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TNupaMrUecKas aAepTypa HAKONMTENA 3IeKTPOHOB
¢ MAJIBIM 3MHTTAHCOM

E.B. Jlesuues, B.B. Caxcaes
WuctatyT anepsoil dusuku um [.M.Bynxepa, 630090 HoBocubupck

ARBROoTAanUA

B craThe NPHBONATCA Pe3y/IbTaTHl TEOPETHYECKOrO MIyHYeHHS MMHAMUIECKOH
anepryphl IMKJIMYECKOIo YCKOPHTEId, B KOTOPOM OCHOBHBEIM HeJIMHeHHbBIM BO3MY-
[IeHHeM SBIIAIOTCA CEKCTYNONbHEE JMH3H, KOMIOEHCHPYIOIHE HaTypaibHBI Xpo-
maTEsM. IlokasaHo, 9TO IPH 5TOM OOJACTh YCTONYMBOCTH OMDAHHYMBAETCH CHIIL-
HEIMH PE3OHAHCAMM, OMICHIBAEMBIME IBYMS TIEPBEIMHA NOPSAKaM# TEOpUM BO3Myille-
mit. Ha ocHOBe TapMOHAYECKOrO PA3ljiokeHHs raMMIbTOHHAHA CUCTEME NOMYy4eHE!
BLIpaKEHUs TIPUTONHEE IJIA UMPOKoi 001acTH 6eraTpounurx yactor. Haubonee
KOMIIAKTHO pa3Mep INHAMWYeCKON alepTypPHl MOXET 6HITEL 3amMMCaH HNA Clielma-
JM3UPOBAHHONO MCTOYHHKA CHHXPOTPOHHOIO M3JyYeHWs, JUIX KOTOPOro BOSMOXKHA
NpOCTad OLEHKAa OCHOBHBIX TApMOHWK BO3MYIIEHHMN MCXOAA W3 dyHaaMeHTAILHEIX
napaMeTpoB HAKOIHTEIE.

CekCTYNoNMbHEE PE30HAHCH BRICIINX NOPANKOB (> 4) HenmocpeACTBEHHO He ompe-
AENAIOT pa3Mep AMHAMMYECKOA anpeTyphl, OQHAKO, MOIyT YMEHbINATE ee, IPHBOAAL
¥ TIOSBJIEHMIO OBJIACTM CTOXACTWYECKOro ABMKEHUS BOIM3M rpaHullsH, 3ajlaBaeMoit
OCHOBHBIM pe3cHAHCOM. IpHG/VOKeHUs BHCOKHMX TOPSIKOB PACCUMTEIBAIOTCA TPH
TIOMOIIM Teopun Bosmyinenwt Jln.

Ob6cyKAaTCA PasnMyuHble BAPHAHTH ONTHMHSAIAN U YBEIMUICHAA AUHAMITIE:

ckoil anepTypil. Jlns MpoBepKW aHATMTHIECKHX OHEHOK HMCHOJIb3YETCH MCIEHHOE

MOJETHPOBaHUE.

Dynamic aperture of low emittance storage ring

E.B. Levichev, V.V. Sajaev
Institute of Nuclear Physics, 630090 Novosibirsk, Russia

For accelerator where a main nonlinear perturbation is caused by chromatic
sextupoles a resonance approach to evaluate the dynamic aperture is presented. It
is shown that dynamic aperture is limited by sextupole resonances described by
two first orders of perturbation theory. Simple expressions valid for wide range
of the betatron tunes are obtained on the basis of the Hamiltonian harmonic
decomposition. These expressions have compact form for the dedicated synchrotron
light source, for which simple evaluation of the main resonance driving terms
proceeding from fundamental accelerator parameters is possible.

© Hnucmumym gdepwoti fusuxu ua. I'.H. Bydxepa CO PAH, Poccus

1 BpaeneHue

Ha ceroHsIUHHIA [eHb CAMBIM PacIpOCTPAHCHHBIM METOIOM pacueTa JMHA-
MHMYECKOil allepTyPphl SBJIAETCA YACJIEHHOE pelieHile ypaBHeHHil JIBHXKEHHS Ya-
CTHIB B HEJIWHEMHEIX MATHUTHHIX NOJISX (Tpexnnr) [1]. MmeeTca MHOTO IpO-
rpaMM, NO3BOJIAIONIAX HAUTH I'PaHHIY YCTONYHBOCTH C Y49eTOM HeJIMHeHHO-
CTH MACHHTHOIO MOJIS, OTKJIOHEHWS YacTHIbl 110 SHEPrHH, CBAIM 6eTaTpOH-
HEIX KosieGaauii, HCKaKeHA S 3AMKHYTOl OpOHTHI H T.11. K pome nmuHaMHYECKOi
anepTyphl TPEKMHT TO3BOJIAET H3Y9aTh ¢a30Bble TPAEK TOPHH CHCTEMBI, OIpe-
e9Th 3aBHCUMOCTDE 4YacTOThI Kone6Ganuit 4acTHIE OT aMILIMTYAbl H T.0.[2].

OnHaxo, 9ACAeHHOMY MOJIeJIHPOBAHAIO BHYTPEHHE IPUCYIL cepbe3HbIH He-
[OCTATOK: HEBO3MOXHOCTH ONHMCAHHA PE3YILTATOB C NMOMOMILIO aHaAJTHTHIE-
cKAX BEIpaxeHuwi. TpeKHHr He NO3BOJIAET yCTaHABIHBATL (PYHKIIHOHAII b~
Hbe CBA3H ¥ ONPEACIATE BIIMAHNE PasiMYHBIX NapaMeTpoB CUCTEMBI Ha pasz-
Mep obJacTH YCTONYHBOCTH. TlosToMy, Ha OCHOBe TPEKHHTa TPYAHO [e/1aTh
KakHe-TO 060bmaoe BHBOIE WIH NPeJCKasaiis ¢ UeTbIo Yy ICHITA CH-
tyaunn [3].

"o 3acTaBIdeT MCKATH CIOCODL! TeopeTHIECKOH OUEHKH AHHAMMUYECKOH
anepTypsl yckopuTesii. Kak H3BECTHO, JIBIKEHHE qacTHI(E ¢ MaJoH aMILIu-
TYIOi B HEJIMHEHHBLIX NOJAX YCKOPATENS SBJIETCH TAMAYHBIM IPHMEDPOM Ta-
MIILTOHOBOM CHCTEMBI, GJIH3KOH K HATEer pHPYeMbIM: HEeJIMHEHHOCTH ABJAIOT-
cs cabbIM BO3MYIUICHHEM JIHHEHHOrO NBHKEHHA. Penienne Takoll CHCTEMBI
MOKET BBITH MOJYYEHO TOMBKO MPHOIHKEHHO, YIHTHIBad MaJoCTh HEJTHHEelH-
HEIX MONPABOK, C NpAMEHEHHEM KaKOT0-JIA60 BAPHAHTA TEOPHH BO3MYLIEHUH.
O630p TMpeAaraBIIMXCA METOOB MOXHO paiiTi B [4] wm B [5]. Pemenne
HeJITAHEHOM 3a/a4YiM MeTolaMH TeOpHH BO3MYILICHHH NPUBOOHT K CTEMNEHHO-
My paAy 1O HavyaJIbHOM aMIIMTY/He kosie6anuil YacTHIH, ABJIAIONeRCs napa-
merpoM Manoctu. Mccnenosanue ITOrO pifa u MO3BOJIACT HAHTH T'paHHLy
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ycroitumporo apmkenas. K coxanenuio, Ko>ppuIUEeHTH pila OKa3hIBaIOTCH
BeChbMa CJIOKHBIMA BLIDAXKeHHSIMHM M CTaHOBATCH Bce DHoJsiee TPOMO3AKHMMH IO
Mepe YBeJHYeHHs NOPAAKa NpUGIHKeHHs, 3aTPYNHsA aHAIH3 PEIHeHMU.

CorJacHo knaccuduxamau [8] HoMUHHMpYIOIIHMe HeJHHEHHbIE HOJA B IH-
KJIMYEeCKHX YCKOPHTENAX MOTYT CO3MaBaThCH (a) cekcTynonsaMu, KOMOEHCUPY-
JOIIAMY XPOMATH3M, 1 (6) MYJIbTHIOILHEIME OIINOKAMH MOJIA OCHOBHBIX 3J1€-
MeHTOB. B nanHOil paboTe MBI pacCMaTpHBacM YCKOPHTEIH NepPBOil TPYIIH,
K KOTOPHIM OTHOCATCS HCTOYHHMKH CHHXPOTPOHHOTO M3JIYYeHHH, 3JIeKTPOH-
Hble ¥ IPOTOHHBE CHHXPOTPOHB! H 3/IeKTPOH-NIO3HTPOHHEIE kosnaiaepsl. Bo
BTOPYIO TPYIy BXOASAT GOJbIIME NPOTOHHBIE YCKOPHTENH H KoJLIaiiepsl co
CBEPXINPOBOAAIIEME MAarHHTAMH.

Huxe naercs OleHKa AHHAMHYECKOM anepTypsl HCXOHd M3 BecbMa IIpo-
CTHX NPEANoNoKeHUil ¢ y4eTOM OrPaHHYEHHOTO THC/Ia PE3OHAHCOB HM3IIAX
nopsnkos. Takoi nonxon 6uia HCHOJE30BaH paHee, HAPUMED, B [6] ans cexc-
TYNOJBHBIX PE30HAHCOB NIEPBOrO NOPAIKA Vy = T H 3v, = m ¥ pan xopoumue
pesysabTaThl. YTOOH Pa3BHTH 3TO ONUCAHHE HA BCIO obnacTh 6eTaTpPOHHBIX
YacTOT, OKA3bIBAETCA HOCTATOYHLIM BKJIOUATE B PACCMOTPEHHE PE3OHAHCHI
BTOPOrO HOPSIKA HPUEIHKEHNA (B ONHOMEPHOM I'OPH3OHTAJILHOM CIIydae 37O
v, = m ¥ 4y = m). JLia cenua u3sHpoBaHHOrO HCTOYHHEKA CHHXPOTPOHHO-
ro W3Iy4YeHns BO3MOXNHOCTH NPOCTOM OLEHKH OCHOBHBIX TapMOHMK BO3MyIIle-
nud [9] mo3BO/IET NONMYYHThH BLIPDAXKeHUd, CBA3ILIBAIONINE PasMep allepTypEl
¢ dyHnaMeHTaJbHEIMHE XapaKk TePHCTHKAMHA YCKOPHTENA.

Pe3oHaHCHl BEICHIMX MOPSAKOB He ONPEAS/IAIOT HENOCPEACTBEHHO ODIacTh
yCTOIYMBOCTH, OAHAKO, NMOSBJIAACH NPH OOJMLIIMX aMINIATYAAX KosieGanmit
BEJIN3M FPAHMIEL AaNEPTYPhbl, MOIYT YMEHBIIATh IOC/ENHIOK 33 CYeT mepe-
KPbITHSA CTOXACTHYECKHX CJIOEB.

IleMOHCTPHPYEMEI TIOAXOM KaXkeTCs JOCTATOYHO YHMBEPCAJIBHBIM B TOM
CMBICJIE, YTO OH NpUrofieH (MpHu onpeleieHHbIX, HO BIOJIHE PasyMHBIX IPEIO-
JIOKeHHsX) VIS HIAPOKOTo Kpyra yCKOpHTeJeil, I'Jie AOMIHUPYIONIRe HeJTHHeN-
Hble SBJACHHA ONPEICISIOTCA XPOMATHYECKHMHA CEKCTYIOIAMM. ITony4ennnie
aHAJMTHYECKHE Pe3y/bTAaThH WITIOCTPHPYIOTCH NPH NOMOIIH TPEKHHLA. Hns
HALJIAOHOCTH B NPOCTOTH RVIOKEHAA MBI pacCMaTpHBaeM B OCHOBHOM IOpH-
30HTAJILHYIO AlepTYpPY (3a MCKJIIOYEHHEM OQHOI0o nprMepa), OMHAKO, MOAXO/
MOXkeT 6LiThL 0bobIIeH Ha ciydail AByMepHOrO JBHXKeHUA BKJIIOUEHHEM B pac-
CMOTpeRHe COOTBETCBYIOIMX MAPMOHUK, OTBEYAJOMHX 33 HeJTMHEHHYIO CBA3b
xonebanuit (cm., manpamep, [12]).

PaccmaTpHBaeMElil OAXO0M MCIO/b30BAJICA MDY aHAH3€e NAHHBIX SKCIepH-
MEHTAJLHOTO W3yUeHns ANHAMIYECKON anepTyphl Ha HAKONHTEJE BOIII-4M
[10], [11] m moka3an xopolee COT/IACHE Pe3y/IbTATOB OUEHKN H H3MepeHHIt.

