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JABU)XKEHUE YACTHULL B BOJIHOBOJAHbBIX CHUHXPOTPOHAX
(YYET HEJIMHEWHDBIX YJIEHOB)

A. H. IUJIEHKO, B. K. KOHOHOB

Yckopsilole CHCTEMbl HAa OCHOBE H30THYTBHIX 3aMKHYTBIX BOJIHOBO-
JIOB MOT'YT NPEJACTaBJAATL OIpPEAeNEHHBIH HHTEpeC AJad YCKOPHUTEJAbHOM
TexHukHd [1, 2]. OrinuuTe1bHOH OCOGEHHOCTLIO YCKOPUTEJIEH C TaKHUMH
YCKODSIIOLIUMU CHCTEMaMH SIBJASIETCS TO, 4TO B HHUX YCKOpsilollee IloJe
MMEeT BC€ KOMIIOHEHTHI, OBICTPO H3MEHsIoulHecss mO0 paauycy H BhiCOTE
BOJIHOBO 4.

B pa6otax [3, 4] 6b10 paccMOTPeHO JBHXKEHHe YaCTHI, B BOJHOBO/L-
HBIX CHHXPOTPOHAX B JHHEHHOM npudanKenuu. [loxkasano, 4T0 B TAKOM
NPUOAHKEHHH BBICOKOUACTOTHOE II0OJIE He NPHBOJHT K Hepepacunpejgedne-
HHIO JeKpeMeHTOB 3aryxaHus. OjgHako HEOOXO0AHMO OTMETHTb CJeLyIOo-
1[ee: TaKk KaK B BOJIHOBOJAHBIX CHHXPOTPOHAX BEJHUYHHOH, 110 KOTOPOH
BeJeTCs pas3JokKeHHe, aABJSETCHA xp, TO JiMHe{Has TEOPHs CIpaBeIJIuBa
TOJIBKO /IS TeX p, /g KOTOPHX BHIIOJAHAETCS cOooTHoluenue »p< 1. Beuau-

YyyHa %~

(ry 1 ry — BHYTP2HHUH W BHEIIHUH PajHyCBl Kamephl),
Fy—ry

H [I09TOMY JIHHEHHAs Teopus CIPaBeAJHBA A5 OTKJIOHEHUH, 3HAYHTENb-

HO MEHBLIUX TeX, JUisi KOTOPBIX ClpaBeaauBa JuHefiHes Teopud koJaeba-

HHSl YacCTHLL B OOBIYHBIX CHHXPOTPOHAX, B KOTOP5HIX Pa3J/OKeHHe BeeTcs

no £ . Orciona CJe/lyeT, YTO HeJHHeHHble UuJeHbl B BOJHOBOIHBIX

To
CHHXPOTPOHAX JOJIKHBl OKa3blBaTb OoJjiee CYUIECTBEHHOE BJHSIHME Ha
JIBHXKeHHUe YaCTHI[ MO CPAaBHEHMIO C HX BJAHSHHEM B OOBIUHBIX CHHXPO-
TPOHAX.

Jlannag pa6oTa IOCBSLIEHA - HCC/AEAOBAHHUIO BJHAHLA HEJUHEHHBIX
YJeHOB Ha JBUXEHHE YaCTHL B BOJHOBOJHBIX CHHXPOTpoHax. [lid mpo-
CTOTH BBIYMCJAEHHH OyAE€M TIpejanoJaraTb, 4TO AJsI YCKODEeHHS HCMOJb-
3yloTCsl BOJIHBI THna LE M30THYTHIX 3aMKHYTHIX BOJIHOBOJAOB MNpPAMO-
yroapHoro ceuenusd (E,=0) ¢ pauadpparmamu, pacnosOXeHHBIMH IO
M30THYTBIM CTEHAM.

