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NPEMNCJIOBUE PEJARTOPA

Opurnaansaas n uarepecHast Kaura I'. C, l'opennka «HoneGanns u BoaHEY
JIOCTATOYHO IIMPOKO W3BECTHA W IO JOCTOMHCTBY OIGHEHA HANIEA HAYIHO-
MeJaroTHYeCKOH OOmEeCTBeHHOCTLI0. JTO M30aBIAeT MEHS OT HeOOXOAUMOCTH
XaBaTh ee XapaKTepUCTHKY W MOTHBMPOBATH BHIIYCK €€ BTOPOro HM3[aHHUS.
[Monrorosnennoe mocie GesppeMennoit cMepru I'. C. T'openumka, 310 M3manume,
KOHEYHO, He MOJ(BePIJIOCH TOM A0BOJILHO 3HAUYATEJIHHOMH HepepaboTKe, KOTOPYIO
MMell B BUJY IIPOU3BECTH CaM aBTOP U 0 HAIIPABIGHHN KOTOPON MOKHO COCTABUTD
Ope/ICTABJIEHUE IO MMeIOmUMCA B ero OyMarax HaMeTKaM W 3aMEYaHUIM.

fI orpapnmumiIcs HECKOALKUMHU HeGOJBIIMMA BCTABKAMA B OCHOBHOM TEKCT,
3aMMCTBOBAHHHIMU M3 TeX MOsACHEHUHA K OTHEeALHHEIM BOIpOcaM o0mero xapak-
Tepa, Koropsie Obim manucaws B 1953 r. camum I. C. Topenrmrom (ria. I, § 2;
ra. 11, § 7; ra. VIII, § 12; ra. X1, §§ 7 u 10). Kpome roro, s cenat HeCKOIBKO
IpUMeYaHni, KOTOpPHe B M3BECTHOW Mepe YIATHBAIOT HAMETKH aBTOPa KO BTO-
poOMYy HM3IaHWI0 KHATH B otdactd cBa3ankl ¢ paboramu I'. C. ['openunka u ero yge-
HUKOB, BEHIIIOJTHeHHEIME IIOCJIe BHIXO0/A B CBET IepPBOI'0 M37aHMUsA (BOHPOCHL O pas-
pemanomeil cuie npubopos, 00 H3MePeHUN NUCIEPCHU Cpe/ikl I HEKOTOPHE APy-
rne). [[puMevannsa pegaxTopa B3ATH B KBaJpaTHHE CKOOKH.

C. M. Pvoumos



NPEINCJIOBHE ABTOPA K IIEPBOMY WU3[TAHUIO

B aToil KHUre CHeJIaHA NONKITKA PACCMOTPETHh ¢ eVMHOM TOYKW 3pEeHUA HA
ypOBHE YHUBEPCHTETCKOro obmero kypca ¢usnkm KojdebaTelbHile M BOJHOBHE
AABJIeHNA, BCTpeYalomuecs B MeXaHNKe, aKyCTHKe, ONTAKe, yUdeHUn 06 51eKTpo-
MarHUTHHX ABIeHnAX. I[0M0TBOPHOCT, €UHOI0 MOXOMa KO BCEBO3MOMKHEIM
Koie0aTeAbHEM W BOJHOBHM SBJIEHHAM TaBHO ACHA (USMKAM W WHKeHepaM.

Kaura cocrasiena Ha OCHOBe JeKIWil, YATABIINXCA B TeHeHHMe pANA JeT
CTyfeHTaM-QH3NKaM BTOPOro Kypca I'opbKOBCKOro rocy/japcTBeHHOI0 yHUBED-
cnrera. OHa paccudmraHa rJIaBHEIM o0pa3oM Ha CTY[eHTOB (U3MHECKHUX, HHMKe-
HepHO-QM3NIECKUX W PAfMOTeXHWYECKUX (AKYIAbTETOB HAINUX YHUBEPCHUTETOB
I TeXHWYeCKMX BHICIONX Y9IeOHHIX 3aBefeHwii. MoKHO HafeATHCHA, 4TO OHA
fpuHeceT HONH3y W MH)KeHepaM, MMEIOMUM JeJI0 ¢ KodebaTelsbHHMA U BOJHO-
BHIMH SIBJIGHUSIMU.

Ilng urenus kHUrA TpebyeTcs 3HAHWE Pas3fielioB «MeXaHWKAa» M «3JIEKTPH-
9ecTBO» 00mero Kypca ¢mamku. B orHOmMeRWM MaTeMaTHYeCKOH HOJArOTOBKH
quTaTeNId mpejrojiaraeTcs, 9To OH BIajieeT BEKTOPHOU aireOpoit m amajimrude-
CKOI reoMeTpHel 1 yMeeT BEYACIAATh, IPON3BOJHEE N IPOCTeHINe HHTErpaH.
Beskmii pas, Korja OpUXOZUTCA IOJIH30BATHCA 00iee CIOKHEIM MaTeMaTHYe-
ckuM ammapaToMmM (HampmMmep, AuddepeHNUAIBHEIMA YPAaBHEHUAMH), KAOTCA
HeoOXOMUMEe IMOACHeHNd, HO 6e3 mpeTeH3WHM HA IOJIHOTY M CTPOroCTh.

M1 Toro uroOH He yBeAMIMBATH 00beMa KHUIHM, OPUNIJIOCH OrPAHUINTECA
U3JI0/KeHneM OTHEeNbHHX (AKTOB JUML B TOH Mepe, B KAKOH OHH HeoOXOMHMEI
IUia moHMMaHuA mejoro. Heo6xonmMo mpefynpefnTs IMOITOMY, YTO KHUra He
MOKeT 3aMeHUTh OOHYHHN yuYeOHMK ONTHKM,aKyCTHKM WIM PajHOTeXHUKH.

CpaBHHTenbHO 60JbIMOE MeCTO, 3aHMMaeMOe B KHHre pajuodusmiIecKuM
MaTepuajoM, o0BACHIETCA He TOJIHKO €ro Ba)KHOCTHIO JJIA TeXHWKH, HO H TOM
POJIBLI0, KOTOPYI HIpaloT pajuopusndecKue METONH B CAMBIX Pa3HOOOpPa3HHX
00JacTAX COBPEMEHHOT'0 HAYYHOIO MCCIENOBAHHWA — OT ANEepPHON JH3MKE O
acTpOHOMHM, OT OWOJIOrMW [0 reoPU3WKH. 3HAHWE NPUHOUIOB, HA KOTOPHX
OCHOBAHO [[e{ICTBUE BAKHEWMNX THIIOB pajuoanuapaTypH, Ipuo0peso TaKoe e
3HAYEHWE JJiA eCTeCTBOUCIIHITATeNsA, KaK IOHUMAaHWE yCTPOHCTBA MHKPOCKOIA
WIN rajbBaHOMETpa.

ABTOp CcTapajicA IMOKa3aTh, KAKOH JparoleHHHH BKJIAJ] BHeCEH B yUYeHHE
o Kosebamanax u Bojanax paboramu A. C. ITomosa, II. H. Jle6enena, H. A. ¥YMoBa,
M. A. Bumnerpapcroro, H. E. Hiykosckoro, A. H. Kpninosa, JI. . Margens-
mTaMa W JPYrAxX BHJAIOIMAXCA PYCCKUX HcciaefoBaTteieil. B Kumre cpeiana
HOONBITKA J{aTh JOCTATOYHO ACHOE (X0TA IO Hen30e:XHOCTA HEIIOJHOE) IpeficTaB-
JieHWe O TPOMAJHON W pas3Ho0oOpasHON MCCIeNOBATENLCKON pabore B 00dacTH
KoJiebaHN#I W BOJH, KoTopasa nmpogenana B CoBercrkoM Corose.

HeckoabKO ¢I0B 0 XapaKTepe CCHIIOK Ha JUTEpaTypy. B oTiimume ot pyxo-
BOJCTB, NpeAHA3HAYCHHHX [JIA KBAIUPUIUPOBAHHOIO YHUTATeNs, B JAHHOM
KHUTre CCHIJIKU HA JAWUTEPATypy He CIY:KaT IMyTeBONWTENEeM IO OPUTrMHAILHEIM
paboraM m JUImL YKa3HBAWT PAJ KHUT WM 0030PHHEIX CTaTeil, KOTOPHEE IOMOTYT
YUTATeNAM HOJNHee W IAyO:e pas3oOpaThCsa B OT[EIABHEX BOIPOCAX.



8 IIPEAUCJIIOBE ABTOPA H IIEPBOMY HN3OAHNWIO

Boapmyo moMomp B CO3MAaHUM KHUTM OKA3AJIHM aBTOPY COTPYHLHHKHU Ka-
denpsi obmeii ¢pusuru I'TY um ornena paguodusnkn PusnKo-TeXHHYECKOro NH-
cturyra I'T'Y. Muoro tpynra B Hee BIORUIN JeKNuUoHHEIN accuctent A. I1. Ily-
MeHEeK, IOCTaBUBINNUII psAJ ONMCAHHHX B KHHUTe JeMmoHcTpamui, B. C. Tpoumn-
Kuit, paspaboTaBmuii ammapaTypy MAIA JeMOHCTPAIlM¥ MHUKPOPATUOBOIH H
dayrryanuonusx asienuit B paguodusure, H. M. 3abasuna u C. 1. Bopo-
BUNKUH, BEIIOJHUBIINE OCHOBHYI 9acTh UepTeKHOH pabors.

IlpencraBnsnoch BechbMa j;KelaTeNlbHBIM, 9T00H B KHUI'e OBIIN PHCYHKH,
Hamoume He CANMKOM cXeMartudecKoe IpefcTaBleHne 0 HEKOTOPHIX JTeKIUOHHBIX
sKcnepumenTax., Takme pucynrm Ownm cuedadns ¢ Harypo C. H. Pybumnim.

Pap menanx 3aMeuanuil BEIcKasan Opu npocmorpe pykonucu C. M. Puros.
Boasmyio paboTy o mogrotoske pykonucu k megarn mpopenana H. K. Ko-
JKUHA. :

BceM, kTO momoran mue B paGoTe HAj 3TO# KHUIO#, A BHPAsKal CBOIO
HCKPEeHHIOI NpU3HATEIBHOCTE.

Hecmorpsa ma crapanus aBropa W M3[aTelbCTBa, B KHAre MOT'YT 0Ka3aThCA
(raaBEBIM 06pasoM BeiecTBUe GOABMOro pasHoodpasna MaTepnana) HEKOTOPHe
omubku u npomMaxu. fI Gyxy Becsrma GlIarogapeH 3a YKasaHumsg HeoOXOJUMEIX
HIIN ;RelaTeJbHHX MCOpaBIeHHUI.

I'. I'opeaux



FTABA I
ROJIEBAHUA

§ 1. llpumepsl rapmonmYecKHX KOJeOaHUii

1. Korebauusa maaTHura. OTKAOHUM PYKOH#, a 3aTeM OTIYCTUM MAATHUEK,
YCTPOEHHHIA TaK, YTO OH MOKET CaM PHCOBaTh IpadUK 3aBUCHMOCTHCBOETO
OTKIOHeHNA 0T BpemeHN (puc. 1). ITOT MAaATHUK DpeACTaBIdeT Co600 KoHUYe-
CKHIl cocy], MOJBeMeHHH I Ha TpeX HUTAX, HAIOIHEHHBII OeCKOM U NMeIOnuii

s
™G ,_y\y:}.v

Puc. 1. Camonumryniuii MasATHUK

BHU3Y He(OIbIIOe OTBEpPCTHE, W3 KOTOPOTO IECOK BEICHINAETCH TOHKON CTPyH-
xoit. Ha cTome me;KuT BEIKpAIleHHasi B 9ePHHH 1(BeT [IINHHAA I0J0Ca KapPTOHA.
3acTaBUM 3Ty IOJ0CY PABHOMEPHO CKOJB3UTH IO CTONY B HAIPABIEHUH, Iep-
NeHIMKYJIAPHOM K ILIOCKOCTH, B KOTOPOii fiBmKeTcA MasitHuk. Ilecok crmimercs
Ha KapTOH U NPIINIAeT K HeMy (KapToH OBLI IpeJBapUTeIbHO CIeIrKa CMOYeH).
IloctaBuB 3aTeM KapTOH BEePTHKATIHHO, MBI YBHAUM TO, 4T0 HM306pakeHO HA
puc. 2. «Asrorpag» MasTHUKA, HANOUCAHHEIH UM IECKOM II0 KAapTOHY, €CTh
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CHHYCOMIA, WIHW, TOYHEe, MOMKET PacCMAaTPUBATHLCA C MBBECTHRIM NpHOIHKe-
HUeM Kak curycounfa. Ilpm mogxogamem Brbope Hagaja KOOPAUHAT 9Ta KPUBaA
ONMCHIBAETCA YpaBHEHHEM

y= A cos kzx,

roe A, k— mocrogmmanie. KRampmasa opguHara y paBHA, OYEBHIHO, CMeNIeHHUIO
MasTHUKA B ONpefeeHHH# MoOMeHT f, a Kakgaa abcmmeca z — CMemIeHHUIO

%

F
S
Wr'r 12 ,",W

Puc. 2. «Aprorpad» MaATHHKA.

‘e,
3
‘4"%\\“
LT
ey,

#apToHa B TOT ke MoMeHT {. Tak Kak KapToH JBIKETCA PAaBHOMEPHO (C HEKOTO-
pO#l MOCTOAHHON CKOPOCTHIO U), TO

z=1ut,

# CJe0BaTeJbHO, 3aBHCHMOCTL CMEmEeHNA MaATHAKA OT BpeMeHM BHIpayKaeTcA
YpaBHeHHEM
y= Acoswt, (1.1)
rje
o = kv.

fAsnenne, onncrBaeMoe dopmyoit suma (1.1), rae A, ® — MOCTOAHHBIE, HABHI-
BAETCA 2aPMOHUUECKUM KOACOAHUEM.
DyEKIUA cos @t 00IafaeT TeM CBOMCTBOM, YTO IpH Jio6oM

cos o (24 T') = cos (wt 4+ wT') = cos wt,
eCIIH
ol =2,
T. €. ecl:u
27 2%
T'=— nam o=_.
© T
IIpoMe:xyToK BpeMeHn 7 HasmBaeTca nepuodos TapMOHNYECKOTOo kKojeba-
HUS, 3TO0 — IPOXOLKATEILHOCT, IOJHOTO KoJjiebaHWA, IMoCle KOTOPOTO BCe

ABHKEHNE B TOYHOCTN ]IOBTOpHeTCH. BeJII/I‘II/IHa
1 ®

V— — == ——

T 27

HA3HBAeTCA ¥acmomoil TapMOHAYECKOTO KoJe0aHWA; 9TO — IUCIAO0 MIOIHBIX
xonebaHNil 32 efWHNILY BpeMenn. BelimunHa @ HAa3HBaeTCA KpY20608 wacmomoi.
IT0 — WNCIO HOAHHX KojeOaHWi, NPOUCXONAMUX B TeueHWe 2m eXWHUIL
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spemenu. Eciau BpeMsa naMepsercA B CeKYHAAX, TO 9aCTOTA €CTh IHUCIO MOJHHBIX
xomebanwii B ceryHy. Eqununeil 9acTOTH ABIAETCA IPH 9TOM 9aCTOTa KoJeba-
aus, nepuox Koroporo paBeH 1 cex. A aToil efWHWUIH 9aCTOTH NPUHATH
Ha3BaHUs repn W mUKA *). MagTHuK, m3o6paskeHHH# Ha puc. 1, upwm mimHe
HUTH B 1 4 MMeeT MepPUON, PaBHHIA NpNOIN3UTEILHO 2 CeK., T. €. 94ACTOTY OKOJIO
0,5 repua. Hepuogy 1073 cex. cooTBercTByeT 9acTora 1 KMIorepm (mwiam 1 Kuiro-
muka), nepuony 107 cex. — gacrora 1 merarepr (miau 1 meramuki). C gacroramn
TAKOTO MOPAAKA (W elle ropasfo O0JIBMUMU) HAM IMOCTOAHHO IPHUAETCA BCTpe-
gatrhCsd B JalIpHeHIieM.

Bennurnna A HA3HBAaeTCA amnaumyodol TapMOHMYECKOT0 KojeOaHUA.
Ammanryna paBHa Ham0oJpIMeMy 3HAYeHWIO, HOPUHAMAEMOMY BeJIMYMHOINM,
MeHAD0Oe#icaA co BpeMeHeM IO 3aKOHY, IpeAcrasisemMomy dopmymnon (1.1).

2. KoneGanus RamMepToHa. 3aCTaBHM 3By9aTh KaMepToH, K OfHOH H3
HOKeK KOTOPOTO IPHKPEILIeHO JerkKoe 3epKajisle (pzc. 3). 3aTeMHHUB ayquTo-
pUI0, HANPABUM HA 3epKajblle TOHKAH OyJ0K 6elioro cBeTa OT SIeKTPHYecKOl

L

Pmc. 3. BepruraidbHOe pa3MHTHe 3afiamKa OpH 3BYYaHAM KaMepTOHA.

nyru. CBeT orpaskaeTcd OT 3epKajhla, 3aTeM OT APYyroro (HeIOABIKHOIO)
3epKajla W momajmaeT Ha sKpaH. Ha skpame obpasyerca «3afiiMK», WMEIONAM
BHUJi TOHKOH BepPTHKAJLHON YepTouKm, Oojiee ApKOil Ha KOHIAX, 9eM B cepe-
nure. Ecam ME Opujep;KUM majplieM KaMepTOH TakK, YTOOH OH HmepecTan 3BY-
9aTh, YePTOYKA MPEeBPATUTCA B KPYIIOoe NATHHIIKO. BepTuMKaJIbHAS YepTodKra
moaydaercsi, OYEBUIHO, BCJIENCTBHE TOTO, YTO HOMKKA KAMepTOHA W BMeEcCTe
¢ Hel0 3epKatbme OwHCTpo kKomeOmorca. Ilpm sToM MeHAOTCA YroJd HajeHUs
M yToJ OTPa)KeHWsA cBeTa W IydY, oTOpachHBaeMEIi OT 3epKaJbla, Komebiaerc
B BePTHKAJBHON Inockocta. KEcam 3puTens, QUKCHPYsi CBOM B3TIIA] HA BepTa-
KallpbHOM YepTodke, GEICTPO MOBepHET I'OJIOBY, OH YBUAUT SAPKYI0 Oelayw cmay-
couny Ha TeMHOM QoHe. MaKCHMyME M MUHUMYMHEI GYIAYT TeM CHILHee par[BH-
HyTH, 4eM OHICTpee TOBOpAYMBATHL rOJOBY. fICHO B WeM TyT Heio: ceTdaTka
riasa, Ha KOTOpPOHM DmOJdydaeTca WN3o0pajkeHWe 3alldMKa, HAXOAAMErocs Ha
9KpaHe, UTpaeT Ty Ke POJb, YTO KAPTOH B OOBITE C MAATHUKOM, 3aii4NK M3Me-
HfAeT CBOe IMOJOKeHNe, KaK N MAaATHUK, 0 CUHycoufaapraoMy 3akony. Orciona
JerK0 3aKJII0YATH, ITO M CMelleHNe HOKKYW KaMEePTOHA MEHSETCS CO BpeMeHeM
o0 TaKOMY ke 3aKOHYy.

JTO MOJKHO HOKasaTh [Opasno Iydie, ecid 3aMeHHTH HEIONBIKHOE 3ep-
Kajl0 MHOTOIPAaHHHIM 3€pPKalloM, BPAIAaONIMCA BOKPYI BepTUKAJILHOH ocH.

*) IlpaBmabHee TOBOPHTH (IAKJI B CEKYHZY).
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Torpa opm ocTaHOBIEHHOM KaMepTOHe 3aiffYMK MHOTOKpPAaTHO mpoberaer cieBa
HaOpaBO IOPU3OHTANbHYIO JIWHWIO, W €CIH JBWKEHNe — JOCTAaTOYHO OHICTpOe,
rjia3 BUAHUT y:Ke He OTHeJbHEIE MOJNOKEeHHA 3aW9IMKa, 4 CIUIONIHYI TOPH30H-
TaJIbHYK JIHUHUW. Eciu Temepb OTOYCTHTH KaMepTOH TaK, 9TOOH OH CHOBa
3a3Bydali, 9Ta JUHWUA IPeBPATHTCA B CHHycoHAy (pHc. 4).

Puc. 4. To e, 9ro u Ha puc. 3, HO ¢ ZobaBieHreM COPU3OHTAILHON pPa3BEPTKH.

Hragr, xamepron ramxe koxebmercs mo sakony (1.1), Ho 3mecs Kpyrosas
9aCTOTa @ W YacTOTa vy = /2% ropasno Ooabpmie, 9eM y MasTHHKa. HaMepros,
Baromuil ToH .44 mepBoll OKTaBH, KoxebaeTca ¢ dactoroit 440 repm. Oxrasa

(pmc. 5) COOTBETCTBYET OTHOINEHUIO
Ohmasa qacToT 2 : 1, TepIusa — OTHOIIEHHUIO
N 4acToT O : 4.

3. RoneGanusa saekTpuyecKnx
peamuun *). Ilpogenmaem onmT, Ha-
IAATHO TOKA3HBAIONIMIL, II0 KAKOMY
3aKOHY MeHAeTCA CO BpeMeHeM Ha-

r
]

L - IpsUKeHue B TOPOJCKO#M CeTH.
) Bocmonpsyemcsa pas  aroro
Tepyun DIEeKTPOHHHM OCIMIIIIOCKOIOM **),

Puc. 5. Kaasmarypa ¢oprenuano. BHOMIHUM BUA KOTOPOTO TIOKA34H

Ha puc. 6. YcCTpPoOHCTBO 3TOro 3a-

MedaTelbpHOTO Ipubopa MH MOJ-
pob6uee ommmem mosmHee (ra. II). Iloxka d9ro pocTarodHo 3HATH CAERYIO-
mee. OCHOBHOM er0 9aCThI0 ABJAETCSA IIYCTOTHAA dIIeKTPOHHO-TydeBasA TPyOKa —
CTEeKJIAHHAS K0Ja0a C IJOCKAM JHOM, BIOJH KOTOPOH JIeTAT 3JIEKTPOHEHI, 00pa-
3YIOI{e BJAEKTPOHHHN Jyd, T. €. TOHKUA IYy90K 3JIeKTpoHOB. JlHO TpyOKuU
MOKPLITO UBHYTPH TOHKUM CJI0EM BeIecTBa, 061a/faomero cBOACTBOM CBETUTHCA
B TOM MecTe, TJie¢ B HEero monafaoT 3JeKTpoHH. OHO 00pasyer 3KpaH OCI[AILIO-
ckomna. Braouus TpyOKy, MBI BUJUM CHA9aJIa HEMOMBUKHOE CBETIOE HATHHIIKO

*) MoKkHO T'OBOPHTH O KoJdeOaHHAX (HU3MYeCKON CHCTeMbl (KoTeGaHMA MaATHHKA)
1 0 KojeOaHWAX (uU3NIeCKOU BeJWYHWHH (KOIe0aHUA CMeMEHHS, CKOPOCTH, CHJIH TOKA).

**) dro HasBaHuWe HaM IpexacraBidercA 0ojee ymauHEIM, 4eM uvacTo ymorpebiseMoe
«KaTogHEN ocmumiiaorpad». Ocmuaorpad osHadaer «npubop, sanuceigarowpuii KoseOaHUAN.
Ocruia1ockon o3Hadaer «opubop, MO3BOAAKINAI 6udems KogeGanua». OCHOBHEIM B OpH-
6ope ABIAETCA HAJIWUME 91€KMpPOHHO020 IIYIKA; KATON ABJIAeTcA (HAPAMY ¢ AHOOOM W T. A.)
JAOIb OJHEAM M3 3JIeMeHTOB, HYKHEIX JJIA eT0 HOJydYeHHH.
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B IIEHTpE SKpaHa — DJIEKTPOHHHIA JIyd4 Ober B
onHo oupenenennoe Mecro (pue. 7, a). lloso-
paumBas Temeph ONHY M3 pPYYeK YIpaBJIeHHUs,
VKpelJeHHEX Ha Hepegneil HaHeNIW OCIUJI0C-
KOTA, MBI IPHBOJUM B [eHCTBHE «Pa3BEpPTHY» —
3JeKTpUYecKoe YCTPOMCTBO, 3acTaBiAmwIIee
3JEeKTPOHHEI HyY0K MHOTOKpaTHO HIpoberarts
cjleBa HAIpPaBO, ¢ HOCTOAHHOW CKOPOCTHIO, IO
rOPU30HTAIBHOMY JIUAMETPY 3KpaHa. JTO JBH-
JKeHNe MPOMCXOMUT TaK OHCTPO, 4TO IJIa3 BH-
AT OMHY CHJIOIIHYIO IOPM30HTAJLHY JHHUIO
(pme. 7, 6), mogoOHO TOMY, 9YTO HPOMCXOAUIIO
Opu GBICTPOM BpalieHHH MHOTOTPAHHOTO 3epKaJla
(moxa KamMepToH Momgan). O6paTHEIM TOBOPOTOM
pY4YKE ocTaHoBEM »TO0 nBmKenme. Ha okpane
CHOBA BHJHA cBeriasi Touka. CoefwHNM Teleph
IIPOBOAMHI KJIEMMH TOPOJCKOM CeTH ¢ KJIeMMa-
MU ociLIocKona (puc. 8). CBeriasg TodKa mpe-
BPATHTCA B BEPTURANBHYIO 9epTO4KY (pHc. 7, 6).
YCeTpoUCTBO OCHUIIOCKONA TAKOBO, YTO BepPTHU-
KaJIbHOE CMemeHue CBeTJIOM TOYKHM IpOoIop-
MUOHAJIHbHO HAIPSKEHWIO, HTONBOAUMOMY K ero
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Puc. 6. OleKTpOHHHIM OCHHIIOCKON.
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Puc. 7. HapTunsl Ha 5KpaHe Oc-
MWIIOCKONA: a—BKIIOYeHA TPY-
0a; 6-—BKJIOYeHAa pa3BepTKa;
¢—BKIIOUEHA CeTh; ¢—BKIYEHE!
pasBepTKa H CeTh.
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kaemMmMaM. IloAaBreRne cBeTION YePTOYKU 03HAYAET,ITO JIEKTPOHHHIN Jyd Ha-
4MHAeT COBepmaTth OwicTpoe KojebaTelpHOe JBH:KeHHWe BBepX W BHHM3. CmoBa
DOBePHYB IepBYI0 PYYKY, MH YBUAHM Ha
aKpaHe KyCOK CHHyCOHAH (puc. 7, 2). ITo
03HA4aeT, 9TO HAUPMAKEeHWE ¥ Ha KJIeMMaX
TOPOACKOM CeTH W3MeHAETCA IO B3aKOHY

u=A cos ot,

T. @, II0 TOMY }Ke 3aKOHY, 9TO0 OTKJIOHEeHHWe
MAATHUKA HJIM HOKKH KaMepTOHA. 3Hech
gactoTa pasBHa 50 repil.

ByneMm mcenenoBats, masiee, ¢ IOMOMBIO
BIEKTPOHHOIO OCIWIIOCKONA HaNpsKeHNe,
BO3HMKawoUIIee HA KIeMMaX 3BYKOBOTO I'eHe-
paTopa — BOBOJIBHO CIOKHOro mpubopa,
BHENTHUH BUJI KOTOPOTo HOKasad Ha puc. 9
(o ero ycTpoiicTBe peus Oyner unTu B ra. V).
CoequHEUM [JIA 3TOT0 NPOBOAMYA BHXOJHEIE
KJIEeMME 3BYKOBOIO TeHepaTopa C OCIWi-
JockomoM. MuI 1 31eCh YBUVIM CUHY CORIY —
Puc. 8. Ocmmrockon mojxmoues x  HANPKEHNe, CO31aBaeMoe 3BYKOBHM IeHe-

KJIeMMaM TOpOICKOI ceTH. paTopoM, TakK;Ke IpencraBadger coboii rap-
MOHMdYecKoe Koiebanue.

ByneM noBopauuBaTh «pyIKy HacTpoiikm» H 3BykoBoro reseparopa (pmc. 9)

o 49acoBoii cTpenke. CuHycomna Ha SKpaHe CKAMAeTCA B FOPH30HTAIHHOM

Pmc. 9. 3BykoBo#l resepatop.

HampaBieHnAn, ropOH W BOAAUHH COMMKAOTCA M HX YHCJIO HA YKPaHe pacreT
(pme. 10, a, 6) — 9acToTa MCCIENyeMOro Hamps;eHuA *) cranosuTcs Goisme.

*) FOBOpﬂT «9acTOTa HAOPAMKEHUuS», «aMIHATYAa CHJABD W T. O. B CMBICIE JaCTOT&
HJIHR aMIOIATYHA I‘apMOHIZ[‘IeCKOI‘O KoaebaHus HaOpAXKeHNUA, CUJIBRl M T. M.
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YacroTa 3ByKOBOTO reHEpPaTOpa, DOKA3aHHOTO HA pUC. 9, MEHAETCA OT HECKOJIb-
kux repn 10 20 000 repn. Bynem moopaumBars mo gacosoii crpenke pyury I («pe-
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Pac. 10. Rapruuel Ha 3KpaHe OCHHIOCKONA: g-—MepBOHAYaJBHASA KAPTHHA; 6—IOCHe
noBopoTa pydkm H; e—mocae mosopora pyduku I' (puc. 9).

ryJIupOBKa BEIXOfa»). ME yBUIHMM, 9TO CHHYCOMJA PACTATMBAETCA B BePTHKAIE-
HOM Hampasienuu (puc. 10, ¢), pacrer aMIINTYRA HCCIe]yeMOTr0 HAIPAKEHNA .
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Puc. 11. JleMOHCTpAanHOHHEI TeHePaTOp BEICOKOH YacTOTH: a—BH]l CO CTOPOHNK HaHeImH
yUpaBleHus; 6—BHI CO CTOPOHH KoleGaTelbHOro KoHTypa. (Ilo CHEMKaM, Ji00e3HO
IpeficTaBleHHKM QuamdecKEM KaGuHerom MI'Y.)

\
Ha puc. 11 morasaH reHepaTop B3IeKTPOMATHUTHHX KozeGammii Go-
Jee BEICOKOUW d9acToTH (mopsapka 50 Merarepi); ero OCHOBHEIe DJIE€MEHTHI:
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wosxebaTelIbHH KOHTYp, COCTOSMMWII W3 HECKONLKNX BHTKOB TOJCTOI MeNHOH
MIPOBOJIOKA M KOHJEHCATOPa IlepeMEeHHOH eMKOCTH, W TPeXdJIeKTPOJRHAA JIeKT-
pouHas namua( ¢ TeM, Kak paboTaeT TaKoil reHepaTop, ME HOXPOGHO HO3HAKO-
muymes B . IV). Horga M mofaeM Ha JaMIy Hy;KHEIE IS ee paGOTH IOCTO-
AHHEIEe HAOPSUKeHNs, B KoldebaTedpbHOM KOHTYpe BO3HHKAeT TOK, MeHSIOMUIICs
110 3aKOHY

i=A4 cos wt,

HanpsxeHHOCTH 9JIeKTPUYECKOTO W MAarHuTHOro nojeit K u H B npocTpaHcTse,
OKPY/KalmeM reHepaTop, MEHAKTCA II0 TaKOMYy jKe 3aKOHY:

E=A,cosol, H= A,coswt,

rie A, 1 A,— DOCTOAHHEE (B KaKHOI TOYKe) BEKTODH *).

ITogneceM X reHeparopy BHUTOK HPOBOJIOKH, 3aMKHYTHII Ha JIaMOOYKY
HakaauBanusa. VHAYKIMOHHHI TOK, BOSHUKAKOMUA B BATKE BCIENCTBHE M3Me-
nenusi H, pacKalmBaeT HUTH JAMIOYKHU. Y BeJIWINB MOCTOSIHHOE (HAIIPSKEHNE
HAKaJTa» DIEKTPOHHOW JaMIOB, MBl yBelM4YWBaeM aMILIATYAy TOKA B KOHType
reHepaTopa: 3To JEeTKO 3aMeTHTH IO BO3PACTAHHUIO APKOCTH JaMIOYKKM HaKAJIU-
BaHWS.

Cxydam, KOrfja OPOHOPIMOHANBHO COS®! MEHSeTCS CKAJAp (Hampumep,
cuila TOKa), MH OyHeM Ha3HBaTh CKAAAPHBMU TAPMOHUICCKAME KoJle0aHUAMN,
a cIyd4aHl, KOrja IPOHOPIMOHAILHO COS®! MeHseTcA BeKTop (Hampumep, K)—
6eKMOPHLIMU TAPMOHWYeCKHMH KoJebaHMAMI,.

4. KonebGanusa pasiaenusa Bo3gyxa. lIpmcoequHMM K BEIXOSHBIM KiIeMMaM
3BYKOBOI'0 FreHepaTopa FpoOMKOroBopuTenk. Ero pmadparma Hadner Koaebarncd.
Bosuuknet 3Byk. ByneM mccienoBath, KaK MEHAEGTCS IIPH 3TOM JaBIeHHE BO3-
ayxa. YKpeouM Ha HeKOTOPOM DPacCTOSHHH OT TPDOMKOTOBOPHTENs MHKDPOQOH
U OPUCOENUHUM ero K 3IeKTPOHHOMY OCIWJLIOCKOIY,KaK 9T0 HOKa3aHo Ha
puc. 12. Horpa rpoMKoroBopuTenhb 3BYydYHT, HA SKPaHe OCIWIIOCKONA BHIHA
cupyconia. JITo 3HAYMT, UTO faBleHHE BO3XYXa OKOIO fmadparM MUKpodoHa
OTANYAETCA OT 3HAYEHUA p,, KOTOpOe OHO WMeeT B OTCYTCTBHE 3BYKa, Ha
HeKOTOPYI BeJIWINHY Ap, M3MEHSIIMYIOCA €O BpeMeHeM IO 3aKOHY

Ap = A cos wt,

Jlergo y6eiuThcs, TepeKIIYNB OCIMIIOCKOND ¢ KJIEMM Ienn MuUKpodoHa
K BEIXOJHHIM KJeMMaM 3BYKOBOTO T'eHepaTopa, 9To 9acToTa KoJeOaHWs naBJe-
Husi Bo3fayxa Ap paBHa 4acToTe KoJdeGaHWsA HANPSAMKEHHs U, IOJaBAEMOrO Ha
I'POMKOTOBOPUTENb.

IIpuKII0YMM CHOBA OCIMITOCKOI K BEIXONHHM KJIeMMaM IeIn MEKpPOQoHa.
Bynem mopopaguBaTh PYIKY HACTPOUKH 3BYKOBOTO IeHEpPaTopa B CTOPOHY yBe-
JWYeHUs1 9acTOTH. llpw 9TOM MEl CIHIIINM YBeJWICHUE GbICOMBL MOHA, CO3/iA-
BAaeMOT0 I'pPOMKOTOBOpUTeNeM. BMecTe ¢ TeM MBI BHAUM, 9T0 TOpOH W BIAJUHE
CHHYCOMIH HAa pKpaHe OCIHUIIOCKOODA CTymialoTcd (TaK jKe KaK B ONHTe,
K KoTopoMmy oTnocarca puc. 10, a, 6). ITOT OIBIT MOKA3EIBAET, 9TO 4eM GOAbIIe
9acToTa KollebaHuil faBIeHNs BO3AYXAa, TeM BHIIe 3BYK. JIerKo IpOBepUThL, 9TO
OOBEIINEHAI0 3ByKa Ha ONHY OKTaBY COOTBETCTBYeT YBeAWYEHHE UaCTOTH
B JBa pa3sa.