2 TapMmoHHYecKOe NpeAcTaBJIeHue CEKCTYNOb-
HOT'O BO3MYILIEeHUS

[aMBIbTOHMAH C CEKCTYNOJbHBIM BO3MYINEHHEM, PANIOKEHHBIM MO a3UMY-
TaJLHEIM rapMOHUKaM uMeeT BHA [13]

H=vJz 4+ v,J;
+(272)%2 5, [8A1m cos(@z — mb) + Az, cos(3¢ — mé)]
~3(2J5)Y%2J; 3, [2B1m cos(éz — mb)
+ By cos(¢p4 — mb) + B_p cos(¢- — mb)]. (1)

rze (J, ¢) - conpsxeHHble NepeMeHHble neficrpre-gasza”, § - asuMyTaATLHEIH
yrod, v - GeTaTpOHHas YacTOTa, a AMIIMTY AR Pyphe-TapMOHNK BO3MYTICHMA
sanuchiBaioTesd Kak (j = 1, 3)

Ajm = 75 Tul(B2 kal) cos(j(z — v26) + mO)li,
Bim = 75 Y1827 B: kal) cos(s — o0 + mb)i,
Bim = 7= Y, [(82"* Bakal) cos(px — v + mB) i, (2)

rae (kol)i - addexTuBHAS CHIA k-TOI CEKCTYNONBHON JIMH3EL, & Y ; - Haber
GeTaTpounoil dassl. B mociieHEX BhIpakeHHSX NPeANoJaraeTcs, YTO CeKc-
TynoJbHEE JIHH3EL 7 TOHKHE” , a3AMY T HabJIONeHAS SBJIAeTCH TOYKOII 3epKaiib-
Holl CHMMETPHHM KaK JIMHEHHOH ONTHKH, TaK M pa3MelleHHs CEeKCTYNOJIbHAIX
JMH3, KpOMe TOro, IPUHATEL Cileayiolue obo3HaYeHns: Ve = Yo £ 2¢;, n
AHAJIOTHYHO IJIA ¢4 H V4.

WMesi MArHETHYIO CTPYKTYPY YCKOPUTEJNA, MOXHO BEIYHCIATL BCE HYX-
Hble TAPMOHMKY BO3MYIIeH#us corsiacHo (2). OnHako, HHTePECHO NOMbITATHCH
CcBS3aTh BeJMYMHY FAPMOHMK C OCHOBHLIME MapameTpamu yckopurens. Ilo
KpaitHeil Mepe 14 CHENHATA3HPOBAHHOIO HCTOYHHKA CH ¢ ManBEIM S5MHETTaH-
COM M JI1s OCHOBHEIX (PEe30HAHCHBIX) F'apPMOHMK TaKylo CBA3b MOXHO HAaWTH.
Pacemorpum ucrounuk CH, cocrosmuil U3 HeCKOABKHX HACHTHYHBIX A4eeK
nepuonwunocTH. Kakad syeiika BK/II0OY9aeT NOCTATOYHO KOMMAKTHLIH axpo-
MaTHUYECKHil TIOBOPOT, I'fie Pa3sMeHIaloTcd CeKCTYNOJIbHBIE JIHH3h, KOMIEHCH-
pyiole XpoMaTH3M, H Ge3ucrepcroHible NPOMEXYTKH, NpeiHasHauYCHHbIC
A7 PACCTAHOBKH CBePXNPOBOAANIAX Barriepos. Ilajiee, eciim He OroBope-
HO CIIeOVAJIbHO, HATYPaJbHBIA XpoMaTH3M &z, ¢, B GeTaTpoHHad YacTOTa
MPUBOAATCA IS ONHOH AUEHKH. Cusa cekCcTynodeil onpenesgeTcs yCIoBHEeM



KOMIeHCcAOHH XpoMaTH3Ma.

arnbe + 3 (kol)kBekmme = 0, 4més — Y (ko) Banme = 0. (3)
k ke

rae 7)(s) - ropusoHTANEHAA IACTIEPCHOHHASA QYHKIMS, YIOBJIETBOPAIONMAR ypan-

HEHHIO
n"(s) + kz(s)n = 1/p(s). (4)

Ilpeanosnaras, 4T0 rapMOHHUKH, COOTBETCTBYIOIHE GaMXaHIOuM pe3oHaHcaM,
OKA3HIBAIOT Hambo/iee CHJIBHOE BJIMAHWE HA [BHXEHWE, Mbl HaYHEM C rapMo-
HUKH Ajp NpH ycioBum, 4To vy =~ M. B aTOM ciayuae (ve — M)8 =0 n
suipaxenne mis Ajp (2) npurmmaer Ban (uanexc M oIrycKaeM)

Ar = = 318 al) cos il (5)
k

Yr1o6ul yIpOCTHTH (5) paccMOTpPHM M3BECTHYIO QYHKIHIO H(s) = v=n° +
20, + Be1'?, xoTopas ONpeiesiZeT IOPH3OHTAJILHEIM SMUTTAHC MyvKa H
umeet Bua naBapuanTa KypanTa-CHailiniepa, rfie KOOpAHHATAa YacTHIBL 3aMe-
Hena aucnepcuonHoit gpyEknueii. M3 (4) cneayer, 910 BHE NOBOPOTHEIX Mar-
HATOB 7)(5) YIOBJIETBOPAET YPAaBHEHUIO CBOOOMHBIX 6eTaTpOHHLIX KoJleOaHUH
¥, CJIeOBATeNbHO, BHe MaruuTos H = H, = const. [Iponosixas aHaJIOTHIO,
MBI MOXeM NPHMeHHTS K 7)(s) npeobpasopanne Pioke [14]

\/%;=x/ITacﬂB%, 7'/ Bs + nj,g;-:—-x/ﬁsin%- (6)

roe ¥, - Baber 6eTaTponHoil dasel. Teneps, HONCTABUB B (5) (kal)i, Halinen-
HLie U3 CHCTeMHl (3), M y4TA B NONYYMBIUMXCA BHPAaXeHHAX, UTO VB =

1/+/H, cos iy momydum
1 &

Vi 4

Ipw coeaHHEIX TpennoJoxeHusx (v o~ M) 3To BEIpaXeHWe AOCTATOYHO
TOYHOE W HE 3aBHCHT HHM OT DPACNOJIOXEeHHS CEKCTYNOJILHBIX JHH3, KOMIeH-
CHpYIOHMIMX XPOMATH3M, HH OT MX CWI. Jlerko BuAeTh, 4TO aHaIOTHYHAA
popmyJia NOAYy4aeTCH IS By c 3amenon £, Ha —§;.

Ias rapmonnk Ay (3vz ~ M) m Bym (v+ = M) Takue Xe BHPaKeHHT
MOryT ObITH MOJIy9eHBl MPH YCJIOBUH, 4TO naber beraTpoHHOH (a3bl MEXKITY
CEKCTYNOMBbHBIME JIMH3aMH HOCTATOTHO MaJl, 4T0 JOCTATOYHO XOPOLIO BHITION-
HfeTcd B CJyuae MarHWTHON CTPYKTYPbl CHEIHaJIH3HPOBAHHOIO HCTOYHHKA

CH.

Ay~ -

Wtak, IpocTas OLEHKa Ha BEeJIMYMHY PACCMOTPEHHBIX OCHOBHBIX rapMoHHK
A- 1 B-Tuna nMeeT BHI

> 75 51 (8)

JIis KOHKpeTHOH MarHWTHOH CTPYKTYpH H, NpONOPUMOHAIBLHO yCpelHeH-
HOli 1O TIOBOPOTHHIM MarHuTam Bejmynue < H(s) >, KOTOpas W ONpPENeJAET
rOpH3OHTAJIbHEL SMATTAHC: €; < H(s) >. Hanpuwmep, B crydae CTPYKTY-
pst Yacman-T'puna (DBA) u Bunonnenns YCAOBMIT MUHHMW3AIHH SMATTAHCA
[15], Hs = 4 < H(s) >. B obumem ciydae KodpPUUMEHT NPONOPIUOHATE-
HOCTH yYHTHIBaeT moBelieHne [y (s) BHYTPH NOBOPOTHHIX MarHUTOB. Tem ne
MeHee, MBI MOXEM CKa3aTh, YTO BEJMYHHA JOMHHHMPYIOIUMX TapMOHHK 3a-
BUCHAT OT (JYHAAMEHTAJIbHHX XapakTepHCTHK YCKOPHTeJS - HATYPaJbHOTO
XpOMAaTH3Ma H [OPH30HTAJILHOrO SMHTTAHCA - Kak

£z {:
"7 B ey

Jlns cnenuanmsnpopansoro uctounuka CU CUBUPDH-2 [16], rae £ =~ £, =
—3.98 u H, = 4.03 cm onenka coraacHo (8) mpusomutr x A = 0.165 cm~ /2,
B = —0.165 cm~1/2, B To BpeMs, Kak TOYHbLIE BHIYHCJICHHUS NAKOT:

A1 =0.165 em~Y2 By = -0.167 cm~1/2,
Asq = 0.177 cm~Y2, B_; = —0.167 cm~/2
Bys = —0.103 cm™ /2,

Ao (9)

Buiso, 4To corjiacie JIOCTATOYHO XOpoiiee, 38 MCKMOYeHneM Big (pacxo-
wpenue - 37%), WIS KOTOPOH HYXKHO YIHTHIBATD Haber 6eTaTponHOH a3l
mexny cexcrynonsmu. Ha prc.l nokasaHo coOTBETCTBHE MEXKIY onenkoin (8)
1 TOYHBIMY BRIYMCJCHHSIMH BeJIMUNH TaAPMOHMK JUIS PA3jIMYHBIX HCTOYHHKOB
CH, obianalomux pasTnyHLIM XPOMATH3MOM H SMHTTAHCOM.

TMonyyeHnas ONEHKA BeJIMYMHEI PE30HAHCHBIX MAPMOHMK BIIOJIHE COOTBET-
CTBYeT HETYHTUBHOMY BIEHaTJeHNIO, 4TO MPOOIeMBl, CBA3AHHLIE C HeJIAHe -
HOM IMHAMHKOM (B 4aCTHOCTH, yMeHbIIeHHe AMHAMUYECKOH anepTypsl) A0K-
HEI BOBPEC‘T&TB no Mepe }'MEHI:HIEHHH SMHTTAHCA, eCJIH TaKOBOE DC}’IH&CTBJI?I—
eTcs He MyTeM YBeJMYeHHs YHCTa A9eeK [EPHONUYHOCTH, a onTHMH3AIHEH
noBenerns H(s) BHyTpU HOBOPOTHHIX MarHUTOB, H YBe/IMUEHHT HATYPANbHO-
ro XpoMaTH3Ma.

HnTepecer TOT GakT, YTO BETMIHHA PE3OHAHCHBIX MAPMOHUK [UIA paccMa-
TpuBaemoro ciyyas ucrodnuxa CH ¢ KoMIakTHHIM aXpOMaTHYECKEM NOBOPO-
TOM He 3aBHCHT (MJIA 33BHCHT C/1a60) OT pacCTaHOBKH U CHJI XPOMAaTHHECKHX
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Puc. 1: AMIVIMTYAB TapMOHHK AU1s paxtudHblX BeTovyEukoB CHU. JIunus co-
OTBETCTBYET aHAJIATHYECKOH OLEHKE,

CEKCTYTIOJel, a ONPENeIAeTCs TOJIbKO HATYPAIBHBIM XPOMATH3MOM H IMHUT-
TaHcoM. ITociennee Mbl IpoBepun JUIs ciiydas cTpykTypst CHBVIPU-2 [16]
NpAMEIM MOIEJIHPOBAHAEM: HECKOJBKO BAPHAHTOB PACCTAHOBKH CEKCTYNONb-
HBIX JIHH3, KOMIEHCHPYIOIAX HATYPaJIbHEIH XPOMATH3M, NPH M3MEHEHHH CHJI
siua3 Goslee 4eM B [IBa pa3a NOKAa3aJik OJIHY M TY Xe JIHHAMHYeCKyIo anepTypy.

3 Hepe3onancHas Teopus BO3MYILEHUM

FamuanpTonnad (1) cocTomT H3 JAMHeHHON YacTH, ONUCHIBAKOIIEH HEBO3MY-
eHHOE [JBMKEeHHE M BO3MYIICHHS, BHOCHMOTO NOJAMH CEKCTYNOJNBHBIX JHH3.
[ocnennee MOXET CHHTATECA MaJILIM, H napaMeTPOM MaJOCTH (HeABHBIM) B
paccMaTpHBaeMoil 3aiade ABJIAETC aMIVIMTY/a OTKJIOHEHHS YacTHlnl Az ;,
CBs3aHHAA C MEPEMEeHHON AefiCTBHA COIVIACHO Az = A/ 25280, JI0E Be-
cenoBaHns raMmAbTORAaHa (1) Bocnonb3yeMcA pe3ybTaTaMi pabOTH [17],
rzie 19 3TOro NpHMEeHseTCH Teopusi KaHOHHYecKuX nipeobpasopannii Jlu. [lo-
apobroe omucanue Teopun JIn, a TakXKe, NpUMEpPhl €€ UCHIOJIb30BAHAS /14 HC-
CHIeIOBAHNS HeJINHENHON ANHAMHKH NUKJIHYECKHX YCKOpATEel MOXKHO HAWTH

» [18], [19], [20].

