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BBEAEHWE

CoBpeMeHHas j1a3epHas THMPOCKOIIKUS, OCHOBAaHHAas
Ha HCIIO/JIb30BAHUH HHTepOepeHLIMOHHBIX sBJjle-
HHI, [103BOJISIeT C BBICOKOK TOUHOCTBIO K3MepSTh
yIJIOBBle CKOPOCTH W YIJIBl B MHEPLHAIbHOM IIPO-
cTpaHcTBe. Ocoboe MecTo B CeMeMCTBe Jia3epHBIX
rupockomnos (JI[) 3aHMMalOT 3eeMaHOBCKHe Jla3ep-
Hble TUpOCKoOIHl (3/I), B KOTOPBIX YacTOTHAas IIOA-
CTaBKa co3fjaercs 3a c4yeT 3¢pPexTa 3eeMaHa IHIpHU
HaJIO’KeHHH IIPOJOJIBHOIO0 MAarHMTHOIO IIOJISL Ha
rasopaspsaHble IPOMeXYTKH [1].

H3BeCTHO, UTO [OOIOJHHUTEe/IbHbIE IIOTPeIIHOCTH
3JII' ompepmensaiOTcs psanoM GaxkTopoB. ITH ¢ak-
TOPBI CBSI3aHBI C HECTAaOMJIPHOCTBIO TOKA HAKa4YKHU
aKTHBHOM CpefAbl, HAaBOAKAMH B CHCTeMe Peryiau-
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ZLG Sensors with one
Gas Discharge Gap

in Each Sensor Half:
Correction

of Zero Drift
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Moscow, Russia

The paper presents the results of correction the
non-magnetic component of zero-drift sensors
with changing external temperatures and self-
heating. Method is shown that allows to adjust
the zero-drift improving accuracy characteristics
of the device up to 103 times. For the first time,
testing ZLG were obtained results better than
0.01°/h at the rate of change the external
temperature 0.3 °/ min.
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INTRODUCTION

Modern laser gyroscopy, based on the use of interfer-
ence phenomena, makes it possible to measure angular
velocities and angles in inertial space with high accu-
racy. A special place in the family of laser gyroscopes
(LG) is hold by Zeeman laser gyroscopes (ZLG), where a
dithering is created due to the Zeeman effect when a
longitudinal magnetic field is applied to gas-discharge
gaps [1].

It is known that additional ZLG errors are determined
by a number of factors. These factors are associated with
instability of the pump current of the active medium,
interference in the perimeter adjustment system, insta-
bility of external and internal magnetic fields. The
ZLG must maintain their accuracy and performance
in a wide range of temperature effects. The dynamics
of the zero bias of ring lasers, its non-magnetic and
magnetic components is influenced by the ambient
temperature and thermal processes occurring inside the
ring lasers.
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POBKU IIepUMeTpa, HeCcTabMJIPHOCTHIO BHEIIHUX
U BHYTPeHHHX MAarHUTHBIX Iojied. 3JII TOJ>KHBI
COXPaHSTh CBOM TOYHOCTHBIe M 3KCIUIyaTallHOH-
Hble XapaKTePUCTHUKHU B IMIMPOKOM AHAMA30HE TeM-
IepaTypHBIX BO3JeMCTBUN. Ha IMHAMHKy CMelle-
HUS HYJISI KOJIBLIEBBIX JIa3epOB, ee HeMarHHUTHOM
M MarHHUTHOHN COCTaB/ISIOLIMX OKa3bIBAeT BIIMS-
HHe TeMIlepaTypa OKpPY>KAIoIler Cpeldbl K TeIlo-
Bble ITPOLIeCCH, IIPOTeKANHe BHYTPH KOJIBIIEBBIX
J1a3epoB.

