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YIK 658.011.3

MUHYJIE, CbOI'OJIEHHS I MAMBYTHE KA®EJIPU THOOPMAIIMHO-
BUMIPIOBAJIBHUX TEXHOJIOTTH JIbBIBCHbKOI MMOJITEXHIKH

© KOpiiu bobano, 2019

Harmionansauii yHiBepcuteT “JIpBiBchbka momiTexHika” (JIbBiB, YkpaiHa),
pekTop, A.T.H., mpodecop, e-mail: rector@lpnu.ua,

Po30ynoBa MeTposOTiuHOI CUCTEMM — OJIHE 13 CTpPATEriyHUX 3aBJaHb YKpaiHH, SIKE MNOBHUHHO
3a0e3nevuyBaTi (yHKIIOHYBaHHS HayKOBOI Ta BUPOOHHYOI c(hep €KOHOMIKH, CIIPUATH PO3BUTKOBI
MDKHApOJHOI TOPTiBil Ta iHTerpauii YKpaiHU 10 CBITOBOI €KOHOMIKH, €(EKTUBHOMY 3aXHUCTy
IHTEepeCiB CIOKMBAuiB Ta JiepKaBu y cdepl SIKOCTI Ta Oe3MeKU MPOAYKIIi, MiJBUIICHHIO PiBHSA
KOHKYPEHTOCIPOMOKHOCT1 MPOAYKIIlT YKPaiHCHbKUX BUPOOHHUKIB.

CyuacHi 3MiHM B HiJX0/1ax /0 OopraHizamii BUpOOHHMIITBA 3HAYHOIO MIpOIO MIABUIIYIOTh BUMOTH
70 METPOJIOTIYHOI JISJIBHOCTI B J€p>KaBl Ta CTABJISITh 3aBJAaHHS MMIJTOTOBKH Cy4yacHUX (DaxiBI[iB B
ranxy3i iHhOpMaIitHO-BUMIPIOBAIBHUX TEXHOJOTIH.

InTerpanis Ykpainu y eBponeicbKuil Ta CBITOBUI I100aNbHUI €KOHOMIYHUN IPOCTIp MOTpedye
BIPOBAI)KEHHSI Y BUPOOHUILITBO NEPCIEKTUBHUX TEXHOJIOT1H, L0 € 3alOpyKOK BHCOKOTO DPIiBHS
KOHKYPEHTOCIIPOMOKHOCTI mpoAykuii. OaHak, cydacHI TEXHOJOIIYHI IpOLecH HEMOXIUB1 0e3
3aCTOCYBaHHS MepeoBUX 1HGOPMAIITHO-BUMIPIOBAIBHUX TEXHOJIOTIH, SIKI € OCHOBHHUM JKEPEIIOM
noctoBipHoi iH(MopMmarlii. s cTBOpeHHsS CydacHHX METOJIB Ta 3acO0IB BUMIPIOBaHb HEOOXigHI
BUCOKOKBasIi(hikoBaH1 ¢axiBIl B rainysl iH(opmauniiiHO-BUMIipIOBalbHOI TeXHIKU. EdexTuBHe
3aCTOCYBaHHS 3ac001B BUMIPIOBaHb NMOTpedy€e BUCOKOKBaNi(iKOBaHUX (DaxiBLiIB 3 METPOJIOTIYHOTO
3a0€3MeUYeHHs] TEXHOJIOTTYHUX IMPOIECiB Ta AKOCTI MPOAYKUii. 3aBAaHHs MIATOTYBaHHS Cy4acHUX
BHCOKOKBaJIi(p1KOBaHUX (axiBI[iB B ranysi iH(opMaLiiiHO-BUMIPIOBAJILHUX TEXHOJOTIH YCHIIIHO
Bupimye kadpeapa IBT JIpBIBCbKOI MONITEXHIKU.

Kadenpa indopmaniitHO-BUMIpIOBaIbHUX TEXHOJIOTIH JIbBIBCHKOI MOJIITEXHIKM Ma€ CJIaBHY
icropito. Sk camocTiiiHa oAMHULS Kadeapa eIeKTPUYHUX BUMIPIOBaHb BUALIMIACS 3 Kadeapu
“Enextpuuni Mammnu” 30 yepBHs 1919 poky. Kadenpy ouonus npodecop Kazumup [namescekuii.
OCHOBHI HalpsIMK{ HayKOBOI JISJIbHOCTI KaeApH B JTOBOEHHUU IMEpioJ MOB’A3aH1 3 MEPEBIPKOIO 1
BJIOCKOHAJICHHSIM JIIUMJIbHUKIB €JIEKTPUYHOI €Heprii, KOMIIEHCATOPIiB 3MIHHOT'O CTPYMY, BUMIPIOBaHHSAM
OTIOPY 130JIS1111 T2 BUCOKMX HANpPyI, TOUHUMH BUMIPIOBAaHHSAMHU €IEKTPUUHOIO OIOopY, €.p.c. OcobanBo
BAXKJIMBUX pe3yibTariB Kadeapa nocArHysa Mmij KepiBHULTBOM npodecopa Bonoaumupa Kpykos-
CBKOTO — BUJATHOro (axiBls y ranxy3i BUMIpIOBaHb, PAKTUYHA AISUIBHICTH AKOro Oyia MoB’s3aHa
3 pobotoro Bigomoi ¢ipmu “SIEMENS”. Kadenpa crae nepkaBHUM HAyKOBUM 1 METPOJOTIYHHUM
ueHTpoM. byno cTBopeHo nep:kaBHUN €TaJOH eJIEeKTPUYHOTO OIOpY, IPaBo 30€epiraHHs SIKOro OyJo
HaJaHo kadenpi.

[licnsiBoeHHUH nepioA XapaKTepHUH NOAAJIBIIMM PO3BUTKOM TEXHOJOTriH BHUMIPIOBaHb:
MIIBUIIEHHSAM TOYHOCTI IX PE3y/lbTaTiB, PO3IIUPEHHSAM MEX BHUMIPIOBaHb, CTBOPEHHSM HOBUX
METOAIB Ta 3ac00iB BuUMiproBaHb. OcoOnuBa yBara mpuALIsAiIach CTBOPEHHIO LUPPOBUX 3ac00iB
BUMIPIOBaHb IPOMUCIOBOTO 3aCTOCYBAaHHS, IO CTajJ0 Ba)XJMBOI YyMOBOIO aBTOMaTH3aIlll
TEXHJIOTIYHUX MPOIECIB B Hayll Ta npomucioBocTi. B nei yac xadenporo kepyBainu Taki BiJIoMi
BueHl1 gk podecop Koctsutun Kapanzaees, nonent Anaroniit lllpamkos, mpodecop €sren [omimyxk.

Ocob6mmBoro po3kBiTy Kadenpa iHGpopMaIiiHO-BUMIPIOBAIBHUX TEXHOJOTIH OTpUMala, KOJIH Ha
nouarky 80-x ii owyonuB npodecop bornan CrangHuK — BUJIATHUI BUEHUN Ta Meaaror y ramysi
iHpopmauiiiHO-BUMIpIOBaIbHOI TexHiku. [lixg #oro kepiBHUUTBOM Oysio c(POpMOBAHO HayKOBI
MEepPCIEeKTUBHI HANpsIMU AOCIII)KEHb, CTBOPEHO TBOPYMI KOJEKTHB BHU3HAHUX (axiBI[IB y raiysi

15



lMneHapHe 3acigaHHs

TEXHOJIOT1M BUMIpIOBaHb. Bee 11e 103B0JINII0 3aBepIIuTy (POPMYBaHHS HAYKOBO1 IIKOJIH 1H(OpMaIiiHO-
BUMIPIOBAJILHUX TEXHOJIOT1H, sIKa ChOTOJIHI € aBTOPUTETOM B YKpaiHi Ta 32 KOPJOHOM.

Cooronui xkadenpa IBT € nmoTy)kHUM HaBUAJIbHO-HAyKOBUM KOJEKTUBOM, B SIKOMY T'apMOHIMHO
MOE€THAHO MYJIPICTh JOCBIIUEHUX HAyKOBLIB (Ha kadenpi nmpairoe 14 npodecopis, JOKTOPIB HAYK)
Ta eHeprisg MoJIOAUX HayKoBIIB (Ha kadenpi HaBuaeThea 18 acmipantiB). HaykoBi mociimxeHHs,
3niiicHeH1 Ha kadenpi IBT, 3poOunu 3HayHUN BHECOK B Teopito moOyq0BU KiOep(hi3UYHUX CHCTEM,
B PO3BHUTOK CEHCOPUKH, OPTaHI3aIlii0 MPOIECiB BUMIPIOBaHb B POMHUCIOBOCTI, IPOLIECIB OI[IHFOBAHHS
SAKOCTI MPOAYKILIii, CTBOPEHHS CYYaCHUX IHTEJIEKTyaJbHHUX 3ac001B BUMIpPIOBaHb IPOMHCIOBOTO
3aCTOCYBaHHS.

Jlns mokpaiieHHs SKOCTI MiAroTyBaHHA (axiBIIB y raiy3i 1H(opMamiiiHO-BUMIPIOBaJIbHUX
texHousoriil Ha kadenpi IBT, 3a niaTpuMKu BiIOMUX 3aKOPAOHHUX (PipM, CTBOPEHO PsiJi HABUYAJIBHO-
HayKOBHX J1abopaTopiii, e BCTAHOBJIEHO HaicyuacHime obnagHaHHs. Lle 30kpema:

— JlabGoparopisi amapaTHOTO 1 MPOTPAMHOTO 3a0e3MeUeHHs AJIs CHUCTEM aBTOMAaTH30BaHOTO
TECTYBaHHS aMepuKaHcbKoi komnaHii National Instruments;

— Jlaboparopist cmapt-cencopiB Himenpkoi ¢pipmu IFM Electronic;

— JlaGoparopis iHTeneKTyalbHUX 3aco0iB amepukaHcbkoi pipmu Cypress Semiconductor

— JlaGoparopiss HAHOBUMIPIOBAJIIBHUX 3ac001B HiMenbKkoi ¢ipmu SIOS

— JlabGoparopisi BuMiproBaHb B aBTOMOOUIBHIN npomuciaoBocTi HiMenbkoi pipmu « LEONI»

Takuit miaxia 103BOJISE 3M1MCHIOBATH MATOTYBaHHS CydacHUX (DaxiBIB y raiay3i iHpopMmariiiHo-
BUMIPIOBAIBHUX TEXHOJOTIN Il 3a0e3MeueHHs PO3BUTKY CydacHOTO BupoOHHITBa «IIpommucio-
BicTh 4.0». Kadenpa IBT JIpBiBCbKOI MOJMITEXHIKK 3A1MCHIOE HaBYAHHS 3a CremiagpHICTIO 152 —
“MeTtpororis Ta iHQpopMalLiifHO-BUMIpIOBaIbHA TEXHIKA” 3a TaKUMH 3aTpeOyBaHUMHU Ta MEpCIEK-
TUBHUMH Ha PUHKY Mpali OCBITHIMU MPOTPaMaMHU:

MerTtposoris Ta iH(popMalliiHO-BUMIpIOBaJbHA TEXHIKA;

SxkicTh, cTanAapTHU3alis Ta cepTudikais;

TectyBaHHs 3ac001B BUMIpPIOBaHHS Ta iX MPOrpaMHOro 3abe3reyeHHs;
[adopmariiiHo-BUMIpIOBaNIbHI TEXHOJIOT1I B pOOOTOTEXHIIII;
MeTtponoriune 3abe3neyeHHss BUPOOyBaHb Ta SIKOCT1 MPOAYKIIIi.

3a octanHl necatuwiaiTTsa kadenpa IBT aktuBHO po3BUBae MIXKHapOAHY CHIBIpAI0 B raiysi
MeTpouiorii. 30Kkpema 3I1HCHIOEThCA €(EeKTUBHA CIIBIpalls 3 HAyKOBUSMH 0araTb0X KpaiH CBITY, a
came: Himewunnwu, [onsmi, bonrapii, Kurtaro, @panmii.

[lepcnexkTBU MiAroTyBaHHS cydacHUX (axiBLiB B IapuHi 1HGOpPMaLiHHO-BUMIPIOBAJIbHUX
TEXHOJIOT1M BU3HAYAIOTHCS BUKOPUCTAHHSAM MPOrPECMBHUX METOJIIB HaBYAHHS y CIELiali30BaHUX
naboparopisix, CTBOPEHHUX 13 3aCTOCOBYBAaHHAM HOBHUX 1HHOBALIMHUX M1AX0/11B. Baxk1MBUM 3aBIaHHIM
kagenpu IBT € nponoBkeHHs HayKOBOIO MONIYKY 3a TaKUMU HalpsMaMu:

— PO3BUTOK Teopii KiOepi3MIHUX CHUCTEM, K 0a30BOi OCHOBHU TEXHOJOTIYHUX MPOIECIB
Mai0yTHBOTO;

— PO3BHTOK TE€OPii Ta CTBOPEHHS CYYaCHUX CEHCOPIB, 30KpeMa B Trajy3l HAaHOTEXHOJIOT1H, SKI
J03BOJISITH PO3IIMPUTH MEXKI IMI3HAHHS BJIACTUBOCTEH MarepiaibHOTO CBITY;

— PO3BUTOK Teopli opraHizalii NpoleciB BUMIpIOBaHb B MPOMHUCIOBOCTI Ta Teopii MpPOLECIB
OILIIHIOBAHHS SIKOCTI MPOJYKLIi, SIK OCHOBHU I1JIBUILEHHS Pe3yJIbTaTUBHOCTI BUPOOHUUMX MPOILIECIB;

— PO3BHUTOK TEOpIi Ta CTBOPEHHSI Cy4aCHHUX 1HTEJIEKTyaJIbHUX 3aC001B BUMIPIOBAaHb Ta YIIPABIiHHS
3 BUKOPUCTAHHSM TE€XHOJIOT1 BUMIPIOBAaHHS CUTHAIIB MO3KY JIFOIMHU, IK OCHOBU MallOyTHIX CUCTEM
yIpaBiIiHHA POOOTOTEXHIYHUMU KOMILIEKCAMHU.

Takum unHoM, Kadenapa IBT Bosiozie 3HaUHUM HAyKOBO-TEXHIYHUM MOTEHII1AJIOM, SIKUH JJO3BOJISIE
CTaBUTH Ta BHUPIIIYBaTH HAWCKJIAJIHIII HAayKOBO-TEXHIYHI 3aBJaHHS B raiy3i iHdopmailiiiHo-
BUMIpIOBaJIbHUX T€XHOJOT1H. KonekTus kadeapu KopuCcTyeThCS 3aCay>KEHUM aBTOPUTETOM B YKpaiHi
Ta 3a KOPAOHOM.
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TemaTuka ChOroJHIIIHBOI KOH(EPEHLIl € aKTyaJbHOIO, SIK JJIi CEKTOPY €KOHOMIKM, TaK 1 IS
OCBITHBOTO CEPEJIOBUIIIA.

[IpoBenenHs 1iei Mi>KHapoAHOI KOH(EpeHIil Aa€ MOXKJIUBICTE OOMIHY JOCBIJIOM HAayKOBIIB 3
PI3HUX YHIBEPCUTETIB SIK YKpaiHH, Tak 1 3apyO1kiKs, a TAKOXK MPAKTHUKIB Y cepl ynpaBiIiHHS SKICTIO
BUPOOHUITBA ISl OEHAHHS TEOPETUYHUX HaJ0aHb 3 MPAKTUYHUM A0cBigoM. IlepexkoHanuii, 1o
KOH(EpeHIsl CIPUATUME HOBUM HAayKOBUM IOUTyKaM, HATXHEHHIO Y MOJaJIbIIiN pOoOOTI Ta BTUICHHIO
pe3ysbTaTiB HAyKOBUX JOCHII)KEHb y HAyKOBO-TEXHIYHHMHM Ta COL1aJIbHO-€KOHOMIYHUNA PO3BUTOK Y
HalIUX JIepKaBax.
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VIK 681.518.5

METOIHN TA 3ACOBU METPOJIOI'TYHOI'O 3ABE3INEYEHHS BUMIPIOBAHb
B CUCTEMAX MOHITOPHHI'Y I ONITUMI3ALII TEILIO®I3UYHUX MPOIECIB

© Bimaniu babax, 2019

Iactutyt Texuiunoi Temnogizuku HAH Ykpainm, 3acT. Aupekropa 3 HayKOBOi poOOTH,
I.T.H. ul.-kop. HAH VYkpainu, npog., Kuis, Ykpaina

SkicHe meTposioriuHe 3a0e3leueHHsT BUMIPIOBAHb y TEILUIOMETPUYHINA rajiysi — Le HUIX 10
CKOpOUYEHHS OIO/PKETHUX BUTPAT HA MIJTOTOBKY Ta MPOBEJEHHS BIAMNOBIIHUX JAOCIIKEHb, a TAKOXK
710 T1JBUILEHHS KOHKYPEHTHO3AaTHOCT1 BITYM3HSIHUX TOBApIB Ta MOCIYT SIK HA BHYTPIIIHbOMY, TaK
1 Ha 30BHIIIHBOMY PHUHKY YKpaiHu, 0€3 4Ooro HeMOXJIMBUW JMUHAMIYHUNA PO3BUTOK €KOHOMIKHU. Y
CTpaTerivHoMy JTOKyMEHTI MiKHapoHo1 opranizaiii BIPM B paMkax nporpamu po3BUTKY METPOJIOT]
10 2023 poky BU3HAYEHO, 110 TYCTHHA TEIJIOBOTO MOTOKY MAa€ CTaTH OJIHIEI0 3 OCHOBHUX BEJIWYWH
“TerIoBOi METPOJIOrii” K AOIOBHEHHS /0 TEMIIEpaTypHu.

VY nomnoBiAl y3araJlbHEHO PO3BUTOK TEOPETUYHHUX 3acajl, METOAOJIOTIYHOrO amapary Ta
BJIOCKOHAJICHHSI €TaJloHHO1 0a3u 3abe3NeueHHs €JHOCTI BUMIPIOBaHb IMOBEPXHEBOI TI'YCTHUHH
TEIJIOBOTO MOTOKY B LIMPOKOMY Jlana3oHi, 10 BIANOBIAATUME Cy4aCHUM BHUMOTraM I110/10 TETUIOBUX
BUMIPIOBaHb B PI3HUX Tajiy3sfX HAyKOBUX 1 NPHUKIATHUX HociigxkeHb. CHopMoBaHO y3arajibHEHY
METO0JIOT1I0 3a0€3MeUeHHsI €JHOCTI BUMIpPIOBaHb MOBEPXHEBOI I'yCTHHHU TEIIOBOTO MOTOKY Ta
PO3pO0JIEHO KOHIIENTYyalbHY MOJENH peanizallii eTajJoHy MOBEPXHEBOI I'yCTUHH TEIUIOBOTO MOTOKY
3a MOAYJIBHUM MPUHIMIIOM, OCOOTUBOCTSAMHU SIKOT € BUKOPUCTAHHS PI3HUX CIOCO00IB (OpMYyBaHHS 1
nepeaaBaHHs TEIUIOBOI €HEpPTii Ta €IMHOr0 MOJYJIO peecTpallii Ta ONpalioBaHHS BUMIPIOBAIbHOI
iHdopmaii. Lle 103BoMMI0 HA MOPATOK POSMIUPUTHA HUKHIO Ta BEPXHIO MEXK1 poOOUYOro JianazoHy
BUMIpPIOBaHb, 110 BIANOBiJAa€ CBITOBOMY pPIBHIO METPOJIOTIYHOIO 3a0e3MedYeHHS BUMIPIOBaHb
MIOBEPXHEBOT I'YCTUHH TEIJIOBOTO MOTOKY. 3alIPOINIOHOBAHO BapilaHTU KOHCTPYKTUBHOI'O BHUKOHAHHS
BUMIPIOBAJbHUX KOMIPOK TEIUIOBOTO OJIOKY ISl BIATBOPEHHS MOBEPXHEBOI I'YCTUHU TEIIOBOTO
MIOTOKY, a TaKOXK 3ac001B NepeiaBaHHs PO3MIPY OJAMHUIII BUMIPIOBaHHS. 3allpOMOHOBAHO 1€papXiuHy
CXEeMy, fKa UIIOCTPY€ MPOCTEKYBaHICTh PE3yJbTaTiB BUMIPIOBAHHS IPU 3aCTOCYBaHHI 3ac001B
BUMIpPIOBaHHS, 10 OEPYTh y4acTh B I€pelaBaHH] pO3Mipy OAMHHI OBEPXHEBOI I'yCTHHH TEIJIOBOTO
MOTOKY, K 1HTETPAJIBHHUI PEe3yJbTaT METPOJOTIYHOTO 3a0e3MeUYeHHs] BUMIPIOBAHb IMOBEPXHEBOL
TYCTHHH TEIUIOBOTO MOTOKY. Po3pobieHo anapaTHo-niporpaMHi 3aco0u, sIKi peasi3yroTh KOHIIETI0
MOJ1yJIbHOI IT0OYI0OBU €TaJIOHY IMOBEPXHEBOI I'YCTUHU TEILIOBOTO MOTOKY, 1110 03BOJIUIIO POIIUPUTH
IUHAMIYHAH Alama3oH 3HadeHb Bix 1 Br/m2 mo 200 000 Bt/m2.

Po3pobneno ¢pyHnamMeHTaabHI OCHOBH KOMIIEKCHOTO MOHITOPUHIY BCHOTO TEIJIOEHEPreTUYHOTO
LMKy — BiJ T€HEpyBaHHS 1O CIOXMBaHHSA. Y3arajbHeHl 0a30Bl NPUHUUIKU MOHITOPHUHIY
TENJOCHEPreTUYHOr0 YCTAaTKyBaHHS, CHCTEMaTH30BaHI OCHOBHI BUJM Ta 3aBIaHHA CHCTEM
MOHITOPUHTY B TEIUIOEHEPTeTHUlll, OOIpyHTOBaHAa MEPCHEKTUBHICTh BUKOPHUCTAHHS HIyMOBOI
N1arHOCTHKHA B CHUCTEMax MOHITOPHUHTY 00’€KTiB TEIJIOCHEPTeTHKHU;, pPO3pPOOJCHI MeTOoau
MaTeMaTUYHOTO Ta KOMII IOTEPHOTO MOJIEJIOBaHHS HErayCOBUX IIYMOBUX CUTHAJIB, 1110 BUHUKAIOTh
i 4yac poOOTH TEIJIOCHEePreTUYHOro oOJajJHaHHsS, B pe3yJbTaTi BCTAHOBJEHA JOLUIBHICTD
BUKOPUCTAHHS B CUCTEMAaxX IIYMOBOI JIIarHOCTUKU KYMYJISIHTHUX (DYHKIIIH IIyMOBHUX IPOILECIB K
1HQOpPMAaTUBHUX XapaKTepUCTUK. Ha erami reHepyBaHHS TETUIOBOI €HEPTii BAXKJIMBUM 3aBIaHHSIM €
BU3HAYEHHS SKOCTI HajuBa, JAJs8 4YOro 3alpONOHOBAHUNW METOJ] MYJIbTUPEPEPEHTHOT
KBa3iaudepeHIIalbHOI KaTIOPUMETPIi, SIKU 3a0€e31edy€e KOPEKI[ito MOXUOOK, BUKIMKAHUX 30BHIITHIMH
30ypeHHSMHU 1 J1a€ 3MOTY 3MEHLIUTH Maco-TrabapUTHI XapaKTepUCTUKU OOMOOBHUX KaJIOPUMETPIB.
Hns VYkpaiHu € akTyajJbHUM BUKOPUCTAHHS aJbTEPHATUBHUX EHEPropecypciB, B TOMY 4YHCII
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OionanuBa. B mporneci BupoOiieHHs1 6iomanuBa 3 pOCIUHHOT CHPOBUHU €HEPTOBUTPATHHUM € TIPOIIEC
il cymiHHs. /[ BU3HAUEHHS TEIUIOTH BUIIAPOBYBAHHS Ta TEIJIOEMHOCTI CHUPOBHUHHU, SIKI HEOOX1HI
JUISL OITUMI3AIlli MpoIecy CyIIiHHS, PO3BUHYTO METOJI CHHXPOHHOT'O TEIUIOBOIO aHai3y 1 CTBOPEHO
nudepeHtianbHui Kamopumerp. s cucTteM MOHITOPUHIY TEILUIOTpac 3alpONOHOBAHO MOEAHATH
TEIJIOBUN Ta aKyCTUYHUM METOAHM KOHTpoJIt0. Po3pobiiena MeTonKa BUMIPIOBaHb 3 BUKOPUCTAHHAM
Npeuu3ifHUX BUMIPIOBAuYiB TeMIEpaTypH J03BOJWJIAa BH3HAYaTH IHTErpajibHI TEIJIOBTpAaTH Ha
TUISHKAX TEIJIOTpac, a aHaji3 aKyCTUYHHX IIYyMiB, IO PO3MOBCIODKYIOTHCS MO TPyOOTIPOBOAY, 3
BUKOPUCTAHHSAM 3alPOMOHOBAHOIO METOJY CTAaTUCTHUYHOTO ONpAIfOBaHHS CUTHAJIB, JO3BOJISIE
BHU3HAYATH MICIIE€ BUTOKY TEIIOHOCIS. 3 METOI0 3a0€3MeYeHHS OIla/IJIMBOI0 BUKOPUCTAHHS TEIJIOBOT
eHeprii 3aIpoNOHOBAHO Ta BIPOBAKEHO aBTOMATU30BaHY IHTEJEKTyaJlbHY CHUCTEMY KEpyBaHHS
TEIJIOCIIOKUBAHHSAM 3 BUKOPUCTaHHSIM COHSYHUX KOJIEKTOPIB 1 aKyMyJISITOPIB TEIJIa Ta ONTUMIZALIEI0
3a MIHIMaKCHUM KPUTEPIEM, 1110 3MEHIIIY€ BUTPATU TEIUIOTH HA 25-35%. J1J1s1 MOHITOPUHTY TEIIOBOTO
CTaHy KOHCTPYKIIIH Ta X Termo¢13MIHNX BIACTUBOCTEH B IIPOIIECI EKCIUTyaTallii OyaiBens po3podieHa
raMa CEHCOpPIB TEIUIOBOTO MOTOKY. CTBOPEHO METOAMKY BUMIpIOBaHb KOMOIHOBAaHUM TEIUJIOBI31MHO-
TENJOMETPUYHUM METOJOM JUIsl BHU3HAUEHHS OMNOpPY TEIJIONEepeAaBaHHIO OropOKYyBaJbHUX
KOHCTPYKILi{ OyJliBesIb Ta CUCTEMY HOPMAaTUBHUX JIOKYMEHTIB 3 BUMIPIOBAaHHS TEIUIOBUX BEJIUYHH,
SIK1 TIOB’SI3aH1 3 TEIJIO3aXHCHUMH XapaKTEPHUCTUKAMH MarepialliB, KOHCTPYKIIM Ta CHOpyad, IO
CIpUsi€ BCTAHOBJIEHHIO 3arajlbHUX BUMOT LIOJ0 €IHOCTI Ta JOCTOBIPHOCTI BUMIPIOBaHb B YKpaiHi
Ta kpainax €C.
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YIIK 006.89
CYUYACHHUM CTAH METPOJIOTTYHOI CUCTEMMU YKPAIHHA

© Jlinisa Kpacoxa, 2019

MiHiCTepCTBO €KOHOMIYHOTO PO3BHUTKY i1 TopriBmi Ykpainu (KuiB, YkpaiHa), 3acTYNHUK HadaJbHUKA
YIPaBIiHHSA METPOJIOTii — HAYaJIbHUK BiJJAITy 3aKOHOIABYOI METPOJIOTrii JenapTaMeHTy TEXHITHOTO
peryaroBaHHs, K.T.H., krasokha@me.gov.ua

[Ipotarom octaHHIX II’ATH POKIB B1/10yBa€ThCsl peOPMYBaHHSI METPOJIOTIYHOT CUCTEMHU YKpATHHU.

V¥ 2014 poui npuiinaTo 3akoH Ykpainu “IIpo MeTposiorito Ta METPOJIOTIYHY AlSUIBHICTD (Aaiii —
3aKoH PO METPOJIOrito), sikuil HabpaB ynHHOCTI 01.01.2016 p. Ta po3poOIEHO HA OCHOBI JOKYMEHTY
MixHaponHoi oprasizauii 3akoHoaaBuoi meTposorii OIML D1 “Po3misg 3akoHy Ipo METpOJIOriio”.

3 MeToro0 peasnizaiiii 3akoHy PO METPOJIOTII0 MPUUHATO 41 HOPMATUBHO-TIPABOBUH aKT, 5 13 SIKUX
po3po6iieHo Ha ocHoBi Jupextus €C.

3aKOH NPO METPOJOTII0 Ta HOPMATHUBHO-IPAaBOB1 aKTH BHU3HAYalOTh cdepy 3aKOHOAABYO
peryliboBaHO1 METPOJIOTii, OJUHHIIl BUMIPIOBaHHS, BUMOTH JIO HAI[IOHAJIBHHUX €TaJOHIB, 3aCO01B
BUMIPIOBAJIBHOT TEXHIKH, MTPOBEICHHS 1X MOBIPKHU Ta OI[IHKW BIIMOBIJHOCTI, a TAaKOX 3A1HCHEHHS
METPOJIOTIYHOIO Harsaly. Yci 3a3Ha4yeHl HOPMAaTUBHO-IIPaBOB1 aKTH PO3pPOOJIEHO 3 ypaxXyBaHHSIM
MIKHApOJHHUX Ta €BPONMEUCHKUX BUMOT — JOKYMEHTIB MiXHapoIHOI opraHizailii 3aKOHOJaBUOi
meTpoiiorii (OIML) Ta €Bponeiicbkoro cniBpoOITHULTBA y cdepl 3aKOHOAAaBUYOI METPOJIOTii
(WELMEC) Ta BianosigHux akTiB 3akoHoaaBcTBa €C.

Busnaueno 4 HayKoB1 METPOJIOTIYHI LIEHTPH, SIKI CTBOPIOIOTH, YJOCKOHAJIOKOTh, 30€piramTs i
3acTOoCOBYIOTh HauioHanbH1 eranonu: HHII “InctutyTt Merposorii” (M. Xapkis), AIl “Ykpmerp-
tectcrangapt’ (M. Kuis), ATTHAI “Cucrema” (m. JIbBiB), 11 “IBano-dpankiBCbKCTaHAAPTMETPOIIOTIS”
(M. IBano-®pankiBcbk) (mocranoa Kabinery MinicTpiB Ykpainu Big 27.05.2015 Ne 330).

[IpoioBKy€eTbCsl PO3BUTOK HAlllOHAJIBHOI €TAJIOHHOI 0a3u, siIka € HaAyKOBO-TEXHIYHOIO OCHOBOIO
1U1st 3a0e3MeueHHs €JHOCTI BUMIpIoBaHb y aepskasi. [Ipuitasato [IporpaMmy po3BUTKY eTaaoHHOT 0a3u
Ha 2018-2022 poku (noctanoBa KaGinery MinictpiB Ykpainu Big 28.12.2016 Ne 1041).

VYV 2014-2018 pokax HayKOBUMH METPOJOTIYHUMH LIEHTpaMu OyJI0 CTBOPEHO 9 Ta yIOCKOHAJIECHO
9 nep>xaBHUX MEPBUHHUX e€TaNOHIB. Ha choroaH1 mepenik HallloHATRHUX €TAJIOHIB YKpaiHH CKIIaJae
73 nepkaBHUX MEPBUHHUX €TAJIOHU OAMHUIL BUMIpIoBaHb. Y 2019 poui OyayTh 3aBepileHi podoTu
00 CTBOPEHHs 4 Ta yIOCKOHAJEHHsA 3 JepKaBHUX MEPBUHHUX eTasoHiB. Jlo 0a3u maHux
MixnapogHoro Oropo 3 mip Ta Bar (BIPM) BHeceno 275 CMC-psakiB npo BUMIpIOBaJIbHI Ta
KaJi0pyBaibHI MOXKJIMBOCT1 HAIlIOHAJIBHUX €TaJIOHIB.

3abe3rneyeHo nepexi Bij 3acTapiyiol CUCTEMHU JIepKaBHUX BUIPOOYyBaHb 3ac001B BUMIPIOBAIbHOL
TEXHIKH 10 CHCTEMH IX OIIHKHA BIAMOBIIHOCTI BUMOTAM TEXHIYHHX DPErIAMEHTIB (CTBOPEHO
1H(}pacTpyKTypy NpU3HAUEHHUX OPraHiB 3 OLIHKH BIJIMOBIIHOCTI Ta 3aTBEPAKEHO NEPENIIKU CTaH1ap-
TiB, SIKI € IPE3YMILIEI0 BIANOBIJHOCTI BUMOTaM TEXHIYHUX PErJIAMEHTIB).

[Ipuznaueno 10 opraHiB 3 OI[IHKM BIJMOBIAHOCTI BUMOTaM 3-X TE€XHIYHHUX pPEINIaMEHTIB II0J0
3aco0iB BUMIPIOBAJIbHOI TEXHIKU Ta yIoBHOBaxkeHa 61 moBipouyHa snaboparopis.

[IpuitasaTo 3akoH Ykpainu Big 23.05.2018 Ne 2445-VIII “Ilpo npueananns Ykpainu 1o Metpuunoi
koHBeHI1i". 07.08.2018 VYkpaina HaOyna MOBHONPABHOIO 4jeHCTBA B MeTpuuHili KOHBEHLII Ta
MMOBHOMPAaBHOTO 4WwieHcTBa B ['eHepanpHiit koHPepenii 3 mip ta Bar (CGPM).

BxuBaroThCcs 3axoIM ILIOAO0 BUKOHAHHS YMOB [JJid HaOyTTs NOBHOTO 4IEHCTBAa YKpaiHU B
MixxknapoHiii opranizaiii 3akoHomaB4oi Metposorii (OIML). 3 miero MeToro po3poOJeHO TPOEKT
3akony Ykpainu “IIpo npuennanns Ykpainu 1o KonBeniiii npo 3acHyBanHs Mi>xkHapOaHOT opraHi3aitii
3aKOHOJIaBYOi METPOJIOTIi”.
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3 meroro peanizaiii 3akony Ykpainu Big 06.06.2019 Ne 2740-VIII “IIpo BHeceHHs 3MiH 110
NeSKUX 3aKOHOJABUMX aKTIB YKpAaiHU MO0 IMIUIEMEHTAIlli aKTiB 3aKOHOIAaBCTBa €BPOMEHCHKOTO
Coro3y y cdepl TEXHIYHOTO peryatoBaHHs~ 3I1HCHIOIOTHCS 3aXOIH I0J0 BHECEHHs 3MiH 10 19 Ta
po3po0aeHHsT 3 HOPMATUBHO-IIPABOBUX aKTIB y c(epl METPOJIOrii Ta METPOJIOTTYHOI iSJIbHOCTI.
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METPOJIOI'ISI CYYACHOCTI. HOBI BUKJIMKU JJIS1 YKPAITHU

© [Opiii Kyzvmenxo, 2019

3aCTyIIHUK reHepaipHoro gupexkropa Il « YkpmerprecTcrannapr», K.T.H.
Yuriy.Kuzmenko@ucsm.com.ua

HepnuuHua miob6anizaiisi CBITOBUX PUHKIB, )KOPCTKA KOHKYPEHIIS HA HUX, CTABUTh HAJ3BUYANHO
BHUCOKI BUMOTH JI0 SIKOCTI Ta O€3MEeYHOCTI MPOAYKIIii, 10 HA/A€ThCSl HA NUX pUHKaX. JlocArHEeHHs
AKOCTI Ta OyJb-sKi BUNPOOYBaHHS MPOAYKLII 3 METOK OTPUMAaHHS J0Ka3iB ii Oe3Mme4HOoCTI Ta
3aCTOCOBHOCTI JJIsi TIEBHUX c(ep MpU3HAYCHHS HEMOXJIHUBE 0e3 CBITOBOI yHi(ikamii miaxomiB a0
BUMIPIOBaHb Ta BCTAHOBJIEHHS HEPO3PHUBHUX Ta HAAIMHUX JAHLIOTIB IPOCTEKYBAHOCT1 KOXKHOTO
pe3ysibTaTy BUMIPIOBaHb ak O BH3HAHUX CBITOM Ta peaji30BaHUX 3a MIATPUMKH MeTpuyHOi
KOHBEHIIIi Ta CBITOBOT 3aKOHOJaBY01 METPOJIOT1i €TallOHIB ONUHUIH Sl.

He puBnsuuch Ha XKOpPCTKY CBITOBY KOHKypeHIlito, 3a Bupa3zoMm JKana-II’epa danrtoHa 3
HauioHanbHOro Merposoriynoro iHctutyTy LNE (ITapmxk, ®@panuis): «O6HagilauBO criocTepiraTi,
10 METPOJIOTISl € OJIHIEI0 3 PIAKICHUX 00JIacTei, A€ chiBmpalsi MIX KpaiHaMu CBITY €(eKTHUBHA i
mpa». A HUTYIOUU HIMELIBKUX YPSJIOBLIB — YC1 KpaiHU IOBUHHI OTPUMAaTH MOKJIMBICTh KOPUCTATUCS
nepesaraMu roOaisalii, B TOM ke yac e(eKTUBHO 3axulaiodu cede Bif il pu3uKiB!

VY nyxe 3araJbHOMY BH/J1 BCS CBITOBa METPOJIOTIYHA CTPYKTypa CKIAJA€ThCA 13 MIKHAPOAHOL
MmetpoJiorii (Ha voui 13 OIML — Mixxnaponnoro Opranizanieto 3akoHogaBuoi Metposorii — MO3M),
HayKoBOi MeTpoJiorii (Ha 4oii 13 MeTpHYHOI KOHBEHIIIE€I0 Ta i1 BiAMOBIAHMMHU opraHamu BIPM
(Mixnapoane bropo 3 Mip ta Bar — MBMB) ta CIPM (Mixuaponuuit Komiter 3 Mip Ta Bar —
MKMB) Ta mpomucioBoi MeTpoJsiorii, ;i sSKOi camMe 1 MPHUKIANAalThCAd BCl 3yCHJUIS CBITOBOL
METPOJIOTIYHOT CHIIBHOTH 3aJJIsl OTPUMAaHHS HAaAIWHUX Ta MPOCTEKYBAHUX PE3YyJbTATIB NpPHU
31MCHEHH] OyJb-IKOI0 Ta KOKHOT'O BUMIPIOBAHHS.

Ponb MeTposnoriB y focaraieHH1 aMOITHOT METH — 3a0€311eUeHHs] BCTAHOBJICHHS B KpaiHi epeKTUBHOT
Ta HaJlilHOT 1HQPACTPYKTYpU SAKOCTI, 5IKa, B CBOIO 4epry, 3a0e3Ileduye BUTOTOBJIEHHS SIKICHOI Ta
0e3medHoi MPOIYyKIIii, MOJSITae€ B TAKOMY JIAHIO31 B3a€MO3B’A3KIB:

— 0€3 KOHTPOJIO SAKOCTI HEMAa€ SIKOCTI;

— 0e3 BUMIpIOBaHb HEMA€ KOHTPOJIIO SKOCTI;

— 0e3 KaniOpyBaHb HEMAa€ BUMIPIOBAHb;

— 0e3 akpeaUTOBAaHUX Ja0oparopiii HeMae KamiOpyBaHHS;

— 0€3 MPOCTEeXKYBAaHOCTI HEMAE aKpPeAUTOBAHUX JabopaTopiii;

— 0e3 eTaJloHIB HEMA€E MPOCTEKYBAHOCTI;

— 0€3 MeTpOJIOTIB HEMAa€e €TaJIOHIB.

TakuM 4YMHOM BCSI MIXKHapOJHA METpPOJIOTiuHA 1H(PACTPyKTypa BHUPaKAEThCS MipaMiIol0
nmpocTexxyBaHocTi (puc. 1).

Jlnst Toro, no0 HalioHaJdbHA €KOHOMIKA YKpaiHM 3HAXOAWJIACh y KOJII PO3BUHEHHUX Ta YCHIIIHUX
€KOHOMIK CBITY Oe3mepeyHo HEOOXiTHO MPOBOAWTH MOCTIMHUM aHaNi3 Ta BIAMOBIIHUM YHHOM
pearyBaTH Ha Ti HOBI BUKJIMKH, 5IK1 TOPO)KY€ HEBIUHHUN PO3BUTOK HAayKH, BUPOOHULITBA, O13HECY,
COIlIAJIbHUX BITHOCHH CYCHIJIbCTBA Ta K 1X HEBiJ €MHOI YaCTUHH — METpoJorii. Jjisi 3ManoBaHHs
TEHJICHIIIM Ta JUIsl ysBJICHHS KapTUHU HEOOX1IHUX 3yCHJIb, SIKI HEOOXIAHO JOKJIACTH YKPaiHChKUM
METpOoJIOraM yK€ B HaWONMkX4yomMy MailOyTHbOMY, B IIbOMY Marepiail TOPKHEMOCS JIMILIE JEAKUX
(30BCIM HE BHUKIIOYHHUX), aje AYy’K€ IMOKa30BUX MNPHUKJIAAIB HOBUX HANPSAMKIB METPOJIOIIYHHX
JOCIIIKEHb.

1. IIpo HOBI CBITOB1 TpPEHIHU, L0 HECYTh CydacHI 1H(OpMaLiINTHO—KOMYHIKaliiH1 TE€XHOJOTI{
TOBOPSITH BeCh yac 1 JaBHO. OCTaHHE NECATWIITTS 3By4arh TepMiHu sk Smart abo Digital Factory

22



lMneHapHe 3acigaHHs

Resolution 1 (2018): On the revision of the International System of Units (s1) T

On 16 November 2018 the CGPM at its 26th meeting adopted a revision of

;
-

ition frequency of &
e caesium 133 atom Avcy is 9 192 631 770 Hz, S|
e v
o the speed of light in vacuum c is 299 792 458 m/s, & .
© the elementary charge e is 1.602 176 634 x 1019 C,
o the Boltzmann constant k is 1.380 649 x 1022 J/K, <
o the Avogadro constant Ny is 6.022 140 76 x 1023 moi”?,

/ ~
 the luminous efficacy of monochromatic radiation of frequency 540 x 102 Hz, Kcg, Is 683
mw,
where 7
e e, an s/
/ X
/ aLiok

ii. the numerical values of h, e, k, and Ny are based on the most recent CODATA adjustment. /

v
4

MeTponoriyHi iHCTUTYTH /
(

\
KanibpyBanbHi o
(noBipouHi) naboparopii R LAUIG LT

Po6oui 3acobu BUMipIOBaNIbHOI TEXHIKU

1,)=kgm?s2,C=sA,Im=cdm?m?=cdsr,and W= kgm?s,

MpoayKujia Ta nocayru

II’

Puc. 1. Ilipamioa npocmedxcysanocmi

ta Digitalization (Bcroro i Bcs). 3Binku i Digital Economy. B CIIA, sakxi € HalO1IbIIUMHU
HOBAaTOpaMU B CBITI 3a UM BciM roBopsaTh mpo TexHodorii sk IoT, Big data, Cloud computing,
Remote & mobile access, wireless communication, 3D printing tomo. Tepmin «Industry 4.0»
3’SIBISIETHCS B HAC micis BiaBimanHs ['anHoBepa B 2014 p. SIKImIo KOPOTKO — Le CKOOPAMHOBAHA,
Aep:kaBHa iHiniaTuBa mo moOidizamii Bcix HamioHAJBLHHX pecypciB 3 MeTOI0 NMPUCKOPEHHS
TEXHOJIOTiYHUX 3MiH Ta YTPUMAHHSA JiepcTBa B CBiTOBili KOHKYpeHUil.

3rigHo 3 YKpaiHchkoro crpateriero [aaycrpii 4.0, mo mokimamno pospooiena AIIITAY (Acoriamis
[TpomucnoBux [linnmpuemMcTB ABTOMaTH3aIii YKpaiHu), OJHUM i3 KIFOYOBHX 3aBIaHb € HAJIArOKSHHS
TpaHcdepy TEXHOJIOTIH BiJl YKpaiHChKMX HAYKOBHUX YCTAHOB, HAYKOBHX IapKiB, jJabopatopiii R&D,
a TakoXX BiJl MDKHApOJHHX IIEHTPIB Ta KOPHOpaIiid 10 KIHIIEBUX 3aMOBHHUKIB. TakUM YHMHOM
a0COJIOTHO OYE€BHUJHA HEOOXIJHICTH MOTIMOICHHS HAYKOBUX Ta JOCIIJHHUIIBKHX 3B’SI3KIB MiXK
YHIBEPCUTETaMH, HAI[IOHAJIbHUMHU 1HOBATOPaMH Ta HAIIOHATBHUMH METPOJIOTIYHUMHU 1HCTUTYTAMH
315 3aMPOBA/KCHHS B YKpaiHi HOBITHIX HOY-Xay TE€XHOJIOT1M Ta MPOIYKTIB.

2. OpgHi€o 13 HAABAXIMBHUX MPOOJIeM YKpaiHW, B TOMY YHCII 3 OIVISAAY Ha JOCUTh PEBOJIIOIINHI
pedopMu METUIHOT Traty3i, € MPOCTSIKYBaHICTh PE3yJIbTaTiB BUMIPIOBaHb B MEIHIIHHI. [liarHOCTHYHA
mpakTHKa 0e3 HaiHUX BUMIPIOBAHbL Ta MPOCTEIKYBAHOCTI pPe3yJIbTaTiB TaKMX BUMIPIOBaHb BKpait
yTpyaHeHa. Ha pucyHKy 2 HaBeIeHO IPUKJIIAJ JIAHITIOTa peaKIliid Py AiarHOCTyBaHHI (PYHKIIOHYBaHHS
HUPOK, 110 B CBOIO YEPTY JIEMOHCTPYE CKIIAHICTh Ta HAYKOEMHICTh BUMIPIOBaHb Y MEIUYHIN raysi.

’.g‘r l KpeatuHasa

- KpeaTuHin + H,0 ——— KpeatuH
== 4[ KpeatuHasa
= = = KpeatmH + H, O ——— > CeyoBuHa + CapKo3uH
: i i

Capko3uH Okcupasa

— - KpeaTtuHin + H,0 + 0, —————> niuuH + Popmansaerig + H,0,

Puc. 2 Ilpuknao nanyroea peakyiti npu 0iacHOCMY8AHHI (DYHKYIOHYBAHHS HUPOK
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[Ipuknax MOKIMKAHUM TPOJEMOHCTPYBAaTH HEOOX1JIHICTH (OPMYBaHHS HAyKOBO-IOCIIJTHUX
nabopartopiii BCTAHOBIIEHHSI METOAIB IPOCTEKYBAHOCTI BUMIPIOBaHb B MEIMIIMHI Y METPOJOTIUHHUX
IHCTUTYTaxX YKpaiHu.

3. BirpoenepreTuka € i YKpaiHu rajy3s3io, 110 OypXJuMBO Ta yCHIIIHO PO3BUBAETHCA. YCIMIX
00yMOBIIIOETHCS HE JIMIIE NMPUIATHUMU 1l moOynaoBu BitpoenekTpoctanuii (BEC) y Garatbox
perioHax Hamoi KpaiHu (3BHYaHO >K MarOThCS Ha yBa3l 1 BeJIWYE€3HI BTpaueHl depe3 OKyHalilo
notyxHocTi Kpumy Ta wactunm Jlyrancekoi Tta JloHenpkoi obmacTeii), ane il CKauKomoaiOHUM
poctoM koedinieHty kopucHoi aii (KK/I) BiTporenepatopHux ycTaHOBOK, sikuid Habnu3uscs 1o KK/]
TeroBux enekrpocrtannii. CykynHa nikoBa notyxxHicte BEC Vkpainu B 2019 poui odikyeTbes Ha
piBHi 706 MBT.

[lepen ykpaiHCBKUMH METPOJIOTaMU PO3BUTOK TAKO1 CTPATET1YHOI Tay31 «3€JIeHO» eHEePreTUKu
B CBOIO UEPry CTaBUTh HOBI 3aBJaHHS - BU3HAYEHHS €()eKTUBHOCT1 pOOOTH BITpOT€HEpaTOpa ILIIXOM
TOYHUX BUMIPIOBAHb BEJIMKOI'O KPyTHOTO MOMEHTY Ta CIiBB1IHOLIEHHS 13 TEHEPOBAHOIO €JIEKTPUUHOIO
noTyxkHicTio. [IoGynoBa HOBITHIX €TajJOHIB KPyTHOTO MOMEHTY — OUE€BUIHUN HOBUN BUKIHUK IS
YKpaiHCBKUX METPOJIOTTYHUX IHCTHUTYTIB.

4. 3pocTaroumil iIHTEpeC 10 COLIOIOTIYHUX JTOCIIKEHb, MAPKETUHIOBUX JOCIIJKEHb PUHKIB Ta
3a10BOJIEHOCT1 CIIOXKMBAuiB, JTOCIIIKEHHS MOBEIIHKM Ta PEaKIid JIIOACHKOI MCUXIKU B PI3HUX (B
TOMY YHCI1 KPUTHYHHUX) CUTYaLIsIX CTaBUTh IEPE]] METPOJIOraMU BChOTO CBITY Ta YKpaiHU 30Kpema
3aB/aHHS, K€ MOJISITA€ B CTBOPEHHI JIOCTATHHO E€KJIEKTUYHOTO Ta HEOAHO3HAYHOTO JJISi PO3YMIHHS
HanpsIMKy METpPOJIOTii — Tak 3BaHOi «jenikaTHOi meTposorii» (puc. 3). Taki BuUMIiproBaHHS
BUMAaraTuMyTh 3HaYHUX CIUIBHUX €MIIIPUYHHUX HAIpallOBaHb BUCHUX Ta (axiBLIB AYyXKe PI3HUX 3a
CBOIM poaoM cdep AISUTbHOCTI JIFOIUHH.

01 02 04

NCUXOMETpUYHE BUMIPIOBaHHA AKOCTI EeKOHOMeTpUKa Ta BMMIpIOBaHHA, NOB'A3aHiI 3
BUMiptoBaHHA abo BiauyTTA (AKiCTb CpUtHATTS, coujomerpisn HayKamu npo NI0AnHY:
CNPUIHATTA 6iomeTpin,

X . 3310BONIEHHA CNOXMBAYA i (Touka 30py) i s -
(Konip, cmak, 3anax i AOTUK) noBeziHKa, IHTeNeKT i T. iH

T.iH.)

€ / ’/
O '
NEA 3 :

C\ oy —
e 4

Puc. 3. Bumiprosanns 1100CoKux nouwymmis — «0enikamua mMempono2iay
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MODERN PHOTOMETRY

© Leonid Nazarenko, 2019

O. M. Beketov National University of Urban Economy in Kharkiv (Ukraine),
e-mail: leonnaz@ukr.net

There are two features of light that make it very different fundamental quantity from all others.

First, light is defined in terms of human retinal sensitivity of electromagnetic radiation. Second,
no other fundamental quantity is administrated by two agencies: CIDM and CIE.

CIE formally recognizes several luminous efficiency functions.

Each of these CIE-sanctioned functions can be used to calculate the luminous intensity generated
by a practical light source while using the same definition of unit using equation:

1cd=1/683 W/cr 540102 Hz

V(L) was developed from a particular set of human visual psychophysical studied performed
in the 1920s.

The each benefit efficiency function represent how electromagnetic radiation incident an the
human and processed by the brain’s neural apparel is weighted while performing a specific visual
or nonvisual task. These a not spectral efficiency functions based upon photoreceptor responses
alone. Since these different benefit efficiency functions weight electromagnetic radiation differently
each would be used to deliver a specify design benefit, there by delivering maximum value from
a lighting system.

V(L) is thus among these benefit efficiency functions, but it should only be applied when, for
example, high visual acuity by the fovea is the equated benefit from the lighting system (eg.
surgery).

CIE 191:2010 Recommended System for Mesopic Photometry Based on Visual Performance
Bridges the gap between thecae photopic and scotopic standard photometric observer functions.

Defines the spectral luminous efficiency functions to be used is the mesopic region.

Provides a system for precise determination of photometric quantities for all types of luminous
source at all levels.

Lighting standards that rely on colorimetry (which are in fact, all of them) cannot be expected
to accurately describe color appearance.

Therefore, to have most valuable lighting we should not rely exclusively on CRI and CCT when
trying to maximize color information.
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THE PLANCK BALANCE — CALIBRATION OF E2 MASS STANDARDS
USING THE NEW DEFINITION

© Thomas Frohlich, 2019

Technische Universitit Ilmenau

The kilogram, which was originally defined as the weight of a litre of water, was the last SI unit
that was defined by a material artefact. Thus, a small cylinder with height and diameter of about
39 mm, made of a platinum-iridium alloy defined the primary standard of mass for a long period
of time. All calibrations of balances, all weighing, all force, all torque and power measurements
were are traceable through a hierarchy of mass standards all traceable to this artefact, called
‘International Prototype of the Kilogram (IPK)’. In order to practically realize this traceability chain
of mass to the IPK a number of mass comparisons using mass comparators and mass standards was
necessary. Each comparison goes along with a measurement uncertainty, so that the measurement
uncertainty of a mass under test is increasing with decreasing hierarchical order. As the IPK defines
exactly 1 kg, with zero measurement uncertainty, the smallest relative measurement uncertainty can
be reached for nominal mass value of one kilogram. For lower or higher mass values the relative
measurement uncertainty will increase due to further comparison steps necessary to derive these
mass values. National Prototypen of the Kilogram (NPK), which are made of the same Pt-Ir alloy
as the IPK have a typical measurement uncertainty of 5 ug (k=2). Kilogram Prototypes made of
stainless steel already have a measurement uncertainty of 15 pg (k=2) which higher than that of
NPKSs mainly due to air buoyancy effects. In November of 2018 the General Conference on Weights
and Measures (CGPM) has decided the new SI, including the redefinition of the kilogram.

The kilogram is now be defined by fixing the numerical value of the Planck constant 4, with
zero uncertainty:

“The kilogram, symbol kg, is the SI unit of mass. It is defined by taking the fixed numerical
value of the Planck constant 4 to be 6.626 070 15 x 107* when expressed in the unit J s, which is
equal to kg m? s™' , where the metre and the second are defined in terms of ¢ and AvCs.”

The value of the Planck 4 constant that is used in the definition is the truncated and rounded
CODATA 2017 value. This value was determined to lowest measurement uncertainty via two
experiments: the X-Ray Crystal Density (XRCD) method and the Kibble balance. The Kibble
balance compares mechanical force with virtual electrical power. These experiments used well
calibrated mass artefacts traceable to the IPK to determine /. Today, after the redefinition the same
experiment can be used to determine the mass value of an artefact from the Planck constant. The
Kibble balance describes a primary method of realizing the new kilogram. The redefinition offers
a new way to calibrate mass standards, as, by means of a Kibble balance, masses of any value and
derived quantities as force, torque and density are directly traceable to the Planck constant. With
the new definition, there is no longer the need to establish a mass scale beginning from a nominal
value of 1 kg.

The principle of the Kibble balance, as it is used today, was first proposed by Bryan Kibble in
1976. Comparing mechanical force with electromagnetic force is possible by using a load cell with
electromagnetic force compensation (EMFC) was first described by Theodor Gast already in the
1940s. Today, an EMFC is the state-of-the-art in high-precision weighing technology used in
precision scales and electronic mass comparators. The weight of a mass that is placed on the
weighing pan of an EMFC load cell is compensated by an electromagnetic force. This electromagnetic
force is produced by a coil-magnet system. The equation for this set-up is mg = B-l-l, where m
denotes the mass of the weight, g the local acceleration due to gravity, B the magnetic flux density,
[ the length of the coil, and / the electrical current. The calibration of EMFC load cells is done by
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loading the weighing pan with a mass standard being traceable to the old definition, thus the 1PK.
The step towards the Kibble balance is the introduction of a second mode in the weighing process,
in order to link the calibration step with mass standards to the electrical units. Kibble proposed to
determine the so-called ‘geometrical factor’ B-/ by moving the coil in the magnetic field of the
permanent magnet with a velocity v. This induces a voltage V in the coil that can be measured with
high accuracy using Josephson-Voltage-Standards. The current / can be measured using high-
precision resistors traceable to a quantum Hall resistor and again a Josephson-Voltage-Standard.
The measurement of the electrical quantities voltage and resistance establish the link between the
mass and the Planck constant via the Josephson constant and the von Klitzing constant.

This Kibble balance principle is one of two suggestions in the ‘Mise en Pratique’ for the future
realization of the kilogram. The second one is via the XRCD. As a consequence, each experiment
that follows this principle of comparing mechanical force and virtual electrical power is a primary
method for realizing the SI-units kilogram and newton. Moreover, the link between the mass and
the Planck constant is valid for any mass value, not only for 1 kg. EMFC load cells usually cover
several decades of mass values. By calibrating B-/ as proposed by Kibble the EMFC can be used
as a primary realisation of the kilogram for any mass value within its mass range.

The Planck Balance (PB) is an electronic mass comparator, which allows the calibration of
weights in a continuous range from 1 mg to 100 g using a fixed value of the Planck constant, 4.
It uses the physical approach of Kibble balances that allow the Planck constant to be derived from
the mass. Using the Planck-Balance no calibrated mass standards are required during the calibration
of mass standards any longer, because all measurements are traceable via the electrical quantities
to the Planck constant 4, and to the meter and the second. This allows a new type of balance after
the redefinition of the SI-units on 20" of May 2019. In contrast to many scientific oriented
developments of Kibble balances, the Planck Balance is focused on robust and daily use. The Planck
Balance will allow relative measurement uncertainties comparable to the accuracies of class E2
mass standards, as specified in OIML Recommendation R 111-1. The Planck Balance is developed
in a cooperation of the Physikalisch-Technische Bundesanstalt (PTB) and the Technische Universitét
[lmenau in a project funded by the German Federal Ministry of Education and Research.
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VIIK 539.1.073

CTAH METPOJIOT'TYHOI'O 3ABE3IIEYEHHSA
CIHIEKTPOMETPII IOHI3YIOUOI'O BUITPOMIHEHHS B YKPATHI

© Pycaan bepecmos!, Hamanis I'oy?, 2019

I “KuisobictanaapTMeTposoris”, mpoBigHuii imxenep, Berestov Ruslan@i.ua
’Hamionansuuii yHiBepcureT “JIpBiBchbKa mojtiTexHika” (JIbBiB, YkpaiHa), mpodecop Kadeapu iHGopMmamiiHo-
BUMIPIOBAIBHUX TEXHOJIOTiH, 1.T.H., mpodecop, ivt@lpnu.ua

XapaKTepHOIO PUCOI0 IPYTOi MOJIOBUHU XX CTOJITTS CTAJIO CTYpOOBaHICTh CBITOBOTO CYCITIIHCTBA
PO MOXKJIMBY HECHPUSATIUBY JAiI0 10HI3YIOUOTO BUIPOMIHEHHS Ha 37I0POB’S JIOJUHHU Ta 00’ €KTH
KUBOT MPUPOAU. AJle HE AUBJISIYNCH HA IIUPOKUI CIIEKTP BUKOPUCTAHHS PAAI0aKTUBHOCTI B KOPUCHHUX
LIISIX, ICHY€E i HEraTUBHA CTOPOHA — HAIJIMIIKOBUH BIIUB [B Moxe mpu3BecTH 70 OMiKiB, IPOMEHEBOT
XBOpPOOM, CMEPTIi, 3aXBOPIOBAaHHS Ha pakK, BUHUKHEHHS MYyXJIUH Ta FeHeTHYHUX MyTauii. Tomy
aKTyaJIbHUMHU € 3aBJaHHS KOHTPOJIO DPiBHSA, ckijaay Ta eHeprii IB o00’€kTiB HaBKOJIUIIHBOTO
CepeIOBHUILA, TPOIYKTIB XapuyBaHHs, [PYHTIB, aHAJI13y YUCTOTH PaJlOHYKIIIIHOI CHPOBUHU 3 METOIO
BUSIBJICHHS JIOMILIKIB PaJlOHYKJI1/iB, KOHTPOJIIO B @TOMHIN €HEpreTUlll CTYIIeHs] BUTOPAHHS TBEJIIB,
BU3HAUYEHHS BMICTY NPUPOAHIX PaJlOaKTUBHUX PEUYOBHUH B PyIl, NPUPOAHIX Ta TEXHOTEHHUX
PaIlOHYKIIJIB B dKUBHUX OpraHizMax, TOIIO.

Ile mocmy>XuJI0 OCHOBOIO PO3BUTKY HE TUIbKM METOAIB Ta 3ac00IB BUMIPIOBAHHS MapaMeETpiB
10HI3YIOUOI'0 BUIPOMIHEHHS, @ TAKOXX PO3BUTKY MPUKIAIHOI CHEKTPOMETpIi 10HI3yIOUOro a-, -,
Y — BUIIPOMIHEHHS Ta ii METPOJIOTIYHOTO 3a0€3MeUEHHS.

HopmartusHe 3a0e3neyenns cnektpometpii IB. Ha croronni B YkpaiHi icHye psil HOPMaTUBHUX
JIOKYMEHTIB, sIK1 pernaMeHTyoTh M3 crekrpomeTpii 10Hi13yrouoro BunpomiHioBanHs. Y 2014 poui
BiAnoBiAHO 10 3akoHy Ykpainu "IIpo cTtanmapTu, TEXHIYHI perjJaMeHTH Ta MPOLEAYyPH OLIHKH
BIAMOBIAHOCTI" Ta HA BUKOHAHHS CTaTTI 56 Yroau mpo acouiaiiro MiX YKpaiHOo, 3 O/IHI€] CTOPOHH,
Ta €BpoNeNChKUM COI030M, €BPONENCHKUM CIIBTOBAPHUCTBOM 3 AaTOMHOI €HEPrii 1 IXHIMH Jiep:KaBaMHU-
YJI€HaMH, 3 1HIIOI CTOPOHHU, METOAOM MIATBEPKEHHS OyJio HMPUHHATO pAJl €BPONEHCHKUX Ta
MIKHApOJHUX HOPMATHUBHI JOKYMEHTIB, SIK HalllOHAJIbHUX CTaHAAPTIB YKpaiHU, cepell HUX KlIbKa
CTaHJApTiB B 00JACTI CIIEKTPOMETPIi 10HI3yIOUOTO BUIIPOMIHEHHS.

3 01 ciung 2019 poxy nHakazom I “Ykp HIHIL” “IIpo ckacyBaHHS HallOHaJbHUX CTaHAApTIB,
SK1 po3poOJIeHI Ha OCHOBI MIXJEp)XKaBHUX CTaHIAApTiB, M0 po3pobieHi mo 1992 poky, Ta
MDKJEpKaBHUX CTaHAApTIiB B YKpaiHi, o po3polieHi no 1992 poky” Oyno BiAMIHEHO psij
CTaHJIapTiB, cepell HUX JIeKiJbKa Mo crnekrpoMmeTpii. Lle cTBoproe nmepeayMoBu mJisi po3poOIeHHS
HOBHUX CTaHJApTIB B JIaH1} raiy3i, 30KpeMa Ha METOJIU KadiOpyBaHHS CIEKTPOMETPIB PI3HUX BU/IIB,
METOJIY OILIIHIOBaHHSI HEBU3HAYEHOCT] €TAJIOHHUX 3aC001B BUMIPIOBAHHSI 1 pE3YJIbTAaTIB BUMIPIOBAHHS.
Takox y OKpeMHX BHAAX METPOJOTIYHOI JISIbHOCTI, 30KpeMa, IPHU BHUKOHAHHI poOIT 3a
MDKHApOAHUMU MPOEKTaMHU, IPHU aKpeauTalii BUIPOOyBaJIbHUX Ta KaJlOpyBaJbHUX JabopaTopiii
srigHo 3 JJCTVY ISO/IEC 17025-2006, npu noctadaHHI NpOAYKUIi Ta HaJaHHI MOCIYT 3T1AHO 3
BUMOTaMHU 3aKOPJOHHOIO 3aMOBHHUKA, IIPU MIKHAPOJHOMY 3BIpSIHHI HAI[lOHAJIbHUX €TaJIOHIB TOIIO,
HEOOX1/IHO HaJaBaTH 3BITU IPO PE3yJbTaTH BUMIPIOBAHHS 3 BCTAHOBJICHHSM IX HEBU3HAUEHOCTI.
Tomy nuTaHHS, K1 OB sA3aH1 3 BUSHAUCHHSM BHUJIB Ta METO/IB OI[IHIOBAaHHS PE3yJbTaTiB BUMIipIO-
BaHHA 3aC00aMU BUMIPIOBAIIBHOT TE€XHIKH, BIIHOCATHCA O BXIMBHUX HAYKOBO-TEXHIYHHMX 3a/ad,
aKTyaJIbHICTh SIKMX IOJISITA€ Y TapMOHi3alii BITUM3HSHUX HOPMATHUBHHUX JOKYMEHTIB B Traiys3i
METPOJIOT1I Ta METPOJIOTIYHOTO 3a0€3MeUEHHS 3 €BPONEUCHKUMU LI0JI0 MEPEXOAY Ha HEBU3HAUEHICTD
BUMIPIOBAHHS.

Texniune 3a0e3meuyeHHss cnexkTpoMmetpii IB. J{nsg 3abe3nedyeHHs €1HOCTI BUMIPIOBaHb
XapaKTepUCTUK 10HI3yIOUUX BUIPOMIHEHB 11X JKepen B YkpaiHi ctBopeHo 10 Jlep:kaBHUX MEpPBUHHUX
€TaJIOHIB, 30KpeMa;
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— JlepKaBHUN MEPBUHHUI €TajlOH OJUHMII 00’ €MHOI aKTUBHOCTI pajoHy-222;

— JIep>KaBHUM TIEPBUHHUN €TAJIOH OJMHUII aKTMBHOCTI PaJiOHYKJII/IIB;

— JIepKaBHUN MMEPBUHHUI €TaJOH OJMHMUII MOTOKY Ta TYCTUHHU MOTOKY HEHTPOHIB;

— JIep’KaBHUM NEPBUHHUM €TaJIOH OJUHMIIb MOTYXHOCTI MOMMIMHYTOI Ta €KBIBAJEHTHOI /103
HEUTPOHHOTO BUIIPOMIHEHHS;

— Jlep’KaBHUN NEPBUHHUMN €TaJlOH OJUWHUIb MOTIMHYTOI J03H, MOTY>XKHOCTI MOITIMHYTOI 103U
PEHTIeHIBCHKOTO Ta raMMa-BUIIPOMIHEHb;

— JIepKaBHUI €TaJlOH OJMHHUIb €KBIBaJEHTHOI J03HU, MOTYXHOCTI €KBIBaJE€HTHOI 103U
PEHTIeHIBCHKOTO Ta raMMa-BUIIPOMIHEHb;

— JIep>KaBHUM €TaJoH OJMHHUIb EKCIO3MLINHOI J03HM, MOTYXHOCTI €KCHO3ULIHHOI 103U
PEHTIeHIBCHKOTO 1 FaMMa-BUIIPOMIHEHb;

— JIep’)KaBHUI NEPBUHHUM €TajlOH OJMHULL 00 ’€MHOI aKTUBHOCTI ajib()a-BUIIPOMIHIOYUX

aepo30IIiB;

— JIEp>KaBHUM TMEPBUHHUM €TaJOH OJMHUIL 00 €MHOI aKTUBHOCTI O€Ta-BUIPOMIHIOIOUHUX
aepo30IIiB;

— JIEpXKaBHHUH TEPBUHHHUHN €TaJOH OJAWHHIL 00 €MHOI aKTUBHOCTI raMMa-BUIIPOMIHIOIOYHUX
aepo30IiB.

MeTpoioriuHi XapakTepUCTUKH LIMX €TaJIOHIB 3HAXOAAThCS Ha PIBHI METPOJIOTTYHUX XapaKTEPUCTHK
HalllOHAJIbHUX €TAJIOHIB TaKUX KpaiH Sk AHMIisA Ta HiMeuunHa, mo miaTBepIKyEThCS PETYISIPHUMHI
MDKHapOJHUMHU 3BIPSHHAMHU €TajoHIB. JlepxkaBH1 nepBuHHI eranonu 30epiratorbest B HHI “Inctutyr
MeTpoJIorii”.

Haykose 3a0e3neuyenns cnexkrpometpii IB. Metonu BuzHauenns napamerpis IB nomigstorscs
Ha JI03UMETPUYHUM (BU3HAYalOTh IHTEHCUBHICTh 10HI3YIOUMX BUIIPOMIHEHb, IX BIJIMB HA MaTepiaiu
Ta O10JIOTIYHI TKaHUHM), paAlOMETpUYHUN (BU3HAYAIOTh CyMapHI aKTUBHOCTI paJlOaKTHBHUX
PEYOBHH) Ta CIIEKTPOMETPUYHUNA METOJIH.

Jjist BU3HAUEHHSI paJlOHYKIIHOTO CKJIay, aKTUBHICTh OKPEMUX BHUJIIB PaIIOHYKIIAIB, IX MUTOMOI
AKTUBHOCTI, AOCIIJDKEHHS JKEpeJ BUIPOMIHEHHs, BU3HAYCHHS CTaJIoOl po3maay, mepioay
HamiBpo3naay, abCOMIOTHUX BUXO/A1B BUIIPOMIHIOBaHb MEBHUX PaJlOHYKIIi 1B BUKOPUCTOBYIOTh came
CHEKTPOMETpUYHUI MeTo . 11 JOCIIKEHHSI MOHOCHEPIe€TUHUHOTO BUIIPOMIHEHHS, SIKE CYTIPOBOKY €
panioakTUBHUN po3nan (o-, Y- BUIPOMIHEHHS) 32 €HEPreTMYHUM CIEKTpOM Oe3MoceperHbo
BU3HavaeThesl eHepris IB. YV Bumaaky xonu 1B Mae Ge3nepepBHMIT po3mOALT 3a €Heprieo npu f-
posnazi, To IB xapakTepusyeThcss MAaKCUMaIbHOIO UM CEPEeIHBOI0 eHepriero IB.

[IpeameroMm crieKTpOMETpii 10HI3yIOUMX BUIIPOMIHIOBAHb € BUBUEHHS Ta aHall3 €HEPreTUYHUX
CHEKTPiB BUIIPOMIHIOBaHHS JKE€peJ 10HI3yI0UOro BUIIPOMIHIOBAHHS. 3a XapaKT€pOM 3aBlaHb, SKi
MOXHa pO3B’sA3aTU MeTonamu crnekrpoMeTpii IB, MokHa yMOBHO BUIUIMUTH ABI TPyINHU: 3ajayi
(GbyHIaMEHTaIbHOTO IUIaHY Ta 3aJadl NPUKJIATHOTO IUIaHY.

1. ®ynnamenTanbHi 3a7a4i cniekrpomeTpii IB: BU3HaueHHS Ta yTOUYHEHHS siIepHO-(PI3UUHUX Xapak-
TEPUCTUK PI3HUX PAJIOHYKJIIJIIB 3 METOK YTOUHEHHS ab0o moOyJ0BU CXE€M PO3Majy padiOHYKIIIIB.

2. Ilpuknanni 3ana4yi crnektpomerpii IB: BU3HaueHHs 130TONHOIO ckiady mxepena 1B mus
MIPOBEACHHS SIKICHOTO aHali3y; BU3HAYEHHS KIJIBKOCTI I[bOTO PaJAIOHYKII11a Ta 00’ €MHUX 1 MUTOMUX
aKTUBHOCTEN IpoO AJi MPOBEACHHS KUIbKICHOTO aHami3y Jukepen IB.

1. 3axon Yxpainu “Ilpo 3axucm ar00unu 8i0 8NAUBY IOHI3YIOU020 GUNPOMIHIOBAHHA

2. 3axon Ykpainu “Ilpo suxopucmanns s0epHoi enepeii ma padiayitiny be3nexy’”

3. I'paboscorkuii B. A. Ilpukiadna cnexkmpomempisi UOHIZYIOUUX SuUnpoMiniosansb: Haeu. nocibnux. —
Buoasnuuuii yenmp JIHY imeni leana @panxa, 2008. — 296 c.

4. bpeeaoze I0.U., Cmenanos 3.K., Apvina B.Il.. [Ipuxnadnas memponocus UOHUBUDYIOWUX USTYYEeHULL.
M.: Duepeoamomuszoam, 1990. 264 c.

5. Usmepenue axmuenocmu paouoHykiudosg: cnpasounoe nocooue /M.®@. KOoun, H.U. Kapmanuyur,
A.E. Kouun [u op.]; noo peo. FO.B. Tapoeesa. JI.: BHUUM, 1997. 397 c.M.®., Kapmaruyun HU., Kouun A.E.
u op. C.-I16. 1997.
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VIK 502.33
3ACTOCYBAHHS AJJbTEPHATUBHUX METO/IIB OLIIHKM MUIHUX 3ACOBIB

© Onexcii Bepenixin!, FOnis Causa’, 2019

'HanionaneHuit yHiBepcuTeT OiopecypciB 1 mpupogokopuctyBanHs Ykpainu (Kuis, Ykpaina),
3m00yBau, verenikin@delamark.ua
’HauionansHu#l yHiBepcHUTET GiopecypciB i mpupomokopuctyBanus Yipainu (Kuis, Ykpaina),
K.T.H., AoueHT, yuliia_slyva@ukr.net

Bumoru cnoxxupaua o0 SIKOCTI MPOAYKI[II HEBOIUHHO 3pOCTal0Th, TOMY MHOTPIOHO BXKUBAaTH
3axoAiB mus 1i mokpameHHs. Biktop MuxaitnoBuu CUTHHYEHKO CTBEPIXKYE, 11O MOXKe OyTH
MOKPAIIEHO T€, 0 MOXe OyTH BUMIPSHE 1 TIOJIaHE Y MaTeMaTUYHUX BHpa3ax 4u Moaessix [2].

CbOroziHi CTpIMKO pO3BUBAIOTHCS METOJM OLIIHKH 13 3aCTOCYBaHHSM O101HAUKATOpiB. Pe3ynbrarom
MIPOBEJICHHS TAKO1 OLIHKH € BUSBJICHHSI KUIbKICHOTO BMICTY TOTO YH 1HIIOTO KOMIIOHEHTA Y IPOAYKIIIT
1 mojaJIbllie OPIBHSAHHS 3 TPAHUYHO JOIYCTUMUMHU HOPMaMU YU HOPMaTUBHUMH 3HAYEHHSIMHU TOTO
Yy 1HIIOTO PiBHS fAKOCTI. Takuil HUIAX JOCTATHHO TPYAOMICTKHM Ta HEraTMBHO BIUIMBAE Ha
OIEPaTUBHICTbh KOHTPOJIIO SIKOCT1.3aBJaHHSAM aBTOpa OyJI0 3HANTH METO/, SIKHUl 1aB OM 3MOTY LLIBUJIKO
Ta SAKICHO OI[IHUTH BIAMOBIJHICTH MPOIYKIII Ta 3alpONOHYBATH BIANOBIIHUN METOJ KOHTPOJO. Y
Takuil cnocid 3’sBUJIacsi HayKoBa TiNOTe3a JOLUUIBHOCTI 3aCTOCYBAaHHS LIBUAKUX EJIEKTPUUYHUX
METO/IB, OJHUM 3 SIKUX € METOJl BUMIPIOBAHHS €JIEKTPUYHOI MPOBITHOCTI 00’ €KTa KOHTPOJIIO.

3a Mety OyJ10 MOCTaBJICHO MOOYyBaTH MaTeMaTHUYHI MOJEJl 3aJI€KHOCTI KOMIIOHEHTIB MUWHHX
3aco0iB BiJl MapaMeTpiB KOMIUIEKCHOT MPOBIIHOCTI JJIsi peasi3alii OnepaTuBHOI OLIHKU MPOIYKTY
3a pe3ysibTaTaMHi KOHTPOJIIO 3 BUKOPUCTAHHSAM IMITAHCHOTO METOLY.

JlociiKeHHS TPOBOAMIIN 3 OAHUM 1 TUM CaMUM IIEpBUHHUM [I€PETBOPIOBAYEM, IKUH XapaKTepU3ye
TEOMETPUYHI PO3MipH eIeKTPOiB. [lani BCTaHOBIIOBAIN 3aJIEKHICTh CUTHAIY BIATYKY BiJl MUMHHUX
3aco0iBTa yacToTH TectoBoro curHany [1].Ilicis mpoBeneHHS NOCHIIIKEHb 13 3pa3kaMl MUIHUX
3aco0iB OTPUMAHO BEJIIMYMHM AaKTUBHOI Ta PEaKTUBHOI CKJIAJIOBUX KOMILIEKCHOI MPOBIJHOCTI, SIKi
Jlay 3MOTY ToOyayBaTH Tpadiku Ta MoOaunuTH HEOOX1IHI 3aJIEKHOCTI.

Ha pucynky 1 moka3ano 3ajie’kHICTh aKTUBHOT CKJI1a10BOT TPoBiAHOCTI G Ta pEaKTUBHOI CKJIaI0BOI
npoBigHOCTI B BiJl yacToTu TecTtoBoro curnany F st pizHUX MUHHHX 3ac001B piIKOi KOHCHCTEHIIII.

G, AKTIBHA CKITaJ0Ba IMMPOBIAHOCTL B.MC'M  PeakTneHa cKmamoBa IMpOBLTHOCTI
27 8 _
25 = 6

17 M 100 1000 10000 100000
100 1000 10000 100000 -2 =
f, I
——N22 —8—N3 Ne7 Nod —@— Ne§ —0—No2 —@—Na3 Ne7 N4 —@—Ne§
a

Puc. 1. Yacmomui 3anexcnocmi. a) — akmusnoi ckiaoosoi npogionocmi G; 6) — peakmusnoi
CK1a0080i nposionocmi B onsa ¢hixcosanux 3navenv H 0nsa piokux mutiHux 3acobis
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Ha pucyHnky 2 noka3aHo 3aJ€XKHOCT1 aKTUBHOI Ta p€aKTUBHOI CKJIaJ0BUX IPOBIIHOCTI B1Jl 4aCTOTH
TE€CTOBOro curHaiy F 1is pi3HMX MOPOUIKOBHUX MHUIHUX 3ac00iB.

G, MCM AKTIHBHa CKTaZ0Ba IMPOBITHOCTI PeakTIBHa CKTag0Ba IIPOBIIHOCTI
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Puc. 2. Yacmomui 3anexcnocmi. a) — akmusnoi ckiaoosoi npogionocmi G; 6) — peakmusnoi
CK1a0080i nposioHocmi B 015 nopowkonooioHux MUtiHux 3acooie

3 mojaHux Ha pUCYHKax | 1 2 4aCTOTHUX 3aJICKHOCTEH CKJIAJOBHUX KOMIUIEKCHOI MpoBimHOCTI G
Ta B nng pi3HMX MHITHMX 3ac001B BUJHO, 1110 31 3pOCTaHHSAM YacTOTH CUTHAJIIB, CUTHAJIU BIATYKIB
Maiixe 30iratotecs. JlociiKeHHsI MOKIMBOCTI OI[IHIOBaHHS MUITHUX 3ac001B 32 3HAYEHHSM Halpyru
tecroBux curHamiB U, ixupboi yactotu F 1 xkoHcTantu K, 110 xapaxkrepusye reomMeTpudHi po3Mipu
ceHcopa npu (HiKCOBAaHOMY 3HAYEHH1 KOMIIOHEHTIB MUHWHHX 3acO0IB MOKa3aJik, M0 3MiHA CUTHAIY
BIATYKY JUISL TOCHIKYBaHOI CUCTEMH HE 3aJIeKUTh BiJ 3MIHM 3HA4Y€Hb TECTOBOi Hampyru. Lle
CBIIYUTH PO BIACYTHICTh 3aJ€AKHOCTEH 1 HE3PYUHICTh BUKOPUCTAHHS METOIY JUISl OL[IHKHM MHUIHUX
3aco0iB 3 MOKpAIIEHUMHU €KOJOTTYHUMHU XapaKTepPUCTUKAMHU.

OTtxe, HalleEeKTUBHILIUM METOJOM OLIHKH 1 KOHTPOJIO SIKOCTI MUIHUX 3ac00IB € €KOJOT14HE
MapKyBaHHs. BiH mepenbavyae maboparopHe BHU3HAYCHHS HaWBAXKJIMBIMIMX TOKAa3HUKIB, SKI
XapakTepU3yITh MHUHHI 3aco0u, Ta MOpIBHSAHHA iX 3 BIAMOBIAHMMU BHUMOTaMU YH TPaHUYHO-
JOMYCTUMUMHU MexaMu.Takuil MmigxiJg yHNOBUIBHIOE ONEPaTUBHICTh MPOBEACHHS aje MHoro
3aCTOCYBaHHs OUIbII KOPEKTHE Y MOPIBHSHHI 3 MaTeMaTUYHUMM METOJAMM OLIHKU 1 KOHTPOJIIO
MHUHMHHX 3acO0IB.

1. lloxoouno €. B., Cmoasapuyk Il. I Imimancnuii konmpons saxocmi: [monoepagis]. Jlveie, 2012. 161 c.
2. Cumnuuenxo B. M. Tenoenyii sikocmi y noeomy mucsuorimmi. Cmanoapmuszayis. Cepmudhixayis,
akicms. 2000. Ne 4. C. 48-51.
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VJIK 006.85

IMPOEKTYBAHHS CUCTEMHU CTAHJIAPTHU3AIIIL
B OPTAHI3ALISAX HA OCHOBI CUCTEMHOI'O IIAXO4Y

© [nna Ioniuka, 2019

VYKpalHChKUil JepKaBHUM HayKOBO-TOCIHIAHUNA 1HCTUTYT “Pecypc” Jlep>kaBHOTO areHTCTBA pe3epBy YKpaiHu
(KuiB, Ykpaina), HadyaJIbHUK BiJALTy HayKOBO-TE€XHIYHOI iH(opMmanii Ta cranmgaptusanii, golinka inna@ukr.net

3 PO3BUTKOM CYCIJIbCTBA CYTTEBY YBary MarOTh KOHKYPEHTHI MepeBary, 1o 0a3yrThCs Ha HAyKOBO-
TEXHIYHUX JIOCSATHEHHSX, PO3BUTKY JIIOACHKOTO 1HTEJIEKTY, 1HHOBaLIsSIX TOIO. JMHaMika HayKOBOIO
1 IHHOBAI[IHHOTO PO3BUTKY BU3HAYAETHCS MIPOLIECOM Iepeiadi 3HaHb 1 TexHoJorii. Came 11e 00yMOBITIO€
3pOCTaHHs 3HaYeHHs 1HPOPMaLIHOT Ta KOMYHIKALIHHOT (PYHKIIH cTaHAapTU3aLii B CyYaCHUX YMOBaX.

[Ipuiinsatuit 3akon Ykpainu «IIpo crampapruzaniro» y 2001 poui BCTaHOBUB CyO’€KTH, SIKi
MaloTh MPaBO iX PoO3poONATH cTaHmapTu opranizanii. OXHUM 3 TPUKIAAIB CTaHIAApTH3AIlIl B
oprasizaiisix, 3 JOCTaTHbOIO MPAKTUKOIO BUKOPUCTAHHS, € TaJly3€Bl CUCTEMH CTaHAapTH3aLli. 3acaau
rajgy3eBUX CHUCTEM CTaHJapTu3auii B YKpaiHi cTBOpeHO B MiHIpoMIoniTUKu YKpainu, MiHiCTepCTBi
arpapHoi MOJITUKM YKpaiHu, MiHICTepCTBl 3 MHUTaHb KUTIOBO-KOMYHAJIbHOTO TOCHOJApCTBA
VYkpainu, HanionanpHOMY aepOKOCMIYHOMY areHTCTB1 YKpaiHu, MiHICTEpPCTBI TPAHCIIOPTY YKpaiHU
toio. Crig BIA3HAYUTH, 110 aHAJ13 OCHOBOIIOJIOXKHUX CTAaHAApPTIB rajJy3eBUX CUCTEM CTaHAapTU3allil
MOKa3aB: BOHU MICTSTh IOJIOKEHHSI LI0JI0 YCTaJ€HOI HNPAaKTHUKH PO3pOOJIEHHS, BUKJAJECHHS Ta
BIPOBA/KCHHS CTAHIapTIB AyOJIFOI0YH MTOJIOKEHHS HAI[IOHATBLHOI CUCTEMHU CTaHAapTU3allii; BIJICYTHI
HAayKOBO-METOJMYHI 3acaJyl PO3BUTKY CTaHAApTHU3alli B ramy3sx.

Ha namy aymky, cuctema cTaHjgapTu3allii B opraHi3aiii MOBHHHA: 1. Maru CTPyKTypy, TOOTO
CKJIAJIATHCS 3 YIMOPSAKOBAHOT MHOKMHHU CKJIaJIOBHX €JIEMEHTIB; 2. OyTH IIJTICHOIO, TOOTO €IeMEHTH
MOBUHHI OyTH B3a€MOIIOB’s13aHi; 3. MaTU BHU3HA4YEHI MEXI CUCTEMH, II0O BCTAHOBUTU 30BHIIIHI
¢daxropu; 4. OyTH B ckiaal OUIBIIOI CUCTEMU; 5. BOJIOAITH HAOOpoM (GYHKLIN 3 YITKOIO L1JIBOBOIO
HACTPOIKO10; 6. BOJOJITH KUTTE3NATHICTIO 1 BIACTUBOCTSIMU CaMOPO3BUTKY.

[IponioHyeMo HacTynHy HpoLEnypy MPOEKTyBaHHSA CHUCTEMHU CTaHAApTH3allli B OpraHi3alisxX Ha
OCHOBI CHCTEMHOTIO MIJIXOAY Ta TE€Opisi CUCTEMHOI'O CUHTE3Y CTPYKTYPp:

1. ®opMmyBaHHS CUCTEMHOI MOJIENI
. Buznauenns minei 1 3aBnasb
. Po3poOka kputepiiB pe3yabTaTUBHOCTI Ta €(hEKTUBHOCTI
. BuznauenHns B3aemoJii i3 cepenoBUILEM
. AHani3 CTpyKTypH 1 pO3MOAUICHHS 3aBJaHb 110 €JIEeMEHTaM CTPYKTYpHU
. Buznauenns ¢yHkuiil cucremu 1 ii eJ1€MEHTIB
. CuHTe3 3aBAaHb 1 BUSHAUEHHS (QYHKI[IH cCUCTEMHU
. Po3nonin ¢yHKUil 1 BUBHAYEHHS CTPYKTYpH

9. BusHaueHHs aNropUTMIB, MPOIECIB 1 MPOLEAYP B CUCTEMI

10. OuiHka pe3yabTaTUBHOCTI Ta €(EKTUBHOCTI

11. Onuc cucremu (miacucreM, €JIE€MEHTIB, 3B 43KiB, IPOLIECIB, POLEAYp 1 1H.)

12. 3axonu 1o BOPOBAIKEHHIO CUCTEMU

13. 3axonu BOOCKOHAJIEHHS Ta PO3BUTKY CUCTEMHU

3anporoHoOBaHa MpoIeAypa MPOSKTYBAaHHS € YHIBEpPCaJIbHOIO, ajie c(hOpMOBaHI B opraHizaimii
CUCTEMHU OyIyTh YHIKaJIbHUMH Ta aJI€KBaTHUMHU JIO0 iX MOTPEO.

o0 O D B~ WD

1. Cucmemnwiii ananuz u npunsamue pewernuti. Cnosapo-cnpasounuk: Yueb. nocodue 015 8y306/I100 peo.
B.H. Bonxosou, B.H. Koznosa. — M.: Beicui.wk., 2004 — 616 c: un.

2. Cucmemnvrii ananus 6 ynpaeienuu: / B.C. Augpunamos, A.A. Emenvsanos, A.A. Kyxywxun,; I100 peo.
A.A. Emenvanosa. - M.: @Qunaucer u cmamucmura, 2002. — 368 c: un.

35



Cekuin 1. MeTponoris, sikicTb, CTaHO4apTU3aLisa Ta cepTudikaLis

VJIK 378

3ACTOCYBAHHA METOIIB YIIPABJIHHSA PUSUKAMU
B IISAJIbHOCTI OPTAHI3AIIINA

© Anna I'yuokano, 2019

Hamionansauii yHiBepcuteT “JIbBiBChbKa momiTexHika” (JIbBiB, Ykpaina), noneHT kadeapu iHdpopMamiiHo-
BUMIPIOBAJIBHUX TEXHOJOTIH, K.T.H., AoueHT, alla.v.hunkalo@lpnu.ua

Jlnst opraHizaniii, Skl MpaloTh B yMOBaX HEBU3HAYEHOCT], aKTyaJbHUM € OL[IHIOBAaHHS BILJIUBY
11€1 HEBU3HAYEHOCTI Ha pe3yibTaTu JisibHOCTI. [IpakTuky 3 6ararbox KpaiH CBITY, SIKI yBIMIUIM B
CKJIaJ] MDDKHApO/IHOI oprasizauii 31 cranaaprusanii ISO, pekoMeHIyI0Th BUKOPUCTOBYBAaTH PU3UK-
OpIEHTOBAHMU MiAXiJ B yHpPaBIiHHI SKICTIO 3aJJIs1 JOCATHEHHS CTajoro ycmixy. ToOTo BU3HaYaTH
YUHHUKH, K1 MOXYTh CHPUYUHSATH BIJXWUJIEHHS MIPOIECIB 1 CUCTEMHU YIPABIIHHS SKICTIO BiJ
3aIJIaHOBAHMX pe3Y/bTaTiB, OI[IHIOBAaTH BIUIMB HEBU3HAYEHOCTEW Ha pe3yJabTaTH AISIBHOCTI Ta Ha
3[1aTHICTH 3a0€3MEeYUTH JAOCITHEHHS! BCTAHOBJIEHUX L1JIEH.

VYrpaBisTH pU3UKaMHU MOXHa 3a jaonomoro Binomoro nukiny PDCA, peanizyroun HacTyImHi
eTanu:

— 11eHTH(IKYBaHHS PU3UKIB 1 MOXKJIHUBOCTE;

— OIIHIOBAaHHS PHU3HKIB 1 MOXJIMBOCTEH;

— aHaji3yBaHHS 1 PO3MOALN 3a MPIOPUTETHICTIO PU3UKIB 1 MOXJIMBOCTEHW (MPUHHATHHUX 1
HEMPUNHATHHX);

IUIaHYBaHHS 3aXO0JlIB 110/10 YNPAaBIIHHS PU3SUKAMU;

peanizauis MiaHy aii;

OL[IHIOBAHHS PE3yJAbTaTUBHOCTI BXKUTHUX /il Ta MOBTOPHE OLIHIOBAHHS PU3HKIB;
BJIOCKOHAJIEHHS IIPOLIECIB — MOCTINHE MOJIMILIEHHS.

€ pi3HI ciocoOu yHpaBIiHHSA PU3UKAMU:

MOPIBHSUIbHI, 1€ BUKOPUCTOBYIOTHCS, HAIIPUKJIAJ, B1JIOMOCTI MEPEBIPOK, AaHl eKCITyaTamii
oOnagHaHHS TOIIO;

— (QyHIaMeHTalbHi, /16 BUKOPUCTOBY€ETHCS MPOTHO3YBaHHS Ta 3HaHHA (¢axiBuiB. Hampuknan,
meton HAZOP — nocnimxeHHss HeOesneku 1 mos's3aHoi 3 Hewo mpobiemu, meroq FMEA —
aHaJli3yBaHHS BUJIB 1 HACIIAKIB BiJIMOB;

— JIOT14HI JllarpaMy MOXKJIMBUX HACI1JKIB MEBHUX IMOAIM (JIOT14HI JiarpaMu «JiepeBa MoAiii»);

— eKCHepTHi, Hanpukiaaa meton Jendi, skuil HalOIbII AOUUIBHUHN JJIsI OLIIHIOBAHHS OKPEMUX
PH3UKIB 1 MPOEKTY 3arajaoM, TOOTO OLIHIOBaHHS MMOBIPHOCTI HACTAHHS PU3UKOBUX MO1H, BEJIMUUHI
BTpaT TOUIO.

AHani3youu METOIu OLIIHIOBAHHS PU3MKIB, 110 onucaHi B ctanaaprax [SO cepii 31000, moxxna
BUAUIMTHU TaKl, [0 Jal0Th MOKJIHUBICTH:

— BpaxoBYBaTH HE TUIbKM HEraTHBH1 BIUIMBM Ha pe3yJbTaTH MISJIBHOCTI, @ W MO3UTHBHI
(MOXXJIMBOCTI1) — AEPEBO PIllIEHb, TAJICTYK-METENUK, 1HICKCH PU3HKY, aHal13 e(EKTUBHOCTI BUTPAT,
MYJIbTUKpUTEpIabHUM aHalI3 PIllIECHb;

— 3aCTOCOBYBaTH METOAM [JIsl PI3HUX KaTeropil pu3uKiB (TEXHIYHUX, EKOHOMIYHHX,
1HpopMalIMHUX TOWIO) — aHali3 MPUYUH 1 HACHIIJKIB, TaJICTYK-METEJIUK, 1HJAEKCH DPU3HUKY,
MYJIbTUKPUTEpIaIbHUM aHaII3 PIlICHb.

Cnin BpaxoByBaTH, II0 METOJAU MICTATh PI3HUM piBEHb CyOEKTHMBHOCTI, a BIAMOBIIHO 1 PI3HUMN
BIUIMB Ha pe3yJIbTaTH oliHOBaHHs. Hanpukian, nepeBo pilieHb — He3HaUHUM BIUIMB; aHAJI3 PUYUH
1 HaCIKIB Ta aHali3 €()eKTUBHOCTI BUTPAT — MOMIPHUI; aHaJII3 TaJICTYK-METENHK, 1HIEKCH PU3HKY,
MYJIBTUKpUTEpIaIbHUM aHaNi3 PillleHb — CUIIbHUM.
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UDC 658.562

EVALUATION OF THE INSTANTANEOUS POWER MEASUREMENT UNCERTAINTY
IN A SYSTEM FOR NON-DESTRUCTIVE BEARING DIAGNOSTIC

© Ariel Dzwonkowski, 2019

Gdansk University of Technology, Poland, assistant professor, Ph.D., lecturer,
ariel.dzwonkowski@pg.edu.pl

One of the key issues in the process of supervising the operation of induction motors is their
reliability. Based on statistical data, it can be concluded that damages of bearings are the most
frequent cause of failure of this type of machinery.

Nowadays, non-invasive measurement methods are used for the rolling bearings diagnostics in
induction motors. In the method used to diagnose the bearings, the research is based on the
calculation of the product of instantaneous values of current and voltage, then a spectral analysis
of the obtained signal and determination of characteristic frequencies for damage, for later
identification in the instantaneous power spectrum [1]. The characteristic frequencies of failures
are calculated on the basis of information on the structure and geometry of the bearing as well as
the rotational speed, using the formulas known from the literature [2]. These components can be
used as a diagnostic indicator, on the basis of which it will be possible to assess the technical
condition of bearings in induction motors. In the present method, diagnostic measurements are
carried out by taking the signal, which is a measure of the voltage and current supply.

According to the guidelines of modern metrology, it is necessary to determine what measurement
uncertainty can be expected by measuring physical quantities under specific conditions [3-5]. The
aim of the metrological analysis of the system for non-invasive bearing diagnostics based on
measurements and analysis of the instantaneous power signal was to estimate the value of
measurement uncertainty during the bearing tests presented by the method.

To estimate the uncertainty of instantaneous power measurement it is necessary to determine
three parameters: the variance of the current measurement, the variance of the voltage measurement
and the correlation coefficient between current and voltage.

Based on the calculations, it can be concluded that the values of random component, related to
the uncertainty determined by the Type A method and systematic, calculated by the Type B method
are similar. The result of the instantaneous power measurement for the motor with the damaged
outer race of the bearing at a voltage of 224.1 V and the current value of 1.97 A can be represented
as: p = (441.5 £ 19.2) VA. Although the uncertainty of instantaneous power measurement amounts
to several percent of the measured value, the estimated measurement uncertainty does not prevent
the presented system from being used for non-destructive diagnostics of rolling bearings.

1. Dzwonkowski A.: Metoda diagnostyki lozysk na podstawie analizy przebiegow prqdu I napiecia
zasilajqcego silnik indukcyjny. Politechnika Gdanska: Wydawnictwo Politechniki Gdanskiej, 2018, 105 s.,
ISBN 978-83-7348-726-0

2. Martinez-Morales J. D, Palacios E., Campos-Delgado D. U.: Data fusion for multiple mechanical
fault diagnosis in induction motors at variable operating conditions, 7th International Conference on
Electrical Engineering, Computing Science and Automatic Control (CCE 2010) Tuxtla Gutiérrez, Chiapas,
Meéxico. September 8-10, 2010.

