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JI. BiTKiH, JOKTOP TEeXHIYHUX HAyK, AUPEKTOP [JlemapTaMeHTy TeXHIYHOTrO PerynioBaHHs,
MiHicTepcTBO €KOHOMIYHOTO PO3BUTKY i Toprieni Ykpaiuw, m. Kuis

VkpaiHi mpoTArom ABOX 3 II0JI0BUHOI DPOKiB aKTMBHOTO pedopMyBaHHA CUCTEMMU

TeXHIYHOTO PeryjioBaHHA 3[iCHEHO Taki 3axopm:

e cxganeHo CTparerito PO3BUTKY CUCTEMW TEXHIUHOTO DPeryjlioBaHHA Ha Iepiop
no 2020 poxy;

e npuiiHamo Tpw HOBI 6a30Bi 3akouu Vkpainu «IIpo cranpaptusauiioy, «Ilpo mert-
poJorito Ta MeTPOJOriuHYy AifAnbHicTbY Ta «IIpo TexHiyHi pernameHTU Ta OLiHKY Bipmo-
BijHOCTI», 3 MeTol peanisauii aKux po3pobneHo moHan 76 MiA3aKOHHWX HOPMATWUBHO-
MIPaBOBUX aKTIB;

e cmgopeHo He3anexuuit HauioHanvhuuit opran cranpaptmsauii (HOC), sakuit posmo-
YaB CBOW AisbHiCTb i3 ciyHa 2015 poky i Ha cboropHi Mae GoHA UMHHUX HAliOHANbHUX
CTaHJAPTIB V Kinbkocti 21706 opunnups (i3 Hux 12266 — rapMoHi30BaHO 3 MLKXHAPOLHU-
MW Ta €BPOMEWCHKUMU; piBeHb rapMoHizauii cranpapTis craHoBUTh 56,5 %);

® 306e3neyeHo HanexHe QYHKUIOHYBAHHA TA YLOCKOHAIEHHA 69 AePKABHUX TIEPBUHHNX
€TaJlOHiB, 71 BTOPUHHOTO eTanoHa, YkpaiHa Mae 259 CMC — psapkie (kani6pyBanbHi Ta BU-
MipiloBasbHi MOXMBOCTI eTaloHIB) Ha caiti MixHapoptoro 6topo 3 Mip Ta Baris (BIPM);

® OHOBNEHO MaTepianbHy 6a3y BUIIPOOYBaNLHUX Ta METPOJIOTIYHUX J1aboparopiii
V NPIOPUTETHUX CEKTOPaxX;

® cmsopeHo iHPPACTPYKTYPY MPU3HAYEHUX OPTraHiB;

® 30ilicHeHo Tepexin 70 eBporelicbkoi Mopeni cepTudikauii LOPOXHIX TpaHCIOPT-
HUX 3aco0iBs;

e cmsopeHo [lepxaBHY CayxOy VkpaiHu 3 muTaHb 6e3mevHOCTi XapyoBUX MPOAYK-
TiB Ta 3aXUCTY CIIOXWUBAYiB.

e 30ilicHeHo y cdepi ouinku BigmosigHoCTi mepexin Big 0608'A3K0BOI cepTudikanii mpo-
LVKLii B epkaBHii cucreMi ceprudikauii ;0 oLiHKK BifMOBIAHOCTI BUMOTAM TEXHIUHUX pe-
rNaMeHTiB (Mepenik mpopyKuii, mo mipnarae 0608'a3KoBi cepTudikauii, B Vkpaixi ckopo-
YeHo Ha 87,6 %, a 3 1 ciuna 2018 poky 6yze CKacoBaHO; MPUIHATO 49 TeXHIYHUX perna-
MEHTIB, i3 AKUX YIIPOBaZKEHO 48, a 46 — PO3P0O6IEHO HA OCHOBI EBPOMEWCHKNX OUPEKTUB);

® 30ilicHeHo y cdepi MeTponorii mepexin pno MixHapopHoi Mopeni meTponoriyxoi
CUCTEMW Ha OCHOBi pekomeHpauin OIML, 30Kpema, CKAacOBAHO AePXaBHI BUIPOOYBaHHA
3acob6iB BumiptoBanbHoi TexHiku (3BT), aki 3amiHeHo Ha ouinky BipnosigHocti 3BT BU-
MOTaM TeXHIYHUX perjlaMeHTiB; YABiul ckopoyeHo mepenik KaTeropii 3aKOHOAABYO Bpe-
rynboBanux 3BT (31 160 3anumunoca 80 kareropiit BiAmoBiAHO L0 €BpOIECchKOI Mpak-
TUKK).

@.,—
Birkin JI., 2017 3
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CTAHIAPTU3AIIA

AxTuBHe pedOpMyBaHHA CUCTEMU HalUioHaNbHOI
CTAHZApPTU3aLil BiAMOBIAHO A0 MiIXHAPOAHWUX Ta €B-
POTIENChKUX HOPM i mpaBuin posmouanocs 05.06.2014
3 IOpPUNHATTAM BepxosHot Papoto Vkpainu 3akony
Vkpaian «IIpo cranpapTtusaunito» (HabpaB YUHHOCTI
03.01.2015).

MiHeKOHOMPO3BUTKY Ha BUKOHAHHA 3aKOHY peai-
30BaHO HU3KY 3aXOfiB, CIIPAMOBAHUX Ha PO36YLOBY Ha-
1ioHanbHOI CUCTEMW CTaHZAPTU3alii, 3am0YaTKyBaHHA
DiANbHOCTI Ta 3MiljHEHHA IHCTWUTYUiNHOI cIrpoMoXHOC-
ti HauioHanbHOro OpraHy CTaHZapTu3auii.

Ka6inerom MinicTpie Vkpainu mpuitHaTo posmops-
IKeHHs Bif 26.11.2014 Ne 1163 «IIpo BU3HAYeHHA Aep-
)KaQBHOT'O MIfIIPUEMCTBA, AKe BUKOHYe GyHKUil Hauio-
HaJbHOTO OPTaHy CTaHAAPTU3aLii», AKUM BU3HAYEHO,
mo 3 03.01.2015 ¢yukuii HOC Bukonye [lepxaBHe min-
TIPUEMCTBO «YKpaIHCbKUN HAYKOBO-ZOCifHWUI i HaB-
YanbHWUW LeHTp MpobseM cTaHpapTusanii, cepruodika-
uii Ta axocti» (OII «VkpHIHI»).

Ilo moBHOBa)eHb HauioHanbHOro opraHy CTaHpap-
TU3auii, 30kpeMa, HaneXUTb MPUNHATTSA, CKACyBaHHA
Ta BiOHOBNEHHA Aii HalioHAaNbHUX CTAaHAAPTIB; IMiArO-
TOBKA Ta 3aTBEPIKEHHA MPOTPaMu POOIT 3 HalioHANb-
Hoi crTaHzapTu3auii; xoopauHauia AiANbHOCTI TEXHIv-
HUX KOMITeTiB CTaHpapTW3alii; IpeACcTaBleHHA iHTe-
peciB Ykpainu B MDXHapOAHWX Ta PerioOHaJbHWUX Opra-
Hizauisax craHzapTusauii.

OII «VkpHIOHI» mpepcraBnfe YkpaiHy AK IOBHO-
IIPaBHUN WieH Y MIXHAPOAHUX OpraHizauifx cTaHAap-
tm3auii ISO ta IEC ta sk adinboBaHWil uneH B €BPO-
IeNChbKUX opraxisaniax cranpaprvsauii CEN i CENELEC.

Y 2015 poui:

= 3amBepoxeHo IlonoXeHHs MPO KoMiciio 3 ame-
nauin Ta IlopApok po3rnany Hewo amenauiir, cknap
KoMmicii 3 amenauii, IlonoxeHHA Ipo KepiBHY pazy
HanionanbHoro oprany craHpapTusalii, aka € jopanyo-
Harnaposum opradom HOC, ra ii cknap (wopoky Ha mna-
HOBIi/l OCHOBi BifbyBaeTbhca 5 — 6 3acipaHb KepiBHOI
pamn);

" NpuliHAMO CiM OCHOBOIIOJIOXHUX HallioHaNbHUX
CTAHZAPTIB, AKi 3a6e3meuyoTh QYHKLIOHYBaHHA CUCTe-
MW HaliOHaNbHOI CTaHAAPTM3aALii;

= cxacosaHo 14475 3acTapinux MiXLepxaBHUX
craupapriB (I'OCT), po3pobnenux po 1992 poky, fki
BTPATATb UMHHICTb ¥ 2016, 2017 Ta 2018 pokax.

YV 2016 poui:

= 3amsepoxeHo HOBY MeTOnnKYy BU3HAUEHHA TPY-
ZOMICTKOCTI Ta BApTOCTi pobiT 3i cTanzapTuU3aLii Ha 3a-
miny Metoauky, 3aTBepaxeroi y 2007 poui. Bipmosinto
10 HOBOI MeToAnKu BapTicTb po3pobneHHs HalioHasb-
HOTO CTaHZAPTy 3MEeHUIYeThCA Ha Mamxe 40 %, mo 3a-

4

Ge3meuye BiAmoBifHO po3pobnenHs 6inburoi KinbkocTi
HalioHaNbHUX CTAHLAPTIB;

= 3amsepdxeHo MeToguyHi pekoMeHpauii uo-
o GopmMyBaHHA IMepenikiB HaliOHaNbHUX CTAHAAPTIB,
BIiAMOBifHICT AKUM Hajae mpesyMmmuiio BipmosipHOC-
Ti mpoaykuii, moB'a3aHux 3 Het mpoueciB abo MeTo-
OiB BUPOOHMLTBA UM iHIINX 06'€KTIB BUMOraM TEXHid-
HWUX pErJlaMeHTiB;

= OHOBJIEHO TPW TEepeNiKU HalioHalbHUX CTaH-
paprti (1642 craHpapTW), iEeHTMYHUX TapMOHi30Ba-
HWUM €BPOTEWCHKUM CTaHAapTaM, BiAMOBIAHICTb AKUM
Hajlae Ipe3yMIIlilo BipmosigHOCTi 06n1afHaHHA BUMO-
raM TeXHiUHWUX PErjaMeHTiB 1}00: HU3bKOBOJLTHOTO
eneKTpuYHoro o6napHauHua (LVD — 737), enekrpomar-
HiTHOI cymicHocTi obnaprants (EMC — 136), 6e3mexu
MaumvH (MD — 769);

= npuliHAmo 1466 HauioHanbHUX CTAaHAAPTIB,
13 AKux 1320 MiXHAPOAHUX Ta EBPOIENCHKUX CTAaHAAp-
TiB, MIPUAHATUX AK HaLiOHANbHI CTAaHLAPTY;

= (mBOpeHO 7 TEXHIUHWX KOMITETiB CTaHAapTU3a-
1ii, y ToMy uncni 3 mpopykuii 060poHHOTO MpU3HAYeH-
Hf, TpoaHanizosaHo gianbiicts TK Ta mepedopmaTosa-
Ho 30 HeakTuBHUX TK;

" HanazodxeHo po6oTy IHTEepHEeT-MarasuHy 3 mpo-
Haxy cranpapris (shop.uas.org.ua);

= npuiiHamo y 2014-2016 pokax 6749 HauioHanb-
HUX CTaH7APTIB, i3 AKX 6388 — MiXHAPOLHUX Ta €BPO-
TMeWChKUX CTAHAAPTIB MIPUNHATO AK HallioHanbHi CTaH-
LapTW, 30KpeMa, V mpioputetHux ans ACAA cexTopax,
0 3a6e3MeYnno MPUIHATTA 3 YPaXyBaHHAM CTaHAAP-
TiB, MPUNHATUX V TomepenHi poku, 100 % HauioHanb-
HWUX CTaHAApPTIB Iif, TexHIYHi pernameHTW BifMOBifHO
no Hopatky III mo Vroaw mpo acouiauito mix YkpaiHoto
Ta €C.

OI[IHKA BINOBIJHOCTI TA AKPEMTALIIA

PeanisyioTbca HOpMU HOBOro 3akoHy Ykpainu Big
15.01.2015 Ne 124-VIII «IIpo TexHiyHi pernameH-
TU Ta OLIHKY BiANOBiAHOCTI», AKWIA HabpaB YUHHOC-
ti 10 ntotoro 2016 poky. IlpuitHAaTo 12 mMOCTaHOB
Kabinery Minictpis Vkpainn Ta Bupano 12 Hakasis
MiHeKOHOMPO3BUTKY.

I3 27 aKTiB €BPOMENCHKOTO CEKTOPAIBHOTO 3aKOHO-
naBCTBa, Bu3Havenunx Hoparkom III po Yromm mpo aco-
pianito, B Vkpaini mpuiHATO 24 TeXHIYHUX pernaMeHTH,
i3 AKUX 23 TexHiyHi pernameHTU BXe € 060B'A3KOBUMU
10 3aCTOCYBaHHA.

Ha croropni B Vkpaini pitoTb 104 mpusHaueHUX 0p-
raHu 3 OLiHKW BiAmoBigHOCTI mpopykuii BuMoram Tex-
HIYHWUX peryjlaMeHTiB.

YmpoBamkeHo €BPOMENChKY Mozenb ceprudikauii
LOPOXHIX TpaHcmopTHMX 3aco6is ([T3) 3 01.01.2016.
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3abesmneueHo mepexipn Big 0608'A3K0BOI ceprudikauii
IOT3 no mpouenypw 3aTBEPAXEHHA IX KOHCTPYKLUiI.

VKpaiHCcbKy CcucTeMy akpeauTauii
€BpomeiicbKoto Koomepauieto 3 akpeputauii (EA) 3a Bci-
Ma HampaMaMu akpeaurtauii. Vkpaina Habyna unes-
crBa y MixHapopHin acouianii 3 akpepwrauii nabopa-
Topiit (ILAC), mopaHo 3asABKY Ha HabyTTA MOBHOIpPAB-
Horo uneHcrea y MixuapopHomy dopymi 3 akpeaura-
nii (IAF).

BU3HAHO

METPOJIOI'IA

1 ciyna 2016 poKy HabpaB UMHHOCTI 3aKoH Ykpainun
«IIpo MeTponorito Ta METPONOTIUHY AiANbHICTbY.

3 meTot0 peanizauii 3aKoHY MPUNHATO 22 MOCTAHO-
Bu Kabinery MinicTpie Ykpainn Ta BupaHo 14 Hakasis
MiHeKOHOMPO3BUTKY.

MineKoHOMpPO3BUTKY po3pobneHo Ilporpamy pos-
BUTKY eTanoHHOI 6a3n Ha 2018-2022 poku, CXBaneHy
YpapoM (mocraHoBa Bif 28 12.2016 Ne 1041).

[IpwitHATO Ta 3aMPOBAJKEHO TPU METPOJIOTIv-
HI TexHiyHi pernameHTV (TeXHIUHi pernameHTu He-
aBTOMAaTUUHWUX 3BAXYBalbHUX IpWNafiB Ta 3aco-
6iB BUMiploBanbHOI TexXHikW, AKi € aHanoramu Big-
MOBiHUX €BPOIENCHKUX [UPEKTUB, 30Kpema, NAWI
Ta MID).

Ha cvoropHi cTBOpeHO iH(PACTPYKTYpPy ANA IPO-
BefeHHA ouiHku BigmosigHocTi 3BT BMMOram TexHid-
HUX pErlaMeHTiB.

[TpuitnaTo 270 cTaHAapTiB, AKi € BOKa30BO0 6a3010
BigmosigHocTi 3BT BUMOTaM TeXHIUHUX PerlaMeHTiB.

MIKXHAPOJLHE CIIIBPOBITHUI[TBO

Bukonyiorbca 3060B'A3aHHA yKpaiHcbkoi
pOHU y pamkax Yropu mpo diHaHCyBaHHA Iporpa-
Mu «CnpuAHHA B3aEMHIN TOPriBNL LINAXOM YCYHEH-
HA TexHiuHux Oap’epiB y TopriBni Mix VYkpainoto
Ta €Bpomeiicbkum Coto3omM» (BWEAHO 3 Hakasw 1io-

CTO-

IO peanizauil mepuworo APyroro Ta TPETbOrO TpaH-
uriB, mpoBeneHo 4 3acipanHa Pobouoi rpymw, oTpuma-
HO TpeTiil Ta yeTBepTUI HediKCcoBaHI TpaHUI y pos3-
Mipi 141 537,007 ta 136 134,00 Tuc. I'pH. BiATmOBiAHO.

Ony6nikosano «Mini blue Guide» — HacTaHOBY As
BITUM3HAHOTO BUPOOHUKA W00 €PEeKTUBHOTO BUXOZY
Ha €BPOIENCHKUI Ta MIXHAPOZHI PUHKMU.

Po3po6eHo MeToauyHi peKoMeH a1 o0 BU3HA-
YeHHA eKOHOMIUYHUX ITePeBar Bifl 3aCTOCYBAHHA MiXHa-
DPOJHWUX CTAHAAPTIB Ha MiANPUEMCTBAX YKpainw.

3anyyeHo 3aiHTepecoBaHi CTOPOHWU [0 PO3BUTKY
CUCTEeMWU TexXHiyHOro peryntoBanHa Ykpainu: €C, O0H,
GIZ, CUIA, Kanapy, JlaTsito, IlIBenito Towmo.

YV pamkax mpocBiTHMUIbKOI KammaHii mpoBeneHo
HWU3KY TpeHiHriB wopo ceptudikauii cucrem enepre-
TUYHOTO MEHEZXMeHTY BiamosigHo po ACTY ISO 50001,

3ailicHeHO HaBYanbHWUMN Bi3UT (axiBLiB IPOBifHUX iH-
CTUTYLIN iHbpacTpyKTypu axkocti HiMmewuntu.

[ligroToBneHo 11 TOpProBenbHUX 3amuUTiB Ykpainu
00 KpaiH-TOProBeNbHUX MAPTHEPIB, W0 CTBOPIIOTH
TeXHIYHi 6ap’epu A7 B3aeMHoi TOprieni, Aki mporono-
ureni Ha 3 3aciganxax Komirery COT TBT.

[liproToBnexo marepianu ans MiXYPALOBUX KOMiCiit
Ta po6ouux rpyn 3 20 KpaiHaMU-TOPrOBENbHUMU TapT-
Hepamu Ykpaiuu.

IIIATOTOBKA 10 VKIIADEHHA VIOOU ACAA

Vkpaincbkoto CTopoHOt iHiuitoBaHO ITpoliec mpo-
BefleHHA mepeBipkn 3 60Ky Cropoxu €C craHy roTos-
HocTi Ykpainu po mipmucannsa Yropu «IIpo ouinky Bin-
MOBiAHOCTI Ta MPUAHATHICTD MPOMUCIIOBOI ITPOAYKLII»
(ACAA) y TpboxX BU3HAYEHUX CEKTOpPAX YKpaiHcbkoi
TIPOMUCIIOBOCTI (HU3bKOBOLTHE 001aiHAHHS, €J1eKTPO-
MarHiTHa CYMiCHiCTb, MalIMHW).

€K mosutuBHO ouiHwna Hamipw yKkpaincbkoi cro-
POHU 11070 3AMOYATKYBAHHA IT€PErOBOPHOTO ITPOLECY
CTOCOBHO yKnageHHA Yrogn ACAA.

€BpOIEICbKOI0 CTOPOHOI IOTOMKEHO J[OPOXKHI0
KapTy 3aXO[iB OO0 3aM0YaTKYBAHHSA Ipouecy odiuin-
HOTO OLiHIOBAaHHA YKpaiHCbKOI iHGPACTPYKTYPU AKOCTI
3 60Ky €C 3 MeTot yknameHHs Yroau ACAA.

[lepepaHo Ha po3rnAj €BPOMENUCHKIN CTOPOHI
7 3akoHiB Vkpainu, 3 TexHIYHWX pernameHTy, Mopis-
HsUIbHI Tabnuui BignosigHocTi TeXHIYHUX pernamMeHTiB
TIOJIOXEHHAM BifmoBifHOTO 3akoHozmascTea €C, 3 mepe-
7K1 HaliOHAJbHUX CTAHAAPTIB, BIAMOBIAHICTb AKUM Ha-
nae mpesyMmmuit BipmosigHocTi mpoaykuii, mos'A3aHux
3 Helw IpoleciB abo MeToAiB BUPOOHULTBA YU iHIINX
06'eKTiB BUMOTaM TeXHIYHWUX pernaMeHTiB y npiopurer-
HUX nna ACAA cektopax.

[ToBinoMNEHO €BPOIIENCHKY CTOPOHY CTOCOBHO ITPUIA-
HATTA yCix 1642 HaliOHaNbHWUX CTAHMAPTIB, BiAmOBiA-
HICTb AKUM Hafja€ MPe3yMILit0 BiAMOBIZHOCTI MPOLYK-
1ii, moB'A3aHMX 3 Helo mpoleciB abo MeToxiB BUPOOHU-
1ITBA YU iHIINX 06'€KTiB BUMOraM TEXHIYHUX periameH-
TiB y mpioputetHux nnsa ACAA cexTopax, Ta CTBOpEH-
HA iHQPaCTPYKTYpW 64 MPU3HAYEHUX OPraHiB 3 OLiHKMU
BipmoBisHOCTI, akpeanToBaHux HalioHanbHUM areHT-
cTBOM YKpainw 3 akpepurauii.

Ilepenbavaerbcs, WO Mmo3ulilo EBpomenchKoi
Croponu 6yne BUCNOBNEHO V GepesHi 2017 poky.

MOJAJIBIINHA PO3BUTOK CUCTEMHU

TEXHIYHOTO PETVIIIOBAHHA B VKPAIHI

EC Ha mocrTiiiniit ocHOBI 3pilicHI0E MOHITOPWHT
pedopmMyBaHHA CUCTEMU TeXHIYHOTO peErynioBaHHA
B Vkpaini Ta m0o3UTUBHO OLiHIOE mpouec pedhopMyBaH-
HA 3a3HayeHol chepw i Big3Havae mporpec y Hinl.
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YV 2016 poui CBiToBMit 6aHK 3AIACHWUB OUIHKY CTaHY
PO3BUTKY Ta pedOPMYBaHHA CUCTEMU TEXHIYHOTO PETy-
N10BaHHA B YKpaiHi BiamoBiaHO 10 MiXHApOZHWUX HOPM
1 mpaBwWj, 30KpeMa, 3 YPaxXyBaHHAM IOJI0XEeHb Yromu
TBT COT Ta piinoB MO3UTWBHOTO BUCHOBKY W}0Z0 CTa-
HY PO3BWUTKY il TIepeTBOPEeHb V Uil cdepi.

[Mip wyac Ornapy ToproBenbHOi monitTukn Ykpainu
y pamkax unexcrsa B COT, axunii Binbysca 19-21 kBir-
HA 2016 poky y M. XeHesi, MiXXHapOLHUMU Ta €BPOIE-
CbKVUMW eKCIlepTaMu BiisHaueHo Imporpec y cdepi pe-
bopMyBaHHA cTaHpapTusauii, merponorii, ouinku Big-
TOBifHOCTI Ta akpeauTauii B Ykpaiui.

[lopanbunit po3BUTOK CUCTEMU TEXHIYHOTO pe-
Tyl10BaHHA BU3HAaueHO CTparerito pPO3BUTKY CUCTe-
MU TEXHIYHOTO perynitoBaHHA Ha mepion zo 2020 po-
Ky Ta [InaHom piit no Hel, peanisauis AKUX [O3BONUTD
CTBOPUTU CYYaCHY CUCTEMY TEXHIMHOT'O PEryli0BaHHS,
BWU3HAHY Ha MIXHApOZLHOMY piBHI.

3ABJAHHA CUCTEMHU TEXHIYHOTIO

PETVIIIOBAHHA, CTAHIAPTU3AIIi, METPOJIOI'T]

B VKPATHI HA 2017 PIK

Cranpaprusaunia:

* 3MiuHeHHA iHcTUTyuiiHOI cripomoxHocTi Hanio-
HaJIbHOTO OPraHy CTaHAApTU3alii;

* HabyTTa HaluioHasbHWM OPraHoOM CTaHAapTU3aLii
TIOBHOIMIPABHOTO YJIEHCTBA B EBPOIENCHKUX OpraHizai-
Ax cranpaptvsauii CEN/CENELEC;

* MPUNHATTA 1WOPOKY He MeHue Hix 1000 MixHa-
POLHUX Ta €BPOIENCHKUX CTAHAAPTIB AK HAlllOHANbHUK;

* omTuMi3alia CTPYKTYpU TeXHIYHUX KOMiTeTiB
CTaHAapTu3alii i3 3acTOCYyBaHHAM NPUHUUIY A3Ep-
KaJIbHOCTi 10 MiXHApOAHWUX Ta €BPONEWUCHKUX TEXHiy-
HUX KOMITeTiB CTaHAapTu3alii;

* 3acrocyBanHsf IT-rTexHonorii pna mnpouenyp
CTAHZAPTU3aALii;

* YOOCKOHaJeHHA 3aKOHOLABCTBA.

Ouinka BigmoBigHoOCTi Ta akpeauTania:

¢ 3aBEpUIEHHA TNPUNUHATTA YCiX HOPMATUBHO-
MIPaBOBUX aKTiB, HEOOXimHWX Ana peanizauii 3akoxy
Vxpaiun «IIpo TexHiyHi pernameHTW Ta OLiHKY BipIo-
BiZHOCTi», a came, 5 aKTiB Ypany;

¢ peecTpauisn y Bepxosniii Pani Vkpainu mpoexty
3akony Ykpainn «IIpo BHeCceHHA 3MiH 10 JeAKUX 3aKo-
HOZABUMX aKTiB YKkpainn (10RO TEXHIYHUX pernameH-
TiB Ta OLiHKW BiRMOBIAHOCTi)» (INAHYETbCA 3LINCHUTU
yepe3 KomiTeT 3 mUTaHb ITPOMUCIIOBOI ITONITUKW Ta Mif-
IIPUEMHULTBA), PO3P0O6NEHOro [lenapTaMeHToOM TexHiv-
HOTO DEryjlioBaHHA 3a pe3yabraTaMu aHanizy mpoob-
JIEMHWUX TWTaHb MEPUIOTO POKY 3aCTOCYBAHHA HOBOTO
3akony Vkpainu «IIpo TexHiuHi pernameHTn Ta OUIHKY

BiZMOBIAHOCTIY, 1OTO CYMPOBOLKEHHA Ta MPUNHATTS;

¢ 336e3mneyeHHs MPUUHATTA 15 TEXHIYHWUX perna-
MeHTiB (32 po3pobneHHs 5 TEXHIYHUX PErNaMeHTiB Bif-
moBizanbHe MiHEKOHOMPO3BUTKY, 3a iHmi 10 — Bigmo-
BigHi opranw Bnaaw, BiAMOBiZanbHi 3a TeXHiuHe pery-
JII0BaHHA V BU3HAUEHUX cdepax AifnbHOCTI);

¢ 3a0e3neyeHHs 3iliCHEHHA epeBipoK mpu3Have-
HWUX OpraHiB 3 OLIHKU BiAMOBifHOCTI Ta OpraHiB 3 cep-
Tndikauii;

¢ TIpOZOBXEHHA (opMyBaHHA iHPACTPYKTYDPMU
MPU3HAYEHUX OPTaHiB 3 OliHKW BiATOBIZHOCTI Ha BU-
KOHAHHSA POO6IT 3TifHO 3 TEXHIUHUMU perjiaMeHTaMu;

¢ 330e3mevyeHHA  3AiliCHEHHA  MOHITOPUHIY
HauionansHoro arexTcrBa Ykpainw 3 axpepurauii;

¢ HaOyTTA uwieHcTBa HallioHanbHUM areHTCTBOM
Vkpainn 3 akpeputauii y MixnHapopsHoMmy ¢opymi
3 akpeputauii (IAF);

¢ 330e3rneyeHHA MiATPUMAHHA CTATYCy IiAmucaH-
Ta Yrof IPO BU3HAHHA 3 €BPOIEICHKOW KOOIepauieto
3 akpepurauii (EA) ta MixHapopHow Koomepaliew
3 akpenuTauii naboparopin (ILAC).

MeTtponorisa:

» peecrpauis y Bepxosuiit Papi Vkpainn mpoek-
Ty 3akoHy Ykpainn «IIpo BHeceHHA 3MiH [0 LeAKUx
3aKOHOAABYMUX aKTiB Ykpainwy» (mnaHyerbca 3pincHU-
™ vepe3 KomireT 3 muTaHb ImPOMUCNOBOI MONITUKU
Ta MiATPUEMHULTBA), Po3pobneHoro JlemapTraMeHTOM
TEeXHIYHOTO pEryjloBaHHA 3a pe3yabTaTaMWU aHai-
3y Mpo6JeMHWUX TMWTaHb MEPUIOTO POKY 3aCTOCYBAHHA
HOBOTO 3aKony Ykpainu «IIpo MeTposnorito Ta MeTposo-
TiYHy AiANBHICTHY, NOTO CYIIPOBOAXKEHHA Ta MIPUNHATTSA;

» CTBOPEHHS, YAOCKOHAJIEHHS Ta 3BipeHHA Halio-
HaJbHWX €eTaJloHiB BIAMOBIHO LO IUAHY HAYKOBO-
LOCNIAHUX Ta MAOCNIAHO-KOHCTPYKTOPCbKUX POOIT
MinexkoHomMpo3BUTKY y chepi Mmerponorii na 2017
pik 3a OwomkerHowo mporpamoio KIIKBK 1201220
«36epexeHHs Ta QyHkuionyBanHA HauioHanbHoi era-
noHHOI 6asu, 3abesneyerHHs (QYHKUIOHYBAHHA CIYKO,
IIPUKJafHI HayKOBi ¥ HayKOBO-TeXHiYHI PO3pobNeHHS,
BUKOHAHHA POOIT 32 ZepKaBHUMU LiiNbOBUMW IIPOTpa-
MaMu i JiepaBHUM 3aMOBJIEHHAM y chepi craHpapTu-
3auii, metponorii Ta eranonHoi 6asu, rapMoHisauisa Ha-
LioHaNbHUX CTAHAAPTIB 3 MIKHAPOLHUMU Ta EBPOIEN-
CbKUMMU, MIATOTOBKA HAYKOBUX KaapiB y cdepi ekoHo-
MIYHOTO PO3BUTKYY;

> ymoBHOBaXKeHHA CYO6'€KTiB rocropapioBaHHA
Ha IPOBEZIeHHA NOBipKM 3aco6iB BUMiptoBanbHOI Tex-
HiKY, 10 MepebyBalOTh B eKCIUlyaralii Ta 3acTOCOBY-
10TbCA Y cdepl 3aK0HOAABYO PErynibOBAHOI MeTPOOrii,
Ta ITPOBELEHHA MOHITOPUHTY iX BifmoBigHOCTi BUMOram
3akony Vkpaium «IIpo MeTponorito Ta MeTpPOJOTivYHY
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DiANbHICTbY Ta KPUTEPiAM, AKUM BOHW MOBWUHHI Bipmo-
BigaTu;

> BXWTTA 3aXOLiB AJA HAOYTTA ITOBHOTO YIEHCTBA
Vxpainn 8 MixkHapopHilt opraxisanii 3akoHonaBuoi meT-
ponorii (OIML) Ta mipmucanHa Merpuunoi Koxenuii
IAA yyacTi y moBHOMY 06cs3i B Vropi «IIpo B3aeMmHe
BWU3HAHHA HAliOHa/JbHUX €TaJoHIiB i cepTudikaTiB Ka-
nibpyBaHHsA 1 BUMIpIOBAHHS, 1110 BUAAIOTHCA HallioHab-
HUMW METPONOTiYHUMM iHcTUTyTaMu» (CIPM MRA);

» NpoBeZeHHA aHaji3y HOPMATWBHO-IIPABOBUX aK-
TiB, po3pobnennx inummu LIOBB, wo noTpe6yOTH MpU-
BefieHHA V BiAmoBifHicTb K0 3akony Ykpainu «IIpo met-
POJIOTiI0 Ta METPOJIOTIUHY ZAis/bHICTbY, Ta HOBEEHHA
niei indopmauii no Kabinery Minictpis Vkpaitu 3 me-
Tol0 3abe3meverHs BHeceHHs 1J0BB BigmoBigHux 3min
L0 HOPMaTUBHO-TIPABOBUX AKTiB.

MixHapopHe crmiBpo6iTHUNTBO:

A BYKOHAHHA 3000B'A3aHb y paMKax iMIieMeHTaLin
monoxeHs Yrog «IIpo acouianito mMix Ykpainoto Ta €C»
ta «IIpo dinancyBanHA mporpamu «CIIpUAHHA B3aEMHI

TOPriBAi WAXOM YCYHEHHA TeXHiYHWX 6ap’epiB y Top-
riBni Mix Ykpaitoiwo Ta €Bpomeiicbkum Coto3om»;

A BinCTOW0OBAHHA iHTEpeciB BITUYU3HAHOTO BUPOO-
HUKA Ha MDKHApOLHWX PUHKAX Y MeXaX BWUKOHAHHA
30008's13aHb YKpainu ak unena COT;

A peanizauis mpoekTiB MiXHApoLHOI Ta eBpoOIENn-
cbkoi TexHiuHOI pomomorn y coepi TeXHIYHOTO pery-
JI0BaHHSA, crTaHzpapTu3auii Ta merponorii (peanisauia
3aIl0YaTKOBAHUX TPOEKTIB Ta 3AINCHEHHA 33aXO0fiB l10-
L0 3aM0YaTKyBaHHA HOBUX);

A BY3HAHHA CUCTEMU TEXHIUHOTO pEryl0BaHHA
B Vkpaini Ha MiXHapopHOMY piBHi.

BukoHaHHA ycix 3aBRaHb CUCTEMW TEXHIYHOTO pe-
TYII0BAHHA, CTaHAapTusauii, merponorii B VYkpaini
Ha 2017 pik cmpsMoBaHe Ha BUKOHAHHA T106anbHO-
rO 3aBAaHHA V il chepi — mignucanna Yrogu ACAA
V TPbOX NMPIOPUTETHUX CEKTOpPAxX Ta IPOBEAEHHS PO-
60TW w040 IACOTOBKU A0 MMiANWCAHHA Yrof B iHLIUX
mpiopurethHux cbepax. Bigmosipi mpomo3uuii Hagano
no mpoexty IInany mpioputetrHux piit ¥pagy Ha 2017
pik. 2

EPTIS - ue 6a3a paHux, AKy n1aboparopii B ycboMy CBi-
Ti BUKOPUCTOBYIOTb AJIA MOLIYKY ITifX0AAmoi mporpa-
MW TepeBipku kBanitikauii. Hapasi 6a3a paHux Ha-
paxoBye 61m3bko 3000 mporpaM ImepeBipku kBanigi-
Kauii Big 300 mposaiipepiB y 40 kpainax. EPTIS mo-
yaB poboTy fK mpoekT €C y 2000 poui W mipTpUMYy-
€TbCA PAAOM OpraHiszalii, Hampuknag, MixHapomHuUM
criBpo6iTHULTBOM Y chepi akpeaurauii naboparo-
pint (ILAC) i EBpomeiicbkuM CIiBpOGITHULTBOM § che-
pi akpenurauii EA. EPTIS — 1e CIinbHWUMN MPOEKT, 3niNt-
CHIOBaHW! 61U3bKO 40 MAapTHEPCHKUMU OpraHisauis-
MW IIO YCbOMY CBiTY, B OCHOBHOMY, OpraHaMu 3 aKpe-
OuTanii i HauioHanbHUMW OpraHisauiaMu 3 BUIPOOY-
BaHb i Merponorii. IIi opranisauii HasuBawTb «K0Op-
ouHatopamu». KoopamHatopu indopmyioTs nabopa-
TOpii y cBOiX KpaiHax mozno EPTIS, a Takox HapawTb
MOXIUBIiCTb HallioHaNbHWM TPOBAfiepaM BKIOUATU
CBOI IIporpaMu IMmepeBipku KBanibikauii go 6asu pa-
Hux EPTIS. TpagnuiiHo B KOXHiii KpaiHi € nuure opun

AN «YKPMETPTECTCTAHAAPT»
30pPEeECTPOBAHO KOOPAUHATOPOM Bif YKpaiHm
3 HapgaHHS iHpopmalii cTOCOBHO HALIOHANBHUX NpoBakAepiB
nporpam nepeBipku kBanigikauii oo 6asm ganux EPTIS

HallioHanbHUIL KoopanHatop. JocTym fo 6asu faHWX
EPTIS € BinbHuM. Be3yMoBHO, yCIilIHA yYacTb Y IPO-
rpaMax IepeBipku kBanidikauii € BigMiHHUM 3aco60M
IeMOHCTpauii TexHiYHOI KOMIIETEHTHOCTI nabopaTo-
pit BiAMOBIAHO A0 BUMOr MIXHAPOAHWX CTAHAAPTIB
ISO/IEC 17025 pns BUIPOOYBaNbHUX i KanibpoBaHWX
niaboparopiit Ta ISO 15189 mna MegMuHUX nabopaTopin
LepXaBHUX OpraHiB i MPWBATHUX KIIEHTIB, a TaKOX
y IIpolleci akpennuTauii i crpusae B3aEMHOMY W MiXHa-
POJHOMY BU3HAHHIO Pe3y/bTaTiB BUIPOOYBaHb i ycy-
HEeHHI0 TeXHIYHMX 6ap’epiB y Toprieni.

Insa peecrpauii mporpamu mepeBipku kBanidikauii
HalliOHaJIbHOTO IpoBaiiepa B 6asi manux EPTIS He-
06xinHo Hajat mo [OII «YKpMeTpTecTCTaHzapT» Ipo-
€KT mporpamu, opopMIIeHWN BiANMOBIZHO 70 BWUMOT
4.4.1.3 ISO/IES 17043.

(3a mamepianamu JII «YxkpmempmecmcmaHdapmy)
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10. Mompyra, 3acTymHWUK AUPEKTOPA AeNapTaMeHTy, HagalbHUK YMPaBliHHA MeTPOJorii,
[lerapTamMeHT TexHiyHOrO perynioBaHHA MiHicTepcTBa €KOHOMIYHOTO Po3BUTKY i Toprieni Ykpainw, m. Kuis

3 1 ciuHa 2016 poxy B Vkpaini Habpas yuHHOCTI HOBUN 3akoH Ykpainn «IIpo MeTponorito
ITa MEeTPOJOTiYHY AiANbHICTbY (3aKOH).

3 Meroto peanizanii 3akony y 2015-2016 poxax mpuitHato 22 nocmaHosu Kabinemy
Minicmpis Vxpainu ta 14 Haka3ig MiHeKOHOMpPO3BUMKY.

[lepenik Bipmosigtux 19 mocraHoB Ta 6 Hakasis, mpuiHATUX ¥ 2015 poli, mpexcTaBe-
HO y XypHani «MeTponoris ta mpunagn» Nel 3a 2016 pik. ¥ MuHynoMmy poui mpuiHATO Ta-
Ki mif3aKoHHI HOPMATUBHO-IIPABOBI aKTU:

3 mocranoBu Ka6inery MinicTpis Ykpainu:

e Bin 13.01.2016 Ne 94 «IIpo 3arBepaxeHHA TeXHIYHOTO pernaMeHTy 3aKOHOMABYO pe-
I'Y/1bOBAHUX 3aC00iB BUMIPIOBANbHOI TEXHIKUY;

e Bin 24.02.2016 Ne 117 «IIpo 3arBepaxenHa Ilopaaky Bupavi abo BigMOBM y BUAAYi,
mepeothopMneHHs, BUiayi Ay6nikaTis, aHyn0BaHHA CBifoLTBA [P0 YIIOBHOBAXEHHSA Ha IIPO-
BEeJleHHs MOBipKM 3aco6iB BUMIpOBanbHOI TeXHiKY, 10 mepe6yBaloTh B €KCIUIyaTauii Ta 3a-
CTOCOBYIOTbCA V chepi 3aKOHOLABYO PerynboBaHOI MeTpOnOrii, Ta BCTAHOBEHHA DPO3Mi-
Py IaTW 3a BWUZAYY CBIiZOLTBA NPO YIIOBHOBAXEHHS, MOr0 mepeodOpMieHHA Ta BULAUY
nybnikaray;

e Bin 24.02.2016 Ne 163 «IIpo 3arBepmKeHHs TeXHIYHOTO pernameHTy 3aco6iB BUMi-
P1OBaNbLHOI TEXHIKWY.

8 Hakas3iB MiHeKOHOMPO3BUTKY:

e Bin 08.02.2016 Ne 193 «IIpo 3aTBepmxenHA IlopALKY ITpoBeeHHA MOBIPKU 3aKOHO-
[ABYO PErylbOBaHWX 3aC06iB BUMIpiOBalbHOI TeXHiKW, 10 MepebyBaloTb B €KCIUlyaTalii,
Ta 0opMieHHA ii pe3ynbTaTiBy, 3apeecTpoBanuit y Mintocti 24.02.2016 3a Ne 278/28408;

e Bin 10.05.2016 Ne 792 «IIpo 3aTBEPAXEHHA IOJIOXEHb ITPO HAYKOBL MeTPOJOTiuHi
LleHTPU Ta BU3HAHHA TaKUMW, 10 BTPATWIN UMHHICTb, JeAKUX HaKasiBy;

® Bin 14.06.2016 N2 972 «IIpo BU3HAHHA TaKUMMW, W0 BTPATUAU UUHHICTb, JEAKUX Ha-
KasiBy, 3apeecTpoBanuit y Min'tocti 02.07.2016 3a Ne 914/29044;

e Bip 13.07.2016 Ne 1161 «[leaki muTaHHA BefeHHA PeecTpy 3aTBepiXeHUX TUMiB 3a-
c06iB BUMipiOBaNbHOI TeXHiKWU», 3apeecTpoBanmii y Mintocti 03.08.2016 3a Ne 1081/29211;

e Bin 29.08.2016 Ne 1412 «IIpo meaki muTaHHA WOA0 BUAAYI CBifONTBA PO YIIOBHOBA-
)KEHHA Ha MPOBELEHHA MOBIpKM 3ac06iB BUMipOBanbHOI TeXHiKYW, M0 MepebyBalOTh B €KC-
mnyaTauii Ta 3acTocoByOTHCA ¥ chepi 3aKOHOLABYO PEryboBaHOI MeTponorii», 3apeecTpo-
BaHwit y Mixocti 14.09.2016 3a Ne 1253/29383;

e Bin 29.08.2016 Ne 1413 «IIpo 3arBepmenHs IlopanKy aTecTauil ayauropis 3 MeTpo-
7orii», 3apeectpoBanuii y Mintocti 16.09.2016 3a Ne 1257/29387;

8 © Tlonpyra 0., 2017
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e Bix 13.10.2016 Ne 1747 «IIpo 3aTBEPAKEHHS MiX-
MOBIPOUHUX iHTepBaLiB 3aKOHOAABYO PErylbOBAHUX 3a-
co6iB BUMip1OBaNIbHOI TEXHIKK, 10 MepebyBaloTh B eKc-
mnyarauii, 3a kareropiamuy», 3apeectposanuit y Min'tocti
01.11.2016 3a Ne 1417/29547;

e Bin 01.11.2016 Ne 1837 «IIpo 3aTBeprKeHHA YHi-
bikoBaHux (GOpPM aKTiB, WO CKNAZATLCA 33 Pe3yibTa-
TaMU TPOBELEHHA IJIaHOBOi (MO3amnaHoBoi) mepesip-
KW 3 MeTponorivHoro Harnany y chepi 3akoHozmasuo
perynboBaHoi MeTponorii” 3apeectpoBanui y Min'tocti
18.11.2016 3a Ne 1501/29631.

BipmosipHo no HOBOro 3akoHy, 30KpeMa, 3LilicHEHO
nepexip Bif CUCTEMW AepKaBHUX BUIPOOYBaHb 3aco6iB
BUMIipOBaIbHOI TEXHIKU 10 OLiHKW BifmoBigHOCTiI BUMO-
raM TeXHIYHWX perlaMeHTiB.

[IpuitHATo Ta BIpOBajXeHO 3 TexHiyHI pernameH-
TW, BUMOTAM AKUX ITOBUHHI BiAmosimatu 3acobw Bumi-
P1OBAIbHOI TEXHIKU:

= TexXHiUHUW pernameHT 1070
HUX 3BaXVBaJbHUX IPWIAZiB, 3aTBEPAXEHWN moCTa-
HoBolo Kabinery MiunicTpie Vkpaiuu Bip 16.12.2015
Ne 1062, pos3po6neHun Ha OcHOBI [IupeKTusu
2014/31/€C (Owupextusa 2014/31/€C €BpomeiicbKoro
[Tapnamenty Ta Pagu Bip 26 nioTtoro 2014 p. mpo rap-
MOHi3alil0 3aKOHOAABCTBA AepkaB — uneHiB €C crocos-
HO HaflaHHA Ha PUHKY HEABTOMATUYHWUX 3BAXKYBAJbHUX
mpunagis);

= TexHiUHWW pernameHT 3acobiB BUMipioBab-
HOi TexHikM, 3aTBepAXeHWW mocTaHoBOW Kabinery
MinicTpis Vkpainu Big 24.02.2016 Ne 163, po3pobnennit
Ha ocHoBi [Iupektusn 2014/32/€C (Iupextusa 2014/32/
€C €spomeiicbkoro Ilapnamenty Ta Pagw Bif 26 nioro-
ro 2014 p. mpo rapMoOHi3alit0 3aKOHOMABCTBA [EPXKaB-
YJIeHiB CTOCOBHO HAJlaHHA Ha PUHKY BUMIipHOBaJbHUX
mpunapis);

= TexXHIYHWW pEriaMeHT 3aKOHOLABYO PEryjbo-
BaHMX 3aco0iB BuUMIplOBanbHOI TeXHiKM, 3arBepa-
KeHun mocraHoBolo KabGinery MinicTpiB Vkpainu
Big 13.01.2016 Ne 94 (cToCcyeTbcA 3aKOHOAAB-
YO pErynboBaHMX 3aco0iB BUMIiplOBasbHOI TeXHiKM,
o He oxomneHi [Jupektusoto 2014/31/€C, IupexTusoio
2014/32/€C).

3arBepaxeHo 270 CTaHAApTIB, AKi € BOKa30Bow Oa-
3010 BiAmoBigHOCTI 3ac06iB BUMIpIOBaIbHOI TEXHIKU BU-
MOraM 3a3HaYeHWUX TEXHIYHUX perjlaMeHTiB.

[Ipn3HavyeHo OpraHu 3 OlLiHKM BiAMmoOBiAHOCTI 3ac06iB
BUMIpOBaNbHOI TeXHiKW BUMOraMm 3a3HayeHWX TeXHiy-
Hux pernamenTis: [JII «YkpmerprecrcranpapT» Ta HHI]J
«IHCTUTYT MeTponoriix.

3aranbHuit 06CAT BUKOHAHWUX METPOJIOTIYHUX POO6IT
LepXaBHUMMU IiTPUEMCTBAMU Ta YCTAHOBAMM, 110 Hae-
*aTb 1o chepn ympasniHHA MiHeKOHOMPO3BUTKY (nep-
KaBHUMU mmipmpueMcTBaMu) 3a 2016 pik CTAaHOBUTH —
556926,4 Tuc. rpH. (2015 pik — 521794,4 TUC. TDH.).

