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30iiicheno ananimuunuii 02110 peneprux mouox memnepamypu MTII-90, wio tpynmyomoca nHa ochHogHux i
6MOPUHHUX PenepHUX moukax memnepamypu. Kinekicmo penepnux mouox memnepamypu oomedicena, ue
npu3600Umb 00 MO20, WO 6UHUKAIONb GETIUKI MEMNEPAMYPHI RPOMINCKU MIJIC penepHUMU MOUKAMU MeMREPamypu.
Po3zenanymo nepesazu ma Hedo0IiKu 6UKOPUCIMAHHA ¢6MEKMUYHUX CHONIE AK POOOU020 Mamepiaiy penepHoi mouKku
memnepamypu, 6UKOPUCHAHHA AKUX OACHLb 3M02Y ICHOMHO 3MeHwumu memnepamyphi npomixncku ¢ MTII-90.
Knrouosi cnosa. memnepamypa, penepra mouxa memnepamypu, esmexkmuyuni cmonu, MTILI-90.

Ilposeoen ananumuueckuii 0030p peneprovlx mouex memnepamypor MTIII-90, oazupyrowiuxcsa Ha OCHOBHBIX U
6MOPUYHBIX PenEPHBLIX MOoYKax memnepamypol. Konuuecmeo penepnuvix mouek memnepamypul 02panuieHo, Imo
npUGOOUm K MmoMy, Yno 603HUKAIOM DOJIblLUEe MEMNEPAMYPHbIE RPOMENCYMKU MEHCOY PEnePHbIMU MOUKAMU
memnepamypul. Paccmompensvt npeumywecmea u HedoCmamku Ucnoab306aHUs IGMEKMUYLECKUX CNIAB08 KAK
pabouezo mamepuana penepuoil MoUKu memnepamypsl, UCROIb306AHUE KOMOPDIX NO380IUN CYULECIEEHHO
ymenvuume memnepamypusie npomedcymxu ¢ MTII-90.

Knrwouegsle cnosa. memnepamypa, penepuas mouxka memnepamypel, 36mexkmuyeckue cniaaeot, MTIII-90.

Standards of physical quantities are used for reproduction and storage of physical unitsaswell asfor transfer itssize by
appropriate measuring instrument. The temperature isan intense value and is determined only indirectly depending on
certain physical quantities of temperature, for example, resistance, thermoelectric power and so on. This situation has
led to the fact that there are several temperature scales, each of which hasits unit of temperature measure.
Therefore, the international temperature scale was proposed for the international standardization of temperature
measurement. The basis of international temperature scaleis temperature defining points based on well-reproducible
phase transitions corresponding to the triple point (the temperature equilibrium between solid, liquid and gaseous
phases) or the melting point or crystallization (temperature equilibrium of liquid and solid phases), mainly of pure
metals. The cleanness of metal should be 99,999 %. The international temperature scale wasimproved for several times.
The interpolation methods and temperature reference points has changed, but the principle remains the same - the basis
of the scaleis a set of phase transitions of pure substancesand interpolation means graded at these points.
Currently the world usesthe international temperature scale | TS-90 which was adopted at the XVIII General
Conference on Weights and Measures. The major changesin scale compared to the previous related to the expansion of
the range scale changing the temperature defining points, introduction of new interpolation devices and new methods of
constructing interpolation dependencies for platinum resistance thermometers. Temperature scale | TS-90 is based on 17
basic temperature defining points. Thisleadsto the fact that the scale has sufficiently large temperature intervals
between temperature defining points some of which exceed 240 K. To reduce the temperature intervals between the
temperature defining points 1 TS-90, the secondary temperature defining points are used. The boiling point, melting
point and crystallization point of pure substances, eutectic alloys and compounds are used with the implementation of
secondary temperature defining points. Uncertainty of reproduction the temperature by secondary temperature
reference pointsislessthan 1 mK.
Taking into consideration the above we can conclude that the eutectic alloys are used as raw material of secondary
defining pointswith prospects of usingin 1TS-90. Eutectic alloy consists of two or more substances the crystallization
process of which occurs simultaneoudly. The temperature crystallization of eutectic alloy is lower than the temperature
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crystallization of each of the materials used in the alloy. Its value depends on the percentage composition of components
and on the uniformity of eutectic alloy.
The article presentsthe classification of eutectic alloys according to the composition of the substance. The composition
of some existing eutectic alloys and their melting point isalso presented.

The use of eutectic alloys as a working material of temperature defining point has several advantages: the emergence of
new eutectic materials and their use in the future will significantly reduce the temperature intervals between
temperature defining points 1 TS-90; eutectic temperature defining points can be used as a mobile, it allowsyou to
calibrate the sensors directly on objects.

