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Cekuia 1
MATEMATHYHE MOIEJKOBAHHSA JTATYUKIB,
MNPUJIAAIB TA CUCTEM

YK 621.91

Bogaomxo O.B., acucteHr,
HMasumaiok JLIIL., maricTp,
Buciaoyx C.IL, k.T.H. JOLIEHT
HauionansHuii TeXHIYHUN YHIBEpCUTET YKpaiHH
“KuiBCbKH MONITeXHIYHUH 1HCTUTYT iMeHi [ropst Cikopcbkoro ”
e-mail: leondav46@gmail.com

TEXHOJIOI'TYHE 3ABE3INEYEHHSA TAPAMETPIB AKOCTI HIOBEPXHEBOI'O
IIAPY JETAJII

Abstract. The issues of technological support for details' necessary performance
characteristics after its machining are considered. It is suggested to use mathematical and
computer simulation methods based on finite element analysis and FEMAP system.

Key words. Detail's performance characteristics, elastically deformed state, finite element
analysis, FEMAP system.

BaxnnBoo XapakTEepUCTUKOIO eKCIUTyaTalliiHoi HaaidHOCTI BHpOOIB MpHiIago- Ta
MaIlIMHOOYAyBaHHS € 3a0e3NeuyeHHs HEeOOXIAHUX IapaMeTpiB SKOCTI IOBEPXHEBOrO MLIapy
neraneid. Llel map nerani Mae qyxe CKIaIHy CTPYKTYpY, LIO 3HA4YHO BIJIPI3HAETHCSA BiX
OCHOBHOTO Matepiany. Tomy mpu MpoeKTyBaHHI Orepaliii MEXaHiuHOTO OOpOOJIEHHSI OJHUM 13
KJIIOYOBHUX 3aBJIaHb € MPU3HAUCHHs MPaBWIBHUX PEKUMIB pi3aHHA. Bix pexumiB pizanHs 6arato
B YOMY 3aJIEKHUTh SIKICTb OOpOOJIIOBAaHOI MOBEPXHI, MPOJYKTUBHICTH 1 TOYHICTH OOpOOKH, a
TaKO MPY>KHO - 1e(OPpMOBAaHUH CTaH JieTalli B Ipolieci Ta micis ii 00poOIeHHs .

HesBakarounm Ha BENMKY KUIBKICTh poOIT B 00JACTi TOCIHIIKEHHS SIKOCTI MTOBEPXHEBOTO
miapy 1 aHaiizy Moro mpyxHo - Ae(opMOBaHOro cCTaHy, SIK 1 paHillle HEJOCTaTHbO BUBYEHA
3aada Iepepo3nOoAily 3aJHIIKOBUX HANPY)XEHb B IOBEPXHEBOMY IIapi Jerajeid CKIagHOi
IpOCTOPOBOi (popMH, 1110 MPU3BOIUTH J10 X BUKPUBIICHHS 1 MOPYIIEHHS F€OMETPUYHOT TOUHOCTI.
KpiMm Toro, 6arato BUKOPHCTOBYBaHMX METOMAIB PO3PAaXyHKY 3aJIMIIKOBUX HANpyKeHb 1
neopmaniit ckiaaaHi A eeKTUBHOIO BUKOPUCTaHHA B BUPOOHMYUX YMOBax abo MaroTh psif
CYTTEBUX OOMEKECHD.

Ha cporomni B Teopii Ta MpakTHULI TEXHOJOTI NPUIAO0yAyBaHHS IIUPOKO
BUKOPHUCTOBYIOTHCSI pI3HI METOJIWKM Ui BU3HAYEHHS pPAI[lOHAJbHUX DPEXUMIB pi3aHHS, SKI
YMOBHO MO)XHa PO30MTH Ha KUIbKa IPYyIl: TEOPETHYHI, 110 XapaKTePU3YIOThCS BUKOPUCTAHHIM
CKJIATHUX PO3PaXyHKOBHX CITIBBIJHOIIEHb, TEOPETUKO - EKCIMEePUMEHTANbHI, M0 fKI
nepea0davyaloTh  BUKOPUCTAHHS  eMHOIpUYHHUX  QopMyl 1 JOBIJKOBUX  KOE(]ILI€HTIB;
eKCIIepUMEHTalIbHI, 10 3aCHOBaHI Ha EKCIIEPUMEHTAIBbHUX pe3yiabTarax. llpm 1mpomy
PO3paxyHKOBI METOAMKHU CKIaAHI 1 TPOMI3AKI Ui OOYMCICHb, BOHU 3HAWILIM OOMEXEHE
3aCTOCYBAaHHSI B TPAKTHIl BHPOOHMITBA. METOAWKH, IO 3aCHOBAaHI Ha EKCHEPUMEHTaIbHHUX
JTAHUX JIOCUTH MPOCTI 1 IAI0Th NPUHHATHUI pe3yabTaT, MPOTe X TOJIOBHUM HEIOIIKOM € Te, 110 B
HUX BUKOPUCTOBYIOTHCS KOE(ILIEHTH 1 1HIII JjaHi, K1 OTPUMAHO €KCIIEPUMEHTAIbHUM LUISIXOM B
KOHKPETHMX YMOBaxX, 1 BOHM OyBa€ Ba)XKO IEPEHECTH HA YMOBHM, IO BIJIPI3HSAIOTHCS BiJ
BuxiiHuX. barato  pgeranmel  ckimagHOi  reOMETpUYHOI  (OPMM,  BUTOTOBIIAIOTH 3
Ba)XKOOOPOOJIIOBAHUX MaTepialiiB, TOMY CHJIM 1 MOMEHTH pi3aHHSA MpH X 00poOIli MOKYTh OyTH
JIOCUTh BEITUKHMH, IO HEPIAKO BHUKIMKAE BIOpamii 1HCTPYMEHTY 1 HE3aJO0BUIBHY SKICTh
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0o0pobneHoi moBepxHi. KpiM TOro, mpu HempaBWIBHOMY IpPH3HAUYCHHI PEXHUMIB pi3aHHA,
HaJMIpHI HANpPyTru, BUKJIMKAHI CHUJIAMH pi3aHHS, MOXKYTh IIPUBECTH 10 jaedopmMallii, i HaBiTh 10
HIOJIOMKH Pi3aJIbHOTO iIHCTPYMEHTY [1].

Pimennsm naHoi 3amadi Moxke OyTH BHUKOPHUCTAaHHS HOBHX PO3PaXyHKOBHUX METOJIIB, IIO
3aCHOBaHI Ha 3aCTOCYBAaHHI CYYaCHHX CHCTEM KOMITIOTEPHOTO MOJEIIOBAHHS 1 YHCEIBHOTO
aHayi3y, 3 BIJIMOBIIHUM y3araJIJbHCHHSIM BiJJOMHX TEOPETHYHHUX 1 MPAKTHYHUX PO3POOOK B JaHIN
o0macri.

AHasi3 HayKOBOI JIITEpaTypy J03BOJIUB BCTAHOBUTH, IO € JOLULIFHO KEPYBAaTH BEIMUYUHOIO
3aJMIIKOBUX JAedopMaliiil i HarpyXeHb 3a JOIMOMOTOI0 PEKUMIB pi3aHHs, TOOTO 32 JOITOMOTOI0
3MIHU HIBUIKOCTI pi3aHHs, mojavi i rimuOuHu pizanHs. OCHOBHOIO NEPEBarord BUKOPUCTAHHS
[UX MMapaMeTpiB, KpPiM TOTO, 0 BOHU MAIOTh HAHOUIBIIWI BIUIMB Ha (OPMYBaHHS TPYKHO-
nehopMOBaHOrO0 CTaHy JeTalli, € TMPOCTOTa iX 3MIHM TEXHOJIOTOM, IO JO3BOJIsIE
BUKOPUCTOBYBATH BXXE ICHYIOUHMH TEXHOJIOTIYHMH TMPOIEC MNUIAXOM HOro MiHIMaabHOTO
KOPUT'YBaHHSI.

BcranoBieHo, 1m0 HalOUTBII NEPCHEKTHBHUM METOJIOM Uil PO3B’sI3aHHS JAaHOI 3ajadi €
YHCENbHUN METOJA, a TOYHIIIe METOJ KIHIIEBUX €JIeMEHTIB. 3 HOro JOMOMOrOK MOXHA
MO/IEITIOBATH TPOIIEC Pi3aHHs, 31HCHIOBATH PO3PAaxXyHOK HAINPYKEHb, 10 BHHUKAIOTH B JIETAJIAX,
BUKOHYBAaTH iX TMOMNEPEIHIO OIIHKY, MPOTHO3YBaTH MOXJIMBI JedopMalii, aHamizyBaTH
TeOMETPUYHY TOYHICTH JeTajieid 1 iX MpUAATHICT A CKIaJaHHS 1 eKcIuTyaTaiii, po3po0isTu
PEKOMEHIalli] 110 NPU3HAYECHHIO TEXHOJNOIYHMX YMOB 0OpOOKH. MIOro 0CHOBHOIO IEpeBaro €
MOYKJIMBICTh MOZEIIOBAHHS MPOLIECY Pi3aHHS B KOHTAKTHIHM MOCTAHOBIII JUIS PI3HUX MaTepiaiiB i3
3aBlaHHSM CKJIQJHUX TpPaHUYHUX YMOB. [IpM 1OMY € MOMJIMBHM CILUIbHE BpaxXyBaHHS
IUTACTHYHUX, MPY)KHUX 1 TEIUIOBUX nedopmariii. B3aeMoiro 3aroToBKHM Ta IHCTPYMEHTY MOKHA
3MOJIENIIOBATH Yepe3 PI3HOMAaHITHI KOHTAaKTHI YMOBHU. B pe3ynbTaTi po3paxyHKY MOXYTh OyTH
OTpPHMaHI HE TUTbKU CHJIM pi3aHHS, a KAPTHHA MPYXKHO - Ie(POPMOBAHOTO CTAaHY SIK 3aTOTOBKH,
TaK 1 IHCTpyMEHTY (HampyrH, Aedopmariii, IHTEHCUBHOCTI HaINlpY>XeHb 1 Aedopmariiii, KOHTaKTH1
HaBaHTAXEHHs Toulo). [IlpudoMy Bce 116 MOXHAa BHUKOHATH 1€ HA €Tali TEXHOJOT14HOT
MirOTOBKH BUPOOHMIITBA JI0 TOTO, K JIeTani OyayTh BUTOTOBJIEHI [2].

g onepaniiinoi cuctemu Windows crBopeno xommiekcu FEMAP 1 MSC/NASTRAN,
1110 3aCHOBaH1 Ha METO/1i KIHLIEBUX €JIEMEHTIB 1 MPU3HAueHi IS pO3paxyHKy CTATUYHUX HAIPYT 1
nedopMarliif, CTIMKOCTI, BU3HAUEHHS BJIACHMX YacTOT 1 (JOpM KOJIMBaHb, aHaNI3y TEIJIOBHX
CTaNIMX 1 MEepeXiTHUX MPOIIECIiB, a TAaKOXK 3aJad CTATUKH 1 TUHAMIKMA B HENiHIMHIM MOCTaHOBIIL
JUISL LIMPOKOTO KJacy MAaIIMHOOYIIBHMX 1 1HIIMX KOHCTpYKLIH. J[aHI mporpaMu MO€AHYIOTH B
co0l MOTY)XHI aHATITHUYHI MOXJIMBOCTI Ipolecopa 1 MPOCTOTYy pPoOOTH 3 TrpadiuHuM
1HTEpdeiicoM KopucTyBaya.

HaiiGinpmm 3arampHa OJIOK-CXe€Ma allfTOPUTMY PO3B'SI3aHHS 3aJadi 13 3aCTOCYBaHHSM
KOMIT'FOTEPHUX TEXHOJIOTIH 1HKEHEPHOrO0 aHaji3y Ha OCHOBI METOJly CKIHUEHHHX EJIEMEHTIB
YMOBHO IMIPEJCTAaBIC€HA TpbOMa BEIUKUMHU OJIOKAaMH: TPENPOLECOPHUM, AaHATITUUYHUHA 1
MTOCTIPOLIECOPHUI.

[Ipenporecopuuii 010K BKIOYae B ceOe MiArOTOBKY BUXITHUX JaHUX, TOOTO TreHeparito
MOBHO1 KIHIIEBO-CJIEMEHTHOI MojeNli 00'€eKTa MpOEKTyBaHHS B maM'saTi kKoMmm'ioTepa. Croau
BXOJIATh: (OPMYBaHHS TEOMETPHUHIA Mojem (BUTIsAAY O0'€KTa); 3aBAaHHS BIACTUBOCTEH
BUKOPHCTOBYBAaHUX MaTepiajiB; OMUC BIACTUBOCTEN KIHLIEBUX €JIEMEHTIB; reHepallis 3Bu4aiiHo-
€JIEeMEHTHOI CITKM, 3aBJaHHS BapiaHTIB TPAHUYHUX YMOB, TOOTO OMOPHHX YACTHUH MOJEII;
3aBJIaHHS BaplaHTIB 30BHIIIHBOIO BIUIMBY Pi3HOI MPUPOAH.

AHaniTHuHul, abo MpoIrecopHMid, OJI0K BKIItOUae Oe3mocepeHe po3B’s3aHHs T00aTbHOT
CHUCTEMH aireOpaidyHuX piBHIHB, 10 OTPUMAaHA IICTs pealtizallli BapialiifHOTO MiIX01y METOIY
CKIHUEHUX E€JIeMEHTIB JIsl BUpIIIEHHS AU(epeHIialbHOTO PIBHSIHHS PO3TISHYTOTO (hi3HYHOTO
IpOIIECy. PE3yIbTaTOM I[LOTO DILICHHS € BU3HAYEHHS TIOJSI HEBiZIOMOi BEJIMYHMHU B BY3JIOBHUX
TOYKAaX KIHIIEBO-eJIeMEeHTHOI Mojeni o0'ekta. Illogo i€l BeNWMYMHM BU3HAYAIOTHCS 1HIII -
3alIe)KH1 BeNMUMHUA. Hampukiman, mpu BHpIIMIEHHI 3a7a4 MIITHOCTI, 3 peaji3alli€ro BapialiiHo-
€HEepPreTUYHOr0 MiIX0y METOy NMEepPEeMIIeHb TeOopii MPYXKHOCTI, B AKOCTI 6a30BOr0 HEB1IOMOTO
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BUKOPHUCTOBYETHCS BEKTOpP TEPEMIIICHHS, Ha OCHOBI SKOTO B IOJAIBIIOMY BHU3HAYAIOTHCS
BeKkTOpa Aedopmarliii, HanpyKeHb TOIIIO.

Sx mpukiam po3B’si3aHa 3a/ada BU3HAYCHHS TPYKHO-AePOpMaBaHOTO CTaHy JAETali B
mporieci eKcrutyaTanii mcis ii MexaHIYHOro oOpoOJIeHHS 3 BUKOpHCTaHHM cuctemu FEMAP
[3].

Pesynbratu po6oTH y JaHOMY IPOTpaMHOMY CEpeOBHILI 300paxeHo Ha puc. 1.

o "
A
E‘%'A;%L -

AVES =
A
EEES

Wi

Puc.1. Bikno cucremu FEMAP 3 emmioporo Hanpy:keHb Ae()opMOBaHOI MOJIeJTi.

CrpaBa BiJ MalOHKY 00JacTi 3HAXOAMTHCA IIKajla KOJbOPY, 32 SKOK MOXKHA BU3HAUUTH
(dakTHUHI 3HAYEHHS PO3B’S3Ky. B pe3ynbrari po3paxyHKy OTpHUMaHi €mopH 1ehopMOBaHOI
MoJIeli B SIKIi KOJIIpHUH Jl1ana30H 3aJIeKUTh BiJl PIBHS HaNpyXeHb B JAHOMY Miclli JeTai.

PoGora moctmpouecopHoro OJOKy chpsMOBaHa, B OCHOBHOMY, Ha Bi3yalli3allio
pe3yibTaTiB PO3PAXYHKY.

B pesynbrari hopmyrOThCS pO3paxyHKOBI 3aJIEKHOCTI IIJISi 3HAXOJKEHHS JIOMYCTHUMHX
BEJIMYMH CHJI 1 MOMEHTIB pi3aHHS, a TaKOXX HEOOXiJIHI 3aleXHOCTI AN BU3HAUEHHS abo
KOPUTYBAHHS PEKUMIB Pi3aHHSA JIJIs1 KOHKPETHUX TEXHOJIOTTYHUX YMOB OOpOOKH JeTaleH.

BucHoBok. TakuMmM 4YHMHOM, 3aCTOCOBYIOUM 3alpOINOHOBAHY METOAMKY BH3HAUCHHS
palioHaJIbHUX PEXKUMIB Pi3aHHSA Ta 1 CydacHI CHUCTEMH KIHIIEBO-€JIEMEHTHOT'O aHaji3y MOKHa
TEXHOJIOTIYHO 3a0e3MeYnTH HEeoOXiJHI MapaMeTpH SIKOCTI MOBEPXHEBOrO Miapy JAeraii Ta ii
eKCIUTyaTaliiHI XapaKTePUCTUKH.
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MOJAEJJIIOBAHHS IMPOUECY BUXPOCTPYMOBOI'O KOHTPOJIIO
OUJIITHAPUYHUX BUPOBIB I3 HEIIEPEPBHUM PO3IIOA1VIOM
EJIEKTPO®IBUYHUX ITAPAMETPIB

Abstract. The paper presents an approach to modeling eddy current testing of cylindrical
products with a continuous distribution profile of electrical conductivity and magnetic
permeability along the radius. The distribution functions of the electrical conductivity and
magnetic permeability of the object, which can be used in modeling, are described. The
convenience of the approach in setting input data for numerical calculations of the analytical
solution of the direct problem when solving the inverse problem of restoring the electro physical
parameters of the testing object is given.

Key words: eddy current testing, electrical conductivity, magnetic permeability,
conductive testing object

3HauYHy YaCTHHY METAJIONPOKAaTy CKIAAalTh IWIIHAPUYHI BUpoOU. i moKpamieHHs
XapaKTEePUCTUK HATIHHOCTI, 3HOCOCTIMKOCTI, aHTUPPUKLIHHUX Ta TEIUIO3aXUCHUX IHapamMeTpiB
BUpOOIB, TakUX SK BaJd Ta TPYOW,Ha BHPOOHHULITBI 3aCTOCOBYIOTH TEXHOJIOT1] HAHECEHHS
3aXMCHUX TIOKPHUTTIB, M0 3a0e3MeuyroTh KOPO3IMHUI 3aXHUCT Ta MEXaHi4Hy CTIHKICTh B
arpecuBHUX CepeloBUINaX poOoTH. J[isi 3MIITHEHHS IOBEPXHEBOTO MIApy LHUX METaJeBUX
BUPOOIB 4aCTO BUKOPUCTOBYIOTH TEPMiUHY 0OpOOKY (3aKaltOBaHHSA, CTapiHHA) Ta HACUYEHHS X
MOBEPXHI peYOBUHAMHU (LIEMEHTAIllsl Ta MOKPUTTS aHTUKOPO31IMHUMHU METaJlaMH ), 1110 MPU3BOIUTh
70 3MIHH eNeKTpo(i3MYHUX NapamMeTpiB Mmarepianly nux BUpoOiB. Tox TepmooOpoOka Ta
XiMIYHUH ckias 00’ ekTiB KOHTpoto (OK) He TiTbKkM BIUIMBAIOTH Ha 1X (PI3MKO-MEXaHIuH1 SIKOCTI
Mmarepiany, HalpHuKJIaj MIIHICTb, IUIACTHYHICTh, B’ A3KICTh, TEIJIOEMHICTD, ajle i Ha eNEeKTPUUHY
nposigHicTe (EIT) Tta MmarnitHy nponukHicTs (MII). Buxoasum 3 1poro BUKOPUCTOBYHOUH
Kopemsuiiauil 3B's130k napameTpiB EIl ta MII 3 MexaHIYHMMH XapaKTepHUCTUKaMHU MaTepiairy
OK Mo’kHa KOHTPOJIFOBATH SIKICTh BUTOTOBJIEHHS Ta 00pOOKH 1tuX BUPOOiB [1].

B ineansHOMy Bunaaky BusHaueHHs po3noainy EIT ta MII, a Tako B CYKYMHOCTI 3 HUMU
pazailycy HMIIHAPUYHOTO 00’€KTa 0a)KaHO BUKOHATH B Pe3yNbTaTi OJHOPA30BOT0 BUMIPHOBAHHS
Ha OfIHIM yacToTi 30ymKeHHs. BupimeHHs 3B0poTHOT 3a/1a4i BiIHOBIIEHHS 3asie)XHOCTI 3MiHM EIT
ta MII B ctpymomnposigaux OK Big curHamy mardymka BUMarae OaraToKpaTHE OOYHCIICHHS
npsAMoi 3ajadi BU3HAUEHHS IMIEAAHCY JJIs TapaMeTpUYHOTO JaTyuka, YM 1HAYKOBAaHOI
€JIEKTPOPYIIIHHOT CHIIK TSl TpaHC(HOPMAaTOpHOTO. MOIEeTIOBaHHSI BUXPOCTPYMOBOTO KOHTPOITIO
WIIHAPUYHUX BUPOOIB 3 HenepepBHUM npodineM 3minu EIT Ta MIT MOXIHBO 3 BUKOPUCTAHHSAM
AQHAITUYHUX 3aJ©KHOCTEH B JOCUTh NPOCTUX BHUIAJKaX, ajle B PEAIbHOCTI BHHUKAE
HEOOXIJHICTh BpaxyBaHHS OUIBII CKIAAHUX (DYHKI[IOHAIBHUX 3aJICKHOCTEH, L0 € MOXKJIMBHM
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TUIBKH B Pa3l YMCEIBHOTO MOJENIOBaHHA. [lepCeKTHBHUM € BUKOPUCTAaHHS OararomapoBoi
mozeni, 3amporoHoBaHoi DoddC. V. [4], komu mjisi IOCATHEHHS aJeKBaTHOTO pE3yJbTaTy
HEOOXIIHUM € BBEJCHHS B PO3PAXyHOK 3HAYHOI KinbkocTi mapiB (50-100). ns 3amanHs
HeoOXimHoro npodimo enekTpodi3UYHMX mapaMmeTrpiB B okpemMux 1mapax OK npum ymosi
KYCKOBO-CTaJIOi ampoKCHUMaIlii HeoOXiJHI MEeBHI 3aco0M, SKi JalOTh MOXKIIMBICTH BBEICHHS B
PO3paxyHOK JIOCUTh CKJIAIHUX 3aliekHOCTeH. Januit miaxin no3Bosisie moaentoBaru 3Miny EIT Ta
MII 3 pizHuMu QyHKIISAME po3noAiieHHs K GyHKii paaiycy OK[3]:

rayccias:

o(r)=o0,+(0,—0)e d )
rinepOoIiYHUIN TaHTCHC:

o, —O. r+c
o(r)=o0,+—+—2|1+tanh—— 2
(N=o, > ( 2a j ()
eKCIIOHEHI[iaJIbHa (DYHKIIS:
r
o(r)=0,+(c,—0,)e’ 3)

oOepHeHa JiHiliHa Ta KBaJpaTHiHa QYHKIIIS:
o(r)=o, +(Gl—0'2)l’71 4)

o(r)=o,+(c,—c,)r? ®)
3BHYaifHa KyCKOBO-CTasa (QYyHKIIIS:

o(r)=0,,0<r<d,

o(r)=o,,r>d,

(6)

le—7

24.0 242 24.4 246 248 25.0

efleKTpuyHa NpoBigHicTb (CMm/Mm)
eNeKTpu4Ha NpPoBiAHICTL (CM/M)

24.0 24.2 24.4 24.6 24.8 25.0
pagiyc (Mm) pagiyc (Mm)
Puc. 1.Posnogiienns EIN y Burasai gpymnkuii Puc. 2.Posnoginenns EIl y Burasni piniiinoi
rinep06oJiyHOro TaHreHca ynxuii

le-7 le-7

24.0 24.2 24.4 24.6 248 25.0 24.0 24.2 24.4 24.6 24.8 25.0

efleKTpu4Ha NpoBiAHICTb (Cm/M)
eneKTpPUYHa NpoBigHicTb (CM/M)

pagdiyc (Mm) pagniyc (Mm)
Puc. 3.Po3noainenns EIl y Burasiai pyHnkumii Puc. 4.Po3noainenns EIl y Burasiai
raycciana eKCMOHeHIiaJbHOoI PpyHKIii
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24.0 24.2 24.4 24.6 248 25.0 24.0 24.2 24.4 24.6 24.8 25.0

efleKTpuyHa NpoBiAHICTb (Cm/M)
efleKTpuyHa NpoBigHiCcTb (Cm/M)
w

pagdiyc (Mm) pagiyc (Mm)
Puc. 5.Posnoninienns EII y purasni odepHeHo Puc.6.Poznoninenns EIl y BurasaikyckoBo-
KBaJPaTHYHOI (pyHKIIT NMOCTIiiHOY pyHKLiA

MII Ttakox Mo>ke OyTH TpeACTaBICHa aHAJIOTIYHUM YHHOM.

MozentoBaHHS BUKOHYBAJIOCS Ha MOBI pOrpaMyBaHHs BUCOKOTro piBHsA Python 3.

B cxmagHux BHUMaakax Ui TOCSATHEHHS YHiBEpCaldbHOCTI B 3amaHHi po3noairy EIT Ta MII
B3/IOBXK pajlycy € HeOOXiJHHUM TIeBHUH 1HCTpPYMEHTapill [Uisi 3py4YyHOro MPOBEIEHHS
po3paxyHkiB.Moro 3acTocyBaHHS JeMOHCTPYEThCS HA PUCYHKY 7.

le-7

24.0 24.2 24.4 24.6 24.8 25.0

eneKTpuyHa NpoBigHicTb (CM/M)
w

pagiyc (Mm)
Puc.7. Po3noainenns EIl no komoOinoBaHiii ¢popmi pyHKuil ekcIOHEHTH Ta rinep00iYHOr0 TaHreHca

BucHosku.

TakuM 4YMHOM, 3 BHUKOPHCTAHHSIM 3alpPONOHOBAHOI OOYMCIIOBAJILHOI TEXHOJOTI €
MOJJIMBUM BHpIIIEHHS 3BOPOTHMX 3ajau iAeHTU(ikauii enexkTpodi3uyHUX mapameTpiB
HUATHAPUYHUX 00’ €KTIB.
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3ACTOCYBAHHS CYPOT'ATHOI ONITUMI3BALIL B 3AJTAYAX CUHTE3Y
BUXPOCTPYMOBUX JIABAYIB

Abstract. Using meta-heuristic algorithms for optimization of global extremum search
nonlinear synthesis of surface circular eddy current probes with homogeneous sensitivity in the
testing zone was performed. For this purpose, surrogate metamodels of eddy current probe using
RBF neural networks are pre-created. The results of the obtained solution in the form of a linear
level of eddy currents density distribution and values of absolute error of synthesis for different
structures of probe excitation are presented.

Key words: surface eddy current probe, metamodel, meta-heuristic algorithms, nonlinear
synthesis

EdexTrBHE MpOEKTyBaHHS HOBHUX TEXHIYHMX HPUCTPOIB MOXKIMBE 13 3aCTOCYBAHHSM
Cy4aCHHX MPOTPECUBHHUX CIIOCOOIB, OJHUM 13 SKMX € ONTUMaidbHUM cuHTe3. Takuil miaxifg
MPOEKTYBaHHS B OUIBIIOCTI BUMA/IKIB € TOCTaTHBO CKJIAHUMN B pealtizallii, OCKIIbKH 3a37aJIeT1 b
3aJaHl BUXIJHI XapaKTEPUCTUKU MPUCTPOIB MPEACTABIAIOTHCS BEIMKOIO KUIBKICTIO CYKYMHOCTI
napaMmetrpiB. Hampukian, npu BHUXpOCTPYMOBOMY KOHTPOJII PO3MOAUI TYCTUHU BHUXPOBHUX
ctpyMiB (I'BC), yTBOpeHuU# KOTYIIKOIO, 3a1a€TbC B CYKYIMHOCTI TOYOK, IO PO3TAallOBaHi B
pobouomy 00’€Ml JOCTIIKYBAaHOTO 3pa3ka. UHWCeTbHUMU METOJIaMH PO3B’SI3aHHSIM KpanloBHUX
3agad  Teopii mois B JOuGEpeHLiiHIi YW  IHTerpajibHid MOCTAHOBLI BU3HAYAIOTh I
xapaktepucTiky. [IpoTe po3B’s3aHHA iX BIIOMHMHU YHCEIBHUMHU METOJIaMH JIOCTaTHBO 3aTpaTHE.
Tomy 3acTocyBaHHS MPSIMOTO MiIXOAY B 3ajjaui ONTUMAJILHOTO CUHTE3Y HEMOXKIIMBO, OCKIJIBKU
HEOOX1THO OararokpaTHe pO3B’s3aHHS TakKoi 3a7adi, MO BIAMOBIIHO BHUMAarae 301TbIICHHS
pecypciB sIK 00YMCIIOBAILHUX, TAK 1 YACOBHUX.

CydacHi O1OHIYHI MaTaeBPUCTUYHI AJITOPUTMHU ONTHMI3allli Xoya 1 MarTh BHCOKY
MIBUJIKICTB 301)KHOCTI, MPOTE X peaizamis J0CTaTHbO YCKJIQJAHEHA MPH 3aCTOCYBAHHI YUCETBbHUX
MeToiB. E(deKTMBHMM € BUKOpPHCTAHHS TEXHOJOTI] CyporaTHoi ONTHMI3alii, 110 HIMPOKO
BUKOPUCTOBYETHCS B PI3HOMAHITHUX Taly3siX, HANpHUKIAA, B ACpOKOCMIYHOMY OyIyBaHHI,
TypOiHOOylyBaHHI, OYIIBHHUIITBI, MAIIMHO- Ta MpWiIanoOyayBaHHI Tomo. Llsg TexHOmorIs
nepeadayvae 3aMiHy MiTbOBOI (PYHKIIIT, IO MOOYI0BaHA HAa OCHOBI (D I3MYHUX 3aKOHIB Ha I[LTHOBY
GyHKIII0O — 3aMICHHK, sKa HabaraTo mpocTima B oOuncieHHi. Toal B oOnTUMI3aIiiHOMY
ITOPUTMI B SIKOCTI OJIHIET 13 CKIIAIOBUX L1TbOBOI (PYHKIIIT BUKOPUCTOBYIOTh METaMO/JIEINb, 110
npeJCcTaBsie co00I0 MOJIENb Ha MOJENb. Y3arajJbHEHHWH alrOpUTM OTPUMAaHHS MeTaMoJeli
nepeadavae Mo-Tepiie KOMITIOTEpHE 3alOBHEHHS 0araTOBUMIPHOTO TMPOCTOPY MOLIYKY
TOYKaMH, B SKHX pO3PaXOBYEThCS pecypcoeMHa ¢yHKmis. [lo-apyre, ampoxcumarito
6araToBUMIpHOI TOBEpXHI BIATYKY, IO JOLIIBHO BHUKOHATH BHUKOPHUCTaHHSAM EBPHUCTUYHOTO
MeToqy Ha 0a3i HEHMpOHHMX MepexX, OCKUIbKM BIH Ma€ psjJ CYTTEBUX I[epeBar Iepen
MIMPOKOBIIOMUMH MeToaaMu. Ilpu nboMy, sIKIIO GaraToBUMIipHA MOBEPXHS BIATYKY Ma€ MPOCTY
TOTOJIOT1I0, TO OOMEXYIOThCS OJWHAPHOI HEHPOHHOIO MEPEXKEI0, sika B 3MO31 3a0e3MeUnuTH
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NPUNHHATHE 3HAYCHHS NMOXHOKU. Y BHIIAQAKY CKJIAaIHOI ampOKCHUMAILiiHOI 3aJeKHOCTI, 110 Mae
HEJIHIAHY 1 HepPEeTYJISIpHY MOBEIIHKY JOIIJILHO BUKOPUCTATH JEeKUIbKa MeTaMozeiei. Takox y
TaKUX BUIMAJKaX 3aCTOCOBYIOTH Pi3HI METOAM MOOYIOBH HEMPOHHUX MEPEXK, UMM 3a0€3MeUyI0Th
MIJBUINECHHS TOYHOCTI PIIIEHHS Yy TMOPIBHSHHI 13 OJMHOYHOIO MEPEXKEI, a caMe KOMIIO3UTHY
noOynoBy Ta KomiTeTn Mepex. OOOB’SI3KOBUMH Ha LBOMY €Tali € NpOLEIypH HEepeBipKU
OTPUMaHOI MeTaMOJei Ha aJeKBaTHICTh Ta 1H(MOPMATUBHICTP HAa PAAl CTATUCTUYHHX
MOKA3HUKIB SIK Ha €Talli HABYaHHSI, TAaK 1 HA €TaIli BiITBOPCHHS.

B 3agadax KOMIT'IOTEPHOTO MPOEKTYBAaHHS MIMPOKOIO KOJIa BHUXPOCTPYMOBHUX JaBayiB
BUKOPUCTAHHS METaMOJIENi 3HAYHO 3MEHIIYE PECYpCOEMHICTh OOUYHMCIICHD, 1 TAKE 3MEHIICHHS B
PI3HMX 3a7a4ax JOCsTa€e NECATKH, COTHI pa3iB. 3aBASKH BUCOKIA OOYHMCIIIOBAIBHIN €(PEeKTUBHOCTI
CyporatHoi ONTHMi3amlii MEpPCIeKTUBHUM € CHHTE3 BHXPOCTPYMOBHX JaBayiB CyYaCHUMHU
MeTaeBpUCTUYHUMHU anroputMamu [1-3]. Uepe3 Te, mo Taki oOepHEHI 3a7a4i HEKOPEKTHI IO
NOCTaHOBII, IS  PO3B’SI3KY  JOIUIBHO BHKOPHCTOBYBATH  QITOPUTMH, sKi  g00pe
3apeKOMEHIyBaIM ce0e MPH IMOUIYKY TII00AaTBbHOTO0 €KCTPeMyMy OaraTOBUMIPHUX «SIPYKHHX)»
UTbOBUX (YHKIIIN, @ caMe, CTOXaCTUYHI ONTUMI3aIiitHl MeToau [4].

B poGori Ha MozenbHOMY MpHKJIaAl BHpIlIEHA HETiHIAHA 3ajadya ONTHUMAaJBLHOTO
napaMeTPUYHOTO0 CHHTE3Y HECHiBBICHUX BUXPOCTPYMOBHX JaBadiB 3 OJHOPIIHOIO UYTIUBICTIO B
30H1 KOHTPOJIIO MPH HACTYITHUX BUX1THUX JAHUX: TOBIIMHI CTPYMOIIPOBITHOTO Marepiany 00’ ekTy
koutpostto (OK) d; Bucoti posramryBansst cuctemu BUTKiB Hag OK Zp; acrori f; enekrpodiznannx
napameTpiB marepiany o, u. Jng peanizamii 3a1a4di oNTUMaIbHOTO CUHTE3y BHKOPHUCTOBYBAJIACh
MeTaMO/IeJIb HAaKJIaHOro BUXpocTpyMoBoro nepersoproaya (HBCII), sixa no6ynoBana na RBF-
HEUpPOHHUX Mepexkax [5].

CunTe3 BUKOHYBaBCs Ipu ampiopi 3aganomy [1-monioHomy posmnozini I'BC Ha moBepxHi
OK, 1o onucyerses:

Ompu0<r<4,5-10°m;r>14,55-10> ™

J = '
reference 1 5000 y , mpn 4,510 <r <14,55-10°
M

Heninifinuii cuHTE3 3OIMCHIOBABCA ABOMA IIAXOJAMH — MOCIIJOBHOIO Ta 3MIIIAHOTO
cyporatHoro cuHtesy HBCII. [lpu mocmiioBHOMY CHHTE31 CIOYaTKy BHUKOHYETbCS JIHIMHUN
CHHTE3, B Pe3yJIbTaTi KO0 BU3HaYeHO MarHiTopyuiiiny cuiny (MPC) Iwy Ui KOXXHOT CTPYKTYpH
30ymkenHs. Hagam oTpuMaHni pe3yabTaTH BUKOPUCTOBYBAIHCS SIK IMMOYATKOBI JJIsi HEJIHIHHOTO
CHHTE3y, B PE3yJbTaTi SKOr0 OTPUMAHO 3HAYEHHS PailyCiB KOTYHIOK 30y/UKEHHS Ik Y Takuid
cnoci6 3aiiicHeno HeniHiiHUE cuHTe3 HBCII 13 mecTn KOTyIIok 3 piBHOMIPHUM PO3TallyBaHHSIM
Ta mouaTKOBMUMH pamiycamu: = 4-107%; 6,1.107%; 8,2.10% 10,3-10%; 12,4103 14,510% m Ta
II’SITU KOTYILOK 13 HEpIBHOMIPHUM PO3TAIlyBaHHSIM Ta BiANOBIAHUMH IOYAaTKOBUMHM pajilycaMu
rg = 4-10'3; 6,5-10'3; 9-10'3; 11-10'3; 13-10'3; 14,5-10'3 M. [lapamerpuyHuii CMHTE3 BUKOHAHO 13
3aCTOCYBaHHAM MAaTaeBPUCTUYHOTO aJlTOPUTMY ONTHMI3allii HOUIYKY TJI00aJIbHOTO EKCTPEMYMY,
a came, TiIOpUIHOTO AITOPHUTMY HAa OCHOBI T€HETHYHOTO aJTOPUTMY 3 JIOKAIBHAM IMOITYKOM
cumIuiekcHuM MetonoMm Hennepa-Mina [3]. PesynpTatu 4uCEenbHMX €KCIEPUMEHTIB IHX
NPUKJIA/IIB TIpeacTaBieHo Ha puc. 1, 2 , a mapamerpu MPC koTymiok B Ta6um. 1.

Tabmuns 1 — Pe3ynabTatu po3paxyHKy MapameTpiB KOTYIIOK PI3HUX CTPYKTYp CHUCTEMH
30ymxenns HBCII npu peanizanii mociiioBHOTO CHHTE3Y

[Tapamerpu k-1 1 2 3 4 5 6
KOTYH_IKI/I CUCTCMHU
—0,589 | -0,057 | 1193 | -0,896 | 1,252 | -0,181
W, Axtum 3,427 | 4,307 | 7,105 8,664 | 11541 | 12,259
r .1073 m -1,832 | 1,690 | -0,587 1 -0,0433
K 4206 | 6,879 10 11,678 2 -
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Puc. 1. PesyabTaTn nociaizosHoro cunresy HBCII i3 mecTu kotymok: a) JiHii pisust po3nogiay I'BC
npu JdiniliHoMy cuHTe3i cuctemu 30y1skeHHst HBCII; 0) Jinii piBHsSI po3noainy aGcoJII0THOr0 3HAYEHHS
NOXUOKH OTPUMAHOIO0 PO3B’SI3KY; B) JiHil piBHsA po3noainy I'BC npu HeniniiiHoMy cuHTe3i cucTeMu
30ymaxenHst HBCII; r) aGcosnoTHe 3Ha4eHHsI MOXMOKHM OTPHUMAHOIO PO3B’S3KY

Puc. 2. PesyasTaTn nocainosHoro cuatesy HBCII i3 m’aTu KoTymok: a) aiHii pisHsa po3noainy 'BC
npu JiniiiHomy cunTe3i cucremu 30ya:xenass HBCII; 6) ainii piBHst po3noainy adco/1l0THOro 3HaYeHHS
NoXuOKH OTPUMAHOI0 PO3B’sI3KY; B) JiHii piBHs po3noainy 'BC npu HeJiniiiHoMy cuHTe3i cucTeMu
30ymxenHst HBCII; r) aGconnioTHe 3Ha4YeHHA MOXMOKH OTPUMAHOIO PO3B’SI3KY

Ha nepmomy erari JiHIHHOTO CHHTE3Y 3HAUEHHS NMPHUBEIEHOI MOXUOKH B 30HI KOHTPOIIIO
Ui pisHUX CTpyKTYyp ckiamae 10,37 % (8,95 %), a mis 3akmounoro HemiHiiHoro — 10,22 %
(9,65 %). AGcontoTHE 3HAUCHHS MTOXKUOKH OTPUMAHOTO PO3B’SsI3KY 3a/aui Moka3aHo Ha puc. 1 6, T
Ta 2 0, T BiAIIOBiAHO.

Pesynbratu yncenpbHUX €KCTIEPUMEHTIB 3MINIAHOTO HEMHIHHOTO CHHTE3Y ISl CTPYKTYP 13
M=4, 5, 6, 7 koTymIOK mpecTaBlieHo Ha puc. 3, a mapamerpu MPC koTymiok B Ta0i. 2.
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Tabmuus 2 — Pe3ynpTat po3paxyHKy HapaMeTpiB KOTYIIOK Pi3HHX CTPYKTYp CHUCTEMHU

30ymxkennss HBCII npu peanizanii 3MillIaHOTO CUHTE3Y
[Tapamerpu k-i 1 2 3 4 5 6 7
KOTYH_IKI/I CUCTCMU
—4,492 —6,963 9,533 1,987 -
5828 | 2,307 | 3,651 9,44 ) )
-1,822 -1,625 1,746 1151 1,052 -
Iw AXxturn 4,43 8,627 6,9 7,09 11,52
Fa0. M 5605 | 9,99 | 5164 | -0,89 | -5412 | 5974 -
K 2,408 3,710 2,677 8,664 4,225 2,42
-2,767 0,714 -1,052 7,859 -7,973 -2,817 -0,158
2,565 12,826 2,093 3,904 4,33 5174 2
a 0
B T
a e
XK 3

Puc. 3. Pe3yabraTn 3mimianoro HeJiniiinoro cunresy HBCII : a), B), 1), k) aiuii piBas po3noainy 'BC

W oW 1B W m ow;

% B/ W

cucremu 30ymxennss HBCII M=4, 5, 6, 7 koTyumok BianosigHo; 6), r), e), 3) JiHii piBHs1 po3noaijay

a20COJIIOTHOT0 3HAYEHHS MOXHOKH OTpUMAHOI0 p03B’ﬂ3Ky
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3Ha4YeHHSI NPUBEACHOI MOXUOKU B 30HI KOHTPOIIO JUIA CTPYKTYpP 30YIKEHHS KUIBKICTIO
koTymok M=4, 5, 6, 7 BianosigHo ckiagae 13,92 %, 8,8 %, 11,61 %, 9,66 %.

BucHoBku.

B po6oTi uncenbHUMEU €KCIIEpUMEHTaMHU MPOLTIOCTPOBAHO €(EKTUBHICTD PO3B’SA3KY 3a/1a4
HeniHiHoro cyporatHoro cuHTe3y HBCII 3 piBHOMIpHOIO 4yTIUBICTIO. 3alPOIIOHOBAHI METOIN
Ta AJTOPUTMHU CYpPOraTHOTO ONTHMAJIBHOTO MApaMETPHUYHOTO CHUHTE3y JO3BOJSIOTH OTPUMATH
MPUAHATHY TOYHICTh CHHTE3Y B 30H1 KOHTporo HBCII.
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OCHOBHI BUMOTI'H 1O KOHCTPYKIIi ABTOMATHU30BAHUX CUCTEM
KOHTPOJIIO HA BA3I ATOMHO-CHJIOBUX MIKPOCKOIIIB

Abstract. In the work the basic requirements to the design of automated control systems
based on atomic force microscopes are formulated, on the basis of which new principles of
construction of such control systems are proposed, which contain certain design solutions and
improvements of blocks and elements of automated control systems of material characteristics.

Keywords: automated control system, atomic-force microscopy, design requirements

Juis BU3HAYCHHS BHAMOT hi (0] KOHCTPYKIIi aBTOMATHU30BAHUX CUCTEM
KOHTpoJto Ha 6a31 ACM, a Takox iX BIJIMBY Ha TOYHICTb 1 HAAIMHICTh OTPUMAHUX JIaHUX Ta Ha
€KOHOMIUHICTh 3aCTOCYBaHHS 3ac001B 3aXMCTy BiJl TAKUX BIUIMBIB, aBTOPaMH MPOBEJIEHO aHAaJIi3
IIUX BUMOT Ta 3ac0o0iB 3aXMCTy BiJl HETaTUBHUX BIUIMBIB Ha KOHCTPYKIIIO TaKUX CHCTEM, B
pe3yabpTaTi 4oro BCTAaHOBJICHO [1], 10 OCHOBHUMHU BUMOTaMH, SIKi BUCYBAIOTHCS 10 KOHCTPYKITIT
npuctpoiB. ACM €: KiIiMaTW4yHi BUMOTH, BUMOTH JI0 €JIEKTPHUYHOI MEpexi, /0 30BHILIHIX
MEXaHIYHUX BIJIUBIB Ta KOHCTPYKLIHHI BUMOTrd. OCHOBHI MapaMeTpHy TaKUX BUMOT 1 Jiana3oHu
iX 3HaueHb, 110 3a0e3MeUyI0Th JOTPUMaHHS HaJlliHOI ekcIutyararii npuctpoiB ACM HaBeJeHo B
tabn. 1 [1].

B Toil xe wac, nuiAXxamMu NiABUINEHHS CTIMKOCTI BUpPOOIB A0 30BHILIIHBOTO BIUIUBY €
HACTYIIHI:

— 3aCTOCYBaHHSl CIELIAJbHUX KOHCTPYKUIMHHUX pilleHb, 110 3a0e3neuyBaTUMYTh
e(peKTUBHE OXOJIOKEHHs, TepMETHU3allil0 Ta eJIEKTPO3axXUCT eJeMEHTIB mpuctpoiB ACM
(3acTocyBaHHSI CHEI[IAJIbBHUX 3aXHMCHUX KOXKYXIB, MEPUIOrO KJIAacy YWUCTOTH Y MPHUMIIIEHHI,
3ac00iB  enekTpocrabimizamii Ta Oe3mepeOifHOrO  KMUBJIGHHS, €KpaHIB 3aXUCTy BiA
€JIEKTPOMAarHiTHUX I0JIIB, 3aCTOCYBaHHSI BlJJ€OKaMepH MOMEPEIHbOTI0 HAJIAITYBAaHHS MIPUCTPOIO;
PO3HECEHHS OKPEMUX OJIOKIB (yCyHEHHS KOHCTPYKIITHUX BIUIUBIB);

— pauioHaJbHUN BHOIp MaTepiaiiB €JIeMEHTIB KOHCTPYKIIT BUMIPIOBAJILHOTO KOMILIEKCY
Ta crnoco0iB 1X 3aXUCTy (BUKOPHUCTAHHS Ai€JIEKTPHUKIB, JIeTalleil KOHCTPYKIi, 110 HE KOPOIYIOTh
B YMOBaX BOJIOTOT0, 010- Ta XIMIYHO-arpECUBHOTO CEPEIOBHIIIA;
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— JOTpPUMaHHS YMOB eKCIUTyaTailii, TPaHCIOPTYBaHHS Ta 30€pEeKEHHsS MPUCTPOIO
(onTUManbHI KJIIMAaTUYHI YMOBH, YMOBH T€PMETUYHOCTI, HAJIEKHA BEHTHIISIS, €IEKTPO3aXUCT
KopIycy npuiany 3rigHo IP5, Tomo).

Tab6m. 1. IlapameTpn BUMOT 10 KOHCTPYKIIii aBTOMaTU30BaHUX CUCTEM KOHTPOJIIO Ha 6asi
aTOMHO-CHJIOBOTO MiKPOCKOIIA

Bumoru 10 KOHCTPYKIIii aBTOMaTH30BaHUX

[Tapamerpu Ta qiana3oHu iX 3HAYCHD
CUCTEM

- Temneparypa, 18 —23 °C

- Bonoricte, <35 %

- lIBuaxkicTh pyxy nositps, < 0,3 m/c

- BigcyTHICTB TUTICHSIBH

- Mepexesa Hamnpyra, 220 £ 5,5 B

- [lynbcauii ctpymy B Mepexi, < 1,5%
BuMmoru 10 enekTpuaHO1 Mepexi - Mepexesa yacrota, 50 + 5 I'ng

- BruiuB enexkTpoMarHiTHUX IOJTIB:

E < 1mxA/m; H <3 MB/Mm

- Biopamii, <1,1 mm/c

BuMoru 10 30BHIIIHIX MEXaHIYHUX BIUIMBIB - AkyctuuHi konuBaHHs < 351b

- Mexaniuni ypapu: < 0,01 kr-m/c

- Crynisb 3axucty KoHCTpykii [P54

KoHcTpyKIiliHi BHMOTH - Kareropis nmoxkexunoi nebesnexku [IH
- Kinac enekrposaxucry I+

Kinimatuyni BuMoru

TakuM YHMHOM, MOXHa BH3HAUHTH OCHOBHI BHMOTH, IO BHCYBAalOTHCA 1O
aBTOMATH30BAaHUX CUCTEM KOHTPOJIIO Ha 6a31 ACM, tabu. 2.

