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HENAPAMETPUYECKOE NMPOJOJIbHOE BO3BY)XAEHUE
CITUHOBBIX BOJIH B PEPPOMATHETUKE,
COJEP)XAILEM BJIOXOBCKHE NOMEHHBIE TPAHHLbI

T. E. Xo0enkos

Bo BTOpOM moOpsjKe MO BHEMIHEMY MDOLOJBHOMY MANHHTHOMY OZHOPOAHOMY TOJIO BbI-
UHCJIEH TIOTOK SHEPTUH, YHOCHMbIf CMHHOBBIMH BOJHAMH H3 GJIOXOBCKON JOMEHHOH Ipa:HIb!
(BIT), B xBasukTaccHdecKoM npubanxennn. [Toromenne sHepruy, ONpeaensieMoe STUM Me-
XaHH3MOM, SIBJISIETCH HEJMHEeAHHIM H HOCHT NOPOrOBEIA XapaKTep.

1. JIunefinasi peakunsi ¢eppoMarHuTHON GJOXOBCKOM JAOMEHHOH IpaHHIb!
Ha BHelIHee MarHHTHOe noJe M, HampaBJeHHOE N0 OCH JErkoro HaMarHHYH-
RaHHs (0.J1.H.), B pAMKaX MaKpPOCKONHYECKOrO YpaBHEHHS BHIKEHHS H3BECT-
Ha B JBYX ciydasx: 1) caydait MasdbIX 4acTOT o BHEIIHero nojs ov<l, rae
T— BpeMsl peflakcalui, BXoxsliee B ypasHenue Jlanpay—JIndmuna [1];
2) ot>1 (1—>00) cm. [2]. TIpH HEKOTODHIX CHeNMHANbHBIX YCJAOBHSX (H, B ua-
CTHOCTH, yCJOBHHM NOCTOSIHCTBA MoJs H,) 3aMKHYTOe HelHHeHHOE pelueHue,
onpenensiiomee peaxuuio BT ua pHemsee noue, 6ul10 Ha#aeHo B [3].

B macrosmeir paGore paccMorpena o61acTh ©t>> 1, rIe NpHHAMAIOTCSA BO
BHHMAHHE Y4JEHB BTOPOro MOpsiiKa mo ciabomy nonio H,. ITonpasku K Bemu-
unHe ckopoctd BJII Bo BTOpoM mopsiake orcyrcTsyoT. OIHAKO IIPH 4aCTOTAX
20>A (A—umenb B CIeKTpe CIHHOBLIX BOJH) OTKPHIBA€TCH KaHaJ 3aTyXa-
HHSL OLHOPOJXHON MOJBI KoJeGaHuiA BHYTPHIPAHHYHOTrO THNA (IMHAMHKA 3TOMH
moxsl onpeseasier ypasuenne auxkenns BIT [4]) Bemencrsue Bo3GyxaeHus
CNIUHOBBIX BOJIH 3a CUET HeNHMHEHHBIX MexaHuamos B BIT.

2. T1n0THOCTh 3HEPTHH OXHOOCHOTO (eppoOMarHeTHKa MOMKeT GhiTh mpern-
craBieHa o6BIYHBEIM 06pa3oM

W=W,+W,+Wy+ W derms [¢)]

rie We, — IUIOTHOCTh OGMEHHOH SHEPIHH, XapaKTePH3YeMOil 06MeHHOl Kou-
crantoil a; W, — 9Heprusi aHH30TPONHH C 0.J.H. BA0IAb OZ H KOHCTaHTOM
p>0; Wy — 3eemaHOBCKAs SHEPIHsl BO BHEMIHEM OJHOPOIHOM moie H,=

= (Hexp (iot) +%.¢.)[2; W gom=21 Mj— 5Heprus pa3sMarHHaHBaHHs, CB3aH-
Hasi C HeBBITOAHOCTBIO BHIXOAAa HaMarHndenHoctH M u3 miockocru BIAT —
XOZ. Mpencrasaenne Waem B yKa3aHHOM BH1e, KaK NOIYEPKHYTO B [5], cnpa-
BefuuBo Jaumb npy M=M (y). B mocrenyiomem paccMoTpeHHH 3TO Tpe6GoBa-
Hue coGJII0IeHO: OXHOPOAHAS TPAHCHSIHOHHAS MOJAa (NMOTepeyHH BOJHOBOH
BekTop %=0) ~ch-! (y/6) reHepHpyeT CNHHOBLIC BOJHBI, PaCHPOCTPAHSIO-
nyecs JUib BIOAb OCH y. B (1) MOXKHO GENIO GBI BKJIIOYHTH WJIEH, ONHCHBA-
JOIUH KO3PUUTHBHOCTb CTEHKH; OJHAKO 4aCTOThl, OTBEYalollue 3TOH CBA3H
(pe3sonanc na BT'), MeHbIIe 4acToTh 1eaH A B CIEKTPe CHHHOBEIX BOJH X
MOTOMY HECYINECTBEHHH B o6Jactu 2m = A.

