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Cekuin 1
TEOPETUYHI OCHOBHU NPOEKTYBAHHS TA
MOIEJIOBAHHSA JATUYHUKIB, ITPUJIA/IIB TA CUCTEM

YK 621.391

I'aspum O.C., k.¢.-M.H., T01IeHT, Tipodecop
Koctiok C.I., marictp, O6pyu 1O.1O., marictp, barpiii M.O., marictp
kadenpa pagioTeXHIKH, TEIEKOMYHIKAIIHHUX 1 pOOOTOTEXHIYHUX CHUCTEM,
YepkacbKuil JepKaBHUN TEXHOJIOTTYHUI YHIBEPCUTET
e-mal: notgeld@ukr.net

IHOJITHOMIAJIBHI AJAIITUBHI AJITOPUTMHU BUMIPIOBAHHSA
HEEHEPTETHUYHUX TAPAMETPIB 'APMOHIYHOI'O CUT'HAJIY ITPH
HEI'AYCCIBCBKHX 3ABAJIAX

Abstract. In this paper, computational algorithms for measuring the non-energy
parameters of a harmonic signal are synthesized on the background of non-Gaussian
noises. Models of noise are described, which are described by sequence of moments or
cumulants. For the synthesis of algorithms the method of maximizing the polynomial is
used.

Key words: measurement of parameters, non-Gaussian noise, coefficients of
asymmetry and excess, polynomial maximization method

OmiHka mapaMeTpiB CUTHAIY, L0 MpUHMaEeTbes Ha (QOHI 3aBajl, € KIACHYHOIO 3a/1a4et0
panionpuiiomy. IIpore cranmapTHa mpoleaypa ONpaIlOBaHHS CUTHAJy MoOy/I0oBaHa TaKuUM
YUHOM, 10 3a0e3ledye ONTHUMAJIbHUNA pe3ysbTaT JHILIE 32 YMOBU I'ayCCIBCBKOTO XapakTepy
pO3MOTY BUITAIKOBOI MOCIIJOBHOCTI.

B peanbHHX cucTemax 3B’sI3Ky 3aBajla Ma€ HEraycCiBCbKUH PO3IOJILI, SKUH HEOOX1THO
BpaxoBYyBaTH P MOOY/0B1 AITOPUTMIB OLIIHIOBaHHSI IApaMETPiB KOPHUCHOT'O CUTHAIY.

[Ipunyctumo, 10 y po3nopsKEeHHI criocTepiraya € BUOipka X = {X,, X,,...X,} obcsirom

N He3aJe)KHUX HEOIHAaKOBO p03HOI[iJ'IeHI/IX 3HA4YeHb 13 FeHepaJ'ILHOI CYKYHHOCTi 3HA4YCHb
BUINAJAKOBO1 BEIMYNHU X, BUOY

X, =S,+n,, v=1n, (1)

€
S, = Acos(wV + @) (2)

TapMOHIYHMIA CHUTHAJ, B IKOTO €HEpreTUYHUI napamerp (amrutityaa A) € BiIOMHM, a OJMH 3
HECHEPreTHYHMX IapaMeTpiB (4acToTa @ abo mouaTkoBa (asa ¢ ) — HEBIAOMHH 1 MiJyIarae
OLIIHIII.

VY Bupasi (2) & - Kpok AUCKpeTH3allii BHOUpA€EThCs 3TiHO 3 TeopeMoro KorenpHikoBa,
V - HOMep BMOIpDKOBOTO 3HauyeHHsS, TOMi BeJUYMHA OV XapaKTepU3ye MOMEHTH 4acy
CTIIOCTEePEKECHHSI.


mailto:notgeld@ukr.net

V Bupasi (1) n, - aguTHBHA MIMPOKOCMYTOBa 3aBaja, MOJCIUIIO SIKOI € IIEHTpPOBaHA
BHMIIQJIKOBA BEJIMYMHA, fKA JOCTaTHbO IIOBHO OINMCYETHCSA KyMYISHTOM %, 1 OJHHMM
KyMYJITHTHAM KoedinieHToM (7, abo 7,).

[Ipu npomy OynemMo BBaXKaTH, WO KyMYJISIHTHI KOE(ILI€HTH BHUIIMX MOPAIKIB ¥,

I =525 CcTpOro NOpPiBHIOIOTH HYINIO, & KyMYJISAHTHI Koedilientn y; mopsuky j>(2s+1) ne
BUKOPHCTOBYIOTBCSI, TOMY MOXYTh OyTH JOBUIbHMMH. TakuMm uumHOM, 3aBaja N,
PO3MIIAIAETHCS K IepOopoBaHa acCHMETpUYHA a00 eKCIleCHa BUIAAKOBA BeIHUMHA 1-ro THITY.

Bynemo mpumyckaTy, 1o 3aBajgoBa 0OCTaHOBKa KaHATY 3B 3Ky HE € CTaJIO0. 3aJIeKHO
BiJ BUOpaHOI MOJIeNi aANTUBHOI 3aBajiy, IIapa rnapaMeTpiB 3aBaiu { y,, 75} ado { y,, 7,} Ha
PI3HUX iHTEpBaAJIaX CIIOCTEPEKEHHS MOXKYTh 3MIHIOBATH CBOT 3HAUCHHSI.

Pa3zoM 3 iHpOpMaTHBHUM HEEHEPreTHYHHM IapaMeTpoM & OylnemMo OLIHIOBAaTH JBa
napaMeTpH 3aBaJy: JUCIEPCIIO 3aBail ¥, 1 OMH 3 KyMYISIHTHHUX KOeili€eHTiB ¥, abo 7, .

TakuM 4MHOM I BUMIPIOBaHHS HEEHEPTETUYHOTO MapaMeTpy rapMOHIYHOTO CUTHAITY
CHHTE30BaHUH aITOPUTM IIOCTIHHO OyJe HalIalTOBYBAaTHUCh (aanTyBaTHCS) Ha 3aBaly 3
NEBHUMH 3HAYCHHSIMU ITapaMeTpPiB.

BucnoBku. OTpuMaHO aHANITUYHI BUpa3W [UIsI ONTUMAJIBHUX BaroBHX
KoedilleHTIB  PIBHAHb MaKCHUMIi3allii TMOJIHOMY TpH CTENeHsAX S= ?E , K
BHUKOPHCTOBYIOTBCS, SIK JUJII 3HAXOJDKCHHS CaMHUX OIIHOK, TaK 1 IS a”amizy ix
ACUMIITOTHYHUX BIIACTHBOCTEH.

Cnucoxk Jiteparypu

1. Kynuenko FO.II. IlonmmHOMHMAnbHBIE OLEHKH MapaMeTPOB OJM3KUX K TayCCOBCKUM
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INIABUINEHHA UYTJINBOCTI JATUYUKIB IPE3OMATHITHUX TAXOMETPIB

Abstract. The paper reviews further improvement speed sensors of the shafts of working
mechanisms. Existing types of tachometers: magnetic, ferrodynamic, vibration, pneumatic, etc., have
their limitations. A special class is piezomagnetic tachometers that do not require additional voltage
sources, are insensitive to magnetic targets and aggressive media, but have a low sensitivity of the
piezoelectric transducer. It was suggested to improve the sensitivity of such sensors by using bending
vibrations on the piezoelement due to the use of a cantilever design, and also by using the domain-
dissipative properties of the piezoelectric element in this paper. The application of the proposed
solutions made it possible to increase the sensitivity of piezo- magnetic tachometer sensors by an
order of magnitude.

Keywords: piezomagnetic tachometer, domain-dissipative piezoelectric transducer, sensitivity

OpHiero 3 3amay, IO YacTO 3YCTPIYAETHCS B PI3HUX BHPOOAX MNpPHUIaL00yIiBHOT,
MaIIMHOOYAIBHOI raidy3eil Ta B PI3HUX PYXOMHX MPHUCTPOSIX KOMIT IOTEPHOI 1HXKeHepii, €
BUMIPIOBaHHS 4aCTOTH o0epTaHHs poOouux BamiB. [ nux 1iisieil po3po0ieHo 6e3miy TUIIiB
TaxOMETPIB: MarHiTHUX, pepoauHaMivuHi, BiIOpaIiiHux, MHEBMAaTUYHUX TOIIO [ 1].

Cepen TrojOBHMX NHUTaHb IpPU pO3pOOIl TaxoMeTpiB, AK 1 Oyab-KOi cHUCTEMHU
aBTOMAaTHKH, € MUTAaHHS BUOOPY MEPBUHHOIO NEpPETBOPIOBadYa (J1aTuMKa). XapaKTepUCTUKU
JATYMKIB O€3MocepeIHbO BIUIMBAIOTh HAa XapaKTEPUCTUKH BCIET CUCTEMHU B LIIJIOMY, Oararo 3
SKHMX B HACTYITHUX NEPETBOPEHHSAX KOMIIEHCYBATH B)Xe HEMOXJINBO. KoxXHOMY Ty JaTymka
BIIacTUB1 CBOi Henoiku. KOHTaKkTHI 1 MOTEHI[IOMETPUYHI MalOTh HU3bKY HAJIMHICTh Yepes
OpsA3KOTY KOHTAKTIB, (DOTOENEKTPHUHI 3aleXH1 BiJ 30BHILIHIX JOKEpesa CBITIA, 1HIYKTUBHI
CXWJIbHI /IO BIUTUBY 30BHIINIHIX MarHiTHUX IOJIB TOIIIO.

Jnis BuMipy yacToTH 0OepTiB LIMpOKE MOIIUPEHHS Hal0ynu natyuku Xosa. BoHu
Oararo(yHKI[IOHAJIbHI, MajorabapuTHi, nemieBi. OgHaK I JATYUKWA CXHWIBbHI JI0 BIUIMBY
TeMIIepaTypu, MOTPeOYIOTh JHKEPEIIO KUBJIECHHS, MAIOTh BITHOCHO HU3bKY UYTJIUBICTh TOILO.

[lepcniekTUBHUMHU € T'€30JaTYMKHA — BOHU TBEPJOTUIBHI, MPOCTI, KOMIIAKTHI, MalOTh
HOPIBHSAHO BHCOKY YYTJIMBICTb, HE CXMJIbHI J0 BIUIMBY 30BHIIIHIX arpeCUBHUX CEpEIOBHUIL,
MOKYTh MpalloBaTH IpH MOPIBHIHO BHUCOKUX TemrepaTrypax Touo [2]. /lonaBanHs B
KOHCTPYKI[I}0O JaTYMKa Mar”iTy poOUTh WOTro OE3KOHTAaKTHUM, IO MiABUIINYE HAMIHHICTH
BUMIpy. Cxema Takoro JaTyuka rnokaszasa Ha puc.l [3, 4].

Ha Banmy mociipkyBaHOro MexaHi3My 3akpirjieHuid nmoctiiiauii maruit M1. Ha craTtopi
3aKpimieHuil n’e3oenemMenT [/E 3 1BOMa €JeKTpo/iaMu, 10 SIKOTO MPUKPIMJIEHUH NOCTIHHUN
marHiT M2. [Ipu oOGepraHHi Bajdy MOCTiMHMNA MarHIT M1 npu KoXHOMY 0OepTi MPOXOIUTH
no0JIM3y HEpyXOMO BCTaHOBJIEHOro MarHity M2. Ilpu 1poMy Marit, NpuTAryo4duch (abo
Bi/IIITOBXYIOUHUChH) BIUIMBAIOTh Ha I €30€1eMeHT //E, BUKIIMKaIOUH HOro aedopmalrlito.

Cuna BIUIMBY, 1110 PO3BUBAETHCS Ha MOBEPXHI MarHiTy JOpiBHIOE [3, 4]:

— (Bn _“OHn)ZS
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ne B, — HopMmanpHa CKJIQJOBa MarHiTHOi iHAykmii; H, — HOpMambHa CKJIaJ0Ba
HANpYy>KEHOCT1 TOJs; fo — MarHiTHa MPOHUKHICTH HOBITPs; S — IUIOMIA MOBEPXHI MOJIOCA
MarHiTy.

Puc. 1. Cxema n'€30MarHiTHOro JaTYHUKA TaXOMeTpa:
M1, M2 — nocriiini marnitu; ITE — n'e30ejieMeHT 8 — BiAcTaHb Misk MarHiraMu

Cuna F, 3aB1sgku npsiMoMy 1'e30€(peKTy, MIPUBOAUTH JI0 NOSIBU HAIPYTU Ha €JIEKTPOIax
n’e3oenemMerTa. Gopma CUrHaiy, 10 TeHEPYEThCS Ha I €30€JIeMEHTI, MoKa3aHa Ha puc.2 |3,
4].

Usux
0,01B/nooin

T, 5 mc/nooin

Puc. 2. CTpykTypHa cXxeMa NiAKJII0YEeHHS] KOMIIOHEHTIB CTEeHIY

OpnHMM 3 TOJIOBHUX HEJOJIKIB TAKUX MEPETBOPIOBAYIB € MOPIBHAHO HU3bKA UYTJIUBICTH,
110 TOTpedye 3acTOCYBAHHS MMiJCUITIOBAYIB.

Po3pobneno kinbka crnoco0iB 30UIbIIEHHST aMIUTITYAM BUX1IHOTO CUTHAIy MarHiTHOTO
nbe3oaarunka [3-8].

Hanpukman, skmo oauH 3 MarHiTiB pO3JAUIUTH HA Bl YaCTHMHH, B OJHIN 3 SIKUX
MOMIHSTH MOJIAPHICTB, TO 1€ 03BOJIA€ 30UIBIIMTH aMILIITYly BUX1JHOTO CUTHAJTY B /IBa Pa3H.

[Ile omHuM cHocoOOM MIABUIIEHHS PIBHS BUXIAHOIO CHUTHAIY € BHUKOPHUCTAHHS
6iMopdHoro m’e3oziementa. Lle n03Bossie 30UIBIIMTH aMIUTITYly BUX1JIHOI HANpyru OibIl
HiK B 10 pa3iB 3aB/siKK 3aMiHi KOJIMBaHb 10 TOBIIUHI 3THHHUMH KOJIUBAaHHAMH [2].

30UIbIICHHS PIBHS BMXIJHOTO CUTHATY MOXKHA JOCSITH TaKOX 3aBJSKUA BXXMBAHHIO
JIOTATKOBOT MacH, MPHUKPITIIEHOT A0 I e30eiemMenTa. e BukiMKae 30UTbIIEHHS aMIUTITYIH
KOJIMBAaHHS I’ €30€JIEMEHTA, a OTXKe, 1 30UIbIICHHS aMIUTITYIu BUX1AHOT Hanpyru. [Ipore Take
pillleHHS Ma€ CYTTEBUH HENOJIK — BHUCOKMA pIBEHb BiOpamiiHUX 3aBaa. MarHit, 10
NPUKPITUIEHUH 10 1’€30€1eMeHTa, BUKOHYE POJIb 1HEpIiifHOT MacH (3a MPUHLUUIOM poOOTH
aKCeJIEPOMETPIB).

Otxe Bcl BiIOMI crocoOu 30UTBIIEHHS BUXIIHOI HAmpyrd I1'€30MepeTBOpioBaya He
JTO3BOJIFITH CYTTEBO MMIJBUIINATH YyTIMBICTh JaTYHKA IT"€30TAXOMETPA, IO € OJHIEI0 3 TPUIHH
HOro piJIKOro BUKOPUCTUHHA B 337ja4yaX BUMIpY 4acTOTH 00epTiB poOOUMX BaIiB.

Merto10 po00TH € IIABUILEHHS YYTJIMBOCTI 11’ €30JaTUMKIB TAXOMETPIB.

Binomo, mo HaiOuIbIIy YYTJIMBICTE MAIOTh I’€30IEpETBOPIOBadl B OiMOpdHOMY UM
TpUMOPGHOMY BUKOHAHHI, KOJIM MOEJHYETHCS BUKOPHCTAHHS I €30€JIEMEHTA 3 METaJIEBOIO
wiacTuHOIo. [lpudomy, HaWOUIBII aMIUIITYA KOJIMBAaHb MOMKHA JIOCATTH TPH 3THHHHUX
KOJINBAHHSX, KOJIY 3aKpIIJICHUH JIMIIIEe OJIUH KIHELb I’ €30IIepeTBOPIOBaYa.
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Takuil mepeTBOproBau CKJIAJAETbCA 3 CKICEHUMX MK COOOK KpPYIJIMX METaJeBHX 1
TOJIAPU30BAHOIO 1O TOBIIMHI M'€30KepaMivHOI IUTACTUH paaiycoM R u I BiamosiaHo (puc. 3).
Ix ToBIMHK mo3HAueHih,i h, BiANOBiAHO. JIIs NOCIIKEHb BUKOPHCTOBYETHCS LUUTIHAPHYHA

cucreMa koopauHar I', 0, z, Bick OZ sKoi 30iraeTscs 3 Biccro JBoiuaposoro aucka. llomo
NOBEpXHi z=0 KOOPJHMHATH TOBEPXHI PO3JUTYy, HW)KHBOI TOBEPXHI I'€30€IEeMEHTa 1 BEpPXHbBOI

TIOBEPXHi METaJIeBOI IIACTHHY MO3HAY€EH] BIANOBIIHO 7, ; 2, =2,—h,; 2z, =2z,+h, [2].

|

z,=17,+h, !
| | h

|

|

|

Ly

' R
L [
I »

Puc. 3. Acumerpuunmii n’e3oesiemMenr [2]

Ilin nmiero TapMOHIMHOTO HABAaHTAKEHHS, BHKJIMKAHOTO JeOopMaIli€l0 KOHCOJIBHOI
IUIACTHUHY, sKa Yepe3 METACBY IUIACTHHY ACUMETPUYHOTO IIEPETBOPIOBAYA TEPEIAEThCS Ha
'€30€JIEMEHT, Ha PO3IMKHYTHX €JIEKTPOJaX I'€30€IEMEHTa TeHEPYEThCS PI3HUIIS MOTCHINATIB
U, e'". TOBIIMHOIO €JIEKTPOJIiB, IO IMOKPHBAOTH IUIOCKI MOBEPXHI IT'€30KEPAMIYHOrO JUCKa i

KJIEHOBOT0 3'€/THAHHS MK IJTACTHHAMH, MOYKHA 3HEXTYBATH.

Takum  uyumHOM,  HalMlKpamMM  pIIIEHHAM €  BUKOPUCTAHHS  KOHCOJIbHUX
1'€3011€PETBOPIOBAYIB, KOJU MPUCTPii BiOpamii MpU3BOANUTH O KOJHMBAHb BUIBHOTO KiHIIA
KOHCOJIBHOTO €JIEMEHTA, /€ 1 3aKpiIIeHUH 1'€30eIeKTPUYHUNA NepeTBoproBad. Po3Mipu Takux
KOJIMBaHb CKJIAMaloTh J0J1 MutiMeTpa [9] 1 TOBHICTIO 3aJ0BOJBHSIOTH YMOBaM SIK
HEpYWHIBHOT'O 3aXUCTY KEpaMiKH, Tak 1 HEOOX1JHOTO BIUIUBY Ha I1'€30€JI€MEHT.

KoHcTpyKIis Takoro AaTymka I’ €30MarHiTHOIO TaXOMETpa IoKa3aHa Ha puc. 4.
12 3 4

\\

u BHUX

Puc. 4. KoHcoabHUIi I’€30MarHiTHMil JaTYUK YyKcjaa 00epTiB BadiB podouynx MexaHi3MiB:
1 — porop; 2 — nocTiliHUIi MarHiT; 3 — MJIacTUHA 3 MAarHiTOM’IKOr0 MaTepiajy; 4 — 1’ €30eJIeMeHT;
5, 6, 7 — exexTpoan

[Ile OinbIIOr0 3HAYEHHS YYTJIUBOCTI MOXHA JOCATTH NPU BUKOPUCTAHHI JOMEHHO-
JTUCUTIATUBHUX BJACTUBOCTEH I1°€30€TeMEHTy [2], KOJMM BEKTOp HAMpPYXEHOCTI OIS
BUXIJTHOTO CHUTHAJIy MPAaKTUYHO MEPHEHIUKYISIPHUN BEKTOpY mousisipusaiii kepamiku. s
Or0 B poOOTI Oyna 3MiHEHa KOHCTPYKLIS I1’€30MEpPEeTBOPIOBaYa 3a PaxXyHOK 3iHCHEHHS
OTBOPY B METAaJICBii IIACTHHI Ta 3MIHOIO €IEKTPOJIB: 3 OJHI€] CTOPOHH AMCK Aiamerpy d, 3
HIIOT CTOPOHM — KijJIblle 3 BHYTPILIHIM JiaMeTpOM, IO JOPiBHIOE O, a 30BHIMIHIM, IO
JopiBHIOE niameTpy m’e3oeneMenTa D. KoHeTpykilis Takoro m’e30nepeTBoploBaya MmokasaHa
Ha puc.S.
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Puc. 5. KoHCTpYyKIisi 10MeHHO-TUCHIIATHBHOIO I1’€301epPeTBOPIOBaYa:

Ha puc. 5 10 macTuHu 3 Mar"iToM IKOro Matepiany 1 NpUKPIMIIOETHCS I’ €30€TIEMEHT
2, Ha IKOMY po3MilleHi exekTpoau 3 Ta 4.

Jns  excnepumenty OyB BukopuctoByBaBcst auryH JIIM-20-H3-01, auckoBuit
n'ezoenemeHT 15X 1 mm 3 marepiany LITC-19, nuckoBi MarHiTH 3 camapiid-KoOaubTy
210 x 2 mM. Pe3ynbTaTi eKCIEpIMEHTY MOKa3alH 30UTbIIEHHS BUXiTHOI HAPYTH OLIBII HIX
y 10 pa3iB, MOpiBHAHO 31 3BUUAIHOIO0 CXEMOIO BUKOHAHHS I’ €30TaXOMETPA.

TakuM umHOM, B poOOTI 3ampPOMOHOBAHO TMOKPAIIMTH YYTIUBICTH JAaTYHKIB
II’€30MAarHiTHUX TaXOMETPIB 3a pPaxyHOK BUKOPHCTAHHS 3TUHHUX KOJHMBaHb Ha
II’€30€TIEMEHT], 110 JOCATA€TbCA BHUKOHAHHIM KOHCTPYKIISIX IT€30MEpEeTBOpIOBaYa 3
KOHCOJIbHUM 3aKpITUICHHSM, a TaKOXX 3aBISKH BHKOPUCTAHHIO JIOMCHHO-TUCHITATHBHHUX
BJIACTUBOCTEH I1’€30€JIEMEHTY, 110 BUKOHYETHCS 3aBISKU OTBOPY y METalleBii IJIACTHHI Ta
0CcOONMBIN (QOopMi EIeKTPOMIB I1'€30€IEMEHTY. 3aCTOCYBaHHS 3allPONOHOBAHMX PillIeHb
no3Bosiniao Ounbmi HiX y 10 pa3iB MiABUIIUTH YYTAUBICTH JATYMKIB I’ €30MarHiTHUX
TaXxOMETPIB.
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BUKOPUCTAHHA IT'E30TPAHCO®OPMATOPHOI'O METOY
JJIsA BUBHAYEHHS XAPAKTEPUCTHUK IT'€30EJIEKTPUYHUX
BUITPOMIHIOBAYIB

Abstract. The piezotransformer has several advantages when measuring dynamic
characteristics. In the simplest case, a piezoelectric transformer is a piezoelectric element
with three electrodes, forming two systems of electrodes. The piezotransformer circuit is very
convenient for determining the inherent only of this object given to the oscillating system of
dynamic characteristics. With the help of a piezotransformer method, it is possible to obtain
not only information about resonant frequencies, but also quality factor, bandwidth, internal
(own) resistance of the piezotransformer.

Key words: piezotransformer, piezoceramic electro-acoustic transducers, piezoelectric
oscillator, resonant frequencies, sound pressure.

CTBOpeHHsSI CKJIQJHUX aBTOMAaTH30BaHMX BHUPOOHUITB OOYMOBIIOE HEOOXiTHICTH
PO3pOOKH 1 BIPOBA/KEHHSI 3aC001B KOHTPOJII0, 0€3 SKUX HEMOXJIMBE OTpUMaHHs iHpopMarii
PO TOTOYHI MPOIECH, CTaH MPHJIAAIB, YCTaTKyBaHHS Ta iHIII KOMIIOHEHTH BHPOOHHYOTO
LUKITY.

VY CBITOBIM MpakTUlll JUIsl KOHTPOJIO JUHAMIYHUX TPOIECIB B SKOCTI MEPBUHHUX

HepeTBOpIOBaviB iH(popMalii MIMPOKO 3aCTOCOBYIOTHCSA I1'€30KEpaMidyHi IepeTBOprOBayl
AKyCTMYHOTO 1 IIBUJIKO3MIHHOTO THUCKY, IPHUCKOPEHHs, 3ycWuls, BiOparii, yaapiB, KyTiB
HaXWIy Ta IHIUX (QI3MYHUX BEJIUYMH.
[likaBuM € JOCHIDKEHHST MOXJIMBOCTI ~ BH3HAYEHHS JUHAMIYHUX  XapaKTEPUCTUK
€JIEKTPOAKYCTUYHHUX MEPeTBOPIOBAYIB 32 JOMOMOIOI0 I'€30TPaHCPOPMATOPHOTO METONY,
TOMYy IO cXxema IM'e3oTpaHchopmaTopa AyKe 3pydHa Il BU3HAUCHHS BJIACTHUBUX TUIBKH
JTaHOMY O0'€KTY, TaH1¥ KOJIMBaJIbHIM CUCTEMI AMHAMIYHUX XapaKTepUCTHK [1].

VYV HalmpocTioMy BHUIAIKY IT'€30€IEKTPUUHUNA TpaHCchopMaTop MpeNCTaBisie COOOI0
n'€e30€J1€MEHT 3 TpbOMa EJIEeKTPOJaMHM, 10 YTBOPIOIOTH JIBI CUCTEMM eJIeKTpoAiB. Panie
n'e30TpaHc(OpMaTOpy BUKOPUCTOBYBAJIKCS MEPII 3a BCE AJI 3MIHU PIBHS BX1JHOTO CUTHAIY.
Kpim Toro, Ha ocHOBI I'e30TpaHcopmaTopiB Oysin po3pobaeHi JaTYMKH CTATUYHHUX 3yCHIIb.
Ta, sK BHSBUJIOCH B pe3yJbTaTl MOCHTIIKEHb, 3a JIOMOMOTOI0 I'€30TpaHCcGOpPMAaTOPHOTO
METOY MOXHA OTPUMATH He JUIe iHpOopMallito PO Pe30HAHCHI YacTOTH, ajie 1 TOOPOTHICTb,
HIMPUHY CMYTH POOOYUX YacTOT, BHYTPIlIHIN (BiIacHUI) omip n'e3oTpanchopmaTopa [2, 3].
[T'e3oTpancopmarop Mae psii mepeBar MpH BHUMIPIOBAHHI JUHAMIYHHX XapaKTEPHCTHUK.
Hanpuknan, Ha puc. 1,a mokazana AUX, 3HsTa Ui 1'€30€I€MEHTa 3 JBOMA €JIEKTPOJAMU
(m'e30pe3oHaTOp) BiIOMHM CIIOCOOOM (Y CTPYMOBOMY PEXHMIi), HEIOJIIKOM SIKOTO € sIKiCHA i
KUIbKICHA CTOpOHM 1H(oOpMaIii Mpo BUTHHHUCTI KOJMWMBaHHA, a Ha puc. 1,6 — AUX Toro x
m'e30eJIeMeHTa B M'€30TpaHcOpMaTOpHOMY pekuMi. Sk BUAHO 3 puc. 1, ocTaHHIA Mae
OYEBH/IHI IEpeBaru nepej CTpPyMOBUM PEXUMOM (PEXKHMOM PE30HATOPA).

BuxopuctoByroun MeTOIM €IEeKTPOMEXaHIYHHUX aHAIOTIM 1 Teopli eNeKTPUYHUX
JAHLIOTIB, MOXKHa OTPUMATH EKBIBAJEHTHY CXEMY II'€30KepaMiuyHUX eJIeKTPOAKYCTHUHUX
NepPEeTBOPIOBAYIB, a MOTIM BU3HAUYUTU €(EKTUBHICTb NMEPETBOPEHHS E€JIEKTPUYHOI €Heprii B
MexaHiuHy (puc. 2).
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Puc. 1. AYX n'e30esieMeHTa: a) B CTPYMOBOMY pe:kumi; 0) B pe:kumi n'e3orpancopmaropa
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Puc. 2. ExBiBajieHTHa cxeMa 1'€30eJeKTPUYHOr0 BUNMPOMiHIOBaYa:
r, — onip MeXaHiYHMX BTPAT; I's — BTPATH eHeprii Ha BUNIPOMiHIOBaHHA; Xs — iHepuiiiHuii onip Mmacu, sixka

. . E
- rHy4KicTh BUnpominwsaua; C

E
kosmmBaerhes; C e

exs - CTATUYHA EMHICTh BUIIPOMIHIOBA4a;

E . .
R,, - onip BunpominioBaua

3BYKOBUM THCK €JEKTPOAKyCTHUHOTO MEpPEeTBOpPIOBaYa B PEKKMMI BHUIIPOMIHIOBAHHS
MOYKHa 3HaWTH 3a JOTIOMOT'OI0 CITiBBIAHOILIEHHS:

p(ryo’o)ej((pp—kr) = —k(p:)BVO ej((pp—kr) = —k(p:Z)B NU ej(ﬂ—(pl\/H(ﬂU—kr) (1)

M

ne K — koeditieHT, 1m0 BpaxoBye nudpakiiiiiHi sBUINA B MOJIi BUITPOMIHIOBAYa,;
Vo — IUBUAKICTb TOYKHU NMPUBEICHHS,

N — koe(ili€eHT eleKTpOMEXaHIYHOI TpaHchopMalii;

U — enleKTpUYHA HAIIPYTa;

I' — BiZiIcTaHb 10 TOYKW NIPUBEIACHHS,

Zy/— omip MeXaHI4YHOi CTOPOHU MEepPeTBOpIOBaya, piBHUMA

Zy =Ty +j(a)mm—i)=ZMepr , (2)
a)CEKB
@k, M 1 @y — 3cyBU (a3 TUCKY, 00YMOBIIEHI TU(paKIi€r0, TapaMeTpaMu MEXaHIYHOT CTOPOHU
NEepeTBOPIOBAYA 1 €IEKTPUYHOIO HAMPYTOIO.

AmmtiTyaHO- 1 $a309acTOTHI XapaKTePUCTHKH IPUBEICHOr0 TUCKY p,, = f,(F) i
oy = f,(F) s pi3HUX JOOpOTHOCTEH BUIIPOMiHIOBaua OKa3aHi Ha puc. 3.

SIK0 aHTHpEe30HAHCHI YacTOTH I’ €30BUIPOMIHIOBaYa 1 I1’€30mpHiiMaya piBHI, TO B
3arajJlbHOMy BHIIQJIKy YacTOTH MaKCUMaJIbHOTO KoedillieHTa Tmepefadi B pekuMax
BUIIPOMIHIOBAHHS 1 puiioMy He 30iratoTbcs. ToMy cMyra NpomyCcKaHHsS CUCTEMHU B PEXHUMI
«BUIIPOMIHIOBaHHSA-TIPUIOM» MOXE BHMTH IIHPLIOID 3a CMYTy MPOMYCKAaHHS KOXKHOTO
IEPEeTBOPIOBaYa OKPEMO.
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Puc. 3. AMmityaHo- (a) i ¢pazouacTorHi (0) XapaKkTepuCTHKH 11’ €30BUNIPOMiHIOBaYa
32 3ByKOBHM THCKOM

AYX cucteMu mpH AOCTaTHINA BETHMUYMHI KOEQIIiEHTa eIEKTPOMEXaHIYHOTO 3B'SI3KY Ma€
dopmy aBOrop60i KpUBOIi, SIK Ha XapaKTEePHUCTUKAX, HABEICHUX Ha pHC. 4.

K(x)

2,0

15

1,0 I

0,5 /
=] ==

04 08 12 1,6 x

(Wi
U4

Puc. 4. AYX cucteMu BUNIPOMiHIOBaY-NIpHiiMaY 0e3 e1eKTPHMYHHUX Y3roIKyBaJIbHUX JAHIIOTIB

Hani AUX po3paxoBaHi Al BUNIAJKY, KOJIM BUIPOMIHIOBAY >KUBUTHCS BiJl FeHepaTopa
Hampyrv, a MpuiiMad Mpalioe Ha EJIeKTPUYHOMY XOJIocToOMY Xxony. IIpm >kuBieHHI BiX
reHepaTopa 3 KIHIEBUM BHYTPIIIHIM OMNOPOM YacTOTa MaKCHMAaJbHOI'O BHMIIPOMIHIOBAHHS
3CyBa€ThCs B OiK aHTHPE30HAHCHUX 4acToT, 1 AUX crae omHorop6oro [1].
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MMPOEKTYBAHHSA IH®OPMAIIMHO-BUMIPIOBAJIBHOI CUCTEMH J1J151
BU3HAYEHHSA IPYKHUX ITAPAMETPIB 'TETEPOI'EHHUX MATEPIAJIIB

Abstract. The structure of the information-measuring system for measuring the
velocities of the propagation ultrasonic waves and their absorption coefficients and the
determination of the elastic parameters of the heterogeneous materials on their basis is
proposed. The technical requirements for the information-measuring system and the specified
tasks for the individual units of the system are established.

Key words: structural scheme of the information-measuring system, ultrasonic wave.

OagnuMm 13 3aBAaHb CyYacHOI METPOJIOTIYHOI HAyKH € MIABHUIIEHHS TOYHOCTI
BUMipIOBaHb. BaxnmBy ponp y ix peamizamii BimirpaioTh iH(OpMaIiifHO-BUMipIOBaIbHI
cuctemu (IBC). [Turanusmu po3podku IBC, MetoniB, 3aco0iB Ta alropuTMiB BUMIpIOBaHHS
MEXaHIYHUX BEJIMYMH, MPOTPAMHO-MAaTEMAaTHYHOTO 3a0€3MEYCHHS BUMIPIOBAIBHUX CHUCTEM,
aBTOMaTH3allii Ta ONTHUMi3alii MPOILECiB BHUMIPIOBAHHS IPUCBAYEHI POOOTH BITOMHX
ykpaincekux ~— BueHumx  €.T. Bomomapcekoro,  O.M. HomikoBa,  ILII. Opnarcekoro,
L.b. Cipomxa, FO.O. Cxkpunuuka, FO.M. Ty3a Ta iH.

BaxumBe micuie y MeTo/iaXx BU3HAUYEHHS MEXaHIYHUX BennuuH (Moxynst KOHra, Momysns
3cyBy, 00’emHOro ™moayns naedopmarii, koedimienta Ilyaccona) 3aiimMaroTh aKyCTHYHI
yiabTpa3BykoBi (Y3) meromam [1]. Jns 3abe3medeHHs BHUCOKOI TOYHOCTI iX BHMipIOBaHb
HEOOXIJTHO BpPaxoBYBaTH BCi OCOOJUBOCTI BUIIPOMIHIOBAaHHsS Y 3-KOJMBAaHb, IX MOIIUPEHHS,
BIIOMBaHHS, 3aJIOMJIEHHS, IPUHOMY Ta OIpaloBaHHS 1HpOpMaIlii, 110 CHOTOJHI HEMOXKIINBO
6e3 Bukopucranss IBC.

Meroro pobotu € mpoektyBaHHs IBC mms BuUMIprOBaHHS MIBHAKOCTEH MOIIMPEHHS
yIABTPa3BYKOBUX XBHJIb Ta KOE(]Ili€HTIB X MOTJIMHAHHS B 3pa3kax reTepOreHHUX MaTepialiB.

EdextuBHe kepyBaHHs 1H(GOpMAIITHO-BUMIPIOBAIBHOIO CHUCTEMOIO JUIsl BHU3HAYEHHS
MEXaHIYHUX IapaMeTpiB IeTepOreHHUX MaTepialliB HeMOXJIMBe 0e3 BUKOPUCTaHHS 3aco0iB
aBTomMaru3anii Ta i1HpopMaliiHO-KOMYHIKaUiiHUX TexHosorid. Ilpum po3pobui IBC
HEOOXIJTHO nepeAdauuTH iX KOHCTPYKTHBHY Ta iH(OpMaliiiHy CyYMICHICTb 1 BpaxyBaTH
HACTYIHI TEXHIYHI BUMOTH:

— TeMIepaTypHHil iIHTepBal BUMIPIOBaHb;

— nependavyyBaHUN 1HTEpBal BHUMIPIOBAHHS HEOOXIAHUX BEJIUYMH JJIS BU3HAUYEHHS

MEXaHIYHUX MapaMeTpiB reTepOreHHUX MaTepiais;

— TOYHICTh peecTpalii JONOMIXHHX 1 JlarHOCTUYHUX napameTpiB IBC;

— TPUBAJICTh MPOBEACHHS BUMIPIOBAHb;

—MOCTIHHI Yacy cIpanboBYBaHHs OKpeMmux eneMeHTiB IBC ans mosuiioHyBaHHS

3pa3Ka;

— Jiarma3oH 4acToT 30y KeHHs Y 3-XBUIIi;

— KOHCTPYKTHBHA, anapaTHa 1 MpOorpaMHa MO>KJIMBICTh MPOBEACHHS BUMIPIOBaHb NPHU

nepexoi Ha 1HII YacTOTH 30yKeHHs Y 3-XBHIIb.

OaHuM 13 TOJIOBHUX aCHEKTIB TOYHOCTI MPOBENEHHS BHUMIPIOBAHb € HEOOXIJTHICTh
BCTAHOBJICHHS I0YaTKOBMX HajamTyBaHb [BC Ta BuKOHaHHS omepaiiii B mporeci
aBTOMAaTH30BaHOTro 300py 1 00pooOku iHpopmarii. Pobora IBC mounHaeTbes 13 3aBaHTaXKCHHS

16



CHeliaJbHO PO3pOO0JICHOI MporpaMu Ta 3amycKy i Ha BHKOHaHHsS. [Iporpama moBWHHA
MpamoBaTH B JIaJIOTOBOMY PEXKHMI 13 BBOJOM 3aBAaHb BiJ I1HXCHEpa-JOCHTiIHAKA Ta
nepeabavaTy  Bizyamizaiilo HeoOximHoi iHdopMarllii MPOMIKHOTO XapakTepy y BHUIIISII
MOB1JIOMJICHb PO PE3yJIbTATH BUMipIOBaHb, MOXIIMBI MOMUIKH B poboti IBC Ta inme. [Ipu
00poOIi  pe3yapTaTiB  €KCHEPUMEHTY IOBHMHHa OyTHM  mepenbadeHa  MOJKJIUBICTH
NPEeJCTaBICHHS JaHUX Y BUIJISI TaOaHIb 1 TpadiuHuX 3aeKHOCTEH BIAMOBIAHUX BEJTMYUH, a
110 3aBEPILICHHIO BUKOHAHHS aJITOPUTMY BUMIPIOBaHb — 3aITUC JaHUX Yy (aiiiu 0a3u JaHuX.

Ha puc. 1 mnpencraBnena crtpykrypHa cxema IBC s BUMIpIOBaHHS TNPYXHHX
rapameTpiB T€TePOTCHHUX MaTepiaiB.

Cucrema CKIaJa€ThCs 13 TAKMX OCHOBHUX €JIEMEHTIB!

—KIOBeTa 3  IMEPCIHHOK  PIAMHOIO, 3pa3KOM  T'eTEPOreHHOro  Marepianty,

BUIIPOMIHIOBaYeM 1 ipuiiMadem Y 3-koymBansb (1);

— enekTpoHHuMii 6110k kepyBanHsa IBC (2);

— eJIGKTpPOMEXaHIYHa CHCTeMa TO3HITIOHYBaHHS 3pa3Kka B KioBeTi (3);

— ndpoBuii ocrmtorpad Uit KOHTPOJIIO Ta 3aMUCY BX1IHOTO CUTHAIY;

— 11K i3 po3pobaeHuM nporpaMHUM 3a0€31eYESHHSIM.

AL . =
1 \/\/\/\/ 2

Puc. 1. CrpykrypHa cxema IBC 1151 BU3HaUeHHsI NPYKHUX apaMeTpiB

Enextponnuii 6110k IBC Mae BUKOHYBaTH HacTYyIHI 3a/1a4i:

— (hopMyBaTH 30HIYIOUUN IMITYJIBC;

— BUSIBJIATH MPUMHATUIN CUTHAJ Ta BUMIPIOBATH HOTro aMILIITYAH;

— BU3HAYaTH 4ac MPOXOKEHHS 30HAYI0YOr0 IMITYJIbCY;

— nepenasatu orpumani fadi B I1K ams mopansimoi o0pooky;

— npuiiMatu Big I1IK xomanau ta opMyBaTH BIAIOBIIHI KEPYIOYl CUTHAIH JUIsI CHCTEMU

MO3HIIIOHYBAaHHS JTOCII/I)KYBaHOTO 3pa3Ka;

— 3/I1IiCHIOBATH 1HAMKaIlito cTany poboTtu IBC Ta mapameTpiB BUMipIOBaHHS.

KoncrpykruHna peanizauist IBC 1t BU3Hau€HHSI IBUIKOCTEH MOMIMPEHHS MO3I0BXKHIX
Ta TOMEPEUYHUX XBUJIb 1 KOSQIIIEHTIB 1X MOTJIMHAHHS 3a JOTIOMOTOI0 IMEPCIHHOTO METOIY
pa3oM i3 METoAOM 00epTOBOI MJIACTUHHU J03BOJIUTH ONTHMI3YBaTH BHU3HAYEHHS KOMILIEKCY
NPYKHUX NTapaMeTpiB FeTepOreHHUX MaTepiaiiB.

Cnucok Jireparypu

1. ®usnueckas akycruka / Ilog. pen. VY.Mesona. Tom. 1. Meroast u npuGoOpb
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MOJAEJIb BUMIPIOBAJIBHOI'O 30HAY PEOMETPY

Abstract. A kinematic scheme and a model of the rheometer measuring probe are
developed on the basis of the method of coaxial cylinders, which takes into account the
processes in the three main blocks of the probe: the oscillator of a linear piezodriver, the
friction contact, the tribotechnical unit. The output parameter is the time of passage of the
cylinder between the extreme positions. Justified use pulse width modulation to control the
piezodriver.

Key words: probe rheometer, linear piezo driver, frictional contact, SimInTech.

[TimBHIIEHHS. >KOPCTKOCTI J0 BHWKHIIB B JOBKUUIA IMIKIIJIMBUX PEYOBHH MpHU POOOTI
CYIHOBUX MaJo00epTOBUX MIBUTYHIB MOTpPeOye MOCTIHHOTO MiABUIIEHHS €()EeKTUBHOCTI
pOOOTH MaJIMBHOI amapaTypu, CKJIAJOBOI SIKOI € peryisarop B’si3kocTi. B cBoro uepry, 1o
CKJIaJy peryiasTopy BxoauTh BumiproBanbHuil 30HI (B3). B [4, 5] mpoBemeno anami3
Cy4acCHUX METO[IB, sIKI BUKOPUCTOBYIOTH IPHM BHU3HAYEHHI B’SI3KOCTI BaXXKOrO MNaJMBa 3a
normomoro peometpiB. B [4] moBeneHo, 1110 HaOUIBIT HAOIMKEHUM JI0 PeabHHUX MPOIECIB Y
NaJIMBHIN anaparypi € MeTOo CIiBBICHUX LWJIIH/PIB.

Meroto ctBopeHHsT Mojeni B3 € BcTaHOBIEHHS 3B’S3KIB €JIEMEHTIB, SIKI BXOJATH JI0
Horo ckiajny, 1 IK BOHM BITMBAIOTh HAa XapaKTEPUCTUKU B LIIOMY. J[J1s1 TOCATHEHHS 1€l METH
Oyno po3poOsieHO KiHeMaTuuHy cxemy B3 peomerpy, sika mo30aBiieHa TaKOTO HEIOJIKY, SIK
NPOTIKaHHS PIAMHU 3a paXyHOK oBopoTy B3 B mopiBHsHHI 3 [4] Ha KyT 90° - y BepTUKaJIbHE
postamryBaHHs. B Takomy Bumangky 3’sBUJIach MOMJIMBICTH 3aHypuTH B3 B emHICTH 3
JOCTIIKYBAHOIO PIAMHOIO, a TaKOX 3a0e3nmeunTd i1 JokanbHui miairpiB. Lle mo3Bomuno He
TUTBKH TIPOBOUTH JTOCTI/PKEHHSI B TIOTOII1, a i B JJA0OPAaTOPHUX YMOBaX.

Ha puc. 1, a HaBeneHo kiHemaTHuHy cxeMy B3 Ha cmiBBiCHUX LMJIIHIpax, HA puc. 1, 6 —
CcTpykTypHY cxemy B3 3 miniitnuMm n’e3oenexktpudaum asurynom (JIITA) Bix TOB «Jlines», B
SKOMY B SKOCTI OCHMJIATOPY 3aCTOCOBAHO I1’€30€JEMEHT 3 MOINEPEYHOI MOJSIpU3ALl€L,
Hanpukian, Bix Physik Instrumente (PI) GmbH & Co. KG.

OpnHak, B MOpiBHSAHHI 3 KOHCTpyKIieo B3 3 [4], ne pyxomuii HWITIHAP yTPUMYBaBCs B
HEPYXOMill 3a paXyHOK MAacJISHOTO KJIMHY PiAHHI, B 3allpPONIOHOBAHIM CTPYKTYpHIi cxemi Ha
pyxoMuii UWIiHAP OyAe MiATH CcUjla TSDKIHHA, sKa OOYMOBJIEHA MPUEIHAHUMH MacamMu
PYXOMOTO IIITIHAPY S5 31 MITOKOM, IO TMPU3BEAE 10 PO301KHOCTI B MIBHUAKOCTI TIEPECYBAHHS
PYXOMOI'O IIWIIHAPY MK KpalHIMH cTaHaMu. 3a HasBHOCTI (PIKCOBaHMX BiJCTaHi Ta
HIBUKOCTI MEPECYBAHHS PyXOMOTO IMIIHJPY BUXIJHUM IapamMeTpoM Moxke OyTu yac Horo
nepecyBaHHS.

Hamu 3amporoHoBaHoO MOIIUTH TIpollecH, siki BigOyBaroThes y B3 peomerpy, Ha
HACTYINHI CKJIQJOBi: KOJMBAaHHS II'€30pe30HATOPY (OCHHIATOPY); (PUKIIMHUN KOHTAaKT Yy
JIITJI; mepecyBaHHSI pyXOMOTO LHMJIIHAPY B TPUOO TEXHIYHOMY BY3JIL.

B [3] Oyno 3amponoHOBaHO YHiBepcalbHY MOJEIb OCLHWIATOPY, SKy MOXe OyTu
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3aCTOCOBAHO JJIsI OCHUIIATOPY 3 IMMOAOBXHBOIO Ta IIOIIEPCHYHOIO nonﬂpmauie}o.

—1 JiT
TIpy#HHA
Ocusrop P n,
7 7]
30Ha
) tpHKLifHOTO
% KOHTAKTY

iy
}?a

Frp

a) 0)

Puc. 1. KinemaTnuna cxema B3 (a) Ha cniBBicHux nuiingpax: 1, 7 — n'e3ope3onatop (IIP); 2 — Touka
TOpPKaHHA; 3 - IUTOK; 4 — HEPYXOMUI IMIIHAP; S — pyXoMuii nUIiHAP; 6 — 0ocHOBA, 10 AKOI KPIMIATHCA
IIP; 8 — crakaH 3 pinuHolo. CTpykTypHa cxema B3 3 oqnum ocuuasitopom (0).

Hns  po3pobku  cyomoxeni ocmustopy JIIIJ] Oymo 3actocoBaHo —IporpamHe
3abe3nedenns Bin kommnanii SiminTech (MBTY) [7] 3aBnsiku 3acTOCYBaHHIO MEHIIIOTO Yacy
JUIs OOYMCIIEHHS MOJienei.

Ha puc. 2, HaBeaeHO 30BHIIIHIA BUMIAN (@) Ta BHYTpIIHIA ckiag (6) cyOMoxeni
OCIWJIATOPY Ha 0a3i cerHeroopcTkoi kepamiku SP-4 [8] 3 HacTymHMMH mapameTpamu:
£=8,85-10"? d/m, £33=1250, h=8,9-10 xr/c, g31=-11-10" H/m, p=7600 xr/m®, Y1,=8,3-10"°
IMa, d3=-11,5-10" KwH. Ipu posmipax ITP b=11,3-10° m, 1=11,3-10° m, h=4.102 w,
ms=0,0039 kr, R4,=50 Om, Kn=K3=0,6.

’4_14 > F me
\_J‘] Ve
7
Fre B tGEN
input GEN
MepemiuleHHs MNE
Fe
Wsuakicts ME
B3
a)

Puc. 2. Cyomoaenb ocuuiasTopy (a), BHyTpilHs cTpykTypa (0)
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Ha puc. 2, 6 no3naueni HacTynHi 6j0oku 1 — iHepmiiiHO — audepeHItiiina tanka; 2, 3 —
iHTeTrparopu; 4, 5 — miAcHIIIOBadi; 6 — MPOi3BOIHA; 7, 8 — MOPIBHSJIBHI MPUCTPIi — CyMaTOpH.

[MapameTpu s mux O6iokiB ckinamarots: k=0.6, T=1.75203E-11; 2 — k=257.6; 3 — k=1,
4 — k=30; 5 — k=2.6495675E9; 6 — k=0.0089.

AmHaii3 pe3ynabTaTiB MOJEIIOBAHHS JOBIB, IO IPH 4YacTOTI BXigHOro curHamy (input
GEN) 1305357.13 pag/c u ammuityai 100 B IIP po3BuBae murreBi cuny Fme 20 H,
mBUaKicTh Ve = 0,5 M/c Ta oJHOKpaTHE TiepeMilieHHs BiabHOTOo KiHis [1P SO me =33 mMxwm.

IIpu pospaxynkax Oymo 3actocoBaHo Mmeroxa aiaroHanbHo HesiBHHIA (DIRK?2). Lleit
MeToa peatizoBaHuii Takoxk i B cucremi MATLAB / Simulink mix masBoro Ode23tb. Sk
3a3Ha4ae€ caM PO3POOHUK MPOTPaMHOrO 3a0e3MeueHHs, peali3aimiss IbOr0 METOay B
SimInTech 1 B MATLAB po3pi3HSOTECS, BHACTIIOK YOTO MOXKYTh TPOXH BIAPI3HATHCS 1
pe3yJIbTaTH HOT0 3aCTOCYBAaHHS B ITUX CUCTEMAaX.

Jiia ctBopenHs Mozeni B3 Hamu 3anponoHOBaHO 3aMIHUTH OAWH OCIuIATOp (puc. 3) Ha
Tpu 1’ e30pe3onHaropu ([IP) (puc. 3, a) 3 momepeyHow moJspu3auieto, ne [/P; BUKOHYE
byHKIII0 3aKIUMHIOBaHHA, [/P, mepecyBae pyXOMHM LWIIHIpP 3BEpXy-BHU3, a [[P3 — 3HU3Y-
BBepX. PyxoMa gacTmHa Macor Mj pyxaeTbcs B JIHIMHUX IMiIIIMITHAKAX, 10 HEl MpuemaHaHi
[ITaHra Macor Mp Ta PyXOMHUH TWIIHAP M3. A1 , Ay , Az - TepeMilieHHs] BUIbHUX KIiHI[IBOK
1IPy, IIP;, TIP3 BignoBigHo. L{ro Moaens MOKHA MOMUIMTH Ha JBI YaCTUHU B 3aJICXKHOCTI Bif
HanpsiMy pyxy. Ha puc. 3, 6 300paxkeHO MoJienb IpH pyci BHHU3, a Ha puc. 3, 8 — MpH pyci
BBEpPX.

Puc. 3. Moaeanb B3: a - 3 rppoma IIP; 6 — 3 aBoma IIP npu pyci BHu3; B — 3 1BoMa ITP npu pyci BBepx

[Ipu po3pobii omucy GPUKIIHHOTO KOHTAKTy OyJIO BHUKOPHUCTAHO KOHCTPYKIIIIO
m’e30eneKkTpuuHoro nsuryHa [1], ame omun ocuunstopu (1, 7) (muB. puc. 1, a), saxi
pO3TalIoBaHi MmijJ KyToM MOKHa 3aMiHUTH Ha JBa [1P. Tomy Oyso 3ampornoHOBaHO 3aMiHUTU
npu moOya0Bi Mozeni B3 oxuH 3aransHuil ocumisitop Ha TpH (puc. 3, a).

Teopis QpuKIIHHOTO KOHTAKTy Oyna po3pobnena JlaBpunenko B.B. [2], 3rigHO sikoi
PO3TIISIHYTO YOTHPHU MOKJIMBHUX CTaHU (PPUKIIIHOrO KOHTAKTYy: | - 30Ha po3rony Tina 72; ll—
30Ha rajgbMmyBaHHs; [I[—30Ha nmopymeHHs QpuKLifHOro KOHTaKkTy; [V—30Ha rajibMyBaHHS.
VYci 4oTHpu 30HU B CyMi JOPIBHIOIOTH NeEpiojfy KOMUBaHb pyxomoro Tina. Hamu Oyno
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NPUMHATE MNPUITYIIEHHS, [0 BCI YOTHUPU 30HM MAlOTh piBHMNA 4yac. Toai 30Ha pO3roHy
PYXOMOT0 HWIIHIPY CTaHOBUTH 90 © BiJ ychoro mepioay KojiuBaHb. byno peanizoBaHO TpH
BapiaHTH MOJEN1 (PPUKIIIITHOTO KOHTAKTY.

Oxkpemoi yBaru 3acinyroBye nutanus ynpasiiaas JITIJ. Ha renepimniii yac ynpaBmiHHS
I’ €30€JICKTPUYHIMH  JIBUTYHAMHU 3I1MCHIOETHCSI HACTYMHMMH METOAAMHU: aMIUTITYAHUH,
4acTOTHHH, (Pa30BUH Ta MUPOTHO-iMITysIbcHa Moay s (LLIIM). Cnix 3a3HayuTH, M0 TPU
NEepUIMX METOAU MOYaId 3aCTOCOBYBATHCS 3 80-X POKIB MUHYJIOTO CTOpiuYsi. Ajie MPUCTPOi
VIOpaBIiHHSA BUSBWINCS CKJIQJHHMH, SKI TMOTpeOYyIOTh JI0JaTKOBOT'O HACTPOIOBAHHSI.
Haiibinpin BXMBaHUM 3 HHUX 3JIMIIMBCA aMILTITyIHUM MeTon. Oanak 3 mouatky 2000 pokiB
HIMPOKOT0 3aCTOCYBaHHS Halyja IIUPOTHO-IMIYJIbCHA MOIYJIALIA 3aBISKUA IMOMIMPEHHIO
KOHTPOJIEPIB, SKi MPAIOIOTh B JKOPCTKOMY pEaJTbHOMY 4Yaci Ta CHeUiaJbHUM J0JAaTKOBUM
MoayssiM. Lle m03BoHIIO 3aCTOCOBYBATH SIK arapaTHy, Tak i mporpaMHy peamizaiiro [1IIM.

Kpim Toro, cimig 3a3Ha4uTH, 0 CXEMH MEPETBOPIOBAYIB MOCTIHOI HANPYTd B 3MiHHY
st xuBineHHs JIIIJ] Ha ¢ikcoBaHuX 4acToTi Ta aMmIuUTiTyal B 2-3 pasu JelieBIle, HDK Y
BUMAJIKY 3aCTOCYBaHHS aMILTITYTHOTO METOTY.

Hamu Oyno mpoBeneHO MOENIOBaHHS MPOIECIB y TPUOOTEXHIYHOMY BY3JIl MpHU
3acrocyBanHi IIM. Buxigaum nmapameTpom oOpaHO Yac MPOXOKEHHS PyXOMOTO IHIIHAPY
MDK KpaliHIMH ITOJI0’KCHHSIMHU.

