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C 11es1610 060CHOBAHUS TEXHOJIOTUI MOHUTOPUHTa MHOTOJIETHEMEP3JIBIX MTOPOJL TIPOBEIEHBI TEOPETHYECKITH
aHa/Iu3 ¥ MOJIe/INPOBAHME OJIEBBIX HKCIIEPUMEHTOB BLICOKOPA3PEILIAIOIEro reo(u3nyecKoro MeToa NMILYIbC-
HOTO 9JIEKTPOMATHUTHOTO 30HAMPoBaHus. [l BEIGOpa ONTUMAIBHBIX MAPAMETPOB 30HANUPYIOMIEH CHCTEMBI
olpe/iesieHa 3aBUCUMOCTD PETHCTPHPYEMON 9JIEKTPOABIIKYIIEN CUJIBI OT PACCTOSHUSA MEXIY UCTOUHUKOM U
pueMHIKOM curHasoB. Ha ocHOBe naMepeHMil TeMiiepaTypsl Ha TeoU3NUeCKOM MOJIITOHE U BBISIBJIEHHOI 3a-
BUCUMOCTHU MeXK/1Y y/AEJbHBIM 3JeKTPUUYECKUM COIIPOTUBJIEHUEM U TeMIepaTypoil paccuMTaHbl Bapualuu
9JIEKTPOCOIPOTUBJICHUI IPUIIOBEPXHOCTHBIX Cyllecell U CYIJIMHKOB 32 IIePUOJL ¢ KOHIIA STHBaps 110 HayaJIo alpe-
a1 2022 1. [Ipoceskena nHaMUKa M3MEHEHHUS TPAHUIIBI MEXKLY Ce30HHOMEP3JIBIMU 1 HIDKeJIesKalMHU TTOPoJIa-
mu. C HUCII0JIb30BAHUEM PACCUYUTAHHBIX 110 U3MEPEHHOI TeMIlepaType 3J1eKTPOCOIPOTUBIIEHUIN BLIIIOJTHEHO
YHCJICHHOE MOZEIMPOBAaHNE DICKTPOABUIKYIEH CHIIBL 111 yCTaHOBJICHUS 3aBICUMOCTH CUTHAJIOB OT IlepeMellle-
HUS TPAHUIIBI BCIIEACTBUE IIpoMep3anns. [Ipemoskensl moaxoabl kK BepuuKau MoJy4eHHBIX Pe3yJIbTaTOB.
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DESIGN OF FIELD EXPERIMENTS FOR SUBSTANTIATION
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The work is aimed at the theoretical development and modeling of field experiments for a high-resolution
geophysical technique of transient electromagnetic sounding in order to substantiate a permafrost monitoring
technology. To select the optimal parameters of the sounding system, we established the dynamics of changes in
the registered electromotive force in terms of the distance between the signal transmitter and receiver. Based on
field temperature measurements at the geophysical test site and the elucidated interrelation between the electrical
resistivity and temperature values, we calculated the variations in the resistivity of the near-surface loams and
clay loams for the period late January — early April 2022. The dynamics of changes in the boundary between
seasonally frozen and underlying rocks was traced. Using the resistivity values calculated from the measured
temperatures, we carried out numerical modeling of the electromotive force amplitude to identify the dependence
of the signals on the shift of the boundary due to freezing. In addition, approaches were proposed to verification
of the results obtained.

Keywords: frozen rocks, electromagnetic monitoring, cross-borehole exploration, geoelectric model, transient
electromagnetic sounding, design of field experiments.
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Ob6uias niomanb KpuoauTo30ubl Poccun co-
crasaser Gosee 11 Man kM? (1Be TPETH TEPPUTOPUK
crpanbl). [Ipu ocBoeHNN CEBEPHBIX U APKTUYECKUX
TEPPUTOPUI MTPOUCXOAUT NHTEHCUBHOE N3MEHEHME

akoreosornyeckux yciaosuil. Ilocaencrsus rexuo-
FeHHDBIX BO3/IEHCTBUI Ha Mep3Jible II0PO/IbI YPE3BbI-
YaiiHO HIMPOKU U BKJIIOYAIOT MPOCAJKU 1 IIPOBAJIBI
3eMHOIl TOBEPXHOCTH, 3200 TaUMBAH e U TIOATOILIE-
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B.H.ITIMHCKUX U JIP.

HUe TePPUTOPUHU, TEPMOKAPCTOBBIE SABJICHUS, ITyJe-
HUe TPYHTA, KPUOTEHHOE PAacTPEeCKUBaHNE U HaJe/e-
obpasosanue [Ilasnos, 2008). TlepedncieHHbie sBJe-
HUS KpaliHe HeraTUBHO BO3/IEUCTBYIOT HA OCHOBAHUS
3/IaHUI ¥ COOPY KEHUN, TPASKIAHCKUX W TTPOMBITILIEH-
HBIX 00BEKTOB, HA ABTOOPOTH ¥ MArUCTPAJIH, JKEJIe3-
HOJIOPOJKHBIE TIYTHU, B3JIETHO-TIOCAZIOYHBIE TI0JIOCHI,
HedTera3orpoBo/Ibl, KYCTOBbIE ILJIONIAIKN HedTera-
30BBIX IPOMBICJIOB, JIMHUY 3JieKTporiepenad. Bee aTo
MPUBOAUT K MMOCTOSTHHBIM PEMOHTHBIM paboTaM, BbI-
HYKIEHHOMY CHOCY OOBEKTOB U B KOHEYHOM CYeTe
MHOTOMUJLJIHAP/IHBIM YOBITKAM JIJIsI TOCYIaPCTBEHHO-
ro GrofKeTa.

