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3a60itHOro JaBieHms Py MO CTBOMY CKBAXKMHBI TOCTE [UTHTETbHOM PAGOTH CKBAKHHBI C TIOCTOSHHBIM H3BECTHBIM
JeOMTOM Ha KBa3HCTAI[MOHADHOM DEXHMeE; IOCIE Yero HM3MEHSIOT AeOWT Ha 3aJaHHYI0 BEIMYUHY Ha BpeMms,
JOCTAaTOYHOE JJIsl YCTAHOBJIEHHUs] HOBOTO KBAa3MCTAI[MOHAPHOTO PEXMMa €€ paboThl, U OCYIIECTBISAIOT MTOBTOPHbIE
m3Mepenns Temmeparypsl T¢? u 3a60HHOTO naBmeHHs Py MO CTBONY CKBaXKHHBL B Cilydae HEOGXOAMMOCTH
CyIICCTBOBAHUS TaKOM BO3MOKHOCTH IPOBOIAAT AOIIOJTHUTEIbHBIE UBMEPEHUS TEMIIEPATYPHI U 3a00iHOTO JaBJICHUS
10 CTBOJIY CKBAXXUHBI Ha JIPYTUX PEIKUMAX €€ DKCIUTyaTalluu C Pa3HbBIMU ):le6I/ITaMI/I. 3aTeM BBIYHCIIAIOT IJIaCTOBOE
JaBlenue pi, MpoayKTUBHOCTL K| M ompenensror aedutsl Vi kaxkaoro l1-ro muacra (1=1, 2, ... L, tae L - Bepxuuii
IUIACT CKBA)XKMHBI) Ha KaXKIOM pEeXHMMe paObOThl CKBa)XMHBI Ha OCHOBE PE3yNbTaTOB 3aMepOB 3a00HHOT0 JaBieHHs
U TEeMIIepaTypbl IPH M3BECTHBIX OOIMIMX NeOMTax CKBAXKMHBI HAa BCEX PEKHUMAaX HMCCIEIOBAHHS CKBOKHHBI ITyTEM
PCIICHUS CUCTEMBI alIreOpanyecKiX YpaBHCHUH, HaYMHAasI ¢ caMoro BepxHero L-ro mmacra =L, ..., 2, 1

CO(Tu—Tp)=Ki(pr™ - pu)TF* — T+ &1 (pf* — pu))s

Vi=Ki(p* — pw),

e € - dbdexkTuBHbIA (HecTauoHapHbIi) Koddpuunent J[xoyns-Tomcona, T\™ - cpenHss M0 MONIHOCTH MJIACTa
reoTepMHueckas TeMieparypa, T’y - TeMIepaTypa IIOTOKa y HEKHEH rpaHHubl 1-ro miacra, Ty - pesynsTupyromas
TeMIeparypa HOoToka Ha kpomie l-ro miacra, C; - oTHOLICHHE OOBEMHOIl TEIJIOEMKOCTH IIOTOKA BBILIEC KPOBIM
l-ro miacra M TEIIOEMKOCTH IOTOKA, IOCTYMAIOLIEr0 M3 3TOro Iuilacta, Ty - CpefHss TeMmreparypa BbIXOAa
¢mona u3 l-ro mracra, Q| - cyMMapHbIi JeOHT 1-ro 1 Bcex HIDKenexalux 1miacToB. Mcnons3oBanne n300peTeHns
TOBBIIIAET TOYHOCTH M JOCTOBEPHOCTH pacyeTa Mpouiis MpUTOKa (T0OBYM) B CKBOKMHE HAa OCHOBE OINPEICICHUS
T'UAPOANHAMUYECKUX XapaKTEepUCTUK OTIENbHBIX IUIACTOB (MX IPOAYKTUBHOCTEH M IUIACTOBBIX JAaBJICHHH) B
MHOTOIUIACTOBOH 3aJIeXKN.
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CMOCOB ONPEAENEHUA MPODUNA NPUTOKA JOBbIBAIOWEN CKBAXKUHbI U
MAPOONHAMNYECKNX XAPAKTEPUCTUK NPOAYKTUBHbBLIX MJIIACTOB

O6nacTb NpUMeHeHns

N3o6peTeHne oTHocutcs K HedTerasonobbisaowen NPOMbILLNIEHHOCTA U MOXET ObITb
MCNONb30BaHO NMPWU NPOBEAEHUN TeOoU3NYECKUX MccneaoBaHuid B JoObIBAIOWMX CKBaOXXMHAX
Ans  onpepeneHns npocduna nputoka (AobbiMM) B TepMMHAX  MMAPOAUHAMMUYECKUX
XapaKTepucTuK OTAENbHbIX NnacToB (UX NPOAYKTUBHOCTEX W NNAcTOBbIX [aBneHWui)
MHOrOMMacToOBOM 3anexu, a Taikke OueHKU obbema [OMNONHUTENLHOrO npuToka drnionga us
HWXKHEN HeuccneaoBaHHOW (HeAOCTYNHOW) 30HblI LIENeBOoro WHTepsana unu us-nop 3abos

CKBaXXWHbI NO N3BECTHOMY 06LLeMy AebUTy CKBaXKWHDI.

YpoBeHb TEXHUKU

M3BecTHbI cnocobbl onpeaeneHns Npotuns NPUToKa U napaMeTpoB OKONMOCKBaXXUHHOMO
nNpocTpaHCTBa B  MHoronnacTtoBowW 3anexu - RU2455482 C2, WO2011081552 A1,
US8701762B2 n pp., B KOTOpbIX NOcCre AnNUTeNibHOW paboTbl CKBaXWHbl C MOCTOAHHbLIM
AeGuToM U3MeEHSIOT ee AebuT, U3MEepAIOT AaBrneHne Ha 3aboe CKBaXKWHbI [O W nocne
nuameHeHns nebuta, a Take perucTpupyloT USMEHEHUA TeMnepaTypbl CKBaXUHHOrO dnovaa
BO BpeMeHu BOMM3N rpaHvL NPOAYKTMBHbIX nnacTtoB. Kpome TOro, aHanoruyHbln metop
onpepeneHus Npocuns NpUToKa >XUAKOCTU B MHOFOMMACTOBOW 3aneXu NyTeM U3MepeHUst
HEeCKONbKUX Npodunei TemnepaTypbl B CTBONE CKBAXWUHbI HA PasnuyHbIX pexumax ee paboTb
C nocnepywwen uWHTepnpeTaumein nonyyYeHHbIX [OaHHbIX Ha OCHOBE KOMMbIOTEPHOro
mMopaenunpoBaHusa npeanoxed B W0O2010036599A2.

