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Opecbka fepxaBHa akagemist OyaiBHUUTBA Ta apxiTekTypu, kadeapa BO4OBIABEAEHHS Ta
rigpasniku

IAETUDIKALUIA XBUTbOBUX ABULL BUOXUMUYHIX MPOLIECIB B BIOPEAKTOPAX
OYMNLIEHHA CTIHHUX BOA YIIbTPA3BYKOBUMU METOOAMU
AHoTauii

Y po6oTi po3rnsHYTO IMOBIPHICTb BUKOPWUCTAHHA YNbTPa3BYKOBMX MeETOAiB
AiarHOCTUKN NpU  OOCIIDKEHHI XBUIbBUX $BULW,  DEPMEHTHO-KaTaniTUMHMX peakumit
poO3Knagy OpraHU4HOI Pe4oBMHM Y BIOXIMIYHMX peakTopax OYULLIEHHS CTIYHHUX BOA,.

B paboTte paccmoTpeHa BepOSiTHOCTb MCMNOSIb30BaHUSA YrbTPa3BYKOBMX METOAOB
ANArHOCTUKA NpPU  UCCNefoBaHUM  XBUITbBUX SBMEHUN  (PEepPMEHTHO-KaTanmuTUYeCKnx
peakuMn pasnoXeHns OpraHUYHoOl BellecTBa B OUOXMMUYECKMX peakTopax O4YUCTKM
CTOYHbIX BOA.

The paper considers the possibility of using ultrasound diagnostic methods in the
study of wave phenomena reactions of enzyme catalytic decomposition of organic matters
in the biochemical reactor for wastewater treatment.
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OGrpyHTOBaHICTb TEOPIii BUHUKHEHHSI XBUNBLOBUX 30ymKeHb[1] B BioxiMiyHOI cuctemi
po3Kfagy OpraHiyHOl peyvoBMHW nNpwu BIONOrYHOMY OuYMLEHi CTiYHUX Bog O6YMOBNOE
MOXIMBICTb igeHTUIKauii ynbTpa YacTOTHUX XBUMbOBUX 30ymMKeHb npu PhepMeHTHO-
KaTaniTMyHoMy po3Knagi BiAnoBigHOI rpynn OpraHiyHMX peyvoBMH, Ta KrnacudikyBatu 1X
IHTEHCUBHICTb ANS MOAYNOBAHHSA iIHTEHCUiKaLil umMx npouecis.

BignoBigHO  CTiMKOCTI CcTaHy cuctemMuM B CTauiOHapHO-rigpOANHAMIYHUX — yMOBax
BUMIPIOBAHHSA XBUITbOBUX XapaKTEPUCTUK Pi3HOMO NOXOPKEHHS:

— (POTOMETPUYHI BNacTUBOCTI;

— 3BYKOBi BNacTuBOCTI

— Tennosi

— eneKTpoMarHiTHi Ta iHLi.
Tak 5K piBeHb 30yKEHHSI 3HAYHO Marnuin, TO piBEHb BUMIPIOBAHHSA NOBUHEH OyTwn ynbTpa
yacToTHi. CyyacHi MeToaM BUMIPIOBAHHA YrbTpa YaCTOTHMX XapaKTEePUCTUK [03BONSAE
afjanTyBaTW ICHYOMM MeTOAuKM Ans YyMOB  6ioxiMiYyHOro bepMeHTHO-KaTaniTM4HOro
po3knagy OpraHidHOI PeYyYoBUMHU MPU OYULLEHHS CTIYHMX BOL PI3HOrO MOXOKEHHS.
laeHTUdikauito 3MiH CTaHy CUCTEMU B CTaLiOHapHO-TiAPOANHAMIYHUX YMOBaX BU3HAYaloTb
iHTerpanbHi rigpoximiyHi nokasHuku BigHoweHHss BCK noeHoro go XCK. [1:60]. Ane ans
KOHTPOIO CTaHy BigNoBigHOI cucTemu il iMOBipHOCTI ©e3BigMOBHOI po60OTM AOCTaATHLO
pecypcHOMICTKI[2:38]



Cy4yacHi TexHOmnorii ynbTpa3ByKOBOrO OOCTEXEHHS, BWUMIPIOBAHHA TENNOTEXHIYHNX
XapaKTepPUCTMK, BUCOKOYYTNMBI pOTOENeMeHTu, Ta iHwe noTpebye agantyBaHHs abo
po3pobKy Takmx npunagis siki 6ynn 6y BUCOKOYYTNUBI OO 3MiH XBWUNbOBOrO 30YMKEHHS,
aHanoriyHo xpomaTorpadi4yHoro MeToay BUMIptOBaHHA KOHUEHTpPaLil pe4oBUH.

laeHTndikauia xBUNboBUX 30yMKeHb MpU PEepPMEHTHO-KaTaniTMYHOMY pO3Knagi
OpraHiYHOT pevyoBUHN NOTPIOHA ANs KOHTPOSO 3@ CTAHOM CUCTEMM Ta 1i NPOAYKTUBHOCTI,
3MiH CTaHy nia Aieto pisHOro poay CnpsiMoBaHoOro 36ymKeHHs Ans iHTeHcudikauii npouecy.

