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Pe3ysabTaThl 00y4eHus
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IIpuMeHATh ecTecTBEHHOHAyuYHble, MaTeMAaTHYECKUE, TYMaHUTapHbIE, SKOHOMUYECKUE, HHKECHEPHBIE,
TEXHUYECKHWEe U TIyOOoKHe MpodeccHoHanbHbIe 3HAHUS B 0O0JACTH COBPEMEHHBIX HE(TEra3oBBIX
TEXHOJIOTHH Uil PELICHUS] NPHUKIATHBIX MEKIUCLUIUIMHAPHBIX 3aad M HHXCHEPHbIX MHpoOIeM,
COOTBETCTBYIOIIMX MPOQPHIIIO MOATOTOBKH

P2

HJ'IaHI/IpOBaTL 1 IPOBOJUTH aHAIUTUYCCKUEC U OKCIICPUMCEHTAJIBHBIC NCCICA0OBaHNUA C MCIIOJIb30BAHUEM
HOBEHIIINX JOCTHKCHUMN HaYKW U TEXHUKU, YMETb KPUTUYCCKU OLCHUBATL PE3YJIbTAThI U JI€J1aTh BBIBO/IbI,
ITOJIYYCHHBIE B CJIOXKHBIX U HCOHpCHGJ’IéHHHX YCJIOBHUAX; UCIIOJB30BATH IMPUHIIUIIBL I/I306peTaTCJ'IBCTBa,
IMPAaBOBLIC OCHOBEI B o0acTu HHTGHHGKTyaﬂLHOﬁ COOCTBEHHOCTH

P3

[IposBnsaTe mpoheCcCHOHANBHYI0 OCBEIOMIEHHOCTh O TEPENOBBIX 3HAHUSAX M OTKPBITHSAX B OOJIACTH
He()TEra30BbIX TEXHOJOTHH C YYETOM TMEPEeIOBOTO OTCUSCTBCHHOTO U 3apy0eHOro OIbITa;
WCIIONB30BaTh MHHOBAIMOHHBIA MOAXON IMPH pa3paboTKe HOBBIX HACH W METOJIOB NPOEKTUPOBAHUS
00BeKTOB He(TEra3oBoro KOMIUIEKCA MJIs pelleHUs] WHXXCHEPHBIX 3ajad pa3BUTHS He(Tera3zoBbIX
TEXHOJIOTHiA, MOJICPHU3AIIMU ¥ YCOBEPIICHCTBOBAHUS HE()TEra30BOr0 MPOU3BOICTBA

P4

BriOupath onTUMAaNbHBIE PENICHUST B MHOTO(AKTOPHBIX CHTYaIUsIX, BIaJICTh METOIAMH U CPEJCTBAMH
TEXHHYECKOTO0 MOJICIUPOBAHUS TPOU3BOJCTBEHHBIX MPOIECCOB U OOBEKTOB HE()TEra3oBOi OTpaciu;
VIPaBIATh TEXHOJIOTMYSCKAMH TIPOIIECCAMH, OOCIYXXHMBaTh O0OpPYIOBaHUE, HCIONB30BaTh JIOOOH
UMEIOIIHUICS apCeHAl TeXHUUECKUX CPEJICTB, 00ECIICUNBATh BHICOKYIO A(EKTUBHOCTh IIPH Pa3pabOTKe
He(Tera3oBbIX 00OBEKTOB

P5

CaMOCTOATENILHO YYHUTBCS W HEMPEPHIBHO TOBBINIATH KBATU(QHUKALKMIO B TEUYEHHE BCETrO0 MepHOAa
npodecCHOHAIBHON e TebHOCTH; aKTUBHO BIIAJeTh HHOCTPAHHBIM SI3IKOM Ha YPOBHE, MTO3BOJISIOLIEM
paboTaTh B HMHTEpHALIMOHAILHOW Cpeje, pa3padarbiBaTh JOKYMEHTALWIO M 3allWINaTh Pe3yJIbTaThl
VHXEHEPHOMU AESITEIIbHOCTH

P6

PaboTath 3peKTHBHO B Ka4ecTBE WieHa U PyKOBOAUTENS KOMaH/IbI, yMEHUE (OPMHUPOBATH 3aJaHUs U
OTIepaTUBHBIE TUIAHBI BCEX BUIIOB ACATEILHOCTH, PACTIPENENIATh 00s3aHHOCTH YJICHOB KOMaHIbI, HECTH
OTBETCTBEHHOCTh 3a pe3yJlbTaThl pPalOTHI; KOOPIMHUPOBATH pabOTy TPYHI MO U3BICUYCHHIO U
COBEpIIEHCTBOBAHUIO JI0ObIYM He(TH, ra3a U Ta30BOr0 KOHJEHCAaTa, IepelaBaTb 3HAHUS uepe3
HACTaBHUYECTBO M KOHCYJIHTUPOBAHHE

P7

BHCILpﬂTI), OKCIUTyaTUpOBaTh U O6CJ'Iy)KI/IBaTI) COBPEMCHHBIC MAIIMHBI U MCXAaHU3MBI IJId pCain3alun
TEXHO-JIOTHYECKUX TPOIeccOB HeprerazoBol o0macTH, 00ecreynBaTh WX BBICOKYIO 3(P(HEKTUBHOCTB,
coOM0aTh MpaBUila OXPaHbl 3I0POBbS M 0€30MaCHOCTH TPY[a, BBHIMOIHATH TPEOOBAHHS MO 3aIIUTE
OKpY)KaloIeH cpeibl

P8

[posiBnATH NpoheccnoHaIbHY0 OCBEJOMICHHOCTD O IEPEI0OBOM OTEUECTBEHHOM U 3apyOe’KHOM OIbITe
B MOJCJTMPOBAHUH JTUHAMHUYECKH BSI3KHX Cpell M HU3KONPOHHUIIAEMBIX KOJJICKTOPOB

P9

[IpemnaraTe mpoueaypsl OHEHKH S(H(OEKTHBHOCTH MPOMBICIOBBIX PabOT M ONTUMHU3ALUU Pa0OTHI
o0opymoBanus npu 1o0bIue HEPTH, ra3a U ra30BOro KOHACHcaTa, obecneucHue 3Hepro3GdekTHBHOCTH
TEXHOJIOTHYECKHX MPOIECCOB

P10

ObecrnieunBaTh BHEApPEHWE HOBBIX METOJOB, MaTepPHajioB H He(PTEra3oBoro oOOPYJOBaHHS B
OCJIO)KHEHHBIX YCIIOBHMSX SKCIUTyaTallid HE(PTSHBIX W Ta30BbIX CKBAXHH, MPOTHO3MPOBATH PEKUMBI
Oe3omacHO# paboThl HEPTEra30BOr0 O0OPYIOBAHUS 10 JUHAMUYCCKUM, JIOKAIBHBIM U OCPEIHCHHBIM
napaMeTpam

P11

KonTponupoBaTh BBINONHEHHE TPeOOBaHHWI PErJIAaMEHTOB Juisi obecriedeHus: A0ObIUM HedTH, raza u
ra30BOr0 KOHJICHCATa M TIOBBIIICHHE MHTEHCH(UKALNH PUTOKA CKBAKMHHOM MPOTYKIINH

P12

CoBepIlIeHCTBOBATh, pa3padaThiBaTh MEPOIPHUATUS W/WIHM MOATOTABINBATH OU3HEC-TIPEUIOKCHUS I10
TEXHOJIOTHYECKOMY MPOLIECCY M TEXHOJOTHISCKUM MEPOIPHITHSIM TPpH J00bI4Ye He(TH, ra3a ¥ Ta30BOr0
KOHJIEHCAaTa Ha OCHOBE IIPOM3BOJCTBEHHOIO MEHEMKMEHTAa W IUIAaHWPOBaHWS paboT B cdepe
HeTera3oa00b14u

P13

KoppektupoBate mporpammsl paboT 1o 1o0bde HEPTH, ra3a W ra30BOr0 KOHJCHCATa, BHIOMpATh U
MPUHUMATh PEIICHUS B HECTAaHAAPTHBIX CHUTYaIUsX, ONMUPAsCh Ha TOCYIAapPCTBEHHBbIC CTaHIAPTHI B
obnactu HedTerazogo0bIYn




PE®EPAT

Brimycknas kBanudukanmonsas pabora 106 c., 27 pucynkos, 8 Tabmwmi, 21
WCTOYHUK, 1 IpHIIOKEHHE.

KroueBnlie CJIOBA: I'OPU30OHTAJIBHAA CKBAXIMHA,
TMAPOAMHAMMNYECKHUE  HCCIIEJOBAHUA  CKBAXWH, AHAJIN3
JOBbIYN.

OOBEKTOM  HCCIEIOBAHUSA  SABISIIOTCS  JOOBIBAIOIIME  CKBAXHHBI  C
TOPU30HTAJIBHON OpUEHTAMEN CTBOJIA.

OCHOBHOI1 11€JIbI0 HACTOSIIEH pabOTHI SBISETCSA ONPEACICHUE BO3MOKHOCTHU
IPUMEHEHHUs aHajau3a JOOBIUM JUIsl MOJTYUYEHHs TapaMeTpPOB CKBAXKUHBI U IJIACTa, KaK
JOTIOJTHEHUSI TUAPOJMHAMUYECKUM UCCIEI0BAHUSIM Ha HEYCTAaHOBUBILUXCS pPEXUMAX
bunbTpamyy.

B mpomecce paborst B IIK Topaze Obul mpousBeneH aHAIW3 J0O0BIYU
HECKOJIbKHX CKBaXUH HEPTIHOTO MECTOPOXKACHUS «XXX», ONpeIe]IeHbl apaMeTphbI
paboThI CUCTEMBI «CKBa)KMHA — I1JIACT», CACIAHO CPAaBHEHUE MTOJIyYEHHBIX PE3YJIbTaTOB
aJanTalyy ¢ UMEIOIMIMMUCS XapaKTepucKaMu OOBEKTOB, 1 HA OCHOBE OMBITOB BBIJAHO
3aKJIF0YEHUE O BO3MOKHOCTH IPUMEHEHMS JAHHOTO UCCIIEI0BAHUS KaK aJIbTEPHATUBBI
crangaptHeim ['JIVC.

O06nacTh NPUMEHEHHUS: THAPOJUHAMUYECKHE UCCIEOBAHUS CKBAKHH.

DKOHOMMYECKass 3HAYMMOCTh paOOThl: MPOBEACH CPABHUTEIBHBIA pacyer
HKOHOMHUYECKON 3(PGEKTUBHOCTH aHanu3a AOObIYM Mepel TUAPOAMHAMUYECKUMU

WCCJICIOBAHUSIMU Ha HEYCTAHOBUBIIIUXCS PEXKUMaX (DUITBTPAIUH.
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OBO3HAYEHUSA U COKPAILIEHUSA

B nanHol paboTe MpUMEHEHBI CIEAYIOIINE TEPMUHBI C COOTBETCTBYIOIIUMU
ONpEICIICHUSIMU:

AnanTtanus - npouecc U3MEHEHHUE MapaMeETPOB MOJAEIH C LEIBI0 HAUITYUIIIETO
COBMEILICHHS C 3aMEPHBIMU JIaHHBIMH;

Wurepnperanmst -  00paboTka  pe3yJabTaTOB  THAPOJUHAMUYECKOIO
WCCIICIOBAHUS C LEIbIO MTOTYYEHUs TapaMETPOB IJIACTA U CKBAYKUHBI.

B nanHo# paboTe MpUMEHEHBI CIEAYIONINE COKPAIIEHUSI COOTBETCTBYIOIIUMU
ONPEAECICHUSIMUA:

AJl— anamm3 noObaIHM

I'’TINC — ruapoiuHaMUYECKHUE UCCIIEIOBaHUS CKBAYKUH;

I'TM — reonoro-TeXHU4eCKue MEPOTIPUATHS

I'PII — runpopa3psiB n1acra;

KB/l - kpuBast BOCCTaHOBIICHHS AaBJICHUS

[13I1 — npu3aboiinas 30Ha macTa

[TIK — nporpaMMHBIN KOMILIEKC;

I1O — nporpamMmHOE 0O€ecTIeUEHNUE;

[II1/] — momaepx’aHue macToBOTO TaBJICHUS

PUTUC — pesynbraThl HHTEPIPETAIMU TeOPU3MUECKUX HCCIECIOBAHUN
CKBayKHH;

TMC - TepMOMaHOMETPUUYECKASI CUCTEMA,;

OEC — QpunbTpalluOHHO-€MKOCTHBIE CBOMCTBA;

OIIH — snexTporneHTpoOeKHBIN Hacoc.
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BBEJIEHUE

Texymee coctosHue He(pTen00bIBAIOIIEIO KOMIUIEKCA XapaKTepU3yeTcs
UCTOLIEHUEM IPOMBIIUIEHHBIX 3allacoOB YIJIEBOJOPOAOB U YXYALIEHUEM CTPYKTYpPBI
OCTaTOYHBIX  pecypcoB.  llepexox ~ OONBIIMHCTBA  BBICOKONPOMYKTHBHBIX
MecTopokaeHuit 3anagHoi CuOMpU B TO3JHIOI CTAaIUI0 pa3pabOTKH, U Kak
CIIEICTBUE, CHMI)KEHHE OOBEMOB JOOBIYM HAa MECTOPOXKACHUAX MPUBOIUT K
HEOOXOMMOCTH Pa3pabOTKH 3aJIekKeH, UMEIOLTUX HEOIAaronpHUsITHBIC I U3BICUCHUS
yCIIOBUS 3ajeranus U (W) (pU3nuecKMMH CBOMCTBA HACHIIAIOIINX (IIFOUIOB.

OnauM 13 >PQPEKTUBHBIX MyTEeH BOBJICUCHUS TPYAHOM3BIEKAEMBIX 3aIlacoB
(TpH3) B pa3paboTKy siBisieTca OypeHue ropuzoHTanbHbIX ckBaxkuH (I'C). JlanHoe
MEPOIPUITHE TMO3BOJSIET YBEIUUYUTh KOI(D(PUIIMEHT OXBaTa BO3AECWCTBHUEM, KaK IO
IUIOLIAAM, TaK U 1O pa3pe3y NPOAYKTUBHBIX OTIOKEHUM.

B pesynbrare €cTh BO3MOXKHOCTH 3KCIUIyaTHpPOBaTb MECTOPOKICHUS
pa3ienbHbIMU CETKaMH CKBAKHH, CHU3UTH  JEIPECCHUH, YBEJIMYNTH
IPOAOKUTEIBHOCTE O€3BOIHOTO MEPHO/IA IKCIUTyaTallMi CKBAXKHH.

JlokazaHo, 4YTO pa3paboTKa 3ajeked  YIJIeBOJOpPOJOB  CUCTEMaMH
TOPU30HTAIBHBIX CKBAXUH 00J1a/1a€T MPEUMYILECTBOM MEPE]] TPAAULINOHHOM:

- IUIAaHUPYETCS OpHUEHTAlUsl CTBOJIA, YTO OOECIEUYMBAET BO3MOMXHOCTb
YIOPABJIECHUS TUAPOJUHAMUKON MOTOKOB B IJIACTE;

- IPOUCXOAUT CHUKEHHE 00bEMOB MOCTYIUICHUS B CKBAKMHY HEKETIATEIbHBIX

IJIaCTOBBIX  (MIIOMIIOB 32 CYET TMPOSIBJICHUS KauyeCTBEHHO HOBoro sddekra

((KOHYCOO6p330BaHI/ISI» N CHWKCHHA ACTIPCCCUUN Ha IJIACT,

-3HAYUTEJIbHO BO3PACTA€T CHEKTP MPUMEHEHHUsS] BTOPUYHBIX U (PU3MKO—
XAMHUYECKUX METOJIOB BO3/ICMCTBUS HA IIACT.

TexHonorHss NPOSKTUPOBAHUS W Pa3pabOTKH 3ajJekKel YTrIeBOJOPOIOB
CHUCTEMaMM TOPU30HTAIIBHBIX CKBAXKWH MO3BOJISCT:

-TIOBBICUTH KOA((DHUITMEHT U3BICUCHUS YTIIEBOIOPOIOB U3 3AJICKEH;

-CHU3UTb OSKOJIOTHYCCKYIO  HAIPSAKCHHOCTH B HGCI)TeFaBOI[O6LIBaIOHII/IX

peruoHax;
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-3HAUMTENbHO MOBBICUTH TEXHHUKO—IKOHOMUYECKHE MOKa3aTeIn pa3paboTKu
3aJIe)KEN YIJIEBOAOPOAOB;

Ho crout ydectb, uro mnpu pa3paboTKe HEPTAHBIX MECTOPOKICHUI
TOPU30HTAJIBHBIMU WJIM HAKJIOHHO-HAIIPABJIEHHBIMU CKBaKMHAMHU ISl 00ECIIEUECHHUS
ux 3(pQexTuBHON padbOThl HEOOXOIMMO MPOBOJIUTH PETYJSAPHBIA MOHUTOPUHT
U3MEHEHUs! (PUIBTPAllMOHHBIX [TapaMeTPOB IIIACTa, a TAKXKE OTCIC)KUBATh JUHAMUKY

IIJ1aCTOBOI'O AAaBJICHUA.

