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PO3POEKA MATEMATHUYHOI MOJIEJII METOY
BUMIPIOBAHHA B'A3KOCTI PO3IIVIABJIEHOI'O METAJTY
I3 BACTOCYBAHHSAM YJIbTPA3BYKOBUX XBUJIb

VY paboTi HaBEACHO Pe3yJIbTATH JOCIIKEHb MOXKIMBOCTI BUKOPHCTaHHS PO3POOJICHOI MaTEeMaTHYHOT
MOJIeNI JIUTsl aKyCTHYHOTO aHali3y MIACTUYHKMX BJIACTHBOCTEH PO3ILIABJICHOrO MeTaly. BiH j03BoIse
3HAQYHO CKOPOTHTH YacOBi Ta MaTepialibHi BUTPATH NPHU KOHTPOJI SKOCTi BUI'OTOBJICHHS KiHIICBHX
BUPOOIB.

In the work the results of researches possibility using the developed mathematical model for the
method of acoustic analysis for plastic properties of fusions metals is explored. That will allow to
shorten temporal and material expenses on the control of quality in the conditions of industrial
production substantially.

3arajibHa MOCTAHOBKA 3aBJaHHsA. [Ipy BUTOTOBJIEHHI CYIJIBHOIUTHX
BHPOOIB ckiIaHOI (POpMHU 13 cTati i i CIuIaBiB, a TAKOX B IpoIieci Oe3nepepBHOro
pPO3TMBaHHS CTajJM BaKJIMBUM 3aBJaHHSIM € KOHTPOJb B'SI3KOCTI cCTani, MIO0
3HAXOJUTHCS B PO3IUIABICHOMY cTaHi. Lle MmoB's3aHNM 3 KOHTPOJIEM TOCSTHEHHS
CIJIAaBOM HEOOXIHOI PiJKOTEKYJOCTi /IIsl: PIBHOMIPHOTO 3alIOBHEHHS (hOpMH NIPU
MiHIMATEHUX BHTpaTaX CHEPrOHOCIIB Ha pO3irpiBaHHA CIUIaBy Y pasi
CYLUTEHOIIMTHX BUPOOIB; YHUKHEHHS MEpeI4acHOro 3HOCY KpHCTali3aTopa, Iio
BUIIPOOOBYE THCK NPU KOHTAKTi 3 IOTOKOM pO3IUIABJIEHOTO METally y pasi
OesniepepBHOro posznuBaHHs ctanmi [1-2]. HaiiGinpmr mommmpeHUMH Ha JaHWi
MOMEHT METO/IaMH TaKOro KOHTPOJIO € poTaliiiHa i BiOpamiliHa BiCKO3UMETpist
[6]. Ane BuKOpHCTaHHS BKa3aHWX METOJIB B ONUCAHIA CHUTyaIllii MOB'S3aHE 3
pSIOM TPYZAHOIIIB, OCHOBHHUM 3 SIKMX € Oe3rocepeaHiii KOHTaKT YyTIMBOTO
€JIEMEHTY BICKO3UMETpIB 3 arpecHMBHHUM CEPEIOBHIIEM, BEIyYHH 0 HOro
nepeqyacHoro  3Hocy. Tomy akTyanpHOIO — mpoOneMor0 €  po3poOka
0E3KOHTAaKTHOT'O METO/Iy EKCIIPEC - KOHTPOJIIO B'S3KOCTI.

