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Meta. Meroro po0OTH € TpPENCTABUTH HANpalboBaHi HAMHM BaKIMBI METOJMKO-allapaTypHi PO3pOOKH,
CIIpSIMOBaHI Ha IiIBUIIEHHS TIMOMHHOCTI, YyTJIMBOCTI Ta TOYHOCTI MOHITOPMHIOBUX 1 Ha()TOra3oIMOIIyKOBHX
CBEpVIOBUHHHX T'€OTEPMIYHHX JOCIIpKeHb. MeToauka. MeToayka MICTHTh aHaji3 HU3KH METOIUKO-arapaTypHHX
(akTopiB, IO BIUIMBAIOTH HA TIMOWHHICTH, YYTIMBICTH I TOUHICTH CBEPUIOBUHHHMX TI'€OTEPMIYHHX JOCITIIKCHB 3
BUKOPHCTaHHSM PO3pOOJIEHOI CBEP/JIOBUHHOI arapaTypd 3 KBaplOBUM TEPMOYACTOTHUM CEHCOPOM 1 BiIOBiIHI
METOJIMKO-arapaTypHi po3pOOKH JUTs ITiABUIICHHS Ii€i TIMOWHHOCTI, YyTIHUBOCTI 1 TouHOCTI. Pe3ynbTaT. AHami3
PE3YNBTATIB MPOBECHUK HAMU PaHille CBEPUIOBMHHUX I'€OTEPMIUHUX JOCITIIKEHb 3 BUKOPHCTAHHSM PO3POOIICHOT
CBEpVIOBUHHOI amnapaTypy 3 KBapI[OBUM TEPMOUYACTOTHHM CEHCOPOM II0Ka3aB, IO Pa3oM 3 BHCOKOIO 3arajbHOI0
YYDIUBICTIO 1 TOYHICTIO pPO3POOJICHOI amaparypd HasBHI OOMexeHHs 1i TIMOMHHOCTI dYepe3 HeIOCTaTHIO
TepPMETUYHICT 30HAa TiJ 4Yac POOOTH y CBEPUVIOBMHAX HA BEJIMKHX TIIIMOMHAX 32 YMHHUX TaM BHCOKHX
TiZIPOCTATUYHMX THUCKIB PIIMHM, IO 3allOBHIOE CBEPIUIOBHHY. TOMY MEPIIOYEProBO BIOCKOHAIEHO KOHCTPYKIIIIO
30HJIa 3 METO0 3a0e3MeUeHHs HOro HaIiiHOI POOOTH Ha BEJTMKHUX DIMOMHAX. TakoK HasiBHE 0OMEKEHHS INTHOMHHOCTI
(30Kpema, MOMyCTHMOI JIOBKHHH KapOTa)XHOTO KaOels) CBEpIIOBHHHHX JOCITIDKeHb 3a “mpsaMoi’  mepenadi
Pe3yAbTaTIiB BUMIPIOBAaHb IIMM KaOejeM Yepe3 BEJUKE 3aracaHHs CHUTHATY Ha poOOYiil YacTOTI BHCOKOYACTOTHOTO
KBapIIOBOTO TEPMOYYTIMBOro ceHcopa. ToMy pobody 4acToTy KaHally Tepesiadi pe3yJabTaTiB KpaTHO 3HIKEHO Yepe3
BUKOPHCTaHHS IU(POBOro JiNbHKKA 4acToTH. CIIOCTEpIracThesi TAKOXK BIUIMB Ha IIi PE3YNIbTaTH HU3KU METOIHUKO-
amnaparypHuX (akTopiB, IO MOTIPIIYIOTh TXHIO SKICTh, OCOOIHMBO, NPH BiJICTEKYBaHHI NIBUIKUX 3MiH TEMIEpaTypu y
CBEPJUTOBHHI TIijT Yac il TepMonpodiiFoBaHHs (BHCOKOIBHAKICHOTO TEPMOKAPOTAXY) a00 PeKUMHOIO MOHITOPUHTY.
e, 30kpema, TeroBa iHEPIIHHICTb CBEPIOBUHHOTO 30Ha. J{i1s1 HelTpaii3awii BIVIMBY 1€l iHEpIIHHOCTI MPOBEAECHO
TeMIepaTypHHUX nonpasok. [IpoBesieHo TepMorpodiTIoBaHHS HU3KH TiIPOTEpPMAaIbHUX CBEpIOBUH 3aX0/y YKpaiHu
1 OTpUMaHi pe3y/bTaTH BiIKOPEKTOBAHO 3 ypaxXyBaHHSIM IEpeiueHHXK MOMpaBoK. Po3po0iieHo MEeTouKy BUSBIICHHS 1
BpaxyBaHHSI METEOTEMITEPATYPHUX BIUIMBIB Ha PE3YJbTaTH CEHCMOIPOrHOCTHYHUX MOHITOPUHIOBUX JOCIHIDKEHb 32
JIAHMMH T€0TEPMIYHOrO MOHITOPMHIY MACHBiB MOpif. [i MpeicTaBIeHo Ha MPUKIAi BUMUICHHS HA (DOHI CE30HHMX
TEPMONPYKHUX JiehopMalliii  MaloaMIUTiTyIHOro JiehopMallifHOro MPOBICHUKA MICIIEBOTO 3aKapHaTChbKOro
semsietpycy. HaykoBa HoOBH3HA. JIOCATHYTO TJIBMIIEHHA UYYTIMBOCTI 1 TOYHOCTI MOHITOPHHTOBHX Ta
Ha(TOra3oMoIIyKOBHX CBEPJIOBUHHUX TEOTEPMIUHUX JOCII/DKEHb 3 BUKOPUCTAHHSIM PO3POOJICHOI CBEP/IOBUHHOT
T€OTEPMIYHOI anaparypy 3 KBapLOBHM TEPMOYACTOTHUM CEHCOPOM, HIIIXOM, 30KpeMa, JOCHI/PKEHHS, BU3HAUSHHS 1
BpaxyBaHHS TAWMIHTOBHX TeMIICpaTypHUX monpaBok (“iHTEpBaIbHHX 3MIIIEHL ) 1 TMONPaBOK 3a TEIUIOBY
IHEpIIHHICTh CBEPUIOBMHHOIO 30HIA. JleTanbHO IOCHiPKEHO TemIieparypHi mpodir psmy TigpoTepMallbHUX
CBEpIVIOBUH 3aX0[y YKpaiHM 1 BCTaHOBJIEHO OCOOJNMBOCTI 3MiHM B HHMX TEMIIEpaTyp 3 IIIMOMHOMIO. 3a paxyHOK
peaykuii 3 nedopmorpadiuHUX JaHUX 3MOIENTHOBAHHMX 33 Pe3YJbTaTaMH I'€OTEPMIYHOIO MOHITOPHHTY CE30HHHX
TEPMONPYKHUX ~JedopMaliiii MopiJA BUIUIEHO MaJOaMILNITYJHUH JedopMalliiHuil TPOBICHUK — MiCIIEBOTO
3aKaprarcbkoro 3emiierpycy. IlpakTmyHa 3HAYYHHCTb. JIOCATHYTO MiIBMINECHHSA TJIMOMHHOCTI T'COTEPMIYHHX
JIOCII/DKEHb 3 BUKOPHCTAHHSIM pPO3pO0JIEHOI CBEP/IOBUHHOI T'€OTEPMIYHOI amaparypd 3a paxyHOK BHUKOPHUCTAHHS
KpaTHO 3HIDKEHOI YaCTOTH Iepe/iadi BUMIPIOBAHOTO CUTHAITY KapOTaKHUM KalereM i BIOCKOHAJIEHHS! KOHCTPYKIIT Ta
CXEMOTEXHIKH CBEP/IOBUHHOTO 30H/1.

Kniouosi cnosa: TepMOKapoTaX; CBEpIJIOBUHHUM 30HJ; KBapLOBUHA TEPMOYACTOTHUH CEHCOp; TeIIoBa
IHEpIIHHICTh, TEMIIEpaTypHi IONPaBKH, TEMIEPAaTypHUI Npodiab CBEpPIIOBHHHU; IUHAMIYHI TeMIlepaTypHi
Bapiallii, IPOBICHUKHU 3eMJIETPYCIB.

Bcmyn
I'eoTepMidHHif METO € OJHUM 3 THX, SIKi AKTHBHO
BUKOPHCTOBYIOTBCS Y Ha(TOra3ormomykoBHX, Ceii-
CMOMPOrHOCTUYHHUX Ta IHIIUX MOHITOPUHTOBHX JO-
cmimkennsax ([Uekamrok, 1965; Yekamok u ap., 1974;
T'orens, 1978; Kyrac, 1978, 2005; Kyrac, I'opauenko,
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1971; T'opauenko u ap., 2002, 2011; Ocamuuii Ta iH.,
2008; Hazapesuu, 2011, HaszapeBuuy u ap., 2014;
Hazapesuu, Muxkura, 2012; Hvozd’ara et al., 1988;
Kalenda et al., 2014] Ta in.). 30kpemMa, MOHITOPUHIOBI
CeliCMOIPOrHOCTUYHI T€O0TEPMidHi OCIIKEHHS Be-
JIeMO Ha IyHKTaX crocrepexxeHp  Kapmatck-
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KOTo BiJUIIJICHHS IncTuTyTY reoizuku
iM. C. I. Cyo6orina HAH VYkpainu B 3akaprarrti — Ha
pexumunx reodisuunux cranmisx (PI'C) “Beperose”
“Tpocauk” Ta reorepmiuHoMy myHKTi “KocuHo”
[Haszapesuu, 2011; HaszapeBuu, Muxkwura, 2010, 2012,
Hazapesnu Tta in., 2016] (puc. 1). Hmwkue mpen-
CTaBJICHO pe3yJlbTaTH [OCHTI[PKEHb 1 BUIPOOYBaHb
PO3pO0IICHOI CBEPAJIOBUHHOI arlapaTypH 3 KBapLIOBUM
TEPMOYACTOTHUM CEHCOPOM 1 3aXO[H, CIIPSIMOBaHI Ha
MiABUIIEHHS 11 TIMOMHHOCTI, YYTJIUBOCTI 1 TOYHOCTI
JUIs  MOHITOPUHTOBHX Ta Ha(TOra3ornourykoBHUX
CBEP/JIOBMHHUX T€OTEPMIYHUX JOCIIIKEHb.

Mema

Mertoro poOOTH € TPEACTABUTH HAIll HAIpPaIhO-
BaHi BaYKJIMBI METOAMKO-anapaTypHi pOo3poOKH, Crps-
MOBaHI Ha TiJBHUIICHHSI TJTMOMHHOCTI, YYTJIMBOCTI Ta
TOYHOCTI MOHITOPHMHTOBHX 1 Ha()TOra30IONIyKOBHX
CBEPVIOBUHHUX F€OTEPMIYHUX JOCIIHKEHb.
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Memoouxa

MeroauKa CBEpJIOBUHHUX TE€OTEPMIUYHHUX TOCITI-
KEHb BPaxOBYE Ieoyoro-reoizuyHi XapaKTepUCTHKA
IIMOMHHUX TEIUIOBMX ITIOJIIB Yy MacwBax MOpig
[Corens, 1978; Kyrac, 1978, 2005; Kyrac, I'op-
nuenko, 1971; ®ponos, 1966; Yekaniok u ap., 1974] i
nependadae TepMOKapoTaxxk (TepMompogiltoBaHHs
JOCTIKYBaHOT CBEPUIOBHHH) MijJ 4Yac HadrToraso-
IOITYKOBUX, TiAPOTEPMANBHUX Ta TiIPOTreOJOr UHUX
nmocmimkens [Hasapesuu u ap., 2014; Hazapesuu,
Muxkuta, 2010, 2012; Hazapesuy, Hazapesuu, 2017]
ab0 POKUMHI CIIOCTEPeXKEHHS Ha  (PiKCOBAHUX
IMOWHAX T Yac MOHITOPUHTOBHX JOCIIKCHB
[Haszapesuu, Mukuta, 2010, 2012].

3acTocoByBaHa Uil TEOTEPMIYHHMX JIOCIiKEHb
amaparypa IOBHHHA BOJIOMITH BiAIOBITHUMU METPO-
noriyHUMH (4yTIUBICTh 1 TOYHICTH (30KpeMa IOBro-
TpuBaia CTabUIBHICTB)) Ta eKCIUTyaTalidHuMu (Tou-
OuHHICTb, HaJiMHICT) XapakTepucTukamu |[Hasape-
Buy, 2011].
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Puc. 1. Po3ranryBaHHs MyHKTIB peXKUMHHUX reoq)iquHx cnoctepexxenb KB II'd HAHY
B IIEHTpaJIbHIN yacTrHi 3akaprnaTTs (Ha kaproocHoBi Google)

Fig. 1. Localization of regime geophysical observations points of the CB IGPh NASU
in the central part of Transcarpathians (on the Google maps)

Jnst  GpopMyntoBaHHS BHUMOT 10 METPOJIOTIYHHX
XapaKTEePUCTUK amapaTtypu IMpOaHaTi30BaHO [aHi
nonepennix [Kyrac, Topauenko, 1971; Kyrac, 1978,
2005; Ocamuuii Ta i"., 2008; Hvozd’ara e d., 1988;
Kaenda & a., 2014] (3oxpema Hammx [Hasapesud,
Muxkura, 2010, 2012]) reoTepMiduHHX TOCIiTKCHb.
3 HUX BiZIOMO, L0 CEpe/iHI TEMIEpaTypHi IPajlieHTH Y
CBepUIOBHHAX KapraTchKOro perioHy CTaHOBIATH
6mmspko 0,03-0,05°C/Mm, a B aHOMalbHHUX TiApoTep-

MaJbHUX 30HaX MOXyTh gocsratd g0 0,3-0,5°C/m
[Hazapesuu, Mukwura, 2012; Hazapesuy, Hazapesuy,
2017]. BpaxoByrouw, IO CKHHYTI HAMPYKEHHS Y
BOTHUIIAX 3eMJICTPYCIB 37€OUIBIIION0 MAIOTh BETMIMHU
Bix 3 mo 406ap. (y cepennbomy 1006ap), i mami
1. JTo6poBosbcekoro  [[lo6poBonbekuii, 1991] mpo
XapaKTep 3aracaHHs HaIpPYKeHb 1 aedopmariil ma gac
BiUIaJIEHHSI Bi/l BOTHHUIIIEBOI 30HH, a TAKOXK PE3YIbTATH
HAIMX JOC/IKEHb BEJIMYMH PO3PUBIB y BOTHHUIIAX
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MICIICBUX 3aKapmaTChKux 3emierpyciB [Haszapesmy,
2008; HazapeBnu, Haszapesuy, 2009] (momxuHa
pospuBy BimguaytHoro (3 K = 8,5, M = 2,5) wmicresoro
3eMJIETPYCY OIliHEHa y Onm3pko 1 KM, po3Mmip Horo
BOTHHIIIEBOI 30HH — y 3 KM, a CKBIBJICHTHHUN Pajiiyc —
y 1,5km), orpumyemo Ha Biacramsx 15-20kM Bif
Boraunia (10 ekB. pamiyciB BOTHHUIIEBOI 30HH) IMPH
ITiJIFOTOBII BiYYTHOTO MICIIEBOIO 3eMJICTPYCY OIlIHKU
BenuuuHU 3MiH Hanpyxkenb y 0,1 0ap i1 BiamosiaHi
3MiHH KOHTPOJIOBAHOI TEMIEpaTypH Ha (iKcoBaHii
rmubuni  Bim £0,03-0,05°C (mig wac po3MilieHHs
Te0TEePMIYHOTO 30H/a Y 30HI 3BHYAHHUX TPATI€HTIB) 10
+0,3-0,5°C (y pasi posMmillieHHS 30HAA Yy BHCOKO-
rpajienTHi# 30mHi) [HasapeBuu, Mukuta, 2012]. J{nsa
OUTBIIMX EMIICHTPAIBHUX BiJCTaHell (Hampukiam, y
20 paniyciB Boruia, abo y 3040 kM) kxoedimieHT
3aracaHHsl HalpyXeHb craHoBUTH nopsiaky 1000, a Be-
JUYUHN TEeMIepaTypHuX e(eKTiB y CBEpIUIOBUHAX —
Bix £0,005 °C mo +0,03-0,05 °C. Otxke, 3acToCOByBaHa
JUIL TaKUX JOCJTIPKEHb CBEpIUIOBHHHA TI'eOTEepMidHA
amapatypa TOBHHHa 3a0e3ledyBaTH  BiJIIOBiJHY
ruOWHHICTE  (HE MEHIE HiK COTHIO METpiB),
gyrnuBicTh (Ha piBHi 0,001 °C) i TOYHICTH BUMipIOBaHb
Temnepatypu (Ha pisai £0,002-0,005 °C).