However, the eutectic temperature defining points have a number of disadvantages compared with the main
temperature defining points I TS-90: uncertainty of reproduction of temperature phase transition by eutectic
temperature defining pointsis more than by the basic temperature defining points; the working material of
eutectic temperature defining points with eventually usage becomes heterogeneous that leadsto changesin the
shape and temperature plateau phase transition; the percentage of eutectic alloy which isused in temperatures
defining points must be strictly followed.

The use of existing eutectic alloys allow in some cases to reduce the temperature interval s between temperature
reference points more than 4 times. The emergence of new eutectic alloyswill allow filling the temperature interval s by
eutectic temperature reference points.

Therefore, further research is planned to investigate the dependence of change shape and temperature plateau phase
transition of eutectic alloy from cyclical heating and cooling of temperature defining point, as well as development of
methods and means of homogenizng the eutectic material of temperature defining point.

Key words: temperature, temperature defining point, eutectic alloys, 1 TS-90.

Beryn. [ns BinTBopeHHs 1 30epiraHHs OIMHHII
Gi3MYHOT BETMYWHM, a TaKOXK IepemaBaHHs ii po3Mipy
BINMOBITHUM 3aco0aM BUMIPIOBAJIBHOI TEXHIKHM BHKO-
PHUCTOBYIOThCS €TaIOHU (Di3MYHUX Beaw4yuH. Temmneparypa
€ IHTEHCHBHOIO BEIIMYMHOIO T4 BU3HAYAETHCS JIMIIE OIO-
CepeIKOBAHO 3a 3aJIKHICTIO MEeBHOI (DI3MYHOI BENUYNHU
BiJl TeMIlepaTyp, Hampukian, omopy, Tepmo-EPC Tomo
[1]. e mpusBeno A0 TOro, IO iCHYE AEKiNbKa TeMIie-
paTypHHX IIKaJ, KOXXHa 3 SKAX Ma€ CBOI OJMHUIIIO
pO3Mipy TeMIiepaTypHu.

Tomy mi1st crangapTH3allii BUMIpIOBaHb TEMIIEPATypH
y MDKHapoJHOMY MacmTadi 3alpolOHOBAHO BHKO-
PHUCTOBYBATH MIXXHAPOJHY TeMmIepatypHy mmkary (MTIII).
Ocuogoro MTIII € penepni Touku temnepatypu (PTT), sxi
IPYHTYIOTbCS Ha J00pe BiATBOpIOBaHUX (ha30BHX Iiepe-
Xofax, IO BiAMOBiZarOTh ab0 MOTpikHiM Toumi (Temrie-
patypa piBHOBAard Mix TBEpPAOIO, PIIKOI0 i ra30MoiiOHO0
(azammu), abo TemrepaTypi IUIABJIEHHS YU KPHUCTAJi3armii
(ba?’)!

NEPEBAKHO UYHCTUX Merams. Yucrora MCTajlly ITOBHMHHA

(TemmepaTypa piBHOBarMm pimKoi Ta TBepaOi
Oyt Ha piBai 99,999 % [2]. MixkHaponHa TeMIepaTypHa
IIKaja JeKUIbKa pa3iB BIOCKOHAJIOBAJIACh. 3MIHIOBAINCH
Metoau inTepnonsmii, PTT, ane npuHIun 3aiummscs TON
caMHi — OCHOBOIO MIKaJH € Hadip (a3oBUX IeEpPexOiB
YHCTHX PEYOBUH Ta IHTEPIIOJSALINHHI 3aco0H, TparyiioBaHi
B IMX TouKax [3].

MeTo10 HOCHiTFKEHHSI € TPOBEICHHS aHAITHYHOTO
OISy perepHuX Touok Temmepatrypu MTIII-90.

Penepni Touxkn temnepatypu MTHI-90. Croroani
B CBITI BHUKOPUCTOBYETHCS MDKHApOIHA TeMIlepaTypHa
mkana MTHI-90, mnpwuitasta nHa XVIII  Tenepanbhiii
koH(pepeHmii 3 Mip Ta Bar. OCHOBHI 3MiHM B IIKai,
MOPIBHSHO 3 TOMEPEIHIMHU, TOB'sS3aHi 13 PO3IIUPEHHSIM
nmiama3oHy Imikand, 3MmiHooo PTT, BBeICHHSIM HOBHX
IHTEpIOJIAMIMHUX TPUIAIIB 1| HOBUX METOIUK IOOYIOBU
IHTEPIOJUIMHAX 3aJeKHOCTEH Ul IUIATUHOBHX TEPMO-
MeTpiB omnopy [4].