LWBmakicte, 3 SAKOK YrbTpa3ByK MOLUMPKETLCA B CepefoBULLi, 3anexutb Big
BNacTMBOCTEN LbOro cepefoBulla, 30Kpema, Big WMoro winbHocTti. CepepoBulle €
rOMOreHHNM, SKWO LWiSbHICTb, CTPYKTYpa | Temnepatypa OOHaKoBi ANs  BCbOro
cepefosuwia. XBuni B FOMOreHHOMY cepefoBMLL  MOLMPKOTLCA  NiHINHO.  Pi3Hi
cepeaoBMLa MatThb Pi3Hi BIACTUBOCTI, 3 AKMX 0COBNMBO BaXXKNUBUA aKyCTUYHUIA iMNeaaHc.
AkycTUYHUIA iMnegaHc[3:43] gopiBHOE A0OYTKY LWINbHOCTI cepefoBuLLa Ha LWBUAOKICTb
NMOLWNPEHHA B HbOMY 3BYKY i XapakTepusye CTyMiHb Ornopy cepefoBulla MOLIMPEHHS
3BYKOBOI XBWMi. AKWO LWBUAKICTb MOWMPEHHS YIbTPa3BYKOBOI XBWMi B cepenoBULLi
NPakTU4YHO MOCTIMHA, TOAI aKyCTUYHUA iMNeaHC — nuwe (OYHKLIS WinbHOCTI TOro 4u
iHWoro cepepoBuLla. HaBiTe Npyn HE3HAYHIN Pi3HWULI N'YCTUHU MiXK cepefoBuLLLaMN BUHUKAE
edekT «po3ainy gasy». YnbTpasBykoBa XBUMS, sika JOCArna Mexi ABOX cepefioBuLL, MOXe
Biabutuncs Big kKopaoHy abo NponTh Yepes HbOro.

CTpykTypu, B SKUX BigOyBaeTbCs MNOBHE 3aracaHHA YrbTpPa3BYKOBUX XBWUSb,
iHWUMK crioBaMn, 4vepes3 sKi yNbTpasByK He MOXe MPOHMKHYTWU, AaloTb nosagy cebe
aKycTu4Hy TiHb(shadowing).

AmMnNniTyaa KonmeaHb SBMSie cOBO0 BiACTaHb, Ha ke YaCTUHKN cepedoBuLLLa KONMBaKTbLCH
BIAXUNAKOTLCA Bi4 MOMOXEHHS CMOKOK. BenuuuHa amnnityan 3anexuTb Bid MPYXKHUX
BNacTUBOCTEN cepedoBulla | Big MNOTYXHOCTI ynbTpa3ByKoBOI XBuri. [MOTYXHiCTb
YNbTPa3ByKOBOI XBWMi — LUe €eHepria, sKka nepedaeTbCa 4epe3 HaBKOJSIULLHIN
BUMPOMIHIOBAY B 3BUY4ANHUX OAMHULUSAX MNOTYXHOCTI — BaTtax (BT).

OpHak, Ginbll BaXNMBOK XapaKTEPUCTUMKOK ANns igeHTudikauil npouecy 6GioxiMiyHOro
PEePMEHTHO-KaTaNITUYHOrO  PO3KMagy  OPraHiyHOlI  PeYOBUHW €  IHTEHCUBHICTb
YNbTPa3ByKOBOrO BUMPOMIHIOBAHHSA, fKa BU3HAYaETbCA SIK MOTYXKHICTb, WO npunagae Ha
OOMHMLIO MNOLLi (BT/M2 abo BT/CMZ). MowmnpeHHss N0300BXHbLOI XBUSTi B CEpeaoBULLi He
CYNPOBOLKYETbCA MEPEHECEHHSIM Macu pPevYoBMHW B MPOCTOpi, ane npu3BoguTb O
nepeHocy eHepril. KinbkicTb eHeprii, sika NepeHOCUTbLCA MO Mipi NOLWIMPEHHS XBUA
3MEHLWYETbCHA, TakK $K BigbyBaeTbCca 11 BigoOpaXeHHs i MNOrnuMHaHHA 3 Nepexo4om
MexaHiyHol eHepril B Tennosy. Lleh edekT, 30BCIM He3Ha4YHW MNpu Manux piBHAX
IHTEHCUBHOCTI AiarHOCTUYHOrO yrnbTpasByKy. [MnMbuHa NPOHUKHEHHS XBWUJTi BM3HAYaETbLCA
He TiIbKM MOTYXHICTIO, ane 1| 4acToTO YNbTPa3BYKOBUX KOMUBAHb, a TaKOX
BNAaCTUBOCTAMM MPYXHOCTI cepefoBuLla, B siKy BOHM BUMPOMIHIOWOTLCA. 3 ogHoro 6oky,
YAM MeHWe [[OBXuMHa XxBuni, (Tob6To BUWwe 4acToTa, TUM OinNblWw  CNPSIMOBaHUM,
chokycoBaHuM, Byae BUMNPOMIHIOBAHHS; 3 iHLWOMO — YMM BULLE YacToTa KOSIMBaHb, TUM
MeHLWo 6yae rmMbuHa NPOHMKHEHHS1 YNbTPa3BYKOBOI XBWMi B cepegosulle. Benwuki
4acTOTU NOMMUHAKTLCS WBKUALIE, HXK MEHLLI.

