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I'hnasa IV
YiupasAsieMble KOAeOaHNSI HAaTIHYTHIX CTPYH

§ 1. [loBeneHue HATSIHYTOM CTPYHBI COBPEMEHHBIX
MY3bIKAJIbHbBIX HHCTPYMEHTOB

JlmnTensHOe BpeMsl 3arajfka 3BYYaHUs CTPYH MY3BIKAJIb-
HBIX HMHCTPYMEHTOB HE [aBajia IIOKOsSI MaTeMaTHKaM — IIOKa,
HAKOHEIl, He ObUIO BBIBEIECHO IU(PQPEPEHIINAIBLHOE BOJIHOBOE
ypaBHEHHE U HE HCCJICHOBAHBI €r0 COOCTBEHHBIC 3HAUYCHHS U
COOCTBEHHBIE (PYHKIIUU.

Oka3ajioch, YTO C BBICOYAMIIEN CTEIEHbIO TOYHOCTH KO-
nebaHusl TUTAPHOM (MJIM JIIOOOH IPYTOi) CTPYHBI aKyCTHYECKOTO
MHCTPYMEHTa MOTYT OBITh OIMCAHBI TPUTOHOMETPHUYECKUMU
(PYHKIMSIMA CHHyCA M KOCHHYCa, a CaMH KoyiebaHWsI IIpef-
CTaBJIEHBI uepe3 pasjiokeHus B psasl Dypbe II0 TPUTOHOMET-
pyUYeCKUM (PYHKIIUSIM.

Jra MaTeMaTHYeCcKasi MOJeJIb IIOSICHSUIA SIBJICHUE pe3o-
HaHCa, KOrga KojebaHusi CTPyHBl HpuOJIMKAIOTCS K COOCT-
BEHHBIM KOJI€OaHUSIM BOJIHOBOro ypasHeHust. Iloaromy yxe Ha
CTpOr0 HAay4YHOH OCHOBE T'MTApUCTOB YYHJIM [€JIaTh IIUIIKH,
pasieuB CIPYyHY IIOIIOJIaM, Ha OIHY Y€TBEPTh M Jiajiee B OTHO-
IIEHUH TPOM3BOJIBHON CTENEHU IBOMKH M IEpeMemaTh MeCTO
KOHTaKTa CTPYHBI U TIaJIbIIEB.

Mecro KOHTaKTa NAJIBLEB MM MEIuaTOpa HCIIOJIHUTEIIS
CO CTPYHOM CTaji0 UIPaTh PEHIAIONIYIO POJIb JUIS (PHUIMTPAHHON
TEXHUKH HCIIOJTHEHHSI.

Boymsu CEPENUHBI MCIIOJIHUTEJIb H3BJIEKAET MSIIKHE H
HaII€BHBIE 3BYKHU. Ynanas TOYKY KOHTaKTa OT CEPEINHBI omKe
K IIOJACTaBKE (OI[Ha YETBEPTDH CprHI)I), HCIIOJTHUTEJIb H3BJICKAET
HaunboJiee CBETJIBIE, APDKHE M YETKHE 3BYKH.

Y camom mTONCTaBKM (B MeECT€ KpEIUICHUSI CTPYH U
KOpITyCa HHCTPYMEHTA) HCIIONHHUTENb H3BJICKACT IPUUYIJIUBBIC,
pes3skue M KECTKHE S3BYKH, B KOTODBIX IIPHCYTCTBYET OOJIBIIOE
YHCJIO 3JIEMEHTOB psAla pasiiokeHuss Pypbe — 0OEPTOHOB.

HavajpHasi CKOpPOCTh BO3JEHCTBUSI HA CIPYHY Takke
MMEET PEIIAIOEe — YK€ HAayYHO HOATBEPKIECHHOE 3HAUYCHHUE
(kpaeBast sagaya Komm s BOJIHOBOTO ypaBHEHUS B KJjac-
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CHYECKOHN cpopMe). beicTpBINT INUIIOK Ha€T pes3Kuil 3BYK C
6LICTpLIM yracaHuem. HN3Biieuenue 3ByKa MEIUATOPOM,
napaulejibHbIM JIMHAW CTPYHBI, JA€T SICHBIA U OTYCTJIUBBIN
3BYK. I/Irpa najJblaMu cnoco6CTByeM MSITKOCTH U 3aByaJIUpO-
BAaHHOCTH 3BYYaHHMSI U TakK Jiajiee.

Bce 6v110 OBI XOpoOIIO, eciy OBl HE aICKOe M300peTeHHe
XX Beka — 3JIEKTpUUYECKasl TUTapa, MSTEXKHOE M IUIAMEHHOE
TS HAYYHO-TEXHUYECKON peBosmonuu. Kak 3Bydur 3ieKTpo-
ruTapa, OOBSICHUTh HEBO3SMOJKHO — €€ HYKHO ITPOCTO YCJIBIIIATh
B pykKax Macrepa. IDJEKTPOTHTApy MOJKHO WM CTPacTHO ITO-
OuTh, MJIM HEHABUIETH, HO HEBO3MOXHO HE 3aMeYaTh.

Cama mo cebe, Ge3 ycmmTeNs, 3JIEKTpPHYECKasl Trurapa
HE 3BYYMT (TOUHEE, M3JA€T 3BYKH HE JIydymero kadecrsa). J[is
HEE HE ITHMCAJIM CBOU IIPOMU3BENECHUSI ITPOCJIABJIEHHBIE KJIQCCUKH

OponuibIX BEKOB — TEM HE MEHEE, JIydylaue€ TIHUTapuCThbl
MHUpa CErOogHs MCIOJJHSIOT N KJIIACCMYECKHE ITPpOM3BEICHMUSI. B
KOHCEpBATOpHUM HE yuaT HUI'DE Ha I3JIEKTPpOrurape — HO COBpeE-

MEHHBIE 3JICKTPO-TUTAPHUCTBI JIEMOHCTPHUPYIOT TaKHE IIaCCaXH,
KOTOpBIE HE CHUIINCH OOBIYHELIM rurapucram.

Onexkrporutapa He BO3OYXIa€T aKyCTUYECKHE KojeOaHMsI
B IIyCTOTEJIOM KOPIIYCE, KOTOpBHIE CJIYIIACT BOCXMUIICHHBIA U
npuruxmun 3a Jlaxe ecim BHYTph KOpIlyca aKyCTUYECKOH
ruTapel IOMECTUTh MHUKPOQOH, 3Ta TEXHHUYECKAsi HOBALIMSL HE
NpPEBPATUT €€ B JIEKTPOIHTAPY, XOTS €€ 3BYK YJIyUIIHT.

B JIEKTPpOruTape 1o Kax[om CprHOPI PaCITIOJIOKEHBI
3BYKOCHHUMATEJIH. 1o He MI/IKpO(pOHbI, a JJIEKTPOMArHUTHI,
HaXOoodmuecs: 1104 CTpyHaMI. Ha 3BYKOCHHUMATEIM IIOJa€TCsa
oueHb cjradoe JICKTPHUICCKOE HAIIPSAKECHUE.

Korma merajummueckas CTpyHa BUOPUpYET HAall 3BYKOCHU-
MartejieM, OHa MOIYJUPYET IE€HEPUPYEMOE UM IIOJIE U IIOJAeT
Ha BBHIXOI OYEHb CJIa0ble II€PEMEHHBIC IIEKTPHYECKUE TOKH.
Konebanusa 3/I€KTpUUYECKHX TOKOB COOTBETCTBYIOT KOJICOAHUSM
CTPYH 3JIEKTPOTHTAPBL

Takmm obpasoM, ecmu cTpyHa cosepuiaeT 440 KomebaHuMin
B CEKYHJIy, OHA I'€HEPHPYET CBEpPXCJalOblil II€PEMEHHBI TOK C
vacroron 440 I'm.

laree caabpie TOKM IIOHAIOTCS B IIPEIYCHUIATENb, IIpEI-
HasHAUEHHBI 15 0OpabOTKM CBepXCIaObIX CHUTHAJIOB. 3aTeM
CUTHAJI TIOCTYIIA€T B OOBIYHBIN YCHUJIATEb M MOJKET BBIBOIHTHLCS
yXe B KOJIOHKY WM B HAyIIHUKH — 93TO OOECIIEYHBAET,
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HaIpuMep, Tak Has3bBAEMBbIII KOMOWK (OBa YCHUIMTENSI TLIIOC
KOJIOHKA B OIHOM KOPIIyCE), KOTOPBII MMEIOT BCE YBa’KalOLIUe
cebst rurapucrel. TOJIBKO TaK I'MTAPUCT MOJXKET PEAIbHO YCIIbI-
mIaTh, YTO JK€ OH ChIpajl HA CaMOM [eJIe.

Eciu rurapuct urpaer Ha KOHIIEPTE, IOTpEOYeTCsl ele
O[IMH — TPETUX YCHUJIUTE]Ib MOLIHOCTH, KOTOPBI PAaCCUMTAH Ha
0OJIBIION KOHIEPTHBIA 3aj1 WM JIa)K€ Ha IIJIOMAIb OIPOMHOIO
Meranonmca. Yame BCEro Ha KOHIEPTE TUTAPHUCT CJIyINAET
COOCTBEHHBIN JKUBOWM 3BYK, MIYHIHMI M3 KOJIOHOK, ITOBEPHYTBIX
Ha CIIEHE HEMOCPEICTBEHHO K CaMOMY HCIIOJTHUTEIO.

Cpasy orosopioch — s HE YMEIO HUIrpaTh Ha 3JEKTpO-
ruTape, XOTs Hay4HThCSl IbITanack. 3a Moew cruHon 10 ser
KJIACCUYECKOI'O MY3bIKaJIbHOIO OOpa3OBaHHUsSI M OOYYEHHS HUIPHI
Ha (POPTENMAHO, IIOJKPEIUICHHBLIE ONBITOM BBICTYIUICHHI Ha
cuene. CeromHsi s — CYACTIMBBIA OOJlalaTeslh CHHTE3aTOpa C
JUHAMHYECKON KJIABUATYPOH, Ha KOTOPOM MOJKHO HWIpaTh U
KaK Ha POIHOM INHMAHMHO, M KaK HAa OpPraHe U Ha 3JIEKTPOHHOM
CHUHTE3aTOpPE, U JaXe KaK Ha YJApHOH YCTaHOBKE.

Ho st mobmo 3ByuyaHme snekTporutapsl. Jlist MeHs: amexk-
Tporurapa B pyKax MacTepa ObljJa M OCTaeTCSI HEMOCTHIKUMBIM
COBEPHIEHCTBOM, HanOOJIee OPraHUYHBIM CIJIABOM COBPEMEHHBIX
TEXHOJIOTUM, ITPOrPECCHUBHBIX HAYYHBIX JIOCTM)KEHHUI M KBUHT-
3CCEHLIMEN MacTepcTBa 4ejioseka. I Bcerma crpemmiace K MO-
CTPOEHHUIO MAaTEMATHYECKON MOIEIIM 3BYYaHUS 3JIEKTPOrUTaphbl
B PyKaxX THTapUCTOB 3KCTPa-KJIACCa, UIPAIOIIAX POK-H-POJUL

4 moryia O MHOTO M JOJITO NMHCATh 00 3JEKTPOrUTape U
COBPEMEHHBIX I'MTAPUCTAX, HO OCTAHOBJIIOCH TOJIBKO Ha YETBIPEX
Haubosee JMOOMMBIX M YBa)KA€MBIX MHOIO HCIIOTHUTEJISIX.

Ha ux npumepe s KpaTKO pacCMOTPIO UCTOPHUIO Pa3sBUTHS
TUTAPHBIX COJIO B HAIIPaBJICHUHN Xapl-poKa, PUTM-3HI-0/03a U
KJIACCUYECKOI'O X3IBU-METAJJI — TOrO, YTO OpUTAHCKUE POK-My-
SBIKAHTBI YIIOPHO MMEHYIOT COBPEMEHHbIM POR-H-ponnom. O-
HOBPEMEHHO OyIyT IIpOBEIEHBI CpPaBHEHUS C TUTapUCTaMU,
WIPAlOIMMU Ha KJIACCHYECKOHM aKyCTHUYECKOH THTape.

JIxumu  XeHIpPUKC II0 IpaBy CUMTACTCS BEJIMYANIIAM
rutapuctoM XX Beka. OH He IPOCTO CUHTE3UPOBAII B MY3bIKE
caMble pasHbIE U IIPOTUBOPEYMBBLIE HAIIPABJICHHUS, HO U CO3JAI
B 60-e romer XX BeKa CBOM COOCTBEHHBINI HEITOBTOPHMBIM
1 YHUKaIbHBIN cTwib. Ha oOeranoit rurape Fender Strato-
caster B KOMOMHALIMM C HOBEWIIMMH Ha TOT MOMEHT BPEMEHU
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9JIEKTPOHHBIMU  IIPUMOYKAMHU OH 6yKBa.TH:-HO COpBaJI KpbIIy
OrpOMHOMY KOJIMYECTBY UYE€JIOBEK M HE JaJl HUKOMY OIIOMHUTBLCS
10 CETrOAHAINIHETO BPEMEHU.

Ero conpnas Kapbepa IIpogoJIKajiach BCETO YETHIPE TOMA,
HO J[KuMu XEHIPUKC IOJHOCTBIO IIEPEBEPHYJI BCE IIPEICTaB-
7eHus 00 3JIEKTPUYECKON THTape, BBEIS HOBBIE CPEICTBA, TEX-
HUKY HCIIOJIHEHUS Y MaHEpPY IPEICTaBICHUS Ha CLIECHE.

Jlaxe mocne cmepru (OT II€PEIO3SHPOBKU HapPKOTHKOB)
€ro ajab0OMBI M KOMITOSHIIMH TIPOIOJIKAIOT M3IaBaThCS M ITOJIb-
3YIOTCSI NONyJISpHOCTBIO. OH SBJISIETCS MCTUHHOM JIET€HJION U
OIHUM U3 OCHOBOIIOJIOKHMKOB COBPEMEHHOM POK-MYS3BIKH.

Ocramuce pororpapuu U BUIEO3AIIUCH, HOTBI M (POHO-
rpaMMBbl BBICTYIUIEHHI Bbinaiomerocsi rurapucra. Ho mpobGiiema
cocrosuia B TOM, 4TO J[)KmMMu urpajl BIOXHOBEHHO, MHTYHUTHBHO
1 HE MOr OOBSICHUTh, KAaK HMEHHO OH WIpaeT IIacCaXu u
IOYEMY HS3BJICKAET U3 TUTApbl HEMbICIMMBIE 3BYKH. OH ymep
CJIMIIKOM PaHO M YHEC C CODOI TafiHy OCODOrO 3BYYaHMS 3JIEK-
TPOTUTApPhl — IIOTOMKAM OCTaJIACh TOJIBKO €ro My3bIKa.

I'mrapucTsl, Urpaioniue COBPEMEHHBIN POK-H-POJUI, JIOJITO
1 0Ee3yCHEeIIHO MBUIMCh BOCIIPOM3BECTH (PUPMECHHOE 3BYYaHUE
€ro 9JIEKTPOruTape. ITO HE MOIy4yasjaoch [JaXXe Yy MacCTepOB
MHPOBOTO YPOBHS. B pesynbpTaTe KaXmblil BEJIUKUNA TUTAPHUCT
ccpopMHUpOBajl COOCTBEHHOE 3BYYaHHE CBOETO HMHCTPYMEHTA.

Tanna 3Byka XeHJpHUKCa HE JaBajla TMTapUCTaM IIOKOSL
B y3kux mpogpecCHOHAIBHBIX KPYyrax THTAPHUCTHI TOTOBBI OBIIH
npomaTh AOymy IbsaBOly 3a TAKOE 3ByuyaHue HWHCTPYMEHTa U
HCKPEHHE Bepujd, 4ro JIKMMU UMEHHO TaK Hu Ciejall 185



Ouenn HHTEPECHBIM rura-
pucrom siBisiercst  Jxuvm  Tlemmx
— rurapuct rpymnst Led Zeppelin,
KOoTopasi  SBJIS€TCS  OCHOBOIIOJIOXK-
HUKOM CTHJIS KJIACCUYECKOI'0 XI9BU-
meta)ul.  llelk — BBIIAIONINIICS
CTYJIUHBIN TUTApUCT, KOTOPBIN
MaCTEPCKU HCIIOJIb30BAJI TEXHHYEC-
KH€e Cpencrsa, B pe3yjbTaTe 4Yero
€ro rurapa 3BydYaJjla gpdye U BbIpa-
3UTEJIbHEI, YEM Ha CILIEHE.

ITOT OYEHb TEXHUYHBLIA WU
FPaMOTHBIII THTAPUCT COBMEINAJI Ha
(POHOrpaMMax 3BYYAHHE HECKOJIb-
KHX TUTAapHBIX IIAPTHIL, a TaKXKe
3ByYaHHE 3JICKTPHYECKON M aKycC-
THYECKOl rurapbl. Ha JKUBBIX KOH-
LepTax 3BYYaHHE TUTAPBI OLIYTHMO
MIPOUTPHIBAJIO CTYIHMITHBIM aJIBOOMaM.

H)KI/IMI/I OHepeHI/IH CBO€E BpeMSI n Kak MYSLIKaHT, n Kak
npomiocep. I'pynma Led Zeppelin mpekpatnia cyimecTBOBaHIE
IocJie CMEPTU yJapHHKa B aBHa-KaTacTpode.

H)KI/IMI/I Tenmx BBIITYCTHJI HECKOJIBKO COJIbHBIX apbo-
MOB H YCHEHIHO 3aHsJICSI HpOL[IOCGpCKOfI HeATEJIbHOCTBIO.

Puun biskmop — onsa
U3 JIyYIIUX TUTAp U OIMH U3
HauOOJIee BBIIAIONINXCH THTa-
pucToB Mupa KoHua XX B.

I'mrapucr rpymmsr Deep
Purple u mumep cobcTBeHHOTO
npoekta Rainbow.

IIpekpacnoe ouyeHb pOB-
HO€ M OIHOBPEMEHHO MOIITHOE
3By4aHUE€ U B CTYIUM, U Ha
JKUBBIX KOHIEpTax. Bsicokas
TEXHUYHOCTh HCIIOJIHEHUSI U
CIIOKOHMICTBUE Ha CIICHE.

Ero MaCTE€EPCTBO POCJIO M COBEPLICHCTBOBAJIOCH ITOCTOSIHHO,
U3 roga B roa — KpoOmIoTjauBasi N HEIIPEPbIBHASL pa60Ta Halx

CBOMM COOCTBEHHBIM YHHKAJIBHBIM 3BYKOM. B amsbome 1995 ro-
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aa BIISKMOP HUCIIOJIHUJI B TOM YHCJIE 06pa60TKy KJIACCHUYECKUX
KOMIIO3UIIU B TIEPEIJIOKEHNN IS SJIEKTPOIrUTapPbL

Puun BiskmMop OTHOCHTCSI K rUTapUCcTaM TaKOro KJjacca,
3By4YaHHME TMTapbl KOTOPOrO B KOHIE XX BEKa HE MOIJIM BOC-
npoussectu Jjipyrue rurapucrel. Kax u rurapy JDxumm Xenju-
pukca, rutapy biaskmopa MOXHO OBIJIO MIHOBEHHO Y3HATh IIO
CIIEU(PUUECKOMY XapakTepy s3ByuaHus. Puuu He mnpomasai
OyIIy ObABOJIY, HE MBITAJICA pasragaTh 4yxXue TaiHbl u B XXI
BEKE CIIOKOMHO OTOLIE] OT JIEJI, OCTAaBUB CBOIO MY3BIKY.

W, maxomen, rurapuct rpynmsl Queen — Brian May
(bpaman Mboi). I'mrapucT HOCTOSIHHO OCTaBajCs B TEHU BO-
KaJuCcTa TPymmbl. XykKe TOoro — d4roOel mpumaTte Queen Ooiree

IIOIICOBOE MW MCHEE POK-H-POJIJIBHOE S3ByYaHHE, €Iro TIHMTapHbIC
COJIO M Ja’K€ BOKaJI IIPOAIOCEPBI YaCTCHBKO ITPUITYIIAJIM.

bpaitan He 3amumchBaj COJBHBIX aJIbOOMOB, OCTaBasiCh B
TEHH ¢ Oyayud IO KOHIIA BEPHBIM TIpynne — [Iake IIociIe
CMEPTH 3HAMEHUTOIO Ha BECh MUpP COJMCTa rpynmsl Queen.

B yskux mnpogeccHoHanbHBIX Kpyrax pedrtuHr bpaiana
OCTaBaJICsl BBICOKUM. ITO THUTApHUCT, BCErJa WIPAIOMIMI H3bIC-
KaHHBIE COJIO M 3a0OMHBIA POK-H-POJII C OIMHAKOBOM JIETKOC-
THIO M BXONSIIIWA B IBAALATKy JIyYIIUX TI'MTAPUCTOB.

Ero rurapa m Bokan sByuar B KuHOpuibme «l'oper». O
HEM OY€HbL Maj0 mumyT. Ero IecHu pacneBaloT MHOTHME, He
3Hasl, YTO HUX aBTOPCTBO MNPUHAUIEKUT bpaiany Mbsio.

Mbsii HEMJIOXO WIpaeT U B CTYIMH, M HA JXUBBIX KOHIEp-
rax. OH BbIIEI Ha cueHy u urpaa maxe B 2008 romy.

Ha npumepe ero rurapel si Oyoy BBIINMCHIBATH MOJIEIH
(POPMHMPOBAaHHUSI 3ByKa 3JIEKTPOIMTapbl M YyIpPaBIISIEMBIX KO-
ne0aHUil €€ HATSIHYTOH CTPYHBL 187



CrneunaucThbl, KOTOPBIE 3JIEKTPU(PULIMPOBAJIA CBOHM IEp-
Bble TUTapbl B Hauvajge XX B€Ka, CTPEMUIINCh MaKCHUMaJIbHO
NpUOIU3UTH 3ByYaHHWE K akycTmdecKon rurape. Ho, Kk cuacrsio,
OHU TIOTEPHEIN COKPYLIMUTEJIbHOE IIOPaK€HHWE M HE MOIJIA
cebe IpecTaBUTh, YTO OYIET BBIICJIBIBATE C MHCTPYMEHTOM Ha
¢pecruBae Byncrok Jxumu XeHIpHKC.

Bce DONBITKM MOIYYUTH 3BYK AKYCTHUECKOH THUTaphl Y
3JIEKTPUUYECKOTO MHCTPYMEHTA TEPIEIN KPaX, TAK KaK MEXaHH3M
(POPMUPOBAHUSA 3BYYAHHSI SJIEKTPOrUTAPbl KOHLENTYaJIbHO OT-
JIMYaercss OT MEXaHU3Ma 3BYyYaHUsI aKyCTUUECKOH IUTapBbL

Y aKyCTUUYeCKOH THTapbl 3BYYMT IIyCTOTEJIBIA KOPIIYC,
KOTOPBIA PE3OHUPYET B TAKT M C YaCTOTOH 3BYYaHMsI HATSHYTBIX
crpyH. Ee konebanus mepemaiorcst yepes Bosayx. Ee sByuanme
OIUCBLIBACTCS IIPOCTEHNIMMU BOJHOBBIMU YPaBHEHUSMH M 3JI€-
MEHTapHBIMU TPUIOHOMETPUYECKUMH (PYHKIIUSMU.

Y 9JIeKTpUYECKO¥ TUTaApbl MPHHIMI PErHCTPALIN
3ByKa OCHOBAaH B IIEPBYIO OY€penb Ha SIBJICHUSIX Korku
9JIEKTPO-MAarHUTHOTO pe30HaHCA. A 3JIeK-
TPUYECKHE SIBJICHUSI OIHCHIBAIOTCS
00OOIIEHHBIMI HMHTET PATEHBIMU
ypaBHeHUsiMU Maxcsejuia.
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Kopnyc

HuxHsAR 3acTexka
NS PEMHA

MaremaTuyeckasi MOOEJIb SIBJICHUIA 9JIEKTPO-MAaruuTHOIO
pPE€30HaHCa HOCHUT NPHHIHIHAJIBHO OTJIHYHBIH OT aKyCTHKH
XapakTep W MOICIMPYIOTCSI HE TPUIOHOMETPHYCCKHMM q)yHK—
OUaIMH, a CII€IIHaJIbHBIMHA (pyHKHI/ISIMI/I MAaTEMATUYECKOU q)I/I3I/I—
Ku. XOTs caMHu CTPpYHBI 9JICKTPOruTaphbl IIPOAOJIXKAIOT 3BYy4YaThb,
HNOAYHHSASCH B IIEPBYIO O4YEPEIb 3aKOHaM aKyCTHKH. Bor Takas
CJIOJKHasl KapTHHa IIOJIy4Ja€Tcss — JIBa THIIAQ ypaBHeHHFI.

He xaxpjelii wWrpamommid Ha aKyCTMYECKOH TIuTape
WCIIOTHUTEIL  HCHonb3yer Memuatop. Cumraercs, 49To ISt
WU3BJIEUEHUS 3BYKOB JOCTATOYHO mnajibies. Ho wucnonnureim,
KOTOPBIC HUI'PAIOT, HAIPUMEP, Ha YCETBIPEXCTPYHHOHM JIOMpeE
IpyUMa, aKTUBHO MCIIO/IB3YIOT MEIUATOP ISl ITOJIYYEHUSI OpUIH-
HAJIbHBIX M HEOOBIYHBIX 3BYKOB M3, Ka3ajoch ObI, IPOCTOrO M
HE3aMBbICJIOBATOr0 aKYCTHYECKOIO HHCTPYMEHTA.