Hawnbosnbuiee BIUsSHHE Ha Aperd HyId, a TOU-
Hee Ha ero HEMAarHUTHYIO COCTAaB/ISIOMIYIO, OKa3bl-
BaeT aCHMMMETPHUsS PpaclpefeseHUs TeMIIepaTyphl
BIONb AaKTHBHOM cpenbl. IIpH co3maHUU Tpajgu-
eHTa TeMIIepaTyPHl BJ0JIb CTEHOK y ee II0BePXHOCTH
BO3HHMKAaeT IOTOK ra3a, HAIpaBJIeHHBIH U3 boee
X0M0OHOM obnacTu K 6omee ropsiueii. DTO SIBIeHUE
Ha3blBaeTCs TEPMOCKO/IbKeHHEeM [2].

Bompoc 0 TeMIepaTypHOHM KOPPeKILIUHU C HCIIOJb-
30BaHKeM II0Ka3aHHUM PA3HOCTH TeMIIepaTyp Tep-
MOJAT4YHUKOB (OT ABYX IO IISITH), YCTaHOBIEHHBIX
B TOPSIYyI0 M XOJOAHYIO YacTh, PacCMaTpPHUBAJICS
B paborax [3-5]. B atux paborax ObUIHM IpenCcTaB-
JIeHBl pe3y/NbTaThl C HCIIOIb30BaHHEM TepPMOKOP-
pexuuu Aperda Hyns (Qp,) Ha MOAHMPHKALMAX
JIT Ha BHOpoOIIOABece, B KOTOPBIX OTCYTCTBYeT
JOIOTHUTE/NbHBIM BHEIIHHUN HarpeBaTe/lbHBIM 3JIe-
MeHT. [locie MaTeMaTU4yeckod 06paboTku omrnbra
Operida Hy/s He IpeBbliaer 0,01 °/4.

KopeHHBIM OT/IMYHEM HAT4YHKOB 3JII' 0T maT4H-
KOB Ha BUOpoOIIOABece SIBASETCS HUIHMYKE KaTyIIek,
CO3AIOUIUX IIPOJOJIPHOE MarHUTHOE I10JIe B AaKTHB-
HOMU cpene. IIpu IIpoTeKaHUH TOKA Yepe3 KaTyIIKH
B HUX BBIIEISETCS TEIUIO, YTO MPHUBOAUT K IIepe-
pacIpelesleHUIO TEIIOBBIX IIOJIEH B Pe30HATOPE.

HOBbI/ METO/, TEMMEPATYPHOWM
KOPPEKLIUU APEUDA HY NS

B naHHOM paboTe paccMoTpeHBI AaT4YuKHU 3J/II K-4M
u K-5M, pa60Ta10H1He c ogHuM IPII B Kakgom
rjieye, HaIlOJHeHHOM 50% cMechio M30TOIIOB NeZ0
Ne?? u He*. [ns manHoro tuma 3JI[ 6bl1a IIpO-
BelleHa TeMIlepaTypHas KoppeKLHs Aperda Hy/s
IIPH CKOPOCTHU M3MeHeHHMs BHeIlHeH TeMIlepaTyphl
0,3 °/MHH ¢ TeMIIepaTypHLIMHU IIepexofaMu oT 218
o 298K, ot 298 mo 348K, ot 348 mo 298K, ot 298 mo
218K. IIpu KOppPeKLHUsl OBIIM HCIIONBb30BAHBI JAaH-
HBIe IBYyX TePMOLATYHKOB.

Pe3yyibTaThl IIPOBEeJEHHOIO pacyeTa TeIJIOBBIX
nosned 3JIT K-5M mpencraBieHsl Ha puc. 1. I'padu-
Yeckoe IIpefCTaBleHHe II0Ka3blBaeT, YTO OCHOB-
HOe TeIIOBBbIZle/IeHHe IIPOMCXOAUT B KaTyIIeYHBIX
BbIOOpKax (mosuuuu 5 U 9). B 3ToOM MecTe ObLI

=

The asymmetry of the temperature distribution
along the active medium has the greatest influence on
the zero drift, or rather on its nonmagnetic component.
When creating a temperature gradient along the walls,
a gas flow arises at its surface, directed from the colder
region to the hotter one. This phenomenon is called
thermal slip [2].

The issue of temperature correction using the read-
ings of the temperature difference of thermal sen-
sors (from two to five), installed in the hot and cold
parts, was considered in [3-5]. In these works, results
were presented using thermal correction of zero
drift (Q,;) on LG modifications on a vibro-suspension,
without additional external heating element. After
mathematical processing, the zero drift error does not
exceed 0.01°/h.