HeaBTOMATNY-

3aranbHuit 06CAT METPONOTriYHUX POOGIT CTAHOBUTH
70,2 % Bin 3aranbHOTO 00CATY BUKOHAHUX PO6IT, a B
LeAKUX [IepKaBHUX MIATPUEMCTBAX 3HAYHO BUIle:

[T «ByKoBUHACTAHAPTMETPOJIOTIAY 83,4 %
IO «CyMucTaHaapTMeTposoriay 80,1 %
IOIT «MuxonaiBcTaHAapTMETPOOTisA» 78,3 %
III «YepHiriBcTaHzapTMETPONOTiA» 75,2 %
[T «OpecacTaHaapTMeTpOsOriay 74,1 %
O «XMenbHULbKCTaHAPTMETPOJIOTIAY 74,0 %

IIporarom 2016 pPOKY METPOJOTIYHUMMW 1€HTPaMu
Ta LEPXaBHUMU IMANPUEMCTBAMY, 0 Hajexarb 1o che-
pu ynpaBninia MinekoHoMpo3BUTKY Ykpailn, 3piiicHero
Taki merponorivxi poboTu:

* mosipka 9263,2 TWC. of. 3aco6iB BuUMipOBanbHOI
texHiku (3BT) (2015 pik — 10116,1 Tvc. op.);

* xani6bpysanta 67,9 tuc. op. 3BT (2015 pik —

15,6 Tuc. og.).
Y 2016 poui HAYKOBUMMU METPOJIOTIUHUMU leH-
tpamu (HHI «Incturyr Merponorii», [OII «Ykp-

meTprectcranpapT», OII HIAI «Cucrema», HOII «IBaHo-
®paHKiBCbKCTAaHZAPTMETPOJOTIA»)  BUKOHYBaNoOCA
26 HAYKOBO-AOCNIZHUX Ta [OCHAIAHO-KOHCTPYKTOPCHKUX
pobitr (HIIKP) 3a 6iomkerHoto mnporpamoto KIIKBK
1201220 «306epexeHHs Ta QYHKUiOHYBaHHA HaliOHANb-
HOi eTanoHHOiI 6asw, 3abesmeveHHA (YHKUiOHYBaHHA
CNYKO, TPUKNAAH] HAYKOBI 1 HAYKOBO-TEXHIUHI Po3po6-
neHHA. BuKoHaHHA PoGIT 3a JEpKaBHUMU LiNbOBUMMU
IIPOTpPaMaMu i [lepXKaBHUM 3aMOBJIeHHAM y cdepi cTaH-
ZapTusauii, metTponorii Ta eranoHHoi 6asw, rapMmoxisa-
1is HauioHaNbHWUX CTAHAAPTIB 3 MIXHAPOAHUMMU Ta EBPO-
IeCbKUMM, MATOTOBKA HAYKOBUX KaZpiB v cdepi ekoHo-
MiYHOTO PO3BUTKY» Ha 3arajbHy cymy 16067,2 TnC. I'pH.
Ta BigmosifHo Ko [InaHy HayKoBO-A0CAIAHUX TA BOCHILHO-
KOHCTPYKTOPCbKUX Po6iT MiHicTepcTBa €KOHOMIiYHOTrO
po3BUTKY i Toprieni Ykpainu y cdepi meTponorii Ha 2016
piK, 3aTBepLKEHOr0 Haka3zoM MiHeKOHOMpPO3BUTKY Bif
10.02.2016 Ne 222, 32 TaKUMW HampAMaMu:

* BUKOHAHHA MPUKJIALHUX HAYKOBUX Ta HayKOBO-
TeXHIYHUX po3pobneHs y cdepi merponorii (1 HIP,
30,0 TuC. I'pH.);

* BUKOHAHHA HAYKOBO-ZOCNIAHUX Ta Z[OCHLIiAHO-
KOHCTPYKTOPCbKUX POGIT 31 CTBOpPeHHs Ta BLOCKOHA-
JIEHHA [IePKABHWUX €TaJIOHiB, YTPUMAHHA Ta eKCIUlyara-
1ii nepaBHUX MEPBUHHUX ETAJIOHIB, 3BIpeHHA JepKaB-
HUX MEPBUHHUX eTalOHIB 3 HallioHaNbHUMU eTaloHaMU
IHWUX fepxas i MixHapoaHumu etanoHamu (18 HIIKP,
14007,2 TuC. I'pH.);

* 3abesnevyeHHs ¢(yHKUioHYBaHHA CnyxOw eauHo-
TO Yacy Ta eTaJlOHHUX YacToT, Cnyx6wu cTaHpapTHUX
3pasKiB CKJIAZy Ta BIACTUBOCTEN pEYOBUH i MaTepianis,
Cnyx6u cTaHaapTHUX AOBIAKOBUX [aHUX mpo ¢isuu-
Hi crani Ta BnacTuBOCTi pevoBuH i Marepianis (3 HJIP,
1695,0 T™1c. TpH.);
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* 36epeeHHs Ta OGYHKLUIOHYBAHHA HalioHaib-
Hol erasnonHoi 6asu (;epxaBHi eTanoHu Ta niiiHo-
reoziesuynwii nonirox) (4 HIOJKP, 335,0 tuc. rpa.).

3a HampAMOM «BuKOHAaHHA HAYKOBO-JOCNiAHUX
Ta LOCNiHO-KOHCTPYKTOPCKUX POOIT 31 CTBOpEHHSA Ta BO-
CKOHaJlIeHHA [IePXaBHUX eTaJI0HIB, yTPUMAHHA Ta eKCIULya-
Talil fepaBHUX MIEPBUHHUX €TaJIOHIB, 3BipeHHA ZlepkaB-
HUX TIEPBUHHUX €TaJI0HiB 3 HAlliOHAILHUMW €TJI0HAMU iH-
WX fepas i Mbxuapopaumu etanotamu» HHIT «IHctutyT
merponorii», [OII «Ykpmerprecrcranpapt», LI «HII
«Cucrema» Tta [II «IBano-®paHKiBCHKCTAHAAPTMETPO-
JI0Tisl» BUKOHYBAIUCA POOOTU m070:

» CTBOPEHHA 8 HepKaBHWUX MEPBUHHUX eTaJloHiB
(fepaBHOT'O MEPBUHHOTO €TajoHa OAUHULIL TUCKY A
HaZJULIKOBOTO TUCKY B piamas3oHi Bip 1 x 107 mo 4 x
108 Ila; [lepaBHOTO MEPBUHHOIO €TANOHA OAMHULI KO-
ebinieHTa MacwTabHOTO MEPETBOPEHHA HAMPYTU 3MiH-
Horo ctpymy mo 750/ NE) kB; lep)XaBHOTO IIEPBUHHOTO
eTajoHa OAUHWLL CUAW 3MIHHOTO CTPYMY; [lepxaBHOTO
MIEPBUHHOTO €TajloHa OAMHMUbL LOBXUHW, LIBULKOCTL
Ta IMPUCKOPEHHA 32 KONUBALbHOTO PYXY TBEPROTO Ti-
na; JlepaBHOTO MEPBUHHOTO €TajloHA OAUHWULDL 06'eEMY
Ta 06'eMHOI BUTpATW rasis y aiamasoni Tucky Big 1 MIla
1o 5 MIla; [Jep)aBHOTrO IEPBUHHOTO €TajloHA OAUHU-
ui ynbTPa3BYKOBOTO TUCKY Y BOLHOMY CepepoBWLi;
JlepXaBHOrO MEPBUHHOTO eTalloHa OAUHULI MOTYKHOCTI
VNbTPa3BYKy V BOZHOMY cepenoBuili; [lepaBHOro mep-
BUHHOTO eTajloHa oAMHWLbL 06’eMy Ta 06’'eMHOI BUTpa-
TU ra3y Ha ra3oBOMy cepezfoBuii 3a Tucky zo 1,6 MIla);

» yNoCKOHANEHHA 3 [iepKaBHUX TEPBUHHUX €Tajlo-
HiB (Jlep)KaBHOTO IMEPBUHHOTO eTalOHA OLWUHULI enek-
tpuuHoro omopy JETY 08-02-98; [lepaBHOTO II€PBUH-
HOTO eTajloHa OLAMHULb eNleKTPUYHOI OTYKHOCTI Ta Koe-
Ginienrta nmotyxHocti JETY 08-08-02; [lepaBHOTO mep-
BUHHOTO €TanoHa opunHwui eHeprii sropauxs LETY 06-
04-97); 3aBepurero HOJKP mono ynockoHaneHHs 2 fep-
XaBHUX NEPBUHHUX eTasoHiB ([lepaBHOrO MEPBUHHO-
ro eTanoHa opuHuui enektpuutoro omopy HETY 08-02-
98; Ilep»aBHOTO NEPBUHHOTO E€TAJOHA OAUHULDL eNleK-
TPUUHOL MOTYHOCTL Ta Koediuienta moTywHocti JETY
08-08-02).

> yTpUMaHHA Ta eKCcIlyarauis 69 gpepxas-
HUX eTaloHiB (52 HepXaBHUX eTajoHW 36epiratoTbcs
B HHI[ «Incturyr Mmerponorii», 15 — B [III «VYkp-
merpTecTcTanpapT», 1 — B OII HAOI «Cucrema», 1 -
B [III «IBato-®paHKiBCbKCTAaHLAPTMETPOIIOTIAY);

Cranom Ha 31.12.2016 B Vkpaiui € 69 pepxaBHUX
Ta 71 BTODMHHUN €TaoH.

3 MeTO MOZJANbLIOTO PO3BWUTKY HalioHanbHOI era-
7I0HHOI 6a3n mpuithaTo mocraHoBy Kabinery MinicTpis
Vkpainu Big 28.12.2016 Ne 1041 «IIpo 3arBeppKeHHA
IIporpamMu po3BUTKY eTanoHHOI 6asu Ha 2018 - 2022
POKU».

BaxnuBuM acrekToM (GOpMYBaHHA eTaloHHOI 6asn
Vkpaiun € mpoBefeHHA MiIXHAPOJHWX 3BipeHb Lepias-
HUX €TaJlOHiB B pPaMKax Yrozu Ipo B3aeMHe BU3HAHHA
HaliOHANbHUX €TaJlOHIB, cepTudikaTiB KaniGpyBaHHA
Ta BUMIipIOBaHb, AKI BUAANOTbCA HalliOHaNIbHUMW METPO-
norivaumu incturyramu (Yropu CIPM MRA).

Texniunoto 6a3ow Yrogu CIPM MRA € CyKYIHICTb pe-
3YJ1bTaTiB, OTPUMAHUX Y MPOLIEC] KIIIOUOBUX Ta LOLATKOBUX
3Bipens. Ili 3BipeHHA npoBoasTbcs KoHCYnbTaTUBHUMM KO-
miTeramn MixHapopHoro Komitery 3 Mip Ta Bar (CC CIPM),
Mixnapontum 610po 3 Mip Ta Bar (BIPM), perioHanbHUMU
METpONoriyHuMK opraHisauiamu (RMO0). Pesynbratv 3Bi-
peHb mybnikylorscs BIPM i 36epiraioTbes v 6asi paHux
KntoyoBux 3BipeHb (KCDB). V takuit cmoci6 Yropma CIPM
MRA no3BOnf€ MIAXOM Y4aCTi V MIKHAPOLHUX 3BipEHHAX
YCTQHOBWUTW CTYIiHb €KBiBaJIEHTHOCTL JlepXaBHUX eTao-
HiB YKpainu 3 eTanoHamu iHIIUX JepxaB i MbXHapoLHUMMN
€TaJlOHaMW, A TAaKOX 3afleKJapyBaTi Kanibpysanbii Ta BuU-
MiptoBanbHi Moxnusocti (CMC) y Nopatky C KCDB.

Bipmogigto mo mopiubux Ilnanis-rpadikis MixHa-
POLHUX 3BipeHb AepwaBHUX eTanoHiB Ykpaiuu y 2016
polLi BUKOHYBanucA MixHapozHi 3BipeHHsA 25 eTanoHIB
(v 2015 poui - 26 eTanoHis).

Crarom Ha 31.12.2016 y HJopatky C KCDB omy6niko-
BaHO 259 CMC(C-psapkiB Ykpainw 3a Takumu BUAAMU BU-
MipioBaHb:

*  aKYCTUKA, yNbTPa3Byk, Bibpauis (AUV) — 29 paakis;

* poBxuHa i kyr (L) - 27;

* yac Ta vacrora (IF) - 30;

* repmometpisa (T) - 63;

* Maca Ta IOB'A3aHi 3 Helo Benuunun (M) - 11;

* eneKTpuka Ta mMarHetusm (EM) - 57;

* iownisytoul BumpominioBauna (RI) — 15;

* KinbkicTb pevosun (QM) - 27.

3okpeMa, y 2016 poui omy6nikosaxo Taki CMC-panku:

3 CMC-papkwn JOII «VkpmerpTecTcranpapt» y chepi
«diznko-ximisny.

1 CMC-pspox [HII «VkpmerprecTcTanzapt» y chepi
«Enextpuka Ta MarseTusm».

2 CMC-papxu HHI «Inctutyt merponorii» y cdepi
«JJoBXuUHA Ta KyT».

19 CMC-psapkis HHII «Incturyt meTponorii» y coe-
pi «TepmomeTpis».

Po3nodin CMC-padxis 3a poxamu ma 3a cgepamu BUMIPIOBaHb HABEOEHO Y mabnuyi.

2015

| r Jaw] L | ] T | PR M | EM | R | QM
234 29 | 25| 30 44 0 11 56 15 24

2016 259 29

27 | 30 63 0 11 57 15 27
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MIXHAPOAHI 3BIPEHHSA ETAJIOHIB

=

0. Benuuko, LOKTOP TEXHIYHUX HAYK, AUPEKTOP HAYKOBO-BUPOOHWUYOTO iHCTUTYTY,

[II «YkpmeTpTecTcTaHAapT», M. Kuis

Po32r1aHymo OCHOBHI pe3ynbmamu MiXXHaGPOOHUX KITIOYOBUX
38ipeHb HAYiOHANbHUX emasnoHie 0OUHUUb Hanpyau 3MiHHO20
cmpymy Ha yacmomax 1, 20, 100 kly i 1 My, y pamkax npoekmy
KOOMET 566/UA/12 (COOMET.EM-K6.a). 3sipeHHs, ninomHoio
nabopamopieio Akux 6yno Al «Ykpmempmecmcmarndapmy,

In the article the basic results of international key comparison of
national standards of unit of AC voltage at frequencies of 20 Hz, 1, 20,
100 kHz and 1 MHz are considered within the framework of project of
COOMET 566/UA/12 (COOMET.EM-K6.a). Comparison is conducted
with participation of national metrology institutes of Ukraine,

nposedeHi 3@ y4acmio HaYioHabHUX MempoIo2iYHUX iHcmumymie
Ykpaiuu, Pociticokoi ®edepauii, PymyHii, A3epbatioxaHy i binopyci
npomszom 2013—2014 pokie.

Russia, Romania, Azerbaijan and Belarus during 2013—2014 and
the pilot laboratory of comparison was SE «Ukrmetrteststandard».

Knioyoei cnoea: HayioHaneHUl emanoH; Ko4ose 38ipeHHs; HayioHaneHuti memponoaidHull iHcmumym; ninomua 1abopamopis; 3MiHHa Hanpyaa.
Keywords: national standard; key comparison; national metrology institute; pilot laboratory; AC voltage.

BipeHHs €Ta0HiB POBOAATLCA ITif] ETiZ010 KOHCYIbTATUBHUX KOMiTeTiB MiXXHapoaHoro
3KOMiTeTy 3 mip i Baris (MKMB) abo perioHanbHUMW MeTpPONOTiYHUMMW OpraHizauiamMu
(PMO) [1, 2]. TlinTBepAXeHHA €KBiBaJeHTHOCTI HalloHaNbHWUX €TaNOHIB 3 eTaloHaMU
iHmMX Kpain 3pificHIOETbCA 332 BCTAHOBNEHUMW HAa MIXHAPOAHOMY PiBHI Ipoluefypamu
y pamkax 6ararocTopoHHboi Yrogm «IIpo B3aeMHE BW3HAHHA HALiOHANbHUX ETAJOHIB,
KanibpysanbHux i BumiptoBanbiux Moxnusocreit MKMB» (Vrogn CIPM MRA) [3—6].

MixHaponHi knio4oBi 3BipeHHA HAliOHAaNbHUX ETANOHIB OAMHULL 3MiHHOI Ha-
mpyru Ha vacrorax 1, 20, 100 kIu i 1 MIy y pamkax mpoekty KOOMET 566/UA/12
(COOMET.EM-K6.a) [7], minotHot naboparopieto akux 6yno [II «VkpMeTpTecTCTaHAAPTY,
IIPOBeZieHi 33 YYACTI0 HalioHaNbHUX MeTpooriviux incruryris (HMI) Vkpainu, Pociiicbkoi
®enepanii (P®), Pymynii, Asepbaiimxany i Binopyci mporarom 2013—2014 pokis.
HMI-yyactuku umx 3sipensb Taki: [II «Vkpmerprecrcrannapt» (UMTS, Ykpaina); BHUUM
(VNIIM, P®); INM (Pymynis); [lepxaBHa MeTponorivuHa cnyxba (SMS, AsepbGaimxaH);
Benl'IM (BelGIM, Binopycs).

IIi 3BipenHs mpoBopmnuca Mix HMI-yuyachukamu, aki mpepcrasnaioTh i PMO:
COOMET (UMTS, VNIIM, SMS, BelGIM) i EURAMET (INM). IlinotHa naéoparopia 3abesmeyuu-
na HMI-yyacHukis 3BipeHs eTanoHom mepepaBanta (EII), pocnigxysana noro ppeiid mpo-
TATOM YCbOTO Yacy MMPOBe[EHHA 3BipeHb, po3pobuna i BUKoHyBana rpadik mposeneHHA
3BipeHb, 30upana 1 aHanisyBana OTpuUMaHi AaHi 3BipeHb, MiATOTYBana momepepHii i 3a-
KIOYHWUMI 3BiTU TOwO [8].

Y 3Bipennsx Bin Ykpainu 6yB npepcrasnennit lepaBHuit TePBUHHWUMN eTaloH YKpainu
ogvHuMUi enekrpuyHoi Hampyru Big 0,1 no 1000 B 3minHOrO CTPyMy B AiamasoHi YacToT
Big 10 Iy o 1 MIu (LETY 08-07-02), sakunit 36epiraeTscs B JII «YKpMeTpTECTCTAaHAAPTY.
3aranbHWUI BUJ, 3a3HAYEHOTO €TalOHA HaBefeHo Ha puc. 1.

©
Bennuko 0., 2017 1
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Puc. 1. [lepxxasHutl nepsuHHull emanoH YkpaiHu odunuyi
3MIHHO20 cmpymy 8 0iana3oHi yacmom
8i0 10 Iy do 1 MIy

Fig. 1. National Standard of the unit of AC voltage
in frequencies range from 10 Hz to 1 MHz

1. ETAJIOH NEPEJABAHHSA, MIOT0 JIPEN®

3A YAC 3BIPEHDb I YMOBY NMPOBENEHHA

BUMIPIOBAHDb

[ins mposeneHHA 3BipeHb obparo EII — rtepmome-
perBoptoBay Hampyru ITHTI-6A Ha HOMiHanbHY Hampy-
ry 3 B (cepiitunit Homep 1848).

OcHOBHI MeTpONOTiyHi Ta TexXHIYHi XapakTepuctu-
kun EII Taki:

e BxipHa 3MiHHa Hampyra — 3 B;

® BuxifiHa mocriiiHa Hampyra — 0,5 MB;

e BxigHun omip — 1000 Owm;

® BuxigHuit omip — 20 Om;

e BigHOCHA MOXUOKAa IepeTBOPEHHA 3MiHHOI Ha-
IpyrM y TOCTiNHY Hampyry Ha wvacrorax 0,02, 1,
201100 Iy — 0,01;

e BigHOCHA NMOXUOKa IEepeTBOPEHHA 3MiHHOI Ha-
IIPYTU Y MOCTifiHY Hampyry Ha vacrori 1 MIn — 0,05;

e Bara y Tapi — He 6inbura 3a 10 kr.

MMicna orpumanHa EIl weprosum HMI-yuacHukom
3piiicHioBanaca crabinizauia oro poboTn mpoTAroM
OLHOTO [HA [0 MOYaTKy BUMiptoBaHb.

BumipioBanta HMI-yyacHuKaMu TIPOBOAUAUCA
33 TaKUX YMOB:

= remmeparypa: (23 +3)°C;

= BigHOCHA BOJOTicTL MOBiTPA: Mix 30 i 70 %;

= BuMiptoBanbHi yacrotu: 20 I11; 1; 20; 100 kIu; 1 MI,.

O «YKpMeTpPTeCTCTaHAAPT» AK MiNoTHA Nabopa-
TOpPif CUCTEMAaTWYHO 3pilicHIOBasa BUMIPIOBAHHA ANA
BU3HAueHHA vacoBoro ppendy EII. Taki BumiptoBaH-
HA TIPOBOAMANCA B 000B'I3KOBOMY MOPAAKY TEpen Bia-
nmpasnenHam EIl po uyeprosoro HMI-yuachuka, a Ta-
KOX Micns 10T0 MOBepHEHHA. 3Ba)Kauu Ha OTpUMa-
Hi minoTHol nabopaTopield Pe3yAbTATH BUMIipIOBAHb,
MOXHa KOHCTATyBATH, 0 3a3HavyeHWW Apend 6yB He-
3HaYHUM i He MaB CYTTEBOTO BIUIUBY Ha OTPUMaHi
HMI-yyacHukamu pes3ynbraTi pocnigxens EII.
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2. OCHOBHI PE3VIIETATH 3BIPEHDb ETAJIOHIB

Koxuuin HMI-yyacHuK 3a pe3ynbTaTaMu CBOTO [0-
cnipkentn EIl Hapasas minortHiit na6oparopii Taky iu-
dopmanito y Bupi 3Biry:

¢ indopmauito moA0 HAT BUMIpIOBAHD;

¢ 3HAYeHHA Pi3HULI MEepPeTBOPeHHs 3MiHHOi/mo-
cTiiHOi Hampyru Ha vacrorax 20 Tu, 1, 20, 100 xIu
i 1 MIu 3 BigmosigHUMK Ol0ZKETaAMW HEBU3HAYEHOC-
Ti BUMIp1OBaHb;

¢ 3HAYeHHs TeMIIepaTypu IMOBITPs HABKOJWULIHbO-
IO CepenoBulla;

¢ 3HAUeHHA BifHOCHOI BOJOI'OCTi IMOBITPA HaBKO-
JIMIIHBOTO CepefoBuIla.

[IpocrexyBanicTs 70 oguHMub SI HalioHanbHOTO
eTanoHa koxxoro HMI-yyacHuka HazaBanaca minoTHin
naboparopii [2, 8].

[Ins mpoBepeHuUx kntouoBux 3sipenb COOMET.EM-K6.a
IIPOCTEXYBAHOCTI
YYaCHUKIB OYIN TaKUMMU:

* eranon VNIIM mae BnacHy IIPOCTexXyBa-
HICTb, OCKiNbKW 6PaB y4acTb Y KIIOUOBUX 3BipeHHAX
CCEM-K6.a;

* etanonn UMTS, INM, SMS i BelGIM — po miepBuH-
HOTO eTajloHa OAWHWULL Hampyru 3MminHOro cTpymy PTB
(HimewyuuHa).

Po3paxyHKu HEBU3HAUYEHOCTI BUMIpIOBaHb KOXHUM

HalioHanbHUX eTanoHis HMI-

HMI-yyacHukom 3pificHiOBanucA BIifMOBifHO 70 Ha-
craHoBu ISO/IEC Guide 98-3 (GUM) [9]. Humu pos-
pobneHo BnacHi 610[KETU HEBU3HAYEHOCTI BUMipio-
BaHb. 3arajbHa CTAaHAAPTHA HEBWU3HAYEHICTb BUMi-
p1OBaHb BKJOYAnaci A0 3BITY CTOCOBHO LOCHimKeHb
EIl HMI-yyacHuKa pa3oM 3 BUMipeHWUM 3HaueHHAM Ha-
TpyTu.

Ilo cknazoBuUX HEBUM3HAYEHOCTI BUMipIOBaHb ¥ 6107-
*eTi HeBusHaueHocTi HMI-yyacHukaM mpomoHyBanocs
BiZHECTM, K MIHIMyM, Take:

> eKCIIePUMEHTa/IbHI CTAaHAAPTHI HEBU3HAYEHOCTI
N He3anexHux BuMiptoBatb (Tum A);

P HEBU3HAYEHOCTI IEPBUHHOrO eTanoHa abo iHuro-
TO €TaNOHA, fKI BUKOPUCTOBYBaNUCA Iif, Yac pocuin-
wenua EII;

> HeBU3HAYeHOCTI Heobxiguux ana HMI pisxoma-
HITHUX KOPUTYBaHb BUMIpPEHUX 3HAUYeHb HANPYIU.

HMI-yyacHuK1 MOTAU TaKoX BKJOYATU i #opaTko-
Bi crieuudiuni pnsa HMI cknapnosi HEeBU3HAYEHOCTI BU-
MipiOBaHb.

Pisnuui meperBopeHHA 3MiHHOI/mocTiiHOI Hampy-
m ans HMI-yyachukis Ha vactoTax 0,02, 1, 20 i 100
kI i1 MIy 3 ix po3wmpeHuMu HeBusHaueHocTaAMU (U)
IpefCTaBieHo y Tabn. 1. Yci HaBepeHi HeBU3HAYEHOCTL
MatoTbh KoedinieHT oxomneHHa k = 2 3 iHTepBanoOM [0-
Bipn mpubausuo 95 % [8].
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Tabnuys 1. Pi3HuUyi nepemsopeHHA 3MiHHOI/nocmitiHoi Hanpyeu ona HMI-yuacHuxis

3 ix po3wupeHuMu HesuHaveHocmamu

Table 1. Differences AC/DC voltage converted for NMI-participants with its expanded uncertainties

" om [ dww | oeoww | odoww | oim
HMI
-n-n-n-n-n-

VNIIM -0,8 -15 -5,0 -57,0 28,2
UMTS -8,0 10,4 03 44 -1,6 44 -10,0 8,4 -71,0 40,0
SMS 22,0 18,0 74 14,2 12,0 22,0 -25,0 25,6 -
BelGIM - - 4,4 24,0 10,0 29,0 19,0 139,0 - -
INM 3,7 3,0 15 3,0 =31 3,0 -12,8 12,0 -21,0 22,0
OmopHe 3HaYeHHA 3BIPEHb X, OTPUMAHO AK CEPENHE D, =x-x,,, (3)
Bcix 3Hauexb HMI-yuachukis 3Bipens COOMET.EM-K6.a uz(Di) = uz(xl.)—u2 (%,)- (4)

32 BUPA30M:

Yo = ”uw/ ) M)

3 BIANOBIAHOW0 CTaHAAPTHOW HEBU3HAUEHICTIO

Yool
2 iy (2)
me x, — i-uh pesynprar HMI-yuyacHuka 3BipeHb
COOMET.EM-K6.a; u(x;,) — cTaHpapTHa HeBU3HAYeHICTDb
pesynsbrary i-ro HMI yuyacHuka-3BipeHs; N — KinbKicTb
yJYacHuKiB 3Bipens (N =5, 4 uu 3 Ha pi3HUX YACTOTAX).

Po3paxoBaHi 3HayeHHs OMOPHWX 3HAUEHb AJs 3Bi-
perb COOMET.EM-K6.a Ha vacrorax 0,02, 1, 20 1 100 kI
i1 MIy 3 ix po3mmpeHUMU HeBU3HAUYEHOCTAMU (k = 2)
HaBefieHo y Tabn. 2.

Crymeni i-ro HMI
Ta iX posmupeHi HeBU3HAYEHOCTI Y CEHCi OMOPHOTO
3HAUEHHs 3BipeHb BU3HAYANUCA 33 BUPA3AMU:

u? (xrgf )=

€KBIBaJIEHTHOCTI eTanoHiB

3apjeknaposati HeBusHaveHocTi HMI-yyacHukis mo-
BWUHHI 33Jl0BOJILHATU TaKiil HEPiBHOCTI:

|D,|< 2u(D,). (5)

CrymeHi exBiBaneHTHOCTI eTanoHiB HMI-yyacHuKiB

3Bip€Hb y CEHCI OMOPHOTO 3HAUEHHA 3 iX PO3UWIMpeHu-

MU HeBU3HaueHocTaMu (k = 2) Ha yacroTax 0,02, 1, 20,

100 kIu i 1 M1 HaBepeHo y Tabn. 3 i Ha puc. 2—6 [8].

3. IPUB'A3KA PE3VIILTATIB

KJIII0UOBUX 3BIPEHb COOMET.EM-K6.A

10 PE3VIIBTATIB KIIIOY0BUX 3BIPEHDb

CCEM-K6.A

[linoTHoto naGopaTopiel 3aMpONOHOBAHO 3fAiit-
CHUTU TPWUB'A3KY pEe3yJbTaTiB KJIWUOBUX 3BipeHb
COOMET.EM-K6.a [0 pe3y/bTaTiB KJIIOMOBUX 3BipeHb
CCEM-K6.a wa vacrotax 1, 20, 100 «In i 1 MIu 3a
TAKOl0 METOAUKOMW.

Tabnuys 2. OnopHi 3HaueHHA 0ns 38ipeHb COOMET.EM-K6.a 3 ix po3wupeHumu HesusHa4eHocmsamu

Table 2. Reference values for comparisons COOMET.EM-K6.a with its expanded uncertainties

;e/

| —40,4 | 15,9 |

Tabnuys 3. Cmyneni exsiganeHnmHocmi emanoxis HMI-yuacHukis 3 ix po3wupeHuMu HeBU3HAYeHOCMAMU

Table 3. Degrees of equivalence standards for NMI-participants with its expanded uncertainties

| eom | aWm | oo | 00k | 0 1Mm |
o | vo) | o | voy | o | uoy ] » ] uw)] » | U0

VNIIM -0,5 7,9 -1,1 18 0,5 2,1 1,8 2,1 -16,6 23,3

UMTS -11,2 10,1 0,0 4,0 0,4 4,0 -3,2 7,7 -30,6 36,7
SMS 18,8 17,8 71 14,1 14,0 21,9 -18,2 25,4 - -
BelGIM - - 4,1 23,9 12,0 28,9 25,8 139,0 - -

INM 0,5 13 1,2 2,4 -11 2,4 -6,0 11,5 19,4 15,2
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Di COOMET-K6a - DoE for 20 Hz

40,00

30,00

20,00 [ 2

10,00

0,00 3
l____ _________

-10,00

-20,00 T
NMI VNIIM UMTS SMS

INM

Puc. 2. Cmyneni exgisanenmrocmi ona HMI-yuacHukis

Ha wacmomi 20 Iy

Fig. 2. Degree of equivalence for NMI participants

at 20 Hz
Di COOMET-K6a - DoE for 1 kHz
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L 3
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-10,00
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NMI  VNIM  UMTS SMS  BelGIM

INM

Puc. 3. Cmyneni exsiganenmuocmi ons HMI-yuacHukis
Ha wacmomi 1 [y

Fig. 3. Degree of equivalence for NMI-participants

at 1 kHz
Di ~ -
20,00 COOMET-K6a - DoE for 20 kHz
¢
¢
10,00
0,00 I:__i_________i
-10,00
-20,00 T T T T
NMI VNIIM  UMTS SMS BelGIM INM

Puc. 4. Cmyneni exgisanenmrocmi ona HMI-yuacHukis
Ha wacmomi 20 Iy

Fig. 4. Degree of equivalence for NMI participants
at 20 kHz

Crymeni exBiBaneHTHOCTI eranoHiB i-ro HMI-
y4YacHUKa B KOHTEKCTI OMOPHOTO 3HaYeHHA KJIIOYOBUX
3Bipenb CCEM-K6.a po3paxoBYIOTLCA fAK

d, =D, +A—xreﬂ<6a,

(6)
1

Di
36,00

COOMET-K6a - DoE for 100 kHz

24,00 r

12,00
——F——-

el S

0,00

-12,00

-24,00

-36,00
NMI

VNIIM  UMTS SMS  BelGIM INM

Puc. 5. Cmyneni exgiganenmHocmi ona HMI-yuacHuxis
Ha wacmomi 100 kIy

Fig. 5. Degree of equivalence for NMI-participants
at 100 kHz

Di

40,00 COOMET-K6a - DoE for 1 MHz

20,00 I
““““““ |

0,00

-20,00

-40,00

-60,00

-80,00 . .
NMI VNIIM UMTS

INM

Puc. 6. Cmyneni exgiganenmHocmi ona HMI-yuacHuxis
Ha wacmomi 1 MIy,

Fig. 6. Degree of equivalence for NMI-participants
at 1 MHz

ne D, — pesynbrar y 3Bipenuax COOMET.EM-K6.a nns
HMI-yyacHukis, aki 6panu yvacTb nuiie y 3BipeHHAX
COOMET.EM-K6.a; d; — HaWkpama OlliHKa pe3ynbraTis
s i-ro HMI pna mpus'asku no 3sipexs CCEM-K6.a.
Pesynbratu pocnipkens EIl gnsa i-ro HMI pospaxo-
BYIOTbCA Yepe3 pe3yibTaTu 3B'a3yBanbHoro HMI:
Aumk =ik — D + (7)
ne dyx pesynbrar 3Bipens CCEM-K6.a pns
3p’asyBanvHoro HMI; D,,. — pesynbTaT 3BipeHb
COOMET.EM-K6.a pna 38'azyBanbHoro HMI.
3p'asyBanbiuMm HMI y K11040OBUX 3BipeHHAX
COOMET.EM-K6.a € VNIIM, sakuit 6yB y4aCHUKOM KJliO-
yoBux 3Bipenb CCEM-K6.a i B sxkoMy He Binbynocs
332 YaC MiX JABOMA 3BipeHHAMW 3MiHU €Tajl0HHOrO 00-
naaHaHHA i MeropiB. Y Tabn. 4 HaBeAeHO MapaMeTpu
TIPUB'A3KU Pe3yJbTaTiB KNouoBUX 3BipeHb CCEM-K6.a i
COOMET.EM-K6.a 3 iX pO3LWIMPEHUMU HEBU3HAYEHOCTAMU
s 38'asyBaibHOro HMI Ha vacroTax 1, 20, 100 k[ 1 MIi,.
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Tabnuys 4. Ilapamempu npug’asku pezynbmamis xniodosux 38ipeHb CCEM-K6.a i COOMET.EM-K6.a
3 iX po3wupeHuUMU HesU3HaYeHocmAMU 04 38'A3ysanbHo20 HMI, 10-6

Table 4. Parameters of linking of results key for comparisons CCEM-K6.a and COOMET.EM-K6.a
with its expanded uncertainties for linking NMI, 10-6

1 kI 0,2 -0,8 1,0 0,3 0,0
20 Iy 1,0 -15 2,5 1,3 0,9
100 I 4,2 -5,0 9,2 2,1 7,2
1 MIy 103,0 -57,0 160,0 6,8 121,0

Tabnuys 5. CmyneHi exgisanenmxocmi emanouis HMI-yuacHuxis 38ipenb COOMET.EM-K6.a 3 ix po3wupeHumu
HEeBU3HAYEHOCMAMU B KOHMeKCMI ONnopHo20 3HaueHHA 38ipeHb CCEM-K6.a, 106

Table 5. Degrees of equivalence for NMI-participants comparisons COOMET.EM-K6.a with its expanded
uncertainties relative to CCEM-K6.a KCRV, 10

HMI .

VNIIM
UMTS 1,3 4,0 0,0 4,0 -8,0 7,8 -32,0 373
BelGIM 54 23,9 11,6 28,9 21,0 139,0 - -
INM 2,5 2,4 -1,5 2,5 10,8 11,5 18,0 16,7
CCEM-K6.a, EURAMET.EM-K6.a, SIM.EM-K6.a, APMP.EM-K6.a,SIM.EM-K6.1 and COOMET.EM-Ké.a
AC/DC voltage transfer difference at frequency 1 kHz, 3 V
Degrees of equivalence relative to the key comparison reference value: D:and its expanded uncertainty U; (k=2)
B
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Puc. 7. Ilpus’aska pesynsmamis 38ipeHs COOMET.EM-K6.a 0o pe3ynsmamis 38ipeHb CCEM-K6.a Ha wacmomi 1 kIy
Fig. 7. Linking of results of comparison COOMET.EM-K6.a to results of comparison CCEM-K6.a at frequency 1 kHz
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Haitkpawa ouitika pesynsraris HMI-yuachuka, 1o 6pas
yJacTb v 3BipeHHaAx CCEM-K6.a, po3paxoByeThes 3a GOpMy-
noto (6), a BiAMOBiZHA CTaHZAPTHA HEBU3HAYEHICTb — fK

w(d)=u’ (D) +u’(A) =
=u’(D)+5" (A)+u’(m,,), (8)

CCEM-K6.a, EURAMET.EM-K6.a, SIM.EM-K6.a, APMP.EM-K6.a,SIM.EM-KE.1 and COOMET.EM-KE.a
AC/DC voltage transfer difference atfrequency 20 kHz, 3V
Degrees of equivalence relative to the key comparison reference value: D,and its expanded uncertainty U, (k=2)
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Puc. 8. Ilpus’aska pesynvmamis 38ipeHs COOMET.EM-K6.a 0o pesynvmamis 38ipeHb CCEM-K6.a Ha wacmomi 20 kIy
Fig. 8. Linking of results of comparison COOMET.EM-Ké6.a to results of comparison CCEM-K6.a at frequency 20 kHz

CCEM-K6.a, EURAMET.EM-K6.a, SIM.EM-K6.a, APMP.EM-K6.a,5IM.EM-K€.1 and COOMET.EM-K6.a
AC/DC voltage transfer difference at frequency 100 kHz, 3 V
Degrees of equivalence relative to the key comparison reference value: D;and its expanded uncertainty U; (k=2)
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Puc. 9. Ilpus’asxa pesynsmamis 38ipeHs COOMET.EM-K6.a 0o pe3ynvmamis 38ipeH» CCEM-K6.a Ha wacrori 100 Iy
Fig. 9. Linking of results of comparison COOMET.EM-K6.a to results of comparison CCEM-K6.a at frequency 100 kHz
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CCEM-K6.a, SIM.EM-K6.a, APMP.EM-K6.a,SIM.EM-K6.1 and COOMET.EM-K6.a
ACI/DC voltage transfer difference at frequency 1 MHz, 3 V
Degrees of equivalence relative to the key comparison reference value: D; and its expanded uncertainty U, (k = 2)

4l

20

D;= (34 i - Srer) / 10

&0
-&0
-1e0 e e P o _§ ™
S [ e el = — w m L ¥ S0 1 D2 Wwog = 5 o
220622387 ESaZs8LE2E EQ% %gﬂizgziﬂmgjéﬁ g E%g’
=z 5_02552_ %?2 e M @ h =2 ZZ 223 |5 _“’%E
=5 = < < =0 5 b i =T = 5@ S
x = = w = W =
= - = - %
2 £
Red diamonds. particpanis in CCEM-Ki.a, Blue ciicles: participants in SIMEM-KG.a | E
Crange squares. parfidpants in APMP.EM-KG.2 ony. Pink tiangle: particpant in SIM.EM-KE.1, =
Purple circles: participants in COOMET.EM-E.a only 2
Note: Oipn=113.9x10% and Ujgy = 43.0x10-8 %

Puc. 10. IIpus’aska pesynbmamis 38ipeHb COOMET.EM-K6.a 0o pesynbmamis 38ipeHb CCEM-K6.a Ha wacmomi 1 MIy
Fig. 10. Linking of results of comparison COOMET.EM-K6.a to results of comparison CCEM-K6.a at frequency 1 MHz

ne u(m,,)=0,018 — HeBU3HAYEHICTb OMOPHOIO 3Ha-
yeHHs 3BipeHb CCEM-K6.a.

BipmoBigHO po3urMpena HeBU3HAYEHICTb BU3HAYA-
€TbCA BUPA3OM U(dl.)=kdiu(d,.), Le koediuieHt oxo-
IUIeHHA CKlafae kd,. =2 3a piBHA foBipU 95 %.

PospaxoBaHi cTymeHi ekBiBaneHTHOCTI d; B KOHTeK-
CTi OTOPHOTO 3HAUEHHA K040BUX 3BipeHb CCEM-K6.a
HaBefieHOo y Tabn. 5 (Asepbaimxan He OYB yIaCHUKOM
Yrogn Ha MOMEHT IPOBEfIEHHS 3BipEHb).

3azmeknaposati HeBusHaueHocti HMI-yuacHukis mo-
BUHHI 3a[J0BONIbHATYU TaKiil HepiBHOCTI

|d,[ < 2u,(d). 9)

[IpuB'A3Ky 3ampoNOHOBAHUX CTYIEHIB eKBiBaleHT-
HocrTi etanonis D; HMI-yyacHWKiB B KOHTEKCTi OIIOpHO-
ro 3HAUEHHA KNo4oBUX 3BipeHb CCEM-K6.a HaBepeHO
Ha puc. 7—10 [7].

4. KAJIIBPYBAJIBHI TA BUMIPIOBAJIBHI

MOXJIMBOCTI HMI VKPATHM NI ONUHUIII

HANPYTY 3MIHHOTO0 CTPYMY

YV pamkax Yrogu CIPM MRA xani6pyBajbHi Ta BUMi-
proBasibHi MoxauBocti (CMC) BU3HAYAOTbCA AK HaWBU-
WM piBeHb BUMipIOBaHHA ab0 KanibpyBaHHs, 3BUYAN-
HO TpOmoHOBAaHWW kKnientam HMI, BupaxeHnuit y 3Ha-
YeHHAX MAOBipYOro piBHA, Wo zmopiBHioe 95 %. CMC

XapaKTepusyloTh AkicTh mocnyr HMI 3 kani6pyBaHHA
Yn BUMIiplOBaHHA, AKI HAAAOTLCA KJIEHTAM Ha IOCTiii-
Hi ocroBi. HMI BupatoTbca BifmoBinHi cepTudikaTn
KaniGpyBaHHA YU BUMIpIOBAHHSA, AKi BU3HAIOTHCA BCiMa
yyacuukamu Yrogu CIPM MRA [11—13].

CMC HMI xpain my6nikylorbcs y Bupi pdf-dannis
y Hopatky C 6a3u panux knwovoBux 3Bipedb (KCDB)
BIPM y Bupi tabnuub. [Ipuknap tabnuui CMC HMI
Vkpaiin pna opuHULL IHAYKTUBHOCTI HaBeLEeHO
Ha puc. 11 [13—15].

OTpuMaHi pesynbTaTu 3BipeHb 3a TPOEKTOM
COOMET.EM-K6.a minTBepAXyiOTh OMybnikoBaHi
y Honatky C 6asw naunx KCDB BIPM CMC HMI Vkpainu
(OIT «YkpMeTpTeCTCTaHAAPTY).

BUCHOBKHU

1. 3a pesynbTaTraMu MiXHAPOJHUX KJIOUOBUX 3Bi-
peHb HallioHaNbHUX eTaloHIB OfAMHULI 3MiHHOI Hampy-
I'M Ha vacroTax 1, 20, 100 kI i 1 MIL y pamkax Ipo-
ekty COOMET.EM-K6.a, mpoBeferux 3a yyacrio HMI
Vkpainw, Pociicekoi ®epepauii, Pymynii, Azepbaimxany
iBinopyci 0TpuMaHo MPUHATHI pe3ynbraTu. 3BiT 3a ITpo-
extoM COOMET.EM-K6.a omy6nikosaxo y Jloparky B 6a-
3u gauux KCDB BIPM y pamkax Yrogw CIPM MRA.

2. OTpuMaHi pe3ynbTaTu 3BipeHb y paMmMKax Ipo-
exty COOMET.EM-K6.a TifTBEpAXYVIOTb OMy6NiKOBaHi
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y Lopmatky C 6asw pauux KCDB BIPM CMC HMI
Vxpainn, mo possonse [II «YkpmeTpTecTcTaHpapT»
HaHocuTu norotum Yrogu CIPM MRA Ha cBOi cepTu-

¢bikatu KanibpyBaHHA YW BUMIpPIOBAHHA 3TiAHO 3 Ha-
LaHUM paHinle mpaBoM (aBTOpu3alieio) Bix Aupex-
topa BIPM.
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II. BULMIHAKOB, HaYanbHUK Naboparopii

0. IcxakoBa, HayanbHUK CEKTOPY

T. BoHJapeHKo, MOJIOALINI HAyKOBWit CIIBPOGITHUK
0. TuMoONIEHKO, MOJIOAUINI HAYKOBWIi CIIBPOOITHUK
JI. MoTopHa, MONOANIUA HAYKOBUN CIiBPOGITHUK
IOI1 «YKkpMeTpTecTCTaHAapT», M. Kuis

ﬂpeacmaeneHo pesynemamu yaOCKOHG/'IEHHFI B8MOPUHHO20

emasnoHa ooUHUYi memnepamypu ma O0ep)agHoi Memposo2idHol

amecmayii (1020 CK1a008UX YACMUH.

The results of improving the secondary standard unit of tem-
perature and state metrological certification of its parts.

Kntouosi cnoea: 8mopuHHUl emasnoH, 00UHUUS Memnepamypu, yOOCKOHAIEHHS, penepHi MoYKU, KaniGpyBaHHs penepHUX moYoK, po3wupeHa

HEBU3HAYeHICMb, OOC/TIOXeHHS emasoHa.

Keywords: secondary standard, unit of temperature, improving, reference points, calibration, expanded uncertainty, the standard study.

TOPUHHUIL eTanoH OoauHWLi Temmeparypu BETY

06-05-01-98 sarBepmKero y 1998 poui Ha 6asi
o6JazHaHHS, BBELEHOTO B eKcIUlyaTauiio y 1987 poui.
3a ekcmnyarauii  obnapHaHHA — 3acTapino
i moTpebyBano 3aminu Ha Ginbul cyvyacHe.

VIockoHaneHHs BTOPUHHOTO €TajloHa 3AilicHI0Bano-
cs BiamosinHo Ao [lepxaBHoi mporpamu po3BUTKY eTa-
noHHoi 6asu Ha 2011 — 2015 pokwu.

BTOpMHHWIL €TaloH OAUHWIL TeMIepaTypu NpuU3Ha-
YeHUW s 36epiraHHs po3Mipy OIVHWLI TeMIlepaTypu
KenbBina Ta mepenaBanya ii srigHo 3 JICTY 3742-98 po-
60uMM eTanoHaM 1 Ta 2 PoO3pPAZiB, @ TAKOX POOOYUM 3aco-
6aM BUMipIOBAILHOI TEXHIKM MiABUIIEHOT TOYHOCT], sKi Ha-
JIeXaTb JIePXKaBHUM METPOJIOTIYHUM leHTpaM, IiampueM-
CTBaM i opranisaliam MaIMHOGYAiBHOI ranysi, HayKu, 0Xo-
POHU [JOBKi/IsA, 0XOPOHU 3L0POB'A TOLO i 3aCTOCOBYIOThCA
V LepXaBHO-PerynLoBaHux chepax. BropuHHWN eTanoH
CTBODEHO A71A 3MEHLIEHHA HaBaHTAXEHHA Ha JlepaBHUNI
TIepBUHHWIA eTasnoH opuuui Temneparypu JETY 06-05-98,
10 TONOBXYE TEPMIH WOTO eKCIUlyaTalii, cripusie 36epe-
)KEHHIO0 TEXHIUHUX Ta METPOJIOTIYHUX XapaKTEPUCTUK, 3a-
Oe3meveHH0 €HOCTI BUMipOBaHb B YKpaiHi.

Mema yoockoHaneHHsA BTOPUHHOTO €TajoHa OLUHU-
1i Temneparypn — 3abesneyeHHs €QHOCTI Ta IMPOCTe-

20

yac

JKYBaHOCTI BUMiploBaHb B YKpaiHi 3a BUAOM BUMipio-
BaHb 06 — TemmeparypHi Ta TemnodisuyHi BuMipio-
BaHHS.

3aBHaHHAM POOOTU CTano:

® 3aMiHa 3acTapinoro o6nagHaHHSA;

® TOKpalleHHs METPOJIOTIYHUX XapPaKTePUCTUK;

® DO3UIMPEHHA Aiama30Hy BUMIpIOBaHb TEMIIEPATY-
pu Bip Minyc 38,8344 no 1084,62 °C;

® YLOCKOHaNeHHA NPOTPAMHOTO 3abe3meveH-
HA Ta ompautoBaHHA iHdopmanii Ha 6as3i cyvacHoro
KoMIT'toTepa;

® TpOBENEeHHA [OCHIMKeHb Ta aTecTauii BTOPUH-
HOTO eTajoHa OAWMHULI TeMIlepaTypu.

YV nmpouneci BUKOHAHHA po6OTU IPOBOAUIO-
csl pO3po6NAHHA HOKYMeHTAalil Ha eTanoH 3TifHo
3 ICTY 3231:2007, mpoBeLeHO MOHTAX Ta HaNaromXy-
BAHHA 00NafHAHHA €TAJ0HA, [1ePKABHY METPOJIOTiuHy
aTeCcTalil CK1af0BUX YaCTWH BTOPUHHOTO eTajlOHa.

