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PEDEPAT

Junnomnas pabora: 71 cTpanun, 25 pucyHKOB, 21 UCTOYHHK, 3 TPUITIOKEHUSI.

VJIbTPABBYKOBAS JTED®EKTOCKOIINS, AKYCTUYECKHUE IIAPA-
METPbl UVI'YHA, BPEMEHHOM METOJ]I VYJIbTPA3ZBYKOBOI'O
KOHTPOJIS, [IPEOBPA3OBATEJIb BPEMEHHBIX MUHTEPBAJIOB, MUK-
POKOHTPOJIJIEPHOE VIIPABJIEHUE, [IU®POBAS OEPABOTKA VYJIb-
TPA3BYKOBBIX CUTHAJIOB, AHAJIN3 CTPYKTYPhI UYT'YHA, U3ME-
PEHME CKOPOCTH 3BVKA B UYT'VHE, AMIUIUTY JHO-BPEMEHHBIE
XAPAKTEPUCTUKU, HEJIMHEWUHAS YJIbTPABBYKOBAS JUATHO-
CTUKA, ABTOMATU3ALIMS TEXHOJIOTMYECKOI'O KOHTPOJIS, MO-
JIEJIMPOBAHUE ITPOLIECCOB B MATEPUAJIAX, OLIEHKA KAYECTBA
1 CBOMCTB YYT'YHA, [IPOI PAMMHO-AIIIIAPATHBIN UBMEPUTEJIb-
HbI1 KOMIUIEKC, HEPA3BPYIIAIOIIMI KOHTPOJIb JIUTEMHOI'O
[TPON3BOJ/ICTBA

[{enb paboThl — pa3paboTka BbICOKOI(P(HEKTUBHOTO MPOrPAMMHO-AIIAPATHOTO
MOAYJIS, MPEIHA3HAYEHHOTO I HEPa3pyILIAOIIEr0o KOHTPOJIA apaMeTpOB YyryHa ¢
MCITOJIb30BAaHUEM YJIBTPA3BYKOBBIX METO/IOB.

JI1st noCTHKEHUS TOCTABJIIEHHON L€ UCIOIb30BAIUCH CIEAYIOIINE METOBIL:

® TEOPETHYECKOE MOJIETUPOBAHKE: pa3padOTaHbl AITOPUTMBI MPEOOPa3OBAHHUS
BPEMEHHBIX MHTEPBAJIOB M MaT€MaTHYECKHE MOJEIH, OIUCHIBAKOIINE
pacnpocTpaHEHUE YJIbTPa3BYKOBBIX BOJIH B UyTYHE;

® CXEMOTEXHHYECKOE IPOCKTUPOBAHME: CO3/laHA CTPYKTypHas CcXema
npeoOpa3oBartessi BpEMEHHBIX HHTEPBAJIOB M BhIOpaHa 3JIeMeHTHas 0as3a,

® [IPpOrpaMMHUPOBAaHUE  MHUKPOKOHTPOJUIEpA:  HAMMCAHO W  OTJIAKEHO
MIPOrpaMMHOE obecricueHue U1 MHUKPOKOHTpOJIIEpA STM32,
oOecrieunBaoIlee TeHepaluulo, NpuéM U  00pabOTKy yJIbTPa3BYKOBBIX
CUTHAJIOB.

OCHOBHBIE PE3YJIBTATHI:

e paszpaboTaHa CTpPYKTypHas cxema MpeoOpa3oBaTesis  BpPEMEHHBIX
MHTEPBAJIOB, BKIIOYAIONIasi B C€e0S BBICOKOBOJBTHBIA YCHUJIMTENb IS
TE€HEPALMH YIbTPAa3BYKOBBIX HMITYJIbCOB,;

® [POBEJCHO MOJETUPOBAHUE pabOThl YCTPOMCTBA, IIOKa3aBIlee €ro
3¢ (PEeKTUBHOCT IPH PA3JIMYHBIX TApaMETPax MaTepHaa;

e pa3paboTaHO TMporpaMMHOE OOecrleueHue i MHUKPOKOHTpOJLIEpa,
o0OecrieunBaroliee TOYHOE H3MEpPEHHE MapaMEeTPOB  YJIbTPa3BYKOBBIX
CUTHAJIOB U UX JaJIbHEUIIINN aHAIN3,



® [POM3BEICHA MHTErpanus anmapaTHOM W  INPOrPAMMHOM  YacTew,

oOecrnieunBaroas HaAEKHYIO U CTAOMIBHYIO PabOTy MOTYJIS.

