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Temnep TypH s ct 6unbHOCTD 0,005 °C GeToHHOrO MO
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MPELM3UOHHOTO JI 36PHOTO MHKJIMHOMETP

Jlns obecrieyeHusl BBICOKOM 4yBcTBUTENbHOCTH ~ 10~7 p 1 npeumsuonHoro i -
3epHoro nnkyimHoMerp (IJIM) mpu peructp nuu yriaoBbIX KojeO® HHUil HOBEPXHOCTH
3ew B 0651 cTH HM3KUX 4 ctoT [1076 Tw; 10~ Tu] mccnenos H Temnep TypH o
CT OMIBHOCTH BO3AYIIHOH cpefpl M OETOHHOTO MOJ TP HCHOPTHOTo ToHHems Nel
HEPH: cyrouHsle U3MEHEHUS TEMIIEP Typbl BO3AYLUHOM Cpelbl B TOHHEE COCT BUJIM
0,082 °C u ero 6eronnoro o 0,005°C.

H ocHOB HUU NPOBENEHHBIX UCCIENOB HUM JIeJT eTcs BBIBOJ O BO3MOXHOCTHU H -
OrrozieHns yIiIoBbIX gecopM 1mid moBepxHocTh 3emitd JIyHoit n ConHieM Ipu ycno-
BUM TeMIiiep TypHOU ct Ownu3 uuu [1JIM HenocpeacTBEHHO M CCHBHBIM MOHOJUTOM
OGETOHHOTO TOJT TOHHEIS.
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Azaryan N. et al. P13-2017-36
The Temperature Stability of 0.005 °C for the Concrete Floor
in the CERN Transfer Tunnel No. 1 Hosting the Precision Laser Inclinometer

To reach a sensitivity level of ~ 107 rad for the Precision Laser Inclinome-
ter (PLI) for the registration of the Earth surface angular oscillation in the low
frequency band of [10~6 Hz; 10~* Hz] the temperature stability of the CERN Trans-
fer Tunnel No. 1 has been investigated. The daily temperature variation was 0.082°C
for the air and 0.005 °C for the concrete floor.

The last result opened the possibility to observe the Earth surface inclination
caused by Moon and Sun if the PLI is thermally stabilized by the massive monolithic
concrete floor of the tunnel.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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BBEAEHUE

J1s MHOTUX METpPOJIOTHYECKUX U (PU3UYECKUX 3 1 4 TpeOyeTcs TeMmep Typ-
H o CT OWIN3 IHS HCCIIENOB TEeJbCKUX yCT HOBOK [1,2]. Co3m HHe HCKycCTBEeH-
HOTO MHUKPOKJIUM T OIp HHUYUB €TCS TEeXHHYECKUMM TPYIHOCTSIMH pe JIU3 IHU
3(pPeKTUBHOM TEIUTOM3OJIAIIUK, OTBOJ W3JIUIIHErO TeII OT YCT HOBKH, obecrie-
YEeHHUS JOCT TOYHOW OTHOPOIHOCTU TeMmep Typsl H Ap. B 3 BucHMMOCTH OT 3 1 4
IOOCTHTHYT S CyTOYH S TeMIep TYpH s CT OWIIN3 1M COBPEMEHHBIX TEPMOCT TOB
cootBercTByeT yposHio £0,1°C [3,4].

Jlist HeKoTOpbIX 3 1 4 TpebyeTcs ele 6oee TOUH s TeMIIep TypH s CT Owiu-
3 qusi. K T KuM 3 1 4 M OTHOCHTCS TeMIiep TYpH s CT OWJIM3 LUl YyBCTBUTEINb-
HOT'O ®JIEMEHT MpEeUru3HUOHHOro J1 3epHoro unkiauHomerp (IUJIM). Ilpu mocrur-
HYTOIl TOUHOCTH M3MEpPEHHsl YIJIOBOi CIeKTp JbHO# miotHocTH 10710 p o/t /2
BIIHSHUE JOJITOBPEMEHHBIX B PU IMiA TEMIIEp TYpPbI OTp HUYHB €T Y CTOTHBIN IH -
1 30H npumenenus [JIN [5-8].