3. Evaluation of measurement data — Guide to the expression of uncertainty in measurement - JCGM
100:2008, GUM 1995 with minor corrections, First edition, September 2008

4. Tomasevi¢ N., Tomasevi¢ M., Stanivuk T.: Regression analysis and approximation by means of Chebyshev
polynomial, Informatologia 42, 2009., 3, 166-17

5. Golijanek-Jedrzejczyk A., Swisulski D., Hanus R., Zych M., Petryka L.: Uncertainty of the liquid mass
flow measurement using the orifice plate, Flow Measurement, and Instrumentation, vol. 62, (2018), s.84-92.
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INTEGRATION OF THE QUALITY MANAGEMENT AND THE ENVIRONMENTAL
MANAGEMENT SUBSYSTEMS INTO THE GENERAL MANAGEMENT SYSTEM OF
THE NATIONAL UNIVERSITY OF PHARMACY

© Viktoria Zhurenko, 2019

National University of Pharmacy (Kharkiv, Ukraine), Assistant, zhur@nuph.edu.ua

In the process of globalization of the world economy and European integration of Ukraine, it is
necessary to apply international standards, technical regulations, conformity assessment, and market
surveillance procedures to remove barriers to the exchange of goods and services, to improve the
quality and competitiveness of enterprises.

In Ukraine, there is a legal basis for the introduction of international standards, in particular,
from January 01, 2016, some European and international standards are used in Ukraine instead of
national standards, forcing companies and organizations to revise management strategies and focus
on continuous quality improvement, implementation of stakeholder requirements, environmental
protection and sustainable development.

Active introduction of international standards ISO create conditions for the implementation of
Integrated Management Systems (IMS), which function in the organization as a whole, meet two
or more international standards for management systems and target different stakeholders.

The organizational and methodological basis for the construction of ICS is the international
standards of the IMS 9000 series, which formulate the basic concepts and principles that are most
consistent with the concepts and principles of general management, and therefore extremely required
[1]. The most common practice is to develop an IMS that integrates quality management systems
(QMS) based on the requirements of ISO 9001 and the environmental management system (EMS)
based on the requirements of ISO 14001.

The main advantage of the new versions of ISO 9001 and ISO 14001 is that the same requirements
are set out in similar clauses in both standards, thanks to the introduction of the ISO standard for
the development of standards with the same high-level structure (HLS).

There are quite a few common requirements of ISO 9001:2015 and ISO 14001:2015 that can
be met through minor adaptation through a single process or a document [2]-[3]. The general
requirements of ISO 9001:2015 and ISO 14001:2015 apply to the context of the organization,;
leadership; goals; risks and opportunities; support; staff evaluation; improvements. The ISO 9001:
2015 standard places particular demands on quality and customer satisfaction policies. In turn,
ISO 14001: 2015 puts some requirements into environmental policy; monitoring of environmental
aspects of the institution; compliance with the environmental commitments made by the organization;
emergency preparedness and response.

The analysis of information from open sources, the official site of NUPh provides sufficient
reason to conclude that a large number of environmental issues are addressed by the university in
its activities. At this stage, it may be advisable to conduct an environmental audit and update the
systematic components of the University's environmental management, in particular, the development
of a regulatory document "Environmental Policy of NUPh".

The environmental policy requirements are outlined in the International Standard for Environmental
Management Systems ISO 14001, in particular, paragraph 5.2 states the following: “Top management
must establish, implement and maintain an environmental policy that is within the scope of the
environmental management system:

a) be consistent with the objectives and context of the organization, including the nature, scale
and environmental impact of its activities, products, and services;

b) provide a basis for setting environmental goals;
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c¢) includes commitments to protect the environment, including pollution prevention and other
specific commitments that are important in terms of the context of the organization.”

A certified QMS has been implemented in NUPh, which was developed in accordance with the
requirements of DSTU 9001:2009 and introduced in 2015. NUPh recertification audit of the requi-
rements of the international standard ISO 9001:2015 (DSTU ISO 9001:2015) was held in April 2018.

Based on the fact that NUPh has already developed, implemented and certified QMS that meets
the requirements of DSTU ISO 9001: 2015, it is advisable to consider the standard as a basic and
apply an additive approach to integrate EMS in accordance with the requirements of ISO 14001,
and to supplement other systems management.

Integration can occur by incorporating the University's environmental policy requirements into
the existing quality and sustainable development policies or other priority areas of the University's
activities. A list of steps and requirements that must be fulfilled for successful certification for ISO
9001 and ISO 14001 standards are provided in the White Paper methodical guide “How to integrate
2015 revisions of ISO 9001 and ISO 14001~ [4].

In its activities, NUPh applies a process approach to governance. The NUPh management has
identified the appropriate processes, developed the process tree of the QMS, established the
relationship between the processes and ensured their management, as well as the conditions for
their continuous improvement and improvement of the performance indicators. Based on the analysis
of the NUPh QMS process model and in order to comply with the requirements of ISO 14001 on
environmental aspects of the NUPh activities, it is proposed to introduce an environmental monitoring
process aimed at monitoring and assessing the environmental impact of the NUPh activities. This
process involves decomposition into two sub-processes: “Identification and Ranking of Environmental
Aspects” and “Emergency Preparedness and Response™.

Summarizing the above, it is important to emphasize that the integration of QMS and EMS into
the overall NUPh management system will provide:

— implementation of the NUPh Environmental Policy;

— integration of the EMS into the existing QMS, management procedures and the overall
management system of the university, which will give grounds for an organic integration of the
goals of quality and ecology, sustainable development of the university

— EMS certification in accordance with the requirements of ISO 14001: 2015;

— use of a process approach and risk-oriented thinking; identifying the leadership of relevant
leaders in their areas of responsibility; encouraging staff to take an active role in the NUPh's
environmental and sustainability commitments;

— enhancing NUPh's image and business reputation, stakeholder loyalty and enhancing NUPh's
long-term competitiveness at different levels of perception.

Therefore, it can be argued that the integration of QMS and EMS into the overall NUPh
management system will contribute to the achievement of NUPh's strategic goals.

1. Quality management systems. Terms and Glossary (ISO 9000:2015, IDT): ACTY ISO 9000:2015.
[Replacing JICTY ISO 9000:2007,; Valid from 2016-07-01]. — K.: State Enterprise "UkrNDNC", 2016.
44 p. — (National Standard of Ukraine).

2. Quality management systems. Requirements (ISO 9001: 2015, IDT): ACTY ISO 9001: 2015.
[Replacing JICTY ISO 9001:2009; effective 2016-07-01]. — K..: State Enterprise “UkrNDNC”, 2016.
24 p. — (National Standard of Ukraine).

3. Environmental management systems. Application Requirements and Guidelines (ISO 14001: 2015,
IDT): JICTY ISO 14001:2015 [Replacing JACTY ISO 14001:2015; Valid from 2016-07-01]. — K.: State
Enterprise " UkrNDNC ", 2016. — 30 p. — (National Standard of Ukraine).

4. White paper «How to integrate 2015 revisions of I1SO 9001 and ISO 14001» [Electronic resource]
Access mode: hitp.//info.advisera.com
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IIJISIXWA PEAJIIBALIT ITPOCTEXKYBAHOCTI BUMIPIOBAHb ITIOBEPXHEBOI
I'VCTUHM TEIIJIOBOI'O NIOTOKY

© Csimnana Kosmyn, 2019

[HCTHTYT TexHiuHOT Temnodizuku HamionansHoi akagemii Hayk YkpaiHu; A.T.H., KovtunSI@nas.gov.ua

[IpenmetHi cdepu BUKOPUCTAHHS BHUMIPIOBaHb IMOBEPXHEBOI I'YCTUHHU TEIJIOBOrO IMOTOKY
JIOCTaTHRO PI3HOMAaHITHI. 30KpeMa, y OymiBesbHIN Tamy3i 3a iX JOMOMOTO MPOBOIASTH KOHTPOJb
AKOCTI OyIiBEJIbHUX MaTepiasliB; KOHTPOJIb JOKaJbHUX Ta TPAHCMICIMHUX TEIIOBTPAT OTrOpOJI-
KYBaJIbHUX KOHCTPYKIIi} Oy/iBesb, B MEIULIMHI — JIaTHOCTUKY P13HUX 3aXBOPIOBAHb y TPABMATOJOr,
OHKOJIOT'1i, TOIlO; BU3HAYEHHS TEIUIOBOrO KOM(OPTYy TijIa B MEBHOMY IOJOXKEHHI Ta CHUTYyallii; B
KOCMIUHHX JTOCIIKEHHSAX BU3HAYAIOTh TEIUIOBUI CTaH 00’€KTIB; B TEIJIOEHEPreTHLl — KOHTPOJb
JIOKaJIbHUX TEIUIOBTPAT Ta BU3HAUEHHS SIKOCTI1 TEII0130J14L11 TPYOOIpOBOiB, KOHTPOJIb IHTETPAIbHUX
TEIUIOBTpAaT 00'€KTIB €HEpPreTHUKHU IijJ Yac eKcIuryartauii Ta iHme. J[ng peanizauii BUMIpIOBAHb
3aCTOCOBYIOTH SIK KOHTAKTHI CEHCOPH TEIIOBOI'O MTOTOKY, TaK 1 MpHiiMayl TEMI0BOI0 BUIPOMIHIOBAHHS.

s meTposioriyHoro 3a0e3rnedeHHs npuiiMayiB TerioBoro BunpomineHHs B HHII «IHcTutyT
MeTponorii» (M. XapkiB) cTBopeHO Jlep>kaBHUW €TajJOH OJMHHUIIl €HEPTeTHUYHOI OCBITICHOCTI
HekorepeHTHUM BunpomineHHsM JJETY 11-01-96, npuznaueHuil A BIATBOPEHHS Ta MEepeJaBaHHs
OJMHUIII TYCTHHHU MTOTOKY ONITHYHOTO BUIpOMiHeHHs B aiamaszoHi (10 ... 105) Br/m?. Kani6pyBanus
pobounx 3aco0iB BUMIPIOBAJIIBHOI TEXHIKH BiJJOyBa€ThCS HA BTOPUHHOMY €TaJIOHI, B SIKOMY 3HaY€HHS
OJIMHUIII BUMIPIOBaHHS BIATBOPIOEThCS B nmiana3oHi (400 ... 1360) Bt/m?. Kpim Toro, ocobmuBocTi
KOHCTPYKIi BKa3aHUX €TaJOHIB HE J03BOJISIIOTH NMPOBOJUTU KayliOpyBaHHS 3ac001B BUMIPIOBaHHS,
SIK1 MAIOTh PO3MIp BX1HOI aiadparmMu Ouibine 8 MM, 0 0OMEXY€E 3aCTOCYBaHHS 3HAYHOI KIJIBKOCTI
IpuiiMadiB TEIJIOBOTO BUIPOMIHIOBAHHS, Ta YHEMOXKJIMBIIIOIOTH KaJliOpyBaHHSA KOHTaKTHUX 3ac001B
BUMIPIOBAHHS.

Jlnst koHTakTHUX 3ac00iB BuMipioBaHHs B [TT® HAH Vkpainu cTBOpeHO €TajoHHY YCTaHOBKY
VYBT-1, sika npu3HaueHa ISl TOCHIIKEHHS METPOJIOTIYHUX XapaKTEPUCTUK CEHCOPIB TETIOBOTO
notoky B mianmasoni (100 ...20 000) Br/m>.

Canin BIAMITHTH, 1O B CHJIy BIJMIHHOCTI ciocoOy BIATBOpPEHHs TemioBoi eHeprii B YBT-1 Ta B
JETY, ixHe 3BipeHHs Hapa3l HeMoOxJuBe. Bce 11e He crpuse €JHOCTI BUMIPIOBaHb IMOBEPXHEBOI
I'YCTHUHM TEIIOBOTO MOTOKY B KpaiHi.

BaxnuBum acrnexkTtoMm 3a0e3nedeHHs] €IHOCTI BHUMIpPIOBAaHb MOBEPXHEBOI I'yCTUHHM TEIJIOBOTO
MOTOKY € MPOCTEXKYBAHICTh PE3yJbTAaTiB BUMIPIOBaHHSA 10 MiXHapOAHOT CUCTEMHU OJMHUIb, adu
BUMIPIOBAHHS Y BCbOMY CBIT1 Oyl CyMICHUMH.

MeTposoriuHa NpoCcTeXyBaHICTh — 1€ BJIACTUBICTh PE3yJIbTaTy BUMIPIOBaHb, siKa MOJISATaE y TOMY,
110 LeH pe3ysbTaT Mae OyTH MOB'sI3aHUN 3 €TaJTOHOM Yepe3 JOKYMEHTaJIbHO MIATBEPAKEHUN JaHIIOT
KaJiOpyBaHHS, KOKHE 3 SKHUX POOUTH CBil BHECOK Y HEBU3HAUEHICTh BUMIPIOBAHHS.

BigMiHHOIO 0COONMBICTIO €TajlOHYBaHHS MOBEPXHEBOI I'YCTHMHHU TEIJIOBOI'O MOTOKY € T€, L0
OJIMHUII BUMIPIOBAHHS € HEMAaTepiaJbHOK MIPOI0 1 peasi3yloThCsl Yy BUIVIAAL MOTOKY TEIJIOBOL
€HEprii JIMIlle HAa MOMEHT MPOBEJEHHS €KCIEPUMEHTY.

BpaxoByroun MOXxIuBI crocoOM OfepaHHS OJUHHUILI BUMIPIOBaHHS MOBEPXHEBOI I'yCTHUHHU
TEIJIOBOTO TOTOKY € JIBa CIIOCOOM peasi3allii MpOoCTeKyBaHOCTI Pe3ylbTaTiB BUMIPIOBAHHS:

— MO€JIEMEHTHA NMPOCTEKYBAHICTh JO OCHOBHUX OJUHUIL (13UUHUX BEJIMYUH S, 1110 OAepKYIOThCS
NPSMUMU BUMIPIOBAaHHSIMHU Ta 3a pe3yJIbTaTaMU IKUX PO3PaxOBYIOThCSI 3HAUEHHSI T'YCTUHU TEIIOBOTO
MIOTOKY Ta OI[IHKH 1X HEBU3HAYEHOCTI;

— IPOCTEKYBAHICTh O HALIOHAJIBHOTO €TaJIOHy €HEPreTUYHOI OCBITIIEHOCTI HEKOT€PEHTHUM
BUIPOMIHEHHSIM 32 JJOTIOMOI'0I0 METOAY 3BIPEHHS.
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[ToenemeHTHa TMPOCTEXKYBAHICTh B MPAKTHYHIN peaizaiii BCTAHOBIIOETHCS BIAMOBIIHO 10
MIPOCTEKYBAHOCTI BEJIMYKH, 1110 BXOJATh /10 PIBHSAHHS ONOCEPEIKOBAHUX BHUMIPIOBAHb TOBEPXHEBOT
IYCTHHH TEIJIOBOTO MOTOKY. [Ipu 1iboMy BBa)KarOTh, 1110 aHAJIITUYHA MOJIENIb €TaJOHY TOBEPXHEBOT
IYCTHUHM TEIUIOBOTO MOTOKY € BCEOCSHKHOIO 1 BpaxoBye Bci ()aKTOpH, 110 BIUIMBAIOTh Ha HEBU3HA-
YEHICTh Pe3yJbTaTy BUMIPIOBAaHHS, 30KpeMa, TakuX (aKkTopiB K MapaMeTpu CUCTEMHU (HOPMYBAHHS
MIOTOKY TEIJIOBO1 €Heprii, CTa0lIbHICTh NIATPUMAHHS TPAHUYHUX YMOB BUMIPIOBaHHS, 0COOJIMUBOCTI
pO3TaIIyBaHHS JOCHTIIHKYBAaHOTO 3aC00y y BUMIPIOBAILHOMY JIAHITIO31.

[ToeneMeHTHAa MPOCTEkKYBAHICTh PE3YJbTAaTiB BUMIPIOBaHHS MOBEPXHEBOI I'YCTUHHM TEIJIOBOTO
MOTOKY B MpEACTaBiIcHI poOOTI peanizoBana s dactuuu maiamasony (10...2000) Bt/m?, B skiii
BIITBOPEHHSI MOBEPXHEBOI I'YCTUHHU TEIJIOBOTO MOTOKY 3A1MCHEHO KOHAYKTUBHUM MeToAoM. Jlist
BOTO TMPOBEACHO KaliOpyBaHHS MPUIIAIB Ta 3ac001B, K1 3aCTOCOBaHI Il BU3HAYCHHS (DI3MYIHUX
BEJIMYMH, [0 BXOSITH /10 PIBHSAHHS BUMIPIOBaHHS. 3a iXHBOIO JIOMTOMOTOIO 3/11HICHIOBABCSI KOHTPOJIb
F€OMETPUYHUX MapaMeTpiB CUCTEMHU, BU3HAUEHHS BX1JHUX BEJIMYHUH Ta BUMIPIOBAHHS BUXITHUX
CUTHAJIB.

[IpocTexyBaHICTh pe3yiabTaTiB BUMIPIOBaHHS 3a pajlialiiiHOro crnocody (GopMyBaHHS TEIIOBOL
eHeprii Mae 31MCHIOBATUCS J0 HAI[IOHAJIBHOTO €TAJIOHY OJAMHUII BUMIPIOBAHO! BEJIMYMHH, & came
1o JlepxaBHOTrO €TajOHY €HEPreTUYHOI OCBITIIEHOCTI HEKOT€PEHTHUM BUIIPOMIHEHHSIM.

Jlns peanizanii Takoi IPOCTEXKYBAaHOCTI 3alPOIIOHOBAHO 1l€papXiyHy CXeMy, L0 MOXe OyTH
3aCTOCOBaHa MpH KaliOpyBaHHI Ta MOBIpIi 3ac001B BUMIPIOBaHHS MOBEPXHEBOI T'YCTHUHH MOTOKY
TEIJIOBOTO, SIKI BUKOPHUCTOBYIOThCSA B YKpaiHi.

Bepxnii piBensr miei cxemu Bigeneno JETY 11-01-96. Ha apyruii piBeHb MOCTaBICHO
po3pobuiennii B ITT® HAH Vkpainu etanon noBepXxHeBOi I'yCTUHU TEILIOBOTO MOTOKY 32 MOJYJIbHUM
OPUHIMIIOM, 3 Jialla30HOM BiJTBOPIOBAHMX 3HAUYCHb OJMHHUII BUMIiptoBaHHs Bix 1 Bt/M? 1o
200 000 Bt/m? TpeTiii piBeHb i€papXiduHOi CXeMH BiJBEACHO POOOYMM €TalOHAM: €TaJOHHHM
CEHCOopaM TEIUIOBOI'0 MOTOKY, TpHiiMadaM TEJIOBOTO BUIIPOMIHIOBAHHS 1 €TAIOHHUM TEINIOMETPUIHUM
yCTaHOBKaM, YeTBEPTUN — poO0OUrM 3aco0aM BUMIPIOBAaHHS: pUiiMayaM TEIJIOBOTO BUIIPOMIHIOBAHHS,
CEHCOpaM TEIUIOBOTO MOTOKY i CMCTeMaM Ha iX OCHOBI.
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VK 2:004.056.53, 351.743, 55.351.5
METO/J PAHXKUPYBAHHSA 3A B3IPLSAMU

© IOpii Kosnos, 2019

XapKiBChKUH HaLlIOHATBHUI yHIBEpCUTET pagioeNeKTpoHiku (M. XapkiB, YKpaiHa), TOLEHT Kadeapu MeTposorii
Ta TEXHIYHOI €KCIEPTHU3H, KAaHAUJAT TEXHIYHUX HayK, NOUEHT yurii.kozlov@nure.ua

SIkicHe BUpILIEHHS MUTaHb NPUNHATTA PIIIEHb CKJIAAa€e MpoodaeMy s MIAIPUEMCTB, YCTAHOB 1
3aKJajiB PI3HUX MpEeAMETHUX raixy3eid. Bupimutu 1o npobdieMy MOXHa TIJIBKH 13 3aCTOCYBaHHSIM
CUCTEeMU MIATpUMKH NpuiHATTA pimieHs (CIIIIP), po3pobieHoi 3acodamu cyyacHux iHGopMaLiiiHuX
texHonoriii. Ha puc. 1 naBeneno (DFD-mozens cucremMu miATPUMKH OPUNAHATTS pimieHb [1] B
notanii I'eiina-Cepcona (Gane-Sarson).

JTxepena iHbopmarii

mono 00’eKTIE MOPIBHAHHA

K . | Karteropii 06°ektie | Jani
pEcIyssn ‘nop'mmm \l/ ’06=€K1'i3 nOpiBHﬂHHﬁ

. Cucrema _ "\  Iporosnui mono
MATPHMKM MTPUHHATIA 00’eKTIB MOPIBHAHHA
KagpOBMX PileHb
. \___IlporpamHuit Bupi -
HaHi I Perp 3Hal:-tpr[-§:6npo Ocoba, mo rpuiimae
° i MpeaMeTHY ranysb PIIICHHA

D2 Baza manux

00°€KTIE MOPIBHAHHA AnMIHICTpaTOp
Tasi T T Moneni
00’€KTIE MOPIBHAHHA 00°eKTiB MTOPIBHAHHA
D1 Baza 3uaus
MpeaMEeTHOI ranyst

Puc. 1. Konmekcmna Oiacpama nomoxie 0anux cucmemu RiOMPUMKU NPULIHAMMS PilieHb

3acTOCYBaHHSI CHUCTEMH HIATPUMKU HPUHHATTS pilleHb nependadyae BUKOHAHHS HHU3KH
B3a€EMOIIOB’ I3aHUX MPOILEAYP, BUKOHYBAaHUX Y JOBUIbHINA MOCHIAOBHOCTI.

KopucrtyBaui 1 agminicTparop 3a0e3medyioTh 30MpaHHs, BBEIACHHS Ta HAKOMUYEHHS TaHUX
00’extiB nopiBHAHHA (OIl) BU3HaueHux kareropidt y 0as3i gaHUX, pO3pOOJAIOTH/ KOPUTYIOThH (i3
3aJly4eHHSM €KCIEpTiB) Ta HAKOMHUUYyIOTh y 0a3i 3HaHb iX 1HQopMmauiiHi moaeni. O3Haku mMojeneit
1uist KoHKpeTHUX OIl OliHIOITh eKCIIEPTHUM METOAOM MPUIHMCYBaHHS OalliB 1 HAKOMUYYIOTh y 06a3i
nanux. Pesynpratu ormiHioBaHHs o3Hak OIl obpobnstoteea CIIIP: ¢popmyroThes mpono3uiii, ski
MOJIal0Th 0c001, 1110 NpuiiMae pileHHsA. Y OUIBIIOCTI 3aCTOCYBaHb CUCTEMA MIJATPUMKHU MPUHHSITTS
pllIEHb HAJA€ PEUTHUHTOBUN CIUCOK 00’ €KTIB MOPIBHSIHHS.

PeliTuHroBuil paH>XxupyBaHUM CIHCOK MOXHa (OpPMYBaTHU JBOMAa METOAAMHU.

[Tepmnit nependavyae mopiBHsHHA oiHeHOTO cTany OII (abo omHi€T 3 1OTO CKIIAIOBUX CTaHY) 3
BI/IMOB1IHUM BCTaHOBJIEHUM B3ipieM. CyTHICTh LILOTO METO/Y IOJIATAa€ B TOMY, III0 IPyIa eKCIEPTiB
oriHtoe Hamepes 3anani o3naku Oll, moxani y Burmisaai indopmariiinoi Mmoaeni [2]. 3Ha4eHHS OLITHOK
O3HaK Yy MOPSAAKOBINA YOTHUPUOAJIBHIN 1IKAJl YCEPEIHIOIOTh 32 €KCIIepTaMu, PE3yIbTaTH HOPIBHIOIOTh
13 B3ipuem (OII, Bci 03HaKH SIKOTO TOPIBHIOIOTH I1°ITH 3@ YOTUPUOAIbHOIO IKAJIOK0) 3 BUKOPUCTAHHIM
Mo (iKOBaHOTO KoedilieHTa KOHKopaauii [3].
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Jpyruii, yMOBHO Ka)XXy4H, 3a B3IpLSIMU peaji3yeTbcd y Takuil crociO: BU3HAYAIOTh Kpalluil 3a
pe3ynbTatoM (BUMIPIOBAHOKO O3HAKOK) 00’€KT-B3ipellh — Ma€ MICIIE€ aHAJIOTisA 3 MOBIPOYHOIO
(kanmiOpyBaIbHOIO) CXEMOIO 3 TaTy31 METPOJIOTT 11 MyJIbTUMETPIB — MOBIPKA BUKOHYETHCS PO3AIBHO
3a KO)KHUM 13 BHMIPIOBAaHUX O3HAK, METOJl MOBIpKH — Oe3mocepenHe 3BipeHHs [4]; mpukian
BU3HAUECHHS PEUTHHIY BUKJIAJauiB 3aKJIa/ly BUIIOI OCBITH BUKOPUCTAHHSAM TaOJIMYHOTO Mpolecopa
MS Excel naBeaeno B Tabiu. 1, 3MicT AKOi MOSCHEHb HE MOTpeOyeE.

Tabnuysa 1
Peitmunz suxknaoauie xageopu (npuxnad)
= Haywosa pobora Pau- 3aranpHUl £
o | Inmomamii . . . IIpanesrparu . <
= CTaTTI TE3U MOCIOHUKH Bunaxin pEHUTHHT A
o Bi I<i Bi I<i Bi I<i Bi I<i Bi I<i Di I<i RY‘i Kyi ri
AJl1]1025(2]105 | 21029 0 1,00 | 2 | 1,00 0 1,00 3,04 | 0,83 3
b 12]05]2]050]5]0,71 2 0,50 | 0 | 0,00 3 0,19 2,211 0,60 4
B |[4]100]5 (1001|3043 2 0,25 | 2 | 1,00 3 0,19 3,68 | 1,00 1
r 1 11025(1]020 | 711,00 3 1,00 | 2 | 1,00 0 1,00 345 | 0,94 2
A 131075141080 ] 410,14 1 0,25 1 0 10,00 7 0,44 1,94 | 0,53 5
€ 10]000|1]020]5]0,71 0 1,00 | 0 [ 0,00 | 16 0,00 1,91 | 0,52 6
XK]11]1025(21]1050)31]043 3 0,25 1 ]0,50 0 1,00 1,93 | 0,52 7
3 12(10501]3]060](3]043 2 0,25 | 0 [ 0,00 3 0,19 1,78 | 0,48 8

PeittunroBuii koedimieHT 1-rO0 BUKJIaga4a 3a METOAUYHY (1HHOBAIlIMHY), HAYKOBY 1 paIfioHai3a-
TOPCHKY Ta BUHAXIJHULBKY POOOTY BHU3HAYaIOTh TAKUM YHHOM:

— IJIPaxoBYIOTh KUIBKICTE OaniB B, 3a y4acTb y BIANOBIAHOMY 3aXO.i;

— BHOUMpaIOTh MakCHMalbHE 3HaYeHHd B = max{B.} gk B3ipens;

— pospaxosyrts K, =B/ B .

PeittunroBuii koediieHT 1-ro BUKJIajadya 3a MpareBTparaMyd BU3HAYAIOTh TaK:

— IJPaxoBYIOTh KUIBKICTE poOo4MX qHIB D., BTpaueHuX 3a Pi3HUX NPHYMH;

— BHOMpArOTh MAKCHMMaJIbHE Ta MiHiManbHe 3HaueHHA D =max{D,), D . =min{D.} — B3ipens;

— pospaxoByrwts K, = (D, .+ D —D)/D,_...

3aranpHMi PEHTHHT i-T0 BUKJIanada Ry, pospaxoByroTs gk mpomartok Beix K.

Bubuparors Ry = max {Ry}, kuii npuiiMaroTh 3a B3Ipelb.

Po3paxoByroTs koedilieHT BIANOBIAHOCTI 3akiManii mocani Ky, = R/ Ry .

Panr r, mo Bu3Hadae micue 1-ro BHKJIajada y CIUCKY B NOPAAKY 3MeHmeHH:A K. MoxHa
BukopuctoByBatu (yHnkiito MS Excel PAHI" 3 ypaxyBanHsaMm ii cnenu¢iku noJaHHs pe3ysbTary.

MeTo paHXUpyBaHHS 3a B3IPLSMU Peaii3oBaHO y BUIIISAL MPOTPaMHOIO BUPOOY, 110 MPOMIIOB
anpoOanio 1 Moxke OyTH 3aCTOCOBAHUM JJIs MIATPUMKHU IPUMHATTS pilleHb y Oyab-sKiil mpeaMeTHii
raiay3si, HapUKIajd, OIpUd BUPIMIEHHI MUTAaHb KOMIUIEKTYBaHHS KaJpaMH BUPOOHMYMX Ta 1HIIUX
MIAPO3AUIIB, @ TAKOXK JJISI MOHITOPUHTY X MISTTBHOCTI.
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VIIK 658.562.5

MEXAHI3M ®YHKIIOHYBAHHSA CUCTEMUW EHEPTETUYHOI'O MEHE/’KMEHTY
ISO 50001 JJ1A BABE3INEYEHHSA MOHITOPUHI'Y BUKOPUCTAHHSA ITAJIMBHO
EHEPITETUYHUX PECYPCIB

© Onee Kocmwk!, Temsana bybena’, Bacunv [pysiox®, 2019

'HamionanpHuii yHiBepcutet “JIbBiBchbka moniTexHika” (JIbBiB, YkpaiHa), acmipanT kadeapu iHpopmaiiitHo-
BUMIPIOBAIBHUX TEXHOJOTiH, kostyuk-ou@utg.ua
’HarmionansHuii yHiBepcuteT “JIpBiBchka moiiTexHika” (JIbBiB, Ykpaina), mpodecop kabenpu indopmariiino-
BHUMIipIOBaIbHUX TEXHOJOTIH, 1.T.H., mpodecop, paholuk@ukr.net
SHamionansHuii yHiBepcuteT “JIbBiBchka mojtiTexHika” (JIbBiB, Ykpaina), noneHt kadeapu iHGpopmMaIliiHo-
BUMIPIOBAJIBHUX TEXHOIOTiH, JoueHT, druzyuk-vn@utg.ua

AHali3 BIJOMUX Ha ChOTOAHI MoOJieJied 1HTErpoBaHOI CUCTEMHM MEHEIKMEHTY I0Ka3aB, IO I
YacTHHA 3arajlbHOi CUCTEMH MEHEI)KMEHTY Oprasizallii, 110 BIJIOB11a€ BUMOTaM JIBOX UM OljblIe
CTaHJapTIB Ha CUCTEMHU MEHEIKMEHTY, sika (YHKIIOHYE SIK €JMHE LI1JIe 1 CIpSMOBaHa Ha 3aJ0BOJICHHS
3alliKaBJIEHUX CTOpiH. B 1aHOMY BHIIaJIKy OCHOBHOIO 1 J1y’K€ CYTTEBOIO CKJIAJIOBOIO € BIIPOBAKEHHS
Ta (PYHKI[IOHYBaHHS CHCTeMH eHepreTudyHoro meHekMenTy ISO 50001. Ha choromHinmHii AeHB 115
CHCTEMa € OCHOBHOIO NpH (OPMYBaHHI IISTBHOCTI 3 BHKOPHCTAHHS MaJUBHO EHEPTETUUYHHUX
pecypciB. Bona Mae cucteMHm Miaxijg 1 J03BOJIsIE KEPYBaTH LI€K0 AiSUIBHICTIO HA CUCTEMHIN OCHOBI.
Otxe, cuctema eHepretuaHoro MeHexMeHTy ISO 50001 6a3yeTbest HA mMozeni 6e3mepepBHOTO
nominmenHs nporneciB (Lukn Hlyxapra-Jlemiara — PDCA). Ls monens Bkitodae B cede: 1. [Tnany-
BaHHs (Plan): BcTaHOBIEHHS €HEPreTUUHMX IIUICH 1 TPOIIECIB JUIsl JOCATHEHHS EHEPreTUYHUX IIIJICH,
IJIaHYBaHHS JISJIBHOCTI NO JOCATHEHHIO €HEepreTMYHUX LiIed 1 3aJ0BOJIEHHS CIOXKHUBaua,
IJIJAHYBaHHS, BUAUICHHS Ta PO3MOALIY €HepreTHyHux pecypcis; 2. Buxkonanus (Do): BuKoHaHHS
3amaHoBaHux poOitT; 3. Ilepesipka (Chek): 30ip iHpopmalii Ta KOHTPOJIb Pe3yabTaTUBHOCTI Ha
OCHOB1 KJIFOUOBUX EHEPreTUYHUX MOKA3HMKIB, II0 BCTAHOBJIEHI IiJl 4aCc BHUKOHAHHS IPOILECY,
BUSIBJICHHS Ta aHai3yBaHHS NPUYUH BiaxujeHHs; 4. BB (Act ynpaBiliHHS, KOPEKTYBaHHS):
NPUNHATTA 3aXO0/1B LI0A0 YCYHEHHS NPUYMH BIAXUIEHHS B1J 3alJIaHOBAHOI €HEPreTUYHOI
Pe3yJbTaTUBHOCTI, YIIPaBIiHHA 3MIHAMU B IIJJaHyBaHHI Ta PO3MOALI €HEProHOCIiB Ta pecypciB s
JOCSATHEHHS LIJICH.

OyHKIIIOHYBaHHS MOJIENl Oy/io pO3MIAHYTO Ha MPHUKJIIAAl KOMIUIEKCY Mi3€MHOTO 30epiraHHs y
BUIJISI/II CHIOKUBAHHS MPUPOJHOTO a3y MaJIMBOBUKOPUCTOBYIOUMM OOJIaTHAHHSM JUIsl IPOBEIECHHS
0a30B01 €HEPreTUYHOI JIIHIT IPU BUKOPUCTAHHI MIPUPOJHOTO rasy, siK MajiuBa.

1. IInanyBanus (Plan): BctanoBneHHs1 eHepreTuyHux nuieid Ha 80% 0Oa3zyeThcsd Ha IJIaHYBaHHI
CIIO’KMBaHHS MMAJIMBHOT'O Ta3y MiJ 4yac poOOTH ra3onepeKauyounx arperaTiB, yCTaHOBKH OCYLIYBaHHS
ra3y (gani YOI'), BUTpaTu Ha KOTJIM ONaJIEHHS B MPOIIEC] 3aKayyBaHHA Ta BIAOMPAHHS MPUPOJHOTO
razy Ta IUIaHyBaHHS BIIPOBAJKEHHS €Hepro30epiralodux 3aXo[iB JUIsl JOCATHEHHS BCTAHOBJIEHUX
1iJed Ta MOKpalIeHHS 3allJIAHOBAHOI JiSJIbHOCTI.

[Ipu nuianyBaHHI pIYHUX BUTpAT MPUPOJHOTO ra3y Ha poOOTy 00IaiHaHHS, KOLITIB Ha 3aKYIIiBIIIO
MPUPOJIHOTO a3y Ha OJWH IUKJ BiAOMpaHHS IPUPOJHOIO ra3y HaM HEOOXiJJHO 3HATHU HACTYIIHI
BHUXIJHI JaHi:

— HominanpHy BUTpaTy MaJMBHOTO ra3dy Ha poOOTy arperaTiB, yCTAHOBKH OCYIIyBaHHS ra3y
(mpauoe TUIBKM MpPU BiAOMPAaHHI TPUPOIHOIO raszy 3 MiJI3EMHOIO CXOBHMINA), KOTJIIB ONaJieHHs (HE
MPaIOI0Th TP TpaIodux arperarax) (tuc.m3/m00y);

— OO0cHr BiAiOpaHOTO TPUPOIHOTO Ta3y 3a CE30H BiAOOPY;

— Yac poboTu TexHOJOri4HOro obnagHaHHs (1i0);

— BapricTe mpupoaHOTO Ta3y il MPOMUCIOBUX CIIOXKHBAYIB 3T1JTHO BCTAHOBJIECHHUX Tapu(iB
(THC. TpH.);
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2. Bukonanns (Do): BUkoHaHHS 3allJTaHOBAaHUX €HEPreTUYHUX 1[IeH Oyae BUKOHYBATHUCS LIISAXOM
pO3poOJICHHS, BIPOBAIXKCHHSI Ta MIATPUMYBAHHS 3aIlJIaHOBAHOT JISIBHOCTI JUISL 3a70BOJICHHS
IHTETpOBaHOT CUCTEMU MEHEIKMEHTY mianpueMctBa. [Ipu npoMmy y maHiii Moaesai BpaXxoBYHOThCA
BC1 pEKUMH pOOOTH ra3oMepeKadyyrounx arperaris, yCTaHOBKM OCYIIyBaHHS ra3zy Ta KOTJIIB ONaJeHHS
3 ypaxyBaHHSIM BCIX OMaJIOBAJIBHUX IUIONI Ta BEAETHCS MOJ000BHUM MOHITOPUHT (PAaKTHIHOTO
CIO’KMBAaHHS IPUPOAHOTO ra3y.

3. Ilepesipka (Chek): Iligx wac mpoBemeHHsS MmOI000BOT0 MOHITOPHUHTY OOCATIB BHUTpAT
€HEepProHOC1iB BUHUKA€ HEOOX1JHICTh KIHIEBOro 300py, cucremaru3aiii iHpopmalii Ta KOHTPOJIb
PE3yJIBTaTUBHOCT1 HA OCHOBI KJIFOYOBUX €HEPreTUYHUX MOKA3HUKIB, 110 OJI€prKaHi M1l 4aC BUKOHAHHS
MIPOLIECY, BUSIBJICHHS Ta aHAIi13yBaHHs NPUYUH B1AXWICHHS. OJHUM 3 BaKJIUBUX €JIEMEHTIB IEPEBIPKU
pe3yJIbTaTUBHOCTI €HEPreTUYHUX BUTPAT € BHYTPIMIHIA ayAuT MiJ 4Yac SKOTO BUSABISIOTHCS
HEBIIMOBIAHOCTI, 11O MPHU3BEIN 0 BIAXHWJICHHS BiJ 3allJJAHOBAHUX IMOKA3HMUKIB Ta YCYHEHHS X 3a
JIOTIOMOT'OF0 BIANOBIJHUX KOPUTYBaJIbHUX JIIH.

4. BnnuB (Act ynpaBiiHHS, KOPEKTYBaHHs): MICJIS BUSABJICHHS I1J Yac BHYTPIMIHBOTO AyTUTY
CUCTEMHU HEBIJMOBITHOCTEMN, 1110 IPU3BEJIN 10 BIAXUICHHS B1Jl JJAHOBUX MMOKAa3HUKIB €HEPreTUYHOL
Pe3yJIbTaTUBHOCTI, HPHUMMAIOThCS 3aXOAM IIOAO0 YCYHEHHS MPUYMH BIIXWUIEHHS Bl 3allJlaHOBaHOI
€HEePreTUYHOI Pe3y/bTaTUBHOCTI, YIPABIIHHS 3MiHaMHU B IIJIJaHYBaHHI Ta PO3MO/1J1 €eHEPrOHOCIIB Ta
pecypciB JUlsl IOCATHEHHS! €eHEPreTUYHUX IUIeH.

Jlana Mopenb A03BOJUTH MPOBOAUTH ONEPATUBHHUI MOHITOPUHI Ta aHali3 €(EeKTHUBHOCTI
€HEProClOXUBaHHA Ta CTYINiHb BIUIMBY Ha JOBKLUIS 3 OOKY HIJIPHUEMCTBA, MPOBOAUTH MOCTIHHE
MOKpaUIeHHS LUKJIIYHOTO HPOLECy eKcIulyarauii o0JiaHAHHS HUISIXOM YCYHEHHSI BUSBICHUX
YUHHHKIB, 5Kl HE JO3BOJISIOTH IOCITTH €HEPreTUYHUX IUICH.
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YIK 621.396

HOBI PO3POBKH 3ACOBIB BUMIPIOBAHHS TEMIIEPATYPU ¥V
IMPOMUMCJIOBOCTI, IX METPOJIOTTYHE 3ABE3NEUYEHHS TA KAJIIFPYBAHHS HA
BA31 ETAJIOHHOI'O AAEPHO-KBAZIPYIIOJIBHOTI'O PE3OHAHCHOI'O
TEPMOMETPA SAKPT-SM

© Anamoniu Jlenosenxo', Bacunv Ilapakyoa’, Boeoan Ilasnux’,
Baoum I'pucopenxo?, Haodis Kosanvuyr’, 2019

!Ilep>xkaBHe mianpueMcTBO «HaykoBo-mocmiaHui iHCTUTYT MeTPOJIOrii i BuMiproBainpHuX cuctem» (JIT HJI
«Cucremay) (JIbBiB, Ykpaina), c. H. ¢. (H/IB-11), k.¢.-M.H., gouenT, nadiakovall @gmail.com
21T HAI «Cucrema» (JIbBiB, Ykpaina), TupekTop, K.T.H., IOIEHT, vasylparakuda@gmail.com
3JIpBiBCHKMI HaIlioHANBHUM yHiBepcuTeT iM. 1. @panka (JIbBiB, YKpaina), 3aB. kad. CEHCOPHOT i
HaIiBNPOBIJHUKOI €JIEKTPOHIKH, 1.(.-M.H., podecop, pavlyk@electronics.Inu.edu.ua
‘disuuna ocoba-minmpuemens (JIbBiB, Ykpaina), k.T.H., vad gr@ukr.net
>JIpBiBCHKMI HalliOHaNBHUH yHiBepcuTeT iM. . @panka (JIbBiB, Ykpaina),
npoBigHMH iHXeHep, nadiakovall @gmail.com

B nomoBini HaBeneHO Mepesik HOBUX (BIACYTHIX B cepiliHOMY BHUpPOOHMITBI) NPHUIIAAIB,
pO3pO0JIEHUX JJIsi BUMIPIOBaHHS TEMIEpaTypu B PI3HUX Tally3siX NMPOMHUCIOBOCTI, SIK1 MPOUIIIU
MPOMUCIIOB1 BUIPOOYyBaHHSA, Ta iX METpOJIOTiuHE 3a0e3nedeHHs 1 KajaiOpyBaHHS 3 JONOMOIOIO
pob6ouoro eranona I pospsany AKPT-5M, crBopenoro Bmepiine B €Bpori KOJIEKTUBOM aBTOPIB Ha
OCHOBI siepHOTO KBajpynoiabpHOro pe3oHancy (SIKP) 1 arectoBanoro HHII “IactutyT MeTpomorii”,
M. XapkiB. AHajoru Takux npuiagiB po3pobseni takox B CIIA 1 Snowii.

Ha 6a31 AKPT-5M B AIl HAI “Cucrema” nmiaHyeTbCsi CTBOPEHHSI Iep>KaBHOT MOBIPOYHOI CXEMH
IUIsL TEpMOMETPIi.

Huxye HaBepeHo mepenik po3poOieHux 3aco0iB BUMIPIOBAHHS TEMIIEpAaTypu Ta iX TEXHIUHI
XapaKTEePUCTUKH.

1. ETanoHHuil siAepHO-KBaJAPYNOJbHHI PEe30HAHCHMH TepMOMETP Ha Cy4yacHOMY eTall
PO3BUTKY TEPMOMETPIi € OJHUM 13 CAMHX TOYHHX 1 CTAOUTPHUX KOHTAKTHUX 3aCO001B BUMIPIOBAHHS
TEeMIIEpaTypH.

B ocHoBy mpuHnumy Aii TepMoMeTpa MOKIaJeHa TeMIeparypHa 3aJIeKHICTh YacTOTU SJIE€PHOTO
KBapPyIOJIbHOIO PE30HAHCY B KPUCTAJIAX XJIOPATY KaJjilo.

CeHcOp AIEpHO-KBAIPYIOJIBHOTO TEPMOMETPa OAHOPA30BO BIArpadyioBaHM, 30epirac BHCOKY
TOUYHICTh, CTAOUIBHICTD 1 BIATBOPIOBAHICTh TEMIIEPATyPHUX BUMIPIOBAHb Ha IPOTA31 BCHOIO MEpiony
eKCIlTyaTallii, He moTpedyroun NepioJUYHOI MOBIPKHU 1 KaniOpyBaHHS.

JloBrocTpokoBa cTabUIbHICTh 1 TOUHICTh HU(ppoBoi iHAUKaLiT SKP-TepmomeTpa BU3HAYa€THCS
CTaOUIBHICTIO 1 TOUHICTIO BUMiptoBaHHS yacToTH AKP nmudposum 6nokom SAKP-repmomerpa, To0TO
CTaOUIbHICTIO BHYTPIIIHBOIO OMOPHOTO KBapLOBOro reHeparopa uudposoro Oinoka. B mpunani
BUKOPHUCTOBYETHCS BUCOKOCTAOUIbHUM TEPMOKOMIIEHCOBAHUN 1 TEpMOCTATOBAaHUN OOPTOBHUIA
kBapuosuii reaeparop ['K-21TK 3 mominansHow yactororo 10 MI'. B mporeci 1oBroctpokoBoi
eKcIlTyaTalii 4acTOTy BHYTPIIIHBOTO KBapIOBOTO TI€HEpaTopa MOXKHAa HpU HEOOX1AHOCTI
M1IKOPEKTYBaTH B OAHIN 13 peNepHUX TeMIEpaTypHUX TOUOK (MOTpiHHINA ToUll BOAM abo TOUli
niaaBieHHs raniio). [lepegbaueHa MOXKIMBICTD NMEPEKIIOYEHHS poOOTH HUPPOBOro O10Ka Bij
30BHIIIHBOTO IeHeparopa (Hampukiaja, yactotomipa). Ha ganuit wac Hamu po3poOieHa cxema
raji€eBoro CTaHAApTy YacTOTH, B SIKIM 4acTOTa KBaplIOBOIO T€HEPaTOpa aBTOMATUYHO KOPEKTY€EThCS
B1J1 pelepHOl TOUKHU IUIABJICHHS Taiiio, NIATPUMYIOYH YaCTOTY CTablIbHOIO IPOTATOM BChOT'O MEPIOAyY
eKCILTyaTarli.
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Takuii TepMoMeTp MOXe OyTH BUKOPUCTaHUM JUJIi CTBOPEHHS poOOUYOro €TajioHa TeMmIeparypu
(manpuknan B CHIA 1 fnonii), a TakoXX AJi1 TOYHHUX BUMIPIOBaHb B HAyKOBHMX JOCIHIJIKEHHSX, B
cUCTeMax YIpaBJIiHHS 1 HaBiramii, B METPOJIOTTYHUX MiAPO3/17aX MPOMHUCIOBOCTI, B iHpOpMaLIiTHUX
cucreMax. fnepHo-KBaApyHOJbHUM PE30HAHCHUNW TEPMOMETpP NP MIJKIIOYEHH]1 10 pernepHoi
TeMIIEPAaTypPHOi TOYKH TeHEepye "CTaHIapT 4acTOTH'", TOMYy MOXE 3aCTOCOBYBATHCH JUISI KOPEKINT
KBaplLOBHUX T'€HEpaTopiB B Hpuiajax, Kl MPalOlTh 3 YaCTOTHUMHU CUTHalIaMu (CHHTE3aTOpH,
gacToTOoMipu Toino). Ilpunan ckianaeTbcs 3 BUHOCHOTO CEHCOpa 3 JIETEKTOPOM SAEPHO-KBaAPY-
MOJBHOTO pEe30HaHCy 1 OJioka aHanoro-uuppoBoi 0OpOOKH CHTHAIB 3 MU(PPOBUM JUCILUICEM Ta
iHTep¢eiicoM 3B’ 3Ky 13 30BHIMIHIMU MPUCTPOSIMHU.

VYhpaBiiHHS HpoLECcOM BHUMIPIOBaHHS, MareMaTHyHa oOpoOka pe3ynabTaTiB, BUKOHYETHCS
OJJHOKPUCTAJIbHUM MIKPOKOHTPOJIEPOM.

TexHiuHI XapaKTepUCTUKU: Aiana3oH BuUMipioBaHHs (77+420) K, moxubka BumiproBanus — 1 MK,
MOKa3HUK TEIUIOBOI 1Heplii ceHcopa y BoassHOMY cepenoBuili — 20 c, Hampyra »UBJICHHS —
220+10% B, cnoxxuBana notyxHicTh — 15 BA, radaputai po3mipu — 200x40x380 mm.

2. IllopraTuBHUIT KBAHTOBHUIi €TaJI0H YacTOTH. Briepie B €Bpori 3anponoHoBaHa 1 peajizoBaHa
iest moOyIoBM MajorabapuTHOTO KBAaHTOBOTO €TalloHA (CTaHIapTa) Y4acTOTH 3 JOBIOCTPOKOBOIO
CTa0lJIBHICTIO BIATBOPEHHS HAa OCHOBI PENEpPHOi TOUYKU IUIABJIEHHS rajiiio. BrnpoBajkeHHs Takoro
MIPUCTPOIO 3aMICTh TPAJULINHUX KBapLOBUX I'€HEPATOPIB BUPIILYE TPOOIeMy MEPIOIUYHUX TOBIPOK
1 KaJiOpOBOK MPUCTPOIB 3 YACTOTHUMHM CHUTHajaMu. PenepHa Touka MJIaBJIEHHS rajilo 3HaAXOJUThCA
B JIETKOBIJITBOPIOBAJIbHOMY Jiama3oHi temnepaTtypu (29,7676°C) 1 nignaeTbcsi aBTOMarHu3alii Ha
BiAMIHY Bix 1HmHX. YacTtora kBapuoBoro reHeparopa ['K-21TK koHTpoJO€ThCSA 3a J10MOMOIOIO
($a30Boi MiACTPOUKHU YAaCTOTH B1Jl PENEPHOI TOUKH IUIABJICHHS TaJlIo.

3. Tepmomerpu nudposi nopraruBHi cepii TII. Tepmomerpu npuszHayeH1 Uil ONEPATUBHOTO
(excmpec) BUMIPIOBAHHSI TEMIIEpaTypd B PI3HUX CEPEJOBUILNAX B MPOMHUCIOBOMY, XapuOBOMY 1
CUTBCHKOTOCTIOAAPCHKOMY BUPOOHHUIITBI, a TAKOX B IHIIUX Tally3sX, A€ HEOOX1JHO MIBHUIKO 1 3
BEJIMKOIO TOYHICTIO BHMIpIOBaTH TemiepaTrypy. [Ipunangu Ha 3aMOBIEHHS KOMIIJIEKTYIOTHCS
BUMIPIOBAJIbHUMH 30HIaMU P13HOT TOBXKHHH 1 AlamMeTpa. B 3a51exHOCT1 BiA IPU3HAYEHHS TEPMOMETPU
BUTOTOBJISIIOTHCS B HOpMaJIbHOMY 1 BUOYyX00€311e4HOMY BUKOHAHHI 3 MapKyBaHHSIM BHUOYyX03aXUCTy
1ExsibIIAT3 1 MOXyTh 3aCTOCOBYBaTHUCh y BHUOYXOHEOE3MEUHUX 30HAX MPUMILIEHb Ta 30BHILIHIX
YCTaHOBOK. Bci TepMOMETpH KOMIUIEKTYIOTHCS 3apsAHUM IPUCTPOEM, SIKUM MiJKIIOYAETHCS Yepe3
po3’enHyBauy 10 TepMomMeTpa 1 mepexi 220 B.

TexHiuHI J1aH1 Ta XapakTepUCcTUKU. Jliama30H BUMIPIOBAHHS TeMIlepaTypH (Ha 3aMOBJIECHHS) BiJ
-600 °C no +1800 °C. Mexa n0onmyCTUMOrO 3HAYEHHSI OCHOBHOI NMOXMOKM (Ha 3aMOBJICHHS) Bij
0,20 °C no 0,50 °C. Po3ainbpHa 3aaTHICTh mKaaun Tepmometpa 0,10 °C. Iloka3Huk TeniaoBoi iHepuil
Yy BOASTHOMY CEPEIOBHIIII B 3aJI€KHOCTI BiJ KOHCTPYKIIT 30H1a Bix 3 g0 7 ¢. Yac poboTu TepMomMeTpa
B pEeXMM1 BUMIPIOBAaHHS NPU MOBHICTIO 3apsAKEHUX akyMmynaropax eMHicTio 0,5 A-roa cTaHOBUTH
60 rog. Maca tepmomeTtpa ~ 0,25 kr. CioxkuBaHa MOTYKHICTh IPU HOMIHAIBHINA Hampysi 2,4 B ~
20 mBT. CeHcop TepMoMeTpa pO3TallOBaHWM Ha KiHIII F€PMETUYHOrO 30HJIa BUTOTOBIIEHOTO 3
TOHKOCTIHHOI HEP)KaBil04yOoi CTajl, 103BOJICHOI ISl KOHTAKTY 3 XapuyOBUMH MPOTYKTAMH.

B 3anexHocTi Bi npu3HadeHHs Oyau po3poOieHi Moaudikamii mopTaTUBHUX TEPMOMETPIB.

1. TEPMOMETP TII-2H. Po3po06nenuii 115 ekcruryaTailii Ha TEXHOJIOTIYHUX HAaCOCHUX CTAHIIISAX
(MamMHHUX 3ajax) A nepekadyBaHHs HadTu 1 HaQTONPOIYKTIB, @ TAKOXK B TPyOOIpoBOAax Ha
MOTOLI; B TEXHOJOTIYHUX KaMmMepax YIpaBIiHHS; B pe3epByapax ais 30epiraHHs HadTu Ta
Ha(TOMPOIYKTIB; B XiMjlabopaTopisix HadToNnepeKkauyyBajJbHUX CTaHLi 1 HadToba3. [Ipunanx moxe
TaK0X BUKOPUCTOBYBATUCH B IHIIUX Tally3gX IPOMUCIOBOCTI. Burotosnserscs y BuOyxobe3neyHomy
BUKOHAHHI.

2. TEPMOMETP TII-2HK. Po3po0nennii nis KpiOT€HHOro Jiama3oHy temmeparyp [-196 =+
+120] °C nyig BUKOpUCTAHHS B PI3HUX Taly3sIX MPOMUCIOBOCTI.
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3. TEPMOMETP TII-2I. Ilpu3HaueHuil ajisi BUMIPIOBAHHS TeMIIEpaTypu B KOMYHIKaIlisX
TEIJIOTpAC, MIaXTHUX BYJIKaHI3aTOpax 'yMOBO-TPOCOBUX KOHBEEPHUX JIEHT TOL0. Buroromnserscs
Ha 3aMOBJICHHS B HOPMaJIbHOMY 1 BUX00€3[1€YHOMY BUKOHAHHI.

4. TEPMOMETP TII-21] (TII-2). IIpu3Hauenuil qjs 3aCTOCYBaHHSA B Xap4yoBiH, nepepoOHiHt i
LYKPOB1M MPOMMCIOBOCTI JJIi BUMIPIOBAHHS TeMIIepaTypHd B KaraTax 3 LIYKPOBOIO CHPOBHHOIO,
PI3HUX pO3YMHAX, pIAMHAX, MACTaX, CUIyYUX MaTepiaiax, M sconpoaykrax touo. Kommiekryerses
30H10M JoBxkuHOIO Bia 0,1 no 1,5 M 1 giameTpom Bix 3 10 8 MM.

Bci po3po6ku 3axuiieHi mareHTaMu Ha BHHAXOH.
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VK 624.014
THHOBAIIII B IHKJIFO3UBHOCTI BYAIBEJIb I CIIOPY/I

© Muxona Mukuiiuyk, Poman Baiiyap, Anopiiu Teniwescokuu, 2019

Harmionansauii yHiBepcuteT “JIpBiBchbka momiTexHika”, JIbBiB, Ykpaina

JlocBi pO3BHHYTHX KpaiH CBITY NMEPEKOHJIMBO CBIAYMTH, II0 B YMOBax miobasmizalii cydacHa
cUCTeMa CTaHJapTu3allli Ma€e BUpIIAIbHUN BIUIUB Ha PO3BUTOK CYCIUIbCTBA, EKOHOMIKH, HAyKH i
TEXHIKH, SIKICTh 1 KOHKYPEHTOCIPOMOXXHICTh MPOIYKIIIi Ta MOCIYT.

VYkpaina orosjocuia Kypc Ha €BpOIEUCHKY 1HTETpaIlito, 1 ToMy 3000B’s13aHa 1OCITaTH PEeaTbHUX
3pyuieHb Ha npomy muisaxy. 29 rpynss 2018 poky B IndopmaniitHomy Oronereni MiHicTepcTBa
perioHaJIbHOTO PO3BUTKY, Oy/IIBHUIITBA Ta )KUTIIOBO-KOMYHAJIBHOTO rocniofapcTBa Ykpainu Nel2/2018
Oynmu omyOisrikoBaH1 HOBI nepskaBHi OymiBenbHi Hopmu (JBH) [1] — 060B’s13k0B1 70 BUKOHAHHS
HOpMaTHBHI akTH. BoHu nependadaroTh CTBOpeHHs 0e3 6ap’epHOro mpocTopy B YKpaiHi IJig Majo
MOOIIBHUX TPy HaceseHHs 1 po3poOieHi Ha 3aminy uynHHUX JBH B.2.2-17:2006 “bynunku i
cnopyau. JloctynHicTh OyAMHKIB 1 CHOPYZ A Majo MOOIIBHUX TPYH HAaceJIeHHs .

3a HOBUMH HOPMaMHU, sIK1 BCTYHWIH B 1110 3 KBITHS 2019 poky 1 € 000B’I3KOBUM /11 BUKOHAHHS
apXiTeKTOpaMH, NMPOEKTyBaJIbHUKAMU Ta OyAiBeIbHUKAMU, BCl OyAMHKH 1 cnopynu B YKpaiHi, a
TaKoX HeoOximHa 1H(pacTpyKTypa MOBHHHI MPOEKTYBAaTHCS 3 eleMeHTaMu noctynHocTi. JIbH
MiCTATh O1u3bk0 100 sKiCHUX 3MiH 11 Oe3meku 1 KoM(popTy TpoMajisiH, y MEpILy Yepry, JIIoaeH 3
1HBAJIIHICTIO: 3 TIOPYIIEHHSIMHU OMOPHO-PYXOBOTO armapary, 30py, CIyXy, pO3yMOBOi JIsUTbHOCTI Ta
IHIIMX Majao MOOIIBHMUX TPYIL: JIOAEH MOXWIOro BiKy, OaThbKiB 3 MaJleHbKMUMH JITbMHU, BariTHUX
AKIHOK TOILO.

3a ganumu BOO3, inBanigHicTh B YKpaini MaroTh 01u3bko 10% Bix ychoro HaceneHHs. 80% 3
LIUX JIoAeH € mpaue3gaTHUMHU Ta akTUBHUMU. OJHaK iX mpaBa MOPYUIyBaTUMYTbCS JOTH, JOKU B
VYkpaini He Oyie CTBOPEHO peaIbHO1 IOCTYIMHOCTI B TPOMAJIChKHUX 3aKjIagax Ta KUTIOBUX Oy/IBIIAX,
Ha BYJIMISX, B TPAHCIIOPTI Ta 1HILINA IHPpACTPyKTypl MicT. 3apa3 xe Mmaiixe 90% nanaycis 30y1oBaHi
HETPaBWIbHO, HEMAE TAKTWJIBHOI TUTUTKH 1 OUTBIIICTH JIFOACH HAaBITh HE 3HAIOTH, JJIS YOTO BOHA
oTpiOHa, BIJCYTHI €JIEMEHTH JIOCTYIHOCTI JUIsl 1HIIOIO MajJOMOOLIBHOIO HACENEHHS.

3a HOBUMHU HOpPMaMH, BCl OyIIMHKHU Ta CHOpPYIU B YKpaiHi, a TaKOXX HEoOXiJHa 1HPpAaCTPyKTypa
MOBHHHI OynyTh 00OB’SI3KOBO IPOEKTYBATHUCS 3 €JIE€MEHTaMH JOCTYITHOCTI.

B onyOnikoBaHuMX HOpMax MOCHUJIEHO 00OB’S3KOBICTh BJIAILTYBaHHS €JeMEHTIB 0e3 Oap’epHOCTI,
HaBeJleHl BCl iX HEOOX1JHI TEeXHIYHI XapaKTEePUCTHUKH Ta KOHKPETHI HAOYHI MPHUKJAIH TaKOTO
BIpOBaKeHHsA. HOBI HOpMH CTOCYIOTBHCSl TAKOX TAKTUJIBHUX Ta Bi3yaJIbHUX €JIEMEHTIB JOCTYIIHOCTI,
MOXXYTh BUKOPHUCTOBYBATHCS IIiJl Yac MPOEKTYBaHHS HOBHUX Ta PEKOHCTPYKUIi iICHYyIOuUHX OyiBeb,
KBapTaJiB, MIKpOpailOHIB BiANOBIAHO 10 IXHHOTO MPU3HAYEHHS.

30Kkpema, y TOKYMEHT1 HAeThbCs PO OONaIITyBaHHS:

— TaHAyCiB, CIHEIiaJbHUX MIJIMOMHUKIB Ta IHIIUX 3ac00iB JOCTYMHOCTI IJIs JIOACH 3
MOPYLIEHHSIMU OIOPHO-PYXOBOIO anapary;

— TAKTWIBHOI MIJIJIOTOBOI INIUTKHU, 1HQOpMAIIMHUX TAOIUIs Ta MO3Ha4eHb mpudTom bpaimns,
IHIIUX Bi3yaJbHHUX €JIEMEHTIB 1 ay/lIOMOKAXYHKIB IS JIFONCH 3 MOPYIICHHSIMH 30DY;

— JyOnroBaHHSA Ba)XJIMBOI 3BYKOBOi 1H(opmanii TekctaMu, Oprasizaiii cypionepexiany,
BUKOPUCTAHHSI CUCTEM 3BYKOMIJICHJICHHS JJIs JIOAEH 3 MOPYLICHHIMHU CIIYXY.

[Ipaktnuna nis HoBux JIBH crnpusitTumMe CTBOpPEHHIO YHIBEPCAIBHOTO TPOMAJICHKOTO MPOCTODPY,
JIOCTYITHOTO I KOXKHOIO. IX BIIPOBAaJKEHHS € BarOMUM KPOKOM [0 CTBOPEHHs peajbHOro 6e3
Oap’epHOro cepeioBMINa B YKpaiHl 1 OAHIEIO 3 MEPIIOYEPrOBUX BUMOT Y 3B’SI3KYy 3 paTU(IKaIl€r0
Konsenuii OOH npo mpaBa miroznel 3 iHBajiHICTIO Ta Yroau npo acouianito 3 €C.

1. JIFH B.2.2-40:2018 Inuxniozusnicms 0yoigens i cnopyo.
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VIK 658.011.3

METPOJIOT'TYHI BUMOT'H JIO KJIACU®DIKAIIIL CUCTEM 3BAKYBAHHSA
JOPOKHIX TPAHCIIOPTHUX 3ACOBIB Y PYCI 3A KJIACAMHU TOYHOCTI

© Muxkonra Mukutiuyx!, Tapac I'ym?, 2019

'HanionaneHuit yHiBepcuteT “JIbBiBchbKa momiTexHika” (JIbBiB, YKpaiHa), IUPEKTOp iHCTUTYTY KOMII IOTEPHHUX
TEXHOJIOTiH, aBTOMaTHKK Ta METPOJIOrii, 1.T.H., Ipod., mykolamm@ukr.net
’Hamionansuuii yHiBepcureT “JIpBiBchbKa mojtiTexHika” (JIbBiB, YkpaiHa), acmipadt kadeapu iHGopMamiiHo-
BUMIPIOBAIBHUX TEXHOJIOTiH, tarasgut@ukr.net

VY cBITOBIM MPaKTUIll B SIKOCTI TEXHIYHUX 1 METPOJIOTIYHUX BUMOT ISl CUCTEM aBTOMAaTUYHOTO
3Ba)KyBaHHS JOPOXKHIX TPAHCIIOPTHUX 3aC001B y pycl HallyacTille BUKOPUCTOBY€EThCS TPU JOKYMEHTH:
ASTM-1318, OIML R134 (B VYkpaini — ACTY OIML R 134-1:2010 ta ICTY OIML R 134-2:2017),
COST-323, sxi AeMOHCTPYIOTh pi3HI MAXOAW A0 Kiacudikalii, MeToAiB BUIIPOOyBaHb 1 obyactei
Bukopuctanus cucteM WIM. Opnax MixHapomHi gokymeHTH s WIM 1 pi3Hl HamioHaJbHI
CTaHJApTU HeCyMicHI Mk coOor. CreuudiuHa npupoaa 3BakKyBaHHS B pyCl BUMAarae MeBHOTO
J0CBiNY, SIKUM BIACYTHIN B Ykpaini. Lle mpu3Beno A0 Toro, mo MiKXHapOJIHI JoKyMeHTH st WIM
1 pi3HI HalllOHaJbHI CTaHJAPTU HECYMICHI MIX cO00I0, a KpIM TOr0 € HAjATO CKJIAJHUMHU JUIs
MPaKTUYHOT'O 3aCTOCYBaHHS.

PosrnsHemo kitacudikallio CUCTEM 3Ba)KyBaHHS y PycCl 32 TOUHICTIO 3Ba’KyBaHHS.

Knac TouHOCTI — y3arajpHEeHa XapaKTepHCTHKa THUIy 3ac00iB BUMIpPIOBAJIbHOI TEXHIKHU, SIKa
BigoOpakae piBEHb TOYHOCTI BUMIPIOBAHb 1 BUPAXAEThCA MEKAMHU JOMYCTUMHUX OCHOBHOI Ta
JOJJaTKOBUX MOXMUOOK, a TaKOX 1HIIMMU XapaKTepUCTUKaMHU, 110 BIUIMBAIOTh Ha TOYHICTh. CHUCTEMU
3BaxkyBaHHA /[ T3 mij yac pyxy MOXKyTh MaTu pi3Hi KJIaCH TOYHOCTI JJI1 BUMIPIOBaHHS MacH, OCbOBHUX
HaBaHTaXeHb a00 HaBaHTAXXEHb B1J] IpyI ocei, Juist pi3Hux kareropiid T3, sunis T3 B 3anexHOCTI
B1/1 KOJIICHOT (popMyJiH, 1HTEpBaJIiB POOOUYMX HMIBUIKOCTEN Ta IHIIUX (aKTOPIB.

BianosinHo 10 QyHKIIOHAJIBRHOTO MpU3HAYEHHs (MONEpPEaHI MaTepiaj) CUCTEMHU 3Ba)KyBaHHS
MOBUHH1 OyTH KJ1acu(ikoBaHi 3a pIBHEM JOBIPU CTOCOBHO I'PaHULb JIOITYCTUMOI MOXHOKH 3BayKyBaHHS.
Jlist 300py CTaTUCTUUHUX JaHUX abo nmonepeaHboro 3BaxkyBaHHs (I'pyna 1) piBeHb 10BipU p TOBUHEH
CTaHOBUTHU HE MeHie 95%, a mist 3a1iicHeHHS 3ax0liB y cdepi aepxkaBHoro perymoBanus (Ipyma
2 ta I'pyna 3) — He MeHue Hix 99%.

Kitacu To4HOCTI 3 piBHEM JOBIPH MEX JOMYCTUMOI MOXUOKU p = 99% € OCHOBHHUMH, 3 PIBHEM
noBipu p = 95% — 101aTKOBUMH.

OCHOBHI KJIAaCH TOYHOCTI HaBeAeH1 y Tabuuil 1, a 1ogaTKOBI KJIacH TOYHOCTI — Tabmuis 2.

Tabnuysa 1
OcHogHI Knacu mounocmi cucmem 3eaxicyeanus. Pisenv ooeipu p = 99%
, . I'pyna 2 I'pyna 3
KpuTepii O0’ekT BUMIpIOBAHHS 10F SE 2D 1B
_— . . Bara T3 +10 +5 +2 +1
HloBipii rpasHi A0y CTHMOT HaBanTaxeHHs BiJ rpyIi ocei +16 +8 +4 +2
moxuoxu, %
OcpOBe HABaHTAKEHH: + 16 +8 +4 +2
Pexxum cTaTndHOTO 3BayKyBaHHS - A3 A3 03 03
HasBa HOpMaTHBHOTO TOKYMEHTY - JICTY OIML R 134-1
Ioznavenns: “03” — 0608’ s13k0Be 3acTocyBanHst; “JI3” — nOOPOBiIBHE 3aCTOCYBaHHS;
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Tabnuysa 2
Jlooamkoei knacu mounocmi cucmem 36asxcyeanusn. Pieenv oosipu p = 95%
Kpurepii O0’eKT BUMipIOBaHHS Tan 1 Tan 11 Fp?l:;lli IIII Tan IV
Bara T3 +10 +15 +6 +5
JloBip4i rpaHuIli JOMyCTUMOI T10- HaBuaHTa)KeHHH BiJI TpyITH ‘15 +20 +10 L3
Xuoku, % oceit
OcpoBe HaBaHTAKEHHS +20 +30 +15 +8
Pexxum cTaTndHOTO 3BayKyBaHHS - A3 A3 03 03
HazBa HOpMaTHBHOTO JOKYMEHTY - ASTME - 1318 ACTY
OIML R 134-1
Io3nauennsi: “03” — 000B’s13k0Be 3acTocyBaHHsA; “JI3” — MOOPOBLIBLHE 3aCTOCYBAHHS,;

CucteMu 3BaKyBaHHSI MOXKYTb MaTH pPi3HI KJIacH TOYHOCTI ISl PI3HUX 1HTEpBajiiB poOOYMX
mBuAKoCcTeH. OIUH 1 TOM KE THI CUCTEM 3Ba)KyBaHHS MOXKE€ MATH K OCHOBHHM, TaK 1 J1OJATKOBUM
KJIAC TOYHOCTI. 3aCTOCYBaHHS OJHOTO a00 IHIIOTO KJacy TOYHOCTI MOXKHa OOMpaTH BIAMOBITHO 10
(GyHKI10HAJbHOTO MPU3HAUYEHHS B yMOBaX €KCIUlyaTalli KOHKPETHOIO €K3eMIUIApa CHUCTEMH
3BaXKyBaHHS.

[Ipu 3MmiHI yMOB ekciutyaranii a0o (pyHKIIOHAJIBHOTO IPU3HAUYEHHS, CHCTEMHU 3BaKyBaHHS MOXYTh
OyTH NepeBe/ieH] B IHIIMN KJIac TOYHOCTI, SIKIIO MpHU MOBIpIi a00 MOBTOPHUX BUIPOOYBAHHSX IX
METPOJIOT1YH1 XapaKTEePUCTUKHU BIJMOBIAAIOTh JAaHUM YMOBAaM eKCIUTyatamii 1 (yHKIIOHAJIbHOMY
MPU3HAYEHHIO.

Buxonsuu 3 3anponoHoBaHoi kiacu@ikalii MO)KHa BCTAHOBUTH HACTYIIHI METPOJIOT1YHI BUMOT'H
70 CUCTEM 3Ba)KyBaHHS y pycl:

— 32 FPAHUISIMU JOMYCTUMHX MOXUOOK;

— 3a I{IHOIO TIOJIIKH;

— 3a MIHIMaJbHUM HaBaHTa)KCHHSIM;

— 32 po0OOUYOI0 MIBUIKICTIO;

— 32 JJOIIYCTUMHM HPUCKOPEHHSM.

I'panuui gonycTuMUX MOXHOOK
[Ipu BunpoOyBaHHSIX 1 MOBIPLIl CUCTEM 3BakyBaHHs 95% pe3ynbrariB BUMIPIB HABAaHTAXKEHHS BiJ
OJIMHOYHOI OC1 1, SIKIIIO MOTP1OHO, HABAHTAXKEHHS B1J IPyIU OCEl MPH 3Ba)KyBaHHI B pycCl HE MOBUHHI
MEePEBUIIYBaTH OUIBIIOrO 3 HACTYNHUX 3HAYEHD:
a) po3paxyHKOBOTO 3HAUE€HHs aOCONIOTHOT MOXMOKHU BIAMOBIIHO /10 Tabauul 1 1 OKpyrJIeHoro 10
HAWOMMKIOro OLILIIOrO 3HAYEHHS IIHHU MOMIJIKH;
6) 1d x N,
2d X N,
ne: d — uina noainku, N — uucio oceit B rpymi JAT3 npu BU3HaYeHH1 HaBaHTa)KEHHS BiJl IPyIU
OCeH.
Ilpumimka: o0unouna 6icb po3ensioacmspCs K epyna ocel, wo CKIA0aemvcs 3 00OHIEL Oci.

3HauEHHs MEX JOMYCTHUMOi MOXMOKM BUMIPIOBAHHS IpU MOBIPLI HaBeJleHI B Tabmuui 3.

Me:xi1 10IyCTUMUX MOXUOOK MPU CTAaTUYHUX HAaBAaHTAXKECHHSIX HA BAHTAXKONPUUMAIbHUM MPUCTPiil
(mam — BIIII).

JlaH1 BUMOTHM MOXYTb 3aCTOCOBYBATHUCh TUIBKHM /10 CHUCTEM 3BaXyBaHHS, fKI J103BOJISIOTH
cripuiiMaTu 1 BHUMIPIOBAaTH CTAaTM4YHE HABAHTA)XXEHHS BIJ €TAJOHHUX BaHTaXiB, L0 I[LJIKOM
posmintyrotbest Ha BIIII.

VY pexumi BUMIpIOBaHb CTaTUYHUX HABAHTAXKCHb CUCTEMHU 3Ba)KYBaHHS MOBHHHI BIAMOBIIATH
BuMoram Jo Bar HeaBroMaruuHoi 1ii 3a JJCTY 'OCT OIML R 76-1:2014.
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Tabnuysa 3
I'panuyi oonycmumoi 6i0HOCHOT nOXUOKU npu 6UKOHAHHI NOBIPKU

Me:xki 10ImMycTHMOI BiZTHOCHOI OXUOKH NMPU BUKOHAHHI MOBipKH,
. % Bil OIOPHOro 3HAYEHHS
Kaac TounocTi TP T m—
Maca JIT3 . N OcboBe HABAHTAKEHHS
BiJl rpynu oceii
1B +0,5 +1 +1
2D +1 +2 +2
5E +2,5 +4 +4
10F +5 +8 +8
Tum [ + 10 + 15 + 20
T 11 +15 + 20 +30
Tum 111 +6 + 10 + 15
Tun IV +5 + 8 + 8

Mexi nomyCTUMHUX TMOXHOOK MpHU CTaTUUYHUX HaBaHTaxeHHsX Ha BIIIl moBuHHI BiamoBijgaTu
3HAYCHHSM, 3a3HAYCHUM y Ta0muil 4.

Tabnuys 4
Mesci oonycmumux noxuboK npu CmamuyHuxX HA6AHMANCEHHAX
Me:xi JOMyCTUMHX OXHOOK

HaBanTakeHHs m, BUPAK€HE B OIMHUIHAX Ilil-ll/l

NOJIJIKH NPH CTATHCTHYHOMY 3Ba)KyBaHHI, d IIpu nosipui B excruryaranii
0<m<500 +0,5-d +1-d
500 <m <2000 +1-d +2-d
2000 <m <5000 +15-d +3-d

Hina noxijaiku

JIist KO)KHOTO METOAY 3Ba)KyBaHHsI (B PEKMMI CTaTUYHOIO 3Ba)KyBaHHsS a00 IpH 3Ba)KyBaHHI B
pyci) 1iHa MOAUIKK Moke OyTH pi3HO0. [Ipu oMy BCl MOKa3youi 1 APyKyHdl OIPUCTPOI Bar s
KOHKPETHOI'O METO/y 3Ba)KyBaHHS Ta BCTAHOBJIEHOTO KJIaCy TOYHOCTI MOBUHHI MaTH OJIHAKOBY LIIHY
noainku. [lokaszanuku macu [IT3 1 ochoBUX HaBaHTaxeHb | T3 Takok MOBUHHI MaTH OJJHAKOBY ILIIHY
oAk, CriBBIIHOMICHHS MK KJIACOM TOYHOCTI, 3HAUEHHSM I1HU TOJUIKU 1 YUCIOM TMOALIIB MPU
MakcumanbHoMY HaBaHTakeHH1 BIIII cucrtem 3BakyBaHHS 3a3HaueHO B Tabmuul S.

Tabnuysa 5

CniggiOHOWEHHA MIdIC KAACOM MOUYHOCMI, 3HAYEHHAM UIHU NOOLTKU MA YUCAOM NOOINOK
npu maxkcumanvnomy nHasanmasxycenni BIIII cucmem 3easxicyeanna IT3 wacmunamu

Kaacu TouHoCTi npu d. kr MiniManbHa KiTbKiCTh MaxkcuMaJjbHa KJIbKICTH
BumMiproBanni macu T3 ’ MOTIIOK MOTIIOK
1B <20 500 5000
2D <50
Tun IV, Tun 111, SE <100 50 1000
Tum I, 10F <200
Tum 11 -
Lina noodinku nokazyiouozo ma OpyKyio4020 RPUCmMporo nosukHa subupamucs iz paody 1 - 10Fabo 5 - 105, oe k — oooamne
abo 810 ’emue yucio abo Hyiuv.
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MiniMaJ/ibHe HABAHTAKEHH S
MinimanbHe HaBaHTakeHHs BIIIl cuctem 3BakyBaHHS He NOBHHHE OyTH MEHINIE, HIXK
HAaBAHTA)XCHHS, BUPAXXCHE B OAMHULAX I[IHU MOJLJIKH 1 3a3HayeHe B TaOmuIl 6.

Tabnuysa 6
Minimansne nasanmasicenns BIITT
Kiacu TounocTi MiniMaJibHe HABAHTAKEHHS
npu BumipoBanni macu T3 B OAMHUISAX IiHU MOTIJIKHA
1B 50
2D, 5E, 10F, Tun I, Tum 11, Tun 11, Tun IV 10

PoGoua mBuHAKiCTH

Cucremu 3Ba)KyBaHHS B pycCl IIOBHHHI 33JJ0BOJIbHATH BIAMOBIAHUM METPOJIOTIYHUM 1 TEXHIYHUM
Bumoram 1pu pyci JAT3 31 mBUAKICTIO, 110 HE BUXOIUTH 32 MEK1 poO0YOro Jiana3oHy MIBUAKOCTEH:

— 3aJIaHOT0 B TEXHIYHIN JOKyMEHTallll Ha CUCTEMY 3Ba’KyBaHHS;

— MEBHOI0 B Ipolieci BUNPOOyBaHb MpHU 3Ba)KyBaHHI B pyci.

Po6oua mBuakicTh MoBUHHA OyTH mMoka3zaHa 1 (a0o0) po3JpyKoBaHa TUIBKM Hicis Toro, sk (T3
OyJI0O 3BaKE€HO B pYCl.

Po6ouwnii niana3oH mBUAKOCTEN MOke OyTH pO3OUTHI Ha IHTEPBAIH, B KOXKHOMY 3 IKUX MOXYTh
OyTH BCTAaHOBJIEHI pi3HI KJacu TOYHOCTI, a TaKOX pIi3HI METOAMU OLIIHKU METPOJIOTIYHUX
XapaKTePUCTHK.

JonycTuMe NpUCKOpPEHHA

Cucremu 3BaXyBaHHS, IPU3HAUEHI JJI1 KOHTPOJIIO 3MiH WBUJKOCTI JIT3 (OIIHKM IPUCKOPEHHS),
MMOBUHHI MaTH MOXJIMBICTh Bu3Ha4yarH, mo T3 npoiimos yepe3 BIIII 3 HepiBHOMIpHOIO MIBUIKICTIO,
10 MEepeBUIIYy€e 3aJaHe T'pPaHUYHE 3HAYEHHS NPUCKOpEeHHs. Pe3ynbTaTh BUMIpIOBaHb BAaroBUX
napameTpiB Takux T3 moBuHH1 OyTH BiA3HAYEHI1 B1AMOBIIHUM KOJIOM MOPYILIEHHS 3 IONEPEHKEHHIM
po Te, IO Il pe3yJbTaTh HE JTOCTOBIPHI.

BucHoBku

3anpornoHoBaHa Kiacu@ikalis CUCTEM 3BaKyBaHHsS € IONEpPEJHBOIO 1 BHUMAarae IIHPOKOTrO
00TOBOpPEHHS yCiMa 3alliKaBJIEHUMHU CTOpOHaMH. Take 0OroBOpeHHS HEOOX1JTHO IJisi BHPOOJICHHS
€IMHOIO MIJXOIy /10 pO3pOOKM HALlOHAJBHOTO CTaHJAPTy, AKUM BCTAHOBIIOE METPOJIOTIYHI 1
TexHI4H1 BUMoru a0 cucreM WIM, no meToziB ix BUNpPOOyBaHb 1 MOBIPKH.

1. COST 323 «3saoicysanus mpancnopmuux 3acoois y pyci. Ocmamounuii 36im. Cneyugixayis s cucmem
36a01CYB8aHHs 8 pyci 8 €8poniy.

2. ASTME — 1318-09 «Cmanoapmua cneyughixayis 051 00pOXNCHIX cucmem 3eadxcysanns 6 pyci (WIM) 3
BUMO2AMU KOPUCTYBAYA MA MEMOOAMU BUNPOOYEAHD ».

3. JICTY OIML R134-1:2010 «Ilpunaou aemomamuyuni Oisi 38AJ4CYBAHHS OOPOICHIX MPAHCHOPMHUX
3aco006i8 y pyci ma uMipio8anHs Haganmasicernv Ha icb. Yacmuna 1. 3acanoui mexuiuni eumocu ma memoou
sunpooysanuns (OIML R 134-1:2006, IDT)».
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SOFT METROLOGY: DISSEMINATION OF THE INFORMATION MEASURING
TECHNOLOGIES INTO THE “MEASURING THE IMPOSSIBLE” AREA

© Vasyl Motalo, 2019

Lviv Polytechnic National University (Lviv, Ukraine), DSC, professor of Information-Measurement
Technologies Department, vp.motalo@gmail.com

Introduction. “I often say that when you can measure what you are speaking about, and express
it in numbers, you know something about it; but when you cannot measure it, when you cannot
express it in numbers, your knowledge is of a meager and unsatisfactory kind; it may be the
beginning of knowledge, but you have scarcely, in your thoughts, advanced to the stage of science,
whatever the matter may be” [1]. This conceptual statement of Sir William Thomson, 1st Baron
Kelvin, one of the pillars in the history of physics and engineering, said almost 140 years ago, is
very relevant for the development of modern metrology, as the science of measurements and its
application [2]. In the framework of the Fourth Industrial Revolution Industry — “Industry 4.0”,
metrology becomes an integrated part of the production process. Accordingly, a substantive
expansion of the functions of metrology and the scope of its research can be traced, namely in such
areas of human activity as psychology, education, sociology, medicine, trade, industry, education,
sociology, qualimetry, etc., as reflected in the Recommendations of the International Committee for
Weights and Measure, concerning the establishment of new tasks in metrology [3]. The class of
quantities for which it is not yet possible to assign SI units, for example, like the taste, smell,
biological activity, quality, etc., is one that must be taken into account.

Soft Metrology: one of the branches of information measuring technologies. One of the new
progressive areas in the modern metrology is soft metrology — a scientific branch that has appeared
as a result of the dissemination of the information measuring technologies into the field of knowledge
of non-physical phenomena and processes [4 — 6]. Information Measuring Technologies (IMT) is
a set of measurement methods, measuring instruments and software and hardware integrated with
the purpose of receiving, processing, storing, protecting, distributing, displaying and using the
measuring information. Measuring information is the information on measurands and dependencies
between them in the form of a set of their values [2].

According to the generally accepted definition [4, 5], soft metrology is considered as measurement
techniques and models which enable the objective quantification of properties which are determined
by human perception. The human response may be in any of the five senses: sight, smell, sound,
taste, and touch. In general, a person is already equipped with appropriate sensors and the simplest
algorithm for its behavior is its response to the stimulus which is expressed as:

stimulus = person = response,
where stimulus 1s an object, an effect or an event that causes a specific functional reaction in an
organ or tissue, for example, a car, a sound, a shine, a smell, etc.; response is a human reaction,
that is a physiological or psychological output and an appropriate action, for example, a visual
response, an aural response, an olfactory response, a tactile response, etc.

Thus, soft metrology includes aspects of appearance (color and gloss), noise quality, the texture
of food (such as creaminess) and, more broadly, topics such as biometrics and usability of systems,
etc. The subject of the soft metrology study belongs to the field of so-called “Measuring the
Impossible” (Mtl) [6], i.e. research in areas of interdisciplinary science aimed at supporting the
development of new methods and investigative techniques for the measurement of complex
phenomena that are dependent on human perception and/or interpretation. This includes, for example,
measurement relating to the perceived attributes of products and services, such as quality or
desirability, or the quantification of social parameters such as security and well-being, etc.
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The main research objectives of the measurement in the soft metrology area. The essence
of any measurement is the comparison of the quantity to be measured (measurand) with the
measurement standard which is a realization of the definition of a given quantity, with stated
quantity value and associated measurement uncertainty, used as a reference [2]. Herewith, depending
on the measurement method, the standard may be present in the measurement procedure either
explicitly or implicitly [7]. So, to perform measurement in the soft metrology area, that is, in the
field of measuring the quantities characterizing human sensations and feelings, and using of
measurement results, for example, in the robotics, it is necessary to achieve the authenticity of key
metrology concepts in this area in accordance with the International Dictionary of Metrology
VIM3 [2], namely:

» measurement — the process of experimentally obtaining one or more quantity values that can
reasonably be attributed to a quantity;

» measurand — quantity intended to be measured;

* quantity — property of a phenomenon, body, or substance, where the property has a magnitude
that can be expressed as a number and a reference. The reference can be a standard, a measurement
unit, a measurement procedure, a reference material, or a combination of such;

» measurement result — set of quantity values being attributed to a measurand together with any
other available relevant information. Usually, such available relevant information is the estimation
of the measurement result accuracy. That is, a measurement result is generally expressed as a single
measured quantity value and measurement uncertainty;

» measurement method — generic description of a logical organization of operations used in a
measurement.

In the case of fulfillment of the above conditions we can speak about the implementation of the
sensometrical measurement in the soft metrology area, that is, measurement of the quantities
characterizing human sensations and feelings. Accordingly, sensometrical measurement can be
considered as one of the types of measurements in general and apply to their analysis all the
fundamental principles of the representative theory of measurement [8].

The purpose and main tasks of the research of this work. Based on the performed analysis,
the purpose of this study has been formed as a development of the methodology for carrying out
of the sensometrical measurement and its practical implementation. To achieve the stated objective,
the following tasks have been identified:

* to establish measurands in the soft metrology area, that is, of the quantities characterizing
human sensations and feelings, and describe their mathematical models;

* to make a synthesis of the virtual measurement standards of the quantities characterizing human
sensations and feelings;

* to develop a measurement procedure of the quantities characterizing human feelings;

* to make a synthesis of the measurement scales of the quantities characterizing human sensations
and feelings;

* to develop a procedure of the measurement results processing of the quantities characterizing
human sensations and feelings;

* to develop a procedure of evaluating of the measurement results accuracy of the quantities
characterizing human sensations and feelings by finding their uncertainty.

1. W. Thomson, “Lecture on Electrical Units of Measurement”, in Lectures, vol. 1, p.73, 1883, [Online], Available:
https://archive.org/stream/popularlecturesa0lkelvuoftiipage/73/mode/lup|Popular.

2. OIML V 2:2012 (E/F), International vocabulary of metrology: Basic and general concepts and associated terms,
VIM3, 2012.
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the Metre Convention, 2007.

4. M. Pointer, “Report to the National Measurement System Directorate: New directions — Soft Metrology”, NPL
Report CMSC 20/30, 2003.
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VIK 621.317
CIIOCIB BUSIBJEHHS ®AJILCUPIKOBAHOI TOPLIKU

© €seen Iloxoouno', Bacunw Iliyopa?, 2019

'"HanionanpHuit yHiBepcuter “JIpBiBchka nomitexHika” (JIbBiB, Ykpaina), npodecop xadenpu inpopmariiino-
BUMIPIOBAIBHUX TEXHOJOTIH, 1.T.H., mpodecop, evgenp@meta.ua
’HarmionansHuii yHiBepcuteT “JIbBiBchka mojtiTexHika” (JIbBiB, Ykpaina). cTymeHT kadbeapu iHPpopMaIliiHo-
BHUMIipIOBaIbHUX TEXHOJOTIH

Haitnommupenimor ¢anbcudikaiiero ropuiuaHux BUPOOIB € IXHSA 3aMiHa BOJAHO-CIUPTOBUM
PO3YMHOM (CHHUPT 1 JUCTHIHLOBAaHA BojAa) ab0 4epe3 HEeBIANOBIAHOCTI MapKH TOPUIKH (3aMICTh
TOPUIKU OJIHI€T MapKu NojaeThes iHma). Came TOMY ONepaTUBHUM KOHTPOJIb SKOCT1 TaKOi MPOAyKIIil
€ aKTyaJIbHUM.

[IpononyeThbest crnociO BusBIEHHS (panbcu(iKOBaHOI TOPIIKH, 32 IKUM 3 BUKOPUCTAHHSIM €MHIC-
HOTO IEPBUHHOIO MEPETBOPIOBaYA uepe3 00’ €KT KOHTPOJIIO (ropityaHuii BUpi0) NpoOIMyCKalTh CTPyM
PI3HOI YaCTOTHU Ta BUMIPIOIOTH HOTO €JIEKTPOIPOBIAHICTH (aIMITAHC), @ CaMe: BUMIPIOIOTh PEAKTUBHY
CKJIAJIOBY aJMITAHCY B J1alla30H1 YacTOT Ta aHANI3yIOTh OTPUMaH1 pe3ylIbTaTl BUMIPIOBAHb.

HaBonsiTecst pe3ynbTatu €KCHEepUMEHTAIbHUX JOCHIAXKEHb JJISi BOJHO-CIUPTOBOTO PO3UUHY
PI3HOT KOHLEHTpALlil Ta TOPUIKU PI3HUX MapOK, BIAIOBITHO.

Ha ocHoOBi oTpuMaHuX pe3yibTaTiB €KCIEPUMEHTAIBHUX JOCIIKEHbh HABEICHO UIIOCTPAIliio
peatizailii 3ampornoHOBaHOTO croco0y danbcudikaiii ropiaku depe3 3aMiHy ii BOAHO-CIUPTOBUM
pPO34YMHO Ta yepes3 il HeBIANOBIIHICTh BKa3aHI Ha €TUKETIl MapKu.

[TokazaHo, 110 KpUBI, SIKI B1I0OpakatoTh YaCTOTHY 3aJIEKHICTh PEAKTUBHUX CKJIAJOBUX CYTTEBO
BIAPI3HIIOTHCS YACTOTOIO, HA AKIM peaKTUBHA CKJIaJ0Ba MPUHUMAE EKCTpEMaIbHE 3HAUCHHs. Tak, s
p030aBiIeHOr0 BOJHO-CIIUPTOBOIO PO3YMHY PI3HOI KOHIEHTpalii (BMICT BOAM Yy CIIUPTI) Taka 4acToTa
3HaxoauThes B Mexax (100-3000w), a 1uist pi3HUX Mapok ropiiku — B Mexax (3-30k['1y). BignosigHo
710 IbOTO, B YaCTOTHOMY Ji1ania30H1 JIETKO MOKHA BUOpATH YaCTOTH, Ha SKUX 3HAYEHHS OJIHIET KPUBOT
cnajae, a Apyroi 3pocrae. Lle MoxHa BBaXkaTu 1A€HTU(IKAI[IHHOIO 03HAKOI BUSIBICHHS (ajbcudi-
KOBAHOI TOPUIKU 4epe3 3aMiHy ii po30aBIIEHUM CIIHUPTOM.

Hnst inenTHdikamii Takoro BOJHO-CITUPTOBOTO po3unHy (danbcudikoBaHa ropiiaka) J0CTaTHLO
BUMIPSITH PEAKTUBHY CKJIaJIOBY aIMITaHCYy KOHTPOJBOBAHOTO 00’ €KTa Ha /IBOX (PIKCOBAHUX YaCTOTAX,
SIK1 3HAXOJATHCSA 032 YaCTOTOI eKcTpemaiabHoro 3HadeHHs (3001m).

SIKmo BHMIpsSHE 3HAYCHHS CKJIAJO0BOI HA 4YAaCTOTI f; € MEHIIUM BiJ 3Ha4E€HHS HA 4acTOTI f,, TO
ropinka QanbcudikoBaHa 1 sBisie cOO0I0 BOJHO-CIUPTOBHM po3uuH (p030aBiIe€HUM BOJIOIO CIIUPT).
SIKmo BUMIpSHE 3HAYEHHs CKJIAJOBOi HAa YaCTOTI f; € OUIBIIMM BiJ 3HAYEHHS Ha 4acToTI f,, TO
KOHTPOJILOBAaHUI 00’ €KT € OPUTIHATBHOI TOPLIKOIO.

Jnst BusiBneHHs anbcudikaiii TOpiIKY MiIMIHOIO MapKu HE0OX1AHO BU3HAYUTH YaCTOTY, Ha SKiil
peakTHBHA CKJIaJoBa aJMITAHCYy MpuUiIMae eKcTpeMalbHEe 3HauYeHHsA. Bu3HaueHy wyacToTy
KOHTPOJILOBAHOT'O 00’ €KTY HEOOX1HO MOPIBHATH 3 BIJIIIOBIIHOK 4acTOTOIO 0a30BOro 3paska (ropijika
MEeBHOT MapKH, 1110 BiATIOBIIa€ HOPMOBAHHUM TTOKAa3HUKAM SIKOCT1). Y TaHOMY pa3si iAeHTHIKAIIHHOIO
03HAKOIO € YacTOTa, Ha AKil peaKTUBHA CKJIaJ0Ba MpUIIMaEe eKCTpeMalbHe 3HaYEHHS, 10 BIANOBIAAE
BiANOBIAHIN Mapiri ropuiku. [TokazaHo, mo ropini, Hanpukiaa, mapku M1, M2, M3 BianoBinaroTh
4acToTH f3, f,, fs nianasony (3-30xI'm) , Ha SKMX Ma€MO BIANOBIAHO 3HAYEHHA CKIANOBUX SIKIIO XK
CHIBMAJIHHS HEMae€, TO ropijka He BiJANOBiJae Bka3aHid Mapii. ToOTo, SIKIIO B pe3yibTari
BUMIPIOBaHHS PEaKTUBHOI CKJIAJ0OBOI aJMITAaHCY TOPLIKU MOJaHOi 3a Mapkoo M1 B wacToTHOMY
Jlana3’oHi OTPMMAaHO €KCTPEMajlbHE 3HAYEHHS, AK€ HE BIANMOBIIA€ 4acTOTI f;, a Oyab-AKiA 1HIIIHA
4acToTi, TO MOJaHa Topijika He BIANOBIJAa€ 3a3HAUYCHIN Mapiii.