XapbKOBCKasi KOHCEPBATOPHSI HMEET OYeHb CHIbHBIX
JOMPHCTOB, KOTOpBIE TIOTPSCIA MEHSI apaHXHPOBKaMU U
(PEHOMEHAJIbHBIMU ~ CIIOCOOHOCTSIMA H3BJICKaTh IIPH IIOMOIIU
MeIuaTopa M3 aKyCTHYECKOTO HHCTPYMEHTa  COBEPIIEHHO
HEOOBIKHOBEHHOE 3By4YaHHe. ['mrapucraM CTOMT TIOCIyLIATh
XapbKOBCKHX HCHOJIHUTEIEH U IIOCMOTPETh Ha HUX (PHIMIPaH-
HYIO TEXHUKY pabOTBl C MEIHaTOpPOM — B IIEPBOM psiIy.

st pok-rurapucTa MEOUATOp — HE MEHEe Ba’KHBIA u
HEOOXOOUMBINT aKceccyap. 3a)KaThiM MEXKIy OOJBIINM U yKa-
3aTEIPHBIM TAJIBIIEM TPEYTOIBHBIM KYCOUYKOM IIJIACTMACCHl POK-
TUTApUCTHI OEpPyT aKKOpOBl M HUrpaioT cojo (kcratw, bpaian
Mboit urpaeT MOHETKOH, a HE IUIACTHKOBBIM MEIHATOPOM).

B ommume OT CHILSIIMX € AKyCTUYECKOH THTapOd HC-
TIOJIHUTETIEH, POK-TUTAPUCTBEI OOBIYHO cTOAT. Mim ’xe urpaior
nonynéxa. IlotoMy 4Yro HpOCTPAaHCTBEHHBIE II€PEMENICHHS U
NpUHYIUTEIbHBIE BUOpPAIIMN KOpPITyca 3J€KTPOTUTAPHI BIIHSIOT
B KauecrBe GYHKIHH ynpaBleHHA Ha SBJIEHUS 3JIEKTPO-Mar-
HUTHOTI'O PE30HAHCA U COOTBETCTBEHHO — Ha XapakTep 3Byuva-
HUSI 3JIEKTPUYECKOIO UHCTPYMEHTA.

To, 4TO MIPaKTUYECKU HE CJILIIIHO HA aKYCTUYECKOHU IUTape,
CTaHOBUTCSI OIHOHM M3 HamOojee XapaKTEpPHBIX OCOOEHHOCTEMN
(POPMHUPOBaHHUS HOBOIO 3ByKa — IIyTEM CO3JIAHUS IIEPETPY30K
3SBYKOBBIX KaHAJIOB 3JIEKTPOTHTAPbl BHYTPH yCHIIMTEIICH.

Jlaxe ecu pOK-TUTAPHCT UTPAET HA aKyCTUYECKOI THTapeE,
OH BCE PaBHO OyIeT MBITATHCSI NPHIATH €€ KOpIIyCy BHOpaIuu
1 TI€pEeMENICHUs], KOTOpPBIE HM3MEHSIOT XapakTep S3ByYaHHUS Ha
AKyCTHYECKOM YPOBHE, IIyCTh H JIOCTATOYHO CcJj1abo. 189



Y ayekTporurapbl €Crb elle OJHA HHTEpPecHasl IPUMOY-
Ka — pbIyar. Ecimu uwa wmero HaJaBUTb, JIMHA CprH yMeHI)-
LIMTCS, ¥ 3BYK HM3MEHHT TOHAJIBHOCTh. BO Bpemsi COJIMpPOBaHUS
THTAPUCTBL AKTUBHO TIIOJIB3YIOTCSL pblyarom. llasure HyXHO C
OIIpENIECJIEHHBIM YCUJIMEM — KOpPIIyC aKyCTHYECKOH I'HTapbl Ta-
KOrO 3BEPCKOro obpameHusi IIPOCTO HE BBIICPIKUT.

Takum 00pa3oM, 3jI€KTpHYECKasl I'UTapa IIO3BOJISIET IaxKe
PperyjdpoBaTh YpPOBEHb HATSIKEHHMSI CTPYH — a S3HAuUdTl, U
IUIMHY CTPYH BO BpeMsi UX 3ByuyaHMs. 11 3T0 Ha (poHE 3JI€eKTpO-
MarHUTHOTO PE30HAHCHOTO BOCHPHSITUSI KOJEOAHHUIT CTPYHBL

I'pucp snekTpuyeckor rurapbl Kopode u ToHbme. Ha nen
HCTIONB3YIOTCS OOjlee TOHKME CTPYHBI, a 3HAYMT, U YCHUIMMA ISt
UX TpIKaTHS K Ipugy Tpedyercss MeHbIIe. ITO IT03BOJISET
rUTapuCcTaM HE TOJBKO HIPATh JIEBOKM PYKOH, HO MU CBOOOIHO
BBIIOJIHATh ITPOCTPAHCTBEHHBIE IIE€PEMEIIECHUS 3JIEKTPOrUTaPHL

KpOMe TOro, B IIpOHECCE€ MCIIOJIHEHUSI THUTapHBbIX COJIO
JJIMHY CTPYHBI MOJKHO H3MCHATH, ITPOM3BOMISI ITOATSIKKY BBCPX
n BHU3 W YIJIMHECHHNE OJTHOMI WJIX HECKOJIBKUX CTpyH — BILIOTH
A0 TIOJIYTOHA Ppa3HUIIbL

I'mrapucTaM CTaHOBSITCSI HOCTYIHBIMH BHOpPAIluy CTPYH,
KOTOpbIE PaHEE HMCIOJILb30BAIN CKPUIIAYM M  BHOJIOHYEJIMCTEHL
Ho BBIIOJHSIOTCS OHU B IONEPEYHOM (IMEPHEHIUKYJISIPHOM Ha-
TSDKEHHIO CTPYH), a HE IIPOIOJILHOM HallpaBJICHHUM.

I'mrapucTbl OpPaKTUYECKWM HE HMCHOJIb3YIOT YHMCTBIA 3BYK
anekTporuTapbl. Yame BCEro OHM WUrpalOT HAa TaK Ha3bIBAEMBIX
HeperpyKEHHBIX KaHallaX, B KOTOPHIX 3BYK CTPOTO ONPEICTICHHBIM
0o0pa3soM HCKa’Xaercsl 3a CYeT BHYTPEHHHUX 3JIEKTPHYECKHX
neperpy3ok. OH He XyXe U He JIyuyllle UYHCTHIX 3BYKOB — IIpO-
CTO OH OPYTON.

bnaromapst mneperpyskaM M OCOOBIM IIpHEMaM  HIPHI
OTCEKAIOTCSI THKH U OOEpPTOHBI — 3BYK Ha BBIXOIE (POPMHU-
PYyE€TCSl YIUBUTEILHO YMCTBHIN, POBHBIN M UMTEIbHBIA. Ero
(POPMHPOBAHHUE Ha CaMOM CTPYHE OITMCHIBAETCS BCETO HECKOJIb-
KAMH WICHAMH psga pasiioxeHus Dypbe, a TO U OTHUM-IBYMS
JOMHMHUPYIOIIUMU NEPBLIMU WieHaMU psaua Pypbe — ocTajibHbIe
OTCEKAIOTCsl amlmaparypod. Tak 3ByuuT HeCpaBHEHHasi IMTapa
Puun bnskmopa.

Hist Toro, 4roOBl IIOJYYUTH TAKOW MICATBHBIA 3BYK,
TUTApPUCTY TPEOYIOTCSI IECSTUJIETUS] YIOPHOM paboTel.  ITO

HCKaXCHUS, YIIpAaBJIIEMbIE B TOM YHCJIC E)JIeKTpOHI/IKOfI.
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Ecnu Ha anexTporurape ocinabuTh HAKUM IAJIBIIEB JIEBOM
PYKM Ha CTPYHBI Ha I'pU(E, OHM BMECTO 3BOHKOIO M SIDKOIO
A3manyT OJEKIbI 3BYK, HO IPOIOJUKAT HEMHOTO 3BYYarTh.
Eciim nmpopo/DKuTh Hrpath € TaKUM OCIA0JIEHHBIM Ha’ KHMOM,
HCIIONB3ysI MEIUATOp, 3BYK IIPEBPATHTCSI B HEOOBIUYHBIA U
crpaHsblil. Ecim  CTpyHBI MSIKO OTIYCTUTh — OHHM Cpasy
JK€ TIEepecTtaHyT 3ByyaTb. Ha 3ByK 9JIEKTpPUYECKONM TIHTapbl
BIIMSIIOT JA)K€ TAaKWE HIOAHCHI, KOTOPBIE ONISTh-TAKU CBSI3aHBI C
(PEHOMEHOM 3JIEKTPO-MAarHUTHOIO PpEe3OHaHCA.

Lonee Toro — Ha 3JIEKTPUUYECKON TMTape MOXKHO UrpaTh,
MPOCTO OITyCKas Iajblbl JIEBOM PYKHM HAa HYXHYIO ITO3HIIUIO
rpudpa M Cjerka yuapsia Ipd 3TOM IO crpyHam. bes yuacrus
npasoit pyku. KoneuyHo, Takoe MOXHO MpojejaTh M Ha aKyc-
TUYECKOM TI'UTape — TOJBKO Pe3yjIbTaT OyHeT IIaueBHBIM.

CrpyHa BBIBOIWTCSI M3 PaBHOBECHUS U MIHOBEHHO IIpU-
KHUMAETCA B TOM X€ CaMOM MECTE — OpI/II‘I/IHaIII:HaH KpaeBaﬂ
samaya Ha KojeGamus. OHa Momenupyercs dYepes (PYHKIIUH
KOCHHYCOB, 2 HE€ IIOCPEICTBOM TPAIUIIMOHHBIX CHHYCOB.

Bricouarimmero macrepcrsa B 3TOM OPUIMHAJILHON TEXHUKE
3sByKouspjiedeHus jpoctur Jxumm IIedK, BXONSIIUA B IEPBYIO
ISTEPKY JIydymux rurapuctoB. OIHOM pPyKOH OH MOI WIpaTh
Ha IpU(E TUTaphl, a BTOPOH — Ha KJIABUIIHOM CHHTE3aTOPE.

B 70-x u 80-x romax XX BeKa MHOrHME TUTAPUCTHI yIe-
JISUIA OFPOMHOE BHHUMAaHHUE COBEPLICHCTBOBAHHUIO MAaCTEPCTBA U
TEXHUKH 3BYKOM3BJIEUEHUSI HA 3JIEKTPOrUTApE.

Ho mnocrenierHo IpOoMU3ONLIO 3HAYUTEIIBHOE YTSIKEJIEHNE
XapAa-poka IIoA BJIMSHHUEM HAIIpaBJI€HMS TpalI-MeTajljia.

Bmecrto  puiaurpaHHON ~ TEXHUKHU  3BYKa  TI'UTApPHUCThBI
CcTajgy TPAKTUKOBATh OYEHBb TSUKEIBIE M 3a00MHBIC PHQPPHI,
HallOMHUHAIOIIHE CTpenb0y U3 opydouin u mylemeros. Hosas
TEXHUKa TpeOoBaja BBICOKOM TEXHHMYHOCTH M MAaCTEpPCTBa, HO
9TO HEIb3g OBUIO Ha3BaTh POK-H-posutoM. lIpomsomio Tto, uro
U JIOJUKHO OBUIO CIYYHTBCH — HE KaKIBIA, JIa)Xke CaMBbIid
TpeIaHHBI (paHaAT, B COCTOSIHUM OBIJT BBIIEPKHBATH TaKyIO
My3bIKy JIOIIO M CIylIaTh €€ M0 MULIMOHY pa3 MONpsIL.

Hauajics HeKOTOpI)IPI Kpu3ucC JKaHpa. OI[HOFO 3By'~IaHI/I$[
MIEPErPYKEHHBIX JI0 Tpejelia YCHIIUTENIeH CTAJI0 HEeIOCTATOYHO.
Koneny XX Beka O3HAMEHOBAJICSI IPHUXOIOM P3Ma M XUII-XOIIA,
KOTOPBIII HE OY€Hb YCIENIHO IBITaINCh IIPUCIIOCOOUTH IO
3By4YaHHME POK-MYSBIKM, HO M 3TO HE CIACJIO CHUTYaluio. 191



B camom npauasie XXI BeKa MHOrUM I'UTapuUCTaM Kas3ajloch,
YTO OHU YK€ HM3BJIEKIH BCE, UYTO MOJKHO OBIIO TOJIBKO H3BJIECYb
U3 9JEKTPOTUTAPHl — HO OHU 3a0BITHM NPH 3TOM O MY3BIKE.

Mue panHast cauryanuss 1o 001 HATIOMUHAET CBOIO CH-
Tyanuio ¢ HpI/IKJIa,lIHOFI MATEMATUKON U CIEIUaJIbHbIMU prHK-
oUusIMU — KCTaTd, B 9TOT JK€ CcaMbli OTPE3OK BPEMEHU.

Tak MoXeT ObLIThb, CErOIHSI TUTAPUCTAM HYKHO BCIIOMHHUTb,
9r0 OHU wrpaior MY3BIKY, a 3jieKTporurapa — He oostee ueMm
WHCTPYMEHT JJISI €€ WCIIONHEHUs Pr?

OJleKTporuTapa IIpPeIoCTaB/IsieT HCIIOJHUTEISM IIMPOKUe
MOTEHIIMAJIBHBIE BO3MOXHOCTH M OTKpBIBa€T TIE€pel HHUMH
HEMBICJIMMbIE Topu3oHTH. C HEl MOJHO CIeJlaTh TO, YTO He
IOl CrUly IpyromMy IIOHoOHOMY wuHCTpyMeHTty. I coBcem He
0053aTE€JIbHO HMMUTHPOBATHL aBTOMAaTHBIE OYEpPENH MM CTPO-
WUTEIBHYIO IUIOIIAJKY — 3TH 3BYKM MOJXKHO IIOCIyIIATh B
bonee monmxonsmeMm Mecre. VMim cmemate ato 2-3 pasa.

Onaumu us HAUOOJIeEe CJIOKHBIX HHCTPYMEHTOB IO BO3-
HUKHOBCHHUSA IJIEKTPOrUTapbl CUUTAINCH IMHAHUHO MU POSJIb. Ha
q)opTermaHo MOJXXHO M3BJICKAaTb 3BYKHM CaMbIMU pPa3HBIMHU M
OpHUI'MHAJIbHbIMH CIIOCOOAMMU.

I'mrapucr sKcrTpa-Kjaacca OIMH MOJXET 3aIlOJIHUTh ITOJIHO-
LIEHHBIM 3BYKOM M MY3BIKOH HE TOJIBKO KOHILIEPTHBINA 3aJjl, HO
U OrPOMHYIO 4YaCTh COBPEMEHHOIO METaIloJIMCa M yIEPXHUBATh
ayIuTOpUIO Ha IIMKE BHUMaHUs. MOXHO COJIMpOBATh IEpel
OO0 ayoUTOpPHE — OT KaMEpHOW IO OrpoMHOI (ObuH
Ob1 MI/IKPO(pOH])I 14t yCI/IIII/ITeIII/I). MoxHo urpatb B TIPYIIIIE,
aHcamOJle, C OpKECTpOM, BOKAJMCIOM H T. [L

CeI‘OJ_lHSI IIOABHJICST €€ OIMH MWHCTPYMEHT — 3JICKT-
porurapa. Ha IIPpAKTHKE OHa OKa3ajlaCb O4Y€Hb CJIO’KHBIM
HHCTPYMEHTOM, O6JIalIaIOH.II/IM OO0JIbIIM IIOTEHITHAJIOM.

... ToapKO MO OoUIIMAILHBIM TaHHBIM, Ha Iuomans Cso-
6omer B XapbkoBe B ceHTsiope 2008 roma mpunumM M IpHEXaIH
co Bcero CHI' 6onee 350000 uwenmoBek — mBa yaca ITOCIyHIATh
KJIACCHBIN BOKAJI, COBDEMEHHYIO 3JIEKTPOIHTapy M OTIMYHBIE Oa-
pabanp. Takoro B XapbkoBe He OBLIO JOCTATOYHO JIABHO.

Ilo HeopuumaIbHBIM [JAaHHBIM, Ha KOHIIEPTE COOPajIoOCh
MOJIMUJLIMOHA Y€JIOBEK — IIOTOMY YTO BCE IIPOCTO HE IIOMEC-
TWIMCh Ha KPYIHEHUIIEH IUIOINAJY KOHTHHEHTaIbHOH EBporibt
U Tperbeidl 10 BelMuyuHe Iulomanu mupa. Konuepr cobpai
PEKOPIIHOE YHCJIO Ccaymareer 3a BCio Kapeepy Queen.
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§ 2. ®opmMupoBaHue 3ByKa COBPEMEHHOI 3JIEKTPOruTapbl

CrpyHsl JIO00r0 My3bIKaJIbHOI'O HMHCTPYMEHTa — Oylb TO
(pOpTENHAHO WIIM KJIABECHH, aKYCTUYECKasl WJIN JIEKTpUYECKast
ruTapa, CKpUIIKAa, BHUOJOHYEIb MM KOHTpabac, JoMpa WIH
fayajaiika — 3By4YaT COBEPIIEHHO OIMHAKOBO M ITOTYHMHSIOTCS
OIHUM M TEM JX€ (PUSHUYECKUM 3aKOHAM.

Nx wmaremaruyeckast MOII€JIb OIIMCBIBAECTCSI OJIHHMH ¢
TEMHU XK€ I[I/Iq)q)epeHHI/IaHI)HI)IMI/I ypaBHeHI/IHMI/I B YAaCTHBbIX
IIPOM3BOIHEIX C omepatopoM Jlaruraca m  Kkpaepoir 3agadein
Komm B KJIaCCUYECKON [IE€KapTOBOI CHUCTEME KOOpIHMHAT (HUKA-
KHX Ccpep Y IMIMHIPOB — BCE IPUBBIYHO M IIOHSITHO).

Ilpocrefimee BOJIHOBOE YpPaBHEHHE HMEET BHIIL:

y'(x) + 0?y(x) =0

Orcroma MOXXHO IIOJIyIUTh 061].[66 PEUICHUE YpPaBHEHMSL

y(x) = a sin(ox + o)

Yron (@ mBaseBaercsi asooil mnocrostHHOW. IIpocrteie
rapMOHHYECKHE KOJI€OaHHMsSI 4YacTO OOBSICHSIOTCS Ha IIpUMeEpe
KpyroBsoro asvxenud. Kaxjoe BO3MOXHOE 3HAUEHHE CMEIIEHUS
X MOXKHO MPEICTaBUTh KaK MPOEKHUIO PaauyC-BEKTOpa IOC-
TOSSHHOW [UIMHBI (I HAa [IHAMETP OKPYKHOCTH, OIHCHIBAEMOM
KOHIIOM 3TOr0 BEKTOpPA MpPU BPAIIEHUH €r0 C MOCTOSIHHOM YIJIO-
BOM CKOPOCTBIO O IIPOTHUB YacOBO¥M CTpesku. Taxum obpasowm,
KXl IIOBOPOT PalMyC-BEKTOpa Ha (Pa3OBBIA yroi 270 pajauaH
COOTBETCTBYET ONHOMY ITOJIHOMY IHEPHONY KOJIeOaHUIL
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Korma maTeMaTHKH CTPOMIM W H3y4Yajdd MOAEId Tap-
MOHUYECKAX KOJIe0aHWI CTPYHBI, OHHM IIPOCTO HATSATHUBAJIH
CTPYHY — HW  H3y4YalIu ee KojeOaHHsI KaK TaKoBHIE. 3aTeM
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usyydajin rapMOHHYECKHE KoJrebaHus JIEKTPHUYECKOro OCHMIJI-
JATOpa KaK TaKOBOI'O. K KOHKPETHBIM MY3bIKaJIbHBIM HHCTPY-
MEHTaM 3TO HE HMeEeT OCOOOIr0 OTHOILEHUS.

Crpyna cosepimaer KojebaHHMsSI HE TOJILKO B OIHOH ILIO-
CKOCTM — OHa KOJIEOJIETCSI B TPEXMEDHOM IIPOCTPAHCTBE, H
Kojie0aHUs OIMCHIBAIOTCS 00JIe€ CIIOKHBIMHU YPaBHEHHSIMIL

Pan  pusnko-MaTeMaTHYECKUX OOOCHOBAHHIT ITO3BOJISIET
cienarb BBIBOJ, 4YTO B TPEXMEPHOM IIPOCTPAHCTBE CTPyHA
KOJ1eDJIETCS C OIHOM U TOM XK€ YacToTOoil. Pasimuuarbcs MOT'YyT
TOJIBKO AMIUIUTYIBI (pasMaxu) STHX KOJIeOaHMIL.

To ecrp KoyebaHus B IBYX B3aUMHO-TIEPIEHIMKYJISP-
HBIX IIUIOCKOCTSIX SIBJISIIOTCSI HE3aBHCHUMBIMU IIO aMILIATyIE
(pasmaxy) KojeOaHMIA

Cucrema KonebaHUII CTPYHBI B IIPOCTPAaHCTBE OIMCHIBA-
€Tcsl Mapor IU(PQPEPEHIIHAILHBIX BOJHOBBIX yPaBHEHUI:

y'(x) + o’y(x) =0
z"(x) + o?z(x) =0

Orcona MOXHO TIONYUYUThH OOIIee penieHue:

y(x) = a sin(ox + o)
z(x) = b sin(ox + @)

HesaBucumo or Tuma BOJIH, BOJIHOBYIO CKOpPOCTBh BCEria
MOJKHO MHp€aCcTaBUTh Kak prHKHI/IIO yopyrocru u HMHEPHIUU
Cpenbl. YprI’OCTL CBdA3aHa C MEXAaHHN3MOM HAKOIIJICHHS IIOTECH-
HAJIbHOMN 9HEPIrum.

Muepuuga cpensl cBsi3aHa C HAaKOILUIEHHMEM KUHETHUYECKON
(111 MexaHMYeCKUX TeJ) MM HHIYKTUBHONH (WISl 3JIEKTPO-
MarHuTHBIX B3aWMOJICCTBUI) SHEPrumn.

B kauecrse cpeisl BBICTYIIA€T MeTa/UIMYECKasi CTPyHA
pasiiMuHOi TOMIUHBL Yem Tojme crpyHa — Tem Oojiee OHa
UHEpPLUUOHHAsl, TEM HUXe TeMOp ee 3ByYaHusi M MEHbLIE
4acTrora COOCTBEHHBIX KOJICOAHWIA.

I'mrapucroB ydyaT, 4ro CTpyHa KojeDIeTcs II0 CHHYCO-
HUIAJBLHBIM 3aKOHAM, YAacTO HE YTOYHSsSI, YTO OHA HE3aBUCHUMO
KojieOercsi B JIByX IEpHEHIMKYJISPHBIX ILIOCKOCTAX. M otm
KOJI€0aHMs TUTAPUCT MOJKET CaM PEaIM30BLIBATE.

IInanucTer HeE MOryT YyIIpaBJISITb KoJIe0aHUSIMU CTpYHBI B
ABYX IIJIOCKOCTSIX, TaK KaK IIO CTpyHaM OBIOT MOJIOTOYKI.
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Onmmako HM omHa CTpyHa cama IIo cebe He KojeOsercs,
IMOOUUHSISACH OIIMCAHUIO TOJIBKO OIHOMN prHKHI/II/I cuHyca.

Ona cosepmiaeT MHOXECTBEHHBIC KOJI€OaHMS, KOTOpBIE
CKJIaJBIBAIOTCS IPyT C IPYrOM M KaXIblid pa3 (POPMHUPYIOT ee
YHHUKAJIbHOE 3By4YaHUE.

A Y AY
Jlags  wWxX  MareMaTU4eCKOro 4 4 n=4
MOJIEJIMPOBAHUSI  BBOISIT — IIOHSTHE N Al

COOCTBEHHBIX (PYHKIIUII H  COOCT- m 3
BEHHBIX 3HAQYE€HUM BOJIHOBOI'O ypasB- Name? N n=
HEHU L.

T
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3bIBAIOT, CKOJIBKO IIE€JIbIX CTOSYMUX
BOJIH MOJXET O6paSOBaTLCH Ha CTpYy- -

% v n=[
HE q)I/IKCI/IpOBaHHOI/I JJIMHBI.

Ha cxeme npuBeleHbI IIEPBHIE UETHIPE (PYHKIIMU COOCT-
BEHHBIX KOJIEOAHUII CTPYHBI, KOTOpBIE SIBJISIIOTCSI HauOoJiee
aKTyaJbHBIMU JUIsi TuTapucra. VIX HMHOIr/Ia HasbBAIOT TapMoO-
HUKaMH WM O0EpTOHAMU M HYMEPYIOT.

Konebmomasics crpyHa obmamgaer W KUHETHYECKOW, U
noreHuajbHou suepruen. IloHoe cMelmeHue CTPyHBI SIBJIs-
€Tcsl JIMHEHTHOM KOMOMHAIIMEH HX COOCTBEHHBIX (PYHKIIMIL.

Jia MonesmpoBaHUsT KOJIeOaHUI CTPYHBI HCIOJIB3YIOTCS
pasiioxkeHus QPyHKOUA B psabsl Dypbe:

y(x) = 2 a, sin(nx) + c, cos(nx)
n=0

z(x) =

besyciioBHO, HM Ha OIHON (PU3HMUYECKON CTPYHE HEJIb3s
peanusoBaTh OECKOHEYHOE YHCJIO CKOJIb YTOIHO MajbIX KoOJe-
6anni. COCTaBISIIOIIMX TAPMOHUYECKUX KOJICOaHUI MOXKET OBITh
MHOIO — HO HMX YHCJIO OKa3bIBAETCS BCE paBHO KOHeuHbIM. 1
9TO HECKOJILKO OOJIETYaeT JKU3Hb MY3bIKAHTAM.

b, sin(nx) + d, cos(nx)

T M2

0

Vcnoaurenen JI0JIro y4yaT IpaMOTHO MCIOJIb30BaTh TIap-
MOHHYECKHE COCTaBJISIONINE KOJIeOaHUII CTPYHBI, ITPOU3BOJIS
BO3JICACTBUE HA CIPYHBI B CTPOIO OIIPENEIIEHHBIX MECTaX H
Ja’Xe MEHsIE MECTO M3BJICYEHUs 3ByKa B 3aBHCHUMOCTH OT
IIOJIOKEHMSI PYK Ha TI'pU(e TuTaphbL
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m PHCYIOT CXEMbI CHHYCOB M KOCHHYCOB M TOBODST,
YTO TOJIBKO TaK COBEpHIAET KoJieOaHus HaTgHyTasi CTpyHa.