VY pe3ynbTari MpOBENEHUX AOCIIIPKEHb CHHTE30BAaHO CTPYKTYPHY CXEMY pEOMETpy i3
npuBogoMm Ha JIIIJ] Ta choiBBicHMX HMIIHApax, SKI po3TalIoBaHi BepTUkaibHO. Halyrna
MOJIAJIBIIIOTO PO3BUTKY MOJAENbh (PpuKIiitHOro KoHTakTy B JIIIJI, m0 H03BOIMIO pO3pOOUTH
MO/JIeJIh BUMIPIOBAJIBLHOTO 30H]y Ta pealli3yBaTu €JIeKTPOHHE MOJICTIOBAHHS MPUCTPOIB AJIA iX
e(EKTUBHOTO TPOCKTYBaHHS.

BiporigHicTe oTpuMaHuX pe3ysbTaTiB MiATBEPIKEHA IPU €IEKTPOHHOMY MOJICIIOBaHH1
B maketi SimInTech.

[IpakTH4yHa WIHHICTP OTPUMAHUX PE3YJbTATIB MOJATa€ B MOKJIMBOCTI MPOEKTYBaHHS
BHUMIPIOBAJIbHUX 30H[IIB BICKO3UMETPIB 1 PEOMETPIB Ha CHIBBICHUX LMJIIHIpPAX, MPOIECH B
SKHX aJIeKBaTHI MpolecaM y peaJbHUX TPUOOTEXHIUHUX By3Jax NMajauBHOI anaparypu /IB3.
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CTEHA JJIA JOCJILIZKEHHA PE3OHAHCHUX XAPAKTEPUCTHUK
OCIIUJIATOPIB I’E€30EJIEKTPUYHUX IBUI'YHIB

Abstract. The article proposes a stand for studying the resonance characteristics of
piezoelectric oscillators. A small rectangular plane piezoelectric resonator with different
geometric tolerances was investigated.

Key words: piezoelectric motor, resonance characteristics, rectangular plane
resonator.

Ha mpaktumi — SKiCTh  11’€30€TEKTPUYHOTO  JABHTYHA  IEPEBIPAETHCS  IIISIXOM
BUMIPIOBaHHS NapaMeTpiB HOro €JIeKTPUYHOrO0 PE30HAHCY, TOOTO BUMIPIOBAHHS 3aJI€)KHOCTI
CTPYMY CIOKMBaHHSI IBUTYHA BiJl 4aCTOTH 30YIDKCHHS I1"€30€JIEKTPUYHOrO pe3oHaropa [1].
Lleit mapameTp B 3HA4YHIN Mipi BU3HAYa€ SK IIBHJKICTb II'€30€JIEKTPUYHOrO IBUTYHA, TaK 1
fioro mMomeHT abo cmry. B 3ameXHOCTI Biff Pe30HAHCHOI XapaKTEPUCTHKH BUOMPAETHCS
4acTOTHAa poOoya TOYKA IBUIYHA — JiBHN abo0 mpaBuil 11 cxuia [2]. Takox I 3aJIeKHICTD €
TOJIOBHUM ITapaMeTpoM IS JpaiiBepa 1’ €30eNIeKTPUYHOTO IBUTYHA.

Bcei mi BrmacTuBOCTI B 3HauHIN Mipi 3ajeaTh SK Bl MaTepiany I1'€30€JIeKTPUYHOTO
pe3oHaTopa, TakK 1 HOro reoMeTpuUYHUX po3MipiB. Ilpu cepiiHOMY BUIOTOBIIEHHI
I’ €30€JIEKTPUYHUX PE30HATOPIB B 3HAUHIA Mipi Ba)JIMBO 3HATH JOMYCKH HAa I€OMETPHYHI
pO3Mipyd TP BUTOTOBJICHHI pe3oHaTopa. Tomy, B 3alpONOHOBaHIN POOOTI PO3TIATAETHCS
CTEH[ AJIl KOHTPOJIO PE30HAHCHUX XapaKTEPUCTHK OCLUIATOPIB (PE30HATOp 3 elIeMEeHTaMu
KPIIJICHHS y CKJIaJi JBHTyHA) 3 METOK BHSBICHHS BIUIMBY TI'€OMETPUYHUX JOIYCKIB
PE30HATOPIB MPH IX BUTOTOBJIEHH] HA PE30HAHCHY XapaKTEPUCTHUKY.

CrpyKkTypHa cxema CTeHy TpejcTaBieHa Ha puc. 1.

MigpcunioBav
curHanis
reHeparopa
30ymKeHHs

P MepeTBOpOBaY P - i
MK USB - UART MK < OBuryH

Bumipioeay
CTPyMy

Puc. 1. CTpykTypHa cxema cTeHAY
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Crenn BKIIOYAaB B cebOe MocChiioBHO 3’enHaHi nepcoHanbHuil komm'rotep (I1K),
nepetBoptoBau  USB-UART, wmikpokontponep (MK), miacuiroBau curHajiiB reHeparopa
30y/DKeHHS, IBUTYH 3 JIOCHIDKYBAaHUM OCHMJIATOpOoM. BumiproBau ctpymy OyB mij’ e qHaHUIN
JI0 TIICWITFOBAYa CUTHAJIIB TeHepaTopa 30Y)KeHHS Ta MIKPOKOHTPOJIEpa.

Crenn npamoBaB HacTynmHUM unHOM. [IK Hajcwias mapamerpu BumiproBanHs Ha MK
PIC16F18325, Takux sk Aiama3oH 3aJaHUX Y9acTOT, KPOK 3MIHM YacTOTH IeHepaTopa Ta 4Yac
yTpuMaHHsi 4acToTu reHeparopa. Ilicms mporo MK renepyBaB curHan 30yIKeHHS ISt
I’ €30€JIEKTPUYHOTO JBHTYHA 3 IMOYATKOBOIO YaCTOTOIO, KA BiJNOBiJalia NpaBili TpaHMIlI
3ajaHoro Jiama3oHy u4actor. lleil curHanm HaaxonuB Ha OJOK MiACHIIEHHS CHTHATIB
reHepatopa 30y/OKCHHS JJs TWIiACWICHHS BUXIIHOI TOTY)KHOCTI, a Jaji Ha JIBUTYH.
BumipioBau cTpyMy CIOKMBaHHSI JBUTYHA OYB peaii3oBaHHil Ha IIYHTOBOMY PE3UCTOpI 3
NOJAJIBIINM MiJCHJICHHSIM HAlpyTd HAa HbOMY 3 BUKOPHUCTaHHS ONEpAIiifHOTO MijcCHiIIOBaya
LMV3211LT. Buxiguwii curHan mnigcwioBada ¢iibTpyBaBcsi HuszbkouacToTHUM RC-
¢ineTpom. BindinerpoBanuii curnan OyB ougpoBaHHiA 32 JOTOMOTOI0 aHAJIOTO-IIU(PPOBOTO
neperBoproBava (ALIIT) 3 wactororo ~31 k', BOynoBanoro B MK.

BuMiproBaHHsI TPOIOBKYBAJIOCS MPOTATOM 3a3HAYEHOTO YaCcOBOTO MapaMeTpa, TaKOTo
K 4Yac YTpPUMaHHS 4YacTOTH TeHeparopa. Ilicias mporo oTpumaHe 3HAUEHHS CTPyMy Ta
3HaYeHHS  4YacTOTH TeHeparopa Oymu nHagmiciani nHa I[IK. [lami wacrora reHepatopa
3MEHIITyBaJiacsi Ha 3HAYCHHsI, SKe BIAMOBIIAN0 MapaMeTpy KPOKY 3MiHM YacTOTH FeHepaTopa.
[Ticns pOTO BUMIPIOBAHHS BHKOHYBAJIOCS TIOBTOPHO 1O THX IIip, MOKH YacTOTa IeHepaTropa
HE CTaHe pIBHOI JiBi TpaHUIl 3agaHoOro fiama3oHy u4actoT. Ilicis 3aBepieHHS
BumiptoBanHsa [IK BUKOHYBaB po3paxyHKH cTpyMy, 30epiraB oTpumaHi JaHi B ¢ain Ta
OyayBaB rpadik 3ajeXHOCTI CTPyMY BiJl 4aCTOTH 30yIKEHHS 1’ €30€IeKTPUYHOTO JTBUTYHA.

B poboti gocmimkyBanmucs MpsSMOKYTHI IUIOCKI PE30HATOPH MajorabapuTHOTO
1’ e3o0enekTpuyHoro aeuryna PM-510R [3] 3 xapaktepHumu po3mipom pe3onatopa 10mm.

Load Curve Model # PM-510R

350
300

250

Torque (mN.m)

Puc. 2. II’e30esexTpuunnii ABuryH PM-510R Ta iioro HaBaHTa:KyBaJIbHa XapaKTePUCTHKA

JlocimKyBaocs 1B TPYIH Pe30HATOPIB:

- rpymna I 3 1ormyckoM BUTOTOBJIEHHS Pe30HATOPiB SOMKM;

- rpyna I 3 gormyckom BUroToBIEHHS pe30oHaTOpiB 200MKM.

Pe3ynbrati TeCTyBaHHS PE30HATOPIB MPEACTABICHO Ha pHc.3 (KPOK 3MIHU YaCTOTH

reHeparopa ~75I'm, 4yac yTpumaHHsS 4YacTOTH reHepatopa — 100Mc, KITBKICTH BHUMIPIB
ycepennenss ~3100, kKiUIbKicTh BUMIpIB B Alana3zoHi yacToT ~400).
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Puc.3. Pe3oHaHCHI XapaKTepUCTHKH OCHUJIATOPIB 3 Pi3HUM reoMeTPMYHUM JOIYCKOM iX
BHUTOTOBJICHHA

3 pe3ynabTaTiB JOCTIDKEHHS BHUIHO, MO0 PO30DKHICT 1O PE30HAHCHIA YacTOTi
pe3onaTopiB rpynu | He nepesuiryBana 1,5 k', a po361>kHICTh PE30HAHCHUX YacTOT Tpyn I
i rpynu Il cknamana 6mm3pko 5 k', mo 100pe y3roaKyBagocs 3 TEOPETHIHUMHE OIlIHKaMH.

BucnoBku. TakuMm uuHOM, OyJI0 MIATBEPKEHO NpaALE3aTHICTh TAKOIO CTEHIY IS
3aCTOCYBaHHS HOTO MPH CEPIHOMY BUPOOHMIITBI I’ €30€NIEKTPUYHHX JIBUTYHIB.
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BUKOPUCTAHHS BIPTYAJBHUX BJIOKIB NAKETIB SIMULINK TA
POWER SYSTEM BLOCKSET JJIsI IMITALIMHOIO MOJAEJIOBAHHS
CUJIOBUX HAMIBIPOBIIHUKOBUX MEPETBOPIOBAUIB

Abstract. Recently, the power electronics device has become popular. Its important
direction is the creation of virtual blocks for simulation modeling, which allow expanding the
capabilities of the researcher.

Key words: electronics device, imitation modeling.

CuiioBa eJEKTPOHIKA BIIHOCHUTHCS O YMCIA HAYKOBUX 1 TEXHIYHHMX TUCIMILUIIH, IO
HaWOLIbII MIBUIKO PO3BUBAIOTHCSA. 3HAHHS OCHOB CHJIOBOI €JCKTPOHIKM HEOOXITHI (haXiBIIsM
B 00JIaCTi €JIEKTPOMEXaHIKH, eNEKTPOCHEPTETHKH, EIEKTPOIIPUBOIY, EICKTPOTEXHOJIOTIH Ta
1H.

Jocmimkennss oco0nuBocTeld (yHKIIOHYBaHHS PI3HOMAHITHUX MPUCTPOIB CHIIOBOL
eJIEKTPOHIKH, YacTO MPOBOJATHCA Ha PealbHMX YCTAHOBKAX Ta iX (i3MYHHMX MakeTax. Ix
KOPHUCHICTh 1 HeoOXimHICTh He3amepeuHi. OIHAK B TAaKOMY BHIIQAKY € DPSJI OOMEXYIOUHX
yHHUKIB. Taki MOCHITHUIBKI YCTAHOBKM € HEJOCTAaTHHO YHIBEPCATbHUMHU, ISl KOXKHOTO
IHIIOTO TPUCTPOI0 HEoOXiHAa HOBA YCTAaHOBKA, IO € BEIbMH 3aTPaTHUM mimxoxoMm. Kpim
TOTO, TPU JIOCIII’)KEHHI BUCOKOBOJIETHUX BY3JIIB IPUCTPOIB, ICHYE NEBHA HeOe3meKa 00
ypaXXeHHs eIEKTPUYHUM CTPYMOM II1]] 4ac IPOBEACHHS JTOCIII/IIB.

Po3muputu MOXJIMBOCTI JOCHIAHMKA, SK MPU OCBOEHHI TEOPETHUHHUX 1 MPAKTHUHUX
npo0sieM CHUJIOBOi ENEKTPOHIKM, TaK 1 TMpU NPOBEJCHHI NONEpeAHIX BHUIPOOyBaHb
HOBOCIIPOEKTOBAHUX MPUCTPOIB CUIIOBOT €IEKTPOHIKH, a TAKOXK TOTIOMOI'TH THUM, XTO BUMTHCS
CaMOCTIHHO, BUKOPHUCTOBYIOUM JUCTaHIlIiiHE abo 1HUI (OpPMM HABUAHHS, A€ MOXKJIMBICTb
BUKOPUCTAHHS IMITallIHHUX KOMIT FOTEPHUX MOJIENEH, 3aMiCTh (DI3UYHHUX peabHUX.

Haii6inpim epexTUBHUMU € MOJEN MPUCTPOIB, 110 CTBOpeH1 Ha 0asi makery MatLab-
Simulink 3 3acTocyBanHsM po3mmpeHHs Power System Blockset, a Takox Signal Processing
Toolbox [1].

Jlis mpoBeeHHs I0CIIAHUIIBKO-IA00paTOPHUX POOIT 3 BUKOPHCTAHHAM IMITAI[iHUX
MoJieneli, B SIKOCTI 00 €KTY JOCIiIPKEeHb, BUKOPUCTOBYIOTHCS Taki ()i3WYHI MPHUCTPOI, 5K
aBTOHOMHI 1HBEPTOPH, NEPETBOPIOBAY] MOCTIHHOI HAMIPYTH, IEPETBOPIOBAYl BEIEHI MEPEKEI0
TOIIO.

[Tpu mpaBUIBLHOMY BUKOPHUCTaHHI IMITAI[IHHUX MOJAENEH A MOCTiIKEHHS, MOKJIHBO
OTPUMATH PE3YNIbTAT NMPAKTUYHO AHAJIOTIYHHH TOMY, IO OTPUMYETHCS TPU BHUKOPUCTAHHI
peabHUX eNEeKTPOHHUX Ta eIEKTPUYHHUX MPUCTPOIB.

TakuM YMHOM BHKOPHCTaHHS IMITAiHHUX MOJETeH MO)KHa PO3TISIIATH, SIK BEIbMH
e(EeKTUBHY MOXIIUBICTb, JJIsi OUIBII TIMOOKOrO Ta THYYKOTO BHMBUEHHS (DYHKIIOHYBAaHHS
PI3HOMaHITHUX IPUCTPOIB CUIIOBOI EIEKTPOHIKH.

Cnucok JitepaTtypu
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PAJJIOBUMIPIOBAJIBHU YACTOTHUN TAPAMETPUYHUIA
MIKPOEJEKTPOHHUM NEPETBOPIOBAY TUCKY HA OCHOBI
BINOJISIPHOI TPAH3UCTOPHOI CTPYKTYPH
3 AKTUBHUM IHAYKTUBHUM EJIEMEHTOM

Abstract. In this work, a radio-frequency parametric microelectronic pressure
transducer based on a bipolar transistors structure with an active inductive element is
investigated, which is an autogenerator circuit consisting of four bipolar transistors, two
tensosensitive bipolar transistors acting on the tensosensitive elements. Under the influence of
pressure on the strain-sensitive bipolar transistors, the pressure is transformed into a change
in the generation frequency, which greatly improves the metrological characteristics of the
transducer. The analytical functions of transformation and sensitivity of a parametric
transducer are obtained. The sensitivity of the frequency parametric microelectronic
transducer is from 1.42 kHz/Pa<10° to 16 kHz/Pa*10°.

Key words: frequency parametric pressure transducer, frequency output signal,
transformation function, sensitivity, negative differential resistance.

Tuck BITHOCHTBCS 10 OJTHOTO 3 OCHOBHHUX IMApaMEeTPiB, IKUH IiIsATa€ BUMIPIOBAHHIO 1
KOHTPOIIO B Pi3HOMAHITHHX Taly3sX HAayKH, TEXHiKH, MpOMHcIOBocTi. Moro morpi6Ho
BUMIPIOBATH B KOCMIYHUX JOCIHIPKEHHSX, IPU MOHITOPUHTY HABKOJHUIIHBOTO CEPEIOBHIIA, B
aBTOMOOUIBHIN ~ NMPOMMCIOBOCTI,  KOMM'IOTEpPHIA  TEXHili, OYIIBHHIITBI,  XIMIUHINA
IPOMHKCIIOBOCTI, HA(TOra3oBiii MPOMHCIOBOCTI, BilCBbKOBiH TexHini Tomo [1]. Tomy
BUSBIIIETHCS HarajlbHa HEOOXIJHICTb pO3IIMPEHHS HAYKOBUX JOCHIKEHb B ramysi
BITYM3HSHOTO BHMPOOHMIITBA PAJiOBUMIPIOBAIIBHUX MIKPOGJIEKTPOHHUX MapaMEeTPpUUYHUX
NIEPETBOPIOBAYIB MEXaHIYHUX BEJUYMH 3 OMIAY iX MOJANBIIOTO PO3BHUTKY B HAIPSIMKAX:
Mani MacorabapuTHI TOKa3HUKH, BHCOKA TOYHICTh, HATIHHICT, Ta IHTerpamis 3
MIKpOMIPOLIECOPHUMHU MPUCTPOSIMU 0OpOOKH 1HPOpMAIIii.

[lepcneKTHBHUM HayKOBUM HalpsIMKOM, 10 J03BOJISI€ YCYHYTH HEJOJIIKH aHAJIOTOBUX
CEHCOpIB THCKY, € CTBOPEHHS paJlOBUMIPIOBAILHUX YaCTOTHUX MIKPOEIEKTPOHHUX
napaMeTpUYHUX MEepeTBOPIOBAYIB, SIKI peani3yloTh MPUHIMII NEPeTBOPEHHS "THUCK-4acToTa'
Ha OCHOBI PEaKTHBHMX BJIACTUBOCTEN HAIMIBIPOBIAHUKOBUX CTPYKTYpP 3 BIA'€MHHUM OIIOPOM.
CTBOpeHHsI TakMX MpPUIaAiB BHUKIIOYAE 3 iX KOHCTPYKLII MiJICHIIIOBAaJIbHI MPUCTPOi Ta
aHaJIOTO-IIM(POBI MEPETBOPIOBAYI, 110 JI03BOJISIE 3HU3UTH COOIBAPTICTh CUCTEM KOHTPOJIIO Ta
YIIPaBIIiHHA, & TAKOXK CTBOPUTH "{HTENEKTyalbHi" BUMIpIOBaIbHI EPETBOPIOBAYl B pe3yJbTaTi
MOETHAHHS Ha OJJHOMY KpHUCTaJi cxeM 00poOku iH(popMallii Ta IEpBUHHOTO NEPETBOPIOBAYA.

3amponoHOBaHO  CXEMYy  paJiOBUMIPIOBAJIBHOIO  YAacTOTHOTO  IapaMeTPHUYHOTO
nepeTBoproBava THUCKy. EnekTpuyHa cxema nepeTBoproBaua rnokasaHa Ha puc. 1. Bona siBnsie
co0OI0 IHTErpallbHy CXeMy, IO CKJIAaJa€eTbCs 3 YOTHPHOX OIMONSPHUX TPAH3UCTOPIB 3
OJTHAKOBMMH THUTIAMH TIPOBITHOCTI, JBA 3 SKHUX € TEH30YYTJINBUMH €JIEMEHTAMH, 0 CTBOPIOE
HIepelyMOBH CTBOPEHHSI aBTOI'€HEPATOPHOTO MPUCTPOIO TUCKY [2].

Ha enexktpomax konektop-emitep TpausuctopiB VT1 1 VT2 icHye moBHMIA ormip,
aKTHUBHA CKJaJ0Ba SIKOTO Ma€ BiJ’€MHE 3HAUEHHS, a PEaKTHBHA — €MHICHMH XapakTep.
[Tinkro4eHHs] aKTHBHOT 1HIYKTUBHOCTI 10 KosiekTopa VT1 cTBOproe KONMMBaIbHUN KOHTYD,
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BTPATH €HEPrii B IKOMY KOMIIEHCYIOTHCS Bija’ eMHUM oropoM [3]. Takum 4nHOM, pe3oHaHCHA
4acTOTa KOJHMBAJIBHOIO KOHTYPY 3aleKHUTh BiX [ii TUCKY Ha TEH30YYTJIMBI OiMOJIsApHI
TPaH3UCTOPH.

VT4 +
c1=
Ry
0, T,
Bux = U
+]
VT3
O
Puc. 1. EnekTpruHa cxemMa paiioBUMipIOBaJIbHOI0 Puc.2. CimMelicTBO CTATUMYHHMX BOJIBT-AMIIEPHUX
YACTOTHOTO NApPaMeTPHYHOI0 NepeTBOPIOBaYa XapaKTePUCTHUK (110 BePTUKAJbHIH Bici 01Ha
THUCKY HA OINOJISIPHiN TPAH3UCTOPHIH CTPYKTYPI 3 nojiika — 2MA, a 10 rOpU30HTAJIbHIN Bici — 2B)

AKTHBHHUM iHI[yKTl/IBHl/IM €JIEMCHTOM

Ha puc. 2 mpencraBieHO CIMEHCTBO CTaTMYHHX BOJIBT-aMIIEPHHUX XapaKTEPUCTHK
PaJliOBUMIPIOBAIBHOIO YAaCTOTHOI'O IAapaMETPUYHOrO IEPEeTBOPIOBAYa TUCKY Ha OIMOJIAPHIM
TPAH3UCTOPHIN CTPYKTYypi 3 AaKTHBHUM I1HJAYKTUBHUM €JIEMEHTOM. BosbT-ammnepHa
XapakTepUCTHKa Ma€ JAUIAHKY BUI'€MHOTO JAu(epeHLiHOro omnopy, W0 J03BOJISIE
KOMIICHCYBAaTH BTpPATH €HEPTrii B KOJMBAJILHOMY KOHTYpI, SIKHH YTBOPEHUH €KBIBAJICHTHOIO
EMHICTIO KoJIeKTop-eMiTep Tpau3uctopiB VT1 ta VT2 ctpykTypu neperBoproBaua (puc. 1) i
AKTUBHOIO 1HAYKTUBHICTIO.

Jns BuszHaueHHS (yHKLII NEPETBOPEHHS HEOOXINHO 3HAWTHU 3alEXKHICTh YacTOTH
reHeparlii Bix il Trcky. Lle MoximBo 3pobutn po3B’s3aBim cuctemy piBHSHb Kipxroda, sika
CKJIQJIeHa Ul 3MIHHOTO CTPYMY Ha OCHOBI HENIHIMHOI €KBIBAJIEHTHOI CXE€MH. 3a JIOTIOMOTOI0
nakera MNpHUKIagHUX mporpam Matlab 7.1 Ha oOCHOBI poO3B’sI3Ky CHCTEMHU pIBHSHb OYB
BU3HAUYEHUH MOBHMH omip Ha enekrpogax TpaHzucropiB VT1 ta VT2. Ilpu posknangaHHi
MOBHOT'O OIOPY Ha JINCHY 1 YSIBHY CKJIa/J0BI MOXHAa BHU3HAUUTH E€KBIBAJEHTHY €MHICTh
KOJINBAIBHOTO KOHTYPY, SIKa 3aJI€KHUTh BiJl TUCKY. PO3paxyHKH MOBHOTO ONOPY CTPYKTYpHU
JTIO3BOJISIFOTH OTPUMATH BCl HEOOX1/IHI TEOPETUUHI 3aJIEKHOCTI.

AHaliTUYHA 3aJ1eXKHICTh (QYHKIIIT IEpEeTBOPEHHS MA€ BUTJISA]]

_ 1YR,(P)+4Y/R%(P) —4R% (P)DY,
4 7R2,(P)D, ’

cel

F 1)

e
Dl = Cbzcl(P)Cbe3 + Ct?cz (P)Cbcl(P) + Cbc4Cbe4Cbc1(P) ,

Y, =Coi(P)Ches ;
Y, =Cp1(P) +Cies -
I'padiuna 3anexHicTh (QyHKILIT IepeTBOPEHHS MPECTaBICHA Ha pUC. 3.

UyTnuBICTh pPaJiOBUMIPIOBAIIBLHOIO IEPETBOPIOBAYa THCKY BU3HAYA€ThCS HA I1JICTaBi
Bupasy (1) i onucyeThCst piBHAHHSM:
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oC,(P) oC,(P) oC.,(P)
S;—’: = _O’ 5[(2Ccel(P)Cbe3 (a—lp) + 2CH (P)Cbcl( 6|13 + 8[23 CbeSCbcl) X

VZ) / (Vl2 - 4(C(:291(P)Cbe3 + CczeZ(P)Cbcl + CcescbeSCbcl)VZ)ll2 Rce47z.(Ccze1(P)Cbe3 + Cczez (P) X

ce3 ce3"he3

(aRm(P)
X —
oP

1
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Puc. 3. 3anexnicTh YacToTH remepamii Puc. 4. 3anexnicTh YyTJIHBOCTI Bil 3MiHU THCKY
PafioBMMipIOBAJbHOI0 YaCTOTHOIO MapaMeTpuy- MPH HANPYrax ;KUBJEHHS:
HOI'0 MepPeTBOPIOBAYA Bill THCKY IPU HANPYyrax 1-45B;2-50B;3-55B

xuBjenns: 1 -45B;2-50B;3-55B

I'padik 3amexHOCTI 4YYTIMBOCTI MpeAcTaBieHO Ha puc.d. Sk BuaHo 3 Tpadika,
YyTJIIMBICTh PaJiOBHUMIPIOBAIILHOTO TiepeTBoproBada ckiamgae Big 1,42 xl'1y/lla- 10° 1o
16 xI'y/Ila- 10° nipu 3MiH1 THCKY Big 0 g0 12 Ila- 10°.
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YACTOTHUM TAPAMETPUYHUM MIKPOEJIE}(TPOHHI/II?'I IHEPETBOPIOBAY
JJISI JIATHOCTUKHU LITAMIB BAKTEPII HELICOBACTER PYLORI

Abstract. A scheme of the frequency parametric microelectronic transducer of gas
concentration for diagnosing strains of the Helicobacter pylori bacterium is proposed. The
circuit consists of four bipolar transistors forming an autogenerator device, in the circle of
which a gas sensitive MEMS resistive element based on the MiCS-6814 sensor is included.
Analytic expressions of the transformation function and the equation of sensitivity are
obtained. The sensitivity of the frequency parametric microelectronic transducer is 325-160
Hz/ppm.

Keywords: Helicobacter pylori, diagnosis of diseases, frequency transducer, negative
differential resistance.

[TinBumenass e(eKTUBHOCTI IarHOCTYBaHHS PI3HUX 3aXBOPIOBAaHb 3a PaxyHOK
BUKOPHCTAHHA HOBITHIX METOJIB Ta 3acO0iB J1arHOCTYBaHHS, a TaKOX OUIbII MOBHOTO 1
PI3HOOIYHOTO aHaNi3y O3HAK € aKTyaJbHUM HamnpsSMOM B MEIUIMHI. AHali3 MOBITPS, IO
BUIMXAETHCS HALlEHTOM, BITHOCHUTHCI 0 HEIHBA3UBHUX METOIIB M1arHOCTUKHU ITALlI€HTIB 1 B
OCTaHHIN yac BUKJIMKA€ MiABUILIEHUHN 1HTepec. Ha chOoronHimHiA JeHb BU3HAUYEHHS PI3HUX
mtamiB Gaktepii Helicobacter pylori (H. pylori) HaOymo BeaMkoi 3HAYUMOCTI y 3B'SI3KY 3
MOIIMPEHICTIO JJaHOi OakTepii Mo BCbOMY CBITI Ta Ti€l poJii, SIKYy BOHA BIAIrPa€ y pO3BUTKY
0araTboX CepHO3HUX MUTYHKOBO-KHIIKOBUX 3aXBOPIOBaHb [1, 2].

Y MemuuHi TpakTUIll B OUIBIIOCTI KpaiH BHUKOPHUCTOBYIOTHCS Cy4JacHI 3aco0u
JIIarHOCTUKHU XeNiKoOaKTepHOT 1H(EKIT 1 3aCTOCOBY€EThCSI HOBA MPOTHIH(EKIIIHAa cTpaTeris
JIKYBaHHS TacTPOAYOJCHANbHUX 3axBopioBaHb [3]. B manuii yac 3 MeTomiB IUXaIbHOI
miarroctrku H. pylori mepeary Bimmano seinBasuHomy C2-ypeasHoMy auxanbHOMY TecTy,
10 BOJIO/I€ BHUCOKOIO JIarHOCTUYHOIO JIOCTOBIPHICTIO. AJBTEPHATUBHUN METOJ AUXAJIBbHOI
JIarHOCTUKM 3aCHOBAHO HAa BM3HAYEHHI aMmiaky B IOBITpI, II0 BUAMXA€ETHCS allbBEOJaMH 1
KOHIEHTPALIEI0 amiaky, 110 HaAXOAWTh 31 IUTyHKAa, IMPU OLIHLI CyMapHOi KOHIIEHTparii
amiaky [3].

[lepcrieKTUBHUM HamnpsIMKOM IpH po30yAOB1 IEPETBOPIOBAYIB KOHILEHTpALlli ra3y s
JUXANbHOI JIarHOCTHMKM € CTBOPEHHS  YaCTOTHUX IapaMETPUYHHMX [EpeTBOPIOBAYIB
KOHIIEHTpaIlii ra3y. Jlanuii TUIm nepeTBOproBaviB J03BOJISIE PO3B'SA3aTH 3a/1a4y BUKOPUCTAHHS
aHaJIOrOBO-IIM(POBUX  MEPETBOPIOBAYIB, OCKUIBKM peasli3oBye METOJA  IEepEeTBOPEHHS
"iHHOpMATUBHUI CUTHAI — YacToTa", AKUM € COPUMHATIUBUM JUIsl MOJalbIIoi 0OpoOKH Ha
komm'iorepi. [IpoBeneHi TeOpeTH4HI Ta MPAKTUYHI JOCHI/DKEHHS TOKas3alu, IO
BUKOPHCTOBYIOUHM PEAKTHMBHI BJIACTHUBOCTI HAIlIBIPOBIAHUKOBHX MPUJIAAIB Ta TPaH3UCTOPHI
CTPYKTYpH, B SIKUX ICHY€ BiJ’ €MHUH AudepeHUidiHuil omip, MOXXHA 3HAYHO IMiJBUILUTH
YyTJIUBICTh Ta TOYHICTH BUMIPIOBAHHS KOHIEHTpAIIil ra3y [4, 5]. OcTaHHIM YacoM MPUCTPOI 3
Big'eMHuM audepenuiaabHuM onopoM (NDR) 3actocoByroTs 11 moOynoBU pi3HOMaHITHUX
aHAJIOTOBUX 1 MU(PPOBUX CXEM, BKIIFOYAIOYM JIOT1YHI CXEMH, CXEMH MaM'siTi, TOMHOXXyBadi
YaCTOTH, MUTBHUKH, MYJIbTUIUIEKCOPU 1 JAEMYJIbTHIUIEKCOPH, J€IbTa CHUTMa MOAYJSATOPH,
KepOBaHi HAIIPYToi0 TreHepaTopH i AudepeHiiaabHi Kommaparopu [6].
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CxeMy MIKpOEJIEKTPOHHOTO MEePETBOPIOBaYa KOHIICHTPAIlIi Ta3y 3 YaCTOTHUM BUXOJIOM
NOJaHO Ha puc. 1. 3amponoHoOBaHa cXeMa MiKPOEJIEKTPOHHOTO IEPETBOPIOBaYa KOHIIEHTPAIi]
raszy nmooyjoBaHa Ha TPAaH3UCTOPHIN CTPYKTYPi 3 TPbOX OIMOJSIPHUX TPAH3UCTOPIB HA OJTHOMY
kpuctaini HFA3046. Ha enextponax koiekrop-emitep OinmossspHoro Tpansucropa VT3 i 6aza-
eMiTep OimoyisipHOrO TpaH3ucTopa VT2 BOJIBT-aMIIepHA XapaKTEPUCTHKA Ma€ CIaalody
TUISTHKY, 10 BIiANOBifae mosBI Bia emMHoro mudepeniiiinoro omopy. Poboua Ttouka
aBTOTCHEpATOpa 3 IMOCTIHHOTO CTPyMy OOMPAETHCS Ha CHAJA0Yiil JUISHIN BOJIbT-aMIICPHOI
xapakrepucTuky. KonuBanbHa cucrema aBroreHepartopa (puc. 1) cKiagaeTbesi 3 EMHOCTI, sIKa
ICHy€e Ha €JEKTpoJax KoJeKkTop-emiTep VT3, a Takok aKTUBHOI 1HAYKTHBHOCTI Ha OCHOBI
oinonsipaoro tpansucropa VT4 ta dazoscyBHoro koma C1R4. Onopu R1-R3 3abe3neuyroth
pexuM pobotu Tpan3ucTopiB V11— VT4 3 mocTiiHOTO CTpyMY.

MikpoeneKTpOHHUI CeHCOp KOHIIEHTpAIlil ra3y Mpalioe HACTYHUM YHMHOM. BubGopom
noctiiiHoi Hampyru Jpkepena Ul jgomaraeMoch reHepariii  €IEKTPUYHHX  KOJIMBAaHb
aBroreHeparopa. [Ipu HactynHiii aii amiaky NH3 Ha ra3oqyTivBHii pe3UCTUBHHN elleMeHT R;
Ha ocHOBI MEMS cencopa MiCS-6814, sxuii 3MiHIOE HOTO OIIip, 10 MPUBOAMWTH IO 3MIHH
€KBIBaJICHTHOI €EMHOCTI KOJIMBAJIBHOTO KOHTYPY aBTOTEHEPATOpa, a 11e, y CBOIO Yepry, 3MiHIOE
YacTOTy I'eHepallii.

ﬁ]Rl VT4

VT1

TA3 R2 c1 R4
A —KVTS [c2 &oF
\ H R3 S o U1
VT

2 Buxin

Puc. 1. EtekTpryHa cxemMa ceHCOpa rady 3 YaCTOTHMM BHUXOAOM

OyHKIIISA MIEpETBOPEHHS 1 YyTJIUBICTb YaCTOTHOI'O apamMeTpUIHOI O
MIKpPOEJIEKTPOHHOIO0 TEepEeTBOpIOBaYa KOHIEHTpalii Tra3y BH3HAYalOThCS Ha OCHOBI
EKBIBAJIGHTHOT CXEMH TMpPHUCTPOr0. Pe3oHaHCHAa 4dacToTa, sKa 3aJIeKUTh BiJ 3MIHH
KOHIIEHTpalii rasy, MpeacTaBisie co00l0 (YHKIII0 MEepeTBOpeHHs ceHcopa. BoHa
BHU3HAUYAETHCSI Ha OCHOBI PIBHOCTI HYJIO PEAKTHBHOI CKJIa/J0BOI IMOBHOT'O BXIJHOIO OIOPY 1

Ma€ BUTIIAO
1/2

1 R:C(C) 1
27RC(C)| L

F(C) (1)

UyTnuBICTH YaCTOTHOTO MapaMETPUYHOTO0  MIKPOEJIEKTPOHHOIO  IepeTBOproBayda
KOHIEHTpAIllli ra3y BU3HAYAETHCSI HA OCHOBI BUpa3y (1) 1 onmucyeThcs piBHIHHAM

R;C(C) _1(dC(C)j dc(c)
1 g

1 L dC
s&'=— ; T —— @
2 7R;C(C) 2 R2C(C)
7L gf_l

Ha puc. 2 nogano ¢yHKIIII0 TepeTBOPEHHSI, TOOTO 3aJICKHICTh PE30HAHCHOT YaCTOTH BiJ
konneHtpanii rasy (NHs). Sk BumHO 3 rpadika, QyHKIS TMEpeTBOPSHHS Ma€e HeNliHIHHUN
XapakTep.
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Puc. 2. 3anexxHicTh YacTOTH reHepauiil Big 3Minu Puc. 3. 3anexxknicTb 4y TJIMBOCTI Bill 3MiHM
KOHILIEHTpauii amiaky KOHLEHTpAL{l amiaky

Ha puc. 3 momaHO 3aleXHICTh YYTIUBOCTI YaCTOTHOTO MapaMETPUYHOTO
MIKpOCIIEKTPOHHOTO TIEPETBOPIOBaYa KOHIICHTpAIlii razy. AHami3 rpadika ToKa3ye, IIo
HaWOLIbIIa YYTIMBICTh MPHUCTPOIO JIGKUTH B Jialla3oHi Big 5 10 75 pPpM Ta cKiamae Bif
325 T'u/ppm mo 225 I'm/ppm, a B miamazoni Big 150 mo 500 ppm ckmamae 165 I'/ppm,
HaliMeHIlle 3HaYeHHs YyTIuBOCTI ckiianae 161 I'u/ppm B aiamazoni Bix 300 xo 500 ppm.

BucHoBKH. 3arponoHOBaHO CXEMY YaCTOTHOTO TMapaMETPHYHOrO MIKPOEIECKTPOHHOTO
NepeTBOPIOBAaYa KOHIIEHTpaLii ra3y sl JiarHocTyBaHHs mTaMiB Oaktepii Helicobacter
pylori. Cxema CKJIAQma€Tbcss 3 YOTUPHOX OIMNONSIPHUX TPAH3UCTOPIB, SKi YTBOPIOIOTH
ABTOTCHEPATOPHUN MPUCTPIH, B KOJIO SKOTO BKIOUEHO TazouyrTinuBuii MEMS pesnctuBHuit
esleMeHT. OTpUMaHO aHAIITUYHI BHUpa3u (YHKLII NMEepeTBOPEHHS 1 PIBHAHHSA YYTJIMBOCTI.

UyTnMBICTh YaCTOTHOTO MapaMeTPUUYHOTO MIKPOEJIEKTPOHHOIO MEPEeTBOpIOBaya razy cKiajae
325-160 I'u/ppm.
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EJEKTPUYHHUN IMIIEJAHC JUCKOBOI'O II'€30EJIEKTPUYHOI' O
EJIEMEHTA B OBJIACTI CEPEJJHIX YACTOT

Abstract. Disk piezoelectric devices are widely used in the elements of information
systems. The multiplicity and variety of the practical application of disks with sector
electrodes naturally stimulates theoretical studies, the purpose of which is to predict the
characteristics and technical parameters of piezoelectronic devices that are created on their
basis. Prediction is based on a mathematical model, which is the main result of a theoretical
description of a real device. The purpose of this article is a research of electrical impedance
of piezoelectric disk in middle frequencies area.

Key words: piezoelectric disk element, physical processes, electrical impedance.

[T'e30eneKTpUYHI AUCKH 3 YaCTKOBUM EJICKTPOJYBAaHHSAM OJHi€I a00 JBOX MOBEPXOHb
JIOCUTh YacTO BHUKOPHUCTOBYIOTHCS Ul CTBOPEHHS PI3HMX (YHKLUIOHAJIBHUX IPHCTPOIB
1’ e30eseKTpoHikn [1]. JIMCKOBI M'€30€NEeKTpHYHI MPHUCTPOI IIMPOKO 3aCTOCOBYIOTHCS B
esleMeHTax iHpopMalniiHuX cucteM [2-4]. JIUCKM 3 CeKTOPHUM €JIeKTPOIyBaHHSAM MOBEPXHI €
NPAaKTHYHO OCHOBHHUM €JIEMEHTOM 0araTb0X MiKpOEIEKTPOMEXaHIYHUX CTPYKTYp [5].

MHOXHMHHICT 1 PI3HOMAHITTS MPAKTUYHOIO 3aCTOCYBAHHS JIUCKIB 3 CEKTOPHUM
€JIEKTPOAYBAaHHIM MPUPOAHUM YMHOM CTUMYIIOE TEOPETHYHI JOCIHIDKEHHS, METOIO SIKHX €
IPOTHO3YBAaHHS XapaKTEPUCTUK 1 TEXHIYHUX IapaMeTpiB NMPHUCTPOIB I’ €30€NEKTPOHIKHU, SKI
CTBOPIOIOTHCS Ha iX OCHOBI. [IporHo3 371iCHIOETHCSI HA OCHOBI MaTEMaTHUYHOI MOJEII, SIKa €
OCHOBHMM  pe3yJbTaTOM TEOPETHMYHOIO OMNHMCY peaJbHOro MpHUCTporo.  BapTicts
36KOHOMJIEHMX PECYpCIB CTAHOBUTH KOMEPLIIHY L[IHY MaTeMaTH4YHOT MOJIENI.

OCHOBHOIO Memo10 aHOi CTATTI € JIOCIIKEHHS eeKTPUYHOIO IMIIEAaHCy AMCKOBUX
I’ €30KepaMIYHUX €JIEMEHTIB B 00JIaCTI CEpeIHIX 4acToT.

Posrnsinemo (puc. 1) nuck, ToBIIKMHA SKOTO o B 06araTto pas3iB MeHIe pajiyca R.

a [\

7 1P

IR

Puc. 1 Po3paxyHkoBa cxeMa KOJHBAJIBHOTO 11’ €30KEPAMIYHOT0 THCKY

IMoBepxHi mucky z=0 i z=a (z — KOOpAMHATHA BiChb NWIIHIPUYHOI CUCTEMHU
KOOpAWHAT o, ¢, Z, MOYATOK SKOI CYMIIIEHO 3 LEHTPOM HH)XHbOI IMOBEpPXHI JHUCKY)
€JIEKTPO/I0BaH1 — MOKPHUTI TOHKUM (He Oubie 10 MkM) mapom cpibia.
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Ha BEpXHIO MOBEPXHIO Z=q TMONAEThCS enekTpuuHuil morenmian U (U,

aMILTITY/IHE 3HAYCHHS SJIeKTPHYHOTO MOTCHIiaNy, BEIMYMHA SIKOTO BUOHPAETHCS 3 YMOBH
U,/a << 0,1E,,

ne E, = 2 MB/M — HanpyXeHICTb €JIEKTPUYHOTO OIS, SIKE MOJSIPU3YE MaTepian AUCKY,

1[0 TapaHTye BiACYTHICTb HeiHIfHEX epeKTiB; | =y—1 — yABHA ONMHMIS, © — KPYrosa
4acTOTa 3MIHU 3HAKy MOTEHINaly; t — Jac).

Hwuxns enexktpooBana nosepxusa z = 0 3a3eMsieHa, TOOTO Ma€ HYJIbOBHIl MOTEHITIAL.

[IpuknaneHa 10 AWCKA PI3HUIIO EICKTPUYHUX MOTECHINATIB CTBOPIOE B HOro o0’emi
CJIGKTPUYHE II0JIe, SKE 3MIIIye 10HM IMPKOHIIO, THTAaHy, CBHHIIO 1 KHCHIO 3 TIOJOXEHHS
piBHOBaru. B pe3ynbpTari rapMOHIHHO 3MIHHOTO B 4aci JedOopMyBaHHS JHCKY B HBOMY
BUHUKAIOTh MOJIIPU3ALiiHI 3apsAau, sSKi B3a€MOJIIOTh Ha EJNEKTPOJOBAHMX ITOBEPXHIX 3
CICKTPUYHUMHU 3apsSgaMH, sKi JIOCTaBISAIOTHCA HA III TOBEPXHI T'€HEPATOPOM PI3HHII
CJICKTPUYHUX TTOTCHITIaIB.

ot

Pesynbryrounit enekTpuyHuil 3apsin Qe'” Ha MOBEPXHI Z = o CBOIM EIEKTPHUYHUM

nonieM (opmye enekTpuyHuil cTpym | glet y TPOBITHUKY, SIKUU 3'€THY€ MOBEPXHIO Z = a 3
BUXOJIOM €JIEKTPUYHOTO TeHepaTopa. Y Oylb-gaKuil MOMEHT vacy | et = —6Q/ ot =— iceri“’t ,
TOOTO aMIUTITYIX CTPYMY 1 €NEeKTPUYHOTO 3apsijay Ha MOBEPXHI z = o 3B'A3aHi JIIHIHHOIO
3aIEXKHICTIO | = —iaQ .

OueBHIHO, WO ENEKTPUYHHUNA IMIeNaHc Z, (a)) KOJIMBAJILHOT'O JUCKY IIOBUHEH

nigKopsaTucs 3akoHy OMa Juis TIISTHKY KOJIa, 3 YOTO BUILIMBAE, 1110
Zy(0) =2 =~ o (1)
I i0Q

CepenniMu yactotamu OyAeMO Ha3WBATH YaCTOTHHM Jiama3oH, B SKOMY MaciiTaOHa
OJIMHMIISL MIPOCTOPOBOI HEOJHOPIAHOCTI HANpy>KEHO-Ae(POPMOBAHOIO CTaHy (AOBXKHHA
NPYKHOI XBUJI1) CTa€ CIIBMIPHOIO 3 PaJilycOM I’ €30KEpaMIYHOTO TUCKA.

B po6Goti [6] HaBeaeHO PO3PaxyHOK EIEKTPUYHOTO IMIIEAAaHCY KOJIHMBAIBLHOTO JHCKY,
SIKMI MOYKHA 3aIMCaTH B HACTYITHOMY BUTJISIII:

L0
Z,(w)=—F' (o), 2
o (0)= (o) @
ae
. ARJ,(AR) —(1-k)JI, (AR

F()(a))z 0( ) ( ) 1( ) : (3)

AR 3y (AR) = (L -k = 2K3 )3, (4R)

2 .. .
KZ = (eg‘l) / (011;55‘3) — KBagparT  Koe(illeHTa  €IeKTPOMEXAHIYHOIO  3B'I3KY
'€30KepaMiK{ B PEXKUMI paliaIbHUX KOJUBAHb JUCKA, TTOJSIPU30BAHOTO IO TOBIIWHI;

C: = 7R%y,/a — nuHAMiYHA eNEKTPUYHA EMHICTH I1’€30KEPAMIYHOTO JUCKY JUIs

PCKUMY INIAHAPHUX KOJIMBAHb, TOOTO CJICKTpHUYHA €MHICTb B 00/1aCTi CCpCZ[HiX 4acCToT,

Xas= X (1 + A ;(;‘3) — JieNeKTPUYHA IPOHUKHICTD JJI PEKUMY IJIaHAPHUX KOJIMBAHb;

nobaska Ay, = e /( 24k ) [6]

Ha puc. 2 nokasana 3MiHa MOAyJs €IEKTPUYHOTO IMIEAHCY I’ €30KEPaMIuHOIO JAUCKY
B JIlalla30H1 cepeHiX 4acToT (puc. 2,a).

Ha BcraBui B mose puc. 2,a mokasaHa 3MiHa 3HaYeHb MOAYNA Z, () B HaHOmmKuiil

OKOJII/II_[i HaCcTOTH @,; NECPUIOTO GJICKTpOMexaHi‘-IHOI‘O PC30HAHCY.
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Ha puc. 2,6 nokaszaHo 3MiHa MOJYJIs €JIEKTPHUYHOIO IMIEJAHCY B OKOJIHMII YaCTOTH @,

NEPIIOTo eIEKTPOMEXaHIYHOTO AHTHPE30HAHCY.
I'eomerpuuni 1 (i3uKO-MeXaHIYHI MapaMeTpu JAWCKA, SIKI BUKOPUCTOBYBAIHCS IPH
obuncneHHsAx 3a Gopmysoro (2) Oyau IPUIHATI HACTYITHUMHU:

- paziyc 1’e30KepamiuHoro qucky R = 33-10°m; TopmuHa o = 3-10°M;
- mapamerpu Marepiany jucka (m’e30kepamiku): c;=110TTla; cJ,= 60T Tla;
ct = 100TTa; e, = 18Kn/M% ey, = —8Kw/M* u yZ,=1400 z,; Q,=100; k = ¢, /c,, = 0,324,

ITo oci opaMHAT BiAKIJIAACHI 3HAYCHHS MOIYJIS €IEKTPUYHOTO IMIIEAAHCY B KIJIOOMaX, I10
oci abcuuc BiApaxoByeThCs O€3po3MipHa YacToTa

0Q=AR=wr,,

ae 7, = % — YaCOBHM MacITao;

C .
V= % — IIBUAKICTH IMOIUUPEHHS IIPYKHUX KOJIMBAHb Y TOHKOMY JIUCKY.
0

Jlnsi HaBeIeHUX BUIIE 3HAYEHb MapaMeTpiB v = 3162m/c 1 7, =10, 44-10°° c. 3HaueHHIO
0=/R =1 Bignosinae yactora f =15,25kl 1.

Pozpaxynku Oynu BUKOHaHI Ha 4YacToTax IMEPIIMX JBOX CIEKTPOMEXaHIYHUX
PE30HAHCIB.

9|Ze| (®)|, kOM o |Zet ()], kOM
' A A

8 45 |Ze1 ()], Om - 8 /\

S T

2
3
1 \
AR
AR
1 2 3 4 5 6 2,35 2,37 2,39 2,41

Puc. 2. Moayb eJIeKTPHYHOIO iMIIeJaHCy JUCKA B 0071aCTi cepeHiX 4acToT

B po6ori [7] po3riasiHyTO METOIUKY E€KCIIePUMEHTAILHOTO BU3HAUEHHS €IEKTPHYHOTO
IMITETaHCY T’ €30KEPAMIYHOTO JIUCKY.

J7is ekcriepuMeHTabHUX TOCTIHKeHb OyB BUKOPUCTAaHUI TUCKOBUMN I €30€TIEKTPUIHUN
eneMeHT ¥66x3 mm 3 marepiany tumy LITC.

Pe3ynprati BUMIpIOBaHHS €INEKTPUYHOTO IMIIEAAHCY T'€30€NEKTPUYHOTO JAHCKY B
00J1acTi cepeTHiX YacToT MPeICTaBJICHI Ha pHC. 3.
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Puc. 3. Enexkrpununnii iMneganc n'e30e1eKTPUYHOr0 AMCKY B 00J1aCTi cepeTHiX YacTOT

[Tpu nopiBHSAHHI pe3yNIbTaTiB MATEMATUYHOTO MOJICIIOBAHHS EICKTPUYHOTO IMIICIaHCY
1'€30€JIEKTPUYHOTO IUCKY B 00JacTi cepeqHixX 4acToT (puc. 2), BUKOHAHUX 3TiHO 3 BUPa3oM
(2), Ta pe3ynbTaTiB €KCIMEPUMEHTAILHOTO BUMIPIOBAHHS, HABEIEHUX HA pUC. 3, BUIHO, IO
OTpHMaHa OLIIHKa JA00pe Y3TrO/UKYETHCS 3 ICTUHHMM 3HAYCHHSM EJIEKTPHUYHOTO IMITEIAHCY.
[Tpu poMy 3HaveHHIO 2=AR =1 BiamoBigae yactora f =15,25k[ 1.

Bucnoexu. OcHOBHMIA pe3ynbTaT IIi€i cTaTTi MOXKHA 3a(iKCyBaTH HACTYITHUM YHWHOM:
OTpPHUMaHa OI[iHKa EeJICKTPUYHOTO IMIIEAHCY M'€30€JIEKTPUYHOTO JTUCKY B 00JIACTi CEepeqHixX
4acToT A0Ope Y3rO/DKYEThCS 3 ICTHHHUM HOTO 3HAYCHHSM.
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CJIOBOI'O TPAHC®OPMATOPA

Abstract. A diagnostic graph-model for assessing the state of the windings of a power
transformer is obtained, which allows us to clearly identify the required number of tests to
identify the main faults in the windings of power transformers.

Key words: graph-model, graphical diagnostic methods , power transformer.

Y 3B'I3Ky 3 BEJIMKOK pI3HOMAHITHICTIO JiarHOCTHUHHMX  Mogueneit (M)
CNIEKTPOOOIaHAHHS ICHYE Oe3miu pi3HuX crocoOiB ix modymosu [1]. Oanak mi crocodu
MOYKHA 3TPYIyBaTH, BPAaXxOBYIOUHM iX CIPSIMOBAHICTh Ta ocoOnmBOCTi. Tak s oTpuMaHHS
6e3nepepBHOi JIM HEOOXiZHO BUKOPHCTOBYBATH BENUKY KIJIbKICTb METOJIIB CIPOIICHHS
nudepeHIianbHuX ado anreOpaiyHuX piBHSHB BUCOKOTO MOPSAKY, SIKI ONUCYIOTH MPOLIECH 13
JOIYCTUMOIO MOXUOKO10. Alne npu 1ipomy /M moBuHHA BifoOpakaTu CYKYIHICTh OIeEepalliid,
SIKi BUKOHYIOTBCSI OOJIQJJHAHHSM 1 HOTO OKPEeMHMH YaCTHHAMH B IMporeci QyHKIIIOHYBaHHS.
Taki Moziei MOXYTh PO3TJISAAIOTHCS Y BUTIISAL: CXEM 3B'A3KIB MK OKPEMUMH €JIEeMEHTaMH,
JiarpaM IpoXo/DKEHHs CUTHANIB (OpieHTOBaHi rpadu) abo anroputMiB (GyHKIIOHYBaHHS.

I'padiuni MeToaM MAalOTh BEJIUMKY HAOYHICTH 1 MOXYTh CIYXUTH, SK JUIS
0e3rmocepeTHHOT0 aHali3y, TaK 1 I UTIOCTpallii aHamTHYHUX MeToAiB. Lli MeTonu xopucHi
JUIs JIOCIIPKEHHS IIBUJIKOIUIMHHHUX TIpoleciB abo XapakTepucTuk oOmagHaHHA. Cepen
rpadiuHuX METOJIB 0cOOIMBE MicCIEe 3aliMalOTh METOJAM, 3aCHOBAHI Ha TEOPii OPIEHTOBAHUX
a0bo HeopieHToBaHUX rpadis [2].

[IpoananmizyBaBImi MOXIIMBI ~HECIPABHOCTI CHJIOBUX TpaHchopmaropiB [3] i
BCTAaHOBUBIIIM IX B3a€EMO3B'A30K 3 KOHTPOJIbOBAaHUMHM MapameTpaMmu, 0yjao noOyaoBaHO rpad-
MoJieb 13 OpIEHTOBAaHMMHU 3B'I3KamMHM MK napamerpamu (puc. 1). Ha puc. 1 BBeneni Taki
no3HaueHHsa: X1 — Bximuuit curHan, yl, y2, y3, y4 — Buxinai curnanu; al, a2, a3, a4, a5, a6,
a7, a8 — Baru I-X ejeMeHTiB; Ry. — omip 0OMOTOK 3a MOCTIHHHUM CTpyMOM; R,; — omip
1301141111 0OMOTOK; tgA — TaHT€HC KyTa J1eJIeKTPUYHUX BTpaT.

O6puB naHutora

MiXBUTKOBE 3aMUKaHHA

Mpobiii

OecbekTiB He BUsiBNEHO

Puc. 1. liarnocTu4yna rpag-moaenn

Ha ocHoBi mnoOynoBaHOi mJiarHOCTHYHOI Trpad-MoJeNi OIIHKK CTaHy OOMOTOK
TpaHchopMaTopa OTPUMYEMO CHCTEMY JIIHIMHUX PIBHSHb
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yl=Al-al+A2-a2
y2=Al-al+A2-a3+A3-ab _
y3=Al-a4+A4-a5+A2-a3+A3-a7’
y4=Al-a4+A4-a8

OpienToBaHmii rpad MOXKHA 3aMiHUTH KBAIPATHOK MATPHIICIO BUTIISLY

C=[c].i=Ln;j=1n,
ae N — yucio O10KiB; ¢jj =1 — 1 Bumaaky 6e3rnocepeiHb0 CIOIyYeHNX OJIOKIB | Ta j, Cjj
=0 — 610k | Ta ] Oe3mocepeIHBO HE CIIOTYUCHI.
Psaakamu B Mid MaTpuil CayXKaTh KIHIEBI pPe3yJbTaTH pPIiBHSAHL (HECIPAaBHOCTI),

CTOBIIISIMH MTapaMeTPH JA1arHOCTUKH (A)
Al-al A2-a2 0 0

|Alal A2:a3 A3-a6 0
" |Al-a4 A2-a3 A3-a7 A4-ab|
Al-a4 0 0 A4-a8

[Ipu BUSBIICHHI TaKUX HECTIPABHOCTEH, SIK: MI)KBUTKOBE 3aMHUKaHHS 1 Ppo0Oiid, 6axaHo
MIPOBOMTH MEPEBIPKY OMOPY KOPOTKOTO 3aMUKAHHS Z.
IIpu BigxwmiieHHI mapameTrpa Zx MOXXHA pPOOMTH BHCHOBOK MPO jAedopMalliro 0OMOTOK

(puc. 2).

