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BucokoTouna Ta mBHIIKA OI[IHKA SKOCTI 0OpOOIIOBAHUX MOBEPXOHb MPUPOIHUX
KaMEHIB Yy aBTOMATUYHOMY peXuMi 0e3 3yNHHKH TEXHOJIOTIYHOTO TMPOIECy €
HaA3BUYAMHO BAaXIMBOIO Ta CHENU(IYHOI HAYKOBO-TEXHIYHOW IIpoOieMoro. Ii
YCHIITHE BUPIMICHHS CIpHsie 3a0€3MeUeHHI0 CTablIBHOCTI TEXHOJOTIYHUX TPOIIECIB,
BUCOKOI  SIKOCTI  MPOAYKIIi,  KOHKYPEHTOCHPOMOXHOCTI  KaMeHeoOpOOHUX
MIMPUEMCTB Ta MBUIICHHS €()EKTUBHOCTI X (YHKIIIOHYBaHHS Y I1JIOMY.

OriHka sSKOCTI OOpOOJIFOBAaHMX TOBEPXOHb MPHUPOJHUX KaMEHIB 31HCHIOETHCS
[UIIXOM BUMIPIOBAHHS BEJIMUMHU IIOPCTKOCTI HA KOKHOMY 3 €TalliB TEXHOJOTTYHOTO
npotecy. [Ipu npomy npodiiemMa nossirae y Tomy, o BOJOTICTh, MW Ta Opy, sKi €
HEB1J’€MHOI0 YaCTHMHOI TEXHOJOTIYHOIO IMPOIleCy OOpOOKH TOBEPXOHH KaMEHIB,
YHEMOKJIMBIIIOIOTh 3aCTOCYBAHHS TAKUX TPATUIINHUX BUMIPIOBAIBHUX MPUCTPOIB K
omuckoMmipu Ta npodinomerpu [1, 2] Ge3nmocepenHb0 y BUpOOHMUMX ymoBax. lle
MOB’SI3aHO 13 THM, IO Ha pe3yJbTaT BUMIPIOBaHb BIUIUBAIOTH PIBEHb CBITIOBOTO
MOTOKY, KOJIp TPUPOJHOTO KaMeHI0, 3a0pyAHEHICTh 1 piBE€Hb BOJOTOCTI
00pOO0IIOBaHUX TOBEPXOHB SIKI CYTTEBO 3HIXKYIOTh TOYHICTH BHUMIPIOBAHHS, IO €
HenpunycTuMuM. OUYeBHIHO, IIO0 3aCTOCYBaHHS BKa3aHMX 3ac00iB BHMIPIOBAHHS
BUMAara€ JOBrOTPUBAJIOl 3YMHHKH TEXHOJOTIYHUX TMPOIECIB A MONepeaHbOl
HiATOTOBKH JOCTIIKYBaHUX MOBEPXOHb J0 BUMIPIOBAHHS, 110 € HEMPUITYCTUMHM Y
JUHAMIYHUX BUPOOHMYMX YMOBAX Cy4aCHUX KaMEHEOOpOOHUX MiAIPUEMCTB.

Meroro poboTH € MpeacTaBiIEHHS PO3pO0JIEHOT aBTOMATHU30BAHOI CHCTEMHU
BU3HAUEHHS SKOCTI OOpPOOKH IMOBEPXOHb NPUPOJHUX KAMEHIB JJI IIiJBUILCHHS
TOYHOCTI 1 IIBUKO/111 BUMIPIOBaHHS Ta 00poOKH 1HpOpMaIlii.

ABTOMaTH30BaHa CHUCTEMa BH3HAYEHHS SIKOCTI OOpOOKH MOBEPXOHb MPHUPOTHUX
KaMeHIB [3] moOynoBaHa 3 BUKOPHUCTAHHSM HEMPOMEPEKEBUX TeXHOJIOTH. BoHa
NpY3HaueHa JJIi aBTOMATHMYHOI BHCOKOTOYHOI Ta IIBUJAKOI OILIHKU SIKOCTI OOpOOKH
MOBEPXOHb PI3HOI MPHUPOAM, Y TOMY YHMCII MPUPOAHUX KaMEHIB, B PEKUMI PEabHOTO
yacy 0e3 TMepepuBaHHS TEXHOJOrYHOro mpouecy. CTpyKTypHa cXema CHUCTEMHU
IIPUBEZICHA Ha puC. 1.
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ABTOMaTH30BaHa CHUCTEMa BU3HAYEHHS SIKOCTI OOpPOOKM MOBEPXOHb MPUPOAHUX
KaMEHIB MICTUTh 1HTENEKTyallbHy 1 €JIeKTpOMEXaHIuHy MijcucTeMu. EiaekrpomexaHiuHa
miJIcHCTeMa MICTUTh yibTpa3BykoBi gatuvku J[1 ta JI2 1myis BUMIpIOBaHHS BiACTaHI,
natauk /I3 crpymy, moayns sxuBnerHs: (MOK), ronoBuuii BukonaBumii mexasizm (BK) 3
00po0Isitouor0  1uTihyBaNBHOIO TOMIBKOIO, MikpokoHTponep (MK), ¢yHKIioHambHMIA
nepeTBoproBay (Ha puc. | He mokazanuil). [HTeneKkTyanbHa miIcCHCTEMa MICTUTD IITYYHY
Heriponny mepexy (IIIHM) inTerpoBaty sik crierianizoBaHUil 3aCTOCYHOK B ONEpaLliiiHy
cucremy nopratuBHoro komi rorepa (I1K), Wi-fi— moyss nepenadi JaHUX Ha BIICTaHb.
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Puc. 1. CtpykTypHa cxema aBTOMaTH30BaHO! CUCTEMH BU3HAYCHHS SKOCTI 0OPOOKH MOBEPXOHB
npupoaaux kameHiB: JI1, JI2 — natuukwu BifcTani, /I3 — natunk ctpymy, MK — Moynb )KUBIIGHHS,
BK — ronoBHuii BUKOHaBYMiIl MeXaHi3M 3 00po0bustoyoto nutidyBansHo0 rojiiskoro 1T, MK —
MiKpoKoHTpoJiep, Wi-fi— Momynpb nepenadi nanux Ha Bigctanb, ANN — mTydyHa HEHpOHHA MEepexKa,
[IK — nopratuBHMI KOMIT I0TEP

VnabrpazBykoBi  gatumku  J{1, J[2  BcraHoBineHi  Oe3mocepesHBO  Ha
o0Opo6moBanbHii nutidyBanpHii ronosi (I mpuBoay pizanbHOro IHCTPYMEHTY Ta
GopMyIOTh Ha IUIOMIMHI BICI TPSIMOKYTHOI CHCTEMH KOOPAUHAT, MO SKUM
nepeminryetbes LT 1 BUKOPUCTOBYIOTBCA 1711 BUSHAUEHHS! KOOPAUHAT MEePEMILICHHS
po0O0YOr0o BaJTy TOJIOBHOTO JIBUTYHA.

[Ipn mnuridyBanHi ab0 TOMIpyBaHHI TIOBEPXHI 3MIHIOEThCS BEJIWYMHA 11
IIOPCTKOCTI (pHC. 2), sIKa MOB’si3aHa 13 BEIMYNHOIO CIIOKMBAHOTO CTpyM Ha Baiy BK,
IO CMOXHUBAETHCS MPUBOJIOM T'OJIOBHOTO PYXy KaMEHeOOpOOHOTO BepcTaTy Mij| 4ac
Horo po6oTH.
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Puc. 2. 3miHa CIOXMBAaHOTO CTPyMY Ha Baly TOJIOBHOTO BUKOHaBUOro MexaHizMy BK Ha pi3HuX cTamisx
00pOOKH TPaHITHOTO KaMeHIO NUTI(HYyBaTLHUM IHCTPYMEHTOM: a — Tpy0e nutidyBanHs (00 upaHHs ),
0 — cepenHe nuTipyBaHHs, B — TOHKE ILTIQYBaHHS, T' — TOBOJOYHE NUTi(yBaHHS (JIOLIHHS), T —
MOJTIpYBaHHS

BennunHa ammiiiTyiu KOJMWMBaHb Ta MHUTTEBE 3HAYCHHS CTPYMY KOPETIOIOTH i3
HAaBaHTA)XCHHSAM Ha Bajy MPHUBOJY TOJOBHOTO pPyXy BepcTaTy. HaBaHTakeHHs
CIIPUYMHEHE MEXaHIYHUM OMOpoM 3 OOKy TMOBEpPXHI KaMeHIO0 (DYHKI[IOHAJIBLHO
3aJICKUTh BiJl HIOPCTKOCTI 111€1 IOBEPXHI.
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Puc. 3. Cxemarnuna ctpykrypa IIIHM 11t aBTOMaTHYHOTO BUSHAYEHHS SKOCTI
00pOOKH TOBEPXOHBb MPUPOJHUX KAMEHIB

Tomy moctiiiHe Oe3nepepBHE BHUMIPIOBAHHS BEJIWYMHU CIIOXKUBAHOTO CTPYMY
JI03BOJIsIE OE3MOCEPETHBO BIICIIAKOBYBATH 3MIHY IIIOPCTKOCTI Ta BU3HAYATH 11 BEJTMUUHY
B PEXUMI peasbHOro vacy. [l 1boro BUKOPUCTOBYEThCS naTuuk /I3 crpymy, mokasu
skoro nepenarotbesi Ha MK. Curnamm 3 MK nonatotecst Ha Bxig IIIHM, sixka HaBueHa
aBTOMaTMYHO BH3HAUaTH SIKICTh 0OpoOkM TmoBepxHI kKameHro. Crpykrypa [IIHM
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npencTasieHa Ha puc. 3. Bona po3pobieHa 3a npuHIMIaMU MOOYA0BH 0araTomapoBoro
HEPLENTPOHY.

[ITHM nHaBueHa 3a METOAOM "HaBUaHHS 3 BUMTEIEM' Ta alrOPUTMOM ‘‘3BOPOTHOTO
NOMIMPEHHS TOMWIKK . B SKOCTI HaBYanbHOi BHUOIPKM BHUKOPHCTOBYBAIMCH JIaHi
HATYpPHOTO €KCIEPUMEHTY MPOBECHOTO Ha JIII0YOMY KaMeHeoOpOOHOMY MiAIPUEMCTBI B
XKuromupcerkiit obnacti. 3okpema IIHM Oyna HaBueHa BU3HAYATH JOCSTHYTY SIKICTB ITiJ]
gac OOpOOKM TOBEpXHI KaMEHIO B PEXHMMI pPEATbHOr0 Yacy 3a pe3yjibTaTaMu
Oararopa3oBHUX BUMIPIOBaHb BEIMYMHM MUTTEBHX 3HAUYEHb Ta aMIUTITYAU CIIOKMBAHOTO
CTpyMy Ha pi3HHMX cTajisx nundysaHds. Ha puc. 4 npeacraBieHo NpUKiiaa pe3ysibTaTiB
BUMIPIOBAHHS MUTTEBUX 3HAUCHb CHIOKUBAHOTO CTPYMY LUTI(QyBaTbHUM BEPCTaTOM IPH
Ppi3HIH sIKOCTI 00pOOKH TTOBEPXHI Ha BIJMOBITHUX CTAIsX MUTI(DYyBaHHS.
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Puc. 4. MuTTeBi 3HaYEHHS CIIOKMBAHOTO CTPYMY IPHBOAOM T'OJOBHOTO PYXY BEpPCTaTy Ha Pi3HHX
eranax uuTipyBaHHsA: A; — PO3KHJ MUTTEBHX 3HAYCHb CTyMy INpH rpyOomy mnutidyBaHHI
(o6mupanHi), A, — pO3KUJ MUTTEBUX 3HaYEHb CTYMY IPH CepeHbOMY LLTipyBaHH1, A— po3KuA
MUTTEBHUX 3HAYCHb CTYMY NMPU TOHKOMY nuTidhyBaHHI, Ay — PO3KHI MUTTEBUX 3HAYEHb CTYMY

MpU JI0BOJOYHOMY muTiyBaHHI (omiiHHI) As — PO3KHI MHUTTEBUX 3HAYCHb CTPyMy MpH
NOJIipyBaHHI

3a kputepiil OLIHKH JOCTOBIpHOCTI pe3ynbraTiB pobotu IIIHM mnpuiinsato
CepeIHbO KBAJIpaTUYHYy MOXHOKY, BEMWYHHA SKOT He moBUMHHA nepesuinyBatu 0,05.
Pesynpratn xomm’'totepHoro monemoBaHHa poootu IIIHM Bka3yioTe Ha 1i BHCOKY
TOYHICTh Ta IIBUIKOMAIIO. 30KpeMa 4ac OIIHKH SKOCTI JUIsi KOXKHOI CTajii oOpoOKu
MOBEPXHI KaMEHIO HE TIEPEBUIIYE 2 C, CEpelHs KBaJlpaTUYHA MOXHWOKA HE TEPEBHUIILYE
3amanoro 3HaueHHs 0,05.

Kniouogi cnosa: mrydna HeMpoHHa MEpeka, sIKICTh 0OpOOKM MOBEPXHI KaMEHIO,
TOYHICTD, IIIBUJKO/I1sI, aBTOMATHU30BaHa CUCTEMA.

Jlirepatypa
[1]. O.JI. Temera, I.A. Ceprieako, O.B. T'opobunmmnH, «OimiHKa OJHMCKY IMOMIPOBAaHOI MOBEPXHI ICKOPATHBHOTO

KaMiHHsI», Kowmogsne ma dexopamuene kaminns, 2011, Ne 3, C. 12-15.
[2]. B. B. Kopo6iituyk, A. O. Kpuopyuko, H. C. Pemes, K. K. Tkauyk, P. B. Co6oneBcrkuii «O11iHKa SKOCTI OJIOTHOT

CHPOBHHHU Ta OOJIMIIOBAIBHOT MPOMYKILi 3 MpupoaHoro kameHto’,Y.1: HaBd. mociOHuK, Kutomup: KTV, 2012,
188 c.
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PosrnsimaeTscss 3amada  OIHIOBAaHHS XapaKTEPUCTUK KOPO3IMHOTO ypasKeHHS
MOBEPXHI MeETaly BHIY CyOMUIIMETPOBUX KOPO3IMHHUX IUISIMOK, C(OPMOBAHUX
CKYIMUEHHSIMH TPOJYKTIB KOpO3ii Ha eJNEeMEHTax MIKPOCTPYKTYpPH TOBEPXHI.
BaxnuBoro € iHpopmarlis K Mpo 3arajibHy MOBEPXHEBY KOHLIEHTPAIIIO KOPO3IMHHUX
IUIIMOK, TaK 1 TPO CepellHl po3MipU MIKpPO3E€peH MPOIYKTIB KOPO3ii BCEPEOUHI LUX
IUSIMOK, IO JO3BOJISIE TOYHIIIE OINIHIOBATH XapakTep KOPO3IWHUX ypaKeHb Ta
nependadatd ix po3BUTOK. OIHIOBAHHS BKAa3aHUX XapaKTEPUCTHK MPOMOHYETHCS
31MCHIOBATH HA OCHOBI CUTHAJIIB ceHcopa Audy3HOTO BiOMBaHHs CcBiTaa [1], mo nae
MOJKJIMBICTh TMOOYAyBaTH KOMIAKTHUNA TEPEHOCHWA TpWIaj Ui OINEPATUBHOTO
OIIHIOBaHHS PaHHIX CTaJii KOPO3IWHOTO ypaK€HHs KOHCTPYKIIINA B MTOJHOBUX YMOBAX.

VY Takomy mpuwiaai cepeaHi po3Mipu 3€peH MPOAYKTIB KOpO3ii OIIHIOIOTHCS 3a
JIOTIOMOTO0 PO3MOJILTY Ha (POTOJIHINIII IHTEHCUBHOCTI CBITJIa, MU(PY3HO BIIOHUTOIO
BKa3aHUMH KOPO3iiHUMHU NedeKTaMH MOBEpXHi MeTany. B 3araibHOMY BUNAJAKY II€
BUMarae po3B’s3yBaHHs CKJIaJHOI OOEpHEHOi 3ajadi i3 3aCTOCYBaHHSM IOTYKHUX
00UYMCTIOBAIBHUX pecypciB. 30kpemMa, y mpami [1] po3rismanocst OIIHIOBAHHS
po3MipiB MiKpoJe(heKTIiB Ha OCHOBI 3BOpPOTHOTO MeToy Monte-Kapio, o mossiras
y MiHIMI3aIii BIXWIy MOJEIHOBAHOTO 1 BUMIPSTHOTO CUTHATY B €BKJIIJIOBIA METpPHII
JUTSl BUTIQJKOBOI MAapKIBCHKOI IOCIIIOBHOCTI MOJENEH PO3MOAUTY MiKpOAC(EKTIB.
Kpim TOro, po3B’a30K 1€l 3a1a41 CyTTEBO 3aJI€XKHUTD 1 B1Jl HOXUOOK BUMIPIOBAHHS.

Jlnst  3MeHIIeHHST TOTPIOHUX OOYMCIIOBAIBHUX PECYpCiB  3aIPOIIOHOBAHO
po3risaaTy iHII 1HQOPMATHBHI MapamMeTpu CUTHANY 3 BIANOBIIHUMH METPHUKaAMH,
0 Ja€ MOXKIHUBICTh 3aCTOCYBAaTH MPOCTIII aNTOPUTMHU PO3B’SI3yBaHHS 3ajadi
OIIIHIOBaHHS PO3MIpPIB KOpPO3iMHUX Mikpo3epeH. Tak, y [2] 3amnponoHOBaHO
OIIIHIOBATHU PO3MIPH MIKPO3EPEH 3a KPUTEPIEM TIIAIKOCTI 00B1IHOI curHaity. B mparri
[3] 3ampomoHOBaHO B SKOCTI METPUKH 3aCTOCOBYBATH DI3HUINIO IOJOXKCHb
EeKCTPEeMYMiB OOBIHOI CUTHAJy, sika OUIBII CTiKa O BUMAJKOBOTO PO3TallyBaHHS
KOpo3iifHuX TmsMoK. lle 1o3Bosise 3acTocyBaTw JAEsIKI TMPOCTII  aNTOPUTMHU
MAIIMHHOTO HABYAHHS 3 MOMEPEIHIM TPEHYBAHHSM (30Kpema, perpeciiHuil aHais,
HEHUPOHHI MepeXi 4M KJIacTepu3allil0 y mapi 3 METOJOM OIOPHUX BEKTOPIB), a B
SIKOCT1 O0YHCITIOBaYa IJIs1 «TPEHOBAHUX» AJITOPUTMIB — MIKPOKOHTPOJIED.
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Y npaniii poOOTI TPOMOHYEMO 3aCTOCOBYBAaTH JUIsi CEeHcopa audy3HOro
BinOuBanHs  cBitia  [IKBM-mikpokontponep  PSoC5  kommanii  Cypress
Semiconductor. IlepeBaroro 1BHOr0O MIKPOKOHTpOJIEpA € HE JHIIE MOTYXKHI
oOuncIIOBaIbHI MOXKJIMBOCTI Ha 0asi sapa Arm Cortex-M3, ame ¥ po3BHHEHA
CHUCTEMa TPOTPaMHO CHHTE30BaHOI mudpoBoi Ta aHajoroBoi mepudepii. lle mae
MOJKJIMBICTh BHKOPHUCTOBYBAaTH MIKPOKOHTpOJIEp AK y SKOCTI OOuYMCiIIOBaya, Tak 1
3aMIHUTH O1JIbLTY YaCTUHY HAsIBHOTO OJIOKY €JIEKTPOHIKH, MOKa3aHoro Ha puc. 1 [4].
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Puc. 1. brok enexTpoHiku ceHcopa Au]y3HOro BiTOMBAHHS CBITIIA

30KkpeMa, 11e reHepaTop IMIYJbCIB, MPUCTPI BUKOHAHHS KOMaHJI, CXeMa BHOOpY
KaHaIiB, KOMyTaToOp KaHajiB, audepeHmiiinuii migcumoBad Tta AllIl moBHicTIO
3alHTErPOBAHO Y BUOpaHOMY MIKpOKOHTpoJepi. Takox Bianana motpeda y mpucTpoi
BUOIpKHU/30€epiranHs, KU BHOCHB J0JIAaTKOBY MOXHOKY. Jl0JaTKOBO, peaii3oBaHO
nrdpoBe BUPIBHIOBAHHS KOE(MIIIEHTIB MIJCWJICHHS JJIs MOIEPEIHIX ITACHIIOBAYiB
i 9ac KamiOpyBaHHS, a TAKOXK HAarpoMaJDKEHHS Ta ycepenHeHHs maHux 3 AL pis
KOKHOT'O KaHaiy. Bce 11e 1a10 3Mory CyTTEBO 3MEHIIIUTH TTOXUOKH BUMIpIOBaHHS.

