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Cnoci6 nOTOYHOro ynbTPa3BYKOBOrO KOHTPOMO fyHa-MeToAoM BKMtoyae 36ymkeHHs y BupOOI
yrnbTPa3BYKOBUX iMNYMbCIiB XBUMb Penes BCTaHOBNEHOI YacoBOi TPMBANOCTI 3 3a4aHUM 3anOBHEHHSM
KONMMBAHHAMW BCTAHOBMEHOI 4acToTW, NpUAoM BigBUTMX 3 BMPOBY YMNbTPasBYKOBWUX iMMYNbCIB,
06pobky Ta aHania napamMeTpiB NPUAHATUX IMAYNbLCIB | NPUAHATTA PILLEHHS NPO SAKICTb BUPOBY 3a
pesynbtatamy aHanisy. MNpuAHATUI iIMNYyNbC OJHOYACHO i OKPEeMO MEPeMHOXYETbCH [Ba pasn Ha
rapMOHIYHMI CMIHAM 3 YacTOTOlO, Sika AOPIBHIOE 32 BENUYUHOIO 30YOKEHiN YacToTi, 3 HUX OOMH pa3 Ha
rapMoHiYHUIA curHan 3 HeBidoOMOK pa3olo BiAHOCHO A0 MPUUHATOrO iMNynbCy, i ApYyrMn pas Ha
rapMoHiYHUI curHan 3 TiEl X HeBigoMO ha3olo BIJHOCHO 0 NPUAHATOrO iMMynbCy, 3MiLLEHOI0 Ha
90°. KoxeH 3 [OBOX OTpUMaHMX B pe3ynbTaTi NepeMHOXeHb [O00yTKiB BiadinbTPOBYETbCS BiA
NoABOEHOI cneKkTpanbHOI CKNagoBol, Aani OKPeMO KOXEH 3 ABOX OTPUMaHUX B pe3ynbtati dinbTpauil
CUrHaniB MHOXWUTbCA cam Ha cebe i pe3ynbTaTu OTpUMaHMX AOOYTKIB cknagarTbes. [NpuAHATTA
PilLEHHS NPO SAKICTb BUPOOY BUKOHYETLCA 3a BEMNUYUHOI amniiTygu OTPUMAHOro CyMapHOro
iMNynbey.
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3anponoHoBaHa KOpuMCHa MoOAefnb HaneXxuTb A0 CnocobiB HEepyMHIBHOrO ynNbTPa3ByKOBOro
KOHTPOIO Ta MOXe ByTn BUKOpUCTaHa ANd BUSIBNIEHHA AedeKTiB NOBEepXHi BUPOOIB 3HAYHUX pO3MipiB
3 BMKOPUCTaHHAM MeToay BiabutTs.

Bigomnii  cnoci®b NOTOYHOrO  yNbTPa3BYKOBOINO KOHTPOSKO JIyHA-METOAOM, SIKUWA  BKIHOYaE
30y[PKEHHS] BUCOKOYACTOTHUX YrbTPa3ByKOBWX iMMymbCiB XBUIMb Penes y BupoOi, npuiiom 3 BUpoby
BiAOMTUX YNbTPa3BYKOBMX IMMYSbCIB i NPUAHATTA PilUEHHS MPO SKIiCTb BUPOOY 3a pesynbTaTamu
aHanisy napameTpiB NPUMHATUX YNbTPa3BYKOBUX iMMynbCiB [1].

Heponikom uboro cnocoby € HegoCTaTHA 3axULLEHICTb Bi4 3aBag Ta LWYMIB, WO 3HUXKYE
OOCTOBIPHICTb KOHTPOSIO.

Hanbinbws ©OnmM3bkum  aHanorom [0  3anpornoHOBaHOro crnocoby € cnocid noToYHOro
yNbTPa3BYKOBOIMO  KOHTPOMK  fyHa-MeToAoM, SKWWA  BKNOYae  30ymMKEeHHS  BUCOKOYACTOTHUX
yNbTpa3ByKOBMX iMMNYNbCIiB B3OOBX NOBEPXHi BUPODY, nNpuiom 3 BMpobYy BIiABUTMX YrNbTpasByKOBMUX
iMNynbCiB, 06po6Ky NpUHATOI iHopMaLLii METOAOM HaKOMUYEHHST Ta NPUAHATTS PiLLEHHSA NPO SAKICTb
BUpOOY 3a pesynbTaTamMu aHanidy napameTpiB ynbTpPasByKOBUX iMNYNbCIB [2].

