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OT ABTOPA

B 3Toii sieKuuy pacckasbiBaeTcs 00 OCHOBHBIX MPHHUHOAX KOMII-
JIEKCHOTO METOJa HCCJ/IeOBaHHsA CEPACYHO-COCYAHCTOH CHCTEMbI,
KOTOpbIi paspabaTbiBaerca aBTopoM ¢ 1939 roaa coBMecTHO ¢ KOJI-
JIEKTHBOM Bpauei, HHXXEHEPOB M TEXHHKOB.

OCHOBHBIM NPHHUHNIOM HOBOMO CrOCO0a HCC/ICNOBAHHUS SIBJSIET-
Csl KOHLEHTPAlHsl ABYX KJACCHYEGCKHX METOMOB M3ydeHHs GosesHeit
CepAua — PEHTreHOJOrHYeCKOro i aKyCTHUYecKoro — Ha 6ase co-
BPEMEHHOM 3/IeKTPOHHOH TeXHHKH.

HoBelii MerTon, Ha3BaHHBI HaMH «3BYKOBasi PEHTIEHOJIOTHSA»,
paspewiaer npodJeMy OZHOBPEMEHHOro HCCAedOBaHHSI (hOpMBI H
(DYHKUHOHA/IbHBIX SIBJIGHHIT CEPAEYHO-COCYAHCTOH CHCTEMDBI, YTO
NO3BOJISIET B KaX</IOM KOHKPETHOM CJlydae PackKpbiTb HX B3aUMO-
CB$I3b.

B Hucrutyre Tepannn Axkazemun meanunHckux nayk CCCP
¢ 1949 rona npousBo;sTCs CHCTeMaTHYECKHE KOMIICKCHbIE PEeHT-
FeHOaKyCTHYeCKHE HCCJIeJOBaHHs CepAeYHO-COCYMHCTOH CHCTeMbI
ues0BeKa NpH pasjnunbX 3aGosesannsx. [Tox pykosoacTsom npo-
(eccopa A. JI. MsicHHKOBA MPOBOISTCS HCCICLOBAHHS GOJbBHBIX,
nopakeHHbX peBmMaTH3MoM. B naweii JsiaGopatopun BemyTcst
Takxe (u3HyecKHe H (hH3HOJOTHYECKHE IKCIEPHMEHTBI Ha MKHBOT-
HbIX. OTH OMBITHl MOMOraloT HaM COBEPLICHCTBOBATL METOAHKY
B KJIHHHYECKOH NpPaKTIHKe.

Paspa6oTka HOBOro KOMIJIEKCHOrO MeTOAA HCCJIELOBAHHS siB-
JISCTCsl PE3YJIbTaTOM KOJIIEKTHBHOI TBOPUYECKOil padoThl coTpy-
HHKOB JlaGoparopun Mucrutyra Tepanun AkaaeMHH MeIHIHHCKHUX
nayk CCCP: nnxenepa E. H. 'ypeesa, peutrenorexunka 3. K, Tu-
TOBOH, panuorexuuka JI. B. PbiGakoBa u mexaunka [. H. Illum-
KeBHua Moj PYKOBOJACTBOM aBTOpa.

Buenpenne 3BykoBoii peHTreHOJIOTHH B NPAKTHKY 3paBooxpa-
HEeHHsl B 3HAUHTEJIbHOH Mepe 3aBHCHT OT OCHAUICHHS MEAHIHHCKHX
YupexkeHHii HeoOXOAHMBIMH TIpHOOPAMH.



Hayka IBHIKETCA TOJMKAMH, B 3aBHCHMOCTR
OT yCleXOB, AenaeMbIX seroaukoil. C KaxAbim
11aroM MeTONHKH Brnepex Mbl Kak Obl NOAHH-
MaeMmcst CTyneHblo Bbltle, C KOTOpOﬁ OTKpbI-
BaeTcs HaM Gonee llJHpOKHﬁ FOPH3OHT. € He-
BHAHMBIMH paHbule NpeAMeTaMH.

H. Tl [Masaos.

Beenenue

B pasBUTHH HAayKH BBIAAIOIIYIOCST pPOJb HMILPAeT MOCTOsSIHHOE
yCOBEPIIEHCTBOBAHHE METOLOB HCCJeA0BaHHS.

Hayka o pacnossasaHiu GosesHu — HarHOCTHKA — TaKKe
pa3BHBAETCs B 3aBHCHMOCTH OT YCMEXOB, AaBaEMbIX METOAHKOW.
OnbIT nokasaj, 4TO AHArHOCTHYECKAasi HAayKa HE MOIKET palHo-
HaJIbHO paspelaTh MocTaBJEHHbIE Mepe] Hel Bonpockl Ge3 coBep-
IIEHHOIO TEXHHYECKOro BOOPYXKeHHs, Ge3 HOBLIX CHOCOGOB Hec/e-
NOBaHH.

Vicnosib3oBanie MEAHIMHOIN BEJHKHX OTKPBITHIL 0 H300peTeHH it
XIX # XX BeKOB M0O3BOJIHIO KOPEHHBIM 06Pa3oM H3MEHHTb H YCO-
BEPIUCHCTBOBATL METO/AbI JHACHOCTHKH Oosie3ueli uesoBeKa, B
YacTHOCTH, Oo0Je3Hell CepAeYHO-COCYAHCTOl CHCTeMBl.

Bypuoe passutie MeanuHHCKON TeXHHKH Ha Gase ycrexos (H-
3HYCCKHX H XHMHYECKHX HAyK CTajo OOBEeKTHBHOH NPHYHHOIT
YCHIEGHHOrO pacu/ieHeHHs METONOB HCCJeAOBaHHs. B memuuuze
BO3HUKJIH HOBblE CMEUHAJbHOCTH, HOBbIE pasjesibl HayKH. [TosiBH-
JIHCh  CMeNHAJIHCTEl, NEeTaJibHO OBJafeBILHE KAKAM-JHOO OMHHM
METOZOM HCC/Ie0BaHHs HIn Jeuewus. Tak, nanpumep, paHbiie
GoJIe3n cepalla HCCEAOBAJ W JEUHJ TepaneBT (CHerHasncT no
BHYTPEHHHM GOJIe3HAIM), KOTOPBIH  BBICAYWIABAN H BBLICTYKHBAJ
cepaue. 3a nocneanne 50 JIeT B WCCJeAOBAHHH CEpANA GOMbIIYIO
pOJIb CTaJl HIPATH elle H PEHTIEHOJNOr — Bpay, H3YUHBILHIt METOLb
IIPHMEHCHHST PEHTreHOBbLIX Jyueil B MeauUHHe.

Xopowo uaBecTHbl GOJBIUHE YCMEXH, JOCTHTHYTHIE Gaaropaps
AHAJNTHYECKOMY TMOAXOAY K H3y4YeHHIO GOJBHOrO ueJOoBEeKa.
Onnako OTPHIATENbHBIMH CTOPOHAMH 3TOTO HanpasJieHHsl B pa3BH-
THH MEIHLHHCKOH HayKH SBJSIOTCS: Pa3apoGJeHHOCTb METONHK H
«YPECNoJIOCHUA» B HCC/IENOBAHHH ONHOTO H TOTO e 06GbEeKTa; pas-
IeJIbHOe H3yueHHe MOp(poJiorun (CTpoeHHs) H GYHKUUH OpraHa Hiu
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BCErO OpPraHH3Ma, HEOJAHOBPEMEHHOE HaOJIo4eHHe pa3Hb(MH crc-
UHAJIHCTAMII X0/la PA3BHTHSI MATOJOTHUECKOTO (G0/e3HEHHOT0) CO-
cTosinus GosnbHoro. Jlaxke uayuenue (GpyHKUHH KaKOro-HHOyIdb Opra-
Ha TaK)Ke MOAPA3NelsieTcsi B 3aBHCHMOCTH OT MerToanku. Hampin-
Mep, KoJeGaTeNbHbIl MPOLECC CepaevHO-COCYAHCTOH CHCTEeMbl —
MyJIbCATOPHbIe JIBHKEHHS U 3BYKOBble KoJieDalHs — H3yuaercs H30-
JIHPOBaHHO, XOTA (husuyeckas H (HU3HOJOrHYECKasl Mpupoda ITHX
KosieGaHNi uMeeT MHOro oGwnx uept. [TyabcaTopHbIE H 3BYKOBbLIC
BOJIHBI HAXOAATCS B MPSAMON 3aBUCHMOCTH OT aHAaTOMHUYECKOrO H
(hU3HOJIOTHYECKOTO COCTOSIHHS CePeUH0-COCYAHCTOH CHCTeMbL.