Knrouosi cnosa: xopo3iiiHi 3epHa, OIlIHKa po3Mipy, Audy3HE BIJOMBAHHS CBITJIA,

ceHcop, MamuHHe HaBuaHHs, [IKBM-MikpokoHTposep.
JlitrepaTtypa
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YK 53.082:620.1:656.56
[TOPTATUBHI ITPUJIAN OPT JIA JTATHOCTUYHUX
OBCTEXXEHbD ITIA3EMHUX TPYBOITPOBO/IIB

Howcana P. M., Bepoeneyw b. A., [{ocana B. P., Cemeniox O. M.
Dizuxo-mexaniynuu incmumym im. I'.B. Kapnenkxa HAHY, Jlvsis, Yxpaina
E-mail: dzhala.rm@ gmail.com, bohdan _v@meta.ua, vjoe @ipm.lviv.ua, Semenjuk@ ipm.lviv.ua

O6ctexenns mim3emuux TpyoomposoAiB (IIT) mnepuioueproBo mnoTpedyrOTh
BUSIBJICHHS 1X Micue3HaxoukeHHs [1-2]. IlpaktuaHo 171 MOTO BUKOPHCTOBYIOTH
nrynu, Oionokamiro 1 Tpacomiykadi. B ocTaHHIX HaiuacTilie BHKOPHUCTOBYIOTH
IHAYKIIWHUN cripuiiMad MarHeTHoro mosist (MII), ctBopeHOro 3MiHHUM CTPYMOM, IO
MPOTIKAE IO TPYOOTIPOBOY.

Bimomi panime Tpacomrykaui [2] ckmamamucs 3 IHAYKUIAHOT paMKH, SKYy
NEPEHOCHIIN y pyKaX, abo KOTYIIKH 3 ()EPUTOBUM OCEpJsiM, MPUKPIIJIICHOI Ha KiHIII
mTadrd (Pydkd) 1 3’€qHAHOT 3 TMiACWIIOBaYeM Ta I1HAWMKATOpoM. OCHOBHHUM iX
HEJOJIKOM, KpIM BEJTMKUX rabapuTiB 1 HE3pYYHOCTEH y BUKOPUCTAaHHI, Oyja HU3bKa
3aXUIIEHICTh BiJl 3aBaJl: BIUIMBH EJIEKTPOMATHITHOTO IO JIIHIA eJIeKTporepenad
4acTo He 1aBajii MOXIIUBOCTEH 3aiiicHioBaTH nouryk [1T uu kabenis.

[lepuri mopraTuBHi TpacomyKaql tuny OPT ny1st 6€3KOHTaKTHOTO BU3HAYEHHS
MICIIE3HAXO/KeHHsI, HampsMmy 1 rmOunu 3amsrands [IT Ta iHmuMX 3axoBaHUX
CTPYMOIPOBIAHUX KOMYHIiKalii Oynau ctBopeHi [1-3] 3aBAsiku 3ampoOrnOHOBAHOMY
TBOpYUM KoJIeKTUBOM y OMI mpuctporo 31 chHemiaibHUM — PO3MIIIEHHSIM
MarHeTocrnpuiiMaya 1 €JIEMEHTIB MiJACWIIOBAIBHOTO OJOKYy y MallorabapuTHOMY
kopriyci [3]. Ile Bmame TexHiyHE PIIICHHS Jajd0 MOXJIUBICTH PO3POOUTH HUBKY
epextuBHUX TpacomrykadiB OPT (puc.1, pwuc.2) Ta HacTylHI KOMIUIEKCHI
nBo(GyHKIIMHUN mopTaTuBHI mpuiaau Ttuny OPT+B g1 Ge3KOHTaKTHOTO
BU3HAUEHHS PO3MIIIEHHS 1 KOHTAKTHUX BUMIPIOBaHb €l1eKTpUyHUX noteHmianis 1T
Ta 1HITUX METAJIEBUX KOHCTPYKIIH y €IEKTPONPOBITHOMY CEPEIOBHIIT.

VY mpunazai tunny OPT curnan noctymnae BiJi pe30HAHCHOTO 1HAYKTHBHOTO JlaBaya,
HACTPOEHOTO Ha YAaCTOTYy KOPUCHOTO CUTHAITY AJIs MOMEPEeIHbOr0 BUIIICHHS HOro Ha
¢doni 3aBan. Lleil curHan miACHUIIOETHCS TOMEPEAHIM MiJACUIIOBAYEM 3 HEBEIUKUM
Koe(DIiEHTOM TMIACHICHHS 1 BEJIMKUM BXIZHUM oropoM. OCHOBHE MiJACHICHHS
CUTHAJTY 3/1MCHIOETHCS Y MacIITAOHOMY IiICUIIIOBaYl, KOC(IIIEHT MiJCUICHHS SKOTO
BUOUMpae ornepaTop IUCKPETHO y YOTUPHOX JianazoHax. [ligcunenuit KopucHHIM
curHaji GUIbTPYETHCS IBOMa KackajaMyu CMYTOBUX (DUIBTPIB.
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Puc. 1. 3pa3ku nopraruBHUX Tpacomrykadi Tumy OPT.

Jlnst OUIbIIOTO TIJICUJICHHS CJIAa0KMX CUTHAJIB IMPU OpIEHTAIlll JlaBaya Ha BICh
TpyOONPOBOy BUKOPUCTAHO JiorapumiuHuil mijcuitoBad. BumpoctyBau Hampyru
dbopMy€e OJIHONOJSAPHUN BHUXIAHUN CUTHAJ, SKUW TMIOJAEThCS Ha CTPIIKOBHM
IHANKATOP, 3a SIKUM 3JIACHIOIOTH BI3yaJbHMH KOHTPOJb PIBHS CHUTHAIY i 4Yac
opieHTanii naBada Ha Bich [1T.

Puc. 2. [Tomryk razonpoBoay Ha 3aBOACHKiH TepuTopii npunagom OPT.

3minanit ctpyM y IIT (MII sikoro BUKOPHUCTOBYIOTH IS iX IOIIYKY) MOKHA
30y/KyBaTU Te€HEpPaTOpPOM IHAYKIIIHHO, abo dyepe3 MIAKIOYEHHS 0 Tpyou 1
3a3emiieHHS. [IpakTHYHO Ha O1IBIIOCTI MaricTpajibHUX TPYOOIPOBOIIB € YCTAHOBKHU
karogHoro 3axucty (YK3), BiJl sskux y TpyOOIpOBi NOA€THCA BUMIPSIMIICHUN CTPYM
IPOMUCIIOBOT  YAaCTOTH. 3aBISKM BUCOKIM  €IEKTPONPOBIIHOCTI  MeETaJeBUX
TpyOONpPOBOAIB 1 iX BEIMKIM NPOTSHKHOCTI Y HHMX KOHIIEHTPYIOTHCS EJIEKTPUYHI
CTPYMH BiJ] pI3HUX JpKepen, y Tomy 4ucii 1 Bia ganekux YK3. Ile gae MOXKIUBICTD y
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OUTBIIOCTI BUMAJAKIB BU3HA4YaTH Micie3HaxokeHHsT [IT Oe3KOHTaKTHUM METOI0M
0e3 BUKOPUCTaHHS CHELiaIbHUX TEHEPaTOPIB CTPYMY.

Binomo [1], mo enexTpudHuii CTpyM B3I0BXK TPyOH KPYTJIOTO MPO(]III0 CTBOPIOE
y npoctopi MII, exBiBajieHTHE MOJIO JIIHIKNHOTO CTPYMY, PO3MIILIEHOTO B3JIOBX OCI
TpyOu. CUIoBI JiHII IBOTO TOJISI HANIPSAMIIEHI TIEPIICHAUKYIISIPHO IO CTPYMOIIPOBOIY
0 TOTHYHINA O KOHUEHTPUYHOTO HOMy Kojia (a3uMyTaibHO). [ mpsIMOJiHIIHOTO

ctpymy J MII H,=J /277 | ne r — Bifaanb MiX CTPyMOM 1 TOUKOIO CIIOCTEPEKEHHSI.

Po3MilieHHst cTpyMONpoBOAy BH3HAYaIOTh 3a EKCTPEMyMaMH CHUTHAlIy IMpU
nepeMileHHsX 1 mnoBoporax copuiiMaya MII (maBaua curnamy). Curnan
IponopuUiiHUN mpoekuii BekTopa HanpyxkeHocTi MII Ha Bick gaBava (HampsiM ioro
HaNOUTBIIOT 4yT/IMBOCTI). Y moB si3anux 3 Biccto [IT nmekapToBuX KOOpAMHATAX, MPH
NEPEeMILEHHAX TOMEPEeK Tpach BEPTUKAIBHO OPIEHTOBAHOTO JaBaya (yHKIIIS
npo(TIOBaHHSA OMHUCYETHCS POPMYIIOL0

-J X
H = B
y 277. x2 + yZ ) (1)
a JUIs 1aBadya, OpPIEHTOBAHOTO T KyToM 45° 10 BepTHKAJ1, MAEMO
J y—X
H, = — [ )

Bupa3 (2) onucye KpuBy 3 HYJOBUM 3HaueHHSIM mnpu x =y. Lo 3anexHicTh
BUKOPUCTOBYIOTh JJIs1 OLIIHKU TMOuHU 3ansranns [1T, npote ciif 3ayBakuTH, 110 y
JOBIIHUKAX 1HOJ1 BOHa 300pakeHa HeBipHO. Ha puc.3 mnokazaHo KpuBi, fKi
onucyrThes popmynamu (1) — mrpuxosa niHisg Uy(x) 1 (2) — cyuuibHa JiHis Uys(x)
npu y = h.

Puc. 3. Cxema Bu3HaueHHs Micrd 1 rimnonay 3amsragys [1T.

[Ipy 1BOMY BBaXKAETHCS, IO CHUTHAT MPOMOPIINHUNA aMIUTITYl BIJAMOBIAHOL
KoMnoHeHTu 3MiHHoro MII. BaxmiuBo, 1mo kpuBa nmpo@iatOBaHHS IJi HAXUIECHOTO
naBaya HecuMeTpudHa. lle HeoOXiMHO BpaxOBYBAaTH IMiJ YaCc BU3HAYCHHS TIUOWHU
3aJIraHHs TPYOOTPOBOIY 3a CXEMOIO, TTOTAaHOI0 Ha PUC. 3.

190 Cexuin 7. HEPYHHIBHHH KOHTPO.Ib,
TEXHIYHA TA MEJHYHA JJIATHOCTHKA, TIITTOTOBKA ®AXIBI[IB I'AJTY3I



XXI Mixcuapoona nayxkoeo-mexuiuna korugepenuia “HPUTA/IObY/TYBAHHA:
cman i nepcnexkmueu’’, 17-18 mpaens 2022 poky, KIII im. Izopa Cikopcokozo, Kuie, Ykpaina

Knrwouosi  crnosa: TpyOOmpoBOAM  MiA3€MHI, OE3KOHTAaKTHI  Tpacolrykadi,

00CTeKEeHHS IIarHOCTUYHI, KOHTPOJIb PO3MIIICHHS, TPUIAIH.
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_AOCHIIKEHHA CITEKTPAJIBHUX BJIACTHBOCTEU
BIBPALIIMHOI'O CUT'HAJIY BIJ] EJIEMEHTY MEXAHI3MY 3 TPILIIHOIO

LD 10seposuu P. M., "Maywxo 1. 1., " Jluuax O. B., " Tpoxum I'. P., " Asopcvruii I. M.
D@isuko-mexanivnuii incmumym in. I'. B. Kapnenka HAH Yipainu, 8id0in memodis i 3aco6ie
8i000py ma 06pobKu diaeHoCMUYHUX cucHalie, Jlvsis, Yrpaina,
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S)Eudeomcwa noaimexHixa, incmumym menekomynikayiu, buoeow, Iorvwa
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AHanizyroun BiOpalliiiHi CUTHQJIA BiJl €JIEMEHTIB MEXaHIUHUX OOEPTOBUX CHUCTEM
CHiJI 3aCTOCOBYBAaTM METOAM CTAaTUCTUYHOTO aHali3y, 10 OCHOBaHI Ha Teopli Ta
MeToJaxX MepionYHO KopenboBaHuX BumaakoBux mporeciB (ITKBII) [1], a Takox
BUKOPUCTOBYBaTH MeToau B3aemHoro anamizy IIKBII [2]. Bigemricte a0CHiIHUKIB
PO3MIIANAIOTh BIOpAIiiHUN CUTHAN SK BHIIAJKOBHI CTaI[lOHApHUN TpoIec, a BCi
O0YMCIICHHS TPOBOJATH Yy CTAalllOHApHOMY HaOMKEHHI. SIKIO0 BBaXaTd, IO
CHEeKTpaJbHAa IIUIBHICTH TOTYXKHOCTI € OJHIEI0 3  HaliH()OPMATHBHIIIUX
XapaKTEepUCTUK BIOpaliifHOTO CUTHATY, TOJI aHaji3 B CTAIllOHApHOMY HaOIMKEHHI
JIO3BOJIUTH BUSIBIIATH JIMIIE PO3BUHYTI nAedektu. Tomy, BHUSIBIATH OEPEKT BiA
eJIEMEHTY MEXaHi3My 3 TPILIIMHOI0 Ha paHHIM CTajli pO3BUTKY, KOPUCTYIOUUCH TaKUM
M17IX0/I0M, HETPOCTO.

JocnipkeHHsT 3MIHM CHEKTPaJbHUX BJIACTUBOCTEH BIOpAIliiHOTO CHUTHATY
MPOBOASAT, HAa OCHOBI aHai3y BIOpaIllfHUX CHUTHAJIIB BIJI TOHKOI IJIACTUHH 3
TPILIMHOLO, 10 KIHIIIB SIKO1 MPUKJIaJIeHa 30BHIIIHS IIUKIIYHa cuna. Y [3, 4] mokas3aHo,
10 TPIIIMHA MPU3BOAUTH JI0 MOSBU HECTAIIOHAPHOCTI y BiOpaliitHomMy curHaii. Yum
OinbIna TPIIMHA, TUM OUIBIIMMHU 32 BEJIMUYMHOKO € BHIII KOPEJSAIINHI KOMIIOHEHTH
[IKBII, mo omnucywTh BiOpamiiinuii curHain. Ciig 3ayBaXKUTH, 110 BHUMYIICHI
KOJIMBAHHS TOHKOI TJIACTUHU 3 TPINIMHOK OMHUCYIOTh 3a JOTIOMOTOK) CHCTEMH
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HEeNMHIMHUX audepeHIianbHuX pIBHSAHb Jpyroro mnopsaaky [5]. YV poboti [3]
MOKa3aHo, 1110 MOJIENb BiOpAIiifHOrO CUTHATY BiJl TOHKOI IJIACTHHH 3 TPILIIMHOIO MA€
3 crarioHapH1 KOMIIOHEHTH 1 MOe OyTH MojiaHa y Takii opmi:

Et)=n,@t)+ qu (t)sinkayt + 1 (t)coskayt . (1)

Komnonentu KOp@HHHlHHOl (byHKun Takoi MoJeNi, 3riaHo 3 [3], € rpoMi3IKUMH
JUIS OLIHIOBAaHHS 1 HEJNETKUMHU Ui 1HTephperanii. ToMy aHami3 CHEKTpaTbHUX
BJIACTUBOCTEN CUTHANIB BiOpalii MPOBOJSATH 3 BUKOPHUCTAHHSM OI[IHOK B3a€EMO-
CHEKTpaJbHUX IIUIBHOCTEH BUAUIEHUX CTAI[lOHAPHUX KOMIIOHEHT. JIJisl OlLliHIOBaHHS
oCTaHHIX OyB oOpaHuii KopeyorpamMHuii Meton biekmana-Troki, 3rigHO 3 SKUM
OIIHKU CIIEKTPATbHUX HliJIBHOCTCﬁ MaroTh BUTJISIT

()= 3 SRS () (k)" @

ne R (nh) — OINIHKY B3aEMOKOPETSAIINHUX (YHKITIN:

Ry (1) = L& ()= (s ) i .

My, 1 M — OLIIHKM MaTeMaTU4YHUX CIOAIBaHb
1 K-1
AC,S — c,S
iyt =22 & (nh)),
n=0

a K :Z’ h— Xpok auckperusamii; 6— momxuHa peamsanii. Oynkmis k(u) € Tak

3BaHUM KOPEJAIIHHUM BIKHOM, IO 3am0BoibHSIE ymoBu: k(0) =1, k(-u)=k(u),
k(u)=0 nupu |u[>u
BUKOPUCTOBYETHCSI BIKHO XeMiHra. lle BIKHO XapaKTepu3yeThbCs HU3BKUM PiBHEM
OOKOBMX IICIIOCTOK 1 JETrKiCTI0O B oOuuciieHHl. Cratucthudi oOmiHKA (2)
BU3HAYAIOTHCS ITPH BUOPAHOMY BiKHI JIOBXXKUHOIO peaiizaiii € = kh TOYKOI YCIUCHHS
KopesnorpamMu u, Ta KpokoMm auckperusauii i. Ilg omiHka € ciymHoro, TOOTO ii

u,— TOUKAa YCIYEHHs KopeyorpaMmu. Y naHiii oOpoOui

m?

CepeIHbOKBAPATHYHA MMOXHOKA NpSIMYE 10 HyJd mpu € — 0o, i Mae 3aJ0BLIbHY
PO3IIUIbHY 37aTHICTh. SIKIO CIEKTpasibHI HIIJILHOCTI 30CEpe/DKEH] B TMEBHIA CMYy3l
4acToT [-@),, ., ], TO JUId TOro, 100 YHUKHYTH €(eKTy HakJIaJaHHsS, KpOK

max ?

: T
JUCKpeTH3allii 7 BUOUPAIOTH 3T1IHO 3 YMOBOIO h <——.
w

max

Jns  momanpiioro  a”amizy — OyayloTh  MOAYJIl  HaWOUIbII — 3HAYYIIUX
B3a€MOCIEKTPAILHUX (QYHKIIN TIPU Pi3HUX BiIHOCHUX noBxuHaX Tpimun Al/l =0.1,
Al/1=0.5, Al/1=0.7. 30inbIIeHHs JOBXUHU TPIIMHU OyJIe CYTTEBO 3MiHIOBATH

BEJIMYMHHU MOJIYJIB OIIIHOK CHEKTPAJbHUX IIIILHOCTEH. 3a IIarHOCTUYHUM KpUTEPii
JUIS BUSIBJICHHSI PO3BUTKY TPIIIUHHU CJIiJ] BUOMpATH TUIOMIl Mg rpadikaMu MOJYIiB
B3a€EMOCTIEKTPAILHUX IIITBHOCTEHN CIIEKTPaThHIUX KOMIIOHEHTIB.
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Knrouosi cnoea: BiOpariiftHui CHUTHaI, CIIeKTpabHa IIIJIbHICTD,
B3a€MOCHEKTpaibHa QYHKIS, TPILIIMHA.
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BUXPOCTPYMOBII KOHTPOJIb BUPOBIB CKIIAITHOI ®OPMU 13
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JIns OliHIOBaHHS SKOCTI BHUPOOIB 13 ()epOMarHiTHUX MaTepiaigiB IMIHPOKE
3aCTOCYBaHHS 3HAMILIM METOIM BUXpOcTpyMoBoro koutTpoidito (BK) Ha ocHOBI
aHamizy Bummx rapMoHik (BI') BuXigHOTO  CHUTHally  BHUXPOCTPYMOBOIO
neperBoproBaya  (BCII), saxuii 0a3yeTbCcss Ha  HENIHIMHUX  BJIACTHBOCTSX
depomarniTHUX MatepianiB. Bmepie MoxnuBicTe Bukopuctanus BI' qns anamizy
CTPYKTYPHO-MEXaHIYHUX BJIACTHBOCTEH (EPOMArHITHUX MaTepiaiaiB 3a3HAuuB
akagemik M. C. AxynoB me y 1934 poui. Ane HAHCYTTEBIIIMX pE3yJIbTATIB
JOCATHYTO B YUCJIEHHUX AOCTIIKEHHIX 1 po3poOkax P. €. €pmosa, M. M. anenina,
[.T. Jlemenka, M. M. lens, O. 1. Ilokposckoro Ta iHmmx. Cepen yKpaiHCbKUX
JOCTIAHUKIB HaWOUIBIIMKA BHECOK Yy po3BUTOK Meroay BI'  HampaioBanu
K.B. MapkeBuu Ta B. B. UepHsik.

