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KYIU NIE CBITOBA METPOJIOTIA?
(3a pe3yabTaTamMHM aHAdI3y €BPONEHCHKMX NMPOrpaM i JOKYMEHTIB)
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1. 1. Heexmakos

Hasedeno ananiz mincHapooHux 0oxKymeHmie 3 memponoeii
ma esponelicokux memponoeiunux npoepam (EMRP, EMPIR),
aKi € wacmunoro €6ponelicbkoi 00CAIOHUYbKO-IHHOBAYITIHOT
npoepamu “lTopuzonm 20207, wo 3uauHorw Mmipor 0036045€
gionogicmu Ha numanus: “Kyou iide ceimosa memponoeis?”.

The article provides the analysis of the international
documents on metrology and the European Metrology
Programmes (EMRP, EMPIR), which are the part of the
European Research and Innovation Programme Horizon
2020, that allows to substantially answer the question “what
is the direction of the world metrology?”.

Beryn

AHaJi3 €BPOIEHCHLKNX TIPOrpaM 3 METPOJIOTII, a TAKOX
IHIIMX MiXKHApOOHMX JTOKYMEHTIB, mepill 3a Bce KoHcynb-
TaTUBHUX KOMITeTiB MiXHApOTHOrO KOMITETy Mip Ta Bar
(CIPM), nmae MOXJIMBICTH C(OPMYJIIOBATU OCHOBHI Ha-
MPSIMKU PO3BUTKY CYy4aCHOI METPOJIOTii, OLIIHUTY MOTEHIAT
ta Micue HHII “IHcTutyT MeTpoJorii” B LIbOMY IpOLIECI.

s mpoBeneHHs aHali3y BUKOPUCTOBYBAIUCS TaKi
JOKYMEHTHU:

1) JdochigHuLbKi mporpamMu €BpoOIeichKoi aco-
miauii  HalioOHAJAbHUX METPOJOTiYHMX IHCTUTYTIB
(EURAMET) 3 metpounorii (EMRP, EMPIR) [1-4];

2) JIOKyMeHT cTpaTeriuHoro IuianyBaHHs KoH-
CYJIBTATUBHOTO KOMITETY 3 €JICKTPUKM Ta MArHETU3MY
CCEM “Benuki mpobneMu B eekTpomaraetusmi” [5];
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3) “Mise en pratique” (TIpaKTU4YHI pPeKOMEHIALlii)
3a BMIaMU BUMIpIOBaHb [6];

4) Reports (3BiTn) [pe3unentis KoHcynbTaTUBHUX
KOMITETIB 3a BUIaMU BUMipioBaHb [7, §].

3 ypaxyBaHHSIM TOTO, IIIO OXHUM i3 HallBasKJIWBi-
IIMX MOMEHTIB TIONAJIBIIOTO PO3BUTKY € OTOJIOIICHI Ha
24-ii T'enepanbHiii koHpepeHtii 3 Mip Ta Bar (CGPM)
y 2011 p. pedopma MiXHapOAHOI CUCTEMU OAWUHUILIb
SI (New SI) Ta nepeBu3HAUY€HHSI YOTUPHOX OCHOBHUX
OAVHULB (KiJlorpaMa, aMIiepa, KejlbBiHa, MOJsI), OYyJI0
BUPILIEHO TONUIUTU MiXXHApPOJHI MporpaMu i poOOTU
Ha Taki 3 rpynu:

1) poboTH 3a BUAAMHU BUMIpIOBaHb, B SIKUX MAa€
Miclle TIepeBM3HAYeHHS ONMHUIL (Maca i MoOB’s3aHi
3 HEK BEJIWYMHM, CJIeKTPUYHI Ta TeMIlepaTypHi BU-
MipIOBaHHSI);

2) poOOTH i TpOrpaMM 3a BUAAMU BUMIPIOBAHb, SIKUX
HE TOPKHYJMCS TIepeBM3HAYCHHS, OTOJIOIICHI Ha 24-it
CGPM (11pocTopoBO-YacoBi Ta ONTHUYHI BUMIipIOBaHHS);

3) HOBIi Ta nepcreKTUBHiI MpobdJeMu B METPOJIOTii,
TOJIOBHUM YUHOM, B HAHOMEmpoAoaii.

1. IIpoekTn i podorn rpymn 1

HaBenemMo OCHOBHi BiZOMOCTI PO OTOJIOIIEHY pe-
dopmy cucremu Sl i ximovyoBi MmomeHTn New SI. Och
Butar (uurata) 3 Pesomonii 24 CGPM 2011 p.:

Mixcnapoona cucmema odunuusv SI 6yde cucmemoro
00UHUUb, 8 AKIIL:
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* yacmoma nepexody, N08’13aH020 3 HAOMOHKUM
PO3UWEeNAEHHAM OCHOBHO20 CMAHy amoma uyesito-133,
AV(Cs) ., = 9192631770 T'y mouno;

* weudkicmo céimaa y eaxyymi ¢, = 299792458 m/c
MO4HO;

» cmana Ilhanka h = 6,62606X-10~3* Juc-c mouro;

* enemenmapuuil 3aps0 e = 1,602117X-107" Ka
MO4HO;

* cmana bosvumana k = 1,3806X-10-* Jwc/K
MO4HO;

* cmana Asoeadpo N, = 6,02214X-10° moav™" mouo,

* CHeKmpanbHa Cuaa C8ima08020 NOMOKY MOHO-
XPOMAMU4HO20 SUnpominioeants yacmomoro 540-107 Ty
K(\) = 683 am/Bm mouno.

Cumeon X y uvomy npoekmi pesonouii € 00Hi€0
abo Odekinbkoma 000amkosumu yugpamu, AKi nOMpiOHO
dodamu 0o uucaoeux smauenv h, e, k i N, 3 euxopuc-
MAHHAM 3Ha4eHb, w0 06a3yrmucs HA HAUOCMAHHIUOMY
kxopueysanni CODATA.