The fundamental difference between ZLG sensors
and sensors on a vibro-suspension is the presence of
coils that create a longitudinal magnetic field in the
active medium. When current flows through the coils,
heat is released in them, which leads to a redistribu-
tion of thermal fields in the resonator.
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Puc. 1. Tenaogbie nonsi 8 2a30pa3psi0HbIX KaHanax 3/11

(c 0dHUM 2a30pa3psdHbIM npomexxymkom): 1, 3 - nac-
CuBHble KaHanol; 2, 4, 7,10 — nod3epKanbHble 8b160pKU;

5, 9 — KamywKu Hes3aumHozo ycmpoticmea (HY);

6, 8 - paboyue 2a30pazpsadHble KaHanbl (MoK paspsdal,2 mA
8 Ka>kdom naede damuvuka; mok 8 kamywke HY = 0,5 A)

Fig. 1. Thermal fields in the ZLG gas-discharge channels
(with one gas-discharge gap): 1, 3 - passive channels;
2,4,7,10 - sub-mirror samples; 5, 9 - non-reciprocal device
(NRD) coils; 6, 8 = working gas-discharge channels (dis-
charge current 1.2 mA in each sensor half; current in the NRD
coil-0.5A)
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yCcTaHOBJIeH TepMmogaTuuk (T,). JlaTUMK TeMIlepa-
Typel T, 6bUI yCTaHOB/IEH Ha JHO MeTa/UIM4YeCKOM
HCIIBITaTe/IbHOM OCHACTKH, K KOTOPDOM MeXaHH4e-
cku Kpenutcs 3/1T (mo3unus 2).

HccnenoBaHusl IIpoBelIK Ha PasBsi3aHHOM OQYH-
JaMeHTe B KaMepe TeIl/la K Xo0jIofAa THUIa Aquitas,
monens ADS-V_TM c pa3sBegeHHBIM KOMIIPecco-
poM. 3JIT 3aIIMTHIM KOHCTPYKLIHMEH MarHHUTHOIO
3KpaHa Il CHMDKeHHUS BJIHSHHSA BHENIHHX Mar-
HUTHBIX II0JIeHl Ha CTabHMJIBHOCTD BBIXOJHOTO CHTI-
Hana. Ha AHO MarHUTHOTO 3KpaHa YCTAaHOBMUIIU
TepMOJATUHUK [JIsl OIpefe/eHHs] TeMIlepaTyphl
xonmogHo 4dacTu 3JI[. H3MepeHHS TOYHOCTHBIX
napaMeTrpos 3JII mpoBOOM/IM IPHU TOKe paspsanda
1,2 MA U ToKe B KaTyIIKax HeB3aHMMHOIO YCTPOH-
cTtBa 0,5 A.

IIpu paspaboTke Momenu TeMIIEPATypHOH KOp-
PeKLUH 6BITI0 IIPeIJIOSKEHO pa3feNluTh 3PeKT BIU-
sIHUS1 caMmomnporpeBa 3JII' Ha 3¢deKT, BBI3BaHHBIH
HarpeBOM KaTylleK HeB3aHMHOIO YCTPOKCTBaA,
1 3deKT, BHI3BAHHBIM H3MeHeHHeM BHeIIHeH
TeMIIepaTypsl B KaMepe TeIlIa U X0/I0Aa.

s mpoBelleHUs KOPPEKLMU TeIlJIOBOTO CKOJIb-
SKeHHSI, CBSI3aHHOI'O C CaMOIIPOIPeBOM, HCIIO/Ib30-
BaJIM Pa3sHOCTb TeMIIepaTyp XOJIOAHOM H ropsden
obnacrent matuuka (AT=T,-T;). IS 3TOro IpoBO-
JUIH 4YacoBble HM3MepeHHsl IIPH CTallMOHAaPHEBIX
3HAa4YeHHSIX BHEITHUX TeMmepaTyp (T). s Kakaon
BHeIlIHeH TeMIepaTypsl (-55 °C=218K, 25 °C=298K,
75 °C=348K) 6bUIH TIOCTPOEHBI 3aBUCHMOCTH Q;, OT
AT.