IToctanoBka 3aBAaHHA  JocjaimkeHHs. HeoOXigHo  IociiguTa
MOXJIMBICTE OC3KOHTAKTHOTO EKCIPEC - KOHTPOIIO B'S3KOCTI pO3IUIABY 3a
JIOTIOMOT'OI0 aHaJi3y IIBUAKOCTI PO3IOBCIOKEHHS CHIBITOBUX YJIBTPa3BYKOBUX
XBWIb. [10JIOBXHI yIbTpa3BYKOBI XBHJII XapaKTepH3YyIOThb INPYKHI BIACTHBOCTI
piauH, iX CTPYKTYpY 1 CHJIM MDKMOJIEKYJISPHOTO BiJIITOBXYBaHHS, CIBIrOBi—
B'SI3KI BJIACTHBOCTI, 1 K HACTIJIOK, CHUIM MIXMOJEKYISIPHOTO TSDKIHHS. | SKIo
METOJY BU3HAUYCHHS IIBUIKOCTI PO3ITOBCIO/KEHHS MOJOBXKHIX YIBTPa3BYKOBHX
XBWJIb B PiJIHI JOCUTH J00pe po3poOiieHi i 3HaXOAATh IIMPOKE 3aCTOCYBaHHS B
MPaKTHIi YJIbTPa3BYKOBOTO KOHTPOJIO CTaHy PIJKMX CEPEIOBHII, TO CIBIrOBi
XBHJI MTPaKTUYHO HE BUKOPUCTOBYIOTHCS 13-3a 3aracaHHs B PiJUHI Ha BiJICTaHIX
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TIOPSAKY NOBXHMHHU XBHII [3-6]. ToMy 3HauHMH iHTEpec NpeJcTaBisie po3podka

METO/IiB BUMIPIOBAHHSI IIBUIKOCTI PO3IIOBCIOPKEHHS TTOTIEPEYHUX XBUIIb.
Pimennsi 3amaui i pe3yabraTH mocaimkens. PosruiaBieHi Meranu

MAaIOTh B'S3KiCTh TOTO X MOPSJIKY, 110 1 3BUYAHI pimuHu (1uB. man. 1) [3-6].

VY piguHaxX, ae BiJCTaHI MiX MOJEKyTaMH 0arato MEHINE, HiX B Ta3ax,
B'A3KiCTh OOyMOBJIEHa, HacamIepel, MDKMOJEKYISIPHOIO B3a€EMOIIEI0, IO
00MEXye PYyXJIMBICTh MOJEKYNI. Y piMHI MOJIEKylna MOXK€ HpPOHUKHYTH B
CycimHIMl map Jsmme TmpH OCBITI B HIM MOPOXHUHH, JOCTaTHBOI ISt
TepecKakyBaHHs TyAW MoOJeKynu. Ha yTBOpeHHsSI MOpOXKHHHH (HA «CITYLISHHSD»
piAMHM) BHUTpavyaeThcs TaK 3BaHA EHepris akTuBamii B'sa3koi Tewii. Enepris
aKTHBallii 3MEHIIYETHCS 13 3pPOCTaHHAM TEMIIEPATypH 1 NMOHMWKEHHSM THUCKY. Y
BOMY IIOJSITa€ OfHA 3 TPUYMH pPI3KOrO 3HIKEHHS B'S3KICTH piAMH 3
ITiIBUIIEHHSM TeMIlepaTypH (IUB.Mal. 2) i 3pOoCTaHHs Ii MPU BUCOKOMY THUCKY.
[pu migBUIIEHHI THCKY 10 AEKIIBKOX THC. aTMOc(hep # 30UIbIIYETHCS B AECATKH 1
COTHI pasiB.
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Man. 1. B'3k0cTi AesIKUX pO3ILIaBIeHUX JESKHX 3MAIIYBATBHIX MACET 3ATEKHO

MCTaJllB B CII3 BiJ] TeMIepaTypH (1 AaHa B I13)

VY OCHOBI HPOINOHOBAHOIO CHOCOOY EKCIIPEC-KOHTPONIO JIEXKUTh BUMIp
aKyCTHYHHAX XapaKTepUCTHK BUXIAHOI CHpPOBHMHM (KOE(ILliEHT IOTJIMHAHHS,
HIBHIKICTH YJIBTPa3ByKy) METOAAMHU MOJIEKYIISIPHOI aKyCTHKH, PO3/iTy (Qi3uuHOI
aKyCTHKH, B SIKOMY BJIACTHBOCTI PEYOBHMHHU 1 KiHETHKA MOJIEKYJISIPHUX ITPOIECIB
JIOCITI/KYIOTHCS aKyCTHIYHUMH METOJJAMH.