Mpu 3ToM BO Bcex cnyvasx obpaboTka pesynbTatoB U3MEepeHW OCYLLECTBAETCH C
nUcnonb3oBaHWeM YNPOLUEHHbLIX MoAene’W npoueccoB Tenno- W macconepeHoca B
NpoayKTUBHbIX nnacrtax 6e3 yveta adpekToB TennonposogHOCTU B npu3aboiHon 30He
ckBaxuHbl (Mekaniok 3.b. «TepMmoanHamuka HedTsHOro nnacra». «Hegpa», M. 1965, cm. cTp.
63-68) U nubo npocTto CcBOAMT npouecc GOPMUPOBAHUA TemnepaTypHoro nons K
KOHBEKTUBHOMY "BbiHOCY" W3MEHEHWW TemnepaTypbl, Bbi3BaHHbIX 3ddexkTom [xoyns —
ToMcoHa, U3 30Hbl ApeHVpoBaHUs K 3a6010 CkBaXuHbl, NMMBO M3HayanbLHO npeanonaraet
TeMnepaTypHble BO3MYLLEHNA B NracTe cTauMoHapHbIMu. Takne npubnumxeHus AonycTumbl
TONbKO npwu Gonbliunx yaenbHbix Aebutax dnonga (CKOpocTax dunbTpauun) U Ha
npeaenbHo 6onblinx BpeMeHax paboTbl CKBaXUHbI Ha KXXA0M peXxume akcnnyatayuu.

Kpome Toro, kak B cnocobe, packpbitom B8 RU2455482 C2, Tak B cnocobe, packpbiTOM
B WO02010036599A2, wucnonb3osaHbl OpPMynbl, OnNUCbiBalWue cTaunoHapHbie
ruapoanHamMuyeckmne npouecchl, "B npnbnuxeHnn GbiCTPOro yCTaHOBMEHUA AasneHus", B

TO BpeMs Kak nocne nepeknioveHns CKBaXWHbl Ha HOBLIN pexum paboTbl pacnpeaeneHmne
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haBneHua B nnacrtax B npu3aborHon 30He U NPUTOK bnouga K CKBaXwWHe, Kak npasuno,
yCTaHaBNMBAIOTCH B TEYEHWE HECKONbKUX YacoB U, Aaxe, CYTOK, U MUX Henb3A cyuTaTth
NOCTOsHHbIMW. [lanee, Npu pasnuYHbIX NNAcTOBbIX AaBnEeHUsX (Ha KOHTYype ApeHaXHON
30HbI) W3MeHeHue 3abOoWMHOro aaBneHus n aebuta ckBaXWHbl HEU3BEXHO NPUBOAAT K
nepepacnpegeneHuio nNpuTokos nwounga u3 nnactoB U U3MEHEHWI0O OTHOCUTENbHbIX
[ebuToB NNAcToB, YTO He yuuTbiBaeTcs Npu o6paboTke pe3ynbTaToB COrNacHO M3BECTHbIM
cnocobam v ncnonb3yembiM MOAENAM.

PacueT ckuH-hakTopa nnacTtoB cornacHo ykasaHHon B RU2455482 C2 metoguke He
NnpeAcTaBNsieTc peanbHO BO3MOXHbBIM NOTOMY, YTO HEABHO npeanonaraeT 3afgaHve paguyca
BO3MYLLUEHHOA Npu3abonHOW 30HbI, KOTOPbIA anpuopu HEU3BECTEH W He onpedenseTcs Ha
OCHOBE NPOBOAUMbIX reodusndeckux uccneposaHnii. B cBolo ouvepeab, yAenbHbIA NPUTOK
dnomga K CKBaXMHE Talke 3aBUCUT OT paguyca BO3MYLUEHHOW npu3aboMHOW 30HbI
(nporopuoHaneH ero kBagpaTy), U 3TW fABe XapaKTepucTukn He MoryT 6biTb HanaeHbl
opHoBpemeHHo. Cnocob RU2455482 C2 He moxeT ObiTb MCNONb30oBaH U B NPOCTEULLEM crnyyae
HEBO3MYLLIEHHOW Npu3abonHON 30HbI C HYNEBbIM CKUH-PaKTOPOM.

Takke MeToabl o06paboTkm pe3ynbTaToB reouU3MYecKux WUCCnefoBaHUN,
packpbiTble B RU2455482 C2 1 WO2010036599A2, B obiem crny4ae He NPUMEHUMbI U MNpU
BonblUMX 3HAYEHUAX BPEMEHW, TaK KaK He yuuTbiBaloT adhdeKkToB TennioobmeHa ¢ Kposnen u
NOAOLUBON NNacToB, YTO CYLIECTBEHHO BNUAET Ha Temneparypy Bbixoga dniovaa B nnacrax
Marion MOLLHOCTY (TONWWHON MeHee 10 m).

B cnocobe, packpbitom B WO2011081552 A1, 3agada onpegeneHnsa npoduna nputoka
dnionga B CKBaXWHY peLlaeTCA HA OCHOBE NPSMOro U3MepeHust Temnepatypbi ¢nouga Ha
BbIXOAEe M3 nnacta B YCNOBUAX HECTaUMOHaApHOro pexwuma paboTbi ckBaXwuHbl. [lpu aTOM,
Hapsay C PacCMOTPEHHbLIMW Bbille HeAOoCTaTKamu, npegnaraemasi MeToauKa Tak Xe, Kak u
cnocob onpepeneHvss nNpoduna NpUTOKa, ONUCaHHLIR B MOHorpaduu [I.A. YepemeHckoro
(UYepemenckuin I A. MNpuknagHan reotepmus. - J1.: Heapa, 1977, ¢.181-183), ocHOBbIBAETCA Ha
TOM, 4YTO NNacToBble [AaBNEHWA B NfacTax, a WMEHHO JAernpeccun — pasHoOCTU MexXxay
MNacToBbiIMK AABMEHUAMU U U3MEPSEMbIMWA 3a00AHBIMU AABNEHUAMU, ABMAIOTCA U3BECTHBIMU
BENMYMHaMW.

CyuiectBeHHbIM OBLUM HEAOCTATKOM paccMaTpuBaeMblX NOAXOA0B ABMAETCA TO, YTO B
HAX pacyeT npoduns npuToka dromaa He npegnonaraeT O4HOBPEMEHHOrO onpeaerneHus
NNAacToBbIX AABMNEHUA Ha KOHTYpe NUTaHWs (Ha rpaHuUe ApeHaXHbIX 30H) U OCYLLEeCTBRAETCA
6e3 yyeta BO3MOXHbIX U3MEHEHU 3TUX BaOXKHEWLWMX XapaKTepuCTUK B npouecce pa3paboTku
MECTOPOXAEHUA.

Kpome Toro, Bce MeToaukn 6asvpyloTCA Ha YNpOLWAOLWMX NPEAnoOnoXEeHUAX o
MOCTOSAHHbIX U OANHAKOBbBIX ANA BCEX NNACTOB ko3 duumeHTos [koynsa—ToMCOHa, B TO BpeMs

Kak Ans KOPPEKTHOW WHTepnpeTauuu pe3ynbTaToB reousnMyecknx UccnegoBaHUA [OMKHbI
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MCNONb30BaTbCA, Kak NOKa3aHO Ha OCHOBE BbIMUCIUTENbHLIX 3KCNEPUMEHTOB B MOHOrpadum
I.I. KywTtaHoBol (KywTtaHoBa .. TemnepaTypHbiA KOHTPOMb pa3paboTkn MEeCTopoXAeHWN
HedpT u rasa, «Hosoe 3Hanue», 2003, cm. cTp.63-65 n puc. 2-14), TaKk HasbiBaeMbie
achdbekTnBHbBIE "HecTauuMoHapHbie" KoadduumeHTbl [koyns—ToMCOHa, KOTOpble CYL(eCTBEHHO

3aBUCAT OT I'IpOHVILlaeMOCTEVI nnacros U peXXMMoB KX AKcnnyaTauuun.