[leabio npUMeHEHNS YyHOMAHYTOH TEOPUK BOSMYIICHAN SABJIAETCS NepeXoll
KaHOHHYECKHM 06pa3oM OT CTapbixX epeMEHHBIX (masiee pedn VI HIPOCTOTH H
KPATKOCTH HIET O FOPA30HTAIILHOM nenxkernn) (Jz, §5) K HOBHIM (Jz, Pz), Ta-
kuM obpazoM, 9Tobul 3aaa4a, 3anHcanHai B HOBBLIX TIepeMeHHBLIX HMeJIa bonee
npocToll BuJl, AOCTYNHEIN JUId PEIICHA HITH, 110 Kpa#Hell Mepe, U1 aHAJIN34A.
Teopus Jlu no3BoJiseT MPOU3BONHTE TaKoll mepexoll ¢ NOMOIILI0 PEKYPPEeHT-
HBIX COOTHOIIEHHH, Ha KaXJOM Iare ? oTONBHUTas” HEHHTEr PHPYEMOCTE BO BCE
Goslee BBICOKHE TOPANKH ¥ ONHOBPEMEHHO MCKJIIOYad 3 pelleHi ceKynspHble
(T.e., HeOrpaHMYEHHO PAcTYIIHE BO BpeMeHH) wieHbl. Pelllenne npeacTaBils-
eTCsi CTENCHHBIM PAIOM MO MapaMeTpy MaJioCTH C ko3 duIHeHTAMA, HME0-
IHMH 3HaMeHATENH THIA Ny —M (mpobiemMa MasbIX apamenaTesieit). B obna-
CTH CXOOHMOCTH pAlla pellieHHd, T.e., KOr/la HEBO3MYIICHHLIE beTaTpPOHHEIE
4aCTOTHL IAJIEKH OT Pe30HAHBIX 3HAYEHMHH, HOBLIN raMWJIBTOHHAH HE 3aBHCHT
OT UAK/INYECKAX NepeMeHHbX (@z,0), ABJIASCh HATErpasioM ABHKCHAA H no-
3poJIAs 3ATHCATH APYTroi HHTErpaJi AIBHXCHAS, HOBYIO IEDEMEHHYIO NeACTBHSA,
KaK QYHKIHIO CTApbIX KaHOHHY9ECKHX TlepeMeHHBIX f,;(J,, ¢z) = const.

B nepBoM mopsike MpuOIHXeHHs BOSMYyIUCHHAd qacTh raMmJIbTOHHAHA
(1), 6Gynyqu HeIeTHOH $yHKIMeH MHKINYECKNX MePEMEHHEIX, He UMeeT C1a-
raeMbiX, BEAYIIUX K CEKyJIIPHOCTH: YCpeIHCHHE BosMyIeHns 1o (¢z, ) naer
HyJb W, CJIEIOBATE/IBHO, » roBhii” rammsToEMan Hy = 0. IIpyramu cioBaMu,
yyeT NepBOro MOPSAKA pemieHHd He MPUBOAMT 9 CEeKCTYNOJBHOIO BO3MY-
meHNs K 3aBHCHMOCTH YaCTOTH Kosieb6aHu| OT aMIINTYOH.

Bo BrOopoM HOpsiake NPHOGIHXEHNS 3TO yXKe HE TaK, ¥ A4 u3bexaHud
CeKy/ISPHOCTH FaMWILTOHUAH B HOBHIX NEPEMEHHBIX [OJIKEH MMeTh BHI

(10)

NO3BOJIAA NMOJYYHTH 3aBHCHMOCTL H9acTOTH Kosie6aHuil OT aMIMIMTYOLl CO-
IJIaCHO

dH,
- (11)
dJg
JlerKko BUIETDH, 9TO T4 3aBHCHMOCTH HMeeT Pe30HAHCHLIH XapaKkTep pOIu3H
vy, = m u vy = mf3, rie m - nejioe YRCIO (puc.2). Hosas nepemeHHad
ReficTBUS, KOTOpas TaKxke SBJIAETCA WHTErPasioM NBUAKCHUA, MOKET 6LITH
samucana Kak (pyHKIHS CTAPHIX KAHOHHYECKHX NePEMEHHEIX C TOYHOCTHIO JIO
BTOpPOro NOpAZiKa B BANE

Va:(j-.r) = vy +

Jo = Js + 3VBJZ/? [cosd .7 + c083¢, . . (12)
gl e - SV —m
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10

rae mwis yoobersa npusaTo € = 0, a Jr = const HaXOAHTCA M3 HAYAJIbLHBIX
ycnopnit np¥ ¢ = 0, Jr = Jro. Yucnennoe pemenne (12) mossosndger Hai-
TH (pa3opble TPAEKTOPHUH CHCTEMBI Jz(¢z) (puc.3); mociensss ycTOHIHBAA
TpaeKTOpHA M oNpeleiseT pasMep NINHAMMAYECKOH anepTyphl.

Jlns ynpolleHHs AHATWTHUECKOH OLEHKH OTMETHM, WTO, TOCKOABKY KO-
spdummenTs (12) Takke conepxaT Pe3OHAHCHbIE SHAMEHATEIH, MBI MOXKeM
nonpoBboBaTh BHYKCINTH Pa3Mep AWHaMUIeCKOl anepTyphl YACPKUBAA TONb-
KO OCHOBHBIE TapMOHMKM, TO €CTh Te, A KOTOPHX COOTBETCTBYIONINH 3Ha-
MeHATeIb MEHEAMAJEH. BO3MOXKHOCTD HCTIOJIb30BAHNA OTPAHMYEHHOIO HHCIA
OCHOBHEIX TAPMOHMK IS IOCTPOeHHs (a30BOro noprpera ONUCHIBAEMOll CH-
cTeMBl TIONPOOHO paccMaTpeBajiachk B (9], M YAOBJIETBOPHTENLHBIE Pe3yJib-
TaThl, OJAYYeHHBE TaM, NO3BOJISIOT NPENONIOKUTE NPABOMEPHOCTH TAKOTo
TOAXOMA [JIS OlleHKH BEJIMYHHE NMHAMUYECKOH anepTyphl.

Iljis nmpuMepa PacCMOTPHM CJIyd4ai, Korfla Vy = 1. Torpma (12) MOXHO
fiepenucaThk B BHME

j::: — Jn: -+ F(¢'::]Jg'm;
F(¢2) = 2v2[3A1 cos ¢z + Azs cos 3¢s]/611, (13)

rme BBeeHO OOO3HAueHHe I PACCTPOHKH HeTaTpPOHHOH YacTOTH
1511 = Vg — .

O6061ienHbIe MEBapHaHTH THNA (12) HEONHOKPATHO MCHIOJL3OBAINCE pa-
Hee JUTS MCC/IGNOBaHNUS HEJMHENHOTO NBMXeHHs (CM., HaPHMED, [21]). Ilpm
5TOM rpaHHla O6JAcTH YCTONYHMBOCTH COOTBETCTBYET TakiM HAYaJbHbIM
apavenuaM (zo = z(0), z; = 0), Npu KOTOpHX HEABHOE ypaBHECHHE (12)
JMeeT HyJeBOH WM MHMMBEIL KopeHb. [foMHs O TOM, YTO MapaMeTp MaJlocTH
£ X Ji’rz, peliaTh HeJIHHEAHOe YpaBHEHHE MOXKHO METOIOM nocJ1e/IoBaTeTBHON
JIMHEApN3allui [22], onnako, MBI, YTOOBI OHICTPEE NOMYIHTH HYAKHBIA OTBET,
BOCIIOJIb3YeMCA CIIEYIONIUM COOOpaxeHHeM. Bynem HCKaTh rpanuny obia-
CTM YCTOHUMBOCTHM KaK TOYKY pa3phiBa kpupoit Jy(¢z): dJz/d¢p: = oo H
samumem TosHYIo nponssonayio (12) B Buge

df. _ 8J. 8B
el T v o 7 v
—

8Jy . __98Jz[0¢s _
s o el
8 SR
- iy

Mpumenas yenosue (14) k (13) u yunTsiBasi, 4TO COrIaCHO (8) Ajy =~ Azs= A

11
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Puc. 4: PaspulB ¢a3oBoil TpaeKTOPHH H IPaHUIA YCTOWYMBOTO IBHKEHHUI
BOsIM3M pesoHaHca Vy = 1.

MOXKHO [OJYSHTH CileAylomiee BHpaXeHHe ONACHBalONIee IPaBUIy NUHAMH-
qecKOl anepTypbl

JH? = —§,,[[3V2A (3 cos ¢ + cos 3¢))] (14)

Tenepb MBI JOMKHBI HAallTH TaKoe 3HAUEHHE da30B0il nepeMeHHOl ¢z, IPH KO-

TOPOM COOTBETCTBYIOINee TPAHAYHOE 3HAYCHHE J,l;‘m(ti:,,) MHHHEMAJILHO, a 3a-
'PéM CIIPOCHPOBATH €r0 MO TPAeKTOPHH CHCTEMBI B TOUKY ¢, = 0, T.K. HMeH-
HO 9T TOYKA OTBEYAeT MPUHATHM HavdajJbHBIM YCIOBHAM (Zo = #(0}, z5=
0). B paccmaTpuBaeMoM ciyuae paspuiB ($a3oBoil TPaeKTOPHH NMPOHCXOMUT

npa ¢ = 0, m. KoHKpeTHas BeIMYHHA 3aBHCHT OT 3HaKa d11/A u BLibnpa-
eTca Tak, 4TOOHI i’!z > 0. Hanpumep, npu §11/A > 0 ¢, = m. Pa3zosuie

TPaeKTOPHH VIS 3TOTO CJIyYasd NMOKa3aHbl Ha puc.4, a pa3mep JUHAMHYECKOH
anepTypsl paBeH

Az = \/r’-)ﬁc-—'}i': 6‘"‘11'\/5_"”- {15)

12A
Ilosib3yAch HEPe3OHAHCHOM TeopHell BO3MYIICHHH MOXHO HA@TH pa3Mep s-
HaMHYecKOW anepTypHl He TOJLKO BOIM3N pe3oHaHCa Vp = 1, Ho u B AKO0OI
npyroil obiacTi 6eTaTPOHHEIX YacTOT [17] ® noay4alollieecss pelleRHe XOpo-
[0 COBMAJiaeT C pesyJbTaTaMi YACAEHHONo MOJSJIHpOBaHNA. Onnaxo, bonee
BaXHO, UTO pesynbTaT (15) MokeT OHTH MONY4eH HCXONS U3 M3YHeHHA co-
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OTBEeTCTBYIOIIEro M30JIMPOBAHHOIO pe3oHaHca., Jaberas BOoepel MOXHO CKa-
3aTh, YTO 3TO BEPHO B ClIyYyae NPOM3BOJILHOIO BEIGOpa 6eTaTpOHHOI YaCcTOTH:
TOPH30HTAJILHAA JHHAMAYECKad alpeTypa XOPOUIo OlpelesfeTCs YeThIpbMs
pe3oHaHCaMM, ONMCHIBAEMEIME JIBYMdA NePBEIMH NOPAAKAMH TEOPHH BO3MYILE-
HUH Ve =m, vy =m, v =mu 2v; = m.

4 Pe3onaacHas TeopHd BO3MYILEHUMR

4.1 OO6ume CBONCTBA CEKCTYIOJBHEIX Pe30HAHCOB

CsoiicTBa pe30HAHCOB NPHMEHHUTEILHO K IMHKJIHYECKHM YCKOPHTEIAM HOCTa-
TOYHO XOpOoINo M3y4eHH (cM., Haupumep, [23] u smreparypy Tam). Obummit
BHJI FaMIJIETOHNAHA, ONMCHIBAIONIENO OTHOMEPHBIH H30JAPOBAHHEIH Pe30HAHC
nY = m 3anicHBaeTCd Kak

H, = 61 + a(l) + f(I)cos m®. (16)

I'ne HoBHIE (pe30HAHCHBIE) KaHOHHYeCKHe nepeMennbie ([, @) cBA3aHBI co CTa-
puimu cordtacho [ = J, ® = ¢ — 8 -n/m. Tonosorus ¢a3oBoro npocTpaHcTBa
pe30HaHCAa H OCTaJbHble CBONCTBA PE30HAHCA ONPEAEIAIOTCH COOTHOIICHHEM
paccTpoiiku § = v — n/m, HesmnelinocTn «(l) u posmymenus f(I).

Ipenensrasn $a3zoBasi TPacKTOPHS pe30HAHCA (cemapaTpHCa) NEIMT IBH-
aenne Ha xosiebaTesbHOe (yCTOl4MHMBOe) M BpamiaTenbHOe (HEycCTOHYMBOE).
QOcobble HeMOMBHXKHEIE TOYKM (Pa30BOrO MPOCTPAHCTBA HAXOAATCA U3 YCJio-
BHH

dH, dH,
'/} e A, e o (17)
KOTOphIe NDABOAST K ABYM yYPaBHEHHAM
sin m® = (, (18)

d+a'(I)x f/(I) =0,

rje HITpHX 0603HAYAET NPON3BOAHYIO MO [. JMNnTHYECKHe HENOABHXKHEIE
TOYKH ABJIAIOTCA NeHTPaMH, a FHoepOoJidYecKie 3a1aloT rpaHHIy obJiacTei
("ocipoBkoB”) ycToftuuporo aApMxeHus. KoOHKpeTHHI THN 0cOBOR TOYKH
OIpeNiedifeTcs ¢ NOMOUIbIO M3Y4YeHHs JIMHEeapH30BAHHOIO ABHXEHHS B HeIo-
cpencTBeHBON Him30cT™ OT 0coboil TOUKH.

13




PezoHancHOe 3HadeHHe NepeMeHHOM HedcTBUS [, HAXOMHUTCH COrJIACHO
i/
vo + a'(I;) = n/m, (19)

a pa3mep oBIacT¥ pesonanca 1o nepementoil neficteus Al (npu Al << I;)
HaxofmTCcs Kak [26]

- f(Z,)
N At (20)

Tenepb, YTOGH MCCIEAOBATH KOHKPETHEIH PE30HAHC HAM HYXHO 3HATH KOH-
kpeTsile Boipaxenus wid o(l) u f(I). Onuako, npexne 4eMm mepedTH K
NETAJIBHOMY PAcCMOTPEHHIO CEeKCTYNOJLHBIX Pe3OHAHCOB CHEIAEM HECKOJIBKO
obINX 3aMedyaHuil.