3a MBUIAKICTIO 3BYKY MOXXHa BH3HAUMTH TaKi XapaKTEPHCTHUKH PEYOBHHH,
SIK CTHCIIMBICTD, BiJHOIIEHHS TEIUIOEMHOCTEH, MPYKHI BJIACTUBOCTI TBEPIOTO
Tija Ta iH., a 110 MOTJIMHAHHIO 3BYKY — 3HA4YEHHs CABIroBOi 1 00'€éMHOI B'SI3KOCTI,
yac penakcauii i iH. Y pianHi, OOYUCITIOIOYH MIBUIKICTH 3BYKY Ha IiJCTaBi Ti€i
200 1HIIOT MOJIETIi PiIMHY i TOPIBHIOIOYH PE3yJIbTaTH PO3PAXYHKY 3 JOCITITHUMHU
JIAaHUMH, Y Pl BUIAIKIB MOXKHA OLIHUTHU MPABIONOAIOHICTE BUKOPHCTOBYBAHOI
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MOJETi 1 BH3HAUMTH C€HEpril0 B3aeMonii Mojekya. Ha mBuakicTe 3BYKY
BIUIMBAIOTH OCOOJIMBOCTI MOJIEKYJISIPHOI CTPYKTYpH, CHIIM MIKMOJIEKYJISIPHOI
B3a€MOAii 1 WIUIBHICTG YIIAKOBKM MOJIEKYJI. TakuM YHHOM, BHMIpIOIOYN
IIBHJKICT 3BYKY 1 TOIJIMHAHHS 3aJIe)KHO BiJI YacTOTH 1 BU3HAYaIOYM 4Yac
penaxcarii, MOKHa CYAWTH IIPO XapakKTep MOJEKYJISIpPHUX IIPOIECIB i MpO Te,
SIKMH 3 IIMX MPOIECiB BHOCUTh OCHOBHHUI BHECOK B peJlaKcallilo.

Y MonekyasApHIA aKyCTHINl Ui JOCHIPKEHb 3a3BHYall 3aCTOCOBYETHCS
yIIbTpa3ByK. Lle MOB's3aHO SK 3 BUCOKMM PO3BUTKOM TEXHIKH BUIPOMIHIOBAHHS
Ta MPUAOMY YJIBTPa3BYKa 1 3 BETHUKOI TOYHICTIO BUMIipPIOBAaHb B I[bOMY Jlialia30Hi
YacToT, TaK 1 3 TUM, 110 pOOOTa HA HIDKYMX YACTOTax 3a)kajaia O AyKe BETHKHX
00'eMiB JIOCII)KYBaHOI PEYOBHHY, a Ha BHIIMX YaCTOTaX ITOTJIMHAHHS 3BYKY CTa€
TaKUM BEJIMKUM, IO 0araTo akyCTHYHUX METOMIB BUSBIISIOTHCS HENPUIATHUMH.

OpHi€r0 3 CYTTEBHX IepeBar yJIbTPa3ByKOBHX KOJIMBAHb BHCOKOI YacTOTH
nepes 3BYKOBUMH € Te€, HIO IX MOXKHA TOCWJIATH Y BUIJIIII MaJMX ITyYKiB
MPOMEHIB, M0 po3xomiaTbes. lle 3abe3medye MOXIMBICTH — CIIPSIMOBAHOTO
BUIIPOMIHIOBaHHS 1 ipuiiomMy. Binomo, 1m0 yuM Oisbliie JiaMeTp BUIPOMiHIOI0YOT
'€30IUTACTUHN B IIOPIBHSHHI 3 JOBKHHOIO XBHWJIi, TUM BHIIE CIPSIMOBaHICTh
BunpoMiHioBaHHs. Hampukman, g 3alesnedeHHs Ha dvactori 1| Mrig
BUIIPOMIHIOBAHHS y BUIJIAJI My4Ka TPOMEHIB 3KYTOM pO30XKHOCTIIO HE
nepesutye 10° (0,2 pag) TocUTh BUOPATH JliaMEeTp MbE30CIEMEHTY PiBHIM 20MM.