ByneM Temeps MOBOPAaYMBATH PYUYKY PeTYIHMPOBKA BHIXOA 3BYKOBOTO
regepaTopa B CTOPOHY yBelWdIeHWs aMIUIATYAB HalUpsuxeHms u. Ilpm atom
MEI CJIBIINIAM yBeJINn9IeHne 2poMKOcny 3BYKa, CO3NaBaeMOr0 IPOMKOTOBOPUTEIEM.
BMmecTe ¢ TeM MH BHAWM, 9T0 ropOB CHHYCOHABI Ha 2KpaHe OCIMIIOCKONA

*) JIA TpOCTOTH MH 3Jech He paccMaTpEBaeM (a3oBhe cooTHomeHHms (cM. § 4)
mexpy i, K, H.
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CTAHOBATCA BHIIE, BIAJUHE — rAy0:Ke (Kak B OIEITe, K KOTOPOMY OTHOCHTCA
puc. 10, 6, ). DTOT OUHT HMOKA3KBaeT, 9TO UeM GoJbIIe aMILTATYNA KojdebGanni
NaBieHWsA BO37yXa, TeM IpoMdYe 3BYK.

ByneM faibme yBeIR9HBATh YaCTOTY. 3BYK CTaHEeT 0OYeHb BRHICOKMM U e/|Ba
CABIITUMEIM, a 3aTeM MH yiKe HUYero He OyAeM CJAHIIATh, XOTA OCIHJIJIOCKON
OKa3hIBaeT (ecau MH paboTaeM ¢ IPOMKOTOBOpUTeJeM W MUKPOPOHOM HajIe-
JRame#l KOHCTPYKIMH), 4YTO [aBJieHWe BO3LyXa I[POA0JKaeT KoaebaThCA
cO 3HAYUTEABLHOW AMOIWUTYNOW. JTHM OOHTOM yCTaHABJIWBAeTCHA, YTO Halle
VX0 He ONmyIaeT KAaK 3BYK TakHe KojeOaHWMA JaBJeHHA BO3[yXa, 9acToTa
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Purc. 12. UccaemoBanme 3BYKOBHIX KOJe0aBWMA NABIEHHA BO3AyXa.

KOTOPHIX IIPEBHIIIAET W3BECTHYIO IPAHUNy. ITa IPAHNNA CAKIMIAMOCTH ¥ Pa3ind-
HHX Jlofiell pa3nangHa, HO He mpeBHmaeT npubausnureasHo 15 000 repnm. OummrT
OKa3HIBAET, YTO YeJIOBeYeCKOe YXO0 He BOCOpHHUMAaeT KaK 3BYK TaKiKe KoJe-
OaHUA NaBJIeHWA, UMEomye 09eHb HU3KYI 9acTOTy — OKoi0 30 repi m HIGKe.

5. IlepnonuusoctTs MOHOXpOMaTHYECKOro cBeta. OCBEeTHM SAPKO-3KEITHIM
CBETOM HATPHEBOro HmJIaMeHW WK CBETOM 3JeKTPUYIecKON qyru, IpOmymeHHbIM
qepes JKeJTHH CBeTOQWIBTP, INIEHKY M3 MBUILHOIO PacTBOpa, 3aTATMBAIOILY IO
pAaCmoOJIOKeHHH B  BepTHKAJBHOM DNIOCKOCTH IPOBOJOYHHIA KapKac.
C moMomipI0 06'bEKTHBA COPOEKTHpYeM IIEHKY Ha sKpaH (puc. 13). Mu yBumum
pAq depeAyIomuXcA depe3 ONNHAKOBEE IPOMEKYTKHE KEJTHX W YePHEX I0J0C.
(Ms1 onnCHBaEM OOBIT B TOM BHJe, KaK eI'0 MOKAa3KBAIOT B 0OJABIIOI ayJUTOPHN;
OT/ieNIbHE HabamofaTelb MOMKeT yBHAeTh HOJOCH, IPOCTO INIAAA Ha IUIEHKY.)
OcBeTEM Ty jKe IJIEHKY (MOJETOBHM CBETOM (HANPHMEpP, ¢ HOMOUILIO 3IEKTPH-
4eCKOl Ayrd u (HOIeTOBOT0 CBeTOPMIbTpa). MH yBHAUM pAA depenyomuxcs
Yepe3 OJMHAKOBEHEe IPOMEKYTKH ¢fuosemogsir M 4epHHX IOJOC, OPWYEM TMDO-
MeKYTKH MekAy HUMU OyAyT NpUMepHO B HOJTOPA pas3a MeHbINe, YeM UpH
OIBITE C }KEJTHIM CBeTOM. OCBeTHM IJIEHKY KPAaCHHRIM CBETOM, 3aMeHHB (IioJe-
TOBHIHl cBeTOQUIBTP KPACHHIM: MH YBUAUM UepPenyIOmMHUECHd KPACHble W depHble
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IMOJIOCH, IIPOMEKYTKN MEKIY HUMH OyayT NIpUMepHO BABOe OoJabmie, dem
B cilydae (HONETOBOro cmera.

Eme Hgproron monan, gro mabaogaeMasd B OMEITaX, M0A00HEX TOIBKO 9TO
HOKa3aHHOMY, IPOCTPAHCTBEHHAA NEPHONMIHOCTH 0OyCIOBJIMBAaeTCA TeM, 4TO
B CBeTe MPOMCXOMUT KaKoe-TO Hepuoandeckoe n3aMeHeHne 8o Bpemenn. Ho oaro
0CTaBAJIOCh HEW3BECTHHIM, 4T0 MMEHHO TUepHoJudYecKH MeHsercs B cBere. MH
XOPOIIO 3HAEM 3TO Temeph: B RAYKAOHM TOYKe MPOCTPAHCTBA, B KOTOPOM paclpo-
_‘-'m“
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Puc 13. Cxema pacmomomenuss mpubopoB HpH [JeMOH(TPAUWHM OKPACKU INICHKH
U cXeMaTW4ecKHUil BUJ KapTHUHH Ha sKpaHe (CBeTodmabTp He MOKa3aH )

CTpaHAeTCA CBeT, HAIPAKEHHOCTH 3JIeKTPUYECKOr0 W MATHATHOTO TOJA Kole6-
JOTCA B OpoctelimeM ciaydae NpUOIA3UTENBHO IO 33aKOHY

E=A,cosot, H= A,cosot,

IpuYeM BeKTOPH 4,, A, B3aMMHO HePHEHINKYIAPHEL. JTH KOIe(amlisg ropasmio
bolee 4acTH, 4eM Te, KOTOPHe cO3JaoTCcA pafmomepemarankamm. Hampumep,
KoJebaHWe JJIEKTPUUECKOTr0 IOJfA, CO3[aBaeMoe ILIaMEHEeM HATPHs I BOC
IpUHUMAaeMoe KaK MeJITHI CBeT, IMeeT 9acToTy oKojo o-10 repu. B cayuae
KpacHOTo cBeTa dacToTa OKoJ0 4 10% repi, B ciydae ¢$H0OIeTOBOr0 — OKOIO
7-101 repy. YeMm spde cser, Tenm Golple aMIIUTYIA COOTBETCTBYIOMMX KOJe-
bamnit. DarTH, ybeskpaomue B HPaBWIBHOCTH STHX IpejcTaBiaeHiii, GymyT
N3J0KeHb B JAJLHEWIINX IJIaBax.

§ 2. Epunetii nogxom kK KodeGanmAM pasiamyHoil (Qu3nyecKoil nprpopbi

1. Enunbtii s3pik teopuum KoxeOaumii. CymecTBylomee meneniie Quamkn
Ha MeXaHWKY, aKyCTUKY, ONTHKY, Vd4eHHe 0 TemjaoTe, ydeHue o0 sJIeKTpuye-
CKMX I MAaTHUTHHIX SIBJeHUAX elle U cerojHA IpeodbJafaer He TOIBKO B CPej
Helf, HO U B BhicmIeli MKojJe. C TOYKH 3peHUA STOTO [{eleHUS OIBITHI, ONMUCAH-
usle B § 1, oTHOCATCA K pasauyHsim pasmenaM QH3BMKIL: HepBHIl — k CXanuke,
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BTOPOI W IeCTOl — K aKyCTHKe *), TpeTHi, YeTBePTHH W IATHI — K 3JeKTPo-
MarHeTU3My, CeIbMONl — K OIITHKE. ;

Taroe fedenne GU3HKN CIOKUIOCH mcropudecKn. OHO mMeer ocHoBaHWe
B TOM, 4TO OTpa’kaeT B M3BeCTHOH Mepe KadeCTBeHHOE pasiamdne QOpM JBUKe-
Aus B 00BEKTHUBHOM MUpe (3BYKa W CBeTa, MeXaHNYECKUX W 3IeKTPOMArHATHHIX
asaennii). HekoTopyo poJip CHIpajo u TO, KAK pasinvHble ABJIeHNs (HanpuMep
CBeT W PaJMOBOJHE) BOCIPHHIMAIOTCS HANIMMU OPraHaMM YYBCTB.

B HacTosmiee BpeMs HEBO3MOMKHO 3aHHMATBhCS AKYCTHKOI, He Kacasch
yIBTPa3ByYKOB — KoleOaHNi, He CIBIIIUMHX 9eI0BEYeCKAM YXOM, HO OTINYAI0-
MUXCHA OT YOPYruX KojaeOaHWi, BOCIPHHAMAEMHIX YeIOBEYECKAM YXOM Kak
3BYK, TOIbKO Gosee BHICOKOH wacrorTol **). HepoaMoKHO TaK:Ke 3aHUMATBHCH
ONTHKOM, He y/eisis 3HAYATeJIbHOTO0 BHUMAHNS yIbTpadmoneToBoMy u mHppa-
KpPacHOMY WBIy49eHHSAM H HUIHOPHPYA pPEHTIeHOBCKOe H3JIydeHHe, Y-Iy4IH
1 pajuoBONHK. Bce 3TH He BOCIPUHMMAEMbIE YeJI0BEIECKUM Iila30M JJIEKTPO-
MATHUTHHE W3JydeHUs OTIAWYAIOTCA OT CBeTa B Y3KOM CMEICIe JIUMb GOJbImei
WM MeHBIIeil 9acTOTol KoJebaHWil HANPSIKEHHOCTEH 3JIeKTPUYeCcKOr0 W Mar-
HEATHOTO mojas. VX 4acTo Ha3HBAKT HEBUJUMEIM CBETOM.

C npyroii cTopoHH, WM3ydas 3BYK W CBeT, MeXaHMYeCKHe W 3JIeKTpPOMar-
HUTHBIE KoJleGaHusa, MBI HaTAJKNBaeMcsi Ha IOPA3UTEIbHYIO OOMHOCTE MHOTUX
3aROHOMepHOCTeil. PasBuTne HayKHM HOpUBENO K TOMY, 9TO BCe INIyOsKe IO3HA-
10oTcsA 00Imue 3aKOHOMEPHOCTH W CBSI3H KA4eCTBEHHO DPA3IWIHBIX (QU3NIECKHUX
siBJeHNit. B CBA3WM ¢ 3THM HAPAAY C U3y4eHHEM O0COOEHHOCTeH MeXaHMYeCKHX,
aKyCTHYECKNX, ONTHYeCKUX M [PYTrHUX sBJIEHNUHA BO3HUKaeT Ileliecoo0pasHoOCTh
N3yYeHnsi BCeX »TUX SBIEHUH ¢ TOYKHW 3peHMs BHABIEHNS 06mMuUX 3aKOHOMeEp-
HocTeil, CBOMCTBEHHHIX HTHM sIBIeHHWsAM. TaKo# MOAXO0] IO3BONSAET BHEIHTH
B KadecTBe OJ{HOTO U3 OT/eNO0B QM3NKH ydeHHe o KojeOaHMAX W BOJHAX ***),
IToT OTHe] 0XBATHIBAeT MaTepual, paccMaTpUBaeMBlll TaK:Ke B pasjenax Mexa-
HUKN, AKYCTHKH, 3JeKTPOMArHeTM3Ma W ONTHKH.

ToT equHEI MOAXO0] K MeXaHWIECKNM W HJIEKTPOMAarHUTHHEIM Koe(aHusM,
K 3BYKY M CBeTy, KOTOPOTO MEHl 37iech OyjeM IpHepKUBATHCA, UIPaeT Bee
OONBIIYI0 POJL B HayKe U TeXHUKe.

Korzma ME ropopmM: KadagWe MasTHUKA, 3BYK .4, JKEJITHIl CBOT HaTpue-
BOro IJIAMEHW, MarHuTHOe IIOJle JIAMIOBOI'G TeHepaTopa, MBI HOJb3yeMC
A3HKOM MeXaHWKH, aKYCTHKU, ONTAUKN, paanodusuru. Ha a3sK obmei Teopun
Koje0aHuUii Bce 3TN TePMHUHH — W elle MHOTHMe JpYyTue — IepeBOIATCA OINHA-
KOBHIM 00pa3oM; BCe IlepedncieHHbIe sgBJIeHNsI MOKHO pacCMaTpUBaTh, C OIpe-
lielleHHOH CTeNeHpI0 MpHOIMKEeHNsA, KaK rapMoHudecKme Kolebamwsa, mzobpa-
;aeMpre edunoil GopMyIon

s = A cos wt,

riae s — CMemeHne Wiu CKOpOCTh, KOMIOHEHTa HAIIPSKeHHOCTH 3JIeKTPUIeCKOT0
IOJIsI B IAHHOH TOYKe NIPOCTPAHCTBA, H3MeHeHWE JaBJIEHUS WIU TeMIePaTypH
B J[AHHOH! TOYKe IPOCTPAHCTBA, CHIA TOKA, YIOJN OTKIOHEHWS CTPEJIKHA W T. J.—
qUCI0 MPUMEPOB MOKHO OBLIO OB YBENIWYUTH BO MHOTO pas.

To, «mo ronebmercs B oOETEe ¢ KAMEPTOHOM W B ONEITE C pajmomepesaT-
quKoM, OBLIO pa3iawuHeM. To, Kax DpPOUCXOAAT Konebanusa B 060HX clydasx,
ofuHAaK0BO. Jleql0 He TOJNBKO B TOM, 4TO TYT W TaM KoJdebaTelbHHIA Iporecc

*) DIIeKTPOMATHHUTHHE HOPHUCIOCOONEHUSA WIPAIOT B HEUX JHIIb
polb.

*#*) C moMompio CpejcTB, CO3TAHHEIX PagHOPU3WKOHA, MOMKHO MOMy4aTh yIBTPa3BYK
gacrorel go 108 repm m Godbmre.

**%) [pyroii mpmMep TPYNOMPOBAaHMA MaTephajda 0O OGHHOCTH 3aKOHOMePHOCTeIk:
CTaTUCTAYeCKaA (QU3WKA, OXBATHBAWONIIAN pPa3HOOOpa3Hefiline ABICHUS, NONUMHAION[AECSHT

BEPOATHOCTHBIM 33KOHAM! HpOIeCCH TelIoo0MeHa, WCHAPeHWs, HAMATHWICHHH, W3Tyde-
HHA B PacCesHHA CBeTa M T. J.

BCIIoMOraTeJbHYIO
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n3obpaskaeTca CHUHYCOMNOH. AHAJIOTMYHBIM MOKeT OBITH H CaM MeXaHHU3M
KoJebaHni KaMepTOHAa M KolebaTeJlbHOro KOHTypa reHeparopa *). Yacro mpnm
NCCJIef[0BAaHNN KOHKPETHHX 3a7{a9 NPUXOUTCSA NHTePECOBATHCA He CTOJIBLKO TeM,
ymé KOIeOIeTCA, CKONBKO TeM, Kak W novemy MMPOUCXONAT KodebaHuA.

MartepunanucTuieckoe 00OCHOBAaHHWEe eQUHOTO NDOAXONA K KoidebaHuaM
¥ BOJIHAM pa3iIndgHOi PM3N9IeCKO#i IPU POl COCTOUT B TOM, ITO efMHbIe 3aKOHE
KoJeDaHU W BOJH, OXBATHBAIOMUe KaK MeXaHWYeCKHe (B YACTHOCTU, aKyCTH-
9eCKHMe), TAK W 3JIeKTPOMarHUTHHeEe (B JaCTHOCTW, CBETOBHE) KoJebamnMd H
BOJHHE, ABIATCA OTPAKEHWEM MHOTOYHCIEHHBIX OOMUX 9epT, 06beKTHBHO
IPUCYIAX 3TUM IponeccaM. VIMeHHO 0TCIOfA mpoUCTEKAeT U Ieleco06pasHOCTD
eUHOTO «KO0Je6aTeIpbHOr0» MOAXO0HA. ITO He0OXO0AUMO HOJIePKHYTh, TaK Kak
CyIIeCTBYeT M NMeeT XOKJleHHe B Oyp:KyasHo#l HayIHO! THTepaType Hpyroe —
cy0beKTUBHOE — TOIKOBaHNe HONOOHOTO poja melecoo6pasHOCTH, CBONAIIEe
BCe J1eJI0 K «yHOoOCTBY ONMCAHWA» B AyXe MAXWCTCKOTO (IPUHINIA 3KOHOMUM
MBITIJ @ HASIY.

BMecTe ¢ TeM, MeKIYy eqUHHIM y9eHWEM O KOJe0aHUAX W BOJHAX M KJac-
cupuKrarmed oTHen0B PuUaNKH IO ¢dopMaM [ABWIKeHHsS MaTepuu (IpWHINAI,
HOJNIO}KeHHBIH JHIeIbCOM B OCHOBY KIACCHQMKAIUNU HAYK BooOmie **)) mer,
KOHEYHO, HUKAKOIr0 OpoTHBOpednd. VI3 CymecTBOBaHWA KadYeCTBEHHO pasjndg-
HEIX QopM nBMKeHNA (MeXaHWYECKWX, dJMeKTPOMATHATHHX M T. I.) HAKAK He
BEITEKAeT, 9TO y HUX He MOKeT OBITh BeChbMa CYH[ECTBEHHHIX, O00BEKTHBHO
M opucymux o6mux depr. ViMeHHO TaKne YepTH W N3y9AIOTCA B U3UKe Kolle-
OaHuil ® BOIH, 9TO B CBOIO 0depelhb He MCKII0IaeT, a, Ha000poT, Ipefmoaaraer
0T4eTIINBOE IMOHMMAaHNe Ka4eCTBeHHEIX Pa3jiduuil, HalpUMep, MeKAy MeXaHu-
9eCKHMU W 3JIeKTPOMArHUTHHIMA KOJe0AHWSAMU W BOJIHAMHU (CM. B 3TOH CBA3M
mocienylomue 3aMesamng B ria. 11, § 7 m ra. VIII, § 12).

Mcropna epunoro mojxofa K KoJeOaHWAM W BOJIHAM PA3IAIHON Pusmde-
CKO#l IpWpPOAH emie JKIeT cBOWX wuccienosarteneii. ¥Yyke M. B. Jlomomocos
B ¢BoeM «C10Be 0 IPOMCXOsKIeHAN CBETa» OTIETINBO IPOBOAWI AHAJIOTHIO MEKLY
cylepmo3uiueil CBeTOBHIX W 3BYKOBHIX BOJXH (cM. Ii1. V, § 7). B Kypce obmieii
¢u3uKHM, KOTOPHH 9UTAI B KOHIEe IPOMJIOro Beka B MOCKOBCKOM YHHWBepCH-
tere A. I'. CroseToB (3TOT KypC GBLIT BRIAIOMUMCS II0 CBOEMY HAYTIHOMY Y POBHIO
n GIeCKy W3JI03KeHWsi), pa3BUBAIOCh o0mee yieHWe 0 KolebaHWAX M BOJHAX,
a 3aTeM — Ha ero OCHOBe — W3JIarajioch YyYeHWe O 3BYKOBHX H CBETOBBIX
asneanax. B 1895 r. Bumen yse6uur A. I'. CroneroBa, comepsxaBmuii o6pa-
GoTry aTux nexuuii. B npenuciaosun A.I'. Croneros cienyromum o6pazom hopmy-
aunpyer copepskanme ydeOmmka: «lIpemmaraemas KHura mepefaer B C3KaTOi
u djieMeHTapHO# ¢opmMe m B 00BeMe, COOTBETCTBYWINEM YHUBEPCHUTETCKOMY
Kypcy obmeil ¢m3uKu, OCHOBH YYeHHA O KolebaHMAX M BOJIHAX, C IPHIOKE-
HIeM K aKyCTAKe ’ OUTHHe»™***),

fApruM TpuMepoM eJMHOIO0 MOJX0/Ia K MeXaHUIECKUM U DIEKTPHIECKUM KO-
nefaHuAM sBisieTcs 3amedaTenpHasn pabora I1. H. JleGegeBa «Ixcmepumen-tans
HOe HNCClIef0BaHNe IOHJepPOMOTOPHOIO NAeHCTBHA BOIH HA PE30HATODPEIy **¥*)
B sToii pabGore m3ydewb, B JaCTHOCTH, MeXaHWIeCKHe CHJIH, [E€HCTBYIOMHE

*) 9To OymeT B ciaydae, eCIHM KOJeOaHHA KaMepPTOHA HOQAEPHUBAIOTCA 3IEKTpoMar-
HAUTHHIM YCTPOHCTBOM TOTO K€ THIA, YTO M OpHUMeHAeMOe B 3JIeKTPHYECKOM 3BOHKe (dIeK-
TPOMArHUTHHI KaMepToH). IIpm 5TOM KaMepTOH coBepmiaer aBTOKOJeOamuA (cMm. ra. IV).

**) Cm. @. 9 Hrensc, [Auanekruxa mpuponpst, I'NILJI, 1949, c1p. 198.

*¥*¥) A. . CtouerosB, CoGpanune coumsenuii, T. III, ctp. 7. [Eme parmee passep-
HyTOe M CO3HAaTeJbHOE MCHOIAb30BaHHE eHHOTO KOJe(6aTeTbHOr0 mMonxonga OBIO MOJOKEeHO
B OCHOBY BHpalomerocs Tpyaa Panes «Teopmsa 3Byka» (2-e pycck. msgaHme, I'ocrexmspar,
1955), BmepBHe BHImenmero B 1877—1878 rr. w sABuBImeErocs BasKHOH BeXOil B pPa3BUTHH
KJIacCHYeCKol (IuHeHHOH) Teopmm KolebaHWii. ]

****) II. H. JI e 6 e g e B, l1306pantble cOUAHEHNA IOX peNaKmueil u ¢ IPeHCIOBHeM

A. R. Tamwpszesa, 'ocrexuamar, 1949, crp. 84.
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Ha 3JeKTpUTeCKHUil pe30HATOp OpHU BO3HefCTBHA HA HETO 3JeKTPOMArHATHHX
BOJIH, 4 TaK:Xe Ha aKyCTHYeCKUil pe30HaTOp IPU BO3/IeCTBUN HA HEr0 3BYKOBOM
poanu. OCHOBHOM BHIBOX, K KOTOPOMY IpPHXOAHUT B pe3ylbTaTe CBOero Mccle-
nosannsa I1. H. JleGenes, chopMyanpoBan UM B Clefylomux ciosax (cTp. 149):
«IlomHAA TOKIIECTBEHHOCTH B JIefiCTBUM MOHIEPOMOTOPHEIX CHJI, KOTOPAs dKCcIe-
PUMEeHTATLHO 00HAPYKEHA AJsA CTOJh PA3TUYHEIX KoJdeOaTelbHEX TBHKEHUH,
KaKOBH KoJe0aHusA 9JeKTPOMArHUTHEE, THIPOANHAMHYIECKHE N aKyCTUYeCKHne,
NOKa3KIBAeT, 4TO Te dIeMeHTapHEEe 3aKOHH, K KOTODHIM CBOAATCA Habaromae-
MEe fBJeHWd, NOMKHE OGHTH He3aBHCUMHE 0T (H3NdeCKOM NPUPOAH [aHHHX
Kojde0aHmit 1 BOCODMHAMAKIIAX HX pPe30HaTOpoB. B TakoMm ciaydae mpefieist
IPUIOKAMOCTA HAWIGHHKX 3aKOHOB HOJKHL OBITh HE3aBHCUME 0T pU3NIECKOM
OpUpOIH NAHHHX Koje6aHuil ¥ BOCOPHHMMAIOMHAX UX pesoHaTopoB. B Taxom
clIydae Ipeflell OPUIOMKUMOCTA HaifIeHHHX 33aKOHOB JOJKHBI GHITH Ipe3BH-
JaWHO paCIINpPEeHE,

2. IlnonorsopHocTth egunoro nogxona. Mamo ckasaTh, 9T0 BOOJTHE 3aKOHHO
paccMaTpHBaTh BMeCTe BCe ABJeHHs, ONHCaHHHe B § 1, n3ydars ¢ efuHON TOUYKK
3peHHA 3BYK I CBeT, MAATHHK H pajuolepefaTink. Taroil mopxop mosBoger
03HAKOMHUTECS B 6ojee KOMIOAKTHOU
U Jlerde 3aloMHHaeMoii (popme CO i
cXOomHbIME aKTaMu, pa3GPOCaHHKIME | |
upu 0OHYHOM H3JIOKEeHUN MOYTH IO
BCEM pasjenaM Kypca QusuKu, H, 94T0
ropasfo BajkHee, TAaKOU IOJXOJ AB- |
JAeTCA BeChMa ILIOJOTBOPHEIM B HAa- Ul
YIHHX HccaemoBammax. Ommm um Te i
e KojebaTedbHEIe 3aKOHOMEPHOCTH
OpPOXOJAT KPaCHOI HUTHIO Yepe3 MHO- // '
rue pusngeckue apiaenus. Ilostomy, —
Kak momuepkuBaga JI. V. Mammens- —=
mraM (1879 — 1944), naygas Komeda-
TeJbHBIE SIBJIEHUs B OJfHO# o6gacTh, a)
HaOpuMep B OITHKe, MBI Ipuo6pe- ,
TaeM WHTYULWIO B JPYyroi obgacTH, 1M
HaOpuMep paguodmsuke, Hacro, Ha- ! f
060poT, «TeMHBE MeCTa B ONTUKE
OCBEIAIOTCS, KaK OIPOKEKTOPOM, IPH '
II3y9eHAN KojebaHUA B MeXaHWKe».

ITosicEIM 3Ty MEBICJIB HA IpUMepe. l] L j

Ilepen maMu — gBa OWHAKOBHIX ‘
kamepToHa (puc. 14, a). Ecam mo
HUM YJapUTh MOJOTOYKOM, OHH 3BY-
4aT B YHUCOH (H37al0T 3BYKH OJH-

NN

7 1 7’

/ ; 1 AR NN
/4 ///// il l!i \\}\\\ W

HAKOBOW BBHICOTH). YBEINIUM MacCCy )= /y/ == ‘ Z’/
OJIHOTO W3 KaMepTOHOB, HPHKDEnnB = 4
ITPysUK K ero HOKe (puc. 14, 6). 57

Tenepp KaMepTOHH OYXYT «paccTpo-
eHb» OfIMH IO OTHOUIEHWI0 K JPYy-
romy. Ecan mo HuM ymapurs, oHm
M3aI0T 3BYKU pPAa3JIHYHOH BEICOTHI.

Cpnenaem temeps Taroil omuT. CHauaia ofa KaMepToHAa MOJYaT. YAapuM
MOJIOTOYKOM TOJIBKO 1O Harpy:eHHomy KamepToHy (puc. 14, 6). OH 3ByuuT
HeKOTOpoe BpeMs, IOCje 9ero, KOCHYBIINCH ero PYKOW, MBI 3aCTaBISEM €ro
3aMoidaTh. HacrymaeT moaHas THmwuHA, MONYAT He TOJNLKO HepBHI, HO U
BTOPO KaMepTOH; OH He OTKIMKHYJCA HA KojJeGaHume mepBOTO KaMepTOHA.

Puc. 14. a—nacTpoeHHHe B yHUCOH U 6—cCJer-
Ka pPACCTPOCHHEIE KaMEepTOHHI.
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[loBTopEM oOOET, ynapus cuibHee II0 HaTpy:KeHHOMY Kameprony. OH 6yger
U3aBaTh ropasno Gonee rpoMKmil 38yk. TeM He MeHee M Ha 3TOT pa3 BTOPOil
KaMepTOH He OTKIMKHETCA 3aMeTHO Ha 3BydaHme Iepsoro. Hacrpoum remeps
KhaMEPTOHH CHOBA B YHHCOH, CHAB I'PY3WK C NEepBOT0 KaMepToHa. YpapuM—
He 049eHb CHIBHO— D0 IIePBOMY KaMepTOHY H, JaB eMy HpO3BYy4aTh HEKOTOpOe
Bpemsi, 3araymuMm ero. Msr mpopmomkaeM omuemauso cavuiamv 36yx mou e
6slcOMYl, XOTS W MeHee TPOMKHI, —3T0 3BY4YHT BTOpoil KamepToH. OH Temeps
CAIbHO OTKIMKAeTCss WM, Kak eme TOBOPAT, pe3oHupyem Ha KoaebaHus
JepBoro KaMepToHa.

Bce onncanne ombita Beloch Ha si3blKe akycTuku. IlepeBemem ero Ha A3BIK
VieHNs 0 Kouxebanmax. Beskoe ycrpoiictso, cmoco0Hoe copepmiaTh rapMOHH-

Puc 15 Pacnonomenne npubopos npu HabJI0ICHER 3JeKTPHIECKOTO pe3oHauca

gechue KodebaHmMs, ME OyfeM HasBIBaTh 2apMOHRUCCKUM OCYUAAIIMOPOM *).
Mu pabaofanu [eicTsBUe ONHOTO IapMOHUYECKOTO OCIWIIATOPA HA APYTrOi.
Mp1 BUeIn, 94T0 €CJM 9acTOTH KoJiebaHnil oCIyIaaTOPOB 3aMeTHO OTINYAI0TCSA
MeEIqy co0oi, 9TO feiicTBHEe sIBAsieTCS OYeHb CIabBIM, eclid 3Ke 4aCTOTH OJH-
HaKOBH, TO KOJeOaHUs OXHOr0 OCIUIIATOPA BO3OYKAAIT CUILHEIE KOJIeOaHus
B JpYyroM.

Mu MokeM Temeph AOTafaThCs, UYTO IPOM3OHIET, eciai MH BO36yquM
dNeKTPOMArHATHEE KOJeOaHNA B OIHOM K0JebaTeIbHOM KOHTYpPE U HOJIBePrHEM
ReliCTBUIO JIEKTPUIECKOr0 HJIN MAaTHUTHOTO HOJA, CO3/aBAEMOr0 3THMH Koje-
OaHMAME, APYToii KolebaTelbpHEH KOHTYP OS7eCh POJIN [BYX TrapMOHUYECKHX
OCHWJIJIATOPOB HMCHOONHAIOT yike He KaMepTOHH, a KojebaTeilbHble KOHTYPH,
HO ABJeHus OyAyT aHAJOTHYHEIe, B 4eM JIerKo ybenurThcs.

ITomecTuM Ha He0OJLIIOM PACCTOSHUH OT MEHUATIOPHOrO JIaMIOBOTO reHe-
paTopa komnebaTenbHHil KoHTYp HoHfeHcatop KomebaTenbHOTO KOHTYpa
refeparopa COCTOUT W3 J[BYX HEHNOJBWKHEIX MJIACTHH W MOJABUMKHON IJIACTUHEL,
KOTOPYI0O MOKHO BBOJUTH B 3a30p MEXJy HUMH HOCPEICTBOM CIeruajbHOl
pydkn HacTpoitku (puc 15) Bpamas ee, MH «HacTpauBaeM» reHepaTop Ha TOT

*)} Bonee Tounoe ompexmenedme cM B ra. III.
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WIH WHOH Iepuopx KoJebaHuii *): gyeM MeHbIIe eMKOCTh KOHIEHCATOPA, TeM
MeHBINe Iepuo]] KojJeOaHWil.

Oxrog0 BTOPOTO KOJe6aTEABHOTO KOHTYpAa HAXONUTCSH BUTOK IPOBOJIOKH,
B KOTOPHII BKIIOUEHA dJIEKTpPUYECKasa JaMIOYKa HakKaamsBamua. Ecau B stom
KOHTYpe BO3HHKHYT JIOCTATOYHO CHJIBHBIe SJIeKTPOMArHUTHEE KoJebaHus:,
B BUTKe OyIeT HHIYKTUpPOBATHCS IepeMeHHBEIH TOK, CIOCOOHHIA pPaCKaJUThH
HIITH JaMIIOYRW.

HecMoTps ma 10, uT0 B mepBOM KOHTYpe Y:Ke ecTh KoxebaHUs, JaMIOYKa
Bia4aJjie He TOPUT. Y BeIWYUM HAKAX dJIeKTPOHHON JaMIH reHeparopa. AMILim-
Tyna KojebaHWH reHepatopa, Kak ME 3HaeM, OpH 9TOM CHUILHO BO3pAacCTaer.
Tem He MeHee JaMIOgKa He 3aropaercsi. OciabuM cHOBA HAKal 3JIeKTPOHHOW
JIAMIIE TeHepaTopa W HadHeM MeJJIeHHO ITOBOPAYMBATh €r0 pYIKY HACTPOWKH
1M, KaK IIOKas3ago Ha puc. 15, aHATOTHYHYH pPYYKY HACTPONKH BTOpPOTO
K0e0aTedpHOTO KOHTYypa. XOTA aMILIUTYyAa KoleGaHWi reHeparopa IpH 3TOM
NOYTH He MeHSIeTCsi, IIPU OIlpefeJeHHOM IOJOMKEeHWU PYYKH HACTPOUKHU JaM-
II0YKa Pe3K0 BCIHIXMBAeT W IPONOIKAET SIPKO ropeTh, €CAM MH IlepecTaeM
HOBOPAYNBATh PYUYKY HacTpoiiku. Eciau moBepHYTh 3Ty PYIKYy Aajblle, JaM-
110YKa CHOBa racHer. Mu Morju OB ¢ MOMOMBI0 9JIEKTPOHHON JIaMIBI IIpeBpa-
TUTH BTOPOIl KOHTYP B TeHEPaTOpP 3IMeKTPOMATHUTHHX KOJeOaHWA U yOemquThCH
B TOM, 9TO OH maBan OH KoJebaHWsA KAK pa3 TOro Iepuoia, KOTOPHIHA MMeIH
KoJebaHUs IePBOTO KOHTYPa B TOT MOMEHT, KOIJIa Sip4e BCero ropeiia IaMIIOYKa.
Tarum o6pasoM, KojebaHNUs IePBOTO KOHTYypa BHIBHBAIOT CUJIbHBIE KOJeOaHIHs
BO BTOPOM KOHType TOrja, Kormga ob6a KOHTypa OMHAKOBO HacTpoeHsl. llpm
9TOM HMeeT MeCTO leKkmpureckuil pesorarc. JIJaMIodKa CIXy;KUT B HalIeM OIIBITe
MHIAKATOPOM 3JEeKTPUYeCKOT0 pPe30HaHcA.

