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IIpesicTaBieHbl Pe3yIbTaThl 0000IIEHNST HATYPHBIX 9KCIIEPHMEHTOB, BBIMOJTHEHHBIX METO/[AMY HA3eMHON
Te0dJIEKTPUKH C 1I€JIbI0 M3Y4YeHHsI [IOBEAEHUS] TEMIIEPATYPHOTO 110JIs1 KPHOJUTO30HbI Boctounoit Cubupu u
JanbHero BocToka. YcTaHOBJIEHA KOPPEISIUOHHAS! CBsI3b TapaMeTpa aMILIUTYTHOTO OCJIabJIeHHsT 3JIEKTPO-
MAarHUTHBIX [OJIEN B CJIOE TOIOBBIX TETJIO000POTOB € TEMITEPATYPOiT MEP3JIBIX TPYHTOB B 3TOM cJioe. B n3ydyennom
pETHOHE 9Ta CBSI3b KOPPEKTHO OMICHIBAETCS MOJIEJIBIO B BUJIE YPABHEHMS JIOTHCTHYECKOI pyHKinu. [IprBemeHbt
PEe3yJIbTAThI ATIPOOAIIMU MOJIEJTH Ha KOHKPETHBIX 0ObEKTAaX HHKEHEPHO-CTPOUTEILHBIX H3bICKaHUi. PaceMoTpe-
HBI BOIIPOCHI €€ IPUMEHEHUsSI B TPYAHOAOCTYITHBIX U MAJIOOOKUTHIX pailoHax JJisi HAYaIbHOU JIMAarHOCTUKK
TEIJIOBOTO COCTOSTHUSA MEP3JIBIX TPYHTOB U ITOCJIEAYIONIET0 KOHTPOJIA U3MEHEHN 9TOTO COCTOAHUA.
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TEMPERATURE BEHAVIOR OF PERMAFROST IN EAST SIBERIA AND RUSSIAN FAR EAST:
A REGIONAL MODEL IN CONTROLLED-SOURCE ELECTROMAGNETIC FIELDS
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The paper presents synthesis of land-based resistivity surveys for estimation of the thermal behavior of
permafrost in East Siberia and the Russian Far East. The approach is based on correlation between the attenuation
rate of electromagnetic fields in the active layer and ground temperatures. In the study area, this correlation
shows a satisfactory fit to the logistic function, which makes base for a regional model. The model has been tested
on several specific engineering objects. It is applicable to assessment of the initial thermal state of permafrost
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and its subsequent changes in hardly accessible and scarcely populated areas.
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BBEJEHHE

B smoxy 6ypHOTro pasBUTHUSI TEOKPUOJOTHU
I1.M. IBenos mpeamoarai, 4To KapAUHAIBHOE 13-
MEHEHHE YCJIOBHIA TemIo0OMeHa ¢ POCTOM TeMIlepa-
TYpPHI B €JI0€ ToHoBHIX Ternooboporos (CI'T) Moxer
[IPUBECTH K MTOJIHOMY YHUUTOXKEHUIO BEYHOU MEP3JI0-
Tol [Igeyos, 1959]. Bonbimoe 3HaUeHNE 3TOMY CIIOIO
npugaBaa A.T. AkumoB, HasbiBast ero “abpukoii”
KPUOTEHHBIX TIpotieccoB [Axumos, 1971, c. 10]. [leii-
CTBUTEJILHO, B 9TOM HEGOJIBIIOM 110 MOIHOCTHU CJIOE
(066190 10—20 M) poOTEKAIOT CIOKHbIE (PUsnUe-
CKWe, XUMUUYECKUE U MEXaHUIeCKHUe TIPOTIECCHI Tepe-
HOCA TeIlJIa, BEIeCTBA U KPUOTEHHOTO MeTaMopdbu3-
Ma. B npupoanbIx ycaoBUsX 3TH MPOIIECCH TeHEPH-
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pyloTCs eIMHCTBEHHBIM UCTOUHUKOM U TIEPBOTIPUYH-
HOM — TemoBoit sHeprueit ConHia. Ha 3acTpoeHHbBIX
TEPPUTOPHUSIX K Hell J00aBIsieTCst BHEIIHSIS U BHYT-
PEHHSS TeIJIOBask BHEPTUS aHTPOIIOTEHHBIX U TEXHO-
TeHHBIX UCTOYHUKOB. OHa, XOTS U HUYTOXKHA TI0 CPaB-
HeHUIO ¢ Heprueii CoJHIa, HO B psijie cJIydaeB Urpa-
€T OTpe/IeITIONIYI0 POJTh B c(hepe TeTIoBoro B3anMo-
JeCTBUS MEP3JIBIX TPYHTOB ¢ pyHIaMEeHTaMU WH-
JKeHepHBIX coOpysKeHUi. Bce ykazaHHble HCTOUHUKU
TETJIOBOM 2HEPTUM TMOPOXKA0T epruoandeckuil (B
Ce30HHBIX IIUKJIaX) W HeTIePUOANIECKUN HAarpeB 110
ryOUHEe MEP3JBIX TPYHTOB C HYJIEBBIM UM HEHY-
JIEBBIM TETIOBBIM OasancoM. T1ocTossHHbBIH N36BITOK
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TEIIOBOU SHEPTUH B 9TOM OasaHce 00yCIOBIMBAET
pPOCT TeMITepaTyPhl MEP3JIBIX TPYHTOB, KOTOPBIH B
CBOE BpeMsI TIPUBOJINT K YaCTUIHOM echopMarnu uiu
[TOJTHOMY Pa3pylIeHNI0 MHKEHEPHBIX COOPYKEHUI.
[TosToMy /sist cOXpaHEeHUs] WHKEHEPHBIX COOPYXKe-
HUIl BMeCTe C KDHOTEHHBIMU peCcypCcaM¥ BEUHOMH
MEepP3JI0Thl HEOHXOMMO TOCTOSTHHO KOHTPOJIUPOBATH
JMUHAMUKY TETIOBOTO COCTOSTHUST MEP3JIBIX TPYHTOB B
CI'T He TOJIBKO HA 3aCTPOEHHBIX TEPPUTOPUSIX, HO U B
MPUPOIHBIX YCJI0BUsAX. Pelutp aTy 3aauy TOIbKO
METO/IOM TEPMOMETPUU CKBAKUH HEBO3MOKHO U3-32
BBICOKOH CTOMMOCTU OYPOBBIX PAbOT U CJIOKHOCTH
COXpaHeHUs CKBAKWH B CETSIX MOHUTOPHUHTA B Te-
YeHue BCEr0 BPEMEHU DKCILIyATAI[UU MHIKEHEPHBIX
coopyxkenuit. Kpome Toro, mpuMeHeHne MeTOIa TEP-
MOMETPHUHU CKBAKUH HA 3ACTPOEHHBIX TEPPUTOPHSIX
CUJILHO 3aTPY/IHEHO, a TToJTydaeMast TouedHasi uHgop-
MAIIVST O TeMIIepaType MeP3JIbIX TPYHTOB HOCUT OTpa-
HUYEHHBIN XapaKTep B CBI3U C HEPABHOMEPHOCTBHIO 1
HEeZI0CTATOYHOI MJIOTHOCTBIO CETHU TEIJIOBOTO MOHU-
topunra. [Ipu aToM KapTHHA U3MEHUYUBOCTH TEMIIE-
partypsbl, a 3HAYUT, U TEILIIOBOTO IOBEIEHIS MEP3JIbIX
TPYHTOB MEXKY TOUKAMU OTIOPHBIX CKBAYKUH OCTAET-
Csl HEM3BECTHOM.

TMoaxo/b! K pelieHu o 3THX MPobJieM paspadaThi-
BafoTcsa MucTtutyTom MmepaiotoBenerus (UM3)
M. [I.1. MeapaukoBa CO PAH. ITonyueHHbie aBTO-
POM HacTosIei paboThl B 1a00PaTOPUK MHKEHEPHOI
reOKPUOJIOTHH 9TOTO UHCTUTYTA PE3yJIbTaThl TOJIe-
BBIX 9KCIIEPUMEHTOB C IPUBJICYEHNEM U CUCTEMATH-
3alueil MaTepruaJoB UCCAEIOBAHUN B JAHHOM Ha-
[IPABJIEHIH IPYTUX HAYYHBIX YUPEKAEHUI YCTAHOBU-
JIN KOPPEJISIIMOHHYIO CBSI3b MEXKY TeMIePaTypoii u
XaPaKTePUCTUKAMU JIEKTPOCENCMOAKYCTHUYECKUX
CBOWCTB 06PA3IOB U MACCUBOB MEP3JIBIX TPYHTOB.
CymiecTBoBaHME 3TOM CBA3M TMOCHYKUIO Husnde-
CKOHM OCHOBOM /IJIsI U3Y4YEHUSI TEIJIOBOTO MTOBE/IEHUS
MEpP3JIbIX I'PYHTOB B MCKYCCTBEHHO CO3/aBaeMBIX
AJIEKTPUYECKUX U YIIPYTUX MOJISIX METOLaMU HA3EM-
HO T€03JIEKTPUKH U CEHCMOAKYCTUKHU B IIPUPOIHBIX
YCJIOBUSIX U Ha 3aCTPOEHHBIX TEPPUTOPHUSX KPUOJIH-
To30HbI Poccuu. B 06111eM cirydae BBISIBIEHHBIE KOP-
PeJISIUU AT BO3MOKHOCTbD TIOJYYUTh KaUueCTBEH-
Hble ¥ KOJMYECTBEHHbIE OI[EHKH PEAKITHU MeP3JIbIX
IPYHTOB Ha 3JIEKTPOMAarHUTHOE M CeliCMOaKyCcThYe-
CKO€e BO3JIENCTBUS. JTa PeaKIlus IPUHUMAET BUJ[ CO-
TJIaCOBAaHHOM MPOCTPaHCTBEHHO-BPEMEHHOU U3MEH-
YUBOCTU TEMITEPATYPHI U KOMILIEKCHON HOPMUPOBAH-
HOU XapaKTEPUCTUKU 3JEKTPOCEUCMOAKYCTUUECKIX
CBOWCTB HarPEBAEMBIX WJIH OXJIAXKIAEMbIX 00Pa3IoB
U MacCHBOB Mep3JibiX rpyHTOB | Hepadosckuii, 2014al.
AnanornynbiM o6pasom npossasgerca B CI'T kpuo-
snto3oHbl Boctounoit Cubupu u Janbuero Bocroka
PeaKInst MeP3JBIX TPYHTOB Ha BO3OYKICHNE BBICO-
KOYaCTOTHBIMY UMITYJIBCHBIMU M TADMOHUYECKUMU
3JIEKTPOMATHUTHBIMU ToJsiMuU. Hacrostias pabora
MOCBAIIEHA OlleHKe HAYIHON 3HAYMMOCTH 9TOI 4acT-