B p Gore p ccM TpUB I0TCS METOIbl yBEJIMYEHHs TeMIlep TYpHOH CT OWiu-
3 nuu IIJIM ¢ uenpio p CIUMpPEHUs BBICOKOUYYBCTBUTENBHOIO npumeHenus I1TIN
B 00N CTH Kp ¥HE HU3KUX U CTOT [10~%; 10~*Tu].

HEOBEXOJUMOCTH JOJIOBPEMEHHOI
TEMIIEPATYPHOI CTABWIN3AIINA
INPEIIU3MOHHOI'O JJASEPHOI'O HHKIIMHOMETPA

B IIJIM B K yecTBe penepHOi MOBEPXHOCTH, OTHOCUTEILHO KOTOPOH M3Meps-
I0TCS YIJIOBBIE H KJIOHBI 3eMHOU NOBEPXHOCTH, UCIIONB3YEeTCs TOPU30OHT JIBH o IO-
BepXHOCTb kugkoctu. H puc.1 nok 3 H ynpolueHH s cxem usmepenus B I1TH.
J1 3epHBIil JIyd H IIp BASIETCS H HOBEPXHOCTh XKMIKOCTH IO HEOONBIINM YIIIOM
6 =25-10"2 p 1. B OCHOBHOM 3TO MOTHBHpYETCS HEOOXOIMMOCTBIO CO31 HHUs
OIITUYECKOM CXeMBbI, B KOTOPOI UCKIIIOY €TCd IOI J HUE OTP KEHHOIO JI 3€pHOr0
Jyd 0Op THO BJI 3€p M TeM C MbIM MHUHHUMH3HPYETCS U3MEHEHHUE €ro I P MEeTPOB.

JI 3epHBIil J1y4, OTp X SChb OT MOBEPXHOCTU XUIKOCTH, PETHCTPUPYETCS MO-
3ULHOHHO-YYBCTBUTENIBHBIM KB P HTHBIM (DOTOIPUEMHUKOM.
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Puc. 1. Cmeuienue [ maTH J1 3epHOro jiyd H KB AP HTHOM (DOTONPUEMHHKE BCIISACTBUE
H KJIoH ¢ ocHoB Hus IJIHU

[Ipu H KJIOHE OCHOB HHS KIOBETBI C XHUIKOCTBIO H Yroi ¢ B CHIly COXp He-
HHS XHMJIKOCTBIO TOPH30HT JIBHOCTH ITPOMCXOIMUT H KJIOH H yroj 2¢) oTp XeHHOro
Jy4d , YTO CMeLl T IATHO JI 3epHOro JJyd H KB Jp HTHOM (DOTONPHUEMHHKE.

B Ilpunoxennn onpeneseHo cMeleHre i METH J1 3epHOroJIyd H KB Ap HT-
HoM ororpuemurke B [TJIU, nmpoucxopdiiee u3-3 usMeHenus temuep Typsl AT
3mech MBI IPEACT BJIsieM KOHEYHBIH pe3yssT T:

h =206 BAT, ey

rae § — TOJILUH CJI0Sl XUIAKOCTH; (3 — KO9(pHLUEHT 0OBEMHOTO TEMIIEp TYyp-
HOro p cuupenus xuakoctu; AT — H3MEeHeHUe TeMIep TYPHI.

VYUTHIB $1, YTO MPU H KJIOHE 3E€MHOM MMOBEPXHOCTH H yroj ¢ yroji H KJIOH
J1 3epHOTO JIyd TI0CJIe OTP KEHHS OT MOBEPXHOCTU XXKMIKOCTH COCT BHUT YIBOEH-
Hylo BemuuHy 2¢ (puc. 1), onpemenuM BelTWYUHY CMEIIEHHUS [ 1 3epHOro JIyd
H KB Ap HTHOM (pOTONpHUEMHHKE. 3H g p cCTOsHWE L, NMpOiIeHHOE J1 3epHBIM
JIYY4OM TI0CJIe OTp XeHus, H xomuMm [ = 29L.

[Ipup BHSB H iiIeHHOE 3H 4YeHHe ! K BelW4uHe h, OompenesuM 3 BHCUMOCTD
Mexy uMeneHueMm temiiep Typsl AT U «COOTBETCTBYIOIIEr0» eMy yriI H KJIOH



3emMHo# nosepxHoctu ¥ B [IJIH:

209 = 205 AT, ()
LY
AT = 505 3)

Ilng yrn w kion  nosepxsoctd 3emmu 9 = 1072 p anmpu L = 0,5 M, § =
6-1074°C1[9],0 =2,5-10"2 pad= 4-107 3 wm nonyunm AT = §- 10—3°C.