CKJIAJ BTOPUHHOI'0 ETAJIOHA

[lo cknapy BTOPUHHOIO eTajloHa OfMHULL TeMmepa-
Typn Kenbeina (puc. 1) BXOAATD:

a) TEepPMOMETp OIOpY INaTUHOBWUW eTaloHHUM
670 SQ Ne 6705Q/172;

© Bumnskos II., Icxakosa 0., Boupapetko I., Tumourexko 0., MoTopHa JI., 2017
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Puc. 1. 308HIWHIlU BUO BMOPUHHO20 emanoHa
00UHUYI memnepamypu
Fig. 1. Exterior secondary standards
unit of temperature

Puc. 2. BucoxomemnepamypHuil mepmomemp onopy
nnamurosull emanoxHull BTC Ne 173
Fig. 2. High-temperature platinum resistance thermometer
reference number BIC 173

Puc. 3. Anapam 0na peanisayii ma niompumaHHa MouKu
nnasneHHa eanivo 17402B
ma 6azamo@yHKYioHaNbHUL mepMoMeMpPuUYHUL micm
TP-3200
Fig. 3.The device for the implementation and maintenance
of the melting point of gallium 17402B and multi
thermometric bridge TP-3200

Puc. 4. Amnynu mouok 3amsep0iHHa Cu65 ma Al311
Fig. 4. Ampoules points curing Cu65 and Al311

6) BUCOKOTEMIIEpATyPHU TePMOMETP OTIOPY IJaTh-
HOBUW eTtanonHun BTC Ne 173 (puc. 2);

B) Habip amIyn pemepHWUX TOYOK:

= [oTpiiHa Touka pTyTi 17724 Ne Hg285;

= moTpiHa Touka Bogm A10/50/270 Q
Ne B11-50-1398Q;
= moTpitHa Touka Bogm A11/50/270 Q

Ne A11-50-1319Q;

" TOYKa MNaBJleHHA ranio 17401 Ne Ga576 (puc. 3);

" TOYKA 3aTBepAiHHA iHpito 17668 MO Ne In216;

" TOUKA 3aTBEPAiHHA 0j10Ba 17769 MO Ne Sn293;

" TOUKA 3aTBEPAiHHA UMHKY 17671 MO Ne Zn321;

= TOYKA 3aTBEPAIHHA antoMiniio 17762 MO Ne Al1311
(puc. 4);

" TOYKA 3aTBepAiHHA Mimi 17674 Ne Cu65 (puc. 4);

T) amaparu Anaa peanisauii tTa migTpuMaHHA pemep-
HUX TOYOK:

¢ moTpinHoi Toukm pryri — Hydra 798 M
Ne 341366/1;

¢ moTpiitHoi Touku Bogu —18233 Ne 341366/2;

¢ TOUKU IJIaBJIEHHA ranito — 17402B N 341366/3;

¢ TOYOK 3aTBEpLiHHA iHAil, 070Ba Ta UUHKY —
17703 Ne 341366/4;

¢ TOYOK 3aTBepAiHHA antoMiHito Ta Migi —
465 Ne 341366/5;

1) 6ararohyHKUiOHANbHUI TEPMOMETPUUHMUIA MicT
TP-3200 Ne 6 (puc. 3);

e) ITEOM.

METPOJIOTTYHI XAPAKTEPUCTUKHU ETAJIOHA

Jliama3oH 3HayeHb TEMIIEPATypH, B AKOMY YAOCKO-
HaJleHWt BTOPUHHWIA eTaj0H BiiITBOPIOE OAUHNITIO BUMI-
p1OBaHb, CTAHOBUTDH Bif 234,3156 po 1357,77 K. Eranon
3abe3meyye BiTBOPEHHA OAUHUII BUMIpiOBaHHA i3 Cy-
MapHUM CepefHiM KBajpaTUYHWUM BiLXWIOM pe3yibra-
Ty BUMiptoBaHHA Bif 0,0005 1o 0,005 K 3a 30 He3anex-
HUX CIIOCTepEXeHb.

HeBusHaueHicTb BUMIpIOBaHb CKilafae:

* mumy A u, — Big 0,00002 mo 0,003 K;

* tuny B uz — Big 0,00006 no 0,004 K;

* CcyMapHa CTaHZApTHAa HEBU3HAYeHicTb U, —
Big 0,00007 mo 0,005 K;

* poslumpeHa HeBu3HaueHicTb U 3 koediuieHTom
OXOIUJIeHHA K = 2 Ta J0Bipyoto iiMoBipHicTio P = 0,95 —
Bizg 0,001 mo 0,01 K.

HayxoBo-TexHiuHWi piBeHb eTanoHa BiamoBizae cy-
YaCHUM [IOCATHEHHAM PO3BUTKY HallioHaNbHOI Ta CBiTO-
BOI Hayku 1 TexHiku.

3a CBOIMW METPONOTIYHUMM 1 TeXHIYHUMU XapaKTe-
DPUCTUKAMU €TaJIOH He IOCTYIIAEThCs KPaluM 3apyoix-
HUM aHaJloTaM.

METPOJIOTTYHI XAPAKTEPMCTUKU

CKIAZOBUX YACTHH ETAJIOHA

Merponoriuti xapaKTepUCTUKU CKNA0BUX YACTUH
eTajloHa HaBeleHO y Tabnuuax 1—a4.

[lepenaBaHHA pO3MIpYy OZMHWLI TemIepaTypu
Bi, BTODUHHOTO eTajoHa [0 PO6OYMX ETaNOHIB Ta
mpeuusinaux po6ounx 3acobiB BUMIpiOBaHb TeMIlepa-

TYPU BUKOHYETbLCSA METOAAMM IIPAMUX BUMIpIOBaHb, 6e3-
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Tabnuys 1. MemponoeiuHi xapakmepucmuku amny

Table 1. Metrological characteristics vials

3HayeHHA XapaKTePUCTUKN

= = = B g 9 =gy = g =
= = x e} fari o o o o
2 sog | eSg| 2% | 25 | 23 | 285 | &8 | g
o R X =9 8 5 D o D o L o1 Dy o' S
'8 n SN @A BN & B o g= gE= El= £ o &
SEEEVEREN | m ) | By | SR | EE g9 g9 ds | EE § =
reprenecn | B S | BSR | BSR [ == s = s = == =7 =X
s E o S;é 55 & O =3 53 5 §.§ 5o
5% | 535 | 25| &3 | 2T | R | PR EE% i
5 s> | B8 | B5 | E2 | Eg | £ | E5 53
= = = s = E = 5 g = § 5 E
s & e R 55 55 25 | 3 2
Pemepna tem- | 234,3156 K| 273,16 K | 273,16 K | 302,9146 K | 429,7485 K | 505,078 K | 692,677 K | 933,473 K | 1357,77 K
neparypa
Yucrora 99,9999 % 99,99999 % [ 99,9999 % | 99,9999 % | 99,9999 % | 99,9999 % | 99,9999 %
MeTany
Posurmpena 0,00022 K | 0,0001 K | 0,0001 K | 0,00025 K | 0,00065 K | 0,0006 K 0,001 K 0,002 K 0,006 K
HeBU3Have-
HIiCTb 3 KO-
edinienTom
OXOIUIEHHA
K =2 Ta jo-
Bipyot0 #iMO-
BipHicTio P =
0,95, He 6inb-
u1a 3a
[JliameTp BHyT 10 mm 12 mm 12 mm 10 mm 10 mm 10 mm 10 mm 8 MM 8 MM
piursboro ka-
Hany
[nu6una 250 MM 200 mm 200 200 mm 200 mm 200 mm 200 MM
MeTany
Innbuxa 300 MM 300 MM
BOZM

Tabnuys 2. MemponoziuHi xapakmepucmuxku anapamis

Table 2. Metrological characteristics of devices

3HaueHHA XapaKTePUCTUKU

amapar ans

HasBa

XapaKTEPUCTUKN

amapar ans
peanisauii
Ta MiATPUMAHHA
TOYKU
T1aBJIEHHA
ranito 17402B
Ne 341366/3

amapar s
peanisauii peanisauii

Ta MATPUMAHHA | Ta MIATPUMaHHA

MOTpPiNHOI TOYKM | mOTPiNHOI TOUKN

pryri Hidra 798 Bogm 18233

M Ne 341366/1 Ne 341366/2

amapar ans peanisauii
Ta MiATPUMAHHA
TOYKU
3aTBepAiHHA
inpito, onosa
Ta UMHKY 17703
Ne 341366/4

amapar ans
peanisauii
Ta MiATPUMaHHA
TOUKU
3aTBepAiHHA
anoMiHio Ta mipi
465 Ne 341366/5

Jiamason Big 233 Bip 272 Big 302 Bip 425 Big 925
TeMIlepaTypu 1o 235 K no 274 K 1o 304 K 1o 670 K 1o 1345 K
Posumpena 02K 01K 02K 05K 05K
HEBU3HAYEHICTb

3 KoeilieHToM

OXOTIIEHHA

K = 2 Ta #oBipuoio

iMoBipHicTi0 P = 0,95,

He Ginbira 3a

Yac mipTpuMaHHa Bip 4 rop. Big 2 ni6 Big 8 rop. Big 8 rop. Bip 8 rop.
perepHoi TOYKMn no 20 rop. 1o 20 ni6 no 20 rop. no 20 rop. no 20 rop.

22




1°2017 « METPOJIOIIS TA [IPUJIALN + ISSN 2307-2180

ETAJIOHHA BA3A

Tabnuys 3. MemponoeiuHi xapaxmepucmuxu mepmomempis

Table 3. Metrological characteristics thermometers

3HaueHHA XapaKTePUCTUKU

HasBa xapakTepucTuku

TEPMOMETD OIIOPY .
TEPMOMETD OIOPY IIATUHOBUMN

IJIATUHOBUI eTalloHHOUW 670

etanoHuuit BTC

[liana3oH mepeTBOPEHHS TeMIlepaTypu

SQ Ne 67050/172

Bip 234,3156
100 933,473 K

Bip 692,677
no 1357,77 K

P =095

CepenHit KBafpaTUYHWUN BILXWJl Pe3ylbTATy Bizm 0,0005 Bim 0,005
3BipeHb 3 JiepXKaBHUM IIePBUHHUM €TajloHOM zo 0,005 K 1o 0,03 K
Po3uvpeHa HeBU3HavYeHicTb 3 KoedinieHTOM Big 0,0002 Big 0,05
OXOIUIEHHA K = 2 Ta [0BipYO0i0 MMOBIpHICTIO o 0,01 K no 0,1 K

Tabnuys 4. Xapakmepucmuku 6a2amoyHKYIOHANbHO20 mepMmomempuuHo2o mocmy TP-3200 Ne 6

Table 4. Features multi thermometric bridge number TP-3200 6

3HayeHHA
HasBa xapakTepucTuku
XapaKTePUCTUKUN

[liama3oH BUMiptOBaHb €l1E€KTPUYHOTO OIOPY

Bip 0,0005 Om
10 3400 Om

Tpannui pomycTumoi abGcontoTHOI MOXUOKU BUMIpIOBaHb
eJ1IeKTPUYHOro omopy B Aiamasoxi Big 0,01 Om zo 100 Om

+ 0,00001...0,00015) Om

[liHa HaMMeHWOT0 PO3pPARY

0,00001

II0CEpPeHbOTO 3BipEeHHA Ta I'PAZyl0BAHHsA B PEllepHUX
TOUKaxX TeMIIepaTypu.

IIna Bu3HaueHHA GyHKUIl BigxuneHHa Tepmore-
peTBopioBava omopy Bip craHpaptHoi dyukuii MTII-
90 IPOBOAATL BUMIpIOBAHHA WOTO OMOPY 3a ABOKPAT-
Hoi peanisauii pemeprux touok Hg, H,0, Sn, Zn, Al.
3a KOoXHOTO BUMiptoBaHHA IpoBoaAaTb 10 Bipnikis.
BusHnavaioTbh cepenHi 3HaueHHsA. BumipioBaHHsA mpoBo-
IATb V Takin mocniposHocrti: Al, H,0, Zn, H,0, Sn, H,0,
Ga, H,0, Hg, H,0.

dyHKLiA BigxwieHHA TEepPMOIIEPETBOPiOBAYa OIOPY,
o ToBipseTbca, B Aiamasoni Big 0 °C po 660,323 °C
Bip cranpaprHol dyukuii MTII-90 mae Buz:

AW(T) = a[W(T)-1]+b[W (T)-1]" +
+e[w () -1], (1)

ne AW (T) — BifxwieHHA BiHOCHOTO OIOPY TepMoIe-
peTBOplOBava OMOPY, 110 MOBiPAETbCSA, Bif, CTAaHAAPTHOL
Gbyukuii MTII-90 3a remmeparypu T; W(T) — BigHOC-
HUii OIip TepMONEPeTBOPIOBAYA OIOPY, 110 MOBIPAETH-
cs, 3a Temneparypu 7; a, b, ¢ — xoedinienTy, mo pos-
DaxOBYIOTbCA 33 PE3y/bTaTaMU IPAfyIOBAHHA B PeIep-
HUX Toukax Al, Zn Ta Sn.

OyHKuia BigXWIEHHA TepMoIlepeTBOplOBava OIO-
Py, o TMOBipseTbcs, B Aiamas3oHi Bipg MiHyc 38,8344

1o 29,7646 °C Bip cranpapThoi byxkuii MTII-90 mae
BUL:

AW =a[W (@) -1]+b[W (D=1,  (2)
ne AW(T) — BipxwneHHA BifHOCHOTO OMOpPY Tep-
MOIlepeTBOpOBavYa OMOPY BiZ cTaHAapTHOI GyHKuii
MTII-90 3a Temneparypu 7; W(T') — BigHOCHWIA OTip
TEPMOIEPETBOPIOBAYA OIMOPY, 110 MOBIPAETHCS, 3@ TEM-
nmeparypu 7; a, b — KoediuieHTH, W0 PO3PaXOBYIOTb-
s 32 pe3y/braTaMu IPaflyloBaHHA B PElePHUX TOUKAX
Hg Ta Ga.

dynkuia  Bigxunensa
Ya OMopy, 10 NMOBipA€ETbCA, B AiamasoHi Bin 419,527
no 1084,62 °C Bip cranpaprHoi ¢yxkuii MTII-90 mae
BUL:

TEPMOTIEPETBOPIOBA-

AW(T) = a[W(T)-1]+b[W (T)-1], 3)
ne AW(T) — BinxwieHHA BiHOCHOTO OIOPY TepMoIe-
peTBOpIOBaYa OMOPY, 10 MOBIPAETbCA, Bif CTaHAAPTHOI
byukuii MTII-90 3a temmeparypu T; W(T) — BipHOC-
HUIL OTip TepPMOMETpA OIOPY IUIATUHOBOTO, 10 MTOBips-
€TbCA, 32 TeMmneparypu 7; a, b — Koediuientu, mo pos-
PaxXOBYIOTbCA 33 Pe3y/bTaTaMU TPafyioBaHHA B PeIep-
HUX Toukax Zn Ta Cu.

YnockoHaneHHs BTOPUHHOTO €TalloOHA OJUHWI TeM-
neparypu kenbeina BETY 06-05-01-98 mnaxom Loy-
KOMITIEKTYBAHHA aMITy/laMW 3aTBEPLiHHA antoMiHito
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Ta Migi, moTpiHOi TOYKW PTYTI Ta amaparyporw s
ix BigTBOpPEHHA A03BOAUTb AII «YKpMeTpTeCTCTaHAAPTY
mepefiaBaT posMip OAMHUL TeMmmepatrypu poboumum
eTajoHaM Ta po6ouuM 3acob6am BUMIpIOBaNbLHOI TeX-

Hiku mipBumeroi Touxocti 3a ICTY 3742 y 6inbur mim-

POKOMY [iamasoHi 3 JOCTATHLOW TOYHICTIO, MO CIIPUA-
TUMe TEeXHIYHOMY IPOrpecy, PO3BUTKY HayKW, 0XOPO-
HU 3L0POB' TOLO.
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Po32ns0armecs numarHsa 3abe3nedeHHs EOHOCMI ONMUYHUX
8uUMiptosaHb 8 biomeduyHux npunadax. 06208opeHo ocobausocmi
po3pobrieHHs MeMOOUK 8UKOHAHHS BUMIPIOBAHb MA NPOBeOeHHs

Memposo2iyHoi amecmayii, 8U20mMo8aeHHA Ma Memposo2iYHoOI

amecmavyii mip, po3paxyHoK KanibpyeaneHoi 3anexHocmi, i ece

ye 3 ypaxy8aHHAM 8UMO2 HOPMAMUBHO-MeXHIYHOI doKyMmeHmauii

3 Mmemponoeii'y chepi onmuyHUX BUMIPIOBAH®.

In this article deals with assurance of uniformity of optical
measurements used in biomedical measuring instruments.
Computer refractometric analyzer «<PLAZMONTEST» is designed to
determine the composition and properties of substances-analytes
through the registration the angle of minimum intensity of reflection
in conditions of surface plasmon resonance in monochrome light in
visible spectrum from the sensor substrate. Non-invasive computer

photogammetry (portable) OTHK(I1)1-01 is designed to measure the
concentration of the total hemoglobin in the blood vessels of the
microcirculatory bloodstream of human biological tissues or other
living organism. Computer four-channel photoplethysmograph
(portable) ®IK(M)4 is designed for diagnostics and point registration
changes absorbance region of interest of the body. Meter of optical
power IT 1703S is designed to measure optical power in optical
fibers, optical components of intelligent sensors and optical fiber
transmission system. The features of the development of measurement
procedures and metrological certification of biomedical measuring
instruments, manufacturing measures and metrological certification
of measures, the calculation of the calibration dependence are
considered, and all of this is with account for the requirements of
Normative Technical Documentation in the field of metrology in the
field of optical measurements.

Knioyoei cnoea: sumipiosay onmuyHoi NnomyxHocmi, MemposioziyHa amecmayis, onmuyHul amexioamop, pecppakmomemp, pomozemomemp,

omonnemusmoepacp.

Key words:, meter of optical power, metrological certification, optical attenuator, refractometer, fotohemometr, photoplethysmograph.

71 BIIPOBaZXKeHHs HeIHBa3sWBHUX NPWIALIB Y Me-
nnwmy MPaKTUKY UM inmy chepy nmorpibHo BUpI-
LWIWTWU PAR TTUTaHb METPOJloTiuHoi aTectauii (MA) mpu-
Nafy AK 3acob6y BUMipoBanbHOI TeXHiKM, 30KpeMa pos-
pPo6NeHHA METOLUK BUKOHAHHA BUMipioBaHb, BUTOTOB-
JIeHHA Ta MeTposoriyHoi arecrauii mip, mpoBepeHHA
MeTpOoJIOTiuHoi aTecTalii mpunaais, po3paxyHKy Kanib-
PYBJIbHOI 3aJ1€XKHOCTI, — 1 yce e 3 YpaxyBaHHAM BU-
MOT HOPMATUBHO-TeXHIUHOI foKyMeHTalii 3 MeTponorii
y cbepi OMTUYHUX BUMIipIOBaHb.

AHAJII3ATOP PE@PAKTOMETPUYHUN

KOMI'IOTEPHUY «IIJIASMOHTECT»

Ananizatop pedpakTOMETPUYHWI KOMITIOTEPHWIA
«IInasmoxTect» (pedbpakToMeTp) MpU3HAUEHUNR ANA
BU3HAYEHHA CKJIAAY 1 BJACTUBOCTEN PEUOBUH-aHANITIB
3a I0IIOMOT010 peecTpalii KyTa MiHiMyMy iHTEHCUBHOC-
Ti BifOWTTA 32 YMOB IIOBEPXHEBOTO IIa3MOHHOI'0 Pe30-
Hatcy (IIIIP) y MOHOXPOMHOMY CBiTNi BUAMMOTO fia-
TIa30HY Bif, CEHCOPHOI MAKNAAUHKY, AKUIA BU3HAYAETb-
Csl OIITUYHUMW BJIACTUBOCTAMU TOHKUX HAaHOPO3MipHUX

© Xopaxoscbkuit M., Bymauk M., Jle6enesa T., Ununsoswit 1., Mepxsuncokuit 11, Jertspyk B., Puxenko T., Tumomenko fI., Tpumenko JI., Pacuekraesa A., Timodees €., 2017
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1I1apiB piguHu, IPUIErIUX [0 MiAKNAAUHKY, Ta 3MiHaMU
X BACTUBOCTEl, 3YMOBIEHUMU BIAUBOM (i3NUHUX
YWHHUKIB, XIMiUHUX Ta 6i0XIMIYHUX B3aEMOAiN Mone-
Ky pifiuHU 1 CEHCOPHOI IMiAKNAAUHKY, Ta 3alUCOM [ia-
HUX Y MaM'AThb KOMITI0TEpa 3 MOZAAJILUIUM OIpalloBaH-
HAM pe3y/bTaTiB BUMipOBAHHA 1 Bidyanisauieto y unog-
poBiii Ta rpadivHii hopMax, y TOMy YUCHi B peasbHOMY
yaci 3a foCnimKeHHsA HecTalioHapHUX ITPOliecis.

3ripo 3 knacudikaropom €CKJ axanizarop ped-
PaKTOMETPUUHUN KOMIT'toTepHUiL «IlnasmoHTecT» Bif-
HOCUTBCA 10 KJacy 3aco6iB BUMIpIOBAHHA €1€KTPUIHUK
Ta MATHITHWUX BEAWYUH, 10HI3YIOUWUX BUIIPOMIHIOBAHb,
3acob6iB iHTpockomii, BU3HAYeHHA cKknapy i disuko-
XiMIYHWX BJIACTMBOCTEN pisuH; miaknacy 3aco6iB Bu-
3HAYEHHs CKJIAly i BNACTUBOCTE PigWH; TPyIu aHani-
3aTOpPiB Ta MEPeTBOPIOBAYIB CKJaAy i BIACTUBOCTE pi-
IVH ONTUYHWX; MiAIPYIIU aHaji3aTopiB OMTUYHUX; BU-
Iy pebpakTOMEeTPUYHUX.

Moro 6ynoBa Ta MpUHLMI PO6OTH Taki: 36ixHMii
IIPOMiHb P-TIOAAPU30BAHOTO MOHOXPOMATUYHOIO CBIT-
7a BinbUBAETLCA Biz rpaHULi PO3Ainy MOBEpXHI MNiBKM
30J10Ta — HAaBKOJNUWIHLOTO cepeposua. 3a ymos IIIIP
Ha KpWBI BiOUTTA CIOCTEPIraeTbcs MiTKUI MiHIMyM,
TTOJI0XKEHHA AKOTO 3aJIeXUTb Bif TOKA3HWKA 3a/10MeH-
HA cepepnoBuwa. laHi 3 po3moziny iHTeHCUBHOCTI Bif-
6uToro ceitna 3a Kyrom 3umtyioTbca 3 I13C-niniitku
2048 mikcenis. Ilporpamie 3abe3mneyeHHs aBTOMATUY-
HO apPoOKCUMYE MiHIMYM KPWUBOIO 2-TO MOPALKY Ta PO3-
PaX0OBYE KYTOBE ITOJIOXEHHS MiHIMYMY.

YV mpwnapi 3acTOCOBAHO CBITJIOAION 3 LOBXUHOW

Cepefosue, Wo
AOCTIZKYETBCS

-n - TnazMoHoNIATDHHYIOUA NNiBka

CetcopHa nigrnagka, — ~_ r (50 Hm Au)

Inepciitna pigiHa

- ' T I'I_puama
nonap:samp "'/ \"Q _‘ niifica

A

CeTnogion /
) (o

Puc. 1. OnmuuHa cxema peppakmomempa
Fig. 1. Optical schematic of the refractometer

[xepeno | Ontnyna cuctema 3 [eTekTopHa
BUNPOMIHIOBaHHS CEHCOPHUM Yinom MN33-ninika
‘ || al
| IHTepdeiic Mikponpouecopruin |
<MK RS 232 moaynb AUn

i

3acobn
KepyBaHHs

5B Tpacpiunmit

Brok XuBnexHs .
avcnnent

—+9 B

Puc. 2. Bnok-cxema npunady
Fig. 2. Block diagram of the refractometer
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Puc. 3. 3aeanvHull Bud pegppakmomempa
«IInazmormecm»

Fig. 3. General view of the refractometer «Plazmontest»

xBUni 670 HM, MOAAPWU3ATOP, ONTUYHY NPU3MY 3 KY-
TOM 63,5 Tpajycu, CEHCOPHI MiAKNaAUHKW 3 IUA3MO-
HOTIATPUMYBAJIbHO0 IiBKO10 30J10TA TOBIUHOMW 50 HM,
dboTonionny I13C-nininKy Ta cucteMy nixs, axi 3abesre-
Yyl0Th 361KHICTL IIPOMEHs Ha CEHCOPHIN MmipknaguHui
Ta oro po36iXHicTb 0 HeobXifHOro po3mipy Ha ni-
Hityi (puc. 1). [ina 3abesmevenHs crabinbHOCTi TeM-
meparypu po 0,1 °C mip vyac mpoBepeHHA AOCHimKeHb
PO3p06IeHO IPOTOYHY KOMipKY Ha eneMeHTax IlenbTbe
3 paziiaTopaMu MOBITPAHOTO 0X0NOKEHHA. Bnok-cxemy
pedpakromerpa 3 borouyrausoto I133-niniitkolo mpep-
CTaBJIEHO Ha puc. 2.

Ha puc. 3 mopano 306pawenns mpwnapy. Ilicns
BKntoueHHa mpwiagy Ta IIK moTpibxo mnocniposHO
HaTUCHYTW y BikHi mporpamm «IInasmox T» KHOIKU
«IipxntouenHs» Ta «3unTyBanHAY. ¥ BKnaaui «Ipadik»
3'ABUTHCA Bif0OpaXeHHA PO3MOZAiNY iHTeHCUBHOCTI Bif-
6WTOro Bifi MOBEPXHI 30J10TOI MIiBKU CBIiT/IA 32 HMOBXU-
HOW doTompuitManbHoi niHiiku (puc. 4).

[lpoBiBuIM BUMipiOBaHHA, MOTPIOHO BIEBHUTM-
ca, mo GopMa Ta MONOXKEHHA PO3MOLINY € CTaIUMU.
[Iporpama BuBOAWUTL rpadik Ta TabnuuHi paHi Koedi-
LiEHTA 3aJI0MJIEHHA A7 BUMIPIOBAHUX PEYOBUH BifiHOC-
HO BioMoro koedilieHTa 3ajomMnerHa Boau. 3HaueHHA
KoeginieHTiB MOXHa BBECTU B ABHOMY BWUAL V BikHi
«Hanamrrysanna» B nmyHkTi Menio «Koedinient 3anom-
JIeHHA» 260 06YUCANTU HA OCHOBI Habopy piauH i3 Bi-
LOMWUMU KoedilieHTaMn 3a70MaeHHA. 11 1boro v BikHi
«Hanamtysanua» BMWUKAOTb pexum «HanauwrryBaHHA,
a V TOJIOBHOMY BiKHI BUCTaBJAWTb AaHI, OTpUMaHIi
Ha BOAi, Ta HATUCKAOTb KHOMKY «BWUCTaBUTU K-T BO-
ow». Ilicna 1boro y HWXKHIW ITpaBiit YaCTUHI T'OJOBHO-
r0 BiKHA CTAE JOCTYIIHWUM PO37in [0AABAHHA LAHUX LA
BBeZleHHA pedepeHTHUX JaHuX (puc. 4).

3HaueHHsA y Bipikax koedilieHTta 3anomneHHA 06-
yucnoerbes Ak abcumca minimymy IIITP-kpusoi, pani
IporpaMa IMPOIOHYE KOPUCTYBaueBi BBECTU KoediuieHT
3aJ10MJIeHHS JOCNiIKYBaHOI PiAMHU Ta [OLATM L0 TOY-
KV IO PO3DPaxXyHKY.
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Puc. 4. BixHo npoepamu «Ilnasmox T»
3 po30inoM 000aBaHHA OAHUX ONiA BBEOGHHA pehepeHmHUX
daHux
Fig. 4. The window of program «Plasmon T»
with section adding data to input reference data

Jani moTpi6HO MOCNIAOBHO HATUCHYTU Y BiKHi Ipo-
rpaMn kHomku «lIligknioveHHs» Ta «3UUTYBAHHAY.
Y Bknapui «Ipadik» 3'ABUTbCA BinobpaXeHHs po3Mofiny
IHTEHCUBHOCTI Bifi3epKaneHOTO Bif, MOBEpPXHI 30710TOL
IiBKU CBIT/NA 32 LOBXWHOW (GOTOMPUMAIbHOI NiHiii-
Ku. IJo6u BCTAHOBUTU BiAMOBiAHICTb MiX mikcenamu I13C
MaTpuui Ta KyTOBUMW 3HaueHHAMU Minimymy IIIIP, He-
00XifHO 3HAWTW aHANITUYHWUW BUPA3 AN MepefaTKoBoi
kpusoi. IIporpama «IInasmox T» Moxe HabNU3UTU Tepe-
LATKOBY KPUBY IIOJIIHOMOM [0 5-TO CTYIIEHA BKJLIOYHO:

JN) = o+ JiN + oN* + j3N° + uN* + jsNP, - (1)
pe N — BUXiHWIA CUTHAN TpuUnagy.

3a MA BUKOpPUCTAHO Mipu Ha OCHOBI PO3YMHIB ca-
Xapo3u, aTecTOBaHWX Ha BUXiAHOMY eTanoHi Ykpaiknu —
KoMmapaTopi-pedpakTomerpi 1-ro po3pany Lis nepena-
BAHHA OAUHWI TOKA3HUKA 3aJIOMJIEHHA PiIKUX Ta TBep-
IVX PEYOBUH Y BUAUMI yacTuHi criektpa (CKB He 6inb-
e 3a 1x10%°) [1]. V rabnuui 1 HaBeZeHo mapameTpu
aTeCTOBAHUX PobOYUX Mip caxaposu.

Kani6pyBsarns npunany «IInasmoHTeCT» 4j1sl BUKOPUC-
TaHHA 10T0 AK pedpakToMeTpa NPOBOAWIOCA 32 LOIOMO-
TO10 OMUCAHMX BUlEe poboumx Mip. ¥ Tabnuii 2 HaBege-
HO pe3y/ibTaTv KanibpyBaHHA mpunapy «IlnasMoHTecT»
3 aTeCTOBAaHUM 3HAYEHHAM ITOKa3HWKa 3aJlOMJIeHHA Ans
BUITPOMIHIOBAHHSA 3 LOBXUHOW XBuni 589,3 HM [2—3].

3a pesynbraTamu KanibpysaHHA pedpakToMeTpa
3a aTecTOBaHUMWU DPO3YMHAMU Caxapo3u MOOYROBaHO
ceHcoporpamy (puc. 5).

3a pesynbrataMmum MA mo6ynoBaHO KanibpysanbHy
3anexHictb (puc. 6).

3Bifcu MOXHA OTPUMATU IPAfYIOBAIbHY XapaKTepuc-
TUKY pedpaKkToMeTpa fAK 3aJIeXHICTb IOKA3HUKA 3aJ10M-
JIeHHA Bif BUXinHOTO curHany pedpaxromerpa (puc.7).

OTpumaHa aHaniTUYHa 3aJeXHicTb MOKa3HUKa 3a-
JIOMJIEHHA BiJ, BUXILHOTO CUrHany pAnas 3a3HAuYeHOro
pedbpakToMeTpa Mae BUA:

n=510°N + 1,305, (2)
Le n — TOKa3HUK 3aJlOMJIeHHS, 10 BUMiptoeTbes, N —
ycepenHeHe 3HaueHHs abcuucu (y Bignikax) posrta-

Tabnuys. 1. IIapamempu poboqux Mip caxaposu

Table. 1. Parameters working sucrose measures

ArecroBane
3HaueHHA 1,3425 1,3525 1,3624 | 1,3727
mokasHuka |+ 0,0001 |+ 0,0001 |+ 0,0001 [+ 0,0001

3aJ10MJ1eHHA

Tabnuys. 2. 3HaueHHA BUXIOHO20 CUZHANY
pedpaxmomempa (Ha dosxuHi xguni A = 589,3 Hm)

Table. 2. The value of the output signal of
refractometer (wavelength ) = 589,3 nm)
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ITokasuuk
1,3425 | 1,3525 | 1,3624 1,3727
3aJI0MJIEHHA

Ne Buxipnuit curxan peppakromerpa
BUMIpIOBaHHSA (Bipniku)

1 508 920 1086 1243
2 510 924 1087 1242
3 503 921 1089 1246
4 506 923 1090 1247
5 507 925 1091 1245
Cepepnne 507,36 | 923,11 | 1089,03 | 1245,07
3HAYEHH:

T g

Puc. 5. Cencopoepama, ompumara nio vac MA
3a PO3YUHAMU CaxXapo3u

Fig. 5. Sensorohrama obtained when calibrated in sucrose
solution

|+

CHneas npasagy, aikcesis
@
o
a
L]

1,448 1,48 140 LA 1.4

MOKATHAK LAAORAGHNN CRENS

Puc. 6. KanibpysanvHa 3anexHicmsb 3a pesynbmamamu MA

Fig. 6. Calibration dependence based on the results
certification

uryBaHHA MiHimymy IIIIP-kpuBoi pana mesHoi pimgmuu.
[Ina mopanbuMx POGIT eKCIEPUMEHTANbHO aImpo-
00BaHO KOHCTPYKLil [BOKAHANbHOTO INPUNAAY

27




1'2017 « METPOJIOIIS TA [IPUJIALN + ISSN 2307-2180

o €AHICTb BUMIPIOBAHb

1,375
127 y=5E-05¢+ 1,305
1,365 - R
1,36
1,355
135 ¢
1,345
134
1,335 |
1.33
1,325
200 600 200 1000 1200 1400
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A EHrHan ng

Puc.7. IpadyrosanvHa xapaxkmepucmuka peppakmomempa,
ompumaHa 3a pesyasmamamu MA
Ha OCHOBI PO3HUHIB CaXapo3u

Fig. 7. Refractometer calibration characteristics obtained
from the results of metrological certification on the basis
of sucrose solutions

«[Inasmontect-2K» [4]. BukopucranHa foaaTKoBOTO pe-
(bepeHTHOro KaHaly AO3BOJIAE 3MEHLIUTU BIUIUB TEMIIE-
paTypu Ha MOXWUOKY BUMIPIOBaHb, 1110 MOXYTb TPOBOAM-
TUCA TpUBaNUiA uac. [IpoTarom mepiony BUMipioBaHb MoO-
)K€ KOZIUBATUCA TeMITepaTypa PimMHHOI KoMipKu, mxepe-
Jla BUIIPOMIHIOBAHHA Ta IpuiiMava — ¢oronionHol ninii-
ku. HasBHicTb pedepeHTHOTO KaHALY A€ 3MOTY BiZlMOBU-
TUCA Bif TepMocTabinisanii 06'ekTa MPoBeEHHA BUMIpIO-
BaHb, 10 € e(eKTUBHUM 3aCOO0M ITiABUIEHHA TOYHOCTL
Ta YYTAUBOCTI pedpPaKTOPMETPUYHUX Ta HiocEHCOPHUX
nocnigkeHs. [Ina nboro y mpunapi «I[Inasmoxorect — 2K»
VYBeZleHO PYXOMY IIPU3MY, Ha AKil 3aKkpilieHo [BOKa-
Ha/IbHY PigMHHY KOMIpKY BIfHOCHO HEPYXOMUX Kepena
ceitna Ta I13C-niniiikn. IIpusmy 3akpimneHo Ha Hampas-
JIAOUNX JIIHIVHOTO PYXY, BOHA Ma€ e1eKTPOMEeXaHiYHWUI
TIPUBIZ 3 KepyBaHHAM Bif Komm'ioTepa. OnmTuaHWit 610K
IIpunazy HaBe[eHO Ha puUc. 8.

Puc.8. Onmuunuii 610k npunady «IlnasmorHomecm-2K»:
1 - nasep, 2 - pomodiodHa niHilika, 3 — eneKkmpuyHull
0BU2YH, 4 — KIHYesull BUMUKAY, 5 — 0BOKAHANbHA PIOUHHA
KOMIpKQ, 6 —2HY4KI 8BOOU
Fig. 8. The optical unit of the device «Plazmonotest-2K»:
1 - laser, 2 - photodiode line 3 - electric motor, 4 - limit
switch, 5 - two-channel liquid cell,

6 - flexible inputs
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OMA s3acBiguunau, wo mpwunan
«IIna3mMoHTECT» 33 BUKOPUCTAHHA OT0 K pedpakTOMeT-
pa LO3BOJISIE BUMIPIOBATU IIOKA3HWUKU 3aJIOMJIEHHA pifi-
Kux Tin B piamasoxi sig 1,33 mo 1,38 3 abconoTHOW0 IIo-
xn6Koto, He 6inburoto 3a 1-107° (3 BUKOPUCTAHHAM AJiA
Ipafyl0BaHHA aTecToBaHoi Mipu 3 moxubkoio 1-10%),
WO UiKOM MPUWHATHO AJA 6araTbOxX MPAKTUYHUX 3a-
crocyBatb. Ha ocHoBi Takoro 3BT MoxHa CTBOPUTY DAL
npunagis un IITK pisHoro mpusHaueHHs, B Akux ped-
pakTometp Gyzne B6ynosauum 3BT [4], 30kpeMa, ABOKa-
HanbHUN mpunap «IInasmonTtect-2K».

Pesynbratn

BUMIPIOBAY CEPEI[HLOT IIOTYXXKHOCTI

ONTUYHOI'0 BUMPOMIHIOBAHHA IT 1703S

[lpunap po3pobneHo Ans BUMIpIOBAHHA OMTUYHOI
MIOTY)XXHOCTL B ONTUYHOMY BOJIOKHI, ONTUYHWUX KOM-
[IOHEHTAX iHTENeKTYaJlbHUX CEHCOPIB Ta BOJOKOHHO-
OIITWYHUX CUCTEMax TepefaBaHHs iHdopmauii y crek-
TPabHOMY Ziama3oHi Ha (GiKCOBAaHUX LOBXUHAX XBUIb
525, 630 Ta 850 HM.

Ipunyun pobomu ma 6ydosa

Bumorn no piamasoHy BuMipioBaHb NpuUnapy BU-
3HAYAIOThCAA iICTOTHUM AiaMa3oHOM MOTYXHOCTEMN, a ca-
Me, Big 1 po minyc 70 pBm y Bugumomy (A = 523 HM)
Ta indpavepBoHOMY piamasoHax (A = 850 HM). Brnok-
CXeMy IpWiazy HaBeleHO Ha puc. 9.

Po6oTa mpunagy 3abe3mevyeTbes Mpeuusinium me-
PeTBOPIOBAYEM ONTUYHOTO CUTHANLY ceHcopa y ¢oTo-
CTPYM Ta MifcwuiloBayeM 3 JOrapudMiuHO XapaKTe-
pucTukot kKoeodilieHTa mepepaBaHHA. Bingmosipxi Bip-
nikn AIIl-mepeTBOpioBaYa ONMpPalbOBYIOTbCA MiKpo-
KOHTDOJIEPOM 3 BUKOPUCTAHHAM CIUIAiHA 4-TO ITOPAJ-
Ky Ta 3 ypaxyBaHHAM 3aJIeHOCTI YYTAUBOCTI mepe-

i\—\ﬂ W

C__]

.._\ 1
Bisozam r
[ [¥]
=
P, 4 B
13 //_
(<] ]

Puc. 9. Bnok-cxema npunady
1 - pomodemexmop 3 onmuyHuM adanmepom,
2 - PK-iHOuxamop, 3 - c8imno0iooHi iHOuxamopu,
4 — KHONKU KepyBaHHA, 5 — 3a2nywka adanmepa,

6 — micye po3mawlysaxHA naomb, 7 — 3a0HA KPUWKA
npunady, 8 — Kpuwxa sioCiKy eneMeHmis KUBIEeHHA
Fig. 9. Block diagram of the instrument
1 - photodetector with the optical adapter, 2 — LCD
display, 3 - LEDs, 4 - button control, 5 - plug adapter,
6 — the location of seals, 7 — rear cover of the instrument,
8 - the battery cover
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[MUTAHUS
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!

5. Muxpo-
KOHTpOJUIEp

H

6. KnaBuarypa

Puc. 10. PyHkyioHanvHa cxema npunady
Fig. 10. Functional diagram of the instrument

Puc. 11. 3azanvHuitl 8ud npunady
Fig. 11. General view of the instrument

TBOPIOBAaYa ONTUYHOTO CUTHANY Bifi Aiama3oHy XBWIlb.
Pesynvratn BuBOpaTbca Ha PK-picmineit mna inpguka-
uii [5]. ®yHKUioOHaNbHY CXeMy Npwiaay HaBELEHO
Ha puc. 10.

3aranbHui BUA NpWIAny NpeLCcTaBleHo Ha puc. 11.

Ha nuupoBiit maneni mpunapy po3TamoBaHi Taki
kHomku: On/off — BUMKHEHHS/BKIIOUEHHA IPUNALY;
[/] - Bubip HeobXinHOI LOBXKUHN XBUJI ONITUYHOTO BU-
mpoMmiHtoBaHHA, [F] - dyHKLioHanbHA KHOIIKA, MOXe
BUKOHYyBaTW GyHKUil: BipgkniouenHa ¢yHkuii Talimep-
HOTO BUMWKAHHA Ipunany (HeobxipHe mip vac Tpusa-
UX BUMiptoBaHb > 15 xB) Ta dikcyBaHHA Ha iHAauKa-
TOpPi OCTAHHbBOTO IOKa3aHHA Npunany (byukuia Hold).

BumiptoBanHA omTuuHOI mOTyxHOCTI (KoedinieHTa
3aracaHHf) y mpwiazi BUKOHYETHCA B OLUHWUUAX JlOTa-
pudmivHoi BigHOCHOI Benuunmuu — peunbdenax simHoCc-
HO piBHA 1 MBT [pBMm]. ¥V Bumapky BuMipioBaHHA 3ara-
CaHHA B OIITOBOJIOKHI KoedilieHT 3aracaHHA Ha ofu-
HULI0 JOBXWUHU BU3HAYAETLCA AK KoedilieHT 3aracaH-
HA Ha 00paHii moBxuHi xBuni A:

A [OB}
o= — 3)
L,—=1I | xm

ne A — pi3Huiif curHaniB Ha BXOAL Ta BUXOZi OMTOBO-
JI0KHa, /,, [, — NOBXUHW Bifpi3KiB ONTOBONOKHA.

[lokasanHa mpwnany sigo6pawaiTbes Ha PK in-

ovkaropi B nBM. Ingukania obpaxoi poBXWMHM XBWUL
30iCHIOETCA MUTOTIHHAM BifNOBIJHOTO CBiTHNOA4IO-
Ia Ha NuubOoBii maHeni mporarom 10-15 c. Inaukarop

PO3PALY €7IeMEHTIB KWUBJIEHHA PO3TALIOBAHWUW Y BEPX-
HboMy niBomy kyTi PK inpukaropa.

YV mpunapi HasBHA QYHKLiA TaiiMepHOTO BUMMU-
KaHHs, TOOTO CaMOCTiiiHe BifKN0YeHHA pUnaay vepes
15 XB micns OCTAaHHbOTO BUKOPUCTAHHA KaaBiaTypw.
3a 10 ¢ ;0 MOMEHTY BUMMWKAHHSA Bi6YBA€TbCA 3BYKOBA
CUrHanizauis, y 1ei MOMEeHT HaTUCKAaHHAM Ha GyHKIio-
HaJIbHY KHOTIKY F MOXHA IMPU3YIUHUTU BifKIOUeHHA
IpWIany, AKo e HeobXifHo (Hampukiaz, y BUIAZKY,
KOJZU ITPOolleC BUMipIOBaHb HAa MOMEHT TailMEpHOTO Bifi-
KJlOUeHHA He 3aKiHyeHo).

AmeHioamop 3 iKCcoBAHUM 3aMYXAHHAM

Ins bopMyBaHHA 3a[aHOTO PiBHA CUTHANIB y BU-
MipOBaJbHOMY BOJIOKOHHO-OITUYHOMY TPAKTi BUKO-
PUCTOBYETbCA aTeHoaTop 3 (iKcOBAHUM 3aTyXaHHAM
(puc. 12).

MeTa KOHTPONO — MepeBipkKa BEAWYUHU W TOYHOCTI
YCTaHOBNEHHA ONTUYHOI moTyHOCTL. Kpurepiit onitku:
aTEH0aTOP YBAXKAETbCA TAKUM, 110 BUTPUMAB BUIIPOOY-
BAHHA, AKIIO BUMipeHWI piBeHb BIiANOBIZAE 3aracaHHIO
ONTUYHOTO BUIIPOMiHIOBaHHA. J[)Kepeno BUIPOMiHtO-
BaHHA: CBITNOAIOAN 3 MOBXWUHOW0 XBWIL 525 Ta 850 HM.

Puc.12. AmeHioamop 3 QiKCOBAHUM 3aMYXAHHAM:
1 - 0o Oxepena csimna, 2 — Kopnyc, 3 — 8uxid 0o
npunady
Fig. 12. Attenuator with fixed attenuation: 1 — output to
the light source, 2 - housing, 3 — output to the device

ITopadoK BUKOHAHHA KANIOGPYBAHHA

3a [0mIOMOTr010 BUMipOBaYa ONTWYHOI NMOTYXHOCTI
IT 1703S mpoBecTw Bignik piBHA MOTYXHOCTI P, v nBM
Ha BUXOJ] BOJIOKOHHO-OMITUYHOTO Kabenio. [ligknountu
BOJIOKOHHO-OIITUUHUI Kabens [0 BXOZY aTeHi0aTopa,
a [0 BUXOAY aTeHl0aTOpa — BUMipioBa¥ ONMTUYHOI Io-
TYXXHOCTI 1 BUMIpUTU piBeHb HOTYWHOCTI P, vV BBM
Ha BUXOLI aTeHtoaropa 3a HOpMysow:

AD(nb) = P,,(nbm) — P;,(1bm). (4)

V pesynbrari BumipioBanb mif vyac IMA 6yno Bcra-
HOBJIEHO, 1|0 [/ ATEH!0ATOpPa ONTUYHOTO LOBXWUHOW
25 MM 3 dikcoBaHuM ocnabnexHam 13 nBb rpaxuui po-
IyCTUMOI OCHOBHOI IMOXWOKW BCTAHOBJIEHHA ONTUYHO-
ro ocnabjeHHsA Ha [0BXWUHAX XBWIb BUIIPOMIiHIOBAHHSA
525 Ta 850 HM cKknagae + 2 1b.

Amentoamop 31 3MIHHUM 3aMYyXAHHAM

AreHtoaTop i3 3MIHHUM 3aTyXaHHAM IIPeACTaBIIEHO
Ha puc. 13.

[TopoxHiit WITOK 3 BUKOPUCTOBYETbLCA [l IUIABHO-
r0 PEerynloBaHHA 3aracaHHs areHiaropa abo ¢ikcauii
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Puc.13. AmeHioamop 3i 3MIHHUM 3QMYXAHHAM:
1 - suxid do Oxepena csimna, 2 — xopnyc, 3 — WMoK, 4 —
8uxid 0o mecmysanbHO20 npunady

Fig. 13. Attenuator with a variable attenuation:
1 - output of the light source, 2 — housing, 3 - rod,
4 — output to the testing device

B Kopmyci 2 MOTUHANbHOI ONMTUYHOI BCTaBKU AN AUC-
KpPeTHOi 3MiHU BEIMYUHW MOTO 3aracaHHA.

Y pesynbrati BUMiptoBanb y npoueci [MA BcTaHOB-
JIEHO, 0 [J15 aT€H10aTOPa ONITUYHOTO 31 3MiHHWUM 0Cnab-
JIEHHAM LOBXUHOW0 57 MM IpaHWULi AOMYyCTUMOI OCHOB-
HOI MOXU6KU BCTAHOBJEHHA ONTUYHOrO OCNabneHHs
Ha HOBXWHI XBWIL BUITPOMiHIOBaHHA 525 HM CKlafae
+ 2 1B, a Ha posxwuui xBuni 850 um - + 3 1B.

Ana nposedenHa memponoziuHoi

amecmayii npunady Heo6xioHi:

1) crabinbHe mKepena ONTUYHOTO BUIIPOMIHIOBAH-
HA 3 TOTYXHICTIO, He MeHwOW Bix 2 MBT. [lna uboro
BUKOPUCTOBYBanNUCA ManorabaputHi mkepena (1719XX)
3 HeoOXiHUMU ITapaMeTpaMu JOBKUH XBUIDb 1 BUXifHOI
IIOTY)KHOCTL ONITUYHOT'O BUIPOMIHIOBAHHSA;

2) 3pa3KoBUil BUMIpiOBaY cepefHbol MOTYXHOCTI
OIITUYHOTO BUIIPOMIHIOBAHHS, 1110 MPALIOE Y CTIEKTPAlb-
HOMY piamasoHi Bif 523 1o 850 HM Ta B AMHAMIYHOMY
niamasoni Big 0,001 mo 3 MBT, mo 3a6e3meuye moxumob-
Ky BUMiptoBaHb, He 6inbumry 3a 3 %;

3) ONTWYHMIL aTeHATOP i3 NNaBHUM abo cxipyac-
TUM BHECEHUM 3aracaHHAM (KpOk, He 6inbunii 3a 1 nb,
IMHaMmivHwii piamasod — 60 pB). Bnok-cxemy ycraHos-
Ku ana MA HaBepeHO Ha puc. 14.