Meroa BI' MokHa BUKOPUCTOBYBATH AJIsI KOHTPOJIIO 3MiH CTPYKTYpPU BHPOOIB 3
HEMAarHiTHOI ayCTEHITHOI CTall B pe3ysbTaTi aedopmariii adbo 3BaproBanHs. J[o Takux
cTajedl BIIHOCITHCA AayCTEHITHI XPOMOHIKEJIEBl CIUIaBU (HANPUKIAA, THUITY
12X18HIOT 1 12X18H9T), sxi MmUPOKO BUKOPUCTOBYIOTh Yepe3 3aJ0BLIbHE
CITIIBBIIHOIIEHHSI TIJIACTUYHOCTI 1 MIIHOCTI Ta BUCOKY KOpPO3iMHY CTiHKIiCTh. Yepe3
MeTacTabUIBHICTh TaKMX CTajied 3a Jli TIacTU4YHOI Jedopmariii mpoTiKae ayCTeHIT-
MapTEHCUTHE TePETBOPEHHS (y—a'). SBue MapTEHCUTHOTO TEPETBOPEHHS B
ayCTeHlTHI/IX CTAISIX TMiJ JI€I0 HampyXeHb 1 I[@Cl)OpMaLIII/I BIIOME, 30Kpema, 3
mitepatypu [1-3]. MoOXIuBICTh 3aCTOCYBaHHSI MAarHiTHOTO 1 BHXPOCTPYMOBOTO
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METOJIB CTPYKTYPOCKOMIi JUIsi KOHTPOJIO 3MIH CTPYKTYPH TaKHUX TI€TepOTEHHUX
MaTepiaiiB, sSIKi YTBOPIOIOTHCS y IIbOMY BHIMAJAKY, 0a3y€ThCS HA OIIHIOBAHHI YaCTKH
nedopMaIiiHOro MapTeHCHUTY, SIKUH Ha BiJIMIHY BiJ ayCTEHITy, Mae (epOMarHiTHI
BJIACTUBOCTI.

[{ikaBImUMHU € MOXJIMBOCTI BUKOpHUCTaHHS MeTony Bl mis BusBinenss nedexris
BUPOOIB 3 HEMArHiTHOI ayCTeHITHOI cTaii. TyT, Ha BIAMIHY BiJl BIJOMHX CIIOCOOIB
BUXPOCTPYMOBOi  A€(PEKTOCKOMIi, MOXXHAa BHSBIATA HE CTUIBKH TOPYIICHHS
CYIJILHOCTI MaTepiany, CKUIbKH peecTpyBaTH JIOKaibHI (a3oBl 3MiHM B 30HI
BepiminHu jaedekty (TpinuuHu). CyTh B TOMY, IO B 30HI BEPIIMHU TPIIIUHU
dbopMyeThCsl JIOKaJIbHA 30Ha HampyXeHb 1 gedopmaniii [1]. Yepe3 me mig dac
yTBOpPEHHS Ne(eKTy MpoIec MapTEHCUTHUX MEPETBOPEHb MPOXOIUTH JOKAIBHO OIS
Horo BepIIMHM, KOJIM B AayCTEHITHI MAaTpHUIll OCHOBHOI'O METAay 3’ SIBISETHCS
JOKaJlbHE MapTeHCHTHE BKIOYeHHs. [lim dac mepemarniuyBaHHS (hepoMarHiTHOTO
BKJIFOUEHHS €JIEKTPOMArHITHUM TIOJIEM, SIKE 3MIHIOETHCS B 4acl 3a CHHYCOiJalbHOIO
3aJIeKHICTIO, Y BTOPHHHOMY I10JIi BUXPOBHUX CTPYMIB 3a IIEBHOTO PIBHS MEPBUHHOTO
noJIst 3’ IBJISIFOTHCSl TAPMOHIYHI CKJIaIoBi. B TOM ke yac, 3MiHM BUXIJHOTO CUTHAIY,
noB’s3aH1 3 (pakTOpamu, IO CIPUSIOTh YTBOPEHHIO 3aBajl, POPMYIOThCA TUIHKH Ha
OCHOBHIN poOOyiil 4acTOTi, TOOTO HAa TAPMOHIKH BUX1THOTO CUTHAIIY HE BILTUBAIOTb.

Takwmii miaxia oco6auBo eheKTUBHUIMA (2 MOKIIUBO 1 O€3aIbTEpHATUBHMIA) IT1/T Yac
BK Bupo6iB ckiaaHoi popmu 13 HEMarHiTHUX ayCTEHITHHX CTajiei, Je BiH J03BOJISE
MOBHICTIO YCYHYTH 3aBajid, TMOB’S3aH1 31 CKJIAIHOI T€OMETPIEI0 MOBEPXHI 00’ €KTY
koHtpoito (OK). XapakrepHuMm mnpukiagoM € AepeKTockomis npodiabHUX
OPSMOKYTHHX TpPYOOK 31 3MIHHMM TI0 JOBXHHI TIEpPEepi3oM 3a JIOTIOMOIOKO
nudepentiiinoro BCII npoxignoro tumy (puc. 1).

Puc. 1. [lpoxinuuit nudepentiitauit BCII: 1 — koHTponboBana TpyOKka 3MiHHOTO Ipodino; 2 —
BCII; 3 — oomoTKa 30ymkeHHs; 4 — BAMIpIOBaIbHI OOMOTKH

TpyOku 13 aycteHiTHOi ctami 08X18H10T 3 ToBmmHOKO cTiHKM OJM3bKOo 0,3 MM
BUTOTOBJISIIOTH  METOJIOM  Tipo)OpMyBaHHS, MiJl Yac SKOTO YTBOPIOIOTHCA
Henpunyctumi TpimuHU. 3Buuaiinuil BK mpoxigauvmu BCII HemoxnuBuil depes
3MIHHUUA Tiepepi3 TpyOOK 1 BIAMOBIAHY 3MiHYy KoedimieHnTta 3amoBHeHHs BCIIL.
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Kontpons obepranpuumu BCII Takok HEMOXIMBUN depe3 NMPSIMOKYTHHUH Mpodiib
TPYyOOK.

Hocmimxenns, npoeneni B ®MI im. I'. B. Kapnenka HAHY min xepiBHHIITBOM
A. . Terepka, mokaszamu, MO I 3aaada MOXKe OyTH YCIIIIHO BHUpIIICHA 3a
nornomororo metony BI'. Haiikpami pesynbratu Oyn0 OTpUMaHO Ha OCHOBI
peecTpallii 5-0i rapMOHIYHOI CKJIaJI0BO1 CUTHAITY TipoxiaHoro nudepentiiinoro BCII
y ckaaai gedekrtockoma JIYET-2. Cxema nedexrockoma m03BOJSIE BUIAUSITH
rapmoHiyHi ckianoBi curdHany BCII BiamoBigHuM BHOOPOM YacTOT CEJIEKTUBHOTO
MIJCUIIOBaYa 1 CHUTHAly OIOPHOTO TeHeparopa, IO HAIXOAuUTh Ha 3MIIIyBay
nepeTBoproBaya 4yactoT. KOHTpOIb MpoBOAMIM HA OCHOBHINA poOouiii yactoTi 5 kI'm.
[IpakTuka mokaszana, o po3poodseHa texHosoriss BK no3Bonuia BUSBIATH TPILIMHU
rimbuHor 0su3bko 3 % Bia ToBmMHM TpyOku. [Ipu 1iboMy 3a aHanizom ¢a3oBOro
KyTa Trojorpady CUTHaIy BiJ JAepeKkTy B KOMIUICKCHIM IUIOMIMHI MPOBOIUIN
nudepeHItianiio TPImMH Bix AedeKTiB THUIY HaKiIenm, skl momyckamucs. Ilicms
BINANTIOBaHHS AePEKTHUX TPYOOK UyTJIMBICTH 10 ACPEKTIB MOBHICTIO 3HUKAJIA Yepe3
3BOPOTHE TEPETBOPEHHS MApTEHCUTHUX BKIIOYEHb B aycTeHiT. lle miaTBepmxye,
3a3HAUEHUN BUIIE, MEXaHI3M YTBOPEHHS rapMOHIUHUX ckjianoBux curHary BCII 3a
paxyHOK HENIHIWHUX (EepOMAarHiTHUX BIIACTUBOCTEH JIOKAIBHOTO MAapTEHCUTY
nedopmariii B 30H1 AeeKTy.

Iamum npuknagom € BK 3BapHHX IIBIB KOHCTPYKINIH 13 ayCTEHITHUX CTajeH, SIKi
B 30HI 3BapHOro IBa MAalOTh CKJIQJHY HEPETYJSIPHY T€OMETPil0 4Yepe3 HasBHICTb
BaJIMKa I1JICUJICHHS a00 MOJKJIMBE 3MIIIEHHS (JeTlJIaHallii0) KPOMOK TTICIIs BUIAJICHHS
Banuka migcuieHHsa. Ckiaana noepxHst OK B 30H1 3BapHOTO 1IBa CTBOPIOE CYTTEBI
nepemKkoan Mg 4dac ii ckanyBaHHs HakimagHumu BCII, depe3 1m0 4YyTiIuBICTh
BUXPOCTPYMOBOI 1€(PEKTOCKOIIT CyTTEBO 0OMEKY€EThCS [4].

[Momanpii AOCHIKEHHST TOKAa3ajlyd BaXKJIMBICTb BHOOpPY JOCTaTHHO BHUCOKOIO
piBHS MEPBUHHOTO MOJsI OOMOTKHU 30yIKEHHS, 3a AKOT0 (PepOMarHiTHI BIACTUBOCTI
MapTEHCUTY SIKHAHOUIbIIE BIUIMBAIOTh HA HENIHIKHICTH MPOLECIB TepeMarHiyyBaHHs.
Takuit miaxig 103BOJIMB ONTHMI3yBaTH TEXHOJIOTII0 BUXPOCTPYMOBOI JA€PEKTOCKOIIIT
BUpOOIB 13 aycTeHITHUX ciiaBiB merogoM BI' [5]. Kpim Toro BmockoHamrOOThCA
crocoOu BUIITICHHS TapMOHIYHUX cKkianoBux curaamy BCII [6].

Knrouosi crnosa: BUXpOCTPYMOBHI KOHTPOJb, AEHEKTOCKOIS,, METOJ[ BHIIUX
rapMOHIK, TapMOHIYH1 CKJIaJI0B1, Mpo(iIbHI TPYOKH, 3BapHUI IIOB, AYCTEHITHA CTaJlb,
nedopMaliitHuii MapTeHCHUT, TPIIIUHA.
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YK 621.391:519.72
JOCII/PKEHHA TEXHIYHOT'O CTAHY MEXAHI3MIB
3 BUKOPUCTAHHAM METOAIB ITEPIOAMYHO KOPEJIbLOBAHUX
BUITAJIKOBUX ITPOLECIB

12 1 1 1 13 .
'I03eposuu P. M., JTuuax O. B., "Kypanos II. P., " Bapusoda M. 3., " leopcoruii I. M.

1 . . o . . . . . . .
'@isuko-mexanivnuii incmumym in. I'. B. Kapnenka HAH Ykpainu, 6iddin memodis i 3aco6ie
8i000py ma 06pobKu diaeHocmMuUYHUX cueHalie, Jlvsis, Yrpaina,

2 . « . . . . . .
'Hayionanshuii yHigepcumem “Jlvgiscoka nonimexnixka”, Jlvsis, Yrpaina,
3 . . . . .o
'Budzowcora nonimexnixa, incmumym menexomynixayii, Buozow, ITonviya
E-mail: roman.yuzefovych@ gmail.com

Ha manuit yac icHye 6araTo pi3HHUX METOJIIB Ta 3ac00iB oTpuMaHHs iHdOopMalii
IpO CTaH TEXHIYHUX OO €KTIB, 3a JOMOMOTOI SKHX TPOBOIATH OI[iHIOBAHHS
npare3aaTHOCTI MEXaHIYHUX CUCTEM Ta 31HCHIOIOTH MOIIYK Je()EKTHUX €JIEMEHTIB Y
MEXaHIYHMX CHUCTEeMax y mpoleci ix ekcruryataiii. OCHOBHMM HocieM i1H(opmarrii
PO TEXHIYHUHN CTaH MEXaHIYHUX CUCTEM € BiOpaIiiHuii curHan (BiOpONpUCKOPEHHS,
BIOPOIIBUAKICTh, BIOpOIMEpeMIIlIeHHs), 0 30Y/KYEThCS Y PE3yNbTaTi MEeXaHIYHOi
B3a€MOAIl JeTalied MeXaHI3MIB, HalpHKiaa, 3y04acTMX map, T KOYEHHS,
cemaparopa Ta KyJbOK y MiJIIUITHUKAX, Tap KOJIC Y PeIyKTopax, UMIIHAPA 1 MOPIIHS
y JIBUTYHI BHYTPILIHBOTO 3TOpsiHHS ToIo. [[nst omucy 1 aHamizy 3aKOHOMIPHOCTEM
CTPYKTYpPH OTPUMAaHMX BiOpaIliiHUX CUTHAJIIB HEOOXITHO OOTPYHTYBAaTH aJCKBATHI
MaTeMaTU4YH1 MOJIEJI IIUX CUTHAJIB, METOJH 1 aJITOPUTMH iX KOMIT FOTEPHOI 0OOPOOKH
JUIS. BUJIJICHHST BIJMIOBIIHMX JIIaTHOCTUYHUX O3HAK 1 MPUHHSATU PILIEHHS MPO CTaH
00’exta [1-4]. Y GibI10CTI BUMAAKIB MEXaHIuHA BIOpaIlis, 1110 BUHUKAE B €JIEMEHTaX
JOCTIPKYBAaHUX CHCTEM, PO3IVIAJAETHCS SK BUMYIICHUN KOJUBHUN YU OOEPTOBHIA
PyX IIJIOrO MEXaHi3My BiJIHOCHO TOJIOKEHHs piBHOBaru. s ii omucy mocTaTHBO
BUKOPHUCTAHHS JIETEPMIHOBAHMX MOJIeJIed Yy BUIVISAI TEpioAMYHUX abo Maixke
nepiognyHux GyHKIid. [HpopMaTuBHUMH TapaMeTpaMu CUTHATY BiOpallii BBaKatOTh
Nepioau, aMILTITy M ¥ a3y TapMOHIYHMX CKJIaJA0BUX (QYHKIIIH.

OIiHKY aMIUTITY]] BAMYIIIEHUX KOJIMBaHb, 3yMOBJICHUX O0CPTaHHSM, JJO3BOJISIOThH
BUSBUTH HaBITh HE3HAUHI 3MIHM XapaKTEPUCTUK TEXHIYHOIO CTaHy MEXaHIYHOTO
yCTaTKyBaHHS, SKI MOXKYTh CIPHUUMHUTH aBapiiiHy CUTYallil0 B MPOLIECI eKCILTyaTamii
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MeXaHIYHUX cucTeM. Ha mpakTuili ciiJi BUKOPUCTOBYBATH IMOBIPHICHI MIAXOAH JO
3aJa4l aHaJi3y CTOXAaCTUYHHUX CKJIAJOBUX CUTHATIB BIOpaIliil y BUIJIsI/I1 CTAlllOHAPHUX
BUIIAJIKOBUX TIPOIIECIB, M0 TMepeAdadaloTh BHUKOPHUCTAHHS 711  (OpMyBaHHS
JIarHOCTHYHUX O3HaK yCepeJHEHHMX B dacl (MOCTIHHMX) XapakTtepucTuk. dDaza
BUMYILIEHOTO MEPIOJUYHOTO 30ypEeHHS B MEXaHIUHIM CUCTEM1 BHOCUTDH MEBHY YaCOBY
CTPYKTYPYy B CTOXAaCTHYHI BIAXWJEHHS BiJ 1ACIBHOI TMEPIOAUYIHOCTI, TOMY
BUITAJIKOBO MOJYJIbOBaHI 3a aMILTITYZ0r0 1 (a3oro BiOpamii € HecTalioHAPHUMHU.
Indopmaris mpo JokanbH1 AeEKTH, K1 3apOJKYIOThCS, MOXKEe OyTH OTpUMaHa Mpu
aHaji3l mapamMeTpiB CTOXAaCTUYHOI aMIUTITYJHO-(a30BOi  MOAYJIALII, OCKIJIbKH
PO3BUTOK TaKUX Je(EKTIB BUKIUKAE Y BIOpaIIHHOMY MPOIEC] PICT YKCIA 1 BEIUUYUHUA
KOPOTKOTPUBAJIUX IMIYJIbCIB, SIKI MOJIYJIOIOTH aMIUNTYAy W (a3zy BUMYIICHHX 1
BJIACHUX KOJIMBaHb MEXAHIYHOI CUCTEMHU. 30KpeMa, JIOKaJbHI Je(EeKTH Yy BUIIISIIIL
3aIMpiB, CHPUYMHSIOTH 3aiJaHHs, CXOIUICHHS KOHTAKTYIOUUX TIOBEPXOHb IO
OPU3BOJIUTH 0 MOAYJSALIN (a3 BUMYLIEHUX KOJHMBaHb, a Ne(EKTH TUIY TPIILIUH,
BUKPUIITYBaHHA, KOPO3ii a00 epo3ii MOBEPXOHb, MPU3BOAATH 0 MOAYJIALIT aMILTITY AR
BUMYIIICHUX KoJimBaHb. CIiJl 3a3HauMTH, MO B 000X BHMAJKaX XapakTep TaKoi
MOIYJIAIIT € CTOXaCTUIHHM.

Crenugika 00’€KTIB TEXHIYHOI A1arHOCTUKH, PI3HOMAHITHICTh 3a7a4 O0OpOOKHU
BUMIPIOBAJIbHUX  CHUTHAJIIB  POOJSATH  HEMOXUIMBUM  PO3POOKY  TMEBHOTO
“yHIBEpCAJIbHOIO” METOJly BU3HAUYEHHS JIAarHOCTUYHUX O3HAK, 110 XapaKTEepPU3YIOTh
TeXHIYHUM CTaH JeTajie 1 BY3/JiB MexXaHIYHUX 00’ekTiB. OgHaK Moxe OyTu
BUJIUICHUI TIEBHUM KJIac MOJECJIEH, sIKUM BKJItOYae B cebe BiJOMI IPeACTaBICHHS, K
JIeTepMIHOBaHI1, Tak 1 UMOBIPHICHI, 110 JO3BOJUTh PO3POOUTH 3arajibHi MIIX0IH 10 iX
aHajizy. 30Kpema, CJIiJl BUAUIMTH BUKOPUCTAHHS IMOBIPHUX MOJEJIECH y BHUIVISIIIL
nepioauYHoO KopenboBaHux BumaakoBux npoieciB (IIKBII) 1 ix y3aransaens [1].

Y ®izuko-mMexaniyHomy 1HCTHTYTI 1Mm. [.B. Kapnenka HAH Vkpainu nis
npaktuuHoi  peamizamii  [IKBII-mizxogy mo JIOCHIDKEHHIO TEXHIYHOTO CTaHy
MEXaHIYHUX CHCTEM pPO3pOoOJIeHO psAA  1HPOPMALIHHO-BUMIPIOBAIBHUX CHUCTEM
(BEKTOP, ITYJIbC, ABIP-70, KOMIIAKT-BIBPO), sxi 3a6e3nedyroTh MpOBEICHHS
IIMPOKOTO KOMIUIEKCY CTAaTUCTHYHUX JOCTIKEHb CUTHAIIB BiOpaliii Merogamu
[TIKBII. [diarHocTWYHI O3HAaKM B TaKUX cHCTeMaxX (POPMYIOTHCS 3 BHUKOPHUCTaHHSIM
IMOBIPHICHMX XapaKTepUCTHK TMepmioro Ta Jpyroro mnopsiakiB. Ha  ocHosi
3alpOINOHOBAHUX O3HAK MOXYTh OyTH BHSBJEHI JePEKTH MeXaHIYHMX 00’ €KTIB Ha
PI3HUX, Y TOMY YHCJI pPaHHIX CTaJisIX PO3BUTKY.

CrtBopeHi 1H(MOpPMAIIHHO-BUMIPIOBAJIBHI CUCTEMH TPOJEMOHCTPYBIA BHCOKY
e(eKTUBHICTb TIPH MPOBEACHHI JIIarHOCTUYHUX POOIT HA MiANpUeMCTBaX YKpainu. Ha
OCHOBI pe3yJIbTaTiB TaKUX JOCTIKEHb OyJIM MPOBEACHI OIIHKM TEXHIYHOTO CTaHy
MIPOMHUCIIOBUX 00’ €KTIB. 30KpeMa 3 IX BUKOPUCTAHHIM OYJIM BUSBIICHI 1 KiIacudiKoBaH1
nedeKTH MiAMUITHUKIB KOUeHHS, KOB3aHHs Ta 3y0uacTux nepeaad.