CyTTeBUM HefonikoM [aHoro cnocoby € HeaocTaTHs AOCTOBIPHICTb KOHTponto. Ller Hemonik
0OYMOBMNEHMIN TUM, LLO HAKOMUYEHHSI MPUUHSATUX CUrHaniB npuv NOTOMHOMY KOHTPOMi BUKOHYETLCH 3
Pi3HMX AINSHOK NOBEPXHi BUPOOY, WO 3HWKYE 3aBafoCTilkKicTb. OKpiM TOro, MeTod HaKOMUYEHHS
BMMarae 30inblUeHHS 4Yacy Ans aHanisy npuiHaTol iHdopmauii, WO 3HWKYE NPOAYKTUBHICTb
KOHTPOIH0.

B ocHoBy kopucHOI Moperni MoCTaBneHO 3adady CTBOPMTW CMoCiO MOTOYHOrO YNbTPa3BYKOBOIO
KOHTPOIO SIKOCTi MOBEPXHi BUPOOY NyHa-mMeToa40M, HOBE BUKOHAHHS SIKOro [03BoNuno 6 3abeaneuntu
NigBULLIEHHSA OOCTOBIPHOCTI BUABMNEHHS OedEKTIB NMPU BUCOKIN NPOAYKTUBHOCTI.

[nsa BupilLeHHs NOCTaBnNeHoi 3agadi MPONOHYETLCSA CNOCiG MOTOYHOrO YNbTPa3BYKOBOIO KOHTPOSIHO
nyHa-meToAoM, SAKUM BkMYae 30yakeHHA y BMpoGi ynbTpa3ByKOBWMX iMMAyNbCiB XxBunb Penes
BCTAHOBMEHOI 4YacoBOi TPMBANOCTI 3 3a4aHMM 3aMNOBHEHHSM KOJNIMBAHHSIMWM BCTAHOBIEHOI 4acToTw,
npunom BiabUTUX 3 BUPOBY ynbTpasBYKOBMX iMNynbCiB, 06poOKy Ta aHania napameTpiB NPUAHSATMX
iMMYNbCIB | NPUAHATTA pillEeHHST NPO SKICTb BMPODY 3a pesynbTatamyn aHaniady, 3rigHO 3 KOPWUCHOM
MOAenNmn, NPUAHATAA iMNYNbC OLHOYACHO i OKPEMO MEPEMHOXYETbCHA ABa pasyv Ha rapMOHIYHUI
CcurHan 3 4acToTOH, SKa JOPIBHIOE 3a BENMWMYMHOW 30yAKEHI YACTOTi, 3 HUX OOUH pa3 Ha rapMOHIYHUIA
curHan 3 HeBiZOMO ha3oro BIAHOCHO A0 NPUAHATOrO iMAYNbCY, | APYrM pa3 Ha rapMOHIYHWUIA curHan
3 TiEl X HEeBiJOMOK (Ha3ok BIAHOCHO OO0 NPUAHATOrO iMnynbcy, 3MmileHow Ha 90°, KOXeH 3 OBOX
OTpPMMaHuxX B pe3ynbTaTi NnepemMHOXeHb AoOyTKiB BiAdiNnbTPOBYETLCA BiA4 MOABOEHOI CNEKTpanbHOI
CKIagoBol, Aari OKPeMO KOXEeH 3 ABOX OTPMMaHuxX B pesynbTaTi ginbTpauii curHanie MHOXUTLCHA cam
Ha cebe i pesynbTatn oTpMMaHnx JOBOYTKIB CKNagalTbCH, a NPUAHATTSA PILLEHHS NPO SKiICTb BUPODY
BUKOHYETbCS 3@ BENMNYMHOK amMNiTyaAn OTPMMaHOro CyMapHOro iMnynbcy.

Ha kpecneHHi HaBegeHO CNPOLLEHY CXeMy NPUCTPOID And peanisauii po3pobneHoro cnocody, ae:
1 - enekTpoHHO-OB4YMCMOBanNbHU 3acib; 2 - reHepaTop 30HAYKYMX iMnynbeiB; 3 -
€reKTPoaKyCTUYHUI NepeTBoOploBaY; 4 - MPOTSDKHUA BUPIO, L0 KOHTPOSMKETLCH; 5 - 30ymKeHuin
yNbTpa3ByKOBUIA iMNyrbC; 6 - ynbTpasBYKOBUW iMMynbc, Bigbutun pedpektom [; 7 - nepumn
nepemHoxysay; 8 - opyru nepemHoxysay; 9 i 10 - cinbTpu; 11 Ta 12 nepemHoxysadi; 13 - cymartop;
14 - npucTpin onsa dikcauii pesynbTaTiB KOHTPOIO.