[Ipy ubomy HEOOXiIHO 3a3HAYUTHU, L0 Yy pa3l BUKOPUCTAHHS €MHICHOTO HEPBUHHOIO
[epeTBOPIOBAYA 3 1HIIMMU F€OMETPUUYHUMHU PO3MipaMu (Pi3HOIO CTAJIO KOMIPKH), @ TAKOX 1HIIOTO
KOHCTPYKTUBHOT'O BUKOHAHHS (PIKCOBaHI YaCTOTH MOXYTb OyTH IHILIKUMH.
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BUMOI'M 1O BCTAHOBJIEHHSA ITIOKA3HUKIB
CKUIAJHUX JJAHAITA®THUX KOMIIVIEKCIB

© Mapis Pyoa!, Tapac Bouko’, Muxaiino Ilacrascokuir®, 2019

'HamionanbHuii yHiBepcuteT “JIbBiBchbKa moniTexHika” (JIbBiB, YkpaiHa), BUKJIaaa4d Kapeapu eKoJIOTi4HOT
0e3IeKH Ta IPUPOLOOXOPOHHOI TiSNTBHOCTI, K.T.H., marichkarmv(@gmail.com
’HanionansHuit yHiBepcuteT “JIbBiBChKa momiTexHika” (JIpBiB, Ykpaina), mpodecop xadempu mpuiaaiB TOUHOI
MEXaHiKH, JA.T.H., mpodecop, tgbo@ukr.net
‘HanionansHu#l micoTexHidyHui yHiBepcuteT Ykpainu (JIbBiB, YKpaiHa), NpoBiqHUI iHKeHEep Kadeapu eKoorii,
mykhaylo.paslavskyi@gmail.com

Cxnanni nanamadrai komiuiekcu (CJIK) € niicHUM 1 3aKOHOMIPHUM TO€IHAHHSIM HTPUPOAHUX
KOMIIOHEHTIB — JaHJIa(THUX KOMILIEKCIB P13HOIO PaHTy, [0 B3a€MOJIIOTH 1 YTBOPIOIOTh €IUHY
cuctemy. 3TiAHO 3ampornoHoBaHOi KoHIemnuii B koxkHoMy CJIK MoxHA BUAIIUTH €lIEeMEHTapHY
KOMIPKY — KOMITAPTMEHT, SIKHi BOsoji€ BciMa o3Hakamu 1 BiactuBocTsiMu CJIK Ta mepelyBae mifg
JI€I0 IPaJliEHTa HABAaHTA)KEHHSI B1J] MAKCUMAJIbHOTO /10 MIHIMAQJIBHOTO PiBHS. 3a MiHIMAQJIbHUM P1BEHb
MpUKUMalOTh (OHOBE HABAHTAXKEHHS, TOOTO HABAaHTAXKEHHSI BiJl pEriOHATBHMUX 1 IOOATbHUX BUKHU/IB,
JpKepena SIKMX 3HaXOJAThCS 103a JIOKaJbHUMHU JKepenaMu. Mipa HaBaHTa)KEHHsI — 11€ NMOKa3HUK, 3
SIKUM TOBUHHI 31CTaBIISTHCS 3HAUEHHS IapaMeTpiB 010THU B KOXKHIM Touwi rpaaienTa [1, 2]. Sk mipa
HAaBaHTA)XEHHSI MOke OyTH BUKOPUCTAHHUM OyAb-sKOI arperoBaHuil 1HAEKC, 110 0a3y€eThCs HA BMICTI
MOJIOTAHTIB, CEAUMEHTIB Ta PaJIOHYKIIJIB B JEMOHYIOUHMX fpycaxX HIJCHUCTEM KOMIIApTMEHTY
(HampuKIa] CepeHE 32 BMICTOM €JIE€MEHTIB MEPEeBULICHHS (DOHOBOTO PiBHS).

Jlnst uisied HopMyBaHHS HEOOX1IHO YITKO PO3AUIMTH BCl mapameTpu onucy kommnaptmeHTy CJIK
Ha JIB1 HEPIBHO3HAYHI Pyl — OCHOBHUX 1 KopensTuBHUX [3]. Kpurepisimu 3apaxyBaHHs apameTpa
710 OCHOBHHUX €:

— BHUKOHAaHHS 3aXUCHUX (YHKII;

— 3abe3neyeHHs HaAIMHOCTI;

— 3a0e3neueHHs BKJIaJly KOXKHOTO KOMIIAPTMEHTY 3 Horo mijJiciCTeMaMH Ta sipycamu y QyHK-
mionyBanus CJIK.

[TapameTp ciij BBaXKaTH OCHOBHUM, SIKILIO BiH BIJNOBIJA€ Xo4ya O oqHOMY (200 OubIle) KPUTEPIIO.
KopensTrBHI mapaMeTpy MOBUHHI OyTH BUIIEPEIKYBaJIbHUMHU 1HIUKATOPaMH 3MiHU OCHOBHUX. Cama
npoueaypa MOALNY MapaMeTpiB Ha OCHOBHI 1 KOPEISTHUBHI 3A1MCHIOETHCS €KCIEPUMEHTAIbHUM
LUISIXOM.

Koxen 3 xomnaptmenTiB CJIK moxke OyTu onmvcaHMil HECKIHYEHHOIO HHU3KOIO MapaMeTpiB UM
MIOKa3HUKIB, JOMOBHEHUX 3HAYEHHSIMHU 1HJAEKCIB cTaHiB. Ha eTami BU3Hau€HHS HOMEHKJIATypH
MOKa3HUKIB HE CJI1Jl BAKOPUCTOBYBATH MPOLEAYPY YCEPEIHEHHS 1 HE HAKJIaJlaTH KOAHUX alpPiOPHUX
00OMeXeHb Ha KUJIbKICTh NTOKAa3HUKIB; 1X MOXKHAa BUKOPUCTOBYBATH IapajeibHO, & KOHKYPEHTHICTH 1
[I€BHA HAJMIPHICTh MOXE CIIYTyBaTH FapaHTI€I0 HAaJA1HHOCTI BUCHOBKIB [4].

OnHak, OCKIJIBKH 3aBXIHM ICHY€ HEOOX1IHICTh 0OMEKEeHHsI Habopy 3MIHHUX, TO IepeBary Tpeda
B1/1J1aBaTH MOKAa3HUKAM, L0 3aJJOBOJIbHSIIOTh HACTYIHI KpUTEPii:

— 1HTErpajibHICTh — TaKl MOKa3HUKHU CTAOUIBHILII 1 € Pe3yNbTYIOUMMHU BEJIIMYMHAMHU 0ararbox
PI3HOCHPSIMOBAHUX MPOLECIB;

— HecneuudIYHICTh BIATYKY 3HAUEHHS NOKa3HHMKA Ha BIUIMBHY A1I0;

— 3JaTHICTh I'€HEpyBaTH BIANOBIJb Y MpPOCTOpi 1 B 4Yaci (IJIOUMHHI OLIHKHU, @ HE TOYKOBI;
MIEpMaHEHTHI, @ HE MOMEHTHI);

— HHM3bKI BUTpPaTH Ha BHUMIPIOBAaHHS, MOXJIMBICTh HEpYHHIBHOI peecTpauii (Bi3yajbHOI abo
JUCTAHIIIHOT);
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— HaJlfiHICcTh pe3ynpTaTiB (MiHIMajbHA JHCIEPCis 3a OJHAKOBUX YMOB BHUMIpPIOBAHHS,
HEYYTJIUBICTH 10 (AKTOPIB, 10 CTBOPIOIOTH MEPELIKOIN):

— HEBEJMKUM XapaKTepHHI 4ac 3MiHM mapameTpiB (BiH MOBUHEH OyTH ICTOTHO MEHIIUM yacy
nii mxepena 3a0pyAHEHHs, OIS SIKOTO MPOBOASTHCS JAOCIH1IKEHHS).

Sk aHaniTH4HY (opMy MpeAcTaBIEHHS 3ajexHOCTeN no3a — edexT s komnaptMmeHTiB CJIK
MO)XKHa BUKOPUCTOBYBATHU JOTICTUYHY (QyHKUIO. 111 KpUTHUHMUMHU TOYKAMU CIiJ] PO3YMITH TakKi
TUISTHKHY, /1€ B1IOYyBarOThCS AKICHI CKauku (PyHKIIi1, TOOTO MajJoMy IPUPOCTY apryMEHTY BiAIOBIIA€
HEIMPOMOPLINHHO BeJUKUI npupicT GyHKUIl. BUSBUTH KpUTHYHI TOYKH MOKHA 3a JOIIOMOT'OI0 aHaJi3y
noxigHuX. i JToricTH4HO1 KpUBO1 HaliBaroMiie iHpopMaliiiHe HaBaHTaXEHHSI MalOTh TPU KPUTUYHI
TOYKH — BEPXHS, CepenHs 1 HWXHs. [JUITHKM A0 BEPXHBOI 1 MICIAA HUKHBOI TOYOK — 00JIacTi
CTa0UIPHUX 3HAUY€Hb MapameTpa (MOBUIbHUX 3MiH). [iIsHKa MK KPUTHYHUMHU TOYKaMU — 00JIacThb
HecTaOUIbHOCTI (IIBUAKUX 3MiH). CepeHsl TouKa Ma€ 3HaYeHHS MIpU HaBaHTAXXEHHS, 1110 B1JIIIOBIJIa€
50%-ii 3miH1 napamerpa. HaliOinpmniil iHTepec Mae BepXHs KpUTUYHA TOUKA — MICIs 11 MPOXOAKEHHS
NOYMHAEThCA HAMOLIBII MBUIKA i, OTKE, HENPUITYCTHMa, 3MiHa mapameTpa. li abciuca Moxke OyTH
MPUIHATA B SIKOCTI KpUTUYHOTO HABAHTAXKEHHS.

Jl1st oTpuMaHHSI IEPBUHHOTO HOPMATHUBY I'PAaHUYHO JOMYCTUMOTO €KOJOTIYHOTO HAaBAHTA)KEHHS
(I'’AEH) neoOxinHO:

— BHSBUTH BCl OCHOBHI 1 KOPEJIATHUBHI IapaMeTpH, sIKI 3aKOHOMIPHO 3MIHIOIOTECS 3 IPAIIEHTOM
3a0py/IHCHHS,

— I KO)KHOTO TaKoro mapameTrpa 3HalTH alpoKCUMallliiHe pIBHAHHS JOTICTMYHOI KPHUBOI 1 il
BEPXHIO KPUTHUYHY TOYKY;

— B KOXHIN 3 rpyn BUOpaTu MiHIMaJIbHE 3HAUE€HHS a0CHMC KPUTUYHUX TOYOK.

[Ipu npoMy 3HaUEHHS AJIs MMIJIMHOKUHU OCHOBHUX IapaMeTpiB NPUUMA€ETHCS B IKOCTI IOTOYHOTO
HOPMATHUBY, I NIIMHOKMHHU KOPEIATUBHUX — SIK O3Haiomyoro [5].

BTopuHHi ekonoriuyHi HOpMaTUBU — I1¢ aOCOJIOTHI 1 MUTOMI 3HAYEHHS BUKHIB, 32 SIKUX BCl
TepuTOpii 011 IKepesia 3a MeKaMHU B1IUYy>KE€HO1 001acTi 3HAXOAAThCSI B HOpManbHOMY cTaHi. CTporo
Ka)Ky4H J1J1s1 TOUHOTO PO3PaxyHKy BTOPUHHUX HOPMAaTHUBIB MOTPIOHO 10CUTH JI0KIaAHa (hopMaTizoBaHa
MOJIEJTh, IO MOB'A3y€E TEXHOJOTTYHI MapaMeTpyu BUPOOHUIITBA, OOCST 1 CTPYKTYpPY BUKH/IIB, 3 OJJHOTO
00Ky, 1 CyMapHHUH 32 BECh 4ac poOOTH MiAMPUEMCTBA PO3MOALT BMICTY MOJIOTAHTIB, CEIUMEHTIB Ta
pamioOHYKJIIIB B JIEMOHYIOYHX spycax Ta MiCHCTeMax KoMmmapTMeHTy s Bchoro CJIK Oinst
mxepena. Toxl, 3HaIOUM 3HAYEHHS TPAHUYHUX HABAHTAXEHb MOXKHA, BUPILIYIOUM Ha LI Mopeni
3BOPOTHY 3ajiady, BU3HAYUTH OOCATH BUKHU[IB, 110 BIANOBIJATUMYTh TPAHUYHUM HABAHTAKCHHSIM.

B naitnepmomy HaGmrkeHH1 (IPHUITY CKal04H, IO CUTYAIlisS CTaIllOHApHA 32 BUKHIAMH 1 € JIIHIHHUN
3B'SI30K MDXK HaJXOJKEHHSIM IOJIIOTAHTIB, CEIMMEHTIB, PaJlOHYKJIAIB Ta iX JE€HNOHYBaHHSM),
BTOPHHHI HOPMaTUBU MOXYTb OyTH OTpHMaHI Ha OCHOBI1 €JIeMEHTAapHOI MPONOPIIii: ICHYIOUl 3HAYEHHS
BHUKH/IIB BIAMOBIJAOTH 3HANAEHIN MaKCUMaIbHIN Mipl CTIHKOCTI, 1 MOTPIOHO 3HAWTU TaKUU PO3MIp
BUKH/IIB, SIKHil Oy/Je BIAMOBIAATH OTPUMAHUM 3HAYCHHSIM 3aXUCHOI e(EKTUBHOCTI Ta HaiiHOCTI. B
pe3ysbTaTi:

HAOIIHICMb

Bmopunnuii _nopmamue = po3mip _ 6uKuody x .
3axucna _eghekmueHicms

[Ipy unbomMy He BpPaxoBYIOTh HEOOXIJAHICTh JOJATKOBOTO 3HM)KEHHS HABAaHTAXXEHHS, YU

PEeKyJIbTUBALIITHUX 3aX0/11B, IKE MOTPIOHO JIJIsl TOBEPHEHHS BXKE JerpaJOBaHUX sIPYCiB Ta MiJCUCTEM

kommaptmenty CJIK B mouarkoBuii ctan. llle omHUM OOMEXEHHSIM € T€, IO MOKA3HUKH BUKHIB

MOBUHHI OyTH JOCSATHYTI JJIsl KOXKHOTO 1HIPE/liEHTa OKPEMO, a HE Y CepeaHbOMY ISl BC1X, OCKIJIBKHU

HOPMATHUB PO3pOOJISAIOTh JJIsl IEBHOI CTPYKTYpHU BUKUIIB, IPU NEBHOMY CHHEPri3Mi HEOE3NMEYHUX
YUHHUKIB.
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PO3BUTOK CTAHJAPTHU3AIIIl BUTIPOGYBAHHSI
KABEJIIB 3A TIOKABHUKAMMU BE3IIEKHU

© FOpiu Pyoux!, Bikmop Kyyv?, Onee Hazaposeyw?, 2019

!JIpBiBCHKMIT JiepikaBHUH YHiBepcUTET Oe3neku KUTTeisuibHOCTI (JIbBIB, YKpaiHa), rOJIOBHUH HayKOBHA
CIIBpOOITHUK BiJAiNy OpraHi3ailii HayKOBO-IOCHiIHOT AisUTBHOCTI, K.T.H., AoueHT, rudyk@Ildubgd.edu.ua
*HamionansHuii yHiBepcuteT “JIbBiBChka mojtiTexHika” (JIbBiB, Ykpaina), noneHt kadeapu iHGpopmMaIlifiHo-
BUMIPIOBAJIBHUX TEXHOJOTIH, K.T.H., JOUEHT, ivt@lpnu.ua
3JIpBIBCHKHI JIepKAaBHUHN yHIBEpCHTET Oe3reku KUTTenisubHOCTI (JIbBIB, YKpaiHa), cTapuinii BUKIIagad
Kadeapu HarILAOBO-IPODITaAKTHYHOI AiSUTBHOCTI Ta MOXKEXKHOI aBTOMATHKH, K.T.H., nazarovets@ldubgd.edu.ua

[cTopuuHMi PO3BUTOK Bij 3a1104aTKyBaHHs CTaHJAPTH3aIlli HOKA3HHUKIB MOXKEKHOI Oe31eKu KabenbHO-
IPOBIIHUX BUPOOIB Haiuye Bxe nmoHax 40 pokiB Ha TepeHax YKpaiHu i 1e Oinbplie y KpaiHax 3axoay
[1]. 3okpema, ofHI€O 3 MEPIIMX i JOBIUW Yac €IMHOI0 CTAaHIApTH30BaHOIO (a Ha TOW yac — OTKe,
000B’A3KOBOI0) BUMOTOI0 Oyja BiJACYTHICTh IOIIMPIOBAHHSA MOJyM’s MO Kabensx 1 MpoBoJAax MpH
nooauHokomy npoxsaganti (FOCT 12176-76).

VY mpansax [2-5] po3misaaoThCcs OKpeMi METOIM Ta MapaMeTpu BUIPOOOBYBAHHS IS MPOBOIIB 1
kabeniB. OKpeMo CIiJl 3a3HAYUTH BCTAHOBJIEHHS BUMOT 1 HOPMYBaHHS IOKa3HHKIB MOXKEXKHOI Oe3nekn
Ut cTaaii BUpoOHUIITBA poAyKiii, To6to no BupoO6iB (KIIB), Ta mist crazaii ekcruryararii, y BUTIISIL
kabenpHux miHiM (KJI) 3 pi3sHUMH cnocoOaMu HpPOKIaJaHHS 1 MOHTaXXKHHMH eJeMeHTaMH. B ycix
BUIMAJKaX NPHUCYTHS 4YacTKa TOPIOYMX MaTepiajiiB 3 BIACTUBOCTSAMHM, SKi CTBOPIOIOTh LUIMH psX
HeOe3neyHux (pakTopiB MOXKEXkKi, M0 W BH3HAYA€ HEOOXITHICTh MOCIIMKEHHS MOKA3HUKIB IMOXKEKHOT
6e3neku kabenbHO-1IpoBiAHKUX BHPOoOiB 1 diHii ([ITIBK).

Xouda TeOpeTUYHO Kabesl MaroTh BUTPUMATH BECh 4Yac eKCIUlyaramii, y LIIOJEHHIN NMpaKTHLll BOHU
MOXYTb OyTH 3pyHHOBaHI Yyepe3 HeCIpaBHICTh a00 30BHIiIIHI BIIIUBU. OCOOINBO KPUTUYHOIO CUTYAIIEI0
€ pylHyBaHHs BHAcHioK noxkexi. Ha nogarok 1o BTpaTi QpyHKLINH Kabeto, 3ropaHHs BCiX HEMETaIEeBUX
MaTepialliB, TAaKUX K 130JALis, 00OJOHKA 1 TOKPUTTS, MOKE CTBOPUTH TOKCHYHI Ta / abo KOpO3iiiHi
pedoBUHU. TOKCHYHI peUOBUHU O€3MOCEpEeaHhO BILUIMBAIOTH Ha JIOACH, ONMM3BKUX 0 BOTHIO, TOMI SIK
KOpO3ilHI OOIYHI NMPOJYKTH TOPIHHS Ta HACJIIIKM iX BIUIMBY HE MOXYTh OyTH BHUSBIEHI BiIpasy.

YacTo me TpuBae Kijbka THXKHIB a00 HaBITh MICAIiB, MEpIIl HIX Taki MOOIYHI HPOAYKTH BOTHIO,
pO3UMHEH] y BOJI IpH TraciHHi a0 HasBHOCTI aTMOC(epHOI BOJIOTU, KOPOAYIOTh METaJIeBl MaTepiaii.
30UTOK BiJ MOXeEXi MOXKe BUHUKHYTH HaBITh Y MICISX, IO 3HAXOASATHCS HA 3HAYHIN BiACTaHI Bif
(aKTHYHOTO JKepelna Mokexi. Y OIbIIOCTI BUMAAKIB BaXJMBICTh 1 BuI noka3zHuka [1BK 3acHoBaHi Ha
TparigyHOMY JOCBi/Ii TOKEX 1 pATYBIBHHUX aKIli{, YACTO 31 3HAYHOIO KIJTBKICTIO KepTB. TecTn 3aiMUCTOCTI
1 BU3HAYCHHSI TPOIYKTIB 3TOPSHHS € XUTTEBO BAXJIMBUMHM NIl KaOenbHOI TexHonorii. Bonu HagaioTh
iH(pOpMaIiio PO Te, SIK BOTOHb MOUIMPIOETHCS MO Kabesro, a TAKOX MPO MOTEHLIHHI 3arpo3H s JIIoAeH
1 MarepialliB y pasi moxkexi kabeiro.

JlocnimKeHHIO MiAIATAal0Th: TOPIOYICTh HEMETaJeBUX KaOeIbHUX KOMITOHEHTIB; TOKCUYHICTH
MOXKE)KHUX MOOIYHUX Tra3iB, IO MOIIMPIOIOTHCS BOTHEM Y3JIOBX KaOesro; HIUIbHICTh AMMOBHUX Ta3iB y
pasi MoXkexi; KOPo3ilHICTh Ta3iB 3TOPSHHS.

Hosga penakuis npoexry JICTY 4809: KaGeui, cuinoBi, KOHTpOIIbHI Ta 3B’ 13Ky Kabei a1t BUKOpUCTaHHS
y OyziBeNbHUX CIIOpyaax 3TiJHO 3 BUMOTAMU MO0 MOXKEXKHOI Oe3neku. [Ipono3uii moao yaocKoHaIeHHS
kiacugikamii kabemiB 3a peaxii€ld Ha BOTOHb MICTATH NOAATKOBY kKiacudikamiro mis kiacy Eca.
JHonatkoBa kiacudikallis 3a JUMOYTBOPIOBAJIBHOIO 3/IaTHICTIO; 32 3alallfOBAIbHOI0 3[AaTHICTIO YaCTOK,
10 BiZJIOKPEMJIIOIOTHCS BiJ KaOeiro, Ta TPUBAIICTIO CAMOCTIIHOTO TOpPiHHSA, HaBeAeHi y Tabnumi 1.
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Tabauys 1
Ilpono3uuii 0o0amkosux Knacughikayii 3a peakyiclo Ha 6020Hb
Kaac Meton BUNpoOyBaHHS Kaacugikaniiini kpurepii
s3a 60 % <1, < 80%
3b JACTY EN 61034-2 1> 60 %
p0 npIICTY 4809 Yactku He 3llaT.Hi JIO 3araJtOBaHHS
pl YacTku 34aTHI 4O 3amajJlOBaHHI
tl t.<60c
2 t,.>60c

Kpim Toro, momarkoBuii kpurepiil mis kiaacy D 3a qumoyTBoproBanbHOMO 31aTHICTIO: FS < 2.5 M; a
BHU3HAYEHHS TEIMJIOTU 3TOPSHHS MPOIOHYETHCA SIK JIOBIIKOBOTO IMOKa3HUKa JUIs KabemiB kinaciB Blca,
B2ca, Cca, Dca, Eca.

AKTyalnpHUH CTaH BIPOBAJDKEHHSA B YKpaiHi MDKHApOJHUX HOPMATUBHUX JTOKYMEHTIB:

— HD 604 S1:1994 (Bepcis en) «0,6/1,0 kV and 1,9/3,3 kV power cables with special fire
performance for use in power stations (Kab6eni cunosi Ha Hampyry 0,6/1,0 kB Ta 1,9/3,3 kB 3i
CIieIiaJbHIMU MMOKa3HUKAMH T0KEeKHOT HeOe3MeKH 11 BUKOPUCTAHHS HA CIIEKTPUYHUX CTAHIIISAX)»
i3 3miramu HD 604 S1:1994/A1:1997, HD 604 S1:1994/A2:2002, HD 604 S1:1994/A3:2005;

— HD 405.1 Tests on electric cables under fire conditions — Part 1: Test on a single vertical
insulated wire or cable;

— EN 50265-2-1 Common test methods for cables under fire conditions — Test for resistance to
vertical flame propagation for a single insulated conductor or cable — Part 1-2: Procedures — 1 kW
pre-mixed flame;

— EN 60332-1-2 Tests on electric and optical fibre cables under fire conditions — Part 1-2: Test
for vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW pre-mixed
flame (IEC 60332-1-2);

— HD 405.3 Tests on electric cables under fire conditions — Part 3: Tests on bunched wires or
cables;

— EN 50266 (series) Common test methods for cables under fire conditions — Test for vertical
flame spread of vertically-mounted bunched wires or cables;

— HD 602 Test on gases evolved during combustion of materials from cables — Determination
of degree of acidity (corrosivity) of gases by measuring pH and conductivity;

— EN 50267 (series) Common test methods for cables under fire conditions — Test on gases
evolved during combustion of materials from cables;

— HD 606 (series) Measurement of smoke density of electric cables burning under defined
conditions;

— EN 50268 (series) Common test methods for cables under fire conditions — Measurement of
smoke density of cables burning under defined conditions.

BucnoBok. IlinBuiieHHss 0e3MeKH KUTTEMISIIBHOCTI CJIiI BUKOHYBAaTH HE JIMIIE Yepe3 AOTPUMaHHS
¢dopmanbaux Bumor cranaapris ISO, IEC mono npoayxkuii, a it 3a0e3nedeHHss poOOTH THX MEXaHI3MiB
camooprasizamii y BUpoOHUYIH CTPYKTYpi, AKI HiABUILYIOTh SKICTh. YIPABIiHHS SKICTIO IPOBOIUTHCS
13 BpaXyBaHHSM II€BHOTO piBHsI O€31eKH, OallaHCy BUIOJ] 1 BUTPAT B MEKaxX OKPeMoro o0’ €xTa, TEpUTOPil
1 mepxaBu B oMy [6].

1. Babrauskas V., Mechanisms and Modes for Ignition of Low-Voltage PVC Wires, Cables, and Cords,
pp. 291-309 in Fire&Materials 2005, Interscience Communications Ltd., London (2005).

2. Pyoux [O.1., Illyuvxin B.M. Busznauenns obcsey coprouoco mamepiany Kabeavhux eupobie npu
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EdexTuBHicTh poboTH mianpueMcTBa 0a3yeThcsl HA TOYHUX, CBOEYACHUX 1 EKOHOMIYHO OOIpyH-
TOBaHUX PO3paxXyHKax KIIIOUYOBUX TeXHIKO-ekoHOMiuHuX mnoka3HukiB (KPI-Key Performance
Indicator) BignosigHo ACTY 2962-94 Opranizamnis npomucioBoro BupoOHuntsa. KPI-nmokasnuku
OTPUMYIOTh 0€3MocepeIHbO 3a pe3yibTaTamMu (HI3MYHUX BUMIPIOBaHb, JaHuX abo 3 iHmux KPI-
MOKa3HUKIB. lle crnpuse eKOHOMIYHOMY BUKOPHUCTAHHIO PECYpPCIB, BUSIBICHHIO 1 BIPOBAKEHHIO
MepPe0BOro JOCBiAY, HOBOI TEXHIKM 1 TEXHOJIOT1i BUPOOHUIITBA, MONEPEIKEHHIO 3alBUX BUTPAT.

MeTtposoriude 3a0e3neuyeHHs] BUTOTOBJICHHS! MAIINH 1 iX €JIeMEHTIB, BUXOASIUU 3 BUCYHYTHX 10
HUX BUMOT 1 QyHKIIIOHaJIbHOTO NpU3HAYeHHs, 0a3y€eThCs HAa METO/ax 13ac00ax TEXHIYHOI eKCIIEPTU3U
Ta TeXHIYHOTO KOHTpoJto BiAnoBigHo JJCTY-3514 CratuctuyHi METOM KOHTPOJIIO Ta PETYIIOBAaHHS
Ha eTamnax »HUTTEBOTO LMKIY BUPOOY, L€ J03BOJISE CBOEYACHO BUSIBIISATH 3aiiBl BUTPATU PECYPCIB
IIpY BUTOTOBJIEHHI BUPOOY Ta BUIIYKYBAaTHU LUISIXH IiJABUIIEHHS €()EKTUBHOCTI BUPOOHHULITBA.

HeobxinHa TOYHICTH KOHTPOJIBOBAaHHUX IapaMeTpiB BUPOOY Ta TEXHOJOTIYHOTO MpPOLECY
BCTAHOBJIIOIOTHCSl HAa paHHIX eTanax >KUTTeBOro uukiay BupoOy (PKLIB), mo BigoOpaxkaerbcs B
KOHCTPYKTOPCBbKIM Ta TexXHOoJOriuHii aokymeHrtanii. KoHTponapboBaHi mapamerpu BHpoOy Ta ix
JOMYCK HAa TOYHICTH (YHKIIIOHAJIBHO TOB'A3aHI 3 BUPOOHHYO-TEXHOJIOTIYHHUMH TOKa3HUKAMU
npouecy BupoOununra [1]. IIpu TexHONMOTIYHIA MiATOTOBIII BUPOOHUIITBA BUPOOIB BAXKIUBUM €
po3poOKa Ta BIPOBAJKEHHS aBTOMAaTH30BaHOI 1H(OpPMaLIHHO-BUMIPIOBAIILHOI TEXHOJIOT1T OLIIHIO-
BaHHs KPI-E nmoka3nuka (Key Performance Indicator Effectiveness) BupoOHUYUX TIpOIIECiB B pealib-
HoMy MacmTaly yacy. Lle mae MOXIUBICTH ONMEpaTUBHO KOpPEryBaTH TEXHOJIOTIYHHUM mpolec Ta
MOPIBHIOBaTH €(EKTUBHICTh BUKOPUCTOBYBAaHUX TEXHOJIOT1N Ha PI3HUX BUPOOHMUMX AUISTHKAX [2].

Jlnst BUpIIIEHHS TOCTaBJICHOTO 3aBIaHHS HaMHU pPO3POOJIEHO METOIOJIOTII0 CHUCTEMHO-
1H(QOPMAIIHHOTO TIAXOMY 0 aHATI3y 1 CHHTE3Y MPOIeCiB 1 cucteM BUpoOHUIITBa [3]. MeTomomoris
3aCHOBaHA Ha MPUHIUIAX 1aJEKTUYHOTO, CHCTEMHOTO Ta MPOIECHOTO0 MiaXoaiB. JlianekTuaHuii
miaxia — nepeadavae MPUHITUIT 3arajJbHUX 3B'SA3KIB y cHUCTeMI BUpOOHUITBA. CUCTEeMHUN MAXid —
nependayae AOCHIIKEHHS BUPOOHUITBA SIK LIUIICHOI CYKYIHOCTI CKJIAJOBUX HOro €JIeMEHTIB.
[IpouecHuii miaxig — nepeadayae OpraHizaiilo CUCTEMHU MPOILECIB pa3oM 3 iX 11eHTU(]PIKYBaHHSIM 1
B3a€EMOJIISIMH, @ TaKOK KEPYBAHHSIM HUMH JUJISl OJiepKaHHs Oa)kaHoro pesynbsraty BianosigHo ACTY
ISO 9001:2009 Cucremu ynpaBiiHHS sKicTIO. B OCHOBI MmponecHoro migxoay JjexaTb HOTpedu
pO3MIsLAaTH MPOLECH 3 MOMISAY CTBOPIOBAHHS JOAATKOBUX I[IHHOCTEH, OTPUMAHHIO PE3yNbTaTiB
(GYHKIIOHYBaHHS MPOLECY Ta JOCITHEHHIO pPe3y/IbTaTUBHOCTI, HOCTIHHOMY HOJIIIITYBaHHIO IPOLECIB
Ha OCHOBI 00'€KTHBHOI'O BHUMIPIOBAHHS.

Metonomnoriss cucTeMHO-1HQOpPMaLIHHOTO MIAXOAY JOCIHIJAXKY€ CTallOHApPHUM mpolec SK
CTOXaCTUYHHUH MPOLIEC y KOO HE 3MIHIOETHCS PO3IMOiT HMOBIPHOCTI MU 3MIIIEHH] B Yaci, 1€ Taki
nmapaMeTpHu, SK CEpeaHE 3HAaueHHs 1 aucnepcis. Takl Mpomecw BIANMOBINAIOTh TEXHOJIOTIYHUM
npoliecam BUpOoOHUITBA. PIBHSAHHS JJaHKM cTallloHAapHOTO npouecy y = K * x, nepegaBanbHa QyHKIIIsA
W(p) = K (ne — K xoedimient nocmwierHs). OcoOIUBICTIO TOCIIKYBAaHUX CTalllOHAPHUX MPOIECIiB
€ Te, o K= ux/uy, ne ux, uy — HEeBU3HAYCHICTh TUTY 4 X Ta y. JlaHu# miaxig 10 aHami3y cTalioHapHUX
MIPOIIECIB HE PO3MVIsAaBCs B HAyKOBIH JiTEeparypi.
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Po3pobneHHsT TEOPETUYHUX OCHOB CHUCTEMHO-1H(GOPMAI[IHHOIO MiAXO0AY A0 OLIHIOBaHHS egek-
TUBHOCT1 BUPOOHMYHUX IpoLECiB 0a3y€eTbcs Ha BU3HAUEHH1 (DyHKIIM Mipy OLIIHIOBaHHS €(EKTUBHOCTI
SKa JIS)KUTh B OCHOBI CHCTEMHU MOKa3HUKIB OLIHIOBAaHHS €(PEKTUBHOCTI MPOLECIiB BUPOOHHUIITBA,
apryMeHTaMH SIKMX € KOHTPOJIbOBaHI MapaMeTpu Ta iX JOMYyCKU TOYHOCTI: BUPOOY, TEXHOIOTTYHOTO
YCTaTKyBaHHs, TEXHOJIOTYHOrO MpOIecy Ta 1HII MapaMeTpu BUPOOHHULITBA.

B ocHoBI TeopernuHux 3acaj cucteMHo-iHpopmaniiinoro (CI) minxonay € po3poOka KOHIIEMIii
MIpHU OLIHIOBaHHS €()EKTUBHOCTI BUPOOHUUMX MPOIECIB HA OCHOBI PO3pO0IEHOr0 NOHATTS KOMYHI-
Kal[liHOI CIPOMOXKHOCTI KOHTPOJIbOBAaHUX IapaMeTpiB BUpPoOy Ta ii QyHKLIOHAJIbHUN 3B'S30K 3
BUKOPUCTAHHSIM BUPOOHUUYUX PECYPCIB MPU HOTO BUTOTOBJICHHI.

Jlns BupimeHHs: BAPOOHUYMX 3aBAaHb HA OCHOBI KOHIIEMIIIT CHCTEMHO-1H(OPMAIIITHOTO MIAX0MY
710 OILIHIOBaHHSI €(DEKTUBHOCTI BUPOOHUYHUX MTPOLIECIB BUKOPUCTOBYIOTHCS pO3pO0JICHI KOMYHIKAI1TH1
3aKOHHM B33a€MO3B’ 53Ky KOHTPOJBOBAHHX IMapaMeTpiB TEXHOJOriuHUX mporeciB [4]. Lle 3nauno
CIIPOIIY€E AJTOPUTMHU 1HPOPMAIIHHUX TEXHOJOTIH METPOJOTIYHOTO 3a0e3MedueHHss BUPOOHHIITBA 1
30UIbIIYE 1X €(PEKTUBHICTB.

3anpononoBana cuctema KPI-E y Burnsai porapudgmiunux noka3HukiB ouiHioBaHHA (JII1O)
0a3yeTbCsl Ha PO3PAXyHKY MIpH KOMYHIKAIIHOT CIIPOMOKHOCTI KOHTPOJILOBAHUX MapaMeTpiB, 1 €
HENpPsIMOIO MIpOI0 OILIIHIOBAaHHS €(PEeKTUBHOCTI BUPOOHHUITBA I BUPOOJEHHS YNPABIIHCHBKUX
pileHb pi3HOro piBHS. 3a 3MICTOM Ipoliecy kepyBaHHs Ha ocHOBI1 JIIIO BupilytoThCS Taki 3aBJaHHs
aHaJNI3y SK: MEepCIEeKTUBHUN (IPOTHO3HUM, MMONEpeaHii); ONnepaTuBHUM; MOTOYHUHN, 3a MiJICyMKaMU
JISUTBHOCTI 3@ TOM YM 1HIIUHN Tepiof.

Ha ocnoBi chopmoBanoi 0a3u maHux aOCONMIOTHUX, BIIHOCHHUX, 3MIIIAHUX Ta €KBIBAJEHTHUX
JITIO na eramni BUpOOHMIITBA OLIHIOETHCS €(EKTUBHICTh BUPOOHMYMX MPOIECIB HA PIBHI JUISHKU
1IEeXY, 3arajioM IIeXy Ta BAPOOHMIITBA 32 MiICYMKaMH AiSJIbHOCTI 3a TOW 94U iHIuH nepion. [Tokaznuku
3mimanoro JIIIO BimoGpaxaroTh KiCTh TeXHOJIOTIYHOTO npouecy. IlokasHuku BigHocHoro JITIO
B1700pakaroTh €(PEKTUBHICTh BUKOPUCTAHHS TEXHOJIOTIYHOTO 00naaHaHHs. [loka3HUKK €KBiBaJeHT-
Horo JITIO BinoOpaxaroTh €(EeKTUBHICTh BUKOPUCTAHHS TEXHOJOTIYHUX PECYPCIB Y BUPOOHHUOMY
nporeci.

Po3pobnena cucrema KPI-E nokasnukiB BignmoBimae kpurepism BianosigHo JCTY 2962-94
Opranizatisi IpOMHUCIOBOTO BUPOOHHIITBA. BiMOBIHICTS TPAaKTUYHOTO BU3HaYeHHs cuctemu JIT1O
(KPI-E-noka3Huku) 3arBep/xeHo B po3pobiaeHomy cranaapti nignpuemctsa OO0 «HIIKII Mexa-
HIKa-TOJITEXHIK.

Bukopucranus pospobineHoro nporpamHoro 3abesmneueHHs «DISLUT» no3Bonsie nHa 0asi
CUCTEMHO-1H(pOpMaLIHHUX MOJIeJIell TEXHOJIOT1YHOIo Ipolecy 0OpoOKU pizaHHSAM aBTOMATHU3yBaTH
iH(popMaLiifHO BUMIpIOBaIbHI TEXHOJOT1l OLIHIOBaHHS €()EeKTUBHOCTI MPOLECIB BUPOOHUIITBA HA
PIBHSX JUISHKH II€XY, 3arajioM IieXy Ta BUPOOHHUIITBA B peaJlbHOMYy MaciiTabi yacy.

1. Pyoicenyes U.B. Cucmemno-ingopmayitinuii nioxio 00 Mempono2iuio2o 3abe3neuerts MauurHoby0ieHux
supoonuyme / U.B. Pyscenyes, C.B.JIyykuii, B.Il. @emvxus, O.1.11o0zueyn // Cmandapmuzayis cepmudgpixayis
axicmo, Hayxkoso-mexuiunui sxcypuan Bun.Nel, 2017. — C. 50-55.

2. Pyoicenyese U.B. Mepa ungpopmayuu ¢ exonomuuecxkux zaoauax. / U.B.Pyscenyes, C.B.Jlyyxui//
CyuacHuii cman HAyKosux 00CHi0diCceHb ma mexHono2ciu 6 npomucinosocmi. Hayros.ocypnan XHYPE.
Nel(1)2017. — C. 110-116.

3. Pyowcenyeg 1.B. Cucmemno-inghopmayiiina 6aza memponociyno2o 3abe3neyenuss mexHiko-eKOHOMIYHUX
noxasnuxie eupoonuymea/ I.B.Pyscenyes, C.B.Jlyyoxuii, B.I1. @emvxie// Hayxoeo-eupobnuuutl sxcypHaniy
Memponocis ma npunaouy Nel(63) 2017.— C. 54-65.

4. Pyacenyes U.B. Discrete probabilistic information laws factor of efficiency / U.B. Pyxcenyes,
C.B. Jlyykuui, B.I1. @emvkus, O.1.11003ucyn // — Yrpaincokui memponociunui sxcypran Nel, 2017. — C.67-71,
Xapxis.
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Today, information technologies penetrate practically all spheres of human activity and they are
the most important factor of innovation. Embedded control systems that are integrated with each
other through WANs perform many new features and actions that allow partially or completely
eliminate people from the process. Every year, real and virtual worlds are becoming closer to each
other, forming the technical base of cyber-physical systems (CPS). Cybernetic Systems — Complex
Dynamic Control Systems. A cybernetic system is a set of interrelated objects that can perceive,
memorize, and process information as well as exchange it. Examples of CPS systems: computer,
human brain, living organism, enterprise, human society. The system control system: it directs the
system to the choice of certain behavior or state, compensating for external disturbances, achievement
of the goal, as well as the behavior of the system, is probabilistic and is determined by the ratio
of the power of disturbing influences and the efficiency of the control device, the property of
equilibrium inherent in some cybernetic systems, that is, the ability of the control device to rotate
the system to the initial state or to the initial treatment, compensating for disturbing influences, the
property of self-organization, so It is inherent in some cybernetic systems, that is, the ability to
restore or change its structure and mode of operation, offsetting disturbing influences.

The cyber-physical system is a mechanism controlled or monitored by computer algorithms and
is closely related to the Internet and its users [1]. Adaptation is achieved through the flexibility of
internal components and external compatibility. Therefore, we consider it expedient to describe
each of the types of CPS taking into account the metrology and software used during their design.
With regard to software, this means that some of its inputs are random variables. Therefore, calculate
the probability that the software meets the security specifications. Two methods of checking CPS
are known: probabilistic model of verification, statistical verification of the model. There is a
connection between cybernetic and physical aspects of functioning. Therefore, in order to ensure
the correct functioning of the components of the CPS, it is important to develop methods, methods
and tools for remote metrological testing of primary converters, measuring instruments and software.

The main idea of CPS is related to work and sensory systems, which are equipped with mechanisms
with sufficient computing capabilities for sufficient control. Characteristics of the system considered
by cybernetics, its parameters, are divided into input parameters: X,, X,, ... X, taking into account
the influence of the external environment on the system, and the initial parameters Y,, ¥,, ... ¥,
characterizing the system’s influence on external environment. Cybernetic systems — complex
systems, they consist of subsystems (4, B ...), between which also have connections. There are
several views about what constitutes a system function. So, under the function of the system one
can understand the transformation of its inputs into outputs. From another standpoint, the function
of the system can be to preserve its existence, maintain its structure and orderliness [1]. Therefore,
the objective basis for the formation of the system is the problem situation, that is, such unsatisfactory
condition of the elements of the external environment, which environment by its own means at this
stage is not able to normalize.
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Working with large data is a progressive direction of the information technology sphere, which
allows you to get useful information from any amount of data. Simulation of large data helps to
obtain hidden patterns in large information arrays, and allows better understanding of data, analysis
of them and obtaining useful knowledge.

The data modeling technique can be used to describe any ontology, that is, the review and
classifications of the terms used and their relationships, areas of interest. Several techniques have
been developed for designing data models. General data models are generalizations of conventional
data models. They define standardized general types of relationships, along with the kinds of things
that can be related to these types of relationships. Defining a common data model is similar to
natural language definition. The development of machine learning has led to an increase in the
importance of data science and its rapid development. The science of data affects scientific and
applied research in many fields, such as machine translation, speech recognition, robotics, search
engines, digital economics, as well as biological sciences, computer technology in medicine, health
care and humanities. It greatly affects the economy, business and finance. Nowadays you have to
continuously analyze a huge amount of data at the same time in order to extract relevant information
that will make the most of it. This is not an easy task. That’s why our engineers use sophisticated
analytical tools that turn the information you have into the knowledge you need. Nowadays, big
data stimulates innovation everywhere.

To use big data with the highest efficiency, you need to connect data from internal, public, and
licensed sources. Providing the right data to the right people at the right time is what really increases
organizational productivity. This includes the use of complex algorithms to determine what data to
store in real time, which — in the short-term access, and which — in the archive, which is needed
for large data. The development of information technology has led to new type systems, called the
decision support systems. These systems are based on online analytical processing technology, the
basis of which is the implementation of analytical queries. The main problems that arise in data
processing are the lack of analysis methods that are suitable for use due to their heterogeneity, the
need for significant human resources to support the data analysis process, the high computational
complexity of existing analysis algorithms and the rapid growth of the volume of data collected.
Understanding how data can be disclosed and what to do to protect it is the key to minimizing data
breaches. Much of this data ends up on individual laptop and desktop computers for a period of
time, available to anyone with access to that computer.

Big data in information technology is a series of approaches, tools and methods for processing
structured and unstructured data of enormous volumes and significant varieties for obtaining results
that are perceived by a person, effective in conditions of continuous growth, distribution in the
numerous nodes of the computational network that have been formed, alternative to traditional
database management systems and the Business Intelligence class. This series includes mass-parallel
processing of uncertainly structured data, primarily NoSQL, Map Reduce algorithms, software
frameworks and Hadoop project libraries [2]. Therefore, in any organization must necessarily be
an information system of data processing and developed relevant information technology, solving
only well-structured tasks for which it is possible to develop an algorithm, the implementation of
standard processing procedures Existing standards define typical data processing procedures and
regulate their compliance with organizations of all kinds; performing the basic amount of work in
an automatic mode with minimal human participation; using detailed data. The records of the
organization’s activities are detailed in nature, allowing for audits.

1. Valentina Kincenko-Khapchenko, Igor Ogirko. The phenomenon of the scientist in creative activity.
Ukrainian International Academy of Psychology. Collection of scientific works. — issue 70 (136) — p. 14-18.—
Lviv, 2017.

2. Kunchchenko-Kharchenko V.I. Use in the database systems and in the documentation of models of
information flows in the context of the development of innovations. Materials of the Il scientific and technical
conference « Computational Methods and Systems for the Conversion of Information» Lviv— 2012 P. 244-248.
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Ensuring the quality of laboratory research is one of the central problems of modern laboratory
medicine. Only through a clear organization and high-quality laboratory studies, one can expect
that each result, reflected in an authorized report, can be used by a physician to make diagnostic
decisions and appropriate treatment. The defining is to ensure the accuracy and unity of the results
of research [1].

The right choice of research method in a clinical diagnostic laboratory (CDL) is one of the main
issues of biochemical analysis. From an economic, analytical and diagnostic point of view, it plays
an important role in organizing the work of the laboratory. Therefore, the choice of method, the
accuracy and accuracy of measurements, the provision of laboratory analytical equipment is always
relevant.

Organizational issues include: the conditions for the implementation of the method (toxicity),
labor costs, additional training of personnel, the purchase of new equipment, reagents, ensuring the
safety of the method, the possibility of transportation and storage of biomaterial, research and
quality control at the preanalytical stage. It is necessary to take into account the cost of reagents
and equipment, salaries of staff.

From the analytical point of view, the method characterizes sensitivity and specificity; accuracy
and reproducibility, the availability of standard samples, control materials, the possibility of quality
control. These include issues of the stability of reagents and the number of interfering in the reaction
of substances [2].

The diagnostic significance of the method is determined by sensitivity and specificity, the ability
to obtain the result in the shortest possible time, an independent organization of standardization
and external quality control, including control and post-analytical stage.

When choosing a method, often there are contradictions between organizational issues, analytical
capabilities of the method and diagnostic aspects, therefore, it is necessary to make a compromise
solution. Thus, the necessity of applying an express method does not always satisfy the sensitivity
and specificity of the clinical diagnostic analysis. High-quality performance of the express method
contradicts the high definition cost. The high cost of research is one of the main reasons for the
slow introduction into practice of new technology. The availability of automated equipment in the
laboratory allows for diagnostic tests to be carried out over a short period of time, but the use of
biochemical autoanalyzers does not guarantee the receipt of high-quality results.

For the introduction of a new diagnostic method, it is necessary to evaluate: the expected number
of inquiries, the presence of reagents, equipment, consumables, calibrators, standard samples and
control materials in the laboratory, the need for training personnel, quality control, the use of
commercial kits, their cost. This is fully applicable to the development of new for our laboratories
methods of pharmacokinetics, immunoassay. The level of CDL optical equipment equipment also
influences the choice of analytical methods.
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Conclusions. Analysis of the research methods performed in the CDL in accordance with
organizational, analytical, diagnostic and economic expediency extends the capabilities of scientists
and laboratory assistants of diagnostic laboratories. Application of modern information technologies
and methods allows the physician to receive fundamentally new opportunities for a well-grounded
choice of treatment tactics. New perspectives open the use of data mining methods to develop
support systems for making managerial decisions in the field of clinical laboratory diagnostics.

1. I. Sydorko, R. Bajtsar, Providing quality of clinical-diagnostic laboratory activity. Measuring equipment
and metrology — 2018. — 2 (80) — P. 66-73.

2. V. Tsvilikhovsky, V. Tomchuk, Organization of work of the veterinary and diagnostic laboratory.
Scientific reports of NUBiP Ukraine-K .: NUBIP of Ukraine, 2016.-Access mode: http:journals.nubip.edu.
ua .index.php.Dopovidi/article/view/6831 https:iupac.org/
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'"Research Industrial Institute of Automation and Measurements PIAP Warszawa Poland, main specialist.
Ph.D. of El. Eng., Assoc. Prof. (emeritus), email: zlw1936@gmail.com
2 Central Office of Measures (GUM), Warszawa Poland, main metrologist Ph.D. of El. Eng.,
email: jacek.puchalski@gum.gov.pl

In 1993, the international guide under acronym GUM [1] introduced a new concept - the
"uncertainty" to assess the accuracy of measurements. In 2011, Supplement 2 to this Guide [1]
recommends the method of determining the uncertainty of multivariable indirect measurements,
useful mainly in laboratory measurements. It includes cases in which the processing function in
these measurements is performed computationally with the accuracy of negligible uncertainty, i.e.
ideally in practice. However, there was a certain discrepancy of the uncertainty according to the
GUM Guide with the description of the accuracy of instruments, devices and measuring systems by
the maximum permissible error used so far by the manufacturers of measuring apparatus. First of
authors, Warsza initiated work [2], so that the accuracy of measurements, as well as the
instruments, and measuring systems for their implementation can be uniformly estimated by the
uncertainty. In indirect instrumental measurements, the accuracy depends on the uncertainty of the
measurements taken and on the uncertainty of the parameters of the function of processing the
acquired data into the results of indirect measurements and on the parameters of the signal paths.
The impact of the correlation of elements of the multivariable measurand is discussed in [3]. The
basis for assessing the effect of uncertainties of parameters of the processing function is given
below.

Estimators of the parameters of the output m-dimensional measurand ¥ = [¥1,¥2 ,..,¥%m]"
result from measurements of the n-size measurand X = [x,,%;,..,%,]" due to the general formula

¥ = F(X) (1)
where F(X) is the processing function of measurand X at standard or other conditions.

Small increases in the parameters of both measurands X and ¥, e.g. their absolute errors, are
related to the approximate relationship resulting from the total differential

ay ~ B8 ax=5(X)- 8X )

The standard uncertainties of the elements of both measurands, as standard deviations of the
probability distributions of the random distribution of the values of their parameters, occur in
squares on the main axes of their Uy and ¥y covariance matrices and are related by the equation

Uy = SX) Uy SK)" ®)

If parameters of the ¥ measurand are then used together, you also need to know their
correlation coefficients that appear in the nondiagonal positions of the Uy matrix.

In reality, estimators of values, systematic errors and uncertainties of the ¥ measurand elements
depend also on the parameters of the system implementing the processing function F(X). These
parameters are described by k-dimensional vector P = [py,22,..,2:]°. They may be subject to
small deterministic and random scattering depending on the measurement conditions, instruments
and the procedure used. In each of the measurement experiments, the actual F (X) function may
differ from its nominal form. Taking these into account, modifications of the general equations (1) -
(3) for values of measurand Y elements, their increments and uncertainties are required, i.e.:

Y = F(X,P) (4)
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AY = AF(X,P)= Syp-[AX,AP]" (5)
where: 8y p with the size [(n+k), m] is a matrix linearizing the F (X, P) function from (4).

The uncertainty of the output measurement data Y after processing by function (4) is described as:
Uyp= Sxp Uxp Sip (0)

where Uy p, Uy p, — input and output covariance matrices, Sy p - sensitivity matrix.

In reality, increments of the input X and P parameters are usually not correlated, then
AY = AF(X,P) =Sy -AX+ Sp - AP (7)

where: a matrix Sy of size [n, m] and matrix Sp of size [k, m] linearize the function F (X, P) for

input variables and for system parameters, respectively.
The randomized deviations from the estimators of the values of the output measurand elements

Y arise as a result of the convolution of the distributions of the measurand X deviations and the
deviations of the parameters P of the system performing the function F (X, P). Their covariance
matrices add up. The input quantities X and system parameters P usually do not depend on each
other and are not correlated. They can, however, correlate separately. The extended matrix of input
measurand covariance with the size [(n + k), (n + k)] consists of four blocks, i.e.

ver =[x o) ®)

where: ¥y, Up denote respectively the covariance matrix of input quantities X with the size [n, n]

and the covariance matrix of the parameters P of the system with the size [k, k].
Both matrices Uy and ¥p are symmetrical and their elements can only be correlated separately.

Sensitivity matrices Sy p, Sy, §p linearize the F(X, P) function and satisfy the relationships:

st
Sxp = [Sx.Sp] and Sip= usgm (9a, b)
;3
Then the generalized equation of propagation of variance (6), for Uy p as in (8), is simplified
Uy [0]] sk
Uyp = ISy, § [ : =Sy Uy St +5Sp-Up -5} 10
I’,P[XP][U]UPS};XX}{PPP (10)

Conclusion. From eq. (10) it follows that the covariance matrix and uncertainties of output
measurand ¥ depend on two components. The first is the input values X in the same way as in the
classic approach in Supplement 2 of GUM [1], while the second is related only to the uncertainties
and correlations of the parameters of the system implementing the multivariable function F (X, P).
The estimators of the output values obtained in this extended analysis will be the same as according
to formula (1), while their uncertainties and correlation coefficients in the general case are different.

1. Supplement 2 to the ‘Guide to the Expression of Uncertainty in Measurement - Extension to any number
of output quantities . JCGM 102:2011 BIPM

2. Warsza Z.L. Estimation of uncertainty of indirect measurement in multi-parametric systems with few
examples. Part 1. Proc. of conf.: Problems and Progress of Metrology ppm’18 Szczyrk 04-06 June 2018.
Series: Conferences No.22, Metrology Commission of Katowice Branch of Polish Academy of Science

3. Warsza, Z. L. Puchalski, J.: Upgraded Method of the Estimation of Uncertainties in Multiparameter
Measurements. Part 1. Theoretical Basis for Correlated Measured Variables Pomiary Automatyka Robotyka
R.23, Nr1/2019. s.47-57 DOI: 10.14313/PAR 231/47 (in Polish)
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DETERMINATION OF UNCERTAINTY OF RECTANGULAR IMPEDANCE
COMPONENTS FROM MEASUREMENTS OF ITS POLAR COMPONENTS

© Zygmunt Warsza, 2019

Research Industrial Institute of Automation and Measurements PIAP Warszawa Poland, main specialist
Ph.D. of El. Eng., Assoc. Prof (emeritus), email: zZIw1936@gmail.com

This work was created on the 100th anniversary of the Polish Electricians Association SEP and
the conference for 100th anniversary of teaching electrical measurements at the Lviv Polytechnic.
The Chair of Electrical Measurement at this University was conducted in the years 1930-41 by
professor Wlodzimierz Krukowski. The inspiration of the topic of this paper was the error analysis
of polar coordinates the AC voltage measured with the potentiometer circuit given in the set of his
works [1]. The introduction in the full text reminds shortly the prof. Krukowski. In the Part, I a
potentiometer for measuring AC polar components, built by him more than a century ago in the
Simens laboratory for testing inductive electricity meters, was described in detail.

AC waveform measurements are also currently performed with phase-sensitive systems, including
vector voltmeters. The author decided to create a description of accuracy using uncertainty for
rectangular components determined from values and uncertainties measured directly for polar
components and vice-versa, as he did not meet this issue in the literature. This was discussed in
detail in a paper published in no 3 of 2018 of the Polish journal PAR Pomiary Automatyka Robotyka
(Measurements Automation Robotics) [3]. Absolute and relative uncertainties and the correlation
coefficient of rectangular components of the impedance were determined, related to the respective
values and uncertainties of the module and phase angle. Components of uncertainties are interrelated.
Furthermore, even if the input voltage components are not correlated, in the general case there is
a correlation of output components determined from them. This is due to the low of propagation
of uncertainty in multivariable measurements as the relationship of the covariance matrices, given
in Supplement 2 to the GUM Guide [2]. This extended abstract contains only selected patterns and
figures.

The well-known relationships between impedance parameters are as follows

2| = JEE+ X, Ko =|Zlsing, R=|Zlcose, tgp=" (la-d)
Multivariable indirect measurements are generally described by the equation
Y=F(X) @

Where X =[|Z], ¢]", Y =[R, X;c]" - vectors of input and output quantities
The covariance matrices Uy and Uy with the absolute uncertainties of the input and output
impedance components respectively are related by the following equation
Up=8-Uy 8T 3)
Ulzzl 0
0 O’;
uncertainties of uncorrelated input polar components. The output matrix of uncertainties is

l afz cos’y +|2|*afsiny  sing cos ¢ (o - |2 zcréjl

W  Jeosg -—|EZ|sing
ax

where: § = = y ] - sensitivity matrix, #y=
sing |Z|cosg y > T

] - matrix of absolute

“4)

T |sinpcos o ( glzzl - 1z%63)  ofy sin®p +|2|*cfcos®y

Absolute uncertainties for the R and X;¢ components of Z impedance are described by the formulas

9 _ aﬁg-|+|2|2agz,tgzq; o = ﬁz gyzwﬂnggf H?ZI
- 1+4%p = Y2 1+igZp
Ratios of uncertainties oz and o7 to the uncertainty oz of impedance module |Z| are

(5a,b)
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(6a, b)

and correlation coefficient
-
Z
PSRXre = PRXpe = &fl L
J‘ﬁzzl“’#‘ﬂ’,!‘ﬁzamﬁﬂﬂzt’

(where ajz = iz1|1Z]) (7)

After determining the absolute uncertainty ratios by z = |Z| E‘I“’— = ‘5;‘?-, in the Fig. 1 curves of ;"ﬁ-
zl 121 12

and ”T—Cl as functions of phase angle + ¢ for several values of z are given. They increase together
&z

with the value of z. The correlation coefficient as a function + ¢ for several values of z is given in
Fig. 2.

20 peemm—
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ag IR Tg Iic Irc : Cre
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= i \ 10 = -

= — e s e L =
L —N s —
o]
-90 -70 -50 -30 -10 10 30 50 70 20

Fig. 1. Dependence of normalized absolute uncertainties ﬁ . % as a function of the phase angle @
Fd Fd

for z=| Z| % =5,10,20 and |Z| = 10 0, o)z = 0,01 !'!,t:l‘ﬁ = 0,005; 0,01 i 0,02 rad.
0,01
-éo -70 -50 -30 001 / 10 30 50 70 9;]0
_O’QQ;_‘_. \ .
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,,,,, _0’07 i :
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Fig. 2. Correlation coefficient gy, . as a function of the angle g for &z = 0,1%, g, = 0,005; 0,01; 0,02 rad.

In the full version of this text, formulas and the course of relative uncertainty and some basic
conclusions are given and briefly discussed. A more detailed analysis is provided in [3].

1. Prace Wtodzimierza Krukowskiego (Works of W. Krukowski). Polish Academy of Science. PWN
Warszawa 1956 (in Polish)

2. Evaluation of measurement data — Supplement 2 to the “Guide to the expression of uncertainty in
measurement” — Extension to any number of output quantities. JCGM 102:2011 BIPM
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YIK 004.048

OCOBJMBOCTI BUKOPUCTAHHSA IMMPUCTPOIB THJIUBIAYAJIBHOI'O
MOHITOPHUHIY 310POB’s: IEPEBAI'U 1 HEJOJIIKHU

© Oneca Yabawn!, Oxcana bouko?, 2019

JIpBiBCHKUI HalllOHATFHUN MenuyHUi yHiBepcuTeT iMeHi Jlanuia "anunbskoro, (JIpBiB, YkpaiHa),
JOLIeHT Kadenpu MenIuvHoi iHGopMaTHKH, K.T.H., A0oleHT, chaban.olesia@gmail.com
2JIpBiBCHKMI HAI[IOHANBHUM MeauuHuii yHiBepcuTeT iMeHi Januna Tamunskoro, (JIsBiB, Ykpaina),
3aB.Kadeapu MeaTu4Hol iHpOpMaTHKH, K.T.H., JOLEHT, oxana_ bojko@ukr.net

OpHi€ro 3 HaWBAXKIIMBIIIMX IIJIEH KOXKHOI JIepKaBU € 3a0€3MeUEHHs] OXOPOHHU 3710pOB's, Oe3neKu
KUTTENISNIBHOCTI HaceneHHs. Hanpukinui mMunynoro XX CTOJITTS HeiH(EKLiiiHI 3aXBOPIOBAaHHS
(HI3) Habymu r71006a15HOTO €MT1IeMIYHOTO MOMIUPEHHS 1 CTaTU OJHIEI0 3 HAUOUIBIINX 3arp03 KUTTIO
1 310poB 10 nrofcTBa. Tak, 3a nanuMu BeecBiTHBOI opranizanii oxoponu 310poB's (BOO3) mopiuno
Bix HI3 Bmuparore 40 minpitoHiB mromeit, mo ckiagae 70% ycix BumanakiB cMmepTi B cBiTi [1].
[ToniTnaHOIO AeKIIaparlliero, sika Oyna MpuUilHATA CBITOBOIO cHubHOTOIO mif erigoro OOH y 2011
po1li, BU3HAUEHO MOHATTA "HE1H(EKI[IIHI 3aXBOPIOBaHHA", XBOpOOH, K1 HajiexkaTh A0 L€l IpyIu,
(dbaxTopyu pU3UKYy X BUHUKHEHHS Ta MeToAu O00poThOu 3 HUMH. OTXe, HelH(eKIHHI a00 XpOHIYHI
3aXBOPIOBAaHHS — 1€ TpPUBajil 1, SIK MPaBUJIO, MOBIJIBHO MPOrpecyrodl 3aXBOPIOBaHHS, IO HE
nepeaarThCs Bl JIOAUHU JIIOAUHI. ICHYIOTh OCHOBHI YOTHPH TUIH HEIH(QEKIIHHUX 3aXBOPIOBaHb:

— CeplLeBO-CyAMHHI (T1epTOHIYHA XBOpOOa, imemMiyHa XBopoba cepusi, iH(papKT, 1HCYJIbT);
OHKOJIOT14YHI (3JI0SIKICHI IyXJIMHU);
mia0er;

XpOHIUHI 3aXBOPIOBAaHHS OpraHiB JUXaHHSA (XpOHIYHA OOCTPYKTHBHA XBOpoOa JIereHb,
OpoHXiajbHA acTMa).

OnHuM 13 BaXJIMBUX €TamiB MOAOJIAHHS emigeMii HelHPEKIINHUX 3aXBOPIOBaHb € po3poOKa
I'mo6aneHoro many it BOO3 3 npodinakTiuky He1HQEKIIHHUX 3aXBOPIOBAHb Ta OOPOTHOU 3 HUMU
Ha 2013-2020 pp. JokyMeHT BKJIfO4Ya€ JEB’SATh JOOPOBUILHHUX TIOOANBHUX IUJIEH 1 T00aIbHY
CUCTEMY MOHITOpPHUHTY, K1 Oynu npuiiaari BOO3 y 2013 p. [2-3].

MOHITOpPUHT — 1€ TpUBaJIui 301p MEAUYHUX JAHUX OJHOTO TUIlY. MOHITOPUHT BIJIPI3HAETHCS BiJ
KJIACMYHUX MEIUYHUX JaHHUX MEPIOAUYHICTIO 300py iH(popmanii. CucTeMa MOHITOPUHTY 310pOB’s
nepeadayae BUKOPUCTAHHS BUMIPIOBAJbHOI TEXHIKM 1 NpUIaAiB. AHali3 Cy4acHOro CTaHy
BUMIPIOBAJILHOT TEXHIKH, TEHACHIIN MMOAAJIBIIOTO ii pO3BUTKY Ta BUKOPUCTAaHHA I10KAa3aB, 1110 Pa30M
3 PO3pOOKOIO 1 YIOCKOHAJCHHSIM TPAIUIIMHUX 3ac001B BHUMIPIOBAHHS BCE OLIBIIOTO 3HAYCHHS
HaOyBa€e BUKOPHCTAHHS I1HIMBIAYaJIbHUX 3ac001B MOHITOPUHTY, SIKI BIJHOCSATHCSA 10 00iacTi
«latepuetry peueit» — loT (Big anrn. Internet of Things), mo B ocTaHHE AeCATUIITTS HaOyBae
CTPIMKOTO TIOIIMPEHHS Ta aKTUBHOTO BUKOpUCTaHHsA. Ll KoHIENIIis sBisie cO00I0 OOUMCITIOBAIBHI
Mepexi Pi3uIHUX 00’ €KTIB «peueii», OCHAIEHHX BOYJOBAHUMH TEXHOJOTISIMH Il B3a€MOJIi OJTUH
3 ogHUM a0o0 13 30BHINIHIM CEPEIOBHUIIEM.

B VkpaiHi 3’ BIsiOTHCSI MPOEKTH HALlIOHAJIBHOTO PIBHS CHPSIMOBAHI HA PO3BUTOK LIbOTO HAMPSIMKY
[4]. V iHTepHETI MEIMYHUX peyell BUIUIAIOTh YOTUPH KJIACH MPUIIAJIB:

— J1arHOCTHYHI TPUIAIu;

— npo¢UIaKTUYHI NPUIIaIN;

— JIIKyBaJIbHI IPWIAJIN;

— pealuniTauiiiHl IpuIaau.

HaOuparors nmomynsipHocTi W CTalOTh JOCTYNHINIMMH €JEKTPOHHI MPUJIaJH MOBCAKIEHHOIO
BXKUTKY, SIKI 3/JaTHI BUMIPIOBATU CEpPLIEOUTTS, TUCK, PIBEHb LIYKPY B KpOBI1 1 T.II., IO JO3BOJSE Y
0aratbOX BMIIJIKaxX MOMIEPEIUTH HeOe3MeuHl 3aXBOPIOBaHHA. AJKE JIesIKI XBOPOOM MOXKHA TOYHO
J1arHOCTYBaTH JIMILIE B MOMEHT 3arocTpeHHs. EnexTpoHH1 ceHcopu BenyTh OOJNIK 1 HAKOMUYYIOTh
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JlaHl Mpo cTaH 370poB’s maunieHtra. OIIHIOIOYM TakKl JaHl, MEAUYHUN MNpaliBHUK MOXe 3pOOUTH
BUCHOBOK NP0 CTaH WOro 370poB’s. SKuio ) 00’€l1HATHU AaHI CiIMEHHOro aHaMHe3y Halli€HTa, TO
JKap MaTUMe 3MOTY IpOaHalli3yBaTH MOXJIMBI T€HETHYHI CXHJIBHOCT1 IO THMX YW 1HIIUX XBOPiO.
Oxkpim pOTO, 10 TIEpPEBAr MPUJIAIB 1HAUBIIYaTFHOTO MOHITOPUHTY MO BIIHOIICHHIO 10 TPAIUIIIMHIX
3ac001B BUMIPIOBAHHS B1JHOCSATHCS:

— €KOHOMis KOIITIiB, MICIIS 1 Baru;

— MOOUIBHICTE;

— MPaKTUYHO HEOOMEXEHHI 00CAr BUMIPIOBAJIbHOI 1H(OpMaii;

— TPOCTOTA Y BUKOPUCTAHHI # 0OCITyroByBaHHI;

— YHIBEpCaJIbHICTh 3aCTOCYBaHHS;

— IIMPOKI MOXKJIMBOCTI MPEJCTaBICHHS 1 00poOKH 1HPOpMAaIii;

— 3pyuyHuUi iHTep(elic KopucTyBaya;

— 3amuc 4acy 1 KOMEHTapiB pa3oM 3 JaHUMU;

— aBTOMAaTHU3aLI0 MPOLIECY BUMIPIOBAHb;

— MOXJIMBICTh MYJIBTUME1A;

— JIoCTyH 110 Mepexi IHTepHer;

— B3aeMopis 3 0azamMu JaHMX Ta 1HQOPMALIHHUMH CHCTEMaMHU.

3 po3BUTKOM 1HGOPMAIIMHO — KOMYHIKAI[IMHAX TEXHOJOTIM 1 3 MOSABOI BEIUKOI KUIBKOCTI
NPUCTPOIB AJIsl peecTpaulii MOKa3HUKIB CTaHy 340pOB's 3 sBUJIACS MOXKJIHMBICTH IMOCTIHHO
HaKOMMYYBaTH Taki gAaHi 24 ronuHu Ha 700y 1 360 MHIB MPOTITOM POKY.

Oxkpim Oe33anepeyHux MO3UTHBHUX MOMEHTIB € HHU3Ka IpoOieM, Kl J0 KiHILS HE BUPILIEHI.
Cepen nux mpoOiem, HalOUIbII aKTyaJIbHUM €: 1HQOpPMaTHUBHICTb, HAKOMUYYBAHICTh Ta 3aXHUCT.
[Ipotsrom gesikoro yacy rnapameTpH KUTTEAISIIBHOCTI OpraHi3My Haii€HTa 3MIHIOIOThCS, HAPUKIIAI,
CUCTOJIIYHUN THCK MPOTArOM T00M MOKE 3pOocTaTu abo majaTH, 1 1€ He € CBIJUEHHSM HasBHOCTI
3aXBOpIOBaHb ab0 BiaxwieHb. [Ipu boMy 0HOPa30Bl BUMIPIOBAaHHS, HAPUKJIAJ, Y PAaHKOBUI yac,
HEJ0CTaTHI, 100 CTaBUTH Ji1arHo3. SIKII0 ) THCK BUMIPIOETHCS MPOTITOM TPHUBAJIOrO 4acy 1
31CTaBIAETHCS 3 (QI3UYHOIO aKTUBHICTIO, JIIKap BXKE MOXE pPOOUTH MEBHI BUCHOBKH.

Hactynna npoGnema mosasrae B TOMY, [0 HPHU 1HAUBIAYyaJIbHOMY MEIMYHOMY MOHITOPHUHIY
3'ABISETHCS JyKE€ BEJIWKA KUIBKICTh JTaHUX, 3 SKUMHU Ba)XKO MPAIIOBATH. Y MEIUIMHI 3aBXKIU
MPaLOBAIM 3 BEJIMKHUM 00CITOM JIaHMX, SIKl 10 HEIaBHBOIO yacy 30epirajucs npocTo B apxiBax, a
MOTIM Ha JIOKAJbHHUX CEpBEpax BCEPEAWHI MEIUYHOI yCTaHOBH. Bnacue, 3 iuMm 1 OyB mOB'si3aHUN
OCHOBHHMH HENOJIK TaKUX CHUCTEM — JIOKaJbHUN NOCTyn 10 iHdopwmarllii, sKuii ctae Bce OiibI
HE3pPYYHHUM, 0COOIHUBO OEpyUH 0 yBaru 3pOCTaHHS MOOUIBHOCTI MAII€EHTIB 1 301bIIEHHSIM 00CITY
iHdopmarii. YacTKOBO BUPIMIMTH L0 MPOOIEMy JOIOMArae BOPOBAIXKEHHSI XMapHUX TEXHOJIOT1H B
cepy oxopoHu 310poB'ss. XMapHi CEpPBICH MOYMHAIOTH KOPUCTYBATUCS MOMUTOM HA MEIUYHOMY
PUHKY, OCKUIbKHM BOHM IPOINOHYIOTH 1HQPACTPYKTYpPY, fKa J03BOJISIE MEAUYHUM YCTAaHOBAM 1
JOCJIITHULBKUM OpraHi3alisiM MOKpallyBaT CBOi 00YMCIIIOBaJIbHI PECYPCH NIPU HEBEJIMKUX BUTPATaX.

[Topyu 3 nepeBaramu BiJ1 3aCTOCYBAaHHSI TEXHOJIOT1H 1HMB1IyaJIbHOTO MOHITOPUHTY, 3aTOCTPIOIOTHCS
npobnemu Oe3neku Ta KoHPimeHuiHocTi. e 3ymoBineHno, TuM, mo «IHTEpHET pedeit» 3'€nHye
MUIBSIPAM IPUCTPOIB 3 IHTEpHETOM 1 TTependayae BUKOPUCTAHHS MIJIBAP/IIB TOUYOK JaHUX, Kl MAlOTh
OyTH 3axUIIEHI.

1. Esponeiickas 6aza oannvix «300posve 01 6cexy [Dnexmponnbiii pecypc]. — Pescum docmyna : http://
data.euro.who.int/hfadb/shell ru.htm.l

2. Kypc na o30oposnenue. Egponeiickas cmpameausi npoguiakmuxu u 60pbovl ¢ HeuH@peKyuoHHbLMU
zabonesanuamu, 2012-2016. — Konencazen : EPF BO3, 2012. — 66 c.

3. IInan deticmeuii no peanuzayuu Eeponetickoti cmpameauu npogunakmuxu u 60pvb0Obl ¢ HeUHDEKYUOHHbIMU
zabonesanuamu, 2012-2016 22. — Konenzazen : EPE BO3, 2012. — 33c.

4. IIpo zanposaodsicenns Hayionanvbroi cucmemu iHOUKAmMopie po3eumxy iHGOpMayiinoco Cycniibcmea:
nocmanosa Kabinemy Minicmpie Yxpainu 6io 28.11.2012 p. Ne 1134. URL: http://zakon.rada.gov.ua/laws/
show/1134-2012— %D0%BF (0oama 3sepuenns: 23.11.2018).
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VIIK 621

AHAJII3 CTAHIAPTHU3AIIIL TA METPOJIOTTUYHOTO 3ABE3NIEUEHHS
METO/IB I 3ACOBIB IIEHTU®IKAIIl BINCbKOBHUX HIJAPO3ILIIB
MMPOBIJTHUX KPATH CBITY

© HOpiu llabamypa’, Mapuna Mixanesa’, Bacuno Cmuuox’, 2019

'HamioHanbHa akajieMis CyXOIyTHHX Bilichk iMeHi rerbMana [letpa Caraiinaunoro,
JIbBiB, YKkpaina, 3aB.kad. EME, nipo¢., n.T.H.,
’HamioHanpHa akaaeMist CYXOIyTHUX BilicbK iMeHi rerbMana Ilerpa Caraiimadnoro,
JIsBiB, YkpaiHa, npod. kap EME, morr., K.T.H.
SHamioHasipHa akazneMist CyXolmyTHUX Bilicbk iMeHi retbMana [leTpa Caraiinadnoro,
JIbBiB, Ykpaina, nou. kad. EME, k.T.H., Smychok@ukr.net, galmih@ukr.net

AHaini3 cBITOBOI MPAaKTUKU MOKa3ye, U0 B OCTaHHI AECATUPIYYS PO3BUTOK 3ac001B 30pOiHOL
00poThOM BUIIIOB Ha SKICHO HOBHMH piBeHb. PO3BUTOK Cy4acHOr0 BHCOKOTOYHOI'O O30pOE€HHS
BUMarae OJHO3HA4YHOI 1eHTHdiKalii 0co00BOro CKJaay BINCHKOBHUX Migpo3/iiiB. OgHO3HAYHA
iaeHTudIKalisg MOXKIIMBA 32 YMOBH BIJIOBIHOCTI CTaHIaPTH3aLlli Ta METPOJIOTIYHOTO 3a0e3MeUeHHs
3aco0iB 1 METOJIB pO3Mi3HABaHHS «CBIH-uyXui». BpaxoByroun Te, mjo y OUIBIIOCTI BUIMAJKIB y
BIMICPKOBUX KOH(QJIIKTAaX CYyYaCHOCTI, SIK MIPaBUJIO, MPUMMAIOTh y4acTh JAEKUJIbKA COIO3HHUX JE€P)KaB.
CrangapTu cUCTEM Ta MPUJIAJIIB PO3IMI3HABAHHS ‘“‘CBIA-UyXHUN~ BIAPI3HAOTHCA Mik coboro [1]. Lle
MPU3BOAUTH JI0 TOTO, 10 BIHCHKOBI KOH(IIIKTH YaCcTO CYNPOBOKYIOThCS BTpaTaMHU Bij “Ipy>KHbOTO”
BOTHIO. AKTYaJIbHICTh IOCTAaBJIEHOI 3aJlayl MiATBEP/IKYETHCS B MOBIAOMIICHHSAX (3 BIOAKPUTUX
JOKEpEN) Mpo BIMCHKOBI Aii 00’ €IHAHUX CHJI B PI3HUX YACTHHAX CBITY.

B cyuacHux ymoBax iCHYIOTh HpHUCTpOi 00H0BOI iaeHTudikamnii apmiit kpain-uieHiB NATO, Taki
sax Combat Identification — CID. Taxi npunaay BUKOPUCTOBYIOTHCS Y BIIOBIAHOCTI O BCTAHOBJIEHHUX
CTaHJapTiB-aJrOPUTMIB pO3Mi3HABaHHSA Ta 1iAeHTUdIKaIli Biicbk AnbsaHcy. [Ipn HopManbHii po6oTi
Taki CUCTEMHU JIOTOMAararoTh 1eHTHdIKaIil CBOIX BIMCHK M 4ac O0HOBHX Aid 3311 3MEHIICHHS
PU3HMKY HaHECEHHs yiapy IO BifichbKax KOAJIIIii.

BpaxoByroun Hebe3IeKy, ska MOXE CTAaHOBUTHU NP NOMaJaHHI Hif “Apy>KHIM BOroHb” JepikaBa
[3paine BIpoBaamia CBOIO HE3aJEKHY CUCTEMY, sIKa BIJICIIIKOBYE COIO3HI CHJIM 1 3MEHIIIY€E PIBEHb
HeOe3neku. Jleski yMOBHM HpOBEIEHHs 000 XapaKTepU3yIOThCs Hemepen0aueHICTIO 00CTaHOBKHU Ta
HECTaHJIaPTHOIO CTPATEri€lo (MIOBEAIHKOI0), CTPIMKUMHU peioBUMU JissMH. Taka cucteMa npu3HayeHa
JUISl CYXOITyTHUX BIMCBK, Ta IHTETPOBAaHA B CUCTEMU PO3II3HABAaHHS MOBITPSIHUX IIATHOPM, a TAKOK
Ma€e MOKJIMBOCTI BIJICJIIIKOBYBaTH COIO3H1 BIHChKa 3 BUCOKOIO €(DEKTUBHICTIO.

B 3anpornoHoBaHUX y10CKOHAJIEHUX CUCTEMax pO3Mi3HaBaHHS BUKOPHUCTOBY€ETHCS 3aKOHHU OINTHKH,
KBAaHTOBOI MEXaHIKH, €JeKTpOMarHeTus3My, Teopii mojis, aKyCTUKH Ta XBHJIEBOi Teopii [2].
OnpairoBaHHS CUTHAJIIB PO3I13HaBaHHS BiOYBA€THCS CKIAJHUMHU aJTOPUTMAMU, K1 YACTO MEXYIOTh
HapiBHI 13 “IITy4YHUM IHTENEKTOM . TaKMM YHMHOM CIEKTpP HAyKOBOi BIMCHKOBOI MpoOieMaTHUKU
CTaBUTb HOBI 33/1a4l B HEOOX1AHOCTI CTaHAapTU3alil cepTudikalii Ta METPOJIOrTYHOro 3a0€31eUEeHHS
CUCTEM DPO3Mi3HABaHHS “‘CBIA-UYyKUN”.

1. Cmuuox B.JI. Hanpsamu pozsumky cucmemu 6010680i ioenmughixayii nioposoinie ¢ ymoeax 060io.
Pyoxoscoruii O., Yepnenxo A./l., Cmunox B./]. 30ipnux naykosux npays Biilicokosoi axademii. — Ne 1(21). —
Ooeca: Biiicbkosa axademisn, 2019. — C. 17-28. — paxoee sudannsi.

2. Cmuvox B.J]. Teopemuuni acnexmu pobomu 1azepHux npucmpoie 0Jis 3a0e3neyeHts GiicbKosux nompeo
po36i0ku ma eusasienns npomusnuxa. Inoxie IM., Cuuvox B.J]. HACB im. cemovmana I1.Cazatioaunozo .
36ipnux me3 donosgioeii. Misxcnapoonoi nayxkoeo npakmuunoi kougepenyii «llepcnexmueu po3sumky
030pO€EHNS Ma GiiCbKOBOI MexHIKU cyxonymuux eiicok. Jlvsie, 17-18 mpasns 2018 p.

76



Cekuin 1. MeTponoris, sikicTb, CTaHO4apTU3aLisa Ta cepTudikauis

YK 006.91.001:628.2

BUKOPUCTAHHS BIPTYAJILHOI MIPYU EHEPTOE®EKTUBHOCTI JIJISI OL[ITHKA
BIAMOBIAHOCTI CIIOPYJ OYUILIEHHA CTIYHUX BOJ BUMOI'AM
HOPMATUBHUX JOKYMEHTIB

© Bonooumup llmena’, Bixkmop Kannyn? 2019

'KuiBchkuii HalllOHAIBHUN YHIBEPCUTET TEXHOJIOTIH Ta Au3aitny (Kuis, Ykpaina), k.T.H., shns1981@gmail.com
’HanionansHuil yHiBepcuTeT GiopecypciB i mpupomokopuctyBanus Ykpainu (Kuis),
I.T.H., mpodecop, wwwanten@gmail.com

3rigHo 3akony Ykpainu “IIpo TexHIUHI perIaMeHTH Ta OILIHKY BiAMOBIIHOCTI” [1] BU3HAUEHOIO
BUMOTOI0 00’€KTa SIBISE€THCA 3asiBieHa MoTpeda 4M OYIKyBaHHS, SKI 3a(iKCOBaHI B TEXHIYHUX
pernamMeHTax, cTaHaapTax, TeXHIYHUX cnenudikauisx abo y iHmui cnoci6. PazoM 13 TuM 00’ €kTOM
BIAMOBITHOCTI € KOHKPETHUM MaTepiall, MPOAYKIlisi, yCTAHOBKA, MPOIEC, MOCIyra, CucTemMa, To0To
TaKe BU3HAUEHHS 33JI0BOJIBHSIOTH 1 ciopyau oduineHHs cTiyHux Box (COCB). OTxe, CTOCOBHO HUX
MOTpi1OHO peari3oByBaTH BUMPOOYBaHHS (BU3HAYEHHS XapaKTEPUCTUK 00’ €KTa OI[IHKH) Ta BCTAHOB-
JIOBATH OLIHKY 1X BIAMOBIAHOCTI HOpMaTuBHUM AokyMmeHTaMm (HJI): noBeneHHs Toro, o BUMOTH,
SKI CTOCYIOThCS MPOIYKIIii, mpouecy, cucteM Oyilu BUKOHaHI [1].

Bumoru crocoHo COCB 06a3syeTbcst Ha TexHonoriuHux pernamentax (TP) — HopmaruBHuii
JOKYMEHT BHYTPIIIHBOTO KOPUCTYBAHHS, SKHH BIJIHOCUTHCS 10 CHCTEMH TEXHOJIOTTYHOT IOKyMEHTAIl11
(€nuHo1 cucTeMH TEXHOIOTTYHOI JokyMeHTallli). Texnonoriynuit pernmameHT COCB BcTaHOBIIOE 1X
XapaKTepUCTUKH Ta BUMOTH /10 HUX, SIKI MalOTh 3a0e31euyBaTi NPOTIKaHHS MIPOLIECIB BOAOOUNIICHHS
HaJIe)KHO1 (3aIlJJaHOBAHOI) SIKOCTI 3 MIHIMAJIbHOI BUTPATOK BUKOPHCTOBYBAHUX PECYpPCiB, TOOTO
CHPUATH JOCATHEHHIO ONITUMAJIbHUX TEXHIKO-€KOHOMIYHUX ITOKAa3HUKIB BUPOOHUIITBA, BCTAHOBIIIOBATH
HalOe3neyHii crocoou BeIeHHs poOiIT, peryoBaTH yMOBU BUPOOHUUYKX IIPOLIECIB Ta eKCIUTyaraii
BUPOOHMIITBA B 1sIoMy. OOOB’A3KOBICTh HAABHOCTI Ha 00’ €KTax BojoBiABeneHHS TP mependbaueHo
nirounm Hakazom Jlep:kaBHOTO KOMITETy YKpaiHH MO KUTIOBO-KOMYHaJIbHOMY rocrnoaapcTtBy Ne 30
Bix 05.07.1995 p.

bazosi ckianosi TP COCB:

— XapaKTepUCTUKA Ta 0COOJUBOCTI pOOOTH OUMCHHUX CIIOPYI;

— KOHTPOJIb SIKOCTI CTOKIB Ha BXOJl B OOJIaJIHAHHA Ta OYUIEHUX CTIYHUX BOJ IMPHU iX CKHUJII;

— BIJOMOCTI MpO: 00CAT BOJOCKHUIY, CHOKMBAaHHS €JEKTPOEHEprii Ta IHIIUX E€HEProHOCIiB
3aCTOCOBYBAaHHUX JJIsl 3a0e3MeUeHHs CTaloi poOOTH CUCTEMHU BUJAJICHHS 3a0pydHIOBAYIB 13 CTOKIB.

Pa3oM 13 TuUM iCHYIOTH (paKTOpH, sIKI KOMIUIEKCHO CTBOPIOIOUH MIEPEAYMOBH 111010 HEE(YEKTUBHOCTI
METPOJIOTTYHOI JISTIBHOCTI 13 3a0€3MeUeHHs €JHOCTI BUMIPIOBaHb peasi3allii Ol[iHKH BiJIMOBIAHOCTI
COCB Bumoram HJI, a, BiAmoBiAHO, 1 CKJIAAHOCTI peaji3alii TEXHIYHOTO peryntoBaHHs [1, 2]:
HEKepoBaH1 Ta HemnepeadadyBaHi 11 Haa3zBuuaiiHux curyauid (HC) npupoaHoro ta TeXHOT€HHOTO
XapakTepy; BIJICYTHICTb Yy PEXHUMI peajbHOro yacy MOBHOTH iH(opmaiii 1mjog0 KOHKPETHOTO
KOMO1HOBAHOTO TPOIIECY BOJOOYHUIINECHHS, CKJIAJHICTh HOTO aJeKBATHOTO JIOCIIKEHHS HAaBITh Yy
nabopaTopHUX YMOBAX; BIJCYTHICTH 1/a00 HU3BKI TOYHICTH Ta IMIBUIKOIS CyYaCHUX TEXHIUHUX
3aco01B BUMIPIOBaHb CKJIaJly BOJHUX PO3YHHIB.

OpHak, 3aCTOCYBaHHS BIpTyaibHOI Mipu eHeproepexTuBHOCTI BogoouuieHHs: (BMEB) no3sonuino
pealtizyBaTu BUMIPIOBaHHS B PEeKHUMI peasibHOTO 4acy Hu3Ku mapameTpiB COCB [2] (Bkirodaroun,
pecypco3arparHicTh Ta nporHo3yBaHHs BUHUKHEHHs HC), mo cTBOproe 00’ €KTHBHI MEpPeaIyMOBH
st BukopuctanHss BMEB npu oninni BignosigHocti COCB Bumoram TP.

1. 3axon Ykpainu “Ilpo mexuiuni peenamenmu ma oyinky eionogionocmi’” / Bioomocmi Bepxoenoi Pada
Yrpainu. — Ogiy. euo. — Kuie : Iapram. euo-eo. — Ne 14. — 2015. — 96 c.

2. lllmena B. M. Obepynmyeanns pobouoi mipu epexmuenocmi e1eKmpomexHoio2iuHoi 60000uucmru /
B. M. Illmena // Enepeemuxa i agmomamuxa. naykosuii scypuair. — 2018. — Ne 4. — C. 99-111.
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Cekuisn 2. BumiptoBaHHS Ta icTopis BUMipIOBaHb

VIIK 621
JIO ICTOPIi CTBOPEHHSI KA®EJPH IBT

© Muxaiino Jopoocoseyv', Opecm lsaxis’, boeoan Cmaonux’, 2019

! HarlionaneHuii YHiBepcuret “JIbBiBchbka momiTexHika” (JIbBiB, YkpaiHa),
PsamiBebka [onmitexnika (Psmis, [Tonpma), a.1.H., nmpodecop, michdor@prz.edu.pl
2 Hauionaneuuit YaiBepcuteT “JIbBiBCchKa mositexnika” (JIpBiB, Ykpaina),
I.T.H., mpodecop, 3aB. kad. [ITM o.ivakhivi@gmail.com
3 Hamionaneuuit YaiBepcuteT “JIbBiBChKa mositexnika” (JIpBiB, Ykpaina),
I.T.H., mpodecop, 3aB. kad. IBT stadnyk@polynet.lviv.ua

B 1892 pomi nng HaB4anbHUX IIJIEH 1 3pOCTalOUUX MOTPEO €NeKTPUYHOI MPOMHUCIOBOCTI y
JIpBiBChKIM mosiTexHini ctBopuin Enextpuuny naboparopito. g uiei Jlaboparopii cepen iHIIMX
€JEKTPUYHUX amapaTiB MpUa0aiyu CydacH1 BUMIPIOBaJbHI MpUiaaau Ta 3acobu. I3 camoro mouartky
ctBopeHHss Kadenpu EnekTpoTexHIKM OIHMM 3 HalBaXJIMBIIIKUX HaNpsSIMKIB i1 AiSJIBHOCTI Ta
JOCHIKEHb OyJIO MPAaKTUYHE BUKOHAHHS CJICKTPUYHHMX BUMIpIOBaHb. JlochmipKeHHs B 1A obmacTi
OyJIM 30Cepe/KeHI B OCHOBHOMY Ha MiABHINEHHI TOYHOCTI €JIEKTPUYHUX BUMIpIOBaHb. OIHHUM 13
pe3ysbTaTiB MUX TOCHIKEeHb Oyina myOumikamis y 1893 pomi HaykoBoi pobotn K. Oneapcrkoro
"HoBuil cioci6 BUMipIOBaHHS MajuX €JIEKTPUYHHUX OMOpIB".

Sk camocrtiiiHa onuHuus Kadenpa EnekTpuyHUX BUMIPIOBaHb
Buainunacs 3 kapenpu “Enexrpuuni mamunau” 30 yepBusa 1919 poky
1 Big 1 ciuns 1920 p. (mo 1930 poky) ouosroBaiachk mpodecopom
K. ImameBcekum (1878 — 1965).

Kasumup Inamescki Hapomuses 16 ciuns 1878 poky. Moro 6aThko
OyB yuuTeneM Mmo4yarkoBoi mkonu. Y 1889 pomi BcTynuB B 9-piuny
riMHa3110 1 26 6epesHs 1898 3akiHyuB 1i. Y bOMY X POIli TOYaB CBOE
HaBYaHHSA HA MEXaHI1KO-eJIeKTpUuyHOMYy (dakynbTeTi TexHiuyHOTO
yHiBepcurery M. bpaynmaiir (Technische Hohschule Braunschweig,
Himewunna), ne 16 ciuas 1903 poky CkiiaB 3 BiI3HAKOIO JAUIIJIOMHUMN
€K3aMeH OTPUMAaBILHU JUILJIOM 1H)KEHepa - efneKkTpuka. 1 xoBtHs 1903
pPOKy IMOYaB MpaIoBaTH HAa MOcajl acucTeHTa kadeapu 3araabHOI
eleKkTpoTexHiku npogecopa Pomana J[3ecbieBckoro y TexHiuHoMy K. Ioawescokui
yHiBepcuTeTi y JIpBoBi. TyT Brepie yTBOpUB 1a00paToOpiio €IEKTPUYHUX MAIIUH 1 pa3oM 3 TUM
HaIucaB JIOKTOPChbKyY aucepralito « Versuche iiber das electrolytische Verhalten pon Schwefelkupfer»,
aKy 25 uyepBHs 1904 poky 3aXMCTHB Ha MEXaHIKO-€JIEKTpUYHOMY (akynbreri TexHiuHoro yHi-
BepcuTeTy M. bpayHIBaiir, oTpuMaBIIy 3 BiA3HAKOIO HAYKOBUM CTYMiHb JOKTOpa-iHxkenepa (Dr-Ing).

VY BepecHi 1904 poui Kasumup [namescki nepeixas B bepiiin, e nmouas mpamioBatu Ha Gadpuii
enexTpuuHux MamuH (Dynamowerk) Bigomoro y cBiTi koHuepHy Cimenc (Siemens Schuckert Werke
(SSW). Bin oTpuMaB MOXJIUBICTh HaOpaTUCA BEJIUKOTO JOCBIAY 1 3ali3HATHCS 13 PI3HUMHU 3aCTO-
CcyBaHHSIMU 3-¢a3Horo nocriitHoro crpymy. ¥ ¢abpuni SSW npamtosas 10 31 xoBTHS 1919 poky.

3 ininiaTuBu npodecopa P. J{3echnenckoro 3 1 ciuns 1920 p. craB nepuimm KepiBHUKOM CTBOPEHOT
30 uepBHsa 1919 poxy Kadeapu enexrpuunux BumiproBaHb JIbBIBCBbKOI moiiTexHiku. OCHOBHI
HaIpsIMKU HayKOBOI JISUIBHOCTI Kadeapu mia kepiBHULTBOM npodecopa Kaszumupa Inamescrkoro
OyJu OB’ sI3aH1 3 IEPEBIPKOIO JIYMIBHUKIB €JIEKTPUYHOI €HEeprii, KOMIIEHCATOpaMH 3MIHHOTO CTPYMY,
BUMIPIOBAHHSM 130JIs11111, BUMIPIOBAHHSIM BUCOKHMX HAIpPYT, a TAKOXK 13 BIOCKOHAJIEHHSAM JIIYUIbHUKIB
€JIEKTPUYHOI €Heprii, TOUHUMH BUMIPIOBAHHSAMHU €JEKTPUYHOTO OIOpY, €.p.C. TOIIO.

[Ipodecop Kasumup [namescekuii momep y Bpouiasi 14 ciuns 1965 poky, y Biui 87 pokis 1 OyB
MMOXOBAaHWH Ha KJIaJOBUII Ha ByiuIll byiiBina y Bpoiyiabi.
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Bin 1930 no 1941 poky kadenporo kepyBas mpodecop B. Kpy-
koBcbkuil. IIpodecop JIbBiBCchbkOi moniTexHiku Bomoagumup
KpykoBcpkuii OyB 0OJHUM 3 HalBUJATHIIIUX €IEKTPOTEXHIKIB-METPO-
JIOT1B CBOTO Yacy, MaB BCeOIYHI 3HAHHSA, OYB UyJOBUM BHKJIaJIayeM,
YJIE€HOM MIDKHApPOJHUX HAayKOBO — TEXHIYHHUX 1 METPOJOTIUHHUX
opranizamii. Bin Hapoguscs 19 Bepecus 1887 pomi y micti Pagom.
VY 1905 poui B. KpykoBcbkuii mouaB HaBuYaHHS Ha MaTeMaTU4HO-
npupogHuyoMy ¢akynsreri B yHiBepcutTeTi Cankr-IlerepOypra, a y
1906 pori BiH mepeixaB q0 Bumioi TexHiyHoi mkonu B Japmiranri
(GroBherzogliche Technische Hochschule zu Darmstadt). Ilicas
3aBEpUICHHS HaBYaHHS OTPHUMAB IMOCaay acucTeHTa y [lepkaBHOMY
ceiicmonoriunomy iHcTuTyTi apmmranr-lOrenraiim (Darmstadt-
Jugenheim), a notim y @13M4HOMY IHCTUTYTI TEXHIYHOTO YHIBEPCUTETY.

B. Kpyroscokuu VY 1913 portii BiH OTpUMaB IUILIOM 1HXXEHEPa 3 Bia3Hakow. Y 1914 pori
[I0YaB Ipall0aBaTl y eJEeKTPUUHINI 1abopaTopii Ha 3aBOJ1 €IEKTPOIIUMIBHUKIB Ha IM1JMPUEMCTBI
Cimenc-llykept (Siemens-Schuckert) B Hiopu6ep3i 1 y cepenuni 1914 poky cTaB 3acTymHHUKOM
naboparopii. 3 1 ciuns 1918 poky BiH o4oiuB Ja00OpaTOpito 1 HA IiM MOcajal 3aJUIIaBCA aX 0
1926 poky. B rpyani 1918 poky BiH oTpuMaB CTyHiHb JOKTOpa, Horo aucepraiiiiina podora Oyna
omyOuiKoBaHa OKpeMor KHUrow y 1920 pomi Bunasauursom llnpinrepa.

VY ueil yac BIH 374e0UIBIIOTO 3aiiMaBCs JIYMJIBHUKAMH €JIEKTPUYHOI €Heprii, JOCATHYBIIH
BUHSTKOBHX pe3yNbTaTiB y 1iH ramysi. Orpuman 40 naTeHTiB Ha BUHaxou, CiIMEHC BUITYCTUB IOHA]
MUIBHOH €JIeKTPOJIITUYHUX JITUMIIbHUKIB, iK1 Oyau BaockoHaneHi B. KpykosebkuM. Pesynbraru ioro
pob6otu omyOikoBaHi y Halicepio3Himux HaykoBux BuaaBHunTBax: "Elektrotechnische Zeitschrift",
”Archiv fiir Elektrotechnik" 1 "Siemens Zeitschrift". ¥V 1926 pomi B. KpykoBcekuii nepeixas 10
Bapmasu Ha nocany kepiBHHKa TexHiuHOro 6ropo Ilonbcpkux 3akianiB CimeHca.

V¥ 1930 poui 3a ixiniatusoro npo¢ K. Inamescbkoro, B. KpykoBcbkuii cTaB kepiBHUKOM Kadenpu
EnexTtpuunux BuMiproBaHb. BiH modaB 3 MonepHizaiii 1 po3muMpeHHs JiabopatopHoi 0a3u Ta 3
YTBOpPEHHsI Ha 3aMOBJIeHHsI [0J10BHOro O0po Mip HayKoBO-aociiaHOi Jlaboparopii mpenu3iiHux
eJIeKTPUUHUX BHMipioBaHb. Moro mpams Oyna 30cepe/keHa B OCHOBHOMY HAJ JEPKaBHUMH
€TaJIOHAMH E€JIEKTPUYHUX BEIUYHUH 1 mpeuusiiiHuMu BuMmiptoBaHHaMmu. [Ipod. B. KpykoBcbkuii
3aiiMaBcsl po3pOoOJIEHHSIM METOAIB IMOPIBHSHHS €TajJOHIB ONOpY Ta HANPYTH, iX MPaBUIBLHOTO
30epiraHHs 1 TpaHCIOPTYBaHHS Ta BUPOOHUIITBA €TaJOHIB Hampyru. barato wyacy mpucBsITUB
MUTAHHSIM TOYHOCTI BUMIPIOBaHb 1 BpaxXyBaHHIO NMOXUOOK y pe3yibTarax BUMIpIOBaHb. Pe3ynbraTu
Ta BUCHOBKH 3 LUX AociimkeHb y 1933—-36 pp. ony0iikyBaB y HAyKOBUX KypHanax "EnekrpoTexHiuHui
omsin" (“Przeglad Elektrotechniczny”) 1 "Archiv fiir Technisches Messen".