ITopadok nposedeHHA KanibpysaHHA

Ha dosxuHi xsuni kanibpysanHa 523 Hm:

1) 3'epgHaru mocninosHo onTuYHUMK Kabenamu (OK)
IKEPeso ONTUYHOTO BUITPOMIHIOBAHHA 523 HM, ONITUY-
Hun areHtoatop (OA) i eranoHHMIt BUMIpIOBaY MOTYX-
Hocti (EBII) omTW4HOTO BUIIPOMIHIOBAHHS.

2) 3a ponomorot OA BCTAaHOBUTY piBeHb MOTYKHOC-
Ti ONITUYHOTO BUNpPOMiHiOBaHHA P = — 10,0 nBm.

3) Iepemkuytu OK i3 Bxony EBII no Bxozy mpunany,
w0 mepeBipaeTbea. 3adikcyBaT OTpUMaHI 3HAUEHHS.

4) TloBTOpUTW BUMIpIOBAaHHA 5 pasiB i po3paxysaru
OCHOBHY MOXUOKY MpWIazLy 3a Gopmyioio:

Z(Pi _P()[)/Pm'
A= MTI (5)
e A, — OCHOBHA IOXWOKa TECTOBAHOTO NPWIany
3a piBHA omTuyHOi moTyxHocti 10 pBm; P, — moxa-
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Crenn 1 Crenp s
BUMIPIOBaHHS » BUMIPIOBAaHHS
OITHUYHOTO 3aracaHHs1 OIITUYHOTO 3aracaHHs;
> 40 nb <40 n1b

A
Teneparop PeectpyBasbHuii 6510k
BUIIPOMIHIOBAHHS KanibpyBatbHOro
CTeHza

Puc.14. Bnox-cxema ycmaxosxu ons MA

Fig.14. Block diagram of an apparatus for the
metrological certification

3aHHA TECTOBAHOT'O NMPWIAZY 3a IPOBEJEHHA i-I'0 BU-
IIPOMiHIOBaHHA; P,
i-TO BUIPOMiHtOBaHHA; N — KiNbKiCTb MPOBEAEHUX BU-
MipioBaHb (He MeHua Bif 5).

AnanorivyHo mepeBipKy Hmpwiagy MPOBOAATL HA L0-
BXUHAX XBWIb KanibpysanHA 523 Ta 850 HM, a Takox
3a iHWMX piBHIB MOTYXKHOCTI ONTWUYHOTO BUITPOMiHIO-
BaHHA.

Y pesynbraTi MeTponoriyHoi arectauii nmpunapy mo-
Xnbku He mepesuuysanu + 0,5 nBM. Ile nossonse Bu-
KOPWUCTOBYBATU MOTO LA KanibpyBaHHA mepenaTkoBoi

— mokasaxHa EBII 3a mpoBepeHHA

GbyHKuil reHepyBanbHOro KaHany npunagy. Takun Bu-
MipioBay HeoOXinHWUN i Ons mepeBipku iHBasUBHUX re-
MmornobiHomerpis, 6inipyGiHomeTpiB Ta iHmMx Meaud-
HUX aHani3aropis, mo MpaliowTh y BUAUMOMY Ziama-
30HI BUMIPOMiHIOBaHb.

®0TOTEMOMETP HEIHBA3UBHUN

KOMII'IOTEPHUY (IIOPTATMBHMI)

®THK(IT)1-01

[lpn3navenns QororemomMerpa HeiHBA3UBHOIO
Komm'toreproro (moprarusHoro) ®I'HK(II)1-01 cdop-
MOBaHO Ha OCHOBI BWU3HaueHHA (OTOOKCUIEMOMeE-
Tpa 3rigHo 3 m.2.5.2 [ICTY 2595-94 «Ilpunapn BuMi-
proBajbHI Ta amaparypa GyHKLioHanbHOi piarHocTu-
Kny, po3gin 2 «Ilpunagu pns BUMIpIOBaHHA Iapamer-
PiB CEpPLEBO-CYAUHHOI CUCTEMUY.

3ripHo 3 knacudikaropom ECKJ ®THK(II)1-01 Bipo-
CUTBCA [0 KJlacy MeAWYHOI TeXHiKu; [0 IMiAKaacy KOMI-
JIeKCiB MeAW4HOI TeXHiKu, MpWiaAiB MeguYHUX, amapa-
TiB MEAUYHUX; [0 IPYIIU MIPWIALIB MEUYHUX AnA QYHK-
LioHanbHOI AiarHOCTWMKYW; [0 MiAIPYIU AiarHOCTYBaHHA
3a 6i0MexXaHiYHO aKTWUBHICTIO OPraHiB Ta CUCTEM Opra-
Hi3My; #o Bupy iHmmmx: Kop 941329 (ueit mpunag crocy-
€TbCA CEPLEBO-CYLUHHOI cucTeMm).

dororemomMeTp HeiHBA3UBHUI KOMITIOTEPHWIA IIPU-
3HAYeHWil A7 BUMIPIOBAHHA KOHLeHTpauii 3aranbHoi
KinbKocTi remorno6iHy B KPOBOHOCHUX CYAUHAX MiKpO-
LUPKYIATOPHOTO pycnia 6i0TKaHUH nognHu abo iHuroro
XWBOTO OPraHi3My 3a JOIIOMOTO} MOHOXPOMaTUYHUX
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Puc.15. Bnok-cxema pomozemomempa
1 - 670K XUBNEHHA, 2 — BUHOCHA ONMUYHA 207108Ka, 3 —
Kopnyc ¢omozemomempa, 4 — IIK, 5 — onmuuHi emanoHu
Fig.15. Block diagram of the photogamometer
1 - power supply 2 — remote optical head, 3 - the case of
photogamometer, 4 — personal computer (PC), 5 - optical
standards

mxepen iHdpavepBoHoro (pedepeHTHMIA KaHan) i 3e-
JIeHOT0 (CUTHaNbHUIL KaHal) CIEKTPiB cBiTna Ta omro-
€J1eKTPUYHOTO [IePBUHHOTO ITEPeTBOPIOBAYA V BifOWUTO-
My (audysHO po3ciaHOMY) CBiTZNI, po3MieHNX 3 ofHO-
ro 60Ky MOBEpPXHi Tina noaunn. Brok-cxemy mpunapy
HaBefleHO Ha puc. 15.

OcobnuBicTio HEiHBA3UBHOTO (GOTOrEMOMETPA € BU-
KOPUCTAHHA OMPOMiHIOBaYa 3 ONTUYHO HEMPO30PUMU
CTIHKaMM, KUl CTUKAETLCA 3 ITOBEPXHEN CEPEeLOBUIL,
mo po3citoe. V 11bOMY BUIAKY BUITPOMIHIOBAHHSA, Bifi-
6WTe BHACNILOK BigMiHHOCTI KoedilieHTiB 3a10MNeHHA
OmpoMiHIOBayYa i cepeqoBulLg, 10 PO3Citoe, He MOTpaAI-
nse y boronpuinmay. o 0CTaHHbOTO IOTPAIUIAE NULIE
CKJ1aZl0Ba 3BOPOTHOTO IIOTOKY BUIIPOMIHIOBAHHSA, 3yMOB-
JIeHa PO3CiloBaHHAM GQOTOHIB CTPYKTYPHUMW €JleMeHTa-
MW CepezoBUlLa, 110 PO3Citoe (MONEKYIaMU, ONITUIHUMU
HeopHopigHOCTAMU) [6].

OCHOBHMMW TeXHIYHUMMW NapaMeTpaMu € piama-
30H BUMIpIOBaHUX 3HaueHb KOHLEHTpalil reMornobiny
y TKaHuHi (Big 0,2 Ko 4 r/n) Ta yac HeiHBasinHoro BU-
MiptoBaHHA (Kinbka cekyHz). Ilig vac 3amycky Ha ITIK (4)
mporpamu KepysaHHa GmMsp 2.0.0 aBTOMATU4HO 3a-
mycKaeTbcA Excel 1 B HbOMY BiKpUBa€TbCA Iporpama
(bopMyBaHHA pe3ynbTaTiB BUMiptoBaHb GmProfilel.xls.
30BHIlIHIN BUA MpUNazy MpencTaBaeHo Ha puc. 16.

HassuicTs IIK 3 1ioro 6araTuMu MOXIUBOCTAMU A€
IpWiazy HOBiI AKOCTi, 0CO6IUBO 11070 LUIBUAKOCTI BU-
MipiOBaHHA Ta Bif0OpaKeHHA 3MiHW KPOBOHAIOBHEH-
HA y yaci. Y 1bOMy pexuMi ponb eneKTpoHHOTO 610-
Ka IMOJATae y BWUKOHAHHI KOMaHp, Akl HafXoAATb Bif
[IK. V omeparopa € MOXIWBICTb KEPYBATU OKPEMUMMU
CKJLaZlOBUMW €JIeKTPOHHOTO 6J10Ka 3 METOW0 OTPUMAHHA
ONITMMAJbHOTO pe3ylbTaTy. TaKoX € MOPTAaTUBHWUI Ba-
pianT - dororemomerp 6e3 IIK. ¥ onepaTopa € Moxnu-
BICTb KepyBaTW OKPEMUMMW CKJIA[JOBUMU €JIeKTPOHHOTO
6710Ka 3 METOI0 OTPUMAHHA OITUMAJIbHOTO PEe3yJbTaTy.
Ha puc. 17 nmpepcrasneno 30BHimHIN Bug GoToreMome-
Tpa B MIOPTAaTUBHOMY BapiaHTi.

Bikio mporpamm GmMsp 2.0.0. 306paxeHo
Ha puc. 18. IloAcHUMO 3HAYeHHA OKPEMUX eNleMEeHTiB
1JbOT'O BiKHA.

N*LongPeriod — 11e YnCa0 BU3HAYAE MEPioz Mix Io-
CNifOBHUMW BUMIpIOBAHHAMMU TA YaCTOTy BUMIpIOBAHb.
YacToTa BUMipiOBaHb BUCBITIIOETHCA YV BiKOHLI mOpAp,
3 KHOIKoW “Go”.

HAnCepuu — 3amae KinbKicTb BUMiptoBaHb, 110 BUKO-
HYIOTbCA 32 OfWH Ceaxc.

Kuomka “Go” — 3a ii HaTUCKAHHA B €EKTPOHHUMN
070K TepenanTbca 3HAYEHHA BCIX KoediuiewTtis, aki
33[la10Th PEXWUM BUMiptoBaHb, a B Excel mepepatoTbca
3HayeHHA KoeoiuieHTiB iHnTepmperauii Acoeft, Bcoeft.
EnexTpoHHWN 610K ITOYMHAE BUKOHYBAaTU BUMipioBaH-
HA 1 mepefaBaTi 3HAUEHHA CUTHANIB ¥ KOXHOMY KaHa-
ni uiei mporpamu.

[Iporpama BUCBIT/II0E€ 3HAYEHHA CUTHALIB y BIKOH-
uax, wo B pamui FOFI, y BigmoBigHOCTI L0 LuX 3HaYeHb

Puc.16. 3osHiwHill 8ud npunady (komn'romepHuil
sapiaxm)
Fig. 16. The exterior of the device (computer version)

Puc.17. 3osHiwHil 8u0 pomozemomempa
(8 nopmamusHomy sapiaHmi)
1 - yugpposutl ducnnet, 2 - enekmpoHHUll 610K npunady,
3,4,5 — KHONnKu BUbOpYy pexumy pobomu;
6 — 2onoska, 7 — enexmpokabesnv, 8 — BOJIOKOHO-
onmuyHuil kabenb
Fig.17. The external view of photogamometer

(portable version)

1 - digital display, 2 - electronic module of the
instrument, 3,4,5 — buttons of selection of work mode;
6 — measuring head, 7 — power cable,

8 - fiber optic cable
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Puc.18. BikHo npoepamu GmMsp 2.0.0
Fig. 18. The window of program GmMsp 2.0.0

3MiHIOE BUCOTY CTOBMYMKIB i 06YWCI0E pe3yibTar.
Pesynbrar BUCBiTNOETLCA Y BiKOHLI Result Ta 3amucy-
€TbCA V BipmosigHui daiin.

dopmyna oTpUMaHHA BENWUMHU KOHLeEHTpauii re-
MOrno6iHy B KpoBi y I'/n BU3HAYAETbCA NiHiWHOW 3a-
JIEXHICTI0 PiBHA BUMIPIOBALIbHOTO CUTHANY Bifi KOHLEH-
Tpauii remornobiny (Hg) i obuncnioeTses y BURI:

Cy = a*(lg N,/N, -b), (5)
Ie a — KoedilieHT, 3yMOBNEHWI TIEPELATKOBOW (QYHK-
11i€10 OIITOEIEKTPOHHOTO BUMIPIOBAZILHOTO KaHaly Ta 06-
PaHUMU OAMHULAMU BUMIPIOBaHb; b — KoedillieHT, AKuil
BU3HAYAETLCA PO30anaHCcoM KoedillieHTiB mepenaBaHHs
BWUMIpIOBJILHOTO 1 OMOPHOTO KaHanis; N, — Bianik Bu-
MipIOBaJIbHOTO KaHany; N, — Bifjlik OMIOPHOTO KaHany.
dopmyna Ans BUXIZHOIO CUTHANY IeMOMETpa Mae
BUL:
R=10Ig P,,,/P,, (6)

Amecmayia mip (po3uuHis)

[IpuUroTyBaHHA PO3UUHIB: ANA OTPUMAHHA PiIKUX
Kanibparopi remornobiHy BUKOPUCTAHO CTAHAAPT Te-
Mornobiny y Bugpi mpemapary «Para 12 Extend» cip-
Mu «Streck».

Puc.19. Buo 5-mu piduHHUX Krosem
0N KanibpoBaHux po3uuHis 2emoesnobiHy:
1-5 - Kwosemu, 6 — mpumay Kwsem, 7 — mpumad
ONMUYHOI 20/108KU, 8 — ONMUYHA 20J108KQ,
9 - naacmuHa
Fig. 19. The view of 5 measuring cells for calibration
solution of hemoglobin: 1 - 5 — measuring cell,
6 — cell holder, 7 - holder of the optical head,
8 — the optical head, 9 - plate
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Bugn 5-Tu pigMHHMX KiOBET AnA KanibpoBaHUX po3-
YuHiB remornobiny HaBezeHo Ha puc. 19. Byno Bu-
KOPUCTAHO KOHLeHTpauii remornobiny: 0,25; 0,5; 1,0;
1,5 r/n. Bona neioxisoBana, mapku JUC, TY V 24.5-
33320366-006:2011 Bip 08.04.2011.

Po3paxyHox peazeHmis

0712 Npu20mMyBaHHA KAnibposaHUX po34UHIB

Ins xanibpyBatHa moTpibeH fiama3oH KOHLEHTpa-
uiit Big 0,5 no 1,5 r/n. Takuii fianasoH Bigmosifae pia-
Ma30Hy KOHleHTpalii remornobiny ans 6ioTkaHwuHU
3am'acTa MoAuHWU. [INA MPUrOTYBaHHA KanibpoBaHux
PO3UUHIB BUKOPUCTOBYEMO GOPMYAY:

Ver - Vear Caaw Cons (7)
ne V., - 06'eM CTaHAAPTHOTO PO3UUHY remornobi-
HY, Vian — 00'eM kanibpoBanoro po3unHy (poboumit
o6'em kiwoBetn), Cy,, — oro KoHuenrpayis, C,, — KOH-
1]eHTpalif CTAHAAPTHOTO PO3UUHY IeMOriobiny.

MoTpibHuit 06'eM auctunbosaxoi (peioxizosaroi)
Bopu B 06'emi po3unny 2 mn V., Bu3Havaemo 3a Gop-
MyJ1010:

Vines = Veas Ver (8)

Memoduxa kanibpysaHHa ma cmeHo

lIns xani6pysaunsa mpunany (dororemomerpa) BU-
KOpucTaHo 5 pigmHHUX KioBeT (puc. 19). Ha puc. 20 na-
BeZleHO 6J10K-CXeMy KaniGpyBanibHOTO CTEHZA.

KioBetnt (1 — 5) BUrOTOBNEHO 3 OPraHiYHOTO MIPO30-
poro TexuivyHoro ckna mapku TOCII srigwo 3 TV 2216-
271-05757593-2001. Po3mipu kioBeTn 10 x 10 X 25 MM,
TOBLIMHA CTiHKM 1 MM, po60umit 06'eM KOXHOI 3 I'ATU
KioBeT cknapae 2 M. IInacruna — Tpumay (9) BuKopuc-
TOBYETbCA A cTabinizauii Binburra citna ceitnopio-
Ia Bij reMornobiHy B 3paskax CTAHAAPTY reMoriobiy.

Jina sumiprosaus nid uac KanibpysaHHa

BUKOPUCMAHO MAKY MEemoouxy:

1) BcraHoBuTM HaBIpoTM KioBeTu N°l1, po3mimeHoi
Ha KanibpyBa/ibHOMY CTEHJi, TPUMAY 3 ONTUYHOW IO-
JI0BKOO TTpUnazgy.

2) VBIMKHYTW Npunaj, HAaTUCKAHHAM KnaBimi 3.
IToTiM mMopaeMo Ha ONTUYHUI A0 ONTUYHOI TOJOB-
KW curHan y Bugi senexoro (523 HM) Ta iHdpauep-
BoHOro (850 HM) CBITNOBMX MOTOKiB. 3a LOTMOMOTO0

KroBera 3 koHTpOIBHUMU
3pa3KaMu KpoBi «Para 12 MK
Extendy Gipmu «Streck

A A

OnTHYHA TOJI0BKA
31 CBITJIIOI0IOM Ta
(dboronpuiimauem

Enextponnuii
60K mpHIaLy

\ 4

Puc.20. Bnok-cxema xanibpysanbHo2o cmeHOa
Fig.20. The block diagram of the calibration bench
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Tabnuysa 3. BuxioHulli cuzHan 3eneHo2o cs8imnodiooa,
gionixis (A = 523 Hm)

Table 3. The output signal of the green LED, readings
(A =523 Hm)

Konnenrpauis
==L
Ne Buxipuuit curxan seneHoro
BUMipI0OBaHHA cBiTNOmiona, Bimnikis
1 15959 | 6276 1288 524
2 16054 | 6539 1305 481
3 17272 | 6714 1400 491
4 16639 | 6321 1473 746
5 16883 | 6474 1213 768
Cepente 16561,96| 6464,99 | 1276,36 | 602,13
3HAUEeHHA

Tabnuys 4. BuxioHutl cueHan iHpavepsoHo20
csimnoodioda, 8ionikig (L = 940 HMm)

Table 4. The output signal of the infrared LED,
readings (A = 940 Hm)

Konnenrpauis
==
Ne Buxiguuit curnan I49-ceitnopiona,
BUMip1OBAHHA Bignikis
1 1808 1429 1083 1016
2 1824 1514 1073 979
3 1904 1525 1091 979
4 1870 1471 1100 1092
5 1878 1484 1072 1098
Cepepnne 1857,17|1484,84(1083,92|1032,79
3HAUeHHA

Tabnuys 5. BioHoweHHs cueHanis R = 10lg P,,,/ P;,
Table 5. The ratio of the signals R = 10lg Pyen /' Pinfrarea

KonuenTpanin
=TT
Ne BigHourenHa curxHanis
BUMIPIOBaHHA R =10lg P..,/P;,
1 8,8225 | 4,3919 | 1,1893 | 0,5157
2 8,7972 | 4,3162 | 1,2171 | 0,4913
3 9,0666 | 4,4026 | 1,2841 | 0,5015
4 8,8979 | 4,2971 | 1,3391 | 0,6831
5 8,9904 | 4,3625 | 0,8526 | 0,6994
Cepenne 8,9212 | 4,3508 | 1,1807 | 0,5804
3HAUeHHA

borompuitMaya Tiel X OMTUYHOI T'OJIOBKU PEECTPYEMO
BifmoBigHi BUXiOHI CUTHaNM 3a3HAYEHUX BUllle 3ejle-
HOTO Ta iH(ppauepBOHOrO MOTOKIB.

3) Ilicna HaTUCKaHHA KHOIKU 3 i mepexopy B pe-
UM «OLHOKPATHO» HATUCHYTW KHOIKY 4 (mepexin).
[Ipu ubomy mpunaz 6yzme 3amporpamoBaHo i pobo-
TU V BUOPAHOMY PeXuMi, a Ha Tabno BUCBITUTbCA Ha-
muc «BbararoxpaTHo».

4) 3a HAaTUCKAHHA KHOIIKU 3 Ipuiaf mepeiie y cTaH
«ToToBO».

OTpuMaHi pe3ysibTaTv BUMipIOBaHb ITif, Yac AepaBHOI
aTecralii hoToreMoMeTpa HaBeAeHo B TaONWUUAX 3, 4 Ta 5.

Bynyemo kani6pyBanbHy KPUBY 3a/€XHOCTI BUXifA-
HOTO CUTHajy IpUaay Bif KOHLEHTpaliil reMornobiny
B CTQHAAPTHUX 3paskax (puc. 21).

['papytoBanbHy KPUBY Pe3ybTaTiB BUMIpIOBaHb ITif,
Yyac fepxaBHOI aTecTauii HaBe#eHO Ha puc. 22.

Ampokcumanis rpapyloBanbHoi XapaKTepPUCTUKU
tboToremMomeTpa 3 BUCOKOI0 TouHicTio (R? = 0,9772) Mae
BUJ, 3aJ1€XHOCTI:

C [e/n]= -0,1034R [0F] + 1,1864. (9)
12
10 =
2 s
g6 :
(=
3 4
(=
S 2
£ *
5 0 T T T
20 0,5 1 15 >
-4
KoHueHTpauis remorno6iny, rin
Puc. 21. KanibpysanvHa 3anexHicms pomozemomempa

@THK(I)-1-01
Fig. 21. Calibration curve of the dependency of
photogamometer ®T'HK(II)-1-01
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Puc. 22. I'padywsanvHa Kpusa omozemomempa
3a pesynvmamamu MA

Fig. 22. The gradually curve of measuring results
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BucHosoxk: y pesynbrati MA BU3HaueHO Ziama3oH
KoHueHTpauint (0,25 - 1,5) r/n Ta rpaHuni BigHOCHOI
OXU6KU BUMipioBaHb + 13 %.

®OTOIIETU3MOTPA® YOTUPEOXKAHANIbHUM

KOMIT'IOTEPHUH (IIOPTATMBHMI)

OIK(IT) 4

3ripo 3 m.2.2.4 [ICTY 2595-94 mpunag € ¢oTomne-
TU3MOrpadoM - INeTU3MOBa30-rpagoM, BUMIpIOBAHHA
B AKOMY 37iliCHIOETBCA 32 3MiHOW0 ONTUYHOI I'yCTUHU
LOCTiZKYBaNbHOI AiNAHKW Tina abo AOCHifXyBanbHO-
TO OpraHy.

3ripo 3 knacudikaropom ECKI doTomnernsmo-
rpad 7pBOKaHalIbHUW KOMITIOTEDHWIl (IIOPTATUBHUM)
OIIK (II)2-01 BipHOCUTbCA LO Klacy MeauyHOI TexHi-
KW; [0 TiAKnacy KOMIUIEKCIB MeAUvYHOI TeXHiku, mpu-
7afiiB MeAUYHUX, allapaTiB MEeAWYHWUX; L0 TPYIU IIpu-
NafiB MeauuHuX ans QyHKUioHaNbHOI AiarHOCTUKY;
10 MArpYyIW AiarHOCTYBaHHA 3a GioMeXaHiyHOW ak-
TUBHICTIO OPraHiB Ta CUCTEM OPraHi3My; 0 BUAY iH-
uux: Kop 941329 (ueit mpwnaz CTOCYETbCA CeplieBo-
CYAMHHOI cUCTeMM).

VYpaxoByloun crmeuudiky CTBOPEHOTO IPWUNAZY,
IIPOTIOHYETLCA TaKe BU3HaUeHHA: poTomnetTusmorpad
IBOKAHAJbHUN KOMITOTEPHUI IPU3HAYEHUN ANs Aiar-
HOCTUKM 1 TOUKOBOI peecTpauii 3amiHu omTuyuHOi ryc-
TUHU LOCNIAXKYBALbHOI AiNAHKWU Tina nioauHu 3a Lo-
TIOMOTO0 ZIBOX MOHOXPOMATUUHUX [)KEPeJl Y UePBOHi
a6o iH(hpavepBOHiil 0671aCTAX CIEKTPA CBiTHA i omTo-
€JIeKTPUYHOTO TEePBUHHOIO [EPeTBOPIOBAYa Y Binbu-
TOMY CBiT/i, pO3MillleHUX 3 OAHOT0 6OKY MOBEPXHi Ti-
7a JIOLUHU.

Indopmauiianii curHan npunany GopMyeTbca Bin-
HOLIEHHAM UTBUAKOCTL 3MEHLIEHHA CUTHANY Bif rinpas-
NiYHOTO OIOPY CYAWMH BiATOKOBI KpOBi, a caame:

di/dt = AA/(C - R), (10)
ne AA = A,,— A, - aMmnnityaa 3MiHU KPOBOHAIIOBHEHHS,
R - muTOMUIA rifpaBniyHUil omip CyAuH BIATOKY KPOBI,
Ak — 3HaYeHHA KPOBOHAIIOBHEHHS, AKe 3DOCTAE HA Be-
JIUYUHY:

Ak = (AV/V) 100 %, (12)
ne V - o6’'em pocnipkyBaroi pinaxnku Tina; C - Kinbkic-
Ha XapaKTepuCTUKa eJ1aCTUYHOCTL KPOBOHOCHUX CYAUH
C = AV/P; P — TMCK Y CYyOMHAaxX 3a MEepPexumy.

Bnok-cxemy npunazny ®IIK(II)4 naBeneHo Ha puc. 23,
CTEHZ, AJA KanibpyBaHHA eTajioHa — Ha pUC. 24.
PobouuMm eTanoHOM, 110 BUKOPUCTOBYBABCA Tij vac
aTecralii, OyB KOMIUIEKT CTAHAAPTHUX CBiTN0GIiNbTPiB
KHC-01. Ha puc. 25 HaBepeHo 6710K-cxeMy kKani6bpy-
BaslbHOTO cTeHza mpunany OIIK(IT)-4.

OTpuMaHe 3HaveHHA BifjHOCHOTO KoediuieHTa obGep-
HEHOTO CBIT/I0PO3CilOBAaHHA CKJAJIO0 [ialla30H BUMipio-
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Puc.23. Bnok-cxema npunady OIK(II)4:
1 - onpomiHwosay, 2 — docnioxysaHa OinaHKa minag,
3 - onmoenexmpuuHuti nepemsopiosay (OEII),
4 — nepsUHHUl nepemsopiosay yacmom,

5 — nonepeoHitl nidcuniosay, 6 — Ginbmp HUWKHIX Yacmom,
7 — BuxioHull nidcuntosay, 8 — Qinbmp IHGPaAHUILKUX
wyacmom, 9 - 6ygepHull Kackao,

10 - 6nox pisHa 8idniky, 11 — 670K KomMneHcayii
nocmitiHoi cknadosoi, 12 — 6710k 6anaHCYBAHHA,

13 - IIK, 14 - sumiplosanbHutl 670K,

15 - BUMIpI0BANbHI 207108KU, 16 — npozpamHe
3abe3neyeHHA
Fig.23. The block diagram of the photoplethysmograph
OIIK (I1)4:

1 - radiator, 2 - investigated area of the body;

3 - the opto-electrical converter (OEC), 4 — primary
frequency converter, 5 — preamplifier, 6 — lowpass filter,
7 — output amplifier, 8 — infralow frequency filter,

9 - separating stage, 10 - the block of reference level;
11 - the block of constant component compensation;
12 - the block of balancing,

13 — PC; 14 -measuring block; 15 — measuring heads;
16 - software

Puc.24. Bnox-cxema cmeHOa ONA KanibpyBaHHA emasoHa:
1 - pobouuti emanoH csimna; 2 — 0xepeno KUsneHHs, 3 —
mecmep; 4 — onmuyHuil sammemp IT 703§

Fig. 24. The block diagram for calibration standard
1 - working standard of light; 2 - power supply;

3 - tester; 4 — optical power meter IT 703S

Caitnonmion N —
LUR 3333/H > C-
[ '
Enexrponnuii 610k Peecn%yBaannﬁ
- JIOK
npiazy GTIK(IT)-4 KalibpyBaIbHOTO
CTeHIa

Puc. 25. Bnox-cxema KanibpysansHozo cmeHOa
Fig. 25. Block diagram of calibration stand
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Tabnuys 6. BuxioHutl cueHan
gomonnemusmo-epaga (MxB)

Table 6. The output signal of the the
photoplethysmograph (mkV)

[ ewipn | 1 [ 2 | 3 | 4 | 5 | 6

Iokasuuk
pos3cito-
18,0 | 31,6 | 53,0 774 91,9 100,0
BaHHA
cBiTna, %

Ne Bumi- | Buxipuuit curran goromnervsmorpada, MkB
piloBaH-
HA
1 1482 | 6493 |14264| 23444 | 29001 | 32031
2 1485 | 6492 |14269| 23449 | 29006 | 32029
3 1477 | 6497 |14265| 23450 | 29004 | 32035
4 1484 | 6500 |14270| 23445 | 29007 | 32034
5 1486 | 6499 |14272| 23451 | 29008 | 32033
Cepenxe |1482,8/6496,2|14268|23447,8|29005,2|32032,4
3HayYeH-
HA

BAHHA BiAHOCHOrO KoeiliieHTa 06EpHEHOT0 CBITI0PO3-
CiloBaHHA [l JOBXUHU XBWIL 630 HM, 110 [OPiBHIOBAaB
(15-100) %, oTpUMaHi pe3ysbTaTu HaBefeHOo Y Tabnui 6.

Ha ocHoBi Tabnuui 6 OTPUMAEMO TpPaayOBajb-
HY KPWUBY K 3aJleXHICTb BUXIHOTO CUTHany Ipuia-
Ly Bin BigHOCHOro KoedinieHTa obepHEHOTO CBiT/O-
po3citoBaHHA B po6OTU IPUNAAY.

IpapyioBanbHy KpuBy, Mo6Yn0BaHO HA OCHOBI MA,
HaBe[leHO Ha puc. 26.

OTe, MOXKHA OTPUMATU 3aJIEXHICTh BIJHOCHOTO KO-
edinienTa 06epHeHOro CBiTIOPO3CilOBaHHA Bif BUXiA-
HOTO curHany gotomnerusmorpada:

KOCP % = 2,6792 107V [mxB]+14,247  (12)

YV pesynbrati MA Bu3HaueHo rpaHuli fomycTUMoi
abconioTHoi moxubKu: 2 % [7].

100 - ¥= 167926034+ 142478401
| tis R? = 9,9589E-01
-~
] /
o
6 / o Pl
- —— fmesan (Pagl)

0 5000 10000 15000 20000 25000 30000 35000

Puc. 26. I'padywsanvHa 3anexHicms
omonnemusmozpada PIK(II)-4

Fig. 26. The calibration curve of the photoplethysmograph
OIIK(11)-4

BUCHOBKHU

CTBOpeHO mpwnany, po3po6ieHO Ta 3aTBEPLKEHO
METOZVKU BUMIipioBaHb, MTPOBEZEHO MOBIPKY abo Mer-
ponoriuny arecrauito 3BT. 3a pesynbraramu MA mpo-
BeJIeHO I'PAZy0BaHHA 3a3HayeHUX mpwnazis. OTpumaHo
3 cBigonTBa Ha Mipu Ta poboyi eTanoHu:

1) Mipn mokasHWKa 3aJlOMJIEHHA PifKUX PEUYOBUH
NeNe 1-13, 2-13, 3-13, 4-13. Csigourso Ne 37-510-13.

2) ArentoaTop ONMTWUYHWIL i3 3MIHHUM OcnabneHHAM
57 MM, 3aB.N° 4. Ceigourso Ne 6705.

3) AreHoaTop ONMTUYHUI 3 (ikcoBaHUM OCnabneH-
HAM 25 MM, 3aB. N° 1. Csigourso Ne 6704.

OTpuMaHo 4 CBifOLTBA Ha MPUIAZN:

1) pebpakromerp «Ilnasmonrect» Ne 01. CBigourso
mpo JIMA Ne 37-509-13.

2) BuMipioBay cepefHbOi MOTYKHOCTI BUIIPOMiHIO-
BanHA IT 17035-01. CigonrBo mpo JMA Ne 8812.
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B OCBITi Ta MPOMUCNOBOCTI

= P03BUTOK HAayKOBOL Ta iHHOBaLiitHOI AisnbHOCTL
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WccnedosaHue HanpasneHo Ha obecneyeHue
MOYHOCMU NOCMPOEHUA 2padyupOBOYHbIX Xapakme-
pucmuk NTC-mepmucmopos 8 pabodem ouanasoHe
memnepamyp Ha 0CHo8e A0aNMUBHbIX HEUPOHHbIX
cemeli ¢ paduansHLIMu 6a3ucHbIMU (PyHKUUAMU. B
pesyiemame uccied08aHusA YCMAHOB/IEHO, YMO No-
2pewHoCMb annpoKCUMayuu 2padyuposoyHoli xa-
pakmepucmuKku mepmMuCmMopo8 C UCNO/Ib308GHU-
em RBF-cemeli meHbwe npedesnos donycmumou no-
2pewHoCMu Mamemamudyeckot Modesu, Ucnose3y-
emoli 8 NPo2PAMMHOM obecneyeHUU COBPeMeHHbIX
cucmem cbopa u obpabomku usmepumesnbHoU UH-
opmayuu. 060cHo8aHO ucnosb3osaHue RBF-cemeli
Nnpu MecmuposaHuu NPopammHo20 obecnedeHus
cpedcme uamepumesnbHoU MexHUKU U agmomamu-
3ayuu npouedypsl nepuoduyeckol kanubposku NTC-
mepmMuCmopos Ha cmaduu 3KcnIyamayuu.

The research is aimed to assure the calibration
characteristics accuracy of the NTC-thermistors
by using adaptive radial basis neural networks.
To solve this problem physical and computational
experiments have been conducted. As a result of

it the training sample for the temperature and
resistance data have been defined and RBF-networks
models have been developed that are designed for
interpolation of the inverse converting function of
NTC-thermistors (Table 3).

While fulfilling the condition of repeatability
and reproducibility of the modelling results using
statistic criteria MAD, MSE, MAPE and MPE, it has
been determined that using RBF-networks allows
assuring high accuracy defining of the thermistors
calibrated characteristics in the operational range
of temperatures (Table 5). It has been shown
that operational margin of the neural network
approximation of the thermistors calibrated
characteristic in lower than the acceptable error of the
mathematical model, which is used in the software of
modern systems of collection and processing of the
measurement information (Table 9, Fig. 6).

Using RBF-networks at testing software support
of measurement instruments and automation of the
procedure of the NTC-thermistors periodic calibration
at the operational stage has been substantiated
(Table 10, Fig. 10).

Kntoueavie cnosa: moyHocme, 2padyuposoyHas Xapakmepucmuka, paboduti 0uandasoH memnepamyp,

NTC-mepmucmop, RBF-cems, npoepammHoe obecneyeHue.

Keywords: accuracy, calibration characteristics, operating range of temperature, RBF-network, NTC-thermistor, software.

C. Pedun

HU. 3ybpeuykas

75 pemleHus 3afad U3MEPeHUs W DPETyAUPOBAHUA TEMIIEPATyphl B PA3UYHLIX
ncuc'reMax TEMIIEPATYPHOTO KOHTPOJA, YCTPOUCTBAX AWCTAHUWOHHOTO VIIPaB-
JIeHWS, CPEeNCTBAX KOHTPONA IIOTOKOB XXWLKOCTEW U Ta30B LIMPOKOE IPUMEHEHWE Io-
nyuunn NTC-TepMUCTOPHL 3@ CYET BBLICOKOW UYBCTBUTENbHOCTU, Maloi WHEPUU-
OHHOCTYU, KOMITAaKTHOCTW W LIMPOKOTO [ualla3oHa W3MepeHWsa Temmeparyp [1, 2].
JnokcupHble MHKanCynupoBaHHsle NTC-TepMUCTOPHL B PaboyeM [uara3oHe TEMIIEPATyP
(=55...250) °C xapaKTepusyloTcs HeNUHENHOCTb0 GYHKUMU npeobpa3oBaHua
TeMmmeparypsl 7 B 371€KTPUYECKOE COMPOTUBJIEHUE R:

R(T)=R(T,)exp[B(1/T-1/T,)], 1 L
rpe 7, — Temmeparypa, B OonbuIMHCTBE CcayvyaeB paBHas 298,15 K (25 °C);

A. Ilonukapnos
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B — mocToanHbIA K03ddULUEHT, XapaKTepusyowuin
CBOICTBA MaTepUanoB TEPMUCTOPOB W MPUHUMANLUIA
3HaveHus B auarnasoHe (2000...6000) K [2].
Oynkuua mpeobpasosanus (1)
K HOPMUDYEMBLIM MeTDOJIOTMYECKUM XapaKTepUCTU-
KaM W WUCIONb3yeTcsi [Jif ONMpefeNeHUs BeNUYUHbL
TEMITEPATYPHL 10 U3MEPAEMOMY BbIXOJHOMY 3HaYEHUIO

OTHOCUTCA

COTIPOTUBJIEHUA TEPMUCTOPA:
T=F(R), ()
rge F~! — obparHaa mepenaToyHas GyHKLUA.
[Ipouenypa KanubpoOBKM TEPMUCTOPOB B YCIOBU-
AX HenuHenHocT QyHKUUM mpeo6pa3oBaHUA ABIAET-
CA CNLOXHOW 3afiauell, IIPU pelieHUn KOTOPOn GYHKLUIO
(1) nuHeapn3yOT C UCIONb30BAaHUEM CXEMOTeXHUYeC-
KUX pelreHunii [3] uiu WHTEPIoALMOHHON TApaMeTpu-
YeCcKoil Mopenu obuero suaa:
1/T=A+BIn(R/R,)+C[In(R/R,)] +

+D[In(R/R,)] +... 3)

rpe T — rtemmeparypa, K; R, — BenuYnHa CONPOTUB-
nenua repmucropa, 1 Om wnn 1 kOm; {4, B, C, D, ...} —
IIapaMeTpsl MOLENU, KOJUYECTBO KOTOPHIX ONpepens-
€TCA TTOPANKOM IMONUHOMAa N B 3aBUCMMOCTU OT fua-
Ia3oHa TeMIepaTyphl U TpeOyeMoit TOUHOCTU WHTEp-
monauun [2].

Cneryer OTMETUTb, YTO C UCII0J1b30BAHWEM ITOJIUHO-
MOB OT 2-T0 0 N-T0 OPAAKOB IIOCTPOEHUE UHAUBULY-
QIbHOW I'PAlyUPOBOYHON XapaKTEPUCTUKU TEPMUCTO-
pa OCYLIECTBNAETCA HA OTAENbHLIX yYacTKax pabouero
IvamnasoHa. B HacTosmee BpeMs Ipu rpagynpoBKe Tep-
MWUCTOPOB B GONBLUIMHCTBE C/lyYaeB MPUMEHAIOT Iapa-
MeTpuveckyio mopens Creitixapra-Xapra [4]:

T = A+B(InR)+C(InR). (4)

WHuTepnonauunoxtas Mopens 3-ro mopsapka (4) wc-
monb3yercs B mporpamMmHom obecmevenun (II0) cwuc-
TeM c60pa 1 06paboTKU U3MepuTenbHOt nHGopManuy,
IIpU 3TOM abCoNoTHAsA MOTPENIHOCTb MaTeMaruyec-
Koro mpeo6pa3oBaHuUA CONMPOTUBIIEHUS B TEMIEPATY-
py cocrasaset 0,05 °C [5]. Pe3ynbraTsl uccaenoBaHuii,
mpuBeaeHHble B pabore [6], MOKA3LIBAlOT, UTO BLIOOP
V3JI0BHIX TOYEK MUHTEPIONALUWU CYLIECTBEHHO BIUAET
Ha BENWYWHY NOTPELUIHOCTU W3MepeHWsl TeMIlepaTyphl
IIPU UCIIO1b30BaHUW Mopeneit (3) w (4), mapameTphl
{4, B, C, D, ...} KOTODHIX OIIPefeNAloTCA METOAOM Hau-
MeHbUIUX KBaapartoB [7, 8]. B pabore [9] Ha ocHoBe
KPUTepUs. CpefHen OTHOCUTENbHOW MOTPEUIHOCTU WH-
reprionauun MPE (Mean Percentage Error) ycTaHoBsne-
HO, UTO AJA TONYyYeHUs Haubojee TOUHOTO pe3yibra-
Ta MTAPaMeTPUYECKO KOMITEHCALUU HeIMHENHOCTY Iie-
penarouHon GyHKUUW NTC-TepMUCTOPOB LOCTATOUHBIM
ABJAETCA WCIIONb30BAHWE IONWHOMWUANBHOWN MOAENnun
4-ro TopApKa. IIpuMeHeHWe NMONWHOMMWANBLHOTO KOM-
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meHcaTopa HeNIWHeNHOCTU 5-T0 MOpAfKa I03BOJNAET
MOJIyYUTb MeHblllee 3HAUeHWEe CpefHeKBafpaTUiecKoi
MSE (Mean Squared Error) n MaKCUManbHOW ITOTpeLI-
HOCTeN U3MePeHUA TeMIIePATypPHl [0 CPAaBHEHUIO C ITO-
JIMHOMaMW 3-TO U 4-T0 MOPAAKOB Ha BbIOPAHHOM y4acT-
Ke paboyero auamasoHa usMmepenunt [10].

B paborax [10—12] mokasaHo, 4TO YHUBEPCAIbHLIM
METOZOM KOMITeHCAauWUU HelUHeWHOCTU MepefaTovHon
GbyHKUUY, TI03BONAOWUM MTOBLICUT TOYHOCTb Pe3Yyilb-
TaTa W3MEPEHWil 0 CPAaBHEHUIO C IOIAWHOMUANLHLIMU
MOfieNIAMM, ABJAETCA UCIIONb30BaHUe HeWpoceTeBo-
ro KoMIeHcaTopa (MepcenTpoHa), 061afalollero cBomn-
CTBOM WHBAapUAHTHOCTU K NPOU3BOJBLHOMY BUAY He-
nuHenHon ¢GyHKuMu. OfHaKO pes3ynbTaThl 3TUX WUC-
CNefl0BaHWt MONYYEHbl B JOCTATOYHO Y3KOM [uama-
30He Temmeparyp (20...80) °C 6e3 mpumeHeHUs ApY-
TUX HeWpoceTeBHX MeTOAoB. 0 BHICOKOW TOYHOCTU
IIOCTPOEHUA I'PafyUPOBOYHON XapaKTePUCTUKU Tep-
MUCTOPOB C UCIIONb30BAHUEM IEPCENTPOHOB IIPU Cer-
MeHTaluuM pabovyero fuarmasoHa Ha OTAENbHbIE Y4acT-
KW CBUJETENLCTBYIOT TaKXKe pe3y/bTaThl HelpoceTeBo-
rO MOJieIUPOBaHWsA, IpUBELeHHbE B pabore [13].

HccnepoBanus HEWPOHHBIX
[IOKa3bIBalOT, 4YTO ANA PaBHOMEPHOW ammpoKCUMa-
uun 110601 HempeprBHOW QYHKUUW Ha KOMIIAKTHOM
MHOXeCTBe 3HAUeHUW MOXET OLITb UCIOJb30BAHO Ce-
meiicTBo RBF-ceteit [14]. B coorBercteuu c [ICTY
ISO/IEC 2382-34:2003 RBF-ceTh — IPAAMOCIIOHAs Hell-
POHHAA CeTb, B KOTOPOW KaXKAbIM CKPBITHIA HEWPOH UC-
IIONb3YeT pafuaibHylo 6asucHylo GyHKuMIO akTuBa-
1MW, @ BEIXOZHbIE HENPOHBI peanusyioT AnHeHbe KOM-
OvHauMu QYHKUWNA aKTUBALUW HEWUPOHOB CKPLITOTO
cnos [15]. Mcrmonb3oBaHWE PaAUaNbHLIX 0a3UCHBIX

CBOWNCTB ceren

byukumn [aycca mo3BonseT 3KCMOHEHUUaNbHO YMeHb-
1IATb JI0KAN30BAHHbLIE HEIUHENHOCTU MTPU alIpoOKCU-
MaLuu CIOXHBIX 3aBucuMocTeil [16].

TakuM 06pa3oM, KPUTUIECKUI aHaNWU3 Pe3yibTaToB
Pa3NUUHbLIX UCCTIe[l0BAHWIA TI03BOIAET CAEATb MTPeAIo-
JI0XEeHUE O TOM, UTO pelleHne 33a/jaun MOBLILIEHUA TOY-
HOCTU WHTEPIIONALUN IPAAYUPOBOYHON XapaKTepuCTu-
kn NTC-TepMuUCTOpPOB B paboueM Anama3oHe TeMIepa-
TYDP BO3MOXHO Ha OCHOBe WcItonb3oBaHuAa RBF-ceTen.

Ifenvio cmambu sBnseTcsa obecreyeHUe TOYHOCTU
MOCTPOEHUA WHAUBUAYALbHLIX TPAfyUPOBOUYHBLIX Xa-
pakTepuctuxk NTC-TepMUCTOPOB B paboyeM AuamasoHe
TEeMIIepaTyp Ha OCHOBE WCIIONb30BAHWUA AZANTUBHLIX
paauanbHo-6a3sUCHBIX HEMPOHHLIX CeTeM.

METOJAbI U MATEPUAJIBI UCCIIENOBAHUA

[Tonyuenue usmeputensHov uHbopMauuu pas Io-
CTPOEHUA WHAWBULYALbHLIX TIPAAYUPOBOUYHLIX Xa-
paxkrepuctuk NTC-tepmucropos TDK cepuu B57861S
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(B = 3988 K, R(T,) = 10 kOm)
OCYWECTBAAAN IO METOANKE,
mpennoxexHHon B pabore [17].
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101, 103-107 u 102 — xaHanbl u3MepeHua

u conpomusnenus (NTC-mepmucmop Ne1)

MIPOBOAWAU LJS LIECTU TepPMUC-
topos TDK (c pabounm puamaso-
HOM TeMneparyp (-55...155) °C),
pasmeuwjeHHbix B LeHTpe KPK 400
n nodxnwoueHHblx K Agilent
34970A. Ular wn3meHeHUA TeMIEpPaTypbl W BPEMEHU
ObU1 3aaH cooTBETCTBEHHO 5 °C u 15 MUHYT, a Bpe-
MA BBILEPKKU TeMIIepaTyphl B YCTAHOBUBLIEMCA PEXWU-
Me cocrasaano 30 muuyT [17].

[locne mopknioueHWs NEePBUYHLIX IIpeo6pa3osa-
Tejleil TeMIepaTyphl BLIIONHANAU HACTPOWKy Agilent
34970A c wncmonb3oBaHUEM NULEH3UOHHOW BepCUn
I10 BenchLink Data Logger 3. 3Ta mpoueaypa BKIOYaNa:
aBTOMATUYECKYI0 ULEHTUDUKAUNIO IOAKIIOUEHHBIX AT-
YUKOB; ompefeneHne KOHGOUTypauun u3MepuUTenbHbIX
KaHaoB JaTuMKOB (puUc. 1); yCTaHOBKY UHTEPBaJaA CKa-
HUpoBaHUs peobpas3oBareneit, pasHoro 10 c.

Hakomnenune BXx0ogHON W BHIXOZHOW U3MEPUTENbHON
MHGOPMALUN BLIIIONHANW B LUAIla30HE (—55...150) °C,

Fig. 1. Sensor configuration: 101, 103-107 and 102 -measuring channels
of temperature (temperature sensor Pt100, NTC-thermistor Ne2 — N¢6);
and resistance measuring channel (NTC-thermistor Ne1)

TIOCKOJIbKY IWamNa30H W3MepeHWsl TeMIIePATypLl CUCTe-
MoW c6opa mannbix Agilent 34970A ¢ UCIONb30BAHUEM
NTC-tepmucropos orpannuer ot —80 mo 150 °C [9].
®parmeHT mONyYeHHOW 6a3bl JAHHLIX, BKLOYawoei
3704 3navenus R w T, mpusepeH B Tabnuue 1.