CepepgoBuiia MOXyTb NOrMUHaTU (NEPEeTBOPUTU B TENJIO), 3anommoBaTh (3rmHaTn nogibHo
CBITNIOBUM XBWUIISIM), po3citoBaTth i BigobpaxkaTu 3ByKoBi xBusi. BigobpaxeHHa moxe ByTu
ANY3HNM (K HA NPOEKLUINHOMY ekpaHi) abo A3epKanbHUM (8K y A3epkani).



BinobpaxeHHs1 ynbTpasBYKOBOI XBWAi CTAHOBUTb OCHOBHWM MPUHUMN Ail  CyYacHoi
AiarHOCTUYHOI yrbTpa3BYKOBOI anapaTypu, WO npaule B pexumi exorokauii. YactuHa
CNpsAMOBaHO| BCepeanHy JOCnigHOro o6’ekTy eHeprii ynbTpa3ByKOBOi XBUNi BigbvBaeTbCH
Ha KOPAOHI HeoaHOpPIQHOro cepefoBulia i BUKNMKae Mikpogedopmauio n'‘e3oenemeHTa
Aatyvka i nosea B HbOMY (3a MPUHLMMNOM NPAMOro M'e30eeKTy) enekTpUYHOro iMnyrbcy,
LLLO Hece iHhopMmaLito Npo BHYTPILWHIO 6yaoBYy AocnigxyBaHoi obnacTi.
Mpn 6GNM3bKMX 3HAYEHHSIX aKyCTUYHUX OMOPIB BerivMka 4acTuHa YnbTPasBYKOBOI eHeprii
npoxoamTb 4Yepe3 Mexy [ABoX cepegosuw,. OpgHak cyyvacHa anapaTypa 34aTHa
BiATBOptOBATM Ha ekpaHi BigobpaxeHHa meHwe 1% i noTyxHocTi. BinobpaxeHHs 6yae
NPAMO NPOMNOPLINHO PiI3HULI aKyCTUYHOrO OMOpY Ha rpaHuui po3ainy ABOX HEeOL4HOPIOHMX
cepenosuly. AKYyCTUYHe oOnip 3anexuTb Big LWiNbHOCTI cepefosuwa i LWIBUAKOCTI
MOLLUMPEHHSA Y HiM yNbTpa3syKy. BoHO BupaxaeTbca hopmMyrnoto:

Z = pc (1)
Z - aKyCTWUYHWIA onip Kr/M?/c, p - WiNbHICTb cepeaoBuLLa, Kr/M>, 3 - WBUAKICTb NOLIMPEHHS
ynbTpasByky, M/c. KoedilieHT BIioOMTTS Nerko BU3HaAYMTK, SKLWO BIiLOMI aKyCTU4YHI ornopy
nepLuoi Ta gpyroi cepeaoBuLL:

—%h

a z,+7,
Ra - koediyieHT BigbunTtTa No amnnityai, Z; U Z, - akyCTUYHI onopy cepenoBuLL.
Uum Ginblue pisHMLS MK akyCTUYHMMW OnopaMn OBOX cepeaoBully, TUM Binblua YyacTuHa
eHeprii xBuni Bigib'eTbCsa Ha X MeXxi.
[MornMHaHHA XapakTepusye KinbKiCTb eHepril yrnbTpa3ByKOBOI XBWUSIi, sika BTpPa4yaeTbCs B
nepepaxyHky Ha neBHUA o6car cepegoBulla, 4vepe3 Ky npoxoauTb xBuns. Llen
NPOMNOPLINHUA NpOoLEC: NEBHA YacTka eHeprii rydouTbCs NPU MPOXOMAXKEHHI 3BYKY Ha L
rnnbuHy. LBnakicTe BTpaTn TakoXX 06epHEHO nponopuiHa YacToTi: Yum BinbLue YacTtoTa,
TMM wBuawe BigbyBaeTbca BTpata. [deumbenn Bu3HaA4yalTb EHEprito 3BYKY B
norapudMmiyvHin wkani, Tomy BTpata npmbnuaHo 3 ab o3Hauvae, W0 3ByKOBa eHepria ctana
cnabwot B 2 pasun. LUBuokiCTb NOrMMHAHHA 3anexuTb Big TuNy cepegoBuwa i B
cepegHboMy cTaHoBUTb npubnunsHo 0,5—1 ab/cm/MIy. Otxe, ona xsBuni 3 4acTtoTor 5
MIy BTpadaeTbesa 2,5—5 gb/cm 3BYyKOBOI eHepril, TOGTO NONOBMHA eHepril XBUMi Ha KOXeH
CaHTMMeTp.
[na oTpuMaHHA ynbTpasByKOBUX KOSNMBAHb B AiarHOCTUYHUX anapaTtax BUKOPUCTOBYETHCA
SIBMLLIE 3BOPOTHOrO n'e3oeekTy - KoNMBaHHA NNAcTUHKM 3 Nbe3omMaTtepiany nig BnianBom
eNeKTPUYHOro CTpymy.
He MeHwe 3HayeHHs gns poboTu anapaTtypu Mae i NpuvHUMN npsmoro n'e3oedekTy.
IHdbopmauis npo BHYTpIWHE cepeaoBuLa B BiopeakTopi nepeaaeTbes BiAOMTTAM Big HUX
yINbTPa3BYKOBOI XBUII.
Mpw 1i BNNKMBI Ha N'e30eneMeHT JaTyMKka B HbOMY YTBOPKOKTBLCA €NEKTPUYHI 3apsaaun, sKi
nicns BiANOBIAHMX NEPETBOPEHb YTBOPIOKOTb 300paXeHHs1 Ha ekpaHi NpUcTporn.OCHOBHMUI
eneMeHT fartymka aBnge cobo TOHKY nnacTyHy 3 MaTepiany, WO Bonogie
n'e3oenekTpudHnMmK BriactTmBocTaMn. B gaHum yac matepianom Angd UbOro CrnyrywTtb He
NpUpoaHi (KBapu), a OTPUMAaHI LUTYYHUM LUASXOM MaTepianu (TUTaHaTu CBUHLLO, 6apito i
iH.). MNpwn nigBegeHHi 0O rpaHen Takoi NNACTUHKM Pi3HMUI NoTeHuianiB BiabyBaeTbcsa i
Aedopmauis — po3wmpeHHs abo CTUCHEHHS B 3aneXHOCTI Big NONAPHOCTI €NeKTPUYHOro
3apagy. Lle sBuwie Bigome 9K 3BOPOTHUIN N'€30€DEKT.
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UacTtoTa KonuBaHb NNacTVHW 3anexuTb Bi BMacTUBOCTEN MaTepiany, 3 SKOro BOHa
3pobneHa, 1i TOBWMWHM i T. N. Yum TOHLWeE n'€é30eNnemMeHT, TUM BULLE MOro pe3oHaHCHa
yactota.[Ana yactor 10-15 Mly ToBWMHA NNACTUHW CTAHOBUTb YCbOTrO Kiflbka MiKPOH
(MkM). Yac, npoTaroMm $KOro Ha nMnacTUHy MOAAETbCA Hampyra, WO BUMIPHOETLCS
MISIBIOHHUMW YacTKaMW CeKyHOM | Jivwe npoTAroM UbOro 4acy n'e30efeMeHT €
nepefaBanibHOK aHTEHOK - BUMPOMIHIOE YNbTPa3BYKOBI KOMMBaHHA BrnnbG [ocnigHoro
06’ekty. CTBOpEHA Pi3HULA eNeKTPUYHMUX NOTEHLianiB BUKIMKAE KONMMBaAHHA NMACTUHKX 3
nbe3omartepiany, WO CNyXWTb [KeperioM YynbTpa3BykoBoi xBuni. Bigbunaca uvactuHa
eHepril XxBuni BUKNUKae AedopmMauilo NnacTuHU i nosBa enekTpUYHUX 3apsgiB Ha i
rpaHsax.vactuHa eHeprii ynbTpasBykoBOI XBWUNi BiAOMBAETLCA, MPOXOOAYM YEpe3 MEXi
3MiHM LWINbHOCTI cepefoBMLla, MalTb Pi3HI aKyCTUYHI BNacTUBOCTI i NOBepTaeTbCs OO
Nbe30enemMeHTy, SKAA B LEN 4Yac 3HaxoauMTbCA B CTaHi cnokow. BigoGpaxeHa
yNbTpa3ByKOBa XBUMSA BUKITMKAE KOMMPECIiO Nbe30onfacTuHU i NodBa Ha il rpaHax pisHUUi
eneKkTPUYHMX noTeHuianie 3a NpuHUMNOM npsmMoro n'ezoedekty. N'esoenemMeHT gaTynka B
LeKn vyac npautoe Sk npunMmarnbHa aHTeHa, a Lo 3'ABUBCS Ha NIIaCTUHI eNEKTPUYHUI 3apsaj
i € OCHOBHOI O0AuHM1LE NoBya0BU 306paXeHHs Ha eKpaHi.

B paHuM 4ac Taki Ha3Bu meTody, SK OBOBUMIpPHE i OQHOMIpHE YyNbTpa3ByKoBe
AOCNIMKEHHA YacTilwe 3aMiHIoITLCA CKOpOYeHUMU Ha3Bamu A - i B-meToad. 3acTtocyBaHHS
TEPMiHiB, SIKi MalOTb Y CBOEMY CKNafi CrioBa «CKaHyBaHHSA» abo «TomMorpadis» AonycTUMO
nuwe ans onucy gocnigpxeHHs asosumMmipHuM (B) metogom.