B Poccuu u 3a pyGeskoM IHUPOKOE TPUMEHEHIE
MOJIYYHJT TEMIIEPATYPHBII MOHUTOPUHT KPHUOJIUTO30-
Hbl [Meavnuxos u op., 1993; Vieira et al., 2010], c
YCTaHOBJICHHEM BKJIA/IOB TPUPOIHBIX U TEXHOTEHHBIX
MIPOTIECCOB B TEMIIEPATYPHBIM PEKUM MHOTOJIETHE-
MepaJbIX nopo [ Huxumuin u dp., 2022]. Cienyromu-
MU 110 PACIIPOCTPAHEHHOCTH MeTOJaMu reoduau-
YeCKOTO MOHUTOPUHTA KPUOJUTO30HDI CTATU Pa3-
HOBHU/IHOCTHU 2JIEKTPOMETPHU: JIEKTPOTOMOTpahus
[Cepezees, Benoycos, 2014; Keon u dp., 2019; Hauck,
2002], reopapnonokanus [ Epmaxos, Cmapogoiimos,
2010; Hockesuu, Kysvboauces, 2016; Cydaxosa u op.,
2017], BkTI0O4ast BApUAHT MEKCKBAKMHHOTO TTPOCBe-
yuBanwus | Yepenanos, 2018], u ak THBHO pa3BUBaeMble
B IIOCJIe/[Hee BPeMsI 9JIeKTPOMArHUTHbIE 30HMPOBA-
nus [Illecmepnes u dp., 2016; Konwviros, Cadypmou-
nos, 2020; Briggs et al., 2016].

PaccmaTpuBaoTest HOAXOIBI K KOMILIEKCUPOBA-
HUIO TEMIIEPATYPHOTO U 9JIEKTPOMETPUUYECKOTO MO-
nuropunra [Onaca et al., 2015], ¢ usyyenuem B3au-
MOCBSI3U TEMTIEPATYPBI U YI€THHOTO AJIEKTPIUUECKOTO
conporusietus (Y IC) mepsabix nopo [Hepados-
cxuit, 2021].

B To ke BpeMsa BO3MOKHOCTH MMITYJIbCHBIX
9JIEKTPOMATHUTHBIX 30HIUPOBAHUN JIJIST 33124 MO-
HUTOPUHIA KPUOJAUTO30HbI [ Glinskikh et al., 2021]
npopaboTaHbl B 3HAYMTENBHO MEHbINEH CTENeHu, YTo
MOYePKUBAET HEOOXOIUMOCTD PAa3BUTHUS JAHHOTO
MEePCIeKTUBHOTO HaIMpaBiaeHus. [Ipu mMITyIbCHBIX
3JIEKTPOMArHUTHBIX 30HAMPOBAHUAX Ba’KHO OIlpe-
JlejleHre ONTUMAJIbHBIX TAPAMETPOB 30HIUPYIOMINX
cucteM. [lonmydeHHble CUTHAIIBI 30HAUPOBAHUS MOTYT
JIEMOHCTPUPOBATHh KOHTPACTHYIO KaPTUHY TUHAMUKH
M3MEHEHST OTTANBAIOIIETrO IPUITOBEPXHOCTHOTO CJIOSL.

Hacrosimast paboTa HampaBJieHa Ha TeopeTnye-
CKOe Pa3BUTHE U MOJIETUPOBAHUE TTOJIEBBIX HKCIIEPH-
MEHTOB BBICOKOPA3PENIAOIIETO re0(hU3nIeCKoro Me-
TOJIA UMITYJIbCHOTO 9JIEKTPOMArHUTHOTO 30HIUPOBA-
HUSI C T1EJTBI0 000CHOBAHMSI TEXHOJIOTMU MOHUTOPUHTA
Mep3abix opo. [Ipocieskena mnHnamMmmuka n3MeHeH Ui
CUTHAJOB a1eKTpoABIKyIel cuiel (I/C) B 3aBUCH-
MOCTH OT PACCTOSTHUST MEKIY MICTOUHUKOM U TIPUEM-
HUKOM, MCII0JIb30BaHA N3BECTHAS 3aBUCHMOCTb MEXK-
ny 3HadeHussMu Y IC 1 TeMIiepaTypoil CyrJIMHKOB 1
cyTieceii, a TakyKe BBITTOJTHEHO MOJIETUPOBAHUE C yue-
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TOM TIPAKTUYECKUX U3MepeHuit Temmeparypsl. [Toka-
3aHO0, Kak Ha auarpammax I/ C nmpogasisioTcs oco-
OGEHHOCTH, CBA3aHHbIE C IIPOCTPAHCTBEHHBIMU 1 Bpe-
MEHHBIMU BapUaLUsIMKI MEP3JIbIX ITOPO/I.