Knwouosi  cnosa: BiOpaliiiHUi CUTHAJ, TEXHIYHUN CTaH, 1HQOpPMALIHHO-
BUMIpIOBaJIbHA CUCTEMA.
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YK 519.117.3
OCOBJIMBOCTI 3BACTOCYBAHHA HEITEPEPBHOI'O MOHITOPUHI'Y
OBEPTOBUX BY3JIIB

DTpoxum I''P., "Cmeywvro LT, "? FO3eposuu P.M.
D@isuro-mexanivnuii incmumym in. I'.B. Kapnenxa HAH Yipainu, 6i00in memodie i 3aco6is
8i0b0py ma 06pobKu diaeHoCmMUYHUX cueHalie, Jlvsis, Yrpaina,

Y Hayionanshuii yuigepcumem “Jlvgiecoka nonimexunixka”, Jlveis, Ykpaina
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OCHOBHUMH METO/IaMU HENEPEPBHOIO MOHITOPUHTY OOEPTOBHUX BY3IIB € METOAU
BIOpaIifHOI 1arHOCTUKHU. YMOBAa HEMEPEpPBHOCTI HAKJIA/Ja€ BUMOTH II1ABHUILIECHHS
BIPOTIIHOCTI KOHTPOJIO Ta IMIBUAKOCTI aHAII3y BIAMNOBIAHUX BHOpPAaHOMY METOJY
napameTpiB [1]. 3ajauero MOHITOPUHTY € BUSIBJIEHHS MEXaHIYHUX J1e(PEKTIB 00EPTOBHUX
BY3JIIB Ha CTajail 3apO/DKEHHS 3a JOTMOMOror e(QEeKTUBHUX METOIIB OOpOoOKHU
BIJIMOBITHUX BIOpAIifHUX CUTHAJIB y peajlbHOMY 4aci. 30KpemMa, HaMH PO3BUBAETHCS
HOBUH MIJIX11 10 aHATI3Yy MPUXOBAHUX MEPIOAUIHOCTEN TIEPIIOTro 1 PYroro MopsIKiB 3
BUKOPUCTAaHHSIM BCHOTO KOMIUIEKCY KOPENALIMHUX 1 CIEKTPAbHUX XapaKTEPUCTHK,
noOyJIOBAaHOTO Ha MOJIeNll TMEPIOAUYHO HECTAI[IOHAPHUX BHUMAJAKOBUX IIPOIIECIB
(ITHBIT) [2].

OCHOBHOI0O (DYHKITI€I0 HEMEPEPBHOTO MOHITOPUHTY € KOHTPOJIbh 3HAXOMKCHHS
napaMmeTpiB BiOpariii B JOMyCTUMHUX Hamepe]] BCTAHOBJICHWX MEXax 1 CHTHAII3AIS
MIEPEBUINECHHS HUMU MaKCUMaJIbHO JOMYCTHMHX 3HAYEHB JJISi KOXKHOI TOYKU BiIOOPY
[3]. Ilpu nocsirHeHH1 3ampOrpaMOBaHUX MAKCUMAJIBHO JOMYyCTUMUX 3HAYCHb BiOparrii
Ha CUCTEMY YIIPABIIIHHS arperaToM MepeacTbcs KOMaH/Ia Ha 3yIMMHKY Ta Ha aBapiiHy
CUTHAJI3ALO.

[Ipu mnepeBuIlieHHI BCTAHOBJIEHOTO pPOOOYOro 3Ha4YeHHs BiOpamid Ha 25 %
dbopMyeThCSI CUTHAT TOTIepeDKEHHs. B anroputmMax poOOTH TakoX mepe-0adaroThes
MyCKOBI, IEPI0IMYHI Ta BUOIPKOBI (32 KOMAH/IOIO OTEpaTopa) PeKUMHU TECTYBaHHS.

3Haxo/HKEHHS TapaMeTpiB BiOpallii B 30H1 JIOMYCKY BU3HAYAETHCS aBTOMATUYHO B
pPeXUMI PEaIbHOTO 4Yacy, a HEOOXiJHI BUCHOBKHM MpO iX ODLKy4dy Ta MPOTHO30BaHY
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3MIHy B Yacl OTPUMYIOTb Yy pe3yJibTaTl MOAANBIIOI MaTeMaTUYHOi OOpOOKH
3apeecTpOBaHMX peati3alliil BIOpaliiHiuX curHais [4].

HenepepBHuii MOHITOPUHT Ma€ MEBH1 OCOOIMUBOCTI:

— MiHIMallbHE BTpPYYaHHS 3aco0iB B1IOOPY B TEXHOJOTIYHHUM mporec 00’€KTa
MOHITOPUHTY, IO JOCATAETHCS BUTIIHAM TONEPEAHIM PO3MIIICHHSM TOYOK
BIJI0OpPY CUTHAJIIB Ta MPOKJIA/ICHHSIM KOMYHIKAIIIK 3 anapaTyporo peecTparii;

— MOIepeaHsT BHU3HAYEHICTh TOYOK BIJOOPY CHUTHATIIB Ta I1XHS HE3MIHHICTD,
BHACJIIJIOK YOTO CTa€ MOJKJIMBA OLIHKA KOPEJAIiA MK KOPOTIIMMHU BIITHHKAMHU
peaiizaliii BiOpaliifHuX CUTHAIIB;

— BHUKOPHUCTAHHS aKCEIEPOMETPIB 3 MAKCUMAJTLHUMHU YaCTOTHUMH BIACTUBOCTSIMU
K caMHX MEpPEeTBOPIOBaUiB, Tak 1 crmocoOiB ix kpimeHHs. Lle epextuBHO st
¢ikcamii mporeciB 3apoKeHHS JePEKTIB, OCKUIbKH CHo4yarky aedextu
NPOSIBIIIIOTECS. Ha BUCOKMX YacTOTaX, a TOTIM 3 PO3BUTKOM JeeKTy
MIEPEHOCATH CHEPTiI0 MPOSBY B CTOPOHY HU3BKHUX YaCTOT;

— BHOIp YaCTOTHUX METOJMIB aHAI3y JJIsl peakilii Ha TMosBy AehEeKTIB 1 OIiHKa
4aCOBUX TPEHIB JUISI TPOTHO3Y PECYPCY;

— OaratokaHaibHa OIliHKa BiOpalliif, a came OJHOYacHa peecTparlist BiOpariiHuX
CUTHAJIIB B PI3HUX TOYKaX KOHTPOJHLOBAHOTO YCTATKYBaHHS MOXE JOMOMAaraTu
BCTaHOBJIIOBATH CIPABXKHIO MPUUYMHY BUHUKHEHHS MIIBULICHUX PIBHIB BiOpaii
Ta OL[IHIOBATH BIUTUB J1e()eKTiB HA (PYHKIIOHYBaHHS BCHOTO 00JIaHAHHS;

— 3aBJSKH HEMEPEPBHOCTI HAKOIIMUCHHS TaHUX 30€pIracThCs TOBHA BiJIMOBIIHICTD
KUTTEBOMY IIUKITy 00€PTOBUX BY3IiB;

— TPUKIAJHE TporpamMHe 3a0e3MeYeHHsS Kepye B3a€EMOJIECI0 MK amapaTHUMU
MOJIyJIIMU CUCTEMHU Ta 1H(POPMAaLiMHUMHU MOTOKaMU B Hiil, peani3ye alropuTMH
CTaTUCTUYHOI ~ OOpoOKM  BiOpariitHux  curHamiB, Qopmye iHTEpdEeic
KOpHCTYyBaya, yIMpaBiisie 30€peKEHHSM OTpuUMaHoi iH(opmarii Ta BHXITHHX
pe3yabTartiB [5].

3rifHO 3 MPHUBEACHUMH OCOOJIMBOCTSIMH HEMEPEPBHUI MOHITOPHUHI BHUMAarae
o0JamTyBaHHs 1ICHYHOUOro OOJagHaHHS TEXHIYHUMH 3aco0amu BiOOpYy 1 aHamizy
BIOpaIliiHUX CHUTHAJIB Ta 3aco0aM CHUTHaTI3allli MEePEeBUILEHHS iX KPUTHYHHUX
napametpiB. lle, B CcBOWw depry, BUMarae BiJi EKCIUTyaTYHOUUX OpraHizalii
BIJIMOBITHOTO  (pIHAHCOBOTO Ta TEXHIYHOIO 3a0E3MEUeHHs BIIPOJIOBXK BCHOTO
XKHUTTEBOTO LUKITYy O0JIa THAHHS.

Tomy, HemepepBHHMIA MOHITOPHHI 3aCTOCOBYIOTH TIEPEBAKHO Ha 00 €KTax
MIIPUEMCTB €HEPreTUKH, Ha(TOBOI, BYTruUIbHOI 1 Ta30BOi MPOMMCIOBOCTI Ta ISt
BOXJIMBUX BY3JIB BapTICHOTO OO0JaJHAaHHS BIAMOBIJAIBHUX 3a €KCIUTyaTalliiHy Ta
EKOJIOT1UHY O€3IMeKH TeXHOJIOTIYHOTO TIporiecy [6].

Knrouosi cnosa: nepionnyHO HECTAI[IOHAPHI BUMAJIKOBI CUTHAIU, HEMEPEPBHUI
BIOPOMOHITOPHUHT, 00€PTOBI BY3JIH.
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YIK 621.391:519.72 )
AOCJIJUKEHHA ITPOLECIB TPUBOKOPO3II IIOBEPXHI TLI OBEPTAHHA 13
3ACTOCYBAHHAM KOPEJIALIMHOI'O AHAJII3Y BIBPALIIMHUX CUT'HAJIIB

D uuax O.B., Dcnenxo P. T., 1’2)}Ieopcw<uﬂ M, ]‘3)f03ecj)oeuq P.M.
D@isuro-mexanivnuii incmumym in. I'. B. Kapnenka HAH Ykpainu, 8i00in memodis i 3aco6ie
8i000py ma 06pobKu diacHocmuyHux cueHanie, Jlveis, Yxpaina
2)Eu020m0bi<a noaimexHixa, incmumym menekomynikayiu, buoeow, Iorvwa
Y Hayionanshuii yHigepcumem “Jlvgiecoka nonimexuixka”, Jlveis, Ykpaina
E-mail: roman.yuzefovych@ gmail.com

[IpeacTtaBneni po3mupeHi pe3ylbTaTd  PO3POOKH  TEOPETUYHOI  MOJEi
bpuKIiifHOI B3a€MOJIl MOBEPXOHb T, MO0 MepeOyBalOTh B 00EPTOBOMY pycCl Ta
eKCIIEPUMEHTAJIbHUX JOCTIKEHb IIi€1 B3a€MOIl NUIIXOM aHali3y CHTHAMIB iX
BiOpamiii. Bibpamii mpum TepTi BHHHKAIOTH 3a PAXyHOK PO3BUTKY KOPO3IHHUX
IPOILIECiB BHACIAOK HABEICHHS HAMPYXEHb y MOBEPXHEBHX LIapax, TpaHchopMarlii 1
MEXaHIYHOTO BHJAJICHHS 3aXWCHUX TACHUBHUX IUTIBOK B mporeci tepts [1].
3anmpornoHOBaHO BUKOPUCTATH MOJIENb CUTHAYy BIOpaliii y BUIVISAL MEPIOIUYHO
KOPEITLOBAHOTO BHUITAJKOBOTO TPOIIECY.

[IpoBeneno  aHami3  mapamMeTpiB  OTPUMaHUX  peaii3aiii ~ CHUTHaJIB
BIOpONIPUCKOPEHHsI, OOTPYHTYBaHHS METOJIB iX BIigOOpYy (BEIUYHMHH CHJIU
HAaBaHTAXXE€HHS KOHTPTUIA, JMHAMIYHOTO Ta 4YacTOTHOTO Jiala3oHiB BIIOOpY
CUTHAJIIB, TPHUBAJIOCTI peadizamiii Ta iX TMOBTOPIOBAHOCTI) ISl ONTHUMI3ALil
3aCTOCYBaHHSI METOJIIB OOpOOKM BIAMOBIIHO JO 3ampoOINOHOBAHOI MOJENl, IO
BpaxoBy€ HECTAI[lOHApHUM XapakTep CHUTHANy SK pe3yJbTaT HEMHIMHOCTI Ta
CTOXaCTHYHOCTI MPOLIECIB PO3BUTKY KOPO31HHOTO MOMIKOKEHHS [2].

ExcniepumenTanbHi JOCTIHPKEHHS TMPOBEACHI 3 BUKOPUCTAHHAM 3pa3KiB 31 cTaii
08X18HI10T. IloBepxHi TepTs MOMEPEIHHO OOPOOISIM MO OTPUMAHHS HIOPCTKOCTI

200 Cexuin 7. HEPYHHIBHHH KOHTPO.Ib,
TEXHIYHA TA MEJHYHA JJIATHOCTHKA, TIITTOTOBKA ®AXIBI[IB I'AJTY3I



XXI Mixcuapoona nayxkoeo-mexuiuna korugepenuia “HPUTA/IObY/TYBAHHA:
cman i nepcnexkmueu’’, 17-18 mpaens 2022 poky, KIII im. Izopa Cikopcokozo, Kuie, Ykpaina

R_=2,5 MKM, CHMrHaJM BIOpONPHCKOPEHHS 3HIMAIM B IIPOLECI B3a€MOIII TiN

oOepTaHHs 3a MPUKIIAJAHHS 30BHINIHBOI KATOHOT Ta AaHOHOT MOJISPHU3aIlii.
IToka3zaHo, 110 YacTOTHI Ta KOPEJAILIMHI XapaKTEepPUCTUKU CHUTHAJIB, 30KpeMma

IMOBIPHICHI XapaKTEPUCTUKH JPYTrOro MOPSIKY MOXKYTh CIYKUTH I1HIUKATOpaMH

3apOJKEHHSI 1 PO3BUTKY KOPO3il B3aEMOJIIOUMX MOBEPXOHb Ta BUKOPHUCTOBYBATHUCS

JUISL J1arHOCTYBaHHS J1Ie(PEKTIB 1 MOHITOPUHTY TEXHIYHOTO CTaHy MEXaH13MiB.
Kntouoei crnosa: BiOpatitnuii curdai, TpuOOKopo3is, 1e(eKT.
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YK 681.121.833
METHOD FOR DETERMINING THE CONTENT OF AIR PORES IN
HARDENED CONCRETE

Zavlka R. T., Krynytskyi O. S.
Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine
E-mail: mivt@nung.edu.ua

A common type of damage to concrete that occurs during its freezing and then
subsequent thawing is explained by trapped air, which can occur there by mixing
small particles that were used as auxiliaries during its manufacture.

Air voids in hardened concrete can be classified as trapped air during concrete
production. Many trapped air bubbles, which are evenly distributed in the concrete,
perform the function of providing the concrete with better resistance to freezing.
While the trapped air cavities are much larger in size and chaotically distributed, and
therefore have less impact to protect against freezing. Air bubbles can store water
supplied from the environment by the capillary method, followed by the formation of
ice in them, which can lead to partial destruction of concrete coatings.

To improve airflow and make the concrete stronger, specially designed air traps
have been used to ensure that the air used achieves a proper size and spacing
throughout the concrete mix. However, due to the unavailability of appropriate
equipment and the inherent difficulty in making concrete mixtures, determining the
characteristics of air voids in hardened concrete has been a difficult problem for
many years.

The authors [1] introduced the concept of the coefficient of air gaps of voids and
tried to use the theory of hydraulic pressure to explain the resistance of concrete to
freezing. Although such a theory is now generally accepted, it is not accurate enough
for calculations and may not be consistent with experimental results.
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Therefore, this study proposes a simple technique for determining air cavities,
which is carried out as follows by scanning the polished surface using a high-
resolution flatbed scanner. Before scanning, the surface is treated with
phenolphthalein or other bright dye to fill the voids in this section. Color tones are
used to separate phases using Photoshop. The color distribution and analysis of the
image obtained in this way can be automated using Matlab.

On the basis of statistical data collected as a result of two-dimensional
measurements, it is possible to determine the three-dimensional distribution of air in
hardened concrete. Applying the principles of stereology and statistical laws, you can
build a "transformation function" for two-dimensional measurements that can be used
for input data of the three-dimensional model. The number and size of air cavities in
each model are characterized by the estimated distribution of air voids by size.

Keywords: cavity, distribution, transformation, concrete.
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YK 620.179
ABTOMATHN30BAHA CUCTEMA BU3HAYEHHA ®I3UKO-MEXAHIYHUX
XAPAKTEPUCTUK ITOPOILLIKOBUX MATEPIAJIIB

bozoan I'. A.
Hayionanvnuu mexuiunui ynieepcumem Yxpainu
«Kuiscokuu nonimexuniunuu incmumym imeni leops Cikopcvkoeo», Kuis, Ykpaina
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Bimomo, 110 mporiec BUTOTOBJICHHS MOPOIIKOBUX MaTepialliB TOCUTh CKIIAJHUN Ta
CKJIafaeThes 3 Oararbox cranaid. OnHIE 3 aKTyaJbHUX 33/1a4 HEPYHHIBHOTO KOHTPOJIIO
€ po3po0Ka AaBTOMATH30BAaHOI CHCTEMH, IO JO3BOJSIE OLIHUTH 3MiHY (DI3UKO-
MEXaHIYHUX XapaKTEPUCTUK TAKUX PEUYOBHUH Ha PI3HUX €Tarax iX BUTOTOBIEHHS [1].

OnHUM 3 MOXJIMBHUX HUISXIB PIIICHHS, € BUKOPUCTAHHA B POOOTI TaKOi CHUCTEMH,
YJIBTPa3BYKOBHUX METOJIB HEPYHHIBHOTO KOHTpOO. JlaHi MeToau HempsMi, TOOTO
JO3BOJIAIOTh  OLIIHUTH IyKaHy BEJIMYMHY 3a ICHYIOUMMH KOPEJSAIIHHUMU abo
AQHATITUYHUMH 3aJISKHOCTSAMU 31 IIBUAKICTIO TMOIIMPEHHS YJIbTPa3BYKOBOI XBWJI B
JOCIIKyBaHOMY MaTepiaii [2]. A oTxke, it 3a0e3MeYeHHs TOCTOBIPHOCTI OTPUMAaHUX
3HaueHb (DIBUKO-MEXaHIYHMX XapaKTePUCTHK Oaratoa3HuX pPEYOBHH, HEOOXI1THO
3a0€3MEeYUTH TOYHOCTI BUMIPIOBAHHS IBUAKOCTI TMOIIMPEHHS YJIBTPA3BYKOBOI XBHIII
(Y3X) B 00'eKT1 KOHTPOJTIO 3 TIOXUOKOIO, 1110 He nepeButye 1 % [3-4].

Jlis  BupilIeHHS] TOCTABJICHOTO 3aBJaHHSA Oylna po3poOiieHa aBTOMATH30BaHA
cHcTeMa, CTPYKTYpHa cXeMa SIKOi IpuBeieHa Ha puc. 1.

Bukopuctanns 6noky [1I1 no3Bonmno Ha MOPSIOK 3MEHIIMTH METOAMYHY 1
Cy0'eKTUBHY CKJIaJ0BI CyMapHOi MOXHMOKHM BHMIPIOBaHHS 4acy MNpoxoipkeHHsS Y3X B
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OK, 1m0 omucano B po0oTti [5], a oTke 1 3a0€3MeUnTH YMOBY BUMIPIOBAHHS IIBUIKOCTI
VY3X 3 moxubxoro MeHorw 3a 1 %.

Ha 6a3i natu 360py iHpOpMaLiii peanizoBaHO MPUCTPIH, SIKHI JO3BOJISIE OAHOYACHO
NPOBOJAWTH BHUMIPIOBAHHS dYacy NPOXO/HKEHHS yhbTpa3BykoBoi xBuiai B OK Ta
reomerpuynux napamerpiB OK. Jlanuii mpucTpiii peanizye sIK aMIDTTyIHHH METOA
BUMIPIOBAHHS 4acy 3aTpUMKH, Tak 1 (a30oBuil, 3a0e3Meuyiour Mpu IbOMY POOOTY B
IIMPOKOMY YacTOTHOMY miama3oHl. Takok 1miara 300py iHboOpMaIii 3IiHCHIOE
dbopMyBaHHS 30H1yBaJIBLHOTO IMITYJIbCY Ta 30MpaHHS BUMIPIOBAIBHOI 1H(OpMAIIii.