3siocu eumikae, wo 6 SI 3aruwumocs dirouuil Haodip
i3 ceMu OCHOBHUX OOUHUUb, 30KpeMa:

* Kidoepam 3aauuumscs 00uUHUYyer0 macu, ane ioeo
Po3mip 6yde 6CMAaH08AeHO DIKCYBAHHAM YUCEAbHO20 3HA-
uenns cmanoi Ilranka;

° amnep 3aAUMUMbCA OOUHUUEIO eNeKmPUHHOO
cmpymy, ane iioeo po3mip 6yde 6cmano6ieHO QDIKCYBAHHAM
YUCeNbHO20 3HAYEHHS eNeMeHMApHOo20 3apsody;

* KeabBiH 3a/Uuumocs 00UHUUEr) MepMOOUHaMiY-
HOI memnepamypu, ane {020 po3mip 6yde 6CMAHO0B8AEHO
QixcysanHam uucenvbHo2o 3HaveHHs cmanoi boavymana;

* MOAb 3aMUUUMBCS 0OUHUUEH KINbKOCMI Pevo8UHU,
AKA BUBHAYAEMbCS YUCAOM CMPYKMYPHUX eNeMeHmis, ane
11020 poamip 6yde 6cmarHo8aeHo QiKcyeaHHIM vucaa Asoeadpo.

[linkpecaumo kawouo8i momeHmu 1IbOTO PIlLICHHSI:

* BCi OCHOBHi OIMHUIII BCTAaHOBIIOIOTHCS y He-
SIBHOMY BUIJISAi, yepe3 dikcaliio BianmoBinHuUX (yH-
maMeHTaTbHUX (GisnyHux ctamx (PDC);

* pO3Mipu OAWHMIb Y MOPIBHAHHI 3 Aitouyoro SI
3aIMIIAIOTECS HE3MIHHUMU,

* CYTTEBO 3MIiHIOIOTbCS BU3HAUYEHHS Kiroepama,
amnepa, KeavgiHa i Moas, 10 Bele OO0 3MiHU METOIO0-
JIOTii iX BiITBOpPEHHS i TepeJaBaHHS;

* 3arulaHoBaHUWiI TepMiH BBemeHHs New Sl
B mito — 2018 p.

Haii6inbi BigmoBinaJlbHUM MOMEHTOM peaizaliil
pedopmu SI € BIpoBamKeHHS HOBOTO BH3HAYCHHS
Kijorpama, 1iii mpoOJjeMi NPUCBSIYECHO AOCIiTHUILIBKI
nporpamu EMRP, EMPIR SIB03, SIB05 ta SRT-sl1,
BinnoBinHy Mise en pratique [9, 10], a TakoX HU3KY
IHIUX TOKYMEHTIB.

baraTto pokiB MpOBiAHI METPOJIOTIYHI IHCTUTYTH
CBiTy BEeIyTh IOIIYK METOMIB BiITBOPEHHS ITPUPOITHOTO
Kizorpama. Ha cboroaHi, 3rigHo 3 pimeHHsIMU 24-1 Ta
25-1 CGPM, gk oCHOBHUI1 00paHO METOJ BU3HAUYEHHS
Kizorpama uepe3 cmaay [lianka, 1110 nependavae Io-
PIBHSHHSI MeXaHiIYHOI IMOTY>KHOCTI (KyIM BXOIWTh Maca)
3 JIEKTPUYHOIO, TTapaMeTpu SIKOi (HaImpyra Ta CTPyM)
MOXYTh OyTM BH3HAYCHi 3a ITOIMOMOIOI KBaHTOBUX

edeKTiB, SKi, Y CBOIO Yepry, COUpaIOTbCId Ha CTaly
IMnanka. Lleit meTom omep:XaB Ha3By ‘“Memody eam-
6aeie” abo “enexmpuunoco kKinoepama’.

AJIbTEpHAaTUBHUM METOJIOM € BU3HAYEeHHS KiJlo-
rpama uepes cmany Aeoeadpo Ta BUKOPUCTAHHS ISt
ioro BiATBOpPeHHS “igeanbHOI” KpeMHIi€BOI KyJi (METO.
“amomnoco kinoepama™). Po3riasiHeMO iX HOKJIAmHIIIe.

Jlna peanizauii MeTooy BHM3HAYEHHs Kijgorpama
uepez cmany llranka y HaunioHanbHil (iznuHiii 1a60-
patopii Bemmkoi bpuranii y 1975 p. n-pom BbpaitoHom
Ki66mom (Bryan Kibble) 6ymo po3pobieHo yHiKadbHY
YCTaHOBKY [9], siKa ojep:xkana Ha3By BaT-Baru.

V xomi MBOETAaIHOro eKCNepUMEHTY Ha 1IUX Barax Io-
PIBHIOIOTBCS MEXaHIYHA Ta eJIEKTPUYHA MOTYKHOCTI (BipTy-
ajIbHi), a TaKOX BUMIPIOIOTHCSl BEIMUMHU, 1110 BXOISITh IO
PiBHSIHHSI BUMIpIOBaHb: LIBUIKICTb V pyXy pamMKu 3i CTpy-
MOM (3a JIONIOMOTOI0 JIa3epPHOTo iHTephepoMeTpa), TPUCKO-
PEHHSI BiTbHOTO MajiHHA g (3a JOIOMOIOI abCOIOTHOIO
rpaBimMeTpa), enekrpuuHa Hampyra U (edext JIxxo3edcoHa)
i enekTpyuyHuii omip R (kBaHTOBUiI edekT Xojuia).