YucneHnHoe MoaeIupOBaHHE
CHTHAJIOB MMITYJIbCHOTO 30HITHPOBAHUSI
JUIs1 000CHOBAaHUS BO3MOKHOCTH MOHHTOPHHTA
TPaHUIIBI MEP3JIBIX MOPO

Ha 6aze crienmasbho co3panroro B HoBocubup-
CKOM 06acTH re0(U3MIECKOTO TTOJUTOHA TPOBOIU-
JIUCh U3MEPEHUS TIPOTOTUTIOM YCTAHOBKU UMITYJIbC-
HOTO MEKCKBAKUHHOTO 2JIEKTPOMArHUTHOTO 30H M-
posanus. [InanmpoBka mosmrona nokasana Ha puc. 1.
[l m3MepeHunii NCTOIb30BATNCH AHTEHHBI C UCTOY-
HUKOM U IIPUEMHUKOM, PACIIOJIOKEHHbIE Ha JTHE NIy P-
(o u 3acpmanHbie cBepxy rpyHTOM. OTMETHM, YTO
MaKCUMYMBI IMarpaMM HaIpaBJIeHHOCTH OPUEHTUPO-
BaHbI B 0iHy ctopony. [ITypdsr rirybunoii 1.5 M 06-
PaMJIEHBI IePEBIHHBIMU JOCKAMU TOJIIUHON He 60-
Jiee 5 ¢M, He BIUSIONIMME Ha Ka4eCTBO U3MEPEHUIL.
[IprmoBepXHOCTHBIN CJION Te0(U3UIECKOTO TTOJUTO-
Ha MOIIHOCTBIO JI0 5 M CJIOXKEH MPEUMYIECTBEHHO
cyTiecsiMM 1 cyTIuHKamMu. Pesbed moamrona poBHBIN
1 3aCHEKEHHBIN, TIOCKOJIbKY M3MEPEHUS TTPOBOJIN-
JINCH B 3UMHUI TIepuo. B 30He mpoBenenus namepe-
HUIi CHEr OB TOJTHOCTHIO PACYHIIEH.

[To pesymbTaTam aKCIEPUMEHTAIBHBIX U3MEpPe-
HUN UMITYJIbCHBIX CUTHAJIOB, IPOXOIAIINX Yepe3 reo-
JIOTUYECKYIO CPE/y, YCTAHOBICHBI 3aBUCUMOCTH aM-
IUIUTY/Ibl CUTHAJIA OT BapHalluy TeMIlepaTypbl ee
BEPXHETO CJIOsT. ATTPOOUPOBAHDI 3JIEMEHTBI TEXHOJIO-
MM UMILYJIbCHOTO 3JIEKTPOMAarHUTHOIO MOHUTOPUHTA
B IIPUIIOBEPXHOCTHOMU TOJIIIE, OTPAbOTAHA METO/IIKA
IIPOBe/ICHUS U3MEPEHUH B XOJI0/IHOe BpeMs ro/ia.

B crarbe mpencTaBieHbl pe3yJibTaThl YUCIEHHO-
TO MOJICJINPOBAHUS CUTHAJIOB JIJISI T€0dJIEKTpUUe-
CKOU MOJIeJIU TTOJIUTOHA C YUeTOM PACIIOIOKEHUM nc-
TOYHWKA W TIPUEMHUKA, a TaKKe C MCTI0Jb30BaHUEM
M3MEPEHHON B Pa3Hoe BpeMd TeMIlepaTypbl TOPOJIbL.
B nanpreiinem nosydeHHbIE PE3yJIbTaThl TTOCTYKAT
OCHOBOI1 JIJIsT IPAKTUYECKOTO 060CHOBAHHUS TEXHOJIO-
T MOHUTOPWHTA MHOTOJIETHEMEP3JIBIX TIOPO/L.

Jist aHa3a BOSMOKHOCTH OOHAPYKEHUST HUXK-
Hell TPaHUITBl MEP3JIBIX TOPOJ PACCMOTPEHA MOJIEJb
IpoMep3sanus nopos ceepxy. ['eoanexkrpuyeckue ma-
paMeTpBl MOJIETT COOTBETCTBYIOT XapaKTePUCTUKAM
reo(U3NIECKOTO TTOJUTOHA, HA KOTOPOM TTPOM3BOJIH-
JINCH U3MEPEHUS OTIBITHON yCTAaHOBKOUN UMITYJIbCHOTO
MEKCKBAKUHHOTO 3JIEKTPOMArHUTHOTO 30HAMPOBA-
Hus. BepxHee nosynpocTpancTBo — Bo3ayx ¢ YIC
p; = 105 Om-m. Huenexammuii caioit — ce30HHOMEp3-
JIbIE TIOPOJIbI C U3MEHSIIONIENCsT TIyOUHON TOOTIBbI
ot 0 10 2 M, Xapaktepuayotuecst Bbicokum Y IC
py = 1000 Om-M. HukHee 11oypocTpaHcTBO — He-
npomepamas toama ¢ Y IC p; = 10 Om-Mm. Cucrema
HAOIO/IEHUST TIPEICTABISET COOOH MCTOUHUK ¥ TIPHU-
eMHUK (KaTyIIKU ¢ TOKOM ), PACIIOJIOKEHHbIE B JIBYX
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Puc. 1. I[lnan yyactka reo(pu3nyecKoro moJIMroHa JJisi N(poBe/leHUs MO0JIEBBIX 9KCIIEPUMEHTOB HMITYJIbCHOTO

JIEKTPOMArHuTHOTO 30HAUPOBAHUI.

