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YuTast 0 NpsIMOYTOJbHBIX BOJTHAX WJIHU, IPOIIE TOBOPS, MEaHpax, B
OCHOBHOM O HHMX YITOMHHAETCS KaK 0 OECKOHEYHOM MHOKECTBE HEUETHBIX
rapMOHUK, 00JIaIAFOIINX ONPEACIEHHON aMILTATY0M B pa3HOCThIO (pas.
KoneuHno, 3To BEpHO, HO B peajibHbIX YCJIOBUSX U B CIIy4asx s
TECTUPOBAHMSI HAYITHUKOB 3TO HE JTYUIIUI CIOCOO OMUCaHUs JAHHOTO

sBiieans. Ho s Hadana oObICHEHUS ATOTo Oy/IeT I0CTaTOYHO.

Barnag Ha MeaHAOPbl KaK Ha BOJIHbI,
COCTOALLME U3 NOBTOPAOLLINXCA
He4eTHbIX rAPMOHUK

UToO0BI MoKa3aTh BaM Kak MEaHAPHI CTPOATCS] U3 OCHOBHOI'O TOHA U €T0
HEYETHOUM rapMOHUKH, s caenan Taonuity B Excel (BbI MOXKeTe cKkadaTh

e€ 31ech). Mcmonp3ys maremarndeckue (hopMyIibl, s co3aan KooHku. OHu
COZIEPIKAIIM TAHHBIE, TPEACTABIISIOIINAE COOTBETCTBYIOIINE CUHYCOHU/IBI
HeoOxoaumble i1 hopmupoBaHusi Meanapa. B ncnonabszyemMbix Gpopmynax
TaKke ObUIM HEKOTOPHIC NIEPEMEHHbBIE, KOTOPHIMHU ST MOT KOHTPOJIUPOBATh
OTHOCHUTENBHYIO aMIUTUTYAy U a3y HEUYETHBIX TAPMOHUK.

BepxHuii rpaduk ciieBa Mmoka3bIBaeT OCHOBHOM TOH M IIEPBBIC YETHIPE
HedeTHbIe rapMoHUKH. Crieayromuii rpaduk MoKa3sIBaeT pe3yabTar
T00ABJICHUS] aMIUTUTY/Ibl CUTHAJIOB B KaXKJIbIil MOMEHT BpeMeHHU. Bbl MokeTe
BHJIETh, YTO B PE3YJIBTATEC CUHYCOMIa HAUMHAET BBINNISIETh KAK
NpsIMOYroJibHas BoIHA. TpeTuit rpaduk rnokasspiBaeT pe3ysbrar
CYMMUPOBaHUS NEPBbIX 11 rapMOHHK, TEM CaMbIM TOCTPOEHUE MEaH Ipa
poXoAUT Oosee MoAPOoOHO U CoBEpIIEHHO. YeM Oobliie HEUETHBIX
TapMOHHK UCTIONB3YETCs, TeM Onvxke Gopma MeaHapa K uaeanbHou. B
CHCTEMaX C OTPAHMYECHHBIM YAaCTOTHBIM JMAIa30HOM, Kak, HarpuMmep LIAIIb

¢ iumutoM B 22 kI'i auist BocpousBenenus CD-AUCKOB, 10CTYITHO



OTPAaHUYCHHOC YUCIIO Amplitide and phase relalicnship between e hnda-
meantal and lhe tirsl lour hamonics of a sguare wave
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OImMOKy — Pa3HOCTh MEXTy (a30il mepegaBacMoro CUTHaIA U
TEOPETUYECKUM 3HaYeHUEM (a3bl, — TaKUM 00pa30M, Bbl MOKETE BUJIETh,

KaK HEMHOI'O MCHACTCA (I)opMa MCaH/ipa U MOABJISACTCS BCIIJICCK Ha MEPCIHEM



Kparo rpaduka.

OmmoOKY B aMIUIUTY/IaX HEYETHBIX TAPMOHUK MOTYT BO3HUKATh B CIIy4ae,
€CJIM aMIUTUTYTHO-9aCTOTHAS XapaKTePUCTUKA ayIHO-YCTPOHUCTBA HE
paBHOMepHas1. B jeBoif yacTu mpeamnocieaHero rpaduka, I CAMYITHPOBAIT
oImMOKY B JIMaIia30HE 4acToT (MEHbIIE O0aca v O0NbIIIe BBICOKMX YacToOT), Ha
MOCJICTHEM K€ Tpaduke st 1300pa3nil MPOTHBOIIOIOKHYIO CUTYAIIHO.