Temneparypna mkana MTII-90 rpynryerscst Ha 17
ocuosuux PTT [5]. Lle nmpu3BOaUTH A0 TOTO, IO B MIKAJI €
JIOBOJII BEJMKI TemreparypHi npomixxkku Mix PTT, neski 3
skux nepepuinyoTh 240 K (puc. 1).

Jlis 3MEHIIeHHsI TeMIepaTypHUX IPOMIKKIB MiX
penepaumu toukamu MTIII-90 BUKOPHCTOBYIOTBCS BTO-
punHi PTT. Ilix uwac peamnizawii Bropunnux PTT 3acro-
COBYIOTh TOYKY KHUIIIHHS, TOYKY IUIAQBJIEHHS 1 TOYKY
KpHCTaJi3alii YHUCTHX PEYOBUH, EBTEKTUYHUX CTOMIB 1
crionyk. HemeBHICTh BiATBOpEHHS TEMIIEpaTypyd BTOPHH-
uumu PTT ue nepesumiye 1 MK [6].

BpaxoByroun BuilieckazaHe, MOXXHa 3pOOUTH BUCHO-
BOK, IO €BTEKTHYHI CTONH BXXE€ BUKOPUCTOBYIOTHCS SIK
poboumii Matepiaq BTOPHHHHX pEMEpHHX TOYOK [7] i

MaloTh MepcIieKTuBY 3acrtocyBanus B MTILI-90.



BumiprosanbHa mexHika ma memporoais, Ne 76, 2015 p. 51
Cu | . . . . 1357,77 |
Au | . . . . 1337,33 |
Ag | . . . 1234,93 |
Al | . . 933,47 |
Zn | . 692,68 |
Sn . 595,08 |
In | 429,75 |
Ga 302,91 |
H,O 273,16 |
Hg 23432
Ar | ]83,81
0, _ |54,36
Ne []24,56
p-H: []20,30
p-H, []17,00
p-H, 13,80
He | 3,00 T, K
0,00 200,00 400,00 600,00 800,00 1000,00 1200,00 1400,00
Puc. 1. Ocnosni PTT MTILI-90
Fig. 1. The basic temperature defining points I TS-90
EBTexkTH4YHI cTonu. EBTEKTUYHUM CTOMOM € CIIaB EBTeKkTHYHI cTONM
JIBOX 1 OILJbllle pPEYOBHMH, MPOIEC KPUCTAMi3alii SKHX Eutectic alloys
BiOyBaeThCsl ofHOuYacHO. Temmeparypa KpucTaiizamii HertesHicrs,
€BTEKTUYHOTO CTONY € HIDKYOI BiJl TeMIIepaTypu EpTexrimnnii matepia Tiizas, K K
KpHCTaJi3alii KOXXHOTO 3 MarepiaiiB, sIKi BHKOPHCTO- 1 2 3
Bylotbcas y cromi [8]. Ii s3HauemHs s3anexuth Bin Gal 205%In, 288.8 0.001
BIJICOTKOBOTO CKJIaJy KOMIIOHEHTIB, a TaKOX Bij Gal 8% S 293,626 0.002
OJTHOPIZTHOCTI €BTEKTUYHOI'O CTOITY. Bi/19.1% In/ 8.3% Sn/ -
Ha puc. 2 HaBeneHo kiacuikailifo €BTEKTUUHHUX 5,3% Cd / 22,6% Pb 320,35
CTOIIIB 3a CKJIaJIOM PECUOBHHHU. Bi /1n 65.3% 3515 .
Bi /32% Pb/ 16% S 369,15 -
F—— Bi / 435% Pb 398,15 -
Bi / 40% Cd 417,15 -
v v v Cd/68% S 450,15 -
MeTaa-MeTal CIOITyKa-MeTal CITOMyKa-CIIOITyKa Sh/ 87%Pb 519,15 -
Cu/ 71,% Ag 1052,78 0.05
Puc. 2. Knacughikayiss eemexmuunux cmonie 710271 6,23% FeO 1605 .

3a CKIA0OM pedosunu

Fig. 2. The classification of eutectic alloys according
to the composition of the substance

V Ta6n. 1 nmomaHo ckiaj AESIKUX 3 BIJIOMHX €BTEK-
TUYHMX CTOINB Ta IX TEMIIEPATYPY IUIABJIECHHS.