Ta6:n. 2. OCHOBHI BUMOTI'H JI0 aBTOMAaTU30BaHUX CHCTEM KOHTpOIIO Ha 0a3i ACM

Bi Temmnepatypa, °C Tpusanicte Burpumka 3a
1IHOCHA
BOJIOTICTB, % MakcumainbHa MiniManbHa BUIpOOYBaH, HOpMAIIBHHX
rOIUH YMOB, I'Ofl
BonorocTiiikicTh pH TPUBAIMX JAOCIIKEHHSIX
95-100 |  +40+2 | +18+2 | 7 | 8—12
TenocTifKicTh
— | +55+2 | 10 | 612
CTIMKICTb 10 YTBOPEHHS IUIICHSBU
95-100 | +30+2 | 13 | 12

[TpoBenenuil anami3 pe3ynbTaTiB JOCTIKEHHA IOKa3aB [2], 110 OCHOBHMH BIUIMB Ha
Mpaie3aTHICTh MpUIaay, TOUHICTh 1 HaJIHHICTh OTPUMAHHUX JaHHUX 3IIHCHIOETHCS 30BHILITHIMHU
MeXaHIYHUMH 30ypeHHAMHU (BiOpalisiMi, aKyCTUYHHUMH IIyMaMH Ta YyaapaMmu), a HalOuIbIIl
€KOHOMIYHI BUTPATH MOJIATAIOTH y 3aJy4eHi 3aco0iB 3aXMCTy BiJ KIIMaTHYHUX BUMOT (10 88%
BiJl BapTOCT1 KOMIUIeKCy npuctpoiB ACM). 3arajiom CTyHiHb BIUIMBY LIUX BUMOT Ha TOYHICTb 1
Ha/IIHHICTh OTPUMAHMX JAHUX Ta Ha EKOHOMIYHICTh 3aCTOCYBaHHS 3ac00IB 3aXHCTy HaBEICHO Ha
puc. 1.
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30BHIIIHIH
MeXaHIYHHH

Koncrpyxkuiitni Knimatuuni Bumorn o BIUIMB

BHMOTH (bamopp[ eHEKTqu.HOl

Mepexi  qq
Bumoru no
S 0 - . . 87%
SosnimHii \ F040 CICKTPHYHOL Knimatuuni
MeXaHiqHHiT MEpCKI taxTopn
BILTHB
a. 0.

Puc. 1. [liarpamu cTyneHio BILIMBY BUMOT 10 KOHCTPYKIil aBTOMaTH30BaHUX cucTeM ACM-KOHTPO./II0 HA
TOYHICTH i HAAiliHICTH OTPUMAHUX JaHUX (2) TA HA eKOHOMIYHIiCTH (0) 3acTOCYBaHHS 3aC00iB 3aXUCTY

Crig BIAMITUTH, OO0 OUTBIIICTh CYY4aCHUX KOMIUICKCIB JIUII HAHOMETPUYIHHX JIOCIIKCHb
BUTOTOBJISIIOTHCSI Y HACTUIBHOMY BapiaHTi, IO mepeadadae iX po3TalryBaHHA B poOOdiid 30HI
HEBEJIMKHUX PO3MIpIB Ta B Oe3mocepeiHiil O1M3bKOCTI 10 eNEKTPOKOMYHIKAIHHUX Mepex [3].

Tomy, anst MiHiMi3alil rabapuTiB BUMIpIOBATBHOTO KOMIUIEKCY, MAKCUMAIIBHOTO YCYHEHHS
HEpeIIKO], 110 BHUHUKAIOTh B KOMYHIKALIHHUX BY3JaX, 3MEHIICHHS €JIEeKTPOHHHUX BY3JiB
YIPaBIiHHSA, TPU PO3pOOIli aBTOMATH30BAaHOI CHCTEMH KOHTpodro Ha 0a3i ACM aBropamu
BIIEpLIE 3alpOlOHOBAHO IO€JHATH B OJHOMY (QoOpM-(hakTopi y BHUIVISIAI TOPU3OHTAIBHOIO
Koprirycy cuctemHoro 6moky [1K enekTponHi muaTh, ik CHIIOBOTO OJI0KY Tak i kepyrodoro T1K.

BucHoBku. TakuM yuMHOM, aBTOpaMH C(HOPMYJILOBaHI OCHOBHI BUMOI'M JIO KOHCTPYKLi
ABTOMATH30BaHUX CHUCTeM KOHTpouto Ha 0a3i ACM, Ha OCHOBI SKHMX 3aIpONOHOBAHO HOBI
HOPUHIUIN NTOOYIOBH TAKMX CHUCTEM KOHTPOJIO, SIKI MICTAThH MEBHI KOHCTPYKLINHHI pillIEHHS Ta
YIOCKOHAJIEHHs1 OJIOKIB 1 €JE€MEHTIB aBTOMAaTHU30BAaHUX CHUCTEM KOHTPOJIIO XapaKTEPUCTHK
marepiais.
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3ACTOCYBAHHA IT'E€30EJIEKTPUYHUX TPAHCO®OPMATOPIB B JIZKEPEJIAX
BTOPUHHOI'O EJIEKTPO’KUBJIEHHSA

Abstract. The development of innovative technologies has recently been widespread in
various fields of human activity around the world. This is due, first of all, to the popularization
of areas such as nanotechnology, alternative energy, bionics, functional medicine,
nanoelectronics, as well as to significant investments by world leading research companies in
these industries. In this regard, technologies and devices that use the direct and / or reverse
piezoelectric effect in the principles of their work are promising. The paper considers the
advantages and disadvantages of piezoelectric transformers, the relevance and features of their
application.

Key words: piezoelectricity, piezoceramic transformers, secondary power sources.

Brnepie ineto Bukopuctanus m'ezoenekrpuunux tpanchopmaropis (I1T) 3anpononysas
Pozen B 60-x pokax XX cromirrs. [I'stmecsat pokiB mo tomy texnosnoria IIT crama oxniero 3
Kpalux ajJbTepHATUB €JIEKTPOMArHITHUM TpaHchopMaTopaM B TUX cdepax iX 3aCTOCYBaHHs, /i€
HeoOXiJIHA BHCOKA HAJINHHICTh, CTAOUIBHICT, ABTOHOMHICTh, MAaKCHUMaJIbHA TPUBAIICTh
6e3BimMoBHOI pobotu [1]. OO'ekTamu, 1e HEOOXiJHE 3acTOCYBaHHS TaKWX HaJHAIIHHUX
TpaHc(hOpMaTOpiB HATIPYTH €:

—  aBTOMATWYHI MDXKIUIaHEeTHI cTaHuiil («Bosmxepy, «Mapunepy, «JlyHay» Ta i),

—  aBTOHOMHI ITMOOKOBO/IHI IJIaBar04i 00'€KTH;

—  Oynp-ski iHII 00'€KTH, JOCTYN 10 SKUX CHWJIBHO YTPYAHEHUH, HEMOXIUBUI abo
HAJ3BUYAlHO HeOe3NeuHud Ui JIOAUMHM (SEpHI peakTopHu; XIMIYHO HeOe3NeuHl 00'€KTH,
cTaHMii B AHTApKTH/II i APKTHUII, Mi3eMHi 00'€eKTH, OpOiTaNbHI CYyIyTHUKH TOIIO) [2].

VY psizni mpUCTPOiB aBTOMATUKH 1 00UMCITIOBAIBHOI TEXHIKH B SIKOCTI OCHOBHOT'O, 6a30BOT0
€JIEMEHTY 3aCTOCOBYIOTBHCS IT'€30TpaHc(opMaTop 3 KepoBaHUM ab0 HEKEPOBAaHUM Koe(illieHTOM
Tpancopmarii. Haa3BuyailHO MIMPOKI MOMIIMBOCTI I'€30TpaHC(OPMATOPIB  JO3BOJISIOTH
BUKOPUCTOBYBATH IX NHpPU CTBOPEHHI PI3HOMAHITHUX AaHAJOrOBUX 1 JUCKPETHUX MPUCTPOIB
MEPETBOPEHHSI CUTHAJIIB.

Cnin  3a3HauuTH, 1LIO Ha OCHOBI M'€30TpaHc(OPMATOPIB MOXKIKMBE CTBOPEHHS
PI3HOMAHITHUX KEpPYIOUUX TMPUCTPOIB, 3JaTHUX BUKOHYBATHU pi3HI (QYHKIII NEpPETBOPEHHS
curHaiis. J[J1f IbOro B eleMeHT I'e30TpanchopMaTopa BBOAUTHCS J10JIATKOBA CEKIisl €IEKTPOIiB
1 3B'I30K MK CEKIIiSIMU 3/1iIHCHIOETHCS TITBKU MEXaHIYHUM HIIsixoM [3].

[T'e30TpanchopmaTopy 3HAUIIIM 3aCTOCYBaHHA B OOJIACTSX, Ji€ MOTPiIOHE OTpPUMAaHHS
BUCOKHX Hampyr. [IpakThka 3acTocyBaHHS IT'€30TpaHCPOPMATOPIB MOKA3ye, MO BOHHU JIOCHUTH
e(eKTUBHO NPAIIOIOTh Ha TepIii abo Ha APYTiii MO/I KOJIKMBaHb B 00JIACTI YacTOT BiJ] IEKIIBKOX
JECATKIB /10 COTeHb Kijorepi. OJHAaK MpU KOHCTPYIOBaHHI IPUCTPOIB, 110 BUKOPHUCTOBYIOTh
n'e3oTpancopmarop, He0OXiIHO BPaxOBYBaTH, L0 caM I'€30TpaHc(HOpMaTOp € MEXaHIYHOIO
BIOpYIOYOIO CHCTEMOIO 1 BHMMAara€ MPaBUIBHOTO 3akpirmieHHs. s Toro, mo0 HE BHOCHUTH
JOJJATKOBUX BTpaT B MeEXaHIYHY CHCTEMY, KpiIUIeHHS I'e30TpaHchopMaTopa HEOOXiTHO
3MIACHIOBATH B MICIISIX MiHIMAJIbHUX 3MIIIEHb TSt 00paHOT MOIM KOJMBaHb [4].

Pi3HOMaHITHICTh THIIIB €JIEKTPOHHUX MNpHCTPOiB Ha ocHOBI IIT poOuth HEOOXiTHUM
BUKOPHUCTAHHS IIMPOKOTO CHEKTPY I’€30KEepaMiuHUX MarepialliB i3 3aJaHUMH BIACTHBOCTSMHU.
[Momryk Takux 1’ €30KepaMidYHUX MaTepiaiiB € CaMOCTIHHOO 3aaa4eto [5].
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[T'ezoenexkTpudni TpaHcHOPMATOPU IIHUPOKO 3aCTOCOBYIOTHCS B  PaiOCIEKTPOHIIIL.
Bigcyrnicte y IIT 0oOMOTOK 1 MarHiTHOI CHCTEMH, MOJKJIHMBICTh 3aCTOCYBaHHS IUIaHAPHOT
KOHCTPYKIi, BHCOKAa EKOHOMIYHICTh 1 HAQAIWHICTH 1CTOTHO MOJINIIYIOTh MacoradapuTHi
MOKa3HWKKM pazioeneKTpoHHux By3miB [6], [7]. Haiibineine 3acrocyBanus IIT 3HaxomsaTh B
BUCOKOBOJITHHX JDKEpenax BTOpUHHOTO enekrpoxusieHHs ([ABEX) i B mpucrposx, ne
noTpibeH BeIUuKuil KoeDilli€HT EPEeTBOPCHHS HAIIPYTH, 30KpeMa, B MeIU4HIN TexHiri [5].

O3o0HOBHII cTepuiizaTop iXKi € MBHIKAM 1 €()EeKTHBHUM CIIOCOOOM sl CTepUITi3allii
BOAM, (PpYKTIB 1 OBOYIB, a TaKOXX M'sica 1 MOPENPOAYKTIB, 1 TEMmep CTEPUII3aTOpH s
JIOMAIIHBOTO BUKOPUCTAHHS TPOJAIOTHCA CIIOKHMBAaYaM B SKOCTI O€3MeYHOro 1 JemeBoro
criocoOy crepuitizanii mpoaykty. OOCsST pUHKY I CTepUIIizaTopa XapyoBUX MPOAYKTIB CKIIa1a€e
M1TBHOHU OJIMHUIIG B PIK, 1 BIH CTaB HE3aMiHHUM MOOYTOBUM IPUCTPOEM.

OcTaHHIM YacOM BHUKOPHUCTaHHS iMIyJbcHOTO enekrpuyHoro mojs (IEIT) B crepummizarii
XapuoBHX MPOAYKTIB mpuBepHyJo Benuky yBary [8] — [10]. OcHoBHOWO uacTHHOIO
CTepWJli3aTopa € 10HI3aTop, B SKOMY BHCOKOBOJIbTHE IMITYJIBCHE JPKEPETIO KUBJICHHS I'€HEpye
iMmysibcHe nosie Bucokoi Hanpyru [11], [12]. BHCOKOBONBTHI IMITYJICH MOXYTh I'€HEPYBaTUCS
yepe3 BHCOKOBOJBTHUN TpaHc(OpMaTop, a amIUITyAa BUXIIHOTO IMIYJIbCY CTAHOBUTH J0
KUTBKOX JECATKIB KUTOBOJBT B 3aJIC)KHOCTI BiJI KOHKPETHOTO 3acTOCyBaHHS. Marouu repeBary
koedilieHTa 301IbIIeHHs BUCOKOi Hanpyry, [IT moxe 3amMiHMUTH MarHiTHUN TpaHcpopMmaTop B
no0yTOBOMY cTepuitizaropi. st JOMalIHEOro cTepuilizaTopa HEOOXiHa HANPyTra 3HAXOAUTHCS
B miana3oHi Bix 6 kB g0 10 kB [13].

IT’e30KepamiuHi TpaHCHOPMATOPH 3aCTOCOBYIOTHCS B 10HI3aTOpax i O30HATOpax, SIKi
MOYKHa BUKOPUCTOBYBATH SIK JUISl 3HE3apaKEHHS MPUMIIIEHb, TaK 1 /Ui OUMIIEHHS BOJM 1 IHIIUX
3aCTOCYBaHb.

VY npucTposx Uil Koaryisuii KpoBl 3a paXyHOK MAaJIONOTYXHHUX BHCOKOYAaCTOTHUX
IUTa3MOBUX PO3PS/IiB BUKOPHCTOBYIOTHCS IT'€30KepaMivHi TpaHC(HOPMATOPH 3 IX MOKIUBOCTIMHU
reHeparlii BUCOKOYacTOTHOT 1 BUCOKOBOJILTHOT HANPYTH 1 3/1aTHICTIO 30epiraT npaue3laTHICTh
NPY KOPOTKHUX 3aMUKaHHSX Y BTOPHHHOMY KoJti [14].

ITpuctpiii BTOpuHHOrO mKepena >xuBieHHs (BJIK), sxuil € HeBia'€eMHOIO YacCTMHOIO
OyAb-KOTO €NEKTPOHHOTO MPUCTPOI0 ab0 CHCTEMH, 3a3BHYAll IPYHTYETHCS Ha BHUKOPUCTAHHI
€JIEKTPOMArHiTHOro TpaHcopmaropa. Takuil croci0 Mae psiJi iICTOTHMX HEJOJIKIB: MOJIOHUM
IPUCTPOSIM, SIK MPABUJIO, BIACTHBI 3HaUHA MOTY)KHICTh PO3CIIOBAHHS, BUCOKUI PIBEHb HArpiBy,
HU3bKI HAJIMHICTE 1 3HOCOCTIHKICTh, HE3aJ0BUIbHI MacorabapuUTHI MOKa3HUKH, CTBOPEHHS
€JICKTPOMAarHiTHUX 3aBajl, HeOe3mneka mpo0or 0OMoToK Tomo. Ha monatok 10 poro, OTpuMaHHs
BUCOKHMX pIBHIB Halpyru 3a JIONOMOIOI0 €JIEKTPOMAarHiTHOro TpaHcpopMmaropa € JIOCUTh
CKJIAJTHUM 3aBJaHHsM. TOMY B CHEKTPOCKOMIi 1 pEHTI€HOCKOITi1, 10HHIM OINTHUIIl, CBITIIOTEXHIII,
paioNnoKallii, eleKTPOCHHTE31 030HY, ioHi3amii moBiTps [15] Ta iHIIMX Tamy3sx TEXHIKH, Ie
3aCTOCOBYETHCSI BUCOKA Harpyra, 1 nooyaosu B/DK MoximBe 3acTocyBaHHS albTepHATUBHUX
NEPETBOPIOIOYMX MPUCTPOIB — M'e30TpanchopmaTopiB. JlocmimkeHHsT B 00JacTi BUKOPUCTAHHS
[IT akTHBHO TPOBOIATHCS 32 KOPAOHOM, B OCHOBHOMY SIMIOHCHKUMH W aMEpUKaHCHKUMH
BYCHHMH, B YOMY 3alliKaBJeHI BiJIOMi CBITOBI TiraHTH 3 BHUPOOHMIITBA EJIEKTPOHHOIO
obmaguanus (NEC, Canon, Panasonic Toro) [16]. [eski po3poOKu B 1iit 001acTi mpeacTaBieHi
B [17].

Jocmimkenusm mapaMeTpiB i xapaktepuctuk IIT mpucBsueni podoru [18], anamizy
MOXKITMBOCTEH 3aCTOCYBaHHS LIUX MPWIAIIB Y CKJIaJl MEPEeTBOPIOBaIbHUX mpucTpois [17], [19] —
[21]. Ha 6a3i panime mpoBeaenux aociimkenb [18] — [20], [22], BpaxoByroun ocoGnuBOCTI
po6otu I1T, B po6oti [16] 3anpononoBano crpykTypy B/IXK Ha ochosi I1T.

Cepen OCHOBHUX CTPUMYIOYMX YHHHUKIB 3actocyBaHHs [IT MokHa BiA3HAYUTH
BIJICYTHICTh BITUM3HSHOI BHCOKOSIKICHOI IT'€30KEpaMikd 3 HEOOXITHUMH eJIeKTPO(i3HIHUMHU
BJIACTUBOCTSIMU 1 BIICYTHICTH CIEI[iali30BaHUX MIKPOCXEM 3 BEJIMKHUM CTYIEHEM IHTerparii.
[Tpote Buxopucranus IIT y JABEX wmanoi i cepennpoi motyxsocTi (10 20 BTt) no3Boise
MOJTIMIIIATA MacorabapuTHI MOKa3HUKH B 4-6 pa3iB B mopiBHsHHI 3 aHanoriyaumu JIBEXK Ha
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OCHOBI €JIEKTpOMAarHiTHuX TpaHcopmaropiB. [Ipu HEOOXiTHOCTI CTBOPEHHS EJIEKTPOHHHUX
BY3IiB II0CKOT KOHCTpYKIIii 1T craroTs mpocto HezamiHHUME [5].

OcHoBHa ckiaaHicTh 3actocyBanHs [IT momisirae B ToMy, 10 CXEMOTEXHIYHI MPUHIIUAITN
nooynoru JIBEXX na 6a3i IIT icTtoTHO Bimpi3HArOThCsA Bia npuHnumiB nodymou JIBEX Ha
OCHOBI eJekTpoMarHiTHoro tpancpopmaropa. Tak sk IIT € QyHKUIIOHATPHUM pPE30HAHCHUM
€JIEMEHTOM, HEOOXiJTHO BpPaxOBYBaTH HOro creru@iuyHi 0cOOJMUBOCTI: BY3bKICTh PE30HAHCHHX
aMILUTITYJHO-4aCTOTHUX XapakrepucTuk (AYUX) (moOpotHicts neskux tumis 1T moxe nocsratu
1000); 3mimenss AYX mo amIuniTy/al 1 4acTOTI NMPH BIUIMBI TEMIIEpaTypH, 3MiHI XapakTepy i
BEJIMYMHM HAaBaHTA)XXEHHS; BUCOKA KpyTHU3HA (a3zoyacTOTHUX XapakrepucTuk (PUX) Ha wacrori
PE30HAHCY; CHJIbHA 3MiHA MOBHUX BXIJIHUX 1 BHUXIJIHMX OIMOPiB IpH Jii 30yprorounx ¢akTopiB
(omopu MOXYTh MaTH €MHICHUH, 1HIYKTHMBHMH, aKTUBHHI 1 KOoMOiHOBaHMi xapakrtep). Kpim
TOTO, MOXXHA BiJ3HAYUTH CHJIbHY 3QJICKHICTh IEpelaBaIbHUX KOe(DIIIEHTIB 1 IMapaMeTpiB
nepenaBanbHux (QyHKIiH, a takoxk KK/ IIT Bix ctpymy naBantaxkeHus. Tomy IIT moxna
OXapaKTepU3yBaTH SIK 00'€KT yMpaBIiHHS 31 3MIHHOIO CTPYKTYPOIO Ta 3MIHHUMHU ITapaMeTpaMHu.

[lepepaxoBani Bumie ocoOnMBOCTI MOKazylTh, mo [IT 1 emekrpoMarHiTHi
TpancopMaTOpy BUMAralTh PI3HOTO CHUCTEMOTEXHIYHOTO MIAXOAY JO MPOEKTYBaHHS
paiioeNneKTPOHHHX MPUCTPOIB HA X OCHOBI.

HasBHicTh cneuudiuHuX, TOPIBHAHO 3 EJIEKTPOMArHITHUMHU TpaHchopmaropamu,
BJIACTUBOCTEH 103BOJIsie BHKOpHCTOBYBaTH IIT B o00macTax TeXHIKM 1 MEAWIUHH, i€
3aCTOCYBaHHS 1HIIMX aHAJOTIYHHUX PaJlOoeJIeMEHTIB abo yTpyaHeHe, a00 HEMOXIIMBE. 3aTHICTh
NPAIIOBaTH B PEXHMMax, OJU3bKUX 1 HAaBITh PIBHUX PEXHUMY KOPOTKOTO 3aMHUKAHHS, J03BOJISIE
BukopuctoByBaT 11T B mpucTposix uist 3apsiay €MHICHHX HakonmudyBadiB. Yac 3apsay MOxHa
3MEHIINTH B TOPIBHAHHI 3 aHAJOTIYHUM IO MOTYKHOCTI NMPHUCTPOEM Ha EIEKTPOMArHITHOMY
Tpancopmaropi B 2-5 pa3iB. HasaBHicTh ranpaniuHoi po3B's3ku y [IT 3 BHCOKOI0O Hampyroro
po0010, KOMIAKTHICTh 1 EKOHOMIYHICTh CXEM BKIIIOYCHHS Ja€ IepeBary Horo BUKOPUCTAHHS B
KOAryJsiTopax Juiss KOCMETOJIOTIT Ta cToMaTosIorii moTyskHictio g0 100 B [5].

[T'e30enexTpuyunuit TpaHCHOPMATOP MA€E PsJI TEpEBAr B MOPIBHIHHI 3 €JIEKTPOMArHiTHUM,
a came [23] [24], [25]:

BHCOKA ITUTOMA MOTY)KHICTh;

—  BIICYTHICTb €JIEKTPOMArHITHUX MEPELIKO;

—  BHCOKa €(EKTUBHICTb;

—  MOJIMBICTh MiHIaTIOpH3AIlil;

—  IIWPOKWH YaCTOTHHUM J1ara3oH;

—  BOTHECTIMKICTB;

—  IpOCTa TEXHOJIOTisI BUTOTOBJICHHS [2].

JlocipKeHHS TTOKa3aiy, 10 M'€30€JIeKTPUYHI TpaHC(HOPMATOPH MOKYTh KOHKYPYBATH 3
TPaJMIITHUMU €IeKTPOMArHITHIUMHU SIK 10 e()eKTHBHOCTI, TaK 1 1Mo moTyxHocTi [26] — [31].

Bucnoeku

Y  poGoTi pO3riASHYTO OCHOBHI TIEpeBarm Ta HEOOJNIKH I’ €30€JIEeKTPUIHUX
TpaHc(hOpMaTOpiB y TMOPIBHSIHHI 3 TPaTULIHHUMHU eJIeKTpOMaFHiTHI/IMI/I TpaHchopMaTopamu,
aKTyaJIbHICTh Ta OCOOJIMBOCTI 3aCTOCYBAHHS I1'€30€JIEKTPUYHHUX TpaHcPopMmaTropiB y
BUCOKOBOJIFTHUX JDKepeslax BTOPUHHOIO E€JEKTPOKUBJIECHHS 1 B NPUCTPOSX, 1€ MOTpideH
BEJIMKHIA KOEIIiEHT MepeTBOPEHHS HAIIPYTH, 30KpeMa, B MEIMYHIN TEXHIIT.

Jlimepamypa
[1]  borman A.B., [lerpumies O.H., Sxumenko F0.U., u Snosckas 10.10., «Maremarnueckoe
MOJCTTMPOBAaHHE  KOJNICOAaHMH  TOHKMX  IbE30KEPAMUYECKUX  JHCKOB  JUIS  CO3JaHHSA

(YHKIIMOHATBHBIX JJIEMEHTOB TBE302JIEKTPOHUKNY, INeKMPOHUKA U C6:a3b. Temamuueckuil
8bINYCK «DNekmpoHuKa u Hanomexuonoeuuy, 4. 2, cc. 35-42, 2009.

23



[2] 3abonoTHU AM., «HccnenoBanue XapaKTEPUCTUK MBE303JIEKTPUIECKOTO
TpaHcopmMaTopa COBMECTHUMOIO C MHUKPOCHUCTEMHBIMU TEXHOJOTHAMU», 30IPHUK HAYKOBUX
npays SWorld, 1. 8, cc. 610, 2012.

[3] Cenuk H.A., «MonenupoBaHue W pacyeT AIEKTPOYNPYTrUX MOJeH Mbe30KePAMUYECKUX
o0oJI04eK M I1acTuH», MockBa, 1984.

[4] [Taspann 10.3., Oxpumenko I1.B, u ®unonenko K.1O., «Bnugaue mecra 3akperieHus
nee3oTpancopmaropa Ha IPPEKTUBHOCTH ero padoTe», mnpeacraBieHo Ha MHIIK
«CoBpemeHHbIe HTHGOPMAITMOHHBIC U MJIEKTPOHHBIE TEXHOJ0TUnY, 2014, cc. 69—70.

[5] Bboukapes C.I'., Ilenpko b.b., u Kamennes B.I1., « AMITUTYIHBINA U 9aCTOTHBIN CIIOCOOBI
yhpaBieHUs: paboToil Mbe30TpaHCHOPMATOPOB B PAIUOIIECKTPOHHBIX YCTPOMCTBAX», BecmHuk
T16l'Y. Cepus «@uzukay, Ne 4(6), cc. 110-114, 2004.

[6] Epodeer A.A., anos I'.A., u ®ponos B.H., ITvezoxepamuueckue mpancghopmamopst u
ux npumeHenue 8 paouosnekmponuxe. M.: Pagno u cBs3pb, 1988.

[7] Jlanuk A.W. u CramkeBuy A.U., U30enusn sanekmponrnoti mexuuxu. Ilvezoanekmpuyeckue
u anexmpomexanuyeckue npudopsi. M.: Panuo u cBsizb, 1993.

[8] Dunn, J.E. and Pearlman, J.S., «Methods and apparatus for extending the shelf life of
fluid food products», Free Patent Online, 4695472, 1987.

[9] K. H. Schoenbach, S. Katsuki, R. H. Stark, E. S. Buescher, and S. J. Beebe,
«Bioelectrics-new applications for pulsed power technology», IEEE Trans. Plasma Sci., vol. 30,
issue 1, pp. 293-300, ¢es. 2002.

[10] Xiangxiao Qiu, L. Tuhela, and Q. H. Zhang, «Application of pulsed power technology in
nonthermal food processing and system optimization», 1997, vol. 1, pp. 85-90.

[11] F. Espino-Cortes, A. El-hag, O. Adedayo, S. Jayaram, and W. Anderson, «Water
Processing by High Intensity Pulsed Electric Fields», 2006, pp. 684—687.

[12] S. Katsuki, K. Moreira, F. Dobbs, R. P. Joshi, and K. H. Schoenbach, «Bacterial
decontamination with nanosecond pulsed electric fields», 2002, pp. 648—651.

[13] Do Manh Cuong, «Piezoelectric Transformer Integration Possibility in High Power
Density Applicationsy», PhD thesis, Techn. Univ., Dresden, 2008.

[14] Tonoeuun B.A., KamnynoB WM.A., Mansiukuna O.B., u np., Qusuueckue ocHo8bl,
MemoObl UCCIe008aHUs U NPAKMUYeCKoe npumeHenue nbezomamepuanos. Mocksa: Texnocdepa,
2016.

[15] «YuuBepcanbHblii 0OuncTHTEND BO3ayXa ,,DoToMon“». URL: http://photoion.ru/

[16] Kpuomeit JI.A., «/locmimkeHHss XapakTepUCTUK BTOPUHHOTO JKepesia KUBJICHHS Ha
OCHOBI I1’€30TpaHchopMaTopar.

[17] KpuBomeit [I.A., «IIpeoOpa3oBaTenn 3JICKTPHUUSCKONH HSHEPrUM HAa  OCHOBE
nee30TpanchopmaropoBy», Texuiuna enexkmpoounamixa. Tem. eun. Cunosa enekmpouika ma
enepeoepexmuenicms. y 4-x u. — 4. 3, cc. 5-10, 2012.

[18] [Ilaepanx IO.E. u KpuBomeit JI.A., «/lochikeHHsI XapaKTEPUCTUK I’ €30€IEKTPUIHUX
TpanchopmatopiBy, Enekmponixa ma 36’a30k. Tem. eun. Enekmponika i nanomexnonoeii, Ne 5,
cc. 28-34, 2010.

[19] TIlaspanxg 10.D. wu Kpusomeii J[.A., «BTopuuHble WCTOYHHUKH THTAHUS C
bE303JIEKTPUUECKUMU TpaHchopmaTopamu», Enekmponixa ma 36 ’azok. Tem. eun. Enekmponixa
i nanomexnonozii, Ne 3, cc. 121-125, 2011.

[20] KpuBomeit J[I.A., «J/locmikeHHS BIUIMBY TEXHOJOTIYHOTO PO3KUAY ITapaMeTpiB
KOMITOHEHTIB Ha XapaKTEPHUCTHKHU JPKepesa >KUBIICHHs 3 I e€30TpaHchopmaTopom», TexHiuna
enexkmpoounamixa, Ne 2, cc. 139-140, 2012.

[21] TMaepanx IO.E. m KpuBomeit [[.A., «Po3poOka Ta HOCHIIKCHHS EICKTPOHHOTO
NEPETBOPIOBAILHOTO MPHUCTPOIO HAa OCHOBI I’ €30€JIEKTPUYHOTr0 TpaHchopmaropa: 38iT nmpo H/IP:
Ne 33-K, Ne ZIP 0110U007767», JouOacekuii nep>kaBHUM TEXHIYHUM YHIBEpCUTET, ATYEBCHK,
2012.

24


http://photoion.ru/

[22] Kryvoshei D. and Paerand Yu., «High-Voltage Power Supply Based on Piezoelectric
Transformer», in Modern Problems of Radio Engineering, Telecommunications and Computer
Science, Lviv, 2012, p. 498.

[23] JlaBpunenko B.B., Ilbezoonexmpuueckue mpancghopmamopol. M.. Dueprus, 1975.

[24] Yu-Hsiang Hsu, Chih-Kung Lee, and Wen-Hsin Hsiao, «Electrical and mechanical fully
coupled theory and experimental verification of Rosen-type piezoelectric transformersy», IEEE
Trans. Ultrason. Ferroelectr. Freq. Control, vol. 52, issue 10, pp. 1829-1839, 2005.

[25] A. M. Flynn and S. R. Sanders, «Fundamental limits on energy transfer and circuit
considerations for piezoelectric transformers», IEEE Trans. Power Electron., vol. 17, issue 1, pp.
8-14, 2002.

[26] Andersen T. and Andersen M.A.E., «Simulation of Piezoelectric Transformers with
COMSOLy, in Proceedings of the 2012 COMSOL Conference in Milan.

[27] Wei Wei Shao, Li Juan Chen, Cheng Liang Pan, Yong Bin Liu, and Zhi Hua Feng,
«Power density of piezoelectric transformers improved using a contact heat transfer structure»,
IEEE Trans. Ultrason. Ferroelectr. Freqg. Control, vol. 59, issue 1, pp. 73-81, 2012.

[28] G. Ivensky, I. Zafrany, and S. Ben-Yaakov, «Generic operational characteristics of
piezoelectric transformersy, 2000, vol. 3, pp. 1657-1662.

[29] S. Ben-Yaakov and S. Lineykin, «Frequency tracking to maximum power of piezoelectric
transformer HV converters under load variationsy, 2002, vol. 2, pp. 657—662.

[30] R. Prieto, M. Sanz, J. A. Cobos, P. Alou, O. Garcia, and J. Uceda, «Design considerations
of multi-layer piezoelectric transformersy», 2001, vol. 2, pp. 1258-1263.

[31] Junhui Hu, «Temperature field of the piezoelectric transformer operating in longitudinal
vibration mode», 2002, pp. 1003—1006.

25



UDC 638.144
Zaika M.V., Master Degree Student,
Cherkasy State Technological University,
Tychkov V.V., Ph.D. (Eng), Associate Professor,
Associate Professor of the Department of Instrumentation, Mechatronics and Computerized
Technologies
Cherkasy State Technological University,
v.tychkov@chdtu.edu.ua
Halchenko V.Ya., Dr.Sc. (Eng), Professor,
Professor of the Department of Instrumentation, Mechatronics and Computerized Technologies
Cherkasy State Technological University,
halchvi@gmail.com
Trembovetska R.V., Ph.D. (Eng), Associate Professor,
Associate Professor of the Department of Instrumentation, Mechatronics and Computerized
Technologies
Cherkasy State Technological University,
r.trembovetska@chdtu.edu.ua

UNCERTAINTY ESTIMATION OF MEASURING CONTROL OF THE SOIL
COVER STATE AND THE CONDITIONS FOR THE CULTIVATION OF HONEY
PLANTS

Abstract. Honey plants are found almost everywhere in the Cherkasy region, but different
wild lands are far from being of equal value for their cultivation. The richness of melliferous
pastures is determined by the species composition and the number of melliferous plants growing
on them. To successfully organize the use of honey pastures and identify the right ways to
improve them, we need to know the characteristics of melliferous growing on different types of
land, and on this basis to be able to determine the value of the land in the honey bearing and the
possibility of its use and improvement. The need to constantly control the condition of the soil
cover of planted honey-bearing lands and to measure its qualitative parameters will make it
possible to assess the influential components of the total uncertainty of the measurement control.

Key words: measuring control, soil cover, honey plants, uncertainty

According to physical, geographical, climatic and soil characteristics, the territory of
Cherkasy region belongs to the forest-steppe natural and climatic zone. Under favorable climatic
conditions, the Cherkasy region is rich in vegetation, famous for valuable beautiful forests.
Cherkasy region forests, by their ecological and socio-economic importance and location,
perform mainly protective, climate-regulating, water-protection, sanitary-hygienic and health-
improving functions and have limited operational significance. They play a significant role in the
development of the regional economy and the improvement of the environment [1].

Plants are constantly exposed to various environmental conditions that affect the release of
nectar - weather conditions, temperature, sunlight, humidity, soil character, etc. Most plants in
the Cherkasy region begin to secrete nectar at a temperature of 10-12 °C, and early spring ones
produce nectar well at a temperature 22-27 °C and relative air humidity of 50-60 %, sunny, calm
weather (or weak south-westerly wind) with short rains (especially at night) and the absence of
strong night cooling.

The aim of the work - ecological and metrological assessment of the influence of climatic
conditions, soil cover, as well as mineral base for growing honey plants.

For realization, we need to:

- determine the natural-climatic and general conditions of the area and give them an
assessment from the standpoint of beekeeping;

26


mailto:v.tychkov@chdtu.edu.ua
mailto:halchvl@gmail.com
mailto:r.trembovetska@chdtu.edu.ua

- determine the species and quantitative composition of the main honey plants, establish
their honey productivity and flowering time, provide information on their botanical features;

- assess the uncertainty of measuring control of the state of the soil cover and the growing
conditions of honey plants based on monitoring and measuring the pH, moisture content and
illumination of the soil cover.

The soil analyzer uses moisture measurement and control at the root level of the plant, and
also shows the light level and pH level without any problems. It is especially important to
measure the pH level, since many honey plants are very demanding on a certain pH of the soil.

The device is non-volatile (does not require connecting power sources), is equipped with
two rigidly - fixed probes and a photocell built into the case. The device allows you to measure
and adjust indicators of acidity, moisture and soil illumination in individual areas of the
cultivation of honey plants, such as phacelia, burkun and donnik.

The moisture content of the soil cover is controlled by a color indicator:

- red zone (1-3) - dry or slightly moist soil. Suitable for moisture-loving plants;

- green zone (3-8) - slightly moist or moist soil. Suitable for most plants;

- blue zone (8-10) - very moist soil. Do not water the plants until the moisture level drops.

Main characteristics of the analyzer:

- measuring range pH: 3.5 + 8.0

- humidity measurement scale: 0 ~ 10

- range of measurement of light intensity: 0 + 2000 Im

Conclusions. The territory of the sovereign enterprise “Cherkasy Forestry” has rich and
diverse natural vegetation, but its honey resource is little used. For the effective use of the
melliferous base of the area (phacelia, burkun, donnik), it is necessary to take into account the
melliferous lands, determine their honey productivity, and the honey collection conditions of the
terrain. It is important in difficult market conditions to ensure the production of beekeeping
products with the most efficient use of bees, to make commercial beekeeping profitable.

The main conditions for growing honey plants that affect the content of bees can be
attributed to: plant (the presence of a honey base); environmental conditions affecting the release
of nectar (climate and soil conditions); environmental conditions; availability of melliferous
areas.
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AHAJII3 METOAIB KOHTPOJIIO AKOCTI 3BAPHUX IIIBIB
TA BLISAIIIOBHOI 30HHA YJIbTPA3BYKOBUM METO/J0OM

Abstract. The paper deals with the actual issue of defect in material (metal) by ultrasonic
method. One of the most important tasks is to study not only the welded joint but also near the
suture area of the welded joints using an ultrasonic method.

Key words: non-destructive testing, ultrasonic flaw detection, weld, defect

VY Ham yac 10 nedexTiB 3BapHUX 3'€IHAHb MPUBEPHYTO yBary (axiBIiB pi3HUX Tralry3ei,
mo oOyMOBJIeHO moTpebamMu Oe3nmeKku 1 CTPOKY eKCIUTyaTalli 3BapHUX €JIEeMEHTIB Ta
KoHCTpyKIii. TTousarrs «aedexrockomis» (Bix mar. defectus - memomik ShOpPEO - AMBHUTHCH)
KOMIUIEKC METOIB 1 3ac00iB HEPYIHHIBHOTO KOHTPOJIIO MaTepiaiiB i BUPOOiB 3 METOIO BUSBIICHHS
nedexris [1].

Metonu nedexTockormii 3a3BuYail KIacH(piKyIOTh 3aleKHO Bia (izuuHOro edekrty, Mo
HOro BHUKOPHUCTOBYIOTH JUIsl KOHTpousto. HaiimpocTtimmii - Bi3yaJlbHUH METOJ IPYHTYEThCS Ha
HEOJIHAKOBOMY BiJIOMBaHHI CBiTIa Bix Oe3nmedexTHOi moBepxHI ¥ Bix aedektiB. Metoau
MarHiTHOI J1e()eKTOCKOMNi TPYHTYIOThCS Ha pEecTpalii MarHiTHUX IIOJIB pO3CIIOBAaHHS Ha
nedekTax a0 MarHiTHHX BJIACTUBOCTEH JOCTIKyBaHMX BHpoOiB. Cepen YMCICHHUX METOIB
HEPYHHIBHOTO KOHTPOJIIO, 1[0 BHUKOPUCTOBYIOTH PIi3HI (i3UYHI MOJS, SKI B3a€EMOAIIOTH 3
00'€éKTOM KOHTPOIIO, IIHUPOKE PO3MOBCIOKEHHSI OTPUMAIH aKyCTUYHI (yJIbTPa3BYKOBi) METOAH
[2].

OCHOBOI0O aKyCTUYHOI Je(EeKTOCKOMii € KOHTPOIb IMapameTpiB MPY>KHUX KOJIUBaHb,
30y/KEHUX Y KOHTPOJIbOBAaHUX BUpoOax. Y HepyliHiBHOMY KoHTpodl (HK) 3actocoByroTs Oararo
THITIB YJIbTPA3BYKOBHX XBHWJIb, 110 HE BOJOAIIOTH JUCIEPCIEO MIBUIAKOCTI: 00'€MHI IMO3/I0BXKHI 1
nornepeyHi (3CyBHI) XBHJI, TOBEPXHEBI, MO3A0BXKHI Ta 1M [3].

VYapTpa3BykoBa AeQEKTOCKOIS - MOMYK Ae(eKTiB y Marepiaii BUpoOiB yIbTPa3BYKOBUM
METOJIOM, TOOTO IIJISXOM BHUIIPOMIHIOBAHHS Ta TPHHHSITTS YJIBTPa3BYKOBUX KOJUBAHb, 1
MOJAJBIIOT0 aHali3y iX aMIUTITyau, 4Yacy Mpuxoay, (GOopMH 3a JOMOMOTOI CHEI[IaIbHOTO
oOnanHaHHA — ynbTpa3BykoBoro nedexrockona (Y3) [2]. [HommupeHHs yabTpa3ByKOBUX XBUIIb
3aNIeKHUTh B SIKOCTI MiATOTOBKH JOCTIIKYBAaHMX TMOBEPXOHb 1 BIACTHBOCTEH MEX pO3ALTY
CEepEIOBUIIL.

OcHoBHUI NpuHIMI poOOTH BCiX Y3 1e(heKTOCKOIIB 3aCHOBAaHUN Ha BiJOOpaXKEHH1 XBHIIb
Bl TPAaHUYHHX I[TOBEPXOHb 1 HEOJHOPIAHOCTEH, 1O SIKUX BITHOCATHCA He(EKTH MeETaiy.
Haii6insim nommpenuit meron HK - exo-meton. Oaun npuiiaj reHepye i npuiiMae KOJIMBaHHS 32
noroMoror m'ezoenektpuunnx neperBoproBaviB (I1EIT), mo mo3Bomsie BU3HA4YaTH HASsIBHICTH
nedeKkTiB, BCTAHOBIIOBATH iX TMOJOXKEHHA 1 po3Mipu. OfHak, HEOOXiTHO BIJ3HAYHTH, IO
JIOCTOBIPHICTh PE3yJIbTaTy BUMIPIOBAHHS 3aJIEKHUTH B/ IKOCTI MIATOTOBKH IMOBEPXHI KOHTAKTY, a
BH3HAYaTH XapakTep 1 TN AePeKTy HeoOXiqHO (axXiBIEBl B pyYHOMY pekumi [4].

HedexTn 3BapHuX 3'€HaHL OyBalOTh 30BHIIIHI 1 BHYTpimHI. [0 30BHIMHIX Ae(eKTIB MpU
JIYrOBOMY 1 ra3oBOMY 3BaplOBaHHI HajeXaTh: HEPIBHOMIPHICTH IONEPEYHOro IMepepizy Io
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JOBXKHHI IIBIB, HE3AIJIABJICHI KpaTepH, Mipi3u OCHOBHOTO METaly, 30BHIIIHI TPIUHH, BIAKPUTI

nopu Tomo. BHyTpimHI nedeKkTu: HempoBapeHHS KPOMKH ab0 HECIUIABJICHHS OKPEMHUX IIapiB
npu 6araTomapoBOMy 3BaplOBaHHI, BHYTPILIHI TOPH 1 TPIIIMHY, HIJIAKOB1 BKJIFOYEHHS TOLIO.

Jedextn B 3BapHUX 3'€JHAHHSX YTBOPIOIOTHCA 3 pi3HMX npuuuH. llpu gyroBomy i

ra30BOMY 3BapIOBaHHI repepi3 mBiB Oyae HEPIBHOMIPHHUM, SIKIIO IOPYIIEHO PEKUM 3BAPIOBAHHS
. a00 HM3bKa KBaJi(iKaIlis 3BapIOBATbHHKA.

Eiia piy B nporeci 6GaratopiyHoi ekcruryararii

\ 4 — TpyOONIPOBOIIB 3 KOXHHUM POKOM 4YacTile

memeiens B1JI3HAYAFOTBCS BUINAIKH KPUXKOTO PYHHYBaHHS

MeTany TpyO B OUIS IIOBHIM 30HI KUIBIIEBUX

3BapHUX  3'eAHaHb. Po3mipm  1mHMX  30H

KOHIEHTpalli HampyXeHb CTAaHOBIATH BiJ

JEKUTBKOX MIKPOH J0 JEKUIBKOX MiIIMEeTpiB

[5]. Tomy, nyxe BaxXIMBO BXE Ha eTarli

| Jinenng eKCILTyaTallii TpyOoonmpoBOay MPOBOJUTH HOTO

KPOMOK Ta
niapizu

. = JeTalbHy 1e(heKTOCKOMiI0 HASBHOCTI HANPYTH B
s . Tim TpyOu. HanpyskeHHs B G115 IIOBHI 30Hi €
pe3ylbTaToM HasIBHOCTI BHYTPIIIHIX
Hanpy>KeHb, SKi MOXYTh OyTH BHKIUKaHI
pizHUMHU TIpHYrHaMU. J[0 OCHOBHUX MPUYHH X
MOSIBH BIIHOCSITH HEPIBHOMIPHICTh HArpiBy 1 yCaJKu 3BapHOTO IIBA, CTPYKTYpPHI 3MiHHA MeETaly i
OUIAIIOBHOI 30HU, 3aCTOCYBAaHHS HEBIAMOBIIHOI TEXHIKM 1 TEXHOJOTIl 3BaprOBaHHs (HEBIPHO
oOpaHuil IiaMeTp eleKTpoja, He JOTPUMYBAHHS PEXHMMIB 3BapIOBAaHHS), HU3bKa KBaJi(ikarlis
3BapIOBAJIbHUKA, TOPYIIEHHS PO3MIipiB 3BapHUX IIIBIB.

Merta po6oTu — 3BapHi 3'€IHAHHS 3aBXIU OYJIM 1 3MIIAIOTHCS HAWOLIBII CIa0KOI0
JIAHKOIO B OYyJb-SIKIM KOHCTPYKIIl, TOMy OJHUM 3 HaWBaXKJIHMBIIIMX 3aBAaHb € TOCIIIKEHHS HE
TUTBKH 3BapHOro 3'eqHaHHsA, a ¥ OunstmoBHOi 30HHM (BII3) 3BapHUX CTHKIB 3a JTOMOMOTOIO
YIABTPa3BYKOBOI'O METOY.

AHaJi3 cyyacCHUX METO/IIB HEPYHHIBHOTO KOHTPOJIIO /Ul BU3HAUEHHS HAsIBHOCT1 HAIIpYTH B
OLIAIIOBHIN 30HI MOKa3aB, IO B JaHWM MOMEHT JJis BH3HA4YEHHS HasBHOCTI Hampyru B BIII3,
ICHy€ TUIBKM OJUH IHCTPYMEHTAJIbHUN OE3KOHTAaKTHUN METOJl KOHTPOJII0, 3aCHOBAaHUM Ha
MarHiTHii mam'sti metany [5].

3 MPaKTUYHOTO 3aCTOCYBAHHS MOKHA BHJIUTATH HEJOJIKH METOY:

- Mayia TITMOMHA MOXKIIUBOTO KOHTPOJIO (iH(opmallisi HAAXOAUTh TIJABKU BijJl TOBEPXHEBUX
nIapiB);

- BEJIMKHH BIJIMB CTaHy MOBEPXHi;

- HEOOX1JHICTh BIUIMBY Ha TPYOOIIPOBOIH, 110 3MIHIOIOTHCS MarHiTHUM IOJIEM.

VY 3B'A3Ky 3 IIUM NPOIOHYETHCS METOAMKA MEPEBIPKH HAMPYKEHOCTI OUIAIIOBHUX 30H 32
JIOTIOMOTOI0  YIIBTPa3BYKOBOro Metoay. OCHOBOIO 3allpONOHOBAHOTO METOAY € IIBUAKICTH
HOLIMPEHHs! yIbTpa3BykoBoi xBuii B Tuti merany BII3. Ilpu nasBHOCTI Hanpyru metan BII3
MaTHUMe HEOJHOPIIHY CTPYKTYpy. Bin oaHopimHocTi ctpyktypu Mertany BII3 OGe3nocepentbo
3aJISKUTh IIBUJAKICTh MPOXOJKEHHS YJIbTPa3BYKOBOI XBUJII 4epe3 CTIHKY TpyOompoBony. 3a
3MIHOIO IIBHJIKOCTI YJIBTPa3BYKOBOI XBWJII MOKHA CYAMTH PO HEOJHOPIIHICTH CTPYKTYPH
MeTay, 1 K HaCJiJIOK PO HasiBHICTh a00 BiJICYTHICTh HANIPYTH.

BusiBnenns neekTiB 1 KOHTPOJIb MOPUCTOCTI MOKPUTTIB MOKIIMBI 3aBJIIKH MPUPOI 3BYKY.
Taxi mapameTpu, SIK 4acTOTa 1 JOBKMHA 3BYKOBOI XBHJII B OJIHAKOBOMY CEpEIOBHILI TOTOXHI,
ajie B HOBOMY CEPEeIOBHIII a00 TpH 31TKHEHHI 31 CTOPOHHIM BKpaIlJICHHSIM 3MiHIOIOThCS. Ha 11t
BJIACTUBOCTI 3BYKY 3acHOBaHa pobota Y3 nedekrockomna [3].

