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Ob UHTEHCUBHOCTH TF'APMOHNWYECKHUX N KOMBHHAIIMOHHBIX
COCTABJIAIOUINX NP HEJIUHEMHBIX NCKAKEHHAX
KROJEBAHINN CJHOKHOW ®OPMBI

B. M, Boavgh

Ipasened MeTo){ BLMECIeANA THTEHCHBHOCTH KOMOMHATMOHNEIX W TFapMO-
HUYECKHX COCTABIAKINUX, 00pasyIOnuIxca NP1 HeJIWHeHHBIX HCKAMReHNAX KOJIe-
Oamawi clompod Qopumel, Briunciena WHTEHCHBHOCTE KOMOHHAIMOHHBLIX @
TaPMOHHYECKNX COCTABIAIOMHX B clydyac HCJINHEHNLIX HCKaMKeHn# Komeba-
HPH TPeYroJibHOH, nuoo0pasHoil ¥ I pAMOYIoisHo (Gopmer, Iloayuenn coor-
HOIMEHNA, KOTOPhIG NOKASKIBAKT, 9TO NPH HeJWHEUHBIX HCHAMKEHMAX KoJjeba-
HUH CJHOKHOH (OPMEI MHTEHCHBHOCTE KOMOHHAIMOHHRIX COCTABJISIIONINY MOKET
3HAUMTEJIbHO IPeBHINATE UHTCHCHBHOCTL TaAPMOHHYMECKHX COCTABISIONUX,
Hexoma ms sT70r0, JaHo o0BACHeHHWe HEKOTOPHIX (AKTOB TeOpHH CJyXxa.

BocnpuaTne HenuEeHBHRX HCKayKeHHH CJOKHEIX CO3BYYHI CBA3LIBAETCH
raBHBIM 00pasom ¢ noABieHmeM KomOmmammoHuEIX TOHOB. OO0pasyoommMes
OTHOBPEMEHHO TIapPMOHMKaM OTBOJAUTCA B JIAHHOM RBOTpPOCe BTOPOCTENCHHAM
poin [1]. Ilpm pacemorpennm nmpm4YmH 3TOTO JI0 CHX OOp He NPHHHMAJIOCH BO
BHUMAHNE COOTHOIIEHMe MHHTEHCHBHOCTEH  BOSHHKAIOIMHY HKOMOMHaIOMOHHBIX
YaCTOT H TapMOHNK., BMecTe ¢ TeM BBHIUHCIEHHS, BEIIOJIHEHHEE COrIacHO npeji-
JaraeMol HHKe MEeTOONKe, MOKA3KIBAIOT, YTO B ¢JIyYae HeJNHEHHBIX HCKAaKeHmi
KoJIe0aHuH CcIoKHOH (OPMBI MHTEHCHBHOCTh KOMOHHAMOHHEIX TOHOB MOKET
HAaCTOJNILKO NPEBHINAT, HHTEHCHBHOCTH MaPMOHHMK, 9TO ¢ BTHM (JaKTOPOM He-
00X0mUMO CuUHTATHCA MJIA TOro, urofBl JIyymie YACHUTH HEKOTOPHEe ONHTHEIE
TAHHEIC 0 ¢JIYXO0BOM BOCHPHATHH HeJIMHEUHBIX HeRameHnHd. [lokazars coorHOme-
HHEe MOy KOMOMHAMOHHBIMH W TapMOHHYECKHMH COCTABIAIONMMME IJIf
peallbHOTG 3BYKOBOIO MaTepHasla B o0IieM Bmje 3aTPYAHHTEN]LHO, €CJIH We
BoBce HeBosMo;kmo, [losromy mcciemyem TOT cayuall, Korjia Ha HeJHHEIHBE
CHCTEMEI BHIA

i = au(t) + anun (t) (1)
(rme n~>1 — menoe 4Y@Wemo) BO3MEHCTBYET NEPHONMYECKHI CHIHAI
p
u(t) = hz Cysin (0kt 4 @,). : (2)
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To obcroATenbCTBO, WTO CHEKTPHL 3BYKOBEHIX KoJeBaHWE B orinyme oOT
ypaBHeHHA (Z2) MOTYT COJAepHaTh KOMIOHEHTHI, YACTOTH KOTOPBIX HAXOIATCH
B HETaPMOHMYECKOM COOTHOIIEHHH, He MeHseT CyUIecTBA feJla, IOCKOJILKY MBI
DymeM paccMarpuBaTh COOTHOINEHHEe KOMOMHAIMOHHLIX ¥ rapMOHHYECKHX CO-
CTABJIATONIAX ¢ DHEPreTHYecKOIl TOYKM BpeHHs.