Pesonanc MoxH0 HaOMI0IaTh TAKKe U €O cBeTOM. ey B OTKayaHHEI CTeK-
JISIHHEIA COCYJT BBECTU KYCOYeK HATpuA, mocienHuil Oymer ucnapsarbea. Moskuo
nofpo6paTh TAKYIO TeMIepaTypy, 4To0H B COCy/ie YCTAHOBUJIACH 3aMeTHA A ILIOT-
HOCTh ra3oo0pa3Horo HaTpus M TeM He MeHee OH eme He /aBaJ CBeYeHUA.
Ecau ocBemats cocyn KpacHHM, OpaH;KeBHIM, 3€JeHBIM, CUHUM, (UOJETOBRIM
cBeTOM, cocyn octaHercsi tTeMHbIM. ‘Ho ecim ocBemarh ero KeJxTHIM CBETOM
HaTpusi, ¢ KOTOPEIM MH I03HaroMuiauch B § 1, razoobpasHulit HaTpUil B cocyye
BCIIHIXVBAGT TAKHUM K€ JKeJTHIM CBeTOM. ITO sIBJIeHUe HA3HBAETCA Pe30HAHCHOMN
dayopecnenmnueit. O0bsicHeHNe €0 3aKII0TAETCS B TOM, YTO 3JEKTPOHEL, 3aKII0-
yeHHHIe B aTOMaxX HATpWsA, BeAyT cebs KaKk rapMOHUYECKUe OCIMIIATOPH,
HACTPOEHHEIE HA ONpe/leJIeHH LI TepHo KoTebaHuil, COOTBETCTBYIOMMI eI TOMY
csery. Ecam nmepmon KonebGaHuil majalomero Ha HUX cBeTa COBIAanaeT ¢ cobCT-
BeHHHIM IepuofoM Kole(0aHNil, OB CUIBHO pacKaIuBawTces (pesoHanc!) m camu
HAYMHAIT UCOYCKaTh CBET TAKOTO Ke IepuUofa.

PesonaHc urpaer GoXbmYI0 pOJb B TeXHUKe, — He TOJNBKO B paguoTeX-
HUKe (T7e OH MUPOKO MCI0Xb3YyeTcsi), HO ¥ B CYJOCTPOSHUN, MAIIHHOCTPOGHNN,
B CTPOHUTEIHHOM fiefie, 3IeKTPOTeXHUKe | T. J. (TAe OOBYHO HPUXOAUTCS C HUM
O60pOTHCSI) — BCIONY, TAe HPUXOAUTCA MMETh HeJ0 ¢ BHOPUPYIOMUMH MeXaHW-
YeCKUMH KOHCTPYKIHMAMU WU IePeMeHHHMH 3JeKTpUUYeCKIMU TOKAMU.

Mu y6emuinch, 9T0 pe3yibTaT BO3AEHCTBUS OJHOT0 KAMEePTOHA HA [ApYTOM
KaMepTOH, OHOT0 K0xe6aTeJpbH0T0 KOHTYPA HA APYyTroil KojebaTedbHE I KOHTYD
W T. I. CPAaBHUTEJbHO MAJO 3aBUCHT OT TOI'0, HACKOJBKO cu.4bH0 Kodebiercs
IICTOYHUK Bo3neiicTeusi. Kcam Ml yMeHBIINM aMILIUTYAy KOJdeOaHUiI HWCTOY-
HITKa BABOE, aMIIuTy[a BO30Oy:KmaeMOoro mM KojJdebaHUsA YMEHBOIUTCA TOMKe
ToIbKO BABoe. Ho pesymbprar BO3gelicTBUA Ipe3BHIYAITHO CUIBHO 3aBUCHT OT -

*) PagmoTexHWK®N TIOBODAT (HACTPOWUTH TeHepaTOp» WM «HACTPOUTH HPHEMHHEKY,
110/106HO TOMY KaK MYSHKAHTH TOBOPAT (HACTPOUTH CKpPHOKY». CloBa «HACTPOMKA», «Ha-
CTPOUTH» NPUILIA B OOMIYI0 TEPMHEHOJOIHIO YIeHASA O KoJeOaHHMAX U3 MY3HKAJIbHOM @ aKy-
CTHYeCKOi TepMmHOgoruu. To e caMoe OTHOCHTCSA K TepMuHY «Pe3CHAHC».



2% KOJIEBAHUA [ra. 1

memna dTOTO BO3[eHCTBUA. [l0CTaTOYHO OUeHH MAJNOro PaCXOK[ACHHA MEKIY
mepHOfilaMi J(BYyX KaMepTOHOB, 9YTOOH B3amMofeiicTBMe WX CTaio ropasfo
caabee, deM IpU HACTPOIKe MX B YHHCOH. MBI BCTpeTHMCA ¢ IpuMepaMm, rie

o [\
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Puc. 16. HpuBag 6 oramuaerca OT

KpHBOIl a TeM, 4TO BEHICOTa TIop6oB -

W BIOAAWH [epUOfUIECKH clerka 2 ¢
MeHseTcH.

B3aMMONeCTBAe HajaeT BABOe

yiKe IpH PacXoKJeHNN NepHo- /\ /\

OB B /100000 MBI yBAIUM [a- P

Jee, 9TO M Pe3yJpTaT BO3Jel- / ¢
CTBUA 3aBHUCHT OT éceil gopmbl - \/ \/
kpueoli, wu3obpakaromeil aTo 4
Bo3nmeiicteue, Moker, Haupu- ‘

Mep, CIYYUTHCA TaK, 9TO BO3- [ |
neiicTBue, m3obpajykaemoe KpH- nh W\/W%&WWW-
Boil a (pmc. 16), mourm =He V | g

KoJsie0aTeIpbHYIO CHCTEMY, a BO3-
neicTBMe, M300paskaeMoe ciel

pacKagmBaeT  OIpefieJeHHYIO ﬂ
Ka OTJINYHOW KPHBOM 6, pacKa- [ |
VYV

quBaeT ee OYeHb CHUJIBHO. ITU
NpUMEPH UITIOCTPUPYIOT OXHY
M3 CaMBIX BaKHBIX M XapaKTep- &
HEX d9epT, HPUCYMYI BCe
00JacTH KoJebaTelbHHX fiBJe-

HUI. f I [ I
§ 3. PasunooGpasme K N /
THHOB KoJeOanmi

Peur maa mo cux mop ToIb-
KO 0 rapMoHHYeCcKuX Koiaeba-
auax. 'apmormgeckue Koxeba-
HAA OYAYT UrpaTh O49eHb BaiK-
HyI0 poJb B 3Toii Kmumre. Ho Mul OyjmeM BCTpedaTnCs WM ¢ APYTUMH THIAMHE
rojebanmit: Ha puc. 17 NpuUBeJeHH HEKOTOpHE THIWIHbE KpUBHeE, M306parka-
IOMJe 3aBUCUMOCTH KOJeOIImeiics BeaWIWHH OT BpeMeHW. TaKwe KpuBHe
Ha3HBAWTCA OCYUALOZD AMMAMY. ~

OcoGoe MecTo cpenm KoJeOaHWil 3aHAMAIOT nepuodudeckue KoaeOaHUA,
T. e. KoaebaHuaA, msobpaskaemble QyHKnuUAMY f ({), o6IafalOmUMA TeM CBOM-

Puc. 17. HexoTopsle TMOH KoadebaHUM.
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CTBOM, YTO

f+T)=1(t) (1.2)
opu wiobom t, npudeM T — OTIAYIHAA OT HyJd MocTosHHAA. Bennauna 7 Hasw-
BaeTCa nepuodom xonebamus (puc. 18). 'apmMormgeckoe konebanue ecTh, oge-

le 7 ‘i

A

y A A A A A

~/ _

- T >

Puc. 18. Ilepumopmueckas §yBHRIuA.

BHUJHO, YaCTHHII Ciydail HepnogudecKoro xoiebanusa. [{pyrue wacrasie caydan
n3o6paskeHH KpUBRIMA a, 6, 6, 2 (puc. 17).

TosxpgecTBo (1.2) BHIONIHAETC, 09eBHAHO, W npu damMeHe 1 ma 27. [eii-
CTBUTEILHO,

f@+2T)=f (t+T+T),
opudeM Ha ocHoBaHWU (1.2)

f@+T+T)=f1+T)=]()

H, CJenoBaTeIbLHO, 7
f(t+2T)=f(2).

Touno Tax ke MOMKHO [0Ka3aTh, pyc. 19, WmTocTpauus OTCYTCTBEA pes-

9TO OHO BHINOJNHAETCA NIpPU 3aMeHe 1 koii rpaHHmE MeKRY KoaeOaTelbHHIMH 1
ma nT, rae n— nwo6oe 1ero0e 9UcIo (mo- HeK0,Ie0aTeTbHEIME IIPOrecCaMu.
JOKUTeJIbHOE WIW  OTPHIlaTeJbHOE).
TaxuMm obpaszom, eciau mepuopndeckas QyHKIUA uMeeT nepuon 7, To oHA 00a-
naer Tak:ke nepuogamu n7. OORYHO IO IePHOAOM IIOHUMAIOT HAWMeHbIIee
OTIWYHOE OT HYJd IOJ0KUTeJIbHOoe qucio 7', IpA KOTOPOM BHIIOJIHAETCA TOMK-
nectso (1.2).

Brino 66 panpacHO# TpaToil TPyZAa HEITATHCA IPOBECTH PE3KYI0 I'PAHUILY
MeKIY KolebaHmaMU U «HeKoNeOanuaMuy. BpaAx au Mo3KHO TpoBecTH pasyMHoe
pasTrpaHWYeHue, IMO3BOJAIONMEe CKaszaTh, ABIAETCA JW, HaIpuMmep, IpoIlecc,
noxkasaHHHII Ha puc. 19, wonebammeM WIM HerT.

o?

§ 4., Gas30oBble COOTHONMIEHHA MeKNY TapMOHUYECKMMHI KOJeSaHumAMI

BepHeMcs kK rapMOHHYECKAM (CHHYCOMRAIBHEM) Kolebanuam. Heobxoqumo
JONOJIHUTh CKazaHHoe B § 1, BBens moHATHE (fassl.

IloHatne ¢a3n rapMOHUIECKOr0 KoJeOaHuA — Ipe3BHIYANHO BajKkHOe.
B aBiaeHusx, ¢ KOTOPHIMH MH 6y[eM MMeTh AeJ0 Ha IPOTS:KeHWHW MOITH BCei
9TOi KHUTH, COOTHOMEHAA (a3 OTeNbHbX YIaCTBYIOMUX B HUX I'a PMOHUIECKUX
Koine(aHUl WrpaloT pPemalmyl poJb.

1. ®asa rapmoHmueckoro Kole0anmsa, ee 3aBHCHMOCTL OT BhIOOpa
Hauajga cdera Bpemenn. Qopwmyna

s=Acoswt (1.3)
yKaseBaer, 4T0 npu =0 BelnunmHa s IPOXOLUT Yepe3 3HadeHue s= A.
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Yro B pmeiicTBETEIBHOCTH oO3HavaeT 3anmuch: (= 0? Ilpegmonosxum nis
KOHKDPETHOCTH, 9T0 MH HabmmonaeM KodebaHume MasTHWKA, OTCIATHIBASI BpeMsi !
[0 MOJIOKCHNUIO CTPEJIKA CeRyHoMepa. B aTom caydae MmoMeHT ¢ = 0 eCTh MOMEHT
NyCKa CeRyHIoMepa (CeKYHJOMep, NOpeJBapUTe]IbHO 3aBefeHHHI, IOYCKAIT
B XOf Ha:KMMOM KHomokm). 3amuch (1.3) o3magaer, 9To CeKyHIoOMep NOymieH
B OJIH M3 TeX MOMEHTOB, KOIr/la MAasSsTHUK 3aHNMaeT KpaliHee TpaBoe IOJIOMKe-
HUe, T. €. § IPOXOIAT 4epe3 OJUH N3 MAKCUMYMOB.

Bynem Temepr moHWMaTh Toj ¢ BpeMs, OTCUHTHIBaeMoe IO CeKyHIOMepY,
OyIMeHHOMY B XOJ B npouseosvusii MoMeHT BpeMmenu. Torga romebaHue MoskeT
OHTH 3aDUCAHO TaK:

s=Acosw(t—t,), (1.4)

rjge t, — MOKa3aHHle CeKYHIOMepa B MOMEHT KAaKOro-HUOyAb DDOXOMJEHUA s
gepe3 MakCMMajibHOoe 3HadeHue. BBena o6o3HadeHme

cpcmtm=27vt—m, (1.9)

Mbl MO;KeM mepemmcath ¢gopmyray (1.4) B TaxoMm supe:
s= A cos (ot — ¢).

IlocTosimnan ¢ HasblBaeTca ¢asod rapMoHWIeckoro koieGanus *). Daza ects
Ge3pa3MepHasi BeINYNHA: OHA HE MeHSETCA IpU W3MEHEHWW eIMHUIE BpEeMeHN,
TaK Kak mpu aroMm ¢, u I Mme-
s HATCH B OJMHAKOBOM OTHOIIE-

HUH.
4 , Ilpu nDpomsBoabHOM, HO
! ] | ' ¢uKCHpoBaHHOM BHOOpe Hadalla
# Mz My My M ¢
cdeTa BpeMeHH Da3IWdYHEIe KOJe-
OaHUsA OMHAKOBOI 9aCTOTH HUMe-

10T, B0OOOIe TOBOPS, pas3auuHble

Puc. 20. Hawamam cueta BpeMmenu M,, M,, dase. Taxum ob6pasom, cKausp-

M,, ... COOTBETCTBYeT OHO H TO jKe 3HaueHme HOe TapPMOHWYECKoe KolebaHme

$aser KoTeGaHHA. XapaKkTepusyercsa TpeMsa mapa-

MeTpaMM: dYacTOTON, AaMIJINTY-

noit n ¢asoii. (Me 3mechr HaspBaeM mapaMeTpaMH BeJIWIUHEI, OCTAIOMUECS B

OTIIMYHe OT s M [ MOCTOSIHHBIMHI B Te4eHHe BCEro OpOmecca, T. €. XapaKTepu-

3yomye TPOmece ¢ yeaos.)

C npyroii croponsl, gasa dannoeo Konebauusi 3agucum om eul60pa HAYAAL

cuema epemenu. Ecnm cuer Befercsi ¢ TAKOro MOMEHTAa, KOrja § OPOXOJUT
d9epe3 MAKCUMYM, MBI MOKeM MoJao:uTh i, =0, uro maer ¢ =0, T. e.

s = A cos ot.

Ecnn cuer BeseTcss ¢ TaKOro MOMEHTa, KOI/la s HPOXOJIMT, BO3PaCTas, depes
HYJb MBI MOKeM TOIOUTH I, = T/4, 910 maeTr ¢ =m/2, T. e.

s:Acos(mt-%):Asinwt.
N

CnenaeM pnBa CymeCTBeHHHIX 3aMeYaHWA.
a) OgHo m TO e 3HadYeHWe (A3E MOKET COOTBETCTBOBATH PA3IUIHEIM
HagajlaM CYeTa BpeMeHH, UMEHHO OTCTOSIIIMM [APYr OT ApYra Ha IeJ0e YHUCIO

*) [Tounmee: mocTosHHAf ¢ (MIM-—¢) HasHBACTCH HauawbHOli ¢Hasoli TapMOHMYE-
CKOTO KO/Ie0AHWA B OTIHYHE OT M2HOBEHHOU (fasp—IO e peMe HH 0 i BeINInHH wi—q,

Koropasd opu ¢==0 paBHa Hava/abHoil ¢ase. 'oBops gasee mpocto o ¢ase, ME GygeM HMeTh
B BHAY HadaabHyO (asy.]
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nepmooB. [lelicTBuTenbHO, ycTh puc. 20 u300paskaeT OCHUIIOTPAMMY TapMo-
HUYECKOr0 KoJeOaHIIA PN KaKOM-HHOY[p Hadake cdeTa BpeMmeHu. Kcam MH
OyneM BeCcTH cYeT BpemeHH OT Jawboro u3 momeHros M,, M,, M, ,..., oTCTOSA-
IIUX APYT OT AApyra Ha IepHOf, ME MO;KeM B3fATb B KauecTse {, OJHY W TYyiKe
BeJINYHUHY, — CKAjKeM, BpeMsi, IpoTeKamwmee 10 OJMKaWmero oT Hagaja cdeTa
MaKCHMyMa s, — W OPH 3TOM OyjeT cOopaBeqiuBa onHa | Ta ke gopmyna (1.4).

6) Ilpm ¢urcupoBamHOM Havade cdeta BpeMeHHM ¢asa He oupefeleHa
0]HO3HAYHO, & JWIb C TOYHOCTHIO [0 IEJOr0 KpaTHOro 4mcia 2m. Jleiictsu-

TeapHo, ¢opmyna (1.4) cupasepgmmea, ecam B3fATH B KadecTBe f,, MOMEHT
HACTYIJEHUsI 00020 MAaKCHMyMa s, T. e.

l,=tm+nT (p=1,2,3, ...),
rfie lp— BpeMs HACTYIJeHHs OJHOTO ONpefleJJeHHOT0 MaKcHUMyMa, OTKy/a
coriacHO (1.9)
p=woty + n-2x.
2. PagHocts ¢as ABYX CHHXpOHHBIX TapMOHHYeCKHX KoJeOanmii, ee

HE3aBHCHIMOCTL OT BblﬁOpa HadYaJa cUYeTa BpPeMCHH. PaCCMOTpI/IM aABa CUH-

ZDOHHBIX TApMOHWYECKHX KoJebaHusi, T. e. [Ba TapMOHMIECKUX KoJeDaHHsA
$;y S, ONHWHAKOBOTO MepUoOza

(puc. 21). Ilpn ompenexeHHOM
BEHIOOpe Hadajia cyeTa BpeMeHH! S 8

9TU KOJIeOAHWs 3aMUINYTCHA TaAK: m /
$;=A, cos (wt— ¢,), 7 i
Beawanna '

=% — %

Ha3HBaeTCA pasHocmbulo  Pas Puc. 21. JlBa CHHXPOHHHX KONeGaHUA ONMHAKOBOM
aMILTMTYbI, CHIBUHYTHE 110 fasze.
uam cdsuzom Pas IBYX Koje-
Oanui.
ITokaskeM, 9TO B OTIidne OT a3kl KaKaoro KoiebaHus pasHOCTE Has nByx
CHHXPOHHLIX KosebaHuWil He 3aBHCUT OT BHOOpa HaJala CIeTa BpeMeHH.
Ilycts t — BpeMa, OTCYHUTHIBaeMO€ 110 OJJHOMY CEKYHJOMepy, 1’ — Bpems,
OTCYUTEIBaeMoOe 10 apyromy cerymmoMepy. ObGa cexyHpoMepa UMEIOT OJUHAKO-
Bl XOJ, HO BTOPOii OymieH Ha © CeK. mo3jgHee mepsoro. Torpa, 0YeBHIHO,

=t -+r. (1.7)

IToncraBasin (1.7) B (1.6), momydaeMm ¢opMyabi, ONMCHBAIONWE HAmM JBa
Kose6aHusa OpU cYeTe BpPeMeHH IO BTOPOMY CEKYHIOMepY:

s, =A,cos(wt’ —9]), s,=A,co0s(0t" —q,), (1.8)
rne
Pr =1~ W%, Py P O
Taxum o6pasom, $asH ¢,, ¢, OpPH OTCIETe IO BTOPOMY CEKYHIOMepy

OTTHIHE 0T (a3 o,, ¢, IPH oTcdeTe IO Hepsomy. Ho pasnocme das mo Bropomy
CeKYHJOMepY

Py — P71 =Pa— P1

T. €. pasna pasgocTu $asz Mo mepBOMY, YITO U TPebOBAIOCH [[OKABATH.
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Tax rak ¢asa Kayknoro KoieGaHWA ompefeleHa TOJBKO C TOYHOCTBIO 0O
1[eJIOTO KPATHOTO OT 27, TO ’Ke caMOe MMeeT MecTo M JJIaA pasHocTH ¢as JByX
rKosaeGapnii. HampuMep, B caydae KojeGaHuWil, n3obpasKeHHHX Ha puc. 22, a,

T
MOKHO CYMTATh, 9TO (a3a MepBOTo KojdeOaHNA paBHA HYNI0, 2 pa3a BTOPOTO —;

HIH %—5—271:, AN —“2————27»:, unn Boobme —7;— 4+ n.2x, rae n — menoe.

,Z[JIFI 9TOro cJjydasa MOXHO C ONMHAKOBHEIM IIDaBOM NOHCATH:

%_%_—_%-, ——2—@', —g—in-2w (n — menoc).
Fean
¢1— P > 0,

rOBOPAT: BTOPOe KoleGaHue olepeskaeT o ase HepBoe Ha | ¢, — ¢, |, WM mepBoe

KoseGaHue OTcTaeT mo (ase OT BTOPOTO HA |, — ¢, [; ecan
Q= P2 < 0,

$
S/ 82

— Ha0060poT. Haopumep,
B caydJae puc. 22, a Koxeba-
0 X HUe s, oNepe)kaeT IO ¢ase

sy Ba —~. Ho sAcHO, 4ro
2 TaKOil cmoco0 BEParKeHHUsA

He OTHOSHAUEH: MOKHO C Ta-
5, KHIM jKe IPaBOM CKa3aTh, 9TO

; mepBoe KolebaHWe OTCTaeT

3
mo Qase OT BTOPOro HA = .

Yacro OwiBaeT yHo6HO
b OOJIb30BATHCSA  CIEYIOMUM
corjiameHneM: OpaTh B Ka-

JecTBe pasHOCTH (a3 Hau-
MeHbIIee Mo abcoNITHOH Be-

JTWYNHEe 3HAYeHHE @, — P,

T. e. BenumuuHy O |At|, THe

g 7 At — NpoMe;KYyTOK BpeMeHHU
MeKIy KaKHM-HUOYIh MaK-

4 cumymom $; B Oauncatiuum K
HeMy MAaKCHMYMOM s,. llpm

P Sz TAKOM COTJIaNmeHNuH B cIydae
' puc. 22, a kKonebaHue s, OT-
craer mo ¢ase or Koiaeba-
7
HUSA s HA ——, a B caydae
g

2 puc. 22, 6,— Haobopor, ome-

peskaeT. ITO COTIIAMeHHe

TMPUBOJINT K OFHO3HAYHOMY

2 ompefieieHHI0 pasHocTH (a3

BO BCeX CJIydasAX, 3a HC-

Pumc. 22. CuEXpoHHEE KoJde0aHUA ¢ pa3inunbMu ¢apr-  KJIIOYeHHeM TOro, KOTOpHL

ramu das. nsobpasken Ha puc. 22, 6.

3nech Ha ONMHAKOBOM pac-

CTOAHAN OT MAKCHMyMa s, HaXOJATCA /iBa MaKCAMyMa s;, U Cle/l0BaTelbHO,

MOKHO € OJUHAKOBEIM IIPAaBOM TIOBOPUTH, 9TO KoJlebaHuWe s, OlepeKaeT S,
UIN OTCTaeT OT Hero mo ¢ase Ha .
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Opmaxko yKaszaHHOe corjamieHHe He Bcerfia Ienecoo0pasHo, KaK Mbl
VBHUM OpH H3ydeHmH BoiH (ria. V).

Ecnu pasmocts $as nByX KoneOaHWil paBHa Hynw (puc. 22, 2), roBOPHT:
ronebanua — B daze WM cHH(A3HE; €CIN OHA PAaBHA ©, TOBOPAT: KoJeGaHUA —

] 3r
8 IpoTUBo(dase WIW aHTHQA3HE; €ClIN 0HA PaBHA —5~ WK -, TOBOPAT: KoJe0a-

HUA HaXoTATCA B KBajparype. Ilpoumcxokmenme mocleqHero TepMUHA CTAHET
TOHATHO HeMmHOro mosmHee (cM. ra. II, § 2). B mepBoM ciyuae MaKCHMYMbI
000X KomebaHMA HACTYHAWT OJHOBPEMEHHO, BO BTOPOM — OTCTAWT APYL OT
Apyra Ha HDolmepHoxa, B TpeTheM — Ha HeTBepTh Iepuoja.

3. IlpuBenennas pasHocTh a3 HecuHXPOHHBIX KoaeOammii. Bece ckasaill-
HOE OTHOCHJIOCH TOJBKO K CHHXPOHHKIM TapMOHHYecKHM KojJebamuaMm. Pac-
CMOTPUM JBa TrapMOHUYECKHX KONEOAHWS C paA3AUuHbMU TACTOTAMU:

s;=A4,cos (02 — @), S,=A4,(cos (0wt —q,), ®, 7= 0,
Torpa mpm jgpyroM Hadale cueTa BpeMeHH mMeeM cordacuHo (1.7)
s;=Acos (0t —o;), Sy=Acos (wyt' —q,),
Tje
PI= T 0%, @y =y — WyT,
OTRK Y/Ia
Pr— P =P — Pa— (0, — 0y T,

T. e. 3[leChb pasHOCTh a3 ¢, — ¢, sasucum OT Hadana cdera spemenu. Ho or
fler0 He 3aBHCAT, KaK HETPYXHO IIPOBePUTH, BEeJUIHHEH

Wy

®y
P1 g, P o P1 P

KOTOPHIe MH OyieM Ha3HIBATDH «npue0eHHbIMU PASHOCINAMU (Ha3» HECHHX POHIIBIX
KolebaHuUii.



ITTABA II
CYNEPIIO3UINA KOJEBAHNN

A

§ 1. HocranoBra sagaum

Mui mo3HAKOMHINCH B TIEPBOW rjaBe C pPa3sHOOOPABHHIMU IIPUMEPaMH,
K)rja Ta WIM wHas ¢QusndecKas Beluumpa (CKANSAp: dJIeKTpUYecKoe Halmps-
/KeHWe, [aBJeHHe BO3[yXa W T. J., WIH BEKTODP: HAUPSIKEHHOCTH MAarHUTHOI'O
MU 3IEeKTPHIECKOI0 IOJsi M T. [.) MEHSETCS CO BpeMeHeM 10 KojebaTedbHOMY
3aKOHY, B YaCTHOCTH II0 3aKOHY, KOTOPHIY MOKHO M306pasuTh C JOCTATOTHBIM
npubauskennem ¢GopMyIoi BHIA

s = A cos (ot — o)
NN
v = A cos (ot — o),

rie A, A, ®, ¢ —OocToAHHKe (rapMoHWYecKoe Koilebamue).

Meu HagHeM cmcTeMaTHdecKoe M3JIOMKeHue ¢ 3a/a4u, urpawomeil QyamaMen-
TQJIBHYIO POJIb BO BCeM Y4eHMH O KOJeOaHUAX U BOJHAX, HA KOTOPO# CTPONTCH
TeOpHs MHOIMX sfBJeHWH, pa30MpaeMEHX B 3TOH KHUre. 3ajjada 3Ta COCTOUT
B Cle[yIomeM.

NsBectHo, 910 HerkoTOpadg WHTEpecyiomas Hac (u3ndecKas BeIWINHA
(cKaJsp MIN BEKTOP) €CTh CYyMMa — WJIH, KaK ele TOBOPHAT, CYnepnosuyus —
HeCKOIbKUX BeJHWINH (CKaJAPOB MM BEKTOPOB), 3aKOH H3MEHEHHS KOTOPHIX
CO BpeMeHeM HaM H3BecTeH. Tpebyercsi HWCCIeRoBaTh 3aKOH WN3MEHEHHS BO
BpeMeHN HHTepecylomeil Hac BelWINHEL.

Peur moxer nartm o0 HM3MeHeHHH [aBJeHWsA Bo3gyxa Ap, cosqaBaeMoM
B JAHHOI TO4YKe HPOCTPAHCTBA ABYMs He 09eHb CHIBHBIMU MCTOYHMKAMH 3BYKA
(mampmmep, AByMA KameproHamu). ONIBIT y9uT, 9T0 Ap IpPAKTHIECKH pPABHO
B Ka[oe MTHOBEHHe IIPOCTO CyMMe TeX W3MeHeHWUl masienus Ap, m Ap,,
KOTOpHe €037aBajl OB KaKABI HCTOYHUK B OTHEIBHOCTH:

Ap=4ap, +Ap,.
Peur moker umaTm, nanee, 0 TOKe [ B pasBeTBJEHHON IleN¥, eciIN HaHWN
TOKM 1,, Iy, ... B Pa3BeTBIeHHAX; KaK W3BECTHO,
i = i.l + i2 + DRI )

Enie omue npumep. ONHT y4uT, 9TO HAIPSMKEHHOCTb 3JEKTPIYECKOro
noas F, cosmaBaeMoro B IaHHOH TOYKe IPOCTPAHCTBA ABYMS pajmoliepenardn-
KaMu *) uiIn ABYMS UCTOYHHKAMM CBeTa, paBHA BEKTOPHON cyMMe HalpA:KeH-

*) 3a WCKII0YeHHeM 0co00T0 cirydasi, HAa3HBAEMOTO (JIIOKCeMOYpr-TOPbKOBCKHAM 3¢-
dextTom». OH BO3HHEKAET NpH O9eHb OOJBMIONH HANPAKEHHOCTH WOAA B MOHA3MPOBAHHHIX
BEICOKHMX CJIO0AX aTMocgeprl (moHOcPepe).
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uocreit B, n E,, KoTophle OHA cO3faBald OH B OT/IEJILHOCTH:

UccaegoBanue pesyinbraTa CYDepHO3WINH I0Jed, CO3{aBaeMBIX OTHEIbHBIMU
NCTOYHMKAMH, WMeeT OrpOMHOe 3HadeHWe B ONTHKe W pafuopu3mKe.

Mmu paccmoTpuM, Ipeskie Bcero, 3ajady O CyIepIO3NINH rapMOHHYECKUAX
KoJleGanuil (CKaISAPHEIX U BEKTOPHHX) OXMHAKOBOM JacToTH. Hak Mul yeummm,
37eCh BechbMa CYHIECTBEHHYIO POJb WUIrpaeT Pa3HOCTH (¢as.

§ 2. Cymepnosnuus CHHXPOHHBIX CKAJsAPHBIX TIapMOHHYECKHX KouaeOaHmi

i. Cayuait aByx koxaebanmii. IlycThb
S =8; 1 Sy,
rye
sp=A;co8 (0l —g,), $s,=2:34;005(01—q,).
Nmeem:
s= A, cos(wt —e¢;)+ A4, cos (0t — g,) (2.1)
WJIW, C/eJaB IPOCTHE TPUrOHOMeTpHdIecKHe IpeoOpasoBaHNA,
s=(A;cos @, 4+ A4,c08 @,) cos wt + (A4, sin @, + A, sing,)sinwz.  (2.2)
Bceryia MO3KHO HAaWTH Takue JelCTBUTeNbHHEe BelWUMHE A, ¢, 9TOOH yfoBie-
TBOPAJHNCH YPaBHEHHS
A, cos o, + A,cos 9, =4 cos o, o .
: (2.3)
A;sing, + A, sin g, = A sing.
JleiicTBuTENHLHO, paccmarpuBasg (2.3) Kak JBa ypaBHEHHS C JABYMSI HEH3BeCT-

HEIMU A, ¢, MBE HalifleM, BO3Be[ld UX B KBAJpaT M CJIOKHUB, a 3aTeM pas/eluB
BTOpOEe Ha IlepBoe,

A=A} + A] + 24,4, cos (p; — ¢,),

S/
A, sin ¢; + A, sin g, (2.1)
Ay cos @1+ Ay co8 @,

tg¢=
A? DONOKUTeIpHO WM PABHO HYIIO, TAK KaK cos (¢, —p,) > — 1. Cierosareiib-
Ho, A peifctBuTenpHo. llomcraBusa (2.3) u (2.2), MH mOIyTIuM:
s=A (cos ¢ cos ot +sin ¢ sin ot)
n

s= A cos (ot — o). (2.0)

TarkuMm o06pasoM, cymepHO3UIUs JBYX I'apMOHUIECKMX KoJleOaHU onmHa-
KOBOM 9aCTOTH €CTh FapMOoHWYecKoe KoJe(aHwe TOH 3Ke 9acTOTH, aMILIUTyda
1 $aza KOTOPOro BHIPAKAKTCA uyepe3 AMINIUTYAH H (a3 COCTABISIONUX
KojebaHNil TaK, KaK YKa3slBAalT Gopmyias (2.4).

2. O6eyxpenne. I'napHOe, 9TO MOKA3HIBAIOT POPMYJIH (2.4), COCTOUT B Cile-
nylomeM: BooOIe ToBopsi, HA aMILIUTY A, HI WHTEHCHBHOCTE Pe3yIbTHPYIOMEro
KoJle0aHNA He PaBHE COOTBETCTBEHHO CYMMe aMILIUTY/ WM WHTeHCUBHOCTEIT,
COCTABIAIOIMNX KoJNeOaHUN (UHmMeHcUueHOCMbI0 MBI HA3HIBaeM KBajpaT aMIUIN-
Tynbl). PesyapTupylomas aMoiIuTyga U WHTEHCHUBHOCTH CYIECTBEHHO 3aBHCAT
OT passHocTd a3 ¢;— 9, MEEKAY COCTABIAONMMI KoJeOaHIAMU.

a) Ilycte A, =A,, T. e. CKIaJHBATCA KoJe0aHUA ONWHAKOBOM aMILTL-
TY/LBL.

Ilepas dpopmyna (2.4) mpuHIMaeT BHUJ

A= 2421 + cos (p, — )] (2.6)
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Ha pue. 23 mokasaH JJsA 9TOTO CIydas rpaguK 3aBHCHMOCTE A 0T ¢ —@,.
A? mMeeT MAKCHMYMH, paBHHE ydYeTBEDEHHOH WHTEHCHBHOCTH A} KaKmoro

n3 KonebaHuUi s, Sy, OPH @; —p, =0, +27, £+ 4w, ..., T. €. KOIZa pasHOCTH Pas
CKJIAIHBAIOMMXCA KoJeGaHU#l ecTh 4eTHOe, KpPaTHOE T, WHadYe TOBOPA, KOTAA
s, U s, B dasze. A2 oOpamaercs B HYJIb IPH ¢ —¢, = 1, +3r, +5m, ..., T. €.

KOTJIa pa3HOCTh Pa3 CKIANBBAIO-
muxcad Kojebammil ecTh HedeT-
Hoe, KpaTHOe T, WHAdYe ToBOpH,
Korfia s; U S, B IpoTuBOdase.