PackpbiTne usobpeTteHus

3apava, pelwiaemas nNpu UCNONb3oBaHWM npeararaemoro crnocoba, 3akniovaeTcs B
co3fjaHUN yHMBEpCcanbHOro, eAMHOro NoaxoAa K opraHusauvn reodusnyeckux uccnesoBaHui
[oObIBaOWMX CKBaXXMH W paspaboTke OOOOLWEHHON MEeTOAMKWM WHTepnpeTauun AaHHbIX
TEePMOMETPUKN, KOTOpasi ucnonb3yeT 3ddeKkTUBHble "HecTauuoHapHble" KOo3MMPULUMEHTDI
Ibxoyns-TomcoHa, 3aBucawmMe OT YyAenbHbIX AebutoB nnactoB, UX GUALTPALMOHHbIX
XapakTepucTMK W BpPEeMEeHW 3aKcnnyaTauun CKBaXWHbl Ha KaXaoMm U3 paccMaTpuBaembiX
PEXNUMOB.

TexHUYeckuM pesynbTaToM HacToswero u3obpeTeHus SBNSAETCA CyWecTBeHHoe
pacluMpeHne [AOonyCTUMbIX YCNOBUMA ¥ MOBbILLEHWE TOYHOCTU W [OCTOBEPHOCTU pacuyeTa
npocunsa nputoka (Aob6blMM) B CKBaKMHE HA OCHOBE oOnpeaeneHus rvapoanHaMu4ecknx
XapakTepuCcTUK OTAEnNbHbIX NNAcToB (MX NPOAYKTUBHOCTEW W NNacroBbiX [AaBneHWn) B
MHOronNacToBON 3anexu.

Ewe oaHUM TexHW4YeCKUM pesynbTaToM, KOTOPbI AOCTUraeTcs Npu UCNonb3oBaHWU
npeanaraemoro u3obpeteHusn, sBnseTcs Oonee cTporas opraHusauus reoduanyeckux
uccnenoBaHuit n bonee HapgexHas METoAUKa MHTEpNpeTauUnn nonyYaembix AaHHbIX.

3anABneHHbI TEXHWYECKUIA pesynbTaT AoCTUraeTcs Tem, 4To cnocob onpegeneHus
npocduns npuToka Ao6biBaloLWei CKBaXMHbI U MMAPOAVHAMUYECKUX XapaKTEPUCTUK NMPOAYKTUBHbBIX
NMNacToB BKMIOYaET n3aMepeHue Temnepatypbl T4 n 3aboitHoro gaenexus py") no cTBONY CKBaXKUHbI
nocne ANUTENbHON paboTbl CKBAXWHbLI C MOCTOAAHHBIM U3BECTHLIM AEBUTOM Ha KBa3sUCTaLMOHaPHOM
pexume; nocne 4Yero U3MeHsIloT 4ebUT Ha 3afjaHHyl0 BENIMYMHY Ha BpeMs, AOCTaTovyHoe Ans
YCTaAHOBMEHWA HOBOrO KBa3UCTaLMOHApHOro pexuma ee paboTbl, U OCYWECTBNAIOT MOBTOPHbIE
usmeperus Temneparypbi T#2 u 3aboitHoro gasnewus pp,® no cTBony ckBaxuHbl. B cnyyae
HeoBX0AUMOCTU U CYLIeCTBOBAHMSA TakoW BO3MOXHOCTU NPOBOAAT AONOSHUTESNIbHbIE U3MEPEeHUs
TeMnepaTtypbl 1 3ab0ONHOTO AABSIEHMSI NO CTBOJSTY CKBaXWHb! HA APYrUX PEXUMax ee aKkcnnyaTtaumm ¢
pasHbiMu aeburamu, a 3aTtem BbIYMCNAKT NNacTtoBoe AasneHve pf*, NpoaykTUBHOCTL K u
onpeaensioT aebutbl V; kaxgoro / -ro nnacta (=1, 2,...L, rae L- BepxHWUA NacT CKBaXWHbi) Ha
KaXKAOM pexume paboTbl CKBaXWHbl HAa OCHOBE pe3ynbTaToB 3amepoB 3abOMHOro AaBneHus u
TemnepaTtypbl MpU M3BECTHbIX OOLMX AebuTax CKBaXUHbl Ha BCEX peXuUMmax WCCneaoBaHus
CKBa)KWUHbI NYTEM PELLEHUsi CUCTEMbI anrebpanyeckux ypaBHEHUN, HauYMHas C camoro BepxHero L -

ronnactal/=1,...,2,1



CiOI(Tn— T'n) = Ki(pr™ — pu )T — T'n + &1 (pi™ — pui)),

Vi=Ki(pf* — pw),

rae & — 3eKTUBHbIN (HECTauMOHapHbIN) KoadhdurumeHT [bkoynsa — ToMcoHa,
T/ — cpefiHas NO MOLYHOCTM NacTa reoTepMUYeckas Temneparypa,
T¥5 - TemnepaTtypa NOTOKa Y HYUXHEW rpaHuLbl /-ro nnacra,

Ty - pesynbTupyloLias TemnepaTypa noToka Ha kpoene / -ro nnacra,

C[ —OTHOWeEHNe 0BBHLEMHON TENSIOEMKOCTM MOTOKA Bblle KpOBNu /-ro nnacra v TennoemMKoCcTh

noToKa, NocTtynarowero n3 aToro nnacra,

T.;- cpenHssa TemnepaTtypa Bbixoda ¢rionaa us /-ro nnacra,

Q1 — cymmapHbIi Ae6UT / -ro v BCeX HKENEXALLMX NNacTo..

Mpu 3aTOM 3agaHHas BenuuMHa uaMeHeHus aebuta CKBaXXKMHbI MOXET COCTaBnsTb 25-
50% OT HayanbHOro pexuma CKBaXXuHbI.

Mpy aTOM BpeMSA, 4OCTATOYHOE Afst YCTAHOBNEHUS €e HOBOro KBasucTaLMOHapHOTo pexuma
MOXEeT cocTaBNATb OT 12 YyacoB 40 2-3 CYTOK.

Mpn atom ans pacyeta npocduna Temnepatypbl M 3a00MHOrO AaBMeHWs No CTBONY
CKBaXXMHbl BO3MOXHO MCIOMNb30BaTb BbICOKOTOUHbIN TEPMOrMAPOANHAMUYECKUIA CUMYNATOP.