YacToTy BXKMBAHOTO yJIbTPa3ByKa B piAMHAX 1 TBEPAMX TLIAaX — B Jiara3oHi
10°—10° 'y, TTornuHaHHS 3BYKY, MEpPETBOPEHHS €HEprii 3BYKOBOI XBHIIi B iHII
BUJM €HEprii, 1 30KkpemMa B TeIUI0, XapaKTepU3yeThCsl KOEPili€eHTOM ITOTIIMHAHHS
a, SKUH BU3HAYA€ETBhCS SK BEJIMYMHA, 3BOPOTHA BIJICTaHI, Ha SKiM aMIuTiTYIa
3BYKOBOI XBHIIi 3MEHIIyeThCs B e = 2,718 pasiB. a BUpaXkaeThcs B cM' TOOTO B
Henepi Ha cM a6o x B aemmbenax Ha M (1 16/m = 1,15-107 cm™). Tornuuanns
3BYKY XapaKTepH3YIOTh TAKOX KOe(illieHTOM BTpaT

e=alp,

(me [ — nomxwHA XBWII 3BYKY) a00 noOpotHicTio Q = [/e. Benuuumna a-l
HA3MBAETHCS JIOTAPU(PMIUYHAM JIEKPEMEHTOM 3aracaHHs. [IpH pO3MOBCIOKEHHI
3BYKY B CEPEIOBHIII, 10 BOJIOAIE, B'SI3KICTIO 1 TEIIONPOBIHICTIO

w? |4 1o

AR R A I (1)

(04 =
3 N, N,

2-p-7i

Jle p — UIUIBHICTh cepenoBuiia, C— MIBHUIKICTH 3BYKY B Hil, @ — Kpyrosa
4acToTa 3BYKOBOI XBWIi, 77 i & — KOe(dillieHT CIBUTOBOI i 00'€MHOI B'S3KOCTI
BINMOBITHO, ¥ — koedimieHT TemronpoigHocti, Cp i Cv — TEIIOEMHOCTI
Cepe/IOBUINA TPU TMOCTIHHOMY THCKY 1 00'€eMi BiIMoBigHO. SIKIIO KOACH 3
KoeimieHTiB 77, £ 1 y He 3aJCKUTh BiJl YaCTOTH, IO YaCTO BHKOHYETHCS Ha
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NPAKTHIL, TO @ ~ . SIKIO MPH MPOXOKEHHI 3BYKY MOPYIIYETHCS PiBHOBAKHHUIA
CTaH CEpE/IOBUINA, IOTIMHAHHS 3BYKY BHUSBISETHCA 3HAYHO OLIBINUM, HIiX
BU3HauyBaHe 1Mo ¢opmymi (1). Take MOrTHMHAHHS HA3UBAETHCS PEIAKCAIIMHUM 1
OMUCYETHCS (POPMYITOIO:

IR A (i &'y o
2-C3 1+o? - 7? ’

e T— uac penakcaiii, Cy i C—IIBUAKOCTI 3BYKY IpH @ ¢ << [ i ipu ot >
1 BigmoBimHO. B npoMy BHNa Ky moriimHaHHS 3BYKY CYIPOBOJHUTHCS JTUCIIEPCIEO
3ByKy. Bemmuuna a/f, ne f = /27, € XapaKTepUCTHKOI) PEYOBHHH, 110 BH3HAYAE
TIOTJIMHAHHS 3BYKY. BOHa, SK mpaBHWiO, B piAMHAaX MEHIIE, HiK B ra3ax, a B
TBEPJUX TLIaX JUTS TTOJIOBXKHIX XBYJIb MEHIIIC, HIXK B PiJIHHAX.

VY pianHax MorjavHaHHS 3BYKY B OCHOBHOMY BHU3HA4aeThCs B'S3KICTIO, a

BHECOK TEIUIONPOBITHOCTI Majuid i HOro MOXKHa HE BPaxOBYBAaTH. Y OUIBIIOCTI
PLAMH JUTS OTJIMHAHHS 3BYKY ICTOTHI 00'€éMHa B'S3KICTh 1 peslakcamniifHi MpoIecH.
UYacrora penakcarilii B pifUHax, TOOTO BEIMYUHA p'@® = [/t, K MPAaBUIO, TyXKe
BEMKa 1 OOJIACTh pellakcallii BUSBJSETHCS JICKAUOK B Jialma3oHi BUCOKUX
YIBTPa3BYKOBHX 1 TiMep3BYKOBHX 4acToT. KoedimieHT NOrIMHAaHHSA 3BYKY
3a3BMYall CHIIBHO 3AJISKUTD BiJl TEMIIEPATYPH 1 Bijl HASIBHOCTI JOMIIIIOK.