[IpoTsiroM  JEKITBKOX  JECATUIITH JIe(EeKTOCKONMH YJOCKOHAIIOBAIUCA B  paMKax
NOJIMNIIEHHS] BHU3HAYCHHS IepepaxoBaHMX MapaMeTpiB. l'abaputu 1 Bara JaedeKTOCKOIMIB
3MCHIITYBAJIUCS, 3'SIBISUIMCS JOJATKOBI  cepBiCHI (QyYHKIIi: 3IaTHICTH 3amam'siTOByBaTH
HaJIAIITyBaHHS; 3allaM'ITOBYBaHHS pE3yJIbTaTiB KOHTPOJIIO; PETyIIOBaHHS YYTJIMBOCTI B IpoLeci
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Pucynok 1 — Po3noain nedexris B 3BapHUX
3'€IHAHHSAX



BHUMIpIOBaHb. BIpoBasKyBaIMCS HOBI CXEMHU TPOHUKAHHS, HAITPUKIIA]], 3aCTOCYBAHHS XOPAOBUX
nepeTBoproBaviB. [Ipore, pimieHHS T™PO BIAMOBIAHICTH 3BAPHOTO 3'€IHAHHS BHMOTaM
MPUIMAETHCS 32 Pe3yabTaTaMH aHATI3y aMILTITYyId CUTHATY, KOOPJAHHAT PO3TAIIyBaHHS 1e()EeKTy
i po3mipiB medekry. IToganpinmii KPOK - CTBOPEHHS MPHIaAiB 3 posropueHHsmu B (B-scan) i C
(C-scan). ¥ posroptkax B mpuiiHsTi exo-curHamu (GopmMyroTh 300pakeHHS Ha IUIOIIWHI, B
posroptiti C 300paxeHHst hopmyeTbest 00'emHe [5]. 300pakeHHs 1eeKTiB Kpale CIpuiMaeThbCs
1 aHam3yeThbCs JIOAMHOI, HDK €XO-CHUTHal. /[l TOoJanbIIoro MOJINIICHHS 300paskeHHs
3aCTOCyBaJM  0OaraTroejeMEeHTHI  yJIbTPa3BYKOBI IEPETBOPIOBAaYl  CIUIBHO 3  METOJaMU
CHHTE30BAaHO1 allepTypH.

3MO/1e/TbOBaHO MPOIIEC TOCITIHKEHHS 3BAPHUX 3'€HAaHb 3a3HAYCHUM METOAOM (puc. 2-5).
3acToCOBYBaJIOCh IPOCBIYYBAHHS JBOMA aKyCTHYHUMHU Oiokamu. ToBmuHa meraneid 12 mm. Sk
BUJIHO 3 PHCYHKY, IIpaBa JeTalb BiIHOCHO JIiBOi, 3MilllecHa BHHU3 Ha 3 MM i MOBepHyTa Ha 4°.
OO6uacTh 3BapHOTO MIBa 00BECHA MYHKTUPOM. [3]
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Pucynok 2 - BusiBienns nedeKxty BcepeIuHi HAIABJIEHOT0 MeTAJIy MPSIMUMH i 0THOPa30BO BigOuTUMM
NPOMeHSIMH NlepeTBOPIOBaviB
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Pucynok 3 - IIpo3By4yBaHHsI BEPXHBLOI Me:XKi 1eTai 0THOropa3oBo BilOMTHMHU MPOMEHSMHU
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Pucynok 4 — IIpo3By4yyBaHHsI IOHHOT MOBEPXHi AeTaan
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Pucynok 5 - [Ipo3BydyBaHHsSI KOpeHS 3BapHOTO 3'€IHAHHS ABivi BiTOMTHMHU PpOMEHAMH

SIK BUIHO 3 PHCYHKIB 3a0€3MeuyeThCsl MPO3BYYYBAHHSA BCIX 30H 3BAapHOrO 3'€HAHHS 1
OLIAIIOBHOT 30HU.

BucHoBku. TakuM YHHOM, 3 PHUCYHKIB BHJHO, IO METOJA JO3BOJSIE TEPEBIPUTH HA
HasBHICTh Je(EeKTiB HE TUIbKH 3BapHUU IIOB , a i OLs MIOBHY 30HY (IIPH HASBHOCTI HANPYTU
meran B3 martume HEogHOpPimHY CTpyKTypy. Binm omuopimHocTi cTpykTypu Mertamy BIII3
0e3MocCepe/IHbO  3AICKHUTh HIBUIKICTh MPOXOJKCHHS YIbTPA3BYKOBOI XBHJII 4Yepe3 CTiHKY
TpyOompoBogy. 3a 3MIHOIO INBHIKOCTI YIBTPAa3BYKOBOI XBHJI MOXHA CYIHTH IIPO
HEOJITHOPITHICTh CTPYKTYPH METaly, 1 sIK HAaCliJOK MPO HAsIBHICTh a00 BIICYTHICTh HANIPYTH),
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INVESTIGATION OF PHYSICAL AND CHEMICAL QUALITY CONTROL OF
PORK PRODUCTS

Abstract. Meat quality is understood as a combination of properties that demonstrate the
suitability of meat for consumption, they include indicators of usefulness (food and biological)
and sanitary and veterinary safety (good quality and safety). By benignity, we understand the
absence of spoilage processes in meat (rotting, oxidation, bitterness, mold, etc.). Safety
indicators - the absence of bacteriological, chemical, mechanical pathogens in the meat
(pathogenic microbes, fungi, helminths, toxins, mechanical impurities, etc.). The identification of
all these indicators during the examination of meat and especially physico-chemical indicators
are a veterinary and sanitary assessment of livestock products.

Key words: measuring control, pork, potentiometric method, physico-chemical control,
feed, product quality

According to modern international requirements for the quality and safety of pork food
products due to the need for the production and sale of veterinary-sanitary products of animal
origin, the State Service for Food Safety and Consumer Protection of Ukraine approved a
mandatory minimum of research on raw materials, animal products, which should be carried out
in laboratories of veterinary medicine.

The main indicators of the quality of meat is its taste and aroma, formed due to the content
and a certain ratio of extractives in the meat, which are easily oxidized, as unstable to high
temperatures. Taste and aroma depend on the age, sex of the animals, the ratio of tissues, the
amount and distribution of fat, etc. In the meat of young animals, these qualitative indicators are
less pronounced compared to meat of adult animals. The taste of meat obtained from overworked
animals is deteriorating. The nutritional value of meat is its chemical composition in accordance
with the balanced nutrition formula (protein 1, fats 1.2, carbohydrates 4.6).

The nutritional value of meat is found in its content of proteins, fats, vitamins, mineral,
extractive and other biologically active substances.

Organoleptic and physico-chemical studies include: moisture content; fat content in meat
products; ash content; salt content; the content of one toxic element (lead, cadmium, copper,
zinc, iron) the content of chlorides; pH value dry residue, etc.

The purpose of the work is to conduct a study of the physicochemical quality control of
pork products by potentiometric analysis method.
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The most important methods are determining the pH of meat and meat products and water-
holding ability. The pH of meat and meat products was determined by potentiometric method. It
Is based on the use of a pH meter.

The ability of meat and meat products to bind moisture depends on many factors, the most
important of which are: the properties of proteins, the molar concentration of dissolved
substances, the pH value and structure of products. We used the most common method -
pressing.

The pH value of meat is an important indicator of the quality of meat from the standpoint
of technologies for its processing and storage. The water-binding ability of meat (OBC) depends
on the concentration of hydrogen ions in muscle tissue, which affects the yield of the product,
weight loss during storage, as well as the stability of the product in relation to the development
of putrefactive microflora. In connection with the peculiarities of the technology of growing,
fattening animals, their genetic indicators, there are differences in the meat of different groups of
animals that are sent for processing. In accordance with this, pork is classified according to
quality groups with the allocation of normal meat and meat with signs of PSE and DFD.

To determine the total mass of moisture in the sample, we dry the crushed sample in a pre-
weighed box in an oven at a temperature of 105 °C to a constant weight. The drying temperature
can be increased to 150 °C.

Calibration in pH measurement modes was performed daily before the start of
measurements.

Selected for calibration standard solutions (comparison solutions), taking into account the
following recommendations:

- at least two comparison solutions are required for calibration;

- preparation of comparison solutions is carried out in accordance with the methodology.

- the expected measurement result should be in the range between the pH values of the
selected comparison solutions.

- if the expected value of the measured pH is unknown, calibration should be carried out on
all four comparison solutions.

Conclusion. Improving the quality of carcasses and products of slaughter of pigs is
achieved by the following breeding methods: by inbreeding, interbreeding, as well as interline
and breed-linear hybridization. Feeding is the main factor that ensures the growth and
development of pigs, their productivity, adaptation to the effects of the environment and
ultimately affects the quality of carcasses and the chemical composition of the tissues. By
adjusting the level and mode of feeding pigs, it is possible to achieve a significant change in the
chemical composition of their body.
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INVESTIGATION OF THE MEASURING PROCESS OF THE ACTIVE
CHLORINE CONCENTRATION DISTRIBUTION IN DRINKING WATER

Abstract. In the practice of drinking water production in our country, as well as all over the
world, chlorination is still the main method of water disinfection, because today it is the most
affordable, economical and effective method of disinfection. Chlorination allows the
microbiological safety of water in the distribution network throughout the water movement at
any time due to the effect of prolonged chlorine action. The use of flow-injection method of
analysis allows automating the process of measuring control of residual active chlorine in
drinking water.

Key words: measuring control, water disinfection, active chlorine, drinking water, water
quality and suitability

Introduction. Water is the most important component of the life of all living organisms. It
is an integral indicator for flora and fauna as well as for humans. Water quality is determined by
the complex of its chemical, biological components and physical properties that determine the
suitability of water for certain types of water use.

The most important stage of water purification is the disinfection of drinking water.
Among the technological processes of water treatment of decontamination is the most important
from the point of view of prevention of epidemics.

Today there are many alternative methods of disinfection in the world (UV-irradiation,
ozonation, ammonization of water with chlorination, use of chlorine dioxide, use of sodium
hypochlorite, combined methods, etc.). Each of them has both advantages and disadvantages.
Each country should conduct state-level surveys to identify opportunities for the use of different
methods and technologies for water disinfection.

The purpose of the study is to determine the residual active chlorine in drinking water and
to determine its suitability for consumption by this indicator using ionometric flow-injection
method of analysis, and as a sensitive element iodide-selective electrode.

To investigate the selectivity and sensitivity of an iodide-selective electrode, we used it as
an electrode paired with a glass-carbon and platinum electrode sensitive to the redox pair 12/ | +.
Solutions KI 10-3 M (hc) and 12 were prepared as simulation calibration solutions for the
presence of active chlorine ions in process solutions.
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The iodometric method is based on the ability of active chlorine to displace iodine from its
compounds.

The method based on the iodometric method has become widespread in laboratory
analytical practice, which is also facilitated by the production of a standard sample of potassium
iodate (simulator of residual active chlorine), which is used to metrological provide this method
of measurement.

In Fig. shows a method for introducing corrections into the indications of ion-selective
electrodes having incomplete a specific ion selectivity. This method involves the addition of a
specific reagent to the process solution stream before this solution is analyzed by an ion-selective
electrode.

For example, pH constantly limits the use of an ion-selective electrode. The introduction of
an appropriate buffer solution in such an amount that there was no significant dilution of the
sample will allow the application of many electrodes to be expanded. In Fig. shows the flow
ratio controller used to maintain a specific ratio of the reagent and solution flow rates, measured
individually by flowmeters.

The main shortcoming of these methods of measuring control can be attributed to the
complexity of technical implementation to ensure sustainable development environmental safety.

With the using of measurement control injection methods, it is possible to achieve
acceptable accuracy, reliability and most importantly technological processes environmental
safety.

; recordin
executive | requlator deviceg
mechanism
specific
reagent converter

Fig. Measuring control method with the reagent addition

For each calibration solution, we carry out three parallel measurements of the potential and
take the arithmetic mean as a result. The calibration dependence is calculated by the least squares
method in coordinates: pl, values of calibration solutions are the corresponding potential values
in millivolts.

The measurement is visible in pairs: the measuring electrode is carbon-glass and platinum.
In both cases, the iodide-selective electrode of laboratory manufacture was used as the reference
electrode.

The determination began immediately after the selection of the calibration solutions.
During the analysis, the effects on the calibration solution of bright light, mixing, heating were
avoided.

Conclusions. The use of flow-injection method of analysis allowed to extend the range of
measurement of the concentration of active chlorine ions in simulation solutions by applying the
developed iodide-selective electrode and hydrodynamic parameters of flow measuring
transducers by 2%.

The readings of the iodide-selective electrode paired with the glassy carbon electrode are
almost indistinguishable from those of the platinum electrode, and therefore, the platinum
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electrode can be replaced by a cheaper and more reliable glassy carbon electrode for the
measurement of active chlorine ions in the chemical industry of Ukraine.
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BIMETALLIC TEMPERATURE SENSORS

Abstract. For the purpose of sensitivity and accuracy of temperature measurement, also
simplifying the construction and manufacturing process of proposed bimetallic sensors of
temperature. Furthermore, the sensitive element is cantilevered bimetallic plate, which free end
connected by transmission mechanism with axle of acapacitor with a variable capacitance (or
with magnetic core inductors), which turn on in the loop of the auto-oscillator of electricity
oscillations.

Key words: temperature, bimetallic plate, capacitor, inductor, generator of electricity
oscillation.

Known Bimetallic sensors of temperature [1,2] have next disadvantages: lack of sensitivity
and accuracy of measurement, complexity of a construction and manufacture of the sensitive
element, relatively large cost coating of a spring.

For the purpose of sensitivity and accuracy of temperature measurement,simplifying the
construction and manufacturing process of proposed bimetallic a sensor of temperature (Fig.1).

1 4

+ Af
T
l
6 l? £AN
>

2 3

Fig. 1 — Bimetallic temperature sensor, made of inductance change

Bimetallic sensor of temperature contains sensitive element 1, auto-oscillator of electricity
oscillation 2 and microcontroller 3. Sensitive element 1is cantilevered bimetallic plate 1, which
free end connected with magnetic core 3 of inductor6 by transmission mechanism 4. Inductor 6
turn on in the loop of the auto-oscillator of electricity oscillations 2, which connected with
microcontroller 3.

Sensor functions as follows.

At the start value of temperature T, (for example T¢=0°C) is set such a position of magnetic
core 5 in inductor 6, at which it will have inductance L,.The initial frequency value of the
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which is programmed to compensate for this value of frequency and the formation of informative
parameters of the sensor - the frequency Af and the digital code AN, proportional to the value of
temperature measurement. Thus, the outputs of the microcontroller 3 set the initial values of the
output signals of the sensor Af = 0, AN = 0. Changing the temperature by a value AT (for
example, an increase) leads to the deformation of the bimetal plate 1, the free end of which
through the transfer mechanism 4 leads to the movement of the magnetic core 5 inside the coil of
inductance 6. This induces a change in the inductance L, by the value AL and frequency f; of the
auto-oscillator of electric oscillations 2 by the value Af. Thus, the frequency and digital outputs
of the microcontroller 3 set the values Af and AN, which are proportional to the value of the
measured temperature AT.

Another possible embodiment of the bimetallic temperature sensor (Fig. 2), in which the
sensitive element 1 is made in the form of a console-mounted bimetal flat plate (or plate twisted
in the form of a spiral), the free end of which the transmission mechanism 4 is connected to the
variable capacitor shaft 5, activated in the LC loop - auto-oscillator of electrical oscillations 2,
serially connected to an analog-to-digital converter 3 [3].

auto-oscillator frequency of electric oscillations 2 is applied to the microcontroller,

0

1 4

+ Af
—

l

C*AC _f5 §L ool

¢ +AN

—
2 3

Fig. 2 — Bimetallic temperature sensor, based on capacitor capacity change

Changing the temperature by a value AT (for example, an increase) leads to the
deformation of the bimetal plate. The deflection of the bimetal plate 1 through the transfer
mechanism 4 causes the turn of variable capacitor shaft of the variable capacitance 5 which
changes the capacity of Cy to AC and the frequency fy to Af. In this case, frequency and digital
outputs of microcontroller 3 have set values of frequency Af and digital code AN, which are
proportional to the value of the measured temperature AT.

Conclusion. The proposed bimetallic temperature sensors can increase the accuracy,
sensitivity of measurement and have a simple and reliable construction.
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AJI'OPUTMIYHI PILIEHHSI KEPYBAHHA IP€30EJIEKTPHYHUM
JABUI'YHOM B PEXKUMI MIKPO- TA HAHOIIBUJIKOCTEHU

Abstract. This work is devoted to improvement of methods for controlling the speed of
piezoelectric motors in the micro and nano-range. Proposed speed control algorithms, which
ensured a decrease of 2...5 times the shock-vibration effect in comparison with PWM.

Key words: piezoelectric motor, velocity, vibration, nano-range.

[lepcriekTiBH BUKOPHCTAHHS TiHIHHAX 1’ €30€TIeKTPUIHUX JIBUTYHIB B
MIKPOMaHIMYJIALIKHUX CHUCTEMaX POOHTH aKTyalbHOIO MpoOJeMy KepyBaHHS iX HIBHIKICTIO B
MIKpO- Ta HaHOAianma3oHax [1].

B poGoti mpoBeneHO MOPIBHAIBHUMA aHAi3 PI3HUX ANTOPUTMIYHUX PIICHb KEPyBaHHS
I’€30€JICKTPUYHUM JIBUTYHOM B pEXHMI MIKpO- Ta HAaHOIIBHJIKOCTEH B TOpPIBHAHHI 3
tpagumiitauM mertonqom —  [IIIMom. ['onoBHMM TOpPIBHSUIBHUM KpUTEpieM OYB piBEeHb
CYIIYTHBOTO YAapHO-BiOpAIiitHOTO IITyMYy.

JlocmikeHHsT BUKOHYBJIMCS Ha JiHIHHOMY MikpoaBuryHi kimacy LPM-5 [2]. Lleii kmac
CEpIMHOrO JHIHHOTO M €30€JeKTPUYHOTO JIBUTYHA 3 O€3MOCepeHIM KOHTAKTOM 1 MPSIMOKYTHHM
TUTOCKUM PE30HATOPOM KBa3ipE€30HAHCHOTO THITY Ha CTOSYMX aKyCTHYHUX XBHIISIX.

Cxema Takoro I €30€JIEKTpPUYHOTO ABUIYHA Mpe/cTaBieHa Ha puc.l.

E2 «

Puc. 1. Cxema giHiiiHOTro I’ €30e1eKTpUIHOro ABUryHa LPM-5 3 npsiMOKyTHHM pe30HATOPOM
KBasipe3oHaHcHOTO THIY: S — caaiigep ; IIE -n e30enement; El, E2, E3- eleKTpPoau I €30eJieMeHTa;
T — mrtoBxa4; P — npy:xkuHa; I'— reneparop 30y1:KeHHsI.

CtpykTypHa cXxeMa CTeHJy [UIsi BHUMIPIOBAaHHS IapaMeTpiB JABUTYHa B IIpoIeci
JOCIIIJKeHHS IPeICTaBIeHa Ha pHc.2.

Crtena BKIIIOYAB TOCIIIOBHO 3 €IHAaHI TIEPCOHATBLHUN KOMIM 0Tep, meperBoproBay USB-
UART, MIKpOKOHTpOJep, MiJICHIIOBaY CHTHAJIB TeHeparopa 30y/DKEeHHS, JOCHIKyBaHUN
JIIBUTYH, II €30€JICKTPUYHUN JaTYUK yJapHO-BIOpAIIfHOTO IIIyMy, BHUMIPIOBAY IIBHJKOCTI
JIBUTYHA. BuMiproBau MIBHAKOCTI ONTHYHO 3B A3aHUH 3 PYXOMOIO  KapeTKol IBUTyHA 1
€JIEKTPUYHO 3 KOHTPOJIEPOM.
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Puc.2. CTpykTypHa cxeMa cTeHAY /I BUMIPIOBaHHSA NapaMeTPiB I €30eJJeKTPHYHOI0 JBUTYHA:
IIK- nepconansuuii komn 101ep, MK- MiKpOKOHTpOJIep

IT" e30enekTpUyHM 1aTYMK yAapHO-BIOpAIIiHOIO 1IyMy >KOPCTKO OyB BCTAHOBJICHMH Ha
KOPITyCi IBUTYHA 1 €JIEKTPUYHO 3B si3aHui 3 mudppoBumM ocumiorpadom tumy Tektronix, Buxin
AKOTO TiJ €IHAHO JI0 TEPCOHAIBHOTO KOMII IoTepa. AMIulTyAa BiOpaliil oliHIOBaiacs
BUXOISIYM 3 YyTIWBOCTI m’e30garunka (20mMB/MkxM). B mpormeci BHMipiOBaHb J10JaTKOBO
KOHTPOJIFOBAJIM CTPYM II’€30IBUT'YHA 3a JIOTIOMOI'O0 BUMIpIOBaua CTpyMy, a BECh CTEH/] JKUBUBCS
B1JI JpKepena TocTiitHoro ctpymy 12B.

JUis pi3HUX MIBHJIKICHUX 1HTEPBAJiB AOCHIDKYBAJIUCS PIi3HI alrOpUTMH KEpyBaHHS
MIBUKICTIO.

[TopiBHsUIBHUI aHaJ3 CYNMyTHBOTO YyJIapHO-BIOpaliHOrOo edeKTy sl pi3HUX METOJIB
KepyBaHHsI IIPEICTaBIEHO Ha puc.3.
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Puc.3. AMmiiryaa cynyTHix BiOpaniii npu pisHux aaropurmax kepysanns ta llIIMom B niana3soni
mBuakocrei 10 mxm/c...10 mm/¢c
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InTepBana 10 mm/c....1 mm/c. Haitbinpin epeKTUBHUM B IIbOMY Jiamna3oHi MIBUIKOCTEH
BUSABHMBCS (YMOBHO Ha3BaHU) 4YacCTOTHO-OE3NEpepBHUI alropuT™m, sKui Oa3yBaBci Ha
HAJIAIITYBaHHI IIBUAKOCTI 332 CHUTHAJOM JaTYMKa MIBHAKOCTI IIJISIXOM 3MiHM 4YacTOTH Ha
PaBOMY CXHJIi YaCTOTHOT XapaKTEPUCTHKH I’ €30€JEKTPUYHOr0 qBUryHa [3].

B takomy anropuTmi Kpok KBaHTYBaHHS YacCTOTH 30Y/XKEHHS — IMCKPET 3MIHM YacTOTH 3a
CUTHAJIOM TMOMUJIKU MiJA0UPaBCs 3 YMOBU KPYTU3HU CaMOi YaCTOTHOI XapaKTEPUCTUKH, a CUTHAI
NOMWJIKK (OPMYBaBCSl 1O IHTETpaIbHOMY (HAKONUYYBAJBHOMY) NPHHIMITY NPHHHATHX
IMITYJIBCIB 3 €HKoJepa. AMIUTITYay BiOpamiii B IbOMY Jdiama3oHi B IMOPIBHSAHHI 3 IIWPOTHO-
IMITYJIbCHOIO MOJYJISILIIEI0 BJIAJNIOCS 3MEHIIMTH B 3-5 pasiB. IIpu 1bOMy MpakTHYHO HMOBHICTIO
BJIaJIOCS] BUKJIFOUNTH aKyCTUYHUN ITyMOBHM €eKT, CyIyTHIH yaapHO-BiOpaliiHOMY.

IntepBan 1 mm/c....0.1 mm/c. s poGoTH B 1IOMY IHTEpBali IIBUAKOCTEH HANHOUIBIIT
e(DEeKTUBHUM BHUSBUBCS IMITYJIbCHO-TAQPMOHIMHUI aldropuT™M 3 “‘nakeramu’’ 30y/DKCHHS 1
¢ikcoBaniii dyacToTi iX cuigyBanHi. Yacrtora 30yIKEHHS [BUTYHa B CaMUX ‘‘Tlakerax’
3MiHIOBaiacsd 3a TApMOHIMHUM 3aKOHOM (IPUHLMUI YacCTOTHOI “rapMoIIKu’), a MiJACTPOIOBaHHS
MIBUJIKOCTI 3JIIHCHIOBAJIOCS 332 CHTHAJIOM MOMMJIKM IIBUIKOCTI IIJISIXOM 3CYBY BCHOTO “TIakeTy”
30yKeHHS Ha iIKCOBaHMI KPOK KBAaHTYBAHHS 110 MPAaBOMY KOHTYPY YaCTOTHOI XapaKTEPUCTUKH
nBurysa [3].

[Ipy 1pOMy YacTOTHA IIHMPUHA “TIAKETy’, IMIBUAKICTH 3MIHM YacTOTH 30yIKEHHS B
“makeri”, 4acTtora ClilyBaHHA “TIaKeTiB”, CUTHAI (OPMYBaHHS TMOMHIJIKH 1 T.J. TiIOHpaIUCs
eKCIIEPUMEHTAILHO 3 BpaXyBaHHSAM MiHIMi3allil yaapHO-BiOpaitHOro eexTy.

Awmmutityny BiOpamii B JaHOMY Jiana3oHi TMOPIBHSAHO 3 IMIMPOTHO-IMITYJIbCHOKO
MOJIYJIALII€I0 BIAJIOCS 3MEHIIUTH B 2-3 pasu.

IntepBan 100 mxm/c....10 mxm/c. st poGotm B 1bOMY IHTEpBaIi JOCIIIKYBaBCS
YaCTOTHO-IMITYIbCHUN anroput™m 3 ‘“‘maketamu’ 30y/DKEHHsI (32 aHaJOTi€l0 3 MOMepeaHiM
QITOPUTMOM), aJie B IKOMY YacTOTa CJilyBaHHS “‘TIaKeTiB” 3MiHHA (3MEHIIyBaJIacst MPOMOPIIITHO
3MEHILIEHHIO IIBUAKOCT1).

B o6unacti ~10 MKkM/C piBeHb yapHO-BIOpALIHHOTO IYMY SK JJIsi JAHOTO aJrOpUTMY, TaK 1
JUI IIMPOTHO-IMITYJBCHOT MOAyJsuii OyB OnMM3bKUM 10 BiacHoro mymy BiOpomatuuka (~0,3
MKM), @10 BKa3zyBaJOo Ha MOXJUBICTh KepyBaHHS B pexumi [HIIMy B o6macti 4k
MIKpOUIBHJIKOCTEH, TaK 1 HAHOIIBUKOCTEH.

Cnucok Jiteparypu

1. TIlerpenko C.®. IIpe303neKTpUYECKUl OBUTATENh B  MPUOOPOCTPOCHUU /
C.®. Ilerpenko. — Kopniituyk, 2002.— 96 c.

2. Digital International Technology [Enexkrponnuii pecypc] : [Beb-caiit]. — Enextponni
nani. — USA: Digital International Technology, 2019. — Pexum moctymy: www.dtimotors.com
(mata 3BepuenHns 1.08.2019) — Ha3sa 3 expana.

3. Tlerpenko C.®., Omensu A. B., Anrontok B. C., Hopakoscekuii O.I Cucrema

KepyBaHHs I’ e30eneKTpuyHuM 1BUryHOM / Bicauk HTYVY “KIII”. Cepis [IpunanoOynyBanus. —
2018. — Bum. 55, ¢.5-10. DOI: 10.20535/1970.55(1).2018.135857

41


http://www.dtimotors.com/
https://doi.org/10.20535/1970.55%281%29.2018.135857

UDC 665.3
Piskyn T.0., Master Degree Student,
Cherkasy State Technological University,
Halchenko V.Ya., Dr.Sc. (Eng), Professor,
Professor of the Department of Instrumentation, Mechatronics and Computerized Technologies
Cherkasy State Technological University,
halchvi@gmail.com
Tychkov V.V., Ph.D. (Eng), Associate Professor,
Associate Professor of the Department of Instrumentation, Mechatronics and Computerized
Technologies
Cherkasy State Technological University,
v.tychkov@chdtu.edu.ua
Trembovetska R.V., Ph.D. (Eng), Associate Professor,
Associate Professor of the Department of Instrumentation, Mechatronics and Computerized
Technologies
Cherkasy State Technological University,
r.trembovetska@chdtu.edu.ua

INVESTIGATION OF THE MEASURING CONTROL PROCESS OF THE ACID
SEED OIL NUMBER AND THE AMOUNT OF CRUDE FIBER ON THE PROTEIN
CONTENT IN OILSEED CROPS SEEDS

Abstract. Currently, there is a problem of instability of the protein content in the original
seeds of oil crops and products of its processing. There is a different quality of oilseeds coming
to food industry enterprises according to physicochemical parameters. Therefore, it is necessary
to conduct a study in terms of producing data on the dependence of the protein content in
oilseeds and its processed products on the constituent parts (huskiness, weediness) and physico-
chemical parameters: moisture content, crude protein, crude fiber, crude ash, nitrogen-free
extractive substances and the acid number of the oil in the seeds. The result of the research is
aimed at improving the quality of production meal from oilseed seeds from the point of view of
further increasing its effectiveness as a source of high protein feed in poultry and animal
husbandry (improving and maintaining their amino acid composition and increasing protein
digestibility by the animal’s body). Meal with a low fiber content (8-10%) has advantages in the
production of food protein and vitamin products.

Key words: measuring control, acid number, protein, crude fiber, oilseeds

Introduction. Oilseeds include crops in which seeds or fruits contain not less than 15% of
oil. Among the oilseeds are crops grown solely for the production of oil (sunflower, castor,
rapeseed, sesame, mustard, red, flax oil, poppy, etc.), and plants of complex use, from which oil
is obtained as a by-product in the processing process (cotton, soybean, flax, hemp, peanuts, etc.).
Guarantee of stable high quality of food protein products from oil seeds in many respects is
determined not only by qualitative characteristics of seeds and meal, but also by technological
aspects of production. It is noted that most of the deviations in the sunflower meal were observed
due to the excess temperature of its treatment. The processing temperature of sunflower meal
exceeding 106 ° C should be avoided, as this leads to the destruction of the major part of lysine,
methionine, phenylalanine and tyrosine, the main limiting amino acids in the production of
compound feeds.

The chemical composition of sunflower seeds mainly depends on the variety, climatic
conditions, soil and cultivation.

The aim of the work - estimation of the process of the measuring control of the acid
number and the number of viral clits in combination with the most recent infrared analyzer for
recording reflection spectra in the near infrared region (from 800 to 2500 nm) with an indication
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of the results personal computer or device display and with the provided printout of the results
on the built-in printer.

The problem associated with a high protein content in sunflower meal is primarily
associated with a high level of fiber, as a rule it is 11-18 %, in comparison with other oilseed
meal (soybean meal — 3%). Fiber includes all non-starchy substances consisting of
polysaccharides, beta-glucans, xylans, arabans, pectins, oligosaccharides and related substances,
such as resins, which resist digestive enzymes. Sunflower meal with a high fiber level of more
than 12% can create excess feed, weakening nutrients and, as a result, can cause the feed to swell
and linger in the intestinal tract, which can be a problem for the bird, because their digestive
system has a limited volume .The measurement method is based on recording the reflection
spectra of the analyzed samples in the near infrared region (from 800 to 2500 nm) and
determining the mass fractions of moisture and volatile substances, fat, protein and fiber in them.
Calculation of the values of indicators is carried out according to pre-created calibration models.

Calibration models are calculated by multivariate analysis on the spectra of calibration
samples with known values of the determined parameters. To calibrate the IR analyzer for each
indicator, we use at least 50 calibration samples. We select the samples in such a way that the
mass fractions of the analyzed indicator in the calibration set are evenly distributed over the
entire measurement range. The correlation coefficient of the calibration model is at least 0.8.

Conclusions.

An advantageous characteristic of oilcake and oilseed meal is the absence of anti-
nutritional factors that are present in soybean, rapeseed, flaxseed and cotton cake and meal and
set limits on their use in feed. Soya contains: urease, lectins, oligosaccharides and estrogen
components. In cottonseed - gossypol, in rapeseed - glucosinolates. Processing meal, at a
temperature of 100-120 °C, destroys about 43% of chlorogenic acid. To avoid damage to
sunflower seeds, cleaning, drying and cooling of seeds should be carried out before laying them
for storage. The best option is to store seeds with weediness not exceeding 1 % and humidity not
exceeding 6-7 %.
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INVESTIGATION OF THE MEASURING CONTROL PROCESS OF ENZYMES
IN THE FEED FOR POULTRY FARMING

Abstract. More efficient of using nutrients feed is one of the important tasks of poultry.
Maximize the genetic potential of embedded suppliers of poultry feed will be impossible without
the new technology in nursing. Today, the common practice is to use enzymes to improve the
nutritional value of the diet and mitigate variability in nutrient composition of feed components.
The need to control content measuring enzymes in feed for fattening poultry - the main task is to
reduce the cost of feeding poultry and productivity at the same cost of production.

Key words: measuring control, an enzyme feed, poultry, uncertainty, modeling approach

In forming, the feed enzymes should take into account the type and age of the bird. In
general, most known positive effects of feed enzymes with the introduction of a feed for poultry,
is as follows [1-2]:

« destruction of the walls of plant cells, thus increasing the availability of existing starch,
protein and fat of enzymes for the digestive tract;

e increasing the digestibility of nutrients and facilitating their absorption in the small
intestine;

« reduce the negative impact non-starch polysaccharides, especially soluble fractions;

« compensation own deficiency of digestive enzymes, especially in young animals, and in
stressful situations;

« improvement of microflora in the small intestine by reducing the viscosity of the chyme
and improve monosaccharides.

These functions feed enzymes, accompanied by changes in these parameters in poultry
production:

« feed rations value increases by 5-10 % due to more complete extraction of nutrients and
release energy with their digestibility increased by 6-10 %;

« reduced feed consumption per unit of production on 5-14 %;

« increasing productivity poultry 5-12 %;

e it is possible to replace expensive components such as feed corn and soybean meal,
cheaper (wheat, barley, oats, rye, sunflower meal and cake) with a high content of fiber, without
reducing productivity;

« decreases the amount of moisture and litter moisture and consequently litter;
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« improving the environmental situation of the environment through better assimilation of
nitrogen and phosphorus organism poultry and reduce the release of these substances into the
environment by 20-40 %.

The aim of the work - to study process measurement control enzymes in feed for poultry
using modeling approach using liquid chromatography. The study is to estimate the total
uncertainty of sampling used when assessing the average content of enzymes in each batch of
feed. For the target object is taken initial sample weight of 500 g bag weighing 25 kg.

The assumption - and no gross error is negligible errors from improper sampling using the
rules of correct sampling of the target object.

Material samples of primary crushed fraction to less than 0,5 mm. Subsequently, the
sample was extracted from the primary sample weighing no more than 2 g using solvent and
enzyme concentrations were determined by liquid chromatography. The relative standard
deviation of measurement control by 5 %.

To assess the uncertainty sampling using a model approach and the theory of sampling
must use two primary and secondary test and know:

- a lot of both tests;

- mass of the target object which are taken both tests;

- particle size;

- distribution parameter estimation on the size;

- mass average share of enzyme a facility;

- mass fate of the enzyme in the particles of enzyme;

- enzyme particle density;

- particle density matrix taken shape factor value for spherical particles.

It was found that the largest source of uncertainty in measurement process control enzymes
in feed for poultry is the primary sample preparation for extraction of the enzyme.

Conclusions.

Proper selection and use of enzymes in fodder makes it possible to reduce the cost of
feeding birds and increase productivity at the same cost of production.

The measurement values for each batch of enzymes target object to be presented no more
than 25 %. To confirm the possibility of using feeds must conduct periodic monitoring of feed in
the workplace.
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Abstract. With the rapid growth of our planet's population and the emergence of food
crises in individual countries, land is turning into a strategic resource that ensures the economic
security and independence of any state. For Ukraine, where land is the guarantor of economic
stability and the greatest national wealth, its rational use and preservation for future
generations is one of the highest priority areas of activity. In recent years, the integration of
organic, biological, biodynamic, extensive, intensive and to-till agriculture with modern
technologies, in particular with digital information and technical systems of local operational
monitoring of agricultural land. The latter direction is relevant and promising for the natural
and climatic zones of Ukraine.

One of the main approaches in the application of digital farming technologies is to
optimize the yield of crops to ensure the environmental component of the quality of agricultural
products. As part of our research, we propose to study and investigate the method of chlorophyll
induction of chlorophyll (IFH) as the most expeditious and expressive to study and analyze
vegetation status for industrial farming conditions.

Combining this method with digital information and technology forecasting will help you
manage your planned yield. Therefore, the main purpose of the work is to study and study the
most intensive and expressive method of induction of chlorophyll fluorescence in order to assess
the condition of crops in industrial farming and to combine this method with innovative digital
farming, aimed at forecasting and ultimately to final management.

Comprehensive leaf diagnosis is recommended for use not only for fruits and berries, but
also for cereals, vegetables, fodder and ornamental crops. The use of the proposed technology
will allow the operational monitoring of the agrobiological state of agricultural land
immediately before performing the technological operation.

Keywords: Information system, identification, agrobiological status, agricultural land,
fluorescence induction of native chlorophyll, ground monitoring.

CyuacHi TeXHOJIOT11 arporpoOMHICIOBOI0 BUPOOHUIITBA BUMAraloTh BUKOPUCTAHHS €KCIIpecC
METOJIB JJI aHalli3y BMICTY MOXXHUBHUX PEUOBUH Y POCIMHI I BU3HAUEHHS 3arajlbHOTO
OIEPATUBHOrO arpo0ioJIOriYHOr0 CTaHy CLILCHKOTOCHOAAPChKUX YTib. ICHYe BenHka KUIbKICTh
NpWIAAIB JUIsl IPOBEJACHHS €KCIIPEC aHalli3y BMICTY MOXHBHUX PEYOBHH y TPYHTI Ta POCIHUHI.
[TpoTe HaOLIBII TOYHUM € BU3HAYCHHS MapaMeTpiB MOKUBHUX PEYOBUH JIMIIE JTaOOPaTOPHUM
MeToa0M. Takok BapTO BIA3HAYUTHU IO TIPH MPOBEJACHHI TEXHOJIOTIYHOI omepariii ciBOu, aHai3
HEOOXIJTHO MOIepeHbO MPOBOAUTH aHANI3 IPYHTY (s 3abe3nedeHHs AUQepeHIiHoBaHOTO
BHECEHHSI TEXHOJIOTIYHOTO Marepialy y TPyHT), a y IMepioJ Bereramii — pociuHu (AJs
3a0e3neueHHs audepeHIiiioBaHOr0 BHECEHHS TEXHOJIOTIYHOTO MaTepially Ha POCIIHHY).

ITpo Te, AKIIO IpU BU3HAYCHHI BMICTY MOXHMBHHUX PEUOBHH y T'PYHT, MH MOXXEMO MaTH
3amac 4yacy Ui iX BU3HAUEHHS Ta MPUUHATTS PIlICHHS, OCKUTBKHA BiI MOMEHTY 300py BpPOXKarO
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0 MOMEHTY TMPHUHHATTS PIIICHHS, SIK MPABHJIO, MPOXOIUTH BiJl ABOX JO ACB’STH MICSIIB JO
IPOBE/ICHHS] HACTYMHOI TEXHOJIOTIYHOI omepalii, 4oro IUIKOM JOCTaTHbO MJIsi INPOBEIECHHS
aHaJi3y MOXMBHUX PEYOBUH Yy IPYHTI JJaOOpaTOPHUM METOAOM MPOTATOM Jecatu AHiB. Ilpu
BU3HAYCHHI BMICTY MOKMBHUX PEUOBHH y POCIHHI y MEpioj BEreTaiii, JJAOOpaTOpHUI METO €
Maoe()eKTUBHUM, OCKIIBKM MU 3HAYHO OOMEXKEHI y 4aci, OCKUIBKH BiJl MOMEHTY 3a00py mpo0
JI0 IPUNHATTS pillleHb Ta BAKOHAHHS TEXHOJIOTTYHOI oIepalii 4acoM MPOXOAUTh HaBITh JEKIIbKA
rogud. Tomy Mu oOMexeHi y yaci aHajizy mpo® pociuHy, TOMY 3a IUX YMOB JaOopaTOpHUN
aHaJi3 € MaJIo JIIEBUM, HE3BaKAIOUM Ha 1X TOYHICTh. OCKUIBKHM MPU IPOBEICHHI aHAJI3y BMICTY
NOXXMBHUX PEUOBHMH Yy POCIMHI Yy TMEpioj BereTamii MH HE MaeMO 3amacy 4acy, TaK SK IpH
MPOBEACHHI aHami3y iHdopmarii mpo arpoOIONOTIYHMM CTaH POCIMHHOCTI HaM MOTPiOHO
OTEpPAaTUBHO OTPUMYBATH iH(OPMALiIO Bigpa3y Hepea BUKOHAHHIM TEXHOJIOTIYHOI omeparii 1mo
BHECEHHIO [TO’)KUBHUX PEYOBUH Y IPYHTI.

Tomy BHHHMKae HEOOXITHICTH ISl PO3POOKH HPUCTPOIO ISl JIOKATBHOTO OINEPATUBHOTO
MOHITOPHHTY Ta iAeHTH]iKalii arpo0ioJOriYHOr0 CTaHy CLIBCHKOTOCHOIAPCHKUX KYIBTYP.
Haiibinpmry edekTuBHICTP y IbOMY HANpsMKYy MAalOTh HPUCTPOIO TOOYAOBaHI HAa METOIY
1HAayKii Guyopecuenuii HaTuBHOTo xiopodiny (I1OX).

[IpoBenemo aHami3 TPUCTPOIB I JIOKAJIBHOTO OINEPAaTUBHOTO MOHITOPHHTY Ta
imeHTudikamii arpo0ioJOriYHOr0 CTaHy CUIbCHKOTOCIOAAPCHKUX KYIbTYp METOIOM IHIYKIIIT
dyopecnentii HaTuBHOTrO Xxyopodiny. ¥ 2014 Oyino onyOmikoBaHO cTaTTIO y opmari 3anuTaHb
1 BIANOBiAEH Ha cepil0 (QIYOpPECHEHTHUX TEeMaTUK 1HAYKIIT (iayopecueHIii HaTUBHOTO
xsopo¢iny [1]. Tlpore 3anummaocs NOCTATHHO MUTAHb MPH IPAKTHYHOMY BIIPOBADKCHHI y
CY4acCHUX TEXHOJOTISIX arpapHOro BUPOOHUIITBA, 30KpEMa Yy POCIMHHHITBI JUIs ONEPAaTUBHOIO
MOHITOPUHT arpo0ioJIOTiYHOr0 CTaHy CLIBCHKOTOCHOJAPCHKUX YTigs. Y naHiil poboti [1] mu
PO3MIIAIa€EMO TMUTAHHS PO B3Aa€EMO3B'A30K MDK IMIBUAKOI (DIyOpEeCLEHLIE0, BUMIPSHOIO 3
BUKOpUCTaHHAM (iyopumerpis, Takux sik PAM i HandyPEA, i 3arpumkoro ¢iyopecnenuii,
Habararo ciabmoro Ky3eHy PF, mo BUNpoMiHIOEThCS y BIANOBiAb Ha peakuii pekoMmOiHallii B
PSII ; posnonin eneprii; qP npotu qL; ananmiz aexuibkox ¢gopm ctpecy 3 BukopuctaHHsm Chl
¢anyopecuennii; obnacte mapametpiB BunpoOyBanus JIP 1 FJ; macmigku ¢ayopecueniii, mo
Bunyckaetbest PSI mnga mapamertpis, takux sik FV / FM; MipkyBaHHsA npu BinOopi Jepes;
npusHadeHHs cmyr ¢uiyopecueniii; QTL nocnimkye Ha Chl diyopeciieHTHO-TIOB'I3aH1 03HAKU 3
TOUYKH 30py (hIyopecleHii 1 KiJIbKa IHIIUX TEM.

L]o o make ghnyopecyenyis xaopoginy i womy mu tioco suguacmo? dmyopecuenuis (Chl)
MoOke OyTHM BH3HAu€Ha SK YEPBOHE JO JAJEKOr0 YEpPBOHOIO CBITJIA, BHUIPOMIHIOBAHOTO
(OTOCHHTETUYHMMHU TKaHWHAMH / OpraHi3MamMH IpU OCBITJIEHHI cBiTioM npuOiau3Ho 400—700
HM ((OTOCHHTETHYHO aKTHBHE BHIPOMiHIOBaHHS ab0 PAR) [2]. V¥V mpoMy crektpi cuHe i
YEepBOHE CBITJIO 30YKYIOTh XJI0po(ia eeKTUBHilIEe, HIX 3eJIeHe CBITII0. X04a (IyopecleHIis
Chl sBnsie coboro nuie HEBENWKY YacTKy MOMIMHEHOI eHeprii [mpubmauszHo 0,5-10%], ii
IHTEHCUBHICTh CTAHOBUTH OOEPHEHO MPOMOPIIiifHA YacTi eHeprii, 10 BUKOPHCTOBYETbCS IS
dboTtocunaTe3y (OKHUCHO-BiTHOBHUHN edekT) [3]. 3 miel mpuunau curHan dayopecteniii Chl moxe
OyTH BHKOPHCTAHUH B SIKOCTI 30HAA U1 (DOTOCHHTETHMYHOI aKTUBHOCTI. Y TOH ke wuac,
dbayopecueniiis Chl takoxx o0epHEHO TpOMOpIliiiHA 3MIHAM JAWCUIIATUBHOTO TETUIOBUIIIICHHS
(ebext BHXOIY, TOOTO 3OIJbIIEHHS BUXOAY TEIJIOBOTO BUIPOMIHIOBaHHS IPHU3BOJIUTH JI0
3MEHIIEHHS BUXOJy BUIIPOMiHIOBaHHS (yopecueniii) [4], 1, omke, Chl dayopecueniis Moxe
OyTH BHMKOpHCTaHa TaKOX JUII MOHITOPMHIY PperyJisiTOpHHX HpOIECiB, IO BIUIMBAIOTH Ha
arpoOI10JIOTiYHUN CTaH CUIbCHKOTOCTIOAAPCHKUX POCIMH Ta 3alieXaTh Bl BMICTY IHOKHBHUX
pPEUOBMHY Yy pOCIHHI Yy TMeBHY a3y poCTy Ta pPO3BUTKY pPOCIMH. TakoXX Ha I1HAYKIIIO
dayopecteHIlii HATUBHOTO XJIOPO(UTY y POCIMHI BIUIMBAIOTH XBOPOOW Ta IIKITHUKH, SIKI
CHPUSAIOTH 11 IPUTHIYEHHIO, TOMY Ha I1€ TaK0X MOTPIOHO 3BepTaTH yBary.

Bei mi dakropu, B3aTi pasoM, MoxyTh neperBoputu Chl Ha ¢ayopecuenuiro B
HEpOo30ipIMBUN CHTHAJI, ajie 3aBASKH po3poOli creunpiyHUX MPOTOKOMIB, 1 3a JOMOMOIOI0
JTIOTIOMDKHHMX METOIIB, Pi3HI €eKTH MOXKYTh po3aisaTucs, neperBopioroun Chl ¢uryopecueniro
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B MOTY)KHUH 1HCTPYMEHT Ul JOCITIJUKeHHsI (poTOoCHHTE3: rapTiBHUM anami3 [5], JIP tect [6; 7]
TOLIO.

Bimomuit npuctpiii [8], sikuii MicTUTh KaHaN 30y/KeHHS 1 mpuiioMmy ¢uIyopecieHIii Ta
eJIeKTpOHHUM 6110K. [IpuunHOIO, 110 3aBa)kae OIEP/KAHHIO OUIKYBAHOI'O TEXHIYHOT'O PE3yJIbTaTy
€ Te, U0 MPHUCTPi aHAIOT HE JO3BOJISIE MPALIOBATU 3 JIMCTSIM POCIHHHM, & TAKOXK OJIEPIKYBATH
KpUBY 1HIYKIIT (iryopecieHiiii, MOKa3HUKH SKOi CIYTyIOTh JIarHOCTUYHUMHU O3HAKaMH.

Haiibmmxkyum 1o cyTi 10 3amporoHOBAaHOTO MPUCTPOIO € mpuiaf [9], siKuil MiCTHTH OJI0K
€JICKTPOHHOI 00pOOKH 3 ITU(POBUM IHIUKATOPOM Ha BUXO/II, KJIaBIaTyporO Ha BXOJI, 3'€THAHHH 3
OJIOKOM KHBJICHHS, SIKUM TIIKIIOYCHUN 0 KIaBiaTypH, a TaKOXK BUHOCHHN ONTUYHHUN JATYUK
(cercop), 3'emHaHM 3 BXOJOM OJIOKa EJIEKTPOHHOI OOpoOkH. JlaTuMK BKIIIOYAE JDKEPEIIO
OCBITJICHHS Y BUTJISIZI JIAMITH PO3’KapeHHs, 3aTBOP, CHHbO-3€JICHUI Ta YePBOHUH CBITIOPUIBTPU
1 hoTonpuiimady.

[TprurHOIO, 110 3aBaXKae OJICPIKAHHIO OYIKYBAHOTO TEXHIYHOTO PE3YNbTaTy € T€, M0 BY3JIU
1 3B'I3KM MK HUMHU y MPUCTPOI-IIPOTOTUII OOMEKYIOTh HOTO (DYHKI[IOHAIBHI MOXIIUBOCTI: HE
JIO3BOJISIFOTH MIHSTH PEXHUM OCBITIIEHOCTI, 30KpeMa IHTEHCHBHICTD Ta iIMITyJIbCHE OCBITJIICHHS Ha
(GoHI HemepepBHOIO, B MEXaxX OJHOrO IMKJIAa BUMIPIOBaHb, HE JO3BOJIOTH OJEp)KaTH Ha
inaukaropi kpuBy I®X mus i aHamizy, CyTTEBO YCKIAIHIOIOTH MEPEOPIEHTAIIII0 MPUCTPOIO HA
poOOTY 3 IHIINM CTPEC-UMHHUKOM Ta JeTanbHuii aHani3 Ha [IEOM pe3ynbTaTiB OaraThoX IUKIIIB
BUMIPIOBaHb.