Paner ®ypbe ceds BEOyT OYEHb XOPOWIO M OBICTPO CXO-
ISITCS, €CJIA MCXOTHBIE (PYHKUMM XOPOIIME — OHU OrPAaHHYEHBI
Y, KPOME TOro, O0SA3aTE/IbHO HMEIOT OrPAaHUYEHHBLIE TEPBLIE H
BTOpBIE ITPOU3BOIHBLIC. ITO cymecTBeHHO !!l.

Ileppasi mpoussogHass — 3TO CKOPOCTb IBUJKECHMSI CTPY-
HBI, BTOpas IIPOU3BOJHAS — €€ YCKOPEHHE.

YciioBue cxomumoctu papos Dypbe IIPEKpPacHO BBINOJI-
HSIETCSI OO TE€X MOpP, NMOKAa Ha CTPYHE M HMHCTPYMEHTE IIPOCTO
MO-YEJIOBEYECKH MIpalOT, a caMy IUTapy HCTEPUYECKUA HE Iep-
ralorT BO BCE CTOPOHBI U IIOCTOSIHHO HE TPSICYT €IO.

Ho kak TOJIBKO CTpyHAa HAUMHAET PBATHCS WJIM JIONATLCS
Ha CIIEHe, WIM CTPYHE BIPYI IpPHIAIOT PEe3KHe BHENIHHE
YCKOpEHHsI, WM II0Ka TUTapy MpOCTO HE pasOuBaioT Bapedes-
M B KOHIE BBICTYIUICHHSI — B 3TOM CjIydyae HapyIIaercs: yc-
jIoBu€ cxomumoctd psijios Dypee.

IToBemenue Takoil aHOMAJIBLHON AKYCTUYECKOM CHCTEMBI
MOJIEJIMPYETCH YK€ IWIMHIPUYECKMMH (PyHKuusMu becceis
u Hemmana B mwmsaapuueckux KoopnuHataxX. Cucrema He
MOJKET OINMCHIBATLECSI TOJIBKO NpUBBIMHBIMH psitamMu @ypse.

HurepecHo, rme Bpl Bumen HOPMaJIbHOIO TI'MTapHUCTA,
KOTOprI;I OBl BO BperI HCIIOJIHEHUSI THTAapHOIrO COJIO II€PUOIH-
YECKH He JIeprajyl ¥ He TPSC CBOIO 3JIEKTPOrUTapy...

Jlaxe cpenu Tex, KTO (paHATUYHO JIIOOUT CBOM COKPOBMILA
4 HUKOIIAa HE CTaHEeT pasduBaTh UX Ha CIEHE (Hy B KpalHEM
cIydyae paso0beT HPYIyIO THTapy, KOTOPYIO €My HE JKAJIKO).

Takmm 00pasoM, K KaHOHHYECKOMY Pa3I0KEHUIO BOJH
B psaabl T'apMOHHYECKHUX (pyHKI_[I/IPI MOXKET HpI/I6aBI/ITbC9[ eme
OIUH pSI Pa3JIOKEHUSI — II0 OOOOIIEHHBIM TaPMOHUYECKHM
PYHKIMSIM  (TaK HA3BIBAEMBIM IWIMHIPUYECKUM  (PYHKITHSIM
MaTEMaTUYECKON (PUSUKH).

ITO U €CTh OTBET Ha CaMyl GONBIIYI0 My 3bIKaNIbHYI0 3a-
razky XX BeKa — IIOYEMY MOIEJIb 3BYYAHUSI IJIEKTPUYECKON
TUTapbl B PYKaxX PpOK-TUTApUCTa HE BCETJa YKJIAIBIBACTCS B
MIPUBBIYHBIE CXEMBI M MaTEMAaTHYEeCKHE MOIEIN KJIACCHYECKHX
rapMOHMYECKUX KoneOanmi. Henbss MomenupoBaTh  TOBKO
psoamMu @ypbe TIPOIIECCH, KOTOpPHIE HE YIOBIETBOPSIIOT HCXOI-
HBIM TpeOOBaHUSM K caMoii cucteMme psinoB Dypse.
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IJeKTpuueckas rurapa — OYE€Hb MOJIOIOM, C TOUKHU 3pe-
HHUSI TEOpUH KojiebaHuii, MHCTPYMEHT. Bo3sHuKaeT ecrecTBeHHBIN
BOMIPOC — KaK MHOTO Hay4HBIX PabOTHUKOB (KOHKPETHO, MPHK-
JIAIHBIX MaTEMAaTUKOB — B CQEpPE MaTEeMAaTHUUECKOH (PHU3UKH)
(paHATEIOT OT JMEKTPOTHTApH? JlamyT Ju MM 3aIIuInaTh IUCCEP-
Taly Ha IOIOoOHbIe TeMbl? J[ymaro, MOXHO HE OTBEYATb.

st TOoro, 4yTOOBI IOHSITH W TIOYYBCTBOBATh, KAK 3ByYaT M
BEIyT ce0sl CTPYHBI JIIOOOr0 My3bIKaJbHOI'O MHCTPYMEHTA, HYX-
HO 00s13aTEIBHO HAYYHTHCSI WIpaTh HAa aKYCTHUYECKOM CTPYH-
HOM HHCTPYMEHTE.

B akycruueckoM HMHCTpyMEHTE KOJI€OaHHsI CTpyH mepe-
JAIOTCS  KOPIIYCy, KOTOPBIA PE30OHUPYET B TaKT 3ByYaHUs
crpyH. ViMeHHO 3ByKOBBIE KOJI€OaHHSI ITyCTOTEJIOrO KOpITyca
(POPMUPYIOT XapaKTEPHBIA 3BYK aKyCTHUYECKOIO HHCTPYMEHTA
1 TIO3BOJISIIOT CHIBIIIATH UHCTBIE 3BYKA 0€3 3JIEeKTPUYECKHUX
HUCKAXEHMA — W I IHAHWHO, W JUIS THTapbL

OZHOH H3 TrIaBHbBIX OCOGEHHOCTEH 3JIeKTPOTHTAaPH,
KOTOPYIO aKTMBHO HCIIOJIb3YIOT COJIMPYIOIIME TMTAPUCTHI, SIBJIs-
€TCS CIIOCOGHOCTBh €€ CTPYH H Kopmyca BOCHPHHHMATh
BHemHee ymnpasnenue. Ha camom nene, mo0ble CTPyHBI U
KOpIIyC IIpUHMMAIOT TaKOe BO3IEHCTBUE, HO O3BYUYHMBAIOT €r0
TOJILKO THOCTXEHIPUKCOBCKUE I3JIEKTPUYECKUE HHCTPYMEHTBHL

CrpyHBI aKyCTHYECKOH TIHTapbl IIepefaloT KoJjebaHwMs
KOpITyCy, KOTOPBINI IIPUHUMAET YaCTh SHEPIUM KOJIEOAHUM CTPY-
HbBl ¥ HAa4YMHAET PE30OHHpPOBaTh. BMecTo TOro, uTOOBI pacceu-
BaTbCsl B IIPOCTPAHCTBE, SHEPrUs CTPYHBI BLI3HIBAET OTBETHBIE
pe3oHaHCHBIE KojieOaHUs Kopmyca. 3aTeM SHEprust KojeOaHMi
KOpILyCa CHOBa BO3BPAIA€TCS CTPYHAM B KAayeCTBE PE30HAHCA,
Gylarofgapsi 4eMy CTPYHBI 3By4YaT 3HAUYHUTEIIHLHO IOJIBIIE.

DopMmupyercst IOCTaTOYHO 3aMKHyTas aKyCTHYECKasl CHC-
T€Ma, OPHEHTUPOBAHHAS HA MAKCHMAJIBHO [OJIIO€ W YHMCTOE
3ByYaHHE, KOTOPOE€ ILIEHUTCH y MYS3BIKAHTOB BBILIE BCETO.

CrpyHBI, HaTSHYThIe Ha OOBIYHYIO IOCKY, HE OymyT 3BYy-
yarh [OJI'O M KpacuBo. YeJI0BEYECTBO BEKaMM IUIMQOBAIO U
¢opMy, 1 MaTepHand aKyCTUUECKUX HHCTPYMEHTOB, UTOOBI OHM
HE IIPOCTO PE3OHHPOBAIIM M YCHINBAIN KOJIEOAHHSI HATSHYTHIX
crpyH. llycrorensiit Kopmyc mOMKEH OBIT OTCEKATH JIMIIHHUE
00EPTOHBI, 3aCOPSIOIINE 3ByYaHUE CTPYHBI, U JIeJIATh 3BYK HMHCT-
PYMEHTa YHCTBIM WM 3BOHKHM.

Takum 06p330M, IIyTEM BEKOBOI'O OIIbITa Y€JIOBEYECTBO

CO31aJI0 aKYCTUYECKHE HHCTPYMEHTHI, HE TOJILKO YCHJIMBAIOLINE
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3By4YaHME€ CTPYHBI, HO M OYMINAIONINE 3BYK OT IIyMa M CTaOMIIH-
3UpYyIOIINE 3By4YaHUE M30pPaHHBIX OOEPTOHOB CTPYHBL

Enaronapﬂ 9TOMY 3ByYaHHE aKyCTHYECCKUX HMHCTPYMEHTOB
MOJXXHO MOIECIHMpPOBATh PpsaaMK CI)ypbe. XOpOIlII/IfI I IUIOXOU
HHCTPYMEHT, MOJXHO IIOHSITh, TOJIBKO ChbI'PaB Ha HEM H IIOC-
JIyniaB €ro 3By4YaHHC BXXHBYIO. Hpoqee POJI1 HE HIpaeT.

XOpOH_II/IfI aKyCTI/IUIeCKI/IfI HHCTPYMEHT JOJI)KEH 4YHCTO 3BY-
JyaTb U1 B He6JIaFOHpI/I$ITHI)IX JIsT HETrO YCJIOBHAX JIETKOM TpsiC-
KH, BI/I6paHI/II/I, TOJIYKOB U T. 1. Ero KOp11yC HJOJIKEH OTCEKaThb
BCE HEXeJIaTeJIbHBIE BHEIIHUWE BO3JIEHNCTBUS U ITyMBL.

Taxk O0OBIYHO ¥ HPOMCXOOUT Ha IHpakTHKe. Kak ObI
9JIEKTPO-TUTAPUCTBI HE TPSICIIM KOPIIYC AKYCTHYECKON THUTAPHI
1 Kak OBl OHM €10, Oemojaroi, He BHOPUpPOBAIM — 3TO OYEHB
c1abo cKaspIBaeTCSl Ha PE3YJbTUPYIOIIEM 3BYYaHUHM WHCTPY-
MECHTA. YCII])IIHaTI) BHOCHUMBIC MU 3ByKOBI)Ie MOJIyIISIHI/II/I CMOJXET
TOJIBKO TPEHUPOBAHHBIN MY3BIKAJIbHBIN CJIYX.

CoBceM HMHOE €10 — 3JIEKTPOruTapa. Y Hee 3Ha4MTEIbHO
MEHBLIIMI IO PpasMEPy M TOJILIHUHE KOPIIYC, YaCTh KOTOPOIO
3aHATa 9JICKTPOHHBIMU IIPUMOUYKAMU M KperuieHusimu.  Ee
KOpIyC HE pacCydTaH Ha TO, YTOOBI OOECIeuYHBaTh CTPyHAM
aKyCTMYECKOE 3BYYaHHME, HAIIPABJICHHOE B 3a]l — 3TO CHEJIAeT
9JIEKTPOHMKA MU 3sjeKkTpudyecTBo. Cama rurapa 3BYYHT ILIOXO.

Ho sro He 3HauuT, 4TO €€ KOPIyC HE PE3OHUPYET U HE
BOCIIDUHUMAET KOJICOAHUSI THTapHBIX crpyn. B sjekrporurape
OYeHb OOJIBIIOE 3HAUECHHE HMEET He TOJIBKO MaTepuall, U3 KO-
TOPOrO ClieJIlaH KOPIyC — Ba’XHYIO POJIb UIpaeT Jdaxe JIpeBe-
CUHA, U3 KOTOPOW CHEJIaH TUTaApHbIA I'pU@.

Muorue TuTapuCTBl 3KCTpa-KjlacCa HIpaloT Ha TIuUTapax,
KOpHYyC KOTOPBIX BBIIIOJTHEH M3 KPACHOIO HMJIM WHOI'O IIOPOIOro
nepesa. He moromy, urto MM HeKyda J€BaTh JIEHBI'M — TOJIBKO
LE€HHBIE IIOPOIbBI JIepeBa obecrieunBaloT BHICOKOE KaveCTBO 3BYy-
YaHUS CTPYH Ha MaJibIX (POpMax KOHIIEPTHOrO KOpITyca.

C TOYKM 3peHUs] (PUSHUKHU CIUIOIIHBIX CPEI, 9TO CBS3AHO C
MOHSATHEM TBEPIOCTH M OIHOPOIHOCTH cpelbl. lleHHbIE TTOPOILI
JepeBa UMEIOT 3aMETHO OOJNBIIYIO TBEPHOCTh. A 3HAUMT, M 3BYK
B HHUX PacCIIPOCTPAHSETCS OUIyTUMO OBICTpEE.

3BYK B KOpIIyCE [OJIKEH IIEPEIaBaThCs M MOIYJIMPOBATHCS
OueHb OBICTPO M TaK K€ OBICTPO BO3BpamIaThCS CTPYHAM. IJTO
CBsSI3aHO C TEM, 4YTO peSyJII)TI/IpyIOIlII/IPI 3BYK CHHMACTCAd HE C
KOpIlyca, a HENOCPEICTBEHHO C CaMHX CTPYH (CHUSY).

198

Kopiyc meperpyXeHHOI 3JIeKTPOrHTapbl HE MOJXKET CaMm
o cebe CTaOMINSHUPOBATH 3BYK, KaK 9TO [EJA€T aKyCTHYECKUM
nHcrpyMeHnTt. Orcioya cieiyer BbIBOI.

FI/ITapI/ICT BOOOIIE HE IOJUKEH IejlaTh JIMIMHUX M TEM
Ooutee HEYTIPABJIIEMbBIX  TEJIOJIBHXEHHUI. Ecmu  Bwor CMOTpUTE
KUHO(MPUJIBM, B KOTOPOM OJIMH H3 TI'€pPOEB CKA4YET IO CHEHE U
IIAKO TPSICET MHCTPYMEHTOM, B TO BpeMsl KaK U3 INHAMHKOB
pasimaercs ake caMoe€ 3aypsiiHO€ TUTapHO€ COJI0O — I39TO 3Ha-
YUT, YTO B CTYJIMH 3BYKO3AIIMCU 32 T'€pOsl ChIrpajl HOPMaJIbHBINA
KBAJIM(PUIIMPOBAHHBINT W CIIOKOUHBIA MY3bIKAHT.

ITO CTPOro clielyeT M3 3aKOHOB (pu3sHKH. UTOOBI MaKcu-
MaJIbHO U30€XaTh HEYNpPAaBJISIEMBIX IIYMOB, CBSI3aHHBIX C
BIIMSIHHEM YCKODEHUSI M TPSICKHM, OCODO UyTKasi 3JIEKTpOruTapa
BO BpeMsl 3By4YaHUs [OJUKHA JIMOO ITOYTH ITOKOHTBCS, JIHOO
IBUTATHCS MPAKTHYECKH NPSIMOJIMHENHO U pPaBHOMEPHO.

YMenue crosith, Kak cCKajla, U JepXaTb TUTApy IOYTU
HEIIOIBMXHO BO BpeMsl 3a0O0MHBIX THUTAPHBIX COJIO IOJIKHO
OBITH 00s13aTEILHBIM HABBIKOM THTAPUCTOB, HUIPAIOIIMX OYEeHb
JKECTKUI pok. Ilpuuem peub HIET HE CTOIBKO O PUTM-TUTAPHUC-
TaX, CKOJIbKO O THTAPHOM COJIO.

Kak ormeuanoce paHee, OCOOEHHOCTH YCTPOMCTBA 3JIEK-
TPOTrUTAphl MO3BOJISIOT YEPE3 €€ KOPIlyC W rpud mnepenasarb Ha
CTPYHBI JONIOJTHUTEIBLHBIE BHEIIHME BHOpanmm. B coorsercTBHmM
C BOJIHOBBIMM 3aKOHAMH, BUOparuu OyIyT CKJIAIBIBATBCSI C
OCHOBHBIM 3BYYaHUEM CTPYHBI, BBIBEICHHON N3 PaBHOBECUS
MEIUaTOpOM MM MajibllaMH MCIIOJHHUTEIISI, IIOCJIE YEro Iiepe-
IaBaThCS HA 3BYKOCHUMATEJHM IIOI CTPYHAMM.

Taxum 00pa3oM, pe3yJIbTUPYIOIIEE 3BYUYaHHE IIPEICTABIISET
coboii KoneOaHMUsI CTPYH THUTAaphl, HA KOTOPHIE HaKJIAILIBAIOT-CSI
KoJIe0aHMs, BBI3BAHHBIC BHEIIHUM YIIPaBICHUEM.
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IToaTomMy akycTHUYECKHE KOJIEOAHMSI CTPYHBI JIEKTPHYECKOM
TATapbl MOXHO Ha3BaTh YIPABISIEMBIMH. YIIPaBJIICHUE MOXKET
HOCUTDH BOJIHOBOW, JIMHEVHBIA W HEJIHMHEHHBIA XapaKTep.

Bueminee ympasjieHue IIpelcTaBiisier coDoOd He IIocJie-
IIOBATEJIbHOCTh HCKa’X€HUIM 3JIEKTPUYECKOrO CUTrHaJla B 3JI€K-
TPUUYECKUX MLENsX, a MEXaHHYECKOE BO3JICHICTBUE Ha CTPYHBI
rurapbl ¥ ONOCPEIOBAHHO — Ha CTPYHBI Y€pe3 KOPIIyC U Tpud
9JIEKTPOrUTaphl 10 TOIO MOMEHTAa, KaK 3BYK Oyler Ipeodpaso-
BaH B IIOCJICIOBATEJIBHOCTH IJICKTPUYECKUX HMITYJIbCOB.

BosiHOBBIE 3aKOHBI B (PU3MYECKUX AKYCTHUYECKMX IPOLIEC-
Cax ¥ B MOCJICIOBATEIBHOCTU 3JIEKTPUUYECKUX BOJIHOBBIX HUMITYJIb-
cax OIMCHIBAIOTCS OAHHAKOBBIMH YPABHEHHAMH BOJIHOBOI'O OC-
nunnaropa. [losromy rurapucr MoxeT 3aMEHUTh IIPAKTUYECKU
BCE JIOIOJHUTEIIBHBIC 3JICKTPOHHBIC 3(PEPEKTHI (praBHeHI/Ie B
9JIEKTPUUYECKUX IIENSIX) MEXaHUUYECKUM VIIPABJIEHHMEM, KOTOPOE
HaKJIQJBIBAE€TCSI HA 3BYYaHHME TUTAPHBIX CTPYH (MEXaHHYECKOe
yIIpaBJICHUE BHEIIHUMU BOJIHOBBIMU KOJICOAHUSIMU CTPYHBI).

ITosromy, XOTSIT TOrO TMTAPUCTHI WA HE XOTAT, HO OHU
BMECTE€ CO CBOMM JIPArOE€HHBIM HHCTPYMEHTOM IIOIUHHSIIOTCSI
CTPOTMM 3aKOHAaM COBPEMEHHON BOJIHOBOM (PHU3HKU.

Jlaxxe ecnu OHM UTpaloT TP3UI-METAJI M TOMY IOIOOHBIE
0CO00 JKECTKHE MY3bIKAJILHBIC HAIPABJICHUS, UM IIpUICTCS
JOOMBATHCSI UMCTOTHI 3BYKa HE IPOCTO TEXHHUKOM HCITOTHEHUS,
BBICOKOM CKODOCTBIO M TOYHOCTBIO [IBMJKEHHH MeIuarTopa,
OErJI0CTHI0O M TEXHUYHOCTBIO JIBVUKEHHI NajbIEB HA T'HTAPHOM
rpudpe — HO U yZAaNeHHEM BCEeX NHHEHHBIX H HENMHHeHHHBIX
BHENIHHX IIOMeX c rpuda m Kopmyca rurapsl

OHU [OJUKHBI HAYUYUTBCSI HE BHOCHTH HEBOJHOBBIC BHEIII-
HHE IIOMEXHM W JIPOXKb B TUTapy, 3ByYallylO Ha BBICOKHX (OKO-
JIOKPUTHYECKMX) CKOPOCTSX M3MEHEHUs 3ByKa, oOecreuuBast
OY€Hb IUIABHBIE M CJIA00-aMIUIMTYIHBIE KOjeOaHWUsSI KOpIIyca.

Ecymm mcnojmHuTEIL €II€ MOXKET HAy4YUThCsS 3arilylaTh
CTPYHBI, TOYHO CTaBUTh Iajbllbl Ha TpU(P U OUYEHb OBICTPO
ux yOWpaTh, 3BYK BCE paBHO IIOJUYMHSIETCS 3aKOHAM 3JIEKTPO-
MarHUTHOIO M 3BYKOBOI'O PE3OHAHCA M IOBEIEHUS BOJIH C JIaJIb-
HEAIIUM HUX ITpeoOpa3sOBaHUEM B SJIEKTPUYECKHUX IIETISIX.

Cam mporiecc BOCHPHSITHSI 3ByKa M ITpoliecc oOpabOTKU B
CHCTEME HE 3aBUCSIT OT MacCTEepCTBa T'HTAapHCTA. ITOT mporecc
SIBJISIETCSI WHEPIIMOHHBIM. JIrobble BOJHOBBIE KOJIEOAHUS Jop-
MHUPYIOTCSI, HApaCTalOT M 3aTyXaloT HE€ MIHOBEHHO — IOJDKEH
MPOUTU IIYCTh OYECHb MaJIblil, HO HEHYJIEBOU OTPE30K BPEMECHU.
HasoBeM ero KpUTHUYECKHM.
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CKOpOCTI) nogavyr HMMIIYyJIbCOB B I3JIEKTPUYECKYIO CHCTEMY
npu UCIIOJHEHNHN 0Cc000 TEXHHUYHOI'O TpauIr-MeTajuia HpI/I6JII/DKa-
€TCA K KPUTHYECKHM IIOKa3aTeJIsIMHU BPEMEHH M OTHOCHUTCA K
NOrpaHUYHbIM  COCTOSTHHUSIM. HO3TOMy MaJiefnme JIMHENHbIE U
HEJIMHEVHBIE IIOMEXW, IIoIlaJjaiomue B CHUCTEMY H3BHE 1 HE
OKa3bIBAIOIMME 3aMETHOI'O BIIMSHUS ITIPU 0oJiee HU3KUX CKOPOCTHIX,
Ha OKOJJIOKpUTHYECKHUX CKOPOCTSX MOAYJIAIMM  3JIEKTPpHYEC-
KHNX BOJIH BBISBIBAIOT 3aMETHBIC CIABHIM IIO q)ase " OKa3bIBAIOT
CyIIE€CTBEHHOEC BJIMSIHHNEC Ha IIOBEICHHUE CHCTEMBbI B IIC€JIOM.
Pasurnie 3BYKH MOT'yT CJIIMTBCSI B paBHOMeprIPI TyJL

N 2 A
V\/Z/ 1/

Henuneiinbie 3(p(peKTLI B aKyCTHYECKUX M JICKTPHUICCKUX
BOJIHaX BO3HHMKAIOT, €CJIM aMILIUTYJda TAKOM BOJIHBI CJIMIIKOM
oosbmiasg. MmeHHO 3Ta curyanusi BO3HHUKaeT Yy TIHUTapuCTta,
HUI'pAoLmero B pexmme KpaﬁHeﬁ SaKpI/ITI/I‘IeCKOfI NEPErpy3Ku.

HopmajibHasi 3ByKOBasi BOJIHA COOTBETCTBYET CIIydaio (a).
B ciryuae 3ByKOBO# BOJIHBI C KOHEYHOH AMILIATYIOH CKOPOCTh
Oymer Oosbmie Tam, riue OoOJIbIe €€ IUIOTHOCTh M JIaBJICHUE.

JIokajbHBIE BO3MYLIEHMSI, COOTBETCTBYIOLIME TaKUM 4Yac-
TSIM BOJIHBI, OyIOyT Il€pEeMeIaThCsl OBICTpPEeEe €€ BO3MYIICHHI C
MCHBIINMH IIJIOTHOCTBIO U TAaBJIECHUEM U HAIOHATHL UX — BapHaHT
(6). Bomra nepopMmpyeTCsi C TEUEHHEM BPEMCEHH, ITOCKOJBKY
ee TrpedeHb [IOTOHSIET OOJACTH C MEHBIIEH IUIOTHOCTBIO M
MBITAETCSI O0OrHATH MX.

Kparinuii ciydaii (B) HE JOCTUraeTcsl M3-32 MEXaHHU3MOB,
INPUBOISIIIMX K YBEJIMYEHUIO SHTponuu. Bmecro sroro cumyco-
yUIanbHAs BOJHA CTaOMIM3HpPyeTcs B BHIE TaK Ha3bIBAEMOU
YIApHOI BOJNHBI (I) C KPYTHIM BEPTHKAIBHBIM NEPEIHUM (PPOH-
TOM. I9TO HE TakK CTpaIHHO, KakK IIyYHaMH HJIA TOpHalIO.

JIoKajIbHBIE yIapHBIE BOJIHBI HE OIMCHIBAIOTCS C KCHOJIb-
soBaHHEM ps0B Dypbe, rapMOHMYECKUX (PYHKIMI U BOOOIIE
HE IIOMYMHHAIOTCS HUKAKHM BOJIHOBBIM 3aKOHAM.

