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YK 530.19
KAYCTUKUN XBUNbOBUX ®POHTIB, | IXHI METAMOP®03
B.E. AG6paKiToB, K.T.H.

BaXknmBnM MOMEHTOM Y pillleHHI npobnem ypbaHisauii € KifibKiCHa OLiHKa
MOLIMPEHHS LYMY B YMOBax MiCbKOi 3aby[0BW, BMBYEHHS 3aKOHOMIpPHOCTEN
TaKoro MOWMpPeHHst B CKMaAHMX ymoBaxX. KnruoBMM MOHATTAM aKyCTUYHOIO
MOZENI0BaHHA € (hopMa XBUNLOBOr0 (PPOHTY PO3MOBCHOIKEHHS 3BY KOBUX XBW/Ib.
HapatoTbCsl pe3ynbTaT HOBUX [AOCMIMKeHb, WO Oifbll AeTalbHO OMUCYHOTb
(hopMy TakmMx (PPOHTIB NPM X PO3NOBCIOMAXKEHHI Ta IXHI METaMopPo3u.

AKTYa/IbHICTb Npobnemu. LLIymoBe 3a6pyAHEHHS B YMOBaX Cy4acHOCTi SIBNISiE

C060H0 O[IUH 3 HEraTUBHUX YNHHMKIB, LLLO 3HAYHO MO ripLUYE YMOBU iCHYBaHHS
NIOAVHW, TT Npaue3aaTHICTb, @ TaKOX HAaHOCUTb 3HAYHY LUKOAY i 340POB 't0.

MeTa poboTu. IcCHye 6arato METOAMK, L0 OMUCYKOTb PO3MOBCIOIKEHHS LLIYMY

B MpocTopi. Ha ix 6a3i NporHo3ytoTb LUYMOBUIA PEXNM Ha 06'€KTax, LU0
NiANAaratoTb 3aXUCTY, PO3PO6AIOT b 3aX0AM MO 3MEHLLEHHIO LLYMY Ta iH.
K/t040BMM MOHATTAM aKyCTUYHOIO MOZE/HOBaHHSA € (hopMa XBWU/IbOBOTr0 PPOHTY
PO3MOBCHOPKEHHS 3BYKOBUX XBWU/b. 34aBasiocs 6, Pi3HOMaHITTSA (hopM XBU/TbOBUX
()POHTIB NOPIBHAHO NIErKO NPMBECTM A0 NPOCTUX (DOPM, LLLO MOPIBHAHO NIErKO
MOXHa onucaty MaTemaTuyHOK MOZE/NIHO, iKa BPaxoBYE 0CO6/IMBOCTI 3MiHK
thopmm (DPOHTY NPK NOro Po3LLMpeHHi. OAHaK He BCi Tak NpocTo.

MeToanka gocnipkeHHs. MateMaTyHKiA anapat BUA03MiHM OpM

XBUNbOBUX PPOHTIB Y AaHWiI1 Yac AocTaTHE J06pe po3po6/IeHNIn y TakoMy po3Aini
MaTemaTuKu, K Teopist ocobnmsocTer. OAnH 3 HabINbLL BaXMBUX BUCHOBKIB
Teopii 0C06/IMBOCTEN CKIAAAETLCS B YHIBEPCAIbHOCTI AEKiNbKOX NPOCTMX 06pasiB
HauyebTo «CKNagKm», «360pK|/|» | «TOYKWN NOBEPHeHHs». Kpim rnepepaxoBaHmX
0C06/IMBOCTEN, 4aCTO 3yCTPIYa€ETLCA LLe Kiflbka 06pasiB, LU0 ofepXXanu BnacHi
iIMeHa: «NacTiBYUMH XBiCT», «nipaMifga», «raMaHeLb» i iH. PO3rNsiHEMO MOLLMPEHHS
XBWNbOBOr0 PPOHTY (3BYKOBOT XBWUI). [, 0MyCTUMO, Y NOYATKOBUIA MOMEHT Yacy