HOU PeakIny, OMMChIBAEMOUN PETHOHAIBHOU MOJie-
JIBIO, a TaKKe BOMIPOCAM ee MPaKTUIeCKOro MpruMeHe-
HUSI, KOTOPBIE OCTAIMCH HEOIyOJIMKOBaHHBIMU.

DOAKTUYECKUI MATEPUAJI
HUCCJIEIOBAHUMN

Marepuas HaKkOIJIEH 32 AJUTEJbHBIN IEepUOJ
TpOBe/leHNs HAaTYPHBIX aKcmepuMeHTOB (1986—
2012 rr.) MeTosamMu TeopaJN0JOKAIUY U JUCTAHIIH-
OHHOTO UHIYKTUBHOTO 30HAMPOBaHUA (fajee — Me-
TOZ MHAYKIMK) B KproanuTo30He Bocrounoit Cubupu
u J/lanpHero BocToka nmpenmyIiiecTBEHHO Ha TEPPUTO-
puu Pecniy6auku Caxa (IkyTust) u yactuuHo 3abaii-
KaJbCKOTO Kpast u AMypckott obmactu. Mecra mpoBe-
JIeHUS 9KCIEPUMEHTOB B SIKyTHH 1TOKa3aHbl HA KapTe
(puc. 1). M3-3a Meskoro MaciuTaba KapThl Ha Heil He
MMOKa3aHbl MHOTOUNCJICHHBIE TPACCHI IMHEWHBIX COO-
pysKeHui (aBTOZOPOT, Ta301IPOBOIOB, BOJIOBOIOB, JIH-
HUIi 3JIeKTpoliepesiad U CBA34, B3JIeTHO-TI0CAZI0YHbIX
TOJIOC 29POIPOMOB U TIP.), T/ OBLIN MPOBENEHDI IKC-
MIEPUMEHTBI.

O6beM (hakTHIECKOTO MaTepuajia OuyeHb HOJIb-
1o u He Bech o6paboTtan. [ToaTomy st nambHelen
PabOTHI C IENBIO TOCTPOEHUSI PETUOHATIBHON MOJIEN
HCMOJIBb30BaHA TOJBKO YaCTh 00PabOTAHHBIX JAHHBIX
10 00bEKTaM MHKEHEPHO-CTPOUTENbHBIX U3BICKAHUIT
(tabu. 1), mpuuem TakuM 006pa3oM, YTOOBI MpeCcTa-
BUTH MOJIETh B MAKCUMAJbHO BO3SMOXKHOM Pa3sHO00-
pa3uu WHKEHEPHO-TEOKPUOJIOTUUECKUX YCIOBUN 1
ITMPOKOM JIMANa30HEe U3MEHUYUBOCTHU TEMIIEPATYPBI
JIMCIIEPCHBIX, MOJIYCKAJIbHBIX U CKAJIbHBIX MEP3JIbIX
TPYHTOB.

B oro6pannbie ganHbie Bomin 1088 mapHbIx
3HAYEHU TeMIIepaTypbl Mep3JIbIX TPYHTOB U I1apa-
MeTpa aMILIUTYIHOTO OCTaOIEHNST 3TEKTPOMATHUT-
HbIX 110J1eit (kB), KOTOpbIil IIpejcTaBisgeT coO0i Mepy
oTHOCUTEeNbHOM ckopocTu 3atyxanus B CI'T curna-
JIOB, I3MEPSIEMBIX METO/ITAMU T€OPAMOTIOKATINY U UH-
nyknuu. YtoObl OTINYUTH IMITUPUYECKHIT TapaMeTp
k otT Teopernueckoro koabdunreHTa 3aTYXAHUSI
9JIEKTPOMArHUTHBIX TOJIEH, OH Ha3BaH MapaMeTPOM
aMILTUTYAHOTO ocIabieHust. MeTouka ero orpee-
JIEHUS OTIMCaHa HIKe.

METO/JUKA IIOJIEBbIX OKCIIEPUMEHTOB

B MmeToze mosynpoBOAHUKOBON TePMOMETPUN
CKBRJKMH TeMIlepaTypa Mep3JIbIX TPYHTOB OTlpe/iesis-
gacek mo OCT 25358-82 [1982] nyreMm usmepenust
MOCTaMH TIOCTOSTHHOTO TOKA ¥ APYTUMH IpUOOpaMu
AJIEKTPUYECKOTO COIIPOTUBJIEHUSI TEPMOPE3UCTOPOB
Mapku “MMT-4" ¢ mocaenyomuM MepeBoOM IO
rpayuPOBOYHBIM TAOJIUIAM Pe3YIbTATa U3MEPEHST
B 3HAUYEHUS TeMIepaTypsl ¢ To4HOCTBIO 10 0.01 °C
[Pyxosodcmeo..., 1985]. st IOCTPOEHUST pETHOHAIIb-
HOU MOJIEJTH MICTIOJIb30BAJIMCH 3HAYEHST TEMIIEPATYP,
MOJyYeHHbIe HA MAKCUMAaJbHOM TaybuHe OypeHust
CKBaKITH, KOTOPast M3MEHsLIach oT 8 10 15 M.
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Puc. 1. Kapra npoBeieHHsI 9KCIIEPHMEHTOB B OCBOCHHBIX PalilOHaAX KPUOJUTO30HBI SIKYTHH 110 H3YYEHHIO B
nepuoy 1986—2012 rr. cBs3u TeMneparypbl ¢ XapaKTEPUCTUKAMU CKOPOCTHU 3aTyXaHUSI CHTHAJIOB 3JIEKTPO-
MAarHUTHBIX 30HIHPOBAHMIA:

1a — Jlomtyka; 16 — Broreiinax; 2 — Maiist; 3 — Iasnosek; 4 — Huxnuii Beersix; 5 — JKaraii; 6 — Kanranacesr; 7a — Hamusr;, 76 —
Maran; 78 — Bepaurecrsx; 8a — Xataccor; 86 — Tabara; 9a — ITokposck; 96 — Moxcorosuiox; 10 — Tiomcst; 11 — Kpecr-Xaubmkai;
12a — Tomrop; 126 — Yoi6a; 13 — blteik-Kioénn; 14 — Xapbamax; 15 — Yypamua; 16 — Tupunr; 17 — Tyopa-Kioéin; 18 — Amra;
19 — Kronusr; 20 — Oxorekuil nepesos; 21a — Xaupira; 216 — [[xkebapuku-Xast; 22 — Kugepuku; 23 — 30J0TOPYIHOE MECTOPOK-
nenne “Hexpanunackoe”; 24 — Osenp; 25 — Kopremsix; 26 — Tommor; 27 — Uysabsman; 28 — Heprourpn; 29 — Jlenck; 30 — Butnw;
31 — Koicoun-Coip; 32 — bararait; 33 — Anbrua; 34 — [lenyratckuit; 35 — Hokypaax; 36 — Yroabubiit; 37 — 3bipsiaka; 38 — Cpenne-
koutbiMck; 39 — Kostbimekoe; 40a — MupHsiit; 406 — Ceetabiit; 41 — YepHbiineBekuit; 42a — Anpan; 426 — Huskauit Kypanax; 43 —
Hiop6a; 44 — Bumoiick; 45 — Atixan; 46 — Y naunbiit; 47 — 6ensx; 48 — Tukcunckas ADC; 49 — 30J10TOpPYIHOE MECTOPOIKIEHIE
“Krouyc”.