mypdax (ckBasknHax) riay6uHoit 1.5 M Ha paccTos-
uun apyr ot apyra L = 10, 30, 100 m (puc. 2). lnsa
y006CTBa IIOCJIEAYIONIEro YNCIEHHOTO MOeIMPOBa-
HUS BMECTO 3aChITTAHHBIX TPYHTOM Ty PGOB 331a10TCS
CKBa)KUHBI, YTO YIIPOIIAET PACUETHI, TPUHIIUITHATHEHO
He MeHss CYyTH 9KCIIEPUMEHTA U Pe3yJibTaToB. Mo-
MEHT JIByXKATYIIETHOTO 30H/IA C O[HUM UCTOUHUKOM
u npueMHukoM coctasiser 100 A-m%. Jlna ananusa
OCHOBHBIX 0COOEHHOCTEI! MOBEIeHUsT CUTHAIOB U UX
(hyHKIMI 9yBCTBUTEIBHOCTU UCTIOJIB3YETCS TIPSMO-
YTOJIBHBII UMITYJIBC, B CITIEKTPE KOTOPOTO COEPSKUTCS
BeCh JIMATMA30H 4acTOT.

Ha puc. 3 npeacrasienst monyau J/]C B 3aBu-
CHUMOCTH OT BPEMEHU U TJTyOUHbI 10 IPAHUIIBI MEKY
MEeP3JIBIMU 1 HUKeJeKAIMUMU TopoiaMu (TIepBbIM
CJIOEM W HUZKHUM TIOJIYITPOCTPAHCTBOM ) JIJISI KOMIIO-
nent noast ZZ, YY, XX, XZ | Huxumenxo u op., 2021].
[Tonmoxenne rpanuiisl m3MeHseTcs ot 0 70 2 M Ha
KasKOM PUCYHKe, TaKUM 00pasoM Ha U300pakeHMIIX
[pejicTaBjieH MOHUTOPUHT TTPOMEP3AIONIETO CI0ST JIJIsT

KayK/I0i KOMTIOHEHTBI TTOJIST M JIJISI PA3HBIX PACCTOSI-
HU MEK/Y CKBOKUHAMU.

[To pesynbTaTaM 4YMCJIEHHOTO MOJEIUPOBAHUSA
CUTHAJIOB UMITYJIBCHOTO 3JIEKTPOMAarHUTHOTO 30H/IH-
posanus [Huxumenxo u dp., 2023] ycraHosjieHa au-
HaMuka usMeHenuil curtanaos J/1C B 3aBUCHUMOCTH
OT PaCCTOSHUS MEKY NCTOYHUKOM U TTPUEMHUKOM.
Tak, 1pu paccTOAHNN MeX/y UCTOUHUKOM U IIPUEM-
HukoM L = 10 M HabI04aeTCs cCaMblil CUJIBHBII YPO-
BeHb cuUTHaJa (70 106 MKB), aisa L = 30 m makcu-
MaJbHas BeJUYMHA cUTHATa cocTaBisieT 104 MxB, a
as L =100 m paBna 2-10% MxB. 9To ykasbiBaer Ha TO,
YTO JlasKe Ha TAKOM OOJIBIIOM PACCTOSIHUU MEKIY
mypdamu ¢ TpubopaMu U3MepsieMbIil CUTHAJ 4y B-
CTBUTEJIEH K CMEUICHUIO IPAHUIIBI MEXK/Y CE30HHO-
MEp3JIBIMUA M HUXKeJeKaIUMU rnopojaMu. TeMm He
MeHee TIPUOPUTETHEE MUHUMU3UPOBATh PACCTOSTHIE
MEKLYy TPUEMHUKOM U UCTOYHIKOM, TTOCKOJIBKY CUT-
Hautbl 61y T GoJiee BHIPAsKEHHBIMU ¢ 60J1ee BBICOKMMU
3HAYCHUAMU U MIUPOKUM [UHAMUYCCKUM JUATA30-
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Puc. 2. Moaennb cpe/ibl ¥ pacnoJio;keHue HCTOYHUKA (1) 1 npueMHuKa (2) 9JI€KTPOMATHUTHOTO MOJIS.

BepxHuii csioit — BO3/1yX, CPEIHUI — CE30HHOMEP3JIbIe TOPOJIbI, HUKHUI — HEITPOMEP3IIast TOJIIIA.
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Puc. 3. Moaymm IIC nna komnonent noast ZZ, YY, XX, XZ B 3aBUCUMOCTH OT Iy OMHBI IOJOLIBbI CE30HHO-

Mep3JIbIX OPOJ.

TiryOuHa pacroyioskeHusi HCTOYHUKA ¥ TTpreMHnKa 1.5 M.

HOM, YTO TIO3BOJIUT TIPU MHTEPIIPETAIINH ONIPE/IENTD
IPAHUILY JIETAJIIBHO U JIOCTOBEPHO.