BosBena B n-10 cTeueHs Hajkaoe W3 cjaraeMblX IIPAaBOH YacTH yPABHEHHS
(2) m zaTeM CyMMEDYA WX, HAHIEGM NPOJYKT HEINHEHHOCTH rapMOHNYECKOTO
NPOUCXOMICHUHA!

P P
Irn = G, 2 Cy sin® (wkt 4 Py) — 2 Lo, _ (3)
h=1

fi=:1

rpe fy;— mocroAanuas cocrasnAoman, o6pasylomascsa IPH BOSBENEHUH B Ai-i0
CTelleHbL KaKJIOro W3 cjiaraeMeix (2).
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Torma [mua mpoayKra HEIMHEHHOCTH KOMOMHANMOHHOIO NPOMCXOMISHMIA
{on HOJIYYMM '

) Chsin® (wkt + ¢,) — lfzn — Iﬂul :
1 =1 3
(4)

rne [y, — HOCTOSTHHAS COCTABIAIOINAA, 1I0JIYYAlOIIAAcd IPH BO3BEIeHUH B 7i-10
¢TemeHb BCeM IpaBoil vacTé ypaBHeHHA (2).
IlpogenaB BEIYMCIEHNMsI COTJIACHO YpaBHeHMAM (3) M (4) U HepeHfA 3aTeM
K WHTEHCHBHOCTH TPOJVKTOB HEIMHEUHOCTH KOMOMHAOHOHHOTO P, @ TapMo-
HHYECKOT0 Pp, TPOMCXOMTEHUs, MB pemuiam OB, Takum 00pasoM, IOCTaB-
il /]

neEHyio 3agady. UgHako BEIYHCJIGHME [Z Csin (wkt -+ cp;g}] npn 6Goabmiom
o=

KOJITYECTBE COCTABJAIIHX B CIEKTpe CcUCHaja IpejcTaBider BecbMa TPYIO-
eMKYH OHepanuio, [ame B CIydae HPUMEHEHW ] CHENMAJIBEHBIX METo0B BbI-
apcnenua [2,3]. Memxgy tmem 9TH TPYIHOCTH BBRIYHCJIMTEILHOTO XapawrTepa
MOIKHO 000HTH, eciii NPOAYKT HeJUHeUHOCTH KOMOHBANMOHHOTO NPOMCXOMIe-
HUA ONpeJeSaTh HEeIlOCPeJCTBeHHO M3 JeBOH YacTH paBeHCTBA (2), T. e, He
npuberag K pasioskennmio #(f) B TapMOHMYECKHH PAN. JTOT NPHEM ' MOKer
OLITH ¢ YCTIeXOM HMCIOJIL30OBAH B TeX cjydasx, worjga ¢Qynsous u(f) cpaBHH-
TeJILHO IIPOCTO MOMKeT OHITH BHIpajKeHa aHAJINTHYeCKH, YNOBIIETBOPAET YCII0-
BuAM Jlnpmxje m HHTErpHpOBaHNe ee He TpeJcTABIAET BHAUYHTENLHBIX TPYIL-
HOCTEH.

B cOOTEeTCTBHH ¢ HM2JIOKEHHBRIM 3aNMINeM WHTeHCHBHOCTH KOJe0AHHU HA
BEIXONle HEIWHEeHHOH CHCTEeMEI: ;
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P pi
Len = ﬂﬂl

T
Psn= - ah  win (1) de. (5)
0
Brrars ws BHpaykeHns (5) MHTEHCHBHOCTH MOCTOAHHOW COCTABIAIONMEH
1 ] :
P :[T—,aﬂg u“{t)d.t] : (6)
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OTIPE/IeJIAM HMHTEHCHBHOCTL II@PEMEHHBIX COCTABIAIOMEX HPOMYKTa HeIWHEH-
HOCTH

Pwn:pﬂn_Pﬂn: (?}

KOTOPHIL HpPEICTABIACT CYMMY IIPOIYKTOB HEIMHEHHOCTH IapMOHHYECKOI0 W
KOMOMHATIOHHOTO HPOUCXOTEHIH.