PaboTrbl MeTOJaMK T€OPaANOJIOKAIMY U MHAYK-  paauojiokanuyu u nuaykuuu [Hepadosckuii, 2009;
[[UU BBITIOJHSJIUCH B OKPECTHOCTHU CKBaKWH TepMO-  Cnocob...., 2011]. Takas MeTonuka pazpaboTaHa JJist
METPUHU C U3MEHEHUEM MECTOTIOJNIOKEHNS U a3UMYy-  U3YYEHUS TETIOBOTO MOBEICHISI KPUOTEHHBIX CUCTEM
TaJbHOW OPUEHTAIMU TPUEMHBIX U Tepefalnnux 1mepexopHoro tuna [ Xumenkos, 2002], yactpio KOTO-
anTeHH. [TapameTp k onpezesisiiics Kak cpejiHee 3Ha-  PBIX SBJISIIOTCS MeP3Jible TPYHTHI ¢ HEPaBHOBECHOI
yeHue 10 MHOTOPA30BbIM U3MEPEHUSIM CUTHAJIOB Teo-  TepMoauHamukoi B CI'T. Dta MeToiuka TpyoeMKa 1
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Tabauma 1. Cn1cok 00bEKTOB HATYPHBIX 9KCIIEPUMEHTOB
Koun-Bo Pernon Hacenennbrii myHKT, I .
CKBayKUH KPHOJUTO30HBI 00BEKT DKCILTyaTaluu O/ SKRCHCpUMEHTA Ty15°C
Memoo zeopaduonoxayuu
59 CBs rT. 3BIPSTHKA 1987 +0.5..—4.4
35 1A r. SIkyrck, 3enenprii JIyr 1987 +0.1..—-2.4
30 104 /1 ct. Kiopresisx 1990 -0.3..-5.4
120 104 r. Hepionrpu BecHa 1988-1990 +6.8..-3.2
67 1A /1 ct. [IpaBas Jlena—ct. H-Bectax 1990 +0.0...-3.8
93 111 r. Axyrcx. HIIM BecrHa—ocenb 2001-2003 +7.6..—4.4
96 34 r. MupHblii 2007 +2.2..-6.2
18 1A craguon IOHOCTD 2007 -0.3..—4.3
69 1A kBapTan 84 r. fkyrcka 2008 +0.2..-2.7
1 1151 r. SIkyTck, Cepreusixckoe mocce 2008 -0.5..-5.8
57 1§71 mountopuar M3 CO PAH r. fIkyTcka 2010 +10.0...-6.5
47 1A r. ddxyrck, TIIL 2005 +12.4..-4.0
Memoo unoyxuyuu

1 CBA nrr. Yepckwii, p. Kosbiva 1988 -3.8..-6.2
33 CB4A nurt. Tukcen, Tukcunckas AIC 1989-1990 —-4.4..—11.7
49 1A /1 ct. [IpaBas Jlena—ct. H-Bectax 1990 +1.2..-3.8
29 CB4 MECTOPOK/IeHUE aIMa30B buiiisx 2000 -1.1..9.6

21 1A aBroziopora AAAM 2006 -1.1..-4.0
23 CBA MECTOPOKIeHHE PyHOTO 30510Ta “Krouyc” 2007 -4.7..-8.5
109 A kBapran 84 r. Axyrcka 2008 +2.5..-6.0
31 1A /1 TommoT—SAKyTCK 2011 +0.2..—4.5
16 111 neckn ASIM, x/n Tommor—SKyTCK 2011 -0.1..-0.9
34 111 asrojiopora “Butioit” 2012 -0.5..-3.8
30 3abaiikanbckuii Kp., aBroziopora P-297 “Amyp” 2013 +3.4..—1.2

Amypckast 061

[Mpumeuanue. CBA — Cesepo-Bocrox Axyruu; [[A — Hentpanbnas Axyrus; 34 — 3anaguaga Axyrus; HIIM — Ha-
[MOHAJIbHBIN EHTP MEIUIIUHBI, T7ie SIKyTCKast TIOMCKOBO-CheMOUHAS IKCITEUIINST BBITIOJIHSIIA MOHUTOPHUHT OMACHBIX 9K30T€HHBIX
mporieccoB 1 siBaernin; ASIM — Amypo-SIkyTckas aBromarnctpais; Ty 5 — TeMiepatypa Ha riyoure 8—15 M.

CJIOKHA, HO B CPABHEHWHU C PACIPOCTPAHEHHBIMU
METO/IMKaMU O/THOPA30BbIX I/IBMepeHI/Iﬁ OHa rapaHTH-
PYeT IOCTOBEPHBIN Pe3yJIbTAT UCCIeJOBAHUS CTOXA-
CTUYECKOTO MPOIlecca PpacpoCTpaHeHus B HEOIHO-
POJTHBIX ¥ aHU30TPOITHBIX MEP3JIbIX TPYHTaX 3JIEKTPO-
MAaTHUTHBIX TTOJIET.

CI/II‘HB_]H:I, n3ydaemMbl€ METOJOM MOHOUMITYJIbC-
HO#! reopaMosIoKaInK, MpeCTaBIsAIM coOO0M moce-
JIOBATEJIbHYIO BO BPEMEHHU U3MEPEHH COBOKYITHOCTD
3HAYEHUN aMILTHTY/T 30HUPYIONIETO UMITYJIbCA U HM-
YJIbCOB HATIPSIKEHHOCTH AJIEKTPUYECKOM COCTABJIS-
IOH.[efI QJIEKTPOMATrHUTHOTO I10JIA, OTPAKEHHbIX OT
rpaHUIl MeP3JbIX TPYHTOB. M3aMepeHnne aMIanTy
UMITYJbCOB BBIITOJTHAJJOCH TreopagapaMu C aHTE€HHaA-
MU, pabOTAIIMMHU Ha IIeHTPaibHOU yactore ot 30 10

400 MT'11 1 obecreunBaOIIMU U3yYeHIe MEP3JIBIX
IPYHTOB JI0 MAKCUMAJIbHOU TJIyOUHbI 3aJI€TaHUST HUXK-
ueit rpanuisl CI'T (30-50 m). Meroauku uamepe-
HUH, 00pabOTKY U HHTEPIPETAI[UU CUTHATIOB TeOpa-
JIMOJIOKAIMY OMUCAHBI B yueOHOM TIocobun | Baados,
Cmapoesoiimos, 2005] 1 METOAMYIECKOM PYKOBOJICTBE
[Hepadosckuit, 2009].

CurHamsl, NccaeryeMble METOIOM MHAYKITUH,
npejacTaBisaan co6oil 3HaveHuss amruTyn H, —
BEPTHUKATIBHON COCTABJISIONIEN HAPSIKEHHOCTH Tap-
MOHMYECKOTO MAarHUTHOTO I0JIsI BEPTUKAJIbHOTO
MaruutHoro aunojsa (BM/)2 DToT usayyaomuii
JIUTIOJIb U IPUEMHBIH JUTTI0JIb KOHCTPYKTUBHO BBITIOJI-
HEHbI B BU/Ie KPYTJIbIX AHTEHH C BHYTPEHHUM U BHEIII-
nuMm guamerpamu 0.30—-0.32 m.

1 B 1eJIOM, reopaJinoJioKalnio ¢ HEKOTOPbIMU JIOIIYIIEHUAMUN MOKHO CYUTATh MOHOMMIIy]leHOﬁ, X0TA (bopMa n JIJINTEJIb-
HOCTb MOHOHMMILYJIbCA, U3JIy4a€eMOTO AHTEHHON reopazapa ¢ OJJHUM KosebanueM IJIEKTPHUIECKOTO TOKA, UCKAYKAETCA I‘pyHTOBOﬁ

CpeIoit.

2 Jlunosb OPUEHTUPOBAH B FOPM30HTAJILHOI IIJIOCKOCTH, UTO COOTBETCTBYET HAIPABJICHUIO BEKTOPA MarHUTHOIO MOMEHTa
JIATIOJSE TIO BEPTUKAIBHON OcH. VI3aMepeHue OHON BEPTHKATBHOI COCTABIISIONIEI OOBSICHSIETCST TEM, YTO B OTJINYHE OT TOPU30H-
TaJIbHOI COCTABJISIONIEN OHA MeHee MOJIBEPKEHA BIUSHUIO HEPOBHOCTEN peibeha MECTHOCTHU, MH/IYCTPUATBHBIX TIOMEX U HECET OC-
HOBHY0 HH(bOPMAIHIO 0 peayJibrare Tpoiiecca 3aryxanus B CI'T cyMMapHOTo nepBHYHOTO U BTOPHYHOTO 1oJist BM/I 1o rary6Gue.
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WNsmepennsa H, BBIIOJHAIUCH HAa 4acCTOTeE
1.125 MTI'i anmapatypoii “COM3” [Jebedes u dp.,
1991] mo metoauke naydenus ¢pona BM/I ¢ pacmozo-
JKEHUEM JIUTIONIel Ha BhIcoTe OKoJIo 1 M HaJl TOBEepX-
HOCTBIO 3eMa [3adepuzonosa, 1998]. Nanyuatomuit
JIUTIOTh HETIOABMIKHO YCTAHABJINUBAJICS B TOPU30H-
TAJbHOM IT0JIOXKEHUH Ha Te0Ie3MYeCKOIl TPEHOTE OKO-
JIO CKBOKMHBI TepMOMeTpuH. [IpremMHbIil TUTOIb B
TAaKOM K€ TOPM30HTAJbHOM IOJIOXKEHUU Yepe3 S M
YIQJISIIICST OT U3JTYYaIOIIero AUI0JIsl HA PACCTOSTHUE OT
5 110 50 M.