JI71s1 HEKOTOPBIX CIIyYaeB TAKOE OMUCAHKUE MPSIMOYTOJIIBHBIX BOJIH MOMKHO
MPUMEHSTh, HO 3TO IPUBOAMUT K HEKOTOPBIM JOMYIICHUSIM O CHHYCOUIaX KaK
O HEIPEPHIBHO IMOBTOPSIOMINXCS BOJTHAX, YTO MPUBOAUT K 3a0TyKIACHHIO C
TOYKH 3pEHUs TECTUPOBaHUS HayITHUKOB. K mpuMepy, Ha TpeTheM rpaduke
BHM3Y BUHBI MAJICHbKUE UMITYJIbChI, BOSHUKAIOIIHNE 10 MOIYJSAIINMN — TaK
Ha3bIBAEMbIE 3aTyXalOIMe HU3KOYACTOTHBIE IOMEXH, UX TaK K€ Ha3bIBAIOT
3BOHOM. Kak MOKeT aHaJI0TOBasi CUCTEMA «3HAThY», YTO CUTHAJ CKOPO
W3MEHUTCS 1 BO3HUKHET 3TOT 3BOH? OTBET MPOCT: HUKAK. ITO OJHA U3
MPHUYXH, TI0O KOTOPOH TpadUKu MPSIMOYTOIBHBIX BOJH JIYYILIE PACCMAaTPUBATh

KaK CCPUIO NMITYJILCOB.

[lepexogHasa pyHKUUSA U
NPAMOYrOfbHbIN UMMYTbC

[lepexonnas GyHKIMS, UM APYTUMHU CIOBAMM, OTKJIMK Ha BXOJHOM CHUTHAI,
YKa3bIBa€T, KAK YCTPOMCTBO pearupyeT Ha MTHOBEHHbIE KDATKOBPEMEHHBIE
W3MEHEHUS HallpsDKEHUs, HarpuMmep, ¢ 0 no 1 Bonpra.

N3mepenust nepexogHol QyHKIMHU IIHPOKO UCTOIB3YETCs B ayAHO-
AIIEKTPOHUKE U 3JIEKTPOHUKE B YACTHOCTH JIJIsl 0003HAUEHUS Pa3IMUHBIX
BPEMEHHBIX XapaKTEPUCTHUK KaK, HAaIpUMep, BpEMEHU HapacTaHus
MMITYJIbCA, OTPULATENbHBI UMITYJIbC, BPEMSI YCTAHOBJIEHUS BBIXOAHOTO
CUTHaja (WM HalpsHKEeHUs) M BOSHUKHOBEHUE HU3KOYACTOTHBIX oMex. Ho
nepexoaHast yHKIHS TaK 5K€ COAEPKUT MH(POpMaLKIo 0 (a30BOH U
4aCTOTHOM XapakTepucTuke. i npumMepa, 3To OHa U3 XapaKTEPUCTHK,
KOTOPYIO U3MEPSUIH JUIsl BBIACHEHUS (Pa30BON KOT€PEHTHOCTH JUHAMHUKOB B
MHOT'OTOJIOCHBIX aKyCTUYECKHUX CUCTEMaX.

MoXHO paccMaTpuBaTh U3MEPEHNE TePeXOqHON (PYHKINU B KAYECTBE MEPHI

aMHHI/ITy,Z[HO-‘-IaCTOTHOﬁ XapaKTCPUCTUKHU, I'TC CKOPOCTb HAPACTAHUA (prHTa



VMITYJIbCA YKa3bIBA€T HA IPAHMILY JHAINIa30HA BBICOKUX YaCTOT, a OTPE30K
BPEMEHHU, B TEUEHHUE KOTOPOT'O COXPAHSIETCA YPOBEHb BXOAHOTO CUTHAIIA,
MOKa3bIBAET IPAHMUILy JUara3oHa HU3KUX 4acToT. [pyroii criocob
paccMOTpeTh U3MEHEHHUS Iepex0THON (PYHKIIUN CXOXK C CYMMUpPOBaHHEM
psiaa HEYETHBIX TAPMOHUK, €r0 Mbl OITUCBHIBAIIN BbIIIe. MOXKHO TaK e
paccMaTpuBaTh MEPEXOAHYI0 (PYHKIIMIO KaK OTKJIMK Ha HEMPEPBIBHBIN Psil

Y3KOIIOJIOCHBIX CUTHAJIOB C OJMHAKOBOW aMILIUTY/IOM.