Nuddepenunauns METOAUK CJYyIKHT MPHUHHON TOrO, UTO B Me-
OHUHHCKON MpaKTHKE MaHHbIC HCCJIENAOBAaHHII OONBHOLO Pa3HBIMU
CreuMasucTaMi HHOTAA Pe3Ko OTIHYaloTest ApYyr oT apyra. Tak,
HalpHMep, TepameBT BLICJAYUIHBAET 3BYKH, XapaKTepHbie AJis M0-
pOKa’ cepaia, a PEHTTeHOJIOr He «BHAMT» H3MEHeHHil KoH(pHrypa-
UHH W oObema cepiua; WJIH, 4YTO ObIBAET perKe, PEHTTeHOJor
0OHApy’)KHBAeT H3MEeHeHHsl, XapaKkTepHele JJIs MOpPOKa cepaua,
a TepaneBT HE «CJBILIHT» MAaTOJOTHYECKHX 3BYKOB MOPaKeHHOro
cepaua

Takoe mporHBopeuHe MosyyaeTcs 9aile BCEro H3-3a TOrO, 4TO
TEpanesT, BLICJAYLINBAst CePAEYHbIe 3BYKH, HE BHAHT CaMOro cepaua,
a pedTrerosior, HaGJiogasi TeHb cepilla Ha 3KpaHe, HE CJbILINT
3BYKOB, BO3HHKalOUHX npu padote cepaua. [MomoGubie cayuai,
B KOTOpPBIX TJaBHBIE MpH3HAKH GOJE3HH MAaCKHPYIOTCS BTOpOCTE-
MEHHBIMH, OOBSICHSIIOTCST OTCYTCTBHEM AAHHBIX, MOJYUYCHHBIX B pe-
3yJIbTaTe KOMMJIEKCHOrO HCCJIeN0BaHHs

Hawn suipaomnecs xannuuneter C. I, Borknm, T A, 3a-
xapbun, A. A. Ocrpoywos, H. II. Crpaxecko, I'. ®. Jlanr u apy-
THe MPH3BIBAH K KOMMJIEKCHOMY COAPY?KECTBY METONOB HCC/CNO-
BAHMs1 0OJIE3BHEHHOTO MpoLecca y 4YeJ0BeKa, BHIAS B 3TOM HOBBIIl
NOAXOA K U3YUEHHIO CAOMKHBIX OHOJIOTHYCCKHX SIBJIEHHIT.

WM. I1. ITaBnos ykasbiBas Ha HEOOXOAHMOCTb OOSIBATENBLHOTO
H3yUeHUs CTPOeHHs H (DYHKIUHH OpraHa ro BO3MO2KHOCTH OAHOBpe-
Mento. On mHcan, yTo Takoe H3yuelie KACAaeTcs KaKk CaMOil BHIH-
MOil KOHCTPYKIHH, TaK H AHHAMHYECKHX SIBACHHI, B Heil npomc-
XOJSILHX, MPpHYEM BCe BPEMs, KOHEUHO, HE JOJIKHA TepATbCsA H3
BHIy HernpeMeHHast CBSI3b KOHCTPYKLHH C AHHAMHKOIL

OTH NPUHIHNE COBETCKOIT KJIHHHYECKOI METOAOJOTHH B H3yue-
HHI GOJIE3HEHHOr0 COCTOSIHHSI OMHPAIOTCSl HA H3BECTHOE MOJIOXKe-
HHE MapKCHCTCKO-JEHHHCKOIl (uaoco(puu, KOTOpas y'Iuw, 47O
(dopya 1 coseprkanne B3aHMHO APYT Apyra OO0yCJOBIIHBAIOT.

B 1939 roay msl nocraBHIH H B SKCMEPHMEHTAJIbHBIX H KJIHHII-
YECKHX YC/IOBHSIX pCaJn30BaJii 3aaady OAHOBPEMEHHOro (CHi-
XPOHHOTO) H3yueHus (popMbl H (QYHKUHH CepANa C MOMOUILIO
9JIEKTPOHHOIT annapatypbl. Dblio YCTaHOBAGHO, HTO NPaBHJLHOE
nouumaune Gopmbl M (QYHKUHH CepAUd B KaXKIAOM KOHKPETHOM
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c/lyyae BO3MOXKHO TOJIBKO B pe3yibraTe pEHTreHO(OHOAHArHO-
CTHYECKOrO METOAd HCCJEeJOBaHHSA, T.. €. pacnos3xaBaHus 00Je3HH
¢ NOMOUIBIO PEHTrEHOBBIX Jyuell H BBICJYLIHBAHHS 3BYKOB C IOCJe-
nylouieil perucTpauneiil oGHapyKeHHbIX MPHU3HAKOB GoJesnH (3TOT
METOJ, YacTO HasblBAIOT TAaKXKE PEHTreHOAayCKYJbTATHBHBIM).

[Tpexkae ueM MEpelTH K OMHCAHHIO TEXHHKH H KJHHHYECKOro
3HAueHHs HOBOTO KOMINVIEKCHOrO MeTola HCCJIEeAOBaHHs, KOTOPbIii
Mbl Ha3BaJd 3BYKOBOH pEeHTreHOJIOrHel, HeoOXOAMMO BKpaTie
OCTAHOBHTbCA HA XapaKTePHCTHKE METOAOB, HAa OCHOBE KOTOPBIX
OH BO3HHK.

[pumenenye PEeHTreHOBBIX JyYei
Iuisi onpejeneHns GoJesHeil cepaua

Kak H3BecTHO, pEHTIeHOBBI Jyun 06JaaloT COCOOHOCTRIO CBO-
60/1HO MPOXOAHTL Yepes3 BEILeCTBA, KOTOpPble HeNpoHHLIAeMbl MJs
BHanMoro csera. OHH He BOCIPHHHMAIOTCS HEBOODPYXKEHHBIM IJa-
30M, HO BBI3BIBAIOT cBeyeHHe ((pJI0OPECUeHIHIO) HEeKOTOPLIX XH-
MHYECKHX BellecTB (MJaTHHOLHAHHCTOrO Gapus, cyabthHaa LHHKA
H ApYyrux) H nomo6Ho GeJoMy cBeTy oKkasbiBaloT (pororpacduue-
ckoe aeiictBue. Jlyun PeHTrena BbI3LIBAIOT MMPOLECCHl HOHH3ALHH
1 00JafaloT CHJIbHBIM OHOJIOPHYECKHM JelicTBHEM, YTO LIHPOKO
HCIOMb3YEeTCs MEAHLHMHON AN JiedyeHHsl psiga GoJiesHei.