Taxas cxema n3MepeHUH B yCJIOBUSX NIMPOKOMN
M3MEHYNBOCTU 3(PHEKTUBHOTO 3TEKTPUUECKOTO CO-
npotusisenns (100—-10 000 Om-m) Mep3JbIX TPYHTOB
obecrieunsia u3ydeHre UX TEMJI0BOTO TIOBEIEHNUS B
CI'T 1o riayOuHbl TEpMOMETPUN CKBaXKIH 10 M.

O06paboTKa CUrHAJIOB MHAYKIUU COCTOSIA B all-
ITPOKCHMAIINH CTEeNIeHHOU (DYHKITMe 3aKOHOMEPHOTO
YMeHbIIeHUs aMIIUTy A H, B 3aBuUCUMOCTH OT pac-
CTOSTHUST MEKY U3JTyYAIONM U U3MEePHUTETbHbIM J[1-
MOJISIMU.

B otinune ot skcnoHeHIIMANTBHON (PYHKIUH, KO-
TOPAsl UCIOJb3YETCS B TEOPETHYECKUX OIEHKAX KO-
abdunmenTa 3aTyXaHMs 3JIEKTPOMATHUTHBIX IOJIEl B
UjieaTbHON MOJIESTN OJTHOPOIHOTO U30TPOITHOTO HUXK-
HETO MOJYITPOCTPAHCTBA, CTeNeHHAsT (DYHKIIHS 110 pe-
3yJIbTaTaM MHOTOPA30BbIX UBMEPEHUI CUTHATIOB T'e0-
PAZMOJIOKAIINN W UHAYKIIWH C BBICOKON TOYHOCTHIO
ANIPOKCUMUPYET 3TOT JKe MPOIECC B PEATbHOI TPYH-
TOBOHW MOJIeJTN HUKHETO aHU30TPOITHOTO TIOJYITPO-
crpaHcTBa — MepaJbix rpyHTax CI'T. imenno moato-
MYy TIOKa3aTesb CTeMeHHOW (DYHKITUU MPUHST 32 KO-
JINYECTBEHHYIO OTIEHKY R.

Mertposorndeckasi TOUHOCTD 3TOM OIIEHKU HEU3-
BECTHA M3-32 HEBO3MOXKHOCTHU IIPOBECTU CPaBHEHHE
MOJIEBBIX 3HAYEHUN C UCTUHHBIM 3HAYEHUEM R Mep3-
JIBIX TpyHTOB. OIHAKO CTaTHCTHYECKAs OIleHKa B 13-
BectHa | Hepadosckuii, 2009]. TIpuMeHUTETHHO K Me-
TOJY T€OPAIUOJOKAIIUUA BbICOKAST OTHOCUTEIbHAS
TOYHOCTH OIleHKH k, paBHas +(1-5) %, mocruraercs
NIPU 3alMCU CUTHAJOB C JUHEWHOW MJIOTHOCTBIO
20 Tpacc Ha METp 110 YeThIPeM TTPOGUIIAM JINHON IO
1 M B IBYX HEPIEHANKYISIPHBIX a3UMyTax BOTU3U
CKBAJKMHBI UJIU TONOMUKETA HA PACCTOSIHUU 3—5 M.
Uro KacaeTcst METO/Ia MHAYKIIMH, TO JIJIT HETO UCCJie-
JIOBAHUST CTATHCTUYECKOH OIEHKH TOYHOCTH k TTOKa
He BbITOJTHEHBI. [ToaToMy a7 aTOTO MeETOMA TOU-
HOCTD OIeHKU & TPUPABHUBAIACH K TOYHOCTH KOHT-
pOJIbHBIX U3Mepenuil [, koTopas usMeHANIach OT
0.3 10 7.7 % tipu cpeaHeM sHaueHn™ 4.4 %. Takne mo-
KazaTeJu TOYHOCTU YAOBJIETBOPAIOT TPeGOBAHUAM
IpakTuky [ Mucmpyxyus..., 1984]. Cnemyer 3aMeTHTs,
41O 1pu paboTe HA 3ACTPOEHHDBIX TEPPUTOPHUSIX U3-32
BJIUSTHUST UH/YCTPUAAIBHBIX TIOMEX TOYHOCTD TTOJIEBBIX

U3MepeHuit MOKeT CHIKAThesT 10 15—-30 %, Ho maxe
9TU HeGIATONPUSITHDIE YCIOBUS He MENaioT TOCTH-
raTh yJOBJETBOPUTEIBHOTO Ka4ecTBa PE3yJIbTaTOB
U3YYEHUsl TEMIOBOTO TIOBEICHNST MEP3JIBIX TPYHTOB.
B MeTo1ax reopagnoIoKanuy 1 MHAYKIAX mapa-
meTp k umeer pasmeproctb He ! u M~ [TOCT 8.417-
2002, 2002]. Tloatomy At pACCMOTPEHUST B PETHO-
HANBLHON MOZIeM ¢ GOMBIINUM JUATTA30HOM U3MEHe-
HUS a0COMOTHBIX 3HAYEHNUH TTapaMeTpa k ux HysKHO
OBLITO TIPUBECTH B €ANHYIO MIKATY OTHOCUTETbHBIX
sHavyeHuit. Crenano aTo o6UENPUHATHIM CIOCOOOM
HOPMUPOBKH, T. €. JIeJIEHNEM KOHKPETHBIX 3HAYEHU T
k Ha MakcuMasbHble sHauenus (1.41 ne™!, 6.06 m~1).

OIIMCAHUE PETUOHAJIbBHOI MOJIEJIN

B rcxomHOM BHjie MOZENH MIPeACTaBIsieT coO0i
rpacuk 0606IIEHHOTO TTOJIST PACCESTHUSA HOPMUPOBAH-
HBIX 3HAUYEHUI HapameTpa k, IOCTPOEHHBIN B HAIIpaB-
sernn Harpesa CI'T Bocrounoit Cubupu u JanbHero
BocTtoka ¢ poctom TemmiepaTypbl MEP3JIbIX TPYHTOB
Ha MaKCUMAJIbHOW TIIyOUHE TEPMOMETPUN CKBAKUH
8—15 m (puc. 2). Ira Mojenb oTobpakaeT obIIYIO
PEaKInio OCHOBHBIX JINTOTUIIOB MEP3JIbIX TPYHTOB
(McTIepCHBIX, TOTYCKAJIbHBIX, CKAThHBIX ) HA 9JIEKT-
pPOMarHuTHOE BO3OYKICHNE UMITYIbCHBIM TIOJIEM C
M3MEPEHNEM CUTHAJIOB reopaiuoJIOKaIuN WU Tap-
MoHUYecKnM moseM BM/I ¢ mameperremM CUTHAJIOB
WHIYKINU. B 9TOW peakiny mposiBJISIeTCS pe3yibTar
CYMMapHOTO BJIMSHUSA CIyYallHbIX (BePOSITHOCTHBIX)
(hakTOpPOB HEreoIOTMYECKON, MEP3JIOTHO-TPYHTOBOM
TIPUPO/ILI U IETEPMIHUPOBAHHOTO (OTIPE/IeSIONIETO)
TeroBoro dakTopa Ha mporecc 3aryxanaus B CI'T
9JIEKTPOMATHUTHBIX TTosieli. /lelicTBUE TEIJI0BOTO
(akTopa JOMUHUPYET HAJl BCEMU CJyYalHbIMU (Dak-
TOpaMu, OPOK/Asl COTJIACOBAHHOE U3MEHEeHNEe TeM-
nepaTypbl 1 mapamerpa k. B mporuBHOM cirydae He-
BO3MOYKHO OBIJIO GBI YBUIETH KOPPEJATIMOHHBIH CJIe]T
napamerpa k B 06JacTU OTPUIATETHHBIX 3HAUEHUI
TeMIiepatyp. B 00/acTv mMoJIOKUTENbHBIX 3HAYEHU I
TeMIIepaTyp KOPPEJISIMOHHBIN ciiell B CTAaHOBUTCS
MeHee TUIOTHBIM U TePsieT BUMMOCTD IJIABHBIM 06pa-
30M M3-3a TIOTEPHU IOMUHUPYIONIEN POJIU TETJIOBOTO
(hakTopa M oTYACTU MO TPUYNHE MEHBINETO YUCJIA
onpeziesieHuit mapaMeTpa k B aToi 0bacTu.

[ns1 paznesbHOTO U3yveHus TeMiepaTypHoOn -
Hamuku napamerpa k B CI'T o6mast pernonasbHast
MoJleJIb pas/ieleHa Ha iBe YacTU, COCTOAINE U3 JaH-
HBIX METO/IOB TeopainoJoKanuu u nHaAyknun. [lo
3TUM JIAaHHBIM Cc/leJlaHa arperamus TeMIlepaTypHbIX
PANIOB TIyTeM OCPeHEHUS UX 3HAYEHUH B COOTBET-
CTBYMOIIUX WHTEPBaJaX PABHOMEPHOTO Pa3OMeHMs
Jrana3oHa N3MEHYNBOCTH HOPMUPOBAHHBIX 3HaYe-
uuii k£ (0.0-0.1,0.1-0.2, ..., 0.9-1.0). ITo pe3ysbraTtam
arperaruu (Tabut. 2, 3) HOCTPOEHDI TPaUKK YACTHBIX

3 Ha a10i1 yacToTe, Kak MOKa3bIBAET IPAKTUKA, [TAPAMETP aMILTUTYAHOTO ocabienus H, ONTUMAJIEH 110 UyBCTBUTEILHOCTH K
U3MEHEHUIO CBOMCTB MepaJibix TPyHTOB B 1ipejesiax CI'T 110 Hanbosiee 4acTo n3ydaeMoi METOZOM TEPMOMETPUM CKBAKUH TIYOHMHBI

10 m.
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Puc. 2. O6mas perdoHajbHasi MOJ€e/b CBA3H 3HAYEHUI HOPMHPOBAHHOTO NMAapaMeTPa aMILIUTYIAHOIO OC-
na6aenus (k) curnanos unaykuuu (rpaduk 7) u reopaguonokanuu (rpaduk 2) ¢ TeMneparypoil MepaJbix
TPYHTOB B CJIO€ TOJIOBBIX TEII0O000POTOB Ha rryoune 8—13 M (Tg_y5, °C).