TNMPOBEAEHUE BBIYMCIUTEJIBHOI'O

JKCIIEPUMEHTA

3apayveil BHIYUCAUTEILHOTO KCIIEPUMEHTA ABJAET-
cs cozpanue RBF-ceTen [ MOLENUPOBAHUA I'Pafynpo-
BOYHOW XapaKTePUCTUKU TepMucTopa (2) U oueHKa
nx TOYHOCTU. RBF-ceTb IM03BOAAET 0TOOPAsUTh (HyHK-
1Mo U3 3aMKHyTOM 061acTn R™ B mpocTparcTso R, rae
m, — Pa3sMepHOCTb BXOA0B 00y4atouei BEIGOPKN [16].

Tabnuya 1. dpaemenm 6a3bl daHHbix 3HaqeHul R, Om u T, °C

Table 1. Values database fragment (R, Ohm and T, °C)

Homep Ryre w1 Tpt100 Tyrre nez Tyrre wes Tyrre wes Tyrre wes Tyrre nes
U3MepeHusa
1 963087,30 —55,438 | —55,239 | —55,199 | —55,171 | —55,225 | —55,150
2 959686,94 —55,314 | —55,020 | —54,986 | —54,966 | —55,017 | —54,950
3 949599,80 —55,167 | —54,868 | —54,828 | —54,805 | —54,857 | —54,787
3702 186,59 149,545 149,545 149,253 149,070 149,435 149,052
3703 185,90 149,697 149,715 149,435 149,235 149,602 149,180
3704 185,34 149,810 149,867 149,621 149,454 149,791 149,417
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Ta6bnuya 2. ®pazmerm obyuarowell 8bI60PKU
RBF-cemeti ona mepmucmopa Nel

Table 2. Fragment of RBF-network training sample
for thermistor Ne1

Homep

e Bxop, Buixoz (oTKAUK)

Ryre yr, OM Tri00, K

1 963087,30 217,712

2 959686,94 217,836

3 949599,80 217,983

3702 186,59 422,695

3703 185,90 422,847

3704 185,34 422,960

[ycts G: R™ — R — orpaHnyeHHas, HeMpepLIBHAS
W uHTerpupyemas QyHKLuA, Takas, uTo
I G(x)dx #0.
gm0
[Iycts G; — cemeticTBo RBF-ceTen, UCMONbL3YIOMNX
byHKLUMU BUpA:

F(x)=YwG((x~1)/0)

riew eRut,e R, 0>0mms i=12,..,m

Torpa ans n060i HempepbBHON GyHKUMK f(X) HAl-
netca RBF-ceTb C MHOXeCTBOM LieHTpoB {7, }:":1 " obweit
urupuHon 6 > 0, Takas, uyTo dyHKuua F(x), peanusyemas
CETbIO C BECOBLIMU KO3 PULUNEHTAMU W;, U M CKPLITEIMU
HelipoHamu, 6yaeT 61m3ka K f{x) [0 eBKAUA0BOI HOP-
me L,,pe [l,eo]. Tlpn aToM B GonblIMHCTBE CIyyaes
byukuna F(x) umeet Bup [16]:

F(x)=3 wexp(~|x—i /26
i=1

ITocKonbKy egMHMLA U3MEepEHUA TeMITePaTyphl B 3a-
Bucumoctax (1), (3), (4) mpunara no wkane Kenbsuna,
TO UCXOAHbIE JaHHbIE, IIONYYeHHbIe B pe3ynbTaTe Gusn-
JecKoro 3KcrepumeHTa (Tabn. 1), mpeAcTaBuAnm B BULE
obyuatowen Buibopku RBF-ceteii (Tabn. 2).

B cucreme cratuctuyeckoro avaamsa AaHHBIX
STATISTICA 6.1 ¢ wWCIOnNb30BaHWEM WHCTPYMEH-
Ta «MacTtep pewenun» Mopyna «Henponusie ce-
TU» ONpefenain AMana3’oH HEeWPOHOB CKPLITOTO CNOA
apxuTexTypst RBF-cereii (puc. 2).

IIpn MopenupoBaHUWU BCEX BO3MOMXHbBIX BapUAHTOB
apxuTeKTyp RBF-ceTeil C y4eTOM MaKCUMAJbHOTO KO-
JINYEeCTBa HEWPOHOB CKPLITOTO CJOA 926 BLIONHANU
10 moBTOPHLIX 00y4yeHuit 100 HelipoceTeBHIX Mofenei
(10x100=1000).

40

[Ins obecmeyeHUs CXORUMOCTU U BOCTIPOU3BOAUMOC-
TU MONYYEeHHLIX Pe3Y/bTaTOB HEMPOCETEBON aNpoKCu-
Mauuu rpajiyupoBOUHO XapaKTePUCTUKU TePMUCTOPa
Nel sKcmepuMeHT MOBTOPAAU TPWKALL Ha OAHOW U TOW
e W [BaXpbl HA [IBYX Pa3NUVHBIX allllapaTHbIX Ijlar-
dopmax. IIpn 3TOM U3 KaXABIX CTa HENPOCETEBLIX MO-
Ienelt Ha IEePBOM 3Talle COXPaHANU 5 «nyvmmx» RBF-
CeTeil IO KPUTEPUAM MUHUMAJIbHBIX 3HAYEHWI 01mnb0oK
06yueHUs, KOHTPONBLHON W TeCTOBOW (puc. 3).

N3 monyyennmix mnatm Mopenen RBF-ceten

_‘-\mwxm _”M_-
Nemenre  Maenet
it [ G 8 B e
BT H | e
B H
(-

Puc. 2. Apxumexmypa RBF-cemeli u duana3oH HelpoHOB8
CKpbIMOo20 CNoA
Fig. 2. RBF-network types and range of hidden layer
neurons

Pezynnratui: Tepmucrop HSFEETS sta’

{] HHTEET! Owidea odyssrin | E oibian dwwdka | Tecroeanawwdka | = ar
| T aamc 0ot
a 0000 000011 Opraana
2 00000 0010010
4 n.nmms 0w s} -
S 3,000007 001002 E
Hazmnrs 0K ans
CEAPEEAS C2TH K
EDIECRTA E ETAN0 YN
& m | 5| nemens.
T Menoseagite anuw
STIRT0BAN NanzAN, W10
Mpamm | O CEHPEHTL, FLABT-EONIN

R o0t DBy ST,

reHZpNpIE ATE D okan S
£35, TEMIHHTE 0ETS K
BTN N
nesLanEarana,

ES Bedpate moens
35 Hasnoosus

“Ypanenna N0 ——

% Mocrpoce

| Brfapryana copons pesynsTaTon
¥ Bae

" Boe®

i Wrorkracaznsn

Bl Npeocsazaime

i i — |

“BOE" LGN BEHT PRIALTANE BAA bNX
HABro RN, "B BLIBCANT HEo A
B DL DTERAL

£ i
" Kormaneas

" Tecrokaa
B Oremenenmecrer | | -

ur
 Jeena
Cpmartin

Puc. 3. [Ipumep pesynbmama o6yHeHUs NAMU «TYYULUX»
RBF-cemeil 8 moOyne «HellpoHHble cemu» cucmembl
STATISTICA 6.1
Fig. 3. An example of training result for fife «the best»
RBF-networks in «Neural Networks» module of STATISTICA

6.1 system
Ferpeccwa [1-5 ) [Tepmacrop BS7E515 sta) 3
TEI [T K2 [TKEI]T KA [T,KS
CpEOHER JAAHHLI 220708 332 0709 332 0709 322 0709 52,0709
Cr.oTen. gaHHe 91135 891135 89,1135 89,1135 E21135
CpeaHes owkikm O0005 00005 -0.0004) 00001 -0,0003
Cr.omen. ownben 00z 00353 00343 00284 00237
CpenHes aficonomHOA owmiki 00271 00253 00245 00204 00174
OTHOWEHHE CT.0THA. 00005 00005 00005 0000s) O,0004
Koppenay 10000 1p000) 10000 100000 1.0000] « |
[[+] v
Puc. 4. Cmamucmuyeckue Kpumepuu adexsamHocmu
RBF-cemeil

Fig. 4. Statistic criteria of RBF-networks adequacy



1°2017 « METPOJIOIIS TA [IPUJIALN + ISSN 2307-2180

TOYHICTb TA JOCTOBIPHICTb

Tabnuya 3. Haunyywue sapuarmsl apxumexmyp RBF-cemell 018 annpokcumMayuu 2padyuposouHoll

xapaxmepucmuxu mepmucmopa Nel

Table 3. The best RBF-networks architectures for approximation of calibrated characteristic for thermistor Nel

Inargopma AMD Athlon T1 X2 240, AMD Turion 1L Dual-Core | =1 cotoron cpU 6530,

2,81 ITy, 1,75 TE 03Y Mobile M520, 779 MIw, |, /1 try 1 91 T 03y
Howmep 3,00 TB 03V

1 11341 | 1-137-1 | 1-124-1 1-181-1 1-116-1

2 1-215-1 | 1-198-1 | 1-229-1 1-169-1 1-143-1

3 1-102-1 | 1-172-1 | 1-167-1 1-126-1 1-152-1

4 1-180-1 | 1-113-1 | 1-179-1 1-174-1 1-172-1

5 1-127-1 | 1-157-1 | 1-119-1 1-145-1 1-101-1

6 1-174-1 | 1-178-1 | 1-128-1 1-134-1 1-156-1

7 1-119-1 | 1-156-1 | 1-138-1 1-201-1 1-137-1

8 1-236-1 | 1-180-1 1-97-1 1-137-1 1-216-1

9 1-172-1 | 1-127-1 | 1-216-1 1-182-1 1-128-1

10 1-187-1 | 1-151-1 | 1-203-1 1-99-1 1-201-1

BHIOMpanW OfHY Ha OCHOBE MWHWUMANbHOTO 3HAYEHUA
CTATUCTUYECKOTO KPUTEPUS AWUCIIEPCUOHHOIO OTHOLIe-
HWS, UCIIONb3yeMOr0, B YaCTHOCTW, ANA ITPOBEPKU afieK-
BaTHOCTWU ITOCTPOEHHOW I'PafyUpOBOYHON XapaKTepuc-
TUKU IKCTIEPUMEHTANIbHBIM faHHbIM [10]. Tak, Hampumep,
Pe3yNbTaT OTHOWEHUA CTAHLAPTHOTO OTKJIOHEHWS IIO-
I'PEUIHOCTW MHTEPIONALUN K CTAaHAAPTHOMY OTKJI0HEHWUIO
otknuka 7, K nna RBF-ceTe IePBOTO BLIYUCIUTENLHOTO
IKCIepuMenTa (puc. 3) Mo3BONWIL BHIOPAThL Helpocere-
BYI0 MOLieNb C apxuTeKTypon 1:134:1 (puc. 4).

Takum o06pa3oM, B pe3yabTaTe IMATU Cepuit
BLIYUCUTENbHLIX 3KCIIepUMeHTOB 13 5000 co3paHHbIX
mopenen 50 RBF-ceten,
APXWUTEKTYPHl KOTOPHIX TIPUBEZEHH B Tabnule 3.

0TO6paHbI KNYHUINX»

OBPABOTKA PE3VJIBTATOB BBIYMCIIUTEJIIBHOT'O
JKCIIEPMMEHTA U OBCVXJEHUE
TIIOJIVUEHHBIX PE3VIIBTATOB

[ns Kaxpow cepun 3KCIIEPUMEHTOB C WCITONb30-
BaHWEM OTOOpAHHLIX apXUTeKTyp RBF-ceTeil mony-
Yanu WHTEepPIONWPOBaHHbIE (NPOTHO3HLIE) 3HAYEHUA
TeMIlepaTypyl, parMeHT KOTOPHIX AJf IIePBOW Cepumn
IKCIIEPUMEHTOB TIPEJCTaBJIEH B Tabnuue 4.

[Ipn 3TOM LOCTOBEPHOCTb NOJNYUYEHHBIX pPE3YibTa-
TOB HEWPOCETEBOT'0 MOLENUPOBAHUA ITOATBEPKAAETCA
BBICOKOW 3HAYUMOCTbIO KO3GGUUUEHTOB MapHOW KOp-
PeNALUN MEXY OMOPHLIMU 3HAUEHUAMU TEMIIEPATYPLI
maruuka Pt100 (Tabn. 2) M MHTEPIONUPOBAHHLIMYU 3Ha-
YeHWUAMU TeMIleparypsl (puc. 5).

Tabnuya 4. MHmepnonuposaqHbie 3HadeHus T, K 0ns nepsoll cepuu sKcnepumeHmos

Table 4. Interpolate values of temperature T, K for the experiment original series

= pxurek- | 1-134-1 | 1-215-1 | 1-102-1 | 1-180-1 | 1-127-1 | 1-174-1 | 1-119-1 | 1-236-1 | 1-172-1 | 1-187-1
g % Typa
s Qo
o w
T Z|Bxon
=
R, Om
963087,30|217,825|217,726|217,790|217,696 217,746 |217,791|217,758 (217,740 217,772 | 217,707
959686,94 | 217,865 |217,765|217,837|217,765(217,798|217,838|217,802|217,796 (217,819 217,777
949599,80(217,992|217,894|217,980|217,963 (217,952 |217,980|217,942|217,960)|217,964 | 217,964
3702 | 186,59 |[422,685(422,711|422,651 (422,737 (422,668 (422,724 (422,686 (422,699 (422,710(422,726
3703 | 185,90 [422,851(422,859(422,804 (422,926 422,834 (422,911 (422,849 (422,845 (422,864 (422,869
3704 | 185,34 |422,987 422,969 422,928 |423,0841422,970|423,068 422,981 422,961 |422,985|422,965
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Koppenauuu (Cepua 1.sta)
OTMeveHHEIR KOPPENALMM ZHAYMMEl Ha ypoeHe p < 00001
MN=3704 (MocTpovHoe yaanedue NO)
T.K
,9999999196538 |
0,999999943495
0,9599999063847
0,959959934319
0,999999914442
0,999999944250
0,999999915800
0,999999954660
0,999999932711
0,999999940731

=

MepemeHHan
11341
1-215-1
1-102-1
1-180-1
1-127-1
1-174-1
1-118-1
1-236-1
1-1721
1-1871

I i

Puc. 5. 3HaueHuA Kosg@uyueHmos napHoU Koppenayuu

Fig. 5. Values of pair correlation coefficient

OueHKY TOYHOCTW IOJYYEHHBIX Pe3YJbTaToOB Hei-
POCETEeBOTO MOJENNPOBAHUA OCYIECTBAANLU B CUCTe-
me STATISTICA 6.1 c wcrionb3oBaHueM Kpurepues MAD
(Mean Absolute Derivation), MSE, MAPE (Mean Absolute
Percentage Error) w MPE [18]. IIpu 3TOM OuEHKU Kpu-
tepueB MAD w MSE monydyeHbl Ha OCHOBE 3HaueHUMN
TeMIlepaTyphl Mo wkane Ifenbcus, a oueHKU KpwuTe-
pues MAPE w MPE ompepeneHbl Ha OCHOBE 3HAYeHWW
TeMIeparypsl o urkane Kenbsuxa (Tabn. 4):

MAD =1/ nZ‘Tlpﬂoo ~Tlene |, (®)
i i 2
MSE=1/7IZ(T PthO_TRBF)’ (6)
i=1
MAPE = Timoo _T;?BF‘/TiPtIOO’ (7)

MPE = IOO/nZ(TiPtIOO _f;eBF)/T[moo'

i=1

(8)

rae 7'p,g) — ONOPHbIE 3HAYEHWA TEMIIepaTypbl Aart-
yuka Pr100, monyvyeHHEle B pe3ynbTaTe INPOBELEHUA
dusnueckoro sxkcmepumenra (rabn. 1, 2); f""RBF —
WHTEPIIONNPOBAHHEIE C WUCIONb30BaHUeM RBF-ceTel
3HaYeHWA TeMmIeparypsl Tepmucropa Nel ana 10-Tu
BEIUUCIUTENLHEIX 3KCIIEPUMEHTOB KaXAO0W Cepum.
MuHuManbHLIE U MaKCUMasbHble 3HAYEHWUA KpUTe-
pues (5) —
B Tabn. 5.

(8) mna Bcex 3KCIEPUMEHTOB IPUBELEHLL

I[lepecexatomuecs MHTepBanbl W MOPAROK OLEHOK
craTucTUueckux kpurepues (5)—(8) ana matu cepuit
BBIUUCTUTENbHEIX 3KCIIEPUMEHTOB CBUZLETENbCTBYIOT
0 CXORUMOCTW U BOCITPOU3BOAUMOCTU TMOJIYYEHHbIX pe-
3yJIbTATOB W XapaKTePU3YIOT BLICOKYI0 TOYHOCTb Heul-
poceTeBO alMPOKCUMalLNY IPaiyUPOBOYHOI XapaKTe-
puctukn tepmucropa Nel B paboyem AnamaszoHe TeM-
meparyp (Tabn. 5).

[lonyyeHHsle pe3yabTaTH
LeNWPOBaHUA MO3BOJNAOT CHLEeNaTh IPEAIo0XKeHue
0 BO3MOXHOCTU WUCIIONb30BaHuA RBF-ceTeit ansa as-

HeﬁpOCGTEBOI‘O MoO-

TOMaTU3aluu IpoueAyps IePUOAUYECKOW Kanu-
OpOBKU TEPMUCTOPOB HA CTaAUWU SKCIUIyaTauuwu, ec-
W MPUBELEHHAA IOTPEUIHOCTb TEMIlepaTyphl HauMe-
Hee TOUHbIX RBF-ceTeli, IONYUYEHHBIX B KaX[oW ce-

pUn 3KCIIEPUMEHTOB, 6YJJ,GT MeHbuIe l'[leBe)J,EHHOf/'l

Tabnuya 5. 3uaqeHus xpumepues MAD, MSE, MAPE, MPE

Table 5. Criteria values of MAD, MSE, MAPE, MPE

Homep
MADmln MAD max mm max mm max nun max
cepvm

0,0131 0,0192 0,00032 0,00065 0,00399 0,00583 | -0,00021 | 0,00054
2 0,0145 0,0188 0,00037 0,00064 0,00441 0,00567 | -0,00029 | 0,00017
3 0,0141 0,0212 0,00037 0,00064 0,00428 0,00649 | -0,00010 | 0,00067
4 0,0152 0,0202 0,00041 0,00075 0,00464 0,00619 | -0,00007 | 0,00021
5 0,0147 0,0193 0,00038 0,00066 0,00451 0,00589 | -0,00012 | 0,00016

Tabnuya 6. Ppazmerm 3HaueHull memnepamypsl damyuxa Pt100 u mepmucmopos No2 — Ne6

Table 6. Selected values of temperature for sensor Pt100 and thermistors Ne2 — Ne6

Ne H/H TPthO TNT( No2 TNTCN3 TNTC.N'4 TVTCN* TNTCN6

—55,029 55,020 —54,986 —54,966 —55,017 —54,982
2 —50,142 —50,028 —49,992 —49,992 —50,021 —49,984
3 —45,110 —45,094 —45,061 —45,035 —45,084 —45,042
40 140,084 140,269 140,013 139,757 140,141 140,113
41 145,129 145,404 145,112 144,782 145,232 145,181
42 149,810 149,867 149,621 149,454 149,791 149,772

42




1°2017 « METPOJIOIIS TA [IPUJIALN + ISSN 2307-2180

TOYHICTb TA JOCTOBIPHICTb

Tabnuya 7. Ppaemernm 3HaueHull memnepamypsl damuuxa Pt100 u RBF-cemell

Table 7. Selected values of temperature for sensor Pt100 and RBF-networks

—55,029 —55,027 —55,033 —55,154 —55,100 —55,028
—50,142 —50,147 —-50,146 -50,113 -50,147 —-50,137
3 —45,110 —45,110 —45,117 —45,100 —45,106 —45,099
40 140,084 140,057 140,063 140,056 140,052 140,055
41 145,129 145,091 145,079 145,069 145,108 145,059
42 149,810 149,778 149,759 149,771 149,839 149,800
T . M i
norpemnoc NTC-tepmcropos Ne2 — Ne6. Jlns mpo- abnuya 8. MaxcumanvHble 3HAYEHUA NPUBEOEHHOL

BEPKW 3TOr0 YC0BUA U3 6asbl AaHHbIX (Tabn. 1) ¢ ma-
rom 5 °C B guamasoHe (-55...150) °C 6b11 0TOHPAHLL
42 3HaueHWA TeMIlepaTypsl aaTuuka Pt100 wn Tep-
mucropoB Ne2 — Ne6 (Tabn. 6), a Takke 3HaueHuA
TeMIlepaTypsl HauMeHee TOuYHbIX RBF-ceTeit B €00-
TBETCTBUW C KpuTepuem MAPE (7) pns mATM cepuit
IKCIIEPUMEHTOB (Tabn. 7).

[IpuBeneHHy0 MOrPEIHOCTb PACCUUTHIBAIUN B BU-
ne [19]:
T/ T, ) 100, (9)

~Tpe0)/ T, )-100,

YQ;TC (( NTC

Y:fF = ((TRBF

rae Tyre W Tpuoo —

(10)

COOTBETCTBEHHO 3HauyeHUA
TeMIepaTypsl Tepmucropos Ne2 — N6 u omopbie
3HaUYeHUs TeMmIeparypsl (Tabn. 6); Tipr — 3HAYue-
HUA TeMIepaTyphl, MOAyYeHHble C WUCII0Jb30BAHUEM
RBF-cereii (1abn. 7); T, — TpPOTSKEHHOCTb pabouero
IUama3oHa TeMIlepaTypbl TePMUCTOPOB.

Makcumanbible 3Ha4YeHUA TPUBEEHHON MOIPELTHOC-
™ Temneparyps (9), (10) mpeacTaBneHsl B Tabnuie 8.

Ananus paHHbIX (Tabn. 8) mokasblBaeT, 4TO JN0-
60e MakcuMmasbHOe 3HauyeHWe NMPUBELEHHOW IMOrpel-
HOCTW TeMIlepaTypbl HauMeHee TOUHBIX IO KPUTEPUIO
(7) RBF-ceTeil B HECKONLKO pa3 MeHblIe J11060T0 Mak-
CUMasnbHOTO 3HaYeHWA IPUBELEHHOW MOTPEIHOCTU U3-
MepeHWUs TeMITepPaTypbl C UCIOJb30BAHWEM TEPMUCTO-
poB Ne2 — Ne6.

[ins olleHKW cTemeHM 61U30CTU pe3ynbTaTa Heipo-
CeTeBOW aMIPOKCUMALUW TPafyUPOBOYHON Xapak-
TEPUCTUKU TepMucTopa N°1 K ONOPHLIM 3HAYEHW-
AM TEMIePaTypHl OMpeznensinu abColioTHYI0 Morpell-
HOCTb Ha ocHoe kputepus MAD (5) c ucnonb3oBaHU-
€M OTOOpAaHHLIX N = 42 3HAYEHWil TeMIepaTypsl Hau-
MeHee TOYHbLIX RBF-cereii (Tabn. 9).

Mopsapok oueHok kputepus MAD (tabn. 5, Tabn. 9)
CBUZETENbCTBYET O TOM, UTO ITPeieNtl abCo0THOM To-

noepewHocmu vy,,, %

Table 8. Maximum values of error vy,,, %

NTC-Tephucropst

Ne2 0,1390 1-102-1 0,0205
Ne3 0,0732 1-113-1 0,0181
Ne4 0,1590 1-97-1 0,0142
Ne5 0,0634 1-99-1 0,0141
Ne6 0,0937 1-101-1 0,0166

Tabnuya 9. 3Hauenus kpumepus MAD, °C
Table 9. Value of MAD criteria, °C

1-102-1 | 1-113-1 | 1-97-1 | 1-99-1 | 1-101-1
00230 | 0,0242 | 00267 | 00207 | 0,0235

I'PELIHOCTU ANITPOKCUMALIUYN I'PAAYUPOBOYHO XapaKTe-
puctuxku TepmMucropa Nel Ha ocHoBe RBF-ceTel He Me-
Hee yeM B 1,5 pa3a MeHblie [OIyCTUMOW abCOMIOT-
HOW IOT'PEIIHOCTU MaTeMaTU4YecKoro Ipeobpa3oBaHUs
(4), ncronb3yemoro B cucreMe c6opa paHHbix Agilent
349704 (puc. 6).

TakuMm 006pa3oM, aHanu3 IMONYYEHHLIX Pe3yib-
TAaTOB II03BOJNAET pPEKOMEH[0BAaTb IPUMEHEHUE
RBF-ceTe pnA NOCTPOEHUA WHAUBWUAYaLbHOW Tpa-
OYNPOBOYHON XapaKTEPUCTUKU TEPMUCTOPOB ¢ abco-
JIIOTHOW IOTPENIHOCTbI0 MAaTEMaTUYecKoro mpeobpa-
30BaHUs 3HAYEHWW CONPOTWUBIEHUA B TEMIEPATYpy,
He mpesbimatomeit A7 = 0,027 °C B 110601 TouKe pa-
60yero guamasoHa.

PEKOMEHJIAIIMY 110 MPAKTUYECKOMY

NMPUMEHEHUIO IIOJIVYEHHBIX PE3VIIBTATOB

IIPU TECTUPOBAHHUHU ITPOTPAMMHOTI0

OBECIIEYEHHUA CPE[ICTB U3MEPEHUM

B cucremax c6opa n 06paboTKU LaHHBIX, HATPUMED,
Agilent 34970A pe3ynbraT U3MEPeHUA COMPOTUBIEHUA
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NOPEEINOC T
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| peotpaiceaia
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Bixrasit
.

Tipenenu
TOTPEMHOCTH
REBF-ceten

Puc. 6. IIpedenwt abcontomHoll nozpewiHocmu
epadyuposouHoll xapakmepucmuxu NTC-mepmucmopa

Fig. 6. Absolute error limits of calibration characteristic
for NTC-thermistor

TEPMUCTOPA IPe0bPa3yeTCs B SKBUBALEHTHYIO TEMIE-
paTypy ¢ ucronb3oBaHueM BcrpoenHoro II0. B coort-
BercTBUM C [20] k II0 cpepncTB M3MepeHWit OTHOCUT-
€A KOMITbIOTEPHAA MTPOrpaMMa Wi COBOKYIHOCTb ITPO-
rpaMM, IIpefiHa3HaYeHHBIX AJIA UCII0/Ib30BAHUA B Cpef-
CTBaX W3MEpEHW! U peanusyiouux, B TOM uncie, cbop,
nepefavy, 06paboTKy, XpaHeHWe W MpefCTaBleHune us-
MepuUTenbHOW nHbopMaLum, a TakKe NPOrpaMMHbIe MO-
IYNU U KOMIIOHEHTH, He0OXOZUMbIE L (QYHKLUOHM-
poBaHuA 3TuX mporpamm. IIpm aTom BaxKHOW 3apmaven
obecrieyeHns. TOUHOCTU U3MEPEHUN ABJAETCA UCIIONb-
3oBaHue I10, KOTOpOe He OKa3LIBAET BAUAHUA HA METPO-
JIOTMYECKUE XaPAKTEPUCTUKU CPELCTBA U3MEpPEHNI NN
3TO BAUAHUE ABNAETCA MUHUMAJIbHBIM U HE IIPUBOAUT
K WUCKaXeHU0 u3MeputensHon undopmauuun. OueHka
BauAHuA II0 Ha MeTponoruvyeckue XapaKTepuUCTUKU
peanusyeTcs MyTeM NPOBELEHWUS UCILITAHWN (TecTu-
poBanus) II0 cpencts usmepennn [20—22].

OnnH u3 3bGEeKTUBHLIX CIIOCOO0B TECTUPOBAHUA
II0 ocHoBaH Ha cpaBHeHuu omopHoro II0 (reference
software) ¢ TeCTUpyeMbIMWU IIPOI'PAMMHLIMU ITPOAYKTA-
mu. CymHoCTb 3TOTO crocoba 3akil0vyaeTcs B BO3ZEN-
CTBUW OIOPHBLIMU JJIAHHBIMU Ha omopxoe I10 pana mony-
YeHUA COOTBETCTBYIOLUX PE3YJILTATOB N UX CPAaBHEHUA
C TeCTOBLIMU pesyibraramu (puc. 7) [23].

Cnepyer OTMeTUTb, uYTO pa3paboTka OMOPHO-
ro II0 cpencTs usMepeHWil ABNAETCA Cepbe3HOW ITPO-
6neMoii, MOCKONbKY HANpaBleHO Ha pellleHUe 3afay,
QHAIOTNYHLIX TEM, KOTOPLIE PELIAITCA C UCII0NIb30BAHM-
€M 3TaJlOHOB (U3NYECKUX BEAWUMH, U JJOJKHO COOTBET-
CTBOBATb [TOBLIIEHHLIM TPEOOBAHUAM K BEIUUCIUTETILHBIM
W GYHKIMOHAIbHLIM XapaKTePUCTUKAM, IOLATBEPKAEHHBIM
(B pAne cnyyaes He3aBUCUMBLIMU METOfLAMMW) IIPU HEOLLHO-
KPaTHOM TECTUPOBAHUUN U IIPUMEHEHUN.

AnbTepHATUBHLIM CIIOCOOOM ABIAETCA NMPOLERYpa,
IIPW KOTOPO OMOPHBIMU (MOZEJbHLIMWU) Pe3ybTaTaMu

44

BO3[eMCTBYIOT Ha CIlelMaNbHY0 POrpamMmy (reHeparop
LAHHBIX) [ MONYYEeHUs COOTBETCTBYHOWEro Habopa
«3TaJIOHHBIX [IJAHHBIX», UCIIONIb3YEMBIX flanee Jif Tec-
tuposanua I10. Pesynbrars, nonyuyeHHble TECTUPYEMBIM
I10 mpu BO3LeiCTBUN Ha HEr0 «3TAJLOHHBIMU JAaHHLIMUY,
CPaBHUBAWTCA C MOJENbHBIMU Pe3yjbTaTaMu II0 PALY
KOJMYECTBEHHbIX XapaKTEPUCTUK AJIl OLleHKU CBOWCTB
rectupyemoro II0 (puc. 8) [23].

ITpn 3TOM, KaK OTMeYeHo B paboTax [24, 25], Habopsl
«3TAJIOHHBIX [AHHBIX» [OJKHBI COOTBETCTBOBATL Ta-
KUM Iuama3oHaM, IPU KOTOPHIX aJTOPUTMBLL UX IONY-
YeHUs U 06PabOTKU ABJAIOTCA YCTONYUBLHIMU. B Kaue-
CTBe TPOBEDPKU YCTOWYUBOCTWU «ITANOHHBIX AAHHBIX»
MOXeT BbICTYIIaTh OlleHKa KPUTEePUA Cornacus y> HOp-
ManbHOMY 3aKOHY pacIpefesleHus 3HaueHWW Kpure-
pus MAPE (7), TIONYYEHHHLIX s OMOPHLIX 3HAYEHWUN
TeMIeparyps paruuka Pt100 u MHTEPIONWPOBAHHBIX

OmopHEle AaHHEE
(Reference data zet)

v '

Onoeproe T1O Tectipyemoe T1O
{Reterence zoftware) (Test software)

' v

(OrmopHEIe pesyIETATH TecToBRe pe3yIETATH
{Reference results) (Test results)

' +

CpapHeHNe
(Commpatison)

Puc. 7. Tecmuposarue II0 cpedcms usmepeHull
C UCNONb308aHUEM ONOPHO20 NPOZPAMMHO20 NPodyKma
Fig. 7. Software testing of measuring instruments
with using of reference software

&I TANOHHBIE TAHHEIE ) T'enepatop
(Reforence data) || €OTATOHHEIX TAHHBIX
' ' (Data generator)

Puc. 8. Tecmuposarue II0 cpedcms uzmepeHull
C UCNO/Ib30BAHUEM 2eHepayuU «3MANOHHbIX OQHHBIXY»
Fig. 8. Software testing of measuring instruments
with using of «standard data» generation
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Tabnuya 10. 3naueHus xpumepus MAPE, %
Table 10. Value of MAPE criteria, %

0,00525 0,00524 0,00539 0,00469 0,00547
2 0,00438 0,00441 0,00463 0,00492 0,00541
3 0,00583 0,00472 0,00474 0,00568 0,00507
4 0,00497 0,00567 0,00470 0,00476 0,00452
5 0,00545 0,00515 0,00557 0,00508 0,00589
6 0,00460 0,00466 0,00550 0,00544 0,00494
7 0,00545 0,00506 0,00521 0,00467 0,00525
8 0,00399 0,00468 0,00649 0,00534 0,00451
9 0,00483 0,00541 0,00428 0,00464 0,00544
10 0,00460 0,00510 0,00440 0,00619 0,00474

C ucrnonb3oBaHueM RBF-ceTe 3HaUeHWUW TEMIIEPATYPHL.

Pesynbratsl oueHnox xpurepus MAPE w ero cra-
TUCTUYEeCKUe ToKasaTenu Ana 10-TW 3KCIEPUMEHTOB
KaQXZLOW Cepun TpPUBELEHbl COOTBETCTBEHHO B TabNM-
ue 10 n Ha pucyHke 9.

[IpoBepKy TrumoTessl 0 COTNAaCUM pPacIpefieneHns
3HaueHWit MAPE (Tabn. 10) HOpManbHOMY 3aKOHY OCY-
mecTBnAnu B cucreme STATISTICA 6.1 ¢ nCmonb30BaHU-
em Moayna «Ilogronka pacnpepenenuiny. [Ipu sTom unc-
J10 UHTEPBAJI0B I'MCTOIPAMMBL /1 = 7 OTIPefeNANN B COOT-
BETCTBWUU C IMIIUPUYECKUM IipaBunoM Crépaxeca [19]

n=1+3,322IgN,
roe N — UUCi0 eAuHUL COBOKYITHOCTU 3HaueHun MAPE

[lonyuyenHsie OLeHKN ¥> U p-YPOBHA 3HAUUMOCTU
(puc. 10) mOATBEPKAAIOT IUITOTE3Y O COTJIACUM PaCIipe-
IeneHns 3HaueHui kputepua MAPE HOpManbHOMY 3a-
KOHY, 0 UeM TaKxke CBULLETENbCTBYIOT OLleHKU acUMMeT-
PUM U 3KcLlecca U UX CTaHpapTHbIe omubku (puc. 11).

Ha ocHoBe crarucruyeckux mokasareneit (puc. 9)
W HODPMaJIbHOTO 3aKOHa pactpenenesus (puc. 10) c uc-
[0J1b30BaHNEM MHCTPYMeHTa «BepOATHOCTHBIN KaJlbKy-
natop» cucremst STATISTICA 6.1 ycTaHOBNEHO, UTO B Of-
HOM OTZLE/NbHOM BBLIYUCIUTENLHOM SKCIIEPUMEHTE IpakK-
TUYECKU HEBO3MOXHO ITOJYYUTb «ITAJIOHHLIE [AHHLIEY,
OTIINYalolMecs OT ONMOPHLIX pPe3yAbTaToB AaTunKa
Pt100, TOCKONbLKY BEPOATHOCTb 3TOTO COOBITUA PaBHA
0,021.

TakuM 006pa3oM, [JOCTOBEPHOCTb TeHEPUPOBAHUA
YCTOWUMUBLIX «3TAJIOHHLIX JAHHLIX» C UCIIOb30BAaHUEM
RBF-ceteit ipu Tectuposarun II0 cpencTs namepeHuit
(puc. 8) coorBerctrByeT 97,9 %.

BBIBOJIbI

1. B pe3ynbrare MpoBeAleHHOTO UCCIIE[0BAHUA YCTa-
HOBJIEHO, YTO WCIOJb30BAHWE PafUaNbHO-6A3UCHBIX
HepOHHBIX CeTeil, B OTAMYME OT MEPCENTPOHOB
W TIONVHOMMWAbHBIX MOJieJlel, MO3BONAET 06ecreyunTsb

OnucarensHele ctatucTrkm (Morpewnoctw_REF_new. sta) —
Mepemennan [N Haon. |Cpegree [MuAMMym [Makcamym | CTh.omkn,
MAPE RBF [ 50 1000506 | 000399 | 000649 | 000051 |-

1] ol
Puc. 9. Cmamucmuueckue nokasamenu xkpumepusa MAPE
Fig. 9. Statistic indexes of MAPE criteria

Mpsn: MAPE_REF, Pacnpes, Hopuansmos
Kpumepwh Xwkpagpar = 1,19813, cc = 1 (ckopp.) , p = 0.27370

HYueno Hafnogesn
=
=

Pl S
oL h___
0.00a7 00041 0.0046 0,0050 00055 00,0059 10,0064 0,0069
Puc. 10. Pesynvmam nposepku cmamucmuyeckolu
2unomessl no Kpumepurmw x>

Fig. 10. Verification result of statistic hypothesis on >

criteria
Onucatenedele ctatieTiiu (Morpewoct_RBF_new. sta) EI
AcHumeTpua Cto.ow. JKrcueco Cto.ow.
MepemMeHHaA ACHMMETRHA Jkcuece
MAPE_RBF 0,452 0,337 0,143 0,562 -
[ o

Puc. 11. OyeHKu acummempuu u 3xcyecca
Fig. 11. Assessment of asymmetric and excess

BLICOKY10 TOYHOCTb ITOCTPOEHUA UHAUBUAYAILHOW Ipa-
OYUPOBOYHOW XapakTepuctuku NTC-TepMUCTOPOB ANA
BCero paboyero AuamasoHa TEMIEpaTyp.

2. Iloxasano, uto mpumeHenune RBF-ceTel 03BONAET
He MeHee yeM B 1,5 pasa yMeHbIIUTL IIPefieNbl TOorpen-
HOCTU aIIPOKCUMaUU TPagyNPOBOYHON XapaKTePUCTM-
KW TEPMUCTOPOB IO CPAaBHEHMUIO C IpefienamMu AOmMyCTu-
MO¥i TOTPELTHOCTV MaTeMaTUiecKoro Mpeobpa3oBaHUs,
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pasHo# 0,05 °C u cooTBeTCTBYWOWEN KNacCUIECKON

MONNHOMWANbHOM MOZEAN TPeTbero MOPAAKA, KO-
TOpas WUCIONb3YETCA B IPOTPAMMHOM obecredyeHun
cucrem c6opa u 06paboTKU U3MEPUTENbHON UHPOP-

Malnuu.

3. Ilpennoxen cmoco6 wucronb3oBanus RBF-ceTeit

B KQUeCTBe reHepaTopa «3TAOHHLIX JaHHLIX» ITPYU IPOBe-
[EHWUU UCIILITAHUN [TPOrPAMMHOr0 0becreyeHus CPenCTs
WU3MepeHU U aBTOMATU3alUM ITPOLey Pl IEPUOANIECKO
kanu6posku NTC-TepMUCTOPOB Ha CTaZWU KCIUIyATaLUM.

10.
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III «IBaro-®paHkiBCbKCTAHAAPTMETPOJIOTIAY

Considered actual issue of transition to
accounting of natural gas in energy units,
and determination of the calorific value

Po32n1iHymo  akmyasneHe NUMAHHA Nnepexo-
0y Ha 061K npupoOHO20 2a3y 8 OOUHUYAX eHep-
2ii ma 8uU3HAYeHHA meniomu 320pAHHA Y CNOXUBd-

uig KOMYHAILHO-NOBYMOB020 cekmopy. I3 nposede-
HO20 aHanisy sunnuBae, wo Haubinew nepcnekmus-
HUM € 3aCMOCYBAHHSA Kaso0puMempuyHo20 Memooy.
3anponoHosaHo cnocib excnpec-KOHMPOIIO Mensio-
MU 320pAHHSA i3 3CMOCYBAHHAM YCMAHOBMEHUX Y
CNOXUBAYA NIYULHUKA 203y, NIYUTbHUKA 800U, KOM-
J1a abo KOJOHKU, AKUU 00yKOMN/IeKmMosaHo 0asaya-
MU memnepamypu 800u. Po3pobneHo Memoouky
nposedeHHs 00C/iOXeHb Y CNOXUBAYA KOMYHAsIbHO-
nobymosozo cekmopy. BukoHaHo memposnoaidHul
aHaniz po3pobneHozo cnocoby. lposedeHo npak-
MmuyHy anpobauyito y 8udi NOPiBHAILHO20 aHAnNI3y
OMPUMAHO20 3HAYeHHS Mensiomu 320PAHHA Npu-

consumers household sector. From the analysis
it follows that the most perspective is the use
of colorimetric method (Fig. 2). The proposed
method is express control of combustion heat
with established consumer gas meter, water
meter, boiler, or column, which beefed up the
water temperature sensors (Fig. 4). The technique
of research in the consumer household sector
was developed. Metrological analysis of the
developed method was made. Spend the practical
testing of a comparative analysis of the specific
value of natural gas calorific value and the
proposed method with the use of a laboratory

POOHO20 2a3y 3aNPONOHOBAHUM CNOCO6OM Ma i3 3a-
CMOCy8aHHAM 711a60pamopHo20 Xxpomamozpaga.

chromatograph.

Knio4oei cnosa: mensioma 320pAHHA NpUPOOHO20 2a3y, eKCnpec-KoHMPOb, Karopumemp, noxubka
Keywords: natural gas heat of combustion, express control, calorimeter, error

Vkpaini 301.10.2015 Habpas yuHHOCTI 3aK0H «IIpo PUHOK IIPUPOJHOTO Ia3y», B AKOMY

pa3oM i3 BU3HAUEHHAM MIPAaBOBUX 3acaj HYHKUIOHYBAHHA PUHKY IPUPOAHOTO Trasy,
3aCHOBAHOTO Ha MIPUHLUMIIAX BiNbHOI KOHKYpEHLii, HaJleXXHOTO 3aXWUCTY IIPaB CIIOXUBAUiB
Ta 0e3MmeKu IMOCTavaHHA IPUPORHOTO Traly, aKLeHTOBAHO yBary Ha TOMy, o 067ik
MPUPOZHOTO ra3y Ta BIANOBIAHO KoMepuidHi omepauii 3 MPWPORHUM Tra3oM IOBUHHI
3gpificHioBaTUCA B oaMHUUAX eHeprii (kBT-rog, Ik abo kanopiax). Hapasi muranHa B3ae-
MOPO3PaXyHKIB y 3a3HAYEHUX OLUHULAX IIOKWU 0 HEe BUPIUIEHO Hi B IIPOMUCIIOBOMY,
Hi B KOMyHanbHO-O6YTOBOMY cekTopax croxusanHA. HAK «Hadroras» 3ampomoxysas
mpoeXT «IInany 3axopis i3 3anpoBaKeHHA B YKpaiHi 0671iKy TPUPORHOro rasy B OANHULAX
€Heprii», a TaKoX ITPOEKT BiAMOBIAHOI MOCTAHOBU YpAAy WOA0 3aTBEPAKEHHA LbOTO
LOKYMEHTa 3 MepCIeKTUBOI0 10T0 MOCTYIIOBOTO BIPOBafKeHHs 3 I kBapTany 2017 poky.
30KpeMa, B JOKYMEHTi aHOHCOBAHO, 1110 BIACHWKW BY3J]iB 00JiKy rasy OTPUMYBATUMYTb
PaxXyHKU 3a CIIOXWUTUIA NPUPOAHWUW ra3 i3 NPUIUCAHWM 3HAYEHHAM MO0 TEIUIOTU
3ropAHHA. Po3po6neHUM InaHOM NepefbaveHO 3axXOAW, W0 LO3BONATH 3aMPOBALUTU
KoMepuiitHuit 0671ik rasy mip vac 1oro BuAR0OYBaHHSA, TPAHCIIOPTYBaHHSA, PO3MOAinNy,
IIOCTAYaHHA Ta BUKOPUCTAHHA B OAMHWULAX eHeprii.

© Tlerpuuus 1., pucsxuiok T., Bac 0., 2017

I. IlempuwuH

T. IIpucsaxHiok
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MoTpi6bHO Bif3HAUNTH, 10 B KpaiHax EBpOMENCHKOTO
Cot03y BXe [aBHO 3alPOBA[KEHO BUMIpIOBAHHA eHep-
reTuyHoi uiHHocTi, To6TO eHeprii mpupopHOTO ra-
3y. BirumsnaHe 3akoHOmaBcTBO y cdepi Hopmarus-
HOro 3abe3mevyeHHs IpardHe MaKCUMaJbHO BiamoBipa-
™ [IupextuBam €C y yacTuHi 0671iKy rasy B ogMHULAK
eHeprii [1], mo cnpuATUME YCYHEHHI0 HeBiAmoBiAHOC-
Teil Ta 3a6e3MeYUTh MaKCUManbHy yHidikauiio B mpo-
eci KOMepUiNHOTO TPAH3UTY MPUPOJHOTO Ta3y Ha Te-
puropito €C. Ilepuri Kpoku Bxe 37iliCHEHO, 30KpeMa,
VKkpaiHa, B paMKax BWKOHaHHA [loroBOpPY IPO 3acHY-
BaHHA Enepretuynoro CmiBTOBapuCTBa, MPUELHANACA
10 EAVHOTO IIPOCTOPY PEryN0BaHHA TOPTiBAL ImpUpop-
HUM Ta30M Ta B3sla Ha cebe 3060B'sa3aHHA BUKOHYBATU
BCl pilleHHA Ta MPOLEAYPHI aKTW, IPUAHATI ITif yac 3a-
CTOCYBaHHA JJOroBOPY i3 Yacy HabpaHHA HUM UNHHOC-
Ti. Y ubOMY € psjn mepeBar, 30KpeMa, CIoXuBaui 6y-
IyTb rapaHTOBAHO 3axXWllleHi Bif MOCTayaHHA HeAKic-
HOTO HU3bKOKaJOPiHOTO ra3y 3 HafBHICTIO HaAMipHOi
BOJIOI'M ab0 iHWIMX [OMILIOK.

Pasom i3 Tum HAK «Hadroras Vkpainu» Bxe dak-
TUYHO 37i/iCHIOBAB KYMiBIIO W OIJATYy ra3y B OfUHU-
1AX eHeprii 3 peBepCcHUX IMOCTABOK rasy, 3TifHO 3 [70-
TOBOPaMu 3 €BPOIENCHKUMU IOCTavanbHUKaMu. Okpim
TOr0, BIAMOBIZHO [O YMOB pitoumx KoHTpakTie HAK
«Hadroras» 3 IIAT «la3mpom», oriaTa 3a IIPUPOLHUN
ras (akTUYHO 3pilcHIOBanaca 3a 06CArOM MOTO eHep-
rii. Po3paxyHKu BUKOHYBaIWUCA BiAMmoBiAHO [0 06’emy,
3BEIeHOTr0 [0 CTaHAAPTHUX YMOB, a LiiHa woMmicausa me-
pepaxoByBaacs BigHocHO 6a30Boi 3anexHo Bif cepen-
HbO3BAXEHOTO 3HAYEHHA TEIJIOTU 3TOPAHHA MPUPOJ-
HOTO Tra3y, AKUW HAXOLUB [0 Ta30TPAHCIIOPTHOI CuUC-
TeMu Ykpaiiu 3a po3paxyHkoBwuil mepiop. [Ipu usomy
TPOJaX IMPUPOLHOTO ra3y YYaCHWKaM ra3oBOrO PUH-
Ky Ykpailn IpopoBKye 34iCHIOBATUCA 3aNeXHO Bif
06'eMy B KyOIUHMX METpax, 3BEEHUX [0 CTAHAAPTHUX
yMoB. IIpn 1bOMY MOTPIGHO 33a3HAUNTH, 1O 33 LAHUMMU
ITAT «VkpTpaHcras» TeIioTa 3rOpAHHA TPUPOLHOTO ra-
3y, 11J0 TPAHCIIOPTYETLCA TepUTOpieto Ykpaiin mpoTarom
OCTaHHIX pOKiB, mepeBuiye 3HaueHHA 8 000 kkan/m>.