MixeuTkoBe TaK Hedopmauis
3aMUKaHHS Tak 0BMOTOK
Tak HI
‘v echopmaunii
n in A
pod obMmoTOK
He BUSIBNEHO

Puc. 2. Aaropurm BusiBJIeHHs AedopMmallii 00MOTOK TpaHcopMaTopa

Hedopmartis oOMOTOK BiOYBa€eTbCSl Yy BHIAJKy MPOTIKAHHS CTPYMIB BHUINUX 3a
HOMIHAJIBHI, IO CYMPOBO/KYETHCSI 3HAUHUM HarpiBaHHsM. Lle mpu3BOAMTH 10 pyHHYBaHHS
1301141111 0OMOTOK Ta BUXOZY 3 Ja1y TpaHchopmaTopa.

TakuM uyMHOM, NOOyJOBaHAa MJITHOCTHMYHA Tpad-MoOJenb OLIHKM CTaHy OOMOTOK
CHJIOBOTO TpaHc(hopMaTopa, J03BOJIsI€ HAOYHO BU3HAYUTH HEOOXIJHY KiJIbKICTh BUIIPOOYBaHb
JUTSL BUSIBIICHHSI OCHOBHUX HECHPaBHOCTEH B 0OMOTKAX CHIJIOBHX TPaHC(POPMATOPIB, TAKUX SIK:
00puB, po0Oiii; MIKBUTKOBE 3aMHKaHHA Ta JIe(opMalliio.
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MEASUREMENT METHODS ANALYSIS OF DIELECTRIC PERMEABILITY

Abstract. Dielectric permeability is one of the main parameters characterizing the dielectrics
electrical properties. In other words, it determines how good a material is an insulator. The dielectric
permeability value shows how the electric induction dependence in the insulator on the electric field
intensity that affects it. At the same time its size is influenced not only by the physical material
properties of its own or the medium, but also by the field’s frequency. Typically, reference books
indicate the measured value for a static or low-frequency field. There are two types of dielectric
permeability: absolute and relative. Relative dielectric permeability shows the insulating (dielectric)
properties ratio of the investigated material to similar vacuum properties. It describes the insulating
properties of a substance in a gaseous, liquid or solid state. That is, it can be applied to almost all
dielectrics. The value of the substances’ relative permittivity in the gaseous state, as a rule, is within 1.
For liquids and solids, it can be in very wide ranges — from 2 and practically to infinity. For example,
the relative permeability of fresh water is 80, and of ferroelectrics are dozens, or even of hundreds
units, depending on the material properties. Absolute dielectric permeability is constant value. It
characterizes the isolating properties of a particular substance or material, regardless of its location
and external factors. The dielectric permeability, or rather its importance, is used in the new
electronic components design, in particular capacitors. Future dimensions and electrical component
characteristics depends on its value. This value is also taken into account in the development of whole
electrical circuits (especially in high-frequency electronics) and even integrated circuits.

Key words: dielectric permeability, measurement methods, capacitive methods.

Each material has a unique set of electrical characteristics, depending on its dielectric
properties. Accurate measurements of these properties can provide scientists and engineers
with valuable information to properly include the material in its intended application area to
improve the structures reliability or to production process monitor in order to improve control
quality.

Measuring the materials dielectric properties can provide information about parameters
that are critical in designing in many electronics applications. For example, the loss in cable
insulation, the substrate impedance or the dielectric resonator frequency depends on their
dielectric properties. This information is also useful for improving the ferrites and absorbers
properties. Knowing the dielectric materials properties also gives advantages in more modern
applications from areas of industrial microwave food, rubber, plastic and ceramics processing.

Knowledge of the matter permittivity is of great physics and engineering importance.
The development in recent year’s science has expanded the dielectrics application field, new
materials have been developed, and new problems have emerged in the study of their
properties. Recent advances in ultrahigh-frequency (microwave) physics have led to the need
the behavior of matter study in the newly developed wave bands, and advances in microwave
technology have made its possible to create new methods for measuring matter dielectric
permeability.

In the literature [1-2] there are data on the use of a large number of dielectric matter
permeability on a microwave measuring methods. The paper describes the most frequently
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used methods that indicate achievements in the field of improving old and developing a
number of new measuring methods for matter dielectric permeability on microwave
frequencies. The main attention is paid to the physical side of the substance measurements
problem. Proceeding from this, a classification of the measurement methods is carried out,
and some new methods for measuring these quantities are described in more detail. The
problems of measurement techniques are paid less attention and do not touch upon the issues
associated with a detailed analysis of the errors that arise during measurement.

The purpose of this paper is to analyze methods for determining the electrodynamics’
parameters of dielectric materials.

The choice of the measurement method is determined by many circumstances, among
which the frequency range, the material properties under investigation, and the need to sample
influence by any external agents (temperature, radiation, magnetic or electric field, etc.) are of
primary importance. The mechanical material properties, which determine the possibility of
its processing, strongly influence the method choice, along with the material amount that
determines the dimensions of the sample. The dielectric permittivity values and losses also
have significance, since methods suitable for measuring samples with a small permeability
value are unsuitable for samples with high values.

The method simplicity, the calculation formulas type and the results obtained accuracy
are of great importance in measurements. The measurements accuracy, in turn, depends on the
quality and debugging; the equipment used, and on the assumptions made in the calculation
formulas derivation. Nevertheless, each method can be conditionally characterized by some
accuracy obtained by estimating the errors of all the measured quantities. The conditional
accuracy is understood here in the sense that it can be improved by using more sophisticated
equipment, provided, however, that the error caused by the assumptions made is relatively
small. When measuring complex dielectric permittivity over a wide frequencies range, it is
not always possible to measure both the real and imaginary parts equally accurately. In most
cases, the real part is measured more accurately than the imaginary part, and the actual
measuring method the actual part is often much simpler. In cases where only the dependence
of the real part on frequency is known, one can find the frequency dependence of the
imaginary part.

Conclusions The existence of a large number of measuring complex dielectric
permittivity methods and is determined by the presence of a transmission lines variety, the
various parameters choice that are convenient for measurement, using samples of different
shapes and choosing their location in the system. The common for all methods is that one way
or another determines the change in the phase propagation permittivity when a test dielectric
is introduced into the system and the relationship of this change to the substance permittivity
value is established. These relationships can be very different in each individual case, which
determines a large number of measurement methods.
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BU3HAYEHHS OBYUCJIOBAJIBHOI PECYPCOEMHOCTI
MATEMATHYHUX MOJEJIEN HAKJIAJTHUX BUXPOCTPYMOBHX
INEPETBOPIOBAUYIB I3 BPAXYBAHHSAM E®EKTY HIBUAKOCTI J1JIA 3ATAY
OIITUMAJIBHOI'O CUHTE3Y

Abstract. At work the calculation of the density distribution of eddy current excitation
coils for circular and rectangular shape of the formulas accurate mathematical model by
varying two spatial coordinates J = f(x, y). Established that the computational complexity of
calculating eddy current density distribution for accurate mathematical model by changing
even two spatial coordinates is large enough. That use accurate mathematical model directly,
relying value eddy current density distribution at points controlled zone, it is impractical
given the large specific resource consumption computing process. The necessity of using
metamodels in problems of optimal synthesis of eddy current converters is shown.

Key words: eddy current converter, coil excitation, mathematical model, optimal
synthesis, computational workload, metamodel, distribution of vortex currents density.

Anomauia. B pobomi 6UKOHAHO PO3PAXYHOK PO3NOOINY WINbHOCMI UXPOBUX CIMPYMIG
0Nl KOMYWIOK 30Y0JCEeHHsL KpPY208oi ma NpaMOKYmHOI ¢hopmu 3a Gopmyramu mouHoi
mamemamuyHoi Moodeni npu  8apiloganni 06ox npocmoposux koopounam J = f(Xx,y).
Bcmanosneno, wo 064ucniosanbHa CKiIaOHiCmb pO3PAXYHKY PO3NOOILY WILbHOCMI UXPOGUX
CMpYMI8 3a MOYHOIO MAMEMAMUYHOIO MOOEI0 NpU 3MIHI HABIMb 080X NPOCMOPOBUX
KOOpOUHam € 00Cmamubo 6eauxkoio. Toomo eukopucmosysamu moyHy Mamemamuyty
MoOdenb 6e3nocepedHbo, po3paxo8yioyu 3HAYeHHs PO3N0OLNY WiTbHOCMI 8UXPOBUX CMPYMIE 6
MOYKAX KOHMPONbOBAHOI 30HU, HEOOYINIbHO 3 02180y HA 3HAYHY PecypPCOEMHICMb
obuucnosanrbHozo npoyecy. llokazana HeobXiOHiCMb 3ACMOCYBAHHA MeMamooenell 8 3a0auax
ONMUMATILHO20 CUHIME3Y BUXPOCPYMOBUX NEPEMBEOPIOBAUIS.

Knwuosi cnoea: suxpocmpymosuii  nepemeoprogay,  KOMywika — 30Y0d4CeHHs,
MamemMamuyHa — MoOelb,  ONMUMANbHULL — CUHMeE3,  OOYUCTIOBAIbHA — PECyPCOEMHICMb,
Memamooenb, po3nooil WilbHOCMI BUXPOBUX CIMPYMIG

Beryn. BuxpocTpyMOBHUH  METOJ KOHTPOJK IIMPOKO BUKOPUCTOBYETHCA  JUIS
BUSIBJICHHS 1 BU3HAUYEHHS MapaMeTpiB J1e(eKTiB, KOHTPOIIO po3MipiB 06’ exkTy KoHTpoto (OK)
1 mapameTpiB BiOpaliii, BU3HauUeHHS (PI3MKO-MEXaHIYHHUX [apaMeTpiB 1 CTPYKTYPHOTO CTaHy
MmarepiasiB, BUSBJIECHHS €JIEKTPONPOBIIHUX 00'€KTIB Ta 1HIIL

OpHiero 13 XapakTEpPUCTUK BUXPOCTPYMOBOIO METOJY € UYTJIUBICTh A0 AEPEKTy, sKa
3aJISKUTh Bl YMOB IPOBEACHHS KOHTPOJIO, €IEeKTpOo(i3MUHUX MapamMeTpiB MaTepiany Ta
B3aEMHOTO pO3TalllyBaHHA BHUXpocTpymoBoro meperBoptoBaua (BCII) ta OK. Tak,
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HAIPUKIIAJ, TIPU PO3TAILYBaHHI MIOBEPXHEBOI TPIIIMHU KIHIIEBOI JOBXHUHU 1] TEOMETPUYHUM
HEHTPOM OOMOTKH YyTJIMBICTh OyZ€ HYJIbOBOIO, MiHIMAJIbHA UYTIUBICTh CIIOCTEPIra€ThCs IS
BUIMAJKy pO3TAIlyBaHHS TOBEPXHEBOi TPIIIMHU MapajeabHO [0 BHUXPOBUX CTPYMIB;
MaKCHMaJibHa — SKIIO TPIIMHA MEPIEHANKYIISIPHA IO HAPSIMKY BUXPOBHX CTPYMIB.

OpmHopinHuic po3noAin miibHOCTI BuXpoBuX cTpymiB (ILIBC) B 30HI KOHTpOIIO
3a0€3MeUnTh 3MEHIICHHS 3aJeKHOCTI YYTIMBOCTI MEpeTBOpIOBaya 10 Je(deKTy BiX
po3ramyBanHsi BigHocHO OK. 3amauy ctBOpeHHs1 omHopimHoro posmnoainy IHIBC B 30H1
KOHTPOJIIO MOXJIMBO BHPIIIUTH 3aCTOCYBAaHHSIM ONTHMAJIbHOTO MapaMETPHUYHOIO CHHTE3Y
cTpykTypu KoTymok 30ymxeHHs BCII. Peamizamis 3amadi  onTUMaJbHOTO CHHTE3Y
nepenbavae OaraTokpaTHe BUPIIIEHHS 3a/1a4i aHAITI3Y JUISl KOXKHOT CTPYKTYPH 30Y/IKCHHS.

Cunte3 BCII i3 3amaHor0 KOH(}IrypaIi€o 30HAYIOUOTO TOJISI B 30HI KOHTPOJIIO
BUKOHYBABCSl paHille 1 pe3yabTaTh MpeAcTaBieHi B pobortax [1-6], mpum mpomy B
JTOCTiIKEeHHAX po3rsananucs Hepyxomi OK 0e3 BpaxyBaHHsI peakilii eJIeKTPONpPOBiIHOTO
cepenoBuina. J{oCIiPKeHHS] CTOCOBHO CHHTE3Y oaHOpiaHOoro posnoainy IIIBC B cepemoumii
OK 13 BpaxyBaHHSM e()eKTy LIBUAKOCTI B HAYKOBUX JDKEpeax BiJCYTHI.

MeTo10 OCTIKEHHS € OI[iHKa MOXIJIMBOCTI PO3PaxyHKY IIIIBHOCTI BUXPOBUX CTPYMIiB
B KOHTPOJIbHUX TOYKaX MPOCTOPY, PO3TALIOBAHUX Ha MOBEPXHI 00’€KTY B 30HI KOHTPOIIIO, y
3aJayax ~CHUHTE3y BHUXPOCTPYMOBUX IIE€PETBOPIOBAYiB 3  BHKOPHCTAHHSIM  TOYHHUX
eJIeKTPOAMHAMIYHUX MOJETEH.

LlinboBa QyHKITiS 1715 TOCTAHOBKY 33/1a4i ONTUMAIBHOTO CHHTE3Y Ma€ BUTIIS:

2

N
Ftarg et — Z(‘J - ‘Jreference) — min ) (1)

i=1

ne J - posmoxin IIBC B xonTpombHHX Touykax Ha OK, cTBOpeHHil KOTYLIKOIO

30y/UKEHHS Ta BU3HAYCHUH 32 TOYHOIO €JIEKTPOINHAMIYHOI0 MaTEMATUIHOIO MOJIEILTIO;

Jreference - OaxkaHu ogHOPiAHME posmoain [1[BC;

N - KUIBKICTh KOHTPOJIBHUX TOYOK B 30HI.

Posnogin HIBC B KOHTPOJBHMX TOYKaX OIUCYETHCS 3a JOMOMOIOK MaTeMaTH4HOI
MoOJiel, SIKa € CKJIaJHOIO (PYHKIIIOHAJIbHOIO 3aJIEKHICTIO BIJ CYKYIHOCTI IapameTpiB:
IPOCTOPOBUX KOOPAMHAT, BUCOTH pO3TallyBaHHs neperBoproBaya Hajg OK, reomerpuuHux
napaMeTpiB KOTYIIKM 30y/DKEHHS, YacTOTH 1 CTpyMy 30yIKEHHS, eJIeKTpO(I3HYHUX
napameTpiB MaTepiany, mBuaKocTi pyxy OK Ta iHII, KOTpY OTpUMYIOTH 13 AndepeHIialbHuX
piBHAHb MakcBena.

SAxmo OK € pyxomuMm, TO HEOOXiHO BPaxoOBYBaTH J0/AaTKOBO HaBeJE€HI BHUXPOBI

CcTpyMH, TOOTO edekT mBUAKOCTI. Toal npu O :(Ux,l)y,O) CTPYM IIPOBIAHOCTI OMHUCYETHCA
HACTYITHUM DPIBHSHHSM:
J=0-(E+0xB), )
1€ O — eJeKTPOIPOBIIHICTb.
Po3B’s130K nuepeHialbHOro piBHSHHSA 3HAXOAUTHCS NMPH HACTYMHUX JIOMYIIEHHSIX Ta
FPaHUYHUX YMOBAaxX: CEpellOBUINE JIiHINHHE, OJHOpiAHE, 130TPOINHE; 00 €KT KOHTPOIIO
PYXOMHIA, CTPYMOITPOBITHHA, HECKIHYEHHOI IMUPHUHH, TOBXUHHU Ta Ma€ KiHIIEBY TOBIIMHY d ;

KOTYyIIKa 3HAXOAUTHCS B OJHOMY TMIOJOXKEHHI HaJ OO0 ’€KTOM KOHTPOJIO; KOTYIIKA
30y/DKYETBCS 3MIHHAM CTPYyMOM /[ YacTOTOK ), TPOBIIHHUK KOTYIIKH TPEACTABISIETHCS

HECKIHYEHHO TOHKUM; €NeKTPo(i3ndHi mapamMmeTpu O, [, 1 WBHAKICTB PyXy U € CTAIMMH;

TaHTeHIlanbHI ckiafgoBi H 1 HopManbHi ckianoBi B Ha rpanuili po3ainry cepemoBuir 1
(moBiTps) 1 2 (cepenorutie OK) HenepepsHi:
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B

Hy=Hy, B, = 2n

Jis po3B’s13Ky IU(EpeHiaIbHOTO PIBHSHHSA B YAaCTMHHUX IMOXIAHUX 3aCTOCOBYETHCS
METOJ IHTETrpalibHUX NepeTBopeHb Dyp’e B OEKapTOBiM CHUCTEMI KOOpIMHAT, a came, Ha
nepuioMy erami npsMe MOoJBIHE IepeTBOPEHHSA, pE3YylbTaTOM fKOI'0 € 3BHYaiiHe
nudepeHIiianbHe piBHAHHS i1 300paxkenHs [7, 8]. Po3p’s3yroun piBHSHHS A5 300paskeHHS,

OTPUMYIOTh KOMIIOHEHTH IIIJILHOCTI MarHiTHOTO IMOTOKY bx,by,bZ,TO6TO iX 300pakeHHs 3a

nepeTBopeHHss Dyp’e. s oTpuMaHHS PO3B’A3KY pPIBHSAHHS N0 3HAWIACHUX 300pa’KEeHb
3aCTOCOBYETHCS 3BOPOTHE repeTBopeHHss Dyp’e. Po3B’s3koM audepeHIiaibHOro piBHSIHHS €
CKJIa[I0B1 MarHiTHOI IHAYKLIi B,, By, B, no npocropoBuM koopauHatam [7, 8]. Toai ckiaagosi
HIUTBHOCTI CTPYMY IO MPOCTOPOBUM KOOpPAHMHATaX X, ) 1 Z BIAMOBIAHO BU3HAYAIOTHCS 3a
dbopmynamu:

1 [oB, 0B, 1 .[GB oB } ] 1 [oB, o8, @)

JX:—. _Z__, J= Z=
Mo 1, | Oy Oz STy Mo, | OX 0y

®opmynu  CKIAI0BUX MArHiTHOI iHAyKuii B,, B,, B, MICTATb HEBJACHI KpaTHi

inTerpanu I-ro poxy. s o6unciaeHHs] HEBIACHUX 1HTETpalliB 3 HECKIHUEHHUMH MPOMIKKAMU
IHTETpyBaHHS BUKOPHUCTOBYETHCS METO/T YCIYCHHS.

9
&

&8

v

Puc. 1. 'eomerpuyuna Mmogenb kotyumku 30yaxeaust BCII: a - BuTok kpyrosoi ¢gopmu; 6 - BUTOK
NPSIMOKYTHOI ¢oopMu (PAaMKOBHIi); B - BUTOK NPAMOKYTHOI (popMHU (PAMKOBHIi TAHTeHIiaJbHUI); T -
KPYroBa KOTYHIKA i3 IPAMOKYTHHM NMONEPEeYHUM IepPeTHHOM
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B peanpnux konctpykiisix BCII B skocTi KOTYIIKM 30yHKEHHS 3aCTOCOBYETHCS HE
onuH BUTOK (puc.la-B), a KoTymka, sika Mae N BuUTKiB (puc.l r), Tomi Ans po3paxyHKY
posnoauty LIBC MaTtemaTHuHy MOJENb TOMOBHEHO 1HTEIPYBAHHSM IO IUIOLI MOMEPEYHOTO
NEePEeTHHY KOTYIIKH.

Hns pospaxynky posnoairy ILIBC B 30HI KOHTPOJIIO B SIKOCTI KOTYIIKH 30Yy/KCHHS
HakmagHoro BCII B po60OTi BUKOPUCTOBYBABCSA BUTOK 13 3MIHHHM CTPYMOM / 9acTOTOIO @), 110
po3raioBaHuii Ha BUCOTI Zg Haa OK ToBumHO0 d 3 €1eKTpoQi3NYHUMHU TTapaMeTpaMu O, Uy
(puc. 1, a-B). IIpu oMy BUTOK MOke OyTH KpyroBoi ¢opmu i3 paxiycom Iy (puc. 1, a) abo y
BUTJISII PaAMKH 13 po3mipamu axb i3 pisaum posramryBanusam Bignocuo OK (puc. 1, 0, B).

Poszpaxynoxk posnoainy HIBC mnst korymok 30ymkenHs (puc. 1, a-B) BUKOHYETbCS IS
BUIAJKy BapilOBaHHS TUIbKH JIBOX IPOCTOPOBUX KOOpAMHAT 3a (opMylaMu TOYHOL
MaTeMaTHYHOI MOJIeJNi TPU HACTYITHUX BHUXIJIHUX JaHuX Taobi. 1.

Tabmung 1 - Buxinni gani ms po3paxynky HIBC

reoMeTpUYHa . CTpyM
po3Mip BHCOTA 4acToTa TOBILUHA
MOJIENb KUBJICHHS . X . .
30HU PpO3TalTyBaHHS 3MIHHOTO 00’eKTy enekrpodiznuni

KOTYIIKH KOTYILKH

KOHTPOJIIO BCII nan OK crpyMy | koHtpoio | mapamerpu OK

30y IKCHHS XXy 7 30y IKCHHS f 7 d
BCII A 0 MM 14 LU '

puc. 1, a 50x50 3 & =25.10° cﬂ%
puc. 1,06 80x48 10 1 100 10 1 M
puc. 1, B 15x35 3 Hy =

YucenbHi pe3ynbTaTH OTPUMAHO 3 BHUKOPHCTAHHSAM IaKeTy MNPUKIATHUX Hporpam
MathCad 15 npu nactymHomy pecypcHomy 3abe3neuenni: CPU Intel(R) Core 15 PC, 2.9 GHz,
RAM 8 I'6, 64-po3psaHoi onepaniiHol CUCTEMHU.

B Tabn. 2 HaBeaeHi pe3ynbTat po3paxyHky posnoaury LIIBC nns korymiku 30ymKkeHHS
KpYroBoi (opMH TIpU DPI3HUX TFE€OMETPHYHHMX PO3MIpax KOTYIIKH [, Ta BIANOBIAHO NpU

Hepyxomomy OK i ipu BpaxyBaHHI HOTO MIBUIKOCTI PyXy IO O/IHIi CKIIAIOBIH , .

Tabmuus 2 - 3aTpatu yacy Ha po3paxyHok posnoniny LIIBC nmns kpyroBoi KOTyIIKH
30ymKeHHs

0 =(v,; Uy) Bapiant St o '
PO3IOIiTY 7 : Posmoxin IIBC
M/c 1IBC 200 MM
(0; 0) a 3,5
5
(40; 0) § 8
(0; 0) B 11
35
(40; 0) r 20
B r
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B ta61. 3 HaBeneHi pe3ynbratu po3paxyHky po3noaury HIBC mis koTymku 30ymKeHHs
npsMOKYTHOT (OpMH TP OJHAKOBMX T'€OMETPHYHHX pPO3Mipax KOTYIIKH aXb Ta mpu

BpaxyBaHHI WBUAKOCTI pyxy OK 1o onmiit ,,_ 110 ABOM CKI1a/10BUM DD, "

B 1a61. 4 HaBeneHi pe3ynbTatu po3paxyHky po3noaury HIBC mis koTymku 30ymKeHHs
npsaMokyTHOi (opmu (tanrenuianshuid BCII) mpu 0AHAaKOBHX T'€OMETPHYHUX PO3Mipax
KOTYIIKH axb Ta mpu BpaxyBaHHI mBHIKOCTI pyxy OK mo ozHi#, 1BOM CKIIaIOBUM, a TAaKOX

npu Hepyxomomy OK.
Tabmums 3 - 3aTpatu yacy Ha po3paxyHok posnojainy LIBC mis npsMOKyTHOT KOTYIIIKH
30yKEHHS
0 =(v;0,) Bapiagn St axh, .
posrominy r Posnozin HIBC
M/c IJ_IBC 200 MM
(0: 0) a 2,5
(10; 0) 6 3-4 -
N
>
S
<t
(0; 10) B 3-4
(10; 10) r 7-8
0 B r

Tabmuus 4 - 3aTtpatu yacy Ha po3paxyHok poznoaury IIIBC mns korymku 30ymKeHHs
npsAMOoKyTHOI hopmu (TaHreHuiansHui BCIT)

v =(v,v,) Bapiant |y axb
posnominy pos? ' Posnozin IBC

wle IBC |20 | ™
(0: 0) a 2
(40; 0) 0 4

a

<

a
(0: 40) B 4
(40; 40) r 7

B r
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Jani i3 Tabm. 2 cBigyaTh, MO 4yac Ha po3paxyHok posmoaiury LIBC mna koTymiku
30y/KeHHsT KpyroBoi Gopmu npu HepyxoMmomy OK 3aexuTh BiJi reOMETPUYHHUX MapaMeTpiB
BUTKA. Yac po3paxyHKy HE CYTTEBO 30UIbLIYETHCS MpH BpaxyBaHHI ImBHAKOCTI pyxy OK.
AmHani3 tabn. 3 mokasye, 0 HAa CyMapHI YacoOBi 3aTpaTH HE CYTTEBO BIUIMBA€E MIBUAKICThH
nepemimieHHss OK. Tak yac Ha po3paxyHOK B OJIHIM TOYIll CKJIajae MpuOIu3HO 28-33 cekyHau
HE3AJICKHO BiJl KUIBKOCTI Ta XapaKTepy CKJIaJI0BHX MIBUIKOCTI, IO BpaxoByBaiucs. B tabmn. 4
HaBeJeHI 3aTpaTH dYacy Ha po3paxyHok posnoainy HIBC i korymiku 30ymKeHHS
npsaMokyTHOi (Gopmu (Tanrenuiansauid BCII). Sk 1 B momepeaHbOMYy BHIAQJAKY IIBHIKICTh
pyXy Maif’ke He IIJIMBA€E Ha 4ac PO3paxyHKy, SIKMM B JaHOMY BUMNAAKY ckiagae 12-18 cexkyHn
JUTSL OHI€T TOYKHM 30HU KOHTpoIto. Jlis Bcix Tphox BumaAkiB KOHCTpyKIii BCII po3momin
IIIBC BuxonyBaBcs Ha moBepxHi OK, ToOTO 0€3 BpaxyBaHHS HOro 3MiHM 1O TJIMOWHI
marepiany OK.

BucHoBku Pe3ynbTaTé 1€MOHCTPYIOTH, IO OOYMCIIOBAIbHA CKIIAIHICTH PO3PAXYHKY
pO3MOMINY WIUIBHOCTI BHUXPOBHX CTPYMIB 3a TOYHOK MATEMaTHYHOIO MOJICIUII0 IPHU
BapilOBaHHI TUTBKU JBOX MPOCTOPOBHX KoopauHat J=f(X,y) € mocTaTHbO Bearko. OYEeBUIHO,
110 Yac Ha PO3PaxyHOK e 30UTBIIUTHCS, IKIIO cucTeMa 30yKeHHs Oye MaTH KOTymKy i3 N
BUTKIB, /e HEOOXIJJHO BpPaxOBYBAaTH [I0JIATKOBO 1HTErPYBAaHHS IO IUIONII ii MOMEPEYHOro
nepeTuHy. TakuM YHHOM, BHUKOPHUCTOBYBATH MAaTEMAaTU4YHY MOJEIbh O€3MOCepeaHbo,
PO3paxOBYIOYH 3HAYEHHS PO3IOJALUTY LIUIBHOCTI BUXPOBUX CTPYMIB B TOYKAaX KOHTPOJIbHOT
30HH, € HE MEPCIIEKTUBHUM 3 OISy Ha 3HAUYHY PECYPCOEMHICTh OOYUCITIOBAIHLHOTO TPOIIECY.
Y BHUMAIKy KOJHM 3a/aya ONTHMAJIbHOTO CHUHTE3y Oyne OararomapaMeTpuyHa, HaNpUKIa,
J=f(X,y,z) wac Ha pO3pPaxyHOK 3HAYHO 30UIBIIMTHCS, MO0 MPAKTUYHO YHEMOXKIIUBIIIOE
BUpilIeHHA 3aj1adi cuHTe3y. OAHMM 13 NUISXiB BUPILIEHHS OPOOJIEeMU OOYHCIIOBAIBLHOL
PECYPCOEMHOCTI € 3aCTOCYBAHHSIM TEXHOJIOTIT CyporaTHoi onrumiszariii [9-13].
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KOMITIOTEPHE MOJEJIIOBAHHS ITPYKHOI'O CTAHY JETAJIEA

Abstract. The used method of the final elements for modeling the elastic state of the
part "armchair” is given. The simulation results from the application of the FEMAP software
system have shown its effectiveness for studying the design of components operating under
difficult operating conditions.

Key words: computer modelling, final elements analysis, elastic state of the part

Komm’torepHe MopentoBaHHS € OAHUM 3 €(EeKTHBHUX METOMIB BHBUCHHS CKJIAaHHX
cucreM. Komm’toTepHi MOZesi € MPOCTUMHU 1 3pyYHUMH JUIsl TIPOBEJICHHST OOUUCITIOBAIBHUX
excrepuMeHTiB. KoM’ roTepHe MOAETIOBaHHS HAlla€ MOXIIMBICTH JOCHIHKYBAaTH TPOLECH B
TUHAMII, KepyrouH iX TPUBATICTIO, 3/IACHIOBAaTH OaraTopa3oBi BUIPOOYBAHHS MOYATKOBOT
MOJIelTi, OTPUMYBATH PI3HOMAaHITHI XapaKTEPUCTUKH 00’ €KTY B YHCIOBOMY ab0 rpadidHOMYy
BUTJISI/L, 3HAXOJUTH ONTUMAJIbHE MPOEKTHE PillleHHS 0e3 BUTOTOBJIEHHS JOCHITHUX 3pa3KiB.
[Tpu KOMIT'FOTEPHOMY MOJIENIOBAaHHI BUKOPUCTOBYIOTHCSI METOJ KIHIIEBUX €JIEMEHTIB, METO
KIHLEBUX Pi13HMIIb, METOJI BY3JIOBUX MOTEHIiasiB ToIo [1].

BuxopuctanHsiM MeTOAy KIHLEBHUX €JEMEHTIB Ha ChOTOAHI € (PAaKTUYHO CBITOBUM
CTaHJApTOM JJIsI PO3PaxyHKIB KOHCTPYKLiil netaneil. OCHOBOIO LIbOTO € YHIBEPCAJIBbHICTH
METO/Y, IO JO03BOJISIE €IMHUM CIIOCOOOM pO3paxOBYBATH KOHCTPYKIi AeTanedl 3 pi3sHHUMHU
BJIACTUBOCTAMHU  MarepiaiiB. [HydkicTb MeTOAy KIHIEBHX €JIEMEHTIB 3a0e3mneuye
0araToBapiaHTHICTh CIIOCOOIB MOJICIIIOBaHHS KOHCTPYKIIii [2].

ToMy MeToj KiHIIEBUX €JIEMEHTIB € YHIBEpCaJIbHUM 3acO000M aHajii3y KOHCTPYKIIH
neraneit 1, cepen Oaratrox moxeneit CAD / CAM / CAE — nporpaMHUX MakeTiB KIHIIEBO-
€JIEMEHTHOT0 aHali3y, Ma€ Ba)KJIMBE 3HAYECHHS.

CydacHMUM TPOTPECHBHAM TIPOTPAMHUM CEPENOBHINEM JUIS BHpIMICHHS 3a/1ad
imxeHepHoro anamizy € FEMAP, mo no3Boisie CTBOPIOBATH KiHIEBO-ENEMEHTHI MO
JeTaned, CKJIaJHUX BHUPOOIB Ta CHCTEM I BHKOHYBAaTH aHalll3 OTPUMAaHUX pe3yJbTaTiB.
FEMAP nomomarae 4iTKo MPEeACTaBUTH KapTHHY MOBEIIHKH TOCIHIIKYBaHOI KOHCTPYKIIii
BupoOy [3].

3a 10TIOMOr0I0 IHCTPYMEHTIB YnciIeHHoro MojemoBaHHs FEMAP M0oXIHBO: OLIHUTH i
MOJIIIINTA eKCIUTyaTal[ifiHl XapaKTepUCTUKU Ta SAKICTb BHpPOOYy; CKOPOTHTH (HiHAHCOBI
BUTpPAaTH Ha BUTOTOBJICHHS JeTalieil; MOPIBHATHU pi3HI BapiaHTH reoMeTpii KOHCTPYKIIi Ta
BUKOPHCTOBYBAaHMX MarepialliB; ONTHUMI3yBaTH KOHCTPYKLIIO JeTail 1 3HU3UTH BUTPATY
marepiais.

MeTo KIHLIEBUX €JIEMEHTIB € IMOTYXXHHM I1HCTPYMEHTOM BH3HAY€HHS MOTEHLIMHUX
negopmariiif, MO BHKJIMKAHUX THPOIECOM MeXaHi4HOI 00poOku. BukopucToByroun
pe3ynbTaTH aHai3y 3a METOJOM CKIHUYEHHHUX eJIEMEHTIB, MOJXKHa TMPOEKTYyBaTH 1
IPOTHO3YBATH MOTEHLINHI 1edopMarii i SMEHIIUTH 3arajibHi BUTPATH MIPH BUPOOHULITBI

47


mailto:voloshko_o@ukr.net

[ToyaTkOoBHM eTamoM HPOBEAEHHS pPO3paxXyHKIB e€JIeMEHTa KOHCTPYKLIl € aHawi3
reoMerpii Tina, yMOB HOro HaBaHTAXXCHHS, BJIACTUBOCTEH Marepialy Ta CTBOPEHHS
po3paxyHKoOBO1 Mozieli. Po3paxyHkoBa MoJieslb € IEBHUM HAOJMKEHHSM JI0 pealibHOIO Tila 13
MaTepiaqy WOro BHTOTOBJCHHS Ta YMOBaMH eKcIUTyaTalii. BoHa J03BoJisi€ BHUKOHATH
YUCEIbHUN PO3PAaXyHOK KOHCTPYKIIII JeTalli Ha OCHOBI ii reoMeTpii, MaTepianay, MOYaTKOBUX
Ta TPAaHUYHUX YMOB [4].

JUis BUKOHAHHSI KOMII'IOTEPHOTO MOJEIIOBAaHHS BUOpPaHO JeTajb «KOPOMHCIO» 3
JOBXKUHOIO 155 MM, Haiibinb1Io0 mupuHO0 30 MM Ta BUCOTOIO 9.5 MM Ta Ma€e OCHOBUH OTBIp
niametrpom 6.1 mm 1o Burotosiiena 3i ctam 40X JICTY 7806:2015.

Kpecnenns nmeram B mporpamHomy komiuiekci FEMAP moumnanocss 3 BU3HaueHHs
KOOPJIMHAT «KIHLIEBUX Ta MEPEeXITHMUX» TOYOK HAaHOI JeTajl Ta BHECEHHS iX B Iporpamy.
[Ticns HaHeCceHHsI LUX TOYOK HA KPECJICHHs, BOHU Oynau 3’€QHaHI JIHISAMH, IO JAO3BOJIMIIO
OTpUMAaTH JBOMIpHE KpeciieHHs aerami. [lami 3a nomomoror komanaun «Geometry—
Boundary Surface— From Curves...», noOyqoBaHa TrpaHWYHAa MOBEPXHS. 3 MOOYHOBaHOI
IPaHUYHOI MOBEPXHI, 3a qonomorow komanau «Geometry— Solid — Extrude» orpumanu
TBEPIOTIIbHY AeTanb. Hamami, 3a 1omomMororo Tiel )k KOMaHIH, 3pOOHIN 3a0KPYIJICHHS IO
KpasiM JieTaji Ta 3poOuIi OTBOPU y HEOOX1THHUX MICIISX.

Jlnist CTBOpEHHS KiHIIEBO-EJIEMEHTHOI MoJieNi MOoTpiOHO J0JaTh BCi XapaKTEPUCTHKU
MaTepiany Aeraii «kopoMucio» (komanaa «Model— Material...»). B nux xapakrepuctukax
BKa3YIOThCSl BCl HEOOXiqHI 3HaUeHHS HOro (hi3MKO-MEXaHIYHHUX BIIACTHBOCTEH: KOe(iIli€HT
ITyaccona, ryctiuHa maTepiany, Moyias FOHra Ta iHmi.

Komangoro «Model— Property...» ininiroBanacs mianorosa nanens «Define Property»,
ne kaonkoro «Elem/Property Type...» Bukiukanacs BiJIOBIIHA MMaHETb, B AKii 0yi10 0OpaHo
TUT KiHIEBUX elleMeHTiB «Solid». st cTBOpEeHHsI KiHIICBO-€JIEMEHTHOI CITKM Ha OCHOBI
CTBOPEHOTO «TBEPJOro» Tijla 3acTocoByBasiacsi komaHga «Mesh— Geometry— Solids...».
Bona Buxinkae niagoroBy nasens «Automesh Solidsy, B skiit 6yno oOpaHO paHille CTBOPEH1
BiactuBocti KE, BcranoBneno onuiro «Midside Nodesy», mo crBoproe mpomixkai By3nu KE
JU1st anpokcumariii reomerpii Tua. [licis Hatuckanns knonku «OK» BUKOHyBajacst TeHepairis
KEC. ani HeoOXiAHO 3aJaTu TpaHUYHI YMOBH, L0 MOJEIIOIOTH 3aKpilJICHHS JeTali B
CKJIaJaTbHIN oauHMIN. HaBaHTaXeHHS Ha MOJIEINI TPEICTABIISIIN Y BUTIIAII CTPIJIOUOK 3a HOTo
HaMpsIMKOM Ta YUCIIOBUM 3HAYEHHSM.

Jns BigoOpakeHHS HampyKEHO-1€(pOPMOBAHOIO CTaHy JieTall KOMaHAok «View—
Select» BuKIMKaHO BiJNOBIIHY JianoroBy mnaxens «View Selecty, ae B cekuii «Model Style»
obpano omiito «Draw Model», B cekiii «Deformed Style» — «Deformy», B cekmii «Contour
Style» — «Beam Diagram». Knonka «Deformed and Contour Data...» iHiIil0O€ 1iaJoroBy
naHenb «Select PostProcessing Datay», ne B cekii «Output Vectors» 3i criucky Oyno o6paHo
psanok «l.. Total Translation», o BiAMOBiga€ CyMapHUM BEKTOPHUMH TEPEMIIICHHSIM, a B
cekiii «Contour» — «60031..Solid Von Mises Stress», 10 BIANOBIZAa€ €KBIBaJCHTHUM
HampyXeHHs Mo rinore3l eHeprii ¢opmo3minu (Mizeca) mist o6’emuux KE. Ilicas
HaTUCKaHHS KHOMKH «OK» cTBOpeHa MoJiesb MpeACTaBIseTbCs B Je)OPMOBaHOMY cTaHi. B
npaBiil yacTuHI rpadiyHoro iHTepdeiicy mporpaMu mpeacTaBieHa KOJIbOpoBa jiarpama, 1o
BiJJoOpakae 3HAYEHHS CKBIBAJEHTHUX HANpyKeHb 3a Timorezeo Mizeca 1 00 e€MHHX
KE [4].

FEMAP no3Bonsie mepernsgatd TEKCTOBY iH(POpMaLi0 MPO pe3yabTaTh BUKOHAHHS
aHamizy. 3 Li€0 MeToro BHKOHYBajacsi komanna «List— Output— Unformatted...». B
nianorogiit maneni «Entity Selection — Select Output Set(s) to List» BuOupanu Bci eneMeHTH,
a B miamorosiil manen «List Unformatted Output» BubOupamu psimox «1..Total Translation»
JUIs OTpUMaHHA iH(popMalii Mpo cyMapHi BEKTOpHI MepeMilleHHsA. 3Hu3y Bia pobodvoi
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IJIOIMIMHU B iH(OpMaIiiHii naneni «Messagesy npecTaBiseTbest cnucok 3 Homepamu KE Ta
3HAYCHHSAMU BIJIOBITHUX BEJIMYHH.

Pe3ynbpTat MOJEMOBaHHS MPYKHOTO CTaHy JETall JaB MOXKJIHBICTh BUSHAYHTH MiCIIe
JOKaji3aii Ta 3HaUeHHs HANpYyXeHb 1 AedopMarlii, 110 BUHUKAIOTH B MPOIECi eKCILTyaTarii
KOPOMHMCJIA B CKJIaIaJIbHIA OUHUII.

TakuM YUHOM, METOJ KIHIIEBUX €JIEMEHTIB € MOTYXHUM IHCTPYMEHTOM BU3HAYCHHS
NOTEHIIHHKUX ~ aedopMariiid, 10 BHUKJIMKAaHUX  MPOIECOM  MEXaHI4HOi  0OpoOKH.
BukopucToByloun pe3ynbTaTH aHali3y 3a METOJOM KIHIEBHX €JIEMEHTIB, MO)KHa
MIPOCKTYBATH 1 MPOTHO3YBATH MOTEHINMHI nedopmarliii 1 3MEHIIWTH 3arajibHi BUTPATH TPH
BUPOOHUIITBI
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MOJEJIOBAHHSA POBOTH JIEKOJEPY TURBO-PRODUCT-KO/IIB
Y CEPEJIOBHIII MODELSIM

Abstract. Results of modeling decoder of Turbo-Product-Codes are presented in this
work. The process of modeling has been performed in ModelSim environment. Testbench has
been developed to organize workflow of the decoder. The results demonstrates proper
functioning of the developed decoder.

Key words: simulation, test environment, decoder.

Jana po0oTa € mpoAOBKEHHS JAOCIHIKEHHS, IKe po3noyaTo y pobdoTtax [1, 2].

Cramis MonemoBaHHS pPOOOTH CXEMOTEXHIYHOTO ONHCY TPUCTPOI0 € OJHIEI0 3
HaBa)KJIMBIIIUX 3 TOUYKH 30py NEPEBIPKU KOPEKTHOCTI poOOTH cxeMu 3arajoM. Heszpaxarouu
Ha Te, IO JaHa CTaJis MPOXOAUTH 0e3 0e3rmocepeHhOro 3aCTOCYBaHHS anapaTHUX 3aco0iB,
caMe Ha OCHOBI 1i pe3ynbTaTiB MPHUIMAEThCA PIIICHHS MPO MEepexia A0 MoJAanbIloi cTamii
TECTYBaHHS — JIAOOPAaTOPHOIO TECTYBaHHSA. 3a YMOBHM KOPEKTHOI OpraHizaiii mporecy
MOJICJIIOBaHHSL Yy OUIBIIOCTI BUMAJKIB, amapaTHE TECTyBaHHA Ma€ MiATBEpPAXKYBATH
pe3yabTaTH, MOKa3aHi Ha CTaJlii MOJIEITIOBaHHS.

BinnoBigHO, BaXJIMBUM € caMe€ KOPEKTHE HalAlITyBaHHS TECTOBOIO OTOYEHHS
(anrm. testbench) po3po6iernoro moaymo. TecTtoBe oToUeHHs, 3a3BUYail, OPraHi30BY€ETHCS 3a
NPUHIUIIOM, KU XapakTepHHUH Ui opraHizaiii MOAYJIbHUX TECTIB, TOOTO:

1. IMonaya BXiMHUX CTUMYIIB Ha BXix TectoBoMy Moayito (anri. Design-Under-Test — DUT).
2. 3amyck poOOTH MOZYJIIO.
3. IlepeBipka criBMaAiHHS OTPUMAHUX PE3Y/ITATIB 3 OUIKYBAHUMH.

VY nanii poOOTI NpeAcCTaBieHI pe3yiabTaTH MPOBEAEHHS MOJEIIOBaHHS pPOOOTH
nexonepy TP-koxis Ha 6a3i [JIIC. Onucana meToanka oprasizaiiii TECTOBOTO OTOYEHHS IS
MpOLeCy MOJETIOBAaHHSA, a TaKOX YCi HEoOXiJHI MIArOTOBYI KPOKH, SKi HEOOXigHI s
MOBHOI[IHHOTO TECTYBaHHs CUCTEMHU. TaKOX OKpEMO BHJIIJIEHI MOMEHTH, SIKI XapaKTepHi JUis
MozenoBanHs  jgekonepy  Turbo-Product-konmis  (TP-komiB) 3  MOXKIMBICTIO — 3MiHH
00po6III0BaHOrO KOy 0€3 IepenporpaMmyBaHHs IPUCTPOIO.

CepenoBunie ModelSim [3] Bix komnanii MentorGraphics ctano crannapToM fe-hpakTo
JUIs Tipouecy po3poOku mudpoBux cxem Ha 6a3i [IJIIC abo crmerianizoBaHUX MIKPOCXEM.
Opniero 3 Horo nepesar € Te, 0 JOCTYIHa 0€3KOLITOBHA BEPCIsl MPOrpaMHOro 3abe3neueHHs,
K€ 3 IEBHUMH OOMEXKEHHSMHU MO>KHAa BHMKOPHUCTOBYBAaTH JJsi MojentoBaHHsA. OCHOBHI
BupoOHuku IUIIC (Xilinx ta Altera) y BmacHOMy mnporpamMHOMYy 3a0e3leueHHI HaJaloTh
MOXJIMBICTh 00paTh B SIKOCTI cepelnoBHIa MojentoBaHHs ModelSim, okpiM BiacHOro
IIPOTPAMHOTO 3a0€3MEUYCHHS, SKE IMOCTAYa€ThCs 3 CEPEeIOBHIAMH PO3pOOKH. MoemoBaHHS
came y cepenoBuili ModelSim 103Bosisle MPOBOAUTH TECTYBAaHHS CXEMOTEXHIYHUX OIMCIB,
AK1 MalOTh OYTH He3aJeKHUMHU BiJ LILJILOBOI MIKPOCXEMH, IO TAKOX € BEJIMKOi MepeBarolo.
TuM He MeHII, MIATPUMYETHCS TAKOX MOJICIOBAHHS 332 HAsBHOCTI KOMIIOHEHTIB, SIKI €
crienihIYHUMH 17151 TIEBHOI TI1aTHOPMH.
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Metoarka CTBOpEHHSI TECTOBUX OTOUYCHb Iepedavac akTUBHE BUKOPUCTAHHS OTleparlii
3 ¢aitmamu. Y moBi VHDL nHasBui 3aco0u miast pobGotu 3 (aiimamu, sKi HOKPHUBAIOTH
HEOOXITHUN MIHIMYM JIJIsl 3alKCy Ta YMTAHHS 3HAY€Hb 3 BiAMOBIAHUM (OpMaTyBaHHSIM. 3
NOB’s13aHI  CKJIQJHOIII, SKI BHHHUKAIOTh MPH HEOOXIAHOCTI peanizyBaTH CKIAIHY
MOCJIIIOBHICTh  3alMCY/3YMTYBaHHS 31 crnenudiuHuM QopMaryBaHHSIM. B OCHOBHOMY
BUKOPUCTOBYEThCS  (DyHKIIOHAN, SKUH HamaeThbcss JABoMa makeramu (std.textio Ta
ieee.std_logic_textio).

Jis mpoBeIeHHS MOJIENIOBaHHS POOOTH JeKoep Oyiao po3pobieHe TeCTOBE OTOUCHHS,
SIK€ JT03BOJISIE TIEPEBIPUTH POOOTY JIEKOJEPY Ha YCIX CTaifax (3amuc AaHUX, 0e3MocepeaHbo
JIEKOyBaHHs, BUIaya pe3ynbrariB). Came IeKOIyBaHHS MOKHA PO3IIUTH Ha JEKUIbKA ITiJI-
CTajii: TOMIYK MIHIMAQJbHHUX TO3MIIIH Yy BEKTOpi, reHepallisl TECTOBHX BEKTOPIB, YKOPCTKE
JIEKOYBaHHS, KOPEKIlis M’SKUX 3HA4eHb. YCiMa BKa3aHUMH ONEpallisiMH Y JIEKOJepi Kepye
MOJIyJIb CKIHYEHOTO aBTOMATy, SIKMW 3a0e3ledye IOCHiJOBHE BUKOHAHHS YCIX CTaaiid y
peXHMi, KOJIM OJOKH TPAIIO0Th MapaienbHo. JliarpaMa cTaHiB OCHOBHUX CHTHAIIIB, SIKUMH
Kepye aBTOMAT HaBeJieHa Ha puc. 1.

eq_counter_iteration

Jrea_en_work_row

104275 ns

40928 ns
Cursar 2 51095 ns

Puc. 1. liarpama cTaHiB OCHOBHUX CUTHAJIiB, KEPOBAHUX aBTOMATOM

VY naniif pobOTI mpeacTaBiIeHa METOJIUKa NMPOBEACHHS MOJIENIOBAHHS PO3pOOJIEHOr0
cxeMmoTexHiyHoro omnucy MoBoto VHDL npexonepy TP-koxis. Ilpu monemroBaHHI
BUKOPUCTOBYBAJIUCh 3aco0u cepenosuiia Mentor Graphics ModelSim. Po3pobiene
Cremiai3oBaHe TECTOBE OTOYEHHS, SKe JO03BOJIAE IO/aBaTH JaHi Ha BXiA JEKoAepy Ta
OTPUMYBATH pe3yJbTaT 3 3allUCOM OTPUMAHUX JaHUX y ¢aitn. OcobmuBICTIO PO3pOOIEHOTO
TECTOBOTO OTOYEHHS € TE€, II0 BOHO JO3BOJISIE NMPOBOAMTH JEKOTYBaHHS KUTBKOX KOIIB B
paMKax OJTHOrO TECTOBOT'O 3aIyCKy
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PO3I'OPHYTA MEPEXEBA MOJEJIb MOBIJIbHOI'O MOHITOPHUHI'Y
TA OIIEPATUBHOT'O KOHTPOJIIO 3A TIPOUECOM 3ABAHTAKEHHSA
KOHTEWMHEPOBO3IB

Abstract. Controlling the loading of container vessels is a complex and responsible
process requiring direct control by the captain. Existing methods and control systems do not
allow the automatic registration of container movements and control the overall process of
loading or shipment, which often leads to the loss of containers. Information about such
incidents does not come to the captain in his absence, or in the case of identifying the
corresponding losses, it is necessary to spend extra time at the port in port and force the
entire command of the vessel to rectify the relevant flaws. Known tools allow only preliminary
theoretical distribution of containers on the deck to visualize the future process of loading
and displaying in the three-dimensional space of the positions of each of the containers.
Existing tools do not allow monitoring real-time boot parameters and transmit data over a
distance using publicly available data feeds. The developed network model of mobile
monitoring and operational control over the loading process of container vessels has been
developed, which allows the captain to monitor the real-time loading in a free place of
residence using a publicly available computer technology, such as a personal computer,
tablet, smartphone.

Keywords: ship, loading, control, model, mobile terminal, smartphone.

HesBaxkatoun Ha 3Ha4Hy KUNBKICTh 3aJisTHUX MPAIiBHUKIB B MpOLECI 3aBaHTAKEHHS
KOHTEHHEpIB Ha KOHTEHHEpOBO3, HailOUIblIa BIANOBIAAIBHICTh IMOKJIAJAETHCS Ha KaliTaHa
cyaHa. B HallOUIbII CKIIAAHUX CUTYaLliAX, KaliTaHy JOBOAMTHCSA CaMOCTIHHO 3HAXOJUTHUCH HA
MICTKY 4M Ha mnany0l cygHa Ta CIIIKyBard 3a IpouecoM. B Ham dyac Takuil miaxifg
HEMpPUIYCTUMUN, OCKUIBKM B TakoMy pa3l KaliTaH He MOXe 3aiiMarucs I1HIIMMHU
YIPaBIiHCPKAMHU TUTAHHSAMH, IHIIMM YHHOM €()eKTHBHO BHKOPHCTATH Yac CTOSHKH CyIHA B
nopty. ONTUMaIBHUM PIIIEHHSM BKa3aHOi MpoOJieMH € MOBHA aBTOMAaTH3allisl peecTpaii Bcix
MPOLECIB, 110 B1IOYBAIOTHCS MPU 3aBaHTAKEHHI CylAHA Ta BBEJICHHS B MOJEIb J0AAaTKOBOTO
070Ky MOOIUTBHOTO TepMiHally, 32 SKMM KaIliTaH CylIHa 3MOXe CIiIKyBaTu 3a mepedirom
IPOLIECY 3aBaHTAKEHHS 3 Oy/b SIKOT TOUKH MOPTY, YU MiCTa.

MeTtow po6oTHm po3poOKa pO3ropHYTY iH(OpMaliiiHy MoJedb MOOUIBHOTO
MOHITOPUHTY Ta ONIEPATHBHOTO KOHTPOJIIO 32 MPOIIECOM 3aBaHTAKCHHSI KOHTEHHEPOBO3iB.

B po3pobneniit moaeni [1], Ha ocHOBI poOiT [2—5], poib KamiTaHa nepeadayaeThes s
MIOTIEPETHROTO IJIAHYBAHHS TIPOIIECY 3aBAaHTAXCHHS, BBEICHHS CIIY)KOOBUX TaHHUX IO
CHUCTEeMH Ta KOHTPOJIb 3a IMepediroM 3aBaHTaXEHHS 3 MICTKa, IO M030aBise Horo
MOOITBHOCTI MiJT Yac CTOSHKU B MOPTY. B crenianizoBaHux cucTteMax MIUPOKOT MOMYJISIPHOCTI
HaOynu creniaai3oBaHi TEPMiHAIN BIIIAICHOTO AOCTYIY, 5K 3 APOTOBHM 3’€IHAHHSAM, TaK 1 3
0e3/IpOTOBHM, X04 HOMEHKJIATypa Ha PUHKY OCTaHHIX HE TaKa IIMPOKa, SK MOIMEPEeTHHOTO
BapiaHTy. 3a TaKoro Mmigxoiay, KamiTaH HaOyBae MOOLIBHOCTI, aje HATOMICTh BIH 3MYIICHUM
Oy/ie MOCTIHHO HOCHUTH 3 c000t0 3aiBuil mpuiiaa. OCKITEKHU B MIPOIIEC 3aBaHTAXKEHHSI OCHOBHE
3aBJIlaHHS — 1€ MOHITOPUHI Iepebiry mpolecy Ta MOXKJIHMBICTb ONEPAaTHBHOIO BBEJCHHS
KOPEJIOIOUMX 3aBJaHb, JJOTIYHUM BHUXOJIOM 3 CHTYaIlli Oy/e amanTaiiis HasBHUX MPOTPaMHO-
amapatHuX 3aco0iB, IO BXKE 3HAXOATHCS y BIIACHOCTI KamiTaHa, 10 BUPIIICHHS MOCTABICHUX
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3aBgaHb. Jlo Takux mpuiIagiB MOXKHA BIJHECTH IUIAHIIETHI KOMIT'IOTEpH Ta CydacHi
cmapTdonu Ha 6a3i onepaniitaux cucteM Android um i0s.

MoOiTBHITT MoOimpHIIT MoOiLTpHIIT
TepMiHaI 1 TEPMIHAT 2 TepMiHaT N

.1 A3
a Android /e

H ‘
e 0 O cwem

11 11

@
GPRS 4—# V 1-@
11

Cepsep

0a3 JaHIIX

Puc. 1. Moaean B3aeMopii MOOiIbHOY cicTeMH A0CTYIY /10 cepBepy AaHHUX

Jana monens B3aemojii mependadae BHUKOPHCTAHHS JOBUIBHOI TEXHOJIOTII mepenadi
nauux, Wi-Fi uu GSM / GPRS. 3a BuKopHCTaHHS TaKOTO MiAXO0JY 3HIMAIOTHCS OOMEKCHHS
Ha MepecyBaHHs KamiTaHa. Pa3oM 3 TUM BUKOHYEThCS 1€ OJTHA BUMOTa, KA Mpea IBISETbCS
70 TIPOMHCIIOBHX KOMIUIEKCIB Ta CHCTEM 30py INaHHX — PE3epBYBAaHHS KaHAIy Iepenadi
JMaHUX. 3A1ACHIOBATH PO3pPOOKY MPOTPAMHOTO 3a0e3MedYeHHs MOTPIOHO OyAe TaKUM YHHOM,
11100 BOHO MOCTIHHO 00Mpaio HAMIIBUIIMIA 3 TOCTYITHUX IIPOTOKOJIIB Nepeaaydl JaHUX.