IpoBenenuii aHamiTHUHUNA OrNIsA (IUB. TaOIHINO)
MOKa3aB, 1110, BUKOPHCTOBYIOYM EBTEKTHUYHI CTOIMH, MiX
perepHUMHU TOYKaMu, Harpukian, Gai In TemneparypHuii
MIPOMIXKOK MO’KHA 3aMIOBHHUTH IT iThbMa eBTeKTHYHUMH PTT
(puc. 3).
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In

429,75

Bi/40% Cd

417,15

Bi/ 43,5% Pb

398,15

Bi/32% Pb /16% Sn

369,15

Bi/In 65,3%

345,15

Bi/19,1% In/8,3% Sn/5,3% Cd/22,6% Pb

320,35

Ga :I 30291

300

350 400

Puc. 3. Buxopucmanms e@mekmudnux cmonie

0715 3MeHuenHs memnepamyphozo npomixcky mioe PTT Gai In

Fig. 3. The use of eutectic alloys for reducing the temperature
intervals between the temperature defining points Ga and In

Temnepatypuuit npomixxok mixk PTT Ga (302,91 K)
ta PTT In (429,75 K) cranoButh 126,84 K. Buko-
PTT,
TeMIepaTypHUN MPOMIXKOK Yy IboMy iiama3oni mo 29 K
(mix eBrektrarumu PTT Bi / 32 % Pb/ 16 % Sn ta Bi /
435 % Pb).
3MeHIuBcs y 4,3 pasy.

PUCTOBYIOYHN €BTEKTUYHI MOXHa 3MCHIINTH

@akTHYHO TeMIEepaTypHUH MPOMIKOK

3acTocyBaHHsS EBTEKTUYHUX CTOIIB SIK poOOYOTro
Mmatepiany PTT mae neBHi nepeBaru:

- 0SB HOBHMX CBTEKTHYHHX MaTepiajiB i iX 3acTo-
CyBaHHSI Hajalli JacTh MOXJIMBICTH ICTOTHO 3MCHIIMTH
TemrepatypHi npomikku Mixk PTT MTI-90;

€BTEKTUYHI
e Jae
CeHcopiB Ge3mocepe/IHbO Ha 00’ exTax [9].

PTT MoXHa BUKOPHCTOBYBaTH SK
MOOLITBHI, 3MOI'y TPOBOAMTH KalliOpyBaHHS

IIpore eprektmuni PTT MaroTh HH3KY HEIOJIKIB
nopiBHsiHO 3 ocHoBHUME PTT MTII-90:

- BropunHi PTT MaloTh HeneBHiCTh BiITBOPEHHS
TeMrepatypu ¢asoporo nepexony > 1 MK [6]. [Ins geskux
eBTEKTUYHHX CTOIIB, HATPUKIAMI, TOUKH IuiasieHus Cu /
719 % AQ HeNeBHICTh BINTBOPEHHS TEMIIEPaTypH
¢azoBoro nepexony cranoBuTh 0,05 K, a morpiitHa Touka
Boau, 1o € ocHoBHOo PTT MTIII-90, mae HeneBHICTH
BiaTBOpeHHs: Temmepatypu < 0,0001 K [10]. Ormxe,
mopiBHAHO 3 ocHOBHUMHU PTT, HemeBHICTH BIATBOPEHHS
TemnepaTypu (asoBoro nepexony eBrektmuHumu PTT Ha
TIOPSZIOK OLjIbIIa;

- poOounii Mmarepian eBtektuuHux PTT 3 wacom
BUKOPHUCTAaHHS CTa€ rereporeHHuM [11], 1o mpu3BOAUTH

I0 3MiHH (opMHM Ta 3HAYEHHS TEMIIEPATypd IUIATO
(ba3oBoro mepexoy;
- BIJICOTKOBHMH CKJIaJ] €BTEKTUYHOTO CTOIY, SKHIA

BukopuctoByerbcss B PTT, mnoBuHeH Oytu dUiTKO
JIOTPUMaHUM.
BucHoBok. Ik TmoOkazaB TpoBeNEeHMIl aHa-

JITHYHUAT orjisan, MiX peIICpHUMHU TOYKAMH TEMIIC-

patypu B
3HaueHHs sSkux mnepesumyors 240 K. Bukopucranus

MTHI-90 € TemmepaTypHi IPOMIXKH,
€BTEKTHYHHUX CTOINIB Jla€ 3MOry, B JIEIKUX BHUIIAJKaX,
3MEHIIUTH TEMIIEpaTypHi MPOMIKKH MIX pEIepHUMHU
TOYKaMHU TeMIlepaTypu Oinbiie HiX B YOTUPU pPasH.
[TosiBa HOBUX EBTEKTUYHHX CTOIB JO3BOJIUTH II€
LIIbHIIIE 3aMIOBHUTH TEMIEPaTypHI NMPOMIXKKH €BTEK-
TUYHUMU PETIEPHUMH TOUYKAMHU.