Bigomuii ipuctpiii [10], skuit mossirae y peecrpaitii iHGpadyepBOHOrO MOTITMHAHHS JINCTA
pociuHU y criekTpanbHii obnacti 850-1750 cm y MiHyc mepmiomMy cTyneHi i3 mBuakictio 160—
400 cM y MiHYC MepIIOMY CTYIEHI/XB. YpaK€HHUM BBaXalOTh 3pa30K 3 MAaKCHUMaJIbHOIO
IHTEHCUBHICTIO iH(ppauepBOHOTO NOTJIMHAHHS B TIOPIBHSHI 13 3/I0POBOIO POCINHOIO.

CrhibHMMH pHCAaMM aHAJOTy 1 3alpPONOHOBAHOIO CIOCOOY € OINPOMIHEHHS POCIUHH,
NpUHOM Ta BUMIPIOBAHHS ONTHYHOTO CHUTHAITY, IO B3a€MOJIE 3 OMPOMIHEHOIO OOJIACTIO JIUCTA.
[TprunHOIO, 110 3aBaXka€ OJIEPKAHHIO OUIKYBAHOI'O TEXHIYHOTO pe3ysbTaTy € Te, IO CIOociO-
aHaJIoT He J03BOJISIE 1IeHTU(IKYBAaTH BIpYCHY CTPOKATICTh POCIIHH.

Binomo imyHo-hepmenTHuit [11], sikuil monsrae y 3apakeHi pOCIMH-1HAUKATOPIB COKOM
JOCHIAHUX POCIMH 3 HACTYyIHUM BU3HAYEHHSM YPaXE€HOCTI POCIIMH-1HIMKATOPIB MUIIXOM
NOPIBHSAHHS ONTUYHMX IIUIBHOCTEH 3pa3ka 1 KOHTposto. CHUIBHUMHM pHCaMU aHajory i
3aMpOIMOHOBAHOTO CIIOCO0Y € ONPOMIHEHHSI POCIHMHHU, MPUHOM Ta BHMIPIOBAaHHS ONTHYHOTO
CUTHAJly, II0 B3a€EMOJI€ 3 ONPOMIHEHOI0 o0nacTio JucTa. [IpuunHoro, 1110 3aBa)kae oepIKaHHIO
OUIKYBAaHOTO TEXHIYHOIO pe3yjibTaTy € Te, 10 choci0-aHanor mnoTpedye CKJIaJHOTO
nabopaTopHOro 00JIaJiHaHHS, PEaKkTHBIB, 0araTo 4acy (3 pOCIMHOIO-IHIUKATOPOM /10 4 POKiB) i
HE J103BOJISIE€ 3/11MCHIOBATH BU3HAUYEHHS in Vivo Y OJbOBUX YMOBax.

Binomuit npuctpiit [12], sikuii nonsirae y peectparii iHppayepBOHOTO MOTJIMHAHHS JIUCTA
pociuHu y criekTpanbHiil o6nacti 8501750 cM y MiHyC nepiioMy cTymeHi 13 mBuakicto 160400
CM Yy MiHyC TMEpUIOMY CTYNEHI/XB. YpaXXeHUM BBaXalOThb 3Pa30K 3 MaKCHMaJIbHOIO
IHTEHCUBHICTIO 1H(pauepBOHOTO MOTJIMHAHHSA B OPIBHAHI 13 3J0POBOIO POCIHHOIO.

CrhibHUMH pUCaMH aHAJOTy 1 3alpONOHOBAHOTO CHOCOOY € OMPOMIHEHHS POCIHHH,
MPUIOM Ta BUMIPIOBaHHS ONTUYHOIO CUTHATY, 1110 B3a€MO/II€ 3 OIIPOMIHEHOIO 00JIaCTIO JIUCTA.

[TprunHOIO, 110 3aBa)ka€ OJEPIKAHHIO OUIKYBAHOTO TEXHIYHOTO pE3yNbTaTy € Te, IO Y
crocobi-aHajory JUisl A1arHOCTUKH BUKOPHCTOBYIOTHCS HE3BOPOTHI CTPYKTYpPHI 3MIHU KIIITUH
JHUCTKA, SKI BHU3HA4YalOTh MO iH(pauepBoHOMY NoriuHaHHIO. Lle He 103BOJsie 3nilCHIOBATH
PaHHIO J1arHOCTUKY 32 QYHKI[IOHAIbHUMHU 3BOPOTHUMHU, 3MIHAMH KJIITHUH JIUCTKA.

HaitOmmxunm 1o cyti 10 3amporoHoBaHoro cnocod0y € [13]. Cnoci®é monsirac B
OTIPOMIHEHHI JINCTKA POCIWHU, MICIs TeMIoBOi (a3u, cBiTiIoM B miana3zoHi xBuwib 400,650 HM,
OpUHOM BHUMIPIOBAaHHS 1 PEECTpAIlil0 CUTHAJIIB HaBeleHOI (uIyopecleHIli B Jiama3oHi XBHIIb
670,770 HM, 13 3HauYeHb SKUX OYIyIOTh IHAYKIIIHY KpPUBY Ta BHU3HAYAIOTh 3HAYEHHS
cTarfioHapHoi (ayopecieHIii B oonacti cyaunu juctka FTC Ta Mixk cyauHaMu, TOTO K JIMCTKA
FTM 1 nopiBHIOIOTH 11l 3Ha4eHHs, a 10 BenuuuHi FTC1,5FTM pocinHy BBaXaroTh ypa)Ke€HOIO
BIPYCHOIO CTPOKATICTIO.
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CrigpbHUMHU pucaMH croco0y - MPOTOTHITY Ta 3aIPOIIOHOBAHOTO CHOCO0Y € ONPOMIHEHHS
JUCTKA POCIWMHU Ticas TemrnoBoi (a3u CBITIOM B miana3oHi JoBkUH XBWIb 400-650 HM,
npuiioM, BUMIPIOBAHHS 1 peecTpallis CUrHaIIB (hIyopecleHii B Aiana3oHi JOBKUH XBWIb 670-
770 HM 13 3Ha4YeHb SKHUX OyAYIOTh IHAYKIIHHY KpHUBY Ta BH3HAUYalOTh CTaIlllOHApHY
dyopecnentito Fs;.

[TprunHOO, 110 3aBajkae OAEPIKAHHIO OUIKYBAHOI'O TEXHIYHOIO pe3yibTaTy € Te, 110 Y
croco0i - IPOTOTHUITY 1IEHTU(IKYIOTh TUIBKH BIpyCHY CTPOKATICTh 1 HEMOKJIMBO BU3HAYMUTH 1HIII
BIpYCHI ypaXX€HHS Ta 3arajbHy YPaKCHICTh POCIHH BIPYCHHUMH 1H(EKITISIMHU.

Bimomo cmoci® 3amucy, iHTepmperamii Ta BHUKOpPHCTaHHA 1HAYKLii (iayopecuenuii
HaTUBHOTO XJjopodiny npeactasieHuit y podoti Kopnes JI.10. [14].

Crioci6-ananor 3amucy KpuBoi iHAYKIIT (ayopecieHIlii XIopodiry moisrae B OCBITIICHI
JUCTa pOCIMHU B miama3oHi xBwib 400-650 HM micist HOro TEMHOBOI afanTarlii, MpuioMy Ta
BHUMIPIOBaHI CUTHAJIB (IyopecieHIlii B aiama3oni XxBmwib 670-770 HM Ta oOy10B1 1HAYKIIHHOT
KpUBOI 3 MOTOYHHMX 3Ha4yeHb uryopecieHIlii. Y pe3ynbTaTi BHUMIPIOBAHHS € peecTparlis
NOTOYHUX 3HAYeHb (IIyopecueHIii 3 SKuX OynyloTh IHAYKIiHHY KpUBY QuryopecueHIii
HATUBHOTO XJIOPO(iTy.

[TprymHOIO, 10 3aBa)ka€ OACPIKAHHIO OUYIKYBAHOTO TEXHIYHOTO pE3yJbTaTy € Te, IO Y
crocobi aHalory HE BH3HAY€HI TIOKAa3HHWKH, SKi JIO3BOJSIOTH 1MEHTH(IKYBaTH BIpYCHY
CTPOKATiCTh POCIUH.

Haiibmmk4auM 1Mo cyTi 10 3alpornoHoBaHoro crnocody [15], skuii momsrae B ojepskani i
CJIEKTPOHHIN peecTpamii IHAYKIIAHOT KpWUBOi, BU3HAYEHI ABOX ITOKA3HUKIB KPHBOi, 30KpeMa
nouatkoBoi Fop 1 makcumanbnoi Fy, duyopecueniii, Ta iX CHIBBIIHONIEHHS, MO SKOMY 1
BU3HAYAIOTh CTaH POCIUHH. [HAYKIiliHY KpUBY OYyAYIOTh i3 MOTOYHHUX 3HAYeHb (DIyOpecleHIli,
OJIep’)KaHUX TPHU OINPOMIHEHI JIMCTKa POCIMHU CBITJIIOM y piana3oHi xBuib 400, 650 HM,
30ymKyIOUrM  (DITYOPECHCHIT0  XJIOpOdiny, TMICIAsS MONEPEIHHOT0 OIMPOMIHCHHS KOPOTKHUM
HaCUYYIOUMM CIAJaxoM, TEMHOBOI (ha3u, HACTYIMHOrO MpPUHOMY, BHUIUIEHHS 1 BUMIpIOBaHHS
curHaiiB ¢ayopecueHuii y aqiana3zoni Xxsuib 670, 770 HM.

Bimomum ananorom € cmoci6 imeHTHdikamii KapOOHATHOTO XJIOPO3Yy POCIWH, 3TiIHO 3
SAKUM, THICISI MPOXO/HKEHHS TEMHOBOI (a3u JIUCTKUM POCIMHU ONPOMIHIOIOTH CBITJIIOM 3
JIOBXKMHOI0 XBWII B fiama3oHi 400-650 HM, mpuiiMaroTh, BUMIPIOIOTh 1 PEECTPYIOTh CUTHAIIU
¢dyopecueHIii B aiana3zoHi A0BXUH 5 xBuWib 670-770 HM, 13 3Ha4YeHb SIKUX OYyAYIOTh KpUBY
IHAYKIil ¢uyopectenii 3 BuAiUleHHsM moudaTtkoBoro FO i1 makcumanbHOoro Fm 3HauyeHb
¢yopecueHIlii, BU3BHaYaloTh NIMPUHY KPUBOI 1IHAYKILIT Guryopecueniii Ha piBH1 0,75 (Fy-Fo) ms
nociiiHoi td 1 KOHTPOJIBHOT TK POCIMH, a Oiep>KaHl 3HaYeHHS MOPIBHIOKOTH 1 TP 3HAYCHHI T¢>Tk
JIOCJIIJIHY POCIMHY BBaXAIOTh YPXKEHOIO KapOOHATHUM XJI0po30oM [16].

HaifOmmkuuM BiIOMMM aHAJIOroM € croci® BU3HAueHHS (i310JI0MYHOIO CTaHy POCIHMH
METOJIOM 1HAYKIT (ayopecieHIii xiopodiny, BIAMOBIAHO A0 SKOTO BiIOWPAIOTh JHCTKU
pPOCIIMH, BUTPUMYIOTh Y TEMpsBi, OCBITJIIOIOTb Ta PEECTPYIOTh (UIYOPECUEHINI0 NUISIXOM
CIIBBI/IHOIIIEHHS 11 IHTEHCUBHOCTI 1 4acy BUMIpY, 32 BETUYMHAMU IHTEHCUBHOCTI (IyopecIeHIIIT
BU3HAYal0Th HOPMaJIbHUM 200 KpUTUYHUHN (hi310JIOTIYHUN CTaH POCIUH, 3HAUEHHS IHTEHCUBHOCTI
dbayopecueniii F>1 Bkazye Ha HopmanbHUH (izionoriyauii craH, a F<I - Ha KpuTUYHUHN CcTaH
pociunu [17]. CoibHUMHM 03HaKaMH BiZJOMOTO Ta 3alIPOIIOHOBAHOTO CHOCO0Y € Bif0ip 00'€KTIB
JOCTI)KEeHb, IX TEMHOBa ajanTallis, OMPOMIHEHHS CBITJIOM, peecTpaiis QiyopecueHmii Ta
NOPIBHSAHHS 11 3HaU€Hb, OTPUMAHMUX JJSI POCIUH, L0 MEpedyBalOTh y PI3HUX EKOJOTIYHHX
YMOBaXx.

CrhiJbHUMH pUCaMH aHAJOTY 1 3alpONOHOBAHOTO CHOCOOY € OMPOMIHEHHS POCIHHH,
pUIOM Ta BUMIPIOBAHHS ONTUYHOI'O CUTHAIY, IO B3aEMOJIE 3 ONMPOMIHEHOIO OOJACTIO JIUCTA.
[TprunHOIO, 110 3aBaXka€ OJIEPKAHHIO OUIKYBAHOT'O TEXHIYHOTO pe3yJbTaTy € Te, IO CIOociO-
aHaJIoT He JI03BOJISIE 1IeHTU(DIKyBAaTH KapOOHATHHI XJIOPO3 POCIIHH.

Bimomo cmoci® 3amucy, iHTepmperaimii Ta BHUKOPHUCTaHHA 1HAYKLIi (iayopecueHii
HATHBHOTO XJI0podiny npeacrapieHuii y [18].
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Crocib-aHanor 3anmucy KpuBoi iHAYKUIT ¢uryopecueHmii xmopodiay monsrae B OCBITIEHI
JUCTa pOCIMHU B miama3oHi xBwib 400-650 HM micist HOro TEMHOBOI afanTarlii, MpuioMy Ta
BUMIpIOBaHI CUTHaNIB (ayopecueHuii B niama3oni xBuwib 670-770HM Ta 1OOYIOBI KPHUBOI
HayKii guryopecteHinii Xaopodiy 3 TOTOYHUX 3HAYCHB (IyOpPECIICHITi.

CrhibHUMHU pUCaMM aHAJIOTY Ta 3alpPOIIOHOBAHOTO CHOCO0y € BUMIPIOBAHHS 1 peecTparis
MOTOYHHUX 3Ha4YeHb (IIyOpecIeHIlii 3 IKuX OyAyrTh KpUBY 1HAYKINT (iryopeciieHIii HaTHBHOTO
xsopodiny (1DX).

Hait6kamuM 110 CyTi 10 3amporoHOBaHOro crocooy € [19].

[TprynHOIO, 110 3aBa)ka€ OACPIKAHHIO OUYIKYBAHOTO TEXHIYHOTO pE3yNbTaTy € Te, IO Y
croco0i aHAJIOTy HE BU3HAYCHI IMOKAa3HUKH, SIKI JTO3BOJISIOTH 1MeHTH(DIKYBaTH KapOOHATHUH
XJIOPO3.

[Ipo Te Bci omucaHi cHocoOM HE BiIOOpaKalOTh PEaIbHOTO CTAaHY POCIMHHOCTI, a
BIJIMOBIIHO 1 arpo0ioJIOTIYHOTO CTaHy CLIBCHKOTOCHOMAPCHKUX VYTidb, OCKUIBKH BIACYTHS
METOJMKAa BHU3HAYCHHS 1 BIIOOpa)XCHHs BMICTY Yy PpOCIHMHI TIOKMBHUX PEYOBHH, Ta HE
BCTAHOBJICHO KOPEJIAIIMHI 3alle)KHOCTI MK ocraHHiMu. [llo 1 € mpemMeToM mOmANBIIHX
JIOCJIKEHb.

Mera pocaimkenns. Jlocmiauth HEOOXiTHICTHP Ta  JOUUIBHICTE pO3poOKH  Ta
BUKOPHUCTAHHSA TPUCTPOIO Ui JIOKAJIBHOTO OMEpaTUBHOrO MOHITOpUHTY «®Dmopatect» Ta
imeHTudikamii arpo0ioIIOTiYHOTO CTaHy CLIbCHKOTOCTIOAAPCHKUX KYJIBTYP METOIOM HPOBEIEHHS
IHAYKIIT QuIyopecieHilii HAaTUBHOTO XJI0podiy.

[TpucTpiii BiTHOCUTHCS 0 Taly3i CUTBCHKOTO TOCIIOAAPCTBA, OPIEHTOBAHUI Ha JIOKAJTHHHUN
OTepaTUBHUN MOHITOPUHT arpoOiOJOTIYHOrO CTaHy MOCIBIB CLIbCHKOTOCIOAAPCHKUX KYIBTYP,
30KpeMa y PpOCIMHHUITBI, MpPHU BIPOBAHKCHHI CYYaCHHX BHUCOKOC(PEKTHBHHX TEXHOJIOTIH,
CEJIEKIIIITHII poOOTI Ta TEXHOJOTISIX JTOKAIBHOTO ONEPATUBHOTO MOHITOPUHTY CTaHy IPYHTOBOTO
CepeoBUINa, NIISIXOM BU3HAYEHHS (DiI3MYHHMX BJIACTHBOCTEH Ta cTaHy, (30KpeMa BU3HAYCHHS
YPaKEHOCTI POCIMH KapOOHATHUM XJIOPO30M Ta IHIIMMHU XBOPOOAMM) LUIAXOM 3aIUCY 1 aHAMI3y
KpUBOI 1HIYKIIT (IyOpecIeHIl] HaTUBHOTO XJIOPO(DTy POCIMHHUX 00'€KTiB, 00 KapOOHATHHIA
XJIOpPO3 € 1HJIMKATOPOM IMHKOBOIO Ta 3aJli3HOTO TOJIOJYBaHHSA POCIMH 1 migBuineHoro PH
TPYHTY.

B ocHOBy mnoxiazeHa 3ajada CTBOPEHHS TaKOro MPUCTPOIO sl KOHTPOJIO CTaHy
HAaTUBHOTO XJIOPOQ11y, B SIKOMY 3aBJSKHM BBEJIECHHIO HOBHX BY3JIB Ta 3MIH (YHKIIH BIAOMHUX
CTajio 0 MOXXJIMBHM PO3LIMPEHHS (DYHKI[IOHAIbHUX MOKJIMBOCTEH NpUIIay, a caMe MIHATH
peXUMH poOOTH CEHCOpa, BAHOCUTH Ha 1HAMKATOp KPUBY IHIYKIIT (hiyopecueHuli xiaopodiny, a
Takox miakmovarucs 1o [K.

[TocraBnena 3ajaya BUPIMIYETbCS TUM, L0 y CIOCOO1 1arHOCTUKH CTIMKOCTI pPOCIUH JI0
abl0TMYHOTO CTPeCy METO/IOM 1HAYKIII (uryopecueHil xaopodiny, A SKOro BigiOpaHi JIUCTKH
POCIIMH MPOXOAATh CTa/lil0 TEMHOBOI aJamnTallli, Micjis 40ro B HUX 30Y/KYIOTh (hIyOpecleHIIi0
XJOpo(diTy NIISXOM OMPOMIHIOBAHHS CBITJIOM Ta TOPIBHIOIOTh 3HAUYEHHS 1HTEHCHBHOCTI
bayopecteHtti.

Bu3zHayaroTb KpPUTHYHY KOHILIEHTPAI[I0 CTPECOBOrO AareHTy, MUISXOM HOPIBHSIHHS
KPUTHUYHUX KOHIEHTpaLil CTPECOBHX areHTIB JUIsl PI3HUX COPTIB BU3HAYAIOTh iX CTIMKICTH 10
MOJIENIbHOT TOCYXH Ta 3acosieHHs. COpT € TUM CTIMKIIINM, YUM OUIBIIOKO JUI HBOTO € KPUTHYHA
KOHIICHTpAIlis CTPECOBOTO areHTy, 3a sSK0i MakcuMyM (piryopectieHii Fmax J0CTiHOT pocanHu €
3HaYHO MEHIINM, HiXK Fmax KOHTPOJIBHOT POCIIHHHU.

BupimenHs mocTaBieHol 3a1adi JOCSITa€ThCsl TUM, IO MPHUCTPI MICTUTH CEHCOp OJOK
€JIEKTPOHHOI 0OpOOKH, BXOJOM 3'€ZJHAHWUH 3 OJOKOM JKUBJICHHS, a BUXOAOM HiA'€HAHUN 10
IHIMKATOpa, a TaKOX BKIIOYAE AaHAIOTO-IM(PPOBHA TEpEeTBOpIOBaY, IHU(PO-aHATOTOBUN
NEepeTBOPIOBaY, OJIOK YMpaBIiHHA Ta MOCIIAOBHUH iHTepdeiic, npuuoMy, aHaioro-uudpoBuii
MePETBOPIOBAY 3'€JHAHO 3 BHXOJIOM CEHCOpa Ta MEPIIUM BXOJOM OJIOKY €JIEKTPOHHOI 00pOOKH,
U(PO-aHAIOTOBUI MEepeTBOpIOBaY 3'€JHAHO 3 YMPABISIOYMM BXOJOM CEHCOpa Ta IEpIIUM
BHUXOJO0M OJIOKY YIPaBIIHHS, Y SKOTO APYTHH BUXiA 3'€qHAHO 3 OJIOKOM €JIEKTPOHHOI 00pOOKH Ta
JIPYTUM  BXOJIOM aHAJOro-IU(POBOrO IMEpPETBOPIOBayYa, MNEPUIMA BXiA OJOKY YHpaBIiHHA

50



3'eJHaHUN 3 OJOKOM KHMBJICHHS, a JIPYTMi BXiJ 3'€IHAHUM 3 OJIOKOM €NeKTPOHHOI 0OpOOKH, Y
SIKOTO TPETiM BUX1JT 3'€THAHO 3 MOCIIIOBHUM 1HTepdericom.

BinmMinHMMHM ~ O3HaKaMM ~ 3aIpPONOHOBAHOTO  HPUCTPOID €  aHAJIOTO-IU(POBHIA
NEePEeTBOPIOBAY, IU(PO-aHAIOTOBUI TIEPETBOPIOBAY, OJIOK YIPaBIiHHSA Ta TOCHIJOBHUN
iHTepdeiic, nmpuuoMy, aHaIOro-uM(pOBUI MEPEeTBOPIOBAY 3'€JHAHO 3 BUXOIOM CEHCOpa Ta
NEepUIMM BXOJIOM OJIOKY €JIeKTPOHHOI 00poOKH, mudpo-aHATIOTOBHI MEpPETBOPIOBAY 3'€IHAHO 3
YIPaBIIAIOYUM BXOJOM CEHCOpa Ta MEPIIUM BUXOJOM OJIOKY YIPaBIIHHA, y SIKOTO IPYTUN BUXIi
3'¢efHaHO 3 OJIOKOM eJIEeKTPOHHOI OOpOOKM Ta JAPYrMM BXOJOM aHaJOro-IU(ppPOBOTO
NepeTBOPIOBAYA, MEPUINHA BXiJ OJIOKY YHIpaBIiHHA 3'€1HAHO 3 OJIOKOM >KUBJICHHS, a APYTUil BXil
3'eTHaHO 3 OJIOKOM EJIEKTPOHHOI OOpOOKM, y SIKOTO TPETId BHXiJ 3'€IHAHO 3 TOCIITOBHUM
iHTEepdeiicom.

BBeneHHss y mpuCTpiii HOBHX BY3JIB, €JIEMEHTIB Ta 3B'S3KIB O3BOJSIE PO3MIMPUTH
(GyHKLIOHATBHI MOXIIMBOCTI MpPUJIaNy, 30KpeMa: YHpaBISATH POOOTOI CEHCOpa, BUHOCHTH Ha
IHIMKATOp KPUBY IHAYKIIIT uryopecneHiiii xjaopodina, a Takox miakmouatd npuctpiid go [1K.

t
s,
T

5 ]

Puc. 1. Biiok-cxemMy 3apoNoOHOBAHOI0 NPHCTPOIO /sl TOKAJBHOI0 ONEPATHBHOI0 MOHITOPHHTY
«®@jopaTtecT» iHaAyKUii (uryopecueHuii HATUBHOrO XJ10podiny

Ha puc. 1 300paxxeHo OJOK-CXeMy 3ampOIOHOBAHOTO MPHUCTPOr0. BoHa MicTUTh 010K
€JIEKTPOHHOI 00poOKM 5, 3'enHaHUil uepe3 aHamoro-uupoBUil MepeTBOproBaY 2 3 BHUXOJOM
ceHcopa 1, aApyrum BXOJOM 3'€HaHMM 3 OJIOKOM >KUBJIEHHS 7, a BHXIJ MiA'€IHAHO 10
MaTpUYHOro iHauKaropa 4, nudpo-aHalIoroBuil mepeTBoproBad 3 3'eAHaHUI 3 YNPaBISIOUUM
BXOJIOM CEHCOpa Ta MEepUIMM BUXOAOM OJIOKY YIPaBIiHHA 6, y SIKOTO APYTUM BUXI1JA 3'€IHAHO 3
0JIOKOM eJIeKTPOHHOI 0O0poOKM 5 Ta APYrMM BXOJOM aHAIOro-IM(poBOro meperBoproBayda 2,
nepIvi BXia O6JI0Ka yIpaBiIiHHS 3'€IHAHO 3 OJIOKOM XUBJICHHS 7, a APYTHI BX1J] MIKIIOUYEHO 10
0JIOKY eNIeKTPOHHOI 00pOOKH 5, y SIKOTO TPeTii BUXiJ 3'€IHAHO 3 OCTIIOBHUM iHTepdeiicom 8.

[Tpuctpiii, 300paxkeHuit Ha puc. | mpucTpiii npamroe HactynHuM 4uHOM: CeHcop 1
3aKpIIUTIOIOTh Ha JIMCTI POCJIMHU 1 BKIIIOYAIOTh OJIOK YKUBJICHHS, SIKUH 10/a€ )KUBJICHHS Ha BCl
6sioku. ITicist TeMHOBOT afanTalii 610K yIpaBlliHHA BMHUKAE JKEPETIO BUMPOMIHEHHS ceHcopa 1,
[0Jja€ KOMaHIy Ha BHUMIPIOBaHHS JI0 aHaJOro-uu(poBOro MepeTBOpioBaya Ta KOMaHIy Ha
3amam’sITOBYBaHHS pe3ybTaTy BUMIPIOBAHHS 10 OJIOKY €JeKTpOHHOI 00poOku 5. B cencopi 1
JDKEpEJIO BUIPOMIHEHHS OCBITIIIOE JIUCT POCIUHM 1 30y/DKYe (PIyopecleHIliio B MexXax IUISIMU
ocBiTIeHHA. ONTHYHHUI curHal (hIyopecleHIlli MepeTBOPIOEThCs (OTONpHiiMayeM ceHcopa B
enekTpuyHuil curHan. lledl curnanm moctymae 10 aHajoro-uM@poBoro mneperBoproBaya 2 1
NEpeTBOPIOETbC B HbOMY y mHppoBuil koi. I[loTouyni 3HaYeHHS KOJIB, NPOMOpPLIKHHI
dayopecteHIlii HaTUBHOTO XJopodina, IOMIAaroBO TMEPEHOCATHCS 110 OJOKY eIeKTPOHHOT
00poOKHM 5 1 3amam'siITOBYIOTbCS B HbOMY. SIKIIO B TpoOIleci IMKJIa BUMIpIOBaHb HEOOXiIHO
3MIACHUTH OMPOMIHEHHS JIUCTA IMIYJIbCaMH CBITJIa PI3HOI IHTEHCHUBHOCTI 1 TPUBAJIOCTI TO IO
perepHUM 3HAuEHHSM CHTHANIB (IyopecleHIlii, BUAUIEHUM Yy OOl eleKTpOHHOI 00poOKH 5,
Oyiok ympaBiiHHA 6 Mojae koA Ha Iudpo-aHaIoroBuil meperBoproBad 3. OcTaHHIN 1 3MIHIOE
IHTCHCUBHICTh BHUIIPOMiHEHHS JpKepena ceHcopa 1. bBiok enekTpoHHOi 0OpoOKH BHIIsAE
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XapaKTEepUCTHYHI 3HaYeHHS (iayopecueHIii Taki sik: mouyatkoBe Fg, MakcumanbHe Fpax Ta
ycranene Fr, a Takox dac HamiBHapocTaHHs (ayopecueHuii 05, BUpaxoBye Ta 3amaM'aTOBYE B
mexax 1uKna BiMHOMEHHS (Fmax—Fo)/Fmax, (Fmax-F7)/Fmax. Pe3yiabTatu BuMiproBaHb 0aratbox
UKITIB 30epiraroTbcst y OJIOII €JIEeKTPOHHOI OOpOOKHM 5 1 mpW HEOOXITHOCTI MOXYTh OyTH
BUHECEHI HAa MaTPUYHMN 1HAMKATOp 4 momaroBo y uQpoBii Gopmi, abo Bech UK y BUTIISAIL
kpuBoi 1HaYKIIT (ayopectienmii xiaopodina. [Ipu HEoOXiTHOCTI METaTbHOTO aHai3y Oararbox
IUKJTIB BUMIPIOBAaHb PE3yJbTaTH 3 NaM'aATi OJIOKY €NeKTPOHHOI OOpOOKH 5 MepeHocsTh 4yepes
nociinoBaui iHTEpdeiic 8 1o [IEOM. IlepeopienTariito IprCTPOIO HA APYTUHA AITOPUTM POOOTH
1 po3paxyHKiB 3IIHCHIOIOTh LUIAXOM 3aMiHM INpOrpamMu y OJOIi eNeKTPOHHOi 00poOku 5 3
nornomororo ITEOM uepe3 nociigoBHuil inTepdeiic 8. 3anponoHOBaHWN MPUCTPIN, SK BUIHO 3
fioro ommcy, Moxkxe OyTH peai3oBaHMiI y BUPOOHHYHMX yMOBaX, TakK sK JUIs Horo peamizarmii
BUKOPUCTOBYETHCS TEXHIUHA 0a3a MIUPOKOro MPU3HAYECHHS.

[Tpu peanizamii NprCTPOIO K OJIOK €IEKTPOHHOT 0OPOOKH BUKOPUCTAHO MIKPOKOHBEPTOP
ADuC812 (U.) dipmu Analog Devices, rpadiununii gicruieir tuny FDCG12864 ¢ipmu Fordata,
DC/DC - nepetrBoproBau xuBienuss Ta AC/DC - agantep (ADP3810) - sk nepBuHHE HKEpEIo
xuienns. ALl 1 IIAIl - cepiiiHi Mikpocxemu, a OJIOK YHpaBIiHHSA peali30BaHO Ha
CTaHJAPTHHX JUCKPETHUX MIKpOCXEMaX.

Henonikom Bimomoro crnoco0y € Te, 1110, 3aCTOCOBYIOUM HOT0, HEMOXJIMBO BCTaHOBHUTHU
CTIHKICTh POCIIMH JIO CTPECOBOTO BIUIMBY Ta JOCTOBIPHO BHU3HAYUTH BIIACHE MPHPOIY CTPECY,
OCKUIBKM Yy TOJbOBUX yMOBax abo i Ipu 3akiajJaHHI BereTalifHUX JOCIIIKEHb HA POCIHHY
BIUTMBAaE 0€3J114 UYMHHHKIB, 0araTto 3 SIKUX MOXYTh MaTH MOMiOHI ()i31070TiuHI MPOSBH.
HaBenenwii coci6 gae MOXKIMBICTD ITOCHITUTH (i310J0TIYHUNA CTaH POCIUH y HECTIPUSTIMBHUX
€KOJIOTIYHUX yMOBaX (HampWKIaJ TOCYXH, IIMHKOBOTO Ta 3aJi3HOTO TOJIOJyBaHHS POCIHH,
MiJBUIICHOTO MOoKa3HuKa pH rpyHTy, 3a0pyAHEHHS BaXXKUMHU MeTajiaMu, oOpoOKu ¢i3i010Tr14HO
AKTUBHIUMH PEYOBHMHAMHU Ta iH.), OJHAK, JUIS HOTO 3aCTOCYBaHHA € HEOOXITHHM 3aKiIaJaHHS
NEBHOI IJIOLI JUISHOK POCJIMH JOCTIIKYBAaHOTO COPTY Ta COPTY-ETAJOHY 3 BiIOMOIO CTIMKICTIO
JI0 CTpecy, MPOBEICHHS TMOCTIMHUX METEOPOJIOTIYHMX CIOCTEPEKEHb Ta BUBYEHHS 1HIIHMX
(bakTOpiB MOBKLIA, SIKI BIUVIMBAIOTh HAa POCIMHU, MPOBEACHHS (EHONOTIYHUX OOIMIKiB; abo X
TBTEPHATHBOIO € BEreTaIlliHI JOCTIIH, SIKI TAKOXK HE 3aBXK]IM 3pY4HI Y 3aCTOCYBaHHI.

JUiss CTBOpPEHHS YMOB LITYYHOIi NMOCYXM Y TOXHBHE CEPEJOBHIIE JUIsl KYyIbTHBYBaHHS
MIKPOKJIOHIB BHOCATH 4-8 % OCMOTMYHO-aKTUBHOI pedoBMHHU mnomietunenraikono (IMED
6000/1a), nepecaKyroTh pO3BUHEHI MIKPOKJIOHH Ha MOJU(iKOBaHE CepeoBHUIIe Ta Ha 7-8 IeHb
pOCTYy  JOCHIKYIOTh 1HAYKOBaHY (UIyOpecCleHIlif0o xjopodiny JHUCTKIB. BusHaueHHs
dayopecueHIii Xaopopinry IpoBOJUTHCA 3 TOMOMOIOI0 MPHUCTPOIO Il BUSHAYEHHSI HATMBHOTO
CTaHy xJiopodiny, Hampukiajg XpoHopayopumerpy "dnoparect" BupoOHuNTBa IHCTUTYTY
kibepoetuknu HAH VYkpainu, sKkuil BHUKOPUCTOBYETHCS JUISL  JTOCHIDKEHHS  IHIYKIIIT
dayopecteHItii xaopodiny Ha JKUBUX JIMCTKAX pOCHH Ta ¢iToriankToHy [20]. doyopecieHtrio
BUMIPIOIOTh 1 CHpHUS€ TIJABUIICHHIO YPOXKaHOCTI CLIBCHKOT'OCHMOJAPCHKUX KYIBTYpP B
cepenapomy Ha 10-20 1/ra.

Crioci0 mpoToTUI TMoJIATae B OJAEp)KaHI 1 €NEeKTPOHHIM peecTparii 1HIYKUIHHOI KPHBOi
IHAYKLIT QuryopecueH il xjaopodiny, BU3HaYEH] JABOX MOKa3HUKIB KPUBOi, 30KpeMa MOYaTKOBOI
Fo 1 makcumanbHOi Fry duryopecreninii, Ta iX CHiBBIIHOIICHHS, N0 SKOMY 1 BU3HAUYalOTh CTaH
pocaunu. KpuBy iHaykuii  Qayopeuenuii xjgopodiny OyayrooTh 13 MOTOYHMX 3HAY€Hb
daryopecueHilii, oiepKaHuX MPH ONPOMIHEHI JUCTKA POCIMHU CBITJIOM y Aiana3oHi xBuiib 400,
650 HM, 30ymKyrouuM QIyopecleHIil0 XJopodidy, MICIAs MONEePeAHbOr0 OMpPOMIHEHHS
KOPOTKMM HAacCHYyIOUUM CHajaXxoM, TEMHOBOi (a3, HACTYMHOro NpuUHOMY, BHIUIEHHS 1
BHUMIPIOBAHHS CUTHANIB (hiyopecueHii y aqiana3zoni xBuiab 670,770 HM.

CrhibHUMH pHCaMHU IPOTOTUIY 1 3aMpPOINOHOBAHOTO CIOCOOY € ONPOMIHEHHS JIMCTKA
POCIIMHM Miciisi TEMHOBOI (ha3u CBITIOM 3 ToBXHHOIO XBuiIl 400,650 HM, npuitomy, BUMiIpIOBaHi 1
peectparii curnaniB ¢ayopecueHiii 3 qoxunoro xBuwii 670, 770 HM, 13 3HaYEHB SKUX OyIyIOThH
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KpUBY 1HIYKLII (hIyopecleHii 3 BUALIEHHIM nouatkoBoro F, i makcumansHoro F, 3HaueHb
dyopecneHtii.

[TprunHOO, 110 3aBa)ka€ OJEPIKAHHIO OUYIKYBAHOI'O TEXHIYHOTO pEe3yJbTaTy € Te, 10 Y
cnoco0i MPOTOTUII HE BHU3HAUEHI MOKA3HUKM KpUBOI IHAYKLIT QuryopecueHmii xmopodiny, sxi
JIO3BOJISIIOTH 1IeHTU(]IKYBaTH KapOOHATHUH XJIOPO3 POCIIHH.

3amauer0 BHHAXOAy € BHOIp TaKMX XapakTepHUX O3HAK IHAYKLII (iayopecueHii
xjopodiny, crmocoOy ixX BH3HAYCHHS Ta IHTEpIHpeTallii, sKi J03BOJISIIOTH 1IeHTU(]IKYBaTH
KapOOHATHUI XJIOPO3 POCIIHH.

BupimeHnHs nocraBiaeHoi 3aaa4l 10CSAraeTbCs THM, 110 3alIPONOHOBAHUI CIIOCIO BKIIIOYAE
OTPOMIHEHS JINCTKA POCIWHU MICIs TEeMHOBOI (ha3u cBITIIOM 3 noBxkuHOI XBuii 400, 650 HM,
pUHOMY, BUMIPIOBaHI 1 peecTparlii CurHajiiB GuIyopecueHiiii 3 JoBXuHO XBuiai 670,770 HwM, 13
3HaYeHb SKHUX OyIylIOTh KpUBY IHAYKUIi (uryopecueHii 3 BUAUICHHAM mno4yaTtkoBoro Fo i
MakcuManbHOi Fry 3HaueHb QuyopecreHuii, a TakoX BH3HAYAIOTh LIMPUHY KPHUBOI 1HAYKLIT
dnyopecnentii Ha piBHi 0,75 (Fn—Fg) mis mocmigHoi tg 1 KOHTPOIBHOI tK POCIHH, a OJepKaH1
3HAYEHHS TMOPIBHIOIOTH 1 MpU 3HaueHi td*2tk AOCHIAHY pPOCIMHY BBAXAIOTh YPaKEHOIO
KapOOHATHUM XJIOPO30M.

BinmiHHMMH O3HaKamMM 3alpolOHOBAaHOrO crocoly € Te, IO B HbOMY BU3HAYAIOTh
MIMpHHY KpuBoi iHAYKIIT (ryopectenuii Ha piBHi 0,75 (Fn—Fo) s mocnigHoi ty 1 KOHTPOIBHOT
tc pocCiIMH, a ojep)KaHI 3HAUYEHHs MOPIBHIOKOTh, 1 MNpu3HaueHi td32tk OOCHiIHY pPOCIUHY

BBaAXAIOTh YPaXCHOIO Kap60HaTHI/IM XJIOPO30M.
F. Bign
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Puc. 2. 300paxkeHo 3arajibHU BUIJISA KPUBOI iHAYKUIT (ryopecuenuii xiopodiny
(inayxuiiina kpusa, kpusa Kayrcbkoro)

Ha puc. 2 300paxkeHo 3araJlbHUH BUIJISIT KpUBOI 1HAYKLII QuiyopecueHuii xiaopodiry
(iHaykuiiHa KpuBa, KpuBa KayTchkoro) ae 3HaueHHs (piyopecieHii MpecTaBiIeHi Y BiIHOCHUX
OJTMHHIISX

F, - mouaTkoBe 3HaUEHHS (ryopecLeHNIl MiCcIs MoYaTKy ONPOMIHEHHS;

F., - MakcumanbHe 3HaYeHHs (ITyopecleHIIil;

F, — F, - BapiabenbHa QuryopecueHIis.

t, - wac nmocsrHenHs 0,75 BapiabenbHOI QuiyopecleHIii 3 OOKy HapOCTaHHS KPHUBOI
IHAYKILIT QuryopecteHiii xaopodiny;

t, - gac mocsruenHs 0,75 BapiabenbHOI (uryopecueHIii 3 OOKy MafiHHA KPUBOI 1HIYKIIT
daryopecueHIii xaopodiny s KOHTPOIbHOI POCIUHH.

t; - yac pocsaruenns 0,75 BapiabGenbHOI (uryopecreHnii 3 00Ky MagiHHSI KPUBOI 1HAYKIIT
bayopecteHItii XxJIopodiry AJIs JOCHTITHOT POCTHUHHU.

t,, ty - mupuHa KpuUBOi IHAYKLIT (IyopecleHIil XI0podily BiANOBIAHO KOHTPOJIBHOI 1
JOCTIHOT POCTMHH.

BBenennss y Bigommii cmoci0 omepaiiii BU3HAUEHHS I[MUPUHU KPUBOI  1HIYKINT
¢ayopecuentii xaopoginy Ha piBHi 0,75 BapiabenbHOI (ayopecueHIii JocmiIHOT 1 KOHTPOIbHOT
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POCIIMH JI03BOJIUTH IJCHTU(IKYBATH YPaKEHICTh POCIWH KapOOHATHUM XJOPO30M IO
30UTBIIEHHIO IMIMPUHU KPUBOi 1HAYKIIL QuryopecueHii xyiopodiny AOCHigHOI pOCIMHH B
NOPIBHSAHHI 3 IIUPUHOIO KpUBOI iHIAYKWii (uyopecnennii xyiopodily KOHTPOJIBHOI POCIMHU
OUIBIN HIXK BIIBIYI.

Ilpomixok wacy Mik Toukamu f 1 t, mpuiiMaroTh 3a MMPUHY KPHUBOI I1HIYKIIi
dyopecuentii xjopodiny Ha piBai 0,75 BapiabenpHOi (myopecueHIlii ajis KOHTPOJIbHOI
pociuHHu t, , a IPOMIKOK Yacy MiX Toykamu t, | t, NpUHMAIOTH 3a MIMPUHY KPUBOI HIYKIIi
¢uryopecuenii xaopoginy ans gocaigHoi pocinunu iy . [Ipu ypaxeHocTi pociauHu KapOOHATHUM

XJIOPO30M, CaMe e MPOMIKOK 30UTbIITYEThCS B MOPIBHSAHHI JOCIITHOT 1 KOHTPOIBHOT POCITHH.

Binomo, 1m0 meBHi IUISTHKH KpHUBOI IHAYKLIT (iayopecueHuii xiopodiny € iHIuKaTopamu
BIIMOBITHUX (DI3MOJIOTIYHUX TMPOIECIB Yy JaHIIOTYy (OTOCHHTE3Y, TOMYy MOPYIIECHHS OKPEMHUX
JaHOK (OTOCHHTE3y, BUKJIHMKAHI €K30- Ta EHJAOICHHUMH YWHHHKAMU TPOSBISIOTHCS Y
XapaKTepHUX 3MiHaX BIAMOBIIHUX AUISHOK KpUBOi 1HAYKLII ¢uyopecueniii xmopodiny. Taki
3MiHM KpUBOI 1HAYKIIT (hryopecueH il xsopodisy 10ocaiAHOT pOCIUHY, Ha AKY i€ 30yIKYI0Unit
YUHHUK Yy TOPIBHSAHHI 3 IHAYKII€W QuyopecueHiii Xa0podily KOHTPOIbHOI POCIMHU Ha SIKY
YUHHUK HE Ji€, CBITYaTh NPO BIUIMB YMHHHKA. [meHTH(iKaris nii YMHHUKA TOTpedye BHOOpY
cnenudigyHOro MoKa3HUKa KPUBOI 1HAYKIII (iyopecueHlii xiaopodiny sSKOMY BIANOBITaE Mdis
caMme [bOTO YMHHHUKA. TakuM MOKa3HUKOM Ha OCHOBI €KCIIEPUMEHTAIBHUX JIOCIIKEHh BUOPAHO
HIMPUHY KpuBOi 1HAYKIIT (ayopecueHnuii xmopodiny Ha piBHi 0,75 pi3HUI MaKCUMAIBHOTO 1
MOYaTKOBE 3HA4YeHb (hiyopecteHiii; Tooto Ha piBHi 0,75 BapiabGenbHOi ¢uryopecneniii. Came
el MOKa3HUK BUOPaHO 11eHTU(IKALIIHOI0 03HAKOI YPaKEHOCT1 KapOOHATHUM XJIOPO30M.

3anponoHOBaHMK CIOCIO peamizye HACTYMHUH MOPSAAOK BHU3HAYEHB: 3 JIOTIOMOTOIO
XpoHO(IIyOpHMeTpa 3amUCYIOTh KPUBY IHAYKIIT QuiyopecieHiii xaopodiay KOHTPOJIBHOT
POCJHMHHU IUIIXOM OCBITJICHHS JIMCTA POCIMHHM IiCIsl TEMIOBOI (ha3u, IpuiioMy, BUMIPIOBAaHHS Ta
peecTparllii curHaiiB ¢GIyopecueHIIi.

JIMCTOK pOCIMHN BUTPUMYIOTH 0€3 JOCTYIy CBITJA BiJ 2 10 15 XB y KOHBEPTI 3 TEMHOTO
narmepy, ado 3 JIOIOMOI'0OI0 BUHOCHOTO ONTOEJIEKTPOHHOI'O CEHCOpa, KU Mae 3aKuM 13 ABOMa
IUTACTUHAMU, MK SKMMHU PO3MIIIYIOTh JIUCTOK. J{ail TMCTOK, i oro )parMeHT, ONPOMIHIOIOTh
CBITJIOM, siK€ 30y/IKy€e (DITyOpeCLeHIIIO.

OnpoMmiHEeHHS JIMCTKa POJICHHU BUOWPAIOTH y Jiama3oHi morauHaHHs xjaopodiry 400-650
HM, KU 0XOIUTIO€ TooBHI =450 HM, 1=650 uM Ta mpomixHi =500 HM, 1=550 HM MakcUMyMH
NOTJIMHAHHS HATHUBHOIO XJIOpoQiny. IH TEHCHUBHICTb ONPOMIHEHHS AKTHUHIYHUM CBITIOM
3ailicHIOTh Yy Aiamazoni 100-2000 Mkmoib (HOTOHIB M2 ¢t sxa MiATPpUMY€E (POTOCHHTES.
OaHOYAaCHO 3 OCBITJICHHSIM 3IACHIOIOTH TMPUHOM, BUIUICHHS, BUMIPIOBAHHS 1 PEECTPAIIIIO
CUTHaIIB (IyOpecLEeHIl 3 OCBITICHOI IUISIMM JIMCTKA B Jiana3oHi AOBXHH XBUIb 670,770HM.
Ie#t miama3zoH OXOIUTIOE OOMBa MaKCUMYMHU (IyOpecIeHIlli HaTUBHOTO XJjopodiny Ha [=680am
ta 1=735HM. I3 moTouHux 3HadyeHb (ayopecueHuii OyayOTh KpUBY IHAYKLIi (ayopecrenuii,
BUIUISIIOTH TTodyaTkoBe FO Ta makcumanwue Fr, 3HaueHHs duyopecteHlii i po3paxoByTs 0,75
BapiabenpHOI duyopecueniii 0,75 (Fm—Fo). 3 xpuBoi iHmykmii d¢uyopecueHiii 3 Ooky
HapocTaHHs Ha piBHI 0,75 BapiabenbHOl (ayopecreHiii BU3HaUalOTh t1, 3 OOKY cHaxy KpHBOi
BH3HAYAIOTD t°.

BBenenns y Bimomuil criocié omnepaiiid BUAUICHHS 3Ha4€Hb CTALlIOHAPHOI (UIyopecleHIlii,
BHU3HAUEHUX B O00JIaCTI CYIUHM JIMCTKa Ta MDK CyAMHaMH 1 iX TOpPIBHSAHHS JO3BOJUTH
1IeHTU(IKYBaTH YPaXXEHICTh POCIMHHM BIPYCHOIO CTPOKATICTIO MO 30UIBLICHHIO BETUYUHU
cTalrioHapHOi QuryopecieHIii xyopodiay, BH3Hau€HOI B 00JacTi CyAMHH B MOPIBHSHHI 3
BEJIMYMHOIO CTALlIOHAPHOT (IIyOpecIeHIlii, BU3HAYEHOI B MIXKCY/AUHHIN 00J1aCcTi JUCTKA.

Ha puc. 3 cxematnuHo 300pa)K€HO JIMCTOK POCIMHU 3 TOYKAMHU BUMIPIOBaHb HaBEJIEHOL
dayopecuentii, e Touku C i M BimOBITHO 00JIACTI CYIMH 1 MIXK CyAUHAMH.

[Hupuny kpuBOi 1HAYKIIT (iyopecueHuii A KOHTPOJIbHOI POCIMHM t BU3HAUYAIOThH SIK
tx=to-t;. AHanoriuno OyaylOTh KpUBY iHAYKIIi (payopecuenuii xmopodiay 3 HOTOYHUX 3HAYEHB
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duryopeceHIii AOCIiHOT POCIMHU 3 MiJO3POI0 HAa YPaKCHHS XJIOPO30M, 1 TEX BH3HAYAIOThH
MUPUHY KpUBOI 1HAYKIIT ¢uryopectenii xmopodiny Ha piBHi 0,75 BapiabenbHOi (iryopectieHitii.