Mpn BUKOPUCTaHHI HWKUX pPeXuMiB X HavMeHyBaHHsS irypye B OMUCI AOCHILKEHHS,
Hanpuknag: ynbTpassykoBa gonneporpadis, Konbopose AonnfepiBcbke KapTyBaHHS, abo
nicns Ha3BW «coHorpadis», "yrnbTpasBykoBe OOCNIMKEHHA" Ta iH. BKA3yeTbCsd METOA MOro
nNpoBeaeHHS.

ICHYIOTb ABa NPUHUMMNOBUX BapiaHTM OTPUMaHHS iHOpMaUii NPO BHYTPILWHIO CTPYKTYpPY
ob'ekTa 3 JONoOMOrow yneTpassyky. [1poBigHUM y

AaHUM Yac € MeToq exoriokauil, sikuM nonsrae B NpPUMOMI BigobpaxeHux y Mipy
NPOXOKEHHA NPOMEHSA curHanis, 1x obpobui B anapaTi Ta BuMBedeHHs rpacdivHol abo
CTPYKTYPHOI iIHpopMaUii Ha ekpaH.

MpuHUMN exonokauil peani3yeTbCA Ha MNpakTUUi PisHUMKU MeTodamMu, cepen  SKUX
npakTM4YHO HambinbWw BuKopuctoByBaHumu €: A, B, D Ta ix pisHoBuan.A-metoq oTpuman
Ha3By Bifg NOYATKOBOI NiTEpW aHrnincekoro cnosa amplitude (amnnityga). BigbuTti curHanu
BIATBOPIOKOTLCA Yy BUrNSAAI NiKIB HA FOPU3OHTamNbHIN OCi ekpaHa anapaTy. Yum Ginbwe
3MilwleHa BMnpaBO 300paXKeHHs uboro niky, TMM dani Bi4 LaTyuka pos3TalloBaHa 30Ha
BiJOOpaXXeHHs ynbTpa3ByKOBOro cUrHany. 3Hakuu WBUAKICTb NOLWMPEHHS YNbTPa3ByKOBOI
XBWAi B cepeoBuLLi, MOXXHA BM3HAYUTUM BiACTaHb 4O L€l 30HW, PO34iNuBLUM HaBNin (Tak sk
yNbTPa3ByKOBUIM MPOMiHb MPOXOAUTL Lie Wnsx ABidi) 40OYTOK Yacy NOBEPHEHHS iMMNYIbCy
Ha LWBKWAKICTb YNbTpa3ByKy.3HAYEeHHS aMmnniTyaum Ha ekpaHi anapaTty XxapakTepusye
(sKicHO, a He KifbKiCHO, TaK SIKk HEMOXIMBO BpaxyBaTW BCi BTpaTWM €Heprii iMnynbcy Ha
LWNAXYy OO0 30HM BigoOpaXkeHHs i Hasad) PisHUL B aKyCTMYHOI LWINBbHOCTI cepeaoBuLua.
TuM He MeHWw, amnnityga BigbuToro curHany [Jo3BOSISIE, MEBHOK Mipoko, 3pobuTu
BMCHOBOK NPO XapakTep nepeLlkoam Ha Tpaci yrnbTpa3ByKOBOro NnpomMeHsi. Hespaxatoum Ha
Te, WO anaparT, Wo npautoe B OAHOBUMIPHOMY PEeXMMI, BnawToBaHU BIQHOCHO NPOCTO, a
KinbKiCTb iHGbopMaLii, ogepXyBaHOl 3 NOro 4ONOMOrow, obmMexeHa, NPUCTPOI LbOoro T1ny i
B J@HMM Yac yChilHO 3aCTOCOBYHTLCS B AESKMX rany3sx TEXHIKN.