M3Hada/JbHO TIOCTYJIHPOBAHO, YTO 3aBHUCH-
MOCTb Aperid Hynasa 3JII oT TemmepaTyphl IIOA-
YHMHSeTCS IIOJHMHOMMAJbHON  3aBUCHMOCTH:
Q,,=A+B-AT+C-AT?>.Ha puc. 2 mpuBeJleHbl 3aBH-
cumocTH aperida Hys 3JIT (Q,) OT pasHHUIBI TeM-
nepatyp xonoguow (T;) u ropsiueit (T,) yacren 3JIT
O/ TpexX yCpeJHeHHBIX 3Ha4eHHH BHEIIHHX CTa-
LIMOHAPHEIX TeMIIepaTyp. Ba’kHO OTMETHUTBH, YTO
AIMPOKCHMHUPYIONYI0 GYHKIHUIO He0OXOMHMO CTPO-
HUTb C y4eTOM BECOBBIX XapaKTepUCTHK (w) Ioiy-
YeHHBIX TOUEUHBIX Pe3y/IbTaToB. [IpuHUMaeM, 4TO
w=1/i?, rie i - IOPSIAKOBBIE HOMEP TOUKH.

TeMmepaTypHasi 3aBHCHMOCTb Kod3bdHUIIMeH-
TOB IIOJIMHOMOB II mopszaka (QHH=A+B-AT+C‘AT2),
ANINPOKCHUMHUPYIOIIUX 3aBUCUMOCTh Q. 0T AT,
oIlpene/syIi MeTOAOM HaHMEHBIIMX KBaApaToB
Ul KaKAOHW BHeIIHeM CTAallMOHAPHOM TeMIlepa-
Typsl (T).

Ha puc. 3 npencraBieHbl TeMIlepaTypHBIE 3aBH-
CHMOCTH KO3$OHUIIMEeHTOB IMOJIMHOMOB II mopsiaka
(A, B, C), HmoAy4YeHHBIX IIPU aIIPOKCHMALUU
Q,,=A+B-AT+C-AT?. AHanu3 rpadpuUecKUx 3aBH-
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NEW ZERO DRIFT TEMPERATURE
CORRECTION METHOD

In this research, we consider KL-4M and K-5M ZLG sen-
sors working with one GDGC in each sensor half filled
with a 50% mixture of Ne?® Ne? and He* isotopes. For
this type of ZLG, a temperature correction of zero drift
was carried out at a rate of change of external tempera-
ture of 0.3 rpm with temperature transitions from 218
to 298 K, from 298 to 348 K, from 348 to 298 K, from 298
to 218 K. During the correction, the data of two tempera-
ture sensors were used.

The results of the calculation of the thermal fields of
K-5M ZLG are presented in Fig. 1. A graphical representa-
tion shows that the main heat generation occurs in coil
samples (items 5 and 9). At this point, a temperature
sensor (T,) was installed. The temperature sensor T, was
installed at the bottom of a metal test rig, to which the
ZLG is mechanically attached (posit. 2).

The studies were carried out on an untied foundation
in the heat and cold chamber of the Aquitas type model
ADS-V_TM with outside compressor. ZLG was protected
by the design of the magnetic screen to reduce the influ-
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memnepamyp xon0dHol (T,) u zopsyeti (T,) yacmedi 3/17
(cm. puc. 1) 95 mpex ycpedHeHHbIX 3Ha4eHUll 8HeWHUX cma-
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AUHUU coomeemcmaylom annpokcumauuu opelia Hyas
PyHruued Q,,=A+B-AT+C-AT?)