HaHHbih meToa Hapsgy € onpegeneHuem npoduna nNputoka No ffacrtam, BAONb
KoTOpbiX BbiN Npon3BeaeH 3amep, NO3BONSET Takke oueHUTb obwwun obbem nputoka cniovga
13 HWKHEN HenccnenoBaHHOW (HEAOCTYMHOM) 30HbI LIENEeBOoro (MCcneayemMoro) ropusoHTa unm
u3-nog 3abos CKBaXKMHbI Kak pasHOCTb Mexay o6LMM W3BECTHbIM (M3MepsieMbiM) AebuTom
CKBaXMHbI U KOnMu4ecTBOM dnonaa (CyMMapHbIM MPUTOKOM), A0OGLITHIM U3 UccriefoBaHHON
4yacTy NNacTos.

B npegnaraemom nsobpeteHnn nHTepnpeTaumsa AaHHbIX reodusnyecknx nccrnenoBaHnin
NpoBOAMTCA Ha OCHOBE YypaBHEeHM Tennosoro GanaHca, onucbliBalOLWMX npouecc
KanopMMeTpu4ecKkoro CMEeLIMBaHWA MOTOKOB, BTEKAKOWWX B CKBaXWHY, 4TO no3BonseT
NOBLICUTb TOMHOCTb ONPEAENEeHUA NapaMeTPOB CKBaXKUHbI.

Ucnonb3osaHue COBPEMEHHOro TEepMOrnapoanHaMUYECcKoro cuMynsaTopa,
Mopenuvpylowero, Hapsgy C€ npoueccamy KOHBEKTMBHOMO TennonepeHoca, ABMNeHUs
KOHAYKTMBHOW TENNONPOBOAHOCTU W Apyrve TepmorugpoauHamuyeckue addexTsl, npu 3ToM

no3BonAeT CylleCTBeHHO pacCllnpUTb obnactb npuMeHUMOCT npennaraemMoro cnocoba wu
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NOBLICUTL MO CPABHEHWIO C U3BECTHBIMKU METOAMKAMWU AOCTOBEPHOCTb onpeaeneHns npoduns
NPUTOKa U MAPOANHAMUYECKMX XapaKTePUCTUK OTAENbHbBIX NNACTOB 3a CYET YTOYHEHUS OLEHOK
3t hekTUBHbIX "HecTaumoHapHbIX" koadduumeHToB [xoyna-TomMcoHa.

Bonee ctporas opraHu3auus reoumanyeckux UCCnesoBaHnii Ha OCHOBE MITaHMPOBaHUS
3KCNEPMMEHTA W MOBbILUEHME HAAEXHOCTU WHTEpnpeTauuy nonyyYaembiX fAaHHbIX Takke
npeanonaraioT NoBCEMECTHOoEe NCcnonb3oBaHue COBPEMEHHbIX BbICOKOTOYHbIX
TEPMOIrMAPOANHAMUYECKNX CUMYSIATOPOB, NO3BOMSAIOWMX TAKKE UTEPALMOHHOIO paccynTbiBaTh
Tennousnyeckne CBONCTBA CINOXHbIX, MHOrogasHbIX nOTOKOB B nNpu3abonHONn 30He
MHOronnacToBOW 3aneXu U B CKBAXKMHE, AONONHUTENBHO YYUTbIBATb HEOAHOPOAHOCTL NOPOA U
NPOAYKTUBHBIX  NNacToB, 3ddeKkTbl  HecTauuoHapHOCTW W Apyrne  0cobBeHHOCTU
TEPMOrMapoANHAMUYECKNX MPOLIECCOB B NPOAYKTUBHBIX TOPU3OHTaX, BKOYas TennoobmeH
MeXay CKBa>KMHOW, OKPY>KaoLLMMU NOPOAAMU U NPOAYKTUBHBIM FOPU3OHTOM.

MpuBegeHHbIe HMXe dopMynbl 060CHOBLIBAIOT ONUCHIBAEMYIO METOAMKY U MOTyT BbiTb

“cnonb3oBaHbl ANA NpegBapuTEnbHOW 06paboTky pe3ynbTaToB U3MepeHui.

CywHocTb n3obpereHus

Mpeanaraemblin NOAXOM OCHOBaH Ha OnpeaeneHun rnapoaNHaAMUYECKUX XapaKTepucTuK

oTAenbHbIX NnactoB (MX NPOAYKTMBHOCTEM W NNacToBbIX AaBneHu#) B MHOrornnactoBoun
sanexu. Obwee konuyectso nnactos L B npeanaraemom cnocobe He orpaHNUueHo.

O6paboTka gaHHbIX cnocobom, NpeanoXXeHHOM B HacToAWeM n3obpeTeHun, no3sonseT
HaiiTu npocounu nputokos Vi, Va,... Vi no nnacram [=1, 2, ... L, Boons kotopbix 6bin

npousseneH 3amep, U oUueHUTb obLmin 06beM NpuToka driionaa U3 HWKHER HemccneaoBaHHOM
30HbI LIENEeBOro ropusoHTa UK U3-nNoa 3ab0s CKBAXKMHDI.

Ha o®wr. 1 npeacraBneHo cxematudHoe wsobpaxeHne p[06biBaloOWen CKBaXKUHbI.
[aHHble 6apomeTpumn, TEPMOMETPUM M PE3YNLTATOB UHTEPNpPETALMN.

O6Lwnit Nnoaxon, K onpeneneHuio Npoduna NpuToka B AobbIBaIOLLEA CKBAXXMHE OCHOBAH
Ha TOM, 4YTO nocne ANUTENbHO paboTbl CKBaXXMHbI Ha KBA3WCTALMOHAPHOM peXume, koraa
nocneaylowme USMeHeHus Temnepatypbl U 4aBnNEHNA 3a BPEMSA NPOBeAeHUA reodusnyeckmx

nccnegoBaHuiti  octaBanucb  Obl npeHe6pe>KV|M0 mManbiMh, npu NOCTOAHHOM WU3BECTHOM

obvemHOM pebute Qo(l) Ha YpOBHE KPOBNW BEPXHEro nracrta, NPOBOAAT 3amepbl Npodunei

TemnepaTypb! 7 D 1 3a6oitHoro 0aBneHuns b(l) no CTBONY cKBaXWHb! (CM. dur. 1).
y p

N3amepeHns TemnepaTypbl B CKBaXXWHE NMPOU3BOAATCH BbICOKOTOYHbIMU CKBAKUHHLIMU
TEepMOMETPaMM B HACOCHO-KOMNpeccopHbix Tpybax (HKT), nmnbo ¢ wucnonb3oBaHuem
COMOCTaBUMBbIX MO Ka4eCTBY ONMTOBONIOKOHHBIX KOHCTPYKUWA, PacronOXeHHbIX BHYTPU wnn 3a

HKT, nu6o 3a ob6cagHoi konoHHoW. 3amepbl 3aB0MHOro gaBneHus NpPousBoAATCA rMyOuHHbIMK
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perucTpupyloMmm  MaHomeTpamy, nubo  KOCBEHHbIM  MeTodoMm, ofecneunBaowmm
COOTBETCTBYHLLYK TOYHOCTD.