HocTtikeHue T KOM TeMmep TYpHOH CT OMJIBHOCTH 3 CYTKM IIPH IOMOIIH
KTHUBHBIX TEPMOCT THBIX METOJOB H JI HHBIII MOMEHT TEXHHYECKH HEBO3MOXKHO.

B K yecTBe I CCUBHOTO 3JIeMEHT , COXp HSIOLIEro TeMiep Typy B p 0o-
te [10], H MU IpeToXeHO UCTONB30B Th CK JIBHBINA TPYHT. IJI MPOBEPKH 3TOTO
NIPeVIOKEeHUsT ObUIM TPOBENEHBI NPSIMBIE W3MEPEHMS! TEMIIEpP TYpbl BO3LYLIHOM
cpexbl U1 OETOHHOTO IMOJ B YCIOBHSIX TP HCIOpTHOro ToHHenss Nel, p crmomno-
xkenHoro B LIEPH H rmybune 15 M.

N3MEPEHHUE TEMIIEPATYPbBI

IIpu w3mepeHun Temmep TYpHOH CT OWJIBHOCTH HCIIOJIb30B JICS TEPMHCTOP
¢ conpotusnenueM 100 Om mpu 20°C. Temmep Typ Hu3MepsiI Cb MPU ITOMOIIU
MOCT YUHCTOH IO CXeéMe H pHC. 2.

Bce comporusnenus R, ucronb3yembie B MOCTe YUHCTOH , ObUIM OHOTO 3H -
yenus 100 Om.

Jlnst mepeBoj 1 HHBIX U3MepeHUs B BOIbT X B °C HCIONB30B JICS 3KCIIEPU-
MEHT JIbHBIHA TP (DMK 3 BUCHMOCTU CUTH JI C MOCT YUHCTOH OT TEMIIEP TYphl.

Temnep Typ wu3Meps1 cb 1U(POBHIM TepMoMmeTpoM ¢ TouyHocThi0 0,1°C.
CurH 1 ¢ Moct YwuHcToH u3Mepsuicad myasTumerpom FLUK?287 ¢ TouHOCTBIO

|
al

Puc. 2. CxeM wu3MepeHHs TeMIlep Typbl IPH MOMOIIU TEPMUCTOP , BKIIOYEHHOTO B IIEIb
MOCT YHWHCTOH
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Puc. 3. 3 BUCUMOCTB CUTH J1 C TEPMHCTOp OT BHEILIHEH TeMIep Typhl

10 mxB [11]. U3mepenue temiiep Typbl HU(MPOBHIM TEPMOMETPOM BOJIM3U TEPMHU-

CTOp U CUTH JI C MOCT YMHCTOH OCYILECTBISIOCh ofiHOBpeMeHHo. H puc. 3

IIOK 3 H 3 BUCHUMOCTb CUTH J C TEPMHCTOP OT BHEIIHEU TEMIIEP TYpBHI.
DKCIEepUMEHT JIbHBIE JI HHbIE IIPOKCHUMUPOB JIMCh 3 BUCUMOCTBIO

T(°C) = 224,2U(B) — 2,66. “)

K K BUAHO, KCHEpUMEHT JIbH S 3 BUCHMOCTh CHTH JI C TEPMHUCTOP OT TeMIIe-
P Typbl JIUHEWH B M 11 30He Temnep Typ oT 9 go 24 °C. CpemHekB Ap THYHOE
OTKJIOHEHHUE 3KCIIEPUMEHT JIbHBIX TOYEK TEMIIEP Typhl OT JTUHEHHON 3 BUCHUMOCTH
dopmyist (4) coct Buno 0,8 - 1074 °C u, cOOTBETCTBEHHO, SKCHEPUMEHT JILHBIX
Touek ¢ Tepmuctop 0,8-107% B.

JI71 perucTp LMY CUTH JI € MOCT YHUHCTOH IIpU U3MEPEHUU TEMIIEP TypHOU
CT OUJIBHOCTU HUCIOJIB30B Jicsi ¢T Ownn3upoB HHbIA 24-6utHblit ALl Rudnev &
Chilyaev LA-124-3 ¢ mymom m3mepenust 1,3 MxB [12]. Bpems onHOro nzmepenus
coct Buio 0,656 c.