Takum uuHOM, po3pobieHa wMojens 3 [1] HaOyne Burisay, NPUBEIEHOTO Ha
puc. 2, po3pobiaeHoro Ha ocHoBi UML — miarpam [6].

[TponioHOBaHa MeToMKa 3a0€e3MeunTh Oe3nepepBHE HAJAXOKEHHS JaHUX B PeaJbHOMY
4aci mpo MPOIIeC 3aBaHTAKECHHS.

3a BigcyrHocti Mepexxi Wi-FI MOXyTh 3HIMarucst 3aiiBi KOLITH TPU KOPUCTYBaHHI
texHonorieto GSM / GPRS. Jlns yHHKHEHHsS BKa3aHOi CHTYyallii B pPO3pOOIIOBaHOMY
IporpaMHOMY 3a0€3IeyYeHHI MOTPIOHO BpaxyBaTd MOMIJIMBICTE BHOOPY MiHIMaJIbHOTO
4acOBOT'O MPOMIKKY MpY OHOBJICHHI1 JIaHUX.

[Ipu xOoHBeepHOMY MEXaHI3Mi 3aBaHTAXEHHs, CEpelHii yac omeparlii 3 KOHTeHHEpOM
CTAHOBUTDH OJM3BKO JBOX XBWJIMH. B 3a1eXHOCTI BiJ cuTyalii (K0 MOTPIOHO MOMEPETHBO
NEepecTaBUTH KOHTEHHEPH, 110 BXKe MICTATHCS Ha Cy[IHI a0 sKach iHIIA HEIlITaTHA CUTYyallis),
Yac Ha 3aBaHTA)KEHHS MOJXKE CSATaTH BiJl JEKIJIBKOX JECATKIB XBHJIMH, 10 JEKIIBLKOX TOAUH.

3 BpaxyBaHHAM BKa3aHMX IlapaMeTpiB, KOpPHCTyBau caM MaTHUMe 3MOTY 3aJlaBaTH
JUCKPETHICTh OHOBJIGHHS JIaHUX Ha CBOEMY CMapT(OHi, IO J03BOJUTH €(EKTUBHO
KOHTpOJIIOBATH BUTpaTH Ha oruiaty Mepexi GSM / GPRS.

Jana momens B3aemojii mepemdadac BHKOPHCTAHHS JOBUIBHOI TEXHOJIOTII mepemadi
nanux, Wi-Fi yu GSM / GPRS. 3a BukopuCTaHHS TaKOTO MiAXO0Jy 3HIMAIOTHCS OOMEKEHHS
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Ha TIEpPECYBaHHs KamiTaHa. 3iHCHIOBATH pO3pOOKYy MpPOrpamMHOro 3abe3redeHHs MOTPiIOHO
Oyzae TakuM YMHOM, 1100 BOHO MOCTIHHO 0OMpPano HAWIMIBUAIIMKA 3 JOCTYIMHHUX HPOTOKOJIB

nepeaadi JaHuX.

BATU

U

NPOrPAMHWIA B/TOK

BXI[L B CUCTEMY
ﬂ Wi-Fi / GS BXI/L B CUCTEMY
MOJYJlb OBPOBKN MOBUIbHUI ﬂ
(:::) KOH®EAEHLIHOI TEPMIHAN [ MOJY/Ib OBPOBKH
IHOOPMALLII 2-ro PIBHA | KOH®ELEHLIAHOI <:>
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Puc. 2. UML-giarpama KoM’ l0T€PHOI CHCTEMH KOHTPOJII0 3aBAHTAKEHHSI KOHTelHepoBO3y
3 BpaXyBaHHSIM MOOITbHUX NPHCTPOIB MOHITOPHUHIY AaHHUX

TakuM 4YUHOM, PO3POOJIEHO MOJENb CHUCTEMH MOOUIBHOTO MOHITOPHHIY 3a IMpPOLECOM
3aBaHTA)KEHHS, 1110 JI03BOJIMTH KaliTaHy nepedyBaTu B JOBUIbHIN TOULl OPTY Ta J13HABAaTUCh
KUTBKICHUM CKJIaJ PO3BAHTA)KEHUX UM 3aBaHTAXXEHUX KOHTEHHEpPIB, a TakoXX Oe3mocepesHi
ixH1 MapupyTHi AaHi. e, B cBOIO 4yepry, J03BOJIUTH KaliTaHy Oe31ocepeiHbO KOHTPOIIOBATH
OCTIfHI MapaMeTpu CyJHa Ta 3arnoOirTH YTBOPEHHS KpeHy 1 AudepeHTy cyaHa, 3MEHIIUTH
nanepoBuil JOKYMEHTOOOIr, MIABUIIUTH IPOAYKTUBHICTH Ipalli, CKOPOTUTH Yac Ha 0OpOOKy
iH(popMartii.
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ADJUSTABLE COMPONENTS OF NPP TECHNOLOGICAL PROCESSES
AUTOMATED CONTROL SYSTEMS

Abstract. Transfer function coefficients’ effect on the amplitude-frequency
characteristic properties, which should be taken into account when adjustable components
designing, is considered. On the example of low and high frequencies ranges first order
typical digital filters, found are the dependencies between the transfer function’s numerator
and denominator coefficients and the cutoff frequency, as well as the denominator
coefficient’s dependence on the ripple index.

Key words: low-level TP ACS, primary signal processing, characteristics correction,
characteristics adjustment, separate and complex restructuring, transfer function coefficients,
implementation of restructuring.

According to the regulatory requirements actually in force in Ukraine, each power unit
of the nuclear power plant (NPP) does obligatorily include the technological process
monitoring and controlling system. At that, modern methods of managing and synthesizing
multi-level hierarchical systems using high-performance multiprocessor complexes should be
used. In Ukraine the main producer of such complexes is the Sienctific-productional
enterprise “Radiy” .

The soft- and hardware complex for the technological processes automated control
system (TP ACS), as a variant of NPP’s specialized computer system, provides at the lower
level the collection and initial processing of data from metering instruments and their sensors,
that serving to generate safety control signals and to inform maintenance personnel about the
state of whole systems, their elements, and technological process. Quite often, when
designing the TP ACS elements, the problem of correcting and rearranging that system’s
frequency-dependent components parameters arises. Such systems represent a combination of
hard- and software arranged into a complex architecture embodying various interlinking. Such
a specialized computer (microprocessor) system performs a large number of tasks, one of
which refers to system characteristics control and correction, depending on the operation
conditions and changes occurring in the environment, the implemented technological process
and the system itself.

When such components designing, required is to solve the problem of analyzing the
influence rendered by the data collection-and- processing path components’ transfer function
coefficients onto the amplitude-frequency response (AFR) characteristics. It should be noted
that the frequency response characteristics control is possible both separately and in whole
complex. A similar problem is typical for adaptive and adjustable devices, including filters,
characterized with the same mathematical description.

This study objective is to analyze the effect of component’s transfer function
coefficients onto the frequency response properties, in order to simplify the design and control
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of soft- and hardware complexes used at the nuclear power plants’ automated process control
systems.

Here we shall consider the commonly used serial digital filters as a component of pre-
processing and filtering path. Well known is that to simplify their adjustment and control the
high-order components are built on the basis of first and second order components. Therefore,
the analysis of digital filter transfer function coefficients’ effect on the filter’s characteristics
properties has been carried out based on a first-order transfer function of such form

1+z7
H(z)=a, ——, 1
( ) 0 1+bz_1 ( )
where "+" in the numerator corresponds to LPF and "—" respectively to HPF

When substituting z* =e ' or, according to Euler’s formula, z™* =cos@— jsin e,

— — f — .
where @ — rated angular frequency, a)=27rf—,a)e[0, x], f, f,— are respectively the
d
linear frequency and discretisation frequency, then we shall get a complex transfer coefficient,
used in basis to obtain both LPF and HPF amplitude-frequency responses.
Low-pass filter
We obtained a formula for the first-order LPF, to determine the transfer function (1)

denominator coefficient b as a function depending on the cutoff frequency w. and level c,

2c?sin Z(CZCJ cos(a;J ,
b=J1- 1=c |l )

70 - 70 Cz
c? —cos?| sin| “°
2 2

However, such a representation of dependence between the denominator b coefficient

and the cutoff frequency w. for level ¢ is not satiscoefficientily good for practical
realization. Let we introduce some dummy value & so that

_cosl £
c= cos{ > j 3)

In other words, such a dummy value is & = 2arccos(c).

Then, after substituting (3) into (2), we obtain an expression simpler for introducing to
the system

=—. (4)
Sin[a)c + gJ
2
High-pass filter

Depending on the cut-off frequency w. and the level ¢, we found a relation that
determines the coefficient of HPF transfer function (1) denominator b
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2¢? cosz(a;J sin[a;J :
b=1- 1 1-¢ | (5)

Applying some relations, we get the expression for coefficient b (5) in the following

form B
COS( Wc + é:J
2
b=———— 2. (6)

In designing two variances of control implementation can be considered: both
individual and complex option.

In case of individual control, the adjustment is carried out separately using the gain
coefficient k and separately using the cutoff frequency wc, i.e. for each value of k and w. it
is necessary to recalculate the values a, and b . In most cases k = var .

When complex control integrating, i.e. when both coefficient k and frequency w. are
simultaneously adjusted, the coefficient k can take values k =var as well as k =const.
Since the ratio between the transfer function coefficients a, and b is rather complicated,
these options should be considered separately.

In the case where considered is an option with variable coefficient k = var the sequence
shall be as follows:

- setting a new k; coefficient value and wa cutoff frequency value;

- in accordance with formulas (2, 4) or (5-6), the coefficient b is given as b, ;

In the case of a constant gain coefficient k =const, the procedure is the same as the
above described sequence. However, for the value k = const, the coefficient a, is a function
of only the coefficient b, i.e. ay,=F(b;). Here, this dependence can be calculated
preliminarily and stored in memory so as not to waste time on its new calculation.

Considered is the design of digital first-order filters’ frequency-dependent components
with these components description represented using transfer functions characteristic for first-
order filters. The considered digital filters frequency response analysis shows that when
designing frequency-dependent components with respect to the specified cut-off frequency
. and level c, we can surely find the values of numerator a, and denominator b
coefficients, and as to the normalized filters, we can find the necessary denominator b
coefficient.

The carried out research confirmed the possibility of both by-components individual
and complex integral frequency response control.

For changing the filter gain, sufficient is to change the numerator a, coefficient without

changing the denominator b coefficient. Here possible is the linear individual control of gain
coefficient by changing the numerator a, coefficient, that is typical for adaptive filters.

The carried out analysis allows an essentially simplified solution to the problem of
designing and controlling the specialized computer systems frequency-dependent components
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with the possibility to correct and rearrange the characteristics of both an individual
component and the system as a whole.

10.

11.
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IMITAIIMHE MOJEJIOBAHHS BAPOBHUUYHNX ITPOIIECIB

Abstract Increasing complexity of production systems call for improvement of analysis
mechanisms of objects and processes, technological process and predict the consequences of
certain actions, development of management decisions at all levels of business management
system. Lately simulation model began often used for the tasks solution..

Key words: Simulation, production systems, Petri Networks, positions and transition.

ImiTamiiiHe MoJenIOBaHHS Ha CHOTOJHI LIMPOKO 3aCTOCOBYETHCS SIK 1HCTPYMEHT
ONTHUMI3aIlil TEXHOJIOT1YHUX, JIOTICTUYHUX Ta OPTaHI3aI[lfHUX IPOIECIB B PI3HUX TaTy3sX.
[TigBumuT €QEeKTUBHICTH, BUPIIICHHS PI3SHOMAHITHOTO KIAacy 3aJady MOXKIMBO 3aBJSKH
MIMPOKOTO 3aCTOCYBAaHHS CHUCTEM IMITAI[IfHOTO MOJENIOBAaHHS 3 TpadivHUM BBEICHHAM
CTPYKTYpPHHUX CXeM, 00'€KTIB 1110 MOJEIIOIOThCS [1].

[TizroroBka mporecy imiTallii 00’€kTa BKIIOUa€e BUOIp METH MoJei (HaIpHKIad, OIUC
TOT0, SIK MEXaHIYHUH 11eX BUTOTOBJISIE JIETalli), TUIl CTBOPIOBAHOI MO/IeNi (HampUKIIaa, MOJIETh
"MOTOKOBOTO" TIPOIIECy) 1 ImependadyBaHe BUKOPUCTAHHS MOOYIOBAHOI 1 IEpeBIpeHOi MoIei
(Hampuknaa, MIATOTYBaTH oreparopa abo Bepcrary). TakuM YHWHOM, TMIATOTOBKA Mae
MaKCHMAJIbHO TTOJICTTIIMTH BUKOPUCTAHHSI OYaTKOBOI iH(opmatii [2].

OcHOBHa IIHHICTH IMITAI[iIfHOTO MOJENIOBAHHS MOJIATAE Y BUKOPUCTAHHI METOONIOTI{
CHUCTEMHOTO aHaji3y — JOCHIKEHHI CHUCTEMHM, IO aHAM3YEThCS a00 TMPOEKTYETHCS, 3a
CXEMOI0 omeparliifHoro nociijkeHHs. JlaHui MeTOJl OXOIUIIOE HU3KY MOCHIJJOBHHUX €TaliB:
3MICTOBHA TIOCTAaHOBKA 3aBIaHHS; CTBOPEHHS KOHIENITYaJbHOI MOZENi; pOo3pOOIeHHS
ITOPUTMY 1 TIpOorpamMu peajtizarlii iMiTamiifHOI MOJEIN; MmepeBipKa aJeKBaTHOCTI MOJEN Ta
OIlIIHKAa TOYHOCTI pEe3y/ibTaTiB MOJENIOBaHHS; IUIAHYBaHHS 1 IMPOBEIEHHS KOMII'FOTEPHUX
SKCIICPUMEHTIB; IPUAHSTTS PillleHh HA OCHOBI OTpUMaHUX MaHux [3].

ImiTamiiine MoJAENIOBAaHHS Ja€ MOXIIMBICTh BIITBOPUTH B Haci Mpoiec poOOoTH
BUPOOHHMYOI  CHUCTEMH, BIATBOPIOIOYM €JIEMEHTapHi omepamii 1ii (yHKIIOHYyBaHHs
(TEXHOJIOTIYHI, 3aBaHTaXYBaJlbHO-PO3BAHTAXKYBaJbHi, TPAHCIOPTHI) 31 30epexeHHAM iX
JIOTIYHOT CTPYKTYPH 1 TIOCIIIOBHOCTI MPOTiKaHHA B 4aci. l{e mo3Bosisie 3a BUXITHUMU TaHUMH
OTPUMATH BIJIOMOCTI NMPO CTaH CUCTEMU B OyIb-KMH MOMEHT 4acy, a TaKOXX OI[HMTH ii
BUX1IHI XapakTepucTuku. OCHOBHOIO MEPEBAroi0 IMITAllIHHOTO MOJIEIOBAHHS B MOPIBHSHHI 3
AQHAIITUYHUM B TaKUX YMOBaX € MOXJIUBICTh BHPIMICHHS OIMbII CKJIAJHUX 3aBIaHb.
ImiTamiiai  Mojem  JT03BOJISIIOTH, 30KpemMa, OUIbIl TOYHO, HIK TMPU aHATITHIHOMY
MOJIeTIFOBaHHI, BpaxyBaTH YHUCIICHHI BUIAJKOBI YMHHUKH, MI0 XapaKTEpHi, HAMPUKIAM, IS
THYYKOT0 0araTOHOMEHKJIATYpHOTO BUPOOHUITBA [4].

VY Bumagky OTpUMaHHS HE3aJOBUIBHMX pE3yJbTaTiB NpH TMOPIBHAHHI MOJENi Ta
peanbHOI CHCTEMH, HEOOXITHO C(hOPMYITIOBATH PSM TIMOTE3, 3a JOMOMOTOI SKHX MOJXKHA
BU3HAYUTU NPUYMHY HEBIANOBIIHOCTI. ['imoTe3n AOIINBHO (OPMYIIOBATH Il TAaKUX PIBHIB
IMITalifHOT MOJENi, SK OMHC CTPYKTYpH, aJTOPUTMM MOBENIHKH, HapaMeTpH BXIIHHUX 1
BXiHUX fAaHuX. [Ticis poro oOupaeTbes piBeHb, Ha SKOMY KOPUTYEThCS MOJIEIb.
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[Tormyk mpu4rH HEBIAMOBIIHOCTI MOTPIOHO PO3MOYMHATH HA PIBHI BXITHUX JTAHUX, TS
YOro OIHIOIOTh YYTIUBICTH MOJIENI M0 iXHIX 3MiH. SIKIIO BHUSIBWJIOCH, III0 HE3HAYHA 3MiHA
BXIJTHUX JIAHUX MPUYUHSE 3HAYHY 3MIHY BHXIJIHUX, TO HEOOXIAHO YTOUYHUTH BXiJHI JaHi JUIst
MOJIeTl Ta JIOKalli3yBaTh OJOKH MOJENi, Ha SKi HaiOiIbIle BIUIMBAIOTH I[i BXITHI JaHi.
BusiBieHHsT MpUYMH Takol 3aJie’KHOCTI MOXKE MOTpeOyBaTH 3MiHH CTPYKTYpPH IMITamiitHOL
MOJIENTi IUIIXOM 3aMiHM OKpeMHUX OJOKiB MOJeli Ha OiIbIl JIeTai3oBaHi, 1110, y CBOIO Yepry,
CIIPUYMHHUTH 3MIHY BHYTPIIIHIX ITapaMeTpiB MOJIEII Ta alrOpuTMiB (DyHKIIIOHYBaHHS [5].

Mepexi Ilerpi € mpuKIagoM CEMaHTUYHHX MEpEX, L0 TMPEACTaBICHI Pi3HOBHIOM
OPIEHTOBAaHMX JIBOJOJIbHMX rpadiB 1 TMPU3HAYCHUX I MOJCIIOBAHHS JAWMHAMIYHHUX
BJIACTUBOCTEH pI3HUX CHUCTEM (HANpUKIAA, MOCIIJOBHOCTEH Jiii NMpPH BHUKOHAHHI AEAKOi
pob6otn). J[BomonbHMiA Tpad MICTUTh BEPIIMHH JBOX THIIB: TMO3UII (ITO3HAYAIOTHCS
KPYXKKaMH) 1 mepexou (Mo3HavaroThCs MIaHkamu). MarematnyHo Mepexa Ilerpi 3a3Buyait
¢dbopManbHO MOJAIOTH K CYKYIHICTh MHOYKHH:

N = (P, T, GW),

ne P :( P Pys--es Py ) — MHOKHHA BCIX MO3UIIIH (N — KIJTBKICTh TO3MIIIH);

T = (tl lyy.os tm) — MHOXKHHA TIepeXoiB (M — KUTBKICTh MEPEXO/IiB);

G= (Gp_t, Gt_p ) — MHOXHHA JIyT MEPEKi;

W = (W, W,,...,W,) — MHOXHHa BariB 1yr (K — KUIBKICTb ayr) [6].

Merta MozeroBaHHsSI BUPOOHUYHX TPOLIECIB, K MIPABUIIO, MOJISTa€ B OTPUMAHHI CTIHKO1
CXE€MH, OCKUIBKM IOCIIJOBHICTh BMKOHYBAaHUX /il 3a3BUYail MOBTOPHOEThCA. BaxknuBoro
MPOLEAYPHOIO KOHIICTIIEI0 aHami3y e(PEeKTUBHOCTI BUKOPHUCTAHHS CTBOPEHOI iMiTarliiHOl
MOJieJl BU3HAYEHHS MOXJIMBOI HECTIHKOi poOOTH BHpPOOHMYOI CHUCTEMH 1 YCYHEHHS
nedekris [7].

Cucrema IMITallifHOTO MOJENIOBAaHHS IOYAaTKOBO pO3po0ssiacs sl BHUPILICHHS
3aBJlaHb 3 MPOEKTYBAHHS IUPEKTUBHUX TEXHOJOTIYHHUX IPOLECIB CKIaJaHHSA 1 BHOOpY
KOHCTPYKTUBHO-TEXHOJIOTIYHHX 1 OpraHizaliiHO-TEXHIYHUX pIlIeHb BUPOOHUIITBA HAa PaHHIX
eTanax MpOEeKTy, OJHAK 3aKJIaZieHI B Hei MOXXJIMBOCTI JI03BOJIATh BUKOPUCTOBYBATH ii JIs
BUPIIICHHS 3aBJlaHb BUPOOHMYOrO IUJIAHYBAHHS Ta MOHITOPUHTY CTaHy BHPOOHHMYOTO
IpoIIeCy, a TAKOXK MPOLECIB KOHCTPYKTOPCHKO-TEXHOIOTTYHOI MIATOTOBKY BUPOOHUIITBA.

B pesynbrarti 3actocyBanHs mepexi [leTpi cTBopeHO iMiTaIliiHy MO 3aBaHTAKEHHS
o0J1aJHaHHA aBTOMATU30BaHOI TUIBHUII MeXaHI4HOI 00poOKH aerani «koprycy». st mporo
HaJaHO TrpadiyHy MoOJenb Ta po3poOJIEHO BIAMNOBIIHY IMporpamy B cucremi Plant
Simulation [8].

OTtpumaHuii pe3yabTaT IMITAIIHHOTO MOJCIOBAHHS TOKAa3aB, IO MPHU BUKOPHUCTAHHI
mepex IleTpi MOKHa CKOPOTHTH Yac MPOCTOI0 OOJaJHAHHS Ta palioHaJbHO PO3MOAUTHTH
HaBaHTa)XEHHS MK BepcTaTaMHu.
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Cekuin 3
I[AT‘II/IKI/I JJIS1 POBOTOTEXHIKH TA ABTOMATI/IBAHIi

YJIK 681.513

Bposapeus O.0., K.T.H., IOLEHT
3aBigyBay Kadeapu iHGOpMAaIitHO-TEXHIYHUX Ta MPUPOTHUYNX JUCIHUILIIH
KuiBcbkuii KOOnepaTUBHHUM IHCTUTYT Oi3HECy 1 mpaBa
e-mail: brovaretsnau@ukr.net, ten. 068 800 47 13

«TABJIMIA MEHAEJE€EBA» 1JIA EOEKTUBHOI'O AI'POITPOMUCJIOBOT'O
BUPOBHUIITBA IMTPOJIYKIIII POCJIUHHUIITBA - KITACU®IKAIIMHA
MOJAEJIb EJIEMEHTIB TOYHOI'O 3EMJIEPOBCTBA OJIEKCAHAPA
BPOBAPIIA JJIA PEAJIBALIT CYYACHUX EOEKTUBHUX TEXHOJIOT'TA
POCJ/IMHHITBA

Abstract. In the implementation of modern agricultural technologies, there are no
standards, guidelines, recommendations for their use in modern crop production
technologies, in particular precision farming technologies. Such an approach, on the one
hand, complicates the effective use of them, but on the other hand, it does not make it possible
to identify the missing elements and then to effectively develop them in the future. In this
regard, they have been classified for the purpose of effective implementation and subsequent
development of such systems for the effective implementation of the system of precision
farming. This opens new prospects for organic farming using such "smart™ agricultural
machines.

Key words: information and technical system, operational monitoring, soil, samples,
variability, magnitude

Anomauin. Ilpu peanizayii cyuacHux mexmono2it 3emiepoocmea 6i0Cymui cmanoapmu,
HACMaHo8uU, pekomeHoayii wooo ix BUKOPUCAHHA ) CYYACHUX MEXHONO02IAX POCIUHHUYMEA,
30KpemMa mexHol02il moyno2o 3emiepodocmea. Taxuii nioxio 3 00HO20 OOKY YCKIAOHIOE
ehexmueHe ix UKOPUCMAHHS, A 3 IHUWO20 He 0AE MONCTUBICNb GUABUMU GIOCYMHI e/leMeHmU
ma nposecmu y NnooOanvbuomy egekmueHy ix po3pobOxy. YV 36’a3ky 3 yum npoeedeHo ix
Kaacughikayito 3 memorw e@exmurHo2o NpOoBAO0’CEHH MA HACMYNHUX PO3POOOK MAKUX
cucmem 08 eghekmueHoi peanizayii cucmemu mouno2o 3emaepoocmsea. Lle siokpueae HO8I
nepcnekmusu 00 8e0eHHs OP2aAHIUHO20 3eMIePOOCMBA 3 BUKOPUCAHHAM TAKUX «PO3YMHUXY
CIIbCbKO20CN00APCOKUX MAUUUH.

Kntouoei cnosa: ingopmayiiino-mexniuna cucmema, OnepamusHull MOHIMOPUHE,
2pyHm, npoou, eapiabenvbHicme, 6eIUYUHA.

IMocTanoBka npo6jemu. CrOro/iHi Ha PUHKY NMPEACTABIEHO IHUPOKUI CHEKTP TEXHIKU
JUTSL peatizallii TeXHOJIOTi TOYHOTO 3eMIIepOOCTBa.

[Ipo Te He 3Bakarouu Ha BCE 1€, BICYTHI KOMIIaHIH, sIKI MOXYTh (DAXOBO «II1/1 KITFOU»
«3aTOYUTH» YBECh HAsIBHUN apceHal TEXHOJOTiH TOYHOTO 3eMJIepoOCTBa Y MeXKax MEBHOIO
arpomiAnpueEMCTBA.

SIk mpaBHIIO KO’KHA KOMIIaHis, sIKa «IpOTarye» TOYHE 3eMJIEpOOCTBO, «HAKPHBA€E» CBIi
CErMEHT, HaroJIONIyIOYu Ha Horo BaJMBOCTI. Bee 11e cTBOpIoe nepenikoan ist epeKTUBHOTO
BIIPOBA/KCHHSI KOMIUIEKCY TEXHOJIOT1H TOYHOTO 3eMJIEpOOCTBA.
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AHaJi3 ocTaHHiX AociailkeHb i myOjikaniii. [ToTpiOHe PO3yMiHHS TOTO, IO JIMIIE
KOMIUIEKCHUM MiAX1J MpH peastizaiii TOYHOTO 3eMJIepoOCTBA 1aCTh MOXKIUBICTh OTPUMATH
OYiKyBaHHI €KOHOMIYHUH pe3yabTar [1-4].

BigcyTHicTh cTaHAapTiB, HACTAaHOB, MPHUIIUCIB, HAaBITh EJIEMEHTAPHUX CHUCTEM
kinacudikamii Ta  METOMIB  CHUCTEMAaTH3allii  eJeMEHTIB  TOYHOro  3emiiepoOcTBa
MIPOBOKYE/3MYIIIYE BUKOPHUCTOBYBATH AarpoIiJIPHEMCTBA PI3HOTO POJY TEXHIYHI CHUCTEMH
TOYHOTO 3eMJIepoOCcTBa O€3 pO3YMIHHS CYTTI iX BUKOHYBAHOTO IPOIIECy, 6€3 pO3yMiHHS TOTO
o BinOYBaeTbcs Ta JOUUIBHOCTI, €(PEKTHBHOCTI 1 HEOOXiAHICTh X BHKOPHCTaHHS MpU
BUKOHAHHI Ti€T YW 1HIIIOT TEXHOJOTIYHOI Omneparlii, BiIMOBITHOCTI IUX CUCTEM PIBHIO TOYHOTO
3emyiepoOcTBa. YacTo Takuil JOCBIJ JIEKUTH Ha JOCBiZI MEHeKepa JHJIEPChKOT KOMIaHIiH,
SKa «Iporarye» Ty YW 1HIIY TEXHOJOTII0. 3p03yMilo, IO 3aJadeld TaKoro MEHEKepa €
301IBIIEHHS IPOJAXKY TAKHX CHCTEM 0€3 X pO3yMiHHS KiHIIEBOI HEOOXiTHOCTI, €(peKTUBHOCTI
Ta JOLUILHOCTI IX BUKOPUCTAHHS IIPH peatizallii TEXHOJIOri# TouHoro 3emuepooctsa [1-4].

Bce e cTBOproe mepeayMoBH Ui OJHOOOKOTO BHKOPHCTAHHS €JIEMEHTIB TEXHOJIOTIH
TOYHOT'O 3eMJIepoOCTBa MPU BUKOHAHHI TEXHOJIOTIYHUX OTEPAIlii 1 sIK HACHIIOK 3HMKESHHS 1X
e(EeKTUBHOCTI Ta JAOIILHOCTI BUKOPUCTAHHSI.

Ile crBOproe HEOOXiAHICTH KiIacU(IKyBaTH €JIEMEHTH TEXHOJOTrIH TOYHOTO
3eMJIepoOCTBa, MO0 JAacCTh MOJMIIMBICT 3a0€3MEYUTH YBEChb KOMILICKC BHUKOHAHHS
TEXHOJIOTIYHHUX MPOIECIB CLIbCHKOTOCTIOAAPCHKOr0 BUPOOHUITBA MpPU pealtizaiii cy4acHUX
e()EeKTUBHHUX TEXHOJIOT1 POCITMHHUIITBA .

CaMe ToMy MPOMOHYETHCA MOEINb s Kiacudikalii eTeMeHTIB TOYHOTO 3eMJIepoOCTBa
Onekcannpa bpoBapist uist pearizaiii CydacHUX TEXHOJIOTIH POCIMHHHMIITBA, SIKA 32 3Pa3KOM
Tabmuii MeHzeneeBa KOXKHOMY €IIEMEHTY IIMX TEXHOJIOTi BU3HAYUTh CBOK KOMIPKY ISt
peamizamii Ta iX MOCTIIOBHICTh, a BIANOBIAHO JacTh pPO3YMIHHS €QEKTUBHOCTI Ta
HEOOXIJTHOCTI X BUKOPHCTAHHS.

Meto0 po6oTH € pPO3poOKa cucTeMH Kiacuikaiii pI3HUX €JIEMEHTIB TOYHOTO
3emMJIepoOCTBa 3a eTanaMu BIPOBAIKEHHS Ta HEOOXIAHICTh iX BIPOBAXKEHHS Ha KOXKHOMY 3
eTaris.

Bukiag ocHoBHOro 3micry aociaigseHHsi. J[ns kiacugikamii eIeMEeHTIB TOYHOTO
3emMJIepo0CTBa CKJIaJieHa HACTyITHA TaOIHIIs.

Taoéauns.
Kuaacudikauniiina mogesans Ousiekcanapa bposapus nuis peanizanii TexHoJsorii
TOYHOIO0 3eMJIepoOdcTBA

Busnauenmns koopounam micye3naxooiceHus
1.1. 00’°ckma 3 BUKOPUCMAHHAM HABIeAYIUHUX
cucmenm.

Buoinenns epanuys odocnioxcysarnozo nons
1.2. ons  peanizayii  eleMeHmis  MexHON02il
MOYHO20 3eMaepooCcmaa.

Texniuna cucmema JIOKATIbHO2O
13 onepamueHo2o MOHIMOpUH2Y
o eneKmpOonpoOBIOHUX Xapaxmepucmux

IPYHMOBO20 CepedosUd.
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Texniuna cucmema JIOKAJIbHO20

14 ONnepamueHo2o MOHIMOPUH2Y
o eeKMPOMASHIMHUX Xapakmepucmux
IPYHMOBO20 CepedosUd.
15 Busnauennss cmamuunoi meepoocmi rpyHmy
e 1o 20pu30HmMax o6podI6aAH020 wapy.
Busnauenns OUHAMIUHOT meepoocmi
1.6. (winorocmi) no noeepxHi
CIIbCbKO20CNOOAPCHLKUX Y2i0b.
Buoinenns 30H
1.7. HeoOHOpIOHOCmI/éapiabenbHoCmi HA OCHOBI
O0anux npo noie.
18 1lpo606iobipnuku  Ona  8i0bopy  3pasKie
o IDYHMOBUX NPOO.
1.9. Azpoximiune ob6cmediceHHs 1a60pamopicio.
Cucmemu mexuiuno20 30py po3miujeHi Ha
1.10. pi3nux azspecamax (Hasemui, NOGIMPAHI,
KOCMIYHI).
Memeocmanyii 011 KOHmMpono — cmawuy
111 azpobiono2iunozo cmawy
o CIIbCbKO20CN00APCLKUX — Yeiob  (IpyHmy,
nosimpsi, no2oou,).
21 Busnauenns 2NUOUHU BUKOHAHMS
o MexHoN02IUHOT onepayii.
Jughepenyiiiosane BUKOHAHHSL
2.2. MexXHON02TUHUX onepayiti OCHOBHO20
00pOOIMKY IpyHmMY.
2.3. Inysicnuti 06po6imox.
2.4. Jluckosuii 06podimox.
2.5 Texnonoeis No-till.
2.6. Texnonoeis Strip-till.
31 OcHogne oucghepenyitiosarne BHeCeHHs
o 006pus 8 po3Kuo.
39 OcHogne oucghepenyitiosamne BHeCeHHs
o 000pus 6 psI0oK.
3.3. OcHosHe gHeceHHs 3ac00i8 3aXUCmy POCIUH.
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34 Cucmemu  onepamueHoco  MOHIMOPUHZY
o AKOCMI BUKOHAHHSL MEXHON0IYHUX ONnepayill.
41 Jugpepenyiiiosana cigba
o CIIbCbKO20CNO00APCLKUX KYIbMYD 8 PAOOK.
42 Jughepenyiiiosana cisba
o CIIbCLKO2OCNOOAPCHKUX KYIbIMYP 8 PO3KUO.
Jugpepenyiiiosana cigba
4.3. CiIbCbKO20CNO00APCLKUX KYIbmyp no
MepP3I0MAanoMy IPYHMY.
Jugpepenyiiiosane 6HeceHHs MiHEPATbHUX
4.4. 006pus npu cigbi CilbCbKO20CNOOAPCHKUX
KYIbmyp.
Hugpepenyitiosane  6necenns  opeaniuHux
4.5. 006pus npu cigbi CilbCbKO20CNOOAPCHKUX
KYIbmyp.
51 Onepamusnuii  MOHIMOpUHe — 3aco0bamu
o NOBIMPSHO20 6A3Y8AHHS, OPOHAMU.
59 OnepamusHuii ~ MOHIMOpUHe  3acobamu
o CYNYMHUKOBO20 MOHIMOPUHR).
53 Hudghepenyitiosane BHECeHHs
e MIKpoeneMenmie OnpucKy8auamu.
54 Hudghepenyitiosane  6HeceHHs — XiMIUHUX
o 3aco0i8 3axucmy.
55 Jugpepenyiiiosane  enecenHs — opeaHiuHUx
e 3aco0ie 3axucmy.
6.1. Monimopune yposrcatinocmi.
6.2. Jlamuux eonococmi.
6.3. Ilepesanmaoicysaui 3 éazamu.
Cneyianizoeane npocpamue 3abe3nedeHus
7.1. onsi  pobomu i3 eleMeHmamu  MOYHO20
3emuepobcmea
7.2. Cogpmu.
7.3. Caiimu.

IIpo Te Taka cucremMa B KIHLEBI CBOIMl MeTi JacTb MOXKJIHUBICTH BHOYIOBYBaTH
CIIPaBXHIO  CTpaTerito  peamizamii TEXHOJOTIM TOYHOTO 3emMyIepoOCTBa,  HAJAABIIHN
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MOCJTIIOBHICTh Ta OO0 €KTUBHO OIIIHUTH HEOOXIAHICTh Ta €(EKTHUBHICTb THX YH I1HIIMX
€JIEMEHTIB TOYHOTO 3eMJIEPOOCTBA, K BUPOOHMKAM CLIbCHKOTOCHOJAPCHKOT MPOAYKIIT —
arpomnimpuEMCTBA, TaK 1 O13HECY «3aTOUYCHOTOY i TOYHE 3eMJIePOOCTBO.

B kiHueBiii Meri OyayTh MpOMHUCAaHI YiTKI IMpaBHUja Ta HOPMAaTHUBH BHUKOPHCTAHHS
TEXHOJIOT1M TOYHOTO 3eMJIepOOCTBa

BucnoBok. Kiacudikamiss mMeroniB, MiAXOJiB Ta CHUCTEM TOYHOTO 3eMJIEpOOCTBa Ta
MIIXOIIB 10 peastizallii CHCTeM TOYHOTO 3eMJIEpOOCTBa Ha OCHOBI 3alPOITOHOBAHOTO TIEPEITIKY
TOBapi 1 MOCIYT.

Ha panuii MOMEHT BiACYTHIM €KOHOMIUYHMK aHami3 peamizamii Tux abo 1HIIMX
TEXHOJIOTIH PI3HOTO POJY KOMIIaHISIMH, IO € BAXXJIMBOIO OCHOBOI peaiizallii TeXHOJIOTii
TOYHOT'O 3eMJIEPOOCTBA.

[ToyaTkoBe HaMmOBHEHHS JAaHOI TAOJIMIII HABEIEHO KOMIIAHIsIM, sIKi MMepeOyBaloOTh «HA
CIIyXy» IIpH IX peanizaiii.

VY mopanemomMy BiIOyBaTUMEThCS PO3IMU(PYBAHHS KOKHOTO MYHKTY TaKOi CHCTEMH Ta
iX yTOYHEHHS 3a JOMOMOrOK JOCBiLy abo o0coOMCTOro 3BEpHEHHS KepiBHHMKa abo
YIIOBHOBAYKEHOT'O IaHOI KOMIIaHii, sSiKa peaii3ye eJIeMEHTH TOYHOTO 3eMJIepOOCTBa.

Taka xnacu@ikamis JacTh MOXIJIMBICTh 3a0€3MIEUUTH BHU3HAYCHHS EKOHOMIYHOT
e()eKTUBHOCTI KO)KHOTO KPOKY TPH pealtizailii TeXHOJIOTiH TOYHOTO 3eMIIepoOCTBa
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BOJIOKOHHO-OIITUYHI JATYUKHU TUCKY

Abstract. The paper suggest pressure sensors. The sensors will find application in
control and diagnostic systems as well as in information measuring systems of various
purposes to pressure measuremet.

Key words: pressure sensors, control and diagnostic systems, information measuring systems

IlocTanoBka mnpobiaemu. Y cydacHux iHGOpMAIIHHO-BUMIPIOBAIBHUX CHCTEMax
3aCTOCOBYIOTHCSI BOJIOKOHHO-ONTHYHI JaTuuku THCKY [1,2]. [IpoekTyBaHHs 1 po3poOKa Takux
JaTYMKIB MOB’A3aHi 3 IpoOJIEeMOI0 PO3LIMPEHHS Jllalla30HY BUMIPIOBAaHHS THCKY, MiIBULIIEHHS
iX 4yTJIMBOCTI1, HAJIHHOCTI T4 PEMOHTO3/IaTHOCTI.

AHaJii3 ocTaHHIX JKepesa AocailkeHb i nydaikaniii. BolokoHHO-ONTHYHI TaTYUKHU 3
OPYKHUMH YYyTJIUMBUMHU elleMeHTaMu [1] MaroTh XapakTepHi IOXHMOKH, TIOB’sA3aHl 3
ricrepe3sncoM, NPYKHOIO TiCHsAi€l0, BIUIMBOM BiOpamiid, ynapiB 1 Temmneparypu. Y
BOJIOKOHHO-ONITUYHUX JIaTYMKAX THCKY IMiJBUINEHOI TOYHOCTI 3 TPYXHUMH YYyTINBUMH
eleMeHTaMu [2] BIACYTHS MOXMJIMBICTh TUHAMIYHO HANaroKyBaTH Jialla30H BUMipHOBAaHHS
TUCKY. J1JI1 BOJIOKOHHO-ONTHYHOTO IMEPETBOPIOBAYa THUCKY 3 JHHAMIYHO HAJIAroKyBaHUM
niama3oHoM [3] XxapakTepHi HACTYIHI HEJOJIKU: OOMEKEHHUH Jiana30oH BUMIPIOBAHHS THCKY;
HEJIOCTATHI YyTJIUBICTh, HAJAIMHICTh Ta PEMOHTO3/IaTHICTD.

Meta poOotun. IIpomnoHyIOThCS BOJOKOHHO-ONTHYHI AATYMKH TUCKY 3 JAWHAMIYHO
HAJIaroJKyBaHUM J1alla30HOM, SIKI 3a0e3NeuyloTh PO3IMIMPEHHS Jl1alla30Hy BHUMIPIOBAHHS
TUCKY, MIIBULIEHHS X YyTJIMBOCTI, HAJIIHHOCTI Ta PEMOHTO3AaTHOCTI.

OcHoBHi MaTepianu nocaifzkeHHs. [1iABUIIEHHS YyTIMBOCTI Ta PO3MIUPEHHS Jiaa3oHy
BUMIPIOBaHHSI THCKY JIOCSTA€ThCs 32 paXyHOK BBeAeHHs y mporotumi [3] (N-1) BUKOHAHUX i3
I’ e30Marepiany 130JbOBaHUX MPOKJIAIOK 3 €IEKTPUYHUMH KOHTAaKTaMH 1 0J10Ka KOMyTallii, 110
CBOIM BXOJOM Tix’€HaHUM 10 Oj0ka 0OpoOku iH(opMarlii, a BUXOAAMH 10 EIEKTPUYHUX
KOHTAKTIB 130JIbOBAaHUX TIPOKIIAMIOK, Ie N — KUJIbKICTh MiIiara30HiB BUMIPIOBAHHS TUCKY [4].

BookOHHO-ONTUYHMIA JAaTYMK THCKY 3 JMHAMIYHO HAaJaro[KyBaHUM [iama3oHOM
(puc.1) npairoe HaCTYITHUM YHHOM.

Jlxepeno ONTUYHOTO BUIPOMIHIOBAHHS | reHepye ONTHYHE BUIPOMIHIOBAHHS 3aaHOL
MOTYXXKHOCTI 1 TMOJAa€ HOro B CBITJIOBOJ 2, SIKMM TEpelae ONTHYHE BUIIPOMIHIOBAHHS 0
NPU3MH ITIOBHOTO BHYTPIITHBOTO BifOUTTs 7. 3a30p d Mixk MeMOpaHOIO 9 i OCHOBOIO Mpu3Mu 7
MOYKE 3MIHIOBAaTHCS IMiJ JI€I0 TUCKY Pyy , 10 MPHU3BOIUTH 0 3MIHM BiOMTOI YaCTHHHU
ONTHYHOTO BHUIPOMIHIOBaHHS. 3MEHINEHHS 3a30py d MPH3BOAUTH [0 BCE OLIBIIOTO
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MIPOHUKHEHHS ONTUYHOTO BUIIPOMIHIOBAaHHS B MeMOpaHy 9 1 MOIVIMHAHHS ONTUYHOI €Heprii.
BinOute BUIIPOMiHIOBaHHS 4Yepe3 TpaHb MPU3MH 7 MEPEIaeThCs M0 ONTUYHOMY CBITIOBOAY 4
JI0 TIpUiiMavya ONITUYHOTO BUIIPOMIHIOBAHHS 5, SIKUH MEPETBOPIOE HOTO B €JIEKTPUYHHUIA CHTHAI.
Bbnok 06po6ku iHdopmarii 6 TepeTBOPIOE ENEKTPUYHUIN CUTHAIT Y 3HAYCHHS TUCKY Py .

3

—

5 e~
| \

/ \ 10 Uynp n

Puc. 1. Bos10KOHHO-ONTHYHMIA JATYHK THCKY:
a — yHKHioHaIbHA cxeMa; 6 — cxeMa 3 €THAHHS eJIeKTPUYHUX KOHTAKTIB i30JIb0BaHUX NMPOKJIA/IOK;
1- nokepesio BUNIPOMiHIOBAHHS, 2,4 — CBITJI0BOAH, 3 — YYT/IMBHIi eJIeMeHT, 5 — npuiiMay, 6 — 0;10k 00po0KkH
indopmanii, 7 — npu3Ma NOBHOro0 BHYTPIIIHBOIO0 BiIOUTTH. 8 — i30,1b0BaHI NPOKIAIKH,
9 — BinonBaroua memopana, 10 — 6,10k KomMyTamii

[Ipu mepeBuUIEHHI MAKCUMAJILHO JOIMYCTUMOTO TUCKY Phx 3a30p O MiX BiIOHMBar4O00
MeMOpaHoro 9 i mpu3sMor0 7 BHUOWPAEThCS TOBHICTIO, 1 YYTJIMBHHA €JIEMEHT BTpavae
Ipale3aTHICTh, 10 BU3HAYAETHCS MO BEIWYMHI BUXIJTHOTO CUTHANy MpuiiMaya ONTUYHOTO
BUITPOMIHIOBaHHS 3.

JIns po3IIMpeHHs Aiana3oHy BUMIPIOBAaHHs JIaTYMKa CUTHAN ynpaBiiHHA Uy, 13 Onoka
00poOku 1Hpopmarii 6 noraeTbcst Ha KOHTAKTH 10 HKUKHBOT npoknaaku 8. [Ipu 1IbOMY HIKHS
npokiaaka 8 aeopmyernes 1 301IbIIYETHCS 3a30p MK IPU3MOI0 7 1 MEMOpaHoro 9.

B nmonanemiomy npu 3MiH1 AlanasoHy BUMIPIOBaHHS THCKY Py, curnan ynpaBmiHHSA Uy,
nojaeTbcsi Ha KOHTAakTH 10 apyroi i1307p0BaHOi BiJ HMXHBOI mpokmanku 8. IIpu npomy
KUIBKICTb MiJ/lana30HiB BUMIPIOBaHHS BU3HAYAETHCS KUIBKICTIO N 130J1bOBAHUX MPOKIAIOK 8.

Takum 4MHOM, yIpaBIIiHHS BEIHYHHOI 3a30py d MK MPH3MOI0 1 MEMOPAHOO JJ03BOJISIE
PO3LIMPUTH J11aria30H BUMIPIOBAHHS TUCKY 1 301IbIIYBaTH YyTJIMBICTh JaTUHKa.

JUnis miBUIIEHHS HAIIIHOCTI Ta peMOHTO3/IaTHOCTI BOJIOKOHHO-ONTUYHOTO JaTyuKa 3a
paxyHOK BOYOBAaHOTO KOHTPOJIIO JOJATKOBO BBOJUTHCS OJIOK MOPIBHSHHS 13, KMl CBOIMU
BXOZaMU 12 MiKITIOUEHUH 10 €IeKTPUYHHUX KOHTAKTIB 130JIbOBAHMX MPOKIAIOK 8 1 BUXOIY
6s10ka 6 06pooku iHDOopMmartii [5] (puc.2).

JInst OLiHKY Tiparie3JaTHOCT] JaTYMKa TUCKY Ha OJIOK IOpIBHSHHS 13 MOCTymaroTh CUTHAH 13
050Ky 00poOkH iH(popMari 6 Ta 13 €NEeKTPUYHUX KOHTakTiB 12 mpokiamok 8. PiBHICT 1ux
curHaniB (APg,, = 0) BKa3ye Ha mparie31aTHICTh KaHATiB BUMIPIOBAHHS THCKY 3aIlpOIIOHOBAaHUM
narankoM. Bunamok komu APy, # 0 BKa3ye Ha Henpare3JaTHICTb OJJHOTO 13 KaHATiB BUMIPIOBAaHHSI.

TaxkuM 94MHOM, BOJIOKOHHO-ONTUYHUNA AATYUK TUCKY JO3BOJISE MIABUILUTH HAAIHHICTD 1
PEMOHTO3/IaTHICTh 32 PaXYHOK BBEICHHS BOYZIOBAaHOTO KOHTPOJIO.

JUis OLIHKM Mpane3aTHOCTI JaTuMKa THCKY Ha OJOK MOpiBHSAHHA 13 mocTymaroTh
CUTHANH 13 OJIoKy 00poOku iHpopMalii 6 Ta 13 eNeKTPUYHUX KOHTAkKTIB 12 mpokiaaok 8.
PiBHicTh mux curHamiB (AP, = 0) Bka3zye Ha mpalle3JaTHICTh KaHalliB BUMIiPIOBAaHHS THCKY
3aMpONOHOBAaHUM JaTuukoM. Bumnagok xomu APy, # 0 BKasye Ha Hempare3IaTHICTh OJHOTO
13 KaHaJIiB BUMIPIOBAaHHS.
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Puc. 2. BoJIOKOHHO-ONTHYHMI JaTYHK C BﬁyHOBaHI/IM KOHTPOJIEM:
a- (l)yHKIIiOHaJH;Ha cxema, 0 - cxema 3’€)1HaHHﬂ CJICKTPUIHHUX KOHTAKTIB i30/1b0BaHUX NPOKJIAA0K

TakuM YMHOM, BOJIOKOHHO-ONTHUYHUN JAaTUMK THUCKY JI03BOJIE€ TMIABULIMTU HOTO
HAJIMHICTh 1 PEMOHTO3/IaTHICTh 32 PAXyHOK BBEJIEHHS BOYJJOBAaHOI'O KOHTPOJIIO.

BucHoBkH. BuxopucTaHHs 3alpolOHOBAaHMX BOJIOKOHHO-ONTUYHMX JATYUKIB TUCKY
JI03BOJISI€ PO3MIMPUTH Jlana3oH BUMIPIOBAHHS TUCKY Ta MIABUIIMTU YyTIUBICTh, HAIINHICTD 1
PEMOHTO31aTHICTb.
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NEPCIIEKTUBBI IPUMEHEHUWA MOBUJIBHBIX POBOTOB B YKPAUHE

Abstract. The report presents an analysis of the current level of development of mobile
robots, applicable for performing technological operations on surfaces of arbitrary
orientation. The problem of creation is described and new directions of synthesis of designs of
robots of the specified type are applied in relation to the areas of their operation.
Recommendations are given to increase the energy efficiency of mobile robots of arbitrary
orientation in the technological space.

Key words: mobile robots, walking machines, robots of vertical movement, climbing
robots

CyuHocTh npodJieMbl CO31aHUsI POOOTOB NMPOU3BOJILHOI OPUEHTALNH

B ycnoBusix BbI30BOB 4ETBEPTOU MpoMbIlLIeHHON peomonnu «Munyctpus 4.0» [1] €
OpUEHTAIIME Ha MCKYCCTBEHHBIM WHTEJUIEKT W TOJHYIO aBTOMATHU3AIMIO C MPUMEHEHHUEM
pOOOTOB U POOOTOTEXHUUYECKUX CHUCTEM, CPEACTB MH(POPMATU3ALMU U KOMMYHHUKAIUHU, IO
HACTOSIIIETO BPEMEHU OTCYTCTBYIOT NPOMBIIIUICHHBIE 0Opasibl O0OpYJIOBaHUS  JJIS
HEIMOCPEICTBEHHOTO  BBIOJTHEHUSI  KOHMAKMHbIX ~ TEXHOJOTUYECKUX  ONepauuid 1pHu
OJIHOBPEMEHHOM TPEOA0JECHUN cuil rpaBuTanuu. [Ipodiema coznanus MOOMIBHBIX POOOTOB
JAHHOTO THUIMAa COCTOUT B CHUHTE3€ KOHCTPYKUMW M HUX MPUBOAOB Ul MPEOJIOJICHUS
JeCTAOMIM3UPYIOIIEH TPaBUTAIMOHHON COCTABJISIONICH TPAHCTIOPTHBIX U TEXHOJIOTHYECKUX
omepanuii B Takux 0OJACTSIX TMPOU3BOJICTBEHHOW JI€ATEIHHOCTH KaK MOHUTOPUHT
MPOMBIIIUICHHBIX OOBEKTOB, MOHTQX M JIEMOHTaXX CTPOUTEIBHBIX KOHCTPYKIIUH, PEMOHT M
npodumakTuyeckoe o0CIyKMBaHIE UX KOMIIOHEHTOB.

AHa/IU3 UCCJIEI0BAHNH M MYOTUKALMIT

HccnenoBanust mo CO3AaHHUIO pOOOTOB MPOM3BOJIBHON OpPHEHTAllMd B TMPOCTPAHCTBE
Ha4yaJIUChb OTHOCUTEIBHO HEAAaBHO — B TNOcieqHEeM JecatuiieTun XX BeKa B CTpaHax
3anagnoi EBpomnbl, Anonun, CIIA, Kopeu, Kutas u Poccuu, rae B cucreme MHCTUTYTOB
PAH wuccnenoBanus Ha MPOTSHKEHUM MHOTHX JIeT BeAET MHCTUTYT mpobiieM MEXaHHKU WM.
AXO. HNmumuckoro [2, 3]. IlpuBenenuslii Huxke ananu3 cTpykTyp PIIO mnoxasbiBaeT
JOMHUHHPYIOIIE BIUSHUE TIOJICUCTEM Ha SHEPreTHIecKoe moTpedieHne podoTa mpon3BOIHHON
OPHUEHTAIINH, TIOCKOJIbBKY UMEHHO 3TOT (DAKTOp OMpeAenseT MOIIHOCTh, a 3HAYUT M MaccCy
po0oTa, T.€. CHIIy ero rpaBUTAIIMOHHOTO MPUTSHKEHUS, TIOISKAIIYIO TTPEOI0TIECHUIO.

CTpyKTypa TeXHM4YECKHX MOACHUCTEM

B obmiem ciayuae ctpykrypa PIIO (puc. 1) Bkirodaer B ce0si moAcHCTEMY yIpaBlIeHUS,
MOJICUCTEMY Y/EpKaHUS Ha MOBEPXHOCTU U MEPEMEIIeHHs], CEHCOPbI aHallu3a OKpYKarolien
Cpenbl, CHCTEeMYy IMWTaHHUs U TEXHOJornuueckoe ocHamieHue. CeHcopHas NojAcHCcTeEMa
OCYIIECTBIISIET CBSI3b po0OTa C TOIMOJOTHEH TEXHOJIOIMYecKoro mpocrpanctBa. [locnennee
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MOXET OBITh MpeACTaBIeHO NpsMoyrosbHoi JlexkaproBoit X,Y,Z umu cdepudeckoil R, S,y
CHUCTeMaMH KOOPJIMHAT, TOYKM KOTOPBIX JOCATAEMbl HCIIOJHUTEIBHBIMH OpraHamMu poOoTa
pamuycoM R mpu yrmax ux usruba [, y B 30HE CEpBHUCA, ONPEAENseMOW YIiIoM d.
Haubounbmiee snepromnorpebieHne Mpucyle cucTeMaM yaepKaHus U nepemenienus. Vuaue
roBOps, JOMHHHUPYIOLIEE BIMSHUE Ha Maccy poOOTa OKa3blBaE€T MOIIHOCTh €ro IPUBOJIOB, U
TEM CaMBbIM, ONPEAEISET BEIMYMHY I'PAaBUTALIUOHHON HATPY3KH, ITOAJIEKALIEH TIPEOJOJICHHUIO.