Mocne 4ero B cnyyae onpeaenexHnsa Npoguns NPUToKa B BEPTUKANbHONA UMW HAKNOHHOW

CKBaXXUHE W3MEHRIT AebuT Ha 3agaHHyto BenuumHy (25-50% ot HavanbHoro Qo(l)) no

3Ha4YeHus Qo(z) Ha BpeMsi, JOCTaTOYHOE ANS YCTaHOBMEHWS HOBOFO KBA3WCTaLMOHAPHOro
pexuma ee paboTbl (N0 npeaeapuTenbHbiM OLeHKaM — oT 12 yacoB A0 2-3 CYTOK) U NOBTOPSAIOT
3amepbl TemnepaTtypbl 1; f(z) v 3abonHoOro aaBneHus pb(z) no CTBOMY CKBaXXWHbI (CM. dur. 1).

HononnutensHble nccnefoBaHna Ha Tpex 1 Bonee pexuMax 3KcnnyaTaummn CKBaXKnHbI €
pasHbiMM AebuTamm NOBLILAIT CTATUCTUYECKYIO [OCTOBEPHOCTb MOSlyYaeMblX [AaHHbIX.
MpeanoyTUTENbHO U3MEHSTbL AeOUT CKBaXKMHbI B CTOPOHY YBENWYEHWS, €CNU 3TO BO3MOXHO,
TakK Kak npu aTOM BO3pacTaeT CKOpoCTb cTabunusauuy TepmornapoanuHaMm4eckux npoLeccos B
Npu3abonHOW 30HE CKBaXKMHbI M MNOBLILAETCA HAAEXHOCTb MONy4YaeMbiX reoduanyecknx
AaHHbBIX U UX MHTEpnpeTauun.

B cnyuyae onpepenexns npodusisa NPUTOKa B ropu3oHTanNbHOW CKBaXKUHE, BCKPbiBatOLLEN
OQWMH nnacTt, reodusNyeckne  UCCriefoBaHUMA  [OCTAaTOMHO NPOBECTM Ha  OAHOM
KBa3UCTaLMOHApHOM pexume paboTbl CKBaXWHbI C MOCNEAYWMM onpeaeneHuem obuiero
(cpeaHero) NNacToBOro A4aBneHUA B OKPECTHOCTU CKBaXXWHBI. [TOBTOPHbIE n3MepeHus npoduns
TemnepaTtypbl U OaBNEHUS B FOPU3OHTANIbHOW CKBaXXMHE HA HOBOM TMAPOAWHAMUYECKOM
pexume paboTbl MO3BONSAOT AOMOMHUTENBHO MNOBbLICUTL TOYHOCTL OnpeaeneHus npoduns
NPUTOKA U y4eCTb BO3MOXHbIE U3MEHEHWA NNACTOBOro AABMNEHUS BAOMb CKBAXWHbLI, OQHAKO
BpemMs BbIXxo4a rOPU3OHTaANbHOW  CKBaXWHbl HAa  HOBbIN KBasucTaLnoHapHbIv
TepMOrnapoaNHAMUYECKUIA PEXUM MOXET AOCTUraTb HECKONbKUX MECSLEB, YTO CyLEeCTBEHHO
OrpaHU4YMBaET BO3MOXHOCTM Takux UCcnegoBanui.

PekomeHagyemble Bbilue Bapuauuu pebuta ckBaxwuHbl B npepenax 25-50% or ee
HauyanbHOr0  peXuma Onpeaensnucb Ha OCHOBE  pe3ynbTaToB  MpefBapUTenbHOro
mopenupoBaHua (KywTtaHosa .. TemnepaTypHbii KOHTPONb pa3paboTku MecTopOoXaeHWUi

Hed T K rasa, «HoBoe 3HaHue», 2003, cTp. 63-65 u puc. 2-14), ncxoas n3 ycnosuit HageXHoro
pacyeTa  3(PMEKTUBHbIX  HECTaUMoHapHbiX  Ko3dduumeHToB  [broyns-TomncoHa &,
YYUTbIBAIOWNX WUCTOPUID pPaboTbl CKBaXKWUHBI, TErsiouandeckme CBOWCTBA W U3MEHEHWS
pexxumMoB [o6biun kaxaoro /-ro nnacta. Mansie nsmeHenus obuwero o6bema Ao6biuv NPUBOAAT

K BMU3KUM TEPMOrpaMMam, pasnuuvs Mexay KOTopsiMi 6yayT CpaBHUMBI C MOrPeLUHOCTBLIO
TemrepaTypHbIX u3MepeHwil. B cBoio ouepedb, 6Gonblume u3MeHeHus obijero peburta
CKBAXWHbI MOTYT NPUBOAUTL K CYLUECTBEHHbIM HapyweHUsM UNbTPaALMOHHBIX CBOWCTB

nnacToB N NCKaXKEHNIO pe3ynbTaToB nHTEepnpeTaumnn reodmawqecmx UccnefoBaHni.



BaxHbiMm  ycnoBuem  npoBeAEHWs  UCCNefoBaHunm  SABNAETCH:  CTaburnbHOCTb
hYHKLMOHUPOBAHUA  3KCnnyaTauuoHHoro obopyaoBaHuA  CKBaXWHbLI Ha BCEX 3Tanax
reouanyeckux U3MEpPEHUA, a Npy HanM4Yum B CKBaXXMHE HacOCHO-komMnpeccopHbix Tpy6 (HKT)
32601 ckBaXXMHbI [OMmKeH ObITh OTKPLIT B NpeAenax NpPoAyKTUBHOW TOMLWM, a NoToK drionaa
DomkeH ObiTb BOCXOAALWMM M O4HOHANpPaBnNeHHbIM, 6€3 BHYTPUCKBaXWUHHbLIX NEPETOKOB.

[Ana uHTepnpeTaumMu NonyYeHHbIX reousnyeckux AaHHbIX ocyllecTensaeTca obpaboTka
pesynbTaToB 3aMepoB [AaBNEHUS U TEPMOMETPUN NpU U3BECTHbIX oBLmx aebuTtax Ha Bcex
pexumax UccrefoBaHus CKBaXXMHbI, KOTOpas MO3BONSAET NyTEM NOCNeAoBaTeNbHOro peleHus

cuctem ypasHeHuit (1) - (3), npuBeAEeHHbIX HUXE, PEKYPPEHTHO OLEHUTb

nnacTosble AaBnexus p;~,
npoaykTueHoctu K;
n pebutsl V;

kaxporo /-ro nnacta, [ =L,..., 2, 1, HaumHas ¢ camoro BepxHero L-ro nnacra, Ha Bcex

pexumax paboTbl CKBaXUHBI.

B ocHoBe npepgnaraeMoro MeToaa pacueta npoduna NpUToKa U rMAPOAUHAMUYECKUX
XapakTepUCTUK OTAEenbHbIX nNNacToB (MX NPOAYKTUBHOCTM M NNacToBbiX OaBrieHUiA)
MHOrONNacToBOW 3anexu nexar crneaylowue W3BeCTHble MNOMOXEeHWS  NOA3EMHO

TepMorngpomexaHuku.