IMuaponunamuueckue uccnenoBanus (I'JIVIC) Ha HEYCTaHOBUBIINXCS PEXKUMAX
ABIAIOTCS 3(P(GEKTUBHBIM CIIOCOOOM OLIEHKHM COCTOSIHUSI OKOJIO CKBaKMHHOTO
MPOCTPAHCTBA U (DUIBTPAIMOHHBIX [TAPAMETPOB yIaJIEHHOMN YaCTH IJIACTa, MO3BOJISIOT
ONPENENUTh ONTUMAJIbHBIE peXUMbl HKciutyatanuu ['C, BBISIBUTH (PAKTOPHI,

BJIMSIOIINE HA 3P PEKTUBHOCTE €€ paboThl. [2].

OnmHako 11 OJyYeHHUsT JOCTOBEPHBIX PE3yJIbTAaTOB HEOOXOAUMO JTOCTHIKEHUE
paauaibHO pEeXKMMa MPUTOKA KUAKOCTHM M3 IIACTa K CKBAKHHE, YTO IMPUBOJMUT K
JUTUTEILHOMY MPOCTYIO ¥ 3HAYUTEIIbHBIM SKOHOMUYECKUM TOTEPSIM.

B cBsa3um ¢ 3TUM, HEOOXOIUMOCTH OCBOEHHUS JOMOJHHUTEIBHBIX METOIO0B
ruipoguHamMuyeckux ucciaeaoBannii ['C  gBIAIOTCS  akTyaldbHBIMM  3aJadyaMU
He(PTEIIPOMBICIIOBOM MTPAKTHKH .

Ananu3 no0wsruu (AJl) siBIsieTCS €CTECTBEHHBIM JIOMIOJIHEHHEM K aHAIU3y
JTAHHBIX HAa HEYCTAHOBUBIIUXCS pEeXUMaxX (PUIbTpaIMu, KOTJa U3BECTHHI JIaHHBIE O
JIaBJICHUH | ICOUTE, M HY)KHO ITPOU3BECTH OMPEICIICHHBIM aHAIN3 U HHTEPIIPETAIIHIO,
a TAaKXKE€ CaMOCTOSITEIbHBIM METOJIOM OMPEICJICHHS TapaMeTPOB PA0OThl CKBAXKUHBI U
XapaKTepUCTHUKU TJ1acTa.

Heas padorbl. OnpeneiieHne BO3MOXKHOCTH NMPUMEHEHUS aHaIn3a J00BIYU
JUISL  TIOJly4eHUsT TapaMeTpoB CKBAXHHBI W IUIaCTa, KakK JIONOJHEHUs (WUiu
albTEPHATUBBI) TUAPOAMHAMHUYECKUM HCCIEIOBAHUSIM HA HEYCTAaHOBUBIIHMXCS
pexxuMax (puIbTpanuu.

OcHoOBHBIE 32/1a4¥ HCCJIET0BaHUI.

1. U3yuenne MeToaa aHanmsa 100bI9U
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2. Anpobanusa metoauku AJ] Ha mpumepe TOpPU30OHTAIBHBIX CKBaAXKUH XXX
HedTsiHOTrO MecTopoxkaeHus (XMAO).

3. OueHka KOppeKTHOCTH MOJIy4YaeMbIX IIPU aHAJIU3€ J00BIYH TapaMETPOB.

Hayuynasi HoBU3HA

1. OueHeHa BO3MOKHOCTb NPUMEHEHHS aHalW3a JOOBUU Ui IOJyYEHHUS
MapaMeTPOB IJIACTa U CKBAKUHBI

2. Onpenenena 3aBUCUMOCTD BUAA TIOTYyYaEMBIX TUATHOCTHUECKUX Tpa(uKoB
U KaK CJIEJICTBUE PE3YJIbTATOB MHTEPIIPETAIIMU OT KaueCTBa BXOAHOU HHPOpPMAIIUH.

OcHoBHBbIE 3aIUIIaeMble T0JI0KEHUS

1. DxcnepuMeHTanbHOE OOOCHOBAHHME BO3MOXKHOCTM NMPUMEHEHUS aHaIU3a
NOOBIYM /AJIs1 TOJyYEHUS TapaMeTpOB padOThl CUCTEMBI CKBaXKMHA-TIIIACT.

2. 3aBUCHUMOCTH pPE3yJbTATOB aHaM3a JOOBIYM OT KadecTBa MCXOJHOMU
MH(GOpPMAIIUHU O PEKUMAX CKBAKHUHBI.

Teopernyeckass 1 NPAKTHYECKAA 3HAYUMOCTH Pa0OTHI

1. C ydyeToM uCXOIHBIX AaHHBIX BbinojgHeHa oueHka GEC miacra B o0nactu
JIPEHUPOBAHHUS, ONPEIEICHO IUIACTOBOE JABJIICHHE W BBINOJIHEH MPOTHO3 JUHAMUKH
JOOBIYM JIJISl UCCIIETYEMOM CKBAYKUHBI.

2. IlomydyenHble 1o aHaiW3y MAOOBIYM JI@HHBIE TMO3BOJISIT YTOYHUTH
0COOEHHOCTH PpaldOThl TUIacTa B OOJIACTH HCCIEAYyeMOW CKBa)KWHBI, CTENEHb €€
B3aMMOJICUCTBUS C OKPY>KEHHUEM, a TaK)K€ HMCIOJb30BaTh Pe3yJbTaThl MpPU BBHIOOpE
ONTUMAJILHOTO PEXUMa pabOTHI.

Crenenb pa3padloTaHHOCTH TeMbI UCCJIET0OBAHUSA

B pasButne mnpoBeneHuss U 0OpaOOTKH pe3yJbTaTOB TMIPOJIMHAMHYECKUX
WCCJIEIOBAHUNM CKBAKMH 3HAUYMTENBHBIA BKJIAJ BHOCAT COTPYJHUKH HAy4YHO-
UCCJIEIOBATENbCKUX U MPOEKTHBIX MHCTUTYTOB KomnaHuu [TAO « HK «PocuedTb»,
Hay4HO-TexHHYeCcKuX eHTpoB [TAO «I"a3npom HedTHY.

Kommanust « CUAMY, ocyiiiecTBIsIONIast MOApPsIAHbIE pa0OTHI TTO MPOBEACHUIO
I'’IUC, perynsipHO NpOBOAUT KOHGEpPEHIMU MO MpobdiieMaM OTpaciu, a TaKKe
nyOJIMKyeT MaTepualbl MO0 Pa3IMYHBIM  SKCIEPUMEHTAIBHBIM  pe3yJbTaTaM,

MOJIYYeHHBIM B paMKax MPOBOJIUMBIX padoT.
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B paGorax CepreeBa B.JI. paccmarpuBaroTCsi pe3yJbTaThl aIalTUBHOU
unreprnperanns KB/l B TOpU30HTaNIBHBIX CKBAKUHAX C JIUATHOCTUKOU IIOTOKOB

Cpenu 3apyOeXHBIX HCCIIEOBATENEH IPKO BBIICISAIOTCA PAOOTHI COTPYAHUKOB
komnannn KAPPA Engineering, BHeIpUBIIMX METOJA aHaiIM3a JOOBIYM B MAKET
nporpamm st uateprperannu I'/JIUC — OnuBbe Y3e, uase Butypa, One @psape

O0beKT M npeaAMeT UCCJIeI0BAHNS

OOBEKTOM  WCCICOBAHUS  SBISIIOTCS  JOOBIBAIOIIME  CKBAXHHBI  C
TOPU30HTANIBHON OpUEHTalnel cTBoa. [IpeaMeroM uccneqoBaHus SIBIASIOTCS TaHHBIC

M0 TEXHOJOTHYECKUM MapamMeTpam paboThl CKBAKHUHBI.

OOpaboTka JaHHBIX TNpPOBEJIEHA B MporpaMMHOM KomIuiekce [opaze G5
KAPPA-Workstation.

Hoctyn k paccmaTpuBaeMoil MH(OpMAIUU TMOJIY4YeH B pamMKax BBITOJTHEHUS
NOAPSIAHBIX paboT B cocTae mirata reosioroB komnanuu OO0 «Anbtaup» (r.Tomck),
KOTOpasi TMPOW3BOIUT TIOJHBIM KOMIUIEKC pPabOT, CBS3aHHBIX C BBITIOJHEHUEM
THAPOJIMHAMUYECKUX HCCleoBaHuid Ha Tepputopun Poccum u  PecnyOmnuku
Kazaxctan. ABTOp SIBISICTCS HEMOCPEICTBCHHBIM HCIIOJHUTEIEM NPHUBEACHHBIX B
JTaHHOM pabote uccnenoBanuil. HazBanue mectopoxaeHusi, o0beKTa pa3paboTKU B

JaHHOU paboTe 3amun@ppoBaHO, COTIACHO KETAaHUIO MTPaBOOOIaAATES.
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OB30P JINTEPATYPbI
1.1 YpaBHeHHE Nbe30NPOBOAHOCTH

3akoH [lapcu  dABIAE€TCST  OCHOBHBIM  (DyHIAMEHTaJIbHBIM  3aKOHOM,
MPUMEHSIEMBIM B aHAJIW3€ JAMHAMUYECKOro MOoToKa. OH MCHONb3yeTcs AJIsI BbIBOAA
ypaBHEHHUS TbE30MPOBOIHOCTH, YTOOBI ONPENCTUTH TPATUEHT JABICHUS 10 CKBAKUHE
U @K€ JUIs1 HEIPOHULIAEMBIX TPAHMII.

Ero muddepenuumansayo gopMy MOXKHO 3a7aTh B JIMHEWHBIX KOOPJIUHATAX
JUTSL TIMHEWHOTO TIOTOKA U B LIWJIMHIPUYECKUX KOOPANHATAX JAJI PaJHAIBHOIO IOTOKA.
[Ipu ucnosib30BaHUU paUATBHBIX KOOPAUHAT Pacxojl ISl AJOOBIBAIOIIEH CKBAaKUHBI
NPUHUMAETCS IOJIOKHUTENbHBIM, T.€. IIOAPAa3yMEBAE€TCs TEYEHUE U3 IUIacTa B
CKBQ)KHHY.

CDOpMYJIa I[apCI/I B JIUHEHHBIX KOOpAHNHAaTax, B HAIIPABJICHHUH X:

ap _ Qi
ox kA

®opwmyna Jlapcu B paguaibHbIX KOOPAWHATAX:

o _d#

or kA

VYpaBHeHUE MHE30MPOBOJHOCTH TMOKA3bIBAECT, KaK B AJIEMEHTApPHOM OOBEME
MOpoABl JaBJICHUE OyAeT HW3MEHATHCA BO BPEMEHH, KaK (YHKIHS JIOKAJIBHOTO
rpajJiieHTa JaBJICHUS] BOKPYT 3TOT0 3jeMeHTapHoro oobema. [13].

dyHIaMeHTallbHAS TEOpHs aHaW3a JHHAMHYECKOTO TIOTOKA IOIB3YeTCs
MPOCTCUIITUM  yPaBHECHUEM TIHE30MPOBOJHOCTH CO  CIACAYIOIMHUMH HCXOJIHBIMU
JOTTYIICHUSIMH:

- OTHOPOTHOCTH M U30TPOITHOCTH KOJIJICKTOPA.

- OnHO(}a3HOCTH M Maias CKUMAEMOCTh (JIIOHIA.

- BiustHue cuibl TSDKECTH MTHOPUPYETCS (B MPOTHBHOM CiIydae ypaBHEHHE
MTEE30ITPOBOTHOCTH 3aITUCHIBACTCS JUTSl TIOTEHIIMATIA, a HE JTaBJICHUS).

- CipaBeniuB 3akoH [apcu.

- CBoiicTBa KoJuiekTOpa U (JIrona He 3aBUCST OT AaBJICHHUS.
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[Ipy paHHBIX YCIOBUSAX YpPABHEHUE NbE30MPOBOJHOCTH BBIBOJAUTCA U3
CHENYIOIINX YPaBHECHUM:

- 3aKOH COXPaHEHHS MacChl MM HEPA3PBIBHOCTU. JTO MPAKTUYECKOE IPABHUJIO,
racdllee, 4TO HUYTO HE COXPAHAECTCA, W HHUYTO HE HMCYE3aeT; BEIIM IPOCTO

nepeMeIarTes Ui rnpeoopasyrores (AaTtyad JlaByasbe, ®pannus, 1785).

OX ot

- YpaBHenus [lapcu.
_kAD
“u ox

- YpaBHEHUN COCTOSHUS JISl MaJOC)KUMAEMOW cpelbl - KO3(P(PUIUEHTOB
C)KMMAEMOCTH MOPOJIbI U Ironaa.
10¢ 10p
g =—— Cf=——
¢ op p op
Taxum o6pa3om mosrydaercs:

2 (kA0 D) _ , 2(09)
OX\ u OX ot

opp) _o(pp)op _( 04 ,op\op_ (104 10p)0p
ot op ot op op ) ot pop pop)ot

o ke oofpep
ot pg(c, +Cs) OX\ p OX

C‘-II/ITaH, qTo (bHIOI/I,Z[ MaJIOC’KUMaAcEM, T.C. HC 3aBUCUT OT JAaBJICHUA:

2
¢ =c +c, @(B@_p]_gﬂ

ox\ uox ) uox?
VYpaBHeHHE TTbE30IPOBOJIHOCTH B HAIIPABJICHUH X (U1 TUHECHHOrO IIOTOKA):

op_ k, o°p

a pey Ox°
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B ciywyae paauanbHO TeUeHUS:

o_ k1 Q(r@j
ot uge, rior\ or

I/ICXOILSI H3 IMOJIYYCHHOTI'O BBIPAKCHUA IMoJay4acMm CICAYIOIIHC

3aKOHOMEPHOCTH:

- Ecnu xpuBuH3Ha npoduis gaBiaeHUs MOJOXKUTENbHAS, TO OYJeT JOKAIbHBIN
pocT naBieHusl. Eciu kpuBU3HA OTpUIlaTeIbHAsA, JaBieHUE OyAEeT yMEHBIIATHCS.
CKOpOCTh M3MEHEHMs JaBJCHHUS B JIOOOM HaNpaBJICHUHM MNPONOPLUOHAIBHA ITOU
KpUBH3HE.

- UeM BblIIIE TPOHUIIAEMOCTb, TEM ObICTpee OYyJIeT MEHSITHCS 1aBJICHUE.

- Uem Oosbliie BI3KOCTh, TEM MEJJICHHEE OyIeT MEHIThCS JaBJICHHE.

- OtHomienue k/p, KOTOpOMy HPOMOPIMOHATIEHA CKOPOCTh PEaKIUU, TaKXKe
Ha3bIBAETCS MOJIBIXKHOCTHIO (KOA(PHUIIMEHTOM TUIPOITPOBOIHOCTH).

- UeMm Ooutbliie MOPUCTOCTh, TEM MEHbBIIIEE U3MEHEHHE JaBJICHUS TOTpeOyeTCs
J1s1 JOOBIYM OJIMHAKOBOW Macchl (uitoua.

- YUewm BbIllIE CYMMAapHAs C)KUMAEMOCTb, TEM MEJJIEHHEE U3MEHEHUS JaBJICHHUS,
TO €CThb, UeM 00Jiee C)KUMAEM IIJIaCT, TEM MEHbIIIee U3MEHEHHUE JIaBJICHUs TOTpedyeTCs
JUISL TIOJTYYEHUsI OJTMHAKOBOM Macchl (piiroua.

- OtHomenue 1/@ct, KOTOPOMY IPOIMOPIIMOHATFHA AMIUIUTYAA PEAKIINH, TAKKE

Ha3bIBaeTCs KOA(DOUIIMEHTOM yIIPyroeMKocTH riacra. [13].

1.2 Bausinue o0bemMa CTB0JIA CKBAKUHbI M CKUH-3QpeKT

Korpa ckBaxknHa OTKpbBIBA€TCS AJIsI SKCIUTyaTalluy, NEPBOHAYAIBbHBINA BBIXO/]
Ha MOBEPXHOCTh NMPOUCXOIUT BCIIECACTBUE pacIIUpEHUs (IIIOMIOB, HaXOIAIIUXCSA B
C)KaTOM COCTOSIHUM B CTBOJIE CKBaXHHBI (IIPUCTBOJIbHOM 30HE). [lpexne uem
KOJUIEKTOp HA4yHET paboTaTh 4epe3 BCKPBHITYIO MOBEPXHOCTb 32005, UMEET MECTO
3a/lepKKa BO BpeMEHU. B TedeHuwe 3TOM 3aJ€pKKM BO BPEMEHHM PEKHUM IOTOKA
Ha3bIBAETCS BJIMSHUEM OObEMa CTBOJIa Ha MEPUOJ DKCIUTyaTallud M 3aKpbITOrO

COCTOAHHA, a MHOI'Ja IIPUTOKOM (1)J'HOI/II[a B CKBaXMWHY B IICPUOJ BOCCTAHOBJICHH:A
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nocne 3akpbiTus. Korma ckBakuHa 3aKkpbIBaeTCsd Ha YCTbhE, NEOUT MPUTOKA CO
BCKPBITOI MMOBEPXHOCTU HE Cpa3y MaJaeT 10 HyJs, U CKBaXMHA MPOAODKAET JaBaATh
MPUTOK B 3aKPBITOM CTBOJIE. 3/I€Ch OISThH K€ UMEET MECTO 3a/iepKKa BO BPEMEHH, B
TE€YEHHE KOTOPOH "HaKoIJIeHHE" JaeT MPUTOK MIACTOBOrO (JIIOMAA B CKBAKUHY /10 TEX
nop, Moka He ymajaeT A0 HyJs JAeOUT CO BCKPBITOM MOBEPXHOCTU U YCThS, U HE
IPEKPATUTCS BIMsHKE cTBOA. [21].

