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BLIHY)KJJEHHBIE KOJIEBAHUS HEJIMHEWHOHW CHUCTEMBI
C AHTUBUBPATOPOM

[lpumeHeHne aHTHBHGPAaTOpPA MOXKET OKasaTbCs 1e/1€CO00PA3HbIM
JUIS YMEHDbUIEHHSI YPOBHsI BEIHYXK/EHHBIX HEJMHEHHBIX KoJeOaHHi
CHJIOBBIX YCTAHOBOK, pafoTaloumux B LIKPOKOM JHanas3oHe 4YacroT
Bo36yxaenust. [IpuGaMKeHHbIe METOZsI, OCHOBaHHbiE Ha JIMHeapHsa-
11, He TO3BOJISIIOT HCCJIeN0BaTh crnenn(ruueckne ABJIEHUs, NPUCYLHe
HeJHHEAHBIM KOMe0aHUsAM, 109TOMY HEOOGXOXHMMO HCIO0Jb30BaTh GoJiee
TOUHBle HTEPALMOHHBEIE METOABI pacuera. B paGorax [, 2] uaioxena
METOAMKA pacueTa HEJIHHEHHBIX KoJeOaHH IemHOH JHCKpETHOH
CHCTEMBI, OCHOBAaHHAsl Ha 3amnuCcy yPaBHEHMH ABHKeHHSl B MHTErpalib-
1O# (opMe OTHOCHTEJbHO YIJIOB 3aKPYYHBAHHs HEJIHHEHHBIX yyacT-
KOB ¥ TIPMMEHEHHWH K TOCJEJHUM HTepauuonHoro merona Hptorona —
KanrtopoBuua. [ cHCTeMBI C OJHOH HEJHHEHHOCTBIO ypaBHEHHE
yrJyia 3aKpy4yHuBaHus y () HeJIHHEHHOro y4acTKa MOXKHO 3anucaTb B BUE
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3nech ® — umnyabcHo-yacToTHast Xapakrepucruka (MUX) yuwacrka
¢ HeJHHeHHOH XapaKTepuUCTHUKOH F (y), 3aMEHEHHOrO JIHHEeHHbIM
YYaCTKOM ¢ 2KECTKOCTBIO ¢ OT HMIYJbCHBHOIO €IMHHYHOIO MOMEHTA
na mem; f(y) = cy — F (y); T — nepuon KoJjeGanuii; p — uucjo macc,
K KOTOPHIM MPUJIOKEHbl BHEIIHHE NepHoAnueckue MomeHtst M; ¢ —
MUX or macchl / K HEJIHHEHHOMY Y4acTKy.
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B c/iyyae HeCKONBKUX HeMMHEHHBIX YH4aCTKOB CHCTEMY HeNTHHEHHE
WITEr paibHBIX YpaBHEHHH sanuilleM B MaTpHuHOi (opMe aHaJorHyl
ypanncnmo(l) Iocne onpenenenus y () 3aKOHbI ABHXKEHHS BCEX Ml
MOXKHO HaiiTH ¢ nomompbio coorBeTcTBYlomux MUX. Ilycts a
BUOpaTOp NOACOENHHEH K j-H Macce cucTeMbl. Torja 3akoH aBHIK
HHS CTyNMIBl aHTHBHOpaTOpa MOXKHO HaiTh mo ¢opmyJe ]

T piT
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rie ®;— MUX or HesumeliHoro ydyactka k Macce j, ¢y — MUX ¢
Maccel / K Macce j.
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BeInosIHEHHBIE /IS pa3HbIX BAapPHAHTOB pAacueThl BHIHYXKICHHBIX
KosebaHuil Ge3 aHTHBHOpaTopa M C JMHEHHBIM aHTHBHOpPATOpPOM IO
3BOJIAIOT CceJaTh psA BbiBoA0oB. OHHM MOATBEPKAAIOTCS pacyeToM
cHcTeMbl, U300paKeHHOH Ha PUCYHKe. 103. 4. 31eCh CIVIOUIHOH JH=
HHMeH [OKasaHa HCXOJHasl HeJHHeiiHasi CHCTeMa, a NyHKTHPHOH —
JuuefiHell aHTHBHOpaTop. Ilapamerpsl cucTeMbl B Ge3pasMepHBIX
€IMHALIAX HMEIOT CJEAYIOUHe 3HAYeHHS: MOMEHThl HHepPIHH Mace
Iy =0,056; I, =0,0187; koshduumenTs! KectkocTd ¢ = 6,73; co =
= 0,672; ko3(pPULIHEHTbl JUHEAHOro feMnpupPOBaHUS HA MaccaX i ==
= 0,08; B2 =0; 3asop A =0,05236. MomeHT BO30OYXKIEHHS H3MeHS-
ercsi 110 3aKOHY M = M, + M, cos wt, rae M., = 0,045; M. = 0,085.
Ha pucyHKe IOKasaHBl 3aKOHbl H3MEHEHHS AaMIVIUTYA KoJeOaHHH
Macchl 6e3 aHTHBHOpaTopa (103. 6) M C JIMHEHHBIM aHTHBHGPATOPOM |
(no3. 6). LUudpamu o6osHaueHbl: / — aMniuTya nepBoH rapMOHHKH, |
2— aMIJIUTyJa BTOPOH TapMOHHKH, S — aMIVIUTYAA TpeTbei rapmo-i
HUKM, NYHKTHPOM IIOKa3aHbl CKeJETHEIE KpHUBBIE. i