Debut V; xaxporo /-ro nnacrta ¢ nnacToBbiM fasneHueM P~ Ha KBasvCTaLMOHAPHOM

pexxume onpegenaeTca ero NpoayKTUBHOCTbIO K[

Vi=Ki(pf* — pw) - . (1)

Temnepatypa Bbixoaa dnounga B npegenax nnacra He AsBnseTcA MOCTOSIHHOW, OHa
N3MeHAeTCA NO ero MOLHOCTW 33 CYeT reoTepMuyecKkoro rpaauveHta, a Takke 3a CcyeT

TennoobmeHa nnacra C Bbllle- U HXKenexalumMm nopogamu. Cpep,H;m TemMneparypa Bbixoga

dnionga T,; onpepensaeTca no popmyne:
T.=TF+ & (pf —pw) . (2)

roe & — 9MdeKTUBHBIA HECTaUMOHAPHbIA KkoadduumeHT [royns — TomcoHa [-ro
Al

nnacra,



T* — cpepHss No MOLWHOCTY nnacTa reoTepMuyeckas TemnepaTtypa rnopog, kotopas

npeanonaraeTcs U3BECTHON reonorMyeckon XapakTepUCTUKON MECTOPOXAEHNS,
Dbl — n3MepeHHoe 3abonHoe JaBneHne Ha ypoBHe [-ro nnacra.

YpaBHEHWE KanopUMETPUYECKOTO CMELLEHUA CKBaXKWHHOTO MOTOKa C TemnepaTypou
T4, vsMepsemMol HanpoTUB HKHEN rpaHuubl /-ro nnacta ¢ nputokom V), onpegenset

pesynbTupylolylo Temnepatypy 17 NOTOKa, M3MEpSEMYI0 B CKBaXWHE Ha KpoBre 3Toro

nnacra:.
COTn-Tp=ViTa-T%), [1=1,2..,L. 3)

3pece Or=V; +...+ Vi - cymmapHbiii pebut (Aobbiva) l-ro n Bcex Huxenexawmx

nnactoB, C; — OTHOWeHMe OBGBLEMHOI TENMOEMKOCTW NOTOKa Bbille KPoBMM [-ro nnacrta u

TennNoeMKoCTU NoToKa, NoCTynatouwero n3 3Toro nnacra.

B ofwem cnyyae, Korga W3MEpPEHWs TemnepaTypbi B CKBaXWHE NPOM3BOASATCS
BbLICOKOTOUHbIMU TepmomeTpamn B HKT, nubo ¢ MCnonb3oBaHWEM ONTOBOSIOKOHHOrO kabens

BHYTPWU CKBaXMHbl (He 3a o6cagHoW KONMOHHOW), TemnepaTypa T.; notoka, nocTynatoowero us
nnacta HeuM3BecTHa, W OAHOro ypaBHeHMA Tennosoro 6GanaHca (3) HegocTaToOvHO ANSA

06paboTKV CKBaXUHHBLIX TEPMOrpamM 1 pacyeta 06bemMoB NPUTOKOB V.

MoacTtaensas cooTHoweHusa (1) n (2) 8 (3) NONy4YUM ypaBHEHUE, OTHOCUTENbHO ABYX

onpeaensemMbiXx XapakTepucTWK, NNacTosoro aasnenus p/~ u npopyktueHoctn K;, ans

KaXXgoro l-ro nnacra:

COi(Tn—T ) =Ki(p* — pu )T = T'a+ & (pf* — pui) , (4)
I=L,.. 21
3anucbiBasi ypaBHeHWs (4) ANA BCeX Pexumos paboTbli CKBaXMHbI k=1,2, .., Ha

KOTOPbIX NPOU3BOAWNNCE UCCNEAOBAHNA, AN Kaxgoro [-ro nnacta Gyaem uMeTb cucTemy (He
MeHee AByX) anrebpanyeckux ypaBHEHWN, U3 KOTOPON Haxoastca Benuuudbl pi* n K, a,

3HaunT (cM. ypaBHeHue (1)), n gebutnbl Vl(k) IUIA Kaaoro k-oro pexxmma paboTbl CKBaOKMHbI

(cm. dur. 1).



Mpoueaypa peKyppeHTHOro pacyeTa WCKOMbIX XapaKTepUCTUK rnacToB BbINOSHAETCA

nocnepoBaTtenbHO, HA4YUHAA C BEPXHEro nnacra npu QL PaBHOM oﬁmemy .qe6m‘y CKBaX>XUHbI

(OL=Q0) v panee npu Qri=Qi—V;, [=1L,..., 2, WTepaumoHHO C Y4YETOM BIWAHMS
W3MEHEHUS pexuma paboTbi CKBaKMHbI M HECTaLMOHAPHOCTM TeMmnepaTypHbIX nonel B ee

OKPECTHOCTM Ha 3adpeKTuBHble (HecTaunoHapHble) koaduumeHTsl [Droynsa-TomcoHa & ",
BO3MOXHO, OTHocUTenbHble Tennoemkoct C;. BblMUCNEHUS MOTYT NPOBOAWTLCA Ha OCHOBE

npeABapuTENbHO COCTaBMEHHbIX Tabnuy unu Homorpamm Ans & v C; kak dyHKuniA Ae6uToB

NNacToB n BpeMeHu paboTbl CKBAXWHBLI HAa PasfUYHbIX PeXMMax ee 3JKcrnyaTtauuu, Hanpuvep
no aHanoruu ¢ Tabnuuamu u Homorpammamu (KywTtaHosa [.[. TemnepaTypHbIA KOHTPOnb
pa3paboTkn MecTopoXxaeHuin HedTn 1 rasa, «Hosoe 3HaHue», 2003, cm. cTp. 58-61, Tabn. 2.1-
2.4 n cTp. 65, puc. 2-14).

bBonee addekTnBHEIM cnocobom 06paboTkM reopusnMyeckmx 3amMepoB Ha OCHOBe
ypasHeHun (1) - (4) MOXeT BbICTYNUTb, ucnonb3oBaHue BbICOKOTOUHbIX
TepPMOrMapoaUHaAMUYECKUX CUMYNATOPOB, HanpuMep kommepyeckoro cumynsatopa TERMOSIM,
paspaboraHHoro B komnaHum TGT Oilfield Services, 4ToO NO3BONAET 3HAYMTENBHO PaCLUNPUTL
obnactb npumeHUMocTn cnocoba n nonyuntb Gornee TOYHbIE pe3ynbTaTbl UHTEPRNpeTauum 3a
CYET UTEpPaLUOHHOrO BbiMMUCNEHNS 3hPEKTUBHBIX HECTaUMOHapHbIX ko3 duumneHToB [royns-
TomcoHa 1 Tennognan4ecknx CBOMNCTB CMOXHbIX, MHOrodasHbIX NOTOKOB B Npu3abonHoOWn 30He
MHOrOMNacToBOA 3anexu, a Tawke 3a cyeT obecneveHns Haunyulwero CcorfacoBaHus
pesynbTaToB KOMMbIOTEPHONO MOAENUPOBAHUA C reodu3nYeckKuMy AaHHbIMU (M3MEPEHHbIMU
npocunaMu TemnepaTypbl U AaBNEHUS). .