Takum oOpa3oM, B CHCTEMY BMECTO HOPMAJILHBIX CHHY-
COMJIAJIBHBIX BOJIH IIOCTYIIAIOT PaspbIBHBIC CTYIIEHYATBHIE CHIHA-
JIBI, KOTOPBIE CHCTEMAa (PU3MYECKM HE MOXKET o0paboTaTh u
HUCIPaBUTh B COOTBETCTBUM C BOJHOBBLIMHM 3aKOHAMM. 201



SneKTpOHI/IKa OTCEKAEeT IMHUKOBBIC 3HAUECHUS, a peBep66pa—
TOp MOJIUMUIHNPYET CUTHAJ KAaK MOJKET. B pe3yiabTaTte BMECTO
OTHE/IBHBIX HOT 3BYYHUT HEKHU €IUHBIN 3BYKOBOU (PPOHT WU
Ha6op 3BYKOB, HE€ HMECIONIUX OTHOIICHUSI K HOTaAM.

Uem cuipHee 3(p@eKkT pesepOepauuu, TeM OosbLIe CIId-
BAIOTCS JIPYT C IPYroM OTHEJIbHBIE HEMY3BIKAJIbHBIE 3BYKHL

Eciu  sgppexT pepepbeparii  IOHH3HTH, TOrda OYIOyT
HaOIIONaThCsl HEKOHTPOJIMPYEMBIE ITMKOBBIE CKAuyKH, TaKkKe
HUKakuM o0pa3oM He HaIllOMHHAIONINEe My3BIKy. 3aTo OHH
YCHENHO MMHUTHPYIOT CTYK palOTaoImero MOTOpA, BBICTPEIBI U
TOMY IIOOOHBIE HEMY3BIKAIBHBIC 3BYKU, CBSI3AHHBIC C JIOKAJIb-
HBIM O0Opa30BaHUEM MACCHBA 3BYKOBBIX YIAPHBIX BOJIH.

EnuHcTBEHHBI Iy Th YJIyYIIEHUs KayecTsa 3ByKa — obec-
IEUYEHHE HYJIEBBIX JIMHEHHBIX M HEJUHEHHBIX (CKaYKOBBIX)
BHENIHUX IIOMEX B CHCTEME, KOTOPBIE CIIOCOOCTBYIOT (POPMH-
POBaHUIO YIAPHBIX BOJIH B 3aKPUTHYECKUX PEXHUMAX.

ITockoiIbKy 11 MIPAIOIIEro YeJIOBEKA HEBO3MOJXHO JIO-
OUTHCH IIOJIOKEHHSA UIEAIBHOrO IIOKOS, BMECTO JIMHEMHBIX U
HEJIMHEMHBIX IIOMEX HY’KHO BHOCHTh BOJIHOBLIE HH3KOYAaCTOT-
HEle NMOMeXH, IIJJABHO U ¢j1abo Bpamasi KOpIIyC TUTapbl U BBI-
NOJIHSIS IUIABHBIE KOJIeOaHHMS I'PHU(POM B OIHOH IIJIOCKOCTH.

TopKO HU3KOAMIIIUTYIHBIE U OYeHb CJIaOble KojebaTellb-
HbI€ FapPMOHMYECKHE IIPOLECCHl HE BBISHIBAIOT B JIAHHON CBEPX-
IEPErPYKEHHOM CHCTEME (POPMUPOBAHUE YIAPHBIX BOJIH.

ToybKO Tak BMECTO IyJia, BOSI, CIyKa U CJIMBAIOIIMXCS
Ha OOJIBIIMX CKOPOCTSIX HOT MOJKHO BOCIPOHU3BOIHUTH YETKOE H
SICHOE 3BYYaHHME KaKJIOW OTIEJIbHOM HOTBHI COJIO-TUTAPbl — II0Y-
THM 4YTO BHE 3aBUCHMOCTH OT CKOPOCTH H IIOCJIEHOBATEIHLHOCTU
HU3BJICUECHHUSI 3BYKOB M AaKKOPIOB MCIIOJTHHTEJIEM.

B camom Hauwaze cono bpafian mepeBogur rurapy B 3a-
KPUTUUYECKUA M CBEPXUYYBCTBUTE/IbHBIA PEXHM BOCIIPUSTHSL

Ka}Knoe €ro0 IBUJXEHHE M KaXlasi IIOCTaHOBKa IIaJIbIIEB
Ha rpude caMu Mo cede POPMUPYIOT OUYEHBb MOIIHYIO 3BYKOBYIO
BOJIHY B cucreMe. KaXIplii Inar UCHOJHUTENSI M €ro JIErKUi
HAKJIOH COIPOBOJXKIIAETCS MOIIHBIM 3BYYaHUEM HHCTPYMEHTa B
POpMe OCMBICJIEHHBIX M YHCTBIX HOT U aKKOPIOB.

B neperpyXeHHOM peXume rurapa  HpPaKTHYECKH
HEYIpaBJIsIeMa, TaK KaK €€ 3BYKOBbIE KOjIeOaHUsI (POPMHUPYIOTCS
yX€ NPy MUHUMAJbHBIX TEJOIBHKEHUSX WCIIOJIHUTENS, He
CBA3AHHBIX JaX€ C WMIPOHA IAJbLAMH U MEIUATOPOM.
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Ilepex wucrosmHeHmeM HauOosiee 3a0O¥HON NapThH Mo
CTaHOBUTCSI B IIUPOKYIO M YCTOMUYHUBYIO CTOMKY, IJIYIIHT CTPYHBI
U 3aMHpPaeT, He IIePEBOIS HHCTPYMEHT B JIPYIOM PEeXUM.

Ero rurapa mnpekpamaeTr 3ByuaHHe. OTO 3HAUHUT, YTO
YPOBEHb BHOCHMOIO B CHCTEMY MEXaHHYECKOTO U PpEe30HAHC-
HOIro myMa JOCTUI'a€T MHUHHMAJIBHO BO3MOJKHOI'O IJISI 4YE€JIOBEKA
ypoBHs. Bce mocnenyromee BpeMsi NpeOBIBAHHUSI B CTOMKE TI'PH(
rurapbl Masi coBepIIaeT OYEHbL Cjadble U IIJaBHBIE OOOOIIECH-
HBIE TapPMOHUYECKHE KOJIEOAHUSI CTPOrO B TUJIOCKOCTH THUTapPbI
(kak Oynro ero rurapa JIEKUT Ha KPBIIIKE CTOJIA).

Kopmycy ruTapsl TakXe HPHIAIOTCS YPE3BBIYANHO ILIAB-
HBlE M OYEHb MaJjible OOBEMHBIE OOOOIIEHHBIE I'apPMOHUYECKHE
BpAIllCHUsI TIpEAIyIeYbeM IIPaBOi PYKHM W IIPaBBIM OeIpoM.

I'mrapa mpu 3TOM MMEET MUHUMAJIBHBLI KOHTAaKT C KOp-
IIyCOM M PYKaMHM CaMOI'O MCIIOJIHHTEJIS.

Ecim rurapucr He mpumaer 3j1€KTpPorurape yIpasjiseMble
HU3KOYACTOTHBIE M HHM3KOAMILUIMTYIHBIE TIJIaJKHM€ TIapMOHH-
YyecKue KOoJIe0aHMsI, 32 CYET MBIIICYHOM IPOXH B CHCTEMY BHO-
CcATCS HEJIMHEAHBIE CTOXAaCTUUYECKUE IIyMbl (JIPOXaHHE).

IIymMbl HakIambIBAIOTCS HAa OBICTPOMEHSIIOIIUIICS PHUCYHOK
3ByKa M BBI3BIBAIOT (POPMHUPOBAHUE 3BYKOBBIX M 3JIEKTPUUEC-
KUX YIOApHBIX BOJH B OOIIEH 3JEKTPUYECKON IICTIH.

Uem Oosiblie ruTapucT OyIeT HaIpsrarbCs € Lesbio 3a-
MepeTb, TeM OOJbII€ B €ro MbIIIIax OyIeT HaKaIlJIuBaThCS
yCTaJIOCTh, BBI3BIBAIONIAS €II€ OOJIBIIYIO IPOXKb 3JIEKTPOIH-
Tapsl U BHOCSIIAS emle OoJIbIIHe TIOMEXH B €€ 3ByJYaHUE.

EnuHCTBEHHBIM Ccrioco0OM OGOpBOBI € TIONOOHBIMH  SIBJIC-
HUSAMMN " HCKOHTPOHI/IpyeMOfI I[pO}KLIO MOBIIIIIT ABJIAIOTCS
OCO3HAHHBIEC H OTpa6OTaHHbIe IUIaABHBIE MW JIETKHE MBIIICYHbIC
JIIBHJKEHUSI, (POPMHUPYIOLIHE oot (pOH HaIpaBJICHHBIX Trap-

MOHHYECKUX KOJIEOAHMI C HH3KOM 4YaCTOTOM U aMIJIUTY TOM.
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ITO Ke MO3BOJISIET TUTApUCTy HE INEpE€HAIpsiraTb MbIIIIbL
Yxe c paccrosHus B 2-3 MeTpa BCE€ IapMOHHYECKHE (POHOBBHIE
OBYJKEHUsSI TUTAphl M5 IpPaKTUYECKHW HE BUIHBI Ha TIJIas.

B PE3yIbTaTE 3BYKOBBLIC YyIapHbIEC BOJIHBI BO BpEMS HC-
IIOJIHEHUS ITAHHOI'O TMTAapHOro COJI0O HE€ BO3HMKAIOT.

N ewe. Bce My3bIKaHTBHI, UTPAIOIINE MEIUATOPOM, 3HAIOT,
YTO MEIMATOPHI ObIBAIOT PA3IMYHOM JKecrkocrd. I'mrapHbie
COJIO OOBIYHO WICIIOJHSIIOTCSI CAMBIMH JKECTKUMU ¥ TOJICTBIMA
IUIACTUKOBBIMH MEIUATOPAMH, YTO OOECIIeYnBAaeT B HYKHBINA
MOMEHT MHHHMAJIbHOE BPEMsI KOHTaKTa MEIUaTopa M THTapHOMN
CTPYHBL JTO OOECIEYHBAET YHCTBHII M 3BOHKUI 3BYK C MUHH-
MaJIBHBIM KOJIMYECTBOM ITOOOYHBIX OOEpPTOHOB.

Kecrkuin Me€auaTop JIMAEp-rurapucra JOJI)KEH KOHTaK-
THPOBATb CO CprHOfI CcaMO€ MHHHMAJIbHOE€ BPEMSI. B cBssu c
9THUM IIYMOBBIC BbICOKOYAaCTOTHBIC O6epTOHI)I Ha aKYCTI/I‘IeCKOfI
CTpyHE IIDAKTUYCCKH HE q)OpMI/IpyIOTCH, Hn 3BYK IIOJIy4aceTCsa
MaKCHUMaJIbHO YHCTBIM M POBHbBIM.

bonee MArkuili ¥ TOHKHMI IUIACTHKOBBIN MEIUATOP H3TU-
OaeTcsi W 3aJepXKUBaeTCS Ha CTPyHE, obecrieuuBasi TIIyXOH
3BYK, 3aIlOJIHCHHBII BCEBO3MOXXHBIMH obeproHamu. Kcrary,
MONYIIEYK: MAJBIEB B 3TOM CJydYae ODECIedYnBaioT OoJjee
Ka4yeCTBEHHBIN 3BYK 3a CU€T CBOEW MSTI'KOCTH. IIOaTOMy MHOT'HE
JIMACP-TUTAPUCTBL BMECTO MSIIKOIrO Me€auaTopa IIpEearouIuTarT
WUIpaTh MEJIONUIO HA CTPYHAX HENOCPEICTBEHHO IaIbIaMMU.

Takum 06pa30M, MOJXHO cCIejiIaTh OJUMH N3 IIEPBBIX BbIBO-
0B, 4ero Hens3da genartsp C snexrporn'rapoi& HHRoOrza.

Bue 3aBucmmoctu ot CKOPOCTH HMI'Dbl 1 METOIOB 3BYKO-
H3BJICYEHHNS, KOPIIYC 3JIEKTPOrUTapbl HE [TOJIKEH ITOABEPraThbCs
HE TOJIBKO PE3KHUM TOJYKaM, HPOXAaHUIO, HO M JIIOOBIM APyrum
HEYTIPaBJIAE€MbIM BO3IENCTBUSIM CO CTOPOHBI TrHUTapHCTa.

Kopmiyc snekrporurapbl HHKOIJa HE JOJDKEH IIOIBED-
raThCsl BBICOKOYACTOTHBIM KOJI€OAHMSIM, TeM Oojiee B pE30HaH-
C€ CO CKOPOCTBIO 3BYKOU3BJI€UCHHS. B 3TOM CiIyuae B 3J€KTpO-
MarHUTHOW IIeTM (pOpMUpYeTcsi HabOp yIapHBIX BOJIH, KOTOpBIE
HE TIOMYMHSIOTCS 3BYKOBBIM BOJIHOBBIM IIPOLIECCAM.

Kopnyc 3JIeKTpOruTaphl He AONXEH NOABEPTaThCH BH—
OpanuaM TOH Xe 4YacCTOTH, YTO H CKOPOCTEH 3BYKOH3BJIE-
YeHHA Ha CTPYHaX NpH NMWOoH cKopocTH. /[BrKeHus rpu-
¢ga rurapel U KoJeOaTEIbHBIC IBHXEHMSI KOPIIyca JIOJUKHBI
CymEeCTBEHHO OTJIMYATHCSI OT CKOPOCTH 3BYKOM3BJIIEUEHHUS (CKO-
pocTu pabOTHI THajblIAMH WM MEIUATOPOM II0 CTpYHaMm).
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Hanpumep, Hpu BBICOKOII CKOPOCTH 3BYKOHS3BJICYCHHSI
(3a60fTHOM POK-H-POJUIE M TPIUI-MAPTHSIX) BHOpaIMM KOpITyca
U rpuda JIOJDKHBI ObITh OYEHb IUIABHBIMH, IOCTATOYHO MEIUICH-
HbBIMU (IO CpaBHEHHIO € 3a00eM) M HU3KOAMILUIATYIHbIMU.
HU B KOEM CJIy4ae HHKOIIa HE COBHAJAThb IPYr C JPYTOM.

Ecin Kopmyc rurapel Jepraercsi IpaKTHUYECKU OIHOBPE-
MEHHO C ylJapaMd II0 CTPYHaM WJIM C HE3HAYMUTEJILHON Pa3sHM-
11€11, (POPMUPYIOTCSI HEBOJIHOBBIE KOJIeOaHUs, MMEIOIINE CTYIICH-
YaTyIO WUIA MHYIO HETJAAKyIo (a2 TO M IIPOCTO pas3phIBHYIO) (pOp-
My T'€HEPUPYEMOH BOJIHBI HA OCUUJLISTOPE.

Ilpp HU3KOM CKOpPOCTH 3BYKOHUS3BJICUYECHHSI (MEIJIE€HHBIE
raccakxu) KOPIYC SJIEKTPOruTaphl IOJKEH COBEpHIaTh KaK MU-
HUMYM HECKOJIbKO TaKTOB AaMIUIUTYIHBIX KOJI€OAaHUI, YTOOBI
NpUIaTh 3BYKY IEPETPYKEHHOM 3JIEKTPOrMTaphl BCIO IOJIHOTY
3By4YaHHsI M XapAKTEePHOCTh HHIMBUIYAJIBHON OKPACKIL

ITO M €CTh TOT CaMblil IIOYEPK IHUTAPUCTA, IO KOTOPOMY
€ro 3JIeKTPOruTapa CTAHOBUTCH Y3HABAEMOH M YHHUKAJIbHOM.
Taxkass mMaHepa HIDHI SIBJISIETCSI OTJIMYUTEIBHON OCOOEHHOCTBIO
3ByUYaHMsI BCEX ITOCTXEHIPUKCOBCKUX COJIO-TUTAPHUCTOB.

B stom cilyuae My3BIKQHT YIIPABJISIEMO HACKHIIIAET 3adaH-
HBIMH UM CAMHUM OOEPTOHAMH IIOUYTU UYHCTOE 3BYYAHUE CTPYHBI
B 39JICKTPUYECKON HEMU (IPEeIIoiaraeTcs, YTO My3BIKAHT yMEeT
urpath uncro). IloscHio, uTo 310 O3HAaUAET.

MOXHO CUMTaTh, YTO MY3BIKAHT YaYala'a'a'A n=%8
UrpaeT YMCTO, €ClId B 3BYyYaHUM ANANANY
CTPYHBI C HEMNOIBHXHBIM KOPIIyCOM - i
MIPUCYTCTBYET CHeEI(puIecKue odep- 4 \\ 4, Nn=4%
TOHBI, KOTOPHIE MPEICTABJICHBI CTEIIE- At Ser?

HIMH OpHOro umcia. Hampumep, /\(l) n=2
TOJILKO CTENeHIMU IBOVMIKU — 1, 2, ~—

4, 8, 16, 32 ... , wiu cCreneHaMu U

TonbkO Tporiku — 1, 3, 9, 27 u Tak -~ TS n=1
manee (10 BO3MOJKHOCTH). v

Teoperndeckn CIOKHO CKa3aTh, KaK 3TOro HoOuThCs. Pe-
KOMEHIYIOT MPOU3BOIUTH BO3IEVICTBHE HA CTPYHY CTPOTO IToCce-
peIuHe, CTPOrO HA PACCTOSTHUM ONHOU YEeTBepTH U T. II.

MysBIKaHTBI DOOMBAIOTCS UHCTOTHI 3BYYaHHUS ITyTEM JIJIU-
TEIBHBIX M HYIHBIX 3aHSTUMA, IIOBTOPSSI OIHO M TO K€ IO OecKo-
HeyHocTH. BHavajie oHu OTpabaThIBAIOT 3ByYaHUE HAa aKyCTHYEC-
KUX HHCTpyMeHTaX. JIo Tex mop, moka Te He€ HayHyT 3ByvYaTb
YIOBJIETBOPUTEILHO — C TOYKH 3PEHHS 3JIeKTpO-I‘I/ITapI/ICTa.205



Ecte ruTapucThl, KOTOpBIE TOOMBAIOTCS BUOpAIIUil WHCTPY-
MEHTa TOJBKO 4Yepe3 TPHU@ IIEKTPOTHUTaphel. ITO ONUH U3
Hamboyiee CTapblX W IIONYJSIPHBIX NpueMoB. Ero wncmonesyior
OOJIBIIMHCTBO COJTUPYIOIIUX THTAPHUCTOB. IS 9UmCTOrO BBIION-
HeHHUs TpeOyercst OOJIpInasi KOHIICHTPAIUS BHHMAHUS, TO3TOMY
moOble Jpyrue IIpUeMbl Ha TUTape OIHOBPEMEHHO C I3THM
IPUEMOM BBIIIOJIHATh HE PEKOMEHIIYETCSL

Urobsl mpumath SPKyIO M YHCTYIO BHOPAIMIO 3BYKY CO-
JIUPYIOIIEH TUTAPbl, TI'UTAPUCTBI YACTO COBEPIUIAIOT BHUIUMBIC
KojiebaTesIbHbIE IBUKEHUS TPU(OM THUTaphl BBEPX-BHUS.

B sToM ciyyae OHM HaKJIQJIBIBAIOT MOIYJIMPYIOIIME Iap-
MOHHMYECKHE KOJIeOaHUsI KOpIIyca Ha YK€ CYIIECTBYIOIIHE rapMo-
HHYECKHUE KOJIDaHHSI CTPYHBI, IIOJyYass HMX CYIE€PHO3HIHIO
CTPOro B COOTBETCTBHM C BOJIHOBLIMM 3aKOHAMM.

Ha ocHOBHOE umHCTOE 3ByYaHHE CTPYHBI HAaKJIaIbIBAIOTCS
OY€Hb SICHBIE M YEeTKHEe OO0epTOHBL IJIaBHBII CEKpET COCTOUT
B TOM, YTOOBI HE IHeJIaTh YPEe3MEPHO aMIUIMTYIHBIX IBHJKCHHI,
COBEpIIATh HMX B IUIOCKOCTH THUTApPhl M yrajaTb YacTOTy IS
KOHKPETHOM 3By4Yalleil HOTHl WJIM IapMOHHUYECKOIO aKKopHa.

Bubpammu rpuda JI0JKHBL ObITh OUYEHb SICHBIMU U UeT-
KHMU, TOrJa U MOIYJIMPYEMBII 3BYK TOXE OyIeT KaueCTBCHHBIM.
Ecim BuOpanmy HakIaJblBalOT HA CBOOOIHO 3BYYAIIyIO CTPYHY,
oHHM OyayT HamboJlee BBIPASHTEIBHBIMU.

OrmMeuy, 4T0 Ha TOBEIEHUE MAaTEMaTHYECKON MONEIH U
3By4YaHUE HHCTPYMEHTA CYMEeCTBEHHOE BIIHSHHE OKa3hIBaeT
yacToTa KoneGaHui rpmuda, a He pasMax (AaMIUIMTYIA) KOJIe-
6aHI/II;I. IIOSTOMy CHUJIBHO U pe?,Ko CaIBUI'aTh FpI/ICp HEJIb3s1.

Bonee Toro, rutapucr [OJKE€H COBEpPLIATh KOJIEOaHUS
rprUgOM ruTapbl BO BPEMEHU C OHHOM W TOH K€ YaCTOTOH, TO
€CTh COBEPHICHHO OIMHAKOBO Ha ITPOTSJKEHUM BCETO BPEMEHU
WCIIOTHEHUS TIpUeMa.
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Ecam wacrora koneOanmii rpudpa IONagaeT Ha OXHY H3
YacTOT OOEPTOHOB YMCTO 3BYYAIIMX CTPYH, 3BYK YCHJIHMBAETCH,
CTAaHOBUTCSI IIPOJOJIKUTEIIbHBIM M PaBHOMEPHBIM. ITO TEOPETH-
YECKHM BO3MOJXKHO TOJIBKO B TOM CIIy4yae, KOIJa IHTapucT Hrpa-
€T CONo YHCTO H rPaMOTHO, a THTapa He JAepraeTcs.

bpafian 1momes jajblie B HCIOJHEHHU 3TOrO pacIpo-
crpaHeHHoOro npueMa. OH HAJIOXKHII HE TOJIBKO IapMOHMYECKUE,
HO U OOOOIIEHHBIE TapMOHHMYECKHE KOJEOAHUS, OIHCHIBACMBIC
He cuHycamu, a PyHKmmsiMu beccensi, KOTopele He BOIIIU B
PE30HAHC C CYWIECTBYIOUIUM 4YHCTBIM 3BYYaHUEM CTPYH M MX
obepToHaMH, a C(POPMUPOBAIM BTOPYIO — HE3aBUCUMYIO H
napasule/IbHyIO JIMHUIO 3BYYaHHSI OIHOIO HMHCTPYMEHTA.

Ha ero mecre Jxmmu lleimk ceirpaji Obl gBe T'MTapHBIX
MapTU¥ ¥ HAJOXHI Obl MX B CTYOIUM OIHA HA JPYTYIO.

Mbsii pobuBaeTcda TaKOro pesynbrara Ojaromaps TOMY,
yTO KOJI€OAHMSI TIPOHM3BOISATCS TOJUYKAMHU B IUIOCKOM KOHYCE,
LEHTP KOTOPOIO0 OCTaBaJICAd INMPAKTUYECKH HEMOIBHXHBIM. Lojee
TOrO, LEHTP INPUXOIUTCS TOYHO Ha IOICTaBKy CTPYH.

Mboit cpopMupoBai eIie OOHU He3aBHUCHUMBIE KOIeOaHUs,
KOTOPBIE CKJIAIBIBAIOTCS M3 (PYHKUUH CIEHYIOIEro BUIA:

y(x) = a, sin@unx /x,) +
n=1

v S I, )

(n) n=1 m=1
rae im — HyJm pyHKuuu becceis -]n ( X ) =0
u X, — JUIMHA CTPYHBI (3Byvamiasi 4acCTh CTPYHBI).

B oriamume OT CUHYCOB M KOCHMHYCOB, KOTOPBIE HMEIOT
OIMHAKOBOE IIOBEIEHUE HA BCEM 4YHNCJIIOBOM OCH U ABJISIOTCS
NEPUOANYCCKUMH  (PYHKIUSMHU C TI€PHUOJIOM KOJIEOQHUIT 21‘6,
MaKCUMyMbl M MHMHHUMYMBI (pyHKUMIT becceisi mnocrenenHo
TMPYKUMAIOTCA K HYJIIO (YMeH])IJ.IaIOTCSI 110 Monymo), a 1epuos
UX KoJIeOAHUN CTPEMUTCS K 2. ITosromy mo Bcet JUIMHE CTPYHBI
rurapsl OOIIEro pe3oHaHca KOJIeOaHUI HE IIPOMCXOIUT.

HyXHO oOTMETHTB, 4YTO ¥ TapMOHHYECKHE KoJeOaHmMs
CTPYHBI, ¥ BUOpallMM TrpHa TIUTapbl, KOTOpPHIE C(POPMHPOBAIIH
erie OIMH P4l HE3aBHUCHUMBIX KOJI€OaHMUII, COBEPIIAIOTCSI CTPOIo
B OIHOM IIJIOCKOCTH, IapaJUICJIbHON TEPEIHEN KPBIIIKE T'UTapbl
IlosToMy MBI CIBIIIMM MYy3bIKY, a4 HE IIYMOBBIE 3(PQEKTHL
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Touno Takum Ke obpasoM Mb3si1 (pOpPMHPYET IBUIKCHUS
rpuga TUTapbl BO BpPEMsSl HCIIOJTHEHUSI 3a00MHBIX COJIO, TIpPH
KOTOPBIX TPH( CcOBepuIaeT cJiabble HU3KOYACTOTHBIE M HU3KO-
aMIUTMTYIHBIE (POHOBHIE KoyeOaHms. [lis Toro, uToOBl OHH HE
3ByYaJId M HE PE30HUPOBAIIM B TaKT, 3TU KOJIEOAHUS JIOJUKHBI
MOJIYJIUPOBATbCSl IPYTUMH (PYHKUHSIMH (IIpUYEM CJIaOBIMH).