K

lo e I Baok képydanus I
' Baok obpodsu Eaox
- E— ©BRC BC N
Snox M ILwama 3bopy pedy. obpodixu danux
_F £ s _h
inghopmanii I ]
I Biaok obwucienns
OK ‘L
Baok indukanil peivasmamis

Puc. 1. CtpykTypHa cxema aBTOMaTH30BaHO1 CUCTEMH 11 BUMipIOBaHHS IIBUIKOCTI
PO3MOBCIOKEHHS YABTPAa3BYKOBUX XBWJIb B MOPOIIKOBUX MaTepiaiax
I'p — BucokocTabiIbHUN TeHepaTOp CUTHAIB YacTOTH auckperusaii; [111 — 6ok ¢ikcartii
YIBTPa3BYKOBUX TepeTBOproBadiB Ha moBepxHi OK; 1K — mepconanpHU KOMIT'IOTEP

OCHOBHI TE€XHIYHI TTAPaMETPU CUCTEMHU:

1. YacToTa 30HAYIOYMX IMITYyJIbCIB — OOMpaeThes 3anexxHo Bia marepiany OK B
Mexax Bixg 2,5 Ml go 10 MI1.

2. JIlnHamMiYHUHN Miana3oH MOCUICHHS IPUHOMHOTO TPakTy - 48 nb.

3. Hacrorta auckperu3artii - 100 MI 1.

4. Pospsmuicte ALIII - 14 OiT.

[IK BukoHye (QyHKII: ympaBimiHHA Ta CHHXpOHI3alii poOOTH BCi€i CHUCTEMH,
00poOKH pe3ysIbTaTiB BUMIPIOBaHb, MAaTEMATHUHY Ta CTATUCTUYHY OOpOOKY JaHMX.

3a0e3neueHHsl COUIBHOI poOOTH po3poOsieHOi Iutath 300py 1H(opMaIli Ta
KOMITIOTEpa, peaii3allis aJropuTMIB CTATUCTHMYHOI Ta MaTeMaTU4HOi OOpOoOKH
OTPUMaHUX pe3yJbTaTIiB BUMIPIOBaHb, 1H(QOpMaIliliHe Ta THporpamHe 3abe3rneueHHs,
peai30BaHO y CEpPEJOBMINI PO3POOKHM Ta IUIaTGOpMHU JJii BUKOHAHHS MpOTpam,
cTBOpeHo1 rpadiunoro MoBoro nporpamyBanHs LabView (Natuonal Instruments, USA).

Kntouogi cnosa: iMmynbCHUN BUXPOCTPYMOBHUM HEPYWHIBHUN KOHTPOJIb, OOBIIHA,

JEKPEMEHT.
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UDC 004.89
THE USE OF EFFICIENTNET MODELS IN INFRARED IMAGE
CLASSIFICATION

Momot A., Skladchykov 1.
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail: drewmomot@ gmail.com

Infrared cameras have been widely used in numerous fields of industry and
technology. Owing to a number of advantages, they enable to enhance significantly
the capacity of computer vision technologies. Infrared cameras are currently used in
both non-destructive monitoring and warfare. Improving technical recording means
and automating infrared images analysis are tasks of urgent importance.

With the rapid development of thermal image technologies, infrared cameras are
being increasingly used in safety monitoring assignments. They enable to monitor an
object round the clock since the quality of the image does not depend on the time of
the day. There has been a prospect to use deep learning models with the purpose of
automating data analysis [1]. Using modern convolutional neural networks
architectures, it has become possible to significantly reduce the rate of erroneous alert
signals. Data mining algorithms considerably increase both detection credibility and
efficiency and object classification by infrared cameras.

Mindful of the fast-paced growth of deep learning, there is a major issue of
choosing the most efficient model for thermal images analysis. The quality of
automated classification is strongly influenced by the physical characteristics of
infrared emission. Thermal images tend to have very low heat signature detailing,
which makes the task of their classification more complicated compared to visible
spectrum images. A deep learning model is supposed to have high adaptability and

204 Cexuin 7. HEPYHHIBHHH KOHTPO.Ib,
TEXHIYHA TA MEJHYHA JJIATHOCTHKA, TIITTOTOBKA ®AXIBI[IB I'AJTY3I



XXI Mixcuapoona nayxkoeo-mexuiuna korugepenuia “HPUTA/IObY/TYBAHHA:
cman i nepcnexkmueu’’, 17-18 mpaens 2022 poky, KIII im. Izopa Cikopcokozo, Kuie, Ykpaina

generalization properties. It’s another major aspect is operation speed. Thus, a neural
network must be not only accurate but efficient as well.

In 2019, there was published an article [2] whose authors suggested a method of
convolutional neural networks optimization. The formerly known methods had
zoomed neural network dimensionality arbitrarily (e.g. by changing the number of
layers and neurons). The method suggested in the mentioned above article gradually
scales parts of a neural network with a fixed zoom factor. Optimized EfficientNet
networks ten times excel state-of-the-art approaches in accuracy with an increase in
efficiency, i.e. such networks have fewer parameters and perform faster.

Convolutional neural networks involve three major dimensions: depth, width, and
resolution (fig. 1). Depth defines how deep a network is or how many layers there are
in it. Width is in fact a number of channels in convolutional layers. Resolution is the
dimensionality of an incoming image and card indicators of convolutional layers.
Usually, the given parameters were selected by a network developer for each specific
task separately. There was no common approach to determining a network scale for a
long time. This imposed certain restrictions and led to the need of repeated
experiments.

f
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| |
|
|
|
|
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depth ‘L
I
|
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! v

< ——- width (# of channels) ——-»
Fig. 1. Deep convolutional network scale

Zooming into a network in any of the dimensions (width, depth, or resolution)
may improve accuracy, but when a model is too large, the accuracy improvement is
not obvious [3]. Using grid search EfficientNet networks developers changed the
settings of an original network with a fixed limit of floating-point operations in a
second. These limits defined zoom factors for optimizing the neural network size. As
a result, there was obtained a family of EfficientNet BO-B7 streamlined models
differing in their scale. EfficientNet BO models are the simplest and have the fewest
number of settings. Each successive model up to B7 is more scaled. In theory, if not
retaught, zooming is supposed to improve the network performance accuracy, but
have a negative impact on its speed.

In order to define experimentally the performance efficiency of the given infrared
camera classification models, EfficientNet B1, B4, and B7 neural networks were
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taught. For the experiment, there was used a set of Seek Thermal data containing
thermal images of three different classes: an automobile, a man, a cat. The dataset
included 6414 300400 resolution images in total. 5346 images of those were
intended for teaching and 1068 — for testing. The image samples of the mentioned
classes are shown in figure 2. The texture of the objects is not clear but the
temperature of the objects is distinguishable, their edges and contours are also clear.

In order to accelerate the experiment, Transfer Learning was applied. The
EffientNet networks used in the experiment had been previously taught on the
ImageNet dataset. Fine tuning was also used.

Fig. 2. Image samples from training dataset: a — car, b — man, c - cat

Not only a classifier of 512 neurons was available for training but also the latest
convolutional layer of original EffientNet networks. Accuracy was chosen as a metric,
Adam — as an optimizer, and categorical cross-entropy — as a loss function. Since many
of the training images were of the same type, data augmentation was applied. The
results of training are shown in table 1.

Table 1. Evaluation results

Model name Total parameters Trainable parameters | Accuracy, %
EfficientNet B7 128 325018 68 329 731 95.79
EfficientNet B4 62 633 570 46 971 267 97.19
EfficientNet B1 38 689 930 33 141 891 98.50

As one can see from the table, zooming into an EfficientNet network in the given
experiment led to over-training, due to which fact the results in the test suite
deteriorated. Moreover, along with zooming the total number of network parameters
significantly increases, which in turn requires a larger computational burden involved
in teaching it to operate. Given the fact that Accuracy decreases, the use of more
scaled EfficientNet architectures is not expedient for the given dataset. At the same
time, with the help of all three models, one can note infrared camera classification
high efficiency. Thus, the given class of models is an effective method of carrying
out automated thermal images analysis.
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The deep web models studied in the present research are the leading ones in
image classification. According to the experiment results, it is recommended to use
EfficientNet B1 models in thermographic security control systems. The networks
described not only give accurate results but also have an optimized architecture,
which markedly increases their performance and speed and reduces the number of
settings as well. A perspective task in further research will be efficiency analysis of
EffientDet networks which are EfficientNet derivatives and intended for object
detecting on images.

Keywords: deep learning, classification, infrared images.
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OnHUM 3 aKTyaJlbHUX HampsMiB PO3BUTKY BHUXPOCTPYMOBOTO HEPYHHIBHOTO
kouTporo (BCHK) € migBuiieHHs 1HOOPMATUBHOCTI KOHTPOJIIO 32 PaXyHOK HOBHUX
iHpopMaliiHuX o3HaK. IcHyroui Ha cporogHi 3acoom BCHK i3  iMmynbcHUM
30y/KeHHSIM ~ BUXpocTpyMmoBoro meperBoproBada (BCII) BHKOpHUCTOBYIOTH  Taki
1HpOpMaLIiiiHI O03HAKU, SK 3MIIIEHHS MOMEHTY MEPETHHY CHUTHAJOM IIEBHOTO PIBHS,
YaCOBHI 1HTEPBAJ MK MEBHUMH BY3JIOBUMH TOYKAMHM, MIKOBI 3HAUEHHS aMILTITYAH Ta
NEPEBUILICHHS aMIUTITYAd TEBHUX IMOPOTOBUX 3HAUYE€Hb T4 MOMEHTH IMX IEPETHHIB
touio [1]. IIpore, 3a ymoBu Bukopuctanus BCII 3 iMmynbcHuM 30y KEHHSIM B PEXKUMI
TEHEPYBaHHS BJIACHUX KOJMBaHb [2], ICHYe MOXIMBICTb BHKOPHUCTaHHS B SIKOCTI
iHbopmaniiinux mnapametpiB curHamiB BCII ix BmacHOi 4acToTu Ta JeKpeMeHTy .
Curnamu BCII y takomy pexxuMi poOOTH MarOTh XapakTep 3aracaroyux rapMOHIMHUX
KOonMBaHb (puc. 1).

VY mporieci KOHTPOIIO 3HaUeHHs iHpopMaTUBHUX mapaMeTpiB curaainy BCII
3MIHIOIOTBCS TMiJT BIUTMBOM XapaKTEPUCTHK Ta TapameTpiB o0’exkta. Ha puc. 2
300paKEHO CHTHAJIW Yy BUIAJKYy KOHTPOJIO 3arOTOBKH 31 CTall 3 PIi3HOIO TOBIIWHOIO
nienekTpuaHoro moKputts h : h=0, h=1,62 MM, h=4,90 mm. 3Ha4ueHHS TOBIIUHU /i €
(bYHKIIIEIO TEKPEMEHTY O Ta OMUCYETHCS (PYHKITIELO:
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1, U(t.h)

(k)= AT nU(tz,h)’ W

ne U (tl,h), U (tz,h) — 3HaueHHsI 00B1IHOT B MOMEHTH yacy f, Ta t,, AT =t ,—t,.
PosrsiHyTe paHilie BU3HAYEHHS TOBIIMHU TOKPHUTTA O€3MOCEpeHBO 13 3aJICIKHOCTI
h=f (G ) Ma€ TIeBHI OOMEXEHHS — OCKUIbKHM JICKPEMEHT BHU3HAUAETHCS 3a MEBHUMH
TOuKamMH 00OBiJIHOT curHainy U (t,O( ), OTpUMaHE 3HAYEHHS YYTJUBE JI0 Jii NIyMiB, IO
CYIPOBOJIKYIOTH Tipotiec BusHaueHHs curnainy BCII ta iioro o6BiaHOT [3].
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Puc. 1. ®parment curnany BCII 3 imnynscaum — Puc. 2. I'padik curnanis BCII st OK 3 pizHoro
30yDKSHHSIM TOBIIMHOIO Ji€JIEKTPUYHOTO MOKPHUTTS

Y JOTOBITI 3aIPOIIOHOBAHO Ta PO3TIIIHYTO BUKOPHCTAHHS JIJIS1 BU3HAYCHHS /1 1HIIIOT
1H(MOPMAIIIfHOT 03HAKH, SIKAa BU3HAYAETHCS:

h=k T8 =k[[U,(1,0) = U, (1,0) ]dt )

ne k — MacmTabHU po3MIpHUNA KOe(III€EHT.

BusHaueHHs 3arporoHOBaHOI O3HAKM LIIOCTPYe puc. 3. IHTerpanbHuil xapakrtep
O3HAaK{d Ja€ 3MOTYy 3MEHIIWTH [0 HIyMiB 1 Ha LI OCHOBI MIJBUILUTH TOYHICTbH
BU3HAYEHHS /.

Ha puc. 4 HaBeneHO CTPYKTYpHO-JIOTIYHY cxemy iMmynbcHOi cuctemu BCHK
BU3HAUEHHS TOBIIMHHU JiedekTpuyHoro mokputts h. Jla BCII ytBOpIooTh
0araToeeMEHTHUN  BUXPOCTPYMOBHI  TMEpPETBOPIOBad,  OJAWMH 3 SIKHUX
BUKOPHCTOBY€ETbCA ISl CKaHyBaHHS 00’exkta koHTponto (OK), a iHmmdA pis —
TectoBoro 3paska (T3).

Peanpauit meperBoproBay B momAiOHINH cuctemi BCHK wmoxe wmatum Oiiabiny
KUIBKICTh €JI€MEHTIB, TOOTO MICTHUTH B c001 aekuibka BCIIL. V TakoMmy Bumaaky
MIPOIIEC OMpAaIfOBAHHS CUTHAJIB mepeadadae OUIbI CKIATHUNA aITOPUTM OOUYHMCIICHHS
pe3ynbTaTy, IpoTe i€ He BIUTMHE Ha Yac MPOBEJAEHHS CaMOT0 KOHTPOJIIO.
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Knrouosi crnosa: iMiyibCHUN BUXPOCTPYMOBHI HEpYIHIBHUN KOHTPOJIb, OOBiAHA,
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BumiproBanns koepuutuBHOi cuin  (KC) MIHUPOKO BUKOPUCTOBYHOTH IS
HepyiHiBHOro KoHTpoato (HK) mmpokoi HomeHkiIatypu pepoMarHiTHUX MaTepiaiB:
cTaji, 4YaByHHU, CTICYCHI TBEPJl CIUIaBH, JUTI MOCTIMHI MarHiT Ta aesaki iHmm. Lle
MOB’513aHO 3 YYTJIMBICTIO I[LOTO MArHiTHOTO MapaMeTpy 10 CTPYKTYpH MaTepiainy Ta
HOTro MEXaHIYHMX XapaKTepUCTHUK. 3a pe3ysibTaramu BuUMiptoBaHb KC 3a1iCHIOIOTH
COpPTYBaHHS MaTepiajiB 3a MapKaMH, KOHTPOJIOITH TBEPIICTh, MIIHICTb,
BHU3HAUYAIOTh TOBIIMHY 3arapToBaHOr0 ab0 IIEMEHTOBAHOTO IIapy, OI[HIOIOTH
CTPYKTYPHY IIUTICHICTB, SIKICTh TEPMIYHOI Ta XiMIKO-TEPMIYHOI OOpOOKH, a TaKOX
BTOMHUU CTaH, HAMPYKCHUH CTaH 1 3AJIMIITKOBUNA PECYpPC METATOKOHCTPYKIIINA TOIIIO.
[lepeBaroro koepuutumerpuunoro HK e te, mo oro MokHa nNpoBOAUTH 0€3 3HATTS
3aXUCHHX J1ako(apOoBUX MOKpuUBIB [1-5].

s BumiptoBanHss KC 3acTocoBylOTh BENMKY HOMEHKIATYpy MpPHIAiB, SKi
HOCSTHh Ha3BYy KOEPIHUTUMETPIB, KOCPIUTUMETPIB-CTPYKTYPOCKOIIB a00 MarHiTHUX
CTPYKTYpPOCKOTIB. BOHU BIAPI3HAIOTHCS OJUH BiJl OJHOTO THUM, 110 (PYHKIIIOHYIOTh Ha
OCHOBI pi3HMX MeToJiB BuUMIiproBaHHs KC 1 cmoco6iB ix TexHiyHOI peamizaiii. Y
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3B’SI3Ky 3 IIUM BaXJIUBOIO € cucrteMmarusailis metoniB BumiproBanHs KC. Ile
J03BOJIUTH OOTpyHTOBaHO BHOuUpaTH 3acid BuMiptoBanHd KC y KoxHOMY
KOHKPETHOMY BUIIAAKY, BUXOJ4H 13 ocoonuBocTeil 00’ekta HK 1 yMOB KOHTpOIIIO.

3a cnocoboM oTpumanHHs yncenbHoro 3HaueHHss KC Bci MeToau i BUMiprOBaHHS
po3aUIstOThCA Ha Tpsimi 1 Hempsimi. llepmri mepea®ayaioTe MOBHY peaizailiio
aTOPUTMY  BHUMIpIOBaHHs, sKuM BignoBimae BuzHaueHHio KC: cmouartky
HaMarHiyyBaHHs 3pa3Ky (epoOMarHiTHOro Marepially A0 CTaHy MarHiTHOTO
HACHMYEHHS, MOTIM WOro MOBHE PO3MAarHiuyBaHHS MAarHiTHUM IOJEM MPOTUIIEHKHOI
MOJISIPHOCTI 1 (hIKCalliF0 3HAYEHHSI HANpYKEHOCTI TMOJIi pO3MarHidyyBaHHsSI, SIKe
BIJINOBIJIA€ I[bOMY CTaHy. Y APYroMy BHUIIQJKy BUMIPIOETHCS MArHITHUMA MapameTp
IpaHUYHOI TeTai ricTepesucy, sakui 3B s3aHuii 3 KC BimomMoro (QpyHKIIIOHAIBHOIO
3QJICKHICTIO. 3a3BUYai 1€ 3aJIMIIKOBA IHIYKI[S a00 3aJIMIIKOBA HAMarHi4eHICTb.
Henpsmi meronum BumiptoBanHss KC € 3HauyHO mpoctimn y peamizamii depe3
BIJICYTHICTh Omepaiii po3MarHidyBaHHs, aje MOXXYTh OYTH 3aCTOCOBaHI TIIbKU IS
MaTepiaiB 3 BIIOMUM 3B’SI3KOM MDK BuMiptoBanuM mapameTpoMm 1 KC. 3a takum
OPUHIMIIOM NpaloTh, Hanpukiaa, koepuutumerp Ilomoc-1 [1], wmaraiTHI
ananizatopu UMA [1, 2], ctpykrypockorn CUJIA [6].

3a crtocoooMm Bu3HaueHHsA KC Bci MeTOIM MOAUISIOTHCS Ha TakKi, IO JO3BOJISIIOTH
BumiproBatd KC 3a imaykmieto H.p, KC 3a mamaraiyenictio H. a6o KC 3a
3QJIMIIKOBOI0 HaMarHiueHicTio H.,. MiX BKa3aHUMHU BUJAMU KOEPIUTUBHOI CHIIH
icHye HacTynHe criBBigHomeHHs: H.p < H.; < H,, [7]. B HK 3actocoBytoTh TibKH
nBa nepmri metogu. KC 3a 3aMMIIKOBOI0O HAMAarHIY€HICTIO BUKOPHUCTOBYETHCS Y
TEXHIIll 3BYKO3aIlucy 1 ToMy Aami posrisaatucs He oyne. Illo crocyerses Hop 1 H,,
TO BHUMIPIOBaHHS KOXHOTO 3 1mx pisHoBuAIiB KC Mae ocobiuBoCTi, SKI
PO3IIISIIAI0THCS HUXKYE.

3a CHIBBIJHOIICHHSM pPO3MIpIB 30HHW KOHTPOJIIO, SIKa BU3HAYAETHCS 00 €MOM
matepiany o0’exta koHTpomio (OK), skuil mepemarHiuyethbcsi, Ta po3mipiB OK B
IJIOMY pPO3pI3HSIOTH 1HTErpaibHI Ta JOKambHI Meronu BumiptoBanHs KC. B
NepuioMy BUNAJKY pe3ysibTaT BUMIiptoBaHHs € ycepenHeHuM 3HaueHHs M KC OK B
ioMy. Taki BUMIpIOBaHHS 3aCTOCOBYIOThCS cTOcOBHO OK mManux po3aMipiB (IecaTku
mMm). JlokanpHi BuMiptoBanHs KC 3actocoBytoTs BimHocHOo OK, po3mipu siKux
MEPEBUIITYIOTh KIJIbKA IECATKIB MM 0€3 0OMEXCHHS BEPXHBOI MEXKI.