Mpumep peannsaunn oNUCaHHOMo Bbille anropuTMa unnctpupyet owur. 1.

B paccmartpuBaeMom crnydae 3KCnnyatauyuoHHasi CkBaxuHa, AobbiBaowas HedTb,
BCKpbIBAET TPU MPOAYKTUBHbLIX MiacTta C pasHbiMM KOSNEKTOPCKUMM CBONCTBaMU U pasHbIMU

nnacToBbiMY AaBneHuAaMU. [Ina oA4HOPOAHOro coctasa hnionaa OTHOCUTENbHbIE TENSIOEMKOCTU
C[ =1. C nomowbio TepmornapognHamMnu4eckoro cumynaTopa Obinn NCKYCCTBEHHO

BOCNpou3BeeHbl (CMOAENUPOBaHbI) NPOMUNKN AABNEHUA U TEMNEPATYpbl B CKBaXWHE Ha ABYX

pexumax ee paboTtbl. Ha nepsoM pexvme ¢ obwum [ebutom B NNacToBbiX YCMOBUSAX

Q0(1)=200 M3/CyT ckBakvHa paboTana B TeuyeHue 3-X MecsLUeB, 3amepbl AaBMNeHWA WU

TemnepaTtypbl NokasaHbl CUHUMK KpUBbIMU. Ha BTOpoOM peﬁmme ¢ pebutom Qo(z) = 300 m%/cyT

ckBaXuHa npopaboTana 3-0e CyTOK; 3amepbl [aBfieHus W TemnepaTypbl NpeacTaBneHbl
PO30BbIMU KPUBLIMU.
PacuyeT xapaKkTepuUCTMK NNacToB U Npoduns NpuToKa HauMHaeTcs C BepxHero 3-ro

nnacta. Cuctema u3 ABYX ypaBHEHWN (4) DOPMYNIMPYETCA NpWU W3BECTHOW reoTepMuyeckowt
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Temnepatype nnacta 13 =88.81°C ans asyx pebwutos driovpa Q3(1) =200 m3/cyT 1
Q3(2) = 300 M%cyT (coBnapamowmx ¢ obwuMn [ebutamu  CKBaXKWUHBI Qo(l) " Qo(z)),
COOTBETCTBYIOLMX 3aMepPeHHbIX 3ab0iHbIX AaBNEeHUAX pb3(1) =23.73MlMawn pb3(2) = 20.95 Mla
W Temnepartypax NoToka y noAowBsbl nnacra T"“)ﬁ, = 89.99°C, ]V(z)f_’, =90.35°C n Ha ero
kpoene T = 90.35°C, 7@ = 90.73°C (cm. dur. 1).

YpaBHeHUA (4) peLlaloTca UTepaLmroHHO OTHOCUTENbHO BenuunH p3* n K3 coBmecTHo ¢

pacyeTom nputokoB no dopmyne (1) n addeKTUBHbIX HeCcTauMOHapHbIX Ko3ddUUneHToB
[bxoyns-ToMcoHa ¢ ucnonb3oBaHmem Tabnuy unu cumynsTopa.

B xope ntepaunii acdhpekTuBHbIE HECTAUMOHapHbIe koadduumnenTol [xoynsa-ToMcoHa B
BEepXHEM MnacTe ANs KaXAOoro M3 ABYyX PEXMMOB 3JKCNyaTauun npuHUMaloT criepyrowme

pasnuyHble 3HaYEHUS:
&V =0.225°C/MMa,  &3® =0.210°C/MnNa.
WUckniowan npoaykTueHocTe K3 13 OBYX ypaBHEHMM (4), 3anuUcCaHHbIX NPU yKasaHHbIX
Bbllle MapameTpax, nNpPUXOAWM K KBagpaTHOMY YpaBHEHWIO OTHOCUTENbHO NNacToBOro
AaBnexna p3* nnacta 3. B paccMaTpuBaeMoMm criyyae TOMbKO OAMH KOPEHb YpaBHEHWS
p3¥=31.61MMa wumeeT uanyeckuiA CMbICN, Tak Kak TONMbKO €My COOTBETCTBYeT

HeoTpuuaTenbHoe 3HaveHne nNpoayKTMBHocTM nnacta K3 = 15.42 m%/(MMa-cyT).

CooTBeTtcTBylOWME AeGUTHI riiomaa U3 BEpXHero nracra, paccuuTaHHble ANs ABYX

ucenenoBaHHbIX pexumoB no popmyne (1), pasHbl
V30 =122 m¥cyr, V3D = 164 mé/cy,

a npodunmn NPUTOKOB NOoKasaHbl Ha dur. 1.

Ha cnejgywuiemMm uware uHTepnpetTauum reoq:msmqecmx AaHHbIX onpeaenAtoTcA

XapaKTepuUCTUKuU CpegHero, 2-ro nnacra.

CymmapHbie aebuTs! ornionaa Ha ero kpoene pasHbl b = O3 — 130D = 78 mé/cyT n

Q2(2) = Q3(2) - V3(2) = 136 M3/cyT Ha NepBOM U BTOPOM PEXUMaX UCCNEeLOBaHUS CKBAKWHbI.
Tak e, KaKk U B Crnyvyae BepxHero nnacra, cuctemMa u3 AByX ypaBHeHui (4) ana nnacra 2

hbOpMynNUpYeTCA NpU U3BECTHOR reoTepmuyeckon TemnepaType nnacta 1> =89.08°C u
3amMepeHHbIX 3ab0iHbIX AaBneHUAX pbz(l) =23.89 MlMa n pbg(z) =21.12 MlNa u Temnepartypax
notoka y ero nopowssl TV, =89.99°C, TV, =90.29°C n wa kposne TV =90.02°C,

7", = 90.39°C (cm. dur. 1).

10



YpaBHeHus (4) pelualoTCs UTePaLMOHHO OTHOCUTENbHO BenuunH p>* n K, coBmecTHO ¢

pac4eToMm nputokoB no dopmyne (1) n 3dEKTUBHBIX HeCTauMOHapPHbIX KO3hdULMEHTOB

ﬂ)Koynﬂ-TOMCOHa C ncnonb3osaHnem Tabnuy unu CUMYNATOPA, 4YTO B KOHEYHOM UTOre faeT
gV =0.183°C/MMa,  £,® =0.167°C/MIa,

P2 =29.57 MMa, K> = 6.75 m®/(MMNa-cyT),
onpeaenseT NPUTOKW
V2D = 39 m¥cy, V2@ = 58 Mcyr,

n Npochunu NPUTOKOB, N3oBpaXKeHHbIe Ha dur. 1.

OueBnAHO, 4TO nNPUTOKA U3 HwkHero, 1-ro nnacta (cm. dur. 1) HaxoasaTcs

HenocpeacTBeHHO U3 yCnoBnsa MmaTtepuanbHoOro BanaHca

70 = 0D — 150 — 1, = 39 meyr,

Vi@ =0¢@ - V3@ — 1, =78 mcyr.