Eciiu rutapuct pasMemaer HEHTP, BOKPYI KOTOPOIO Ipud
coBepmiaeT Koje0aHus, He Ha IOJCTaBKE — B MECTe KPEIUICHUS
CIPYH, a B LIEHTPE TSJKECTH CaMOM TI'UTapbl (KaK 3TO HeJIaeT
OOJILIIMHCTBO), OH IIOJNYYa€T OOBIYHBEIE MOIM(PHIIPOBAHHEIC
rapMOHHMYECKHE KOjIeOaHHs, a HE IpPYyrol psa HE3aBUCHUMBIX
CIIEUAJIBHBIX (PYHKIIUA MaTEMaTHUECKOH (PU3UKU.

IlepBblii 1 BTOpPOM IrpacpuK IMOKA3BIBAIOT IMOBEIECHHE 3THUX
yHKUMA BO/MM3M Hayajga KoopuauHAT (y TOJIOBKH rpuda).

Tperuin rpapuk — MOIYJIb YKa3aHHOH (PYHKIIMH.
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OnHOoI 13 CaMbIX YaCTBIX
OIIMOOK, KOTOPHIE IOIyCKAaoT
TUTAPUCTBL, SIBJISIOTCSI  U30BI-
TOYHO aMIITUTYIHBIC U pas-
MaIlIUCTBIE [BUJKCHUS KOPIy-
COM HW TpU(POM  THUTAPBL
MysplkaHTaM  KaXeTCsl, YTo
TakuM 00pasoM OHHU CIEJIAIOT
CBOVI 3BYK OoOJIee BBIpa3HTEIIb-
HBIM. 9TO BUIHO Ha (POTO.

B coorBeTcTBUU C BOJIHOBBIMU 3aKOHAMHU, PE3YJIbTHPYIOIIHE
3BYKOBBIC KOJICOaHHSI (POPMUDPYIOTCSI TIpU  CJIOXKEHHH BCEX
KojieOaHUil, KOTOpble OBUIM IIepelaHbl CTpyHaM TUTapsl B
moboit  ¢popme. JlroOple KonedaTeabHBIE ITPOLIECCHI OKA3BIBAIOT
Ipyr Ha Jpyra CYLIECTBEHHOE BJIMSIHHE TOJIBKO TOIla, KOTIa
UX YacTOTH M aMOIHTYAB HMEKOT AOCTATOYHO ONH3KHE
ApYr K ApPYry 3Ha4YeHHS H NOKa3aTenH.

Ecnn aMIUIUTyda ¥ 4YacToTa OJIHUX KoJiIeOaHUI1I 3Ha-
YUTEJIBHO OTJIMYAETCSI OT JIPYTUX KojiebaHuil, OHU He 6ynyT
OKas3blBAaTh NIPYI' Ha Jpyra CYIIECTBEHHOE BIIUSTHUE. HanpnMep,
HA HH3KOYACTOTHLIE KOJIeOaHus CTPYHBI TIOUTU HE OKasbIBaeT
BO3IEHICTBUEC BBICOKOYACTOTHBIN IITYM. Ho mHa BBICOKHMX TOHaX
BHOCHUMBIE TAaKHM INYMOM HCKaKE€HUS 6y11yT CYIIECTBEHHO 3a-
METHEE — TIOCKOJIbKY HX YaCTOThI HAXOASITCS onuxe.

Ha BrpICOKOUacTOTHBIE KOJ€OAHMSI TaKK€ IIPAKTUUYECKHU
HE OKashlBAIOT HUKAKOIO BJIMSIHUS HHU3KOUYACTOTHBIC CJI1abo-
aMIUIATyIHBIE BO3geicTBHs. Takme KojgeOaHHMSI CYIIECTBYIOT
Kak OBl HE3aBHUCHUMO JpPYyr OT JpyTa.

Xorg aKyCTHYECKUE KoJieOaHus HaTAHYTBIX CTPYH 3JICK-
Tporurapbl MOryT HNMETb 3HAUYUTEJIbHBIN nepenamxg 4acroTHoro
AuariasoHa 3ByYaHHS, aMILIUTyda BCEX ITHUX KOJIEOAHUIT OYEHb
Majla — OT J0JIen MHUJUIMMETPpA OO0 HECKOJIBKHUX MUIIJIMMETPOB
Ha TIMKE€ MOIIHOCTH 3BYyYaHUSsL

Y Oonee TOJCTBIX CTPYH, HAOMUX HHA3KOE 3BYYaHHE,
aMIumTyda KojeOaHHMIT MoKeT ObITh Oombine. Camass HH3Kast
aMIUIMTyda y TOHKUX CTPYH, 3ByyalllUX Ha BBICOKMX YacTOTaX.
ITO SBIISIETCS CJIEICTBUEM 3aKOHA COXPAaHEHHUS SHEPIUU.

UeloBEKy OU€Hb CJI0KHO M3BJIEKATh MEIMATOPOM MU
HajblaMUA Ha CTPyHAX 3BYKH C OJHOM CKOPOCTBLIO, a KOPIYCOM
1 pyKaMH BHIIIOJIHSTH aOCOIOTHO HE CBSI3AHHBIE C 3TUM [IBU-
JKEHHs, KoyieDaHUsl WM TOJTYKU KOpIyca M TpuU(pa TUTAPBL
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Ecim mepsoii m IIeCTON CTpyHaM I'UTapbl IpUIaTh OIUH
1 TOT JX€ HMIIyJhC, Oojlee TOJCTasi CTpyHa OyIdeT BUOPHpPOBAaTh
C MEHBIIEH YacCTOTOM M HHU3KON cKopocrelo. Tonkas crpyHa
MMEET BBICOKHME YaCTOThl, U CKOPOCTh €€ TIEPEMEIIEHUI BBIIIIE,

Ecsm crpyna wuMeer JIMHEHHYIO INIOTHOCTb p( X ), ee
MoJIHAS KUHETUYECKAsl SHEpPrus (SHEprusl JBUXECHHUS) IIO BCEH
JUIMHE BBIPAXa€TCsl HHTEIPAJIOM:

Xo 2
E., = %Jp(x)(?—f) dx rue Z—Jt} — CKOpOCTH

CrpyHBl My3BIKQIBHBIX HHCTPYMEHTOB OOBIYHO HMEIOT
PaBHOMEPHYIO IUIOTHOCTB [ MO Bceil mmHe. Bce crpyHsl siek-
TPOTHITAphl (3Byyallasi MX YacTh) HMEIOT OIMHAKOBYIO JIIMHY.
Uem HMIJKE 3BYyYHT CBOOOIHASI CTPyHA, TEM OHA TOJIIE M IUIOT-
HEee — a 3HAYMT, CKOpPOCTh ee KosiebaHuii Oyner Huxe. Uem
TOHBIIE CTPYHA, TEM BBINIE CKOPOCTH €€ KoJiebaHuIL.

IloTennnanpHasi 9HEPrUsl CTPYHHBI paBHa padoTe, KOTOPYIO
COBEPIIAET CTPYHAa MPH OTKJIOHEHUM OT TOYKM PaBHOBECHUSL.
OHa COOTBETCTBYET aMILUIMTYAE KOJICOAHMI CTPYHBL

Ecm crpysam npumaTh OIMHAKOBOE OTKJIOHEHHE, TO B
COOTBETCTBUM C OCOOEHHOCTSIMM KpaeBoi 3amauu Komm s
BOJIHOBOTO YpaBHEHHUS aMIUIMTYIbl Ha HAaYaJIbHBIX 3Tallax Ko-
ne0aHui y CTPYH OyIyT OIMHAKOBBIMH.

IlosTOMy THTapHCTBI OTPadaTHIBAIOT IIPUEMBI, CBSI3AHHBIC
C TpUIaHUEM OIWHAKOBON aMIITUTYIbl KOJEOAHUN CTPyHaM
Pa3HOM TOJILUHBI B OJIWH MOMEHT BPEMEHHU.

Uem GoJblIe aMILUIATYHA — TEM CHIIbHEE 3BYK. OTKIIOHUTH
TOJICTYIO CTPYHY JIETY€, U€M Tyro HATSIHYTYIO M TOHKYIO Ha
Takoe Xe paccrosHue. Ha sjekTporurape 3T0 BBI3OBET IIPO-
TUBHOE [Ipe0de3XKaHue TOJICTOM CTPYHBL Bor omma m3 mpuuwms,
IIOYEMY  JIEKTPO-TUTAPUCTBI M  MY3SBIKAHTBLI, HIPAIOIIME Ha
aKyCTUYECKUX IIMIIKOBBIX MHCTPYMEHTaX C MaJlbIM pasMepoM
KopIlyca, IpeIouyMTaloT UIpPaTh MMEHHO MEIUAaTOPOM.

Konebanus xopriyca HarpyXeHHOW (M TeM Oojee Iie-
PErPY’KEHHOI) 3JIEKTPOrHTapbl OylIyT BIUSATh Ha 3BydYaHHE
CTPYH TOJBKO TOIHa, KOIJa MX aMIUIMTyda HeOosbmIass — B
IIPOTUBHOM CJIy4a€ BMECTO TIapMOHHUYECKUX B3aMMOICMCTBUI
B cucTeMy OyIyT BHOCUTBCSI IIMKOBBIE IIEPErPY3KH, KOTOpPBIE
BBI3BIBAIOT (POPMUPOBAHHE OTHEJIbHBIX 3BYKOBBIX YIAPHBIX BOJIH
UM TTAKETOB TAaKWX YyIapHBIX BOJIH B 3JIEKTPOIEIISX.
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Uem Oosnee peskue M aMIUIATYOHBIE IBUJKECHHUSI Harpy-
JKEHHOH 3JIEKTPOTUTApOX OyIeT COBEpIIaTh HCIIOIHUTENb, TEM
OoJbIIe yOapHBIX BOJH OYIET (POPMHUPOBATHCS B JIEKTPHYCCKHX
LENAIX U TEM XyXK€ Pe3yJIbTUPYIOLIEe 3ByYaHHE HHCTPYMEHTA.

IlosTomMy mOOBIe TIEpEMENIEHUsI HATrPYKEHHOH 9JIeKT-
POTHTAPHI JIOJKHEI OBITH HE TOJIBKO IUIABHBEIMU, 0€3 Pe3KHX TOJI-
YKOB, CKAUKOB M IIMKOBBIX HArpPy30K — OHHU BCErJa JOJIKHBI
ObITh HH3KOAMIIHTYZAHBIMH (Manble NEepPEeMEmEHHH).

UYem BrIIIE MacCT€pCTBO TIHUTapucCTa, TEM OoJtee HETIOI-
BUJKHOU KaXXETCs €ro rurapa B IIpOLIE€CCE HCIIOJITHECHUS raccaxxem.
Ho na camom Aejie ruTapyuct HE CTOMT, a COBEPHIAECT BO BPEMSI
HUI'pbl  HEIIPEPLIBHBIC, HE3aMETHBLIE Ha PaCCTOAHUU IIIABHBIE
y1paBJ/isi€eMbIC KoJieOaHusT | ABMUJKEHUSI KOpIIyCa ¢ rpncpa
CBOECTO IJIEKTPHUYECCKOIO0 HHCTPyMCHTA.

I'mrapucr, Koporkoe Bpems wurpasmmii B mnape c bpama-
HOM ((POTO BBEpXY), HE MOT TOHSTh, IouyeMy Mbsi1 oueHb Hes-
HauMTeIBHO II€PEMENIaeT CBOIO TMTapy, a €€ 3BYK OKa3bIBAeTCSI
HAIIOJIHEHHBIM BHOpalMsiMU U IIOJIHOTOM 3ByuyaHus. JloObre
yBeJII/I‘IeHI/IH AMILIUTY IbI IBUXEHUN FPI/Iq)a FI/ITapI/ICTa BBI3bIBAJIN
Bce Oojiee m 0oilee HApacTAONIUE IIOMEXH B 3JIEKTPOLIEIISX.

Ilapanokc oOBsicHsITICS TeM, uTo bpaitan ¢popmupyer Hu3-
KOUACTOTHBIE TAPMOHUYECKHUE KOJIEOAHUSI, KOTOPBIE €CTECTBEHHO
MOJIYJIUPYIOT 3BYK, M 3BYK IPOJOJIKAET OCTaBaThCHd IapMO-
HUUYECKHUM, B TO BPEMS KaK PE3KUE TOTYKH U IEPEMELIEHUS] KOP-
Imyca W rpuda HMHCTPYMEHTA BbISHIBAIOT ITMKOBBLIE IIEPETPY3KHU
1 oOpasoBaHHME yIapHBIX BOJH B 3JIEKTPOCHUCTEME.

C monoGHbIMH 1IpobjeMaMHM HHUKOIIa HE CTaJIKUBAIOTCS
MYS3BIKaHTBI, UI'PAIOIINE HAa aKyCTUYECKHMX HHCTpyMeHTax. bosee
TOro, HHKTO H3 rI/ITapI/ICTOB, I/IrpaIOHII/IX Ha HeHany)KeHHbIX
9JIEKTpOruTapax, TOXKe HHUKOIIa HE CTaJKMBAIOTCS C II0H00-
HBIMH TIpoOsieMaMu (OHM MPOCTO TJIyIIaT HM30BITOYHBINA 3BYK
Ha Kopryce). IlomobHble mnpoOIEMBI BO3HUKAIOT TOJBKO Ha
OKOHOKPI/ITI/I‘ICCKI/IX nu SaKpI/ITI/I‘IeCKI/IX cxeMmax CpOpMI/IpOBaHI/IH
3By4YaHHUS TEPErPyKE€HHOIO 3JIEKTPOMHCTPYMEHTA.

IlosTroMy OOJBIIMHCTBO WIpalOIINX Ha HeIeperpyxKeH-
HBIX 3JIEKTPOrUTapax WM aKyCTHYECKUX TIHTapax He MOryT
CIPaBUTBCS C YIPABJICHUEM IIEPErPyKEHHOI0 WHCTPYMEHTA.
Urob6bI UrpaTh Ha TaKOM TuUTape, Tpedyercsl BHIPaOOTKa 0OCOOOIT
TEXHHUKH, TIO3BOJISIONIEN BHOCHTH B CHCTEMY HENPEPHIBHbIE
craboaMrumaTyHbele  Kojiebanus. He TosbKo I TOro, 4roOsI
(POPMHPOBATH HOBBII 3BYK, HO M IIPOCTO, YTOOBI MMETh BO3MOIK-
HOCTB IepXKaTh TUTapy B pyKaX M WUIParh B 3TOM PpeXUME.
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IIpogpeccronanbHasi Urpa Ha BBICOKOUYBCTBHTEIBHON CO-
JIUPYIOIIEN 9JEKTPOruTape HajaraeT Ha WCIOIHUTEIST MHOTO
OTPpaHMYCHHI, CBSI3aHHBIX C OCOOEHHOCTSIMU B3aMMOJICHCTBHSI
KopIlyca, rpuda ¥ aKyCTUYECKHX KOJEOAaHHI, KOTOpBIE 3aTeM
npeodpasyloTcsi B 3JIEKTPUYECKUE CUTHAJIBL

KOppeKTHO 1 IIOJIHO ITOBEOACHHE HAHHBIX CHCTEM MOICJIH-
PYET TOJIBKO COBPEMEHHasA MaTEMaTH4YECKasd q)I/ISI/IKa. Bor uro
caeriajx H}KI/IMI/I XeHI[pI/IKC IIOJIBEKa Has3al — OH peajin30BaJI
HOBYIO MATE€EMAaTH4YECKYIO MOIEJIb IIOBECACHUSI TUTApPbl H Cq)Op-
MHPOBaJI HOBYIO ILIESINY BBIIAIOIIUXCSI I'UTapHCTOB.

Jli1sg Toro, 4ro0bl pasHOOOPA3UTh HEBHIPA3HTEILHBIN 3BYK
ITOXEHPIMKCOBCKOM 3JIEKTPOrUTapbl OOEPTOHAMU, HCIOIHUTEIN
MOIHAMAJIA HMHCTPYMEHT Ilepeld co0oil M BUOpHUpOBaIH U
BpallaJld €r0 Ha BBICOKMX aMILIATYaxX.

Jliga Toro, 4YTOOBI YKpacuTh S3BYK COJIHPYIOIIHMI Harpy-
JKEHHOU 3JIEKTPOrUTapPbl, MCIIOJHUTE]IM HPUMEHSIOT CIIEIHAJIb-
HYIO NpuMOYKy — pbryar. Ilojb3yiorcss peryarom TOJIBKO B T€X-
HHUKE TUTAPHOIO COJIO (PUTM-TUTAPUCTHI 3TOTO HE MEJIAIOT).

Poruar mosBossier PEryJIMpyEMO H3MEHATHL HATAXEHUE
CIPYH — a 3HaUYuT uU UIMHY CTPYH.

y(x) =2 a, sin2rnx /x, )
n=1

y*(x) =2 a, sin2Qunx /(x,— Ax))
n=1

rue AX — BE€JIMYMHA, Ha KOTOPYIO M3MCHACTCA Havda/IbHAsL
JUIMHA CTPYHBI XO . Poruar BHOCUT cj1a0ble C TOUYKH 3peHus
q)I/I3I/IKI/I, HO 3aME€THBIE C TOYKH 3pEHHA 3BYYaHUSI HCKaXKE€HUA
B CHUCTEMY BHE€ 3aBHMCHUMOCTH OT TOr'O, KAKMMHU IapMOHHUYECKUMU
KOJIEOAHUSIMUA OHA OIKMCHIBAETCS.

Kak BUJIHO U3 (pOPMYIJIBI, pbluar HE BUJISET HAa aMILUIMTYIY
KOJIe0aHUI, HO HM3MEHSET MX YacTOTy — TIOHMJKAEeT e€e.

To xe camoe IporucxoauT 1 C NMJIMHAPHUYE€CKHUMM (pyHK—
nusaMmn BECCGJIH, €CJI1 OHH IIPHUCYTCTBYIOT B Pa3JIOKECHUM.

Ppruar mcrnosns3yloT TOIBKO Ha CBOOONHO 3BYYaIlUX CTPY-
HaxX U IPUXHUMAIOT €ro IpaBOd PYKOH B TOT MOMEHT BPEMEHH,
KOIjla THTApUCT HE WMIPaeT MEIMaTOpOM uid Iaybnamu. s

9TOro TpeOYyIOTCSl ONpeNeIeHHbIE (PUSHUECKHAE YCHIIUSL
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Potuaz eubpamo-

e d

ROOCMABKU +

Xorsa pplyar Hgaetr BeCbMa XOPOILIHI 3BYKOBOU 3(PPEKT
M €ero oO0OXAIT HAYUHAIOIIYE TUTAPUCTBHI, EpaﬁaH TIOJIB3YETCS
MM C OCTOPOXHOCTBIO, Ha MaJIbIX aMIUIMTyJIaX W PEeIKo,
OPEIrnovruTasl pPeXuM MEXaHHUYECKUX MOIYJISIUN Kopiyca.

OnexkTporuTapsl OOOPYIYIOTCS (PUKCUPOBAHHBIMH W IIja-
BaloOMMU  TIojcraBKamu. ViMenHo I1ulaBamomasi — IIOJCTaBKa
IO3BOJISIET TIOJIb30BAThCS PBIYAIOM M  MOJYJIMPOBAaTh 4YaCTOTY
KoJIe0aHUIl CTPYH 3JIEKTPOTUTaphl TaKHM CITOCOOOM.

st Toro, 4roOBI TMTApPUCT MOT IIOJIB30BATBHCS PhIYArOM
0e3 MBIIICYHOIO IIE€PEHAIPSKEHUS], CYIIECTBYIOT —pa3IHMYHBIC
cuctembl moxacTaBok. llmasalomass moncraBka oOsI3aTeNbHA [IJIST
COJIUPYIOIIETO POK-TUTAPUCTA.

IInaBaromme IOICTABKM IEIATCS HA IBAa THUMNA — TEH3U-
OHHBIE U BHOpaTO-IOJICTaBKU. HaunHaommM peKoMEHIyIoT
TEH3UOHHBIE TTojicTaBKu. IIpojoinKalomue rurapucTel IIOIb3yeTCs
TUIABAIOIIE BUOPATO-TIONCTABKOIL.

Eme omHMM KJIaCCHYECKHM CIIOCOOOM, KOTOPBIM MY3BIKaH-
THI IIPUIAIOT BUOpUpPYIONINE 3BYKM CTPYHAM, SBIISIIOTCS BUOpa-
HMM Ha rpugpe B Mecre nprkarus crpyH. Hayuwrs Texmu-
K€ MOryT MNPOPECCHMOHAJILHBIE IIPENOAABATEM MY3bIKAJIbHbBIX
IMKOJI W KoHcepsatopuii. llpermonaBaTenssM He HYXHO OBITH
9JIEKTPOrUTAPUCTAMU — TaKasl TEXHUKA 3BYKOU3BIICUCHMSI ILLJIU-
(POBaJIACh YEJIOBEYECTBOM ThICHYEIICTUAMMU.




]_[aHHaSI TEXHUKA MOAYJIAIIMKI OIIMCBhIBACTCA IIOXOXHMMU
ypaBHCHUSIMH C TOU JIUILIL paSHI/IHefI, YUTO ITPOM3BOIUTCS YIJIM-
HEHHUEC CTPYHBI 9JICKTPOrUTApbl M ITOBBIICHHUEM YaCTOTBI €€ KO-
JebaHul BO BpEMsI IIOATSAKKH CTPYH BBEPX HWJIHM BHH3.

y(x) =2 a, sin2rnx /x, )

n=1

yEE(X) => a, sin2unx /(x, + Ax))
n=1

Hcnojinenne 310M  IIPOQIECCHOHAILHOM TEXHUKHA HMEEeT
CMBICJI TOJIBKO Ha COJIMPYIOIIEH HArpy’KE€HHOH 3JIEKTpOorurape.
Jlia mee oO0s3aTeNleH KadveCTBEHHBIN TPH, BBHITOJIHEHHBIN U3
CIIEITUAJILHLIX 0CO00 IEHHBIX M JOPOIHX IIOPOI J€peBa — JIIs
COJIUPYIOIIETO I'HUTapHCTa JII0OOrO YPOBHSI MacCTEpCTBA.

HaHHBIE MOIYJISIMM MOTYT COIIPOBOXKJIATBHCS  BBIHYXK-
JEHHBIMH KOJIEOAHUSIMH TI'pH@a 3JIEKTPOTUTAPHI, KOTOpBIE [IO0JI-
JKHBI ITPOM3BOIMTCS CTPOrO B COOTBETCTBUM C HPHUBEIECHHBIMU
paHee MoIeJsIMU KojeOaHMil Irpuda — M HHUKAK HHAYe.

B HEKOTOpBHIX CllyyasX 3HAYMTE/IbHBIMU IONTSKKAMU
CTPYH rurapbl bpafiaH INUIABHO MEHSET TOHAJLHOCTH 3BYYaHUS
10 TOIYTOHA BBEPX KaK MHHHMYM. OTO IIO3BOJISIET HE IIEPECTaB-
JISTH TIAJIBIBEI Ha TpU@E U 00ecreuyrBacT POBHOE 3ByUYaHHE, Ha
KOTOpOE €€ M HaJaraloTcsd MOIYJIUPYEMBbIE BHUOPALIMIL

Kpome cosmpyiomeit 3JIEKTPOruTaphl, HA OIUH UHCTPYMEHT
HE O3BYUYUT 3TOT HPHEM HACTOJIBKO BBIUIPBIIIHO. DJIEKTPOrH-
Tapa MOJKET 3a3By4aTh, KaK JIB€ pasHBIX I'HUTapel — 0e3 cTy-
JIAAHBIX YXWIIPEHUH, Ha JKHUBOM KOHIIEPTE.

W ppluar, ¥ IIOATSUKKM CTPYH HA IIOJI-TOHA HCIIOJIb3Y-

JOTCSI TUTApPHCTaMHM BMECTO Ilepebopa CTpyH Ha Tpudge.
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Jj1ss  HArJIsEIHOCTU  CO-
IOCTaBUM  TUTApPe  CHUCTEMY
KoopauHat. B saBucumocTn
OT OIHUCHLIBAEMOIO IIPOLIECCA,
MOT'yT OBITH IBA YKa3saHHbBIX
BapyUaHTa pasMELIEHUsI KOOp-
JIUHATHBIX OCEN.

Oce Ox pacronaraer-
Csl CTPOrO BIOJIb IPUA.

Cucrema siBjIsIeTCsl IIpU-
Bsi3aHHOU K rurape. JIoOsle
IepeMenieHus OyuyT Tpak-
TOBATBCSI KaK [EVICTBUSI HaJl
CHCTEMON KOOPIHMHAT TUTApBL

C TOYKM 3peHus MaTEMATHUYECKOIO MOIEIUPOBAHUS 3ITO
IO3BOJIMT OTHEIMTh IaPMOHHMYECKOE 3ByYaHHE HHCTPYMEHTa U
NPUIABAEMBIE €My BHEIIHHE BO3JICHCTBUS (yIIPABJIEHUE).

Bce mporeccel aKyCTMYECKOro (POPMHUPOBaHMSI 3BYKa Ha
CTPyHE M IMPOLIECCH BOCHPHUATHS 3BYyKa CO CTPYH MOIEIUPYIOTCS
B CHCTEME KOOPIUHAT, KOTOpasi IIpUBsI3aHA K HMHCTPYMEHTY WU
ABJISIETCS. OTHOCHTEILHO HEr0 HEMNOIBHKHOIL

Cpasy MOXHO BHJIETh, YTO CYIIECTBEHHOE BJIUSTHUE HAa
YHCTOTY aKyCTUYECKOIO 3BYUYaHMSI OKa3bIBAIOT TOJILKO TaKUE
KoJIeGaHusl, KOTOpbIE IIPOU3BONSITCS CTporo B Iwiockocru OXy,
Napajule/IbHOM KOPILYCY THUTaphL

HOCKOHLKy 3BYKOCHHUMATEIN IIPEACTABJISIIOT IMJIMHIPBI C
IUIOCKHM BEPXOM, OHH CHHMAIOT KoJieOaHUs CTPYH HMCEHHO B
9TOM IIJIOCKOCTU — E)JIeKTpO—MaFHI/ITHI)IfI PE30HaHC BEICT cebst
CXOOHO C aKyCTHYE€CKHM PE30HAHCOM.