Bynem xapakrepH3osath nosoxenue M noaspubiM yraom 0 (yron mex-
ny M u ocblo y; B nanibHeiimeM yI0GHO TMoab30BaThea yraom @, 10MoJHSIO-
wuM 0 10 /2) ¥ a3UMYTANBHBIM YIJIOM (), KOTOPHIE HILEM B BHIe pasioxe-
Hult Mo crenensim f:

O=0;+Qy+..; 9=+ P+ P+ .. 2)
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TpHYEM @y CBSI3AHO C KOOPAHHATOH Y COOTHOIIEHHSMH coscpo_—th (y/d).
sin go=ch! (y/b) rae 8= (a/p)" — rommuna BAT. B paibHelimeM BcTpe-

YaeTcs OnepaTop W— —aA+p cos2po. Ero cnektp u co6eTBEHHBIe PYHKUHH
uspecTHHl [6]. OnHa yacTh cmeKTpa oTBeyaer JOKaau3oBaHHeM B BT koume-
6aHHAM CNHHOBOH IJIOTHOCTH (TPaHC/IANHOHHAS MOJA) M OMHCHIBAaETCS C TO-
MOIbI0 GYHKUHH (%= (%, 0, %))

Lf’/ [exp (i % r) sin @o] = ax?® [exp (i % 1) sin @];

Jpyrasi — ONHChIBAeT KOJeGaHUs CIHHOB, KOTOphle B I/yOHHe IOMeHa mepe-
XOISIT B OGBIYHBIE CIHHOBBIE BOJIHBI

W [exp (kr) (i 8 &, -+ cos pg)] = (84 o ) [exp (ikr) (: 8 &, + cos )]

M
3. Mlcxoasl H3 MaKpPOCKONHYECKOr0 YPaBHEHHs JBHMKEHUS aa—f=g‘[M><H“"¢],

HMEEeM B NI€EPBOM npnénﬂmemm CHCTEMY:

(D gMWq;, gH sin gg; (p1+gMWﬂJl+4ngM(D140 3)

BomyxaenHoe perienue, 3aBucsiiee ot /, CywecTByer JHUb AJs OJHOPOA-
HOH TPaHCASMHOHHON MOIBI ~ Sin @o:

@, = gH (f) singg; ¢, = — 4 g*MH () sin g, (4a)

H MOXET GbITb ONHCAHO C MOMOMIBIO ypaBHeHHs ABHkenus BIAT

§ = 4n8'g*™MH (2), (46)

npuueM HeO6XOMMMO yuecTb McKaxeHue crpykrypsl BAT: soixox M u3 mioc-
KoctH XOZ na yroan @;, onpefelsieMblil NepBbIM U3 ypaBHeHHi (4a). 3rto
VpaBHeHHe omnpeleseT TaKxe MaJjblii mapaMmerp 3ajnaud gH/o< 1. Ykaxem
elle Ha HecOXpaHeHHe (p;, KOTOpOe BO3HHKAeT BCAENCTBHe Hainuus B (1) wie-
Ha Wyem. OTMETHM B 3aKJIOueHHe, YTO TPAKTOBKA, OCHOBAHHAs Ha MeETOAe
KBAHTOBBIX QyHKUui ['puna, B mepsoM mopsike [7] IPHBOAHT K ypaBHEHHSAM,
coBmajaiomum ¢ (4a) B mpejesie OTCYTCTBHS 3aTyXaHHS.
Bo BTOpOM NOpS/KE NPHXOAUM K ypaBHEHUSIM:

A
— gMW @, = gH cos 9,9, + gM [2 % D @, sin g, — Psin2q, (wl)”];

(Pﬂ + gMW ’D2+4T§M @, = — gH cos ‘Po(D1+gM[ﬁ Sin2fp“q>1d)1+2a®1(9‘;(p1'1, (5)