AdononHutenbHble  pacyeTbl  NO3BONAIOT  Takke  paccuuTath  aheKkTmBHbIE
HecTauuoHapHble koadduumeHTsl [xoyns-ToMcoHa HUKHero nnacra

en'V = 0.174°C/MNa, &n? = 0.162°C/MNa
COBMeCTHO C NNacToBbiM AaBneHmnem U NpoayKTuBHOCTbIO

19 =27.31 MNa, K = 12.55 m®/(MMa-cyT),
p

B 3aknioueHue BbINONHEHHOro aHanusa HeobxoaAuMOo NOJYEPKHYTb, YTO pacCYUTaHHbIe
Bbille 3(PPEKTUBHbIE HEeCTauuoHapHble KoadduumeHTbl [koyns-TOMCoHa AnNs BCEX Tpex

NnacToB npuHUMnuanbHo, Gonee, 4em B 2-3 pasa, OTNMHAKOTCA OT COOTBETCTBYHOLLEN !
npefenbHON TeOopeTUYecKoh (TepmoanHamuueckon) oueHku &~ 0.545°C/MlMa 6Ges yyerta

3 peKToB TENNONPOBOAHOCTY N KOHBEKTMBHOrO TennonepeHoca B nnacTax.

[Mpu ocyulecTBneHUM BbILLEONUCAHHLIX 3TANOB npegfiaraeMoro cnocoba Heobxoanmo
AONONHUTENBHO YYUTbIBATb BO3MOXHbIE YAaCTHbIE CNyYaun ero peanusauuu:

- NMPY M3BECTHbIX (MY N3MEPEHHbIX APYrMMU cnocoBamu) NNacToBbiX GABEHUAX WK
NPOAYKTMBHOCTAX BCEX MNACTOB B MHOroNNacTOBOM 3anexu reodusnyeckne uccnegoBaHus
AOCTAaTOMHO NMPOBECTW NUWb Ha OOQHOM KBa3UCTALMOHAPHOM pexume paboTbl CKBaXKWHbI C
NoCneayLWwuM onpeaeneHneM HeusBeCTHbIX XapaKTepUCTUK (MPOAYKTUBHOCTEW NNAcTOB UMK
niacToBbiX AaBNeHUNn);

- B TOPWU3OHTANbHON CKBaXWHE, BCKPbIBAOWEW OAWH NNacT, reodusnyeckue
UCCNeaoBaHUs TakkKe, Kak OTMeYanochb Bbille, [OCTAaTOMHO NPOBECTM HAa OA4HOM
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KBa3NCTaLMOHAPHOM pexume ee paboTbl CKBaXUHbI C NOCMEAYIOLWMM onpeaeneHnem npoduns

npuToKa 1 obwiero (CpeaHero) NnacToBOro AaBMNEHUS B OKPECTHOCTH CKBaXKUHbI.
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®OPMYJIA USOBPETEHUA

1. Cnoco6 onpepeneHus npocduns nputoka [AoObiBaloLiel CKBaXWHbl U

rmgpognHaMmn4eCcKUX XapakTepucTtuk NnpoAyKTUBHBIX MNacToB, B COOTBETCTBUN C KOTOPbLIM

- OCYLIECTBNAIOT usMepeHue Temnepartypbi 711 v 3aboitHoro gasnerus pb(” no creony

CKBa)XMHbl Nocne AnWTernbHON pa60Tbl CKB@XXMHbI C MOCTOSIHHbIM M3BECTHbIM AebuToM Ha

KBa3UCTaLMOHaPHOM peXxume;

- U3MEHAIT AebuT Ha 3aflaHHy0 BeNnYMHy Ha BpeMsa, 4OoCTaTouHOe ANA yCTaHOBeHUs

HOBOIO KBasuUCTauUMOHAPHOro pexuma ee paboTtbl, U OCyWweCcTBNAT NOBTOPHbIE N3MEpPEeHUs

Temnepartypbl 1 /(2) n 3aboiiHoro gaBneHus pb(z) MO CTBOJSY CKBaXXMHbI;

- B Cnyyae HeobGXOgMMOCTU ¥ CyLUeCTBOBAHUS TaKoW BO3MOXHOCTU MPOBOAAT
u3mMepeHus TeMnepaTypbl U 3a60AHOIO AaBeHUsl N0 CTBOSY CKBaXKWUHBLI HAa APYrMX peXxumax ee
aKcnnyaTaumm ¢ pasHbiMu gebutamu;

- BbIMUCHISIOT NnacToBoe Jaenenve p~, npogyktusHocts K; n onpegensior gebutsl V)

Kaxxgoro / -ro nnacra (/=1, 2,...L, rae L - BEpXHUIA NACT CKBAXWUHbI) HA KaXXA0M pexume paboTbl
CKBaXWHbl Ha OCHOBE pe3ynbTaToB 3aMepoB 3a00WHOr0 AaBNEeHUs U TeMmnepaTtypbl Npu

n3BeCTHbiX obLmnx Aebutax CKBaXWHbI Ha BCEX PEXWMAaX WUCCIEf0BaHWUA CKBAOXUHbI MyTEM
peweHns cucTeMbl anrebpandeckux ypasHenwit (1)-(2), HauuHasi ¢ camoro BepxHero L-ro

nnacral=1L,...,2, 1
CiOI(Tq— T'n) = Ki(pl™ — puXTF* — T'n + g (D™ — pwi)), (1)
Vi=Ki(pf* — pwi), (2)

[=L,. ., 21.

rae & — 9hEKTUBHbINA (HECTALMOHAPHbIN) koadduumeHT [xoyns — ToMcoHa,
T/ — cpepHss no MOLHOCTY NNacTa reoTepMudeckas Temneparypa,
TV, - TemnepaTtypa NoToKa y HUXHeW rpaHuubl /-ro nnacra,

1"y - pesynbTupylolan TemnepaTypa noTtoka Ha kposre / -ro nnacra,
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C] —OTHOLLEHUE OO6BLEMHOW TEMNOEMKOCTU MOTOKa BbIlle KPOBMU l-ro nnacTta n TennoeMKoCcTH

noToKa, NOCTYNaloLWero U3 aToro NnacTa,
T.: - cpenHss TemnepaTypa Bbixoaa dnovaa us /-ro nnacra,

Q1 — cymmapHbiii 4ebUT /-ro 1 BCex HXenexalumx nnacTos.

2. Cnocob no n.1, B KOTOPOM 3aZaHHasA BenuuMHa M3MeHeHus aebuta CKBaXXUHbl COCTaBnseT

25-50% OT Ha4yanbHOro peXXMma CKBaXXvHbI.

3. Cnoco6 no n.1, B KOTOPOM BPEMS, AOCTATOMHOE [ANA YCTAHOBMEHWA €€ HOBOro

KBa3UCTALMOHAPHOro peXxxuma cocTaenseT oT 12 yacos [0 2-3 CyTOK.

4, Cnoco6 no n. 1, B KOTOPOM JOMOMHWTENBHO  WCMONb3YIOT  BbICOKOTOMHbIN
TEPMOrMApOAVHaMUYECKUA CUMYMATOP ANS pacdeta npoduna TemnepaTtypbl W 3aGOWHOrO

AaBlieHnA No CTBONY CKBaXXUHbI.
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