Ha xadenpi y 1931 porri, 6yi1o CTBOpEHO Tepiry MOTCHIIOMETPUYHY YCTAaHOBKY IS JIEp>KaBHOI
aTecTallii eJeKTPUUYHUX BUMIpIOBAIBLHUX mpmianiB. Po3pobinena 3a marenTom mnpodecopa B.
KpykoBCchbKOro ycTaHOBKa il IEpPEBIPKU JAEPKABHOTO €TAJIOHY €JIEKTPOpYyIIiiHOI cunu Oyia
BHUIyIIEHA B KUIBKOCT 50 MITyK 11 MOTpeO pi3HUX YCTAHOB. Y 1€l yac Ha Kadeapi, KpiM eTaJoHy
€TaJIOHy NEeKTPOPYIIIHHOT CHih, OyJI0 CTBOPEHO TaKoX Jlep:KaBHUI €TaJOH OMOpY, MPaBo 30epiraHHs
sKoro O0yno HajnaHo kadenapi. B 1933 poui y Mixuapogaomy Bropo mip 1 Bar 3/1iiiCHEHO MOPIBHSIHHS
MDKHAPOJHUX 3pa3KiB €JIEKTPOPYILIHHOT CHIIH 1 OTIOPY, IPU BUMIPIOBaHHI SIKUX Opanu 6e3rnocepeaHio
ydacTh mpaniBHUKH Kadenpu. OnepxaHl HUMHU 3HAUYCHHS OJIMHUIL BIAMOBIJAJIM BUMOTaM
MIKHapojHoro bropo.

[Ticns Toro sik y 1939 poui JIsBiB OyB 3ansTuit UepBoHoto apmiero 1 0yno yTBopeHOo JIbBIBChKHil
MOJITeXHIYHUN 1HCTUTYT, npodecopa B. KpykoBcbkoro mpusHaumiv 3aCTyNHHKOM JHPEKTOpa
IHCTUTYTY 3 HAayKOBUX NUTaHb (€KBIBAJIEHTHO IOCAaJl MPOPEKTOpa), 3aJIUIIAOYUCh KEPIBHUKOM
kapenpu. Ha nmouarky nunus 1941 poky, miciag toro sk y JIpBiB yBIMIIIM HiIMEIbKI BiHiChbKa,
npodecopa B. KpykoBcbkoro pazom 3 40 iHmumMu npodecopamu JIbBIBChKOT MOTITEXHIKK Ta 1HIINX
HaBYAJIBHUX 3aKjajiB Oysi0 BOMTO HIMEILKMM rectano Ha Bymenpkux maropOax.
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! HarlionaneHuii YHiBepcuret “JIbBiBchbka momiTexHika” (JIbBiB, YkpaiHa),
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[Ticnsa 3akiHyeHHs Apyroi cBiToBoi BiitHU 13 1944 poky mo 1958 pik kadenpy, sika HazuBanacs
«EJexTpuyHi BUMIPIOBAHHS Ta MPUJIAJIN», OYOJIOBAB BIJOMUN BUYEHHMI B 00JaCTl €IEKTPUUHHX
BUMIPIOBaHb Ta aBTOMATUYHOI'O KOHTPOIIIO, YJIEH-KOpEeCOHIeHT Akanemii Hayk Ykpainu (1957 p.)
ta CPCP (1958 p.), 3acinyXeHUM Iisi9 HAyKU Ta TEXHIKA YKPaiHCHKOL PCP (1954 p.) npodecop
Koctssatun bopucosnu KAPAHJIEEB (1907-1969).

K. KapanneeB 'y 1930 pouii 3akiHuuB JIeHIHrpaACbKUI MOTITEXHIYHUMA
iHeTUTYT. 3 1936 poky npaitoBaB y EnekTpodiznuHoMy 1HCTUTYTI Ta
Bcecoroznomy HJI metposorii im. JI.I. Menaeneea. ¥ 1936 pomi
oMy MPUCYI’)KEHO CTYIIHb KaHJUJaTa TEXHIYHUX HayK, a Yy 1939 pomi
MPUCBOEHO BUYeHE 3BaHHs mpodecopa. Y 1941 pori — 3acTynmHUK
nupexTopa 3 HaykoBoi poootu HJII merposnorii.

VY 1944 poui K. KapanneeB ckepoBanuil y JIbBIBCbKHI MOMITEX-
HIYHUM 1HCTUTYT CIOYATKy $K 3aCTyNHUK JIUpEKTopa, a Adani
NpU3HAUYEHUIN JI€KaHOM €eJeKTPOTeXHIYHOTO ¢akynbrery (1944—
1948 pp.). Onnouacuo y 1944-1952 pp. 3aBigyBaB kadeaporo
eJeKTpoBUMIpIOBadbHUX NpunaniB. Ilin yac mpaumi Ha kKadenpi y
1951 poui mepmuM y JIbBIBCbKOMY MOJITEXHIYHOMY 1HCTHUTYTI
3aXHCTUB JOKTOPCHKY Auceprauito. [1ig Horo KepiBHUIITBOM 3aXHILEHO
38 nucepraniil KaHaugaTa TEXHIYHUX HayK. 3a pe3y/lbTaTH CBO€I Ipall OTpUMaB IOYECHE 3BaHHS
«3acnyxeHuil nisy Hayku 1 TexHiku YPCP» (1952). 3rogom y 1952 poui npuzHadyeHui JeKaHOM
panioTexHiyHOTrO (haKynapTeTy Ta 3aBigyBaueM Kadenpu «PanionpuiiManbHUX OpUCTpoiB» (1952—
1954 pp.). byB kepiBHUKOM mpoOieMHOI 1abopaTopii, a TaKoX IMpaloBaB 3aBilyBaueéM HayKOBOI'O
BiAAUTY B [HCTUTYTI MalIMHO3HABCTBA Ta aBTOMATHUKH.

[Ipodecop K. KapanneeB — 3aCHOBHMK HAyKOBOi IIKOJIM 3 TEOPIii €IEKTPUYHUX BHUMIPIOBAHb Ta
BUMIpIOBaJbHUX 1H(OpMaLIHUX cucTeM, aBTOp 15 MoHorpadiii Ta HaBYaJbHUX MOCIOHMKIB, a
takok moHaa 200 HayKOBHUX cTaTe Ta BUHAXOIIB. Y TMepioa KepiBHULTBA Kadeaporw mpod.
K. Kapanneesum Bugano ioro pyHaameHTaabHi MoHOrpadii: “MeToabl AIeKTpUYeCKUX U3MEPEHU”,
“MoctoBbple MeTOAbl U3MepeHui”, “IlonynpoBOJHUKOBBIE BBIIPSAMHUTEIN U HX NPUMEHEHHUEB
U3MEpUTENbHON TexHUKe”, “['anbBaHOMETPHI OCTOSHHOIO TOKAa™, Ta 1H.

K. Kapannees nomep 21.09.1969 p., noxoBanuit Ha JInuakiBcbkoMy IIBUHTapi y JIbBOBI.

3 1958 no 1971 poky kadenpor kepyBaB moreHT Anatoniii SIxouu [IIPAMKOB. Anartomiit
[IpamkoB HaponuBcsa 1.08.1925 poky B ceni YpazoBo Banyiicekoro p-uy Kypcekoi o6macti. Ilicns
3aKkiH4eHHs IKoiau B 1944 poui nmoctynuB Ha 1-i Kypc XapKiBCHKOTO 1HXXEHEPHO-OYy1BEIbHOTO
iHeTUTYTY. Y 1945 poui OyB nepeBenenuii Ha 2-if Kypc JIbBIBCHKOTrO MOJITEXHIYHOTO 1HCTUTYTY, /€
HaBYaBCs Ha crelniaibHOCTI « EnexTpo-BumiproBasibHi npuiiaan». HaBuanus y 3akiHuuB y 1949 poui
3 BIJI3HAKOIO 1 OyB 3ampollleHui Ha BUKJIAJalbKy pobOory Ha kadenpi. Y 1954 pomi 3axuctus

K. Kapanoees
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KaHJIUJIaTChKy HcepTaliio, a y 1956 poui oTpumaB 3BaHHS IOLEHTA.
Houent A. llIpamkoB omy0iiKyBaB KijlbKa J€CITKIB HAyKOBUX Mpallb,
oTpuMaB 26 aBTOPCHKUX CBIJOITB HA BUHAXOHU. 3a Yac KePIBHUIITBA
kadenporo noueHtoMm A. lllpaMkoBUM MOAANBIIOTO PO3BUTKY HAOYIH
JMOCIIDKEHHSI Ta po3po0Ka MpuiaaaiB 3 KBaAPaTUYHOK XapakTe-
PUCTUKOIO BUIIPSIMIIEHHS, BUMIpIOBaHHA onopy 1 Tepmomerpii. Cepen
OCHOBHMX HAayKOBUX JOCSATHEHb 1 HANpsAMKIB KadeapH, MIIAHUM 1
BU3HAYaJbHUM OyB TakoX HoBuH HampsMm “lludpoBi emexrtpo-
BUMIPIOBAJIbHI MpUIIaIn’”.

Anaronit lllpamkoB momep 5.10.1982 p., moxoBaHU#l Ha
JInyakiBpkomy LBHHTap1 y JIbBOBI.

VY 1967 poui kadenpy «EjgekTpu4Hi BUMipIOBaHHS Ta NPUJIATH

A. Hlpamxos nepeiiMenyBanu Ha kapenpy «lHdopmauniiiHo-BUMipOBaibHOI
TeXHIKH.

31971 no 1982 p. 3aBigyBauem kadenpu «IHpopmarliiiiHo-BUMiproBalibHa TEXHIKa» OyB mpodecop

€sren Cremanosuu [TOJII[YK (1931-2016). €Bren I[Hominyk Haponuscs y 13.09.1931 p. c. Toku

, Ha Tepuonimii. Ha mouarky m’staecsiTux 3akiHYMB JIbBIBCHKUI
‘}“& MOJITEXHIYHUN 1HCTUTYT 1 y 1954 p. BcTynuB 10 acmipaHTypu
KuiBchbKOro mojgiTEXHIYHOTO IHCTUTYTY, J€ YCIIIIHO 3aXHUCTUB
KaHIuIaTChKy aumcepramito. [licas 3axucTty auceprarili moBEpHYBCS
Ha kadeapy IBT, mpauroBaB acuctenTom, goreHtoMm. Y 1971 pomi
€. Tonimyk odonuB Kadeapy.

Y 70 X pokax MHUHYJIOTO CTOJITTS, Y Me€pioJ 1HTEHCHUBHOI
pycudikaiii BUIIOI KoIU, 3aBAsiku noctasl €. Ilominyka kadenpa
He Jiie 30epersa, alie 1 po3upuiia BUKIaJaHHs OCHOBHUX MPEIMETIB
ykpaiHCbKkOIO MOBoOw0. Y 1978 p. BuaaHO nepmuil NOBOEHHHUH
yKpaiHChKHUM HaBUalbHUM MOCIOHUK «EjNeKTpuuHI BUMIpIOBaHHS
€JIEeKTPUYHUX Ta HEEJEKTPUYHUX BeauyuH» - aBTopu: B. Kouan,
C. OGo3zoBcbkuid, €. [onimyk, €. llImopryH, IKUM KOPUCTYIOTHCS HE
JUIIe CTYACHTH W BUKIajAadi, a ¥ 1HXeHepu 1 HaykoBmi. [Ipod.
€. Iomimyk 3 1981 mo 1994 poky OyB dekaHoM (akyibTeTy
aBromatuku. Y 1990 p. €sreny [loniuryky Oymno npucBoeHo moyecHe 3BaHHA npodecopa. Haykosi
iHTepecu npo¢. €. Ilominyka — e OCHOBHU 3arajbHOi Teopil BUMIpIOBaHb Ta BUMIPIOBAJIbHHUX
[IEpETBOPIOBAYIB, €JIEKTPOTEPMOMETPisl, BUMIPIOBAHHS €JIEKTPUYHUX Ta HEEJIEKTPUUHHUX BEIMUUH
toio. ABTop noHaja 200 HayKOBUX 1 HAYKOBO-METOJIUYHUX POOIT, 30Kpema 50 aBTOPChKUX CBIJOLTB
Ha BUHAXOAH, 6 MIAPYIHUKIB JJIs CTYICHTIB BUIIMX HAaBYaJbHHUX 3akiajiB. [1ig #Oro KepiBHUIITBOM
CBO1 KaHJIMJIATChK1 AMcCepTalii 3aXucTuio 13 MosoauX HayKOBLIB.

VY neit nepion iHTeHCHIKyBajacs HaykoBa pobora y kadeapanbHiil HaykoBid abopartopii HJJI-
11. 3 MeTor0 pO3MHUPEHHS HAYKOBUX JOCHIIKEeHBb Npu Kadenpl y 1974 poui Oyino CTBOPEHO BiAALI
CTYAEHTCHKOTO MPOEKTHO-KOHCTPYKTOPChKOTO Or0po “Metponoris”, a'y 1975 poui -pakyibTeTcbKy
HayKOBO-J0CHIAHY J1aboparopito “EnexrporepmomeTpis’.

[Ipo@.€. Ioningyk BiTHOBUB aKTUBHY BUAABHUYY JISJIbHICTH KadeapHu, 30KpeMa, KpiM 3raJlaHoro,
OyJI0 BUJ@aHO HU3KY MIIPYYHHUKIB: “V3MeputenbHbie mpeoOpazoBarenn’, “DIeKTPHUIECKUE U3MEPEHUS
ANIEKTPUUYECKUX M HEAIEKTPUUECKUX BeIHUMH’, “MeToau Ta 3aco0M BUMIPIOBAHb HEEJIEKTPUUYHUX
BeIMYMH”, “MeTposoris Ta BUMIpIOBaJibHA TEXHIKa”, “3aco0u Ta METOIM BUMIPIOBAHb HEEJIEKTPUUHHUX
BenuuuH”’, “Jlarunku. CripaBouyHoe rnocodue” Ta iH.

€srex [lomimyk nomep 5.04.2014 p., noxoBanuii Ha JInuakiBcbkoMy LBHHTapi y JIbBOBI.

€. loniwyx
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VY neit nepiog Ha kadenpi mpamroBaiId BigoMmi BYeHI Ta memaroru. Cepen HUX CIiJ BUPIZHUTH
nonenta Bomonumupa Kouana (1909-1988), skuit mouaB npamtoBatu Ha kadenpi me 3 1937 poky
1 KU CTaB TIEIO0 JIAHKOIO, sKa 3a0e3ledunyia HEMepepBHICTh HAyKOBO-TIEJATOTIYHUX TPadUIIN
Kadeapu Bif ii MOYATKIB aX /10 ChOTO/ICHHS. Baromuii BHECOK y AOCSTHEHHS KadeIpu Jaiu TOLECHTH,
KanauaaTu TexHiyHux Hayk Crenan O6030Bcbkuit (1919-1992) ta €Bren lImopryn (1932-1999).

Ha nouatky 70-x pokiB Ha kadeapy NpHUHIILIO HOBE MOKOIIHHS MOJIOJIMUX BUKJIAJayiB Ta HAyKOB-
L[IB — BUIYCKHUKIB Kadenpu, cepen axux O. IBaxis, B. 3opiit Ta B. Moraio, a neuo ni3Hime s
BUPIIIEHHS HOBUX JMJIAKTUYHUX 1 HAyKOBUX 3aBJlaHb Ha Kadeapy HpHUXOASTh HOBI Hpal[iBHUKH,
cepen Hux: A. Cepkisz, O. YaiikoBcwkuii, B. [lymmno, M. I'pubok, M. Kosansuyk, O. basunesuu,
O. PumikoBcekuit, 3. Monactupcwrkuit, M. [lopoxosens, [. [Tutens, B. Snyxk, P. Oripko, C. CaBenko
Ta iH. BoHU cTanm 4yjieHaMu MOTYXKHOTO KadeapalbHOTO KOJIEKTHBY, SKUM YCIIIIHO PO3B’sA3yBaB
HaWCKIAAHIII HAyKOB1 MPOOJIEMH, CTAJI aBTOPAMH KUTHKOX JIECATKIB HAYKOBUX PO3POOOK MEPEI0BOTO
PIBHS, KIJIKOI COTEHb BUHAXOIB Ta HayKOBHX ITyOJiKalliil.
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VJIK 621.
CYYACHICTb TA MAMBYTHE KA®EJPH IBT JbBIBCHKOI MOJITEXHIKHA

© Muxaiino JJopoocoseyv', Opecm lsaxie’, boeoan Cmaonux’, 2019

! Harrionaneuuii YHiBepcuret “JIbBiBcbka moniTexHika” (JIbBiB, YkpaiHa),
Psamiscbka [onmitexnika (Pswmis, [Tonbma), a.1.H., mpodecop, michdor@prz.edu.pl
2 Hamionaneuuit YaiBepcutet “JIbBiBChKa mositexnika” (JIbBiB, Ykpaina),
I.T.H., mpodecop, 3aB. kad. [ITM o.ivakhivi@gmail.com
3 Hamionaneuuit YaiBepcutet “JIbBiBChKa mositexnika” (JIbBiB, Ykpaina),
I.T.H., mpodecop, 3aB. kad. IBT stadnyk@polynet.lviv.ua

Kadenpy IBT y 1982 poui ouonus borgan IBanosny CTAJJHUK —
nokrop TexHiuHUX Hayk (1981) Doctor Honoris Causa (2011),
npodecop (1983), 3acnyxkennit Bunaxiganuk YPCP (1972), akanemik
Axaznemii iHkeHepHUX Hayk Ykpainu (1993), akagemik MixxHapoaHoi
Axanemii TepmoenexkTpuku (1997), akanemik AkageMii METpOIIOrii,
Jlaypeat npemii Pagu MinictpiB CPCP (1991), nouecHuii npodecop
HY “JIpBiBchka momitexHika” (2009), 3aBigyBau kadeapu [Hdopma-
IHHO-BUMIPIOBaIbHI TexHOJOTiI HamioHanbHOTO YHIBEPCHUTETY
«JIpBiBCchbKa momiTexHika» (Bix 1982 poky Mo chOroHINIHIN JeHb) Ta
nupekTop [HCTUTYTy KOMII'IOTEpHHX TEXHOJIOT1H, aBTOMATHKH Ta
Mmetpouiorii HamionanbHoro yHiBepcuteTy «JIbBIBCbKa MOJIITEXHIKa»
(2001-2014).

borgan Cragnuk HapomuBcs B ceni ['ipue CTpuiCBKOTO panoHY

~ na JIpBiBumHI. Y 1950 poui 3aKiHUMB MiCIIeBY WIKONY i MOCTYIHB y
8-it kiac cepeanboi mKoau B M. Ckoze. Ilicns 3akiHUeHHS cepeHbOi

LIKOJIM IOCTYIIMB Ha paJloTeXHIYHUM (aKyabTeT JIbBIBCHKOIO MOJITEXHIYHOTO IHCTUTYTY. Y 1958 poi
OyB HampaBieHnuit Ha podoty B HBO «Tepmonpunany», ae npaitoBas npotsarom 1958-1982 poxkis.

[Ipod. Craguuk Bb.I. ouontoe HaykoOBY MIKOMY 3aC001B BUMIpIOBaHHS (DI3WYHUX BEJIUYHH, B IKUX
3aKJlaIeHl TEOPETUYHI. TEXHOJIOT1YHI 1 METPOJIOriYHI OCHOBU CTBOPEHHS MPUIIAAIB 1 CUCTEM
BUMIPIOBaHHsI TeMIIEpaTyp, BUKOHY€E BEJIHMKY poOOTYy 3 KOOpAMHAIli TOCHIKEeHb Yy L1 o6sacTi.
[Ipod. Cragnuk b.I. — romoBa cmemianizoBaHOl BYEHOI paau 13 3aXHUCTy JIOKTOPCHKHX Ta
KaHJIUJATChKUX JUCEepTallil, y AKii 3axucTtuiiu auceprauii noHaa 230 qoKTOpIB Ta KaHAMIATIB HAYK.
[Tix xepiBaUIITBOM pod. b. Crannuka ycminrHo 3axuctuiu aucepTaiii 32 kauauaartis Ta 20 JOKTOPIB
HayK. ABTop moHajx 450 HaykoBUX mpallb: MOHOrpadiid, crareil, maTeHTiB Ta BHHaXxoAiB. UieH
penakuiifHux Kozierid “YkpaiHChKOIO METPOJIOTi4HOTO XypHayly” Ta MIXHapOJHOTO XypHaly
“TepMoenekTpuKka’; BIANOBIAAIbHUN peAakTop KypHaly “BumiproBajibHa TEXHIKA Ta METPOJIOTIS”,
penakuiifHa kouserist sikoro crBopeHa npu kad. IBT. 3a yuacti npod. b. CranHuka cTBOpeHi HOBI
TEpMOIIEPETBOPIOBAYI1 IJIsl PI3HUX T'aJly3eil HApOIHOTO TOCIIOIaPCTBA Ta HAYKOBUX JOCIIIKEHb CEpel
HUX HPWIAAHN SKI BUKOPUCTOBYBAJIMCS JJIsI BUMIPIOBAHHS TeMIEpaTypu B paMKaxX MDKHApOIHUX
npoekTiB «Bera» ta «®obocy.

3a cBO1 HAyKOB1 JOCSATHEHHS Ta TBOpUY Mpall0 OTpUMaB HU3KY BiJ3HaK Ta Haropoj: CpiOHa
Menanb BucraBku gocsraens HapoaHoro rocrnogapetsa CPCP (1965); Harpynuuii 3Hak «BigMiHHUK
npunanooynysanus» (1967); Menans «3a nodnecny npamo» (1970); Opnen TpymoBoro UepBoHoro
npanopa (1971); Jlunnom nepuoro CTymneHs 1 30J10Ta MeJaidb BucTaBku HapOAHOrO rocnojapcTBa
YPCP (1987); Jlaypear npemii Pagu Minictpis CPCP (1991); 3onoTta Menans BuctaBku n1ocsrHeHb
HaponHoro rocroaapctsa CPCP (1989); Harpynuuii 3nak MinocBitu Ykpainu «llerpo Moruma»
(2005); Opnen «3a 3acayru» I creneni (2006); Opnen «3a 3acayru» 11 cremeni (2016).

b. Cmaonux
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3aBga”HHsAM IIbOTO €Tanmy pO3BUTKY Kadeapu Oyno HE TIUIbKH 30€pEeKEHHS MOIEpPEeIHBO
chopMOBaHUX HAyKOBUX HANpPSIMKIB, ajie ¥ iX TpaHC(OpMYyBaHHS BIANOBIJHO /0 MOTOYHUX BUMOT
yacy. Bueni kadenpu BUKOHYIOTh TEOPETHYHI Ta €KCTIEPUMEHTAIbHI JOCIIDKEHHS, SIKI CIIPSIMOBaHI
Ha MIABUUICHHS TOYHOCTI Ta PO3IIUPEHHS NEpeiiKy BUMIPIOBAHUX BEJIMYMH. 30KpeMa, BIIPOIOBK
OCTaHHIX JecsATUpiY BYEH1 Kadenpu DOCIIIKYyBajlu, po3poOJsUIM Ta MPAKTUYHO BUTOTOBIISUIM
PI3HOMaHITHI 3aco0M BUMIpIOBaHb TeMmIlepaTypu. BpaxoByroun ocoOJIMBY akTyalIbHICTh IpoOIeM
€HEepro - i mMarepiano-olaaHoCTl 30epeKeHHs], HayKOBLI Kadeapu 30CepeKYI0Th CBOI 3yCHIUIS Y
TaKUX HampsMKax JTOCIIKEHb, SIK TEPMOLIyMOBa Ta yJIbTPa3ByKOBa TEPMOMETpIsi; TOMOTpadidHi
CUCTEMH MOHITOPUHTY TEMIIEpaTypHHUX IOJIB; €TajJOHHOI 0a3su TepMoMeTpii; MPOEKTyBaHHS
MOPTATUBHUX 3ac001B BUMIPIOBAHHA PI3HUX (PI3UYHUX BEJIMYHUH; CTBOPEHHS 3aC001B BUMIPIOBAHHS
BOJIOTOCTI, KBaJIIMETPii, pOOOTOTEXHIKH TOILO.

Kadenpa Bukonye Bech KOMIIJIEKC pOOIT Bl HAYKOBO-TIOIIYKOBHUX 1 JOCIITHUIIBKUX 10 CTBOPEHHS
KOHKPETHHX 3Pa3KiB anapaTypu JUIsl BUMIPIOBaHHS P13HUX (P13UUYHUX BEJIMYMH, 30KpEMa, TEMIIEPATYpH.
[Ipu nboMy JOCHIAKEHHS MPOBOIAATHCS B HANPSIMKAaX KOHTAKTHOI Ta O€3KOHTAKTHOI TEPMOMETPIi.
Pe3ynbTraroM HayKkOBHUX IOCIIJ)KEHb B rajly3l CTBOPEHHS METO/IB Ta 3ac00iB YJIbTPa3BYKOBOTO
BUMIpIOBaHHS TeMIeparypu Oyia my0sikaiiis KIIbKOX MOHOIpadil, criiBaBTOpaMu SIKO1 € MpaiiBHUKU
kadenpu, 30kpeMa, “3acTOCyBaHHS YJIbTPa3ByKOBHX CeHCoOpiB”, “EHmuknonesnis temmeparypu’,
“BuMiproBaHHS TeMIEpaTypH: TeOpis Ta MpaKTHKa .

[IpaniBHuKM KadeIpu IHTEHCHUBHO IMPAalLIOIOTh HaJ METOJUYHUM 3a0€3MEeYEHHSIM HaBUYAJIbHOTO
MPOIIECY, IO MPOSBWIOCS y HAMMCAHHI 1 BUJAHHI HU3KU HABUAIBHUX MIJIPYYHUKIB Ta MOCIOHUKIB
JUISI CTY/IEHTIB BUILMX HaBYAIbHUX 3aKJIaJ1B. 30KpeMa, OJHOOCIOHO Ta y CIIBaBTOPCTBI MpalliBHUKAMU
kadenpu Oynu BuIaHi: MIAPYIHUK “MeTonu Ta 3acO0M BUMIPIOBAHHS HECJICKTPUUYHUX BEITUYUH
(2003), “Metposnoris Ta BuUMiptoBaibHa TexHika” (2003), nBoTOMHUHN NiApydHUK “OCHOBU METPOJIOT]
1 BUMipIoBasibHa TexHika (ToM 1) ta “Enexrpuuni BumiproBanHs” (ToMm 2) (2005). OnpautoBaHHS
pe3ynbrariB BuMiptoBanb” (2007), “3aco0u Ta METOIM BUMIPIOBAaHHS HEEIEKTPUYHHX BEIUYUH
(2008), “VHidikyroul nepeTBoproBadil iHPopManiiHoro 3ade3neyeHns MexarpoHHux cucrem’ (2009),
Mertposnoris Ta eiaeKkTpu4Hi BuMiproBaHHs. JlabopaTopuuil npaktukym” (2011), “MeTposois ta
BUMIpIOBaiibHa TexHika”, (2012), “Metpomnois Ta BumiptoBanHs”, (2012), “Ksamimerpia” (2012)
“Amnanoro uudposi neperoprosadi”’, (2013), “BumiproBanbHi nepersoproBaui (Cencopn)”, (2015),
monorpadii “Handbook of Thermometry and Nanothermometry” (2015) ta “Cyber-Physical
Systems” (2016), nocioHuk “BumiproBaHHsl y HAHOTEXHOJIOT1sIX: MeToAu 1 3acobu” (2016),

B pamkax MixHaponHoi cmiBmpaui kadeapa akTUBHO Ipallo€ HaJ 3MIIHEHHSM KOHTAKTiB 3
HAayKOBIISIMA 3aKOPJIOHHUX HaBUaJbHUX 3aKJaJiB Ta YCTAaHOB, 3J1ACHIO€ OOMIH BHUKJaJadyaMu,
acripaHTaMH, CTyJleHTaMH, Oepe aKTUBHY y4acTh y MDKHAPOAHUX HAYKOBO-TEXHIYHUX CUMIIO31yMax
Ta KOH(pepeHlisXx. Bxe monan 25 pokiB HaykoBIl KadeIpu CHUIBHO 3 y4e€HMMHU PsmiiBcbkoi
nonitexHiku (Ilonpia) opraHi3oByIOTh YK€ TpaduLiiHI IIOPIYHI MIXKHAPOAHI HAyKOBO-TE€XHIUHI
koHGpepeHLii “MeTronu Ta TeXHIKa epEeTBOPEHHS CUTHAIIB IIPU (I3UYHUX BUMIpIOBaHHIX . OCTaHHI
5 pokiB B1/10yBa€eThCs B3a€EMHUI OOMiH MPAaKTHUKaMU CTYJIEHTIB Halloi kadepu Ta CTyIEHTIB Kadenpu
MeTtposiorii 1 1IarHOCTUYHUX CUCTEM PSIIIBCHKOI MOMITEXHIKU. Y paMKax MIDKXHApOJHOI CIiBIIpall
npodecopu kadeapu YUTAOTh JIEKIIIl B TEXHIYHUX YHIBepcuTeTax M. PsmiB (ITonbmia) ta M. Inbmenay
(Himeuunna), a 4 HaykoBuiB 3 [loaplii 3aXUCTHIIN TUCETpallli Ha BUEHIH pajl, sika QYHKIIOHY€E MpU
kagenpi. CTyneHTH, CTAXXKHUCTU Ta HAyKOBL1 Kageapu MpOXOJATh MEPEAAUIVIOMHY MPAKTUKY Ta
HayKoBe CTa)KyBaHHS B TexHiuHoMy yHiBepcuTeTi y MmicTi [nbmenay (OPH). V TV Inbmenay 3
BUITYCKHHKIB KadeapH 3aXUCTHIIN JOKTOPChKI AucepTauii. ¥ HallHOBIIKN nepio] kadenpa po3BUBaEe
MDKHapOJHY CIIBOpAI0 3 HPOBIAHMMH KOMIAHISIMU IOB’SI3aHUMH 3 BHUMIPIOBAJIBHOIO Ta
KOM’FOTEPHOIO TEXHIKOIO Ta €JIEKTPOHHUMHU 3acobamu. 3aBAsiKU MI>KHAPO/IHIH criBIpali Ha kadeapi
BIAKPUTO HAYKOBO-IOCHIAHI JJaboparopii Big TexHiuHomoro yHiBepcutery lnbmenay ta “SIOS”
(®PH), pipmu “IFM Electronic” (OPH), CYPRES (CIIA), Hewlett-Packard (CILIA), “Leoni Wiring
Systems UA GmbH” (®PH).
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VY 1980-x — 2000-x pokax kadenpa momoBHUIACS K TOCBITYEHUMH, TaK 1 MOJIOJUMH HAYKOBISIMU
Ta BueHumH, cepen Hux: I[1. Cromspuyk, A. Jlynuk, €. [Toxonumno, P. baitnap, B. Auyk, M. Mukuituyk,
T. boiiko, H. T'oni, T. byGena, B. Ilapakyana, I1. 'amyna, I1. Ckoponan, C. SAnumwun, A. Ky3ii,
I. JlixnoBcekuit, . Mukutun, A. ®enopuyk, b. Aramanuyk, P. Benasran, A. O3rosuy, 1. [leTpoBcrka,
P. Isax, C. Ilpoxopenko, A. I'ynbkano, B. Pak, B. 3n1e6, B. Kyus, b. Muxanuk, T. [JomiHtoK,
4. Cronoszapa, A. CeMeHUCTHI Ta 1H.
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IMPLEMENTATION OF ULTRASONIC ECHO METHOD FOR MEASUREMENTS
OF SELECTED PARAMETERS OF BIPHASIC LIQUID METAL-GAS FLOWS

© Artur Andruszkiewicz!, Kerstin Eckert’, 2019

'Katedra Termodynamik, Teorii Maszyn i Urzadzen Cieplnych , Wydzial Mechaniczno-Energetyczny,
Politechnika Wroctawska Wybrzeze Wyspianskiego 27 50- 370 Wroctaw, artur.andruszkiewicz@pwr.edu.pl,
2Chair of Transport Processes at Interfaces, Institute of Process Engineering and Environmental Technology,

TU Dresden, George-Béhr-Strasse 3b 01069 Dresden, Kerstin.Eckert@tu-dresden.de

Biphasic liquid metal-gas flows are used in many technological processes. Examples include
processes of secondary metallurgy of steel. The processes of degassing, purification or refining of
liquid metal are directly related to its purging with argon. The effectiveness of refining depends,
among others on the dimensions of rising bubbles, the residence time in the metal, the area of their
rise and streamflow of bubbles. Knowledge of these quantities can allow optimization and control
of metallurgical processes. In order to obtain a full data bank on rising gas bubbles, model analyses
of biphasic liquid metal-gas flows are necessary. Among the many methods used to study such
flows, ultrasound methods have become more and more important in recent years. These include
Doppler method (UDV) and echo pulse method. The first one developed at the Forschungszentrum
Dresden-Rossendorf allows the determination of the bubble velocity and liquid velocity. The
published works using the UDV method include works conducted by Eckert, Gerbet and Zhang,
the results of which are presented in articles [1,2,3]. The second method — ultrasonic echo pulse
method was developed at TU Dresden, as part of the SFB 609 project ,,Elektromagnetische
Stromungsbeeinflussung in Metallurgie, Kristallziichtung und Elektrochemie”. In addition to
determining the bubble velocity, it allows determining the position, separation or gas phase flow
area. The aim of the work is to present the implemented ultrasonic echo pulse method, using the
USIP 40 flaw detector, for testing biphasic liquid metal-gas flows. It was developed for a model
reactor in which the liquid metal was GalnSn eutectic, and the gas-argon phase was infused through
a nozzle. The paper presents examples of test results and describes the accuracy of the method.

The principle of measurement using the echo pulse method is shown in Figure 1. Short transmission
pulses from the ultrasound head after passing through the coupling layer and the front wall of the
tank are reflected from the gas bubbles (t;) moving in the liquid metal and located in the ultrasonic
field. The reflected ultrasonic impulses as an echo back to the ultrasonic head that works in the
transceiver system. Some of the pulses reach the back walls of the tank (ty, tz,,), reflect and
return to the ultrasound head. Using the difference of transition times to the ultrasonic head of
impulses reflected from the gas bubbles and the back wall of the tank, their course can be presented
in the form of tensions on the screen of the ultrasonic flaw detector. This is called the type A picture
and it is shown in Figure 1. The ultrasonic head cooperates directly with the ultrasonic flaw detector.
This is called the type A picture is shown in the lower figure of Figure 1. The ultrasound head
cooperates directly with the ultrasonic flaw detector. The flaw detector has been built in such a way
that it records only those signals whose amplitude exceeds the set value (average it is 20% of the
maximum monitor screen scale). At this value, the computing system gives the wave transition
time from the transmitter to the reflector and back. Knowing the value of the wave velocity in the
tank wall and the studied medium, you can calculate the distance from the reflector. The upper part
of Figure 1 shows the distance x; of the bubble from the back wall of the tank. Its determination
requires only knowledge of the velocity of the ultrasonic wave (c¢) in the medium. The minimum
value of the amplitude of recorded signals is set by changing the position of the gate shown in
Figure 1. At the same time changing the length of this gate or its location, the place where the
signals (echoes) are recorded is determined. The frequency of repetition of ultrasonic pulses (IFF)
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should be chosen in that way, so the echo reflected from the back wall returns faster than the next
pulse was sent.
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Fig. 1. Measuring principle utilizing echo Fig. 2. Measuring system

pulse method

The accomplished measurement system is shown in Figure 2. The tank with an inner diameter
of D, = 80 mm, was filled to the height of H = 210 mm with liquid metal. Argon in the form of
gas bubbles was infused into the tank through a nozzle, the height of which was H1=20 mm, and
the diameter of the nozzles were depending on the measurement being carried out: 0.5 mm, 0.9 mm
1.0 and 1.2 mm. Argon volume stream flow qv was measured with a flow meter with a thermal
sensor (Mass-Flo, MKS Instruments) class 1 with ranges: for rising single bubbles 10 sccm, for
bubble chain 100 sccm. The first ultrasonic head (UPk1) was mounted 10 mm above the argon inlet
nozzle. The registration of signals from rising bubbles was carried out using two heads (UPkI,
UPk2) installed one above the other, so that it was possible to obtain information on bubble
velocities and their changes on the rising road about 160 mm. They consisted of 10 ultrasonic
sensors with the frequency f=15 MHz, diameter D=5 mm placed at distances of 8 mm from each
other. Ultrasonic heads were connected alternately to a 10 channel USIP 40 Box ultrasonic flaw
detector connected and controlled with a computer program UltraPROOF (Krautkramer). The
research used only the method of measuring the time of echo from rising bubbles, because it also
allows for precise determination of the position of bubble, thus determining the area of their rising.
The value of 14286 Hz was chosen for the pulse repetition frequency, and the signal amplification
was chosen so that the signal amplitude exceeded 20% of the height shown in Figure 1.

1. Ch.Zhang, Liquid metal flows driven by gas bubbles in a static magnetic field. Dissertation TU Dresden,
Fakultdt Maschinenwesen, Dresden 2009

2. Ch. Zhang, S. Eckert, G. Gerbeth.,Gas and Liquid velocity measurements in bubble chain-driven two-
phase flow by means of UDV and LDA, 5th international Conference on Multiphase Flow, ICMF 04,
Yokohama, Japan

3. Ch. Zhang, S. Eckert, G. Gerbeth. Experimental study of single bubble motion in a liquid metal column
exposed to a DC magnetic field, International Journal of Multiphase FlowVolume 31, Issue 7, July 2005,
824-842.
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VK 620.93
BUMIPIOBAHHS SIKICHUX MOKA3HUKIB MIPUPOJHOIO I'A3Y

© Onexcanop bac', Jloomuna Ipucscurok?®, 2019

!lepxxaBHe minnpueMcTBo «IBaHO-®paHkiBchbkcTaHmapTMerpoorisay (IBaHo-DpaHkiBebK, Ykpaina),
CTapIINi HayKoBUH cIiBpoOITHHK, K.T.H., alexandr.sanya@gmail.com
Tmxenep I kareropii, I-st@ukr.net

bazoBumu sikicHUMH ((P13MKO-XIMIYHMMH) MOKa3HUKAMH MPUPOJHOTO rasy, Mopyy i3 TEIIOTOI0
3rOpsSIHHS, HAsIBHICTIO Ta KOHIIEHTPALIEIO 1Or0 KOMIIOHEHTIB, € TakoX yucio Bo66e, sike BBaKarOTh
KOMIIJIEKCHUM TMOKa3HUKOM, OCKIJIbKM BOHO BHM3HAUA€THCS HAa OCHOB1 JBOX OKPEMHUX SKICHUX
MOKAa3HHUKIB: TENJIOTH 3TOPSHHS raszy Ta ioro BigHOcHOI ryctuHu. Kpim toro, unucio Bob66e €
KpUTEpieM MOAIOHOCTI Ta3iB Ta BU3HAYa€ iXHIO MOXJHUBICTh B3a€MO3aMIHHOCTI 1 (PaKTHYHO
XapaKTepu3ye MOCTIHHICTh Ta CTaOUIbHICTh MOTOKY TEIJIOBOI €Heprii, Ka HaJAXOAUTh BiJ Tra3y 3
PI3HMM KOMIIOHEHTHHUM CKJIaJIOM B pe3yJbTari Horo cnajtoBaHHsA. To0TO, rasud 3 OJHAKOBUM
MOKa3HUKOM uucia Bo6Oe 3a yMOBU pIBHO3HAYHOI'O HAJJIMIIKOBOTO THUCKY 3a3BHYail MOXYTb
3aMIHIOBaTUCh OJUH OJHUM 0€3 J0JAaTKOBOI 3aMiHM a00 peryioBaHHS NaJbHUKIB UM TI'a30BUX
¢dopcynok. Kpim toro, ansa knacudikaiii pi3HUX TUIIB MaJIUBHUX ra3iB MO BIJHOIICHHIO J0 YHCIa
Bo006e, BcTaHOBIEHO TOHATTS «CIMEMCTBO Ta3iB», SIKi, B CBOIO Yepry, MOIUISIOTHCA 3a YuciaoM Bo66e
Ta TEIUIOTOO 3TOpsiHHA Ha rpynu, Hanpuknag H rta L.

TakyuM 4YMHOM, aKTyaJbHOIO 33/1a4€I0 3 MIPUKJIAJHUM 3aCTOCYBAaHHAM € 3a0€31€UEeHHS MOXKIHUBOCTI
BHU3HAYEHHS SKICHUX ITapaMeTpiB a3y, B TOMY uucil 1 yuciia Bob0e Ta ixX mociaiioBHOrO peryitoBaHHS.
Cnin 3a3HaYUTH, 10 MiJ OIPUPOAHUM ra3oM PO3IVISJAETHCA BCS HOMEHKJIATypa NaJUBHUX ra3iB, B
TOMY YHCIIi: MIPONI3HUN, JOMEHHUN, KOKCOBHH, MONYyTHUI HAQTOBUI ra3 Ta ra30Be MOTOpPHE MaJIUBO,
JUISL IKUX TUTaHHS €(EeKTUBHOIO CHAIIOBaHHS OCOOJIMBO aKTyaJlbHE, OCKUJIBKHM iX PEXUM TOpPIHHS
NPsSMO NPOMOPLINHO BIJIMBAE HA TEXHOJOT1YHI MPOLIECU. AHAJIOIIYHO, TUTAHHS «PETyIIOBAaHHS
SIKOCT1» 4depe3 3MiHy uuciia Bo60e ocobimBo cTocyeThesi ckpamieHoro npupogHoro raszy (LNG),
OCKUJIbKH, 3BEPTAIOYUCH 1O HOPM SIKOCTI Ta3y, Kl 1HAUBIIyalbHO BCTAHOBIICHI JUIsl KOXKHOI KpaiHH,
JIOPEYHO 3a3HaunTH, 1110 yuciao Bo66e LNG, BMicT MeTaHy B AKOMY csirae 95 %, 3a3BU4ail IEePEBUIILY €
BCTAHOBJIEHI BUMOTH.

Ha puc. 1 HaBeneHa cxema Ipoliecy BU3HAYEHHsS Ta MOCIIJOBHOTO peryitoBaHHs uncia Boboe
npupogHoro razy. Ilpouenypa peryntoBaHHs sBsi€ OO0 yMOBHE 0araTOCTyIIHYaTe PEryIlOBaHHS
1 301HCHIOETHCS HACTYITHUM YHMHOM: MICJS BU3SHAUEHHS TEIJIOTH 3TOPSHHSA 1 TYCTUHH, IPOBOJUTHCA
peryiroBaHHs 1oAayl NOBITPs (KUCHIO) JJid 3a0€3M1eYeHHs CTEXIOMETPUYHOTO 3TOPSIHHSA, SIKE, B CBOIO
4epry, KOHTPOJIOEThCA HASBHICTIO 3aJMIIKOBOrO KHMCHIO B AMMOBHX raszax. Ilpmuomy, cucrema
aHaJIOTIYHO OOJlaJlHaHa 3BOPOTHUM PETYIIOBAaHHSAM Oe3mocepenHbo unciia Bo60e, nuisixoM 3MiHU
KOMIIOHEHTHOT'O BMICTY NPUPOJHOTo rasy. Taka 3MiHa MOKe J0CITaTUCS 32 paXyHOK BHECEHHS a30Ty,
MOBITPs, MPOIaHy, eTaHy abo IHIIUX ra3iB, B 3aJ€XHOCTI BiJ HeoOxigHoro 3HayeHHA. Kpim Toro,
cucTemMa MoXe OyTH TOAaTKOBO 00JIalHaHA JaBayaMH BUMIPIOBaHHSI 1HIIUX MMOKA3HUKIB SIKOCTI rasy.

Kanopumertp / ryctTHOMIp  Crexio MeTpryHe 3ropAHHA

| |
PerynioBaHHA l RN IR

ymucna Bobbe

MNogiTpA
i - —

NpUPoAHKA ras

Puc. 1. Cxema sumiprosanus ma pezynioeants yucia Boboe (meniomu 320psaHHs, SYCMUHU) 2a3)
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YK 004.032.2

HNEPCIHEKTUBU BUKOPUCHAHHS TEXHOJIOTTI
3JIUTTA CEHCOPHUX JAHUX SENSOR FUSION

© Isan Bouxo', Onez Yabaw?, 2019

"HamionanpHuii yHiBepcutet “JIbBiBchbKka momiTexHika” (JIbBiB, YkpaiHa), CTyIEHT,
kadenpa aBTOMaTU30BaHUX CHCTEM YIpaBIiHHA,, boykoivanl998@gmail.com
’Hamionansauii yHiBepcuteT “JIbBiBCchKa mosiTexHika” (JIbBiB, YKpaiHa), CTYICHT,
kadenpa cremnianizoBaHUX KOMIT IOTEPHHX CHUCTeM, warone639@gmail.com

OpHi€ro 3 TEHAEHLIN OCTaHHBOTO JECATHUPIUYSA CTAaB KOMILIEKCHUM MIiAX1J A0 OINpalfOBaHHS
naHux Big Oaratbox jpKepes. OCKIIBKM Il JIaHl MaloTh Pi3HE TMOXOKEHHS, XapaKTePU3YyIOThCS
MIEBHUMHU IepeBaraMu 1 0OMeKEeHHSAMH Y 3aCTOCYBaHHI, 00’ €IHaHHS TaHUX Ma€ 3HaYH1 IEPCIEKTUBU
MOPIBHSHO 3 OKPEMHUM IX OMPAILIOBAHHIM 32 PaXyHOK PO3ILIMPEHHS 00CATy OTpUMaHoi 1HpopMallii,
sKa MOke OyTH SIK B3a€MOJIONOBHSUIBHOIO, TaK 1 B3a€EMO3aMIHHOIO.

TexHnounoriss 00’€nHaHHS JAaHUX PI3HOTO IMOXOMKEHHs, OTPUMAaHHUX B peajlbHOMY 4Yaci, AJIs
[O/1aJIBIIOTO CHIJIBHOIO aHali3y Ta ONpalloBaHHS OTpuUMasa Ha3By 3IUTTS AaHux Data Fusion.
OTpuMaHi CUHTE30BaH1 JaHl 00’€AHYIOTh B cOO1 BIACTUBOCTI YCiX THUIIB JaHUX 1 HECYTh OlibIle
1HpopMaIlii, HiXK pocTe 00’ €AHAHHS TaHUX BIJ PI3HUX JDKEPEN, PO3IISHYTUX OKPEMO, IO CIpPUsE
MPOAYKTUBHINIOMY BUPIIIEHHIO 3aBJaHb HNPUHHSATTA pillieHb, Kiacudikanii, BU3HAYEHHS CTaHy
00’€KTy JOCIIJKEHHS, OI[IHKM CUTyalli 1 T.II.

Po3Butok iH(poOpManiiiHO-BUMIPIOBAaJIbHUX TEXHOJOTIH, MOCTIHHE BIOCKOHAJIEHHS CEHCOPHUX
MPUCTPOIB CIPUSIIU PO3BUTKY TEXHOJIOTIT 3JIUTTS CEHCOpHUX AaHuX Sensor Fusion, sika nependayae
00'eTHaHHS PI3HUX CEHCOPIB JUIsl BUPIIIIEHHS CNIUIBHUX 3aBAaHb. CriibHA po0OOTa IEKiIbKOX CEHCOPIB
J03BOJISIE 3pOOUTH AKICHUM KpOK BIlepes 1 OTpUMaTu HadaraTo Kpamil pe3ysbTaTu. 3IUTTS JaHUX
BiJ 6araThb0X CEHCOPIB J1a€ NOAATKOBY CEHCOPHO-CEMaHTHUUHY 1H(GOPMAIIIIO TTPO CUTYAIlII0 Ta 00’ €KT
JOCIHIXKEHHSI, SIKY 3@ 1HIIMX YMOB HE MOJIHUBO Oysio O OTpUMaTH.

Bce Oinbmioi nmomynsipHOCTI Ll TeXHOJIOT1s HaOyBae B MEAUIMHI, 30KpeMa MPU MOHITOPUHTY
MEIUKO-(]1310JIOTIYHUX MOKA3HUKIB JJIS J11arHOCTUKU CTaHy 3/J0pOB'sl CHOPTCMEHIB 1 Malll€HTIB.
ABTOMAaTUYHUM KOHTPOJIb CTAaHYy 3JIOPOB'S JITHIX JIOJEH J03BOJSAE 3MEHIIUTH YHCEIbHICThH
00CIIyrOByIOYOTO TIEPCOHAY, TTONIEPEIUTH 3aTOCTPEHHS 3aXBOpIOBaHb. [HpopMarris, 310paHa mIsxoM
MOHITOPHHTY (1310JIOTTYHHUX, TTOBEIIHKOBUX Ta COI[IAJIbHUX ACIEKTIB HAIIOTO YXUTTS, MOXE OyTH
BUKOPHUCTAHA JUIsl JOCSTHEHHS MO3UTHUBHOIO BIUIMBY Ha SIKICTh KUTTS, 340pPOB's Ta Oiaronoayyus.

[lepeBaraMu 3JIMTTSI CEHCOPHUX JAHUX € MIJBUILEHHS HaJA1HHOCTI CUCTEMH y BUIIAJKY B1JIMOBH
OJIHOTO 3 CEHCOPIB, 3MEHIIEHHS MMOBIPHOCTI NMOMHJIKOBUX TPHUBOT, 3pOCTaHHS HMOBIPHOCTI
BUSIBJICHHSI HEOE3IEUHOI CUTYyallil Ta 3MEHIIEHHS Yacy pearyBaHHs Yy 3B SI3KYy 3 OTPUMaHHIM OlIbII
MOBHOI 1HQOpMalii, 0 HaAXOAUTh 3 pi3HUX Kepesn. OTpuMana iHGOpPMAIlld XapaKTEPU3YEThCS
MECHIIIOI0 HEBH3HAYCHICTIO, O1JIBIIOI0 TOYHICTIO Ta HAHIHMHICTIO.

3nUTTA ceHCOpHOi iH(opMmanii BiIOyBa€eThCsl HA PI3HUX PIBHSAX: HA PIBHI CEHCOPHUX CHUTHAIIIB,
Ha PiBHI O3HAK, Ha PiBHI MPUNHATTS PILICHb.

MeTtoau 31UTTS AaHUX Ha PIBHI CEHCOPHMUX CUTHAJIB BUKOPUCTOBYIOTHCS 3 METOIO ITiJIBUILIEHHS
SKOCTI IaHUX 1 3a0€31eYeHHsI METPOJIOTIYHOTO CAMOKOHTPOJIIO ceHcopiB. [Ipu boMy ceHcopHi AaHi
ONpPalbOBYIOTHCS 3 METOIO MIJABUILEHHS PiBHS 1HGOPMALINHOIO CUTHAly Ta 3HUKEHHS 3aBaj,
IUISIXOM 3aCTOCYBAHHSI 4acTOTHOI (iabTparlii abo 4acoBOTro ycepenHeHHs NaHuX. [[0CTOBIpHICTH
iH(dopMarlii MOXKHA MIIBUIIUTH LIISXOM 3aCTOCYBaHHS 0araroyHKI10HAJbHUX CEHCOPIB, SIK1 3/aTHI
OJTHOYACHO BHMIpPIOBATH JEKIJIbKa IMapaMeTpiB, ab0 JEKUIBKOX OJHAKOBUX CEHCOPIB.

Ha piBHI 03HaK 4M BJIACTUBOCTEM mNependayaeTbCcs BUAUIEHHS CTAaTUCTUYHOI abo (pi3nyHOL
XapaKTepUCTUKH BUMIPIOBAHOrO cuUrHaiy. BinOyBaerbcs (inpTpalis, HOpMati3alis, KOpesis,
KJIacH(iKalis TaHUX.
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Ha piBHI IpuMHSTTA pillleHb 3aCTOCOBYIOTHCS aJITOPUTMHU PO3Mi3HABaHHS 00pa3iB, TEOpii HEUITKUX
MHOXXHH, HEUPOHHUX MEPEX, MPOTHO3YBaHHS.

HesBakaroun Ha 4YMCIEHHI 3aCTOCYBAHHS TEXHOJOTII 3JIUTTS CEHCOPHUX JAHUX, 3aJUIIAIOTHCS
HE JI0 KIHIA BUPIIIEHOI HHU3Ka MPOoOIeM:

— PI3HOPIAHOCTI JaHUX — JIaHl MOXYTb XapaKTepU3yBaTUCA PI3SHUMH TUNAMHU AaHUX (LLIUH,
JNIACHUM, JIOTTYHUI, CUMBOJIBHUM 1 T.1I.), PI3HUMHU IIKaJaMd BUMIpIOBaHb (HOMIHaJIbHA, YHCJIOBA 1
T.1.), PI3HUMH MOJACIISIMU 0a3 JaHUX, OJUHHIIMU BUMIPIOBaHHS, TOYHICTIO 1 T.II.

— BIJCYTHICTh YHIBEPCAJbHOIO METOAY 3JUTTA JaHUX, SIKUM OuM MOKHa Oyyo 3acTocyBaTH 3a
OyIb-IKUX YMOB.

— BIJCYTHICTh YHI1()IKOBaHUX TE€PMIHIB

OTpuMaHHS MOBHOI, TOYHOI Ta CBO€YacHOT 1HPopMallii € HAUCKIJIAJHIIIUM €TarloM NepEeTBOPEHHS
JAHUX 1HTEJNEeKTyaldbHUX cucTeM. OJHUM 13 HUIAXIB BUPILICHHS I[i€1 nmpobieMu € po3poOIeHHs
Mozenel 3nuTTa gaHux. Ha choropHi icHye Tpu OCHOBHHUX THUIIM MOJeNieli: Ha OCHOBI JIaHHMX, Ha
OCHOBI JIili, HA OCHOBI POJICH.

Jlo Momeneit Ha OCHOBI JaHWX HaJIeKaTh:

— woxnenb JDL (Joint Derectors of Laboratories), B sikiif 3aCTOCOBY€TbCSI CUCTEMHUM MIAX1M 10
aHaJli3y JaHUX 3 METOI0 (HOPMYBAaHHS LIIICHOTO 3HAHHS TIPo cucteMy. L{st Mozenb Mae I’ AITUPIBHEBY
cTpykTypy. Ha HynboBOMY piBHI BiZOyBa€eThCs moniepeaHs oOpoOKa JaHUX, HA MEPIIOMY — YTOYHEHHS
00’eKTa, HA APYroMy — YTOUHEHHs CUTYyallil, HA TPETbOMY — YTOYHEHHs 3arpo3, Ha YeTBEPTOMY —
YTOUYHEHHSI MPOLECY;

— monenp DFD (Data Feature Decision) Bu3Hayae eleMEHTH MpPOILECY 3JIUTTS JaHUX, SKI
3a/1al0ThCS HA OCHOB1 BXIJJHUX 1 BUXIJHUX JaHUX (AE€SKOTO PILIEHHS) 1 CHPHUSIOTH BCTAHOBIICHHIO
3B A3KIB MK JAHUMH Ta 3aBHaHHSIMU,

— mozenb Bogocnaa (Waterfall model) npencrasnsersbest y BUMIISIL 1€papXidyHOT CTPYKTYPH, SKa
Ma€e TpH PiBHS, KOXKEH 3 SKMX BKJIIOYA€E JIBa MOAYJS, 1 3BOPOTHIN 3B'S30K AJIsl KOHTpOJItO. Buxigna
1H(pOopMallisl OAHOIO MOJYJISi BUKOPUCTOBY€EThCS HACTYIHUM. LIst MoJienb € O11bIl TOYHOO IpU aHaJi31
MIPOLIECY 3JIUTTS JTaHUX.

Mopeni Ha OCHOBI iii POPMYIOTh TOCTITOBHICTH AiH, Kl BAKOHYIOTHCS CHCTEMOIO 3JTUTTS JaHUX.
Jlo HUX HaleXarh:

— 1k OODA — cniocTepiraru, opieHTyBaTHCS, BUpIITyBaTH, AiaTH (observe, orient, decide, act),
SKUWA Ma€e 3BOPOTHIHN 3B'I30K, 103BOJISI€ MPOBOAUTH MOBHUM OMIISIT 1 PO3AUICHHS CUCTEMHHUX 3a]1ad.

— uuka po3Biaku (intelligence cycle) —30ip, cmiBcTaBi€HHs, OI[IHKA 1 MOIIMPEHHS, OMUCYE
npoiiec Bija 310paHHs HEONpalbOBaHUX JAHUX N0 BUJAul ONPAlbOBAHUX JIaHUX, Kl MOXYTb OyTH
BUKOPHUCTAaH1 NPU IPUHHATI PILIECHb.

— koMmIuiekcHa Mozenb (Omnibus Model) — cnpuliHATTS 1 onmpalloBaHHS JaHUX, BUSBICHHS
XapaKTEePHUX BIACTUBOCTEMN, MPUNHHATTS pillI€Hb, Ais, KA € HUKIIYHOIO 1 MOYKE€ BUKOPUCTOBYBATHUCH
JEKIJIbKa pa3iB Ul OJHOTO 3aCTOCYBaHHS.

Mozeni Ha OCHOBI poJIeH AJi 3TUTTS JaHUX BU3HAYaIOTh HaO1p QyHKIIIH 1 BU3HAYAIOTh BIIHOLICHHS
MK HUMU:

— 00’exTHO-OpieHTOBaHA Mojielib (object-oriented model) —onucye pi3Hi poii (areHT, OTpUMYyBay,
TUPEKTOP, MEHEKEP), ajie He pO3MIsLgae CUCTEMHI 3aB/IaHHS.

— apxirekrypa Opankens-bensopra (Frankel-Bedworth) cknagaeTscs 3 1BOX camoperyinoBaJIbHIX
MIPOIIECIB, JIOKAJIBHOI'O 1 I00aJbHOI0) 3 PI3HUMH LUISIMU 1 POJISIMHU.

— Moxenb curyariiiHoi o6i3Hanocti Enacmi (Situation Awareness Endsley) mpusnadena s
aHaJi3y JISJIBHOCT1 ONEpPaTopiB CKIAJHUX JUHAMIYHMX CHCTEM, BKIIIOUAIOUU MOPIBHSUIBHY OLIHKY
e(eKTUBHOCTI iX poOOTH, MOLIYK NOMWIOK 1 (pOpMyBaHHS PEKOMEHAAIIN IIOA0 iX BUIIPABICHHS.

TexHouoris 37IUTTS CEHCOPHUX NaHUX HaOyBae Bce O1IbIIOI MOMYISPHOCTI. MOEAHAHHS PI3HUX
MoOJIeJIe 3MUTTA AaHUX JO03BOJUThH MIABULIUTU €(EKTHUBHICTH ONMpAIIOBaHHS JAaHUX Bia Oararbox
CEHCOPHUX MPUCTPOI Ta NPUUHATTS PIlLICHb.
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YIK 621.382: 536.62

BUMIPIOBAJIbHUIM TEPETBOPIOBAY
JJIA BIOMEJIUYHOI'O TEPMIYHOI'O AHAJII3Y

© Okcana bouxo', Poman Tonaxa?, 3enon Tompa®, 2019

JIpBiBCHKUI HalllOHAFHUN MeIUYHUH yHiBepcuTeT imMeHi Jlanuna [anunbkoro, (JIbBiB, Ykpaina), 3aBimyBau
kadeapu MeauuHol iHGOpPMATUKH, K.T.H., AOIEHT, oxana_bojko@ukr.net
’Hauionansauii yHiBepcuteT “JIbBiBCchKa momiTexHika” (JIbBiB, Ykpaina), npodecop kadeapu eIeKTpOHHHUX
3ac00iB iH(opMaIiiiHO-KOMII IOTEPHUX TEXHOJOTiH, 1.T.H., mpodecop, holyaka@yahoo.com
‘Hauionansauii yHiBepcuteT “JIbBiBChKa MomiTexHika” (JIbBiB, YKpaiHa), 3aBinyBau Kadeapu elneKTPOHHUX
MpWIaiB, 1.T.H., Ipodecop, ep@lp.edu.ua

MeToau TepMIYHOTO aHaJi3y 3HaXOATh BCE LIUPILIE 3aCTOCYBaHHS B 010MEIMUHUX JTOCITIIKEHHSX.
BoHu BUKOPUCTOBYIOTBCS Uil JOCHIJKEHHS XIMIYHHUX peakuiil 1 (i3MYHUX MEepEeTBOPEHb, LIO0
B110yBalOThCS MiJ BIUIMBOM TEMIIEPATypH y XIMIYHHUX CIOIyKax ab0o MiX OKPEMUMH CHOJIyKaMH B
0araTOKOMIIOHEHTHUX cucTteMmax. Haiibinbmoi nomynspHocti HabyBae MeTo] AUGEpeHIiaabHOL
ckanytouoi kanopumetpii JCK. [lepmoueprosumu nanpsimamu 3actocyBanfs JJCK e momimepHa Ta
(dapmalieBTHUHA rajly3l, a TAKOXK OpraHiyHa Ta HeopraHiyHa Ximisi. BaXKJIMBUM TaKoXX € BUKOPUCTaHHS
JCK y konoigHii Ta 010KOIOIAHINA XiMii, MeauinHi, 6iomorii Ta reHerumi [1-2]. HaliromoBHimuMu
nepesaramu Merony JCK e nerkuii Ta mBuAKUM HUISX BU3HAYEHHS (DI3UKO-XIMIYHUX MPOLECIB Ta
MIPOIIECIB MEPETBOPEHHS, 110 BiOYBarOThCs y Matepiaini. Lei meTox momomarae 3p03yMiTH MPUHIIAITH
CTaOLIBHOCTI OUIKIB Ta 1HMHKX OilOMOJIEKyJd. BiH MIHUPOKO 3aCTOCOBYETHCS MpPHU PO3poOIl Ta
JOCTI/DKEHH] JIIKAPChKUX TpemnapaTiB B 0iodapmaneBTHUIll 3 METOI PO3pOOKH CcTabiIbHUX O1JIKIB,
BHOOpPY ONTHUMAaJIbHOI TEXHOJOT1i BUIOTOBJIEHHS 1 KOHTPOJIIO iX AKOCTi. MiKpOKaJopuMeTpis
3apeKOMeH/IyBajia ce0e SIK METOJ BUBYEHHSI KJIITHH KPOB1 Ta JIarHOCTUKH B KJIIHIYHIM reMaToJIorii.
Po3po6iieno MeToau BUBHAUEHHS aKTUBHOCT1 TAKUX TOPMOHIB, SIK 1HCYIIIH, IUISIXOM MIKpPOKaJIOpuMeTpii
TKaHUH.

Jlnst mpoBeAeHHS! TaKUX JOCIIKEHb BUKOPUCTOBYIOTHCS KaJIOPUMETPUYHI NMPUCTPOI, MPUHIIMIT
A1 SIKMX TOJAra€e y BUMIPIOBAHHI TEIJIOBUX IOTOKIB 3a PI3HULEI0 TEMIEpaTyp B JBOX TOUKAX
BUMIpIOBaibHOI cucreMu. Po3Butok cydacuux npuctpoiB JCK 6GioMennuHoro npuzHauyeHHs
B10yBa€ThCSI B HANPSIMKY MiHIMI3alil iX po3MipiB 3 METOI 3MEHIIEHHS MAacH J0CJ1J)KYBaHOI
pEJoOBMHU (TpaM 1 MEHIIe), IMiABHIIEHHS PO3IIIbHOI 31aTHOCTI BUMiptoBaHHs (mpubmmsHo 107 °C)
Ta MBUAKOCTI HarpiBaHHs AOCIiKyBaHUX Mikporpo6 (10° °C/c ). Peamizamis Takux TPHUCTPOIB
MOXJMBa Ha AudepeHIiaJbHUX TPAH3UCTOPHUX KacKajaX, OCKIJIbKH CydyacHI TPaH3UCTOPHU
XapakTepU3yrThCsl TPAHUYHO MaJMMHU PO3MipaMH (Bl MM 10 MKM), BUCOKOI TEMIEPaTypHOIO
YyTJIMBICTIO, @ TAKOXX MOXYTh 3a0e3neuuTH (yHKIIOHAJbHE 1HTErpyBaHHS IBOX (YyHKUIH —
KEpOBAaHOI'0 HAarpiBy Ta BUMIPIOBaHHS PI3HUIIEBOI TEMIEpaTypH, Ka BUHUKAE BHACII1I0K (pa3oBOro
Mepexoay JAOCIHIKYBaHOI PEYOBHHH, a ILIOIIA, MO OOMEXYEThCS dacoBor 3MmiHO AT €
1HQOpMATUBHUM MAapaMeTPOM KIJIBKOCTI 0OyMOBIJIEHOI TaKUM IE€PEX0/IOM TEIUIOBOI €HEeprii.

[IpoBeneHi AOCHIIKEHHS MOKa3aJiy, 110 31 3MEHIIEHHSAM 4Yacy MEPEeTBOPEHHS CIOCTEPIrae€ThCs
JI0OBOJII 3HA4Ha BTpara TOYHOCTI. ToMy 3aBnaHHs 3a0e3MedYeHHs BHUCOKOI PO3AITbHOI 3JaTHOCTI
BUMIPDIOBAHHS pI3HUIIEBOT TeMmIepaTypu 31 CTajol TeIoBOi penakcaunii Ogu3bko lmc €
npoOneMaTHYHUM 1 TOTpedy€e€ BUKOPUCTAHHS CHEI1aJbHUX METO/IB CUTHAJIBHOIO MEPETBOPEHHS. 3
METOIO BHUPILIEHHS I[i€i MpoOJieMH 3alpONOHOBAHO BUKOPUCTATU JTOAATKOBHUM BY30JI CUTHAJIBHOTO
MePETBOPEHHSI, SIKU BUKOHYE (DYHKII1}0O aHAJIOTOBOTO BUCOKOTOYHOTO HMIBUJIKOAIFOYOTO 1HTETPYBaHHS.

BbyB po3po0ieHuil Ta cTBOpEeHUN NOCHIAHUN 3pa30K BUMIPIOBAJIbHOIO NepeTBoproBada (puc. 1),
AKUH MICTUTH ceHcop pizHunenoi temneparypu CPT, interpatop IH, anamoro-nudposuit
neperBoproBau AL, mikpokontrponrep MK. BumiproBanbHuii neperBoproBay Mija’ €IHYIOTbCA 10
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nepconanbHoro komm torepa I1K s Bizyamizauii pe3ynpraTiB BUMiptoBaHHs. CeHCOp PI3HUIEBOT
TEMIIEpaTypu peasi3oBaHUi Ha TPAH3UCTOPHOMY AUQPEPEHIIHHOMY KacKa/ll, BUX1/IHAa Hallpyra sKoro
MponopIiiHa 3MiHI KOJEKTOPHHUX CTPYMIB, 31 cTadlii3ali€l0 cCymMapHOro cTpymy emitepis. [lpu
npoMy 3abesmneuyetbes gyTnuBicTs 100 MB/°C, HecTabinpHICTh AKOI cTaHOBUTH 5% B mMiama3oHi
BuMiptoBaHoi temnepatypu AT = [-5...5]°C. BianoBigHO po3aUibHA 3/aTHICTb BUMIPIOBaHHS
temnepatrypu gopiBuioe £(10+...107) °C. [lepBuHHI nepeTBOproBadvi (30HAM) peali3oBaHi Ha JIBOX
MIKpOKOpnycHUX OinossipHux Tpanzuctopax BC817/BC337 n-p-n Tumy npoBiAHOCTI pO3MipoM
npubmusHo 0,5 x 0,5 x 0,3 (Mm).

CPT In AL MK TIK

i — |

Puc. 1. Cmpykxmypua cxema sumiproganvbHo2o nepemeoprogaia ma niama ceHcopa

[aTerparop (puc. 2) peanizoBaHuil Ha AUPEPEHIIHHOMY MIACUIIOBAYl PI3HMII BXIJHUX HAIpPYT.
[Toganpine curHanbHe MEPETBOPCHHS Mependavyae pi3HUIIEBE aHAIOTO-IM(GPOBE MEPETBOPCHHS
BuxigHoi Hanpyru VOUT BigHocHO onopHoi Hanpyru V1A. [lepeBaroro Takoro BapiaHTy 1HTErparopa,
KpiM MiJCUJICHHS PI3HMII BXIJHUX HAMpPYT, € HU3BKUU iMIeaaHc Kojia GOpMyBaHHS HANPYTH, IO
MOKpally€e CMiBBIIHOLMIEHHS CUTHAJ-IIYM.
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Puc.2. Cxema inmeespamopa ma pezyromamu ii 00CaiOHCeHH

Jns nociikeHHs] epeKTUBHOCTI BUKOPUCTAHHS 3alPOIOHOBAHOTO IHTETPaTOpa MPOBOIMIUCS
eKCIIEpUMEHTH [0 BUMIPIOBAHHIO 3HAu€Hb 1HTerpaiiB (yHkIi Hanpyru V(t) B Koii, sIKe IMITY€
iMIynbeu pizHuLEBoi Temneparypu AT(t). @opma iMiynbciB BUOUpaacs 3 TOUKU 30py XapakTepHOL
3aJIeKHOCT1 TeMIEpaTypH JOCIIKYBaHOTO 00’ €KTY B IIPOIIECi HOro TEIUIOBOI pesakcaillii, 30KpeMa
B XO/I1 HAarpiBy IMIIYJIbCOM 3aJ1aHOT MOTY>KHOCTI. AMILIITYAa IMITYJIbCIB HApyT BiJI'€MHOI MOJIAPHOCTI
Ha iHTerpytouii RC naHui y nepmomMy BUMajKy cTaHoBwia npubnusHo AV = -10 mB, TpuBainicts
IMITyJIbCIB tp, = 25 MC, TPUBAICTh peslakcaniinoro npouecy t, = 50 mc. Pesynsratamn BUMIpIOBaHb
€ YMCJIOBI JIaH1 4acoBOi 3ajJeXHOCTI Hanpyru AV(t) Ta ii iHTerpainy, sSskUM € BiJAIOBIJHE 3HAYEHHS
Hanpyru VINT na Buxozi interparopa (puc. 2). MoxHna 0auuTy, 1110 XapaKTep OTPUMaHUX PE3Y/IbTaTiB
BUMIipIOBaHHA Hanpyr AV(t) Ta KUIbKICTh BUMIPSHUX 3Ha4eHb N = 51 € 1ocTaTHIMU ISl TOAAJIBIIOTO
BHCOKOTOYHOTO PO3PaxXyHKY ILIONII IMITYJIbCy. 3a cepieto 3 30-Tu macuBiB BXigHOT AV(t) Ta BUX1IHOT
VINT Hanpyr Oyio BCTAHOBJIEHO, L0 NMOXMOKH BU3HAUEHHS 1HTETpally, BIAMOBIAHO, Y BUMAAKY
auckperHoro interpyBanHs (M1) ta HenepepBHOro iHTerpyBanHs (M2) € HE3HAUHUMH 1 CTAHOBJISATD
He Oinpme 0,1 %. Y apyromy BUmajky piBeHb BX1JHOT Hampyru 3MEHLIEHO NPUOJM3HO Ha JBa
nopsiaku, a noctiiny RC-nanku B 5 pasis. Ilpu upomy: AV = -0,1 MB, tP = 5 mc, tR = 10 mc.
CrnocrepiraeTbcsi CyTTE€BE MOTIPIIEHHS TOYHOCTI BUMIipIOBaHb Hanpyru AV(t). 3HayHUN piBEHb
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mymy (=10 MxB) Ta Mana KinbKicTh BUMIPSHUX 3Hau€Hb BX1J1HOT Hanpyru (N = 11) oOyMOBII0IOTH
cyTTeBY moxuOky nepmoro metony M1 = 20 %. HartomicTh, moxubka npyroro metony M2 He
nepesuiye 1 %. Takum 4MHOM MpPOBEAEHI €KCIEPUMEHTANbHI JAOCIIIKEHHS MOKa3ajlu BHCOKY
e(eKTUBHICTh BUKOPHUCTAHHS aHAJOTOBOr0 IHTErparopa B CEHCOpax pI3HUIEBOI TeMIepaTypH,
CUTHaJIbHI NEpPEeTBOPIOBAYl SIKUX I[MOBUHHI MOEJHYBaTH BUCOKY TOYHICTh Ta YacOBY DPO3JUIbHY
3[1aTHICTb BUMIPIOBaHHS.

1. Lérinczy, D. (2017). The Role of Differential Scanning Calorimetry in the Diagnostics of Musculoskeletal
Diseases. EC Orthopaedics, 7, 164-177.

2. Knaxuna JLE., Mowenckui FO.B., Trxaueuxo M.JI., ®eoomos C.B., Cmenosa C.I. Cucmema
ougpgepenyuanvroll ckaHupyoweti Karopumempuu 0isk UCCAe008AHUSL TeKAPCMEEHHbIX 00bekmo8 // Xumuko-
papmayesmuuecxuil scypuan. 2005. Ne 11. C.46-49.
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VIIK 658.562.5

BEPU®DIKAIIA MIJCUCTEMHA 350PY IH®OPMAIIIL
JIJISA KIBEP-®I3UMYHOI CUCTEMHU KOHTPOJIIO TAPAMETPIB TPYHTY

© Temsana bybena!, Temsana ®@eouwun?’, 2019

'HamionanpHuii yHiBepcuteT “JIbBiBchbKa moniTexHika” (JIbBiB, YkpaiHa), mpodecop kadenpu iHpopmaliitHo-
BHUMIipIOBaIbHUX TEXHOJOTIH, 1.T.H., mpodecop, paholuk@ukr.net
’HanionansHuii yHiBepcuteT “JIbBiBChKa MomiTexHika” (JIbBiB, YKpaiHa), acmipant kadenpu inhopmariiiao-
BUMIPIOBAJIBHUX TEXHOIOTIH, tantakvirkaS@gmail.com

HeoOxinHicTh €(heKTHBHOTO 3pOIIEHHS 3€PHOBHUX KYJIBTYp MPHU3BEIO JO 3POCTAHHS MOTped B
3a0e3neyeHHl oOJaJHaHHSIM IS BUMIPIOBaHHS BMICTy Bojioru y IpyHTL. [Ipouec kepyBaHHs
3polIyBajJbHUM YCTAaTKyBaHHSIM mepeadayae omnepyBaHHS iHQOpMali€lo Npo KiIbKICTh BOJOTH y
IPYHTI, SIK JOCTYIIHOI JJi1 BpOXaro, Tak 1 KUIbKICTh BOJOTH, Ky BiH norpelye. BumiproBanHs Ta
MOHITOPHUHI CTaHy 3BOJIO)KEHOCT1 I'PYHTY € Ba)KJIMBUM KOMIIOHEHTOM KOMIUIEKCHOI MpOrpaMu
ynpasiiHHA. Lle 1onomoxe yHUKHYTH €KOHOMIYHUX 30MTKIB Ta HACI1KIB, IOB’ SI3aHUX 13 HEOCTAaTHIM
YU HaJIMIPHUM 3pOILIEHHSM. Tako)X MOHITOPUHT BOJU B IPYHTI JOIMOMOXE YHUKHYTH €KOJIOT1YHO
JIOPOTUX BUTpPAT, HACTIAKIB TIEPEOXOIOKEHHS, TOOTO BUTPAT BOAM Ta €HEPrii, BAMUBAHHS OKUBHUX
pedoBHH a00 CUIBCHKOTOCIOAAPCHKUX MPOAYKTIB [1, 2].

Buxonsuu 3 BaXJIMBOCTI KOHTPOJIIO CTaHY IPYHTY,
Oyna po3po0ieHa mijcucrema 300py iHbGopMarii 1yis
Ki6ep-pi3MYHOi CUCTEMU MOHITOPUHTY arpoBUpOO-
HUILITBA, siKa nependayae BUMIPIOBAHHS TaKUX OCHO-
BHUX IapaMeTpiB, SIK BOJIOTICTh Ta TeMIEparypa
IpyHTy (puc. 1). Po3pobiiena nijncucrema 3ade3neuye
Bi3yasi3aliio BUMIpIOBajbHOI 1H(pOopMauii y dopwmi,
3pOo3yMiTIH JuIsl KopucTyBada [3].

[lincuctema m03BOJISIE MOCHIIKYBaTU BUMIPIO-
BaJIbHI MapamMeTpu Uisl pI3HUX TUNIB IpyHTIB. Ha-
TOMICTh BOy/IOBaHa IaHelb 3a0e3redye 30epexeHHs
pe3ynbTaTiB BUMIpIOBaHb. [lepeHocHa mijcucrtema
MpU3HAYEHA JIJIs ONEPaTUBHOIO MPUIHATH IPaBUIb-
HUX YNPaBIIHCHKUX PIIIEHb.

Oco0aMBOCTSIMU CKOHCTPYHOBAHOI MIJCUCTEMH €:

a) ormepaTuBHE OTPUMAaHHS pPE3yJbTaTiB BUMIPIO-
BaHHS TEMIIEpaTypH Ta BOJOTOCTI IPYHTY B CUCTEMI;

0) MOXIHUBICT MmiAKIIOYEHHS 10 Android npu-  Pyc. ]. [Tidcucmema 360py ingopmayii npo

CTpOIB, 110 JO3BOJIE CIIOCTEPIraTu pe3yJbTaT BUMI- 8ONI02ICMb Ma MeMnepanypy [pyHmy
proBaHHS Ha cMapT(oHi a00 TIaHIIETI;

B) miakIoueHHS 10 Mepexi Wi-Fi, ska BukopucToBye 0e3apoToBe 3’ €aHaHHS [4];

r') BOyIOBaHUN PEECTPATOP NAHUX;

1) AUCTaHI[IHEe CKepyBaHHS BHUMIpIOBajbHOI 1H(pOpMalii y mporpaMmy 4yu Ha cepBep https:/
thingspeak.com.

BaxnuBum eranmom JOCHIKEHb cTana Bepu(ikaiis po3poOJeHOi BUMIPIOBAJIbHOI CHCTEMH,
METOI0 5IKOi € 3a0e3leueHHss HeoOX1JHOro piBHS JOCTOBIPHOCTI JaHUX, OTPUMAHMUX MijJ Yac il
excrutyaramnii. il Bepudikamii MokHa AOCATTH JIMINE TOJI, SKIIO TMOCJIIOBHO BUKOHYBAaTH
KOMO1HAIIi 3 1HCIIEKTYBaHHS JOKYMEHTAIlll Ta PI3HOTO POy aHali3y pe3ynbrariB. byno 3aificHeHo
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OLIIHKY MificucTeMH 300py iHPopMaii 11 Ki0ep-Ppi3uuyHOT CUCTEMU MOHITOPUHTY arpOBUPOOHUIITBA
3a HACTYNHUMH MOYaTKOBUMU JTAHUMU:

0151 6UMIPIOGAHHA MeMnepamypu:

— Jlarna3oH BUMIproBaHHA TeMmiepatypu [12; 30] °C;

— HOPMOBAaHE 3HAYEHHs TOYHOCTI 3a KOHCTPYKTOPCBKOIO JOKyMmeHTamiero: A = £0,045 °C;

— JIONyCTUME 3HAY€HHsA NOXMOKM BuMiproBanb: Ay = £0,033 °C;

— KUIBKICTh JOCIHIKYBaHUX BuUMiproBajgbHuX KaHaliB (BK) N=1;

— cepenniit Tepmin ekcruryaramii BK t =10 000 roz;

— JIOIyCTHME 3HAUY€HHS MOXUOKM BU3HAUEHHS Yyacy HAaCTaHHS METpoJoriyHoi BiaMoBu At = 360 rox;

— JnoBipya imoBipHicTh P3(t)=0,95;

— kuibkicTh BK, siki nmpu3HaueHi s BUMIpIOBaHHS TeMreparypu — 1 ;

— mnoxubka penpeseHTaTuBHOCTI € = 10%);

— JoBipya imoBipHicTs P=0,95.

01 6UMIPIOBAHHA 60J1020CHIL:

— niama3oH BUMiproBaHHSA [35-93]%;

— HOPMOBAaHE 3HAYEHHs TOYHOCTI 3a KOHCTPYKTOPCBKOIO JOKyMeHTamicr: A = £ 2,0%;

— JIONyCTUME 3HAYEHHs NOXUMOKM BuMiproBanb Ay = 1,5%;

— KUIbKiCTh gociimxyBanux BK N = 1;

— cepenniit Tepmin ekcruryaramii BK t =10 000 roz;

— JIONyCTHUME€ 3HA4Y€HHsI MOXMOKM BHU3HAUEHHS 4acy HACTYIUIEHHS METPOJIOTIYHOI B1MOBHU
At = 400 rox;
nosipua imMoBipHicTs P3(t) = 0,95.

Byno BuzHaueHo oOcsr penpe3eHTaTUBHOT BUOIPKH JJIsI METPOJIOTTYHUX JOCHIIKEHDb MICUCTEMHU
300py iH@opmanii nus kidep-(pi3M4HOT CHCTEMU MOHITOPUHIY arpoBUpPOOHHULTBA, SKI OynyTb
MJISITATH METPOJIOTIYHUM JIO0CJI1KCHHSIM.

JUJ1st BCTAaHOBJIEHHS MIXKKaJ110pyBaJIbHOTO 1HTEpBaJly BUKOPUCTAHO KPUTEP1il 0€3BIIMOBHOI poOOTH
3a METPOJIOTIYHUMHU BiIMOBaMH.

3 MEeTOI0 MiHIMi3yBaHHS PU3UKIB OTPUMaHHS HEJIOCTOBIPHOI 1HPOpMaLlii B CUCTEM1 MOHITOPUHTY
CTaHy arpoBHPOOHMIITBA OyJI0 PO3pO0IICHO ITporpamy ii Bepudikaiii. PozpaxoBaHo Mi>KMIOBIPIOBaIbHUM
1HTepBaJll AJid 3alpOIOHOBAaHOT B POOOTI MiACUCTEMHU.

1. bybena T. 3. 3acaou nobyodosu xidep@izuunux cucmem KOHMPOLIO Ma YAPAGIIHHIL SUPOOHUYMEOM
seprosux kynomyp / T. Bybena, B. Banvro, I1. Cmonapuyx // Komn’tomepni cucmemu ma mepeoici. — Jlvsia:
HY JIII, 2015, Ne 830. — C. 12-18.

2. Kopaxos B.1., 3anopoaceys O.C. Ilpuraou 6 cucmemax KOHMPONo 801020CMI MEepOUx pevogun ma ix
memponoziuni xapakmepucmuxu. / / Ipakmuka npunadobyoysanuns. — 2002. — Ne 1. — C. 5-11.

3. @eouwun T. 1. Aneopumm ynxyionysanms niocucmemu 300py ingopmayii 0ns Kibepizuunoi cucmemu
KOHMPOTIO OP2aHiuH020 GUPOOHUYMEA //'Ynpaeninusa saxicmio 6 0Ceimi ma nPOMUCiIo80Ccmi. 00C6io, npodiemu
ma nepcnexmusu. — Jlvsie: HY JIII, 2017, C. 226.

4. Makapenko A. IO., Hlapgenosa A. O., Moeunvnuii C. b. bez0pomosi mexnonocii nepedaui oanux Wi-
FI, BLUETOOTH ma ZIGBEE// Bicnux Hayionanvnoeo mexniunoeo yuisepcumemy «KIII». Padiomexnika.
Paodioanapamobyoysannsn. — 2010. — Ne 41. — C. 171-173.
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BILIUB HEPIBHOMIPHOCTI ITIPOCTOPOBOI UYTJIMBOCTI IPUMMAYA
TENVIOBOI'O BUITPOMIHEHHS HA TIOXUBKY BUMIPIOBAHHS

© Jleonio Bopobiuios, Cepein Kobzap, Onee [exywa, Jles /lexywa, 2019

Iactutyt Texuiunoi temnogizuku HAH Ykpainu, m. Kuis, E-mail: teplomer@ukr.net

OpHuM 3 JpKepen MOXUOKY BUMIPIOBAHHS KaJIOPUMETPUYHUX NPUIMAadiB TEIJIOBOTO BUTIPOMIHEHHS
€ TMPOCTOpOBa (30HAJIbHA) HEPIBHOMIPHICTh YYTJIIMBOCTI MEPETBOPIOBAYA TEIUIOBOTO IMOTOKY, SKa
3HAYHOIO MIPOIO 3aJIEKUTh B1Jl JOCKOHAJOCTI TEXHOJOT1] BUTOTOBJIECHHS YYTJIMBOIO €JIEMEHTY —
Oarapei TepMOEJIEMEHTIB 3 rajJbBaHIYHUM HAHECEHHSIM MAapHOr0 TEPMOEJIEKTPUUYHOIO MaTepialiy.
[IpocTopoBa HEOAHOPIAHICTH HAsBHA MPAKTUYHO Y BCIX TUIaX MIEPETBOPIOBAUIB, SIKI HE pO3IIAJAI0THCS
K 00’€KTH 13 30CepePKeHUMHU napamerpaMu. HepiBHOMIpHICTh YYTIMBOCTI OKpPEMHUX €JIEMEHTIB
4acTO MpOSABISEThCA y MaTpUuHUX (OararoeJeMEeHTHHUX) MNpuiiMayax BUIPOMIHEHHS, SK
(GOTOENEeKTPUYHUX, TaK 1 TEIUVIOBUX. /[ BUPIBHIOBAHHSA 3HAYE€Hb YYTIMBOCTI 3aCTOCOBYIOTH
PI3HOMaHITHI METOJIM — TEXHOJIOT1YH1, KOHCTPYKIiHI, aAropuTMidHi. 3a3BUuail pu KajniOpyBaHHI
KaJIOPUMETPUYHOTO MpUJIaJy €KCIHEPUMEHTAJbHO BU3HAYAIOTh WOro KOeQIiI[I€EHT MEepeTBOPEHHS,
3HaliieHe 3HaYEHHS SIKOTO 3aJIeKUTh K Bl HEPIBHOMIPHOCTI YyTIMBOCTI IEPETBOPIOBAaYa, TaK 1 BiJ
MPOCTOPOBOTO PO3MOUTY 3aJaHO1 MPH KajaiOpyBaHHI TECTOBOI €Heprii abo MOTyXHOCTI. SKimio y
nmoAanbInid poOoTi (eKcruryararii) mIpoCTOPOBUM PO3IMOAIT BUMIPIOBAHOT €HEpTii ad0 MOTYKHOCTI
CIIBIIaJa€ 3 TECTOBUM, TO CKJIaJ0oBa MOXMUOKH, 0OyMOBJI€HAa HEPIBHOMIPHICTIO YYTJIHBOCTI HE
MPOSIBISIETHCSA. SIKIO K MpH eKCILTyaTallli npuiaagy NpOCTOPOBUM PO3IMOJALI BUMIPIOBAHOI e€HEepril
a0o0 MOTY>KHOCTI HE CITIBIIA/Ia€ 3 TECTOBUM, TO BUHUKAE JIOJIaTKOBA CKJIAJI0Ba TOXHUOKH, SIKY HEOOX1THO
OIIIHIOBATH NPU BU3HAUYEHH1 METPOJIOTIUHUX XAPAKTEPUCTHUK MpPHUIIALY.

[Ipu xaniOpyBaHHI KaJOPUMETPUUYHUX MPUIIAJAIB YACTO 3aCTOCOBYIOTh METOJ €JIEKTPUYHOTO
3aMIILEHHS, 3a IKUM 3aMICTh €HEepTii, 110 BUIUISETHCS Y TOCI1IKYBAaHOMY IIPOLEC], Y KATIOPUMETPUUHY
KOMIPKY BBOJSTBH 3aJJaHy €JIEKTPUUHY EHEpriio 3a JOMNOMOrorw BOynoBaHOro abo THUMYacoOBO
3aHYpEHOTO Yy KOMIpKY HarpiBHuKa. [Ipu BUMIipIOBaHHSX JKepesIo eHeprii MPOCTOPOBO HE CIiBIIAa€
3 KaJiOpyBaIbHUM €J1€KTPUYHUM HarpiBHUKOM, BIJIIIOBITHO MOKYTh PI3HUTHCS IPOCTOPOBI PO3NOILIU
TEMIIEpaTypHUX MOJIIB, 1110 BUKJIMKAE CKJIAJAOBY NOXMOKH BUMIPIOBAHb.

3anponoHoBaHa y3arajbHeHa METOJAMKA alplOpHOTO PO3PaxyHKOBOIO OI[IHIOBAHHS CKJIaJIOBOL
MOXMOKM, BUKJIMKAHOI HEPIBHOMIPHICTIO YyTJIIMBOCTI neperBopioBada. Ll meroauka BKIO4ae
HACTYIHY IMOCJIIJIOBHICTh J1il Ta onepamiin:

. ExcriepuMeHTaIbHUM 200 pO3paxyHKOBUM METOJIOM BHU3HAYaIOTh XapaKTEPUCTUKU PO3MOILITY
[IPOCTOPOBOT UYTIMBOCTI IEPETBOPIOBaYa TEIIOBOTO MOTOKY KaJOPUMETPUYHOIO MPHIIANy — MEXI
MO>KJIMBOTO PO3KHUAY 3HaY€Hb YYTIMUBOCTI, 3aKOH PO3MOJLIY YYyTJIMBOCTI K BUIAJKOBOI BEIMYMHU
Ta mapameTpu IbOro po3noainy. L1 xapakTepucTuku CyTTEBO 3aJI€XaTh BiJl 3aCTOCOBAHOI TEXHOJIOT1{
BUTOTOBJIEHHS. BaxxJiMBUM mapaMeTpoM € JIIHIMHUNA pO3Mip eJeMEeHTapHOI AUISHKU MOBEpPXHI
IepeTBOpIOBaya, [Js SKOTO BU3HAYAIOThCS MapaMeTpu PO3MOAINY UYTIMBOCTI Ta SKUH Oyae
3aCTOCOBYBATHUCS y MOAAIBIINX po3paxyHkax. el po3mip 3 omHOro 00Ky MOBUHEH OyTH TaKuM,
o0 y pi3HI eJeMEeHTapH1 AIISHKMA MOBEPXHI MEepeTBOpIOBavya BXOAWJIa NPUOIU3HO OJHAKOBA
KUIbKICTh TEPMOEJIEMEHTIB, a 3 1HIIOro OOKY, 1€l po3Mip MOBHHEH OyTH JOCTaTHbO MaJlUM, 11100
BIITBOPIOBATH MPOCTOPOBY HEPIBHOMIPHICTH TEILIOBOIO MOJIA. 32 YMOBU BUKOHAHHS LIMX BHUMOT,
pO3Mip eJ1eMEeHTapHOI AUISTHKYA MMOBUHEH OyTH CIIBCTAaBHUM 3 TOBIIMHOIO IEPETBOPIOBAYA.

II. Ha migcraBi mozentoBaHHs abo/Ta eKCepUMEHTAJIbHUX JOCHII)KEHb BU3HAYAIOTh MOXKJIUBI
MPOCTOPOBI PO3MOJUIN TEMIEPATypH Ta TEIUIOBOTO MOTOKY y KaJOPUMETPUUHIA KOMIpIl 3a
KaJiOpyBaHHS Ta 3a poOOYMX BUMIPIOBAHb 13 PI3HUMH MOXIIMBUMU TUIIAMHU JKepell eHeprii. MeTtoro
MOJICJIOBAaHHS € HE€ TIJIbKU OI[IHIOBAHHSA CKJIaJ0BOI MOXHMOKHM, ajie 1 BUOIp TakUX MHapaMeTpiB
KOHCTPYKIII Mpuiany, skl OJHOYACHO 3a0e3MeuyroTh HEOOXiHE 3HAYCeHHS MOXMOKM Ta 1HIIHUX
napameTpiB, HallpUKJad, CTaioi yacy. ToMy MOJEIIOBaHHS MOXKE IPOBOAUTHCS P PI3HUX 3HAUEHHSIX
napaMeTpiB KOHCTPYKLIi Ta 3aCTOCOBAHUX MarepiaiB.
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III. 3a pe3ynbraramMu OTpUMaHMMHU Ha MONEPEAHIX €Tamnax po3paxoBYIOTh CKJIAJOBY HMOXHOKH,
10 BUHUKAE BHACIIOK IPOCTOPOBOT HEPIBHOMIPHOCTI UyTJIMBOCTI IEPETBOPIOBaYA Ta BIAMIHHOCTEH
y MOpPOCTOPOBUX pO3MOJijIax TeMIlepaTypu Ta TENJIOBOrO MOTOKY IMpPU PI3HUX BapiaHTax
TOCHIKYBaHOTO Tporiecy. Po3paxyHok Moxe OyTH MpOBEAECHHN PI3SHUMH METOJIaMH, HAIPUKIIA,
3a metosioM MonTe-Kapio abo, sKio 3a pe3yabTaTaMu JI0CIIKeHb 1 MOJICIFOBAHHS MOKHA OI[IHUTH
YUCEIbHI 3HAUECHHS AMCHEepCii pO3KUAY YYTIMBOCTI Ta PO3MOJLIY TEIUIOBOIO MOTOKY Ha MOBEPXHI
NepeTBOPIOBaYa — 13 3aCTOCYBAaHHIM (POpPMYNU pO3paxyHKy aucrepcii JoOyTKy JABOX HE3AJIEKHUX
BUIAJKOBUX BEIMYUH. P0O3paxoBYyHOTh TakKoX 1HIII 3HAYyL[l XapaKTEpPUCTUKU TEIJIOBOTO
[epeTBOpIOBaya, HANPUKIIAA CTally yacy JUisd Pi3HUX 3HAU€Hb MapaMeTpiB, K1 BapiloBajiacs HpH
MOJIETIOBaHHI.

IV. BuOuparoTh Taki 3HauU€HHS NapaMeTpiB, AKI 3aJOBOJIbHAIOTH BCTAHOBJIEHUM BUMOIaM [0
CKJIaJ0BOi MOXMOKM BHMMIPIOBaHHS Ta I1HIIUM BHUMoOram. SIKIIo 3a pe3yiabTaTaMd OOUYMCIIEHb
HEMOXJIMBO 00paTH Taki 3HaY€HHs MapaMeTpiB, 10 3aJ0BOJBHSAIOTH YC1 BUMOTH, IPOBOJASTH aHAJ13
MPUYHMH IbOTO Ta BU3HAYAIOTH HUISIXU MOJOJAHHS TaKOl CUTYyallii.

Po3rnsiHyTO 3acTOCYBaHHS 3allpONIOHOBAHOI METOIMKHU Ha MPUKIAJl PO3PaXyHKY XapaKTepUCTUK
CIIPOIIEHOT MOJICNIFHOT KaJIOPUMETPUUHOI CTPYKTYPH y BUTIJISAII OaraTomapoBoi MJIACKOI MIACTHHU.
Ha tepmocTaroBaHiii OCHOBI pO3TalmIOBaHWM IUIACKHUH TMEPETBOPIOBAY TEIJIOBOTO MOTOKY. Han
[IEpETBOPIOBAUYEM PO3TAIIOBAaHUI HIap €JEeKTPOHArpiBHHUKA, 3a JOMOMOIOK SIKOTO 3aJa€ThCs
HOpPMOBaHa MOTYXHICTh NpU KajiOpyBaHHI. Haa eiaekTpuyHMM HAarpiBHUKOM pO3TalllOBaHUM
npuiMaabHUN map (CTiHKA KAJOPUMETPUYHOI KOMIPKH) Ha SIKY HAaJAXOIUTh BUMIPIOBaHUI TEIIOBUI
MOTIK 3 TYCTUHOIO, SIKa 3aJIEKUTh BiJ KoopauHaT. KoediuieHT emicii moBepxHi (CTyHiHb YOPHOTH)
IIpY MOJIEJIIOBaHHI MOXe BapitoBaTucs. bokoBi moBepxHi ajiabaruyHi. Taka MoenbHa KaJOpUMETpUYHA
CTPYKTYpa € Ay>Ke CIPOILEHOI0, aJle MOXKE PO3MIISLAATUCS SIK MOJIENb IJIACKOro MpUiiMaya TerjaoBOro
BUIIPOMIHEHHS, SIK OfHA 3 ABOX rpaHeil moxeni AUT y BUDIAII «KIWHY», a00 SIK pO3ropTKa
uuiHapuaHOi KoMipku Mmoaeni AUT. IIpoBenene MozentoBaHHs CTallOHAPHOTO TEIIOBOTO PEKUMY,
MPUYOMY PO3MIISIANIOCS JEKUIbKA BapiaHTIB MPOCTOPOBOTO PO3MOINY I'YCTUHHM TEIIOBOTO IOTOKY:
piBHOMipHE 00’€MHE TEIUIOBHUJUIEHHS y IIapl €JeKTPOHArpiBHUKA, IO BIANOBIAAE PEXKUMY
KaJniOpyBaHHS; JIiHIIHA 3MiHA T'YCTUHU TEIJIOBOTO MOTOKY Ha MpUiIMajbHINA MOBEPXHI 32 OAHIEIO 3
KOOpJMHAT; JIiHIHA 3MiHA Ha OJIHIM MOJOBHHI IIUPUHU MOBEPXHI Ta CTaje 3HAYEHHS Ha 1HILIH
MIOJIOBUHI; CTyIIEHEBa 3MiHA y cepeArHl NoBepXxHI. MojaenoBaHHS PO3MOJALIY TEIUIOBUX IOJIB y
KaJIOPUMETPUYHIN CTPYKTYypl BUKOHAHO 3a JOMOMOTroI0 rporpaMHoro nakery ANSYS.