JI7is CKBa)KUHBI, 3aNIOJTHEHHON (IIIOMA0M, KO3((UIIMEHT CTBOJIAa BhIPaXKaeTCs

CJIeIyIOIUM 00pa3zoM:
C=V,C¢
rae C —addext BausiHug 00beMa CTBOJIA CKBAKUHBI
Vw— 00BbeM CTBOIA CKBAKUHBI
Cf — CKUMAEMOCTh (hIrouaa B CKBaXKHMHE.

B nponuiom BiusiHWE CKBaXUHBI OOBIYHO CUHUTAIOCH MOMEXOH, OCOOEHHO
Korna 3¢¢eKT HaKOoIUIeHHs] HAaOJMIOAalcCs OYEHb JOJII0 U MOT «CKpPBITh» TaKHe
XapaKTEePUCTUKH, KaK paJuaibHOE TEUCHHUE, PA3HOPOJAHOCTh U TPAaHUYHBINA (KpaeBoil)
s dekT. B To BpeMst IpUKIaIbIBAIUCH YCUIIUS K TOMY, UTOOBI JTI000H 1IeHO# U30ekKaTh
3p¢dekTa MOCIENPUTOKA, HCHOJB3YSl TEXHOJOTMH MCIBITAHUM, KOTOpbIE OBl
MUHHAMU3UPOBAIM WIA NOJHOCTHIO JHKBUIUpoBain BCC (cocrosiHue 3akpbITUS B
ckBakune). [13].

OpHako Ha MPAKTUKE OYEHb MaJI0 CKBAXKWH HUMEIOT JUTUTENbHBIE MEPUOJIbI
BJIUSIHUA CTBOJIA, A IMIOCKOJbKY HAKOIUIEHME HEOO0XOJUMO TMpU YCTAHOBJICHHUH
COTJIaCOBaHMS BO BpPEMEHHU sl MojaenupoBanus, HekoTtopoe BCC mnepecrano
CUMTAThCS IOMEXOM, a ABJIAETCS J1a’Ke€ HEOOXOIUMBIM.

B ypaBHEHUH TbE30NMPOBOJHOCTU NPH ONUCAHWUU PAJAUAIBHOTO TEYEHHS B
HOPUCTON cpesie MpeAroaraeTcsi MOCTOSHHAs IMPOHULIAEMOCTh BO Bceil oOiacTu
JPEHUPOBAHUSA: OT BHEIIHUX TPaHUI] IO BCKPBITOM MOBEPXHOCTU 320051 CKBAYKUHBI.
Takke cuuTaercs, 4YTO PAIUYC CKBAXMHBI TOYHO M3BECTEH U IOCTOSIHEH IO BCEU
s dextuBHOM MomHOcTH TiacTa. Omnako B I1311 macra BenencTBue psijga IpUYKUH
MO>KET MPOUCXOAUTH CHIXKEHHE POHUIIAEMOCTH:

- MPOHUKHOBEHNE OYpOBOTO pacTBOpa M OJOKHUPOBKA MOPOBHIX KAHAJIOB,
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- Ha0yxaHue IIMH IPU KOHTaKTe C PUIbTPaTOM OYpOBOTO pacTBOPA;

- XUMUYECKOE OcaxKJaeHue, Hanpumep, Boinagenne CaCOz u BaSOy;

- POJBUKECHHE NIECYAHBIX YACTHUIL K CTBOJIY CKBAKUHBI,

- C)KaTue NOpPObL;

- IOBPEXKICHHE MOPO/IbI P Tiepopaluu

- 3aKylnopka IulacTa W3-3a HaJM4Yus TBEPABIX YacTUIl B 3aKauyMBAEMOW
KUIKOCTH;

- U3MEHEHUE TJIMH MPU KOHTAKTE C 3aKaUNBAEMOM KUJKOCTBIO;

- HECOBMECTHMOCTH 3aKaYUBAEMOM KUAKOCTHU C TUIACTOBBIM (DITFOMIOM.

JIns xonmvecTBeHHOU oleHKM cocTtosiHuA [1311 mpoBoguTes ydyeT n3MeHeHus
JABJICHUSI HENOCPEJICTBEHHO Yy CTEHOK CKBa)XMHBI B JOIOJIHEHHE K IEpernany,
BBI3BAHHOMY paJualibHBIM MPUTOKOM K CcKBaxuHe. [Ipeamomaraercs, 4YTO
JOTIOMHUTENbHBIA ~ Tepenaag  jaBieHud  (“ckuH-3((dEeKT’)  NpoucXoauT B
30HENPEHEOPEKUMO MaJIOM TOJIIMHBI BOKPYT CKBa)XHMHBI, TJ€ MPOHUIAEMOCTh
YXYALIMIACK.

be3pasMmepHblii mepemnan AaBICHUM, XapaKTepU3YIOMUN  CKUH-2(PEKT,
Ha3bIBAETCS CKUH-(AKTOPOM U ONPENEISAETCS BBIPAXKEHUEM:

o A,
18.41
kh

rae S — CKuH-(paKkTop

Aps— nepenan nasinenus B [1311 nox BausitHueM ckun-3pdexra

g — 1eOUT CKBaKUHBI

K — mpoHuIIaeMOCTh

1 — BA3KOCTH (hirron1a

h — momHOCTSH TUIACTA.

CxuH-3(ppeKT MOXKET He OBbITh IMOCTOSHHOW BEIMYMHON BO BpemeHU. B

TEUEHHE HAYAIIBHOTO MEPUOJA «JIpEHa)ka» (OUMCTKU) B MCCIEAOBAHUSAX CKBAKUHBI
CKMH-2(()EKT MMEET TEHACHIIUIO K CHWXEHHI0. 11 HaoOopoT, yepe3 3HAaYMTEIbHbIE

IMPOMEIKYTKH BPEMCHHU 3dKOHUCHHBIC CKBAXXWHBLI MOI'YT HCHBLITBIBATH YXYAIICHHC
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KOJUIEKTOPCKUX CBOMCTB U NPOJYKTHUBHOCTH, C COOTBETCTBYIOIIMM YBEIUYECHHEM
CKUH-dPeKTa.

OTtpuriaTenbHble 3HAY€HHUS] CKUH-(DAKTOpa COOTBETCTBYIOT CIydasiM, KOT/Ia
nporutiaeMocth 1311 mo kakum-nmrbo npudyrHaM (MHTEHCU(UKAITUS CKBAKUHBI) CTaIa

BBIIIC O6HI€ﬁ IMPOHUIACMOCTH IIJIaCTaA.

1.3 AHaJu3 JaHHBIX HA HEYCTAHOBUBIIMXCS PesKUMaxX PpuiabTpanuu

Hcroprdueckn AHanwn3 JaHHBIX Ha HEYCTAHOBUBIIUXCS PEXKUMaxX (PrIbTpanuu
CKJIaJIbIBaJicA oA Ha3BaHueM «VHTeprnperamusi pe3ylbTaTOB TUIPOJIUHAMUYECKUX
UCCIIEIOBAHUM CKBa)XMH», MOCKOJIBKY MOTEHIMAIBHBIE TAaHHBIE JJI1 3TOr0 Mpolecca
COOMPATIUCH TOJIBLKO BO BPEMSI ITPOBEICHUS CTICITU(DUUECKUX TTPOMBICIIOBBIX OINEpaIinii
(CAN), xoTopble MMJIAHUPOBAIKUCH C IEJBIO TMOJMYYEHUS M HUHTEPIPETAU TaKUX
JAHHBIX. 3a TIOCIEHUE JIBA/LIATh JIET JAHHBIM TEPMUH B 3HAUYMUTEIILHON CTEICHU
ycTapena, MOCKOJIbKY B HACTOSIIEE BpeMsl TJIABHBIMH MCTOYHMKAMM JaHHBIX Ha
HEYCTAaHOBUBIINXCS pexuMax (uiIbTpaluu ciykat pasHoro poaa I'JIW, ucnbitanus
IJJACTOB M BCE COCTOSIHUSI 3aKPBITHS CKBaXKWH, TJ€ KOHTPOJb OCYIIECTBISETCS C
MOMOIIBIO CTAIMOHAPHBIX MAHOMETPOB.

Takum oOpa3zoMm, ceromHs TOJ TMOHATAEM AHanW3a JaHHBIX Ha
HEYCTAHOBUBIIIUXCSl peKuMax (UIbTpAllUM MOHUMAETCS HE CTOJIBKO Omepaius Io
BBIJIaUue JaHHBIX, CKOJIBKO IIPOIIECC MX 00pabOTKHU.

[TpuHIMI aHaIM3a JaHHBIX HAa HEYCTAHOBUBIIMXCS PEXKHMaxX 3aKIHOYaETCs B
coope uHbopMmanuu (MIPEANOUYTUTENILHO TIyOMHHOI) O JaBJICHUSX U J1eOUTax U B
KOHIICHTPAIIMM Ha HMHTEPECYIOIIEM IEpUOJE, KaK IMPaBUIO, B MEPUOJ] OCTAHOBKH
(BOCCTAHOBJICHUE WM TMAaJICHUE), JJISI OCYILECTBJICHUS Tpoliecca JTUArHOCTUKH.
JlnarsocTrka moJBOJUT K BBIOOPY MOJIEIH, KOTOpasi ONMKCHIBACT TPEHJ JAABJICHUS B
paccMarpuBaeMblii  mepuoJ. YacTh mpolecca  MOAPa3yMEBAET — COTJIACOBaHUE
MOJICIIBHBIX MapaMeTPOB Ha JaHHBIX MYTEM TMOMBITKA JOOUThCS MaKCHUMalbHO

BO3MOYKHOTO coBrnajaenus. [13].
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[Ipouecc aHanu3a JaHHBIX HA HEYCTAHOBUBIIUXCS pPEXKUMaX (PUIbTpAIUH
YaCTUYHO OTJINYAETCS OT aHAJIM3a TOObIYM:

- IlpennoutuTenbHee U30MpaTh MEPHOJ, KOIZla €CThb YMCTbIE JaHHbBIE I10
OTKJIMKY JAaBiieHUsA. VMIMEHHO MOATOMY OOBIYHO BBIOMpAETCS MEPHUOJ OCTAHOBKHU
CKBAKMHBI. AHamu3 J00bIYM, C JAPYroll CTOPOHBI, COCPEIOTOYEH HA aHau3e
paboTarouieil CKBaXXHHbI, XO0TA (POPMAIBHO COCTOSIHUS OCTAHOBKU HE UCKITHOYAIOTCS.

- Kak cnenctBue, JaHHbIC HA HEYCTAaHOBUBIIUXCS peXUMax QuibTpanuu 0oee
BBIBEPEHHBI, YEM aHaIM3 JOOBIYHU, TJ€ HYKHO YBS3bIBaTh MHOXECTBO MOJEJIbHBIX
TOUYEK C OOJBIIUM 0OHEMOM HAKOTIIICHHBIX TAHHBIX.

- BriOpannblii nepuon Uisi aHalM3a HAa HEYCTAHOBUBLIUXCS pEXUMAX
(GuiIbTpa OTHOCUTEJIBHO HENPOJOJDKUTENEH (Yachl, THU, HEIENH), TOrja Kak
BPEMEHHBIE CPOKH AHaJIM3a 10OBIYU — 3TO MECSILBI U TOJIBI.

- B nmporpaMMe aHann3a Ha HEYCTAaHOBUBIIMXCS pPEXHMMax IIPOLECC
3aKJIFOYAETCs B COTJIACOBAHUU JIaBJICHUM, a HE A1eOUTOB. JIeOUThl paccMaTpUBalOTCS B
KaueCcTBE OCHOBHOM KOppeKTUpyromel (yHKUuMM u OepyTcd Mg BbIYUCICHUS
(GYHKIUI TNpPOU3BOJIHBIX JaBJICHUS, IIKaJd BpeMeHU. B Anamuze n00bIYM ke
COIMOCTABIISAIOTCS OOBIYHO JEOUTHI M HaKOIUIeHHas. IIpu 3TOM Takke BO3MOMXKHO
IPOU3BOJUTH COTJIACOBAHME HA JAABJICHUSX, IPUBEACHHBIX K JEOUTY, YTO (PaKTHUECKU
ecTh oOpaTHas GyHKIUS KodDPuImeHTa mpoyKTUBHOCTH.

Metononoruss I'’IAC, no BHenpeHuss mpou3BOAHOM M ucnonb3oBanus 11K,
npejcTanisiia co0oil, Mo CyTH, py4HOM IPOLEcC: YepeOBaHNE COBMEIICHHUS MaJeTOK
U CHEIMAIM3MPOBAHHBIX aHAIN30B. [laneTounble KpuBble 0€3 MPOU3BOAHON 00IagaIH
MJIOXUMU JTMAarHOCTUYECKUMHU BO3MOKHOCTSIMH, XOTS UCITOJIb30BaHUE
CHELMATU3UPOBAHHBIX I'Pa(h)UKOB HECKOIBKO YIPOIIAJIO MPOLIECC.

3HauuTeNnbHbIE MpeoOpa3oBaHus Mpou3ouid B Hayane 1980-x rr., xorma
JlomuHuk bypzae BBesl CBOIO 3HAMEHHUTYIO MPOU3BOAHYIO bypze, 4to B nanbHeuiem
MO3BOJIWJIO 3HAYUTEIBHO YNPOCTUTh W YCKOPUTH IPOLIECC aHAIM3a JaHHBIX Ha

HCYCTAaHOBUBIIHMXCS peknumax. [13].
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[IpousBognass bypae ectb HakioH Tpaduka B MONyJIOrapupMuuecKOM

Macirtabe, 0ToOpa)keHHOTO Ha rpaduke B ABOMHOM JOrapupMUYecKoM Mmaciitade

(puc 1.1).

o' dAp
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Pucynok 1.1 — [IpeacraBnenue nomynorapuMuyeckoro rpapuka B BUie
MPOU3BOJHOM

Ha panHem stamne, npu HAJIMYUU YUCTOTO BIMSHHUS 00BEMa CTBOJIA, KPUBBIE
JaBJICHUS U MPOU3BOJHON Bypae 00beqUHAIOTCS HAa NPSAMON €JMHUYHOTO YKJIOHA Ha
rpaduke B JBOIHOM JIOrapu(PMHUUECKOM MacITade.

Jpyrue pexxuMbl MOTOKOB paHHET0 dTana, TaKue Kak JUHEHHOE U OMIIMHEHOe
TE€YEHHE, TaK K€ JAEMOHCTPUPYIOT OTIMYHBIN crienupUYecKuil xapakrep, Kak s
JaBJICHMS, TaK U MPOU3BOIHOU bypre.

JIMHEMHBI TOTOK XapakTepu3yeTrcss TEM, UYTO UW3MEHEHHUE JaBJICHHS
MPOMOPIIMOHANIEHO KOPHIO BpeMeHu. Ha rpaduke B nBOMHOM JorapupMuyecKoM
MaciITabe JIMHEHHBIM MOTOK XapaKTepU3yeTcsl NOJOBUHHBIM €AMHUYHBIM HAKIIOHOM
Ha KPMBBIX JIABJICHUS U IIPOU3BOIHOM.

Pexxum OuamHEHHOro MoTOKa OOBIYHO BO3HUKAET HA CAMOM paHHEM JTarie
BpEMEHH, U 3aMeTeH He Bcerna. Ha rpaduke mponsBomHoN u OumorapuMuyecKkoM
MPEICTABIICH YEeTBEPTUUHBIN YKIIOH NMPU OMJIMHEWHOM Te€YeHUH. BUIMHENHBIN MOTOK
COMPOBOXKAAETCS OOBIYHBIM JIMHEHHBIM IOTOKOM, KOTOpPBIA XapaKTepusyercs

MOJIOBUHHBIM €IMHUYHBIM YKJIOHOM Ha JBOWHOM jorapudmudeckoi mkaie. [13].
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Korma nocturaercs paguaibHOE T€USHHUE, TPOU3BOIHAS CTAOMIM3UPYETCS Ha
YpPOBHE, PaBHOM YKJIOHY TMOJYJIOTapU(PMUIECKON TPSIMOA. DTO CBOWCTBO CTajo
OCHOBHOW TPUYMHON JJisi pa3pabOTKH TPOW3BOJHON, TaK Kak JTO JErKo |
HEIMOCPEJICTBEHHO HWICHTU(UIIMPYET paauadbHBI MOTOK Ha Tpaduke B JBOWHOM
JorapummuyeckoM MaciTabe, 4TO HWHOT/A IMOYTH HEBO3MOXKHO Ha rpaduke B
MoTyJI0Tapu(pMHUUECKOM MacIiTaoe.

B coderanny ¢ eMMHUYHBIM YKJIOHOM Ha paHHEM JTalle BO BPEMs BIUSHUS
o0BeMa CTBOJIA, TPOU3BOTHAS MTPEIOCTABIISET MPSMOU ClIOCO0 3a7aBaTh COTIIACOBAHNE
M0 JABJICHUIO W BPEMEHH Ha Tpaduke B JBOWHOM JoTapu(MHUUECKOM MaciiTabe,
MIPOCTO ITyTEM PACIOJIOKCHUS JTUHUU CIUHUYHOTO YKJIOHA Ha PEKMME HAKOILICHUS
CTBOJIa M PACIOJIOKEHUSI TOPU3OHTAIBHON JIMHUMA HAa XapaKTEPUCTUKE PaJTUATIBHOTO
TEUCHUSI.

