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HepyiiniBHi BUNIPOOYBaHHS JeTajlell CLUIbCHKOTOCIOAAPCHKUX MAIIIMH

Kapabunbom C. C., Pyxkniio 3. B., HoBuubkuii A. B. mouentu

(Hayionanvnutl ynieepcumem 6iopecypcié ma npupoooKopucmyeanis Ykpainu)

B cmammi  npusedeno  amnaniz  ymoe  2onoepaghysamHs  Oemanei
CLIbCLKO20CNO0APCHKOI MeXHIKU OJIs1 BU3HAYEHHS PiHs iX Haldlunocmi. Po3ensinymo
MOJCIUBOCT  3ACMOCYBAHHS  PIZHUX Memo0i8 20102pady8ants 0Nl SU3HAYEHHS

MexXHIYH020 cmany oemaneti MawuH 8 momy Yucii i CLibCbKO20CN0O0ApCbKOI.

Beedenna. Meronu rosorpadyBaHHs 13 3aCTOCYBaHHSIM TOJIBITHOTO IMITYJIECY
JI03BOJISIIOTH TPOBIPSATH JIBa PI3HUX CTaHU TMOBEPXHI 00’€KTY, AKI CIOCTEpIraTv y
BUJISA1 IHTEPPEPEHLIIIHUX CMYT Ha MOro BIAHOBIIEHOMY 300paxeHH1. OQuH IMITyJIbC
TeHEpPYIOTh MpPU HEHANpPYKEHOMY CTaHl 00’€KTy, a APYIMil - NpU HalpyXEHOMY
cTaHl. AHOMaJi B KapTUHI 1HTEp(EPEHUINHUX CMYT MOXYTh B1IOOpakaTu XapakTep
KOHKPETHOTrO Je(eKTy abo CTpYKTypy IMOBEpPXHI KOHKpETHOi aerani o0’ekra [1].
IMmnynbcHuii pyOiHOBHI J1a3ep 3a0e3neuye 3ax0/1d, He0OX1H1 AJI 3alUCy roJIorpaM B
yMOBax, BIIMIHHMX Bijg JabopaTtopaux. Ock YoMy rosiorpadiuyHi HEpPyHWHYHOU1
BUNPOOYBAaHHS € €(PEKTUBHUM CIIOCOOOM KOHTPOJIO B EKCILTyaTallifHUX YyMOBax.
MoxIuBe TakoX SIKICHE YIpaBJIiHHS CUCTEMOIO B peajbHOMY MaciiTadbi yacy i
KOHTPOJIb JIeTalll, [0 JO3BOJISIE TIPOBECTH JIarHOCTUYHE BUIPOOYBaHHS 0e€3
MOPYLIEHHS Mpale3aaTHOCTI 00’ €KTa.

Mema. TlpoBecTn aHami3 ICHYHOYMX METOJIB royiorpadyBaHHs [erajeil Ta
BU3HAYUTH MPUOJIPITETHI YMOBH X peaiizalii.

Pesynomamu. Tlpu HepyHHyIOUMX JOCHIDKEHHSIX 13 peaiizali€eo ja3epy
Oe3MmepepBHOrO BHUIPOMIHIOBAHHS JIJII TEHepalii pPE30HAaHCHUX MOJ KOJHMBAaHb
BHCOKOI'O TMOPSIIKY 1 MOLIYKY aHOMaJiid y iHTepdEepeHIlIHHUX CMYT Yy BIJIHOBJIEHUX

rojorpamax 1 OTpUMAHHUX MCTOAOM YCCPCAHCHHA 3a 4YaCoM, € eCI)eKTI/IBHI/IM
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3aCTOCYBAaHHS yJbTPAa3ByKOBOro 30y/KeHHS K HaBaHTaxeHHs. lLleit Meron
3aCTOCOBYIOTh MpH Tojorpadii 13 CHHXpOHI3aLI€0 Jazepy 1 YIbTPa3BYKOBOIO
30y/KEHHS MK JBOMA IMITYJIbCaMH.