IToaroMy My3BIKQHTBI, HUIPAIOIIME€ U HA AKYCTHYECKHUX, U
Ha 3JIeKTPUYECKUX WHCTPYMEHTAX, HOJKHBI CTPEMHUTBCSI K TOMY,
9TOOBI BO30YKIATh KOJEOAHUS HMEHHO B 3TONW IIJIOCKOCTHL
Torma MHCTPYMEHTHI OyIyT 3By4YaTh HAuOOJIe€ ILIABHO, CHJIBHO,
JIO0JIr0 U BBIPASHUTEIIBHO.

Konebanust B 1utockoctn OXZ (NEPIEHIMKYIISIPHO KOP-
IyCy) Yalle BCETrO 3aCOPSIIOT YHCTOTY S3BYYAHHUS HIIM JIEJIAIOT
3BYK OU€Hb PE3KUM U IIPOH3UTEJIbHBIM.

Kcratn, BCe CMBIYKOBBIE MHCTPYMEHTHI OBUIM TIPHUIYyMAaHBI
IS TOrO, 4YTOOBI OOecHednTh KOJIEOAHHSI CTPOTO B  OIHOM
IUIOCKOCTU U OTCeYb KOJieDaHHSI B IIE€PIEHIUKYJISPHOMI ILIOC-
Koctu. OHE oOecneumBaloT HambOOJIee 4YHCTOe 3By4yaHHeE. 215



IIOCKOHI)Ky FI/ITapI/ICT urpaer IiajJiblriaMu nu MEINATOPOM,
€My HEBO3MOJKHO M30aBUTHCSI OT HEJKEJIATEJIbHON COCTABIISIIOMICIL
JlBuraTe majeplaMu M TEeM Oojiee MeIuaTopoM CTpPOro Hapal-
JIEJIBHO KOpPIyCy THTapbl HeBo3Mo)XHO. Ho eciin massisl mim
MenuaTop OyIer IBUIaTbCs K CTPYHAM M OT CTPYH KPYTOBBIMH
IBYUKEHUSIMH — TI0 CIUIIOCHYTOMY 3JUIHIICY, 3TO CYIIECTBEHHO
VIIYUIIAT Ka4eCTBO 3BYKA.

Hrparomuii Ha ruTape My3bIKAHT MOJXET BHOCUTH
9(P(PEKTUBHOE YIPABJICHUE, KOIIA OHO IPOU3BOIMICS CTPOro B
wiockoctn Oxy. Hanpumep, Bce KoineGaHHs TPUQPOM IOJUKHBI
COBEpLIATLCS. HMMEHHO BJIOJIb 3TOH IIJIOCKOCTH, HapasljleIbHON
KPBIIIKE IUTapbl, MHAYE BOSHUKHYT 3HAUYUTEJIbHBIC IOMEXMU.

Moxuo 3aME€TUTh, UYTO C TOYKH 3pEHUA q)OpMI/IpOBaHI/ISI
3BYyKa IICHTP TsIXKECTH SHCKTPI/IHGCKOIX rurapbl HE€ CoOBHaJaeT
C Ha4YaJIOM KOOpauHaT HH OJTHOU U3 IIPpUBEACHHBIX 3BYKOBBIX
KOOpAMHATHBIX CHCTEM — IIpUYEM OYEHDb CYIIECTBCHHO.

MaJjio TOro, 4TO 3JIEKTPOrMTapa HEraTUBHO BJIMSET Ha
MOJIOKEHUE LIEHTPA TSUKECTH HUIPAIOMIEr0 MY3BIKAHTA U BBIBO-
OUT €r0 M3 YCTOMUYMBOIO PaBHOBECHS. ITO caMO IO cebe MHO-
Irux OTIYIMBAET OT HACTOSAILErO COJIMPOBAHHS HA THTapeE.

Bce aBUIKEHUSs, BBITIOJIHSIEMBIE T'HTAPHUCTOM B OTHOILIC-
HHUHM KOpIIyca U Ipudpa HMHCTPYMEHTA, IOJIKHBI ITPOH3BOIMTHCS
HCKIIOYHTENIBHO OT LIEHTPa aKyCTHUYECKOro GOpMHPOBAHHS
RONe6GaHHH, TO €CThb JIMOO OT IIOICTAaBKH, JIMOO OT BEPXHErO
MOpOXKa rpU(a, KaK 3TO IOKA3aHO HAa CXEME BBIIIE.

ITosToMy 4yeMm BbllI€ KBAJIM(PUKALMS COJIUPYIOIIEro I'd-
TAPHUCTA, TEM BBIIIE Yy HETO TpPeOOBaHHS M TeM 00Jiee YETKO U
aKKypaTHO IOJUKHBI JIBUIaTbCS OCTAJIbHBIE UJIEHBI I'DYIIIbL

I'mrapucTel  cTapaloTcsi pasMECTHTh WHCTPYMEHT Tak,
YTOOBI TIOICTaBKAa (AKYCTUUYECKHI IIEHTP CUCTEMBI) OOOPOTHOI
CTOpPOHON MPHJKUMAJack K HCIIOIHUTEIIO M €ro MpaBoMy Oenpy
n ObUla MakCHMAaJIbHO 3apUKCHUpOBaHA. PsjoMm Haxonmsitcst Be-
Oyuiye IUIst cojlo-rurapucra sBykocHumMatesn. K Takomy moro-
JKEHUIO IPHUXONST HMHTYUTHBHO — IIOJIYYA€TCsl JIYUIIMH 3BYK.

LlenTp TSXKECTH CTOSILEro COJIO-TUTAPUCTA C HMHCTPYMEH-
TOM CMELIAETCSl 3aMETHO, HO HE3HAYMTEJbHO. TOuHO Tak Ixe
LIEHTP TSKECTH 3JIEKTPOTMTAapbl HE KOHLENTYAJIbHO YyIaJeH OT
LEHTpa aKyCTHUYECKOH CHUCTEMBbl KOODAMHAT — HO C TOYKH
3pEHUs IIOBEJEHUS CHUCTEMBI PASHHUIIA KOJIOCCAJIbHASL
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910 3acTaBigeT MY3BIKAHTA CpPasy IEPXaTbh HHCTPYMEHT
OYEHb CHEIU(PUIYECKHM H XapaKTePHBIM CIIOCOOOM.

Takue HIOAQHCHI [I€JIAIOT YIPAaBJIEHUE 3JIEKTPOIUTaApON U

WUIPY HA COBPEMEHHOM COJIO-TUTAPE OYEHBb CJIOKHOM — MBILIIILI
4yeJIOBEKa JIydlle IIPHCIIOCOOJIEHBI IS OOJBINNX, HEXKEIH
JUIsE MaJIBIX, HO INOrpaHuuHbIX ycuiaui. K Bce 910 — Ha Ppo-

HE 00g3aTeIbHOrO BJIaICHU S HpOCpeCCI/IOHaJII)HI)IMI/I HaBbIKaMH
3BYKOU3BJICYEHUA M PEAJIBHOI'O MY3BIKAJIBHOI'O O6paSOBaHI/IH.

CeromHst rUTapHCTHI KJIAXyT OOOPOTHYIO YacCTh IOICTaBKU
MpakTHUYEeCKH Ha IIpaBoe Oempo.

Kopryc rurapsl clipaBa OT HCIIOJHUTENISI IOYTH HE BBIC-
TyHaer, a caM HHCTPYMEHT 3aMETHO CMeINaercsi BieBo. Uem
Oonpmie My3BIKAHT OyOeT HarpyX)aTh TUTapy B IIpOIIecCE pa-
0OTBI U YBJIEKATHCS, TEM CHJIbHEE OYIeT CMellaTh €€ BJIEBO,
BILIOTH JIO IIOJIHOI'O OTJIETa MHCTPYMEHTA B IIOPBHIBE€ TBOPYECKOI'O
9Kcrasa (Torga cmacaer peMeHb). Tak urpaior MHOrue IIOCTXEHII-
pukcoBckue ruTapuctel. OHH U CHIS HUIPAIOT, OTCTABHB HOTY.

Ecim rurapucr He IeperpyXaer rurapy, €éMy BCE paBHO,
Kak, KyJla ¥ K YeMy €€ IIpUKHUMaThb — B ITOM CJIyyae KOpIIyC
MHCTPYMEHTA 3HAYNTEIBLHO CMEINAETCsl BIPABO, KaK U y aKyCTU-
YECKUX THTapHCTOB. Tak HIpaoT B JOXECHIPUKCOBCKOI MaHepe
UId B OONErdeHHOH (B T. U. CTYOHUITHON) MaHEpE HCIOIHCHHSI.

bes XOpOIIIeI;I q)I/IKCaHI/II/I aKyCTHYECKOro II€HTpa MWHCT-
pPyMEHTa ruTapucTr HE CMOXET obeceunThb HOpMaJIbHOE
yHIpaBJICHHME€ HH3KOYACTOTHBIMH M CPEIHCYACTOTHBIMM  KOJIC-
OaHHSIMU KopIiryCa 3JIEKTPOIruTaphbl Nmenno 3tu  KojxebGaHust
TIO3BOJIAIOT HaKJIaJdbIBaTh JOIIOJIHUTEJIbHBIE 6JIaI‘03By‘IHI>I€ Mony-
JIAI U YIIPABJIATH MY3BIKQJIBHBIM 3BYYaHHUEM 3JIEKTPOrurTa-
pbel — 6naronap51 MEXaHUYECKUM IIEPEMEIIEHUAM KOpIlyCca. 217



Kak TOJIBKO ruTapucT IPaBUJILHO M JKECTKO 3a(PUKCUPYET
AKyCTUYECKHMI [EHTP CHCTEMBI, KOTOPBIA SIBJISE€TCS HAYaJIOM
ee KOOpIWMHAT, U HaYHET BHOCHUTH OCMBICIICHHBIC KOJI€OaHUS
ruTapel, Ha CTPYHaX IOJI UX BJIMSHUEM HAUHYT JIOMOJIHUTEILHO
TE€HEPUPOBATHCS KOJEOAHUS, OINMCHIBAEMBIC ITUIUHIPHIECKUMU
pyukusmu beccens. 91o yrpasisiemble KOJIEOaHHUS CTPYHBI

AMIIIUTYIa KOJeOaHUM, IOJIyYaeMbIX HAa OCHOBE (PYHKIIUMA
beccensi, ABIISIOTCS MAKCHUMAJLHOH y TOJOBKH rpuda. Munm-
MajbHas aMIUIATylda KOJIe0aHUiI — COOTBETCTBEHHO Yy Hayalla
KOOPJIMHAT CHCTEMBI, Y IIOJICTABKU M HaJl KOPIIyCOM.

Eciiu crpyHa mnopsercss — 3TOT MOMEHT ONMIIYyT CIe-
mmanpHbie pyHKunn Hefimana., Kcraté, MOMEHTHI pasOuBaHUS
ruTapbl TakKXe MOIEJMPYIoTcss (pyHKuusamu HerMana, mosromy
MOJKHO II€JICHAIIPABJIEHHO PBaTh CTPYHBI 0€3 3BEPCKOTO HACHIIUS
HaJl caMuM uHCTpyMeHToM. llpemiaraio cosgarb 3TUM HOBOE
MY3BIKQJIbHOE HaNpPaBJIE€HWE, HAIIPUMED, B TP3II-MeTaJljle.

MaxkcumajibHasd aMIUIMTyJa TapMOHHMUYECKHX 3BYKOBBIX
KOJIe0aHUI CTPYHBI BBISHIBAEMBIX MAJILIIAMUA U MEIUAaTOPOM, TIPH-
XOIUTCSI Ha IEHTPAJIBHYIO YacCTh 3BYYaIllEH CTPYHBI — OOBIU-
HO B pafiOHE OCHOBAaHHUS IpHda HaJ OMMKANIINMH K OCHO-
BaHUIO Ipupa 3ByKOCHUMATeIAMU. Jlujep-rurapucrel UX He
HCIO/Ib3YIOT — CJIMIIKOM aKyCTHYECKHM IIOJIyYa€TCsl 3BYK.

UeM Jmyuire ruTapuCcT Hay4MTCs (PUKCHUPOBATH IIEHTP
CUCTEMBI U YIpPaBJISITh KOJEOAHMSIMH KOPIIyCa THTapbl BCEMH
IHOCTYITHBIMU PasyMHBIMH cHIoco0aMu (si 0coDO IOIXYEPKHBAIO),
TEM CHJIbHEE OYIyT IIPOSIBJISITBCS PA3IMYMS MEXKIY 3BYYaHHEM
rapMOHHYECKHX M OOOOIIEHHBIX T'apMOHHMYECKUX KoseOammii
TeM OoJjibIIe IIPOCTOpa JUIS TOJIeTa (PAHTASUM ODeCIevnBaeT
MY3BIKAHTY 3aKpHUTHYECKasi 3JIeKTpOrHTapa.

Konebanus, KOTOpsle THTapUCT NPHHYIUTEILHO BHOCHT B
CUCTEMY H3BHE U KOTOPBIE HCKAa’XXalOoT 3ByYaHHE HUHCTPYMEHTA,
3aBUCAT TOJIBKO OT JIMYHOM IIPUXOTH M MaCTEpCTBa CaMOIo
rurapucra. Ilosromy Takue Kojie0aHHMsI HE BCErIa PE3OHHUPYIOT C
COOCTBEHHBIMH KOJIEOAHMSIMHU aKyCTUUYECKUX CTPYH HMHCTPYMEHTA.
OHu MOryT HajiaratbCsl Ha aKyCTMYECKOE S3BYYAHHE CTPYHBI
€CTECTBEHHO, a4 MOTYT BECTH ceDsl COBEPHICHHO HE3aBHUCHUMO H
camocrosTeabHO. M ogHa rurapa MOXKET 3a3ByvyaTb, Kak [IBE.

Hukakue psigel @ypbe, HUKAKUE TPUTOHOMETPUUYECKUE
CHHYCBHl M KOCHHYCHl HE MOIyT KOPPEKTHO MOJEJIMPOBATh BO3-
HuKaomui napagokc. Cormacurech — HE HYXHO HH  VIIOT-
peOIsATh HAPKOTHKM, HH HCKaTh [bSIBOJA JUIS IIPONAXKH €My
CBOEM OECIIEHHOM IylId, HU OOMaHBIBATh WM IIPEIaBaTh.
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K OTHOCHUTEJIBHO HAOCTYITHBIM criocobam BHECECHUS
yHIpaBJICHUSI M KoJieOaHuil B KOpmiyC TruTrapbl OTHOCATCA
IUIAaBHBIC IIE€PEABHIJKEHUSI IIO CLHEHE, IIarv, IIPpUTOIIbIBAHUE, II0-
AparuBaHue HOI'O, JIErKue npuceaanusi, IpUTaHIOBbIBAHUE Ha
MECTE M HOI[O6HI>I€‘ TEJIOABHMJKEHUSI, KOTOPbIE€ COBEPIIAIOT POK-
TUTApHUCTBI, HUI'PAIOIINE HOpMa]II)HI)II;I MEJIOJTNYECKUI POK.

3pI/ITeJI$IM HE Bcerija IIOHSATHBI MOTHBBI HUX IEVCTBUM U
CTPaHHOI'O IIOBEAEHUA Ha CHEHE. Bnpoqu, MHOI'€ T'HTapUCThI
TOXKE€ HE COBCEM IIOHMMAIOT, YTO M 3aYE€EM OHH HOEJAI0T — OHH
IIPpOCTO KOIIMPYIOT OPYyT OpyTra, HE AyMalOT U HE CMOTPMAT, Kak
ABUT'AIOTCS II0 CHEHE M CTOAT BEAYIIME I'MTapHCTbl MHpa. 1 ne
HU3y4YaroT IIOBECICHUE MATEMATUYECKON MOJEJINU CUCTEMBL

Ecim cmorpers Ha TO, Kak
bpanan urpaer, To cpasy He BHIIHO,
orkyma Oepercsa ero 3Byk. C 1uio-
maau He OBIJIO BUIHO, YTO HMEHHO
MY3BIKAHT JIEJIAET C HHCTPYMEHTOM.

Mbsit urpa€r cojo IOYTH TpU
yaca. OH cromT, JellaeT Iaru Tyna-
Ccloga W BIEpeN-Ha3aJl, XOOUT IO
CleHE M TOIHMyMy, H3pelka Oeraer
¢ rurapor. CraHOBUTCSI BpeEMsl OT
BPEMEHU B IIMPOKHE CTOMKHU HJIM Ha
KOJIEHO. TaK cerogHs cojIo-TUTAPHUCTEI
1 HE TAaKOEe yCTpauBaloT.

Hukakux 0coOBIX 9(pPEKTOB M IIPUMOYEK He HabIomia-
ercs — Bce Ha Buay. VM BooOIIE, HUKaKON WCTEPHKU U
KOHBYJILCUI, KOTOPBIE BBIIAIOT COBPEMEHHBIE COJIO-THTAPHUCThI
IPU IOpasio MEHbUIEH CJIOKHOCTH M HArpy3Ke COJIMPYIOMIMX
TUTAPHBIX MAPTUH, U HUKAKUX Pa3pylICHUIL.

TojabKo Ha MEUIEHHOM BOCIIPOM3BEIEHUM BHUIEO3AIIUCEN
KPYOHBIX IUIAHOB B PEXHUME OIIOPHBIX BHJIEOKAIPOB BUIHO,
uTO MMEHHO jeyaer bpainan c snekrporurapoi. Ilpenruieubem
npaBoii pyku bpaiiaH HEOpepelBHO YyHOpaBJISeT IBHKEHUSMU
KOpHyca 3JIEKTPOTUTApPhl — IIOYTH BO BCEX 3IJIEKTPUYECKUX
MapTusx 0e3 OCTAHOBKH. DTUM JK€ INpeNILIeYbeM OH (PUKCHPYET
cam Kopmyc mHCTpymeHra. Orcioma m Opacier Ha pyke.

Msii ODHOBPEMEHHO HIpaeT IIPaBOM PYKOH IIO0 CTpyHaMm
TUTApbl TajJbllaMH, IIOYTH KaK MNHAHUCT MO KJIaBUIIIAM, WA
MEIUaTOPOM, KaK I3TO YMEIOT HEMHOIHUE, U €IIe IEPUOIUIECCKU
HCIIONB3YET phlyar BHUOPATO-TIOICTABKM. 219



He meHee crmoxHasi TeXHHKa pabOTHI JI€BOM pyKu. Moii
HE IIPpOCTO WIpaeT Ha CTPYHaX, JeJaeT TONTSIKKM u BHOpa-
IIMM — KCTATH, ONSITb-TAKH TIAJIbLIBI JIEBOM PYKH BEOyT ceOst
HE TaK, KaK y THUIIMYHOIO THTApUCTa (OHM HE CKPIOYEHBI).

Mbsii OJHOBPEMEHHO C 3TUM YIPABISET IBUXECHUSIMU
rpuca JIEKTPOIUMTAPBl B OIHOH IIJIOCKOCTH, KOTOPBIA HU Ha
MIHOBEHHE HE OCTaHABJIMBAECTCI U HE 3aMHUpaeT.

bonpmasa dacre BCEX I9TUX MPAKTHYECKH HEBUJIUMBIX
Ha rIja3 KoJeOaHUI W IEPEeMEIICHUII KOpIyca HHCTPyMEHTa
HaXOJATCS Ha COGCTBEHHBIX YAaCTOTAX H aMIJIMTYZAAaX HHCT-
PYMEHTa U BECbMa CTPOTO OIMCHIBAIOTCSI OOOOIIEHHBIMH IapMO-
HUYECKUMHU (PYHKLMsSMM — pyHKuusaMu beccers.

BcnmomuHaeTcsi MHTEPECHBI pasroBOpP € BpauOM, KOTOPBIA
CIIeIMAJIM3UPOBAJICI Ha TOKCHKOJIOTMM M TOXE OBUI IIOKJIOH-
HHUKOM 3JIEKTPUYECKOM My3blku. OH COBEPIIEHHO HCKPEHHE
YIOUBJISITICS U HE ITOHMMAJI, KaK XEeHJIPHKC BOOOIIE MOI HIPaTh
Ha KaKOM-THOO HMHCTPYMEHTE M TeM OOoJiee COIMPYIOWIEH 3JIeK-
TPOTUTape, TaK KaK K HAyaJly CBOCH (PEHOMEHAJIbHOM Kapbephl
OH yXe€ OBUI CPOPMUPOBABIIMMCS HAPKOMAHOM.

Bpau mosicHIII, 4TO B TaKOM JIaJ€KO 3amleIeM COCTOSI-
HUM BCE MBIIIIBI YEJIOBEKA HCIBITBIBAIOT IIOCTOSIHHYIO JIPOJKb,
IIpaKTHYECKU HE BUIMMYIO Ha Tja3. M ara JIpoXb ycHIIMBaeTcst
IIpU CTpecce W MpueMe HapKOTHYECKO¥ 03Bl KoTopas ObuIa 00si-
3aTEJILHBIM 3JIEMEHTOM BBIXOIAa XEHIPHKCa Ha CIIEHY.

XeHI[pI/IKC TaK M CKOHYAQJICI NPAaKTHUYECCKU Ha CIHEHE —
OT II€EPENO3MPOBKHU. Ouenn MHOrue MY3bIKaHTbI 1 HCIIOJTHUTEJIN
TOro BPEMEHH B IIOHCKAX HOBBIX 3By‘laHI/II7I N TEMATHK CTaHO-
BIJIMCh HapKOMaHaMKl MW YMHDaAJIN. Muoro r UTApHUCTOB B
IIOMCKAaX Cpe€ar HapKOTHKOB HOBOI'O 3ByKa TaK HH pa3y B JKU3-
HHU HE CbhII'PDAJI1 CBOIO BEAYIIYIO IIapTHIO Ha CIECHE.
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Ecnu O6sI mpomuto eme mapy JieT, 1 XEHIPHUKC HE CMOT
OBl JiepXKaTh B pyKax HMHCTPYMEHT, OH OKOHYIUI OBl JKM3Hb TaK
JKe OeccliaBHO, KaK M OOJIBIIMHCTBO HAaPKOMAHOB-MY3BIKAHTOB.
Bpau BeICKa3as HMpeNrooKeHue, YTo XEHIPUKCY C OIXHON CTO-
POHBI IIOBE3JIO, YTO OH YCHENI ChIrpaTh M YMEPETh Ha CIIEHE.
A C Ipyroil CTOPOHBI, 3TO IEMCTBUTEIIBHO ObUI HEOPIHHAPHBIN
U OYCHb BOJICBOYI 4YEJIOBEK, pa3 OH MOI Hrparb, IIPEBO3MOrasi
MIOCTOSIHHYIO CHUIBHYIO IPOXXb B TeJle, pyKaxX M HOrax.

bpamany M>sio ynajioch yHIpaBisTh CBOE€H IHTapoH CO-
BEPIIEHHO OCO3HAHHO U 0€3 BCSKHX [03. 3a 3THUM MY3BIKAHTOM
HApKOTUKUA HMKOIJ[a HE 3aMeualiucb. M3k MHOIro JIeT IIOapsi
mIudoBaJl MAaCTEPCTBO M CBOM JOCTMIKeHHUs. bojree Toro, ero
TEXHUKAa WIPhl HA TUTApEe U MBICIHU HE MOIYCKAeT O JIOOBIX
MOJOOHBIX HETaTUBHBIX (PaKTOpax.

Pano miam MO3IHO KTO-TO M3 BEIYUIUX IUTAPUCTOB MHPA,
HMEIOIIMX 3a CHOMHOK omnbIT paborel He MeHee 20-30 jer, csen
OB BOEIMHO HM3BECTHBIE IIPHEMBI UIDHI Ha 3JIEKTPOIHTAPE.

I'mrapucrsl NOHHMMAJIM, YTO PAHO HJIH NO3AHO KTO-TO
H3 HHX BBIYHCIIHT, KaK HYXHO HrpaTh Ha CHTape, YToOH ee
3BYK OBIJI MONIHOCTEI0 ynpasnsgeMeM. MHOIuE r'UTapucThl OYCHb
OMM3KO TMOIOUITN K pasrajke (peHOMEHa 3BYKa, HO HUKTO M3 HUX
HE CMOI OOBECIWHUTH BCE IIpUEMBI BOEOUHO. Jlake IIpOrHo3sI
JIeJIajINCh IIpaBUJIbHbIE — He no3aHee 2010-2012 roza.

ITomumo nBuXeHMI pPyK, bpaiian cmor BOCIIpOM3BECTH
KojieOaTeJIbHBIE JIBYJKEHHSI KOPIIYCOM, KOTOPBIMH OH Il€pelaeT
MHCTPYMEHTY  JOOMNOJIHUTEJILHBIE MW HE3aBUCUMBIE  3JIEMEHTHI
Konebauuit 1 Bpamenuii. I1 Bce st mouTm He3aMeTHBIE KOJle-
OaHuUsA © HEIIPEPLIBHBIC BpaAIlICHUS JIEKTPOIrUTApPbl  TaKiKe
(POPMHUPYIOT MEXAaHUYECKOE BO3NEHMCTBHE HA YPOBHE CIICIIU-
AIBHBIX (PYHKIIMA MaTEMaTHYECKOH (PHU3MKHA. ITO BO3IEHCTBHE
MEPENAETCS CTPYHAM U JIajle€ — B IJIEKTPUYECKHUE ILIETIH.