OpHo 3TO yX)e Obl caenaio Npou3BoJIHYI0 bypje KitoueBbIM HHCTPYMEHTOM
JUISL TUAarHOCTUKHU. [IpUSATHBIM cCrOpIpU3 3aKi0YaeTcs B TOM, YTO IPOU3BOJHAS
cnocoOHa Ha Topazno Oosbliee; W OOJBIIMHCTBO CKBAXXUHHBIX, IUJIACTOBBIX H
IPaHUYHBIX  MOJIEJIEH HEeCyT Ha  XapaKTepUCTUKE MPOU3BOJAHOU  OCOOBIC

OTJIMYHTEIbHBIC IpU3HAKH. [13].

1.4 OcoOenHOCTH pexxkuMOB GUIBTPAUNH K TOPU30HTAIbHBIM CKBAKUHAM

B cBete npenmMyIiecTB, KOTOPbIE OTKPBIBAIOT TOPU30HTAIIBHBIE CKBAXKUHBI JJI5
JOOBIYM YTJIEBOJIOPOJIOB B OCJIOKHEHHBIX YCIIOBHSX, OHU 0€3 COMHEHHUS SIBJISIOTCS
MEUTOM  MHXKEHEpa-TEXHOJIOTa. OnHako I WHXEHEpa,  MOBITAIMIEToCs
untepnperanuo ['/JIMC Ha HeycTaHOBUBIIMXCS peKUMaxX (PUIbTpAIIMU IO JaHHBIM Ha
TAKAX CKBOXMHAX OHU CBOETrO pOJIa KOIIMap.

[TpuurHa mocTdakTyM ITOCTATOYHO OYEBUHA: PEATIBHOCTH TOPA30 CIOXKHEE
Mojenu. mest 1eno ¢ BEpTUKAIbHBIMUA CKBAXKMHAMM 3a4aCTYH0 CKa3bIBACTCSI BECOMBIN
s ekt ycpeaHeHus, MOATOMY OTKJIMK 3aMepsieMOro JaBJICHHUS TOpas3lo OJKe K

TCOPCTUICCKOMY. HpI/I HCCIICJOBAHUHN T'OPHU30HTAJIbHBIX CKBA’KUH PC3YJIbTAThI BCCbMa
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YYBCTBUTEIBHBI K UCXOHBIM JTOMYIIEHUSM, KacaeTcs JIM 3TO OJHOPOIHOCTH TLIACTA,
WM ydacTka 3 PEeKTUBHON JOOBIYM TOPU3OHTATHLHON CKBAYKUHEI.

be3ycnoBHO, TeopeTUYeCKre MOIENTM TOPU30HTAIIBHBIX CKBAKHUH CYIIIECTBYIOT,
U JTaKE COMOCTaBIAIOTCS CO MHOTHMH JKCIICPUMCHTAIBHBIMU JTaHHBIMH, HO B
OONBIIMHCTBE CIy4yaeB MMEIOTCS 3HAYUTENbHBIE OTKIOHEHUs, TpeOyrolue
KauyeCTBECHHOIO aHanm3a. [14].

Hcxonmuaple omMyHIeHUS K TEOPETHYCCKUM MOJEISIM TaKOBBI: CKBa)KUHA
MPUHUMAETCS. CTPOTO TOPU3OHTAIBHOM, B OJHOPOJHOM IIIacTe, TaKXKe CTPOro
TOPU30HTAJIBHOM M OJAHOPOJHOM  MoIIHOCTH. Koiekrop  M30TpomeH B

FOpI/ISOHTaJIBHOﬁ IIJIOCKOCTH, HO IMIPHUCYTCTBYCT BCPTUKAJIbHAA AHHU30TPOIINIO.

A e \_n/,,x”

e -

N (// 0 _:-;;-:::/ N

PI/ICYHOK 1.2 — OcHOBHBIC PCKHUMBI ITPUTOKA K TOPU30HTAIIBHOMY CTBOJIY CKBA’KHHBI

-

I[TepBbIit pesxkum moToka (puc 1.2, a), 4acTo CKPHITHIN BIMAHUE 00beMa CTBOJIA,
ATO TMCEBIOPAAUAIIBHOE TEUYECHHE B BEPTUKAIBHOM IUIOCKOCTH, MO AHAJIOTUU C
paguaIbHBIM MOTOKOM B BEPTUKAIBHOM CKBakuMHE. OJQHAKO H3-3a aHU30TPONUU
TEUCHUE B IPUCTBOJBHOM YACTH CKBAXXHHBI HE HOCUT XapakTep KpyroBOpOTa,
MMOCKOJIBKY B BEPTUKAILHOM HAIMPABJICHUM JIBUKECHHUE KAK TIPABUIIO PACIIPOCTPAHSIETCA
MmesuieHHee. Ecnu Ob1 KOJUIEKTOp ObLT MOTHOCTHIO M30TPOIICH BO BCEX HAIIPABJICHUSX,
TOr/Ja JBUXKEHUE BOKPYT TOPU3OHTAILHOW CKBAXHUHBI OBLIO OBl  HJI€AIBHO
paadAIbHBIM.

CpenHsii TPOHUIIAEMOCTh  BKJIIOYAET BEPTUKAIBHBIA U paguaibHbIN
(TOpU3OHTANIbHBIA) KOMIIOHEHT C TOPU3OHTAIBHOM aHU30Tpomued. MOIIHOCTh

COOTBETCTBYET COCTABJISIFONIEH JJIMHE OOBIBAIOIIEH CKBAKUHBI.

(kh)early = hW\/ e
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Kak TonpkO IBWKEHME HOCTHIaeT BEPXHEWM M HW)KHEH TIPaHMI], TEUCHUE
CTAHOBUTCSI JIMHEWHBIM, JKBUBAJICHTHO TE€OMETPHUM IIApAJUICNIBHBIX pPAa3JIOMOB B
BEPTUKAILHON ckBaxkuHEe (puc. 1.2, 0), eciaum TeoOMeTPpUYECKUil CKUH-(DaKTOp UMEeT
OTPULIATENIBHY0  BeIW4YMHY. lIpy  HM3KOM  BEPTUKAIBHOW  NPOHHULIAEMOCTH
reOMETPUYECKUN CKUH-(AKTOp OKa3bIBACTCSl IIOJOKUTEIBHBIMU, a IIOBEACHUE
BTOPOTO PEKMMa MOTOKa OYJET aHAJIOTMYHO TOMY, YTO HAOJIF0JIaeTCsl B CKBaXKUHAX C

HETOJHBIM BCKpbITHEM (puc 1.3).
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Pucynox 1.3 - 3aBUCHMOCTb BUJIa JUATHOCTUYECKOTO Tparika OT COOTHOIIIECHUS

BEePTHUKAIBHON M paJHalibHOM poHuIiaeMoctu [14]

B KoHIE KOHIIOB, JIOCTaTOYHO Jaji€KO OT CTBOJA CKBA)XUHBI, TIE YK€ HE
YUYUTBIBAIOTCS pa3Mepbl TOPU3OHTAIBHOTO Yy4yacTKa, U TEYEHUE CHOBA CTAHOBUTCS
paauanbHbIM, SKBUBAJICHTHO HOPMAJIBHOMY PaguajibHOMY IMOTOKY B BEPTHKaJIbHOMW
ckBaxuHe (puc 1.2, B), U eCiu KOJUIEKTOP CUUTACTCS U30TPOIHBIM:

(kh)qe =k
Ha puc 1.4 npoumtocTpupoBaHO TUNHYHOE (B COOTBETCTBUU €

BBIIIIEONTUCAHHONW TEOPETUYECKOM MOJIEIBIO) TIOBEACHUE.
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Final I&RF

Linear flow

Initial radial [floww

Pucynok 1.4 — JluarHoctudeckuii rpaik rOpu30HTAIBHON CKBaXKUHBI [13]

Taxum 06pa3zoM, MpU TEOPETUIECKOM PACCMOTPEHUN OCOOECHHOCTEH MPUTOKA
K TOPU3OHTAIBHBIM CKBOKHWHAaM, MOXXHO IIOJyMaTh, YTO TIPOBEJCHWEC Ha HHUX
THAPOAMHAMUYECKUX MCCIICIOBAHUHN HE JODKHO BBI3BIBATh TPy AHOCTEH. OMHAKO, KaK
y’ke OBIJIO CKa3aHO paHee, PeaqbHOCTh TOPa3o CIOKHEE TEOPHUH.

JUIs  TOMy4deHUsT JTOCTOBEPHBIX pPE3yJbTaTOB O TapaMeTpax CHCTEMBI
HEOOXOJMMO HaJMYMe B OTKIWKE IO3THEr0 paauaibHOro TeueHus. OmHako B
YCJIOBUSIX HU3KOMPOHUIIAEMBIX KOJUIEKTOPOB BOCCTAHOBJICHHE 3a00MHOTO J1aBJICHUS
MOKET TMPOJOJKATHCS COTHHU, a 3a4acTyl0, M THICSYM YacOB, MPEXKIE 4YeM Oyjaer
JTOCTHTHYT TICEBAOPAANAIBHBIA pEeKUM TpuTOoKa. Kak criemcTtBue, TPOUCXOISAT
JUTATETHHBIC TIPOCTON CKBAKUHBI M 3HAYUTEIBHBIC ITOTEPH B T0ObIYE. B CBSI3M ¢ ATHM,
OOJBITMHCTBO TAKMX MCCIICOBAHUHN 3aKaHUYMBAIOTCS JIOCPOYHO, a BCE TIOJIYICHHBIC B
pe3yJbTaTe HHTEPIPETALNHU MTapaMeTPhl ABJISIOTCS BechbMa orieHouHbIMH. [10].

[To mpuuwmHe BCero BHIMIETIEPEUNCICHHOTO BO3HUKAET HEOOXOAMMOCTh MTOUCKA
HOBBIX TIOJIXOJIOB K TIPOBEJCHUIO WCCICAOBAHMN Ha TOPU3OHTAIBHBIX CKBa)KMHAX,
KOTOpbIE JEMOHCTPUPOBATN OBl YJOBJIECTBOPUTEIBHYIO CTENEHb KOPPEKTHOCTU
MOJIy9aeMbIX ITApaMETPOB, a TaK K€ MHUHUMHU3HPOBAJIM 3aTpaThl Ha TPOBEICHUC

JUAarHOCTHUKH.
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1.5 Anaau3 100b14u

AHanu3 n00bIYM, KaK W MCCIENOBAaHHWE JaHHBIX HA HEYCTaHOBUBIIUXCS
pexuMax GUIbTpaIy, MPUMEHSIETCS, KOT/Ia N3BECTHBI JaHHBIC O TABJICHUU U IEOUTE,
U HYXXHO TPOUM3BECTU OINpPEICICHHBIA aHAIM3 M WMHTepnperanuio. B stom ciydae
UCIIOJIB3YIOTCSl PE3yJIbTaThl M3MEPEHUN CTAIMOHAPHBIX TIIYOMHHBIX MaHOMETPOB,
coJiep KallliX NOAXOAAIINE JaHHbIE 11 000X METOO0B aHAIN3A.

AJl nHavanu npumeHsaTh B 1920-e IT. HA YHUCTO IMIIUPUYECKOM OCHOBE B
KayecTBe (PMHAHCOBOTO MHCTPYMEHTa. B ATOM HampaBlieHWH OTCYTCTBOBal KaKOM-
AM00 TEXHUYECKUW OIBIT, a LEeIbl0 ObUIO ONpelesieHUuEe MPaBUIbHON (YHKIHMH
NajIeHUs, COOTBETCTBOBABIIIECH MPOIION IMHAMUKE Pa3pabOTKU U CITIOCOOCTBOBABIIIEH
olleHKe OyAylei mpuObLIN B JoJIIapax.

B 1940-x rr. Opma omyOnukoBaHa (GOPMYIMPOBKA SKCIOTEHIMAIA
MOCTOSIHHOTO JIaBJICHUS, TUMEPOOTUYECKON M YACTOTHOW XapaKTEPUCTUK MaJCHUS
neouta (Aprc, 1945). 1o cux mop 4aCTUYHO 3TO JAENAJI0Ch SMIIMPUYECKUM IIyTEM, HO
HEKOTOpBIE MMAapaMEeTPbl MOTJIM C MOMOIIBI CHEHUATBHOrO aHaln3a I0Jy4YaTh
KOJIMYECTBEHHOE BBIPAKEHUE.

B 1960-¢ rr. nosiBUIKCH MEPBBIE PAABI MAJETOYHBIX KPUBBIX, MO-TIPEKHEMY C
JONYIIEHUEM TOCTOSIHHOTO JauHamuyeckoro nasieHus. [lamerka deTtkoBuua
oObeMHMIA JBa CEMEWCTBAa KPUBBIX: OJHO [JIi HEYCTAaHOBUBLIEIOCA pEKHUMa
bunbTpavK, a OJHO JJIS OTKJIHMKA, BBI3BAHHOTO TpaHUIlAMH Ha IO3JHEM JTarle
BPEMEHHU.

[TosiBnenne npon3BogHON bypad M nepcoOHaNbHBIX KOMIIBIOTEPOB CEPbE3HBIM
obopazom m3menw ['JIUC B 1980-¢ u 1990-e rr. Ilo ananuzy noObrum mporpecc
IIPOUCXOIMST MEIUIEHHEE, paboThl MO OOJbIIEH 4YacTh BCE €€ BBIMOJHSIUCH C
npuMeHeHneM MeToa0B Aprica 1 DeTkoBuuYa, OOBIYHO B KA4E€CTBE MPHUIIOKCHHM,
CBSI3aHHBIX ¢ 0a3aMH JaHHBIX O q00kIue. [13].

TpanuuuoHHBIE METONbI aHAIW3a KPHUBBIX MaJeHUH U HX 0000UIEHHE C

IMIOMOIIBIO MAJICTOYHBIX KPHUBBIX deTkoBUYA OBLIM IMMOJIYUYCHBI IIYTCM 06’I)GILI/IHGHI/I$I
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TEOPETHUYECKOT0 OTKJIMKA MOJIEJIN U SMIIMPUYECKUX PA3BETBICHUM NAJEHUs OT Aprica.
OpnHako NpUMEHEHUE JAHHBIX METOJANK UMEET HEKOTOPhIE OTPAHUYCHUS:

- TI0JIpa3yMeBaeTCs, 4TO 3a00WHOE JaBJCHUE MPAKTUYECKH IOCTOSHHO.
@eTKOBHY MPEIIOIaracT, 4YTro B ClIydae CIJIQKCHHOCTH JIMHUW JAaBIICHUSA U
PaBHOMEPHOCTH  €r0  INOHWKEHHUS  MOXHO  HCIOJb30BaTh  MNPHUBEACHHBIN
(HOpMHPOBaHHBIN) 1e0UT 110 Ap.

- MOBEJICHUE CKBAYKUHBI MOJIPA3yMEBACTCSl TOCTOSIHHBIM, T.€. HET U3MEHEHHM
CKHUH-(DaKTOpa CO BpEMEHEM.

- 30HA JIPEHUPOBAHUS PACCMATPUBAEMON CKBAKUHBI SIBISIETCA MOCTOSHHOM,
T.€. DKCIUTYTAllMOHHBIC XapaKTEPUCTUKU OJIU3JICIKAIINX CKBAKUH TOXKE JTOJKHBI ObITh
CTaOWJIbHBIMU (B YCTAHOBUBIIIEMCS PEKUME).

B Hacrosmmii MOMEHT JaHHBIE METOAUKHN OTXOJST HA BTOPOU IUIAH, YCTYIast

MECTO HOBBLIM CIIOCOOaM JUAarHOCTHUKU.