36yproBaHHA Mae BUf KpMBOI a (puc. 1.a), i Hexal LWBWAKICTb MOro NOLUMPEHHS
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aopisHioe 1. LLLo6 gosigatucs, ge 6yae 36yproBaHHS Yepes yac t, moTpioHo
BIIKNACTM NO KOXHii HopMani A0 KPMBWIA BiAPI30K AOBXMHN t. KpuBa, LLO
BUXOAWTb MPU TOMY, € XBUNbOBUM ()POHTOM. HaBiTb, SKLLO MOYaTKOBUIA
XBWU/TbOBUIA (DPOHT HE MaB 0COBNMBOCTEN, Yepe3 AKUIACL Yac MOLLUMPEHHS
XBW/TbOBOI0 PPOHTY Li 0c06IMBOCTI 060B’A3KOBO MOYMHAIOTb BUHMKATW.
Hanpuknag, npu nowmpeHHi 30yproBaHHSA YCepeLuHy eninca BUHNKaTh
0C06/IMBOCTI, 306paXkeHi Ha puc. 1.6. 3 MaTeMaTMUHOT TOUKM 30pY (MaTeMaTUYHUI
onuc Ha 6a3i Teopii KatacTpod) Ui 0co6MBOCTI CTiliKi (HenepebopHi Mannm
BOPYLUIHHAM MOYaTKOBOIr0 ()POHTY). [Ans rnagKoro noYaTkoBoro YPOHTY
3ara/lbHOro MoJsIXKEHHS 3 YacoM OyAYTb YTBOPHOBATMCA NMLLIe CTaHAaPTHI
0CO6/IMBOCTI TAKOro X Tuny. Bci iHWI 0co6nMBOCTI (Hanpukiag, ocobnmBiCcTb y
LIEHTPI CTUCKa/IbHOT OKPY)XXHOCTI) NPV Ma/iloMy BOPYLLIHHI MOYaTKOBOr0 ()POHTY
PO3CMNatOTLCA Ha KiflbKa 0COOGNMBOCTEN CTaHAAPTHOMO BUAY. Y TPMBUMIPHOMY
MPOCTOpPI Ha rnagKoMy XBU1bOBOM Y ()POHTI 3araibHOro MoIOXKEHHA 3 YacoM
BIAANa4yOTb MLIe pebpa NOBEPHEHHS i CTaH4APTHI 0CO6/IMBOCTI TUMY
«NacTiBYMH XBICT», 306paXkeHi Ha puc. 1.8 (0co6AMBOCTI (PPOHTY, L0

MOLLMPIOETLCS YCepeanHY TPMBICHOIO elincoiga).

\ W
a)

6) B)
Yci 6inbl cKnafHi 0co6MBOCTI NPY Ma/lOMy BOPYLUIHHI (PPOHTY

Puc. 1. OcobnmBOCTi XBMUIbOBUX (DPOHTIB

PO3CMNakoThCA Ha 3'€4HaHI pebpamm NOBEPHEHHS i NiHIAMW camonepeTUHaHHS
«NACTIBYMHM XBOCTM». 0ro MoxHa BM3HAUMTK SIK 6e3niy ycix kpanok ( a, b, c),
TaKuX, Lo 6aratouneH x*+ax?+bx+c Mae KpaTHUIA KOPiHb. Y L€l MOBEPXHi €
pebpo noeepHeHHs (B Ha pwc. 1.B) i niHia camonepeTnHaHHsa (C Ha puc. 1.B).

«J1acTiBUYMH XBICT» MOXHa 0ZepxaTu 3 NpocToposoi Kpusoi A=t?, B=t?, C=t*:
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BiH YTBOPEHWI yciMa Ti 4OTUYHUMU. BrBYEHHS MeTaMopo3 3BOANTLCS,
r0/I0BHMM 06pa3oMm, 10 AOCNIAXKEHHS NePeTUHIB BENIMKOro (TPMBMMIPHOTO)
XBW/TIbOBOI0 (PPOHTY B YOTUPLOXBUMIPHOMY MPOCTOPY -4acy TPMBUMIPHUMMU
i30XpoHamu. [MopAag, i3 XBUILOBMMW (DPOHTaMM NPOLLEC MOLUNPEHHS 30YproBaHb Y
MPOCTOpPI ONUCYETLCA 3a JOMOMOIOK CUCTEM NPOMEHIB . Lie CIMECTBO MiHiiA, Wwo
06ruHae. JliHis, Wo obruHae, ciMeincTea NPOMEHIB, Ha3MBaETLCA KayCTUKOO.
KaycTtuka eninTmyHOro poHTy Mae YoTvpy Micus NoBepHeHHs. Lii oco6nmBocTi
CTiWKi: Bn3bKKiA [0 eninca POHT BU3HAUNTL KayCTUKY 3 TaKUMU X
0C06NMBOCTAMW. Y Ci 6inblu CKNagHi 0CO6/IMBOCTI KayCTUK NPU Masiomy
BOPYLUIHHI pO3CUNar0TbCA Ha CTaHAAPTHI 0COBMBOCTI: KParnky NOBEPHEHHS
(nokanbHe piBHAHHA — X = y°) i MicLs camonepeTNHaHHS.