6) Ilycts Ttemeps 4, = A,.
Bepoemcsa k mepBoii o0meit $op-
myne (2.4). 3mech 3aBHCHMOCTH
A? oT @, —¢, UMeeT BHUJ, IOKa-
3aHHH Ha pHc. 24. B zaBucumo-

CTH! OT PAa3HOCTH a3 CKIAANEIBAO-
Puc. 23. 3aBmcEMOCTh pesyJAbTHpYONMed HHTeH- MUXCA KoJebaHWA pesyaAbTH-
CMBHOCTH OT PAasHOCTH (a3 cilaraeMHX (HX ami- pyomasg HHTeHCHBHOCTb M3Me-

AATYAGL PABIHH). HAeTcA B Ipefenax ot (4, +4,)%,
& 9T0 COOTBETCTBYET @ — P, =

— +n2:(n=0, 1,2, ..), mo

(A, — A,)%, 4TO COOTBETCTBYET

(4+4,)" ¢~ 9=+ (2n+1)=

l/@—fﬁW/////////////i//////////% (n=0,1,2, ...).

wllgr 77 - T 3r o
twdrdrxk 0\ & Zmim 4m ITpn Q= Pp=t7 , x5 , =5

nMeeMm:
Pne. 24. To ke, HO aMINIATYAHl cJaraeMHX He

PaBHHL. A=A A2

ToNbKO B 3TOM HOCJEIHEM CJyd4ae pPesyJIbTHPYIOmas WHTeHCHBHOCTb €CTh
CyMMa MHTEHCHMBHOCTEH CRJIAARIBAIOMUXCS KoJebaHMil.

IMonyuennsie pe3yiasTaTH NMEIOT 0eCUNCIEHHOe MHOKECTBO IPUMEeHEHHI.
W3 HuX ciaepgyeT, HaIpuMep, 9TO €CAH B ONpefieJeHHOM MecTe HPOCTPAHCTBA
HpOUCXOJAT 3ByKOBHE K0Je6aHNA OOA JeCTBIEeM ABYX NCTOYHAKOB, TO PE3yIb-
TUPYIOmMAsi I'POMKOCTh MOKeT OHITh MeHbIIe, 9eM T'POMKOCTH, CO3JaBaeMaf
KayKIBEIM NCTOYHMKOM B OTHeJbHOCTH. EcIM 3BYKH, Co3jaBaeMble KasKIBIM
MCTOYHUKOM B OTIEILHOCTH, UMEIOT OJHHAKOBYI MHTEHCHBHOCTH, TO IIPH IOJ-
XOMAMUX YCIOBUAX BTH 3BYKH racAT OPYT Jpyra, W MOKHO CKasaTh, 4YTO
«3BYK -3BYK = MOJYaHNI0». DBO3MOKHE TaKiKe YCIOBHUsA, KOIJla [Ba IYyIKa
cBeTa, Majalmolue Ha 5KpaH, JAalOT He O0JIBIIY0, a MeHBIIYI0 OCBEIMEeHHOCTD,
yeM HKaKAHM OYY0K B OTHEIBHOCTH; BO3MO- ; P P
sKeH JajKe cIydail, KOTJa «CBeT-- CBeT= TeM- _;_:M/\/\A/\,_q/mm,._.
gote». O6 sTOM OymeT MATH pedsr mOxpPoOHO
g ra. V u X. 3gecs MH paccMOTPUM He-
CKOJILKO NpPUMEepoB U3 00JacTH 3JIEKTpPO-
MATHHTHLIX KOJeOanmi. Puc. '25. TIlocaegoBaTeldbHOe COefH-

x HeHHMe COUPOTHUBJICHHASA M HHIYKTHUB-
3. HpI/IMepb.I. a) Ecam mepemeHHEIA TOK ANTLIHTY A u He paBHa cyMMo
i=1coswt (2.7) AMILIATYJ U; @ Us.

TeueT IO Ieny, COCTOAmEH U3 compoTuiIenusa R u KaTymKM MHAYKTHBHOCTN L
(puc. 25), HampsyKeHWe Ha HWX DABHO COOTBCTCTBEHHO

u, = Ri=RI cos wt,

uzzlfc% = ~wLIsinwt=wLIcos<wt+%>.

f———— U Uy
144 e




§ 2] CYHEPIO3AIUA CUHXPOHHBIX TAPMOHUWYECKUX HKOJEBAHUN 33

Obmiee HampssKeHWe u Ha ydacTKe Ienw, comepskameM R m L, paBmO
cyMMe HanpsiKesuit ma R m L:

U= Uy -+ U,.

Tax xax Hanpﬁmemm u, U u, CIBUHY- _’_‘.z::_/\/\/;\/\/\, “ ,
TH 10 (ase HA 2 , ammaurtyna U n dasa ¢ g 2, ! P
HANPSKEHNS X BHIPAYKAIOTCA COIJIACHO u >
(2.4) dpopmymamu Puc. 26. IlocaemoBaTednHOe coejhHe-
U — ] V’m tg (P - (3-R£. . HHEe COIIPDOTHBJIEHHA B €MKOCTH.

6) AmanormygeiM 00pasoM, ecanm TOK (2.7) Teder IO memu, cocTosmel n3
comporuBienns R m womjeHcatopa emroctn C (puc. 26), mMeem:

u, = Ri = RI cos ot,
(ide
uz——— C
Obmree HampsyKeHme u Ha ydJacTie ienu, cojpepsxameM R m C,
U= u,- l,.
CnefoBatenpno, ero ammmryfga U m ¢asa ¢ BHpamalorcs coriacHo (2.4)

dopmyramn
U=1 ]/R2 | 202 ,

tg o= RC-

IlomueprneM, 9T0 B 060MX pa3oOpaHHEX CIyJIadx aMIl-
JUTYNAa HANPAKEHUA 4 He pasHa CyMMe aMIUINTYH HaOps-
JKeHWU u,, U, Ha OT/EeJIBHHEX yJacTKax Ielu,

I . I
_—élsmwt—w—ccos wt———>

B) Ilycts
u="U coswit

Pmc. 27. Conporus-
JeHHe W eMKocTh, — HAIPAKeHNe MeMIy KiemMamu a, b (pme. 27). Vimeewm:
coeqnHeHHhe Ira- .
pasLIenbHO. AMIITR- ”— § hdi
Tyna i He paBHA =" Cc
CyMMe aMIIATY] iy .

" i,. u= Ri,,
rue i,, i, — TOKH B JIeBOH W mpaBoil BeTBH, OTKY7a

11=C_d%= ———Cu)USin(»t:(»CUCOS<wt+%>’

. u
l2—‘R——R—COS(Dt.

Tok B o0mieit wenm
=i+ i,.
s ero ammmmaryaer [ n (basm ¢ WMeeM coriaacuHo (2.4)
V 'ﬁ+‘”202 tgp = —oCR,

31ech aMILTATYa TOKA He pagHa CyMMe aMINIATY]| TOKOB B pa3BeTBIEHHAX.
4. Tpadmueckan mETEpHpeTanusa, BeKTOpHble AuarpamMmel. PaccMoTpum
CIeNYyIOMYI I'eOMeTpUYIecKyI 3ajady.
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JlagH pgBa Bekrtopa 7, T, AamHH A,, A,, o0pasymompe ¢ HeKOTOpPOi
OpOM3BOJBHOE 0Chbi0 OO’ yriuH ¢, H @,, IPAIEM BEKTODH 7y, 7, I OCH IeMar

B ofiHo#i mimockoctn. UYemy paBHa mamHa A BekTOpa 7 = 9, +1, O Kakoil
@ yron ¢ oH o0pasyer ¢ ocki0 00'?

Crpoda mo usBecTHOMY IPABHITY
CYMMY BEKTOPOB H OIIyCKasa mep-
OeHANKYJIADP W3 KOHIA BeKTopa 7°
4 A Ha och O0’', monydum (puc. 28):

L%, Acqscp:Al(:(.)s o+ A,cos g,
4y Asing = A;sin¢,+ A,sin o,,
OTKYyJia

g (7 o' A*=Al+ AT+ 24,4, cos (9~ ¢),
A, sin @, -+ A, sin ¢,

A; cos @) -+ A, cos g,

CpaBHEHBasA 3TOT Pe3yabLTAT ¢ TeM, KOTOPHH OBLI MOMyYeH B § 2, MBI BUAHM,
9T0 OfHH W Te ke GopmMynnl (2.4) pemaloT 334a4Yy O CIOKeHHH CHKaJAPHBIX

»l

Puc. 28. CaxosxeHue BeKTOpPOB. tg o=

CHHXPOHHRIX I'apMOHMYECKUX KodebaHuUi

U 3371a4y O CJIOMKEeHHHW ABYX BEKTOPOB. g

AmnnuTyna n dasa pesylbTHPYIOMEro Ko- P Ay A

ne6aHnsA 3aBUCAT OT aMILIATY L U a3 ckaa- 2/ > > @-g=0

IHBalOMUXCA KoJeOaHWit TOYHO TaK e,

KaK [IIMHA U yrol ¢ ockio OO0’ pe3yib-

THPYIOMETr0 BeKTOpa 3aBUCAT OT [AJUH U

YIJIOB C BTOH jKe OChI0 COOTBETCTBYIOIMUX

BextopoB. Ecam mam myxHo pemuth 3a- J) 4 4-4=>

Ha9y O CJIO0KEeHNH [BYX CKAJAPHHIX CHH-

XPOHHEKIX TaPMOHHYECKUX K0JeOaHnit, MLl

MO3KEeM DTO CHeIaTh C IOMOMIBIO FeOMeTpI- Ay

4ecKOro IOCTpPOeHNnsd, MOOKAa3aHHOTO Ha

puc. 28, npuyeM JTIRHH BEKTOPOB AOJKH g A Ay

OBITH PABHH B HEKOTOPOM MacmiTabe aMII-

JUTynaM KolebaHWii, a yIibI BEKTOPOB ¢

ocpl0 OO’ nOoMWKHE OHITH paBHH ¢asam

CKIajbIBaeMeIX KojeGamuii. Jawma pe-

3yIBTHPYIONMET0 BEKTOpa paBHA B BhHI-

6paggoM MacmTabe aMIOINTynae, a ero 4

yrod ¢ ochio OO’ paseHn dase pe3yabTUpPY-

omero koJebanuna. Puc. 28 pasmsaercs

B 3TOM CIydJae 6eKkmopHoi Oduazpammoi 2J Y/ ¢_¢=-—‘1’

CIOMKeBHMA KoJdeOaHmii. 2 AR
- B Teopuu mepeMeHHBIX TOKOB, a TaK-

e B TEOpUU MeXaHWYecKHX KojebaHmii |

OPHHATO YePTATH BEKTOPHEBIE AUArPaMMEL

T&I\)R, 49710 Bcl))apac".ranmopcp cocffrBeTgTByeT Puc. 29. Bexropmeie mmarpamst ans

N PA3IHIHEIX @3—Po.

IOBOPOT BEKTOPa 710 YacCOBOH CTpelKe.

B ontuke ycrapouics oOHdYall 4epTHTh MX TaK, 4TO BO3PACTAHUIO ¢ COOT-

BCTCTBYeT IIOBOPOT BEKTOpA npomué dacoBoll crpeilku. [las toro dYToOHl

yuTaTeJdh MOr B fallbHelimeM Jerde pasbupaTrbCsa BO Bceil Jureparype 0O

KonebaHUsIM ¥ BOJHAM, MHEl BHHYKJEHH II0JHh30BAaTHCA 00OMMH corJamie-

HUSMH, IOKA3HBadA, eclIi HY;KHO, CTPeJIKOW HampasieHHe BO3PACTAHUA ¢.
Puc. 29 moxaswiBaer BHJ BEKTOPHOU quarpaMMbl IS CJIy4aeB, KOIMa

pasHOoCcTH a3 ¢, — ¢, pasHa 0, —721, T, ———’2"—. 3necs cpasy BHAHO, UTO Pe3yJbh-

|
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TAPYWOIAA aMIIIATyAa paBHA B 3TUX CAy4YadAaX COOTBETCTBEHHO -
A+ 4, VA4 | A, — A,), VAT A2

Pucyurn 29, 6 1 ¢ ABIAIOTCA BEKTOPHEIMU JIUarpaMMaMé [Jsi DPUMEpPOB,
paccMoTpeHHBIX B 1. 3. Prc. 29, 6 oTHocHTCS K HepBOMY M TpeTbeMy IpUMepam,
puc. 29, ¢ — KO BTOpOMY.

B cayvae HempepHBHOI0 BO3pacTaHHA pasHocTH a3 ¢,—¢, KOHEI| BeK-
TOpa, H300pasKAIOIMEero cyMMapHoe KojgebaHne, ONUCHBAeT OKPYKHOCTE. 1leHTp
ee COBIAJAET C KOHI[OM BEKTOpa, M300paKalomero
ONHO W3 cocTaBisomux Kojebamuit (puc. 30).

C marasimHEIM IpejcTaBIeHUEM CJOKeHHS KO-
nebaHuii ¢ MOMONIHI0 BEKTOPHOM fUarpaMMhI CBsI3a-
HH TePMHIHBI: <DIOBOPOT (A3EI» B CMBICTE (M3MEHEHWE
dasen, «pazoBpamareiby B CMHICIe (YCTPOUCTBO,
usmeHsomee ¢asy koaebanusy, u T. m. C atum
HATJSIIHBIM IIPeCTaBIeHAeM CBS3aHO TAKKe BHIpa-
JKeHHe «KoJeGaHusi HAXONATCA B KBajgparypey,
o3Hadalomee, 49To n3o0paskaiomue HUX BEKTOPH PPI:~0(;3T0E- @ESieiggpazT%%?
COCTABIAIOT IPAMOA yTOJ. D OprmHgCTb'

Ilpym HeKoTOpOM HaBHIKE MOKHO YepPTHTH BeK-

TOPHYIO [AATpaMMYy TOW NIY WHOM 3a a9l HeIIOC pey-

CTBEHHO HA OCHOBAHHH (M3WIeCKAX JAaHHHEX, MUHYsi dopmydan. B wacrmocti,
Jerko (W IIOJIe3HO) HAYYHUTHCS PHCOBATH BEKTOPHBIE [MATPAMMBI 33789 Ha
CJOMReHNe CHHYCOHAAJLHEX TOKOB MM HANpPSUKEeRUH, IPAMO TIALSA Ha cXeMy,
Ge3 NPOMEKYTOYHOTO aHaAUTUIeCKOro 3peHa. IlpoferaeM 5TO Ha OJHOM BasK-
HOM I pHMepe.

5. Ilpumep: BekTopmas pmarpamma ¢asospamartenas. Ilycte B cxeme
puc. 31 06a KoHEHCATOPA UMEIOT OJMHAKOBYIO eMKOCTh C, 006a CONPOTHBIEHNA
onmHaxoBHk Z paBHbkl R. Torma Tokm B BerBsix abd, acd mMel0T OIUHAKOBHIE

.
2
o
R
Uy R
b 7
,‘7 '
O rr"—o
u &3 -r;
\ I )
Pnc. 31. Cxema ¢azospamarens. Puc. 32. BekropHasa nua-

rpaMMa (azoBpamiaTelns.

aMIIATYnH ¥ $pass. HanpssreHns Mexny kiaemmamu ab m cd m3obpaskaiorcs
OMMHAKOBEIMH BeKTOpamu 7*; MIuHH RJI, pampsuxenme MesRny wiemMaMmu bd
M gc — BEKTOPAMHU 7, TaKiKe ONUHAKOBOU NIUHH / /0C, DOBepHYTHIMH OTHOCH-
TeJHLHO MPebAymnuX Ha npsaMmoit yrox. Hanpsixenne u, n3o0paskaercs cymuoil,
HALIPSZKEHNE U — PA3HOCIMBIO BEKTOpA 7%y, 7°5.

ITO JaeT BEKTOPHYIO [HArpaMMy pHcC. 32, I7ie BEKTOP 2, n300paskaeT aMOan-
TyAy u $asy mojaBaeMOro Ha KIEMMH 4, ¢ HaOpsIKeHUsA

u, = U, cos wt,
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a BEKTODP 7 — CHNMAEMOro C KJieMM bc HampsyKeHWus
u=U cos (ot — g).

Bexropras guarpaMmma moxassIBaeT, 4To

U=uU,
Az
¢ _ o0 1
o= ok -

CHumaeMoe HampsiyKeHIe MMeeT TY ke aMILIATYRY, 9TO IOjaBaeMoe; pas-
HoCTh a3 ¢ Mensiercst oT 0 1o  wpn mamenenuu C wim R ot o mo O.

IIpaxrtuueckn B QasoBpamarene ob6a compormieHus (wau obe eMKoCTH)
M3MEHAIOTCSL IIOBOPOTOM 00HOU PYYKHW, mpUYeM ROKHO OHTH obecmedeHo pa-
BEHCTBO 00erX eMKOCTeil (WX COMPOTHRISHMIT) IPH KasKAO0M MOJTOKeHNH PYIKN.

6. Caoxenne npoussobHOro yncaa koaebanuii. Jlerko 0606muTh MOCTPOE-
HEe pmc. 28 Ha caydadl CyMMH I000r0 9HCIa CHHXPOHHHX TapMOHHIECKHX

rKouxebanmii. Beangnna
s= A, cos (02 — ;) + A4, c0s (0f — @,) -+ ... + Aycos(of — qy)
eCTh rapMOHHNYeCKoe KoJeOaHue
s = A cos (vt — ¢),

rae A ecTh JyimHa, a ¢ — yrox ¢ oceilo 00’ reoMerpudecKkoil cymMmMmu /N BeKTO-

Ay
Ay A,
4 4
& | %
A,
g <=L 0’ &
Puc. 33. BexTopHasa guarpaMma Pue. 34. Cayumaii, xorma
CYMME HecKOJbKHX KoJebaHWMil. cyMMa KoJebaHmWiII paBHa
HYJIIO.
poB, mMmeromux giauHel A,, A,, ..., Ay ¥ o6pasyomux ¢ 3TOH 0OCHIO YTJH
D1, Pgy ---p Py (pPHC. 33). ITO MOMKHO 3amECcaTh B Bujge Gopmyn
Acosp=A,cosqp,+A,c089,+ ... + Aycosegy,
Asing=A,sing, + A,sing,+ ... 4 Aysinoy,
OTKYZA
A2 = A 4 ... +Aj 42445008 (9 — @)+ ... + 24y Ay 08 (oy_— Py),

¢ Aysin ¢+ Ay singy ..o +Aysingy
8P Ay cos -+ Ap €0S g4 ... - Aycosq, "
31ech TaKie pPe3yJbTHPYIOMAA aMIIATY[a CYIeCTBeHHO 3aBUCHT OT a3

cRIanHBaomuxcs Kogebammit. OHa, B 9aCTHOCTH, paBHa HYJIO, eCInl (asH
TAKOBHI, 9T0 BEKTOPH, N300 paskaomye CKIaiLBAIONAecs KodebaHus, 00pasyIoT

BAMKHYTYI0 HeIOuKy (pmc. 34).
7. Caosxenne koieGanuii paspHoil aMnIATYAbI, (asbl ROTOPHIX 00pasywoT

apuMeTHIECKYIO porpeccuio. JTOT Clydal, KaK BHACHATCS B JadbHeilmeM,
mpeacTaBigeT 0COOEHHEI WHTepec.
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Ilycrs
s=A cos ot + A4 cos (vt —e)+Acos (vt —2e)+ ... + Acos|wt— (N —1)e],

T. €.

N
s= > Acos[wt—(n—1)z].

n=1

BexropHaa pguarpaMma B HameM ClIydae — JOMaHAad, COCTOAMAA U3
3BeHBEB OMUHAKOBOM NIWHH A, IpudeM Kakjgoe 3BeHO 00pasyeT OJWHAKOBEII
Yol € ¢ OpefHAymuM 3BeHOM. Takasg pamarpaMma us3o0paskeHa Ha pmc. 390.

O6o3Ha9AM Pe3yIbTHPYOILYI0 aMITUTYAy OyKBOi M.

Nmeem u3 puc. 35: ‘\‘ﬂ
M N . 2m—Ne
—2—=0H=OC-51nOCH=OC- sin ——5—| =
=0C. ’ sin Ili ,
5=0c"| £
2 #H
OTK yj[a ),
NG
Sm< Puc. 35. Bekropras nua-
(2.8) rpaMMa CyMMB KOTeGaHmi
Sin — paBHOM aMILTUTY/BI, $asel
2 KOTOPHIX 0Gpasyior apud-

MeTHMYEeCKVI0 Iporpeccuio.
Ouesugno M =0, Korma BeKTOPHAA JUArpaMMa yio Hporp

o0pasyer 3aMKHYTH Il MHOrOyroJbHUK. A/ mMeeT Ham-
foibIIee BO3MO;KHOe 3HadeHme npum AaHEBEX [V m A, a uMenno: M =NA,
ecim e =0, +2m, 44w, ..., T. e. BeKTOpHAA TeNOYKa BHTArMBAeTCS B IpA-
My (pue. 36).

Jlerxo cefe mpejCcTaBUTh H3MEHEHNE BEeKTOPHOM UArpaMMhl B 38 BHCIMOCTH
OT & ¢ MOMOImpBI0 CcRIagHOro merpa (puc. 37; smecs [V = 10).

Ilnsa Toro 9ToGH HMeTh IOJHOE HpefcTaBieHne o GyHKnun (2.8), moctponm
OTHENbHO rpauK YHCIMTENs W 3HAMeHAaTedd apobn

" < ) (2.8a)

sin —-
2

kak pyormnuu ¢ (puc. 38, a, 6). Uncanrens nzobdpamaercsa cCHHYCOnyoii, B [V pas
Gonmee wacToif, geM 3paMeHaTelb. I'padur camoil npobu mokasaH Ha puc. 38, ¢
(mmss IV = 6). Bce rynu npobKr COOTBETCTBYIOT HYJIAM YHCIHTENsI, HO oOpaTHOe
HEe BEepHO: IIpH

e= +ne2w (n=0,1,2,...)

ofpamaerca B HYJb He TOJIHKO UYNCINTENb, HO W 3HAMEHATENb.
IMonpsyace mpaBuimoMm JlommrTamns, HAXOMHWM:

lim sin ( > _Neos(Nnm) _ (=N vty
. e cos(ne  (— 1) = £
g nn sin )



¥

e=l
=T
€=y
/ \ e_:__z%f_l_' N=1?
> g - > - > T e~z o

}_)

ue. 36. Yacruse caywan AHarpaMMEel puc. 35.

Puc. 37. Mnmocrpagus BEKTODHOH JHarpaMMsr puc. 36 ¢ IOMOIIBIO CKIAA-

HOT'O Merpa.
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CrnenoBartensno, npu ¢ =0, + 2n, + 4w, ... B 7. 1. M =N A, Kak ymxe 65110
HalieHo u3 npyrux coobpaskenmit. Ha puc. 38, 2 mpencraBieHa 3aBHCHMOCTE
KBazgpata Apo6u (2.8a) or =. 3mech XapaKTePHO HalWJIHe BHICOKHUX «2/a6HBIX

WA . ~ 27
MAKCUMYMO8», COOTBeTCTBYOmUX ¢ = 0, + 2, + 4w, ..., Hyqell OpA & = + =,
sin /2V€
T?QWQV”\/f VARV
J) S//]Z

_:m a6, ’.fLII 4;7—3;1 -Z;r 2 /\0 x ZJT J’Jr l/:z f/t iw‘zmg
| ~ 7

t-1

M

8
NN\ N
4 -, -er- —tk fifl 2‘{ j-'l

2/

Gr-Tmba-rdn-dndn - 0 & T dmhmin 6T I g

a

Puc. 38. T'padmueckoe wucciegoBanume QyHKIHHE, IIpen-
crasiageMoil ¢opmyaoir (2.8a) mas /N=6.

rfie n — meabie ducia, 3a HCRIIIOYEHUEM KpaTHRX N 1 noGOUHbLE MAECUMYMOE

27
MEHAY &= N M &= (n +1). IToGounsle MAKCUMYMBI HE}Ke BCEro TaM, Iie

sin - 5 ‘ nMeerT Hanﬁonf,mee 3HadYeHNe, T. €. HA HOJOYTH MEXAYy rJIaBHEIMHU MaK-
CUMyMaMu.

Ilpn mavHEX ¢ ¥ A cyMMapHaA aMINIUTYAA C POCTOM 9YMCAA CKJIAJHIBAIO-
muxcss xojebanuit [V cHauasna pacreT, IOTOM yOHIBaeT, IOTOM CHOBa pacTeT
i T. A. (370 sicHO M3 puc. 39).
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Miumoctpanyeil kK TOIBKO 9TO CKA3aHHOMY ABJISAIOTCS CJIeIYIOmue CIyYan,
BeChbMa BajKHEE B dJIEKTPOTEXHHKE.

a) Ilycrs B mpoBopHMKax, COeWHEHHHIX «3Be3[0H», TEKYT TOKH
. . . 2
ly=1[Icosowt, i,=1cos <wt—-‘%ﬂ>, .., iy=1cos [wt—Tv’fE(N—i) ]

(zamie Bcero NN =3, puc. 39); B 370M cayuae TOK i B 00meil Ienu paBeH HYJIIO.

Iy

i

w\

Uy —]

Purc. 40. Coenunenmne «Tpe-»

Puc. 39. CoenuHeHME «3Be3OWN.
YIOIBHAKOMY.

6) Ilyctp Hamps:KeHHS Ha TOCHE[OBATENHHO COGIMHEHHEIX TMPOBOIHUKAX

PaBHEI

2 2
u, = U cos wt, u2=Ucos<wt——7VE , +..,uy="U cos [mt—j—:;(N—i)]

(smech Tarke game Bcero [V = 3). Torga HampsiKenue MeKAy KpalHIME KiIeM-
MaM paBHO 0 M UX MOKHO COeIWHHTBH BMeCTe, He M3MeHsIsl TOKOB B pacCMaTpH-
BaeMHX IpoBofHWKAX (upu [N =3 — coefUHeHHWE (TPeyTOJbHMKOM», puc. 40).

§ 3. Cymepnosunua ABYX B3aMMHO NePHEHJUKYIAPHBIX BEKTOPOB,
U3MEHAOIMAXCA CHHYCONNAJILHO ¢ OJUHAKOBON 4YacTOoTOMH

ITpegmoxosxuM, 9T0 Ba BEKTOpA ¥y U ¥, MEHAITCSA CHHYCOUJAJBHO C OfU-
HAKOBOM YacTOTOM:

rae A;, A,— NOCTOAHHEE BEKTOPHI. Ilycts HaM m3BeCTHO, YTO HEKOTOPHIH
BEKTOP ¥ eCTh reoMerpudecKas CyMMa BEKTODPOB ¥y, U,:

v=1v,10,.

CopamuBaercs, Kakoe jBH:KeHHe OyleT COBepIaTh KOHeI[ BeKTOpa v?
Ecian BeKTOpH v, U ¥, KOJINHEAPHH, T. . HAIPaBIeHk 10 OXHOM MpAMOii,

nMeeM:
V=10, - U,,

U 3ajada O JBVWKeHHH ero KOHIA CBOJHMTCA K yiKe paccMOTpeHHOH 3ajmade o
CJIO}KeHHN CHHXPOHHBIX TapMOHWYeCKNX CHKaJIApDHHX Konxebammii. Ecam jxe
BEKTODH ¥, V¥, He KOJJIMHEADHH, KOHEIl BEKTOPA ¥ ONHCHBAaeT B ILIOCKOCTH
BEKTOPOB ¥,, ¥, HEKOTOPYI0 3aMKHYTYI0 KPHBYIO, KOTOPYI0 HaM HYKHO HaWTH.
M=l orpaEWYMMCA Hambojee Ba;KHBIM CilydYaeM, KOrga v, U v, B3aWMHO Iep-

HeHINKYISPHEL.
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BBejieM exkapTOBY CHCTeMY KOOPAUHAT Z, ¥, PACIOJOKHUB 0Ch £ 10 HAIpa-
BJIeHNIO BeKTOpa A,, 0Ch i II0 HAampaBJleHNIo BekTopa A, (puc. 41). Torga roop-
NUHATH KOHI[A BEKTOpa ¥ OYIyT PaBHE COOTBETCTBEHHO

U, = A, co8 (ot — @), v, =A;c08(wt—ep,).

ITH ypaBHEHUsI MOKHO PaCcCMAaTpPUBaTh KaK ypaBHeHHs HeKOTOPOM TpaeK-
TOpUM, HallMCaHHBIE B IapaMeTpHmuecKoil GopMe; mapameTpoM Caysut f. [laa

TOr0 9TO0H HAWTY ypaBHeHNe, HeIIOCPeRCTBeH- 7
HO CBASHBaKIIee U, W U,, HamumeM (Ha OCHO-
BaHWH U3BECTHHX TpI/II‘OHOMeTpI/I‘IeCKI/IX dop-
MYIL):
ya): 17 Az w
U _ i i 7 Z
4, — COS ¢pc08 ot - sin ¢, sin wt, 2, 1 /
Uy . . \
74—2:—_005 ¢, COS Wl + S1N @, SIN W1. f
YMHOKUM IIepBoe ypaBHeHHe Ha COS ¢,, BTO- 24—

poe —Ha (—COS ;) U CIOMKHM pPe3yIbTaTHL.
Puc. 41. Cioenue ABYX B3aUMHO

TO IaeT:
HepHeHlIHKyJIHpHHX CHHXPDOHHBIX
v o . .
ZDE coS CP2 __ zy‘ cOS Cpl = S1n o’ sin (Cpl - ?2). BeRTOpHHX KOHB6aHI/II/I
1 2

YMHOKUM Telleph lepBoe ypaBHeHHWe Ha Sin ¢,, Bropoe — Ha (—sin ¢;) I TaKKe
CIHLOKUM pGByJIBTaTI)I:

Oy - .
A1 ~ sin @, — 2, S @, = cos ot sSin (@, — ;).

BosBegem B kBagpar o6a NoclefHUX ypaBHeHUA M CJIOKUM JIeBHe M IIpaBHE
gact. Ilomywaercs:

vz vy, 9 ¥x Uy i 210

]T%—{"—E_ A, Z;COS(CPl_‘Pz)_Sm (1 — 92). (2.10)
JTo ypaBHeHNe M300pasKaeT KPUBYI BTOPOro HOPAAKA, KOTOpAas MOMKeT OHTH
TOIBKO 944UNCOM, TAK KAK U, W U, MEHAITCA B OTPaHMYeHHHIX IIpefie/iaX U He
BEHIXOIAT 32 Ipeesl npamoyronhnmca co cropoHamm 24,, 24, (pmc. 41).
Wrak, B pesyiprate CIOMKEHHA JBYX B3aUMHO nepnennnﬂyﬂﬂpnmx BEKTOPOB,
COBEPIIANIMUX CHHXPOHHEE FapMOHMIecKHe KoleOaHWsa, MOJLydYaeTcsi BEKTOP,
KOHeI[ KOTOpPOTO [BWKETCA IO aasuncy. Takoe [BUKeHHe 9aCTO HA3HIBAIOT
(3Ta TEPMUHOIOTHA HET U3 OUTHKH) 9LAURMUNECKU-NOAIPUI0BAHHBIM KOAeOA-
nuem. B oramume ot aToro KomebaHUA vy, v, (2.9) HasHBAWTCA AUHEEHO-NOAIL-
PUB0BAHHBIMU KOLEOAHUIMU.

Mu MoKeM Temeph BHPA3UTHCA TaK: HPH CYNEPHO3HWINU JBYX B3aNMHO
HepIeHANKYIAPHEX TUHEeHHO-IOMAPH30BAHHNX CUHXPOHHHX TapMOHHYECKUX
Kone6aHUil BOBHUKAeT JIMUITHIECKU-TONAPU30BaHHOe KoJebamue.

PaccMOTPHIM HECKOJIBKO XapaKTepHHIX YAaCTHHIX CIydJaeB.

{. PasHocrp a3 pasHa meaoMy KparHoMy 2w, T. €. ¢ — @, = 7 N-2%
(n=0,1, 2,...), KoneGamusa cuadasusl. B srom ciaydae ypasHeHue (2.10)
CYmeCTBEHHO YIpOmaeTcd M IIpeBpamaercs B

U Uy :_
) =0

’
OTKYJa

Uy Uy

A Ay
JT0 — ypaBHeHHe IPAMOH, HA KOTOPO! JNeKHUT JNaroHajgb HOpAMOYIoAbHHUKA,
Uymas 0o IIepBOMY M TpeTheMy KBajpaHTaM; KOHeI[ BeKTopa v Kojebiercs
mo 5Toil gmaroHaim (pmc. 42, a).
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2. Pazuocts a3 paBHa HEUETHOMY KPATHOMY T, T. €. ¢;—@, =+ (2x+1)n
{n=0, 1, 2, ...), KoneGaHUA HAXOAATCA B npomusogase. Ypasnenue (2.10)
37leCh TaK/Ke YIOPOWAeTCsi U IEePeXONHT B

2
v Yy =0
A1+A2> ’
OTK) J1a

Ux

Honeu, BexTopa v KojdeOiercsi 10 AUArOHAIN IPAMOYTOJLHHKA, HWAYIIeH
0 BTOPOMY W 9eTBepPTOMY KBaj-
paaTtam (pue. 42, 6).

B caygasx 1 u 2 snanura-
9eCKH-MOJAPA30BaHHOe Kojeba-
gue (2.10) prposkpmaeTcsi B IH-
HeHHO-TOJIAPU30BaHHOE.

3. Pasuocte a3 passa

al 4) 8) —725— + 2nw. Ecam

————

cd B

\\3/ K/ \/ E

9) Z 9T0 — ypaBHeHNe 3JLIAICA, NI

Puc. 42. XapaxrepHsie 9acTHEe cIydad puc. 41.  KOTOpPOTO KOOPAMHATHEIE OCH SB-
IS0TCA TaaBEEIME ocsamu, Horery

BEKTOPA ¥ JBMKETCS II0 3TOMY JIIHICY II0 49acoBoii cTpeiake (pme. 42, ¢).
Ecan amnaumyds kosebaruii 00uraross, 3IIANC BEIPOKTAETCS B OKPYH-
HocTb. MBI monydaeM koacOarue, noaspusogammoe no kpyey (pue. 42, 0).

v1— Py =—T;— + 2nw,
/ \\ / \\ / \\ ypasuenne (2.10) mpespamaer-

4. Pasuocerp ¢das paBaa — —3— + 2nw. lpn @, — @, = — —;— + 2nw® CHOBa

uMeeM 3JIIHUIC
2

2
Y By
4 Tap =1

HO KOHeIl BEKTODa IBIKETCA II0 HEMY npomué 9acoBoi CTpeaKH (puc. 42, 2).
lIpn paBeHCTBe AaMIIUTY[ OJJIHIC CHOBA BHPOMKIAEGTCH B OKPY:KHOCTH
(puc. 42, e); momxydaercsi KomeOaHWe, HmOMsipu3oBaHHOe 1o Kpyry. Mirwoctpa-
nueii caydaeB 3, 4 sBIseTcs TOJyYeHWe BPAMAIOMErocs MArHUTHOTO IIOJIA
(B HEKOTODHIX ACHMHXPOHHEIX MOTOpPaxX) IyTeM CYINeplNo3Umuu [BYX CHHYCO-
NAANbHHX B3aMMHO IepHOeHAMKYISPHEX MAarHWTHHIX HO0Jeil, HMEmuX O WHA-
KOBYI 9acTOTy M aMILINTYAY, HO CABHHYTHIX I0 ¢ase Ha =/2*).