Tabauma 2. ArperupoBaHHbIe 3HAUECHUS] TEMIIEPATYPbI MEPBJIBIX TPYHTOR 110 IAHHBIM METO/IA F€0PAHOIOKAIUM

k, oTH. ex1. Cpennee Meuana Mozna ijl?)iiﬁ?&g Mus. Makc. KOZJ[IG'J?ZH(I)/IF%PG‘ 3;233?955/1%
0.078 —4.2 —4.5 —-4.0 1.5 -6.1 -1.2 22 0.7
0.163 -3.0 -3.0 -3.1 1.7 -6.5 0.0 111 0.3
0.248 -1.5 -1.4 -1.4 1.6 -5.4 4.6 203 0.2
0.333 -1.0 -1.0 -0.7 1.6 -4.3 4.8 173 0.2
0.447 -0.6 -0.6 -0.3 1.5 -34 4.8 95 0.3
0.546 0.2 -0.2 -0.2 1.7 -2.7 6.5 65 0.4
0.631 0.7 0.0 -0.1 1.7 -1.2 5.5 18 0.9
0.723 2.0 1.7 - 1.2 0.5 3.8 6 1.3
0.837 4.7 4.2 - 41 0.5 10 5 5.1
0.972 1.8 1.8 - 0.4 1.4 2.2 3 1.0

TaGauia 3. ArperupoBaHHbIE 3HAYEHHS] TEMIIEPATYPbI MEP3JIBIX TPYHTOB MO

JAaHHBIM ME€TOZla UHAYKIINN

k, oTh. en. Cpennee Menana Moza i;ifé;;g Mu. Maxc. KO;;SH‘;Hﬁpe' B;ESEZHE;SH‘%
0.096 -9.9 -10.2 - 1.3 -11.0 -84 3 3.3
0.165 -8.3 -8.3 -8.2 2.0 -11.7 -3.0 31 0.7
0.238 -4.9 -5.0 -6.2 1.8 =79 -2.1 32 0.6
0.358 -3.5 -34 -0.6 2.6 -9.3 —-0.1 59 0.7
0.434 -2.3 -21 -0.3 1.9 -8.0 0.0 108 0.4
0.536 -1.2 -1.2 -14 0.6 -2.8 -0.2 73 0.2
0.640 -0.8 -0.7 -0.7 0.9 -2.8 2.2 46 0.3
0.729 -04 -0.4 -1.2 1.1 -1.7 3.4 25 0.4
0.848 0.1 0.0 0.2 0.6 -1.1 1.2 17 0.3
0.924 1.2 1.2 - 0.9 0.1 2.5 6 1.0
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(TTOMETOIHBIX) PETUOHANBHBIX MoJieselt (puc. 3). Vx
ANMPOKCUMAIIHS PAa3HBIMUA MaTeMaTUIECKUMU (DYHK-
[USIMU YCTAHOBUJIA, YTO JIJIST (PEHOMEHOJIOTUYECKOTO
OTIMCAHUSI TETIJIOBOTO TIOBEIEHUST MEP3JIBIX TPYHTOB
Ha reppuropuu Pecirybauku Caxa (IkyrTus), 3abaii-
KaJIbCKOTO Kpasi 1 AMYPCKO 00J1acTH JIydlile BCEro
MOJIXO/IUT YPaBHEHKE JIOTUCTUYECKON (DYHKIUH, BXO-
JSIell B KJacC CUrMOMIAIbHbIX MyHKIUH. ObImast
3aIKCh YPAaBHEHUST JIOTUCTUYECKON (DYHKIIMU UMeeT

ky :[(ao +a, )/(1+a2 exp(agt))}é} ,

rJie ¢t — TeMIlepaTypa Mep3JbiX TpyHTOB, "C; k — mapa-
MeTp aMIIUTyAHOro ocnabaenus, ne ! (mam m—1);
ay—as — aMIvpudeckue KoahOUIMEHTHI, 3aBHUCAIINE
OT UH)KEHEPHO-Te0JOIMYECKUX YCIOBUN CTPOUTEb-
CTBA M IKCILIyaTAI[NU WH)KEHEPHBIX COOPYKEHU;
8 — caryyaiiHas ourOKa.

[l71s1 paccMaTpUBaeMBbIX IAHHBIX METO/IOB reopa-
JIVOJIOKAIMK 1 MHAYKIIMU 3HAYEHUS dyg—ds U & He
OIIPEJIETISIIACH, TIOCKOJIBKY JIJIsI IOCTHKEHUST IOCTAB-
JIEHHOH! 11eJTu (M3y4YeHHsT BO3MOKHOCTHU MCIIOIb30Ba-
HUSI PETHOHAJIbHOW MOJIEN B IMATHOCTUKE TEIJIOBO-
TO COCTOSIHUSI MEP3JIBIX TPYHTOB) JI0CTATOYHO OBLIO
rpaduyeckoro matepuasa (cm. puc. 3).

BaxxHO OTMETUTH, YTO ypaBHEHUE JOTHCTIYE-
CKO¥ pyHKIMU ecTb HanboJiee MPOCTast AHATUTHYE-
CKasl 3aMUCh OOIIETO 3aKOHA, IUPOKO TIPUMEHSIEMOTO
B TEOPUU BEPOSITHOCTH, PYHTOBEEHNH, SKOJOTUH,
Teopun KatacTpod U APyrux o6JIaCTSIX 3HAHUIT 151
U3Yy4€eHUs IBOJIONMOHHO MEIJIEHHOTO WU KAaTacTPo-
(buuecku MrHOBEHHOTO TIOBEIEHUST U PA3BUTHUS MIPU-
POAHO-TEXHUYECKUX CHCTEM MEKIY ABYMSI KPailHu-
MU COCTOSTHUAMY (HAYaJIbHBIM U KOHEYHBIM ).

TaxuM 06pa3soM, PErHOHATBHYIO MOJIEb JIOTHY-
HO paccMaTrpuBaTh Kak 4acTHYIO popMmy o01ero 3a-
KOHA, ONMUCHIBAIOIIETO B 9JIEKTPOMATHUTHBIX MTOJISIX
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JUHAMUKY TelJoBoro rnoBenenus rpyutos B CI'T
MEKTy MEP3JIBIM U TAJIBIM COCTOSTHUSIMU. B TakoM Ka-
YecTBE PETMOHATbHAS MOJIEb JIOTUCTUYECKOTO THIIA
CTaHOBUTCS (PU3NUYECKU KOPPEKTHOMH, U ee MOXKHO
MIPU3HATDH BA)KHOM YaCThIO CHHTE3UPOBAHHBIX 3HAHUI
JUISE HayKu Kprocodun 3eMJiIu, TPUHITUATIBI TTOCTpoe-
HUS ¥ HAIIPaBJIEHUS Pa3BUTUS KOTOPOH 3aJI05KE€HBI U
passuBatoTcs B.II. MerpHUKOBBIM € coaBT. [20713].

PaccmoTpuM Tpu OCHOBHBIX CTaZUU TEIJIOBOTO
TTOBe/IeHNsT HarpeBaeMbix Mep3Jibix TpyHTOB B CI'T,
KOTOPBIE BBIJIEJIEHBI 10 CKOPOCTU U3MEHEHUS UJIH
TEMIIy POCTa Iapamerpa & u HabJogaoTcs Ha rpadu-
KaX YaCTHBIX PETUOHAIbHBIX Mojiesielt (cM. puc. 3).

[TepBas cragust (yuactox AB) — MOHOTOHHO
MeJIEHHBIN pocT mapaMerpa k ¢ temmom 0.05 oTH.
en./°C B WHTEepBajie CPAaBHUTEJIHHO HU3KUX U yMe-
PEHHBIX TeMIieparyp Mep3Jbix rpyaToB —1..—12 ° C.
B »T0I1 HavanpHOU CTAAUU TEIJOBOTO IIOBEIEHUS
TPYHTBI HAXOAATCSA B YCTOWYUBOM TBEPAOMEP3JIOM
COCTOSTHWH, HO 10 MepPe POCTa TeEMIIEPATYPbl OHO He-
3aMETHO CTAHOBUTCSI BCe DOJIeE HEYCTOMUMBBIM BMEC-
Te ¢ yXyAIlleHNeM MeXaHuueckoil npoynoctu. [Ipn
TOM MeP3Jible TPYHTBI BCE €Ille OCTAIOTCS BIIOJIHE
MPUTOJITHBIMU B KAYeCTBE YCTOMUUBBIX U HAIEKHDIX
OCHOBAHUM JIJIS1 CTPOUTENLCTBA MHKEHEPHDIX COOPY-
KEHUM.