Texnomormueckoe

OCHALICHHC
Cucrema Cucrema
yIpaBieHHs NUTaHHUA
Cucrtema Cucrtema
TOMONOrHs TEXHOIOTHYECKOTO — CLEIIEHUs nepeMer|eHus
NPOCTPAHCTBA

Puc 1. O6mas crpykrypa noacucrem PIIO

[{enecooOpa3Ho mpuMeHEHHE THOPUTHBIX (KOMOMHUPOBAHHBIX ) MPUBOIOB [4], KOTOpHIE
MOTYT TOTPEOJIATH YHEPTHIO OT TOTO K€ MCTOYHHKA, YTO W cUcTeMa yrpasieHus. C Ienbio
YCTAQHOBJICHHsI JOMOJHHUTENbHBIX pPE3epPBOB IOBBIMIEHUS YHEPreTHUECKOW PPEKTUBHOCTH
PIIO paccmoTpuMm neTambHEe TEXHHYECKHE pEIICHUS TOACHUCTEMBI  CIEIUICHUS C
MOBEPXHOCThIO TepemenieHus. Hampumep, Mexanumdeckue mnoacuctems! [5, 6] Hamboiee
3 PEKTUBHBI TPU TEPEMENICHHH POOOTa TI0 MOPHUCTHIM MOBEPXHOCTSM, TAKUM KakK IMOYBa,
rpyOblii O6eToH, aepeBbst (puUc. 2), OJHAKO MOTPEOJAIOT 3HAUUTENBHYIO MOLIHOCTh U TEM
CaMbIM YBEJIIMYHMBAIOT BeC po0O0Ta, a 3HAYHT U €T0 IPABUTAIIMOHHYIO CHITY TSKECTH.

danaHru naibLEB
T~ C

JInHeHHbII Tonxkatens

JBUTATCITh
[TpyxuHbBI li
Korru A
3axBara Mosepxrocts & JimeiiHbiii
< <
TICPCMCIICHUS £ ,:;E,HTZITQ.'IB

N
al R
-

CEEOEE

[ToBepxHOCTD JBHUTATCTb
MEPEMELICHUS

a 0
Puc. 2. [IpuBoaHbIe CUCTEMBI ClENJIEHUSI ¢ IOBEPXHOCTHIO NepeMelleHus1 podoTa

a — ¢ MeXaHM4eCKUMHU 3aXBaTaMu KoHcTpykuuu Tin Lun Lam [5];
6 — ¢ rudkumu 3axBaraMu KoHcTpykuus Ioanuryka M.H. [6]
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Haunbosiee pacnpocTpaHeHHOH SBIsSETCS IMOACHUCTEMA C BaKyyMHOW QuKkcamueit
BCIIC/ICTBHE CBOeW yHuBepcasbHOCTH (puc. 3). [lpm 3TOM BO3MOXKHBI JiBA BapuaHTa
pealM3allud  yKa3aHHOM IMOJCHUCTEMBI: HEMOCPEACTBEHHOE HCIIOIb30BAHUE BaKyyMHBIX
npucocoB [7] u ynepxkanue poOOoTa 3a CUeT CO3JaHHs 30HBI JaBJICHUS HIXKE aTMOc(hepHOro
MeXy KopiycoM po0OOTa M MOBEPXHOCTHIO ero nepemenieHus [8]. B mocinennem ciydae 3a
CYET pa3HUIIBI MEX1Yy HarHeTaeMbIM KOMIIPECCOpOM JaBieHMs Pi u naBieHust Bakyyma P,
MOOUJIBHBIA POOOT JIOCTATOYHO HAAEKHO YACPKUBACTCS Ha BEPTUKAIBHON CTEHE, He
JIOIIYCKasi, OJHAKO IIPHM 3TOM PE3KUX IEpENasoB TONOJOTUU IOBEPXHOCTH IEPEMEIICHUS.
[ToaTomy Hambosee >(P(HEKTUBHBIM TEXHUYECKUM PEIICHHEM MOXKET OBbITh KOMOWHAIIUS
MEXaHUYECKOW M BaKyyMHOH MOJICUCTEM C 9KEKTOPOM, 0ObEAMHEHHBIX O0OpaTHOMN CBA3BIO 10
YIPaBICHUIO U CPEACTBAMH KOHTPOJIS TIyOMHBI Bakyyma [9].

o
Dy
[TonTox BOo3OyXa
B 3auernsr /fP ]
. P »
/ o
Pemsed 772 2 /f B
BEPTUKAIBHOI’ 7
nol;erHOCTM”/ v B \RATK P, «P, § G;
7 Baxyym j\ JABICHUS 2 ! Yat k
) \Toper 7 P ]
a 0 B

Puc. 3. [IneBMaTHUYeCKHE MOACUCTEMBI CLENJIEHUSI poOoTa
a — ¢ BAKYYMHBIMH NpucocamMu; 6 — BAKYYMHO-MeXaHUYecKasi;
B — JKEeKIMOHHAs TYPOOBUXpeBast

OnextpoMarauTHas nojacucrema [10] ynepskanus PIIO Ha moBepXHOCTH IepeMeEICHUS
OTJIMYAETCS BBICOKUM OBICTPOJECHCTBHEM, OTHOCUTEIBHO HU3KUM 3HEPronoTrpediieHneM, HO
JIONyCKaeT  MepeMelieHre  poboTa  TOJABKO MO  MOBEPXHOCTSAM,  00JalaloLIMMU
(GeppUMarHUTHBIMM CBOMCTBAMH, HampuMep, TpPyOONpoBOAbl HEPTAHBIX U Ta30BBIX
maructpaneil. Cyxas aare3usi Ha OCHOBE CIIETIJICHUS MHUKPOMETPHUECKUX BOJIOKOH Haubosee
s ¢deKTUBHA ¢ TOUKH 3peHHs 3Heprocoepexxenus [11], Ho xapakTepusyeTcs: KpailHe HU3KOM
CKOPOCTBIO IIepeMeleHHs poOoTa BCIEICTBUE MEUIUTENLHOCTH 3 dekTa anre3uu.

IlepcniekTuBHbIC 001acTH npuMeHenus PI1O

Cdepsl npumMeHeHUsT MOOMIIBHBIX POOOTOB MPEIONPENENISIOT THII CUCTEMbI CLEIUICHUS C
MOBEPXHOCTHIO TEpPEMEIIECHUs, BO-TIEPBBIX, M THUIl TPAHCMHCCUU poOOTa, BO-BTOPHIX.
CpaBHMBasg B IEPBOM NPHUOIMKEHUH OOBEKTHl OOCIY)XKHMBaHUS, yKazaHHble B TaOnuue 1,
JIETKO yOeIUTHCS BO B3aUMOCBSI3U XapaKTEPUCTUK OOBEKTOB, B YACTHU UX TOMOJIOTUHU, (UZHUKO-
MEXAHUYECKUX CBOWMCTB IOBEPXHOCTH IEPEMEIEHUS U IPEAIOJIAraéMbIX K BBINOJIHEHHIO
TEXHOJOTMYECKHUX OIepaluil ¢ XapakTepUCTHUKaMH caMHX poOOTOB. 3ajaya yMEHbILIEHUs
Macchl poOOTa MOXET ObITh pellleHa MPUMEHEHHEM BBICOKONPOYHBIX JIETKUX MaTepHajoB
KOHCTPYKIUH POOOTOB M YMEHBIIEHHEM KOJIMYECTBA IPUBOJIOB MO KAXKIAOWU U3 KOOPIUHATHBIX
ocell IBIKEHUS 33 CUET MHTETrpaluy IpUBOIOB TPAHCMUCCUU U OPUEHTALUU poOoTa.
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Taobnuua 1

O0J1acTH NEepCNeKTHBHOTO IPUMEHEeHUs1 MOOMJIBHBIX PO0OOTOB
MPOU3BOJIbHON OPHEHTANNH

OOBexT Cucrembl Jonyctumas
Ne O6nacTh NpUMeHeHus
00CITyKHBaHUS CIETUICHUS TPAHCMHUCCHUS
OO6cnyxuBaHue Konecnas,

1 . BakyymHbie
BBICOTHBIX 3JIaHUH mararomias
Pemont MexaHU4ecKHe,

2 [Taratomas
BBICOKOBOJIBTHBIX JIDII 3JIEKTPOMArHUTHBIE
JleMOHTaX WU
BOCCTAHOBJICHHE MOCTOB,

3 MexaHHUYEeCKHE [Tararomas
BHAJyKOB U JHMArHOCTHUKA
COOPYKEHHI
Junarnocruka BakyymHbsle, Konecnas,

4 | TIPOMBIIILTEHHEIX 3JIeKTpoMar- T'yCEHHYHas,
TpyOOIIPOBOJIOB, YHCTKA, HUTHEIE, mararorias,
HAaHECEHUE MOKPBITHI Ha OCHOBE Q/IF€3WH | YepBIYHAS
TexHuueckoe
o0cIy>)KHBaHUE

5 y MexaHuueckue [Tararormas
MapKOBBIX U JIECHBIX
JIPEBECHBIX MAaCCUBOB

Konechas,
Jle3akTuBanus 00bEKTOB

6 Mexannueckue r'yCeHHYHas

TEXHOTEHHBIX KaTacTpod
mararorias

ATNBTEepHATUBHBIMH CUCTEMAaMH CILETIJICHHS C TIOBEPXHOCTHIO MEPEMENICHUS MOTYT OBITh
YCTPOMCTBA MPOTUBOJCHUCTBUSA TPABUTALIMOHHOW COCTABIISIIOIIECH JUHAMHUYECKUX HArpy30K B
BUJIE TEHEpPATOPOB TITH, TOYHEE IMOJBEMHON CHUJIbI, HE IMPEBBIIIAIONICH, OJHAKO CHJIBI
CIEIUIEHHs po0OoTa C MOBEPXHOCTSAMU MPOU3BOIBHOW OpPUEHTALMU TpU OOCITYKHUBAaHUHU
Pa3TUYHBIX IPOMBIILIIEHHBIX O0HEKTOB.

BoiBoabI

1. JlomuHupyoliee BIUSHUE HA SHEPronoTpedieHne podoTa OKa3bIBalOT MOICUCTEMBI
MEepeMeIIeHNs, TOATOMY JalbHEHIINM HAMpPaBICHHEM COBEPIICHCTBOBAHUS MOOUIBHBIX
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pOOOTOB cCleAyeT CUMTAaTh WHTErPALMIO MPHUBOAOB JBW)KEHUS U OpPHEHTAlMM poOOTOB B
IPOCTPAHCTBE, KaK CPEACTBO YMEHBIICHHSI MAacChl poO0Ta, a 3HAUYUT U €ro rPaBUTAIMIOHHON
CHJIBI TSDKECTH.

2. ITockobKY MOJCHCTEMBI CLEIIICHUS MOOMIIBHOTO POOOTa ONpPEAEISIOT HaAeKHOCTh
€ro yzepkaHusi Ha IOBEPXHOCTHU NEepPEMEIIEHUs, TO 1iejecoo0pa3Ha pa3paboTka OJCUCTEMBI
NPOTHBOACHCTBUS TPABUTAIIMOHHON TUHAMUYECKON HArpy3Kd, HE3aBHCALICH OT (HU3HUKO-
MEXaHUYECKUX CBOMCTB OOBEKTOB OOCIY)KMBAaHHUS, HAlpUMEp, I'€HEPATOPOB pPEaKTUBHOU
THEBMATUYECKOH TATH, IPOTHBOIOJIOKHON BEKTOPY CHUJIBI TSDKECTH POOOTA.

3. Peanu3zanus yka3aHHBIX HaIpaBJICHUN COBEPLICHCTBOBaHMS MOOMIIBHBIX POOOTOB
POM3BOJILHON OPMEHTALMHU TIO3BOJMUT CO3AAaTh HOBBIE U JJOCTATOYHO 3(PPEeKTUBHBIE CpECTBA
IIPOM3BOJICTBA JJIs1 OOCIIY’KUBAHUS IPOMBIIIJIEHHBIX OOBEKTOB B 3KCTPEMAJIbHBIX YCIOBUSX,
OIIACHBIX U JaK€ HE NPUEMIIEMBIX I IPEObIBAaHUS YEIOBEKa.
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I''bPUIHA AJUTUBHA TEXHOJIOI'IA CTBOPEHHSA
MIKPOKOMITIOHEHTIB OIITUYHUX CUCTEM

Abstract. A hybrid additive technology for creating microcomponents of optical systems
has been proposed in the work. Such technology includes Langmuir-Blodgett methods of
surface micromachining by highly concentrated laser beam. It is shown that the use of such a
hybrid additive technology makes it possible to obtain microcomponents of optical systems
with surface elements of atomic separation.

Keywords: additive technology, optical system, microcomponent, Langmuir-Blodgett
Trough

Annomauusn. B pabome npeonosxcena eubpuonas a0oumuenas mexHoi02uw co30aHus
MUKDPOKOMNOHEHMO8 Onmuyeckux cucmem. Taxas mexnonocus exuouaem memoowt Jlenemop-
Fbnoooicem  nosepxnocmuoti  MukpoobpaboOmxu - 8blCOKOKOHYEHMPUPOBAHHBIM — TA3EPHLIM
ayuom. Tloxazano, umo npumenernue maxou cuOPUOHOU A0OUMUBHOU MEXHOIO2UU NO360Iem
NOIYYaAMs  MUKPOKOMNOHEHMbl ONMUYECKUX CUCEM ¢ HOBEPXHOCIHbIMU dlleMeHmamu
AMOMAapHO20 pa3peuLeHusl.

Knwouesvie  cnosa: ao0oumuenas — MexHouo2Us, onmuueckas — cucmema,
MUKPOKOMNOHeHm, 8anua Jleemiop-brnoodacem

OcraHHIM dYacoM, MOIIMPEHHS Ta PO3BUTOK AJWTUBHUX TEXHOJOTi HaOyBae Bce
HIMPIIOro po3moBciokeHHs. Cepel TakuMX TEXHOJOTIH ocoOiMBe Micle 3ailMaroTh
texHouorii 3D-apyky. HacTka cerMeHTy, 10 3aiiMaloTh Taki MPUCTPOI HAa CBITOBOMY PHHKY
ctanoM Ha 2019 pik (3a mporHo3aMu MPOBIAHOI CBITOBOT JOCTIAHUIILKOI 1 KOHCAITHHTOBOT
KommaHii y cdepi iHpopmaniiHux TexHosorii Gartner) craHoBuTHMe O1u3bKO 14,6 Mupn
nonapis [1]. Take nomupene 3acrocyBaHHs TeXHOJOTH 3D-pyKy NOB‘s3aHO 3 IX OCHOBHUMU
nepeBaraMu: IMPOKOK HOMEHKJIATYypOI MPUCTPOIB — BiJl OIOJDKETHUX (BapTICTIO KiTbKa
coteds 10i.CIIIA) no mpomucioBux (BapticTio MuTbiioHU 10y1.CIIA), mUpOKUil aCOPTUMEHT
BUTPAaTHUX MarepiadiB (Bi METaJeBUX TMOPOIIKIB JO IUIACTUKOBUX (iTaMEHTIB Ta
MOJIIMEPHUX IUIacTU(]IKATOPIB), HMU3BKOIO BapTICTIO BUTPATHUX MaTepialiB Ta CaMUX
IOPUCTPOIB, JOCTYIHICTIO BUTPATHUX MaTepialiB, TEXHOJOTH JApPyKy Ta MpOrpaMHOro
3a0e3neyeHHs Uig OoUM(POBYBAHHSA 1 CTBOPEHHS TPhOXBUMIpHUX Mojenei. Cepen ychoro
pi3HOMaHITTS TexHosorid 3D-ApyKy, B OCTaHHIM 4Yac LIMPOKOTO PO3MOBCIOIKEHHS
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HaOyBarOTh TexHouorii 3D-1pyKy 13 3aCTOCYBaHHAM (HOTOMOJTIMEPHUX MaTepialliB (IJTIBKOBUX
doropesuctiB (FF), opraniuni kuwcinotu (cTeapwHOBa, MMadbMITHHOBA) Ta iHmm) [2].
3acTocyBaHHA OCTaHHIX JO3BOJIIE OTPUMYBATH MOIIAPOBI TPUBHUMIpPHI BHUPOOW HaHO- Ta
MIKPOMETPUYHHUX PO3MIPIB 3 PI3HUMH MEXaHIYHUMHU Ta ONTHYHUMH XapaKTePUCTUKaMU. Taki
BUPOOU MOXYTh OyTH BHUKOPHUCTaHI NMPU CTBOPEHHI PI3HOMAHITHUX KOMIOHEHTIB ONTHYHOI
TEXHIKH 3 YHIKaJIbHUMHU €KCIUTyaTalliiHUMH Ta (PYHKIIIOHATbBHUMH XapaKTePUCTUKAMM.

3 iamoro 0oky, mpu (GopMyBaHHI GaraTomapoBux BUpoo6iB MetonoM Jlermiop-bromker
[3] He mo3Bonse chopmyBaTH Ha HUX CKIIAJHI peiabedu Ta MOBEpXHI CKiIaaHoi Gopmu. s
[IbOTO BUHHUKA€ HEOOXIAHICTh y CTBOPEHHI TiOpUAHOI aTIUTHBHOI TEXHOJIOTii CTBOPEHHS
MIKpPOKOMIIOHEHTIB ONTHYHHUX MPUCTPOIB Ta CUCTEM 13 3aCTOCYBaHHSIM MeToiB Jlermiop-
brnomker Ta moBepXHEBOI MiKpOOOpOOKa BHCOKOKOHIIEHTPOBAHMM JIa3€pPHUM IPOMEHEM,
puc.1.

2
3
Mfiiffill R I
_ N N i - N _ ¥ . — — — —— — ;
— — = — — J =
dopMyBaHHS LIapy OPraHIYHOTO ONTHYHOTO OnpoMiHEHHS! OKPEMUX MOJIEKYJT
MaTepiajay Ha IOBEpXH1 pO3UMHHUKA OpraHiuHOT0 MaTepiay JIa3epHUM IPOMEHEM
- — 7 - — = ) R — e — J
— — = — — J ;
BunaneHHs po3psaKeHUX MOJIEKYII OnyckaHHS M1IKJIAIUHKY 13 0CaKEHUM Ma-
OpraHiYHUM PO3YMHHUKOM TEepiajoM JUIsl HAHECEHHS HACTYITHOTO LIapy

Puc.1. Texnonoriuna nocjigoBHicTh peasizanii koMOiHOBaHOI aTUTHBHOI Te€XHOJIOTii CTBOpPEHHS
MiKPOKOMIIOHEHTIB ONITHYHUX MPHCTPOIB Ta CHCTEM:
1 — Banna Jlearmiop-bioker 3 pigzkuM po3UMHHHKOM; 2 — COILIO VISl HAHECEHHSI HA MOBEPXHIO
PO3YHHHUKA MaTepiajy (HA OCHOBI OPraHiYHOI KHCJI0TH) 3 IKOT0 (hOpMYy€EThCS ONTHYHNI
MIKPOKOMIIOHEHT; 3 — MOHOMOJICKYJIIPHUI Iap MaTepiany, mo (popMye ONTHYHI MIKPOKOMIIOHEHTH
4 — migKIagAMHKA, HA IKY MOIIAPOBO HAHOCUTHCSI ONITHYHA ITiBKA; 5 — 1a3epHUii BUNPOMiHIOBaY

[TpuHIMIT poOOTH TPHUCTPOIO 3a CXEMOK TMPEACTaBICHOK Ha puc.l monsrae B
HACTYITHOMY.

I3 comna y Banny Jlermrop-brnomkeT, 1mo 3aOBHEHO PO3YMHHHUKOM (SIK MPaBUIIO, HA
BOJSTHIA OCHOBI) HAHOCHUTBCS TI€BHA KUIBKICTh OpPraHIYHOTO Marepiaay, 3 SKOTrO B
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NOJAIBIIOMY (DOPMYETHCS ONTHYHUN MIKPOKOMIIOHEHT. [loTparuisiioun B PO3YMHHUK,
MOJIEKYJIa TaKOTO MaTepially pyWHYEThCS YTBOPIOIOYHM MO3UTHUBHO Ta HETaTUBHO 3apsKEHI
«xBocTm». Lle 103BOIIsIE BUPIBHSTH yCi MOJIEKYJIM MOHOIIAPY ONTUYHOTO TIOKPUTTS B OJJHOMY
HANpSIMKYy (K TIPaBHIO, TO3UTHBHHUHM «XBICT» HAINPaBICHO B CTOPOHY NPOTHIICKHY BiJ
PO3YMHHUKA).

[Toganpimii BUOIPKOBHMI BIUIMB JIa3€PHOTO BHUIIPOMIHIOBAHHS Ha OKpPEMi MOJIEKYJIH,
YTBOPIOIOYH «OTBOPH» B MOHOMOJICKYJISIpHOMY miapi. OmycKaruu MiAKIaTuHKY Ha TOBIIUHY
HAHECEHOT0 NIAPy B PO3UYMHHHMK, 3BUIBHSIOTH TOBEPXHIO JUIsi (HOPMYBaHHS Ha Hill HACTYITHOTO
MOHOMOJICKYJISIPHOTO IIapy.

TexHoNOrYHUI mpoliec MOBTOPIOEThCs. [lics 3aBepiIeHHs MOMApoBOro GopMyBaHHS
ONTUYHOTO MIKPOKOMIIOHEHTY Ha MiJKJIAJAWHI{, OCTAaHHIO BHUIMAIOTh 3 PO3YMHHUKA,
NPOMHBAIOTh JIMCTHIILOBAHOK BOJOID, CyIIaTh y BakyyMmi 3a KIMHATHOI TeMIEpaTypH.
CdopmoBaHHii TAKKM YHHOM MIKPOKOMIIOHEHT ONITHYHOI CHCTEMH MaTUME BHCOKOTOYHY Ta
XIMIYHO YUCTY IOBEHIUJIbHY TIOBEPXHIO 3 TAPAHTOBAHUMU (DI3MKO-MEXaHIYHUMHU Ta ONTHYHUMU
XapaKTePUCTHKAMHU.

[Tonanpii HAYKOB1 JOCTIIKEHHS B HAMPSMKY 3aIIPOMOHOBAHOI TEXHOJIOTI] nepeadavae
BIJIIPAIFOBAHHST CKCIICPUMEHTY 3 OTPUMAaHHS 0araromapoBHX ONTHYHUX KOMITOHCHTIB
MIKpPOMETPUYHOTO PO3MIPY 32 3aIPONOHOBAHOIO B pOOOTI TEXHOIOTIYHOIO CXEMOIO.

BucHoBku. Takum yuHOM, B pOOOTI MMOKa3aHi NEPCIIEKTHBH 1 HEOOXIAHICTH PO3POOKH i
3aCTOCYBaHHs TIOPUAHOI aTUTHBHOI TEXHOJIOTil CTBOPEHHS MIKPOKOMIIOHEHTIB ONTHYHHX
CUCTeM, IO BKIoYae Meroau JleHrMiop-biomker Ta TIOBEpXHEBOI MIKpOOOPOOKHU
BHUCOKOKOHIICHTPOBAHHUM JIa36pPHUM ITPOMEHEM.
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MIKPOMAHIITYJIATOP HA BA3I JIIHIMHUX I’€30EJIEKTPUYHUX
JABUI'YHIB

Abstract. A new manipulator is consider based on linear piezoelectric motors and
guides, which are the elements of these motor. The improved control system of piezoelectric
motors was proposed, that provided smooth and quiet motion of the manipulator. The
manipulator was made using 3D printing technology.

Key words: nanomanipulator, micromanipulator, piezoelectric motor, linear
piezoelectric motor, linear guides, control system, microtechnology, nanotechnology, cell
biotechnology.

MasimynsaTop - e HeBiJl'eMHUH IHCTPYMEHT B MEIMKOOUTOTIUHINA TEXHIIll, HAIPUKIIA]]
JUTSL BAKOHAHHSI MIKpOOTepaliii Ha KJIITHHHOMY piBHI, MEMOpaHHI TEXHOJIOT11, TEXHOJIOT11 1715
MITYYHOrO  3amnigHeHs 1 T.4. Takoxk, Taki MaHIOYISATOPU  MOXYTh  HIMPOKO
BUKOPHCTOBYBATHCS 1 B IHIIMX O0O0JAacTSIX, HANPUKIAA B EJIEKTPOHHIM MNPOMHCIOBOCTI,
ximivHii 1 .1. [1].

B ocranni 40 pokiB MOTOpU30BaH1 MIKpOMaHIMYJIATOpU OyTyBajIiCs 32 CTaHAAPTHOIO
CXEMOI0 KOHBEpTallli 00epTalbHOr0 pyXy JABUTYHA (KpPOKOBOro, abo MOCTIIHOrO CTpymy) B
NOCTYNaNbHUN PyX JIHIMHOT KapeTku, Hampukial MmikpoMmaninymnsropu PSF-3, PSF-3 IVF
[2]. Lls nocuth cKJIaJgHa cXeMa BHCYBajla JKOPCTKI BHMMOTHM JO BY3JIB KOHBepTalil
o0epTanbHOro pyxy B mocrtynaibHUi. Taki cXeMHM JOCTaTHBO CKJIQAHI 1 MPAaKTUYHO He
MIIIAI0ThCS TOAANIBININ MiHIaTIOpu3amii 1 3xaemeBieHH0. L1 cxemMu MaroTh 0OMEXEHHI
Jiama3oH IO MIBUIKOCTI 1 TIHIHHOMY MepeMIIeHHIO.

3anponoHOBaHUI MIKPOMaHINYJISTOP BUKOHAHUI 3a MPUHIUIOBO HOBOIO CXEMOIO 3
Oe3rnocepeiHIM CIIOMYYEHHSIM I1'€30€JIEeKTPUYHOTO aKTI0ATopa 3 MPeLu3iiHOI0 CTaHIapTHOIO
HAIpaBJIAIOU0I0, sKa Oyjla eIeMEHTOM caMoro MBUTYyHa. Hampasmisiroua Oyria BUKOHaHa Ha
6a31 Tppox JiHIHHUX miamUnHUKIB LM3U. Lle 3HauHO 3MEHIIMIO pO3Mip MaHINmyJsITOpa Ta
pO3MMPWIO Horo Aiana3oH mnepeMimieHHs. MikpomaHimynsTop OyB BUIBHMM BiJi MEPTBOIO
X0y 1 TiCTepe3ucy.

MikpoMaHIyJIATOp MpeACTaBiIsB cO0OI0 TPH JIHIMHUX ABHUIYHA, AKi OyiaH 3’€IHaHi
MDK cCO0OT0 3a JIOTTIOMOTOI0 TIEPEXiTHUX KPOHINTEHHIB. J[Bl HIKHI KoopauHatu Oyinu X 1a Y,
a BepxHs — Z (puc.l). JIBurynu Oynu ocHalleH1 JiHIHHUMHU €HKOJepaMH 3 pIBHEM PO3JiIbHOT
3maTHOCTI 2 MKM. KokHa koopanHaTa Oyiia BCTaHOBIIEHAa O€3MOCepeHhO Ha HAIpaBIISIOUy
abo OCHOBY BIJIOBITHOTO JBUTYHAa. TakuM YMHOM, OCHOBOIO MaHimmynsTopa Oyina OCHOBa
HIDKHBOTO JIBUTYHA (KoOopAMHATa X), IpYrHid IBUTYH (KoopauHaTa Y) OyB BCTAaHOBJICHHI Ha
HAIpaBJsAOYy MEpHIoro ABUTyHA. A TpeTiid ABUryH (KoopauHaTta Z) OyB BCTaHOBJICHHH Ha
HaIpasJysitouy Apyroro aABuryHa. PoGodoro mmardopmoro mMaHinmyasaTopa Oyia Harpasisioda
TPEThOro JABUIyHAa — KoopauHata Z. Taka KOMIOHOBKa 3a0e3rneumia 3HauHe 3MEHIICHHS
Maco-rabapuTHuxX napameTpiB (Maca 180r), )KOpCTKICTh KOHCTPYKIIi Ta CTaOUIBHICTD PYXY B
MIKpOIIPOCTOPI.
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Puc.1. 3anpononoBanmii MikpoMaHinyaaTop Ha ocHOBi ABUTYHiB LPM-5,
BUTOTOBJIeHHIT 3a 3D TexHos10TiEI0

Mikpomanimynarop OyB peanizoBaHHi Ha 0a3i 11’€30€1eKTpUIHUX IBUTYHIB LPM-5-E
¢ipmu DTl [3]. Bei KopmycHi eleMEHTH MIKpOMaHINyasTopa Oyiad BHUIOTOBJIEHI 3
BUKOPHUCTAHHAM TexHoyoril 3D apyky.

Cucrtema KepyBaHHS MIKpOMaHINYJISATOpOM 3abe3neuyBana CTaOUIBHICTh MIBUAKOCTI
pyxy [4], BHUCOKY TOYHICTH IO3HUI[IOHYBaHHS Ta MOXJIMBICTH IPOTPAMOBAHOTO pPYXy B
MIKpOIIPOCTOP1 3 TOYHICTIO 2 MKM. MikpoMaHinyistop OyB BinbHUH Bif BiOpamiii Ta 3
NPaKTUYHO HYJIHOBUM PiBHEM Jpeidy.

Taka KOHCTPYKIIisl MIKPOMAaHINIATOPA MiATBEPMIa MOXKIUBICTh HOr0 BUKOPUCTAHHS
K B KJIITHHHUX TEXHOJIOTiSX, TaK 1 B SIKOCTI MIKpOpoOOTa ajsi Pi3HUX BUKOPUCTAaHb B
IPOMHCIIOBOCTI.

He3naunuit po3mip i Bara 103BOJISITH HOTO PO3MILYBATH B BAXKKOJIOCTYITHUX MICIISIX,
HalpUKiIag, MO KiAbKa HITYK Ha MIKPOCKOIIYHOMY CTOJI, IO MOX€ 3HAaWTH IIHpOKe
BUKOPHWCTAHHS cepel BYCHHX 1 (DaxiBIIiB, IO MPAIFOIOTh B Tally31 MiKPOTEXHOJIOTIH.
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PERSPECTIVES OF DEVELOPMENT OF MULTIINSTRUMENTAL
ATOMIC-FORCE MICROSCOPY UNDER NANOMETRIC RESEARCHES
OF COMPONENTS OF MICROSYSTEM EQUIPMENT

Abstract. The paper shows the prospects for the creation and development of multi-
instrument measuring instruments of atomic force microscopy, which can be used to conduct
complex nanometric studies of components of microsystem equipment. A computer simulation
of the design of a multi-probe chip based on electron-thermal separation of a massive
piezochip base material into separate domain-dissipative zones that are mechanically and
energetically independent from one another is proposed and carried out.

Keywords: multi-instrument measuring instruments, atomic-force microscopy,
microsystem equipment

Anomauin. B pobomi noxazamo nepcneKmugy  CMEOPEHHs mMd  PO3GUMKY
MYTbMUTHCMPYMEHMATLHUX SUMIDIOBATILHUX 3AC00i8 MemOo0y amoMHO-CUNO0B0I MIKPOCKONII,
Wo ModACyms Oymu GUKOPUCMAHI OJisL NPOBEOEHHS KOMNIEKCHUX HAHOMEMPUUHUX O0CTI0NCEHD
KOMNOHEHMI8 MIKPOCUCTMEMHOI MmexHIKU. 3anponoHO8aHO mda NpoeeoeHo KOMHN tomepHe
MOO€eN08aHHA KOHCMPYKYLT MYTbMU30HO08020 YUNY, 8 OCHOGI SIKOI Nedcums eneKmpoHHO-
mepmiyHe po30iNeHHs MACUBHO20 Mamepiany OCHOBU Nbe304Uny Ha OKpeMi OOMeHHO-
OUCUNAMUBHI 30HU, WO MEXAHIUHO MA eHePIeMUUHO He3ANIeHCHI 0OHA 8i0 OOHOI.

Knrouogi cnoea: mynemuincmpymeHmanvHi GUMIPIOGANbHI 3ACO0U, AMOMHO-CUNI08A
MIKPOCKORISl, MIKDOCUCIEMHA MEXHIKA

Recent trends in the development of various highly intelligent branches of technique
and technology (micro-, nanoelectronics, microelectromechanics, functional medicine,
aerospace technologies, robotics, etc.) are devoted to the active creation and application of
components of microsystem equipment (MSE) in products manufactured by them [1]. This is
due to a significant increase in the performance and functionality of such components. The
main advantages of these products also include their miniaturization (the dimensions of
individual components reach hundredths of a micrometer), the versatility of application, the
resistance to environmental conditions (sometimes chemically and biologically active and
aggressive), and their relatively low cost.

At the same time, the method of atomic-force microscopy (AFM) has proved itself to
carry out nanometric studies of the relief and physical properties of the surfaces of MSE
components [2]. The latest achievements of the developers of the hardware and

80


mailto:maxxium23@gmail.com

methodological base of the AFM method make it possible to produce with it a number of
unique studies and tests, not limited to the mechanical characteristics and topology of the
surface of materials [3].

This suggests the possible use of AFM for complex nanometric studies of MSE
components in a single work cycle. On the other hand, the use of a series of removable probes
in such studies raises a number of difficulties and problems: rapid failure of both the
measuring instrument and the AFM instrument in the measuring module part; the
impossibility of unambiguous determination and positioning of the probe in the research area
after the replacement of the measuring instrument; dynamic changes in the measured surface
properties (especially for photo-, electron-, bioactive materials), which entail relaxation
changes in the surface layer of the material at the nanometric level (thermal drift of atoms,
mechanical and electrical microdeformation, etc.) [4].

Therefore, the authors of the article attempted to develop multi-instrumental tools as a
measuring instrument for nanometric measurements by the AFM method. The main problem
faced by developers of such tools is the complexity of their technological implementation, as
well as a little-studied mathematical apparatus for separating signals coming from different
probes simultaneously. This problem is aggravated if the probes measure different, mutually
independent variables in a dynamic measurement mode.

As a solution to this problem, the developers of the AFM nano-instrument are offered to
divide the piezochip base, which serves as the generator of the measuring signal for separate
domain-dissipative zones [5], with further formation of separate sensitive sensors (cantilevers
with measuring probes), Fig.1.

Fig. 1. Model of multi-probe chip AFM:
1 — base (piezochip); 2 — zone of domain separation of a piezochip; 3 — cantilevers with sensitive
elements (probes) at the free ends

A feature of this design is the possibility of flexible regulation of the length of the
cantilever, which will provide the necessary level of rigidity of the latter, as it will expand the
value range of the measured values.

So, the computer simulation of the multi-probe chip, shown in Fig. 1, in CAE system
COMSOL Multiphysics allowed to draw conclusions about the possibility of using such a
chip in nanometric studies of MCT components. Further study of the obtained models and the
implementation of such a piezochip will allow us to establish rational ranges of measured
values, as well as operating parameters of the measuring system itself in carrying out complex
studies.
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Conclusions. The prospects for the creation and development of multi-instrumental

measuring instruments for the realization of complex nanometric studies of MSE components
are shown.
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KOMII'IOTEPHA ITPOI'PAMA OHIHKH METPOJIOI'TYHUX
XAPAKTEPUCTUK IUPPOBOI'O BOJIBTMETPY

Abstract. The method of estimating metrological characteristics or verification of
digital voltmeters is considered. The method of sequential analysis is used in three modes:
reinforced, normal and weakened control. The advantage of the method is to achieve a small
risk value for the customer to 0.005 and to maintain the consistency of the reliability of the
control

Key words: sequential analysis, enhanced monitoring, normal control, weakened
control, acceptance number, rejection number, risk of the verifier, customer risk

Hanpukinmi 90-x pokiB MHHYJIOTO CTOJITTS BUHUKIA MOTpeda 1 MOXIHUBICTD
BUKOPHUCTAHHS KOMIT IOTEPHHUX TEXHOJIOTiN B HaBYalIbHOMY Tiporieci. Ctape oOnaHaHHS Ta HEe
MO>KJIUBICTh HOTO OHOBJICHHS JJIsi 3a0€31eYeHHS ITPOBEICHHS JIA0OPATOPHUX POOIT 3 PI3HUX
HAaBUYAJIbHUX JUCIMIUIIH TPU TMIATOTOBII CIEHIaNICTIB-METPOJIOTIB, 3YMOBHWJIUA PO3POOKY
IUKJTIB KOMIT'FOTEpHHUX JabopaTopHuX poOiT Ha Kadenpi IHdopmarniiiHo-BUMIprOBaIbHOL
TEeXHIKM. B sKocTi mnpukiagy po3risHEMO LUK J1a00paTOpHUX pOOIT 3 TUCHUILIIHU
«BunpoOyBanHs 1 ceprudikanis 3aco0iB BUMIPIOBAIbHOT TEXHIKM.

OcoOnMBICTIO BU3HAYEHHSI METPOJIOTIYHHUX XapaKTEpUCTHUK 1 MOBIPKM MNpUIaNiB 3
1M(POBUM BHXOJIOM € HEOOX1AHICTh BpaXyBaHHS MOXUOKU KBAHTYBAaHHS.

Bimomi 1Ba MeTO1a BU3HAYCHHS METPOJIOTIYHUX XapaKTEPUCTHK (MTOBIPKU) MPHIIAIIB 3
UGPOBUM BUXOA0M — (hiKCOBaHOTO 00’eMy BUOIpKM 1 HOCHIIOBHOTO aHamizy. OCKiNbKH,
3a3BUYail, MparHyTh 3MEHIIUTH 00’€M BUOIpKM NpU 30€pexeHHI BHUCOKOI JOCTOBIPHOCTI
MOBIPKHU, BHOMPAEMO METOJ TMOCIiJOBHOTO aHali3y. B OCHOBI MeToa MOCIiIOBHOTO aHATi3y
JeKUTh MeTol Banbaa — nociiloBHe 00YHCICHHS TPU KO)KHOMY CIIOCTEPEKEHH1 BiIHOILICHHS
fiMoBipHOCTE#H (BimHOIIEHHS mpaBaonoAioHocTi) [1]. Tak sik WMOBIPHICT elleMEHTapHOI
noJil «ycmix» 1 «HeBJada» B KOKHOMY CIOCTEPEXEHHI NMOXMOKM CKIaJaioTh MOBHY IPYILY
HecyMicHUX mnoAii. IlpuiiMaeThcs, M0 KOXKHA 3 IHMX JBOX HMOBIPHOCTEH € TMOCTIHHOIO
BEJIMUMHOIO, a peatizallis MoXuOoK He3aeKHi OJIUH BiJl OJTHOI.

[Tpu BkazaHMX MPUMYHIEHHSIX PO3MOJLT HMOBIPHOCTEH MO «yCHiX» 1 «HEBIA4Ya» B
cepii 3 N croctepexkeHb € OiHOMianbHUM. bynu BHBeneHI BUpa3H JUIsl MPUUMAIBHOTO YUCIIa
«C» 1 OpakyBanpHOTO umnciaa «R» mpum GiHOMIaTLHOMY PO3MOAUII, SKI HAWOLIBII YacTo
BUKOPHUCTOBYIOTHCSI MPU KOHTPOJI TEXHIYHOTO CTaHy BUPOOiIB, Ha OCHOBI IOCIHIiJIOBHOTO
KpUTEPII0 KMOBIPHOCTEH.

TakuM 4YMHOM, 3aMiCThb TOTO, IIOO MOCIIZOBHO KOHTPOJIOBAaTH 3HAYEHHS BiJHOIICHb
HMOBIPHOCTEH, MpPU KOXKHOMY CIOCTEPEKEHHI, Kpalle MOpPIBHIOBATH YUCIO «HEBAAUY» X 3
3HaueHHsMH C 1 R. B mpomy i € cyrh MeTona mochifoBHoro anamizy: mpu X < C
BurnpoOyBanbHuil L{B npusnaerscs npunatHum, a npu X > R — 6pakyetses, a npu C < X <R
3BETHCS 30HOIO 0AMTYKOCTI.
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[TpuiimanbsHe 1 OpakyBajgbHE yucia € QyHKIIIMH TapaMeTpiB o — MOMIIIKa 1-ro poxy,
— mommika 2-To poxay, PO - BepxHs rpaHuIns 30HU (GiKTUBHOTO OpakyBaHHs, Pl - HIDKHSA
TpaHUL 30HU HEBUSBJICHOrO Opaky 1 yuciia crocrepeskeHpb N.

MeTto/1 OCITiJOBHOTO aHAJI3y Peai3yloTh, K MPAaBUIO B JBOX PEXHMAaX: MOCUICHOTO
koHTpoito (I1K) i HopmanbsHOTro KoHTpoto (HK).

MopgemoBanas Ha Benukii EOM [03BOMMIO BCTAHOBUTHM Takli BUXIIHI JaHl U
M (ppOBUX BOIBTMETPIB:

- s pexxumy TTK: o =0,0098, B =0,01; PO=0,01; P1 =0,18; N =44,

- st pexumy HK: o =0,048, B = 0,075; PO =0,05; P1 =0,20; N =40.

Slkum Ou MeTosoM He KoHTpoaoBamch MX 1B, sk npaBuiio IpuXOAsaTh J0 OJHOIO 3
HACTYIHUX Pe3yJIbTaTiB: OILIHIOITH JIMCHE 3HaUYEHHS KOHTPOIhOoBaHOT MX 1 MOPIBHIOKOTH 3
BIJIMOBIIHUMHM T'PaHUIIMH JIONYCTHMHUX 3HAYCHBb a00 JilicHe 3HaueHHS MX He 00YHCIIIOETHCS
a OLIIHIOIOTH 3HAXO/KEHHS HOro B IpaHULAX a00 1Mo3a iX TOMyCTUMUX 3HAYECHb.

B meroni I1IK i HK BukopucTaHo METOJ KOHTPOJIO TIO SKICHHM O3HaKaM (3HAYCHHSI
MX He 00UHCIIOETHCS @ OLIIHIOIOTH 3HAXOKEHHS HOro B rpaHuUIlsX abo mo3a ix JOMyCTUMUX
3Ha4YeHb) 1 MO KUIbKICHUM O3HAaKaM (OLIHIOIOTH JifiCHE 3HAa4YeHHsS KOHTPoJboBaHOT MX i
MOPIBHIOIOTH 3 BIIMOBIIHUMH TPAHUIIMU JOTTYCTUMHX 3HAYCHB ).

et merox i Oyino BukopucTaHo B poOoTi. PoboTa cTBOproBaJMCh B CepelOBHUIII
LabVIEW (Laboratory Virtual Instrument Engineering Workbench).

3arajbHHIA BUTIIST pOOOYOTO CTONTY HaBeIeHO Ha puc. 1.

@@

on/otf

d

0,01 0,1 x o x100

© TOEMNeHMiA KOHTPOAE

o Hopuanski kourpogs O acze |- o
Pesymurar nosipxn
“ MNoc A KOHTpOAL. ‘ENK

NOBIPKA

Puc. 1. 3araabHuii BUIJIs1 po6o4oro croJy

Ha pobodomMy crosi 3HaXOAThCA:MO/IETb BUIPOOYBAIBHOIO BOJIBTMETPA, KaiaidopaTop
HOCTIHHOTO CTPYMY, KHOIIKH BHOOPY peXUMYy poOOTH — MOCHUJIEHUN KOHTPOJIb, HOPMAJIbHUN
KOHTPOJIb, OCJIa0JIEHUH KOHTPOJIb, BIKHA B1IOOpaKEHHs pe3ysbTaTiB OL[IHKU METPOJIOTTYHUX
XapaKTEPUCTHK B PEKUMaX OLIHKU MO SKICHOMY 1 KUJIbKICHOMY KOHTPOJTIO.

B po0oTi peanizoBaHO HACTYITHUMN aJIFOPUTM:

- BUOIp BUNPOOYBaIbHOT TOUKY Jialla30HY BUMIpIOBAHHS;
- 004YHCIIEHHS AOMYCTUMUX MOXHOOK BUITPOOYBATILHOTO BOJIBTMETpA 1 Kani0oaTopis;
- BHUOIp pexuMy NOBIPKH;
- oOuHcneHHs KoedilleHTY KOHTPOJBHOTO JIOMYCKY Y 3 YpaxyBaHHSIM MapaMeTpiB o 1 f3;
- 10jaya BX1JHOTO CUTHAJY METO/I0M CKaHyBaHHS MO aIrOPUTMY
Ai=Ao +q(1,1-9,1(N-1)),

ne A - BUXIIHUN cUTHaI KaibpaTtopa; Ag — HOMiHaJIbHE 3HAUEHHS BUX1JHOTO CUTHAITY
B TOYIl;  — CXO/AWHKA KBaHTyBaHHS; N — KUIbKICTh BUMIPIOBaHb B 3aJI€KHOCTI BiJl PEKUMY
pobotu;

- 3YMTYBAaHHS BUXIIHOTO CUTHaNy Bi i OOYHCICHHS MOTOYHOI aOCOMIOTHOI MOXHUOKH
Ai=Bi—Aj;

a TakoX cymMu YA 1 ZAZi MOTOYHMUX 3HAUY€Hb MOXMOKH 1 MepeBipKa HEPIBHOCTI
A <Ak,
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- CTBOPIOETHCS JHUYMIBHUK YHclia Xj — KUIBKOCTI BUMNAJAKIB HEBUKOHAHHS OCTaHHBOL
HEpIBHOCTI;

- B KOXKHIW TOYIN 1IeH MOKa3HUK MOPIBHIOIOTH 3 MPUUMAIbHUM YHCIIOM 1 OpakyBaJlbHUM
yuciaoM R;.

SKI10 B MOTOYHOMY CHOCTEPEKEHH1 3HaueHHs X HE 3MIHMJIOCS, HOTro MOpPIBHIOIOTH 3
Ci, K10 301IBIIMIIOCH HAa OJIMHUIT0, HOUO MOPIBHIOKOTH 3 R;.

[Ipouec 10 MyCKOBOTO KOHTPOJIS B TOYI 3aKIHUY€ETHCS IMPU BUKOHaHHI yMOB Ri< Xi<
Ci.

ITo 3aBepmieHHIO TOCTIIOBHOTO KOHTposisi B pekumax YK 1 HK 3milicHroeThes
KOHTPOJIb 1O KUIBKICHIN 0o3HAaIll. OOUUCIIOETHCS CEepeHE 3HAUCHHS a0COMIOTHOT TOXHOKU B
TOYI[l CepedHe KBajpaTHuHEe 3HadyeHHs. [Ipu BukoHaHHI HepiBHOCTI |A; [<|Ay| - mpummag
OTPUMYE MPOMDKHY MO3UTHBHY OILIHKY. Pe3ynpTaT IOMYCKOBOTO 1 KiIBKICHOTO KOHTPOIIO
NOpiBHIOIOTH. [Ipu cynepeunuBux pesynpTaTax, Hampukiaa «[IpupaTtHuii Mo JOMYyCKOBOMY
KOHTpoIO» 1 «HenpuaatHuii mo KiIbKICHOMY KOHTPOJIO», TOBTOPIOIOTHCS BUMIPIOBAHHS B
JIaHi{ TouYll, 1 Il JaHHI € 0CTaTOYHHUMH.

Pexum ocnabineHOro KOHTpOJSi — TPHOXCTYIIEHEBUH — camuii mpoctuid. Ha BXin
nu(ppoBOrO0  BOJBTMETpPA IMOJAETHCS AHAIOTOBUNM CHTHaI. Tpu  3HA4YeHHS  SKOTO
po3paxoByeThest 3a (opmyinoo Aj =Ap + (0.5i-1), e i = 1,2,3. B kokHOMY 3 TPHOX
CIIOCTEPEIKEHb MEPEBIPAETHCS HEPIBHICTH |Aj [<|Ak|, B IKOMY KOHTPOJIBHUIN TOMYCK BiAMOBIIa€
pexumy HK. fkmo, xo4 B OIHOMY 3 CHOCTEpEXEHb HEPIBHICTH HE BHKOHYETHCS,
3MIMCHIOETHCS Tiepexia B pexxum HK.

[Tpunaj BiAMOBIIa€ TEXHIYHAM BHMOTaM, SKIIO MpUAMaeThCs pimeHHs «[Ipumpatauii mo
JK» 1 «[Ipunatamii mo KK».

['0I0BHOIO TIEpeBaror TAaKOrO METOJIa OI[IHKA METPOJIOTIYHHX XapaKTEePHCTHUK, abo
NOBIpKU LU(POBOro MpUIIAZy € MOKIMBICTh TocarHeHHs napametpy B = 0,005, To6To pusmk
3aMOBHHUKa ckiagae Bcroro 0,5 %.

BucHoBKkHM. BUKOpUCTaHHS KOMII'IOTEPHMX TEXHOJIOTii B HaBUaJbHOMY IIpoIeci
JI03BOJISIE:

- BUBYUTH CTYJEHTOM METOJUKY 1 HaOyTH HaBMYOK €KCIIEPHUMEHTAJIbHOTO BU3HAYECHHS
METPOJIOTIYHUX XapaKTEepUCTHUK abo TMOBIPKM BUMIPIOBAIBHUX NpUIaAiB 3 LU(PPOBUM
BUXOIOM;

- BUKOHATH J1a00paTOpHYIO poOOTY AUCTAHLIMHO MpU HEOOX1HOCTI,

- MIIBUIIIUTH aKTUBHICTh BUBUEHHS JUCIHILTIHU 32 PAXyHOK 1HIUBITyadbHOI pOOOTH;

- CTBOPUTHU €IMHUN OCBITHIN MPOCTIP — MOKJIMBICTh BUKOPUCTAHHS JIaHUX MaTepiajiiB
MIPH MiATOTOBIII CTIEHIaNICTIB CYMDKHUX CIeliaTbHOCTEH.

Cnmcok Jiteparypu
1. BJIL.Bnagumupos, C.A.Avapycsk, E.W.fcenunukuifi. Metoasl U alropuTMmsl

ABTOMATU3UPOBAHHON TMOBEPKU CPEJCTB HU3MEPEHUH JJIEKTPUUECKUX BEJIMYMH C KOJIOBBIM
BbIX0A0M. MockBa: M3a-Bo ctangapTos, 1989. 145 c.
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BJAOCKOHAJIEHHSA POBOTH BIPTYAJIBHOI'O ®OHOKAPAIOI'PADA

Abstract. The principle of operation of the phonocardiograph is analyzed. It has been
found that the low-frequency oscillations generated by the heart in the process of operation
have much greater energy than high-frequency oscillations, with uniform amplification of the
whole spectrum of low-frequency frequencies, fluctuations will be recorded in the form of
large amplitudes, while high-frequency oscillations will be barely noticeable, and most noises
will not be registered at all. The influence of the network interruption on the results of
processing is also determined. Software for data processing of the virtual phonocardiograph
is developed.

Key words: virtual device, phonocardiograph, digital filter.

Beryn. ®onokapuiorpadis — MeTo peecTpalii 3BYKOBHX SIBHII, II0 BHHHUKAIOTH Yy
cepli Mpu Horo AisiabHOCTI. BOHA € CyTT€BUM JIOMOBHEHHSIM 10 ayCKYJIbTallii ceplis, TOMY 1110
JTIO3BOJISIE PEECTPYBATH 3BYKH, SIK1 HE CIIPUHMAIOTHCS JIFOJCHKUM ByxoMm[1].

CnyxoBuil aHami3aTop JIIOJUHM 3/1aTHUHA COpUHMATH 3BYKOBI KOJIMBAaHHS B IIMPOKOMY
niamazoni — Big 16 mo 20000 T'u, ame cnpuiHATTA iX HeojaHakoBe. Kparie ymoBIIOIOTHCS
3BYKH 3 4acCTOTO0 KoiuBaHHA 061u3bko 2000 I'. Hu3bko4yacTOTHI KOMMBAHHS CIPUHMAIOTHCS
HabaraTo ripme. ToMy Npu aycKyibTalii cepliss NPAaKTUYHO HE BUCIYXOBYIOTHCS 3BYKH 3
Majior0 4dactotoro koiuBaHHs: III 1 IV ToHM, Hu3bkouacTOTHI KOoMmOHeHTH I 1 II TOHIB,
HU3BKOYACTOTHI IITYMH.

[Tpu donokapaiorpadii 3ByKOBI KOJIMBAaHHS, IO y CEpLi, PEECTPYIOThCS Yy BUIJIIAI
kpuBoi — Qonokapaiorpammu (OKI') 3a nomomororo amapary — Qonokapaiorpada. Bin
CKJIaJaeTbcss 3 MiKpo(doHa, MiJCUIIOBAa4Ya, CUCTEMH YaCTOTHUX (IIBTPIB 1 peecTpyroyoro
IPUCTPOIO.

Mikpo¢oH crnpuiimMae 3ByKOBI KOJIMBaHHS 1 NEPETBOPIOE iX B E€JIEKTPUYHI CHUTHAJIM.
OcTaHH1 TOCUJIIOIOTHCS 1 MEepPeAaroThCsl HAa CUCTEMY YaCTOTHHX (PUIBTPIB, SIKI JIO3BOJISIFOTH
OKpPEMO peecTpyBaTH 3BYKOBI KOJMBAHHS IMEBHOI YacTOTH: HM3BKO-, CEpEeIHbO-1
BHCOKOYACTOTHI. Jlami KoJMBaHHS NMEBHOI YaCTOTH NEPENAlOThCS B PEECTPYIOUMI MPUCTPIH,
Jie BOHM 3alUCYyIOThCS Yy BUTIISAI KPUBOT HA Marepi.

Crnig 3ayBaskuTH, 10 OJTHUM 3 HEJOJIKIB CTallioHapHOTro (hoHOKapiorpada sBisieTbes
Meperkena 3aBaja 50 I'm.

Mera poboTH — BIOCKOHAICHHS pPOOOTH BipTyalbHOTO (¢oHOKapaiorpada Ta
3MEHIIIEHHS 1oro co0iBapTOCTI.

Hawmu 3anponoHoBanuii BipTyaiabHUl oHOKapaiorpad, 3aCHOBaHUM Ha MaKeT1 Mporpam
Labview.

s poboTtu BipTyanbHOro (GoHokapaiorpada HeoOXiAHUN MEePCOHATBLHUN KOMIT IOTEp.
Otpumani pe3yabTaTd 3 MIKpO(QOHY MiJCHIIOIOTECS Ta MEpeJaroTbcs B KOMITIOTEp 3a
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JIOITOMOTI'0I0 3BYKOBOI KapTh. Y mporpamHoMy cepemoBuii Labview mpoxoauts diabrparris
Ta aHaJli3 OTPUMAHUX JIaHUX.

OCKUTbKM HU3bKOYACTOTHI KOJIMBAHHS, SIKI T€HEPYIOTHCS CEpIeM B IMpoIeci podOTH,
MalOTh 3HAYHO OUIBIIY €Heprifo, HiK BHCOKOYACTOTHI KOJUBAHHS, IMPH PIBHOMIPHOMY
MOCUJICHHSI BChOT'O CIEKTpa YacTOT HU3bKOYACTOTHI -KOJUBaHHS OyIyTh 3apeecTpoBaHi y
BUTJISAJII BETTUKOT aMILTITYI, B TOHM Yac, Ik BACOKOYACTOTHI KOJIMBaHHS OyayTh JIeh TIOMITHI,
a OUTBIIICTH IIYMIB B3arayi He OyyTh 3apeeCTPOBaHi.

Jns ycynenns uiei npo6iaemu B @KI™ 3acTOCOBYIOTBCS €1€KTPUYHI (PLIBTPH.

BucokouactoTHi  (QiIBTpM  MpPONyCKalOTh TUIBKM  BHUCOKOYACTOTHI  KOJIMBaHHS,
HU3BKOYACTOTHI (DITBTPU - BiJMOBIAHO HU3bKOYACTOTHI KonmBaHHs. KoMOiHAIlis BUCOKHX 1
HU3BKUX TOHIB-(DUIBTPIB CTBOPIOE CMYTOBUM (UIBTP, SKUA BUAUISIE TIEBHY CMYTY CIIEKTpa
4acTOT, 0O0pi3ar0uM, SK BHUCOKOYACTOTHI, TaK 1 HU3bKOYACTOTHI YacTOTH. 3aCTOCYBAHHS
CMYToBUX (DUTBTPIB 1a€ MOMXIIUBICTh PEECTPYBATU CUTHAIIU MAJIOT aMILTITY/IH.

Hyxe miHHY iH(pOpMAIiI0 IalOTh BHUCOKOYACTOTHI - QinbTpu Maacy-Bebepa
(BUKOpPUCTOBYETHCSI B aBCTPIMChbKMX 1 HiMeubkuX ¢oHokapaiorpadiro) i Manuxeiimepa (B
nIBeickkoMy armapati "minorpad") [2,3].

3a3Buyail B poHokapaHorpadii nepeadaueHa peectpaiiisi 5 3ByKOBUX KaHATIB: MEPIIHi
- ayCKyJIbTaTUBHUMN (A), IIMPOKOCMYTOBHH, 110 JTI0O3BOJISIE 3aMMCATH 3BYKH CEpIIs MPUOIU3HO
Tak, SK BOHHM CIPUIMAIOTHCS JIOJACHKUM BYXOM; JApPYruil - Hu3bkouactoTHuil (H), mo
MPOIYCKA€E 3BYKH 3 4aCTOTO0 Om3bko 35 'y Tpetiii-nepmmii cepennbouactoTanii (C1) - Big
35 mo 70 T'm; uwerBeptuii - apyruit cepennpbouyactoTHuit. (C2) -pix 70 mo 140 I'u; n'sTuit -
BHCOKOYACTOTHHH, SIKHI 3aMKCye 3BYKH MEPEeBaXXHO 3 yacToToro moHaxa 140 [ (makcumym
6muspko 250 ') [4].

OxkpiM 3a3HAYCHHUX BHIIE MPOOJIeM iCHye mpobiiema 3a MepekeBoro 3aBanoro (50 I'm),
KOTpa BKpall HETraTUBHO BIUIMBAa€ Ha Bech pe3yibTar. s ycyHeHHs wi€i mpobieMu
HEOOX1IHO BUKOPUCTOBYBATH PEKEKTOPHUM (P1IbTp HanamroBaHuil 1s ycynenns 50 I'm.