BumiproBaHHsI IIBUAKOCTI YNIBTPa3ByKy B OLIBIIOCTI BHUITAIKIB 3BOJMTHCS
JI0 BUMIPIOBaHHS 4acy MpoOiry 7 aKyCTHYHOTO IMITYJIbCY B JIOCHIPKYBaHOMY
3pa3Ky 1 BUMIpIOBaHHS JOBXHHHM aKyCTHYHOro muiixy /. B 1mpomy BuUmaaky
HIBHKICTH PO3IIOBCIO/KEHHS YIIbTPa3BYKOBHX XBHUIIb!

c=l/z, 3)

BumiproBaHHs1 KoedilieHTa 3aTyXaHHsS YJIbTPa3BYKy B piJuHaxX 1 TBepAWX
TiJJaX MOXK€ HPOBOJIUTHUCS IPU IMITYJIbCHUX 1 O€3MepepBHUX YIbTPa3BYKOBUX
KOJIMBAHHSIX. Y pa3i IMITyIbCHUX KOJWBAHb IMPUHOM YIBTPa3BYKOBOI XBHJII MOXeE
3IIHCHIOBATUCS SIK OKPEMUM MpHUiiMadeM, Tak i CaMUM BHIPOMiHIOBaYeM MiCIIs
BiJUI3epKaJieHHs IMIyJbCcy Bij BinOuBaua. [Ipm mpomy KoedimieHT 3aTyxaHHS
BH3HAYAETHCS 110 (popMyi:

1 A
a==-In—1, 4)
h 2
nie h — ToBmMHA 3pa3ka, A;, A — aMILTITyAd BUIPOMiHIOBaya i MpuiimMaya

BiJIMIOBITHO.

VY OCHOBI 3aJIeKHOCTI aKyCTHYHUX IapaMeTpiB (3aTyXaHHsS 1 HIBHAKICTh
YIIBTpa3ByKa) BiJl B'SI3KONPYKHHUX BiAacTHBOCTeW (Momyns FOHra, edexTtuBHa
B'SI3KICTH), BIAMOBIIHO 70 (heHOMEHOJIOTIYHOI TEeopii, MOXe OYTH BHKOpHCTaHA
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MOJIETTb  B'SI3KONIPY)KHOTO  Tijla 3  JIOBUIbHMM  YHCIIOM  peJlaKcalliifHuX
MaKCBEJUIOBCKMX MeXaHi3MiB. BiamoBiqmo no 1miei wMozmemi Bupa3 uis
KOMIUIEKCHOTO MOJYJISl IPYKHOCTI Mae BUTILAN [4]:

~ noion;
E=E(o)+ion(w)=E,+ion, + Y, ——=
= 1+zanj (5)
n F .a)zfz. n n;
B+ Y iaf g, + Y — |,
=1+ o 7] = l+o T;
e E) — piBHOBakHHI a00 CTaTUYHUN MOIYJb, IO XapPaKTEPU3YE UHCTO

NIPYXKHI BJIACTUBOCTI HONIMEPIB; 7], — HEpEeNaKkcylo4a B'S3KICTh (JJIsI BUMAAKY
HECKIHUEHHO WIBUJKIH medopmanii); 1,,7;,E; — B'a3KicTb, yach penakcamii i
MOJIYJIi TIPYXKHOCTI Pi3HUX peNTaKCAI[IfHUX MEXaHI3MiB; (3 — YacTOTa aKyCTUYHUX

KOJIUBaHb; 7 — YHUCJIO PETaKCAIliHUX MEXaHi3MiB.
Takox Bigomo [4], mo Bupasu it C Ta (5), MOXYTh OyTH 3aIicaHi y

BUTJISIIL:
E 2(1+(o2r2I\/1+(o2r2 —1)
P 022

(6)

2.2
p 1+(o;; 2—1' 7
EY\ 2l+o’r

3 ypaxyBaHHsM Bupasis (5), (6), (7) MU MOKEMO OTPHMATH 3ATEKHOCTI TS

Ein [4]:

E()= pe = edo) (8)
P [1+(ac/w)2]z

n(o)= 20 oo . ©

2
o [1 +(ac/a))2]
PosrnsHEeMO B's13Ky ckitafioBy.E(ekTHBHA B'SI3KICTh € CYMOIO JIBA CKJIAJIOBUX
[4]:
4 ’ "
n= 5 n+n, (10)

ne m' — 3CyBHa B'A3KICTh, MOB'A3ye WIBHAKICTH nedopmarii 3cyBy 3

BHHUKAIOYOI0 TAHTCHITIABHOI HAMIPYTO0 [4], 00yMOBIICHa MEXaHiI3MOM B'SI3KOT0
TEpTS JJTAaHOK MaKpOMOJIEKYII.
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"