Sk mokaszaHO HMXKYe, Maca B LIbOMY METOHi BU-
3HAYAETHCS 32 BUPA30OM

m= h—flfz C,,
Ve (1)

ne h — crana Ilnanka,; f, i f, — IBi BUMIpSHMX 9aCTOTH TIPU
JIBOX €KCIIepUMEHTaX 3 BUKOPUCTaHHSM edekTy JIxkozed-
coHa; Cel — 6e3po3MipHuUii KoedillieHT (CTana BaT-BariB).

Takum 4yMHOM, y METOAi BaT-BariB BUKOPUCTOBY-
I0TbCcs1 KBaHTOBi edexktu JIxko3zedcona i Xomma, sKi,
y CBOIO 4epry, cruparmoTbes Ha crtaii Ilnanka 4 i ene-
MEHTapHUil 3apsn e. EnemenTapHuii 3apsin y Bupasi (1)
CKOPOYYETHCS i 3aMUIIAEThCs cTana [lmanka, ToMy et
METOJI Ma€ Ha3By MPOCTEXYBaHOCTI A0 crajoi [lnaHka
[6] aGo “emekTpuuHOrO Kijorpama”.

Biomeopenns kinoepama uepez cmany Asoeadpo
CIPOIIEHO MOXHA TOSICHUTU TaKUM YHMHOM.

Yucnao ABoragpo N L — KUJIBKICTh aTOMIB, sIKa Mic-
tuthed B 0,012 Kr i3otomy Bymiero *C. Skio 0,012 kr
Mmicuth N, atomiB, TO B 1 Kr moBUHHO MictuTHCsS X
aToMiB, 1110 JOPiBHIOE

_ N, _1000N, 1000-6,0221415-10"
0,012 12 12

=5,01845166-10" .

Jns BUpilIeHHST 1bOTO 3aBAAHHSI BUKOPHCTOBY-
IOThCS CTIEIiaIbHO BUPOIIEHI KPUCTAIA KPEMHII0 Hall-
BUCOKOI YHCTOTHU i 06e30edeKTHOI CTPYKTYpPU Y BUIJISI-
Ii Kyai Macow 0u3bko 1 kr. JIig migpaxyHKy aTOMiB
y Lill KyJdi 3aCTOCOBYETHCS METOJ 3 BUKOPUCTAHHSIM
PEHTIeHIBCbKOI i ONTUYHOI iHTepdepoMeTpii, SKUi
onepxxaB Ha3By XRCD-metony [10, 11].

VY eBporneiicbkux Tporpamax MiIKpecIoeTbCs 3Ha-
YeHHsI JOCTiIXKEeHb i3 y3romKeHHs (Ha piBHi He Tipiie
2-10~%) mirouoro MiXKHapOIHOIO €TajOHA Macu — IIIATUHO-
ipunieBoro mipotorurty (IPK), “enexrpuuHoro” xinorpama,
IO TIPOCTEXKYEThCS H0 cTajoi [lmaHka A, i “aTomHOro0”
KiJlorpama, TIpOCTeKYBaHOTO 0 CTajioi ABorampo (puc. 1).
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Puc. 1. MNpocTexyBaHicTb “npupogHux” eTanoHiB kinorpama go IPK

JpyruMm BaxkJIMBUM 3aBIaHHSIM € 3a0e3IledyeHHs
PO3IIOBCIOIKEHHSI HOBOTO BM3HAYEHHS Kijlorpama,
gKe 0 3a0e3meymsio He3MiHHICTh, BiICYTHICTh “CcTpuO-
KiB” i Hey3roIKeHOCTeil y Tajy3i BUMipioBaHb Macu
i TIOB’SI3aHNX 3 HEIO BEJIMYMH.

ITpouenypa po3noBCIOIXKEHHS Kijlorpama 1o i mic-
Ji MIepeBU3HAYEHHS UTIOCTPYEThCS Ha puc. 2.

s BupimeHHs mpobjeMUu pO3MOBCIOMXKEHHS HO-
BOTO BM3HAUEHHS Kijlorpama i BiampauoBaHHS Biamno-
BigHO1 MeToauKu B MixHapoaoHOMY OIOpo Mip Ta Bar
(BIPM) ctBOpeHO cheuiasibHy JlabopaTopilo, B sKil
3i0paHo “OaHK BUXiTHMX €TaJOHiB”.

00 NEPEBU3HAYEHHA

.

HauioHanbHi npoToTUnu

MNepBuHHaA
peanisauis i

cihepa
3 cuniuio

Jlo i€l cyKymHOCTI BXOASITh 12 BUXiOZHUX eTano-
HiB + 4 KOMIUJIEKTH i3 YOTUPHOX TUP KOXHMIA, 30-
Kpema:

* KOMIUIEKT 1: 4 TIaTUHO-ipigieBUX HUJIHAPU TI0
1 kT

* KOMIUICKT 2: 4 IWIHAPYW 3 Heip:KaBKOi cTai
no 1 xr;

* KOMIUIEKT 3: 4 cepu 3 NMpUPOAHOIO KPEeMHilo
no 1 xr;

* KoMmIuiekT 4: 1 maTuHo-ipumieBa rups + 1
KpeMHieBa TUpsl + 2 TUpi 3 HeipxKaBKOi cTajli, KOXHa
rupst Macoto 1 Kr, aje 3 pi3HUM 00’€MOM.

nicn#A NnEPEBU3HAYEHHA

BIPM

Habip etanoHiB macu

My

HauioHansHu npoToTUnu

Puc. 2. Cxemn po3noBCIOOXEHHS Kinorpama
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ITpouenypa mocCHiIKXeHHS pi3HUX €TAJIOHIB Macu
BKJTIOUAE:

1) mopiBHSIHHSI CTabOiIbHOI Macu €TajoHiB i3 pi3-
HUX MaTepianib;

2) BUMIipIOBaHHSI Macu B Pi3HUX CEpeIOBUILAX 30¢e-
piraHHsI: ra3oroAiOHOMY aproHi, ra3onomioHoOMy a3oTi,
BaKyyMi, MOBITpI;

3) MopiBHSHHSA CTaOIIBLHOCTI MacH 3a pi3HUX YMOB
30epiraHHsa 11 cep i3 mpuUpogHOTO KpeMHio i Tia-
TUHO-IpUIIEBUX TUP.