Ha puc. 1 npeacrasieHa BHYTpilIHs 0J0K-cxema po3po0biieHoi mporpamu B Labview.

L)

Puc. 1. — BuyTpiuns 6;10k-cxemMa po3po6enoi nporpamu B Labview

Ha puc. 2 npencraBneHa nuieBa naHeib po3poOIeHOi MporpamMu.
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Puc. 2. — JlunnoBa naHejib po3poodenoi nporpamu B Labview

BucHoBkHM. BukopucTanHs peXeKTOpPHOTO (ibTpa Ha YacTOTI MEpEKeBOi 3aBajd
3HAYHO MOKPALIWIO Pe3yIbTaTH OOPOOKH JaHUX.

Kpim mporo, BUKOpucTanHsi BipryansHOro (poHOKapaiorpada 3HaYHO 3/EMIEBUTH HOTO
c001BapTICTh.
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Cekuin 7
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BBIBOP KOHTAKTHBIX ) KUJKOCTEMH JIJIsI TPOBEJIEHUA _
YJABTPA3BYKOBOI'O HCCJIIEAOBAHMUSA 3EJIEHBIX HACAKIEHUN

Abstract: Various liquids have been analyzed that can be used to improve acoustic
contact with a fairly rough surface of a living tree. The basic requirements that are imposed
on liquids for their application for such purposes are singled out.. As a result of the analysis,
a list of liquids suitable for improving the quality of passage of ultrasonic vibrations through
the environment was obtained.

Key words: ultrasound, contact liquids, living tree

VY bTpa3ByKOBOW KOHTPOJIb UMEET IMIMPOKOE PACTIPOCTPAHEHHE B PA3IMYHBIX OTPACIAX
HayKd M TeXHUKU. OJHUM U3 HalpaBlIeHUH ero MpUMEHEHHs SBISEeTCsS MOUCK /1e(eKTOB B
pa3IMYHBIX MaTepuaax, a TaKkkKe MPOBEJICHNE OLIEHKN KaueCcTBa TAKUX PadOT Kak, HAIpUMep,
naiika, ckieWka WM cBapka. YIJIbTPa3BYKOBOW KOHTPOJb SBISETCS OJHUM 3 OCHOBHBIX
AIIEMEHTOB KOHTPOJISI KAYECTBA BKHEUIIINX 3JIEMEHTOB TPYOOIIPOBOIOB aTOMHBIX PEAaKTOPOB,
aBUAIIMOHHBIX JBUraTeNeH.

B nocnennee BpeMsi CTaHOBUTbCS Bce OoJiee aKTyalbHOW MpoOsiema oOpylIeHUs
JIepeBbEB, B IIEPBYIO OYEpelb B CBA3M C HEOOXOAMMOCTHIO JIMKBHJAIMM HETaTHBHBIX
MOCJECTBUIA OITHX OOBAJOB. YSA3BHMOCTh JepeBa Iepel] pa3IuYHbIMH BHEITHHUMHU
BO3JCUCTBUAMM, TaKUMH Kak: CHJIBHBIA BeTep, yparaH WIM MeTelb, - 0oOyCJaBIIMBAacT, B
NEepBYIO ouepesb, Haauuue 1e(eKToB BHYTpU CTBojia. Hamuuue M akTyanbHOCTH MPOOIEMBI
OOpyIIeHUs] JIepeBbEB BO BpEeMsl CTUXHUHBIX OEJICTBUH TPHUBEIO aBTOPOB K UeEe
UCTIOJIb30BAaHUS YJIbTa3BYKOBOI'O KOHTPOJIS ISl OLIEHKH II€IOCTHOCTH 3€JIEHBIX HACAXKJICHHUH ¢
ENBI0 TPEOTPANICHUST HEKOHTPOJIMPOBAHHBIX MOCIEICTBHIA UX MIPUPOTHOTO pa3pYIICHUSI.

OObIYHO A1 CO3/1aHUS YIBTPA3BYKOBBIX KoyieOaHMH Hambolee 4acTo HCMONb3YIOT
MarHUTOCTPUKIIMOHHBIC U TTbE303JIEKTPUUYECCKHIE JATIHKH.

[lepBble OCHOBBIBAIOTCS Ha SBIEHUU MarHUTOCTpUKIMH [2]. IlpuHmmn paGoTel
MarHUTOCTPUKIIMOHHOTO JATYMKa COCTOMT B TOM, YTO TPU Pa3MEUICHHH B IEPEMEHHOM
MarHUTHOM Tojie (EpPUTOBOIO CTEPXKHs, €ro pa3Mepbl OyayT M3MeHATbcsA. B pesynbrare
Yero BOKPYT CTEpKHS OyyT 00pa30BBIBATHCS YIbTPA3BYKOBbIE KOJIECOAHMUS.

[Tony4yenue yapTpa3zByka BO BTOPOM Cllyyae OCHOBBIBaeTCsl Ha 00paTHOM mbe303¢ddekre
[3]. B aTom cirydae mon BO3AEHCTBHEM IMPHIOKEHHOTO K MBE30IEMEHTY JJIEKTPHYECKOTO
TOKa, MbE303JIEMEHT HAuMHAET COBepLIaTh KojeOaTelbHbIE JBWKEHHS B YJIBTPa3BYKOBOM
JMana3oHe 4acToT.
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[Ipy  wWCrONB30BaHUM  MATHUTOCTPUKIMOHHOTO  JaT4YMKa JUII  WCCJICIOBAHHS
BHYTPEHHEI'O CTPOEHHS XHBOTO JepeBa (EpPpPUTOBBIA CTEp)KEHb BOMBAETCs B HEOOJbIIME
OTBEPCTHS B KOpe Ha IIyOMHY OKoJIo 2-3 cM. [JTaBHBIM NpEeuMyIIeCTBOM 3TOTO METOJa
SIBIISIETCS TUTOTHBIM KOHTAT JaTYMKA C MOBEPXHOCTHIO JEpPEBa, YTO OOECICUUT MPOXOKICHUE
yIbTPa3ByKa OT HMCTOYHHUKA K OOBECKTY HCCICIOBAaHUS C HAUMEHBITUMHU TmOTepsimu. K
HEJOCTaTKaM  KCMOJb30BaHUS ~ MArHUTOCTPUKLUMUOHHBIX  JATYMKOB  HAJ0  OTHECTH
HEO0OXOMMOCTh TIOBPEIKIACHUS JIEPEBa.

['1aBHBIM MPEUMYIIECTBOM HCIOJIB30BAHUE MbE303JECKTPUUECKUX JTATUUKOB SBIISICTCS
BO3MOJKHOCTH TOJTYYEHUSI TOYHBIX PE3Yy/IbTaTOB, HE MOBPEXIas CTPYKTYphI aepeBa. OgHako
MIPU UCTIOJIB30BAHUM JIJATYMKA HA OCHOBE MbE303JIEMEHTOB MEX]y JaTYUKOM U KOPOU JepeBa
oOpasyercst BO3YIIHOE MPOCTPAHCTBO, KOTOPOE OYJET 3aBUCETh OT HIEPOXOBATOCTH CaMOM
JIPEBUCHHBI, UYTO SIBIIICTCS CYIIECTBEHHOW mpoOieMoit. OTCyTCTBHE IUIOTHOTO KOHTAaKTa
MEXy TaTYMKOM M MOBEPXHOCTHIO MPUBEAET K MOTEPSIM IOJIE3HOTO U3NYUYEHUS, TIOCKOIbKY
3HAYMTENIbHASI YacTh YJIbTPa3ByKa B TaKOM cliydyae OyJeT moryiomarskcs Bo3ayxom. Ilotepu,
KOTOpBbIE HEM30EKHO BO3HUKHYT B TaKOM ClIy4ae, MOTYT CTaTh MPUYHHOW TMOITYYCHHUS HE
JIOCTOBEPHBIX PE3YJbTATOB HCCIeNOBaHUA. [l permeHuss 3Toil mpoOiemMbl MpeIoKeHO
UCIIOJIb30BaTh CHEIHABHBIA YINIOTHUTEIh U KOHTAKTHBIE KUIKOCTH.

Heabo ngaHHOW NyO0JMUKANMHU SBISACTCS aHaIU3 Ta BBIOOP JKUIKOCTEH JiA
o0OecrieueHnss KayeCTBEHHOTO YJIbTPAa3BYKOBOTO KOHTAKTa JaT4MKa C KOpPOW JepeBa IMpHU
MIPOBEICHUH YIbTPA3BYKOBBIX MCCIICIOBAHUN 1IETIOCTHOCTHU 3€JICHBIX HACAKICHUN.

AHaM3 KUJAKOCTEH HaYHEM C OIPE/ICIICHUSI OCHOBHBIX XapaKTEPUCTUK, KOTOPBIMU OHU
JIOJKHBI 00J1a71aTh, BBUIY TOTO, UTO BO3JIyX UMEET OOJBIIOE aKyCTHUYECKOE COITPOTHBIICHUE U
HEO00X0IMMO MaKCUMAaJIbHO 00ECTIEYUTh YCTPaHEHHE BO3AYIIHOTO 3a30pa.

K naubosiee 4acTo HCHONB3yeMbIM B YJIBTPA3BYKOBOM HEpPA3pYIIAIOIIEM KOHTpPOJIE
KHUIKOCTSIM OTHOCSATCS [1]:

* BOJA;

* AKyCTHYECKHI r'elib;

* pasIUYHBIC MAcla;

* KIEHCTEp.

TpeOoBanus, TpeIbABISEMbIe K KOHTAaKTHBIM KHJKOCTSM JJIS  TIPOBEICHHUS
MCCJIETOBAaHMM Ha )KHBOM JIepeBe, MOKHA C(OPMYIUPOBATH CIEAYIOIIMM 00pazoM:

1. Xuakocte nomkHa o0JaAaTh BBICOKOM BSI3KOCTHIO, MOCKOJBKY HCCIIEIOBAHMS
HEO0OXOUMO MPOBOJIUTH HA JKUBOM JepeBe, a, CIe0BATEeIbHO, B BEPTUKATBHON MIOCKOCTH,
W3JIUIITHSAS )KUJIKOTEKYYECTh OyJIeT HEyMeCTHa.

2. B cocrtaBe XUAKOCTH HE MOMKHO OBITh €IKHUX BEIIECTB, KOTOpPbIE MOTJIH OBl
MOBPEAUTH JIEPEBO.

3. XKwuakocThk JOHKHA JIETKO YIAISATHCS C IIOBEPXHOCTH JIepeBa, 4TOOBI HE MMPUBJICKATH
HAaCEKOMBIX.

4. JKunkocth nomkHa OBITH TPUMEHHMMA B IIMPOKOM JHAIAa30HE TEMIIEPATYp, YTOOBI
€€ HCIOJIb30BaHNe He OBLIO OTPAHUMUYEHO BPEMEHEM To/1a.

5. Xwuakocts qomkHa 007a1aTh XOPOITUMHU aKyCTUYECKUMH CBOMCTBAMM.

Hcxons w3 3Tux TpeOOBaHWU W TPOBEACHHOTO aHallM3a, OCHOBHBIE JIOCTOMHCTBA M
HEJIOCTATKH Pa3HbIX KOHTAKTHBIX KHUAKOCTEH OBLIM COOpaHbI U MPEACTABICHBI B Ta0IHIIE 1.

Kak BuaHO w#3 TaOJMIBl, MaKCUMAIbHO COOTBETCTBYET BCEM IIPEIbSIBICHHBIM
TpeOOBaHUSIM aKyCTHUECKHUH Tenb. B CBA3M ¢ YeM, HMMEHHO OH TUIAHHPYETCS ISt
HCIIOJIb30BAaHUS B MPAKTUYECKUX IKCIEPUMEHTAX IO MCCIEIOBAHUIO LIEIOCTHOCTU 3€JIEHBIX
HacaKICHUH.
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Ta6aunua 1. JIocTOMHCTBA M HEIOCTATKH KOHTAKTHBIX JKUJIKOCTECH

Kunakocthb JoctrounHcTpa HenocraTtku
XOpo1io MPOBOIUT YIBTPA3BYK U MmeeTr HU3KYIO BA3KOCTH U
[I03BOJISIET NIOJIy4aTh JOCTOBEPHYIO IUIOTHOCTB, IO3TOMY OBICTPO CTEKaeT
HH(pOpPMaLIUIO C BEPTUKaJIbHON OBEPXHOCTH
Jlerko ynansieTcsi ¢ HOBEpXHOCTH KOPBI
Bona 3amep3aeT Npu HU3KUX TEMIIEpaTypax

Jiepena.

MokeT HCTIoIb30BaThCS TOIBKO IS
JIEPEBbEB C OTHOCUTEIBHO IIAIKOM
MTOBEPXHOCTBHIO KOPBI

He noBpexnaeT uccienyemyro
IIOBEPXHOCTH

HmMeeT BBICOKYIO MPOITYCKHYIO
CIOCOOHOCTb VISl yIbTPa3ByKOBBIX

KoJIeOaHMH
He nospexaer Kopy JepeBbeB
AxycTu- Jlerko ynansieTcsi c HOBepXHOCTH
YeCKHUH HNmeer mmpokuid [rana3zoH Hoporocrosmit
reib TeMIeparyp

HmeeT BBICOKYIO IIOTHOCTD U
BSA3KOCTb, YTO HE JIAET €My CTEKaTh C
BEPTUKAJIBHOHN IOBEPXHOCTHU
He umeer 3amaxa

HMeeT BBICOKYIO MPOITYCKHYIO
CHOCOOHOCTB TSI YJIBTPa3BYKOBBIX
KoJIeOaHUit

Iloxo yAaiadaeTcda ¢ MOBEPXHOCTHU
ACpEBa U C OACIKABI UCCICAOBATCIIA

Nwmeer mmpokuii quanasox

HmeeTr HENPUSTHBIN 3amax.
Macno TeMIeparyp

B ero cocraB Moryt BXoauTh
pas3IuuHbIE €1KHUE BELIECTBA,
CHOCOOHBIE TOBPEAUTH CTPYKTYPY
KOpBI JiepeBa

Nwmeer BBICOKYIO IIJIOTHOCTD U
BA3KOCTb, YTO HEC AACT €My CTCKATh C
BepTHKaJII)HOI}'I IMOBECPXHOCTHU

[Tnoxo ynansieTcsi C TOBEpXHOCTH
JIepeBa U C OJICIbl UCCIIeI0BATETIS.
Jnst ynanenust HEOOX0IMMO
HCIIOJIF30BAHNE XUMHUUECKUX

NmeeT BBICOKYIO MPOITYCKHYIO
CHOCOOHOCTD ISl YJITPa3BYKOBBIX

Kosie0aHui .
pacTBOPUTEIIEH, KOTOPBIE MOT'YT
Kneicrep HOBPEIUTH IEPEBO
[1;10THO pUIIETaeT K MOBEPXHOCTH NmMeeT HENMPUATHBIN 3amax.
B ero cocraB MOryT BXOIHTH
Nmeer mumpokuil 1uamna3oxn pa3InyHbIE €KHUE BEILIECTBA,
TeMIIepaTyp CIOCOOHBIE MOBPEAUTH CTPYKTYPY

KOpBI JiepeBa
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Abstract. History of development and possibility of method of gas-unloading
visualization in diagnostic of the physiological and psychological state of man under act of
different factors considered in this article.
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Memoo eazopospsonoi eizyanizayii (I'PB) - me koMmm'roTepHa peecTpallis Ta aHawi3
ra3opo3psSAHOTO CBITIHHA OyAb-IKUX 01070TTYHUX OO0'€KTIB, MOMIIICHUX B €JIEKTPOMArHiTHE
110JI€ BUCOKOI HAPYXEHOCTI.

e y 1777 poui mpodecop I'eopr JlixTeHOepr, BUBYAIOUM PO3PSAM HA MOKPHUTIH
MOPOLIKOM TIOBEPXHi 130JI1TOpa, BUSBUB XapakTepHE BisyIonoiOHe cBiTiHHSA. Maibke depes
CTONITTS 1e CBITIHHA Oyino 3adikcoBaHo Ha (OTOIUIACTHHI Ta OTPUMANO Ha3By «piryp
JlixTenGepray. 3rogom nampukinmi XIX cromitrs Hapakesnu-Monko $1.0. BUABUB CBIiTiHHS
PYK JIIOIMHU B TOJII BUCOKOBOJIbTHOTO TeHepaTopa 1 HaB4MBCS (iKCyBaTH 1€ CBITIHHS Ha
¢orornactunuil. [lomanpmmit  po3BUTOK — Bi3yanizailist CBITIHHS Bl OO’€KTIB B
€JIEKTPOMArHiTHUX MNOJIX oTpuMaia 3aBlIsku mnpausM Hikomu Tecnau Ta KaTOMUIBKOTO
cBauleHnka Jlannens ne Mopya. OpHak CKJIaJHICTh BUKOPUCTaHHS TOJl amaparypu JUis
OTPUMaHHS eJleKTporpadiyHuX 3HIMKIB Ta 11 00’€KTMBHa HeOe3meKa MeperKoIKain
MOUTHPEHHIO METO/TY.

[Topanemmii po3BUTOK LOTO METOAY JOCIHIIKEHHS HaNeXHUTh nojpyxokio Kipiiaw,
BUHAX1IHUKaM sIKi HE3aJIe)KHO BiJ KOJIET BHSIBIUIM 1 JOCIipKyBanw 1ie siBumie B 1930-1940
pOKax, 1 BIATOJII METOJI «BUCOKOBOJIBTHOTO (poTorpadyBaHHs» 3100yB HOMYJISAPHICTh. 3 TOTO
4yacy y BCbOMY CBITI 1HIIIOIO Ha3BOIO METO/IY T'a30p03psAIHOI Biyanizarlii € «edext Kipmiany.

Po3BuTOoK MeTony ra3opo3psHOi  Bidyadi3alii CHOHYKaB BIJOMOTO  BYEHOIO
Kopotkosa K.I'. po3poOutu npunan, sikuii 103B0JIs€ HA OCHOBI OTPUMAHOIO T'a30pO3PSIIHOTO
CBITIHHS NUISIXOM MaTeMaTU4YHOI OOpOOKM pOOUTHM BUCHOBKM II0JI0 (Pi310JOTIYHOIO Ta
TICUXOJIOTIYHOTO CTaHY JIFOAUHU. 3aB/ISIKA HOTO PoOOTI 3’ IBHIIACS MOKIIUBICTh 3aCTOCOBYBATH
anapatypy I'PB B sikocTi MEAMYHOTO 11IarHOCTUYHOTO 00JIaHAHHS.

MeToro JaHOTO JOCHIKEHHS OyJI0 BCTAHOBJIEHHS BIUIMBY (Pi310JI0TIYHOTO Ta
MICUXOJIOTIYHOT0 HaBaHTAXKEHHS Ha JIIOJIMHY 3a Jjoromoroio meroay ['PB.

[Mpunnun peanizaiii merony I'PB (puc. 1) monsirae B TOMy, 1110 Ha MPO30PHIA €IEKTPOJT
onoky enekrporHo-ontuyHoro (BEQO) i momimieHnii Ha HBOTO AOCTIIKYBaHHA 00’€KT Bif
reHepaTopa YacTOTH, SIKMH KePYEThCS MEPCOHATHIM KOMIT FOTEPOM, TIOAAI0THCS eICKTPUIHI
iMmnyibeu. [lpyu BUCOKIM Hampy)KEHOCTI €JIEKTPOMArHiTHOTO MOJIi B Ta30BOMY CEpEIOBHILI
IPOCTOPY KOHTAKTy OO’€KTY 1 IMPO30pOTO EJIEKTPOIYy PO3BHBAETHCS KOPOHHUHA Ta30BHI
PO3psi, HapaMeTpH SIKOTO BU3HAYAIOTHCS BIACTHUBOCTSIMH 00’ €KTY.

[Mpunan s ra30po3psaHOI Bi3yamizallii T03BOJISIE PEECTPYBATH Y BUTIISAIT HU(PPOBHUX
300pakeHb 1 KUIbKICHO OIIIHIOBAaTH CBITiHHS, 110 BUHUKAE MOOIU3Yy MoBepxHi 00’ekrta. [Ipu
IIbOMY JIOCJIIJDKYETHCSI CTUMY/IbOBaHA €JIEKTPOMATHITHUM IIOJIEM 1 Ta30BUM PO3PSIIOM €MICis
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(GOTOHIB, €JIIEKTPOHIB Ta IHIIMX YAaCTHHOK OiojoriyHoro 06’ekta. OCHOBHA J1arHOCTHYHA
iH(pOpMallisT OTPUMYETHCS 3 XapPAKTEPUCTHK CBITIHHS, SKE€ € IMPOCTOPOBO PO3IMOALICHOIO
IPYIOIO JIISHOK Pi3HOI ACKpaBOCTi (puc. 2).

JIaBpuHHUIi po3paa

. Kos3arwoumnii
po3psa

IManeun

I'azoBuii
pospsa Iepconann-
P umii

9

Hposopuii KoMI’10Tep
eJEeKTPO]L \

= ¢

EEO - P I'enepaTop
Bineokamepa 44— % 4acToT

Puc. 1. lIpunuun peasizauii MeToay razopo3psiaHoi BizyaJizaiii:
1 - 00'exT HOCHiIKEHHS; 2 - MPO30PHIi eJIeKTPoa; 3 - ONTHYHA cUcTeMa (Bigeokamepa);
4 — BineoxkonBepTep (Bineokapra); 5 - eJieKTPOHHUI 0J10K (TeHepaTop)

Puc. 2. 3adiikcoBaHe y e1eKTPOMArHITHOMY MOJIi BHCOKOT HATIPY’KEHOCTi CBITiHHA
NaJbUiB PYK H0CHiIKYBAHOI0 00’ €KTY

CexkTopHa [IarHOCTMKAa 3acCHOBaHa Ha [JIarHOCTHYHIA TaOnMIl, sKa TOB’s3Yye
XapaKTEpUCTUKU CBITIHHS OKPEMHX 30H MaJbLiB PYK 3 (PYHKIIOHAJIbHUM CTaHOM OpPraHiB 1
CHCTEM OpraHi3My, Ta TPYHTY€ThCS Ha 11eAX TPaJULIMHOT KUTaChbKOI MEAMLIMHH, CUCTEMI
MepHJllaH Ta aKyMyHKTYpPHUX TOYOK. SICKpaBiCTh CBITIHHS Fa30BOTO PO3PANY /1a€ YSBIEHHS
Opo CTaH 3[0pOB’S B IIUIOMY, a JIarHOCTUYHY iH(OpMAIlil0 3a OKPEMHUMH OpraHamu 1
cuctemMamu HecyThb nepumerp (P) 1 mutoma cBitiHHs (S).

Ha puc. 3 npencraBneni giarpamMu, OTpUMaHi B pe3yibTaTi MPOBEIEHUX JTOCIIIKEHb.
O0’eKkTOM JOCHIKEHHSI CTaB MoJIoAMH xJjomenp, 17 pokiB, cryaeHT 1 kypcy DITIC.
JlocnmikyBaBcs He JIMIe TOTOYHHUM cTaH 00’ €KTY, ajle i pOOMBCSI BUCHOBOK IIOA0 JUHAMIKU
3MIH CTaHy 00’€KTy B 4acl, TOOTO BIUIUB TICHUXOJOTIYHOTO Ta (HI3WYHOTO HABAHTAXKEHHS ITi]T
qac HaBYaHHS.

Pesynpratt 00poOKM Mal0Th HaM MIACTaBY MPUITYCKATH, IO 00 €KT JOCHIKEHHS 3a
XapaKTEepUCTUKaMM CBITIHHA BiAHOCUTBHCS 110 THIy Ib, ToOTO oMy XapakTepHi mpobiemMu Ha
NICUXOCOMAaTUYHOMY piBHI a00 Horo TypOye nymeBHHMH AuckoM@opT. OCKIIbKU SICKPaBICTh
CBITIHHSI 3HAXO/UTHCS HA MPUKOPJIOHHOMY 3 HOPMOIO PiBHi, TO 1I€ CBIAYUTH PO MOPYIICHHS
MICUXOJIOTIYHOTO CTaHy, a OCKIJIbKY XapaKTePUCTHKA CBITIHHS HE 3MIHIOETHCS 3 4aCOM, MOKHA
3pOoOUTH BUCHOBOK, 10 00’ €KT BIJTHOCUTHCS JI0 XOJIEPUYHOIO TUITYy XapakTepy 1 nepedyBae B
MOCTIHHOMY 30y/I>)KEHOMY CTaHi.

AmHauti3 1 MOPIBHAHHSA JiarpaM MepuMeTpa 1 IUIOLIi CBITIHHS IMOKa3ye, M0 00 €KT Mae
TaKOXX XPOHIYHI MPOOJIEMH 3 PEeCHipaTOPHOIO CUCTEMOIO (B pe3yJbTaTi CHiBOECiTU 00’ €KT
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MIATBEPAUB HASBHICTH XPOHIYHOTO aJEPridHOTO PHHITY), a TAKOX MPOOJIEMH 3 IIITyHKOBO-
KHIIKOBUM TPAKTOM, SIKi TOCHTIOIOTHCA B Yaci B 3B 53Ky 3 MOTIPIICHHSIM PEXUMY XapuyBaHHS
(3 moYaTKy HaBYaHHS 00’€KT MPOXKMUBAE OKPEMO Bij OaThKiB, BEJIE BJIACHE T'OCIOJAPCTBO Ta
MOPYIIYE PEKUM XapUyBaHH Ta BIIMOYHNHKY).

OpMAUHA  BHA  CNPaBKaE
=B ODDm & ¢ 2
= [T By IR £‘14nﬂd

1L L N g % a 6L e L 2L ¥, 3L * 4L o aL

¥ ¢ D [k 3 3 - ko * C £y

KOPGHaRHbIE CoCULE! KOPOHapHEIe Cocyte!
ronoea ronoea UMPRYNAULHA KPOEM UHPRUALIA KPOBH

KOPOHEPHES COCYRE!

KOpOHapHEIE CoCyae!

ronosa

.
ke
%

ronosa UMPKYAALIA KPOBH UHPRYARLA KpOBH

QECTMPATOPHAR  PeCTHpATORHaZ

neues
e NOSEGHONHHK NOSETHOMHAK ok

BIESE) NOGEGHDYHHK

MNanew | Ouarparmia  Oyarpama 2 | Tpachuc | Tpadi 2| Mogens aypor | Nanew | uarparirta yarparma 2 | T paeu | Tpaduc 2| Monens ayper |

Moaens 1 Monens 2 Moaers 1 Monent. | Monent. 2 Monent. 1

LMl
.

panf. ¢

s s
L

e

Tlanew | Huarpariia | duarpariia 21 1 pague | 1 padur 2 Mogens auos | Tlanew | Huarpariia | duarparia 21 1 pague | 1 padur 2 Mogens suos |

Puc. 3. IlopiBHsIHHS pe3yJIbTATIB A0CTiIKEHb B IPOrpami o6pooKu:
3aiBa — aucronag 2012 poky; cnpaBa — kBiTenb 2013 poky

Kpim Toro, po3mimieHHss OCHOBHUX KOHTYpIB NEpUMETpa 1 IUIOIII CBITIHHS B MeXax
MaJoro Koja JiarpaMHM CBIIYUTh NP0 NPUTHOOJNEHICTh (YHKIIH OLIBIIOCTI OpraHiB
OpraHi3my, 10 HiATBEP/UKYEThCA TaKOK Ha LITICHINA JiarpaMi po3pHUBaMH B €HEPreTUYHOMY

TOJII.
[Mopanemn gocnipkeHHs OyAyTh CHpPSAMOBaHI Ha BUSBJICHHS 3MiH y (i3100TiYHOMY
CTaH1 JIFOJIMHU M1/ TI€F0 TAaKUX MIKIIMBUX (PAKTOPIB, K AJKOTOJb Ta TIOTIOH, @ TAKOX 1HIINAX

YHHHUKIB.
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INVESTIGATION OF THE AUTO-COLLIMATION SYSTEM OF THE OPTICAL
PARTS CONTROL DEVICE

Abstract. To control parts and components in instrument engineering, measuring instruments
of various types are used: mechanical, pneumatic, electrical, optical, optical-mechanical,
optoelectronic, electronic.

Optical instruments have become very widespread, which is explained by their versatility and
high accuracy.

The research subject in this paper is the angle error meter, designed to measure the errors of
the angles of ground (single) prisms.

The device is designed in accordance with the traditional solutions for the layout of devices of
this class. The proposed device has a simplified optical scheme, which reduces the effect of various
errors, and also greatly simplifies the adjustment and operation of the device. The research need is
caused by the need for the device, which would have the ability to measure the errors of angles in
polished prisms, with the requirements put forward: simple design, cheap manufacturing, angle
measurement in a wide range for ease of maintenance, repair and alignment.

Keywords: angle error meter, autocollimation system

The most difficult and responsible element of the angle error meter is the autocollimator.
Increased requirements in the design are put forward specifically to this product. The design of the
autocollimator should provide a satisfactory visibility of the autocollimation image of the grid stroke.
Contrast and brightness in individual cases should be such that the autocollimation grid image is
obtained from the mirror clearly, in rooms with different levels of illumination.

The essence of autocollimation consists in combining in one device a collimator and a
telescope. Autocollimator is used to accurately set flat reflecting surfaces perpendicular to its optical
axis.

Autocollimator is a telescope with a special eyepiece, which is called autocollimation.
Autocollimator is used to control the plane-parallelism and wedge-shaped glass and light filters, prism
angles, lens shape control, and to measure compensator errors in geodetic and other optical
instruments. In combination with a flat mirror or a multi-faceted prism, the autocollimator can be used
to control the straightness of the guides, the flatness of the marking plates, the mutual angular
positioning of the axes and planes of products in the device, etc. To solve problems related to angular
measurements, one- and two-coordinate autocollimators are used. For simultaneous control of the
object's rotations both for collimating angles and for the angle of twisting, three-coordinate optical-
electronic autocollimation systems using tetrahedral reflectors are effective.

The basis for measuring angles by optical methods is the laws of geometric optics: the law of
rectilinear light propagation and the law of light reflection.

The law of rectilinear propagation of light consists in the fact that light between two points in a
homogeneous medium propagates along a straight line connecting these points.

The aim of this work is to develop an autocollimation system for measuring the error of the
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optical parts angles.

The angular error meter works as follows: the beam from the light source passing through the
prism of AP-90 refracts, illuminates the cut cross in the opaque layer of metal at the place of gluing
with the grid, passes through the lens, then tangentially to the reference (controlled) prism, reflected
from the flat mirror and through the lens, creates an autocollimation image on the grid, seen through
the eyepiece.

The determination of the error in the prism angle is that autocollimation from the reference and
controlled prisms are compared.

The sign of the error is determined in the direction of images movement of the autocollimation
mark. If, with a smaller angle between the face of the prism and the mirror, the images of the
autocollimation mark converge, the sign of the deviation of the angle -, if it diverge, then +.

As a result of the review of literature sources and patent search, an analysis of the principles of
work, advantages and disadvantages of measuring instruments was made [1-6]. It can be concluded
that none of the proposed schemes satisfy the technical specification for the instrument being
developed. Compliance with the requirements for simplicity of construction, low cost of manufacture,
versatility of measuring angles for simplicity in maintenance, repair and alignment are not observed.
The measurement of the angles errors is made in polished prisms.

The device of the traditional scheme most effectively answers these requirements: an
autocollimator is a flat mirror.

At the first stage, we adjust the autocollimator along the tangent to the ground surface of the
reference prism. In the second stage, we replace the reference prism with the prism being tested, and
then comparing the autocollimation, we perform the calculation.

Analyzing the advantages and disadvantages of the three variants of autocollimators, we can
conclude that the most suitable type of autocollimator is the Abbey autocollimator, this type of tube
gives the best illumination of the image of the autocollimation mark, obtained from a mirror of small
dimensions.

Conclusions. Constructive dimensional calculations of the optical parts of the autocollimation
system and the nodes of the angle error meter, such as a biconvex lens in the K-108 gluing
composition, an isosceles prism with one reflecting edge of the beam deflection angle of 90° and a
light diameter of 3.5 mm, a glass plane-parallel plate with a applied measuring scale, a mirror with an
external reflecting surface, a symmetrical eyepiece with a focal length of 17 mm, a diopter scale and
an ocular thread. An autocollimation system with the following parameters has been developed: the
magnification is 8.3, the field of view is 3°, the division rate is 1', the parallax of the grid is 0.06 mm.
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OIIHKA TOYHOCTI METOJIB TA ITPUJIAJTHUX 3ACOBIB JIIKYBAHHA
XBOPOB 30POBOI CUCTEMM JIFOJMHU

Abstract. In this work an estimation of accuracy of methods and devices of treatment of
ilInesses of the visual system of a human is carried out. It is shown that modern hardware and
software methods and tools are suitable for effective treatment of the most common diseases
of the disease, namely: amblyocoron (accuracy of treatment - up to 80%) and the effect of
helium-neon laser (accuracy of treatment - 90-100%).

Keywords: visual system of a human, methods and means of treatment, accuracy

Annomayusn. B pabome nposedena oyenka mouHoCmu Memooos u NpubOPHuIX cpeocma
Jleyenuss bonesnell 3pumenvhol cucmemvl yenogexa. Ilokazano, umo 011 3¢ghpexmusnoco
Jleyenus Hauboiee PpACHPOCMPAHEHHbIX OONe3Hell 3peHus NoOX00Am  COBPEeMEeHHble
annapamuvie U NPOZPAMMHbBIE MeMmoObl U CPeocmed, a UMEHHO: AMOIUOKOp (MOouYHOCMb
npogedenus nedenus - 00 80%) u e6o30eticmsue 2enuti-HeOHOBbIM J1Aa3ePOM (MOYHOCHb
nposeodenus nevenus - 90 - 100%).

Knrouesvie cnoea: 3pumenvnas cucmema uenosekd, Memoovl U cpedcmea iedeHus,
MOYHOCMb.

Jns npodinakTUKK Ta JIKYBaHHS PI3HMX 3aXBOPIOBaHb OueH, MOB‘SI3aHUX 13 30pPOBUM
HaBaHTAXXEHHSM, MOPYUIEHHAM KOOpPJHHALIi poOOTH M‘S3iB 1 ONTUYHUMH MOPYUICHHSMH, B
CydacHii o(pTambMOI0T1i aKTHBHO 3aCTOCOBYIOTHCSI TPHIIAIHI METOH JIIKyBaHHs [1].

Taki MeTou AO3BOJSIOTH 3MIIIHUTH 3ip, @ B 0ararboxX BHIAIKax MOJIMIIUTH Horo 6e3
XipypriuHoro BTpy4yaHHs. [Ipu neskuX 3axBOPIOBAHHIX MPHJIAIAHE JIIKYBaHHS — €IWHUM
cnoci6 nominmuTH 3ip. Oco0anBO €)EeKTHBHUM € 3aCTOCYBaHHS amapartiB JAJs JIKyBaHHS
JUTSYUX OYHUX 3aXBOPIOBaHb, OB ‘S3aHUX 3 MOPYILIEHHSM KOOpJAUHALIl Ta poOOTH M‘S30BOTO
amapary oka.

IIpore, nocniakeHHsT METOAIB Ta MPUJIAJHUX 3ac001B, IO MPOBOAUIIMCS PSIAOM BUEHUX
— (baxiBIiB B Tamy3i opTaabMOJIOTii JOBOAUTH BiICYTHICTh OJHO3HAYHOI OILIHKM TOYHOCTI
METO/IIB Ta 3aC00iB JIIKyBaHHsI XBOPOO 30POBOT CHCTEMH JIFOIUHU [2 — 4].

Tomy, aBTOpaMu 3a METYy CTaBUBCS aHaji3 HAWMOIIUPEHIIIMX METOJIB Ta MPHUJIaTHUX
3ac00iB JIIKYBaHHS 30py Ta BHU3HAUEHHS IX TOYHOCTI MPU OKPEMHUX BHJAX JIKYBaHHS OYHHX
xBOopo0. [Tpu boMy OITiHKA TOYHOCTI TPOBOAMUIIACS ISl HACTYITHUX 3aC001B Ta METOIIB.

Ambniokop — 1€ BiJI€O-KOMII‘IOTEpPHUI ayTOTPEHIHT, B OCHOBY S$IKOTO IOKJIaJieHa
YMOBHO-pE(IEKTOPHA TEXHOJOTIS, IO J03BOJSIE BIHOBUTH KOHTPOJIHh 3 OOKYy HEpPBOBOI
CHCTEMH 3a MpOoIlecaMy, L0 MPOTIKAIOTh 30pOBOMY aHajizaTopi. MeTol IaHOro METony €
PO3BUTOK MPHUPOAHOT 3JaTHOCTI MO3KYy KOMIIEHCYBAaTH («BiApenaryBaTH») HEUITKe
300paXeHHS, 1[0 OTPUMYETHCS Ha CITKIBII. BUKOpPHUCTOBYETbCS AJA: JIKYBaHHS aMmOuiomnii,
PO3BUTKY OIHOKYJISIDHOTO 30py, JIIKYBaHHI YCiX ¢opM NOpyIIEeHHS pedpakiii oka —
JAJIeKO30POCTi, KOPOTKO30pPOCTi, AaCTHUTMaTU3My, a TaKoX Juig peaOimiTamis micis
pedpaxkiiitHoi Xipyprii (J1a3epHOi Ta OTIEPAaTUBHOT).
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Cunonmogop — 1e OAMH 3 OCHOBHUX MpPWJIAAIB Ul TEPaleBTHYHOIO JIKYBAaHHS
OIHOKYJISIPHOTO 30pYy IpPH KOCOOKOCTi, BHM3HA4YE€HHI 0O0’€KTUBHOTO KyTa KOCOOKOCTiI IO
TOPU30HTAJIl, TPEHYBaHHS PYXJMBOCTI ouel. [IpuHIMn pobdotu ciHonrodopa 3aCHOBAaHUN Ha
nofi momiB 30py. OMHOMY OKy BHJIHO, HAmpuKial, OBaj, a IHIIOMY — Kypya, 1 JAUTHHA
HAMaraeTbCcsi NOMICTUTH Kypuya B OBaJl, AJIS 4OrO HOEIHYE OCI OYeH, TPEHYIOUH TUM CaMHUM
ouHi M’s3u. [logiOHMMHU TpeHYBaHHSMH KOCOOKICTh YacTO BHJIIKOBYETHCS 0e3 omepartii.
[Toka3aHHA 10 3acTOCYBaHHs: MOPYLIEHHS OIHOKYJISIPHOTO 30pY, CHIBAPYXHS KOCOOKICTS,
ACTEHOIIISI HA TPYHTI c1a0KuX Qy310HHUX pE3epBiB.

Leniti-neonosa nasepna mepanis Ma€ CTUMYIIOKOUYY /110 Ha CTPYKTYpU OKa, B OCHOBY
SKOTO TOKJIaJieHa Jisl TPOMEHs CBITJIa HU3bKO1 IHTEHCUBHOCTI. JIa3epHuil MpoMiHb 311HCHIOE
CBIf BIUIMB Ha MOJEKYJISIPHOMY, KIITHHHOMY, TKaHMHHOMY 1 OpraHHOMY piBHI, Mae€
CTUMYJIIOIOUY JIiF0, CIIPUSE ITiIBUIEHHIO 3aXUCHOI aKTUBHOCTI KIIITUH MITMEHTHOTO IITENII0
CITKIBKH, TIOTIEPE/KAE PO3BUTOK JCTCHEPATUBHUX 3MiH B IICHTPAJIbHIM HEPBOBIH CHCTEMI,
HOJINIITYye KPOBOOOIr 1 OOMIH pEYoOBHMH B OIi, WiJCHIIOE pPETeHEPaToOpHy 3IaTHICTH
emiTeNiaTbHUX KIITHH POTIBKH, aKTUBI3YE MICIIEBHI IMYHITET, 3HIMAE Cla3M LUJIapHOTO
M's13a. besnocepeane onpoMiHEHHS €IE€MEHTIB OYHOTO SI0TyKa MPOBOAUTHCS PO3(hOKYCOBAaHUM
MIPOMEHEM Tellii-HEOHOBOTO Jazepa (moBxkuHa XBwin 0,63 MKM), BIUIMBAIOYM BiJOUTUM
POMEHEM Ha HEPBOBO-PELENTOPHHUN amapaT 30pOBOTO aHANIi3aTopa. AKTUBHUM €JIEMEHTOM
relii-HeOHOBUX JIa3epiB € CyMilll IHEpTHUX rasiB — Tellil0 Ta HEOHY. 3aCTOCOBYETHCS MPU:
amOdiomnii, cna3mi akoMozalii Mpu aMeTPOIIisX, ACTEHONIYHOMY CHHAPOMI, 3aXBOPIOBAHHSIX
30poBOro HepBa (aTpodii), a TaKoK KOMIIEHCOBaHIN TMIayKoMi, emiTeNialbHO-eHA0TeNanbHil
muctTpodii poroBoi 000JOHKH, TPAaBMATUYHHUX MOMIKO/HKEHHSAX Ta 3alaIbHUX 3aXBOPIOBAHHS
poroBoi 00OJOHKH, IMEpE/aHii Ta 3aaHiil yBeiTH pI3HOrO TI'eHe3y IMo3a CTafil 3aroCTpeHHS,
Makyoauctpodii («cyxa» dopma), maTosorii oueld — XpoHiuHi OaedapuTu, XalsA310H, STIMIHb
B cranii opMyBaHHs, TATOJOTIl CIHO30BIABEIEHUX IUIAXIB 1032 CTATIEI0 3arOCTPEHHS,
emiCKJIepiTax, CKiepiTax.

Ambnionanopama — 1€ METOJ, IO 3acHOBaHMM Ha (OpPMYBaHHS MNaHOPAMHUX
GIrypHHUX MOJIIB, IO  OCHIIUIIOIOTH 1 MpPU3HAYEHWM I JIKyBaHHsA  amoOsiomii
(YHKIIOHAJIbHOTO HEJOPO3BUHEHHS CITKIBKM, I[OYMHAIOYM 3 PAaHHBOIO JUTAYOTO BIKY.
BuxopucroByeTbcsi I JIIKyBaHHA amoOmionii Oynb-fKOro CTYNEHS Ta MOpYIIEHHS
doBeossipHOI dikcarii.

IIpoepamno-komn'tomepne nixkysanns. Ilim dYac mikyBaHHS BiOYBAa€ThCS AKTHUBHE
JOKaJbHE 1 3arajlbHE pO3ApaTyBaHHsS CITKIBKM SICKPaBUMH KOJIPHUMH JIHHAMIYHUMHU
cTUMyllaMH. B OCHOBY BIpaB MOKJIaJIEHO METOAM PO3BUTKY CHPUHHSATTS 30pOBOTO 00pasy,
KOOPJIMHOBAaHOI pPOOOTHM 000X ouel, pO3BUTKY M’S30BUX pe3epBiB oueil. IIporpamue
JIKyBaHHS BUKOHAHO y BUTJISAL rpy (Hanpukiaz, Bnpasu «Tupy, «[lorousy», «Eye» — e irpu,
IO COPHUSIOTh PO3BUTKY MPABHIBHOT (iKcallii, MiABHIICHHIO TOCTPOTH 30pYy) Ui OiIbIII
aKTUBHOI y4yacTi Mali€eHTa B Mpoueci JikyBaHHsS. [lokazaHHS 10 3acTOCyBaHHS: amOJioris
OyIb-SIKOTO CTYIIEHs, MOpPYIIEHHS OIHOKYJISIPHOTO 30py, CHa3M aKOMOJAIllil, CIHIBIPYXHS
KOCOOKICTb, TOYaTKOBA MpecOiomisi, aCTEHOTTIs.

Jlinzu @panens A03BOISAIOTH MiJBUIIUTH TOYHICTh BUMIPIOBAHHS CYO €KTHBHOIO KyTa
KOCOOKOCTI, 3a0€3MeuyioTh 3pY4HICTh JIarHOCTHKH. MIKponpu3MoBi eneMeHTH DpaHens
BUKOPHCTOBYIOTBCSI B Cy4acHIM Xipyprii KOCOOKOCTI [UIsl JI030BAHOTO XipYypridyHOIro
BTPY4YaHHS, a TAKOX JUISI OIIIHKH Pe3yJIbTaTiB XipypriyHOTO BTPYUYaHHS.

BuxopucranHs BUIE3a3HAYCHUX METOMIB 1 3ac00iB J03BOJISIE 3 BHUCOKOKO TOYHICTIO
IPOBOJUTH JIKYBaHHS HACTYITHUX 3aXBOPIOBaHb OUYEH.

Ambrnionis — 3HWKEHHS 30DpYy, K€ BHHUKA€E 4Yepe3 Te, [0 OJWH 3 O4YeH He 3alisHUN B
nporieci 30py. Haifuactime e BHHHMKAae TpU HaAMIpHIA JajIeKo30pOCTi, KOPOTKO30POCTI,
acTUTMaTU3Mi, KOCOOKOCTl. OCHOBHE 3aBAaHHS TPH JIIKyBaHHI aMOJioMmii — aKTUBI3yBaTH
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HEPBOBI KJIITHHH OKa Ta 30pOBOTO aHaji3aropa 1 3MyCHTH iX mpamroBatd. J[ias JikyBaHHS
amOumiomii HaiOUIBII epeKTUBHUM € 3acrtocyBaHHs: amOmiokop (75 — 80%), mporpamHuo-
komm'rorepre JikyBanus (30 — 40%), remiii-Heonosuii mazep (1o 100%), amGmionanopama (55
— 65%).

Acmenonis — 1 HaBaHTAXCHHS HA 3ip, IOB’SI3aHE 3 IMIIBUIICHUMU 30POBUMH
HaBaHTAXXCHHSMH, L0 TPOSIBIETHCS Y TOJOBHUX OOJSIX, HECTIHMKIM rOCTPOTI 30Dy, 3HUKEHHI
mparne31aTHOCTI, JPATiBIUBOCTI. Cran acre”omil HEOOX1IHO BYacHO

JIarHOCTYBATH Ta MPOBOJUTH, B 3aJEKHOCTI BiJ NPUYMH, M0 I BUKIUKAIH, aIEKBaTHE
JaikyBaHHs. J[j1st TiKyBaHHS aCTEHOIIIT 3aCTOCOBYIOThCs: ambiiokop (65 — 75%), nmporpamsuo-
KoMIT'IoTepHe JikyBaHHs (45 — 50%), remniii-neonosuit nasep (10 90%).

Kocookicmb — TIposIBASETBCS BIIXWICHHSAM Bia TOYKH (ikcarii ogHoro 3 oueld. Kpim
KOCMETUYHOTO HEJOJIKY, JOCHUTh TSDKKOTO B TICHXOJOTIYHOMY BIJHOIIEHHI, KOCOOKICTBH
CYNPOBOKYETHCS CEPUO3HUM po3aaoM OiHOKyIspHUX (yHKLINH oyeil. KocookicTs yacto
BUHUKAE TpPH TOPYIIeHHI pedpakmii (onTHYHOI CHIM) OKa, OCOOJMBO TpPH BUCOKIH
JAJIEKO30POCTI Ta ACTUTMATH3MI.

bBinokynapnuii 3ip — ne BUIIA 30poBa (QYHKIISA, IO GOPMYETBCS TPH MPABUIBLHOMY
MOJIOKEHHI Oued 1 CTiikoro (ULeHTpanbHOW) (ikcamiero. biHOKymspHHIl 3ip mnependadae
00’eHaHy IisUTBHICTH 000X oOueH, mo 3a0e3rnedye OUTBII CKIIJHE, MOBHOIIIHHE 30pOBE
COpUMHATTA (HOPMHU Ta SCKPABOCTI 00’€KTa, Ja€ OUIBII TOYHY OLIHKY MPOCTOPOBOTO BUMIDY,
00’€MHICTh TIPEIMETIB, CTYIIHb iX a0CONIOTHOI Ta BiMHOCHOI BimmaneHocTi. HasBHICTB
KOCOOKOCTI YCKIIQJHIOE mpoiiec (GopMyBaHHS OIHOKYIISIPHOTO 30Dy .

Jlyist JiKyBaHHS KOCOOKOCTI Ta BiJIHOBJICHHSI OIHOKYJISIPHOTO 30pY 3aCTOCOBYIOTHCS:
abmiokop (65 — 75%), cunonrodop (mo 100%), mporpamHo-koMIr’oTepHe JikyBanHsa (55 —
60%), minzu Opanens (30 — 45%).

Cnasm axomooayii. 30poBa poO0OTa BUMarae HalpyK€HHS BHYTPIIIHIX M’431B 04ei, 110
BIJINOBIAAJNIbHI 32 3MIHY (DOKYCYBAaHHS OKa Ha IPEIMETH, SIKI PO3IIISAAI0ThCS (aKOMOJALIIO).
TpuBana 30poBa pobora Ha OGnM3bKill BifcTaHi, 0COOIMBO 3 JAPIOHUMHU HpeAMETaMH, 1HOJI
MPU3BOJIUTE JI0 CTIMKOTO CHa3My aKOMOJAIIWHHUX M’S31B, IO MPOSBIIETHCS B MOTIPIICHH]
30py BAAJIMHY Ta CTOMJIIOBAHOCTI MiJ 4Yac 30pOBUX HaBaHTaKeHb. {1 JiKyBaHHS cnasmy
aKOMOJIaIlii 3aCTOCOBYIOThCS: IMpOrpamMHoO-KomIl toTepHe JikyBaHHs (80 — 85%), remiii-
HEeoHOBHiT fazep (10 95%), ninzu dpanens (55 — 60%).

BucHoBku. TakuM YMHOM, B JaHOMY JAOCIIJPKEHHI MPOBEAEHA OIIHKAa TOYHOCTI
METO/IB Ta MPUJIAJHUX 3ac00iB JIIKYBaHHS XBOPOO 30poBOi cuctemu moauHu. [lokazaHo, 1o
JUisi €(eKTUBHOIO JIIKYBaHHS HaWpO3MOBCIO/KEHIIIMX XBOPOO 30py MIAXOASATh Cy4dacHl
amapaTHi Ta MporpamMHi MeTojau 1 3acodbu, a came: amOiiokop (1o 80%) Ta BIUIMB Temiii-
HeoHoBoro Jasepy (90 — 100%). Ilomanbuii AOCHiIKEHHs, IO IUIAHYETbCS HPOBOJUTH
KOJIEKTUBOM aBTOPIB OyAyTh MPUCBSIYCHI yIOCKOHAJIEHHIO ITUX METOMIB JIIKYBaHHS OYHHX
XBOPOO JIIOMHU.
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JTOCJII)KEHHA OCOBJIMBOCTEN ®YHKIIIOHYBAHHS 3ACOBIB
BUMIPIOBAHHSA TEMIIEPATYPU HA BA3I EJJEMEHTIB ITEJIBTHE

Abstract. The article deals with issues of verification and features of calibration of
temperature measuring devices in the range from -500C to +100 OC. It is found that the
greatest complexity are the verification procedures at low temperature points of the range. In
order to eliminate such problems, the phenomenon of Peltier is investigated. The processes of
allocation and absorption of heat at the contact point of two different conductors are
investigated depending on the direction of current flow. The analysis showed that in order to
eliminate the above-mentioned shortcomings of the traditional verification procedure, in the
given temperature range, it is necessary to use Peltier elements, which enable to realize both
negative and positive temperatures in one thermostat, without using precise, complex and
expensive equipment and materials.

Key words: temperature, current, Peltier element, thermostat, equipment, materials.

IMocTanoBka mpodaemu. Bimomo, 1o Aiama3oH Temieparyp -50°C ... +100°C ¢
HaOLIBII MIMPOKO BUKOPUCTOBYBAHUM ISl 3HAYHOI KIJTBKOCTI OOYTOBHUX Ta MPOMHUCIOBHX
3aco0iB  BUMIpIOBaHHs Temneparypu. Omxke, 3a0esnedeHHs Bepudikamii 3aco0iB
BUMIPIOBaHHS TEMIIEpaTypH B TaKOMY [iala3oHi 3 ypaxyBaHHSM HHU3bKOTEMIIEPATypHHUX
TOYOK 3 METOI0 CcTalii3allii Moka3iB BUMIPIOBAaHb Ta IiIBULIEHHS TOYHOCTI BUMIPIOBAHHS €
aKTyaJbHOIO HAYKOBO-TIPAKTUYHOIO 33/1a4€CHO.

Edext IlenbThbe nosnsirae B HaCTYMHOMY: IIPH NMPOIYCKaHHI CTPyMY 4epe3 KOHTAKT JIBOX
PI3HOPIIHMX MaTepiajiB Ha JI0JATOK JI0 JKOYJIIBCHKOIO TEIjla B KOHTAKTI BUAUIAETHCS ab0
MOTJIMHAETHCS TETJI0, KUIBKICTh SIKOTO € MPOMOPLIHHIM 3apsiy, 0 IPOMUIIOB Yepe3 KOHTAKT:

Qn==plt. 1)

KoeoiuienT nponopuiitHocTi P Ha3uBaeTbes KoedilieHToM [lenbThe.

SIKII0 KOHTaKT HarpiBaeTbesd, TO edekT IlenbThbe Ha3MBalOTh MO3UTHUBHUM, SKIIO
OXOJIOJKYETHCS - HETaTHBHHM.

OcobnuBicTIO Tepediry TaHoro mpolecy € Te, L0 IMiJ Yac TrpaayloBaHHA abo
Bepudikauii 3acobiB BHUMIPIOBaHHS TEMIEpaTypd TEXHIYHO CKIIAJHO peani3yBaTH
HU3BKOTEMIIEpAaTypHI TOYKM Jiana3oHy. Sk  mpaBuiio, Bepu(ikalilo MEPBUHHUX
BHUMIPIOBAJIbHUX MEPETBOPIOBAYIB TEMIIEPATYPHU MTPOBOIATH B ABOX PI3HUX 3acobax peasnizaiii
TeMIeparypHux Touok [1, 2, 3, 4]:

- NP HU3BKHUX TEMIlepaTypax: B KpiocTaTaxX i3 3aCTOCYBaHHSM PETEPHHX TOUYOK
KUITIHHA 3p1KEHUX Ta3iB (30Kpema, Tefito, BOJHIO, KHCHIO, a30TYy...), 0 MOTpe0ye 3HAUHUX
3aTpar 4yacy W MaTepialbHHX PECypciB; B XOJOIWJIBHUX arperatrax KOMIIPECOPHOTO, a Yd
a/IcOpOIIfHOTO THIMY, II0 BUMarae 3aCTOCYBaHHS IMPELUU31MHOr0, TPOMI3IKOT0 Ta JOPOroro
MEXaHIYHOTO O0OJIaJHaHHSA, a TOJOBHMM YHMHOM, HENPHI3HUX JOBKIUIIO XJIaJOAreHTIB
(30kpema, ¢ppeoHy TOIIO) ;

- 3a CepelHIX Ta BHCOKHX TEMIEpaTyp HaiuacTilie B: MapoBUX, MACISHUX abo Xk
OJIOB’SIHUX TEpMOCTaTax; PENepHUX TOYKAX IUIABJICHHS YM 3aTBEPIiHHS YUCTUX METaJiB,
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BUKOPDUCTAHHA SKUX € JIOCUTh CKJaJHE, JI0pore, a HaBiTh 1 WIKIAJIUBE JUIsI 3JI0pOB’S
NPALIOI0YNX;

- B IHIIMX, IPOCTIIINX BUMAIKaX — IPOCTO B TEPMOCTATOBAHUX EJIEKTPOIICUaX.

OxkpiM 3rajlaHoro BHIIE, TaKa MpoIeaypa Bepudikallii uu rpaayiOBaHHS Ma€e B co0l 11e
i HEeraTWBHI METOJWYHI aCHEeKTH, 1[0 IOB’SA3aHI 3 HEaJCKBAaTHICTIO TEPMOIAMHAMIYHUX
XapaKTEPUCTHK JKEpPENl CTBOPEHHS HU3BKHX Ta BHUCOKHX TEMIIEpPaTyp, OCKUIbKH 00’ €KTH
Bepu®ikalii HEOOXiIHO MEPEHOCUTH MDXK, IIOHAWMEHINE JABOMA, JDKEPEIaMH TEMIIepaTyp.
OTxe, 3 TOYKH 30py KOPEKTHOCTI METPOJIOTIYHOTO EKCIEPUMEHTY, BaXJIMBO Oyino O
Bepu(iKyBaTH TEPBHHHI TEPMOINEPETBOPIOBAYl B OJHOMY TEMIIEPAaTypHOMY JDKepeli y
BCHOMY Jliania30Hi BUMIPIOBAaHUX TeMIlepaTyp 0e3 mepeHeceHHs iX 3 OHUX TePMOIUHAMIYHUX
YMOB B 1HIIII.