O1uiHIOBaHHS PO3MOALTY MPOCTOPOBOI YYyTIUBOCTI IEPETBOPIOBAYA MPOBEJEHO HA OCHOBI aHANI3Y
eKCIIEPUMEHTAJbHUX JaHUX MO0 BHU3HAYEHHIO KOE(QILIEHTIB MEPETBOPEHHS KUIBKOX MapTii
[IEPETBOPIOBAYIB TEIJIOBOIO MOTOKY.

Pesynbratu po3paxyHky aucmepcii JOCHIIKYBaHOI CKJIaA0BOT MOXUOKH aHAJITHYHUM METOJIOM
MPAaKTUYHO CIIBMAAal0Th 3 pe3ylbTaTaMy BU3HA4YeHHs 3a MetogoM MonTte-Kapno 3 KinbKicTiO
peanizaniii He meHue 200. [IpoBeneHa oIiHKa CTajloi yacy MOJENbHOI CTPYKTYpPU INPU PI3HUX
TOBIIMHAX MpUMMaNbHOrO mapy. 31 30UIbIIEHHSIM TOBIIMHU 3MEHIIYEThCA CKJIaJ0Ba MOXUOKHU
BHACJI1JJOK MTPOCTOPOBOI HEPIBHOMIPHOCT1 UYTIMBOCTI, ajie 301bIIYETHCS TEINIOEMHICTh KOMIPKH Ta
MIJBUILY€EThCA cTaja yacy npuianay. OTpuMani pe3yabTaTy J03BOJISIOTh BUOPATH HEOOX1HY TOBILUHY
CTIHKH KOMIPKH B 3aJICKHOCTI BIJl 33JJaHUX XapaKTEPUCTHK MPHIIA]Y.

TakuMm unHOM, B poOOTI1 3aIIPONIOHOBAHO METOAMKY OLIIHIOBAHHS CKJIa/I0BOI MOXMOKH BUMIPIOBAaHHS,
BUKJIMKAHOI HEPIBHOMIPHICTIO MPOCTOPOBOi UYTIMBOCTI MEPETBOPIOBAYA Ta PO3MISIHYTO MPUKIIAL
pO3paxyHKy Ha HiJCTaBl MOJEIIOBAHHS PO3MOIULY TEIJIOBOTO MOJS.

JlocniikeHHs IPOBENIEH] Y paMKax BUKOHAHHS po6oTu « CTBOPEHHS Ta BIPOBAXKEHHS IPUJIaJIiB
JUIsL €KCTIPEC-KOHTPOIIIO KOe(II[IEHTY eMicii MOBEpXOHb MaTepiaiiB Ta MOKPUTTIB 3 BUKOPUCTAHHSIM
BUCOKOYYTJIMBHUX CEHCOPIB 1H()pauyepBOHOTr0 BUIIPOMIHIOBAHHS», 110 BUKOHYETHCS BIAMOBIIHO 10
[{insoBoi mporpamu HaykoBux pociimxkeHb HAH Vkpainu «HaniBnpoBigHMKOBI Marepiaiu,
TEXHOJIOT1l 1 MaTYUKU JJIsI TEXHIYHUX CHCTEM J1arHOCTHUKHU, KOHTPOJO Ta ympaBiiHHs» Ha 2018-
2020 poxmn.

100



Cekuisn 2. BumiptoBaHHS Ta icTopis BUMipIOBaHb

VIIK 681.787

PO3MI3HABAHHS JE®EKTIB TEXHIYHOI KEPAMIKHA 3 BUKOPUCTAHHAM
AJI'OPUTMIB INIMBUHHOI'O HABYAHHA

© Hdenuc I'aspunie, Poman Benvean, Maxcum Cemenuenxo, 2019
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3aBAsSKM CBOIM BJIACTHUBOCTSM, 30KpeMa TBEPAICTh 1 3HOCOCTINKICTh, BUPOOU TEXHIYHOI KEpaMiK1
4acTO BUKOPUCTOBYIOTHCS Yy TEKCTUJIBbHIN MPOMUCIOBOCTI. 30KpeMa, Ha cTaail GOpMyBaHHS HUTOK
31 MITYYHUX MarepiajiB BUKOPUCTOBYIOThCS KEpaMiuHi HalpsMHI €IeMEHTH, 10 3a0e3MeuyoTh
HIBUJKE 1 I1ajke koB3aHHA. Ha cranii o6poOku, 3a 10MOMOror KepaMiYHUX IHCTPYMEHTIB (Hanmpsm-
HUX 1 QPUKIIMHUX TUCKIB, PI3IiB), GOpMYy€eEThCS (OopMa BOJIOKHA, IO € 3aMOPYKOI0 €IaCTUYHOCTI
HUTOK. [IpoTe kepaMiuHi JeTali yepe3 CBOIO HEOJHOPIAHICTb, 36PHUCTICTh y MpPOIECl TePpMIYHOT
00poOKH YacTo yTBOPIOIOTH JedexkTu noBepxHi. Taki AeeKTH MOMIKOMAKYIOTh MPSAKY, TKAHUHY, TOMY
BUHHUKA€ NMOTpeda KOHTPOJIOBAHHS SKOCTI MOBEPXHI KEPAMIYHUX KOMIIOHEHTIB TKallbKUX MalluH
0co0JIMBO JeTallbHO. 3a3BUYail 3aBJJaHHS B13yaJIbHOTO 1HCIIEKTYBaHHS BUKOHYIOTh KOHTPOJIEPH, LIO
BHACJIJIOK Cy0’€KTUBHUX YMHHUKIB, 3yMOBIIIO€ IOMMJIKM KOHTpoJtoBaHHs. [lepeBipka sIkoCTi BUTO-
TOBJIEHHSI BUPOOIB 1 0OpOOKH MOBEPXOHb € BAXKJIMBUM KPOKOM ISl JOTPUMAaHHS TEXHOJIOTII Ha
BUPOOHHUILTBI. 3aCTOCYBaHHS ONTHYHUX 3aC001B BUMIPIOBAJbHOI TEXHIKH Ta LUUPPOBUX METOIIB
po3Mi3HaBaHHA 300pakeHHsI J1a€ 3MOT'y aBTOMaTH3yBaTH, IPUCKOPUTH, Ta 3EUIEBUTHU B1IOpaKyBaHHs
nedeKTHUX JeTajieil. 3acTocyBaHHsA IU(PPOBOTO MIKPOCKOIA YMOXKJIUBIIIOE HAOYHE BUSBJICHHS
nedeKTiB po3MIpOM TOPSAKY JIEKUIBKOX NECSATKIB MIKPOMETPiB, OTpUMATH 300paKeHHS SIKE 3 Ha-
CTYNHUMHU OTEpalisiMU 3aCTOCYBaHHS (UIBTPIB, MIIBUILEHHS KOHTPACTY, 3aCTOCYBaHHS (PYHKIIIi 110-
POrOBOT0 3HAUEHHS, Ta METOAY MAIIMHHOTO PO3Ii3HABAHHS J1a€ 3MOT'Y MIKPOIPOLECOPY NPUIHATH
pllIeHHS Npo BiAOpaKyBaHHS JAeTali (JIOMyCcK AeTall 0 HaCTyHNHUX cTaliid BupoOHuuTBA). [lepio-
YeproBUM BHUKIIMKOM, IO CTOITh MEpPe] HaAMH € MpaBHJIbHA OL[IHKH BIUIMBY OCBITJIICHHS Ta IIYyMiB
Ha OTpUMaHe 300paXkeHHs. Y MONepeIHIX eKCIIepUMEHTaxX 3 U(PPOBUM MIKPOCKOIIOM Yy MaKCUMaJlb-
HOMY 301IbIIIEH1 OYyJIO BCTAHOBJIEHO CUJIbHY 3aJI€KHICTh OTPUMAHOI0 300paXKE€HHS Bij LUX (AKTOPIB.
Tonke HanamTyBaHHS HapameTpiB (uIbTpallii, KOHTPACTy, MapaMeTpiB QYHKLIH OIIHKH JIe(eKTy
ChOTOHI TOTPeOye crerianicTa 3 Mu(POBOTO OMpaIfOBaHHS 300pa’keHb JIJIsi OTPUMAHHS 10 CTOBIPHOL
iHpopMmarii 3 300paxeHus (puc. 1).

a) 0) 6)
Puc. 1. 306pasicenns kparo kepamiyno2o OUCKy OmMpUMai 3a 00NOM02010 YUppoeo2co Mikpockona

ma ¢ynkyii 3 6ioniomexu OpenCV-Python: a) — 306padicennss ompumane 3 Mikpockona, 6) —
nicas nio8uweHHs KOHMpAacmy, 8) — NiCis GUKOPUCMAHHA NOPO2080T (OYHKYIT
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AHal3 oTpuMaHuX 300paxeHb JNe(eKTiB MOKa3aB CKIAAHICTh PO3POOKH aJITOPUTMY 3 BHUKOPH-
CTAHHSM KJACHYHOTO MinX0Jy. BUKOpHCTaHHS MAalIMHHOTO HAaBYAHHS JUISI aBTOMAaTH30BaHOTO
BU3HAYEHHS Ne(PEKTHUX JeTalel JOBEIO CBOI €(PEKTHUBHICTh y MPOBENCHUX eKcrepuMeHTax. s
e(heKTUBHOI poOOTH HEoOXiHA BEIUKA KiJIbKICTh TECTOBHUX 3pa3KiB Ta iX TOYHA TOJajbIna oOpooKa.
VY cBoiii po6oTi Mu Bukopuctaiu 0i0mioreku TensorFlow Ta Keras, i1t TpeHyBaHHS CIIeialli30BAHOTO
nerekropa 00’exTiB [1]. Bukopucrano anroputm Inception Single Shot MultiBox Detector [2] mist
OTPUMAHHS WMOBIPHOCTI Ta KOOpAWHAT Je(PeKTHOI oOnacTi. TpyaHOII 3 SKUMHU MU 31TKHYJIUCS IIC
B IIEpIIy 4Yepry HecTadya MOTPIOHUX IJIs TPeHyBaHHS AaHUX. JlJIT HaBYaHHS TOYHHX JIETEKTOPIB
HeoOxigHo Omm3pko 5000 300pakeHp pizHUX nedekriB HAa oguH kiac. I BUpIMICHHS IBOTO
3aBIaHHS OYyJIO 3aCTOCOBAHO CHUHTETHYHE CTBOPEHHS 300paxeHb. HacTymHUM 3aBHaHHSM €
TpeHyBaHHsA Mojeni. [ns TpeHyBaHHsS BHOpaHOi HAMU MOJEJl y BUMAAKY JOCTAaTHBOI KUJIBKOCTI
300pakeHb HEOOXiHO, 3TiTHO 3 po3poOoHUKamu, 200 THUCSY onepalliid, Mo y HaIlOMy BHIAAKY OyJI0
HEMOXJIMBO aJDKE Ha JIOCTYITHOMY HaM OOJIaJHaHHI Iie 3aifHsuio 6 28 nHiB Oe3mepepBHOI poOOTH.
Byno mpoBeneHo 5 TucsdY HaBYaHB Y pe3yabTaTi SKUX OTPUMAHO PE3YNbTAaTH IS OIHOTO THITY
nedekriB (mpu 1200 cuaTeTHUHHMX 3paskax) (puc. 2). OTpuMaHUN pe3ynbrar — PO3IMMi3HABAHHS
nedekra 3 96% HWMOBIPHICTIO € BKIMBUM JUIS LTIOCTpAIil MOXKIMBOCTEH MAIIMHHOTO HAaBYaHHS.
s oTpuMaHHS SKICHHX PE3yJbTaTiB JUIS Pi3HUX Je(EKTiB Ta BCTAHOBJICHHS OCOOJIUBUX PHUC
nedexTiB HeoOXiTHO 30UIBIIUTH KUIBKICTh 3pa3KiB Ta KUIBKICTh TPCHYBaHb.
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A correctly made measurement requires that its result should be supplemented with the quality
parameter characterizing this measurement, i.e. the estimation of inaccuracy [1-4].

It is important not only to reliably and conscientiously determine the uncertainty of measurement
but also to carefully estimate the correct value of the estimator for measurand.

According to the GUM guide [1], the estimate of the measurand is usually calculated as the
arithmetic average of the results. This approach is correct on the assumption that the observations
are independent, their number is large enough and they can be described by normal distribution [5].

In the majority of metrological analyzes, the authors follow the recommendations of the guide.
If the observations do not have a normal distribution, it is justified to use other estimators of the
measurand [5].

The authors of this publication in previous studies related to the estimation of the uncertainty
of the skin temperature measurement during an endurance test [6-8] made in accordance with the
recommendations given in the GUM guide. The aim of this publication is to analyze the legitimacy
of such an approach to indicate other solutions.
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8. Golijanek-Jedrzejczyk A., Dzwonkowski A., Rafinski L., Methodology of estimating temperature
measurement uncertainty in a system for endurance tests, Zeszyty Naukowe Wydziatu Elektrotechniki i
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Knowledge of the correct value of the mass flow of the flowing liquid is important due to the
fact that it occurs in many technological processes, and its measurement is an important research
issue. One of the most commonly used methods of flow measurement is the method using a
measuring orifice. The orifice is a thin shield mounted in a wire. The advantages of this type of
flow meter are a simple design, high operational reliability and the possibility of using in wide
ranges of pressure and temperature [1-2].

Nowadays, it is required that along with the presented measurement result a qualitative parameter
characterizing this measurement is presented, i.e. an assessment of measurement inaccuracy —
measurement uncertainty [3-5].

Often in the case of experimental studies, there are strong, systematic and unknown interactions
of factors interfering with the measurement [6], which result in a much larger spread of results,
and thus an incorrect value of the estimate of the measurand and the uncertainty of type A.

In this article, the authors' interest is to analyze the impact of cleaning the experimental results
of measuring drift water flow and to check how such data processing will affect the value of the
mass flow rate estimate and the uncertainty of type A.

The article presents the problem of estimating the correct result of mass water flow measurand.
The measurement results obtained from an experiment using a centric orifice (ISA) with a narrowing
B = 0.5 for two exemplary mass flow rates g equal to 0.50040 kg/s and 0.66684 kg/s were analyzed.
The results of the obtained analyzes allow stating that a systematic component was present in the
experimental results. The elimination of this drift resulted in a slight — below 0.5% reduction in
the mass flow estimation of measurand ¢ and a significant decrease in the uncertainty of type A
u (q) (respectively for the two analyzed flows: by 38% and 61%). This is also related to the change
in the U(q) expanded uncertainty estimated for these flow values. It is lower by 25% and 33 %
respectively, which is a significant result.

1. Singh V.K., Tharakan T. John, Numerical simulations for multi-hole orifice flow meter, Flow Measurement
and Instrumentation 45, (2015), 375-383.

2. Kasprzak D., Mrowiec A., Analysis of the possibilities of measurement with an eccentric orifice of flow
medium for small Reynolds numbers, Pomiary Automatyka Robotyka 20 (2016), 25-28.

3. Golijanek-Jedrzejczyk A., Swisulski D., Hanus R., Zych M., Petryka L., Uncertainty of the liquid mass
flow measurement using the orifice plate, Flow Measurement and Instrumentation 62, (2018), 84-92.

4. Evaluation of measurement data — Guide to the expression of uncertainty in measurement, JCGM
100:2008, GUM 1995 with minor corrections, First edition, September 2008.

5. Swisulski D., Golijanek-Jedrzejczyk A., Uchyb, blqd, niepewnosé — geneza okreslania niedoktadnosci
w miernictwie elektrycznym, Przeglad Elektrotechniczny 93, (2017), nr 9, 130-133.

6. Warsza Z. L., Korczynski M. J., Eliminacja nieznanych a priori sktadowych systematycznych z
niepewnosci typu A pomiarow o rownomiernym probkowaniu, Przeglqd Elektrotechniczny 84, (2008), nr 5,
109-114.
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OngHuM 3 HalNEepCNeKTUBHIMIMX BUAIB MOHITOPUHIY TE€XHIYHOTO CTaHy Ta J1arHOCTYBaHHS
00epTOBUX E€JIEKTPUUYHUX MAIIMH € BIOPOAIarHOCTYBaHHS, OCKUIBKA IMPAaKTUYHO MUTTEBA pEaKIis
B1IOpOCHUTHAITy Ha 3MIHY TEXHIYHOTO CTaHY € HE3aMIHHOIO SIKICTIO OCTAHHBOTO B aBapiiiHUX CUTYaLIsIX,
KOJIM BU3HAYaJIbHUM YMHHUKOM € IIBHAKICTh MOCTAHOBKU J1arHO3Y 1 NpUHHATTSA pimeHHs. Kpim Toro
B1OpOaKyCTUYHUN CUTHAJl MAa€ BUCOKY 1H(OPMATUBHICTh Ta HPH JOCTATHIN KIIHKOCTI KOHTPOJbO-
BAHMX TOYOK JIO3BOJISIE 3 BUCOKOIO BIPOTiHICTIO BCTAHOBIIIOBATU HE JiHIlE (AKT HASBHOCTI TOTO YU
1HIIoTO NedeKTy, a W BUSABIATH MICII€ MOTO JIOKai3alii Ta MpOrHO3yBaTH 4ac Moro po3BUTKY [1].

TunoBUM MiAX0AOM INpU MOOYIOB1 CEHCOPIB BIOPOMIBUAKOCTI Ta BIOPO3MIILIEHHS € HasBHICTD
JJAHOK MEXaHIYHOIO 1HTErpyBaHHS, L0 y HU3bKOYACTOTHOMY Jlialla30HI MalOTh 3HAYHO HHXKUY
TOYHICTh y MOPIBHSHHI 3 aHAJITUYHUMU METOJAMH PO3pPaxXyHKy NaHMX MHapaMeTpiB Ha OCHOBI
4acoBoi peanizailli BioponpuckopeHHss [2]. BpaxoByrouu 1€, a Takox TOW (akT, 110 MUTOIO PO3POOKH
€ mo0y/ioBa camMe KaHajly BIOpOCHTHAITY [ BUKOPUCTAHHS CYMICHO 3 BUMIPIOBAJIbHUM OOJIQTHAHHSIM,
aJariToBaHUM JJI1 pOOOTH camMe 3 THUXOXIJHUMH €JIEKTPUYHUMHM MalluHaMU, TO HalO1IbII
MEPCIEeKTUBHUM TUIIOM HHU3bKOYACTOTHUX CEHCOPIB BiOpalii MOYKHA BBaXKaTH caMe aKCeJIepoOMeETpH,
BUXIJHUN CUTHAJI IKMX MOXKE OyTH BUKOPUCTAHUM JUIsl aHAIITUYHOTO PO3paxyHKY 1HIIMX apaMeTpiB
B1OpOCHUTHAITY.

OCHOBHOI0O BMMOIOIO II0J0 NOOYJOBH CYYaCHUX INPOMHCIOBUX 3ac001B BHUMIPIOBAHHS €
YHIBEpPCAJIBHICTh Ta MOXIIMBICTh aJanTalii OCTaHHIX 0 PI3HUX CTaHAApPTIB Nepeaayl BUMIPIOBAJIbHOI
iH(opmarlii, Kl MOXYTh 3aCTOCOBYBaTUCSA Yy CUCTEMaX BHUMIPIOBaJIbHOrO KOHTpot0. Ilpu npomy,
BPaxOBYIOUH KJIaC TOYHOCTI €EMHICHOI'O MIKPOMEXaHIYHOT'O CEHCOpa BIOPONPUCKOPEHbD, ISl TOOY10BU
(G pPOBOr0 BUMIPIOBAJIBHOTO KaHAJy BIOPOMPHUCKOPEHHS € HeAouubHUM Bukopuctanas ALLIT 3
PO3PSIHICTIO OHAT IECATH, 110 MPHU3BEIO O 10 HEOOTPYHTOBAHOTO 3pOCTAHHS BAPTOCTI Ta CKIAJHOCTI
KaHany Oe3 MiABUIIEHHS HOro Kjiacy TOYHOCTI. TakoX MEeBHI OOMEXEHHS Ha KOHCTPYKIIi Takoro
nu(pPOBOTO KaHATY HAKIAJAIOTHCA 1 3 00Ky HEOOXigHOT MBUIKOAIT. 30KpeMa, M BUMIPIOBaJIbHUX
KaHaJliB, MPU3HAYEHHUX JJISI POOOTH CYMICHO 3 CHCTEMaMM KOHTPOJIO TEXHIYHOTO CTaHy Ta
J1arHOCTYBAaHHS THUXOX1THUX OOEPTOBUX MAIlMH, Y SKUX 3aCTOCOBYETHCS aMILIITYAHO-4aCTOTHO-
4acoBMI aHaJi3 BIOpOCUTIHANYy MaKCUMaJbHUM 4Yac BUMIPIOBAJIBHOI MEPETBOPEHHS BU3HAYAETHCS
HaCcTYIMHUM YUHOM [3]:

t . :; (1)
wia =
ne f, — CHMHXPOHHA 4YacTOTa OOEpPTaHHsA pOTOpa rifpoarperara; p — KiUIbKICTh Iap IOIIOCIB
rigpoarperara.

To6To0, MiHIMaJIbHA MIBUAKO/IISI TAKOTO BUMIPIOBAJIBHOTO KaHATY IO 000M BHUMIPIOBAJILHUM OCSIM
HE MOK€ OyTH HUXYOIO 32 YaCTOTY NPOMHCIIOBOI MEpEKI.

3 ypaxyBaHHSM CKa3aHOTO OyJ10 po3poOJIeHO KOHCTPYKIIIIO MU(GPOBOTO BUMIPIOBAIBLHOTO KaHATY
B1IOpONPUCKOPEHHS Ta BUTOTOBJIEHO HOTO NOCIIJHY MapTiko, 110 HA JTaHUH MOMEHT TAKOX YCIIIIHO
MPOXOJIUTH JOCIIAHY €KCIUIyaTalilo y cucteMi BiOpomoHiTopuHry HuxuponnictpoBebkoi I'EC.
VY3aranbpHeHa CTPYKTypHa cXeMa 3alpOIOHOBAHOTO KaHaly BIOpONPHCKOPEHb HaBeAeHa Ha puc. 1
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Puc. 1. V3acanvnena cmpyxmypna cxema yughposozo xkanany
8ibponpuckopeHs

Digital converter

Ha puc. 1 marors micue
HACTYIHI MMO3HAYEHHS:

CBII — emHicHHIT MiKpO-
MEXaHIYHUH CEeHCOop BiOpO-
MIPUCKOPEHBD;

() — OJoK aHaJoroBOi
maMm’siTi;

MX - aHamoroBui
MYJIBTUILUIEKCOD;

DAC - uudpo-anano-
TOBUH IIEPETBOPIOBAY;

ADC - ananoro-nud-
POBHI1 IIEPETBOPIOBAY.

3anponoHoBaHUI HUPPOBUI KaHaJ 3111 CHIOE BUMIPIOBAaHHS BIOPOIPUCKOPEHHS 110 BUMIPIOBAaJIbHUM

ocamM X Ta Y, a TakoXX Ma€ peXUM CaMOTECTYBaHHS, SIKMH 3a0e3medyeThbcsl ILISIXOM Iojayi
aHaAJOrOBOTO CUTHANYy +5 V 3 BHXOJly YMCJI0-aHAJIOTOBOIO MEPETBOPIOBaYa, y pe3ylbrari 4oro Ha
BHUXOJIl EMHICHOTO MIKPOMEXaHIYHOTO CEHCOpa BIOPONPUCKOPEHb BCTAHOBIIOETHCS CTAHAAPTHHM
BUXIAHUN CHTHAJ B1IOMOTO0 HOMIHAJy, IO JAa€ 3MOTY BHUKOHAaTH CaMOTECTYBaHHS MPHUCTPOIO B
L1JIOMY.

Jlnst TOBIIBHO OOPaHOTO €K3eMIUISAPY MOCIIAHOT mapTii Oy/lo MPOBENEHO MOBIPKY HPHU THX XKe
BUXIIHUX YMOBaXx, IpHU SKUX MPOBOAMIIOCS JOCIIKEHHS €MHICHOIO MIKPOMEXaHIYHOI'O CEHCopa

BiOponpucKopeHb. Pe3ynbTaru eKcrepuMeHTaaIbHOIO JAO0CIII)KEHHSI HaBe/IeHl Ha puc. 2.

Aa, m/c? Aa, m/c?

e ) | A I
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-0.3
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B)

Puc. 2. Kpusi noxubok yughposoco xanany eioponpuckopensv: A) — no sumiprosanvuii oci X;
B) — no eumiprosanvhiti oci Y

Ak MmoxHa TOOWYUTH 3 pUC. 2, 3aITPOTIOHOBAHMM ITU(DPOBUIA KaHAI BIOPOIIPUCKOPEHD Y 3a3HAYCHOMY
Jiarma3oHi 3MiHA BX1THOT BEJIMYMHU 3a0€3Medye KJIac TOYHOCTI 3a 3BEJICHOI0 MOXUOKO q = £ 2 %.

1. Rao S. S. Vibration of continuous systems — New York, USA: Jon Wiley & Sons, 2007 — 720 p.

2. Kyxapuyx B. B. Memoo ananimuynozo po3paxyHxy iopowsuokocmi y pexcumi po3eony ciopoazpezamy /
B. B. Kyxapuyx, B. @. Ipansx, FO. I Beomiyvxuii // Bicnuk Inocenepnoi akademii Yxpainu. — 2015. — No.2. —
C. 66-70.

3. I'pansax B. ®@. Kopenayiinuii nioxio 00 GU3HA4EeHHS 6A2068UX Koe@iyicnmie wmyunol Hetlponodionoi
mepedici 05 gibpodiacnocmyeanus 2iopoazpecamie / B. @. Ipansk, C. Ill. Kayus, B. B. Kyxapuyk // Bicnux
Tnocenepnoi axademii' Yxpainu — 2017 — No.4 — C. 100-105.
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BukopuctanHs nepBUHHUX NEPETBOPIOBaYiB TEPMOAHEMOMETPUYHOIO THUIY MPU BUMIPIOBAHHI
BUTpaTl HaOyB IIMPOKOTO PO3MOBCIOJKEHHS I OJHOKOMIIOHEHTHHMX cepefoBuil. [IpuHuun
TEPMOAHEMOMETPUYHOTO BUMIPIOBAHHS MacOBOr0 IMOTOKY CEpelOBHUIIA 3aCHOBAaHWM Ha BIUJIMBI
MOTOKY piAuHU (B OUIBIIOCTI BUMAAKIB MOTIK rasy) Ha TeIJiolepenady HarpiBHOTO €JIeMEHTa
(Baker, R.C.) [1]. OnHak, yqoCKOHaJIEHHSI METO/1B TEPMOAHEMOMETPUYHUX BUMIpIOBaHb M€ B
HaIpsAMKY YIOCKOHAJICHHSI KOHCTPYKIIT Ta Opl€HTAIlll Y BUMIPIOBaJIbHOMY CEPEIOBHIII CEHCOPIB, a
TakoxX icHye mpoOnema ix kaniOpysanHsa (Hardy J. E. 1 11.) [2]. TennoBuii ceHcop NMOTOKY 3a3BHUYait
MICTUTh TEPMOPE3UCTUBHUM €JIEMEHT, KM HarpiBa€eThCsl €JIEKTPUYHUM CTPYMOM, L0 3abe3neuye
I1JIBUILIEHHS TEMIEPaTypy YyTIUBOIO €JIEMEHTA 0 BIJHOIIECHHIO 10 BUMIPIOBAJIbHOIO CEPEIOBUIIIA.
A mocTifiHa pi3HULS TEMIIEpaTyp MIXK CHPUIMAIOUUM €JIEMEHTOM 1 BUMIPIOBAJIbHUM CEPEIOBUIIEM
(nmotik pinuHU a0 razy) HiATPUMYETHCS MOCTOBOIO CXEMOIO BBIMKHEHHSI CEHCOpa, 110 3abe3neuye
3MiHY MOTY>KHOCTI HarpiBy B 3aJI€KHOCT1 BiJi MacoBOi BUTpaTH BHUMIPIOBAJbHOIO CEpeJOBHULIA.
[Hmmit BapianT po6oTH TepMOaHEMOMETpA MOJISAra€e B TOMY, 10 TEIUIOBUM TUCHEPCIHHUM MacOBHl
BUTPATOMIp IPAIO€ 3 MOCTIMHOIO MOTYXHICTIO HarpiBy CEHCOPA, a PI3HULS TEMIIEPATyp 3MIHIOETHCS
B 3JIE)KHOCTI MacOBOIO BUTPATOI0 BUMIpIOBajIbHOIO cepepoBuuia. [Ipunmunu poOOTH, KOHCTPY-
IOBaHHS Ta 3aCTOCYBaHHs MPOMUCIOBUX TEIJIOBUX MacoBuX BuTparoMipis onucani Olin J.G. [3].

Ha iHTepBan BuUMIpIOBaHHS MacoBOi BTpaTH TEPMOAHEMOMETPHUUYHOIO BHMIpIOBaya BILJIMBAE
KOHCTPYKIIiSA J1aTuyhKa, HOTO TOJIOKEHHs B MOTOIll Ta XapakTep moToky. Badarlis A. et al. mpoBenn
OTTUMI3AII0 MMOJIOKEHHS CEHCOpa B MOTOIII 1 3aITPOITOHYBAJIA KOHCTPYKIIIIO CIIPUMMAIOY0TO €JIEMEHTA
[4]. Baker R.C. 1 Gimson C. mociikyBajd BIUIMB €KCHEHTPUYHOCTI PO3MIIICHHS €JIEMEHTA,
KOHCTPYKIIT Ta po3MipiB cripuitMarouoro ejemMeHTa [5]. BriuB xapaktepy mMOTOKY BUMipIOBaJIBHOTO
CepeloBHINla HAa TMapaMeTpu ceHcopa mpoanaiizoBaHo Gibson J. [6]. Klemen Rupnik 1 inH.
MPEACTaBICHO HOBUU METOJA BUMIPIOBAHHS JUIsl 11eHTU(]IKALIl TUIIy rasy B MacOBOMY TEILIOBOMY
BuTparToMipi [7]. Artur Cebula mpoBiB aHaMITUYHUNA Ta YUCEIBHUN PO3PAXyYHOK MOJAENI PO3MOAITY
TeMIepaTypu y370BXK TerioBoro Butparomipa [8]. Illupokuit ciekTp 10CaiKeHb MPOBOIUBCS IS
TEIJIOBUX BUTpaTOMipiB MacoBoi BuTparu rasy Farzaneh-Gord M. 1 in. [9].

Skimo mpoaHalizyBaTH XapakTep TPaHCHOPTYBaHHsS OaratoasHUX CEpelOBUIL, HAIpPUKIAL]
MOJIOKO+IIOBITPSL Y JOiIbHOMY amapari, TaKUM pyX € MyJIbCYyIOUMM 3 YacTOTOI IyJbCaliil 1o
BI/IMOB1Ja€ 4acTOTI poOOTH MyJibcaTopa AOLNBHOIO arapara, CliBBIJIHOUIEHHS MOJIOKO 1 MOBITPS €
3MIHHUM B IIpolleci JOTHHS XapaKTep HApOCTaHHSA M cHaJaHHs IIBUJIKOCTI TPAHCHOPTYBaHHS
HecTallIbHUM.

Hamu po3poOieHuil ceHcop TepMOaHEMOMETPUYHOTO THUILY, OJTHAK CHpHUIMaroui eleMeHTH Oyiu
pO3MillleH] 6e31ocepeIHbO Ha CTIHIII CEHCOpa LUISIXOM rajbBaHI4HOro HaHeceHHs [10].

MeTtoto nocnigkeHb Oyno 3017IbIIEHHS JUHAMIYHOTO 1HTEpBaly BUMIPIOBAJIBHUX LIBUJIKOCTEH 1
3MEHILEHHS CIOKMBAHOI MOTYXKHOCTI BUMIPIOBaHHS.
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Jlnst 3MEHIIIEHHSI MOTY>KHOCTI CIOKHBAHHS 1 MOCTIHHOI Yacy CeHcopa, 3amporoHOBaHA HOBA
KOHCTPYKIIil, sIKa pO3MIILy€e CIIpUHMAalo4l eIEMEHTH Ha B1Jalll BiJl CTIHOK KOPIIYCY 3 BpaxyBaHHSIM
TOBIIIMHYU TOTPAHUYHOTO Iapy cepenoBuia [11].

OyHKIIOHAJbHA CXEMa, fKa peaii3ye CEeHCOp TEPMOAHEMOMETPUYHOTO THUITY JJIsI BUMIPIOBAaHHS
nmapameTpiB 1Bo¢a3HOTO MYyJIbCYIOYOro MOTOKY HaBeJeHa Ha puc. 1.

PosrnsHemMo po3monin Temmeparypu y CEepeAOoBHINI CEHCOpPA, BPAaXOBYHOUHM IO CIPUHMAbHI
€JIEMEHTH HE MAalTh KOHTAKTy 3 BHYTPIIIHBOIO IMOBEPXHEI KOpmycy ceHcopa. Posmomin
TeMIEpaTypHOro MoJig Ha 30BHI NPUHMEMO PIBHUM HYJ0. BIIMOBIJHO KUIBKICTH TEIUJIOTH, IO
BUJIUIUTHCS B1Jl CIPUHAMAJIbHUX €JIeMEHTIB OyJie BUTpAuaTUCh HAa PO3IrpiB €JIE€MEHTIB CeHcopa 1 Ha
HarpiB cepenoBuila (HarpiB JIBO(a3HOIro MOTOKY). 3arajbHa CXeMma pO3MOJUIY TEIUIOTH Yepes
TeMIIepaTypH HaBEJIEHO HA pHUC. 2

1 2 < i >
7 PN
I/ I/ ch.n A
—> —>
| o T 1 o 1
7 — oI5 ATy @152 CHPUUMAK0Y

= €IIEMEHTH CEHCOpa
€IEKTPOHHMI OJIOK To /
KEePyBaHHs

! Ty [ 7c2 mBodasHa cymim
(pimuHa +ras)

OHOKPUCTAJIbHU I
MiKpPOKOHTPOJIE ¢ Ls ¢ s
p poJiep . ;

Puc. 1. 3acanvna cxema Puc. 2. Cxema posnoodiny memnepamyp cencopa: Ty,
ceHcopa mepmoanemomen- T,, — memnepamypa nepuio2o i opyzo2o enemenmis; ATx —
puyno2o muny: I— kopnyc memnepamypa na mexci memnepamypnux nonie; T,
cencopa, 2 — cCnputiManbHi T, — memnepamypa cepedosuwja y memnepamypHomy noii

enemenmu enemenmis; I, — 6idoane midc enemenmamu; r, — paoiyc

PO3MIWEHHA NO KpY2y CRPUUMAIOYUX eleMeHMIE
PiBHsAHHS TemoBOro 6anaHcy CIpPUHMalOYOTO €JIEMEHTa 3allUIIEThCsl B HACTYIIHOMY BUITISIL

Or =0c+ Opps

ne Qp — KUIbKICTh TEIUIOTH, IO BUALISETLCS CIPUIAMAIOUYUM €IEMEHTOM; (. — KUIBKICTh TEILIOTH,
110 3a0MPAETHCSA MOTOKOM CyMimi; O, — KUIBKICTB TEIUIOTH, 1[0 3aTPAYa€ThCsl HA PO3ITPIB €JIEMEHTIB.

Ha ocHOBI piBHSIHHS TEIJIOBOTO OajlaHCy TeMmIeparypa CIpUHMaIbHOTO €JeMEHTa CeHcopa 3a
3a/1aHO1 CHUJIM CTPYMY 1 HaIpyTrd pO3pPaxOBYETHCS 3aJIEKHICTIO

Ts,_=[12'RE,_+¢Z'2'77.'-?",'7'5'Tc,.-I-mE'CE'TC1]'[Q°2'1T-T°'TE+mE'CE]-1, (1)
Tsz=[*"Rpz+a-2-m-1g'rg-Tea+mg-Ce-Tesl [a-2 -7 rg + mg - Cel™, (2)

ne I — cua CTpyMy JKUBIICHHS CIIPUAMAIIbHUX €JIEMEHTIB; R\, R, — OIp CIpUiAMAalIbHUX EJIEMCHTIB;
0. — KoeDIIIEHT TEIIOB1A1a9l BUMIPIOBAJILHOIO CEPENOBUINA; 7', — KOHCTPYKIIHHUI po3Mip (paaiyc)
CIIPUMMAJIEHOTO E€JIEMEHTY; /M, — Maca CHpPUIAMalbHOIO eneMenTa; C, — TEIUNIOEMHICTh MaTepiary
CIIPUHMAIOYOTO E€JIEMEHTY.

Po3MinieHHs cipuiiMaibHUX €IE€MEHTIB BCepeAUHl HUIIHAPUYHOIO KOPIYCy CEHCOpa Ha AesKiil
BiAjanl BiJi BHYTPIIIHBOT MOBEPXHI XapaKTEPU3YEThCS BIJACTAHHIO M)XK HUMH, sIKa 3aJIEKUTh BiJ
MOTY>KHOCTI, IO MIABOJUTHCS 10 MOCTOBOI CXEMHU 1 TEIJIOTEXHIYHUX XapPaKTEPUCTHUK CEpPEeIOBUINA
Ta Marepiajgy COpUiMaJbHUX €leMEeHTIB. BifcTaHb OOIpYHTOBYETHCS TaKMM YMHOM, 1100 TemIie-
paTypHi HOJIs B1Jl JBOX €JIEMEHTIB HE BIUIMBAIU Ha TEMIEpaTypy OJHOro 3 HUX. MOKHA IPUIYCTUTH,
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110 ICHY€E Taka MeKa pO3MOAiay TeMIepaTypHHUX IMOdiB, e Temreparypa € Ha 10+ 15 % Hmkua Bij
TEMIIEPaTypH XOJOJHIILIOTO €JIEMEHTY.

Bignocna nmoxubOka BUMiIpIOBaHHS MYyJbCYIOYOr0 MOTOKY ABO(A3HOTO CEpeoBUINA MOBITPSIHO-
PIAMHHOI CyMIIIl TEPMOAHEMOMETPUYHUM CEHCOPOM He mnepeBuinye 3 %, a npu TypOyJIeHTHOMY
pexuMi BiIHOCHA MOXMOKa HE3HayHa 1 CTAaHOBUTH 01 1%.
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METOJIHN OLHIHIOBAHHSA 3AKOHIB PO3IIOALIIB
EKCIIEPUMEHTAJIBHUX JTAHUX

© Bonooumup E€pemenko’, Banenmun Moxitiuyx’, Onvea Camoiinivenxo®, 2019
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AHani3 mpoieciB, 0 MPOTIKAIOTh B 1HPOPMaLIHHO-AIarHOCTUYHUX CHUCTEMax, NoTpelye
BUKOPUCTAHHS MOJEINIEH, 10 SAKUX CTaBIATHCS BUMOI'M aJ€KBATHOCTI peanbHUM AaHuM. Lllupoko
B1JJOM1 MOJIeJIi Ha OCHOBI rayCCIBChKUX BHUIIaJIKOBUX MpolieciB. [IpoTe, B peanpHuX 1HGOPMAIITHO-
N1arHOCTUYHHUX CHUCTEMax MPOIECH YacTO HOCSITh HErayCCiBChbKMU XapakTep, 1 TOMY IOBHHHI
OIMCYBaTHUCS HarayCCiBCbKMMH 3aKOHAMU PO3IO/ILTY MUTTEBUX 3HaY€Hb. J[J11 BUCOKOT 10CTOBIPHOCTI
BUPIIIECHHS 3a/1ad 3 BUKOPUCTAHHIM CTaTUCTUYHMX METOJIB HEOOX1HO MaTH aHAJNITHYHHUI 3amuc
CTaTUCTUYHUX MOJENEl po3MoALIiB.

MeTot0 noknamy € aHaii3 ICHYIOYHMX METOJIB OLIHIOBAHHS (YHKIIN HIUIBHOCTI PO3MOALITY
imoBipHocTi (I1IPI) Ta po3pobaeHHs pekoMeHaalii isi BUOOPY ONTUMAJIbHOTO METOAY OL[IHIOBAHHS
JAaHWX 3 HETayCCIBCBKUMH PO3MOJIAMHU B 3aJICKHOCTI BiJ HasBHOI ampiopHoi iHdopmarii 1momo
¢bopMH 3aKOHY PO3IOJALITY EMIIPUYHUX JTaHUX.

Metoau omintoBanHs ¢yHkIi ILIP] moxinstoTscss Ha TpU OCHOBHI TPyTH.

Henapamempuuni memoou: TicTOrpaMHUM, METOJ JIOKAJILHOTO OLIIHIOBAHHS, HA OCHOBI METOAY
HaliMeHIUX KBajapariB. 3aranbHuid Bunsaa ¢yskmii I[Pl HeBimomuii, Bimomi TUIBKH JEsKI
xapakTepucTuku. HemapameTpuuHi METONM TPYHTYIOTHCS Ha 3HAXOJKEHHI 0OMeEX)eHOi 00yacTi B
MIPOCTOPI, 10 MICTUTH BC1 BEKTOPH BUOIPKH, BOHU MOXKYTh OyTH BUKOPUCTaHI IS 3a]1a4 3HAXO/IXKEHHS
¢yuxkuii 1Pl B oOMexxeHOMY OKOJIL.

Memoou 6ionoenenus cymiuiell po3nooinié 3aCTOCOBYIOTh Y BUIIQJIKY, KOJIU “(opma’ KiraciB Mae
JOCUTH CKJIAAHUI BUIVISA, 10 HE MIAJAETHCSA ONUCY OJHUM Oyab-sIKUM po3noaiuioM. [Ipunyckaerses,
110 BCEPEJMHI KJIacy MIIIBHICTD PO3MOAITY SIBJIsE€ COO0K CYyMIIl MEKITbKOX po3mnoautiB. Hemgomikom
JAaHUX METOAIB € mpoliemMa BUOOpY MOYaTKOBOIO HAOIMKEHHS.

Ilapamempuuni memoou. 10 HAX HAJIEKATh: METOJ, 110 0A3yETHCS HA OCHOBI TUITOBUX PO3MOILIIB,
METOJ] 3 BUKOPUCTAHHSM OPTOTOHAJIBHUX MOJaHb, METOJ Ha OCHOB1 yHIBEpCAJIbHUX CIMEHCTB
PO3MOALIIB, METO Ha OCHOBI crHeliaJbHUX psAiB. 3aranpHui Burisg ¢yukuii Pl Bimomuii 3
TOUYHICTIO A0 Habopy mapameTpiB, Kl MOKHA OL[IHUTU 3a BHOIPKOIO.

[lepeBara 3acTocyBaHHSI THUIIOBHUX 3aKOHIB PO3IOAINY IOJSArae B iX MOBHIM BHBYEHOCTI 1
MO>KJIMBOCT1 OTPUMAaHHSI HE3MIIIEHUX 1 BIJTHOCHO BHCOKOE(EKTHUBHUX OLIIHOK napametpiB. OJHaK,
TUIIOB1 3aKOHHM DPO3MOALTY He 3abe3nedyioTh HeoOxiaHe pizHoMmaHiTTa ¢opm LIPI, Tomy ix
3aCTOCYBaHHS HE J]a€ HEOOX1THOI y3arajbHEHOCTI MPEICTaBICHHS.

MeTo/ 3 BUKOPUCTAHHSIM OPTOTOHAJIBHUX IMOAHb J1a€ MOXKJIUBICTh BPaXOBYBaTH TEOPETUYHI YU
€KCIIEpUMEHTAJIbHI MOMEHTHU BCIX MOPAJKIB, 110 J03BOJSIE MIABUIIUTUH TOYHICTH OL[IHIOBAHHS
¢yuxuii HPI. IIpakTruune 3acTocyBaHHS OPTOrOHAJIBHUX M10/IaHb UIIIBHOCTI IMOBIpHOCTEN OTpedye
BUpILIEHHS PSSy NpobiieM, TaKUX SIK 0OrpyHTOBaHUN BUOIp OPTOrOHAJIBHOTO MOJIHOMY, BpaxXyBaHHS
JuuIe AeKUIbKOX MEePIIUX CKJIaJ0BUX OPTOrOHANBHUX PsiAiB 0€3 aHaji3y BIUIMBY PELITH CKIIaJIOBHX,
HE BUpilleHa mpobiieMa MOSIBH BiJA’ €MHUX 3HA4€Hb OPTOTOHAJIBHOIO DALY, HE JOCIIIKEHHI
BJIACTHBOCTI OLIIHOK KOE(III€HTIB pO3KiIaAy Ta IMOBIPHICHUX XapaKTePUCTHK OLIHKH HIIJIBHOCTI
IMOBIpPHOCTEH 3arajiom.
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MeTtoau, 1110 BUKOPUCTOBYIOTH CIIeL1aIbHI psAZid, iK1 0a3ytoThcs Ha noniHoMax Yebumena-Epmirta,
Hanpukiaa, paau Ipamma-Ilapnse Ta Emkpopra. IX 0LITBHO BHKOPUCTOBYBAaTH IJIs ONHUCY
PO3M0ALIIB, OJU3bKUX A0 HOPMaIbHOTO. B 1HIIMX BUIAJKax IPOSBIAIOTHCS CEPHO3H1 HENOMIKU: PAJT
MOXKE BECTH ce0Oe HEeperyasipHO, IOMWIKU alpOKCUMAIlil 30UIbIIYIOTHCS 3 BIJAAJICHHSIM Bl LIEHTPY
PO3MOLTY, CyMa KIHIIEBOTO YHCJIA YICHIB PAY MPH BEIUKIN acCUMETpii po3MoaLTy Bele 10 Bl €MHUX
3Ha4eHb (PYHKIIIHA, 0COOIMBO HA KpasX PO3MOILITY.

MeToau Ha OCHOBI yHIBEpCaJbHUX CIMEHCTB po3moautiB. [IuTaHHs CTBOpEHHS CIMEHCTB KPUBUX,
10 OMKCYBATU O MHUPOKUH KJIaC pealbHUX PO3IMOALTIB, 1 3aJIeXkKaju BiJ OUIBI, HIXK JBOX MMapaMeTpiB
posmsananocs B poborax Ilipcona, a miznime [[xoncona ta Teroki. HaliGimbIe mmpoke pisHOMaHITTS
dbopm posnoauriB 3ampornoHoBane [lipcoHom. BukopuctanHga nux po3noAuTiB 3a0e3medye IUTKOM
3a70B1IbHI pe3ynbTatu. OIHAK MpoleAaypa 3HaXOKEHHS BiAMoBiAHOI KpuBoi I[lipcona moBomi
IpoOMi3JIKa 1 HE 3aBXK/JIM MOKE€ BUKOPUCTOBYBAaTHCS Ha MPAaKTHULl, OCKUIbKU PO3B 30K PIBHSAHHS JJIs
OTPUMAHHS MapaMeTpiB PO3NOALIY B JESIKUX BUIAJKAX MOJAETHCS B KOMIJIEKCHOMY BUIVISII.

Buxopuctanus posnonuly Teioki Mae 0OMEXEHHS, BUKIUKAHI €IMHOIO (POPMOIO PO3MOILTY 1
oOMeXEeHHS TaKUM YHUHOM 00]acTi eMIIPUYHUX AaHUX, IS SKUX Led po3molial Moxke OyTu
BUKOPUCTAHUN. [HIIIOIO HEJOJIKOM € BIJICYTHICTh 3arajlbHoro aHajiTu4Horo 3anucy ¢yskuii 1P,
110 HE JJO3BOJISIE MEPEBIPUTHU BIJMOBIIHICTh EMIIPUYHUX JAHUX OLiHEH1NH kpuBid ¢ynkuii [IIPI.

CimeiictBo po3nonuniB JlkoHcoHa Bkitodae Tpu ¢opmu KpuBux Su, Sl Tta Sb. Jlocrtarniit
MaTeMaTUYHHUM OMHC ciMeWcTBa n03Bosisie 3HaxonuTh ¢yHkiio I[Pl B sBHOMY BuIi, 3a0e3mnedye
BHUCOKY THYUYKICTb PO3B 3Ky 3a/a4l mig0oopy po3MOALIIB eKClIepUMEHTAIbHUM AaHuM. [lapamerpu
PO3MOALTY Il OTPUMAHHS BIJAMOBITHOT KPUBOI OOYMCIIOIOTH SIK KBAHTHJIBHUM, TaK 1 MOMEHTHUM
METOJIOM.
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3ACIb JOCIIIXKEHHSA CTAHY BOJIOI'N B MATEPIAJIAX
31 CKIIAJHOIO CTPYKTYPOIO

© Cepeiu lsanos!, Temsana [ puwenko!, 3inaioa byposa’, 2019

Tnemumym mexwniunoi mennogisuxu HAH Ykpainu, m. Kuis, teplomer@ukr.net
’Hayionanshuii ynisepcumem 6iopecypcis i npupodokopucmysanns Yrpainu, m. Kuis, zinaburova@nubip.edu.ua

Bcto Bosiory, sika € CkJ1aJJoBOIO YaCTUHOO OyIb-SKOTO BOJIOTOro Marepiaiy, po3AUISIOTh Ha BIIbHY
Ta 3B’a3aHy. Take po3[iJIeHHs MOB’sI3aHE 3 TUM, L0 MapaMeTpU Ta BIACTHUBOCTI BOAM B MaTepiaji
CYTTEBO BIAPI3HAIOTHCA B 3aJI€KHOCTI B HAABHOCTI 3B’S3KYy BOJIOTH 3 MaTepiajioM Ta HOTO BUY.
Hanpuxknan, ryctuHa 3B’s13aHOI BOJIOTM 3HAYHO BIJPI3HSETHCS BiJl PEKOMEHJOBAaHUX IS BOAU
3HauyeHb, 1 ctaHoBuTh 1130...1740 kxr/m°; Temmeparypa Kpucramizamii Moxe csaratu -75°C; mae
JieJeKTPUYHI BJACTUBOCTI Ta BTPAaya€e BIACTHUBOCTI PO3UMHHHKA, TOLIO.

CniBB1IHOLIEHHS BUIBHOI Ta 3B’S13aHO1 BOJIOTH € OJHUM 3 BaXJIMBUX (PaKTOpiB, AKUN HEOOX1THO
BpaxoBYyBaTH Mpu BUOOPI MapaMeTpiB 30epiraHHs rOTOBOI MPOJYKILIII Ta ONTUMI3alli BUTPAaTH NajlnuBa
Ha MPOILECH CYUIiHHS cupoBUHHU. L{g npobrema ocoOMBO akTyalbHa AJI1 XapuoBOi POMHUCIOBOCTI,
Je HaWyacTille JIOCHIJPKyBaHOI CHPOBHUHOIO € HEOJHOPIAHI 3a CTPYKTYpOIO TepMOJalOuIbHI
MaTepiaiu, BIaCTUBOCTI SKUX 3MIHIOIOTHCS M1J BIUIMBOM TeMIepaTypH, yacy, GepMEeHTAaTUBHOIO Ta
MIKpOOI10JIOTIYHOTO BIUIMBY, TOILO.

Bracniiok BenuKoi KUJIBKOCTI (PAKTOpiB BIUIMBY, aHAJITHYHUN PO3PAaXyHOK CIIIBBIJIHOLIEHHS
BUIbHOT Ta 3B’S13aHOI BOJIOTM B TaKOMY MaTepiajli MOXe MPU3BECTU A0 3HAUHUX MOXHOOK, TOMY
HaOUTBIN DOLMUIHPHUM MUJISXOM OTPUMATH KOPEKTHI JIaHl € €KCIIEPUMEHTAIbHE JI0CI1IKEHHS.

ExcriepumeHTanbH1 METOIM AOCIIKEHHS CTaHy BOJU B MaTepianax BIAPI3HAIOTHCS PI3HOMAHITTAM
M1JIXO0AIB Ta 3aco0iB, 10 iX peanidyroTh. Hailbinbil po3noBCIOIKEHUMU €:

Memoo ougpepenyianvroi ckanyeanvbhoi Karopumempii: 6a3yeTbCsl Ha PI3HUIN TEMIIEPATypH
3aMep3aHHs BUIBHOI 1 3B’s13aHO1 BOJH;

ienexmpuuni 6umiproganis: N1€JIEKTPUIHA IPOHUKHICTD 3B’ A3aHO1 BOJIOTH 3HAYHO BIJPI3HAETHCS
BiJl BUILHOI BOJIOTH;

Tepmoepasgimempuunuil Memoo: 3aCHOBaHHUI Ha PI3HUII MIBUIKOCTI CYyIIIHHS BUIBHOI 1 3B’ A3aHOT
BOJIOTH;

Bumiprosanus menioemuocmi: Ha OCHOBI PI3HUIl TETJIOEMHOCTI BIJIbHOI Ta 3B’s13aHOT BOJIOTH;

Memoo s0epHo20 macHimHo20 pe3oHaHcy: 3aCHOBAaHUH Ha PI3HULI PYXJIMBOCTI BOAU y (iKCOBaHIM
MaTpul, 110 IPU3BOJUTH A0 YTBOPEHHS PI3HUX JIHINA CHEKTPY;

OpHuM 3 HailO1IBII NOUUIBHUX LIJISAXIB OTPUMAHHS KUIbKICHOI 1H(oOpMalii npo cTaH BOAU B
marepiani € meton JJCK. 3rigHo gaHOTO METOY, 3pa30K AOCHIIKYBAaHOTO MaTepially pO3MIITy€EThCA
B OJIHOMY 3 THUIJNIB JAU(EPEHI1aJbHOI0 KaJOPUMETPa, Mics YOro TeMIepaTypa TUJIIB 3HUKY€EThCS
70 KPIOT€HHUX 3HAYCHBD.

JlocniapkeHHsl CIIBBIIHOLIEHHS BUIBHOI Ta 3B’SA3aHOI BOJIOTM B MaTepiail BiJOyBa€eThCs LUISIXOM
BUMIPIOBAaHHS PI3HULI TEIJIOBUX MOTOKIB 3pa3ka Ta pedepeHTa NpU MHOCTIHHIA IIBUAKOCTI
M1JIBUILEHHS TeMmiiepaTypu. Pa3oBi nepexonu, mo OyayTh BiOyBaTUCs B 3pa3Ky IMpH I1JBUIIEHHI
TeMmIepaTypH, OyayTh NMPU3BOJUTH 10 BIAXWJICHb Ha rpadiky TEMJI0BHX MOTOKiB. [lmoma miky
npomnopuiiiHa eHeprii pazoBoro nepexonay, a HampsiM MO OCl OpAMHAT Ha TpadikKy BKa3ye Ha THUI
peakuii (ek30TepMiyHa YU €HJO0TEPMIUHA).

Po3pobnennsm ta crBopenusm mpwianiB JICK 3aiimaeTbest 6araro MiHapOAHUX KOMITaHIA Ta
HAyKOBO-JIOCJI1IHUX IHCTUTYTIB Y BCbOMY CBIiTi. CIIIBHUMU OCOOJIMBOCTSIMH, SIKI MOXHA CIIOCTEPIraTu
y TakuX 3ac001B BUMIPIOBAHHS € HIMPOKHUI TeMIlepaTypHUU J1ara30H, HasBHICTh JABOX OJIHAKOBHX
TpUMadviB 3pa3Ka B 30HI MPOBEACHHS NOCIIAy Ta Majaui 00’em Tpumada 3pas3ka. [[Ba ogHaKOBUX
TpUMaul 3pa3ka HeoOXiAH1 Al peaiizauii Au¢epeHLiaIbHOro MEeToAy BUMIpIOBaHHA. B onHomy
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TUDI1 PO3MILIY€ETHCS 3pa30K, a APYTUi 3aJIMIIAETHCS MTyCTUM, 110 J03BOJISE€ 3MEHIIUTH MTOXUOKY Ta
BBOJIUTH IMOINPABKy Ha TEIUIOEMHICTH caMoro turis. llupokuil TemnepaTypHuil fiana3zoH Ta Majauil
00’ €M THUIJISI MOSICHIOETHCS 00J1aCTIO 3aCTOCYBAHHS KAJIOPUMETPIB: AOCIHIIKEHHS YUCTUX OJHOPITHUX
peUoBUH (MeTaju, PO3UYMHH, MOJIMEpH, TOII0). Manuit 06’€M KOMIPOK TO3BOJISIE€ MIABHUIIUTH
IIBUJIKO/III0 BUMIPIOBAJIIBHOI CUCTEMU Ta 30UIBIIMTH TOYHICTh BUMIPIOBAHHS, MPOTE BTPAYAETHCS
MOXJIMBICTh KOPEKTHO JOCIIKYBATH 3pa3Kh HEOJHOPITHUX 32 CTPYKTYPOIO MaTepialiB.

HemoxnuBiCTh TOCHIAUTH CIIBBIAHOIICHHS BUIBHOI Ta 3B’sI3aHOI BOJIOTH y PEMPE3CHTATUBHOTO
3pa3ka HEOAHOPITHOTO MaTepiaay B TpuMaui 3pa3ka ICHYIOUMX KaJIOPUMETPIB BKa3y€e Ha HEOOX1THICTh
CTBOPEHHS CIIEIiaji30BaHOTr0 3ac00y BUMIPIOBAHHS IS TaHUX IIJICH.

Ha ocHoBi anaini3y icHyto4uX 3aco0iB BUMIpIOBaHHS C(OPMYJIbOBAHO PEKOMEH1alliil 10 pO3pOOKHU
CIIeIiaI130BaHOr0 KaJOPUMETpa JJIsl JOCTIIKEHHS CITIBBIHOIIEHHS BUIBHOI Ta 3B’ s3aHOT BOJIOTH Y
HEOJIHOPIJHUX Marepiaiax:

— MOXJIUBICTH OXOJIOJDKEHHS 3pa3ka a0 temneparypu -80°C;

— BEJUKUN 00’ €M KOMIPKH JJIsl pO3MIILIEHHS pENpPe3eHTaTUBHOIO 3pa3ka HEOJHOP1AHOTO MaTepiay;

— HasIBHICTH IIOHAWMEHIIE TPhOX KOMIPOK B 30HI1 IPOBEIEHHS OCTIIKEHHS;

— MOXJIMBICTH peaji3alii HU3bKOI IBUAKOCTI HarpiBaHHS 3pa3Ka;

— MPOCTOTa MIATOTOBKU NPHIJIAAY 10 BUMIPIOBAaHHS;

— MPOCTOTa MIATOTOBKHU 3pa3Ka J0 BUMIPIOBAHHS;

BpaxoByroun mnocraBieHl peKOMeEHJalli, 3alpOlNOHOBAaHO KOHIIEMIIIO0 CIeliali30BaHOro
HU3BKOTEMIIEPATYPHOTO KaJIOPUMETPA.

TemioBa 4yacTHHA KaJlOpUMETpPa MPEACTABISE€ COOOK HHUIIHAP 3 BHUCOKOTEIJIOMPOBIAHOTO
Marepiaiy, sKUH CKIaJa€eThCs 3 BEPXHBOI (SAp0) Ta HUXKHBOI (paaiaTop) yactunu. Paniarop nepen
MIOYaTKOM JOCIIJPKEHb 3aHYPIOETHCS Y EMHICTD 3 P1JIKUM a30TOM JJIS KOHTYKTHUBHOTO OXOJIOKEHHS
aapa KajopuMerpa a0 pobouoi Temneparypu. bokoBa moBepxHs spa KaJoOpUMETpa OXOIUIEHA
€JIEKTPOHATrPIBHUKOM, 1110 CIYKHUTh JUIsl PETYJIIOBaHHS TeMIlepaTypy Bcboro siapa. TemnogizuyHi Ta
reOMETPHUYHI MMapaMeTpH sA/pa MOBUHHI 3a0e3leuyBaTu PIBHOMIpHE TeMIEpaTypHE IoJie B TPbOX
KOMIpKax, Kl BMOHTOBaH1 y BUIJISAIl HWJIIHAPUYHUX OTBOPIB B LIEHTPI siipa. KoxkHa koMmipka npuiany
oOnaJHaHa KPULIKOIO Ta LMJIIHAPUYHUM CEHCOPOM TEIUIOBOTO MOTOKY, SKHUHM OXOIUIIOE KOMIPKY
B3/I0BXK CTIHOK. HasiBHICTH TphOX KOMIPOK B KaJOPHUMETPi MOB’A3aHO 3 PEKOMEHAAIIAMH JIF0UNX
crannaptiB 3 JCK BumiptoBanb. Bianmosinmao no crangaptiB, BumiptoBanHs [JCK metomom
CKJIAJJaeTheCs 3 3-X eTamiB (IIPOXOAIB) 3a OJHAKOBOI LIBUJIKOCTI HAarpiBaHHS:

— Xonocmuti npoxio: TpuMadl 3pa3ka MOPOXKHI;

— Kaniopysanvruii npoxio: OCIiIHKEHHS MaTepialy 3 MOMEPEIHBO BIIOMUMHU XapaKTEPUCTUKAMMU;

— Ilpoxio 3i 3pazkom: NOCIKEHHS IIBOBOTO MaTepiaiy.

Tpu 11eHTUYH1 KOMIPKH, OHA 3 IKMX MpU3HAYeHa JUIsl pO3MIIIEHHS 3pa3Ka, Ipyra — Juisl 3pa3K0BOT0O
Marepiaiy, a TPeTs 3aIHIIAETHCS MyCTOI0, M03BOJIIOTh 00’ €qHatu Tpu etanu JJCK BumiproBaHHs.
Ile He TiNMBKU BTpUYI 3MEHILIUTH Yac MPOBEACHHS JIOCIITYy, & i 3HU3UTh HEBU3HAYEHICTh JOCIIIY
BHACJI|JIOK HE1J€albHOCTI BIATBOPEHHS TEMIIEPATYPHOTO PEKUMY.

Jlo nepeBar npecTaBlIeHOl KOHCTPYKIIT MOKHA BIIHECTH I1JBUIIEHHS MIBUIKO/II Ta MOPIBHIHHS
JAHUX 3 €TaJJOHOM IPOTATOM KOKHOTO JTOCJIJy BHACHIAOK BUKOPUCTAHHS TPHOX KOMIPOK, IIMPOKA
HOMEHKJIaTypa JOCIIDKYBAaHUX MaTepiaiiB BHACIIOK KOHQIrypamii TpuMada 3paska, BIIHOCHO
HEBEJIMKa 1liHa BUTOTOBJIEHHSA Ta MPOCTOTa OOCIyroByBaHHS. MOXJIHMBI HEIONIKU: CKJIAJHICTb
3a0e3neueHHsl MOBHOI aBTOMATH3alli BHACIIIOK JUCKPETHOTO OXOJIOMKEHHS siipa KaJllopuMeTpa.

[lepenOayaerncs, 110 BUKOPUCTAHHS TAaKOro KajJopUMETpa pa3oM 3 CHUCTEMOIO BU3HAYEHHS
TEIUIOTH BUMAPOBYBAHHSA Ta TEMJIOEMHOCTI JI03BOJUTH MPOBOAUTU KOMILUIEKCHE JOCHIIKEHHS
HEOJIHOPITHUX MaTepialliB 3 METOK OTPUMAaHHS MMOBHOI 1H(OpMaIlii SK Mpo HapaMeTpu 1 CTaH BOJIOTH
B MaTepiajli, TaKk 1 pO3pOOUTH KOPEKTHI pPEXHUMHU TEXHOJOriyHOi oOpoOku Ta 30epiraHHs
JOCJIII)KYBaHOI CUPOBUHHU.
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VIIK 658.562

EX-MAPKOBAHHSA OBJIAJHAHHSA TA 3AXUCHUX CUCTEM, [IPUBHAYEHUX JJIA
BUKOPUCTAHHS B MIOTEHIIMHO BUBYXOHEBE3NIEUHUX CEPEJIOBUIIIAX

© Poman Isax!, Cogisn Isax?, 2019

! HarrionanbHuii yHiBepcuteT “JIbBiBchbka momitexHika” (JIbBiB, YkpaiHa), noueHT kadenpu iHpopmaliiitHo-
BUMIPIOBAJIBHUX TEXHOJOTIH, K.T.H., A0oeHT, ivakh.r@gmail.com
2 JIpBiBCHKMIT HAIliOHANBHUI yHIBepcuTeT iMeHi IBana @panka (JIbBiB, Ykpaina),
crynenTka III kypcy ximiunoro ¢axkynerety, sophiaivakh@gmail.com

3rigHo 3 3akoHoM Ykpainu “IIpo TeXxHIYHI periaMeHTH Ta OLIHKY BiAMOBIAHOCTI” BIAMOBIIHICTh
BBE/ICHOI B 001T, HaJ]laHOT Ha pUHKY a00 BBEACHOI B €KCILTyaTallito B YKpaiHi MpoayKIlii BUMOTraM ycix
YUHHUX TEXHIYHUX PETNIaMEHTIB, 110 3aCTOCOBYIOTHCS J0 Takoi MpOAyKIii, € 000B’s3k0BoO [1].

Jlo mpoaykiii, mo mpu3HaYeHa aJisi 3aCTOCYBaHHS y MOTEHIIHHO HEOE3MEYHOMY CEPEeIOBHIII
3actocoByeThbesl TexHiuHuM PermameHT oGnagHaHHS Ta 3aXUCHUX CHUCTEM, MPU3HAUYCHUX MJIS
BUKOPUCTAHHS B NOTEHLIHHO BHOYyXOHEOE3NMEeUHUX CEpPEeNOBHUIIAX, 3aTBEPAKEHUNU IOCTaHOBOIO
Kabinety MinicTpiB Ykpainu Bix 28 rpyaus 2016 p. Ne 1055 (na6paB uunnocti 3 27.07.2017 p.)
(mam 3a tekcrom — TP1055). Manuit Texuiuynuil periaMeHT po3poOneHui Ha OCHOB1 JIMPEKTUBU
2014/34/€C €Esporneiicbkoro [lapnamenty Tta Pagu Bix 26 mortoro 2014 p. — DIRECTIVE 2014/34/EU,
sky HasuBaroTh JupektuBoto ATEX (“Atmospheres Explosibles” (¢p.) — “Bubyxonebesneuni
cepenoBuia’).

BupoO6Huku mijg yac BBEJEHHS MPOAYyKLii B 00ir a00 BUKOPUCTAHHS i1 y CBOIX LIISIX FrapaHTYIOTh,
110 BOHA po3po0sieHa Ta BUTOTOBJIEHA BIJMOBIIHO 10 CyTTeBUX BuUMoOT TP1055.

BupoOHuku ckinaaioTh TEXHIYHY JOKYMEHTAIli10, Ta IPOBOASTH a00 JJOPYUYaIOTh YIIOBHOBAXXEHOMY
[PEACTaBHUKY IPOBEICHHS HAJIEKHOI IPOLEIYPU OI[IHKHU BIAMOBIAHOCTI 3riAHO 3 MyHKTamMu 39-42
poro TexXHIYHOTO peryiaMeHTYy.

VY pa3i konu BIAMOBIAHICTE MPOAYKII Oyna OBEIEHA HAJIECKHOI IMPOIEAYPOIO0 OIIHKHU
BIATIOBITHOCT1, BUPOOHUKU CKJIaJal0Th JEKJIapallilo Mpo BIANOBIIHICTh, MAPKYIOTh Ta HAHOCATH
3HAK BIJMOBIJHOCTI TEXHIYHUM perjlaMeHTaM.

MapkyBaHHsI MICTUTh crieniagbHe Ex-MapkoBaHHs, sike BKitodae B cede sk Bumoru TP1055 Tak
1 Bumoru JICTY EN 60079-0:2017 (muB. puc. 1), ockinbku TP1055 mepenbaudae, mo B pasi
HEOOX1HOCTI MOBMHHA TAaKOXX OyTHM HaHeceHa Bcs iH(opmarlis, 1m0 € CyTTEBOIO IS OE3MEeYHOTO
BUKOPHCTAaHHS 00J1aJJHAHHS Ta 3aXUCHUX CUCTEM (HAIpUKIIAJ, MApKOBaHHS 3@ BAMOTaMU CTaHAAPTIB).

TP1055 ACTY EN 60079-0:2017

&Nl 16G Ex ia IC T4 Ga

Pttt T T

CumBson KaTteropis r PiBeHb
3axucTy Bif obnag- il pyna rasy BUOYXO-
Bia BMOYXyY (nuny)
BUBYXY HaHHs1 3axucTy
Fﬁpyna HaBkonuiiHe Bun Tewmnepa-
Sl cepegoBuLLe TYpHWU/
HAHHS peaosuLy BMOyXO-
knac
3axucry

Puc. 1. I[Ipuxnao Ex-mapxosanHs 0O1AOHAHHA MA 3AXUCHUX CUCTNEM,
NPUBHAYEHUX O BUKOPUCMAHHA 8 NOMEHYIUIHO 8UOYXOHebe3neuHUx cepedosuulax
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Posmmdpyemo koxxHe mo3HadeHHs, sike € B Ex-MapkoBaHHI.

1. Ex-mapkoBanns 3rigno 3 TP1055

TexHIUHMI pernamMeHT MOAUISIE MPOAYKIII0 Ha IPyNU Ta KaTeropii, 110 BU3HAYAIOTh, JUIS SKHUX
BUOYXOHEOE3[eYHUX YMOB IIPU3HAYEHA IMPOIAYKIIS.

Knacudikamis obmagHanHs 3a rpyrnamMu BH3HAYA€ MICII€ BUKOPUCTAHHS:

— oOnagHanHA rpynu I — ob6nagHaHHs, TpU3HaYeHE JUIsl BUKOPUCTAHHS B MIJ3€MHUX YaCTUHAX
IaxT 1 B 4YaCTUHAX HA3€MHUX YCTAaHOBOK IIAXT, SIKI MOXYTb ONMHUTHUCS IiJl 3arpo30l0 MOSBU
PYAHUYHOIO raszy ta/abo roprooyoro nuiay [2].

— obnagHanua rpynu Il — oOnagHaHHs, npU3HadeHe AJi1 BUKOPUCTAHHS B MICLSX, BIAMIHHUX
BiJ MmaxT a00 Ha3eMHHUX HIAXTHUX YCTAHOBOK, K1 MOXYTb ONHUHHUTHUCS IiJ 3arpo30l0 MOSBU
BHOYyXOHEOe3MeuyHnX cepenoBuil [2].

Kareropuzauist obaagnanns rpynu I 3anexuts BiJg HMOBIPHOCTI MOSIBU BUOYXOHEOE3MEUHOTO
CepelloBHUIIIa, 1 UM MOBUHHE 00JaAHaHHS OyTH 3HECTPYMJIEHE Y BUIIA/IKY MOSIBU BUOYXOHE0E3eYHOro
cepenosuila (kareropii M1 ta M2).

Kareropusauis odsagnanns rpynu Il 3anexuts BiJl MepioAMYHOCTI MOSBU Ta TPUBAJIOCTI
MIPUCYTHOCTI BUOYXOHEOE3MEUHOro CepeOBUINA B MICISAX, I AKUX MPU3HAUECHE 00JIaJHAHHS.

1 — mocriiiHa NpUCYTHICTh BUOyXoHeOe3neuHux peuoBuH (6u1bmie 1000 roa/pik);

2 — nepioguyno (10 ... 1000 ron/pik);

3 — piako (menue 10 roxa/pik).

3aeXHO BIJl arperaTHOro CTaHy PEUYOBHMHM, IKa yTBOPIOE BHOyXOHEOE3leyHe cepeloBHULIE, J10
kareropii oonannanss rpynu Il nogaerscs OykBa:

“G” (“gas” anr. — ra3) — st BUOyXOHEOE3MEUHNX CEPEIOBHIIL, IO CTBOPIOIOTHCS ra3aMu, MapamMmu
abo Tymanamu abo

“D” (“dust” anr. — nun) — sl BUOYXOHEOE3MeUYHNUX CEPEeIOBHUIL, 110 CTBOPIOIOTHCS MUIIOM.

2. Ex-mapkoBannd 3riqno 3 JJCTY EN 60079-0:2017 [3]

Kuacugikanisa ocHoBHUX BHIIB 3aXHCTY:

d — BuOyXxoHEnpOHUKHA 00OJIOHKA;

e — 3axucT BuAy “‘e” (miaBuIIeHa Oe3meka);

0 — MacJsiHe 3all0BHEHHS;

P — 3anoBHEHHs a00 MpoayBKa 0OOJIOHKM HAJIMIIKOBUM THCKOM;

q — KBapIOBe 3all0BHEHHS;

m — 3aII0OBHEHHS KOMIIAyH]IOM;

i — IckpoOe3neyHe eNeKTpUuYHe KOJIO: (MaHWi THN BHOYX03aXHCTy TapaHTye, 10 HeOe3meyHa
CUTyallil HE MOK€ BUHUKHYTHU B pe3yJbTaTi ICKpHU (IpU KOPOTKOMY 3aMHUKaHH1), a0 y BUMAAKY
panToBOro 0OpHUBY KoJia KUBJIEHHS (€HEpris BHYTPIIIHBOI 1HYKTUBHOCTI IpHIIaLy ), abo B pe3yibrari
HarpiBaHHsI CTPYMOIIPOBIIHUX IPOBO/IIB)

ia — HeOe3neuHa cuTtyarlia (3aiiMmaHHs BUOyXOHeOE€3[EYHOI CyMillll) HE MOXE BUHUKHYTH 3a
HOpPMaJbHUX YMOB €KCIUTyaTalll, IpH HECNPaBHOCTI HA JiHIl 1 npu Oyab-sKii koMOiHAIIi BOX
MOKJIMBUX HECIPABHOCTEH;

ib — HebGe3neuna cutyauis (3aiiMmaHHs BUOyXxOHeO€3I[E€YHOI CyMillll) HE MOXE BUHUKHYTH 3a
HOPMAaJIbBHUX YMOB €KCIUTyarallii, Ipy MepenIkojax Ha JiHii 1 OgHI€l HeCPaBHOCTI;

ic — HeOe3neuHa curyauis (3aliMaHHs BUOYXOHEOE3MEYHOI CyMilli) HE MOXXE BUHUKHYTH 3a
HOPMAaJIbBHUX YMOB €KCILTyaTalii.

CuMBOJ Tpynu o0JIaTHAHHS:

I — maxtHe oONagHaHHS;

IIA, IIB, IIC — ra3oBi cepenoBuina;
IIIA, ITIB, ITIIC — nmwioBi cepeaoBuUIia.
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Ipyna | Miarpyna T'oproua pe‘anila/ inrpyna ra3sy, B AkoMy 00J1agHAHHSA
NpeACTABHUIIbKUI ra3 MOKe BUKOPHCTOBYBATHCSA

I — pyIHUYHHI Ta3 (MeTaH), BYyTUIbHUHN MHT —
ITA [IpOIaH ITA

I 1IB E€TUJICH IIA, IIB
1IC BOJICHb IIA, IIB, IIC
1A TOPIOYi 3aBUCITT YACTKH 1A

III 111B HETPOBITHAN TTHIT IIIA, ITIB
111C MPOBITHUI MM IIIA, IIB, ITIC

TemnepaTypHuii KJac

MakcumanbHa TemMneparypa MnoBepxHi ejaekTpooOiaaHanHs rpynu Il moBunHa OyTu He Oliblie:

— TeMIeparypH 3aJaHOro TeMIIepaTypHOro Kiacy; abo

— 3aJlaHO0i MaKCHUMaJIbHOI TeMIepaTrypH MOBEpxXHi, ado,

— SIKILO 11€ OLbII NPUHHATHO, TEMIIEPATYpU CaMO3aiMaHHSI KOHKPETHOTO rasy, /JJisi BUKOPUCTaHHS
B CEPEIOBUIIl SIKOTO €JIEKTPOOOIaHaHHS MTPU3HAYCHE.

TemneparypHuii kjiac 0012 JHAHHS Tl T2 T3 T4 T5 T6

MakcumajibHa TeMIeparypa 450 300 200 135 100 85
NnoBepXxHi 001aaHaHHs, °C

SIKmIo enexTpooOIaHAHHS MPU3HAUYEHE IS Jlialla30Hy TeMIepaTy Pl HAaBKOJIHUITHHOTO CEPETOBHINA
(Ta a6o Tamb), saxuii BigpizHsA€ThCA Bil HOpMasibHOTrO (BctanosyeHoro JACTY EN 60079-0:2017):
Bia -20°C no +40°C, to Takmii miama3oH Ta MOBMHEH MapKyBaTHCs Ha OONajHaHl, HAMpPUKIIAI,
“-40°C < Ta < +50°C” abo “+5°C < Ta < +15°C”, a0o noBuHeH OyTH BKa3zaHWUH B “0COOJHUBHUX
YyMOBaxX BUKOPHCTaHHS oOiamHaHHs (cumBos “X’ miciiss HoMepa cepTudikara).

PiBenb 3axmucry obnagHanus (equipment protection level — EPL):

I'pyna I — maxtHe obnmaguanus: Ma — oco0nmBO BHOyX00e3neyHui;

Mb — Bubyxobe3neyHuit;

Ga — oco0nuBo BHOYX00€3MEUHUI;

Gb — BuOyxo0e3neunuii;

Gc — nigBUILEeHa HAaIHHICTh IPOTH BUOYXY
Da — nyxe BUCOKHUIL;

Db — Bucokuwuii;

Dc — migBumieHnit piBeHb BUOYX03aXUCTY

I'pyna II — ra3oBi cepenoBumia:

I'pyna III — nuioBi cepenoBuia:

1. 3axon Yrpainu “IIpo mexuiuni pecnamenmu ma oyinky eionogionocmi’’ {13 sminamu, eHeceHumu 32i0HO
3 3axonom Ne 2740-VIII 6io 06.06.2019}

2. Texuiunuti pecnamenm 0O1aAOHAHHS MA 3AXUCHUX CUCTEM, NPUSHAYEHUX OJis1 BUKOPUCMAHHS 8 NOMEHYIIHO
8UOYXOHEOe3NeUHUX cepedosumax, 3ameepoidicenuii nocmanosoio Kabinemy Minicmpie Ykpainu 6i0 28 epyous
2016 p. Ne 1055 (nabpas wunnocmi 3 27.07.2017 p.)

3. JICTY EN 60079-0:2017 (3i 3minoro 11:2017). Bubyxonebesneuni cepedosuwya. Yacmuna 0.
Yemamrkoeanns. 3acanvni eumoeu (EN 60079-0:2012, IDT)
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YK 006.91:543.37.6:615.327

JOCIIIKEHHA METPOJIOTTYHUX XAPAKTEPUCTUK METOAUKHU
ATOMHO-ABCOPBIIMHOTO BU3SHAUEHHSI KOHIIEHTPAIIII BAPIIO
B MIHEPAJIBHUX BOJAX

© Anvona Kucunescora', Muxaiino Apabaoocu?®, leop Ilpokonosuw’, Bikmopis Baxapuyx?, 2019

'Opecbkuil HallioHaIbHUN HOMiTeXHIUHUH yHiBepcuTeT (Onmeca, Ykpaina), noueHT kadenpu «MertamopizainbHi
BEpCTaTH, METPOJIOTisI Ta cepTudikalis» K.T.H., CT.H.C., kisilevskaya07@gmail.com
?JlepxaBHa yCcTaHOBa « YKPATHCHKHUI HAyKOBO-ZAOCIIAHUM IHCTUTYT MeAMYIHOI peabimitalii Ta KypopTOIOTii
MO3 VYkpainn» (Oneca, Ykpaina), 3acTyIIHUK 3aBiyBada YKpaiHCBKOTO IEepKaBHOTO LIEHTPY CTaHAApTH3alii i
KOHTPOJIO SKOCTI NMPUPOJHUX 1 MpedopMOBaHUX 3ac00iB, K.X.H., amvmaill991@gmail.com
3Opechkuil HalllOHAJIBHUN TOJNiTeXHIUHMIA yHiBepcuteT (Oneca, Ykpaina), nupektop HaByanbHO-HayKoBOrO
IHCTUTYTYy MEIUYHOI iHXeHepii, I.T.H., J01l., igor.prokopovich@gmail.com
*Opnecbkuii HalliOHANBHUI ToNiTeXHIYHUE yHiBepcuTeT (Oneca, Ykpaina), 3100yBayu BHIIOT OCBITH MaricTp
kaenapu «MetanopizaiapHi BepcTaTu, METPONIOTis Ta cepTudikamisy, vakarchuk viktoria@ukr.net

OnnouacHo 3 mignucanHsaMm Acomianii 3 €C Hama kpaina B3siia Ha cebe 000B’SI3KH MIOA0
rapMoHi3alii yKpaiHChKOTO Ta €BPOIEUCHKOTO 3aKOHO/IABCTBA, 30KpeMa, 1 MO0 MiHEpaJIbHUX BOJ
(MB). Anani3z nopmaruBHoi 0a3u Ha MB eBporneiicskoi (Jupexkruna 2003/40/€C [1]) Ta HamioHAIBHOL
(ACTYVY 878-93 [2]) npakTuKU MOKa3aB HasBHICTh PO301KHOCTEMN, 0COOIMBO B MEPENIKY MOKa3HUKIB
6e3neynocti. 3okpema, B JICTY 878-93 [2] BiacyTHiii Oapiii. B Ykpaini Oapiii HOpMy€eTbCS JHIIE
B nuTHUX Bogax [3]. Hus MB 0apili € «CUrHaJIbHUM» MOKA3HUKOM O€3MEYHOCTI MI0A0 iX
nudepenuianii Ta iaeHTUdIKaLii B SKOCTI XapuOBUX MPOIYKTIB [4].

OcHOBHE JKEpesio HaAXO/PKEHHS 0apito B MiJ3€MHI BOAM — MOPOJH, IO >KUBIATH BOJAOHOCHI
TOPU30HTH, B SIKMX MICTUTbCS Oaput (cynbdar Oapiro) Ta Bitepur (kapOonar Oapiro). llle oxne
JDKEpeso — MPOMHUCIIOB] BUKUIU. JI[BOBaJIEHTHI CHOJIYKH Oapii0 B HAJJUIIKOBINH KOHIIEHTpalli €
TOKCMYHUMU. HopMaTHBHI 3HaYeHHS KOHIIEHTpaIlii 0apit0 B MUTHIN BOJI 3T1THO 3 PEKOMEHAIISIMHI
BO3 32017 p. — 1,3 mg/1 [5]. 3riguo 3 Bumoramu JupextuBu 2003/40/EC [1] rapaudHO 10myCcTHMA
KOHIIEHTpalisg 0apiio B MPUPOJHUX MiHepadbHUX Bojxax — 1,0 mg/l.

Jlns toro, mo0 NMpoBOAWTH BUMIpPIOBaHHS KOHLEHTpauii Oapito B MB, cnin Bu3HauuTHCS 3
Meroaukor. OKpiM mapaMeTpiB TOYHOCTI, YYTIMBOCTI (MeX1 BHUSBICHHS) Ta JOCTOBIPHOCTI, SIKi
00yMoBiieHO BUMoramu [1], HamMu po3srasmanacs MOXIUBICTH peaiizaiii METOIUKHA 3BUYAWHOIO
YKPaTHCHKOIO J1a00paTopi€ero 3 JOCTiKEHHs 0e3meuHocTi Ta sskocti MB.

Icnye nekinibka METOAIB BU3SHAYEHHS KOHIIEHTpalii 0apito. DOTOMETPUUYHUM METOJI € HETOCTATHHO
CEJICKTUBHMM 4Ye€pe3 HEBHUCOKY KOHIIEHTpaIlito 0apito B MiJ3€MHUX BOJax; HEOOXiJaHE HOro
KOHIIEHTPYBAHHS Ta 3aCTOCYBaHHs OPTaHIYHUX PO3UYMHHUKIB [6]. Binbmn 4yTnuBuUil Ta CENIEKTUBHUN
aTOMHO-eMIC1iiHuIl MeToA [7], aje BiH MaJIONOCTYIHUH JIsl HIMPOKOTO J1ab0paTopHOro BUKOPUCTAHHS
B YKpaiHi uepe3 BUCOKY BapTicTh. EnekrpoTepmiunuil aToMHO-abcopOuiitHuil Meton [8] 1ocTaTHRO
YyTJIMBUH, ajle BU3HAUCHHIO 0apiio 3aBaXka€ psJ METaJIB, K1 MICTAThCS y BoAl. [loaym’siHuit BapiaHT
aToMHO1 abcopO11ii moTpedye MonepeaHHOT0 KOHIEHTPYBAHHS Ta BIIAUICHHS Oapis BiJ KaJbIifo.
Hamu oOpano moamdikoBaHy METOIUKY aBTOPIB [6] aTOMHO-aOCOPOIIHOTO CIIEKTPOMETPUUHOTO
BU3HAUEHHS Oapil0 B NUTHUX Ta MPUPOAHUX BOAAX, KA BKJIOYAE€ HOro KOHUEHTPYBAHHS CIIIB
OCaJKEHHSM 3 XpOMaTOM CBHUHIIIO, PO3YMHEHHSIM OCaay Ta BUMIPIOBaHHSAM aTOMHOI abcopOuii B
MoJTyM’1 alleTUICH-IUHITPOKCU . BUMiproBaHHS MPOBOIUIIHN 32 JIONMIOMOTOI0 aTOMHO-a0COpOIIHHOTO
cunekrpoporomerpy tuny CATYPH-4.

JUist 1OBEIEHHS TOrO, 1110 METPOJIOT1UHI XapaKTePUCTUKN METOAUKH J103BOJISIOTH BUKOPUCTOBYBAaTH
il Ist MTOCSTHEHHST KOHKPETHOI METH, MPOBOAMIM BaJiIamiiHl AOCHIKEHHSI. TakoxX mepeBipsuin
B1JIIOBIJIHICTh METPOJIOTTYHUX XapAKTEPUCTUK METOAUKH aTOMHO-a0COPOIIIITHOrO CIIEKTPOMETPUUHOTO
BH3HaueHHs Oapiro B MB Bumoram [1]. 3rigHo [1] MakcuManbHO AOMYCTHUMI: MeXa BU3HAUYCHHS
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(LOD) ans BuMiproBaHHs KoHIeHTpauii 6apito 0,25mg/l (25 % Bix mapaMeTpU4YHOr0 3HAYEHHS
1,0 mg/1), Tounicte (301kHICTB) — 25 %, nocTOBIpHICTE — 25 %. Pe3ynbraTtu npoBeIeHHs BaslialliiHIX
JIO0CJIIJIKeHb BU3HaUE€HHA Oapito B MB 3a gomomororo MeToiuku aTOMHO-a0CcOpOLIHHOT CIEKTpOMETpil
npejacrasieHo B Tabm. 1.
Tabnuys 1
Memponocziuni xapakmepucmuku (aHalimuyHi napamempu), OMpPUMani é pe3yiomami
eanioayii mMemoouKu amomMHo-adcopoOUiliHO20 CHEKMPOMEMPUUHO20 6U3HaA4YeHHA Oapito ¢ MB

IMapameTp (MeTpoJsiOriuHa Inauenns 15 6apito Bumoru /Ilupekrusu
XapaKkTepuCcTHKA aHAJI3Y) 2003/40/EC [1]
Tounicts (30ikHICTB), Mg/l 0,0042 <0,25 mg/1
JlocToBipHOCTB, % 2,1 (npu koHuenrpaiii Ba 0,2 mg/l) <25%
[ToBTOpIOBAHICTH, %0 5,7 (mpu xonnenTpanii Ba 0,0854 mg/l) <25%
[TpaBuibHICTB, %0 2,0 (npu korneHTparii Ba 0,2 mg/1) -
Jlini#HicTh r>0,99 —
Mexxa BuszHaueHHs LOD, mg/l 0,0033 <0,25 mg/l
Mexa kinpKicHOTO BU3HaueHHs LOQ, mg/] 0,0165 -
PoGouwnii mianasox, mg/l 0,0165—1,0000 -
BigHocHa po3mmpeHa HeBU3HAUEHICTh 18 _
(k=2;P=95%), %

Ak BugHO 3 Tabm. 1, B X011 BadigaliiiHUX NOCHIIKEHb BU3HAaYeHHs Oapito B MB 3a momomoroto
METOJUKHU aTOMHO-a0CcOpOLiifHOT CIEeKTPOMETpii, METPOJOriYHI XapaKTepUCTUKU aHaji3y Oynu
OTpUMaHI HIKYE 3HAa4YeHb, 5Kl BUMarae [1]. Tak, mexxa BuzHaueHHs Oapiro ckiana 0,0033 mg/l, mo
3HayHO Hmwk4ye BUMOT [1] — 0,25 mg/l. Tounicte MmeToauku ckiana 0,0042 mg/l, mo Takoxx 3HAYHO
Hukde Bumor [1] — 0,25 mg/l. TloBroproBanicTh MeTOAUKH — 5,7 % — HUXK4YE NPUUHATHOTO PIBHS,
BcTaHoBieHOro [1], — 25 %. TakuM 4rMHOM METPOJIOT1YHI XapaKTePUCTUKHU, OTPUMaH1 B pe3ysbTari
BaJifalii METOJMKH aTOMHO-a0COpOLIHHOro CIEKTPOMETPUYHOrO BU3HAueHHsA Oapito B MB,
NPUNHATHI, TIATBEPAXKYIOTh 31aTHICTh J1abopaTopii BUKOHYBATH 111 BUIIPOOYBaHHS Ta BIJAMOBIIalOTh
€BPOIIEHCHKUM BHUMOTAM.

OTpumaHi B X0/11 BAKOHAHHS 10 CII1/KEHHSI METPOJIOT1YHI XapaKTEepUCTUKN METOAUKN BU3HAUYECHHS
6apito B MB naroTh mifcTaBu i 3alpoBaJ)KeHHS €BpomNeiHchbKUX BUMOr 10 MB mpu po3poOui
HalllOHAJIbHUX HOPMAaTUBHHUX JOKYMEHTIB, FTAPMOHI30BaHUX 3 €BPONEHCHKUMHU BUMOTaMHU.

1. Commission Directive 2003/40/EC of 16 May 2003 establishing the list, concentration limits and
labeling requirements for the constituents of natural mineral waters and the conditions for using ozone-
enriched air for the treatment of natural mineral waters and spring waters. Off J Eur Union L 126/34-39,
22.05.2003.

2. Boou wminepanvui nummni. Texwniunmi ymoseu: HCTY 878-93 [Huwnui eio 1995-01-01] — K.:
Ilepoiccnoorcuscmandapm Vrpainu, 1994. — 88 c. — (Heporcasnuii cmandapm Yxpainu).

3. Ilpo 3ameepoacenns [epoicasnux canimapuux Hopm ma npaguin «licieniuni eumocu 00 600u NUMHOI,
npusHavenoi 0asn cnodicusants aroounorwy ({CanlliH 2.2.4-171-10): naxaz Minicmepcmea oxoporu 300pos’s
Yxpainu 6io 12.05.2000 p. Ne 400. — [Enexmponnuii pecypc] / Pesicum docmyna: https://zakon.rada.gov.ua/
laws/show/z0452-10

4. Kucunescvka, A. FO. Bapitl sk « CueHaAIbHULY ROKAZHUK Oe3neuHocmi w000 ougepenyiayii MiHepanbHux
600 / Kucunescorka A. IO., Apabaoscu M. B., Onexcitiuyx O. B. // X Bceyxkpaincbka Haykoeo-npakxmuuna
KOHGhepeHYist MOT0OUX yueHux, acnipanmis i cmydeumie «Boda 6 xapuosili npomuciosocmiy: 36ipHux mes
oonogioeil X Bceykpaincokoi Haykoeo-npakxmuinol KoHpepenyii Morooux yuenux, acnipanmis i cmyoenmis.
21-22 6epezns 2019 p., Ooeca, OHAXT. — Ooeca: OHAXT, 2019. — 153 c. — C. 91.

5. Guidelines for drinking-water quality, 4th edition, incorporating the 1st addendum, Geneva, WHO,
631 (217).
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6. Hemuenko, B. 5. Amomno-abcopbyuonnoe onpedenenue bapus 6 npupoonvix eooax / B. A. Jlemuenxo //
Xumusa u mexnonozaus éoovl. — 2011. — T. 33, Ne 3. — C. 320—324.

7. 1SO 11885:2007, Water quality — Determination of selected elements by inductively coupled plasma
optical emission spectrometry (ICP-OES).

8. ISO 15586:2003, Water quality — Determination of trace elements using atomic absorption spectrometry
with graphite furnace.
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OLTHIOBAHHSA HEITEBHOCTI Y BUMIPIOBAHHI EJIEKTPOAKYCTHYHOI
MNPOBIJHOCTI HA ETAJIOHI MOTYKHOCTI YJIBTPA3ZBYKY

© lean Kisniscokuii !, Onexcandp Llnax?®, leanna bybena’, 2019

![lep>xaBHe mianpueMcTBO “HayKoBO-moCHigHMNA iHCTUTYT METPOJIOTii BUMIPIOBAIBHUX 1 YIPABISIOUUX CUCTEM
(AIT HAI “Cucrema”) (JIbBiB, YkpaiHa), 3acTynHUK HadajdbHuKa Bigminy (H/B-12), ndv-12@ukr.net
21T HAT “Cucrema” (JIbBiB, Vkpaina), Hauansuuk Bigainy (HIB-12), lesykshpak@gmail.com
SIIT HAI “Cuctema” (JIsBiB, Ykpaina), yuaeHnuit cekperap, popovych.i@ukr.net

[IBuaKi TeMnu BIPOBAIKEHHS HOBHX METO/IB BUMIPIOBaHHS 13 3aCTOCYBAaHHSM YJIBTPa3BYKY
noTpeOyoTh JOCTAaTHHOT TOYHOCTI Ta JOCTOBIPHOCTI pPE3yJbTaTiB BUMIPIOBAHHS IapaMeTpiB
YIBTPa3BYKY, 5IKi O TPOCTEKYBAIUCH 10 €TajoHiB oguHuLb SI. [yt 3a0e3meueHHs mpoCTeKyBaHOCTI
pe3ynbTaTiB BUMIPIOBAHHS YJIbTPa3ByKOBOI MOTykHOCTI, Ha cborogui B Il HJI ,,Cucrema”,
po3poOieHuit Ta QyHKIIOHY€e HAI[lOHATBHUN €TaJOH OJUHHULI MOTYXHOCTI YIbTPa3BYKY y BOAHOMY
cepenoBuuli. Etanon 3abe3neuye BiATBOPIOBAHHS Ta NEPeJaBaHHs OJMHHUIIL TOTYKHOCTI YJIBTPa3ByKy
y nmiana3zoHi po6ounx gactotr Big 0,5 MI'm no 15 MI'm Tta miamasoni motyxHocTei Big 5 MmBt 10
10 Br, sixy 3a0e3neuyioTh yabTpa3ByKOBI BUIIpOMiHIOBaul (faii - Y3B).

XapakTepucTuku Y3B 3anexarb BiJ: TOBIIMHH, AlaMETpPY, €IEeKTPOPI3UYHUX XapaKTEPUCTUK
MaTepiajly akTUBHOT'O 11’ €30€JIEKTPUYHOTO €JIEMEHTA, PE30HAHCHOI YaCTOTH, a TAKOX Bl KOHCTPYKIIIT
BUINIPOMiHIOBaya. Ha 4acToTi MeXaHIYHOrO pe30HAHCY, SKIIO 3HEXTYBATH OMIOPOM MEXaHIYHHUX BTpaT,
ICHY€ CIpOIICHUN BapilaHT BU3HAUCHHS aKyCTHYHOI MOTYKHOCTI BUMpoMiHioBadiB [1]. OcHOBHUM
nmapaMmeTpoM Y3B € enexrpoakycTudyHa mpoBigHICTH (G, siKa 3aJlCKUTh BiJ €JIEKTPOQPIZHIHUX
BJIACTUBOCTEH Marepially eJIeMeHTa, HOro po3MipiB Ta aKyCTUYHOI )KOPCTKOCTI CEPEIOBUILA, Y SIKE
BUIIPOMIHIOIOTh YABTPa3ByK [2, 3].