Puc. 3. CxemaTnyHe 300pakeHHs1 JIMCTKA POCJIMHH 3 TOYKAMH BUMIPIOBaHb HaBeJeHOI (piryopecuenuii

Skmo mypuHa KpuBOi IHAYKIIT (hayopecieH i XIopodiry 10CliIHOT pOCIHHE OlIbIa 3a
HMIMPUHY KpUBOI 1HIYKLii (ryopectenuii xaopodisy KOHTPOIBHOI POCIMHU OibIlle HIXK BIBIUI
(td*2tx), TO HOCTITHY POCIMHY BBOKAIOTH YPAKEHOIO caMe KapOOHATHUM XJIOPO30M.

[Tpu peamizarmii crmoco0y OyB 3acTocoBaHMU IepeHOCHUH (ayopomerp «DioparecT
BUPOOHHUIITBA JIep)KaBHOTO HaykoBO-iHKEHEPHOTO IIEHTPY MIKPOCIEKTPOHIKK [HCTHTYTY
kibepuetnkn HAH Ykpainu, ane Mo)kxHa BUKOPUCTATH 1HILI MPUIIaIU, HATPHUKIIAI, TOPTATUBHUI
xnopodin-piayopomerp PAM-2100 wnimenskoi ¢ipmu  Heinz  Walz  GmbH, abo
xsopodiniayopomerp OS-30p dipmu OPTI-Sciences, USA.

3anpomnoHoBaHU croci® peanidye HACTYMHHM TMOPSIOK BHU3HAYEHB: 3 JOIMOMOTOIO
XponoQIyopruMeTpa 3amucyloTh 1HIYKIiHHY KpuBy M (puc. 4) mis MiKCyauHHOI 30HHM M
JUCTKA (pUC .5) POCIMHU HUIAXOM OMPOMIHEHHS MIKCYIAMHHOI 30HU JIMCTAa POCIMHH MicCIs
TEMHOBOI (a3m, MpuiioMy, BHMIPIOBaHHS Ta peecTpaimii curHaiiB ¢uyopecueniii. Jluctok
POCIMHHU BUTPUMYIOTH 06€3 JOCTyny CBITJIa BiJ 2 10 15 XB y KOHBEPTI 3 TEMHOTO Mamnepy, ado 3
JIOTIOMOTOI0 BHHOCHOTO OIITOENIEKTPOHHOTO CEHCOpa, KU Ma€ 3aKHUM 13 JBOMA IJIACTUHAMH,
MK SIKUMHU PO3MIIIYIOTh JIUCTOK.
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Puc. 4. 300pakeHo 3arajibHuii BUTJISAT KPUBOI Puc. 5. 300paxeHo 3arajJbHU BUIJISA KPUBOI iHAYKIIT
ingykuii guryopecuenuii xopodiay ¢dayopecuenuii x1opopiny
(inpykuiitHa kpuBa, kpuBa Kayrcbkoro) (inpykniiiHa kpuBa, kpusa Kayrcbkoro)

Jani MDKCyAMHHMM (parMEHT JIMCTKa ONPOMIHIOIOTH CBITIIOM, SIKe 30YIDKYe
dayopecueHitio Xxiaopogity.

3HaveHHs (iryopeclieHIii MpeACTaBiIeHO y BIMHOCHUX oauHMIX: C - XiI 1HAYKIIHHOT
KpHUBOi Al obsacTi cyaunu; M - Xijn iHAYKIiHHOT KpuBoi st MixcyaunHoi obrnacti; FTC -
3HAYEHHsI yCTalleHOi (QuryopecteHiii s ooOmacti cynmuam; FTM - 3HadeHHS yCTaJIeHOi
daryopecueHIii s MiKCyAMHHOT 001acTi.

Bimomo, 1110 meBHI AUISHKKA KPUBOT 1HAYKINT (iayopecteHIlli Xxaopodiy € 1HIuKaTopaMu
BIZIMOBITHUX (I3MOJIOTIYHUX MPOIIECIB Y JAHLIOTY (POTOCHHTE3Y.

ToMy mopymieHHS OKpeMHUX JIaHOK (OTOCHHTE3Yy, BUKIMKAHI €K30 Ta CHIOTCHHHMH
YUHHUKAMH MPOSBISIIOTHCA Y XapaKTePHUX 3MiHAX BiAMOBITHUX IUISHOK 1HAYKLIHHOI KPHBOI.
Taki 3MiHM 1HAYKIIAHOT KPUBOI AOCTIAHOI POCIWHM, Ha Ky JHi€ 30yKYIOunid YUHHUK Y
MOPIBHSAHHI 3 IHAYKIIHHOIO KPUBOIO KOHTPOJIBHOI POCIMHY Ha SIKy YUHHHK HE JIi€, CBIIYaTh Mpo
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BIUIMB YHMHHUKA. [neHtudikamis aii yuHHMKA moTrpeOye BUOOpPY crenu@iqHOTO MOKa3HUKA
IHIYKIIHHOI KPUBOI SKOMY BIJNOBIZA€E i caMme I[bOIO YMHHUKA. TakKMMH TOKa3HHUKaMHU B
pe3ysbTaTi eKCIepUMEHTAIBHUX JOCIiPKeHh BUOpAHO 3HAYCHHS CTalliOHApHOI (hiyopecueHii
BHU3HAYCHI B MDKCyIMHHIN o0Onacti muctka FTM, sk koHTpodas 1 B obmnacti cynuan FTC, sk B
30HI ypaxkeHHs. CaMe Il TOKa3HMKH BHOpaHO 11eHTH(]IKAIiIfHOI O3HAKOI YPa)KEHOCTI
BIPYCHOIO CTPOKATICTIO.

Yacrimie TOBXUHY XBUJII ONPOMIHEHHS BUOMPAIOTHh Yy Jliala3oHi MOTJIMHAHHA XJIOpodiry
400,650uM, skuii oxorutroe TojoBHI 1=450 HM, 1=650 M Ta mpomixai 1=500 HM, k=550 HM
MaKCUMYMH TIOTJIMHAHHS HATHBHOTO XJOpOQiTy. [HTEHCHBHICTH ONPOMIHEHHS AKTUHIYHUM
cBiTIIOM 3MilicHIOTh y mianazoHi 100,2000 mxmons (oroHiB M-2 c-1, ska miarpumye
¢dorocunTe3d. OmHOYACHO 3 OCBITJIICHHSM 3IiHCHIOIOTH HPUHOM, BUAUICHHS, BHUMIPIOBAaHHS 1
pEECTpaIlif0 CUTHAIIB (PIIyOpEeCIeHIIil 3 OCBITJICHOI IUISIMHU JINCTKA B Jlalla30Hi JOBXWH XBHJIb
670,770 am. Lleii niama3oH OXOIUIIOE 00UIBA MAKCUMYMH ()IYOPECIEHITIT HATHBHOTO XJI0podiTy
Ha 1=680 M Ta 1=735 M. I3 moTOouHUX 3HaYeHb (ayopecueHIlli OyAylOTh 1HAYKLIHHY KPUBY
dryopecneHIii 1 BUAUIAIOTH 3HaUeHHs cTtamioHapHoi guryopectentii (FTM, puc. 4).

AmHanoriuno OynyroTe iHAYKUiAHY KpuBy (C. puc. 4) dayopecuenuii xmopodiny 3
MOTOYHHUX 3HAYCHb (uryopecreHii ans oOmacti cyguam juctka (C. puc. 5) 1 BUAUIAIOTH
3HaueHHs cramionapHoi d¢uyopecuenuii (FTC, puc. 4). Bunineni 3nadenns FTC 1 FTM
nopiBHIOIOTE. Skio Frc>1,5 Fry, TO pocinHy BBaXarOTh YPaKeHOIO BIPYCHOIO CTPOKATICTIO.

B 3anexxHOCTI Bii KOHCTPYKIi CEHCOpHOI YaCTMHU MpUJIaly, sKa BKJIIOYAE JIKEPEIo
OTPOMIHEHHS, CBITIO(PUILTP Ta (OTONpHIIMaY, 3aCTOCOBYIOTH MOCIIIIOBHE, ITPH OAHOKAHAILHII
KOHCTPYKLIi ceHcopa, abo mapasenbHe, Ipu JBOKaHAIbHIM KOHCprKui'i CEHCOpa, BUMIPIOBaHHS
HaBeneHoi Quyopecuenmii. [Ipy ogHOKaHANBHINA KOHCTPYKIIi ONTHYHY BiCh CEHCOpA CIIOYaTKy
0p1€HTyIOTB Ha Ml)KCY,Z[I/IHHy o0nacTe JHUCTKA 1 3AIUCYIOTh lH,Z[yKLIII/IHy KpUBY, a IOTIM
NEePEeMIIIYIOTh CEHCOP, OPIEHTYIOYHM HOTO ONTHYHY BiCh HA 00JIACTh CYAMHHU 1 3HOBY 3aIHCYIOTh
IHAYKIiHHY KpuBy. IIpm 3acTocyBaHHI JIBOKaHAJbHOI'O CEHCOpa OINTHYHI Bicl KaHaJiB
OpIEHTOBaH1 NapajelibHO BIANOBIAHO Ha o00nacTi cyaAWH 1 MK cynuHamu. IlepeBaramu
napanejabHOro BHMMIpPIOBaHHS (yopecueHlii Npu JBOKaHaJIbHIM KOHCTPYKIIi CeHcopa €
OJIHAaKOBI TEMHOBI (pa3u Ta yMOBH BUMIpPIOBaHb.

3amauer0 OPUCTPOIO € BUOIp TakUX XapakTepHUX O3HAK 1HIyKWii Qayopecuenuii
HAaTUBHOTO XJIOpOdiTy, cmoco0y iX BH3HAYEHHS Ta IHTEpIpeTallii, Kl J03BOJSIOTh BHSIBUTH
3arajlbHUM BMICT MOXXMBHMX PEYOBMH Y POCIMHHI Ta 3a0e3Me4eHICTh HUMM, a BIAMOBIAHO 1
3arajgbHUM arpo0i10JOTiYHUN CTaH CUIBCHKOTOCIONAPCHKUX YT1/b.

BupimeHHs mocTaBiaeHol 3a7aui A0CIraeTbCcs TUM, 11O 3alPONOHOBAHMUN CIOCIO BKIIIOYAE
OTNIPOMIHEHHS JINCTKA POCIMHHU, IMICJIsI TEeMHOBOI (pa3u, cBiTIOM B aiana3zoHi XBuwib 400-650 HM,
npuiioM, BUMIPIOBAHHS Ta PEECTPAL0 CUTHAJIB HaBeAEHOI (uIyopecleHIlil B Jiana3oHi XBHIIb
670-770 HM, i3 3HaUeHb SKUX OYIYIOTh IHAYKIIHHY KpUBY (iyopecreHmii Ta BH3HAYAIOTh
cTanioHapHy ¢uyopecueHuito Fg a Takok B HbOMY J10JJaTKOBO BU3HAYaIOTh 3HAYEHHS (POHOBOI
Fo, makcumanbsnoi Fr, 1 BapiabensHoi daryopectiennii Fm-F0, Ta 3radenHs ¢yopecueHiiii miato
Fpl, @ Tako’k BU3HA4YalOTh MAaKCHUMaJIbHE 3HAYEHHS MOIYJS PI3HULI MIX NOTOYHUMH 3HAUYEHHSIM
dayopectenIii moButbHOI (ha3u Fy, Ta BiMOBIIHUM HOMY 3HaYEHHSM MEXKaxX BiJl MAKCUMaJIbLHOTO
Fm 1o cramionaproro Fg 3Hauens i nmo BenuuuHi koedinienra miaro Kp=(Fpl-Fo):(Fm-F0)0,4 Ta
koedirienta veminiiHocTi Knj=|Fq-Fijmax:(Fyn-Fs)0,1 pobisaTs BUCHOBOK MPO BipycHE ypakKeHHS
POCIIHHU.

BiqMiHHIMH O3HAaKaMM 3alpPONIOHOBAHOTO CIIOCOOY € Te, M0 B HBOMY JOJATKOBO
BU3HAYal0Th 3HauYeHHs QoHoBOI Fo, MakcumanbsHOi Fry 1 BapiaGenbHoi ¢uyopecuenuii Fy-Fo, Ta
3HaueHHs (uiyopecleHnii miato Fp, a Takok BU3HAUalOTh MaKCHMalbHE 3HAUEHHS MOJYIIS
PI3HUII MK MOTOYHUMHM 3HaYeHHSIM (pryopecreHuii nmoBuibHoi ¢a3u Fp Ta BinnmoBinHuM omy
3HAYEHHSM JiHiiHOrO cnagy (ayopecuenuii Fy BU3HaueHOro AJi1 MOMEHTY BUMiproBaHHsS Fp B
MeXax BiJl MakcuManbHOTO Fry 10 cramionaproro Fg 3Ha4eHsb i Mo BennuuHi Koedillie-HTa 1miaTo
Kpi=(Fp-Fo):(Fm-F0)0,4 Ta xoedinientra neminiitnocti Knl=[Fn-Ftjmax:(Fm-Fst)0,1 pobmsaTs
BUCHOBOK TIPO BipyCHE YPa)K€HHS POCIUHHU.
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BBenenHs y Bigomuii cmoci0 Bu3HAuYeHHS KoedillieHTa TUIATO INBHIAKOI  (a3um
bayopectenIii Ta koedimieHTa HETIHIKHOCTI MOBUIBHOI (a3u 1HAYKIIT (uryopeciieHiii, cnocody
iX BU3HAYEHHS Ta KUIbKICHOI iHTEepHpeTanii 103B0JIsi€ pOOOTH BUCHOBOK PO BipyCHE yparkeHHS
POCIIHHHU.

CyTHICTh 3allpONOHOBAHOTO CHOCOOY MOJIATa€ B TOMY, IO JIMCT POCIMHHU, abo Horo
(dbparMeHT, Cro4aTtky BUTPUMYIOTh y TempsiBl. TemHoBa (a3a JucTka POCIWHUA HEOoOXigHA s
NPUBEJICHHSA CUCTEMU (POTOCHUHTE3Y B IMOYATKOBUI CTaH, KOJIM OKHUCHO-BIIHOBIIOBAJIBHI JaHKU
€JICKTPOH-TPAHCIIOPTHUX JIAHITIOTIB BiAKpHTI. TpuBajicTe TeMHOBOI ¢asu Big 3 g0 20 xB
BIUIMBA€ HAa TOYHICTh BU3HAYEHHS MOKA3HMKIB iHAYKIHII ¢uryopecueniii. TemHoBa ¢aza meHma
3XB. YCKJIaJIHIO€ BU3HaueHHs (ayopecuenuii miato Fp ta cranionapnoi duiyopecuennii Fg, a
3011bIIeHHST TeMHOBOI (pa3u Oinbiie 3a 20 XB CyTTEBO 3MEHIIY€E MIBHIKOAIIO BHUMipioBaHb. s
Ha/IHHUX BH3HAYEHb XapaKTEPHUX IIOKA3HMKIB INPU EKIPEeCHUX OOCTEXKEHHAX JOCTaTHbO
TEMHOBO] ajanTailii He MEHIIE 3XB.

Jani nuct pocianau, ado ¢pparMeHT ONMPOMIHIOIOTH CBITIIOM, sIKe€ 30y/KYy€e (PIyopecieHIito
xJopodiny.

30ymkeHHs (iyopecueHlii XxJopodisly BUKOHYIOTh Yy CIEKTPaJbHOMY Jiana3oHi ioro
MOTJIMHAHHS, TOOTO B Aiama3oHi (oTocuHTeTHYHO akTUBHOI pamiamii (PAP) Bix 390 mo 730 HMm.
B mpomy niamaszoHi iCHYIOTH JBa OCHOBHI MaKCHMYMH TMOTJIMHAHHS HATUBHOTO XJIOpO(iTy Ha
xBuix 430 1 660 HM Ta aBa cimabo BupaxkeHux (500 i 600HM). 3a MekaMu ILOTO JiaNa30Hy
30ymxeHHs duryopecueHIlii xmopodiny Biaram manoedextuBHe. Kpim Toro, iHIIN mirMeHTH
POCHHH, IO MOTJIMHAIOTH CBITJIO 1 MEpeNaloTh EHEepriro Ha peakiiiHi HEeHTPHU XJIOPOIUIACTIB,
XapakTepU3ylTbCsd MAaKCUMyMaM{ IIOTJIMHAHHSA y ToMmy K Jiana3oHi. Ilpu 30ymkeHH1
¢uryopecuenii Ha XBWIAX Oinbiie 650HM BHHHUKAIOTh 3HAYHI CYTO TEXHIUHI TPYAHOIII IPH
BUJUICHHI CUTHAaNIB uiyopecueHmii y aiamazoHax xBwib Bil 670 mo 770 HM Ha oHi
30y/UKYIOYOTO  ONPOMIHEHHS, OCKUIBKM B IIbOMY BHIAAKy TOTPiOHI BY3bKOCMYTacTi
cBiTIIOQUIbTpU. Bubuparoun xBuwmo 30y/pkeHHS (QUIyopecleHIii HaTMBHOTO XJOpodiny,
BpPaxoBYIOTh, 3 OJHOTO OOKy, MakcumyM mnoriuHaHHs (= 430 H©HM), a 3 IHIIOTO, TEXHIYHI
CKJIaJIHOLIl BUJIJIEHHS CUTHaly QuiyopecueHii Ha (oHi onmpomiHeHHs, To6To 650 HM. Tomy
ONTUMAIBHUM Uil 30y/KeHHs Quryopectieniii xynopoduty € mianazon Big 400 mo 650 uwm.
Jbxepenamu 30yIKEHHS MOXXYTb CIYI'yBaTH COHSYHE IPOMIHHS, PTyTHa Jlamma abo jamma
pO3KapeHHs 3 BIAMOBITHUM (IIBTPOM, a TaKOX CYIMEPSCKpaBl CBITJIIONIOAN 3 HEOOX1IHOIO
JIOBXKUHOIO XBHIII.

Hami mnpuitmMaioTh curHaiau HaBeneHoi duyopecteHIi. DiayopeciueHIio Xaopodiry
CIOCTEpIraoTh B yChbOMY Jiamna3oHi XBuiIb Big 670 10 770 HM 3 BUpaXeHUMU MaKCUMyMaMH Ha
680 ta 730 um. Ha xBuni 680 HM ii moB'sI3y10Th 3/1€011b1IOT0 3 poboTot0 doTo-cucremu I, a
¢ayopecuenuiro Ha xBuii 730 HM - 3 goTocuctemoro I. ToMy BUMiproBaHHS (uiyopecleHIil B
ychoMy miama3oHi Big 670 mo 770 HM mOcepeaHBO OXOIUIIOE POOOTY 000X (QoTocucreM
¢dorocunTedy. Curnanu ¢uyopecueHIii Ha ¢OHI ONPOMIHEHHS BHUAUIIOTH 3 JOMOMOTOO
CHEKTpaJIbHUX MPUIIAJIiB, 30KpeMa CBITIIOQIIBTPIB 3 BIAMOBIIHOK CMYTOI0 MPOMycKaHHs BiJ 670
1o 770HM, HanpHUKIaa, CKITHUX a00 MaitnapoBux. [IpuiioM onTHYHUX CUTHAMNIB (hiyopecieHii
Ta TEPETBOPEHHS iX /I MOJAlbIIOT0 BUMIPIOBAHHS B CUTHAJIU €JIEKTPUYHI 3/1MCHIOIOTH 3
JIOTIOMOT010  (hOTONMpHUIIMaYiB, SKUMH CIYI'yIOTh (DOTOENEKTPOHHI IepeMHOXXyBaui abo
HaMIBIIPOB1IHUKOBI (DOTOYYTIIMBI €JIEMEHTH, 30KpeMa (HOTO1011 YK (POTOTPAH3UCTOPH.

Jani npuitHaTi curHanu ¢uyopecueHiii BUMIpIOIOTh 1 PeeCTpyIoTh. I3 MOTOYHUX 3HAYEHb
dyopecueHIii OyayroTh IHAYKIIIHY KpuBY (Pir.) 1 BUBHAYaIOTh CTalllOHAPHY (IIyOpECIEHIIIIO.

InnykoBana Qmyopecrenuis xaopodiny mpoxoauts (asy mBuakoi iayopecueHuii (10
3cex) (puc. 4, puc. 5) B sAkiil BUALIAIOTE (GOHOBY (uryopecueHuito Fo, 3HaueHHsa miato Fp,
MakcUMaibHy QuyopecteHiito Fm, BapiaGenbny ¢uyopecuenmito Fn-Fo (Mix Fo Ta Fy), Ta
noBUIbHY (Gazy ¢uryopecteHilii (puc. 5) - cmaa miciasi MaKCHMaJIbHOTO 3HaYeHHs Fm, B sKii
BUAUIAIOTH cTanioHapHe 3HaueHHs Fst. Xin gmyopecenuii B moBinpHiH ¢a3i B Mexax Big Fy 10
Fst mis HeypakeHUX pOCIWH YBITHYTHH a0o omykiauil. Takuil XiJ MOXHa anpoOKCHUMYBAaTH
MPSIMOIO JTIHIEIO MiXK MakCcUMallbHUM F, Ta cramionapauM Fg 3HaYeHHSIMH.
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XapakrepHi 3Ha4eHHs (uyopecuenuii Fo, Fpi, Fm Ta Fst BusHayaoTh 3 iHIyKI1HHOT KpHBOI
(puc. 5), ab0 NIAXOM MOPIBHSHHS PAAY MOCTIAOBHUX 3apEECTPOBAHUX 3HAYEHB (PIIyOpECIICHIIII.
Tak ymoBow Bu3HaueHHs (oHOBOi mouatkoBoi (uyopecuenuii FO, e Fi-Fi-1Fi+1-Fi a6o
MIHIMyM Jpyroi MOXIZHOI BiA I1HAYKUINHHOI KpuBoi (puc. 4). ®duyopecueHuiro miaro Fp
BU3HAYAIOTh K 3MEHIICHHS HapocTaHHs (uiyopecueHiii 3a ymoBoio Fj-Fj-1Fj+1-Fj a6o mno
MIHIMYMY mepiioi MoxigHoi. YMOBOI BHU3HAUEHHS MaKCHUMaJIbHOI (yopecueHiii 3 psay
NOTOYHHMX 3HadeHb € Fn-1Fn>Fn+1. CramionapHe 3HaueHHS (IIyOpeCICHIN] BU3HAYAIOTH 3a
ymoBH Fi-Fi+10,01Fm. 3nauenns F;, Fj, F, ta Fy - BianoBinHO mocaioBHI MOTOYHI 3HAYEHHS
dyopecneHIlii 3apeecTpoBaHi 3a I[HMKJI BHUMIPIOBaHHS. XapakTEpHI 3HAUEHHS IHAYKIIL
dayopecteHIlii BU3HAYalOTh B KiHII IWKIY BHUMIpIOBaHbR a00 y MpoIlleci BHUMIPIOBaHb B
3aJISKHOCTI BiJl 0OYMCIIOBATBHUX MOKIMBOCTEH BUMIPIOBAILHOTO IIPUCTPOIO.

Bimomo, 1m0 meBHI AUISHKHA 1HAYKIIT (IyopecieHIlii HaTUBHOTO XJIOpOo(ily iHTAaKTHOTO
JMCTKA POCIMHU KOPEJIOIOTh 3 BiJIMOBIIHUMH JIAHKAMH JIAHIIOTY (POTOCHHTE3Y, TOMY MOXYTh
CIIYT'yBaTH J1arHOCTUYHUMH O3HAKaMH MOPYIIEHb (DOTOCHMHTETUYHOTO Mpolecy. B pesynbrari
EKCIEPUMEHTAIBHUX JIOCTI/DKEHh B SKOCTI JIIarHOCTUYHHMX O3HAaK ypPaKEHOCTI POCIUH
BIpyCHUMHU 1H(EKIiIMA BHOpPAHO MOPYIIEHHS Y BIJHOBJICHI MYy MEpPBUHHUX AaKUENTOPiB
peakmiitaux neHTpiB ¢ortocucremu II, ski BU3HAYAIOTH NUISIXOM BUMIipIOBaHHS (hiryopecreHiii
mwiato Fpl B mexax BapiabenpHoi ¢uyopecuenuii Fo Fn. IlosBa mpomixnoro miaro Fpl B
mBHIKIA (a3l ¢uryopecieHIil BUKIMKaHE OJOKYBaHHSM EJIEKTPOHHOTO TPAHCIOPTY MIiX
NEPBUHHUMH akientopamu ¢otocuctemu Il mig BIIIMBOM pi3HUX YMHHHKIB, 30KpeMa BIpyCHUMHU
YpOKEHHSIMH  XJioporutacTiB. 30umbmeHHs Fpl BUKOpUCTOBYIOTH JJIsl OLIHKHA CTYIEHIO
1HT101pyBaHHS €JIEKTPOHHOTO TPAHCIOPTY, TOOTO SIK JA1arHOCTUYHY O3HAKY BIUIMBY BIPYCHOTO
ypakeHHs1. [Ipyroro AiarHOCTHYHOIO O3HAKOK BHOPAaHO MOPYIICHHS X0y TaJIbMyBaHHS BiITOKY
€JICKTPOHIB BiJl NMEPBUHHUX AKIICNITOPIB peakIiHUX HEeHTpiB ¢gorocuctemMu Il 1o peakiiiHux
neHTpiB ¢gorocuctemu | B manmrory temmoBoi (asm (oTocuTHE3a, SIKY OLIHIOITH HUIIXOM
BU3HAYEHHS MAaKCHMaJbHOI HEMIHIHHOCTI MOBUIbHOT (a3u iHaykuii Qayopecuenuii, sk
MaKCHMaJbHOTO 3HAUEHHS MOJYJI0 PI3HMII [OTOYHOrO 3HaueHHs (iyopecueHUli Ta
daryopecueHIii JiHiiHOTO cragy B MOMEHT Yacy tn.

Jliniiiaui cnag gayopecueHuli B MOBUIbHIN (a3l IHAYKIIT (ayopecueHiii CBITYUTh PO
OJIOKYBaHHSI OKpPEMHUX JIAaHOK B JIAHIIOTY (POTOCHHTE3Y, 30KpeMa 3aTpUMKa aKTUBALil IUKITY
KenpBiHa, BIATOKY €JIEKTPOHIB 10 ¢oTocuctemMu | Ta iH., BUKJIMKAHE BIPYCHUMH ypaKEHHSIMU
xyioporactiB. CTymiHb HaOMMKEHHS peajabHOi (YHKLII chaxy MoBuUIbHOI (a3u iHAyKIii

(uyopecueHIii 10 JNiHIHHOrO crnaay B Mexax Bifg F, 1o Fg BUOpaHO A1 OLIHKM CTYNEHIO

NOpyIIEeHHS! (POTOCHHTE3y, a TUM CaMUM CTYINEHIO BIPYCHOTO ypakeHHS pociauHH. OIIHKY
HEJIHIAHOCTI peanbHol QyHKUIT ciaxy (iyopecueHii 341iCHIOI0Th 10 BeINYMHI MaKCUMAaIbHOT
HEJHIHHOCTI.

MakcumanbHa HENIHIMHICT BHUpaXKae MaKCUMajbHE BIIXWIEHHS XOJy pealbHOi
3aJIeKHOCTI, YBIrHYTOi a00 oOmykioi, BiA JHIAHOI 3alleXXHOCTI MOHOTOHHOIO —CHaay

dayopecuenIii B Mexxax Bii MakcumanpHoro F. mo cramionapHoro Fst 3HaueHb, TOOTO Bix

anpOKCUMYIOUOT MpsAMOi Mixk 3HaYeHHAMHU Fm Ta Fst.

OCHOBHUMH HampsMaMH TIPH CTBOPEHHI MPHUCTPOIO ISl JIOKAJTBHOTO OIMEPaTHBHOTO
MOHITOPUHTY arpo0ioJIOTi4HOr0 CTaHy CUTbCHKOTOCIIOIAPCHKHUX YTi/Ib €:

— cTBOpeHHA  1HGOPMAIIMHUX  TEXHOJOTIM  aBTOMATH30BAaHOTO  IPOCKTYBaHHS
KOMIT FOT€PHHUX 3aC00iB 1 CHCTEM JIJIsl IEPETBOPEHHS Ta 00poOKH iH(opMaIlii HeaeTepMiHOBaHOT
PUPOIH;

— po3poOka KOMIT'IOTepHHX 3ac00iB Ta OIOCEHCOPHUX MPUIAIB JUIS EKOJOTIYHOTO
MOHITOPHHTIY, €KCIIPEC-/11arHOCTUKU CTaHy POCIIMH Ta BUSBIEHHS TOCTPUX BIpYCHUX 1H(EKIIiii.

HaiiBaxxnusinii pe3ynbTaToOM OTPUMAHUMU B X0 TOCITIIKSHHSI:

— CTBOPEHO TEOPETHYHI OCHOBM Ta METOJOJIOTII0 MPOEKTYBAHHS BHCOKONPOTYKTHBHUX
3ac00iB nepeTBOPEHHs 1 00poOKH iH(opMarlii;

58



— PO3pOOJIEHO TEOPETUYHI OCHOBU Ta CTPYKTYpPHI NPUHLUUIM TOOYAOBH BipTyaJbHHX
IIEHTPiB aBTOMATH30BaHOT'O MPOEKTYBAHHSI 13 IIEHTPAII30BaHUM 1 PO3MOAICHUM JOCTYIIOM;

— pO3po0IEHO METOJOJIOTII0 CTBOPEHHSI HOBHUX 1H()OPMAIIITHUX TEXHOJOTIH BipTyaIbHOTO
MIPOCKTYBaHHSI KOMIT FOTEPHHUX MPUJIAAIB Ta 3ac001B I aHami3y ¥ oOpoOku iHdopMmarii mpo
CTaH CKJIaAHUX O10JIOTIYHUX 00’ €KTIB;

— pO3pOOJICHO Ta 3ampOBaKEHO JIepKaBHI CTAHIAPTH 3 BiAMOBOCTIMKOCTI ¥ >KHBYYOCTI
3ac00iB  OOYMCIIOBANIbHOI TEXHIKH, TaMEPHUX CHCTEM, aHajloro-mudpoBux 1 wnudpo-
aHAJOTOBUX TMeEpeTBOpIOBadiB, (opmaTiB 00MiHY OIOMETpHUYHMMH JaHUMU Ta 3aco0iB
OloMmeTpudHO1 i1eHTH iK1

B pamkax nuceprainiifHOi poOOTH HamH TPOIOHYETHCS BHBUUTH Ta JIOCIIAMTH METOIY
iaykuii guopycuencii xinopodiny (IPX), sk HalOUIBII ONMEPATUBHOTO Ta €KCHPECHUBHHUM IS
BHUBYCHHS Ta aHAJI3y CTaHy POCIMHHOCTI JIJIsi TPOMKCIIOBUX YMOB 3eMiepoOcTBa (puc. 6).

Puc. 6. "®aoparect" - npwiaa 1jst GyHKIioHAJBLHOL JiaTHOCTUKM CTAHY POCJIMH B MOJbOBHX YMOBAaX

[ToeqnanHss 1bOro MeroAy 13 MHUPPOBUMHU iHPOPMAIIHHUMH Ta TEXHOJOTIYHUM
MPOTHO3YBaHHSM, JJACTh 3MOTY YIIPABIIIHHS TJIAHOBOIO BPOXKAHHICTIO.

ToMy OCHOBHOIO METOI0 pOOOTH TOJNATa€ Yy BHBYEHHI Ta JOCHIKEHHI HaMOUIbIIT
IHTEHCUBHOT'O Ta €KCIIPECUBHOI'O0 METONY IHAYKIIT (opyCUeHClT XJI0poduTy A OLIHKH CTaHy
CUIBCBKOTOCIIOAAPCHKUX KYJIBTYP B YMOBaX MPOMHCIOBOIO 3€MJIEPOOCTBA Ta MOEJHAHHS 1[OTO
METOJy 3 I1HHOBAI[ITHUMHM TEXHOJOTISIMU LH(pPOBOro 3emiepoOCTBA, CHPSIMOBAaHUMHU Ha
IPOTHO3YBaHHS 1 3 PEITOI0 HA KIHIEBY METY, Ha YIPaBJIiHHs BPOXKaiHICTIO.

[IpononyeThcs excnpec-aiarHOCTUKAa (QYHKIIOHANbHUX Ta 1H(QEKUIMHUX 3aXBOPIOBaHb
POCIIMH, IIO BIJNOBIZAa€ CBITOBIM TEHJEHLi CyNMpOBOAY TEXHOJOTi BUPOIIYBaHHS Cy4aCHUM
IHCTPYMEHTAJIbHUMHU METOJJaMH aHaJ13y (YHKIIOHAIbHOTO CTaHy POCIIMH.

B ocHOBY cucTeMH KOMIUIEKCHOI J1arHOCTUKY MOKJIAJIeHl METOAMYHI Ta IHCTPYMEHTaNbHI
IpUIOMHU BUMIPIOBAHHS Ta IHTEPHpETaLii JIarTHOCTUYHUX O3HAK, 30KpeMa XapaKkTepHUX 3HaYCHb
doro- Ta TEpPMOIHIYKLIl QIyopecueHnii HATUBHOIO XJOPOQUILY JHUCTKIB, CIEKTPAIbHUX
MOKa3HUKIB  (IYOpECUEHINll, sKI JO3BOJSIOTH HAIIHHO 1 EeKCIPECHO JIarHOCTyBaTH
(yHKILIOHATbHI 3aXBOPIOBAHHSA, a TaKOXX BU3HAYaTH NPUCYTHICTb B POCIMHAX BIPYCHHMX Ta
OaxTepianbHUX 1H(EKIIIH Ta BUSBIATHU iX Y IPUXOBaHIN (HopMi.

KommuiekcHa JTUCTKOBa J1IarHOCTHKA PEKOMEHAYETHCS JJISl 3aCTOCYBAHHS HE TUIBKHU JJIS
IUIOJIOBUX Ta SIT1THUX, ajle 1 Al 3epHOBHUX, OBOYEBUX, KOPMOBHUX Ta JEKOPATUBHUX KYIbTYp [1].

Bucoxwuii Bpokail 1al0Th JIMIIE Ti CUIBCHKOTOCIIOAAPCHKI POCIUHHM, SKi KYJIbTHUBYIOTHCS B
HaJICKHUX, CIPUATINBHUX JJIs HUX yMOBax. Pi3ki 3MiHU TemrepaTypH MOBITps, HOro miBHILEHA
(abo, HaBMaKM, 3aHU3bKA) BOJIOTICTh 1 3a0pyIHEHICTh LIKIUIMBUMHU IMPOMUCIOBUMH BUKUAAMU €
YHHHAKAaMH, 110 HETATHBHO BIUTMBAIOTh HA IMPOIECH BETeTallii Ta IUIOJOHOMICHHS. 32 yMOB Jii
IUX YMHHUKIB BaXJIMBO CBOEYACHO PO3IMI3HATH 3MIHM CTaHy Ti€i 4M 1HIIOI POCIMHH, 1100
JIOTATKOBO THKUBUTH 11 BOJIOTOr0 a00 AoOpuBaMu uu oOpoOuTu repoimumaamu. [Ipore ockinbpku
HETraTHBHI BHYTPIIIHI 3MIHM HE€ 3aBXIM OJIpa3y IMO3HAYAIOThCS Ha 30BHIIIHBOMY BHIJISII
arpoKyJbTypH, CTBOpeHO mnpmiazn «dDiaopatecT», AKMH Ja€e 3MOry TOYHO BHM3HAYaTH CTaH
POCIIHMHU 32 OCOOJIIMBOCTAMH Tiepediry B Hill mporecy pOTOCHHTESY.
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TpaauuiiHi METOAMKM BH3HAYEHHS CTaHy pOCIMHHM IependayaroTh peecTpalio
aHaizyBaHHs (uryopecueHilii (CBITIHHS BHACIIOK ONMPOMIHEHHS) XJIOpO(DUTy B 3€JICHOMY JIUCTI
Ta MOTPEOYIOTH ISl IIOTO CIEIialIbHUX JIA00paTopHUX yMOB. A mpuiaa «®Droparect» Moxe
3MIMCHIOBATH EKCIPEC-IiarHOCTYBaHHs OYKBAJbHO BIIPOJIOBXK JIIUGHHUX CEKYHA (PEeXKUM 1
TPUBAJICThH orepalii MokHa 00paTu B OKPEMOMY MEHIO): JI0 JIUCTKA POCIHMHUA HMPUKPITUIIOETHCS
MIHIATIOPHUHN JATYUK-IPHIIINKA», Jajll JIMCTOK OCBITIIOIOTh y BHU3HAYCHOMY CBITJIOBOMY
Jiama3oHi, a cChemiajlibHa IHTENeKTyalbHa TIporpama 37IiiCcCHIoE O0OpOoOJIeHHS OTpUMAaHOl
iHdopmMarii Ta mepemae pe3yabpTaT Ha JUCIUICH — y BHUTJISAAI KPUBOI JIiHII, III0 Ma€ Ha3By KPUBOI
KayTtcpkoro, siky yMOBHO HOPIBHATH MOXKHA MOPIBHATH 3 Kapaiorpamoro. Ha oCHOBI UX JaHUX,
AK1 B11OOpa)karoTb CTaH POCIMHU Yy KOHKPETHHH YacOBHM HPOMDKOK, KOpPHCTyBau MpUIIaly
OTPUMYE JaHI IPO BMICT MOXHBHHX PEYOBHUH y POCIHHI, a 3 BUKOPHCTAHHSIM MPOTPAMHOTO
3a0e3eueHHs] MOKHA NMPUIMAaTH PIIIEHHS 1010 HOJAJIBLION0 IOy 32 POCIMHOIO Ta HOPMHU
BHECEHHS TEXHOJIOTIYHOTO MaTepiany.

Excripec-1iarHocTyBaHHS cTae y MpUroAl il mpu 60poTh0i 3 Oyp’siTHAMH: SKIIO Bi3yalbHO
pociuHa-Oyp’siH Mae 33I0BUTBHAN BUTJI, @ KpuBa KayTChKOTo CBITYHTH MPO MOYATOK MPOIECIB
B’SIHEHHS, TO II€, BIJIMOBIAHO, YHEMOTPIOHIOE BHECEHHs TrepOiluiiB, ajke Oyp’sSH 3arvuHe y
npupoaHuid crnoci6. TakuM YHHOM, 3a0INAKYIOThCS XIMIYHI PEYOBHHM, a JIOBKULIS 3a3HAE
MEHILOT0 TEXHOT€HHOT'O HaBaHTaKEHHS.

[Tpuctpiii «®PnopaTecT», BUMarae MOAANBIINX TOCTIKeHb, abu BiH BimoOpakaB cTaH
pPOCIIMHH, a IporpamMHe 3a0e3le4yeHHs CTBOPEHE Ha OCHOBI TAKMX JaHMX, JaBajO KOHKPETHI
nopaau 1I0JI0 HOPMHU BHECEHHS TEXHOJIOTIYHOro MaTepiamy Ta mepioniB. Ha manomy erami
TaKOXX IPALIOIOTh HAJ CTBOPEHHSAM O€3pOTOBUX CEHCOPHHX MEpPEeX, L0 YMOXIIHUBIATH
JIMCTAHIIIHE CIIOCTEPEKEHHS 32 PO3BUTKOM POCIIMH Ha BEJIMKHX TEPUTOPIsX [2].

Ha cporoani mpunan "dnoparect" BUIYCKA€TbCS Yy BUIJISAI CEHCOPHOI MEpexi, IO
JI03BOJISIE TIPUCKOPUTH TIpoIiec 300py Ta ompaiioBanHs naHuX. OCHOBHI 00JIaCTi 3aCTOCYBaHHS
eKCIpecHa OIIHKAa >KUTTEASUIBHOCTI POCIUH IICHIS 3aCyXH, MOpO3Y, 3YEIJICHHS, BHECEHHS
MEeCTUIIU/IIB €KCTIPEC-BU3HAYCHHS ONMTUMATIBLHUX /103 XIMIYHUX TOOpWB Ta G10JIOTTYHUX JT00aBOK,
110 JIa€ 3MOT'y ONTUMI3yBaTH KUIBKICTh TO0OPHB 1 J00ABOK Ta 3MEHUIMTH BMICT HITPATiB B OBOYAX
eKCIIpeCHEe BU3HAYEHHS 3a0pyJHEHHS BOAM, IPYHTIB 1 TOBITPS MECTULUAAMM, BAKKUMHU
MeTajaMHd 1 HPOMMCIOBUMH BHUKHJIAMHM €KOHOMisl E€HEpPreTMUYHUX 1 BOJHHUX pEcypciB INpHU
HITYYHOMY TOJMBI CTBOPEHHS TEXHOJOTII Mpenu3iiHOro 3eMiaepoOCcTBa MpPU CTPaXOBOMY
3eMJIepoOCTB1 MPHJIaJA A03BOJISIE OTPUMATH MPOTHO3HI pe3yabTaTH 110JI0 MAaHOYTHBOTO YpOKako
aBTOMAaTHU3aIlisl JOCIIKEHb B 001acTi (Pi310710T1i pOCTHUH.

BucHoBok. [Ipunan «®roparect» Ui eKclpec-AilarHOCTUKU CTaHy POCIMH B YMOBax Jii
CTPECOBUX HABAHTAXEHb MPHUPOHOTO i TEXHOTEHHOTO MOXO/PKEHHS, SIKi JO3BOJISIIOTH CBOEYACHO
BXKHTHU 3aM00DKHUX 3aXO0/iB 1, K HACHiJO0K, BPATYBaTH POCIMHU Bil XBOpoO, 30eperTu Bpoxaii,
HiABUIMUTH TPOJYKTUBHICTh POCIMHHHUX KYIBTYp 1 CKOPOTHTH BHTpPaTH Ha BUPOOHHUIITBO
OJIMHMIII TPOAYKIIil, 3HU3UTH BMICT HIKIJJIMBUX PEYOBUH B POCIMHAX, L0 OCOOJMBO BAaXKIUBO B
yMOBax Mpenu3iiHoro 3emiepoOcTtBa. TexHIYHMI pe3yabTaT BUKOPHCTAHHS MPUCTPOIO
«®DnoparecT» BUPAKAETHCS Yy OTPUMAHHI TOYHOI, JOCTOBIPHOi Ta IIBUJKOI OIIHKU CTIMKOCTI
POCIIMH BHHOTpaIy 10 IPYHTOBOi IOCYXHM Ta 3aCOJICHHS, IIO0 Ma€ BaXKJIMBE 3HAYCHHS IIPH
IPOBE/IEHH] CeNeKIiHUX poOiT, 30KpeMa B CeleKIii CTIHKUX 10 abiOTHYHOrO CTpecy COpTiB
BUHOTPaAy Ta JJIs OL[IHKU CTIMKOCTI MEPCIEeKTHUBHUX (POpM Ta COPTIB. Y pe3ynbTaTi OrJsay
BCTAHOBJICHO HEOOXIJHICTh Ta JOUUIbHICTE PO3POOKM Ta BHKOPHUCTAHHS MPUCTPOIO IS
JIOKQJIbHOTO OIepaTUBHOIO MOHITOpUHTY «®dmoparect» Ta ineHTHdIKalii arpo6i0J0TiYHOrO
CTaHy CUIbCBKOTOCHOJAPChKUX KYJIBTYp METOJOM THpOBEIeHHS 1HAYKLii (ryopecueHil
HAaTUBHOTO XJOPOdiTy.
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SMARTPIEZOCERAMICS B CEJIbCBKOM XO3SICTBE

Abstract. The principle of land cultivation is analyzed. It has been found that cultivating
the land takes a large amount of time and energy; cultivation requires large energy
expenditures.

A review of the cultivation organs based on the analysis of literary sources and scientific
publications. A plow with a higher efficiency for soil cultivation is provided, and a 3D model is
provided.

Key words: SMART PIEZOCERAMICS, vibration technology.

Beegenne. OHON U3 BaKHEHIINX OTpaciael SKOHOMHUKH SIBISIETCSI CEIbCKOE XO3SIMCTBO,
TaK Kak OT HEro 3aBUCHUT NPOJOBOJILCTBEHHAss 0€30MacHOCTh rocynapcrsa. IMEHHO 1o 3ToMy
pa3BUTHE TEXHOJIOTUH B TaHHOH cdepe crnocodcTBYeT A3 (HEeKTUBHOMY SKOHOMUYECKOMY POCTY H
YBEJIMYEHUIO OJIarOCOCTOSHUIO IPAXKAaH U rOCy1apCTBa B LIETIOM.

OO6paboTka 3eMiIM BCE €Ie 3aHUMAEeT OOJBIIOE KOJIMYECTBO CHWJI M BPEMEHH, MpHU
KyJbTHBAIIMK 3€MJIM HaM BCe elle HeoOXO0AUMbI OOJIbIINE PAcXoabl 3Hepruu. s pemenus 3Toi
poOJIeMBI UCTIONB3YETCS HOBBIE BUIBI CETbXO3TEXHUKHU, UTO SIBISETCS OJJHOW M3 TJIABHBIX 33124
pasBUTHSI COBPEMEHHOTO MalIMHOCTpoeHus. Ho Ha 3TOM MyTH CYIIECTBYIOT OTpaHUYEHUs
MIPOM3BOIUTENFHOCTH TPAJUIIMOHHBIX MAaIINH, KOA(PQHUIMEHT IOJE3HOTO JEHCTBHS KOTOPBIX
kosebnercs B mpenenax 0,19-0,38. Jlns co3ganus wmamumH - Oonbiued  3d@exTuBHOCTH
HEOOX0oaMMO oOpamaTbcss K HOBBIM TPHHIOMIAM H TEXHOJIOTHH, B TOM 4YHCIE U
BUOpanoHHBIX[1].

DKCIIepUMEHTAIFbHO YCTAaHOBJIEHO, 4YTO TIPH WCIIOJNB30BaHUHM BHOpaIMii B IUTyrax
3HAYUTEIbHO YMEHBIIAETCSI TPEHHE CKOJBXKEHHE IIOYBOM, 4YTO SBISAETCS OCHOBHOM
COCTaBIISIIONIEH B OOIIEl BEIWYMHE TATOBOTO CONPOTHBIICHUS. YMEHBIIACTCS TaKXke |
3amunaHus pabouumx opraHoB. BceBsizu ¢ 3TUM B ToOcieqHee BpeMs MOSBHWIOCH MHOTO
KOHCTPYKUUH IUIyTOB C BUOpUpyoOIIMMU pabouumu opraHamu[2]. OpHako, OpH Bcex
MOJIOKHUTETBHBIX 3¢ (eKTax, UMEIOTCS CBOM HEJOCTaTKH, a WMEHHO: Ooybline rabaputhl, a
TaKXKe CII0KHBI SKCIUTyaTalusl ¥ U3TOTOBJICHUE.

Lesb padoThl — yCOBEPIICHCTBOBaHKUE pab0OYero opraHa KyJabTHBALUU JUISI YMEHbLICHUS
CHUI TPEHUSI C TIOYBOW 3€MJI B CETTLCKOM XO3SHCTBE.

Jist perieHus 3TUX MpoodJieM MPeIIokKEeHO UCIIOIb30BaTh Smartibe30KepaMuKy.

Ha puc. 1 mpencraBiena KOHCTpYKIHs Iuiyra co Smartpiezoceramicse 3D, a Ttakxke
pacnooKeHHe YacTel KOHCTPYKIMH TUTyra co smartpiezoceramics.

CyTb NaHHOW TEXHOJIOTHH TIPW HWCIOJB30BAaHUHM B KYJIHTHUBAIMH TOYBHI 3aKIIOYAETCS B
cienytomeM. IIpe30kepaMUUecKuil MbE303JEMEHT IUIOTHO pACIONOKEH Ha TOBEPXHOCTH
TUTY’)KHOTO OTBaJIa. 3a CYET HAJIMYHUS y TThE303JIEMEHTA MPSIMOTO U 00paTHOTO Mhe303ddeKTa oH
MOYKET UCIOJb30BATHCS KaK aKTyaTop (BUOpATOp) WIIM TAaTUHK.