CucTeMa HopmManen o NoBepXHi B TPUBMMIPHOMY NPOCTOPI TAKOX Mae
KaycTuKy. LIto KayCTUKy MOXHa nobyayBaTy, BifKNaBLIM Ha KOXHIi Hopmani Ao
MOBEPXHI pafiyc KpMBU3HM (NOBEPXHS, y3arani roBopayn, Mae B KOXKHOMY MicLii
[Ba PI3HUX pagiycn KPMBM3HK, TaK LLIO HA HOPMa/li BUXOAUTb 2 MiCLSA KayCTUKMN).

KaycTuku 3aranbHOro nooXKeHHs B TPUBMMIPHOMY NMPOCTOPI MatoTh fnLLe

CTaHAAPTHI 0COG/MBOCTI: «/1aCTIBUMH XBICT», «MipaMifa» i «raMaHeLb»,

300paXkeHi Ha puc.2.

-

Q 2 b

Puc. 2. Tunosnoris KayCTUK XBUIbOBUX (DPOHTIB Yy TPUBUMIPHOMY NMPOCTOPI.
«[Mipamifa» mae Tpu pebpa NoBepHEHHS, L0 CTOCYIOTLCA Y BEPLUNHI.

«["aMaHeLb» Ma€e OfiHe pebPo NOBEPHEHHS i CKNAJAETLCA 3 ABOX CUMETPUYHIX

HOCIB YOBHa, LLIO NePeTUHAIOTLCSA NO ABOX AiHiAX. Lli ocobnmBocCTi ¢ TiliKi. Yce



AbpakiToB B.E. KaycTukun XB1b0BUX (OPOHTIB, i iXHIi meTamopdo3n // CTpouTenscTBo,
mMaTepuanosefeHue, malmHocTpoeHue / C6. HayuH. Tpyaos. Bein. 28. — AH-ck, MIACKA, 2004. — c. 237-
241.

GinbLL CKMaAHI 0COBNMBOCTI KayCTUK Y TPUBUMIPHOMY NPOCTOPI NpY Ma/loMy
BOPYLUIHHI pO3CMNat0TLCA Ha Li CTaHAAPTHI eN1eMeHTW.

Pebpo NoBepHEHHSA XBW/TbOBOT0 PPOHTY, LLLO PYXa€ETbCA B TPUBUMIPHOMY
MPOCTOPI, 3aMiTae NOBEPXHS KaYCTUKKN. Pebpo noBepHEHHS (PPOHTY, LLO
PYXa€eTbCs, HE Ma€e camonepeTHaHb. Yepes Micue NiHiT camonepeTUHaHHS
KayCTUKMN pebpo NOBEPHEHHS (DPOHTY, L0 PYXAETbCA, NPOXOANTL ABa pasu.
|HTepBaN Yacy MiXX LM NPOXOMKEHHAMN Ay>Ke Manmit (nopagky €2, fe € —
BiAiCTaHb Bif BEPLUNHM XBOCTA). TOYHO Tak camo npu nepedynosax 3 i 4 (auB.
puc. 3) pebpa NOBEPHEHHS (PPOHTIB, L0 PyXatoThbCs, 3aMiTatoTb «nipamigy» i
«ramaHeLb».

AKLLO BUXiAHWIA (DPOHT PYXaeTbCs, TO MOro KayCTuKa TaKOX PyXaeTbCs i Mpu

CBOEMY pYyCi 34aTHMiIN BUNpobyeaTn MeTamopdosn. MeTtamophosn Ka YCTUK, L0
PYXaroTbCA, Ha MIOLLMHI MOXHA BUBYUTK, PO3INS4AI0UM NEPETUHY BENNKOI

KayCTWKW B NPOCTOpi-4aci, NoAibHO TOMY, SK Lie pobunocs paHille ans PPoHTIB.

’ 2 3 4
Puc. 3. MeTamopho3un NI0CKUX NepeTrHIB NacTiBYMHOIO XBOCTa, raMmaHud |

nipamigu.