3a xapakTepoM MAarHITHOIO KoOja, B SKOMY 3IHCHIOIOTH  IpoliecH
HaMarHiuyBaHHsl 1 po3MarHiuyBanHs OK a0o #oro 4yacTuHHU, BCl ICHYIOUl METOIU
BuMiptoBaHHa KC MoOXHa pO3IUIMTH HA TPHU TPYNHU: BUMIPIOBAHHS Y BIIKPUTOMY,
3aMKHEHOMY 200 4acTKOBO 3aMKHEHOMY Mar”iTHomy KoJi [7].

3a cnocoOOM BHU3HAYEHHS YHUCEIBHOTO 3HAYEHHA HANPYXKEHOCTI TOJIA
pO3MarHiyyBaHHsI IpU MpoBeAeHH] NpsiMux BuMiptoBanb KC ix MOKHa MOAUIUTH Ha
Taki, MiJ Yac peaizalii sSIKMX 15l BeJIMYMHA BU3HAYAETHCS 32 3HAYEHHSIM CTPyMY Y
0OMOTIII KOTYIIKM pPO3MAarHidyBaHHs 1 ii cTajor, 1 Ha Taki, IO MepeadavaroTh
BUKOPHCTAHHS CHELIaJIbHUX JaBadiB HAMpPYXEHOCTI MArHiTHOTO TOJifA, SIKI
PO3MIIIYIOTh y 30HI KOHTpOJio. [ oOrpyHTOBaHOro BHOOpPY MK LIMMH JBOMA
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migxogamMu  HeoOxigHo BpaxoByBaTH Buj KC, sKa BUMIPIOETBCS, 1 XapakTep
Mar”iTHOTO KOJia, B SIKOMY BHUMIPIOBAaHHS MPOBOJATH. Tak BuMipioBaHHS H. y
BIIKPUTOMY MAarHiTHOMY KOJIi MOBHHHO OOOB'SI3KOBO MPOBOAUTHUCH 3a JIOMOMOTOIO
BUMIpIOBaya IHAYKIIl, AKUil po3ramoBano Oins moBepxHi OK B Horo cepenHiii
gactuHi. Skmo x KC BH3HAYaeThCs 3a CTaNOI KOTYIIKM pPO3MAarHidyBaHHA 1
3HAYEHHSIM CTPyMy B ii OOMOTII, TO OTpUMaHUIl pe3ynbTaT Oyae 3HaYHO MEHIINM
nopiBHsSHO 31 3HadeHHsM KC, BU3HaueHOI B 3aMKHEHOMY MarHiTHOMY Koumi. Illo
crocyethess KC 3a HamarHiveHicTio, To ii 3HaYeHHs OJIHAKOBE SIK Y 3aMKHEHOMY, TaK 1
y BIIKPUTOMY MAarHiTHOMY KOJi 1 MoXe OyTH BH3Hau€HE, SK 3a JOIMOMOTOIO
BUMIpIOBaYiB, Kl BcTaHOBJeH1 Outa moBepxHi OK, Tak 1 3a cTaqolw KOTYIIKH
po3martiuyBaHHs [7].

B HK nHaiiGinb11e pO3MOBCIOKEHHSI OTpUMAaNIM JIoKajdbHI BuMiproBaHHI KC y
3aMKHEHOMY MAarHiTHOMY KOJi 1 1HTerpajbHl BHUMIPIOBaHHS VY BIJKPUTOMY
Mar"iTHomy koui. [lns peamizamii nmepmmux BHUKOPUCTOBYIOTh KOEPIUTUMETPH 3
NpPUCTaBHUMHU  JlaBayamMH-elekTpoMarHitamu Ha [l-momibnomy ocepmi. lle,
HanpuKIIag, MarHiTHI cTpykTrypockonu cepii KPM-II [5], xoepuutumerp BKC-108
[8] Tta immi. [lo crocyeThbcs APyrUx, TO MEPEBaXHO iX 3acTOCOBYIOTH st HK
BHCOKOKOCPIIMTUBHUX BUPOOIB 13 CIIEUEHUX TBEPAMX CILIABIB, JJIS SIKMX XapaKTEpHI
MaJti po3MipH 1 pi3HOMaHiITHa ¢popma. HamarniuyBanus 1 po3marnigyyBanss Takux OK
3MIMCHIOITh Yy KOTYHIKax THUIY CoJIeHOiaiB. [lpukiagoM mpuiaaiB Takoro
npu3HayeHHs1 € pi3Hi Moaudikanii koepuutumerpiB tunmy BKC 1 Koerzimat [9].
3aCTOCOBYIOTh TaKOX 1 JIoKanbH1 BuMiptoBanHsa KC y BiIKpUTOMY MarHiTHOMY KOJIi
3a  JIONIOMOrOK  TMPUCTABHUX  COJICHOIMIB  (METOJ  "TOYKOBOTO  TOJIOCY')
(xoepuutumerpu Iomoc-1 [1] i BKC-104 [9]). Ix 3acrocyBaHHs NOpiBHAHO 3
NPUCTAaBHUMHU eNieKTpoMmarHitamu 3 Il-momiGHuM ocepasim 3a0e3nedye  Kpaury
JoKanbHICTh BuMiptoBaHHs KC.

3a (izuuyauM npuHOHWNOM i1 mgaBada MarHiTHOTO cTany OK, To6TO maBaua
CUTHAJIy TIPO JOCSITHEHHS HUM CTaHy HYJIhOBOI HaMarHideHOCTI (1HIYKIlii), METOOH
BuMipioBanHa KC ninsTe Ha iHIyKIiNHI 1 MarHitometpuyHi. [lepini nependadarotsb
BUKOPUCTAHHS [laBadiB, SKi TMPAIOIOTh HAa OCHOBI 3aKOHY €JIEKTPOMAarHiTHOI
iHayKIii. JIo HUX BiTHOCATHCS BIOpAmMiHUHN, 1HAYKIIHHO-IMITyIbCHHUH (0aTiCTUIHU)
crocoOr BUMIpIOBaHHS 3anuIKoBOTO MarHiTHoro mosisi OK Tta cmocid Ha OCHOBI
BUMipIoBanbHOro renepatopa [1, 2]. IX XapakTepHOIO O03HAKOI € HAasABHICTDH
MEXaHIYHOTO0 PyXy BUMIPIOBAJIbHOI 1HAYKIIIHHOI KOTYIIKH, 110 YCKJIAIHIOE OYI0BY
NpUiIaAiB 1 3MEHIITY€E HAIHHICTD X poOdoTH. TOMY B CydacHHX KOEPLUUTHUMETpax s
oTpuMaHHa  1H¢opmalii 1po MarHiTHUH ctaH OK  BHKOPHUCTOBYIOTHCS
MarHiToMeTpuuHi faBayi. [le nmepeBakHo dhepo3oHau 1 1aBadi XoJia.

[IpencraBnena knacudikaiiss metoaiB BumiproBanHs KC m03Bossie mMpoBOIUTH
ONTUMAJILHUM BUOIp METOAY ii BUMIPIOBaHHS 3ajiekHO Bia ocobnuBocteit OK 1 ymoB
nposeneHHs HK.

Knwouosi  cnosa:  HepyWHIBHMHA  KOHTPOJb, (EpOMar”HiTHHA  marepiai,
KOSPIIMTUBHA CHJIa, HAMATHIYEHICTh, IHIYKIlisI, MarHITHE KOJIO.
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UDK 535-15
APPLICATION POSSIBILITIES OF INFRARED THERMOGRAPHY
IN MEDICAL DIAGNOSTICS
Muraviov O. V.

National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail:stals98 @ukr.net

Using of thermal imaging camera is a highly effective and informative means of
patients screening for the detection of inflammatory processes in the early disease stages.
Nowadays criteria of thermal imaging diagnostics for more than two hundred diseases
and pathological conditions are developed and this list is constantly being replenished.

It is known, that various parts of human body have an individual normal average
temperature, due to the existence of features in the degree of their blood supply and
innervations. However, surface temperature of symmetrical sections for the same
areas does not significantly differ normally. Consequently, opposite symmetrical
region of the body should be used as a control site for identifying pathologies.

Medical thermography is becoming more widely used every day in multi-
disciplinary medical institutions. The work of thermographer during screening
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diagnostics takes place, as a rule, in unstable environmental conditions. This
determines requirements for medical worker to have a high qualification and special
abilities to take into account the influence of external factors, as well as, incomplete
thermal adaptation of patients in the diagnostic process [1]. Therefore, one of the
pressing issues remains the increase in the information content and the
correspondence of the taken indicators to the real temperature of the surface area of
the object under observation. Therefore, one of the pressing issues remains the
increase in information content and correspondence of taken indicators to real
temperature of surface area at observation object. It is worth noting, that diagnosis
adequacy also depends on correct interpretation of thermograms, which, in turn, is
possible only when a clear image with high quality is obtained. The above parameters
largely depend on the operating conditions and influence of environmental factors to
thermography camera design.

Today, thermography diagnostics is used in various areas of medicine: oncology,
mammalogy, otorhinolaryngology, cardiac surgery, forensic examination and others.
One of the most important problems at cardiac surgical interventions is ischemic
myocardial damage, since normal coronary perfusion is absent due to aorta clamping.
For complete control over the temperature distribution using of infrared cameras is
promising and innovative, that allows to get a highly informative image of
temperature distribution on entire heart surface [2, 3].

Temperature fluctuations on myocardium surface in study area are clearly defined
during hypothermia and hyperthermia under conditions of cardiopulmonary bypass.
Exact temperature control of cooling and heating for brain and heart tissues
minimizes cardiopulmonary bypass time and provides maximum protection of
myocardium during surgery manipulation.

Temperature lowering of the heart and brain from +36 °C to +18 °C is the main
factor in protecting against brain hypoxic damage when these organs are turned off
from blood circulation during open heart surgery. During warming at the initial stage
temperature difference between heat transfer agent and human body should not
exceed 5 °C. At other stages of patient warming until 36 °C, the temperature gradient
should not exceed 8 °C and heat transfer agent temperature should be strictly
maintained in range of 39,0-39,5 °C [4, 5]. Consequently, during such operations
high-precision temperature control is necessary, both for the heat carrier and patient.

Thermal imaging cameras use two wavelength ranges of the optical spectrum that
correspond to atmospheric transparency windows: 3-5 micrometers or 8-14
micrometers. However, in the case of medical thermography choice of spectral range
i1s not solely due to requirements of atmosphere transparency, since measurement
object (human) is situated close to the camera and level of infrared radiation
absorption by air is significant less [6, 7]. At the same time, it was found that
thermography cameras operating in spectral range of 3-5 pm are more sensitive to
reflexes of skin reradiation from thermal radiation external sources. Considering that
the maximum spectral intensity of human body radiation with temperature of 37 °C is
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approximately at 9.3 um [8] and the influence of spurious backgrounds is less

significant in range of 8-14 um, it is advisable focusing at photodetector nodes design

for medical thermal imagers of this spectral range.

Keywords: infrared imaging camera, medical heat vision, open heart surgery,
thermography diagnostics, thermogram analysis.

References

[1] K. M. CraBopoBckuii, "ABTOMarhyHa JiarHOCTMKa Ta aHaji3 TEpPMOrpaMM B MEIUYHIN
npaktuti", ElectronComm, vol. 19, Ne 1 (78), c. 47-55, 2014.

[2] A. B. XuskoBuu, A. B. MypaBbéB, "CoBpeMEeHHBIC TEXHOJIOTHH OCCKOHTAKTHOTO H3MEPEHUS
temneparypel’, B Mamepuanvr XVI MescoynapoOonoti HayuHO-npakmu4eckou KoHgepenyuu
«/lunamuxa nayunvix uccredosanutl - 2020», vol. 7, ¢. 110-115, 2020.

[3] O.O. Hazapuyk, O. B. Mypasiios, "Komnencaitiss TepMOop0o3(OKyCyBaHHSI ONTUYHOI CUCTEMH
tepmorpada", biomeouuna inscenepis, Ne 5, c. 66-67, 2017.

[4] Zhong-Shan Deng, Jing Liu, "Enhancement of thermal diagnostics on tumors underneath the
skin by induced evaporation", in Proc. of the 2005 IEEE Engineering in Medicine and Biology
27th Annual Conference, Shanghai, pp. 7525-7528, 2005.

[5] O.K. Kyuepenko, O.B. MypasiioB, B. M. Taryp, "AxpomaTtu3zamis Ta arepMmaiizaris
00’exTuBiB iH(pauepBoHOi TexHIKU", Haykoei sicmi HTYY ,,KIII”, Ne 5, c. 114-117, 2012.

[6] B.I. baxenos, I'. A. bornan, M. B. KpaBuenko, "lludpoBas cucrema namepeHus: (Hha3oBbIX
CABUTOB PaJUOUMMYJIbCHBIX CHUTHANOB", MedxCOYHaApPOOHbI HAYYHO-UCCIEO08AMeNbCKULL
arcypuan, Ne4 (46), gacts 2, ¢. 36-38, 2016.

[7] O. K. Kyuepenko, A. B. MypaBséB, "MeToabl MacCUBHON aTepMalli3allid U axpoMaTH3aluu
JIBYXKOMIIOHEHTHBIX ONTHYeCKux cucreMm', Bicnux HTVY «KIIl», Cepis npunanoOymayBaHHS,
Bum. 43, c. 46-53, 2012.

[8] A.B. MypaBnéB, "OCHOBHBIC TCHACHIINH, MTPOOJIEMBI U MEPCIICKTUBBI PA3BUTHUS JTUCIUICHHON
HAHORJICKTPOHUKHU'', HA HepyuHieHUull KOHMPOIbL 6 KOHMEKCMi acoyillo8aHo20 UleHcmed
Yikpainu 6 €sponeticokomy coro3i: mamepiaiu 2-20i HAYKOB0-MeXHIUHOI KoHpepenyii 3
MidcHapoownoio yuacmio, [lonema, Jro6min, c. 10-11, 2018.

UDK 535.317
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MEDICAL THERMAL IMAGING CAMERA

Muraviov O. V.
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail:stals98 @ukr.net

Heat images of the body surface allow to analyze deviation from the norm and
pathological situation in the organism. In particular, medical thermography is used
for cancer diagnosis, traumas, inflammatory processes [1, 2]. The informativeness of
thermogram analysis is primarily based on contrast and quality of the image obtained,
which in turn depend from ambient temperature during diagnosis. Separately, the
infrared lenses of thermography system is significantly affected by the temperature,
whose image characteristics can be significantly impaired by temperature change,
which will result in a loss of resolution. On this basis, one of the important tasks in
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lenses design of infrared devices is preservation of their basic characteristics during
temperature fluctuations inside the system.

Medical heat vision is a contactless, rapid and non-invasive means of diagnosis
for many known diseases. The method allows to observe in dynamic and control the
effectiveness of treatment, healing of wounds at different stages of morphogenesis
and also prevent the possible development of complications [3]. Thermograph using
is a highly effective and informative means of patients screening for the detection of
inflammatory processes in the early disease stages. To date, the criteria of thermal
imaging diagnostics for more than two hundred diseases and pathological conditions
are developed and this list is constantly being replenished.

At analyzing thermogram information and setting the diagnosis, there are certain
rules and regularities. For example, registered temperature difference of 1-2°C on
oppositely symmetrical body parts indicates presence of the organism pathology. In
particular, at tumors the temperature change to greater side indicates malignant
degeneration and to lesser side indicates benign nature of the tumor [4].

Temperature fluctuations of the environment during the infrared technique
operation significantly affect to its characteristics, such as quality and
informativeness of the thermogram, so at the design stage of such high-precision and
sensitive devices it is expediently to carry out an athermalization of the optical
system [5]. In the process of dioptric objectives synthesizing, which include several
components, it is possible to select materials for the purpose of system self-
athermalization, simultaneously to perform the achromatization of the optical system
and to minimize those image aberrations, on which highest requirements are
subjected. To perform above tasks, such as thermostabilization and characteristics
improvement of the thermograph objectives, at calculating stage of the optical system
parameters of the infrared device it is advisable to use passive optical athermalization
method. The method algorithm involves the using at the lenses design several
infrared materials with different magnitudes and signs of thermo-optical constants in
combination with certain material of supporting structure [6].

Synthesized on base of passive optical athermalization infrared objectives with
thermostabilized value of back focal length of the optical system maintain the
stability of frequency and energy characteristics and keep high image quality in the
operating temperatures range [7].

Medical thermal vision most successfully combines effective pathology search
and absolute non-invasiveness for patient and medical staff. Diagnosis reliability is
based on stability of thermal imaging symptoms, main parameter of which is the
consistency and predictability of changes in relative temperatures. This allows
successful using of thermography cameras as a method of objective control over the
pathological processes in the body for various fields of medical practice.

Actual problem of modern medical thermography is change of system image
quality under the influence of environmental factors. The most significant to the
temperature effects are the characteristics of germanium lenses, which are the most
widespread nowadays. Change of image quality under the action of temperature
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fields is due to high temperature dependence of optical and mechanical properties of
the material.

Improvements of thermal imaging technology must be focus on image quality
increasing of thermograms and developing algorithms for automatic diagnosis of
diseases and pathologies. Further scientific researches should be carried out in
direction of determining the radiation spectra of different parts and tissues of human
body in order to detect wavelengths of maximum and minimum of their spectral
intensity. This will enable the implementation of multilayer thermographic
diagnostics, which in turn will allow to obtain a clear infrared image of human
organism areas that will be of direct interest to the doctor or researcher.

Keywords: athermalization, image quality, medical thermography camera,

thermal stabilization, infrared lenses.
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INFRARED LENSES
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E-mail:stals98 @ ukr.net

The infrared (IR) equipment gets wide application in metrology, military
enginery, scientific researches. IR devices are often used in difficult environmental
conditions. A number of scientific publications are devoted to the design of thermally
independent lenses. For example, in [1] methods of opto-mechanical passive
athermalization of optical systems are considered. However, far too little attention
has been paid to the passive optical athermalization algorithm. The analysis of such
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publications shows that the greatest attention is paid to opto-mechanical methods of
athermalization, while passive optical athermalization is nowadays increasingly used
due to a number of advantages: simplicity of construction, high accuracy and
reliability, reduction of mass and dimensional characteristics. In particular, the
significant advantage of optical methods is when the contribution of mechanical
structural members to thermal defocusing can be minimized by applying materials
with negligible temperature coefficient of linear expansion for mechanical parts of
optical devices. Currently, there are only general recommendations that can be used
in design of athermalized lenses, while the question of mathematical algorithms for
passive optical athermalization remains open.

At lenses design process for IR equipment, developers widely use three-component
optical systems. These systems allow to get good image quality without using aspherical
surfaces. At the same time, the task of maintaining image quality over a wide
temperature range in most of these compositions remains unresolved. This paper
material is devoted to development of mathematical apparatus that allows to design
athermalized and achromatic IR triplets with possibility of minimization of necessary
image aberrations for the case of uniform temperature distribution in optical system [2].

Operating requirements for such equipment often include provision of the
working temperature range +50 °C, because the most significant environmental factor
that influences to image quality of IR technique is the temperature field change [3].
This leads to the emergence of thermal defocusing in the optical system — change of
the back focal length size, and image thermal aberrations. As a result, there is a
significant reduction of the resolution and deterioration of lenses main characteristics.
Consequently thermal stabilization of lens image quality at the environmental
temperature changes is an important and actual problem that needs to be solved at the
design stage of IR device.

The question of thermal stabilization can be solved by applying active, semi-
active and passive methods. Main advantages of passive optical athermalization are
high reliability, absence of any moving parts and need of manual adjustment,
minimization of weight and size properties and simplicity of design. Perspectives of
this direction development are also caused by constant expansion of the optical
materials list for IR spectral range [4].

The synthesis of an athermalized dioptric objective is based on optical materials
combinations with different signs of the thermo-optical constant. During thermal
stabilization it is possible to minimize image aberrations and to choose optimal
material of the supporting structure for lenses at the same time. Proposed method
allows to synthesize athermalized IR objectives, which include two or three lenses,
using only two different optical materials [5, 6].

Temperature fluctuations of the environment during the infrared technique
operation significantly affect to 1its characteristics, such as quality and
informativeness of the image, so at the design stage of high-precision and sensitive
devices it 1s expediently to carry out an athermalization of the optical system.
Athermalization and achromatization of IR triplets can be carried out by selection of
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optical materials compositions. During athermalization the main aberrations of IR

dioptric lenses image are also minimized.

Synthesized in accordance with developed technique IR triplet with 50 mm focal
length, 1:1 relative aperture, field of view angle 12° is characterized in the
temperature range from -20°C to + 60°C by 4 um changing of back focal length, that
is 1-2 orders less than for non-athermalized lenses with similar operational
parameters [7].

Further work in this direction should aim to improve design techniques of
achromatic and athermalized infrared optical systems in order to get an algorithm that
will allow to obtain a complete design parameters set for optical system without
requirement of additional optimization; to minimize optical system aberrations; to
design optical systems consisting of more than three components.