CBepaJIOBHHHI A0CTIi/ZKeHHS Te0TePMi4HOI0
anapaTtyporo 3 KBapoBMM TepMO4acCTOTHUM
CEeHCOpOM

BpaxoByroun 3a3HaueHi BUIE BUMOTH, MH
PO3pOOMIIN  BHCOKOYYTJIMBY CBEPAJIOBHHHY Te€OTEp-
MiUHy amapatypy Ha 0a3i BHUKOPHUCTOBYBAHOI [UIs
MOHITOPHHTY TeMIepaTypHOro pexxumy mronbHi PT'C
“beperoBe” cHCTeMH 3 KBapLIOBUM TEPMOYACTOTHUM
cercopoM (puc. 2, a) [Hasapesuu, Mukwura, 2010].
BaxiiuBoro nepeBaroro Takoi anapaTypH € Te, 0 Y Hil
BUMIpIOBAJIbHE TIEPETBOPEHHS TEMIIEPATYPH Y YaCTOTY
3IICHIOETHCSI 6€3M0CEePEHBO B MICIli BUMIPIOBaHb
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(y cBepioBMHI Ha BIANOBiAHIM T[IHOHMHI), OTXKE,
Mapa3uTHI BIUIMBH JOBIOTO KapOTa)XHOro Kalelnst Ta
0araTboX iHIIMX (AaKTOPIB Ha TOYHICTH BHUMIPIOBaHb
BiZicyTHi. Takok MO3UTUBHUM (HaKTOPOM € BEIIUKA
JTIOBr0YacoBa CTaOUIBHICTh XapaKTEPUCTHK KBAPIIEBOTO
TEPMOYACTOTHOrO ceHcopa [Maios, 1978].

SIK maTyMku y CTBOpEHil CBepAJIOBWHHIN amapa-
Typi BUKOPUCTOBYBAJIM TEPMOYYTIIMBI KBAapLIOBI pe3o-
Hartopu [Mainos, 1978; Anprmymiep u ap., 1984] 3
poboyoro yacTororo 5 MI'm, sIKi MmiIMUKAINACT 4acTo-
TO3a/IaBAIHAM €JIEMEHTOM JI0 CXEMH EJIEKTPOHHOTO
aBToreHeparopa [Masos, 1978; Anprurysaiep 4 ap.,
1984; Konuanosckuii, 1985; Auntok u mp., 1981]. Sk
BUMIPIOBANBHUN TPHIAJ BUKOPHCTOBYBAJIHM TMIpe-
uusiiiHuil - wactotomip-xponomerp ®5041,  sxwmii
3a6e3reuyBaB BUMIPIOBAHHs YacToT 3 Tounictio 107 i
3 posmimenHsM mo wactoti 0,1 T (y pexumi
intepBany BumiproBanHs 10 c). BpaxoByroud, 110
TemmepatypHuii  koedirienr wacrotn k¢ (TKY)
BHUKOPHCTAHUX KBApIOBHX JATYHMKIB CTAHOBHB IpPHU-
6mm3no 185 I'/°C, mpuBesieHa amapaTypHa TOYHICTh
BHUMipIOBaHb TeMIepaTypu (3a 4acTOTOK) CTAHOBHUIA
0,0027 °C, a po3ninbha 3qatHicTh ~0,0005 °C.

BpaxoByroun HE0OXiHICTb POBEIECHHS CBEPILIO-
BUHHUX T€OTEPMIYHMX MJOCTI/KEHb Yy BHCOKOIpa-
JEHTHUX 30HaX — Ha BEJMKHX TJMOMHAX, JIe TaKOX
BiJICYTHI IPUITOBEPXHEBI METEOTEMIIEPATYPHI BILTUBH
[®posos, 1966; HazapeBuu, Mukura, 2012; Hasa-
peBuu Ta iH., 2016], 3a pe3ymbTaTaMH BiIOBIIHUX
MEXaHIYHMX Ta  TEMIEPATypHHX  PO3PaXyHKIB
PO3po0JIeHO TaKy KOHCTPYKIIiIO 30HAA (puc. 2, 0, 6),
sika 3a0e3nevye Horo HaliHy poOOTY Ha TIMOWHAX Y
COTHI METpIB 3a IF0YMX TUCKIB BOJSHOTO CTOBIA Y
JecsiITKH atMocdep, Ha Hel OTpUMAaHO MNATeHT Ha
BuHaxig [Ilatenrt..., 2016]. Kpecnenns xopmyca
TaKOro 30H/Ja HaBEIIEHO Ha puc. 2, 6, HOro 30BHILIHIH
BUTJISII — Ha PUC. 2, 6.

PR Ry

6 6

Puc. 2. CtpykrypHO-(QyHKIIIOHATbHA OJIOK-CXEMa BUMIPIOBATILHOI CHCTEMH TSI TE€OTEPMIYHOTO
MOHITOPHHTY 3 KBapIIOBUM TEPMOYACTOTHHM JAaTYUKOM (a) Ta KoHCTpyKilis (6) [[TaTeHT..., 2016]
1 30BHIIIIHIN BUIIISA (6) TEOTEPMIYHOTO CBEPUIOBUHHOTO 30Ha (MTOSICHEHHSI B TEKCTi)

Fig. 2. Sructural-functional block-sheme of the measuring system for geothermal monitoring with

a quartz thermo-fregquency sensor (a), construction (6) [ Patent..., 2016] and appearance (B)
of a geothermal well log sonde (explanations arein the text)
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Pesynomamu

Onwucany BHWINE TEOTEPMIUHY amaparypy MH
BUIIPOOYBaJIM Ha Psli CBEPAJIOBHH 3aX0ay YKpaiHH
(y Kocuno i Tpocuuky Ha 3akapnatri Ta y
BproxoBuuax mobnu3y JIbBoBa) Ha riubuHax g0 500
M [HazapeBud, Mukwuta, 2012; HazapeBuu u mp.,
2014]. 3aranoM BOHA MiATBEp/MIA CBOI METPOIOTUHi
Ta eKCIUTyaTallilHi XapaKTepUCTUKU. BojHouac
MposIBUIIACSl HU3Ka TpobiieM Ta (akTopis, siki oOMe-
KYIOTh TJIMOWHHICTD, JOCSTHEHHS MAaKCUMallbHOL
PO3IIBEHOT 3/1aTHOCTI Ta TOYHOCTI BUMIpIOBAHb.

[lomo rIMOMHHOCTI Lle MPOHMWKAHHS Ha BETUKHX
rnubuHax (3a HASBHHUX TaM THCKIB) PiHHH y KOPIYC
30H]a B MicIli BBOAY Ka0eJIsl, a TAKOXK Pi3bOU KPHUILKH.
OOMexxeHHs1 poO0YOT TIIMOMHU TaKOXK CIIPHYHHSIIOCH
MOPiBHSHO 3HAYHHUM T IiHHSIM HAIPYTH KUBJICHHS Ha
nosromy (500 M) kabemi i CHIBHMM MaAiHHIM Ha
HBOMY JXK aMIUTITYId BHCOKOYaCTOTHOT'O BHMipIOBa-
HOro curHany (pobodya yacTora KBapIIOBOI'O TEPMO-
94acTOTHOro ceHcopa 5 MI'm).

om0 po3aibHOI 3MATHOCTI Ta TOYHOCTI BUMI-
pIOBaHb, TO OJHMM 3 OCHOBHUX OOMEXYBAJIbHHX
(dakTopiB cTana BUpa3Ha TEIUIOBA IHEPIIHHICTH 30H-
na, SKa 00OMEeXye IBHIKICTh TEPMOKapoTaxy (BepTu-
KaJbHOTO TEepMOMpPO(iTIOBaHH CBEPIOBUHE) a0o
HOro TOYHICTH NMpH HAa(TOra3omomIyKOBHX JOCIHI[-
KEHHSX, a TaKoXX OOMEXYE TOYHICTb BiJICTEKEHHS
LIBHJKHUX Bapialiii TeMneparypu Iijl 4ac MOHITOpHH-
TOBHX JIOCIi/PKEHb.

3a TmepepuBYACTOrO PEXUMY pOOOTH CBepa-
JIOBUHHOI arapaTypH MPOSBIISBCS 1€ Takuil Gpakrop,
SK €JEeKTPOTEMIIEPATypHUIl BIUIMB — BCTaHOBJICHHS
TEMIIEPAaTYPHOT'O PEXKUMY €JIEKTPOHHOI CXEMHU 30HIa
M 4Yac BBIMKHEHHS JKUBIIEHHA. BIUTMB 1BOro
(bakTOpa IMMOCWIIIOBABCS THUM, IO B 3aCTOCOBYBaHil
BUMipIOBaNbHIN amapatypi (4acToToMipi-XpoHOMETpi
®5041) He mnependayeHO MOKIMBOCTI peasizarii
PEKUMY CHHXPOHI3allii 3aMyCKy [IUKITy BUMIPIOBaHb 3
MOJIaYer0 JKUBIICHHS HAa 30HI, IO HE JaBajlo MOX-
JUBOCTI 0€3 crieliajJbHUX JONATKOBUX 3aXOJiB pery-
NApU3yBaTH 1 HAAIHHO peIyKyBaTH BiAIMOBIJIHI
MOXUOKH (IUB. TAKOXK HIDKYE).

Xou nBa ocraHHI (PAaKTOPU CHPUYUHSIIA TOPIB-
usiHo  Heenmki  (mo  0,05-0,2°C) mnoxubku (auB.
HIDKYE), BCE )X BOHHM 3HAYHO MEPEBHIIYBAIU JOIMYC-
TUMI 1 MOIJIM 32 HEHAJIeKHOTO BPaxyBaHHS CYTTEBO
3HU3UTU SKICTh PE3YJbTATIB 3IIHCHIOBAaHUX TIeOTep-
MIYHHX OCIIIKEHD.

[Ile omuu akTop, sAKUH Oijblllc BIUIUBAE Ha
JIOBIOTPHUBAJY TOYHICTh BUMIipPIOBaHb — 1€ TIOPiBHSIHO
HEJIOCTAaTHSI JOBroyacoBa cTalbiIbHICTh BHYTPIIIHBOTO
reneparopa npmnagy ®5041 (1x10%/106a), mwo morio
cnipuunHUTH TOXUOKY Tmopsanky 0,1 T'm/moba (abo
~0,0005 °C/no6a). Jns kaporaxy/ Tepmompodimto-
BaHH#, SKE TPUBA€, 5K MPABHIO, Kilbka roauH (3a-
JIOKHO BiJl TJIMOWHHU CBEpIJIOBUHH, HEOOXimHOI Iie-
TAJBHOCTI Ta TOYHOCTI 3HATTS TEMIIEPATYpHOT'O IIPO-
¢bimo (mquB. HIKYE)), UM HABITH TOBTOpHOro (3a
TIKICHb — JBa — TPH) I[Ie HECYTTEBO, aje Uit
MOHITOPHHIOBHX JTOCIIDKEHh TPUBATICTIO B MICII 1

I'eodizuka

poku 11e nae apeiid nokasis 3a 3 micsmi mo 0,05 °C, a
3a pik — 10 0,2°C, To6TO Ha PiBHI OI[IHEHUX BHIIIC
reoTeMIIepaTypHUX Bapialliii TeKTOHO-T1APOreooriv-
HOI'0 TOXOJPKEHHsSI — TPOBICHUKIB MICIIEBUX 3aKap-
MATCHKHUX 3E€MIICTPYCIB.

IinBumeHHs NIMOUMHHOCTI TA METPOJIOTTYHUX
XapaKTePUCTHK CBEPATOBMHHOI anlapaTypu

Jl71st moKpaIeHHsl METPOJIOTIYHMX Ta eKCITyaTa-
LIAHUX XapaKTEPUCTUK CBEPAJIOBUHHOI T'€OTEPMIiUHOL
amapaTypy 3 ypaxyBaHHSIM BIUIMBY 3a3HAUCHHUX BUIIIC
dbaxropiB MomudikoBaHO KOHCTpyKIito (puc. 3) Ta
CXEMOTEXHIKY CBEPIOBUHHOI'O 30H/a i BUMIPIOBaJIb-
HOT'0 KaHay.
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Puc. 3. KoHCTpyKIIisS BIOCKOHATICHOTO
CBEPAJIOBUHHOTO T€OTEPMIYHOTO 30H1a
(MOsICHEHHS B TEKCTi).