BujHo, 4TO pe3ynbTaT MmoryvyaeTcs pa3HbiM B 3a-
BUCHMOCTHU OT KomnioHeHT nons (ZZ, YY, XX, X7).
Haubospuas 4yBCTBUTEIbHOCTh HABII04aeMOTO
CUTHAJA K TIepeMEIeHNIO TPAHUIIBI UMEET MECTO IpU
ncnoab3oBannn ZZ- n YY-xkommnonedT. C UCIIOTB30-
BaHIeM KOMIOHeHTH XX curnaj caabo 3aBUCUT OT
MOJIOKEHUST TPAHUIIBI, a /IJIsT KOMIIOHEHTHl XZ ee
[PaKTUYECKH HEBO3MOKHO OOHAPYKUTh. Takum 00-
pa3oM, B MEePBYIO ouepe/b CJaeNyeT UCITOJIb30BaTh
KOMIIOHEHTHI 11oJ1st ZZ u YY. Korna rpanuiia omycka-
eTCsl HusKe TIyOMHBI 30HAUPYIOIIEi yCTaHOBKH, IS
ATUX KOMIIOHEHT CUTHAJIbI B 3aBUCUMOCTH OT BPeMe-
HU KauyeCTBEHHO MEHSIOTCS, TIPU 3TOM YYBCTBUTEIh-
HOCTh CUTHAJIA K JaJIbHEHIIIEMY YBEJTUIECHUTO TIyOu-
HbI TPAHUIIBI yMEHBIITAEeTCS.
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YucieHHoe MojielMpOBaHNe
CHUTHAJIOB MMITYJIbCHOTO 30HIUPOBAHUS
C UCII0JIb30BaHUEM /ITaHHBIX 1/13Mepe1-m171

TeMIeparypsl

[Tpu moHMIKEHWH TeMITePATYPbI 10 OTPUIIATENb-
HBIX 3HAUEHUIT TPOUCXO/IUT 3aMeP3aHue BOJIBI B I10-
pax M TPENMHAX, YTO MPUBOAUT K CKAUKOOOPAZHOMY
BO3PACTAHWIO HA 2—3 MOPs/IKa YAEJIbHOTO COPOTHB-
genug nopo/i. [loatomy ¥ I C Mep3iabIX TOPOI 3HAYU -
TENLHO OOJIBIE COMPOTUBJIEHUSI TIOPOJ] B TAJIIOM CO-
crostunu (puc. 4).

Ecnu B mopozie cofiepKUTCst TONBKO CBA3aHHAS
Bosia, T0 ¥YIC mopoibl Tpu TpOMEP3aHUN paCTeT
MJIABHO, YBEJMUMBAsICh Bcero B 2—3 pasa (Majas
JIBIUCTOCTD), @ €CJIN BCS TOPOBAs BOJA SIBJISIETCS
MPOYHOCBsI3aHHOI, TO ¥ DC cpelbl MPaKTUIECKH He
MeHsIeTCsI TIPU TIepexojie K OTPUIIATeTbHOI TeMIiepa-
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Puc. 4. Temneparypnas 3aBucumocts Y JC Mep3JibIx
OTJIOKEHHIA:

1 — Tecok ¢ MaCCHBHOW KPUOTEHHOW TEKCTYPOil; 2 — TO XKe, ¢
HMIJIMPOBO TEKCTYPOIl; 3 — Cynecu M CyrJIMHKA ¢ MAaCCUBHOMN
KPUOTEHHOI TEKCTYPOil; 4 — TO Ke, C MIJIUPOBOI TEKCTYPOIi;
5 — nemavkoBbIi ex | @poaos, 1998)].

Type. YBeandeHne MIHEPaTu3aIuy TOPOBOIT BOJIBI
MTOHIZKAET TEMIIEPATYPY 3aMeP3aHUS TOPO/IbI M BEJTH-
yuny ee ¥ IC, BiusIeT HA TUTI KPUOTEKCTYPbI, BO3HU-
Kalolleii IIpu IIpoMep3aHnu, 00yCI0BIANBAET 0COOEH-
HOCTHU TIPOCTPAHCTBEHHOTO PaCIpe/iesIeHUsT Jba 1
He3aMmep3iiell BO/bl, a TaKyKe COCTaBa BKIIOUEHUN
MpUMecHOTo Jbaa. [Ipn 10cTaTOYHO BBICOKUX KOH-
IEHTPAIUAX BJANSHUE TIOPOBOTO PacTBOpa Ha 3Have-
Hust Y IC MokeT peobiaiath HaJl BJIUSTHUEM TPaHy -
JIOMETPUYECKOTO ¥ MUHEPAIBLHOTO COCTABA MTOPOJIBL.

Takum o6paszom, Y IC Mep3JIbIX OPOJL B 3aBUCH-
MOCTH OT TEMIIEPATyPBI, TUTOJOTHIECKUX 0COOEHHO-
CTel, KPpUOTEKCTYPbI, BJAKHOCTH U CTEIIEHU MUHEPa-
JIN3AIMHU TIOPOBOTO PACTBOPA MOXKET HAXOJUTHCS B
rpejiesax OT HECKOJTbKUX eIUHUIL /10 106 Om-m. OT-
HocutesbHast AUhGepeHITUAIIST TTOPOJII TI0 AJIEKTPO-
MIPOBOIHOCTH TTOCJIE TIPOMEP3AHUST YaCTO COXPAHSIET-
Csl, a Cpeiv KJIACTUYECKUX TEPPUTEHHBIX MTOPOJ] MO-
sKeT BospacTh [ @Pponos, 1998].
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Puc. 5. 3aBucumocts YIC or TeMuepaTypbl st
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Puc. 6. 3aBucumocts YIC ot rryOHHBI Ha pa3Hble
JlaThl U3MEPEHHUs TeMIlepaTypbl Ha noJmroHe B 2022 r.