Fig. 2. Dependence of ZLG zero drift (Q,4) on the tempera-
ture difference between the cold (T,) and hot (T,) parts of
the ZLG (see Fig. 1) for three averaged values of the exter-

nal stationary temperatures: 1-298K; 2 - 218K; 3 — 348K
(experimental data are indicated by dots; solid lines cor-
respond to the approximation of zero drift by the function
Q,;=A+B-AT+C-AT?)
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CcHMoOCTeH (pHC. 3) MOKa3asl, 4To
TeMIlepaTypHas 3aBUCHUMOCTb oersr 71700
KO3)PUILIMEHTOB ITOTHHOMOB II 0,680 | 770,002
nopsanka A, B, C XOpollo OIHU- B 120,002 A
ChIBaeTCA JIMHEUHON 3aBUCH- 0,685 1
MOCTBIO. IIOACTAaBUM  IIOJTY- 0,690 | 170008
4YeHHble KO3QOULIMEeHTHl B yKe - +1-0,003 — -
MOJIy4eHHYI0O paHee QYHKIHIO ;‘0595 i E E
Q,,=A+B-AT+C-AT2. B wurore * ook = 7000 d
IJIsl KOPPeKILMH CaMOIIporpeBa L 770,004
3JI' u3 pperda BEHIYHUTaeM 0,705 - 10,005
¢yHKHHIO -0,710 &1 - -0,005
200 220 240 260 280 300 320 340 360
Q*=(A+A, T,)+(B+B,T,) - AT+ T, K
Puc. 3. TemnepamypHsble 3a8ucumocmu Ko3¢@uuueHmos nonuHomos Il nopsioka
+(C+C,+ T,) - AT?. (1) (A, B, C), noay4enHbix npu annpokcumayuu Q. =A+B-AT+C- AT? (moyvkamu
0603Ha4eHbl IKCNepuMeHmManbHble daHHble)
[ BBeOeHUS TeMIIepaTyp- Fig. 3. Temperature dependences of the coefficients of polynomials of the second
HOM KOppeKLHHU Aperda HYyIS order (A, B, C) obtained by approximation Q,,=A+B- AT+ C- AT? (the experi-
Py HKM3MEHSIOUIMUXCSI BHEII- mental data are indicated by dots)
HHUX TeMIIepaTypax H3MepeHHs
aperida Hyas NPOBOAHMIH IIO
ClefyIolen UKI0IPaMMe: ence of external magnetic fields on the stability of the
» TemmepaTypa Kkamepnl 298K (3 waca) - cko- || outputsignal. A temperature sensor was installed at the
POCTb U3MeHeHHUs TeMIepaTtypsl 0,3 °/ MUH bottom of the magnetic screen to determine the tem-
« Temmepatypa Kamepsl 218K (3 yaca) » ckopocTs || perature of the cold part of the ZLG. The accuracy param-
M3MeHeHHUs TeMIlepaTypsl 0,3 °/ MUH eters of the ZLGC were measured at a discharge current
« Temmepartypa kamepsl 298K (3 waca) - cko- || of 1.2 mA and a current in the coils of a nonreciprocal
POCTb H3MeHeHUs TeMIlepaTyphl 0,3 °/ MHH device of 0.5A.
» Temmnepatypa kaMepsl 348K (3 uaca) - cKo- When developing a model of temperature correc-
POCTb M3MeHeHHUSs TeMIIepaTypsl 0,3 °/ MUH tion, it was proposed to separate the effect of the self-
« Temmepatypa KaMepsl 298K (3 yaca). heating of ZLG on the effect caused by heating of the
[Tocne wu3MepeHUs Apenda
HyJIsi IO  BBIIIENPUBeNEH-
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OHOM QYHKUHH MOKa3aHUU Tep- oogli e v
MOJATYMKa C KAaTyIIKH HeB3a- 0 5 o 15 20 25 30 3
“MHoOro ycrporcrBa (AT,/dt). Bpemsi cpema, ThiC. ¢
s 3TOro mocjae ydeTa BeIH- Puc. 4. 3asucumocmb dpelipa HyAs nocae y4ema camonpozpesa U 3agUcUMOCMb
YUHBl CaMOIIPOTPeBA METOLOM Npou3600HoL memMnepamypul KAMyWKU 0m épemeHu
HaMMEHBIIMX KBaJpaTOB [OJis Fig. 4. Dependence of zero drift after taking into account self-heating and the
BCeX TeMIIepPaTypPHBIX II€PEX0A0B time dependence of the derivative coil temperature
(ot 218 ;mo 298K, ot 298 mo 348K,
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oT 348 mo 298K, ot 298 mo 218K) OLIpelessiik TeM-
IepaTypHYyIO 3aBHCHMOCTb KO3POUIIMEHTOB IIOJIH-
HOMOB II mopsaKa, aNNmpOKCMMHPYIOIIHX 3aBHUCH-
MOCTb Q) 0T AT,/ dt.