§ 4. dnexrpoHHBIH OCIUIIOCKOM

Mbr MoKeM Temepb IOHATH IPUHIUN AEHCTBHSA 3JIEKTPOHHOTO OCIUILIO-
croma — opunbopa, 6e3 KOTOPOTO He MOKeT OOOMTHUCH IM OfHA (QH3MIECKAS
aabopaTopuss M ¢ KOTOPEIM MHl yjKe HEMHOTO 3HAKOMEI (cM. Ti. l).

*) Yame B acHHXPOHHEIX MOTOpax Bpallaioieecs IOJMe CO3MaercA HyTeM Cymepimo-
UM mpexr Mojed, CABUHYTHX IO Gase Ha 27/3 m o6pasylomux Mexay coGoit yroa B 120°.
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1. DrexTpoHHO-Ty4yeBaa TpyOka. OCHOBHOI 3JeMEeHT dJIEKTPOHHOIO OCLNJI-
JOCKOIIa — BIIEeKTPOHHO-TydeBad TpyOKa, msobpaskeHHas Ha puc. 43. B ee
y3Kuii KoHeil BMOHTHPOBAHA TaK HA3HBaeMas «IJIEKTPOHHAA IYIIKAa» — yCTPOU-
CTBO, COCTOANIee M3 HAKANWBAEMOTO JJIEKTPHICCKAM TOKOM KaTONA, HCIYCKA-
IOIIET0 3JeKTPOHH, AHOJA, AMEOIero NOJ0KATeJbHEH TOTeHINAJ IO OTHOIIe-
HUI0 K KaTOAy WM PasrOHAKINET0 3JeKTPOHH, W (OKyCHpYIOmero yCcTpoicrsa,

!

P

e 3
=
—

Prc. 43. d1eKkTpoHHO-IyUeBad TPyOKa IpocTellleli KOHCTPYKIHAHA.

— 1\

COCTOAMEr0 M3 HeCKOJIHKUX MOTALINIeCKUX MUIMHIPOB. JIEKTPUIecKoe moJe,
co3naBaemMoe (OKYCHPYOIIUM YCTPOHCTBOM, CBOJAT 3JIEKTPOHH B TOHKUIH
Oy4Y0K — 3JeKTpoHHE Jay4. Illupokoe miockoe aHO TPyOKH — ee IKpaH —
HOKPHITO U3HYTPU CI0eM BemlecTBa, GIyopeciupylomero oy feicTBueM Y apoB
anexkTponoB. Hame Bcero ymorpebasioT BemecTBa, MaloNiEe 3eJeHOe CBeIeHHUE,
uHOrna — ¢uosneropoe. KEcam 3neKTpoHHBIT AyY Xopomo cdoKycupoBaH,
Ha JKpaHe B TOM MecTe, KYHa
ObeT 3MeKTPOHHEI 1yd, 06pasyer-
¢ He0O0JIbITOe CBOTIOe MATHHIIKO.

Me:x1y 3JIeKTpOHHO# NYMIKON M
DKPAHOM PACIOJIOKeHE YIpPaB-

5

———

H
% |
JA0IMe 3NMeKTPORH (puc. 44). Oun al '
00pa3yoT JBa KOHJEHCATOpa, CO- ﬁg \
CTOANUX KaKABI W3 IMaphl ILIa- 4 y
cruit. Rorga aru mompemcaropu Puc. 44. 9nexrponno-nydeBas TpyO6Ka. Cxema
3apA)KeHH, I0JIe OJHOI0 W3 HUX VIPABISIOMAX HICKTPOJIOB.

(C,) TropmsoHTaJpHO, [APYTOTO

(C,) — BepTUKaNBHO. JIEKTPOH-

HE JTydY DociefoBaTeIbHO IPOXOAUT depe3 o0a KOHIeHcaTopa. OIeKTpude-
CKOe T1oJie KOHJeHcaTopa C(; OTKJOHAET 3JIeKTPOHHHI JIyd BOpPaBO (mad
Habuwogarens, CMOTpAMEro Ha BHEIIHIOIO CTOPOHY [HA TPpyOKU) Wiad BieBo,
CMOTPSI 0 TOMY, KakKasd W3 IUIACTHH 3apsiKeHa IIONOKUTENbHO — OpaBasg NN
nesas. lloxe romnencaropa C, aHaXOruYHLIM 00pPa3oM OTKIOHAET JIy4 BBepX
wi BHEH3. PesynbTHpyloliee CMeIeHHe 7 CBETIOT0 NATHA (KOHHA Jy4a)
Ha DKpaHe eCTh BEKTOPHAs CyMMa CMeHeHWH 7, M %,, CO3MaBaeMHX COOTBET-
CTBeHHO TIOJIAMU KoHpencatopos C, m C,.

IIpu cooTBeTCTBYIOmMEM DONOMKEHNN ONHON M3 pYdYeK YIPABICHHUS B OCILUJI-
JOCKOIe OCYmMEeCTBIAETCA cXeMa COeJUHEHHUIl, DpefcTaBIeHHAasd HA puc. 49,
rje YIpaBJAAKDIMe KOHAEHCATOPH MHOKA3aHE B INPOEKIMH HAa ILIOCKOCTH
DKpaHa.

ITpucoeqmanm KaemMn X,;, X, K HCTOYHHKY IepeMEHHOr0 HAIpA:KeHNs
g, (t), a wuemmMsr Y,;, Y, — K HCTOYHMKY IlepeMeHHOI0 HAIPSKeHHS u, (1).
ITone B rompencatope C,;, a CIeN0BaTeIbHO, TOPH3OHTATIBLHOE CMelleHUe 7,
OynmeT M3MEHATHCA IPONOPIUOHAIBHO &, IoJe B KoHfgeHcaTope C,, a cilefoBa-
TeIHHO, BEPTHKAJIBHOE CMeIeHue 7, — NPONOPIUOHAIBHO U,. BekTop 7 6yier
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Cynepmnosuuyeil ABYX B3aUMHO NepOeHIUKRYIAPHHX KolebaHui
ry = ku,, Py =Yk,

rjie a¢,, Y, — eMUHAIHLIC BEKTOPHI, HAIIpaBJIeHHEIe COOTBETCTBEHHO IO TOPHU30H-
TQJIN M IO BepTHKAIHW, k& — KOaQPUIOHMEeHT, XapaKTepPH3YIOMU TyBCTBHTEIb-
HOCTh oCHuinockoma *). OH paBeH CMENIEHHIO, BH3HIBAGMOMY HaIPs:KeHHEM
u=1 ¢. OOKYHO B OCHWIIOCKOUE Kk — MOPALKA

ONHOT'0 MHJLIAMeTpa Ha BOXBT. [lia mHabmionenust
Oomee caabbX HANpPSUKEHHH WX MONBOAAT K OT-
KIOHSIONINM IIJIaCTHHAM depe3 yeunurenu (1. 1V),
T BMOHTMDOBaHHHE B MUK ochnumiigockoma. Ilpm
gL 59TOM YYyBCTBHTEJIHHOCTh OOHYHO BO3pacraer B
HECKOJBKO JIeCATKOB pas.
\ B wactHocTH, mycTh
u, = A, cos (wt — g,),
u, = A, cos (0t — @,),
— o y o
by X, X, T.e.K KIeMMaM OOJBOJAT /iBa CHHXPOHHHIX rap-

MOHMNYECEKNR .
Puc. 45. Cxema BKIYeHHA RAX KoneGanus. Torza

3JIeKTPOHHO-Iy9eBOM  TpyOKm — _—
I8 HaGMoAeHAA CyHepHo3u- 1y =2,k dy 005 (0f — ¢y),
WA ABYX B3aMMHO NeplieHIH- ry =y, kA, cos (of — o),

KYJIAPDHHX KojJge0aHWH.
M corjacHO § 3 MBI YBUAMM Ha dKpaHe 3JIMHIC,
BHJ KOoTOporo OymeT 3aBHCeTh OT aMIIMTYR A,, A, W paszHoctd a3 ¢, — @,
CpenaeM, HanpuMep, TaKoii ONBIT. 3aMKHEeM BHXOJHBIe KJICMME 3BYKOBOLO
reHepaTopa Ienslo, COcToAmell M3 MOCAe0BATEIHHO BHJIIOYEHHBIX COOPOTUB-
JeHUA TOpA7KAa JeCATH OMOB H KOHJEHCAaTOpa EeMKOCThI0 IOPANKA OXHOHU
Mugpodapans, W 3aTeM IOABEIEM
K ONHOI mape KIeMM HAIIps;KeHUe,
majfiamiee Ha CONPOTHBIEHUH, a K @ @
ApYyroél mape — Haups;KeHHe HA KOH-
neHcarope (puc. 46). Mu1 ysumum Ha

9KpaHe JILINNC, TJIABHBHE OCH KOTO- fggz ’ggf
pOTO HapaIeJIbHb 0CAM KOOPAMHAT. ©c 5§ © 1+
JTO YKaszeBaeT Ha TO, YTO MEKAY T

HAOPSKeHUAMH U,, U, HA CONPOTHUB-

JeHAN I HAa KOHLEHCATOpE CYIecT- Puc. 46. CxeMa, HO3BOJAONIAA YCTAHOBUTH,
s aro casur ¢as MeKAy HaUOpIKeHWAMA Ha

ByeT cJBUTI (a3, pasHHEIl 1o abco-

JTI0THOHN Benmumue w/2 (cp. § 2, m. 3,
apumep 6).

2. Passeprka. Meuas moxokeHume TOUW PYYKH YOPaBJIeHAA OCIHIIOCKO-
IOM, O KOTOPOIi IIJIa pedh BEHIIIE, MBI OCYIIeCTB/IAEM B HeM CXeMY COeNUHEeHHI,
DOKA3aHHYI0 HA puc. 47. 3mech I/ — HaAXOmAWMICA BHYTpH ANMMKA OCIHJIJIO-
CKOTA TeHepaTopP HAUPS;KEHUs, HepHoJUdecKd W3MeHAIOWErocs CO BpeMeHeM
TaK, KaKk HoKassipaeT puc. 48. Ha nmpoTsikeHny Kak[oro mepHoa OHO CHAYaJIa
NJAaBHO pacTeT OPONOPIHMOHAJILHQ BpeMeHH, OT HEKOTOPOr0 3HA4YeHHA — a
0 -+a, 3aTeM OYeHb OHCTPO (NPAKTHYECKH MTHOBEHHO, HampmMep, 3a 1/ ..,
nepuoja) Bo3BpamiaeTcd K WCXONHOMY B3HAUeHWI0O — q. Takoe HampsaKeHue
HA3HBAOT (M0 BUAY OCHUIIOTPAMME) nu.toobpaswbim. Ilon meitcTsmem muio-
00pasHOr0 HANPSIKEHHs CBeTIOe ISATHO HAa 3KpaHe coBepmaeT OepHONUYeCKH

R n C pasen %

*) Mm paccMaTpEBaeM TOIBKO ClIydail, KOIa UYYBCTSBHTEIbHOCTb B 000MX Hampas-
AeHUAX OJWHAKOBA.



§ 4] SJIEKTPOHHBIN OCIIMIIJIOCKOII 45

NOBTOPsIOMeecss PaBHOMEpHOe [BIJKeHHe CJIeBa HAmpPaBo, depeyIomeecs
¢ o4eHb OHICTPHIMEH OOpaTHHIMH CKagKaMu cipaBa Haleso. (O Tom, Kak pabo-

TAeT reHepaTop NMI006pa3HOT0 HAT PAKEHIIS,
6ymer ckazaHo B ria. IV.)

IIycts Temepsr K BepTHKAJBHBIM 00KIAf-
KaM MoJ[BOJUTCA NMI000pasHoe HaNpsKeHUe
u, (t) (mo cxeme puc. 47), a OJHOBPeMEHHO C
HTHM K TOPU3O0HTAJBHEIM OOKJIaJKaM — HEKO-
TOpoe HcclelyeMoe IMepHOANYIecKoe HAUps-
skeHne u (t).

IIpennonoxmuM cHaYama, 9TO MEPUO] pas-
BeprRu T, ecTb yeroe kpamioe mepuoma T
nceaenyemMoro HampskeRusi (puc. 49). Pac-
cMoTpuM HHTepBaJ BpeMenn 0 << { < T,. Tar
KaK rOPH30HTAJIHbHOE OTKJIOHEHNE IATHA IPO-
MOPIMOHATHLHO BPeMeHN, a BepTHKAJILHOE —
ncciaenyeMoMy HampspReHmio 4 (f), Tpaek-
Topusa msaTHA OymeT mM300paskaTe B ompefie-

~

I
I

-

[
N

Puc. 47. Cxema BRIIOYeHUA OCH M-
JOCKOIAa ¢ Mmi1006pas3Hoil pasBepr-

JIeHHOM MacmTabe KYCOK OCIHIIJIOr paMMEIL KOif.
$ynrmun u (1) s maTepsane 0 < ¢t << 7. To xe
caMoe OTHOcHTCs K mHTepsadam 7, << t<< 27, 2T,< t<3T,, ... Ho Tax

Kak 7', ecTh 1es0e KpatHOe mepuona 7 ucciefyeMod (QYHKIMU, TO OT/eNb-

u,t

N Ve

|~ /ll//ll//!

hY

Pmc. 48. OcmmaiorpaMma HHIOOOPA3HOTO HAIIPSMKEHU:.

Hbple KYCKH OCIHJIIOrpaMMEl (GyHKHHUE u () IpPOROLKHTeNbHOCTEIO 7 OymyT
8 _TOTHOCTH JOMKUTHECSA OfINH HA APYTOii, 1 I7Ia3 YBUAUT Ha dKpaHe HenodsuicHyio

iz

a)

)

3

8

Pre. 49. OcpuiaJorpaMMEI: a—pa3BepTKHU; 6—HCCAENYeMOr0 HaIPSKeHNs;
¢—KapTHHa Ha sKpaHe npm 1',, 1jeJoM KpaTHOM 7.

KapTHHY, BOCIPOM3BOJANIYI0 KYCOK OCHUJNIOrpaMMil QyHKmwmu u (f) mpomo-
wUTeAbHOCTH 7', OXBATHIBAIOMMHA Tejoe YHUCI0 ee Hepmopaos 7.
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IlocmoTpuM, 910 moxyumred, ecam 7, He eCTh Ieloe Kpataoe 7. Pac-
CMOTPHM, HaIpUMep, clIyd4ail, noKasagasil Ha puc. 50. 3mecs Kpusas, OIHCH
BaeMas CBETIRM HOATHOM 3a Bpema 'y, Oymer Tak:Ke KYCKOM OCI[AILIOTDUMMEI,
OXBATHBAIOIIEH BpeMa T, HO Teleph TaKue KYCKH He OYNYT HAKIAZEIBATHCS
apyr Ha papyra. Ecam ortnmume mewpy T u nT (n-— melioe 9MCIo) HeBeIWKO,

iz

a)

Jn A A A DS
uuuu\/u W

Puc. 50. To ke, HO mpm Ty, He mexoM KpaTHoM 7.

INIa3 YBUAUT Me[JIeHHO MIHBYIKi ciesa Hampaso (ecau 7, < nT) mam cmpasa
Haneso (ecam 7, > nT) Kycok ocmminorpammu pyHkImu u(¢). Uem 6ombmme
orimane Mesxny 7T, m nT, Tem OnicTpee OymeT HpOUCXOMUTH 3TO IepeMeIieHne,
M IpU JOCTATOYHO OONBIIOM OTIWYHMM IJIa3 y:Ke He OyHeT pasiudaTh OTHelNlb-
Hble DOJIOKeHWs KpHBOW, a YBHUIHAT «MAa3HIO» — PABHOMEDHO BaCBEYEHHYIO
HOJIOCKY.

Herpynno Bujers, 970 HeNOABIKHAA KapTHHA HOXYIATCHA HE TOIBKO mpy
T'y=nT, 0o u Torga, xorga m7l,=nT, rme m, n— He O9eHb OOJBINME Ieykie

| <

2

g

Puc. 51. To xe, xorga 27T, = 5T.

qucaa, T. €. ecam HexoTopoe (He6oJbIIOe) KpAaTHOe HEpHONa Pa3BepPTKH eCTh
[elloe KpaTHOe mepmoja n3ydaemoro mpomecca. Ilycrs, Hampumep, m=2.
Torga MB yBALUM TO, 9TO HOKasaHo Ha puc. ol. [eyswaunas rpmBas moxy-
gaeTcs IOTOMY, YTO KayK[OMY 3HAYeHWIO HANDSKEHHS U, COOTBETCTBYHOT 0ga
3HAYEHNSI MCCIe[yeMOro HaupsyKeHWs u (), HaOpuMep u, U &,.

V3 ckazaHHOrO SCHO, HACKONHKO BA}KHO J[AJA OTYETIUBOro HalOIIOfeHUs
OCIMIIIIOrpaMMBL, YTO0H HepHof MTHI000Pa3HOro HANPMKEHUS MOYHO PABHAICH
meJaoMy KpaTHOMY Iepuoja ncciegyeMoro Hampsskenna. CpoiicTBa renepatopos
IHI000Pa3HOr0 HANPSUKeHNS TAKOBH, 9TO TpeOyeMBIi CHHXPOHU3M JErKo
nocturaercs. [lys aToro 40CTaTOYHO no,uo6pan, DOIXOJsAMNee MOJOMeHue COOT-
BETCTBYIOIIEH PYYKH PeryIupOBRH ocumwrockona. (O ToM, Kak ycranasiusaer-
¢ OPH 3TOM CHHXPOHH3M, MH CKajKeM HeCKOJBKO cJI0B B . 1V mpu usnosme-
WIM TPHUOIUOA JeficTBus TeHepatopa HMMI006PAa3HOTO IIAMNpssKentil.)
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Temeps MOMKHO CTATh HOHATHO, KAKAM 00pa3oM IOJYJalNCh CHUHYCOUIHI,
0 KOTOpHX mua pedb B ra. I, § 1.

CymecTBYOT OCIIIIIOCKONH, I7ile B ONHON BaKyyMHOii TpyOKe mMeercs
[IBa YCTpOWCTBA OOWCAHHOrO 37[eCh TUIA, PACIOJOKEHHHIX ONHO HAJ APYTHM.
B mpux momydJamTcsa ABa 3MEKTPOHHEIX JIy9a W COOTBETCTBEHHO J[BA CBETIIHIX
NATHA Ha 9KpaHe, NaloNyue He3aBUCHMEIe KapTHHE. I'opu3oHTanbHAA pasBepTHa
obonx Jydedl OCymecTBJIAeTCA C DOMONIBI0O OJHOTO0 W TOTO jKe mUI006pasHoro
HampsikeHusA, 00a CBETIHX IATHA HAXOMATCH B KajKl0e MTHOBEHHE B TOYHOCTH
onHO Haj ApyruM. Taroil [ABYXJydeBO# OCHHIJIOCKOIN II03BOJIAET HEmocpejl-
CTBEHHO CpaBHUBATh BPEMEHHOH XOJ /IBYX KOIe0aTelbHHX IPOIECCOB.

3. Mumocrpammsa TeopeM O CJIOMKEHHH CHHXPOHHBIX TaPMOHHYECKUX
roneGaumii. Cobepem cxemy, mokaszaHuyio Ha puc. 92. Ha onmy u3 map Bepru-

Paszgspayamens Iy

N — \ @ @
s

UL L O, 3 .. l...‘,,\

Puc. 52. Cxema piasa jpeMOHCTpaLMH CHOMKCHMA CHHXPOHHBIX TapMOHHYECKHM
KoleOaHmA,

i

/

wx v )| O

) 9 5]
Puc. 53. Hapruna Ha 3xpaHaxX OCI[HIIOCKONOB.
KaJIbHO OTKIOHAIOMUX INIACTIH [ABYXJYY4EeBOIO0 OCIHIIOCKOIIA 01 nogaeTrcsa

HallpA;KeHUe u; ¢ BHXO0Ja 3BYKOBOI'O reHepaTopa, Ha APYI'YVIO ero mapy BepTH-
KaJIpHO OTKIOHAIOMMX IJIACTUH — HAaOpAKeHUe U, ¢ BHXOfa $aszospamarens,
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IIPUCOEUHEHHOT0 Yepe3 TpaHcHopMaTop *) K 3ByKOBOMY reHepaTopy. Briaroounm
pasBepTRy u OyjeM moBopauMBaTh PYUYKY ¢asoBpamarenasi. Mu ysumuM mocie-
JI0BaTelbHOCTh, KapTWH, MOKA3aHHYI Ha puc. 03, a: caBur ¢a3 MemxJy Ha-
NpSUKeHNAME U, B U, MeHsaercs ot 0 10 BeauIunsl, 6mu3Koit K ©. OnHOBpEMeH-
HO ¢ 9THM PAa3HOCTh HANIPMKEHUU U = U, — U, MOJ[aeTCSA HA BePTUKAILHO OTHJIIO-
HsONMe INTACTUHKY OJ{HOJIY9eBOro ocruiiockona O,. Bunno, 9o aMmanryna u
Haubonsmasn, korma (—u;) U u, B ¢ase, u obpamaercsa B Hylib, KOTJZA OHH
B IIpotuBodaze (puc. 93, 6).

Ocnunmockon O, BRJIKNYEH TAK, YTO HA TOPU3OHTANBHO OTKIOHAIOMME
IJACTUHKH IIPU 3TOM IIOMIAETCS U;, & HA BePTHKAIHHO OTKIOHAININE I0/[aeTCA
u,. IlocremoBaTenpHOCTH KApTMH HA ero 9KpaHe COOTBETCTBYeT MOCJIeNOBa-
TeJIBHOCTh QUIyp, NMOKA3aHHEIX Ha puc. 93, 6.

§ 5. Cynmepnosunus rapMonmiecKnx KoaeSaumit
¢ OJAM3KEMHU 4YacToraMu

1. Caxyyanm cranapHeix xoxeOaumii, Buenna. Ilycrs

§= 81+S2, ]
rIe (2.11)
§;= A, cos (0l — gy), 5y = A, 08 (0’1 — @), [
opudeM (o’ > w). Bsexs obo3maueHus
o —w=2, } 5 19
— Rt} 9, =0¢(2), (2:12)

MBI MOKEM HamucaTh:

sy = Ay cos [wt— O (2)]
3mecs copaBemuBH (HOPMYJIHI
s=A(t)cos[ot — o ()], (2.13)
A(t) = Al +A;+ 24,4, cos [¢, — b (7)],

__Apsine;+ A4y siu (1)
tgo(t)= Ay cos ¢y -- A, cos § (1)’

(2.14)

mosydaomuecs TakuMm ke oOpasom, Kak ¢opmyas (2.4), cOOTBeTCTBYIOmMue
nocmoannum A, o

Jtu GOPMYJIH BepHH HE3aBUCHMO OT TOTO, BeTMKA WM MaJia «PacCTpPONKa»
o’ —w Ho 3amena ¢opmyxn (2.11) mareMaTndecKH dKBUBAJEHTHHIMU UM (OP-
vyramu (2.13), (2.14) memecooGpasHa ¢ mouku 3penus @Gusuxkuy IUMb IPH
maqoll paccTpoiike 3aech MoryT OHTh TaKWe YCJHOBUS OmBITA, KOTrja ¢op-
myasr (2.13), (2.14) HemocpeJCTBEHHO YKa3HBAlOT, KaK BOCIIPUHUMAeTCA KoJe-
OaHme TPUEMHOUM aulapaTypod MW OprasaMu 4IyBCTB.

ITpemono;xuM A ONpeeIeHHOCTH, 9TO MBI UMeeM JIeJ0 ¢ cylepro3nnuei
KojeGaHuit s, =Ap, s,=Ap, HaBAeHuUs BO3JyxXa OKOJO Hamero yxa, co3fia-
BaeMEIX CIerKa pacCTpPOeHHON mapoil KogeOJomuxca KamMepToHOB. Takoi
OIBIT JIeTKO OCYMECTBUTH, B3fAB J[BAa ONMHAKOBHIX KaMepTOHA W HAarpy3uB
ONVMH W3 HUX MAaJeHbKOH Mmaccoit (cMm. pue. 14, 6).

Beauauna A2 Memgerca cO BpeMeHeM TAaK, KaK TOKasbpBaeT puc. 94—
mepuofNYecKn ¢ mepuonoMm < = 2=/2. Ilpexmomgosxmm, 9T0 3TOT mepuoj BeIHK

*) 910 Heo6xOAMMO BO M3(ekaBHe KOPOTKOI'O 3aMHKaHHA OfHO@ m3 BerBeil Qaso-
Bpamarend.
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mo cpasHeHHIO ¢ I'=2rm/w, a TaK)Ke CO BpeMeHeM t,, B TeUyeHUe KOTOPOTO HA
Halle yXO JI0JKHO NefiICTBOBATh CUHYcoudaavHoe KonebaHue MaBIeHNd 9aCTOTH ®
JJIA TOTO, YTOOHK yCIeNO0 BO3HUKHYTH ON[YmEHWe TOHA ONMpeNeJeHHON BHICOTH
B IpoMKocTH. IT0 BpeMda t, mopsitka 0,1 cex. Torma, pasbus mepuopm t HA
9aCTU OPOLOJKUTEIBHOCTA T,, MBI CMO}KeM BHICKA3aTh CIEIYIONee yTBep:kie-
aue: KoleGanme Ap=Ap,+Ap, yxo 6GyAer BOCOPHHUMATH KAK depeqoBaHUe

[ s

A
H
i

—_—

Puc. 54. 3aBECHMOCTL MHTEHCHBHOCTH OT BpeMeHH.

TOHOB OJlHOM M TOW jKe BBICOTH, HO pAa3IWYHOX rpoMroctd. M HTEeHCHBHOCTH
OyneT MeHATHCS HEePHOUYECKU OT

(4, + 4,)?
B MOMEHTHI, KOTJa

cos [¢; — ¢ (1)] = cos ([ +¢; —pp) = + 1,
o

(4, — 4,)?
(m, B "wacTHOCTH, 70 HyaA, ecam A, = A,) B MOMEHTH, KOrja
cos [¢; — ¢ (£)] = cos (R + 9, — g,) = — 1.

JTO JerxKo IOATBEPAMTL HA OIKITE, 3aCTABUB B3BYYaTh COBMECTHO 00a
KaMepTOHA IPH paccTpoiike HOPsAAKa HECKOJBKUX repl WIW AeCATHX Kolel
repia. Mol canimuM 6uenus — 3BYK IOOUepeiHO YCUIWBaeTcs MW ociabeBaer.

Ecan © Mamo mo cpaBHeHHIO ¢ v, hopmyan (2.13), (2.14) ocrawTca B cuie.
Ho omm Humdero He roBOpAT 0 TOM, Kak OymeT BOCIPWHUMATLCH KoJdebaHue
yXoM. SHaHHWe TOr0, 49TO CHUHYCOMAAJIbHOEe KOJeOaHWe BOCHPUHMMAETCA KaK
TOH, 37leCh HUCKOJBKO He moMmoraer. OUmHT HOKAa3hHBaeT, 4T0 HPH T, HeMHOIO
MeHBIIEeM, 9YeM T,, VX0 HCIOHTHBAeT HEeIpUATHOE OmyIleHue OuccoHrawca.

ITpuBenem apyroii npuMep, He CBA3AHHHI ¢ $U3MOIOrNei OPranos YyBCTB.
3aMKHeM Ha TenJI0BOH BOJBTMETpP BHRIXOA [IBYX HOCHENOBATENHHO COEIWHEH-
HHX (depe3 TPaHCHOPMATOPH) 3BYKOBHIX T€HEPATOPOB, HACTPOMB HX HA CHIBLHO
pasHAmuecs 9acTOTH o, o' (pHC. 5O) W chelaB aMILIMTYAH ONUHAKOBEIMU.
Crpenxa BOJBTMETpa OTHKIOHeHA, HO CTOMT HeNOABWKHO. B3gBmuchr Temeps
3a PYYKY HACTPOMKH OJHOr0 W3 3BYKOBHIX TIeHEpaTopoB, OyaeM COIMKATEH
nx yacToTh. Horma 9acToTH CTaHYT OJW3KH, CTpeJKa HadHeT KojdebaThcs
TeM MeflieHHee, dem Ommyxe dacToThl. Ilpm paccrpoiike mopsanmka 1 repia
cTpelka OymeT HepHOAWYECKN XOAUTH C YACTOTOW pACCTPOMKH OT HYAS [0
HeKOTOPOro MaKCHMaJLHOTO 0T6Gpoca m obpaTHo.

Wprepnperanusa onuTa odeBmpHa. CTpenka BoJabpTMETpa OTHKIOHAETCH
oy, JeiicTBMeM IepeMeHHOr0 TOKa He MIHOBEHHO, a 33 HEKOTOpOe BpeMs T,
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OOPANKA HECKOJbKUX JeCATHX noleil cexkyHasl. I[loka t Mano Io cpaBHeHUIO
¢ t,, BOJHTMETP IOKA3HIBaeT cpelHee 3HaUYeHWe BeJmunuHw A2, ompefensemoli
ypasrenneM (2.14), rme A,, A,, ©, o' —aMOIATYAH W 9acTOTH HAIIPAKE-
HUii 4,, 4,, FeHePHPYeMHIX OTHEIBHHM 3BYKOBHIM regepatopoM. Horpa <
CTAHOBUTCA OOJBIIAM IO CpPaBHEHWIO ¢ t,, IHpPHOOpP ycImeBaeT pearmpoBaTh
Ha wW3MeHeHue A2. MH BHAUM OHeHNd.

B ciygaax, Korfa Hama anmapaTypa MW opraHbl 9yBCTB yCHEBAalOT pea-
rupoBaTh Ha M3MeHeHue A%, momycTuMo m maske Iellecoobpa3HO Ha3HBATH HPoO-

e g

[

O ”“6\
Rl T

Puc. 55. Habaiofilenme Cyllepo3MnaA HeCHHXPOHHEIX I'apMOHAYECKHX KOJle-
Oaumit.

nece (2.11) «cunycompaipHEIM KOJebaHMeM ¢ IepeMeHHOW aMIUIATYOM».
HaBBYKKM MBI CTaBUM IIOTOMY, 9TO C YUCTO JOTMYeCKOW CTOPOHH JTOT TEPMHH
HeYIOBIeTBOPUTENIGH: CHUHYcOMAailbHoe Kolebamme ecTh KonebaHme BHa
A cos (ot — @) ¢ nocmoannbimu A, © 1 ¢. TepMUH B KaBHYKaX HMeeT CIeY IOIHIT
CMBICJI: B Ka)KABH MaHHBIA MOMEHT BOCIPMHUMAIOMEe YCTPOHCTBO pearupyer
TaK, Kak 0yaTo A W ¢ — IDOCTOAHHEE. B TakoM Ke CMEICIe MOKHO TOBOPHUTH
npu t & Ty, 9T0 §;, S, — CHHYCOHJAIbHEIE KoleOaHHWA C IlepeMeHHOH Da3Ho-
cTpi0 a3 Lt ¢, — ¢,, pacTymeil IPOOOPIMOHAIBLHO BpPeMEHM).

IMoggepxHeM, 9TO 37jeCh BCIOY UI'paeT pPOJb MAJOCTh pPACCTPOHKm Q =
=0 —® D0 OTHOHIEHWIO K 2w/t,, & He IO OTHONIEHWIO K dacToTaM o, o .
Kpurepunii MajocTn paccTpolKm RaeTCA gocnpurumaruel: annapamypoi, a He
caMuMA KolebaHmaMuU. ITO WIIIOCTPApPYeT Takoii npumep. Brurogum ma-
pallilelbHO BOJLTMETPY (pmc. 5O) rpomroroBoputens. llpm paccTpoiike okoso
O repi| Ml CIBINAM Y:Ke OmeHWsd, HO CTPeJIKa BOJIHTMETPA MOKET elle CTOAThH
OpaKTHYeCKN HEHOABIIKHO (ecim ero t,— IHOPAJKAa HECKOJBKHX CEeKYH.).
Ho MosXHO 3aMeHHTH TaKo#W BOJHTMETpP APYIHUM CO CTOIb MAaJoil WHepnueil,
ITO CTPENIKY ero MH OyAeM BHUAETh CHJIBHO DPAa3MBITOH TOrja, KOIJA VXO
emie CIBIIAT JUCCOHAHC, a He OmeHUA.

2. Cayuaii B3amMHO HepHeHANKYJIAPHBIX BEKTOPHBIX KojdeOanwmii. IlycTn

mOCTOSIHHBIE BeKTOpHl A,, A, B3aUMHO HepHeHAUKYJIAPHEL U
v, =A4,co8 (0t —q,), vy=A4,cos(w't—q,),

npudeMm
o —w=2+0.
Paccymnaaa Tak sxe, Kak B II. 1, MBI TIOJYYUM [IJIA TPAeKTOPHHU KOHI[A BeKTOpa
V=1, v,

mapaMeTpudecKne ypaBHeHHS
v, = A, cos(of —¢;), v,=4,c0s(0't—q,)
UIN
v, = A cos (ot —9,), v, = A,cos (0 — ),
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CYHIEPIIO3UNIUA KOJEBAHUI ¢ BJIUSKUMUI YACTOTAMU

IpuieM CHOBA

Q=g — L.

Ecmu @ nmocraTogmo mano (KpUTepHil MaJOCTH 3aJaeTcs anmapaTypoi),
Ml Oy/meM BOCTIpMHMMATDH [BIJKEeHWE KOHIIA BEKTOpa ¥ KakK [BH)KeHHe IO 3il-

S

O

Ol O]]O
:gm j;i o W, oo N

==ty

—3

Puc. 56. Cxema JJIf [eMOHCTpAIM¥ CJIOKE€HHS TapMOHHMYECKHX KoneGaHHH_ pas-
JAYHOA YACTOTH C MOMONIIBIO SJIEKTPOHHHX OCIIMJIIOCKONOB.

JIMICY, BINCAHHOMY B IPAMOYTOJLHUK CO cTopoHamu 24,, 24, , HO nocmenen-
HO MEHAIoUeMYy C80I0 OpUEHMAYUI0 U {Hopmy — TeM MeJjieHHee, YeM MeHbIIe &.

Ilpm sToM B Taxkme MOMEHTHI,
Korma ¢, — % > 0, KoHeI BeKTO-
pa v BpamaeTrca no YacoBOW
CTpeJIKe, a B TaKue MOMEHTHI,
rorga ¢, — 4 < 0, — npomug da-
COBOM CTpPeJKH.

3. WMamoctrpanma ¢ 1no-
MOUIbI0 DICKTPOHHBIX OCIIII-
aockonos. CobepeM YCTaHOBKY
mo cxeme puc. 96. Ecau gacToThs
060MX B3BYKOBHIX TeHEpPaTOpPOB
OTJAMYAIOTCA APYrI OT Apyra HAa
BeInuuHy mopAnka 1 repma, MBI
OymeM OQHOBPEMEHHO CALULGMD
6uenna W eudemb HaA 3KpaHe
ABYXJY4eBOr0  OCIWIIOCKOIA,
KaK  MeHAeTCA  IOCTelleHHO
«caBuar Qasy

¢~ 9= +o, —9,

MeKY HAUDPAKEHHAMHA u,, U,
HA BTOPHYHHX OOMOTKaX TpamHc-
$opMaATOPOR, MUTAIOLIUX I'POMKO-
rOBOpUTENb, a HA dKpaHe OfHO-
JAY9eBOro OCIHUIIOCKOIA — BCIO
KapTupy OweHw#, T. e. myJabca-
HAR aMILIUTYAH PesyIbTHPYIO-
niero Kojdebanus.