HekoTophie NapaMeTphl CEKCTYNOJILHBIX Pe30HAHCOB Yy = M JUIA NePBEIX
Tpex nopanxos npubnuxennus (k = 1+ 3) npusenens B Tabiuue:

k n a(l)  f{i)
1 1.3 - fkﬂfa-‘m
I Y S LA W
8. 135 - funI®/?

BunHo, yTo k-THit nopsaok npubimkenus nobapideT HOBHIH (cTapmmii)
pesoHaHC ¢ n = k+2 u ¢ Bo3MyIlleHHeM (MHOXHTE/EM IIPA COS m®) fin ™2
Yro xacaerca HemmHeiimocTH «(f), TO BKJaa B Hee HAIOT TOJNBKO YeTHHIE
NOPAAKH NPHEIMAKERHs: BTOPOi - a]?, eTBepThill - agl® 1 T.X. YuuTHBaS
MaJlocTh [ M OoCTaBiisaf TOJBKO TJIaBHBIE 3HAYalllie WICHbl, raMUJIbTOHHAH
pe3oHaHCa Ny = m NOpaaka npubimKeHus k > 2 MOXKHO 3aIMCaTh B BAJC

Hy = bpml + (aal® +...) + fkﬂf“”cos m®. (21)

Corsracuo (19) pesoHancHOe 3HaUeHHe NEPEMEHHON NEHCTBHA PaBHO

&ﬂm
I:I" - 1 (22)
209

a pasMep CelapaTpUCHl Pe3OHAHCa MO NEPEMEHHON NeNCTBHSA (20)

fkﬂffﬁ

=33
Al= % v
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[oncrasisas B (23) (22) MOXBO 3amHcaTh OTHOIIEHHE INMPHHLL CEapaTPHUCH
K pe30HAHCHOMY HEeHCTBMIO B Bule

I .
"? =c b’ (24)

rae ¢ = \/ fin/(2a2)"/? - MEOXUTEND, c1a60 3aBACAIIHI OT PACCTPOHKH.

[MockoaBKY KOOpAWHATA HeycToWduBol ocoboi Toukm [y ~ I., u3 (24)
MOXKHO CeJIaTh BaXXHbI BhIBO/ OTHOCHTEJNBLHO BIHAHHA Pa’mjIM4HBIX CEKCTY-
NOJILHBIX PE30HaHCOB Ha ycTORYMBOCTE. Jlng n > 4, T.e., HaunHasi ¢ TpeThEro
nopAnka, MpH NPHGJIMKEHMA K pesoHaHCY (Jpm — 0) pasmep pesomancHoi
obiracTi yMenbinaeTca GuicTpee, yem [p (cemaparpmca Kak 6ml ”cxJaneiBa-
erca”), B TpH BHIIOJHEHUH TOYHHX YCJIOBHil ¥ = n/m Takoli pe3oHaHC He
BJIMSET Ha YCTONYHBOCTH HeJIMHeilHoro neuxkenus. Ilpu oTnalennu oT peso-
HaHca MOJIOXKEHHE HeYCTONYMBOH TOYKH [y M pa3Mep cenapaTpHCHl yBeJIHYH-
BAIOTCH, OHAKO, CeNapaTpUCHas TPAeKTOPHS CBEpXy M CHH3Y (IO mepeMHHON
NeficTBHs) OKpYXeHa WHBADHAHTHBIMHM TPaeKTOPHAMH. YCTOMYMBOCTL Ha-
pYIHAeTCsd TOMLKO B C/YydYae NEPEKPHITHA CTOXaCTHIECKHX CJIOEB HECKOJIBKHX
PE30HAHCOB BBICOKOrO MOPAAKA ¥ paspyllieHHs MHBapHaHTHHIX (a30BHEIX KpH-
BhiX. [lonpobree 3T0 OOCYyKIaeTcs HUXKe.

B npoTHBONOJNIOAKHOCTb 3TOMY, IVif PE30HAHCOB NEPBOro H BTOPOro Nopsan-
Ka npubimxenus (n < 4) onucanuoe sBjeHne He WMeeT MecTa. [lpu BrmomHe-
HAH TOUYHBLIX PE3OHAHCHLIX YCJIOBHI IBHKEHHEe ABJIA€TCA HEYCTOMNYMBLIM, YTO
HAIIPAMYIO ONpeHesseT IPaHAlbL AMHaMHYecKoil aneprypul. Onenka pasme-
pa JHHAMNYeCKOll anepTyphl ¢ MOMOINBIO H3YUeHUS TaKHX Pe3oHaHCOB (Hamo-
MHHM, YTO TaKHX Pe30HAHCOB B CJIydae rOpH30HTAJLHOIO JBHXEHNS YeTHIpe:
v = n/m, m = 1,2,3,4) n aBjIgeTcs OCHOBHHIM NpeJMeTOM 3TOH IJIaBhi.
Ilsis onpefieNleHHOCTH NMANa30H GETATPOHHLIX YacTOT (HANOMHHM, YTO MEI
paccMaTpHuBaeM BeTaTPOHHYIO YacTOTHI B NlepecyeTe Ha OAHY AYEHKY nepHo-
AMYHOCTH, T.€., bakTH4yecku, Haber ¢a3bl B eAHHUNAX 27) BO3MEM B Mpeesiax
T < <1h

4.2 Pesonanc v, =1

IIpn paccMOTpeHHMH pe3oHaHca Vy = M, m = |, KOTOpHIi HOABIAETCA B
NepBOM HOpAJKe BO3MYINEHHH, Mbl JO/KHBI OCTaBATH B raMmibToHHane (1)
TOMBKO MEIJICHHO MeHSIoIMecs 4WieHbl, colepxkainue cos(¢y — #), ycpenuus
ocTadbHBIe 110 "6BICTpOit” daze. [lockosibKy MemJyieHHO MeHSAIONIAAcAs 4acTh
NpH pellleHAH NPHBEIET K CEKyJAPHOCTH, Telepb, B OTJIHYHe OT Hepe3oHaHC-
HOrO CJ1yyas, ”HOBHIA I'aMHJIBTOHHAH B MEPBOM MOpsA/IKe paBeH HE HYJIO, a
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Puc. 5: ®a3oBHe TpaekTOpHH BOIM3M pe3oHaHCca vy = 1.

CaMOMY BO3MYIIIEHHIO
Hy = (2J;:)*/? [3A11 cos(¢z — 0) + Asacos(3(¢s — 6))]. (25)

Ilns M3ydueHns cBOHCTB Pe3OHAHCA MBI IOJDKHBI B3ATh HejmHeliHOCTh a(Jy),
onpenesiseMylo coraacto (11) m (10). Oanako, T.X. MBI HCKJIIOYH/IH B EPBOM
nopszke rapMoHHKH Ajy u Az, BO BCEX BHIDaXeHWAX B BHICHIHX HOpSAKax
ux He 6yneT, # HEIMHENHOCTH BTOPOrO NOPAJKa IPHHUMAET BU

. 342, A2
a(J;) = Hy = —18J2 {Z Sim, Z e g (26)
m;l’:l

B sToM cilydae ocTaBlinecs B CyMMaXx CJlaraeMbie cJleBa M CIpaBa OT ~ pe3o-
HAHCHEIX” NIPUGJIH3NTEILHO PABHBI IO BEJIMYHHE M NPOTHBONOJOXKHEI IO 3Ha-
Ky, Tak, 9To B meioM a(J;) =~ 0. OToT mHTepecHBINl PakT CBA3aH C TEM,
YTO Ui PacCMATDHBAEMOrO ciIyyas HeJIHHeHHOCTh He ABJISETCHd BHELIHEH,
a NOpPOXMaeTcs CaMUM Bo3MymeHWeM. Takum obpa3oM, HEJIMHEHHOCTh MJIA
paccMaTpHBAEMOTO M30JHPOBAHHOTO Pe30HaHCa OKa3biBaeTcd NMpeHebpexuMo
MaJIoil, M, MOCJIe TIEpexona B CHCTEMY KOOPAMHAT, CBA3aHHYIO C PE30HaHCOM
vy = 1, ero raMHJILTOHHAH 33NHCHBaeTCHd KakK

Hf = Juf;g -+ (QIE)E;E (3A11 co3 Qz + Aga COs 3‘1’3} (2?)

rje paccTosHHe OT peaoﬁanca, 411 = vz — 1. PasoBbie TPaeKTOPUH PEe3CHAHCA
(BxJ0Uas cemapaTpmcy) cxeMaTH4ecKW NokasaHbl Ha puc.5. Jlerko mpose-
PHMTh, YTO MOJIOXKEHHe HeYCTOWYABOI 0co60# TOYKH MO NEPeMEHHON NeHCTBHA
coriacHo nepsomy yciosmio (17), onpenensionieit onHy W3 'DaHHI TOPH30H-
TaJNBLHOR NMHAMHYECKON amepTypHl B TOYHOCTH COBHNANAaeT C BHIpaXKeHHEM
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(14), nosyueHHBIM paHee C IOMOINbIO HEPE3OHAHCHON TEODHH BO3IMYIHEHMWH
(npH Tex Xe MPERNOTOKEHHIX OTHOCHTE/ILHO BEJTMYMH I'aPMOHMK BO3MYIle-
Hud, T.e. A1y >~ A3z = A)

IM? = —6;, /[3V2A (3 cos @, + cos 38,)). (28)

Ionoxenne mo ¢ase, HalileHHOE COrJIACHO BTopoMmy yciyioBmio (17), Takxke
COBIAflaeT C NoJIy4eHHEIM paHee @, = (0,7 B 3aBHCAMOCTH OT 3Haka 413 /A.
TaxuMm obpazoM, ofHa B2 rPpaHHI] TOPH3OHTAJNBHON AMHAMHYECKOH anepTyphl
pasna (npu @, = 0)

) e
Ag = Vzﬁxfz - % {29}

Bropas Touka, NPOTHBOMOJIOKHAA [0 3HAKY, MOXeT OHTHL HaliieHa W3 yCo-
BUA MHBapHaHTHOCTH ramuibToHHana H,: H,(l;1,®; = 0) = H (I;3,9, =
7). Pemende nosiydalonierocs Kybudeckoro ypaBHEHHS NPHBOLHT K 3Haue-
a0 Ago = Az /2. T.e., ropusonTaibiad AMHAMHYECKas alepTypa, onpesie-
JiseMasi pe3OHAHCOM ¥y = 1, JuHENHO 3aBHCHT OT PacCTOSHHA /IO pe3oHAHCa
(eciu He yunTHBATH CJ1abyI0 3aBHCHMOCTD BEJIHYMHBI FAPMOHHKH A), ¥, T.K.
B paccMaTpuBaemoM nprbmamxkennn A > 0 (cM. onenky (8)), crea oT peszo-
HaHca ee NOJIOKHTEIbHOEe 3HaueHne B [Ba pa3a Ooabile OTPHUATENLHOrO, a
chnpaBa - Hao60pOT. ARaJIOrHYHEIe pe3ysbTaThl OB noJydeHsl B [6].
HanboJiee npocTo mojiydeHHble BHpPaXeHnsd OyAyT BHITIANETh IJ1% HCTOY-
auka CH B neHTpe axpoMaTHYeCKOro IOBOPOTA, I'ie OleHka (8) npMBOONT K

(611 /A>0)

A SN e e (30)
13 2
The Mo - 3Ha4YeHHe NUCIepCUOHHOH GYHKINH B IeHTPpe axpoMaTa, a FrOpU30H-
TaJIbHHI XPOMaTH3M B [lepecueTe Ha ONHY AYeHKY mepuonudHocTH £, bepercs
110 MOAYJIIO.

Ha puc.6 nmoka3zasa 3aBHCHMOCTE MOPH30HTAJILHON JHHAMHYECKOI anepTy-
pH OT HeBO3MYyIHIeHHON GeTaTpoHHOR YacTOTH. Buamo, uTo mis pezonaHca
vy = 1 cornacue MexAy pe3yJbTaTaMH TPEKHHIa ¥ aHANHTHYEeCKOH OEHKOH
Xopolllee BINIOTh 00 ¥y =~ 1.17. Orauyue 3aBHCHMOCTH OT NpsAMoil obbscHs:-
eTcsd TeM, 9YTO BeJINYMHA 'aDMOHHMKH BO3MYIIeHHA H 6eTa-pyHKINHE 3aBHCHT
(xoTs m mocTraTouHo c1abo, KaK BHIHO U3 rpaduKa) OT HeBO3IMYMIEHHON Ya-
cToTH v, (0).

OTauyne aHATHTHYECKON OEHKH OT TPEKHHTa B paiioHe v, ~ 1.2 BLIZBaHO
pe30HAHCAMM BLICIINX NMOPANKOB H OObACHAETCH HIDXKE,
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Tune dependence of DA near the resonance = 1
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Puc. 6: 3aBACHMOCTE FOPH30HTANLHOM IHHAMMYECKOH alepTypbl OT HOJOXe-
Hua paboueit ToukH BOIM3M pe3OHAHCA Vr = 1. KpecTukn - TPEeKHHT, THHUHA
- aHaJIATHYEeCKad OLCHKA.