Fig. 3. Construction of improved geother mal
well log sonde (explanations are in the text)

[I{o10 KOHCTPYKINI 30HAAa — ONTHMi30BAHO KOH-
CTPYKIIIO KPUIIKY 7 1 YIIUIEHIOBAIBHOrO 00ITa 8 s
Kpamol TEXHOJIOTIYHOCTI IX BUI'OTYBaHHS 1 3pY4HOCTI
i Yac MOHTYBaHHS 1 3aTHCKaHHS TepMETO3YIOUHX
mpokiaamok 6 i 10 ta maiidou 9 g 3abe3medycHHS
HEOOX1THOT TePMETHYHOCTI MK KPHUIIKOI 7 Ta KOp-
mycom 1 30HAa 1 Kpumikoro 7 Ta BBogoM Kabems 11.
Jl1st 1iboro K y KpHIIii Ta OONTI B 30HAX KOHTAKTy
MK COOOI0 Ta 3 KOpIycoM i1 kabeneM mepemdadcHo
cneuianpHi masu 15, B sSKi 3aIMBa€ThCS TEPMETHUK-
KoMIlayHa. BiH 110JaTKOBO TepMeTH3ye 30HU KOH-
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TaKTy IMX KOHCTPYKTHBHHX €IIEMEHTIB 30HAa MiX
co0O0r0, MIJBHIINYIOYM HAIIHHICTE HOro poOOTH Ha
BenmukuX (COTHI 1 THCAYi METpiB) IJIMOUWHAX y CBep-
JUTOBHMHAX 3a Jit04MX TaMm TUCKiB pizuan 20-100 0ap i
Oinpire Ta 3a BucOokuX (mo 70-120°C i Gimbie)
TEMIIEpaTyp, ajleé BOAHOYAC 3AJIUIIAE MOXIIHBICTh
po3idpaT 30HI 3a HEOOXiMHOCTI WOTrO0 PEMOHTY UM
MouGikarii.

llle oxgHe BaXKJIMBE BIOCKOHAJECHHS KOHCTPYKIIi
KOpIyca 30HIa — CIIeIiaJIbHUH BHCTYN IO LEHTPY
Horo 1Ha, B SIKOMY 3 BHYTPIIIHBOrO OOKYy BH(ppe-
3epOBaHO THI3A0 IS KBapLOBOro TepMoceHcopa 4.
CTiHKM 1IbOTO THi3Ja MaroTh MiHIMaJbHY HEOOXiIHY
TOBIIUHY, 100 3a0e3me4ynTH, 3 OAHOrO OOKy, Haii-
Kpamuid TEIJIOBUI 3B'SI30K CEHcopa 3 30BHINIHIM
cepenopuiieM (pimUHOI y CBEpJIOBHHI), a 3 iH.-
LIOT0 — HEOOXIAHY MILHICT 1 CTIHKIiCTh 10 AedopMy-
BaHHS I TiIpOCTATUYHHUM THCKOM Mi€l pimuau (y
JECSITKA 1 Tepur CcoTHi 0ap) y CBEpUIOBHHI Ha
BEJIMKHX TIuOMHAX. [limBuineHii crifikocTi 10 aedop-
MYBaHHs TaKOX CIPHUAIOTH Malli JIHIHHI po3Mipu
CTiHOK THi3ga (MiHIMajgbHA IUIONA HABAHTAXKECHHS
THUCKOM DiJUHH), 1 iXHS (opMa, Jie BOHU Ta KYTH MiX
HUMU  BHUKOHYIOTb  pOJIIb  pebep  MKOPCTKOCTI.
KBaprioBuii ceHCOp (IiKCYEThCsSI (3aTHCKAETHCS) Y
THI3II 32 JOIOMOIOK0 IUIAHKHU 2 THMU X OonraMu 3,
10 (iKCYIOTh MOIYJb TeHepaTopa 5.

Hapniiauii TersioBUii KOHTAKT MK HH)KHBOIO TOp-
LIOBOIO Ta BCiMa OOKOBUMH CTiHKAMH KBapIlOBOT'O
CeHcopa 1 BIJNOBIJHUMHU CTiHKaMH THi3#a 3abesrme-
YyeTbCsl 3a PAaXyHOK 3allOBHEHHS THI3Ja B’ S3KOIO
TEIUTONPOBINHO CcyOcTaHIiero 16, Hampukiam Tep-
momactoro KTTI-8 um in. Take KOHCTpYKTHBHE pi-
nieHHsT  (TEPMOCEHCOp Y  CHeHiabHOMY THI3M Y
BHCTYIII JHA KOpITyca 30HMA, TOOTO SIK CIeI[iabHUI
TepMoIIryr) 3abe3meuye KpaTHe 3HIKEHHS CKBiBa-
JICHTHOT TEIUIOBOI iHepuifHOCTI 30HAa (i BimmOBimHE
MiABUIIEHHS HOro “IBUIKOAI”, YyTJIMBOCTI Ta TOY-
HOCTI), 32 paxyHOK TOr0, IO 3a0e3Me4YeHO MPAKTHIHO
BCECTOPOHHIN TEIUIOBHH KOHTAKT KBapI[OBOI'O TEPMO-
CEHCOpa 3 KOHTPOJILOBAHWUM CEPElOBHUILEM. Takoxk
OJTHOYACHO 320e3MeuyeThCsl MiHIMAIBHUN Tapa3suTHHH
€JIEKTPOTEMIIEPATypPHUH BILIMB HA TEPMOCEHCOP 3 OOKY
eNIEKTPOHHOI CXeMH 30H/1a (JeTaNbHIllIe TUB. Jai).

Mopudikaiis eJIeKTpUYHOi CXeMH 30HIA MOJs-
raja, HacaMIlepea, Y 3aCTOCYBaHHI MUGPOBOrO Mijb-
nuka yacrotu 12 (puc. 3), sxuit kpatso (y 5/10/20 un
Oisipliie pa3iB) 3HMWKYE YAaCTOTYy BHUMIPIOBAHOTO CH-
rHajy 3 KBapuoBoro tepmoceHcopa (5 MI'm), mio
TIOAAEThCSL Ha Kalenb, 3a0e3Meuyroud TUM CaMUM
MOXIIUBICTB Iepenadi I[bOro CHI'HANy Ha BiJICTaHi y
COTHI 1 THCAYl METpiB. 3ayBakuMo, IO IPH LLOMY
s pocsruenns Makcumansaoi (10°) tounocti Bu-
MIpIOBaHb YaCTOTH/TEMIEPaTypH HEOOXiJHO BifmO-
BiJTHO KpaTHO 30UIbIIYBATH YAaCOBHH IHTEPBAJI BHMi-
proBaHHs. Tak, M Yac HAIIMX EKCHEPUMEHTAIbHUX
CBEP/UTOBHHHUX JOCTI/DKeHb (MUB. HIKYE) iHTEpBai
BumiptoBanHsi craHoBuB 100 c. Ile mepeBaxkxHo He
KPUTUYHO, OCKIJBKHM TEIUIOBI MpOLECi 1 Tak MaroTh
CBOIO YacCOBY 1HEPIUIHHICTb.
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Jls yHUKHEHHS 32 TaKuX BHMIpIOBaHb MOXUOOK,
OB’ A3aHUX 3 TEIUIOBOIO IHEPIIHHICTIO 30Hma |1
HECHHXPOHHICTIO BUMIPIOBaHb pEai30BaHO PEKHM
CHHXpOHI3allil BUMIPIOBAJbHOIO KaHaly 3 MOMEH-
TaMH II0YaTKy KOHTAaKTy 30HIA 31 CEPEIOBHUIIEM Yy
KOHTpONbOBaHiil Toumi (muB. mami), abo (3a Hemo-
KITMBOCTI TaKOi CHHXPOHi3allii) — crnocié BH3HAYCHHSI
1 BpaxyBaHHs BiJIIOBIHUX TaiMIHTOBUX TeMIlepa-
TYpHUX MOMNPaBOK/iHTEpBAIBHUX 3MilleHb  (uB.
TAKOX HIKYE).

JI7st THX caMUX BHIIAJIKIB, KOJIM HEOOXiIHO BijacTe-
JKYBaTH 3 BEJIMKOIO TOYHICTIO 1 PO3JUIBHOI 37aT-
HICTIO MIBHAKI 3MIiHH TeMIepaTypd (HAIpHUKIan,
TEPMOKAPOTaXK/TepMONIPOGITIOBAHHS CBEPUVIOBHH 3
MOXITUBICTIO T0CTaTHBO BUAKOTO (Ha piBHi 0,1 M/c i
OijIpllie) OMyCKaHHS 30HAA 1 3 3a0e3MeYeHHSIM PO3-
IIIBHOT 3JaTHOCTI 1 TOYHOCTI MPOQIIIOBAHHSA HE
ripimre  0,01-0,05°C), 3anponoHOBaHO MNPOBOIUTH
TOYHE BHMIpIOBaHHS YacTOTH KBapIOBOTO TEPMO-
CeHcopa 3a JIONOMOTOK MYJIBTUKPAaTHOTO BUMIpIO-
BaHHS IIEPiOAy CHTHATY 3 MOAAJIBIINM IMepepaxyHKOM
y 4acToTy (BHMIpIOBaHHs Mepiofy 3 OaraTOKpaTHUM
(10°—10") HarpoMaKeHHsIM, aHANIOTIYHO, SK Le pea-
Ti30BaHO B KOHTPOJHHOMY (4ACTOTHOMY) KaHai IH-
(poBOro MyIbTUKaHAIBHOTO (hazoMeTpa po3podIIeHol
Hamu reoakyctnuHoi amapatypu AIIK-1 Tta ii
moaudikari# [Hazapesny, 1988, 2011]).

VY 3B’s3Ky 3 JIONOBHEHHSIM EJIEKTPOHHOI CXeMH
30HJa IITBHUKOM YacTOTU CTaJ0 MOXIJIUBHM 3HAYHO
OIITHMI3YBaTH CXEMOTEXHIKY 30HIa, 3a0e3NeYrBIIH
0araTokpaTHEe 3HIDKEHHS CIOXXKMBAaHOI HUM IOTYX-
HOCTI, BIAMOBIAHUX €IEKTPOTEMIIEPATYPHUX BIUIMBIB
Ta TOXHOOK, WiJABHMIIUTH YYTIUBICTh, TOYHICTH 1,
0co651BO (Ha MOPSIOK Ta GinbIiie), TOBrOTPHBATY Ya-
COBy cTabuIbHICTh (MiHIMI30BaHUI YacoBuil apeiid)
HOro METpOJIOTIYHHUX XapaKTEPHCTHK, a TAKOX Mpak-
TUYHO 3HATH OOMEXEHHS Ha JIOBKUHY CHUTHAJIBHO-
KHUBUIBHOTO Kabemnst (SK 1O CHTHANBHUX, TaK i IO
KUBUIBHUX JiHiAX). JIIsl [[bOTO BUKOPUCTAHO CXEMO-
TEXHIUHI HampalfoBaHHs, SKi MM OTPUMAIH I 4Yac
PO3pOOJICHHS CIIY)KOM Yacy Ta CTAaHIAPTHUX YacTOT
reoakyctuuHoi amapatypu AILI'K-1 (AII'K-1/01,
AIICT'K-2), 30kpema, 06a30BOr0  BHUCOKOTOYHOTO
TEpPMOCTa01J1i30BAHOI0 T€HEPaTOpa OIMOPHOI YaCTOTH
[Hazapesuu, 1988]. Takuit renepatop (OCKiJIbKH HOro
JIOBFOTPHBAJia YacoBa HECTAOIIBHICTh HE ITEPEBUIILYE
0,5-1x10° Ha 106y, TOGTO € Ha MOPSIOK KPAIIOK,
HI)K, HANpUKIAJA, y BHKOPHUCTOBYBAHOI'O HAMH IS
MPOOHHUX CBEPUIOBHHHUX JIOCII/PKEHb YacTOTOMIpa-
xporomerpa ®5041 (10®)) rtakox sanpomoroBano
BUKOPHCTATH SIK 30BHIIIHIN 331al049Hi TeHEepaTop JUis
BUKOPHCTOBYBaHMX YaCTOTOMIpIiB YW CIIEliajbHO
PO3p0o0OIICHOI YacTOTO/IIEPiOAOMIPHOI CHCTEMH.

3 ypaxyBaHHsIM Moau(iKallii CXeMOTEXHIKH 30Ha
3 BHOKPEMJICHHAM CXEMH TEPMOBUMIpPIOBAIBHOIO Te-
Heparopa 5 B OKpeMHHl MOIyNb, L€l MOAYNb KOH-
CTPYKTHBHO JIOITOBHEHO TaKOXK €JIEKTpOMarHiToum 14
Ta TerwmoBuM 13 expanamu ans HelTpamizamii Mo-
JKJIMBUX BINMOBITHUX BIUTUBIB MOIYJSA MIIbHHUKA 1
kabespHOrO iHTepdeiicy 12 Ha Momynb reHeparopa 5.



Hocaigaxenns: Ta peaykuisi TenJaoBoi iHepuiiiHoCTI
CBEePAJOBHMHHOI0 30HIa Ha IaHi CBepAJOBHHHOI0
reorepmonpoginroBanns

[lix wac TtepmonpoQiniOBaHHS CBEPJIOBUH Y
Kocuno, bBproxoBnuax i TpocHuky, sik yxke Bif-
3HAYalocs BHIIE, MOMITHO TPOSBUIIACS TEIUIOBa
iHepIliHiCTh mepioro Bapianta (puc. 2) CTBOPEHOro
HAMH CBEP/UIOBHHHOTO 30HAA (IMB. TAKOX HIDKYE).
Tomy mis orpumaHHs “iCTHHHHX® TEMIIEPaTypHUX
npodiliB  CBEpIJIOBUH MH MPOBEIH  CIHEIMiaIbHi
JMOCTI/DKCHHS 1 PO3pOOMIM HABEIACHY HIDKYE Me-
TOJMKY PEAyKIii TerioBoi iHepLilHOCTI CBepAJIO-
BHUHHOI'O 30H/1A.