1 — rpanuIa HyJIEBOI TeMIIepaTypbl.

B nammem ciyuyae Ha MOJWTOHE B TPUITOBEPX-
HOCTHOM CJIOE TPe0BIAAI0T CYTecH U CYTIUHKH. JList
MozenupoBanus Y DC B auamnazoHe TeMIeparyp ot
—18 1o 4 °C 3a ocHoBy B3sT puc. 4 [ @ponos, 1998].
Ha puc. 5 npencrasiier nHTEPIIOJIUPOBAHHBIN U IKC-

PesysbraTel uamepenuii remneparypsl nopoza, *C

TiybOuna, M
Jlata

0 0.05 0.1 0.2 0.3 0.5 0.7 1.0 1.5 2.0
22.01.2022 | —13.31 | —11.62 —7.94 —7.62 —6.12 -4.50 -3.62 —-0.62 1.31 2.81
04.02.2022 | —15.81 -9.38 —-7.06 -7.00 -5.94 —4.88 —4.38 -1.50 0.81 2.44
11.02.2022 | -17.31 | -1556 | —-12.12 | —11.12 -9.06 —6.88 -5.50 -2.12 0.44 2.06
17.02.2022 -9.94 -9.94 -8.25 —-8.62 -7.50 —6.56 —6.06 -3.00 0.12 1.75
24.02.2022 -6.69 -7.38 -6.31 -6.94 -6.12 —-5.44 -5.25 -2.75 -0.19 1.44
04.03.2022 -7.19 -7.25 -5.69 -6.19 -5.31 —4.56 —4.44 -2.31 -0.38 1.19
11.03.2022 -6.88 —-6.56 —4.38 —-4.44 -3.69 -3.12 -3.56 -2.00 -0.44 1.06
17.03.2022 -9.44 -9.69 —-7.62 —-7.62 -6.38 -5.06 —4.62 -2.31 —-0.44 0.94
24.03.2022 -5.56 -6.31 -5.19 -5.19 -5.38 —4.62 —4.81 -2.62 —-0.62 0.81
01.04.2022 -0.69 -2.25 -2.75 -3.94 -3.56 -3.38 -3.81 -2.12 -0.69 0.69
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B.H. IVIMHCKUX U JIP.

TpanoJupoBaHHbiil Tpaduk 3apucumoctu Y IC ot
TEMIIePaTyPBbI [JIs CyIeceil ¥ CyTJIMHKOB.

N3mepenust TeMmepaTypbl MPOBOAUINCH B
2022 1. Ha MecTe PacIOJIOKEHNS YCTAHOBKU UMITYJIbC-
HOTO MEKCKBKUHHOTO 5JI€KTPOMArHUTHOTO 30H/11-
posanusi. Temieparypa Opo/ibl PErHCTPUPOBATACDH
nepesi KaskJbIM U3MepPEeHNeM Ha Pa3HbIX TIyOuHaX ¢
MOMOIIBIO TEMIIEPATYPHBIX AATUMKOB. [[aHHble n3Me-
PEHUI TeMIIepaTyphl TPEACTABIEHBI B TabJIUIIE.

3a Bce BpeMs uaMepenuii Ha riybute 2 M oTpu-
[aTesabHas TeEMIlEpATypa He yCTaHABINBAIACH, He-

ZZ,L=30m

Hara

22.01 XZ,L=30m

04.02

11.02

17.02

24.02

Harta

04.03
11.03
17.03
24.03
01.04

1074 1078 1072
Bpewms, ¢

22.01
04.02
11.02
17.02
24.02
04.03
11.03
17.03
24.03
01.04

CMOTPS HA TO YTO U3MEPUTETbHAS IJIOTAIKA PeTy-
JISPHO OYUIIATACh OT CHETa, TP 3TOM CTOUT OTMe-
TUTD, YTO 3aTSKHBIX U CHJIBHBIX MOPO30B B TIEPHO]T C
auBaps 110 anpeb 2022 r. He ObLIO.

Ha ocnose manupix YIC u3 puc. 5 U JaHHLIX
TeMIIepaTyphbl 13 TAOIUIIBI PACCYUTAHBI BAPUAIIH CO-
MPOTUBJIEHUI CyTiecell U CyTJIMHKOB Ha reodusnye-
CKOM TIOJIUTOHE 32 TIEPUOJI C KOHIIA STHBAPST TI0 HAYaJIO0
arpesist (puc. 6). Ha puc. 6 npejicraBiena 3aBucu-
MocTh ¥YIC oT riiyOUHBI U IaThl U3MEPEHUST TEMITepa-
Typbl Ha osiurore. Habuoaercst ygennvenue co-

YY,L=30m

XX,L=30m

1078
Bpewms, ¢

1074

107"

e —————— e

1072 107! 1

10 102 108

34C, mkB

Puc. 7. Moaym QIC nns komnonent noas ZZ, YY, X7, XX B 3aBUCUMOCTH OT /1aThl U3MEPEHHSI U BPEMEHH

perucrpanym.
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IIPOEKTHPOBAHUE I1OJIEBBIX 9KCIIEPUMEHTOB /IJIA ObOCHOBAHUA TEXHOJIOTHH MOHUTOPHHTA MEP3JIBIX 110PO/[