Bropas cragus (yuactok BC) — akcTpeMasibHbIi
poct 3nauenwuii k ¢ remmom 0.247 orn.ex./°C mipu mpe-
BBIIIIEHUU TEMIIEPATyPhl MEP3JIbIX I'PYHTOB BBIIIIE
—1.4 °C (o panubiM reopaauosiokanun) u —1.2 °C
(1o nanubIM nHAY KWK ). Ha aToit ctagum 3amyckaet-
cs1 TaBUHOOOpasHBIN Tpoliece (haszoBoOro mepexoaa
JIbJIa B BOJLY, BCJIEJICTBUE YETO MEP3JIbIe TPYHTHI OKa-
3bIBAIOTCA B KPUTHMYECKU HEYCTOWYMBOM TEIJIOBOM
cocrosguuu. ITo panusim H.A. IlpiToBuua [ 79451, na
3TOH CTaJ UM CKOPOCTDb Mepexo/a Jbjla B BOAY B
MEP3JIBbIX JUCIEPCHBIX TPYHTAX MeCYaHO-TIIMHUCTOTO

6

k, OTH. eq.

Tg_15,°C

Puc. 3. YactHble arpernpoBaHHbI€ peTHOHAJIbHBIE MOIEJIH CBA3U CPETHUX MeIUAHHBIX 3HAYEHUH MapaMeTpa
k curHaioB reopaauookanuy (¢) ¥ AUCTAHIUOHHOTO MHIAYKTUBHOIO 30HAMPOBaHus (6) ¢ TeMuepaTrypoi

MepP3JIbIX TPYHTOB Ha riayOune 8—135 m:

1 — rpad¥K 3aBHCHMOCTH CPEAHUX MeIMAHHBIX 3HAYEHU I TapaMeTpa & OT TeMIepaTyphl; 2, 3 — TPaHUIIbl H3MEHYNBOCTH CPEHEN
TeMIIePaTyPbl MEKLy MUHUMAJIbHBIMU U MAKCHMAJIbHBIMU 3HAYEHUSIMU HA YPOBHE JI0BepuTebHOU BepositHocTu 70 %. Ilosicnenust

B TEKCTE.
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cocTaBa MakcuMasbHa u mpesbimaer 1 % nHa 1 °C.
B He3aco/ieHHBIX IUCTIEPCHBIX TPYHTAX MECYAHOTO CO-
CTaBa U MIPOYHBIX CKAJIbHBIX IPYHTAX MEPEXO]T IIPOUC-
xonut O6bIcTpo 1pu TemnepaType biie —0.5...—1.0 °C.
B 3acoJ/ileHHBIX TUCTIEPCHBIX TPYHTAX TJIIMHUCTOTO CO-
cTaBa U cJI1a0OIPOYHBIX MOJYCKAAbHBIX IPYHTAX IIe-
PEX0/ MPOUCXOIUT MeJIeHHee Mpu OoJiee HU3KUX
temreparypax (—3..—5 °C). IIpu aTom B mepBoMm
cJIydae TeMII pocTa rapameTpa kB Bblllle, a TPaHUIIbI
HWHTepBaja pocTa 60jee OTUYETIUBbI, YeM BO BTOPOM
cayyJae.

Tpetbs cragusa (yaactrok CD) — acumnroTndec-
KHUI POCT mapaMerpa k K HEKOTOPOMY HOCTOSIHHOMY
sHauennto ¢ temmom 0.059 orn.ex./°C. Ha aroit cra-
JIUU MEP3JIble TPYHTBI HAXO/ISITCS B TAJIOM COCTOSTHUM.

Takum 06pasoM, HAGMIOAAS 32 JUHAMUKON TEM-
IIa pocTa IapaMeTpa k, MOXKHO [0CJIe0BaTEIbHO pe-
AT ABE 3aMa9u. Bo-mepBoIX, B TEKYIINN MOMEHT
BPEMEHH CJIEIaTh IUATHOCTUKY HAYaIbHOTO TETJIOBO-
ro TIOBEJEHUST MEP3JIBIX TPYHTOB HA TJIOMIAAN UK
Tpacce UCCIeyeEMOTO NHIKEHEPHOTO COOPYKEHUS.
Bo-BTOpBIX, OCYyIIECTBUTH B 3aJJaHHOM WHTEpBaJje
BpeMEHU KOHTPOJIb NU3MEHYMBOCTH TETJIOBOTO TOBE-
JIEHUST MEP3JIBIX TPYHTOB Ha 3TallaX CTPOUTENBCTBA U
AKCILTyaTallu WHKeHepHOTO coopy:kerus. [Ipu pe-
IIEHWH 3TUX 3a/1a4 HAJIO0 OTTMPAThCsT He HA MCXOHBIIH
(haxkTrueckuit MaTepua, COCTOSNINI U3 CIyYalHBIX
BapHaIliii mapameTpa k, B KOTOPBIX JIETKO 3aIyTaThCs,
a Ha pe3yJibTaT 1UcpoBoii punbrpanuu. Peusb ujger
00 M3BMEHYMBOCTHU CPEJHUX 3HAYEHUH &, KOTOpBIE pac-
CMaTpPUBAIOTCSA KaK 3aKOHOMEPHBIE TCHACHITUU UJIH
PasHOro MOPSAIKA IPOCTPAHCTBEHHbIE JIMO0 BPEMEH-
HbIE TPEH/bI. DTU JaHHbBIE SBJSIOTCS OCHOBOM st
MPUHATHS WHTEPIPETAIMOHHBIX PENIeHnit 0 (GOHO-
BOM U aHOMaJIbHOM TEIJIOBOM TIOBEJIEHIH MEP3JIbIX
rpyHTOB. [Ipy 5TOM HEOHO3HAYHOCTH PelIeHuil, 06-
YCJIOBJIEHHAsI HEKOPPEKTHOCTHIO PELIeHUsT 0OPaTHBIX
3a7a4 Teo(PU3NUKH, CYIIECTBEHHO CHUKAETCsI, a 00'b-
€KTUBHOCTD PACTET TP UCIOJIH30BAHUH TIPEIBAPH-
TEJIbHO COCTABJIEHHBIX KapT MEP3JIOTHON ChEMKHU 1
WHKEHEPHO-TE0JIOTHYECKOTO PAOHUPOBAHUS MECT-
HOCTH, IOCTPOEHHBIX 110 TIPUHITUAITY KJIIOUEBBIX yUaCT-
k0B [Kyodpssuyes u op., 1979]. Tpu HeobXoaMMOCTH
reoJIOTUYECKIE XapaKTEPUCTUKU YUYaCTKOB MECTHO-
CTH C aHOMAJIbHBIMU 3HAYEHUSIMU R YTOUHSIFOTCS J10-
[OJTHUTEJbHBIM OyPEHUEM KOHTPOJbHBIX CKBaKHH.

[Ipu KOHTpOJIE TETJIOBOTO MOBEJAEHMST MEP3JIBIX
IPYHTOB Ha CTaZlsIX MOHUTOPUHTOBBIX pabOT Ha/lexK-
HOCTH WHTEPIPETAIMOHHBIX PEIIEHUI BCET/a BLITIE,
YeM Ha CTQJIUM AMATHOCTUKHU, B CUJIYy TOTO UTO Bpe-
MeHHas [uHaMUKa TapaMeTpa B u3ydaercs Ha ILJI0-
I THOM WJTH JINHETHOM WHKEHEPHOM COOPYSKEHUN C
yoKe U3BECTHBIM U HEU3MEHHBIM CTPOEHWEM U COCTa-
BOM M€P3JIbIX PyHTOB. OIHAKO ¥ 3/1€Ch HYKHA OCTO-
POKHOCTH B OIl€HKE TEIJIOBOTO TIOBEIEHUST MEP3JIbIX

TPYHTOB, TaK KaK MO/l BIUSHUEM Pa3HbIX (DAaKTOPOB
BJIAXKHOCTD (JIBAMCTOCTH ), 3ACOJIEHHOCTD U APYTHE
CBOICTBA MOTYT U3MEHUTHCS HEKOHTPOJIUPYEMBIM
06pasoM. BobIyio HoMoIlb B 0OTOPAKOBKE TAKUX U3-
MEHEHUI 0Ka3bIBAIOT METEOPOJIOTUYECKUE JTaHHBIE
(mpuseMHast TEMITEPATYPa BO3/yXa, KOJUIECTBO T0K-
JIEBBIX OCAJIKOB, MOIITHOCTb CHEXXHOIO TIOKPOBa), a
TaKKe JaHHbIE O PACTUTEIbHOCTH, peJibethe MeCT-
HOCTHU U rIyOWHE Ce30HHOTO OTTAUBAHUS MEP3JIBIX
IPYHTOB.