I'paduk bindiicunreiima

OCHOBHBIM OrpaHMYEHHEM B MAJETOYHOM KpuBOM DeTKOBUYA SBISAETCS
IIPEANOCHUIKA MOCTOAHHOTO JAMHAMUYECKOro AaBieHusA. biphicuHreiMm m Makkpai
OTMEYaroT, YTO 3Ta IpobiieMa He CHUMAETCS UCIIO0Ib30BaHUEM JIeOUTa, MPUBEICHHOTO
K JIaBJICHUIO, KOTJa MPOUCXOAAT CYIIECTBEHHbIE KOJieOaHUsI 3a00MHOIO JaBJICHUS.
OnHu u3bICKaI PYHKIIMH, KOTOPbIE MPE0OpPa3yIoT pelIeHHe O IEPEMEHHBIX IaBICHUIX
U IEPEMEHHBIX AeOuTax B pelICHHE 3KBUBAJICHTHOT'O MOCTOSHHOIO JABJICHHS WU
NOCTOSHHOTO jaeOuta. OHM BBENU CHElUalbHbIE BpPEeMEHHbIE (YHKUUHU, tor IS
aHAJIOTMU BPEMEHM MOCTOSIHHOTO AeOUTA, U tcp 1711 HOCTOSTHHOTO JaBieHus. B 3agaue
C XHUJKOCTbIO BpeMeHHas (YHKIUSI aHAJOTUHM MOCTOSHHOTO BPEMEHM 3aJaeTCsl Kak

COOTHOIIIEHUE MEXTYy HaKOTUICHHOM 100bIuel u 1e0UTOM:
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Korna B nBoitHOM norapupmMudeckoM MaciiTabe BblYEpUMBAETCS Tpaduk

q(t)
pi - pw (t)

oA BIIMSIHUCM I'paHUIl CJICAYCT JIMHUU C OTPUIATCIIbHBIM CAWMHUYIHBIM YKIIOHOM. [13]

3aBUCUMOCTH HOPMHUPOBAHHOT'O ,Z[€6I/ITa OT TOH (bYHKHI/II/I, IICPHUOJ ITIOTOKaA

Ha ocHoBe storo pesyinbrara [lamanuo u biaslicuHreM BBENIM MAJIETOYHBIC
KPUBBIE, KOTOPBIE MOKHO MCIIOJIb30BATH ISl PEKUMOB IIEPEMEHHOTO JTUHAMUYECKOTO
naBieHus. J[ns Toro, 4TOOBI YAYUYIIUTh KA4eCTBO HMHTEPIPETAIIMU IaJeTOYHBIX
KPUBBIX, Tak)Xe ObLIa paccMOTpeHa Mpou3BoaHas bypmad. OmHako u3-3a MPHUCYIIUX
JAHHBIM O JTOOBIYE ITYMOB IMPOW3BOJHYIO NMPUMEHSUIA HE B CaMOM TPHUBEICHHOM
pacxoje, a B ero unrerpaie. TouHnee roBops, rpaduk najaeTouyHbx KpuBbix [lamammo-
biiicuHreiima nokaspiBaeT CICAYIONIEe:

[IpuBeneHHBIN 1e0UT:

Pl(t) = L
Pi — Pw (t)

Wurerpan npuBeaeHHOTO 1e0uTa:

te
Pl Intzl_[&dr
te 0 Pi — pw(t)

[IpousBogHast MHTErpasa MPUBEICHHOTO JeOUTa:

O(Plt)
oIn(t,)

Pl Int Der =

Bce Tpu kpuBbI€ CTPOSITCS OTHOCUTENBHO te B IBOWHOM JIorapuMudeckom Maciitaoe.

JlaHHbIM TpaUKOM TIOIB3YIOTCS KaK HMHCTPYMEHTOM JUArHOCTUKU, TJe
MIPOU3BOIUTCS CPABHEHUE JAHHBIX U OTKJIMKA Mojeau. Mojellb MOXKET ObITh Jito0as -
AHAJIMTUYECKAs WM YMCIIEHHAs, 1I0 OJHOM WJIM HECKOJIBKUM CKBAXKUHAM U T.1. MOXHO
100 0TOOpaXXaTh «JIOCTOBEPHBIN» OTKIUK MOJENU, T.€. OTKIUK MO BCEH HUCTOPUU
JAHHBIX JaBJICHUS, JMOO OTKIWK Ha OTAENbHBIM CKadyoK maBieHus. OTKIMK Ha
OTACJBHBIA CKAaYOK JIaBJICHHUSI TOKA3bIBACT XAPAKTEPHBbIC MPHU3HAKK MOJEIH B
KOHCTPYKTHUBHOU ¢opMe, B TO BpeMsi KaK OTKJIMK Ha HACTOSIIYI0 JUHAMUKY
W3MEHEHHUSI  JIaBIEHHUsS OOBIYHO OTJIMYAETCS HEYCTOWYHUBOCTHIO, TOCKOJIBKY

SKBHBAJICHTHOE BPEMSI «IIpbIraeT» BIiepea U Hazal. [13]
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Pucynok 1.5 - I'padux Biiicunreiima [14]

I'pa¢guk B nBOITHOM JIorapudMUIECKOM MacIITade

Ecnu mozacraBUTh BMECTO BPEMEHHM SKBHBAJICHTHOE BpeMs, 3aJaHHOE Kak
OTHOIIICHHE HAKOIUICHHOW J00buM K Je0UTy, MOXKHO mpeoOpa3oBaTh 3aMep
NEPEMEHHOTO JAMHAMUYECKOTO JABJICHUS B SKBUBAJICHT IMOCTOSIHHOM JO0OBIYH, MO
KpallHEl Mepe A ciy4das C JKHIOKOCTbIO. AHAJIOTMYHO, MOXHO BMECTO
UCIIOJIb30BaHUsl J1Ie0MTa MPUBEAECHHOTO K JaBJICHHIO paboOTaTh C JIaBJICHUEM,
IPUBEICHHBIM K 1€0UTY.

WNubiMu cnoBamu, i ciiydast ¢ GUIbTpaeil sKUAKOCTH, €CJIA Mbl IIOCTPOUM
Pi— P ()

q(t)

BJIMAHHUCM TI'PaHUII 6y,ZleT XapaKTCPHU30BaATLCA JIMHUEH C CAMHUYHBIM YKJIIOHOM,

3aBUCUMOCTD oT te B ABOMHOM JIoTapudMudeckoM macirade, TO TOTOK MO

AHAJIOTUYHO TICEBJ0YCTAHOBUILIEMYCS COCTOSIHUIO NMPHU HEYCTAHOBUBIINUXCS PEKUMAX
dbunbrpanuu. bonee Toro, eciyu Mbl BO3bMEM MPOU3BOJAHYIO TPUBEICHHOTO JaBJICHUS
no Jorapudmy, TO HEYCTAHOBUBIIMUWUCS PEXKUM OyIeT XapaKTepU30BaATHCS

cTabuin3aleil Ha 3HaYeHUH, CBI3aHHOM C THIPONPOBOJAHOCTBIO.
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CxoxecTh ¢ cTaHAapTHBIM nuarHoctudeckum rpaduxom ['JIUC momygaeTcs
nosiHasg. OJHAKO K€ YpOBEHb IIYMOB Ha MPOU3BOJHON OOBIYHO CIHUIIIKOM BBICOK
(puc. 1.6, a). OguH 13 00XOIHBIX MyTEeH — PEIIUTh UHTErPaJl IPUBEACHHOTO JABJICHUS
CIIOCOOOM TI0 aHAJIOTHH C TEM, YTO BBHIMOJHSIOCH Ha MaJIeTOYHbBIX KpuBbIX [lamarmo-
bmsiicunreiima (puc 1.6, 6).

I/IHTGI‘paJ'I IMPUBCACHHOT'O JaBJICHHWA:

t

|(te):ljzpi_—pw(t)dr

ty Al
HpOI/ISBOI[Ha}I BypI[B HHTCTpajia IPpUBCACHHOTO JAaBJICHHUA!

e) =T — <

aln(t,)
10000; T T T 1110 T T T TTTIT T T TTTITT 100005 T |IJ\III| T T TTTTT T 1T T 1117 T II””E
B B Integral normalized pressure d
1000 E . q s ’ y E 1000 E 7 E
E_—_ ) ¥ i i&"b S'I’ v E ;'__. s ;
100 8 ., j, / . 3 100 E : E
- - C . ]
Normalized pressure derivative 1 B Integral normalized pressure derivative |
bl Ll Ll e Ll R L1l L1l

1 10 100 1000 1 10 100 1000

Pucynok 1.6 - I'paduk B 1BoitHOM Jorapudmuueckom macmtabe. a. [I[puBenennoe

nasnenue. 0. MHterpan npuBeaeHHoro nasienus [14].

[IpuMeHeHrne UWHTErpaja CoOXpaHSET XapaKTepHble IMPU3HAKK PEKUMOB
¢unbTpany, B TO K€ BpeMs 3HAUUTEIbHO CHUXKAsl ypOBEHb IIyMoB. OTClO/1a Takue
ONpENENECHUS] JAl0T HWHCTPYMEHT JIMarHOCTHKH, TIJI€ MOYKHO II0JIb30BaThCs
OOJBIIMHCTBOM OOBIYHBIX METOJIOB MCCIEJOBAaHUN CKBaXMHBL. B YacTHOCTH, SIBHO
BO3MOKHO MOJYYUTh MPUOIMKEHHYIO OLICHKY Nokazareis kh koiiekropa o ypoBHIo
cTabuIn3aly Npou3BoIHON. 3Has 3HadueHue kh, MOXKHO 3aTeM MOJY4YUTh MEPBYIO

OIICHKY pa3McEpa KOJUICKTOpaA IO TCHACHIWHN Ha ITO3JHEM 3Tall€C BPEMCHU C CIMHUYHBIM
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YKJIIOHOM. OTH BBIYHCIICHUS SBJISIOTCS HHTeraHBHOﬁ qaCTbIO 6I/IHOFapI/I(1JMI/I‘-IeCKOFO

rpaduxka.

I'papux nuHAMUKH

JUIs CIIOKHBIX CIIydaeB M 3allyMJICHHBIX JaHHBIX, KOTJa Ha 3THX rpadukax
JUArHOCTUKM HE 3aMETHO HHMKAKOIr0 CHEIU(PUYECKOro TIOBEJACHMS, TJIaBHBIM
MHCTPYMEHTOM CTaHOBUTCS JTUHEHHBIN TpaduK 3aBUCUIMOCTH JaBIICHUS U AEOUTOB OT
BPEMEHU. JTO HE HACTOSIAs JUArHOCTUKA, a MPOCTO Ipouecc ontumusauuu. llpn
OTUX YCIOBHUSX PEaJbHO OXKHAATh TOJBKO IPEIBAPUTEIIBHOM OLIEHKM TaKUX
apamMeTpoB, Kak KO3(PPUUUEHT MPOIYKTUBHOCTH, TMAPONPOBOJHOCTH M IUIOLIAJH
IpeHupoBaHusd, U He Ooisee. Ilpu orcyrcTBUM 000K HMHOM HMH(pOpMALUHM IS
MOJICJIMPOBAHUS 30HBI JPEHUPOBAHUS CKBAXMHBI OOBIYHO TOJXOJUT MpOCTEuIee
aHAJINTUYECKOE PEIIEHNE — OJTHOPOAHBII KpYyroBoi KoJuiekTop. Mcnonbs3zoBaHue Oonee
CJIO’KHBIX MOJIETEH MOKET OBITh JIOIyCTUMO, €CIIM U3 JPYTUX UCTOUYHUKOB JIOCTYITHA
JOTOJTHUTENbHAS HHPOPMALIHS, U CBEIEHO K MUHUMYMY YHUCJIO TAPAMETPOB, KOTOPHIE

MOJKHO U3MCHATH B IIPOICCCC OIITUMH3AIINH.

"
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Pucynok 1.7 - I'paduk nuHamMuku 100brau [14]

35



CpaBHeHue AHaJn3a J00BIYH c AHAJIN30M JAHHBIX Ha
HEYCTAHOBMBIINXCS pPe:KUMAX PUIbTPAIIUN.

Metoast AJl m T'IMC mnonw3yroTCs OJHUMH M TEMH K€ MCXOJIHBIMHU
JONYIICHUSIMA B OTHOIIEHUW TMPUMEHEHUS YPAaBHEHUS MbE30MPOBOAHOCTH U
orpaHu4MBaroUX ycinoBui. boasmmHcTBO paspadoranubix B I'//IC ananutuyeckux
M YHUCJIEHHBIX MOJENEd MOXKHO UCIONb30BaTh Mt AJl ¢ HE3HAYUTEIbHBIMU
KOPPEKTUPOBKAMH, TaKUMH KaK CHOCOOHOCTh HCIIOJIb30BaTh JIaBJICHUE B KAueCTBE
MCXOJIHBIX JAHHBIX JUISI MOJICTUPOBAHUS IEOUTOB METOJIOM CYTIEPIIO3ULIUH.

B I'/IIC o1HOM U3 KITIOUYEBBIX CTYIIEHEH SIBISIETCS TUArHOCTHKA, I1I€ Ha OCHOBE
MOBEAECHUS MPOU3BOHON MHKEHEDP MPUHUMAET PEIIEHUE, KaKas MOJIEIIb JIYUIIIE BCETO
MOAOWAET sl MPOBEICHHS aHalu3a. JTO CTAHOBUTCA BO3MOXHBIM IPU YETKO
BBIBEPECHHBIX JJAHHBIX M MOCTOSIHHOM 100bIUe, T.€. HYJIeBOH, BO BpeMst KB/I.

Jlunamuka A0OBIYM MOKET OBITh HACTOJIBKO PACCESTHHOM, YTO HAa OTKJIMKHU
JIOMUHUPYIOIIIee BIUSAHUE OyAyT UMETh HEYCTAaHOBUBILKECA PEXKUMBI puiibTpanuu. B
ATOM CJIy4ae HEBO3MOXKHO MJICHTU(MHUIIUPOBATH MOBEACHUE TICEBI0YCTAHOBUBIIETOCS
cocTosiHUsA. Takoe MOKET MPOUCXOIUTh, JAXKE €CIM CKBa)KMHA BCE €LIE HAXOJUTCS B
SKCIUTyaTalllH, a JaBJIeHHe Ti1o0aipHo nagaet. [13].

HecMoTpst Ha OTCyTCTBHE YHMCTOrO IMCEBAOYCTAHOBUBIIETOCS COCTOSIHUS, BCE
PaBHO BO3MOKHO IPOBECTH COBMEIIEHHE MOJEIBHBIX W PEAIbHBIX JAHHBIX IO
JIaBJICHUIO, TOJYYHUTh JOCTOBEPHBIC MAPAMETPHI JAPEHUPYEMOW 30HBI, OLICHUTH
KO2(DPHUIIMEHTHI THAPOTIPOBOIHOCTH, CKUH-dPdekTa u popmbl. Takoe moBeAeHUE HE
MOKAXKET HU OJIMH CTCIUATU3UPOBAHHBIN rpaduk.

HccnenoBanne Ha HEYCTAaHOBUBIIEMCSI PEXKMME MOXKET JaTh YETKYIO KapTUHY
TOTO, YTO B JIAHHBII MOMEHT BPEMEHH MPEJCTaBIseT COOON cHUCTeMa CKBa)KMHA —
macT. AHanu3 A0O0bIYM OXBaThIBAET Topazfo 0osiee MMPOKUE BPEMEHHBIC PAMKU; U
HEKOTOPBIE UCXOJHBIC JIOMYIIECHUS, BEPHbIC MPH OJHOM HCCIEIOBAHUU OTIEIHbHOU

CKBa’>XUHBI, HC ﬂeﬁCTBYIOT B TEUCHUE BceH HCTOPHH SKCILTyaTallu CKBAKHWHBI.

B tabmure 1.1 mpencraBieHo KpaTkoe CpaBHEHUE TOCTOUHCTB M HEIOCTATKOB

TPaIUIIUOHHBIX METOOB UCCJIEOBAHUS U aHAJIN3a JOObIYH.
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Tabnumna 1.1 - O6mme ueptsl u paznuaus metoponoruid [IUC u A [13].

I'mapoaunaMmuyeckue
HCCJIeIOBAHNA CKBAKHH
ramc

Ananu3 J1o0b1un

(AlD

Teopernyeckue 0CHOBBI

AHanoruuHple ypaBHEHHUs, IPUHLIUII CYIIEPIO3ULIIH,
AHAJIMTUYECKUE U YUCIICHHBIE MOJAEIU

BpeMeHHO# 1Mana3oH

Yacel, 1HH, HeACIU

Henemu, mecsiibl, roabl

HceTouyHNKHN JaHHDBIX

Hannsie I'/TUC
IInacroucneiTaTenau
CranoHapHble CKBaKUHHbBIC
JAaTUNKH

N3mepenHnas no0bua
3amepsbl AaBICHUS Ha
MOBEPXHOCTHU
CranuoHapHble CKBaXKUHHBIE
JATYUKU

Hccaenyemast odactb

O0BEM UCCIIEI0BAHUS
JOCTHUTHYTBINA BO BPEMSI

OO6nacTe ApeHUPOBAHUS

1acTa CKBAKMHBI MJIY TPYIIIBI CKBAXXHUH
OCTaHOBKH CKBa)KUHBI
CoBpemeHHbBIE bunorapudmuueckuii rpaduk u | bunorapupmudeckuii rpadux
JAnarnocru4yeckue npousBoaHas bypan u rpaduk bidiicunreiimMa ¢
rpagpuxku IIpou3BOHON Bbypmd

OcCHOBHOI1 pexxum
TedeHus JJIsl aHAJIU3a
OcHOBHBIE pe3yJbTaThl

beckoHneuHblii pagranbHbIA
PEXKUM TCUCHHS
kh u ckun-bakTop

IIceB10 yCTaHOBUBUIMICS PEKUM
OO6nacTh ApEeHUPOBAHUSA

JlnmarnocTuyeckue
BO3MOKHOCTH

OT BBICOKUX J0 O4YCHBb BBICOKHUX

Or CpCAHUX O HU3KHUX

Bo3mo:xxHOCTH
JA0JITOCPOYHOT0 MPOTrHO3a

OT cpenHHUX O HU3KUX

OT BBICOKHX J0 OYC€HBb BBICOKUX

OcCHOBHBIE TOCTOHHCTBA

Bricokas uHpOpMaTHBHOCTH
pe3yJIbTaTOB

OtcyTcTBUE HEOOXOAMMOCTH
OCTaHOBKH pabOThI CKBOKHUHBI
JUTSI TIPOBEJICHUST MCCIICTIOBAHMS —
HET MOTEePh MO T00bIYe

OcHOBHBIC HEIOCTATKHU

[Totepu npu n06bIUE
3arpaTsl Ha IPOBE/ICHUE
3aMepoB
bonbuias 1yMTenbHOCTh
HCCIIEIOBaHMS B
HU3KOIIPOHUIIAEMBIX
KOJIJIEKTOPAX

MeHb111ast TOUHOCTB PE3yJIbTATOB
HeoOxonumocts 060pyaoBaHust
CKBaXXMH CTallHOHAPHBIMU
FJ'IY6I/IHHI)IMI/I MaHOMCTpaMH W
T™C
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3 TMPUMEHEHHUE METOJA "AHAJIM3 JOBBIYUM" JUIA
HE®TSHBIX CKBAXKHUH XXX HE®TAHOIO MECTOPOKIEHUSA
(XMAO)

O¢ddexTuBHOE ympaBiieHUE pPa3pabOTKOW MECTOPOXKJIEHUS MOJpa3yMeBaeT
nposenenue I'/JIC ¢ nepnoaAM4HOCTBIO, JOCTATOYHOM JJIs1 YETKOTO MPEACTABICHHUS O
TUHaMKKe (UIbTPALMOHHO-€MKOCTHBIX CBOMCTB (POC) muacta U 3HEPreTUYECKOTO
cocrostHUs 3anexxku. OmHako, mpoBedeHue Haubonee wuHpopmatuBHbiX [JIUC ¢
3anucbio KBJI, kak mpaBuio, CONpPOBOXKIAETCS 3HAUUTENbHBIMU (DMHAHCOBBIMU
NOTEPSIMU  BCJIEJCTBUE BBIHYKJIECHHOTO CHIKEHHUSI J0ObIYM He(TH, BBI3BAHHOTO
OCTAaHOBKaMHU CKBa)XMH, W 3aTpaT HAa WHCTPYMEHTalbHbIE 3aMephl. Kpome Toro,
nposenenne ['/IUC c¢ 3akppiTHeM CKBaXMHBI MOXKET OBITb CHJIBHO OCJIOYKHEHO
MOCJIECTBUSIMHA BIUSIHUSA ra3a, pa3IMYHbIMU TEXHOJOTMYECKHUMH OTPaHUYCHUSIMU U
T.J.