[lpy momade TmEpPEeMEHHOTO DJJIEKTPUYECKOTO HAINpPsDKEHUs, 3a cueT o0paTHOTro
nbe309((ekra, B MbE30’JIEMEHTE BO3HUKAIOT KOJEOAHMs, KOTOpHIE IMEPEeNaloTCs IUTYKHOMY
oTBay. TakuM oOpa3om, B IUIyre BO3ZHUKAET BUOpAIMs, KOTOpas CIIOCOOCTBYET YMEHBIICHHIO
CHJIBI TPEHUS TUTyTa C IOYBOM.
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[Ipy OTK/IIOYEHHMH TEPEMEHHOIO DJIEKTPUYECKOr0 HAMNpsIKEHUs, 3a CUeT MPsSMOro
nbe303((ekra, MbE303JEMEHT BBICTYNAeT B KadecTBe Jaruuka. [lomydeHHble 3HadeHus,
KOTOPOT'O UCIIONB3YIOTCA ISl KOPPEKLMM aMILIUTYAbl KoneOaHuii Bubpanuu [3].

a)
Puc. 1. Koncrpykuis miryra co smartpiezoceramics B 3D: a) — Buja ciepeau; 0) — BH/I C3a/11;
1 - oTBaJ, 2 -1emMexa oTBaJa, 3 -cTOliKa KopHyc,4 -smartpiezoceramicse gpopmeancka,5—6ammax

3akaiouenue

TakuM oOpa3zoMm, B JaHHOW padOTe NPEIOKEHO HOBOE PEIICHHE IS YMEHBIICHHS
COMPOTHUBIIEHUSI TMOYBBI MpU €€ KyJIbTUBALMU Ojaromapsi CO3/aHUI0 BUOpalui B IUTY)KHOM
OTBAJIE MJIyTa 3a CYET MCIOJIB30BaHMs smartpiezoceramics.
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HCCJEIOBAHME BJIMSAHUA CBOMCTB U TAPAMETPOB
INBE3OKEPAMUKU HA IIEPEMEINEHUE AKTYATOPA B SIMINTECH

Abstract. The aim of the study is to determine the significant properties and parameters of
the actuator when it is used in the gas admission valve of a marine dual-fuel diesel
generator.The study showed that for a gas supply valve actuator, it is better to use piezoelectric
elements based on PIC255 ferroelectric piezoceramics, which have low Young's Modulus and
Mechanical Quality Factor, high Electromechanical Coupling Factor. Piezoelectric elements
must be preloaded. In the design of the valve, this role is played by return springs.

Key words: admission valve, GAV, piezo actuator, dual-fuel internal combustion engine,
SiminTech.

Lenbto MccnenoBaHus SBISETCS ONpeAeHue HanOoJiee 3HAaUMMBIX CBOWCTB M MapaMeTpPOB
nee3okepamuku (I1K) Ha nepememenue (A) cBoOoaHOro KoHia neezosiementa (I19) B cocrase
HEMOJABIKHO 3aKpPEIUIEHHOI0 HabOpHOro cToj0a MpU ero MCIoJb30BaHMM B KIIAlaHe MOoJauu
rasa CyJI0BOI0 IBYXTOIUIMBHOTO TU3elib-reHeparopa [1, 2].

B [5] mpuBeneHsl pe3ynbTaThl MOJAEIMPOBAHUS HAOOPHBIX CTONOOB B coctaBe ACY
nogaun TormBa B cynoBble J[BC ¢ AIEKTPOHHBIM yIIpaBICHHWEM BIPHICKOM TOIUTUBA M
BBIXJIONHOTO KjamaHa B cpene Simulink. Opnako, mpu MonenupoBaHuM HaOOpPHBIX CTOJIOOB,
HAaCYUTHIBAIONIUX B CBOEM cocTae cBhime 100 [19, TpeboBaniock 3HAaUUTETEHOE BPEMSI.

[losToMy 1uis mpoBeieHUs HccieloBaHMN Obula BbIOpaHa cpega SJIEKTPOHHOTO
MozenupoBanus kommanuu SimInTech (MBTYVY) [3] B cuily MHHUMaabHOTO BPEMEHH H
TOYHOCTH Ui mpocueta Mmoxeiei (Moaynb: SimInTech control systems simulator; DLL:
C:\SimInTech64\bin\mbtylib.dll; BesnumutHas nunensus; Opranmzanus: HY "OMA",
Cepuiinblii Homep: D63B30FDA70; Unentuduxarop: 0CD32D1D).

TpeOoBaHMsI, KOTOPBIE MPEIBABISIOTCS K MPUBOAY KiamaHa mojaud rasza [1, 2, 9] mus
MOPCKHUX JBYXTOIUTUBHBIX IH3€JIb—TE€HEpaTOpoOB cienyromue: pazBuBaemoe ycuiaue — 100 H;
BpeMs IepexoAHOro Tporiecca (t) — He 6osee 2 mc; nepemerterue — 0.4 mm.

Ha ocnoBe momenu [4] B cpene SimInTech Oputa cocraBnena cyomozens I1D B Buae
maiiObl, BHEIIHWH BHJA KOTOpPOW mpencTtaBieH Ha puc. 1, a (Bxomel cmeBa: U in — BxomHOE
HanpspKeHue nuTaHus; FC in — cuia, aeiictByromnas Ha I1D co cTOpOHBI KiTamaHa, crpaBa —
Beixon (LiI) mepemerienus «cBOOOJHOTO KoHI@» [1D ¢ MpPUCOCAMHEHHBIM KJIAIAHOM IM0JIa4u
rasa), a Ha puc. 1, 6 — ¢€ BHYTPCHHSS «HaYMHKAY.
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Caepxy Osoka cyomozenu pacrnoiaratotcst Bxonsl (Fyi-1,i; Fui-1,1) u Beixoasr (-Vi; -Li),
OTBEYAOIIUE 3a COCTOsAHUE CBOOOaHOrO KoHIa I19. Bumsy - Bxoasl (-Vi+l; -Li+1) u BeIxoasl
(Fyi+1,i; Fai+1,i), KOTOpbIC OTBEYAIOT 32 MOKIIOYCHUE K OCHOBAHHIO.

v/ A
2 = < o
>uin & 2
L[> [ -208252
> Fcin < E : h ‘ [al"ss|z£|:
= =2 & 7.53982E08 n
: ¥ EE <
AV AV AN AN Ryt [FEri ] M ] @]
a) 0)

Puc. 1 — Cyomopens I19: a — BHemrHuii BUA; 6 — CTPYKTYpHasi cxeMa

[nsa onpenenenus tuna ucnoasdyeMod I[IK mpu nmoctpoeHun B JaibHEHIIEM MOJEIH
HAa0OpHOTO CTOJI0A HEOOXOIUMO IMPOBECTH HCCICIOBAHUS BIMSHHUS CBOWCTB U IapaMeTPOB
ucnons3yemoit [1K na A cBoboaHor0 KoHIa [13.

3a ocHoBy Obuta B3aTa I[IK LTC-19 co cnemyromumu CBOMCTBaAMH: AUAIIEKTpUYECKAs
IPOHULAEMOCTb — €33= 1750 ®@/M; kodbduimeHT enexkrpomexanuueckoi cesasu — K, = 0.69;
Moayib FOnra — YE33 =7.10% H/Mz; IJIOTHOCTB — p = 7800 Kr/M3; MEeXaHUYeCKas JT0OpPOTHOCTh —
Qm =80; conmpotupieHre ucrouHuka nutanus — Rvt = 50 Owm.

®dopwma [13 — kpyrnas, pazmepst [19 — quamerp d = 0.01 M, Tonmmuna | = 0.005 M.

HuTeprpeTupyeMblii CKpUMNT (pacyeTHbIE (POPMYIIBI):

initialization

S=pi*d*d/4,

mO=p*S*I;

Ky=-S*YE33/I;

Kd=Ky*I/(1.58*Qm);

C=k33T*e33*5/I;

end,;
rae S — miomaae 19, pi — guciao ©, M0 — macca I13, Ky — koaddunuent ynpyrocru, Kd —
ko3 dunuent memnduposanusi, C — emxocts [19, k33T — oTHOCHTEIbHAS TUAICKTPUUECKAS
MPOHUIIAEMOCTh, €33 — AMAJIEKTPUIECKast MPOHUIIAEMOCTb.

B pe3ynbraTe pacuera moxyueHsl CiIeayIOIINe MapaMeTpsl, IpecTaBieHbie B Ta0m. 1.

Ta6auua 1 - ITapamerpsl I19 Ha ocnose L{TC-19

HazeaHue MmA JHa4yeHue
Mnowage cnoq, m™2 5 7.8539816E-5
Macca cnos, Kr mi 0.0030630528
KoaddmumreHT ynpyroctu, M~2/H Ky -7.3398224E8
KoadduureHt gemndupoeaHna, Kd -29825.247
EMKOCTE Cnos, © C 2.4327708E-10

[lepen Tem, Kak MPUCTYNUTh K MOJEIMPOBAHUIO TIOBEJIEHUS CBOOOJAHOIO KOHIIA,
3aKpEIUIEHHOT0 Ha HEMOJBMKHOM OCHOBaHMHU 11D, HE0OX0IUMO OmpenenuTb, Kakoi U3 BHUIOB
MOJIAPU3AIlMU TIPH  KCIIOJIB30BAaHUKM B POJM akTyaropa A Oymer Oonbime. Ha puc. 2, a
IPEICTaBICHbl PE3yJbTaThl MOJEIMPOBAHUS, aHAJIM3 KOTOPHIX IOKa3ad, 4To A CBOOOJHOIO
koH1a 1D npu npononapHON MosgpU3aluy 3HAYUTENBHO NIpeBbimaeT A it 110 ¢ nonepeunoi
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nossipuzanueit. [loaToMmy ganbHeilre ucciieo0BaHus MOBEACHUS aKTyaTopa MpoBoIuuch ¢ 119
C MIPOAOJIbHOM MOJISIpU3aLIUECH.
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Puc. 2 — UccaenoBanue noseaenus I19 ot Buaa noasipu3anuu (a) M BJIUAHUS J00POTHOCTH HA
nepemenienue cBo6oAHOro Kouima (0)

nonepeuHan NoNApUELMA R Q=500

CrnenyromomuM HcciaeI0OBaHHEM ObUTO M3YyYeHHE BIUSHHUS MEXaHWYECKOH TOOPOTHOCTH
(Qm) Ha ocuore ITK IITC-19 mns Tpéx 3HaueHwii mpodporHoctd 50, 250 u 500. 3HaueHus
BBIOMpAJINCh UCXOJI U3 aHAIM3a BO3MOXHBIX BapHaHTOB cyuiecTByromux tunos [1K Bemgymmx
IpOM3BOAUTENEH, NPUCYTCTBYIOIIMX Ha pblHKe. Ha puc.2, 6 npuBeieHbl pe3ynbTaThl
MOJICIIMPOBAHMS, aHAJN3 KOTOPBIX MOKa3al, yTo Qn HEe BIMAET Ha BEMUYHUHY A, OJJHAKO CHIBHO
BJIMSIET Ha T, IPUYEM, YeM BblIe 3HaueHue Qm, TeM MeHbIle T. Tak npu usmeneHun Qm B 5 pas ¢
50 no 250 t ymensblnaetcs B 2 pasza, npu yBenuueHuu c¢ 250 no 500 — oxono 30 %. Oto
MMO3BOJIMJIO CHIENaTh BBIBOJ, UTO JUIS JAIbLHEHIINX HCIBITAHUA HE0O0X0anMO ucnonb3oBath 11K ¢
BBICOKUM 3HaueHueM Qm.

Pe3ynbraTel mccnenoBaHus BIHSAHHSA KOd(GQuUIMEHTa 3ekTpoMexanndeckoil cesaszu (Kp)
npeAcTaBIeHbl Ha puc. 3, a it Tpéx 3HaueHuit Ky: 0.4; 0.6; 0.8. Mx ananu3 nmokasan, uto Ky
BIIMSET, KaKk Ha BeqmunHy A, Tak m Ha T. Ilpmyem, npu m3menenuu sHauenus K, nHa 33 %,
IPOUCXOIUT U3MeHeHe A cBoOogHOoro koHua [19 u t poBHo Ha 33 %. [loaTomy, A mpoBeneHuUs
JaNbHEHIINX HUCHBITAHUA C HAOOpPHBIMH CTONOAaMH, IeraecooOpa3Ho wucnonb3oBath [IK ¢
MaKCHMAaJIbHO BO3MOKHBIM 3Ha4eHUEM Kp.
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Puc. 3 — Uccaenosanue pausaus Ky n YE4; FOHra na nepeMenieHue cBo00IHOro KoHua I1J: a —
rpaduk 3apucumoctu A = f(K); 6 — rpaduk 3apucumMocTn A = f(YE3s)
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Ha puc. 3, 6 mpencraBieHbl pe3ynbTaThl MOACTUPOBAHUS IJIA TPEX 3HAUYCHUN MOIYIIS
IOura (YE33) Npyu HM3MEHEGHMHM 3HAYeHWW B nuama3zoHe +33 %, a HWMEHHO: 4-1010; 6-1010;
8-10'"°H/M’. Amamu3 rpaUKOB MOKa3al, 9TO NPH MPOIOPLHOHATEHOM yBemmueHHH Y o33,
MIPOUCXOAUT HEJIMHEWHOE YMEHbIIeHHE A cBoOoaHOT0 KOoHIa [139. Tak npu n3sMeHEeHUH 3HaYCHUS
YE33 or 4-10%° Io 6-10%° A yMeHbIaeTcs Ha 25 %, a yxe 1pu yBEJIMYEHUU OT 6-10% Io 8101 -
33 %. O4eBUHO, UTO T MPU YBEITUICHUH YE33 raroke YBEJIIMYUBACTCSI.

HccnenoBanue BausiHus rabaputHbIX pasMepoB 19 — nquamerpa (d) (puc. 4, @) ¥ TOJIIIHMHBI
() TID (puc. 4, 6) nokazano, yro usmenenune d Ha mopsmok ot 0.01 M mo 0.1 M mpuBOIUT K
yMeHbIIeHUI0 A cBoOoHOr0 KoHIa B 100 pa3 u yBennuenuro t. B Toxe Bpems yBennuenue | [19
B 10 pa3 ¢ 0,001 m no 0.01 M nmpuBoaut k yBenudeHuto B 10 pa3 A npu OJHOBPEMEHHOM
YBEITUYCHUH T.

Bo Bcex BbIllle NMPUBEICHHBIX HCCICIOBAHUSX CHJIA TPEIBAPUTEIHLHOTO HATPYXKCHUS
coctarisuia 100 H. TToatoMy 1 ObUTO TIPOBEIEHO MCCIIEIOBAHUE €r0 BIUSHHUSA HAa A CBOOOJIHOTO
koH1a 13 u 1, pe3ynbraThl KOTOPOro MpeCTaBICHbI Ha puc. 4, 6. AHaIN3 Pe3yNbTAaTOB MOKAa3all,

4yTO B ciydae npeasaputenbHoro HarpyxkeHus (100 H) A cBoOoaHOro KOHIIA YBETUYMBACTCS
oyt Ha 15 % 1o cpaBHEHUIO C €r0 OTCYTCTBUEM.
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Puc. 4 — Pe3ynsTaTrhl MogesupoBanus A cBo6ogHoro konna I19:
a-A=f(d);6-A="1(I); 6 -A=f(Fcin)

Takum 00pa3om, 1Mo pe3yiabTaTaM MPOBEICHHBIX HCCIeqoBaHUN BiausHUA cBOUCTB [IK u

I‘a6apI/ITHBIX pa3sMepoB I15 MOXHO COCTaBUThH TaOII. 2, rac \L - YMCHBIICHUC U T - YBCIIMYUCHUC
3HA4YCHUAI.

Ta6J. 2 — CpaBHHUTEIbHBbIE MIOKA3aTeJIH BJIUSIHUA CBOICTB 1 pa3mepos I19

%ﬁﬂ o) K, YET dt " Fct
pencmy LA 7 7 7 1 1
i T ! ! ! 1 5 )
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[Iposens ananu3 [1K Begymux npomsBoauteneit CIIA, EBponsl, Manuu [6, 7, 8], Obu10
cMozenupoBaHo mnopeaeHue 1D ¢ mpomonpHO#N mosspusarnueit mis kepamuk PIC255, SP-4 u
IITC-19, cBoiicTBa U pacyeTHbIe 3HaUEHUs napaMeTpoB KoTopelx ans 11D auamerpom 0.01 M u
toiuHoi 0.005 M, Hanpspkenue ynpasienus — 1000 B, cuia nmpeaBapuTeIbHOTO Harpy>KeHUs —

100 H npencraBiieHbl Ha puC. 5, a ¥ pUc. 5, 6 COOTBETCTBEHHHO.
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KoabcpuunenT ynpyrocri, M*2/H
KoacbpuuneHT gemndnposatia,
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Vst
S
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Ky

Ceoiictea [1apameTpsl OBuwe Moptsi BusyansHsie cnon

3nauenme PIC 255 3navenme SP-4

7.8539816E-5
0.0030630528
-7.5398224E8
-29825.247
2.4327708E-10

7.8539816E-5
0.002984513
-0.817477E8
-6213.5931
1.7376934E-10

3Haveme I[TC-19
7.8539816E-5
0.0029256082
-0.424778E8
-59650.493
2.3980169€-10

OnHaR AEE|U

0)
Puc. 5 — CpoiicTBa (a) u napamerpsl (0) [19

AHanu3 MONyYEeHHBIX pPE3yJbTaTOB IOKa3all, 4To Hauboibiiee A CBOOOJHOrO KOHIIA
pa3BuBaet [10 Ha ocnoBe PIC255, IID Ha ocnoBe SP-4 pa3BuBaet A Ha 20 % wmenbie, a [13 Ha
ocaoBe I[TC-19 — yxe Ha HECKOJIbKO MOPSAKOB MeHbmie. IlodToMy u3 mampbHEUIIHX
nccienoBanuii b1 uckioueH 119 Ha ocHoe TTK I[TC-19.

Cremyer Takxe OTMETHTB, UTO T 3aKkaHuuaercs ovictpee y [1D Ha ocHOBe PIC255.

Ha pwc.6 mpencraBieHbl  pe3yibTaThl  MOJCIMPOBAHUS IS JIBYX  METOJIOB
UHTETPUPOBAHKS: HEeIBHOTO Dityiepa (a) U IMaroHaJbHO HESBHOTO (METO 3-ro mopsaka ¢ 3-Ms
HesBHBIMU  cTagusiMu) DIRK3 (6). Ux cpaBHeHuWe moka3aio, 4YTO MpPU HCIOJIB30BAHUH
nuaroHanbHo HesiBHOro DIRK3 xonebaTensHOCTh CHCTEMBI BHIIIIE.
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a) 0)
Puc. 6 — HUccenoBanue BJMSIHUSI METOAOB MHTerpupoBanus Ha A I19:
a — HesIBHBIN Jiljiepa; 6 — nuaronajabHo HessBHbIIH DIRK3

UTC-19

BouiBoabl. Takum 00pa3om, TPOBEIEHHOE WCCIECNOBAHHWE TOKAa3ajlo, YTO JJIA
HCIIOJIb30BaHMUsl HAOOPHBIX CTOJIOOB B KIIalaHe MOJa4M rasa 1eiecooopasHo ucronb3oBanue 19
Ha ocHOBe cerHetoxkecTkoi IIK PIC255, xoropas o0iiamaeT HU3KMMHU 3HAYCHHSIMH MOYJIS
FOnra u 1oOpoTHOCTH, BHICOKUM KOA((UIIMEHTOM dJeKTpOMeXaHN4eckoi cBs3u. Kpome Toro,
[1D nomxHBI OBITH TPEIBAPUTEIHLHO HATPYKEHBI. B KOHCTPYKIIMM KJIamaHa 3Ty POJib BHIOIHIIOT
BO3BPATHBIE IPYKUHBI.
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3ACTOCYBAHHSI CMYTI'OBUX YACTOTHO-3AJIEXKHUX KOMIIOHEHT JJIs1
KOMIT'IOTEPHOI CUCTEMU YCYHEHHSA JETOHALII IBUI'YHA
BHYTPUIIHBOI'O 3'OPAHHA

Abstract. This paper considers the restructuring of the frequency-dependent component
transfer function coefficients in the internal combustion engine detonation. Relations have been
obtained for finding these coefficients, which makes it possible to control the component
rearrangement.

Key word: detonation, digitized signal, transfer function coefficients, analysis of frequency
characteristics.

BypxnuBuil po3BUTOK TIOpUIHUX Ta EIEKTPUUHUX aBTOMOOUIEH He 3HIMae MpoOiIeMH
HiABUILEHHS €KOHOMIYHOCTI O€H3MHOBOT'O JBUT'YHA BHYTPIIIHBOr0 3ropaHHs (/IB3) 1 3HMWKEHHs
tokcnyanx rasiB (CO, NOyx, CH) y BHXJONax aBTOMOOINS € OJHIEI0 13 BAXJIMBHUX 3a1ad NPU
po3pol1i Ta ekcruryataiii aBToMoOUIS. HecyMicHICTH HMX NOKa3HMKIB HPUBOAUTH JO
YCKIIQJIHEHHS] CHCTEMH KEPYBaHHS JIBUTYHOM.

[TinBUIIEHHS] €EKOHOMIYHOCTI 3aJIEKUTh BiJ 3HaU€HHS KoeQilleHTa HAJJIUILIKY HOBITPS O .
Tak, 11t poOOTH JABUTYHA B PEXHMMI €KOHOMIYHOCTI MajuBa KOe(ilieHT HaJJIMILIKY MOBITPS O
NOBMHEH MaTH 3HadeHHA 0=1,1+2,0, a 11 poOOTH JBUTYHA B PEXHMI MOBHOI MOTYXKHOCTI -
0=0,8+0,9. Ognak npu poOOTI ABUTyHAa B PEXHMI MOBHOI MOTYKHOCTI 1 MPU BUKOPHUCTAHHI
HESKICHOTO TaJMBa B IIWIIHApPAX JBUTYHA 3'SBISIOTECS PEXKUMH 3TOPAaHHS 3 BUCOKUMH
mBuAKocTaMA  nopsaky (1000-2000)m/c, siki TpUBOASATH 1O 3HOCY POOOYMX TOBEPXOHB
MOPIITHEBOI TPYIMU Ta Ta30pO3MOJLILHOTO MexaHi3MmiB. [li pexxumm 3ropaHHs, SKi OJepKalu
Ha3BYy JIETOHAIlis, YCYBAIOThCS B JIaHUI yac 3a JIOMIOMOTIOI0 3MEHIICHHS KyTa BHIIEPEKEHHS
3araaloBaHHs a00 3MEHIIIEHHS T01a4i ITaJInBa.

Jis yCyHeHHsT IIMX pEXHUMIB Yy IMIOPTHHX AaBTOMOOLUIIB BHKOPHUCTOBYIOTH CHUCTEMH
eIIeKTPOHHOTO KepyBaHHs yrmopckyBanHsM — BOSH, L-, K- ta Mono-JETRONIC. JlaTtumk
JieToHallli BCTAHOBJIIOETHCSA Ha OJIONI LMIIHAPIB 1 PO3Mi3HAE KOJMBAHHS, SIKI BUHMKAIOTh IpPU
JEeTOHallli, 1 Micas iXHbOI OOpOOKM y €JNEeKTpPOHHOMY OJIOIll KEepyBaHHS, B 3aJ€KHOCTI Bij
CTYNEHs IeToHallii, BUPOOISETHCA KOMaH/a Ha 3MiHY KyTa BUIIEPEKEHHS 3aallOBaHHA.

[Tpu nposiBi feToHallii, y BUCOKOYAaCTOTHIM YaCTHHI CHEKTPY YacTOT 3'SBIISIETHCS CKIIa0Ba
3 BHCOKOI aMIUIITYJ0l0, sIKa BUAUISETHCA 3a JONOMOror cmyroBoro ¢uietpy. Illnsxom
MOPIBHSIHHS (BIHIMAHHS) MOTOYHOTO CHUTHANy 1 CEpPEeIHbOI BEJIMYMHHM aMIUTITYAU CHUTHAILY
JaT4rKa TIPU BiJICYTHOCTI JIETOHAIl BUKOHYETHCS pO3Mi3HaBaHHA JAeToHamii. CTymiHb AeTOHAIl
BU3HAYA€THCS MIJPAaXyHKOM 4YMCJIa aMIUIITYJl y CUTHal JaT4MKa, BEIMYMHA SKUX MEPEBHILYE
CTaHJApTHY BEJIWYHMHY, XapaKTEepHY U 1ModaTKy AeToHarii. [licis po3mi3HaBaHHS AeTOHALil B
3aJIeKHOCTI BiJ i1 CTYNEHsS MPOBOAUTHCS 3MEHIIEHHS KyTa BUIIEPEPKEHH 3anantoBaHHA. SKiio
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micJis 1bOTO JETOHALls 3HHUKA€E, KYyT BUIECPEIKEHHs 3alajlOBaHHs IOCTYIOBO ITiBUIIYETHCH,
TOOTO KepyBaHHS KYTOM BHUIEPEIPKEHHS 3allalllOBaHHS POBOIUTHCS TAKUM YMHOM, 11100 BiH OyB
OJIM3BKUH 10 IETOHAIIITHOTOKPAIO.

VY crangapTHUX OJIOKax KepyBaHHs JBHTYHOM, aBTOMOOLIiB Impreza (xoHiepH Subaru)
peanizoBaHa aKTUBHA CHCTEMa PETYJIOBAaHHS, sIKa JI03BOJISIE B HOPMAJIbHOMY PEXKUMI POOOTH
JBUTYHA BHOCUTH B KYT BUIIEPEIKCHHS 3alajeHHs MOMPAaBKHU BEIMUMHOIO MPUOIN3HO BiJ 3° 10
+12°. Tak, ans TypOipoBaHMX JABHIYHIB MaKCHMallbHa BEJIMYMHA MO3UTUBHOI IOMPABKU
ckianana 12°, a HoBi OJIOKM KepyBaHHsI 3/1aTHI OIIEPYBATH ICTOTHO BEIMKUMHU ITOMPABKAMHU.

Jlist yCyHEHHSI HEJIONIKIB BIJOMHUX BUIIIE 3a3HAUYEHUX CHUCTEM, KM KEPYBAIH BUKIIIOYHO
KyTOM BUIIEPE/KCHHs 3allajlOBaHHSA, MPOINOHYEThCS KepyBaTh Oe3mocepeiHbo Koe]illieHTOM
HAJUTMIIKY OBITPSI O, [0 MPUBOAUTH JI0 CIIPOIICHHS KOHCTPYKIIii CHCTEMH KepyBaHHS (puc. 5).

[Tpu mosiBi AeroHarii cucremMa KepyBaHHsS 30umeimye o mo 1,1+2,0, a e mepeBoauTh
po0OOTy ABUTYHAa B peXUM 301HEHHS poO0Yoi cymimii. AJie TpH I[bOMY BUHHUKAE TaIiHHS
NOTY)KHOCTI JIBUTYHA, I[I€ 3MYCHUTh BOZiSl TEpPEWTH Ha HWXKYY Iepeaady, a aBTOMOOLIb,
o0nasHaHUN aBTOMAaTUYHOIO KOPOOKOIO mepesad, 3pOoO0UTh 1€ caM HE 3MEHIIYIUd KoMpOopTy
MOJOPOXi 1 THUM CaMUM 3HU3WTH HABAaHTAKEHHS HA JBUTYH, IO TNpPHUBEJAEC HE TUIBKH 0
3HUKHEHHS JeTOHaIll, a 1 1o ekoHoMil manusa i 3HmkeHHI0 CO, NOX ta CH.

3a xomaHmamu Onoka (GOpMYyBaHHS KOMaHA MYJIbTHUIUIEKCOp migkimodae jgo ALl
HEOOX1MHUN NaT4yuK 1 onudpoBaHUN CUTHAN HAaAXOAMUTH 10 OJIOKY 300py iHdopmarii. ITicas
HBOTO BCi JIaHI 3HATI 3 JNATYMKIB B IU(poBoMy Koji 3a mporokoidoM USART momaroThcst B
npucTpiii 00poOku iHdopmarii. TakuMm YHMHOM, TPUCTPIN 3HIMAE OaHi 3 YCIX JATYMKIB, SIKI
BUKOPHCTOBYIOTHCSl 3arajbHOI0 CHCTEMOIO YIpPaBIiHHA KoOe(]illieHTOM o Ta KyTOM
BUTIEPEKECHHS 3aI1aJICHHSI.

OuudpoBanuii curHan 3 JaTdyuka JETOHAlli HAAXOAUTh HA BXiA LU(POBOIO CMYroBOTO
¢inpTpy. [licna ¢inprpamii curHany OJIOK BUSBICHHS JIETOHAI] aHANI3Yye OJEp)KaHUM CUTHAI, 1
pe3ynpTaT mepenae a0 Ooky 300py iH@opmarii. 3acTocyBaHHs JaT4MKa OOEpTIB 1IaTyMKa
JIETOHAIlIT JO3BOJIUJIO TOYHO YCTAaHOBUTH MOMEHTH BUHUKHEHHS JETOHAIlli 1 MOMEHTH ii
BiZcyTHOCTI. Lle Jnamo MOXIuBICTH 3acTocyBaTH UUGPOBUIl (IIBTp, SKUH y MOMEHTH
BIJICYTHOCTI JIETOHAIII{ BIICTEXY€E BJIACHI IIyMU JBUTYHA, @ B MOMEHTH MIPOSIBY JI€TOHALIT — CyMy
CUTHAJIIB JETOHAIli Ta BJIACHUX LIYMIB JABHUIyHAa. Pi3HUI LMX 3HAu€Hb JI03BOJISIE BHSBUTH
HasIBHICTH J€TOHAII].

[Tpu mosiBi o3Hak neToHamii OnOK (hOpMyBaHHS KOMaHJ OOYHCIIOE HOBI Koe(illieHTH
1M(POBOro CMYroBOro GUILTPY, SIKUM NepedyI0BYEThCS.

Po3pobka Takoi cucTeMH J103BOJIMIIa 3MEHIIUTH arapatHi BUTPATH, rabapuTHI pO3MIpH, 1
K HacHJOK 3MEHIIUTU CcOOIBapTICTh cUcTeMHU B LIoMy. ['0JOBHI mepeBaru Iii€i cucTeMHU:
YHIBEpPCAJIBHICTb, MiJBUIIEHHS €KOHOMIYHOCTI JBUTYHAa 1 BUKOPUCTAHHS OJHOTO CMYTOBOT'O
uudpoBoro GuUILTPY.

Haiibinpi BaXJIMBOIO 1 CKJIaJHOIO YAaCTHHOIO CHCTEMH € LU(POBUN CMyroBUil ¢inbTp,
TOMY IO 0 WOTO 3a/Jadl BXOJWUTH PO3Mi3HABAaHHS JCTOHAINI 1 BJIACHUX IIYMIB JIBUTYHa Ha
pi3HHMX dYacToTax. YuMm TouHimie 3amaHi koedimieHTH mnepemaBaibHOl (GyHKIIT IHUDPOBOTO
CMYTOoBOro (UIbTPY, TUM TOUHIlIE (QIIBTP BUAUIUTH CUTHAN, 3B'A3aHMU 3 AeToHali€ro. Tomy
HailOlplIa yBara MPUAUISIIACH JIOCTIKEHHIO BIacTUBOCTEH LU(poBOro (GimbTpy MpH 3MiHi
KoeQILi€HTIB epeaBaibHOl QYyHKIIII.

Jiana3oH poOoumx yacToT 3HaxoauThess B Mexax Mix f, =20 I'm ta f; =200 I'u, npu
cmysi nponymeHHss Af =2 I'm. Jlani mapamerpu 0OyMOBIIEHI peXMMamMH POOOTH IBUTYHA i

nosiBoro JeToHanii. Tak mpu dyactori oOepTaHHs KomiHuacTtoro Baixy 600 00/xB (pexum
XOJIOCTOTO XOJy) LIEHTpalbHa yacToTa cMyroBoro ¢uibTpa gopisHioe 20 I'n. B nanomy pexumi
poOOoTH NIBUT'YHA JETOHAllld HEMOXXJIMBaA (II0 BHU3HAYEHHIO) 1 CHCTEMa aHali3ye BIACHI IIYMHU
JIBUTYHA.

st mepeOynoBu 1IupOBOTO CMYTOBOTO (PLIBTPY APYTOro MPsAKY 3HAWIEH] POPMYITH s
pO3paxyHKy HOBHX 3HaueHb KoedilieHTiB ¢inpTpy. Tak, koedimienTn 3HaAMeHHHKaDb Tab,
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NePepaxoBYIOTHCS BiJl 3aJI€KHOCTI 4acTOTI 0OEPTIB KOJIHYACTOrO Bajly Ta HEOOIAHBOI CMyTu
94acTOT, SIKA HAIArO/KYEThCsl TPH MIATOTOBKM JBHUTyHAa. Tak, koedimient by s
YaCTOTU3PI3yW; BU3HAUAETHCS HACTYITHUM YHHOM

bl:—(1+b2)cos(51)+(1—b2)sin(a_)l)l%cz. 1)

Ha ocHOBi wacTtoT 3pi3y CMyroBoro GinbTpy € MOXXJIHMBICTb BHU3HAYUTH BEIUYHHY
KoedinieHTy 3HaMeHHHUKa b, K

. (005(52) + cos(a_)l)) —2¢? cos(aTz) —2c\1-c?sin cos(gz)
‘o (005(52) + cos(gl)) - 2c? cos(gl) —2c1-c? sin cos(a)

Onnax, TUTS peasizarii TaKe MIPEJICTABICHHSI3AICKHOCTEH KOeQiIli€HTIB
3HaMeHHuKa b Tab,Bin wacror 3pi3yi piBHS mynbcamiiC He 30BCiM Baame Ui peaiizamii Ha

: )

MIKpOIpoIecOpHiil TexHimi. BBenemoneskyhikTuBHy BenmnunHy & Tak, mi00
C =C0S (g) 3)

A00 (ikTHBHA BeIMYUHA JTOPiBHIOE & = 2al’CCOS(C) :
B upomy Bumnajaxy, CriBBiAHOIICHHS sl KO€(IlI€HTIB MAalOTh HACTYITHUMN BUTIIS
b =—(1+ bz)cos(a_)l)+(1— b, )sin (El)tg (éj
2
4)

) 2005(52)+c03(51)—cos(a72—§)

2 cos(a72)+2cos(a_)l)—cos(a_)l—§) '

BucHoBku. Takum ynHOM, aHaniz AUX mudpoBux cMyroBux QuIbTpiB MMOKa3ye, 10 IpU
po3po011i cMyroBUX HU(PPOBUX HYACTOTHO-3aJEKHUX KOMIIOHEHT B 3aJIEKHOCTI BiJ 3aJaHUX
YacTOT 3pi3y 1 PIiBHS MyJbcalliiiC MOKXHA OJHO3HAYHO 3HAWTH 3HAYEHHS KOe(]IIlieHTIB
YHCeNbHUKAl 3HAMEHHHUKA.

[Ipu 3MiHI KOeQIUIEHTIB 3HAMEHHUKA JJii HEHOPMOBAHMX (IIBTPIB 3I1HCHIOETHCS
nepedy0Ba, sk KoedilieHTa MOCUIEHHS, TaK 1 4acToT 3pi3y. OAHAK JUId 3MIHM 4acToT 3pi3y MpH
HE3MIHHIA aMIUTITYAl HEeoOXiJHAa KOPEKIlis 3HAaueHHsA Koe(illi€eHTa MOCUJIEHHS KOe(]iliEHTOM
nepeaBanbHOl (QYHKIIT YMCEeTbHUKA TPU HOBOMY 3HaYeHHI KoedillieHTa 3HaMeHHHKa D, .

[TpoBenenuil aHamiz J03BOJISIE 3HAYHO MMOJIETHIIMTH BHPIIIEHHS MOCTABJICHOTO 3aBJaHHS
po3po0ku  1U(PPOBUX  CMYTrOBHX  YaCTOTHO-3AJICKHHX  KOMIIOHEHT  CIeIialli30BaHUX
KOMIT'IOTEPHUX CHCTEM 3 MOXIIMBICTIO KOpEKIii 1 mepeOyloBH XapaKTePUCTUK KOMIIOHEHTH 1
CUCTEMH B LILJIOMY.
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JOCIIIDKEHHA TUHAMIYHUX EJIEKTPUYHUX I1OJIIB, IO
BUHUKAIOTH BHACJIIAOK 30BHILIHIX BIIJIMBIB HA JIEJTEKTPUYHUX
IHOBEPXHAX MIKPO- TA HAHOBHUPOBIB

Abstract. The problem of scientific research is devoted to the timely determination of the
dynamic and static electric fields arising during the operation of dielectric products of micro-
and nanosystem technology.

Keywords: dynamic electric field, dielectric surface, microproduct, nanoproduct

ITocranoBka 3amaui. Sk mpaBwiio, MOCHIJKEHHS €JNEKTPUYHUX TIOJIB IIOJArae B
3HAXO/PKEHHI BEKTOpPY HANpy>KEHOCTI B Oyab-sIKUX TOYKax IuX moiaiB. Ilpu 1mpomy, 3aBaaHHsA
3BOJIUTHCS /10 MOOYIOBU CUJIOBUX JiHIN Takoro mousd. IIpore, cuioBi JiHII NepneHaIuKyIsapHI
€KBIMTOTEHIIAJIbHUM TOBEPXHSIM, TOMY, B OUIBIIOCTI BHUIMAJKIB, JOCTaTHHO BU3HAUYUTH MicLie
po3TalryBaHHsI 1IMX MOBEPXOHb, a MOTIM — MOOYAyBaTH CUJIOBI JiHIi. B TOW >xe wac, 3HaiTH
PO3MO/IT MOTEHLIANIB €IeKTPUYHOrO MO JIeTIIe, Hi’)K BU3HAUUTH HANPSMOK CHUJIOBUX JIiHIM,
TOMY 3a3BUYail BU3HAUATH MOJOXKEHHS 1 JOpMY NOBEPXOHb.

B poGotax [1-5], BueHMMH, IO CHEIATI3yIOThCS B 00AacTi BUPIIICHHS 3a7a4 MOBEAIHKU
eJIEKTPUYHUX T0JIB, a TAKOXK 1X MozaentoBaHHs Ta nociikeHHs (baitep E., bipue C., AnamoBuy
I.B., INomnaBko KO.M., Xomenko [.B. Ta iHIIi) IpoBOAATbCS JOCTIIKEHHS €IEKTPUYHHUX TOJIB,
CTBOPIOBAaHMX CTAaTUYHUMHM 3apsaaMu. [ 1bOoro HUMHM po3poOJeHl IHTerpaibHI aHaTITHYHI
3aJIeKHOCTI, 1110 OMUCYIOTh MPOLIECH JAHOTO MM0JIsA, ChOPMYyILOBAHE OHATTS €JIEKTPOCTATUYHOTO
KOJIa 1 BCTAHOBJIEHI METOJHM HOTO po3paxyHKy. Takok, IMMH BYCHHMH IPHUBENEHI alrOpUTMHU
OOYMCJICHHS €JEeMEHTIB MAaTpulll eJEeKTPOJUHAMIYHMX [apaMeTpiB KOMYHIKaropa, II0
JI03BOJIIIOTh BPAXOBYBATH KOHCTPYKTHUBHI OCOOJIMBOCTI HAHOBUPOOY Ha CXEMOTEXHIUHOMY €Tarl
HOro mpoeKTyBaHHs, YUM 3a0e3MeuyloTh MiABUIICHHS TOYHOCTI MPOEKTYBAHHSI MOP(OIOTIYHUX
CTPYKTYp KOMYHIKaTOpiB €EeKTPOHHUX 3ac001B HAHOTEXHOJIOTTYHOTO BUPOOHHUITBA. OCOOIMBO
CNiJ BII3HAYUTH Te, IO JaHI MO BIUIMBAIOTh Ha poOOTy OaraTomapoBHX MIKpO- Ta
HAHOCHCTEMHUX BHMpOOIB, UMM IMiJBULIYIOTh BHYTPILIHIO TEMIEpPaTypy Ta TEIUIONPOBITHICTD
MmarepiajiB cxeM IHMX MpHUJIadiB, L0 MNPHU3BOJUTH A0 3HAYHOTO MOTIPUICHHS iX poOOYMX
napaMmeTpiB Ta, B OKPEMHX BUIIAIKaX, 10 iX BUXOAY 13 JIajy.

[TpoTe BupilIeHHS JaHUX 3a7a4 MPOBOAMTHCS 3 HEOCTATHHOIO TOYHICTIO Ta HAJIIMHICTIO,
OIlIHKA BIUIMBY €JEKTPOCTaTUYHMX IIOJIIB Ha pPOOOTYy MIKpO- Ta HAHOMETPHUYHUX BHPOOIB
npoBouIacs 0e3 OLIHKY HEBU3HAUEHOCT] BIUIMBY 30BHIIIHIX (DAKTOPIB.

Tomy, mocTae HEOOXIAHICTh y MOJATBIIOMY AOCIIIKEHHI METOAIB Ta PO3poOIl 3aco0iB
BUMIPIOBaHHS JMHAMIYHUX €JNEKTPUYHUX TMOJIB Ha [IENIEKTPUYHHUX IOBEPXHAX MIKpPO- Ta
HaHOBUPOOIB.
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Metoro pobGoTu € po3poOka MeTomay 1 3aco0iB BUMIPIOBAHHS CHUJIOBHX TapaMeTpiB
JUHAMIYHHUX Ta CTATUYHUX €JIEKTPUYHUX MOJIB, K1 BUHUKAIOTh i/ Yac eKCIuTyartalii MiKpo- Ta
HAaHOBUPOOIB ENEKTPOHHOI TEXHIKM TNpU 3O0BHIMIHIX BIUIMBaX (BUHUKHEHHS Napa3UTHUX
€JICKTPUYHHUX 3B’S3KiB MMPU HEBEIMKUX PO3Mipax MPOBIAHKKIB (40 7 HM) Ha BEJIMKUX 3HAUYCHHSX
pobounx yactoT (Oinbme 3 I'T), sKi BIUIMBAaIOTH OE3MOCEPEAHHO HA TEXHIKO-CKCILTyaTalliiHi
XapaKTEePUCTUKH BUPOOiB.

Bupimennss mocraBiaeHoi 3agauyi. HeoOximHiCTP CTBOPEHHA  METOJOJIOTIYHOTO
CXEMOTEXHIYHOTO IMIJIXOMy I peaiizaimii MOCTaBICHOI METH 3 JOCTaTHhOK TOYHICTIO Ta
HA/IIHHICTIO 1 € IPEIMETOM JaHOTO JJOCIIJKSHHSI.

Jiis BU3HAYCHHS XapaKTEPUCTUK TUHAMIYHUX CJICKTPUYHUX TIOJIIB, aBTOPAMHU PO3POOIICHO
BUMIPIOBAJIbHUM cTeHN [6], sKHii 103BOJIsIE (DIKCYBaTH I'YCTHHY PO3IOUTY €IEKTPUIHOTO 3apsTy
nopsiaky 190 — 250 MKK /MM 3 BIJIHOCHOIO TIOXHWOKOI BUMiproBaHHsA 2,7 — 5%. 3araJbHHIA
BUTJISIL Ta QYHKI[IOHATIbHA CXeMa BUMIPIOBAJILHOTO CTEH/IY HaBeIeHa Ha pucC. 1.

[Inanapuuit abo npoTaHuit biiok 3nATTA g'g z
_)
ENEeKTPO] 3apsay ==
% 8
\/ S S |«<> 10

b &
biok P .| Buwmiproa- | B E
o <> < rd o rd ~ ‘E

KepyBaHHS JIBHUN OJIOK o

0.

Puc. 1. 3oBHiluHii Burasa (6e3 3aXucHoOi KpUIIKHU) (a) Ta
¢ynkuionagbHa cxema (0) BUMipIOBAJILHOIO CTEHAY

BuMiproBaibHUH  CTEHJ Ja€ MOXJIIUBICTh 3JIHCHIOBAaTH BUMNPOOYBAHHS CUJIOBUX
XapaKTEpUCTHK B MIMPOKOMY J11aM1a30H1 iX 3HAUEHb.

OCHOBHUM €JIEMEHTOM BHMMIPIOBAIBHOTO CTEHAY € po3pobjeHa aBTOPOM CHUCTEMa
YIIPaBIIiHHS Ta KOHTPOJIIO, IO BKIIFOYAE OJIOK 3HSATTS 3apsy, IKHH MpH3HaYeHUH U1t pikcyBaHHS
€JIEKTPUYHOTO 3apsly, IO BUHHMKA€ BHACHIAOK Jii 30BHINIHIX ()aKTOpiB Ha JiENEKTPUUYHY
noBepxHio. [IpuitmMaueM B 1bOMY OJIOII € €JIEKTPOIH, SKi MOXKYTh OyTH SK HakJIaJIeHUMH Ha
JIeNIeKTPUYHY TOBEpXHIO Yy (opMmi KuTbLg, Tak 1 y BUDIALI IJIaHApy — METaNeBOi CITKH,
HaHECEHOI METOIOM TEPMOBAKYYMHOTO OCAJIKCHHsI, Ha BUTTPOOYBaHUI1 [TI€IIEKTPHK.

Burnipo6oByBaHHSI BUMIpIOBAJIBHOTO CTEH/Y MPOBOIMINCS MPHU JTOCIIIKEHHI 3aJHIIKOBOTO
TpubOO3apsay Ha MOBEPXHI Ji1eNEeKTPUUHUX 3pa3kiB. [lepeBipka pe3ynpratu eKCrepuMeHTaIbHUX
JOCTI/IKeHb TPOBEIACHUX 3a JOMOMOTOI0 CTEHAY BifOyBajacs MOPIBHAHHSAM 3 TEOPETHUHUMH
po3paxyHkamu [7]. 3HaueHHsS 3aJHUIIKOBOrO TpUOO3apsay Ha TOBEPXHI JiCTCKTPHUHHX
MarepiajiB Micis MOBHOIO IMKIY CKaHyBaHHsS IMoBepxHi ctanoBmio (10,11 ~11,98)10% K.
OTpuMaHni J1aHi KOPENOITh 3 JaHWMH, OTPUMAHUMH B PE3yNbTaTi MPOBEACHUX TEOPETHUYHUX
po3paxyHkiB B pobotax [6] — [7] (xoedimieHT kopemsmii r — He wMenme 0,88), dum
HiATBEPUKYETHCS BUCOKA TOUHICTh Ta JOCTOBIPHICTH POOOTH BUMIPIOBAILHOTO CTEHLY.

BucnoBku. TakuM 4YwHOM, PO3POOJSEHWN CTEHJ MJIs BHUMIPIOBAHHS PO3MOILITY
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CJIGKTPUYHOTO 3apsy B CTAaTUYHMX Ta JWHAMIYHUX EJIEKTPUYHHMX IOJIAX Ha JieIeKTPUYHHUX
JUISHKaX TOBEPXHI HAHOMETPUYHHUX pPO3MIpIB, J03BOJSE 3 BHUCOKOK TOYHICTIO BH3HAuaTu
3Ha4eHHs Takoro 3apsny. Ilpu npomy, moxmbka BU3HAYEHHs 3apsily He nepesuirysana 5%. Lle
JI03BOJISI€ 3pOOUTH BUCHOBKM IIPO ONEPATUBHE Ta SKICHE BU3HAYEHHS €JIEKTPUYHOIO 3apsiy, 10
HAKOIHMYY€ETHCS Ha J1eJICKTPUYHINA OBEPXHI BHACTIIOK J1ii 30BHIIIHIX (haKTOPIB.
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PO3POBKA TH®OPMAIIMHO-BUMIPIOBAJIBHOI CACTEMHY BUSHAYEHHSI
TOBIIUHU TA OAHOPITHOCTI HAHECEHOI'O HAHOITIOKPUTTSA Y BAKYYMI

Abstract. To measure and control the thickness of thin composite coatings in the process of
their thermal vacuum deposition, the original method was proposed using a quartz resonator.
The use of the proposed method and the developed control scheme of the quartz generator
allowed to create on their basis information-measuring system for determining the thickness and
homogeneity of the applied nanocarrier in vacuum, which allows to determine the thin composite
nanocarriers in the thickness range 5 ... 500 nm and with accuracy.

Keywords: thin composite coating, information-measuring system, thermal vacuum
deposition, quartz resonator.

OcTtaHHIM 4YacoM 3HAYHO 3pocia MOMYJSIPHICTh  PI3HOMAHITHUX  MIKpO- Ta
HAaHOMETPUYHUX MPHUCTPOIB. B OCHOBI TEXHOIOTIYHOTO MPOLIECY BUTOTOBJICHHS TaKUX MPUCTPOIB
JeXaTb METOAU OTPUMAHHS TOHKUX KOMIIO3MIIMHMX TIOKPUTTIB HA OCHOBI KpEMHIIO Ta
plaKo3eMeNnbHUX MarepiaiiB y BakyyMi. Lle no3Bosisie 3HAUHO MOKpAaIUTH (I3UKO-TEXHIYHI
napaMeTpH LIUX NMPUCTPOIB Ta BIAKPUBAIOTH NEPCHEKTUBU CTBOPEHHS €JIEMEHTIB HOBOT TEXHIKH.

OcoOnMBICT OTPUMAaHHS TOHKHMX KOMIO3MIIMHUX TOKPUTTIB TEPMOBAKYYMHHUM
OCa/PKEHHSM IIOJISAITa€ Yy HEOOXIAHOCTI BHUCOKOTOYHOI'O BHMMIPIOBAHHS 1 KOHTPOJIIO iXHBOI
TOBIIMHHU Ta OJHOPIJHOCTI B IPOLEC] IX BUTOTOBJIECHHS.

Ha croromHi icHye BenMka KiMbKICTh MPHJIAIIB Ji BH3HAYEHHS TOKPUTTIB Mol
ToBIIMHHU (10 0,5 MKM) B Ipolieci iXHbOro ocajJkeHHs y BakyyMi. [IpoTe, uepe3 BUCOKY BapTiCTh
Ta CKJIAJHICTh eKCIUTyaTalii TakMX NpUiIajliB, iXHE BUKOPHUCTaHHS B HEBEIMKUX aHAIITUYHO-
JOCTIAHUX J1a00paTopiX HE € TOLIIbHHUM.