ATIPOBAIIUA PETHUOHAJIbHOI MOJIEJIN

[lenb ampobaluu MoJIeJ M COCTOsIIA B I0KA3a-
TeJbCTBE BO3MOKHOCTH €€ IIPAKTUYeCKOro IpuMeHe-
HUS B TPYAHOMOCTYMHBIX ¥ MAJOOOKUTHIX palloHax
Cesepo-Bocroka dkyTun, re GbicTpast OpraHi3arust
MPOEKTHO-M3BICKATEIHCKUX PAbOT BCTPEYAET MOPOii
HEIPeoI0JMMble TPYAHOCTH. VIMEHHO B TaKUX Cypo-
BBIX IPUPOJIHBIX YCJIOBUSIX C OTIEPEKEHIEM OYPOBBIX
paboT U TEPMOMETPHY CKBaKMH METOJAMU Teopa-
JIMOJIOKAIIMY U UHAYKIUN 05KMIAeTCS MaKCUMAJIbHO
BO3MO’KHAsI 9KOHOMUYecKas 3(h(heKTUBHOCTH PErno-
HAJIbHOU MOJIEJIM KaK HHCTPYMEHTA HAuaJIbHO 00'b-
€KTHO-JIOKAJbHOM TUAarHOCTUKU OTHOCUTEJNBHON 13-
MEHYUBOCTH IO IJION[A/M TEIJIOBOTO MOBeJIeHUs
MEP3JIbIX IPYHTOB.

ITepBas ampobaiiyst MOZIENN CJIeJIAHA HA YUACTKE
JKenesHomoposkHON (k/m) ctaniuu H-BecTsx, pac-
MTOJIO’KEHHOU B Tipejiesiax JIeHo- AMTUHCKOTO MesK/y-
peuba? Ienrpanbao-Skyrckoil Husmennoctu. Paspes
IPYHTOBOTO OCHOBAHUS CTAHIMY 10 rayOouabl 10—
20 M cJT0KeH MEP3JIBIMU ITECKaM¥ 90JI0BOTO U AJLITIO-
BHAJIBHOT'O reHe3Hca ¢ MeXKMEP3JIOTHBIMU TaJIUKAMU.
Bnaronaps nx BAMSAHUIO TIECKY UMEIOT BBICOKYIO TEM-
nepaTypy, Koropas Ha riyouse 10 M u3MeHsieTcst OT
—0.1 10 0.5 °C.

Bropast anpo6arust mogenu BoinosHena Ha Ce-
Bepo-BocToxke AkyTuu B npenenax JAHCKOTO MI0CKO-
ropbsi, rie Ha 6oprax gosuHel pyd. Kouyc mianupy-
eTcsl OCTPOUTH Kapbep A00BIYM PYIHOTO 30JI10Ta.
Paspes 1osinHbBI HMeET CJI0KHOE CTPOeHMEe C BBICOKOI
U3MEHYUBOCTBIO CBONCTB ME3030MCKIUX TEPPUTEHHBIX
MOJYCKAJIBHBIX ¥ CKAJbHBIX TPYHTOB (aJI€BPOJIUTOB,
MECYAHNKOB, aPTUJIJINTOB) U MEPEKPHIBAIOIIEHN TOJIITH
J1eJTI0BUAJIbHO-2JII0OBUATIbHBIX M 03€PHO-AJIII0BUAJIb-
HBIX JIMCIIEPCHBIX TPYHTOB MECYAHO-TJTUHUCTOTO U
IPaBUITHO-TAJIEYHUKOBOTO COCTaBa C BKIYECHUEM
GOJIBIIIOTO YKCTIA MTOJUTEHETHYECKUX 3aJIexkKell moj-
3eMHBIX JIbJ0B. MomHocTs Toamu gocturaer 30—
60 M. TTo nanHbIM GypeHus Pa3BEAOYHBIX CKBAKIH,
temiepatypa Mepsibix rpyHToB B CI'T 10 riy6uHb
10 m mamensiercs ot —2.0 no —11.0 °C.

Tperbst anipobanust MOJIEN OCYIECTBIEHA B 3a-
OaiikaJIbCKOM Kpae 1 AMYPCKOI 00J1acTH Ha aBTO/IO-
pore “Amyp” (Uura—Xabaposck). Ee ocHoBanuem B

4 I/IC‘{eprIBaIOU_[ee OIlMcaHune IMpUupoaHbIX yC]IOBI/IfI " UHKEHEPHO-T€OJIOTUYECKUX ocobenHocreii JIeHo- AMIMHCKOTO MEKIYy-

peuns gano B paGore IT1.A. Cososbesa [ 1959].
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Tab6auia 4. ToO4HOCTH IPOTHO3HBIX OLEHOK
TeMIlepaTypbl MepP3JIbIX TPYHTOB

Temneparypa, °C
Miskenen- Ab6c. pazHOCTD
5 ob P" 1k o en. | Tepmo- | Permo- | onenok rem-
HBIIT OOBCKT MeTpusl | HalbHasA | meparypbl, °C
CKBKUH | MOJIEJIb
“H-Bectsax” |Mun. 0.33 -0.7 -3.8 -3.1
“H-Bectax” |Maxkc. 0.41 -0.1 -2.4 -2.3
“Krouyc” Mus. 0.33 -8.5 -3.8 4.7
“Kiouyc” Makc. 0.48 |  -4.5 -1.7 2.8
“Amyp” Mus. 0.48 -0.9 -1.6 -0.7
“Amyp” Make. 0.61 2.5 -0.8 -1.7

3abaiikagbCcKOM Kpae CJAyKaT MOJyCKaJbHbIE U
CKaJIbHbIE TPYHTHI (TPAHUTHI TAIE030HCKOTO 1 apXeii-
CKOTO BO3pacTa, TPAHUTOU/IBI X OCTAHIIBI OCAIOUHBIX
MOPOJI I0PCKOTO Bo3pacTa). TeMiepaTypa rpyHToB Ha
rny6une 6—9 M usmensercsa ot —0.3 o —1.3 °C.
B Amypckoii 061acTi B OCHOBAaHUH aBTOJIOPOTH Jie-
JKaT IUCTIEPCHBbIE TPYHTBHI HTI0BUATBHO-ETI0BUATH-
HOTO U aJIJIIOBUAJIBHO-TIPOJIOBUAIBHOTO TEHE3MCA.
[MoacTunarot ux MOTyCKaTbHbIE TPYHTHI ([IECIAHUKH,
APrIJIUTHL U aJIEBPOJIUTHI IOPCKOTO, BEPXHEHEOTEHO-
BOTO W HIDKHEYETBEPTUYHOTO BO3PACTA) U CKAJIbHBIE
IPYHTHI (TPAHUTHI BEPXHETO MAJE€030s U CPelHell
topel). Mepsabie rpyaTsl B CI'T BerpevatoTest pegko.
Ha riry6use 8—10 M TeMIiepatypa rpyHTOB H3MEHSIET-
caor +3.9 no -0.8 °C.

PesysibTaT anpobaiuy pernoHaibHOR Moje/i?,
KaK M CJe0BAJIO OKU/AATh, TIOKA3bIBAET GOJIBIIYIO
CHCTEMATHYECKYIO OIMUOKY Pa3HOTO 3HaKa MO OTHO-
HIEHUIO K JAHHBIM TEPMOMETPUU CKBaKUH (Talbul. 4).
Tak, Ha o6bekrax “H-Becrsx” u “Amyp” MUHMMAaJIb-
Has ¥ MaKcUMaJbHas MPOTHO3HAs TeMIlepaTypa
MEP3JIbIX TPYHTOB Ha TayOuHe 8—15 M 3aHMKeHa Ha
2.3-3.1u 0.7-1.7 °C, a Ha o6bekre “Krouyc” 3aBbl-
mena Ha 2.8—4.7 °C. IIpu taxkoii BeIn4ImHe 1 HeTpe-
CKa3yeMOCTU OMIMOOK HAYATBHAST DJIEKTPOMATHUTHAST
IMArHOCTHKA (hoHA aOCOIOTHBIX 3HAYEHUIT TeMIepa-
TYPBI MEP3JIBIX TPYHTOB HEBO3MOKHA 6€3 TPUBSIZKH K
JlaHHBIM TEPMOMETPUM CKBaKUHC,

Tem He MeHee 3a/a4a TETJIOBON MUAaTHOCTUKH
MeeT YAI0BJIETBOPUTETHHOE PENIEHNE, €CITU UCIIOIh-
30BaTh OOMIHIA I/ BCEX METOIOB re0(U3NKH TIOAXOI,
a UMEHHO, U3y4aTh OTHOCUTEJNbHYIO TLIOATHYIO 13-
MEHYUBOCTD B OOJIBIIYIO U MEHBIIYIO CTOPOHY TEM-
MepaTypbl MEP3JIBIX TPYHTOB MEXK/Y OTIOPHBIMU TOY-
KaM¥ CKBaXUH. [IprMep pe3ysibTaToOB TAKOTO U3yye-
HUst TpuBesieH B Tabu. 5. 13 Hero BUAHO, 4TO GOJIbIITE
OMMUOKHU TETJIOBOH AMATHOCTUKHU MO PETHOHAIBHOT

Tab6auia 5. [IpuPOCT IPOrHO3HBIX OLEHOK PA3HOCTH
MHHHUMAaJIbHOI ¥ MAaKCHMAaJIbHOMU TeMIlepaTypbl
Mep3JIbIX TPYHTOB

k. oTH. e Pasnuia . MesxBii-
temneparyp, *C JI0BOI1
Wnxenep- §
HBII OOBEKT Tepmo- | Permo- | HPMPOCT
Mus. | Makc. | MeTpusi | HajubHas | TeMICpa-
CKBaxuH | mozenb | TYPPL C
“H-Becrsx”| 0.33 | 0.41 0.6 1.4 0.8
“Krouyc” 0.33 | 048 -4.0 -21 -1.9
“Amyp” 048 | 0.61 1.6 0.8 -0.8

[Tpumeuanue MexBuUI0OBOI TPUPOCT O3HAYAET Pa3-
HUILY TEMIIEPATyP [0 METOY TEPMOMETPHUY CKBAKUH U METOLY
MHAYKIIUH.