Hanun cnocib peanisytoTb HACTYNMHUM YUHOM.

EnekTpoHHo-o0uncnoBanbHuin  3aci6 1 ogHovacHO OPMYE CUHXPOHI3YyHOUMIA  iMMYNbC  Ha
reHepartop 2 Ta fBa rapMOHINHUX CUrHanu Ha nepeMHoxXxyBaudi 7 Ta 8. Ha nepeMHoOXyBay 7 nogaeTbes
rapMOHINHUIM CUrHarn 3 YacTOTO, AKa CniBnagac 3 YacToTO efeKTPOaKyCTUYHOro nepeTeopoBaya 3.
daza uboro curHany Hesigoma. Ha nepemHoxyBad 8 nodaeTbCa Takui XXe rapMOHIVHUIA curHan 3
4YacTOTOlO, sika criBnagae 3 4YacTOTOK eNeKTPOoaKyCTUYHOro nepeTsopioBaYa 3, AK i Ha NepeMHOoXyBay
7, ane noro ¢asa 3cyHyta Ha 90°.

[eHepaTop 2 KUBWUTb  IMMAYNbCOM  HaMpyrM  eneKkTpoakyCTUYHWA  nepeTBoproBad 3.
EnekTpoakycTuyHuin nepeteoptoBad 3 30ymkye y BUpobi 4 ynbTpa3BykoBuI iMnynsc 5 xBunb Penes,
AKMA MNOLUMPIETLCA B3A0BX MOro nosepxHi. MNpu HasBHOCTI B BUpoOi 4 pgedekty [ 3'ABNsieTbCA
BiAOUTMI iMNynbC 6 NOBEPXHEBOI XBUII, KN MPUAMAETLCA €MEKTPOAKYCTUYHMM NepeTBopoBademM 3
abo iHWWM eNneKkTPoakyCTUYHUM NepeTBOPIOBaAYEM.

IMnynbc 6, NPUAHATUI eNeKTPOaKyCTUYHUM nepeTBoploBayeM 3, NOAAETLCHA Ha NepemMHoxXyBadi 7
i 8. B pesynbTaTi MHOXXEHHA Ha BUXOAi MepLloro rnepemMHoxysada 7 3'dABMSETbCH CUrHan, Wo Hece
iHpopmauito Npo aedpekT [, amnniTyam rapmMoHiAHOIO Ta NPUAHSITOrO CUrHarniB Ha 4YacToTi 30yoKEeHHS
Ta NOABOEHOI YacTOTH, a TaKOX iHGopMaLito Npo HeBigoMy dasy. BuxigHun curHan 3 nepeMHoXyBada
7 06pobnoeTbCa QINbTPOM 9, AKMIA BUKMOYaAE 3 iIHPOPMAaUINHOrO CurHany crnekTparnbHy CKnagoBy 3
NoABOEHOK YaCTOTOH.
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B pesynbTaTi MHOXEHHSA Ha BUXOAi ApPYroro nepemMHoxysada 8 3'aBNS€TbCA CUrHan, Wo Hece
iHpopmauito npo aedekt [, amnniTyan rapmMoHiiHOro Ta NPUAHATOrO CUrHamniB Ha 4acToTi 36yaKEHHSA
Ta NOABOEHOI YacTOTK, a TakoX iHopmaLito Npo HeBigoMy dasy, 3cyHyTy Ha 90°. BuxigHui curHan 3
nepemMHoxyBaya 8 o06pobntoetbcs GinbTpom 10, akMi BUKNOYae 3 iHPOPMALUIHOIO curHamny
cneKTpanbHy CKnagoBy 3 MOABOEHOK YacTOTOH.

BuxigHi curHanm 3 cinbtpie 9 Ta 10 nepeMHOXyOTbCS caMi Ha cebe BignosigHo B Grokax 11 Ta
12. Ha Buxopgax 6nokiB 11 Ta 12 iHpopmauinHi curHanu 6yoyTb HECTU OYHKLiOHAmNbHiI 3areXHOCTi
BNOy sin® Ta cos? BignoBigHo.