Mpu v > 1.25 BepaxeRns Ui PaCCMOTPEHHOIO DPE3OHAHCA pooblie Tie-
pecTalT OIMCHBAThL MOBENCHHE NHHAMHYECKOM ampeTyphl, T.K. Ha4yWHad C
3TOro 3HAUEHHA I'PAHKIL OOJIACTH YCTOHYHBOCTH ONPENeSIOTCS PE3OHAHCOM
4v, = B, KOTOpHIl TIOABJISETCA BO BTOPOM NOpsiike npubamxenns. Onnako,
npexie YeM MepedTH K MCCIENOBAHMIO STONO PE3OHAHCA, pPaccCMOTPHM pe30-
gaHc 3, = 4, KOTOPLIA BO MHOTOM aHaJori4eH ONucaHHOMY BEIIIE pPE30HAaHCY
R 5! 19

4.3 Pe3onauc v, =4

Crietyst pe3yibTaTaM NPebUIyINero pas/ieia, MBIl MOXKEM Cpasy e 3allucaThb
pesoHaHCHBIM raMmiabToRnaH. OTnwdue ByneT 3aKioYaThCd JIMIIL B TOM,
9TO BMECTO ABYX Me[JIeHHO MEHSIOIIMXCS TapMOHHK Mpeanaylnero ciytas
(A1) u Ass) Temepb oCTaHETCH TONBKO ONIHA Ass. Ycpenuss GuICTpO OCHHII-
supyioinge Wwiens B (1) # oCTaBsAs eIHCTBEHHOE CJIaraeMoe, CONEpKallee
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- 0 p P
Puc. 7: PaszoBble TpaeKTOpHH BO/IM3H PE30HAHCA Jve=4.

cos(3¢5 — 40), nomyuuM raMuIbTOHAAH H30JIAPOBAHHOCO PE3OHANCA 3y = 4
H, = 8341, + (21;)3/? (Asscos 39;). (31)

cae 034 = Ve — 4/3 - paccTosHUe OT PE3OHAHCA. VisBapnaHTHEE KPHUBHE
>TOro pe3oHaHCa NOKa3aHbl Ha PHC.7. Tak Xe, KaKk B HpeAbilylleM Cay4dae,
HejMHeitHocTh (T.e., 3aBHCHMOCTL YaCTOTHL xosieBanuit OT aMIVIATYAB) NpH
nepexofie K Pe30HaHCHBIM NEpeMEHHBIM oKalLIBaeTCs Maja: BOJIM3H paccMa-
TPHBAEMOr0 Pe30HAHCA OCHOBHOI BKJ1a/l B HEIUHEHHOCTD, ONPEAESIACMYIO (11)

u (10) naer wien :

A
9 4134
PP 1., 32)
. 31’3 e 4: (
HCYe3AIONMil [PH JHKBHAAIMHA CEKYISIPHOCTH B NEPBOM MOPANKE PEIICHIA.
Tlanee MpoNeAypa NONCKA T'PAHMIIbI YCTOHYMBOCTH aHAJOTHIHA npeabiay-
meMy CIygalo, B pe3yJbTaThl PadIMdaloTCs TONBKO qyucaeHHHM Koaddun-
egToM. KoopnuHaThi HeyCTOHYHBOM ocoboii Touku Ha mwiockocTH (Iz, ®:)

st caydas 834/ A3zq > 0

&, =n/3, 2x/3, m;
12 — _§34/(3V2A34). - (33)

OnHa w3 rPaHHI OBJACTH YyCTOMYHBOCTH Az = V2051, a BTOpasd, HaXONA-
lasic, KaK M paHee, W3 WHTerpajia ABMKCHAA H, peiuenmeM KyOm4eckoro

ypaBHenHs paBHa Agz = Az1/2.
TIpumeHss OUEHKY HA BEJIWYMHY TapMOHHKH Ags TOPH30OHTAJBHAH anep-
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TYPa B [IEHTPe aXpoMaTH4YecKoro nmopopora AcTouHuKa CH 3anmummercs kak

d; A,
Arl = _4%: A::E — Tls (34)

rie HCHONb3YIOTCA Te e 0D03Ha4YeHHdA, 9TO M B NpenuaymieM pasneie. Ha

Tune dependence of DA near the resonance 3V, = 4

¢ Tracking | I :
¥ +
—— Anal estimation t I
A0 S == TS {ug——r -------- e (= - e = =
I
"'E" 1
E’ P L LT R, T N Ty i U O PR e ] [ T T S
u ]
E 000 — - - - -~ - == = BT I I
£
E R T e T N s g
'E e o o E S o = e e e e e o o R s o oEm ST TR R L B s P S
s i
]
00— - - - = -~ - - - - -- - - s e - -
1 1 1
| 1 1
[ 'l L
T | F I ] I T
1.28 132 1.38 1.40 1.44

Puc. 8: 3aBHCHMOCTE NOPH30HTAJILHON AHHAMHYECKON aNepTyphl OT MOJIoKe-
Hug paboueil ToukH BOIH3M pesoHaHca Jv; = 4. KpecTHKH - TpeKMHT, JUHAH
- aHaJIHTHYeCKasd OLEHKA.

puc.8 mokasaH pacYeT QMHAMHYECKOH amepTyphl BOsimsu vy = 4/3 no (33)
B CPaBHEHHHU € pe3yJbTaTaMi Yuciedtoro mMoneaunpopanns. ChaeBa obimacTs
NpUMEHEHNA NOJTYYeHHLIX BBIDaKEeHHH orpaHH4YMBaeTCA Pe30HaHCcOM 4v; = 5,
a cnpasa - 2vy = 3.

4.4 Pe3sonanc 4v, =5

Pesonanc 4v; = | noapagerca Bo BTOpOM Hopsake pemenud. Ero dasobnie
TpaeKTopHu npuseneHsl Ha puc.9. Ilockoneky B 06iacTu 9acToT BOJIN3HM 3TO-
N0 Pe30HAHCA CEeKYJ/IAPHOCTD B IIePBOM IODPSAKe MPHOMILKEHUS He BO3HHKAeT,

20
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x

Puc. 9: Pasopbie TpaexTopuu BON3M pesoHaHCA 4, = 5.

Pe30HaHCHBIH raMUILTOHHAR UMeeT NOJHLI BAX (16), BKmovyas # obmee BhI-
paxeHnue Iif HeJIMHEHHOCTH

H, =dyl; + &(Ix) -+ f4(f,)ﬁ0& 4P (35]
a(l;) = —1812 Em(ﬁim.+ _Aim_},

Ve=—mM ayu—m

fllz) =18 ¥, {u,—i:;ﬁé;i:?ﬁ—m] (2v; +2m - 1).

rne 04 = vy —1/4. YunrnBas nna namtero ciyyas | = 5 W ocTaBig94 rIaBHEIE
rapMORMKH A;; =~ Agq =~ A) Bripaxenns (36) MoxHO ynpocTHTB

b 2 10845—1/2
a(l,) = —18A L] sl s,
2845—1/2

Wsyuenne rammsibToHHaRa (35) MokasbiBaeT, 4T0 06s1aCTh AEHCTBHS pe3oHAH-
ca 5/4 < vy < 4/3. Bre >Toli 061acTH rPaHMUBI [UHAMEIECKON aNepTYpH
onpenesiAIOTCA Npyrumu pesoHancamu (v; = 1 u 3v, = 4). Ecan 3anucars
BO3MYMIeHAEe M HeJMHedinOCTh W3 (36) B Bune a(l:) = anl?, f(I) = f4I2,
TO NOJIOXEHNE HEYCTOHIHBON TOYKHA MOBOPOTA MO JeficTBHIO coriacao (17) m
rpaHdNia YCTOHYHBOH 00JIACTH HaXOOATCH KakK

5 Py ([2%
T 2fatar)  Fiman

In""

— —-'*"—-—2(f4 - ﬂ:’g) ' A ¥ 1): (3?}

3aMeTHM, 9T0 H3-3a CHMMETPHH IIOTEHNHAIA BO3MYILECHHS AT paccMaTpHBA-
€MOTI0 PEe30HAHCA BEJIMYHHEI 00JIaCTH yCTOWYHBOCTH CJIeBa H CHpPaBa OT HYJIA
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paBHH ¥ NOCJIEe NONCTAHOBKM (36) B (37) 3anmmyTcs B BUAE

Az = lﬁF("::): (38)
F(vs) = [(8a5 + 1/4)(361s — 1/4)(y/ 15525 — 1)]1/2

Ha puc.10 noxaszaHa rpaHula AMHAMHAYECKOH alepTypbl BOIN3M pe3OHaHCA

Tune dependence of DA near the remnanoc 4V, =5

Horizontal dynamic aperture (cm)

1 1

| |

i L

i |
1.24 1.26 1,28 1.30 1.32
Horizontal betatron tune

Puc. 10: 3aBHCHMOCTE TOPH3OHTAJIBHOM MHHAMAYECKOH alepTyphl OT IIOJIO-
WeHua pabodeill TOYKH BOJM3H pE30OHAHCA 4y, = 5. Kpecrnku - TPeKHHT,
JTHHAA - AHAJMTHYECKasd OLEHKA.

4y, = b pacudTaHHad COrJIacHO aHAJTWTHYECKOM ONEHKE B CPaBHEHHH C pe-
3yJIbTaTaM$l YMCIICHHOTO MOAEJIMPOBAHUA.

4.5 Pesonanc 2v, =3

Bropoil nopsnoK NpubIMKeHnd HO3BOIAET HOJIYYMTh BbipakeHHe UL ra-
MIIGTORHAHa pezoHanca 2v; = [. B oTinuume OT MPEABIAYINETO cay4yad H
aHAJIOTNYHO PE3OHAHCY Vy = 1 3/leCh CHOBA HYyXHO YYHTHIBATH cjlaraeMble C

22

Puc. 11: ®azoBrie TpackTOopHA BOIH3N pe3oHaHca 2, = 3.

cos(2v, — 10) u cos(4v,; — 1), 06a n3 KOTOPBIX YAOBAETBOPAIOT PE3OHAHCHEIM
YCIIOBHSIM:

H, =6yl + I? (a2 + facos 2® + fycos 4P), (39)
ay=—18 T, (3Aln 4 Ay

fo=36 Tp(piipdtitn — (4v: — 2m+1),
fo =18 T (proasaitne (v — 2m + ).

roe § = vp — /2, B namem ciydae | = 3. CxemaTnueckoe nobenenue $aso-
BLIX TPaeKTOPHMil [UId 3TOrO pe3oHaHca NOKasaHo Ha puc.l1l. XapakTepHon
0COBeHHOCTRIO PacCMAaTPHBAaeMOT0 ciiyvad Vy = 1% ABAAETCA TOT PakT, 4TO
Ternepb HYKHO YYUTHBATE GoJIbIliee YNCIIO HCXOAHBIX a3UMYyTalbHBIX FapMo-
HMK, KOTOphle ByIyT NofA4YepKHY Thl MAJIBIMK 3HaAMEHATEeIAMH: Mbl HAXOMHMCA
HpHMEPHO Ha OHOM PACCTOSHMH (IO 9aCTOTE) OT PE3OHAHCOB ¥y = 1M vy = -
3v, = 4 1 3v; = 5. W, XoT4 MOXHO HamHcaTh KOHKPETHBIE BhIDaXeBHA IJ1%
as, fo w f4, onHako oHH OyAYT AOCTATOYHO I'POMO3AKMMU M B KOHEUHBIX
BEIpaXeHHAX VA TPAHHULL] YCTOMIHBOR 0OIACTH SCHOCTE W IPOCTOTA 6ynyT
yrepsun. IlosTomy Mbl GyneM nojsaraTh, 4TO, BMes ONpeENeJIEHHYIO Mar-
HUTHYIO CTPYKTYPY YCKOpATeJd, Mbl MOXEM pa3JIOXHTh NOTEHIHA BO3MY-
[IeHHS HA A3MMYTaJbHBIE TaDMOHHKK H, IPOCYMMHPOBAB COOTBETCTBYIOLIHE
BLIpaXeHud, Aajiee paboTaTh ¢ OOIIAM BHJIOM Pe30HAHCHOIO FaMWJIbTOHHAHA
(40). PaccmaTpuBaeMblil Pe3OHAHC OTPaHHYHBACT JBHKEHHE NPH yCIOBHH
laa| < maz|facos 2® + f4cos 4®|, muaue Bee ero pa3oBLie TPACKTOPHH OKa-
spiBatoTca yeroitunsuiMu. Mcciienosanne pesonanca (40) ¢ momombIo yCIOBHI
(17) mo3BoaseT 3aIHUCATH KOODIHHATEL HEYCTOWYNBOM TOYKH NMOBOPOTA B BH-
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Ae:

cos 2&; = -—%, Io = —833/2(8anfs — 817 — f3). (40)

CooTBeTCTBEHHO, Br:‘.'JIH"iHHa nepeMeHHOH NelcTBHA, COOTBETCTBYIOMAad Ipa-
HHIle 00JIaCTH YCTOWYMBOCTH paBHA

d23 ( fo+4f4
(f2 + a2 + fs) \/.?22 — 8faas + 8f;