Step Response Top Indicates System Frequency Response

Step top is flat if system response is the same at all frequencies.
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FResulting Step Response

Band-Limited Step Response

Input Step

Step top is misshapen by uneven frequency response.
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ApTedakThl, HaKJIaBIBAIOIINECS HA YACTOTHYIO COCTOBIISIOILYIO
NepexXoaHON (QYHKIUH, SIBISIFOTCSI BPEMEHHBIMU XapaKTEPUCTHUKAMU, TAKUMU
Kak 3aryxaroiue momMexu u uapopmaims o daze. [Ipodiaema B m3mepeHnsIx
3aKJII0YAETCS B TOM, YTO €CJIM BbI IPOBOAUTE TECTHI B OHOM 061acTu
3HA4YEHUH, JIs1 TIOJIHOTO MPOSICHEHUS TPOUCXOSILET0, TO HH(pOpMALHS U3
JPYTOi 00JIaCTH 3HAUCHUM MCUe3aeT U3 TOJIsl 3peHus. Bbl He cMokeTe
BUJIETH BPEMEHHBIE XapaKTepUCTHKHU Ha rpaduke AXY, HO ¢ apyroi
CTOPOHBI OHH JIOCTYIIHBI JIJIsl BBIYUCIIEHUS. Tak e Bbl HE CMOXKETE YBUIETh
uHpopmanuo 06 AYX Ha rpaduke orBeTHOTO MMITyIbca. Camoe
3aMeqaTesbHOE B U3MEPEHUSIX NEPEXOIHBIX PYHKIUI U MPSIMOYTOIbHBIX

HUMITYJIbCOB B TOM, YTO BBI ITOJIYHACTC XOPOIIYI0, XOTbh MHOT/Ida TYMaHHYTO U



TPYAHYIO JUISl HHTEPIIETAIN HH(OPMAIIH, KOTOpasi COUYETaeT B cele

BPCMCHHBIC U YaCTOTHBIC XapaKTCPHUCTUKU. JIM4HO 711 MEHS 3TO

MaKCHUMaJIbHO YIOOHBIH U MOJIHBIN CIIOCOO MTOHUMAaHUS U3MEPEHUH.

Tenepsb naBaiiTe pacCMOTPUM YaCTHBIE CIIydau AJI MPSAMOYTOJHBIX BOJIH

gactotor 30 't u 300 I

Interpretation of Headphone 300Hz and 30Hz Square Wave Response

300Hz Square Wave

Indicates treble to mid
transition, shows ringing
and resonances.

Ideal response.

30Hz Square Wave

Indicates mid to bass
transition, shows bass
phase and tightness.

Frequency Response
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ov | JJ l,
Single short, small,
overshoot, flat level top,
no noise in waveform.
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Gentle, straight slope,
remains above zero.

10z FITEg T
Flat to 2kHz, gentle slope

to 5kHz, gentle peak at

.

Moderate downward tilt
with sagging curve.

A

Strong tilt means low
bass, line going below
zero mean out-of-phase,
loose sounding bass.
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Bass starts gentle roll-off
at about 80Hz, moderate
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TokHz

Steep roll-off in bass,
treble elevated to same
level as mids, large peak
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Bright but clean

response with some

bass roll-off. W T

Typical of Senn HD |

800, AKG Q701. Owershoot slightly large,
downward tilt, clean
waveform.

Bright and harsh with

poor bass response.

Typical of Grado, v 1

AudioTechnica |

ATH-WX000. Multiple strong ower-
shoots and noisy top
implies ringing, strong
downward tilt means
thin sound.

Edgey treble with

punchy warm sound.

Typical of Audio W 1

Technica ATH-M50, |

Shure SRH440. Multiple strong over-

shoot implies ringing,

upward tilt means strong

mids giving punchy

sound.
Strongly mid-centric

headphone with poor {\P’\/—\I

high treble and bass OV ] ]
response. Typical of

Sony MDR-VE00 and Slow rise time means

Fostex TSORP. poor high treble
response, upward or
up-bowed top means
strong mids.

Very bass heavy with

piercing spot in highs,

i

Humped shape means
strong mids, complex
curve indicates bass
phase shifting giving
slightly loose sound.
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Strong downward bow
and crossing below zero
indicate strongly rolling-
off bass.

N

10Hz

§

10kHz

Wiggle at mid-bass
indicates pad or main
driver rescnance, exces-
sive drop to SkHz, strong
peak at 10kHz.
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TaHz IHz ok

Owerall strong *n” shaped
response, hight of peak
at 10kHz indicates hoe
“edgy” the headphones
sound.

/

very often found with w
dynamic driver in-ear.
Typical of Monster
Turbine, and Beats

in-ear models.

.

Spikes at leading edge
typically from excessive
ear canal resonances,
strong upward tilt indi-
cates punchy sound.

.

Strongly rising leading
edge after initial spikes
indicates very bass heavy
headphone.

10Hz 2z 10k

Extremely elevated bass
response, often two or
three strong treble
peaks.