Ha puc. 4 B KavecTBe HpUMepa g TeMIle-
paTtypHoro mepexonma oT 218 mo 298K mpuBemeHa
3aBHCHMOCTD Jperda HyJs IIOC/e y4eTa CaMOIIPO-
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coils of a nonreciprocal device and the effect caused by a
change in the external temperature in the heat and cold
chamber.

To correct the thermal slip associated with self-heat-
ing, we used the temperature difference between the
cold and hot regions of the sensor (AT=T,-T;). For this,
hourly measurements were carried out at stationary

values of external temperatures (T).
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Fig.5. Q,, corrections (the range of variation of the value of the external tempera-
ture is 218-298K): a - sensor K-5M; b - K-4M sensor (curve designation: black
line - Q,, without correction; blue line - Q,, with correction; red line - dynamics

For each external temperature
(-55°C=218K, 25°C=298K, 75°C=
348 K), the dependences of Q,; on AT
were constructed.

Initially, it was postulated that
the temperature dependence of the
ZLG zero drift obeys the polynomial
dependence: Q,=A+B-AT+C-AT2.
Figure 2 shows the dependences of
ZLG zero drift (Q,;) on the temper-
ature difference between the cold
(T) and hot (T,) parts of the ZLG
for three averaged values of exter-
nal stationary temperatures. It is
important to note that the approx-
imating function must be con-
structed taking into account the
weight characteristics (w) of the
obtained point results. We assume
that w=1/i2, where 1 is the serial
number of the point.

The temperature dependence of
the coefficients of the second-order
polynomials (Q,;=A+B-AT+C-AT?),
approximating the dependence of
Q,;on AT, was determined by the
least squares method for each exter-
nal stationary temperature (T).

Figure 3 shows the temperature
dependences of the coefficients of
polynomials of the second order
(A, B, O) obtained by approximat-
ing Q,;=A+B-AT+C-AT?. An analy-
sis of the graphical dependencies
(Fig. 3) showed that the tempera-
ture dependence of the coefficients
of the second-order polynomi-
als A, B, C is well described with
a linear dependency. We substi-
tute the obtained coefficients into
the previously obtained function
Q,;=A+B-AT+C-AT?. As a result,
to correct the self-heating of ZLG
from the drift, we subtract the
function
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Pe3y/ibTaTbl TEMMEPaTyPHOW KOPPeKLMM O, MPU N3MEHS-
IOLLMXCA BHELLIHMX TemnepaTypax (218K «» 298K <> 348K)
The results of temperature correction Q,;at varying
external temperatures (218K <= 298K < 348K)

Temnepatypa
Temperature

Owwnbka Q,, 6e3
KoppeKkuuun, °/4

Error Q,; without
correction, °/h

Ownbra Q.

C Koppekuwuen, °/y
Error Q,; with
correction, °/h

298 K- 348K 0,61 4,27 0,0006 0,0636
298 K- 218 K 0,68 4,10 0,0049 0,0555
218 K- 298 K 0,61 4,34 0,0016 0,0054
348 K-> 298 K 0,65 4,27 0,0060 0,0138

rpeBa U 3aBUCHMOCTb IIPOM3BOAHOMN TeMIlepaTypbl
KaTyIIKH OT BpeMeHH.