CormacHo BuipaskeHuio (3) WHTEHCHBHOCTH HPOJYKTa HEIMHEMHOCTA rap-
MOHMYECKOTO NPOHCXomAeHus Pr, Mojier OBIThL HpeacTaBjieHa B BHjIE

P
Pon= 5 b 2(n) 2 CF (8)

r‘-‘-___l .

b2

rae z(n) — HexoTopas QYHKOUSA XapaKTePUCTURN HeJNHCHHOH CHCTEME. B uga-
craoct, mpa n =2 z(n) = 0,25, opm n =3 z(n)= 0,620.

s poipassennit (7) u (8) MOEHO OIpENENIATE HHTCHCUBHOCTH OPOXYRTA He-
JIMHEHHOCTH ROMOMHANHOHHOTO IPOUCXOH{IeHI:

Pcﬂ — pr--r'i"t-— prn- (9)

‘Ha ocropanmm suipamennii (5) — (9) oTHOmenme HHTEHCHBHOCTH IIPOXYK-
Ta HeJHRHEIHOCTH KOMOHMHANMOHHONO HPOMCXOMKICHAA K MHTEHCUBHOCTH NPO-
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JNYKTa HeJMHEHHOCTH IapMOHUYECKOTO NMpOHCXOs;meHus Oyner
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Huse paceMaTpuBaiorcsi BHAYEHUA ¢ JUIA cjlyvad, KOrja K HEJINHEHHBIM
CHCTEMaM BHJia

i = a,u(t) - agu? (1) (11)
i = a,u(t) -+ azu®(t) (12)

i |
u

oBeJeHEl nepuojnueckue KoaebaHua TPeyrolbHOW, nnioobpasHOM —HIIH
npaAMoyroasuoi gopmst (fur. 1 a, 6, ¢). Kax BupaO m3 ¢ur. 2, Ha KOTOPOH
TIPHBEJIeHbl COOTBETCTBEHHO CHEKTPH 9THX KojeDaHmi, B TpeyroyiLHOM KoJeba-
HUH IIOYTH BCA DHEPrUst COCPEOTOUEHA HA YACTOTE IepBOM rapMoHUKE. B mmimo-
ofbpasuom kojiebanum sHeprud pacupepenena 0ojiee paBHOMEPHO IO CHCKTPY.
I, naronel, euie paBHOMEpHee II0 CLEKTPY SHEPrufA paclpejelicHa B IIPAMO-
VrolibHOM Kojebanmu ¢ 6oIbmoil cKBaKHOCTLI0. {78 KoIudecTBeHHOM XapaK-
TePHCTHKI PpaclipefieleHasd HHePruf IO CIeKTPY YacTOT BBEJIEM B paceMorpe-
Hine Kod(dunment L, maromui npejcrapienie 0 pacipeneienns dUeprun BXojl-
HOMO CHTHAJA MEMY 1IePBOM TapMOHMKOM M BCEMH IapMOHHKAMH{ CIERTpa:

i
& O3 .
L = Fenl '_'I_:}
Gi:: 1 {: }

1
e €y — aMIJIATYjla [EPBOM rapMONHKMH.
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Of6pamasck K PaccMOTPeHHIO TabIHMOE!, B KOTOPOM HpHBEJleHEl 3HAYCHHA
(n, BRUMCIICNHEE U1 TPeX paccMaTPHBaeMBIX KOJIeOaHHH, OTMETHM HPEIRIe
BCEro, uYTO HAMMEHBINCe 3HAYGHME IPOAYKTA HeJHHEHHOCTH KOMOMHAaINHMON-
HOr0 NPOMCXOJIEHHSI OKasajloch NIpH Iepefaie TPEeyroJIbHBIX HMMIYJHCOB.
B 5roM cIydYae MHTEHCHBHOCTH LPOAYKTa HeNHHEHHOCTH KOMOMHAIMOHHOTO
NPONCXOK/ICHNST MEHbINe NHTeHCABHOCTH NPOAYKTa HEINHEHHOCTH IapMOHH-
4eCcKOro NMPOMCXOIeHus (M. RodOOUIUEnTH gz U g;). llocnennee BIonTHe ec-
TECTBEHHO, TaK KaK B CIEKTPe TPeyroJbHBIX MMIYILCOB Ha JI0JI0 TapMOHHKH
OCHOBHOH uacToTH mpuxonures okoino 98 % Beel sHepruu Konebanns (CM. KOB()-
¢umuent L). Pasymeercd, 9T0 HHTEHCHMBHOCTh KOMOHHAIMOHHEIX COCTABIAIO-
OIIX, KOTOPEle 00YyCJIOBIEHE B JAHHOM CJ1Y9ae B3aUMOAENCTBHEM. MaJIOMOIIHEIX
cOCTaBIAIONIAX BXOMHOIO CIEKTPa, HE MOeT OBITH IPH BTOM 3HAYHMTENLHOW.