B peHTreHoAHarHOCTHKE HCMONBb3YeTcsi [MIaBHBIM 00pa3oM
CBOIICTBO PEHTTGHOBLIX JIyyeil MPOHHKATh 4epe3 BelleCTBO, B TOM
qHCJIe H Yepe3 TKaHu Hauwero Tesia. OueHb CYIECTBEHHO MPH 3TOM,
4TO HE BCE BellecTBa B OJAHHAKOBOI CTENMEHH NPOMYCKAalOT PeHTre-
uosbl ayun. C yBesHUeHHEM aTOMHOTO Beca BELIECTBA CMOCOGHOCTh
MONJIONLATbL PEHTreHOBB! JIydH pacreT. Bousbluyid posb B CTeneHH
MPOXOKACHHS Jiyyell yepes3 Tesla HrpaioT TakXKe HX IMJIOTHOCTb H
00beM — uyem MJIoTHee WiH Gosblie Mo 06beMy Teso, TeM GoJibLue
MONIONIAETCSl B HEM pPEHTreHoBbIX Jyueil. Hakonewn, norsiomenue
PEHTI@HOBBIX JIyYell 3aBHCHT OT HX MHTEHCHBHOCTH H JJIMHBI
BOJIHBL

Pasnnunasi mioTHOCTb OPraHoB YeNOBEYECKOro Tella W Pas3HbIi
HX XHMHYECKHH cOCTaB BhI3bIBAIOT HEOAHHAKOBOE [0 SIPKOCTH TEHE-
BOe H300pa’keHHe STHX OPraHOB HA DPEHTIEHOBCKOM (JII0OpECLH-
PYIOLLEM 9KpaHe HJM Ha peHTreHorpamme. Tak, Hanpumep, cepaue,
COCTOsILIee M3 MbLILIEYHOH TKAaHH M coJepKallee B CBOEH MOJIOCTH
KpPOBb, MOTJIOMAGT PEHTTEHOBBI JIyYH ropasfo GoJblie, YyeM JEerouy-
Hasi TKaHb, COCTOSILAsl M3 OTAEJbHBIX, TOHKOCTEHHBIX, 3JlacTHYe-
CKHX My3bIDbKOB, HAMOJHEHHBIX BO3AyXoM. YUem Oosblie pasHuua
B TONIOUIEHHH PEHTreHOBLIX Jydell PSIOM PacnoJoXKEeHHBIMH Opra-
HaMH, TeM KOHTpPAacTHee HX CBETOTEHEBOE H3006paKeHHue.

Bckope mocse oTKpLITHSI peHTreHOBBIX Jyuell W OMHCAHWA MX
OCHOBHBIX CBOWCTB OHH CTa/lH NMPHMEHSTHCS B MENHMIHHCKOI MpaK-
THKE H YK€ Yepe3 HeMHOro JieT LIHPOKO HCIOJB30BAJHCh IMOYTH
BCEMH MEIHIHHCKHMH CUELHAaJbHOCTSMH.

2 H. H. CaBuenxos, 5



HauGosee TpyAHBIM OOBEKTOM H3YueHHs IS KJIHHHUECKOR
PEHTTeHOJIOTHH OKa3ajlach CepAeyHO-COCYJAHCTasi CucTeMma.

Ha «HeMoM» pDEHTTeHOBCKOM 3KpaHe ONpeessiioT KOH(Hrypa-
MO CepAua, HCCJeNys ero B MPAMBIX H KOCHIX NPOEKHUsAX. ITO
No3BOJISIeT OOHAPYXKHTb MATOJOTMYECKHE H3MEHEHHsi OTAEJIOB
cepaua.

Kynnuyeckasi peHTreHOJIOTHS cepjlla AOCTUIJIA 3HAYHTENbHDLIX
yCMexXoB B OPTOMETPHYECKOM ONpeJeJeHHH pa3MepoB cepaua H
aopThl (3amuch KOHTYypa cepiua npsiMbiM Jyuom). Ha penTreHos-
CKOM 3KpaHe M C MOMOLILIO 3aMHCH MyJbcaluu cepana (peHTreHo-
kuMorpadus) Mbl HaGslogaeM 3a W3MEHEHHSIMH [yJbCaTOPHOH
BOJIHBI CepALa, HApyIIEHHe KOTOPOi MO3BOJIIET BBEIIBHTH CKPBITHIC
NPU3HAKH MOPaKEHHs MBIIIIbBl Cepila HWIH [IPH3HAKH HapyIleHHs
KpPOBOOGpaIleHHs.

OnHako KJMHHYECKasi peHTrenoanarHoctTika Oosie3Hel cepAia
HMEeT M pA; CyUeCTBEHHBIX HexocTaTKoB. OHH 00ycJIOBJIEeHB!
B IIEPBYIO Ouepelb TeM, YTO MaTOJNOTHUECKHE H3MEeHEHHs, POHCXO-
JSIIHE B 30HE KJAMaHHOTO anmnapara Wi B TOJIE MBILILBI Cepaua,
JIHIIb KOCBEHHO M JOBOJILHO HEsCHO OTOOparkaloTCsl Ha BHEIIHEM
KOHTYpE CepIACUHOro cuaysTa. IloToMy paHHHEe HIIH HE3HAYHTEJbHO
BEIDAXKCHHBIE H3MeHeHHs1 (POpMbl M 00bemMa pasyiHUHbIX OTAENOB
cepAla WJIM CEpAUa B LEJOM, a TaKkxe HeOoJbIIHE (YHKUHOHA/b-
Hble HapylleHHsi HHOMAA HENPaBHJIbHO TPAKTYIOTCsS KaK HE1HMHu-
Hble, HeGOoJIe3HeHHbIe OTKJIOHEH S OT HOPMbI HJIH BOBCE HE yCMaTpli-
BaIOTCS.

Bousbiioii KauHHUECKHIT OMLIT MOKA3bIBAeT, UTO TaKHe H3MeHe-
HHSI MOTYT ObITh MPAaBHIBHO OMpe/eJIeHbl TOJNbKO MPH OJHOBpEeMeH-
HOM HCCJICZIOBAHHH PEHTFEHOBCKOH KapTHHBI H MyJbCaTOPHO-3BYKO-
BBIX KoJieGanuii, obHapyKuBaioleM HauOojee TOUHblE M paHHHE
NPH3HAKH HapyLIEHHs] HOPMaJbHOIl JeTeNbHOCTH CEpACYHO-COCY-
JIHCTOH CHCTEMBbI.

BoicaymnBanue (ayckyabTanusi) 3ByKOB cepiua

OcraHoBHMCs BKpaTile Ha HCTOPHH DAa3BHTHS ayCKyJabTallin
KaK caMoCTOsATeJIbHOrO H HanGoJiee JApeBHEro crnocoda H3yyeHus
CepIeyHON AesaTeNbHOCTH.

[Tonaraior, uto ewe japeBHerpeueckne Bpauyn Iunnokpar u
ApuTeii 3HaJH O CyLleCTBOBaHHH 3BYKOB CEpALa H MO0Jb30BaJCh
HMH 51 onpeaesncHust GoJieaHeii cepjua.

B cBoem cooGuenun o6 OTKpLITHH KpoBooOpamenusi [apseit
(1578—1657) ynomunaer o Haquuuid 3BYKOB Ceplla, KOTOPHE OH
BBICJIYIIHBAT B MOMEHTBI COKPAIIeHHs (CHCTOJIBI) H paccaabenus
(mmactoner) cepaua. Opnako aKkycTHYecKHe OTKpbITHA [apses
Obl1H 3a6bITel. M Tosbko B 1819 romy ¢paHuysckuii yueHbli-Kau-
uuuuceT Jlasunek (1781—1826), usoGpesuinii crerockon — npudop
st Goslee yI0GHOTO M TOYHONO H3y4YeHHs 3BYKOB CEPALA, MOAPOG-
6



HO OmucaJs ero TOHBl M IIyMbl JlasHHEK omucalJ 3BYK NpH COKpa-
IEHHH JKeJyJOYKOB Cepaua (Tak Ha3blBAaeMblii MEpBLIl TOH), a
BO3HHKHOBEHHE BTOPOrO TOHA B MOMEHT pacc/abJeHus Kelyaou-
KOB Cepana OH OObCHHI COKDAUleHHeM MpEeACepnii.

XoTsi ¥ B HacTOsIEe BPeMs MO BONPOCY O MEXaHW3ME BO3HHK-
HOBEHHSI TOHOB CEpAlLA HET MOJHOrO eAMHCTBA, GOJBLIMHCTBO yue-
HBIX CUHTAET, YTO 3BYKH, COCTABJISIIOLINE NEPBbIi TOH, MPOHCXOAAT
MpU COKPALIEHHH MpeJCepAHil, HANPSKEHHH MBIILLI KeJTYNI0UKOB
cepAua, 3aKpHITHH ApPyCHBIX H OTKPBITHH MOJYJYHHBIX KjlalaHoB,
COTDSICEHHH KPYNHBIX COCYHOB.