[ligxix 10 po3B’s3aHHS 1€l 3amadi TaKWA — Ha
OCHOBI TIOpIBHSIHHSI BIJIOMHX Y 3arajbHOMY BHIJISIII
[Yekamox u gp., 1974; Hasapesuu u gp., 2014]
YaCOBUX 3aJIOKHOCTEH MIDK TEMIIepaTypor 30HIa
(BUMIpSTHOIO CEHCOPOM) i YacoM — TaK 3BaHHX TEILIO-
BUX IIEPEXiJIHUX MPOIECiB — BCTAHOBJIEHO TaKi BEJH-
YHHH, SIK TEMIIEpaTypHO-4acoBa IIOCTiIHHA 30HMA T, a
Jam Il KOHKPETHHX BUMIPIOBaHb METOAOM Haii-
MEHIINX KB3JIPATiB Ta 3 BUKOPUCTAHHIM iTEpaIliitHUX
TpoLeyp 3HAaXOIWIM pIBHSHHS perpecii s Tern-
JIOBOTO TIEPEXiMHOro TMpolecy, sKi Haiikpamie (3
ypaxyBaHHSIM MOXHOOK BHUMIPIOBAHbB) 3aJ0BOJBHSIIN
CIIOCTEPEKEHUM JAaHUM. 32 LIUMHU PIBHAHHAMH OyIy-
Basucst (TPOOBXKYBAJIMCS B Yaci) KPUBiI CTAHOBICHHS
TEMIIEPaTypHOTO PEKUMY 30HIA @ JO CTALIOHAPHUX
sHaveHb (3 Toumictio mo 0,0001 °C), 3a numu
3HaYeHHSIMHU OymyBamucs “icTWHHI® TeMIepaTypHi
podiIi JOCIIHKEHUX CBEPUTOBUH. Taki JOCIIIKCHHS
MIPOBOJIMJIMCH 3 BUKOPHUCTAHHSIM HaIpalbOBAHUX HAMH
I Yac aHasi3y KapoTaKHHUX JaHUX
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Ha(TOra30MoNTYKOBUX JAOCIIPKEHb MMiIXOIB Ta METO-
MK 1 MOXJIMBOCTEH MporpamHoro mpoaykry Excel
[Ckakanmbcbka Ta iH., 2017].

CyTh METOJMKHM TOKa3aHO HIDKYE Ha TPHUKIAJIi
OITPaIfOBaHHS JaHUX TepMONPO]IIIOBaHHS BEPXHBOI
yactuHd  cBepmioBuHH  Ne 16-m KocuHckkoro
POMOBHIIA TEPMAIBHUX BOJ.

Jlns oTpuMaHHs SKHaMKpalux pe3yibTaTiB CIO-
YaTKy BiJIKOPHUI'OBAHO MEPBHHHI AaHI TEPMOKAPOTaXy
ceepmioBuHn  Ne 16-m  3a  amaparypHO-4acoBi
iHTEpBallbHI 3aTPUMKH BHUMIpIOBaHb (Tak 3BaHi
IHTEpPBaJIbHI 3MIIIEHH), IIOB'sA3aHi, 30KpeMa, SK 3
0COOJIMBOCTAMH METOAUKHM MOCTIKEHL, Tak 1 3
0COONMBOCTSIMU ~ (DYHKIIIOHYBaHHS BHKOPUCTOBYBa-
HOro wuacrotoMmipa-xpoHomerpa D5041 y pexumi
HarpoMajpKeHHS JaHUX 3 BEMKMMH iHTE€pBajaMU BH-
MiproBanb. OTpuMaHi BiIKOPEKTOBaHI KpHBi cCTa-
nosienns (s raubun 20/30/40/50/60 M, T06TO WIS
BHUMIpIOBaHb Y BOJi) i rpad)iké BiAMOBIAHUX YaCOBHX
Tpajii€HTIB IS i€l CBEPIOBUHH HaBEJIEHO Ha pHC. 4.

Jami 7t KOXKHOI KPHUBOI CTaHOBJICHHSI (T KOX-
HOI 3 TepeNniueHnX TIHOWH) BU3HAYanmucs Koedi-
LIEHTH PIBHSHHS PErpecii, 3alMCaHoro B 3arajibHOMY
BUTJISIII Y Takiil popmi:

t=gt+at’(1-e™), (1),

ne it —rykaHa TemmepaTypa Ha KOHKPETHiH rmuOHHi
(3a7le)XHa Bifl YaCy BHMIpIOBAHB), of — IOYAaTKOBA
TeMIiepaTypa 30HIa Ui BUMIPIOBaHb HAa KOHKPETHiit
ryMOuHI; t —yac BUMIpIOBaHHS B YMOBHHUX iHTEpBaIax
(v HamoMy BUMAJAKy — B iHTEpBalaX HAKOMUYCHH);
7y — TEeMIIEPaTYpHO-4acoBa MOCTiliHa 30HAa (B yMOB-
HUX IHTEpBaJax).
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Puc. 4. BinkopekToBaHi 3a anapaTypHO-4acoBi 3aTpUMKH (IHTEpBaJIbHI 3MIllIEHHS) AaHi
TepMonpodinoBanHs cBepAnoBrHE Ne 16-1 KocHHCBKOro po1oBHila TepMaibHUX BOJI;
a — rpadiky CTaHOBJIEHHS TeMIIepaTypH 30H1a Ha rimonnax 20/30/40/50/60 m (y Boi);

6 — rpadiky BiIMOBIHAX YaCOBUX TeMIIEPaTypHUX TPAIIEHTIB

Fig. 4. Corrected for hardware-time delays (interval offsets) data of thermal profiling wells No 16-p
Kosyno hydrothermal field: a— graphs of the sonde temper ature time-changes at depths
20/30/40/50/60 m (in water); b — graphs of the corresponding time temperature gradients
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VY nepiroMmy HaONMMKCHHI 3HAYCHHS Ty Opayiocst s
BCiX BUMAKIB oHaKoBUM. Ili3Hille BUABUIOCH (IUB.
HIDKYE), [0 IS PI3HUX TIHOWMH Kpamuidi Mix
TEOPETHYHOI0 Ta EKCIEPUMEHTAIBHOI  KPHBOIO
OTPUMYEThCS 3a Jelo pi3HuX 7. lLle, oveBHaHO,
MOB’13aHO 3 TMCBHOIO 3MIHOK COJIOHOCTI/TYCTHHH
piAMHM Y CBEpIUIOBHMHI 3 TJIMOMHOIO 1 BiZMOBiTHOO
3MIHOIO YMOB TeIUIONEpeaayl BiJ PiIUHU IO 30HIA.
OTKe, 32 JaHUMHU JOCIi/KEeHb, TEMIIepaTypHa cTaja
i 3ou1a 7= 2,5 (2,4) (X100 ¢), To6T0 250 (240) C.

Po3po0bneHHsT METOMUKY IETAaNbHO PO3TIITHEMO Ha
npukiag ganux it rmbuan 20 M (puc. 5). Ty, Ha
(puc. 5, a), HaBemeHO Tpadik CTAHOBJICHHS TeMIepa-
Typu 30HHa Ha TimOmHi 20M 1 rpadik ampokcu-
ManiiHoi ¢pyskuii. Camy (QyHKIIF0 BU3HAYEHO TAKOIO:

it'=14,522+0,2425(1-"%) (°C). (2)

Ha puc. 5, 6 HaBeneHo rpadix BiIXWiIeHb MiX
KPUBOIO CTaHOBJICHHS TEMIICpaTypH 30HAA 1 TOO0Y-
JIOBAHOIO anpokcuMaliiitow ¢yHkiieo (2). baunmo,
1o y maiama3oHi iHTepBamy BuMiproBanb (10 500 c)
BIIXWJICHHS MK  HHMH HE  [EPEBHIIYIOTH
+1,3 minirpamyca i 3i 3poCTaHHIM 4Yacy BUMIPIOBaHb
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(puc. 5, ) mpsamyroTk g0 Hynsa. Ha puc. 5, 6, kpim
eKcTparossiniiHoro rpadika 1 BiAXWIeHb MK KpH-
BOI0O CTaHOBJICHHSl TEMIIEpAaTypyd 30HIAa 1 alpOKCH-
Mariinoro Qyskiiero (excrpamomsamis g0 40 xB),
HaBeAEHO 1 rpadik 2 BiIXWICHb EKCTPANONIAMIAHOL
(GYHKIIT TepexiJTHOro TeMIlepaTypHOro Mpolecy Bia
TEeMIIEPAaTypH CTAIliOHAPHOTO pexumy (obuaBa — y
norapudmiuHoMy Maciitabi).

AHAJIOTIYHO MPOBEACHO JOCHIHKEHHS 1 I TJIH-
6un 30/40/50/60 m. Anpokcumariiiti (yHKIii A7st
LUX TIMOWH BU3HAYEHO TAaKUMH:

it'=15,0294+0,2425(1-€"2%) (°C); ©)
it=15,586+0,2519(1-€">*) (°C); 4
t=16,1485+0,2435(1-6"*%) (°C); ©)
t=16,682+0,2435(1-"%*) (°C). ©)

Pe3ysnpraTy mx IocCiikeHb HaBelIEHO Ha pHC. 6.
Ha puc. 6, ¢ nomano rpadiku anpokcumaniiHHUX
¢byukii ms rmmbun  20/30/40/50/60 M i kpuBHX
CTAQHOBJICHHS TEMIIEpATypH 30HAA JUIT THX CaMHX
rmmouna. Ha puc. 6, 6 HaBeaeHo rpadikd Biaxu-
JIeHb MIX KPUBHMH CTaHOBICHHS TEMIEPATYpH
30HJa 1 MOOYIOBaHMMHU aNpOKCUMALiHHUME (DYHK-

wistmu (2)—(6).
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Puc. 5. PegynbraTi 1ociipKeHHs Ta pelyKIilii TeMIepaTypHOl iHepHiiHOCTI CBEPUIOBUHHOTO 30H 12
(na mpukiami nanux cBepaoBuHU Ne 16-1m KOCHHCHKOTO pOOBHINA TepPMATbHUX BOJI
(mosiCHEHHS B TEKCT1)

Fig. 5. Results of studies and reduction of temperatureinertia of the well log sonde
(on exampl e the data of well No 16-p of Kosyno hydrothermal field (explanations arein the text)
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Puc. 6. Pe3ynbTaTi TOCTIHKEHHS Ta PEIYKILl TEMIOBOI IHEPIIIFHOCTI CBEPIIOBUHHOIO 30Ha (Ha TIPHK-
naji nanux cBepoBuHr Ne 16-11 KocHHCBKOr0 poioBHIna TepMaabHIX BOI) (TIOSICHEHHS B TEKCTI)

Fig. 6. Results of studies and reduction of temperatureinertia of the well log sonde (on example
the data of well No 16-p of Kosyno hydrothermal field (explanations are in the text)
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0 i =
14___15___1@__/1?;_;_Js ;5 2 B e e

_m....._/ L < 16 ! S g 1 RN
_20..)/ I H\; - — T 11 ag | L]
!N : F s
Z 30 T H 30 5 30
: \ E g 50
z

0 - 40 - s

N A [ o -
50\\ — - NN NN

a 6 6
Puc. 7. BinkopekToBaHi 3a TeMIepaTypHy IHEPIIHHICTh CBEPAJIOBUHHOIO 30H/a JaHi
TepMonpodinoBanHs cBepAnoBuHE Ne 16-1 KocHHCHKOro poIoBHINa TepMaTbHUX BOJ: YTOYHCHHM
TeMIiepaTypHuii mpodias cBepIoBHHM (a), Mpodiie TeMueparypHoro rpamienra (6) i mpodinb
BiXUJIEHb BUMIPSIHUX 3HAYHB TEMIIEpATypPH BiJ po3paxoBaHuXx (mpodins momnpaBok) (B)

Fig. 7. Corrected for the temperature inertia of the well log sonde the data of the thermal profile of
the well No 16-p of Kosyno hydrothermal field: refined temperature profile of the well (a), the profile
of the temperature gradient (6) and the profile of deviations of the measured temperature values from

the calculated (profile of corrections) (s)
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Baunmo, 1o y amiana3oHi iHTepBaJy BUMIpPIOBaHb
(mo0 500 c¢) BimXWIICHHS] MiX HAMH HE MEPEBHUIIYIOTH
+1,7 mimirpagyca i 3i 3pocTaHHSIM 4acy BHMipIOBaHb
(puc. 6, 6—2) npsmyroTh 10 Hyas, (puc. 6, 6) — Bia-
XWICHHS MK CEKCTpanoNsiiHOK (YHKINE Tepe-
X1THOrO TEMIEPaTypHOTO MPOLECY Ta TEMIIEPATYPOIO
CTalliOHAPHOTO PEXUMY Yy JiHIHHOMY MacmTadi;
(puc. 6, &) — Te came y TorapupMigHOMY).

3a3HaynMo, mo “icTMHHA” TeMIlepatrypa Ha TJIH-
6uni H € Taxoro: o )

it:OHt'l'HAt . (7)

Temnepatypruii rpamieHt Oyt [0H st raubuan H

BU3HAYAETHCS SIK:
OHt”/OH: ((H,,t”+ HAtﬂ'H_lto'H_lﬁ t)+
+(ggat + 1At -t - A0)/2. (8)

YrouneHu#t (3 ypaxyBaHHSM TEIUIOBOI iHEpILiii-
HOCTI CBEp/UTOBHHHOIO 30HJa) TeMIIEpaTypHUil mpo-
Gbins CBepAJOBUHM HABEIEHO HA pHUC. 7, a), BEPTH-
KaJlbHI TEeMIepaTypHi rpamieHTd (pi3HHUII MiX 3Ha-
uennsmu ;t y popmynax (2)—(6)) — Ha puc. 7, 6), a
BiJIXWJICHHS] BUMIPSIHUX 3HAYHb TEMIIEpaTypH BiJ po3-
paxoBaHuX (IPOQisb MOMPABOK) — HA PHC. 7, 6).

3 UX pe3yabTaTiB 0AYMMO, IO I CBEPAIOBHHU
B KocrHO momnpaBku 3a iHEpIiHHICTH 30HIA € HEeBe-
gukumu (y Bomi Menmre ik 0,017 °C (mis Bcix
riubun)). Lle ToMy, 10 32 PaxyHOK IOCHTH BIAJIOL
KOHCTPYKIIIi 30HJa HOro TEIJIoBa IHEPINIHICTL €
nopiBHAHO HeBenukorw (rp = 250 ¢), a Ha KOXHiif
rUOMHI  BHUMIPIOBaHHS  IPOBOAWJIUCH  JTOCUTH
tpuBanuii yac (500 ¢, To6To 277)

Pe3y.11 bTAaTH €EKCIIEPUMEHTAJIBHUX
CBEPAJIOBHUHHHUX HOCJ’[i}I)KeHb

3 BUKOPHCTAaHHSIM OINKMCAaHOI CBEPAJIOBUHHOI Teo-
TEpMIYHOI anaparypu 3 KBapLlOBUM TEPMOYACTOTHUM
cercopoM (y pisHuX Momudikaiisfx) Ta BiAMOBITHUX
METOJMK JIOCHTI/DKEHb 1 ONpAIfOBaHHS pe3yNbTaTiB
MPOBEACHO HU3KY EKCHEPUMEHTAIBHUX JOCITIHKEHb,
30KpeMa, TEepMONPO(MUIIOBAHHS  TiAPOTEPMATBHUX
cBepmiioBrH y KocuHo 1 TpocHuky Ha 3akapmatTi Ta
y bproxoBuuax no6nusy JIbBOBa, a Takok pexHUMHI
MOHITOpUHIOBi  cnoctepexkenHs y KocuHo i
EKCIICPUMEHTAJIbHI MOHITOPHHTOBI JOCIIDKEHHS Y
BproxoBuuax Ta TpocHuky. PesynpraTi mpoBeneHHX
panime (2010-2011 pp.) y KocrHO MOHITOPHHIOBHX
JOCTIKEHb yXe 4YacTKoBO omybmikoBaHo [Hasa-
peBud, Mukuta, 2012], pe3ynpTaTl MPOBEICHOIO TaM
e TepMOMpO(UTIOBAHHS BEPXHBOI YAaCTHHHU IOCIIJ-
’KYBaHOI CBEP/UTOBUHHU IMOAAHO Ha puc. 8 (MepBUHHI
KpPHBI CTaHOBJICHHS TEMIIEpaTypu 30HJAa Ha PIi3HHUX
raubuHax (3 KpokoM 3a riuubunoro 10 M), 30kpema y
cyxifi Ta 0OOBOJHEHi!l 30HaX), a IXHiH JeTanbHUIl
aHaJli3 HaBeNeHO BHIIE, caMeé Ha IX OCHOBI
JIOCITI/PKEHO Ta 3aCTOCOBAHO TEMIIEpaTypHi NONPaBKU
3a TEIUIOBY IHEPIIIHHICTh CBEPUIOBUHHOIO 30H 1.