W3MEPEHUE TEMITEPATYPHOI CTABMJIBHOCTH
BO3AYIITHOM CPEJBI 1 BETOHHOI'O IOJIA
B TPAHCIIOPTHOM TOHHEIJIE Ne 1

H puc.4 nok 3 HBI CyToyHble U3MEPEHUS TEMIIEP TYpPbl BO3IYIIHON CPEAbl B
Tp HcnopTHoM ToHHene Ne 1 ¢ 23 no 24 utons 2016 r.

Amruiutyn  u3meHenus temrep Typbl coct Bl AT, = 0,082 °C. OcHOBHOIA
BKJI JI B HECT OMJIBHOCTb TEMIIEP TYpbI BO3IYIIHON CPE/ibl ONPeNesseTcs H JInYueM
BO3/IyIIIHOTO OOMEH C BHEIIHEH cpenoil.
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Changing of the temperature -

~ ofthe air environment
of the Transfer Tunnel No. 1

for the day (23-24 June 2016)
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Puc. 4. Cyrounoe u3MeHeHHe TeMIep Typbl BO3OyX B Tp HCopTHOM ToHHene Nol ¢ 23
1o 24 utons 2016 r.

H puc.5 nox 3 H 3 BUCUMOCTb TeMmIlep Typbl OETOHHOIO IOJI B TP HC-
noptHoM ToHHeNe Nel ¢ 21 mo 22 wmionst 2016 r. [Insg uzMepeHus TemIiep Typhl
MOJI  TEPMHCTOP ITOMEIL JICS B BHICBEPIIEHHOE B II0JIy OTBEPCTHE U CBEPXY JAOIIOJ-
HUTENIBHO TEIUIOU30JIMPOB JICS IIOPOJIOHOM OT BHEIIHHMX KOJie0 HHil TeMmrep Typbl
Bo3nyx B TTI.
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16.252 -4 | i Transfer Tunnel No. 1 for the day (23-24 June 2016)
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Puc. 5. Cyrounoe uaMeHeHue TeMrep Typbl OETOHHOIO IMOJI B TP HCIOPTHOM ToHHeNe Ne 1
¢ 21 o 22 urong 2016 r.



AMIUIUTYl M3MEHEHHs TeMIlep Typhl 3 CyTKM cocT Bui 5 - 1073 °C.

H puc.6 u 7 mok 3 Hel pe3ynbT Tl (ypbe- H JM3 Koied HHsd TemIep -

TYpbl BO3IYLIHO# cpeapl U GETOHHOrO MOJ TP HCIOPTHOro ToHHens Nel 1o x H-
HBIM pHc.4 u 5.

T O B A B ) O R N R OO M N A
- The Fourier-analysis of change of the temperature |
of the air environment in the Transfer Tunnel

No. 1 (23-24 June 2016)

102
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Puc. 6. ®dyppe- H U3 N3MEHEHUI TeMIlep Typbl BO3OyX B TP HCIHOPTHOM TOHHesne Nel mo
I HHBIM puc.4

. -
The Fourier-analysis of change
of the concrete environment in the Transfer Tunnel

No. 1 (21-22 June 2016)

§N The ADC noise
e )
&

starting 410”2 Hz.
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Puc. 7. ®@ypbe- H U3 U3MEHEHMIl TemIlep Typbl OETOHHOTO MO TP HCIOPTHOTO TOH-
Henst Nel 1o 1 HHBIM puc. 5



K x BugHO u3 puc. 6,7, H uuH g ¢ 4 crotel 0,1 I'n g Bo3aylIHOM cpensl U
¢ 4-1072 I'y ang 6GeTOHHOIrO TONM B W3MEPEHHUsAX Ipeoln 1 eT Genmblil myM pe-
rucrpupytoiero AL DT1o o6bsicHseTcs 6ojiee HU3KUM 0 YPOBHIO IIYMOM TEM-
Hep TYpHbIX KojeO HHil 1071 110 Cp BHEHHIO C BO3AyIIHOW cpepoil. Yto K ¢ ercs
6emoro mym AL, To oH uccnenoB H B H el p 6ore [6], rHe MOK 3 HO, YTO
CHEKTP JIbH $ IVIOTHOCTH 3TOTO IIyM H BCEX M3MepseMbIX 4 cToT X [1075 Ty
1 T'u] mpuOGMU3UTETHHO OOWH KOB .