Pa3zpaboTanHblii MporpaMMHO-aNmapaTHeId MOIYJb TMO3BOJSIET 3(PQPEKTUBHO
IIPOBOANUTH HEPA3PYIIAIOUINI KOHTPOJIb apaMeTPOB UyTryHa, 00ecreunBasi BEICOKYIO
TOYHOCTh M3MEPEHUN U HAAEKHOCTh padOThl. MOAyIb MOXKET ObITH UCIOJB30BaH B
Pa3IMYHBIX O0JIACTAX IPOMBIIIJIEHHOCTH Ul KOHTPOJIA KayecTBa MaTEpUajoB U
BBISIBJICHUS JE€(DEKTOB.

Pesynbratel paboThl omyoOnukoBaHel u nosiokeHbl Ha I MexnyHapoaHoi
HAy4YHO-TIpaKTU4YeCKOH KoH(pepeHIH «KOMIbIOTEpHBIE TEXHOJOTUM U aHAIHU3
nanabeix (CTDA’2022, Munck, 21-22 ampens 2022 roma) u Ha 79-i HaydHOM
KOH(QEpEeHIIUH CTyJEHTOB M AaclHUpaHTOB benopycckoro rocynapCTBEHHOIO
yauBepcuteta (Munck, 10-21 mas 2022 roja).



PODEPAT

Jeimmomnas padota: 71 craponka, 25 mamonkay, 21 kpeiHina, 3 gamarka.

VJIbTPAT'YKABAS JID®EKTACKAIIISI, AKYCTBIUYHbBISI [TAPAMETPBI
UbII'YHY, YACOBBIN METAJI VJIbTPAT'YKABOI'A KAHTPOJIIO, IIE-
PAVTBAPAJIBHIK YACOBBIX IHTOPBAJIAY, MUKPAKAHTPOJIEP-
HAE KIPABAHHE, JITYBABAS AIIPAIIOYKA VJIBTPATYKABBIX CIT-
HAJIAY, AHAJII3 CTPYKTVYPBI UbIT'YHY, BBIMSIPOHHE XYTKACILII
['YKY ¥V UbII'VHE, AMIUIITYJIHA-YACOBBISI XAPAKTAPBICTBIKI,
HEJITHEMHAS YJIbTPAT'YKABAS JbIITHOCTBIKA, AYTAMATBIZA-
LbISI TOXHAJIATTUHATA KAHTPOJIIO, MAJIDJISIBAHHE ITPALIDCAY
Y MATOPBLUIAX, ALIPHKA SIKACLI I YJIACLIBACLSIYV UBITYHY,
[IPATPAMHA-AITAPATHBI BEIM SIPAJIbHBI KOMITJIEKC, HEPABBYPA-
I0Ubl KAHTPOJIb JIILIEMHA BLITBOPYACLII'

Mbrait pam3eHait mpaibl 3'Syiseniiia  pacmparoyka BbICOKad(eKThIyHAra
nparpaMHa-anapaTHara MOJYJIA, MpbI3HA4YaHara s Hepa3zOypajabHara KaHTPOJIIO
napameTpay 4YbITYHY 3 BHIKAPBICTAHHEM YJIbTParyKaBbIX METaay.

JUIst nacArHEeHHs NacTayIeHail M3Thl BBIKAPbICTOYBAICS HACTYITHBISI METaIbl:

. TrapaTeiuHae MaJdIIsIBAHHE: paclipalaBaHbl aNrapbITMbl IEpayTBAPIHHS
YaCcOBBIX 1HTIpBAJIAY 1 MAaTAIMATBIYHBIS MaJdJIl, SKiS amicBaOIb paclayCloKBaHHE
yJIBTPAryKaBbIX XBaJlb y YbITYHE.

. CXeMOTEXHHUYECKOE NPACKTaBaHHE: CTBOpPaHa CTPYKTypHas CXeMa
nepayTBapalibHIKa YaCOBBIX IHTIpBajay 1 abpaHas 2JieMeHTHast 0asa.

. [IparpamaBanHe MiKpakaHTpOJepa: HalicaHa 1 aajiajpkaHa MparpaMHae
3abecnsiudHHE A1 MiKpakaHTpoJiepa STM32, saxoe 3a0sicrieuBae reHepallbito, MPbIEM 1
anparoyKy yJbTparykaBbIX CITHauay.

ACHOYHBIS BBIHIKI:

1. PacnpamaBana CTpyKTypHass cxema IepayTBapalibHIKa 4YacOBBIX
IHTIpBaNay, sKas YKIodae Y csiOe BBICAKABOJBTHBI Y3MAaIHSUIBHIK JIJISi TE€HEpallbli
yJIBTParyKaBbIX IMITYJIbCAY.