B KOMIJIEKC BTOPOrO TOHA BXOASIT 3BYKOBBIE KOJleOaHusi, BO3-
HUKAIOlIMe NpH paccyadyeHiH MbIIIIbl CEeplld, 3aKpbITHA M0Jy-
JIYHHBIX KJIaNaHOB, COTPSICEHHH KPYMHBIX COCYJOB H OTKPBITHI na-
PYCHBIX KJ1aNaHOB.

Uepes 0,1 cexkyHmbl TMocJe BTOPOro TOHA BBICJYILIHBAETCH
(uame, Kak GymeT NOKA3aHO HHXKE, 3aMHCLIBAGTCs) TPETHil TOH.
Mexanuam 06pa3oBaHusi TPETbETO TOHA, MO MHEHHIO (PPaHIY3CKOro
ppaua [lotrera u pycckoro npogeccopa B. Il Obpasuosa
(1851—1920), cBsizdan c GbICTPbIM BrHajeHHEM KPOBH B [OJIOCTH
JKEJIYZI0YKOB CO CTOPOHBI Mpeacepauii.

B ouenke 3ByKoB cepiia OOJbIIYIO pOJb HLPAET YyTKOE yXo
Bpaua, TPeHHPOBKa, onbIT. [103TOMy METOM BEICJYIUHBAHHS KpaiiHe
cyobekTuBed. Hepeako ObiBaeT Tak: OJHOMY Bpauy CJbILIHTCS
0JIHO, @ BTOPOMY — zApyroe. BbIBaloT ciyyaH, KOTAa AaKe BHAHBIC
KapAHOJIONH y OJHOTO H TOro K€ GOJIBLHOTO BBICYLIHBAIOT Pasnny-
Hble 3BYKH, a 3TO, €CTECTBEHHO, MPHBOAHT K OWIMOKe B JHATHO3E
i JIeYeHHH.

Cepale B HauasibHbl MOMEHT COKpAIIEHHsl H paccyadjenus
MBIIIBI H3JTyYyaeT B OKPYXKAIOLLylo €ro cpeay BOJHLI pa3HOiH
YacTOTbl H HMHTEHCHBHOCTH.

B koseGarenbublil CnekTp cepiila BXOAAT: BHAHMBIE KOJeOaHUus
cepaua — KojeGaHusi cepaua B LEJOM, T. €. €ro MmyJbCaiHd;
HH(ppaspykoBbie (HEBBICJAYLINBAEMbIE) KoJeOaHHs, BO3HHKAIOMIHE,
OYEBHAHO, B Pe3yJbTaTe MCMJEHHBIX H HH3KHX BHOpauHii 10BOJNBLHO
OOJbUINX, HO HEH3BECTHO KAKHX yYaCTKOB CEPALA; 3BYKOBBIE KOJsie-
OaHHsl OTAGJBHBLIX IJEMCHTOB Cepiua, HanpHMep, KJanaHoB.

Tonwbl cepaua mpeacraBasior co6oit MEPHOAHICCKH NPEpHIBAIO-
urHecst cloxkisle 3pykoBbie KosneGannsa. C (uanueckoi CTOpPoHB!
OHH XapakTepuaylorcst Huakoil wacroroit (20—150 repu!) u He-
3HAYHTENILHOI HMHTEHCHBHOCTBIO, a B (DH3HOJIOTHYECKOM OTHOIIe-
HUH — HE3HAUHTeJLHON IPOMKOCTDIO, 3aBHCSIIICH OT 4aCTOTHI KOJIe-
Gannii 0 B MeHbIUC CTENEHH OT UX AMIIHTYALI.

Kak wu3asectio, ciyxopoii aHanMsaTop ueJOBEKa HMEeT pe3ko
BbIpAXKeHHBIC (hH3HONOrHYECKHE OCOGEHHOCTH TIPH BOCMPUSTUH 3BY-
KOB 4acToToii or 20 mo 20 Toic. repu. OH H3GHPATEJNLHO UyBCTRH-
TeJICH K 3BYKOBBIM KoseOanusiM B Auanasone 1—2 teic. repi. Ilo-~

! Oann repu — eIHHHUA YacTOTHl, PaBHas ONHOMY KOJEeGAHHIO B CEKYRLy
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HO0OHbI ypOBeHb YyBCTBHTEJLHOCTH CJYXOBOTO aHAJH3aTopa B yKa-
3aHHOH 06/acTH YacTOT HEJOCTYNeH CaMblM COBEpIIEHHBIM SJIeK-
Tpoakycruueckum npubopaMm. Onnako B mojoce HH3KHX 4acToT
(20—100 repi) cIyxoBOii aHAJIH3AaTOp YesoBeKa obJanaer HCKJIO-
YHTeNbHO MaJoff 4yBCTBHT@NBHOCTbIO. Tak, Hampumep, s TOTO
4TOGH! 3BYKOBHIe KoseGanus wacroroir 1 Teic. repn u 60 repi Ka-
3a/HCh ONWHAKOBO POMKHMI, He0OX01uMO 3BYK uacroroit 60 repi
YCHJIHTb B 25 MJIH. pas. B

Tak KaK 3BYKH cepaua o6aafaioT HH3KOH YacToToil KoJeGaHHH,
MJI0XO BOCMPHHHMAEMBIX YeJOBEYECKHM YXOM, TO YCHJEHHe Cep-
IEUHBIX 3BYKOB HEOOXOAMMO ISl pPacLIHPeHHsl NpeaesoB BOCHPHA-
THs aKyCTHUECKHX fBJEHHH cepiua Kak AJs OMNBITHOrO, TaK H AJf
MaJlo TPeHHPOBAHHOrO HOpMaJbHOro yxa. Ha BocnpHsiTHH 3BYKO-
BBIX KOJIeOAHHII YXOM CKa3bIBAETCH TaKKe HX MPOAOJIKHTEJNbHOCTb.
Uewm GoJbllle ANHTCS 3BYK, TeM IPOMYe OH KaiKercs.

Takoif mpoctofi akycTHueckmii mnpu6op, Kak OOLIKHOBEHHBIH
BpaueOHbI CTETOCKON, HEPABHOMEDHO YCHIMBAlOUIMiI HH3KHE 4a-
CTOTBI, TOJIbKO YAaCTHYHO Pa3pelln] mpobjemy BOCHPHSITHS TPYLHO
YJIOBHMBIX yXOM MENJIEHHBIX KoseGaHuil cepaua.

B cBsisu ¢ ocoBoif (H3nIeCKOi MPHPOOKH 3BYKOBBIX KosieGaHni
cepaua ¥ (hH3HOJOTHYECKHMH OCOGEHHOCTAMH CJIYXOBOTO aHaJH3a-
Topa (yxa) Mbl He MOXeM B MOJIHOH Mepe BOCHPHHATL BCE 3BYKH,
HCXONSIIIHE OT PasHbIX Y4acTKOB CepAua.

To obbscHSIETCs TeM, uTo Gosiee FpoMKHe 3BYKH MacKHPYIOT,
3aryyliaior 3ByKH Maioil nxrencusroctd. Kpome Toro, B Koseda-
TeJIbHOM CIHEeKTpe CepAlla HMeIOTCs TakHe 3BYKH, KOTOpble B CHJY
HEe3HAUHTENbHOH aMIVIMTYABl H YacTOTHl, Aa)ke He GyayuH 3arday-
IIEHBI APYTHMH 3BYKaMH, HE MOTyT GbITb BOCMpPHHSATB HEBOOPY-
HEHHBIM WJIH 9JIeMEHTaDHO BOODYXKEHHBIM (CTETOCKOM) YXOM.

CinenoBarenbHo, Ha OCHOBAHHH NAHHBIX O ¢husnueckoii npupoae
3BYKOB Cepaua H (PU3HONOTHYECKOH 0cOGEHHOCTH BOCTPHSATHS HX
YXOM 4eJsioBeKa MOXCHO CHeNaTh BEIBOJ, YTO Aa’Ke BBICYLIHBaHHE
3BYKOB OOLIYHBIM CTETOCKONOM He MOXeT GbIThb NpH3HAHO YIOBIE-

TBOPHTEJBHLIM CPOCO()OM HCCJIGNIOBAHHSI 3BYKOBBIX sIBJIEHHE Cep-
JEYHO-COCYMHCTOH CHCTeMBL.