Co croponsl Bce J€ACTBUSI M3sI IPAKTHUYECKH HE 3aMETHBI
Ha TIja3 — OCOOEHHO Ha (POHE CTOSIIUX Ha 3aJHEM IUIAHE
fac-ruTapucra M PUTM-TUTaApHCTa, KOTOpHIE HEPralorcsi B TaKT
My3bIKE€ TOpasiO 3aMETHEE U TpaIulHOHHEE.

Heno me TonbKO B TOM, uro bpaiian ornumdgosall mpu-
€MBl WIPbl — OH CINIaBHJI COOCTBEHHYHW HHAMBHAYAJNBHYIO
MaHepy Hrps Ha rHTape H of6pameHHS C HHCTPYMEHTOM
C KOMIJIEKCOM TEeXHHYEeCKHX NOPHEMOB, KOTOpkIE CaMH IO
ce6e HoBanuaMH He GbuiH. IJTO OOECIIEYMBAET KAa4eCTBEHHO
HOBBIA YPOBEHb 3BYYaHHSI €I0 3JIEKTPHYECKONM TUTapBbL 221



Ecim aKyCTI/I'-IeCKI/IPI CprHHI)IPI HHCTPYMEHT IIO3BOJISIET
TEXHUYHO HM3BJIEKATh MY3bIKQJIbHBIE HOTBI Ha BBICOKHUX CKOPOC-
TAX, 1 KaXaasi u3 HOT 6yH€T 3By4YaThb, TO JIEKTpUYECKas rurapa
9TOro HE [OITyCKA€T B IIPUHIMUIIE — B CHJIY 3aKOHOB CpI/I3I/IKI/I
u Owmosiorun. Bricokue CKOPOCTH HM3BJIEUCHUSI 3BYKOB MEIHATO-
poMm q)OpMI/IpyIOT B SJICKTPI/I‘IGCKOPI LENMN ITAKEThl aKyCTUYIECKUX
1 3JIEKTPHUYECKUX YIapHBIX BOJIH, a HE MY3bIKY.

Kak TOJIbKO 3JIEKTPOIMTAPUCT HAUMHAET UIPATh CIMIIKOM
OBICTPO, B OTJMYME OT IMHAHHUCTA OH IIPOCTO IIEPECTAET OBITH
My3bIKaHTOM. fl Takoe Bmuena MHOro pas. Bor mosromy B pOK-
MY3bIK€ HaOMONAJICs KPU3MC TOBBIIEHHON OErJIoCTH — CIIUII-
KOM MHOI'O CKOPOCTH B yHIEpPO Kauye€CTBY 3BYYaHMSI.

Kpusuc ©Gerjoctm B poke IIposiBiisier cebsl yKe JaBHO.
Y OGompmmHCTBAa 3neKTporuTapuctoB ser 15-20 Hasam cranm
U3MEPSTh CKOPOCTh PpabOTHl MeIuaTropa ¢ CEeKyHjaoMmepoMm. B
pesyibTare psii BBIIAIOIIUXCS MY3BIKAHTOB, pabOTaBIIMX Hall
3By4YaHUEM, IIPOCTO YIUIM CO CUEHBL A CIyHIaTelISM HaJlloello
pacKyIiaTh TBOPEHHS, HE HMEIONIME OTHOLICHHSI K MY3bIKE.

MySbIKaHTa MOJXHO OHEHHMBATB C TOYKH 3PEHUSI KavdeCTBa
MOAYJIHUPOBAaHUA AKYCTHYCCKHUX M IJICKTPHYCCKUX BOJIH, IIOTOMY
4YTO OHH MaTeMaTHYECKH OIIHCBIBAKT MY 3bIKY.

Huxro He roBOpHUT, UTO O€TJIOCTH WIPHI — 3TO ILIOXO,
MpOCTO HYXHO 3HaTh Mepy. McmosgHurenb, — HE CIOPTCMEH,
YTOOBI CKOpPOCTBH €TI0 MAaJIbLIEB M MEINaToOpa H3MEpPSITh TOJLKO
cekyHIamMu. Tak Helb3ss H3MEpUTh HHM MacTepcTBo Jxumun
Ileninoxa, vu rurapy Puum Biaskmopa, su Jxumu Xesgpukca,
HHM MYy3BIKY IPYTUX BBIIAIOIIUXCS TUTApPHCTOB MUpA.

KpI/ITepI/Iﬁ UCHOJTHEHUS — CHOCOOHOCTH urpartb BI)IpaSI/I-
TEJBHYIO M 3MOIMOHAJIBHYIO MY3BIKYy pa3HBIX CTHJIEI M Ha-
HpaBJIeHI/Iﬁ, 9TOOBI 3TO OIICHUJIU 3pI/ITe.T[I/I, u 4uroOBl OHA UX
rorpsicjia. M3ii ja)xe CKOPOCTHOH TP3HI CHIIPaJI C OCO3HAHHOM
SMOIIMOHAJILHOMN OKpaCKOPI 3By‘IaHI/IH KaXI0! HOTHL Ectp
HaIeXX/1a, YTO MY3BIKAHTHI IIOCTEIIEHHO HAYHYT BO3BpPALIaTBCS
K Ka‘IeCTBy, a HE€ TOJIbKO K CKOpOCTI/I I/Il"paeMbIX HOT.

PaccMoTpyuM TeXHHYECKHE IIPUEMBI M UX MaTeMaTHYeCcKoe
MOIEIMPOBAHUE IS TOTO, YTOOBI OOBSICHUTH TEXHUUYECKHE
HIOAHCHI YIpaBJI€HUs] KoneOaHMSIMU HATSHYTBIX CTPYH S3aKpH-
TUYECKOH 3JIEKTPOTUTAPHL

Tem 60.1166, YTO MaTEMaAaTUKA U CPI/ISI/IKa OCTaBJISIET COBpE-
MEHHOMY MCIIOJIHUTEJIIO OY€Hb OI‘paHI/IUIeHHI)IPI apceHar JIst
BO3MOJXHBIX IE€VMICTBUII Ha CLEHE U B CTyIun 3BYKO3aITMCH.
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Bce, K10 Urpaer Ha aKyCTM4€CKUX MHCTPYMEHTAaX M Iepe-
IPYXEHHBIX JIEKTPOIMTAPAX, 3HAIOT — YE€M MEHbUIE ILIOIAIb
KOHTAKTa HCIIOJIHUTENIST M HMHCTPYMEHTa, TE€M 4YMIIE M JIydlle
€ro s3ByuaHue. bJIOKMpOBaHHE 4YaCTH KOPIyCca aKyCTHYECKOIrO
UHCTPYMEHTA HE IIO3BOJISIET €My IIOJIHOLEHHO PE30HUPOBATh,
a 9JIEKTPOruTape — BOCIHPHHHUMAThL CBEPXMAJIbIE YIIPaBIISIEMbIE
KojiebaHus KopIlyca [UIsi Ilepefayd UX Ha CTPYHBL

O9TO NMpaKTHYECKU HE OCTABJISIET BHIOOpA COJIO-TUTapHCTaM,
KaK UM JIepXaTh CBOH HMHCTpPyMeHT Ha creHne. Ocraercst 0o
MUHHUMAJILHO IIPHUKHMAaTh €€ B MECTe ITOICTAaBKH M KpeIlJIeHUsI
CTPYH K KOpIIyCy, JIMOO IepiXaTb M HIpaTh Ha BECY B BO3JIIYXE,
KaK 3TO JIEJIAIOT TOJIBKO OYEHb H30OpaHHBIE T'UTapHUCTHL

HOCKOJII)Ky HHCTPYMEHT TSOKEJIBI U HeHOBOpOTJII/IBI)IfI, Ha
BECy €ro aepxarb CPI/ISI/I‘ICCKI/I HEpEaJIbHO. HOE)TOMy TUTapHUCTDI
HaXoIdaT KOMIIpOMMCC — IIOAHMMAIOT BBEPX KOPIIYC M I‘pI/IqI)
HUHCTPpYMEHTAa M YIHPAOT €ro B 66}11)0. FHTapa B 9TOT MOMEHT
€lIe CHJIbHEE CMEIIAETCs BJIEBO M HAXOJUTCA Ha OTJIETE. Taxkoi

IIpuEM YaCTO MOJXHO BHIETH Yy COJJIMPYIOIINUX TI'UTapHCTOB.

Ilpu ero HCHOTHEHWM TUTAPUCT OOSI3aTEIBLHO HOJIKEH
OTKJIOHMTBCSI  BIPAaBO, UYTOOBI KOMIICHCHPOBATH  CMEIIECHUE
BJIEBO LEHTpAa TSXECTH 3JI€KTpOMHCTpyMeHTa. Ecim rurapucr
CHeNaeT KOPIyCOM THUTapbl PE3KOE IBMJKEHHE W HE BBIIIOJIHUT
KOMIIEHCHPYIOIIWA HAKJIOH — OH HE TOJIbKO MIPaTh HE CMOJXET,
a CIIOTKHETCSI Ha POBHOM MECT€ WJIM, XYK€ TOro, ymajier.

Uem cuiibHEE OTJIETA€T rurapa BJIEBO, TEM CYLIECTBEHHEN
WUCIOJIHUTENIL JIOJDKEH M30IHYThCS BIpPaBo. Ecim MysbIKaHT
CTOUT B IIMPOKOM CTOMKE, OH MOJKET IOIIOJIHHUTEIbHO CleIaTh
HeOOJIBIION Imar Hasajd TakoBa OOBLEKTHBHASI MEXAHUKA KOM-
NeHCa CMEIIEHUS I[IEHTPa TSKECTH HWHCTPYMEHTA.
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L[OCTaTO‘IHO HENPUSITHBIM [JIsI TUTapuCTa MOMEHTOM sIB-
JIAETCA  TO, 4YTO IEHTP TAXECTHU CMEIIEHHOMN BJIEBO ruTapbl
OKa3bIBA€TCA BO3JIE IEHTPA TSIKECTHU MCIIOJIHHUTEIIS.

Kax m3pecTHO, yeM Kopoue pwlyar, TeM OobInas mMacca
HyXXHa JUIS €ro KomIeHcanuw. llosromy uem Oimke II€HTP
IEpEMEIIAEMON TUTAphl K LIEHTPY TSKECTH TUTAPHUCTa, TEM
CUJIbHEE €My HYJXHO OTKJIOHSTbCS M TEM YCTOHUUBEH CTOSTh
Ha cueHe. Yem jaibiie IHEHTP TSDKECTU 3JIEKTPOTUTAphl  OT
LEHTpa TSUKECTH MY3bIKaHTa, TEM IPOLIE €10 YIIPaBIISITh U TEM
MEHBIIIE YCUJIAA HYXHO JUISI KOMIIEHCAIIUM 3TOr0 CMEIIECHUS.

C ToOukH 3pE€HUsT 3CTETHUKU, HauoboJjIee BI)II/II‘pI)IH.IHOfI AB-
JIFAE€TCA TaKasl ITO3MIMA HAKJIOHEHHOI'O rurapucra, 1npH KOTOpOPI
OEHTPBLI TAXKECTH HHCTPYMEHTA M MY3bIKaHTa COBIIaJdalOT.

Takasi 1osuIMsI HEIUIOXO IIOKasaHa Ha (OTO CJIeBa
(6enmasi pybamika). st ee BeIMOIHEHUs! bpafiaHy IpHIILUIOCE HE
TOJIBKO 3HAYUTEIBHO OTKJIOHUTHCS BIIPABO, HO M BBHIIIOJHUTH
HIMPOKYIO CTOMKY, OTKJIOHUBIIMCH Hasad Ha ¢oro cnpasa (Tem-
Hasi pyOamka) bpafian mokaseiBaeT, Kak IUIsSi HE3HAUUTEIBHON
KOMITEHCAITUN OTKJIOHEHHSI TUTapbl HYXHO IIOBOPAYMBATBCS, U
OTKJIOHSITBCSI BIPAaBO HE TaK CYIIECTBEHHO, Kak BHavale.

CyMM&pHBIi:I LIEeHTP TAXeCTH I'HTAapHCTa H T'HTapbl BCe
BpeMda OCTaeTCd Ha MeCTe H HHKYZAa He cMemaeTrca — 39T0
(pI/IpMeHHI)IfI CTHJIb TI€PEMEIICHUA Mbas ¢ SHCKTPOI‘I/ITapOﬁ.

Kak Ow1 bpatian He cMeman THTapy M He TOIHHMAal ee
rpud BBEPX, OH BCE€ PABHO OCTA€TCsS YCTOUYHUBBIM, IIOTOMY YTO
LEeHTP THXEeCTH HX OOmeH CHCTEMb He CMemaeTcCH.

MHorue mOOST, KOrga THUTApHCTHI CTOAT KpacuBo. Uem
Jlerde ¥ M3sIIHEe MY3bIKAaHT JIBUTAETCS IO CIIeHe, TeM Gosee Ipo-
OyMaHHBIE YCHJIMSI Ha 3TO peaJlbHO 3aTpauyuBaiorcs. Muorue
COJIO-TUTAPUCTBL HE 3aIyMbIBAIOTCI O TOM, KaK UM HYXHO
NpaBWIBHO [BUIaThCSI C MHCTPYMEHTOM M TII€ HMMEHHO HaXO-
ISTCSl LEHTPBl TSDKECTH MX U THTaphbL

s KoMmeHcauuyd MX CMEIIECHHs] THTapUCThl UHTYUTHBHO
IejlajoT IIUPOKHE IIarv, aMIUIATYIHbIE MaxXy HOraMH M
HCHOJIB3YIOT OYEHb MHOI'O MECTa Il MaHeBpoB Ha cueHe. OHu
YacTO CHOTBIKAIOTCS M M3penka nagaior. bosee Toro, muorum
HE XBaTa€T M PENETULHMOHHBIX noMmemeHud. EcrecrseHHO, 1
3ByKa HOpPMAaJIbHOTO Ha KOHIEpTE ToxXe He Oyner. Eciam psimom
CIIy4allHO OKaKeTCsl JAPYTrod 4YeJIOBEK, €ro MOIryT CJIyYarHO
TpaBMUPOBaTh, My3BIKAHTBI CHOCSIT alIaparypy M 3JI€MEHTbI
O(POPMJIEHHUST CIIEHBI, OHU YK€ OIMACHBI IS OKPYKAIOIIUX.
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IloBenenue cucremsbl, B KOTOPOH HAaxXOHATCS [Ba ILIEHTpa
TSIKECTH, Ka’KIBIA U3 KOTOPBIX JABUJKETCSI OTIEJIBHO, OIHCHIBAETCSI
OYEHBb CJIOKHBIMU JTU(P(PEPEHIINAIBHBIMI YPABHEHUSIMUA BTOPO-
ro IIOpsiIKa, CONEPXKAIIUMM 3JIEMEHTHI yrpasjenus.. [[ag roro,
yroOBl YEJIOBEK MOI TAaKO€ peajbHO BOIUIOTHUTH B JKU3Hb, OH
JOJUKEH C PaHHEro IETCTBA YYHUTHCSI IIMPKOBOMY HCKYCCTBY
WM 3aHuMatbess B IIekmHCKO¥M IIKoye Oajera.

I'opasmo mpore cpasy HayddUTbCS IBUTATBCSI TaK, YTOOBI
COCTaBNAThE C HHCTPYMEHTOM OAHO LieNoe — Torda ypaBHe-
HMS, MOJIEJMPYIOIIME 3Ty CHUCTEMY, Cpa3y IIpeBpallalorcs B
OYEHb IIPOCTHIE (POPMYJILI IIKOJILHOIO Kypca (PU3UKU.

Ecim ncnojiHuTe L CONMMPYET HAa MEPErpyKEHHOM UHCTPY-
MEHTe, JIIOOBIe Pe3KHEe TOJIYKU U IIaru HEMEIUIEHHO Iepenalorcs
CBEPXYYTKOMY HMHCTPYMEHTY, PE3KO CIBUIA€MOMY B CTOPOHY M
BO3BpAILIAEMOMY TOJYKAMH B MCXOIHYIO ITO3HIIMIO.

YpoBeHb HOMEX CTaHOBUTCS HACTOJIBKO CEPbE3HBIM M 3Ha-
YUTEJIBHBIM, 4YTO €CJIM BOBPEMSI HE€ MPUIVIYLIIUTh CHCTEMY,
HaXOIUTbCS PSAIOM B 3TOT MOMEHT OKa’XETCSI HEBO3MOKHO.

To, uro serko mossossier cebe PUTM-TUTAPUCT U Gac-Th-
TAPUCT, HUKOTJa HE MOJXET IT03BOJIMTH Juiep-rurapuct. JInbo
MY3BIKAHTY TIPHIETCS IIPSMO IO XOIy PE3KO IIE€PEBOIUThH TI'MTa-
Py B JIPYroi peXuM (Kak 4YacTO TUTAPUCTHI M JIEJIAIOT).

Biaymanrech — JI0CTaTOYHO Cle-
JIATh BCErO TPH IIPOCTHIX M IIPABUJIb-
HBIX TEJIOIBUJKEHMS], YETKO U B IPOTHU-
BO(pa3e WM OTHOBPEMEHHO, Torjga Oo-
JBIIMHCTBA MPOOJEM HE BO3HHUKACT.

Korma MY3bIKaHT COBHIa€T HHCT-
PYMEHT BJIEBO, OH IIOJHHUMAET I‘pI/Iq)

I'mrapa BjIeBO — KOpIIyC BOPaBO
M HEMHOIO Hasal B IPOTUBOQASE.
I'mrapa mnosopaumBaercss B CTOPOHY
— WCIIOJIHUTEIb BpaIlaeTCs 3a HEW B
YHHCOH. Yem Osmmxke rurapa K IEHTPY
TSIKECTU UCTIOJIHUTETISI — TEM CHUJIbHEE
HYKHO OTKJIOHSITBCS M TeM 0Oosee
IIMPOKAasi CTOMKA JOJIKHA OBITH BBIIIOJI-
HEHa IIepel IlaccaxeM. B KoHuLe mnaccaxa TrUTaApucT JejIaer
OIMH WA [Ba IIara OKOJI0O HMHCTPYMEHTA M KJIaIeT €ro Ha
6enpo. ITO SIBJISIETCS] ONTHUMAJILHBIM YIIPABJIEHUEM CHCTEMBL
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st Toro, 4ToOBI CTATh B IIMPOKYIO CTOMKY, MCIOIHHUTEIIb
OIIMPAETC HA JIEBYIO HOI'Y, IEJIA€T IIar B CTOPOHY IIPaBO HOIOM,
K KOTOpO@l IIPUXAaT HMHCTPYMEHT, OJHOBPEMEHHO IMEpPEHOCHS Ha
MpaBylo HOI'Y LEHTP TsDKecTH. 11 meperpyXeHHasi 3JI€KTpPOru-
Tapa OyJeT OCTaBaThCsl IOJHOCTHIO YIIpaBIISIEMOI 0€e3 H3MeHe-
HUsS paTaJIbHBIX HACTPOEK CHCTEMBI B IIPOLIECCE UIPLL

EcrectBeHHO, 4YTO B IIPOLIECCE WCIIOMHEHUS MY3BIKAHT
Oyner NMprKuMaTh K ce0e MHCTPYMEHT. A OTOINBHHYTH OT ceOst
IHTApy HE IOJIYYHMTICSl — OHA Cpasy O3BYYHT ITOT IIpOIECC.

OspyunBaHHE MPOM3OMOET, TIOCKOIBKY KOJIE€OATEIbHBIMN
IIPOLIECC OIIUCHIBAETCSI HE TOJIBKO IIOKA3aTeJIsIMU YacTOTBHL, HO
Y BO3MOXKHBIM CIBHIOM IO (pase Ha mHy O:

y(x) = > a, sin2nnx /x, + 210 /x,)
n=1

z(x) = nz=1 b, sinQrunx [x, + 210 /x,)

Ecnu crpyHa mnokouTcss B TpOIECCE CBOOOIHBIX aKyC-
THYECKUX KOJIeOAHUI, COBUI IO pa3e He Bo3HHUKaeT. Ecim
I‘I/ITapa HaAXOIUTCA B pe)KI/IMaX, HE€ BJ/INYAIOIIIMX Ha IIOBEICHHC
ee CHHYCOMOAIbHBIX TapMOHUYECKHX KOJEOAHUI, TOrda CHBHT
o pase TaKKe He IPOHCXOIHNT.

HBrxenus: rpucpa HaKjIaIblBalOT M3MEHEHUSI Ha Xapak-
TEPUCTUKH STUX 3BYKOBBIX KOJIE€0aHHII — Ha aMIUIUTYOy W
(POPMUPOBAHUE HEHYJIEBOWU (PAa3bl, 32 UCKIIOYEHHEM OJHOIO BHUIIA
KojIe0aHui1, KOTOPhIE MOIyJUpyIOTcsl (pyHKImusMu beccers.

JIxoGble peskue pbIBKU BIOJIb rpugpa u ocu (X BbI3HIBAIOT
CIBATH TIO (pa3e 3BYKOBBIX KOJeOaHUI, KOTOPHIE PETHUCTPUPY-
IOTCSI 3BYKOCHUMATEJISIMU, PACIIOJIOKEHHBIMU Y IOJICTABKU.

Ecii peskuit pbIBOK (MJIM OIHA M3 €r0 COCTABJISIONIMX)
HarpasiieH BIoiab ocu OX u rpudga, 1ox yxe 3Byvauieil Crpy-
HOI Ha 3BYKOCHMMATEJSIX C(POPMHUPYIOTCS IIpOBAJIbI 3ByKa M
BBINAQJICHUSI YACTOT U 3JIEKTPUYECKHUE YyIapHBIE BOJIHBI — 3a
cuer casura 1o pase 0. IapMOHMuUECKue BOJHBI IIPeoGpasyior-
Ccs B yOapHBIE BOJIHBIL, & MEXIY STUMM IHUKaMU CPOPMHUPYIOTCS
30HBI ITPOBAJIOB U TIOJTHOTO OTCYTCTBHUS 3BYKA.

Ecsm MysblkanT He uUrpaer 4YMCTO M Ha €ro CrpyHe
MPUCYTCTBYIOT Pa3sHOOOPA3HBIE HEYHOPSIOUYECHHBIE OOEPTOHHI,
OObIE CYLIECTBEHHBIE CIBHIUM rpudpa Boiab ocu OX BBI3OBYT
YXyIIIEHUE KauecTBa 3BYKa.
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JIroboit cosur 1o ase, ¢ OIHOIM CTOPOHBI, MOJKET ITONACTh
B PE30HAHCHYIO YacTOTy OOEpPTOHAa M PE3KO YCHIINTh HMMEHHO
ero, OO BHI3BATh (POPMHPOBAHHE B IJIEKTPHUUECKUI CHCTEME
CEpUIO YIAapHBIX BOJH M CKAYKOBBIX IIpOBAaJIOB 3BYKA.

Ecnu Ha cTpyHe 3ByYaT HEKOHTPOJIHMPYEMBIE OOEPTOHBI U
MY3BIKAHT HE HIPaeT YHCTO, TO PE3KHE CIBUTH HMHCTPYMEHTA
BIoab rpupa u ocu OX OyayT BbISHIBATH HETIPEICKA3YEMBIE
PE30HAHCHI, TaK KaK BEJWYMHA CIBUTOB IO (pase KaXIBIH pas
OKa3bIBACTCS HEKOHTPOJIUPYEMOIL.

910 Oymer popMHpOBaTH 3BYKOBBIE INHKH M IIPOBAJIbI
KOTOpBIE TEOPETUYECKH MOXKHO IIOIIIPABUTh (PUJILTPAMU U
cried@dekramu. Ho  MysSBIKaHT 3a4acTIyl0o HE MOJXET OIUH
U TOT X€ 3(P(EKT pPbIBKA I'PU(a IIOBTOPUTH HECKOJIBKO pas3s
MonOps — KaXIOBIA pas 3ByYaHHE TUTaphl OyOeT OTIMYATHCSL
SBneHue CTaBUT B TYNHK MHOTUX, MPUBBIKIINX K OTHOTHUITHOCTH
Pp€akuy MHCTPYMEHTOB Ha OJIMHAKOBLIE BO3JEHCTBHSL

Eme omun HerI/IHTH])IPI JIsi  TOHKOI'O MY3bIKaJIbHOI'O
CcJIyXa MOMEHT — TO, YTO BHE 3aBHCHMOCTH OT IJIMHbI 3Byqameﬁ
CTPYHBI COBUI' IIO cpa3e Ha UINHY 9 JIst CTPYH paSHOFI JJIMHBI
IIPOU3BOAUTCSL OJIMHAKOBBII:

y(x) = D a, sinQunx [x, + 210 /x,)

n=1

o0
y¥(x) = 2 a*, sin2unx /xy* + 210 /x,)
n=1

Ecim crpyna He S3By4MT 4YMCTO, JUIS OJIHOH CTPYHBI
MOJXXET C(POPMHUPOBATBLCSI HEXKEJIATEJIbHBIA PE30HAHC, HECOB-
MECTHUMBIA CO 3BYYaHHMEM [PYTOH CTPYHBI, U IIpoliecc Oyner
HEKOHTPOJIMPYEMbIM. BILIOTH 10 TOro, 4r0 My3bIKAHT HAYHET
MPOBEPATh, NPAaBUILHO JIM Yy HET0 HACTPOEHA TIuTapa u He
paccTpouack M OHA — HO OHA OKaXEeTCsl HAaCTpOEHa.