Keywords: passive optical athermalization, image quality thermostabilization,
dioptric objective, optical system.
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PO3POBLJIEHHA AJITOPUTMIB OBPOBKHU JIAHUX YJIBTPA3BYKOBOI
JIEOEKTOCKOITI /111 BUPIILIEHHS OBEPHEHUX 3AJIAY

T'anazan P. M.
Hayionanonuu mexniunuu ynisepcumem Yrkpainu
«Kuiscokuu nonimexuniunuu incmumym imeni leops Cikopcbkoeo», Kuis, Ykpaina
E-mail: r.galagan @kpi.ua

Jnst Toro, moO edekTUuBHO BUpiNIyBaTH OOEpHEH! 3a7adi yJIbTPa3BYKOBOTO
HEPYHHIBHOTO KOHTPOJIIO, HEOOXIJHO BHUKOHATH aHai3 SK METOMIB HHU(pPOBOT
00pOoOKHU JaHUX, SKI OTPUMYIOTh Y pe3yibTaTi AePEKTOCOKIII, TaK 1 adrOPUTMIB AJIs
iX po3B’s3yBaHHS. BaXJIMBICTP TaKOro MOMEPEIHBOrO aHalli3y, BUOKPEMIICHHS
HANOUTBII MEPCIIEKTUBHUX AJITOPUTMIB Ta CHHTE3Y BHCHOBKIB MOKa3aHa y po0oTi [1]
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Ha TIPUKIAAl TEIJIOBOTO HEPYWHIBHOTO KOHTPONIO. 3aBISKA I[bOMY 3HAaYyHO
HiABUILYETHCS 1IHPOPMATUBHICTH Ta JOCTOBIPHICTh KOHTPOJIIO.

Pe3ynpraty ympTpa3ByKOBOTO HEPYHHIBHOTO KOHTPOJIIO 3a3BHYAil MPEICTaBIICHI Y
BUIJIAIl PO3TOPTKHU, SIKA HA3MBAETHCS A-CKaH 1 € rpadikoM 3aleXHOCTI aMILTITYyIH
NPUMHATUX CUTHATIB BiJ 4yacy (BiJICTaH1) y JIEKapTOBiM cucTteMi KoopauHaT. YacTo Taki
CHTHAJIM MICTSTh BHCOKI 3a PIBHEM IIYMH Ta 3aBajH, 1[0 OOYMOBIIOIOTH BUHUKHEHHS
noxuOoK [2]. BHacmigok IOTO YCKJIAJHIOETHCS, a y JEIKUX BHIIAJKaX HaBITh
YHEMOKJIUBITFOETHCS, PO3B 30K 00EPHEHOI 33/1a4i, OCKUTBKHA PO3B 30K 13 3aITyMJICHUMHU
a00 HEKOPEKTHUMH BXITHUMH JAHUMU MOKE€ CUJILHO BIIPI3HSATHUCS BiJl TOYHOTO PIIICHHS.

Jlis po3B’si3ky OOepHEHO! 3a7adi HeoOXiHO TOYHO OIIHHUTU TakKi MapaMmeTpH
CUTHaJy, K aMmIUIiTyaa, (pa3a, gactora, popma o6BigHOI Tomio. CamMe B HMX MOXKE
MICTUTHCHh HE0OXimHa 1H(hOpMaIlis, Mmo0 BU3HAYUTH PO3MIp Ta iCTHHHY hopmy (a HE
CKBIBJICHTHY Y BHTJISII TUIOCKOJIOHHOTO OTBOPY, 5K IIe POOUTHCS 3apa3 y KIACHIHIN
yIbTpa3ByKoBill nedekrockonii). Tomy mnomepeans oOpoOKka [gaHUX € BKpaii
B)XJIMBOIO 1 HAa CHOTOJIHIIIHIN JEHB 11€ BUpIIICHA 3a/1a4a.

HeBupimenuM 3anuiiaeTscsi MUTaHHA BUOOPY alIrOPUTMIB JUISL PO3B’SI3yBaHHS
oOepHEHHMX 3aJa4y Ta HaJallITyBaHHS IMX AaJTOPUTMIB TiJ KOHKPETHI 3aBJaHHS
yIbTpa3BykoBoi nedekrtockomii. HeoOXimHO BUKOHATH TMOPIBHSIHHS KJIACHYHUX
MaTEeMaTHYHUX AITOPUTMIB, METOJIIB CTAaTUCTUYHOTO aHaNi3y Ta HEHPOMEpPEKEBUX
TEXHOJIOT1H, 3’ ACyBaTH HE JUIIIE iX €EKTUBHICTD, a i 3aTpaTH Ha peajizaliio.

Knrouosi cnosa: ynbTpasByk, nedekTockomis, nudpoBa 00poOKa JaHUX, aITOPUTMHU.
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3anumkoBi 3BaproBanibHl HampyxeHHs (33H) € oanum i3 ¢akropiB, 1m0
BU3HAYAIOTh POOOTOCIIPOMOXKHICTh 3BapHUX KOHCTPYKIiH (3K), ToMy iX BU3HAUCHHS
HEpYHHIBHUMHU METOJaMH € HAA3BUYAIHO aKTyaJbHUM 3aBJaHHSAM. Po3paxyHKOBI
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METOIM dYepe3 HU3KYy OOMEXKEHb HE 3aBXIHW JO03BOJISIOTH BU3HAYUTH poOOUl 1
3aJIMIIKOBI HaNpyXeHHs KOHKpeTHOT 3K B peanbHUX yMOBax.

JUis BU3HAYCHHS MEXaHIYHUX HAMpyXeHb KOHCTPYKLIH 13 (epoMarHiTHUX
CTaJlel IMIMPOKO BUKOPHUCTOBYIOTH METOAM, MOOYJOBaHI Ha MAarHIiTONPYKHOMY
edekti. Busnauenns 33H Ha BinMiHy BiJ] poOOUYMX HAMPyKEHb Ma€ CBOi OCOOIMBOCTI
yepe3 HasABHICTb 30HM TEPMIYHOTO BIUIMBY, 30HM 3aJHMIIKOBUX TIIACTHYHUX
nedopmariiii Ta 30HM Jutoro mBa. J[ns Bu3HaueHHs 33H HamMu 3amporioHOBAHO
BUKOPUCTOBYBaTH MAarHiTOAHI30TPOIHI BHUXpocTpyMmoBi neperBoproBaui (MBCII)
NOJABIMHOTO JudEpeHIIIOBaHHsA, SKI Ha BIIAMIHY BiJ MONEPEeIHIX po3poOoK
JO3BOJISIIOTh  KOHTPOJIOBAaTH Ha poOouux yacrotax Bume 1 klm, mo cyTTeBO
PO3LIUPIOE MOKITUBOCTI METOTY.

3azHaueHi Buile ocoosmBocTi 33H mpu3BOAATH 0 3pOCTaHHS TMOXUOOK
BumiptoBanua 33H. Jlna nocmimkenns MBCII cTBopeHO eKcniepUMEHTaIbHY
YCTaHOBKY, sIKa CKJIaJa€eThes 3 3BykoBoro rernepatopa, MBCII, ALII 1 komm rotepa.
Awmmunityny ta ¢a3y curnaamy MBCII po3paxoByBanu 3a JONOMOIOO CHEHialbHOI
nporpamu. OpgHowacHO  mpoBoAwiaM  Bu3HaueHHs 33H  mpunmagom i
MarHiTOaHi30TponHoro KoHtposmo Tuny MESTR-411, B skoMy peani3oBaHO
aMILTITYIHO-(pa30BUil MeToA. BUMIpIOBaHHS MPOBOAMIIMN y TMepepizax KUIbLEBUX Ta
MO3/I0BXKHIX IIBIB 3BapHOi TpyOH aiamerpoM 520 MM. Y pe3ynbTaTi BU3HAUEHO, IO
3miHa ¢asu curHany MBCII mig yac mepexoay 3 30HM CTUCKY Ha 30HY PO3TATY
3BapHOrO IIIBa BU3HAYAETHCS HE TIJIBKU 3MIHOIO XapaKTepy HaIpy>KeHb, a 1 3MIHOIO
CTPYKTYpPHOTO cTaHy MmeTaiy. Lle mpu3BOIuTH A0 3MEHIIECHHS aMIUTITyd CHUTHATY
npuiagy MESTR-411 y ninacTtuuHii 30H1 Ta 30UIbIICHHS 11 B 30HaX PO3TSATY.

[IpoBeaeHi nOCHiKEHHs MOKa3aliu, 10 J0CTOBipHE BU3HaueHHs 33H moxiuBe
Ha OCHOBI PO3JUJILHOTO BHMIipIOBaHHA aMmIulityau Ta ¢da3u curHary MBCII 1le
JT03BOJISIE 32 aMIUTITYJI0I0 CUTHATY BU3Havyatu BennuuHy 33H, a ix xapakrtep (cTHCK
a60 po3Tsr) — 3a (hazoro curnamy MBCII.

Knrouosi  cnosa: 3BApIOBAJIbHI ~ HANpPYXKEHHs,  MarHiTOaH130TPOMHUMN
nepeTBoproBay, (hasza, aMIUIITya.
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Opni€eo 3 MpUYMH TOPYIIEHb aBapiiHMX PYyHHYBaHb JITaKiB B €KCIUTyaTalii €
3apOJIKEHHS Ta PO3BUTOK BTOMHHUX TpiluH. Ilepionuunuii HEpyHHIBHUNA KOHTPOIb
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aBialiiHux KoHCTpyKuik (AK) Ha BCix eTamax iX UTTE€BOTO LUKIY € HaJABAXKIUBUM
dakTopom 3abesmeueHHs ix OesmeuHoi ekcruryatamii [1, 2]. JlocToBipHICTBH
BUXpOCTpyMOBOi  nedekrockomnii AK cyrreBo 3amexxkuth Bif KBamiikarii 1
nocBimueHoCT! onepaTropa. CyTT€BO 3MEHILIUTH I€il BIUIMB MOYKHA IIIIXOM BBEJACHHS
oreparlii aBTOMaTUYHOTO HaJaIITyBaHHS BUXPOCTpyMoBHX AedekrockomiB (BJ]) 3
peatizaii€ro 3a1aHOT0 METOMKOI0 KOHTPOJIS PIBHS UyTJIMBOCTI.

Jlnia BusiBieHHS e(eKTiB B aBialliiHIN rayry3i BAKOPUCTOBYIOTh aBTOT'€HEPATOPHI
Bl tuny JIEOTECT BJI, saxi nmpoinuii jaep>kaBHI BUIPOOYBaHHS 1 BKJIIOYEHI B
peryiaMeHT 3 TexHiuHoro obciyroByBanHs JiTakiB 1 «<AHTOHOB» 1 aBiamiitaux
neuryHiB [1, 2]. ¥ BJl BukopucTano napaMeTpuyHi BUXPOCTPYMOBI IepeTBOpIOBaYl
(BCII), mo MamTh BHUCOKY YYTJIMBICTh O KOPOTKHX TPIIMIUH 3aBIOBXKKH OLIbIIIE
Imm  [3]. s mnobOymoBu aBToreHepatopHoro BJ[ BukopucrtaHo cxemy
JBOKOHTYpHOTO aBToreHepatopa (Al') Ha MOJILOBOMY TPaH3UCTOPI 3 130JIbOBAHUM
3aTBOPOM, KUl MPALIOE B PEXKUMI MEPepUBYACTHX KOJIUBAHb, KOJIH 1H(HOpPMAaLIHHUM
napaMeTpoM € 4YacToTa MPOXO/KEHHS MadOK BHUCOKOYACTOTHUX KOJHUBaHb, IO
JI03BOJIMJIO TIOBHICTIO 3ariylIMTH BIUIMB 3MiHU 3a30py MK BCII 1 moBepxHero
00’exta koHTpoato (OK) (marent Ykpainu Ne 39207) [4]. [ns BiacTporoBaHHS Bin
3MIH 3a30py peaji30BaHO 3aKPUTUYHHMA PEKUM, KOJU peaybHi CKJIaJ0BI BHECEHOTO
iMnieancy, oOymoBiieHl nedeKToM 1 3a30poM, MaloTh pi3HMH 3HaK. BukopucraHo
TakoX eQEeKTHUBHY cXeMy pereHepaiii konuBaHb Al 1 cxemMy eIeKTpOHHOTO
KepyBaHHA MOT0 4acTOTOIO 3a IONOMOT010 Bapukamy [5,6].

Ha puc. 1 nogano xapakTepuCTUKU JBOKOHTYPHOI KOJMBaIbHOI cucteMu Al min
gac po3mimieHHs1 BCII y «moBiTpi» 3a HalO1IBIIOr0 3HAYEHHSI EMHOCT1 BapHKaIly (O)
ta mig yac posmimienHs BCII na 6e3aedextHiit vactuni OK 13 aqtoMiHIEBOTO CIIJIaBY
3a HaWOuTbmux (V) 1 HallMEHIIUX 3Ha4YeHb (A) €MHOCTI BapuKamy. 30JM>KEHHS
MaKCUMYMIB XapaKTepUCTUKH (puc. 1) 3a HaHOLIBIIMX 3HAYEHb €MHOCTI BapHKaIy
cnpusie rerepanii Al mij yac HacTporoBaHHs. BifcTaHb MiXk MaKCUMyMaMU BU3HA4ae

qyTIMBICTH 10 3MiH iMneaancy BCII mig BrummBoM fedexTy.
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Puc. 1. AMIITY1HO-4aCTOTHI XapaKTEpUCTUKU KOJIMBAIBbHOI CUCTEMH aBToreneparopa B/l
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[IpakTika mokasana, mo aHaioroBa yactuHa BJ[ € moctaTHbO epeKTHUBHOIO 1
Moske OyTH B3siTa 32 OCHOBY BJJOCKOHAJICHOTO MpuiIany. B Tol e Jyac, akTyalbHUM €
BIOCKOHAJICHHS B/ nuisixom 1) BBeIEHHS CX€MH aBTOMAaTHYHOTO HajnamTyBaHHA B/l
3 MPOLIECOPHUM KEPYBAHHSIM PEXKHUMOM pOOOTH aBTOTE€HEpaTtopa 1 2) BBEACHHS
1HAMKATOpa BCTAHOBJIEHOI (200 3a7aHOi METOJUKOI0 KOHTPOJIO) UYTIUBOCTI.
BincyTHICTh TaKMX MOXKIMBOCTEH B icHy0unx BJ] cyTTe€BO 3MeHIITy€e JOCTOBIPHICTS 1
MOBTOPIOBaHICTh pe3ynbTariB BK, ocobnuBo 3a #oro mpoBeneHHI omepaTropamu
pi3Hoi  kBamiikamii. B  pesyapTari 3amporOHOBAaHO KOHLEMII0 TO0OYI0BU
aBTorenepatopHoro BJl 3 aBTOMAaTMYHMM HaJAIITYBaHHSM 1 JOJATKOBOIO
1HIUKAII€I0 YYTIUBOCTI (pHC. 2).

10

3 S H i

R } L : 14 |

: G| 7 9 — l

5 ! |

! 2] A4 T | i — v - !

i 1 =" I_—|<6I i 12 13 15 16 i
| |

| L : |

— =

Puc. 2. ®yHkiioHanpHa cXeMa BIOCKOHAIEHOTO aBTOreHepaTopHOro BJI

Brockonanenuit BJ[ (puc. 2) ckinagaersesi 3 HACTYIHUX eJeMeHTIB: 1 — oOMoTKa
BCII; 2 — xabenp poxuHoo 1-2 M; 3 — KOHJEHcCATOp poOOYOro KOJIMBAIBLHOIO
KOHTYpY; 4 — KOHJEHCATOp ONOPHOI0 KOHTYpPY; 5 — Bapukam; 6 — po3IUTIOBAIbHUI
KOHJeHcaTop; 7 — akTuBHUU enemeHT Al'; 8 — 6ok pereneparii konuBanb Al'; 9 —
onok inaukarii gedexty; 10 — 6mok >xuBnenHs; 11 — kepoBaHU# NOAIIPHUK HATIPYTH;
12 — miacumroBay; 13 — [AII; 14 — kHOMKA 3amyCcKy MpOIEypH HACTPOIOBaHHS; 15 —
npouecop; 16 — iHAMKATOp YyTAUMBOCTI. TakUM YMHOM JOJAaTKOBO BBEICHO
KepoBaHUH MOIIbHUK Hanmpyru 11, skuit ckimamaerbes 3 LIAIL 13, kHONIKU 3amycKy
nporeAypyu HajamTyBaHHa 14 1 mpomecopa 15, Ta iHaMKarop 4yTiMBOCTI 16.
®dopmyBaHHs Hanpyru kepyBaHHs Ha Buxoal LJAII 13 3a gomomororo Bapukamy 5 B
poOoUOMy KOHTYp1 aBTOT€HEpaTopa, 3IIHCHIOEThCSA 3a JONOMOIol mporecopa 15,
SKUM 3aIyCKaeThCs HATUCKAHHSM KHOINKH 3aIllyCKy MpOLEAypH HACTpOrOBaHHS 14.
[anukatop uytnuBocTi 16 mToOKa3ye PpI3HULIO MK Halpyrol CIpaIIOBAHHS
inaukaropa aedexry 9 Ha Buxomi [IAIl 13 mix yac HacTporOBaHHS 1 TIO 3aKiHYCHHI
IpoleCy HaJalITyBaHHs, sKa BU3HA4Ya€ YyTIUBICTH A0 AedekTiB. JledexTockorn
3a0e31nedye MOXIIMBICT TOYHOT'O BIATBOPEHHS PIBHS YYTIMBOCTI, SKUI MPOMKCAHO B
METOJUIIl KOHTPOJIO, HE3aJIeXKHO BiJ KBamdikamii omnepatopa. JleranpHimia
iH(popMarig npo aBToreHepaTopHi B/l Ta ix BUKOpuCTaHHS MMOJaHa B HaBEICHUX
HIDKYE TyOJTIKaIisaX.
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[Tutoma enextponpoBigHicTs (IIEIT) € omaum i3 HalBakIUBIIMX (I3HUHUX
napaMmeTpiB, SKMH XapakTepusye 3[aTHICTb PEUYOBUH, MarTepialiB Ta CEpeIOBHIIL
IIPOBOJAMUTH €JIEKTpUYHUN CTpyM. Ha nmaHumii yac BOHA € €IMHUM IIapaMeTpoM Ha
OCHOBI BUMIPIOBaHb SKOTO (DYHKILIOHYIOTh 3aCO0M BUXPOCTPYMOBOI CTPYKTYPOCKOITIi
HeepoMmarniTHUX Marepiaiib. [Ipu TeopeTHyHOMY aHasi31 BUXpPOCTPYMOBHUX 3ac001B
BumiptoBanHs [1EIT nepenbavaeThes, 1110 MaTepiall 00’ €KTa KOHTPOJIIO € 130 TPOITHUM.
Xoua, B JIHCHOCTI, NMEPEeBaXHO BCl KOHCTPYKIIIHHI MaTepiaJiv € y Til 4M 1HIIH Mipi
aH130TPOITHUMH 32 CBOIMHU (pi3nuHMMU BiacTUBOCTAMU. Lle cTocyeTbes Takox 1 TTEIL.
dakrtopH, ki BUKIMKaOTh aHizoTporito [TEIT moxyTe OytH pizni. Lle 1 nedpopmarrii
BHACJIIOK Jii MEXaHIYHMX HaBaHTa)KCHb, MEXaHIYHI HAMPYXKEHHS, Y TOMY YHCII
3QJIMIIIKOBI, aHI30TPOMis MEXaHIYHUX BJIACTUBOCTEN MaTepiaiiB, a TAaKOX TEKCTYpHI
ocobimmBocTi Marepiany. Crymine anizorpormii TIEIl koHCTpyKUiHHX MartepiaiiB
MOJK€ 3MIHIOBATUCSA B IIMPOKUX Mexax. JlJig amtoMiHIEBHX CIIJIaBiB MaKCHMallbHa
BimHocHa pi3uutlsg [1EIT B310Bk roJIoBHUX OCeii aHI30TPOTIiT CTAHOBUTH TPOXH MEHIIIC
0,04 [1]. BomHoYac y BYTJIEBOJIOKHUCTAX KOMITO3UTHUX MaTEPialliB CITiBBIHOIICHHS
[TEIl y pi3HMX HampsMKax MOXeE BIAPI3HATHCS OUIbII HIXK Ha mopsiaok [2]. Tomy B
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3aranbHOMY Bunaaky IIEII € He ckamsApHOIO, a TEH30PHOIO BEIUYMHOIO. Y 3B SI3KY 3
UM T[IOCTa€ mpobiieMa KIJIBKICHOTO OMHCY €JEKTPONPOBIAHUX BIIACTUBOCTEH
aHI30TPOITHUX MaTepialiB. Y JOMOBIAI PO3TIANAIOTHCS MOXIIHMBI - Ccriocoom i
BUPILIEHHS.