3BYyKOBasi PeHTreHoNOrHs cepAla

Hs BCEro pacCKasaHHOTO CJEAYeT, YyTO HH PEHTreHOBCKUH, HH
3BYKOBOH METO/bI, MpHMEHSieMEle OTAeNbHO ApPYT OT APYra, He
MOryT ZHaTh TOJHOTO, CHHTETHYECKONO MpeAcTaBJeHHsi O COOTHO-
WEHHH AHATOMHYECKON KapTHHBI M (hH3HOMOrHYECKOH (DYHKIHH
opraua. OTH pa3pO3HeHHbIe METOabl, yraybasisich B u3ydyeHue aAeTa-
Jiefi paGoTel CepAla, He AaioT BO3MOKHOCTH COCTaBHThb LIEJIOCTHOTO
TMpeicTaBiennss o dopve wu KoneGaressHoM mpouecce cepaua
B Ka)JIOM KOHKPETHOM ciyuae.

OnuocToponHee HcenenoBanme MOP(OIOrHYecKoii KapTHHE! HJIH
(YHKUHOHAJILHOTO COCTOSIHHS Oprana NPHBOJHT K HCKYCCTBEHHOMY
8



NPOTHBOPEUHIO MEXKAY BpayaMu CMEXKHBIX JAHCUHMIJIHH B YCTaHOB-
JIeHHH OO'BEKTHBHOrO Auarsosa, 6e3 KOTOpOro, Kak H3BECTHO, He
MOJKeT OBITb NPABUJIBHOTO JIEUEHHSI.

Haspena HeOOXOAMMOCTb B KOMIJIEKCHPOBAHHH, KOHLEHTPALHH
METOJHK, C MOMOLIbIO KOTOPLIX MOXKHO ObwIO Obl, Hapsidy C pas-
BHTHEM AaHAJHTHYECKHX HCCJIeIOBAHHMI, IN0JyYaTb OOBLEKTHBHBIC
JaHHple JUIsi  CHHTETHYECKOro MpEeACTaBJCHHS O KOHCTPYKUHH
opraHa H €ro (pyHKIHH.

OnHoit u3 (OpPM KOHLEHTPALHH METOAHK sIBJAsICTCs] 00bEAHHe-
HHEe PEHTIeHOJIOTHYECKOro H aKyCTHYecKoro (3BYKOBOro) crocoda
HCC/IeI0BAHMIT B €IHHbII KOMIWIEKCHBI METOX CHHXPOHHOTO H3yye-
HHSl CTPYKTYPbl H (DYHKIHOHAJBHONO COCTOsiHHsI opraHa. Ecre-
CTBEHHO, YTO 3TO 00beAHHEHHEe METOAHK MOIJIO MPOH30MTH, C OJHOII
CTOPOHBI, Ha 6a3e BBICOKOPA3BHTOI DEHTIEHOBCKOH H 3JEKTPOaKy-
CTHYECKOH TeXHHKH M, C APYyroil CTOPOHBLI, HAa OCHOBE BBHICOKOTO
YPOBHS 3HAHHIl B 06s1acTi (YH3NOJOMHH H KJIHHHKH CepAeuHO-cocy-
JUICTOH CHCTEMBI.

OnHoBpeMeHHOe, CHHXPOHHOE H3yYeHHe PEeHTreHo-aHaTOMHYe-
CKOil KapTHHBEI OpraHa H ()H3HOJIOMHUYECKHX €ro MPHU3HAKOB (MyJib-
calHi H 3BYKOB) DacCKpEIBAeT BHYTPEHHIOIO CBSI3b MExXAy (HOpMoii
cepina H MyJbCaTOPHO-3BYKOBOI (hyHKLHEH CcepaeyHO-COCYRHCTOl
CHCTEMBL.

Ognroli u3 npuunn, noGyauBLIeli HAac 3aHATBCA Pa3paboOTKOil
METO/la OJAHOBPEMEHHOTO Hec/efoBaHus (hopMbl H (DYHKIIHH Oprana,
TOC/IYIKHJIO HECOOTBETCTBHE AAHHBIX, MOJYYaeMblX JeYalldM Bpa-
uoM [pH BBICIYIIHBAHHH cepaua, Toi (opme W pasmepam cepaua,
KOTOPBIE Mbl HAXOAMJIH B IPOLECCE PEHTTEHOJOTMYECKHX HCCJIeno-
BaHMil HA PEHTTEHOrPaMMAax H Ha PEHTFeHOKHMOrpamMmax (3amuch
MyJbCALHH CepAla Ha (OTOMJIEHKE C MOMOLIBIO PEHTTEHOBBIX
sydei).

KoMIuiekeHblit noxxoa K uayuenuio dopMpl H yHKuHH Gasu-
pyercst Ha (DH3HOMOro-(hH3HYECKOil CYLIHOCTH MyJIbCATOPHBIX U 3BY-
KOBBIX KosieGanuii KaKk eanHoro GHO(U3NUECKOro Mpolecca HeJaocT-
HOi CepAeUHO-COCYNHCTON CHCTEMBL

Mexauuam oGpasoBanus KaK MyJibCalliH, TaK H 3BYKOB 3aBHCHT
OT AHATOMHYECKOTO H (JH3HOJIOTHYECKOrO COCTOSIHHS CEpHevHO-
COCYMHCTOH cHCTeMbl. CBfi3biBasi BOGAMHO DEHTreHO-aHATOMHYE-
CKYIO KapTuHy cepaua (aauHeie o (hopme W pasmepax) d (hU3HOJO-
PHYECKHE NPH3HAKK (T. e. HAGJIIONAEMYIO HA PEHTIEHOBCKOM SKpaHe
MyJbCALHIO CepAla M BBICJAYIUHBAEMbIE 3BYKH), Mbl MOXEM CYAHTb
O/HOBPEMEHHO O BHELIHEM H BHYTPEHHEM KOHTypax CepAla, Tak
KaK MNyJbCaTOpHble ¥ 3BYKOBble KoJeGaHMsi B TOM HJIM HHOM CTe-
MeHH CBASAHBI 1l C aHATOMHYECKOH KapTHHOH BHYTpPeHHero pesbeda
CepAlla — KJIaNaHHOro anmnapara, COCOYKOBBLIX MBIILILL.

[IpeHMyIIecTBO KOMMIEKCHOrO H3yYeHHst nyJbCaliH H 3BYKOB
cepAua MEpex OLHHM JIHIIL MOP(ONOTHYECKHM aHANM30M pEHTre-
HOBCKOH KAPTHHBI BBLISIBJISIETCS OCOOEHHO SIPKO B TeX Cydasx,
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KOrla aHATOMHYEeCKHe NpH3HAKH OOJIE38HH MaJso BbIPaXKEHBI H Ha
0OBIYHOM, «HEMOM» PEHTTEHOBCKOM 3KpaHe TPAKTYIOTCS KaK OTKJIO-
HeHUst B npenejax HopMbl. OJHOBpeMeHHOE H3YYeHHE DEeHTTEHOB-
CKOif KapTHHBI M 3BYKOB CepAlA JaeT BO3MOXKHOCTb yCTaHABJIH-
BAaTh DAHHIO CTAAHIO MOPAMKEHHs MBI CEpANa HJIH €ro Kia-
MaHHOrO amnmapara.

Hawa penrreHod)oHOAHArHOCTHYECKAs YCTAHOBKA, HJIH, Kak
MBI ee OygeM B JaibheilllleM HasblBaTh, YCTAHOBKA 1A 3BYKOBOH
PeHTrEHOJIOTHH, [I03BOJIIET BOCMHDHHHMATb MaJjo HHTEHCHBHEIC
3BYKH Cepjilla, yCHJHBATb WX, BOCIPOH3BOAHTH IS MPOCJYIIHBA-
HHSI 1 3aMHCHIBATbL 0e3 HCKa)KeHus B BHJE KpHBOH ((oHOrpamMmei).