Yci 6inb cKnafHi MeTaMopgo3n po3cMnatoTbCs Ha MNOC/iA0BHOCTI
nepepaxoBaHuX Npu Masomy BOPYLLIHHI 0gHONapaMeTpUYHOro ciMmeinctsa. Koniu
MPOMiHb 30pY HaXUNAETLCA, 3'ABMSAETLCA CMOYATKY Kparnkosa 0COOMBICTb, L0

MOTiM LUBMAKO pocTe (NPonopLinHo 4/t-t, , Ae t, - MOMEHT NosBy 0CO6NBOCTI), i

Mae BUA «ry6». OnucaHy Tyt nepebygoBy MOXKHa peasidyBartu K nepedynosy
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MIOCKOro MepeTUHY NOBePXHi 3 pebpoM NOBEPHEHHS MPW NOCTYNasibHOMY PYCi
NIOWMHKY (Y MOMEHT NepebyoBM NJIOLLMHA CTOCYETLCS pebpa NOBEPHEHHS ). YCi
nepebyaoBy BUAMMUX KOHTYPIB NOBEPXHI B 3ara/ibHMUX 04HOMapaMeTpUUHMX
cimMelicTBax BMYEPMNYHOTLCA MEPLUNMK TpbOMa MeTaMopdo3amu, 306paXkKeHMM Ha
puc. 4. MeTaMopo3m KayCTuK, L0 pyXatoTbCa B TPUBUMIPHOMY NPOCTOPI,

BUXOAATb NMepeTUHaMm BeNMKMX (TPUBMMIPHUX) KayCTU K Y YHOTUPLOXBUMIPHOMY

MpPOCTOPY-4acy TPUBUMIPHUMM i30XPOHAMM.

Puc. 4. MeTamopho3un KayCTUK, LLIO pyXatoTbCA B TPUBUMIPHOMY NPOCTOPI

OfiHa 3 umMx metamop®do3 (1) onuncye HapoaXKeHHS HOBOT KayCTUKN «3 MOBITPSA».
AK BUAHO, WO TiNbKK LLIO 3HOBY CTBOPWU/IACcA KaycTuka. Bo Ha mae Bug 651t04us 3
3aroCTpeHnMu Kpasamu. Yepes yac t nicns Hapo[KeHHA LOBXMHA | LWMpUHA
«Bnoaus» Nopaaky Vt, rmnéuHa nopsaaky t, ToBLIMHA nopsaky t/vt. Pe6pa
MOBEPHEHHSA KayCTUK, L0 pyXatoTbCsA B TPUBUMIPHOMY NPOCTOPI, 3aMiTatoThb

MOBEPXHA TaK Ha3nBaHOT 61MkayCcTUKM . OCo6MBOCTI BMKAYCTUK 3arasibHOro
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MOMOXEHHS, LLIO BIANOBIAAKTL Pi3HUM MeTaMopo3aM puc. 4, 306paxkeHi Ha puc.

SO A

i ’/
=z (75 P DN
e - - Puc. 5. bikaycTuku

IHTEHCUBHICTb 3BYKY N06M3y KayCcTUKK GinbLue, a no6ansy i 0cob6mMBoCTEN

Lie 6inbLue. KoeilieHT NificuNeHHs BUSBNSETLCS NPONOPLLiiHUM A4, ne A —
[OBXMHa XBUI, a MOKa3HMK a — paLioHa/IbHe Y1Co, L0 3a/1eXNUTb Bif
XapakTepy 0co6nMBOCTI. [ HANPOCTILNX 0COBAMBOCT el 3HaUEHHS a Taki:

Tabnmug
3HayYeHHA NOKasHMKa a, L0 3a1eXMTb Bif XapaKTepy 0C06/IMBOCTI.

«Kay | «Pebpo | «JlacTtiBy | «[Mipami | «[amaH
CTUK | NOBEPHEH | WH XBIiCT» nax» eLb»
a» HA»
1/ 1/4 3/10 1/3 1/3
6

BUCHOBKW. TakuM YMHOM, HainbiNbLL KOHLEHTPOBaHa eHeprisi B MiCLIEBMX
0C06MBOCTAX TUNY «Nipamign» i «ramaHus». Y BUMNaAKYy KayCTUKMU, LLO
PYXa€ETbCA, B OKPEMi MOMEHTY Yacy MOXYTb BUHUKATW OifibLL ACKPaBi pucy
(Hanpuknag,* As, Ds Ha puc.4; e a = X gna As, a =% ana Ds).

TaKnum 4YMHOM, 0CO6/IMBOCTI Bif03MiHM POPM (PPOHTIB BUNPOMIHIOBaHb, LLO
HaBefeHi Billle, MOBUHHI 6yan BpaxoBaHi Mpu nobyaosi mMateMaTU4HOT Moeni
NMPoLeciB  PO3MOBCIOMKEHHA  3BYKY B  OyAb-fikoMy cepegoBuuyi. Tpeba
KOHCTaTyBaTu, WO 3p0buUTK Le AyKe BaXKKO, ane noTpibHo. Bpax yBaHHA Takmx

0C00NMBOCTEN 3HAYHO MiABULLYE [AOCTOBIPHICTb pe3ynbTaTiB  aKyCTUYHOIo
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