Ecnu Xe cTpyHa 3BYYHMT YHCTO, 9TO 3HAYWT, YTO HA HEWH
(pOpMUPYIOTCSI OOEPTOHBI, KpaTHbIC, HAIIpUMEp, TOJBKO CTEIICHH
mBoriku — 1, 2, 4, 8 16 u 1. 1. I'mrapa MOXeT HaXOIUTHCS
Ipd 9TOM B IIEPETPYKEHHOM PEKHUME, KOTOPBIA OTCEKAET BCE
oCcTaJIbHBIE 0O0JIe€ BBICOKHME II0 YaCcTOTE€ 3BydYallue OOEPTOHBL

y(x) = a; sin2nx/x,) + a, sin(4nx/x,) +

+ a, sin(8nx/x,) + ag sin(16 Tx/x,) +
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IIpeHHOJIO}KI/IM, YUTO IIYyTEM TOJIYKa rpI/Icpa ruTapbl CTpOro
BJIOJIb OCH Ox B IIEPETPYKEHHYIO CHCTEMY ObLII BHECEH
HeKOTOPI)IfI CaOBUIr II0 cpase Ha 9 3ByUYaHHsI aKyCTHYCCKHX
CTpYH, B CJICACTBUH 4Y€ro KoJreOaHUs IOpUMyT BHUII

v(x) = a; sinnx/x, + 210 /x,) +
+ a, sin(4nx/x,+ 2m0 /x,) +a, sin(8nx/x,+
+ 2m0 /x,) + ag sin(16 tx/x, + 210 /x,) + ...

B 3ToM cirydae BO3MOJXKHBIA PE30HAHC OIHOIO HU3 00ep-
TOHOB M CEPUsI HEXEJIATEJIbHbIX BOJH B 3JIEKTPUUYECKOM CHUCTEME
BO3HUKHET TOIla, KOIJa PEe3KUI CIBUI IO CTPYHE COBHAIET
C OHHUM U3 OOEPTOHOB — a HWMEHHO, OyIeT BBIIOJTHEH Ha
JUIMHY S3By4Yallell CTPYHBI, HA €€ IIOJIOBUHY, YETBEPTh U T. L
Bo Bcex ocCrajbHBIX CllyyasX BJIMSHUE CIBUra BBIIBUTCS HE
HACTOJIBKO (PaTaJIbHBIM.

Ecymm Bce 3Bywyamume CTpyHBI B MOMEHT CIOBUTa Ipuda
B1osb ocu OX OynyT npubIMSHTEIHHO OIMHAKOBOM JUIMHBL — a
HMEHHO 9TOr0 IpaBUja BCErJa HACTOSTEIBHO PEKOMEHIYIOT
NPUIEPAKUBATECS BCEM JIMIEP-TUTAPUCTAM — JIOCTATOYHO OPUECH-
TUPOBATBLCS HA JUIMHY TOJIBKO OIHOM 3BYyYalledl CTPYHBL

Ecimu  xe MY3bIKAaHT BO BpEMsi CIBHUTA rpncpa BHECET
YHIpaBjIsIEMOE 3BYy4YaHUC, O/IM3KOe K JJIMHE OJHOIO M3 YHMCTBIX
3ByJalnx O6epTOHOB, OH CMOXET TaKUM o6pa30M AKII€HTHPOBATb
€ro 3ByYaHHC. Ecoma cuasur 6yJ_IET BBITIOJIHSAATBCSI HE PBIBKOM, a
MSITKHUM H IIUIaBHBIM TOJIYKOM, yIapHbIX BOJIH M IIPOBAaJIOB B CHC-
TEME IJIEKTPHUUYECKOr'O 3By4YaHUsI HE BO3HUKHET.

Bunno, kak bpaitan cusuraer rurapy Buois ocu OX co
CBOOOIHO 3BYYAIIMMH CTPYHAMHM, aKIEHTUPYSI H30paHHBIE 3BYyYa-
e OOEpPTOHEL, U 3aTe€M IIOJIb3yeTCs BHOpalueli rpuda U CTPyH.

K sromy momeHTy y OONBIIMHCTBA UHTATENICH HOJKEH
BOSHHKHYThH TJIABHBIII BONPOC — TIIOUEMY JXK€ y OOJBIIMHCTBA
OOBIYHBIX 3JIEKTPO-TUTAPUCTOB U PUTM-TUTAPHCTOB BOOOIIE HE
MOJIy4YaeTcss O3BYUYMTL BHEIIHEE YIIPABJIEHHE 3JIEKTPOrUTaphbl U
IIOYEMY AKYCTHUYECKHUE T'HUTAPHUCTBI 3a4aCTyl0 HE MOIYT 3TOro
BOCIIPOM3BECTU B IIPUHIMIIE (Ja)Ke€ Ha 3JIEKTPOruTape).

HamnoMHuM, 4TO NOA BHEWHHM yNpaBIEeHHEM MEl MOHHMA-—
€M HE UI'Py Ha CTPyHaX 3JIEKTPOrATaphl MajibliaMU, MEIUATOPOM,
MOHETaMH, 3y0aMy, HOCOM, KyCcaukKaMM, HaIIUJILHUKOM M IIpOYee,
a NpHHYZAHTenbHOe ¢OpMHpPOBaHHE 3BYKOBHIX BONH Ha
CTpyHax NyTEeM NepezaydH HM BHEMHHX KoNe6aTenbHIX,
PHIBKOBEIX H TOJIMKOBLIX ABHXEHHH Kopnyca H rpuda mnepe-
IrPyKE€HHOI0 HHCTPYMEHTA, C MOCJIEAYyIOIIEH Nepenadyell ux B

QJIEKTPHUYICCKUEC LEIIM M JaJIe€ B aKyCTHUYCCKHE CHCTEMbI

OTH BHEIIHHE KoJIe0aHUSI M TOJUKM IIepeNalorTcs Toria,
KOI'JIa MCIIOJTHUTE]Ib COBEPILIAET KOMILIEKC TEJIOJIBHKEHUM, HUKAK
HE CBI3aHHBIX C UI'PO HA CTPYHAX MY3BIKAJILHOIO MHCTPYMEHTA
U BBISBIBAIOIINX OOJIBIIOE HEIOYMEHUE Y HEHCKYIIEHHBIX.

Konebanus, KOTopble MEpPEIaloTcsi CTPYHAM CO CTOPOHBI
KopIlyca M Tpu(pa HMHCTPYMEHTa, OY€Hb Majible M ciadsle. U
CHATHE 3ByKa IIPU COJHMPOBAHUU ITPOMUSBOIUTCSI HA CaMBIX
OJIM3KUX K TIOJICTaBKE 3BYKOCHUMATEJISX, IlI€ aMIUIMTyIa KoJle-
OaHuil HATSHYTHIX aKYCTHYECKUX CTPYH MHHHMAJIbHASL.

Ilosromy mist TOro, 4TO6h 3a3By4YanH He TONBKO
aKyCTHYECKHE KOJle6aHHA CTPYyH, HO H O3BYYHBAJHCh
PHAB pas3snoxXeHHH no GyHRuuAM Beccena, aKyCTHYECKHE
RoNebaHua JONMXKHBI OBITE CnNAabbIMH H THXHMH — Ha
HEMOAKIIOYEHHOM MHCTPYMEHTE HPaKTUYEeCKH O€33ByYHBIC U
MOYTH HECHBIIHUMBIC. A Janplie cBepxXciaadble pe3yIbTHPYIO-
Iye KoJeOaHus NEPEeJaloTcsi B 3JIEKTPOCHCTEMY M B HECKOJIBKO
9TANoOB IIOCTENEHHO YCUJIMBAIOTCH 3JIEKTPOLICTISIMM.

Korna smnep-rurapuct, Kaxercs, ObeT M pBeT CTPYHBI, Ha
caMOM [leJle OH MX eABa-eABa KacaeTcs, U 0e3 yCuIuTelen
€r0 MHCTPYMEHT OKa’)XE€TCs TMPAKTUYECKH HECIBIIIAMBIM. 999



Haxe xorma bpaian
Mboit urpaer Ha aKyCTHYECKOM
MHCTPpYMEHTE, OH eJBa-eIBa
KacaeTcsl MajbllaMUd CTPYH.

3Byuanue obecrieymBaer
CJI0KHasl CUCTEMa BCTPOECHHBIX
BHYTpb IIyCTOTEJIOTO KOpIyca
aKyCTHYECKOI THTaphl aKycC- _
THUYCCKHUX MI/IKpOCPOHOB, KOTO- ! \
pble  IEpelaloT aHAJIOrOBBIA Vo —% 85N/
N yIOpaBneHHe noa-
CUTHAJI B CUCTEMY YCHJIATEJICH : crasra

MOIIHOCTBIO
oo Kaodeo.

bpaitan He urpaer Ha aKyCTHYECKOH I'HMTape B OOBIYHBII
MUKPO(POH, TaK KaK OH He oDecreyrBaeT KadyeCcTBO Iepenayvd
TUXOIO AaHAJIOrOBOIO AKyCTUYECKOIO 3ByKa. ITO 3HAIOT U
MHOI'ME€ aKyCTHUYECKHE TI'HTAPUCTBI, KOTOPHIE HA KOHLIEPTHBIX
ILIOIIAJKAX U B CTYJUU HCIOJIb3YIOT MHKPO(OHBI, BCTPOCHHbBIE
BHYTPb IIyCTOTEJIOTO KOPIIyCa AKyCTHYECKOIO HHCTPYMEHTA.

JImpep-rurapucT NOJDKEH O00eceYrBaTh Ka4deCTBEHHbIH
OYeHB THXHH 3BYK, IIpHIaBasi NPU 3TOMY CTPYHaM 3HAUYNTEIIb-

HBIE CKOPOCTH (a HE€ aMIUIMTYIbI) aKyCTHYECKHX KOJICOaHMI.
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BopmmHCTBO aKyCTUUECKMX I'MTApPUCTOB NPHIAIOT BLICO-
KHE€ aMIUIMTYJbl M MOLIHOCTH 3BYYaHHMsI CTPYHaM [Jjisl TOTIO,
YTOOBI JOOUTHCSI MOIIHOTO M CHJIBHOTO 3BYyKa B 3ajie. I'urapucTsl,
UrpalouIue Ha  3JIEKTPOrUTape, TOXE YIPABJISIOT MOLIHOC-
THIO 3ByKa IIOJOOHBIM OOpasoM, HO OHHM CHJIBHO OIDaHHYEHBL

Jlns toro, uro0Obl mpumaTk 60JIe€ aKyCTHYECKOE FUIM TIOII-
COBOE 3BYYaHHE 3JIEKTPOTMTape, TMTAPUCTHI MIPAIOT Ha 3BYKO-
CHUMATEJISIX, MaKCHUMAJIbHO YJIAJIEHHBIX OT IIOICTaBKU.

AMnmaTyna aKyCTHYECKMX KoOJIeDaHHII CTPYH B 9TOH
30HE€ MaKCHMaJlbHas, Pe3yJIbTUPYIOIUN 3JIEKTPUUECKUNA CUTHAJI
royIyyaercss HamboJjiee MOIIHBIM, M BCE ITOCTOPOHHHE BHOpaIluu
CTPYHBI HE OKa3hIBAIOT HUKAKOIO CYIIECTBEHHOIO BJIMSIHUSI Ha
ux oblee 3BydyaHHe (JaXKe ecC/Id 3BYyYaHUE IJIEKTPUYECKOE).

PurM-ruTapucTsl  BHIOMpAIOT KOMIIDOMHCC W HWIpaioT Ha
CpeIHUX 3BYKOCHUMATEIsIX. JJIst TOro, 4roOBl MBITATHCSI COJIU-
poBaTh, THUTAPUCTBI IIEPEKJIIOUAIOT PEXUM 3BYKOCHUMATEJIEH
B KpaiHee II0JI0KE€HHE, a Haubojee CMesble TPH 3TOM  yBe-
JIMYMBAIOT MOIIHOCTb, BLIBOpAYMBAsl PETYJILSTOP IIPAKTUYECKU
a0 ynopa. Eciu rurapucr B 3TOT MOMEHT HE CTaHET UIrparth
ropasao THIIE M MsIrde, TUTapa IpeBpaTUTCSl B abCOIOTHO HEy-
MPABJISIEMBIT M JUKO BOIOIMUI OOBEKT (TO €CTh 3aBEIETCSI).

bparian Mbsit B npuHIMIIE HE IIPOM3BOAUT IEPEKJIOUECHUE
3BYKOCHUMATEJIENl BHE 3aBHCHUMOCTH OT TOI'O, KAaKHM€ IapTUH OH
HCIIOJHSET Ha 3JIEKTPOTMTape — COJHUPYIOIIME, PUTM-IIAPTHH,
POK-H-POJIJI WUIM TIPUOJIMJKEHHBIE K TOHKOMY aKyCTHYECKOMY
spyyanmio. OH cjlerka peryJjaudpyeTr MOIIHOCTb, OCTaBasiCh BCE
BpEMsI B 3aKPUTHUYECKUX PEXHMAX 3JIEKTPOMHCTPYMEHTA.

Il Toro, uToOBI UIrpaTh MPUOIMIKEHHBIE K aKyCTHYECKUM
MMapTUy, OH HE3HAUYMUTEJILHO YBEJIMUYHBACT AMILIUTYIY (CHIIY)
BO3JICAICTBUSI Ha CTPYHBI, CJIETKa IIPUKPYYHBAET (YMEHBILAECT)
PEryJIsiTOp MOIIHOCTM M IIPOJIOJIKAET COJUPOBATh B 3aKpU-
THUYECKOM pexume. Ho maxe B 3TOM cilyyae BO3IEHCTBUS Ha
CTPYHBI IIPOM3BOISTCS UPE3BBIUAMHO JIETKHE U cJabbIe.

HJIH TOrO, 9YTOOBI BBIIIOJIHUTH (ppaI‘MeHTI)I pI/ITM-HapTI/IfI,
EpaflaH IIPpOU3BOAUT IIPAKTHUYCCKH HEBECCOMBIC KaCaHHUS CTPYH
KOHYHMKaMH IIaJIbIIEB N MEIUATOPOM, HE IIPOHU3BOISI IIEPECTPOEK
CHUCTEMBbI MOIITHOCTH CHI'HAJIA BOO6H.I€. Bor Takas TexHuka.

M 4robbl HE Tackarh 3a cOOOW NPOBOIA, IEepelravya 3BYKa
BBIIIOJIHSIETCS. II0 IIPOBOLY B IIPEIyCHJINTEIb, Pa3MELICHHBIN
c3aIM HAa pEMHE, a [ajipllle — 4Yepe3 3(PUP U PaIHOBOJIHBI
B CHUCTEMYy LITATHBIX YCWIHTEJeN. IT0 Tpedyer emne OoJibIueit
YHUCTOTBI M KauveCTBa 3By‘laHI/I$I caMoro I/IHCprMeHTa. 231



MaremaTHUKOB U TEOPETUYECKUX (PU3UKOB XOYy OTOC/IATh
K rj1IaBe 2 u pasmeny «IloBenenue ocHMJUISITOpPa MOX JIEHCTBHEM
BHENIHEH CUiIbD> Kiaccudyeckoro yuyeOnuka I'. Ileina «®usmka
KOJIEOAHUIT U BOJIH», YTOOBI paccMOTpeTh OCHUJLISITOP, KOTOPBIA
COBEPIAET BBIHYKJ/IEHHBIE Kojie0aHusI TIOJ JIEVICTBHEM pas-
JIMYHBIX CUJL. ITOT MEXaHUUYECKUI OCLIMJIJISITOP OITUCHIBAETCSI B
JIEKapTOBOX, a HE HWIMHIPUYECKON CHUCTEME KOOPIHHAT.

MaremaTnyeckue pusu-
K  paccMaTpuBaloT  Oojee
TOHKHE Tu(p@PEPEHLINAIbHEIE
YPaBHEHHSI BTOPOIO IOpPHJIKa,
conepxanue oneparop Jlama-
ca, ¥ U3yJaloT KpaeBylo 3aJ1auy
Komm. XapbkOBCcKME MaTema-
TUKM TaKX€ yuaT TEOpHIO OIl-
TUMAJIbHOIO YIIPaBJICHUSL.

KcraTy, oueHb 3HaUMTENLHBIN Y KOHIIENTYasIbHBIN BKJIALl
B paSBI/ITI/Ie TeOpI/II/I OIITUMAJIBHOI'O praBIIeHI/ISI BHEC BBI-
HTAIOIIUICS COBPEMEHHBIA XapbKOBCKUN MaremMaTuk KopoOos.
HMeJIa CYACThe CIYIIaTh €T0 JIEKIIUU M HOKa3aTeJbCTBO TE€OPEMBI
Kopobosa-JIlorOeprepa u3 HepBBIX yCT U OOCYyXKIaTh C STAM
HEOPIMHAPHBIM YUYEHBIM IIPUKJIAIHBIE ACIEKTHl 3TOM TEOpUH
M €ro TeopeM. OIIEMEHTHl TEOPHUU ONTHMAJILHOIO YIIpaBJIEHUS
MAaTEMATUYECKU IIOSACHAIOT MHHMBIE HapaHOKCI)I COBpeMeHHOI/I
IIeperpy KeHHON 3JIEKTPOruTapsl I'JIaBHBII BOIIPOC CTOUT B TOM,
4yTOOBI 3TO yHmpaBlI€HHE AEeHCTBHTENBLHO CYmECTBOBAIO.

Xo04y TakKe€ BBIPA3UTh O1aroIapHOCTh €IIE OTHOMY BBIIAIO-
IIEMYCsI XapbKOBCKOMY MAaTE€MAaTHKy — aKaleMuKy MapueHko,
KOTOPBIA yXX€ Ha IIEPBOM KypC€ CMOI' 3aMHTEPECOBATH MEHSI
npobdreMaMy  PEKYPPEHTHBIX OTHOIICHUN M IIPeoOpasOBaHUN
HapOy ana ypaBHeHHs H 3azaun lTypma-JIHyBHINA.

briaromapst ?roMy Ha Crapmpgx Kypcax MHE yIaJjoCh
MOJIy4HTh 0000meHHoe rpeodpasosanue JapOy mwist 0000ImeHHOM
sagaun  Ilrypma-JImyBrmiiss Kak € HEHYJIEBBIMH, TaK H C
HyIIeB])IMI/I COOCTBEHHBIMH 3HAUECHUSIMH. ITO TAKKE HpI/IBeIIO K
paccMOTpEeHUIO ypaBHeHHsI becceiss Kak 4yacTHOro ciydas saja-
un IlIrypma-JInyBuiiss B IMIMHIPUYECKUX KOOPIWHATAX.

H, ecTecTBEHHO, XO4Uy BBIPA3sHThH OiarogapHocTh bparaHy
Msio, Ponxepy Teunnopy u Ilomy Pomxkepcy 3a 10, 4yr0 OHH
npuexajii B XapbKOB U MMEHHO B HAIIEM IOpOI€ IPOIEMOHCT-
pyupoBajii MHTEPECHOE 3BYYaHHE COBPEMEHHOU 3JICKTPUYCCKOU
Myseiku XX m XXI Beka.
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ITpogpeccruonalibHbIE  CEKPETBI OYE€HL THUXOIO M OIHOB-
PEMEHHO OYEHb KAa4E€CTBEHHOI'O 3BYKOM3BJICUEHUS JUISL 3JIEKTPO-
FUTApUCTa M JPYroro MYy3bIKAHTa, TaK JX€ KaK U IIPUEMbI
COOTBETCTBYIONINX TOHKUX BHUOPUPYIONIMX IBHKEHUI KOPITyCOM
9JIEKTPOrUTAPHI, HE OTHOCATCS K C(pepe MPHUKJIATHON MAaTEMATUKU
A MaTeMaTHYECKOHW (PHU3HMKH, II0ITOMY He OyOyT H3Iaratecs B
ganHoM wuspaHun. OHU He H3jaraloTcsl JaXke B YYeOHHMKax.

ITosromy s1 orpaHuMuYyCh KOHCTaTalUMeN (Pakra, YTO TaKUe
NpUEMBI CYIIECTBYIOT U B IIPUHLIMIIE JIOCTYIIHBI [IJIsi HOPMaJIbHBIX
HCIIOJIHUATEJIEH, HCHOIB3YIOIUX HMX Ha JHOOBIX MY3BIKAIBHBIX
HHCTPYMEHTaX — Oy/b TO 3JIEKTPU(PHUIUPOBAHHASI aKyCTHYEC-
Kasl TUTapa WIKA IIOJIHOLICHHAs 3JICKTPUYECKas IruTapa, MUaHUHO
C MHKPO(POHOM WJIM SJICKTPOHHBINA KJIABHMILHBINA CHHTE3ATOP,
aKyCTHYECKHE M HHbIe 0apabaHbl MIIA IPYTHE€ HHCTPYMEHTHL

KauectBo HHCTPpyYMEHTa 31€Ch HUI'pacT 6OJILIHyIO POJib, HO
TE€XHUKA HCIIOJIHUTEJIBCKOIO MAaCTEPCTBAa 4Y€JIOBEKAa HMEET IIPHO-
PHUTETHOEC M KOHIECIITYaJIbHO Oostee BakHOe sHauenue. VIMeHHO
TaK 4Y€JIOBEK YIIPDABJISIET MY3bIKAJIbHBIMH HMHCTPYMCHTAMM.




3aKAIO4YEeHHne

TpeTI)H YaCTb KHHUI'H, XOTS W HO-
cur Cyl‘y60 IIPO(rE€CCUOHAJILHOE Ha3BaHUE,
paccuuTaHa B EepBYIO ouepeab HE
CTOJIBKO Ha IIPpUKJIAJHBIX MaTEMAaTUKOB
U (PU3UKOB, CKOJIbKO Ha MaKCHUMAJIbHO
IIII/IpOKI/II7I Kpyr IOAroTOBJIEHHBIX YHUTa-
TEJIe U CIEelHaJIICTOB.

Msnoxenue wMarepuaia B Tpe-
TBEM YACTH HOCHUT MAaKCHMAJIbHO YIIPO-
LICHHBIA M TEKCTOBBIA Xapakrep, IpH-
BOJUTCSI OYEHb OOJIBIIOE  KOJIMIECTBO
Pa3sHOOOpa3HBIX MILTIOCTPAIINH, I'PacpuKOB
M CXEM, HAIJISIHO IOSICHSIONIMX CJIOXKHBIE
MOMeHTEL DOpPMyJIBI ¥ JIOKa3aTeIbCTBA
ObUIM CBEIEHBI K MUHUMYMY.

ObBenuHsIeT BCE 3TH Pa3sHOPOIHBIE TEMBI HCITOIB30BAHHE BOJIHO-
BOrO ammapaTra COBPEMEHHOW MaTEMATUYECCKOW (PU3UKH, amlapara CIe-
[UAJIBHBIX (PYHKLIHUIA MATEMAaTUUYCCKON (PU3MKM M IOAXON C TOYKH
3peHust TeopuH ODOOIIEHHBIX (PYHKITHI, TEOPHUU (PA30BBIX IIE€PEXOIOB M
KaTacTpod U JIEMEHTOB COBPEMEHHOU TCOPUU ONTHUMAJIBHOIO YIIPABJICHUS
(st MIpgpepeHIaTbHEIX YPAaBHEHUA M UX CHCTEM).

ba30BbIM SBIISIETCSI HMCIIOJIL30BAaHUE JIMHEHBIX HI/Iq)q:)epeHHI/IaI[])-
HBIX ypaBHeHI/II;I BTOPOI'o IIOpsAAKa B YaCTHBIX ITPOM3BOJHBIX, OII€paTopa
Jlamaca B MUIHHAPHYIECCKUX H Ccpepuqecm/lx KoopauHaTax, KpaeBOI;I
3agavun Kommu n YpaBHECHUS Bbeccenst ¢ NPUMEHEHHUEM paSIIO)KeHI/Iﬁ 110
CIICITHAJIbHBIM q)yHKHI/ISIM COBpeMeHHOfI MAaTEMATHUUYECKON (PI/ISI/IKI/I.

IlonpoGHOE HM3JI0KEHHE JUIS MATEMATHKOB M CIIEIHAJIUCTOB
CMEXHBIX IMCHUIUIMH COBPEMEHHOIO amrapaTa CHEeIMAJbHBIX (PyHK-
it — 0e3 H3JIMIIHETO yHajleHus: B JIeOpu Cyrybo TEeOpeTUYecKUX
BOIIPOCOB — OBIIO OTHEJIEHO OT HACTOSILETO H3JIOXKEHUSI U IPUBOIUTCS
B IEPBHIX JIBYX YaCTSIX HAcCTosmero wusmanus. Ilepsele ase uacTh
HAIMCAHB HAYYHBIM SI3BIKOM, HOCST CTPOTUII XapaKTep M IOCjIeIoBa-
TEJILHO JOKA3hIBAIOT BCE NPUBOIUMBIE JIOTUYECKHE PACCYKIEHMS, Teope-
MBI, METOIBI U (POPMYJIBL.

Tpe'rb;l YacTh KHUIM HAIMCAaHA 0OJiee€ JeJIOBEYECKUM U HOHSITHBIM
MHOI'MM $3BIKOM, B HEH HE IIPUBOASATCSI CTPOru€ JgoKasaTe€JIbCTBa U
N30BITOUYHBIE Hay4HBbIC BbIKJIAIKH.

Hsnanue spisiercss pesyiabraroM Oojsiee 20 jier Moel Hay4HOM
paboTBl B JIaHHBIX HANpPAaBJICHUSX, KOTOPHIE BEIYTCS OIHOBPEMEHHO C
OCcHOBHO# paboroi. I paboraio BeOG-IPOrpaMMUCTOM, BeO-TU3AITHEPOM,
nunry mporpaMmsl Ha  JavaScript, BBIIOJHSIO pabOThI, CBSI3AHHBIE C
KOMITBIOTEPHOM BEPCTKOM BBICOKOI CJIOKHOCTH M ITPO(PECCHOHAIIBHBIM
IM3aiiHOM TIOI ITOJIMrpacpuyecKue TEXHOJIOruH. biaromapsi cBoeil OCHOB-
HOM paboTe CEromHsl s MMEIO BO3MOKHOCTH IapaUIeIbHO 3aHMMATHCS
HAYYHBIMU HCCJICIIOBAaHUSIMM, M3[aBaTh KHUIU M CAlThl — 0€3 KaKHX-JIU-
60 rpaHTOB M 0€3 UYBEN-IMO0 CTOPOHHE!N MaTEPHAIILHON IOIUICPIKKIL
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