B pesyibTaTe IpoBeleHHBIX MaTeMaTH4eCKHX
mpouenyp Hal QYHKUHSIMHU TeMIIepaTypPHOH KOp-
PeKLMY IIpU CaMOIPOTpeBe M HM3MeHeHHS BHeIl-
HHUX TeMIlepaTyp (BbIpaskeHHe 1) IolydeHa UTOTO-
Bas QYHKIIMS:

O = Qy~ (A +A, T)) + (B + B, T,) - AT+
+(C+ Gy T,) - AT?- [A;-B4- (AT, /dt) + G5+ (AT, /dtd)]. (2)

roe A +A, T,, Bj+B, T,, C;+C,-T, - TeMmmepaTyp-
Hble 3aBHCHMOCTH KO3QOHIIMeHTOB IOSTHHOMOB
II mopsAka, aNNpOKCHMHUPYIONIHe 3aBHCHMOCTb
Quy oT AT; T, - TemIepaTypa TepMOJATUYHKa yCTa~
HOBJIEHHOTO B KaTyIle4HoM Iasy; AT - pa3HOCTb
XOJIOMHON U ropsiuer obnactu patumka 3T
(AT,/dt) - mpou3BoAHAasl 110 BpeMeHH IIO0Ka3aHUM
TeMIIepaTypbl TepMOAAT4YHKa, YCTaHOB/IEHHOIO
B KaTyIIe4HOM I1a3y.

B TabnuIie mpencTaBiIeHbl pe3yabTaThl TeMIIEpa-
TYPHOU KODPeKUHMHU ()., BBHIIIOJHEHHBbIE I10 3aBH-
CHMOCTH (2) IPH M3MEeHSIONINXCSl BHEIIHUX TeMIle-
patypax (oT 218 mo 298K, ot 298 mo 348K, ot 348 mo
298K, ot 298 mo 218K).

Ha puc. 5 n1g npumMepa IpefcTaBlIeHbl pe3yilb-
TaThl KOPPEKUMHU (., BHIIIOJIHEHHbIE B COOTBET-
CTBUM C 3aBHCHUMOCTBIO (2), IIPH BapbHPOBAHHU
BeJIMYMHBl BHeIlIHeH TeMIlepaTypsl oT 218 mo 298K.

Q" =(A+4A;, T,)+(B,+B, T,)-AT+(C+C,- To)-AT2 . (D)

To introduce temperature correction of zero drift at
varying external temperatures, zero drift was measured
using the following sequence diagram:

+ Chamber temperature 298K (3 hours) - rate of tem-

perature change 0.3 °/min

« Chamber temperature 218K (3 hours) - rate of tem-

perature change 0.3 °/min

» Chamber temperature 298K (3 hours) - rate of tem-

perature change 0.3 °/min

+ Chamber temperature 348K (3 hours) - rate of tem-

perature change 0.3 °/min

« Chamber temperature 298K (3 hours)

After measuring the zero drift according to the above
sequence diagram, the exclusion of self-heating was car-
ried out by subtracting the values calculated according to
dependence (1).

In this research, for the first time, it was proposed
to describe the processes occurring in the heat and
cold chamber, the so-called external heating of the
device, using the derivative function of the readings
of the temperature sensor from a non-reciprocal device
coil (AT,/dt). For this, after taking into account the
self-heating value by the least squares method for all
temperature transitions (from 218 to 298 K, from 298 to
348 K, from 348 to 298 K, from 298 to 218 K), the tempera-
ture dependence of the coefficients of the second-order
polynomials was determined, which approximate the
dependence of Q,; on AT,/dt. Fig. 4 shows the depen-
dence of zero drift after taking into account self-heating
and the time derivative of the coil temperature are
taken into account as an example for the temperature
transition from 218 to 298 K.

As a result of the mathematical procedures performed
on the temperature correction functions during self-
heating and changes in external temperatures (expres-
sion 1), the resulting function is obtained:

Q" =0~ (A +A,T,) +(B;+B, T,) - AT+
+(C+ G, T,)- AT?-[Ay-By- (AT, /dD)+ G- (AT, /dD)].  (2)

where A +A,'T,, Bi+B,'T,, C;+GC, T, are the temperature
dependences of the coefficients of polynomials of the
second order, approximating the dependence of O, on
AT; T, is the temperature of the temperature sensor
installed in the coil groove; AT is the difference between
the cold and hot regions of the ZLG sensor; (AT,/dt) is
the time derivative of the temperature readings of the
temperature sensor installed in the coil groove.