HCTOUHHKH B NPABHIX YaCTAX KOTOPHIX H ONMPEJENSIOT WHTEHCHBHOCTb BO3-
Gy:KIeHHsT CIHHOBBIX BOJIH BHELIHHM MOJIEM Yepe3 HeJWHEeHHBIH MeXaHWsM B
BAT. Onnoponnas cucreMa ypaBHeHHi, orsedaiomas (3), (5), ompexeasier
cnexTp Qeppomarneruka, coaepxamero BT [4]. Bremnee mnoae H,(f) s
NepBOM nopsike BO30YKMaeT JHUIb HUXKHIOW, TPAHCASLHOHHYIO MOAY C
%=0. Bo BropoM nopsifike KOMGHHHPYIOTCS YaCTOThI BHEUIHEr0 NOJAS 0+ H
npu 20=>A, rae A—1lenp B CIeKTpe COHHOBHIX BOJIH, HeauHelinocTs BT
o6ycaoBnuBaer HCTyCKaHHe pacxoismeiicss CIHHOBON BOJHBI 4acToToH 2w,
ToTok 3HepriH, YHOCHMBIl STHMH BOJHAMH, H 6y1:(er BBIYHCIATBCA B [afib-
HelueM.
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OrpaununBasch AIHHHOBOJHOBHIM NpHOAHKeHHeM (0k,)2< 1 n onuceiBas
1

CnuHOBHE BO36YXAeHHs OYHKIuAMH (27) % cos @oexp (—ikyy), HaiizeM 3a-
nasjsiBalomue pemenus (5):
geMBp~

Fy(ky) +l Fo (ky)

@, (k,) =2i m To#);

" ©)
Fule) + 5 B+ 0 Fiky)

alle) = —2 02 (ky) — 402 + i0 1o

3mecy Ti2(f) =g*[(H)?exp (2i0f) =x.c]; ©(k,) = A + Ak2— 3axon mucmep-

CHH CHHHBOJIHOBOH BETBH B [IJIHHHOBOJHOBOM npnénﬂmeHuH(A gMVﬂ(ﬂ+4n)

A=gM a(2n+ﬁ)/l/ﬁ (B -+ 4m)). Do npnbmUKeHHE CHIPABENHBO C KCHOHEH-
LHaIbHON TOYHOCTBIO, 4TO CACAYET H3 PACCMOTPEHHS BENHYHH «MATPHUHHIX»
3JIeMEHTOB:

ity = (o) e e

© Ch(nkyﬁ)
2

1 2 M2
c,=1—£(7 +8n2‘%); cg=1—naf

gzMa

BeuYHHEL €} M C; UYBCTBHTEJNbHBl K YHCJIEHHOMY 3HAUEHHIO KOHCTAHTH OJHO-
ocHO# anuzorponuu B>0. B nanpueiinrem GyaeT NokasaHo, 4TO CYIIECTBEHHA
o6aactb yacror A/20 T 1. B sroit o6ractu ¢,<0, KOCTHras MaKCHMAaJbHOrO
3HaveHHst — 1/2 npu B=4x, a ¢,>0, MOHOTOHHO BO3pacTast OT HY.Isl 10 EIH-
HHIBL.

TIpu BLIYMCIEHMH KOOPJAHHATHOM 3aBHCHMOCTH (6) HemcuesalOmMH BKIan
B Npefiesie y—-== 0o B MOAHHTErPAJbHBIX BBIPAXKEHHSX JalOT TOJBKO MOJIOCH!
Ha BEUIeCTBEHHO# oCH. B cuay coXpaHeHHs SHEPTHH HeHcuesalollee B Ipeme-
e y—>- oo pellleHHe CyIecTBYeT Juumb npu 20 =>A (20 <A oTBeuaer noJioc
Ha MHHMOH TIOCKOCTH)

Dy (y,7) } _1 [/E 1 BB +4m)  g2H2/wA
P2 (y, 2) 2 2 o B+ on =
A

X ﬂp[szt—kaM[(pm) =V 5 ( )] @
U riae k onpenenasercsa u3 3akKoHa COXpaHeHHﬂ
ke 1/ BBE4) L I/ 2
B+2n Va A

Tenepp HETPYAHO BBIYHCIHTL NMOTOK SHEPTHH, YHOCHMBIH CHHHOBBHIMH BOJIHA-
mu 13 BIIT Ha GeCKOHEUHOCTb, HCMO/Ib3Ysl H3BECTHOE JJS Hero BhipaxkenHe (8]
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=2 (y—w)=_uM=[a'“ o9 W00y c.]:

ot oy ot
- (i)a (54%:)7 chiﬁB(m) %Z (@) ®)
2= (18 1 2 g?%(ﬂg‘*—l/ﬁ o, ),
-2/ EEVET

OrTmernM, YT0 KBaHTOBOE PAaCCMOTDEHHE H3IYYEHHBIX CIMHOBLIX BOJH (ypas-
sednst (5) B 3TOM cayyae ObLIM Gbl OMEPATOPHBIMU C KJIACCHUECKUMH MpPaBb-
MH 4acTsiMH) 7aJ0 6bl NONpaBKu (JIYKTYallHOHHOTO THNA K Pe3yabTaTy (8)
(cm., Hamp., [9]).