M-meToa (posropTka OAHOBMMIPHOro 300paxeHHs B 4aci). Ha3Ba upboro metoay
(M) € ckopoyeHHsIM aHrnincbkoro cnosa motion(pyx). lHoai meTton Ha3uBaeTbea TM time-
motion (4ac-pyx). BiH npusHayeHun ana OOcCrnigpkeHHs pyxoMmux CTpyktyp. CyTb meTtoay
nerko 3po3yMmiTu, ysaBMBLUM COBi, SIK yNbTpa3ByKOBUI NPOMiHb 3 AaTyMka OAHOBUMIPHOIrO
anapaty npoxoauTb Yepe3 pyxomuih noTik. B LUbOMYy BMNagky Ha ekpaHi anapata MOXHa
crnocTepiratm nepeMillleHHs amnniTyg curHanie, Bigbutux Big NPUKOPAOHHMX LUAPIB.
OpgHak, BMMIptoBaTK 3MilleHHA UuX amnnityg (To6To Bu3HayaTu BenNUYMHU KONMBaHb)
NPaKTUYHO HEMOXIMBO, TaK SIK 3006paXKeHHsA 3HaX0AMUTLCSA B MOCTIMHOMY pyci. B M-pexnmi
300paxeHHa Ha ekpaHi noBepHyTo Ha 90° rpagyciB Mo BIAHOLWIEHHIO [0 TOro, $K
BiaTBOpOETLCS A-meTogoM. Ha ekpaHi BOHO Oinblie BignoBigae HopManbHUM
NPOCTOPOBMMW  CMIBBIAHOLEHHAMW:  BigbWUTI  curHanu  BigKNagaeTbCa  He  Ha
rOPU3OHTarbHIM, a Ha BepTUKarbHIN OCi, NpUYOMY amnnitTyda 306paxyeTbCad He MiKoM
cuUrHany, a SICKpaBiCTHO CBITiIHHS TOYKM B MicLi Moro BigoGpaxeHHs. lMnowmHa, Ha sKky
NMPOEKTYETbCA 300pakeHHs, 3MiLLYyETbCS B 4aci, NodibHO pyxoMomy nanepy npunagy 3
MeXaHi4HMM 3anucom npouecy 3cyBy. Ha ekpaHi npy ubOMy BIiATBOPHOETBLCA rpadik
nepemileHHa gocnimkyBaHoro ob'ekta B yaci. 300paXeHHs Moxe OyTu 3ynuHEeHo Aris
AeTanbHOro BUBYEHHA Ta BUMIpOBaHb NapameTpis.

B paHun yac abcontoTHa GinbLWicTb yNbTpa3ByKOBMX AOCHIIKEHb BUPOONSAOTLCS

anapatamu, WO npaulTb B pexnmi B-meTtony, HasBa 4KOro noxoauTb Big crnosa
brightness (sickpaBicTb). Lle MeTog HasMBaeTbCs TakKoX Tomorpadito, MeToaoMm
ABOBUMIPHOrO ynNbTpa3ByKOBOro AOCHIMKEHHS, abo yrbTpa3BYKOBMM CKaHyBaHHAM i €
HanbiNbLW iHpopmaTUBHUM. NepeMileHHs yNbTpas3ByKOBOrO NPOMEHA MOXe MPOBOANTUCS
NoYeproBMM BKITHOYEHHAM M'€30eNeMeHTIB AaTymKa.
Ona peectpauii i BuMiptoBaHHA napameTpiB  poboTn OBiopeakTopa MOXIUBO
BUKOPUCTOBYBaHHS MNOABIMHUN pexum poboTu anapaty (B+M) [MpaBopyd Ha ekpaHi
TOMOrpama noToKy 3 306paKeHHsIM Ha Hill MYHKTUPHOIO iHIEI OCi, 3a HanpaBreHHAM AKOI
B NiBiN YaCTWHI ekpaHa BiATBOPKETLCA PO3ropTka OOHOBUMIPHOrO cuUrHamny B 4aci. Takun
MeTO[ CKaHyBaHHSl HA3WMBAETbCHA €NEKTPOHHUM CKaHyBaHHSAM. [JaTyuk siBnsie coboro psa
nocnigoBHO po3TawoBaHuX n'e3oenemMeHTiB. KoxeH 3 Hux (K npu poboTi B A-pexunmi)
BIATBOPIOE 300paXkeHHA y BUMIAAI TOYOK, pO3TallyBaHHS SIKMX Ha eKpaHi Bignosigae
BiAICTaHi OO 30HM BiJOOpaxeHHda, a fAcKpaBiCTb — amnniTyan Bigbutoro curHany.Yumm
OinbLUe okpeMux enemMeHTiB Byae MICTUTU JaTyuK | YAM MeHLWnn po3mip Byae Matn KoxeH
enemMeHT — TUM sKiCHiwe 6yae 300paXeHHa Ha ekpaHi. TakMM 4YMHOM, [BOBUMIpHE
300paxeHHs BMXOOUTb B pe3ynbTaTi CKaHyBaHHsS, TOOTO nepeMilleHHs nydka
YyNbTPa3BYyKOBOI eHepril B OAHIN MMAOLWLMHI, Sika HAa3MBAETLCA NSIOLWMHOK CKaHYBaHHS.

B-meton (dpoHTanbHe ckaHyBaHHSA). Llen wmeTon nondrae B OTPUMAHHI
ABOBUMIPHOro 3006pakeHHs Npy NepeMilLeHHi n'‘e3oenemeHTa B NIOLWMHI, NONepeYyHin 1oro
noctynansHoro pyxy (y RpAMOKYTHin cuctemi koopguHat). Cuctema OpMyBaHHS
3006pakeHHs Takoro anapaTy obpobnsie Tinbku curHanu, BiabuTi Ha OOHIN 3agaeTbCca Ans
KOXXHOro tomorpadivyHoro 3pisy rmmbuHi. [Jatynk mae cBoboay nepemilleHHa Brnepen-
Has3afd, Bropy-BHM3 3 MOXIMBICTIO Haxuiy MNPOMEHSA Mig PisHMMKU KyTaMu ane Tifbku B
Mexax obpaHOl MAOLMHN CKaHyBaHHS, dka He Moxe OyTu 3MiHeHa B npoLueci MnosiBu
3006paxkeHHs Ha ekpaHi. licna npoBeAeHHA KOXHOro TomMorpadpivyHoro 3pisy, U nnowuHa
3MIHIOETBCS Ha iHLWY NepeMileHHAM MPUCTPOK0 NiABICKM AaTyuka. 306pakeHHs BUHUKAE
npu NepeMileHHi gaTymka no noBepxHi AOoCNigXKyBaHOI o6nacTi i B npoueci AoCnigKeHHSA