Y pinicrocTi 33 perioHamu Ykpaiiu B 0auH 1 TO e yac
TEIUI0Ta 3TOPAHHSA TPUPOLHOrO Ta3y Mae pisHi 3HaveH-
Hf, AKa MOXe 3MIHIOBATUCA 3aJI€XHO Bifi POAOBUILE,
i3 AKOTO 37AilicHI0ETHCA BUZOOYTOK Ta ra30IMOCTAYaHH:A
L0 CITOXWBAYa, Bifi TEXHOJNOTIYHOI'O PEXUMY AOTO ITifi-
roToBKW abo Bij KOHKpeTHOI KpaiHu-eKcmopTepa rasy.
3ripro 3 panumu ITAT «VkpTpaHcras» mpoTArOM OCTaH-
HbOTO POKY B VKpaiHi TemnoTa 3ropsHHA IPUPOLHOTO
rasy 3MiHloBajacs B Mexax Bif 7 940 no 8 696 kkan/m?,
WO CTAHOBUTb pi3Huuio, Ginbury 3a 9 %, mpuyoMy
He BCTaHOBJIEHO YiTKOI 3a/1€XHOCTi BifHOCHO KOHKpET-
Hoi obnacti.
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[InTaHHA BUMIPIOBAHHSA TEIUIOTU 3TOPAHHS, AKa BU-
KOPUCTOBYETHCA K MHOXHUK ¥ GOPMYILL /1 BU3HAUEH-
Hf eHeprii mpupopHOro rasy, 3 peKOMeHAALiaMU 1070
po3pobnenns By3niB 06niky eHeprii rasy i3 3acrocy-
BAHHAM [IOTOKOBUX T'YCTUHOMIpiB rasy B IPOMUCIIOBO-
My cekropi posrnanyTo B [2]. Hapasi po3pobneHHAM
Ta LOCJiKEHHAM TaKUX TYCTUHOMIpiB, JOYKOMIIIEKTO-
BaHUX JlaBaueM Kinbkocti giokeupy syrnento (CO,) B ra-
31, 3 QyHKLi€l0 06UNCIEeHHA TEIUIOTU 3TOPAHHA 3aiiMa-
erbci BK® «Kype» (M. [uinpo) [3]. [Iponec mepexo-
Ly TIPOMUCJIOBUX CIIOXUBAYiB HA PO3PaXyHKU 3a eHep-
rito ra3y JOBrOTPUBANLWUMN i BUMAarae JOLATKOBUX 3aX0-
0iB, OCKiZIbKYM, OKPIM [NOYKOMIUIEKTYBAHHA BY37iB 061i-
Ky 3aco6aMu BU3HAYEHHA TEIJI0TU 3TOPAHHA, HeoOXin-
HO ITPOBECTU MOAepHi3auio koxdirypauii mporpamto-
ro 3abesneyeHHs KOPEKTOPiB Ta 06YMCIOBAYIB y vac-
TUHI 3MiHU CTaHAPTHUX YMOB IIPUBELEHHA 06'eMy ra-
3y 3a Temmeparypot 3 20 Ha 0 °C.

TakoX 3anuuWIaeTbCi BIAKPUTUM MUTAHHA WOLO
CTAHJAPTHUX YMOB MPUBELEHHs 06'€EMy rasy Ta OTpu-
MaHHA 3HaYeHHA TeIUIOTW 3TOPAHHA rasy 3a IpoBe-
LEHHs PO3PAXYHKIB ¥ KOMYHaIbHO-IIOOYTOBOMY CEKTO-
pi. 3rigHo 3 BUMoramu cT. 2 3akoHy Ykpaiau «IIpo 3a-
Oe3meyeHHA KOMEPUiNHOTO 06MiKy MPUPOLHOTO rasy»
[IOCTAYaHHsA MPUPOAHOTO ra3y 3AiACHIOETbCA 33 YMOBU
NOro KOMepuinHoro o6niKy mif HaCeNeHHs, 10 MPo-
)KMBA€ y KBApPTUpaxX Ta MpPUBATHUX OYAWUHKAX, V AKUX
IIPUPOAHUIA Ta3 BUKOPUCTOBYETLCA: KOMIIEKCHO, § TO-
My uucni pis omaneHHs, — 3 1 ciyxa 2012 poky; mns
mipirpiBaHHA BOAW Ta MPWUrOTYBaHHA DI — 3 1 ciyHA
2016 poKy; nuile Ana OPUroTyBaHHA Dxi — 3 1 ciu-
HA 2018 poKy, — TOOTO Ha CbOrOfHi He BCi Karero-
pii cmoxuBauis 3abesmeveHi 3acobamu 06niKy mpu-
popHoro rasy. Io x crocyeTbcA BW3HAUEHHA TeIO-
TU 3TOPAHHA a3y, TO LI KOMEpPLiiHUX po3paxyHKis
y KOMyHaJbHO-1I06yTOBIN cdepi moku wo mpomoswnuii
V BUL1 HOPMATWBHO-IIPABOBUX AKTIB BifCYTHI.

Mema cmammi — po3pobneHHA MeTOLYy Ta CIO-
co0y mpoBefeHHA MEePiofAUYHOTO eKCIIPec-KOHTPOI0
TEIJIOTU 3TOPAHHA MPUPOAHOTO Ta3y B KOMYHAIbHO-
mo6yToBiit chepi Ta OLiHEHHA NOT0 METPOJIOTiYHUX Xa-
PaKTEPUCTUK.

Ternota 3ropAHHA NMPUPOAHOTO a3y BU3HAYAETb-
ca 3rigHo 3 [4] i3 3acTOCYBaHHAM TaKUX METOAIB: Ips-
MOT0 BUMIpIOBAHHA (KalOPUMETPW 3TOPAHHA), HEmps-
MOTO BUMIpiOBaHHA (raszosa xpomarorpadis) ta omo-
CepenKoBaHOro BUMipioBaHHA (Ha OCHOBI KopenAuin-
HUX 3anexHocreit). Hapasi Hait6inbuwioro mommpeHHs
HabyB MeTOj HENmpsMOT0 BUMipIOBAaHHSA i3 3acTOCyBaH-
HAM xpoMaTorpada. 3o0KkpeMa, akpeauToBaHi naboparo-
pii v 3a3HaveHiit ranysi, a ne 71 Bigomua naboparo-
pia ITAT «VkpTpaHcras» Ta naboparopii perioHanbHUX
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ra3oBUX KOMITaHili, 3aCTOCOBYIOTb BUKIIOYHO lieil Me-
TOL. 3rifHO 3 HWUM MPOBOAATL aHasli3 KOMIIOHEHTHOTO
CKnaay BimiGpaHOro mMpPUpOAHOro rasy i po3paxoByOThH
TeINoTy 3ropaxHa rasy H (Mx/M) 3a dopmynoto:
n
H = ZH i i (1)
i=1
ne H, — TemnoTBOpPHA 37aTHICTb {-TO KOMIIOHEHTa ra-
3y, 3HAUeHHA HaBefeHO y Tabnauni [5];
X, — 4YacTKa /—T'0 KOMIIOHEHTa B IIPUPOJHOMY rasi.
Pasom 3 TUM mpoBepneHi pocnimkeHHa [6] 3acBip-
Yyl0Tb, 10 33 BU3HAYEHHA TaKUM METOLOM pPeaslbHO-
rO 3HAUEHHSA TEIUIOTW 3TOPAHHA He BPAXOBYETbCA Ha-
SBHICTb BOAAHOI ITapu B rasi, BIUIUB HETOPIOYUX KOM-
MOHEHTIB Ta BMICT cipkoBMicHuUX cmonyK. Oxpim ToOroO,
3a CItpo6U 3aCTOCYBaHHA 3a3HAYEHOTO METOLY [UIA TIPO-
BEe[leHHs BUMIpIOBaHb ¥ KOMYHAIbHO-IIOOYTOBOMY CeK-
TOpi OYeBUAHWI pAf TPO6IEM, 3yMOBJIEHUX BUCOKOBAp-
TiCHUM 061afHaHHAM, HETATUBHUM BIUIMBOM OLOPAHTY
Ha xpoMmarorpadivyHi KonoHKU Ta Heob6XipHicTio morme-
penHbOi MiprotToBku BinibpaHoi mpobu rasy B vacTu-
Hi 3abe3meyeHHA 3HAYHO BULIOTO HAZJIULIKOBOTO TWUC-
Ky rasy, HiX y OYOWHKOBUX Ta30BUX MEpeXax, fAKuii
HaZXOAWTb Ha BXij Xpomarorpada mns NpoBenEH-
HA KOPEKTHOTO aHani3y Ta pO3pPaxyHKY TeIUIOTW 3To-
paHHA. [Ina BupiutenHs uiei mpo6nemu B [OII «IBaHo-
®paHKiBCHKCTAHAPTMETPOJIOTIA» PO3p0obIeHo yHiBep-
canbHUi mpoboBinbipHUK mpupopHoro rasy [6] Ha Oa-
31 TumoBoro mpobosifbipHMKa — 6anoHa 3 PyXOMUM
mopurHeM. PospobneHa KOHCTPyKuiA mpo6osinbipHuKa
LAE€ MOXJUBICTb 10T0 3aCTOCYBAaHHA A OYAMHKOBUX
ra30TMpOBiAHUX MEPEX i3 pi3HUM 3HAYEHHAM HaAIULIIKO-
BOT'O TUCKY. Pa3oM 3 TMM mpuHuun aii mpo6osindipHu-
Ka mepenbavyae CTUCHEHHA Bifibpaxoi mpobwu mpupop-

HOT'O rasy 3 MEeTO0 IifBWIeHHA HaZIUUIKOBOTO TUCKY.

3aranbHuWit BUp, mpo6oBinbipHUKa HaBeaeHo Ha puc. 1.
IlTo cTocyeTbcs METOLY BU3HAUEHHA TEIIOTU 3T0-

PAHHA HA OCHOBI KOPeNALiHUX 3aJ1eXKHOCTEN, TO HE0O-

Puc. 1. 3aeanvHuil Bud nopwHeso2o npobosiobipHUKA
npupooHoeo 2asy 3 0soma 6anoHamMu-npo6osidbipHUKaMU
Fig. 1. General view of the natural gas piston sampler
with two balloons-samplers

XifHO BiA3HAYUTY, 1110 Hapa3i Ha PUHKY BifCYTHI KOMep-
uifiHi mpunapu Takoro mpusHaueHHA. OCKinbku MpuH-
NI POOGOTU MPWUIALIB OMOCEPEKOBAHOIO BUMIpIOBAH-
HA TaKOX Mependavac BUMIpIOBAHHSA OLHOTO UM KiNbKOX
bizuko-ximivHux mapameTpiB abo [eAKUX KOMIIOHEHTIB
CKnany rasy, 3a ix 3acTocyBaHHA Ans MOOYTOBUX CIIO-
XUBAYiB |OBEMETHCA BTPYYATUCA B POOOTY ra30CIIOMU-
BAOUUX MPUNALIB, 110 MEBHOW MipOl0 YCKAA[HIOE MPO-
BeJleHHs BUMipioBaHb. [3 ypaxyBaHHAM BApTOCTI TaKUX
po3pobieHs, mepefyMoB LA CTAUiOHAPHOTO BCTAHOB-
JIeHHS § CIIOXUBAYiB NivunbHUkKiB 3 QyHKuiew ob64yuc-
JIeHHs eHeprii mpupopHOro rasy MOKW 10 HEMAE.

I3 HasABHWUX MeTOoAiB HANOLNbUI ONTUMANBHUM IJif
MOOYTOBUX CIIOXMWBAYIB 3a/JMIIAETLCA METOJ, MPSAMOTO
BWUMIipIOBAHHA i3 3aCTOCYBaHHAM I'a30BOT'0 KaJlOPUMET-
Pa, B AKOMY BinOyBaeTbca Ge3mocepenHe CIanioBaH-
HA mopuii mpupoproro rasy. B Vkpaini uuunwuit [ICTY
IS0 15971:2014 [7], B AKOMY OIIUCAHO METOAWU BU3HA-
YeHHS TEIUIOTU 3TOPAHHA TPUPOJHOTO ra3y HepPO3LiNb-
HUMWU METO[aMW, TOOTO MeTOfaMM, sKi He BUMAralwoThb
BU3HAUEHHA KOMIIOHEHTHOTO CKJIagy rasy abo pospa-
XVHKIB Ha OCHOBI CKIagy rasy, To6To eil CTaHAapT Io-
LTUPIOETHCA HA Pi3Hi BUAW KalopUMETpiB.

[lo KanopuMeTpiB MPAMOTO 3TOPAHHA HAJIEXATh JINIIE
Ti IPUNAAK, B AKUX TEIUI0BA €HEPTis, AKa BUALIUIACA ITif,
yac CrantoBaHHA rasy, 06'eM AKOro 06J1iKOBYETbCA ra3o-
BUM JIIUWIBHWKOM, BUTPAYAETLCA Ha KBA3iCTalioHApHE,
TOOTO piBHOMIpHE MiIBUIEHHA TEMIIEPATYPU TEIJLOHO-
cis (Bogn abo moBiTps). TernoTa 3ropsaHHA B TaKUX IIPU-
JlaZlaX BU3HAYAETHCA 33 LOIOMOT010 TEPMOMETPUYHNX BU-
MiptoBaHb. OCHOBHOW IIEPEBAr0l0 KaJIOPUMETPIB MPAMO-
T'O 3TOPAHHA € T€, 11J0 BOHW HE MaloTh 0OMEeXeHb Ha KOM-
ITOHEHTHUN cKnap rasy. Ha puc. 2 HaBeneHO KnacuuHy
CXeMy TUIIOBOTO KaJIOPUMETPA IMPAMOTO 3ropaHHA [8].

[Ipununm #oro pili monarae B TOMY, 110 IPUPOA-
HUWI Tras, TemloTy 3TOPsHHA AKOr0 HeoOXifHO BU3Ha-
YUTU, HAAXOAUTb Yepes JNiYUAbHUK a3y 3i cTabinbHOW0

NIYHNEHUK
BOAW

TennoobmiHHNK

Aumosi
NiYMNBHWK rasy

nosiTpA

nanbHAK

Puc. 2. Cxema xanopumempa npamo2o 320pAHHA
Fig. 2. Scheme of the direct combustion calorimeter
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Huxda Tennota aropasHa M,
Bopa y surnapi napn

MNosirps

SropaxHa

“T=

MansHiK

Mpoaykma

ITOPAHHR e

Boga y ewrnaal piaukm
Bula TENNOTa IrOpAHHA Hy

Faa +

Bumiposanun .
P + nositpa

Puc. 3. CxemamuuHe 306paxeHHs npoyecy 20piHHA
3 BUOINIEHHAM MENnJomu 320PAHHA
Fig. 3. Schematic representation of the burning process
with heat of combustion

06'eMHO10 BUTPATO0 [0 TaNbHUKA. B ocTaHHbOMY 37iNt-
CHIOETbCA TMPOLEC MOCTINHOTO TOPIHHA, AKWIA 3a6e3re-
YYETbCA CTAOINbHUM 3HAUEHHAM TEMIIEPATYPU JUMOBUX
rasis. [lna mipTpuMaHHA HaJeXHOTO IPOLeCy FOPiHHA
HeoOxXigHe KpaTHe HAaAXOMKEHHsA MEPBUHHOTO IOBIT-
psl. 3aranbHy CXeMy MpOLeCy rOpiHHA rasy 3o06pawe-
HO Ha puc. 3 [9].

Temnosa eHepris, AKy MicTATb y cobi MponyKTH 3ro-
DSHHA IMepenaeThca TeIUIOHOCieBl (BOAi), AKuiL besre-
PEPBHO MMPOTiKAE Yyepe3 Temno0OMiHHUK i 0671iKOBYETb-
csl niumnbankom Bogu (puc. 2). TemmepaTypa BOAU BU-
MipioeTbes Ha Bxopi (f,,) 1 Ha Buxopi (f,,,) 3 TEmnoo6-
MiHHUKa. TeroTa 3ropsHHA rasy B KaJOPUMeTpi mps-
MOT0O 3TOPAHHA BU3HAYAETHCA AK:

H=V, ¢ '(tBMX _tBX)/VG'
ne Vy — o6'em Bomm;

¢y — TEIUI0EMHICTb BOAW, Cknapae 4,187 kIx/(kr - K);

tacr by — TEMIIEPATYPU BOAM;

Vi — 00’eM mpobu rasy, IpuBeLeHWii A0 CTaHAAPT-
HUX YMOB.

0T)Xe, OCHOBHUMU €JIEMEHTAMN KaJl0PUMETPUYHOTO

(2)

METOLY eKCIIPeC-KOHTPOIIO TEIUIOTU 3TOPAHHA IPUPOJ-
HOT'O Ta3y € JNiYWIbHUK rasy, NiYnnbHUK BOAW, Ta30BUi
TaZIbHUK 3 TEII00OMIHHMKOM Ta BUMiploBaui TeMmepa-
Typu. 3a3BUYail BUKOPUCTAHHA IIPUPOLHOTO ras3y Ans
migirpiBaHHA BOLU Ta/abo omaneHHA MPUMIiLlEHHA Ie-
penbavae HasBHICTb ¥ CIIOXUBAYa ra30BOTO KOTAA abo
KOJIOHKW; OKPiM TOTO, TaKi CloxuBavi 3abesmnevexi ni-
YWIbHUKAaMW BOAW Ta Ta3y. 3aBLAHHA I[ONATAE Y Mak-
CUMaJIbHOMY 3aCTOCYBaHHI CTaHAAPTU30BAHUX HAABHUX
pilreHb Ta MiHiManbHOMY BTPYYaHHi B Po6OTY cucTeM
raso- Ta BOZOINOCTAYaHHA. BifmosifHo, O KOMIUIEK-
TYBaHHA METOLY Ta CNocoby B 1iIoMy, HELOCTaUu-
MU efleMeHTaMU 3/IMIIAI0ThCA BUMiptoBayi TeMIepary-
pu Bogn. OCKinbKM BUKOPUCTAHHA BOYLOBAHUX Y CUC-
TEMY BOJOHATrPiBAHHA KOTNiB TEPMOPETYIATOPIB IIO-
Tpebye ix iHAMBIAyanbHOrO IpafyloBaHHA Ta BPAXy-
BaHHA HeniHiNHOI 3anexHOoCTi, aBTOpaMu 3ampoIOHO-
BAHO [IOYKOMIUIEKTYBATW Ail0UUil KOTEN abo KOJNOHKY
CTAaHZAPTHUMU BUMIPIOBAYaMU TEMIEPATYPU LIIAXOM
MOHTaXy UWX BUMIpiOBaviB y mepexigHy mMydTy, Tpini-
HUK a60 KpaH, Ha BXifHWI BOAOIPOBiA X0N0AHOI BOAK
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Ta BUXigHUit — rapavoi Bogu. OTxe 3a peanizanii 3a-
MTPOIIOHOBAHOTO CITI0COOY 3aCTOCOBYIOTLCA BCTAHOBIE-
Hi y CIOXUBava NiYWIbHUK Ta3y, NiUWIBHUK BOAU, KO-
Ten (KOJ0HKA), LJOYKOMIUZLEKTOBAHUN [aBayaMu TeMIe-
patypw. Pasom i3 TuM, miaroroska Ta mpouec po6oTu
3aIPOIIOHOBAHOIO CIIOCOOY EKCITPec-KOHTPOJ0 He BU-
Marae BTPYYaHHA V CUCTEMY ra3oIlOCTavyaHHA, W0 He-
MOXnuBe 6e3 TpeACTaBHUKIB ra3030yToBOi opraHisa-
uii. JIiYMABHUK Ta3y B 1}bOMY BUIIAAKYy 3aCTOCOBYETb-
sl 32 MPAMUM TIPU3HAYEHHAM — [J1 007Ky CITOXWUTO-
r0o Tasy, AKUW CIANIOETHCA V MAJbHUKY KOTNa abo Ko-
JIOHKW. 3acTOCYBaHHA BOLOTPiIiHWUX Npunapis (Kotna
abo KOJIOHKM), BCTAHOBNEHUX Y CIIOXWBava, 3 ypaxy-
BAHHAM IXHbOI KOHCTPYKLil Ta MpUHUMIY Ail, pae me-
peBary y BUAL rotoBoi Mozeni KalopuMeTpa, OCKilbKu
Ipollec TOPiHHA B KOT/I Ta KOJ0HLI BifMOBifae yMOBaM,
aHaJIOTIYHMM MPUHUUIY POOOTU KAJIOPUMETPA TIPSAMOTO
3ropAHHA IpupozHoro rasy. Okpim Toro, mip vac 3ro-
PAHHA rasy B ra30BOMY KaJlopuMeTpi BinOyBaeThCs Bpa-
XYBaHHA BMICTY [JOMILIOK Ta BOJIOTOCTi, AKa MiCTWUTbCA
y rasi, To6TO YMOBU CIanioBaHHA rasy ifeHTWYHI yMo-
BaM BUKOPUCTAHHA IIPUPOLHOTO rasy B CIIOXUBAYA.

[ina 3abesneyeHHs KOPEKTHUX YMOB ITPOBEAEHHS [0-
CTOBIpPHOTO [OCJiMKEeHHA 3alpONOHOBAHWM METOLOM
Ha eTarli IAroTOBKU HeoOXiAHO 3a6e3MeunT KpaTHuii Imo-
BITPOOOMIH y MpWMilleHH], e BCTAHOBIEHO Ta30CIIOMW-
BajlbHE 06JIafHAHHSA, 1A MATPUMAHHA CTA6GUILHOTO ITpo-
Liecy TOpiHHA Ta MOBHOTO 3ropaHHA. Okpim Toro, 3armpo-
ITOHOBAHO BUKOPUCTAHHA ITEPEHOCHOTO PEECTPATOPA YMOB
HaBKOJIMWIHBOTO CEPENoBUIA (BUMIDPIOBAYIB TEMIIEPATYPU
Ta BOJIOTOCTL) 1A KOHTPOIK 3MIHW CTaHy MiKpOKJiMaTy
B TIPUMIllleHH], B AKOMY ITPOBOLUTbLCA LOCHIKEHHS.

CTPYKTYPHI €J1eMeHTU 3aIpPOIIOHOBAHOTO CIIOCOOY
€KCIIPeCc-KOHTPOJ0 TEIUIOTBOPHOI 34aTHOCTL MpuUpoa-
HOT'0 ra3y HaBefeHO Ha pWUC. 4.

[TocnifoBHICTb MPOBEAEHHSA E€KCITPEC-KOHTPOJO Te-
IUIOTW 3TOPAHHA IMPUPOSHOTO ra3y B CIOXUBAaYa TakKa.

Fa30BMA HOTEN
(konoHka)

KOHTROMb YMOB

BHMIpIoBaY mikpoknimary

TeMnepaTypH
E o

!
\

AMHABHHK razy

NYUNBHUK BOAM

Puc. 4. CmpykmypHi enemeHmu cxemu cnocoby excnpec-
KOHMPOJI0 Mennomu 320pAHHA NPUPOOH020 2a3y
8 CNOXUBAYA KOMYHAIbHO-NOOYMOBO20 CEKMOPY
Fig. 4. Structural elements sheme the express method of
natural gas heat of combustion to domestic household
sector consumer
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Bxigauit Ta BUXigHUN miaBigHI BOJOMPOBOAM O KOT-
na (KONOHKMW) Bif'€AHYIOTH i MOCNIAOBHO B HUX MOHTY-
10Tb BcTaBHI MydT™ (KpaHu abo TpiitHuku) 3 BUMipIo-
BaYaMu TEMITEPATYPU BOAU. ¥ pasi 3acTOCyBaHHA KOTIA
L71A OTajleHHA IPUMIleHHA, KOHTYP OIaleHHA Ha mepi-
OZ TTPOBEZEHHA [I0CIiAKeHb IIEPEBOJATD Y 3aKPUTE IIO-
noxexHsa. [lepen mpoBefeHHAM LOCNIZXeHb BMUKANOTh
KoTesl (KOJIOHKY) 1 ImepeBOfATb NOT0 Y PeXUM mipirpi-
BaHHA Bogu. Koren (konoHka) moBuHEH mmponipaljoBa-
TU He MeHue 10 XB AnA BUXOLY Ha PEXUM 3a BiAcyT-
HOCTi TernoBoi iHepuii Ta OTpUMaHHA pelnpe3eHTaTUB-
HUX paHux K yxe 3asHavanocs, HeoOXigHO 3abesre-
YUTU KPATHWI MOBITPOOOMIH y mpuMilleHHi.
Hactymuuit etan monsarae y IpOBeLeHHI MiAroToB-
yux pobit Ge3mocepenHbO A0 IMOYATKY [LOCHImKeHHS.
[IpoBoasATL BUMIpIOBAHHSA TEMIIEPATYPU BOLU Y BXIifHO-
My Ta BUXiHOMY TpybOIpoBOAax, GikCyloTb MOYATKOBL
Ha MOMEHT [OCHif)KeHHA IOKa3aHHA NiYWAbHUKIB rasy
Ta Bogu. Ha mepiop mpoBeneHHA focnifxenb 3a60poHa-
€TbCA MTPOBOAUTU HEKOHTPOJILOBAHUI Binbip BOAM abo
rasy, Hallpukaj, Cl0BaHHA WOTO B ra3oBiil IIWTLI.
BMuKatoTh KoTen (KOJLOHKY) i 3amyCcKalTh POLeC TOpiH-
HA. JIna mpoBefeHHs KOPEKTHOTO BUMIpIOBAaHHA Heob-
XifHa cTabinbHa BUTPATA BOAU Yepe3 KOHTYP TEIjo06-
MiHHUKA KOTJa, B 11bOMY BWUIIAAKY Mifirpita Bopa Gesme-
PepBHO, 1A 3a6e3rnevyeHHs cTabinbHOI BUTpATH, BiLOM-
PaEThCA 3 TPYOOIIPOBOAY rapsAvoi BOAW BiAKPUTTAM Kpa-
Hy rapavoi Boau. I[IpOBOZATb LOCTIZKEHHA 3 METOIO BU-
3HAYEeHHSA TEIUIOTW 3TOPAHHA IIPUPOLHOTO ra3y, B IIPO-
neci [oCnimKeHb MPOBOLUTLCA IMEPIOAUYHUNA KOHTPOJbL
TemIepaTypu. Y pasi JOCATHEHHA TeMIlepaTypu raps-
Yoi BOAM MaKCUMaJbHO MOMJIUBOTO 3HAYEHHA AJIf TaKO-
T'O PeXUMY pobOTU KOTNA (KONOHKU) LOCHiKEHHA IpU-
mUHAWTb. IIpn uboMy GikcyloTb KiHueBI mokaszaHHA ni-
YWIbHWKIB BOAW 1 rasy Ta pi3HWI0 TeMIlepaTyp BXiaHol
X0nopHOI Ta BUXigHOI rapavoi Bogu. Ha ocHoBi oTpwm-
MaHUX JaHUX BU3HAYAlOTh 3HAUEHHA TEIUIOTU 3TOPAHHA
rasy 3rifHo i3 3a/eXHiCTIo, omucaHow Gopmynow (2).
[licnAa BM3HAUEHHA TEIUIOTU 3TOPAHHA IPUPOLHO-
ro rasy HeoOXifHO OLiHUTU MaKCUManbHO MOXJUBE
3HAUEHHsA MOXUOKY, 3 AKOW MPOBELEHO AOCHIiKEHHS.
OuiHKa MOXUOKU BU3HAUEHHA TEIUIOTU 3TOPSHHSA ITPO-
BOZLMUTbCA 3 YyPaxXyBaHHAM IOXWNOOK CKNaZioBUX PO3pPOO-
JIEHOTO METOLY EKCITPec-KOHTPOJI0, eleMEeHTaMU AKO-
ro €: NiYWIbHUK rasy, JiYWIbHWK BOAM, BUMipioBa-
yi rTemmepaTrypu. [na niumnbHWKIB rasy rpaHuli mo-
xnbku BcraxosneHo B OCTY EN 1359:2012 [11] i cra-
HOBAATB: (+3 %; —6 %) naa piamasony 06'eMHOI BU-
TPATW Ta3y Bif G, (MiHiManbHa BUTpaTa) .o ¢, (me-
pexigHa Burpara) i (3 %) ana piamasoHy 06’emMHoi
BUTpPATU Ta3y Bif, ¢, B0 ¢uax (MaKCMManbHa BUTpATa).
JocnizyeHHA TEIUIOTU 3TOPAHHA IPUPOLHOTO rasy A

MiBUIIEHHA TOYHOCTI HeoOXifHO MPOBOAWUTU B Aiarma-
30Hi 06'€MHOI BUTPATU Bifl ¢, KO Gmay - L1 NIYUIILHUKIB
BOAU BUMOI'M TOYHOCTi HaBepeHo B JICTY 3580-97 [12]
1 micTATbCA B Takux Mexax: (£5 %) nna piamasony
Bifl ¢min B0 ¢, 1 (£2 %) pna pianmasony Bif ¢, 80 Gmax-
ITo crocyeTbcst BUMIPIOBAYiB TeMIepaTypu (Ans MpUK-
nagy W1209), To B TeXHIYHOMY OIMUCAHHI Ha HUX BKa-
33HO, L]0 MaKCUMajlbHe 3HAYEHHA IMOXUOKU CcKnamae
0,1 °C B piamasoxi Big 0 mo 100 °C. OTKe, MakCUMab-
HO MOXJWBE 3HAUEHHA IMOXWOKU po3pobneHoi cucre-
MW [OpiBHIOBATUME:
5=(3)* +(2)* +(0,1)> = 43,6 %.

YV ubomy Bumagky moTpi6bHo  Big3HAuUTH,
mo B I'OCT 5542-87 [13] 3a3HayeHO TeXHiYHi BUMO-
' 100 Qi3nKo-xXiMiYHMX Ta iHIIUX TTOKA3HWUKIB MPUpPOL-
HOTO Ta3y, W0 IOAAETLCA A CIIOXUBAHHA B KOMY-
HanbHO-MOGYTOBUI CEKTOp. 30KpeMa, HWx4a Teruio-
Ta 3TOPAHHSA MPUPOAHOTO Ta3y CTAHOBUTb He MeHLIe
Big 7 600 kkan/m® (31,8 MIx/M3); piamasoH 3HaueHb
yucna Bo66e cknamae Big 9 850 mo 13 000 kkan/m?
(Bip 41,2 mo 54,5 MJx/M?); pomycTuMe BifXWleHHA
ynucna Bobb6e Bif HOMIHaNbHOrO 3HAYEHHA He 6inblre
33 £ 5 %.

Cx1af0BO0 YACTMHOW IOXUOKU uucna Bobbe, sxe
XapaKTepU3ye PEXUM TOpiHHA MaJbHUKIB ra30BOrO 06-
JlaAHAHHA Ta iX TEIJIOBY MOTYKHICTb, € MOXWUOKU BU-
3HAYEeHHA TEIJIOTU 3TOPAHHA MPUPORHOTO rasy Ta 1o-
ro T'YCTUHW. 3HAYeHHS TYCTUHU Ta3y Ha MOMEHT Ipo-
BE[IEHHA [OC/i)KeHb MOXHA OTPUMATU B ra3030yToBiit
opranizaunii. OTe, 3alpOMOHOBaHMWIt MeTOR Ta cmoci6
€KCITPec-KOHTPOL0 TEIUIOTU 3TOPAHHA B KOMYHaJIbHO-
MOOGYTOBOMY CEKTOPI 3 PO3Pax0BaHOI0 TOYHICTIO + 3,6 %,
33J10BOJIbHAE BUMOTaM [13] y yacTuHi HOPMYBaHHSA 3Ha-
yeHb yucna Bo6b6e. [Ina mifBuilleHHA TOYHOCTI METO-
Iy HeoOXinHO MPOBOAWUTU iHAUBIAYaNbHE KanibpyBaHHA
3 BUSHAYEHHAM METPOJIOTIYHUX XapaKTepUCTUK JLiunib-
HUKIB rasy Ta BOLW B KOHKPETHUX 3HAYEHHAX BUMipio-
BaHUX BEJWYUH i3 BHECEHHAM ITOIIPABOK.

V pamkax ampobauii mposefeHO MpaKTU4HE [0-
cnipxkenns uvoro merogy. B [III «IBano-®pankiBChbK-
CTaHAAPTMETPOJIOTiAY HAAXOAATL CKAPTU Bif, CIIOXUBA-
4iB 040 HU3bKOI AKOCTL TPUPOAHOrO Ta3y, AKUI IM ITo-
crayaerbcs. Halvacriure 3BepTaioTh yBary Ha Komip
IIPUPOLHOro ra3y B IPOLeCi MOTo CIantoBaHHA Ta vac
HarpiBaHHa Boau. HeoOXifHO Big3HAuWTH, 10 YMOBU
CMa/IlOBAHHA ra3y B CIIOXWBA4a, TOOTO YMOBU BUKO-
PUCTAHHA TEIUIOTU Ta3y, BiHOWIEHHA 10 TEIUOTBip-
HOI 37aTHOCTI 1bOTO X rasy He MawTb. 0TKe, AKIO A0
CIIOXUBAYa HAAXOAUTb AKICHWIL Tra3 3 BUCOKUM 3Ha-
YEHHAMU TENJIOTBipHOI 3LaTHOCT, a CIOXUBAY, Y CBOWO
Yepry, HEKOPEKTHO WOro CIlajloe, TOOTO 3 HeAoCTar-
HbO0 KiJIbKICTIO KUCHI0 B MpPUMilleHH]I a60 ImofaBaHHA
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rasy 3pilicHioeTbcA vepe3 3ab6pyAHeHi ManbHUKW, Bif-
IOBifHO BiH HE 3MOXE BUKOPWUCTATU YClO eHEPrilo, AKY
MicTuTb y co6i ras. 0ueBMaHo, 10 CIpaBenaunBe i 380-
POTHE TBEPAXEHHA: AKWO A0 CIIOXUBAYA HAZAXOAUTD
ra3 i3 HU3bKUM 3HAUEHHsAM TEIJIOTW 3TOPAHHS, TO, He-
3BAXAlOUW Ha iZleasibHi YMOBU WOTO CMajlioBaHHA, Tell-
JI0TU BiH BifjacTb MeHlIe.

OTXe, I OTPUMaHHA PENpPe3eHTATUBHUX HAHUX
BUPILIEHO NPOBECTU NMOPIBHANBHUW aHani3 OTpuMaHo-
IO 3HAUEHHS TEIJIOTU 3TOPAHHSA i3 3aCTOCYBAHHAM Jla-
6oparopHOoro xpomarorpada Ta 3alpoNOHOBAHUM CIIO-
coboM. [Ins 11b0T0 MpOBEfEeHO Bifbip mpencTaBHULbLKOI
mpobu rasy i3 GYAMHKOBOrO ra3onpoBOAy 3a [OIOMO-
rolo mopuiHeBoro mpo6osimbipuuka (puc. 1). 3ripHo
3 METOLUKOI0 MPOBeLEHHA BiL6OPY Mpobu MPOBOAUBCA
KOHTPOJIb HAZZMMIIKOBOTO TUCKY B TPYOOITPOBOZL, AKWi
CKnaB pomyctume 3HavenHs 1,8 kIla. Bigi6pana mpo6a
IOCTaBlleHa B 1ab0paTopilo [iA MPOBeLEHHA aHanisy.
Hactynmuum eramom crano 6e3mocepefHe CIlanioBaHHA
rasy B croxwsaua y korni Ariston Clas PREMIUM EVO
24 FF i3 3a3HaY€HOW0 MaKCUMaJlbHOW TEIUIOBOI0 MOTYXK-
HicTio N = 24 kBr. ocnipgeHHA MPOBOLAUAUCA TTPOTSA-
rom 60 xB. 3a pe3ynbTaTaMu €KCIIEPUMEHTY OTPUMAHO
TaKi BUXigHi pawi:

= 00'eM CIIOXUTOTO Ta3y 3a ITOKA3aHHAMU JiUUb-
Huka Gallus 2000 G 2,5 cknaBs 2,576 M3;

= 06'eM BOAW 3rifHO 3 MOKa3aHHAMW NIYWIbHUKA
JIK-15X cknas 0,531 m3;

= pi3sHULUA TeMIlepaTyp BOAW HA BXOALI W BUXO-
Ii KOT/a 3a MOKa3aHHAMU BUMiptoBaua W1209 ckna-
na 38,8 °C 3a BxipHoi Temmeparypu XonopHoi Bomu
16,9 °C;

" TeMIeparypa B IPWUMillleHHi, e MPOBOAWUIUCA
BUMiptoBaHHA, 3MiHtoBanaca Big 22,1 no 22,4 °C.

Po3paxoBane 3rigHo 3 dopmynoio (2) 3HauYeH-
Hf TEIJIOTU 3TOPAHHA rasy CTaHOBUTL 8003 kkan/m>
(33,487 MI/Mm%; 9,299 kBt -rop/m®). OTpuMaHe 3HaueH-
HA TEIUI0TU 3TOPAHHSA XpoMaTorpadivHuM MeTof0M CKa-
no 8214 wxan/m® (34,369 MIx/m% 9,544 kBt-rop/m3).
BigHocHe BigXuieHHA CTOCOBHO 3HAYEHHA TEIUIOTU
3TOPsHHA, OTPUMaHe y Ipolieci aHanily xpomarorpa-
dbom, cknapae 2,6 %. OTxe, 3 BUCOKOW #MOBipHicTIO
MOXHa CTBEPILKYBATH, 110 MPUPOLHWUN Tra3 BifmoBizae
3a MMOKa3HUKAMU TEIUIOTU 3rOPAHHA HOPMOBAaHUM 3Ha-
YeHHAM 3TifHO 3 BUMoTramu [13].

Pasom 3 TuM, fiK 3a3Havanocs, Aif KOXHOTO raso-
CIIOXUBAKYOT0 NPUNALY B TeXHIUHIN nokyMmeHTauii

Ha HbOTO BKA3yeTbCA HOMiHajbHE 3HAUEHHA TeIioBoi
MIOTYKHOCTL N, iKa, ¥ CBOW UEPTy, BU3HAYAETHCA 3Tif-
HO 3 [14]:
N =gq-H /3600, (3)
Ie ¢ — 06'eMHa BUTpATa rasy, 0 CIOXUBAETLCA, M3/TO,
fKa BU3HAYAETHCA K
q=V;/1, (4)
Ie T — 4ac, MpOTATOM SKOTO TPOBOAATD AOCHiZMKEHHS.
BipmoBizHo, 3 ypaxyBaHHAM OTPUMAHOTO 3HAYeH-
HAL TEIUIOTU 3ropsaHHA Ta dopmyn (3), (4), mpoBeneHO
PO3paxyHOK TeIioBoi moTyxHocTi kotna Ariston Clas
PREMIUM EVO 24 FF, axa cknana 23,956 kBT, mo Imig-
TBEPAKYE BCTAHOBJIEHE B TEXHIUHOMY OITUCAHHI 3Ha-
YeHHS.

BUCHOBOK

I3 ypaxyBaHHAM BUMOT YMHHOTO 3aKOHOZABCTBA 1110-
0O 3aIpOBA[KEHHA 06Ky MPUPOAHOrOo rasy B OAWHW-
1AX eHeprii, 3amponoHOBaHO METOZ Ta CITOCi6 ekcrpec-
KOHTPOJI0 TEIUIOTW 3TOPAHHS, TPUPOJHOLO ra3y B CIIOMKM-
BAYiB KOMYyHIbHO-TIOGYTOBOTO CEKTOPY, VKOMILIEKTOBA-
HWi1 i3 ef1eMeHTiB, BCTAHOBJIEHUX V CITOXKWBAva: Jiduib-
HUKA rasy, 1iYvibHUKA BOLU Ta KOTA (KOJIOHKW) 3 [LOfaT-
KOBO BMOHTOBAHUMU BMMip}OBa‘-IaMVl TeMIlepaTypu BOOWU.
[Ins 3ampoIoOHOBAHOTO CITOCOOY PO3POOJEHO METOAUKY
MTPOBEZIEHHSA JOCNiKEeHb Ta ITPOBELEHO METPOJIOTIYHWIA
aHanis. Ha po3pobnennii croci6 mopaHo 3asBKY Ha Ima-
TeHT. TaKOX IPOBEEHO MPAKTUYHY armpo6alliio 3amporo-
HOBAHOT'O METOZY, BiIXWIeHHs BiHOCHO XpoMarorpadiv-
HOTrO aHanisy cknano — 2,6 %. Omxe, mepexin 067iky ra-
3y Ha HOBWIA , TOOTO 3a AKICHUMU MIOKA3HUKAMY, piBeHb
Mae Ha MeTi peani3yBaTu HOCTYII CIIOXWUBAYA [0 MOMIIN-
BOCTi MMPOBOAUTU MEHEIKMEHT, TOOTO YIpaBNiHHA CBOI-
MW €HEePreTUYHUMW PecypcaMy, o B CYYacCHOMY acTiek-
Ti 6e3mepeyvHo nependayae eHepro3aoma;KeHHs Jux pe-
CYPCiB, ¥ TOMY UWCi 7 IPUPOLRHOTO rasy. Croxusay, Ha-
BiTb 1 HE[OCBifUEHUIl B MUTAHHAX eHeproedeKTUBHOC-
Ti, IPUPOAHO OLIHIOBATUME 3aXOOM, AKi NOMY MOTPi6HO
BXWTW, 100U 3a01aiUTU CBiil KartiTas, 10 MPAMO IIpo-
TOPLiiHO 3ajeXaTuMe Bii KOPUTYBaHHA HUM KinbKoCTi
CrioXuToi eHeprii mpupoaHoro rasy. I Take ImocTymoBe
€Hepro3aolazKeHHs, siKe CBiOMO IIOYHETHCA Bif CITOXU-
Bava, TOOTO Bif HaMHWKIOI KiHLEBOI NaHKU CIIOXUBAH-
HAL eHepropecypcis, 3 HAPOCTAOYUM TEMIIOM ITifHIMATU-
MEeTbCA 33 CXiUAMU ra30BUX TOCIIOAAPCTB, MiATIPUEMCTB,
Opraxisanin i mpussene 1o eHeproeeKTUBHOTO CYCITIb-
CTBa i JepaBu B LUIOMY.
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I. Py)XeH1ueB, LOKTOP TeXHIYHUX HaykK, npodecop, 3aBifyBay kadenpn MeTposnorii Ta TexHiuHOI exkcrepTnsy,

XapkiBcbKUW HalioHanNbHUN YHIBEPCUTET PaziOeneKTPOHIKY,
C. JlynbKui, BoKTOpaHT XapKiBCbKOTO HalliOHANbHOTO aBTOTOMOXHBOTO YHIBEPCUTETY,
B. ®erbKiB, 3acTymHUK AupekTopa miampuemctsa «Kutnobyn-1», m. Xapkis

PozenaHymo  memodonozito  cucmemHo- In this paper the methodology for system-
iHpopmayiliHoeo nidxody 0o memposnoziyHoeo  information approach to metrological support
3abe3neyeHHs MeXHIKO-eKOHOMIYHUX nokasHukie — of technical and economical parameters of
8UpobHUYMEA. production

Kntoyoei cnoea: cucmemHo-iHgpopmauiliHa 6asa, OuckpemHo (iMo8ipHUU 102apudMidHUl NOKA3HUK, MemposnozidHe
3a6e3neyeHHs.
Keywords: system-information base, discrete likely logarithmic index, metrological support

HOBUX €KOHOMIYHWX yMOBAaxX, W10 BU3HAYAWTLCA PUHKOBUMU BifHOCUHAMMY,
ynip,npmeMCTBa OpTraHi3yoTh BUPOOHULTBO 1 30yT mpoaykuii 3 MeTow 3aZ0BONEHHS
moTpe6 puUHKY i oTpuMaHHA mpubyTKy. Ile cTae peanbHWUM TOAi, KONW BUPOGHUK Mae
MOXJMBICTb CUCTEMATUYHO KOPUTYBATU CBOI HAYKOBO-TEXHiYHi, BUPoOHWYL 1 36yTOBI
IU1aHU BiATOBiAHO 0 3MiH PUHKOBOL KOH IOHKTYPU, MaHEBPYBATU BIlACHUMU MaTepialbHUMU
Ta IHTENEKTYaJIbHUMU pecypcamiu.

Taka MOMJUBICTb TPYHTYETbCA HA TOYHWUX, CBOEYACHUX Ta €KOHOMIYHO 06IpyHTOBa-
HUX PO3paxyHKax TeXHiKo-eKoHoMiuHUxX nmokasHukis (TEI) po6otu mipmpuemcrsa. ¥ npo-
neci mpoBefleHHA PO3PaXYHKIB HeobXifHI mpuknaaHi Ta GyHAAMEHTANbHI AOCHIKEHHS,
3aCTOCYBAHHA BUCOKOE()EKTUBHUX HOBUX MATEMATUYHWUX MOZeJleil Ta anropurmis. Bce
lie L03BONUTH MIANPUEMCTBY A00pe OpieHTYBAaTUCA V XOAi Ta B NMEPCIEKTUBI TexHiKo-
€KOHOMIYHOTO PO3BUTKY BUPOOHUITBA.

Bupiurennsa uiei mpo6nemMu MOXAWMBO 3AiMCHUTM 33 (QYHOAMEHTANbHOTO MiAXOAY
L0 METPOJOTrii AK HAyKW, 3 BUKOPUCTAHHAM HOBUX IIPUHLUIIB Ta MONOXEHD, 110 mepedy-
BAlOTb Ha CTUKY Pi3HUX HAYKOBWUX HaNPAMIB, 1 Ha 1ifi OCHOBI CTBOPUTU HOBI BUCoKoedex-
TUBHI cUCTeMU MeTponoriyHoro 3abesneverns (M3) y supo6uunrsi. Cepen Takux miaxo-
IiB IEPCIIeKTUBHUM € BUKOPUCTAHHA cucTeMHo-iHbopmauiiivoro (CI) minxopy. V Hbomy
BUKOPUCTOBYIOThCA OCHOBHI ifel Teopii iHdopmanii cTocoBHO PO3BUTKY CKNAAHUX BUPOO-
HUYMX CUCTEM Ha €Tamax JUTTEBOTO LUKIY BUPOOY.

Ananis cyyacHoro cTaHy i TeHAeHLil Po3BUTKY MAIMHOOYAIBHOrO BUPOOHUILTBA
Ta oro M3 BUABUB CITiNbHI eTamu eBoJioLii aBTOMaTn3alii ix mpouecis Ta cucreMm, 30kpe-
Ma, Taki, AK MexaHisalis, aBTOMATWU3allif, KOMITJIeKCHA aBTOMATWU3allif, KOMIT'0Tepu3allis,
iHTerpoBaHa KOMIT10TEpW3allis, caMoopraHisauis.

Mopanbure BupinenHs 3aBaaxs monimurerdts TEII Bupo6HuUTBa 7 iX 01iHKa, BLOCKOHA-
ntoBaHHA M3 Ta 10T0 iHTerpauin it KOMIT10Tepn3allia HeMoXAUBi 6e3 GyHAAMEHTaNbHOTO Tif-
XOfly [0 HAyKW METPOJIOris, 6€3 BUKOPUCTAHHS HOBUX MDKTAIy3€BUX MIPUHLMIIB i miaxonis,

I. PyxeHyes

C. Tyyvkutl

B. demvkis
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mo mepebyBalOTh HAa CTUKY Pi3HUX HAYKOBUX HAIps-
MiB, fiki 3a6e3MevuyloTh CTBOPEHHS HOBUX BUCOKOoedek-
TUBHUX BUpoGHUUTB. I[eit MexaHism Moxe Gyt peani-
30BaHO 3a CTBOPeHHA HaykoBux mpwHuumis i CI mipxo-
IiB o MeTposnorii 3 mo3uiii HOBOro PO3yMiHHA eHepro-
PEYOBUHHO-IHPOPMAUIHOTO MTAXOAY:

* Oynmb fAKe eleMeHTapHe BipxwneHHs dyHpameH-
TaJlbHUX aTpuOYTiB B YHiBEPCYMI TATHE 3a coboto 6es-
Niu pes3ysbTaTiB eNeMEeHTapHUX «Bif0OPAKEHbY;

* YHIBEPCYM € «CUCTEMOIO BifoOpaxens» d (m, e, i,
t, r) > {do}, ne dm, de, di, dt, Or — enemMeHTapHi Ma-
ca, eHepris, indopmauis, yac i mpocrip, {do} — 6e3niu
Pe3yIbTATIB e1eMeHTAPHUX «BifloOOpaXKeHb;

* @NeMEeHTU «CUCTeMU BifobpaxeHb KaTeropianb-
HUX aTpuOVTiB» 3a CBOEW MPUPOAOI0 AUCKDPETHI, BOHU
€ HalMeHIIUMW [IOPOTaMU YYTAUBOCTI OAMH [0 OJHOTO.

JVCKpeTHICTL TPOCTOPY 3YMOBJEHA KiHIEBUMMU
YUCJIOBUMU 3HAUYeHHAMWU QyHIOAMeHTanbHUX GiznuHux
KOHCTAHT, AKi MOB'A3YI0TL yCi Mpollecu HaBKONWUIHbLO-
ro isnuHoOro CBiTy.