YcraHoBka MJsi 3BYKOBOH DEHTI@HOJIOTHH COCTOMT H3 ABYX
OCHOBHBIX 0JIOKOB — PEHTIEHOBCKOrO H 3JIEKTPOAKYCTHUIECKOrO.
DJIeKTPOaKyCTHUECKHE NPHOOPB! CHeNHaJbHOH KOHCTPYKIHH HC-
MOJIb3YIOTCsl JIsi 3BYKOBOrO CONpPOBOXKAEHHS PEHTTEHOJOrHYECKOoro
«BHJIEHHA» CEPALA H A/ OOBEKTHBHOMN AOKYMEHTAIHH. DJIEKTPOAKY-
CTHYECKHH OJIOK Halell CHCTeMbl COCTOHT H3 3BYKONPHEMHHKOB
(maTynKoB) pasHBIX 00pa3LOB, BEICOKOKAYeCTBEHHBIX YCHJHTEJNeH,
IHHAMHKOB, BOCIPOH3BOASIINX 3BYK, H 3ByKO3aNHCHIBAIOUIHX ammna-
paroB. CucremMa 3J€KTPOAKyCTHUECKHX MPHOOPOB 3JIEKTPHUECKH
CBSI3aHA C MNYJBTOM YNpaBJeHHs DPEHTTeHOBCKOH ycTaHOBKH. Ilis
03BYyYEHHs] PEHTTEHOBCKOrO 3KpaHa Mbl He MOIJIH HCIIOJIb30BaTh
CYUIECTBYIOLIHE NPHGOPEI, HANPHMEp CTETOCKOM. Bech 3ByKOBO#H
OJIOK MPHILIOCH H3rOTaBJAHBATH 3aHOBO OT HayaJsa A0 KOHLA.

OcranoBumcst GoJiee MOAPOOHO HA ONMHCAHHH 3BYKOBOro GJI0Ka,
TaK KaK CO3JaHHe ero norpeGoBaso HaHOOJBIIErd BPEMEHH H yCH-
auit. Kpome Toro, BOMPOCHI, CBsi3aHHBIE € paboTOl 3TOil uacTH
YCTaHOBKH, MEHee BCEro OCBELIeHbl B COOTBETCTBYIOILEH JinTepa-
TYype.

duieKTpHYecKasl ayCKyabTalHsi 3BYKOB cepaua

TIpuHUHTHANBHEIME OTJIMUHSMH 3JEKTPHYECKOr0 METOAa YCH-
JICHHS] 3BYKOBBIX KOJIEOaHHii OT HHBIX CMOCOOOB, B YaCTHOCTH aKy-
CTHYECKOro, SIBJISIOTCS: HAJHYHE JIHIIb He3HAUHTEJbHBIX HCKaice-
HHIl, BO3MOXHOCTb BBIIEJHTb JIOGYIO MOJIOCY YACTOT H BO3MOXK-
HOCTb MPOH3BOAHTH TOYHOE H3MEpEeHHEe HHTEHCHBHOCTH H YacTOTHI
3BYKOBBIX KOJIeOaHHI.

_Ycuenne noiyueHHLIX B MHKpO(hOHe SJIEKTPHYECKHX KoseGa-
HHH MPOHCXOMHT C MOMOLLbIO 3JEKTPOHHBIX JIaMIl, KOTOPLIE, YBEJIH-
4HBAs AMIUIHTYAY, HE H3MEHSIOT YacTOTy BOCMPHHSATHIX KoJeGaHuii.

Pagsurie n pacnpocrpanenie metona JeKTpHUCCKOrO BEICHY-
HIHBAHHS 3aTPYAHEHO CJIOXKHOCTBIO CEPHIHOr0 H3rOTOBJIEHHSI BBICO-
KOTACTOTHBIX ~ 3/CKTPOAKYCTHYECKHX MPHOOPOB, XapaKTepHCTHKA
KOTOPBIX (YACTOTHAS H AMIVIUTYZHAST) MO3BOMMJA Obl 0€3 3aMeT-
HDBIX HCKa>XXeHHI1 BOCIPHHSATH 3BYKH CepAua, YCHIHTb HX 10 60—80
Jenn6es H BOCIPOH3BECTH.

Pasniuaior tpu opmul ycmnerus 3sykos cepanua: JIHHEHYIO,
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Jorapu(MHYecKylo M creroakyctuueckyio. Ilpu Jnueiinoi gopme
yCHJIEHHs! BCEe 3BYKOBbIE KOJIOaHHUsl YCHJIHBAIOTCS OAMHAKOBO; MPH
JIOTapH(MUIECKOll — YCHICHHE MPOHCXOAHT IO THNY BOCHPHATHSA
3BYKOB YEJOBEUECKHM YXOM; MpH CTETOAKYCTHUCCKOH — MpHeM
3ByKa NPOM3BOJMTCSI KaK CTETOCKONMOM, a AaJjibHelllee yCHJIeHHe
coBepllaeTcss B 3JEKTPOHHOM YCHJIHTEJE C JHHEHHOH XapakTepu-
CTHKOH.

OTYeTIHBOCTL BOCNpHSTHs 3BYKOB CepAla MpH HX 3JEKTpHYe-
CKOM YCHJIEHHH 3HAUNTEJbHO MOBbIIAeTcs. Tak, MepBblil TOH NpH
0OBIYHOM BBICJIYUIBAHHH BOCIPHHHMAETCS] KaK OJMHAKOBBIH, OHO-
POMHBIH 3BYK, a NpH BbICJAYLIHBAHHH MEPBOrO TOHA, YCHJEHHOTO
9JIEKTPOAKYCTHYECKHM NPHOOPOM, BBISIBJSIOTCS OTHEJIbHbIE COCTaB-
Jistionue. DTO MOJHOCTBIO COMNIACYeTCsi C COBPEMEHHBIM (JH3HOJIONH-
4eCKHM MpEACTaBJeHHEM O BO3HHKHOBEHHH I[€PBOr0 TOHA, KakK
CJI0JKHOTO KOMIJIEKCA 3BYKOB, HCXOASLIHX HEOAHOBPEMEHHO OT pas-
JINYHBIX YYaCTKOB CepAla H COCYHOB.

Bocnpoussenenne ycuneHHbIX CepAEYHBIX 3BYKOB MO3BOJISET
{IPOBOMIHTL KOJIEKTHBHOE HX BBICJAYIIMBAHHE, 4TO siBJsieTCs Gojee
OOBEKTHBHLIM METOJOM H3YUCHHS, YeM HWHAMBHAyaJbHas ayCKyJib-
Talusd, NPH KOTOPOH HepeaKko HMEIOT MecTo CyObeKTHBHbIE BOC-
npusTHe # ouenka. ITpu nmoowepeaHoM BBICTYIIHBAHHH GOJHHOTO
C MOMOLIBIO CTETOCKONMA CKAa3bIBA€TCsi KaK H3MEHUMBOCTb CaMOro
HeesieyemMoro o6beKra, Tak M COCTOSTHHSI OPraHOB CJyXa Bpaueil.
Cuaenyer TakxKe ynomsiHyTb, uTO HHAHBHIYaJbHOE, MOOYEPEIHOE
BLICYLIHBAHHE GOJLHOTO YTOMJISIET €ero M OTHHMAeT MHOrO
BPeMeHH.

KonnexTuBHoe Boic/aymnBanue npeacTasiaser cofoif ONHY H3
(opmM NPOBEpPKH  YTOUHEHHS! YCTAHOBJEHHBIX aKyCTHYECKHX MpH-
3HAKOB TOIf MK HHOIT Goseann. MmeeTcst psiil MHTEPECHBIX H IOYYH-
TeJIbHLIX NPHMEpOB, KOrja KOJUIEKTHBHOE BLICHYIIHBAHHE 3BYKOB
Cepana Ha JICKUHH WJIH B KaGWHETe MO3BOJSJO MOJYyYHTh HOBLIE
JaHHbIe O COCTOSIHHM H JHHAMHKE M[ATOJIOTHYECKOro mporuecca
cepaua.