IloBopaunBasa pyuKH pery-
JAPOBKH YaCTOTHI M aMILIUTY-

ALl OQHOr0 N3 3BYKOBHIX TeHepaToOpoOB,

Ha

puc. 57, a—e. OcmuanorpaMMu q,

{Z[/ +Zl2

a

fl[/ +Uy

)
fl[,+[[3

,fl// +”Z

t

74

AL

WI/W

M/z‘/
£/

Puc. 57. OcummrorpaMMel OMeHuH ® UX ormbaio-
joime.

MBI TTOJy9aeM KapTHpH, NHOKa3aHHEHe
6 momyvamrca npu A, =A4,.

4%
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[Tepexon oT @ K 6 ocymecTBIAETCH TyTeM COJMKEHWS YacTOT 3BYKOBHX TIeHe-
paToOpoB; mepexon OT 6 K ¢, 3aTeM K ¢—OyTeM YMeHbIIeHUs OJHOI M3 aMIIu-
1ya. HabGaomaemsle KapTHHB HAXOAATCA B cordacum ¢ Qopmymamm (2.12),
(2.14), rotoprie nator maa A, = A,

A=A, V214 cos (R + ¢, — )],
a I Ay, & A, npubanKeHHO
A=A+ Aycos (Rt + ¢, —p,)

(padmrn A(f) nua aTHX ABYX ciIydaeB NaHH Ha puc. 97, d, e. Ha axpane Bro-
POTO OJHOJXYYEBOTO OCIMJIIOCKONA OCYmMeCTBIAeTCA CIy9all, pPacCMOTPeHHHIH
g m. 2. MH BUOUM Ha HeM NYJLCHPYIONMUN 3JJINIC, BHIPOKIAIONUMCI B mpA-
\[yI0 B MOMEHTH, Korna g, —$ =0, w, 2w, ..., 1 B OKpYKHOCTH (ecan 4, =4,) —
8 MOMEHTH, Korna ¢, — ¢ = /2, 3x/2,... Ecin cnipHO yBEININTH PACCTPOHNKY,
cJ1a3 IepecTaeT pasnwyaTh NyJdpcupyromuil aanunc. Ha sxkpame mpasoro oc-
UMIIOCKONA BHIEeH CILIOIIHON 3acBeYeHHHINI IPSAMOYTOJLHHK.

§ 6. Cymepmosumus rapMoHHYecKHX KoJebaHuii
¢ KpaTHBIMA 4YacToTaMu

1. Cranapuasie ronebanna. Dynrmma
s=A, cos (0wl — ;) + A, cos (20t — ¢,)+ ... + Ay cos (Not — gy) (2.15)

o o 2% o
ABJAETCA NepuoandecKkoil pynkmueil ¢ mepuogom 7' = — , TaK KaK KaK/bId U3

9JICHOB CYMMBI, a CleJoBaTelIbHO, 1 caMa CyMMa, He MeHAeTCA OpUA 3aMeHe i

Ha t+-T.
27;=37; " Ve OpH ABYX CIaraeMbix
BHJ] OCTIUJLIOTPAMMHE QYHKIAH §
MOKeT OHTb HOBOJLHO pPAas3HO-
/\ 00pasHEIM B 3aBHCHUMOCTH OT
a) S g T OTHONIEHWA aMIUIATY] U IpuBe-

¢ JeHHOHN pasHocTH a3 (cp. I
I, § 4). 910 mnorazaHo Ha
puc. 98 ana caydas

s=A, cos (2ot — ¢,)+

/\ /\ + Ay cos (3wt — @,)
& / (1. e. N =3, 4,=0).

T NS
2. BerTopusble KoJdeOaunsn,

v,-Lo- -2—[ gurypst Juccamy. Ilycrs
Pac. 58. OcmmamorpaMMa KoileOaBAA V=0, + Uy,
s=A, €08 (20t—p;)+A3 c0s (3wi—y), rje
3 7
a) ¢s— 5 %=0, 6) ¢s—5 %= - v, = A, cos (mot —q,),

v,= A, cos(not—q,),

apuiem A,,, A, —B3alMHO DepHeHJUKYJIApPHbE INOCTOAHHEIE BEKTODH, M, I —
uenbie 9ucia. HoHem BeKTOpa omHCHBaeT TPaeKTOpPNIO, ypaBHEHWE KOTOpOM
8 TYlapaMeTpHdecKoll ¢QopMe HMeeT BW'(

v, = A, cos{mot—g "

0, =4, cos (not — ¢y).



§ 6] CYIIEPIIO3UIINA KOJEBAHUN C KPATHBIMU YACTOTAMU 3

JTa TPaeKTOPHA —BAMKHYTadA, TaK KaK U,, a TaKKe U, HMEIOT OfUHAKO-
shle 3HAYeHMd Opu t=1{, n t=t,+ T, roe

T=2%
@
Ona HaswmBaercst gueypoli Juccany. HactHEM ciyuaem ¢uryps Jlmccamy
UpH m = n ABIAITCA 3JININCH, 0 KOTOPHX IIIa peds B § 3.

Ourypn Jlmccasky MokHO HA6GMIOAAaTh Ha 3KpaHe 3JEKTPOHHOTO OCIIHI-
JOCKOIa, IOABeId K OTKJIOHAIONAM KOHIEHCATOPAaM HAUPM/KEHWUS OT XBYX
JBYKOBHIX Te€HEpaTopoOB.

ByneM moBopaumBarh pYy4KH HACTPOMKH 3BYKOBHIX remepaTopoB. TogHoe
paBeHCTBO OTHOINIEHWS YacTOT OTHOIIEHHIO 3aJaHHHX IeJIHX 9Wce] YCTaHO-

x - -
“ ‘d
M
~ '~
7z riq
g 7 2% 3:;'-’
A A
\ i

x T
4 y J?

Puc. 59. Qarypn Jlmccamy; v,=A cos (20t—,), v, =4 cos (3ot—¢;). Oxromxo
KaK0¥ QHrypH HalMCaHO 3HAYEHHE Pa— 5 Fo- CTpenk:n DOKasHBAalOT Ha-

opaslienne JIBMKEeHHs KOHI[a BeKTOpa v.

BATh MPAaKTHYECKH HEeBO3MOKHO. Ho mpm monmoskeHmm pydek, KOrja d9acTOTH
HAXONATCA B OTHOIIEHNH, o9eHs 6am3koM Kk 1 : 2,2 : 3,3 : 4 u T. K., MBI BEJ UM
Ha DKpaHe OCIHUJJOCKONA OYeHL MeJeHHO jedopMupyomuecs QUIypH
JInccasky. Hanpumep, mpm OTHONIeHHH d9acTOT, OYeHb OJH3KOM K 2 : 3,
BHIHA IOCJEN0BATEIHHOCTL (PUrYyp, YaCTh KOTOPHX IIOKa3aHa Ha pHC. d99.
Paccy:kmaa Tark ke, Kak B § O, MOKHO CKasaTh, 9YTO MEI HabmiomaeM B Kaik-
it MomeHT ¢urypy Jlumccamy, COOTBeTCTBYIOMYI0 9acTOTaM, HaXONAMMUMCA

3
mo¥Ho B OTHOUMeEHHMH 2 : 3, IpHUYeM OpHBeleHHAs pas3HOCTH ¢as Ps— 5 Pe

(cp. ra. I, § 4) mennenHo HapacTaer.

Ecnu oTHOmeHWe 9acTOT reHepaTopoB He OJU3KO K OTHOIIEHWIO MAaJIBIX
HeJHX 9HCel, MBI BHIMM Ha dKpaHe He 3aMKHYTYI0 KPHUBYIO, a «Ma3HIO» —
CIIOIIb 3aCB€YEHHEI IpAMOYronbHAK. UeM TOHbINEe IHHAA Ha 3KpaHe (deM
ocTpee (OKYCHPOBKA 3JIEKTPOHHOrO0 IyYKa), TeM OpH OGIBMHX m, n BHIHA
3aMKHYTad KpmBas (purypa Jlmccay).

BrnrounMm mocienosateabHO ¢ BHXOAaMu 000MX 3BYKOBHIX IeHEpaToOpoB
rpoMKorosopurens (cm. pme. 56). Horma Ha sxpaHe ocnmmimnockoma Oy mpH
MOBOpPOTe pydYeK HACTPOMKN T'eHepaTopoB BO3HWKAeT BMECTO «MAa3HH» 04eHb
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veneHHo aedopmmpylomagca gurypa Jlumccaky (m = n), omymen#e RHCCO-
HaHCA CMeHdAercA OMyINeHneM HeM3MEHSIONIerocsa MYy3HKaasHOro ToHA. Ilpu
yTOM KojeDaHuWe NaBieHWs Ap, co3/laBaeMOe IPOMKOTOBOpPHTENeM, ABIAETCH,
OYEBUJHO, CYMMON JIBYX CHAJAPHHX CHHYCOMJAIABHHX KoJebaHUii ¢ da-
CTOTaM¥, HAXOAAIMAMUCA B OTHOMEHAN MANHX (HEPABHHX) MEIHX YHCE,
¢ MeJJleHHO MeHAIIelicA NprBeleHHON Pa3HOCTHI0 (a3 » (KaBHYKA —I0 TOH ke
npuYnHe, YT0 B aHAJIOTHYHHIX BHpaskeHWAX n. 1).

IJTO0 —O0NH M3 ONHTOB, MOKA3HBAIOINX, YTO MH BOCODHHMMAaeM KaK He-
IISMEHAIMUIACA MY3HKAIBHEI TOH CYNEPHO3WIWI JMI000T0 YHCIA CHHYCOHU-
JATBHEIX  KOJe0AaHWH [aBlIeHUd BO3AYyXa, WUMEKIINX CIBIMAMBIE YaCTOTHI
(cp. ra. I, § 1), HaXOgAIMMeECsT B OTHOIMEHWHN MAJKX IeNHX umced. Ilpm atom
3BYKOBOe OIlyImeHHWe COBePIIeHHO He 3aBUCHT OT COOTHOUIEHWA ($as 3TUX CH-
HYCONJAJNBHEX COCTABIAIOIIUX (B OTJINYNE OT COOTHOmMEHUA (a3 CHHYCOUAALb-
HEIX KoleOaHW# OAWHAKOBO! 9acTOTHI, cp. § 9).

3. Teopema @ypne (mpeaBapuTeabHble 3aMeuanud). PaccMoTpum cyMmy
TIOCTOSHHOH BeJWYNHK N OeCKOHEIHO 0OJHOION0 YUCa CHHYCOMIAILHBIX KOJe-
OaHmifi ¢ KpaTHHIMH 4YacTOTaMH:

s=A,+ A, cos (ot — ¢,)+ A, cos (20t — g ,)+ Azcos (3ot —@,) + . (2.16)

B maremaTtuke JOKasmBaeTCs, 9TO OpH IOAXOmAmeM mopbope A,, aMILIHTY]
A, Ay, ... 1 a3 ¢,,9,, ... PYHKIOHUA s TOKAECTBEHHO paBHA JI000I1 Hamepe[
3alagHO# mepmopmuecKoit ¢ymKmum f(f) mepmoma 7=2x/® W3 TOro Kiacca
GyHKIMH, ¢ KOTOPHMHU OPHUXONHTCA MMETh JieJo B pusnke. JT0 —OXHO U3 YT-
BepKIAeHui, 3aknodeHHHX B Teopeme Dypre. Teopema Oypre urpaer B pusuke,
1 B 0CO0EHHOCTH B yUYeHHHM O KoJeOaHWAX M BOJHAX, BeChbMa Ba}KHYK POIb,
U B jaubHeiimieM Ml mo3HaKoMmMcsi ¢ Heit Gomee moppo6HO (ri. VI, XI).
Pap suma (2.16) masmiBaerca papgom Dypse.

§ 7. O mareMaTHYECKOM ammapaTe Y4eHu s
0 KOJeDaHuAX N BOJHAX

Ilpumepsr, puBeJieHHbIe B dTOH IjaBe, yKe [AI0T HEKOTOPOe NpefcTas-
JeHWe 0 TOM, KaK OJIMH M TOT ;Ke MaTeMaTHYeCKWil ammapar (TpUTOHOMETPH-
gecKkue QOPMYJIE, BeKTOPHEIE AMArPaMME) MOKeT ORITH C yCHeXOM IIpHMeHEeH
n 3ajjadaM 0 cymepmno3uumy KolebaHmil camoil pasnmuHON ¢u3MYecKoil mpH-
ponel. B crxenyromeil riaBe MH HO3HAKOMHMCA ¢ JHddepeHIMANIBHNM ypas-
HeHIeM TFapMOHMYECKOr0 OCIWILIATOpPA, KOTOpOe OMHCHIBAeT KoJeGaHHA MHO-
KecTBa (PU3WIECKN COBEpPmIEHHO pPA3HOPOAHHIX CHcTeM; B IiaBe V -—C BOJ-
HOBHM [udPepeHINATFHHM ypaBHeHNeM, ONMHAKOBO IPUMEHUMEIM K aKyCTH-
YeCKHM ¥ JJeKTPOMATHUTHHIM BOJHAM; B riaBe XI-—c moHATHeM «CIEKTPa»
YyHKIMX ¥ CO CIEKTPAJIbHEIM pAa3JIojKeHWeM, YAaCTHHIM CJIydaeM KOTO-
poro ABiasaerca paj (2.16) m KoTopoe TakKe CIy:KuT OXHMM u3 Hamboxee
YHABEPCAIbHHIX W CHJIBHBIX MaTeMaTHIeCKUX CpejcTB Teophm KojebaHU
i BOJIH.

B 4em mpuumHA TOro, YTO OJMH W TOT 3Ke MaTeMaTHUYEeCKHWI ammapar OKa
;pIBAGTCA NPUTOJHEIM [AJA BHPAKEHNS BAaKOHOMEDHOCTeH (QU3WIeCKH Pas3HO-
POJHHEX IIPOLECCOB?

ToIecTBEeHHOCTE MaTeMAaTHYeCKOro ammapata, OpPUMEHSEMOro B aKy-
CTHKe, ONTHKe, paguodusmKe ¥ T. ., KaK U BooOIme eqUHEII MOAXO0N K KoJeba-
HUAM W BOJIHAM Pa3IHTIHON (PUBHIECKON HIPHUPOMH, TO3Ke He HBIZETCA JeloM
«ymoOcTBa», TPOM3BOJIA, KAK BTO FaCTO HHITAITCA M300pasuTh QU3UKH M Ma-
TeMaTHKH, cTosique Ha cyOpekTHBUCTCKEX mosumuax. (Heo6xonmmo 3amernts,
4970, B CYIHOCTH, TAKYI0 jKe HO3UIUI0 3aHUMAIOT W Te, KTO OTBepraer enu-
HUIT mozxoj K KojJe0aHWAM M BOJNHAM, YTBepyKIas, 9TO OH ABIAETCa op-
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MaJIbHBEIM, TaK KaK HCXOAWUT W3 SKOOHI «TOJNHKO» (POpMaibHOI AHAJIOrWIHOCTH
MaTeMaTHIeCKOro ammapara.)

Toura speHMs [MANEKTHYIECKOr0 MaTepHajJWsMa Ha 3TOT BoHpOC OBIIa
ysKe JaBHO C HMCYepILIBalOmel sicHOcThI0 Brickazama B. M. Jlemmumm. Ha-
cagch B cBsisu ¢ Oopnboii ¢usumra-marepuanmcra JI. DoabpmMama mpoTus
«pernoMenonornaeckoiy ¢pumsmkm J. Maxa Bompoca o6 aHadOrmIHOCTH Anpde-
PEHIWAIbLHNX YPaBHEHUI, ¢ KOTOPHIMHA OINepPUPYIOT pa3IugHbe pasflelbl (QH-
suku, B. U. JleanH mucan: «EgurcTBo mpuponsl o6Hapy:KUBaeTcaA B ,I0pa-
SUTEJILHOX AaHAJOrMYHOCTH AuddepeHNUATBHHX YPaBHEHWA, OTHOCAIMHUXCSH
R pasHEIM 00JAacCTAM SIBICHUMA» *),

TakuM o0OpasoMm, egUHCTBO NPUPOAHI, eXAHCTBO MHOTHX 3aKOHOMEDHO-
cTeil 06'beKTUBHEIX IPONMECCOB, MPOUCXONAMMNX HIPH CTOAb PA3JINIHEIX BUIAX
JBUKEHNSI MaTepuH, KaK Kole0aHNs MasTHHKa W KojJebaEWs B dJeKTpHIe-
CKOM KOHTYpe, pacHpOCTpaHeHHWe YIpPYyrux BOJH W pAacOpOoCTpaHeHHe 3JJIEeK-
TPOMATHUTHHIX BOJH—BOT 9TO JEKUT B OCHOBEe eIWMHOr0 y4eHHs O Koxeba-

HHUAX ¥ BOJHAX W B OCHOBe eIWHOr0 MAaTeMaTH4YeCHKOro ammapaTa 3TOro
VycHNAA.

*) B. . Jl e un u u, Marepnaiausm u sMumpuorputunmsM, locno.urtasgar, 1952,
cTp. 272,



TITABA III
JJMHEWHBIE KOJEBATE/IBHBIE CUCTEMbI

§ 1, HoueGanua maaTHORa, (asoBasg MIOCKOCTH

1. Jnddepennnansuoe ypasuenme Asmkenma. ONBT ¢ MagTHHUKOM,
ONWCAaHHKIE B Hadajge Iia. I, Jaer ocIWIIOrpaMMy, HPAaKTHIECKH HE OTIIH-
qaomyocsa (ecan HAadalbHOe OTKIOHeHWe HeBeJIWKO M 3aUNCh IJIUTCS He
09eHb [OJro, c¢p. § 2) OT CHHYCOMABI: MasATHHK COBEPINAeT TapMOHWIECKOE
Konebanue. Ecam nmpu t=0 MH OTKIOHUM MAasfTHUK Ha OOJBIIUI YTod, MH
HONy9IAM cHHycouny ¢ Ooapmeit ammiaurynoi. Ecau npu = 0 MH He 0TKJIOHUM

? &
(0

Pmc. 60. Ocumamorpamma kodeGaHmit MaATHWEKA: a—mopm t=0

MafATHEK BHOYImEH 0e3 TOMYKA M3 OTKJIOHEHHOTO IIOJOMKEHUA,;

6—T0 e, HO HavalbHOe OTKIOHeHmMe OGouapme; s— mpm t==0

MAaATHEK IyOIeH TOJYKOM M3 moaowmeHms §=0; e—npmr =0 madT-

HAK KMeeT HadaJbHOe OTKIOHEHME M MCIHTHBAET HAYaJLHEIN
TOX9IOK.

!

MaATHUK, a Pe3Ko TOIKHEM ero, MHl HOJYy4INM CUHYCOHUAY C ApYyrou ¢asoi—

1
OHAa CHOBWHYTA HAa % Imepnoja B CTOPOHY BO3pacTawmero BpeMeHHM IO CpaB-

Henuio ¢ npepergymumu. Ilyckas mMagTHUK nmo-pasHoOMy, MBI IOJIYYUM MHOMKe-
CTBO PAa3iMYHBIX OCIMJLIOrPaMM, H300paKAOMUX pAa3iIUdHEe CIyIaud [BIi-
MeHHs ONHOTO M TOro ke MaATHWKA (puc. 60).

Taxoil moxxof K HM3y4eHUIO [BH;KeHUs (QU3WIECKON CHCTEMH MOKET OBITh
OXapaKTepu3oBaH KaK KuHematndeckumil. I'opasgo mnsomoTBopHee apyroii,
dunamuueckuii uopxon. OH BaKdiodaercsa, rpybo rosops, B CIEIYIOMEM.
Ha ocHoBammm yuera (U3ndecKUX CBOMCTB HM3y4IaeMOH CHCTEMH CTPOUTCS
updepenuaIbHOe ypaBHeHWE, KOTOPOMY HOAYMHAIOTCA (€ TOH mMIM mHOIl
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CTeIleHpI0 MpuOIU;KeHUsI) gce ee ABUKEHU, He3aBUCUMO 0T HAYaJIBLHEIX YCJIO-
BOii, T. e. OT TOro, KaK CHCTeMa mycKaercsA B xof. [uddepeHnuanpHoe ypas-
HeHIe — 9TO TaKOe ypaBHeHHWEe, KOTOpOe ycTaHaBJAKBaeT CBA3b MEAY HCKO-
Mol QyHKIued (HampuMmep, CMeleHHeM MasTHWKA) M ee IPOM3BONHBIMEU pPas-
JAVMYHEX DOPAAKOB IO HE3aBUCUMON IepeMeHHOHN (B WH-
TepecylomeM Hac 37ech Ciydae — IO BpeMeHH). 3aTeM
C DOMOINBI0 MATEMATHIECKHX PACCYKJIeHWUN W BHIINC-
geHmii w3 puddepeHNUAILHOT0 ypaBHEHUs gb18004mcs
ypaBHEHUs YaCTHHIX [BUKEeHWIl, Y/ OBJIETBOPAIONMIE
TeM WM WHBEIM HA9aJbHBIM YCJIOBHM.

IIpumennM »TOT MeToj K MasaTHUKY (pmc. 61).

Bynem cumrats ero abCONIOTHO TBEepABIM TEJIOM,
T. €. OTBJeYeMCs OT BO3MOKHEIX ero nmedpopmanuii. Tor-
Ha, KaK YYUT MeXaHuKa,

Ji=M, (3.1)

rie J — MOMEHT WHePIUN MasATHAKA, 0 — yrioBoe ycKo-
penue (9 — yron orknoneHuns), M — MoMeHT cui, fefcT-
Bylomux Ha MasaTHuK. J m M 6epyrcs OTHOCHTCIBHO
ocu O, BOKPYI KOTOPOM# IMOBOpadMBaeTcsi MaATHUK. DBy-
JeM CYATaTh, 9TO CHJIE TPeHWS, BO3HUKAIOmMUe MOpPH
JIBUKEHNN MasiTHUKA (CONPOTHBIEHWE BO3[yXa, TPeHHE
Ha OCHM) OYeHb MAJH, W He OyneM OPHHUMATH UX B pac-
ger. Torga M cBefeTcsi K MOMEHTY BeCa MasTHHKA mg:

M = —mglsinb, (3.2)

Pnrc. 61. Magrauk.
rae [ — paccTosiHme OT OCH [0 IEeHTPA TAMKECTH MasT-

gauka. OrpanmmymMcs paccMOTpeHHeM TAaKHX JBIKEHWH, IpPH KOTOPHX yroi o
04eHb MaJl, W NOPeAIONOKAM, YTO MHE He MMOJAYydYUM 3aMeTHOH OmuobKm:,
ecaIum OyjaeM CIHUTATH, UTO

sinb =0, (3.3)
Hopcrapaas (3.2) m (3.3) B (3.1), M moxydaeMm:
Jb = —mgl,
aan
b= — w3, (3.4)
rie
mg=mg-} , (3.5)
Wil erme
b+ 020 =0, (3.6)

Taxoso muddepennnansHoe ypaBHeHWe IIpocTeiimeil maeaTH3NPOBAHHOM
MOJIeTA MAATHHKA. ITO ypaBHeHHWe, eCIH B3AThH €ro B (opMe (3.4), mMoxHO
IpoYecTh TaKk: QYHKIMH BpPeMeHN, ONWCHIBAIOMME IBWKEHWsI Hameld Moelu
MaATHHKA, 00JafalT TeM CBOWCTBOM, 9TO WX BTOPAs IPOM3BOJHAS B Ka KBl
MOMEHT BpEeMEHW paBHAa OTPUIATETbHON WOCTOAHHON — ©f, YMHOKEHHO# Ha
caMy QYHKIWMIO.

Taxum cBoijcTBoM obaajjaer Besikas QyHKIWS BUIA

6 =A cos ((DOZ——-C‘D)’ (37
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rie A W ¢ — KaK{e YTojHO IOCTOAHHHE BeJIWYNHH ((IPOW3BOJILHEE NOCTOAH-
ueiey). [lefictBureapno, puddepennupysa aBakas (3.7), moxydaem:

0 = —o0,4sin (0t — @), ! (3.8)
6= —o2Acos (vt —9)=—wll, ,

Takum oGpasom, BcAkasa (yHKOuUA BuUAa (3.7) ABIAETCsS, KAK TOBOPAT
B Teopun pAupdepeHNUANBHHX YPaBHEHUH, peweHuem ypaBHeHHA (3.4) mam
(3.6). B kypcax andpdepeHnuaNbHHX yPAaBHCHNUU NOKA3HBACTCA, YTO HUKaKWe
apyrue feficTBETeNbHEE (YHKIMH (& TOJBKO JeHCTBUTENbHHE QYHKIUHA HAC
MOTYT MHTEPecoBaTh 3[leCh ¢ PU3MUECKOil TOUKN 3peHNA) He obaajgamr Tpebye-
MBIM CBOWCTBOM M, CJIeH0BaTeJpHO, He ABJIAITCA pelleHneM ypaBHeHwusd (3.4)
win (3.6) m He MoryT m300pasKaTh ABW;KeHHA Hamel MOJexH.

Nrax, u3 nuddepeRnnaapbHOro ypaBHeHAA MH Y3HAJIHW, YTO MAATHUK (AIA
KPATKOCTH He OyAeM TroOBOpHTH K&KANINA pa3: HAeaIn3NpOBaHHAA MOJENb
MaATHUKA) cHocoOeH cOBepmATH BCEBOBMO;KHEIE rapMOHWYecKHe Koiaebamus

¢ YaCTOTOH
mgl
o=/ L. (3.52)

B wactHOCTH, eciM MOKHO CUATATh, YTO Macca MAasfTHHKA COCpeloTOYeHA
B TOYKe («MaTeMaTHYeCKHil MaATHUKY), HMeeM:

J=mp, o,= ;/-f—. (3.9)

Ho pguddepennuanpHOoe ypaBHeHHe He JaeT HMKAKAX YKA3aHWA Ha TO,
KaKoe W3 3THX KoJeOaHWH OCymecTBAAETCA B KAKOM-HHOYAb KOHKPETHOM
OIBITE ¢ MAATHWUKOM, HAaIpUMep, eClIW MH IMyCTHM B XOJ MAATHUK, OTKIOHHB
ero cHadasna Ha yroax O, Mmu cMoeM OTBeTHTH Ha 3TOT BOOPOC, eCIH
K gupdepeHIUATBHOMY YpPaBHEHMIO, COPaBeAJIUBOMY (C -KAKOW-TO CTEHeHLIO
UpuOIMKEHNA) [ 6CeX YCIAOBHH ONKITA, MH [00aBUM MAaTeMATHYECKYIO
GOpPMYJIUPOBKY YCIOBHH NaHHOTO KOHKPETHOIO ONEITA B BHJE TaK Ha3hIBae-
MBIX HAYAABHBIL YCA08UL *).

2. Havaabuere yeaosusa. llpefmosnoskmM, 910 MHI JIep/KUM PYKO# MasT-
HHK, OTKJIOHHUB ero Ha yrox 0,, m 3aTeM BHIycKaeM, TOJIKHYB ero OfHOBpe-
MEHHO TAaK, 9T0 OH — IPAKTHYECKH MIHOBEHHO — IpHoOperaeT YriaoBYH CKO-

pocth §,. Haumnasi ¢ MOMeHTa DyCKa — TOrO MOMeHTA, KOT[la PYKa IepecTaJa,
KacaTtbCd MAaATHUKA, — CIpaBeJnBo YypaBHenme (3.6), m caemnoBartesbHO,
NPOMUCXOMUT OfHO U3 IBMKenUii (3.7). B Moment mycka
6=06, 0=6, (3.10)
Ecan MoMeHT IIycKa MaATHIKA COBIAJIAET C MOMEHTOM IIyCKA CEKyHIOMepa,
M0 KOTOPOMY MBI OTCUHMTHIBAeM BpeMdA, T. €. MOMEHTOM
t=0, (3.11)

TO B MOMEHT TYCKA& MAaATHAKA NOKHE OJHOBPEMEHHO BEIIOJIHATHCH ypaBHe-
wus (3.7), (3.8), a raxxke ycaoBus (3.10) , (3.11).
IMopcraBuss (3.10), (3.11) B (3.7), (3.8), noayuaem:

0, = Acos o, —Z%: — Asine.

*) BoaMoKkHa coBceM Jpyrad cmamucmudeckas, TOCTaHOBKA 3aadM. JTO— €HH-
CTBEHHO BO3MOMKHaf, HalpEMep, B OOTHKe (cM. I'a. X).
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BOBBOJ],H 9T ypaBHCHUA B KBaJpaT M CRJIAJbIBAA, MH IIOJYyYNM:

A= (Y, (3.12)
Wy /
a Jlelid BTOpOe HA Iepsoe,
b
8= - (3.13)

@opmyaa (3.12) serpaskaer ammauryny, dopmyaa (3.13) —pasy xoueba-
HWS MasiTHHKA depe3 HavaiapHbie ycaosus (3.10), (3.11).

B wacrHocTH, ecim MaATHHK HOymieH 0Oe3 HadadbHOro Toagka (0,=0),
HMeeM:

A=10y, ¢=0, 0=10,cos w;

ocHuIIorpaMmMa mepeMeHHoi b umeer By, moxasaunwit Ha puc. 60, a, 6. Ecan
MasiTHAK OymeH TOAYKOM, Ho 6e3 HagansHoro orkioHemnsa (0, =0), mmeem:

A:%:)_' cp:%, Bz%slnwot,
ocHujTorpaMma i mmeer Uy, morasammuil Ha puc. 60, 6. AMmnuryna xoaeba-
HUit TeM Gonpime, 9eM GoNbIIe HAa9aJdpbHOE OTKJIOHEeHNe MM HAYAJILHEINA TOTYO0K.

3. Onpepenenne muHelnbIX KoueGareabubix cucrem. [nddepernuainHoe
ypaBHeHue, B KOTOpOoe MCKOMasd (QYHKIHMA, a TaKKe ee IPOU3BOJHEIE BXOMAT
JUHENHO, T. €. TONLKO B nepeoil CTemeHN, Ha3piBaeTcs AnHeHHrM nuddepen-
IMadLHEIM ypaBHennmeM. (DUaMuecKWe CHCTEMEI, COBepIIalomue KojebaHud,
CYIMECTBeHHEIe 49ePTHl KOTOPHIX MEpPefalTCs € TO0CTATOUHHIM IpHOIM:KeHHeM
nuHeHHEM nuddeperuaIbHEM ypaBHeHNeM, Ha3hBAWTCH AUKE MU Koseba-
MeADHBLMU  CUCeMAMU, OCTAILHEIE —HeAUuHelHsMu. YaCTHREIM cilydaeM JH-
HelHO# KolneGaTeALHOM CHCTEMH SBISETCS PACCMOTPEHHHH B I. 1 MaATHHK,
coBepIIamuii Masse Kone6anua (TaKue, Opu KOTOpPHX sinf MokHO ¢ HocTa-
TOYHONW OpHM JAHHHEX YCJAOBHAX ONLITA TOYHOCThI0 3ameHHTh Ha 0). Bee cm-
CTeMBI, 0 KOTOPHX OyjeT WATH pedbh B 3TOH TiaBe, ABIANTCA JIUHEAHBIMH
®0se0aTebHBIMA CHCTEMAMU.

Ilenenne KosebaTeabHEIX CHCTeM Ha JUHeHEIe I IeJWHeHHBE OCHOBAHO
Ha ofmHOCTH XapaKTepa KojebaHWil, a He Ha HPHpPOJe KoJeOIOmMUXCA BeJaH-
qua (cp. ra. I, § 2).

4. DazoBas IIOCKOCThb. VI3yduas [BmKenme KaKoi-mmOynp Ou3mdecKoil
cHCTeMBI, MBI MO}KeM HHTepecoBaThCs, CKajKeM, TeM, KaKOBO Oymer mOdo:KeHHTe
OTHeNBHEX ee 4acTell B KaKOW-TO MOMEHT BpeMeHM, WIN TeM, K020a cUcTeMa
NpHUeT B TaKoe-1o HoJoKeHWe. VIMeHHO TaK CTABHT 3a7a4y ACTPOHOM, Opesi-
BEIIACIAIONMI MOMEHT HacTymiIeHHs 3atMeHns. Ho MOKHO HMHTepecoBaTHC
U IpyraM: oO6mMM XapaKTepoM IBUKeHHS — TeM, HalpuMep, ABIAETCA IH OHO
HepHOMIECKUM HUJIW HeT, KAKOBH KO3(QUIMEHTHI ero pPa3joKeHUsi B Psn
Dypre (ecim oHO sBusiercs HepmogwdeckmMm), 1 T. . Mmemmo taxodr mosx-
XO0JI XapaKTepeH qias Teopun Konxebaumit. Hampumep, Boopoc o Tom, MOMKeT Ju
nof, defictBreM KolebGaHHI MaATHWUKA CHILHO PACKAYaTHCA paMa, K KOTOpOH
oH moxpemmex (ri. I, pmec. 1), permaercs He TeM, BeJMKO WJIH MAJiO OTKIOHEHHe
MaSITHHKA B KAaKOil-TO ompejeleHHHIH MOMEHT BpeMeHH, a TeM, KAaKOB DUTM
rone6annmit, T. e. KAKOB XapaKTep [BHKEHUS, 634moeo ¢ yesom. jleraTeapno
II09TOMY HMeTh HATIsHoe rpafudecKoe I300pajkeHHe BCero [BHKeHHWA Qu-
3amdecKoil cmCTeMHI, HaIpuMep MasiTHHKA, T. e. m3o0OpajkeHue, OXBaThIBaoIee
Bce 3HadeHHMs . jHlesarenpHo, KpoMe TOro, m300pasmTh rpadudecKn Ha Ofi-
HOll ;marpaMme Bce pasHooGpasme, Bce 0OrarcTBo NBMMKEHUIN, KOTOpPHIE MO-
JKeT coBeplIaTh W3ydaeMasa cHCTeMa, B JaHHoM ciaydae maatHuk. Hamecs
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Ha OAHY AMATPAMMY OCIMJLIOTPAMMEL BCeBO3MOKHEIX QyHKOuH Buma (3.7),
MBL He JocTUrgeM 3Toii meaw. llomydaercss HeYTO Majo BpasyMHTeIbLHOE
(pme. 60) — ocnmimorpaMMHBl IepeceKalTCA MexAy co00# m, KpoMe TOro, Ha
AMarpaMMe MOMKHO M300paswWTh TOJBKO KYCOK Kaskfoit ocmuiamorpammul. Ho
MBI IIOJIy9UM TO, 9TO XOTHM, €CIN BOCIIOJB3yeMCS CIEIYIONUM IpPHEeMOM.
BossMeM [eKapTOBY CHCTeMY KoopauHaT. BymeM oTKIajgeiBaTs mO oCH

abcmuee 9, a mo ocum opmumuar 6 miam, emle Iyume, MPOLOPLIUOHAIBHYIO e
6

penunInHy — (puc. 62). 3ajjaHue 9TUX JBYX BeJINYNH II0JHOCTHIO XapaKTepH-
0

3yeT cocrosiHue (MOMEHT, a clefl0BaTelIbHO, d YII0B0oe YCKOPeHNe OIpe/eIsaloTCA

orkioneruem §). IlooToMy TodUKAa HA WIOCKOCTH IepeMeHHbIx 0, — m3obpa-

0
maer cocroaHme cumcreMsl, HaszoBeM 3Ty TOYKY u300paxcawweii mMoukol.

g
@y

N e
&9 g Y% 5

Slo.