3a (I mipxonmoM MaTeMaTMyHa MOfenb Ipouecy abo
CUCTEMW MOXe OYTU TpefcTaBieHa HA IBOX DPIBHAX:
Mepuuit — AK efleMeHT x (MOpir YyTAUBOCTI) MHOXMU-
HU MOXJIUBOTO CTaHY X, AKUI Ma€ CTOXaCTUIHY IPUPO-
Ly, 1 Apyruit — AK feTepMiHOBaHa BEIMUUHA BiAHOLIEH-
HA X/x, IKa XapaKTepu3ye KiZbKiCTb MOXJIUBUX CTAHIB
cucremu (cknapHicts). OTxe, 3micT Takoi mopeni mpo-
necy abo cucTeMn — 1ie CYKYMHICTb 3MiCTy CTOXACcTUY-
JI0BY OLiHKY MOXJIMBOTO CTaHy Iipouecy abo cucremm
BiZHOCHO 70 mopory ix yyTnuBocTi Ta BiporigHicTb me-
pexofy 3 OJHOTO CTaHy Ao iHworo. CroxacTuyHa yvac-
TUHA Takoi Mopeni Hece y cobi indopmauio HeBU3HA-
yeHocTi (3a IlleHHOHOM) IOPOTY YYTAUBOCTI BaCTUBOC-
Tell ImpoueciB i cucrem, a perepmiHoBaHa — iHpopma-
1110 CKNAAHOCTI 1IUX BNACTUBOCTEN.

Ixepenom 3micty indopmauii mosipHoi disnuHoi
BeNUUUHU [2] x; € MAaTeMaTUyHe OYiKyBaHHA IIPOSABY

n
BJIACTUBOCTel Ipolecis i cucrem M = Zx,. D, -
i=1

B ocnogi mpuunumis CI mipxony #o mpouecis Ta cuc-
TEM JieXXaTb HayKOBi ImonoxeHHa [1].

Y BigmosipHocTi 3 HUMK indopmauia nmosipHoi di-
3UYHOI BEIMUMHU BLACTUBOCTEN IpolleciB i cucreM Bu-

3HaYaeThCA AK n
v 2P
[=In—=Iln&—
c JD

ne D — pucmepcin, s — cepefHbOKBaZpaTUYHe Bifxu-
JIeHHA #imMoBipHOI Bi3nuHoI BenuunHU.

Ixepenom 3micty indopmauii perepminoBaHoi ¢i-
3UYHOI BENMYMHN € MapaMeTpu X; BIACTUBOCTEN MPo-
1ecis 1 cucrem:

Ax, e X, i=1,..,N,

e Ax,-j— }J,Ol'[yCK,)(j— posmip,i=1,...,N, j=1,...,K.

dopmyna mns paxyHky indopmauii nerepminoBaHoi
(bi3nyHOI BEAUYMHU BIACTUBOCTEN IPOLECiB i cucrem
BU3HAYAETbCA AK [ = ln(X 5 /A%, )

3a BifOMOr0 3aKOHY pO3IOpiny WMoBipHOCTI (6yAb-
AKOT0) Il CTOXAaCTUYHUX cuUcTeM GOpMyna PaxyHKY
IVUCKpeTHO-UMOBIpHOI iHdopMauil pificHoro mapameTpa
BU3HAYAETbCA 13 TEOPETUYHOI BUKIALKU:

cn HOM !

I =1nLﬂ,Ax=L,.—L
Ax

~L),

L

I, =Ih—=InL  —-InAx=1_ —-In(L_,

. Ax

Tonl
L Lm, k

Icu = IHOM - 1n(Ll-mM - z#) = IH()M - 1n(LHoM - ZLipi )’
=1 N i=1

Lo

k
Icn = IHOM _ln(LHOM _zLiep1 )’ (1)
i=1

ne I, — xinbkicts JI indopmauii 3a CI-migxonom, I, —
KinbkicTs indopmanii 3a K. llennonom, L., , L; —

Ho-
MiHanbHUI Ta i-TWN po3Mipu GizuyHOi BeNNUNHMU.

JHani 3a Texcrom 3a Gopmynoio (1) po3paxoByBaTU-
MeMo KinbkicTb puckperHo-imosiproi ([I) indopmauii
AK UWUCIOBY OLIHKY IUCKPETHO-WMOBIpHOTO norapud-
miyHoro mokasuuka(JUIII).

DIokas (1) 3acBipguye, wo ¢dopMmyna Anf paxyHKY
O mapamerpa 3a CI-migxomoMm o6’emHye hopmynun
K. lllenxoHa i P. XapTni i Mae Ak JeTepMiHOBaHY, Tak
1 CTOXaCTUYHY YaCTUHMU.

Mema uyiei pobomu — aHani3 CUCTEMHO-
indopmauinnoi 6asm MerposnorivyHoro 3abesmevex-
Hf TeXHIK0-eKOHOMIYHUX ITOKA3HWUKIB KOMIT'1OTEPHO-
IHTerpoBaHUX BUPOOHWUUTB, fAKa [03BONAE TOUHO,
CBOEYACHO, €KOHOMIYHO OOTPYHTOBAHO PO3pPaxyBaTU
IVMHAMIKy TeXHiKO-eKOHOMIiYHUX IOKa3HWUKiB BUPO6-
HULTBA.

BHUKIIAL OCHOBHOI'O MATEPIANY

CI 6asa M3 TEII BupoOHUUTBA € TEXHOJOTri€, AKa
LO3BOJNAE TOYHO, CBOEYACHO, EKOHOMIYHO OOrpyH-
TOBaHO po3paxyBaru zauHamiky TEIl BupoOHUUTBA.
Po3pobnera TexHonoria M3 xapaKTepusyeTbCs: Hay-
KOBUM METOZOM PO3pPaxyHKy norapudmiunoi mipu
bisuyHux BenuunmH; 3acob6amMu y BUAI CTBOPEHUX
LUCKPETHO-WMOBIpHUX MOZenell mpolueciB Ta cuc-
TEM, fKi BTiNOWOTbL MeTOn; CIOCO6aMWU BUKOPUCTAH-
HA 3aco6iB (KoMm'toTepHi TexHonorii); mpouecamu,
Akl peani3yloTb BUMIpOBAHHA KOHTPONbOBAHUX Ia-
pameTpiB y Bupo6HnyTBi. CTpykTypy CI 6a3n M3 TEII
BUPOOHULTBA MPEACTABLEHO HA PUCYHKY.

Pospo6nena meroponorisa CI mipxoay mo mpouecis
icucreM hopmynioe HayKoBi monoxeHHs (. 1, 2 3a Tex-
CTOM) Ta 3aKOHOMipHOCTi (. 3, 4, 5) MiX unUCLOBUMU
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3HAYEHHAMU, AKi MAlOTb BUPOOHUYI KOHTPOJbLO-
BaHi mapameTpu, Ta TEIl BupobHULTEA.

1. Bypb-axkuit cmoci6 BUpoOGHUUTBA Bifo-
OpaXaeTbcsi Yepe3 CUCTEMY KOpenAuiinHux
IMCKPETHO-UMOBIpHUX iH(dOpMaLiiHux 38'A3KiB
BJIACTUBOCTEN OOEKTIB BUPOOHULTBA.

2. Bnactusocti Bupo6HUUOro 06'€KTa MaloTh
Kinuesi uncnosi 3navenHa [LUII, axuit Haii-
6inbur 06'eKTUBHO OLIHIOE TPYAOMICTKICTD 3a 10-
TO CTBOPEHHS.

3. Uncnose 3Hauenns AIIII kinbKocTi KOH-

| Dynpamentansii Gisnni koncranmn C [m/ ¢], h[gm/c), G [/ grc’). |

!

| Enesentaphi BUIXIICHHA KaTeropiansux arpudyris d,, 8., 8, 8, 8, |

'

| JUI-orapH(MIMHIi TOKA3HHK OIWHNIS BUMIPIOBAHHA Kateropianshux arpubyris [, I, L, 1, L. l

J-norapudmuaini NOKa3HUE NOXIIHAX OJIMHIIL BUMIPIOBAHHA
(isuaHMX BesmuuH Iy, = 1+ n, KilbKicTb OMHMIL BuMiproBarHs cucTeMu CI.

!

| JI-norapudmiunmii MOKa3HHK TEXHOMOTIYHUX CHCTEM MeXaHOoOpoOKkH I, .

v

cTpykTopchkoi pokymenrtauii (KI), Texnono-
riunoi cucremu (TC), TexHonoriyHoro mpouecy

J-norapudMiHmit TOKA3HUK TeX-
HOMOMMHOD fpotecy oopotin AeTaieil,

JI-norapudMivHUi TTOKA3HAK
TEXHIYHHX BIIACTHBOCTEH

TEXHOJIOTIYHOTr0 00Ia/IHAHHS

v

(TTI) KopenanitHo moB'A3aHO 3 BUTpaTaMu Ma-
TepianbHUX, TPYAOBUX i eHepreTUYHUX pecyp-

Jll-norapumiunmii nokasHuk
Marpuui Jl-koediientia
TEXHOMOMYHHY NpOLeCIB Mexauiumol >

Y

0bpookn (k. J-norapudmiunuii nokasHuK

CiB Ha BUPOOHUILTBO BUPO6iB y cucTeMi 3B'3KiB
BIACTUBOCTEN 00’€KTiB, AKi 6epyTb yvacTb

TOMONOTIMHIX pATiB dynkwii
TEXHIMHHX BIACTHBOCTE

Yy TexHONOriuHOMy mpoueci. Bupobuuunii
006'eKT € TUM Oinbll eKOHOMIYHUM Y BUPOOHWMIL-

Jll-norapud)MivyHui MOKa3HUK
0OpoBIIOBAHNK NOBEPXOHE

TEXHONMON4HOIr0 0DNaAHAHHS,

|
aeranei |,

TBI, UUM MEHIIUM YUCNOBUM 3HaueHHam JIJIII

Y

'

KinbKocTi, AKUN BiH Mae, 3abe3meuyeThcA NOTO
CNYX00Be MPU3HAYEHHA, —

JUl-norapud)MiuHu# MOKAa3HUK
TEXHONOTINHOTO NpoLecy:
pesimie obpodrn, onepaiii,

J-norapu)MidHmi TOKA3HAK
iurencusnocTi 06pobku
NOBEPXOHL JeTanei
TEXHOIOTIMHUM 0OIa/THAHHAM,

JIB-norapuMidHuii TOKa3HUK MOZEIII caMo-
CTIHHO OpraHi30BaHOI i cCaMOCTIItHO
PO3BHUTKOBOI TEXHOJIOTT4HOT CHCTEMH

MAPUIPYTIB.

3 (mar, Tpyx, enepr) = f (IKI; ITC; ITII)

4. Uncnose 3Hauennsa JUIIT akocTi BUTOTOB-
JIeHOTO BUPOOY KOpenAuiiiHo MOB'i3aHO 3 IIO-
KasHWKamu BTpar abo Hagnwuky OUII kinbkoc-
Ti y cucreMi 3B'A3KIB BRacTUBOCTElN 06'€KTIB BU-
POOHULTBA, AKi 6EPYTb YYACTb ¥ TEXHOJLOTIYHOMY
mpoueci, — IT (sixoc) = f (Alwammm; AlBrpar).

5. ITokasumkn LUII uinxOCTI KOpenauin-
Hi MoKasHWKaM e(eKTUBHOCTI BUPOOHMLTBA
6iB y cucremi iHpopMauiiHux 3B'A3KIB BLACTUBOCTE
00'eKTiB BUPOOHUTBA, AKi 6epyTh yYacTb y TEXHOJO-
riviomy mpoueci, — IT (edekr) = f ([axoct, [iHHOC).

Busasnexi koppenauinni 3a3ku mokasuukis JUIII
KiZIbKOCTi, AKOCTi Ta LiHHOCTI IPOLECiB Ta CUCTEM BU-

BUPO-

pobHuuTBa € 6asoBumu s obuncnenns TEII supob-
HULITBA 3 BUKOPUCTAHHAM KOMIT'IOTEPHUX TEXHOJOTIN.

OcxosHUMM enemenTamu CI-6a3u M3 TEII Bupo6uui-
tBa € JUII koHTponboBanux mapametpis KII BupoGy,
TeXHONOTiyHOro ycrarkoBatHs, TII Ta kputepii itdop-
MauinHoi iHTeHcMBHOCTI, ki € abcontoTHUMM iHGOP-
MauilHUMW mOKasHWKaMu Bupo6HMuTBa. Komm'ioTepHi

[y

v

JI-norapud)MivHuit MOKA3HHUK Npoiecis i cuctem 3 indopmandiing
NOB'A3AHAMI NapaMeTpami Ha Oask: isHyHHX 3aKOHIB,
CTATHCTHHHKK JAHNX, KOPETAUiinmuy QyHKuii, Ta i

|

Jl-norapu@miyHuMii MOKa3HUK CaMOCTIHHO OpraHi3aliiiHuX i
CaMOCTIHHO PO3BHTKOBHX TEXHONIOTYHHUX CHCTEM Ha 0asi
KpuTepiiB: KimbKocTi, sxocti, ninHocTi Jll-indopmanii

TexHonoril o6uncneHHs GyHKLiOHANbHUX MOKA3HWKIB
AKOCTi 00poOKW fleTani 3 AKiCHUMM MOKa3sHUKAMU BU-
po6y Tta 3 TEIl BupoGHMLTBA HA 0CcHOBI CI-6a3un [03BO-
JIA10Th Y peanbHOMY Macurtabi yacy KOHTpPONOBATU I-
HaMiky edektusHocti Ta TEII BupoO6HWUNITB], HEoOXinHi
LA MPUMHATTA YIPaBNiHCHKUX pillleHb.

BUCHOBKU
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r. Kues

PaccmompeHsl cmamucmuyeckue NpUHYuUNbI,
cnocob6cmeyloujue NOHUMAHUK U paspabomke
HaodexHvlX Memodo8 npunuCbiBaHus 3Ha4yeHul
napamempos cmaHOapmHoz20 06pdsyd, 8KIYas
OUEHKY C8A3aHHOU C HUMU HeonpedeneHHoCmu

We consider the statistical principles that promote
understanding and the development of reliable
methods for assigning values to the parameters
of a standard sample, including the assessment of
uncertainty associated with them and establishment

u ycmaHossieHuAa ux MemponoeuquKoa
npocniexusaemocmu.

their metrological traceability.

Kntoueavie cnoea: cmaHoapmHeiti 06pasey, ammecmosaHHoe 3HayeHue, 00HOPOOHOCMb, CMAbUILHOCMb, MOOETb
pe3ynbmama usmepeHut, HeonpedeseHHOCMb AMMeCMOBAHHO20 3HAYEHUS.

Keywords: a standard sample, certified value, homogeneity, stability, model of measurement results, the uncertainty
of certified values.

711 TOT'O YTOOHl OBITL COMOCTABUMBIMWU BHYTPU 71a60PaTOPUN, MEXTY 1ab0paTopuamMu
nm BO BPEMEHW, U3MEPEHWA LOJKHLL OLITb ITPOCIEKWUBAEMBL K COOTBETCTBYIOLUMU
OIIOPHLIM 3HAaYeHUAM. B coorBeTcTBUW C [1] Ans obecrmeyeHWs IPOCIEXUBAEMOCTU
WCIIONb3YI0TCA cTaHZapTHble 06pasust (CO). [IponsBoacTBo, XapakTepusauus (mpouenypa
oIpefienieHUs 3HAUeHWit cBOCTB) U ceprudukanus (arrecrauus) CO ABnAOTCA KNt0YEBO
LEeATEeNbHOCTbI0 B COBEPLUIEHCTBOBAHWUY U TIOLIEPXKAHUN BCEMUPHOW KOT€PEHTHO CUCTEMBI

n3MepeHnit. CTaHpapTHble 06pa3slbl UrPaloT KIOYEBYI0 POb B Peanu3alu KOHLemun
IIPOCIIEXUBAEMOCTU PE3Y/ILTATOB U3MEPEHUN B XMWY, Ouonorunu, dusuke u Apyrux
0671aCTAX HayKW, UMEIOWNX [Ielo ¢ MaTepuanamu n/unm obpasuamu. CO mpepHasHaueHb!
LA BOCIPOU3BEZEHWA, XPaHEHWA W Iepefjauu BeNUYUH, XapaKTepusylomuxX COCTaB
W CBOVCTBA BellecTB (MaTepualoB) MPU KanubpPOBKe, IPAfyUPOBKE CPEACTB U3MEPEHUN
(M3MepUTeNbHBIX KaHaNOB), aTTeCTalluW U KOHTPOJe II0KasaTejleidl TOYHOCTU METOZUK

JI. Kowesas

W3MepeHUit W WUCHBITaHWW, OLeHWBAHUU NPOGECcCUOHANbHOTO YPOBHA 71abOpaTopuil.
WX MCIonb3yioT Ans KanuOPOBKYM, KOHTPOJIS KauecTBa W Baaupauuu MeTomuk [2, 3],
a TaKkxe A MPUMUCHIBAHUA 3HaYeHWUI APYIMM MaTepuanaM, KOTODPHIE, B CBOO OYepenb,
TaKe MOTYT ObITh CTAaHZAPTHHIMU 06pasuamu. Jlaboparopuu ucnons3ytor CO B kauecTse
JIETKOJOCTYIIHLIX 3TaJIOHOB A7 YCTAHOBJIEHWUA ITPOCJIEXWUBAEMOCTU PE3YNIbTATOB CBOUX
U3MepPEHUN K MEeXAYHAPOLHLIM 3TaJIOHAM, a TaKXe [JIA MOAAEPKAHUA UWIN YCTAaHOBIEHUA
IIPOC/IEKUBAEMOCTU K YC/IOBHBIM LIKAJaM, TaKUM KaK OKTAHOBOE YUCJIO, UIKAJILI TBEPLOC-
™ u pH. HeKxoTopble YUCTHIE BElECTBA TaKXe WCIONb3VIOTCA OJA IOALEPKaHUs
MEX[YHAPOLHON TeMIIepPaTyPHOW UIKAJbL.

© Bonopapckwii E., Kowesas JI., Typxuit A., 2017
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B CBA3W C U3N0XEHHLIM BbIlIEe MPELCTABAAET UHTE-
pec pa3paboTKa MeTOZLOB, KOTOpPHE MPUBEAYT K yCTa-
HOBJIEHHBLIM 3HaYeHUAM [apaMeTpOB, UMEWWUM IIpo-
CNIeXKUBAEMOCTb K COOTBETCTBYIOIMM OIOPHLIM 3Haye-
HUAM. B mepByi0 ouepesb MPeACTaBAOT UHTEPEC Me-
TOLLL OLleHWBAHUA OFHOPOZLHOCTW U cTabunsHocTn CO.

OCHOBHAA YACTb

Hcenedosanue o0HopodHOoCMU

Kauectso CO 3aBucut, B IepByl0 ouepenb, OT Ipa-
BWIbHO OLleHKW OQHOPOAHOCTU MapTun. TeopeTnyecku
MaTepuall CYUTAETCA UAealbHO OLHOPOLHLIM OTHOCU-
TEJIbHO OIPeJieIeHHOT'0 XapaKTepUCTNIECKOT0 ITapamMeT-
Pa, ECAU OTCYTCTBYIOT PACXOXLEHUA MEXLY 3HAUEHUA-
MW 3TOTO TAapaMeTpa, ONpPEeAeleHHBIMU A7 pasiny-
HBIX YacTel MaTepuana. JTO ONMpefesieHue MOXHO pac-
IIPOCTPAaHUTb U Ha OTAenbHble 3k3eMmnapsl CO. OpHako,
U3-32 HEU30EXHOT0 BAUAHWUA CLYYaWHBIX BEIUYUH,
Ha IIpaKTWKe Marepuajn MpPU3HAeTCs OLHOPOLHLIM, ec-
AW 3TO PACXOXAEHWE MpPeHebPexuMo Majo Mo Cpas-
HEHUIO C COCTaBAWILEN HEOIPeLeeHHOCTY, II0NYYeH-
HOW, HaNpUMep, B Pe3yJbTaTe XapaKTepusauuu Mare-
puana. Accneposanne 04HOPOAHOCTU HEOOXOAUMO TIPU
BBHIMONIHEHUU cepTuduKauuu (arTecraunum) mapTun ans
IEMOHCTPALUN LOCTAaTOYHOWN OLHOPOJHOCTU MEXAY K-
3eMmiapamMu. Bompochl obecrevenus kKavecTBa ume-
10T TaKOEe e BAXHOe 3HAYeHUe, KaK W OmpefeneHue
OCTATOUHOW [AUCIIEPCUN MEXAY 3K3eMIUlApaMu, KOTo-
pas ABNIAETCA COCTABIANOLLEN YACTbI0 HEOTIPEIeNIeHHOC-
TU W TIOLJIEXUT BKJIIOUEHUIO B OLEHKY HEONpefeneH-
HOCTU 3HaueHus mapamerpa CO. Jaxe ecnu oxupaer-
Cs, UTO MaTepuas OLHOPOAHBLIW, KaK B CJlydae C pac-
TBOPAMMU, OLleHKA MEX3K3EMIUIAPHON HEOZHOPOAHOCTU
BCe paBHO Heo6xoauma. IIpu ceprudmkaumu (arrecra-
uun) tBepabix CO, BKII0OUAA CYCMEH3NU W 0CaZKu, Heob-
XOIUMO IPELYCMOTPETb UCC/EL0BAHNE OFHOPOZHOCTU
BHYTPW 3K3EMIUIAPOB AJIA OMPELEeeHUA MUHUMAbLHO
IIPELCTABUTENIbHO TPOOHL.

[Ins ompeneneHus ONTUMaLbHOTO 4Yucna mpob
W Yucsla mapanjeslbHEX U3MepeHUi Ipu uccienosa-
HUU OLHOPOLHOCTU PEKOMEHIYIOTCA CTAaTUCTUYECKU
060CHOBAHHLIE METOLHL, B KOTOPHIX OOLIYHO YUUTHI-
BaeTCs HEBO3MOXHOCTb OOHApPYKEHWUA Kakon-nubo
HeOAHOPOAHOCTYU, HAPUMeEp, WU3-3a HeOoNpepeeH-
HOoCTU U3MepeHuW. Kpome Toro, uucno sk3emmns-
POB 3aBUCUT OT pasMepa MAPTUW, MOCKOJbKY 4uUC-
710 TP06, OTOOPAHHBIX U3 MAPTUW, JOJIKHO CUUTATb-
CA TPEACTAaBUTENbHLIM AN BCeW MapTuu. ITO Tpe-
60BaHWEe OJIKHO OLITH COIMOCTABEHO C HeoIpefe-
JIeHHOCTbI0 U3MepeHU, ABnAoLeica (B YCIOBUAX
ImOBTOpPAeMOCTU) QYHKUMEN CTAaH[APTHOTO OTKIO-
HEHWA TMOBTOPAEMOCTU u3MepeHuit. Yncno Heobxo-
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OUMBIX OOITOJIHUTEJIbHbIX 1'[p06 3aBUCUT IIpenmynie-
CTBEHHO OT WCCJIEHO0BAHWUA MEX3K3eMIUIAPHON Of-
HOPOAHOCTU.

Takum 06pas3oM, OLHON U3 COCTABAAUINK, KOTOPHLIE
OIpefensaoT TOYHOCTb U LOCTOBEPHOCTb PE3y/bTaToB
WUCIILITAHWIA WIW/U KaNUOPOBKU ABIAETCA IPOCNIEKNBA-
eMoCTb n3Mepenun fo egunuy CU. OpHako cywecTBy-
10T CyYaun, 0CO6EHHO MPU AHANUTUYECKUX U3MEPEHU-
AX, KOTIJla COOTBETCTBYIOLlEH U3MEpseMON BeNIUYUHE
egnuannbl CU He cymectsyet. B 3Toit cBasu CO pomx-
HBl UMETb YCTAHOBJIEHHLIE METPOJIOTUIECKUE XapaKTe-
PUCTUKU:

® aATTEeCTOBAaHHOE 3HAYEHUE;

® TpaHULY MOTPELTHOCTU W/UNU PacUIMPEHHY0 He-
OIpefieNIeHHOCTb aTTeCTOBAHHOrO 3HayeHus CO.

Kpome TOrO, BLIIBUTAOTCA COOTBETCTBYIOLUE Tpe-
60BaHNsA, CBA3AHHbIE C 061acTbio mpumernenus CO, K oa-
HOPOAHOCTU U CTAOWIBHOCTU IO OTHOLIEHWUIO K OfHO-
My WIW HECKOJILKUM OITpeZleJIeHHLIM CBOCTBaM 06pas-
110B Marepuasnos (BewecTB). ITO [03BOJAET UCIIOJb30-
BaTb UX B U3MEPUTENbHOM ITpPOliecce, HaIpaBaeHHOM
Ha obecreyeHune MPOCIEXUBAEMOCTM.

OTNNYNTENbHON 0COBEHHOCTbIO MIPU UCCIIEA0BAHUN
TBepAbiX MaTepuanos CO, BKnovYas CycreH3un u 0Caj-
KW, ABNAETCA HEOOXOAUMOCTb OL}€HUBATh TAKKE U BHYT-
PUIK3EMIUIAPHLIE OLHOPOAHOCTU.

0606menHass Mofelb aTTECTOBAHHOIO 3HAYeHUA
CO x(py MMeET BUR:

Xerw = Xoar + 0 T8 +8,,, (1)

rne x — YCTaHOBJIEHHOE 3HAYEHUE aTTeCTVEMOVl Xa-

char
DaKTEPUCTUKM IK3eMIUIpa Marepuana; d,, — morpeu-
HOCTb, 00YCJOBNIEHHAAA pACCEAHUEM MEXLY 3K3eMIUL-
pamu; §,, — IOrPeNIHOCTb OT 0Ar0CPOYHO HecTabub-
HOCTHW; O, — MOTPELIHOCTb OT KPATKOCPOYHOM HecTa-
O6wnbHOCTU (0OBIYHO IPU TPAHCIIOPTUPOBKE).

Mogpenb eIVHUYHOrO pe3yjbraTa U3MepeHUus Iapa-
MeTpa i-T0 3K3eMIuApa coBokymHocTu CO, Bocripon3so-
IAlero XxapakKTePHLE CBOCTBA BELECTBA, UMEET BUA:

x; =U+4 +¢g, (2)
rje | — MaTeMaTMyeckoe OXWUAaHWe XapaKTepHOTO
CBOWCTBA BElleCTBA; A, — OTKIOHEHUE BOCIPOU3BOZM-
MOT0 3HayeHUs B i-M 3k3eMmuispe CO oT |1, XapakTepu-
3yiollee HEOAHOPOLHOCTb MEXZY SK3eMIUIApaMU CTaH-
DApTHHIX 00pa310B, MONYYEHHHIX U3 OJHOTO U TOTO
Ke Marepuana (BellecTsa); €; — peanusauua ciaydan-
HOWN TOTPENIHOCTU U3MEePEeHUs; j — TeKYIUN pe3ynbTaT
13 BHIOOPKU B 1 USMEPeHUN [4].

Kak BupHO 13 BhIpaeHusa (2), HEIOCPELCTBEHHAS
OlleHKa XapakTepucTuku opHopopHocTn CO HeBO3MOX-
Ha, TIOCKONILKY B 9TOM Cjlydae OTKJOHeHWe A4, oT MaTe-
MaTUYeCcKOTO OXUAAHUA | CMELIMBAETCA CO CyYanHon

COCTaBJAILEN [TOIPELUIHOCTU N3MEDEHUSL.
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B cooTBercTBUM C BbIpaxeHuem (2) paccenBaHue
MONlyYaeMbIX Pe3y/IbTaToB MPU UCCIeZ0BAaHUU i-TO 3K-
3eMIIfipa COCTaBUT:
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(%

| =0, +0,. (3)

[Ipn wnccneposanuu cosokymHocTn CO B ycnosuax
TIOBTOPAEMOCTH [5] MOXHO CYUTaT, YTO G(, ) =G, . 3T0
pacceuBaHne 0OYCOBIEHO TOJbKO BAUAHUEM CIyvaii-
HoW Benuuuusl. Torpa uubopmMaumio o HeofHOPOLHO-
ctu CO 6yner HeCTU AWUCIIEPCUA CPELHEro pPe3yilbTaToB
WU3MepEeHWIl XapaKTEPUCTUK N CTaHAAPTHHIX 00pa3loB:

o’ (x)=0%+0,/n. (4)

Uncno nmpob, HEOOXOLUMBIX IS OIpefeNleHUs OfHO-
popHocTu Mexay dk3emmnspamu CO, 0OBIYHO HAXOAUT-
cs B mpepenax 10...30, Ho He MeHee 10.

Ecnu cy6ceranuus, us kotopont usrorasnusaercs CO,
ABJIAETCA TOMOTEHHOW, TO YUCII0 K3eMIIApoB (06pas-
110B), KOTOPbIE OTOUPAOTCA AJlA UCCIEL0BAHMA, TIPAKTU-
YecKu He OrpaHuyeHo. [InA pas3fenbHOro OleHWUBaHUA
BIUAHUA CIYYaWHOW MOTPEUIHOCTU U3MEPEHUA U HEeOf-
HopopHocTu CO ucnonb3yeTca knaccuyeckuit opHodax-
TOPHBbII JUCIIEPCUOHHbIN aHaNU3, CTPYKTYpHaA OpraHu-
3auMs KOTOPOTo IIPUBEfleHa Ha PUCYHKE.

CnyyaHbsiM 00pa3oM O0TOOPAHO N 3K3EMIUIAPOB
C0O, xapaKTepHble CBOWCTBA KAKLOTO U3 KOTOPHIX ObI-
7N U3MepeHsl m pas. McxopHbIM ABNAETCA MACCUB [aH-
HBIX x,-j( J =1,_m) n3 (n x m) 3NeMeHTOB, KOTOPbIE, KaK
YK€ 0TMEevanoch, U3-3a BAUAHUA CAYYaMHBIX BEIUYUH
n nHeoaHopopHoctu CO 6YAYT paccesHsl IO OTHOLIEHUIO

K LleHTpY:

szij' (5)

AHanUTUYeCKU 3TO pacCeUBaHWe 3aMUCHLIBAETCA
cnenylomumM 06pasom:
n m
—\2
S§ =ZZ(xzf —x) ’
i=1 j=1

YTO MOXET ObITb IIpeAcTaBleHO B BULAE ABYX COCTaB-

JAmMnNX:

SS=§n12m:(xﬁ-fi)2+i2m](i—§)2r (6)

i=l j=I

i=1 j=I

SRS

m
rie X, = Zx,.j — CpepHee pe3yNbTAaTOB W3Mepe
j=1

HUA XapaKTepHOr'o CBOWCTBA i-ro 3k3emmnspa CO.
[lepBoe cnaraemoe B ITPaBOW YacTW BeipaxeHus (6)
OTIpefenAeTcA TONbKO BAUAHWUEM CIYYaNHON BEAUIUHLL
(cnyvaiiHoON MOTPENIHOCTN U3MEPEHWA), @ BTOPOe — 00-
VCJIOBJIEHO U HEOJHOPOLHOCTbIO MEXZAY 3K3eMIUIApaMu
CO, n cnyyanHoW MOTPELIHOCTbI0 U3MEPEeHUA.
0603HaunM mepBOe cnaraemoe (J;, a BTOpoe —
0,. Torpa oTHomenus Q; K YUCAY CTeIeHeil CBOGO-
met V. =n(m=1) n O, X 4ucny cTemexent cBOGOALL
V mong = (n—1) BanyT OLEHKM COOTBETCTBYIOUUX AUC-
nepcuii:
= BHYTPUIK3EMIUIAPHOTO paccemBanua MS,,; i,
= MeXIY CPeAHUMMU 3HaYeHUAMU DPe3yJlbTaToB W3-
MepeHWUN xapakTepHsix cBoicTB CO B uccnenyemoii co-
BOKYITHOCTU MS,,,,5q «

Hcxona u3 BhIpaXeHUA (4), TONYYUM OLEHKY AWUC-
mepcuun Mexay sksemrmnapamu CO Kak

Sj = (MS MSwithin) / n. (7)

among

B paccmarpuBaeMoM cnyyae CTaHZAPTHOE OTKJOHE-
Hue Sy, = S, mpeacTaBnfeT coboit HEOMPe#eNeHHOCT
Uy, BOCIPOU3BELIEHUS COBOKYIHOCTbIO CTaHAAPTHBIX
06pasloB aTTeCTOBAHHOIO 3HAYEHUA XapaKTepPHHIX
CBOWCTB MaTepuana (BeuecrBa). ATTeCTOBaHHOE 3Ha-
yeHUe XapaKTePHOT'O CBOWCTBA OIpefieIAeTcA Ha OCHO-
BaHUU BbIpaxeHus (5).

Ha mpakTuke BCTpeuawTca cnyvyaw, KOrfa Helene-
€006pa3HO WK eCTb OTPaHWYeHUs (HAIPUMED, SKOHO-
MUYeCKOT0 XapaKTepa) UCIOJb30BaHWUA METOAUKU W3-
MepeHUA C He,0CTaTOYHO MOBTOPAEMOCTbI0. IIpn 3TOM
olleHKa HeoNpefie/leHHOCTU BOCIIPOU3BEAEeHUA Xapak-
TepHbix cBONCTB CO ,, 6yAeT OTAMYATLCA OT 3HAYEHUA
Sy, paccearusa mexzgy CO. B 3tux cnyvyasax pomyckaer-
CA UCII0/1b30BaHWe albTEPHATUBHOTO MOAX0/A K OlleHKe
HeoIlpefieleHHOCTW, KOTOPLI/ TT03BOJIAET MaKCUMajbHO
OlleHUTb BAWAHWE TOBTOPAEMOCTU S, METOZUKU WU3Me-
penus. [Ina 3Toit uenu B [4] mpepjaraeTca UCIONb30-
BaTb BbLIPAKEHUE

n «OK3EMIUISIPBI»
i=Ln

«M3mepenus»
j=1m

EL[I/IHI/I‘IHI)IG PE3YyIIBTAThI

CmpykmypHas opeanu3ayus 00HOPAKMOPHO20 IKCNepUMeHMa

Structural organization of single-factor experiment
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ul:b = \/MSwilhin /n : A\‘/z/vMS

TO€ Vyswimin — YNCIO CTEIEHEN cBOOOABI MOBTOPSAEMO-
CTW, YCTAHOBJIEHHOW B METOAUKE U3MEPeHUN.

B upeansrom cnyyae CO pomkeH OLITb OXapakTe-
PU30BaH B OTHOLIEHUWU CTEINEHW HEOAHOPOAHOCTU s
KaX[o arTectyeMon xapakrepuctuku. [Ina CO, aTTec-
TYeMbIX Ha OTHOCUTEJIbHO OOJIbLIOE YUC/I0 TTapaMeTpoB.,

’
within

OlleHKa CTeleHW HeOoAHOPOAHOCTU AJIA BCEX XapaKTe-
PUCTUK MOXET ObITb HellenecoobpasHoit. Ha mpaktuke
CTereHb 0HOPOAHOCTU Takux CO MOXeT OLITh OlleHeHa
TOJIbKO A7IA OTPELle/IeHHLIX XapaKTePUCTUK.

Hccnedosanue cmabunsHocmu

WUccnepnoBaHue CTabWIbHOCTU IPOBOLUTCA C le-
JIbI0 OTIPeZleNeHUs OCTATOUHOMW CTelleHU HecTabuibHO-
CTW ucxopHoro mMarepuana CO mocne ero mpurorosne-
HUA WK TIOATBEPXKOEHUA CTabUNbHOCTM 06pasua. [axe
«CTAOWIbHbIE» MAaTepUabl MOTYT ITPOJEMOHCTPUPOBATD
HecTabWIbLHOCTbL [l OAHOTO WIU HECKOJIbKUX 3HAue-
HUit mapameTrpoB. CTabunbHOCTL MaTepuana arTecTo-
BaxHoro CO pasnuyaioT B yCIOBUAX:

¢ XpaHeHWA (LONrOBPeMeHHAasA CTAOUNLHOCTD);

¢ TPAHCIOPTUPOBaHWUA (KPaTKOBPEMeHHas CTa-
OWIBHOCTD).

HUccnenosanune crabunbHocTM TpebyeT Gonbiio-
ro uucna sksemmnapos CO. Hampumep, nccnepoBsanue
LOJTOBPEMEHHO CTaOUIBHOCTY, KaK IIPaBUI0, IIPOLOI-
)aercs (24 — 36) MecAneB U BKJOYaeT B cebs mo 5 —
6 sKcrmepuMeHTOB. CyllecTBYIOT ABa OCHOBHBIX IUla-
Ha 3KCIEPUMeHTa 4714 MIPOBELEHUA UCCIEL0BaHMIL CTa-
OWIbHOCTU — KJIACCUUECKUN W U30XPOHHLIIN.

IIpu KnaccuyeckoM WUCCNeLoBaHWUU CTAOWILHOCTU
XapPaKTEPUCTUKN OTHAEJIbHbIX 1'[p06, N3T0TOBJIEHHbLIX
B OJHO U TO Xe BpeMsa (TO ecTb B BUZE MApTUU) TIPU
OLMHAKOBLIX YCIOBUAX, U3MEPAIOT Yepe3 OIpefeleH-
Hble IIPOMEXYTKW BPEMEHW. B 3ToM cnyvae usmepe-
HUs TPOBOJAT B YCIOBUAX BHYTPWUIAb0pPaTOPHOW BOC-
IIPOVN3BOAWUMOCTY, YTO NPUBOAUT K OTHOCUTENIBHO BLI-
COKOW HEOIpefieNIeHHOCTH, TOCKOJIbKY UMEET MECTO He-
CTaOWIBHOCTb U3MEPUTENBLHON CUCTEMBI.

M30xXpoHHOE UCCNe0BaHUE CTAaOUILHOCTU IPENIIo-
JlaraeT BHIIOIHEHWUE UCCIEL0BAHWIA B OLHO U TO Xe Bpe-
Mf, @ He B TeUeHWUE BCEr0 WUCCLEeA0BaHUA CTaOWIbLHO-
CTU, KaK 3TO UMEET MeCTO ITPU KJlaCCUUeCKOM IOLXOLeE.
Takoe nccneroBaHue MO3BOJAET IIPOBOANTD U3MEPEHUA
B YCJIOBUAX TIOBTOPAEMOCTU, TO ECTb C UCIIONIb30BAHUEM
OZLLHOW TPafiyNpOBKU B TeYeHWE OLHOW CEpUU U3Mepe-
Huit. M30XpOHHbBIA MOAXO0M YMeHblIaeT pasbpoc Touek
BO BPEMEHW, YIy4LIas TakUM 00pa3oM «paspenieHuex
uccnenosanusa crabunsHoctu. Kak cnepctsue, uso-
XPOHHOE UCCIIefl0BaHNE 00BLIYHO IIPUBOLUT K MeHblIei

HeOoIlpefieNIeHHOCTW, YeM KJlacCUueckoe, B CWILY TOTrO,
YTO TOBTOPAEMOCTb MeHblle, YeM BHYTpu1aboparop-
Has BOCITPOM3BOAUMOCTL U3MepeHWit. IlpeumymecTBo
3TOr0 BUJA IlaHA 3aKJI0YAETCA B BO3MOXHOCTU OIpe-
LesleHUA YCI0BUN, TTPU KOTOPHIX HE MTPOUCKXOLUT YXYI-
1IeHUA CBOWCTB WU IIPOUCXOAUT He C TaKOoW CKopoc-
TbIO, KaK TPU YCIOBUAX, BLIOPAHHEIX I XPaHEHWA.
/30XpOHHbBIN INaH NpefaHa3HavyeH CIIelUanbHo AJA aT-
TeCTalUW MapTUW, IIOCKOJIbKY ero Hejlb3A UCI0/1b30BaTh
IIPW aTTecTaluu OTAENbHOTO 3k3eMmnspa. 06a mnaHa
SKCIIepUMeHTa MOAXOLAT [J1A UCCIIe,OBaHUA LONTOBpe-
MEHHOW U KPaTKOBPEMEHHOW! CTAaOWILHOCTU.

JlonroBpeMeHHasn CTaOUNBLHOCTb KACAETCA OCTATOY-
HOW HecTabunbHOCTU 3HaueHWW mapamerpoB CO mpu
33[laHHbIX YCI0BUAX XpaHeHuA. [loaToMy BaxHO ompe-
LENWUTb 3TU YCIIOBUA W UCCEeA0BaTh CTAOWIBHOCTb Ma-
Tepuana B HuX. McxonHasa TeMmIiepaTypa Ao/KHa ObiTh
BbIOpaHa TaKuUM 06pPa3oM, YTOOBI TPAKTUIECKU UCKILIO-
YUTb HECTabUNbHOCTb MaTepuana, O0OYCIOBLEHHYI
3TOW TeMmeparypoi. MHorne Guonoruyeckue u mpu-
poptbie CO MPOABAAIOT HEKOTOPYIO CTENeHb HECTAOWIIb-
HOCTW, HECMOTPA Ha YCTAHOBJIEHWE ONTUMAJIbHLIX YCI10-
BUN XpaHEHWUA.

KparkoBpemeHnHas cTabuabHOCTbL 3aBUCUT OT YCII0-
BUIL TPAHCIOPTUPOBAHUA W He [0/KHA IPEBLI-
waTbh HeCTabwibHOCTb XpaHEHUA 3Toro obpasua.
KparkoBpemeHrHas cTabuabHOCTb OITOMY pacCMaTpu-
BaeTCA KaK COCTaBlAOLAA HeOIpee/leHHOCTU TOJIbKO
B TeX ClyvaAx, Korga TpaHcrmoprupoBanue CO Bnua-
eT Ha CTAabWIbHOCTL Marepuana 6onblie, YeM ycilo-
BUA xpaHeHus. MccnepoBaHne KpaTKOBPEMEHHOW CTa-
OWIBHOCTW OOBIYHO IPOBOAAT IIPWU PA3HBIX TEMIlepa-
Typax, Al TOTO UTOOLI U3YUUTb BAUAHUE PA3NUYHBIX
TeMIIepaTyp Ha apaMeTpsl MaTepuana. Temmeparypa
06pa310B MOXET U3MEHATbCS BO BPEMA TPAHCIOPTU-
poBanus ot muuyc 50 po mntoc 70 °C B 3aBUCUMO-
CTW OT BUAA YMAaKOBKM U CIocoba TPaHCIIOPTUPOBa-
HuA. Ha ocHoBe U3yyeHHBIX BAUAHWI MOXHO OIlpe-
LEeNuTb YCIOBUA TPAHCIIOPTUPOBAHUA.

[Ins uccnenoBaHnA KPaTKOBPEMEHHOW CTabWibHO-
CTU IIPOBOZAT 3 — 5 OTAENbHLIX IKCIIEPUMEHTOB B Teue-
HUe IBYX Hegenb [4]. IIpu ompepneneHun crabunbHOC-
™ CO mpepmouTUTEeNnbHO PaboTarh B YCIOBUAX IIOBTO-
PAEMOCTY, B MMPOTUBHOM CJly4Yae CTaHAAPTHAA HeoIlpe-
LEeJleHHOCTb, 00YCN0BNeHHAsA HECTAOWIbHOCTHIO, OYLEeT
yBenuyeHa U3-3a BAUAHWUA YCIOBUN IPOMEKYTOUHON
TIpeLu3noHHoCT! [6].

[Ipn He3HAYUTeNnbHOW HEeCTAaOWAbHOCTU MOAXOAA-
el MOZenblo ABAAETCA JUHeNHas ammpoKCUMaUUA.
Ona npyrux mopnenei oleHKa IIPOBOAUTCA aHALOTUYHO
C UCIIONb30BaHUEM F-KpUTepUA IIPU UCTILITAHUAX TpeH-
Ia Ha 3HAYUMOCTb.
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CTAHOAPTHI 3PA3KHU

HccnenoBanne CTaGWIbHOCTU BKIOYAET CIEAYIO-
e cocTaBAlolne HeOMpeeeHHOCTU:

* IOBTOPAEMOCTb U3MepEeHUN;

* HeCcTabWIbHOCTb MaTepuana;

* HecTaOWIbHOCTb W3MEPUTENbHON
(B Knaccuyeckom muaHe 3KCNEPUMEHTA);

* (bakTOpHl BOCITPOU3BOAUMOCTU (HAIPUMeED, OIle-
parop, 060pyAOBaHMNE), BKIOYAA TPALYUPOBKY (B Kuac-
CWYECKOM TIJlaHe 3KCIEePUMEHTa);

*  MEeX3K3eMIUIApHas OFLHOPOLHOCTb.

CUCTEMDBL

W3 3Toro mepeyHA BWAHO, UTO TaM, Ifle BO3MOXHO,
CNefyeT WUCIONb30BaTb W30XPOHHLINM, a He Klaccuue-
CKWIL INaH JKCIIePUMEHTa, ITOCKONbKY OH YMeHblIaeT
YWUCTI0 COCTABAAOLINK, KOTOPLIE HE0OXOAUMO PACCMOT-
peTb. B TUmUYHOM U30XPOHHOM WUCCIEe0BAaHWUU CTa-
OWILHOCTU OCTAIOTCA TOJBKO TPWU COCTABIAOIUX He-
OIpefieIeHHOCTW, KOTOPbIe MOXHO Pa3fenuTb C IIOMO-
mbl0 MONHOTO ZBYX(}aKTOPHOTO aHanu3a AUCIepcuu.

B 6onbuIMHCTBe CyYaeB 3aTPyAHUTENBHO CHOPMUPO-
BaTb U3UYECKYI0 WIN XUMUYECKYI0 MOJENb, OIUCLIBAIO-
Y10 MeXaHW3M HeCTa6WIbHOCTW WUCXOAHOTO Marepuana
cTaHpapTHoro o6pasua. IIo3ToMy B KauecTBe 3MIMPUYEC-
KOl MOZIeNV IPUHUMAIOT IIPAMOAVHENHYIO 3aBUCUMOCTD:

Y=b+bX, (8)
rne b, — 3HaueHue napamerpa CO mpu ero arrecrauum,
(t = 0); b, — K03hdULMEHT, TTOKA3LIBAIOILMNIA UIMEHE-
HUWe 3TOTr0 IapameTpa BO BPeMeHU (IIPU XpaHeHUw).

[Io pesynbTaraMm WCCNELOBAHWI OIpenenanTCs
oLeHKU K03hHUIUEeHTOB ypaBHEHUA TUHENHON perpec-
cun. Hcxopsa w3 KOppenAaLuoHHOW 3aBUCUMOCTU [7],
olleHKa Ko3bduuuneHTta b, paccunUThLIBaeTCA CleLyio-
WuM o6pasom:

n

o2 6-0) b -y)
bl = ’ (9)

n

Z(ti _?)2

i=1

rme 7 — YUCI0 TOUEK Ha BPEMEHHOW oCu (MHTepBal
MEXIY WCCIeN0BAHUAMW/TOYKAMU AO/KEH OBITb Ofu-

I R
HaKOBLIM); y=—) J - CpefHee 3HaYeHVe Napa-
n

i=1
— 1
MeTpa 3a BPeMs WCCNeAoBaHWA; ! =;Ztl. - 3Haue-
i=1
HUWe, COOTBETCTBYIOLlee CPefHEeMY BpeMeHHOMY WHTep-
BaJIy UCCNeN0BaHMUA.

OTpe3ox, oTCeKaeMbIi NPAMOW NUHWUEN perpeccun
Ha OCW OpAVHAT, HAXOAUTCA U3 BhIPaXeHuA (8) mpu us-
BECTHLIX 3HAYEHWAX y W 1 :

b,=y-bt.

Paccesnue SKCIIEPUMEHTANbHbLIX OAHHbLIX y; IO OT-
HOUIEHWI0 K 3HAUYeHUAM, BHIUUCIAEMBIM Ha OCHOBAaHUU
JIMHUWU Perpeccuy, ONpefesiseTcs U3 BHPAKEHU:

§2 = Zn:[y,- —(130 +l§1t_ﬂ2 /(n=2).

i=1

Pacrionaras 3HaueHUAMU 151 1 S? MOXHO, WUCITOJb-
3yf Ko3dduuneHt CTblopeHTa, OMpPEREeNnUTb CTATUCTU-
YeCKyl0 3HaUYUMOCTb OLEHKU l;l. Ins storo BbgBUTA-
erca Hynesas rumoresa H,: b, = 0 u paccunTLiBaeT-
ca Koappuunent CrblopeHTa LNA YPOBHA CTAaTUCTUUE-
cKon 3HauumocT o = 0,05 ¥ uucna cremeHei csobo-
OBV =n — 2:

t, = ‘l;l‘/ s,

3HaYeHwe KOTOPOTO CPABHUBAETCA C ly (005, n-2)» LCAN
£, <t 005, n-2), TO C BEPOATHOCTbIO 0,95 MOXHO YTBEPX-
IaTh, YTO pacCesiHue 3HaYeHWW y; 00YCI0BIEHO BAUA-
HUEM C/yYallHOW BENUYMHBI, U HECTAOWIBHOCTbIO Ma-
Tepuaza MOXHO IpeHeOpeyb. B MpoTuBHOM ciyyae He-
OTpefieNleHHOCTb, 00YCJI0BIEHHYI HEeCTaOUIbLHOCTSIO,
HE0OXOLUMO YYUTLIBATb B CYMMapHOW HeOmpepeseH-
HOCTU aTTeCcTOBaHHOro 3HaueHua CO, ucrmonb3ya mo-
JIyYEHHYI0 PErpecCUOHHYI0 3aBUCUMOCTb, IIOACTABAAS
B Hee IUCKPETHbIE 3HAUEHWUA f, A KOTOPLIX OlLEHWBa-
€TCA HeOIpefesleHHOCTb.