OOuncieHHsT pO3UIMPEHOT HENMEBHOCTI BUMIPIOBAHHS €JIEKTPOAKYCTHYHOI MPOBIJHOCTI MiJ 4ac
KaJiOpyBaHHS YJIbTPa3BYKOBUX IEPETBOPIOBAYIB MIPOBOATH 32 HACTYIIHUM QJITOPUTMOM: OMHUCYIOTh
MaTeMaTU4YHY MOJEJb IMPOLECY BUIPOMIHIOBAHHS; BHU3HAYaIOTh MOTYXKHICTH YJIBTPa3ByKOBOIO
BUIIPOMIHIOBaHHS; PO3PAXOBYIOTh €IEKTPOAKyCTHYHY MPOBiIHICTH 3a hopmynoro G =P, / V> (ne
P, ., — BHXIOHa yIbTPa3ByKOBa IOTYXHICTb;, V, — Nil04€ 3HA4Y€HHS HaOpyru Ha Bxoxal Y3B);
00YHCITIOIOTh CyMapHy CTaHJAPTHY HEMEBHICTh 3 BpaXyBaHHSM BUMOT [4] Ta 00YUCITIOIOTH PO3MIUPEHY
HEIEBHICTh BUMIPIOBAHHS .

3a pesynbraramu qociimkensb, npopeaeHux y JAIT HAI ,,Cuctema” BUSHAYCHO €JIEKTPOAKYCTHUHY
MPOBIAHICTD ISl KOMIUJIEKTY Y3B, 3 HemeBHICTIO, sika HE MEPEeBHINY€: CTAaHAAPTHY HENEBHICTb
BUMIpIOBaHHA 3a TMnoM A (u,) 0,7 %, crangapTHy HENEBHICTh BUMIPIOBaHHS 3a TUIIOM B (uy)
5,3 %, cymapHy cTanmapTHy HeneBHICTb (u.) 5,4 % Ta posmmpeny nenesnicte U 10,7 % (3a
koe(ilieHTa OXOIUIeHHs k = 2 Ta fgoBipuoi WMosipHOcTi P = 0,95), y nianazoni yactot Big 0,5 MI'ng
no 15 MTI'n Ta piana3zon nortyxHocTel Bix 5 MBT 10 10 BT.

3HaueHHs1 HEMEBHOCTI BUMIPIOBAHHS €JIEKTPOAKyCTHYHOI IpoBiAHOCTI Y3B, nae MoxiuBicTbh
OLIIHUTU BUMIPIOBaJIbHI Ta KalxiOpyBajbHI MOXJIMBOCTI ¥Y3B mij yac BIATBOpPEHHS Ta MepeiaBaHHS
OJIMHULI MOTY>KHOCTI YJIBTPa3BYKY.

1. Konecnuxos A.E. Yaivmpaszeyxosvie usmepenus / A.E. Konecnuxos. — M: U30-60 cmanoapmos, 1970. —
238 c.

2. Beissner K. Report on key comparison CCAUV.U-KI1 (ultrasonic power) // Metrologia. — 2002. —
vol.39 — 73 p.

3. Koch Ch. K.-V. Jenderka. Final report on key comparison CCAUV.U-K3 for ultrasonic power //
2014 Metrologia 51 09001 — 73 p.

4. JICTY EN 61161:2018 (EN 61161:2013, IDT; IEC 61161:2013, IDT) Yavmpa3zsyx. Bumipiosanns
nomyscrnocmi. Cucmemu 8pigHOBANCYBAHHS PAdiayiunOl cuiu i umMoau 00 QYHKYIUHUX XAPAKMEPUCTUK.

120



Cekuisn 2. BumiptoBaHHS Ta icTopis BUMipIOBaHb

YK 681.516.33

JOCJIIKEHHSA BIIJIUBY TOOATKOBOI'O IH®OOPMATUBHOI'O CUT'HAJIY
IO CITO’)KUBAHHIO IIOBITPSA B CUCTEMI KEPYBAHHS
MVYJABTUKOMIPECOPHOIO YCTAHOBKOIO

© Poman Kokowko!, boeoan Kpinw’, Onexcanop Kpinw?, 2019

'HanionaneHuit yHiBepcuteT “JIpBiBchbKa momiTexHika” (JIpBiB, YkpaiHa), acmipaHT kKadeapu aBToMaTrHu3amii
Ta KOMII'I0TEpPHO-IHTETPOBaHUX TEXHOJIOTiH , acminaHTt, r.kokoshkol51@gmail.com
’HanionansHuii yHiBepcuteT “JIbBiBChKa momniTexHika” (JIbBiB, YKpaiHa),MOleHT Kadeapu aBTOMaTH3aIli1
Ta KOMII I0T€PHO-IHTETPOBAaHUX TEXHOJIOTiH, K.T.H., TOICHT.

SHamionansuuii yHiBepcureT “JIpBiBchbKa mojtiTexHika” (JIbBiB, YKpaiHa), CT.BHUKIaAa4 Kaeapyu aBTOMaTH3aIil
Ta KOMII I0TePHO-IHTEIPOBAaHUX TEXHOJIOTIH, CT.BUKJIAad.

CtucHeHe MOBITPSI € BAXKJIUBUM E€HEPrOHOCIEM B CyYaCHUX HPOMHCIOBHUX BUPOOHHMITBaX. 3
pPOCTOM BUPOOHMYHUX MOTYKHOCTEH MHIANPUEMCTBA 3pOCTAIOTh 1 MOTPeOH y OLIbIIIN KIIBKOCTI
CTUCHEHOTO MOBITPS, 1 1€ MPU3BOAUTH 0 30UIbIIEHHS KUIBKOCTI KOMIpecopHux arperatis. [lpu
3aCTOCYBaHHI JIBOX 1 O1/bIlle KOMIIPECOPHUX arperariB CUCTEMY HAa3UBAIOTh MYJIBTHUKOMIIPECOPHOIO
ycTaHoBKoO [1].

Konu B BUpOOHUIITBI CTUCHEHE MOBITPSI BUKOPUCTOBYIOThH /Il BUCIKaHHS BUPOOIB 3 METasIeBOi
Yy I[JJACTMAacoBOI CTPIYKM Ha OararbOX MNPECOBHX arperarax, OXOJIOJ)KEHHI BUPOOIB, NpH
BUBAHTa)KEHHI NPOAYKTY YU MpHU HiAnopi 0ydepHOi eMHOCTI 3 BEIUMKUM 00’ €MOM, Pi3KO 3pOCTaE
a00 3MEHUIY€e€ThCSI MUTTEBA BUTPATa CTUCHEHOTO MOBITPs. Taki nponecu Ha BEJIMKOMY BUPOOHUIITBI
MOXYTh HakJiaJaTucs B 4aci abo MPOXOAUTH OKPEMO, ajie MYJIBTHUKOMIIPECOPHA YCTaHOBKA Mae
LIBUJIKO pearyBaTl Ha 3MiHY TUCKY Ta BUTPAaTU B CUCTEMI 1 yTPUMaTH 3HAUYE€HHS TUCKY CTHCHEHOTO
MOBITPS B 3aJlaHUX MexkaX. ToMy Taki CUCTEMH BIJHOCSThH O CUCTEM 31 3MIHHUM HaBaHTAKECHHSIM,
Jie BUTpaTa CTUCHEHOI'O MOBITPA 3a JIIUEHI JAECATKH CEKyHJ| 3pOcTae abo 3MEHIIY€EThCS B JAEKLIbKa
pasiB.

CTpyKTypHa cXxeMa CUCTEMH KEpyBaHHS MYJIbTUKOMIIPECOPHOIO YCTAHOBKOIO ISl OJE€pIKaHHS
CTHUCHEHOTO MOBITPS, sIKa TOKa3aHa Ha puc. 1, po3polieHa 3 3aCTOCyBaHHSAM BUIbLHOIIPOTPaMOBaHOTO
JIOTIYHOTO KOHTpOJIEpa, SIKUM BUKOHYE (PYHKI[IFO OCHOBHOTO, a JIOKAJIbHI KOHTPOJEPU CHUCTEM
KEepyBaHHS OKpPEMMX KOMIIPECOPHHMX arperariB CKOHQIrypoBaHi 3 MakCUMaJbHUM aJlallTyBaHHSAM B
SIKOCTI TMJIETJINX 10 OCHOBHOTO KOHTpOJIEpa.

Bypass GD
valve

©

To

@
> . Production
f b pLc K O : e Coescne P e
> g dryer filter
o] p=
ﬁj:@ Backup air
dryer

Puc. 1. Cmpykmypua cxema cucmemu Kepy8aHHs MyTbMUKOMNPECOPHOIO YCMAHOBKOI0 0.5
00€pPHCAHHS CIMUCHEHO20 NOBIMPSL I3 3ACMOCYBAHHAM OCHOBHO20 KOHMpOiepa ma 000amKo8020
iHghopmamueno2o cueHary no eumpami cnoxicudanoz2o nogimps: FT — eumpamomip 3minHo20
nepenady mucky, PT — 0dasau mucky; PLC — ginbHonpoecpamosanuti 0CHO8HUL KOHMpOoep,
f(x) — @pynxyia nepemeopenns cucnary no eumpami.
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JIBa KOMITpEeCOPHi arperary NpamloTh B PEKUMI 3 MOCTIHHOIO MIBUIKICTIO 00€pTaHHS MPUBOIIB,
a ABUTYH TPETHOTO KOMIIPECOPHOTO arperary >KMBUTHCS B1Jl 4aCTOTHOI'O IepeTBoproBava. B cucremi
3a/isH1 J1Ba 1H(OpMaLiliHI CUTHAJIM: MEPIINil - 3HaY€HHS THUCKY B TPyOONpPOBOAL MICIs pecuBepa,
JIpYruil — 3HaU€HHsI BUTpAaTH B TPyOOINPOBOI IICIs pecUuBepa.

Po3pobnena cucrema peanizoBana Ha I[IpAT “KapncGepr Ykpaina” “JIpBiBcbKa muBOBapHs™ 1
NOCHKyBajgach 3 JBOMa aJlroputMamMu po6oTu. B mepmioMy anropuTmi He 3aCTOCOBYBaBCS
iHQOopMaIIHHUN CUTHAJI HPO BUTPATY CIIOKUBAHOTO MOBITpA. B HacTynmHOMYy BIOCKOHAJIEHOMY
anropuTMi poOOTH CUCTEMHU KEpyBaHHS MYJIbTHKOMIIPECOPHOIO YCTAaHOBKOIO OYyB 3aJlIIHUI CUTHAI
PO BUTpATy CIOXHUBAHOTO NOBITPs. [Ipukian icTOpUYHOro TpeHy poOOTH MYJIbTHKOMIIPECOPHOT
YCTaHOBKH 32 BJIOCKOHAJIEHHM aJITOPUTMOM ITOKa3aHUM Ha puc. 2.
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Puc. 2. Icmopuunuii mpeno pobomu My1bmuKOMnpecopHoi YCMAHO8KU OISl 00ePHCAHHS
CMUCHEH020 NOBIMPS NPU 3ACMOCYB8AHHI 8 CUCMEMI KePYBAHHS OCHOBHO20 BLIbHONPOZPAMOBAHO2O
JIO2IYHO20 KOHMPOLepa i 3 86e0eHHAM 000AMKOB020 IHGOPMAMUBHO2O CUSHALY NPO BUMPAMY
CnoJCUBan02o nosimps: 1 — 3a80aHHA YACMOMHOMY nepemeoprosayy 3 euxody PID-koumponepa,
% ( npodykmusnicms 0anoeo komnpecopa 1175 nm3/200); 2 — eumpama nogimps, npugeoena 0o
HOPMAILHUX YMO8, HM>/200 (8UMIPIOEMbCL MEMOOOM 3MIHHO20 nepenady Mmuckig), 3 — muck nicis
pecusepa, bap, 4 — 3a80anHs MUCKy nicisa pecusepa, oap; 5 — diacpama pobomu Komnpecopa 3
@DiKCOBAHUM HABAHMANCEHHAM (A — PENCUM PO3BAHMANCEHHS, b — pedcum 3a6aHMANCEHHS).

Ileit Tpena MiATBEpAXKY€E Te€, IO NPU BBEAEHHI J0JATKOBOro 1H(OPMATUBHOTO CUTHAILy PO
BUTPATy CIIO’KMBAHOI'O MOBITPS, 3arajJlbHOMy KE€pyBaHH1 MYJIBTHKOMIIPECOPHOIO YCTaHOBKOIO BiJ
OKpPEMOTO OCHOBHOI'O KOHTpoOJiepa 3a0e3neuy€eThCsl TOUHIIIE TiATPUMaHHS TUCKY NOBITPS HAa BUXO/I
3 YCTAHOBKH IpU 3MIHHOMY cNOXHUBaHHI. [Ipu moganpmux AOCHIIIKEHHIX MOKHA BIOCKOHAIUTH
pPeXUMHU KEepyBaHHSI BBIMKHEHHSIM Ta BUMKHEHHSM KOMIIPECOPHHUX arperaris, siKi IPalolTh BiJ
MIPUBOJIIB 3 TOCTIMHOIO MIBUJIKICTIO 00EPTaHHS, PEKUMHU TIEPEBOY KOMIIPECOPIB 3 PO3BAHTAKEHOTO
CTaHy B 3aBaHTAXXCHHMU.

Hamni pocnikeHHs mokasanid, 10 J0JATKOBUNW BUIEPEIKYIOUHMM CUTHAJ MPO 3MIHY BUTpaTH
HaWJIOIUIBHILIE OTPUMATH MPU BUMIPIOBaHHI CIIOKUBAaHHS CTHUCHEHOTO MOBITPS METOJOM 3MIHHOTO
nepenajgy THCKY.
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OCHOBHOI0 MEPEBAror0 Moro € BUCOKa MIBUAKOIA, SIKY L€ MOXKHA MiJBUILUTH MPU 3aCTOCYBaHHI
aupMaHOMETpa 3 aHAJOrOBOIO CXEMOIO mepeTBOpeHHS. i O1IbIIOCT] 1HTEIEKTYaJIbHUX
nudMaHOMETPIB 3HAYEHHS CTAJNIO1 Yacy Ha piBHI 1 ¢. Butparomip 3MiHHOTO mepernamay po3paxoBy€eThCs
Ha MIHIMaJIbHO MOXJIMBHUH Iepenaj TUCKY Ul MiHIMI3allil BTpaT TUCKY Ha 3BY)KYIOUOMY MPUCTPOI,
MPUYOMY TYT MOXHA BIJIIMTH BiJl 0OMEXEHb, SIK1 IUKTYIOTHCS IPABUJIAMU PO3PAXyHKY CTaHIAPTHUX
3BY)KYIOUHMX MPUCTPOIB, OCKUIBKK OOJIK KUIBKOCTI CIIOKUTOTO MOBITPS — TEXHOJOTTYHUM, a OLIBII
BAXKJIMBE MPU3HAUYEHHS LbOIO BUTpaTOMipa — (OpMyBaHHS BUIIEPEIKYIOUOTO CUTHAIY PO BUTPATy
JUISL CUCTEMU KE€PYBaHHS MYJIbTUKOMIIPECOPHOIO YCTAHOBKOIO.

Pe3ynpraTu po6OTH BIpPOBAKEHI IMPU CTBOPEHHI CUCTEMHU KE€PYBaHHS MYJIBTHKOMIIPECOPHOIO
YCTAHOBKOIO ISl onepkaHHs cTucHeHoro nosiTps Ha [IpAT “Kapncbepr VYkpaina” “JIbBiBCbka
MUBOBAPHS™ 1 MIATBEPXKEH1 MPOTIATOM JBOPIYHOI €KCIUTyaTalii.

1. Neil Mehltretter(2012), “Proper Application of Variable Speed Compressors”. World Energy
Engineering Congress,2012 ,999-1015 p.
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VIIK 534.6

VIOCKOHAJIEHHA JEPXKABHOI'O IIEPBUHHOI'O ETAJIOHA YKPATHM
JAETY 10-01-11 IJ1s1 KAJIIBPYBAHHA MIKPO®OHIB Y BIVIbHOMY I10JII

© Onekcanop Kocmepos', Bacunw Ilapaxyoa®, Onexcanop IlInax’, 2019

![lep>xaBHe mianpueMcTBO «HaykoBo-mocmiaHui IHCTUTYT METPOJIOTii BUMIPIOBAIbHUX 1 YIPABISIOUMNX CHCTEM)
(AIT HAI «Cucrtemay) (JIpBiB, Ykpaina), c.H.c. (HAB-12), kosterov@dndi-systema.lviv.ua
21T HAI «Cucrema», Hamionaneuuii yHiBepcuTeT «JIbBiBehbka momitexHika» (JIbBiB, YkpaiHa), MOIEHT
Kadeapu iHGpOpMaIiHHO-BUMIpIOBAIILHUX TEXHOJOTIH, K.T.H., JOLEHT, vasylparakuda@gmail.com
SIIT HAI «Cucrema» (JIbBiB, Ykpaina), HauanbHuk Bimainy (HIB-12), lesykshpak@gmail.com

[IpoBigHi akycTUUHI Jab0opaTopii CBITY AOCSIIIM HEMEBHOCTI BUMIPIOBaHHS P1BHS YyTJIHUBOCTI HiJ
yac KaniOpyBaHHsS MiKpo(oHiB y BUIbHOMY mojii B mexax Big 0,06 1b 1o 0,2 nb [1]. Ichytoue
oOnmagHaHHS Al BIANOBIAHOTO KaniOpyBaHHS MiKpo(doHiB B ckiali JlepKaBHOTO MEPBUHHOTO
eTajoHa YKpaiHU OJUHULI 3BYKOBOTO THCKY Y noBiTpsHomy cepenoBuuii JIETY 10-01-11 (etanonna
ycranoBka YE-3I1, siky Oyno 3mano B ekcruryartamito 2000 p.) A03BOJISLIO IOCSTTH PO3IMIMPEHOL
HEIMEeBHOCTI BUMIPIOBaHb (3a koediuieHta oxomieHHs k = 2) B mexax Big 0,2 nb no 0,45 nb.

Tomy akTyanpHOIO mocTaina 3agada ynockoraneHus eraisona JJETY 10-01-11 mo cBiToBOTO piBHS.
lomoBHUMU LUISIMU TIPOBEICHHST POOIT OyI0:

— MIABUUICHHS METPOJOTIYHUX XapaKTEPUCTUK €TajJOHa B YACTHHI KaniOpyBaHHS MIKpPO(OHIB y
BUIBHOMY TOJI1 JI0 PiBHS MPOBIIHUX CBITOBUX aKyCTUYHHUX J1aboparopiit;

— TOKpAILEHHs MPOCTEKYBAHOCTI aKyCTUUHHUX BUMIPIOBaHb B KpaiHi.

KaniOpyBanHs MiKpo¢OHIB y BUIBHOMY IMOJ1 MPOBOASATH BIAMOBIAHO J0 BUMOI MIXKHAPOAHOTO
craugapty EN 61094-3:2016 [2] nepBUHHUM METOAOM B3a€EMHOCTI 13 BUKOPHUCTAaHHSM TPbOX
MiKpo@oHiB. MiKpopoHH MMONapHO MO Yep31l aKyCTUYHO 3’ €IHYIOTh MK COO0I0 B YMOBax BUIbLHOTO
0JISI Ta BUMIPIOIOTh €JIEKTPUYHUHN MepelaBaIbHUM iMIeAaHc KOKHOT napu. [[o0yTok uyTiuBocTeit
MIKpO(OHIB KOXKHOI Iapy JOPIBHIOE BIIHOIIEHHIO iX €JIEKTPUYHOTO MepeaaBajibHOIO IMIIEIAHCY J10
aKyCTUYHOTO 1IMIEIAaHCYy, IKUH 1CHYBaB IiJl YaC BUMIPIOBaHb.

l'onoBHUME nTpoOIEMaMu NPU TAKUX BUMIPIOBAHHSX €: CTBOPEHHS YMOB BUIBHOT'O OJIsl, HU3BKHI
pIBE€Hb CHUTHaIy NpUMaIbHOro MikpodoHa, TOOTO, HU3bKE CIIBBIJHOLIEHHS CUTHAJ-IIyM, Ta
HasIBHICTh PI3HOMAHITHUX 3aBaJ (IE€pexpecHi 3aBajy MK BUMIPIOBAJIbHUMU KaHajlaMH, BJIACHI
IIyMH KaHaJiB, aKyCTUYHI BIIOUTTS B KaMepi, 30BHIMIHIN aKyCTUUHUN 1IyM, TOl10). JIJist BUpIIIEHHS
uux npobieM OyJao CTBOPEHO MOJEpPHI30BaHY CHCTEMY KaJliOpyBaHHS, fKa CKJIAJaeTbcs 13
BUMIPIOBAJILHOI CUCTEMH Ta BIANOBIAHOTO MPUKIAJAHOTO MPOTPAMHOI0 3a0e3MeUeHHS.

BuwmiproBanbHa cucreMa Nnpu3HayeHa JJi BU3HAYEHHSI €JIEKTPUYHOI0 NEPe1aBaIbHOTO IMIIEJAHCY
nap Mikpo¢oOHiB, Kl KaJliOpylOTb, BUMIPIOBAaHHS YMOB JOBKIJUIS, 11O ICHYIOTh B aKyCTHUYHIH
3armymeHid kamepi (KA3) mig yac BUMiproBaHb, a TaKOX AJIs 30€peKEHHSI OTPUMAHUX PE3yJIbTaTiB.
BuwmiproBanbHa cuctemMa CKIaJa€eThCs 3:

— KAS3, sixa sBinsie co0010 3aKpUTHI IPOCTIP, BHYTPIILIHI CTIHKU KOTO IIOKPUTO 3BYKOTIOITMHAJILHUM
MaTepiajioM Tak, 1100 3BECTH /10 MIHIMYMY MOKJMBI BIIOMTTS CUTHady, Ta JOCSIITH TOTO, L0 B
poOouiil 30H1 KaMepu piBEHb aKyCTUYHOIO CUrHally Oyzae oOepHEHO IMPOMOPIIHHUNA 710 BiACTaHl 10
JoKEpena aKkyCTUYHOTro curHainy. Kpim Toro, Taka kamepa J03BOJISI€ YHHUKATH MOBITPSHUX MOTOKIB
Ta 3MEHIIUTH PIBEHb JOBKOJIHMIIHBOIO aKyCTUYHOTO IIyMy, 110 Mae Oe3lmocepeiHiil BIUIMB Ha
TOYHICTh BUMIipIOBaHb. POo3Mipu BHYTpPIIIHBOI po0O0OYOi 30HM KaMepHu CTaHOBIATH: 1690 mMm x
780 mm x 1210 mm. KA3 o6iasHaHa aBTOMaTu30BaHOK CUCTEMOIO MO3UIIIOHYBAaHHS MIKPOQOHIB y
BEPTUKAJIBbHIN TIIOIINHI;

— MpUNAMAaIbHOIO Ta MepeAaBaIbHOIO MIKPO(OHIB 13 B1IOBIIHUMU NOTIEPEIHIMU M1CUIIOBAYaMU;

— BumiptoBansHoro Moayis Tuny PULSE 3560C (1o ckiiamy sKOro BXOJIUTh MOIYJIb T€HEpaTopa
Ta JBa BUMIPIOBaJIbHI MOJYJI) Ta JHOMOMDKHOTO OOJaHAHHS;
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— cucTtemMu BuMiproBaHHs napamerpis noBkiuist CB-TTB, cencopu sikoi 3Haxonarscs B KA3;

— IEePCOHAJIBHOTO KOMII'IOTEpa, SIKUM J103BOJISIE IPOBOJUTH BUMIPIOBAHHS B aBTOMAaTUYHOMY
pexKUMI.

OuiHIOBaHHS HEMEBHOCTI BUMIPIOBaHb i1 Yac KajaiOpyBaHHS MiKpO(OHIB y BUJIBHOMY ITOJII Ha
Brnockonaienomy etanoni JETY 10-01-11 mpoBogunoces BiamoBigHo mo Bumor [2] Ta [3] 3a
CIIEI[1aJIbHO CTBOPEHOI METOAMKOI. AHaji3 OTPUMAHOI CyMapHOI CTaHAapTHOI HENEBHOCTI
pe3yabpTaTiB BUMIPIOBAHb MMOKa3aB, 110 CKJIaJ0BUMHU, SIKi MalOTh HaOUIBIINI BILJIMB, €; CTAHIapTHA
HETEBHICTh BUMIPIOBaHb 32 TUIIOM A, HENEBHOCT! BU3HAUEHHS IOJOKEHHS aKyCTHYHHX I[EHTPIB
MIKpO(]OHIB, €TaJOHHOI €MHOCT1 Ta Temneparypu nositps B KA3.

3arajiiom, cymMapHa CTaHJapTHAa HENEBHICTh PE3yJbTaTiB BUMIPIOBaHb MpU KaliOpyBaHHI MIKpO-
¢oniB Tuny LS1 3naxonutbcs B mexax Bix 0,06 n1b no 0,11 ab, a mikpodonis tuny LS2 — Bix
0,061 nb no 0,076 nb.

3a pe3ynpTaramMu MPOBEAEHOI POOOTH yHOCKOHaNeHO JlepkaBHUI MEPBUHHUN €TaJIOH YKpaiHu
OJIMHUILIl 3BYKOBOrO THUCKY Yy moBiTpsiHoMmy cepenoBuiii JETY 10-01-11 nns xaniOpyBaHHA
MIKpPO(OHIB y BUIbHOMY IOJI1, IKUH Ma€ HACTYINHI XapaKTEPUCTUKHU:

onsa mikpogponie muny LS1:

— pobounii niana3zoH yactoT Big 1 k['m qo 20 I

— 3asBJIEeHa pPO3IIMpEeHa HEeNeBHICTh BuUMiptoBaHb, U He nepesuitye 0,23 nb (k = 2);

onsa mikpogponie muny LS2:

— pobounii niana3zoH yactoT Big 3 kl'n qo 40 xI'1;

— 3asBJIEeHa pO3IIMpEeHa HEeNeBHICTh BuMiptoBaHb, U He nepesuutye 0,17 n1b (k = 2).

[TopiBHSIHHSI METPOJIOTIYHUX XapaKTEPUCTUK YAOCKOHAJIEHOr0 €TaJOHA 13 XapaKTepUCTHKAMHU
HalllOHAJIbHUX €TaJIOHIB IHIIMX KpaiH, SK1 po3MilieHl Ha caiiTi MikHaponHoro 6ropo Mip Ta Bar
(BIPM) [1], mokasye, mo AepaBHUM NMEPBUHHUI €TaJOH 3BYKOBOTO THUCKY y HOBITPSIHOMY
cepenouili JJETY 10-01-11 BianoBiznae piBHIO €TajOHIB MPOBIAHUX aKyCTHYHHUX JlabopaTopiii

CBITY.

1. Salvador Barrera-Figueroa, Lars Nielsen, Knud Rasmussen / Final Report on the Key Comparison
CCAUV.A-K4/ Metrologia, 2010, 47, Tech. Suppl., 09003 / [Online]. Available: https://www.bipm.org/utils/
common/pdf/final_reports/AUV/A-K4/CCAUV.A-K4.pdf

2. EN 61094-3:2016 Electroacoustics. Measurement microphones — Part 3 — Primary method for free-
field calibration of laboratory standard microphones by the reciprocity technique

3. ISO/IEC Guide 98-3:2018 Uncertainty of measurement. Part 3. Guide to the expression of uncertainty
in measurement
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THERMISTOR BASED AD-HOC TERMOMETER
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'Lviv Polytechnic National University (Lviv, Ukraine), associate professor at department of measuring
information technologies orestvk@gmail.com
2Lublin University of Technology, (Lublin, Poland), associate professor at department of automation k.
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1. Introduction

Often appears a task for cheap temperature measurements within the range of -20°C — +100°C
[1] using a data acquisition device to store and process measurement data with a computer. The
thermistor is a reasonable choice as a temperature sensor. Its pros are [1]: (i) high sensitivity
(temperature coefficient of resistance is about 4%/°C); (i1) a wide range of nominal resistances from
10Q to IMQ at 20°C; (ii1) low price. The high resistance thermistor is usually used in the voltage
divider circuit [1]. In this case it is possible to get a big voltage drop across the thermistor even
with a small measuring current. This mitigates self-heating by the measuring current, e.g., the
sensitivity of a 10 kQ thermistor with the current of 0.1 mA is 40 mV/°C. The estimated error due
to self-heating is about 0.002°C [2]. Thus, thermistors have good sensitivity and negligible self-
heating.

2. Thermistor Based Ad-Hoc Measuring Channel

Thermistors have considerable scattering of their parameters. For example, at 20 °C their tolerance
with respect to resistance is up to = 20 % whereas the tolerance with respect to temperature
coefficient is up to 5 %. The maximum error versus measured temperature for this case is given
in fig. 1.
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Fig. 1. Error versus measured temperature in case of a nominal
conversion characteristic of a thermistor.

Such an error is not acceptable. Thus, individual calibration of the thermistor is needed. The
dependence of resistance versus absolute temperature is as follows [1]

B

R, =4-e 7 , (1)
where R, 1s the thermistor resistance at absolute temperature of 7, 4, B are thermistor constants.
From (1) it is clear an individual calibration requires the determination of resistance at least in two
temperatures. Then determine the thermistor constants A and B by solving the system of two
linearized equations. The error of calibration has definite effect on the error of the thermistor. This
error depends on errors of calibration temperatures. In general, one has no access to standard
equipment in ad-hoc measurements. Thus, accessible means and techniques for calibration are

126



Cekuisn 2. BumiptoBaHHS Ta icTopis BUMipIOBaHb

needed. It is possible to create the calibration point of about 0°C by freezing distilled water. To do
this ice cubes from fridge are grinded by a grinder, mixed with water, then immerse the thermistor
into the ice-water mixture and keep for at least an hour in a thermally insulated bath. The error of
such a temperature fixed point is no greater than 0.2°C. Another calibration point can be the axillary
temperature of a human body. The thermistor put in an axilla together with the medical thermometer
to measure the actual body temperature since it can vary [3]. The error of this temperature fixed
point is no greater than 0.2°C. The maximum thermistor error after individual calibration in
abovementioned calibration points versus temperature is in fig. 2. Let us estimate the errors of the
rest components of the measuring channel. As the next component of the measuring channel it is
reasonable to choose the USB 6009 [4]. The resistance of the thermistor at -20°C is R_,, =10k€2
and the measuring current is of /, =0.1mA..

4 ; e —
Qo8

S 06

e ——
- 04

egre

=]
)

Error, Celsius

[ N--N-)
Ao s»N O

Temperature, Celsius degrees

Fig. 2. Measurement error of the thermistor with individual calibration
versus measured temperature.

The maximum voltage across the thermistor is U_,, =1V . Within the range 0 — 1V, the least
significant bit is U, 5, ® 60uV and the sensitivity is s =40mV/°C. Therefore, the quantization
error of Lig;r =U, 5 / $~0.0015°C is negligibly small. The error of the USB 6009 does not
exceed 0.1%, i.e A=1mV [4] corresponds to the error of Ay =A /s =0.025°C, which can be
neglected. Error is due to the input impedance of the USB 6009

. i . . DAQ DAC

is of 144 kQ [4]. It can be mitigated computationally using the |N16009 Rp
Thevenin theorem. It is reasonable to control the measuring current ADC R
using a resistor R, and the output voltage U, ,. developed by the GND .
DAC embedded in USB 6009. The measuring circuit is given in . ) ..
fig. 3. Fig. 3. The measuring circuit

1. Measure the voltage across the thermistor at 0°C U, ,. Then replace the thermistor with a
resistance decade box and adjust its resistance Ry, to get the voltage equal to Ue - In this case
ROC  _ p0°C

TERM = TYRDB .

Conclusion

The technique of individual calibration in easily accessible and reproducible fixed points is
proposed. The measurement error is no greater than 1°C within the range of -20°C — 100°C.

1. Webster, J. (1999). Measurement, Instrumentation, and Sensors Handbook. CRC.

2. Bychkovkyy, R. (1978). Invasive temperature sensors. Moscow. (In Russian).

3. Sund-Levander, M., Forsberg, C., Wahren, L. K. (2002). Normal oral, rectal, tympanic and axillary
body temperature in adult men and women. a systematic literature review. Scandinavian journal of caring
sciences, 16(2), 122-128.

4. http.://www.ni.com/pdf/manuals/371303n.pdf
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YIK 537.311.322

HOBI NI AXO0AX Y MOJAEJIOBAHHI YYTJ/IUBUX EJIEMEHTIB
TEPMOIIEPETBOPIOBAYIB

© Bonooumup Kpatioscvkuii, Mapiss Poxomaniox, Borooumup Pomaxa, 2019

Hamionansauit yHiBepcuteT “JIbBiBchbKa momiTexHika” (Ykpaina), volodymyr.kraiovskyi@gmail.com

3 MOsIBOIO HOBUX 3aBJaHb Y TEPMOMETPIi, OB’ I3aHUX, 30KpEMa, 13 3a0€3MeUeHHIM TEMIIEPATyPHUX
BUMIPIOBaHb Ta MOHITOPUHTY TEIJIOBUX IPOLIECIB B OJIHO- Ta JIBOBUMIPHUX CTPYKTYpax, B yMOBax
KOCMOCY Ta peakTopax TEPMOSJIEPHOTO CHUHTE3Y, BUHHKAE HEOOXITHICTh 3alpPOBAIXKCHHS HOBHX
MPUHIIMIIIB Ta M1IXO/1B SIK JUIs aHAI3Y BXKe JOCIIHKEHUX Yy TIUBUX €JIEMEHTIB TEPMOIIEPETBOPIOBAYiB,
Tak 1 OOTPYHTYBaHHs 3alpPOBAKEHHS HOBUX TEPMOCJIEMEHTIB 3 KPAIlMMU METPOJOTIYHUMHU Ta
eKCITyaTallliHUMU XapaKTEPUCTUKAMH.

BukopuctanHs HOBITHIX MiAX0A1B (pi3UKHU KOHJICHCOBAHOTO CTaHy, CYYaCHUX METO/IB JI0CIIKEHHS
CTPYKTYpH PEUOBUHHU Ta ii €JEKTPOHHOIO CIEKTPa AaI0Th 3MOTY 3pO3yMITH, OIIMCATH Ta BUKOPUCTATH
¢13UuHI1 mpouecu JJs MOJAENIOBaHHS W OTPUMaHHS NPUHLIHUIOBO HOBUX YYTIHUBUX €JIEMEHTIB
TEpPMOINEPETBOPIOBAUIB HAa OCHOBI HOBITHIX TEPMOMETPUYHHMX MaTepiayiB 31 CTaOUIbHUMH Ta
BIITBOPIOBAaHUMHU XapaKTEPUCTUKAMH y IIMPOKOMY Jlana3oHl TEMIIEepaTyp.

VY 3anponoHoBaHiil poOOTI ONKMCAaHO HOBI MIJXOAM Yy MOJEIIOBaHHI Ta BUTOTOBJIEHHI TEPMIYHO
CTaOIIbHUX YYTJIMBHUX €JEMEHTIB 3ac00iB BUMIPIOBAHHS TEeMIEpaTypu Ha OCHOBI HOBITHIX
TEpPMOMETPUYHUX MaTepiajiB, OTPUMaHMX JIETyBaHHIM HariB-I elicaepoBux (a3 pigKicHO3eMeIbHUMU
4f- ta mepexigaumu 3d-, 4d- 1 5d- meramamu, a Takox p-metanmamu In, Sb, Bi, Ga musxom
pO3po0IEHHS METO/lY 1TepallIiHOIO MO/IENIIOBAaHHS CTPYKTYPHHUX, €EHEPreTHUHUX, TEPMOJUHAMIYHHUX
Ta KIHETUYHHUX XapaKTEePUCTUK UYYTIHUBUX EJIEMEHTIB TEPMOIEPETBOPIOBAUIB 3 YpaXyBaHHSIM
pe3yabTaTiB €KCIEepPUMEHTAJIbHUX BHUMIPIOBaHb TEMIIEPATYPHUX 3aJ€KHOCTEH HUTOMOTO
€JIEKTPOOTOpy p, KoedillieHTa TEPMO-E€pC OO Ta MAarHITHOI CHPUWHATIUBOCTI . 3ampoBaKEHHS
PO3p00JIEHOTO METOTY JIa€ 3MOTY CYTT€BO MIIBUIIUTH €(DEKTUBHICTh MOJICIIFOBAHHS TEPMOMETPUUHUX
XapaKTepUCTUK YYTIMBUX €JIEMEHTIB TEPMOIIEPETBOPIOBAUIB, & CEpEHE 3HAYEHHs Koe(ilieHTa
HEBIAMOBIAHOCT] €KCIIEPUMEHTAIBHO OTPUMAHUX Ta PO3PAaXOBAHUX 3HAYEHb €JIEKTPOOTIOPY 1 TEpMO-
epc y temmneparypHomy paiama3oHi 4,2+1300 K ne nepeBunrye £5%.

Ha ocHOB1 aHani3y CTpyKTypU YYTJIHMBOTO €JIEMEHTa TEPMOINEPETBOpPIOBaya 3alpONOHOBAHO
(eHOMEHOJIOTIYHY MOJIEJIb HOT0 eJIEKTPOHHOI CTPYKTYPH, SIKa IOACHIOE MEXaH13M YTBOPEHHS QyH/a-
MEHTaJbHOI'O0 €HEPreTUYHOIro MapaMeTpy HAIMIBIPOBIJHUKOBOIO TEPMOMETPUYHOrO Marepiany —
3a0opoHeHoi 30HH £g. CBO€IO 4eproro, 3HaHHS TAKOr0 MEXaHi3My pOoOUTH 3pO3YMUIMMU CHOCOOU
BIUIMBY Ha 3HAUEHHS €JIIEKTPOONOpPY p Ta TEPMO-€pC O Ha eTari (popMyBaHHS TEPMOMETPUUYHUX
MaTepialiB 1 Ja€ 3MOTY MOJEIIOBaTH W OTPUMYBATH UYTJIMBI €JIEMEHTH TEPMOIEPETBOPIOBAYIB 3
BUCOKMMHU 3HAUYEHHSIMU TEeMIEpaTypHOro koedilieHTa Oomopy Ta TepMo-epc 000X 3HaKiB, L0
M1JIBUIYE IXHI METPOJIOTIUHI Ta €KCIUlyaTalliHl XapaKTepUCTUKH.

Po3BUHYTO MeTOA MOJENIOBaHHS KIHETMYHUX XapaKTE€PUCTHUK HOBUX YYTJIMBUX EJIIEMEHTIB
TEPMOIIEPETBOPIOBAUIB y HIMPOKOMY TEMIIEpaTypHOMY Jiarna3oHi HUISXOM PO3paxyHKIB pO3IOALLY
rycTUHM enekTpoHHux ctaHiB (DOS), ryctunu craniB Ha piBHI @epmi g(eF), mupunu 3a6oponenoi
30HU £g, MUOUHM 3ansraHHsa piBHA Pepmi €F Tomro. [y MoaentoBaHHS XapaKTEpUCTUK METOJIOM
KKR Bukopucrano ninensoane nporpamue 3abesneueHHs AkaiKKR ta SPR-KKR y naGnmxenHi
nokanbHO1 ryctunn (LDA) miist 0OMIHHO-KOPEAIMIHHOTO MOTeHIIATY 3 mapameTpu3aniero Moruzzi-
Janak-Williams. Bukopucranusi ekciepuMeHTalbHUX 3HAU€Hb NEPIOly €1eMEHTapHO1 KOMIpKHU a(x)
MaTepiaiy 4yTIMBOTro ejaemMeHTa Ha k-citii po3mipom 10%10x10 mpu mupuHi €eHEpreTHYHOro BiKHA
y 22 eB no3Bosmiio MmozaentoBatu nojioxkeHHs piBHsA Depmi €F 3 Tounictio £6 meB mis 1000 3HaueHb
eHepriil.
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VIIK 004.78

APXITEKTYPA CUCTEMM HATPOMA)KEHHS BUMIPSIHOI TH®OPMAIIIL
JJIA JUHAMIYHUX BUPOBHUYUX ITPOLECIB

© Opiu Kpusenuyk!, leop envorcuncokui?, 2019
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CBIT nepexuBae TBOPEHHS Ta CTAHOBJICHHS YETBEPTOi MPOMHUCIIOBOI pEBOJIOLIT, sika ependavae
BiT0OpakeHHs1 BUPOOHMUIITBA y BIpTyalbHOMY CBITi. OUeBUIIHO, IO 1€ TATHE 3a COOOI0 TMOBHY
aBTOMAaTHU3aLlil0 BUPOOHUYUX IMPOIECIB, a TAKOXK KOHTPOJIb HAJ HUMHU B PEXKUMI pPeajJbHOIo yacy,
BpPaxoOBYIOUH YC1 30BHIIIHI Ta BHYTpilIHI YUHHUKU. Ha 0cHOB1 oTpumManoi iH(popmaliii mpoBOIAUTHCS
KOpEKIlisi BUPOOHHYUX TMPOILECIB JJII OTPUMAHHS O1JbIIOI MBUAKOAII BUTOTOBICHHS Ta 301pKHU
JeTanei 1 SKoCTi BUTOTOBJICHOI IPOAYKIIii. J{71s BUKOHAHHS BUILE [TEPEPaXOBAHUX IYHKTIB HEOOX11HO
omnepaTruBHO 30MpaTH Ta IeperaBaTH BUMIPIOBaHY 1H(GOpMAaIlil0 A0 00YMCIIOBAJIbHOI MOTYKHOCTI,
sgka Oyne mpuilMaTu KiHLEBE pIIIEHHS KOpeKLii anroputMmy BupoOHuurBa. Ha pucynky 1
3aIpONIOHOBAHO CHCTEMY HAarpOMa/)KeHHs JaHUX BIJl PI3HUX NEPBUHHHUX IEPETBOPIOBAYIB Ta
nepezaadyl ii Ha cepBep Ta 3anuc B 0a3y JaHUX.

Cucmema

Xuapni cepeicn
KoHmpoiio
docmyny E i
Cencopu
memnepamypu
. ()]
| v W ]
\ /4 \%’ 27T IO Jarxpumui
_— Wisfi Kanai 36'8iKy
. ESP-328 i-fi "
Inoyruiimi Mapuipymuzamop Cepeep na
cencopu nidnpucmenei

Onmosonoxonni
cencopu

Puc. 1. Brok cxema cucmemu nHazcpomaodicenns ma nepeoavi 8UMIpaHOi iHopmayii

Buwmipsina iHpopmariis BiJl CEHCOpIB MOTpAILIsie Ha KOHIIEHTparop Ha 06a31 ESP-328S, skuii orpumye
il B pexxuMi peasnbHOTO Yacy. Bumipsna indopmartis Bij koHLleHTparopa yepe3 Wi-fi mapumpyTtusarop
NepeaeThcs Ha CepBep, AKUM 3HAXOUTHCS Ha MIAMPUEMCTBI Ta BIIIrPae poJib MPOMIXKHOIO CXOBHUIIA
nanux. CepBep pa3 B 100y 4epe3 3aKpUTHMA KaHaAJ 3B’ 13Ky CHHXPOHI30BYETHCS 3 XMAPHUM CXOBHILIEM
Ta nomucye iHpopmamio B 0a3y AaHMX Ta Hagae ii s OOYHMCIIOBAIBHHUX MOTYKHOCTEH ISt
onpautoBanHsa. ESP-32S mae BMonToBanuit Wi-fi Ta bluetooth monyini 1 koMmyHikanii 3 ceHcopaMu
1 mepenaui JaHUX Ha cepBep 13 iHGopBasoM B | xBuinHy. KoHIEeHTpaTop 103BOJIsiE 3MIHIOBATH
JTUCKPETHICTh TIEpeadl TaHUuX Ha CEpBEP, TAKOXK Iepeadadae Moro MoBHE MEPEBIAITYBAHHS T1CIIA
M1ITBEPKEHHS IIpaB aJMIHICTPaTOpa B CUCTEMI KOHTPOJIIO JOCTYILY.
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VIIK 621

®OPMYBAHHS ®YHKIIII MIEPETBOPEHHSA INOXUBOK
BXIJTHUX JAHUX ¥ MEPE’KI KIHHEBUX ABTOMATIB

© Onexcanop Kpuueseyw, 2019

HepxaBHe mianpueMcTBo “HaykoBo-IOCHIiqHUM IHCTUTYT METPOJIOTii BUMipIOBAIBHUX
1 ynpasnstouux cuctem” (AI1 HAI “Cuctema’) (JIpBiB, YkpaiHa),
3aCT. JUPEKTOpa 3 HayKOBOI POOOTH Ta SIKOCTI, K.T.H., C.H.C., amkrich@gmail.com

B po6orax [1, 2] po3misaanocs ¢dopMmyBaHHS (QyHKIIH HEepeTBOPEHHS MOXUOOK BX1IHUX JaHUX
JUISL TAHLFOTOBUX CTPYKTYP, IO CKJIAJIAl0ThCS 3 €IEMEHTAPHUX KIHIEBUX aBTOMATIB, a caMe CTPYKTYp
MOCJI1JOBHOTO, ApajesbHOTO MO€EHAHHS Ta MO€IHAHHS 13 3BOPOTHUM 3B’ SI3KOM, 110 MPUBOAUTH 110
(dbopMyBaHHS PE3yJbTYIOUMX KIHI[EBUX aBTOMATIB 13 CyMICHUMHU (QYHKLISIMU IEpeTBOpPeHHA. byio
JOBEIEHO, 110 CyMicHa (PYHKI[is IEPETBOPEHHS I MOCIIAOBHOI CTPYKTYypH 13 N ejleMeHTapHUX
KIHLEBUX aBTOMATIB BU3HAYAETHCSA LUISXOM MEPEMHOKEHHS (YHKIIH NMEepeTBOPEHHS CKIaJOBUX
aBToMariB (puc. 1).

E— 1 2 N
L, ——— >

»
P

Puc. 1. Ilocnioosna cmpykmypa
F=11f,

Jlnst mapasienbHOi CTpyKTypH (puc. 2) QyHKIIS IEPETBOPEHHS Ma€ 3aJIeKHICTh BiJl MPOLIEAYPH,
Ky pealli3y€ KiHI[eBU KOMIIOHEHT JIaHIora

Puc. 2. Ilapanenvna cmpykxmypa

SKI110 KOMITOHEHT JIAHITIOTa 3 peati3ye Mpoieaypy AoJaBaHHs a00 100y TKY pe3y/nbTaTiB 00UnCICHb
KOMITOHEHTaMu 1 1 2, TO (yHKIIISI IEPETBOPEHHS JIAHITIOTA MMapaJIeIbHOT CTPYKTYPH OOUUCITIOETHCS
3a MPOCTHM BHPA30M

F=2f,

JInst iHImKUX OOYMCIIOBAIBHUX MPOLEYp, L0 Peali3yloThCs KOMIOHEHTOM 3, QyHKIIis epeTBo-
PEHHS JIAHIIOTa PO3PaxOBYETHCS MO OUIBII YCKIIAJHEHUM 3aJIEKHOCTAM.

Jlnst manirora i3 3B0poTHIM 3B’ s3koM (Puc. 3 a) ¢pyHkuis nepeTBopeHHsI GOPMYETHCS a00 MIIIXOM
PO3MUKaHHS 3BOPOTHOTO 3B’SI3KY, BHACIIIOK YOIO BUHHKA€E €KBIBAJIEHT IMOCIIJIOBHOI CTPYKTYpH 13
cyMmicHOIO (yHKuicro neperBopenns I = I1 f,, (Puc. 3 0).
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A

Puc. 3a. Cmpykmypa i3 360pommuim 38 ’s13xk0Mm

Puc. 36. Exsisanenmna nociioosna cmpykmypa

a00 pO3paxoBYETHCS 3a 3aJEKHICTIO
F=11f /(1+ 11 f,),

ne k — KiIbKICTh €JIEMEHTapHUX aBTOMATIB MPSMOI JIAHKH JIAHITIOTA;

N — 3arajpHa KUJIBKICTH aBTOMATIB;

3HAaK «-» — JUJI HO3UTUBHOTO 3BOPOTHOIO 3B’SI3KY;

3HAK «+» — JUIsl HETaTUBHOTO 3BOPOTHOTO 3B’SI3KY.

3'eHaHHS B MEpPEXKY € KOMOIHALII€I0 PO3MISIHYTHUX BHUIIE CXEM 3'€JHAHHSA. Y JOIMOB1/1 PO3IISIHYTO
PI3HI TUIH MEpeXk, L0 CTBOPIOIOTHCA KIHIIEBUMHM aBTOMAaTaMU, HABEJEHO IMPUKIIAJ] PO3PAXYHKY
GyHKI[IT mepeTBOPEeHHS MOXMOOK BXIJHUX JAaHUX JJISI MEpPEX paliajlbHOr0, MariCTpajbHOIO Ta
paziaJbHO-MaricTpajabHOTO THIIIB.

1. O. Kpuueseyw. [{ocnidocenns hynxyiti nepemeopenus 00uuciio8aibHUX Kauaiie 6UMIpIOGAIbHUX CUCTEM.
Tesu oonosioeti VI Miscnapoonoi naykoso-mexuiunoi kougepenyii « Memponoeis, ingopmayitino-eumi-
prosanvii mexuonozii ma cucmemuy, Xapxis, 2017, c. 82.

2. Kpuuegeyv O.M. JJocnidocenus 6naugy oO4uUCI08ATbHUX KOMIOHEHMIE HA NOXUOKU pe3yilibmamie eumi-
prosannsa. “Bumiprosanvha mexuixa i memponozia”, m.79(4), 2018, c. 12-16.
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B 3AJAYAX BUMIPIOBAHb I KOHTPOJIIO

© Opiu Kyy!, Jleonio ll]epoax ?, 2019

'HanionanbHu# TeXHIUHUHN yHiBepcuTeT YKpainu “KuiBchkui MOMITEXHIUHUH 1HCTUTYT iMeHi Irops
Cikopcrkoro” (Kuis, Ykpaina), npodecop kadeapu npmiaiiB i cucTeM HepyHHIBHOTO KOHTPOJIIO,
I.T.H., mpodecop, y.kuts@ukr.net
2 KuiBcbkuii Mi>kHapoaHuit yHiBepcutet (KuiB, Ykpaina), 3aBigyBau kadeapu KOMII IOTEpHHUX Hayk, ,
I.T.H., mpodecop, prof scherbak@ukr.net

3HayHa YacTHHA 3aJlad BUMIPIOBaHb 1 KOHTPOJIO IMOB’S3aHa 3 OLIHIOBaHHSIM MapaMeTpiB i
XapaKTepUCTUK HUKIIYHUX (i3uyHuX mpoueciB. [lepebir Takux mpoleciB CIOCTEPIraeThcs B
0araTbOX TEXHIYHUX Ta O1OJIOTIYHMX CHCTEMax, MiJ Yac aHaJli3y HPUPOJHHUX, COLIAJbHUX Ta
€KOHOMIUHMX SIBUIL. Po3/iseH] nepiogoM 3HAYeHHs IUKIIYHOIO MPOLECy MOXYTh HE CHIBIAaAaTH
a0COJIIOTHO TOYHO, aJie iX XapaKTepH1 O3HAKU MEPIOANYHO MOBTOPIOIOThCA. [IpuKiianaMu HUKITYHUX
MpOLECIB MOXYTh OyTH: y (i3Ulll — NpOLECH B KOJIMBAJIBHUX CHCTEMax PIi3HOI HNPUPOAH; Y
BUMIPIOBaJIbHIN TeXHILl — mpouecu (GopMyBaHHS/ NETEKTyBaHHS MOIYJbOBAHUX BUMIPIOBAHUMHU
(G13MYHUMHU BEJIMUYMHAMU CUTHAJIIB-HOCIIB; B HEPYHHIBHOMY KOHTPOJII — B3a€MO/Iisl 00’ €KTIB KOHTPOJIIO
31 3MIHHUMH (I3UYHUMH NOJSAMHU (0 MPUKIIAAY €JIEKTPOMATrHITHUM YU aKyCTUYHUM 1 T.1.

[uxiyHl mpouecu B TEXHIYHUX CHUCTEMaxX MOPOIXKYIOTh BIJAMOBIJHI HUKIIYHI CUTHAJIH PI3HOL
npupoau (eJeKTpUYHI, aKyCTUYHI ONTUYHI 1 T.1.) K QYHKLII PI3HUX apryMEHTIB — 4acy, 4acTOTH,
MIPOCTOPOBUX KOOpAHHAT. KOHCTPYKTUBHOIO MOJEIII0 TaKUX CUTHANIIB € 1X MPEACTaBICHHS BUIY
u(x) = U(x)cos®(x), ne U(x) — obBigHa, O(x) — da3za (abo ¢aszosa xapakrepuctuka currary, ©XC).
3a3BUyail Taki CUTHAJIU CHOCTEPIraloThCs Ha (DOHI 3HAYHOTO 33 PIBHEM ILIyMY.

VY nomoBifl y3arajJbHEHO PO3BUTOK TEOPETUYHHX Ta METONOJOTIYHUX 3acajJ OTPUMaHHS Ta
ananizy ®XC y pasi iX IUCKPETHOTO MPEACTaBICHHA. MeTOM0I0Tisl ONpaIfOBaHHS TAKUX CUTHAIIIB
IPYHTY€ETHCS HAa IOE€JIHAHH1 JUCKPETHOTO nepeTBopeHHs ['11p0epra, sike Jja€ 3MOry OTpUMAaTH BUOIpKU
($a30BUX, YACTOTHUX Ta AMIUIITYAHUX XapaKTE€PUCTHUK CHUTHAJIB Ta METONIB JUCKPETHOTO Ta
CTAaTUCTUYHOTO (B 3aJI€KHOCTI BiJl BIJTHOIIEHHS CUTHAJ/IIYM, C/11) aHaii3y (a30BUX XapaKTEPUCTUK
BKJIIOYHO 3 OTPUMAHHAM 1 JIOCIIKEHHSM KPYTrOBUX CTAaTUCTUK (KPYrOBOI'O CEPENHbOrO, AUCIHEpCii,
JOBKHHH PEe3yJIbTYyI0UOro BEKTOpa, MEiaHU TOILO).

Buxignumu gaHuMu 11 aHaAI3y € OTpUMaHa MUISAXOM JUCKPETH3allii CUTHAIY u(X) TUCKpEeTHa
MOCIITOBHICTD U [ j] , J € N, 10 AKOi 3aCTOCOBYIOTh IHCKpPETHE epeTBOpeHHs [ 11p0epTa 1 OTpUMYIOTH
nuckpetny @XC @[j] Ta pisuumo Buny @[] = @[] — ®y[j], ne ®y[;j] — nuckperna ¢pasosa
XapakTepUCTHUKA OMOPHOIO CUTHay abo JdiHIMHUN TpeHxa nociigoBHocTi @[f]. 3anponoHoBaHO
JeTepMIHOBaHI1 Ta cTaTUCTU4HI MeToau omnpautoBaHHs OXC nias HACTYHNHUX 3a]a4y: OLIHIOBAHHS
BIJHOIICHHS C/II JUIsl aIUTUBHOI CYyMIIIIl TAPMOHIYHOTO CUTHAJIY Ta rayCCOBOTO IIyMYy Ye€pe3 MOYJIi
BUOIPKOBUX TPUTOHOMETPUYHUX MOMEHTIB MOCHIZOBHOCTI @[/j]; BU3HAYEHHSI MOTOYHOI 4acCTOTHU
MOJYJIbOBAaHUX TapMOHIYHUX CHUTHAJIIB; NPEUU31HHOTO BUMIPIOBAHHS 3aTPUMKU CUTHAJIIB
JyHAIMIYJIbCHOI YIbTPa3BYKOBOI TOBIIMHOMETPII 3 BUKOPUCTAHHSAM (pa30MaHIyIbOBAHOTO CUTHAIY-
HOCISl; BUMIPIOBaHHS J€KPEMEHTY Ta BJIACHOI YacTOTH 3aracalouMxX rapMOHIYHUX KOJIMBaHb ISt
IMITyJIbCHOI'O BUXPOCTPYMOBOT'O KOHTPOJIIO; BUSIBJIECHHSI CUTHAJIIB JIYHAaIMIIYJIbCHOI YJIbTPa3ByKOBOI
TOBLIMHOMETPIi Yepe3 aHaii3 BUOIPKOBOI KpyroBoi Aucnepcii mociaigoBHOCTI ¢@[j] Ta iH.

Po3rnsiHyTo pe3ynpTat MOJENbHUX Ta €KCHEPUMEHTAIBHUX JOCIIKEHb 3alpPONOHOBAHUX
METO/IB BUMIpIOBaHHS Ta KOHTpouito. Bukopucranus ®XC y cyKynmHOCTI 3 JA€T€pMIHOBAaHUMHU Ta
CTaTUCTUYHUMHU METOAAMU ii ONpalOBaHHS Ja€ 3MOTYy OTPUMATH HOB1 PO3B’A3KH TPaAUIIHHHUX
3a/1a4 BUSIBIICHHS! CUTHAJIIB Ta BUMIPIOBaHHS (DI3UYHUX BEJIWYUH B YMOBAX J1i MIyMy ISl IIHPOKOTO
Koyia PI3MYHUX IUKIIYHUX TPOIIECIB.
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STUDYING THE PHENOMENON OF MAGNETICALLY NEUTRAL ZONE
DISTORTION IN AIRCRAFT COMMUTATOR DIRECT CURRENT GENERATORS
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The tests conducted at the Air Force Institute of Technology involving the evaluation of the
technical condition of direct current generators installed onboard Su-22 aircraft showed that the
substitute pulse parameters for the direct current system have been increasing year after year, which
reflects the further extension of the so-called reduced time of substitute pulses.

The values of these pulses, determined by AFIT specialists in the course of the measurements
taken after the completion of an overhaul process associated with extending the service life of Su-
22 aircraft, in several cases significantly exceeded the permissible standard thresholds. After AFIT’s
initial review of the overhaul process, it was concluded that the power node generator overhaul
process did not guarantee to reduce all aging processing ongoing in the course of operating the
power node of the Su-22 aircraft. In the light of the above, there is a potential threat of a malfunction
in this node, after the aircraft is released to the user. It is justified to point out that the current
technology of the Su-22 power node generator overhauls should be expanded with checking and
adjusting the position of the brush line in order to position them in magnetically neutral zones.

The paper discusses the phenomena associated with the generation of the magnetically neutral
line disturbances in aircraft commutator direct current generators. It presents examples of the
displacement of these zones in the course of many years of aircraft operation. It also discusses the
consequences of these displacements in the form of various mechanical and thermal damage, e.g.
overheated elements of the generator and its cabling. Particular emphasis was put on the impact of
these displacements on the voltage adjustment system time constant changes in transient states, i.e.
at significant changes of the aircraft power node load values. The paper includes the results of
adjusting several sets of GS-12T generator along with RN-180M voltage regulators for Su-22
aircraft, conducted as per the procedure developed at AFIT.
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The Air Force Institute of Technology has developed and implemented the FAM-C and FDM-A
diagnostic methods used for diagnosing and evaluating the technical condition of the LUZES series
ground airfield power supply units for aircraft, which involved monitoring the magnitude of skewing
and eccentric displacements of the drive shaft, and the parameters of the rotational movement
dynamics causing, i.a., twisting generator drive shafts. The developed methods found application
in monitoring all kinds of devices with rotating parts in the form of air gear (reducers, power train
drive boxes). For several years, these methods have been successfully applied in diagnosing bearing
supports in jet engines and monitoring the electromechanical converters installed, e.g. onboard the
TS-11 Iskra military aircraft. Successful attempts are also made at monitoring power trains with
diesel self-ignition engines used, for instance, on sea ferries. Research work associated with
monitoring military helicopter power trains has been ongoing for several years. Despite the high
efficiency and effectiveness in diagnosing and determining the causes of aviation power train
malfunctions, these methods still have the status of prototype methods, being at the research and
implementation stage, with a relatively narrow range, limited almost exclusively to the aviation
equipment operated within the Polish Air Forces.

Here we discuss the issues associated with aviation rotor assemblies, their rolling bearing and
toothed gear elements, in particular. One of the dangerous operating phenomena are the resonances
of bearing supports. The conducted source literature analysis and own observations were used as
a base to present the causes and effects of local (isolated) resonances in rolling bearings and
complex (structural) resonances between geometrically separated sub-assemblies. The research
material was based on studies conducted by AFIT specialists, which involved the TS-11 “Iskra”
aircraft and Mi-24 helicopters. There are discussed the structures of these assemblies and the cases
of resonating of individual sub-assemblies, as well as many elements found within a structure of
a tested power train. It also describes the theoretical grounds for the research and analysis of
resonance phenomena, identified using the FAM-C and FDM-A methods. These methods are based
on analyzing the generator output voltage modulation and ensure monitoring the dynamic phenomena
within all sub-assemblies found in an aviation power train.
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METPOJIOT'ISI MATEPIAJIIB I ii POJIb ¥ PA3BUTKY TEPMOEJIEKTPUKHA

© Banenmun Jlucwvko, 2019

KaHauaaTr (i3uKo-MaTeMaTHYHUX HayK,
3aCTYNHUK JUPEKTOpa 3 HayKoBoi podotu InctutyTy Tepmoenektpuku HAH ta MOH VYkpainu

AHaini3 BIIOMHUX METOJIB 1 00JaJHAaHHS JJI BUMIPIOBAHHS BJIACTUBOCTEH TEPMOEIEKTPUUYHUX
MaTepiajiiB Moka3aB, 110 MOXUOKU MPU BU3HAUYEHHI TEPMOEJIEKTPUUHOI TOOPOTHOCTI Z JIOCATaIOTh
15-20%. HaiOunbiii 3HaueHHS MOXMOOK XapakTepH1 JJIs BU3HAUYEHHSI JOOPOTHOCTI HUISAXOM
BUMIpPIOBaHHS eJeKTponpoBigHocTi, TepMOEPC 1 TemnonmpoBiAHOCTI Ha pi3HHX 3pa3kax. Taki
MOXUOKM CTarOTh MEPENOHOI0 JIs BUPIMICHHS 3aBJaHb MiABHUINCHHS JOOPOTHOCTI Marepiaiy,
OCKIJTBKA TOYHICTh BUMIPIOBaHb MO)XE BUSBUTHCS HUIKUYOIO, HIXK 3MIHA BJIACTUBOCTEH Marepiany
npu 3MiH1 QakTopiB, 110 BILUIMBaKOTh Ha Hei. [Ipu npomy, HalOLIBII HAAIHHI pe3yNbTaTH MOXKHA
OTpPUMATH NIPU BUKOPHUCTAHHI a0COJIFOTHOIO METOAY 1 MeToly XapMaHa.

[ukn nociigkeHb, NpOBeIeHUX B [HCTUTYTI T€pMOENEKTPUKHU, MOKa3aB, L0 MOXUOKHU NpH
BU3HAUYECHHI TOOPOTHOCTI METOAOM XapMmaHa, MOXKYTb 3HAXOAUTHUCA Ha PiBHI 5-6% TIIBKH B psiai
BHUIIAJIKIB - KOJIA B1IOMO O€3J114 JJOJaTKOBUX MapaMeTpPiB, TAKUX K. BUIPOMIHIOBAIbHI BJIACTUBOCTI
3pa3ka 1 TepMocTara, TeIIONPOBIAHICTh CTPYMOMIABOAIB 1 TepMonap 1 iH. binbi epekTuBHUM €
aOCOJIIOTHUM METOJ, L0 J103BOJISIE€ IHCTPYMEHTAIBHO MIHIMI3YyBaTH OUIBLIICTH JHKEPES MOXUOOK.

Hageneno pe3ynbratu CTBOPEHHSI HOBUX METO/I1B 3HUKEHHS MOXHUOOK, OTPUMAHUX 3 JIOIOMOTOI0
JNOCIHIJKEHHSI peanbHUX (PI3UYHUX Mojeneld abCOJNIOTHOTO MEeTOAy 00’ €KTHO-OPIEHTOBAHUM
KOMIT IOTEHUM MoJentoBaHHsAM. CTBOpEHO aBTOMAaTH30BaHY BHMIpPIOBAJbHY amaparypy s
KOMILJIEKCHOTO JOCJI/I)KEHHSI BJIACTUBOCTEH TEPMOENEKTPUYHHUX MaTepiayiB, TOYHICTb SKOI Yy
BU3HAUECHHI TEPMOEIEKTPUYHOI JOOPOTHOCTI y 3-5 pa3iB MepeBUIy€e TOYHICTh BIJOMUX aHAJOTIB.
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© Romuald Masnicki’, Cezary Miezianko’, Rafat Niczyporuk®, 2019

'Gdynia Maritime University, Gdynia, Poland, Assistant Professor, Ph.D.,
Senior Lecturer, r.masnicki@we.umg.edu.pl
23Gdynia Maritime University, Gdynia, Poland, Student, Faculty of Electrical Engineering,
c.miezianko@gmail.com, rafalniczyporuk421@gmail.com

Industrial robots carry out various tasks in the industry depending on their design and functional
properties. The tasks they can perform depend on their working space and the working tool (called
the effector), usually located at the end of the kinematic chain of the robot [1]. The most important
feature of industrial robots is their programmability. The number of robot axes is related to the
number of degrees of freedom, defined as the number of items moving in the robot. As a rule, it
connects to the number of drives that set the joint in motion, thus creating the range of the robot's
workspace [2]. The space in which the tip of the robot can move can be limited by software to
prevent mechanical damage to robots or neighboring devices.

The purpose of this work is to analyze, develop assumptions, design, simulation tests and study
an industrial robot with a replaced working tool. The considered robot is used in the Laboratory
of Measurement and Control Systems in the Marine Electrical Power Engineering Department of
Gdynia Maritime University. The industrial robot Epson LS3-401S (Fig. 1,.a) is a 4-axis SCARA
(Selective Compliance Assembly Robot Arm) robot [3]. The whole robot arm has 4 degrees of
freedom. It is based on two parts: Arm 1 and Arm 2 as well as four joints (Fig. 1.b). Arm 1 performs
a rotational movement, Arm 2 works similarly, but its range of movements is greater than the first
one. The third element performs an upward or downward movement of the robot, adjusting the
height of the robot’s tip. The robot is powered by an electric drive, each joint is equipped with a
servomotor that drives them. Originally, the robot has been working with a suction cup (Fig.1.c).
The task of the project is to modify its working tool and controller port, as well as the robot software
so that it can work with elements that can be picked up and moved. As part of the study, the
pneumatic gripper [4] (Fig.1.d) was used instead of the original working tool of the robot. An
additional, specially designed adapter was needed to attach it to the robot's mounting tip.

b) ) d)
Joint 2 N Joint 3

| A
Am1 | | } Arm 2 ! 1

| L

Joint 4

bi Joint 1

Fig. 1. Epson LS3-401S: a) robot view, b) kinetic diagram,
c¢) original tool — suction cut, d) replaced tool — gripper.

The block diagram of the LS3-401S industrial robot (Fig. 2.a) shows a simplified version of its
mechanical, electrical and pneumatic connections. Supervision over the work of the robot is
performed by the RC90 controller, which interprets the user program written in the RC+7.0
environment installed on a standard PC [3]. The pneumatic hoses are connected to the compressor
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and the working tool. The robot base, each joint and arms are mechanically connected, which is
marked in green in the diagram. To gain full control of the gripper, an additional solenoid valve
[5] was necessary to install. Additional electrical terminals have been installed on the RC90 driver's
mounting rail, and the controller wiring has been modified. According to the implemented project,
sequential work of the robot consists of moving three wooden blocks in the designated area. Initially,
the blocks are positioned in three corners and rotated by 90 degrees. The robot has the task of
moving individual blocks in a loop, in steps 1 to 7. One cycle of movements of the robot's tip is
shown in Fig. 2.b. The starting positions of the three blocks are marked in red, and the filled
rectangles mean two blocks placed one on top of the other.

J‘:‘lm | Am # | -'0:“‘ Am #2 I
it = |
‘0‘ = Joint
RC+7.0 < = #3
= . |
PC <= o= l I ¢ 110
= Joint
<=c=> “‘
<= =
= S3-401
230V LS3-401S [
~ RC90 Robot's basis =
controller Robot
= = gripper
FIPA

W - signal lines
B - pneumatic lines
. power lines
Air compressor
B - mechanical connections

Fig. 2. Robot under study: a) block diagram of a modified robot,
b) robot workflow diagram — one cycle of operations.

Industrial robots, like all machines, require periodic testing. This is the basis for maintaining
the efficiency of their operation and ensuring the continuity of work. One of the basic tests is to
assess the accuracy and repeatability of the robot operations [6]. In addition to the accuracy of the
robot's work, the results of such a study indicate the degree of wear of its components, which
results in the lack of repeatability of performed activities. The basic operation carried out to improve
the accuracy, and hence repeatability of a given robot is to calibrate the position of its joints. It
consists in reducing the difference between the set point and the actual position of the robot's tip
in terms of the corresponding coordinates. The modified robot has been subjected to continuous
work related to the performing operations in many cycles. A single test consisted of 50 continuous
cycles, according to the programmed sequence. The robot performed tasks at two different speeds:
50% of maximum speed and maximum working speed. During the preliminary tests, the wooden
blocks were moved asymmetrically relative to the individual corners of the gripper working space.
It was possible to notice the lack of linearity at the block edge position when one element was set
on the other. The problem has been eliminated by optimizing the coordinates of the gripping points
on the blocks to keep them stable when moving. After introducing appropriate corrections, full
control over its movement was obtained. As a result, the gripper moves smoothly, realizing the
successive stages of the programmed sequence of movements. The position of the wooden blocks
after 50 cycles coincides with their initial position within the margin of error £ 0.5 mm. The value
of the gripping speed of the gripper on a given trajectory has no effect on the accuracy and
repeatability of the process.

Further research will be focused on the integration of robot control with the LabVIEW environment
cooperating with the object position detection system.
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Ta KOMII I0TepPHO-IHTEIPOBAaHUX TEXHOJIOTIH, nutsipl3@gmail.com
SHamionansauii yHiBepcureT “JIpBiBChbKa mostiTexHika” (JIbBiB, YkpaiHa), TOIEHT Kadeapy aBTOMaTH3alii
Ta KOMIT FOTEpHO-IHTETPOBAHUX TEXHOJIOTiH, K.T.H., 10IeHT, romanfedoryshyn@yahoo.com

OpHe 3 HallBaXXJIMBILIMX 3aB/laHb, 110 HAa CHOTOJHI CTOITh nepes YKpaiHOw — 3a0e3nedeHHs
€HEeProHe3aJIeKHOCTI, 111€ 0CTATOYHO He BupimieHe. Cepell KpOKiB, 10 CIPUATUMYTh HOTO BUPIIIEHHIO,
€ Takl JBa OCHOBHI: 301JIbLICHHS BUJOOYTKY BJIACHUX E€HEPrOHOCIiB 1 3MEHIIEHHS CIOKHWBaHHS
eHeproHociiB. JlJisi 3MEHILIEHHs CIIOKMBAHHS €HEProHOCIiB, TOOTO 11 iX eKOHOMii, He0OX1AHO Ha
HaJIe)KHUN PIBEHb MOCTABUTU OOJIIK €HEProHOCIIB, OCKUIbKH, 0€3 00JiKy €KOHOMIisl €HEeproHOCIiB
HeMoxJiuBa [1]. BiacyTHicTh 00Ky €HEproHOCIiB — L€ BIACYTHICTh KOHTPOJIIO iX BUKOPUCTaHHS,
110 3aBXKJIU MPUBOJUTH 10 HEPALIOHAJbHOIO BUKOPUCTAHHS €HEPrOHOCIIB, a OTXKE, 1 10 iX BTpaT.
BiacytHicTh 001Ky €HEpProHOCIiB HE /103BOJISIE BUSBUTH iX HemepenadauyBaHUX BTpaT, 0COOJIMBO
yepe3 HeNlIIbHOCTI. BiACyTHICTH 00J1IKYy €HEPTOHOCIIB YHEMOXKIIMBITIOE HAJIATOKEHHSI HOPMaJIbHUX
€KOHOMIYHHX CTOCYHKIB MK IIOCTauyaJbHUKOM Ta CIIOKMBAY€M €HEProHOCIiB, CIpUsi€ 1 370BKUBaH-
HSIM — JI03BOJISE€ BIAMYCKaTH J1OpOry eHeprito 0e3 odiniiHOiI omiaTtu TOILO.

Bce BumeBukiazgeHe BIAHOCUTHCS 1 0 HETOYHOTO 00Ky [1]. SIkmo oOnik eHeproHocCiiB €, ane
BiH 3J1MCHIOETBCA 3 HU3BKOIO TOYHICTIO, TO B MEKaX MOXMOKH BHUMIPIOBaHHS (HEBHU3HAYEHOCTI
pe3ysbTaTy BUMIPIOBaHHS) OTPUMYIOTh Ti1 caml HEraTMBHI1 HACHIAKU, PO SKI TOBOPUJIOCH BUIIE.

Haii0inpiie 3actocyBaHHs Il BUMIPIOBaHHSI BUTPATH Ta KUIBKOCTI IPUPOAHOTO rasy, 3HaWILIN
BUTPATOMIpPU 3MIHHOIO Iepenaay TUCKY 13 CTaHJApPTHUMH MPUCTPOSIMU 3BYKEHHS IMOTOKY Ta
TaXOMETPUYHI JIUYUIbHUKU. BuTparomipu 3MiHHOro mnepemnany THCKY BUMIPIOIOTh BUTpATy rasy
(00’eMHYy UM MacoBy), a JIYMUJIBHUKH ra3y — Oe3nocepeaHbo 00’ €M razy 4 Macy rasy, siki IpoHIuIn
yepes3 JIYWIbHUK ra3zy 3a NEeBHUM 1HTepBa yacy.

Butpara ra3zy — 1e KiIbKICTb a3y, 0 IPOXOJIUTh Yepe3 MOMEePeuHuil mepepi3 TpyoompoBoIy 3a
OJIMHUIIIO Yacy B MOMEHT BUMIpIOBaHHA. B3aeM03B’ 30K MiX KIJIBKICTIO K, Ta BUTpaTOIO ¢ Trasy
BH3HAYAETHCS 3aeKHOCTAMU [1]

. AK
q = limeso (52); M
Ko = [ Fq(@ar )

A€ T, T, — BIANOBIJHO, IMOYATKOBE Ta KIHIIEBE 3HAYEHHS 4acy T, YIPOIOBXK SKOTO BH3HAYaIOTh
KUTBKICTh K,

KinbkicTs K ra3y BU3HAYalOTh B OAMHHIIAX MAacd m abo B OAMHHIX 00’eMy V, 1m0 3aiimMae 1
Maca. BingnoBiJiHO, BUTpaTy BUMIPIOIOTh B OAMHUIX MacH 3a OJUHUIIIO Yacy (MacoBa BUTpara qm),
B OJIMHHUIISIX 00’€My B poOOYMX yMOBaX MpHU aOCOIIOTHOMY THUCKY p 1 TEpMOJIMHAMIYHIN Temneparypi
T ra3zy 3a onwHUIIO 4Yacy (00’eMHa BUTpara o B poOOYMX yMoBax) abo B OAMHHUIIX 00’ €My,
3BEJIEHOTO 0 CTaHJAPTHUX yMOB HpH abcomotHoMy THCKy p. = 101325IIa Ta Temmneparypi
T, =293,15K, 3a oquauuio 4acy (00’€MHa BHTpara (C 3B€IE€HA JO CTaHAAaPTHHUX YMOB).

OTxe BUMIPIOBaHHS KINBKOCTI 311MCHIOIOTH B OJMHHISX MacH m, abo B OAMHHILIX 00’emy VB
pobounx ymoBax, abo B omuHMLAX 00’emy V_, 3BeNeHOTO 10 CTaHAapTHUX ymoB. Ha npakrumi
PO3paxyHKH 3a NPUPOAHMHI ra3 MDK OpPraHi3allsiMH 3[1HCHIOIOTH 3a 00’emom V. IlepepaxyHok
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00’emy V/, rasy B pobounx yMoBax B 00’eM ¥ rasy B CTaHAapTHHX yMOBAaxX 3[ifCHIOIOTH 3TiIHO 3
HOPMOBaHUMHU MeToaukamu [1].

Bynpb-sike BUMIpIOBaHHS CYNPOBOKYETHCS HAABHICTIO MOXHMOOK BUMIpPIOBaHHSA. 3a MPUPOIOIO iX
MOSIBM BOHU HOJAUISIIOTHCS Ha CUCTEMATHU4HI Ta BUNAJKOBI. B 3B’s3Ky 3 MM NIpH iHTErpyBaHHI
BUTpaTu q y Bupasi (2), Oyaemo maru

K, = fT'l;" (q()dt + fT:K A, (D)dt + f;}" o, (1)d7) , 3)

e Meyer = f;;k Aq(T)dT; Meun = fT: , Oq (v)dt — maremarnuni crOAiBaHHS BiAMOBIIHO CHCTEMATHYHUX
Ta BUMAJKOBUX CKJIaJI0BUX MOXWOOK BUMIPIOBAHHS.

[Ipu BuUMIiprOBaHHI KUIBKOCTI rasy 3a JOMOMOTOIO JIIYMJIBHUKIB rasy MaTeMaTH4HE CIIOAIBaHHS
Mcucr npuiimae Te 4M 1HIIE KOHKPETHE 3HAYEHHs, IPU YOMY CaM€ 3HA4€HHsA M 3a]ICKHUTh Bil
3HAYCHHA BUTparu rasy. llpu npoMy 3HauenHs M, npsmye 10 Hyls. 3BIACH HA NOPANOK JE€HHUI
BHHOCHUTHCS 33/1a4a MIHIMI3aIlii MATeMaTHYHOTO CIIO/IIBAHHS CUCTEMAaTHYHOI TOXUOKU BUMIPIOBAHHS
00’eMy rasy Mpu 3aCTOCYBaHHI JIYMWIbHUKIB Ta3y.

B 3B’s3Ky 3 UM HaMU IPOINOHYETHCS aBTOMATU30BaHE KOPUTYBAHHS PE3yJbTaTiB BUMIPIOBAHHS
00’eMy MPUPOAHOTO ra3y 3 METOK MIABUINECHHS TOYHOCTI OONIKY JiYriIbHUKAMHU Ta3y. CyTh TaKOTO
aBTOMATH30BaHOTO KOPUTYBaHHS PE3yJbTaTiB BUMIPIOBaHHS 00’€My rasy peajiizoBaHO B 3alpollo-
HOBaHOMY c1oco01 BUMIpIOBaHHs 00’eMy rasy JIlYMJIbHUKaMu razy [2].

KoxxHOMyY M4MIIBHUKY TpUTaMaHHA CBOSI IHCTPYMEHTaJIbHA OXMOKA BUMIPIOBaHHS, SIKA 3aJIEKUTh
B1J1 3HAYEHHS BUTPATH rasy, 110 MPOXOJUTh Yepe3 JIYUIbHUK ra3y B JaHUI MOMEHT Yacy. 3ajJeXHICTh
i€l MOXWOKHU BiJ 3HAYCHHS BUTPATH JJIs OLIBIIOCTI TUMIB JIYMIBHUKIB Ta3zy (KamMepHi, pOTOpHI,
TypOiHHI) XapaKTEepU3yEThCS TUM, IO MPU HU3BKUX 3HAUYCHHSX BUTPATH razy MoxuoOka mpuitmae
MIHYCOBI 3HaU€HHSI, a IIPU CEPEHIX Ta BUCOKUX 3HAYEHHSIX BUTPATHU ra3y NoXnuOKa NpuiiMae IIroCoBi
3HAYEHHs, a 32 CBOIMU 3HAYEHHSAMH BOHA MOXe csratu 2%. 3riHO 3 3aIPOIIOHOBAHUM CIIOCOOOM ISt
JIYUIIBHUKA Ta3y, SKUM IUIAHYETHCSI BUMIPIOBAaTH KIIbKICTh a3y, NONEPEHbO Ha TOBIPOYHOMY 00a-
HaHHI BU3HAYAIOTh 3aJICKHICTh IHCTPYMEHTAJIBHOI MOXUOKM JIYUIBHUKA BiJl BUTPATH Ta3zy O = f(q).

B mponeci BuMiproBaHHS KIJIBKOCTI Tra3y B TpyOOHpOBOAl 3a JIONOMOIOIO JIIYMJIBHHUKA Ta3y
BU3HAYaIOTh 3HAU€HHs 00’e€My rasy B poOOYMX yMOBax, a 3a JOIMOMOIOI0 MIKpPOIPOLECOPHOTO
o0umciIIOBaya CyMICHO 3 BHMIPIOBAJIbHUMHU MEPETBOPIOBaYaMU TUCKY ra3zy Ta TeMIEpaTrypu rasy
3HayeHHsa 00’eMy rasy B poOOYMX YMOBax 3BOJASTH O 00’eMy rasy B CTaHAApTHUX ymoBax. [Ipu
bOMY HpOILIEC BUMIPIOBaHHS 3A1MCHIOIOTH IOYEPrOBO Yepe3 MEBHI IHTEpBalu 4acy Af: mijJ 4ac
KOJKHOT'O TaKOTO IHTEPBajy 4yacy Af; 3a JOIOMOTOK MiKPOIIPOLIECOPHOTO 00YMCIIIOBaYa BU3HAYAIOTH
npupict 00’emy rasy AV, 3a mei 1HTEpBaa 4acy 1 3a 3HAYEHHAM LLOTO NPHPOCTY 00’€My rasy
BU3HAYAIOTh BUTPATY rasy ¢, Ha IbOMY IHTEpBal 4acy ik q; = AV, /At,, a 3a 3Ha4EHHAM Li€i BUTPATH
ql 3riJHO 3 OTPUMAHOIO 3AJIEKHICTIO O = f(g) KOPEKTYIOTh 3HaYEHHS KIIBKOCTI razy B L€ mepiof
yacy. Pe3ynbsraru BUMIpIOBaHHS (IKCYIOTh Ha MIKPOIPOLECOPHOMY OOYHMCIIIOBAYI.

3HaueHHs BUIIEBKA3aHOTO 1HTEpBaly 4acy Af MOXYTh OyTH PI3HUMH, ajie HaWmpocTiuie AJs
peanizanii cnocoOy ix BapToO BUOMPAaTH OJHAKOBUMHM, TOOTO mocTiiHMMH At; = const. B Takomy
BUNAAKy At = At, = const. Anani3 moka3as, O JUI1 IPOMMCIIOBHX MOTOKIB rasy 3Ha4€HHs IHTEpBAIy
qacy At MOXKe 3HaXOAUTHCH B Aiana3oni 3-10 xeumun. IIpu npomy, akmo 47 = Af,= 5 XB, TO 3aranbHa
KUIbKICTh TaKMX 1HTEPBAJIB Yacy 3a TOJMHY JOpIBHIOBaTHUME 12 IITYK.

[Iporpama poOOTH MIKpONpPOLECOPHOTO0 OOUMCIIOBAaYa pealli3ye BUIIE BKa3aHl Jii B peallbHOMY
Macmrabl yacy. TakuM 4YMHOM peaji3alis 3anpOolOHOBAHOTO aBTOMAaTH30BAHOI'O KOPHUT'YBaHHS
pe3y/bTaTiB BUMIPIOBaHHS 00’€My Ta3y, 3BEJIEHOrO J0 CTaHAapTHUX YMOB, JI03BOJISE YCYHYTH 4
CYTTE€BO 3MEHUIUTH HasBHY Ha ChOTOAHI IHCTPYMEHTAJIbHY NMOXMOKY BUMIPIOBaHHS KUIBKOCTI ra3y
JIYUIBHUKOM Ta3sy, SiKa 3aJIe)KUTh B1Jl 3HaU€HHS BUTPATH Tasy.

1. ITicmyn €.11., Jlecosoui JI.B. Hopmysanus sumpamomipie sminnoco nepenady mucky. Jlveis, incmumym
enepeoayoumy ma oonixy enepeorociis, 2006. 576 c.

2. Mamiko @./]., Hicmyn O.l., @edopuwmun PM. Cnocid eumiprosanns 00’emy 2asy, 38e0en020 00
cmandapmuux ymos. Ilamenm na xopuctny mooens. Ne 134376. bronemenwv Ne9 gio 10.05.2019.
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YIK 658.562

MOJIEJII PO3PAXYHKY IMOKA3HUKIB HAJIHMHOCTI BIJHOBJTIOBAHUX
TA HEBIJHOBJIIOBAHUX CUCTEM PI3HUX THUIIIB

© Muxona Muxuiiuyx’, Haoisn Jlazapenko?®, 2019

'HanionaneHuit yHiBepcuteT “JIpBiBchbKa momiTexHika” (JIbBiB, YKpaiHa), IUPEKTOp iHCTUTYTY KOMII IOTEPHHUX
TEXHOJIOTiH, aBTOMaTHKK Ta METPOJIOrii, 1.T.H., mpod., mykolamm@ukr.net
? Harmionanbuuii yHiBepcuteT “JIbBiBchbka momitexnika” (JIbBiB, Ykpaina), acmipant kadeapu indopmariiiiHo-
BHUMIpIOBaNbHUX TeXHOJOTiH, lazar2012@ukr.net

binbiicTh TEXHIYHUX MPUCTPOIB € CKJIAJHUMU CUCTEMaMH, 10 CKIAJAI0ThCs 3 OKPEMUX BY3JIIB,
nerajen, arperaTiB, CHCTEM yHpaBiiHHS Tommo. [li CKIIagHOIO CHCTEMOIO PO3YMIETHCS OO0’ €KT,
MPU3HAYCHUH JUIsl BUKOHAHHS 3alaHuX (QYHKLIHM, SKui Moxke OyTH pO3WIEeHOBAaHUU Ha €JIEeMEHTH
(KOMIIOHEHTH), KOKEH 3 SIKUX TaKOX BUKOHYE NEBHI (PYHKIT 1 3HAXOAUTHCS Y B3a€EMOJIT 3 1HIIUMHU
€JIeMEHTaMH CUCTEMH.

3 mo3miliii HaAIMHOCTI CKJIaJlHA CUCTEMA BOJIOJIE K HETaTHBHUMM, TaK 1 ITO3UTUBHUMH BJIACTH-
BocTaMH. DakTopu, 1110 HEraTUBHO BIUIMBAIOTh HA HAJIMHICTH CKJIAJHUX CHUCTEM, HACTYIHI:

— BEJIMKa KUIBKICTHh €JIEMEHTIB, BI/IMOBAa KOXHOTO 3 SIKHX MOXXE MPU3BECTH JI0 BIJIMOBHU BCI€l
CUCTEMU;

— OLIHMUTH IPaNe3JaTHICTh CKIaAHUX CUCTEM BEJIbMHU CKPYTHO 3 MOMISAY CTAaTUCTUYHHUX JIAHUX,
TaK K BOHM YacCTO € yHIKQJIbHUMHU a00 € B HEBEJIUKHUX KLIbKOCTSX;

— Yy CHUCTEM OJJTHAKOBOT'O NPU3HAYEHHS KOJKEH EK3EMILISIp Ma€ CBOi HE3HAuHI1 Bapiallii BIacCTUBOCTEN
OKpPEMUX €JIEMEHTIB, 110 [MO3HAYA€ThCA Ha BUXIJHUX MapamMeTpax CUCTEMHU;

— YHUM CKJIQJIHIIIE CUCTeMa, TUM OUIBIIMMH 1HIUBITyaTbHUMH OCOOJIMBOCTSAMHU BOHA BOJIOJIE.

[IpoTe cknaaHi cUCTEMHU BOJIOAIIOTH 1 PSIIOM BJIACTUBOCTEH, SIKI MO3UTHBHO BIUIMBAIOTH HA 1X
HaIHHICTE:

— CKJIQJIHMM CHCTeMaM BJacTHBa CaMOOpraHizallisi, CaMOpETyJIIoBaHHS a00 caMONPUCTOCYBaHHS,
KOJIU CHCTEMa CaMOCTIMHO 37aTHA 3HAWTHU HAUCTIMKIMMN Ui CBOro (PyHKI[IOHYBaHHS CTaH;

— I CKJIQJHOI CHCTEMM YacTO MOXJIMBE BIAHOBJIEHHS Mpale3JaTHOCTI IO YacTHHaX, 0e3
MPUNUHEHHS 11 QYHKI[IOHYBaHHS.

Kpim Toro, He BCl €1€MEHTH CUCTEMH OJHAKOBO BIUIMBAIOTh HA HAJIMHICTH CKJIAJHOI CUCTEMH.

AHani3 mpaue3gaTHOCTI CKJIaJHOI CUCTEMHU IOB’SA3aHMN 3 BUBYEHHSM il CTPYKTYpH 1 THUX
B3a€EMO3B’SI3KiB, Kl BU3HAUaIOTh 1i HaJiliHEe (YHKIIOHYBAaHHS.

[Ipu anani31i HaAIMHOCTI CKIAAHUX CHUCTEM IX PO30HMBAIOTh HA €IE€MEHTH (KOMIIOHEHTH) 3 THM,
1100 CroYaTKy pO3MISHYTH IMapaMeTpH 1 XapaKTePUCTHUKU €JIE€MEHTIB, TOTIM OLIHUTH Mpale3JaTHICTh
Bciei cuctemu. Ili enemMeHTOM, TOUHIIIE Ka)Ky4yd, €JIEMEHTOM PO3pPaxXyHKY HaAiHHOCTI MOXKHA
PO3YMITH CKJIaJIOBy YaCTHHY CKJIaJIHOI CUCTEMH, fiKa MOXKE XapaKTepU3yBaTUCS CAMOCTIHHUMU
BXIJHUMH 1 BUXIOAHMUMHU napaMmerpamu. [Ipu nocnijykeHH! HaailiHOCTI CUCTEMHU €JIEMEHTIB He
PO34YIEHOBYETHCS HA CKJIa0B1 YACTUHM, 1 TOKA3HUKHU O€3BIJIMOBHOCTI 1 JIOBTOBIYHOCTI BITHOCSTHCS
710 eJIeMeHTY B uuiomy. [Ipyu oMy MOXJIMBE BIAHOBIIEHHS Ipale3/laTHOCTI €JIE€MEHTa HE3aJeKHO
BIJ IHIIHUX YaCTHH 1 €JI€MEHTIB CHCTEMHU.

AHaini3 HaJIHHOCTI CKJIAJHUX CUCTEM Mae crneuu@igHi ocobauBocTi. Pi3HI BIAMOBH, a TaKoxX
3HMKEHHS IIPAlle3aTHOCTI €JIEMEHTIB CUCTEMHU M0-PI3HOMY BIUIMBAIOTh Ha HAJIHHICTh BCI€T CUCTEMHU.

[Ipu anami3i HAAIHHOCTI CKJIAJHOI CUCTEMH BCl ii €IEeMEHTH 1 KOMIIOHEHTH JOLUIBHO PO3A1IHTH
Ha HACTyIHI Ipynu:

— €JIEMEHTH, B1JIMOBa SKUX MPAKTUYHO HE BIUIMBAE HA Mpale3]aTHICTh cucTeMu (aedopmaris
3aXMCHOTO KOXKyXa MalllMHH, 3MiHa 3a0apBlIeHHS MOBEpXHI Toio). BigMoBu (TOOTO HecnmpaBHHUIA
CTaH) IIUX €JIEMEHTIB MOXYTh PO3IVISAATHCS 130JIbOBAHO BiJ CHUCTEMHU;
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— €JIEMEHTH, Mpale3/1aTHICTh SIKUX 3a aHaJ130BaHUN Iepioj 4acy MPAKTUYHO HE 3MIHIOETHCS
(cTaHWHU 1 KOPIYCHI JIeTall, MaJl0 HAaBaHTAXEHI €JIEMEHTH 3 BEJIUKHUM 3aMlacoOM MIITHOCTI);

— €JIEMEHTHU, PEMOHT ab0 PeryyifoBaHHS AKX MOXJIMBI IIpU poOOTI BUpOOyY abo mijl yac 3yNuHOK,
SK1 HE BIIMBAIOTh Ha HOro e(peKTUBHICTH (3aMiHaA PIXKYUYOT0 IHCTPYMEHTY Ha BEpCTari, peryIroBaHHs
XOJIOCTOTO XOAy KapOroparopa aBTOMOOUIHHOTO JIBUTYHA);

— €JIEMEHTH, BIAMOBA SIKUX IPU3BOAUTH /0 B1JIMOB CUCTEMH.

TakuMm 4yWHOM, PO3MIAAY Ta aHaAI3y, 3 TOYKH 30pY HAAIWHOCTI, MiJUIATAIOTH JIUIIE €JIEMEHTH
OCTaHHBOI rpymnu. Sk mpaBmiIO, € OOMEKEHE YHUCIIO EJIEMEHTIB, K1 B OCHOBHOMY 1 BH3Ha4arOTh
HaJiiHicTh BUpPOOY. Lli enemMeHTH 1 MiACUCTEMH BUSBIAIOTHCA MPU PO3MISAAl CTPYKTYPHOI CXEMH
napaMeTpUYHOT HAIMHOCTI.

Po3rnsiHeMO MOHATTS CTPYKTYpPHOI HaJiHHOCTI BUPOOIB 1 pe3epByBaHHS.

CTpYKTYpPHOIO HaJilHICTIO CUCTEMU (MIPUCTPOIO) HA3UBAETHCS PE3YJIbTYI0Ua HAAIHHICTh CUCTEMHU
(TpuCTpOIO) TIPH 3aJaHii ii CTPYKTYpl 1 BIIOMHUX 3HAUEHHSIX HAAIMHOCTI BC1X BXIIHUX B HEi 4YaCTHUH
(610K1B, OcepenKiB, KOMIIOHEHTIB 1 T. ., TOOTO KOHCTPYKTHUBIB).

B3araui 3 mo3uniii Teopii cucTeM NnpaBUIIbHILIE TOBOPUTH PO HAJICUCTEMHU, CUCTEMH, IIACUCTEMU
K CKJIaJJOBUX JI€SIKO 3BEPXCUCTEMHU.

Mopeni HaIHHOCTI BCTAHOBIIOIOTH 3B SI30K MIX MijcucTeMaMu (a00 elleMEeHTaMu CUCTEMH) Ta
iX BILIUBOM Ha poOOTYy BCI€I CHUCTEMH.

CrpykrypHa (exkBiBajienTHa) cxema Hajiitnocti (C (E) CH a6o mpocto CCH) — e moxaens
peasbHOTO 00’ €KTY, 10 OyAY€ETHCA HA OCHOBI 200 3 ypaxyBaHHSM, HAIIPHUKJIIA, IIEKTPUUHOI CXEMH,
TOMNOJIOT1i, TUIy MAasgHUX 3’ €HaHb, crloco0y pe3epByBaHHs. [Hakme kaxyuu, CCH BupobiB — ne
y3arajbHeHa MOJeNIb MPUBATHUX MOJeiel (miaMonenei) 1 3HauymuX JJIs HaJIMHOCTI peajbHUX
gacTuH BUpoOy. CTpyKTypHa cxeMma HaJiiHOCTI BH3Hadae (yHKIIOHAJBbHUN B3a€EMO3B’SI30K MIX
po6otoro mijgcucTeM (abo eIeMEeHTIB) B MIEBHIM MOCTIA0BHOCTI. [{f0 cXeMy CKJIaaroTh 3a MPUHITUIIOM
(GYHKIIIOHAJIBHOIO MPU3HAYEHHS BIAMOBIAHUX MijcHcTeM (ab0 €J1eMEHTIB) IpH BUKOHAHHI HUMH
[IEBHOI YaCTUHU POOOTH, SIKY BUKOHYE CHCTEMA B LLIIOMY.