Tomy HaMu 1711 BUMIPIOBaHHS 1 KOHTPOJIIO TOBIIMHU TOHKUX KOMITO3ULIHHUX MMOKPUTTIB
B Ipoliecl iX TEpPMOBAKyYyMHOI'O OCAJKEHHs OyB 3alpOlOHOBaHWI OpHUriHAJIBHUM MeEToxa 3a
JIOTIOMOTOI0  KBapIIOBOI'O pPE30HATOpa, a TaKoX po3pobiieHa 1 ampoOoBaHa BiANOBiAHA
1H(hOopMaLiIfHO-BUMIPIOBAJIbHA CUCTEMA.

TakuM 4YMHOM, B TEXHOJOII TEPMOBaKyyMHOIO OCAJPKEHHsS, TOBIIMHA MOKPUTTS
BHMIpIOBajiacsi BOMa METoAaMU. B mporieci ocaikeHHS — METOJOM KBapLOBOTO PEe30HATOPA,
10 JI03BOJIsIE MiNiOpaTH MOTPiOHY MIBUAKICTH KOHJEHcamii (I ska CTaHOBWJIA JUIS HAIIOTO
Bunaaky ~0,1 — 1 HM/c), IOTIM TOBUIMHA OTPUMAHOIO MOKPUTTS KOHTPOJIIOBANIACS METOAOM
kanotecty Ha npuiagi OLYMPUS GX41 (TOB «Meunitek-Ykpainay, M.Kuis).

B xBapuoBomy pesoHatopi (puc. 1) B SIKOCTI AaTyuKa TOBIIMHU BHKOPUCTOBYBAIH
KBapuoBy MiactuHky PI'-08 3 pesonancHoro wacrororo 10 MI'm, mo BXOAWUTH 10 CXEMH
reHepaTopa.

3o00paxkeHa cxema (puc. 1) mocuTh mpocTa 1 mpaioe cradiunbHO. [y >KUBIIGHHS
reHepaTopa BUKOPHUCTOBYIOTh CTaO11I30BaHE JKEPETIO JKUBJIEHHS. YacToTa BHXITHOTO CHUTHAILY
BUMiproBajacs nmpuiaaom Y3-34A.

ToBmMHa NOKPUTTA BU3HaYanacs 3a GopMyIolo:
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Pucynok 1 — Cxema KBapuoBoro reseparopa

BucHoBku. TakuM 4MHOM, B XOJi NPOBEIEHHX JOCHIKEHb OYylO pPO3po0JieHO Ta
anpoOOBaHO PE30HAHCHUI METOJl BM3HAYEHHS TOBIIMHMA TOHKHX KOMITO3UIIIMHUX TTOKPHUTTIB
6e3mnocepeIHbO B MPOLIEC] TEPMOBAKYYMHOI'O OCAIKEHHS.

BukopuctaHHs 3ampOINOHOBAHOTO METOMY Ta pPO3pPOOJIEHOI CXEMH  yIpaBIiHHS
KBapIIOBUM TEHEPAaTOPOM JO3BOJIMJIO CTBOPUTH Ha iX 6a3l iH(OpMaliiiHO-BUMIPIOBAIBHY
CHCTEMYy BU3HAYEHHS TOBIIMHH Ta OJHOPIIHOCTI HAHECEHOTO HAHOMOKPUTTS y BaKyyMi, IIO
J03BOJIIE BU3HAYATH TOHKI KOMITO3UIIIMHI HAHOMOKPHUTTS B JAiana3oHi TOBHIUH 5...500 HM 1 3
TOUHICTIO 3...5%, 10 MATBEP/KYBAIOCS aT€CTOBAHUM METOJOM KaJIOTECTy Ha TMOBIPEHOMY
npunani OLYMPUS GX41.
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3aBigyBad kadeapu iHPOPMAIIHHO-TEXHIYHUX Ta MIPUPOTHAYUX JTACIIHUILIIIH
KuiBcbkuii KoOTIepaTUBHUM IHCTUTYT Oi3HECY 1 paBa

TH®OPMAIIIMHA CUCTEMA BUOKPEMJIEHHSA TA ITEHTU®IKAIIL 30H
HEOJHOPIJHOCTI AT'POBIOJIOI'TYHHOI'O CTAHY
CIVIBCBKOI'OCIIOJAPCBKUX YI'LAb

Abstract. High efficiency and feasibility of using satellite systems for remote operational
monitoring of agrobiological state of agricultural land have been established. The necessity of
development of information system for isolation and identification of zones of heterogeneity of
agrobiological state of agricultural lands on space images using the validation of satellite and
terrestrial monitoring data is substantiated.

Means of delivery of technical systems of vision, depending on the purpose are classified
from portable manual means to satellites and are divided into the following classes: remote
sensing, aerial photography, close monitoring (mainly using observation towers, vehicles and
manual means). The choice of the appropriate class depends on the possibilities of agricultural
production and the tasks set.

According to the data obtained by the method of remote sensing of the Earth and from
satellites, the operator logs the level of factors and coordinates of information selection when
using navigation equipment when using navigation equipment. In the future, maps of the state of
agricultural land are being constructed. The use of manual monitoring tools is inefficient due to
their poor performance.

The use of existing vehicles (including SGM) as delivery vehicles for technical vision
systems is technically impractical (as they do not provide vibration, maneuverability, soil
compaction, etc.) and economically. Existing SGMs, as means of delivery of work equipment
(technical vision system) for monitoring, should be used in the case of combining monitoring
operations with the implementation of the relevant technological operation, while ensuring the
conditions for the effective functioning of the technical vision monitoring system of agricultural
land through the use of appropriate fasteners.

The purpose of the study is to investigate the necessity and feasibility of developing and
using an information system for isolation and identification of zones of heterogeneity of
agrobiological state of agricultural lands based on the validation of satellite monitoring data.

As a result of the study of existing methods for monitoring the agrobiological state of
agricultural land, the high necessity and feasibility of satellite monitoring of the agrobiological
state of agricultural land has been established. The necessity and expediency of algorithm
development and use of information system of isolation and identification of zones of
heterogeneity of agrobiological state of agricultural lands on space images with the use of
satellite and ground monitoring data validation are investigated.

Keywords: Information system, identification, heterogeneity zones, agrobiological state,
agricultural lands, satellite monitoring, ground monitoring.

CygacHi TEXHOJIOTIi arpONpPOMHUCIIOBOTO BUPOOHHIITBA BUMAaralOTh BUKOPUCTAHHS EKCIIPEC
METOJIIB JIsl ONIEPATHBHOTO aHaJIi3y arpo0ioIOTiYHOTO CTaHy CUILCHKOTOCTIONAPChKUX yriab [1].
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Ha croronHi icHye TpH piBHI JOCIHIKEHHS 32 arpo010JIOT1YHUM CTAHOM CLThChKOTOCTIOAPCHKHIX
yT1/ib: CYNMyTHUKOBUH, aepo Ta Ha3eMHUM MOHITOpUHT. Haif0ubI eeKTUBHIM € MOHITOPHHT 13
BUKOPUCTAHHSAM CYIYTHHKIB, TaK 3BaHUN JIUCTAHI[IHHMNA MOHITOPHUHI, a JaHi OTPUMAaHHI 3
BUKOPHUCTAHHSIM TaKOI0 MOHITOPHUHTY — JlaHi JMCTAHIIIHHOTO (MOHITOPWHTY) 3HOMKH 3emili
([133). 3 ogHoTO O0KY €(heKTUBHICTH TAKHX JaHUX 00YMOBJICHA ONEPATUBHICTIO iX OTPUMAaHHS, a
3 1HILIOTO — MAcCIITaOHICTIO, 10 IOCUTh BAXKJIMBO B YMOBAaX OTPUMAaHHS OMEPATUBHUX JaHUX PO
arpo0ioJIoriuHuil cTaHy TPYHTOBOTO cepenoBuIna. Tomy 1t epeKTUBHOTO BUKOPHCTAHHS TAHUX
nucranniiaoi 3iiomku 3emii (/133) BuHHMKae HEOOXIAHICTD pO3pOOKH aNropuTMy iH(GOpPMAIIHHOT
CUCTEeMH BHOKpPEMIICHHs Ta imeHTU(]IKaIii 30H HEOJHOPIAHOCTI arpoOiOJOTIYHOTO CTaHy
CIJTbCBKOTOCTIOIAPCHKUX YTilb HAa KOCMIYHUX 3HIMKax 3 BHUKOPHUCTAHHSM BaJlijallii JaHUX
CYITyTHUKOBOTO Ta HA3€MHOT'O MOHITOPHHTY.

Ormsim  MOCHDKeHb Y HampsMKy — IIJBHINCHHS  €(EKTHBHOCTI  MOHITOPHUHTY
arpo0ioJIoriuHOr0 CTaHy ClIbCHKOTOCIOAAPCHKUX YTifb Ja€ 3MOTY CTBEPIUKYBaTH, L0 Ha
JAHOMY eTami PO3BUTKY 1H(OpPMAIIIHMX TEXHOJOTid BUHHKAE HEOOXIJIHICTb BUKOPHUCTaHHS
MPUHIIMIIOBO HOBUX METOJIB, CHOCO0IB Ta 3aco0iB [2-6], sKi CHPUSIOTH TOKPAMICHHIO
e(eKTUBHOCTI Ta SIKOCTI MOHITOPHHTY, 3HW)KYIOTh 3aTpaTd Ha BHUKOHAHHS JIaHOI omepartii.
JlocmikeHHsT BITYM3HSHHUX Ta 3aKOPJIOHHUX HAyKOBHIB [2-6] BKa3yloTh Ha HEOOXiIHICTH
IIMPOKOTO TMOIIMPEHHS METOAIB aHalizy arpoOioloriyHoro Ta (iTocaHITapHOTO CTaHy
CLIBCHKOTOCTIOAAPCHKUX YTilb HEKOHTAKTHUMH METOJIAMH 13 3aCTOCYBaHHSIM ONTHYHUX CHUCTEM,
30KpeMa CHUCTEM TeXHIYHOTO 30pYy.

Ha ocHoBi anami3zy mitepaTypHUX pKepen [/, 8] BCTaHOBIEHO BUCOKY C¢(EKTHBHICTH
BUKOPHUCTAHHSA HEKOHTAKTHUX METO/IIB 3 BUKOPUCTAHHSIM ONTHUYHUX CHCTEM BHCOKOI PO3ALIBHOT
3IATHOCTI (CHCTEM TEXHIYHOTO 30py) Uil mpoBeaeHHs arpomonitopunry [9, 10]. Metoau
ONTUYHOI 3HOMKH IIHPOKO BUKOPUCTOBYIOTHCS JJIi MOHITOPUHTY CTaHy MOCIBIB Ta MOJIIB MiCHs
30upanHs Bpoxaro [11, 12].

HekoHTakTHI METOIM MOHITOPUHTY, 3TiTHO 3 MeToAuKoro [13, 14], moainstoTbca Ha ABa
OCHOBHHUX THWIIM: MAcCHBHI (BUMIPIOBaHHS MPUPOAHOIO TEIUIOBOTO a00 BiIOMTOrO COHSIYHOTO
BUIIPOMIHIOBaHHA) ¥  akTuWBHI  (mepenbayaroThb  BUKOPMCTaHHS  LITYYHUX  JDKEpel
BUIIPOMIHIOBaHHS (Hacamiepes Ja3epiB) Ta pEECTpalilo BIJOMTOrO BUIPOMIHIOBaHHS abo
¢ayopecuieHIii 00’€KTIB, IO TOCTIIKYIOTbCs). HEKOHTaKTHUIT MOHITOPUHT 3 BUKOPUCTAHHSIM
CHCTEM TEXHIYHOTO 30pY IPOBOAUTHCS MEPEBAXHO IMACHBHUM METOJOM Yy BHIAUMOMY Ta
iHdppayepBoHOMY criekTpax [14].

Cnin 3a3HaunTtd, mo Martepianu [[33 3aBasku BHUCOKIM OTJISIOBOCTI, OMEPATUBHOCTI Ta
00’€KTUBHOCTI € Halle(heKTUBHIIINM JKEpeIoM reonpoctopoBoi iHpopmaii [14-16]. Hlupokoro
3aCTOCYBaHHS METOOU JUCTAHLIMHOrO 30HAyBaHHS HaOymu 1 B reozesii [17]. B ocHoBy
cydacHoro /133 mpupoIHUX pecypciB MOKJIaJE€HO MPUHLIMIT OarocneKTpalbHOi 3HOMKH, SKUN
0a3yeTbCs Ha aHaJi31 3HAYHOI KUIBKOCTI CHEKTPAJIbHUX XapaKTEPUCTUK OKPEMUX MPHUPOIHUX
00’eKTiB Ta X CYKyNHOCTEH Yy pI3HHX 30HaX EJEKTPOMArHiTHOro crekrpa. Taki cucreMu
3a0e3MeuyroTh peawi3allil0 TaKuX [PHHIUIOBUX MOXIWBOCTEH, BHKOHAaHHS SKAX HE
IPOBOJUTHCS YePe3 BEIUKY TPYAOMICTKICTh 3 BUKOPHCTAHHIM ICHYIOUMX METOJIB MOHITOPUHTY
[18].

3acTocyBaHHS aBiaTeXHIKH, TOPIBHSHO 3 KOCMIYHOIO, € OUTBII ACIIEBOI0 TEXHOJIOTIEI0 IS
notped cibehkoro rocmoaapctia [18]. [Ipukian 3acTocyBaHHS aBiaTeXHIKH B 3eMJICPOOCTBI HE
HOBMH. [HTEHCHBHI TexHOJIOTii OOpOOITKY CUIBCBKOTOCIOAAPCHKUX KYJIBTYp IependadaroTh
HIMPOKE 3aCTOCYBAHHA aBlaTeXHIKH MPU BHECEHHI arpoXiMiKaTiB 1 3aco0iB 3axucTy pociuH [18].
Jlo mepeBar 3acTOCyBaHHS aBiallifHOrO METOAY BIAHOCATBHCA BHCOKAa HPOAYKTHBHICTD
MOHITOPHHTY 0€3 MEXaHIYHOTO IMOIIKO/HKCHHS POCIIVH 1 yIiiibHeHHS IpyHTY [18]. Kpim Toro, y
psii BUIAJAKIB BUKOPHUCTOBYBAHHS aBiallii € MEpeBaXHUM 4epe3 BIACYTHICTh TEXHOJIOTTYHOI
KOJi1 (ITpY BUKOPUCTaHHI Ha3€MHOI TEXHIKH), siKa 3aiiMae 10 6% mociBHo1 momi [18].

AepoKOCMIYHI METO/U SABISIOTH CO00I0 00’€KTUBHY aBTOMATHU30BaHY CHUCTEMY 30MpaHHS
iHpopmMmanii mpo TpyHTOBI pecypcu [19]. [Ins MOHITOpMHTY BHUKOPHUCTOBYIOTH TaKOX JaHI
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aepoOTO3MOMKH 3 JIETKMX JITaJbHHUX arapariB — aepocraTa ab0 MOTOJAENbTAIUIAHIB MpPU
udpoBomy kaprorpadysanti [Ommuoka! MCTOYHHK CCHIJIKH He HaliIeH.].

B GinbmiocTi BUMAIKiB BUKOPHCTAHHS CUIBCHKOTOCIONAPCHKUX aepOJPOMIB, BiJIMOBIIHO
JI0 BUMOT HOPMAaTUBHUX JOKYMEHTIB, BUSABIIAE€THCS HEMOXKIUBUM, 110 PUBOAUTH JJO 3MEHILICHHS
KUJTBKOCTI MACIOPTU30BaHUX a€POJPOMIB 1, SIK HACTIIOK, 10 30UIbIIEHHS BiACTaHI MUIBOTY 10
00'ekTiB 00p0oOKH. KpiM TOrO, CKOpOUYEHHS IUIONI IOJIB 1, BIJMOBIIHO, 3MEHIIECHHS JTOBXUHU
TOHY, Y CBOIO YepTy, JOJATKOBO 30UIBIIYIOTh CKOHOMIYHI BUTPATH HA MPOBEICHHS aBialiitHO-
xiMiuHUX poOiT. Tak, 3MeHmeHHs HoBxuHU TroHYy 3 1800 mo 700 M 3a iHIIMX PIBHUX YMOB
301s1bIye COOIBApTICTh POOIT HA 58% [20].

Bukopucrtanus crnoco0iB AMCTaHUIHHOTO 30HAYBaHHS Ta aepodOTO3MOMKH IS
MOHITOPUHTY CTaHy CLIbCHKOTOCIIOAAPCHKUX YTiib HAa JAHOMY €Talll € IOCUTh IPOJAYKTHBHUM Ta
MEePCIEKTUBHUM, IO TOB’S3aHO HacaMIIepea 3 BapTICTIO Ta HEOOXIIHUM CTYIIEHEM JeTajizarlii
(pO3AUTBHOIO 3/IATHICTIO, IOCTOBIPHICTIO) OJIepKaHUX 3HIMKIB [21].

Meta pociaigkeHHsl - JIOCTIAUTH HEOOXITHICTh Ta JOLUIBHICT PO3POOKH Ta
BUKOPUCTAaHHS 1H(GOPMAIIHOI CHCTEMH BHOKPEMJICHHS Ta 1eHTU}IKaIil 30H HEOJHOPIAHOCTI
arpoOioJIOriYHOTO CTaHy CUIBCHKOTOCMOJAPCHKUX  YTilb HA OCHOBI Balifamii JaHUX
CYITYTHUKOBOTO MOHITOPHHTY.

3 mnpoBeaeHoro orisay JiteparypHux pkepen [Omudka! MCTOYHHUK CCHUIKH He
HaiigeH., Ommoka! McTOYHHK CCLLIKH He HaiineH., Ommokxa! MCTOYHHMK CCBLIKH He
HalieH.] ckianeHa kinacudikaiis crnocoOiB 1 3ac00iB MOHITOPUHTY 3 BHKOPUCTAHHSIM CHUCTEM
TEeXHIYHOTO 30pYy (puc. 10Omuodka! UCTOYHHUK cCHUIKHM He HaiijieH.). BCTaHOBIEHO, O BEIUKY
e(eKTUBHICTh MOHITOPUHTY arpoOiOJIOTIYHOTO CTaHY CLIbCHKOTOCIOJAPCHKUX YTilb Mae
JTUCTAHIIIMHAA MOHITOPHHT 3 BHKOPHUCTAHHSIM JaHWX JUCTAHIIHHOTO 30HAYBaHHS 3eMIIl
OTPUMAaHUX BiJ CymyTHHKIB [21].

Cnoco6u i 3ac00M MOHITOPHHTY 3 BUKOPHCTAHHSAM CHCTeM TeXHIYHOI0 30py I

o
JlucraHuiiHe 30HyBaHHS BrmkHiit MOHITOPHHT
Aepodorosiiomka

| CymyTHHK CnocrepexHa BUIIKA I
I Jlitak I
L Kocmiunmii kopabens
5 TpancniopTHUH 3aci0
I— Ienmixonrep I P P
I— MotoaenpTarian I — Pydnuii 3aci6 I
be3npoBo/Hi CeHCOPHI MEpesKi
— AepocTtar I

Puc. 1. Knacudikanis cnoco0iB i 3ac00iB MOHITOPHHTY arpo0ioJiorivyHoro crany
CiTbCHKOrocnoIapchbKuX yriapb

Tomy B cydacHUX PHUHKOBHUX YMOBAxX 3aCTOCYBaHHS METOIB Ta 3aC00IB JUCTAHIIHHOTO
MOHITOPUHTY 3eMJli 3 CHCTeMOI0 TexHiuHoro 3opy [15 - 27] s MOHITOPUHTY CTaHy
CUIbCHKOTOCIIOJAPChKUX YI/lb B TOYHOMY 3€MJIEpPOOCTBI € €(QEeKTUBHUM EKOHOMIYHO Ta
JOUITBHUM 3 TEXHIYHOT TOUKHU 30DY.

CucreMu TEXHIYHOTO 30py, SIKI MpAlIOIOTh CHUHXPOHHO 3 BHUCOKOIPOIYKTHBHOIO
00YMCITIOBAaHOIO TEXHIKOIO, J03BOJIAIOTH HAa CydacHOMY eTami OyayBaTd Lu(ppoOBi Mozemi
30BHIIIHHOTO CEPEOBUINA B peaabHOMY vaci [21].
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OpHi€l0 13 TOJIOBHUX 3a/1a4, Ky HEOOX1IHO BUPILIYBAaTH NPU KepyBaHHI arpo0ioIOTriYHUM
CTaHOM CLIIBCBKOT'OCIOJAPCHKUX VTiflb HA OCHOBI JaHUX OTPUMAHHUX IMUIIXOM CYIMYTHHKOBOTO
MOHITOPHUHTY € 3a/1a4a ijeHTru(ikanii 30H HEOTHOPIAHOCTI Ta pOo3pOOKH METOAMKH iX JIOoKasi3amii
JUTSL IOJJANTBIIIOT pOOOTH 3 HUMH.

[ndopmariiss mpo KOOpAMHATH TAaKUX 30H Ta METOJMKA iAeHTU(IKALIl TaKUX 30H JyKe
Ba)KJIUBA JUISI KEPYBaHHS arpo0ioIOTiYyHIMH TapaMeTPH TPYHTOBOTO CEPEAOBUIIIA.

[TpoTe icHYyIOY1 METOIMKH OMHKCY Ta ieHTU(IKAIl TAKUX 30H HE 3a0€3MEUyI0Th BUMOT JI0
SIKOCT1 Ta €)EKTUBHOCTI MOHITOPHHTY, 110 CTBOPIOE TIEPETYMOBH IS il pO3pOOKH.

BucHoBku.

VY pe3yabTaTi MOCHIKEHHS ICHYIOUHX CIIOCOOIB MOHITOPHHTY arpo0iojoriyHOTO CTaHy
CUTBCHKOTOCTIONAPCHKUX ~ YTigh  BCTAHOBJIIGHO BHUCOKY HEOOXIAHICTH Ta  JOLLUIBHICTH
CYMyTHUKOBOTO MOHITOPHHTY arpoO0ioJIOTIYHOr0 CTaHy CUIBCHKOTOCIIOAAPCHKUX — YTifb.
JocmipkeHo HEOOXiMHICTh Ta  JOUUIBHICTE PO3POOKH  aNropuT™My 1 BUKOPUCTAHHS
iHpopMaliifHOT ~ CHUCTEMH  BHOKpPEMJICHHS Ta  igeHTU(IKamii 30H  HEOJHOPIIHOCTI
arpo0ioJIoriyHOr0  CTaHy CUIBCBKOTOCIIOAAPCHKUX — yrilb Ha KOCMIYHUX 3HIMKax 3
BUKOPUCTAHHSM BaJliJallii JaHUX CYITyTHHKOBOTO Ta HAa36MHOT'O MOHITOPHHTY.
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KEPAMIKMU JIJIS1 IH®@OPMALIHHO-BUMIPIOBAJIBHOI TEXHIKH

Abstract: The condition of the subject of research is analysed, the urgency of using
piezoceramic transducers in science and technology is determined. The main areas in which
piezoceramics are actively used are identified. As a result of the analysis of the state of the
research object, a further object of research and improvement was selected.
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B nanuii yac B ycboMy CBITI po3poOKa, AOCTIIKEHHS 1 CTBOPEHHS M'€30€JIeKTPUYHUX
NEPETBOPIOBAYIB € JIOCHTh AKTyaJlbHOIO 1 BAKJIMBOIO MPOOJIEMOIO, IIO IPHUBEPTAE BEIUKY
KUIBKICTh JOCHITHUKIB. [I’€30€NeKTpruyHi NepeTBOpIOBaYl IIMPOKO BUKOPHUCTOBYIOTHCS ISt
BUMIPIOBaHHS Pi3HUX BEIMYWH (CHJIM, TUCKY, MAacH, KyTOBOI IIBUIKOCTi, MOMEHTY, aedopMariii
touo). Ilpuniun nii 1m’€30€NeKTPUYHUX NEPEeTBOPIOBAYiB 3aCHOBAHMII Ha BUKOPUCTAHHI
npsMOro abo 3BOPOTHOTO I1’€30eNeKTpHuHUX edekTiB. Ilpsmuii m’e3oedext sBise coboro
3/IaTHICTh JIESIKUX MaTepiajiB yTBOPIOBATU €JIEKTPUYHI 3apsAIu Ha MOBEPXHI MpPU NMPHUKIAJCHHI
MEXaHIYHOI1 Hampyru, 3BOPOTHUIl — B 3MiHI MEXaHIYHOI Hampyru abo reOMETpUYHHUX PO3MIpPIB
3pa3ka MaTepiaity Mij] BIUIMBOM €JIEKTPUYHOTO MOJI.

[Ipy BuUpOOHMUTBI ©’€30Marepially BUKOPHUCTOBYIOTHCS OKCHUAM JACSIKUX METaliB 1
NOJAJIBIIMKA BiAMAJA, TOMY Takui MaTepialn BIJHOCATh JIO cCiMeicTBa KepaMikd. 3aBIsKU
0coOMMBUM  (I3MYHUM BIIACTUBOCTSAM HOrO MOKHA pO3IMIIAJATH K MOJIKPUCTAIIYHUN
CETHETOCNIEKTPHUK, SKUH € XIMIYHOIO CHOIYKOH Yy BUIJIsAI mopouky. Koxkne 3epHo —
CErHETOeNIeKTPUYHMUM KpucTai [1].

B sKocTi 1m’€30€NeKTpUYHMX MaTepialiB BUKOPUCTOBYIOTH 3a3BMYail NpPUPOTHUN
MaTepiajg — KBapll, TypMajliH, a TaKOX IITYYHO HOJSPU30BaHy KepamiKy Ha OCHOBI THUTaHATy
Oapito (BaTiOs3), turanaty cBuHmio (PbTiO3) 1 mupkonary cBuHito (PbZrOs). Moxna
BUKOPHUCTOBYBATH 1 1HII MaTepiaiu [2].

Jnis 1m’e30KepaMiki  XapakTepHUM OCOOMMBHUI XIMIUHUHM CKIaa: BOHA SBJsE CO0OIO
CKJIAHUW OKCHJ, SKHH, SK TpaBWIO, BKIIOYAE 10HU JBOBAJICHTHOTO Oapir0/CBHHIIIO,
YOTHUPHOXBAJIEHTHOTO IMPKOHito/TUTaHy. IIlngxoM 3MiHM CHIBBIJHOIIEHHS KOMIIOHEHTIB 1
BHECEHHS J0OOABOK, OTPUMYIOTh IT'€30Ke€paMiKy 3 MEeBHUMH (I3UUHUMU 1 M'€30€IeKTPUUYHUMHU
BIACTUBOCTI. B OCHOBiI 0araThOoX BHJIB JAHOTO MaTepiany 3HAXOASATHCS CyMillli THTaHATa-
UPKOHATA CBUHIIO, 3MIHEH1 PI3HUMH pedoBUHaMHU [1].

[TepeTBOproBaui eIEKTPUUHOT €HEPTIi 3 I’ €30KePaMiKU 3HAXOATh IIUPOKE 3aCTOCYBAHHS
B Cy4yacHI! CBITJIOTEXHIYHIN amapaTypi 1 npuiagax. BoHH 103BOJISIIOTh MIHIMI3yBaTH rabapuTti
OPUCTPOIB 3amajeHHs 1 OJKUBJIEHHS PI3HOTO Kjacy Ta30pO3psSAHUX JIaMIl, CTBOPIOBATH
BHCOKOE(DEKTHBHI BHCOKOYAcTOTHI pkepena xuBleHHa 3 KKJ[ mo 95%, mo 3abe3mneuyroTh
HiBUILIEHHS JOBroBiyHOCTI Jamn B 5-10 pas3iB 1 cBiTIoBignauy Ounbm HDK B 1,4 pasu.
3acTocyBaHHS IEPETBOPIOBAYIB EIEKTPUYHOI €Heprii 3 I’ €30KepaMiKH 3a0e3redye 1Ba peKUMHU:
3aMmagtOBaHHS 1 KUBIICHHS JIaMIl, JO3BOJISIE€ BIJIMOBUTHUCS BiJ 1HAYKTHBHHUX, KOHICHCATOPHUX 1
JIEeSKUX aKTUBHUX KOMITOHEHTIB B JKEpENIax >KUBJICHHS 1, BIAMOBIHO, MIJIBUIIATHA HATIAHICTD 1
3HU3UTH cO0iBapTicTh BUPOOIB [3, 4].
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[TepeBaraMu m'€30€1EKTPUYHUX IEPETBOPIOBAYIB € BUCOKA JIHIMHICTH XapaKTEPHCTHUK,
IIUPOKI JUHAMIYHI 1 YacTOTHI Jiama3oHH, MPOCTOTAa KOHCTPYKIII 1 BHCOKA HAAIMHICTH TPH
ekcrutyaranii. Takox 70 mepeBar e MOXHA BiJHECTH, Maji PO3MIpH 1 BapTiCTh, MOMJIUBICTh
BUMIPIOBAaHHSI IIBUKO3MIHHUX BenuduH [2]. Hempomiku — HeBUCOKa YyTIUBICTh, HE3/IaTHICTD 0
BUMIPIOBaHHS CTAaTUYHHMX BEJIMYMH, BUCOKHUN BXiTHHUI OMHip BUMIPIOBAJBLHOTO KOJA, BIAHOCHO
HEBHCOKHH PIBEHb BUX1HOTO CUTHAITY, 110 MOTPEOYy€e MPOMIKHMX ITiICHITIOBaYiB [5].

He muBmsumce Ha Te mo m'e3oedexr OyB Bimkputwii me B 19 cromitTi, a 3 Apyroi
1oJI0BUHHU 20 CTOJITTS aKTUBHO PO3BUBAIACS TEOPis 1 TEXHOJIOTIS CTBOPEHHS I’ €30KepaMiuHUX
MarepiaiiB, BBAKAEThCS 1O IT'€30KepaMiKa — OJHMH 3 MEPCIEeKTUBHUX MarepiamiB 21 CTOMITTS.
[Tpu4rHOIO TaKOro MOTJISALY € Te, IO YyJIOBI BJIACTMBOCTI, BJIACTHBI M'€30KepaMilli, 10 CHX IIip
HE B MMOBHIH Mipi KOPHCTYIOTHCS TIOMUTOM HAYKOIO, TEXHIKOIO 1 TEXHOJIOTISIMHU.

B nanuit yac m’e3o0eiekTpuyHa KepaMika aKTUBHO BUKOPHCTOBYETHCS B aBTOMOOUIbHIM
texHiui. [Ipuknagamu npucTpoiB 1 By3miB Ha 0a3i m’€30€NEKTPUYHOT KEpaMiKH B aBTOMOOIISIX
MOYTb CITY>KUTH:

- JIaTYMKU MOBOPOTY I BU3HAUYCHHS KyTa MOJIOKEHHS IPOCEIbHOI 3aCTIHKY;

- JIaTYHKHU JEeTOHAIIT;

- JJaTYUKH PiBHS 3alIPaBHUX PiJUH;

- JJATYUKHU THCKY JUIS BUMIPIOBAaHHS TUCKY B AJIMBHOMY OaKxy;

- 1'€30IPHUBOJU A3EPKAJIL;

- M'€30MPHUBOJU PETYIIOBAHHS CUIIHb;

- MepejaHi yIbTpa3ByKOBI AUCTAHLINMHI JaTYUKU (AATYMKU 3a1100IraHHs 31TKHEHb);
- IIBHUJKICHI CEHCOpH B MEpEeIHIN MaHemni A MOIyIIOK Oe3MeKH;

- OiyHi yJapHi CEHCOpU MOIYIIOK OE3MeKH;

- aBapiiiHi JATYMKH-CEHCOPH MOIYIIOK OEe3MeKH;

Takox m'e30KkepaMika HIMPOKO 3aCTOCOBYETHCS JJSl YJIbTPAa3BYKOBOI JIIarHOCTUKHU B
MEIUIIMHI, Ha aBlallliHOMY Ta 3alliI3HUYHOMY TPAHCIOPTI, B EHEPreTHIli, HadTOorazoBOMy
KOMILJIEKC; CHUJIOBa IM'€30KepaMika — B YJIbTPa3BYKOBOMY 3BAapIOBaHHI, YMIEHHI MOBEPXOHb,
HAHECEHH1 MOKPUTTIB, CBEPIIIHHSA TOLIO. [HO3eMHI BUPOOHUKHU I1'€30KE€paMiKd, €JIEMEHTIB 1
KOMITIOHEHTIB Ha ii 0a3i, HamMarar4uch OUIBII MOBHO 33/J0BOJBHUTH Cy4YacHI BUMOTU PHUHKY,
IPOBOAATH JOCHIPKEHHS 1 KOHCTPYKTOPCHKI POOOTHM 3 METOI0 TMOJIIIIEHHS apaMeTpiB
KepaMiKH, pO3poOJIsAtoTh 1 HOBI THIHM, Ha L0 BUAUISIOTHCS 3HaYHI (PiHAHCOBI KOMITHU. 3 METOIO
3/ICIICBIICHHST TPOJYKII PO3POOJISIIOTECS HOBI TEXHOJOTIi, OUIbII eHepro3oepiraroyi, sKi
JTO3BOJISIFOTH aBTOMATU3YBAaTH MpOLlecH BUPOOHUITBA [6].

BucnoBok. TakuM yuHOM, I'€30KepaMiuHi NEPETBOPIOBAYl 3aBJSKH CBOIM YHIKaIbHUM
BJIACTUBOCTSIM 3HAXOJUTh BCE OLUIbIIE 3aCTOCYBAaHHS B PI3HUX OO0JACTAX TEXHIKHM 1 TOMY €
MEePCHIEKTUBHUM 00’ €KTOM JJISI TOCJIII)KEHb Ta BIIOCKOHAJICHHSI.
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Cekuis 6.
ITHHOBALINHI TEXHOJIOI'TI Y MEJUYHOMY

IHPUJIAAOBY1YBAHHI

YK 617.2
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MaricTpanT Kadeapu npuiaago0yayBaHHs, MEXaTPOHIKU Ta KOMII FOTEPU30BAHUX TEXHOJIOTIH
YepkacbKuil IepKaBHUM TEXHOJIOTIYHUHN YHIBEPCUTET

OI'JISI] METO/IB TA IIPUCTPOIB JIJIAA MOHITOPHHI'Y IIAPAMETPIB
CEPHEBO-CYIHMHHOI CUCTEMHA

Abstract. The problem of the spread of cardiovascular diseases is disclosed. Measurement
and control of blood pressure, as a parameter of the cardiovascular system, is recognized as
important. Blood pressure measurement techniques and modern portable tonometers have been
reviewed and analyzed. The design of a non-invasive blood pressure monitor in the form of a
fitness bracelet was selected as a prototype.

Keywords: cardiovascular diseases, blood pressure, measurement and control of blood
pressure, portable tonometers, fitness bracelet

CepueBo-cynunHi 3axBopioBaHHa (CC3) mocigaioTh MpOBiAHE MicIe B CTPYKTYpi
MOLIMPEHOCTI, CMEPTHOCTI Ta 1HBAJIIHOCTI, CYTTEBO BIUIMBAIOTh HA TPHUBAIICTD 1 AKICTH KUTTS
HacelleHHs OUTBIIOCTI KpaiH cBiTy. Brpatu Ykpainu Big CC3 3Ha4HO OibllIi, HIXK B €KOHOMIYHO
PO3BUHYTHX KpaiHax €Bpomnu: cMepTHICTh Bij imemiuHoi xBopobu cepist (IXC) B 10 pasis, a Bin
1epeOpOBACKYIAPHUX 3aXBOPIOBaHb B 7,7 pa3iB MEpEBUIIYE aHATOTIYHUM Moka3HUK y PpaHuii.
[Hopiuno B YkpaiHi BiJ 1i€i naTosorii nomupae 6inu3pko 300 Tuc. ocid, iHpapkT Miokapaa (IM)
po3BHBa€eThCs y 48,6 TUC., a MO3KOBUH 1HCYIBT (MI) — y 97 Tuc [1].

ApTepiaabHUIl TUCK € BaXJIUBUM (P1310JIOTTUHUM [TapaMEeTPOM, 110 XapaKTepU3ye poOoTy 1
CTaH CepleBO-CyAMHHOI cucteMu. CTaH 370pOB'S JMIOAMHM 0arato B 4OMY 3aJIEXKHUTh BiJl 3MiH
3Hau€Hb JJAHOTO MOKa3HUKA. Tak MpU ICTOTHOMY BIJIXWJIEHHI apTepiaJbHOTO THCKY BiJl HOPMU
3011BIIY€ETHCS] PU3UK BUHUKHEHHS Ba)KKHX 3aXBOPIOBAHb CEPIs, IHCYIBTY, a TAKOK BTPATH 30DY.

Mertoro 1i€i cTarTi € O] METOJIB BHUMIPIOBaHHS IapaMeTpiB CEpLEBO-CYAUHHOI
CHUCTEMH Ha MPUKJIAIl apTepiaJbHOr0 THUCKY Ta MPWIAJIB, II0 3aCTOCOBYIOTHCS JUIS 1[OTO, HA
MIJICTaBl SIKOTO IJIAHYETHCS OOpaTH MPOTOTHUII AJS MOJAJIBLIOTO BJIOCKOHAJIEHHS Ta PO3POOKHU
HOPTATUBHOTO BUMIpIOBaya.

CydacHuil pHUHOK HaJae BeNUKUM BHUOIp NpUIaAiB I BHUMIPIOBAHHS NapaMeTpiB
aprepiaJbHOro TUCKY. HailOinblIo0 MNOMyISpHICTIO KOPUCTYIOTbCS MOJENi aBTOMAaTHYHHMX
TOHOMETPIB, OCKUTBKH BOHH BIIPI3HSIOTHCS MMPOCTOI0 BUKOPHUCTAHHS 1 MIIXOIATh HE TUIBKHU IS
JIOMAIIHBOTO BHUKOPHUCTaHHs, aje 1 Juist KkaOiHeTy uikaps. Taki TOHOMETpHM BH3HAYaIOTh
napaMeTpH apTepiaJbHOTO TUCKY 1 BUBOJATH iX Ha MOHITOD [2].

OpHUM 13 HaHNOUIMPEHIIUX HA ChOT'OJHI METOJIIB BUMIPIOBaHHS apTepiaibHOTO TUCKY €
METO] OCLMJIOMETPIi, 1110 3aCHOBAHUN Ha peecTpalli MpHJIaoM MyJbcaliii OBITPSHOTO THUCKY,
SKI BUHUKAIOTh B MPHJIAJL IIPH MPOXOKEHHI KPOB1 uepe3 3[aBieHy AUISHKY apTepii. B ocHOBI
OCLIMJIOMETPUYHOTO METO/1y BUMIPIOBAHHS JIEKUTHh MPUHILIUIT OOpOOKH KPUBOT TUCKY B MAHXKETI.
BinnoBinHo 10 anroputMy peectpauii apTepialbHOTO THCKY OYAYETbCS OrMHaK4a KpHUBa
aMIUTITY/l TUCKY B MaHXKET1, 1[0 Ma€ XapakTepHY 3BOHONONIOHY dopMy. Ha Hill BU3HAUaeThCs
MakcuMyM o00BigHOi (Pmax) 1 3nHaxomstecs xapaktepHi Touku CAT Ta JIAT [3]. Ha
CHOTOJHINTHINA JI€Hb 1€l METOJT € BU3HAHUM OQIIIHHAM €TaJOHOM HEIHB3UBHOTO BUMIPIOBAHHS
AT. 3a UMM NPUHLMIIOM MPALIOIOTH EJIEKTPOHI TOHOMETPU Ta ABTOMATHYHI TOHOMETPU Ha
3aI1’ ICTSL.
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Panime noBOOMIIOCS BECTH CTATUCTUKY cCaMoOCTiiiHO. He Tak mMaBHO Ha pPUHKY CTalH
3'apnatucsa Bluetooth ToHOMeTpu, 110 HaBUMIIHMCS 3amaM'siTOBYBAaTH pE3YyJIbTaTH MHHYIHUX
BUMIPIB 1 IPEACTABIATH iX B OUIBII JOCTYIMHOMY BHUIJIAI: COUCKaMH, Ta0iusaMu. ToHOMETpH Yy
BUTJISAI  (iTHEC-OpacieTiB 4u MOMIOHI JO0 HUX KOMIIAKTHI MPWIaJAM HACHUYYIOTh TOOYT
npodeciifiHuX CHOPTCMEHIB Ta JIIOJCH, IO BEAYTh AKTUBHUN CIOCIO JKUTTS 1 NPU LBOMY
nepeMaroThCcsi KOHTPOJIEM CBOTO 3/10poB’sl. B OCHOBI iX poOOTH JiexaTb TEH30METPUYHI abo
ONITHYHI J1aBayi.

Haii6inpi  po3NOBCIOPKEHUMHU € MPUCTPOi 3 BUKOPUCTAHHSIM ONTHYHUX JaBadiB IS
BuMipioBanHs AT. [Ipore HEeAOTIKOM ONTUYHHX JaBaviB € BUCOKA YYTIMBICTH IO IIYMY, KOJHU
HETICHMA KOHTaKT MK JaBadeM 1 MIKIpOIW MPHU3BOAWUTH 10 3a0pyaHEHHS Ta/abo HacHUYEHHS
ONITHYHOTO JlaBayva.

EneMeHTH TEH30METPUYHUX [AATYMKIB 0a3yrOThCS Ha MNPUHLUIN 3MIHU EJIEKTPUYHOTO
onopy npu aepopmariii TenzopesucropiB. Taki mepeTBoproBaui SBISIOTH CO00I0 MeMOpaHy 3
MOHOKPHUCTAJIIYHOTO KpPEMHII0 3 AUQPY3IMHUMH T’ €30pE3UCTOpaMU, MiJKIIOYCHUMH B MICT
Yincrona. Pe3ucropu po3MinIyroTh Ha MEMOpaHi TaKMM YHHOM, 00 MOB3IOBXKHI 1 MONEpeyHi
KOoe(ILi€HTH TEH30YYTIUBOCTI OYyJiM PI3HUX 3HAKIB, TOAl 1 3MIHU OMOPIB PE3IUCTOPIB OyIyTh
MIPOTUIICIKHUMU.

OCHOBHOIO TepeBarolo MUX JATYUKIB € BUCOKA XapaKTePUCTHKA CTAaOUILHOCTI Ta CTIMKICTh
0 BIUIMBY VYAapHUX 1 3HAKO3MIHHUX HABaHTa)XCHb. 3a3BHWYAil TEH3OMETPUYHI JaBadyi
BUKOPHCTOBYIOTHCSI B IKOCTI JaBauiB myibcy, a He AT. Sk Hampukiag HeiHBa3MBHHM J1aBay
nyJIbCy pO3po0JIcHH Ta 3anaTeHToBaHui Kommaniero Microsoft [4]. Bin noBuHeH OyB 3aMiHUTH
3BUYAHHUNA ONTHYHHUIA JaTYMK, SKUH BHKOPUCTOBYEThCS B (iTHec-Opacierax tumy Fitbit,
Microsoft Band i "po3ymuux" roguaauky Apple Watch.
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Pucynok 1. /IaTunk THCKY 3 THYYKOK KPHILKOIO: Pucynoxk 2. Crioci6 po3ranryBaHHs

1 — migoxka, 2 — norjiMHaKyYa IJIouHa, 3 — JaTYuK ¢iTHEc-OpacneTy Ha 3aIl’ ICTKY
TUCKY, 4 — 11ap refo, 5 — TBepAuil NPOBIAHUK, 6 — JIFOJIUHU JUIS SIKICHOTO 3HIMaHHS
CTPYMOIIPOBIJIHE CEpPeIOBHILE, 7 — THyYKa M’sKa napamMeTpiB apTepialbHOTO TUCKY

YaCTHHA, IPpU3HAaUYCHA IJId KOPHUCTYyBada

KoHcTpykiis 1boro aaBaya mokazaHa Ha puc. 1. I'Hyuka Kpuilka 7, HaJallTOBaHa Ha
B3aEMOJIII0 3 apTepi€l0 KOpucTyBayda depe3 mkipy. I1’e3ope3ucTuBHMIA JaBay, BUKOHAHUNA Y
BUTJISAJII TOHKOI MEMOpaH! MPUKPIMIEHOT 10 MI0XKKH.

KoHncTpykiito 1poro naBaya Mo)kHa nepeopieHTyBaTH Ha BuMiptoBanHa AT. Jlng mporo
BCEPEAMHY MPONOHYETHCS BCTAHOBUTHU I’ €30€JIEKTPHK, 110 CTBOPIOBATUME HAJUIMIIKOBUNA THUCK
Ha apTepilo, a 3a JIOTMIOMOIOI0 I1'€30PE3UCTUBHOrO JlaBaya MO)KHa Oyze (ikcyBaTu MOSBY Ta
3HUKHEHHS IMyJIbCalliii Ha CTIHKaxX apTepii.

Sxmo ¢ikcyBatu ¢QitHec-Opaciaer Ha 3am’scTKy (puc. 2), TO MOXXIHUBO CTBOPUTH
MIPUHIIMIIOBO HOBY KOHCTPYKIIiIO HeiHBa3uBHOro BumiptoBada AT. Ilpu uboMy € neBH1 BTpaTu y
TOYHOCT1 BUMIPIOBaHb, 10 B OUTBIIOCTI BUIAIKIB HE € CYTTEBUM 4epes3 Te, 1o ¢iTHec-OpacieTu
BUKOPHUCTOBYIOTHCSl TEPEBaKHO [UIsl OTJISIOBOTO MOHITOPUHTY, a HE OTPHUMaHHS TOYHOIO
pe3ysbTary.
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Hacrynaumu y 4yep3i € mpuiaau, IO CHHXPOHI3YIOTH JIaHI 3 XMapHUMH CepBicaMH Ta
JOJJaTKaMHU JUIsi CTBOPECHHS 3py4YHHX 3BiTiB. CaMe Ha yJOCKOHAJICHHS TaKUX MPUCTPOIB OyIyTh
CIPSIMOBaHI MOAAJIBIIN JOCIiIKEHHS.

BucHoBkH. PO3rIsiHYTO 1 TpoaHali3oBaHO METOIM BUMIPIOBAHHS apTEPiaJbHOTO TUCKY Ta
Cy4JacHi TMOpTaTHBHI TOHOMeTpu. JlocmipkeHa KOHCTPYKIiS HEIHBa3MBHOTO BHMIiproBaua
apTepiaIbHOTO THCKY y BHIJIAAI (iTHec-OpacieTy, sika oOpaHa B SKOCTI MPOTOTHIY JJIst
MOJAJIBIIOTO BAOCKOHAJICHHS.
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BJIOCKOHAJIEHHA YJIBTPA3BYKOBOI'O HEBYJIAM3EPA ILIISIXOM
BUKOPUCTAHHSA JUCIIEPT'ATOPA 3 AKYCTUYHUMMU JIIH3AMU

Abstract. Ultrasonic dispersion is recognized as one of the best ways to prepare highly
dispersed aerosols that do not harm structure of pulverable substance. In order to increase the
effectiveness of the creation of an aerosol, it was proposed to use in the ultrasonic disperser of
the guide tube and the acoustic lens in the form of a half-sphere.

Key words: ultrasonic nebulizer, piezoelectric dispersant, aerosol, guide tube, acoustic
lens.

HeOynaiisepna Tepamis — oOAMH 3 HalOUIbIl e(GEKTUBHUX BHIIB  JIKYyBaHHS
OpoHXoJereHeBHX 3axBoproBaHb. Llle 30BciM HemaBHO dYepe3 BHCOKY BapTiCTh 1 CKIAAHICTh
BUKOPUCTAaHHS HeOyJali3epy 3aCTOCOBYBAIIMCS TIJIbKUM B MEAMYHUX YCTAaHOBAX, OJIHAK, B OCTAHH1
POKH BOHH CTaJIM CTPIMKO MOIITHPIOBATUCS B SIKOCTI TOMAIIHIX TPUIAIIB.

HeOynaiizep — 1e iHramsmiiiHui npucTpiil [uisi po3NMUIEHHS JTIKapChKUX IMpernapaTis, IO
JI03BOJISIFOTH OTPUMATH APIOHOAUCHIEPCHHUM aep0o30IIb 3 ONTUMAIBHUM PO3MIPOM YacTHHOK Bif 1
JI0 5 MKM, sIKi BUIBHO ITPOHHMKAIOTh B JIPIOHI OPOHXH, a TAKOK B OPOHX10JIH 1 aJIbBEOJIH.

CrnoBo «HeOymnaii3ep» MoXoAnuTh BijI JaTHHCHKOTO clioBa nebula (TymaH, XMapuHa).

CyuacHi HeOynaii3epu MEpETBOPIOIOTH PIAKI JIKK B aepo30iib MiJ AI€I0 CTUCHEHOTO
NOBITPA (CTPYMEHEBHI, KOMIIPECOPHUIT), a00 yIbTPa3BYKOBUX XBWIIb (yAbTpa3ByKoBHil). Cxema,
sKa MOSICHIOE MPUHIIMII Aii yJIbTpa3ByKOBOro HeOynaiizepa, moka3aHa Ha puc. 1.

30ymKyroud KOJMBaHHS Ha YacTroTax B fiama3zoHi 1-2 MI'm, MokHa onep)kaTu CTIHKY
JMCTIEpraljilo JIKAapChbKUX MpernapariB y BHIVIAA JpiOHOTUCIIEPCHOTO aepo30Jito, M0 Jae
MO>KJIUBICTh TIJCUJIUTH JIIKYBaJIbHUM edekT. [1].