Kax H3BECTHO H3 aKyCTHKH, OCHOBHBLIM TOHOM Ha3bIBAeTCsi coG-
CTBEHHBII TOH C HAHMEHBIINM YHCIOM KoJeOauuil B cekyHay. ToHbI,
HacjauBaloulHecss Ha OCHOBHON TOH M YacTOThl KOTOPBIX COCTaB-
JIIOT NeJIbie KPaTHbIe YacTOTBl K OCHOBHOMY TOHY, HAa3bIBAIOTCS
ooepToHamu, rapmonukamu. IIlymMm ecTb COBOKYMHOCTb MHOTHX
KPAaTKOBPEMEHHLIX, Pa3HOOOPA3HbEIX 3BYKOB.

Ipu moGoit opme ycnnenns uesoBeyeckoe yXo HanGosiee uyB-
CTBHTEJBHO K 3BYKOBLIM KOJI€GAHHSIM BIOJHE OnpelneJeHHoH obia-
CTH HaCTOT, T. e. K BLICIUWM FapMOHHKaM, B TO BPeMs KaK OCHOB-
HOii HH3KOYACTOTHBI{ TOH OCTACTCA B «3BYKOBOH TEHH>.

[TosTomMy Ko/TeKTHBHOE MpOCAYWIHBAHHE 3BYKOB CepAlA MpO-
BOMMTCS BMECTe C ONTHYECKHM KOHTposeM ((onockomus), T. €. HA
SKpaHe annapara, 3anucelBalouiero 3ByK, HaGJjiofaloT 3a Geryuieu
KDHBOH, KOTOpasi COOTBETCTBYeT 3BYKOBHIM KosieGanusaM. OnThue-
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CKHI KOHTDOJIb BO BpeMs 3JIEKTPHYECKOTrO BBICJIYLIHBAHHSI [0O3BO-
JISIET COYeTaTh BOCNIpPHATHE 3BYKOB cepiua Gosiee BBICOKOH 4YacTo-
TBl (FapMOHHK) c HaG/IOAEHHEM OCHOBHBIX TOHOB H HH3KHX 00ep-
TOHOB 3BYKOBbIX KoseOaHHH B BHMAE KDHBOH Ha 3KpaHe OCLHJIO-
rpacda. Takum oGpas3oM, (OHOCKONHS CYLIECTBEHHO JOMOJHSET
ayCKYJIbTalHIO.

Ilpu KosIeKTHBHOH ayCKyJbTalMH, KOrJa ypOBEeHb FPOMKOCTH
3BYKOB ONTHMAaJIeH, CJyliaTeJH Ge3 HampsiKeHHs BOCIPHHAMAIOT
YCHJIeHHBIE 3BYKH CepAlla, PacnpoCTPaHsIOLIHecss OT AWHAMHKOB

3pyko3anuch (donorpadus) cepaua

Donorpadusi cepAeduHBIX 3BYKOB HMEET CBOIO COGCTBEHHYIO
HCTOPHIO, KOTOPYIO MOXHO pasfesiuTh Ha [Ba 3Tamna.

[TepBblit oTanm xapakTepuayercsi MNPHMEHEHHEM B OCHOBHOM
[THEBMATHYECKOr0 H 3JIEKTPHYECKOrO METOAOB PErHCTpauuil.

IMaeBMaTHyecKHil MeTo 3aKJIOYaeTcss B TOM, UTO 3BYKOBLIE
BOJIHBI H3 pacTpy6a CTeTOCKONa, NPHJIOXKEHHOrO K CTeHKe IPYIHOIl
KJIETKH, MOCTYMNaloT 4epe3 pe3uHHOBLIE TPYOKH B Kamncyny Ppanka
H BBI3BIBAIOT KoJieOaHus 3epkasbia. OTpaxKeHHbIH CBETOBOH MyuoK
3anuchiBaeT Ha (hoTOmIEHKe KoJeOaTelbHble ABHXKEHHSA (Mmpenmy-
LIECTBEHHO HH3KOYACTOTHBIE H JaXKe HeKOoTophble HH()Pa3BYKOBLIE).

AnnapaTypa 9JIeKTpHYECKOrO METOXA HA [EpBOM STame pas-
BUTHs1 (hoHOrpahuu COCTOsIA TOJBKO H3 MHKPO(OHA H 3aIHChl-
Baioulero npubopa — rajbBaHOMeTpa. YyBCTBHTEJbHOCT MHKPO-
(oHOB GblIa OYEHb HH3KOM, a raJbBaHOMETDP [0 CBOEH YaCTOTHOW
XapakTepuctake (okoso 50 repi) ObLT MasO BOCIPHHMYHB K KoJie-
GanusiM ¢ yacroroio Gosee 50 repi. Takoif seKTpHUECKHiT MeTOm
MPHMEHSANICS B OCHOBHOM JUIl ONpE/eJIeHHS CBS3H MEXIY Bpeme-
HEM BO3HHKHOBEHHs! 3BYKOB CepAla H APYTHMH €ro (GpyHKUHIMH.

Bropoit sran passuTHsi 3amHcH 3BYKOB CepAuAa XapaKTepH-
8yeTcs NpHMeHeHHeM Gojiee UYBCTBHTEIbHBIX MHKDPO(OHOB, 3jeK-
TPOHHBIX yCHJHTeJel, ocuniorpagos u auHamukoB. OHH cocTaB-
JISIOT CKeJeTHylo cxemy ¢oHnorpaca, MPOMOMKAIOUIYIO MpHMe-
HSTbCS M M0 HAcTosillee BPeMsl MOYTH BCceMH, paGOTaIOLHMH B 06-
Jactn (oHorpauH M JIEKTPHYECKOrO BBICJAYLIHBAHHSI 3BYKOB
cepaua.

B 1894 romy BrepBble GbuIH 3amHCAaHBl TOHBI CEpAUA C MO-
MOLbI0O MHKPO()OHA, BKJIOUEHHOTO B Llenb 3JeKTpomerpa. B sto
e Bpems cepieyHble 3BYKH OBLIH 3apErHCTPHPOBAHBI ONTHYECKHM
ocunsnorpaom. o 1925 rona HanGoJsee MOMYJISIPHBIM METOLOM
3ByKO3anucH cepana Obll Tak Ha3blBaeMblii MeTod DIHTXOBeHa.
Texunuka 3TOro Meroga 3aKIIOYAETCs B CIEAYIOWEM. 3BYKH BOC-
NPHHHMAIOTCS C MOBEPXHOCTH TPYAHOI KJIETKH pPacTpyGoM cTeTo-
CKOMa H MONMajaloT Ha MOAKJIOYEHHBIH K CTETOCKONy MHKPO(OH,
B KOTOPOM 3BYKOBble KOMIeOaHHS MpeBpallaloTCs B SJEKTPHUECKHE.
Bosuukaiomuii TOK MOABOAHTCS K NEPBHYHON OGMOTKE TpaHCdOp-
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MaTopa, a co BTOPHYHOH OOMOTKH 3JIEKTPHUeCKHe KoJeOaHHs [o-
CTYyNaIOT Ha CTPYHHBIl raJbBaHOMETP.

YUToGbl anajau3 3ByKka, 3amMcaHHOro ocuujaorpadom, OBl mO-
HSTEH UYHTATeNI0, HEOOXOAHMO OMNpEeNeNHTb 3HAaUeHHE HEKOTOPLIX
TEPMHHOB, NPUHATHIX BpaueGHOil mpakTHKoi. IToa TepMuHOM «pH-
3HOJIOPHYECKHE TOHBI CEpAla» CJeJyeT MOHHMATb BCE 3BYKOBbIE
KosebaHHsl, KOTOpble H3JydyaeT HOpMaJjibHas CEpAevHO-COCYAHCTast
cucrema. ToHpl cepiua COCTOSIT M3 PA3JHUHBIX MO aMIVIUTYAE H
YacToTe 3BYKOB, M TAaK KaK STH TOHBI HMEIOT HemnepHOAHYECKHit
XapakTep, To [0 (h)U3HUECKOH MPHPOJAE HX MPHPABHHBAIOT K LIyMaM.
B Gone3sHeHHOM COCTOSIHHH CepAuad MOSIBJAIOTCSA TaK HasblBaeMble
«IIyMBI», BBICJIYIIHBAEMble MEXAY TOHAMH CepAana. TH LyMbl 0O
cBoell (hu3nueckoil mpupose (OAHHAKOBAs aMIWIATYAA H MOCTOSH-
Hasl 4acToTa) NMpPHOJHIKAIOTCS K TOHAM B (DU3HUECKOM MOHHMAHHH.
CrenoBatesibHO, MOHSITHE «(H3HOJNOTHUECKHE TOHBI H LIYMBI» IPO-
THBOTIOJIOXKHO (DPH3HYECKOMY MOHATHIO O TOHAX H IIyMaXx.