B orimupe oT JHHEHHO! B 3aKOHE IBIKEHHS HEJMHEeHHON om-xo-

)

MacCOBOA CHCTEMBI HMeEIOTCS CymeCTBeHHbIe BBICILIHE I‘apMOHHKPI‘

!
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YPOBEHb KOTOPBIX JaXKe NPH TapMOHHYECKOM BO3OYKIEHHH MOMKET
lIpEBBIIIATE YPOBEHb OCHOBHOW rapMOHHKH (PHCYHOK, no3. 6). Takue
y/IbTparapMOHHY€CKHe PE30HAHCHI S-TO MOPSIIKA BO3HHUKAIOT B HEJH-
HeilHOM CHCTEME C 4YacTOTOH BO3GYKNEHHSI », KOIJAd YacToTa So
(/M3Ka K 4acToTe CBOOOAHBIX KoJsiebanuil. McXonss M3 5TOro MoKHO
10 MMEIOUIEMYCSl pacyeTy CBOOCOAHBIX KosieGaHHi, CAeNaHHOMY MeTo-
JIOM rapMOHHYECKOH JIHHeapu3alHM, JIErKO ONPENeJNHTh 30HbI, rje
BO3MOXKHBI yJIbTparapMOHHYECKHE pe3OHaHchl. Pacuerbl mokaswiBaior,
YTO aMIIMTYAbl YJIbTPAarapMOHHYECKHX PE30HAHCOB IOPasjio MeHbiie,
YeM OCHOBHBIX H CyOrapMOHHYECKHX.

Hacrpoiika antuuOpatopa ma GopMmy KosneGauuii npoM3BoAUTCS
TaK e, KaK W B JUHCHHBIX cucremax [3]. Ilpu BhIGOpe onTumaJb-
HBIX MapaMeTpOB JOJ/IKHBI OBITh YYTEHbl CJEAYIOIHe KaYeCTBEHHbBIE
ocoGeHHOCTH. BBeleHHe aHTUBHOPaTOpa MOXKET CYIIECTBEHHO H3Me-
HHTb PAacCIOJIOXKEHHE CKEJIETHBIX KPHUBLIX CHCTEMBI BOJIH3H YaCTOTHI

oy =V co/ly, Ha KOTOPYIO OH HacTpoeH (co, [o— JKeECTKOCTH ynpy-
roii CBs3W M MOMEHT HHEpUMH aHTHBHOparopa). PopmasibHO cMele-
HME CKeJIeTHBIX KPHBBIX OMPEJEJISeTCs] 3aMCHOH B OOBIYHOM pacueTe
CBOGONHBIX HEJIMHEHHBIX KoJeGaHHH IO METOAY TapMOHMYECKO! JIM-
Heapu3allui MOMEHTa MHepUMH j-d Macchl Ha SKBHBaJICHTHbIH MOMEHT,
3aBUCSLIMA OT HCKOMOH YacTOThI @ CBOOOIHBIX KOJIeGaHHIi:

—hlp ety ,

I? = Tow?—c, (4)

13 dopmyasr (4) BuaHO, 9TO HamGoJbIlee H3MEHEHHE SKBHBAJEHTHOIO
MOMEHTa HHepuuH OyJNeT MMeTb MeCTO IPH OCTpOil HACTpPOHKE, T. e.
® = oy, a Takxke npu o =} ¢co (I + 1))/ Io].