3anuchiBasi ypaBHeHHs ABHIKEHHs, MOKHO YOe HTbCS, YTO B 3TOM CJay-
yae KoJe6aHusa [0 2 He CBsI3aHbl C PajManbHBIMH KoJeOanuamu. [Tostomy
paccMoTpeHHe y00Hee HAYATh HMEHHO C aKCHaJAbHbIX KoJebanui. OrpaHu-
YMMCsl IIPH  Pa3JIOKEHUH B PSJL BHICOKOYACTOTHOTO IOJs TOJABLKO KBajapa-
THYHBIMH uaeHaMH. UTo kacaercsi pas3/ioXKEHHS B PsAJl KOMIOHEHT BHeI-
Hero MarHUTHOTO IOJIA, TO Oy/JeM CYHMTaTh, YTO A9 HErO I[O-IPEeXHEMY
JIOCTaTOYHO OTPAHHUYMUTHCA YyJAE€pKaHHeM JUHefHblX uJeHoB. DBes yuera
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H3JydeHHdA NJId qacmu, JABHXKYIIHXCA BO BHEIIHEM MATHHTHOM IIOJIE IMPH
HaJWYUH BBICOKOYACTOTHOTrO 1oJsi LE— BOJHB H30THYTOTO 3aMKHYTOTO

BOJIHOBOJia IPSIMOYTOJBHOIO CEYEHHA, CYLIeCTBYeT CJAeAVIOUHA HHTerpas
JIBUXKEHHUI: '
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b — BBHICOTA BOJHOBO/A.

Tak kaxk cmpasa CTOSIT BeJHYHHE BTOPOro NMOpsiaKa, TO BMECTO
p U Y MOXHO IOACTABHTL UX 3HAUECHUS, HAHAEHHBIE U3 pPEILIEeHHd JHHeH-
HBIX YPaBHEHHH. - ;

Haaunune uyjleHa ~p B HPaBOH 4aCcTH ypaBHEHHsI NPHBOJHUT TOJbKO
K nepekauke 3HePrHH paiuajbHbIX KoJeOaHHil B akcHa/Jblble H IO3TOMY
He IpeacTapJaa€T OOJbIIOH OMacHOCTH.

Bosbliyo OmacHOCTs NPeACTaB/AACT YJaeH ~ 1Y, KOTOPBIH IPUBOJIMT
K CBSI3M IIONEPEUYHBbIX U NPOAOJbHBIX KoJs€0aHUili W B Cjlyuae pe3OoHaHCa
MOXKeT NPUBECTH K HeOTPaHHUYEHHOMY BO3pacTaHHIO aMILIW1yJ molepey-
HBIX KoJieGauuii. [loaToMy M moapo6GHO uccaeayeM BJAMSHHE 3TOTO uJjeHa
Ha akcuaJbHble GE€TAaTPOHHbLIE KosebanHusl yaCTUU. Y paBHeHHe (3) Torza
Oyner uMeTb BHJL:
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Kak usBectHo [5,6], ypaBHeHHs TaKOro THIA OMHCHIBAIOT BO3AEHCT-
BHe BHEIIHHX MEepHOJAHMUYECKHX CHJ Ha HeJHHeHHBle KosebaTesibHble CHC-
TEeMBbl C MeLJEHHO MeHSIOLUMHCS MapaMmeTpamu. B obllem cayuae, KOTO-
pHlii HMeeT MeCTO M Yy Hac, 4aCTOThl M aMIIMTY/Abl BHEIIHHX CHJA OYAyT
Me/IJIEHHO M3MEHSIThCS CO BPEMEHEeM.

HMcnosb3ysi METOA pelieHus, HOAPOOHO H3JMO0KEeHHHH B [5], MOXHO
N0Ka3aTh, UTO B I€PBOM MPHOJIHKEHHH

z=acos(g [ vav), (6)
2
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cucteMy ypaBHeHHi (7) MOKHO mpeoGpa3oBaTh K CJAEAYIOUEMY BHJY:
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M3 Buipaxenuft (8) BuaHO, YTO €CIM B KAKOH-TO MOMEHT BPeMeHH

1
w(f) = — v(f), TO B 3TOT MOMEHT OYAYT BHIIOJHATHCH YCJAOBHA PE3O-
y |%
2 J

HaHCAa MeXJAy O€TaTPOHHBIMH H (Pa3oBbLIMH KojebanussMu. OJHAKO, Tak
KaK 4aCTOTHl H3MEHAIOTCA BO BpEMEHH, TO YBEJHYEeHHEe aMIIHTY/bl Oe-
TATPOHHBIX KOJeOAHUA MPH NPOXOXK/AEHHUHU yePe3 pe3oHaHc OyJeT 3aBHCETH
OT CKOPOCTH H3MeHeHHs] mnapameTpoB. [Ipn onpexeseHHoll CKOpPOCTH
U3MEHEeHHUsI MMapaMeTpoB CHCTEMBbl HaJnuyuMe TakHX pe30HAHCOB He Oyner
OKasblBaTb CYIUIECTBEHHOTO BJHSHWS Ha ABMXKEHHE YacTHI, B BOJHOBO/L-
HbIX CHHXPOTpOHAX.
Ha puc. 1—3 mnpeacraBieHsl pe3yabTaThl UYHCJAEHHOTO pElLIEHH:
cucteMbl (8) A/ yCKOPHTEJS 'CO CACAVIOUAMH HapaMmeTpaMu:
1tz \?
iy =-0,6; (——) =10,6; rs=33¢cM; Losp=10""cex;
K