Jlaii KOpOTKO MpeiCcTaBUMO PE3YJIbTaTH ITOCHi-
KeHb (TepMOMpO(ITIOBaHHSA) HA CBEPAJIOBHHAX Y
BproxoBuuax i TpocHuKy.

JocmimkeHHst, 30kpeMa, TepMOIpodiIroBaHHsI y
BproxoBnuuax mNpOBOOWINCH KUIBKAapa3oBO 3 METOO
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BiJINIpallOBaHHs CBEPJIOBHHHOI amaparypu. Y mia-
CyMKy  JOCSATHYTO  HaiiiiHOi  poOoTm  30HIa
(BpaxoBytoun 6aratomo0OBi MOHITOPHHIOBI JOCTIJ-
JKEHHs) Ha MakcuMmalbHuxX riaubuHax 500 M, oOme-
KEHUX JIOB)KMHOIO HAasBHOTO CHIHAJIBHOTO KaOeJs.
OTpUMaHUi pe3yNbTYIOUHH TeMIIepaTypHUi Tpodiib
CBepUTOBHHHU (3 ypaxyBaHHAM psay amapaTypHuX i
METOJMYHHX MOMPABOK) HaBEICHO Ha pHc. 9.

AHani3youn KOpOTKO Ii JaHi, Tpeba 3ayBa)KHTH,
10, KpiM HE OCOOJIMBO IIKaBUX JJIS T€0(i3UKH 0CO-
ONMBOCTEH 3MiH TEMIEpaTypd Ha IMPUIOBEPXHEBHX
rnubuHax 10 60 M (y HeoOBOMHEHIN yacTHHI cBep-
JUTOBHHH), 3BepTac Ha cebe yBary maemo Oimblimii
(0,305£0,015 °C/10 M) TemrepaTypHHii TPAliEHT HA MO-
PIBHSHO HEBENMKUX rnbOuHax (B inrepBam 80-210 m),
tomi sk rambmre (B imtepBami 230-500 ™) 1ei
rpagieHT cranoBuTh npubmmsno 0,25+0,02 °C/10 m.
[MpuunHaMu 1HOTO MOXYTh OYyTH  OCOOJIMBOCTI
T'COJIOTIYHOTO PO3PI3Yy Ili€l CBEpJTIOBUHH, 1€ MTUTAHHS
nmorpe0ye MOAaIbIIUX JOCIIHKEHb.
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Puc. 8. PesynbraTi TepmoripodiitoBaHHs
BEPXHBOT YACTUHH TiIPOTEPMAILHOT
cBepuioBuHU Ne 16-nm KocHHCBKOro po1oBHINa
TepMaIbHUX BOJ| — Ipadiku CTaHOBIICHHS
TEeMITepaTypH 30H/1a Ha PI3HUX MITHOMHAX

Fig. 8. Results of thermal profiling of the upper
part of the hydrothermal well No. 16-p of the
Kosyno hydrothermal field — graphs of sonde
temper atur e time-changes at different depths

JlocmimkeHHs 3a JTOMOMOI'OI0 BiApaIbOBAHOI i1
4ac poOiT Ha cBepAIoBUHI y bproxoBuyax amaparypu
MIPOBEACHO TaKOX Ha CBEPUIOBHHI Yy TpocHHKY Yy
3akapnarti. OTpuMaHuii TemneparypHud mpodiib
CBEpAJIOBMHU HaBeneHo Ha puc. 10.

AHaNi3yloud OTpUMAaHi JaHi, 3a3HAYUMO, IO
piBEHb BOJAM y Wil CBEpAJIOBUHI MICTHThCS Ha
rouHi 1,15 M Big MOBEpXHi, OT)KE, TIIBKH TOYKA 3
rmubuaoro O M BuMipsHa Yy TOBITpI BiANOBiia€E
MeTeoTeMIlepaTypl Ha MOBEpXHi IPYHTY, pemTa To-
YOK — IIe BUMiproBaHHs y Bozi. Ha rpadikax puc. 10
YiTKO BHIUISIOTBCA 2 IHTEpBadM TJIMOWUH 3 PIi3KO



BIIMIHHHMHU TpaJieHTamMu TeMmneparypu. [lepumii
inrepBan — Big 20 M 10 110 M (B inTepBani 0—20 M 1ie
HasBHUH BIUIMB  CE30HHOI METEOTEMIIEpaTypHOL
CKIIAJIOBOI),  BiH  XapaKTePHU3YEThCS  HHU3BKUM
rpagiearom — 0,009-0,02 °C/m. [pyruii inTepBan —
Bix 140 no 250 M, Ha HBOMY TeMIIEpaTYPHHUHN TPaTIEHT
mae Bemmumny 0,05-0,07 °C/m, Ha mnepexigHuX
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rubuHax MK 1mME  iHTepBamamu  (110-140 ™)
TemrepaTypHuii TpamienT Hapocrae Bim 0,025 mo
0,045 °C/m. Tlouyunaroun 3 rmbOuau 300 M, TeMre-
paTypHUH TpaieHT MOTPOXY IUIABHO 3HHKYETHCSA
(3 mesuuMmu Bapiarismu) 3 0,065 °C/m mo 0,058 °C/m
Ha rmbnaax 400440 m i 1o 0,048 °C/m Ha rimbuHax
480-500 m.
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Puc. 9. Temneparypuuii mpodins cBepaaoBuau bproxosudi-1 go rimmbunau 500 M (a) Ta BiamoBiqHMA
mpodins Temmeparypuoro rpamgienta (y °C/10 m) (6) (mami 4-ro MUKITY JOCITIIKEHB)

Fig. 9. Temperature profile of the Bryukhovychi-1 well to the depth of 500 m (a) and the
corresponding profile of the temperature gradient (“C/10 m) (6) (data of the 4th cycle of studies)
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Puc. 10. Temnepatypuuii npodins cBepmioBuan Ne 838 Ha PI'C “ TpocHuk” 1o raunbuan 500 M (a)
Ta BiamoBigHuii mpodias Temmeparyproro rpamgienta (y °C/10 m) (6) (mani 3-ro HHKITY TOCTIHKEHD)
Fig. 10. Temperature profile of the well No 838 in the RGS* Trosnyk” to the depth of 500 m (a)
and the corresponding profile of the temperature gradient (“C/10 m) (6) (data of the 3th cycle of studies)

69



I'eopunamika 1(24)/2018

Tabnuys 1
3BeneHi AaHi reoreMnepaTypHHX J0CJHilKeHb Y cBeioBuHAX KapnaTcbkoro periony
Table 1
Summary data of geother mal studiesin the wells of the Car pathian region
CBepanoBuHa
FnuGuna TeMIeparypa/rpajieHT
M
00 Kocuno BproxoBuui TpocHuk
50 16,4/0,054 — (noBiTps) 12,75/0,009
100 - 11,19/0,0335 13,5/0,022
150 - 12,70/0,0313 15,75/0,053
200 - 14.29/0,0312 18,5/0,056
250 - 15,67/0,0258 21,3/0,055
300 16,90/0,0275 24,5/0,065
350 18,19/0,0241 27,2/0,058
400 19,43/0,0246 30,4/0,062
450 2075/0,0261 33,3/0,058
500 22,02/0,0267 35,7/0,048
Jocmimkenmii 060m/ 0-500m / 0-500m/
Jiana3oH ribuH / 15,360 m 68,5500 m 1-500 m
3 HUX y BoJ
*Temreparypa Ha 14,72 °C (20 m)/ 10,38 (70 m)/ 11,379 °C (10 m)/
(min.)/(maxc.) riubuni 16,90 °C (60 m) 22,02 (500 m) 35,6536 °C (500 m)
*PisHuLst Temneparyp / 2,18°C/ 11,79°C/ 24,28°C /
*CepenHiit 0,0545 °C/m 0,027 °C/m 0,0496 °C/m
TeMIIEpaTypHHUI
rpajieHT

* B o6BotHEHOMY iHTEpBaJl INIMOUH

BinzHaunmo, 1o JaHi OUX JOCHIIKEHb [TOBHICTIO
Y3TOIUKYIOTBCS 3 JTaHUMH, OTPUMAHHUMH TYT paHIIIe
P. I. Kyracom [Kytac, 2005] — 3a iioro maHuMHU TeM-
nepatypa y CBEpPIJIOBHHI Ha Mil TJIMOWHI MiHsacs
Brpoaorxk 1992-1997 pp. y mexax 34,5-34,7°C, 3a
Hammu ganumu y 2015-2016 pp. 1o temmepaTtypy
BusHaueHo y 35,584 °C (35,6536 °C 3 ypaxyBaHHIM
TEIUTOBOI IHEPILIIHOCTI 30H/2).

[NopiBHANBHUIA HaNI3 Pe3yNbTaTIiB CBEPAJIOBUHHUX
TFCOTePMIUHUX  JOCTiKeHb. [lOpiBHIOIOYH  JaHi
JOCTIKEHb TIepeNliueHuX CBEVIOBUH (3BeleHi Y
Taba. 1), MO)KEMO BiJ3HAYUTH, IO HAWBHUINI Tpa-
mientd Ha Heeaukux (50 M) riuubuHAX € y CBep-
moBuHi Kocuuo, a HaiiHmwkui — y TpocHuky. Y
CBEpUIOBHHI y BproxoBwyax TpajJiEHTH 1O BCHOMY
po3pisy € cepenrimu (6mu3pko 0,03 °C) i MiHAIOTBCSA
Mmano (mo 1,3 pasa, y mexxax 0,025-0,033 °C/m), a y
CBepUIOBHHI B TpPOCHHKY — € HaWOULIBII 3MIHHUMHU
(y 7 pasie, Big 0,009 na rmubmunax 20-50 m g0
0,065-0,067 °C/m na rmubunax 200-400 m). Ipuun-
HH TaKWX Pi3KO3MIiHHHX rpajaieHTiB y TpocHuky (30-
KpeMa, Iy)Ke HU3bKUX TPAi€HTIB y MPUITOBEPXHEBUX
(20-50 M) ropusonTax) MOTPEOYIOTH MOMAIBIINX
JOCTIKeHb. 3a3HaYMMO TaKOX, IO TPAJIi€HTH, SKI
MU BH3HAYMIIH, 32 BEPXHBOIO YaCTHHOIO CBEPAJIOBUHU
y KocuHO 1 32 HKHBOIO YaCTHHOIO CBEPUIOBUHH Y
TpocHUKY € TakUMH X a00 OJU3BKUMHU IO THUX, SKI
BH3HAYCHI JUIA1 3aKaplaTChbKUX TiAPOTEpMaTbHUX
CBepMJIOBMH  crierianicramu  3akaprartcekoi  [PE
(P. C. XXapunikoBa) — 6mus3pko 0,05 °C/m. Ille 3ayBa-
JKUMO, 1[0 TEMIIEPaTypHi TPaJi€HTH Y CBEPAIOBHHAX
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y bproxoBnuax i y TpocHuky Ha Oinbmmx riuOMHAX
JIeNo 3HIKYIOThCS, Y bproxoBuuax — 3 rimbunn 220—
230 M, a y Tpocauky — 3 300-310 M, mopiBHSHO 3
MaKCHMaJbHUMH 3HaYeHHAMH Ha rinouHax 150-200 i
200-250 m BiamoBigHO.

[MpuunHamu pi3HUX TEMIEpaTypHUX TPAJIEHTIB Ha
pi3HUX TIMOWHAX Yy JOCTI[PKEHMX CBEpPIIOBHHAX
MOXYTh OyTH $IK pi3Ha TEIUIONPOBIAHICTE MOPIL
PO3pi3y — sIK BIIACHA, TaK 1 32 paXyHOK pi3HOI X 00BOJ-
HEHOCTI, a 3HAYMTh, PI3HOrO BKJIaAy (MOpSI 3 TEIUIOo-
MPOBiTHUM / KOHIYKTHBHUM) i KOHBEKTHBHOTO TEILIO-
nepenecenns [Kyrac, 1978; Yekantok u jp., 1974], Tak
i “3aMopoykeHi” Ha OLTBIIMX INTMOMHAX JIOBTONEpiojHi
TeMIlepaTypHi XBIJI, MOB’s3aHI 31 3MiHAMHU KIIIMaTy
[Kyrac, 1978; Kaenda et al., 2014], a6o e inm ¢hax-
TOpH, LI TUTaHHS OTPeOYe MOAATBIINX JOCIi/IKEHb.

BpaxyBanusi TeMnepaTypHUX BIUTUBIB
HA pe3yJbTaTH reoi3MYHUX cOCTEpPeKeHb

3 TeMIiepaTypHUM BIUIMBOM Ha PE3YJIbTaTH I'eo-
¢i3n4HuX, 30KpeMa, aepopMorpadiuHux ceiicMoIpo-
THOCTUYHHMX JOCIIPKEHb, BUCHI OOPIOTHCS BXKE TABHO
([JTatpiauHa u ap., 1988; BepOurpkuii, Hazapesud,
2005; Hazapesuu u ap., 2007; Hazapesuu, 2011] ta
iH.). OUH 3 MiAXOAIB 10 BUPILIEHHS Hi€l MPOOIeMHu —
MIPOBENCHHS TEMIIEPATypHOI'O0 MOHITOPHHIY Ha ITyH-
KTi CIIOCTEPEKEHb 3 MONATBITUM BUBYCHHAM 1 PEIyK-
€0 BHUIBJICHMX METCOTEMIIEPATYpPHUX BIUIMBIB
[Hazapesuy, 2011].