MPOTUBJIEHUN TTOCJIE/I0OBATENBHO C KAK/IBIM THEM C
royounst 1.25 M (ssHBapb) 10 1.75 M (ampens) ot 14
110 20 OM-M. 371€Ch Ke TPOXOUT TPaHUIIA C TeMITEpa-
typoii 0 °C u connpotuBnernem 19.6 Om-m (muHus 7
Ha puc. 6). tak, BumHa AuHaAMUKa TTpOMeEpP3aHUs
mopozibl co BpemeneM. [Tpu aTom GiIiske K MOBepX-
HocTu 10 Try6uHbl 0.75 M ¢ SSHBapsI 10 ceperny (es-
pais Habsomaercs peskuii poct Y IC 10 3269 Om-M,
0 YeM TOBOPSAT CHUJIbHBIE 3AMOPO3KHU B 9TOT TIEPUO/L.
Ho 3arewm, ¢ cepenutibl heBpasist 10 cepeuiy MapTa,
oTMeyYaeTcs claJl 3HaYeHU COMPOTUBJIECHUN 110
1381 Om-Mm. /laniee Bo3HUKAET pe3kuii ckauok Y IC
110 2495 OM-M # K aTlpesrio MoCIe[0BaTETbHBIN CITa/l
10 46 OM-M. Takum 06pa3oM, 3a MOCJIEAHNE TIOJIMEC -
112 U3MEPEHN TeMITepaTypbl BEPXHUN CJION TTOYBBI
ysKe HadaJl IPOTPEBaThCs, OJTHAKO IPOTPEB €llle He JI0-
ctur 6osiee rayOOKON YACTH CJIOSI MEP3JIBIX MOPOJ
umxe 0.75 M.

Ha ocnose ganubix YIC (cm. puc. 6) cmozenn-
posaubl D/IC st kommionent nonst ZZ, YY, XZ, XX B
3aBUCUMOCTHU OT JIaThl U3MEPEHUST I BDEMEHU Peru-
crparuu (puc. 7). [Ipu nocrpoenun 3aj:aBanach ropu-
30HTAJIbHO-CJIOUCTAST MOJIEJIb C YePeIOBAHUEM MAJIO-
MONIHBIX cI0eB (MOMHOCTHIO 0.1 M) ¢ pa3IMIHBIM
VIC i kaxmoro cuos B uaTepsase rayout ot 0 10
2 M. Paccrosaune MexXIy CKBaKUHOW ¢ HICTOYHUKOM
1 CKBaXXMHOH ¢ mpueMHnKkoM L = 30 M. [lomyuennsle
PE3YJIbTATHI PEACTABISIOT COO0I MOHUTOPUHT H3Me-
Herus J/[C na reopnsmIecKoM MOJTUTOHE 32 TIEPUO]T
C KOHIIA sSTHBaps 1o Havajo anpess 2022 T., 1o KoTo-
POMY MOJKHO IIPY MHTEPIIPETAUK ONPeessITh Tpa-
HUITY MEKIY MEP3JIBIMI U HUKeJIeKANIMI TOpo/a-
Mu. UyBCTBUTEIBHOCTD K ITOJIOKEHIIO TPAHUIIBI MAK-
cuManbHa i ZZ- u YY-KOMIIOHEHT I0Jisl, TPUuYeM
MPOSIBJIsieTCS TeHeHus yobiBanus 3HadeHuii 3/1C
OT sSIHBaps K alpesio B Auanasone spemen 1-1074—
5-10~2 c. Takum 06pasoM, HaOIOAAETCsE TPEH/L YMEHb-
IIEHMsI CUTHAJIA B 00JIACTH PAHHUX U CPEIHUX BPEMEH
(1-1074-5-1072 ¢) nma nnarpammax d/IC, KoTopbIii OT-
paskaeT IUHAMWKY TTPOMEP3aHUS TTOPOJIbI CO BpeMe-
HeM (simaUSA 1 Ha puc. 6).

3AKJIOYEHUE

B pamkax nccieoBaHust BBITIOJTHEHO MOJIETTHPO-
BaHUe T10JIEBBIX AKCIIEPUMEHTOB BBICOKOPAa3PeIaio-
ero reoGpu3nIeckKoro MeTo/ia UMITYJIbCHOTO JIEKT-
POMarHUTHOTO 30HANPOBAHUS, B XO/I€ KOTOPOTO pas-
BUTa TEOPHst 0O0CHOBAHUS [10JYYEHHBIX PE3YJIbTATOB.

[To pesybpTaTaM MOJIETUPOBAHUS CUTHAJIOB MIM-
MyJIbCHOTO AJIEKTPOMAarHUTHOTO 30HAUPOBAHUS yC-
TaHOBJIEHA 3aBUCUMOCTb u3MeHeHul curiansos D/ C
OT PACCTOSIHUS MEK/[y UCTOUHUKOM U IIPUEMHUKOM.
Tax, mpu paccTOSTHUU MEXAY UCTOYHUKOM W TIPH-
eMaukoM L = 10 M HabmomaeTcs caMblil CUJIbHBII
ypoBenb curnajia. Ciemayer BbIOMpaTh MUHIMAJIbHO
BO3MOKHOE PACCTOSTHUE MEKY HCTOUYHIUKOM U TIPH-
€MHUKOM ITPU UMITYJIbCHBIX 2JIEKTPOMArHUTHBIX 30H-