[lepm HDXK mepedTH 10 iX PO3MISIAY HEOOXIAHO BIAMITUTH JAEsiKi O0COOIMBOCTI
nposiy anizotpomnii [IEIl y BuxpoctpymoBoMy KOHTpoO:i. BoHM MOB’s3aHi 3 TUM, 110
BUXPOBI CTPYMH NPOTIKaIOTh y BIJHOCHO TOHKOMY IOBEPXHEBOMY LIapi MaTepiaiy
0 3aMKHEHUM KOHTYpaM, IUIONIMHM SIKUX IapajelibHi 0 MOBEpXHI maTepiainy. Y
HaMpsIMKY MEPHEHIUKYISIPHOMY 10 MOBEpXHI CTpyMH BiACYTHI. ToMy B naHoMy
BUMAJKY AaHI30TPONHICTh MaTepialy TpPOSBISETbCS Y BUIJISAAI  OJHOBICHOT
aH130TPOITIi. Ii ONUCYIOTh JBoMa 3HaueHHaAMU [IEIl B3m0BX TroJIOBHHUX oOceun
aH130TPOIIIi, K1 € B3aEMHO NIEPIESHIUKYJIAPHI Ta MapaliesibHI MOBEPXHI MaTepiany [3].

[Tepmuit cioci6 onucy anizotporii [TEIT y BUXpocTpyMOBOMY KOHTPOJII TOJISITAE
y BuMiptoBaHH1 3HaueHb [IEII B30BX roioBHUX Ocel aH130TpPOIIli 3 BUKOPUCTAHHSIM
JTHIAHO-IPOTSKHUX BHUXpOCTpyMoBuX mnepeTBoproBaudiB (BCII). OO6moTku Takux
BCII matots GopMy NpSIMOKYTHHX IMETEIb BUIOBKEHUX B OAHOMY HampsAMKy. Yum
OUTBIINM € BIJHOIICHHS JIOBrOi 1 KOPOTKOi CTOpPIH TaKOro MEpeTBOpIOBaya, TUM
TouHilme BiH Jo3Boyisie BuMiptoBaTd I[IEIl B3m0OBX HampsiMKy opieHTalii AOBroi
ctoponu. Jlaumii cmoci® omnucy aHi30TPOMHHMX BIACTHUBOCTEH MaTepially Mae
MaKCUMaJbHO TIOBHUM XapakTep, ajié BHUMarae OJHOYacHO OIepyBaTH JABOMa
gucenbHUMH 3HadeHHAMH [IEIl. Oco0auBICTIO KOHCTPYKIII JiHIMHO-IPOTSHYKHUX
BCII € 3HauHi raGapuTH, IO YCKJIAJHIOE iX 3aCTOCYBaHHsS Ha 00 €KTax Majux
PO3MIpiB Ta 3 KPUBOJIIHIMHOIO TOBEPXHEIO.

bitemr mpoctum € npyruil cnocid, SKWM IPYHTYEThCS Ha TIPEACTaBJICHHI
aH130TpoIii Pi3HUIEI0 TOJIOBHUX KoMIOHEeHT TeH3zopa [IEIL. Onnak neit mapametp
3QJIeKUTh HE TUIBKM BiJ CTYyNEHS aHI30Tpomii Marepiany, aje TaKoX 1 BiA
aOCONIIOTHUX 3HAY€Hb KOMIIOHEHT TEH30pa 1 TOMy € y OuIbLIiid Mipl SKICHOIO
XapaKTePUCTUKOIO aH130TPOII].

Tpertiit cmoci® omucy aHi30TpoIii Oa3yeTbcsi Ha BUKOPUCTaHHI KoedillieHTa
aHizorpomii. Ilei KoedillieHT € BIJHOCHOI BEIMYMHOIO 1 HE 3aJICKUTh BiI
abcomotaux 3HaueHb [IEIl matepianmy B pi3Hux HampsiMkax. ToMmy BiH HaiOUIbII
06’ €KTHBHO XapaKTepU3ye CTYIiHb aHi30TPOIHOCTi MaTepiany. Moro BU3HAYAIOTh SK
BIJIHOIICHHS] 3HAa4€Hb TOJIOBHUX KOMIOHEHT TeH3opa [IEIl abo gk BigHOIIEHHS iX
pI3HUIIL 10 aOCOJIOTHOTO 3HAYCHHS OAHIET 13 HMX. B OoCTaHHbOMY BUTIAIKY s
OJTHOBICHOI aH130TPOIII1 BIH Ma€ HACTYITHUN BUTJIS/L;

Kz(GX—Gy) c., (1)

ne 6, 1 o —IIEIl Marepiany B HaNPsSMKY OJIOBHUX OCEH OJHOBICHOI aHi30TPOIII.

Peanizanisi npyroro i TpeThOro cnocoOiB mnpenactaBieHHs aHizoTpormii [TEIL
MOJKJIBA JIBOMA LUISIXaMHU: HETPSMUM 1 MPSAMUM. Y MEPIIOMY BUIMAJIKY MMONEPETHBO
HEOOX1IHO BUMIPATH 3HAYEHHS G, 1 G, 10, AK PABUIIO, IIepe0ayae BAKOPUCTAHHS

miHidHO-npoTskHUX BCII. 3HayHO OuibIl €(EKTUBHUM € JPYruil LUISX, KOJIH
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koepimienT anizorpomii IIEII (abo pi3HuUSA TOAOBHMX KOMIIOHEHT TeH3opa I[IEII)
BHU3HAYA€ETHCSI 0€3MOCEpEHBO Ha OCHOBI BIANOBIIHUX 1H()OPMATHUBHUX MapaMeTpiB
€JIEKTPOMArHiTHOTO MoJisi. JlOCHIIKEHHSIM MPOCTOPOBOI CTPYKTYpPHU MOJII BUXPOBHUX
CTPYMIB, 30y/UKyBaHUX IHAYKLIMHOK KOTYIIKOK 3 (EpUTOBUM  OCEPISIM
UUIIHAPUYHOT (POPMH, BCTAHOBJICHO, 110 B SIKOCTI TaKUX 1H(HOPMATUBHUX NapaMETPIB
MOYHA BUKOPUCTOBYBATH Pi3HHIL aMILTITY/ i Ba3 patiansnoi H, i HopmanbHoi H

CKJIaJIOBHX IIbOTO TIOJISI, BUMIPSHMX Ha TIOBEPXHI MaTepialy B TOYKax, sKi
3HAXOJIATHCS HAa OJHAKOBIM BiJICTaHI BiJ KOTYIIKH 30YKEHHS 1 PO3HECEHHX Ha TV2
10 KyTOBii koopauHati 0. BoHM ONMCYIOTHCS HACTYITHUMH BUPA3aMHu:

AH, =|H

; \H
=0

: -|A.
0=mn/2 0=mn/2 :

R (2)
clozaa (PZ‘ezo

ae ¢, 1 ¢_ — (asu BIANOBIIHO paaialbHOI 1 HOPMAJBHOI CKJIAJOBUX BEKTOPY

rlo=n/2 rle=0"

MarHiTHO1 HaIpy»EHOCTI TMOJIsI BUXPOBUX CTPYMIB; BLIJIK KyTOBOI KOOpAWHATH 0
BEJEThCS BiJ KOOPAMHATH X, AKi BIJNOB1JA€ 3HAYCHHS T'OJOBHOI KOMIIOHEHTH G,

tensopa [1EIL

BcranoBneno, mo BkazaHi iH(QOpMaTHBHI TapaMeTpud MaloTh IPOMOPIIHHY
3aJIEKHICTB Bl KoedillieHTa aH130TPOIIi A, SIKMI onucyeTbes hopmyioro (1).

Ha puc. 1 nokazano mnpukiag BUMIPIOBaHHS KoedillieHTa aH130TpOIIii A 3 BHKO-
puCTaHHSIM 1HGOPMATHUBHUX TapameT-
piB AH_ a6o A¢, i3 Bupasy (2) [4]. Tyt
1 — xorymka 30ymKeHHs, 2 1 3 —
BUMIPIOBAJIbHI KOTYIIKH, 4 — 00 €KT
KOHTpPOJItO, X 1 y — TOJOBHI oOCI
aH130TPOITIi. O6MOTKH BCIX
IHIYKTUBHUX KOTYIIOK HaMOTaHI Ha
dbeputoBUX ocepAsx. BumiproBanbHi
KOTYIIKH BCTAHOBJICHI TaKUM YHHOM,
Mo JiHi{, SKi 3'€HYIOTh iX HEHTPH 1
IIEHTP KOTYIIIKU 30y IKEeHHS,
OpPIEHTOBAHO B3JIOBXK TOJIOBHUX OCEH
anizotpomii.  Ilepenbadaerscsi, 110
Puc. 1. BumipioBanus koeimienta amizorporii HAIPAMKH TOJIOBHHUX OCei aH130TPOMii

IMEIT 3 BuxopucranHsMm iHpopmatuBHuX BIIOMI. B mporunexnomy BUIagKy

mapaverpis AH . a6o AQ. HeoOXxiHO nwixoM TmoBopoty BCII

HABKOJIO TMO3JIOBXHBOT OCI KOTYIIKH
30y/DKeHHST 11 TOWIYKYy TaKoro TOJIOKEHHS, KOJM  BUKOPUCTOBYBAHHIA
iHQOpMATUBHUI TapamMeTp CcAra€ MakcuMajabHOTO 3HadyeHHs. [lpu 1pomy
BumiptoBasibH1 KoTymku BCII, 3aliMyTh MOJOXKEHHS, SIKI BIAMOBIIAIOTH 3HAYEHHSIM
KyTOBOi kKoopauHatu 6 piBHuM 7/2 1 0, a niHii, Kl 3'€AHYIOTh IX LEHTPHU 1 LEHTP
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KOTYIIKHU 30y/KEHHS CITIBMAJA0Th 3 HAMPSIMKaMH TOJIOBHHUX Oced aHizotpomii. [Ipu

IIbOMY BHUHUKA€ TOXWOKa, 0OyMoOBIIeHa HeTOYHUM monoxeHHsM BCII B mMomeHT

BIJUTIKY MOKa3iB. BoHa y 3HauHill Mipi Mae cy0’€eKTUBHUN XapakTep 1 3aJeKUTh Bij

kBamidikarii oneparopa. Y 3B’SI3Ky 3 UM aKTyaJIbHOIO € PO3poOKa HOBUX METOIIB

BU3HAaueHHs Koedimienta anizorpomii IIEIl abGo iHmmx mnapaMerpiB, sKi

XapaKTEePHU3yIOTh aHI30TPOIID MarepiaiiB, 0e3 HEeOOXiTHOCTI 3MiHHU MPOCTOPOBOT

opienTaii BCII mig yac BUMipIOBaHb.

Kntouosi  cnosa: BUXPOCTPYMOBHUW IEpPETBOPIOBAY, aHI3OTPOINis, MHUTOMA
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YK 620.179.14:539.4
EKCIIEPUMEHTAJIBHE BUSHAYEHHA
CTYIEHIO INTACTUYHOI'O JE®OPMYBAHHA 3BAPHUX 3’€/IHAHb
EJIEKTPOMATHITHUM METOZAOM

Minaxos A. C.
Hayionanonuiit mexuiunuu ynisepcumem Ykpainu
«Kuiscokuu nonimexniunuu incmumym imeni leops Cikopcbkoeo», Kuis, Ykpaina
E-mail: macabezl5 @ gmail.com

Pob6oTu npo nochipKeHHIO HAMPYKEHOTO CTaHy 3BapHUX KOHCTPYKIIHM BeIyThCs
JaBHO, OJIHAK BU3HAYCHHSI HANPY>KEHb B YMOBAaX HasBHOCTI TJIACTUYHUX JAeopmarriil
€ Malo JOCHKEHOI mpoOieMoro. Bimomo, 0 NPUYHHOIO —3AIHUIIKOBUX
3BapIOBAJIbHUX HaIpYy>KEHb € 3aJIMIIKOBI MJIACTHYHI nedpopmarti.
ExcrniepyuMeHTanbHUX METOIB BHU3HAYEHHS iX BEJIMYMH JyKe Opakye, 10 3HAYHO
YCKJIQJTHIOE ~OIIIHKY TEXHIYHOrOo CcTaHy 1H(QpacTpykTypHux 00’ekTiB. Tomy
JOCIIIJIKEHHSI HAMPY>KEHOTO CTaHy 3BapHUX KOHCTPYKIIA B yMOBaxX IUIACTUYHOTO
nehopMyBaHHS € aKTYalIbHOIO 33/1a4€t0 JIJIsl TPOMUCIOBOCTI Y KpaiHu.

MarsiToaHi30TpOIHUN METOJ1 100pe 3aCTOCOBYETHCS B IIPYKHIM 30H1, OJIHAK y 30HI
3 TUTACTUYHUMU J1ehopMallisiMU TOKa3H MaiatoTh. | 1100 3HaWTH 3HAYEHHS MJIACTUYHOT
nedopmariii OIS 3BapHOTO IMIBa, OyJI0 BUPIMIEHO JOAATH JI0 MarHiTOAHI30TPOITHOTO
METOAY BU3HAUEHHS ApaMETPIB METIIl MArHITHOIO TiCTEPE3UCY.
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JIOIIbHO 3aCTOCOBYBATH TPAHUYHY TETII0 MArHITHOTO TICTEPE3HCHY, K Y METOII
KOCPIMTUBHOI CWJIM, OJHAK TaKWW TIOXiT HE JO3BOJSIE BUIbHE TMEPEMIIICHHS
MIEPETBOPIOBAYA MO 3BAPHIM KOHCTPYKIIIi. 3 METOI MOXJIMBOCTI CKaHYBaHHSI 3BapHHUX
KOHCTPYKIIM Oyno MpUHHATO pIMIEHHS BHUKOPUCTAaTH IMapaMEeTpH AMHAMIYHOI MeET
MAarHiTHOTO TiCTepPE3UCy MPH HAMarHiuyBaHHI y MOJISIX, MEHIINX 3a HacuueHHs (300 A/m).

JocmimkeHHs: mpoBoAA Ha 3pa3kax JmctoBoi ctam 0912C toBmmHOIO 4 MM.
BusnaueHHa npyXKHHX Ta IJIACTHYHUX AedopMaliiii MpOBOIUIM TEH30METPUUHHM
METOJIOM 13 3aCTOCYBaHHSM MexaHI4yHUX aehopmometpiB. Ilnactuuni medopmarrii
pPO3TATY CTBOPIOBAJIM Ha PO3pOOJICHINA YCTAHOBII 13 3aCTOCYBAaHHSM T1IPaBIIvyHOIO
nomkpary Ha 250 000H. ITnactuuni aedopmallii CTUCHEHHS CTBOPIOBAIU IISIXOM
TeMIiepaTypHoro nedopMyBaHHsS 3pa3kiB. HampykeHHs y monepeiHbo IMIaCTHYHO-
nehopMOBaHUX 3pa3kax HABOAMIIM HUISIXOM YHCTOTO BUTHHY.

JI7is1 BU3HAYEeHHS CTYMEHIO IJIACTUYHOTO Je(POpPMYBaHHS CTUCHEHHS y TIACTUYHIN
30HI 3BapHUX 3 €JHAHb EJIEKTPOMArHITHUM METOJOM JOILUIBHO BHUKOPHUCTOBYBATH
MOJIOBUHY MEPETUHY METIi TiCTEepe3ucy MO OcCl 1HAYKIIi Ta MOJOBUHY MAaKCHUMAJIbHOT
IMIMPHUHU TIETII TICTEPE3HCY IO 0C1 HANIPYKEHOCT! MarHiTHOTO TOJIS.

JUis BHU3HAYEHHA CTYNEHIO IUTACTUYHOrO JedopMyBaHHS Yy [AUISHKAaX 13
IUIACTUYHUMH  AeQOopMaIlisiMd  PO3TATY  JOLLUIBHO 3aCTOCOBYBaTH  IOJIOBUHY
MaKCHMaJbHOI BUCOTH METIl MarHiTHOTO TiCTEPE3UCy MO OC1 1HIYKITIi.

Knrouosi cnosa: nnactuyna aedopmaiiis, MarHiTOAHI30TPONMHUNA METOJ, METIA
ricTepe3ucy, Halpy>KeHHsI, 3BapHi 3’ € THAHHS.

UDK 37.013.3
FEATURES OF DISTANCE LEARNING ASSESSMENT

Ameridze O. S.
National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
E-mail: ameridze @ukr.net

The emergency transfer of learning to a distance format during a pandemic has
significant differences from properly planned online learning.

Of course, the stressful situation for all participants of educational process can’t
be affected with the attitude towards online learning and other distance learning
technologies.

At the same time, the term "online learning" itself is used whenever it is about the
lack of face-to-face contact with the teacher, which leads to the substitution of
concepts and incorrect conclusions at all.

In the current situation, it would be unreasonable to use the term “online
learning” in relation to the use of massive open online courses with well known and
created model, because the urgent transfer of students to them in the middle of the
semester without prior organizational measures and proper support from the authors
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of online courses does not allow students to be fully experienced inside the benefits
of this technology.

Understanding the differences between online learning and other existing
educational technologies, such as distance learning, blended learning, mobil, etc.,
allows us to conduct a comparative analysis of the effectiveness of learning in
different formats and judge the advantages and disadvantages of a particular
technology.

So, what is this educational technology? What determines the effectiveness of
online learning? And why should this on-line learning technology be distinguished
from distance and blended learning in universities in a pandemic?

In today’s digital era, terms such as ‘Online Learning’ and ‘Distance Learning’
have become prevalent, with their meanings often interchanged. While both offer a
great deal of flexibility to its learner, there are differences between the two.

Distance Learning or Distance Education is a term used to refer to courses that
are studied without the need to be physically present at the school, college or
university. Distance Learning degrees are available at all academic levels:
undergraduate, postgraduate and doctorate. Its origins are college correspondence
courses, whereby education materials were post-mailed to the student. The majority —
if not all — of the course was learnt through the postal correspondence between the
student and the educational institution [3].

For history buffs, the first correspondence course was a shorthand system, taught
over postcards. This initiative from the 1840’s was the brainchild of Sir Issac Pitman.
The antecedent to Online Learning, the term Distance learning is sometimes applied
to all degrees not taught on-campus. All Distance Learning courses have an online
study component, with access to online learning materials. The key difference is that
they also often include face-to-face workshops as a part of the degree programme. As
a result, a more suitable term for these types of courses is Part-time, Blended
Learning or Flexible Learning degrees.

Online Learning courses are 100% online, providing students an incredible level
of flexibility. They can choose where they learn, when they learn and even how they
learn. Classes can have live online sessions but are never face-to-face. With Online
Learning courses, students have access to a Virtual Learning Environment (VLE) —
such as Moodle, Collaborate or Blackboard — hosted with recorded lectures, student
resources and e-books. Additionally, students have a University’s considerable digital
library at their disposal. The VLE acts as a communication medium and interactive
learning tool. Discussion forums, group projects and quizzes keep students engaged
and encourage peer interaction. Given how much of today’s working environment
requires facilitation through online correspondence, this medium of study is an
excellent way to learn essential communication skills by proxy. A common
misconception with Online Learning courses is that students are not provided
additional support or academic help to complete the degree [1].
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Regardless of study preference one thing is true between Distance Learning and
Online Learning: one must be self-disciplined and self-motivated, both very useful
skills to cultivate in life.

As the result of the above, in this article we decided to use the term Blended
learning since the educational program has not changed and students are required to
complete a full-fledged course during the pandemic situation. They should be able to
gain theoretical knowledge, as well as the opportunity to use them in practice. Thus,
the teaching stuff are faced with the question of assessment these theoretical and
practical skills while Blended learning for confirmation of the level of acquired
knowledge.

Simply put, assessment is the process of gathering information on what students
know based on their educational experience. The results are typically used to identify
areas where improvement is needed and ensure that the course content meets learning
needs. The common goal of assessment is to evaluate and improve student learning,
but the objectives can vary slightly, depending on the type of assessment that’s
used [2].

There are two basic types of assessment. Formative assessments are used to
determine how well a student is learning the material during on going semester
period. Summative assessments are sometimes referred to as a final exam and
measure what the student has learned after completing a course.

Obviously, assessments are about more than just grades. When meaningful and
well-constructed, they help students gear up for success by challenging them to
reflect, interact, and apply their knowledge to answer questions, solve problems, and
communicate the information.

Keywords: distance learning, knowledge, communicate the information.
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