Pmc. 62. ®asoBaa miaockocTh mueann- Puc. 63. HNsobpakenme Ha ¢asoBoi

3UPOBAHHOTO MaATHHKA (Majible KOTe- INIOCKOCTH JBMKEHWH, MMEIOIUX OfH-

6aHHsA, TpeHHe OTCYTCTBYET). HAKOBHle AaMINIMTYNH ¥  DPa3JHYHEIe
¢asH.

Tak Kak cocToAHHMe CHCTEMBl HHOIZA HA3HBAIT ee ¢fasoil (37ech CI0BO
«pazay nMeeT HAPYrofl CMEICJI, dYeM TOT, C KOTOPHIM Mbl IO3HAKOMEINACH

] .
pamee), miockocrb 9, — masmBawTr Pasosod naockocmvio. Korma MamrmEmK
0
OBI/KETCA, ero CKOPOCTh MeHseTcA, W300paKaomas TOoYKa IlepeMeHiaercs
no (a30BOM IIOCKOCTH.
YpasueHng
i

b =Acos (0 —9), —= —Asin(vt—9)
0

ABJAIOTCS apaMeTPHIeCKUMI YPABHeHHSAMA JINHAN (TPAeKTOPUH), 110 KOTOPOR
IBHKeTCA H300paskatomasn ToYKa Ha $a30BOil IIOCKOCTH; MapaMeTpoM CIYRAT
Bpemsi f. Kro Jerko HMCKINOYNTH, BO3BeAsi YPaBHEHHS B KBaJpaT M CIOKAB

#x. ITO [aer:
62 <_9_>2 = A2,
®y

[lonyunmocs ypaBHeHHe OKpPY/KHOCTH, PAfiHyC KOTOPOH paBeH aMILIATYIe A.
HomebanmmamM co0 BCEBOBMOKHEIMH AaMIITUTYJZAaMH COOTBETCTBYeT CeMeicTBO
KOHIIEHTDHYeCKUX OKPYIKHOCTel ¢ IeHTPOM B Hadalle KOOPAWHAT, IOKA3aH-
roe Ha puc. 62. HomeGammam ¢ oguHaroBoil aMIIUTYmO#, HO ¢ PA3IMIHEIME
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$azaMi COOTBETCTBYeT [BIKEHHE IO OJHON M TOM Ke OKPYKHOCTH, HO OpH
aTOM B OfMH U TOT jKe MOMEHT BpeMeHN WN300pasKalomue TOYKM 3aHMMAIOT
pasHble IOJNOKeHNs1. PasHocTh (a3 paBHA YINIy MEKAY pajglycaMu-BeKTOPAMHE
n3o0paskaomux To4er (puc. 63).

§$ 2. Hesaryxaomuii rapMoOHHYECKHi OCHMILIATOP

1. IIpocreiimmii mpumep ynpyrux koaebGammii. Paccmorpum cucremy,
u3obpaskeHHyI0 Ha puc. 64: rpys, BHCAMUN Ha IUIWHAPHYECKOIl HpY:KHUHe.
[Iycts ] —«ecTecTBeHHASTY IJIVHA NPYKHUHEL (T. €. ee JINHA
8 Heme(OpPMHPOBAHHOM COCTOSIHHM), 2z —]JIMHA DPYKH- 7
HH B JaHHEG MoMeHT. Hac 6ymyT HMHTepecoBaTb TOIBKO -
BepTHKAJbHEE CMemeHNsa rpysa. Ha mero peiicTByer,
BO-IIEPBHIX, yOpyras CHJIa CO CTOPOHH IPY:KUHEI, paB-

Hat — k (z— 1), rme k— mocrogHHas, TakK Kak CHJIA

ApOOpPIUOHANBHA nAedopMamuyl NOPYKAHBEL, ¥, BO-BTO- 2,
pHIX, ero Bec mg (TpeHWeM MH 37ech HpeHeOperaem,
kak m B 0. 1). Torma mo BTOpomMy B3aroHy HrloToHa

Iyt

mz= —k(z—1)+mg. (3.14) —

Jro muddepeHIMaNILHOE YpaBHEHUWE MMeeT pelleHue,
Ae 3aBHCAMEe OT BPEeMEHH:

. 7.
rjae Prc. 64. I'pys, mot
m BeIleHHHHA Ha OpPY
Zg=1-+ _kg , *KHIHE.

u3obpaKamoiiee cocmosnue paskogecus. YODPYrad CUIa NOPYKUHH IPU 3TOM
B TOYHOCTH YypaBHOBemIHBaeT Bec Ipy3a. DBBeleM HOBy mepeMeHHY® (,
TOJI0KMB:

z2=12,+C. (3.19)

{ ecThb CMeleHne rpy3a M3 MOJOKEHVS PaBHOBECH.
Moncrasnss (3.15) B (3.14), monygaewm:

mt + k=0,
BBensa obOosnadenue

0 = ‘:7 , (3.16)

gpencTaBUM 3TO ypaBHeHHEe B BUIe

{4+ o0y =0, (3.17)

JTo ypaBHeHHe MMeeT TaKou ke Buj, Kak (3.6). Moxuo, ciegoBaTennpHO, mMO-
BTOPUTL AJASA pacCMaTpUBAeMON CHCTeMHI BCe, YTO OBLIO CKAa3aHO O MAaJBIX
KoTe6aHNAX MasiTHUKA. KU Tpy3 BEHIBECTH M3 COCTOAHUSA paBHOBEcHs (OTKIO-
HeHWeM WJHM TONIKOM), TO OH OyJeT COBepmaTh TapMOHHYEcKHe KolaebaHms
¢ YaCTOTOM », W AMIMHUTYJ0M, 3aBUCAmEH OT Ha4aJIbHHIX YCJIOBHi, M T. [.

(DaszoBass MIOCKOCTH OyAeT B TOYHOCTH TaKOM Ke, KaK s MAaSgTHNKA,
COBEpPIIAMEro Majbie KoJeOaHMs.

C ToukmM 3peHWs TeopHHM KoaebaHWII CHCTEeMBI, ONHUCHIBAeMEle YypaBHe-
auamu (3.6) u (3.17), 9KBUBATEHTHH JPYT APYILy, HECMOTPs HA TO, YTO MEKAY
HIME MMeeTcs TIy0oKoe (U3HYecKoe OTIN4Ne: CHJa, BO3BpaNalomas MAATHIK
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K IOJOKeHHI0 pPaBHOBECH:A, €CTh TAHTEHIWAJIhHAA COCTABIAKNAA CHIEL
TSHKECTH; OHAa IPONOPHHMOHAIBHA ero Macce; B CIydae Ipysa TaKoH «BOCCTa-
HaBIWBaWmel cmioily ABIAercd ympyrag cmiaa npysumau. OTciofa mpo-
HCTeKaeT TO, YTO BO BTOPOM Ciydae IIePHOJ 3aBUCHT OT MACCH Ipy3a, a B Hep-
BOM HE 3aBUCHT (OPH OJMHAKOBOH reOMeTPHIECKON (opmMe) oT MACCH MaAT-
unka. ComocraBirernue dpopmyxn (3.9) u (3.16) moxasuBaer, uTo B ciiydae MaTe-
MaTHIeCKOT0 MasgTHWKA aHAJIOTOM % SIBIAETCA g, aHAJIOrOM MAacCH rpysa m —
AInHa MaATHNKa [, a He ero macca. (DuanmdecKne BeTWIWHH £ B g, m U [
ABIAKITCA COBEePIIEHHO PA3HBHIMU IO CBOeHl mpu-

—~—7

poxe. Ho Ha A3mKe Teopum xonebamHUil oTiH-
9de MeKAY HUMH uUcUe3aeT, TaK Ke Kak
— __i c , HcUe3aeT omIMYmMe Me;KAy ObeMMH MeXaHWYe-
-7 CKHMI CHCTeMaMH, O KOTOPHIX HUIeT peds,
1 TOM 3lleKTpHYecKOo# cucTeMoil, ¥ paccMmorpe-

HUIO KOTOPOU MBI Temeph HepeiineM.
Purc. 65. Kone6arensHbIl KOH- 2. Ilpocteiimmuii mpnMep SIEKTPHIECKHX
TYp. xoneOanmii. Ha cxeme (puc. 65) ycmoBuo wm30-

OpaskeH KOHTYpP, cocrogmmuil m3 emxoctn C n
uagyKTaBEOCTH L, Ho He obmnamaromuii couporuBienueM. OTCyTcTBHE COIpPO-
TUBIeHNAS — BayKHENIIasg W3 TeX WNJeanm3anuii, KOTOpHEe JeKaT B OCHOBe
HalIero WCCIeToBaHuA.

Paspocrs moremmuanos ¢/C wMmerny oOkiamkaMm KoHpmeHcatopa (g —

. d
3apAI ofHo# 13 00KIAN0K) paBHA IEKTPOABIKY M CHile NHAYKINT — —Cﬁ ,
BO3HUKAIOMell B KaTymKe (i — cHia TOKa B Karymke). MTak,
¢ _ _ &
c dt -
Ho
__ 4
a4
W, ¢Jef0BaTeNiLHO,
Lg+4-=0 (3.18)
MR
q-+ w‘(")q:(), (319)’
rae
1) 1
0y = 7 (3.20)

Vpasrenne (3.19) umeer tor e sup, uro (3.6) m (3.17). CnegoBarennso,
BCe, YTO OBLIO cKazamo B m. 1 mam 2, MOKHO IPUMEHUTH B 9TOM CIydae, 3a-
MeHHB yTIoBoe cMemenue § wiam namHeiiHoe cMemeHme { 3apAZOM KOHJIeRCa-

TOpa ¢; YII0BYI CKOPOCTH 6 win JIHHeHHon CKOPOCThH ¢ — cmnoii TOKa q
n 1. §. Ecam KoHjgeHcaTop mMmeeT HAYAJIBHEIN 3apAj WIH eCIN B KaTYMKe BO3-
OymeH HaYaJlbHEI TOK (HaOpuMep, B pe3ylbTaTe [ BH;KeHHA MArHATA OKOIO
KaTYIIKU), B KOHTYype HPONCXOJAT dJIEKTPUIeCKHe TrapMOHMYeCKHe KojebaHus

g = A cos(wyt — o). (3.21)

Ux uvacrora 3aBueut ot emroct C m mHAyKTABHOCTH L O dopmyre (3.20),
KoTOpas Jerke mpeoGpasyercs B ciaefyomyi GopMmyily Ais epuoma Koje-
Ganuit (popmyna Tomcona):

T=2cVLC.
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(I)a30By10 IJIIOCKOCTDH OJidA KoJ1e06aTelIbHOTO KOHTYpa MBI IIOJYYNUM, 3aMeHHB

na puc. 63 obosmavenus 0, 6 ma g, q.

3. O6miee momaTHe «rapMonmdeckmii ocomwinarop». MosxHo OBIO O
BO MHOTO Pa3 yBeJIMYATH YNCIO0 IPUMEPOB CHCTEM, KOTOPEIe IPA COOTBETCTBYI0-
mell HpeanM3aliu ONMCHBAIOTCH YPABHEHWEM BHJA

§ 4 wls =0,

Taxue CUCTEMBI HA3HBAKTCHA 2ApMOHUYECKUMU OcYuasamopamu (Cp. Ta. 1.
§ 2). MastauKk (IpH MaJHX pa3Maxax), BCeBO3MOKHbIE MEXAHUYIECKUE CHCTEMB!.
B KOTOPHIX CYIIECTBEHHYI pOJb WrpaoT Macca W yIPYyrocTh (Hampumep,
HOKa3aHHAA HA puc. 66), BCEBO3MOKHEIE 3JIEKTpUYeCKNe CHUCTEMbI, NMeHOMiHe
OCHOBHEHIMH 3JIEMEHTAMW WHYKTHBHOCThL W €MKOCTb, MOKHO IpPeJCTaBUTL-
Opd COOTBETCTBYMOIeld NeaJu3alul KaK TIapMOHUYECKHEe OCIUJIATODHI.

Puc. 66. I'pys, nesxamuil Ha «yOpyroi OGamwey.

BecbMa BajKHEIM M OAOJOTBOPHEIM JiIf (UBHKH SBIAETCA NOpPUMeHEHHE MO-
Je I TAaPMOHWYECKOT 0 OCIMJLIATOPA K ajleKrpoHaM B aroMax. Hecmorpa ma 1o,
4TO 3T MOJiellb He COOTBETCTBYeT COBpeMeHHOH (KBaHTOBOH) Teopmyu aToMa,
B ¢u3MKe mpOOMKAIOT YACTO HMOJNB30BATHCA €10, TAK KaK OHA I03BOJIAET HATh
HATIALHYI0 KapTHHY ONpeJeleHHOTO0 Kpyra sBIeHWil, CBA3AaHHBEIX C N3JIy4e-
HUeM CBeTa W IOpOXO;KJeHHeM ero uepes BemectBo (cM. ra. VII, VIII), u mo-
JY9ATH OPAKTAYECKN IEHHHIE BHIBOJEI.

ITonp3ysace TepMUHOM «ra pMOHWUYECKUI OCIUWIIATODY, MBI MOMeM IPUIATH
efmHyl0 QOopMyaupOBKY BceM peayiabrartaM §§ 1 m 2. Moskuo, Hampumep, CKa-
3aTh: (aszoBasg IIOCKOCTHL TAaPMOHHWYECKOTO OCIUJAATOpa 3aloJHEHAa ceMeil-
CTBOM KOHI[EHTpHYECKMX OXKpY:KHOCTeH; mepuop obpamenus wu3obpaskamomieil
TOYKHM OMHAKOB JIA BCeX OKPYKHOCTEi.

Jna seawunnu s/o, (r.e. 6/0,, {/0,, ¢/0,, ...), KOTOPYI0 MH OTKJIaJHI-
BaeM IO OCH OPAMHAT Ha (a30BOM INIOCKOCTH, MBI BBeieM efuHOe 0003Haye-
HUe p; M OyJeM ee HA3HIBATH NPUBEAEHHBIM WUMIIYIHLCOM.

4. OneprerudeckHe coorHomleHnmsA. I'0Bops Ha fABHIKe cu4, MB MOKeM
CKa3aTh, YTO B TAPMOHWYECKOM OCOUIIATOPe KoJAeOAaHWSA BO3HUKAWT B pe-
3dyapTate JeuMcTBHA [ABYX ¢aKTopoB: goccmaragaugaioweid cuart (— kz,
nan — mgll, nau — q/C), cTpeMaAmeica BepHYTh CHCTEMY B COCTOSTHWE PaBHO-
Becud (YHHITOKUTH AehOpMAIHI0 IPY;KAHB WIN OTKIOHEHHe MAaATHHKA, pas-
PAOATH KOHJEHCATOp), W uHepyuu (Macca, MHAYKTUBHOCTH), Oaaromapsa KOTO-
poll cuCTeMa «OPOCKAKHWBAeT» IIOJOMKeHWe pAaBHOBECHA M OTKIOHIETCH
B JpYyIyI0 CTOPOHY (KOHJeHCATOp Iepe3apsikaercd, Ciarad IPY;KUHA IIpe-
BpamaeTcd B pactapyrywo). Ilonesno m ppyroe ToikoBaHue TeX ke sSIBICHWIA,
CBA3AHHOE C PACCMOTPEHUEM 9Hepeuu.

Yuuoxum ypasuenne (3.18) na ¢. Ioxyanm:
. .o ~
¢(Lg+25)=0
wiu

" e 1 .
Lgg+—45499=0
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ATHE eme

d /Lg? 1 ¢° .
717( 2 +’c——2‘>"0’
OTKYJa, MHTETPHPYs, MOTYIaeM:

Lg* | q* _
5 -+ 50 const,
CneBa CTOHMT CyMMa Ma2HUMHON DHEPruu (3HEPrMM MATHATHOTO WOJA
KATYIIKN) U 34ekmpudeckoil 3Heprun (3HePIuu 3JeKTPHYECKOro Mo KOHJeH-
caropa). ITa cyMMa HOCTOAH-
Ha. B cmny (3.21) nmeem:
q2 . A2 9
—2-5 = —2—07 cos (())Ot—' CP) =
A? A?
= 2¢ a0 ©08 2 (wot — @),
Lg® A2
—2-— = —ZE'SIII2 (().)Ot‘—' CP) =
A? A?
-—-——4—0'—'*'4—0-0082(0)0t —CP),

1
TaKk KaKk o° = -— .
0 LC

7 OOe BeMYNHH MEHAIOT-
Ly? 7 cAd ¢ OMWHAKOBOH dacToTO#
a2 2w, OKOJO OIMHAKOBOTO
cpemHero 3madeHuWsa. COBur
da3 MeKIy HUMU, PABHBIA T,
obecmieInBaeT MTOCTOSHCTBO
nonHo# smeprum (puc. 67).
CoBepmeHHO aHAJOIAY-

HO UMeeM JJisT MasgTHHKA

'43
@
\ % \% } J82  mglh?
' ‘ 7 P

\ Y — = const
\ o
\ / \ /\q" \\ (cyMMa kunemuueckoll & epa-
N4 \\/ o GUMAYUOHHOU dHEePTrum 1Mo-

CTOSIHHA) W JIsA YIOpPYToro
Puc. 67. OcpmmrorpaMMa dJeKTPHIECKOM M MaTHUTHOH  QCHWJIJIATOPA
sHeprud B KouType Ges saryxamma. CymMma opamHaT

o0enx OCOHLIOTpaMM IOCTOSHHA. ms? kG2

—-2——{— 5 = const

(cyMMa KuHemuueckoli W ynpysoil HEPrHH NOCTOAHHA), UpWYEM KUHETHAYE-
cKad WM DoTeHNMaJbHasa (rpaBUTANMOHHAS, YIPyras) JHEPIuWH KojebaoTcs
B IIPOTHBOIOMOMKHHX (asax OKOJ0 OJMHAKOBOr0 CPEJHET0 3HAYEHHA C dYa-
croroil 2wm,.

5. JleificTBue ToTuka Ha rapmonuvecknii ocyuaaTop. O felicTBAM TOTYKA
Ha TapMOHUYECKUN OCIUIIATOP yiKe roBopuaoch B § 1, m. 1. Jlaa gaapreitmero
(§ 4, a tarske ra. IV) meoOxomum Gosee moxpoOHEIA pasGop aToro Bompoca.
PaccmoTpuM s oupeseeHHOCTH NPYKUHY ¢ rpysom. Kcam ma Hero nei-
cTByeT W3BHe cuia f(f), oTaWYHAA OT HyJXsA TONBKO B TeYeHWE NPOMEKYTKA
BpeMeHH T, MAJOro II0 CpaBHeHWIO ¢ coOcTBeHHHIM mepuonoM I'y, MOMKHO CIH-
TaTh, 9TO 3a BpeMs TAKOrO TOJTIKA T'Py3 3aMeTHO He CMeimaeTcd, a ero KOJi-
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4eCTBO IBWKEHNs m{ Bo3pacTaer Ha BeawdnHy A (ml), paBHYI0 MMIYIbLCY CHJIBL

tite
S f(t)dt.
t1

(3a t={, Mpl IpUHEMaeM MTHOBeHWe, KOIJId HAYMHAeT JIefCTBOBATH TONYOK.)
Hraxk,

t1+7

Ami=\ foa,
t1
OTKYZa MAJd UpupameHus Ap OpuBegeHHOoro nMnaoyJibca P ooJgydaeM:

1+~

Ap= A<w0> | g]‘(t)dt.

ApanorndasiM 00pa3oM [Jis MASITHUKA IMOJIYYAM CJeyIomee COOTHOMeHMe:

t1+~ 4 M
A . 1 d 5 __Zl» Py, -
p—jwo f(2)dt, i r
th
. ‘1” L =E’-C’
mpudeMm 3nechb f(I)-— momenm BHEIIHEH CWIBI OT-
HOCHTEJIbHO OCH PpAlleHUS. i
Hs 57exTpAYecKoTo KOHTYpa Prc. 68. TIpm peskoM ma-
1 it MeHEeHAH TOKAa i, B KOHTY-
Ap == S f(t)dt. pe LC BO3HHKaeT 3JeKTpH-
0

; YeCKHH TOJYOK; HIOpH CH-
1

HyCORTAJbHOM H3MeHeHHH

. TOKa i, B KOHType LC BO3-

3pecs  f (1) 9NeKTPONBINKYMAsA  CHIIA. Hoscuum -0 0 CEHYCORIATbHAN
aT0 Ha KOHKperHo# cxeMe. IlycTs rok i, (pme. 68)

9. 7. ¢. (cM. § 6).
HapacraeT ot 3Hadenus i, =0 mo ly= Isa BpeMsI T,

Majoe IO CpPaBHEHHIO C T =2 ]/LC (RaK ocCymecTBAseTCA TAKOH Ciydai,
MH YBUAWM, HaIpHMep, B r1. IV, § 3). Torza B KaTymke BO3HHKAeT KPaTKO-
BpeMeHHas JJIeKTPOABIKYMAA cHIa (dJIeKTpUYecKuin TOJIIOK)

f(6)=— M3

dt
HpI/I‘IeM
t1+< 14+

j(tydt=—M S Yo gt — — M1

i 151

§ 3. 3aryxaomuil rapmMoHnYecKHN ocHUATATOP

1. CocraBienne auddepeHnnanbHOro ypasuenna. BeaKasg mmeanmaarms
paHo wiu mo3gHo «McTHT 3a cebs». IIpeneOpeskenme TpemweM miam ero ama-
JOroM —a3jeKTpHUecKNM comporuBienneM B §§ 1, 2 mpusonuT K BHBOLY O He-
3aTYXAalomeM Xapakrepe KoleOaHMil; MeMJy TeM M3 OODHTA W3BeCTHO, UYTO
eclii IOROKIATH JOCTATOYHO AOJITO0, ME BO BCeX PAacCMOTPEHHHX CHCTeMaXx

00HapyKUM IIOCTelleHHOe YMeHbIIeHHMe AMINIMTYAH BILIOTH 70 IIOJHOLO IIpe-
KpameHHs KojebaHuii *).

*) ToBops Tounee, TakoB peay.bTaT HAONIOACHHs, He yYATHBAOMETrO 6pOYHOBCKOTO
ABHIKEHHA; cp. . X,
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IlpuMeM Bo BHEUMaHHe cOMpOTUBJIeHUe [ KATYMIKU KoleGaTelbHOI0 KOH-
Typa. MBI MoiKeM Telleph M300pasuTh 3TOT KOHTYpP cxemoii puc. 69, mia xo-
TOPOIl CHpaBefuBO ypaBHeHUe

q Ri di
—= = —L—.
C + dt

CieBa cTout cymMma pasHOCTeil ITOTeHIIMAJI0B Ha KOHIeHCATOpPe ¥ HA CO-

IpOTUBIeHNN (ToCHenHsiss paBHa AU Ha OocHOBaHHMU 3akoHa Owma), cmpaBa —
9. M. ¢. WHAYKIWU. IlpuHsAB BO BHUMaHUWe, YTO

l . dg
——— T dt

A3Y

e ]

noayuyuM mauddepeHMUATbHOE YpaBHEHUE

R
Puc. 69. KomeGa- Lq+Rq~—————-0 (3.22)
TEIbHBI  KOHTYP.
ConpornBuenne M
171306pame1?1013 BHJIE Bl IIpHUeM K COBepOIeHHO AaHAJOTMYHEIM YpaBHE-
OTIEeALHOTO 3JIeMeH- HUAM g MadATHHKA W [Jd Tpy3a, BACAINEro Ha upy-
Ta CXeMBHl. KHuHe, ecjin 6YD;GM CUNTaThH, 4YTO OHM HUCIBITHIBAIOT CO CTO-

POHEL BO3AYXa CHIY TPEHU, MPONOPIUOHANBHYIO YIJI0BOIT

CKOPOCTH § WA COOTBETCTBEHHO CKOPOCTH z (MexaHWYeCKHe AHAJOTHU 3aKOHA
Owma). IToraskem s10 7718 rpysa Ha npy:kuue. Eeau cuira TpeHua umeer BH —

hz, rne h — mOCTOAHHASA, MMeeM:

mz= —k(z — 1)+ mg — hz. (3.23)
ITo-mpeskHeMy
z=12,,
e
zg=1 +r%§

ABJdeTcA OJHUM N3 pe]I[eHI/Iﬁ YpaBHEeHUA [BUKCHHA: HaJgH4YuWe TpPeHusda He
BIUAeT Ha IIOJOMKEeHHe PpaBHOBeECHUA, BBeﬂeM CHOBa IIepeMeHHYIO

C=12z2—z, (3.24)
Ilopcrasnsaa (3.24) B (3.23), momy4um ypaBHeHHe
mi 4+ W+ kS =0, (3.25)
B mem & urpaer Ttakyo ke poab, Kak K B ypaBHeHUH 3IEKTPUYECKOTO
KOHTYyDA.
IIpuBenem o6a ypasHenus (3.22), (3.25) K cTraBmapTHOMY BULY
S+ 205+ ol =0, (3.26)
IIOJIOKUB
B ypaBHeHun (3.22) B ypaBHeHHHu (3.25)
(ssreKTpuYecKuil ciaydail) (MeXaHMYECKHY ciaydai)
s=q, s=¢,
3 R N h
26 T ’ 20 = 7; ’
2 1 2k
W, Ic: W, = pealt
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Beanuinna ¢ mMeer pasMepHOCTh [BpeMsa]™!, Tak ke Kak U o,.
Jlerko yb6eauThcsi MyTeM MOACTAHOBKU, 4TO QYHKIUA

s = Ae~%t cos (ot — o), (3.27)
rie A, ¢ — IPOM3BOJBHEE IOCTOSHHEE BeIHYNHE, 2
0=} -8, (3.28)

yrosiersopser ypasuennio (3.26). [leiicrBurenspHo, nuddepeHUpys IBaKIH
(3.27), momydaem:

s= — Ad2-% cos (vt — ¢) — Awe~ sin (wf — g),

s = Ad%e—% cos (0l — @) + 2Awie? sin (0t — ¢) — Awle -3 cos (ot — @),
OTKYZA
s - 208 4 w2s = Ad2e ~d cos (ot — @) 4 2Awie~ sin (wf — ¢) —
— Aw’e~ 8 cos (ot — @) - 2432~ cos (wl — @) — 2A.we~ sin (0t — @) +
+ Awle Stcos(wt— @)= 0.

B Teopuu guddepeHmmalpHBIX YpaBHCHHUII [OKaswiBaeTCA, YTO ypaBHe-
nue (3.26) npu o} + 3 He UMeeT pemeHuil, KpOME TeX, KOTOPHIe H306paKaAIOTCSH
(Ipn BCeBOSMOKHHX 3HaueHMaAX A u ¢) dopmynoir (3.27). Dopmyna (3.27)
IMeeT HemOCPe[CTBEeHHbIT (M3NYeCKUIl CMBICI TOIBKO B TOM cllydae, ecin
® 7eHCTBUTEIbHAS BEJIMYWHA, T. €. eCIH BHIIOJIHEHO YCIOBHE

w; > 6%, (3.29)
T. e. B cly4ae dIeKTPHYECKOI0 KOHTYpa

L R?
T

a B cJly4ae MeXaHIYeCKOlI CUCTEMH
h2
k”l > —Z— .

2. JlekpemeHT 3aryxaHmsa, AodpotHocThb. llpeamonoxum, d4ro yciosue
(3.29) BEIMOIHEHO. '

DyHKIUA § ABIAETCA NpousBefeHneM yOmBaromeil (Tak Kak ¢ > () mo-
Kas3aTelbHON QyHKIUU e~ %! u cuHycOoMganbHOl QYHKIMU A cos(wl— g),

" 2n 2%
Mepuoy, KOTOpOoi T:T foabime, 4eM Iepuof TO=—w— TeX TapMOHHUYECKNX

Kolebanuit, Kotropeie moayuyamuch Ovl Ipu o =0. I'padur PyHEKIMHU s MoKeT
OBITH HOJNY4YeH NIyTeM TIepeMHOKeHUs OpAuHaT rpaduKoB QyHRIUE e~%!
1 Acos(wt— ); on mokasan Ha puc. 70. Oynrnus s usobpamaer samyrarowee
koaebarue. OTa QYHKIMS — Henepuoduieckas: OHA He YHOBIETBOPsSeT oIpejie-
JeHHI0 IepmopmdYecKoit Qynkmmu, mamHomMy B I, [, § 3. Jro BupHO XO0T4
6K M3 TOTO, YTO BCe OpJAUHA1bBl 0OpU [ > {; MEHbIIe, YeM OopJAuHATa IIpHU
l=1,, Irge !; MOMEHT IlepBOr0 MaKCHMyMa. Ho s obmamaer u3BeCTHOrO
Polia «IIOBTOPAEMOCTHIO», 3aKIIOUAMIIECA B TOM, YTO MaKCHMyMBl (QYHKIHH,
a TAaKKe ee MHHAMYME II HYJIM HACTYHAIOT 4epe3 paBHBIE IIPOMEKYTKH Bpe-
MEHH, pPaBHBIE 1Mepuofy I rapMOHHYECKOTO MHOMHTENS A cos (wl— ).

Jlng myneil Hallle yTBep:;KACHNe 0UEBUIHO; AOKAyKeM ero NJS MaKCUMyMOB
u MmpEEMyMoB. Hanumen yciaosue sKcTpeMyMa (QYHKIHMH §— PaBEHCTBO HYJIIO
ee MmepBoil NPOU3BOAHOI, KOTOPVI0 MH yKe BHUMCAUIM B 1. 1:

— Ad2— teos (ot — @) — Awe= ¥ sin (wt — @) =0,
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OTK yJia

~

o

tg (ol —g)= ——.

w

Ecan t = tl CCTh pelieHne 3TOr0 ypaBHEHUsI, TO ero pemieHRIAMU ABJAAIOTCH
TaHXe

L—T, 4T, 427, t,+37T,

T T 3T oT
tl‘“‘i', t1+_2‘: t1+_2‘“: t1—|—7,

Jlerko yGeiuThcsA WMOACTaHOBKOH B BHIpaskeHHe NI S, 9T0 €CHH [ = t

COOTBETCTBYeT MakcuMymy s(s << (), mepmas cTpOKa COOTBETCTBYyeT MAaKCH-
MYMaM §, BTOPasi CTPOKA — MUHH-

MymaMm *).
o OGosnaunm gepes s,,, s,,,; 3HA-
Ae JeHus s (puc. 70) B ABYX moCIEO-
BaTEIbHBIX MAKCHUMyMaX: n-M H

(n+1)M(n=1,2,3,...). Umeem:
= Ae ' cos (ot, — 9),  (3.30)

Z | = Ae e gos (0l .1 — ),

£0s5 (wE-gp) Sn-1 A(3 31)
/\ /‘{/‘\ [\ [\ [\ roe t,, t,,qy— MOMEHTH BpeMe-
_.7 HH, COOTBeICTBylOmHe 7-My H
\/ \j U (n+1)-my Marcumymy. [euas
(3.31) =a (3.30) m mpuEEMas BO
BHUMAaHAE, 9TO

tn+1 = tn + T’
/g/ Ae JMS/M‘-W noJydaeM:
{ Sny -
| %-1 = ¢~ ?%T (3.32)
i Sn n
s . ‘5"" A
; ! ‘ ™\ Sns -
U \/ \/ V/\ z‘ -—;—:—Ll = £ d, (3.33)
r7ie
d=:aT, (3.34)
I euie
Int— g, (3.35)
Puc. 70. IlocTpoensie OCHMITOrpaMMEL 3aTyXal0- Sn
mero KoseGanus. ®opmyist (3.32), (3.33) noxa-

3LIBAIOT, YTO MAaKCAMYMH (yHK-
muu s 06pasyioT yOHBAONOIYI0 reomerpuieckyo mporpeccuio. MuHage rosops,
OTHOMEeHNEe BEJUUIHH KAKAOr0 MAKCHMyMa K IPeABAymeMy OIMHAKOBO,
Beanunny o OymeM Ha3wuBaTh K0auyuenmom 3amyranus KodebaHus,
OespasmepHas BeinnunHa d HABLIBAGTCH J102apUPMULECEUM OeKpeMEHMOM 3ATY-
xanusa, [losicHuM Qu3u9ecKANl CMBICA DHTIX BeIWYMH.

*) IIpegocraBuM YMTATENIO NOKA3aTelbCTBO TOrO, YTO IPOMEKYTOK BPEMEHM OT MaK-
CHMYyMa WIM MUHMMYMa [0 HYJIS GOJbIOe, 9eM OPOMERYTOK OT HYIA A0 ONmaaidmero cie-
Ayionero MaKCHVMyMa HIN MUHUMYMA. .
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O0o3Ha4nM © ITPOMEKYTOK BPEMEHH, 33 KOTOPHIN aMIOIUTYNA KOJebaHmi
yMeHbIIaeTcss B e pas. Torga
e'—BT e e_l

?

OTKyJa

N 1
or=1, 06=—.
T

Taxkum oOpasom, ¢ ecTh BeaWdIwHA, 00OpaTHAsA HPOMEKYTKY BpeMeHM t, B Te-
yeHme KOTOPOro aMmiautyna yOuBaer B e pas. llycts, manpumep, KomxebaTeib-
HEI KOHTYp mMeer ¢ =10* cex™!. IT0 03HAYaET, ITO AMILIMTYIA KOJeOaHM
yOniBaeT B e pa3 3a Bpema 1074 cex.

Jlorapudmmueckuii geKpeMeHT XapaKTepH3yeT, HACKOJILKO yOHIBaeT aMm-
IIATyRa QYHKINHA cos (0! — ¢) 33 oguH nepuof. Ilyers N — guciao xoneGanwuii,
Hocje KOTOPHIX aMIJIMTY[a yMeHbImaercsi B e pas. Torma

v=NT,
T 1

Taxnm o6pasoM, d ecth BeaudunHa, obpaTHas duCHy Kojaebaumit, mo mcTe-
YeHNW KOTOPHIX aMImiaumTyna coajgaer B e pas. Ilycrs, mampumep, d=0,01.
JT0 3HAYHT, YTO AMILTUTYa KoleOaHmIl coaaer B ¢ pas mo uctedernu 100 Koue-
Oaumil.