VY BIPM 71 1bOTro CTBOPEHO CIIeliaabHO 001aa-
HaHy J1abopaTopilo, sIKa MICTUTh T€HEpPaTOpu a3oTy,
0aoHU 3 aproHOM, aHaJli3aTOPU KHUCHIO, BOJIOTOCTI,
BYTJIEIf0, XpomaTorpad, a TaKoX KOHTEHHEpW s
30epiraHHsI €TaJIoOHiB MacH.

Ille omHa mnporpama rnepeadayae IOCTiIXKEHHS
TakK 3BaHMX “KBa3ilMepBMHHUX’ c(ep, BUTOTOBJIECHUX
i3 MPUPOAHOro KpeMHilo, sKi Oinblue HiX B 10 pa3iB
JIeleBIIe CeliaTbHO BUTOTOBICHUX TIEPBUHHUX MOHO-
KpUCTaTiYHUX cdep 3 i3oTormy KpeMHio Si i MOXyThb
3alHATU CBOE MicCIle B HOBIMi cucTeMi 3a0e3IeUeHHST
€IHOCTI BUMipoBaHb Macu. Tpeba Bim3HAUUTH, IO
BapTiCTh c(pep, BUTOTOBIICHUX i3 MPUPOTHOTO KPEMHIIO
Bce OMHO Oyne Oinble B 2 pa3u, HiX KiIOrPaMOBOTO
HAI[iOHAJIBHOTO TIPOTOTUITY, BUTOTOBJIEHOTO i3 TLIATH-
HO-ipUi€BOTO CILIABY.

logo mepeBu3HaueHHs1 moasa: B Mise en pratique
1€ TMTaHHS MPOaHali30BaHO i MOKa3aHO, 110 BOHO HE
BIUTMBA€E Ha OYIb-sKi aCNEeKTH MPaKTUYHOI METPOJIOTii.

Hpyroro OCHOBHOIO OJMHUIICIO, SIKA MepeBU3HaYa-
etbcsl B New SI, € amnep. Ilapanokc, skt BAHUK ChO-
TOMIHi, MoJATae B TOMY, IIO icCHyro4Ye Ha 1eit yac B SI
BU3HAYeHHs ammepa [12] dyepe3 MexaHiuHi BeJTMYUHU
i 3adikcoBaHe 3HAUYEHHSI MAarHiTHOI CTajoil W, TaBHO
He mie Ha npakTtuii. Sk Bizomo, BIPM 3 1990 p. misa
BiATBOPEHHSI OAUWHUIIL MOCTIHHOI HANpyru (BOJbBTA)
i eJIeKTPUYHOro omnopy (oma) peKOMEHIyBajio BUKO-
pUCTOBYBATU KeaHmosi egpexmu Jxucosepcona i Xoanra,
IO TIPUHIIUIIOBO 3MIiHWJIO METOIOJIOTiI0 BiATBOPEHHS
BCiX €JeKTPUYHMX BEJMYMH Ta ix oauHuuUb. Hapasi
K6éanmosi memoou BUMIpIOBaHb i TOB’sI3aHi 3 HUMU
HaHomexHoa02ii TINOOKO TMPOHUKIM B METPOJIOTi0
i cTaJlM OCHOBOIO METOMOJIOTIi BiITBOPEHHS OOMHUIIH
B €JEeKTPUUYHMX Ta MAarHiTHUX BuUMiplooBaHHsX. [lo-
NaJIbIIOMY PO3BUTKY KBAHTOBUX i HAHOTEXHOJOTIH
npucBsueHo 4 ipoekti EURAMET (SIB07, SRT-s02,
SRT-s04, SRT-s05), a TakoxXX HU3KY MiKHAPOITHUX JI0-
KyMeHTiB. [Ipn 11IbOMY OCHOBHUMM HAIIpSIMKaMH PO3-
BUTKY LIMX TEXHOJIOTIN €:

* CTBOPEHHSI BUMipIOBayiB 3MiHHOTO CTPyMy Ha
edexri Ixo3edcoHa;

* peajizalliss KBaHTOBOro edeKTy XoJija Ha 3MiH-
HOMY CTPYMi 3 METOI0 PO3LIMPEHHS (PYHKIIIOHATbHUX
MOXJIMBOCTEW;

* peaJizallisi OIHOEIEKTPOHHOI TeXHOJIOTIl (edhek-
Ty ONHOEJICKTPOHHOI'O TYHEJIOBaHHS), CTBOPEHHS Ha
1l OCHOBI KBAaHTOBOI'O €TaJloHa amIiepa i 3aMUKaHHS
BimOMOro “KBaHTOBOTO TPUKYTHUKA” (puc. 3), TOOTO

He3aJlexKHOi peasti3allii 6a30BUX €JIEKTPUYHUX ONUHULb
yepe3 kBaHTOBI edektn i ODC;

* CTBOPEHHS 0Oe3rejlieBUX OXOJOKYBauiB IS 10-
CSATHEHHSI HaJIPOBITHOTIO CTaHY;

* YIOCKOHAJEHHS TEXHOJIOTiii BUTOTOBJIEHHS
KBaHTOBUX HAaHOCTPYKTYD;

* BIIPOBAJKEHHS HOBUX MartepialliB (rpadeHy, Ha-
HOTPYOOK).