Ions3yack NocyieIHAM BLIPaXKEHNEM HECJIO0XKHO NOJYYATH MPAHHIY NNHAMH-
qeckoil aneprypH A;. Kak u B npenpinymemM ciiygae oHa CHMMETPHYHA OTHO-
CHTE/ILHO Hadalla KOOPAMHAT. Pasmep nuHaMHYECKO#l alepTyphl, MoJgydYeH-
HbIH YHCJIEHHBIM MONEJIMPOBaHUEM W pacciMTaHHBlE corsacHo (41) BGamanm
pesonaHca 2v; = 3 nokasaHsl Ha oblueM pHcysKe 12,

)- (41)

I =
1:|:2

Betatron tune dependence of horizontal dynamic aperture
8.00 \

'
+ Tracking |
o —Anaiyticegﬁmntiﬂna

Horizontal dynamic aperture (cm)

Horizontal betatron tune

Puc. 12: 3aBHCHMOCTH rOpPH3CHTAJIBHON OHHAMMYECKOH anepryphl oT GeTa-
TPOHHOH YaCTOTHI.
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4.6 Pe3oHaHCHI BEICID'MX NOPANKOB

PesysbTaThl AHATHTHYECKOH OUEHKH I'ODH3OHTATBLHON AVIHAMMYECKOH anpe-
TYpHl, HpHUBeficHHble Ha pHC.12, NOKA3HBAIOT, YTO HOC/ECAHAN MOXET OBITE
paccuMTaHa HCXOAA W3 NPUBIINKEeHNs H30/HPOBAHHOTO PE3OHAHCA B HIAPOKOit
obiiacTH 6eTaTPOHHKIX YacTOT, eCjid MOCJIeNOBATENbLHO YYATHIBAIOTCA CeKC-
TYNOAbHBIE PE3OHAHCH IEPBOTO # BTOPOTO MOPSKOB N[ HOMMKEHHA Ve = 1,
v, = 5, 3v; = 2 1 2v, = 3. Tlpu >TOM CpaBHEeHHWe ( YHCJEHIILIM Moje-
JMpOBaHHEM IEMOHCTPHPYET Xopollee COIJIacHe MPaKkTHWeCKH BO BCed pac-
CMOTPEHHOH YacTOTHOH OGJAacTH 38 HCKIIOYEHHeM HeDOJILINOro y4vacTka B
paiione vy ~ 1.18 + 1.25, rie nns oT pHLATENLHOMH (66abIneit) rpaHiflbl yCMa-
TpuBaeTcs pacxoxnenue. I[IpudHHA 3TOr0 CTAHOBUTCS IOHA' -Ho#l B3 puc.13,
[/le NpUBeNeHa 3aBHCHMOCTD Pe30HACHOI NepeMeHHOR AelCTE 1 {; OT HEBO3-
MYIIEHHOH 4acTOTH Vg JVIA YeThIpeX Pe30HAHCOB BHICIErO IC'PAAKA (b =
4, vy =5, Tvy = 6 1 8y, = T): TaM, rJie 5TH Pe30HAHCH TOMX AT (IMIKO K
rpaHime yCTOWYNBOCTH, ONPENeNieMON PE30HAHCOM Vy = 1, m nepeKpLiBalOT-
csi, oBpasyeTcs IMAPOKHil CJIO CTOXACTHYECKOrO ABHKEHHS, Y MCHLINA O
HCXORHYIO 06acTh crabuwisuoro npmkerns. CorsacHo KpuTepnio “Hp 4KOBa
[24], cToxacTuveckas HEyCTONYMBOCTL CBA3aHA C NEPEKPHITHEM (xacamuem)
cenapaTpHUC IIBYX COCEMHHX pe3oHaHcoB. B cooTBeTCTBHH C (22) peuonzHc-
HOe 3HAYeHne NepeMEHHOM efi»TBHA PACcTeT JIAHEIHO (eC/l He IPHANMTH BO
BHHUMaHHeE C1abyIo 3aBHCHMOCTS (2 OT YACTOTHI) € YBEJIRUCHHEEM PaccT) 0HIKH
Sam. Beipaxenne (22) no3BosseT JIETKO OLIEHUTE PACCTOSHHUE MO TiepeMe HHCH
nelicreus 61 s cocenHux pesowaHcos n/m u n'/m', Ana KOTOPLIX Bh U0
Hgercs yciosue nm' — n'm = 1

81 ~ —L—-.
2m/mas
Hockonsky I o< z?, B NpocTpaHCTBEe KOODAWHAT PacCTOAHHE HO £ MEXy
COCEHAMH Pe30HAHCAMH YMEHBIIAeTCA C POCTOM PE30OHAHCHOIO 3HAYeHHS Z,
(wnE C yBesIHYEHHEM PAcCTPOHKH) Kak 0y o 1/&r, 9TO MBI M BHONM Ha PUC.13:
Ha GOJIBIUAX aMILTHTYAax (T.e., BOJIM3M TPaHUNEl YCTOMYMBOCTH) OTHOCH-
TeJILHOE PACCTOSHHEE MEXY IeHTPajJbHBIMH TOYKaMH PE3OHAHCOB YMEHbILa-
ercs. C mpyroii cropoHsl, coraaco (23) no Mepe ypenunuenus I, (paccTpoiixu
bpm) TMAPHHA CENAPATPHCH MO JIEHCTBHIO YBeTHIMBAETCA. Y CJIOBHE Lepe-
KPLITHS 3aMUCEIBaeTCH KaK

Al + Al ~ 8144, (42)

rae Aly 2 - pasMep cenapaTpPHCHl KaXJIOr0 U3 Pe30HaHCOB, a 6115 - paccTosHHE
Mexny mumE. K coxanennio, 4Tobbl HCNONB30BATL KPATEPHH NEPeKpLITHS,
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Puc. 13: 3aBHCHMOCTBE TOpPHM30HTAJIbHOR AHHAMHYECKOH anepTypbl oT GeTa-
TPOHHOI 4YacTOTH BOJH3M pedoHaHca V¥, = 1 (TpekuHr M pacuer). Takxke
NpHBeleHbl KpUBbie 3aBHCHMOCTH PE3OHAHCHOH mepeMeHHON Ielicreusa [, or
HEBO3MYILEHHON YacTOTHI JUIf YeTHIPEX PE30HAHCOB BHICIIHX MOPAJAKOB (mo-
JIy4eHB W3 TPEKHHTA).

HaM HeoDXOIMMO 3HATH CHAY f, PE30HAHCOB BBICOKHX MOPAMKOB, YTO OYeHb
TPYIHO H3-33 POCTAa CJIOXKHOCTH COOTBETCTBYIOMINX BHIpaXKeHHi 0 Mepe yBe-
JinyeHns nopsaka npubimxenns. [losToMy MBI Halizem 3TH 3HaYeHHMA NOJIb-
3y[Ch pe3yJIbTaTaMH YHCJEeHHOIO MONIEJHPOBAHMA JUIA PE30HAHCOB Huy, = 4
u 6y = 5. Pnc.14 nokassiBaeT Koudurypauunio $a3oBoro npocTpalcTBa Aag
pesoHaHca v, = 4 IpH pa3Holi BeJIYHHE PACCTPOHKH &, = —0.005+ ~0.03.
H3 pucyHka BHIHO corJlacue paHee NOJydYeHHBIMH BHIpaxeHusMmu (22) u (23).
IIpu ymeHbIIeHEN pacCTPORKHM YMEHBIIAIOTCA KakK pe30oHaHCHOe 3HAYeHHe He-
peMeHHOI JeicTBuA [, Tax U MUpHHA cenepeTpuckl pezonanca Al. Ilpuyem,
NIOCHENHAA yMeHblllaeTcs ObICTpee, Tak, YTO MPH TOYHOM pesoHaHce dpmy, = 0
HIMpHHA cenapaTpPHCHl TaK e paBHA HYJIO H Pe30HAaHC Kak-Obl HCYe3aeT, He
OKa3hiBasg BIAHSHHA Ha ABHKeHHe yacTHObl. [lo Mepe yBenuuenms paccTpoii-
KR &py PACTYT BEJIMYHHA PE30OHAHCHOTO 3HAYEHUS HepeMeHHON NefCTBUS U
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IUpPHHA CENapaTPHCH, OXHaKO, GyiyYH OKpYyXeHHhLIM HHBaApHaHTHBIMH pery-
JIAPHLIMA TPaeKTOPHAME, Pe30HAHC He HAPYIIaeT YCTOHYHBOCTH NBHKCHUA
NoKa NMpH JOCTATOYHO GONBLIIOH aMINIHTYE €r0 cemapaTpHca He KacaeTcd
coceniHero pesoHaHca 6, = 5, YbH TpaekKTOpPHH B 3TOT MOMEHT OKa3bIBa-
IOTCA MPAaKTHYECKH MOJHOCTHIO pa3pyIleHHLIMH M He MOTYT OBITh NOKa3aHb
Ha pucyHke. Il mposeneHuMs OLEHKH NEPEKPBITHA PE30OHAHCOB MBI HallliIH
C TIOMOIIBLIO TPEKHHTa 3Ha4YeHHs BO3MYINEHHS H HeJMHHeAHOCTH nns pabouei

TOUKH vy = 0.77

a’ =2a3 =4 cm;

fa =10.5 CH_EH;
fo = 0.8 cm~5/2;

M OOJYYHIH CJeAYollHe BeIMYHHL], HeoDXOMMMEIe JUId KpuTepus Yupukosa

Al = 1.7 x 1073 cM (5v, = 4);
Al = 2.1 x 1072 cm (6vy = 5);
d12 = 6 x 1073 cm.

Bugno, 94To paccTosEie MeXy pPe3OoHaHCAMH, KOTOpHIE COTJIaCHO YHMCJIEHHO-
I'o MOZIEIMPOBAHMS MOXKHO CUNTATE NepeKPHIBINUMACH, TpubumsnTesbHO B 1.5
pasa Gojbilie NOAYCYyMMBI BeJIN4HH uX cenapaTpuc. OmHako, T.K. KpUTepHii,
3aNHCAHHBIA B Takoil ¢opMe, OCTAaTOYHO rpyOwIil, coBNaeHHe MOXKHO CYH-
TaTh YAOBJAETBOPHTEABHEIM, [l yTouHeHNd KpUTepHsd HYXHO y4YHTBIBATh,
KpoMe IIHPHHBEL cellapaTpHChl HEBO3MYIIEHHBLIX PE30HAHCOB, pasMep CTOXa-
CTHYECKHX CJIOEB, BO3HMKHOBEHHE IONOJHHTEIbHHX (BTOPHYHBIX) pe3oHaH-
COB Ha I'paHHIE [ABYX OCHOBHHIX, MCKaXXeHHe¢ HHBAPHAHTHHIX KPHBEIX Donee
MONIHHIM pe3oHaHCOM (B HallleM ciiy4dae Vy = 1) H T.A. [25].

4.7 JlBymepHas nuHaMu4ecKasd anepTypa

IMockonbKy pacueT ABYMEpPHOR NMHAMWYECKOH alepTyphl B obllleM ciydae
AOCTATOYHO TPYAOEMOK, Mbl OrPAHHIHMCH IIPHMEPOM LIEJION0 CEKCTYIONBHOIO
pesoHaHca vy = m. Kak m pasee, IiJii ONpelesIeHHOCTH NOJIOXAM m = 1,
OCTaBHM B HCXOHOM raMusibToHuaHe (1) MelUleHHO MeHSIONHecs claraeMble
H HepeiineM o6LIYHLIM O6Pa30M K pe3oHaHCHBIM TiepeMeHHEIM ([, @)

Hr - JIIII.' + Uz'}z
+(21.)%/2[3 A1, cos(®;) + Azzcos(3P,)]
—12(21,)Y2J, By cos(®,). (43)
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Puc. 14: da3soBoe npocTpaHcTBO BOJIA3A pesoHaHca vy = 4 Wisd pasHbIX
6eTaTPOHHEIX YacTOT.
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T.k. H, He 3aBHCHT OT UMKJIHYECKOH NePEMEHHOM ¢, nepeMenHas J, aBid-
eTcs uATerpajioM nsmxkenus. Onwako, Tenepb BHA Pa30OBBIX TpaeKTOPHH H
KOOPIMHATHI 0COBLIX TOYEK [ TOPH3OHTAILHOrO JABMXEHUSA 3aBHCAT OT aM-
MINTYAB BePTUKAJILHONO [ABHXEHHS: JHHAMHYECKAsd alepTypa CTaHOBATCSH
JBYMEPHOM.

PacuyeT ee HEC/OXKeH, XOTHA YBeJIHUeHHe YHCIIa TaPaMeTPOB CHCTEMBI NPH-
BOIMT K YBeJIHYEHNIO YHCJIa BAPHAHTOB TIOJI0XKEHHS OCOOBIX TOYEK Ha (pazoBoit
niockocTH. BBong pasyMmEbie orpaHHYeHHs, clefyionme u3 (8)

Ay~ Azz=A
Ho ol B4 0 (44)

MOJKHO CYIIEeCTBEHHO YMEHBIIHTb KOJIMYEeCTBO BapHAHTOB M MOJYUUTH, UTO
orpaHdueHHe anepTyphl onpenenseTcs HeyCcTOHYHBO#M 0coboil TOYKOH ¢ KOOp-
MWHATON N0 NepeMeHHON NeACTBHA

1/2
L = -5 B G(JL),
G(J:) =1+ (14 576ABJ, [6})*/2, (45)

T.e., BUAHO, YTO YBEJIHUYEHHE AMIVINTYABI BEPTHKAJILHOIO ABHXEHHS NpH-
BOAAT K YMEHBIIEHHIO TOPH30OHTAJBLHOM anepTyphl. ”(O6paTHas” TouKa Iz,
OrpaHHYMBAONIaA [BHKEHNE, ONpPENeACTC CeNepaTPHCOll Pe3oHanca B Ha-
xomuTes, Kak u paee u3 ycnosus Hp(lz1) = Hy(lz2). Pemenue nomysasonse-
rocs KyOHuecKOro ypaBHeHUS HaeT 3Ha4YeHHe

1/2 1/2
=20y - lain. (46)

AHAJIOPHYHBIE PE3YIbTATH C HCNOIb30BaHHEM PE3OHAHCHOTO IaMIJIbTOHRAHA
H.(z,ps, J;) Gbimu nosydenst B [6]. IlBymepnas nmHammueckas anepTypa,
paccunTanHas corsacHo (45) u (46), nokasana ma puc.15. XapakTepHuie ee
TO4YKW, OTMeYeHHbIE HA PHCYHKE, TONYYaloTCs A3 CIIEAYIOMKX coobpakenuH.