OBCYXKIEHUE

[To u3MepeHusIM TeMIiep TYPHOiIl CT OWJIBHOCTH BO3IYIIHON Cpejbl B TP HC-
nopTHOM ToHHesie Ne | ompenenyM orp HUYEHHWE H MMHHM JIBHO H3MEpPUMYIO Be-
JIMYMHY YIJIOBOTO H KJIOH 3€MHOM IMOBEPXHOCTH Uy 5, OLPEIEIIEMYIO TEMIIEp TYp-
HbM 1nymoM. [Toper Bisist B popmyny (3) H dneHnoe 3H yeHue AT = 0,082°C,
nonyunM Uy = 0,5 - 1078 p 1. DTOT ypoBeHb IIyMOB JEN €T BO3MOXHBIM pe-
THCTpP LIMI0O H KJIOHOB 3€MHOii MOBEpXHOCTH B MHTepB Jjie o 0,5 - 1077 no 1,8 -
10~7 p n [13] BcnencTsue ee nedpopm 1um JIyHoii 1 CONHIIEM C OTHOCUTENBHBIM
p 3pemenueM He aydie 0,1.

OmnpenenuM 9 CTOTHBIA OW I 30H YITIOBBIX KoJieO HMI MOBEPXHOCTH 3eMilH,
KOTOpBIE MOTYT ObITh 3 perucTpupos Hbl IIIU ¢ uyscTuTebHOCTRIO 1077 p 1
B BO3IYIIHOW cpele Tp HCHOPTHOro ToHHens Nel. W3 g HHBIX 1O CHEKTP Jib-
HOMY COCT By TEMIIEp TYPHBIX IIyMOB BO3OYLIHON Cpembl H puC.4, UCHONb3ysd
topmyny (3), ompenmenuM, 4yTo YK 3 HH s 4yBcrBUTesnbHOCTb IIJIM nmoctur ercs
B 4 croTHOM ju 11 30He [10~% Tu; 1 Tul.

CyiiecTBeHHO 00Jjiee BBICOK 1 CT OMJIBHOCTB TeMIlep Typbl H Oiton ercs B Oe-
TOHHOM MOy Tp HcropTHOro ToHHensd Nel. IIp KTHYeCKH BETMYMH H3MEHEHUS
TeMIep Typbl yMEHbUIWI Cb Oojee 4eM B 15 p 3 1O Cp BHEHHIO C BO3LYLIHOH
cpenoil. DTo MO3BOJIgEeT AOCTUYb Noporosoi uyscteurensHoctd INIH 3 cytku
U = 0,3-107% p 1. DT UyBCTBUTENBHOCTD 1€ €T BOSMOXHBIM 3 PETHUCTPH-
pPoB Tb (heHOMEH YIIOBOHl necopM Luu moepxHocTH 3emiu JlyHoit u ConHiem
C OTHOCHUTENIBHBIM p 3pereHueM myumre 0,01.

3AKIIIOYEHHE

IIpo H NU3UPOB H UCTOYHUK LIYMOB, CBSI3 HHBIX C U3MEHEHUEM TEMIIEP TYpPBbI
YYBCTBUTEJIBHOTO 3JIEMEHT MPELU3HOHHOIO J1 3epHOro MHKIMHoMeTp . Ompene-
JIeHBI KOJIMYECTBEHHbIE KPUTEPUH TEMIIEP TYPHOH CT OMJIbHOCTH UyBCTBHTEIBHOTO
anement [LJIN.

Jns mocTuXeHus JIOJIroBpeMeHHOW (CyTKM U 0Oojiee) TOYHOCTH HM3MEpeHUs
107 p o HeOOXOmMM TeMIlep TypH $ CT OWJIBHOCTh YyBCTBHTEJBHOIO 3JEMEH-



T TUIA 8 - 1073 °C. DKCnepuMeHT JIbHO W3MEPEHBI CYTOYHBIE M3MEHEHHS TeM-
nep Typsl B Tp HcropTHoM ToHHene Nel LIEPH: Bosmymmoit cpemsr 0,082°C,
6eronHoro mon 5,0 - 1073 °C.