aBTOMaTU4YHO 3aMOpPOXYyeTbCA. [epeBarolo MeToy € MOXIIMBICTb OTPUMYyBaTU Ha eKpaHi
LinIKoM TOMorpadiyHi 3pi3an BefMKMUX nnoLy,.
[o HeponikiB BIAHOCUTLCA TPYOOMICTKICTL | TpuBanicTb JocnigpkeHHs. LLupokoro
NPaKTUYHOrO 3aCTOCYBaHHA NOAIGHI anapaTn He oTpumanu.
D-meTtog (ynbTpassykoBa Jonsieporpacdis). Metoa ynbTpasBykoBoOl Aonsieporpadii
3acHOBaHUW Ha edoekTi, BiakpuToMy aBcTpincbkum disnkom K. Jonnepom B 1842 p. CyTb
LbOro edekTy, WO NPoABNSAETbCA AN XBUIbOBUX KONMBaHb Byab-sKoT Nnpupoaun nonsrae B
3MiHi OOBXMHM XxBuUMi npu i BigobpakeHHi Big pyxomoi nepewkoan. Bigbutta Big
nepeLkoaun, Wo HabnmkaeTbCa A0 [Kepena curHany, BUKNUKae 36inbLUeHHS 4acToTu
BUXIOHOMO KOMWBAHHA, MpuM BUOANEHHI — nMpU3BOAUTL [0 3HWXKEHHS 4acToTu.
BumiproBaHHA 4acTOTHOro 3CyBY A03BOSISIE BU3HAYMTU LIBUAKICTb Ta HANPSMOK 3MilLeHHS
PYXOMWX CTPYKTYpP, HanpuKnaz noToky piavHu B Giopektope 3a hopmynoto:

Af =2Avcosa/c (3)
A f - ponnnepiBCbKMin 3CyB (3MiHa NoYaTKoBOI YacToTn), I'y;
f - noyaTKOBa YacToTa ynbTPasBYKOBMX KOMMBaHb, U,
C - WBWAKICTb YNbTPa3ByKy B cepenoBuLLi, M/C;
V - LWWBMAKICTb pyXy nepeLukoamn, m/c;
COS a - KyT NafiHHA ynbTpa3ByKOBOro NMPOMEHS.
CyTb meToZy nonsrae B TOMy, LUO BigbwuTi curHanu npoxogsTtb umdgpoBy obpobkKy i, B
3aNeXHOCTI Big4 HanpsAMKY OOMNMEpiBCbKOro 3cyBy Ha BMOBpaHOMY i 3a3HaudeHin AinsHLi
3BMYAMHOrO [OBOBMMIPHOIO 300paXKeHHs MOKa3yeTbCA KOMbOPOM  HAamnpsaAMOK  pyxy
nepemianTbCa CTPYKTYP. 3BUYAMHO 3CYB Y HanpsMKy 0O OATYMKY KOAYETbCA YEPBOHUM,
BidaTumk — cuHiM Konbopom. Ob6nacti TypOyneHTHOro pyxy MapKylTbCs KOBTUM abo
3eMEeHNM KONbOPOM, a BiACYTHICTb NEPEMILLEHHA PiAMHN — TMUOBOKUM YOPHMM KOSNbOPOM.
3a JONOMOror KONbOPOBOrO OOMNSEPIBCbKOrO KapTyBaHHA MOXHa 6aynTu xapakrep pyxy
pianHn B GiopekTope.
XBUSbOBI  XapakTEPUCTUKM 3MiHM LLUINbHOCTI FOMOreHHOl cepef, SAKi BUMHUKAKTb Mpu
doepMEHTHO-KaTaniTU4HOMY pPO3KragaHHi BMCOKOMOJSIEKYIISIPHUX OPraHidHUX Cronyk npu
YINbTPO3BYKOBOM LOCHIIKEHHI MOXYTb BUKITMKATU PE30HAHCHI siBMLLA.
Ha pe3oHaHCHMX YacToTax enekTpuyYHuM imnegaHc mae surnsaf4]:

1
Zr—m(1+9), )

ne 0 =8nk?Qsin(nf/2fy)/f(kyd)?, Co — €MHiCTb nbesonmacTuHu, Q - APIGHICTL
pesoHatopa, w = 2nf, f —yvacrtoTa, f = ¢;/2d,;

ki - KOediUiEHT enekTpoMexaHi4yHOro 3B’a3Ky;

N — koediuUieHT CYyMICHMX KOSNIMBaHb Nbe30MNNacTuH;

ki,d C1 — XBUNbOBE YMCIO, TOBLUMHA | LWBUOKICTb YNbTPa3ByKy OMS MNbe30NSacTUHW,
BiQNOBIOHO.