Asume IlenpThe TOB’s3aHO 3 OYAOBOIO MarepiaiiB, MO0 YTBOPIOIOTH KOHTAKT. Sk
BiIOMO, OCTaTOYHO 3a MPOTIKaHHS CTPYMY BIANOBIAAIOTH EIEKTPOHH, IO MICTATHCA Ha
HAMBHUIOMY €HEPreTUYHOMY piBHI Martepiany (abo x enekTpoHH 3 HaiiBumioi opbitm). B
KOKHOMY pa3i eJIeKTpOH Ha OpOiTi Ma€ MeBHY €HEpPrilo, 10 3aJIeXKUTh B HOro BiACTaHI Bif
sapa. UnM Bumia opbita - THM BHINA €HEPris eNeKTPOoHiB. TakuM YMHOM, SIKIIO EIEKTPOH
MEPEeXO/IUTh 3 BUIIOI OpOITM HA HUXKYY, TO Ma€ Micle BUBUIbHEHHsS eHeprii. Lle sBumie
BUKOPHCTOBYETHCS, 30KpeMa B CBITIIOMIOAAX 1 JIOAHMX Jiazepax, /1€ €Hepris, M0 BiATaeTbCs
OKpPEeMHMH €JICKTPOHAMH, BUCTYIA€ B IMOCTATl KBAaHTIB CBITJa — BUIIPOMIHIOBAHHS 3 MEBHOIO
4acToTol0. B cBOIO depry, mo0 eJIeKTpOH MEepedIIoB 3 HIDKYOI OpOiTH HAa BHUILY, HOMY
HEOOX1IHO Ha/IaTu BIJAMOBIIHY KUIBbKICTh €HEprii.

AHaJIOTIYHO, BiOYyBa€ThCS 3 €JNIEKTPOHAMHM, IO BIAMOBiAalOTH 3a sBUILE [lenbThbe.
[TpumycTMoO, 10 MaeMO [Ba pPIi3HOWMEHHUX TMPOBIAHHUKH, BUIbHI €INEKTPOHU SKUX
3HAXOAThCA Ha PI3HUX OpOiTax i, BIAMOBITHO, MAlOTh Pi3HY €HEPrilo, IO € HaCIiAKOM
BJIACTUBOCTENl BUKOPHUCTOBYBAaHMX MaTepiamiB. SIKIO K yepe3 Miclle KOHTAaKTy TaKHX JIBOX
MaTepiajgiB MPOMYCTUTHU TMOCTIMHUM CTPyM, TO €JNEKTPOHU PYXaTUMYThCSd B OJHOMY
HaNpsIMKY, a B 3aJIE)KHOCTI BiJl HAPSIMKY CTPyMy, B MiClli KOHTaKkTy Oyzae abo BUIUIATHCA,
a00 NOTIMHATHUCS TEILIO.

3riiHO 3aKOHY 30epeKeHHs eHeprii, TeIo He 3HUKae He3BOpPOTHHO. [lornmuuyTe Temo,
ake € (opMOIO eHeprii He 3HUKae, a Juile, OyAy4yd MOIJIMHYTMM B OJHOMY MicIli,
BUJUSIETHCA B IHIIIOMY.

Takox icHye mpoOiieMa MNOTJIMHAHHS BEJIUMKHUX KUIBKOCTEH TeIula B MICII OJHOTO
OKpPEMOT0 B3ATOT0 KOHTAKTY, OCKIJIbKM TaKUM KOHTAKT € ManoepekTuBHUM. 1100 nocsaruytu
3HauyHO1 €()eKTUBHOCTI aHAII30BaHOTO MPOIIECY, CII/ 3aCTOCYBATU M OUIBILIY KUIBKICTh TaKUX
KOHTAKTiB.

3 KUJIBKOX IPUYMH I'PYNy KOHTAKTIB CJIiJ1 3’ €IHYBAaTH MOCIIIOBHO.

Hanpsam crpymy

e e e e

R Rl

Puc. 1. Cxema pyxy Temia, 0 NpOXOAUTh Yepe3 rPyINy KOHTAKTIB

Sx imocTpye puc. 1, 3pa3y * BHUIHO, IO B TAaKOMY HaOOpi KOHTAKTIB 4epe3 KOXKHe
OJIHE MiCIIe B1I0YBAETHCS MOTJIMHAHHS TEIUIA, a Yepe3 KOXKHE 1HIIe — WOTO BUAUICHHS. AHaI3
puc. 1 miaTBEepIKYy€e AYMKY, III0 HEMae HIYOTO 3aiiBOro, a OTKE, 3aKOH 30epexeHHs eHepril
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BUKOHYETHCS — TEIJIO HE 3HUKAE 1 HE BUHUKAE Hi3BIKU. 3 METOIO MPHKJIAJHOTO 3aCTOCYBAHHS
TAKOTr0 HAaOOPY, MICISI KOHTAKTIB CIIiJ PO3TAIIyBaTH 3TiHO MPHHLMUIY, MTOJAAHOTO HA PUC. 2.
Topni ogHa CTOpOHA KOMIUIEKTY TOTJIMHATHME, A 1HIIA — BiJlaBaTUME TEILIO.

Tak, puc. 2 umtoctpye npuHImn aii Moayins IlenpThe Ta miaATBEpIKYE, IO 30BCIM HE
HeTbCcs TPO EJIEMEHT, SKHUH IOTJIMHA€E TeIUIo, a JIMIICHb HPO E€JIEMEHT, SKUH IIe TeIuIo
TPAHCIIOPTYE.

Iloznunannsa menna

d 4101
b ¢ 1

Buoinenns menna

Hanpsam crpymy

Puc. 2. lIlpyHuun po3rauryBaHHsi Micllb KOHTaKTiB B eixeMeHTi [leabThe

Cnin MaT Ha yBa3i, 1O, 3 TOYKH 30pYy €JIEKTPOHIKH, €JIEMEHTH pO3TalloBaHi
MIOCJTIIOBHO, ajieé 3 TOYKW 30pYy TEIUIOTEXHIKM — MapajelbHO, IO W JO03BOJISE 30UTBIINTH
MOJKJIMBOCTI TEIIONIEPEHECEHHS.

BucnoBku. IlpoBeneHuii aHami3 MokasaB, 110 HAWAOLUIbHINIE, 3 METOI YCYHEHHS
3rajIaHuX BUIIE HEJOMIKIB TPaJULiHHOI MpoLeAypH Bepudikallii, y Aiana3oHi TeMIeparyp Bij
70 mo 100 °C, BHKOPHUCTOBYBaTH eyneMeHTH [lenpThe [5, 6], AKi ar0Th MOMIHMBICTH
peamizyBaTd B OJHOMY TEpPMOCTaTi sIK BUI'€MHI Tak 1 /IOJaTHI TeMmIepaTypu, He
BUKOPUCTOBYIOUM TMPH IOMY NPEHU3IHHOTO, CKJIAQAHOTO 1 JOpOroro OONagHaHHSA Ta
marepiais.
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BJAOCKOHAJIEHHA JE®PEKTOCKOITY HA OCHOBI
BUXPOCTPYMOBOI'O METOJA

Abstract. The main parameters characterizing the technical condition of the metal
constructions are the presence or absence of defects. Critical for decision-making, here is the
information about the type of defects - cracks are dangerous because of the possibility of
growth, while volume defects with permissible dimensions aren't so dangerous.

At the current stage of scientific development the main task is not only the identification
of objects, but also to determine their type and size, to evaluate the remaining life of these
objects and evaluate the technical condition of metal. Most methods give only information
about the defect presence, and not its type and size. Therefore, an acute problem is the
development of a new technology that will help obtain all the necessary information about the
defects of the railroad during their operation.

Key words: Flaw detector, non-destructive testing, inductive sensor, material
degradation, railroad.

Beryn. [punaay i 3acoOu HepyHHIBHOTO KOHTPOJIIO, 3HAXOAATh HIMPOKE 3aCTOCYBAHHS
B PI3HUX HANpPSAMKaAX KUTTEASUIBHOCTI JIFOAUHHU, Y TTPOMHCIOBOCTI, MEIUIIMHI, MUCTEITBI —
MPAKTUYHO CKPi3b, JIe TOTpiOHA iH(OopMallisi PO CTaH 1 BIACTUBOCTI MaTepianiB abo 00’ €KTiB.

KonTtponb mpoaykiiii ¥ TexHIYHA I1arHOCTHKA O0'€KTIB JO3BOJISIOTH OLIHUTH SIKICTh
BUPOOJICHOT MPOAYKIIii, oJepKaTH 00'eKTUBHY 1HGOpPMAIliI0 PO pealbHUI TEXHIYHUI CTaH
JnociapKyBaHoro o0’exra. TpaauiiitHi METOM BUXPOCTPYMOBOI'O HEPYHHIBHOI'O KOHTPOIIIO 3
BUKOPUCTaHHSAM TapMOHIYHOTO CHTHayly 30y/UKEHHs 3a3BUYail MOJsrae B aHajli3l TaKUX
1H()OpPMATUBHUX MapaMeTpiB, K aMIUIITY/a 1 moyaTkoBa (a3a npuiHATUX curHaiis [1].

IcHyroui MeToaM 1 3ac00M HEPYIHIBHOIO KOHTPOJIIO HE 3aBXK/IU 3310BOJIBHIOTH TOBHOIO
MIpPOI0 CY4aCHMM BHMOTaM IL0JI0 TOYHOCTI Ta JOCTOBIPHOCTI OLIIHKM CTaHy 3aJli3HUYHOTO
MOJIOTHA, YaCTO BiJICYTHIM KOMIUIEKCHHM MiAXiJ, IO BKIIOYAE OIIHKY CTaHy MeTaly 3a Horo
(bi13MKO-MEXaHIYHUMH XapaKTePUCTUKAaMH, sKi IMOB’S3aHi 3 3aJUIIKOBUM pPECYpCcOM Ta 3
BUSIBJICHHS PUHHATHOIO HMOBIPHICTIO HaWOUIBII XapakTEepHUX N1e(EKTiB, 10 PO3BUBAIOTHCS
B IIpolieci eKcIuryaTarii. ¥ 3B'SI3Ky 3 UM, po3poOKa HOBUX OUIbII €(EeKTUBHUX METOJIB 1
3ac001B 7151 OIIHKY CTaiil JAerpajaliii MeTany 3ajJi3HHYHOTO IMOJIOTHA 1 BUSBJICHHS HAHOUTBIII
XapakTepHUX Ta HeOe3neuHuX Ae(eKTiB B MPOLECi eKCIulyaTallii € akKTyaJbHUM 3aBJIaHHIM
[2]. Ognum i3 KpOKiB MO BHPINICHHIO JaHUX 3aJad € po3poOKa Cy4acHOi CHCTEMHU
BUXPOCTPYMOBOI J1e(he€KTOCKOMI1.

[cHyIOTH pPi3HI TEXHIYHI PIIIEHHS IO J0 BUPILIEHHS MOCTAaBJICHOI 3ajayl, HaNpUKIIa]
yABTPa3BYKOBI Je(EKTOCKONHM, aje BOHM MalOTh pPsiji HEHOMIKIB, TaKUX SK: HU3bKHHA
JTUHAMIYHANA Jiana3oH, BIJICYTHICTh KOMITEHCAIlll IMOYAaTKOBOTO CHUTHATY 3 aKyCTHYHOTO
ceHcopa mo (a3l Ta aMIUNTYIi, HU3BKY TEPMOCTAOUIbHICTh, 3aBaJOCTIHKICTh, TOYHICTh
BUMIPIOBAHHS Ta 4yTJIMBiCTh Tpritaay[3].

Tomy Oyno BUpILIEHO BJOCKOHAJIUTH BiJIOMI MPUIIAJH Ta MEPETBOPUTH iX B CHUCTEMY,
IIJISIXOM BBEJICHHS] HOBUX BUKOHABUMX BY3JIiB.
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Ha puc. 1 npencraBiena BJOCKOHaleHa CTPYKTypHa cxema J1e(eKTOCKOIY Ha OCHOBI
BUXPOCTPYMOBOTO MeTo/a. JleeKTOCKOM Ha OCHOBI BUXPOCTPYMOBOTO METO/1a CKJIAIAEThCS 3
HACTYITHUX BY3JIB: 3a/JIal04Mii TeHepaTop |, MEpmIMi CHUHTE3aTOp 4YacTOTH 2, APYTHH
CHHTE3aTOp YacCTOTH 3, MepIuid GUIbTP HIKHIX 4acTOT 4, Opyruil GpuUIbTp HIDKHIX 4acToT 5,
MIePETBOPIOBAY HAMPyTH 6, BUXPOCTPYMOBHUH TEPETBOPIOBAY 7, MOMEPEAHIN MmijcuitoBad 8,
mudepeHiini migcumosady 9, ocHoBauid mincuwmosay 10, LIAIT 11, mikpokoHTponep 12,
6e3nporoBuii nepenasady WIFI (2.4 I'rmr) 13.

i
24 =678 17
|

I =590 77 17

1 t ==

=]

Puc. 1. CTpykrypHa cxeMma 1e)eKTOCKOIy HA OCHOBi BUXPOCTPYMOBOI'0 MeTO/a

JledexTockon Ha OCHOBI BHXPOCTPYMOBOTO METOAA MPAIIO€ HACTYIHHUM YUHOM: 3a
JIONIOMOT'0K0 MIKPOKOHTpoJepy 12 ¢opMyeThCsl KOMaHAa KepYBaHHS MEPIIUM CHHTE3aTOPOM
YacTOTH 2, KWW TeHEpye aHAJIOTOBHI CHUTHAJ BiINOBIIHOI YacTOTH 1 4yepe3 mepmuil GpirbTp
HIDKHIX 4acToT 4, c)OpMOBaHMI CHrHaJl MOTpaIUise Ha BXiJl MEpeTBOprOBaya Hampyru 6.
[Ticst BIAIOBITHOTO TIEPETBOPEHHS CUTHAJ TMOTPAILISiE€ HA BUXPOCTPYMOBHH TIEpETBOPIOBAY 7,
SIKUI B3a€EMOJII€ 3 00’ €KTOM KOHTPOJIO. ITicis B3aemoii 3 00°€KTOM KOHTPOJIIO BUMIPIOBaHHUI
CUTHAJI TIOTpAIUIsge€ Ha BXiJ MomepeaHporo miacwiroBava 8. Ilicns MinCWIIeHHsS OTpUMaHU
CUTHal HAAXOIUTh Ha BXiA audepeHuiiHoro miacuimoBada 9. Ha apyrmii  BXifg
nudepeHLiiHoro nijcuitoBayda 9 yepe3 Ipyruil GuibTp HUKHIX YACTOT 5 TMOJAETHCSI CUTHAM 3
JPyroro CUHTE3aTopa 4acTOTH 3, sIKUIl CTBOPIOE HEOOX1IHUH 3a piBHEM, (a3010 Ta YACTOTOIO
CUTHAJ, BIANOBIZHO JO KOMaHAM MIKpOKOHTpojepa 12 1 SKImO O0O0’€KT KOHTPOJIIO
6e3nedexkTHUI Ha BUXOAl AU(EPEHIIHHOr0 MiJCUI0BaYa MU OTPUMY€EMO HYJIbOBUN CHTHAJI.
[Ticst mpOXO/KEHHSI CUTHAMIB 3 BUXPOCTPYMOBOTO MIEPETBOPIOBaYa Ta CUCTEMH KOMIIEHCALlIl
yepe3 AudepeHiiHni mIcuiaoBad 9, BiH MOTpaIuisie Ha OCHOBHUM mifacumtoBad 10, i micis
nificuiieHHs olMPpoByeThes 3a nonomororo LAIT 11, sikuii kepyeTbes MiIKpOKOHTposiepoM 12
Ta HAAXOIUTh 10 MIKpOKOHTposepa 12, ne BiaOyBaeThCsi NepBHMHa 0OpoOKa OTpUMAaHOI
iHdopmManii sfka Aaml MeperaeThes JUIsl MOJANBIIOTO ONPALIOBaHHS 10 MEPCOHAIBHOIO
KoMIT toTepa uepe3 Oe3aporoBuii nepenasay WIFI 13.

BucnoBok: Peaiizaiiis BIOCKOHAJIEHOTO J€PEKTOCKONY Ha OCHOBI BHXPOCTPYMOBOTO
METO/a JI03BOJIUTh BHPIIIYBATH IIUPOKE KOJO 3ajJad, a came: JI03BOJUTh CTBOPHUTHU
KOMIIEHCAI[Il0 TMOYaTKOBOI'O CHTHaly 3 I1HAYKTUBHOTO ceHcopa 1o a3l Ta aMInuiTyql,
MNiIBUIIMUTA ~ JUHAMIYHUNA  Jlama3oH, TEePMOCTaOUIbHICTh, 3aBaJOCTIHKICTh, TOYHICTh
BUMIPIOBaHHS Ta YyTJIMBICTh TPUIIAITY,  TAKOK CTBOPHUTH TIepeavy JaHUX B pEaIbHOMY 4aci.
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Abstract. In the paper, the plane of linear guides is investigated. During the experiment,
permissible deformations in the design of piezoelectric drives with a large range of
displacements.

Key words: linear guide planes, piezoelectric drive, deformations

OaHuM U3 NEepCrneKTUBHEWIIMX HANpaBJIEHUH MEXaTPOHUKU SBISIETCS pa3paboTka
CUCTEM  TO3HWIMOHUPOBAaHUS C TNPUMEHEHHMEM JIMHEHHBIX MNPUBOJOB Ha  0Oase
[IbE30JIEKTPUUECKUX JBUraTesied B KPYHNHOTraOApUTHBIX KOHCTPYKLUMSIX C  OOJBLIMM
IUana3oHoM mepemenieHuil. JIuHeWHble MNPUBOABI TO3BOJSAIOT 00ECIEYUTh BBICOKYIO
TOYHOCTb IEPEMEIICHHUS] M TO3UIMOHUPOBAHUSA pabOYero HMHCTPYMEHTA B KOJIMYECTBE
cTerneHeil CBOOOABI KPAaTHOMY KOJIMYECTBY HCHOJIb3YEMbIX JHHEHHBIX MNPHUBOJOB, HO B
KOMIUIEKCHBIX CHCTEMaxX MOTPEHIHOCTH COOPKH NPUBOAAT K TUIOCKOCTHBIM Je(OopManusm
KOHCTPYKIMU JTUHEHHOT0 MbE303JIEKTPUUECKOr0 MPUBO/IA.

B cBowo ouepenp nomoOHBIE NPUBOABI SIBIAIOTCS OYEHb UYYBCTBUTEIBHBIMH K
IUIOCKOCTHBIM JiehopManusiM KOHTAKTHOW IUIOMIAIKU MhE303JIEKTPUUECKOr0 pe3oHaTopa Mo
Bcell jyinHe pabodero xona mpuBoja. Takum oOpa3om, JUIsi KOPPEKTHOM pabOThl TaHHOTO
TUIIA TPUBOJIOB TpedyeTcs 00ecneunTh HEOOXOIUMYI0 M JIOCTaTOYHYIO IJIOCKOCTHOCTh
KOHTaKTHOM IUIOIIAJIKM IbE303JIEKTPUYECKOro pe3oHaropa. COOTBETCTBEHHO, HEOOXOAUMO
OTpEeNIeNIUTh JIOMYCTUMbIe AedopManuii B KOHCTPYKLMHU JMHEHHBIX MbE303JIEKTPUUYECKUX
IPUBOJIOB C OOJIBIINM TMANIa30HOM IEPEMEIICHHH.

JU1s  9KCIIEpUMEHTAIBHBIX MCCIEAOBAaHUN IUIOCKOCTHOCTH KOHTAaKTHOM IIJIOIIAAKH
JIMHENHBIX MTbE303JIEKTPUYECKHUX ITPUBOJOB CO3/1aHA dKCIIEPUMEHTAIbHAS YCTAHOBKA.

[TpyHIMI nEWCTBHA YCTAaHOBKH, NMPUHLIMIIMAIBHAS CXEMa KOTOpPOM IpECTaBI€HAa Ha
PHUCYHKE CIEAYIOUIMI: K KOPIYCY MbE303JICKTPHUUECKOTO JBUTATENs JuHEeHHoro npuBoza (1)
npucoequHeH Mukatop 1UIIM (2), nepememaronuiics BIOJIb IUIOCKOCTH TEpEMELICHUsS U
M3MEPSIIONTUH TUIOCKOCTHOCTh HaIpaBJIsIoNiel JUHEeHOro mpuBoa (3).

W3mepeHuss mnpous3BOIATCS — CIEAyOUMM  oOpa3oM: ¢ OJoka NUTaHUsA Ha
MbE302JIEKTPUUECKUA PE30HATOP Yepe3 ApaiBepa MoaaéTcs MUMITYNbC, ¢ (GUKCUPOBAHHBIMU
napaMeTpamMM, B pe3yJbTaTe BO3JEHCTBUS KOTOPOIO KapeTKa, C 3aKpEIUICHHBIM Ha HeHl
MHKATOPOM NEPEMEIAETCS BIOJIb JJMHEWHOW HAMPABIISAIONICH HA 3aIaHHYIO BEJIMYHHY.

[Ipu »TOM wu3Mepsercss nedopmanys IOBEPXHOCTH HAMpPAaBIAIOMIEH BIOIb OCH,
NEPNEHAUKYIISIPHON IIIOCKOCTH MEPEMEIIEHUS JIMHEHHOTO ABUTATEeNs.

B xozxe skcnepumeHTa OBUTH NPOBEJCHBI HCCIEAOBAaHUS JedopMaluil MOBEPXHOCTH
ATIOMUHHMEBOM KOHCTPYKLIMOHHOW IUIACTHHBI JIMHEMHOTO IMbE303JEKTPUYECKOTO MPHUBOJA C
OOJIBIINM IMaNa30HOM TEepeMEelIeHUI BJI0JIb OCH Z BOMU3M KapeTKH JIMHEWHOTO JBUTraTes, a
Takke JAeopmalysi MOBEpXHOCTH KOHCTPYKLIMOHHOMN MJIACTHHBI Ha ee nepudepum.

N3mepenus nedopmanuii KOHCTPYKIIMOHHOHN MJIACTUHBI MPOBOJIMWINCH TPU TTOMOIIH
mukaropa 1UIIM B ¢QuxkcupoBaHHBIX TOYKax, PaclOJOKEHHBIX BJIOJb OcH Y OT Jpyra,
HA4YMHas OT KPalHEro JIEBOTIO MOJIOKEHUS.
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B pesynbrate SKCHEPUMEHTATIbHBIX HCCICIOBAHUI YCTAHOBJICHO, 4YTO Aedopmaius
KOHCTPYKIIMOHHOM IIJIACTUHBI JIMHEHHOTO THhE303JIEKTPHUECKOr0 MPUBOAA C  OOJBIINM
JIMANa30HOM [EPEMEIICHU B 00JaCTH KOHTAKTHOM IUTOMIAJKH HAXOAUTCS B Mpeenaax
25 MKM, 6e3 motepu paboTOCIIOCOOHOCTH.

Puc. 1. IIppHuMnuanpHas cxeMa 3KCIEPUMEHTATbHOM YCTAHOBKH:
1 — nbe303/1ekTpUYecKkHii ABUraTenab; 2 — Mukatop 02 UIIM; 3 — KOHCTPYKIIMOHHAS HANIPABJISIOIIAS;
4 — pesabca; 5 — KOHTaAKTHasI IVIOMIAKA pe30HATOpa

[Tpu sTOM, HedopMmalyst aTFOMUHUEBOH TIACTUHBI BHE 30HBI KOHTAKTHOH IJIOLIA/IKU HE
BIMSET Ha pPabOTOCIIOCOOHOCTH JIMHEHHOTO IHhE303JIEKTPUYECKOTO JBUTATENSI W MOXKET
JOCTUTaTh OOJIBIINX 3HAYCHUH.

BeiBoabl. B pe3ynprare NpPOBENEHHOTO SKCIIEPMEHTA YCTAHOBJIEHO, YTO NPUYUHOU
HECTaOMJIBHONW pabOThl MbE303JEKTPUUECKUX JBUraTeNeil B KOHCTPYKIMH HampaBJISIOLIMX
JUHENHBIX MbE303JEKTPUUECKUX MPHUBOJOB C OOJBIIMM JMANa30HOM MEpPEMEIIeHUNH MOTYyT
BBICTYIIaTh MUKpO/1e(OpMalNU JTMHEHHBIX HAPABISIOMUX TbE303JIEKTPUUECKOr0 MPUBO/A.

Ompeneneno, uro gedopmarusi KOHCTPYKIIMOHHOM  TUIACTUHBI  JIMHEHHOTO
IbE303JIEKTPUUECKOr0 MpHBOJA C OONBIIMM JUala30HOM MepeMelleHui B obnactu
KOHTaKTHOM IUIOHIaJIKK MOXXET HaXOAMTbCS B JONYCTUMBIX IIpenenax, 0e3 MoTepu
pabotocnocobHocTH. Jledhopmariiy KOHCTPYKIIMOHHOM MIaCTUHBI BHE KOHTAKTHOM MJIOIIA KN
Ha paboTOCIIOCOOHOCTh CUCTEMBI IMHEHHOTO EPEMELIEHHS] TAaHHOTO THIIA HE BIIUSIOT.
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THTET'POBAHUM BUMIPIOBAU TBEPJOCTI MATEPIAJTY JETAJII

Abstract. Production of details of high-precision devices is a very actual technological
operation at instrument making, which requires high precision, performance. In the process
of typical production of precision instrumentation parts of CNC-machines is used. At this
work the principles of integrative measurement detail’s hardness by pressure and
deformation of technological object are offered.

Key words: integrative measurement, hardness, technological objects, CNC-machines.

AKTyalbHOIO MpOOJEMOI0 CcydacHOi OOpOOKM MaTepialiB TOYHUX JIeTalel €
HEOOXIJHICTh JOTPUMAaHHS BHCOKOI TOYHOCTI BHKOHABYOI CHCTEMH BEpCTara 1 CTIHKOCTI
pizanpHOro iHcrpymenta [1, 2]. Hapasi y miarpyHTi 3a0e3mnedeHHss TOYHOCTI BHTOTOBJICHHS
reoMeTpii JeTaii, Ha sIKy BIUIMBA€E CTIMKICTh Pi3ajJbHOTO IHCTPYMEHTA, € TBEPAICTh PEUOBHHU
JeTani, Ky oOpoOIOI0Th, Ta KOPCTKICTh 00poOHOI cuctemu Bepcrara. g toro, mo6
3a0€3MeUnTH BiANOBITHUN PIBEHb TOYHOCTI K Y OJAMHUYHOMY, a OCOOJIMBO y CepiifHOMY
BUPOOHUIITBI, HEOOX1THO 3a0e31euyBaTy MOCTIMHMUI KOHTPOJIb TBEPAOCTI MaTepiany AeTai.

Hapasi icHye HHM3Ka TEXHIYHMX 3aco0iB, IIO0 BHMIPIOIOTh HapaMETPH TBEPIOCTI
marepiany netani [3, 4, 5]. [IpoTe BaXIMBOIO € TOYHICTh BU3HAUEHHS MapaMeTpiB TUCKY Ta
nedopMariiit 00’€KTiB, a TAKOXK 1HTEPBAJY 4acy, BIPOIOBXK SKOI0 BiIOYBAa€ThCS BUMIPIOBAHHS
IIUX BEJINYMH.

Tak, Hampukian, BiIOMHUI BUMIpIOBa4 THCKY Ta jaedopmaiiii 00’ekra [6], 3a skum
BUMIPIOIOTh MapaMeTpH CBITJA, 110 NPOMILIO Kpi3b cBiTIOBOA. Lle BUMiproBaHHs 3a0e3mneuye
BHU3HAUEHHS KUIBKOCTI MPOMIEHOro CBITJIa 3a KPHUBHU3HOIO CBITJIOBOJAA, SKHH crnpuiiMae
negopmarntii  06’ekta KOHTpomto. [IpoTe iCHye HETOYHICTh BH3HAUYEHHS MapaMeTpiB
nedopmariiii 06’€kTa BHACIHIIOK HECTAOLTLHOCTI 1HTEHCHBHOCTI CBITJIa, @ TaKOXX HAasBHOCTI
CTOPOHHIX MepeIKO/, SKi BaXKKO MAJJal0THCSI BpaXyBaHHIO.

OxpiM TOrO, ICHYIOTH MpHJIQH, K1 3aCTOCOBYIOTH aBTOEJIEKTPOHHY €MICito, IO
BUHUKA€ MK YyTJIMBHUM | BUMIPIOBAJIbHHM EIIEMEHTAMHU, B SIKOCTI Mapamerpa, 3a SKUM
3/11MCHIOIOTh KBAaHTYBaHHS MU MEPETBOPIOBAHHI NEPEMILIECHHS B €JIEKTPUYHUM curHan [7].
[Ipore ni nmpuHIMOM Aii He 3abe3nedye HaIIHICTP Ta BUCOKY TOYHICTH BUMIpPIOBaHHS
nedopMarllii moBepxHi 00’€KTa MiJ 4ac BUTOTOBJICHHS JETalli B yMOBaX aBTOMAaTH30BaHOTO
BUPOOHMIITBA, OCKUIBKU ICHY€E JIpei( aMIUTITyId CUTHANY, SIKHH BUHUKAE MK YYTJIMBUM Ta
BUMIPIOBAJIbHUM  €JIEMEHTaMH, BHACIIIOK OCOOJMBOCTEH KOHCTPYKII Ta  BIUIUBY
TEMIIepaTypHUX 3MiH Ha €JIEeKTPOMArHiTHI €JIEMEHTH CXEMHU.

Tomy meTor0 poOOTH € CTBOPEHHS NPUHLMUITY Jii I1HTErpOBaHOTO BHMIpIOBaya
TBEPJOCTI MaTepiany AeTaji 3a nmapaMeTpaMu BUMIpIOBaHHSA THUCKY Ta jaedopmariii 00’ekra
TEXHOJIOTTYHOTO MPOIIECY.

OCHOBHUM TPHHLUIIOM POOOTH TAaKOr0 BHMIpPIOBAYa € peecTpallis Ta aHai3
napaMerpiB (I3MYHUX MPOLECIB, SKI BUHUKAIOTh IMPH TOPKaHHI 10 00’€KTY KOHTPOJIIO.
3BiAKLIS Ha MiACTaBl aHaNi3y TUIMHHOI BEIMYMHH €MHOCTI BHU3HAYAIOTh BEIWYUHY TUIOIII
TOpPKaHHA OO0’€KTY KOHTPOJIIO 3 KadiOpyBaJbHOIO TUIACTUHOI, BEIMYHMHY CHUJIM THUCKY Ta
BENIMYMHY AedopMarltii moBepxHi 00’ €KTa KOHTPOIIO, IOYATOK Ta 3aKIHYEHHS MPOLECY THCKY,
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a TaKOX BU3HAYAIOTh PO3IOALI I'PajliEHTY THCKY IO MOBEpxXHI 00’ekTy. OTXKe, 3aCTOCOBaHO
METOAMKY BU3HAUYEHHS IUIMHHOI €MHOCTI, SIKa YTBOPIOETHCS MPH KOHTAKTI MOBEPXHi 00’€KTa
3 rajlbBaHIYHOIO KaJIIOPYBAJIBHOIO TUIACTUHOIO.

3aranpHUll IPUHIKMN BUBOAUTHCS 3 popmynu (1)

5,-C.
EoE
ne 0 - ToBIMHA mieNeKTPUYHOT IIACTHHKY,
&, - a0COMIOTHA JIeJIEKTPUYHA CTala,
& - IieneKTpUYHUNA KOe]IlieHT ieIeKTPHYHOI TUTAaCTHHKH.
OCKUIBKH TTapaMeTpu d €y HaM BIIOMI, TO IUIOIIA TOPKaHHS Sn MTOBEPXHi

00’€KTa, HANPHUKIAJ, JETaji Ta Pi3aJbHOrO IHCTPYMEHTa, MpsMO mIponopuiiHa emuocti C.
[Tpu upoMy 3 pericTpa BUMipioBaya iHpopMallis HAIXOIUTh A0 OJI0KYy 0OpoOKku iH(popMmalii y
BUTJISAJII CUTHATY BU3HAYCHO! YacTOTH. TakKMM YWHOM, Ha BXOJli aBTOMATH30BAHOT'O OJIOKY
00poOKH iH(pOpMaIlii MaeMO HACTYITHI CUTHAIM JUII OOpPOOKH: BEJIMYMHY IO TOPKAHHS,
BEJIMYMHY CHJIM THCKY, IOYATOK Ta 3aKIHUCHHSI TUCKY, K PI3HUIIIO 3aITi3HCHHS MIXX CUTHAJIOM
TUTONII Ta CHJIOIO TUCKY.

BucHoBku

OTxe, 3ampONOHOBAHWI TPHUHIMII MAii I1HTErpOBaHOTO BHMipIOBada 3abe3nedye
BUMIPIOBAaHHS TBEPJOCTI BHUMIPIOBaHHS THCKY Ta JedopMailiii MOBEPXOHb MPEHU3IMHUX
00’exTiB. BogHouac, 1ie 3abe3neuye miIBUIICHHS TOYHOCTI BU3HAYCHHS JeopMallii OBEpXHi
JeTani abo TeXHOJIOTTYHOTo OOJaJHaHHA 1, K HACIHIIOK, 3HAYHE ITiIBUINCHHS €()eKTUBHOCTI
poOOTH aBTOMATH30BaHOI CHCTEMH TEXHOJOTIYHOTO TMPOIeCy OOpOOKH, HANPHUKIAI,
MJIACTUYHUX MaTepiaiiB.

[TonanpmiuM HampsIMKOM pOOOTH € PO3BUTOK TEOPETUYHUX MPHUHILMUIIB pOOOTH
BUMIpIOBaya JUig 3acTOCYBaHHS B yMOBax aBToMmaTtu3oBaHoro BupoOHunTBa Ha CNC
BepcTarax.
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BIIVIUB ®I3BUYHUX YNHHUKIB OIBIOTEPAIIEBTUYHUX AITAPATIB
HA BITHOBJIEHHA ITPOIECIB METABOJII3BMY B OPT'AHI3MI JIFO/IMHU

Abstract. The article presents the results of the analysis of the influence of physical
factors of physiotherapeutic devices on the human body, which are used to restore the
metabolic processes. It is established that biophysical resources form the technological
process of transformation of biochemical raw materials, and the cellular resource is a kind of
battery of energy. Microvibrational resource is formed due to contractile activity of muscle
cells. At full peace and relaxation, the microvibrational background reflects the state of the
organism's resources. The deficit of biological microvibrations is local in nature. After
analyzing the therapeutic methods based on physical properties and phenomena allocated
two fundamentally different methods of compensating for the deficit of biological
microvibration are identified.

Key words: body resources, cell, metabolism, biochemical reserves, catabolism,
methods of physiotherapy, human body.

[Iporiecn merabomizMy B opraHi3Mi BigOyBarOTbCS TIIBKA NPU KOHTAKTHINA B3aeMOii
Oionoriynux cyOctaHiiii. Tomy HasBHICTb MeXaHIYHMX (YHKIIA KITHH 1 O10J0TTYHUX
MOJICKYJI € HEOOXiJHOI YMOBOIO JIJIsi OUTBIIOCTI O10JOTIYHHMX 1 OCOOTUBO IMYHOJIOTTYHUX
peaxiriu.

Buxoasiuu 3 Bullle 3a3Ha4€HOr0, BUHUKIJIAa HEOOX1IHICTh B aHaJli31 ICHYIOUMX (PI3MUHHUX
YUHHUKIB €JIEKTPOHHUX (hi310TepaneBTUYHUX amapaTiB, sKi y OUIbILIIM Mipi BiANOBIAIOTH
PUPOIHOMY TIPOIIECY.

OOMIH pedyoBUH 1 eHeprii — OCHOBa MPOILECIB KUTTEAIAIBHOCTI OpraHiaMy. Y BCiX
Oprasi3MiB, BiJi HaWIPHUMITHBHIMIUX A0 HAMCKJIAIHINIOIO — JIIOJICBKOIO OpraHi3mMy, OOMIH
pPEUOBHMH 1 €Heprii — OCHOBa JXKUTTS. B oprani3mi JIOJUHM BiOyBaeTbcs Oe3nepepBHUNA
MpolleC TBOPEHHs, YTBOPEHHS 3 TMPOCTIIMX PEYOBHH CKJIaJAHMX. PoboTa opraHiB
CYNPOBOKYETHCS OE3MEPEPBHUM OHOBIEHHSM iX KJIITHH: OJHI TMHYTbH, 1HIII iX 3aMiHSIOTb.
3pOCTaHHS Ta OHOBJIEHHS KJIITUH OPraHi3My MOXJIMBI TUIBKH B TOMY pasl, SIKIIO 10 HbOTO
0e3nepepBHO HAAXOIATh KHCEHb 1 MOKMBHI PEYOBUHM 32 JOMOMOTOIO BiJIMOBITHUX PECYpCiB
Oprasi3zmy.

3aranoM po3pi3HAOTh [1, 3, 6] Tpu BUIM pecypciB opraHizmy: 6ioximiuHi, 0i0¢i3ndHi
Ta KJIITKOBI, 1110 320€3MeuyI0Th HOPMaJIbHY JISJIbHICTh OPTaHi3My Ha KIITUHHOMY PiBHI.

KniTuHHI pecypcu XapakTepHU3yIOTh KUIBKICTb 30POBUX (YHKILIOHAJIBHUX KIITHH Ta
EHepropecypcH, ski MicTaThcs B HHUX [6]. BukoHyroun GyHKIIO, KIITHHH BHTPA4YalOTh
€HEepropecypcH i nMpu NEBHUX yMOBAxX iX MOMOBHIOIOTH. DyHKIIOHATbHA AKTUBHICTh KIITHH
CYNPOBOKYETHCS BHUJIIJICHHSIM MPOJIYKTIB METa0O0JI3My B MDKKIITHUHHUN MPOCTIP, 3BIAKH
BOHHM TOBWHHI OyTH BHBEICHI 4epe3 BEHO3HY 1 JiMdaTHuHy Mepexy cyawH. Ha mporec
3alIOBHEHHS KJIITHHAMHU €HEPropecypciB MOIMPIOETHCS (PyHIAMEHTAIbHUM 3aKOH OIM3bKOIIT
[3, 7]: Oynb-sika B3aeMojisg Matepii (HampuKiIaa, peUYOBHH 1 KJIITHH) BiZIOYyBAa€ThCS JHUILE MPH
Oe3rmocepeTHbOMY KOHTAKT1 OJTUH 3 OJHHM.

CyuacHi TepaneBTHYHI METOJIU IPYHTYIOTbCS Ha BUKOPHUCTaHHI HACTYNMHUX (Di3MUHHX
SBMIL EJIIEKTPUYHUNA CTPyM, MAarHiTHe IIojie, CBITJIOBMM MOTIK, BiOpaiiiiHi Ta 3BYKOBI
KOJINBaHHSL.
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Bubip metony ¢iziorepanii 3aqexXuTh BIJ 3arajJlbHOro CTaHy OpraHizmy, crenudiky
[aTOJIOTIYHOTO TPOLECy, HOro KIiHIYHI MpOsBU, cTaaii i ¢a3u pO3BUTKY 3aXBOPIOBAHHA,
CTaTi, BIKy Ta HEPBOBO-TICUXIYHOT'O CTaHY.

JIikyBaHHSI CTPYMOM € OJHUM 3 pO3MOBCIOJUKCHUX THUIIIB Cy4acHOI amapaTtHoi
¢bizioTepartii, SKMA PO3BUBAETHCS 1 BAOCKOHAIIOETHCS PA30M 3 PO3BUTKOM PaIiOCIEKTPOHIKH,
eKCIepUMEHTAIbHOI Ta KIIHIYHOI MeOuIMHU. BiH mepeabavae BUKOPHCTaHHS MOCTIHHOTO
€JICKTPUYHOTO0 CTpyMy (TajbBaHizallis, elekTpodope3), Ta IMIYJIbCHOTO IOCTIHHOTO 1
3MIHHOTO CTPyMY.

TkaHWHM JIOAWHYU SBIISIOTH COO0I0 CKJIQJHMKA O10€JEKTPUYHHUIN JAHITIOT 13 CBOEPITHUX
npoBiAHMKIB. TKaHMHHA pigUHA, KJIITUHHI BKIIOUYEHHS, sKi O0arati coisiMu, O1JIKOB1 MOJIEKYIIH,
KOJIOT/THI YaCTKH, 1[0 HECYTh Ha COO01 €JIEKTPUYHI 3apsi/in, 3a0€3MeUyI0Th €JIEKTPOIPOBIIHICTh
TKaHWH. Bcl 3MiHHI eJNeKTpUYHI KonuBaHHS, ocoOmmBo Bumie 500 k[, MarOTh BEIUKY
MPOHUKHY 3/1aTHICTh, OCKIUJIBKM €MKICHHI Omip TKaHMH BTpayae CBOE 3HAYEHHS. 3MiHHI
€JIEKTPUYHI KOJMBAHHS HE BUKJIMKAIOTH EJIEKTPOIi3y Mij elneKTpoaamMu. BoHN He BUKIMKAIOTh
3MIHM 10HHOi KOHIIEHTpAIlii BCEpeauHI KIITHHHUX CTPYKTYp, Ha BIAMIHY BiJ MOCTIHHOTO
cTpyMy. B Toii e 9ac 3MiHHI KOJIMBAaHHS MOTJIMHAIOTHECS TKAHWHAMH 1 11€ CYIPOBOIKYETHCS
YTBOPEHHSIM  eHJOreHHoro Temia. Ilpu KoJMBanmbHUX pyXax 3apsyKeHI YacTKU
31 TOBXYIOTHCS Mi’K COOOI0, B pe3yJIbTaTi BAHUKAIOYOTO TEPTSI YTBOPIOETHCS TETLIO.

VY3arajabpHIOIYM BUILE CKa3aHe 3p00JIeHO HACTYIHI BUCHOBKU:

—izionoriyanid MexaHi3M Jii eneKTpoTeparnii moB’I3aHui 31 30yHKEHHSIM Ta
CKOPOUYEHHSIM M’SI30BHUX KJIITHH MiJl JA1€I0 IMITYJIbCIB €IEKTPUUHOTO CTPYMY, 1110 BUKJIMKAE
MiKpOBiOpallii TKaHWH B IIbOBiH 00JacTi;

—MIKpOBiOpalii BAHUKAIOTh 32 PAXyHOK aKTHUBHOI'O BUTPAaYaHHS HAKONIMYEHUX
M’ SI30BUMU KJIITHHAMH PECYPCIB, TOMY €JICKTPOTEPAITisSl HE € PECYPCHOIO IOTIOMOTOIO.

Ha mouatky 21 CTONITTS B MeIWYHI NPAKTULI 3 SBUBCS HOBUH BHJ Tepamii, SKUN
3aCTOCOBYIOTh ISl IJIMOOKOTO0 MIKpoMacaKy Ha KIITKOBOMY piBHI METOAOM (OHYBaHHS
OpraHi3aMy aKyCTHUYHUMH 1 MIKpOBIOpaliiHUMHM KOJMBaHHAMU. MeTta (oHyBaHHS —
BITHOBJIEHHA Je(iuuTy 010JI0T1yHOI MiKpOBiOpalii TKaHUH B HpOOJIEMHINH 4YM MOB'A3aHiil 3
HEIo 00J1aCTi OpraHi3My.

@®i3uyHa BIACTUBICTh BIOPOAKYCTMUYHOI Mii mosfArae y il 34aTHOCTI MOKpAaLIUTH
HACKpI3HUHA KpOBOTIK 1 JiM(poTiK. B OCHOBI 1bOro sBHIIA JIEKUTH JBa (Pi3UYHUX edeKTu:
NepIIni — 3HWKEHHSI CYAAMHHOTO ONOPY PyXY KpOBI MpH BIUIMBI MIKpOBiOpalii BU3HAUYEHOT
3BYKOBOi 4acTOTH (KO)KHOMY JllaMeTpy CYAMHM BIANOBIZAa€ CBOS ONTHMajbHA 4YacTOTa),
Ipyruii — edeKT TiApoJMHAMIYHOIO Hacoca y BeHax. BiH BHMHHKae 3aBISKM HasBHOCTI
KJIaMaHiB, K1 MiJl BILIMBOM MIKpOBiOpallii 3a0e3neuytoTh He XaOTHYHUH, a CIIPIMOBaHUH pyX
KpOBI.

B pe3ynbTati qocmipkeHHsS MeXaHi3My nepudepuaHoro KpoBoooiry, 0yio BCTAHOBIICHO
[1], mo M'130Bi BOJIOKHA TPEMTATH 31 3BYKOBOIO YacTOTOIO. Bia Takoro TpeMTiHHS y BEeHaX
YTBOPIOETHCS 3 OJTHIET CTOPOHU PO3PIKEHHSI, a 3 THIIOI TUCK — CBOEPITHUNA T1POIUHAMIYHUN
Hacoc, KU 1 3a0e3meuye NPUCKOPEHUH BIATIK KPOBI.

TakuM 4MHOM, SKIIO MIKpoBiOpalis — ue ¢Gi3uyHuN QakTop, SIKUH JIEKUTh B OCHOBI
pPOOOTH KPOBOOOITY OpraHi3My 1 CIY>KUTh JUIS 3HUKEHHS MepU(EepHUIHOro Ornopy KamiispHOi
CITKM Ta MIJCUJICHHS BEHO3HOI'O BIJITOKY, TO, SIKIO BHACIIZAOK SIKUXOCh MPUYUH M'SI30B1
BOJIOKHA TEPECTaloTh TPEMTITH, TO JOLIUIBHO 3aCTOCYBAaTH 30BHIIIHIO MIKpOBIOpalioo 10
B1JIHOBJICHHSI HOPMAJIBHOT'O KPOBOOOITY.

BpaxoByroun BeIMKHI PO3KHJ MEXaHIYHUX BJIACTUBOCTEH MOJIEKYJ, KIIITHH, CYIUH 1
TKaHWH, Oa)XKaHUM € BIUIMB MIKPOBIOpallisIMU 3 HENEPEPBHOIO 3MIIIHIOBAIBHOI YacTOTOIO 1
aMIUTITYZ0I0, TPUYOMY AaKyCTHUHUH Jiama3oH 3 1H(QPA3BYKOBOIO MOJIYJIAIIEI0 Kpalle
KOPEJIIOE 3 MEXaHIYHUMH BJIACTUBOCTSIMM €JIEMEHTIB TKAHWHU, HIXK 1HII1 YaCTOTH.
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MikpoBiOpalliss YTBOPIOETHCS 3a PaxXyHOK CKOPOUYYBaJIbHOI aKTHMBHOCTI M'SI30BHUX
KIiTHH. Llell YMHHUK € He3aMiHHMM pecypcoM BCiX JKMBUX opraHismiB. [lpu ¢izmuHomy
HAaBAaHTAKCHHI MIKpOBIOpalliss TKaHWH 3HAYHO TIOCHIIIOETHCS, aJCKBAaTHO 30LIBITYIOYH
NPUIUIMB KPOBI 1 BIATIK MPOAYKTIB MeTabomizmy. Ilix yac crpecy B opraizmi 301UIbIIYEThCS
M’SI30BHH TOHYC 1 IPOMOPIIIAHO 301BITYEThCS MiKpOBIOpamioHHui (poH. MiKpoBiOpaIioOHHHHA
¢doH MiATPUMYETbCS B TKaHWHAX Bci 24 roj Ha 00y 1 3HMKA€ TUIBKH Yy BHUMAJIKy CMEpPTI
MO3Ky. IIpu moBHOMY CIOKOi 1 po3ciabieHHi MiKpoBiOparlioHHHN (POH XapaKTepu3yeThbCs
HOPMOIO 1 TATOJIOTI€I0 Ta BioOpaxkae cTaH pecypciB opranizmy. Jedinut OGiomoriunmx
MIKpOBiOpalliid, K IpPaBUIO, HOCUTh JOKAIBHUH XapakTep. TOTAIBHUM BiH CTa€ 3 BIKOM, a
TaKOX TPAIUISIETHCS MPH XPOHIYHIN BTOMI, IEPEOXOJIOKEHHI, TIEPEBTOMI BiJ] IHTCHCUBHHX 1
TPUBAIUX HABAHTAXKEHb, MICIISl TPUBAJIOTO CTPECY.

[TpoanamnizyBaBIIu TepaneBTUYHI METOH, IO IPYHTYIOThCSA HA (PI3UYHUX BIACTHBOCTEH
Ta SIBUIIAX, BUJUICHO JBa MPUHIIUIIOBO Pi3HUX MPUHIMIIK KOMIeHcallii aedinuty 6ionoriunoi
MiKpOBiOparii:

—3a paxyHOK 30yI)KEHHS M’S31B €JIEKTPUYHUM CTPYMOM (eJIeKTpoTepartis);

—3a PaxyHOK 30BHIIITHBOTO JiXKepena MikpoBiOpaiii (hoHoTepartis).

[lepmuit MeToA He MOXHA BIAHECTH IO PECypCHOi MIATPUMKH OpraHizMmy, i Horo
MOYJIMBOCTI OOMEXEHi, OCKUIbKH BHTPAYa€TbCs €Heprisi M’s30BuUX KiituH. Kpim Toro,
3aCTOCYBaHHS €JIeKTpoTepamii MO)XKe BHUKIMKATH MOIIKOKEHHS M’ SI30BUX Ta HEPBOBUX
KIIITUH, 1 1l HE MOXKHA 3aCTOCOBYBATH JI0 TAIIEHTIB, SKI HE MEPEHOCATH IO €ICKTPHIHOTO
CTpyMy.

Jlo pecypcHOi MiITPUMKH BiTHOCHUTBCS JIMIIE Ta, SIKA HANAEThCA 3a PaXyHOK
30BHIIIHBOTO JKepena eHeprii. IcHye MOXIMBICTH KommeHcamii AeinuTy 1 HaBiTh
30arayeHHs TKaHWH OIiOJIOTIYHMMH MIKpOBIOpalliAMU HUIAXOM MpsMOi iX mepenadi Bix
JDKepesia uepe3 KOHTAKT 3 TUIOM mauieHTa. MikpoBiOpariii BiOpOaKyCTHUHOTO [iama3oHy
IPOHUKAIOTh Ha rMOuMHy 70 10 cM, 1m0 3370BOJbHSE MOTPEOM HABITH Yy JIKyBaHHS
BHYTpilIHIX opraHiB. Came Iieil MeToA [a€ MOXJIMBICTh B JIIKYBaHHI IIJI0i HU3KH
3aXBOPIOBaHb 1 HOCUTh MPUPOHIN XapaKTep PECypCHOI MIATPUMKH.
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CONTENT STUDY OF DISSOLVED IRON IN UNDERGROUND WATERS

Abstract. Iron is the fourth most abundant element in the earth's crust. In water, it occurs
mainly in two- and trivalent states. To supply consumers’ water, distribution networks use both
cast iron and steel pipes. Various iron salts are used as coagulating agents in the drinking water
preparation. Iron enters the water during the dissolution of rocks by groundwater. Increased iron
content is observed in bog waters, in which it is in the form of complexes with salts of humic
acids, so-called organic iron. Saturated iron is the groundwater in the Jurassic clay strata. In
clays there is a lot of pyrite FeS, and iron from it relatively easily passes into water. Bacterial
iron is a product of the vital activity of iron bacteria (iron is in their shell). Significant amounts of
iron enter the reservoirs with sewage from the enterprises of metallurgical, metalworking, textile,
paint and varnish industry and agricultural wastewater. The concentration of iron in water
depends on the pH and the oxygen content of the water. Iron in the sumps and wells can be found
in both oxidized and reduced form, but when water is sediment it is always oxidized and may
precipitate.

Key words: total measurement uncertainty, sampling validation, ionometric analysis,
oxidation-reduction potential, swing method, empirical approach.

Introduction. Iron is an essential element in human nutrition. It is contained in a
number of biologically important proteins, for example, in hemoglobin and cytochromes, as
well as in many redox enzymes. Estimates of the minimum daily requirement for iron range
from 7 to 14 mg, depending on age and gender; in pregnant women, the need may exceed
15 mg per day. The average daily requirement is 10 mg.

The individual iron need (depending on age, gender and physiological state) regulates
the iron amount absorbed from the diet; it varies from 1 to 20 %. Most people absorbed about
10 % of the ingested iron. Mandatory losses (with feces, urine and sweat) are 1 mg per day.
From 60 to 70 % of the absorbed iron is used to produce hemoglobin; 5 % is utilized in the
production of myoglobin; the rest of the amount is deposited primarily in the liver, bone
marrow and spleen. The ingestion of large iron amounts causes a condition known as
hematochromatosis, when tissue damage develops as a result of iron accumulation. This
condition rarely develops as a result of simply overloading the iron diet. However, it was
recorded with prolonged use of acidic products, cooked in iron ware.

Different types of iron show different properties in different ways and, in most cases, it
is possible to determine in appearance what iron predominates in water. Pure water after a
period of time forms has red-brown sediment. This is the presence of ferrous iron. If the water
has a yellowish-brown color and sediment forms on settling, then this is trivalent iron.
Rainbow film on the water surface and jelly-like mass inside the tubes has bacterial iron. And
if the water is colored, but the sediment does not form, then this is colloidal iron.
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Most often in the water there is a combination of several or all types of iron. Analysis of
water for iron is necessary for a variety of water types - surface natural water, near-surface
and deep underground water. However, due to the lack of approved methods [1-4] for
determining the amount of organic, colloidal or bacterial iron in water, it is difficult to select a
method or complex of methods for water treatment.

The purpose of the work is to monitor the groundwater quality for their operative
monitoring and to check whether the measurement uncertainty in the monitoring process is
growing in time. For the research plan, an empirical approach was chosen that made it
possible to obtain estimates of the heterogeneity of a subterranean reservoir (variance between
target wells and time dispersion) and measurement uncertainty, with separate components
from sampling and analysis.

Water samples from an underground reservoir for chemical analysis were selected from
ten wells during monitoring. When planning operational monitoring, it was decided to select
samples from one well twice a year. The operational monitoring objective was to detect
deterioration in water quality by 20 % with a probability of 95 %. As the target parameter, it
was decided to use the concentration of dissolved iron, which can be a sensitive indicator of
the oxygen presence in the aquifer (the iron concentration decreases with increasing oxygen
content), and as an additional parameter - the oxidation-reduction potential. The oxygen
content, pH, electrical conductivity and redox potential were used as current indicators of
sample collection stability, and sodium, calcium and chloride content as general parameters of
groundwater quality. The sample stream was pumped through a flow measuring system that
included sequentially installed flow cells with ionometric sensors [4, 5].

Conclusions. In this paper, the total uncertainty in the measurement of dissolved iron in
groundwater is determined for the validation of the sampling and subsequent monitoring of
the uncertainty of selection during the measurement. If it is necessary to reduce the
uncertainty in the measurement of the dissolved iron concentration, the monitoring density
can be increased, and to measure the redox potential by ionometric method, it is necessary to
reduce the measurement uncertainty in the flow using the flow-injection method.
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LEAD CONTENT INVESTIGATION IN THE UPPER SOIL LAYER

Abstract. The natural lead contents in soils are inherited from the parent rocks.
However, due to widespread pollution of the environment with lead, most of the soils seem to
be enriched with this element, especially their upper layers. In the literature there [1-3] is a
large amount of data on the lead content in the soil, but it is sometimes difficult to separate
data characterizing the background lead levels in soils from data associated with
contamination of the surface (upper) soils layer. The fate of anthropogenic lead additives in
soils has attracted a lot of attention recently, since for humans and animals this element is
dangerous when coming from two sources - through the food chain and by inhaling dust. A
continuous increase in the lead amount in the surface soils layer, both arable and
uncultivated, has been established in various terrestrial ecosystems. The lead accumulation in
the surface soils layer exposed to pollution from various sources has already led in a number
of places to concentrations reaching 2 % per dry matter of the soil. The lead levels in which it
becomes toxic to plants are not easy to assess, ranging from 100 to 500 mg/kg. Since lead
enters the soil in the form of diverse and complex compounds, its reactions can vary greatly
from place to place. Indeed, on the issue of whether lead is mobile or stable in soil when it
enters the pollutants, opinions diverge.