OcHoBHas mpobneMa UCCNeLO0BaHUI CTAOUIBHOCTU
3aKJ1I0YAeTCA B TOM, YTO TEOPETUYECKU OHU 0ObACHA-
10T TpOlIIOoe 3HaYeHue cTabwnbHoCTU. HexoTopbie Bu-
Ibl YXYLLIEHWUA TapaMeTpPoB U LpyIue MPUYUHBL HecTa-
OGWIbHOCTU Pa3BUBANOTCA OYEHb MEJIEHHO W IOCTENeH-
HO, HO BO MHOTUX CJy4asX IIPOUCXOLAT U PE3KUe U3-
MeHeHUs B ITapaMeTpax, IIPaKTUYeCKU IpeKpalaiolimne
B KaKon-TO MOMeHT cpok ropHoctu CO. Bce 3T Mexa-
HU3MbI HEITPeLCKa3yeMbl, U ITO3TOMY HEO6X0}J,V[M MOHWU-
TOPUHT CTAOWIBHOCTU. MOHUTOPUHT OOBIYHO IIPOBOAAT
C UCIIO/1b30BAHNEM KJIACCUUECKOTO IIaHA IKCIIEPUMEH-
Ta. ITO CBA3AHO C TEM, YTO U3OXPOHHLINA IJIaH IIPefo-
CTaBNAET [laHHLIE TOJbLKO B KOHIE UCCIEA0BAHUA CTa-
OWIbHOCTW, B TO BPEMS KaK BAXXHO UMEeTb UHGOpMaLUnio
B TeueHue cpoka rozpxoctu CO.

Ecnn uccnenosanue CTabWIbHOCTW MPOXOAUT IIPU
Pa3HbIX TeMIIepaTypaX, TO 4YacTO OlieHKa, IOJy4yeH-
Has /s UCXOQHOW TeMIlepaTyphl, OYAeT Haunyvuiei,
TIOCKOJIbKY [ 3TOW TeMIIepaTypbl LOIYCKAETCA, uTO
Marepuan IMepBOHAvYaNbHO cTabwuneH. Ecnu mpu kakont-
anbo TeMIeparype MaTepuas CTAHOBUTCA HeCTabWib-
HbIM, TO U3MEHEHUA B 3TOM MaTepuajle MOTLYT IIOBAU-
ATb Ha TONYUYEHHYI0 OLEHKY Sp,.

WccnenoBanua CTabUNbHOCTU BHIMTONHANT HE TOJb-
KO [U1A OLleHKU HEOITPeeleHHOCTU NU3MePEHWA, CBA3aH-
HOW C HeCTaOWIbHOCTbBIO MaTepuana, Ho Takxe s obe-
CIieueHUs HafJexaliux yCA0BUIA XpaHeHUA U TpaHC-
nmopTupoBanus. I[Ipu 3TOM mpepmonaraercs, uTO 0f-
HOPOZAHOCTb W CTabWAbLHOCTb MaTepuana He3aBUCUMBbL
IOpyr oT ;Apyra. YacTo 3TO CIIPaBEAnUBO, HO OLIBAIOT
ClyYau 3HAYUTENbHOW HEOLHOPOJHOCTU MEXLY IK3eM-
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mnapamu. K TomMy e CTabunbHOCTb MaTepuana 6yner
TaKKe OTIMYATLCA OT IK3EMIUIAPA K IK3EMIUIAPY, IO-
CKONbKY OHa (Hapapy ¢ Apyrumn (axropamu) 3asu-
CUT OT ero cocrasa. I[[puCyTCTBUE OMpeneneHHoro ae-
CTaOUAU3UPYIOLETO KOMIIOHEHTA B MaTepuane BAUsET
Ha OJHOPOAHOCTb BCEW MAPTUU U MOXET CTaTh IIPUYU-
HOW AN KOPPENALUN MeXLY OLHOPOAHOCTbLIO U HEeCTa-
OunbHOCTHI0. TaKy10 BO3MOXHOCTb HEOGXOANMO YINUTHI-
BaThb, Aj1s Y€r0 HeOOXOAUMO MPOBOAUTD [OMOIHNTENb-
HbIE UCCIIe0BAHMUA.

BBIBOJIBI
HeopHopopHoCTh MaTepwana, M3 KOTOPOTO W3TO-
raBnuBalorcs CO, mpenompenenseT pacceuBaHUe MeX-

Ly 3HaUeHUAMU XapaKTepHBIX CBOWCTB, BOCI[POU3BOAU-
MbIX OTZIEJIbHBIMU IK3EMIUIAPAMU, TO €CTb K Heolpefe-
JIEHHOCTU IPWUITUCAHHOTO 3HayeHUs. IlpumeHenue op-
HO(AKTOPHOTO AUCIEPCMOHHOTO aHanu3a I03BOJIAET,
UCXOAA U3 MOZEnu 3HayeHus, BOCIPOU3BOLUMOTO Of-
HuM sk3emmnsapoM CO, O1leHUTb 3TY COCTABALIYIO He-
OIIpefieNIEHHOCTU.

Bropoit mpeob6nanawieit cocTaBAAwIEN ABAAET-
Csl [OJITOBPEMEHHAA HEeCTabWIbHOCTL XapaKTEPUCTUKU
CO. Haxoxpexne Ko3bduuNEHTOB ypaBHEHUA perpec-
CUW BO BPEMEHHOW 061aCTU TO3BONAET YYECTb U3Me-
HeHUue xapakTepuctuk CO BO BPEMEHW U OLEHUTb CYM-
MapHYI0 CTAaHAAPTHYI0 HEOIPe[eNeHHOCTb As 1t060ro
MOMEHTA UCCJef0BaHUs.
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XapkiBcbKuil HalioHaNbHUIL YHIBEPCUTET
PazioenexTpoHiku

The article presents the results of practical
using of the approaches and tools of Metrology of
nonlinear dynamic systems (Nonlinear Metrology),
They were used for measurement and analysis of
dynamic variables of a human body with a regular
physical activity. As the analysis tools the intervals
of dynamic variables values, measurement portrait,
fractal dimension and Shannon entropy are used.
The analysis of measurements results demonstrates
that the dynamics of measured value is close to
deterministic way. This is a characteristic trait of an
open system with a self-organization function. The
study results can be used for development of athletes
training programs.

HasedeHo pe3ynbmamu 3acmocysaHHs nioxo-
0ie ma iHcmpymeHmie memposnoeil HeniHiliHux ou-
HAMIYHUX cucmem O/ BUMIDIOBAHHA MA AHANI3Y
pe3ynibmamie 8UMIPIOBAHHA OUHAMIYHUX 3MIHHUX
JIOOUHU, AKA 3aUMAEMbCA pe2ynapHUMU (pi3u4HUMU
enpasamu. Ak iHCMpymeHm aHanizy eukopucma-
HO: iHMepBanu 3HayeHb OUHAMIYHUX 3MIHHUX, Nop-
mpem 8UMIpIOBAHHS, (PPakmasnbHa po3mipHicme i
eHmponis LLleHHoHa. AHaniz pesynemamis sumipio-
8AHHS NOKA3as, WO OUHAMIKG 8UMIPIOBAHUX eesu-
YuH 6/1U3bKa 00 OemepMiHOBAHOI, WO XapakmepHO
0n1a 8i0KpUMuX cucmem 3 (hyHKUiEIO CaMOOP2aHi3a-
yil. Pesynemamu 00c/ioxeHHA MOXyme 6ymu 8uKo-
pucmani 015 CKIadaHHa ma Kopekyii npoepam ci-
3UYHOI NI020MOBKU CNOPMCMeEHi8.

Keywords: Metrology of Nonlinear Dynamic Systems, Measurement Model, Fractal Dimension, Shannon Entropy.
Knioyoei cnoea: memponozia HeniHiliHux OUHAMIYHUX cucmem, MoOesT BUMIPIOBAHHS, (hpaKmManeHa po3mipHicme,

eHmponia LLleHHoHa.

THE INTRODUCTION

he main tasks of Metrology of nonlinear dynamical systems (Nonlinear Metrology) are
the measurement and analysis of variables that values change in time by a complex

non-linear law [1]. These values are dynamic variables (DV). They characterize the
number of different real open nonlinear dynamic system (NDS). Nonlinear Metrology
combines all theoretical and practical aspects of DV measurements regardless
of application field. Development and implementation of the principles, models and
tools of Nonlinear Metrology are important for successful implementation of such tasks
as a measurement and study of climate, ocean and biological systems states. It can help
to identify the previously unknown patterns.

The Nonlinear Metrology tools can be important for measurement of human physical
condition when it's making an individual program of a patient treatment or an athlete
training. In spite of the high social importance of this issue the measurement of hu-
man body parameters as DVs of NDs until recently, according to the available publica-
tions in the field of theoretical and applied metrology, hadn't been considered. At the
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same time an idea about an increase a scope of a met-
rological science is growing in the research commu-
nity. They talk about this during the XXVI National
scientific symposium with international participation
“Metrology and Metrology assurance 2016” [2, 3].

The approach to a person like a complex, open
system with the function of self-organization was de-
scribed in some classic works [4, 5]. The measurement
of human body characteristics in the stable and ex-
cited states, tracing their dynamics from the birth mo-
ment and throughout human life will allow us to pro-
vide the effective individual programs or a treatment
or a sports training. In this case we don't talk about
a treatment only but we talk about a person health
management too. We can solve a complex metrologi-
cal problem — the correct measurement of the orga-
nism characteristics, analysis and interpretation of the
measurement results as the DVs of NDS. The human
health measurement model, that base on the Nonlinear
Metrology principles, is proposed in the papers [6, 7].
The main elements of the model are: the intervals
of DVs values, the fractal, entropy, and time scales.

The task of this work is an application the hu-
man health measurement model for measurement and
analysis of dynamic variables of a human body with
a regular physical activity

The research results

The research object was a young woman of 20 years
old who regularly does physical exercises under the
guidance and supervision of a coach. The object was
under observation for 21 weeks. During the observa-

Xi (10-2 1)

4 1 i 1 - i 4 i b d A A i TR R L L L
00 12345678 910111213141516171819
t (TMKZICHB)

The measurement portrait,
here1 —X;. p— X3 — X4 — X5 5 — X, 6 — X,
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tion time once a week the coach measured the vo-
lumes of the next parameters: the lower part of a thigh
(X}), upper part of a thigh (X,), thighs (X;), lower part
of an abdomen (X,), waist (Xs), upper part of an abdo-
men (X;) and mass (X;). Thus it were made the seven
time series of DVs measurement results with a resolu-
tion At = 7 days. The results of X,—X, parameters
measurement are given in the measurement portrait
(Figure) [8]. The mass measurement portrait (X5)
is not demonstrated here.

From the point of view of Dynamic systems theory
our research object is an open NDS with a self-organi-
zation function. Her characteristics X, i=1...7 are DVs
that are exposed to external influences, their values
are correlated. The DVs' behavior (deterministic, ran-
dom or chaotic) is a priori unknown. Their values are
change in the appropriate intervals [X/™"; X ]. The
instrument measurement uncertainty (B-type) for DVs
X;,i=1...6 is equal 0.0025 m, the instrument measure-
ment uncertainty (B-type) for DV X, is equal 0.025 kg.
The research task was to do an analysis of results using
the principles and models of Nonlinear metrology [1]
and human health measurement model [6]. The mea-
surement results and analysis results should be as in-
formative as possible.

During an analysis of measurement results we need
to get: the DVs measurement results Y;; the fractal
dimension D and Shannon entropy H, for time series
of X; measurement results [7]; the measurement por-
traits for DVs [8].

The DVs measurement results Y, can be presented
in the next form:

Yel yimin iUimin; Y LU, p,
here: y™", y™* — average values of the measurement
results for minimum X™ and maximum X™*
of X;, U™, U™ — the expanded measurement un-
certainties; p — coverage probability.

In this case we have the one-time measurements
so the uncertainties of the measurement are the B-type
instrument uncertainties u,, . The DVs measurement re-
sults ¥, if p = 0.95 and coverage factor £=1,65 can
be presented as:

Yely™ U (y)sy™ £U,(0], p=0,95,
U.(y)=kuy,, k= 1,65. (1)

The DVs measurement results Y, in the form (1) are
presented in the Table.

If the fractal dimensions D, of measurement results
series are know we can classify a dynamic as a random,
regular or chaotic process [10]. In the paper [11] the
fractal scale for an evaluation of measurement results
was proposed. The scale has three characteristic points:
D=1, D=L15 D=2. If D=1 the DV has a strictly
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Ye[y™ 2U,(y);y™ U, (»)]

The measurement results, p = 0,95

D, +U.(D,) H,+U,(H,)

[0,430+0.0041; 0,450+0.0041] M [1,47+0.026] [0,891+0,016]
[0,615+0.0041; 0,660+0.0041] M [1,2+0.020] [1,117+0,019]
[1,010+0.0041; 1,070+0.0041] M [1,2+0.025] [1,117+0,018]
[0,840+0.0041; 0,910+0.0041] M [1,02+0.019] [2,117+0,039]

[0,7354£0.0041; 0,760+0.0041] M

[1,2+0.026] [1,4170.030]

[0,755+0.0041; 0,780+0.0041] M

[1,0040.012] [1.235+0,015]

ol el ol Bal el R _RH

[67+0.0041; 70+0.0041] r

[1,1+0.025] [0,712+0,016]

deterministic dynamic. If D =2 the DV has a strictly
deterministic dynamic too, but the scatter of the mea-
sured values is very large, that doesn’t allow use the
statistical methods of measurement results calculation.
If D = 1.5 the process is random. In this case for re-
salt analysis we can use the statistical methods. If
1 < D < 1,5 the process is represented as a persis-
tent (the measured value keeps a trend of increasing
or decreasing) and it’s close to a deterministic law. If
1,5 < D < 2 the process is antipersistent (measured
value reverses it’s trend) and has a random (noise)
spread of values that exceeds the slow changes value.
The fractal dimensions can be calculated using
Hearst exponent H, [12]:
D=2-H, (2)
The Hearst exponent is determined, using the value
R/S (here: R — a swing between the maximum and
minimum values of the increment function y(i, n), S —
a standard deviation), by next formula:
He
5:[2} , (3)
S 2
here: R(i) = max y(i,n)-min y(i, n), y(i,n)=3 (¥, = 7,).

i=1

1Y — — . .
S = /—Z(yn -3,)*, ¥, — the arithmetic mean value.
n

Hearst exponent is used to solve some medical
problems, e.g., in the analysis of speech pathologies
and in the study of the variations of the period of car-
diac contractions [13].

The formula (3) can be represented as:

w5 ()

Using the formula (2) we can obtain the fractal
dimension of the time series and find a character
of the DVs dynamics (table). The standard measure-
ment uncertainty #,(y,) and expanded measurement
uncertainty U, (y,) for fractal dimension shall be pre-
sented by the formulas [8]:

n 1
ui(yi)=yiu5i4/zx_zl Ul(yl) =ku,-()’,-), k= 1:65' (4)
i=1 A

n

The measurement portrait (figure) contains the
measured value dynamics and measurement uncer-
tainties (4).

Shannon entropy H, of a measurement time series
X; shows which value can be determined with greater
certainty and which value is more variable. The en-
tropy of DV X, is defined with a probability density
values P(X;) by formula [14]:

H, =-P(X,)In P(X,). (5)

The Shannon entropy H, calculation results (5) are
given in the Table. The expanded measurement uncer-
tainty of entropy indirect measurement is determined
by the expression (4).

The measurement results analysis allows us to say
that all of DVs have deterministic dynamics. The
values of the fractal dimension D of all DP are
in the interval 1 < D < 1,5. At the same time for DVs
X, ... X; D =1, and for X, (the lower part of a thigh)
D —1,5. So, the X, dynamics is close to a random
process. The analysis of the Shannon entropy values
demonstrate that the DVs X, (H =2) u X, (H =1,4)

are most variable, and the DVs X, (H =0,9) n X,
(H =0,7) are least variable.

The research results are proof of the self-organi-
zation function of an open NDS. Note that earlier re-
search of the electrical network dynamics gave op-
posite results [15]. The voltage dynamic was random
with the fractal dimension D =1,5,

The research results, displayed in the Table and
in the measurement portrait (Figure), can be used for
a making the DVs values intervals, fractal and entropy
scales of the human physical condition. In the future,
the value intervals and scales can be applied for mak-
ing an individual training plan for athletes and selec-
tion an intensity and frequency of physical activity.

The Conclusions

The article presents the results of practical us-
ing of the approaches and tools of Metrology of
nonlinear dynamic systems (Nonlinear Metrology).
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They were used for measurement and analysis of dy-
namic variables of a human body with a reqular phys-
ical activity.

As the analysis tools the intervals of dynamic vari-
ables values, measurement portrait, fractal dimension
and Shannon entropy are used.

The analysis of measurements results demonstrates
that the dynamics of measured value is close to deter-
ministic way. This is a characteristic trait of an open
system with a self-organization function.

The research results can be used for development
of athletes training programs.
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B. MyppuK, KaHAULAT TeXHIYHUX HayK, BUKNaZay kadenpw,
Hauionansna akapemia Hauionansvoi reapaii Ykpainw, m. Xapkis

3anponoHo8aHo cmpykmypHo-anzo0pummiyHy cxemy 3acoby
BUMIpIOBAHHSA WBUOKOCMI pyXy MemasnbHo20 enemMeHma 8 KaHasni
CMBona, AKA 8U3HAYAE NOPAOOK ma 0cobausocmi nepemaopeHHs
8uMiptosanvHoi iHhopmayii. HagedeHo y3azaneHeHul anzopumm
0NpAaytoBaHHA 8UMIPOBAbHOI iHhopmauii ma pexkomeHOayii 3 tioeo
peanizayji.

The article presents the structural scheme (fig. 1) of velocity
measuring instrument for the throwing element in the firearm bore.
On the bases of such structural scheme the structural-algorithmic
scheme (fig. 2) was built. The structural-algorithmic scheme
determines the order and features of the measuring information

measuring instrument by its structure and by the content of the
algorithms of the measuring information. The resulting structural-
algorithmic scheme is the basis for the generalized algorithm of
processing of the measuring information development (fig. 3).
Given generalized algorithm is a combination of logical parts which
transmit the content of the conversion of measuring information
without binding to specific apparatus devices or constructive
solutions. It allows to carry out the modelling of the processing of
experimental input signal at different values of element parameters
of measuring instrument, to correct the content of separate stages
of processing of the measuring information and it can be used for
creating of the measuring instrument of velocity of the throwing

conversion concerning the velocity of the throwing element in
the bore. This scheme allows us to carry out the investigations of

element in the bore with the given characteristics.

Knioyoei cnosa: 3acié 8umipiosaHHs, WeUOKicmMb pyxy, MemanbHUl esieMeHm, KaHaa Cmeosd, CMpyKMypHO-az0pUMMIYHa cxema, anzopumm,
8UMIpIOBATIbHA iHGOPMAUiA.
Keywords: measuring instrument, velocity, throwing element, bore, structural-algorithmic scheme, algorithm, measurement information.

WpilleHHA 3aBAaHb BHYTPinIHboi 6anicTuku motpe6ye OTPUMAHHA YTOUHEHWUX [aHUX
BCTOCOBHO 6aniCTMYHUX eNleMeHTiB IOCTPiNy — 3aleXHOCTi 3MiHU TUCKY ITOPOXOBUX
rasiB Ta WBUAKOCTL PYXy MeTanbHOro enemerTa (ME) sk dyHkuil yacy foro pyxy B KaHani
CTBOJA CTpineubkoi 36poi. IlepcrneKTMBHUM LINAXOM OTPUMAHHA AocToBipHOI indopmanii
mozno 6anicTUYHWUX eNeMeHTIB MOCTPiNy € peanizalis BUMIpPIOBaHHA MWUTTEBUX 3HAY€Hb
weugkocti pyxy Y(¢) ME kaHanoMm cTBOJA mif vac mocrpiny. Ilpu uboMy pouinbHO
6yznyBaru 3aci6 BuMipioBanHa (3B) MuTTEBMX 3HauYeHb wBUAKOCTI pyxy ME 3a mopBsiiiHot0
IndepeHUiNHOW0 cxeMoio na3epHoi pomnmnepiBcbkoi anemomerpii [1], mo 3abesmeuye
GbopMyBaHHA BUMIpIOBaLIbHOIO CUTHANY, MUTTEBI 3HAYEHHA YaCTOTW AKOTO BU3HAYAIOTb
urykaHy kpusy M(¢) [2, 3]. Ina BupinenHa kopwctoi iHpopmanii Heo6xinHo mpoBeneHHA
CIeKTPANbHOTO aHanizy ¢parmMeHTiB BUMIPIOBAJLbHOTO CUTHANY i3 3aCTOCYBaHHAM
wBuaKoro nepersoperHa dyp'e [4].

Ins mo6ynoeu 3B MUTTEBUX 3HAuYeHb WBUAKOCTI pyxy ME, B OCHOBY AKOrO mOKIa-
LeHo mopBiitHy audepeHuiiHy cxeMmy nasepHoi pommnepiBcbkoi aHeMoMeTpil Ta crek-
TPaJIbHUIL aHani3 BUMIPIOBaJbHOTO CUrHaNy [3], AOLiNbHO MaTU fieTani3oBaHi anropuTMiv-
Hi OCHOBW OIpalloBaHHs BUMIpOBaIbHOI iH(MOpMalii, 30KpemMa, po3poOUTU CTPYKTYPHO-
AITOPUTMIYHY CXeMV Ta, Ha ii 0CHOBi, anropuT™ orpaloBaHHA BUMiploBanbHoi iHbopma-
nii. Takuit mipxin 703BOAUTL 3MOAENIOBATU Ta PETebHO AOCHIAUTU MpoOlLeC OmpaloBaH-
HA BUXigHOTO curHany 3B, BpaxyBaTu Aeski cKnaposi iHcTpyMeHTanbHoi moxubku [5] Ta,

© Kpiokos 0., Mynpuk B., 2017
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BPEIIT], CIPOCTUTW 7 HABAU3UTU [0 MPAKTUKN TEXHid-
HY peanizauito 3B.

Bimomi 3B mBupkocti pyxy ME 3a BUKOPUCTaHUMMU
TeXHIYHUMU DILIEHHAMW CYTTEBO BiAPI3HAOTHCA Bif
7la3epHOro ponmiepiBcbkoro 3B, ockinbku 6asyoTbes
Ha iHInX MeTozax, mepefbavaloTb BUKOPUCTAHHSA elek-
TPOMArHITHWUX XBWIb ¥ pafiiofiana3oHi, a Takox MawTh
BiIMIHHOCTI 32 YMOB IIPOBefeHHA BUMipoBaHb [6 — 9].
ToMy B HafBHUX JliT€paTypHUX AXepenax BifcyTHI an-
TOPUTMIYHI OCHOBW OIPAllOBAHHA BUMIpIOBaNbHOI iH-
dopmauii B nasepHux pommnepiscbkux 3B mBupkocTi
pyxy ME.

Mema cmammi - pPO3pO6GNEHHA CTPYKTYPHO-
anroputmiyHoi cxemmu 3B MUTTEBUX 3HAUEHDb LIBUAKOC-
i pyxy ME B KaHanax CTBOJIB Ta aNrOPUTMY IIEPETBO-
peHHs BUMipioBanbHOI iHdopManii.

BUKJIAJLEHHA OCHOBHOI'0O MATEPIAJIY

CTpyKTypHO-anroputmiuia cxema 3B BU3HAuae
TIOPAZOK Ta 0COGAUBOCTI MEPETBOPEHHA BUMIpIOBalb-
Hoi indopmauii crocoBHo weupkocti pyxy ME (ompa-
1110BaHHA, MPOMiXHe 36epiraHHs, KOpeKllis, BU3HAYeH-
HA mapameTpiB kpuBoi Towmo). B ii ocHoBY mouinbHo
TIOKJACTU CTPYKTYPY 3B, fika mopaeThes 3a po3iMKHe-
Hoto cxemotwo (puc. 1). Taka 6ynoBa 103BONAE CIIpOC-
TUTU TEeXHIUHY peanisauito 3B i mpouenypy neperso-
peHHA BuUMiptoBanbHOi indopmauii.

Ilo cknapy crpykTypHOi cxemu 3B (puc. 1) BXOAATb:

® ONTUYHA YacTUHA (CKIAZAETbCA 3 J1a3epa, KojliMa-
TOP3, CBIT/IOMOANbHOI MPU3MU Ta BifbUBAY], 1m0 CIps-

Jlazep
¥

Koumimatop

!

CaiTyIonoaisibHa
npu3Ma

!}

Big6ousau

OnruyHa yacTHUHA

T

17
®doronpuiimay

¥

V3romkyBanbHUN PUCTPIH

I

Amnanoro-1u¢poBHii IEpeTBOPIOBAT

¥

OO6uncioBanbHUHA TPUCTPiit

!}

Ipucrpiit BinoOpaxenHs iHdopmarii

Puc. 1. CmpyxmypHa cxema 3B
Fig. 1. The structural scheme of measuring instrument

MOBYIOTb Jla3epHi TPOMeHi Itif, 3afaHuMu KyTamu Ha ¢o-
Tompuitmay [1]);

® GoTompuiimMay Ta Y3rOLKYBaNbHUN MPUCTPIil (Te-
PETBOPIOIOTL ONTUYHE BUIIPOMIHIOBAHHA B €J1€KTPUY-
HUNI CUTHai i3 3aZlaHUMU TapaMeTpamu);

e ananoro-uudposuii mepersopiosayu (AIIl) (mepe-
TBOPIOE BUXILHWUN CUTHAJ Y3TO[KYBAJbHOTO IIPUCTPOIO
Ha IMOCNiOBHICTL MUTTEBUX 3HAYEHb HANPYTU uepes
3aflaHi TPOMiIXKU vacy);

® 00UNUCNIOBANBHUNA NPUCTPiil (cyKymHicTb, arma-
PaTHOTO Ta MPOrPaMHOTO 3abe3MeveHHA A7 BBEZEH-
Hf, OIPAlllOBAHHsA 3a MIEBHUM anTOPUTMOM i 36epiraH-
HA BUMiptoBanbHOI iHbopmaunii);

e mpucTpiit BigobpaxenHa indopmauii (mopae pe-
3y]bTATW ONpaltoBaHHA BUMipioBanbHOI iHdopMauii
B 3PYYHOMY [l KOPUCTYBayda BUZAL).

Ha ocHoBi HaBezeHol CTPYKTYpHOiI cxemMu 3 Me-
TOW BifoOOpaXeHHs 3MiCTy NepeTBOPeHb BUMIpIOBaib-
Hoi iHdopManuii, aki BigbyBalTbCA B Ii eneMeHTax,
mopamo Gisuuni 7 iHbopMauinHi 3B'A3KM MiX HUMU
V BUAL CTPYKTYpHO-anroputmiuHoi cxemu 3B (puc. 2).
Bino6pasumo B3aEMOfil0 €€MEHTIB, 10 peani3yoThes
®isnuHo, i BipTyanbHux naxok (610kiB), Aki € ¢par-
MeHTaMW MPOTPaMHO-aNapaTHUX 3acobiB, i3 3a3HaueH-
HAM IIePeTBOPEeHb, V BiTIOBIAHOCTI 0 AKUX BifOYBAETD-
Csl OTpalloBaHHA BUMipioBanbHOI iHdopManii.

Pasom i3 3asHaueHWMW BuUllle €E€MEHTAMWU CTPYK-
TypHOI cxeMu 3B B 00UUC/II0BaNILHOMY IPUCTPOi BUO-
KpeMmiieHO 6710ku HOPMYBaHHA MacWBY MUTTEBUX 3Ha-
YeHb HaNpyTu, momnepeanboi ¢inbrpauii curxany, supi-
JIeHHs 0671acTi curHany 3i sHauMMmmu paHumu, dop-
MYBaHHA YaCOBUX iHTepBasiB, LIBUAKOTO IEPETBOPEH-
HAa ®yp’e (LIIP), BU3HAUEHHA YACTOTU LOMIHYBaIbHOI
rapMoHiKu, GopMyBaHHA KPWUBOI WIBUAKOCTI, a TaKOX
670K OTpalOBaHHA Ta IMATOTOBKW JaHWX s 36epi-
raHHa i Bisyanisauii.

OnTnyna yactuna ¢opmye BXigHMI curHan ¢oro-
IpuiiMava, y CIIEKTPi AKOTO MiCTWUTbCA CKlafoBa

F(t)= —2ﬂc/(t) (cos o —cos ) (1)
MUTTEBA 4acToTa F'(¢) aAxkoi mpomopuiiHa WBWUAKOCTI
pyxy V(¢) ME. doTompuiiMay mepeTBOPIOE Liei CUTHA
Ha GOTOCTPYM, AKUI CTBOPIOE Ha BXiHOMY OIOPi y3ro-
IXXYBaJbHOTO IPUCTPOI0 YaCTOTHO-MOLYIbOBAHUN CUT-

HaJl HaIpyroio
U(t)=U,, sin((2TF (2)). (2)
VY3ropxyBanbHUil NPUCTPIt BUKOHYE GYHKUiW
V3rOo[pKeHHA BUXigHOTro omopy ¢doTompwitMava i BXig-
Horo omopy AIITl, a Takox 3pificHIOE MacuTabyBaHHA
Hanpyru GoTOCTPyMy A0 MeX Aiala3oHy NepeTBOpeH-

HAa AIIL:

U,@)=k-U(). (3)
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L
OnruyHa YacTUHA

Fy= 200

(cosax—cos )

V
®doronpuitmau
U(t)=U,, sin((27F (1))

Y v
Y3romKyBaabHUN IPUCTPIH
U ()=k-U(0)

Y Ui
AT
U,(nT'" )=U, ()|

v

i mpucTpiit

O0UnCITIOBAILHU

¢ Un(nT)

Biiok opMyBaHHSI MACHBY MUTTEBHX 3HAUCHB
Hanpyru U(n), n = 1,...N

Y uw

brox nmonepennsoi dinpTpanii curaary

Un)=U,(n)

v U,(n)

Biok BuisieHHst 00J1aCTi CUTHATY
3i sHaunmumu gauumu ( M Bitikis)

U,(m)=U,(n); n=(a,b); m=1,.,M; b-a

v Uz(m)
Brok ¢popmyBanns L dacoBux iHTepBaiB Af :
Af = MT ’
L

cieaM M /L

U,; =U,(m),m=m

v Usg

brnox mBuakoro nepersopenns Oyp’e
_J2mmk

U(k)=§U(m)~€ ¢,

~ nek=0,...,G-1
Y Uk
B0k BU3HAYEHHSI YACTOTH JIOMiHYBaJIbHOI
rapMOHIKH
F,=F(U,, ) we[0,7/T']

Y £

biok ¢popMyBaHHS KPHUBOT IIBHIKOCTI

F(t)-c

= 2 f(cosa -cos f3)

B

B0k ompalfoBaHHs Ta MiATOTOBKU JaHUX
JUIst 30epiraHHs i Bisyasizarii

L]

brnox BinoOpaskeHHs pe3yIbTaTiB
BUMIpIOBaHHS

Puc. 2. CmpyxkmypHo-anzopummiuHa cxema 3B

Fig. 2. The structural-algorithmic scheme of measuring

instrument

Ananoro-ungposuin mepersopioBad GOpPMye Ko-
IV MUTTEBUX 3HAYeHb HANPYTU Y LUCKPETHI MOMeH-
T Yacy:

Uy (T ) =U, () |y (4)

Bnox ¢opmyBaHHA MacuUBY MUTTEBUX 3HAYeHb Ha-
IIPYTU Ha KOXHOMY #-MY TaKTi [IEPETBOPEHHA 3UUTYE
3 AIII Kop, MUTTEBOTO 3HAYeHHA Hanpyru Uy (nT") Ta 3a-
HOCUTb 10T0 [0 YapyHKu U(n) OLHOBUMIDHOTO MacUBY.

Y 6noui momepennboi ¢invrpanii fo curnany U(n)
3aCTOCOBYETbCA CMYTOBWUW DPEXeKTOpHUI uudposuit
GbinbTp, AKUN BULANAE UTYM, 3yMOBJIEHUI 3aBafiaMu (Ha-
TIPUKIAJ, MEepPeXaMU eNeKTPOKUBIIEHHSA).

Bnox Bupinenns o6bnacti curxany 3i 3HaYUMU-
Mu panumun U,(m) Bupanae pparmentu curHany U,(n)
(na ioro movaTKy Ta B KiHLi), AKiI He MiCTATb KOpPUCHOI
BUMiptoBanbHoOi indopManii mopo urBuaxocti pyxy ME.

Bnok ¢opmyBaHHs YacOBUX IHTEPBaiB BUOKpPEM-
nmoe G iHTepBaNiB BifNiKiB, AKi € parmeHTaMu CUrHa-
7y B L LOBiNbHUX TOYKaxX yacy:

Usg=Uy(m),m=m,,,m,,+M/L. (5)

Bnox LIII® peanizye BigmoBigHwii anroputy, o 3a-

CTOCOBYETbCA ANA KOXHOrO 3 L QparmMeHTiB curHany

AJiA ITPOBENEHHA ix CIIEKTPaJIbHOT'O aHaJli3yI
_Jj2mmk

U(k)=ZU(m)-e G (6)

Brnox BU3HaueHHA YaCTOTU [OMiIHYBabHOI rapMOHi-
KW F; 1A KOXHOTO 3 L QparMeHTiB cCUrHany mporpam-
HO BW3Havae vacrory F(U,,,) rapMoHiYHOI ck1anoBoi,
aMIUIITyZa AKOI Mae mmepeBary Hajl aMIULTyAaMU iHIINX
TapMOHIYHUX CKIAZOBUX V Tiit 06nacTi criekTpa, B Akiit
PO3TALIOBaHW BUMIPIOBaLIbHUNA CUTHAIL.

Y 6noui hbopMyBaHHA KpUBOI MIBULKOCTI IIporpam-
HO peanizoBaHo cmiBBifHOWeHHA (1), po3s’a3aHe Bin-
HOCHO 3MiHHOI V(f).

Bnok ompaloBaHHA Ta MiATOTOBKU HaHUX AnA 36e-
piranHa i Bisyanisauii € cykymHicTio mipmporpam ans

PO3PaxXyHKIB MapamMeTpiB KpuBoi UrBUAKOCTI, 36epiran-
HA HaHUX Ta B3aeMopii 31 cknagoBumMu omepauiiHoi
CUCTEMU 3 MeTol0 Bisyanisauii orpumaxoi inpopmauii
y 3pYYHOMY A7l KOPUCTYBaYa BULL 32 ZLOTIOMOT'010 3aC0-
6iB BuBeZeHHA iHpopmanii abo ana ii excroprty Ha cTo-
poHHi Hocii iHdhopMauii.

3amponoHoBaHa CTPYKTYPHO-aATOPUTMIYHA CXeMa
€ OCHOBOI0 [J1sl PO3POOIEHHA Y3arajlbHeHOTO aNropuT-
MY OIpalloBaHHA BUMipioBanbHOi iHpopmauii (puc. 3).

o BuxigHUX paHux (MapaMeTpiB ONTUYHOI CXeMU
3B Ta XapaKTepUCTWK 3pa3ka BOTHemanbHoi 36poi) Bin-
HOCATbCA:

= pniamMeTp KaHany crBona d,;

" OBXWHA KaHaly cTeona /.

" niaMeTp Nna3epHOTO MPOMeHA d,;

" YaCcTOTA J1a3ePHOT0 BUIIPOMIHIOBAHHA f;
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ITouarok

VYBeaeHHs BUXITHUX JaHUX

1 (mapametpiB onTH4HOI cxemu 3B
Ta 3pa3Ka BOrHenajabHoI 30poi)

>

2 |
Po3paxyHOK 3HaueHb KyTiB a, ff Ta 0231 ONTHYHOL
cxemu [
VBeeHHS MAaCHBY MUTTEBHX 3HAUCHb
3 Hanpyru potoctpymy U(n)
: |
Buninenns obiacti curHaty 3i 3HAYMMHMHU JAaHUMH
(M BigmikiB)
5 |
| IMpoBenenns nonepeanboi GibTpanii curHamy |
6 |
| ®opmyBanHs L yacoBux iHTepBaiiB Af, i:=1 |
7
| TIpoBenenns onepariii LITI® ns G Bimmikis |
8 |

| Busnauenns yactotu F; moMiHyBaabHOI rapMOHIKU G |

Hi 9
10 TaK
Dopmysanns macuBy F;, i=1... L
11 |
OO0uncieHHsT TOYOK KPUBOI MBUAKOCTI V(1)
Ta mapamerpis ii popmu Vy
12 BinobOpaxeHHsI pe3yibTaTiB
BUMIPIOBaHHS
- —

Puc. 3. Y3aeanvHeHull aneopumm onpayio8aHHA
BUMIpPIOBANBbHOT THOPpMAayii

Fig. 3. The generalized algorithm of the measuring
information processing

= NOBXWHA I'paHi CBiTHOMOAiNbHOI mTpusmun 7, ;

= NOBXWHA TpaHi Bigbusava /,;

= GesmeyHa BifcTaHb /; (BiACTaHb MiX 30BHIUIHIM
rabapuToM cBiTnomoginbHoi mpusmMm Ta 6iyHOW IO-
BepxHew ME y Halbnwkyit 1o mpusMu Touli Tpaek-
Topii #ioro pyxy).
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3a UUMU [aHUMU PO3PAXOBYIOTHCA KYTU B 1 oL 30H-
pyBaHHA moBepxHi ME nasepHUMWU IIPOMEHAMM, a Ta-
KoX 6a3a omtuyHoi cxemu /, (BifcTaHb Bifi 30BHIIHBLOI
I'paHi CBITIOMOAiNbHOI MPU3MU A0 LYAbHOTO 3pi3y Ka-
Hany crBona) [3]:

B = arcig(——), (7)

d —b

I,
Ie b - BiACTaHb MX Jla3epHUM IIPOMEHEM Ta KaHaJIOM
CTBOJIA V IUIOWMHI AYNbHOTO 3pi3y (TOOGTO IPOMIXKOK,
AKUIL VHEMOXUBIIOE NEPEPUBAHHA J1a3epHOTO IIPO-

MeHs Bibpalismu cTBona mip vac mocrpiny),

l L, 8
0 th c ( )
d, —é+l6 +
o, = arctg( 2 ) 9)
I +1

HA AKUX MOXYTb OYTW ITOKNAfieHi B OCHOBY eKcIipec-
DIaTHOCTUKWU CTAHy KaHany cTBona abo 6oempumacis
[10] (wampuknap, cepefHa WIBUAKICTb V), , AynbHA WIBUA-
KiCTb I, KOOPAMHATY TOYKM 3MiHM 3HAKY ApyToi moxin-
Hol kpuBoi wBuUAKocTi ¢, , ¥V, , kiHnesi msuaxocTi ana
pisHux mepiopis moctpiny Towo). Ii mapamerpn BU-
3HAYalOTbhCA 32 BiOMUMU anropuTMamMu QyHKLioHaNb-
HOro aHanisy [11].

3ampomnoHOBaHUii y3aranbHeHUIi ATOPUTM OIpalio-
BaHHA BUMiploBanbHol iHpopmauii mepepae 3mict me-
PeTBOpEHHA BUMIpiOBanbHOI inbopMalii 6e3 npus'asku
L0 KOHKDPETHUX amapaTHMX 3aco6iB ab0 KOHCTPYKTUB-
HUX pimrens. Ileit anroputm [03BONAE IMIPOBOLUTU MO-
LeJ0BAHHA MPOLeCY ONMpPalloBAaHHA BUXiJHOTO CUTHA-
ny 3B 3a pi3HuX 3HaueHb MApaMeTpiB eleMeHTiB 1Oro
CXeMU i YMOB IPOBefieHHA BUMIiptOBaHb Ta 37ilCHIOBa-
TU BiAmoOBigHe iX KOpUTyBaHHA.

BUCHOBKH

3ampoInoHOBaHO CTPYKTYPHO-AITOPUTMIUHY CXEMY
3B mBupkocti pyxy ME B kKaHanax cTBOniB Ta y3a-
raJbHeHW aArOpUTM OMpalloBaHHA BUMipIOBab-
Hoi iHdopMauii, Aki A03BONAIOTL MPOBOAWUTU LOCHiA-
XeHHA 3B 3a floro cTpyKTypoiw i 3a 3MicTom mepe-
TBOpPEHHA BUMiptoBanbHOI iHdopmauii. IIi pesynbra-
TU MOXYTb OYTU 3aCTOCOBAHi ITifj YaC MOMEN0BaHHSA
IIPOLleCy OIpalloBaHHA BUMiploBanbHOI indopmanii
y 3B mBuakocti pyxy ME, a Takox 3a po3pobieHHs
MTPOTPaMHOro 3abes3mneyeHHs 00YUCIIOBANLHOTO IIPU-
cTpoto Takoro 3B.

lMopanburi pocnimxkenus 3B wBupkocti pyxy ME
V KaHanax CTBOJIB LOLiNbHO CIPAMYBaTM Ha PO3po0-
JIeHHA Ta VOOCKOHAJeHHA aNrOPUTMIYHUX OCHOB
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KII0YEHHA CKIafl0BUX CUCTEMaTUYHOI MTOXUOKU BUMI-
PIOBAHHA.

l'[i]J,Bl/ll]J,EHHFl TOYHOCTI BU3HAYEHHS MUTTEBUX 3HAYEHb
]J.IBVl]J,KOCTi, 30KpeMa, UIiAXOM MOJeJNlt0BaHHA Ta BU-
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HAYKOBO:TEX

2 4 29Ci‘{}{ﬂ 2017 poxy Bigbynacs III Bce-
- ykpaiHcbka  HayKOBO-TexHiuHa
KoH(depeHlia MONOAUX YYeHUX Y UapuHi Merponorii
«Technikal Using of Measurement-2017», opraHizoBaHa
IKTA HY «JIbBiBCbKa monirexnikaw, OII HIAI «Cucremar
ta HTVY «KIII im. Cikopcbkoroy» mip eripoto Akapemii
metponorii Ykpaiiu (AMY) 3a cnoHCOpCcbKoi MATPUMKU
IIpAT «Eneproo6nik» (m. Xapxis), LI «Ykpmerp-
TecTcTaHpapT» (M. Kuis) Ta mipmpuemna I.I.Camoiipioka
(m. Enepropap). Konbepenuis mpoxopuna y HaBYanbHO-
0310poBYOMy Tabopi «Ilonitexuik-2» HY «JIbBiBCBKA
monitexHika» (cmt. Cnascbke, JIbBiBCbKA 001.).

Y po6oTi kondepennii B3ann yyacts 105 HAyKOBLiB
13 OCHOBHUX METPONOTiYHUX 1leHTpiB Ykpaitn (Xapkosa,
Kuesa, JIbBoBa, Opmecw, [JHinmpa, IBano-®paHKiBCbKa,
YepHiBuis), ceper akux 15 cTypenTis, 19 acmipaHTis
i 42 MOnOAUX yYeHUX.

TpapuuinKo i3 MPUBITaNIbLHUMU CLOBAMU JI0 YYACHUKIB
koHepenuii 3sepuyscsa IIpesupent AMY p.T.H., mpod.
€.T. Bonomapchbkuii, AKUI Bif3HAYMB BaXKAUBICTb, HEOO-
XifHICTb MPOBELEHHA TAaKWUX KOH(EpPeHLii; HarolioCus
Ha aKTYalbHOCTL 3yCTpiuei; miaTBEpPAMB, WO iX MeTa —
TOTNGI0BaTU HAYKOBY PobOTY cepen Monopi v cdepi
MeTpoJorii, HaaTM MOXIWBICTb TBOPYOTO CIiNKYBaHHA
MOJIOMX HAYKOBLIB 3 IIPOBiLHUMU.

Ha nouarky xondepenuii ana o3HaloOMIEHHA MOJO-
IMX HaYKOBLIB-METDOJIOTiB 3 HANpAlOBaHHAMU Y IIPO-
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NI BCEYKPATHCHKA
UHAVKOHDEPEHLIA

MONOANX BUEHWX(Y, METPOTOnI
«TEGHNIGAL [USINGIOF MEASUREMEN*T-2017»

neci BupimeHHa mpo6neMu 3abe3meyeHHs AKOCTL OCBIT-
Hboro mpouecy v BH3 Vkpainu 3 meToto ix iHTerpysaH-
HA [0 EBPOIENCHKOTO MPOCTOPY, @ TAKOX 3 0CO6IUBOC-
TAMU TiATOTOBKWU CIIElianiCcTiB-MeTPOJOTriB BUCTYIIMIN
Axapemikn AMY mpodecopu H.I. Kocau (Hauionansuui
aepokocmiunuit yHiBepcuter «XAlIy), C.II. Auunmun
i B.0. Auyk (HY «JIbBiBCbKA MMONITEXHIKAY).

[IpoTarom poboTn KoHdepeHnii BUronoumeHo i 0bro-
BOpeHo 18 pomosizeii. [loTpibHO Big3HAUUTY, 1110, 3BAXKA-
10U Ha BENUKY KiNbKICTb 3aMOBJIEHUX ZOIOBiZei i my-
e TMPOAYKTUBHY 3aKOPAOHHY IMPAKTUKY, 37 #omosizeit
MpEeACTaBNEHO AK cTeHAoBi. lle Hapano MOXIUBICTbL
yJYacHuKaM KoHbepeHuil 6inbure yacy mpuAinuTu IpyH-
TOBHUM JMCKYCIAM CTOCOBHO Teopii Ta MpakTWKWU BUMi-
ploBaHb, 3abe3mevyeHHs €AHOCTI BUMipioBaHb i BUITPOOY-
BaHb, aBTOMATWUKU Ta MPUNALIB, OMIPALIOBAHHA Pe3ybTa-
TiB, cTaHzapTu3auii Ta ceprudikauii y ceitni eBpormeii-
cbKoi iHTerpauii Towo, moAinMTUCA CBOIMW HAYKOBUMMU
LOCATHEHHAMW YV LapuHi MeTponorii.

YV pamkax koxbepenuii gupekropom IHcTuryty min-
BUlleHHA KBanidikauil # nepemiaroToBku cheuianic-
TiB 3 MeTponorii (M. XapkiB), AKUN € CTPYKTYPHUM Iifi-
po3ginom AMY, uneHom-kopecmoHgeHTom AMY, K.T.H.
0.€. Maneubkoto IpPOBELEHO HaBYaNbHUI HAYKOBO-
MPAKTUUHWUI ceMiHap Ha TeMy «3abe3nevyeHHs AKOCTi BU-
MiptoBaHb Ha OCHOBI METPOJIOTiYHOTO KOHTPOJO 3aC06iB
BUMIpIOBaIIbHOI TEXHIKM Ta BU3HAYEHHA KOMIIETEHTHOC-
Ti naboparopii», Mo 3aKiHYEHHIO AKOTO ClyXayaM CeMi-
Hapy BpyueHo Binmosinxi CBimouTsa.

Hampuxinui konbepenuii Bipbynuca mosavepro-
Bi 360pn AMY. Ha Hux, 30Kkpema, 06paHO i peKoMeH-
LOBaHO KaHAWAATYPU MpoBifHUX (axisBuis-meTponoris
Bin Vkpainw, 3 uucna paxiwe mopaHux y Biamosip-
HUX 3aABKax, 10 PoOOTW B IMOCTIHO AilOYUX HAYKOBO-
TEeXHIYHUX KoMiTeTax MixHapopHoi ®epepauii 3 Bumi-
pioBanbHOI TexHikU i mpunapobynysanHa (International
Measurement Confederation — IMECO).

Biye-npesudenm AMY,
3acnyxenull 0iau HayKu i mexHiku YkpaiHu,
0.m.H. B. Bonvwakos
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