Ansa igeHTudikauii XBMNbOBUX XapakTepUCTUK cepefoBulla biopektopa MOXHa oTpumaTu
aMnniTygHO-4acTOTHY XapaKTepuUCTUKY OOHOBUMIPHOrO YnbTPas3BYKOBOro  PiAMHHOIO
pes3oHaTopa, Ma€e BUrnaa;

U _ thDV . Sil’l(klg) (5)
ST kyc? AS

ae Ug - amnniTyaa enekTpuMYHOro Hanpyru, Wo BUHMKAE Ha agMiHicTpaTopa nbe3onnacTuHi
npu BIOCYTHOCTI €NeKTPUYHOro HaBaHTaXeHHs, h - n’e3oenekTpuyHa nocTinHa, D -




P22 _
P1C1

Nbe3onnacTUHU Npu NOoCTinHOMY D , €1 i C; - WBUAKOCTI yNbTpa3ByKy B Nbe3onnacTtuHax i
pPiavHW, P1 i P2 - WINbHOCTI Nbe30NNAaCTUH i pianuHW, BIANOBIAHO, A, S - XBUNbOBE YUCIIO i

TOBLUMHA Wapy pianHn. Mpun pesoHaHci Bupas (5) mae Burnsaa:
u _ 86

aMnniTyga enekTpuyHol iHAYKUIT B 30yAKEHOT Nbe30nnacTuHi, y = MOAYIb MPYXHOCTI

Us 146 (6)
ae U - amnnityga enekTpuyHol Hanpyru, Wo 3HIMaeTbCs 3 NpUMMarnbHO Nbe30nacTuHN,
Uo - awmnnityga 30ymkytodoi  Hanpyrn, 6  BuM3HavaeTbca  dopmynow  (4),

8 =Zuy/(Zey +1/fwCy), € KoOedilieHT nepepadi NO Hanpy3i 3 akyCTMKOK NaHutora B

enekTPUYHYy,

Zen - KOMMNNEKCHWI OMip eNEKTPUYHOI0 HaBaHTaXeHHs. 3 OTpuMaHoi oopMynn BUNINBaE,

LLIO BMXiAHA Hanpyra 3aBXau MeHLue 36yanuBoi.

BukopuctaHHsa MeToAiB ynbTpasByKOBOro AocrigkeHHs GiopekTopiB GioxiMiYHOMo
OYMLLEHHA CTIYHUX BOA ANS igeHTudikauil npoueciB oepMeHTHO-KaTaniTU4HOro posknagy
OpraHiyHOI pPEevYOBUHM HALAE MOXIIMBICTb KOHTPOMBATUM 3MiHYy CTaHy CUCTEMU
POpMyBaHHSA MIKPOKOMNOIOHUX CTPYKTYP[5] iX pyMHYBaHHS Y NpoLECi po3knagy opraHivyHoi
pevyoBuHN, (hopMyBaHHS HaONULWKY GiomMmacu, BMHUKHEHHSI MUKPO Teuii Ta 3akpy4eHux
NOTOKIB Y BiopeKkTopi Ta iHLWI XapakTePUCTUKM sIKi MalOTb XBUNbOBY NPUPOAY.

BucHoBku:

— loeHTudikauia xBMNbOBUX ABULW, Y Mpouecax (epMeHTHO-KaTaniTM4HOro posknagy
opraHivyHoi pevoBuHU y BiopekTopax BiOXiMIMHOMO OYMLLEHHS CTIYHMX BOA, Ma€ LUMPOKI
nepcrnekTUBM NpU BUKOPUCTAHI METOAIB YNbTPa3ByKOBUN LiarHOCTUKM.

— Takm metogn noTpebyroTb aganTyBaHHs Ta anpobauii  ans 6GiopeKkTopiB HOBOro
NMOKOMIHHSA 3 BUCOKMM edDEKTOM OYMLLEHHSA ONA BUBYEHHS ePEKTUBHUX YMOB MpoLEeCiB
doepMEeHTHO-KaTaniTUMHUX peakLin po3Kragy opraHidHOT pe4yOBUHN.

— BwuBYeHHsT pe3OHaHCHUX XBUNLOBUX SBULL, SKI BMHUKAKOTb MNPU  YNbTPasByKOBOMY
AOCNIMpKEeHI npoueciB  PepMEeHTHO-KaTaniTUYHMX  peakuin  pos3knagy oOpraHiyHol
pevYoBMHN [03BONAE ioeHTMdIKyBaTU rPynn OpraHiyHMx crnonyk, abo MOXnMBO i
HOMEHKaTypPHO, BiAMNOBIAHO 3MOAENTbOBAHOMY NPOLIECY.
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