MOJIESTH He MEIIAI0T M0 Pa3HUIle MUHUMATbHBIX U
MaKCHUMaJIbHBIX 3HAYEHUI B IIPaBUJIBHO OIIEHUTH [H-
HaAMWKY TEMIIEPATYPHOTO PEKMMa MEP3JIbIX TPYHTOB
MesKIy 00beKTaMu alpoballii PernoHaIbHOM MojIe-
Jii Ha TryOuHe 8—15 M.

B aToil tunamuke MakcuMaibHast U3MEHYUBOCTH
TeMIIEPAaTyPHOro peknuMa HabI0aeTcss Ha BTOPOM
obbekTe anpobanuu, T. €. B KpuosauTosone CeBepo-
Bocroka AkyTun Ha 30I0TOPYAHOM MECTOPOKIECHIH
“Krouyc”. 31ech pa3Hulla MUHUMAJTbHBIX U MaKCU-
MaJIbHBIX 3HAYEHU TEMIIEPATYP MEP3JIbIX 'PYHTOB B
CIT Ha riy6une 8—15 M 110 JaHHBIM TEPMOMETPHH
CKBaXXKUH M MeTo/ia mHAyKIuu gocturaet 4.0 u 2.1 °C,
TOrjga Kak Ha APYruxX oObeKTax anmpobaluy oHa He
Boinie 0.6—1.6 u 0.8—1.4 °C. U 910 HEYIUBUTEITHHO,
TaK KaK PyJHbIE MECTOPOKIEHNUS TTOJIE3HBIX UCKOTIA-
€MbIX, KaK IIPABUJIO, OTJIUYAIOTCS CIIOKHBIM F€0JIOTH-
YECKUM CTPOEHUEM U U3MEHYUBBIMU T€OKPHUOJIOTHYE-
CKUMU YCJIOBUSIMY C HEYCTONYMBBIM TEMIIEPATYPHBIM
PEKUMOM MEP3JIBIX IPYHTOB.

TakuM 06pa3oM, IIPOBEJIEHHOE UCCIe0BaHIE
PETHOHAJILHOM MOJIETH CO3/IAeT PeaJbHOE OCHOBAHHE
Juist 9 HEKTUBHOTO 9KOHOMUYECKOTO TTPUMEHEHUST
METO/IOB reOPaUOJIOKAIINI W MHIYKIIUHA HA CTaUASIX
olepexkeHunss OypoBbIX paboT ¢ 1e/bl0 HauaJbHOI
JIUATHOCTUKH TETLTOBOTO TOBEEHUS MEP3JIBbIX IPYH-
TOB Ha TJIOMIAJIKAX U TPAcCaX MHKEHEPHBIX COOPYIKe-
HUH B TPYIHOMOCTYITHBIX 1 MaJIOOOKUTHIX paiioHax
Cesepo-Bocroka Poccum.

3ARJIIOYEHUE

B pesysbTare MHOTOJIETHUX HATYPHBIX 9KCIIEPH-
MEHTOB, BBITIOJTHEHHBIX aBTOPOM IO TIpOTPpaMMaMm
dbynpamenTanbubix ucciaenoanuit CO PAH, 6b110
BIIepBble ycTaHoBJeHO, 4To g CI'T kpronuTo3oHb!
Bocrounoit Cubupu u JansHero Bocroka xapakrep-
HO CYIIECTBOBAHUE KOPPEJISIIMOHHON CBIA3U TeMIIe-

5 Pajtu cokpateHnst oGbheMa BhUCACHU Pe3yTbTaT anpobalny ToIydeH TOMbKO TS IAHHBIX METO/Ia MHYKIUH C UCTIOJb-
30BaHIEM MUHUMAJIbHBIX U MAKCHMAJIbHBIX 3HAYEHUI HODMUPOBAHHOTO TTapaMerpa k.

6 TTocte TPUBSI3KY 1 BEOZIA TEMITEPATYPHBIX MOMPABOK ONMOKHI TMArHOCTUKHI CYIECTBEHHO yMeHbIaloTcst. OJIHAKO U B 3THX
CJIyYasiX TOYHOCTD BHIYKMCJIEHUSI TIO ]AHHBIM METOIOB T€0PAIMOJIOKAIMN U HHIYKIIMH TEMITEPATY P MEP3JIBIX TPYHTOB B MPeJiesiaX
CIT ¢ BepositHOCTbIO 77 % He npesbiiiaet 0.6 °C [ Hepadosckuii, 20146].
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paTypbl MEP3JIBIX TPYHTOB U IIapaMeTpa aMILJIUTYTHO-
0 0CJIabJIEHIS BBICOKOYACTOTHBIX MOHOMMITYJIbCHBIX
Y TADMOHMYECKUX JIEKTPOMArHUTHBIX MMOJIeH. JTa
CBsI3b KOPPEKTHO OMUCHIBAETCSI PETHOHAIBHOM MO/Ie-
JIBIO B BHJI€ YPAaBHEHUSI JIOTUCTUYECKON (DYHKITUM.,

g Hayku kprocodun 3eMin 3HAYNMOCTBD TI0-
JIy4EHHOU PErMOHAIbHON MOJIEJI COCTOUT B TOM, UTO
OHa IIPeICTaBJISAeT YacTHYIO (hopMy 00IIero 3aKkoHa
TEIJIOBOTO TOBEJIEHUS] MEP3JIIX TPYHTOB, ITPOSIBJIEH-
HYIO B ICKYCCTBEHHO CO3/IaBAEMbIX 3JIEKTPUIECKHUX U
VIPYTUX IMOJsIX. BriosiHe BO3MOKHO, HO 3TO ellle
[PEJCTOUT J0Ka3aTh, YTO HTOT OOIIUM JJIsI MEP3JIbIX
IPYHTOB 3aKOH, B CBOIO OUYePE/b, ECTh YACTHOE TPO-
SBJIEHUE B 9JIEKTPOMArHUTHBIX U CcelicMOaKyCcThye-
CKHUX, a TaKKe APYTHX, elle He U3YYEeHHBIX M0JIAX 6O-
Jiee O0IIero 3aKoHa TEILJIOBOTO MMOBEJEHH BCEX U3-
BECTHBIX Ha 3eMJie KPUOT€HHbBIX CUCTEM TIEPEXOHOTO
THTIA ¢ HEPABHOBECHOW TEPMOJAMHAMUKON MEXKITY
JIBYMsI KDAWHUMU COCTOSTHUSIMY (MEP3JIBIM U TAJIbIM ).

[TpakTHyecKyio IeHHOCTh PErHOHAIbHAS MOIETH
obpeTaet Kak (DEHOMEHOJIOTUIECKUN 9TAJIOH OIHCa-
HUS TI0 JAHHBIM METOJIOB Te€0PAUOJIOKAITIT U UH/YK-
WU YIOPSIIOYEHHOTO IIPOCTPAHCTBEHHO-BPEMEHHOTO
TEIJIOBOTO MOBE/IEHUST MEP3JIbIX TPYHTOB B UCKYC-
CTBEHHO CO3/IaBA€MbIX 3JIEKTPOMATHUTHBIX IMOJISX.
IdKroHoMuueckast 3(p(peKTUBHOCTD 3TON pPernoHab-
HOUM MOJIEJTH JIOCTUTAET MAKCUMYMA TIPU TIPOBEIEHUN
MIPOEKTHO-M3BICKATENbCKUX U MOHUTOPUHTOBBIX pa-
60T, CBSI3aHHBIX ¢ HEOOXOUMOCTBIO OCYIIECTBIEHIS
HaYJIbHOU IMArHOCTUKU ¥ TIOCTIELYTOIETO KOHTPOJIS
TETJIOBOTO ITOBEIEHUST MEP3JIBIX IPYHTOB Ha yYacTKaX
CTPOMTENHCTBA U AKCILIyaTallMH TIJIONAZ0K U TPaCC
WHXEHEPHBIX coopyskeHuil. Il ppuHnMaemble Ha 3TUX
JTalax peleHus JOJKHbI ObITh OPUEHTUPOBAHBI Ha
omnoselieHne 06 06HAPYKEHHBIX TeHIEHLIUIX IIPU-
OJIMIKEHMS] MEP3JIBIX TPYHTOB K KPUTHUYECKOI TeMIle-
parype, 3a KOTOPOI HaunHaeTcs ObICTPbII 1 HeyIIpaB-
JISIEMBII TIepPeX0/l B TaJloe COCTOSTHUE, ¥ He3aMe [Tu-
TeJIbHOe oloBeleHue. Takue coObITHSI, KaK II0Ka3alu
WCCTIeIOBAHUS, HACTYTIAIOT B KPUOJIUTO30He BocTou-
noit Cubupu u Janbrero Bocroka npu temneparype
Borre —1 °C.

Aemop svipaxcaem 2ny6oKy0 NPUHAMEILHOCTID
U UCKPennioo 61az00aprocms 3agedyouemy 1adopa-
mopuetl unxceneproi zeoxpuonozuu UM3 CO PAH,
npogheccopy, 0-py mexn. nayx /I.M. Illecmepnuésy 3a
MOPanbHYyo NO00EPICKY U NOMOUD 6 6blOPanioll me-
MaAMuUKe HAYUHbLX UCCIeO08ANUIL.
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