3 Buxoais 6nokiB 11 Ta 12 curHann HagxodsTb Ha cymatop 13, Ae PYHKUiOHanbHi 3anexHocTi
BUAY Sin® Ta COS® BUKIIOYAKOTLCA 3 PE3YNbTYIOHOro curHany. Mpy LbOMY pe3ymnbTylounid CUrHan Ha
Buxopi 6noka 13 Oyae 3anexatu TiNbKW Bif KBagpaTta amnnityam curHany sigbutoro Big gedekty [,
KBagpata amnniTyanm rapMoOHIMHOrO curHany Ta kBagpaTa o006BigHOI curHany. [leTekTyBaHHSA
pe3ynbTylo4oro curHany 3 nepeniky TpagulinHnx onepauin BUKMYaeTbCS.

PesynbTytoumii curHan 3 Buxony 6noka 13 HagxoauTb Ha eNeKTPOHHO obumcntoBanbHU 3acit 1
(EOM, KoHTpoOnep TOLLO), SKUA MPUAMAE PiLIEHHSA BiAHOCHO SAKOCTI BUpOOYy 4 y BignosigHoCTI 3
BMMOramu, BCTAHOBITEHNMWN HOPMATMBHO-TEXHIYHOI AOKYMEHTaLieto. Pe3ynbTaTy pilleHHs Npo SKiCcTb
BNpoOY 4 chikcyeTbCs NpUCTpoeM 14, Hanpuknag WNSXoM HaHeceHHs1 hapbu Ha NoBepXHIo BUPOOY 4.

3Baxkaloun Ha Te WO BMKOHAHHSA BCix onepadinn 6nokamm 7-13 npoxoautb B peanbHOMY mMacLuTabi
yacy, a TaKOX BMKIIIOYEHHSI MpW KOHTPOMi onepadii AeTeKTyBaHHS, TO MPOAYKTUBHICTb KOHTPOIO
30inbLwyeTbCs.

TexHiYHUM pe3ynbTaToM KOPUCHOT Mogeni € Te, Wwo po3pobneHnin cnocid 3abesnevye WBNAKICHWN
Ta 3aBafo3axMLLEHN KOHTPOMb NOBEepxHi BUPOBIB iMnynbcamMu yrnbTpasBykoBux xBumnb Penes. MNpu
BMCOKIN NPOAYKTUBHOCTI AOCTOBIPHICTb YyNbTPa3BYKOBOrO KOHTPOMO SKOCTi MOBEpxHi BMpOGiB
nigBULLYETLCS.
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®OPMYIJIA KOPUCHOI MOLENI

Cnoci® MOTOYHOro ynbTPa3BYKOBOIO KOHTPOMIO NyHA-MeTodoM, WO BKovae 36ymokeHHs y BUpobi
yNbTpa3ByKOBWX iMMYMbCiB XBUNb Penes BCTaHOBMNEHO| YaCoBOi TPMBANocCTi 3 3a4aHUM 3anoBHEHHSAM
KONMMBaHHAMW BCTAHOBMEHOI 4acToTW, Npuiom BiABUTMX 3 BMPOOY yNbTPasBYKOBUX iMMYMbCIB,
06pobky Ta aHania napameTpiB MPUAHATUX IMNYMbLCIB i NPUAHATTSA pilLEeHHS NpO SAKICTb BUPOOY 3a
pesynbTatamMn aHanisy, KM BiAPI3HAETbLCA TUM, WO MPUWUHATUIA IMMNYNbC OAHOYACHO i OKPemo
NepeMHOXYETLCS [Ba pasn Ha rapMOHIYHUMI CUrHan 3 4acToTol, fKa [OPIBHIOE 3a BEMUYMHO
30y[KEeHI 4acToTi, 3 HUX OOWH pa3 Ha rapMOHIYHWIA CUrHan 3 HeBigoMoOK a3o BIGHOCHO A0
NPUAHATOrO IMNYNbCY, | APYrMiA pa3 Ha rapMoOHIYHUIA CUrHaN 3 TiEl X HEBIAOMOK (ha3oko BIJHOCHO A0
NPUAHATOrO iMNynbcy, 3MmileHo Ha 90°, KOXeH 3 OBOX OTPUMMaHuX B pesynbTaTi nepeMHOXeHb
[oOyTKiB BigdinbTPOBYETLCA Big NMOABOEHOI CNEKTpanbHOI CKNagoBoil, Aani OKPeMO KOXeH 3 ABOX
OTPUMaHUX B pe3ynbTati ginbTpauii curHanie MHOXWUTbCA caM Ha cebe i pesynbTatv OTPUMMaHUX
[OOYTKIB CKMagalTbCs, a MNPUUAHATTA pilleHHS Mpo SKiICTb BUPOOY BUMKOHYETBCS 3a BENUYUHOLD
amMnniTyam oTpUMaHoro CyMapHoro iMnynbscy.
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