JIIUPOBAHUAX MeP3JibIX opoa. OHAKO Jaxke Ha pac-
crostany Mesky Humu L = 100 M MOXKHO pocieinTh
IPaHUILY MEXK/Y CE30HHOMEP3JIbIMU M HUXKeJIeKa-
[MUMU TIOPOJAMU. Y CTAHOBJIEHO, YTO HaubOJIbIIast
YYBCTBUTEJIBHOCTh HABGJI0IAEMOTO CUTHAJA K TIepe-
MEIEHNIO TPAHUIIBI UMEET MECTO TIPH UCIIOTb30Ba-
Huu ZZ- n YY-KOMIIOHEHT 110J151, YTO YKa3blBaeT Ha
3HAYMMOCTD 3TUX KOMIIOHEHT IIPU ITPOBEJCHUH T10JIe-
BBIX PaloT.

Ha ocHoBe n3amepennii Temriepatypbl Ha reodu-
sudyeckoM nosurone B HoBocubupckoii obmactu u
YCTAHOBJIEHHOHN 3aBUCUMOCTU MEXK/Y 3HAYCHUSAMU
¥YIC u TemriepaTypoii pacCYuTaHbl BAPUAIIUHN COTIPO-
TUBJIEHUT TIPUTIOBEPXHOCTHBIX CYTIECEH U CYTJIMHKOB
Ha rry6ute o1 0 10 2 M 3a TePUOJL C KOHI[A STHBAPSI 110
nauasio anpedst 2022 . [Ipocsiexxena junaMuka us-
MEeHEHUS TPAHUIIbI, COOTBETCTBYIOINIEN TeMIeparype
0 °C, Mexky cCe30HHOMEP3JIbIMU U HUKEJIEKATUMHU
nopozamu. Tak, ¢ 11epBoro 110 IOCIe/JHUI 1eHb U3Me-
peHUil Mopojibl MOHOTOHHO TIPOMEP3AJIU C Ty OUHBI
1.25 10 1.75 m.

C uCIo/Ib30BaHNEM PACCYMTAHHBIX TI0 U3MEPEH-
HOIl TemIleparype COIPOTUBJIEHUIN BBIITOJTHEHO YHC-
JienHoe MoziesipoBanue aMiuTy bl /] C s kom-
nonent noJist ZZ, YY, XX, XZ B 3aBUCUMOCTHU OT J]aThI
naMmepenus n Bpemenu perucrpaiun J/[C. Pesynbra-
TBI MPEJCTABMASIOT COO0H MOHUTOPUHT M3MEHEHUST
I/1C na reopmanveckoM MOJUTOHE 32 TIEPUOJL C STHBA-
pst 1o anpesib 2022 r. YcTaHOBJIEHO, UTO KOMITOHEHTBI
noJist ZZ u YY wanboJiee 4yBCTBUTENbHBI K TIOJIOKE-
HUIO [TOJIOIIBBI CE30HHOMEP3JILIX [TOPO/] U XapaKTepu-
3YIOT ee MOHOTOHHOE MTOTPYKeHHeE.

Tekyne UMITYJIbCHBIE 3JIEKTPOMArHUTHBIE 30H-
JIMUPOBAHMS BBITIOJHEHBI TPUMEHUTEIBHO K CE30HHO-
MepaJbIM opogam. OiHaKo caM MeTo/l HalleJieH Ha
u3yyeHue Mep3Jiblx opos B 1iesioM. Ha ciemyiomnem
sTalle UCCIe0BaHus OyayT pa3paboTaHbl IPOrPAMM-
HO-aJITOPUTMHUYECKIE CPecTBa 00pabOTKY U MHTEP-
[IpeTauu JaHHbIX UMITYJIbCHOTO 3JIeKTPOMAarHUTHOTO
MOHHMTOPUHTA, KOTOPBIE TO3BOJIAT € JIOCTATOYHOM /715t
MPAKTUKHN TOYHOCTBIO JIOKAJIN30BATh 30HBI KaK TIPO-
Mep3aHus, TaK ¥ OTTAWBAHUS MEP3JIbIX TIOPOI.

Baazooapnocmu. Aemopot vipaicaiom 6.1az0-
dapnocmv compyonuxam Hayuno-uccredosamenvcko-
20 uHCMuUmMyma usmepumenvioix npudopos — Hosocu-
b6upcrozo 3asoda umenu Komunmepna (AO “HITO
HUHUHII-H3uK”, 2. Hosocubupck) 3a opeanusayuio u
npogedenue noIeblx IKCNEPUMEHINO8 HA 2e0Pusuue-
CKOM noJuzomne.

Hccnedosanue eoinonneno sa cuem zpanma Poc-
cuticko20 nayunozo gonda Ne 22-17-00181 “Umnyvc-
HOE ANEKMPOMAZHUMHOE 30HOUPOBAHUE MHO20TETHE -
MEP3TBIX NOPOOJ: MeoPemuUUeckoe u IKCNePUMEHMATb-
HOe passumue 8blCOKOPA3PeULaUe20 2e0(hU3UUeCK020
memooa, nayunoe 060CHOBaNUE U CO30ANUE UHHOBALU -
OHHOU MeXHON0ZUU MOHUMOPUH2A KPUOAUMO30HbL”
(https;//rscf.ru/project/22-17-00181/).
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