1" — 00'eMHa B'SI3KICTh, BUSHAYAE JAUCCUIIATUBHI CHIIH, 1[0 BUHUKAIOTH TIPH
BceOIYHOMY PIBHOMIPHOMY CTHCHEHHI a00 po3mmpeHHi [4].

T. 4. Bukopucranns 3anexsocrert (9) i (10) mo3Bossie, 3HAIOUM aKyCTHYHI
rapameTpy MaTtepialy, BU3HA4aTH B'SI3KY CKJIa/IOBY.

JlocnipKeHHIO BIUIMBY MOJIEKYJISIpHOI MacH i iHmux napamerpiB MMP Ha
TEUil0 PO3YMHIB, 30KpeMa Ha 3CYBHY B'S3KiCTb, NPUCBSYEHO JOCTATHHO 0araro
pobit [6].

3a OCHOBY BHU3HAYECHHS MOJIEKYJSIDHOI MacH MO B'S3KOCTI PO3YMHIB 1
PO3IUTaBiB MOJIMEPIB, SIK PaBHJI0, OepeThcs piBHAHHA Mapka-KyHa-xXyBiHKa [7].

n=K, -MM*2, (11)

ne K,,K, —const;

MM — MmonekynsipHa Bara 3pasky.

e piBHsHHS 3B's13ye MonekymsipHy Bary (MM) 3 XapakTepHCTHYHOIO
B'SI3KICTIO O€3 ypaxyBaHHS PO3TATY)KEHOCTI, 3IIUBAHHS 1 AUCIIEPCHOCTI TOJIiMEpY.

Takox iCHYIOTb AOCHi/DKeHHS BIUIMBY MM 1 mapamerpiB MOJEKYJISpHO
MacoBoro po3noainy (MMP) Ha Taki TeXHOJIOTIYHI XapaKTEPUCTUKH, K B'S3KICTh
no Myni (Mh), nmnacTU4HICTh, KOpCTKIcTh 1 1H.[8,9]. B'sskicte mo MyHi 6e3
ypaxyBaHHs pO3TalTy’)K€HOCTI 1 3IIMBaHH, sIK QYHKIist MM, Moxe OyTH onmcaHa
HACTYITHUM PiBHSHHSIM.

Mh=m, MM - K3, (12)

ne ml, m2, m3 — const;
MM, —MoneKynspHa Bara, BA3HauUyBaHa METOIaMHU BiCKO3UMETDii.
K; — koedilieHT MOMIiAUCIEPCHOCTI;

Haiiwacrime, Horo BIUIMBOM MOXKHa HEXTyBaTH, Toai Qopmyma (12)
CHPOCTUTHCS JI0 BUTIISNY:

Mh=m,-MM™ (13)

T. 4., Bupaxkaroun MM 3 (11), migcrasisroun B (13) i 3aminroroun 77 Ha (9)

MOXXHa OTPUMATH 3aJIEXKHICTh, M0 00'€JHYE MOJIENIb aKYCTUYHUX BIACTUBOCTEH
posmuiaBy (¢, C) i HOro B'I3KONPYKHUX XapaKTepUCTHK (epeKTUBHA B'S3KICTH 7
1 MOZYJTb TIPY>KHOCTI ) 3 MOJIEIUTIO IIACTOCTACTHYHUX BIACTUBOCTEH PO3ILIABY 1

110 JO3BOJISIE 3B'S3aTH B'sI3KicTh 110 MyHi (Mh) 3 aKkyCTUUHUMH BIIACTUBOCTSIMH:

my
K
2pc? oc/w 2
Mh=my| 22 oo (14)
Ko [1 + (occ/w)2]z
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m
2 KZ m2

BBEIAEMO Z, =my| — Ta Z, =—=, OTPUMAEMO:
1 1 27 %
1 2

2\%2

2
Mh =7, pac’] o 1{%] (15)
[0]

ne Z; 1 Z;— mapameTpu MOAENI, 1HIUBITyalbHi U1l KO)KHOI MapKH CIUIaBYy.