Keantoenh edpext Xonna

h
* " e [Oom]

~
I

Eexr Axosedcona ——
h
Us=n—/o ) I=e fr W

Puc. 3. KBaHTOBUI TPUKYTHWUK €neKTPU4HOI MeTponorii

TosioBHI 11iJ1i, SIKi CTaBISIThCS Yy MporpaMax; MigBU-
IIEHHS METPOJIOTIYHUX MOXKJIMBOCTE KBaHTOBUX METO-
NiB BUMIpIOBaHHS, a TAKOX iX Oifbllia JOCTYMHICTb IS
MPaKTUYHOI METPOJIOTII.

Cnig BiI3HAYWTU, 1O HASIBHICTb BUILIEHA3BaHUX
€BPOINEMCHKUX TMPOEKTIB i MiXXHapOAHUX JOKYMEHTIB
3HAYHOIO MipOI0 CTUMYJIOBAJM PO3BUTOK Ha3BaHUX
HanpsaMkiB. Tak, Hapasi BXe po3po0JeHO METOOM Ta
amapaTypy BiITBOPEHHSI Hanpyeu 3MiHHO20 cmpymy Ha
yacrotax go 100 xI'm (Ha 6a3i edexry Jxo3edcoHa)
3 HeBU3HAUYeHicTIo 01u3bKo 11078, 110 € BumaTHuM 10-
CSTHEHHSIM, Ha IIbOMY e(eKTi po3po0IeHO KoMepyiliHuil
8o1bmMMemp TIOCTIMTHOTO Ta 3MiHHOTO CTPYMY.

Ha cporogHi BxXe peayizoBaHO KBAaHTOBUI e(heKT
Xonna Ha 3minHOMY cmpymi, 1O BiIKpUBAE IUISIX 10
CTBOPEHHSI €0UH020 emanoHa TapaMeTpiB eeKTPUIHUX
Ki7 (aKTUBHOTO OIOPY — €MHOCTI — iHAYKTUBHOCTI).

AKTHBHO i YCITIIITHO MPOAOBXYIOThCSI pOOOTHU 3 pe-
ajizalii MeTomy OIHOEJEKTPOHHOIO TYHEIIOBAaHHSI Ta
CTBOPEHHsI Ha HOr0 OCHOBi K8aHMO08020 emdanoHa am-
nepa. Yci 11i DOCSTHEHHSI MO3BOJISIIOTh TOBOPUTU IIPO
CTBOPEHHSI CUCTEMHU peaisallil écix enekmpuuHux oou-
Huyp Ha ocHOBI DMOC 3 yciMa MO3UTUBHUMM BIIACTH-
BOCTSIMM TaKOi CHUCTEMH.

Peanizaliii nepesusnauenus keavgina (4epes craiy
BonbuMaHa 3aMicTh MOTPIAHOT TOYKM BOAM) MPUCBSI-
yeHo npoektu SIBOI ta SRT-sl4.

V BuUIlleHA3BaHUX MPOEKTax Ta iHIIUX JOKYMEH-
Tax MiAKPECTIOEThCS, 10 HEOOXiTHOI YMOBOIO I[bOTO
MepeBU3HAYEHHS € PO3MIPHICTh MOXUOOK (HEeBHU3HAye-
HocTel), 3 akumu Binomi T i k (cboromni T Bimoma
3HayHO TouHilIe). s uboro pasiiie Oyjg0o MPOBEACHO
MiXXKHApOJIHUWI TIPOEKT, SIKUI JO3BOJUB 3HU3UTH HEBU-
3HAYEHICTh k 10 HeobXximHoro piBHs (MeHime 1:107°).

3a3HaunMoO, 110 METOAW BUMIPIOBAHHS k — 1Ie Ti X
METOIU TIEPBUHHOI TEPMOMETPIi, SIKi BUKOPHUCTOBYIOTHCSI
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Puc. 4. Metoan Ta anapatypa nepsuHHOI TepmomeTpii: CVGT — rasosuin TepmomeTtp cranoro o6’emy; AGT — akyCTU4HMIA
raszoBuin TepmomeTp; DCGT — rasoBuii TepMoOMETP 3a AienekTpuyHoto ctanot; RIGT — rasoBuii TepMOMETP 3@ MOKa3HUKOM
3anomneHHst; QSCR — TepMOMETp Ha OCHOBI KBasichepu4HOro pesoHaTopa

JUIS] BUMIpIOBaHHS TepMOAMHAMIUHOI TeMreparypu (ix 3a-
TaJIBHOMIPUIHATI TTO3HAUYEHHSI HaBelgHO Ha puc. 4), a ix
nonaibllli JOCTIIXKEHHSI Ta BIOCKOHAJIEHHS, ITPOBEIeHI
MpU eKCMepUMEHTaxX 3 YTOUHEHHS k, CTIpUSIOTH TIOBEp-
HEHHIO BEKTOpa PO3BUTKY TEPMOMETpil BUILIOTO PiBHS
B 0iK TIEPBUHHUX METO/IB Y TOPiBHSIHHI 3 MTPAaKTUYHUMMU,
SIKi BUKOPUCTOBYIOTBCSI B KOHLEILiT MPAKTUYHUX KA.
I xoua mkana MTII-90 e poBro Oyne 3aauIIaTUCS
B METPOJIOTIYHIl MpakTulli, MailbyTHE TepMOMeTpil —
B PO3BUTKY i BIPOBAIKEHHI MEPBUHHUX METOIB.
TakuM 4MHOM, TepeBM3HAYEHHSI KEJbBiHA yepe3
cmany boavymana 3amicme nompiiinoi moyku 6odu Tpu-
Bele B MEPCHEeKTUBI 1O BUKOPUCTAHHS B €TAJIOHAX Me-
TOMIB nepeurHoi mepmomempii i mepmoOUHAMI4HOI WKanu
3aMiCTh iCHYIOUOI Hapasi CUCTeMM perepHUuX TeMIIe-
paTypHMX TOYOK (CTaHiB (a30BOI piBHOBAru pEeYOBUH)
i TIpakTUYHOI TemrrepatypHoi mkaan MTII-90.
Takoxx KibKa TIPOEKTiB Tepen0avatoTh ni08uUuleHHs
npocmescysanocmi nepedagants memnepamypu Ha OCHO-
Bi HoBiTHiX TexHoJjoriii (SIB10, SRT-s17), a Takox
PO3BUTOK BHCOKOTEMIIEpaTypHOI METPOJIOTii.