JUJ1 OLIEHKU BO3MOKHOCTH ITPUMEHEHUsI AHaIN3a JOOBIUM KaK aJbTePHATUBBI
I'’IUC Ha HEYCTAaHOBHUBIIMXCA peXUMax (QUiIbTpauuu ObUIM BBIOpAHBI JIBE
TOPU30HTAJIbHBIE KCILTyaTalluOHHbIE HeQTsHbIe ckBakuHbl ¢ MI'PII macra FOK2-9,
paboraroumx Ha ogHoM ywacTke XXX muomanu. CKBaXUHBI 3KCIUTyaTUPYIOTCS
MeXaHU3upoBaHHBIM criocoOom (DIH) u ocHalleHbl TeIeMEeTPUIEeCKO CUCTEMOM.

Jnisa npoBefieHUs] AHaIM30B JOOBIUM HMCIOIb30BAINUCH CIEAYIOIINE JIaHHBIE:
peryisipHble 3aMepbl 1e0uTa KUAKOCTH M 3aMepbl 3a00MHOr0 AaBiEHHS, T'€0JIO0ro-
du3nueckas XapakTEepHCTHKA IJIaCTOB M (JIIOMIOB paccMaTpUBaEMOro OOBEKTa,
PUTC 1o BbIOpaHHBIM CKBOXKMHAM W UX I[EPBOMY OKPYKECHHIO, KapThl
MECTOPOXKACHUS C OKPYXAIOIIMMU CKBAKUHAMM, JaHHbIE MO J00BIUE CKBAKUH
okpyxxeHus, oruersl ['PIl (npu Hamuuuu), AaHHBIE MO SKCILUTyaTalld, T€OMETPUs
CKBa)XMH, UHKIIMHOMETPHSI, UHTEPBAJIbI IepPopaluu, rayOrnHa yCTaHOBKM MaHOMETpa
U T.JI.

OcHOBHas LIeJIb JAHHOTO MCCIENOBAHUS — B TEYEHHUE JUIMTEIBHOTO BPEMEHU
OTCIIeKUBATh MapamMeTpbl paOOThl CKBAXUHBI (AaBiI€HHME MU JEOUT), HA OCHOBE

HOJIy‘-ICHHOﬁ 3dBUCHUMOCTH CACIATb IIPOIHO3 naﬂbHeﬁmero HU3MCHCHMUA I[O6I)I‘—II/I n
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OIICHUTHh MapaMEeTPhl IUIACTa W CKBAXHHBI MeToAoM AHamm3a Ao0sau. O6paboTka
MCXOJHBIX MaHHBIX Obu1a ponsBeaeHa B [10 Kappa (Workstation G5) “Topaze”.

KauecTBO BXOAHBIX NaHHBIX MpH AHaIU3e 10OBIYM HMEET BECOMOE 3HAUCHHE,
MTOCKOJIBKY TIJIOXOE COTIOCTABJICHHE AMHAMUKH JCOMTOB CKBXKHHBI M €€ 3a00MHOTO
JaBJICHUS TTPUBOIUT K 3HAYUTEIHHON 3aITyMJIICHHOCTH TUATHOCTHYECKOTO Tpaduka, u
KaK CIJICJICTBHE BHOCHUT OOJIBIIYIO IOTPEIIHOCTh B PE3yJIbTaThl WHTEPIPETAIIHH.
Hannmume KpaTKOBpEMEHHBIX OCTAaHOBOK B TIPOIECCE 3amMepa WM Tepel] HUM
yIIy4IIaloT BUJA TUATHOCTHYECKOTO Tpaduka W YNPOMIAIOT MPOIECC OMpPEaeTCHIS
JTUHAMUYECKOTO TIJIACTOBOTO JIABJICHUS.

AHanmu3 71 KaKI0W CKBaKWHBI IPOBOIWICS B TPH 3Talla: HAa IIEPBOM dTare
OBLIIM MPOAHAIU3UPOBAHBI BXOIHBIC JAHHBIE, UX KAUY€CTBO M CTEIEHb KOPPEKTHOCTH,
Ha BTOPOM OJTale — IOCTPOCHA aHAIUTHYECKAs MOJENb, YYUTHIBAIOMIAS TOJBKO
paccMaTpuBaeMylO0 CKBAXKHHY; Ha TpPETbEM OJTale IMPOAHAIM3UPOBAHO BIIUSHHE
cocenHero (oHAa CKBAKWH — IMOCTPOCHA YHUCJIEHHAs MOJENIb W CHEJIaH IMPOTHO3
W3MEHEHUsT Jebuta SKUAKOCTU. [J[ns oOpaboTku 3aMepoB  HMCIOJIB30BAIUCH
COBpPEMEHHBIE METOAbl AHaNM3a 0ObIYM. 3a00iHOE JaBiIeHUE OBLJIO MEPECYUTAHO C

riyouH 3amepoB Ha B/IIT (BepxHue apipbl nepdopanum) CKBaKUH.

3.1. Ouenka KkayecTBa BXOIHBIX JAHHBIX

Kak yxe Obulo cka3zaHO paHee, B JaHHOM BHUJE MHCCIEIOBAaHUS OCOOYIO
BaKHOCTh UMEET KOPPEKTHOCTh BXOAHOU MH(popmanuu. Takum o0pa3zom, Ha IEpPBOM
JTame BCE paccMaTpUBAEMbIe CKBAXKWHBI ObUIM TMPOAHAIM3UPOBAHBI HA MPEIAMET
COTJIAaCOBAaHHOCTU U JIOTHYHOCTH JI€OMTOB W JABJICHUHM, TMOJTHOTHI U CTENEHU
JTUCKPETHOCTH 3aMEPOB.

KadecTBO maHHBIX paccMaTpUBAaEMbIX CKBAXHH OBLIO OXapaKTEPH30BAHO KaK
yaoBIeTBOpuTeNnbHOe. Pa3pemaromas cnocooHocth aarunka TMC cooTBETCTBYET
1 atM, 4YTO SBISAETCA OTSCOMIAIONIMM MPU3HAKOM, HEraTMBHO BIUSIONIMM Ha

TUarHocThuYeckuii rpaduk u kak cieacteue Ha orenky @EC mnacra.
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B tpenne 3aboitHoro maBnenust 1o ckBaxuHe NeS558 mpocmarpuBaeTcs
TEHJEHUUs K OBICTpOMY CHIDKEHHIO. bimke KOHIy 3amepa HaOIrogaeTcs
3HAUYUTENbHBIN Pa3pbIB, CBI3AHHBIN C MOTEPEH JaHHBIX, OJTHAKO TaHHBIN (PaKTOp UMeeT
MaJyl0 CTENEeHb BIMSHUSA HAa JUArHOCTHYECKHM rpaduk BCIEACTBHE OCOOEHHOCTEN
gorapubmuyeckod  mkanbl.  [locnemyrouuit  BUA ~ 3aMEpPEHHBIX  JIaHHBIX

CBUACTCIILCTBYCT O IICPEXOAC CKBAKUHEI B HI/IKJII/I‘-ICCI(Hﬁ PCKUM I[O6I)ILII/I.
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*um-samich qasienns ¢ garunka TMC, nepecunrannas Ha riry6ouny BJITI, Kre/cm?;

Pucynox 3.1 — OOmuii BU MCXOTHBIX JaHHBIX JJIS aHAU3a 1Mo cKkBakiHe Ne5558

MECTOPOXKICHUSI XXX

CxkBaxxuna Ne5538 paboTaeTr B HMKIMYECKOM pEKUME 100bIYH, 3aMepPbI 1e0uTa
JIOCTaTOYHO PEAKUE U HE OMUCHIBAIOT IMHAMUKU NEPUOJUUYECKON PabOThl CKBAKUHBI.
OnHako CpemHHW TpeHJ W3MEHEHUsI CPEAHECYTOUHOW IOOBIYM COMOCTABISIETCS C

3a00MHBIM JTaBJICHUEM.
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~——— IIPOMBICIIOBBIE JIAHHBIE 0 3aMepy AebuTa, M%/CyT;
.

o .
#"" - HAaKOIIEHHBIH 00beM 100bIuM, M3/CyT;

“-zanuch nasnenns ¢ natunka TMC, nepecuurannas Ha riry6uny BJITL, kre/cm?;

Pucynox 3.2 — OOuuii BU MCXOTHBIX JaHHBIX JJI aHAU3a 1Mo CKkBakumHe Ne5538

MECTOPOXKICHUS XXX

PaccMmaTtpuBaemble B HCCIIEIOBAHUM CKBAXKMHBI XapaKTEPU3YIOTCS TCHACHIINEH
YMEHBIIICHUS Je0uTa J00BIBacMOM KHUAKOCTH, Ha (POHE OTHOCHUTEIIBHO CTAOMIIBHOTO
3a00MHOro NaBjieHus. B 1ie1om TpeHa cpeaHecyTOYHOM 100buM mo OOobIIeH YacTh
corjlacyercs ¢ TMHAMUKOU 3a00MHOTO JaBICHUS.

B ciyuasix, korga 7eOUT CKBaXKUHBI U €€ 3a001MHOE JTaBJICHUE HE COTJIACYIOTCS
MEXJy COOOM, MPOM3BOJHASs MMEET BHUJ, HE MOMJAIOIIUICA OMUCAHUI0 B paMKax
QHAJIMTUYECKOTO MOJEIMpOBaHUd. B TakoMm cllydae OCHOBOM MHTEpIIpeTaIluu
CTAHOBUTCS YHCIICHHOE MOJICTUPOBAHUE, TTPU KOTOPOM YUUTHIBAETCSI HHTEPhEpEHIIUS
MEXTy CKBaKHHAMH M HEJIOTUYHOCTH TOBEJICHHUS MOXET OBITh CBS3aHA C BIMSHHUCM
cocenHero (oHma.

B nannom BapuanTe HE0OOXOAUMO, UTOOBI TUHAMUKA JOOBIUN U TPUEMHUCTOCTH
COCEIIHUX CKBAXMH ObLJIa 3aJjaHa ¢ MAKCUMAJILHOW TOYHOCTHIO. B mpoTuBHOM ciiyuae
ajanTanys Mojeiau OyAeT HEMOJHOM, a TMOJY4YEHHbIC PE3yJbTaThl UMEIOT HU3KYIO

CTCIICHb JOCTOBCPHOCTH.
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3.2. Co3ganne aHAJIUTHYECKOH MOJIEJIH

st poeaenus: unrepnpetanuu B [10 Kappa (Workstation G5) “Topaze”
OBLITM 3aHECEHBI JaHHBIC MMapamMeTpoB ¢uronaa u wiacta FOK2-9, npenocraBieHHbIC
3aKa34YMKOM.

B pamMkax aHamuMTHYECKOTO MOJAEIMPOBAHUS OBLIM TOCTPOCHBI U YUTEHBI:
nuarHoctTuueckui rpaduk, rpadpuk bidiicuareiiMa u rpaduk TUHAMUKA AOOBIYH C
HAKOIJICHHOM JI0OBIYEH, 0 BCEM CKBaYKMHAM.

AHanmu3 IUarHOCTUYECKOTo Tpaduka, Kak OJHOTO W3 OCHOBHBIX COBPEMEHHBIX
METOJIOB aHaJn3a JOOBIYM — MO3BOJSET YUeCTh U3MEHEHHE 3a00iHOTO JaBICHUS BO
BPEMEHU, BBIICIUTH PEKUMBI TEUCHUSI U OIIPE/ICTUTH OCHOBHBIE HCKOMBIE ITapaMeTphl
macta. D dext BCC He BbIpakeH Ha rpaduke, BBUY OCOOCHHOCTEH METOIUKHU.

[To muarnoctuyeckomy rpaduky Axaimsa 1o0brau cCKBaXHHBI Ne5558 (puc. 3.3)
MO>KHO BBIJICJIUTh YCJIOBHBIA JIMHEHHBIM YYacCTOK, XapaKTEpHU3YIOMIMN MPUTOK U3
miacTa K TOPU3OHTAJLHOMY CTBOJY CKBaXWMHBI. Jlamee KOPOTKHH TEPHOJ
cTaObWIM3aIMi TIPOU3BOIHOM, COOTBETCTBYIOIIUNA MO3IHEMY PaJAHATIBLHOMY PEKUMY
TEUYEHUS, TI0 KOTOpOMY ompezensiercs: mapameTp kh/p v BeIpakaeTcsi MPOHUIIAEMOCTh
wiacta — K. B BUy OTCYTCTBHS B 3aMepe OCTAHOBOK IIEPHO,T HAYaIbHOTO PaIHaIbHOTO
MPUTOKA B BEPTUKAIBHOW IJIOCKOCTH He auarHoctupyercsa. B asrycre 2015 r. Ha
paccMaTpuBaeMOM CKBa)KWHE ObLT MpoBeaeH MHOTrocTaauiiHbii ['PI1.

Takum oOpa3oM, ¢ y4ETOM BBINIECKA3aHHOTO, ISl MHTEPIPETAIIMHA CKBAKUHbI
Ne5558 ncmonbs3oBanack Moaelb TOpU30HTANEHOM ckBakuHBI ¢ [ PI1 B omHOpOIHOM
iacTe.

[Tocne mpoBeneHUs amanTalMd MOXHO HaOIIOJaTh YIOBJICTBOPUTEIHHYIO

CTETIeHb COBMEIIEHHS CMOJICTTMPOBAHHBIX KPUBBIX C 3aMEPEHHBIMU TaHHBIMH (pHC. 3.4

u3.5)
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— - KpuBasa HpOI/ISBO[[HOﬁ NPUBCACHHOI'O JaBJICHUSA, MMOJYYCHHAA ITYTEM MATEMATHUCCKOT'O MOJACITIUNPOBAHUA

Pucynok 3.3 — Jluarnoctuueckuii rpadvk aHaTUTHYECKON MOJIENIN CKBaKUHBI

Ne5558
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- 1aBJICHUEC,
- IPUBCACHHOC NAaBJICHUC,

%, - IPOU3BOIHAA IPUBCIACHHOI'O JABJICHUAA,

— - MOJCJIMPOBAHUEC JTABJICHUEC,

— - KpuBas NPUBCACHHOTO JABJICHUA, IIOJTYYCHHAA IIYTEM MAaTEMATHYCCKOTO MOACINPOBAHUSA,

— - KpuBas HpOPISBOJlHOﬁ TPUBECACHHOI'O JAaBJICHUSA, MTOJYYCHHAA ITYTEM MATEMATHYCCKOTO MOJACITINPOBAHUA

Pucynok 3.4 — I'paduk bidlicunreiiMa aHaTuTHYECKON MO CKBaKMHBI Ne5558
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e IIPOMBICIIOBBIE IAHHBIE 10 3aMepy Aebuta, M%/cyT;
- HaKOTIJICHHBIH 00BeM J100bI4H, MS,
T sanuce JlaBJIEHUs, oay4eHHas ¢ naturka TMC u nepecunrannas Ha otmetky BJIIT, krc/cm?;

s KPHUBBIC, IIOJTYUCHHBIC ITYTEM MATCMATHUIYCCKOI'O0 MOACIIUMPOBAHU

Pucynox 3.5 — I'paduk ucropun 1006141 aHATUTUYECKON MOJIENN CKBaKUHBI Ne5558

Jlanee pacCMOTPHUM pe3yibTaThl aHATUTUYECKOTO MOJIETUPOBAHUS CKBAKUHBI
Ne5538. B utone 2016 r. Ha ckBaxkune Obu1 mpoBeneH [PIL. JluneitHoe TeyeHue B
3HAYUTENbHON CTETICeHH 3alIyMJICHO MO MPUYMHE HECOTIACOBAHHOCTU IMKJIMYECKOM
JUHAMHKU 3a00MHOTO 1aBJIEHUS C 3aMepaMu 1€OUTOB CKBAKUHBI.