Tadbnaema

NRTeHCHBHOCTS KOMONTAIIHOHHBIX H FAPMOHNYECKHX COCTABJIANIHX NPH HeAHHEHRBIX
HCKAKEHUAX noxeOanmi cnoxuoil qopMer®

CHIMiaJIR Ha nx::;,tr,e
Xapaurepncti-| Hoaddm- : Y _
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* Opospauenna cm. Ha Qur. 1.
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OTHOCHTeILHOe BO3PACTAHIe NPOAYKTA HEeIHHEHOCTH KOMOMHAIHOHHOIO
1 POMCXOKIGHAA UJACT B COOTBETCTBMU ¢ yBEIHYCHHEM MOMIHOCTH BHICIMIX Tap-
MOHHK COEKTPa BXOMHOrO CHrHalIa. JTO XOPOMO BHMJNO M3 PACCMOTPEHM KO-
gebapnit nHi000pasHol QOPMEl M HPAMOYTOJBHBEIX rosefapmit ¢ OonbImon
crpaaocteio (1< T). Haunpumep ecmt = 0,1 T, 10 L = 2,6, llpu sTom nH-
TeHCUBHOCTS TPOMYKTa HeJAHETHOCTH KOMOMHAIMOHHOIO HPOHCXOHACHIA
B KBaJgPATHYHON CHCTEMEe B COPOK pa3 0oaLIIe MHTEHCHBHOCTU IIPOAYRTA HE-
JMHeiHoeTH TapMoHmYecKoro mnpomcxopenusd. (OOTBETCTBYIOIIEe SHAUCHUC
MHTeHCHBHOCTH IIPOAYKTAa HeIWHEHHOCTH KOMOMHAIMONHOILO I POMCXO0ACHHH
B Rybuueckoil cmereme Gyner npu srom B 1200 pas OonpIIe HETEHCHBHOCTIE Tap-
MOHHUGCKHEX COCTABIAIMuX, Ilpn Gompmell cKBaskHOCTH yBemmdnTed L i g
M @3 OKamKyTcA emle GoubIIe. |

Jlanmsle TaGIHIE OIPOBEPralOT MESHHE O TOM, 9TO B 9aCTOTHO HE3ABHCIMAIX
CHCTEMAX MEKIY rapMOHMKAME M KOMOMHANMOHHRIMU TOHAMH HMECTCH OJHO=
THauHas KOJIMIeCTBEHHAA CBA3bL M 4YTO BCJGNCTBHE ITOr0 KOD(PPUIMEHT rap-
MOHHEK, H3MEPEHHEIH Ha YHCTOM TOHE, OIpPejie/ideT SHAYeHHE ROMOMBALHOHHEIX
TOHOB, KOTOpBle OYAYyT BOSHHKATH IPH lepejgade roJebaHmil CA0KHON (POpPMEL
[4]. [TelicTBHTEABHO, HAK BHJHO H3 TaGIINEL, 118 OTHOU B TOM e HeJIMHeHHOH
CHCTEMB COOTHOIICHIE MKy MHTEHCUBHOCTHI0O KOMOMHALNMOHHKIX M rapMOHM-
TeCKHAX GOCTABISIONIMY B CHJILHOH Mepe 3aBHCHT OT XapaKTepa BXOJHOI'O CHI=
pama. TTOCKONBKY BOCHPHATHE HENUHEHHBIX HCKAKEHWM ONpeNelsiercA B 0C-
HOBHOM KOMONHAIHOHHEIME COCTABJAIONIAME, TO B cJydYae, ecjiH OIeHka Ka-
qe¢TBA 3BYYAHHS BHHOCHTCA Ha PasM9IHOM 3BYKOBOM MarepHaJe, He Oymer
HITYero YAHBUTENIBHOr0, YTO B CHCTeMe ¢ MeHLIIHM ko8P PEIIENTOM TaPMOHHEK
VOMKOT OTMEYATHCS GOJIpIIce CHEFKEHNE KAa4ecTBA 3BYJaHMS H3-33 HEJMHEHHBIX
HCKAMKOHAH, 9eM B cHcTeMe ¢ OoNpIImM KO3(QQUIHeHTOM IapOMHMK. Jro ele
pas HOATBEPIKIaeT, 4T0 Koo(PUIHEHT rapMOHHK B KaYecrse RPHTEpHHA I
OMeHKH HEeJIMHeHHBEIX MCKAMKGHHH 3BYKOIepeJaloIlHX CHCTEM FABIAETCA HEX0-
s TATOYHBIM.