Jis  eKcriepUMEeHTaNbHOI IepeBipKM OTPUMAaHOi MaTeMaTW4YHOi Mojemi
MIPOITOHYETHCST  TPUHLIMIIOBA CXEMa EKCIIEPUMEHTAIBHOI  YCTAHOBKM  JUIS
BH3HAYEHHS MMapaMeTpiB 3aexHocTi (15), sika € CyKyIHICTIO armapaTHUX 3aco0iB
(renepatop, nudpoBuii ocumwiiorpad 3 BHBENSHHSIM JaHMX Ha KOMITIOTEp 1
IT'€30KBapILIEB] EpEeTBOPIOBaYi: BUNPOMIiHIOBaY 1 nmpuitMay) (quB. Mai.3).

[enepatop

BunpomintoBay

MepcoranbHb A 3pasok

koMM toTep

Mpuiimay

|/~ Undpposuii

ocuunorpad

Maut. 3. [IpuHIMIIOBA CXeMa eKCIIEPUMEHTAIBHOI YCTAHOBKH JIJISI OLIIHKH
rapameTpiB MateMaTuuHoi Mozeni (15)

EnexTpyuHuii iMIyNnbC TOAAETHCS T€HEPATOPOM  Ha BHUIIPOMIHIOBAY 1
Nepiuii  KaHan nudpoBoro ocuwiorpada. BumpomiHioBau —IEepeTBOPHUTH
ENEKTPUYHMHN IMITYJIbC B MEXaHI4HI KOJIMBAHHSI, SIKI MICJsI MTPOXOPKEHHS depes
3pa3oK TEpEeTBOPATHCS IpUiiMadeM Has3aJl B €IEKTPUYHI KOJMBaHHA 1
PEECTPYIOTBCS JPYTUM  KaHaJoM ItudpoBoro ocmwiorpada. OTpumani maHi
HEeoOXiTHO 00pOOIIATH 32 IOTIOMOTOI0 CIELiaIbHOrO PO3pOOJIEHOr0 MPOrPaMHOI0
moxyist (ITM).

Bunukatots nepemxymoBH st po3poOku BignosigHoro I[IM, mio no3Bonsie
BHU3HAYaTH [apaMeTpd MpPOIOHOBAHOI MaTeMaTHYHOI MOJEN, a TaKoX
PO3paxoByBaTH CTATUCTUYHI OIIIHKK MOJIENi: BIJHOCHY MOTPIIIHICTh, aOCOIIOTHY
norpimHicTs 1 koedinieHT mapHoi Kopessnii. Kpusi 3amexxHocTti KoedimieHTa
3aracaHHs 1 IIBUJIKOCTI yJIbTpa3ByKa BiJ B'I3KOCTI, T00Y/I0BaHi 3 BUKOPUCTAHHAM
PpO3po0IIeHOT MOJIENTI TIPEICTABJICHI HA MATIOHKY 4.
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Mau. 4. 3anexxHicTs KoedilieHTa 3aracaHHs 1 IIBUIKOCTI YAbTpa3ByKa Bij
B'SI3KOCTI

=
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BucnoBkn. OTpuMmaHi 3aJ€XHOCTI JTO3BOJISIIOTH 3pOOMTH BHUCHOBOK IIPO
MOXIIUBICTh BHKOPHCTaHHS pPO3pOOJIEHOI MaTeMaTHYHOI MOJeNi SIK METO[
aKyCTHYHOT'O aHaJli3y B'SI3KMX BJIACTUBOCTEH PO3IUIABIB METAlB, IO JO3BOJIHTH
ICTOTHO CKOpPOTHTH THMYacoBi 1 MarepiajibHi BHUTpPaTH Ha KOHTPOJI SKOCTI B
yMOBax IPOMHCIOBOrO BHUpOOHUITBA. /[l po3poOku mpunagy eKcipec-
KOHTpOJIIO B'SI3KOCTI PO3ILIABICHOTO METANy BHHHUKA€E 3aBJaHHS MiITBEPIUTH
MOJIEJIh EKCIIEPUMEHTAIIFHO 1 OLIHUTH i1 aZleKBaTHICTb.
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