Jlorapnpmudecknii nexpeMeHT (JacCTO TOBOPAT IPOCTO JeKpeMeHT) sB-
JAeTCSL «eCTeCTBEHHOI» Mepoil OBICTPOTH 3aTyXxaHUA Kodebamuit. Mu xotmm
9THM CKA3aTh cienymomee. Bynem cpaBHEBATH MeKNY co00i [Ba 3aTyXamwMmmX
ronebanusa. Ilycrs, Hanpumep, mepBoe KojleOaHWe XapaKTepPHU3YETCs YHCIAME

T =108, 3=10°, d =10,
BTOpOE — IHCIAMH
T=10", a=10?, d=10",

Kakoe m3 koxefaHWii 3aTyxaeT ObicTpee? IJTOT BOOPOC MOKHO DOHAMATL
mo-pasuoMy. Ecau mHac mHTEpecyer, cko.bko cekyHO NanTcsa KojiebaHMe, TO ME
cKajKkeM, 4TO 3aTyxaer OmcTpee TO KodebGanme, y Kotoporo & Goabme, T. e.
nepgoe. Ho ecam MHB BO3bMeM [JIA KayKIOTO KOIeOaHUA ero ecTeCcTBeHHEH
MacmTab BpeMeH:H —JIHuTeJbHOCTh I OT/eNbHOr0 KolebaHusa —n OymeM HHTe-
pecoBaThed TeM, HACKOIBKO OHICTPO 3aTyXxaeT KojlebaHme B dToM Macmrabe,
MBI CKajKkeM, 9T0 OmIlcTpee 3aTyxaeT T0 Kojebamme, y Kortoporo d Goxsme,
T. e. emopoe Koxebanme.

Has xapaxTepucTHKH KoleGaTelbHEIX KOHTYPOB 9acTo ymoTpebisercs
eme BeJMIMHA, HA3HBaeMasa 0o6pomHocmbid W OOEHYHO obo3HadaeMas OyK-
Boit (). Ona ompepmensercs CJIe,HYIO]HI/IM o6pasoM:

Q=" ==N. (3.36)

HoGpotrocTs TeM Goxblme, WeM AOJbIIE AIATCA KOJNeOaHWA KOHTYpa, MpHUem
37eCh CJIOBO «IOJbIIEy» OTHOCHTCA K ecTecTBeHHOMY MacmTaly BpeMeHH KOH-
Typa, 3a/aBaeMOMY JINTeIbHOCTHI0 OTHENbHOTO Konebamua. B pmamem mpum-
mepe 0OGpOTHOCTH KOHTypa, B KOTOPOM IPOMCXO[MT BTOpOe KoieGanue,
B 100 pas meHpIme 70OPOTHOCTA NEepBOTO KOHTYDA.

Qopmyay (3.28) MoKHO IpejCcTAaBUTL B BHJE

w=0, ) 1= Z) =0, Vi-(2) ()

Ecnmm pexpementr man (mo CpaBHEHHIO C equUHNIEil), BTOpOI UIeH moj
KOPHEM sBIAeTcAd MAJoil BelWdWHOW BTOPOTO HOPAJIKA, M UM 00B9HO MOKHO
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upenebpeds. B aToM caydae mmeeM npuOIMKEHHO:

. 27 R 2=x R
d—O[O———O*m—O—EE—Wm——WR(DOC,
_ oL 1 1 ‘/T
C=%=mc=%wV T (3.36a)

ITpuBesiem HOPANOK BEIWIUHE JOOPOTHOCTH HEKOTOPHIX BayKHeimux Tu-
TOB 3aTYyXalOMUX OCUMIIATOPOB, T. €. K0JeOaTeNbHBIX CHCTeM, OMUCHBAEMEIX
ypaBuenuem Buma (3.26):

O6prynbiii KoMebaTesbHEI KORTYp (Ha pajmouacToTax)., . . 102
Kamepron (6e3 pesomartopa). . . . . . . . . .. .. ... 10¢
IIre3oxBapy B Bavkyyme *) . . | T 10
Hoanit pesonarop iis MnKpOpa,U;HOBOJIH **) T [0
JIIEKTPOH B aToMe ***) _ . . . . . . . .. .. ... .. 10

Heobxoqumo nMeTs B BUAY, 9TO BEIHIWHOH CONPOTUBIEHHUS 37[€Ch YIUTHI-
BalOTCSI He TOJBKO MOTepU Ha HarpeBaHue, HO M Ha uaaydenme (cp. ra. VII),
KOTOpHE PN HEKOTOPHX YCJIOBUAX UI'PAIOT OCHOBHYIO POJb.

3. Coupanm na ¢asosoii naockoctu. Ha ¢aszoBoit mrockocTu BmecTo
OKPY’KHOCTEH MBI ITOJYIUM /IJISL 3aTyXAMIIEro OCIMILIATOPA CKPYIUBAIOUIECst

7
R Y4
7ZD) Ss1] L Sn
aj d)

Puc. 71. ®asoBad INIOCKOCTh 3aTyXaWINEro OcHUIsATopa. B cay-
Yae 6 3aTyXaHde 3Ha4MTeJpHO 0OJbIIe, 9eM B ciaydae a.

cnonpanu (puc. 71, a, 6). llar cunpanu pasen

s Spo =4 ~Ae“d—_—A(1 ’“e—d)'

n =

—d

Paanaras ¢™* B pax mo creireHsaM d, nMeeM:

1—e—d=1-<1—d+—dzi+... :d—%+...,

OTKyna upubmu:xenso, ecau d < 1,
Sy — Spa1 = Ad.
Taxum oGpaszom, xapakrTep TpaeKkTopum uszobpaskammeil Todxku Ha $azo-

BOIl IIOCKOCTH ompepesnsieTrcsi He KOo3QPUIMEHTOM 3aryxaHus ¢, a Jorapud-
MAYeCKUM fekpemeHToM ¢ (unm gobporHOCTRIO ().

*y Cm. . VI, § 4.
**) Cm. ra. VII, § 5.
**%)y Cm. ra. VII, § 7.
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4. Cayuaii Goapmoro Tpenus. Ecam o> > ol, ypasmemne (3.26) umeer,
KaK JIerKO IIPOBEPUTH IOJCTAHOBKOM, MEHCTBUTEIHHOE pelieHue

—a. t —a.t LI
s=Ae LA, (3.37)
rge A,, A, — IPOU3BOJbHLIE MOCTOSITHHEIE,
— ~N ‘_2-——_2 — N ?_2
al_o—{—]/o—wo, az_o——]/o——wo.

IIpomece, onncmBaemuil dopmydoit (3.37), HaspBaeTcs anepuoduuecKuM.
Ero rpaguk mzobpameHn i OJHOTO YaCTHOTO CIydas Ha pHC, 72.

473%2,2‘
—F
e f
%g—a;f
— t
45—0;1.‘*428-052#

Puc. 72. Ilpumep ocuminorpaMMu B cayyae GOXBIIOrO
Tpenua (62> wl).

5. JuepreTHYecKHe COOTHOUICHNSA. YMHOKHEM HA ¢ ypaBHEHHe (3.22)
U IpojlellaeM Takme ;Ke IIpeoOpa3oBaHus, Kak B § 2, 1. 4. MH moaydmm:

—-— = .2 /| ——.'_Li% q2
dW = Rg?>dt, rme W = 5+ o

T. . yOBIb HOJHOIH sHepruu W 3a BpeMsa di paBHA sHeprum, IOTIONMAEMON
3a DTO e BpeMsa CONpOTHBIeHHeM R (marpeBadue, usinydenue).
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IIponnTerpupyem noxyueHHOE COOTHOIIEHNE B IIpefeiaX OT MPOU3BOILHOIO
typ Mo I+ T

o 27 1 °F Ly
Wi(t) =W (t,+T)=R | ¢m=77LTS-§m].
to to

Bripakerne B KBafipaTHEIX CKOOKAaX ecTh CpejHee 3HavYende MAarHWTHOM
aHeprum 3a Bpemsa ', paBHOe IPUOIM3UTENBHO, eCJu 3aryxaHue Mano, W (1,)/2.
(Cormacuo § 1, m. 4, B oTcyTcTBHe 3aTyXaHWA CpelHee 3HAYeHHe MACHITHOMN
9Heprum 3a HepHoj PaBHO MOJOBHHe NOJHOU 3Hepruu.) Taxkum ob6pasom, mpu
MaJIOM 3aTyXaHNN

W (1) =W (to+ T) = 22w, (1)
niIin
W) =W (t+T) o, 2m
W) 4T

oTHOCHTENbHAA YOBIb BJIEKTPOMAarHATHOH JHEPrHM KOHTYpa 3a Bpemsa 1
paBHA Y/ BOEHHOMY fleKpeMeHTy mian 2n/(), rae () — ZoOpOTHOCTH KOHTYpa. ITOT
pe3yibTAaT HEemoCpeNCcTBeHHO 0000maeTca Ha BCAKNH TapMOHUYECKHH OCIHII-
asgTop. Ero MOKHO mONydnTh TaKKe, nexonda us dopmyant (3.27).

§ 4. JleiicTBUe mepmMOWUECKUX TONYKOB HA He3aTyXalomiuii
rapMoOHHYeCKUil OCHUIIATOP

1. Iocranoska 3amagn. B §§ 1 m 2 ME cumTamm, 9To mocje TOro, Kak
OCIUJLIATOP IOJYYN OIpeJieleHHOe HAYalbHOe OTKJIOHEHWEe W OIpeleseHHYIO
Ha4aJbHYI CKOPOCTH, OH KomeOJieTcs COBepIIeHHO CBOOONHO, He MCHOHITHIBASA

S - T

Puc. 73. Ilepmoguueckad cuiIa, COCTOAIMAN M3 KPATKOBPEeMEHHHX TOIYKOB.

foJplle HUKAKWX BHeIIHUX BosfeiictBuii. Temepp MH IOCTaBUM [PYryl 3a-
nagy. Bymem cumrath, 9TO rapMOHWYeCKHH OCIMIIATOP HMCIHITHBAET Jeil-
CTBHE MHO20KDAMHHL TOIIKOB, CIeIYOMHUX APYT 32 JPYrOM 4epe3 HeKOTOpPHe
npome;kyTkn Bpemenu. Cmpammsaercg, Oymer am kKojebaHme B pesyabraTe
HECKOJHKUX TOJNYKOB CHIbHee MiIm ciabee, dem KoJjebDaHWe, BH3BaHHOE OT-
HeJbHHM TOMYKOM? Byzer Ju mpOMCXOMUTH HakonJdeHue NeHCTBUA OTHENbHBIX
TOJIYKOB, T. e. yCHWIeHNE KOJNeGAaHWA IIOclIe KaKAOTO TOJNdYKa, WM 3Ke, HA-
o6opoT, fleficTBHe OJHAX TONYKOB OYyHeT koMneHcupoeambv [eUCTBHE apyrux?

IIycts TOTUKE nepuoduukel, T. . BCe OJUHAKOBH M CIEAYIOT ADYT 3a [Py-
roM gepes paBHELe IPOME;KYTKE BpeMeHH *). 9T0T crydail m3o6pasen na puc. 73.

*) Boocunexctemm (rii. X) HaM HOPHEAETCS pPaccMOTpeTh Apyroit cirydait, TOT, KOrma
OTYKA OFMHAKOBHI, HO IIPOMCXOAAT B COBEPIIEHHO CIyYaMHEe MOMEHTH BDEMEHH.
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Boemuas cuia, JAeficTBYIOMAA Ha OCIHULIATOP, OTINYHA OT HYJA JHIIL B Te-
4eHne OYeHL KOPOTKUX HPOMEKYTKOB BpeMeHH, 3TO U 03HA4YaeT, 9T0 JeHcTByeT
HOCIe0BAaTeIbHOCTh KpPaTKOBPeMeHHHX TOX4KkoB. IIpmmem cmHavama mis
VOpOIEHns 3afadu, 9T0 OCHWLIATOP He o0iajmaeT 3aTyXaHHWeM.

2. PackaunBaHme He3aTYXAaOMIET0 OCHWLIATOPA NEPHOAUICCKUMH TOIY-
kamu. IlpemgmosokuM, 4TO B HAaYaJbHHIH MOMEHT BPEMEHH OCIHILIATOP HAXO-
JIMJICS B COCTOSTHAYW paBHOBecHdA, T. e, ur0 s=0, p =0, rge p — coxpameHHOe

0003HAYEHNEe BEIWYMHEL S/0).

Bynmem ciequth 3a jnBUKeHWeM H300paskalomeil TOYKM Ha (HasoBoil mio-
cxoctd s, p (pme. 74).

B HadaibpHBI MOMEHT M300pasKalmas TOYKA HAXOJWTCA B Hayajle KOOD-
nuHAT. ITepBHIiT TOTIOK MTHOBeHHO (MH MMeeM OPAaBO TaK F'OBOPHUTH, €CIH IPO-
NOJGRUTEIBHOCTH TOIIKOB T 09eHb Majia
U0 CpPaBHEHWIO C IepHoxOM COOCTBEeH- P
HEIX KOJIe0aHHH OCHWILIATOpA) Iepe-

BOIUT N300paKAION(YI0 TOIKY U3 HAaYaja

KooppuHAT O B mOXOKeHUe A, OpHdeM

OA, =P, rpe

tlr f(¢) dt 4
A

i1

muw, @
IPONOPIUOHAIBHO HMOYILCY, COOOMEH-
HOMY OTIEXBHBIM TONXIKOM (cM § 2, m. 5,
IJIA OMpeJieIeHHOCTH MHEL 37[eCh NMEeeM B
BHIY OCIHWIJIATOP B BUAE UPYHKHUHH
u rpysa). [locxae aToro u BuIoTh M0 MO-
MeHTa, KOrja moJeUcTBYyeT Clelyromui
TOJX90K, Oy/IeT IPONCXOUTEH FapMOHAIe-
cCKOoe KoJebaHue ¢ 9acToTOii 0,. I306pa- Puc 74. TapMoHMIecKHi OCHAILIATOD DO
oM Toua Sysor umatica o Aol IO, Ty I
OKpysHOCTH © HenTpom O u pamuycom P Hnepnlima (dazoBasg MIOCKOCTh
OA,. IlycTs s oupesieleEHOCTH HePHOT
TOJYKOB 7' HEMHOTO (o0jbiie coOCTBEeH-
Horo mepmona 71,. Torma caemyromuii TOMYOK 3acTHIHET OCHUWILIATOD ROC/AE
TOT0, KaK OH ycHeeT IpojellaTh OMHO IOJHOe KojeOaHwWe, CKayKeM, B COCTOA-
gun B,. OpamHara p CHOBAa BO3pacTeT CKAYKOM Ha BelWunHy P, mocie dero
n300paKaomasd TOYKA ONATH HOUJEeT MO OKPY;KHOCTH ¢ IeHTpoM O —Ha 3TOT
pas yme pammyca OA,. CHOBa mpomcxoauT rapMoHMYecKoe Koxebanme. Ero
amoanTyzna OA, He paBHa yABOeHHOI ammantyne OA, konebaHns, IPOUCXOTUB-
IMero nocle MmepBOro TONYKA. ['eoMeTpmiecKM O0O9eBHJHO, 4TO OHA MeHbULE
yem 204,. Tar Kak TONYKH CIeAyIOT APYT 3a [PYrOM HepHOANYECKH A TAK KaK
YyIJI0Basgs CKOPOCTh [BW;KeHUs W300paskalomieil TOYKH, paBHAsI w,, He 3aBHU-
CUT OT AMILIUTYAH KOJe0aHWs, TPeTHi TOJAYO0K 3aCTUCHET H300paKaloImyIo
TOYKY B TAaKOM HoJoeHum B,, mpn koropom yrox A,0B, pasen yray A,0B,.
AMOIUTya B pe3ylbTaTe TpeThero TONYKa CHOBA BO3pacTeT, HO ellle MEHbINeE,
yeM II0CJie BTOPOTO.

ITpomom:kus TakKoe pacCMOTpeHWe fajiblie, MH YBHAWM, 4TO HACTYIHT
MOMEHT, KOTJ[Aa TOJYKHM HAYHYT yMeHbulamb aMIUIATYAY KoiebaHWH. ITO
OpOM3OAIeT TOTMa, KOrja HAKOMUTCA J0CTATOYHOE 3am03JaHWe MOMEHTa IIpu-
X0J[a TONYKA IO OTHOIIEHWI0O K MOMEHTY, KOrja mao0paskampomas TOYKa Ipo-
XOIUT depe3 CBoe KpaiiHee BepXHee MOJOKeHWEe, TOJNIKA OYHYT 3acTaBaTh ee
m03Ke, 4eM deTBepTh Hepuoja CIyCcTs mocie 3Toro MoMeHTa (Toukm B, A4, .,

P =




74 JVMHEWHBIE KOJEBATEJIBHBIE CUCTEMB [rar. 111

Ha puc. 74). Ilociae Toro Kak aMnanTyZa yMEHBUIMTCS DOYTH 10 HYJs, Ha-
CTYOMT MOMEHT, KOT[la TOJYKM CHOBA HAYHYT €€ yBeJIWYmBaTh, W T. 1.%).

Byner upomcxomuTh Ipoiecc, OCIHIIIOrpaMMa KOTOPOro IpecTaBjIeHa
Ha puc. 79. OHAa COCTOUT U3 KYCKOB CHHYCOW]{ ORMHAKOBOTO Iepuopa, HO
pasmuunoil ammaurynasl. Ha Beil BUAHEL M3JI0MBI, COOTBETCTBYIONNE CKAIKO-
00pas3HHM YBeJINYEHNAM CKOPOCTH. IJTOT ITPOIMECC WMMEeT Xapakrtep OueHull
(cp. ra. 11, § 5).

flcoo, uro Omenms OymyT TeMm Oosee peqKUME M aMIUINTyfda OyjeT Hapa-
crath A0 TeM OoJbmleii BeJWYWHEI, YyeM MeHbme oriandaercs 7' ot 7.

H amamornupsiM 3aKIIOYeHUSAM MBI IpHJEM, PacCMOTpeB cayuaii, korga 7'
Hemporo MmeHbme 7, (puc. 76). 3pmech BTOPOH TOMIOK HPHAET panvue, IeM
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Puc. 75. OcmuamorpamMma K puc. 74. KpymouxaMu 0TMEdeHE MOMEHTE
TOJTIKOB.

n3o0paykapmas TOYKA ycleeT BePHYTHCA B A, U MO3TOMY TAKKe YBEJIUYUT
aMIInTyRy MeHpme, YeM Ha P. TpeTui#i TOAYOK yBeJWUIUT aMILIUTYRY erqe
ciabee m T. ., ¥, HAUWHAS ¢ HEKOTOPOrO MOMeHTA, TOJYKI, 3acTaBas m3o0pa-
ANV TOYKY B TpPeTheM KBajpaHTe, OYNYT YMEHbIIATH AMILIATYAY.

Paccmorpum teneps caydait I'= 1T, (mepuoj; Bo3meficTBUS COBIANALT C CO0-
CTBEHHBIM TI€PHOJOM OCHUINAATOpa). Bropoil Toa4oK mpousoiiger Temeph Kak
pas B TOT MOMEHT, Korjla M300pasKaroas TOYKa MPOXORUT Yepes 0Ch OPAMHAT,
Il B pesyJbTaTe TOJYKA OHA Mmepeiiier B TOYKy A, Takyio, uto OA,=204,
(pme. 77). Tpermii TONYOK 3acTaHeT M300paKAIOMIYI0 TOUKY B IOJOKEHIN A,
u mepesefieT ee B HoJokenue A,, npudem OA,=30A,, u 1. 1. Uso6pamaromniasn
TOYKA II0fi BIAMSAHUEM TOTYIKOB OYyJieT HepexOfUTh HA OKPYKHOCTH, PAaJUYCH
KOTOPHIX PacTyT B apHMeTHUECKONH MpOTpeccur ¢ KajKIBIM HOBBIM TOJIKOM.
IIpu cpenaHHOl HAMH HAEANM3AIUI MHE IPUXOJUM K TAKOMY pPe3yabTaTy:
KaK Obl HU OBIIM MaJIbl TONYKHM, MBE IOJYYMM, BBKIAB [OCTATOUHO JOJTOE
BpeMsa, KoiaebaHHA cko4b yeoOHo Ooavwoid amnaumydn. Takoe mapacTaHue
KoJe0aHUil IOA [eiicTBUEM IIOBTOPSIOMIErOCs BO3JENCTBHs—ONHA M3 YepT
ABJEHNA, HUTpAIOIMIero IEeHTPAJBHYIO POJbh B YYeHHH O KoJge0aHUSX M Ha3b-
BAEMOTO0 PEe30HAHCOM.

*) B caywasax, paccMoTpeHBEIX B §§ 1—3, monoskenme m3obpakaomeit To9km Ha ¢a-
30BOIi IUIOCKOCTHM OFHO3HAYHO Olpejiedser ee AajbHeiillee ABMWKeHme. B ciaydae, paccma-
TPUBAEMOM 37leCh, MOTOKeHIEe M300paskarolleli TOYKYE Ha (as30BOii IIIOCKOCTH He ONpefelser
OHO3HAYHO ee [ajpHedInee [BIKEHWE: OHO 3aBHCHT OT TOTO, IPOMCXOAUT JW B paccMa-
TPUBAEMBLil MOMEHT TOMTYOK W/IM He Hpoucxopur. Tak, m3 B, m300paKaoniafd TOYKA OfHH
pa3 yXofiuT IO OKPYIKHOCTH ¢ IIeHTpoM O, a BTOpOif pa3—INo OTpe3Ky BiA,.
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Msr 37mech HATAJIKHBaeMCs Ha XapakTepHOe CBOHCTBO Kole0aTelbHEX
cHCTeM, 0 KOTOPOM yike OBLIO CKazaHo B Tl. I, § 2: «OTKIUK» TapMOHHYECKOTO
OCIMIIATOPA HA BHENIHee BO3JIEUCTBHE OIpefelisieTcss TIaBHEIM 00pa3oM He
UHTEHCUBHOCTHIO, 8 PUTMOM BO3{EUCTBHA.

Jlerko y0egurbcs, 9TO pe30HAHC HACTyOWT He TOJBKO npu T=7T,, HO
TaKKe W Torma, Korga I =2T,, 37T, u Boobme 7I'=mT, THe m—Ieioe IUCio.
IleifcTBUTENBHO, IPU BTOM 3a BPeMs MeKAY IEePBBIM M BTOPHIM TONYKAMU H30-
Opaskammas TouKa ycumeer m pa3 o00eKaTh OKPYMHOCTB, M BTOPOIl TOTYOK
nepesefieT ee 3 Touku A, B 104Ky A, (puc. 77), 3aTeM uzobpakawman TOIKA
m pas o0esRUT OKPYIKHOCTH pajumyca OA,, mociie 4ero TPeTuil TONYOK TepeBe-
et ee us3 A, B A;, u 1. A. Taxum obOpasom, u 3fech IOJ neiicTBHEM TOJYKOB

Puc 76. To e, uro pmec. 74, HO Iepmop Pnc. 77. MoHOTOHHOEe HapacraHme
BO3/elicTBUA MeHbIIe cOOCTBEHHOIO IIephoza. aMIInTyasl npun I'=1T,.

OyJeT TPOUCXONUTH HEOTPAHWIeHHOe PpacKauynBaHme KojieOaHuWii, XOTA B B m
pa3 Oonee memiensoe, ueM npu 7= 7T',. 3amerum, uro ecau 7' HeMHOTO OOJIbIIE
WU HeMHOTO MeHbiie 4eM m7,, OyAyT npoucxoguTh OneHUs TOTO e THIIA,
KaK pacCMOTpeHHbIe BHAYale.

CunpHabie Kose0anus, BOSHUKAIOIINE B pe3ylibTaTe pe3oHanca, MOryT OBITH
BecbMa ONacHEIMU. VI3BeCTHBHI, HallpuMep, CAyvYau Pas3pymIeHHs MOCTOB (MOCT
MOKHO YIOZOONTH /[0 HEKOTOPOM CTeIleHW cmCcTeMe, H300pakeHHOIl Ha puc. 66)
noj feldCTBUEeM PUTMHIECKHX TOJNYKOB OT HPOXOAANIero oTpspa Bolick. Ta-
KOTO poja Karacrpoda ITPOM30MINA B IPOMIIOM CTOJEeTUH ¢ KErumerckum mo-
crom B IlerepOypre; mpm arom morudno 40 kasamepucros. C Apyroit CTOpPOHH,
pe30HaHC MUPOKO MCIOJb3yeTcA B pPafiMOTEXHUKE W B TEXHUKE (QU3UUYECKOTO
JKCIepuMeHTa, 0 4eM Oyaer MOXpo0HO HATH pedb B HaJbHEUIIeM.

3. Jipyroii mogxon k sagaue. Cymmmposanne jeiicTsusa TomukoB. [loxa-
JKeM TeopeMy, MABJAKIYIOCSA YACTHHIM CJIydaeM OPUHIWIA CyIepPIO3HIIH,
K KOTOPOMY MEI emfe He pa3 OyfieM BO3BPAIATHCA: K0ACOAHUEC, 6bI36AHHOE 6 20~
MOHUMECEOM OCYUAAAMOPE NOCACO0BANEADHBIMU MOAUKAMUE, PASHO CYMMe MEx
Konebanuil, Komopsie 6vidgan Ov KaxcOwii moavok 6 omdeavrocmu. Ilpwanun
CYNepPHo3uIMH ABIACTCA BAKHEHIIUM CBOWCTBOM QIB3NYCCKUX CHCTEM, OIH-
CHBAeMbIX JIHHEHHHIMEI AudPepeHnnaTbHHNMU YPaBHeHUAMH.

Mur mpoBejieM [OKa3aTelbCTBO AJS JABYX TOAYKOB TPOM3BOJIBHON BeJu-
yuHH P,, P,, geficTBywmux B MOMeHTH ?=0, {={, (duTareiap Jerko 0000mHAT
JIOKa3aTelbCTBO HA CcAydail gI000TO 4YMcJia TONYKOB, HACTYNAWIUX B IPOM3-
BOJILHEIE MOMEHTHI BPEMEHH).
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B momenr t=0 mzobpaskaomas TOYKA IIOOAJAET HOJ JelCTBHEM TONYKa
B monoenne L (puc. 78). Ilyctes B MOMeHT =1, OHa HaXOQUTCs B IOJOe-
auu M, npudem o= LLOM =w,t;. B 3ror MOMeHT TONYOK IepeBOJUT ee
B TO0JIO:KeHUe /N, mOChe 9ero NPOMCXOAUT KoiaebaHWe

s= 4 cos (0t — 9), (3.38)
rie A =ON. Kax BUJTHO M3 YepTesKa,
A2=P? + P24 2P, P, cosa. (3.39)

Hpu t=1t, umeewm:
s:AsmB:Acos(B——%),

rie 3= / MNO, orxyna, cpasauBas ¢ (3.38),
woly — ¢ =8 — ‘}
U, CIe0BaTelbHO,
T
¢=a—B+-5.
N3 tpeyroapnurka OMN unmeem:

tg = ctg (a —B) = Pl_j’;_fgi (3.40)

@opmynn (3.38), (3.39), (3.40) ompepmensior KomebGanue, MoONyIUBIIEECSH
B pe3yJabraTe 060uX TOIIKOB.

3amMeTnm Teneph, 4TO nepgyii TOIIOK B
OTIENLHOCTH BEI3BAJ OB KolleOanue

s;=P;sinwit= P, cos(w&‘——%),

gmopoti TOTIOK B OTNEIbHOCTH —Koiebanue
. ™

PaccmorpuM cymmy

S - 3

= 81+ 8= P sin wyt + P, sinw, (t —t,).
Prc. 78. K BriBOAYy TeopeMu 0 cy- ITpeobpasys ee mo dopmynam ra. 11, § 2,
Oepuo3nuu enCTBAsA TOMIKOB. oollyJaeM TapMOHMYECKOe KolebaHMe TacTo-

TH ©,, aMINIATy7Ra ¥ ¢§asa KOTOPOro ompe-
pensawrcea ¢opmyrnamu (3.39), (3.40). CuepgoBareanno,

$ =8, T S,

9TO B TPebOBAIOCH JOKa3aTh.

Bepremca Temeps K 3ajade 0 mepuoguuecKux Toddkax. Ilycts mepBhri
TOJII0K, OpUXOAAMUHE B MoMeHT { = (), 3acTaeT cMCTeMY B COCTOSIHMY PaBHOBE-
cua. OH BeI3HIBaeT KoJebCamHue

$; = P sin wgyt.
Bropoit Tomdok, ecan OH He OHIIO OCTAJABHEIX, BRI3BAN OH KoJdeOamme
sg=Psinw,(t —T)=Psin (o, -— ),
rie & =w,7’; TpeTuil TOTUOK, eciau OBl He OBLIO OCTANLHHEX, —KOJeOaHHE
sg=Psinwy (1 — 2T) = P sin (w,t — 22),
uT. II.



§ 4] OEACTBUE NEPUOANY TOJNYKOB HA HE3ATYXAIOMUNW OCIHUIIJIATIOP

~]
-~

[Mocne /N-ro Tomgra Koaebaume ocHUINATOpa OyjeT ma3o0pakaTbes cO-
rIacHO NPHHIUIY cymephnosmium Qopmynoi

S=8+ Syt ++. 1SN

MH npumam K 3aiade 0 CIOKeHHH [V KojeOaHWI OWHAKOBOM 9acTOTHI
1 AMIUIATY]bI, $a3sl KOTOPHX 00pasyloT apupMeTHIecKyio OporTpeccuin. Jrta

//
7
——-
o g
7 N=2Z N=J =4
N=§ N=6 "";7’ =4
N=7 =z N=F =4
—— e~ ~
~ i
~ \
\ |
\ 1
4)
——
/ @
N=§ N=6 N=7 N-6
— v R - e s e . ST awm mmn s — —a— —
N=/ N=27 N=J

Puc. 79. V3MeneHWe BEKTOpHO# AamarpaMMel ¢ poctom V. Pesyastupy-
omee KodefaHne m300pasKkaeTcA 3aMbIKaollell (IOKa3aHHOM NYHKTHPOM)
IeI09YKM BEKTOPOB OQWHAKOBOW NJIWHE, 00pa3yomUX ¢ TOPH3OHTATLHOMN
0CbI0 YIJH, pacTyliue B apudmeTndeckoii mporpeccun. ITokasaHs ciexy-
oIMe YACTHEE CIydau: a) Nepuof TOMYKOB T=(m--1/6)T,, rone m=1,
2,3, 1. e.e=m-2n+4-3n/6; 6) nmepmox ToduKOB T=(m—1/6)7,,
T. €. e=m-2r—2%/6; ¢) Iepuox TOTIKOB T=mT,, T. €. e=m 2 ~,

saflada Opna paccmorpeHa B ra. II,§ 3, m MH 3Haem, ¥T0 cymMapHoe Koe-
6aHue s AMeeT aMINIUTYIY

2
Ay=P|—7-—1. (3.41)

C pocrom NV, T. e. 0 Mepe TOro, KaK HPUXOJAT BCe HOBBIE TOMIKA, aMILTH-
TyAa KolebaHus MEHsETCA TaK, KaK MOKA3HBAET CEPHs BEKTOPHEIX AMAIpPaMM
puc. 79. Ilyers T me pasmo mTy(m=1, 2, 3), T. e. = He paBHO m-2=.



78 JVHENHBIE KOJEBATEILHBIE CUCTEMBI [ra. III

CHavama aMIUIHTyJa pacTeT, 3aTeM YMEHBIIAEeTCsl, CHOBA HAuMHAET PACTH
nocne HeroToporo VN =/V,, u T. . IT0 II ecTb TO sBJIEHHEe OUEHHIl, 0 KOTOPOM
y:xe roopuiock B 1. 2. PaccMorpum juis mpocToTH cayyail, Korma

s=2r £ T (n=2,3, 4, ...)

AN
=l 2 =0, |1 — Ty | =22

31ech

o

=7 °
=

Ny=

Hepuon Guenuit pasen /V,T, oTkyma wactora Gmenmit

NT T =%

:lwo—w ,
rae
=2

T

Ona pasda abCoONOTHON BeIWYUHE PA3HOCTH COOCTBEHHON TACTOTHL M 9aCTOTH
BHEIIHeHl CHUABl (IOBTOPSIIONIUXCS TOJNYKOB).
MaxcumanpHas aMIIUTYA, XapaKTepusyoImasi pasMax Ouenuii,
P
A =

m ) A
sin —‘Z
Ona Tem Oonbmie, eM OJM:Re MBI HAXOMUMCS K Pe30HAHCY.

Eciau = = 2w, 4w, 1. e. mepmox tonukoB I =T, 27, ..., dopmyna (3.41)

obOpamiaercsi B

A= PN,

AmuonuTyna roiebaHuWil IPONOPIUOHATIBHA YUCIY Y€ IMPOUCIHENIINX TOJIKOB.
IleiicTBUe OTHENBHHIX TONIKOB HAKALMINBAETCSH, W aAMIJAUTYJa MOHOTOHHO
1 HEOT'PAHWYEHHO PacTeT ¢ PocToM [V. ITO yiKe PacCMOTPEHHEH HaMH JPYTHM
crmocobomM caydait pezonawca.

4. llepuonmueckoe BBIHYKJeHHOe KoJjeOanme. PaccMoTpum rtemepb Jpy-
ryio 3afgady. MoOKHO JW IpH HAJIWYAU HEPUOMMUYCCKUX TOJTYKOB TAK «3aIly-
CTUThY TAPMOHUYECKUIT OCHILIIAATOP, T. €. MOA00PaTs TAKHe HAYANbHEIE YCJO-
Busi, 4TOOB OH COBEPIIAN nepuoduyeckoe NBVKEHHE ¢ IMEPUOXOM TONYKOB?
WNuaye roBopst, MOTYT IU IPU HOAXOAAMIMX YCIOBHUAX IMEPUOTUISCKUE TOTIKI
HABA3AMYb OCYUAAAMOPY 60U nepuod, TORAEPHKUBAS B HEM IEpPHOIUYECKHE
KoMebaHns ¢ IEepUOOM, OTIMYHEIM OT COOCTBEHHOTO NMepHOfa OCI[HILIATOpPA?
Bynem omars BecTu mcciefoBaHue Ha INIOCKOCTH S, p.

B xaxoM OBl COCTOSHNYM TONYOK HHU 3aCTaJl HAIN OCIMJIIATOP, U300parKaio-
s TOYKA B MOMEHT TOJYKA MTHOBEHHO HOJICKAKWBAeT BBEPX; ee IepeMerie-
Hue npu 31oM paBno P. B mpomeskyTre 7' me:Rmy Tomuramu u3o0pakaromias
TOUKA ABIHKETCSH II0 OKPYMKHOCTH ¢ IIEHTPOM B Hadyajie KOOPJUHAT C YTJIOBOI
CKOPOCTRIO ®,. Bompoc, TakuM 06pa3oM, CBOINTCS K IOCTPOEHUIO HA ILIOCKOCTH
§, p 3aMKHYTOU TPAGKTOPUIL, COCTOAIIEI U3 AYTH OKPYMKHOCTU, COOTBETCTBYIO-
mell meHTpaidbHOMYy yray o,7', Opoxogumoil mO 4YacoBO# CTpelKe, W BepTH-
KaJbHOTO OTPE3Ka MJAWHEL P, IPOXOJUMOTO CHH3Y BBEPX.

ITpenmonoskum cuavana, 910 cobcrTBeHHEit mepuoy 7', HemHoro OoJjbime,
YeMm Iepuof ToA49KOB 7. B sTOM ciyuae moCTaBIEHHBIM YCIOBUSIM YOBIETBO-
psieT TpaeKkTopus, moxasamuHas Ha puc. 80. 3mecs yroa

0ol < 0w, Ty =2x,






