chse 191 L Cie 191, (23)

1=sgny(cfr,e““”' L Cyre Pty —-Q“;m)C;‘eH“)

B NPEXHHX 0G03HAYEHHAX. YPaBHEHHS 1A aMOINTYA BHOBb PACNajalor-
csi. YpaBHeHHe AHCIEPCHH aHTHCHMMETPHUHON MOAB, aHaJdorkunoe (15),
He HMeeT pewerHii THna (16) c moJouTe bHON YacTOTOH, XOTs M 06aajna-
€T oTpHmaTeabHEM —o=—(1+1/Q). Habopy cHMMETDHUHBIX MOA Temeps
smecto (17) orBeyaeT ypaBHeHHe

LLED (o, — 1) oy — 1) 52 —5) +

+(1+B (=D —D—rnp—De—11=0. (24)

BH‘IHCJIEHHﬂ, KOTOPbi€ MOJIHOCTBIO AHAJOTHYHBI npojeNaHHBIM TPH BHI-
BoZle (19), NPHBOAAT K 4aCTOTE TPAHCJALMHOHHON MOXB




[image: image6.jpg]10 T. E. Xonenkos

4yMA(—B) (1 + VTF0), k<0, (25)

KoTopas B o6aacti £<0 He o6pasyer cummerpuuHofi BerBu K (19) B obaa-
cTH £>0. B 06.1aCTH 10/I0XKHTENBHBIX HAa€TOT y (24) OTCYTCTBYeT pelleHHe,
aHanoruuHoe wg (21) (X0T# OTPHUATENbHOE PElIEHHE H CyIMECTBYyeT).
Takas siBHas aCHMMETDHS CNEKTPa He SBJSETCS yAOBJETBODHTEIbHON C
(H3UUECKOl TOUKM 3DeHHs, NPHBOAA K CYILIECTBOBAHWIO NOTOKOB B PaBHO-
BecHoM cocTosiHki. B [3] npennoxken creaywounii cnoco6 €HMMETpH3AUMKH
cnektpa. Bmecto usonuposaunoi 180° BT paccmarpuBaercsi mepronmye-
cKas cHcTeMa HeB3auMopeficTByromux IIT. O6ulee IHCTIEPCHOHHOE ypaBHe-
HHe A7 CHCTEMBI ABJISETCS NPOH3BEe-
HHEM JHCTIEPCHOHHBIX yPaBHeHHH AJIA
orpensusix BAT. Hapsny ¢ BAT -
na (2) Temepk cjenyer yuuTmBaTh BT,
KOTOPasi PasfieNisieT NOMEHb C NPOTHBO-
TIOJIOKHOH 1O OTHOUIEHHIO K (2) OopHeH-
TalHeji HaMArHHYEHHOCTH, YTO JOCTHra-
eTcsi cMeHoft 3Haka cos g IlogoGHas
Omepalus ¢ ypaBHeHHeM (1) skBuBa-
JIeHTHA CMeHe 3HaKa BOJIHOBOTO BEKTO-
pa k u mepexoay OT JAHCNEPCHOHHOTO
Cnuue}{mwﬂuﬁ cnektp 180° Gaoxos- ypaBHemns (17) x (24). Beckoweunoe

@

cKoft T (2) mpH Maaux BOMHOBHIX TIpoH3BeJAeHHe JHCTIEPCHOHHBIX YpaBHe-

HETAX,  Hanpanserby, TEPICHAMKY puii B obaactax k>0 m k<0, KoHeuHo,
aspHo i

1 — pesonancisd yponews 1 nenpepwnow 1P HBOAHT K HETHOMY CNIEKTDY.

cnexrpe (I6); 7— 06bemubie cnunomsie BOJ- Bonpoc 0 cuMMeTpHHM CHeKTpa u30-

Toma nen: 5 wona Duumucexoro 1) smposannoh BIT mpennoxentuii B (3]

e o, }?iﬂﬁ'gﬂﬂg‘,_‘{}(ﬁ cnoco6 ocTaBJsieT OTKPHTEM. Ero Mox-
Hauud AT, o6parras soama HO IOMBITATLCA DCLIHTb  C/EAYIOUIHM
o6pasom. Hapsny ¢ npamoit Geryuieh

BOJHOI eXp (—iof+ikx) C TOJOXKHTEABLHOH YaCTOTOH yuTeM Temepb oGpaT-
Hylo BoJly exp(—iwi-—ikx), coxpanss snak w. Tenepp B 06aacTH TOJO-
KHTeNbHBIX BOJIHOBLIX YHCeJ HMeeM pelieHHe (25), a B ofnacTu oTpuima-
TempHuX — (19) u (21), Tak 4TO CHMMeTpHs CNeKTPa BOCCTaHaBJAHBAETCH

o, /(4nyM) =A (| & | VIF QT 4);

wg = yMp (1 + % kA), (26)

KaK TMoKasaHo Ha pucyHke. OTMETHM ellle, 4TO AHCTIEPCHOHHOE ypaBHEHHE
(24) mepexonut B (17) (3TO :Ke OTHOCHTCS M K AHTHCHMMETPHYHBIM Pe3o-
HaHCHBIM ypoBHaM (16)) npu samenax w—> —w, k— —k. OTMedeHHas 3a-
MeHa OTBeYaeT Nepexoly K KOMILVIEKCHO CONPsKeHHHIM MpPAMO H o6paT-
HOH BOJHAM. YueT KOMILIEKCHOTO CONPAMKeHHS TaKkKe CHMMeTpH3yeT
CHEKTP.