Key words: upper soil layer, total measurement uncertainty, robust dispersion analysis,
inductively coupled plasma atomic emission spectroscopy, double sampling method,
empirical approach.

Introduction. Soil micro flora is able to accumulate lead at a high rate, proportional to
the content of this element in the soil.

Recently, lead concentrations in soils have been growing steadily and could
significantly inhibit microbiological processes. Similar effects should apparently be expected
mainly in soils with a low cation-exchange capacity. However, with prolonged contamination,
they can also appear in soils with a high level of cation exchange capacity. The methylation
processes of some lead compounds can be both biological and purely chemical.

In soil, most of the lead is in the form of solid compounds. In acidic soils, there is a part
of lead (up to 70 %) that can be exchanged for other ions. In neutral soils, the fractions
associated with Fe and Mn oxides and organic matter predominate. In slightly alkaline and
alkaline conditions, lead is distributed between the carbonate, organic and residual fractions.

Solid lead compounds in soils are in interaction with the soil solution through which the
element enters the plants, as well as the intrasoil migration and the transformation of its
compounds. The nature of the binding of lead in solid constituents obviously determines its
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concentration in the solution, which should thus reflect the properties of the compounds in
which lead is found.

If the soil firmly binds lead, it protects its soil and drinking water, plant products from
contamination. But then the soil itself gradually becomes more and more infected and at some
point the organic matter of the soil may break down with the release of lead into the soil
solution. As a result, such soil will be unsuitable for agricultural use.

Contamination of soil cover with excessive concentrations of lead leads to adverse
environmental consequences.

The aim of the work is to estimate the uncertainty in the measurement and its
components from sampling and analysis of the lead content in the upper soil layer for each
target within one site using a common sampling scheme. For the research plan, an empirical
approach was chosen using the double sampling method, which allowed estimating a
balanced plan for each of several targets. The large discrepancy between the concentration
values for some repeated samples indicates a high level of sampling uncertainty.

Samples of the upper soil layer (nominal depth from 0 to 150 mm) were selected by
hand drill (diameter 25 mm). The selection points were distributed on a regular grid in 25 m
increments and, therefore, each of them should represent an area of 25 m x 25 m. The
coordinates of the sampling points were determined with the help of a tested roulette and a
compass. Several samples (i.e. 10 % of the total) were selected twice according to a balanced
plan at the randomly chosen points. Repeated samples were taken at a distance of 2.5 m from
the first sample in a randomly chosen direction. Thus, the uncertainty of the sampling scheme,
the uncertainty of the location of the target object (uncertainty in determining the coordinates
of the selection points), as well as the influence of the small-scale uncertainty of the measured
concentration within the given object were taken into account. To assess the analytical bias in
the lead concentration range, several certified standard soil samples were analyzed.

Conclusions

In this paper, in accordance with the method of "relative contribution to the total
variance", the results of the calculation show the relative contribution to the total variance
(standard deviation (total)), which is made by the variance "between target objects”, the
sampling dispersion (within the sample), and the variance analysis (inside the sample). In our
research, the dispersion "between target objects” (more than 60 % of the total variance)
obviously prevails, although it is less than the ideal threshold of 80 %. In addition, in the
sample dispersion, sampling (more than 30 % of the total dispersion) prevails over chemical
analysis (about 0.25 % of the total variance). The dispersion of sampling (i.e., inside the
object) in this case was the main factor (about 99 %) of the uncertainty in the measurement
process.
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STUDY OF VITAMIN A IN INFANT NUTRITION

Abstract. The best porridges for initial feeding are gluten-free cereals - buckwheat, corn or
rice. Porridges for the first complementary meal are divided on the most different bases, therefore
parents can choose the best and the products most suitable for the child:

Dairy and dairy-free. Dairy-free products are an ideal option for initial feeding, as it does not
contain sugar, fructose and other additives. Dairy-free cereals are fed to children with lactase
deficiency or suffering from infectious diseases of the intestine. Gluten and gluten-free. Buckwheat,
rice cereal or corn porridge are the best options. Gluten products are products for the second, and
even third, complementary foods. Mono-composite or poly-compound (consisting of several cereals).
For initial acquaintance of the child with adult dishes only simple, one-grained porridges will
approach. After the children's stomachs are mastered with each groat separately, you can enter and
multicomponent porridges.

With and without additives. Of course, for the first feeding is better suited "clean” porridge,
which includes no different impurities - fruit pieces, fragrant vanilla, honey, nuts, etc. Requiring
cooking and soluble. Instant porridges are cooked instantly, do not require long heat treatment, so
they are considered to be the most modern form of infant food of industrial production. To porridges,
you can conditionally include such products as: velling - a cereal-milk mixture, reminiscent of a very
liquid gruel, can be given to a baby who does not take a good diet; soluble biscuits - hard slices are
easily dissolved in milk, and the resulting mixture resembles a mild cereal in consistency; porridge-
muesli - in the product there are fruit additives, pieces of biscuits, which will help a 9-month-old child
to master the ability to chew food.

Key words: vitamin A (retinol), baby food, liquid chromatography, ultraviolet detector

The composition of each cereal is unique, therefore, experts on infant nutrition have
developed their own recommendations, which take into account the order of introduction of
cereals, portions and other important nuances.

Buckwheat. This is the best option for initial feeding. In its composition a lot of
vitamins, macro- and microelements, fiber, various protein substances. A huge plus - in the
croup is missing gluten.

Rice. Also refers to gluten-free products, but in this croup a lot of carbohydrates,
vitamin compounds. The product is perfectly digested.

Corn. Highly nutritious cereal, good for the digestive system, is best for a child
suffering from bloating and problems with bowel movement.

Oatmeal. It is not among the best for first food because of the gluten content. You can
begin to get acquainted with this product from the age of 8 months. Oatmeal is rich in
antioxidants, phosphoric and calcium compounds, which contribute to the development of
bones and muscles.
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Mannaya. The most "childish” of all cereals has recently fallen into disgrace with
specialists. Its main disadvantage is a large amount of gluten. It should be introduced from the
year onwards, the baby will appreciate the pleasant taste and easy digestion

Vitamin A exists in two main types: in the form of itself, called retinol, and in the form
of provitamin carotene. The first of these is present in animal food, and the second is in plant
foods. Retinol is immediately absorbed by the body, and carotene requires pre-processing in
the intestine to become retinol and be assimilated by the body. Since this element plays a role
in the growth of cells, it is simply indispensable for children with their constantly growing
and developing organism. It is extremely important that he enter the body of a child for the
successful growth and development of the musculoskeletal system.

The aim of the work is to assess the uncertainties in the measurement and its
components from sampling and analysis. Estimates were obtained on samples of one type of
baby cereal containing vitamin A, taken from several different batches according to the
double sampling scheme from each batch.

Under vitamin A is the name of the whole three bioorganic compounds. They are all
part of the retinoid group. It actively dissolves in fats, which allows it to concentrate in the
body, in particular, in the liver. If, for some reason, he ceases to enter the body, the hepatic
depot is able to fill his deficiency for at least a year. And when this element enters the body, it
first comes to the liver, which replenishes the spent supplies, sending then the rest to travel in
the blood.

In addition, retinol is necessary for the production of visual pigment and blood
components, and is also responsible for the health of the skin and bones. In the zone of his
responsibility are also all the mucous membranes in the human body, and even hair, teeth and
gums. Children from four months to four years are enough 0.6 mg. Up to seven years, this
dose increases to 0.7 mg. From seven to ten years the daily norm is 0.8 mg, and in children
from ten to thirteen years it grows up to 0.9 mg.

To evaluate the random component of the uncertainty of sampling, an empirical
approach was chosen using the double sampling method. The validation was carried out on
one type of baby cereal containing fruits and ground grains. When sampling for quality
control, different types of baby cereal were tested (all of them contained fruits and ground
grains) to assess whether an evaluation of the measurement uncertainty obtained during
validation could be extended to different types of baby cereal containing fruit and ground
grains.

Conclusions. If the weight of the test sample is about 50 g, the concentration of retinol
(vitamin A) in a dry baby cereal containing ground grain and fruit should be presented with an
expanded measurement uncertainty, i.e. in the form C + 20 % of the measured value (with a
confidence probability of 95 %). For the analysis of dry baby cereal containing ground grains
and fruits, we recommend selecting a relatively large test sample weighing up to about 50 g.
Since the uncertainty of the analysis (for a sample weighing up to 50 g) exceeded the
laboratory uncertainty of the analysis uncertainty, with even greater mass.
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Abstract. The article deals with the problem of exceeding the norms of emissions of
harmful gases by diesel cars in the application of imperfect software. The structure of
software of controller of engine management of modern car is considered and analysed. The
aforementioned conditions under which VW and Audi control software provided false
information about the level of emissions of harmful gases. Conclusions and recommendations
for the control of the development of testing systems for emissions of harmful substances into
the air have been made.

Keywords: Diagnostics, self-testing, testing systems for emissions of harmful substances
into the air, software engine controller, emissions of harmful substances by automobiles

Adepa xonuepny Volkswagen (nim. VW-Abgasskandal) Gyna poskpura B Bepecni 2015
POKY, KOJIH 3'scyBaJIOCs, o Outbmie 11 MiTbHOHIB AU3EIBHUX aBTOMOOLIIB IO BChOMY CBITY
Oynu OCHalleHl NMPOrpaMHUM 3a0€3MEUEHHSM, SKe IiJ] 4ac MPOBEAEHHS TECTIB B JECATKU
pa3iB 3aHIKYBAJIO KUIBKICTh IIKIUIMBUX Ta3iB, 30kpeMa, NOy (OKCHIIB a30Ty), MIO
BUKHJIAIOTHCS B MOBITPs [1].

ITpu TectyBanHi 3a npodinem NEDC Bxitoganucs pexumu 1 IpUcTpoi, HEaKTUBHI PU
3BHuaiiHoMy BuUKopucTaHH1 [2]. Komnanis Bu3Hana ¢akT 3aHMKEHHS PIBHA BUKUAIB MpU
npogaxax aBToMoo61iB B CIIIA 1 €Bporii.

Take mporpamHe 3a0e3nedyeHHs OyJIO BCTAHOBJIEHO Ha aBTOMOOUIAX 3 JAM3EIbHUMHU
neuryHamu TDI (Turbocharged Direct Injection) cepiit EA 188, 189 1 288, BupobieHux B
2008-2015 pokax, 3okpema Ha mozaensx Golf (6-e mokominus), Passat (7 -e mokomniHH:),
Tiguan, Jetta, Beetle 1 Audi A3.

3a pi3HMMH OIlIHKaMH, 3arajibHa KiJIbKiCTb aBTOMOOLTIB 3 JaHOi HEJOKYMEHTOBAHOIO
0co0JIMBICTIO MOXKe focsiraTu 5 abo 11 MinbiloHIB.

[lepeBuiieHHS HOPM BUKHUIIB ISl IIUX aBTOMOOLIIB Oyly BHSIBJIEHI JOCIHiIHUIBKOIO
rpynoro 3 YHiBepcutery 3axinHoi Bip/pkuHii, sika BUMiproBaja CKJIaJ BUXJIOMHHMX Ta3iB IMiJ
yac BOJIIHHS aBTOMOOLIS 3a jornomMororo MoouthbHUX TpucTpoiB PEMS (Portable Emissions
Measurement System) [3].

[Mrtpad 3a mopymenHs npasui, BctaHoBieHuX EPA, nocsrae: 37 500 momapiB 3a
MalliHy, TOOTO B 1iloMy Oinbine 18 mupa. gonapis [4-6].

PosrnssHeMo  cTpyKkTypy TporpamMHOTO 3a0e3leueHHs KOHTPOJepa  yIpaBliHHSI
JBUTYHOM CY4acHOT'O aBTOMOOLIS.

Ilepmmii piBeHb - nporpamHe 3a0e3nedyeHHs (QYHKIINA yOpaBiaiHHSA (HaOpUKIAL
peasizalisi BHOPCKYBaHHSI MajIHBa).

Jlpyruii piBeHb - mporpamHe 3a0e3nedeHHs (QYHKII €JIeKTPOHHOIO pe3epBYBaHHS
OCHOBHMX CHUTHAJIIB YIIPABIiHHS MPH B1IMOBI KEPYIOUHX CHCTEM.

Tperiii piBeHb - 60pTOBa CaMOJI1IarHOCTUKA 1 peeCTpallisi HECIIPABHOCTEH B OCHOBHUX
€JIEKTPUYHUX 1 €IEKTPOHHUX BY3J1ax 1 OJI0KaX aBTOMOOLIIS.
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YerBepTHii piBeHb - J1arHOCTHKA 1 CaMOTECTyBaHHS B THX CHUCTEMax YIpPaBIIHHS
JBUTYHOM, HECHpPaBHICTh B POOOTI SKUX MOXE TPUBECTH 10 3OiIbIICHHS BHUKHIB
ABTOMOOUIBHUX MIKIJIMBUX PEYOBHH y BIANPAIIbOBAHUX T'a3aX B HABKOJIMIIHE CEPEIOBUIIIE.

HiarHoctuka i camortectyBaHHs B cuctemax OBD-II 3mificHIO€TBCS MMiIIPOrpaMoro
YETBEPTOro piBHA, ska HazuBaeThes mianporpama DE (Diagnostic Executive - BUKOHaBeIb
miarHocTHKM). Llg miamporpama 3a JOMOMOTOK CHEIIaIbHUX MPHUCTPOIB, SKi MPOBOJSATH
MOHITOPHHT OKPEMHUX MapaMeTpiB, sSKi HA3MBAIOThCS TECT abo aHaiizaTop (emission monitor
EMM), KOHTPOJIIOE A0 CEMH PI3HUX CHCTEM aBTOMOOIJIS, HECTIPABHICTh B POOOTI SIKMX MOXE
MIPUBECTH JI0 301IBIIICHHS TOKCHYHOCTI BUKHU/IIB.

[Tizmporpama DE BHKOHYeThCS B (POHOBOMY PEXHMI, KOJIM KOHTPOJIEp KEpyBaHHS HE
3aHATUN BUKOHAHHSM OCHOBHHMX (YHKIIA yrpaBiiHHA. Bci HaBemeHi MiHI mporpam
3IHCHIOIOTH MOCTIHHUI KOHTPOJIb GOPTOBOTO 00JIaAHAHHS AaBTOMATUYHO.

Koxna MiHi-IporpaMa MoKe TECTYBaTH MiJl 4ac pyXy aBTOMOOLNA TiAbKK OJUH pas,
TOOTO MiJ] 9aC MUKITY «KJIFOU 3alaTIOBaHHS BKJIIOYEHO - JIBUTYH IMPAIIOE - KIIF0OY BUMKHEHHID»
[pY BUKOHAHHI IEBHUX YMOB.

Kpurepiem movatky TecTyBaHHS MOXYTh OyTH: 4ac TICIsl 3aIlyCKy JIBHTYHA, 4acTOTa
o0epTaHHs KOJIHYACTOrO Bajla ABUTYHA, IIBUIKICTH aBTOMOOLUIS, MOJIOKEHHS APOCENbHOT
3aCIIHKH 1 TOLIO.

3anexxHo BiAg TuUNy KoHTpojepa ympaBiiHHA CCM Moe KOHTpOJIOBAaTH HAacCTYIIHI
[IPUCTPOI:

® JaTYUK MAacoBOi BUTPATH MOBITPS;

JaTYUK TEMIIEPATypU OXOJIOKYIOUOi P1IUHU;
JaTYUK TEMIIEPaTypyu BCMOKTYBAHOTO MOBITPS;
JATYWK MOJIOKEHHSI IPOCEIbHOI 3aCTIHKY;
JATYHMK TOJI0KEHHS KOJIIHYACTOr o Basa;
JATYUK TOJ0KEHHS PO3MOAUIBHOTO BATYIO

3a monomororo mepexxki EMM mignporpama DE koHTpostoe miacucTeMu aBTOMOOLIS,
HECTIPaBHICTb SKUX MOKE 30UIBIINTH KUIBKICTb 1110 BUKH/IAIOTHCSI B HABKOJIMIIHE CEPEOBUIIIE
TOKCUYHMX peyoBHH. [Ipuctpoi moniTopunry EM

[Tpuctpoi TectyBanHs (MoHiTOpH) EMM KOHTPOIIOIOTH:!

KaTaJIITUYHUNA HEUTpati3aTop;

JaTYMKU KHCHIO, BCTAHOBJIECHI 10 1 IICJSI HEWTpasi3aTopa BiANpalbOBaHUX ra3iB;
MIPOMYCKH 3aliMaHHs NAJINBA;

J03yBaHHsI TaJMBa B CUCTEMI,

CHCTEMY YJIOBIIOBaHHS apiB MMaJIHBa;

CUCTEMY PEHUPKYJIAIIT BIAMPAIlbOBAaHUX Ta3iB;

CHCTEMY MoJaui MOBITPs Y BUITYCKHHH KOJEKTOP.

Sk BUSBMIIOCS, ITpOTpama, SIKO ocHamryBaiucs aBromo6ini VW 1 Audi, nepeabauana
BKITIOYCHHSI CHCTEMH KOHTPOJIIO 32 BHUKHIAMH Ha TIOBHY TOTYXXHICTh TUIBKH ITiJ] dYac
NEepeBIpKU MallMHU. A TpH 3BUYAiHIN eKcruryartallii aBTOMOOUIS, KOJIM BMICT MIKiAJTUBUX
PEUOBHMH y BHXJIONAX HabaraTo BHUIIE, IS CHCTEMa BiIKIodaiacs. B pe3ynbraTi, BHKHUI
HIK{IJTMBUX PEYOBUH aBTOMOOUISIMU MEPEBHIYBAaB BCTAHOBJIEHY HOpMY Maiixke B 40 pasis.

B ninomy B pesynbrati "au3enbHOro ckangany" aBTOKOHIEpH Volkswagen BIIKIMKaB
nonan 1,5 mineiioHa aBTtomoOuniB VW B HimewuwuHi. Byau Takoxx BigkiawkaHi 2,5 MIH
TPAHCIIOPTHUX 3ac00IB 1HIIMX MapoK, 110 HajlexaTh KoHIepHy Volkswagen, B HimeuunHi i
Mmaibke 11 MiTbHOHIB MO BCHOMY CBITY.

BucnoBku. Takum yuHOM, MOTpiOEH OLIBII KOPCTKUI KOHTPOJIb B MOJAIBLIOMY ITiJT
4yac po3poOKH CHCTEM TECTYBAaHHS BHUKHJIB IIKI[UIMBUX PEYOBUH B IMOBITPA, AKi MPAIIOIOTH

120



caMe Ha YEeTBEPTOMY pPiBHI. A KOHTPOJb 32 PO3POOKOIO Ta TECTYBAaHHSAM TaKHX CHCTEM Mae
MiJBUIIMTHA CTYIIHb BiJIMOBIAAILHOCTI aBTOBUPOOHHKIB 32 BHKHJIAMU WIKiIJIMBUX Ta3iB B
HABKOJIMIIHE CEPEIOBHIIIC.

Cnucok Jjireparypu

1. Artikel 19 der Verordnung (EU) Nr. 168/2013 DES EUROPAISCHEN
PARLAMENTS UND DES RATES vom 15. Januar 2013 iiber die Genehmigung und
Marktiiberwachung von zwei- oder dreirddrigen und vierrddrigen Fahrzeugen, ABI.: L 60/52
vom 2. Mirz 2013 (Art. 19 32013R0168 — Verbot von Abschalteinrichtungen)

2. J. E.Jonson et al.: Impact of excess NOx emissions from diesel cars on air quality,
public health and eutrophication in Europe. In: Environmental Research Letters. Band 12,
2017

3. WVU Researchers Help Bust VVolkswagen for Pollution Violations. // wvpublic.org,
September 21, 2015

4. Volkswagen could face US$18B in penalties, as U.S. accuses automaker of
cheating clean air standards. // financialpost.com, September 18, 2015

5. Guillaume P. Chossicre et al.: Public health impacts of excess NOx emissions from
Volkswagen diesel passenger vehicles in Germany. In: Environmental Research Letters. Band
12, 2017,

6. Jake Edge. Inside the Volkswagen emissions cheating (32nd Chaos Communication
Congress January 6, 2016).

121



Cekuyia 8
EKOHOMIKA, MEHEJVKMEHT TA MAPKETHUHI' Y
HNPUJIATOBY/J1YBAHHI

UDC 658
Bondarenko M., PhD, Assoc. Prof.,
Assoc. Prof. of the department of instrumentation, mechatronics and computer technologies

Medyanyk V.,

Post-grad. Stud. of the department of instrumentation, mechatronics and computer technologies
Bilokin S., PhD,

Senior Lecturer of the Department of Physics
Cherkasy State Technological University
e-mail: maxxium23@gmail.com, tel. +38 (0472) 730260

INDICATORS FOR EVALUATION OF ECONOMIC EFFICIENCY OF
METROLOGICAL EQUIPMENT OF THE ATOMIC-FORCE
MICROSCOPY IN THE STAGE OF DESIGN

Abstract. The paper presents an approach for estimating and calculating the economic
efficiency of metrological equipment of atomic-force microscopy, which is created to control
devices of micro- and nanoelectronics at the stage of their design. It is estimated that the
creation of a modern metrological laboratory using the atomic force microscopy method in
the conditions of the modern Ukrainian economy will make it possible to reach profit only
after 32-38 months by reduction the time of control with a simultaneous decrease in the
proportion of products which are not satisfying the requirements of modern micro and
nanoelectronic devices.

Keywords: economic indicators, metrology, atomic-force microscopy

Anomauyia. B pobomi Hagedeno nioxio 01 OYinKU 1 PO3PAXYHKY EKOHOMIUHOL
eghekmusHocmi  MempoNo2iuH020  0ONAOHAHHA —~ AMOMHO-CUNOBOI  MIKPOCKONii,  sKe
CMBOPIOEMbCA 0Nl KOHMPOIIO NPUCMPOI8 MIKpO- ma HAHOENIeKMPOHIKU Ha cmadii ix
npoekmyeanus. Iliopaxosano, wo CcmMEOpeHHs CYYaACHOI Mempono2iyHoi nabopamopii i3
3aCMOCY8AHHAM Memoody AMOMHO-CUNLO80 MIKPOCKONII 8 YMO8AX CYUACHOI YKpaiHCbKOI
EeKOHOMIKU 0Q0360UMb eulimu Ha npudymox auwe uepe3 32-38 micayie 3a paxyHok
3MEHUeHHsI Yacy KOHMPOI0 3 OOHOYACHUM 3MEHUIeHHAM YAacmKu 6upobie, wo He
3a0080bHAIOMb BUMO2AM CYYACHO20 BUPOOHUYMBA NPUCMPOI8 MIKPO- MA HAHOENEeKMPOHIKU.

Knrouoei cnosa: ekoHoMIYHI NOKA3HUKU, MEMPOLO2Is, AMOMHO-CUIO8A MIKPOCKONIs

The current level of requirements for the control of products of microelectromechanical
systems and optoelectronics of nanometric dimensions causes an intensive transition to the
search for new methods for implementing approaches and methods of control. To such
methods, first of all, methods based on the principles of probe microscopy, namely, methods
of atomic force microscopy (AFM) [1, 2].

A prerequisite for the implementation of such a control method is the creation of special
metrology equipment for AFM, which has its own design features in comparison with existing
equipment [3].
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The purpose of this task is to determine the criteria, when designing metrological
equipment for AFM, for the economic effectiveness of such a control method when it is used
in the production of micro- and nanoelectronic devices (microelectromechanical systems,
optoelectronic devices, micro- transducers, etc.).

As a criterion, an indicator is proposed that corresponds to the ratio of the reduced costs
to the annual output that successfully passed the control phase by the AFM method, and
which can be calculated using expression:

e=C/(Pn), 1)
where C — annual costs for the implementation of metrological equipment of AFM, UAH;
P — annual productivity of control by AFM method, pcs.; n — number of products that have
successfully passed control by the AFM method, pcs.

Evaluation of the effectiveness of activities related to the manufacture and
implementation of AFM equipment is primarily related to social, economic, environmental
and other factors in the state. At the same time, the economic effect by the conditions for the
creation and use of the AFM method should reflect as much as possible all stages of the cycle
"science - production - use".

The economic effect (ey) by years of such an calculated period can be determined using
expression:

ey=R-C, 2
where R — price estimate of the results of activities to create and implement the AFM method
for the calculated period; C — price estimate of costs for activities for the creation and
implementation of AFM equipment for the calculated period.

When calculating the economic effect, the calendar year should also be taken into
account which precedes the beginning of the release or use of equipment to control products.

Thus, must be considered different time (by years) expenses for the implementation of
activity for create and implement metrological equipment to the calculating year. For this it is
necessary to use the coefficient of adduction to the calculated year oy, which can be found
from expression:

ay = (1+Ep)" ", 3)
where E, — the standard of adduction in different costs, numerically equal to the norm of the
efficiency of capital investments; t, — calculating year; t — year, the costs of which are shown
to the calculation year.

As the initial year of the calculated period, the year of commencement of financing of
works is adopted for the creation of metrological equipment. The final year of the calculated
period is determined by the end of the period of use of the equipment (taking into account the
obsolescence).

A price evaluate of the results of using the AFM method can be performed using
expression:

Pt = Ct'Nt'Pt, (4)
where C; — an increase in the price of a unit of production, when it passes AFM control during
a summer period t; N; — volume of use of the AFM method over a summer period t;
P — the productivity of the AFM method over a summer period t.

The estimate of costs for the use of metrological equipment is calculated using the
formula:

Ri=R{ + Ki— V4, (5)
where R; — expenses for all types of resources for the creation and implementation of AFM
equipment, as well as its operation over a summer period t; R{ — current costs of using
equipment for the summer period t (without depreciation charges for renovation); K; — one-off
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costs when using the AFM method for a summer period t; V; — the residual value of fixed
assets that fall outside the summer period t as a result of the introduction of the AFM method.
Thus, using the criteria (3-5), it is possible to calculate (2) the overall economic effect
on the creation and use of AFM equipment.
As an example, we will cite some of costs for the creation of a modern laboratory for
monitoring elements of micro- and nanoelectronics (microelectromechanical systems of the
navigation gyroscope), Fig. 1.

600 (1)

120
(2

500 (3)

54)

5 40 (5)
30 (7) “10 (6)

Fig. 1. Expenditures on the modern laboratory of control of elements of micro and nanoelectronics by the
AFM method (ths. Euro): 1 —equipment; 2 — salary; 3 — materials; 4 — electricity and other energy
sources; 5 — conducting scientific researches; 6 — tools; 7 — services of other organizations and firms;
8 — rent of premises and office equipment; 9 — Other expenses.

Conclusions. The presented approach is recommended for the estimation and
calculation of the economic efficiency of the AFM metrological equipment, which is created
for monitoring devices of micro- and nanoelectronics (microelectromechanical systems,
optoelectronic devices, micro-perverting etc.) at the stage of their design. It is estimated that
the creation of a modern metrology laboratory using the AFM method in the conditions of the
Ukrainian economy will allow to reach profit in about 32-38 months by the reduction the time
of control with a simultaneous decrease in the proportion of products which are not satisfying
the requirements of modern micro and nanoelectronic devices.
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MODELLING DECENTRALISED COLLABORATION BETWEEN
ENGINEERING TEAMS: A BLOCKCHAIN-BASED SOLUTION

Abstract. In the work suggests an alternative model for managing global engineering
projects, based on the concept of decentralised monitoring in the management of these
projects. To do this, the project develops a computer model of management, which is
facilitated by smart-contracts based on blockchain technology for asynchronous
decentralised interaction between engineering teams using the Delphi method and the
Backfeed algorithm. It is shown that, unlike the traditional model of management of
distributed engineering teams, in the proposed model, the motivation for participation is
based on an autonomous and impartial distribution of economic benefits, as well as the share
of ownership in the project.

Keywords: management model, global engineering project, blockchain, smart contract,
asynchronous decentralised cooperation

Annomayua. B pabome npeonodcena anbmepHamueHas MoOenb  YNpaeieHUs
2N0OANLHBIMU UHICEHEPHBIMU NPOEKMAMU, OCHOBAHHASL HA KOHYENYUU 0eYeHmMpaiu308aHHO20
MOHUMOpUH2A — NPU  YNPAGIEHUU dMUMU  npoekmamu. s 2moco 6 npoekme
paspabamuléaemcsi KOMNbIOMeEPHAsi MOOeNb YNPAasieHus, KOMopol cnocoocmsyiom cmapm-
KOHMpAaKkmsl Ha 6aze mexHono2uu ONOKUelH Ol ACUHXPOHHOU OeyeHmpanu308anHol
83AUMOOCUCMBUSL MENCOY UHHCEHEPHBIMU KOMAHOAMU nymem uUcnov3osanus memooa Delphi
u aneopumma Backfeed. Ilokazano, umo 6 omauuue om mpaouyuoHHol MOOenU YnpasieHus
PACNPeOeNeHHBIMU UHIHCEHEPHBIMU KOMAHOAMU, 6 NPEONONCEHHOU MOOelU MOMUBAyUs K
yuacmuio 6azupyemcs Ha A8MOHOMHOM U ODECHPUCMPACMHOM PACHpedeseHUU IKOHOMUUECKUX
861200, a Makaice 00U COOCMBEHHOCMU 8 NPOeKme.

Kniouegvie cnosa: modenv ynpasnenus,, 2100anbHblll UHICEHEPHBLUL NPOEKM, ONOKUEllH,
CMapm-KOHMPAKm, ACUHXPOHHOE OeYEeHMPAIUI08AHHOE COMPYOHUYECMBO

Instrumentation and device engineering projects imply the collaboration of multiple,
and often geographically distributed teams. Indeed, Luo and Wood (2017) in their analysis of
US patents from 1975 to 2011 have identified that successful technological inventions
generally required larger teams and more distant collaboration.

The traditional model of managing multi-team projects is based on centralised
monitoring, where one central authority such as project manager is in charge of monitoring
and assessing the value of the contribution of each individual or teams. Such governance
model is deemed problematic due to practical constraints (e.g. distant locations,
communication and travel costs, diverse cultural backgrounds etc.), possible biases (e.g.
subjectivity, politics, corruption issues), and most importantly difficulties in the allocation of
rewards and the final project ownership (e.g. intellectual property rights).

Given these important practical issues, the aim of our project is to develop and test an
alternative governance model based on the concept of distributed monitoring for managing
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projects involving individual contributors or teams in the context of instrumentation and
device engineering.

The proposed governance model is based on the combination of the Delphi method
(Landeta et al., 2011; Linstone and Turoff, 2011) and the Backfeed social protocol (Davidson
et al., 2016) that is executed on blockchain infrastructure. The Delphi method is known as a
rigorous means for technological forecasting and aiding in decision-making based on opinions
of experts that are anonymous to each other (Linstone and Turoff, 2011, 1975). The
consensus of the chosen experts on particular issue is achieved through a number of rounds
using a series of questionnaires. The Backfeed protocol is based on a decentralised
cooperation between distributed agents, where a peer-to-peer evaluation system is employed
to determine the perceived value of each contribution without any form of centralised
coordination (Davidson et al., 2016).

Participating engineers and scientists evaluate the contribution of others, who will be
rewarded with economic tokens according to the value they bring to the focal project as well
as allocated their ownership score that indicates their ownership of the final project (i.e. share
in final project). The ownership score can be increased by making a contribution that is
perceived by peers (experts) as valuable and beneficial to the project, and by making a useful
evaluation of others’ contribution, where the evaluation is in line with the project’s value
system. As such, each participant is judged no only by their contribution but also by their
evaluations of the contributions made by others (Davidson et al., 2016).

In order to mitigate bias in the process, the proposed governance model will be executed
on blockchain-based infrastructure. Blockchain is an Internet-based technology that can be
described as a digital distributed ledger consisting of interrelated blocks of highly encrypted
information that represents a record of the transactions that occur within a network (lansiti
and Lakhani, 2017; Swan, 2015).

This technology, through its autonomous capabilities, can facilitate substantial
improvements in contracting, enforcement, and compliance amongst partners by embedding
so called smart contracts — contracts whose terms are recorded in a computer code and which
can be automatically executed by the system when certain pre-defined conditions are met
(Swan, 2015; Walport, 2016).

Smart contracts enable trusted transactions and agreements to be carried out amongst
disparate, anonymous agents without the need for a central authority, legal system, or external
enforcement mechanism, allowing increased reliability and quality of information exchange
between parties to a deal(Deloitte, 2016).

Such autonomous capabilities of blockchain technology (i.e. smart contracts) is decisive
in ensuring fully independent and unbiased calculations related to allocation of rewards and
project ownership.

Drawing on the Delphi method and Backfeed algorithm, and autonomous capabilities of
blockchain-based smart contracts, this project develops a computer-mediated governance
model facilitated by blockchain-based smart contracts for asynchronous decentralised
collaborations between engineering teams.

In contrast to the traditional model of managing distributed engineering teams, in the
proposed model the motivation to participate and contribute is based on unbiased distribution
of economic tokens and ownership shares facilitated by autonomous technology. The
contribution of this project is twofold.

First, its methodological contribution stems from the integration of the anonymity
condition and consensus mechanism of the Delphi method into the Backfeed algorithm,
whereby mitigating possible bias issues and explicitly emphasising consensus-oriented
collaborations.
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Second, its practical contribution offers an initial foundation for decentralised
collaborative practices amongst large, geographically distributed and diverse engineering
teams or individual engineers.
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ENGLISH AS A MEDIUM OF INSTRUCTION IN BIOMEDICAL ENGINEERING

Abstract. English has become the lingua franca of academic exchange. English as a
Medium of Instruction has become an important development in creating a truly international
university. The authors describe their experience in preparation of graduate students in
Biomedical Engineering on the basis of the Academic Teaching Excellence Course delivered
by the British Council in Ukraine.

Key words: Biomedical Engineering, Academic Teaching Excellence, English as a
Medium of Instruction.

Context

The British Council is a British organisation specialising in international cultural and
educational opportunities. It works in over 100 countries promoting a wider knowledge of the
United Kingdom and the English language, encouraging cultural, scientific, technological and
educational co-operation.

The authors describe their experience in preparation of graduate students of non-
philological specialties, for instance, Masters of Science in Biomedical Engineering (M.Sc. in
BME) on the basis of the Academic Teaching Excellence: English as a Medium of Instruction
Course delivered by the British Council in Ukraine.

Materials and methods

According to the IEEE Engineering in Medicine and Biology Society (EMBS)
biomedical engineer is ideally trained to work at the intersection of science, medicine and
mathematics to solve biological and medical problems. Biomedical engineers must integrate
biology and medicine with engineering to solve problems related to living systems. Thus,
biomedical engineers are required to have a solid foundation in a more traditional engineering
discipline, such as electrical, mechanical, or chemical engineering, and increasingly, materials
science. Most undergraduate biomedical engineering programs require students to take a core
curriculum of traditional engineering courses. However, biomedical engineers are expected to
integrate their engineering skills with their understanding of the complexity of biological
systems in order to improve medical practice. Thus, biomedical engineers — whether in formal
BME (biomedical engineering) or in traditional engineering degree programs — must all be
trained in the life sciences as well [1].

English has become the lingua franca of academic exchange. Lecturers in all subject
areas are facing a new reality: seminars and lectures with a highly diverse and international
student body that requires instruction through English. English as a Medium of Instruction
(EMI) has become an important development in creating a truly international university [2].
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There are three typical ways of delivering a lecture:

— Reading style (is not recommended. The lecturer reads aloud, only occasionally
stopping to look at the audience).

— Conversational style (the conversational style suits the lecturer who knows the topic
well and is a confident and interesting speaker. The lecturer gives the lecture as if having a
one-sided conversation with the class. These lectures are usually prepared as a series of notes
with support materials such as PowerPoint presentations. Students may be invited to answer
and even ask questions from time to time. Conversational lecturers tend to use less formal
language with many features of spoken English).

— Rhetorical style (the rhetorical style of lecturing includes rhetorical questions, i.e.,
questions to which the lecturer does not expect a response. Rhetorical questions may be used
as a type of heading, and are immediately answered by the lecturer. Rhetorical questions may
put a question into the listeners’ minds to set them thinking, or may come in the middle of the
lecture to hold the listeners’ attention) [3].

Of the various linguistic devices, the question is among the most useful for stimulating
human interaction. Additionally, the question has long been recognized as an important
interactional device employed by lecturers to activate and facilitate teaching and learning
processes [4].

Here is a checklist to use as you plan a lecture:

* show a lecture outline (put a brief outline of headings);

* provide and refer to lecture outlines, give out handouts, etc.;

* define new terms;

* explain technical terms as they arise;

* repeat key terms (explain the same thing in more than one way);

* give clear explanations (the wider the range of examples chose to explain topics in
lectures, the more likely it is that students will understand);

* announce lecture topics a week ahead;

» make connections between the lecture and the text book;

* link with the topic previously covered in class;

* check audibility (speak at a measured pace and use pauses. Pauses give the listener
time for mental processing. This is not the same as speaking in an artificially slow voice);

» summarise the main points of what you are saying either orally, or with visuals;

* thesis card (for example, a professor asks every student to hand in a “thesis card” at
the end of each lecture. On this card the students summarise the main point of the lecture in
one or two sentences) [3].

According to the British Council recommendations a good lecturer invites questions
from participants and gives sufficient time for formulation, checks comprehension on a
regular basis, uses topic-specific vocabulary (technical language) and appropriate visual aids,
emphasises important points via repetition or signposting, uses appropriate body language and
gestures as well as humour, jokes or anecdotes which relate to the topic of the lecture.

Discourse markers, asking the right questions and reducing tutor talk time, encouraging
student participation, using visual aids to enhance linguistic comprehension, effective
feedback are used in authors’ practice.

E-learning, podcasts, animations and quizzes, crosswords and puzzles, which relate to
the topic of the seminar, the Marshmallow Challenge (teamwork, group activity) can also be
used not only to increase the effectiveness of the education process but also to relieve the
students' nervous tension.

Next suggestions from students were received: to use interesting methods on a regular
basis; to use more visual aids; to use more jokes.
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Conclusions
This work was made within the framework of the English for Universities project
initiated by the British Council in Ukraine.
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BUBYEHHS BILIUBY BUKJAJIAYA HA TPOLEC CIPUAHATTA _
YYBOBOI'O MATEPIAJIY CTYAEHTAMU TEXHIYHUX CIIEHIAJIBHOCTEH
BUIIOI'O HABYAJIBHOI'O 3AKJIAY

Abstract. The work is devoted to the study of the influence of the teacher on the process
of perception of educational material by students of technical specialties. The survey and
testing in three groups were conducted. The influence of the teacher's personality on the
students interest in the discipline is studied. The main indicators of productive pedagogical
interaction are revealed. The obtained graphs indicate that the modern teacher is the one who
develops himself and encourages his students to do so.

Key words: higher education, student, teacher, discipline, development, pedagogical
interaction

Beryn. Sk Bimomo, Buila ocBiTa 3a0e3neuye (pyHIaMEeHTaIbHY HAYKOBY, Ipodeciiiny
Ta TPAKTUYHY TIATOTOBKY 3J00YTTS TpOMaJsHAMH OCBITHBO-KBaTi(iKalifHUX piBHIB
BIMOBIAHO 10 iX TOKJIMKaHb, I1HTEpeciB 1 3A10HOCTEH, YIOCKOHAJIEHHS HAayKOBOi Ta
npodeciitHoT MiAroTOBKYM i migBHINCHHS iX kBamigikanii [1]. I Bukimamad Bimirpae KIO4OBY
poJib B IboMy nporeci. Tema oOpa3y cydacHOro BHKJIajgauya B yci yacu Oyna BaxiauBa. KoxHe
MOKOJIIHHS CTYJIEHTIB Ma€ CBO€E YSBIIEHHS PO T€, SKUM MOBUHEH OyTH iXHI1l BUKIagad. B yci
Yyacu Micid TOro, XTO HaBuae, Oyla HaJ3BMYaiHO BaXJIMBa. 3/1aBHA Megaroru Oyaud TUM
pyllieM, KUl CIOHYKAE CYCHIILCTBO pyXaTHCs. IxHs mpodecis € OfHUM i3 TPHOX CTOBIIIB, sKi
pa3oM 13 MEeIMKaMU Ta CBALIEHWKaMU TpUMaroTh cBIT. llle pokiB ABaILATH-TPUALSATE TOMY
BB&)KaJIM, IIO0 BUKJIAJA4 3HA€ Bce. Temep AyMKa MO0 TOTO 3MIHHJIACA, K€ MU JINIUIHA
CJIYIIHOTO BUCHOBKY — YCbOTO 3HATH HEMOJKJIMBO, HIXTO HE 3HA€ BCbOIO 1 HE MOBHMHEH JIO
[[bOTO MParHyTH, aje MU TMOBHHHI IpPAallOBaTH B TOMY HAaNpsMKY, SIKUK o0pamu. OCKUIbKH
CBIT JyXe CTPIMKO PpO3BUBAETHCSA, HILIO HE CTOITh Ha MicClli, TO HIXTO HE Mae€ IpaBa
3aCTUTHYTH B CaMOpO3BUTKY 1 Mmi3HaHHI HoBoro. lle crocyerbcs 1 BukiamadiB. OTOX,
CYYacHHi BUKIIaJIau — [I¢ TOU, XTO PO3BHUBAE ceOe i 10 IbOro CIIOHYKA€E CBOIX CTYAEHTIB [2].

Metoro po0oTH € BUBYEHHS BIUIMBY BHUKJIaJauya Ha MPOLEC CHPUUHSITTA y4OOBOIO
Mmarepiany CTyJeHTaMH TeXHIUYHUX CIelialbHOCTEeN BUIOTO HABYAJIBHOTO 3aKIaTy.

binbmiicte CTyIeHTIB BBaXaloTh, IO IHTEPEC 70 MPEAMETy HaBYaHHS BHU3HAYAE
ocobucTicTh BHKJIaAaya. Harmmi JTocmifkeHHs, MPOBEAEHI Cepell CTYAEHTIB MiATBEPIKYIOTh
¢axT TOTO0, IO 3HAHHS BUKJIAZadeM CBOTO MPEIMETa He 03HAYa€ HASBHICTh BMiHHS «ITOJIATH.
Tak camo, K 1 Te, 110 CTaBJIEHHS J0 HABYAJIBLHOIO MpPEAMETY Oe3mocepeqHbO MOB'A3aHe 3
OCOOMCTICTIO BUKJIaJaya, SIKMWA 3/1HCHIOE Tenaroriuny B3aemonito. CTyIeHTamMH y 4YHCIi
OCHOBHHX ITOKa3HUKIB MPOJYKTUBHOI MeNaroriyHoi B3aeMoii OynM Ha3BaHi: BCTAHOBJIECHHS
KOHTaKTy, IO pO3TalloOBye J0 ceOe; 37aTHICTh 3alllKaBUTH B CBOEMY TIPEAMETI,
3alliKaBJIEHICTh BUKJIa/lauya B CTYJIEHTaX, IHTepecax iX AiSUIBHOCTI; piBEHb B3aEMOPO3YMIHHS;
HasBHICTh MOTHBAII 1O HaBYaHHI. B IKOCTI OCHOBHOIO MOKa3HUKA IE€JAroriyHol B3aeMoIil
HAa3UBAETbCSA TOTOBHICTh CTYJAEHTA INPOJOBKUTH CAMOPO3BUTOK IICHA JIEKIii, MparHeHHs
BUNATHCS JAJII.
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[Toka3HMKaMH HETraTUBHOI B3a€MOJIii BOHM BBaXKAIOTh: MPHIYIICHHS OCOOMCTOCTI
CTYJICHTA; «HEYCHINIHICTb) HABYaHHS; HE3/IaTHICTh HAIATOJUTH KOHTAKT 31 CTYICHTAMH,
CKPYTHE CIIUJIKYBaHHS; «CyXe» YHMTAHHS JICKI[il; HEBMIHHS 3aI[IKaBUTH CTYICHTIB Y CBOEMY
npeaMeTi; HU3bKUHN piBeHb KBami]ikalii BUKIagaya.

He BapTO HEMOOIIHIOBAaTH BaXKIUBICTh HEBEPOAJbHOI YAaCTUHHU BHCTYITy BHKIIajaya.
[ixaBo, mo 6mu3bko 60% iH(bOopMAIlii KOKEH 3 HAC CIIOKHUBAE CaMe 3 HeBepOATbHUX JKEPET.
Slkmo cioBaMu MOKHa BBECTH KOTOCh B OMaHy, TO KECTH Ha ITiJICBIZIOMOMY PiBHI OyayTh
NPOYMTAHI ayAUTOPIEI0 MPABMWIIbHO. 30BHILIHIM BUIIIAL JIGKTOPA, BiACTaHb J0 HHOTO, TEMOP
roJIocy, MaHepa pO3MoBii, MiMiKa Ta IHTOHAIlIS BITHOCATHCS 10 HEBEPOATIKH.

Peanizamis  KoHCTaTyrouoi YacTHMHHM  JIOCHI/DKCHHsS — repeabadana  MPOBEICHHS
AHKETYBaHHS, OMUTYBaHHs, TECTYBaHHS. BoHM Oynu HallijieHi Ha BHSBICHHS OCOOJIMBOCTEH
coliaNbHOI Mepueniii B OCBITHbOMY IPOILECi, 0COOIMBOCTEH ii 3MICTOBHUX 1 CTPYKTYpPHHX
CKJIA/IOBUX, CcIelU(IKK COPUMHATTSA Ta MeJaroriyHoi B3aeMoii y pizuux rpym. Ha pucynky 1
MIPHUBEJICHI Pe3yabTaTH TECTyBaHHS.
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Puc. 1. Pe3yabTaT TecTyBaHHS:
CHHSI KPUBA — OLIHIOBAHHA PiBHS 3alliKaBJEHOCTi B KO(KHOMY KOHKPETHOMY MpeIMeTi;
YepBOHA KPHMBA - OL[IHIOBAHHS TOI'0 %K CAMOT0 NpeAMeTY, ajie 3 ypaxXyBaHHsSIM 0COOMCTOCTi BUKJ/Ia1aua, Mo
0e3mocepeIHb0 BUKJIAIAB K0 TUCHUILTIHY
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B nmocmipkeHHI MpuiMaiy ydacTh TPU TPYMH CTYACHTIB Kadeapu mpriago0yyBaHHs,
MEXaTPOHIKH Ta KOMIT FOTEPU30BAaHUX TEXHOJOT1H UepKachbKOro JepKaBHOTO TEXHOJIOTTYHOTO
yHiBepcutety, a came M-072, I1-071 ta M-070. Ilepmmm 3aBaaHHsSM OyJIO OIIHUTH PiBEHb
3aI[iKaBJICHOCTI B KOHKPETHOMY IpeaMeTi 3a 12-0anbHoto mKanoro (Ha puc.| - KpuBa CHHBOTO
KOJIbOpy). [lpyre 3aBgaHHsS TOJSATaNO B OIHIOBAaHHI TOTO K CaMoOro IpEeAMETy, aje 3
ypaxyBaHHSIM OCOOM BHKJIajaua, 0 Oe3rmocepeiHbO BUKIAAAB L0 TUCHUILTIHY (Ha puc.l -
KpHBa YEPBOHOT'O KOJIBOPY) TAKOXK 32 12-0abHOIO IIKAJIOKO.

BucHoBku. O1xe, K BUAHO 3 rpadikiB Ha PUCYHKY OCOOMCTICTH BHKIJIajadya iCTOTHO
BIUTMHYJIa Ha 3al[iKaBJICHICTh CTYJACHTAMH TUCIHUIUTIHAMH — SK B IMO3UTHBHOMY, TaK i B
HeraTUBHOMY HampsiMkax. CTyOeHTH LiHyIOTh npodecioHani3M BUKJIanada, HOro BMiHHS
BHUBECTH CIIyXadiB 3a MEXI MiAPYYHHKA-TIOCIOHWKA, CTBOPUTH 1HTEPEC O CBOTO IMpEaMETa,
3al[iKaBUTH PEAIbHOIO CIIPABOIO, CIUJIBHUMHU JisIMH, Y SIKHX BOHM MOIJIM O OyTu HapiBHi [3].
Bukiiagadi MOBHHHI I[IKAaBUTUCS HOBMHAMHU Y CBOIM JUCHUIUTIHI, BMITH BUKIAJaTH CBid
IpeIMET 3pO3YMLIIO 1 TOCTYIHO, OyTH TOTOBUMH JIOTIOMOI'TH CTYACHTOBI, KOJIH HOMY IIOCh HE
BJIAETHCSI, 1 CIOHYKATH /10 OUTBIIOTO TUX CTYJIEHTIB, Y KHX 0auaTh MOTEHIlIA.
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MASTERS PREPARATION IN THE FIELD OF THE TECHNICAL
DOCUMENTATION NORMOCONTROL AND METROLOGICAL EXAMINATION

Abstract. The level of product quality is laid at the earliest stages of the instrumentation
design, mechatronics and information-measuring equipment, therefore the product quality is
inextricably linked with the technical documentation quality (design, technological,
regulatory and technical). In the process of its development, the final stage is normocontrol,
when it is still possible to make the necessary changes, corrections, improvements without
expensive and long process of technical documentation changing. Hence the importance of
the correct organization and methods of conducting normocontrol is also clear.
Normocontrol is aimed at compliance in the products developed standards and standards
requirements, the correctness of the technical documents implementation, achieving a high
unification level.

As a result of the masters preparation in specialty 152 "Metrology and Information-
Measuring Technology", students will become familiar with the requirements of normative
and technical documents in products of instrument design, mechatronics and information-
measuring equipment, requirements for drawing up, registration and control of technical
documentation, changes and classifications, with knowledge of unification methods and ways
to ensure a high level of unification, as well as its metrological examination.

Key words: normocontrol, metrological examination, technical documentation, design
documentation, technological documentation.

Introduction. Technical documents (design, technological, regulatory and technical)
must meet a number of requirements, the most important of which are:

- requirements for design, determining its rationality, the elements connection, the
materials choice correctness.

- requirements for technology, which determine the ability to use the most progressive
and economical technological processes and equipment for designing products;

- requirements for design, defining the clarity and visibility of the image in the drawing
of all the information necessary for the design of a part or product;

- requirements for metrological documentation examination that determines the
correctness of the establishment of the optimal controlled parameters nomenclature, the
establishment of technically and economically justified standards for the measurements
accuracy, the application of standards, verification of product's adaptability, requirements for
measuring instruments, measurement techniques, selection of means and methods of
measurement, measurement requirements for technical and economic indicators, verification
of compliance with terminology, names and designations of physical quantities and their
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units, checking the rationality of the established nomenclature of the measured parameters,
establishing the completeness and requirements for measuring instruments, establishing the
completeness and requirements for measurement techniques, the choice of measuring
instruments and their metrological characteristics.

To develop the technical documentation in the process of design meeting the above
requirements, you need a constant, well-organized control - both design and technological,
and normalization (standard control) [1]. The purpose of normative control is full compliance
with the requirements of existing standards in technical documents, wide use in products
when designing standard and unified elements. Normative control is mandatory for all
organizations of enterprises that carry out design work, regardless of their departmental
subordination.

Normative control of design documentation [2] is subject to: text documents
(explanatory note, instructions, technical description and conditions, etc.), drawings,
specifications, lists of items and their lists, technical projects sheets and other design
documentation.

Normative control of technological documentation [3] is subject to: technological
process maps, compliance with technological standards, drawings, material cutting maps,
calculations for the standardization of materials, process instructions and other technological
documentation.

Metrological examination of design and technological documentation [4] is carried out
at the development stages in order to ensure the effectiveness of measurements in the control
of products. Metrological examination is the analysis and evaluation of technical solutions for
the choice of parameters to be measured, the establishment of accuracy standards and the
provision of methods and means for measuring the processes of development and
manufacture, testing, operation and repair of products.

The aim of the paper is to prepare master's students to solve regulatory and legal
problems in the development, manufacture, testing, operation and repair of instrumentation,
mechatronics and information-measuring equipment to ensure their unity and the required
accuracy of measurements, as a result of which they gain knowledge and skills on the main
issues of work with technical documentation of metrological content.

Standard control is one of the final stages in the development of technical
documentation, the importance of which is constantly growing with the development of
standardization. As one of the means of implementation and compliance with standards,
normative control disciplines the designer and the technologist, accustoms them to strict
implementation of the established rules for the development and execution of technical
documentation.

The instructions of the normocontroller are mandatory. His decision can only be
canceled by the chief engineer of the enterprise or the director. Technical documentation that
does not have the signature of a standard controller is not accepted for further work.

The main sections of training masters in the field of standard control and metrological
examination of technical documentation include:

- general information about the normative control (goals, objectives and content of
normative control, normative control as the final stage of the development of technical
documentation, the legal side of the organization and conduct of normative control, objects of
normative control, planning of work on normative control, the division of the
normocontroller, its connection with other divisions of the organization and the sequence of
the conduct of normative control, the main provisions of the regulatory control system,
passive and active normocontrol, duties, rights and responsibilities of normocontroller;
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requirements normocontroller; training normocontroller; design comments and suggestions
normocontroller; checking for changes in the documentation);

- the quality of technical documentation and the effectiveness of normative control
(assessment of the quality of technical documentation, the concept of "defect"”, "error", "error"
in assessing the quality of technical documentation, the classification of errors, the causes of
errors, a system of defect-free work, increasing efficiency and intensification of normative
control, preventive work normative control, economic efficiency of normative control,
specific features of standard control);

- ensuring constructive continuity and verification of design documentation (the stage of
design documentation development, the main types of quality control drawings, the order of
drawings checking, constructive continuity checking: the accounting applicability system, the
development procedure, filling and application card maintenance, the development order of
classification tables, accounting for the applicability of parts and assembly units borrowed
from third-party organizations (enterprises), a centralized accounting of the applicability of
patent and legal requirements unifications for design development, the increase in the level of
constructive continuity, the verification of compliance with standards in the design
documentation, the order and content of work in the verification of design documentation, the
order and content of verification of assembly product drawings, checking the assembly units
drawings; parts drawings);

- standard control of design documentation (types and completeness of design
documentation, maintenance of work on standard design documentation control, control over
compliance with standards in design documentation, typical design errors, common causes of
design errors, general rules for working out parts drawings, procedure for making changes to
drawings and message content, technological standard control of design documentation,
prediction of errors and their prevention, verification report adjust it to the design discipline
and product documentation);

- normative control of technological documentation (completeness of technological
documentation, order of normative control of technological documentation, forms of
technological norm monitoring, accounting of applicability of technological equipment,
technological map, technological instruction, maintenance of work on normative control of
technological documentation, causes of technological errors, processing of comments and
proposals for working out technological documentation);

- the methodological foundations of metrological examination (ME) of technical
documentation (goals, tasks and functions of metrological examination as an integral element
of the metrological support system, scientific and technical foundations of metrological
examination: physical quantities and units of measurement, methods and means of
measurement, measurement accuracy and presentation of measurement result, and multiple
measurements, metrological characteristics of measuring instruments, influencing factors).

- carrying out of metrological examination (main types of normative documentation and
corresponding objects of analysis at ME; sequence of ME; ME of technical documentation for
measuring instruments; ME of design and working design documentation; technological and
operational documentation; checking the contents of working test procedures; the procedure
for preparation for tests and measuring instruments, programs and techniques for preliminary
and acceptance tests, the contents of standard test procedures, ME norms of the accuracy
methods for monitoring parameters, measurement techniques, the correctness of the choice of
measuring instruments, terms, names and designations of physical quantities and their units,
design and implementation of the results of metrological examination of technical
documentation).
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Conclusions. In this paper, the main provisions on normocontrol are given, which,
being aimed at maximizing the use of previously developed, standardized and standard
elements, products and their components in newly developed documentation, helps reduce the
number of technical documents and thereby reduces the volume of design work. The results
of normalization control characterize the degree of application of scientific and technical
documentation in the production activities of the enterprise and provide an opportunity to
verify the implementation of existing standards, technical conditions and metrological
examination.

Therefore, normative control and metrological examination of technical documentation
should be regarded as an effective tool for achieving the goals and objectives of
standardization, unification and high quality of instrumentation, mechatronics and
information-measuring equipment.
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