B KOHIIe TPOU3BOAHONM MOKHO BBIIEIUTH YCIOBHBIN y4acTOK CTaOMIM3allUu,
COOTBETCTBYIOIIMM TO3HEMY paJdaIbHOMY pPEXKUMY TEUYEHHUs, IO KOTOPOMY
omnpenensercs mapamerp kh/p u Beipaxkaercst mpoHUIIaeMOCTh miacta — K (puc 3.6). B
BUJy YCTaHOBHBIIETOCS peXuMma pabOThl CKBOXHMHBI TEPHOJA  HAYaJbHOTO

PadIruaJIbHOTO IIPUTOKA B BepTHKaﬂLHOfI INIOCKOCTH HC NUAI'HOCTHUPYCTCA.
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Material balance time [hr]

- IPUBCACHHOC NAaBJICHUC,
%, - IPOU3BOTHAA IPHUBECIACHHOI'O NaBJICHHUA,
— - KpUBas NPpUBCACHHOTO AABJICHU, NOJYUCHHAA IYTCM MAaTEMATUYCCKOT'O MOACIMPOBAHUA;
— - KpHuBas HpOHSBOZ[HOﬁ NPUBCACHHOI'O AaBJICHUS, ITOJYYCHHAA ITYTEM MAaTCMAaTUYCCKOI0 MOACINPOBAHUA

Pucynok 3.6 — /luarnoctuueckuii rpaduk aHaTUTHYECKON MOJIENN CKBaKUHBI

Ne5538

Jns  wHTepnperanuu  ckBakuHbl  Ne5538  mcmonb3oBamack  Monenb
TOPU3OHTAJIBHOM CKBakWHBI ¢ TpeumHamMu MIPII B ogHOpomHOM OecKOHEYHOM
IJIacTe.

Ha rpadukax bnacunreiima u UCTOpUM JUHAMUKH JOOBIUU MO pe3yjbTaTaM
MPOBEICHHONW MHTEpPNpETald HaOJIOAAETCsl  YAOBIECTBOPUTENbHAS CXOAMMOCTD

MOJIEJIN ¥ 3aMEPEHHBIX JaHHBIX (puc. 3.7 u 3.8).
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— - MOJACIMPOBAHUC JABJICHUC,

— - KpUBas NPpUBCACHHOTO AABJICHU, NOJYUCHHAA IYTCM MAaTEMATUYCCKOT'O MOACIMPOBAHUA

— - KpHuBasd HpOHSBOZ[HOﬁ NPUBCACHHOI'O AaBJICHUS, ITOJYYCHHAA ITYTEM MATCMATHYICCKOT'O MOJACIINPOBAHUA

Pucynok 3.7 — I'padux bilicunreiima ananuTuaeckoil Mojienu cKkBaKuHbI Ne5538
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| 500

[;w] awnjoa pinbiq

- IPOMBICIIOBBIE TaHHEIE TI0 3aMepy Aedura, M>/cyT;
- HAKOIUICHHBII 00beM T00BIUH, M°;
=

- KPUBBIC, IIOJTYUYCHHBIC ITYTEM MATEMATUYCCKOT'O MOJCIIMPOBAHMA.

- 3a1KCh JIaBJIEHNs, TTONTydeHHas ¢ jaTunka TMC u nepecuntannas na otmetky BJITI, kre/cm?;

Pucynok 3.8 — I'paduk ricropun 100BIYM aHATUTHYECKONH MOJIEH CKBaXKHHBI Noe5538
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B xome mpoBeAEHHBIX TOCTPOCHHM AHAIUTUYECKUX MOJEIEH  JUIs
paccCMaTpWBaeMbIX  CKBRXWH OBUIM  TOJY4Y€HBI  OIEHKH  MPOHUIAEMOCTH,
TUAPOIIPOBOIHOCTH, MHE30MPOBOHOCTH, kh 1 ckuH-(akTopa.

Tak >xe CTOUT OTMETUTB, UTO B CBSI3M C HU3KOU pa3pemiaronieid CriocoOOHOCTHIO
JATYUKOB TEJIIEMETPUUECKON CHUCTEMBI, a TaK >XE€ PEIKUMHU 3aMepamMu JIcOUTOB
CKBQXHH, IOJYYCHHBIE MapaMeTpbl HUMEIOT CPEAHIO CTENEHb JOCTOBEPHOCTU

(morpentHoCcTh pe3yiabTaToB He Oosee 15%).

3.3. Co3nanue 4YMCJIEHHOW MOJeJIU. AHAIU3 B3aMMOBJIMSHUH MeEKIY

CKBa*KMHaMHu

[Tocne Toro, kak OblIa MOJy4YEHA OLICHKA MapaMeTPOB IUIACTA U CKBAKUHBI B
XO0JI¢ TIOCTPOCHHSI AHAIMTUYECKONM MOJelIN, OBbUT OCYIIECTBICH TPETUH JTall
MPOBEJCHUSI WHTEPIPETAUMA — CO3JAHUE MOJEIH C YYETOM BIIMSAHUS CKBAXKHUH
OKPY>KECHHUSI.

B npouecce cozmanus 3D monmenu (YUCIEHHOE MOJEIMPOBAHUE) YYACTKOB
PAaCHoOJIOKEHHUS] AHAIM3UPYEMBIX CKBaXMH M CKBaXuH HX okpyxeHusa (‘“Topaze”),
OBLITM UCTI0JIb30BaHbI 3P EeKTUBHBIC TEP(POPUPOBAHHBIE MOLITHOCTH, PACCYUTAHHBIE TIO
PUI'UC. Cxumaemoctu s HedTH, ra3a, BOJBI, a TakkKe oOIIas CKUMaEMOCTh
cucrembl mnosiyueHsl B IO Kappa “Topaze”, cormacHO UCHOJIb3yEMbIM IS
MHTEpIIPETALNN TapaMeTpam.

JIist Bcex y4yacTBYIOLIMX B MCCIEAOBAaHUM CKBa)XMH, ObUla CO3/laHa KapTa C
Y4ETOM PACTIOJIORKEHHUS COCETHUX CKBAXKUH OTHOCHUTEJIBHO MCCIICYEMbIX CKBaYKUHbI
(puc. 3.9).

Uctopus mo ckBaXMHaM OKpY>XEHHUs Oblla 3ajaHa C MOMEHTA 3aJlaHus
WCTOPUHU TI0 UCCIEAYEMON CKBaXWHE. Y UUTHIBAIMCH KOH(PUTYPAIIUU CKBAXKUH U UM

COOTBETCTBYIOMUE d(HPEKTUBHBIC MOIITHOCTH TIJIacTa.
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IIpu cozmanuu monenn yyactka yuutbiBanuch ['PII u aBrol PII Ha ckBaknHax
OKpPYKEeHHsI, UCX0/1d U3 JaHHbIX o mpoBeaeHuu ['PII, a Takke Hamuuus/OTCYTCTBUS
xapaktepHblx TeueHni Ha mnpeabiaymux [JIMC ckBaxun. Ilapamerpsl TpemmH

3aJJaBAJTUCH T10 PE3yJIbTaTaM NPEABIAYIINX UCCAEA0BAHUN Wik 0T4eTOoB O [ PII.

5485 5496

5518
5517
5538

Pucynoxk 3.9 — ®parmeHT Moienn aHATM3UPYEeMOTo ydacTka CKBakuH Ne5558 u 5538

XXX MeCTOpPOXKICHUS

Takum  oOpa3oM, 3agadya TOATOTOBHTEIBLHOTO  3Tala  YHCICHHOTO
MOJICIUPOBAHUS — MAKCUMAJILHO TOYHO M TIPOCTO OTPA3UTh CIIENU(PUKY KOJIIEKTOPA,
a Tak)Ke KOH(UTYpaIIUIO CKBAKUH U UX MOKA3aTEIN pa3padOTKH.

[Tocne 3amaHusi UCTOPUU MO CKBAXXHWHAM OKPYKEHHUSI U CO3JaHUSI KOHTYpa
MIPOU3BOJIMIIOCH MOAEIMPOBAHUE 0 HAUITYUILIETO COBMEILEHUS] UCXOJHBIX JTAHHBIX C
Mojienbto. Ilpy TiepBMYHOM ajganTald YUCICHHOW MOJIEIW HCIMOJIb3YIOTCS
napaMeTphbl, MOJYyYEHHBIE MPU aHATTMTUYECKOM MOJieJIMpoBaHuu. B ciydyae xopoiieit
COMOCTAaBUMOCTH MOHO CJelaTh 3aKJIIOUYEHUE O KOPPEKTHOCTH aHAJUTUYECKOU

MOJIEIIH.
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B cinydae ecnm ¢ mapameTpaMu CHCTEMBI, MTOYYEHHBIC TIPU aHATTUTUYECKOM
MOJICTUPOBAHUH, HAOIIOAAETCA HEKOTOPOE PACX0KICHUE YUCICHHBIX U 3aMEPEHHBIX
KPHUBBIX, BO3MOKHA WX KOppeKkTUpoBKa. Ho ecnu it anantanyu HeoOX0AMMO BHECTU
3HAYNTEIbHBIC U3MCHCHHUS B MOJCIHPYIOIIME MapamMeTpbl, MOXHO CHAENIaTh BHIBOJ
JM00 O HEKOPPEKTHOCTU aHAIUTUYECKOW MOJENH, JUOO O HEJAOCTATOYHO IMOJHOM
OMMCAHUH TJIACTA WU OKPYKEHUSI CKBRXKHUHBI.

B nenom B pe3ynbTaTe MPOBEACHUS YHWCICHHOTO MOJICIIMPOBAHUS MOTYT
MOJIy4aThCsl MHOTOYHUCJICHHBbIE BapuaHThl. Yem Oojee MOJHO U KOPPEKTHO Oblia
BOCCO3/]JaHA PEAIbHO KapTWHA pabOThl y4acTKa — TeM Ooubllne OyaeT CXOAUMOCTH
peaNbHBIX 3aMEPHBIX JAaHHBIX M CMOJICIUPOBAHHBIX CcHUCTeMoW. Pacmmdpoka
MOJIYYCHHBIX B PE3YJIbTaT€ YHMCICHHOTO MOJICIUPOBAHUS PE3YJIBTATOB SIBISETCA
OJTHAM M3 HanOoJiee MHTEIUIEKTYaIbHO EMKHX MPOIIECCOB AHamu3a 100bau. [IpudauHbI
TOM WIM WHOM KapTUHBI TMOYTH JUISI KaXKIOM CHUCTEMbl CKBAKHUH SIBJISIOTCA
WH/IUBU Ty AIbHBIMU.

Takum oOpaszom, IJig paccMaTpUBAEMbIX CKBAXXHUH B Pe3yJIbTaTe YUCICHHOTO
MOJICIMPOBAHUSl  TOJYYEHO  YAOBIETBOPUTEIBHOE  KAayeCTBO  COBMEIICHUSA
CMOJICTTUPOBAaHHOM KPHWBOW M NeOWTa, Kak moka3zaHo Ha rpadukax (puc. 3.10 u3.11),
YTO SBJISICTCS MIOJTBEPKICHUEM JIOCTOBEPHOCTH MOJYYEHHBIX B X0JI€ UHTEPIIPETAIINH
OLICHOK MapaMeTPOB.

JmarHoctnyeckue Tpaduky, TMOCAe TMOAKIIOUEHUS COCEIHUX CKBAaKHH,
3HAYUTEJIHLHO HE M3MEHWIUCh B CPABHEHHH C aHAIMTUYECKOW MOJENbl0. B cBs3m ¢
OTUM MOKHO CJeJlaTh BBIBOA O HaMWdud 3(G(EKTOB B3aWMOBIUSHUA MEKIY
CKBaXMHAMH BHYTPHU pacCMaTpyBaeMbIX y4acTKoB. Bocco3gaHHas MoJienblo cucrema

MPUOIMKEHHO 0TOOpakKaeT peaabHyI0 KapTUHY pabOThl JAaHHBIX YYACTKOB.
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Rl IPOMBICIIOBBIE JIAHHBIE IO 3aMepy 1e6uTa, M%/cyT;

- HaKOTIJICHHBIH 00BeM 100bI4H, MS,

™ 3ammck JaBieHus, nonydeHHas ¢ garuuka TMC u nepecuntanHas Ha otmetky BJIII, Kre/cMm?;

s KPUBBIC, IIOJTYUCHHBIC ITYTEM MATCMATHUIYCCKOI'O0 MOACIIUMPOBAHHNSA

Pucynox 3.10 — I'padux quHaMUKH TOOBIYM TPU YUCICHHOM MOJICITMPOBAHUU

ckBaXuHBI Ne5558 mectopoxaernss XXX

OnHako CTOUT 3aMETHUTD, UTO BCET/A CYIIECTBYET HEOIIPEAEIEHHOCTD B OLICHKE
napamMeTpOB CKBAKMHBI U IJIACTa IPU MOJICTMPOBAHUH C YUYETOM BIIMSHHS KOHTYpa U
CKBA)KMH OKPY’KEHHs, IO3TOMY ITPOBEAEHHOE MOIETMPOBAHNE ITOBECHUS TABJICHUS U
nebuta B [10 Kappa “Topaze” He MO3BOJISIET ¢ BBICOKOUW CTEMEHBIO JIOCTOBEPHOCTH
OMHCaThb BCE peajbHbIE IMPOLECCH], MPOUCXOJAUIME B IUIACTE (HAMPABICHHOCTH
HEOJTHOPOJHOCTH pacnpesesieHus (uiIbTPAMOHHO-EMKOCTHBIX CBOMCTB ILJIacTa,
UHTEpPEPEHIINS CKBAXKUH U T.JA.). Kpome TOro, BO3MOKHa MOTPEIIHOCTh B 3aMepe
NeOUTOB/IPUEMHUCTOCTH, YTO MOXKET TMPUBECTH K MOTPEHIHOCTH YHCIEHHOTO
MozenupoBanus. Takum o0pa3oM, B pe3ybTaTe YMCICHHOTO MOJEIUPOBaHUS ObUIH

YTOYHCHBI paHEC MMOJTYYCHHBIC MTapaMCTPhI IIJTaCTa 1 CKBAXKHWH.
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™ 3ammck JaBieHus, nonydeHHas ¢ garuuka TMC u nepecuntanHas Ha otmetky BJIII, Kre/cMm?;

s KPUBBIC, IIOJTYUCHHBIC ITYTEM MATCMATHUIYCCKOI'O0 MOACIIUMPOBAHHNSA

Pucynok 3.11 — I'padux quHaMuKH 10OBIYM TIPU YUCIEHHOM MOJEIHPOBAHUN

ckBaXuHBI Ne5538 mecTopoxkaeHus XXX

3.4 IIporuo3 padoTbl CKBaKUHbI

[Tocne okOHUYATENBLHOrO BHIOOpA MOJENH, ISl KaXJAOW CKBAXKUHBI ObLI
MIPOBENICH MPOTHO3 U3MEHEHMs N00bIuu. IIpOrHo3 ocyiecTBiseTcs MmyTeM 3aJaHus
CIIEHapHsl U3MEHEHUsI IMHAMHYECKOoro (pabouero) AaBieHUs] WM 1eOUTa CKBAKUHBI
Ha MPOTHO3HBIN nepuoji. BriOOp MPOTrHO3HOTO MHTEpBaia ISl KAKIOW CKBAKUHBI
WHJUBUyalIeH, W 3aBUCUT OT KauecTBa M 0O0beMa MPEJAOCTABICHHBIX JIaHHBIX.
[IporpaMMHBIiI KOMIUIEKC MPEAOCTABISET BO3MOXKHOCTh MPOBOAUTH IPOTHO3
JUHAMUKHU 3a00MHOTO NaBJICHUS TPU PA3IUYHBIX pexuMax J00bIYM, U HA0OOPOT,
OTIPEJICINTh TPEHJ M3MEHEHUS [eOuTa TMPU PA3TUYHBIX BapHAIHsIX 3a00WHOTO
nasneHus. [Iporao3 paboThl CKBaXXUH MPOBOAUTCS C YCIOBUEM HEM3MEHHOIO PEXUMa

pabOThI CKBOKUH OKPY>KEHHS.
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[TockonbKy mJisi WHTEPHpPETAUU TMPEAOCTaBICH KOPOTKUH Tepuoj paboTh
CKBaXUH (4yTh O0Jiee MecsiIia), a B KOHIIE 3aMepa MIPOUCXOIAT CMEHBI peKuMa padOoThlI,
JMaMbHEHIIMI TPOTrHO3 HMMEET HU3KYI0 JIOCTOBEPHOCTh, M OIICHKa JI0OBIYM Ha
JIOJITOCPOYHBIA MEPHUOJT HE UMEET cMbicia. [1o3ToMy MIUTENbHOCTh MPOTrHO3a s
00erX CKBaKUH COCTaBUJIA OJIUMH MECHLI.