[onorpadiuny iHTEepdepeHiio 13 IMIyJIbCHUMHU Jla3epaMu, SK OyJo
BCTAHOBJIEHO, JOIJILHO 3aCTOCOBYBATH MpHU JOCHIDKEHHSX Ha BTOMY, a TaKOX
MarepiajliB Ha MIIHICTh MPU BUKOPUCTAHHI MEXAHIYHOTO 3ruHy. [l oTpuMaHHS
iHTep(depeHIiiiHNX CMyr Ha TMOBEpPXHI JeTajll Yd BYy3Jla, BHUKOPHUCTOBYIOTH
BUIPOMIHIOBaHHS Jla3epa 13 BOMa XBWJISAMH Pi3HOI JOBXHHHU. PoGoTa IMITyJIbCHOTO
Ja3epa 13 OJIHOYACHOIO TEHEpalli€l0 JBOX XBWJIb PI3HOT JOBXKHUHU TPOBEACHA 13
pO3IUIEHHSIM KOHTYpIB. [{ell MmeTon 6a3yeThcs HAa TakoMy BHOOPI1 BiJ1all /10 €TajloHa
(pe3oHaHCHOTO BigOMBaya), IpH SIKIA JBa BIAOMTHX My4yka 3HAXOMASTHCS B MeExKax
IIUPHUHM JiHIT (IIyOpecleHIlll ONTUYHO HakayaHoro pyOiHa. [HTepBam MK JiHISMU

PI3KHX PiBHIB OBEPXHI BU3HAYAIOTH fK [1, 2]:
Q
I = A5 (2-AA - — 1
Aq - As( cos3), (1)

ne, A, A, - TOBKUHU XBWJIb BUITPOMIHIOBAHHS JIa3e€pa, MKM;

AA - pI3HUIIS JOBKHUH XBUJTb, MKM;

Q- KYT MDXX HalpsIMKOM CIIOTJISIIaHHS 1 HAIPSIMKOM OCBITJIEHHS, Pa/l.

Posnonin HaBaHTaXEeHb JO3BOJISIE BUBYATH HE TUILKH OKPEMI 30HU Ha JIeTalll, a
TaKOX crpspkeHl moBepxHi. OOpoOKka MOBEPXOHb HE BIUIMBAE HA SKICTh MPOBEICHHS
KOHTPOJIBHUX OTlepalliid, HaBITh Yy BAPOOHUYUX YMOBaX.

Icnyroua 1HTepdepoMeTpisi 3aCTOCOBYETHCS TUIBKA JIJIi  BUMIPIOBaHHS
HEBEIIMKUX 3MIH XOJy TMPOMEHIB MpHU JOCHIHPKEHHI ONTUYHO TMOJIPOBAHUX 1
I3€pKAIbHO B1AOMBAIOYMX IMJIOCKUX MOBEPXOHB. ['osorpadis x 103BOJIsI€ MPOBOAUTH
BUMIPIOBAHHS TPHOXMIPHUX JUQPY31HHO BIAOMBAIOYUX HEIUIOCKUX TOBEPXOHb.
CmyrH, 110 MOSBISIOTHCS Ha 300pakeHH1 (CBITIII 1 TEMHI), SBJISIIOTh COO0I0 KOHTYpHU
PIBHOTO TIEPEMIIICHHS] YACTUHU TOBEPXHI O0’€KTa B3JIOBXK OCI CIOCTEPEKEHHS, a
KO)KHA HACTyIlHA CMyra BiJoOpakae 3MIIICHHS, pPIBHE MNPUOIM3HO TOJIOBUHI
JOBXKMHU XBWJII JDKepela KOTEPEHTHOTO BHUIIPOMIHIOBAHHS, BHKOPHCTAHOTO TIpU

BITHOBJICHH1 TOJIOTPaMH.
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Po3pi3HAI0Th Taki OCHOBHUX BapiaHTU METOY rojorpadiunoi iHTepepomeTpii:

1)  crarM4yHa JBOEKCIO3UWIIIHHA i1HTEpPepoMeTpis. 3amuc MPOBOASTH Ha
OJIHY 1 Ty * (POTOIJIACTUHKY - JIO 1 MICJIs MPUKIIAJIEHHS CTATUYHOTO HABAaHTAKCHHS;