OxuH 3 BapiaHTIB METONUKH BpPaxyBaHHS CE30H-
HUX METEOTEMIICPATYPHUX BIUIMBIB IS BHIIICHHS
MaJIOaMILUTITYTHUX reo(i3MuHMX, 30KpeMa, aedopma-
LIMHUX TPOBICHUKIB MICIIEBUX 3aKapIaTChKUX 3eMJIe-
TPYCIB po3pOOICHO HAMHM 1 MPEACTABICHO HIDKYE Ha
MPUKJIAAl aHATI3Y naHux aedopmorpada “MyxieBo”.

Hocrmimkenns Ha myHkTi “Beperose-1" (“Myxi-
eB0”) mpooawiu JI. O. Jlatunina, O. I'. FOpkeBuu ta
I. M. Baiicaposuu [JlateiauHa u ap., 1992]. Cama
nehopmorpadivyna craniist (reorpadivni KOOpIUHATH
j =48,2°, | =22,7°) po3ramoBaHa y po3BiayBajbHii
urronsHi Ne 22 [Jlateinuna u ap., 1992; Hazapesuu u
ap., 2007] Ha miBAGHHOMY CXHJIi TOpH MyXiiBChbKOT
(Benukoi BeperiBcbkoi) y MigHDXOKI ii BEpPITHHHOTO
Kymona, 3a 3 KM Ha MHiBACHHH cxinm Big M. beperose
(puc. 11). Tyr BCcTaHOBICHI 2 TOPU3OHTABHI
KBapIoBi medopmorpadu 3aBmoBxkku 28 M (azumyTt
37°) i 12 m (asumyr 73°), posramioBaHi y Bijo-
KpPEMJICHOMY BiJI PEIITH LITOJbHI BiJICIKY JOBXHHOIO
6mu3bko 150 M. BincTans 10 IeHHOT MOBEPXHI B MicCIIi
BCTaHOBJIEHHsS JedopMorpadiB CcraHOBWIA Oijblie
Hix 15M, mo 3a0e3medmwio CrijIbHO 3 00JIaJHAHHAM
LUTI03iB  TIOPIBHSHO J00pe HIBEMIOBAHHS IIPSIMOTO
BIUIMBY CE€30HHHX KOJIMBAaHb TEMIIEPATYypH HOBITPS Ta
3eMHOI TOBEpXHI Ha pe3yJIbTaTH BHUMIpIOBaHb
nedopmariiii MacuBy mopi.

AJe 3a paxyHOK TEpMOIPYXHHX jedopmariii, re-
HEepOBaHMX MpUMoBepxHeBuMH (Ha rubuHax 0,2—5 M)
[IapaMu KOHCOJIIZIOBAHUX TOPiJ ITBIEHHOI'O CXHUITY
ropu MyxiiBCbKOI, Bce X TaKH piBEHb CE30HHUX
Bapialliii HampyXeHo-1e(hOPMOBAHOI'O CTAHY MAaCUBY
mopig y 30HI posramyBaHHs nedopmorpadis OyB
3HauHui (muB. Hikue). Tomy panime (aus. [Haza-
pesud u ap., 2007]) Ha 3ammcax aedopmariii bOro
MyHKTY HaM BAAJOCS BUAUIUTH 1 JOCTIAWTH TUIBKA
BUpa3Hy aHOMaJil0 — IIPOBICHUK 3EMIJIETPYCY
6.05.1989 p., moniOHy 3a XapakTepoM Ta YacoBO-
aMIUTITYTHIMH TIapaMeTpaMu JI0 BUJIJICHOI 1€ paHi-
1€ BiAMOBIAHOI reoakyCTH4HOi aHOMauii [BepOurip-
kuit, Hazapesuu, 2005].

BomHouac BiZloMo, 1110 POKOM paHillie y Iii camii
30HI TaKOXX BiJOYBCS BINUYTHUH 3eMIIETPYC, aje Ha
3anucax jaedopmorpada sBHOI aHOMaJIi B 1€l yac He
crocTepiranocs.

I Bce » 3a yBaHIIOro poO3rJIsiAy Ha Tpadiky
nedopmariii 3a 1986-1990 pp (auB. HIKYE) MOXKHA
MIOMITHTH TI€BHI 30ypEeHHsI X0y Ce30HHOI nedopmartii
y nmpyriii nonoBuni 1988 p. Ane BoHM Mornu OyTH
OB’ A13aHI 3 OCOOJIMBICTIO CE30HHOI MeTeoTeMIlepa-
TypHOI XBWJIi, TOMYy 0€3 IETaJbHOr0 KOPEJSLiHHOro
aHaii3zy nedopmorpadiuHuX Ta TEMIEpaTypHUX Ja-
HUX POOWTH SIKICh BUCHOBKH TYT HE OYJIO MOXKJIMBUM.

Jlis mpoBeAeHHS TaKOro aHalizy MU 3alydiiIu
JlaHi Mpo 3MiHM TeMIlepaTypd IOBITPsl Ta MOBEPXHI
IPYHTY Ha PO3TAaIIOBaHIil HENANEKO BiJl MYHKTY CIIO-
crepexxens (Ha Bigcrani 3 kM (puc. 11)) MereocTaHIlii
“Beperose” 3a 19861990 pp. (puc. 12, a).

3 mMX JaHUX 3a pe3yJabTaTaMH CHEKTPaJbHOI'O
aHaJli3y BHJIUJICHO CE30HHY TEMIEpAaTypHY XBHJIIO i
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MIPOBENEHO 11 KOpeAliiiHui aHaii3 3 medopmorpa-
¢GiuHUMH TaHUMH. 3a pe3yJbTaTaMu LBOTO aHaji3y
(3 ypaxyBaHHSM TPEHIOBOI Ta CE30HHOI CKIIAIOBHX
(mmB. HIKYE)) 3TEHEPOBAHO MOJIETBHY “ cTalliOHapHY”
TepMonpyxHy nedopmaniro Ha myHTI “MyKieBo”
(puc. 12, 6). Mami nutaxoM MOpiBHAHHA 3 (ak-
THYHUMH Jaedopmanismu mopin (puc. 13) BuminzeHo
MaJIOAMIUTITYHy (TOPIiBHSIHO 3 CE30HHHMH TEPMO-
NpY)XKHAMH AedopMalissMi 1 3 NpoBiCHUKOM BuHo-
rpaaiBcekux 3emuerpyciB 1989 p.) anomaito — mpo-
BicHUK BuHorpamiscekoro 3emierpycy 1988 p., npen-
craBieHy Ha puc. 13,a) (3arambHUi BUITSLI) i
puc. 13, 6) (BapiamiiiHa ckiamoBa).

3a3HaurMo, 10 BEJIMYMHA BUIIJIEHOI aHOMAaIl €
MOpiBHAHO Mano (auB. puc. 13) — BigHOCHA medop-
Maltisi cranoButh ~3x107. [TopiBHSAHO 3 BETUYHUHOIO
CEe30HHHMX METEOTEepMOIpYXKHUX Bapiamiii (~14x107)
aHoMayis € y 5 pasiB MEHIIOK i 0e3 JeTaabHOro
JOCIIKEHHST 1 ypaxyBaHHS CE30HHHX MeTeoTeMIle-
paTypHUX BIUIMBIB BUIUIMTH 1l HE OyJ10 MOYJIUBUM.

BonHouac mopiBHsSHO 3 BapiauisMu aedopMartii
BIJIHOCHO 3T€HEPOBAHOI (3 ypaXyBaHHAM TPEHJIOBOI Ta
CE30HHOI CKJIAaJ0BHUX) MOJENbHOI “crarioHapHoi”
TepMONpyXHOI aedopmarllii 3a IonepeaHi 2 poKH
(;umenp 1986 p. — uepBenp 1988 p.), BenmUUIUHA SKUX
HE TepeBMIIyIOTh Yy cepexnbomy 0,5-0,7x107
(puc. 13, 6), Taka anomais € y 5—7 pasip Ginmbiioro,
TOOTO BUAIIAETHCS HOCUTH HamiiHo (puc. 13, 6) — Ha
piBHI 3Ha4HO OibIIe HIXK 30.

TpuBaicTe aHOMaJIl TIEpe 3eMJIETPYCOM CTaHO-
BHJIA HE MEHIIIE HiX 5 MicsIliB — BiIXMICHHSA Bif “cTa-
iOHApHOTO" XO0ny nedopMalliii MoYajucs B JIUITHI
1988 p., a cam 3emiterpyc BinOyBes 12 rpyans 1988 p.

AHaJT3yI04M KOPOTKO BHUIUICHY aHOMANIil0 I0-
piBHsIHO 3 aHoMai€ro 3emierpycis 1989 p. (puc. 13),
3a3HAYMMO, 10 aHOMais Bij 3emierpycy 1988p. e y
Kilbka pas3iB MeHIl BUpaxkeHOro. Lle crocyerhes sk
camoi aHomarii (BimHocHa meopmamis ~3x107 To-
piBHsHO 3 ~13x107), Tak i 3MiHH TPEHIOBOI CKIa10BOL
TEOMEXaHIYHOrO PEXUMY 3eMHOI KopH (UTsl aHOMAITT —
npoBicHHKa 3emiieTpycy 1988 p. 3MiHa TpeHay momMiTHO
HE TIPOCTeKYEThCSA, a i1 aHOMalii — MpOBICHUKA
semuietpyciB 1989 p. HasBHA 3MiHA CTHUCKY BEIUYHHOIO
~11x10" Ha pix posrsarom BemmunHOw ~3x107 Ha piK).
lompaBna, emilieHTpaabHAa BiACTaHb VIS 3eMIIETPYCY
1988 p. (A = 31 km) y miBTOpa pasa OuTblIA, HIK IS
semierpycy 1989 p. (A = 23 km). Aute, 3 iHIIOro 60Ky, i
MarHityga 3emuerpycy 1988 p. (M = 33/K = 99)
MOMITHO OuTbllla, HDK I 3emierpycy 1989 p.
(M = 2,8/K = 9,1), 10670, 32 EHEPTIEIO I1i 3eEMIETPYCH
PI3HATHCS MaiiKe Ha MOPSIOK.

Taka BiAMIHHICTH M PO3TJISIHYTUMH JedopMma-
HiHHAMH TMPOBICHUKOBUMH aHOMAJIISIMH KOPECIIOH-
JIYETHCSI 3 BIIMIHHICTIO MIXK BiZJOOpasKEHHIMHM IUX JKE
3eMIIETPYCIiB Y T€0aKyCTHYHHX JaHUX. | €0aKyCcTHUHA
aHoMaJis — mpoBicHUK 3emieTpyciB 1989 p. e myxe
BupasHowoo ([BepOunbkuii, Hazapeuu, 2005; Ha3za-
peBuu u ap., 2007] ta iu.).
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Puc. 11. Jlokanizamisi BOTHHII BiTYyTHUX MiciieBUX BruHorpasiBcbkux 3emierpycis 1988-1989 pp.
BIJIHOCHO MYHKTY criocTepexens “ MyxkieBo” (“Beperose-1") Ha parmMeHTi KapTH HIEHTPAIbHOL
YaCTHHH MIiBJCHHOI 30HHM 3akapnatTs (Ha kapToocHOBI GOOgle 3 penbedom, mokazaHa JOoKaIi3aiis
BOTHHIIL 3eMJIeTpyciB (@), myHKTY “MyxkieBo” (A ) Ta emileHTpaabHi BiICTaHi 10 BOTHUIIL,

a TaKOX JIoKaji3anis mereocraniii “ beperose” (aM))

Fig. 11. Localization of the foci of the tangible local Viynogradovo earthquakes in 1988-1989 rel ative
to the“ Muzhievo” (* Beregovo-1") observations on a fragment of the map of the central part of the
Transcar pathians southern zone (on the Google mapswith a relief, the localizations of earthquake
foci (e), the“ Muzhievo” point (A), epicentral distances to the foci and the “ Beregovo”
meteorological station (mM) are showing)
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Puc. 12. CepennpoMicsauHi 3HaUCHHS TEMIIEPATypH TOBITPS Ta MOBEPXHI IPYHTY HA METEOCTaHIIi1
“Beperose” 3a 1986-1990 pp. (a) Ta MmozenpHa “ cTallioHapHa” TepMonpyxHa nedopmMaltisi Ha MyHTi
“MyxieBo” (3 ypaxyBaHHSM TPEHIOBOI Ta CE30HHOI CKJIaJ0BUX) (6)

Fig. 12. The average monthly values of temperature of the air and soil surface at the “ Beregovo”
meteorological station for 1986-1990 (a) and the simulated “ stationary” thermoelastic deformation
at the "Muzhievo" pint (taking into account the trend and seasonal components) (6)
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Puc. 13. Buninenns (3 ypaxyBaHHSIM CE30HHHX METEOTEPMOINPYKHUX AepopMaliiil) MarToaMILTITyIHOT
nedopMariiiiHoi anoMatii (BiIMi4eHOT pO)KEBUM) — IPOBICHUKA BUHOrpaIiBChKOr0 3eMJIETPyCy
4.12.1988 p. (mosicHeHHsI — B TEKCTi): @ — Ha (hOHI IMOBHOT'O YaCOBOTO PSY; 6 — BapialliiiHi CKJIa10Bi,
Ha (oHi ce30HHMX nedopMalliiftHuX XBUIIb (1IKana aedopmaltiii — B yMOBHHX OIMHHUILIX). [Toka3aHo
TaKOX aHOMaJIisi — MPOBICHUK BuHOrpamischkoro 3emiuerpycy 6.05.1989 p. (3a3HaueHa ®OBTUM), SKY
MU BUIUTHIM panimre [Hazapesuua u ap., 2007]

Fig. 13. Salection (taking into account the seasonal meteothermal deformations) of the low-amplitude
deformation anomaly (marked by pink) —the precursor of the Vynohradovo earthquake on December
4, 1988 (explanations arein the text): a— on the background of the full time series; b — the variational
components, on the background of seasonal defor mation waves (scale of deformations —in the
conventional units). The selected by us before [ Nazarevych et al., 2007] the anomaly of the
Vynogradovo earthguake on May 6, 1989 (marked by yellow) is also shown

A Te0aKyCTHYHA aHOMAJIisA-IPOBICHUK 3EMIICTPYCY
1988 p. Bupa3sHO HE TPOCTEKYEThCsS [BepOuibkuii,
Haszapesuy, 2005].