PaccMoTpeHHast MOAeNb OUEHb JErKO H TOYHO BOCIPOH3BOAHT H3BECT-
HHe pe3y/ibTaTh B HH3KOYACTOTHOH 0GJAaCTH, NMPEeJOCTaBsAs BO3MOKHOCTH
o6o6ienns Ha MeHee HceaenoBanHble THOEL JIT'. MoXHO MOCTaBHTL BONMPOC
O TOYHOCTH MOJeNH NMPH GOJBIIHX BOJHOBHIX BEKTOpax. B cBfisn ¢ sTuM
0o6paTHM BHHMaHHe Ha OJHy OCOGeHHOCTb cHcTeMbl (1), KoTopasi, Kak Ka-
KeTcss, He OTMevanack B nuTepatype. Ilyets B (1) «MarHuTHHIi 3apsi»
divm=0, To ecTh npaBas uacThb NOCJeJHero W3 ypaBHeHuii (1) paBHa Hy-
M0 H MarHHTOCTAaTHYECKOE BJHAHHE HA HAMATHHYEHHOCTh OTCYTCTBYET.
MoxXHO yKasaThb OQHO TOYHOC peliekHe (1) NPH 5TOM OrpaHHYeHHN:
my=C/chy, mx=ikC/chy, KOTOPOe OTHOCHTCS K TPAHCJALHOHHON BETBH
cnektpa, npuueM k=1 u @=1. 312 0COGEHHOCTb BOCHPOH3BOIHTCA H B
npeanaraeMoli MofeaH, Koraa coGcTBenHas GyHKUHA onpeneleHa (3), a
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JBCIIepCHORHOE ypaBHeRHe — (17), 4TO NO3BOJNAET HCMOMBL3OBATL €e, N0
KpaiiHeil Mepe, ¢ 3BPHCTHUECKOH Leabio B o6nacty k> 1. Tak, mens Mexay
BETBBIO OGBEMHEIX CIHHOBHIX BOAH @o=Y (1+4?) (I1+4£2+1/Q) u sokanuso-
BagrHoit Ha BT mo (17) Mopoii oka3eiBaeTcs paBHON efuuule (B pasmep-
HBHX efnHHlax yMB). Tounsni pesyasbrar ussecren (3], [6] Tonbko B cayuae
Q> 1, weab pasua 1+ 1/3Q — Hemoxoe coraacke.

Iipyroit caydah, ciyuait NPHNOBEPXHOCTHBIX BOJH, PacnpocTpaHAIOMIHX-
¢l BAO/b OCH 2, He NPHBOJHT K ACHMMETPHH CHEKTPa, OTCYTCTBYET 3/leCh H
vona Tumunckoro wg [8, 9]. OrpannuuMcs 31ech TOJBKO y4eTOM TPaHCIsA-
LHOHHOH MOABL, CIEKTP KOTopoil mosyunM, pasnaras (1) nmo npnGamxeH-
Hoit pynkuun (5), B pesysbTare NPHXOAUM K BEIPAXKEHUIO

0=1mMVETE,T, @)

crpaBeAJHBOMY B npegene Q> 1.

HHTepecHo onpejefnTh MeCTO HACTOSNEr0 MPHOAMKEHHS B psdy ApY-
rHX TpHOAHXKeHHBIX Teopuii. B cpaemennu c¢ moaxozom Caoruesckoro,
crpaBeJJIMBOM /Il HeJHHeHHBIX 3afau B eppomarHerHkax ¢ Q> 1, mpen-
JIOXeHHas BhILIe CXeMa JaeT HeMVIOXHe De3ayJibTaThl NPH MPOH3BONBHBIX Q
H JONOMHHTENBHO yUHTHIBAET IPH Q>>1 MOAH, BHNANalOUHE H3 MOAXOAA
[10], xors ® B JnHe#HOM NPHOIMKeHNH. B NPHMEHEHHH K HempepHBHOMY
CTmeKTpy mpemaraemas cxeMa oGobuaer noaxoa Cmura m Beabepca (oM.
usnoxenue B [11]) K ompeleNeHHio HYaCTOT Pe3OHAHCA JAOMEHOB Ha BOJHO-
Bhie YHC/AA, OTJHYHBIE OT Hyss, XOTs# CBOACTBO (€30TPaiaTeNBbHOCTH CNH-
HOBBIX BOJIH, CyllecTBylolliee B OJHOMEPHOM Clydae, 31eCh H TepsieTcs, HO
npeanaraeMas MoAenb 06/afaeT OAHHM BaKHBIM JOCTOMHCTBOM. B Mozenn
Cuura — Besibepca HOpMasibHas K nuockocTH JIT KOMMNOHEHTa HaMarHd-
UEHHOCTH HCHHTHIBA€T CKauoK, B CBA3W C vyeM wactota ®MP pacuienaser-
cs. B mpeanaraemoli MOAeNH CKauKH HAMarHHYEHHOCTH HA TMOBEPXHOCTH
JIT B COOTBETCTBHH C YCJOBHAMH CUIMBaHHs (7) OTCYTCTBYIOT M paciiene-
HHA JHa 30HBI OGBEMIBIX CIHHOBHLIX BOJH He MPOHCXOXHT.
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