2) IUHaMiYHa 1HTepdEepoMeTpis 13 yCEepeAHEHHsSM 3a vacoM. Meron
0a3yeTbCs Ha TIOJOBXKEHIM eKCIO3uIlli 00’€KTa, SKWW 3HAXOIUTHCS A €0
UKIIYHOTO Y BIOpaIifHOrO HaBaHTXEHHSA, IIJI Yac SKOTO IMPOXOJUTH
iHTep(depeH s  MDK CyKyNHICTIO OKpeMux 300paxeHb. HailOimbmn — 4iTKO
MPOSIBIISIIOTHCSA CMYTH, 3allMCaHl TPH MIBUJKOCTI 3MIHU CTaHy 00’€KTa, OJU3BKOT0 J0
HYJIS - B KpaiHIX aMIUTITyIHUX TTOJTO0XEHHSIX;

3) rojorpadiyHa iHTepPepoMETpis B pealbHOMY MaciuTall. 3a UM METOJIOM
MIPOBOJIAITH 3AIUC TOJIOTPAMU HEPYXOMOTO 00’€KTa, 1l TIOBHICTIO OOpOOJIAIOTH 1 BEPTAIOTh
TOYHO Ha T€ came Micle B rojorpadiuniii ycraHoBii. [IoTiM 00’€KT, SKHA TOCTIHKYIOTh
CIIOCTEpIraroTh uepe3 rojorpamy. Jlrode 3MilieHHs 00’€KTa MPUBOAWUTH IO BUSBJICHHS
1HTEepEPEeHIIIHHIX CMYT B pealbHOMY MacIITad1 yacy;

4)  koMm’roTepHa Tosiorpadiss — HalicydacHIIIWMH 1i  BHSAB, KOJH
3aCTOCOBYIOTh IpOrpaMHe 3a0€3NEUEHHs JJi1 CTBOPEHHS YMOB 3aIlUCy TOJIOTpaM B
urdpoBOMY BHII P MaTEMaTUYHINA 00poOILIl OTPUMAHUX PE3YJIbTaTIB.

['onmorpama mokaszye KapTUHY 3MIIIEHHS 00’€KTa B MPOMDKKY MDK JBOMa
EKCIIO3UINISIMU — JIBOEKCHO3uIliiiHa royorpadis. IIpoBeneni aBTOpoM TOCIHIIKEHHS
JaJid 3MOTY BIIEpIlie BCTAHOBUTH yMOBH BH3HAUEHHS CTaHIB MOBEPXOHb JAeTajieH 1
BY3JIIB CLJIBCHKOT'OCTIONAPCHKUX MAIIIMH OJIM3bKUX J0 TPAHUYHUX a00 BIAMOBIAAIOUNX
iMm. B Hacmiok Toro, mo oOujBa XBWJIEBI (POHTHU, OJAMH 13 SIKUX HECE CBITIOBY
iH(dopMaIilo 13 MOBEPXHI BIAOWTTS, a IHIUMK € OMOPHUM, CYMYIOThCSl B IUIOLIMHI
€MYJIbCli, TO PO3MO/ILI IHTEHCUBHOCTI 3aIMCy Ha ToJiorpami BU3HAUUTHCS uepes [1]:

2 2 2 * * *
1 =[Ug, | +Uo, | +Ur* +U; Ug, +Us, [ +U, - (U5, +Us, ) (2)
e  31poduka BKa3ye Ha KOMILJIEKCHO-CIPSKEHY (YHKIIIO;
U, - onopHa XBuJIs, M.