1/2 = 1 & it
Makcnmasbhoe 3Hadenne (I Jmazr = um—j‘l noyiygaercd npe J, = 0

B (45) u, ecTeCTBEHHO, PaBHO BHIPaXEHHIO (29), mosyYeHHOMY B OMHOMEPHOM

cnygae. MakcuMmadbHoe 3HaueHHe ”0obpaTHOH TOYKH MpH J; = (0 moayua-

1/2
ercs w3 (46) B Tak Xe COOTBETCTBYET OlHOMepHOMY ciydaio: (I Jmaz =

1s71/2
_E(Iz{ )m.ua:'
Beauuynsa BepTHKAJIbLHON AHHAMMYECKOH anepTypH OpH I = 0 nosyya-

eTcs M3 BuIpaxkenns (46) (3ameTHM, 9To (45) He MOXeT GLITH PaBHBIM HYJIO):

2
( o Jo = 3§ : VN MakcnMasbHas BepTHKaJIbLHasA alepTypa COOTBETCTBY-
1/2
et ciyuaio, Korna |Iz1| = |Ir2| u onpenensercs xak (Jz*’ Yine == 2 TAB|'
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Puc. 15: PacueTnas nByMepHas QWHAMHYECKasd allepTypa.

MakcuMasibHOM BepTHKAJILHOH anepType COOTBETCTBYET NOPH3OHTaNIbHAA KO-
OpAMHATA Iy 2 -1 /2 i” 2)mm,,. OTHOLIEHHe MaKCHMAJILHON BEPTHKAJIBHOR
amepTypsl K ameprype mp# I = ( paBHO COOTBETCTBEHHO Azmar/Az0 =
2//3.

YpaBHeHHs, ONKCHBAIIUE [OBEJEHNE [BYMEDHOH alepTyphl B OKpecT-

HOCTH pesoHaHca V; = | B mejoM ynobHO 3amucaTh B KOOpIHWHATaX L =
(I::ffzmua: ’_}1{'2 nV = (L:/Izmum ‘,)Ifﬂs 1= 1, 2:

V= 1-(U -1 UL =1+1/2,
“ | 1-3(U+1)? Uz=-1++1

Wcnone3ys oneHky (8) MOXHO NoJy4YuTh cieayiolilee OTHOINEHNEe MaKCHMAalb-
HBIX BEPTHKAJIBHON ¥ MOPN3OHTAJIbHOU alepTyp B BHAE

(Izma:/fzmam)uz s %{Eﬁ/‘sa}l{z! (47)

T.e., BUIHO, YTO JJid NOJydeHns GOJIBIION BepTHKANLHOW amepTypsl BOIM3A
IIeJIOr0 pe30HAHCA YMEHbIIEHHe BepTHKaIbHOIO XpoMaTH3Ma BecbMa KeJa-
TeJIBHO.
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5 HekoTophie acneKThHl yBeJINYeHUA
AMHAMAYECKOM anepTyphl

HecMoTp# Ha TO, YTO AWHaAMHYeCKas anepTypa YCKOPHTEs, rie onpeleisio-
MMMH HEJMHEMHOCTAMH SBJISIOTCSA CeKCTYNOABHBE JIHH3E, MOXKET OLITh Ole-
HeHa aHAJHTHYECKH C NCHOJIbL30BAaHNEM HEKOTOPOTO YHCIIA Pe30HAHCOB NEPBO-
r'o ¥ BTOpOI'o MOPAOKOB Mpub/nKennd, BEIPaboTKa obmuxX ¥ abCoJIIOTHRIX pe-
KOMEHAALMH N0 YBeJHYEHHWIO JHHAMHYECKON anepTyphl IOCTaTOYHO 3aTpy-
AnTeiabHa. AHaan3 0606MeHHOrO pe30HAHCHOTO TaMHJIbTOHHAHA MIOKA3BIBAET,
yTo ” ynpapsienue” HesuHefi HBIME SBJICHUSIMHE BO3MOXKHO TIDH IOMOIIH nonbopa
Tpex NapaMeTPOB CHCTEMBI: GeTaTPOHHOH YaCTOTH!, B&JIMYAHELI 3aBHCHMOCTH
4acTOTH KojebaHuil OT aMITIHTYAHE (COBCTBEHHO, HEJIMHEHHOCTH) U BO3MY-
njalonieii CHIbL.

Yro kacaercs BhGOpa GeTATPOHHON 9aCTOTHI WA NMOMydeHHI GOBINOKH
ANHAMHYECKOH alepTyphli, TO TPHBHAJIBHBIH BHBOJ - 3TO AEPKATHCA NOCTA~
TOYHO NaJIeKo OT OCHOBHBIX Pe3OHAHCOB, PACCMOTPeHHEIX Bhine. bosee Toro,
puc.13 noka3uBaeT, YTO rOPH3OHTAJIBHAL AllEPTYPA MAKCUMAJIbHA Ha FPaHi-
Hle pasjesa ABYX COCENHHMX pesonaHcoB: Ve ~ 1.2, 1.3, 1.4. Ocobenso 3To
KacaeTcd obaacTH vy ~ 1.40 = 1.43 mexny pezonancaMu 3v; =4 # D= 3,

Pery/npoBKa BeJIHYMHB BO3MYIIAlOmel CHIbI CBS3aHa C PAcCTaHOBKOH
CEeKCTYNOJIbHHX JHH3. PacmiupeHne NUHAMHYECKOH ANEPTYPhl NPH MOMOLIH
CEKCTYTIONBHEIX JIHH3 TPAAHIHOHHO CBA3LIBAETCA C NOJaBJIeHHeM CleyIomHX
mesuHeRHEX 3¢dexTon [8]: HCKaxkeHNd NepeMeHHON NEACTBHA BO BTOPOM Iio-
psIKe IpH oMo " yHKIME BoaMymleRns” (cM.(12) i ropu3oHTaIBbHOIO
OBHIKeHUs ), cMelllehns GeTaTpoHHOH YacTOTH OT aMIIMTYHbI, BO3MYMNIaio-
meil cHThi OCHOBHBLIX HeJINHENMHBIX pe30HaHCOB WM KoMOMHAIHe#l KaKuX-7Iado
U3 TiepevyHciieHHbiX MeToioB. OnHako, 3a49acTylo IVId TIOaB/IeHHs BCeX nepe-
yHCaeHHHX 3 deKTOB JOCTATOYHO pelinTh HoJiee IPOCTYIO 3afauy, CBOOALLY-
jocd K JIMKBHAAIMH COOTBETCTBYIONIEl FapMOHHKH NOTEeHINAIA BOSMYILICHHA .
Bonpoc o BinsgHNHE OTOPOINEHHBIX TaPMOHHK PAcCMOTPHM, MCXOMS U3 CIedy-
jomux coobpaxenuit. 3aMeTHM, UTO B PEHICHMs, NOJY4YalonHecs MeTONaMH
Teopuy BO3MYINCHUH (BbIpaXkeHUs A MPON3BOAsAUIeH (PYHKINHU, TIONPABKH K
060bIIeHHOMY HHBAPHAHTY AeHCTBUSA (12), ramMunbTOHMaHA B HOBBIX EPEMEH-
fbix (10) WM 32BHCUMOCTH YACTOTH KoeGanuii OT AMILTUTY/Ib!), FAPMOHUKH
BxonaT B Buae cymm [30]

e Z::-m I{m/(krlﬂﬂ + k;v, — m), (48J

roe K,, 3aBHCHT OT HCXOAHBLIX a3MMYTaJbHBIX TapMOHHK MOTEHIHAa]a BO3-
Myiienus. PaccMOTpuM apidMeTHYecKHe CBONCTBA YTOM CYMMB. Iad aToro
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BBE/leM BEJIHUMHY Pe3OHAHCHON paccTpoiika § = kzvz + kv — mi, &, , BBLIE-
JIAM OCHOBHOE cjlaraeMoe W mepeiiiieM K cyMM#upoBaHuio oT 1 mo +o00:

= Kmu—m Kﬂtu i
S = Ko/é + Z:ﬂ ?11?( 1+6/m 1-5?;“ )s (49)

rae Ko 1 mg = my_ k, - aMIUIATYZa H HOMEP [JIaBHOTO C/IaraeMOTo CYyMME!.
YuutuBag MajocTh 8 /m, (49) MOXHO NpeAcTaBUTh B BHlE

S~ Kof6— 101 A[(Kmotm — Kmo—m) Lneo(d/m)™
+(Kmot+m + Kmo-m) Ef:u(‘sf’m)m-i-l]- (50)

Tak kKak UCXOmHBIE crnekTp K, HOCTATOYHO CHMMETPHYEH OTHOCHTEJILHO
OCHOBHOH FapMOHHKH, IJIZ OLIEHKH MBI MOXeM NPHHATH Kmg+m—Kmg-m =0
# Kmgsm + Kmo—m ~ 2Ko, ¥, nosoxue Ko = 1 (HamM HHTepeceH OTHOCH-
TeJbHBI BKJIaJ B CyMMY OTGPONIEHHEIX FAPMOHMK ), 3alTHIIEM

Srb =Y Aty g S ). (51)

n=0m
Beons meta-pyuxuuio Pumana ((m) [31] okonuaTensbHo nosydum
S~ -1 =28 (C(2) +6%¢C(4) +0*¢(6) + ...). (52)
HanomunM, aro ((2) = #2/6 ~ 1.645, {(4) = =*/90 ~ 1.082, {(6) =

78/945 ~ 1.017. B nonyveHHOM BHIpakeHMH NiePBOE CJIaraeMoe OnpelenseT
BKsa B cymmy (48) ocHoBHOM rapMOHHKH, & CJIENYIOIHe - NONPaBKy, BHOCH-
Myio oT6pomenaEMu. OTHOMmERHE TOll NONPABKA K OCHOBHOH rapMOHWKeE B
nepBOM HOpANKeE 1O &

AS/S ~ —28%(2) ~ —3.382. (53)

YVuRTHBAA IVIA TOPH30HTAILHOIO NBHXKEHHs JiBa OCHOBHEIX Pe30HaHCa MepBo-
ro nopsnoka npubimxerns vy = 1 u vy = 4 U3 ONEHKH (53) MOXKHO JierKo
NOJIYYUTh, YTO B AuamasoHe vy = 1 + 4/3, ommbka 3a c4eT OTOPOLICHHBLIX
rapmonuk He npessimaer 10%. Hauxymmas cHTyanus cK/IaibBaeTCH BOIM3N
v, = 1.5, rne omubka maxcumanbna (~ 90%). MMenno nosromy, Kak 6wuio
yKazaHO paHee, B 3TOi 06JacTH 6eTATPOHHBIX YacTOT MPHUXOANTCH MOJB30-
paThCa cymmaMmi rapmonuk. Onnako, omubKa KBajpaTH4HA 1O é u 6uicTpo
yMeHblIaeTCs OPH OTHAAJIEHNH OT vy = 1.D.

C0KHOCTS YBeJHYeHWs AWHAMHYECKOH anepTypbi IPH MNOMOIINM paccTa-
HOBKH CEKCTYNOJBLHBIX JIHH3 3aKIIOYaeTCs B TOM, YTO NPHXOAHTCA ONHOBpE-
MEHHO KOHTPOJIHPOBATE HECKOJIEKO TaPMOHHK, OTBEYa0UIHX 33 FOPH3OHTAIb-
Hoe M BepTHKambHOe jaBuxenus. Hanpumep, mpm vy =~ 1, ropuscHTajIbHAA
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allepTypa onpefejideTcd rapMOHMKaMu Ajy ¥ Asz, a BepTHKaJbHas - TapMo-
HuKoit By [6]. B6nusu pesonanca cBa3u anepTypa 1O Z B CHJILHON CTeNleHH
3aBHCHT OT Koddduunenta By, a 0 T onpelendeTcs COOTBETCTYIOINEH ro-
PH3OHTAJIbLHON rapMoHHKoii. [IpH 3TOM BaXHO, yMeHbllIas ONHY U3 TapMOHHK,
1o KpaiiHeil Mepe He YBeJIMYHTH (a Jiydine, yMEHBIIATE) Apyrue. Mexnoy Tem,
5TO BO3MOMKHO HE BCeraa.