Io 1 HHBIM (hypbe- H JIM3 3 PErMCTPUPOB HHBIX TEMIIEP TYPHbIX K0jieO HUii
BO3IYLIHOW CPeAbl OLEHEH Y CTOTHBIA U I 30H [10~% [w; 1 Tl BBICOKOYYBCTBH-
tespHoro (1072 p m) npumenenns TUTH.

Ipu cosn vum g IUIM ycnosuii Temnep TypHOH cT OMIBHOCTH OETOHHOTO
MOJI AW M 30H C BICOKOM UyBCTBUTEIBHOCTBIO P CIIMPAETCA [10_6 I'u; 1 I'u], uro
H03BOJISIET H OJIIOJ Th B YIVIOBBIX KOOPIMH T X SiBJIeHHE Ae(opM LK MOBEPXHO-
cti 3emsu ot JIynbl 1 Conui  (THMYH g BesimuuH  10~7 p JI) ¢ OTHOCHTESBHBIM
p 3pewmenueM aydure 0,01.

IIpunoxenue

CMENLIEHHME JIASEPHOI'O JIYYA B ILUIH,
BBI3BAHHOE U3MEHEHUEM TEMIIEPATYPbI

OrmpesieiuM CMeIlieHHe J1 3€PHOTO JIyd [pH HOBbIIeHUH Temrep Typsl AT
(puc. I11, I12).

W3-3 TOBbIIIEHUS TEMIIEP TYPbhl YBEJIUUUB €TCS BBICOT OIMOPHOTO OCHOB HUS.
H »ToM OCHOB HHMU OBUIM YCT HOBJICHBI M 3 KPEIUIEHbI ONTHYECKOE BOJIOKHO OT

Base of the .
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Cuvette with liquid

Zoom\ e

Puc.I11. Cmerenue j1 3epHOro jyd IIepel BXOAOM B KIOBETY, BbI3B HHOE HM3MEHEHHEM
TeMIIep Typbl
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Puc.I12. CmereHue 1 3epHOro Jiyd , OTp XEHHOIrO OT MOBEPXHOCTH XHUIKOCTH, U3-3 W3-
MEHEHHUs] TeMIIEP TYpbI

Jl 38pHOTO UCTOYHMK U KOJUITMM TOp ¢ (POKycUpYIollel TuH30i. B pe3yapT Te i1 -
3EpHBIA JTIyd OYIET CMEIeH OTHOCHTENIBHO CBOETO IMEPBOH U JIBHOTO H TP BJICHUS
H p CCTOSHUE

b= askAT, (IT1)

e a; — KO3(PQUIMEHT TEIIOBOTO P CHIMPEHHUs HEepX Bewoled cr jau; k —
BBICOT IIOJIOXKEHHS JIyd H ]| OCHOB HUEM KIOBETHI.

OOHOBPEMEHHO C M3MEHEHHEM P 3MEpPOB OCHOB HHUS KOJUTUM TOp H3MEHd-
I0TCS P 3Mephl ONTHYECKOro KyO U yMEHBII eTcs (IoCie MOBOPOT JI 3€PHOTO
ayd Kybom) cMeleHue b H BETHYHHY

¢ = (ask — agk)AT, (T12)

rae a, — Kod(pgUIMEHT TEIIOBOro p CIIMpeHus cTeka . M pesymbrupyoliee
CMEIIeHNe ¢ ONpEenesIeTcs p 3HOCTBhI0 KOD(P(hHUIIMEHTOB TEIUIOBOTO P CIIMPEHUSI
CTEKJI (g U HEPX BEIOIUEH CT JIU ds.

[Mocie OTp XEeHUS OT XKUAKOCTH JI 3€PHBIH JIyd OTp X €TCcs IPU3MOM B 00p T-
HOM H IIp BJIEHUM H KB Jp HTHbIA poTonpueMHuk QPr. [lng onpeneneHust okoH-
Y TEIbHOTO CMEIIEHUd J1 3€pPHOrO JIyd OTHOCUTeNbHO LeHTp QPr H iinem Benu-
YHHY U3MEHEHUS BBICOTHI OCHOB HHUS KB Jp HTHOrO ¢potornpueMHuk (puc.IIl) ot
u3MeHeHHs Temnep Typbl. [1OCKONBKY JIyd HOcCie OTp XKEHHUS OT XUAKOCTH IBHU-
KeTcd B 00p THOM H IIp BJIECHHUM, CMELIEHHEe, 00YCIIOBJIEHHOE CTEKISIHHON IpH3-



MOIi, UcYe3 €T U OCT eTcsl TOJIPKO M3MEHEHHE BBICOTHI J1 3€pHOro jyd b, CBI3 H-
HO€ C UBMEHCHUEM BBICOTBHI OCHOB HHUA KOJUIUM TOP .