BinHoBnenuii XBuieBuil PpoHT, MPHU IIOMY OyJie MPOMOPIIMHUI XBHIHOBOMY

(dbponTy 300paxkenHs [1, 2]:
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U; :(U01+U02j (3)

BinHnoBnene 300pakeHHS OMUCYETHCS BEKTOPHOIO CYMOIO BIAMOBIAHHUX IOMIB
o6’ekta (Upp 1 Up). TlepemimieHHs, 10 po3TIsAgaeTbess  rojorpadiqHoo
iHTep(epemeTpi€eto, Malli B MOPIBHSAHHI 13 MPOCTOPOBOIO MPOTSIKHICTIO 00’€KTa, TO
OKpeMmi ToJist 00’ €KkTa 3anumyThes [1]:

LJo1 = Ay -expi-k-@;

] 4
Uo = A -exp i K- ;. )

Tonmi po3mnoai IHTEHCUBHOCTI (1HAEKC TO3HAYa€ XBWJICBUU ePeKT 00’eKTa y

BHITAJIKY TBOX €KCIO3UIIIN), TO BITHOBJICHE 300payKEHHS 3aluIIeThes [2]:

.a.2.|A0|2><{1+cos[k-(§002 —(Pol)]}’ ()

Iid =|UI’|2

e k=27xlA

Po, —Po, - DOAATKOBA JOBXKMHA IIAXY IPOMEHIB, SIKa IOSBIAETHCS B
pe3yJbTari 3MIMIEeHHS 00’ €KTa, M.

Po3nonini  iIHTEHCHMBHOCTI  BIJHOBJICGHOTO  300paKeHHS €  (QYHKIIIEIO
IHTEHCUBHOCTI OCBITJIEHOCTI 00’€KTa, MPOMOAYJIHOBAHOTO 3a 3aKOHOM KOCHHYCAa,
BHACIIOK 3MiHU (pa3u mpu 3MimIeHH] 00’ekTa. 3MIMIEHHS Z; TTOXOJIUTh B HAMPSIMKY
HOpMaJIl /10 MOBEpXHI. SKIIO KyT MK Nagar0yuM IMYYKOM 1 HOPMAJUIIO MOBEPXHI
00’€KkTa MpHU 3rUHY PIBHUUA O, @ KyT CHOCTEPEXKEHHS NpHU BIJHOBJIEHHI [3 TO
IHTeHCHBHICTH [1, 2]:

I, oc 2-|A|" +{L+cos[k -z, -cos e + cos B};
abo (6)

. ocd|A| -coszl[k -z,(cos a + cos )]
Id 2

[HTEHCUBHICTb 3MIHIOETHCA, K KBaJpaT KOCHHYCa B 3aJICKHOCTI BIiJl BiAjai
MDK JBOMA 1HTEP(PEPEHIIINHUMU CMyraMu, 0€3MOCepPEIHO 3B’ I3aHUMH 13 3MIIICHHS
Z; 00’ekra [1]:

Z, =N-A/(cosa+cosp), U

ne N —uucno cmyr.
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[Nonorpadiuna iHTepdEepOMETpis 1O3BOISLE 3HANTH 1 BUMIPATHA HE3HAYH1 3MIHH
dbopMU TMOBEpXHI LUISIXOM MOPIBHAHHA KOKHOI TOYKM Ha TOBEpXHI jAerani i3 il
3MiHEHUM cTaHoM. Han3BuuaiiHa 4yTIMBICTh METOJIa 10 TMOBEPXHEBUX Jedopmariii
J03BOJISIE BUBUUTH XapAKTEPUCTHKHA OKPEMUX YacTHH 00’€KTa, CIIOCTEPIraroydu
nepeMilieHHs: Horo MoBEpXOHb MiJl AI€I0 MalluX HaBaHTaxeHb . L{eit MeToa MiCTUTH B
co01 BeIWKI TMOTEHIIHHI MOXJIMBOCTI JJI1 BHUPIIMICHHS PI3HOMAHITHUX 3ajad
HEPYHHYIOUOTO KOHTPOJIIO Y BUSIBJICHHI PI3HUX J1e(EKTIB.