PaccmoTpuM GYHKIHA, opeesionide Ga3oByio 3aBHCHMOCTE aMINTHTYX
rapmonuk (2) (j =1, 3)

Cjm = cos(j(thz — vel) + mb)]x,
Cim = cos(¢s — v+0 + mb)]k, (54)

rlie UCHOJIL30BaHEl 0003HAaYeHNs BBeleHHEIe paHee, a m onpenensercs 6siu-
xaimmM pesonancoM. ITo cmuicy (54) noxoxu Ha BeeneHHHe B [27] ”dyHk-
unu Bo3Myuenua” (Tojbko 6e3 MHOXHTeNed, 3aBUCALINX OT By, B,) u ABns-
I0TCH CTPYKTYPHBIMH QYHKOUAMH B TOM CMBICTE, YTO 3aBHCAT TOJLKO OT
MarHHTHOH CTPYKTYpHl KojibDa. BaxaocTe 3THX (QYHKUMH JJis HeJuHeH-
HOH IWHAMHKH IHKJINYECKHX YCKOpPHTeJIell HeOJHOKPATHO YKa3hiBaJlachk B JiH-
tepaType (cM.[28, 29]). Hampumep, cexcTynosnbHEIE JIMH3LI, DOCTaB/ICHHBIE
TaM, rie C-dyHKUNA paBHa HYJIO, He NalOT BKJala B COOTBETCTYIOIIYIO pe-
30HAHCHYIO I'apMOHMKY. B HacTosimiee BpeMA CYMIECTBYIOT KOMIBIOTEpPHEIE
NPOTPaMMBbI, ONTHMHA3UPYIOIIHEe PACCTAHOBKY CEKCTYNOJIbHBX JIHH3 C YYETOM
KOMIICHCAIMN XPOMATH3Ma i MAHHMH3AINH OCHOBHEIX PE30HAHCOB.

IIpexyie Bcero, OTMETHM, YTO ec/I Haber GeTaTpOHHOH a3kl MeX/y CeK-
CTYHOJIAMH MaJl (KaK 9TO NpeNnoarajioch paHee NPH ONeHKe BeJIHYAH OCHOB-
HEIX rapMonuk), T.e. Cjm =~ Cim ~ 1, TO AMHaAMHYeCcKad anepTypa B co-
oTBercTBHM ¢ (8) He 3aBHCHT (WiH 3aBHCHAT j1ab0) OT CHJI M PacCTaHOBKH
cekcrynonbunix jgun3. IlonobHasd cuTyanus 4acTo BCTpedyaeTcd B COBPEMeH-
HuX ucrounukax CU, rpe cekcTynonbHLiE JIMH3H, KOMIEHCAPYIOIIHE XpoMa-
TH3M, CTABATCA BHYTPH KOMIAKTHOI'O aXxpoMaTH4YecKoro nosopora. B man-
HOM cJIy4ae ONTHMH3ANNA AHHAMHYECKOH anepTyphl B NPHCYTCTRHM TOJBKO
XPOMATHYECKHMX CEKCTYTIOJIEH CBOONWTCH K TIOUCKY CTPYKTYP C MajbiM Xpo-
MaTH3MOM €, £, ¥ Goabmoi BeqmunHOH QyHKumu H(s) B axpoMaTH4eCKOM
nopopoTe. s ropuioHTaIbHONO ABMXKEHHs 3TO TpeboBaHNe BXOMOHT B IIPO-
THBOpEYHE C YCJIOBHEM MUHHMM3AIMH 3MHTTAHCa (MHHHMH3ALHA CPEIHETO
N0 TIOBOPOTHHIM MarHMTaM 3Hauenws ¢yrkuun H(s)), xoropoe npuBonuT K
XKecTKHM cTpyKTypaMm ¢ boabmmM .. IS BepTHKAALHOIO Xe IBUXKEHUA
6osiee ”cnabad” onTHKa M, CIEOBATE]LHO, YMEpPEHHOe 3HaueHue £, BIOJHE
BO2ZMOXKHEI.

Bo3MOXHOCTE ONTHMH3AINNE OCHOBHBIX MapMOHHK pacCMOTPHM Ha IIpH-
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Puc. 16: IIpamep dysKumit, onpenessiomnX Gasopbie 3aBHCHMOCTH aMILTUTY
rapmonnk Ajj, Asz, Aaz. [puBeneHa no/ioBHHA 3epKaJIbHO-CHMMETPHIHON
AYEHKH.

Mepe pa3paboTKM AYEHKd NEPHONWYHOCTH MATHHTHOH CTPYKTYpH ¢ 6ok
moi ArHAMIYecKoil anepTypoil. Aueiika obnanaeT 3epKajlbHOM CHMMeTpHER
M CONEPXHUT B HauaJe M B HCHTpPe NpAMOIAHeiHEe NPOMEXYTKH, Iie MOI'yT
pasMeNIaThCd CeKCTYTOAbHEE JuH3kL, U T1e f(s), B.(s) u n(s) moryT npu-
HHMAaTh TPOM3BOJIbHEIE 3HaYeHHA. T.K. TOPH30HTaJbHAas alepTypa ompene-
aseTcs rapMonakaMu Ay, 1 Agm, TO IpeXxie BCEro HYXKHO CO3HATH yCIOBHA,
KOTZla YMeHbIlleHiHe TAPMOHNKHA A1, He MPHBOAUT K YBeJWYeHHIO Azm W Ha-
06opoT. B ciiyuae 3epkaJibHON CHMMETDHE Bhipaxenue §(s) — v, croamee B
apryMenTe Kocuuyca (54), paBHO HYJIIO B HayaJle u cepenune sveiikn. Coot-
BETCTBEHHO, KOCHHYCHAS YacThb B BeIpaxXeHusx (2) npeppamaercs B cos(m-0),
rhe m ONpeaeafeTcs pe3cHaHCHBIMH ycioBusmu (v, = my u vy, = mg3 co-
oTBeTcTBeHHO). HanmoMHuM, 4TO HOA Ve, MBI Beljlie, Ifie He OrOBapHBAETCA
cnennajibHO, IoApasyMeBaeM Haber 6eTaTpoHHOH Paskl Ha SYEHKY nepHonnY-
HOCTH, [eJIeHHBIN Ha 27.

Ecau YeTHOCTHL My W M3 oauHakoBa, Cim, U CUsm, HaxonaTcd B Qase B
Hayalle § B cepelliHe Aueilku NMepAOAHYHOCTH, H CEKCTYNOJIbHEIE JIMH3bI, N0-
CTARJICHHEIE B 3THX MecTaX YMeHbIIaloT obe rapMOHHKH ofHOBpeMeHHO. B
IIPOTHBHOM CiIy4Yae YMeHbIIeHne OMHOi 13 HuX OyneT cBA3aHO C yBeJIHICHHEM
npyroit (puc.16). 3anuuem GeTaTPOHHYIO YacTOTY B BHIe HeJOH H APOOHOI
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gacteit vy = mg + {v:}, Toe npobras wacte |[{vz}| < 0.5. Ias ompene-
JeHHOCTH TpuMeM my; = my = 1. Torma 3v, = ma + 3{v:} = 3 + 3{v:}
U ycioBHe ca3sMPOBAHHOCTH ABYX MaPMOHMK B IEHTpPe S4eHKH NPUBOIMT K
3|{v:}] < 0.5 mau |{v,}] < 0.167. AHaNOrMYHO HJIS PE3OHAHCOB CBS3W Jier-
KO MOJIYYHTH YCJIOBHE Ha HELeJyIo 4acTh Habera ¢)askl IO BEPTHKajM B BH-
ne |{v.:}| < 0.241. BuinonseEne oGOMX YCJIOBMH ONHOBPEMEHHO NMPHBOLHT
K c)a3upOBaHHOCTH BCEX MATH THNOB rapMoHHK. OIHaKO, 3aYacTyIiO JOCTa-
TouHO BoJiee cabBIX TpebGoBaHMI V1S yBeAMYEeHAS ABYMEPHOMH JHHAMAYECKOM
aneprypbl. EcnH 4acToTa rOpH30HTAJbHBIX 6eTaTPOHHBIX KosleGanui 6rid3-
Ka K [eJIOMY PE3OHAHCY, TO BePTHKaJbHAd allepTypa ONpelesideTcs TrapMo-
HuKoM By, VIS KOTOpPOIl $ha30Bblil MHOKHTEIb cOBNIagaeT ¢ Aym M yciloBHe
|{v:}| < 0.167 nosBosiseT MHHEMU3HPOBATH BCE TPH 3HAYAINMX FapMOHWKE
A;, Az n B; mesaBucHMO OT BhIGopa BepTuKaJbHO#W dacToThl. IIpm sTOM
TpebyeTcs ABe MADH CEKCTYNOJMBHLIX JIMH3 (B Hadyaje M B CepelluHe fAYeiiku)
COrJIACHO YeThIpeM YPaBHEHHSIM HA KOMIIEHCAIHIO XPOMATH3Ma U TapMOHHK:

(ml); Bz1m + (mi)2Bz2m2 + (mi)afzana + (ml)4frans = 4mEz,
(m”lﬁzlnl + (W}Eﬁzﬂﬂﬂ g (nﬁ)ﬂﬁzﬁﬂﬁ . 3 (m”‘iﬁzﬂl’?‘i = “'4363,

(ml)1 B2 + (mi)3 8242 — (mi)sB — (md)af2y” =0
(ml)1 8% Bay + (mi)2BL47 Baz — (ml)3Bo5" Bas — (md)afByy’ Ba = 0, (55)

OTKYAA JIETKO HAXOAATCA KHTEr PATIbHbIE CHIIbI 4-X CEKCTYNOMLHBIX JIHH3 (ml);.
B nocsiefEuX BHIpaXKeHUAX MBI IPHHAIN B COOTBETCTBHH C BBIOOPOM 9acCTOThI
{v=}] < 0.167 cos(m16) ~ cos(mzf) =~ 1, npuuem 38aK ”+” OTHOCHTCH K
Hauany suefiku, a ’-"- ¢ ee ueHTpy. OuUeBHOHO, 4TO yUYECTh OTIHYHLIA OT
Hysis Haber GeTaTpoHHONW Ga3bl Tak Xe Hecnoxso. [Ipamep sgeliku CKOH-
CTPYHMPOBaHHOH COIVIACHO NMPHBENCHHBIM Bhillle NPAaBWJIAM H COCTOSIIEH H3
ABYX JIMH3 ¥ ABYX TOBOPOTHBIX MATHWTOB NOKa3aH Ha puc.17. Ilapamerpsl
MACHHTHBIX 3JIEMEHTOB H XapaKTepHCTHKH A4eHKH NMPHBEEHH B TabuuIe.

Inuna s4eiiku L(m) 105
BeraTpoHHBIE 9ACTOTHI Vs 0.89
v, 0.27
Harypaubabiit xpoMaTusm 1.73
£ 1.16
Paanyc MarsuTa p(m) 5.73

Ha suepruu 2.5 I'sB (24 siyeiixu) SMHTTAHC YCKOPHTENA paBeH € = 9 HM-paj,
a kosddunnenT ynnorsenns opbut a = 0.001. Ise mapnl ceKCTynoabHBIX
mun3 (Spy 2 ¥ S:1,2) KOMIEHECHPYIOT XPOMATH3M ¥ ONHOBPEMEHHO 3aHYJIAIOT
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Puc. 17: Bera GyHKOHH CKOHCTPYHpOBaHHOM AYeliku (c/1eBa) H ee AMHAMHE-
yeckas aneprypa (crupasa) ¢ Koppekiuell rapMoHHK H Oe3 Hee.

3Havanme rapMoHBku A1, Asz u By;. IIunamuueckas aneprypa IS 3TOro
cyYas M KOTAa HCIOJB3YIOTCS TOJNBLKO ABE CeKCTYNOVIbHBIE JIMH3H (T.e., He3
KOppeKIIHH rapMOHHK) Mmoka3aHa Ha puc.17. Bemuunan rapMoHnk s oboux
ciy4aeB NPHBeOeHE HHXe:

lapmouuka o xoppeknmu Ilocsie koppexuun

Ay (m_lfz} -1.28 0.099
Azz (m~'/?%)" 0.85 -0.014
By (m~Y?)" -1.42 -0.056

YacTHBIM ClIydaeM NpHBENeHHOH AYeliKd MepHONHYHOCTH (eciu obecnedyuTh
3aHyJieHNe HMCNEePCHOHHON (YHKIHH B HPOMEKYTKAX) ABJIAeTCA M3BeCTHas
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crpykTypa Yacmann-T'puna (double bend achromat). Ynosnersopss onm-
CAHHLIM YCJIOBHSM 3Ta CTPYKTYpa MNO3BOJMET yNpaBliiTh FrapMOHAKaMH NpH
NOMOWIA T.H. ~FapMOHMYECKHX CEKCTYMNOJLHBIX JIMH3, pasMeliaeMbiX B Oes-
AMCTIEPCHOHHBIX MPOMEXYTKaxX M He BAHSIOMHEX Ha xpomaTusM. Ilociensee,
KaK ObIJIO TIOKa3aHO, He ABJIFeTCs HeoOXONMMMBIM, U ONITHMM3alMd JHHAMHAYe-
CKOli anepTypH MOXET NPOBOANTHLCS M NPH HEHYJIEBON AMCHEePCHOHHOM (PYHK-

IITHH.

BaarogapHocTH. ABTOpH BhipaxaioT Giaronapiocts [ H. Kynunanosy
u E.A IlepeBenenneny 3a obcyXieHHe PYKOIMCH.
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