2. IIpoekTH i AOKyMeHTH Tpymu 2

Xoya B HampsMKy ITPOCTOPOBO-YACOBUX BUMIpIO-
BaHb BU3HAYEHHSI CEKYHIM 1 METpa HE 3MiHIOIOThCS,
y mnpoektax EURAMET 3 metposorii 3amjiaHoBaHO
MPOBEICHHS Y1 HE HANMOUIbIIOro YyKucia mpoekTiB — 11.
OcHOBHI po0O0TH, SIKi (IrypylOTh y IIUX IIPOEKTaxX, —
CTBOpPEHHSI CTaHIAPTIiB YaCy—YacTOTH B OITHUYHOMY IIi-

3axonaeni ionu:

ey

%
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Xoaooui amomu:

Puc. 5. BapiaHTu ONTUYHOrO MepeBU3HAYEHHS CEeKyHAu

amasoHi (puc. 5) 3 o4iKyBaHOIO HeBU3HaueHicTio ~10~'8
(SIB04, SRT-s16), onTMYHKMX Mepexk IepedaBaHHsS Yya-
covacTtotHoi iHpopwmarii (SIB02, SRT-s15, SRT-r05),
a TaKOX CTBOPEHHS HOBOTO IIOKOJIIHHSI CTaHIapTiB
qacToT! s mmpoMucioBocTi (IND14).

B onmuunux i onmuko-gizuuHuX UMIpHO8AHHsX 3HA-
YHE MiCle MOCiAal0Th MPOEKTU i JOKYMEHTU 3 MiArOTOB-
KM 0 KBAaHTOBOTO BM3HAYCHHS KaHIeaW (y TepMiHax
(OTOHHUX OAMHUIIL) HA OCHOBI OAHO(OTOHHUX TEXHO-
qoriit (mpoektn SRT-s12, SRT-s13, nokymeHT [5]).

“KBaHTOBa KaHaenaa” — MiXHApOIAHMUIA TIPOEKT,
KW HampaBJeHO Ha BUpPILIEHHS OAHiel 3 Tpobjem
¢yHIaMeHTalbHOI METpPOJIOTii, a camMe — Mepersn
OCHOBHOI omuHuili SI — KaHgenan — 3 TOYKU 30pYy
yrcna doroniB (EMRP 2007).

IIpoekT Oyno CKjaneHO y BiIMOBiAb Ha 3aKIUK
CIPM mono mepeBM3HAUeHHST KaHIEIW B TepMiHaAX
yucna (oToHIB, a HE B ONTUYHIN MOTYXHOCTIi. 3TiIHO
3 MiXKHapOOHUM JTOKyMEHTaMu “make ¢hopmynroeanHs
ma 36’30k 3i cmanow Ilianka 0036045mb domoemucs
Oinbwoi  y32003ceHocmi  Midc BU3HAUYEHHAMU OCHOBHUX
00UHUYb Ma Kpawe o0cay208yeamu HO8I eany3i, maki K
K8aumogi mexnonoeii, a maxkosc Kaacuuny padiomempiro”.

PobGoTu TmpomoBXyIOTbCSI y paMKax IPOEKTiB
SRT-s12, SRT-s13.

Takox HeoOXxigHO Bim3HaumTh mpoekT SRT-s13
CTOCOBHO METPOJIOTIYHOI ITiATPUMKU BIPOBAIXKEHHS
B IIMPOKY IPAKTUKY TBEPOOTUIBHMX OCBITIFOBAJBHUX
BUpoOiB Ha niogax (LED-CBITWUILHUKIB), a TAKOX MPO-
ekT SRT-s02 momo BUMiprOBaHHSI TTapaMeTpiB JIiH3.

3. HoBi nepcneKkTHBHI Mpo06JjeMu B MeTPOJIOTii

Ananiz npoektiB EMRP ta EMPIR i, oco6auBo,
JIoKyMeHTa [5] mo3Bossie c(popMyJIIOBaTU HOBI nepcnek-
mueni npobaemu B MeTpojorii. OKpiM yKe Ha3BaHUX
HaMHU “omgHOeNIeKTpOoHiku” i “omHodoToHiKM” (y IIM-
POKOMY PO3YMiHHi LIMX TEPMiHiB, a HE TUIbKU CTBOPEH-
HS eTaJOHIB aMmIepa i KaHIeau), OO0 TaKUX IpoOJIeM
BITHOCATHCH:
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Kyou tide ceimosa memponoeis? (3a pesysbmamamu ananizy €8ponelicbKux npoepam i 00KymerHmie)

® nanobioeaexmponixa: ananiz JHK Ta iHmmx
JIAHIIOTOBUX MOJIEKYJI, KOHTPOJIb KJITUHHOTO MiKpO-
cepenoBUIla, OIOTEXHOJOTIYHI 00YMCAEHHS, IIBUAKICHA
00pobOka iHdopmallii;

®  MOAeKYAAPHA eAeKmPOHIKA: OTHOMOJICKYJISpHi
1 BHYTPIilIHLOMOJIEKY/ISIPHI BUMIpIOBaHHSI, €TaJOHHI OJI-
HOMOJIEKYJISIPHI TIJTIBKM Ha OCHOBI CaMOCKJIaJaHHS TOLIO;