5
aepo30i1b ———p
[IIIIIIIIIIIIN
2
Mepexa N SRR PP, )
g4 = i 1

Puc. 1. Cxema yJbTpa3ByKoBOro Hedyaaiizepa: 1 — kopmyc; 2 — n’e30eJleKTPHYHMIA nepeTBOpIOBaY; 3 —
eJIeKTPUYHA cXxema; 4 — aianTep; 5 — BEeHTHWIATOP; 6 — pinuHa, sika IMCNEPry€eThCst

OTxe, HallBaJKJIMBIIIOK XAPAKTEPUCTUKOIO a€pO30III0 € AUCHEPCHICTh — PO3MIP YaCTUHOK
JIKapChKOTO PO3YMHY, SKHH pO3MOpOINyeThCs. B ineanbHOMYy BHIAAKY aepo3oiib, IO
TeHEePY€EThCS 1HTAIATOPOM MOBHUHEH OYTH MOHOJIMCIEPCHHUM, pO3MIpP YacTOK SIKOTO HE Mae
BEJIMKOTO PO3KH]Y 1 CTAHOBUTH, HANIPHUKIIAM, Bix 5 10 10 MikpoH. SIKII0 AUCHEPCHICTh YaCTHHOK
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aepo30J10 Mae OUIBIIUI PO3KUI, HanpHukiag Big 5 10 30 MIKpoH, TO Iie, SK MpaBWIIO, MPUIIAL
HEBHCOKOI SIKOCTI 1 HafiiHOoCTI [2].

Jlist miABUIIEHHST €)EKTUBHOCTI CTBOPEHHS aepO30JI0 B JUCIEPraTopi yIBTPa3ByKOBOTO
HeOynaiizepa OyJ10 3amporoOHOBaHO 3aCTOCYBATH B MOTO KOHCTPYKIIii HAlIpaBJIsito4y TPYOKy, sika
BCTAaHOBIIIOETHCSA KOAKCIallbHO 3 yIBTPa3BYKOBUM (oHTaHOM. Ha Hampammisrouiid TpyOIi Oyma
3aKpiluieHa aKyCTUYHA JIIH3a Y BUTJISAII HamiBcEpH, MIPUIOMY BiCh JIIH3U MEPICHIUKYIISAPHA 10
oci yIbTpa3ByKoBOro (oHTaHy, a Ha HampaBsAOYid TpyOli 3po0JIEHO ABI TMETIOCTKH, SIKI
HaIPaBJISAIOTh MOTIK PiIMHUA (POHTaHY MO BHYTPIITHIHN 1 30BHIIIINA MOBEPXHI JIiH3U (puC. 2).
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Puc. 2. lucneprarop 3 akycTHYHAMM JiH3amu: 1 — kopnyc; 2,3 — BXinuumii i Buxinnmii orsopu; 4 —
1’€30eJIeMeNT; 5 —reHepaTop; 6 — BeHTHISITOP; 7,9 — J1iH3K; 8 — HanpaBJIsl04Ya TPyOKa;
10-11 — meqI0CTKHU

HebGynaitzep mpaitoe HacTynHuM yuHOM. [lpu miakmrodeHH1 reHepaTopa 5 110 JKepena
KHUBJIGHHS Ha I1'€30€JIEKTPUYHUI TepeTBoproBad 4 HAIXOAATh €JIEKTPUYHI KOJMBAHHSA, IO
MPU3BOJMTS JI0 YIBTPAa3BYKOBUX KOJMBAHb MEPETBOPIOBAYa (KOJIMBAHHS MO TOBIIHHI).

BucHoBKH. Ik Moka3anu eKcriepuMeHTH, BUKOPUCTaHHS aKyCTHYHOI JIIH3M MTPOINOHOBAHOT
dopmu, TPYOKH 3 MENMIOCTKAMHU Ta 3alPOITOHOBAHE X PO3MIIIEHHS MPHU3BOJIHUTH JI0 JOJATKOBOTO
pPO30UTTS YIBTPa3BYKOBOro (OHTaHY i, B pe3yibTaTi, A0 MiJABUIIEHHS €(EeKTUBHOCTI PoOOTH
yJIBTPa3ByKOBOro HeOymaitzepa [3].
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Yepracvkuil 0eporcasHutl mexHono2iuHull ynieepcumem, m . Yepracu, Yxpaina

AHAJII3 METOJIB TA 3ACOBIB 103YBAHHA JIIKAPCbKUX 3ACOBIB

Abstract. The question of creation of reliable, inexpensive and compact equipment for
dispensing of medicines in a container in the conditions of small production is considered
Key words: drug, dosage, packing

Ha nmanmii yac B 0ararb0X TEXHOJOTIYHHX IMpolecax MeIWYHOi Ta (apMakKoJIOTIYHOT
MIPOMHUCIIOBOCTI B OLIBIIOCTI BUIAJKIB BUKOPUCTOBYIOTHCSI CHUCTEMHM J03YBaHHS JIKApCHKUX
3ac00iB Ha OCHOBI JIOPOTHUX HACOCIB-J]03aTOPiB, TOJIOBHUM YMHOM IMIOPTHOTO BUPOOHHUIITBA.
ToMy € Haa3BUYallHO aKTyaJlbHOIO MpoOJieMa CTBOPEHHS YHIBEPCAJIBbHOIO J103yBaJIbHOI'O
oOagHaHHA 17151 aBTOMATH3AIlii I[bOTO MPOLECY, IO MICTUTh KOHTYPHU J1030BaHOI MOJadi pifvH,
PUYOMY HaIMHOTO 1 HEIOPOToro.

Jlo cydacHux cucteM misi po3(acoBKH Ta J03yBaHHS JIKAapChKHUX 3acO0iB B Tapy B
YMOBaxX MaJMX BUPOOHHULTB NpPEa'sBISAIOTHCS CBOI creln(iyHI BUMOTH, 10 OCHOBHHUX 3 SIKHX
BiJTHOCSITHCSI HACTYIIHI:

- BHCOKa eKCIUlyaTalliiiHa HaJidHICTh, IIUPOKHH Jiala3oH 1 BHCOKAa TOYHICTh JO3YBaHHS B
MO€AHAHHI 3 MOXIIMBICTIO OIEPATUBHOI MepeHaNallTyBaHHs OOJaJHAHHS HA PI3HI THUMHU IUX
3ac00iB 1 J1lara30HM J103yBaHHS;

- MOKJIMBICTB TUIABHOTO PETYITIOBAHHS JJO3H B IIMPOKOMY JIiala3oHi;

- MO>KJIMBICTB OIIEPATUBHOI OYHILEHHS a00 3aMiHM KOMYHIKaLil 10/aul JIIKapcbKoro 3aco0y;

- MOXJIMBICTH BOYZIOBYBaHHS J103aTOpa B KOHBEEPHY JIIHIIO;

- MOKJIMBICTh IOOYZ0BU OaraTokaHaJbHUX CHCTEM JI03yBaHHS;

- BIJICYTHICTb MIXKOTIEpAL[ITHOTO MTPOCUIIAHHS PEYOBHHH JIIKAPCHKOTO 3ac00y;

- KOMIIaKTHICTh, MPOCTOTA 1 Oe3meKa 0OCIyroByBaHHs;

- IOXKEXKOBHOYX00€e3neKa (1151 6araTb0X BUPOOHUIITB).

B nanuit yac Ui BUpIlIEHHS 3aB/aHb J103yBaHHS JIIKAPCHKUX 3ac00iB B Tapy HaOyiH
HaANOUIBIIOTO MOMIMPEHHS 103aTOPU 00'€MHO-TIOPIIHEBOTO TUITY 3 MIPHUMHU KaMepaMH 3MIHHOTO
o0'eMy 1 3 KJIAaNaHHO-TIOPIIHEBMMM BHUKOHABYMMM MEXaHi3MaMM, a TaKOX JOpOri Barosi
J03aTOPHU IMIOPTHOTO BUPOOHUIITBA. ONHAK Il Ta 1HII BIJIOMI J103aTOPH HE 3aJ0BOJILHSIOTH
IOBHOIO MIPOIO 3a3Hau€HHM BHILE BHMOraM 1 MAalOTh psJi NPUHLUIOBUX HEIOJIKIB, SKi
3BYXKYIOTh 00JIACTh iX 3aCTOCYBaHHS B YMOBaX MaJIMX BHPOOHHIITB.

J1o 1IuX HEJOIIKIB BITHOCATHCS:

- CKJIAJHICTh KOHCTPYKIIN BY3/1iB JO3yBaHHS 1 YIpPaBIIHHS, L0 MICTSITh BEJIHUKY KUIBKICTb
MEXaHIYHUX PYXOMHUX YacTUH, L0 MPU3BOJAUTH 10 ICTOTHOTO 3HM)KEHHS eKCIUTyaTalliifHol
HaAIMHOCTI 00J1aJHAHHS;

- IOPIBHsUIbHA BY3bKICTh 3a0€3MeUyBaHUX Jl1alla30HiIB 103yBaHHS 1 HEIPUCTOCOBAHICTH OJIHOTO 1
TOrO K TUIy OOJIagHaHHS JO0 JO3YBaHHS CEPEeJOBHIN 3 PI3HUMH (PI3UKO-XIMIYHUMU
BJIACTUBOCTSIMU;

- BY3bKl (DYHKIIOHQJIbHI MOXJIMBOCTI, II0 BHUPAXAKOThCA Yy BIACYTHOCTI B IUIOMY psijl
KOHCTPYKLIN 103aTOpiB 3aCO0IB ONEPATUBHOTO MEPEHATAIITYBAHHS 1 PETyIIOBaHHS iX BUXITHUX
napameTpis.

BucHoBok. TakuM 4YMHOM, Ha CHOTOHINIHIM I€Hb € HaJ3BUYAHO aKTyaJbHUM 3aBJIaHHS
CTBOPEHHSI HAIWHOTO, HEAOPOTOTrO 1 KOMITAKTHOTO OOJagHAHHS JUIsl JO3YBAaHHS JIIKAPCHKHUX
3ac00iB B Tapy B YMOBaX MaJluX BUPOOHHIITB.
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AJITOPUTMU3ALIAA TPEJABAPUTEJIbHOW OBPABOTKU UH®OPMAIIUA
TP TPOBEJEHUN SKCIIEPUMEHTAJIbBHBIX MEJUKO-BUOJJOI'HYECKHAX
UCCIEJOBAHUHU

Abstract. The paper considers tunable second-order bandwidth algorithms. Relations for
frequency-dependent devices coefficients are obtained. This allows them to be implemented on a
microprocessor preprocessing unit as part of an expert system and critical areas of control and
going beyond sustainability have been obtained.

Keywords: frequency-dependent bandpass devices, microprocessor technology, second
order tunable algorithms, filtering algorithm stability,frequency-dependent device coefficients.

CoBpeMeHHOE  MEIUIIMHCKOE  MPHOOPOCTPOCHHE  OCHOBAaHO HAa  MHTCHCHBHOM
UCIOJIb30BAaHUU MUKPOIIPOIIECCOPHBIX YCTPOMCTB MU MH(POPMALMOHHBIX TeXHONOTruil. B sTOom
IUTaHE aNTOPUTMH3AIMS TMPEIBAPUTEIEHON 00pPaOOTKH HKCIEPUMEHTANIBHBIX JaHHBIX OYEHBb
BOCTpeOOBaHa.

Crnemyer OTMETHTh, YTO B HACTOSIIEE BpPEMS MEIWKO-OMOIIOTUYECKHE HCCIIETOBAHMS
CTPOSITCS Ha KOHLEMIMU [0Ka3aTelbHOH MeIUIUHBI. TexXHOJOrus paHIOMH3UPOBAHHBIX
KOHTPOJIMPYEMBIX HCIIBITAHUH CYMTAETCS CTAaHJAPTOM KadecTBa HAYYHBIX HCCIEIOBAHUI
spdexTuBHOCTH  JeueHus. Jlng  3TOro, Hampumep, OKCIEpTHas CUCTeMa  aHalu3a
OKCTIEPUMEHTAIBHBIX JaHHBIX JIOJDKHA YYUTBHIBATH YCJIOBUS TPOBEACHUS SKCIEPUMEHTA WIIH
UCCleIoBaHMusl  (KJIMHUYECKWE WIM JIabOpaToOpHbIE), CHU3UTh CYOBEKTHUBHBIH  (hakTop
UCCIIeIOBATeNsl W TAIMeHTa, a TaKKe YMEHBIIUTh CUCTEMATHUYECKYI0 OIIMOKY, TOBBICUTH
OOBEKTMBHOCTh J@aHHBIX M T.I. OOUH M3 NyTed pemeHus HToM 3amaun  QUIBTpaIUsL
OKCTIEPUMEHTAIBHBIX JaHHBIX MJIsi YCTpAaHEHHs apTeakToB M HIyMOB u3MepeHus. OmHako
IPUMEHEHHE CTaHIAPTHBIX U JKECTKUX AJITOPUTMOB (PUIIBTPALIMM YCIOKHIET pabOTy HKCIEPTHOM
CHCTEMBI ¥ IPUBOIUT K MHOTOKPATHON 00paOOTKH MCXOIHBIX JAHHBIX.

HeonHO3HAaYHOCTH W HEONPENENEeHHOCTh YCIOBUH (UIbTpalMM B TaKUX CHCTEMax
NPUBOANT K 3a/Jade aJanTallid WA TIepecTpoiike padOThl TpeaBapUTENBFHOH 00pabOTKH
HKCIEPUMEHTAIbHBIX JaHHBIX HAa OCHOBE 3aJlaHHBIX KpuTepueB. [Ipm 3TOM uCHONb3yemble
aJIalITUBHBIE AITOPUTMBI B OCHOBHOM aKIIEHTHPYIOT BHHMaHWE Ha TOJABJICHUHM CHTHaia 0e3
NEePeCTPONKH YaCTOTHOTO JHara3oHa.

[TocTpoeHrne TakuWX TPaKTOB Oa3upyeTcs Ha MEPeCcTpauBaeMbIX aIrOPUTMax BTOPOTO
nopsijika oouiero Buaa

vin] =a,-x[n]l+a;-x[n—1]+a,-x[n—-2] - b, -y[n—1] — b, -x[n—2],

rae Gg, @4, A, by, by — nelicrBurensupie koddpduuumentsl, x[n] u ¥[n] — coorsercTBEHHO
BXOJIHOW U BBIXOJHON HAOOp JaHHBIX.

C TEeXHMYECKOM TOYKM 3pEeHUs U1 (UIBTPALUU DKCIEPUMEHTAIBHBIX JaHHBIX B
SKCIIEPTHBIX CHCTEMAX MCIONB3YIOT aJArOPUTMBI, XapakTEPHbIE JUIS IOJOCOBBIX YaCTOTHO-
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3aBUCHUMBIX YCTPOHUCTB. OCOOEHHOCTHIO TAKMXYCTPOWCTBSIBISIETCS 3aJaHUE TPAHUIl IOJIOCHI
NPOIYCKaHWUsI, & HE TOJIBKO KO3 PHUIIMEHTA YCHICHHS. ANTOPUTMHU3ALUS QUIBTPALUU HA OCHOBE
TaKUX YCTPOMCTB TO3BOJISET ONEPATUBHO MEPEHACTPAUBATh 00pa0OTKY NaHHBIX B IKCHEPTHBIX
cUcTeMax MpU MPOBEICHUHN MEIMKO-OHOJIOTUIECKUX HCCIICIOBAHUH.

AHau3 MOJIOCOBBIX YCTPOKUCTB TaKOTO 0OOOIIEHHOTO BU/IA TTOKA3al, YTO JACHCTBUTEIHHBIC
KO3 PHUIIMEHTHI PU BXOTHBIX JTAHHBIX UMCIOT CIICAYIONIHE COOTHOIICHUS

OJHaKo, YaCTOTHBIE CBOWMCTBA TAKMX YCTPOMCTB 3aBHMCAT OT Kod(duumentos by, by, a
TaKkke OT Kod((PHUIMEHTa HEPABHOMEPHOCTH aMILTUTYHO-9aCTOTHON XapaKTEPUCTUKH B TIOJIOCE
nponyckanus €. IIpOBENEHHBIE HCCIENOBAHUS YKa3blBAIOT HA HAIMYMU  3aBUCUMOCTHU
K02 PUIHEHTOB by, by M @30T YACTOT MOJOCHI IPONYCKAHUS 0y U G .

YacTOTHBIM aHaIM3 TAKUX YCTPOMCTB HaeT BO3MOKHOCTH MOJNYYUTh COOTHOIICHHMS,
KOTOPBIC IIO3BOJIAIOT OIIHMCAaThb O3TU 3aBUCHUMOCTU HW BBIIIOJIHUTH YIIPABJIICHHUC CBOMCTBaAMU
YCTPOMCTBA M MOCIEAYIOIEM [IPH AITOPUTMU3ALMHI U CBOWCTBAMHU alrOPUTMA

I'b _cos(@y) + cos(wy) — 2¢%cos(@, ) — 2cV1 — cPsin(a@,)

cos(@;) + cos(w;) — 2c*cos(wy) — 2eV1 — c*sin(ay)

.'1_ 2
by = —(1+ by)cos(@y) + (1 — by)sin(@) ———;
C

1-h,
fdy = .
\ 0 2

AnroputMusanusi padbOThl TaKMX YCTPOWMCTB JUIsl JKCIIEPTHBIX CHCTEM IIO3BOJIAET C
anmnapaTHOro YpOBHs IIEPEUTH HA YPOBEHb IIPOTrPAMMHBII.

OdeHb Ba)XHBIM MOMEHTOM IIPH YIPABJIEHWH CBOMCTBAMHU AJTrOpUTMa SIBISIETCS BOMPOC
o0ecreyeHHns yCTOMYMBOCTH alroputMa QUIbTpAlMH. YCTOMYMBOCTH alrOpuTMa BTOPOIO

TIOPSI/IKA OIMCBHIBAETCS TPEYTOJILHUKOM YCTOMYMBOCTH B KOOPJAMHATaX KOO(PQPUIMEHTOB by u
b,.

s

CnenyeT OTMETUTh, YTO MPU YMEHBIIEHUH MOJIOCHI MPONMYCKaHUs Wy — KO3 PUINEHT
b, cmemiaercss B CTOpOHY yBeJIWYeHHS 10 |, a TPH YBEIMYEHHH IMOJIOCHI TMPOMYCKAHUSI
ko3 dunuent b, crpemurcs k 0. [To3TOMy NpPH W3MEHEHHH TOJIOCHI MPOITYCKAHHST BO3MOKECH
BBIXOJ] Ha TPAHUIy YCTOMYMBOCTH, UTO MPUBOJUT K «PAa3HOCY» BBIXOJHBIX JAHHBIX.

BoiBoabl. TakuM o00pa3oM, HcCCIEOBaHUS YOpPABICHHUS CBOWCTBAMHM YacCTOTHO-
3aBUCHUMOIO alroputMa (QUIbTPAlMU BTOPOrO TMOpsAKAa MO3BOJIWIO TOJYYUTh IPOCTHIE
COOTHOILIEHUS], KOTOPbIe MO’KHO PEaIN30BaTh HA MUKPOIPOLIECCOPHOM OJIOKE MpeABapUTEIbHOM
00paboOTKH B COCTaBE SKCIEPTHOW CHUCTEMBI, a aHaJIU3 YCTOMYMBOCTU BBIIBUTH KPUTHYECKUE
00J1acCTH ypaBJIeHUs M BBIXO/1A 32 IPEeIbl yCTOWYMBOCTH.

Cnenyer OTMETHUTb, YTO CJIOXKHBIE TPUTOHOMETPUYECKHE U HUppalOHATIbHbIE (YHKIIMH
OOBIYHO TPOCUYUTHIBAIOTCS W 3aMUCHIBAIOTCS B MaMsTh, I JaJbHEUIIEr0 CUMUTBHIBAHUS INPHU
MCIIOJIb30BaHUU B MOJYYEHHBIX COOTHOIICHHUSX.
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BJIOCKOHAJIEHHS 3ACOBIB PEECTPAIIII
BIOEJEKTPUYHUX INTOTEHIIAJIIB JIIOAUHHU

Abstract. In this work, an electrical schematic diagram for the measurement of human
biopotentials and the results of the study of individual nodes are presented. PCB tracing was
also performed using Proteus, with a modern element base that helps reduce the dimensions of
the developed device.

Keywords: biopotentials, biopotential measurement scheme, modeling.

Beryn. biomoreHmian — 1e  y3aralbHEHa XapaKTepUCTHKAa B3a€EMOIl  3apsjiB
JOCIIJKYBAaHUX KIIITHH, TKAHUH Ta OpraHiB. J{s TKaHMHU PI3HMLS MOTEHLIANIB BU3HAYAEThCA
CYKYIHICTIO TIOTEHIIIaJIiB OKPEMUX KIITHH. 3HATTS O10MOTEHIIialliB MPOBOAUTHCS 33 TOMTOMOTOI0
€JIEKTPO/IB, SKI BCTAaHOBIIOIOTbCS Ha MOBEPXHI Tijla YM OPraHiB JIIOJUHHU. BuMiprtoeTbcst He
a0COJIIOTHUH TTOTEHITial, a PI3HULA MOTEHIIAIIB MK JBOMA TOYKaMHU IMOBEPXHI, SKa BiI0oOpakae
ii 610eNeKTpUYHY aKTHUBHICTh Ta XapakTep MeTaboaiuHuX (0OMiHHUX) mporeciB. bionoTenuiamm
BUKOPHCTOBYIOTH JIJIsl OTPUMaHHS iH(pOpMAIIiT Tpo cTaH i PYHKIIIOHYBaHHS pi3HUX opraHis [1].

[Tpu pimeHHi AIarHOCTMYHMX 3aBAaHb y KIIHIYHINA MpakTULll # KOHTPOJI HaJ CTaHOM
JIOJIMHA B YMOBAax TPYIOBOI AISUTBHOCTI HAMOUIBIIOTO MOIIMPEHHS OJEpKalld TI METOMIH, SKi
BUBYAIOThH €JIEKTPUUHI IPOLIECH, 110 MPOTIKAIOTh Y IIIOMY opraHi abo GyHKIIOHANIbHINA CUCTEMI.
Po3pi3HsIOTH HACTYNHI OCHOBHI KJIAaCH TaKMX JOCHIIKeHb: — enekTpokapaiorpadis (EKT) —
METOJl peecTparlii KOHTAKTHHM CIOCOOOM O10MOTEHIIamiB Tijla, 10 BUHUKAIOTh Ha PI3HHUX
JIUISTHKaX TOBEpXHI a0 BcepelnHI HbOTO 32 PAXYHOK €JIEKTPUYHUX MPOLECIB, IO MPOTIKAIOTh Y
cepui; — enektpoennedanorpadis (EET) — meron peectpaiii KOHTaKTHUM CIOCOOOM Ha
MOBEPXHI TOJOBU PI3HMII MOTEHIIaNIB, 110 XapaKTepu3ye Ol0eNeKTPUYHY aKTUBHICTbH PI3HUX
JUISHOK TOJIOBHOIO MO3Ky; — enekrpomiorpadis (EMI') — meton peectpaiii KOHTaKTHUM
Croco0O0OM PI3HUIII MMOTEHITIATIB 1 JIEKTPUIHOTO MOJIs Ha TTOBEpXHI M's3a [2].

Mera poGoTH — BJOCKOHaJIEHHS 3aco0iB peecTpalii O0i0eJeKTPHUYHUX MOTEHIialiB
JFO/TMHHU.

[TpoananizyBaBmIM pPO3IJSHYTI KOHCTPYKIIi [ BUMIPIOBaHHS OIOMOTEHLIATIB Ta
JIarHOCTUKU MOXHa 3pOOMTH BUCHOBOK, III0 BOHU MalOTh BY3bKe CIEIiali30BaHe MpHU3HAuYEHHS,
a 1mporo OyBae KpaiiHe HemocTaTHBO. Hamu 3amporoHOBaHMM MpHUCTpiN, SKUH MOXe JIETKO
MepeHaNIaroPKyBaTucs Uil BUMIPIOBAHHS OIOMOTEHIANIB JIIOJWHU JUIS  PI3HUX TOTpEO.
Po3pobxa npucTporo npeacTaBieHa HIXKYE.

Jns  nmpoexkTyBaHHS BHUMIPIOBAJIBHOI YAacTMHM NpUiaay, SKUM OpU3HAUYEHUH IS
BUMIPIOBaHHS Ta aHaji3y Ol0€JIEKTPUYHUX IOTEHLIANIB JIIOAUHU, OyJl0 BHKOPHCTAHO MAKET
nporpam Proteus. Po3po0ieHa mpWHIMIIOBA €JIEKTPHUYHA CXE€Ma BHMIPIOBAHHS O10MOTEHITIATIB
IpuUBEZieHa Ha puc.l.
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Puc.1. Po3podieHa npuHIMIOBA eJIeKTPHYHA cXeMa JJIsl BUMipIOBaHHsA OiomoTeHuiaais

B sikocTi kepena KHUBIICHHS BUKOPUCTOBYEThCS akymyiisitop Li-lon manpyroro 3,7 B, 1o
JI03BOJISIE TAKOK 3MEHIIUTH 3aBajau BiJ mMepexi. s ¢inbrpanii BUMipIOBaIbHOTO CUTHALY MU
HE BUKOPHUCTOBYBaIM LU(ppoBi ¢inbTpu 1 nudpoBi oOpoOKH, a TUIBKM aHAJIOrOBi, Taki fK:
GinbTpH BepXHiX 4acToT Ta QIIBTPY HUXKHIX YacToT [3].

AMIUTITYAHO-4aCTOTHA XapaKTepUCTUKa (DUIBTPY BEPXHIX YaCTOT, siKa CKiamaeTbes 3 C2,
R3 Ta BHKOpHUCTOBYETHCS UIS 3MEHIIEHHS aMIUIITYAM CHUTHANiB Ha yactoTax Hmwxkde 10 I,
300pakeHa Ha puc.2.

R1C1y
-5.08

—10.8
-15.8
-20.8
-25.8
-30.8
-35.8
-40.8
—45.8

—5e.8

-55.8
18au 1.08m 18.0m 180 1.8 18.8 120

Puc.2. AMILUIITYIHO-YACTOTHA XapaKTepUCTUKA (PLILTPY BEpXHiX 4acToT

AMILUTITYIHO-4aCTOTHA XapaKTepUCTHKA HU3bKOYACTOTHOTO (DUIBTPY, SKUN CKIIAJIA€ThCA 3
R8,C5 Ta BUKOPUCTOBYETHCS AJII 3MEHIICHHS aMIUTITyIM CUTHaTMB Ha vactorax Buimie 100 I'mg
300pakeHa Ha puc.3.

(LE) L) ER .0 o0 (e

Puc. 3. AMIUIITYIHO-4aCTOTHA XapaKTepucTHKa GinbTpy BepXHiX 4acTOT
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TakuM 4YMHOM, BHMKOPUCTaHI (UIBTPU [ONOMAraroTh 3MEHIIWTH BIUIMB 3aBajJ Ha
BUMIPIOBAJIbHY YaCTHHY MpPUIIALy.

Jis HOpMYBaHHS BHXIJHOTO CHTHAJly BHUKOPHCTOBYETHCS JOJATKOBUHM OIEpalliifiHuUMA
nigcumoBad OPA2134. MoaentoBaHHS SIKOTO TIPEICTABICHO Ha puc.4.

o7 Ut aouT)

Puc.4. MopaenoBaHHs BUXiIHOT0 HOpMYIO4Oro miacuaosaya OPA2134

B po3pobienomy mMomymi Juisi BUMIpIOBaHHS 010MOTEHINIaIiB BUKOPUCTOBYETHCS 3MIHHHIMA
pesucrop R4 (ma 3arampHiii cxemi puc.2 1e RV2), mo m03Bosisse HOPMYBAaTH aMILTITYIy
BUXIIHUUI CUTHAI.

OTxe, poBiBIIM HEOOXiTHI PO3paxXyHKH Ta MOJICITIOBAHHS OCHOBHUX €JIEKTPOHHUX BY3JIiB
BX1JJHOI YaCTUHU I BUMIPIOBaHHS O10MOTEHIIIaNIiB MPOBEICHO TPACYBAaHHS JIPYKOBAHOI IJIATH

(puc. 5.).

Puc.5. /IpykoBana mjara BXiZHOI YACTUHHU YHiBepCAJIbHOI0 KOMILJIEKCY

Ha puc.5 npeacrasnena 3D Bizyanizalisi ApyKOBAHOI IUIaTH 3 eIEMEHTaMH po3p00IEHOr0
YHIBEPCAJIBHOIO KOMILIEKCY JUIsl BAMIPIOBaHHS 010€JIEKTPUYHUX MOTEHLIATIB JIFOUHU.
BucHoBku. BukopucrtanHs (iabTpiB BEpXHIX YacTOT Ta HHXKHIX YacTOT 3MEHLIMTH
MEpEeXeBl 3aBaJid, 1[0 3HAYHO MOKPAIIUIO PE3yNbTaTH 00poOku mAaHuX. KpiMm 1boro, 3aBasiku
po3pobiieHOMyY TpHUIaAy MOKHA JIETKO pealli3oBYBaTH BHUMIPIOBAHHS O10TIOTEHIIIANIB JIFOJAUHU
JUISL pI3HUX TMOTPED.
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EFFECTIVE APPLICATION OF INTER-SUBJECT COMMUNICATIONS BASED
ON ECONOMIC AND TECHNICAL DISCIPLINES

Abstract. The question of one subject is often not solved only with the help of the concepts
of this subject; there is a need to attract knowledge from other (related) disciplines. For
example, a teacher of economics for a technical specialty cannot solve his guestions without
using the knowledge of engineering students, while a physics teacher, depending on the profile of
the institution, cannot do without knowledge of chemistry, general subjects and special
technology, etc. However, the knowledge in these topics are polytechnic in nature, they include
opportunities for professional profiling of the subject. Obviously, the links between subjects do
not destroy the structure of the subject, but strengthen the subject system of learning. The use of
links between subjects in different types allows you to flexibly change the content and methods of
subject learning, while maintaining the specifics of individual subjects.

Key words: cross-curricular links, economic and technical disciplines, improving the
quality of training

Introduction. In solving professional problems, students are increasingly faced with the
need to possess and skillfully use knowledge that goes beyond the narrow specialization -
knowledge from various fields of science, technology, economics, etc. However, the method of
introducing cross-curricular links, which is now widely used but still requires isolated teaching
of the humanities and specialized disciplines, needs considerable adjustment. The issue of cross-
curricular relations in the process of studying economics for technical specialties in technical
educational institutions remains unresolved. This contradiction can be resolved by improving the
educational process based on the implementation of the basic principles of didactics and
professional pedagogy, in particular, polytechnic, professional direction, cross-curricular
relations, continuity, etc.

The purpose of the study is to consider, on the example of the cycle commission of
economic disciplines of the Cherkasy Polytechnic Technical School, the ways of gradual
introduction of interdisciplinary education of economics on the basis of economic and technical
disciplines, which gives the possibility of better preparation and advanced training by improving
their system of continuous education and the process of continuous education educational
technology training. Therefore, the modern economics teacher is tasked not only to bring
students to a successful mastery of program materials, but also to teach them to use economic
terminology to supplement their professional knowledge.

It is important to prepare a material educational and methodological base, to organize
cooperation between teachers of economics and colleagues from the profile cycle commissions,
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to arouse students' interest in using economics to increase their own competence in studying the
specialty. The selection and organization of training material is important; formation of the
necessary economic terminology, which would become the basis for successful development of
literature in the economic field; formation of skills of semantic perception of materials.

Considering the theme, purpose, object, object of work, the following tasks of work were
set:

1. The role of cross-curricular communication in the educational process of a technical
school.

2. Methodological requirements for cross-curricular communication.

3. The essence of the concept of cross-domain links and their functions.

4. Development of a technique for introducing cross-curricular relations in the preparation
of students in different specialties.

5. Practical implementation of cross-curricular relations in the economy.

The purpose of education of students in technical educational institutions involves the
following basic tasks: - preparation of conscious, highly educated skilled workers who have
perfect professional skills, deep and strong knowledge of the scientific bases of production,
modern technical and economic thinking, computer literacy, computer literacy , as well as to
intellectual work, to active activity, capable to successfully learn new technique and technology
and to put it into practice; - education of active citizens, creative attitude to work, high moral
qualities, discipline and organization, culture. The human (psychological) factor, a high level of
students' awareness of mastering professional knowledge is of great importance in the
educational process in today's context. Therefore, in the process of teaching special subjects and
industrial training, teachers and masters of industrial training should develop in student’s
technical, economic and imaginative thinking, to develop the skills of productive work, planning
and self-control. Teaching material should be built on the knowledge of general subjects. It
should be noted that cross-curricular links are two-way. For general subjects - it is the
specification of basic scientific provisions, the involvement of factual material, the use of tasks
with professional content, which allows to organically combining general education and
vocational training in a single educational process. In relation to general education, this
connection can be characterized as a professional orientation of general subjects. For special
subjects, it is first an explanation, justification of practical phenomena by scientific provisions,
facts and laws. The issues of cross-curricular communication are too important, so they must be
constantly addressed not only by teachers but also by other teaching staff.

Conclusions. Therefore, all educational training courses held at the Cherkasy Polytechnic
Technical School have a professional focus. Unilateral activity of teachers of general education
without close, constant connection with teachers of special and general technical and economic
disciplines, subjects of general technical and vocational-theoretical training and masters of
industrial training would not give the desired results - improving the quality of vocational
training. When making cross-curricular connections, students have a broader outlook, develops
logical thinking, activates attention, and increases interest in the subjects under study. Cross-
curricular links provide in-depth study of theoretical material and the formation of students'
general scientific concepts, help them to apply the acquired knowledge in practice, promote the
development of the ability to find common patterns and differences when considering various
processes. All this increases the efficiency of the educational process. The education and
upbringing of the modern young person, its harmonious development, require an organic
combination of the complex of knowledge, skills and skills acquired in the process of mastering
the subjects of general education. Education reform in Ukraine involves mastering students a
deep and solid knowledge of the basics of science, mastering the leading ideas of academic
disciplines, developing communication skills of the harmoniously developed personality, citizen
and patriot of our state. This is why cross-curricular relationships are particularly important in
the learning process.
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POPULARIZATION OF SCIENCE THROUGH INTERNATIONAL
YOUTH ENCOUNTERS

Abstract. The aim of the programme "Meet up! German-Ukrainian youth encounters™ is to
intensify relations of young people from Germany and Ukraine The authors describe their
experience in preparation and participation in the Amusing Science Project supported by the
Foundation Remembrance, Responsibility and Future, the Federal Foreign Office and the
Robert Bosch Foundation.

Key words: Meet up, German-Ukrainian youth encounters, Amusing Science, partnership.

The aim of the programme "Meet up! German-Ukrainian youth encounters™ is to intensify
relations with Ukraine and to strengthen the active commitment of young people from Germany
and Ukraine to fundamental democratic values and understanding between peoples. The
programme supports projects aiming at bringing about changes for the environment of young
people. How can young people strengthen their local activities? How do they bring about
effective changes for their neighbourhood and societies?

The encounters should focus on projects with political, historical topics, German-UKkrainian
relations, human rights or e.g. ecological topics. Creative ways of expression, such as multi-
media, music or theatre projects, films, websites, apps or networking meetings are also
appreciated. Encounters of young artists, athletes, or other occupational groups can also be
supported [1].

In the eyes of people who do not associate their life with science, this sphere may often
appear to be complicated, exhausting and monotonous. To a larger extent this assumption is
pronounced in the attitude of the younger generation to scientific and research activities. This
factor, in its turn, determines the number of young scientists, which remains insufficient.

The aim of the Amusing Science Project (Fig. 1) is to raise public awareness of the
entertaining side of science, especially among young people. First of all, our objective is to prove
that tedious science is nothing but an illusion and that science is open to the youth. Therefore,
our goal is to present science as an interesting, enjoyable and even an amusing activity. The
implementation stage of the project includes the following: joint international and scientific
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topical events, insight into the process of involving young scientists into scientific research,
panel discussions aimed at finding possible solutions in different countries.

AMUSING ’
SCIENCE
CHSTU

TU BERLIN

Fig. 1. The Amusing Science logo

The events that were held within the project framework include: Scientific Picnics (with
demonstrating exciting scientific experiments to young people), Researchers' Night, Open
Contest of Robotic Self-Propelled Autonomous Models (Roborace).

One of the specific expected outcomes of the project is supposed to be founding Amusing
Science Clubs at the universities. The clubs’ regular activities will be aimed at involving young
people into scientific research; creating scientific subculture; establishing, supporting and
developing scientific ties between Ukraine and Germany. Further implementation includes
creating an international Network of Amusing Science Clubs with joint organization and
activities focused on promoting research activities among young people.

Furthermore, involving Ukrainian youth in the traditions of European Researchers' Night,
based on German colleagues’ experience in particular, was among the expected outcomes as
well.

During this event, the doors of scientific laboratories were open to all interested persons,
and young people, even those who are not excited about science, will be able to see and feel the
unique atmosphere of scientific laboratories: spectacular experiments, scientific miracles,
breathtaking expectation of the results, surprises of medical physics.

The participants of the project were socially adaptable, have a good command of either
English or German, be flexible, creative, ready and open to change in the traditional scientific
environment.

The above-mentioned were ensured by the following competitive selection procedures and
instruments: questionnaires, testing and interviews.

The project participants were involved in organizing Scientific Picnic and Researchers’
Night, particularly, prepared and conducted experiments, assembled and maintained the track for
the Contest of Robotic Self-Propelled Autonomous Models, and guided tours.

Besides, the project has been devised by a group of young scientists who will be involved
into it as participants.

The target audience of the project mainly embraced high school students, high school
graduates, college students and university students. To make the relevant information about the
project available to the target audience, it was planned to use the website of the project [2],
educational establishments’ websites, informational boards, social networks (Facebook,
Instagram), mass media, advertising on radio and television, news reports on the regional and
national news websites, creating video clips with further placing them in YouTube.

The project was presented in public by publishing information, news, announcements,
articles, video clips about the Amusing Science project via the above-mentioned tools. Project
implementation phase included Scientific Picnics with demonstrations of amusing scientific
tricks, in which the interested audience was able to take part. Event venues were located in
places that are able to accommodate a large number of people, such as parks and squares. Such
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measures facilitated spreading the ideas of the project and Meet Up! programme among the
young people and established sustainable partnership between Ukraine and Germany.

Financial support. The program "Meet up! German-Ukrainian youth encounters” is
financed by the Foundation Remembrance, Responsibility and Future (EVZ), the Federal
Foreign Office and the Robert Bosch Foundation (Fig. 2).

Gefdrdert von/OiHaHcoBa NiATPUMKa

Deutsch-Ukrainische % Auswirtiges Amt .I
ME ET Jugendbegegnungen A I '
HimelbKo-yKpaiHChbKi ‘ VERANTWORTUNG Robert Bosch
Stiftung

3ycTpivi monogi
Fig. 2. Supporting organizations

Conclusions.
The authors’ experience in organization of scientific international project as well as its

main features are highlighted in the article. The project was held to present science as an
interesting, enjoyable and even an amusing activity as well as to strengthen the active
commitment of young people from Germany and Ukraine to fundamental democratic values and

understanding between peoples.
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ANALYSIS OF THE GERMAN-UKRAINIAN EXPERIENCE OF INTERNATIONAL
PARTNERSHIP AND PARTICIPATION IN INTERNATIONAL EDUCATIONAL
PROJECTS

Anomauia. Y cmammi guxknaoeni pe3yibmamu ananizy 00ceioy MidCHaApoOHoi cnienpayi @
obacmi CnilbHUX OCBIMHIX [ HAYKOBUX npoekmis Yepkacbkoco 0epicasHoco MmexHoI02IYHO20
yHigepcumemy ma Texuiunoco ynieepcumemy bepinina.

Knrwowuosi cnosa. [lonynapuzayiss HayKu, MOOepHI3aYisi OCBIMHIX NPOCPaAM, MIHCHAPOOHE
CRiBPOOIMHUYMBO

In the framework of international cooperation between Cherkasy State Technological
University and the Technical University of Berlin, two projects were carried out in the period
from 2013 to 2019.

The first project TEMPUS NETCENG “A new model of the third cycle in engineering at
the process to the Bologna process in Belarus, Russia, Ukraine” was taken from early 2013 to
fall in 2017. The project is at the priority of the reform of the primary program. It was mainly
introduced by the main method in complete university programs (to some kind of high-quality
university) pilot Doctoral Programmes in Engineering in line with the Bologna Process,
according to 10 principles of Salzburg and Bucharest Forum. The project has gone round for
financial support of the United Nations for the European program of European partnership. Grant
holder is Vilnius Gediminas Technical University (Vilnius, Lithuania). ChSTU and Technische
Universitat Berlin were partners in a consortium project. Apart from the ChSTU, there are 2
Ukrainian, 3 Belarusian and 5 Russian Universities. TU Berlin, Vilnius Gediminas Technical
University and Brunel University London the role of a mentor was foreseen.

Within the framework of the project, trainings, workshops, production excursions were
organized for the representatives of the target universities for the purpose of spreading the
European experience of preparation for the third cycle of higher education (educational-scientific
level of Doctor of Philosophy), as well as for the purpose of integrating into the programs of
preparation of European standards and recommendations for quality assurance in the European
Higher Education Area, adaptation of our curricula to the labor market, and the like.

The Technical University of Berlin has organized such events three times for
representatives of ChSTU and other consortium universities, as well as provided an opportunity
on favorable terms to participate in the summer schools organized annually by TUB. Which is
what the three representatives of ChSTU used in 2017. While appreciating the educational
content of such activities, I would like to emphasize the practical component, which is the
opportunity to get acquainted with specific productions in Germany (production KUKA Roboter,
Airbus plant, etc.).

The second project, combining the cooperation of ChSTU and TUB, is the project "
Amusing Science: scientists from Germany and Ukraine in pursuit of innovative ways of
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integration with science and technology” («Amusing Science: Naturwissenschaftler aus
Deutschland und der Ukraine engagieren sich fiir innovativen Umgang mit Wissenschaft und
Techniky), executed under contract dated January 28, 2019 No. 32.5.1C12.0049.0 under the
financing program: MEET UP! German-Ukrainian Youth Meetings 2019.

Within the framework of this project, 15 young people (7 Germans and 8 Ukrainians) held
two friendly meetings in 2019: in May, a German delegation visited Ukraine at ChSTU, and in
August, Ukrainian representatives visited the Technical University of Berlin in Germany. The
main objective of the project was to promote science and to establish scientific links between
universities.

For Ukraine and Germany, and for other countries, the problem of young people's
unwillingness to engage in scientific activities is very urgent because young people find science
difficult and not interesting.

The activities of the project, which were built into its foundation and then successfully
completed, were intended to show that science can be interesting, even exciting.

To this end, each side chose a separate scientific topic, which it promoted in the first place.
For ChSTU it became a robotics and for TUB - space satellites.

Therefore, among the events that were organized during the friendly meetings, these topics
were most revealed. Cherkasy State Technological University organized master-classes on
programming of autonomous robots, and competitions of these robots, master-class on
production of the remote-controlled glider and its launch in flight. And TUB prepared training
on the design of space satellites, a trip to the planetarium with a lecture on the possibility of
colonization of the planets of the solar system and a trip to the center for the management of
space satellites.

In addition, panel discussions, workshops, a scientific picnic and a science night were held
with interesting physical and chemical experiments, an excursion to the production of electric
cars (to the glass factory in Dresden), and many more excursions in both countries aimed at
acquainting the project participants with everyday life. , the national traditions and values of
both countries and foster a friendly and creative atmosphere of meetings.

Conclusions.

The authors of the article were participants in both projects and believe that their
implementation contributed to the development of both universities. The existing traditions of
international cooperation between ChSTU and TUB will continue to develop.
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BACHELOR'S TRAINING IN THE FIELD OF METROLOGICAL
MAINTENANCE OF PHYSICO-CHEMICAL MEASUREMENTS

Abstract. The program of study of the elective discipline "Metrological support of physico-
chemical measurements” is made in accordance with the educational and professional program
of preparation of the educational-qualification level of the bachelor of knowledge industry 15
"Automation and instrumentation™ 152 "Metrology and information and measuring equipment"
under the educational program "Metrology and information and measuring equipment”. The
subject of study of the discipline is technical means of physical and chemical measurements and
their metrological support. The program of the discipline consists of the following content
modules: Metrological features of physical and chemical measurements; methods and means of
physical and chemical measurements; automation of physical and chemical measurements;
basics of the metrological support system for physico-chemical measurements.

Key words: metrological support, physical and chemical measurements, information-
measuring equipment, automation

Introduction. Under physical and chemical measurements we take all measurements
related to the control of the composition of substances, materials and products. Measurements of
the chemical composition of substances can be carried out by various methods, since in the
measuring process in most cases some property of the material is measured, and then the
composition is found from the composition-property relationship. This property may be
mechanical properties, electromechanical, thermal, optical. The ability to determine the
composition of substances and materials by various properties is reflected in the methods for
evaluating systematic errors. In fact, the use of different measurement equations to determine the
same value, for example, the concentration of a component in a mixture of gases, liquids, or
solids, makes it possible to determine the composition of a substance with a greater degree of
certainty. The specificity of measuring the composition of substances and materials makes the
main method for ensuring the uniformity of measurements to choose the use of standard samples
of materials and the use of standard reference data on the properties of pure substances, their
mixtures, alloys, etc.

The purpose of work to prepare bachelors to study the main sources of physico-chemical
measurements; chemical, physical and physicochemical methods for analyzing the composition
of a substance; designs of major nodes and analytical devices; basics of metrological provision
of means of analysis of composition of a substance methods of radioactivity control and basics of
their metrological support.

As required educational and professional program students should know and be able to:
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anthropogenic impact on the environment; peculiarities of metrological provision of
analytical control of environmental parameters and technological processes; chemical, physical
and chemical and physical methods for analyzing the composition of a substance; technical
means of control and measurement of environmental parameters; technical means for monitoring
and measuring radioactivity; automatic analysis of environmental parameters and technological
processes; modern approach to the implementation of devices for automatic analysis of
substances

to evaluate technological systems of industrial enterprises depending on the quality of
environmental pollution; to choose the method of control and measurement of environmental
pollution; to choose the technical means for controlling and measuring the composition of the
substance in accordance with the method chosen; perform metrological evaluation of
measurement results; to develop metrological support according to the chosen method and
device..

The main sections of the preparation of bachelors in the field of metrological care of
physical and chemical education can be attributed:

- Sharing of measuring detail

The human impact on the environment objects. The interaction of industrial enterprise
environment. The main types of pollution. Sources of pollution;

- Metrological features of analytical control

Terms, definitions metrological characteristics analysis of substances. The terms determine
the characteristics of precision instrumentation environment parameters. Instrumentation and
their classification. Requirements for measuring the concentration of harmful substances.
Chemical analysis of a metrological process. The main stages and sources of errors in chemical
analysis. Classification systematic errors. Systematic errors | type. Systematic error type Il
(instrumental, reactive, methodical, reference, signal, etc.). Systematic error of type Ill. Errors I
and type I1. Solution and reducing systematic errors.

- Physical-chemical methods and tools for measuring environmental parameters control

Potentiometric analysis. Classification of potentiometric analysis methods. The theoretical
basis of the method. Standard electrode. lon selective electrodes. Key measures ionometry. The
principle of operation potentiometric devices. Potentiometer analyzers. Overall method.

Coulometric analysis. Classification methods coulometry. The theoretical basis of the
method. Weighing electrolysis. Internal electrolysis. Principles of coulometric devices and
appliances. Overall method.

Conductometric analysis. Conductometry classification methods. The theoretical basis of
the method. Conductometric device. Overall method.

\oltammetric analysis. Voltammetric classification methods. The theoretical basis of the
method. Polarography. Polarographic electrodes. The principle of operation volt installation.
Overall method.

- Automation control parameters of the environment

Monitoring. Classification monitoring. Ways of monitoring. Measuring in the flow system.
Classification. Requirements for automatic continuous analyzers. Flow-injection analysis (FIA).
The main characteristics of flow-injection systems (FIS). The principle of FIA. The main types
of FIA. Principles of FIS. Basic requirements for units FIS. Multi FIS. Division of FIS based on
chemical reactions. Continuous flow analysis (CFA). CFA system and principles of action. Multi
CFA. Comparative advantages and disadvantages of CFA and FIA. Fundamentals of automation
control parameters of the environment. Fundamentals of automation control processes.

- Basics of metrological support of analytical control

General characteristics of the system. Building a system of transfer of the concentration of
micro units. Complex equipment for high precision reproduction unit micro concentration.
Methods and means of verification operating devices (model complex products; equivalent-
element-method and means of verification, construction principles analyzers with automatic
control means; a set of methods to control and maintain the normal operation of the analyzer in
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operation, metrological support desktop analyzer). Ways to improve exemplary apparatus.
Prospects for improving working metrological characteristics of measuring devices. Centralized
system. Remote methods. Regulatory and technical documents in Ukraine metrological support
of analytical control.

Conclusions. This work gives the basic provisions on metrological features of physical
and chemical measurements, the basics of theory of errors, automation measurement and the
fundamentals of the system of metrological protection of analytical monitoring.

Therefore, technical support and metrological care of physical and chemical measurements
should be considered as an effective means to achieve the goals and objectives of secure
accuracy of measurements, metrology and information-measuring equipment.
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