4, Cpammm BeanuuHy motoka L, napaemoro (8), c sHeprueil puccHmH-
pyemoii npu nsnxennn BT 3a cyer KOHEUHOCTH MONEPEUHOrO BPEMEHH pe-

nakcaund v B ypasHenuu Jlammay—Jlugmuuna. ITocieinee gaercs Bhpa-
JKEeHHeM

I, = Q:— Ssin“tp,,dy =

—w

8. 9)
OO6usacTb cymiecTBeHHbIX 3Hauenuir IT orpanuyeHa cepxy
M2 <o 2 5 (14 o 6+ 2/(p +47)

IKCNOHEHUHANLHBIM oOpe3anneM; I1 nmeer KopHeByio 0COGEHHOCTb OPOrOBO-
ro THma npu @=A/2. Yyer KOHeYHOCTH BPeMEHH 3aTyXaHHS CIHHOBBIX BOJH
o, rie To~7t/B (cm. [8], crp. 65) B BEIpaxenusx (6) nossoaser, 0AHAKO, Che-
JIaTh BBIBOJ O CHJIBHOM 3aTyXaHHH CIMHOBBIX BOJH BOJM3H MOpOra, TakK uTo
(8), (9) cmpasenausbl aHWb, HauuHas ¢ (20— A) 2 (o12)~! (019> 1). Taknm

o6pasom, max () ~ 1072w (gg) (gHty) Z (A—1mesp B CIIEKTPE CHHHOBBIX

soan). Orxowenne e=I1/I1,, xapakrepuaylouiee BKJal MPOLECCOB H3IyYe-
HHS CIHHOBBIX BOMH (20>>A) B npouecch penakcanun BT, nMeer nopsinox
BenHuHHN &~ 10-2- (o1) (gH/A) (gHvw) Z. Tlomaras gH~10® pad/cex;
1~ 108 pad/cex; A~10'° pad/cex; B~ 10, nonydaem max (e) ~0,1. Takuy
o6pasom, 06paTHOE BPEMS] KH3HH ONHOPOAHOH TPAHCISUHOHHOH MOIH 3a
CUeT H3JyYeHHs CIIHHOBBIX BOJH JocTHraer mpumepHo 10% ot v

B sakaiouenue npusegeM GOPMYay, ONPEIeNsIONIYI0 YHCIO BO3GYKIEH-

oo
HBIX BHELIHHM IOJEM COMHOBBLIX BOJH (Hy - ak o(k )n(m))

B 4m g2H2[AR o
no) =2 (% )W 1) g e 2@ 2024, (10)

rae B(w) 4 Z(w) no-npexuemy naiorcs (8); ng(o)=H*/4ho — ancao do-
TOHOB, sIBJSIONIeeCss B KBA3HK/IACCHICCKOM NPHONHKEHHH GOMBIIAM Ng>>
> (w/c)3. CpasHerie ¢ 3akoHom Buoxa T2 nokasbiBaer, 4TO YHCJIO BO3GYX-
JedNbIX BHEIIHHM MOJeN CMHOBBIX BoaH (10) cramoBuTes Gosplle dHcIa
TOPMHYECKHX CIHHOBBIX BO.1H, HAUMHAS C

KTy (gH o) "2 (w), an
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rae T.— remnepaTtypa Kiopu; @ — nocTosiHHas peumieTkd. 3HayeHHe BEJHYHH,
HCNOJb30BABUIMXCS st OeHKH (9), maer (a~10-% cu, H~10 3)

T<1072—107°T,.

Bripaxalo 6naronaprocts B. K. Paesy 1 M. E. ®abpuxosy 3a BHHMaHHE
K paGore.

HHCTHTYT 3/EKTPOHHBIX YNPaBAAIOMHEX MAIIHH IMocTynuaa B pefaKuHio
Mocksa 27 nmekabps 1972 r.
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