The table presents the results of the temperature cor-
rection Q,;, made according to dependence (2) at varying
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Y3 mpencTaBIeHHBIX B TabiuIe U Ha pUc. 5 pe3yib-
TaTOB CTAHOBHTCSI OUE€BHUAHBIM, UTO IIPeIJIOKeHHBIN
MeToJ, KOPpPeKUMH (), CHHXaeT OIKOKy, BbI3BaH-
HyI0 3¢ HeKTOM TePMOCKOIbKeHHU 10 103 pas.

3AKJ/TIOYEHUE

Insa matymkoB 3JIT K-4M u K-5M 6bL1a mpoBedeHa
TeMIlepaTypHasi KoppeKUHs Apenda Hynas IpU
CKOPOCTH H3MeHeHHS BHEeIIHeH TeMIlepaTyphl
0,3 °/mMuH. 3JIT paboTalT C OAHUM Tra3opas3psn-
HBIM IIPOMEXYTKOM B KaXAOM IlJleye, HaIloj-
HeHHOM 50% cmecpio u3oTorioB Ne?? Ne? u He*,
I[Ipu pa3paboTrke aJropuTMa TeMIIepaTypHOH
KOppeKUuHuHU 3¢deKT BIUSHUA camomporpesa 3JIT
6b171 pasgeneH Ha 3¢deKT, BRI3BAHHBIN HAarPeBOM
KaTylleK HeB3aMMHOIO YCTPOMCTBa, H 3ddexT,
BBI3BAaHHBIM H3MeHeHHeM BHeIIHer TeMIlepa-
TYpBlL B KaMepe TeIlla U X0/I0/a.

BrepBhle IMpefJjIOKeHO OIIHCHIBATBH IIPOLIECCHI,
IIpoTeKalpIlKe B KaMepe TeIlJla M X0jo4a, TakK
Ha3bplBaeMBI BHENIHHHN IporpeB mpubopa,
C TIOMOINBIO ITPOM3BOOHOH OGYHKLUHH Pa3HO-
CTH TeMIlepaTyp IIOKa3aHHH TepMoJaT4HKa
C KaTyLIKXM HeB3aKMMHOTO ycTporcTBa (AT,/dt).
TakuM ob6pa3oM, IIpeNiockeHHBI B pabore
MeTOoJ[, TeMIIepaTypHON KOPpPeKLUH Aperda HYyIg
C KCIIOJIb30BAaHHMEM [BYX T€PMOJATUYHKOB, I103BO-
JIsieT yJay4IllaTh TOYHOCTHBIE XapaKTepUCTUKH 3JIT
10 103 pa3 mpu H3MeHeHHUH BHEIIHUX TeMIIEpPaTyp
U caMoOIIporpese.
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external temperatures (from 218 to 298K, from 298 to
348K, from 348 to 298K, from 298 to 218K).

Fig. 5 shows the example results of the Q,; correction
performed in accordance with dependence (2) with the
external temperature varying from 218 to 298 K. From the
results presented in the table and in Fig. 5, it becomes
obvious that the proposed correction method Q,; reduces
the error caused by the thermal skid effect up to 10°
times.

CONCLUSION

For ZLG sensors K-4M and K-5M, a temperature correc-
tion of zero drift was carried out at a rate of change of
external temperature of 0.3 °/min. ZLG operate with
one gas-discharge gap in each sensor half filled with a
50% mixture of the Ne?® Ne? and He* isotopes. When
developing the temperature correction algorithm, the
effect of the self-heating of ZLG was divided into the
effect caused by heating of the coils of a non-reciprocal
device, and the effect caused by a change in the external
temperature in the heat and cold chamber.

For the first time, it was proposed to describe the
processes occurring in the heat and cold chamber, the
so-called external heating of the device, using the deriv-
ative of the temperature difference of the tempera-
ture sensor readings from a non-reciprocal device coil
(AT,/dt). Thus, the method of temperature correction
of zero drift using two temperature sensors proposed in
the work allows improving the accuracy characteristics
of ZLG up to 10° times with changing external tempera-
tures and self-heating.
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