2. [IpaBenzena MamdisiBaHHE TMpalbl MPbBUIAJBLI, SKOE IaKaszaja sro
3 EeKTHIYHACIH IPbI PO3HBIX MapaMeTpax MaTIPhISITY.

3. PacnpanaBana nparpaMmHae 3a0ecrsiudHHE ISl MIKpaKaHTpoJepa, SKOoe
3a0sicrieyBae JakiiaJHae BBIMSpPIHHE MapaMerpay yJIbTparykaBblX CirHajmay 1 ix
aJIeHIIbI aHai3.

4, [IpaBen3ena iHTAITpalblsl amapaTHaii 1 mparpamMHail yacTak, sKas 3a-
OsicrieuBae Ha/A3€iHYIO0 1 CTAOUIBHYIO Mpally MOIYJIS.



PacnpaniaBanbl nmparpamMHa-anapaTHbl MOAYJIb J1a3Bajsie 3(PeKThIyHA MPaBOI31Ib
Hepa3Oyparoubl KaHTPOJIb MapaMeTpay UYbITyHy, 3a0sCredBarodybl  BBICOKYIO
JaKJIaIHACIb BRIMSPAHHSY 1 HaJ[3eMHacIb mparbl. Moysib MOXa OBIIlb BEIKAPHICTAHBI
¥ PO3HBIX TajliHaX MPaMBbICIOBACI [Tl KAHTPOJIO SIKACI[l MaTAPhIsUIay 1 BBISYICHHS
madexTay.

Briniki npariel ammyOrikaBaHbIs 1 JakiIaA3eHbl Ha 79-11 HaByKOoBai kKaH(GepIHIIbI
CTyJIRHTAY 1 acmipanTay bemapyckara n3spkayHara yHIBepCITITa, sSKas Mpaxojas3iia ¥
Mincky 10-21 mas 2022 roaa, a Takcama Ha [II MixxunapoaHait HaByKoBa-IIpaKThIYHAK
kanpepanpil "Kamn'totapusis TaxHanorii 1 anami3 aaazensix (CTDA'2022)", skas
npaiinuia ¥ Mincky 21-22 kpacasika 2022 roga.



ABSTRACT
Diploma thesis: 71 pages, 25 figures, 21 sources, 3 appendices.

ULTRASONIC FLAW DETECTION, ACOUSTIC PARAMETERS OF CAST
IRON, TIME METHOD OF ULTRASONIC CONTROL, TIME INTERVAL
CONVERTER, MICROCONTROLLER CONTROL, DIGITAL
PROCESSING OF ULTRASONIC SIGNALS, ANALYSIS OF CAST IRON
STRUCTURE, MEASUREMENT OF SOUND VELOCITY IN CAST IRON,
AMPLITUDE-TIME CHARACTERISTICS, NONLINEAR ULTRASONIC
DIAGNOSTICS, AUTOMATION OF TECHNOLOGICAL CONTROL,
MODELING OF PROCESSES IN MATERIALS, ASSESSMENT OF
QUALITY AND PROPERTIES OF CAST IRON, HARDWARE AND
SOFTWARE MEASURING COMPLEX, NON-DESTRUCTIVE TESTING
OF FOUNDRY PRODUCTION

The purpose of this work is to develop a highly efficient hardware and software
module designed for non-destructive testing of cast iron parameters using ultrasonic
methods.

The following methods were used to achieve this goal:

e Theoretical modeling: Algorithms for converting time intervals and
mathematical models describing the propagation of ultrasonic waves in cast
iron have been developed.

e Circuit design: A block diagram of the time interval converter has been
created and the element base has been selected.

e Microcontroller programming: The software for the STM32 microcontroller
has been written and debugged, providing generation, reception and
processing of ultrasonic signals.

Main results:

e A Dblock diagram of a time interval converter has been developed, which
includes a high-voltage amplifier for generating ultrasonic pulses.

e The simulation of the device operation was carried out, which showed its
effectiveness at various material parameters.

e Software has been developed for the microcontroller, which provides
accurate measurement of the parameters of ultrasonic signals and their further
analysis.



e Hardware and software parts have been integrated to ensure reliable and

stable operation of the module.

The developed hardware and software module make it possible to effectively
carry out non-destructive testing of cast iron parameters, ensuring high measurement
accuracy and reliability of operation. The module can be used in various industries to
control the quality of materials and identify defects.

The results of the work were published and reported at the 79th scientific
conference of students and postgraduates of the Belarusian State University, held in
Minsk on May 10-21, 2022, as well as at the 11l International Scientific and Practical
Conference "Computer Technologies and Data Analysis (CTDA'2022)", held in Minsk
on April 21-22, 2022.