Ilpu rpaduueckoii sanucu ToH (B (pH3HUECKOM NOHHMAHHH)
PEerHCTPUPYETCsi B BH/AE NPaBHJIBHOM, MEpPHOAHYECKOH KPHBOH JH-
HHH, a IIyM — B BHAE HENDAaBHJbHON, anepHOAHYECKOH KPHBOII.

Ha ¢oHorpamme 3HauuTeNbHO TOUHEE OMPEHEJSIOTCS BPEMEH-
HBle OTHOUIGHHSI MEXKIy OTHeJbHbIMH 3Bykamu. Cieayer Hano-
MHHTb, YTO YeJIOBEYeCKOe YXO HEeCOBEPLICHHO B ONMpENeJIeHHH Bpe-
MeHH ObICTPO COBEpIUAIOLIUXCSI 3BYKOBBIX siBleHHH. Pomorpamma
N03BOJIsieT 00'beKTHBHO ONMPeAeTuTb (JopMy 3BYKOBOH BOJIHBI, @ YXO,
KaK H3BECTHO, He pasiuyaer (opMy aKyCTHYECKOro KonebaHus.
['pauueckoe n3yuenne 3ByKoB cepiua KpaiiHe HEOGXOAHMO s
AHAJIN3a YacTOTHOH M AaMIUIHTYAHOH XapaKTEDHCTHKH aKyCTHue-
CKHX SIBJICHHH CepIeYHO-COCYyAHCTOH CHCTEMBI.

[Tpu comocrasiennn BhICAyIIHBAaeMbIX 3BYKOB Cepjlla H 3ami-
CaHHBIX Ha (OTOMIEHKe HeOGXOAMMO MOMHHTb, YTO Ha (hoHOrpamMme
(Ges unbTpauMu) perucTpHpYyIOTCH MPEHMYIIECTBEHHO HH3KHE
3BYKOBbIe KoJieGaHHsi (OCHOBHBIE TOHBI H HH3KHE 0GEpTOHBI), 8 yXO
HauboJiee YyBCTBHTEJbHO K BLICOKHM 3ByKaMm cepiaua (BeiCLIHE
00epPTOHbI, FapMOHHKH OCHOBHBIX TOHOB). B 3TOM H 3aKJ/IOYaeTcs
Bax<Has IJ5 ONPENeJCHHs COCTOAHHS CepIlla B3aHMOCBSA3b MEXI1y
BLICIYHIHBAHHEM 3BYKOB CepAla H HX 3aMHChIO.

Putm cepaeunoii jesTenbHOCTH, pacluenJienHe W pasiBOEHHE
TOHOB cepAlla ounorpaHuecky OnpeaessioTcs ropasjo Jydlue,
YeM MPH BbICJYLIHBAHHH.

Ouenb BaxkHoe sHauenne AJIsi H3YUCHHST MOPOKA CEpAUA H Ero
OCJIOXKHEHHIT HMeeT paHHee H TOYHOE pacro3HaBaHHWe CeplAedHbIX
LIYMOB, MX MPOTSJKEHHOCTb H XapaKkTep 3ByuaHus. B sToM oTHO-
LICHHH 3BYKO3AMHCh MPEACTaBAAET co00il He3aMEeHHMblil JOKYMEHT.

s nonapnennss KoseGaHuil GOJbIION aMIVIMTYABI, KOTOPbIE
MEIIAIOT BBICJAYIIHBATh H 3aMHCLIBATh 3BYKH MaJOl aMIJIMTYIbI,
H JUISl aHAJIH3a 3JIeMEHTOB, COCTABJISIONINX aKYCTHYECKYIO KapTHHY
CepAua, NpHMEHsieTCs (GUAbTPaNUs. DJeKTpuueckas (HIbTPALHS
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PAsHBIX MOJOC 3BYKOBOTO AHANa3oHa Cepila NO3BOJSET BLIAETHTH
Ba)KHble VIS AHArHOCTHKH 3BYKOBble KOoJeGaHHsI, a COCeIHHE 3BYKH
«TIOracHTbY.

Mbl noabsyemcsi GuabTpoM, Beiaedsiomuy 3syku or 20 mo 100
repu, a B Apyrom noJoxenud — or 100 repy u pemue. Tak Kak
HH3KOYAaCTOTHEIE 3BYKOBble KOJeGaHHsI cepAla, NMPeHMyLIeCTBEHHO
2r0 TOHBI, 00JafaloT GOJBIIOH aMMIHTYAOH H NpPH YCHJICHHH MO-
TYT MacKHPOBATh KOJIeGaHHA MaJofl aMIUIHTYAB], HEOOXOAHMO, Ha-
PsIy C HCCJENOBAHHEM BCEro 3BYKOBOrO JHanasoHa CepAua, npoH3-
BOINTh 3aNMHCh (PUILTPOBAHHBIX 3BYKOB B DAa3JHUHBIX [OJOCAX
YacToT.

Cpenn COBpPEMEHHBIX CHOCOOOB 3BYKO3aMHCH HAHOOJBIIYIO
TOMyJIsIpHOCTb NpHOGpenH (ororpapuyecknii, MarHUTHLIL U Mexa-
HHYECKHIT.

B nameit merommke ymorpeGuasioTcsi ABa IMepBHIX crmocoba
3aMnucH TOHOB M IMyMOB cepaua. Ha ¢ororpaduyeckoil hoxHorpamme
3BYKOBble KoJeGaHHusi DErHCTPHPYIOTCsS B BHAE 3yOLOB pasHOil
(opmbl 1 pasmepa. PoHOrpaMmMa HOPMaJIBHOIO CepALa MPeACTaB-
JisieT co0oif rpaguyeckoe H300paKeHHe TOHOB B BHJAE HEOAHHAKO-
BBIX M0 aMIJIATYJe W YacrtoTe 3y6uos (puc. 1)

[Tepserit Ton cocrout u3 Tpex rpynn 3y6uos. Ilepsas rpynna
3y0uoB: o6pasoBaHa HeGOJNBIIHMH BOJHAMH C 3aKpyrJIEHHBIMHU

Puc. 1. Onnospemennasn samics 3BYKOB cepaua (¢oHorpamma) u TOKOB

CCPALA  (3/1eKTPOKAPAHOTPAMMA); B HH 3y — OTMETKA BpPEMEHN (pac-

CTOsIHHE MEXAY KpynubiMi 3y6uamu — 1/50 cekynas,, a Mexay
wrpuxamu — 1/500).

BEPIIMHAMH, BTOpAsl TPYNNa XapaKTePH3YeTCs BLICOKHMH, OCTpO-
KOHEYHBIMH 3yOUAMI; TPETbsl IPYNNa — JOBOJBHO WIHPOKHMH 3y6-
1amMH HeGOJIbIIOro pasMaxa. IIpofO/KHTeSBHOCTb NEpBOro ToHa
B cpeanem 0,1 cexynmer, yactora ero 20—200 repu. Iepsoiii ToH
HaunHaercs vepes 0,01—0,04 cekymnel nocne 3yGuma R 3JIEKTPO-
Kapanorpammet !,

! 3y6ubl sMeKTPokapaHOrpaMMBI, KaK H3BECTHO, 0TOGPAXalOT SIeKTpHYe-
CKHe siBJjelHsa B Mblwue cepaua. 3yGeu R coorsercTsyer MOMEHTY BO36yxKIe-
HHS MBIUUB! KEJAYNOYKOB cepaua, a 3y6en T — ee paccuaG.ienuio
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