KoaddunuenT rennosoro p clumpenus agpr M TEPU J1 , U3 KOTOPOIO ClET HO
ocHOB HHe it QPr, MOXeT ObITh OTJIMYHBIM OT T KOBOTO JIISI HEPK BEIOIEH CT JIU
OCHOB HUSl KOJUIUM TOpP , M B 9TOM CIIyd € OKOHY TEJIbHOE CMEIIEHHE £ JT 3epPHOTO
Jyd H THOBEPXHOCTH KB AP HTHOTO (POTONPHUEMHHUK CT HOBHTCH

p = (ask — agper k)AT. (T13)

IIpu ucnons30B HUM HEpX BEIOIIEH CT JIM B K YECTBE M TEPHU JI OCHOB HHA
(hoTOnmprUEeMHUK MOXHO KOHCT THPOB Th OTCYTCTBHE 3(PPeKT CMEIIeHHUs J 3ep-
Horo iydy H QPr.

U3amenenune temnep Typbl AT U3MEHUT 00beM XHIKOCTH M KioBeTbl. H3me-
HeHue 00beM KMAKOCTH 3H YMTEJIbHO BBILIE, YEM M3MEHEHHEe 00beM KIOBETEHI,

A‘/iiq — ﬁ . (H4)
A‘/;)'UV 30‘8

IIpu UCTONB30B HUM B K YecTBE KMAKOCTH M ¢l ¢ B = 6-1074°C~! u

HEpX BEIOWIEH CT JIM [ Tel KIOBETH C as = 9 - 1076 °C~! nomyu ercs

A‘/iiq

— =22 I15
AVows )

[MosTOMY TIpH OIIEHKE BETMYHHBI CMEIIEHHS JI 3€PHOTO JIyd MOXHO IpeHeOpedb
u3MeHeHHeM 00beM KIOBEeThl W3-3 u3MeHeHus: Temriep Typbl AT. HW3meHeHnue
00beM XUIKOCTU OyIeT MpPOSBIATHCS B BHJIE IMOBBIIICHUS YPOBHS KHIKOCTH B
KIOBETE, U OH OyIeT OTKJIOHSITh JI 3E€PHBIN JIyd H P CCTOSIHHE

D = BSAT. (116)

JIyu 1 3ep mocie OTp XKEHUs OT HOBOTO YPOBHS XMAKOCTH OyHeT cCMelleH H
p ccTosiHUE
d =206 BAT. I17)

VBenuyenne 0o0beM KHAKOCTH H3-3 H3MEHEHHs TeMIlep Typbl CMECTHT JI -
3epHbI J1yd BieBo (puc.[12), u3MeHeHHe BBICOTHI k MOJOXEHHS JIyd BBI3bIB €T
casur Brp Bo (puc.I11). C y4eToMm BCEro 3Toro Mbl OMpeenseM pe3yabTUpyIolee
cMerenre h J1 3epHOTO Jyd :

h =208 BAT (I18)

wig 0 =25-102pn, f=6-1074°C, 6§ =4-10"3 M, a; = 7-1076°C~1,
ag=9- 1076°C~t k=32-10"2 v, MoJIyd eTcst

h=6-10"8%AT. (I19)
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bx rox pHoctu. Aropsl rityboko npusH tenbHbl E. M Hio [Iiop H 3 mpeno-

CT BJIIGHHYI0 BO3MOXHOCTb IIPOBOAUTH MCCIIENOB HUS B TP HCIIOPTHOM TOH-
Hesle Nel u A. Xeptu 3 1IOMOLIb B 3KCIIEPUMEHT X.

I'pynn  OUSHU 61 rox putr BMBF (I'epm Hust) 3 (puH HCOBYIO HOIIEPXKKY,

KOTOp 4 IO3BOJIWTI NPOBECTU DKCIIEPUMEHTDI, CBA3 HHBIC C TIUTNA.

11.
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