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Melnikov Permafrost Institute, Yakutsk, Russia
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TEMIIEPATYPHOI'0 COCTOSTHUSI KPUOJIUTO30HbI CrOupu u /lanbHero Bocroka

The Role and Place of Geophysical Methods in Diagnostics, Control and Regional
Prediction of the Thermal State of Permafrost in Siberia and Far East
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r. Mupusii. Ilnomaaku xKuiabix 3aqanui. 2007 r.
Survey sites in the residential area, Mirny, 2007.
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I. AKyTcK. 3acTpoiika kBapraJja Ne§4. 2008 r.
Residential development area 84, Yakutsk, 2008.




. Heprourpu. ApxuBHblie maTepuajbl 1986-1991 rr.
Previous site investigations, 1986-1991, Neryungri.




TI'eopagap SIR-2000 ¢ anTennou Ha 270 MI'u
SIR-2000 GPR system with a 270 MHz antenna
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Perucrparop curiajon SIR-2000
SIR-2000 signal recorder




I'eopagap SIR-2000 ¢ anTennou Ha 270 MI'g
SIR-2000 GPR system with a 270 MHz antenna




/AK/n tpacca bepkakur-Tommor-Akyrcek. 2011 .
Berkakit-Tommot-Yakutsk railroad corridor, 2011.




Annaparypa HHAYKTHBHOM 3jeKTpopasseaku CIOM3
SEMZ electromagnetic induction system




I' padpykn TeMneparypHou 3aBUCHMOCTH
CUTHAJIOB IeopaaroJI0KAINNI
GPR signal vs temperature

[, OT.CI1.
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t
R*=0.945 ?

R’=0.864

R*=0.632

MupHsb1i SKyTCcK Hepronrpu
Mirny Yakutsk Neryungri



Temneparypuas 3apucumocts YIC (b.B. Cuimnckui, 1962 r.)
Temperature dependence of electrical conductivity
(after Silinsky, 1962)
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TemmeparypHasi 3aBUCHUMOCTD AUIJICKTPUICCKOMN
nponunaemoctu (b. H. JlocroBajios, 1947 r.)

Temperature dependence of dielectric permittivity (after
Dostovalov, 1947)

Mecku, W=3-9%
Sands




PernonajbHasi MoaeJIb pacuy€éra TeMieparypbl Ha
r1youne 10 M mo JaHHBIM reopPaAUOJIOKAIMHI

Regional model for calculating temperature at 10 m
depth from GPR data
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I'paduk omIMOOK peruoHAJIbLHOU MOJAEIH MOJUHOMA
Error plot for the regional polynomial model
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Crarucruka ommdOK peruoHaJabHOU MOAEJIH MOJTUHOMA
Error statistics for the regional polynomial model

Owuobka tz Obwas mooens MupHhuwiii Axymck Hepronepu
Error tz Overall model Mirny Yakutsk Neryungri

Cpennee Mean 0.02 -0.20 0.16 0.41
CranpaptHas ommoOka Standard error 0.05 0.08 0.03 0.16
Mennana Median 0.09 -0.23 0.11 0.65
Mopga Mode 0.27 #H/]1, 0.27 1.06

CraHgapTHOE OTKIIOHEHUE
Standard deviation 0.698 0.787 0.281 0.868

Hucnepcus BbIOOpKHU Variance 0.488 0.620 0.079 0.754
Okcuecc Kurtosis 0.705 -0.137 0.713 3.069
AcuMMeTpUYHOCTh Skewness -0.524 0.144 0.355 -1.789
Munanmym Minimum 2.1 -1.8 -0.5 -2.1
Makcumym Maximum 1.7 1.7 0.9 1.4
Cuer Score 188 91 69 28

VYporens HazexHocTH(95.0%)
Reliability level (95.0%) 0.10




BeposATHOCTHAA CTPYKTYpPa OIIUOOK PErMOHAJIBLHOM MOIEIH
Probabilistic structure of the regional model errors

Kareropust Tounoctu WNurepan BepositHocTs (dncio citydaes), %

BBIYHCIICHUS OILINOKA Probability (number of cases), %

XapaKTEPUCTUKH {Z (rpan. C) - -
tz calculation accuracy class Error range (deg C) MHPHH.H (N=91) Akyrek (N=68) Hep}OHrpH(N <5

beH afe NMed a m—“—




TemneparypHasi 3aBUCMMOCTb MHAYKTHBHOIO IMOJISI
Ha Jactore 1,125 MI'I
Temperature dependence of the inductive field at 1.125
MHz frequency

+ Ileckn 2006 O Cyrnmunku 2006 @ Ilecku-cyrimauku 2011
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I'padpuxu Temneparypsbl Ha riiyouHe 10 m o
AaHHBIM COM3 U TepMOMETPUH CKBAKUH
Temperatures at 10 m depth derived from EM
induction sounding and borehole thermometry
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Kapra remneparyp Ha 10 M mo CKBaKUHAM M reopaanoJI0KAIMM.
Ground temperature distribution at 10 m depth derived from
borehole temperature measurements and GPR determinations
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3aknoueHue. Conclusion

IKCIEPUMEHTHI T0KA3AJIM BJIMAHME TEMIIEPATYPHOIO 1MOJIsA HA
3aTyXaHHe aMILUIMTYAbI 3JICKTPOMATHUTHBIX IOJIeH U
MOKA3aJIM BO3MOKHOCTh NMPAKTHYECKOI0 UCII0JIb30BAHUS
YPABHCHUU ITOM CBA3M IJISI PErHOHAIBLHOIO
HEPA3PYUIAIIEro KOHTPOJIS U MIPOTrHO3a COCTOAHMA
KPUOJIUTO30HbI Cudoupu u JlanbHero BocToka mo 1aHHbIM
reopaavoJIOKAIMU U MHAYKTHBHOM 3JICKTPOPA3BEAKHU.

The experiments have proved the influence of temperature
field on attenuation of the EM field amplitude. The
equations describing this relationship can be used in
practice for non-invasive control and prediction of the state
of permafrost from GPR and EM induction data.



bnarogapro 3a BHUMaHue
Haperocb Ha cOTpyaAHUYECTBO
B U3y4YeHUU 3aTPOHYTOU Npoodnemsli
Thank you for attention
and hope for collaboration
in this research