O4YeBHUIHO, BIAMIHHICTh MK aHOMANisIMA — TIPO-
BicHukamu 3emuerpycie 1988 i 1989 pokiB cnpwu-
YHHEHa, 3HAYHOI0 MIipOI0, OCOOJMBOCTSIMHU TeoMmexa-
HIKM TXHIX BOTHHUIIEBUX 30H, BIJIMIHHOCTAMU
MEXaHi3MiB IUX 3eMJIETPYCIB 1 BIAMIHHOCTSIMH
OynoBU 3eMHOI KOpW Ha Tpacax ‘BOTHHILIE — ITYHKT
criocrepexkeHb”. Yci Ll NHTaHHSA —IOTPEOYIOTh
MOAAJIBIIOrO JIETAIEHOTO 1 KOMIUIEKCHOTO aHaIi3y.

om0 “mpoBICHUKOBOI” TPUBAIOCTI, TO OOHBI
aHoMaJil momiOHI — BOHH MOYaJIUCs TPUOIU3HO 3a 5
MICSAIIIB IO BIAMOBIIHUX CEHCMIYHUX TOIiH: mepIina —
B sunHi 1988 p., a cam 3emierpyc BinOyscs 12 rpya-
Hsa 1988 p.; apyra — y rpyaui 1988 p., a cam 3emure-
Tpyc BinOyBcs 6 TpaBHs 1989 p. Ane mocrceiicMiuHa
TpuBanicth anoManii 1989 p. e 3HauHO OiNBLIOHO,
TaKOK OJM3BKO IT SITH MICAIIB TICIA 3eMIICTPYCY
(puc. 13), Tomi sixk aHoManis 1988 p. 3akiHunnace mie
mepen “cBoim” 3emutetpycom. IllompaBma, TyT,
MOXKJIUBO, BUHHMKJIO TEPEKPUTTS MOYATKOM aHOMAJT
1989 p. “xBocta” anomaiii 1988 p., ane 00’ eKTHBHO

BCTAHOBHTH II€ HE BUMAETHCS MOYKIIUBUM.

Haykoea HO6U3HA

HaykoBor0 HOBH3HOIO ONMCAHUX JOCIIHKEHb € T€,
[0 JMOCATHYTO MiABHIICHHS YYTJIHUBOCTI 1 TOYHOCTI
MOHITOPHHIOBHUX Ta I1HIIUX CBEPUIOBUHHHX T€OTEp-

MIYHUX JOCTI/KEHb 3 BUKOPHCTaHHIM PpO3pPOOJIEHOL
CBEp/JIOBMHHOI T'€OTEPMIYHOI amapaTypud 3 KBaplo-
BUM TEPMOYACTOTHHM CEHCOPOM, IIUIIXOM, 30KPEMa,
JIOCIIJDKEHHS, BU3HAUEHHS 1 BpaxyBaHHsS TalMiHro-
BHX TEMIIEpaTypHUX MonpaBok (“iHTepBalibHHUX 3Mi-
IIEHR") 1 MOMPAaBOK 3a TEIIOBY iHEPIIHHICTH CcBEp-
JUTOBUHHOT'O 30H/a. J[eTaabHO MOCIIKEHO TemIiepa-
TypHi Tpo(iTi HU3KH TiIPOTEPMAIBLHUX CBEPAJIOBUH
3ax01y YKpaiHU 1 BCTAHOBJICHO OCOOJIMBOCTI 3MiHU B
HUX TeMIepaTyp 3 TIIHOMHOK. 32 paXyHOK PEIYKINI 3
nedopmorpadiuHuX JaHUX 3MOJENBOBAHUX 33 pe-
3yJAbTaTaMHA T€OTEPMIYHOI'O MOHITOPHHTY CE30HHHX
TEPMONPYXKHUX AedopMaIliii BUAIICHO MaOaMILTi-
TyIHHH TeopMalliifHIi TPOBICHUK MiCIIEBOI'O 3aKap-
MATCHKOT0O 3eMJIETPYCY.

Ilpakmuyna 3nauywjicmo

JlocATHYTO MiABHIECHHS TITHOUHHOCTI TeoTep-
MIYHUX JOCTI/KEHb 3 BUKOPHCTaHHIM PO3pPOOJIEHOL
CBEPJUIOBMHHOI T€OTEPMIYHOI arapaTypy 3a PaxyHOK
BHUKOPUCTAHHS KPAaTHO 3HIDKCHOI YaCTOTH Iepenadi
BHMIPIOBAHOTO CHUTHATY KapOTaXHUM KaOesreM 1 BIO-

CKOHAJICHHA KOHCprKHi.I. Ta CXEMOTEXHIKH CBEpAJI0-
BHUHHOI'O 30HAA.

Bucnoexu

[TizcymoByroun BHKJIaJeHe, MOXKHA cepes Haioc-
HOBHIIIIOTO BiI3HAYNUTH TaKe:
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1. Insa mipBuiieHHs: eeKTUBHOCTI Ta ONEepaTUB-
HOCTI TEPMOKAPOTAXXHUX [OCHTIKEHb, PO3MIUPEHHS
pobouoro niana3oHy MIMOWH Ta BUPIIIYBaHHUX 3a/1ad,
MiJIBUIIEHHHS. HAJIHHOCTI pO3pOOJIEHY amapaTypy
CyTTEBO MOIU(IKOBAHO, 30KpeMa, peali30BaHO HU3KY
3axofiB 3 Mojaudikamii 30HIA: 3HWKEHHS PoOOUOl
YaCTOTH HA CUTHAJILHOMY KaOelri, 3MEHIIEHHS TeTuIo-
Boi iHepUiffiHOCTI 30HIa Ta 30UIBIIEHHS pPOOOYOro
TiIPOCTATUYHOTO THUCKY, @ TaKOX METPOJOTiYHUX
XapaKTEepPUCTUK BHUMIpIOBaJIbHUX cucTeM. Po3pobie-
HUA MoaM(DIKOBaHWH BapiaHT CBEpAJIOBHUHHOI TI'€0-
TEPMIYHOI arapaTypy 3 TIMOWHHUM CBEp/JIOBUHHUM
30HOM 3a0e3leuye JOCHIPKEHHS TEeMIepaTypHOro
PEKUMY CBEPUIOBHH Ha TJIMOMHAX Y COTHI METpiB 3
pozainenHsm no Temmeparypi Ha piBai 0,001 °C. Ile
3HAYHO MiJBHUIIYE MTOTEHIIAN TaKOi anapaTypH y Ipo-
BEJICHHI Pi3HUX MPAKTHYHUX JTOCIIIKEHb.

2. Otpumani mig yac BUNpoOyBaHb anapaTypy Ha
cBeputoBHHAX y 3akapratti (cBepanoBuru Ne 16-m
Ha myHkTi “KocuHo” i Ne 838 na PI'C “TpocHuk”) i
Iepenkapnarti  (cBemmoBuHa bBproxosuui-1) mani
CBiYATh PO MIOMITHO BUIIi TEMIIEPATYpHI TpalieHTH
3a rmbuHow y 3akapnarti — y Kocuno i TpocHuky
(mopsiaxy 0,05-0,07 °C), wmixx y paiioni JIsBoBa
(6mm3pk0 0,03 °C).

3. 3a pe3ynprataMu JOCIIKEHb Y CBEPIUIOBHHI
Ne 838 PI'C “TpocHuk” BCTaHOBICHO pi3Ky (10
7 pasiB) 3MiHy re€OTEPMIYHOTO IPATIEHTY 3 TIUOUHOIO
Bix 0,008-0,02 °C/m na rimmbunax 20-100 m mo 0,05—
0,07 °C/m Ha rimubunax 150-500 m. Orxe, Haii-
JIOLTBHIIIE TYT BECTH MOHITOPUHI'OBI I'€OIUHAMIYHI 1
CeiCMOIIPOTHOCTUYHI  JTOCHI/DKEHHS Ha TJIHMOWHAX
200250 M, T0OTO B 30HI HahbOLIBmmMX (0,065—
0,068 °C/m) TemmepaTypHUX Ipami€HTiB (HaWOiNbIION
YYTIUBOCTI J0 3MiH HamlpyXeHO-1e(hOPMOBAHOTO
CTaHy MacuBY MOPi).

4. BuxopuctanHs po3po0JIeHOI METOAMKU Bpaxy-
BaHHS TCIUIOBOI 1HEPINIHOCTI 30HIA 1 BBEIACHHS Bij-
MOBIZIHUX TIONPAaBOK Y BHUMIpSIHI 3HAYEHHs TeMIle-
patyp (IpoiIroCTpOBaHe Ha MPHKJIaai 0OpOOKH JTaHHUX
cBeputoBiuHU Ne 16-m KocrHO) 1a€ 3MOTY i IBUIITUTH
TOYHICTh /200 3HAYHO TMPUCKOPUTH HIBUAKICTH TEp-
MOKapOTaXy Ta 301JIBIIUTH HOTO JACTaIbHICTh 32 TJIHU-
OWHOIO 31 30epeKEHHIM TOYHOCTI Ta SKOCTI OTPUMY-
BaHUX JaHUX.

5. 3a pe3ynpTaTamMy aHali3y NaHHX TEOTEPMIYHHX
JoCTipKeHbp Ha cBeptoBuHi myHKTY “Kocuuo” (Ha
rmbuni 50 M) 3a mepion 3 mucronama—rpyans 2010 p.
no yepBHs—mnHI 2011 p. 3adikcoBaHO 3HIKEHHS
Temmeparypu Ha 0,15°C — 3 18325 mo 18,175°C
[Hazapesuy, Mukuta, 2012], 1o Mmoxke 6yTd OB’ si3aHe
3 TIpollecaMd MiJrOTOBKM BimdyTHOro beperiBcbkoro
3emerpycy 10 ceprnst 2011 p., sikuii BinOyBcst 3a 17 km
Ha MiBJICHHIH CXiJ| BiJl MyHKTY CIIOCTEPEKEHB.

6. Po3pobnena meroamka AOCITIKEHHS 1 Bpaxy-
BaHHS METEOTeMIEPAaTypHUX BIUIMBIB Ha reodizuuHi
(3oxpema, medopmorpadiuni) maHi Ja€ MOXKIHUBICTH
eeKTHBHO BpaxoByBaTH (pEAyKyBaTH Ha MOPSIOK i
OiJIpIIie) MeTeoTepMONpPYXHi aedopmariii i 3a paxy-
HOK LIbOI'0 BUALIATH 3 AedopMorpadiyHux JaHuX Ma-
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JoaMIUTiITYHI (Ha PiBHI y KiJbKa pa3iB MEHIIE am-
IUTITYl CE30HHUX TEPMOMIPYXHHX nedopmariii) ne-
(opMariiiHi aHOMaJii — IPOBICHUKU MiCLEBHX 3eMJIe-
TpyciB. Ile AeranbpHO IMOKAa3aHO Ha MPHKIAIl BHII-
JIEHHSI MaJIOaMILTITY/IHOI aHOMaJIii — npoBicHuKa Bu-
HorpafiBchkoro 3emuerpycy 4.12.1988 p. Moxiu-
BOCTI BHIIJICHHS TaKUX aHOMAaTi¥ (haKTHYHO Y KiJIbKa
pasiB 30iIbLIyIOTh pealbHy YYTJIMBICTH i/ab0 30HY
KOHTpOJIIO KOHKPETHOT'O MYHKTY nedopmorpadivyamx
CIOCTEpEeKEHb, AAl04YX 3MOTY BUSBIATH Jedopmartiii-
Hi TIPOBICHUKOBI aHOMajii Ha THUX CaMHUX, IO |
paHimie, emIEHTPAIFHUX BIACTaHAX BiJl 3HAYHO
Cnabmmx 3eMIICTPYCiB, 1 Ha 3HAYHO OUIBIIHMX
BIICTAHAX BIJl 3eMJICTPYCIB TaKOi 3K, SK paHille,
MarHiTynu. lle 3HayHO miaBHIIYe e(EeKTHBHICTH
(BpaxoBytoun Bimomi [JlateiHmHa wW gp., 1988;
Bepounpkuii, Hazapesuu, 2005; Hasapesuu, 2011]
OOMEXEHHSI ~ METOJUYHOrO  Ta  EKOHOMIYHOTrO
XapaxkTepy) 1 pe3ylbTaTUBHICTH aedopMorpadiaamx
CeiCMOIIPOTHOCTUYHHUX Ta 1H)XXEHEPHO-TeOo]i3NuHMX
JIOCITI/PKEHb 1 MOHITOPUHT'Y.

VY3aranpHIo04U BUKIJIAJICH] pe3yibpTaTi
JIOCITI/PKEHb, MO)KEMO KOHCTaTyBaTH, IO po3poOdiieHi
METOJIMKH T'€OTePMIYHMX JOCIi/KeHb, aHallizy Ta
3aCTOCYBaHHS IXHIX PE3y/lbTaTiB, a TaKOX CTBOpEHa
reoTepMivyHa amapaTypa 3a0e3MeuyloTh e(peKTHBHE
BUBYEHHS pi3HOMACIITAOHUX IPHUIOBEPXHEBUX Ta
TTUOMHHUX T'€OTEPMIYHMX Ta IHIIMX TeOAWHAMIYHMX
nporieciB [Kpynceskuit, 2001; dociimkenns..., 2005]
y Kapmarcekomy perioni VYkpainu ([Hasapesud,
2008, 2011; BepOunekuii, Ha3apeBuu, 2005;
Haszapesuu u np., 2007; Hazapesuu, Mukura, 2012;
Hasapesuu, Haszapesuy, 2017] Ta in.).

Taxk, 3anponoHOBaHa METOIWKA CEHCMOIpPOTHOC-
TUYHHUX TEOTEPMIYHMX JIOCHII/DKEHb y 3akapnarTi 3
BUKOPHCTaHHSIM TiPOTEPMAalIbHUX CBEPIJIOBUH Ta
CTBOPEHOI T'€OTEPMIYHOI amapaTypu 3 KBapLOBUMH
TEPMOYACTOTHUMH JIaTYUKAMH 37aTHa 3a0€3NeurTH
BUSIBJICHHSI TPOLIECIB ITATOTOBKU DPETYJISIPHO BHHH-
KaloYMX TYT BiMUYTHHX MicleBUX 3emieTpyci [[o-
cmimkenns..., 2005; HazapeBuu, Haszapesuu, 2013;
Kalenda et al., 2013; Starostenko et a., 2013] y
paziyci 10 KiNBKOX IECSATKIB KIJIOMETPIB BiJ| IYHKTY
criocTepexeHb. PO3IIMpeHHsT Mepexi IyHKTIB Ta BJO-
CKOHAJICHHSI anapaTypy JIa€ 3MOry 3a0e3MeYuTH Ipo-
BEICHHS CEHCMONPOTHOCTUYHOIO MOHITOPHHTY Ha
BCili TepuTOpii ceficMOaKTHBHOIO 3aKapIaTCbKOro
MPOTMHY 3 MOXJIMBICTIO OLIHOK BEJIWUYWH 3MiH Ha-
Mpy>XeHo-1e()OPMOBAHOTO0 CTaHy MAacHUBIB MOpiJ Y
MyHKTax crocrepexxens [Hazapesud, Mukuta, 2012].