BukopucTraHHS €BTEKTHYHHUX pEHEepHUX TOYOK
TeMIIepaTypH 3yMOBJIIOE TIE€BHI MPOOJIEMHU: HEMEBHICTh
BIATBOPEHHSI TEMIEPATYpH €BTEKTHYHUMHU DPEIIEPHUMHU
TOYKAMHU Ha MOPAIOK OiNbIa, HiXK HEMEeBHICTh BIATBO-
pEHHS TeMIlepaTypu OCHOBHUMH PEINEPHUMU TOYKAMHU,
pobOoumii Marepianm €BTEKTHYHHX pEIEPHUX TOYOK 3
4acOM BUKOPHCTaHHS CTa€ T€TEPOTeHHHUM, L0 MPU3BO-
IUTh 10 3MiHM (OpPMH Ta 3HAYECHHS TEMIIEPaTypH
miato (pa3oBOro mepexoay; BiJCOTKOBHUI CKIIaJ €BTEK-
TUYHOTO CTOITY MOBUHEH OyTH YiTKO TOTPUMAaHHM.

Hapmani  mnaHyerbess  TPOBEOEHHS  JIOCIHIKEHb
3aJeKHOCTI 3MiHM (OPMH Ta 3HAYEHHS TEMIIEpaTypH

miato (a3oBOro Mepexoay EBTEKTUYHOTO CTOIY Bif
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IUKITIYHOI'O HArpiBaHHA Ta OXOJIOJKCHHS CBTEKTUYHOI
pEemepHOi TOYKHM TEeMIIepaTypd, a TaKOXK pPO3POOJICHHS
METOIB Ta 3aco0iB romoreHizamii €BTEKTHYHOIO Mare-
piay pernepHol TOUKH TeMIIepaTypH.
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Hocniosceno moxncnugicmo eumiplogans memnepamypu y 6001 i3 3acmocy8anuam 080X aKycmudHux
Memo0ig. ex0-nyanvc i 4acoimnyibcHo2o. [na npoeedenus 6UMipioans 6UKOPUCHAHO NOMOKOBUIL

Kauan, uepes AKUili NPONYCKAIU 600y, MeMnepamypa AKoi 3MiHI08aA1ACh i 6UMIPIOBAIACD
3 6UKOPUCMAHHAM YI1bMPA36YKOBUX CeHCOpie. Bcmanoeneno 3anexncuicms memnepamypu 600u

610 napamempis yi1bmpa3eyko6ozo cuznany. Ipoeedeni docniorwcenna nokazanu, aK came
3MIHIOEMbCA WIBUOKICHb 36YKY ¥ 600i 3i 3miHno10 memnepamypu y niit. Haeeoeno epaghix ompumanozo

cuznany 3i sminoio memnepamypu 6io 10 °C 0o 60 °C.

Hccneoosana 603morncnocmeo u;wepeuuﬁ memnepamypbsl 6 600€ C UCNOIb308AHUEM 06yx aKycmuveckux

Menmoooe:. IX0-nYJ1bC U 6PEMA-UMNYJIbCHO2O0. ZIJl}l npoeedemm u3mepeum? UCNO1b306AHO NOMOKOBBLIL

Kauan, uepe3 KOMOPwli RPONYCKAU 600y, MeMNepamypa KOmopoi usMeHan1ach U uamepaniach

C UCnOJ1b306aHUEM )IDMPA3E6YKOBLLX CEHCOPOE6. Buvisaeneno 3aeucumocmop Meafcby ammmmydoﬁ

U epemenem yjibompa3eyKo06020 CucHala. Hposebeuubw Uucnblmanusa NOKAa3ainu, KAK UMEHHO USMEHAEM CA

CKOpOCHb 36YKa 8 800€ C UIMEHEeHUeM memnepamypul 6 Heii. [Ipedcmaeneno zpagpux nonyuennozo cuznana
c usmenenuem memnepamypuor om 10 °C 0o 60 °C.

In thiswork the subject of the research is the average temperature of liquids by using two acoustic methods:
echo-pulse method and time-pulse method. For conducting the measurements the flow channel is used, through
which water was passed, the temperature of which has changed and which must be measured. For the
temperature measurements ultrasonic sensors are used, which are fixed on both sides of the current channel.