g+ 500’ L =40 CM; eVmax =00 10° 28,

OTH napameTpnl OJU3KH K TeM, KOTOphle MOTYT IPEeACTaBJIATL IPAKTH-
yecKuit uHTepec. DBosabuias HaupsKeHHOCTH BbICOKOYACTOTHOTO I10Jf
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B NePBOHAUYAJBLHBIA MOMEHT BpeMEHH HeoOXOAHMa /I TOro, 4ToObl
pa3Mephl cemapaTpHChl PaBHAJNMCH pajHalbHBIM pa3mepam
BBICOKOH KpATHCCTH. 3aBHCUMOCTh 3HEPTMH 4YACTHIL OT

BbIOpaHa B BHJE

KaMephl TIpu
BpeMeHH Oblaa
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Puc. 2

M pacueThl npousBejgensl 1aa Ty = 0,01 cex; 0,1 cex u 1 cex (puc. 1,2

M 3 COOTBETCTBEHHO).
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M3 3THX PHUCYHKOB BHJIHO, YTO NPH MPOXOXJAEHUH UYEPE3 DPe30HAHC
aMIIdTy1a OeTaTpPOHHBIX KOoJeOaHHH H3MEHSeTCd HEe3HAUHMTEJbHO, eCau
Tyex =1 cex u OyJaeT CHJBHO BO3pacTaTh MpPH YMEHbIIEHHH BpPEeMeHH
YCKOpPeHHUsl. DTOT Ha NEPBLIIl B3rJAJ HEOXKHIAAHHBIA Pe3yJbTaT sBJseTCH
CJIeCTBUEM TOTO, YTO IIPH M3MEHEHHWH BPEMEHH YCKODEHHS MBI OJHOBpE-
MEHHO MeHsieM HAalpsXKeHHOCTb BBICOKOYACTOTHOTO IIOJA.
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Puc. 3

Ecau ke ¢ u3MeHeHHeM BPeMEHHM YCKOPeHHE HallDSKeHHs He H3Me-
HAIThb, TO KO3(ppuuHeHTs upu sin2) u cos 2y B ypaBuenuax (8) O0yayr ocra-
BaThCSl IIOCTOSIHHBIMM M MOJYUYeHHBIE B 3TOM CJayuae pe3yJ/bTaThl OyAyT
CBH/I€TEJNLCTBOBATL O TOM, 4TO C yBeJHUYEHHEM CKOPOCTH IPOXO0XKIEHHS
yepe3 pe3oHAaHC BO3PacTaHWE aMILIMTYJ KoJeOaHuit Oy/leT yMeHbIIATbCS.

AHaOTHYHBIM 00pa3oM MOTYT ObITb YYTEHBbI HeJHHEHHble YJIeHbl U /1A
paauasbHbIX O€TaTPOHHBIX KoseGaHuii. IlosyyeHHoe ypaBHEHHe MOXKeT
OBITh TaKKe PEIIeHO YHMCJAEHHBIMH METOAAMH, M ISl Her0 MOXKHO —ollpe/e-
JIUTb TaKHe CKOPOCTH NPOXOXK/JIEHUS 4Yepe3 Pe30HaHC, NPHU KOTOPLIX YBeJH-
YeHHe aMIIUTYAbl OyJeT He3HauHuTeJbHO.

Takum o6pa3om, U3 PAaCCMOTPEHHOTO BHUJHO, YTO B BOJIHOBOJHBIX CHH-
XpPOTPOHAX BO3MOXKHO MNOsIBJIEHHE MOMOJHHTEJIbHbIX pe3oHaHcoB. Ilpu ompe-
JA€JIeHHbIX CKOPOCTSIX NPOXOXK/JIEHHS uepe3 PE30HAHCHI HX BJHsSHHE MOXKET
CTaTb HECYLIEeCTBEHHDbIM.
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