TexHiyHa cucTemMa MoXke OyTH CKOHCTPYHOBaHa TAKUM YMHOM, 1O JJIsl YCHIITHOTO (PyHKII10HYBaHHS
HeoOXiJHa crnpaBHa poOoTa Bcix ii eleMeHTiB. Y 1IbOMY BHUMNAAKY ii HA3UBAIOTh IMOCIIJOBHOIO
cucteMoro (S-tum). € TakoX CUCTEMH, B SKHUX IMPU BIJIMOBI OJHOTO €JIEMEHTa 1HIIUA E€IEMEHT
31aTHUM BUKOHATH Horo QyHkuii. Taky cucremy HasuBaroTh napanenbHoi (P-tum). [lyxe wacto
CHUCTEMH BOJIOJIIOTh BJIACTUBOCTSAMHM SIK MapajesbHUX, TaK 1 MOCIIJOBHUX CHUCTEM — CHCTEMHU 31
3MimmanuM 3’ eqHaHHAM (C-tun). [Ipu po3paxyHKy HaaiitHOCTI HEOOX1THO JOCHIKYBATH J1i CUCTEMU,
I'PYHTYIOUHCH Ha 1i PYHKILIOHAJIbHIN CTPYKTYpl Ta BUKOPUCTOBYIOUM MMOBIPHICHI CIIBBIJHOIIEHHS.

Take gOCHIKEHHS CTPYKTYPH J03BOJISi€ BUSIBUTH BY3bK1 MICIS B KOHCTPYKIIi CUCTEMH 3 MOMIALY
il HaJIWHOCTI, a Ha eTalll MPOEKTYBAaHHS — PO3POOUTH KOHCTPYKTHUBHI 3aXOAM IIOAO YCYHEHHS
noAiOHUX BY3bKHX Miclb. Hampukian, MokHa 3a3fajieriib HigpaxyBaTH, CKIUJIbKH PE3e€pBHUX
€JeMEHTIB HeOoOXiJHO s 3a0e3medeHHs 3aJaHOro piBHA HaAliHOCTI cuctemu. [lami MoxkHa
po3paxyBaTH HAAIWHICTh CUCTEMH, MOOYIOBaHOT 3 €IEMEHTIB 3 BIJOMOIO HAAIHHICTIO, a00 HABMAaKH,
BUXOJIYU 3 BUMOTH J0 HaJIIMHOCTI CUCTEMH, Hpe]’ SBUTH BUMOTH 10 HaJA1HHOCTI €JIE€MEHTIB.

HaniifHicTh — BIacTUBICTh 00’€KTy 30epiraTu y yacl 3Ha4€HHs BCIX MapaMeTpiB, sIKI XapakTe-
PU3YIOTh 3/1aTHICTb BUKOHYBAaTH NOTPiOHI QyHKIIT y 3alaHUX pekUMaxX 1 yMOBaxX BUKOPHUCTAaHHS,
TEXHIYHOTO OOCIyroByBaHHS, 30€piraHHsl Ta TPAaHCHOPTYBAHHS.
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The very measurement of flowing fluid stream consists in determination of the value of differential
pressure on the ram element [1-2].

The segmented flange allows taking the measurements of the flow of liquids polluted with solid
bodies forming suspensions or pollinated gases. The advantage of a segmented flange is the fact
that a flow hole is a circle segment, which leads to one-sided necking of section of a pipeline [3].
It 1s recommended for polluted liquids to place a hole of a segmented flange at the bottom part of
a reducing pipe. It provides free flow of pollutions in the measured fluid and deposit limiting flow
in a pipeline before the reducing pipe is not formed [4]. The goal of this article was to compare
the results obtained from numerical research with engineering calculations and experimental data
obtained for a segmented flange (of necking f = 0,5) with the flow of fluid and to determine the
minimum value of Re number, in which flow coefficient can be regarded as having constant value
for the examined flange.

The discussion of the flow of water jet through experimentally and numerically examined
segmented flange of necking f = 0,5 with the change of Reynolds numbers within the range of
ReD = 7120...16300 was presented in this article. As a result of conducted experimental research
and engineering calculations, flow characteristics of volumetric flow rate in the function of ram
pressure in the form of points was determined, including trend lines. It allowed estimating relative
error between engineering calculations and experimental research. This error does not exceed
1,335% with the increase of pressure on the flange amounting to 0,45 kPa and practically decreases
linearly to 0,218% for the pressure increase amounting to 2,2 kPa.

The experimental research conducted for a segmented flange of necking f = 0,5 allowed to lower
the minimum value of Reynolds number to Re = 10000, of which flow coefficient has constant
value while maintaining relative uncertainty assumed in the norm [5].

The numerical simulation made for stream having Reynolds number Re = 12739 allowed to
estimate the relative error of simulation of differential pressure at the level of o = 10,1%. The
simulation with the use of SolidWorks Flow Simulation for turbulent stream fully proves the
usefulness of this research method to determine the values characterizing flow in comparison with
expensive and time-consuming experimental research.

1. Golijanek-Jedrzejczyk A., Swisulski D., Hanus R., Zych M., Petryka L.: Uncertainty of the liquid mass
flow measurement using the orifice plate, Flow Measurement and Instrumentation 62, (2018), 84-92

2. Kremlewski P. P.: Raschodimiery i scetciki kolicestva vescestv, Izd. Politechnika, Saint Petersburg, 2002.

3. Turkowski M.: Metrologia przepbywow, Oficyna Wydawnicza Politechniki Warszawskiej, Warszawa, 2018.

4. [4] Mrowiec A., Kasprzak D.: Pomiar kryzq segmentowq strumienia medium dla matych liczb Reynoldsa,
Zeszyty Naukowe Wydziatu Elektrotechniki i Automatyki PG, Nr 49/2016, 75-77

5. PN-93/M-53950/01, Pomiar strumienia masy i strumienia objetosci plynow za pomocq zwezek
pomiarowych, Polski Komitet Normalizacji, Miar i Jakosci, Warszawa 1994.
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Various new techniques have been put forward in the literature to identification and estimation
of the harmonic sources in electrical power delivery systems [1-4].

In many practical applications, acquiring signals at ever higher sampling rates cases that large
amounts of data must be stored on physical memory, which in turn leads to a huge memory
occupancy. Thus, storing and processing or analyzing the resulting large number of data has made
it necessary to compress the desired information using the appropriate algorithms. Differently, from
the typical approach usually implemented for signal compression, new techniques compressive
sensing (CS) uses a limited number of random linear projections to acquire efficient representations
of compressible signals directly [5-7].

The paper presents the application of a fast reconstruction algorithm, based on the theory of the
CS theory that can detect harmonics in an input signal. In general, the CS theory consists of three
main issues. The first is determining the sparsest representation of a signal. Next, it is important
to find an applicable compression transformation matrix, which well approximates the original N
length signal for the least M coefficients. The last one concerns implementing proper reconstruction
algorithm, which can recover the original signal from observed M coefficients [8].

Taking under consideration the narrowband input signal that can be described as a superposition
of K sinusoids [9]:

1 & 2
x =—) X,-exp(j-—n-k
\ N; ¢ exp(j k), (1)

where X, is the DFT of signal x,.

This signal has a K-sparse representation in terms of the discrete Fourier transform (DFT),
meaning that it consists of only a small number of basic functions. The transformation matrix v,
constructed on the Fourier basis is described by [2]:

Vs = OPU ) @

To apply the CS theory efficiently, two conditions must be met. The first is the aforementioned
sparsity of the signal. The second condition states that the measurement matrix ¢ must be incoherent
with the basis y in which the signal has a sparse representation. In the literature, some frequent
examples of incoherent basis couples can be found [5]. Random matrices are largely incoherent
with any fixed basis y [5].

In order to reconstruct the sparse signal x, optimization algorithms based on the /,-norm
minimization is usually applied [5]:

a=arg min||a||] subject to y=0-a (3)

where: @ denotes the estimate of @ € R" — a sparse representation of the signal of x in the matrix
w and ||a||] denotes /,-norm of a.

The problem of signal reconstruction is solved using a convex optimization by the linear
programming algorithm. Additionally, to accelerate the convergence, a K-rank-order filter is applied
in the signal's sparse domain. The reconstruction formula is described as follows [10]:
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The algorithm operates in a loop, and in each iteration, it verifies if equation (4) actually
converges. The processing loop terminates when the threshold condition # meets [10]:

0<t< i — <1 (5)
i+ [y (e %)

where: X, — the estimate of x at the i” iteration.
The Fourier transformation 7' is applied to sparsify the solution. The estimate of x, is expressed as:

% =T {Rank (T {x})} (6)
where: Rank (*) — denotes a K-rank-order filter.

Consider a vector with samples X, =T {f} = [X X N]. The filter extracts the K most significant
components from the input vector and assigns zero to the remaining places. This filter has low
computational complexity and is easy to implement. This way, the computational burden of the
inverse Fourier transform, performed in the next step, is reduced.

The simulations were performed using a program designed on based on an accessible application
in the LabVIEW environment [10]. As an example, a multi-tone signal with the 50 Hz fundamental
harmonic has been generated.

The preliminary results of numerical simulations performed using the fast reconstruction algorithm
shows the limitations of effective reconstruction based on the CS. The good reconstruction accuracy
occurs in the case of multi-tone signal that consists of components whose amplitude levels do not
differ significantly. The application of the presented reconstruction algorithm to signals in which
the dominant harmonic is occurring, requires the pre-conditioning of the signal consisting in the
extraction of this component from the examined course.

X =

9, (4
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Compressive sensing (CS) is a technique of measuring signals and then reconstructing them with
incomplete data (in comparison to classical measurement methods) [1-3]. It enables sampling below
the Nyquist frequency, without (or with slight) losing reconstruction quality. Sparsity is the inherent
property of those signals for which, all information contained in the signal can be represented only
by means of several significant components, compared to the total signal length. There is a base,
in which this signal has a few components different from zero. The time—frequency domain provides
an ideal base to sparsely represent the non-stationary signals [4-5].

The CS signal processing scheme contains both acquisition and reconstruction models (see Fig. 1).

Input signal
x(n) Compressive
measurement
Matrix - y(m)
Random —l" Mutopsst 1 (o1 Sparse Inverse
. - Reconstruction Approximation Transformation
matrix ¢ Reconstruction Aot —> & > 2(n)
matrix
0=¢ ¢

Fig. 1. The signal processing scheme based on compressive sensing [6]

In order for CS to be applicable, it is assumed that the input signal x can be represented by a
linear combination of known basis functions [6]:

N
x=2d4 Yy, =y a, (1)

where, a represents a sparse representation of the signal x on the transform base Y.
Then, compressive measurement signal y (where, the dimension of observation signal is M) can
be acquired with:
y=¢-x=¢-y-a=0-a, (2)
where, ¢ denotes a measurement matrix and @ represents reconstruction (sensing) matrix.
Finally, the reconstruction process model is described as follows [6]:

a =arg min ||a||] subject to y=0-a, (3)

where, ais the estimate of a and ||a||] denotes /, norm of a.

In this paper, the matching pursuit (MP) algorithm [7], based on the chirplet dictionary, is applied
to solve the reconstruction problem (3).

The simulations were carried out to prove effectiveness of the reconstruction of a non-stationary
signal from a small set of random measurements. The simulation program has been designed, based
on available applications in the LabVIEW environment [8, 9]. It applies a compressive sensing
algorithm to recover the signals from a set of single random (scalar) samples, where the signal is
K —sparse in a time — frequency domain. The original signal x consists of two different components:
one is a sinusoid of high concentration in the frequency domain and the other is the sum of three
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damped sinusoids of fine localization in the time. The percentage of tested signal’s variance (energy)
explained by the CS reconstruction defines the accuracy of the reconstruction. To study the effect
of noise background, a white Gaussian noise is added at two different signal-to-noise ratio (S/N),
3 dB and 20 dB. Fig. 2 shows results of sparse reconstruction for 70 iterations (measurements)
under each noise level. The recovered signal explains about 70% of the signal total energy in the
presence of weak noise. In the case of strong noise, the accuracy of CS decomposition is significantly
decreasing.
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Fig. 2. The waveforms of: tested signal (a), noise convoluted sparse signal (b), sparse
representation (c) for S/N equals 3 dB. The waveforms of: tested signal (d), noise convoluted
sparse signal (e), sparse representation (f) for S/N equals 20 dB

The signal convergence in the sparse domain presents the adaptive spectrograms. In the weak noise
case, the original signal is well recovered. In the second case, noise contaminates the spectrogram.

A more accurate reconstruction for a noisy signal can be reached by increasing the number of
random samples (measurements) in the CS acquisition or the number of atoms used to expand the
signal in the MP algorithm. The results demonstrate the reconstruction of a non-stationary signal
can be effectively performed from a small set of random measurements. The dimension of the
measurement matrix affects the accuracy of the reconstruction process.
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Continuous measurements of flow streams in a circular cross-section of the pipeline are made
using various types of reducers [1]. According to Kabza [2], 50% of all flow meters are orifices.
In many industrial flow installations there are mounted apertures used mainly for regulating the
gas stream flow. Because they reduce the flow of the medium, it seems that they can be successfully
used to measure the stream flow. The aim of the work is the analysis of the possibility of using an
aperture mounted in a circular cross-section of the pipeline for continuous measurement of streams
flowing in the air installation. There were calculated values of flow coefficients Cp for the different
position of the aperture in the pipeline depending on the Reynolds number. The studies were carried
out on the installation shown in Figure 1.

Fig. 1. Scheme of the measurement stand: 1 — radial fan,
2— venturi reducer, 3 — aperture in the pipeline

Measurements were made for selected aperture settings in the pipeline with diameter D = 0.388 m
and with several air flow streams for each setting. An example of the location of the apertures is
shown in Figure 2. The underpressure p, behind the aperture was recorded for each of its positions
every 5 seconds using a digital pressure gauge with a resolution of 1 Pa. The recording time was
360 s. At the same time and with the same measurement step the actual air mass stream flow q,,
was measured with a Venturi reducer with a flow coefficient C, = 0.925 and internal diameter
d = 0.271 m. The air temperature in the installation was measured with Pt100 metal resistance
thermometer and relative humidity ¢ with thermo-hygro-barometer. The air stream flow was set by
changing the frequency from 45 Hz to 20 Hz in 5 Hz increments using an 155A inverter.
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A)

Fig. 2. Examples of the aperture positions

Based on the measurements from Equation 1, the values of the Cp flow coefficient for the
aperture were determined. Used the equality of mass streams in the flow installation:

Gmv = Cp * Ap *&y/2Pxc " Py
where ¢ is the compressibility coefficient, p, is an air density before aperture.
Figure 3 shows sample results of Cp coefficients for two different aperture settings. It clearly
shows that the values of these coefficients do not change much with the Reynolds number and can

practically be accepted as stable in a wide range of Reynolds numbers. Thus, the aperture is
successfully used for continuous measurement of the air stream flow in the installation.
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Fig. 3. Values of flow Cp coefficients for aperture positions from figure 2
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Abstract: In a drive system with a hydraulic pump, different operating states may be observed
due to mechanical or physical phenomena. In order to detect them, you can use various methods
of mathematical analysis, e.g. FFT - Furier transform or SFFT - short Fourier transform. The article
discusses the definitions of these basic operating states, while pressure and flow at the pump outlet
were used to define them.

1. Introduction. Hydraulic pump systems are examples of working systems commonly used for
industrial purposes. Its selection for specific application mainly rely on its operational characteristics.
Real shape of hydraulic pump characteristics depends on a number of phenomena (for instance flow
resistance, recirculations), which occur during operating medium flow through it. To detect specific
states in pumps, some methods of DSP (Digital Signal Processing) were already used [1][2].

Our problem considers operation of hydraulic pump system in different states of operation [3],
both for normal operation and transient undesirable states. Changes of pressure in pump and
operating medium flow were imposed by regulating system, then the results were collected and
analyzed under DSP.

2. Signal processing and test results. The test rig used for the experiment is used in pneumatics
and hydraulics laboratory in Lublin University of Technology. Measurements of pressure and flow
were performed in a wide range of rotational speed of hydraulic pump (0 + 1050rpm). Extortion
of different states of hydraulic pump was regulated by changing position of hydraulic valve throttle.

The test equipment consisted of following elements: hydraulic gear pump — Caproni 10A5X053G,
hydraulic motor — M+S MMS&, flow meter — Stauff PPC-04/12-SFM-015, 3 Way Flow Control,
Proportional Valve — Ponar WDUDI10, hydraulic valve throttle — Ponar VRFB90° 3/8 PN350,
overflow valve, power system of cascade control system.

The measurements of flow and pressure were conducted by using hydraulic tester STAUFF PPC-
06/08-plus coupled with DAQ National Instruments 6341. The sampling frequency was set to
10kHz. To show system’s possibility to adapt to different states, one long measurement was
performed and later it was considered for further analysis.

The obtained raw signal of pressure and flow is shown on Figure 1. Four states specific for
hydraulic pump operation were found and indicated on it. They are following:

1. Idle state — inifinitesimal flow, pressure value persisting on low level.

2. Impedance matching — flow and pressure on little bit higher level than in idle state.

3. Overload — pressure on maximum high level, flow level a little bit higher than in previous
states.

4. Quasi-Cavitation — rapidly changing values of pressure and flow, signal of flow is high and
unstable.

The above identified states of hydraulic pump system’s operation can be described more precisely.
Thus idle state is characterized by the implementation of a rotational speed on the pump impeller
at low torque. On the output of hydraulic pump, pressure is on level corresponding defined by
rotational speed and flow through it and it’s very low, almost zero. Such a state was indicated in
Figure 1 as 1.

Next, impedance matching state is distinguished by determination of operation conditions of
pump to the needs of working machine. Most often, level of pressure and flow in pump is imposed
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Fig. 1. Raw signal of hydraulic pump operation, yellow (pressure), red (flow). States identified in
hydraulic pump are following: 1 — Idle State, 2 — Impedance matching, 3 — Overload,
4 — Quasi-Cavitation

by parameters of receiver. On the input of pump, impedance matching state corresponds to the
situation, where optimal shaft speed and torque occur. In Figure 1 it is marked as 2.

Overload corresponds to the mechanical overload of pump. Such a state is very dangerous and
undesirable resulting in sealing damage. Then, the pressure increase significantly and fluid flow
through pump is strongly decreasing. Considering mechanical operation, such a state corresponds
to any rotational speed at high torque. It is shown on Figure 1 as 3.

The last state marked in Figure 1 as 4 is a transient state, which can be determined as
quasicavitation. It is a state in which, under the influence of rapid acceleration of moving parts of
the pump, they detach from the surface of the hydraulic medium as result of its inertia. It is a very
undesirable phenomena for the system’s operation, because there are not homogenous areas of
decreased density and even areas of lack of liquid, vacuum bubbles with very low pressure. Such
a state in laboratory conditions is quite difficult to obtain and easily passes into hydraulic impact,
hence here cavitation has not been distinguished from hydraulic impact, that is why it is called as
quasi-cavitation. In the case of conducted experiments, this state was obtained by an extremely
incorrect selection of pump’s operating parameters, its load and drive inputs. Obtained state is
characterized by rapid changes in pressure accompanied by large changes in fluid flow [4].

3. Conclusions. Appropriate identification of operating states resulting from the analysis of liquid
flow and pressure should allow optimization of the pump operation process and diagnostics of its
technical condition, including prediction of failure in selected parts.
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MacoBe BUKOPHCTaHHS paJll0€JIeKTPOHHUX 3aC001B, B TOMY YHUCII 1 3aC001B BUMIPIOBaHHS P13HOTO
MPU3HAYEHHS MPHU3BEJIO JO BUHUKHEHHS 1X B3a€EMHOTO BIUIMBY OJMH Ha OJHOIO 3a PaxyHOK
BUIMAJKOBUX B3a€EMHUX MEPEIIKO/, SIKl YCKIAIHIOIOTh a00 BUKIIIOUAIOTh MOXKIIUBICTh X HOPMaJIbHOT
cymicHOi po6otu. Lli mpobiieMu BUCYBalOTh Ha NEPIINH TIJIaH BIOCKOHAJICHHS 3aC001B BUMIPIOBAHHS
B IJIaH1 3a0e3neueHHs enekTpomarHiTHOI cymicHocTi (EMC), a came nmoOynoBu 3aBajloCTIHKUX
BUMIPIOBAJbHUX IEPETBOPIOBAYIB, MPHIAAIB 1 CUCTEM, sIKI 3a0€3Me4YyI0Th BHUCOKI METPOJIOTIYHI
XapaKTEePUCTUKU B YMOBAX BIUIMBY 30BHILIHIX €JIEKTPOMAarHiTHUX 3aBajl.

bopotn0a 3 3aBajjamu HaOyBa€e 3HAUHY aKTyaJbHICTb 3 HACTYNHHUX MPUYHH.

Enepretnunuii piBeHb 1HPOpMAIIHHUX CUTHAJIIB Ma€ TEHEHIIIIO IO 3MEHIIICHHS, a EHEPTeTUIHUHN
pIBEHb 30BHIILIHIX 3aBaj 0e3nepepBHO 30UIbIIYEThCS (O10CUTHAIN, MOOUIbHI TelepOHHU).

3011bIIEHHS B3a€EMHOTO BILUIMBY €JIEMEHTIB 13-3a 3MEHIIECHHS TabdapUTHUX PO3MIpIB aKTUBHUX
€JEeMEHTIB 1 JiHIM 3B’A3Ky MIXK HHUMH, a TaKoX 301IbLIEHHS HIIJIBHOCTI iX po3miuieHHs (SMD
€JIEMEHTH ).

3pocTaHHs PiBHS 3aBajl 13-3a YCKJIAJHEHHS CHCTEM 1 PO3IIMPEHHS 3aCTOCYBAHHS 30BHIIIHIX
MPUCTPOIB 3 BEJIHUKOI KUIBKICTIO €JEKTPOMEXaHIYHHMX BY3JiB (MIKPOIPOIECOPHI CUCTEMHU B
aBTOMOOLIIAX ).

3 iHmoro OOKy, BAOCKOHAJEHHS 3ac001B BUMIPIOBaHHS CTPUMYETHCS MOCTIMHUM 3pOCTaHHAM
PIBHIB €JIEKTPOMArHiTHUX 3aBaj 4Yepe3 3POCTAaHHSA MOTYXHOCTI €JIEKTPOCHEpProzade3meyeHHs
IIPOMMCIIOBOCTI, TPAHCIOPTY, CTUILHUKOBOIO 3B’A3KY 1 cpepu moOyTOBUX MOCIYT, TOOTO BHACHIAOK
30UJIBILIEHHS] 3arajlbHOTO €JIEKTPOMAarHiTHOro ¢GoHy VY pe3ynbTari Jii TaKUX NEPEIIKo] BUHUKAIOTh
PI3HI HOpYILIEHHS B poOOTI yCTAaTKyBaHHS, 110 MPU3BOJATH A0 BUXOLY HMOro 3 jaay, aBapii 1 3001B.
Hacnigku ix MOXyTh OyTH KaTacTpOo(QiYHUMU JIJIs HACEJIEHHS 1 HaBKOJUIIHBOTO cepenoBuuia. Le i
MOPOJIMIIO TaKy MpoOIeMy, SIK €JIEeKTpOMarHiTHa CyMiCHICTh. HaltO1bI XapakTepHUMHU MPUKIIATaMU
nposiBiB podnemu EMC mMoxyTh OyTH Taki SIBUILA, SK BIAMOBH CHUCTEM KOHTPOJIIO 1 YNPaBIIHHS
AEC, BiAMOBH cHCTEM KOHTPOJIIO 1 yIIPaBIIHHSA Ha BUPOOHUIITBI, B TOMY YHCII1 1 XIMIYHOMY, BiIMOBH
OOPTOBUX CHUCTEM JIITAKIB 1 a€POAPOMHUX CUCTEM HaBEeACHHs, 3001B MEIUYHOT anapaTypu J1arHOCTUKU
1 xuTTe3abe3neyeHHs. Tomy B JaHOMY acmekTi mpoOjeMa 3aBaJOCTIMKOCTI OCh YK€ MPOTATOM
OCTaHHIX JCCATHIITh 3aJTUIIAETHCS aKTyaJbHOIO.

Ha ocHoBI aHasi3y BUMOI HOpPMaTUBHUX JIOKYMEHTIB 3 €JIEKTPOMAarHiTHOI CyMICHOCTI Ta €KCIIepH-
MEHTAJIbHUX JaHUX, BUHUKJIA HEOOX1IHICTh pO3pOOUTH MPOMO3ULIT 1010 MiABUIIEHHS CTa01IbHOCTI
po0oTH 3ac00iB BUMIPIOBaHHS Ta 3HM)KEHHSI BUIIPOMIHIOBAJIbHUX 3aBaJl €JIEKTPOTEXHIYHUX 3aC001B
y po6o4oMy cepemoBHIILI.

B naniif po60Ti po3misgat0ThCsl METOU MOJETIOBAHHS Ta AOCIIKEHHS MEXaH13MYy BIUIMBY 3aBaj]
Ha pi3HI THUIHU aHAJIOro-Uu(pPOBUX MMEPETBOPIOBAYIB Ta BXIAHUX (UIBTPIB 1 po3polOKa Ha 11l OCHOBI
HOBHUX CIOCOOIB 1 aITOPUTMIB JUIsl YCYHEHHS MOXHOOK nepeTBopeHHs. [IpoaHanizoBaHO MOKIUBICTb
BUKOPUCTaHHSA aMOp(GHUX MaTepiajliB B AKOCTI €KpaHiB JJis BXIJHHUX KUJI 3ac00iB BUMIPIOBAHHS.
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[IpoBeneni mociuiaKeHHs JJs BU3HAYEHHS PEajbHOrO CIEKTPAJbHOTO CKJIAay €JIEKTPUYHOro Ta
MarHiTHOTI'O IOJIIB y CEPeAOBHINI Ta iX (PI3UYHUX CKIAJOBUX BeaWYUH. OTpUMaHI 3aJ€XKHOCTI L[0J0
3MIHM 4YacTOT IpHU BIAMNOBIAHIN Hampy3l 13 3MIHOIO BIACTaHI OO JPKepesja BUIPOMIHIOBaHHS.
Po3po0Gnena meToauka 1o BUSBICHHS €JIEKTPOMArHiTHOI CyMICHOCTI TEXHIUHUX 3aC001B Ta 3HUKEHHIO
3arajibHOro piBHS €JIEKTPOMArHiTHOTO MOJIA 3 ypaxyBaHHAM MDKHApPOJIHUX CTaHJApTIB 3 €JIEKTPO-
MarHiTHOI Oe3MeKu.

1. lopoocoseyv M. Onpayrosanns pesyromamis eumipiosanv: Haeu. nocionux. — Jlveis: Buo.
Hayionanvnozco ynisepcumemy “Jlvgiecoxa nonimexuixa”, 2007. — 624 c.
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VK 536.532
AHAJII3 TEPMIYHOI CTIHKOCTI METAJIEBUX IIKEJI

© Isan [Tumensy', Ipuna I[lemposcvra®, Iurun Crkoponad?, 2019

'HanionaneHuit yHiBepcuteT “JIpBiBCchbKa momiTexHika” (JIbBiB, YkpaiHa), noueHT Kadenpu iHdopMariiHo-
BUMIPIOBAJIBHUX TEXHOJOTIH, K.T.H., AOUEHT, ivt@lpnu.ua
’Hanionansauii yHiBepcuteT “JIbBiBCchKa momiTexHika” (JIbBiB, Ykpaina), moueHt kadenpu indopmariiiao-
BUMIPIOBAJIBHUX TEXHOJOTIH, K.T.H., JOUEHT, ivt@lpnu.ua
‘Hauionansauii yHiBepcuteT “JIbBiBCchKa momiTexHika” (JIbBiB, Ykpaina), npodecop kadenpu indopmariiiao-
BUMIPIOBAIBPHUX TEXHOJIOTiH, 1.T.H., mpodecop, ivt@lpnu.ua

Binomo, mo cTpykTypHa cTaOiabHICTH Ta CTaOUIBHICTH €JIEKTPOQPI3UYHUX BIACTHUBOCTEH
MetaneBux mkea (MIL) 3anexars Big BIaCTUBOCTEW KOMIIOHEHTIB, sIKI BXOISTH JO iX CKJIamy.
bepyuwu 1o ysaru emmipuany 3anexnicts 1,/7,=0.4...0.6 (T, — Temneparypa no4aTKy KpuCTai3amii),
MOJKHA JINTH BUCHOBKY, 10 HalO1b11 cTablabHuMU MU OyayTh Ti, 1110 6a3yI0THCSl HA BUKOPUCTaHHI
METAJIIB 3 BUCOKOI TeMreparyporo tomieHHs (7T;). Ik cBinq4are pe3ynbTaTH NPOBEICHUX HAMHU
JOCHIUKEHb, came 3Ha4eHHs T,/T, He € cTanuMm, a K BUABMIOCH, MAa€ TCHJCHIIIO JI0 3DOCTaHHA B
OKOJIl CepeHbOi YaCcTHHHU Jiarpamu craHy. Ockinbku T, METaleBHX HIKE] € JOCUTh BaXKJIUBOIO
XapaKTepPUCTUKOIO, TO JUIA OI[IHKU 1X TEpMIYHOI CTAOUIBHOCTI O1JbII JOLUIBHO CKOPUCTATHUCS
3arajbHOBIJIOMOIO HaIlIBEMIIIPHYHOIO 3aJICKHICTIO, sIKa OB’ A3y€ T, 3 KOHIIEHTPALIHHOIO 3aJICKHICTIO
CHTaJIbIi yTBOPEHHA NOp BakaHciiHoro tumy AH . [xJ[x/mons]: T, ~ (7...8)AH .. Buxonsuu 3
aHaJi3y JaHOI 3aJIe)KHOCT1, MOXKHA J1MTH BUCHOBKY, 110 BHACIIAOK CTPYKTYpHOI penakcauii ML ix
T, MOXe€ CyTTEBO 3MIHIOBATHCH.

Ananoriuno, gk T, Tak i Temneparypa mKI0yTBOpeHHs (7T,) MOXe CIly)KHTH MipOI0 TE€PMIYHOI
crabinbHOCTI M. Tak, 1ys nepeBaxHOi OLIBIIOCTI METAJIEBUX aMOP(HUX CUCTEM CIIPABIKYETHCH,
mo 7T, /T, > 0.45, a ne nae 3MOry OTpUMYBaTu aMOp(Hy CTPYKTypy MarepialiB 10 IapTyIOThCS IPH
IIBMJKOCTSX, AKi He nepeBuinyoTh 10°K/c. Otxe, unm Buma 7T, ta Hux4da T, — THM CTaOiIbHIIINIH
aMop(dHUI CTaH.

['o10BHUM YMHOM, MOJIeIN1 TEPMIYHOI cTaOUILHOCTI aMOP(HOTO CTaHy 0a3yrOThCS Ha MPUITYLIEHH],
10 MIBUIKICTh MEPEXOJly B KPUCTAJIIYHHUI CTaH, fiKa BU3HAYA€ThCA AUQPY31HHUMHU INpOLECaMH,
MpomnopIiiiHa BeIudnHl, 00epHeH1il B’ s3k0cTi. Tak, B Teopii eHTPOMHHOI B SI3KOCTI, 3aJ€KHICTh
3MIiHH B’SI3KOCTI BiJl TeMIlepaTypd BH3HAYAETHCSA HACTYMHHM duHOM: N=C exp(AE/ ST ), ne: C —
crana; AE — eHeprig akTuBalii B’ A3KOro NpoTikaHHS; § — KoHIrypauiiiHa enTpomnis. B tBeprnomy
crani npu T, eHTPOIIiA NPAKTUYHO HE 3MIHIOETHCS, a KpucTamsanis MII, gk BimoMo, HacTymae B
MOMEHT JOCSATHEHHS KPHUTHYHOTO 3HAYCHHS B’S3KOCTI, IO cTaHoBUTH ~10'*[Ta-c. O1xe, 3a yMOBH
HiIBUILEHHA B’A3KOCTI PO3TOIy, 3pOCTa€, BIANOBiAHO, T, a AK HACIOiJOK — 3pOCTa€ TEMIEpaTypa
nepexoy B KPUCTAJIIUYHUNA CTaH METaJeBOTO IIKJIA.

3 METOI0 BM3HAYEHHs 3Ha4YeHHA Temmneparypu (asosoro mepexony (7,) nocmimxysanux MIII,
CKOPUCTAEMOCS TEMIIEPATYPHUMH 3aJI€KHOCTIMHU iX HPUBEIEHOro ejekTpoornopy (puc. 1; npu
mwBuakocTi HarpiBy 20K/c). BpaxoByioun mBuakicts kpucrtamizauii (J i = A(Ry/Ro7x) ! AT),
TeMneparypor (a3zoBOro Mepexoy BBaKaTUMEMO TOYKY, B sIKii BOHa MakcuMajbHa. Pesynbratu
MPOBEJICHUX JIOCIIKEHb CBIIYATh MPO TE€, 10 HEMA€ OJHO3HAYHOI 3aJ€KHOCTI MIXK CXHJIBHICTIO
CTOMIB 70 Tepexoay B aMop(HUI cTaH Ta iX BIAMIPHICTIO MPOTH KpucTtamizamii. Ha Ham morsn,
OIBII BIPOTIAHO, IO BIAMIPHICTH AOCHIIXYBAaHUX MaTepiajiiB MPOTH KpHUCTajizaiii 3pocTae 3
POCTOM IIBUJIKOCTI iX rapTyBaHHS.
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115 - —o— Fe84B16
—HB— Fe85BI15
1,05 —A—Fe86B14
—>— Fe87B13
o 0,95 —%— Fe90B10
g 085 —@— Fe80Ni3B17
> —+— Fe80Cu3B17
0,75 —— Fe80V3B17
.| —@— TiCuNiSi
0,65 |-+ - - TiCuCoSi
0.55 —&— TiCuCo
,
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Puc. 1. Tunogi memnepamypHi 3anexircHocmi npueeodeHo2o
eeKmpoonopy 00CIIOAHCYBAHUX Mamepianié

Jlst BUBYEHHS KiHETUKM KpucTaiizaimii MII 3acTocoByBaiy METOT TOCIIIKEHHS iX €JIEKTPOOIIOPY.
3 Li€0 METOI MPOBOAWIHUCS cepii 130TepMIYHUX BIANAJIB 3pa3KiB MPU PI3HUX 3HAYEHHSIX
Temneparypu 3 ¢ikcali€lo AUHAMIKKA 3MIHU iX omopy. AHaii3 mpouecy HpOBOJUIU, BUXOASYH 3

MOIM(IKOBAHOTO PiBHAHHS ABpami:
4 .
log|:ln [I—W] =n|:log ['[OeXp(_EK]] l+log l} ,
R4—Ryx kT
ne R, — mouatkoBuil enexTpoomnip 3paska B amopdHomy ctani, OM; R(f) - eneKTpoomip 3pas3ka B
MOMEHT 4acy #, OM; R, — KIHIEBUH €JIEKTPOONIp 3pa3ka B KPUCTAIIYHOMY cTaHl, OM; n — YMHHUK,
II0 BU3HAYAETHCSA XAPAKTEPOM 3apOKEHHS Ta POCTY KPUCTANlIB; T, — YaCTOTHMH YMHHUK, C; E, —
eHepria aktuBaili nmpouecy kpucramizaiii, eB; k — ctana bonenmana, eB/K.

3 MeTo BU3HAuYe€HHS TepMiuHOI cTalbuibHOCcTi MII B QyHKLII BIIMBY TemmepaTypH 1 dacy
eKCILTyaTamli, iX miJaaBany IEPMaHEHTHOMY 130TEpMIYHOMY BiAmanoBi mpu temmeparypi T, mo
cknagae 0.75T, nporarom 4vacy f, KOTpMH Ha0araro IEpEBUINY€ 4Yac KpHUCTaizamii f,, KW
BU3HAYAIOTh B MPOILIECI AOCHIIKEHHS TUHAMIKUA KpHUCcTali3alii.

AHanizyouu pe3yJbTaTH [UX JOCHIII)KEHb Ta pe3y/IbTaTu KiHeTUKU KpucTtamizanii ansg MIL knacis
MeTaJl — MeTaJl Ta MeTajl — METaJIO1l BCTAHOBJIEHO, 1110 3alIPONIOHOBAaHI HAMM TaKl XapaKTepUCTUYHI
HapamMeTpu SK: TemneparypHa excrnosuuis B=(0.75T, ¢,), KoTpa BU3Ha49a€ NOYATOK KPUCTAII3AIHHUX
NPOLECIB B JOCIIIKYBaHUX 3Pa3Kax 1 4ac KPUCTAIi3amii £ - JOUIIBHO 3aCTOCOBYBATH Ul OLIHKH
4aCy iX IMOBIPHOTO HampamioBaHHA f, (0e3 nebesneku po3eumky Kpucmanizayii) B 3aJI€XHOCTI BiJ
Temneparypu excmayaranii T,. SIk HacaimOK MPOBEAEHUX NOCIIIKEHb, OTPUMAHO EMIIIPUYHY
3aJ€KHICTh IIYKaHUX BEJIMYHUH, SIKa J0Ope y3TOIXKYETbCS 3 EKCIEepPUMEHTAJbHUMH JAHUMU:

t,.=AB-t/T., ne: A — YMHHWK, 3HAYEHHS AKOTO KOJIMBAETHCS B Mexkax 600...800 i 3anexuTh Bin
1HIUBITyaTbHUX OCOOJMBOCTEH JOCHTIIKYBAHOTO 3pa3Ka.

Ha puc. 2 mpuseneno sanexsicts ¢, ana MII cimeiictBa Ti-Cu-Ni-Si Big Temmeparypu
eKcruryaraiii. Ik mokasyrTh pe3yabTaTh MPOBEeACHUX A0CHiKeHb, MIII MOXyTh TOCUThH TpUBATUN
yac nepelyBaru B amoppHOMY cTaH1 (30Kpema, HanpukiIam, 1 ctomiB cuctemu Ti-Cu-Ni-Si) npu
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T,=100K — 6inpme 50 pokis, a npu T,=600K — Ginpure 20 pokiB) miJ BIIMBOM CTAJI0T0 TEIMIOBOTO
HAaBAHTA)XEHHS, 1110 BKa3y€ Ha PeajbHICTh IXHHOTO MPAKTHUYHOI'O 3aCTOCYBaHHS.

tik'a C
1.5'109
tikli
X ey’
tik2i
—8-
tik3i
©
5'108
0 100 200 300 400 500 600 700 800 900
Tei, K
X trace 1
& trace 2
<~ trace 3

Puc. 2. 3anexcnicmo t, memanesux wxen cimeticmea Ti-Cu-Ni-Si 6i0 memnepamypu
excnayamayii ma ounamiku npoyecy kpucmanizayii (xpueéa — 1 ona t =1000c;
kpusa — 2 ona t =100c; kpuea — 3 ona t_= 10c)
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VK 681.326:518.3
IHBAPIAHTHU Y BUMIPIOBAJIBHUX CUCTEMAX

© Bonooumup Iloepebennux, 2019

Harionansauii yHiBepCcHTET ,,JIbBiBChKa momiTexHika” (JIbBiB, YkpaiHa), mpodecop Kadeapu eKonoriyuoi
0e3IeKH Ta MPUPOLOOXOPOHHOI AiSTBHOCTI, I.T.H., Ipodecop, vpohreb@gmail.com

Beryn. [lonstTd iHBapiaHTHOCTI Ta Horo pi3Hi MoAU(IKaLii IIUPOKO BUKOPUCTOBYIOTh Y HAYKOBUX
1 TEXHIYHUX AUCUUILIIHAX. BOHO Bifirpae OCHOBHY poOjb y 0ararbox MaTeéMaTHMYHHUX 1 QI3HYHHUX
Teopisix, BimoOpakarouum HaidyHIaMEHTAIBHIII BJIACTUBOCTI AOCTIIKYBAaHUX OO’ €KTIB 1 SIBHIII.
30kpeMa, OJMH 13 3arajJibHUX METOAOJIOTIYHHMX IMIAXO0A1B Teopii 1HBApPIaHTHOCTI CBIAYHUTH, IO
BUPILIEHHS NPUKJIAJHUX 3aBAaHb CJ1J MOYMHATH 3 MOIIYKY I[OBHOI CHUCTEMH 1HBAplaHTIB 1
BCTAHOBJICHHS 3B S3KIB MK HUMHU.

VY 11t poOOTI BUKOPUCTAHO KJIIACUYHY TEOpil0 1HBapiaHTiB [1] , sIKy 3amponoHyBajiyd BHJATHI
maremaruku Kemi, CunbBectp, Knelin, ['inp0ept Ta iH.

CTOCOBHO /10 METPOJIOTIYHUX Ta NIaTHOCTUYHUX MpoOJIeM Teopis 1HBAplaHTIB MOXE HaJaTu
JOTIOMOTY Tig4ac BHOOpPY BHUMIPIOBAaHHX IapaMeTpiB 00’€KkTa, aHali3l iX B3a€eMO3B’S3KIB Ta
1H()OPMATUBHOCTI, OLIHIOBAaHHI TOYHOCTI OTPUMAHOTO PE3yJbTaTy, Mii4ac OMUCy Ta cucTeMaru3auii
PI3HUX METPOJOTIYHUX Ta JIarHOCTUYHUX METOJIB. YCIHIIIHE 3aCTOCYBaHHS Teopii 1HBapiaHTIB
nojisirae y 3HaHHI NOBHMX HaOOpiB 1HBaplaHTIB y KOHKPETHIM NpuUKIaaHINd Tany3i. 3aBAaHHS
3HaXO/)KEHHS Ta OMHUCY TaKUX HaOOpiB 30BCIM HE TpUBIAJIbHE 1 BUMara€ rMOOKOrO0 BUBYEHHS
JOCIIII)KYBaHOTO KJlacy 00’ €KTIB.

MeTo1o po0oTH € npecTaBiIeHHS BUKOPUCTAHHS PI3HUX THUIIIB 1HBAPIaHTIB JJIsl BUMIPIOBAJIbHUX
CUCTEM.

Bukaan ocHoBHoro marepiany. OnHUM 3 eTamiB METPOJIOTIYHOI HpoleAypu € mnoOyaosa
METPOJIOTTYHOT MOJIeNi 00’ €KTa, AKa BiI0Opakae METy JOCIHIHKEHb, a TAKOXK BHOIp mapaMeTpiB, 110
[1JJIAral0Th eKCIEPUMEHTaIbHOMY BU3HAUYE€HHIO. MeTposoriuna Mojiellb — 1€ MaTeMaTH4Ha MOJeb
00’€eKTa, sIKa BPAaXOBY€ MOXJIMBI JpKepesa moxuOok. PeanbHi MOXuMOKHM 3BHYATHO BIIOOPaXalTh Y
BUIJISII JOJATKOBUX BX1IHMX CHUTHAIIB a00 y BUIVIS/II IEIKUX MTapaMeTPiB, HAIPUKIIAT, KOS(IIiEHTIB
PIBHSHB.

Bubip cykymHocTi 6e3mocepeiHbO0 BUMIPIOBAHUX MapaMeTpiB — 1€ BIAMOBINAIBHUM €Tam, Bl
SIKOTO 3aJIe’KaTh SKICTh, TOYHICTh 1 €()EKTUBHICTh BCHOTO €KCIIEPUMEHTY. BUMOTHM 10 BUMIpIOBaHUX
nmapamMeTpiB copmMynboBaHO y BUMIsAl npuHuuny «BIl» — BumiproBanicTh, iHOOPMATHUBHICTS,
1HBap1aHTHICTb.

BumiproBaHicTs mapaMerpa 03Hayae, 110 BiH MOBUHEH JOIMYCKATH MOXJIUBICTH 0€3110CepeaHbOr0
BUMIPIOBAHHS 3 JIOIOMOIOI0 BIAMOBIAHOTO ceHcopa. IHPpopMaTUBHICTh MapaMeTpa MOJIArae y TOMY,
110 BiH ITOBUHEH HECTH CYTTEBY 1H(OpMAIiI0 PO AOCHIIIKYBaH1 BIACTUBOCTI 00’ €KTa 1 IOMyCKaTH
MOXJIMBICTh KUIBKICHOTO BHU3HAUCHHS 1X XapaKTepHUCTUK. [HBapiaHTHICTh mapaMeTpa O3Hauae, 110
BiH MOBUHEH MaTH Mally (B iAeaji HyJIbOBY) YYTJIUBICTh /10 IIYMIB 1 3aBa.

[lepepaxoBaHi BUMOTHM € 3arajlbHUMH JIJIi METPOJIOTIYHUX BUMIproBaHb. Ha ’xanp, 1X ofHOYacHe
BUKOHAHHS Ha MPAKTHUI[l HE 3aBXKAU MoxJinBe. Lle MOXKHa MOSICHUTH 3 AOMOMOIOI0 JiarpaMu, Ha
AKIM BUAIJIEHO MHOKMHHM BUMIPIOBAaHMUX, 1HPOPMATUBHUX Ta 1HBApiaHTHUX IapaMeTpiB 00’ €KTa.
SIK110 mepeTuH LUUX TPbOX MHOXKHMH HE MOPOXKHIN, TO 1X 3arajbHa YaCTUHA MICTUTh IapaMeTpH, Kl
3a70B1IbHAIOTE npuHIuny «BII». Tomy iX moTpiOHO BUKOPHUCTOBYBATH Yy METPOJIOTIYHOMY
eKkcrepuMeHT1. B iHmomMy Bunaaxky noTpiOHoO 3a0BUILHSTH, B IIEPILY Yepry, BUMOT'Y BUMIPIOBAHOCTI,
a MI0JI0 JABOX IHIIMX BUMOT MOTPIOHO 3HAXOIUTH PO3YMHHH KOMITPOMIC.

HaBenemo pi3Hi TUIIM 1HBapiaHTIB BUMIPIOBAHUX CHCTEM.
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JInst miABUINEHHS TOYHOCTI Ta 3aBaJlOCTIMKOCTI BUMIpPIOBaHb YaCOBHUX MapaMeTpiB CUT'HAJiB
3aIpOTIOHOBAHO HOBI METOAM Ta HA iX OCHOBI CMHTE30BAaHO aJITOPUTMH OIpalroBaHHA [2, 3], AKi
IPYHTYIOTbCS Ha BUKOPUCTaHHI IHTEIPyBaJIbHOTO PO3rOPTaIbHOTO MEPEeTBOPEHH. BoHU BpaxoBylOThH
HE OKpeMI TOYKM Ha ()pOHTaX CUTHAJIB, a LI AUIAHKU (PpoHTH) iHPOopMauiiiHux curHamis. Lli
METOU XapaKTEePU3YIOTHCI BUCOKOIO 3aBaIOCTIMKICTIO Ta MIBUIKOAIE0, 110 3a0€3Meuye MOKIUBICTD
poOOTH 3 MOOJMHOKMMHU CUTHaJIaMH. BuMipioBaHuil 4acoBHUM 3CyB He 3al€XKHUTh Bl aMIUIITYyIU
cur"aii. Ha ocHOBI1 3a1IpOrIOHOBaHMX METOJIIB CHHTE30BaHO MPOLECOP OLIHIOBAHHS 4YaCOBOTO 3CYBY
1 IOJJaHO HOr0 CTPYKTYPHY CXEMY.

Po3pobneno metoau nmobynoBu BuMiproBaibHO-1H(GopMatiiiHux cucreMm (BIC) nns xknacudikarii
JOHHUX BIJKJIaJiB Ta I'pyHTIB [4-7]. BiH nomnsirae B ToMy, 110 y HanpsiMi 10 00’ €KTa BUIIPOMIHIOIOTh
aKyCTHYHMH IMITyJbCHHMH CHUI'HAJ 3 4acTOK 3alOBHEHHS f|, NPUHMAarOTh 0araropa3oBo B1IOUTI
curnanu (bBC) Bix o0’exTa 1 moBepxHI BOAM Ha 4acToTax f, 1 f, = 2 f|, BUAUIAIOTE OOBigHI
O6araropa3oBO BIJIOMTHUX CHUTHAJIB, NOPIBHIOIOTH IX 3 MOPOTOBUM 3HAYEHHSAM 1 3a BIJHOIIECHHSAM
ammityn BBC, siki nmepeBUIIMIN NOPOroBe 3HAYEHHS HA YacToTax f, 1 f,, IpUMMalOTh PINICHHS PO
Marepian 00’ ekta. BUXiiHuN CUTHANI HE 3aJIeKUTh BiJl TIMOUHHU BOJOWMH.

3anpornoHOBaHO 1HBapiaHTHI J0 TeMIEpaTypu CEpelOBHUILA BapiaHTH YJIbTPa3BYKOBOI'O METOILY
OXOPOHM BaXJIUBUX 00’€KTIB [8], B OCHOBY SIKMX IOKJIaJ€HO JBOKaHaJIbHE BUMIPIOBAHHS Ta
(GyHKLIOHAJIbHE IEPETBOPEHHS YaCOBUX MapaMeTpPiB YJIbTPA3BYKOBHUX BIJOMTUX CUTHAJIB, 110 J1AJI0
3MOTy 3MEHILIUTH Ha MOPSAOK MOXUOKU MPUNUHATTS PIIICHb PO NOPYIIEHHS KOHTPOJbOBAHOI 30HHU.

Po3pobneno BapianTu akyctuuHoro metony BuMiptoBaHHs BKILT, B sxux pe3ynbratu He
3ajexaTh Bl 3MIH LIBUAKOCTI 3BYKY 1 IO JalOTh 3MOTy OTPUMAaTH y pEajJibHOMY 4aci OLIHKY
IapaMeTpiB BUXOpa, B OCHOBY SIKUX IOKJIaJI€HO BUMIPIOBAHHS YAaCOBHX MapaMeTpPiB aKyCTUUHUX
CUTHAJIIB, IO OOIANLIN 3aJaHui KOHTYp [9].

BucHoBku. 3anpornoHOBaHO HOBI METOAM BHUMIPIOBaHHS YacOBHUX IapaMeTpiB CUTHAJIIB,
KJIacu(ikaiii JOHHUX BIAKIAaA1B, OXOPOHU BaXJIMBUX 00’ €KTIB, BUXPOBOI'O KOMIIOHEHTA IIBUAKOCTI
Teuli, 1HBapiaHTHI, BIJAMOBIAHO, 10 AMIUIITYAU CUTHANIB, MIUOMHU BOAONMH, TeMIlEpaTypHu
CepeI0BHUINla Ta IMBUIKOCTI 3BYKY.

1. [Ipunyun uneapuanmuocmu 6 usmepumenvrol mexruxe / b.H. Ilempos, B.A. Buxmopoe, b.B. Jlynxun,
A.C. Cosnykos. — M.: Hayka, 1976. — 242 c.

2. I[lamenm Ykpainu na eunaxio Ne 11443, MIIK GOI1F 10/04. Cnocib nepemeopenus uacoeo2o 3cysy
Mide 0soma cueHaramu ma npucmpiu 0asa uoeo peanizayii / B.J[. Iloepebennux, I1.M. Conpyniox. — Onyon.
25.12.96; broa. Ne 4.

3. llamenm Yxpainu na eunaxio Ne 112031. Cnocid nepemeopents uaco8020 3Cy8y Midc 080Ma CUSHAAMU
ma npucmpii 045 uo2o peanizayii / Hoepebennux B.J{., [lorimuno P.B., onyon. 08.2016 p.

4. Hexnapayiunui namenm 39452 A Vkpainu, MIIK 7G01S 15/02. Cnoci6 knacughixayii mamepiany
00 ’exma ma npucmpii ons toeo peanizayii / B./Jl. lloepebennux. — Onyon. 15.06.2001; bion. Ne 5.

5. llamenm Yxpainu na eunaxio. 118045, GOIN 29/00, GOIN 29/04. Cnocib xnacugixayii mamepiany
00 ’exma ma npucmpit ons toeo peanizayii / [loepebennux B. /[.., onyon. Ne2l, 2018.

6. l[locpedennux B.J]. Onepamuene umipio8aHns iHMezpalbHUux Napamempis 600H020 cepedosuwia ma
Oonnux eiokaadis: Mownoepagisn. — Jlvsie: Cnonom, 2011.

7. lloepebennux B.J[., Pomaniox A.B. Komn’iomepni sumiprosanbno—ingopmayituni cucmemu 0Jis
ONepamuBHO20 eKoN02IUH020 MOHIMOPUH2Y 600H020 cepedosuwa. Monoepaghis. — Jlvsis: Buo—eo Jlveiecvrol
nonimexnixu, 2013. — 160 c.

8. Hoepebennux B./[., [lonimuno P.B. Komn tomepui cucmemu oxoponu saxciugux 0o’ ekmis: Monozpagis. —
JIvgig: Buo-eo Jlveiecvkoi nonimexuixu, 2013. — 160 c.

9. lloepebennux B.J[. Memoou i 3acobu 6uMIpHSAHHA SUXPOB020 KOMNOHEHMA WEUOKOCMI meyii:
Momnoepagis. — Jlveie: Buo—eo Jlveiscvroi nonimexnixu, 2015. — 180 c.
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VIK 621.317

MOJIEJIIOBAHHSA CXEM 3AMIIIEHHSA
JABOEJIEKTPOJHOI'O €EMHICHOI'O CEHCOPA

© C€geen [loxoouno', bozoan Huorcnux?, 2019

'HanmionaneHuit yHiBepcuteT “JIpBiBCchKa momiTexHika” (JIbpBiB, Ykpaina), mpodecop kadeapu iHpopmariiiHo-
BUMIPIOBAIBPHUX TEXHOJIOTiH, 1.T.H., mpodecop, evgenp@meta.ua
’HanionansHuil yHiBepcuteT “JIbBiBChKa momiTexHika” (JIbBiB, YKpaiHa), cTyneHT Kadenpu inpopmariiitHo-
BHUMIipIOBaIbHUX TEXHOJOTiH

EnexTpuuHi MoJiesll €MHICHOTO IMEPBHHHOTO IEpeTBOpIOBada (CEHcOpa) 3 HEI301bOBAHUMHU
eJIeKTpOoJlaMH, 110 0e3MmocepeaHbO KOHTAKTY€ 3 00’€KTOM KOHTPOIIO (KOHTAaKTHOTO CEHCOopa),
ChOTO/IHI MOAAIOTHCS MO-pi3HOMY. BiANOBIHO 10 LILOTO HE ICHYE TUIIOBOi OKPEMOI €JNEeKTPUYHOL
MO/I€JIi 3a3HaYEHOTO MPUCTPOIO Y pa3i BUMIPIOBAHHS aKTUBHO1 a00 pEaKTUBHOI CKJIAJ0BUX aIMITaHCY
Yy IMIIEJaHCY KOHTPOJbOBAHOTO O0’€KTa JJIi OKPEMOI'o 4acTOTHOTO Jiama3oHy. Bimomo, mo Ha
pe3ylibTaT BUMIPIOBaHHS OCOOJIMBO B HHU3bKOUAacTOTHOMY niama3oHi (mo 10x['m) BmiumBae
MpUEIEeKTPOIHA €MHICTh MOABIHHOIO miapy Ta iMmnenanc BapOypra. 3 MeTO 3MEHIIEHHS TaKoro
BIUIMBY BUKOPHUCTOBYIOTh ISl BUMIPIOBaHHS BUILlY YaCTOTY a00 YOTUPHUEIEKTPOJHUM ceHcop. Pazom
3 TUM, Yy J€SIKHUX BHUIIQJKax 3aBISKUH HASIBHOCTI NMPHUEJEKTPOAHOIO IMIEJAHCY, a CaM€ €MHOCTI
MOABIMHOTO IIapy, MOXKHAa OTPUMATH 1H(GOPMAIIO0 IMIOJ0 3MIH BHYTPIIIHBOI CTPYKTYpH 00’ €KTa
KOHTPOJIIO, BUSIBIICHHS! IEBHUX KOMIIOHEHTIB 3a 3MIHOIO XapaKTepy pPEeaKkTUBHOI CKJIaJ0BOi TOILO.

3a pe3yiabTaTaMu aHaJli3y MaTeMaTUYHHUX MoOJeleld peakTHUBHOI Ta aKTHUBHOI CKJIAJOBUX
NPUETEKTPOAHOr0 IMIEJAaHCy Ha PI3HUX YacTOTaX BHABJICHO pI3HUM BIUIMB MapaMeTpiB
MPUETIEKTPOAHOIO IMIIEIAaHCY Ha BIAMOBIAHI CKJIaaoBi. Tak, Ha HU3BKHX YAaCTOTaX pPEaKTHBHA
CKJIaJI0Ba MPUEIEKTPOJHOIO IMIENAHCY 3aJI€KHUTh B1Jl €MHOCTI MOJBIMHOTO IIapy 1 MPaKTUYHO HE
3aJIeKUTh B1 napameTrpiB iMnenancy BapOypra. BinnoBigHo A0 1bOro NpuUeneKTpOAHUN iMIIeaaHC
MO>KHA TOJJaTH CIPOLIEHOI0 CXEMOIO 3aMIILIEHHs BIANOBIIHO A0 peXUMYy BUMiptoBaHHs. Taki cxemu
3aMillleHHsI KOHTAKTHOTO €MHICHOIO ceHcopa 3 00’€KTOM KOHTPOJI0 3 ypaxXyBaHHSM BILUIMBY
MPUENEKTPOJHOIO IMIEJAHCY HABOAATHCSA JUISl PEKUMIB BUMIPIOBaHHS aKTUBHOI Ta PEaKTHUBHOI
CKJIQJIOBUX IMITaHCy 00’€KTIB KOHTPOJIIO, MOJAHUX JBOEJIEMEHTHOI CXEMOIO 3aMillleHHs. 3a
pe3yibTaTaMy aHalli3y MaTeMaTHMYHHUX MOJieJie peakTUBHOI CKJIaJ0BOI IMIEJAHCy Ta aJMITaHCy
KOHTPOJILOBAHOTO 00’€KTa B MIMPOKOMY YAaCTOMY Jiara30oHl TAKUX CXEM IMOKa3aHo, 10 Ha HU3BKHUX
4acTOTaX pPeaKkTHBHA CKJIAJIOBa K IMIIEAHCY, TaK 1 aJIMITAHCY BH3HAYAETHCS MEPEBAXKHO EMHICTIO
MOJIBIHOTO 1Iapy, a Ha BUILMX YAaCTOTaX IEpeBa)ka€ €eMHICTb 00’e€kTa KoHTposto. Takui mepexin
BiJl HU3BKHUX YacTOT A0 BHUIIUX CYIPOBOJKYETHCS THUM, IO PEaKTHUBHA CKJajoBa HalyBae
eKCTpeMaJbHUX 3HAU€Hb B YAaCTOTHOMY Jniamna3oHi. Lle moxe OyTH iAeHTHU(IKAIIHHOI O3HAKOIO
00’ €KTIB KOHTPOJIIO HEECIEKTPUIHOI MPUPOIU PIZHOTO MTOXOKEHHS, 30KpeMa KOHTPOIIO KOHIIEHTpaIlii
colel y BOAHHUX PO3YMHAX, TOpiTYaHUX BUPOOIB, M’sca Tomo. Ha ocCHOBI cxeMm 3amilieHHS
KOHTAKTHOTO €MHICHOIO CEHcopa 3 00’€KTOM KOHTPOJIO JJISI PEKUMY BHUMIPIOBAHHS aKTUBHOI
CKJIaJIOBOT Ha HU3bKUX Ta BUCOKUX YACTOTAX Ta aHAJI3yBaHHS IXHIX MaTeMaTHYHHUX MOJEJIed MOXKHA
CKa3arH, 110 JUIsl OLIHIOBAaHHS METOJUYHHUX MMOXUOOK HE0OX11HO BUKOPUCTOBYBATH BI/INOBIIHY CXEMY
3aMilieHHs. 3 ypaxyBaHHSM 3a3HAYEHOIO0 MOYKHAa OTPUMAaTH aJ€KBaTHI PE3yJIbTaTH TEOPETUUYHHUX 1
eKCIEPUMEHTAJbHUX JOCIIPKEHb TaKUX 3ac00iB BUMIPIOBAHb Ta BUMIPIOBAJIBHOTO KOHTPOJIIO.
AHAJOTIYHO MOXXHa OyIyBaTH CXEeMH 3aMIIIEHHS KOHTAKTHOTO CEHcopa 3 00'€KTamMu MOJaHUMHU
OararoesleMeHTHUMHU JABOMOJIOCHUKAMU Ta BIANOBIJHI MaTeMaTH4H1 MOJIEJl aKTUBHOI Ta PEaKTUBHOI
CKJIAJIOBUX IMIICIAHCY.
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YIK 658.562

MOZIEPHI3ZAIIA TA JOCIIIXKXEHHSA NIEPEJABAJIBHO TPAKTY
YJIBTPA3BYKOBOI'O PE3OHAHCHOI'O TEPMOMETPA

© Anacmacis Pisnux!, Boeoan Cmaonux?, leop Jlixnoscokuir®, 2019

1|HanionansHuil yHiBepcuteT “JIbBiBchKa momitexHika” (JIbBiB, YkpaiHa),
acmipaHT kadeapu NpuiIaaiB TOYHOI MEXaHIKH,

’Hauionansauii yHiBepcuteT “JIbBiBchka momiTexHika” (JIbBiB, YkpaiHa),
3aBimyBay Kadenpu iHpopManiiHO-BUMIpIOBAIBHUX TEXHOJOTIH, I.T.H., Ipodecop
‘Hauionansauii yHiBepcuteT “JIbBiBchka momiTexHika” (JIbBiB, YkpaiHa),
JOLIeHT Kadenpu iHPOopMaIifHO-BUMIPIOBAIBHUX TEXHOJOT1H, K.T.H., JOLEHT

3a OCHOBY YJIBTPa3BYKOBOT'O PE30HAHCHOTO TEPMOMETpPa BUOpaHO TepMOMETP 3 (pa30BUM aHaAII30M
JyHa-CUTHATY, CTPYKTypHa CXeMa sSKOro HaBeJaeHa Ha puc. 1 [1].

| & 3z Ak
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10 —>= 1 a)

Puc. 1. Cmpykmypna cxema (a), nyna-cucnan (6) yiempa3zgyko8020 pe30HaAHCHO20 mepmMomMempa
1 — pesonamop, 2 — y3eo00xcena nanka, 3 — 38ykonposio, 4 — EAIL, 5 — moodyniamop,
6 — eenepamop, 7 — uacmomomip, 8§ — niocunrosad, 9 — 610K hopmysanusn epyn,
10 — inmeepamop imnynvcis, 11 — cxema kepyeanhs, 12 — nivunbHUK,
13 — 6nok 6u60dy Ha iHOUKamMop

Uytnusuit enemenT 1 (puc.l,a) 30yIKyeTbCsl IIyrOM CHUHYCOiaJIbHUX KOJHBaHb aKyCTHYHUX
XBWIb. [lanuil myr GopMyeThcsa 3a JOMOMOTOK MOAYJISATOpa S5, reHeparopa 6 Ta JiduibHHKa 12.
[Ipu piBHOCTI YaCTOTH 3alIOBHEHHS LIYTy PE30HAHCHIN 4acTOTI YyTJIMUBOIO €JIeMEeHTa 1, JIyHa-CUrHaji
HaOyBae xapakrepHy ¢opmy 3 MiHiMymoMm Mix ainsakamu [ 1 II (puc. 1,06). Januii miHiMyMm
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YTBOPIOETHCA 3aBJIKM HAaKJIaJaHHIO IBOX CUTHAJIIB: IepefaBaya 4 Ta BJACHUX KOJIIMBAHb YYTIUBOIO
enemeHTa. [Ipu piBHOCTI 4acTOT 30y)KEHHS Ta PE30HAHCHOI 111 CUTHAJIM 3HAXOJAThCS B IPOTH (a3i.
Axmo Bu3zHaunTH pi3HUo ¢a3 Mk ginsakamu [ 1 I myHa-curaamy, 1 BUKOpUCTATH TEH pe3yIbTaTr
IJIsT aBTOMIUIAIITYBAaHHA YacTOTH TeHepaTtopa 6, TO OTPHUMAEMO YacTOTy HPOMOPIIHHY 10
TEeMIIEepaTypH.

I3 3aranpHOI CTPYKTYpPHOT CXE€MHU BIIOKPEMHUMO IepeaaBaibHUM TpakT (puc. 2), 60 BiJ SKICHOTO
(dbopMyBaHHsI CUTHaJIY I1€peaBaya B OCHOBHOMY 3aJ1€)KaTh METPOJIOTTUHI XapaKTEPUCTUKU TEPMOMETPA.

[FK9MoaynsTopi{epenasadubiMNs ANSYE]

Puc. 2. Ilepedasanvruii mpakm

OxkpeMo 13 nepeaaBajJbHOTO TPAKTY BUILISEMO MOIYJATOP JUIsl TOTO, 100 HOro MojiepHi3yBarTH,
OCKUTBKHM Ha JaHWUM 4Yac BIH Mae€ psJa HEIONIKIB, a came:

— 3aJIeKHICTh aMIUIITYU BXIJHOTO CUTHAJIy Bl YaCTOTH;

— HesiKicCHe (JOpMYyBaHHsI IOYATKy 1 KIHLS MOJAYJIBOBAHOIO CHUTHAIY;

— (opMyBaHHs CUTHaJy BIIMIHHOIO B1Jl CHHYCOIaJdbHOTO;

— TeMIepaTypHa HeCTaOlabHICTh CUMETPil C(hOPMOBAHOTO LYTy BIAHOCHO oci X.

B naniit po60Ti MpONOHYETHCS 7151 YCYHEHHS BUIIE TIEPETIdYeHNX HEAOMIKIB 3aMIHUTH aHAJIOTOBUH
MOAYJIATOp Ha Iudpo-ananorosuii (puc. 3).

ki TiunneHnkHN 3L AMTHNepenasa MIHANSHYE

Puc. 3. Cmpykmypua cxema yugpo-anano2o8o2o mooyiamopa

[Ipunnun po6oru nudpo-aHaIoroBoro MOAyJIsITOpa MOJSArae B TOMY, 1[0 CUTHAJ BiJ reHepaTropa
(I'KY) noctynae Ha BXOAM aJApECHUX JIUUIbHUKIB, MOAYIb JIIUOU SKUX PIBHUM KIJIBKOCTI IMITYJIbCIB
KBAaHTYBaHHS 3a Mepio]] GOPMOBAHOTO CUHYCOiIaIbHOTO CUTHAJTY. 3 BUXO/IIB aIPECHUX JIUMIBHUKIB
CUTHAJI TIOCTYTA€E Ha aipeCHI BXOAM MOCTIHHO — 3anmaM stoBytodoro npuctpoto (I13I1), ae BinmoBigHO
B KOXHIM KOMIpIIl TaMm siTi MPOMHCAHO KOJ MHUTTEBOTO 3HAUYCHHS aMIUIITYyAu (POpPMOBAHOTO
cuHycoinanpHoro curnamy. Ilo mmui nanux xox 3 xomipok II3I1 moctymae Ha BXim mudpo —
anasorooro nepetBopioBaua (L{AIl), ne BiH MepeTBOPIOETHCS B aHAJIOTOBHI CHUTHAN, (popMa SKOTO
BiAnoBigae ¢popmi cuHycoigaabHoro curnany. Juist dopmyBanss nyry 3 N KonMBaHb JaHUM TIpoIiec,
BIJIMOBIIHO, MOBTOpPIOEThCA N pa3, micas yoro podora I[AIl OmokyeThcsi 10 HACTYIHOTO
nepeaaBajJbHOTO IIYTY.

Bynu mpoBeneHi mociimpkeHHS Ha MpeaMET ONTHUMI3allli YacTOTH AUCKpETU3allii Ipu 3aJTaHuX
3HAYEHHAX HEJIIHIHHUX CHOTBOPEHb CUHYCOIaJIbHOTO CUTHAIY, B Mpolecl SKUX OyJ10 BCTAaHOBJIEHO,
10 JUIsl HeJIHIMHUX crOTBOpeHb Ha piBHI 0,1% onTumanbHa KUIBKICTh IMIYJIBCIB KBAHTYBaHHS 3a
nepioa piBauit 40.

Jlnst Bu3HaueHHs 3cyBy (a3 Mok ginsHkamu 1 1 11 (puc.1,0) HeoOXiJHO CMHXPOHI3YBaTU CUTHAJ
3 rereparopa ['KY 3 myna-curnanom. I[1icias cuHXpoHi3alii reHepaTop He MOXK€ MUTTEBO B1IHOBUTHUCH,
0 MPHU3BOAUTH IO TMOSBH METOJMYHOI MOXMOKH MPH BU3HAYEHI 3CYyBY (pa3. A TakoX Mpolec
CHUHXPOHI3allii reHepaTopa BIUIMBAE HA BUMIPIOBAHHS YaCTOTHU CUTHANLy reHeparopa. Bukopucranus
unpo-aHAIOTOBOTO MOIYJIATOpPA 03BOJISIE YCYHYTH CHHXPOHI3AIII0 aHAJIOTOBOTO TeHEparopa
LUISIXOM CKUJY B HYJIb aJpECHUX JIIUMIBbHUKIB, 1110 JO3BOJISIE MOKPAIUTH NPOLEC BU3HAYEHHS 3CYBY
(a3 Ta BUMIPIOBaHHS YaCTOTH.

1. Enyuknoneodis mepmomempii/ A.T. Jlyyux, JI.K. Byusax, FO.K. Pyoascvxuii, b.I. Cmaonux. — Jlveig:
Buoasnuymeo Hayionanvnozo ynisepcumemy «Jlvsiecoxa nonimexuixkay», 2003.
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YIK 621.396.4

HAYKOBA HIKOJIA IHTEJEKTYAJIBHUX CEHCOPHUX CUCTEM:
ICTOPIA TA PE3YJIBTATU

© Anamonin Cauenro!, Bonooumup B. Kouan?, Opecm Kouar?®, 2019

''Kadenpa iHpopmaniiHO-00UUCTIOBAIFHUX CUCTEM 1 YIpaBmiHHs, TEpHOMINBCHKUN HAIliOHATBHHN
E€KOHOMIYHHI YHIBEpCUTET, 1I.T.H., mpodecop, as@tneu.edu.ua
2 Kadenpa inpopMariiftHo-00UUCIIOBAIEHIX CUCTEM 1 yIpaBiHHs, TepHOMIILCHKUM HAlIOHATBHUN
€KOHOMIYHHI YHIBEpCHUTET, K.T.H., Ipodecop, vk@tneu.edu.ua
! HarionaneHuii yHiBepcurer “JIpBiBchbka momiTexHika” (JIpBiB, YkpaiHa), noueHT kadenpu iHGopmauiiiHo-
BUMIPIOBAIBHUX TEXHOJOTIH, K.T.H., AOIEHT, orestvk@gmail.com

VY 1977 p. x.1.H., nou. Bonogumup O. Kouan Ta acnipadT JIbBIBCHKOTO MOJIITEXHIYHOTO IHCTUTYTY
(3apa3 Hamionansuuii yHiBepcuteT “JIbBiBChbKa mosmiTexHika’) AHartoniii CaueHKO-BUITYCKHUK Ka-
benpu lnpopmaniiiHO-BUMIPIOBAIBHOI TEXHIKH (3apa3 [HpopmaLiiiHO-BUMIPIOBAJIBHUX TEXHOJIOT1i1)
BigBiganu HBO “Kpucran™, KuiB, 1e 03HalOMUINCH 3 METOAUKOI Ta OOJaTHAHHSIM KOHTPOIIO
TEMIIepaTypHUX PEXUMIB AUPY31MHUX Meyell IpU BUTOTOBJIEHHI KPUCTAJIIB MIKPOCXEM Ta 00rOBOPHIIN
MPONO3HIIi MO HiJBUIIEHHIO TOYHOCTI TemnepaTrypu. B pesynbraTi Oysio 3aKiIFOU€HO TOCIIOTOBIp
Ha BUKOHaHH BignosigHoi HJIP y pamkax kannuparcbkoi qucepranii A. CaueHka 1 3aCHYBaHHS y
1978 p. HJI Ne2 npu TepHoninbchbkoMy (piHaHCOBO-€KOHOMIYHOMY 1HCTHUTYTI (3apa3 TepHOnuIbChbKUi
HalllOHAJIbHUM €KOHOMIYHUHN YHIBEPCUTET), B AKY 3r0/I0M OyJIO 3apaxOBaHO 1€ JABOX BUITYCKHUKIB
kadenpu IBT, y 1978 p. Bonogumupa B. Kouana, ay 1979 p. Muxaiina Hupky. B neit uac na 6ananc
HJJT Ne2 Oyno mepenano aBi audysiitHi neui 3 HBO “Kpucrtan” nns pociigxeHHs apeiidy
MJIATUHOBUX TEPMOIIAp, 1 YOTUPH TIeUl I TOCIIKSHHS Apeiidy XpoMemb-alioMeIeBUX TepMOoIiap
3 VnbsiHoBehkoTO YAIIK, 3 siIKMM po3moyanochk Takok BUKOHAHHS TOCIJIOTOBOPIB. IHTEHCUBHICTH Ta
e(eKTUBHICTh BUKOHAHUX TOCIAOTOBOPIB CIpUYMHMIIA cTBOpeHHs(Ha 6a31) HJJI Ne2 y 1984 p.
I"anmysesoi H/IJI aBromMaTu3oBaHux cuctem 300py 100poOku iHpopMartii i erij1oro MiHeneKTpoHIpoMy
CPCP. Cnig noaskyBaTu I.T.H., npod. borgany CranHuky 3a ioro peryispHi KOHCYJbTalil i
HNIATPUMKY AaHuX gociimkenb. Ilicas posnagy CPCP xomanna I'HJJI B3sita Kypc Ha coiBmparo 3
3apyOiKHUMH MapTHEpaMH, 30kpema 3 bonrapii ta [lonbi, a mi3Hime po3suia ii 3 ['pemiero, [Taniero
1 binopyciero B paMKax IpOEKTy 3 pO3pOOKH 1HTEJIEKTYaJlbHOI BUMIPIOBAJIbHOI CEHCOPHOI CUCTEMHU
3a mporpamoro INTAS. Ha 6a3i TH/IJI y 2004 Gymno ctBopeno HaykoBo-10CHiJHUY IHCTUTYT 1HTEJIEK-
tyanbHux komn ' 1otepHux cucteM (H/I IKC), sxuit y 2007 poii oTpuMaB noJBiiHE NiATOPSIKYBaHHS:
THEY Ta Inucrutyty kibepueruxu im. B.M. I'mymkoBa HAH VYkpainu. 3a cBoio icTOpito 4JI€HHU LbOTO
KOJIEKTUBY oTpuMainu noHaj 200 aBropcekux cBimourB Ha BuHaxonu CPCP 1 marentiB Ykpainu,
onyousikyBanu Ourbie 1200 HaykoBHX Tpallb Ta 3aXHCTUJIH 38 MOKTOPCHKUX 1 KaHAUIATCHKUX
nuceprauid. Bucokuil HayKoBO-T€XHIYHUHN PIBEHb PO3POOOK MIATBEP)KEHO BUKOHAHHSAM JECSTKIB
MikHapoaHux mpoekTiB 3a mporpamamu INTAS, CRDF, STCU, NSF, NATO, FP7, a takox Erasmus.
e 19 mpoekTiB 10 ChOTO/HI BUKOHAHO Ipu (hiHaHCYBaHHI MiHicTepcTBa OCBITH YKpaiHH.

CniBpoOitauku H/II IKC € opranizaropamu MikHaponHux koHpepenuiil Intelligent Data Acqui-
sition and Advanced Computing Systems (IDAACS) www.idaacs.net, siki npoBogstecs 3 2001 p.
kokHUX nBa poku min erigoro IEEE. V 2003, pasom 3 xad. IBT, Oyna mposegena IDAACS’2003 y
JIbBOB1, y 2017 p. — IDAACS’2017 y Byxapecri, PymyHis, a HactynHa 10-a IDAACS xondepeniis
npoiine y Metu, ®@panuis 18-21 Bepecus 2019 p. 36ipHuk gonosineit kondepennii IDAACS
1HJIEKCYEThCS HayKoBO-MeTpuuHuUMHU 6azamu Scopus, EI Compendex ta Web of Science. HII IKC
e ciniBopranizaropoM IEEE IDAACS International Symposium on Wireless Systems (SWS) 3 2012 p.
VY 2018 p., pazom 3 kad. IBT, 6yB npoBenennii 4-it IEEE IDAACS SWS cummnosiym y JIbBoBI, a
HacTtynHuit o6yne y Joprmynai y BepecHi 2020 p.
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HAI IKC, y cmiBopani 3 [HctutyTom kiGepHetuku iM. B.M. I'mymkoBa HAH Vkpainu, 3 2002
BUJIa€e 1mokBapTaibHO International Journal of Computing aHMiAChKOI0 MOBOIO, SIKUM 1HAEKCY€ETHCS
HayKOBO-MeTpu4HOI0 6a3ot0 Scopus Elsevier.

Ha nanwuit uvac H/II IKC mae 14 npoGiieMHO-0Opi€EHTOBAaHUX T'PYII, OJHIEIO 3 SIKUX € 1HTEJIEKTyaIbH1
cucTeMHU 300py CEHCOpHUX AaHuX. Hukue HaBeneH1 pe3ynbTraTu HEAAaBHIX JOCIIJKEHb 1€l TPYIH.

OpHuM 3 OCTaHHIX HampsIMKIB PO3BUTKY 1H(OpMaLIHO-BUMIPIOBAIIbHUX TEXHOJOTIH € pO3yMHI
Mmicta Ta [nTepuet peueil. L{i HanpsiMu BUMararoTh JIy’ke BEJTUKOI KIJIbKOCTI pI3HOMaHITHUX CEHCOPIB.
[IpuitHATHI TEXHIKO-€KOHOMIUHI IMapaMeTpu MOXKe 3a0e3MeUuTH JIMIle MIKpoeJeKTpoHika. [lepesa-
raMu I11€i TEXHOJOT1i € MOXJIMBICTh MAaCOBOT'O BUITYCKY CEHCOPIB, MOEAHAHUX 13 3aCO0aMH OMPAITio-
BAaHHS 1X CUTHAJIB, JUJIs YK€ HIMPOKOrO CHEKTPY BUMIPIOBAHUX BEJIHWYUH. 30KpeMa, MOIIMPEHHS
HaOyBalOTh OararonapaMeTpUyHI CEHCOPU TAKUX (PI3UUYHUX BEJIUYUH, SIK CKJIAJ Ta KOHUEHTpaLis
CyMillli rasiB, 3amaxy TOLIO. A HEIOJIIKOM 0ararbox THIIIB MIKPOEJIEKTPOHHUX CEHCOpPIB € CKJIaJHI
¢ynkuii neperBopeHHs (PII), ix Benuki BiAXHJIEHHS BiJl HOMIHAJbHUX Ta 3HAYHUM BIIUB
HEIHQOpPMaTUBHUX NapaMeTpiB, 30KpeMa, TeMIepaTypH eKCIulyaTallii, Ha BUX1AHUH CUTHAJL

OpHUM 3 MEepCNEeKTUBHUX HANPSIMKIB ONpPAaIOBAaHHS CUTHAIIB MIKPOEJIEKTPOHHUX CEHCOPIB €
BUKOPHUCTAHHS IITYYHUX HEUPOHHUX MEpexk. 30KpeMa, po3po0OaeHU METO/] pO3Mi3HAaBaAHHS OKPEMUX
($h13UYHUX BEJIMYHMH 33 CUTHAJIAMU OaratornapaMeTpUYHOTO CEHCOopa mepeadadae MiIeCpsIMOBaHY
3MIHY PEKHUMIB HOro poOOTH JIJIsl OTPUMAaHHSI P13HOI Yy NIMBOCTI 3a PI3HUMH (PI3UYHUMU BEIMYUHAMU.
Jlani oTpuMaHi CUTHaJIM CEHCOPIB MOAAIOThCS HAa BXOJIW HAaBYEHOT HEHPOHHOI MEpPEeXkKi, Ha BUXOJaX
SIKOT OTPUMYEMO 3HAa4YEHHS OKpeMuXx BenuuuH. s ocobmuBo ckimaaaux PII ceHcopiB HOMIIBHO
BUKOpPHUCTAaTH aHcaMOji HeHpOHHHX Mepek. OCHOBHOIO MPOOJIEMOI0 MpH I[bOMY € HaBYaHHS
HeHpoHHOI Mepexi. [l 1boro 3anponoHOBaHi CTPYKTYpPH, 5IKi 3a0€31eUyI0Th a/IeKBaTHE HaBUaHHS
y pea’JbHHX yMOBax €KcIuryaraiii abo Ha MaTeMaTHUYHHUX MOJAENAX (SIKIIO TakKli MalTh TOCTATHIO
TOUYHICTB). ¥ TaKUX CTPYKTypax HEHpOHHA Mepexka Mpalioe y pexuMax “o0epHeHux’ 10 peKHUMiB
po6oru. Ix mepesaroro € Te, 10 1/ HABYAHHA HEHPOHHOI MepesKi BUKOPHCTOBYEThCSA CaM 00’ €KT
BUMIPIOBAHHS, 1110 BUKJIIOYAE TPYAOMICTKICTh 11eHTHU(]IKaLil Moenl Ta 1i HOXUOKH.

[ToniGH1 TexHiIYH1 pilIeHHs JaloTh MOXIUBICTH Mepexoay a0 1HAuBigyanpHux OII
OararomapamMeTpuyHux ceHcopiB. [Ipu npomy BUHHKAaE mpoOieMa HEOOXiTHOI KIJTBKOCTI TOYOK
eKCIIEpUMEHTAJbHOIO BHU3HAuYeHHS iX i1HAuBinyanbHux @DII. 3a pesynbratamu mnomepeaHix
€KCIIEpUMEHTAIBHUX JOCHIIKEHb TPyl OAHOTUIIHUX CEHCOPIB MOXHA 3HAYHO CKOPOTHUTH KUIbKICTb
TOYOK METPOJIOTIYHOI TepeBipKu ceHcopiB. Hampuknanm, mis ra3oBux OararomapamMeTpUYHUX
ceHcopiB 13 ckiaaHow @Il y BUMIAAl MIIOMIMH, 110 NMEPEeTUHAIOTh OJHA OJHY, BJIAJIOCA CKOPOTHUTU
KUIbKICTh HEOOX1IHUX TOYOK METPOJIOTIYHOT MEePeBIpKU IIUX ceHcopiB BiA 49 no 9 npu npoaarkosiit
METOAUYHIM MoXuOIli Bij Takoro ckopodeHHss meHire 0,05%.

JlocniJKeHHS TOKa3alid, 110 3alpOIOHOBAaHI METOAM MOKHA YCIIIIHO BUKOPUCTATH JJIsl IEPEXOTY
no inauBiayansHux OII ogHONMapaMeTpUYHUX CEHCOPIB, Ha SIKI CHIIBHO J1I0Th BIUIMBAIOUl BEJIMUUHHU.
[Ipu oMy 3a OJMH MapaMeTp CIYXUTh BUMIpIoBaHa (i3WYHA BEJIWYMHA, 3a IHIIUH — OCHOBHA
BILUIMBaroua BenuunHa. Hanpukian, npu nepexoni no inauBigyanbHux @II ¢oroniogHux ceHcopis
yibTpadioaeTOBOr0 BUIIPOMIHIOBAHHS BIAJIOCS, MPHU CKOpOYEHIH Bif 49 10 9 KiNBKOCTI TOYOK iX
METPOJIOTTYHOT MEPEBIPKH, 3a PAXyYHOK KOPEKIlli MOXHOKHU BiJ TeMIepaTypu Kpuctany (oromiona (a
HE OTOYYIOUOTO CEPEeNOBHINA) Yy MIHPOKOMY Jiama3oHl, OTpUMaTH MNOXHUOKY BCi€i cucTemu
BUMIPIOBaHHS CBITJIIOBOTO MOTOKY 0,3%. JlochipkeHHsT TaKOXK MOKa3aiu, 1[0 IPU 3MEHIIIEHH] BUMOT
710 TEMITEPATypHOI MOXUOKH CEHCOPIB MOXHA JTIOJATKOBO CKOPOTUTH KUTBKICTh TOYOK METPOIOTIHHOL
nepeBipku. OJIHAK TaKy TOUYHICTh HE BIAETHCS pealli3yBaTH dyepe3 Te, 0 €TaJIOHHI 3ac00U CBITIIOBUX
BEJIMYUH JAPYTrOro po3psiay MarwTh Moxudky 1o 1%.

3anponoHOBaHI METOAM BUKOPUCTAHHI Ta HAaBYaHHS HEUPOHHUX MEpEeX Jald MOXKJIUBICTDH
PO3pPOOHUTH TAKOK METOIH KePyBaHHsS CKIaJHMMH TEXHOJOTIYHUMHU 00’ €KTaMH. IX 0coOnuBicTIO €
T€, 110 BOHM HE BUMAarawTh iJeHTH(}IKalil nmapaMeTpiB 00’ €KTa KepyBaHHsA Ta MOOYIOBH HOTO
Mmozeni. Lle 3MeHIye TpyAOMICTKICTh HAaBYaHHS HEMPOHHUX MEpeX Ta MIABUIIYE X TOYHICTh Uepes
T€, 110 MOXUOKHU MOJeNl He BIUIMBAIOTh Ha TOUHICTh HABUYAHHS.
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YK 006.91:681.121

HOBA KOHILEIIIIA ITOBIPKHU ITIOBYTOBHUX
JIYUJIBHUKIB TA3Y 3A MICHEM EKCILTYATAIIII

© Opecm Cepeoixk!, Auna Bunnuuyx?, Temsana Jlromenxo’, 2019

'IBaHo-®paHKiBCbKU HalliOHAIBHUIA TEXHIYHUI YHIBepcUTeT HaQTH 1 rasy, 3aBinyBad kadeapu meTposorii
Ta iHQOpMaIliifHO-BUMIpIOBAIBHOT TEXHIKH, 1.T.H., mpodecop, o_serediuk@ukr.net
’|BaHO-PpaHKIBCHKHI HalliOHAJIBHUI TEXHIYHUI yHiIBepcuTeT HaTH i rasy, HOLEHT Kadenpu MeTpoorii
Ta iH(pOopManiiHO-BUMIpIOBANBHOT TEXHIKH, K.T.H., JOLEHT, annavyn@ukr.net
’IBaHO-PpaHKIBCHKHI HalliOHAJIBHUN TeXHIYHWI yHiBepcuTeT HadTH i rasy, 3m00yBauka Kaderpu MeTpoorii
Ta iH(pOopManiiHO-BUMIpPIOBANBHOI TEXHIKH, mivt@nung.edu.ua

Ha croroanimuiii geHs B YKpaifi uisi 1HAWBIIyaJIbHOTO OONIKY MPUPOTHOTO Ta3y BCTAHOBJIECHO
noHana 9,5 muH. nmoOyTtoBux niumibHUKIB razy (ITJII'), O6inpwmicTh 3 SKMX MEMOpPaHHOIO THIY.
be3zanepeunum 1 BiloMuM € TOW (akT, UI0 MiJl Yac eKCIUTyaralii MEeTPOJOTiuHl XapaKTepUCTUKHU
[JIT" 3miHIOIOTBCS, 1 3a3BUYAl 1€ MPUBOAUTDH 10 3MIHU OXUOKU Yy BiI’€MHY cTOpoHY [1] Hacamnepen
Ha MaJluX BUTparax. BHacninok 1mporo BiOyBaeTbcsi HEAOOOIK MPUPOAHOTO Ta3y y MOOYyTOBii
chepi. Tomy po3pobiieHHSI HOBHUX METO0JIOT1H 1 3aco0iB a1t moBipku [1JII 3a miciiem excruyarariii,
B TOMY YHCJl BIPOAOBXK MIKIIOBIPOYHOI'O 1HTEPBaNy, € aKTyaJbHUM HAaNpsIMKOM HayKOBUX
JOCIIJKEHb, 10 MOKJIAJICHO 3a METY JaHOi MmyOKairii.

B po6oTi mpomonyeThcs HOBa KoHuemiis mis 3aidcHeHHs moBipku IIJIIN [2], ska mo3Bossie
ouinuTy noxuoOky IJII" y Bchomy aiamna3oHi poOOYMX BUTPAT, 1O BIJIOBIJA€ YUHHUM HOPMaTUBHUM
NOoKyMeHTaM Ykpainu s nepioguuHoi nosipku [1JII. Bona nonsrae y BUKOpUCTaHHI pe3yibTaTiB
CKCIIEPUMEHTAIBbHO BUu3HaueHuX moxubok IJII" na miniManeHii BuTpati O . 1 Ha BuTpari 20% Bix
makcumanpHoi Butparu 0,20 . a moxubky ILJII' 3a makcumanbHOi BUTparu Q.= BH3HAYaIOTh
PO3paxyHKOBHUM METO/IOM 13 3aCTOCYBaHHSAM CTaTUCTUYHO BCTAHOBJICHOT IHTEPIOJIALIIMHOI 3aI€KHOCTI
3minu moxuoku I1JIT.

OCHOBHOIO IEepeBarol TaKOro MiJXOAYy € T€, 10 BU3HAUEHHS EKCIEPUMEHTAIbHUM MIISAXOM
noxu6ku [TJII" TinbKK Ha MiHIMAJIBHUX BUTpaATaXx 1 Ha BUTpaTI, ika cTaHOBUTH 20% Bi1 MaKCHMaJIbHOT
po6Gouoi, mo3BoJisie BU3HA4YaTU peanbHy moxuOky IIJII' Ge3meMoHTax)HO 3a poOOUYHX YMOB
ekcruryaranii. Ik HaciioK, 3MEHIIY€E€ThCSl TPUBAJIICTh MPOBEACHHS METPOJOTIUHHUX JIOCIIIKEHb 1
M1IBULIYETHCA TOYHICTH 1 JOCTOBIPHICTh OTPUMAHMUX PE3yNbTarTiB, OCKIIbKU gociimpkeHHs [1JII
3MIMCHIOIOTH 0€3 1X AEMOHTaXy 1 TPaHCIOPTYBaHHS 110 €TaJOHHOI YCTAaHOBKH, MPH 3aCTOCYBaHHI
peanbHOro pobo4yoro cepefoBuila — NPUPOAHOro razy. Ilpu nboMy TakoX 3MEHIIYIOTHCS BUMOTH
110710 Jlalla30Hy poOOYMX BUTPAT €TAJOHHHUX YCTAaHOBOK, aJK€ NMPAKTUYHO HEMOKJIMBO Ha MicIi
excrryatamii ITJIIT BinTBopuTH MakcMMalbHE 3HAYC€HHs BHUTpAT uepes mociimkyBani [1JIIT Oe3
3aCTOCYBAaHHS CIEIIaJbHUX MPUCTPOIB, HAPUKIAA, KOMIpecopa.

[opsin 3 uuM Jutst peanizanii BKa3aHOi KOHIEN[ii HeoOX1/1HE 3aCTOCYBaHHS MTOBIPOYHUX YCTAaHOBOK
3 €TAJIOHHUMU JIIYWJIbHUKAMU HA MaJll BUTpPATU MPUPOAHOIO rasy. 3 II€I0 METOI MOXe OyTH
3acTOCOBaHa po3po0JIeHa 3a y4acTIo aBTOPIB MOO1IbHA YCTaHOBKA, SIKa peajizye METO/ BUMIPIOBaHHS
BUTPATU Ta3y 3 BUKOPUCTAHHSIM TOPIEBUX 3BYKYBaJIbHUX MPUCTPOIB, NOXHUOKA SKOI 32 YMOBHU iX
IHIMBIlyaJIbHOTO TI'paayloBaHHsA Moke He nepeBumyBatu +0,6% [3]. Texniunum 3acoOoMm s
IpajyloBaHHS 3BY)KYBaJbHUX MPHUCTPOIB MOXE CIYTryBaTH, HalpUKIaa, poOOUYUil eTajoH 00’eMy
ra3y n3BoHoBoro tumy Temmno-1 (InxxenepHo-BnpoBaguuibka Gpipma TEMIIO, m.IBano-DpaHKiBCHK)
3 TPaHUIICI0 CYMapHOI BITHOCHOI MOXHOKM TepeaBaHHs oauHuIll 00’ emy a3y +0,15% B giamazoni
Butpar (0,016...10) m*/rox.

[Ipu mpakTuUuHidl peani3aiii MOBIPKKM MOMEPEIHHO HEOOXITHO CTATUCTUYHO BCTAaHOBUTH
ycepenneni Qgaxkrnuni 3Ha4enHs noxudok ILJII" ma Burparax Q .., 0,20 .. O, = 3a JaHAMH iX
Mep10IMYHOT MOBIPKU MiCIIsI MDKIIOBIPOYHOTO TEPMIHY €KCIUTyarallii, KUl Ha CbOTOJ{HI CTAHOBUTD

164



Cekuisn 2. BumiptoBaHHS Ta icTopis BUMipIOBaHb

8 pokiB. Jlam mepesipsaroTh, mo6 nmoxubka koxuoro IIJII" 13 koHTponbHOI BUOIpKU Ha BUTpari O .
HE MEePEeBUIIyBaja TPUKPATHOI IOMYCTUMOI MOXUOKH, TOOTO MiHyC 18%. Y BUnaaKy, SKIIO KIJTBKICTh
JIYMIIBHUKIB 3 MTOXUOKOI0 10 Minyc 18% na BuTpari Q. Oyle MEHIIOK B1Jl TPHHAALATH, TO YUCIIO
OOCHIIKYBAaHUX JIIYMIBHUKIB 301JbIIYIOTH 10 JOCSTHEHHS HE0O0X1AHOi BUOIPKM B KIJIBKOCTI
TPUHAAISATH JTIYUIBHUKIB.

[Ticis 1bOTO PO3paxoBYIOTh CEPENHI 3HAYCHHS MOXUOOK 3a opmynamu:

— 1 »
6020 max =—X.6 maxi
0.20 NEI 0.20 maxi , (1)
— l n
SQmax =—206 maxi
0  Z00masi @)

ne 50.2Q max> OQmax — CTATUCTUYHO PO3PAXOBaHI CEPE/IHI 3HAYEHHS MOXMOOK JiYMIbHUKA HA BUT-

parax 0,20 1O, BiANOBIAHO; 8)20maxi » O0maxi — CKCICPHUMEHTAILHO BU3HAYCHI 32 A0IOMOTIO
€TaJOHHOI yCcTaHOBKU NoxuOku okpemux i-tux IIJIT" 13 BuOipku KiibkocTi N JIYMIBHUKIB.

Jlan CTaTHCTUYHO BCTAHOBJIIOIOTH PI3HUINIO MK OXMOKamu Ha BuTpari 0,20, 1 Ha MAKCUMaJIbHIH
Butpari Q . 3a Gopmynoro:

A_5Qmax = SO.ZQmaX _ngax 5 (3)

ne AOQmax — CTATHCTMYHO BCTAHOBJIEHA NP MEPIOAMYHINM MOBIpHi PI3HUIS 3MIHU TTOXUOKH
JiuunbHEKa 3a Butpar 0,20 10 .

KinbkicTe niunnbHuKiB (N=13), 3rifHO TeOpii HOXHUOOK MPU METPOJIOTTYHOMY aHaJ131 BUMIPIOBaHb
3a0e3reuye TOCSITHEHHS JOCTOBIPHOCTI PE3yJbTaTy 3 JOBIPUOIO IMOBIpHICTIO 95%, siKa € TOCTaTHBOIO
JUtst OUTIBIIOCTI MPAKTUYHUX BUMIPIOBAaHb POOOYMMH 3ac00aMU BUMIPIOBaHb, 10 SAKUX BIJHOCSATHCS
MO0y TOB1 JIIYMIBHUKH.

Ha ocHOBI oTpuMaHUX CTaTUCTUYHUX JAHUX JJII METPOJIOIIYHOTO OLIHIOBAHHS CTaTUCTUYHO-
PO3PaxXyHKOBOTO BHU3HAYCHHS MOXMOKM JIYUIBbHUKA HAa MaKCHUMaJIbHIA BUTpaTi 3A1MCHIOIOTH

PO3paxyHOK YHMCIOBOTO 3HAYEHHS MOXMOKH mpu O, JUIS KOXKHOTO i-T0 HOBIPIOBAHOTO JIIYM/IbHUKA:

5Qmaxi = 50.2Qmaxi —AdQmax , 4)

ne O maxi — PO3paxoBaHe 3HaueHHsA MoxuOku i-ro ILJII" ma Butpari QO ; 8020 maxi — EKCIEPH-

MEHTaJIbHO BH3HaYeHa oxuOKa i-ro IIJI npu #ioro nosipii Ha Butpati 0,20, ; Adomax — cepente
3HA4YEHHs 3MIHU IOXMOKY JIYMIbHUKA IpU BUTpari O, - MOpiBHAHO 3 BUTparow 0,20 Ui KOHK-
pernoro tunopo3mipy IJITT (G1,6; G2,5; G4; G6) 1 KOHKpeTHOTO mianpueMcTBa-Bupoonuxa [1JIT.