Jlns  peamizamiii 1IbOro MeTOAa 3aCTOCOBYIOTH Pi3HI 1O  (Pi3WUHIN CyTI
HABAHTAKCHHS

1) akycTuuHe 30yIKCHHS;

2) TepMiuHi HABAaHTAKCHHS;

3) HaBaHTa)XEHHS THCKOM, 200 PO3P1IHKCHHSIM;
4) MexaHIYHE HABaHTAKCHHS;

[loennanns ronorpadii, sk OyJI0 BCTaHOBIEHO AaBTOPOM, 13 METOIOM
yIBTPa3ByKOBOTO 30yIXKEHHSI HA HEBEIMKUX YaCTOTAX /A€ MOXKIUBICTh PEECTPYBATH
(G13U4HI BJIACTUBOCTI BIJTHOCHI BEJIMKUX IMOBEPXOHb MpH iX aedopMallii MI0CKOI0
aKyCTMYHOIO XBWJICHO. [Ipu KOHTpOJNi 3a JOMOMOTOI0 TEPMIYHOIO HABAHTAKEHHS
(bIKCYIOTh TTOBEpXHEB1 AedopMallii, BUKIMKAHI PI3HUICIO B TEIUIOBOMY PO3IIMPEHHI
eleMeHTiB 00’ekta. HaBaHTaxkeHHs THUCKOM ab0 pO3pLIKEHHSIM Ja€e e(eKTUBHI
pe3ynbTaTH JUisl MOPOXHUHU €JIEMEHTIB KOHCTPYKUINA. /[0 BHpoOy NpUKIanaioTh
MEXaHIYHEe HaBaHTXKCHHS aJIcKBaTHE €KCIUTyaTal[iiHOMY.

JIns  yIOCKOHAJIEHHSI CHOCOOY YNpaBIiHHS CMYraMd HEOOXITHO 3MIHUTH
KPUBU3HY TPEAMETHOTO Ty4Ka, IO 3MIHIOETHCS ONTHYHUM IUIIXOM 3a JOIIOMOTOIO
7iH3. PO3MICTUBINM JTiH3Y HA NUIIXY MPEIMETHOTO MyYKa 1 3a0e3MmeunB ii mepeMimieHHs
B3JIOBX ONTHUYHOI OCl, OTPUMAEMO MOXJIMBICTh KOMIIEHCYBATH 3arajbHUN pyX 00’€KTa
0 JTiHII CIOCTEPSIKECHHS BiJ TOJOrpaMH A0 MoBepXHI 00’ekta. Crioci® miBHIIECHHS
YyTJIIMBOCTI TosiorpadiuHoi 1HTepdepemeTpii mossirac B 3a0€3MeYeHHI BIAMOBIIHOT
3MiHM (pa3u B omopHOMy (YM y TPEIMETHOMY) MYy4YKy B IPOMDKKY MK JBOMa

excnio3uiisiMu. Lle m03Bonsie 3ammcyBaTh Maji TEpEMINIEHHS TOBEPXHI 00’€KTa,
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CHIBBUMIpHI 13 TOJISIMH JOBXHHU XBHUJII BUIPOMIHIOBaHHS, SIK (DYHKIIIFO 1HTEHCHBHOCTI
CMYT 1 3a0e3mneuye MiBUILIECHHS Yy TAUBOCTI HA OJIMH MOPSAOK.

IIpu 3acTrocyBaHHI MeTOJa JBOX €KCIIO3WINN, 3MiHAa (a3 BHU3HAYAETHCS
MaTEeMaTH4HO, 5K 1/4 MOBXHHM XBHJII BUIIPOMiHIOBaHHS, piBHE 90°. BBenenus takoi
3MIHU MIX EKCIO3MIIISIMA TIEPEMICTUTh HOpMallbHY (YHKIII0 KOCHHYCa BIJ SKOT
3QJICKUTh 1HTEHCHBHICTH 1HTepdepeHuiitHux cmyr Ha 1/4 mnepioay. Ilpu 1mpomy
HaANO1IbIIIe 3HAUEHHSI KOCHHYCA - TOYKa 13 MAaKCUMaJIbHOIO 3MIHOIO SICKPABOCTI CMYT
3MICTUTBCS B TOUKY HYJIBOBOT'O IMOJIOKEHHS 00’ €KTa 1 TOJI1 MPYU MAJIOMY 3MIIIIEHHI BiJ]
HYJBOBOTO TIOJIOKEHHSI OyJe CIHOTJSAaTUCS MaKCHUMallbHa SCKPaBICTh CMYT.
CuHycOigaJIbHO 3MIiHIOIOYH (Pa30BYy MOJYJIALII0 OMOPHOTO IydyKa 3I1MCHIOIOTH 32
JIOTIOMOTO0 BIOPYIOUOTO A3epKajia. AMIUITYy MOJYJAII] TEOPETUYHO BU3HAYAIOTh
MIPUPIBHIOIOYH HYJIIO APYTY MOX1IHY KBajapaTa (GyHKLIM beccens Hyap0BOro nopsajaky
[2].OnTumanbaa (a3oBa MOAYIALiS AOCATAETbCS MU 62°. AMIUTITYJa KOJIMBAaHb