® nanoposmipna HBY-mempoaoeia ma cninmponika;

® HaHoMacHemu3m: MATHITHO-CWJIOBA Ta CKaHY-
BaJIbHO-TYHEJIbHA MiKPOCKOITisI, TIPOCTEXYBAHICTh y Ha-
HOTEXHOJIOTISIX;

® K6aHmoegi obuucaeHHs (K6anmogi 6imu — Kyoimu):
BUCOKOIIBUAKICHI KOMYHiKallii Ta 0OUKMCIIOBATIbHI CUC-
TeMU, 1X METpOoJoTiuHe 3a0e3MevyeHHs;

® mepazepyosa mempoaoeisa: YAbTPALIBUIKI 0e3-
IPOTOBI KOMYHiKallil i 30HAYyBaHHSI, CIEKTPOCKOIMis;
MiAKpeciaeHo, 10 METpoJioTis (MeToau Ta 3acodu
BUMIpIOBaHb) IJId TaKUX 4YacTOT ITOBHICTIO BiICyTHS
(SRT-s06);

® MpueUMIpHA HAHOMEMPOA02iA [ npocmexncysana
cyOHanomempoao2iss. KOHCTATY€EThCSI, IO METPOJIOTis
MX Tajay3eit B mouyatkoBoMy cTaHi (SRT-s08);

® Mempoaoein 045 a0umueHo20 GUPOOHUUMEa: 1o-
Tpeba B MOJATBIIIOMY PO3BUTKY HEKOHTAKTHUX METOIIB
BUMIpIOBaHHSI Ta To4yHOro 3D Mopae/ntoBaHHS.

AHaJli3 1IMX TMporpaM MoKa3ye, 10 BOHUW Mepel-
0ayaloTh PO3BUTOK HE TiJIbKU (yHOaMeHmMAanrbHOi Mempo-
Joeii, ane W psay rajiy3eil HaykKu i TeXHiku, sKi 0e3-
nocepeIHbO TOB’sI3aHi 3 .1100UHOW, WOTO 300POB’SIM,
€KOJIOTi€l0, TOOYTOM, OTOUYYIOUMM CEpPEIOBUIIEM, PO3-
BUTKOM KOMYHiKalliii, MEIUIHUM i (hapMaKOJIOTiYHUM
3a0€3MCUCHHSIM Ha NPUHYUNOBO HOBOMY DI6HI.

4. TIporno3 moaaJjbiioro PoO3BUTKY MeTPOJIOTii

I[IpoBemeHmii aHAaJi3 €BPONEHCHKUX IIPOTPaAM
1 MiXKHApOOHUX AOKYMEHTIB JIO3BOJISIE 3pOOUTU AEsIKi
MPOTHO3U 11010 MOJAJBIIOT0 PO3BUTKY METPOJIOTii.

Ilepiu 3a Bce Big3HAYMMO, 1110 BXe ChOTOIHI B METO-
JIOJIOTi1 BIITBOPEHHSI OMUHULIL TOMiHYIOTh K8AHMOB] Memo-
ou, MiKkpo- i HaHomexHon0eii, SIKi BUKOPUCTOBYIOTHCS TSI

BiITBOPEHHSI ONMHMUIIb Yacy, YacTOTH i TOBXWHU;

BiITBOPEHHSI OAWHMIII €JICKTPUUYHUX BEJUYMH Ha
MOCTIHHOMY i 3MiHHOMY CTpYyMi;

CTBOPEHHS TIPUPOTHOTO (EJeKTPUIHOIO) eTajoHa
KiJlorpama;

BUMipIoBaHHS “1ymy [I>)KOHCOHA” y IITyMOBIli Tep-
MOMETPIi;

BiITBOPEHHSI OAMHMILI CWIM CBiTJIa — KaHIEJHU;

CTBOpPEHHSI KoMepliliHux kKBaHTOBUX 3BT, a He
TIJTBKA €TaJIOHHUX.

B okpemux ranayssix BUMIpIOBaHHSI NPOCHO3YEMbCA,
110 3aBASIKU PO3BUTKY MeTposiorii yepe3 10—15 pokis
Oyne DOCSTHYTO TaKOro CTaHy.

Ilpocmip ma uac:

* CEKyHIa BU3HAYAETHCS Yepe3 YacTOTy KBaHTO-
BOTIO SIBUILIA B ONTUYHOMY Jialla30Hi 4acTOT, HEBU3HA-
YeHicTh peaiizanii craHoBUTH u~1-10718;

* METp BM3HAYa€ThCsl 4epe3 MIBUIKICTh CBITIA,
HEBM3HAYEHICTh peajtizallii ctaHOBUTh u~1-10714;

* JIOCSTHYTO HEOOXiMHOTO PiBHS MPOCTEXYBAHOCTI
B HaHOMeTpii.

Maca ma noé’s3ani 3 Hero eeauuunu:

e KiJorpaM BU3HaAYyaeTbes uyepe3 crany IlmaHka,
HEBMU3HAYEHICTh CTaHOBUTHL u~ (1~2)-107°.