3anmponoHoBana koHreniis noBipku [IJII' mae MoxIuBiCTE MeTpoJOTidyHOTO OIliHIOBaHHsA [1JIT
y BChOMY Jlialia30HI HOPMOBAaHUX BUTPAT, BKJIIOUYHO 3 MAaKCHUMaJIbHOIO BUTPATOIO, 1110 Mepe10aueHo
HOPMAaTUBHUMHU JJOKyMeHTaMu Ykpainu. [Ipu upomy crae MOXIMBUM 31HCHIOBATH MOBIPKY Ha MiCIIi
eKCIUTyarTallii Ta 13 3aCTOCYBaHHSM IMPUPOMHOTO ra3y sk poOOYOTo cepeaoBHINa. 3arporoHOBaHA
KOHIIEIIIs] TOBIPKH TaKOXX MO)Ke OyTH 3acTocoBaHa NpHU (PyHKI[IOHYBaHHI IMOBIPOYHUX YCTaHOBOK
Ha TOBITP1, 0 AKUX 3MEHINYIOTHCSI BUMOTH II0JI0 BEPXHBOTO J1ara3oHy podounx Butpar. [Ipakruuna
peanizauisa po3poOnenoi konmeniii nosipku IIJII' morpebye Ha nmanHuil yac po3poOieHHA 1
3aTBEPKEHHS BIAMOBIIHOTO HOPMATUBHOTO JIOKYMEHTA.

1. Cepeorox O.€., Jliomenxo T.B., Bunnuuyx A.I. JlocniodcenHss MOACIUBOCHI OYIHIOBAHHS 00 €EMY 2a3y
noOYmogUMU NIYUTLHUKAMU Y 6CLOMY OIANA30HI GUMPAM 3 BUKOPUCMAHHAM CMAMUCMUYHUX MemOoOis.
Yrpaincoxuti memponoeiunuil oscypnan. 2018. Ne2. C.34-45.

2. Cepeowrk O.€., Jlromenko T.B. Cnocib nogipxu nobymoeux niuuavHukie eazy: nam. 116046 C2 Vkpaiua,
G 01 F 25/00., Nea 2016 05643, 3asnen. 25.05.16; onyon. 25.01.18, bron. No2.

3. Cepeorwr O.€., Bunnuuyx A.I. Mobinbha ycmanosxka 0as 0e30eMOHMANCHO2O OIA2HOCMYBAHHSL
nobymoeux aiuunbhuxie easzy. Hagpmoeazosa enepeemuxa. 2007. Ne3(4). C. 76-80.
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LASER DOPPLER ANEMOMETRY AS FLOW
MEASUREMENT METHOD BEHIND 90° BEND

© Piotr Synowiec', Wiestaw Wedrychowicz?, Piotr Piechota®, Artur Andruszkiewicz*, 2019
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2Wroclaw University of Science and Technology, Faculty of Mechanical and Power Engineering,
Chair of Thermodynamic, Theory of Machines and Thermal Devices (Wroctaw, Poland), Lecturer,
Ph.D. Eng., wieslaw.wedrychowicz@pwr.edu.pl
3Wroclaw University of Science and Technology, Faculty of Mechanical and Power Engineering,
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Ph.D. student, M. Sc. Eng., piotr.piechota@pwr.edu.pl
3Wroclaw University of Science and Technology, Faculty of Mechanical and Power Engineering,
Chair of Thermodynamic, Theory of Machines and Thermal Devices (Wroctaw, Poland), Professor,
Ph.D. Eng. DSc., artur.andruszkiewicz@pwr.edu.pl

At the last time very common are computer simulations of the process occurring in hydraulic
installation. However, the algorithms used in various computer simulation software are not fully
known. The influence of disturbances from different elements of the hydraulic system on different
forms of flow measurements is unknown [1].

In Numerical Fluid Dynamics (CFD), a scientist can make many mistakes, because in this topic
there are many unknown variables, starting with the MESH geometry and ending on the type of
flow or heat exchange. Energy balance of flow is heavy both physically and mathematically.

Flow measurement in the industrial installation is very complicated, both in theoretical and
practical terms. They require tremendous knowledge in the field of physic, fluid mechanics, heat
exchange and measurement techniques. Data analysis of the obtained in measurement also requires
the skill of mathematical data analysis. In theory, there are many equations describing the specifics
of flow [2] [3].

A Scientist does not always know, what equation to choose to correctly describe a given type
of disorder. The development of laser technology has become very helpful for scientists and
engineers in the field of theoretical and practice of fluid dynamics. This method is based on a
statistical analysis of the spectrum of light and interference fringes formed in the measurement
volume. Laser Doppler Anemometry (LDA) allows determining the velocity of the measured
medium at a specific point behind the disturbing element. In LDA is very important to maintain
constant process parameters for flow measurement over time. Using the classical Laser Doppler
Anemometer, it is not possible to create an image of the full velocity area of the measured medium
particles in the entire cross-section of the pipeline. The case of creating of fully velocity image of
all particles in the cross-section, at the same time, takes place during optical visualization method
of Particle Image Velocimetry (PIV) [4] [5] [6].

Often in the industry, perform flow measurements is impossible. It is connected by the lack of
straight sections recommended by producers of measuring instruments. Due to the frequent
occurrence 90 degree bend in the hydraulic installation, carried out practical measurements were
visualize the type of disturbance behind the bend. Correct measurements behind the bend, as an
element of flow disturbing, require cognition shaped of the velocity profile along with the distance.

In this abstract of presentation on the International Seminar of Metrology, there are graphs
showing results of research obtained during Laser Doppler Anemometry performed at different
distances behind the 90-degree bend [7] [8].
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Fig. 1 A block for the x-speed component at Fig. 2 A block for the x-speed component at
a distance of zero diameters behind the a distance of six diameters behind the 90-degree
90-degree bend bend
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Fig. 3 A block for the x-speed component at
a distance of twelve diameters behind the 90-degree bend
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EnexktpuuHuii omip Ha MOCTIHHOMY CTPyMl € OAHIE€I0 3 HANMNOMIMPEHIIIMX BUMIPIOBAIbHUX
BEJIMYMH, NPUYOMY HE TUIBKM Yy Trajly3l BUMIPIOBaHb €JIEKTPUYHUX BEJIMYMH, aje W ramysi
BUMIPIOBAHHS HEEJIEKTPUYHUX BEJIMYUH €JIEKTPUUHUMH 3aco0aMu. 30KpemMa, Mij 4ac BUMIPIOBAHHS
ONOpiB TEPMONEPETBOPIOBAYIB Ta TEPMICTOPIB, TEH30PE3UCTOPIB ISl BU3HAUYEHHS MEXaHIYHHX
HaIpY>K€Hb, CUJIM TUCKY, MEPEMILIeHb 1]l Yac BUMIPIOBaHHS TEMIEPATypH Ta IiJl 4ac CTBOPEHHS
BY3J1B BUMIPIOBaJIbHOI TEXHIKM Ha MIKpPOEJIEKTPOHHOMY piBHI. OcoOIMBO L€ BaXXJHBO B
€JIEKTPOCHEPTETHII i1 Yac MepeBipKu MIyHTIB [1].

Tomy niiBUIIEHHS TOYHOCTI BUMIPIOBAHHS E€JIEKTPUYHOIO OMNOPY € aKTYJIbHOIO 3a/Ja4yelo.

Haii0inp1 61M3bKUM IO TEXHIYHIN CyTi 10 3alIpOMOHOBAHOTO TEXHIYHOIO PILIEHHS € TMOABIMHUI
MICT HOCTIHHOIO CTPpyMy JUIsl BUMIpIOBaHHs eleKTpuyHoro onopy Tomcona «Jlopna KenbBina» [2].

Opnak, JaHUM MOJABIMHUI MICT AJi1 BUMIPIOBAaHHS €JIEKTPUYHOIO ONOPY Ma€ MOPIBHAHO HU3BKY
TOYHICTh Ta HAJAIMHICTH TOMY, IO IJIeY€ MOPIBHSAHHSA BUKOHAHE y BUIIISJII TaK 3BaHMUX MOABIHHHUX
JeKaJl, 10 00epTalThCs CUHXPOHHO Ta PiBHI MK cO0O0I0, ajie Ha MPAKTULI TaKy PIBHICTh MOXHA
BUKOHATH 3 TIEBHOIO TOYHICTIO, KA 3aJI€KUTHh BiJ MOXHWOKH BUTOTOBJICHHS OIOPIB 1 32 pPaxyHOK
MPUCYTHOCTI JA0JAaTKOBOTO ujeHa d B piBHSHHI JJIsi BU3HAYEHHS 3HAYEHHS €JIEKTPUYHOTO OIODY.
Sxmo unen d # 0, TO HEXTyYBaHHA HUM IMPU3BOAUTH IO BUHUKHEHHS JOJATKOBHX IMOXHOOK, IO
0COOJIMBO BaXKJIMBO TP MEPEBIPIli IIYHTIB Ta OJHO3HAYHUX Mip omopy 107°...10 Om [2].

BuxopuctanHs HOBOr0 CXEMHOTO Ta KOHCTPYKTHUBHOI'O PIIIEHHS J03BOJIS€ MIJBUILUTH TOYHICTb
BUMIPIOBAHHS Ta HAJ1MHICTb.

JIst miABUIIIEHHSI TOYHOCTI BUMIPIOBAHHS €JIEKTPHUYHOTO OIOPY 3aMpOIlOHOBaHA MOCTOBA CXeMa
mojaHa Ha PUCYHKY [3].

]
+ 1
|

Puc. 1. Ilpunyunosa cxema mocma 0715 6UMIPIO8AHHS €1EKMPUUHO20 ONOPY
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Ha pucynky: 1 — nepie miedye MOCTa, BUMIPIOBAJIBHUI €JIEKTPUYHUN OIip, 2 — Apyre Imjiede
MOCTa, €TaJIoOHHA Mipa, 3 — TpeTe Iuleue MOPIBHAHHS MOCTa, 4 — 4eTBepTe IUieye, BIAHOIIEHb, 5 —
omip 3’€1HaHHS, 6 — HYJIb-1HIUKATOP, 7 — JPKEPEJIO KUBJICHHS, 8 — epeMuKay, 9 — nepuuii BUBij
nepemukaya, 10 — npyruil BuBin nepemukada, 11 — TpeTiii BuBiJ mepemukaua, 12 — nepumuii
MOTEHI[1aJIbHUI BUB1J MEPIIOTO IIeYa MOCTA, BUMIPIOBAaHUMN pe3ucTop, 13 — nqpyruil noreHuialbHUMI
BHBIJl NEPIIOro IJIeYa MOCTA, BUMIPIOBAJILHUN pe3uctop, 14 — mepumuil noreHUiabHUNW BUB1J
Jpyroro Ijeda MOCTa, €TaJloHHa Mipa, 15 — npyruiil noTeHuiaJbHUI BUB1A APYroro mjeda MocTa,
eTajJoHHa Mipa, 16 — mepumii CTPyMOBHI BUBIJI IIEPIIOTO IJIe4a MOCTA, BUMIPIOBAJILHUM €JIEKTPUYHUN
omip, 17 — npyruii cTpyMOBUI BUBIJA MEPIIOro IieYa MOCTa, BUMIPIOBAIbLHUN €JIEKTPUYHUHN OMIp,
18 — mepmuii CTpyMOBHIl BHUBIJ IpYyroro Ijedya MOCTa, €TajJoHHA Mipa, 19 — npyruii cTpyMOBH
BUBIJ] IpyTOro Iuieya MOCTa, €TajJoHHa Mipa.

BumipioBaHHs €JIEKTPUYHOTO ONOPY 3A1MCHIOETHCS HACTYITHUM YMHOM: 3PIBHOBAXYIOTh MICT 3a
JOIIOMOTOI0 TPETHOTO IIeYa MOPIBHAHHA 3 3a Hylb-lHAUKAaTOpoM 6 (Ha puc. nmepeMukad 8 B
nonoxerti 10 ) Ta OTpHMYIOTH 3HAYCHHS IUICYa MOPIBHAHHS R . ITic/ist bOro 3piBHOBaXYIOTh
MICT 3a JIOTIOMOT'OI0 TPETHOTO TuIeUa MOPIBHAHHS 3 3a HyJIb-1HIUKATOpPOM 6 (Ha puc. mepemMuKad 8
B IMMOJIOKEHH1 9) Ta OTPUMYIOTh 3HAUCHHS IIeda MOpiBHAHHSA R 3HA4YEHHs MepIIoro Imieda R,
BUMIPIOBAJIbHUI PE3UCTOpP BU3HAYAIOTh 33 PIBHSIHHAM

_ Ry (Rl + Rnop.N)RHOp.X
x Rl(Rl + Rnop.X)

nop. X°

’

ne R_— 3HaYeHHs ONOpYy MEPLIOro IuIeda MOCTA, BIANOBIIHO BUMIPIOBAIBHUM €IEKTPUYHHMN OIIp;

Ry — 3Ha4eHHA OMOpPY APYTOro Iule4a MOCTA, BIANOBIJHE €TAJIOHHINA MIpi;

R, — 3HaueHHsA OMOpY YETBEPTOIO ILIEYa BIIHOMICHH MOCTA;

R, . N — 3HAUCHHS OTOPY TPETHOTO LI MOPIBHAHHSA MOCTA, BiIMOBIZHE OMOPY CTATOHHIM Mipi
IpU TOJOXKEHHI mepeMukada 8, mo 3’eqHye Horo apyrui BuBig 10 3 mepmiuM MOTEHUIIBHUM
BHUBOJIOM JIPYroro Ijie4a MOCTa, €TaJOHHA MIpa;

R, op.x — SHAUCHHS OMOPY TPETHOIO M/ICYa MOPIBHAHHS MOCTA, BIAMOBIAHE OMOPY BUMIPIOBAIbHHIT
pe3UCTOp MpH MOJIOKEHH] [TepeMuKaya 8, 10 3’ €IHy€ Horo nepuuii BUBi 9 3 ApyruM NOoTEeHUIAJIbHUM
BUBOJOM 13 mepiroro ruieya mMocta 1, BUMIpIOBaJIbHUHN €JEKTPUUHUI OIip.

3anpornoHOBaHE CXEMHE DPIIIEHHS J103BOJIS€ MIABUIIUTU TOYHICTh BUMIPIOBAHHS €JIEKTPUYHOTO
omopy, mopiBHSAHO 3 MocToM Tomcona «Jlopma KensBina» [2], 32 paXyHOK BIACYTHOCTI JBOX ILIEY
MOCTa: TOPIBHSAHHS 1 BITHOIIEHHS Ta JBOX 3’ €IHYBAJIBHUX MPOBIIHUKIB, IO 3’ €IHYIOTH I1i TIJIEUl 3
MOTEHI[1aJIbHUMHU BHUBOJAMH, a TaKOX MIJBULIUTH HOTO HAAIMHICTH TOMY, IO BiJICYTHE CUHXPOHHE
o0epTaHHs IJI€4 MOPIBHIHHS.

1. Cmenanax M. B., Cmenausax M. M. Memponoziuna nepegipka wiynmie 8UCOK0i MOYHOCMI 3 HOMIHATbHUM
sHawenHsam onopy, ne kpamuum 10"/ Bicnux HY «Jlvsiscorka nonimexuixa», 30ipHUK HAyKosux npays, cepis.
«Aemomamuxa, sumiprosanus ma xkepysanuay — 2016, — Ne 852, — C.169-174.

2. Ocnosu memponoeii ma sumiproeanvroi mexuixu: /Iliopyunux: ¥ 2 m. / M. JJoposicoseys, B. Momauo,
b. Cmaonux ma in. 3a pedaxyieto b. Cmaodnuka. — Jlvgie: Buo. HY «JIII»2005. — T.2. Bumipiosanvha
mexHixa — 656 c. (463 c. (42.32), 464 c.).

3. llamenm na sunaxio Nel18809 (Yxpaina) MIIK (2019) GOIR 17/00, GOIR 27/00. Micm 015 6umiproéaris
enekmpuynozo onopy / Cmenawnsax M. B.-11.03.2019. bion. Nej.
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METO/l BUMIPIOBAHHS EJJEKTPUYHOI'O OIIOPY
TA IPUCTPIA JJ5I MO0 PEAJIIBAININ
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lpBiB, YkpaiHa, mon. kad. KCA, k.T.H., mystepanyak@ukr.net
2JIpBiB, YKpaiHa, M.H.C., Marictep
3JIbBiB, YKpaiHa, M.H.C., Maricrep
*JIbBiB, YkpaiHa, mpod. kad. KCA, n.1.H., ksa@lp.edu.ua

Jlns miaBUIEHHST TOYHOCTI BUMIPIOBAHHS EJIEKTPUYHOTO OMOPY 3aMpONOHOBAHO METOH Ta
MPUCTPIN g Horo peanizaiii, MOCTOBY CXeMy, IIOJJaHy Ha pUCyHKY [1].

Haii0Oinp1 61M3bKUM IO TEXHIYHIN CYTi JO 3alIpOMOHOBAHOTO TEXHIYHOIO PIIIEHHS € TMOABIMHUI
MICT HOCTIHHOIO CTpyMy JUIsl BUMIpIOBaHHs eleKkTpuyHoro onopy Tomcona «Jlopna KenbBina» [2].

Opnak, JaHUM MOJABIMHUI MICT AJii BUMIPIOBAaHHS €JIEKTPUYHOIO ONOPY Ma€ MOPIBHAHO HU3BKY
TOYHICTh Ta HAJAIMHICTH TOMY, L0 IJIeY€ MOPIBHSAHHSA BUKOHAHE y BUIIISJII TaK 3BaHMUX MOABIHHHUX
JeKaJl, 10 00epTalThCs CUHXPOHHO Ta PiBHI MK cO0O0I0, ajie Ha MPAKTULI TaKy PIBHICTh MOXHA
BUKOHATH 3 TIEBHOIO TOYHICTIO, KA 3aJI€KUTH BiJ MOXHUOKH BUTOTOBJICHHS OIOPIB 1 32 paxyHOK
MPUCYTHOCTI JA0JaTKOBOrO ujeHa d B piBHSHHI JJIsi BU3HAYEHHS 3HAYEHHS €JIEKTPUYHOTO OIODY.
Sxmo unen d # 0, TO HEXTyYBaHHA HUM INPU3BOAUTH A0 BUHUKHEHHS JOJATKOBHX IMOXHOOK, IO
0COOJMBO BaXKJIMBO TPHU TEPEBIpIll NIYHTIB Ta OJHO3HAYHUX Mip omopy 107...10 Om [2].

Ha pucynky: |1 — nepie mieye mMocra,
BUMIPIOBAJILHUM €1EKTpUYHUH o1ip, 2 —
Jpyre Ije4ye MocTa, eTaJloHHa Mipa, 3 —
TpeTe IJieye MOpPIBHAHHA MocTa, 4 —
4yeTBepTe Iulede, BIJHOIIEHb, 5 — OIIip
3’€HAHHA, 6 — HYIb-1HIUKATOp, 7 —
JUKEPENO KUBJIEHHS, 8 — MEpIINNA mepe-
MHKa4y, 9 — mepumuil BUBIA NEpLIOTrO
nepemukaua, 10 — qpyruii BUBij nepuioro
nepemukaya, 11 — Tperiit BUB1A nepuIoro
nepemMukaya, 12 — mnepmuid NOTEH-
MIaTPHUA BHBIJ TIEPIIOTO Ijieda MOCTA,
BUMIpIOBaHUN pe3uctop, 13 — apyruii
MOTEHI1aJIbHUN BUBIJ MEPIIOTO ILieya
MOCTa, BUMIpIOBaJIbHUN pe3uctop, 14 —
MEepIIUi MOTeHL1albHUN BUBLJ APYroro
Iiedya MOCTa, €TajJoHHa Mipa, 15 — Apyruil noTeHuiaJlbHUI BUBIJ APYTOTO IJieda MOCTa, €TalOHHA
Mipa, 16 — nepuunii cTpyMOBHI BUB1J NIEPLIOTO MJieda MOCTa 1, BUMIPIOBaJIbHUM €JIEKTPUYHUIN O,
17 — npyruil cTpyMOBHI BUBIJI MEPIIOTO IJIe4a MOCTa 1, BUMIpIOBAJIbHUN €JIEKTPUYHUM omip, 18 —
MEepIINi CTPYMOBHI BUB1J IPYyroro Ijeda MocTa 2, eTajioHHa mipa, 19 — npyruii cTpyMoBHil BUBiJ
Jpyroro mieya 2 MocTa, eTajloHHa Mipa, 20 — nepimuid BUBIJ HYJb— IHAUKAaTOpa, 21 — Apyruil BUBiJQ
HYyJIb-1HUKATOpa, 22 — MeplInid BHUBIJA APYyroro nepemukada 28, 23 — apyruil BHUBIJ APYroro
nepemukaya 28, 24 — mepmuil BUBIL TpeThoro nepemukada 29, 25 — npyruil BUBiJ TPETbHOTO
nepemukada 29, 26 — Tperiil BUBLJ Apyroro nepeMmukaya 28, 27 — TpeTiii BUB1 TPETHOTO NepeMuKaya
29, 28 — npyruii nepemukad, 29 — TperTiil nepemMuKay.

+

Ilpunyunoea cxema mocma 0ns
BUMIPIOBAHHSL €IeKMPUUHO20 ONOPY
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BumiproBaHHS €€KTPUYHOTO ONOpY 3AIMCHIOETHCS TaK: 3pIBHOBAXXKYIOTh MICT 3a JIOIIOMOIOIO
TPETHOrO IJIeUya MOPIBHAHHSA 3 3a HyJNb-1HAUKATOPOM 6 (pUC.) Ta OTPUMYEMO 3HAYCHHS IUIeYa
nopiBHsHHA R . Ilicas 0poro MiHSIOTH MOJTOXCHHS IepeMuKkada 8 Ta iforo Tperiid BuBix 11
3’€IHYIOTh 3 MIEPLIUM BUBOJIOM 9 Ta 3pIBHOBa)KYIOTh MICT 3@ JOIOMOIOI0 TPETHOTO I1JIe4a MOPIBHAHHS
3 3a HyJIb-1HAUKATOPOM 6 Ta OTPUMYEMO 3HAUCHHS TJieHa MOPIBHIHHS R opx MiHs0YN TTOTOKEHHS
Apyroro nepemMukada 28 ta TpeTboro 29, siki nepeMUKaloThCs CUHXPOHHO, 3’ €IHYEMO TPETiil BUBIJ
26 apyroro nepemukada 28 3 iioro Apyrum BUBOAOM 23, TpeTiit BuBiA 27 TpeThoro nepeMukaya 29
3 HOro JApyruM BUBOJOM 25 Ta 3pIBHOBAXXYIOTh MICT 3a JIOIIOMOTIOI0 TPETHOIO Ijieua MOPIBHSAHHS 3
3a HYJIb-ITHIUKATOPOM 6 1 OTPUMYEMO 3HAYCHHS IIeda MOPIBHSIHHS R, opx1- [Ticns uporo MiHSAIOTH
MOJIOXKEHHSI MEePIIOTo nepemMukada § ta oro Tperid BuBia 11 3’eqnyroTh 3 Apyrum BuBoaoM 10 Ta
3pIBHOBaXYIOTh MICT 3 JOIOMOTOI0 TPETHOTO IlJieda MOPIBHAHHSA 3 3a HYyJIb-IHAUKATOpOM 6 Ta
OTPUMY€EMO 3HAYCHHS IUIeYa MOPIBHAHHA R ).

3HaueHHs nepuoro mieda RX , BUMIpIoBaJbHUN PE3UCTOP BU3HAYAIOTH 3@ PIBHSAHHIM

Ry =Ry

_ (R1+Rn0p.N )-(R1+Rn0p.x1 ) X
(R1+Rn0p.N1)-(R1+Rnop.x) ’

ne K

R, — 3HaueHHsA OMOpY MEPIIOro Ijie4a MOCTA, BIAIOBIAHO BUMIPIOBAJIbHUMN €JIEKTPHYHHUN OMIp;

Ry — 3Ha4eHHs OMOpPY APYTOro Iule4a MOCTA, BIANOBIJHE €TAJIOHHINA MIpi;

R, — 3HaueHHsA OMOpY YETBEPTOIO ILICYa BiIHOUICHH MOCTA;

R, op. — 3HAYCHHS OIOPY TPETHOTO IIeYa MOPIBHSIHHS MOCTA, BIAIOBiAHE OMOPY €TaIOHHIi Mipi
IIpH MOJIOKEHH] MEePIIOro nepeMuKayda 8, skuil 3’elHaHui JpyruM BuBoaoM 10 HbOro nepemMukaya;

R, px — 3HAYCHHs OMOPY TPETHOTO ILICYa IOPIBHSIHHS MOCTa 3, MPHU IIONOKCHHI MEPIIOTO
nepeMukaya 8, skui 3’eqHye Woro TpeTid BuBig 11 3 mepmuM BUBOAOM 9 IbOTO IEpeMHUKaya;

R opni — 3HAUCHHS OIOPY TPETHOTO ILICYA MOPIBHAHHA MOCTA 3, NMPH MOJIOXKCHHI MEPIIOTo
nepeMukaya 8, sikuif 3’eiHye oro TpeTid BuBiA 11 3 npyrum BuBogom 10 nporo nepemukava, npu
3MiH1 TOJIO)KEHHSI IPYTroro Ta TPEeThOro MepeMHUKayiB, sIKI IEPEMUKAIOTHCS CUHXPOHHO;

R opxi — 3HAYCHHS OIOPY TPETHOTO ILICYA MOPIBHAHHA MOCTA 3, NMPH MOIOXKCHHI MEPIIOTo
nepeMukaya 8, skuil 3’eaHye Horo Tpetiit BuBiA 11 3 mepmuM BUBOAOM 9 I[bOTO MEepeMHKaua, IpU
3MiH1 10 mOJIOXKEHHS IPYTOro Ta TPEThOro MEPEMUKAUiB, SIKI IEPEMUKAIOTHCSI CHHXPOHHO.

Meron s BUMIPIOBAHHS €JIEKTPUYHOTO ONOPY Ta MPUCTPIH i1 Horo peainizaimii 103BOJISIE
M1IBUIIUTHA TOYHICTh BUMIPIOBaHHS, 3@ PaxXyHOK BHUKOPHUCTAHHS HOBOIO aJrOPUTMY BU3HAYEHHS
3HAYEHHS EJICKTPUYHOTO OMOPY, MPH BIJACYTHOCTI 3HAYECHHS JBOX IUIEY MOCTA: MOPIBHSHHSA 1
B1JIHOIIEHHS Ta JIBOX 3’ €/IHYBaJbHUX IPOBIJHUKIB, @ TAKOXK BpaXyBaHHs HEPIBHOCTI OMOPIB NEPILIOTO
MOTEHI1aJIbHOTO BUBOJLY IIEPILIOTO IJIe4a MOCTa BUMIPIOBAIbHUI pE3UCTOP Ta APYroro MOTEHI1aIbHOIO
BHUBOJY JIPYTOro Iuiedya €TajJOHHA Mipa 1 BIICYTHOCTI J101aTKOBOTO ujieHy d B pIBHSHHI JJIs1 BU3HAYEHHS
3HAYEHHS €JEKTPUYHOIO ONOPY a TAKOXK MIABUILIMTH MOr0 HAJIHHICTh TOMY, IO B1JICYTHE CUHXPOHHE
o0epTaHHs IJI€4 MOPIBHIHHS.

1. llamenm na eunaxio Nel19001 (Vkpaina) MIIK (2019) GOIR 17/00, GOIR 27/00. Cnocio eumiprosarisi
eNeKMPUYHO20 ONopy ma npucmpii 0as uozo peanizayii. / Cmenausx M. B.-10.04.2019. Bioxn. Ne7.

2. Ocnosu memponoeii ma sumiproeanvroi mexuixu: /Iliopyunux: ¥ 2 m. / M. JJoposicoseysb, B. Momauo,
b. Cmaonux ma in. 3a pedaxyieto b. Cmaodnuka. — Jlvgie: Buo. HY «JIII»2005. — T.2. Bumipiosarvha
mexHixa — 656 c. (463 c. (42.32), 464 c.).
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VK 621.317.089.6
METPOJIOT'TYHE 3ABE3IIEYEHHS TEMIIEPATYPHUX BUMIPIOBAHDb

© Onee Cynuma’, Muxona Mukuiiuyx?, 2019

![lep>xaBHe mianpueMcTBo «HaykoBo-mocmiaHuil iHCTUTYT METPOJIOTii BUMIPIOBATIbHUX 1 YIPABISIOUUNX CHCTEM)
(AT HAI «Cucremay), (JIbBiB, Ykpaina), 3acTynHuk HadanbHuKa Biaginy (HIB-11) olegsul@i.ua
’HauionansHuii yHiBepcureT «JIbBiBChbKa moiitexHikay, (JIpBiB, YkpaiHa), TUPEKTOp IHCTUTYTY KOMII'FOTEPHUX
TEXHOJIOTiH, aBTOMaTHKH Ta METPOJIOrii, 1.T.H., mpodecop, mykolamm@ukr.net

[linBunieHHsT TOYHOCTI MeTpoJsIoriyHuX xapakrepuctuk (MX) BumiproBanbHuX KaHaiiB (BK)
TeMIlepaTypH BUMiproBalibHO-1H(popManiiiHux cucteM (BIC) Ta aBToMaTH30BaHUX CUCTEM KEpyBaHHS
texHonoriuaumu mpornecamu (ACK TII), a Takox BUMIPIOBAJIBHHUX TEPMOMETPIB OMOPY 3
yH1(1KOBaHMM BUX1JIHUM CUTHAJIOM, SIK1 € CKJIagoBuMu yactuHaMu BK Temmeparypu 1 311 CHIOETBCS
MOCJIEMEHTHO € aKTyaJIbHOIO 3a/1auy€i0 ChOTOACHHsA. [[7s MiABHUINEHHS TOYHOCTI BUMIPIOBAaHHS
TeMnepaTrypu HeoOXiJJHE TOYHE BHMIPIOBAHHS €JIEKTPUYHOTO OINOPY PE3UCTUBHUX TEepMoIepe-
TBOPIOBaYiB 3 YHI1(IKOBaHUM BHX1AHUM curHaiom ta tepmo E.P.C. nng tepmomnap.

[lepmum eTanoM LBOrO MPOLECY € TPaJyIOBaHHS YYTIMBUX €JIEMEHTIB JaHUX I1€PETBOPIOBAUIB,
a TakoX MOBIpKa pobouux TepMoMeTpiB omopy s kaniopysanHs BK temneparypu ACK TII.
Jpyrum eTanoM € BU3HAYEHHS TpaHULl JOMYCTUMOI MOXUOKH BTOPUHHOTO MEpPETBOpIOBada
(€1eKTPOHHOI YaCTUHU) 1 CyMapHOi OCHOBHOI aOCOMIOTHOI MOXMUOKHU IUX MepeTBOproBaviB. B 0060x
BUMA/IKaX MEPILOro erany MPOBOJUTHCS BUMIPIOBAHHS €JIEKTPUYHOIO ONOPY YYTIUMBUX €JIEMEHTIB
TEPMOIIEPETBOPIOBAYIB.

TpaauuiiiHa MmoBipka MepeTBOPIOBauYiB OMOPY Iepeadavae MmoyeproBe BUMIPIOBAHHS OIOPY
JOCIIPKYBAHOTO 1 €TaJJOHHOTO TEPMOMETPIB 3a IOMOMOTOK0 OMMETPa METOAOM MopiBHsIHHA. OgHAK
1[€ HE JI03BOJISE€ 3 JOCTAaTHHOK TOYHICTIO BU3HAYUTU OIIp poOOYOro tepmMomerpa, TOMY WIO
BUMIPIOBAHHS PO3/ILJICHI B Yaci, 1[0 TPUBOAUTH A0 3MiH M X BHACIIIOK 3MIHHM BIUIMBOBHUX BEJIUYWH
MDK [POMIDKKaMU BUMIPIOBAHHS.

[lepinii cioci6 BUMipIOBaHHS ONOPY YYTIUBUX €JIEMEHTIB 3aMIILIEHHSAM iX OMOpiB Oararo3HayHOIO
€TaJIOHHOIO MIpPOIO OTIOPY, AO3BOJISIE YCYHYTH Il HEAOJIKH, ONTUMI3YBaTH MPOIEC BUMIPIOBAHHS, a
TaKO BUMIPIOBATU 3 HEOOX1JHOI TOYHICTIO OIMip TEPMOIEPETBOPIOBAUIB, HA SIKI HE MOMIMPIOETHCS
NepKaBHUN METPOJIOTIUYHUN HATIIS.

Hpyruii crioci6 nependadae mia €1HaHHS B po3pi3 3 eaHanb BK eTtanonHoro kamidparopa Hanmpyru npu
BIJIIIOBIIHUX AJITOPUTMAX CXEMHHUX KOMYTalllil €eTAJIOHHUX HAmpyr Y BUMIPIOBAaJIbHOMY KaHaJl JJIsl BU3-
HaA4YEHHsI TeMIIepaTypH 3a 101oMororo BumiproBaibHux kaHaiis (BK) BIC 3 TepmoenexkTpuunuMy JaBayamu.

KoperyBaHHsi moxuboK BUMIpPIOBaHHS TeMIIepaTypH BUIIE3a3HAUCHUMHU METOAaMHU JO3BOJIUTH
3MEHIIUTH HENEBHICTh BUMIPIOBaHb, a CaMe:

— MIABUUIUTH TOYHICTh BUMIPIOBAHHS TEMIIEPATypH;

— ONTUMI3yBaTH MpPOLIEC BUMIPIOBaHHS, IPOBECTU MOBIpKY abo kanibpyBanHs BK Ta Bkazanux
nepeTBoproBaviB [1];

— BU3HA4YMUTHU FPAHUII a0COJIFOTHOT MOXMOKHU T'payloBaHHS YYTJIIMBOTO €JeMEHTA J0CIII)KYBaHOTO
[epeTBOPIOBAYA;

— BHU3HAYUTH TpaHulll aOcomoTHOI noxuodku enexkrpuyHoro tpakra BK ta BK B ninomy [2];

— BU3HAUUTH IPAHUII a0COTIOTHOI MOXMOKH BTOPUHHOTO MEPETBOPIOBaYa (€IEKTPOHHOT YacTUHN) [2].

1. O. C. Cynuma. Increase of exactness of measuring temperature of measuring channels measuring-
informative system for help of termometers of resistant. Mamepianu 2-20 MiscHApOOH020 KOHKYpCY «JIyuuiuil
monooot memponoe KOOMET-2007» — Xapxis, — c.85-88.

2. Cynuma O.C., Jlucuit B.M., Ocobrusocmi mempono2iuno2o 3a0e3neuents memnepamypunux eUMipioeans
BIC ma ACK TII mepmonapamu ma pe3ucmuenumu 0asavamu 6 pooouux ymoeax excniyamayii. Mamepuainvl
17-20 mesncoynapoono2o moneoesicnozo gopyma. — Xapkis, 2013, ¢. 342-343.

172



Cekuisn 2. BumiptoBaHHS Ta icTopis BUMipIOBaHb

MEASUREMENTS OF T1 AND T2 RELAXATION PROCESSES
IN FLUIDS WITH USE OF EFNMR SCANNER

© Mariusz Trybus, 2019

Rzeszow University of Technology, Rzeszow, Poland, Assistant Professor, PhD

The most obvious experiment, related with didactics of NMR (Nuclear Magnetic Resonance),
is related with measurements of longitudinal (T1) and transverse (T2) relaxation of hydrogen
nucleus spins. All commercial NMR scanners use the same philosophy of measurements of spin
precession of selected nucleus (hydrogen is the most popular one). In the paper we present our first
experiments with newly purchased EFNMR (Earth Field Nuclear Magnetic Resonance) scanner.

At presence NMR 1is one of the most non-invasive and most precise imaging technique in modern
medicine. The possibilities of NMR scanning techniques also include spectroscopy, making possible
the study of spectrum of chemical shifts being useful in the field of material research.

As mentioned above two mechanisms of magnetic relaxations are used in NMR: 1) The spin-
lattice (or longitudinal) relaxation (T1) that quantifies the rate of transfer of energy from the nuclear
spin system to the neighboring molecules (the lattice). This relaxation is observed in z-direction
(direction of main magnetic field of the scanner) and leads to restoration of Boltzmann equilibrium
in the observed object — sample. 2) The Spin-spin (or transverse) relaxation time T2 which is used
to quantify the rate of the decay of the samples magnetization within the xy plane (so called FID
signal) [1].

Education process in the fields related to medical engineering requires exhausting discussion of
NMR physics and measurement methods as well as the practical presentation of specific techniques
and solutions. Understanding the idea of measurement of T1 and T2 relaxation times are perfect
from the educational point of view. Professional NMR scanners are beyond the reach of most
educational institutions. It is because of high costs of purchasing the scanner itself, and after that
maintaining the large cryogenic installation that generates constant and homogeneous magnetic
field and produces high maintenance costs at the same time.

In the paper we present the results of measurements of longitudinal (T1) and transverse (T2)
relaxation of selected liquids, recorded with use of budget EFNMR scanner — TERRANOVA
MAGRITECH. Instead of magnetic field generated by superconducting magnets, TERRANOVA
uses the Earth’s magnetic field and its homogeneity for imaging and NMR spectroscopy. The use
of EFNMR scanner is very specific. The Earth magnetic field used in experiment is about 0,049
mT, whereas the magnetic field used in commercial medical NMR scanners is about 2-3T. It makes
measurements of RF response of the investigated system/sample especially susceptible to
electromagnetic noises.

EFNMR TERRANOVA scanner consists of 3 main parts: 1) measuring head with gantry with
dimensions of 1 liter plastic bottle, 2) control module with operating system including software
implementing FFT transform and algorithms for controlling the coils of measuring head, 3) PC
computer with PROSPA software for processing the measurements and visual presentation of
recorded data. Measuring head and control module picture are presented in Fig. 1. Orientation of
measuring head and Earth magnetic field is presented in Fig. 2.

In medical diagnostics and imaging the different T1 and T2 times make possible recognition of
the tissues differences or its pathology. For example T1 time for water and fat are about 3000ms
and 250ms respectively. T2 relaxation times for the same substances are 2000ms and 70ms. In
case of proteins T1 is 250ms and T2 is about 1ms [2]. We have performed an experiment based on
measurement of T1 and T2 relaxation times of two soft phase substances (distilled water and
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yogurt). This experiment was assumed to be the base of future instruction of laboratory exercise
for the students of medical engineering. Exemplary results of the experiment for T1 relaxation time
for distilled water and yogurt are presented in Fig 3-4.

Fig. 1. Picture of measuring head and control module Fig. 2. Orientation of measuring head axes and Earth
magnetic field B
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Fig. 3. Results of measurements of Tl relaxation Fig. 4. Results of measurements of Tl relaxation
for distilled water for yogurt

Obtained results let us conclude that TERRANOVA EFNMR scanner is very useful tool in
teaching advanced metrology related with chemistry and medicine. Basing on budget NMR scanner
it is possible to demonstrate not only simple measurements of T1, T2 relaxation but also experiments
related with chemical shift spectra and simple 2D and 3D imaging, what will be reported in our
next paper.

1. James T. L., Fundamentals of NMR, Academic Press of University of California, San Francisco 1998.

2. Bottomley PA., Foster T.H., Argersinger R.E., Pfeiffer L.M., A review of normal tissue hydrogen NMR
relaxation times and relaxation mechanisms from 1-100 MHz: Dependence on tissue type, NMR
frequency, temperature, species, excision, and age. Med Phys 1984; 11:425-448.
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MODELS OF GAS SPEED DISTRIBUTION IN FLOW THROUGH PIPE

© Wiestaw Wedrychowicz!, Piotr Synowiec?, Piotr Piechota’, Artur Andruszkiewicz?, 2019
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Chair of Thermodynamic, Theory of Machines and Thermal Devices (Wroctaw, Poland), assistant professor,
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*Wroclaw University of Science and Technology, Faculty of Mechanical and Power Engineering,
Chair of Thermodynamic, Theory of Machines and Thermal Devices (Wroctaw, Poland), Professor,
Ph.D. Eng. DSc., artur.andruszkiewicz@pwr.edu.pl

Measurements of physical quantities are the basic source of information about the process, its
state and quality in the industry. The increasing level of technological advancement of processes
requires more and more accurate and reliable measuring devices. One of the most difficult issues
is the measurement of volume and mass flow in industrial metrology. [1] The flowmeters used are
usually flowmeters that calculate the flow rate based on the velocity values measured in a certain
section or on the separate surface of the flow conduit. [2, 3]. For proper calculation of the volume
flow, knowledge of the velocity profile is required, based on which it is possible to determine the
calibration factor of the flowmeter. Knowing the calibration factor, the area of the flow cross-section
of the pipe and the value of the measured velocity, we can determine the volume flow. [6]

The paper presents the results of research on the comparison of mathematical models of speed
profiles with experimental results and the determination of the distribution of the flow meter
calibration factor as a function of the radius of the pipe for different values of the Reynolds number.
[4, 5, 8] Experimental measurements were carried out on a pipeline in which air was flowing, the
flow was forced by a fan driven by an inverter-controlled motor. The measurement of local velocities
was made using a thermal anemometer in two mutually perpendicular planes.[9]

For comparison, three mathematical models of the profile were taken: the Prandtl model, the
three-component model, and the universal model. For each model deviations from the experimental
value have been determined, Fig. 1 shows the distribution of deviation between the experimental
measurement and the calculated from the Prandtl model, and in Fig. 2 the distribution of the
calibration factor K.
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Fig. 3 presents the distribution of deviation between the experimental measurement and the
calculated from the three-component model and in Fig. 4 the distribution of the calibration factor
K for this model.
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Fig. 5 presents the deviation distribution for the universal model and in Fig. 6 the distribution
of the calibration factor K for this model.
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Fig. 5 Deviations for the universal model Fig. 6. Distribution of factor K

It was found that there is no mathematical model that accurately describes the experience, but
the value of the calibration factor near the axis of the pipe does not depend significantly on the
radius.

1. Strohrmann G., atp-Markanalyse Durchfluss und Mengenmesstechnik Automatisierungstechnische
Praxis 36, 8/1994, s.38-55.

2. Flow handbook, A. Practical Guide: Measurement technologlogies — Aplications — Solutions,
Endress+Hauser Flowtec AG, CH-4153 Reinach/BL, 2004.

3. Walus S.: Optymalizacja metrologiczna pomiaru strumienia plynu za pomocq przeplywomierzy
probkujacych, Monografia 43, Wydawnictwo Politechniki Slgskiej, Gliwice 2003.

4. Bukowski J.: Mechanika ptynow, PWN, Warszawa 1975.

5. Grybos R.: Podstawy mechaniki ptynow, PWN, Warszawa 1989.
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rownoczesnym pomiarem poziomu. VII Krajowa Konferencja Metrologii i Aparatury Pomiarowej, Wroctaw,
Prace Naukowe Instytutu Metrologii Elektrycznej Politechniki Wroctawskiej, seria: Konferencje 12, s. 92-95.
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Company, New York 1977.
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177



Cekuin 2. BumiptoBaHHs Ta icTopis BUMiptOBaHb

VIIK 531.51
TPU HEBUMIPHI MACH
© Bacuav Yaban, 2019

Harmionansauii yHiBepcuteT “JIpBiBchbka momiTexHika” (JIbBiB, YkpaiHa),
npodecop, a. T. H, mpodecop, vtchaban@polynet.lviv.ua

VY nomnoBial WaeTbes mpo TpHU Oe3MocepeHbO HEBUMIPHI MAacH, OJEp:KaHl B pe3yibTaTi HOBOTO
MiIX0AY 10 Teopii rpaBiTamii 3 mo3uuii HeniHIHHUX cucteM. YoMy came rpasitanii? bo 3 Hamoro
OaueHHs 1€ HalnmpOCTIIIMNW BUJ HENIHIHHOCTH, BJAJI0 aHAJITUYHO AalpOKCUMOBAHOI HA MOYATKY

XX ct. Jlopenuom [1]
mO

p=m'()v, m'("):ﬁa (1)

ne p, v,¢,m,, (V) — imMIyabc, NIBUAKICTh, KOHCTAHTA, MAca CIIOKOIO, CTATUYHA Maca.

[Tocrapaemocst rubiie NPOHUKHYTU B CYTh €HEpIii pyXy. Y HENIHIMHUX CHUCTeMaX BOHA IOCTaE
y JBOX HEBIAJUILHHUX OIMH BiJ OXHOTO IPOSABAX — KIHETMYHUX €Heprii (w,) 1 koemeprii (w, ), T. 3B.

KOOTIEpaTUBHOI [2],
w, =m'(v)c’ (l—\/l—v2 /¢? ); W, =mc’ (l—\/l—v2 /¢ ) (2)

Ha ngonauy no aBox mac, 3anistHux y (1), (2), TpeTio oTpuMy€eMo 13 CHIIOBOT Al SIK
P B PPy )= G)
dt dv dt (1-v"/c)
ne a, m"(v) — npuckopeHHs, AudepeHIiajipbHa Maca.
Ha miacrasi (1) 3anumemo Aemo uHakiie Bupasu (2)

w, = Amc*; w, = dmc?, 4)
ne Am — peNsITUBICTCHbKUNA MPOQIUUT (MPUPICT) MACH CIIOKOIO; Om — PENATHUBICTCHKUN AedIluUT
(yOyTOK) Macu CIOKOO

Am = (m'(v)—mo); dm = (m0 —mc(v)), (5)
ne m (v) — xoomepaTuBHa Maca (Ko-maca)

m_(v) :mox/l\—v2 /cz'. (6)

Bupasu (4) HaBoasTh HAa OyMKy, IO KIHETHUYHA €HEPIis pyXy € HE L[0 MHIIE SK €HEepIis
PeNATUBICTCHKOrO NpodiuuTy (MPUPOCTY) MAacH CHOKOIO B Jiamna3oHi mBuiakoctedn 0 < v < ¢, a
KIHeTHYHA KO-CHEPT1d pyXy € He 1[0 MHIIE K €Hepris pessiTUBICTChKOro Aedinuty (yOyTKy) Macu
CIOKOIO B Jlala30Hl TUX CaMUX IIBHAKOCTEMH!

Bupasu (2) nanu 3mory HaMm po3KpUTU (I3UYHY CYTh KO-€HEPIil SIK MPOSBY PEISATUBI3MY €HEprii

Wi, /w, =N1-v*/¢*. Koxna 3 TpboX Mac, 3anisHux y (1)—(6), oIHO3HAYHO TOB’sI3aHI 3 MAacCOI0
CHoKoo pajaukainoM JlopeHia, 1 Oyab-SKy 3 HUX MOKHa OJIHO3HAYHO BUPA3UTH 4YEpe3 JIB1 PELITY.
BucnoBok. OpepxkaHi pe3yibTaTh Jajld 3MOTy 3HSATH KpU3y Macu B Teopii rpapiTaimii sk
MO3/I0BXHBOI 1 MENepeyHoi Ha KOPUCTh CTATUYHOI 1 AU(epeHUialbHOl, TOICHUTU (I3UYHY CYTb
KIHETUYHUX €Heprii 1 Ko-eHeprii (K Haj0aHHA NPUKIaJHUX TEOPETUYHUX HAyK KOMII IOTepHU30Ba-
HOI'O 4acy), BUSBUTHU BIJINOBIJIHY OCTaHHIN Ko-macy. Pa3zoMm 3 TUM i pe3ylbTaTu CTaBISITh HOBY
npo0ieMy BUMIpPIOBaHHS KOXKHOI 3 TPhOX PEJISITUBICTCHKUX Mac SIK peaibHUX (PI3UYHUX MPOSBIB.

1. ®evinman P., Jlevimon P., Conoc M. @eiinmanosckue nexkyuu no ¢usuxe, m. 6, 8-9 (nep. 3 anin.). — M.:
Mup, 1978, 348 c., 524 c.
2. Yaban B. 50 meopuux nim. — JI.: «Ilpocmip M», 2018, 344 c.
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EKCIIEPUMEHTAJIBHA CUCTEMA JIA JOCIII>KEHHSA IMTPOLECY
®OTO3AXOIIJVIEHHSA 3 BUKOPUCTAHHSAM I'EKCAKOIITEPA 1 BOPTOBOI'O
KOMIT'IOTEPA 3 BIJEOKAMEPOIO

© Bacunv Yueinw', Hasno Muxaiiiuwun’, 2019

'HamioHaspHa akajeMisi CyXOIyTHHX BilichbK iMeHi rerbMana [lerpa Caraitnaunoro (M. JIbBiB, Ykpaina),
I.¢.-M.H., JIOLICHT,
’HamioHasipHa akazeMisi CyXONyTHUX Bilicbk iMeHi retbMaHa [letpa Caraiinagnoro (M. JIbBiB, YkpaiHa),
KypCaHT

B naniii po60TIi po3mIsiIa€ThCsl MUTAHHS CTBOPEHHS €KCIIEPUMEHTATbHOI CUCTEMH 3 BUKOPUCTAHHSIM
6e3nuioTHoro JitanbHoro amapata (BITJIA) mis pocaigxeHHs npouecy (OTO3aXONJIEHHS 1HIIOTO
BIIUIA npu monboTi. ABTOpU HE BHUSBUJIM B HasgBHIHM JiTeparypi iHGopmauii mpo J0CIiIKEHHS
Takoro tuiy. B ykpaiHchkux myOnikalisiX OMUCYIOThCS, B OCHOBHOMY, O€3M1JIOTHI JiTalbHI anapatu
JIITaKOBOIO THUIY, SIKi BUKOPHCTOBYIOTHCS, 30KpeMa, JIJIsl pOBeIeHHs po3Biaku. He posmisinarorses
nutaHHa BukopucranHsa BIIJIA tumy mynsrukonTepu.

B po6oti onpamroBany i BUTOTOBWJIM €KCIIEPUMEHTAIIBHY CHCTEMY JJIS JTOCIHIIKEHHS TPOIECy
¢oTo3axomieHHss 3 BUKOPUCTAHHSIM TIeKcakomnTepa 1 OoprtoBoro komi’'torepa Rasberry Pi 3
Bijeokameporo Rasberry Pi1 V2. Ilpu 1bOMy OCHOBOIO CHCTEMHU CIIYXKUB O€3MUIIOTHUM JIITaIbHUM
amapar - rexcakontep 3 pamoto Tarrot 680 1 aBromimorom PixHawk PX4. Apromimor Pixhawk
BOJIOJII€ BIAKPUTHUM MPOTPAMHUM KOJIOM, 0 JO3BOJIUJIO JOJATKOBO IIPHUEIHATH OOPTOBUI KOMIT IOTEP
Raspberry Pi 3 BmacHoro mporpamoto ¢orozaxorieHns. Pixhawk PX4 ctBopenuii Ha 6a3i
OpUTIHAJIBHOI MJaTH 3 32-01THUM IPOLIECOPOM Ta CYyYaCHOIO ONEPAaTUBHOIO cucTeMO0. OCHOBHOIO
TEXHIYHOIO XapaKTepUCTHUKOIO KomIl'toTepa Raspberry Pi € 64-po3psanHuil 4oTUpbOXSAAEpHUI
npouecop 3 TakToBow yactororo 1,4 I'T'n, sxuii 3abe3neuye mBUAKE Ta HaJlHE ONpaLIOBaHHS
JAHUX.

Ha rekcaxonTepi Bcranosuiu GPS-monyns Ublox-neo-m8n, 06’ennanuii 3 komnacom HMCS883L.
VY xontponepi Pixhawk Bcranosnenuit 6apomerp MEAS MS5611, sikuit BUKOPUCTOBYETHCS ISt
OTpUMaHH$ JaHUX NP0 BUCOTY HaJ piBHEM Mops abo HaJ piBHEM penbedy micueBocTi. Bukopucranu
perynsTopu mBuakocTi ooepranns nsuryHiB Hobbywing XRotor 40A APAC Brushless ESC 2-6S
3 pob6ounm ctpymom 40 A 1 macorw 26 rpam.

EnemMeHnTu rekcakomnrepa - peryisiTopu MOTOpiB, BiJeoKamepy, Komiac, akcenepometrp, GPS-
npuiiMad 1 6apomeTp, miAidopanu 1 3MIHWIM iX BHUXIJHI MapaMeTpH I HiJBUILEHHS HAAIHHOCTI
po0OOTH KOMILIEKCY. 3B'SI30K MIXK IyJbTOM KEepyBaHHS 1 IpUMadeM Ha T€KCaKoNTepl paaloCUrHaIiB
BiJ MyJibTa HaJlalITyBaldu Ha yactoTy 2,4 MI'm, mo nano MOXIUBICTH HaAlMHOrO 3B’A3KYy Ha
BiacTansax nopsanaky 300 m. [Ipu 1ipoMy aBTONUIOT KOPEKTHO pearyBaB Ha BCl KOMaHIH Bl ITyJbTa
kepyBaHHs. [lepeBipsan HasBHICTh CUTHAJIIB BiJl HE MEHILIE HIECTH CYMYTHHKIB ISl HaJIIHHOTO
MO3UI[IOHYBaHHS Ha KapTi. B pesynbrari 6ararokpaTHUX BUIIPOOYBaHb IeKcakomTepa J0O0UIHCS
PIBHOMIPHOT'O pyXy Bropy, a TaKO CTIMKOro 3aBUCaHHA y MoBiTpi. Lle cBIQUMIO Npo CHHXPOHHICTh
poOOTH MOTOPIB, @ OTKE, PO MPABUIIBbHICTh ABTOMAaTHYHOI'0 HAJAIITyBaHHS PETrYNISTOPIB IIBUIKOCTI
obOepranns MoTopiB. [lepeBipwin mpare3aaTHiCTh Ta HATAMITYBAHHS CEHCOPIB KOIITEPa Y BIMOBIIHUX
pexumax nmonbotiB — Stability, AltHold, Sport Ta inmux. BusBuiu, mo ceHcopu 3aaTHI 3a0e3neYnTH
HaJ1}H1 MOJIBOTH Y BCIX MPOTECTOBAHUX PEKUMAX.

Jlist eKciepuMEeHTalIbHUX J0CIIKEHb MPOoIecy (POTO3aXOMIEHHS BUKOPUCTAIH BIACHY IIPOrpaMmy,
3anucany Ha Raspberry Pi. BctanoBuiu nmokanbHuit 3B's130K Mixk aBronusiotoMm Pixhawk Ta 6oproBumM
KOMIT FOTEpPOM, a Takoxk Wifi-3B'130k Mk Raspberry Pi i cTaioHapHUM KOMIT FOTEpOM — HOYTOYKOM.
L{s1 cuctema 3B’s13Ky J03BOJIMIIA OTPUMYBATH 1H(OPMAIIiIO PO PoOOTY MPOTPaMH y TPOIIECax MyCKy
1 TIOJILOTY TEKCAKOITEPa, a TaKoX (POTO3aXOIUICHHS y pealbHOMY 4Yaci Ha MOHITOpiI HOyTOyka. Y
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poui iHmoro BITJIA-mimieHi BUKopucTalyu NOBITPSAHY KyJIbKY YEpPBOHOIO KOJIbOpY AlameTpom 0,5 M,
sIKa 3HaXOJUJIACh Ha JKEPJIMHI BUCOTOIO 3 M. Y BUMAJIKy NOTPAIUIIHHS KyJIbKH B 00’ €KTUB BiJieOKamMepu
BigOyBasoch (POTO3aXOIIEHHs, IporpaMa oO4YucioBaga JAaHl MPO KyJabKy (po3Mip y MIKCelsX i
BI/1J1alib y METpPax), Kl BUCBITIIOBAIKNCH Y BIKHI POrpaMHU Ha MOHITOP1 HOYTOYKa.
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VIIK 658.562
KAJIIBPYBAHHSI 3ACOBIB BUMIPIOBAHHSI

© Ceamocnae Ayuwun’, Cepeiu Jlazapenxo?, 2019

'"HauionanpHuit yHiBepcuteT “JIpBiBchka nomitexHika” (JIpBiB, Ykpaina),
npodecop Kabeapu iHGopMaLiiHO-BUMIPIOBATEHEX TEXHONONIH, I.T.H., slav.yat@gmail.com
’Hauionansauii yHiBepcuteT “JIbBiBchka momiTexHika” (JIbBiB, YkpaiHa),
acmipaHT kadenpu iHGpopMaliiHO-BUMIPIOBAIBHUX TexHoJOriH, lazar2028@ukr.net

B 2014 poui nabyB umnHHOCTI 3akoH Bifg 05.06.2014 Ne 1314-VII «Ilpo metposiorito Ta
METPOJIOTTYHY AISUIBHICTE» (Aani — 3akoH) [1], 3rigHO SIKOro B HOBOMY paKypci HOCTaj0 MOHSTTS
KaJniOpyBaHHS, aje 10 I[bOro Yacy 0araro creliajiicTiB, METPOJIOTiB MPOCTO HE PO3YMIIOTh:

— 10 Take KayiiOpyBaHH:?;

— B YOMY MOJSTae pi3HULSA MK KajliOpyBaHHSM 1 MOBIPKOIO?

Ha panuii yac e nutaHHs MIMPOKO BUCBITIIIOETHCS (PaxiBLSIMU Hal[lOHAJbHOI METPOJOT14HOL
ciyk0u, ayie s 0araTbOX MUTAHHS 3aJIUIIA€THCS. | KOJMM MPUXOAUTH Yac MPUNHATH pPilICHHSA
MOBIPATH YU KaniOpyBaTH 3aco0u BUMIipIoBaiibHOI TexHikU (gani — 3BT), Ginpmicts BracHukiB 3BT
3aMUCIIOIOTHCS 1 HE MOXYTh OJHO3HAUYHO BIJANOBICTH AJid ce0e Ha 1€ MUTaHHS.

[Ipu npoBeneHHI KaniOpyBaHHS HEB1 €MHOIO YaCTUHOIO € OI[IHKa HEBU3HAYEHOCTI, aji€ BIJHOCHO
HEBU3HAYEHOCTI pe3y/IbTaTiB KaTiOpyBaHHs Oarato XTo 3asBIisie: “3aB /1 OI[IHIOBAIN XapaKTEPUCTUKHI
noxuOku 3BT, a Tenep 3 saBunacs HEBU3HAYEHICTh, B YOMY Pi3HHIA?”

[TopiBHsIEMO N1Ba BM3HAYCHHS KajaiOpyBaHHS.

B 3akoni [1] Ta MixknaponaoMmy cinoBHHKY 3 MmeTposiorii VIM [2]: “CykynHicTh omepairii, 3a
JOIIOMOT0I0 SKHMX 3a 3a/laHUX YMOB Ha IEpIIOMY €Talll BCTAHOBJIIOETHCS CIIBBIAHOIIEHHS MIX
3HAYEHHSMH BEJIUYUHU, 110 3a0€31eUy0ThCsl €TaJIOHaMU 3 NMPUTAMaHHUMU iM HEBHU3HAUE€HOCTIMU
BUMIPIOBaHb, Ta BIANOBIJHUMHU MOKa3aMH 3 OB’ SI3aHUMH 3 HUMU HEBU3HAYEHOCTSIMU BUMIPIOBaHb,
a Ha JpyroMmy erami 15 iHQopMallisi BUKOPUCTOBYETHCS I BCTAHOBIICHHS CITIBBIIHOIICHHS IS
OTPUMAaHHS Pe3yJbTaTy BUMIPIOBaHHS 3 1oka3y”, a B pekoMmenaauisix COOMET R/GM/32:2017 [3]:
“CyKyIHICTb OTIepaIliid, [0 BCTAHOBJIOIOTH CITIBBIIHOIICHHS MK 3HAYEHHAM BEJIUYNHU, OTPUMaHUM
3a JJONIOMOTOIO0 JaHOTO 3ac00y BUMIPIOBaHb 1 BiAMOBIIHUM 3HAYEHHSIM BEIWYMHU, BU3HAYCHUM 32
JIOTIOMOT OO €TAJIOHY 3 METOIO BU3HAYEHHS METPOJIOTYHUX XapaKTEPUCTHK IBOTO 3aC00y BUMIPIOBAHHS .

Ha nepmuii mornsaa mi ABa BUSHAUEHHSI MK CO00I0 Pi3HATHCA. B pe3ynbraTi MOKyTh BUHHKATH
pi3HI TIymMaueHHd. SIKimo B YKpaiHi Ha JaHHM Yac Iie MHUPOKO BUKOPUCTOBYeThes noBipka 3BT, To
y cBITOBIM mpakrtuii nosipka (verification) 1ocuth piakicHa, 3aT€ BEJIMKOTO MOLIMPEHHS HaOyllo
kaniOpyBaHnHs (calibration).

Tomy Opranizanii €Bponeiicbkoro Coro3y uu akpeautoBaHi HAAY BumararoTe JOTpUMaHHS
OCHOBHHUX BHUMOT J10 KaJliOpyBaJIbHUX Jlaboparopiii, aki pernamentoBaHi cranaaprom JCTY ISO /
IEC 17025-2017 [4] Ta 3acHOBaH1 Ha BU3HauYeHHAX VIM.

Ha pucynky 1 mokasani pe3ynbpTaTu KajniOpyBaHHS B BUDIJISAI TpadikiB 3TiHO 3 BU3HAYECHHIM
VIM. CuniMm konbopoM (JIiHIS 3 MapkepaMu) MOKa3aHl pe3ylbTaTd BUMIPIOBaHHS 3 BIJINOBIIHUMU
HEBHM3HAUYCHOCTAMU. YOPHUM KOJIHOPOM (TOHKA IpsiMa JIiHis ) TOKa3aHO MOOYI0BaHe 3a pe3yJbTaTaMu
BUMIPIOBaHb “‘CHIBBIJHOLIEHHS MIK BUMIPSHUM 3HAYE€HHSM Ta €TAJOHHUM — KaiiOpyBajibHA
XapaKTepUCTHKa (HAIPUKJIAJ, B TO3UMETPUUHUX MpUIaaxX KaniOpyBajabHa XapaKTEpUCTUKA HOCUTD
JNIHIMHUN XapakTep Ta npoxoauTh uepe3 Hyab Y = kX [3]), 3 skoi Moxe OyTH BCTaBJIEHO
CIIBBIIHOIIEHHS, L0 J03BOJISIE BU3HAYUTU pE3ylIbTaT BUMIPIOBaHHS, BUXOAsA4u 3 mokasiB 3BT.
YepBOHUM MMYHKTHPOM MOKa3aH1 MEX1 JOBIPUOIo 1HTEpBaJy JUIsl KaldiOpyBajbHOI XapaKTEPUCTHUKU,
SKI 1 IPEeICTaBIsIOTh HEBU3HAYEHICTh PE3yJIbTATIB KadlOpyBaHHS.
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Puc. 1. Pe3ynemamu xaniopyeauns 32i0no 3 euznadenuam VIM.

3 BHIIE CKa3aHOro, MOXHAa KOHCTAaTyBaTH MpoO Te, L0 KajaiOpyBalbHAa XapaKTEpPUCTHKA €
MEeTpoJIoTiuHOI0 XapakTtepuctukoio (nani — MX) 3BT ta monstts xamibpyBanHs 3rigHo [1], [2]
BI/INIOB1/1a€ BU3HAaUeHHIO KaniOpyBaHHs [3]. Crae 3p0o3yMijio 1 110 Take “HEBU3HAYEHICTh PE3yJIbTaTiB
KaiOpyBaHHA”: HpH KajniOpyBaHHI MU BU3Hauaemo JiiicHi 3HaueHHs MX 3BT, B Tomy uumcni i
xapaktepucTuk noxubok 3BT, muisixom nmpoBeleHHS BUMIPIOBaHb, a pe3yJbTaraM BHMIPIOBaHb
IIpUTaMaHHA HEBU3HAYEHICTb.

[lox mae xambpyBaHHsA?

Ha pucynky 1 poxkeBUM KOJILOPOM (TOBCTI CYIUJIBHI JIiHIT) TTOKa3aH1 MEX1 JTOMYCTUMOI TOXUOKHU
3BT + Apon. Ilpu noBipui miaTBepaxXyeTbes 3HaxomkeHHs noxuOku 3BT B mexax +Apom. Ane
SAKIIO0 MEXI1 J0Bipyoro intepBainy (UepBoHUI MyHKTHUP) BYK4i, HIX *+ AJom, TO KaniOpyBaHHS Ja€e
MO>XKJIMBICTh 3MEHILUTH MOXUOKY BUMIPIOBAaHb, 3@ JIOIIOMOTOK BHECEHHS IOIMPaBOK.

PosrnsHemo 61bp1I €TaIbHO OJIMH 13 MPUKJIAAIB MpolLenypy KajniOpyBaHHS.

[Ipuknan. KaniGbpyBanus nosumerpa.

Jlo3umeTp npu3HAYEHUH Ui BUMIPIOBAHHS €KBIBaJI€HTHOI a03u HelTpoHiB. [lpunan mae B
CBOEMY cKiajl 10Hi3auiHy kamepy (IlepBuHHUI BUMiprOBaJbHUN IEPETBOPIOBAY), aHAJIOTOBO-
uupoBuil mepeTBoproBay (BTOPUHHUI) Ta OOYMCIIOBaJIbHUN KOMMOHEHT. loHI3aliliHa Kamepa
[IEPETBOPIOE BEIMYMHY MOTOKY HEUTpoHIB N B BenuuuHy enekrpuuHoro crpymy I = aN. AL
MepeTBOPIOE BennuuHy cTpymy | B cranmapthuii nudposuii kox C = BI. O6uncaoBaibHUNA KOMIIOHEHT
[0 BIJOMHM 3HAYEHHSIM KOE(DIIIEHTIB 0 1 B 0OYMCIIOE BEIMUYMHY €KBIBAJIEHTHOI J03M HEUTPOHIB
N = C / (ap). [Toxubka koedimienta [ 3a3Bu4ail Maja, a OCh MOXUOKA YYTIAMBOCTI 10HI3AIIHHOT
kamepu Aa ctaHoBUTH * (15-20)%. Bnache, 1 BeninunHa 1 BU3Ha4ae nMoxuOKy no3umerpa. Bennka
OXMOKa YyTAUBOCTI Ao 3yMOBIJIEHA TEXHOJOTTYHUM PO3KUIOM MapaMeTpiB 10HI3aLIHHUX KaMep Mpu
ix BuroroBneHHi. L moxuOka NpunucyeThCs BCIM €K3EMILISIpaM 10HI3al1HUX KaMep TaKoro THUILY.
B nanomy Bumajky JIOIUIPHO BU3HAUUTH YYTIMBICTH KOKHOIO €K3EMIUISIpa 10HI3aliiHOI KamepH,
TOOTO MPOBECTH 1HAMBIAyanbHe KaniOpyBaHHA. lle M03BOMUTH 3MEHIIUTH MOXUOKY BUMIPIOBaHb
€KBIBAJICHTHOI 703U HEHUTPOHIB B Ji€KLIbKa pa3iB.

Takox MOYKHaA CKa3aTu:

— Ha BIOMIHY BI1Jl NOBIpKH, KaniOpyBaTH MoxHa He Tuibku 3BT, ane i eranoHu, iHII CKIag0B1
YAaCTUHU TEXHIYHUX MPUCTPOIB, IO BUKOHYIOTh BHUMIpIOBajbHI (YyHKIIi, Ta pI3HOMaHITHE
yCTaTKOBaHHS;

— KaJiOpyBaHHS MOXXE IMPOBOJMTUCS B HOPMaJbHHX Ta POOOUYMX yMOBAaX BUKOPUCTAHHS
yCTaTKOBaHHS;

— Moxe OyTH KiJIbKa BUJIB KaJliOpyBaHHS;

— KalOpyBaJibHA XapaKTePUCTHUKA MOXKE OyTH HOMIHAJbHOIO a00 1HAMBIAYaJIbHOIO;
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— HEBHU3HAYEHICTh pe3y/bTaTiB KaliOpyBaHHS OLIIHIOETHCS IIPU BCIX BUJAX KajliOpyBaHHS Ta NpHU
KariOpyBaHHI BCiX 00'€KTIB.

1. 3axon Yxpainu Ilpo memponociio ma memponociuny OisibHiCMb.

2. JCGM 200:2008. International vocabulary of metrology. — Basic and general concepts and associated
terms (VIM). — JCGM. — 2008. — 90 p.

3. COOMET R/GM/32:2017 Kanubpoexa cpedocme usmepenuil. Aneopummvl 0opabomiu pe3yibmamos
usMepeHull U OYeHUB8aHUs HeonpeoelEéHHOCMU.

4. JICTY ISO/IEC 17025:2017 3azanvhi sumocu 00 KOMREmMeHMHOCHE 6UNRPOOY8aIbHUX MA KAIOPY8ANbHUX
nabopamopiu (ISO/IEC 17025:2017, IDT)
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VJIK 621.
JTAHAMIYHI XAPAKTEPUCTUKHU MIKPOTEPMOMETPIB

© Ceamocnas Ayuwun’, Xpucmuna Menvnux?, HApocaas Jlyyux’, 2019

'Hamionanpauii YHiBepcuteT “JIbBiBchbka momiTexHika” (JIbBiB, Ykpaina),
I.T.H., podecop, slav.yat@gmail.com
’Hamionansauii Yaiepcutet “JIpBiBcbKa momitexHika” (JIbBiB, Ykpaina),
acmipanrt, hrustuna_levytska@ukr.net
SHamionansauit YHiBepcuteT “JIpBiBchbKa momitexHika” (JIbBiB, Ykpaina),
I.T.H., podecop, yaroslav.lutsyk@gmail.com

[Torpeba y piAMHHUX MIKPOTEPMOMETpPAX 3 MAJOK IHEPUIHHICTIO 1, BIAMOBIAHO, 3 MaJlUM
JiaMeTpoM KaIliyspa 3pocTae. IX cTana TemaoBoi iHepIii € Majol0, OCKiIBKM TEIIoBa PiBHOBAra
TepMOMETpa 1 KOHTPOJHOBAHOTO OO0’€KTYy BCTAaHOBIIOETHCA HaaA3BUYaiiHO mBHUAKO. [IpoTe,
IepecyBaHHs PIAMHU B Kamijaspl TEpMOMETpa, L0 BHU3HA4Ya€ HIBUJKICTh BIAJIIKY TeMIepaTypH,
YCKJIQJHIOETHCS 110 Mip1 3MEHIIEHHS JiaMeTpy Kamiisgpa. i OLiHKY BIUIUBY LIbOTO IAPOIMHAMIYHOTO
YIHHHUKA CKOPUCTAJIUCH 13 3aK0oHY JKIopeHa 1110710 B’SI3KOCT1 PIMHM, KA €KCIIOHEHII1ITHO 3MEHIITY€ThCS
3 MABULICHHSAM TeMIeparypu. BinqnosiHo, BoHa 00epHEHO NpOMOopIliiHa MIBUIKOCTI IEPEMIILICHHS
MEHICKa CTOBMUYMKA TepMomeTpa. Hamu npoaHanizoBaHO BIUIMB Pi3HUX YMHHMKIB Ha METPOJIOTIUHI
napaMeTpu MIKpOTEPMOMETPIB.

Crasa TemioBOi 1HEPI[li TEpPMOMETPIB BU3HAYAETHCS 1HTEHCUBHICTIO TEIIIOOOMIHY TEPMOMETpA 3
BUMIPIOBaHUM CE€peAOBUILEM. TepMOMETp, HOMIILIEHUH Y piJIKE CEPEIOBUIIIE 3 BUCOKUM KOEPILIEHTOM
TEIJI000MIHY, XapaKTEepU3yBaTUMEThCSI MEHILOI0 CTAJIOI0 MOPIBHIHO 3 TAKUM CAMUM TEPMOMETPOM,
BCTAHOBJIEHUM Ha 1oBiTpi. CBii BIUIMB YMHUTH TEIVIOEMHICTh TEPMOUYTIMBOIO MaTepiaily Ta IHIIUX
MarepiajaiB KOHCTPYKILIi TepMoMmeTpa ¢, . METoOuYHa CKjIajoBa MOXMOKM BHMMIPIOBAHHSA
TEeMIIepaTypyu BU3HAYAETHCS CHIBBIAHOIICHHSM iX JIIHIHHUX PO3MipiB (MPU CIIBMIPHUX 3HAYEHHSX

iX MacoBO-TEII0GI3UUYHUX XAPAKTEPUCTUK Ta XAPAKTEPUCTUK BUMIPIOBAHOTO 00’ €KTY Cinerm Lurerm

CoPob | ne p — IUTOMa I'yCTHHA MaTepiainy):

5 — Vtherm Zherm -1

met V;b T

X

Tyr v, Ta V, — 00’eM MaTepiady TEpMOMETpPA Ta BUMIPIOBAHOrO 00’€KTy BiAmoBigHo; 7 —
TeMIeparypa, 1o BCTAHOBIIOETHCA y TEPMOMETP1 BHACHIAOK HOTO TEIIIOOOMIHY 3 BUMIPIOBAaHUM
06’extoM (1ipu V,, >> Vien BOHA GIM3bKA JIO0 TEMIIEPATYPH OCTAHHBOIO).

B niiicHoCTi, 3a MEBHUM yac, 0 BU3HAYAETHCS CTAJIO TEMIIEpaTypHOi 1HEpLii, TEPMOMETD,
MOMIIIEHUH Y CepeIOBUILE 3 1HIIO TEMIEPATypOIO, IOBUHEH BCTAHOBUTH BJIACHI MOKAa3H, BIAYYTHO
3MIHUBIIM PiBEHb BIJIIKY y Kamijagapi. ToMy BUIleOMUCaHl MmapaMeTpu pajillie XapaKTepUu3YyITh
CIIPOMO>KHICTh BUKOHAHHS MIKPO- 1 HHHOTEPMOMETPA 13 NEBHUX KOHCTPYKTHUBHUX MarepiaiiB (1001p
Kanuisapa, miadip TepMOYYyTIIMBOI PEYOBHHH, iX B3a€EMHE 3MOUYYBAHHS Ta MPOHUKHEHHS 3TajaHOi
PIIMHYU B Kamuisp), MEepeMilleHHs OCTAaHHbOI 3aJIe’KHO BiJ IMOJOKEHHS Kallispa TepMOMETpa y
npocTopi (rOpU30HTANIbHE, TOXHIIE, BEPTUKAJIbHE), IPaBUJIbHUN BUOIp CHIBBIIHOIICHHS JIOBXUHHU 1
JlaMeTpy Kamuisipa, TOOTO y3TOJKEHHs 3allOBHEHHS PIAMHOIO (KamuispHa cTajia a), ONTUMI3aLiio
KOHCTPYKLII I1JT IEBHE 3HAUYEHHs cTanoi 3eMHOro TskiHHA (uucino bonna Bo), Toio.

JIist 3HaXOJKEHHSI BUCOTH MiANOMY PIAMHU y Kanuispi BUKOpUCTaEMO 3akoH JKroopeHna. 3a HUM
BHUCOTA MIJHATTSA PIAMHHU Yy KaNlIspl € NpONOpLiHHOI0 KOoe(IIEHTY NOBEPXHEBOTO HATATY PIAUHMU 1
00epHEHO MPOIOPIINHOI pajlycy Kamspa Ta TyCTUHI piauHu (puc. 1).
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Puc.1. Bucoma 3anoenenus kaninapa 600010, CHupmom ma pmymmio npu paoiycax kaninapis 0,1;
0,5 ma 1 mxm.

[Ipu Haxwmii Kaniasipa BUCOTA 3allOBHEHHS pO3paxoByeThes 3a (popmyroro: h = Ising . [IBuakicTsh
HAIOBHEHHS KaIllJisipa BU3HAYAETHCS MOBEPXHEBUM HATATOM G 1 B A3KICTIO [ PIAUHH, pagiycoM
Kamuisipa t 1 JIOBXKUHOIO 3alIOBHEHOT YACTUHM Kalllispa Z Ta OMHCYETHhCS HACTYNHHUM PIBHSIHHSAM:

at ro cos 0/4pz. gx BUJIHO, IIBUJKOCTI 3allOBHEHHS KamuisipiB aiameTrpa 1,0 MKM BOjOIO B
TOPU30HTAJIBHOMY MOJIOKEHH] cTaHOBIATH 50 ... 134 MmxM/c., cniuprom — 13 ... 34 MmxM/c, pryTTIO —
19 ... 51 mxM/c. Lle o3Hauae, 10 piguHHUN MiKpoTepMoMeTp aoBxkuHOI0 100 MKM 3a ymMoBHU Maiixke
MOBHOTIO 3amoBHEHHS Kaniispa 1,0 MkM, Koiu BiH 3MIHIOE MOKa3u (JIOBXKUHY 3alIOBHEHOT YaCTUHU
Kaminsipa) Ha 10 MKM, XapakTepu3yeThCsl 4acoM BcTaHoBieHHs mokasiB 0,20 ... 0,07 ¢ mis Bomu,
0,80 ... 0,30 ¢ nnsa cnupty ta 0,5 ... 0,02 ¢ nusa pryti. [Ipu 3MeHmeHH1 aiaMeTpy Kamiispa y
10 pa3ziB, To6T0 10 0,1 MKM, 9ac BCTaHOBJICHHs TTOKa3iB TEPMOMETPA TOi camMOil JOBKHUHU 3POCTAE
y 10 pa3iB, no3asik WIBUJIKICTh 3aII0BHEHHS 3MEHILYETHCS HA NOPsAA0K. [List pTyTi BiH MOe Aocsratu
5,0 c, 1m0 MoXe He 3aJI0BOJIbHATH NOTPIOHUM BUMOTaM 4acy BCTAHOBJIEHHS ITOKa3iB TEPMOMETDA.

Takum 4MHOM, IO Mipl 3MEHILIEHHS PO3MIPIB TEPMOMETPIB, BKJIIOYAIOUU PIAMHHI TEPMOMETPH,
ICTOTHO 3MEHILYETHCS CTaja TEIJIOBOI 1HEPIii TepMOMETpa, 3yMOBJIEHAa IHTEHCUBHUM TEIJI000MIHOM
TepMOMETpA 3 OTOUYKOUYHMM CepeloBHILeM; BoHa Moxe crazaru no 0,001 c.

[To Mipi 3MEHIIEHHS JiaMeTpa Kamuisipa TEPMOMETpa HOro 1HEpLiiiHI XapaKTepUCTUKU BKE HE
MOXXYTbh MOBHICTIO ONMHCYBATUCh YUCTO TEIUVIO(PIZUUHUMH XapaKTepucTHUKaMU. [loCHIIIOETBCS pOIlb
TiApOAMHAMIYHHAX XapaKTePUCTHK, OI[IHIOBAHA 32 IBHUIKICTIO 3alIOBHEHHS KaIIsipa Ta NePEMIIEHHIM
TEPMOUYTJIMBOI PIUHU Y HbOMY, 11O NMPSAMO XapaKTepU3y€ 4Yac BCTAHOBJICHHS IOKa3iB MIKpPOTEp-
MOMeETpa.

Kopexktaum nigoopom AiameTpa Kamiasipa MOKHA T0CATHYTH CIIIBMIPHOCTI BIUIMBY TEIIO(I3HUHUX
XapaKTePUCTHUK, 10 Y MIKPOTEPMOMETPIB BU3HAUAIOTh MEPIINY CKIAJOBY CTajoi TETUIOBOI 1HEPIIii,
Ta BIUIMBY XapaKTEPUCTUK, 3yMOBIEHUX PYXOM TEPMOYYTJIHUBOI PIAMHU BHACIIAOK 3MIHM CHUJIU
MIOBEPXHEBOTO HATATY 3 TEMIIEPATYpoOIO, 110 31 CBOr0 OOKY, BU3HAUAIOTh Yac BCTAHOBJIEHHS MOKa3iB
TepMoMeTpa (Apyra ckiagoBa cTajioi TermioBoi iHepiii). [Ipu mpoMy, SKIIO Yac yCTaHOBICHHS
MIO0Ka3iB, OI[IHEHUH 3a OCOOIMBOCTIMU TENIO000MIHY J KOHCTPYKI[li MIKPOTEPMOMETPA, CTAHOBUTD
MIKPOCEKYH/H, TO 4Yac, OL[IHEHUH 3a MepeMIlIeHHAM PIIMHU y Kamijaspl Ha 1-2 mopsaku BUIIE,
3aJIeKHO BIJ JIIaMETPy Karuisipa.
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KIBEP-®I3UYHA CUCTEMA AJIs1 TIAPHUKIB TA TEIIJIMIb

© Cesmocnas Ayuwun', Anopii-Bonooumup Miouk?, Onvea Jluca®, 2019

'Hamionanpuuit yHiBepeuteT “JIbBiBCchbKa momitexuika” (JIpBiB, Ykpaina), n.T.H., mpodecop, slav.yat@gmail.com
’Hanionansuuii yHiBepcuteT “JIpBiBCchKa moiitexHika” (JIbBiB, YkpaiHa), acmipaHr,
3JIpBiBCHKMI HAI[IOHAJNBHUI arpapHUil yHIBEPCHTET, K.T.H., TOUEHT

BupomyBaHHs B 3aKpUTOMY IPYHTI € Ba)XXJIMBHUM METOAOM 3A00yTTd pOCIMHHOI 1ki. Take
BUPOILIYBaHHS 3JIMCHIOEThCA y TEIUIMLSX Ta B MapHUKaX. Temiumi — 1e CHopyau JJis 3aXUCTy
POCIIHMH B1Jl IPUPOJHUX MOTOJHUX YMOB; BOHM OCHAIIEHI1 IITYYHUMH JKepenamu Tera. [lapauku —
1€ CTIOPYIH ISl 3aXUCTY POCIHH BiJl MPUPOAHUX MOTOAHUX YMOB, SIKi 00ITPIBAIOTHCSA 3a JJOITOMOTOO
MPUPOAHUX JIKEPEI Terjia, 30KpeMa COHSYHOTO CBITJa Ta OlomanuBa.

Pocnuuu B 3aXUII€HOMY I'PYHTI BUCTABJISAIOTh BUIIl BUMOTH 10 POAIOYOCTI IPYHTY, HI)K POCIIMHH,
0 POCTYTh Y BIAKPUTOMY TPYHTI, OCKUTIBKH IJIs1 (popMyBaHHS TOAATKOBOTO BPOXKAK MOTPIOHO
Ol1blIe MOXXUBHUX peyoBUH. Tomy B Temiuil Tpeba CTBOPUTU BCi arpodi3zuyHi yMOBH, 30KpeMa
MpaBUIbHUN TEMIIEPATYpPHUN PEKUM, PEKUMHU MOJIUBAHHS, MPOBITPIOBAHHS, 3aTIHEHHS, ONAJICHHS,
TOOTO MpaBUIBHUNA MIKPOKIIMAT.

VY niTHIN nepios Temneparypa MoBiTPs B TEIUINIII MOKE CAaMOBLIBHO MIIHATHUCS BUILE JOITYCTUMOT,
10 3TyOHO BIUIMBAE HA BUPOITYBaHHA B Hiii 0BO4iB. OBOUI B TEIUIHIII 31B’IHYTh, @ BPOXKAIO 3HIMAETHCS
3HaYHO MeHIIe. J[ns 1boro 3a3ganerisip B TEIUIMII a00 MapHUKY NMOTPIOHO CTBOPUTH 3ariHeHHs. Lle
Jla€ 3MOTy T030yTHCS y TEIUIMIII MeperpiBaHHs (HEI03BOJIEHOTO Mi/IBUILIEHHS TEMIIEpaTypH MOBITPs
BcepeauHi). IlpaBunbHuil TemneparypHuil pexuM — 1€ HaWBaXKJIUBIIIUNA (aKTOp NMPaBUIBHOTO
BUPOIILYBAHHS OBOYIB.

He meHm BaxiauBuUM (pakTopoM MPaBUIBHOTO BUPOILIYBAHHS B TEILUIMISAX € MOJHUB POCIHH.
Temneparypa BoaM AJis MOJUMBAaHHS OBOYIB y TEIUIMI IMOBHHHA BIANOBIAATH TeMIepaTypl IPYHTY.
[neanpHUM BapiaHTOM MOJWBY € KpamedbHUW MOJUB. SIKIIO MOJMB 3AIACHIOETHCS TPaaUIliAHUM
METOJIOM, TO JIUTH BOJY MOTPIOHO MiJ KOPIHb POCIHHH.

PoGora Temnuui rpyHTyeThcs Ha (PI3MYHMX SBUILAX — TENJOBOMY BHUIIPOMIHIOBAHHIO Ta
tery1ooOMiHi. Terunis BOMpae TEmaoBe BUIPOMIHIOBAHHS, sIKE HAJIXOAUTh 330BH1 (€HEPTisl COHIS
YY IITY4H]1 JKepera), IepeTBOpIoe Horo B TeIUIO 1 30epirae 1e Temo. Lle qae MoxnuBicTh 36epiratu
BCEpEMHI TEIUIMIl EeBHY NOCTIHHY TeMIlepaTypy 1, TAKMM YMHOM,, CTBOPIOBATH MPUJATHI YMOBH
JUISL POCTY 1 )KUTTETISIIBHOCT1 KYJIBTYP.

[Io6 BupoIIyBaHHS OBOYIB y TEIUIHIISX CTAJIO MAaKCUMaIbHO €()eKTUBHUM, HEOOX1/IHI aBTOMaTHUYH1
CUCTEMHU B TEIUIMI, 3/1aTHI 3a0€3MeYUTH ONTUMAJIbHY BOJIOTICTh, HAJIEKHI TEMIEPATypHI PEKUMHU
BJICHb 1 BHOYI, JOCTATHIO BEHTHJISIIIO, MPaBUIbHUN norsaa. s anamizy Ail TENJI0BUX MOTOKIB HA
POCIMHU Yy CKJIaJl aBTOMAaTU30BAaHUX TEXHOJIOTIYHMX JIIHINH JOIIJIbHO BHUKOPUCTOBYBATH CEHCOP
BosiorocTi i remneparypu DHT21/AM2301, mo Big3HaYa€eThCs MiBUILEHOIO TOUHICTIO (3-ApOoTOBE
17’ €IHaHHS, Jlana3oH BuMiproBaHHs Bosiorocti — 0 ... 100 %; aianma3oH BUMIpIOBaHHS TeMIIEpaTypu
40 ... 80°C; moxubxa BUMIpIOBaHHS BOJIOTOCTI =2 %; nmoxuOka BUMiproBaHHs Temrneparypu + 0.5 %).

3anyueHHs 3a3HAYEHOTO CEHcopa mepeadadae He JIMIIE ONTUMI3allil0 TEMIIepaTypHO-4acOBUX
pexXuMiB 0OpOOKH ClIbCHKOTOCHOAAPCHKUX MHPOAYKTIB, ajle i BUKOPUCTAHHS HMOro amapaTHO-
[IPOrpaMHUX MOXJIMBOCTEN HUISIXOM BCTAHOBJICHHS MOTY>KHIILIOI allapaTHO-IIPOTrpaMHoi I1aTGopMu.
Toxi KOC B mimomy MO)XKHa BUKOHYBATH, K 1 CaM CEHCOpP, Ha CMapT-PiBHI THYYKOIO, 3a0€3MeUy0Un
no/aTKoB1 (PyHKIIT — aBTOMaTUYHY 3MiHY Jllalla30Hy BUMIpPIOBaHb, CaMOKaliOpyBaHHA (B HEBHIiH
TOULl TEMIIEpaTypHOi YU BOJOTICHOI IIKajd, CaMOIpajylOBaHHS, J1HEApU3aLil0 XapaKTepUCTUK
TOIIO).
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Binomo, 1110 BUMIpIOBaHHS BEJIIMKUX OINOPIB MOB S3aHE 13 CYTTEBUM BIUIMBOM OIOPIB 130JIAL11T Ta
13 3MEHIIEHHSIM BHMIPIOBAJIBHUX CTPYMIB, TOMY BOHHM € BHCOKOBOJBTHUMH. [[ss1 moOynoBu
BucokoomH1 oMMeTpu 3a3BUYail OyIyIOThCSI 3 BUKOPUCTAHHSIM PE3UCTUBHUX, a00 KOHAEHCATOPHUX
NepeTBOPIOBAYiB Ta 3 Jpkepenamu cTtpymy [l]. B ycix mogaHux Tumax BHUMIpIOBadiB MOKHA
3aCTOCOBYBATH TPUIIPOBIAHE TIIKIIOYCHHS BUCOKOOMHOTO 00’ €KTa BUMIPIOBAHHS I 3a0€3MeYeHHS
BHUMOT 710 0€3MEeYHOCTI BUMIPIOBaHb Y BUCOKOBOJIBTHUX KojaX. [[J1s1 X MeTposoTi4yHOro 3a0€3neueHHs
TpaJuLIMHO BUKOPUCTOBYIOTHCS MMaCUBHI a00 aKTUBHI IMITATOpPU Ha 0a3i TpUIpoMeHeBoi 3ipku [1].
Henonikamu TpaauiiifHuX BUCOKOOMHHUX Mip Ta IMITaTOpiB Ha OCHOBI PE3UCTHBHOI 31pKU € Malia
TOYHICTh, 3yMOBJIEHA BEJIMKOIO KUJIBKICTIO HE JIy’)K€ TOYHUX BHCOKOOMHHUX PE3UCTOPIB, @ TAKOK
MOXHOKM 4epe3 BIJIMB HElJealbHOCTEN eJIEeKTPOMETPUYHOro MiJCUIIIOBauya Ta OMOPIB 1301 1
Mapa3uTHUX CTPYMIB BUTOKY KOHCTPYKIii. OJIHaK 11 HEAOMIKM 3MEHIIYIOThCS B CTPYKTYpax akKTUBHHUX
BHCOKOBOJIbTHUX TPU3aTUCKAYEBUX IMITATOPIB ONOPY 3 MOJIJIOM BX1AHOT HAIPYTH, sIKa IPUKIIAIA€THCS
70 BHCOKOBOJIPTHOTO 3aTHCKaya, 3a YMOBHM, IO JiBa IHIIMX HHU3bKOBOJBTHUX 3aTHUCKaudl €
eKBINOTeHI1aJbHUMH [2, 3]. AHaii3 moka3as, 10 L BUMOra 3a0e31euyeThCs B yCIX BIJOMHUX THIaX
BHCOKOOMHHMX BHMIPIOBAYiB P BIJIMOBIIHOMY MiAKIOYEHHI BUMIPIOBAHOTO 00’ €KTA.

Sk moxasye aHaji3 TPaAUIIHHUX CTPYKTYp aKTUBHHUX MIp-IMITaTopiB OINOpY, 3a yMOBH, ILIO
3HAYEHHS BUXIJHUX HANpyr Horo onepauiinux niacuwitoBadiB (OIl) 3HaxoauThes Ha piBHI AEKIJIBKOX
BOJIBT, OXMOKa BITBOPEHHS BHCOKOOMHHUX OINOPIB MPAKTUYHO BHU3HAYATUMETHCS MOXHOKaMHU
BHCOKOBOJITHOTO MOJUIbBHHUKA HANpyrH, kogokepoBaHoro nojunibHuka (KIIH) Ta macmrabHux
CTPYyMO3aJI1aBaJIbHUX PE3UCTOPIB R Hiticao, 3a ymoBu BukopucTtanus OIl 3 manumu Hampyramu
3MINIEHHS Ta BXIAHUMU CprMaMI/I [4], BimHOCHA moxmOKa, 3yMOBJIEHAa LUMH IapaMeTpaMu
HeineanbHocTi OIl Oyne MeHIIO BiJ THUCSYHOI MPOLEHTA 1 HEI0 MPAaKTUYHO MOYKHA 3HEXTYBaTH
HaBITh JIJIs MPEUHU3IMHUX BUCOKOOMHUX Mip. OCKUIbKU BiHOCHA TToxubOka cepitHux LIAIl cyTTeBo
3pOCTAE 13 3MEHIIEHHSIM 3Ha4€Hb KO/1B KEPYBAaHHS [, TO, BIATIOB1/IHO, 13 301IbILIEHHSIM BIATBOPIOBAHOTO
omnopy 30UIBITYBAaTUMYTHCSI HOTO a0COJIIOTHA Ta BITHOCHA TTOXHOKH.

Bxkazanuii HeoIik MOKe 4aCTKOBO OyTH 3MEHILIEHUM B IMITaTOpax 13 I0MOBHIOBAJIbHOIO MIKAJIOH0
BIATBOpPEeHHA onopy (puc. 1). Bucoka manpyra U, 3 10IOMOrow aKTMBHOTO HOAIIBHUKA HANPYTH
pesucropu R, R, ta OIl DA1 nepeTBopro€eThes B HU3BKOBOJIBTHY Hanpyry U,, gKa nomaeTbes 10
Bxonis KIIH ta cymaropa OIl DA3, pesuctopu R, R, i R;. Buxigna manpyra U, cymaropa 3
JIOTIOMOT0I0 MacIITa0yBalibHUX PE3UCTOPIB R, MEPETBOPIOETHCS Y BUXIAHUHA CTPYM /; BACOKOOMHOT
MipH-1MiTaTOpa NPOB1IHOCTI. 3HAYEHHS iMiTOBaH0r0 MIPOIO OTOPY 3HAXOJUTHCS 32 CIIBBIAHOLUICHHSIM:

_p B K 1

R=—t=Ry—-—>——F0r, (D)

ne U, I, — BIANOBIAHO, MPHKIAJ€HA BMCOKA HANpyra Ta BUXIIHHH CTPyM BHCOKOOMHOI Mipu-
imitaTopa omopy; R, R, — OIopu BUCOKOBOJILTHOrO MOALIBHUKA BXinHOI Hanpyru U, mipu omopy;
R, R,, R, — onopu 380poTHOTO 3B’s13Ky cymaropa OIl DA3; 1 — xon xepyBanHsa noMHoxyBanbauM KITH.
Sk mokasye aHaji3, 3alpOINOHOBaHA CTPYKTypa puc. | BIATBOpPIOBaTUME BHUCOKOOMHHI omip 3
IHBEPCHOO MIKAJIOK0 33 YMOBH, 110 HOMiHAJIbH1 3HAY€HHs PE3UCTOPIB R, R, OyayTh piBHI MIXK COOO0I0
R;, =R, IlpoBenennii anani3 moxuOOK 13 BpaxyBaHHAM IapaMeTpis Heineanbnocti OII DA, DA2
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1 DA3 Ta iHCTpyMeHTalbHUX NOXUOOK MaciITabyBaJlbHUX €JIEMEHTIB BUCOKOOMHOI MipH-IMITaTopa
puc. 1 mokasas, 110 BIATBOPIOBAaHUM OIip Ta aOCOMOTHA MOXUOKAa BU3HAYAIOTHCA BUPA3aMU:

_ Ry Ry

R : )
R 7
i fn [1_IUH]{4H]_IUH4H25m+§kU
Ry Ry o
5 Ry (L 5
AR =R~ Ry = Ry zé‘n_é‘kU"":uHR_( 5m—25n] > (3)
n=1 377 \m=1 n=1
e ep=e| 142 | B, :e(1+y)+1’i' ey =ey 145 +LRy|R,|R; - exsianenTHi
=G| e P R TR R S TA B Y M

Hanpyru 3miteHHs: OIT DA1, DA2, DA3, BianoBinHO; €1, €2, €3, {1 , 15, I, - BIATIOBIAHO, HATIPYTH
3MmimenHs Tta BXimHi ctpymu OIl DA1, DA2, DA3; R, 4 — HOMiHaJlbHE 3HA4Y€HHS OMNOPY Ta
koediuieHT nepenasanHs nomuoxysaiibHOro LIAIL (KIIH); &), k), k; — xoediuieHTH mepenaBaHHs

5
posivMkrenux OIT DAI, DA2, DA3, BIANOBIIHO, Y 6, =05+ Opy —Ops+0p —6py; Orr=1/ky,

n=1

Oo=1/ky;  Ow=1k; — moxubku crarusmy OIl  DA1, DA2
6kU = 6k1 + 6k2 - (RIH /RZH ) [elE (R4H /R3H )+ €r g (R4H /RSH )]/Ui >
Ry Ry ep

7
.8, =0 +0p, — Oy + Oy + 6y +6,, ——2L L. E
m=1 R4H RZH U

,  DA3, BigmoBigHO

Sk mokasye aHani3 cmiBBiAHOUEHHS (3), abconroTHa MOXMOKa BIATBOPEHHS omopy Oyzae
MIHIMAJBHOIO IPHU 3HAYEHHSIX KOOy KepyBaHHS OJNIM3bKUX A0 HYNIS 1 JIIHIHHO 3pocTaTuMme 13 Horo
30UIbIIEHHSIM. B OKoul HY/1bOBUX 3HaY€Hb KOAY KEpyBaHHs aOCOIIOTHA MOXHMOKAa BUCOKOOMHOI Mipu
ONOpPY BU3HAYaTUMEThCA 1HCTPYMEHTAJIbHUMM MOXHMOKaMU MacuTaOyBajJlbHUX KOMIIOHEHTIB Ta
napamMeTpaMu HeifgeanbHoCTi Bukopuctanux OII.
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