n3epkana A=1082-1/2-7 [2], ne A noBxuHa XBUII Ja3epa.

Croci0 3HMKEHHS BEJIHMKOI YYTJIMBOCTI BHUKOPUCTOBYIOTH B ToJiorpadiuHii
iHTepdhepemMeTpii A JOCHIDKEHHS BEJIMKUX TMEPEMIllIeHb O0’€KTa 1 MOJsrae y
BUKOPUCTAaHHI MyapOBUX METOJIB. 3aKCYIOTh ABI cepli 3BUYalHUX ToJjorpadiyHuX
1HTEepPEPEHIIIITHUX CMYT, 5Kl MOTIM MOPIBHIOKOTH 32 JOMOMOI0OI0 MyapOBOI'O METOLY.
['onorpadgiuny MyapoBy KapTUHY OTPUMYIOTH IIJISXOM YOTHPHOX EKCIO3UINA Ha
onHy emynbcito. [lepuri AB1 ekcro3uuii 1 JBI OCTaHHI MNPOBOAATH MPU MOCTITHOMY
3MilieHHl 00’ekTa. [Ipy yoMy, B MPOMIKKY MK APYTOIO 1 TPEThOIO E€KCHO3ULISIMU
nepeMilieHHs] 00’€KTa MEepeBHINye Te, SIKE MOXIJIMBO 3apeecTpyBaTH 3BUYANHOIO
rojorpagiuHoro iHTepdepomeTpiero. OTpuMaHi 3a JOMOMOIOK MYyapOBOI'O METOY
nBi cepii iHTephepeHIIHHUX CcMYT 1HTephEepyIOTh B HEKOTEPEeHTHOMY CBiTIi. B
pe3ynbTaTi LbOr0 OTPUMYIOTH 1HTEp(EpPEHUINHY KapTUHY BiJ BEJIHUKUX 3MIIIEHb
MOBEpPXHI JeTani Ouibll sicKpaBoio. BinHocHy a3y MK MNy4YHOCTAMH Ha
iHTepdeporpami  BiOpalliii MOIJIMBO BHU3HAYHUTH, PETYIIOIOYH aMIUNTYIy, IO
0COOMMBO BaXJIMBO TpH JedeKTamii Ta HEpyHHYIOUOMY KOHTpOJI JAeTaliel

CiJII)CBKOFOCHOI[apCBKI/IX MalllhH.
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Bucnosku. TakuM YUHOM BCTAHOBJICHO MPAKTUYHY MOKJIMBICTH peaiizamii sk
iMIynbCHOT rojorpadii (ABOIMIYIbCHHM PEXKUM pOOOTH Ja3epy), Tak 1 rosorpadii
P MOCTIMHHOMY ONPOMIHEHHI BUPOOY. TeopeTHYHO BU3HAUCHO, a MOTIM MPAKTUIHO

pealli30BaHO MPU BCTAHOBIIEHH]1 TEXHIYHOTO CTaHY CLILCHKOTOCTIOAAPCHKUX MAIIIHH.
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0151 OnpeodeiieHUss MEeXHU4ecKo2o0 COCMOAHUS Oemanel MAuluH 6 MOoM yucie U

CeNIbCKOXO3AUCMEEHHO.

Abstract
Non-destructive tests of parts of agricultural machines
Karabinesh S. S.

In the article the analysis of terms of holographical investigations parts of
agricultural technique is resulted for determination of level of their reliability.
Possibilities of application of different methods hofholographical investigations are
considered for determination of the technical state of details of machines including

agricultural.
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