Eaexmpuuni eumiprosanns:

* aMIlep peajli3oBaHO Ha 0a3i MeTooy OJHOEeNIeK-
TPOHHOTO TYHEJIIOBaHHSI, HeBM3HAUYCHICTh CTAHOBUTH
u~1-10-3%;

* BOJIbT i OM peajli3oBaHO Ha KBAaHTOBHUX edeKTax
Jxxo3edcoHa i Xona, 3aMKHYTO “KBAaHTOBUI TPUKYT-
HUK”;

* peasli3oBaHO BUMIipIOBaHHSI MapaMeTpiB 3MiH-
Horo cTpyMmy (Ha uyactoTi 1o 1 MTI'u) Ha 6a3i edekry
Jxo3edcoHa, 3 HeBU3HaYeHicTIO u~1-10-¢;

* OJMHMLI MapaMeTpiB eJEKTPUUYHUX.KKIT — OM,
dapam, reHpi — BiOITBOPIOIOThCSI Ha 0a3i KBaHTOBOTO
edexty Xoyia Ha 3MiHHOMY CTPYMi;

* BJIIOCKOHAJIEHO TEXHOJIOTii peaji3allii KBaHTO-
BUX e(EeKTiB, 110 3pOOMIO iX HOCTYITHUMMU IJISI CTBO-
pPEeHHSI KOMEpUifHUX 3ac00iB BUMipIOBaJIbHOI TEXHIKU
3 TIPUHIIUIIOBO HOBUMM METPOJIOTIYHUMM XapaKTepuC-
THUKaMH.

Temnepamypni i menao6i 6uMipro8anHs:

* KeJIbBiH BU3HAYA€EThCS yepe3 cTaly bosbliMaHa;

* 3pociu piBeHb i AOCTYMHICTh MEPBUHHOI Tep-
MowmeTpii, mkaga MTIHI-90 mocTyroBo BTpayae CBOE
3HAUYEHHS €AMHOI OMOPU TEeMIIEPAaTypHUX BUMipIOBaHb;

» erajoHn MTII-90 ctanu BTOpMHHUMMU.

Padiomempia i pomomempis:

e JIOCITHYTO 3HAYHUX YCITiXiB B OJIHO(MOTOHHUX
TEXHOJIOTISIX;

* (bOTOMETPUYHI OAMHUII BU3HAYAIOTHCS B TEPMi-
HaX KBaHTOBUX OOWHUIIL i MPOCTEXKYIOTHCSI OO CTalOi
Ilnanka;

* KpiOreHHUil pamiomeTp 30epirae CBO€ 3HAYEH-
HSI METPOJIOTIYHOTro 0a3ucy ONTUKO-(i3MYHUX BUMi-
pIOBaHb.

5. Horennian HHIL “Incturyt merpoJorii”

3 omepxaHHSIM He3ajexHocTi (1991 p.) Ykpaini
JIOBEJIOCSI CTBOPIOBATU CBOIO €TAJIOHHY 0asy maildice
3 uysa. Ilpu 1bOMy i3 caMoro mouyarky L€l poOoTH,
He3BaXkalouM Ha HEIOCTaTHIiCTb KOIITIB, OyJIO B3SITO
KypCc Ha MOOYAOBY CYYaCHUX €TaJOHIiB i3 BUKOPWUC-
TaAaHHSIM Keanmogux memodié i mexuoqoeit. 11 Tex-
HiYHa noJjiiTuka cebe MoBHicTIO Bumpasaaia. Cbo-
TOIHi, SKIIO TOBOPUTU MPO TOMiHYBAaHHS KBaHTOBUX
i HaHotexHousoriii, B HHII “Inctutyr Merposorii”
CTBOPEHO OCHOBHi KBAHTOBi €TaJIOHM Ta HU3KY iH-
IIMX, SKi BiANMOBimalOTh Cy4acHUM BUMOTaM (IMB.
Tabauio). bedymMoBHO, HeBuUpilleHUX IpodieM Oa-
raTo, aje MpUiuHAMuULl KYypC HA BUKOPUCIMAHHS HOBIM-
HIX 0Q0CsecHeHb 3aAUUAEMbC He3MIHHOW @inocogieto
HHI[ “Incmumym memponoeii”.
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TMorenuian HHII “Inctutyt metposorii”

Buau BumipoBanb

ITorennian

EnexTpoMarHiTHi BUMiprOBaHHS

KBaHTOBUI1 eTasoH oauHUII Hanmpyru — BosibTa (edekT JxKo3edcoHa)
KBanToBUIl eTaJloOH OOUHUIII OMOPY — OMa

(xBaHTOBHI eekT Xosia)

KBaHTOBUMIT eTanoH OAMHUIII MAarHiTHOI iHOyKUii — Tecnu (edekr
SIICPHOT0 MAarHiTHOTO PE30HAHCY)

HBY-texHomorii (mo 178 I'Tw)

IIpoctip—uac
(4acTOTHO-9ACOBI
Ta JiHIAHO-KYyTOBI BUMipIOBaHHS)

KBaHTOBI €TajioHM OAMHMILbL CEKYHIM i MeTpa
JlazepHi TexHoorii
Hanotrexno:orii

Maca Tta noB’s3aHi 3 HeEIO
BEJIMYUHU

Eranon ogunuui macu — KinorpaMa, BIIPOBAIKCHHA ITPUPOIHOIO
€TaJlIOHa KinorpaMa

TeruioBi BUMiprOBaHHSI

Etanonu oguHUI TeMmepaTypu — KebBiHa 3a mkanoo MTIII-90
Kpiorennuii pamgiomeTp

doroMeTpist Ta pamioMeTpist
JIIOMeHa

EtanoHu omuHuLi cuiau cBiT/Ia — KaHAENMW i CBITOBOTO IMOTOKY —

EtanoHu oauHUIL ONTUYHUX BEJIWYUH
OnHOPOTOHHI TEXHOJIOTIi

ABTOpPHU BUCJIOBIKIOTH IIUPY MHOASIKY CHiBpO-
oitnuui HHII “Inctutyr merponorii” H.O. Bo-
JOLIMHINA 3a KBallipiKkoBaHUN TIepekJiag €BpPO-
MeHChKNX IIpOrpaM Ta MiXHAapOOHHUX NTOKYMCHTIB
3 METPOJIOTii.
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