MOXJIMBOCTI Ta MEPCHEKTUBU 3aCTOCYBaHHS PO3-
pobOneHoi amapaTypd Ta METOAUK CBEPUIOBHHHUX
TeOTEPMIYHUX JIOCHTIPKEHb Y Ha(TOra3onouryKoBUX
3alayax TaKOX JOCHTh 3Ha4Hi. [IOpiBHIOIOYHU maHi
HAIlMX CBEPUIOBUHHHUX TEPMOKAPOTAXKHUX OCIi[-
KeHb (TepMOMNpPO(ITIOBAHHS CBEP/JIOBUH) 3 PE3yiib-
tatramu iHmmx apropiB ([Yekamoxk u ap., 1974
Kalenda et al., 2014] Ta in.), 6a4umMo (AUB. TAaKOXK Y
[Hazapesuu, Mukuta, 2012]) MOXIHBICTH Ta mep-
CIEKTUBHICTh 3aCTOCYBaHHs pO3pOOJIEHOI amaparypu



Ta METOOUK JUIS BUAUICHHSA PI3HUX 3a CBOIMH I'€O-
TEMICPaTYpHUMU TTapaMeTpaMu Ta (DIIOITHUM PEXH-
MOM TOPH30HTIB.

Po3pobneni meronnku, anaparypa Ta pe3yjibTaTh
JMOCTI/DKCHh ~MO)KHA TaKO)XK  BHKOPHCTATH  JUIS
BHBUYCHHS 1 IOJANBINOI PO3POOKH TEPCIEKTUBHUX
TipoTepMalIbHUX EHEepPropecypciB 3akapnarts, MO-
TYKHI 3amacd sSKuX € K Ha BemukuX (7-11 xm)
[KoBamummu, Bpatycs, 1984; HaszapeBuu Ta iH.,
2002; Kovacikova et a., 2016; Haszapepuu, Hasa-
pesuy, 2017], Tak i Ha MOPIBHIHO 3HAYHO MEHIIHX i
nocTynHux (1o 3-5 kM) riubuHax.
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K ITPOBJIEME TTOBBIIIEHU A I''TYBMHHOCTU, YYBCTBUTEJIBHOCTU U TOYHOCTU
MOHUTOPUHI'OBBIX 1 HEOGTEI'A3OIIOMCKOBBIX
CKBAXVMHHBIX TEOTEPMHWYECKUX MCCIIEAOBAHNA

He.]'lb. ]_ICJ'H)IO paGOTH SABJIACTCA NPEACTABUTH HapaGOTaHHI)Ie HaMM BaXXHBIC METOJUKO-aIlIapaTypHLIC
pa3pa60TKH, HaIlpaBJICHHBIC HAa ITOBBINICHUE FJ'IyGI/IHHOCTI/I, YYBCTBUTCJIBHOCTH U TOYHOCTH MOHUTOPHUHIOBBIX U
He(l)TeFaSOHOI/ICKOBLIX CKBaAXXUHHBIX T'COTCPMHUUICCKUX PICCJ'ICI[OBaHPIfI. MeTonmca. MCTOI[I/IKa BKJIIOYACT aHAJIM3
pdaaa MCETOAUKO-aIlIapaTypHBIX (l)aKTOpOB, BIIMAIOIIUX Ha FJ'IyGI/IHHOCTI), YYBCTBUTCIBHOCTL W TOYHOCTH
CKBaAXXUHHBIX T'€OTCPMUUYCCKUX I/ICCJ'ICI[OBaHI/Iﬁ C HUCIIOJIB30BAHUEM pa3pa60TaHH0171 CKBa)KUHHOU anraparypsbl €
KBapueBbIM TEPMOYACTOTHBIM CCHCOPOM H COOTBETCTBYIOIIHMC METOAUKO-aIIlapaTyYpHLIC pa3pa60TKH JUJISA
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TIOBBINICHUSI ATOH TJIYOWHHOCTH, YYBCTBUTEIBHOCTH M TOYHOCTH. Pe3yabTraTbl. AHanM3 pe3ynbTaToB,
MIPOBEACHHBIX HAMHU paHee CKBAXUHHBIX I'€OTEPMUYECKHX HCCIEIOBAHUHA C HCIIONB30BAaHHEM pa3paboTaHHOM
CKBR)XUHHOW ammapaTypbl ¢ KBaplEBHIM TEPMOYACTOTHUM CEHCOPOM, ITOKa3all, YTO Hapsiay ¢ BBICOKOW OOmIei
YYBCTBUTEIBHOCTHIO M TOYHOCTHIO pa3pabOTaHHOM ammapaTypbl UMEIOT MECTO OIpaHHYEHHs €€ TIYOMHHOCTH
M3-32 HEJOCTATOYHOW TEepPMETHMYHOCTH 30HAa Ipu paboTe B CKBaXHWHAX Ha OONbHIMX TIIyOMHAX IIpH
JIEWCTBYIOIUX TaM BBICOKMX THAPOCTATHUYECKUX IABIICHUSIX JKUAKOCTH, 3aIONHSAIOMEH ckBaxxuHy. [loaTomy, B
HIEPBYIO O4Yepellb, YCOBEPIICHCTBOBAHA KOHCTPYKIMS 30HJA C LENbI0 00eCHedeHHs ero HaJeKHOW paboThl Ha
Oonpimx riyOuHax. Takke wHMeeTcs OrpaHHYEHHE TTIYOMHHOCTH (B YaCTHOCTH, JOMYCTHMOH JUTHHBI
KapOTaXHOrO Kabesst) CKBaXHHHBIX HCCICAOBAHHN HPH “MPAMON’ TMepenade pe3ylbTaTOB H3MEPEHHH STUM
kabemeM wM3-3a OOJNBIIOrO 3aTyXaHMs CHIHajJa Ha pabodell 4YacToTe BBICOKOYACTOTHOIO KBapIEBOTO
TEepMOUYYBCTBUTEIILHOTO ceHcopa. [loaTomy, pabouas yacToTa KaHasla Nepefadyn pe3yabTaToB KPaTHO CHIDKEHA
IyTeM HCIOIBb30BaHUs UPPOBOro AENUTENS YacTOThl. Taike HaOOAaeTcsl BIUSHUE Ha OTH PE3YNbTAThl psa
METOJIMKO-aIIapaTypHbIX (haKTOPOB, YXYALIAIOUIMX HMX KAdyecTBO, OCOOCHHO IPU OTCIICKUBAHUHM OBICTPBIX
W3MCHCHHH TeMIepaTypsl B CKBa)XHHE BO BpeMs ee TepMONpOGHINpOBaHus (BBICOKOCKOPOCTHOTO
TEPMOKAPOTaXKa) WM PESKUMHOIO MOHHUTOPHHTA. DTO, B YACTHOCTH, TEIUIOBAs HHEPIIMOHHOCTh CKBAXKMHHOTO
30H7a. [ HEWTpau3aluy BIUSHUS 3TOH MHEPIMOHHOCTH TPOBENIEHBI €€ NCCIIENOBaHUs U MPEJIOKEH CIOCco0
PEeNyKLUUH €€ BIWSHUS ITyTEM BBEICHHS COOTBETCTBYIOIIUX TaHMHHIO3aBUCUMBIX TEMIEPATYPHBIX IOIPaBOK.
[IpoBeneno TtepMonpoduIMpoBaHue psiga TUAPOTEPMAIBbHBIX CKBOKWH 3amaga YKpawHbl M IOJTYYEHHBIE
pe3yNbTaThl OTKOPPEKTHPOBAHBI C Y4ETOM IEPEYHCIEHHBIX HOMpaBOK. Pa3paboraHa MeToJMKa BBISBICHHS U
ydeta METEOTEeMIIEpaTyPHBIX BO3JIEHCTBMHA Ha pe3ylbTaThl CEHCMONPOrHOCTHYECKHX MOHHTOPHHIOBBIX
WCCIIEIOBAaHHUH 110 JAHHBIM T€OTEPMHYECKOI0 MOHHTOPHHTa MAacCUBOB Mopoj. OHa MpeAcTaBiieHa Ha MpUMEpe
BbIJIeNIeHUs] Ha (OHE CE30HHBIX TEPMOYIPYTUX JAedopMaluii MaloaMIUTUTYAHOrO Ae(OopMaluoHHOT O
NIPE/IBECTHUKA MECTHOTO 3aKapnatckoro 3emierpscenus. Haydnasi HoBu3HA. JIOCTUTHYTO NOBBILICHUE
YYBCTBUTEIBHOCTH W TOYHOCTH MOHHUTOPUHTOBBIX M HE(TEra30lMOMCKOBBIX CKBAXHHHBIX TI€OTEPMHUYECKUX
WCCIIEIOBAaHUH C HCIOJIIF30BAHUEM DPa3pabOTaHHON CKBa)KMHHON TeOTEPMHYECKOW ammapaTypbl ¢ KBapLEBBIM
TEPMOYACTOTHBIM CEHCOPOM, IYTEM, B YAaCTHOCTH, HCCIICJOBAHUS, ONpENEIeHHEe U ydera TaMHHIOBBIX
TEeMIIEPATYPHBIX TMONPaBOK (“HHTEPBAIBHBIX CMEIICHUH") ¥ TMOMNPAaBOK 3a TEIUIOBYID HWHEPI[MOHHOCTH
CKBa)XUHHOTO 30HHA. [lofpoOHO MccienoBaHbl TeMIIepaTypHble Npoduin psia THAPOTEPMATBHBIX CKBaXKUH
3anajia YKpauHbl U YCTAHOBJIEHBI OCOOCHHOCTH M3MEHEHHUS B HUX TEMIIEpaTyp ¢ MIyOMHOM. 3a cUeT peayKIuu
n3 nedopmorpaduuecKkux JAaHHBIX CMOJEIUPOBAHHBIX II0 pPE3yJbTaTaM TI'€0TEPMHYECKOT0 MOHHUTOPHHIA
CE30HHBIX TEPMOYIPYIuX Aedopmanuii Mopoja BIAEICH MaJOAMILTUTYIHBINA Je(OPMaIOHHBINA MPEIBECTHUK
MECTHOTO  3aKapraTckoro 3emierpsiceHus. IlpakTmyeckass 3HAYUMOCTb. J[OCTHIHYTO TOBBIIIEHUE
[JyOMHHOCTH T'€OTEPMHUYECKHX HCCIIEJOBAaHUI C HWCIIOIb30BAaHMEM pPa3pabOTaHHON CKBa)KWHHOW TIeOTEpPMH-
YeCKOW ammaparypbl 3a CUET WCIIOJIb30BAaHHs KPAaTHO ITOHMXKEHHOM YacTOTHI Mepeladyd U3MepsieMOoro CHrHaja
KapoTa)XHbIM KaOeJeM U YCOBEPILIEHCTBOBAHHSI KOHCTPYKIIMH U CXEMOTEXHHUKU CKBYKHHHOT'O 30H 1.

Kniouesvle cnosa: TepMOKapoOTaXX; CKBaXMHHBIA 30HJ; KBaplEBbII TEPMOYACTOTHBIH CEHCOp; TEIIOBas
WHEPUUOHHOCTh, TEeMIIepaTypHble TIONPAaBKH; TEMIEPAaTypHBIH NPO(QWIb CKBaXHHBI, JUHAMHYECKHUE
TeMIIepaTypHbIE BapHALlH, IPEIBECTHUKH 3€MIICTPSICEHUH.

A.NAZAREVYCH

Carpathian Branch of Subbotin Name Institute of Geophysics of NAS of Ukraine, 3-b, Naukova Str., 79060, Lviv, Ukraine,
tel. +38(032) 2648563, e-mail nazarevych-a@ch-igph.lviv.ua

TO THE PROBLEM OF IMPROVING THE DEPTH, SENSTIVITY, AND ACCURACY
OF MONITORING AND OIL AND GAS SEARCHING
BOREHOLE GEOTHERMAL RESEARCHES

Purpose. The purpose of the work is to present important methodological and insrumenta solutions to
improve the depth, sensitivity, and accuracy of monitoring and oil and gas searching borehole geothermal
research. Methodology. The technique includes the analysis of a number of methodological and instrumental
factors, which affect the depth, sensitivity, and accuracy of borehole geothermal research using the devel oped
downhole equipment with a quartz thermo-frequency sensor and appropriate methodological and instrumental
developments to increase this depth, sensitivity, and accuracy. Results. An analysis of the results of our previous
borehole geothermal studies using the developed downhole equipment with a quartz thermo-frequency sensor
showed that along with the high overall sensitivity and accuracy of the developed equipment, there are
limitations of its depth due to insufficient hermeticity of the well log sonde when it is working in wells on the
great depths at operating there high hydrostatic pressures of fluid filling the well. Therefore, we first improve the
congtruction of the well log sonde for the purpose of ensuring itsreliable operation at great depths. Thereis also
a depth limitation (in particular, the alowable length of the logging cable) of borehole studies with the "direct"”
transfer of measurements results by this cable due to the large attenuation of the signal of the high operating
frequency of the quartz thermosensitive sensor. Therefore, the operating frequency of the transmission channel
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(on the logging cable) was significantly reduced by a digital divider. Also we can see the influences of a number
of methodological and instrumental factors on the quality of these results, especially when we follow up the
rapid changes in the temperature in the well during its therma profiling (high-speed thermal logging) or regime
monitoring. This, in particular, isthe thermal inertia of the well 1og sonde. To neutralize the effect of thisinertia,
studies were carried out and a method for reducing its influence was proposed by introducing appropriate
timings-dependent temperature corrections. Therma profiling of a number of hydrotherma wells in the west of
Ukraine was carried out and the results were corrected taking into account the listed corrections. The method of
detection, taking into account the meteorological influences on seismoprognostic monitoring, was devel oped
based on geothermal monitoring of rock massifs. It presented the seasona thermoel astic deformations with low-
amplitude deformation, a precursor to the local Transcarpathian earthquake. Originality. An increase of
sensitivity and accuracy was reached using the developed geotherma well equipment with a quartz thermo-
frequency sensor, in particular, by studying, determining, and taking into account the timing's temperature
corrections (“interval shiftsdelays’) and corrections for the therma inertia of the well log sonde. The
temperature profiles of a number of hydrothermal wells in the west of Ukraine have been studied in detail, and
the features of their temperature changes with depth, have been established. Due to the reduction from the
extensometer’s data the seasonal thermoelastic deformations of rocks, simulated by the results of geothermal
monitoring, a low-amplitude deformation precursor of the local Transcarpathian earthquake was selected.
Practical significance. An increase of the depth of geothermal studies using the developed geothermal well
equipment has been achieved due to the use of a significantly reduced frequency of transmission of the measured
signal on thelogging cable and the improvement of the construction and circuitry of the well 1og sonde.

Key words: thermal logging; well log sonde; quartz thermo-frequency sensor; thermal inertia; temperature
corrections; temperature profile of the well; dynamic temperature variations, precursors of earthquakes.
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