Beenenue anTHBHOpaTOpa MO3BOJSIET PE3KO YMEHBLIHTH yPOBEHb
KoJleOaHuil BOJIH3H 4YacTOThl €ro HACTPONKH, YTO AHAJOTHUHO €ro
ZeHCTBUIO B JIHHEHHOH cucTeme. OpHako npu GOJbBILIOH KpPHBH3HE
CKeJIeTHbIX KPHBBIX H3-32 MHOTODEXKHMHOCTH HEJHHEHHBIX KosieGaHui
MOTYT BO3HHKHYTb PE€30HAHCHbIE KOJIe0aHHsSI H Ha YacToTe HacTPOHKH
anTuBubpartopa.

AuTnBHOpATOP OKAa3bIBAaeT BJHSHHME TAKKE HA aMIIMTY/BI BBHICIIHX
rapmMoHuk. Ha pucynke (103. 6) mpejcTaB/eHbl PacueThl BBIHYKJIEH-
HbIX KOJIeOaHHi OJHOMAcCOBOH HEeJNMHEHHOH CHCTEMBI ¢ aHTHBHOpATO-
pOM, HAcTPOEHHbIM Ha 4acTory o = 6. OH CHH)KaeT He TOJbKO Iep-
Byl0 FapPMOHHKY Ha 3TOH yacToTe, HO W BTOPYIO Ha YacToTe o = 3,
TPEThIO Ha YacTore w =2 y T. 1. B soHax uacroT, rje rapMOHHKH
Macchl, K KOTOPOH MPHUCOENMHEH aHTHBHOpATOp, MaJsbl, AMIJIHTY LI
COOTBETCTBYIOLUHX T'apMOHMK Macchl aHTUBHOpATOpa pe3Ko YBeJIHYH-
Baiorcsl. [Ipu 3TOM 110151 BBICIIMX AapMOHHK 10 CPABHEHHIO C OCHOB-
HOH B YrJle 3aKpY4MBAHHs JIHHEHHOTO y4acTKa ropasjo MeHbIle, uem
y HeNHHEHHOro yuacTka.

Pesonancuble KoseGaHHsi B MHOrOMAaccoBOii HeJHHENHOH cucTeMe
YIMEIOT CYIIEeCTBEHHbl€ BBICIIHE TFapMOHMKH B TeX cJyyasX, Korja
OCHOBHOH PE30HAaHC CONpPOBOXKJATCH yJbTparapMOHHYECKHM, B mpu-
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BE/CHIOM TIpHMepe (PHCYHOK, 1O3. 6) OCHOBHO!H pe3oHaHC B 00.1ach
Nepnoil ckeseTnoil KPUBOH COBIAfaeT ¢ yJbTPparapMOHHYECKUM [
J0HAHCOM BrOoporo mopsiaka. B TakuX c/ydyasX MeTofbl, OCHOBAaHHbI
Ha Jlnneapusanuy, sl pacyera pe3soHaHCHBIX KoJeOaHHi HenpUroiH
W/ HY2KJAIOTCST B BUJOM3MeHeHusX. Hampumep, B sHeprernuecko
Merojse [4] B obsacTH CYLIECTBOBAHMSI YJ/IbTParapMOHHYECKOrO pPeso
HaHca HEOOXOAMMO YUYHTHIBATb W BBICIUME TAPMOHHKH CBOGONHEI
konebauuii. Ilpu BSBKOM XapakTepe TpeHHsI IeJecoobpaseH TaKQ
nozaGop napameTpoB apTHBHOpaTopa, YTOGbl YJIBTPar apMOHHYECKH
pe3soHaHC coBmanal ¢ OCHOBHBIM. F6o morepu sHepruu Ha BHICIIH
rapMOHHKaX B TaKOM ciiyyae Gosblle, 4eM Ha NEepBOH, U 3TO MOXKE
TNI03BOJITD PE3KO CHU3HUTH aMILIUTYJy MepBOH rapPMOHUKH M yDOBEH
KoJe6aHuil B LEeJIOM.

OrmeuenHbie BhIE CBOHCTBA MOKHO HCIOJNb30BATh H IS Kaues
CTBEHHOTO aHa/lM3a KoJeOaHuil cuCTeMbl, K KOTOPOH IMONCOENHHSETCS
KoJseGaresbHblii KOHTYD, MMEIOUHA CJOKHbIE CNEeKTpalbHLIe XapaK-
TEPHCTHKH. JIMHEHAHBbIH KOHTYD ¢ HECKONIBKHMH MaccaMu MpecTaBs
JIsIeT co00i C/IOXKHbIH aHTHBHGPATOP, HACTPOCHHBIN CPa3y Ha HECKOJIBKO
yactoT. B sone Kaxao# u3 HHX OYAyT NpPOSABJATHCH OTMEUEHH
3aKOHOMEPHOC TH.
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