3aciyKIBaeT BHUMAaHUA T0 00CTOATENHCTBO, YT0 IPH NCKAKCHMM CJIOAHBIN
CIEKTPOB g3 > §p. (IeH0BaTeNbHO, OTHOCHTEIHLIIOE BHAYCHHC NPORyKTa HE-
THHEHHOCTH KOMOMHAIMOHHOIO IIPOHCXOMKIACHNA B KyOHYeCKOM CHCTCME 00i1b-
1re, 9eM B KBAJPaTHUHOM. JT0 HOJBKHO OHTH IPHEATO BO BHUMAHUE IPH 0bBAC-
HeHWH YKCHepPHMEHTANLHO Habmiojaemoro (axra 0Oojiee OCTPOrO BOCTIPHATHS
Ha CIAYX HeJHMHeHHBIX HCKayKeHMM CJIOJKHBIX co3Bryumil (pedb, MyBHKa I T. IL.),
MOPOEIAeMEIX KYOHIECKOH CHCTEMOM TIO CPABHEHMIO C KBaJpPaTHYHOM, eCIiN
K03 ()HIMEeHTEl TapMOHHK HX PaBHEL B mpojpykTe HEJIHHEHHOCTH KyOm9ecKOu
cucreMsl (a TarsKe cmerem OoJiee BEICOKOTO IOPAJKA) IIOMHMO BBICIIHX T'apMO-
HUYeCKEY B KOMOHHATIHOHHBIX 9acTOT OYAYT CONEPIKAThCA COCTABIAIOMHE ne-
XOIHOM YaCTOTHEl BXOAHOTO CHIHAJMA, JTH COCTABIAIONUE He ABISIOTCA NPOLYK-
TOM HeJMEEHIO0CTH, ecili OTEeHKA HeJMHeHHBIX HCKaMeHHU BEJeTcA Ha CJAYyX
(s cmeTeM ¢ HeGOMBIION HEIMHEHHOCTHIO). Henm MX MCRIIOYHTH M3 Py m
Prp, TO COOTHOMEHHE IHOCHeTHAX Oyjer jydlle XapakTepusoBarh pOJb 3HEP-
rerHYeckoro (axropa B CyOHEKTHBHOM ONEHKe HeIMHEHHBIX MCKaKeHAH KO-
jefanmit croxuoin popmul, C yueToM 9TOr0 OTHOCHTEILHOE 3HAUCHHE IPOJLYKTa
HeJIMHeHHOCTH KOMOMHANMONEOr0 IPONCXOMEHAA OKaskBaeTcA eme OOmbIIe,
gyeM cJIeyeT W3 TaOJHIEL.

' JUTEPATYPA

{.C. H. Pmesrun CIyx ¥ peus B cBere COBPeMEHHBIX (MIHIECKHX MCCIEA0Ba=
grit, OHTIH HRTII CCCP, 1936.

2. B. A, KoTensHHKOB. Haydao-TeXHAYECKHH cOopruK JleEMHrpajcKOTO MB~
craryra ceBazm, 1936, 14.

3. M. B. Bacuk Metog onpejen, KOMIOHEHT TOKa NMpI BO3JEHCTBAH Ha HEIIHHenHYIO
CHCTEMY CHHYCONTAIRH, Hanpaxermil. GOOPHUR MAYYHLIX TPY/0B IHUKIC, M., CBash-
mazar, 1948,

4. BE. T. Momor MWcnnramme pammompmemanios, Ceaznrexmanar,1936.

KuepeKnH opieHa Jlenmua ; [TocTynnia B PeaKInio
NOTHTEX HEYECKAR WHCTHTYT 13 newaOpa 1904 r.