B cinywae moanep)kaHusi MOCTOSHHOTO 3a00MHOIO JIaBJIEHHWS Ha MPOTHO3E
ckBaXuHbI Ne5558 (puc. 3.12) MoxHO HaOMIOAATh TEHICHIUIO K 3HAYUTEIHHOMY
CHUKEHUIO JOOBIYM, YTO BO3MOKHO B paMKax MOJYYEHHOM MOJEINH, MOCKOIBbKY B
aHATM3UPYEMOM TIEpUO/IC MOAACpKAHUE eONTa OCYIIECTBIISIIOCHh 32 CUET CHUKCHUS
3a00MHOrO0 JAaBJICHUS] CKBaXKHUHBI. [l03TOMY MOpW MPOTHO3UPOBAHUU CHUTYyallUUd C
MOJIEPKAHUEM TIOCTOSIHHOTO 3a00MHOTO JaBiCHUS JEOUT CKBAXKUHBI OyJleT
CHUKAThHCS.

ATNbTEpHATHBHBIA BapuUaHT MPOTHO3Aa 3aKJIIOYAECTCA B TMOMAJICPKAHUU Ha
CKBO)KHMHE TIOCTOSIHHOW JOOBIYM U OLIEHKE W3MEHEHUs 3a00MHOro JaBlieHUs
(puc. 3.13). B nanHOM ciyyae MOXHO HaOJI0aTh AHAJIOTMYHYIO KapTHUHY: YTOOBI
CKBa)XHMHA paboTasia ¢ MOCTOSIHHOW JTOObIYell HEOOXOJUMO MPOJIOJKATh CHUXKEHUE
3a00MHOrO0 NaBjieHue. BepoaTHO TaHHOE 0OCTOSTEIHLCTBO U MOCTY>KUIJIO MIOBOJIOM JIst
MepeBO/Ia CKBAXXUHBI B PEKUM PAOOTHI C HAKOIIJICHUEM.

[Tockonbky ckBaxkuHa Ne 5538 yxe paOoTaeT B MEPUOIUYECKOM PEKUME,
CpeaHul TpeH 1 3a00HOTO JaBJIEHUsI CKBaXXUHBI YCIOBHO MOCTOsTHEH. Habmomaembiii
B KOHIIE 3aMepa pOCT OOYCJIOBJIEH CHIDKEHHEM OTOOPOB JKHUIKOCTH, OJIHAKO
HEU3BECTHO, SBJISIETCS JIM JIaHHAs CMEHA PEeXKHMa KPAaTKOBPEMEHHOW, WU K€ HOCUT
Jnoarocpounbld  xapaktep. I[losTomy mnporsHosupoBaHue pabOThl CKBAXKHUHBI Ha
JUIUTEIbHBIA TEpHOJ TaK K€ HE HMEET CMbIcia. B menom 1o pesyibraram
MPOBEJEHHBIX MPOTrHO30B (puc 3.14 u 3.15) nedbut u 3a060iHOE TaBJICHUE CKBAXKUHBI

OCTarOTCsA IMMPAKTUICCKHU ITIOCTOSHHBIMMU.
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T sanmcs JlaBJIeHUs, noaydeHHas ¢ naturka TMC u nepecuuranHas Ha otmetky BJIIT, krc/cm?;

s KPUBBIC, ITOJTYUYCHHBIC ITYTEM MATEMATUYCCKOI'O0 MOJACIIUPOBAHN.

Pucynok 3.13 — [Iporuo3 n3menenus 3a00iHOTO JaBieHHUs CKBaXHHBI Ne5558
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L HPOMBICIIOBBIE JaHHKIE [0 3aMepy aebuta, m%/cyT;
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T sanuck NaBJieHus, nonaydennas ¢ naruuka TMC u nepecunrannas Ha otmetky BJIIT, krc/cm?;

- KPpUBBIC, IIOJTYUYCHHBIC ITYTEM MATEMATUIYCCKOI'O MOJACIIMPOBAHMS.

Pucynok 3.15 — I[Iporuos n3menenus aedura ckBakuubl Ne5538
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3.5. AjanTanusi AMHAMAYECKOI'0 IJIACTOBOIO JaBJIeHUA

B Hauane mHTepmperanuu sl pacueTa MPOU3BOJHON HEOOXOAMMO 3aJaTh
TeKyllee IUIacToBOoe AaBieHHe. HadanbHbIl moa00p 3HAYEHUs OCYIIECTBISAETCS Ha
OCHOBE anpHOPHOM MH(OPMALIMK: PE3YJIbTATOB MPEIBIAYIINUX UCCIEAOBAHUMN, JaHHBIX
10 COCEIHUM CKBaKMHAM, KapT U300ap U TEXHOJIOrM4YeCKOM JoKkymeHTanuu. [Iposeas
aHaJu3 BXOJHBIX TAHHBIX, HHTEPIPETATOP OINpPEAEIACT 3HAUCHHUE JABICHUS, KOTOPOE
Ha €ro B3IJISiZ, COOTBETCTBYET TEKYIIEMY COCTOSIHHIO pa0OThl CKBakWHBI. [locie
MIPOBE/ICHUE WHTEPNpPETAMH BBHIOPAHHOE 3HAYEHHE HEOOXOAMMO YTOYHUTH MyTEM
aJarTaluu C IMOJYYEHHBIMU ITApaMETPAMU CUCTEMBI.

CyTp MeTOIMKHM 3aKiro4aercs B nocrpoeHun tectoBor moxaenu KBJ/[ B 10O
«Saphir» Ha OCHOBE MOJYYCHHBIX B XOj¢ AHaiu3a M00bIYM MapaMeTpoB ILacTa, a
TaKkkK€ 3aMEpPEHHBIX [JIaHHBIX MO JACOUTY U 3a00MHOMY [IaBJICHUIO, WM KE
BOCIIPOU3BEJICHUIO JUHAMUKK 3a0oitHoro pgaBienuss B 11O  «Topazey». Ilpu
NpaBWIBHBIX  TIOJYYEHHBIX  [apaMeTpax  CHUCTeMbl  3a0OWHOE  JaBJICHHE
CTCHEHPUOBAHHOW TECTOBOM MOJENM JOMKHO COBIACTh C pPEaJbHBIM 3a00WHBIM
JABJICHUEM CKBaKHUHBI. IcTOpHUst pabOThl CKBaXKUH JJIsl TECTOBOTO MIPOEKTA 3a/1aeTCsl
Ha BECh PACCMATPUBAEMBIN B UCCIEAOBAHUU IIEPUO/IL.

Apmantauuss ~ MOAENM  MOPOU3BOAUTCA OO  MOMEHTAa  COBMEILICHUS
CMOJICTUPOBAHHOM TOYKH 3a00MHOTO JABJICHUS TIEpPel TECTOBOM «OCTAHOBKOW
CKBOXHMHBI CO 3HAQUYEHUWEM TIOCIEAHETO 3aMEpPEHHOTO [aBJEHUS IyTEM 3aJaHUA
pasznuyHbIX 3HaueHui Pi. B ciyuae, ecnu nis aganTanum HeoOX0IMMO 3HAUYUTEITLHOE
W3MEHEHHUE IJIACTOBOTO JABJICHWE, TMOJY4YEHHbIE B pe3yibTrare AHanu3a J00bud
MapaMeTPbl CYUTAIOTCA HEKOPPEKTHBIMH, U IPOBOAUTCS MOBTOPHASI MHTEPIIPETALUA.

B cnydae ckBaxunbl Ne5538 ajgantanusi mpoBOAMIACHE IYyTEM CO3HaHUs

tectoBoit KBJ] B I1O «Saphir» npoaomkuTeIbHOCTBIO ThIcA4y YacoB (puc. 3.16).
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Pucynox 3.17 — AnganTarus nmapameTpoB MOJIENH K 3a00MHOMY JTaBICHUIO CKBAKHHBI

No5558 B I1O «Topaze»
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[TogoOpanHbIe B pe3ysIbTaTe aanTally 3HAYCHUs HadyaabHOTO AaBieHus (P1)
JUTSI CKBOKUH OYITYT SIBJSITHCS UTOTOBBIM PEIICHUEM.

Jist ckBakuHbl Ne5558 Oblia mocTpoeHa TecToBasi KpuBas 3a00HHOTO
napinenust B 110 «Topaze» (puc. 3.17). B ob0oux cnydasx MOyTeM HEKOTOPOI
KOPPEKTHPOBKHU Pl OBUIO TOCTUTHYTO COBIMAJICHUE CTEHEPUPOBAHHBIX U 3aMEPCHHBIX

JaHHBIX.

3.6 ConocraBiieHre U HHTEPIPETAUA Pe3yJIbTaTOB HCCIACA0BAHUI

Kak Obuio ckazano panee, 3HaueHus kh u ckuH-(pakTOpa, moilydeHHBIC B
pe3yabTare aHajau3a J00bIUM, KaK MPaBWIO, HECKOJIbKO YCTYMaloT B TOYHOCTHU
pesynbTatam kiaccudeckux ['IUC (KBY, KBJ/I). OcHoBHas npu4nHa — HU3KOE
KaueCcTBO BXOAHOU MH(popMaluu (HU3Kasi pazperaroiias cnocoonocts TMC, penkue
3amepbl gebuta u 1.1.). [[JIUC Ha HEeycTaHOBHBIIMXCSA PEKUMAX (PUIbTPALUUA JAET
YETKOE MPEACTABICHUE O TOM, YTO B IAaHHBI MOMEHT BPEMEHU MPEJCTABISET COOOM
CHUCTEMa CKBa)XXMHA — KoJUIeKTOop. BTOopas mpuuumHa - cnenuduka Merona AHanuza
no0brun. AJl oxBaThIBaeT ropaszo 0ojiee MUPOKUE BPEMEHHbIE PAMKH; U HEKOTOPHIE
WCXOJHbIE JOMYIICHUS, BEPHBbIE [JIi OJHOTO BPEMEHHOTO HMHTEpBaia OTIEIbHOU
CKBAXXUHBI, HE JICHCTBYIOT B TEUCHUE BCEM UCTOPUM DKCILTyaTallid CKBaYKUHBI.

Panee HM 10 HcclieyeMbIM CKBaXKMHAM, HU 110 OKPYKEHHUIO HE TPOBOAWINCH
TUAPOJMHAMUYECKUE UCCIE0BAHUS HA HEYCTaHOBUBIIMXCS pexkuMax. B cBsizu ¢ aTuM
COTIOCTABJICHUE PE3YJIbTATOB MPOBOAUIOCH MEXKY pacCMaTpUBAEMbIMU CKBAXKUHAMMU

No5558 u 5538 (tab611.3.1) mOCKOIBKY OHU PabOTAIOT B OJJHOM 00JIacTH.
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Tabnuma 3.1 — ConocTaBneHue pe3yabTaToB AHaIN3a J00BIYH

CxBaxxnHa At Hac Prn (BIHZ_D’ Kr, MJT K/K, Honmpui
Krc/cMm CKUH-(haKTOp
5538 1088 83.91 3.55 0.0216 -2.53
5558 1016 84.52 3.51 0.0246 -5.13

Takum oGpa3om, TOJTydYEeHHbIE B pe3yJIbTaTe AHaau3a T00bIYM pe3ybTaThl Ha
JBYX COCETHUX CKBKHWHAX XOPOIIO COIMOCTABISIOTCS MEXITYy COOOH, YTO MOMKET
KOCBEHHO CBHJIETEJILCTBOBATH O XOPOIIEH JOCTOBEPHOCTH MOJYYEHHBIX MapaMeTPOB.
3HauyeHHE TPOHULIAEMOCTH B LIEJIOM XapaKTEPHO JIs JAHHOTO TUIaCTa MECTOPOXKICHHUS
XXX. Huzkoe miactoBoe 3HaY€HHE OOYCJIOBJICHO BBICOKMMH TEMIIaMH OTOOPOB U
OOJBIIMM YHCJIOM JTOOBIBAIOIIMX CKBAKMH B 00JIACTH JPEHUPOBAHUS B MPOTHUBOBEC
cnaboil KOMIIEHCAIlMU CO CTOPOHBI HArHETAaTEIbHBIX CKBaKUH. 3HAUYCHUE CKUH-
(dbakTopa TOBOPUT O XOPOILIEM COCTOSIHUH MPU3a00HHOM 30HBI TJ1acTa.

B wmemoM wucciegoBaHus HMMEIOT CPEJIHIOK  CTENEHb JTOCTOBEPHOCTHU

(TorpenIHoCcTh pe3yibTaToB He Oonee 15%).
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S COUMAJIBHAA OTBETCTBEHHOCTbD

bypeHue TOpU30HTAIBHBIX CKBAKUH SBJISETCS OJHUM U3 3(PPEKTUBHBIX
CIIOCOOOB BOBJICUCHHMSI B pPa3pabOTKy TpPYIHOHW3BIEKAEMBIX 3allacoB, a TaKKe
yBEIMYCHHS KO3(PPUITMEHT 0XBaTa BO3/ICHCTBUEM, KaK 10 TUIOIIAIH, TAK U IO pa3pe3y
MPOJYKTUBHBIX OTJIOXKEHUH. [l obecredeHus: ONTHMAJIBHOTO peXuMa paldoThI
JAHHBIX CKBAKWH HEOOXOIUM IMTOCTOSTHHBIN MOHUTOPHHT MTPOIIECCOB TOOBIYHN (IIFOMA.

I'maponunamudeckue wuccieaoBanuid Ha ckBaxuHax (['IUC) sBastoTcs
OJIHUMHU W3 Hauboyee MOCTYMHBIX (KaK B TEXHOJOTMYECKOM, TaKk U B (DMHAHCOBOM
OTHOILICHUM) JJI TOJYYEHHUs MapamMeTpoB pabOThl CUCTEMBbI «CKBAXKMHA — ILIACTY.
Opnnako nposenenue ['JIMC na pabGoratomeM (oHIE CKBaXXUH B OOJBITUHCTBE
CJIy4aeB COMPOBOXKIAETCA UX OCTAHOBKOM, M KaK CJIEICTBUE, TOTEPSIMU B I0OBIYE.

AnprepHatnBoil TpaauuuoHHbIM ['JINC Ha HEyCTaHOBUBIIMXCS PEKUMAX
bunpTparmn (KB, KBY, KIIY) MoxeT mNOCIy>KUTh Takod  MeETOA
TUJPOJIMHAMUYECKUX HUCCIEIOBaHUM, KaKk «AHaIu3 J00bIUM», KOTOPHIA C OJIHOMU
CTOPOHBI SBJSICTCS XOPOIIMM JONOJHEHHUEM, HO TaKXe UM CaMOCTOSATEIIbHBIM
MHCTPYMEHTOM, TO3BOJISIFOIIIMM MIPOBECTH OLICHKY IMapaMETPOB IJIACTAa ¥ CKBAYKUHBI HA
OCHOBAaHMWU aHAJIM3a JUIMTEIBHOTO TMepuoja OE30CTAHOBOYHON HKCIUTyaTalluH
CKBa)KUHBI IO JaHHBIM naTyukoB TMC.

Onnako, Kak W JIIOObIE MEPONPUSITHS, MPOBOJUMBIE Ha CKBa)KHMHaX,
TUAPOJAUHAMUYECKUE HUCCIEAOBAHUS SABJISIOTCA MCTOYHUKOM IMOBBIIEHHOTO YPOBHS
OMMACHOCTH TIPH  MaJieHIIeM  HECOOMIOJCHUU  TEXHOJIOTHYECKOTO  pexuMma

AKCILTyaTallii 000pYAOBaHMS WM MIPABUJI IPOBEICHUS MEPOTIPUSITHSL.

5.1. IIpousBoacTBeHHAst 0€30MIACHOCTH

Bpenusim  mpousBoacTBeHHBIM  daktopom (BIID) HaszwiBaeTcs  Takoit
MPOU3BOJCTBEHHBIM  (pakTOp, BO3ACHCTBME KOTOPOro Ha paboTarouiero B
ONpENENEHHBIX  YCIOBUSAX  NPUBOJUT K  3a00JE€BAaHUI0 WM  CHIKCHHIO
TPYAOCIIOCOOHOCTH.
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OnacHeiM  mpou3BOACTBeHHBIM  (pakTopom (OIID) Ha3pBaeTcs TakKoi

POM3BOJACTBEHHBIH  (AaKTOp, BO3JCHCTBHUE pa0oTaromero B

OIIPCACICHHBIX YCJIOBUAX IMIPUBOIUT K TPaBMC HMJIM K APYI'OMY BHC3AIITHOMY PC3KOMY

KOTOpPOTO Ha

YXYIIICHUIO 310poBbs. [20].
Bce omacHele U BpeaHbIC MPOM3BOICTBEHHBIC (PAKTOPBI, BOSHUKAIOIINAE TIPH

IIPOBEJACHUM TUAPOINHAMUYCCKUX UCCIIeIOBaHUM MpecTaBiieHbl B Tadume 5.1 [5]:

Tabnuua 5.2 — OCHOBHBIE 3JI€MEHTHI MPOU3BOICTBEHHOTO TIpoLiecca, (OpMHUPYIOLTUE
OIacHbIC U BpeAHbIE (DaKTOPHI

HaunmenoBanue | @akropsl (I'OCT 12.0.003-74 CCBT ¢ u3men. 1999 r.) | HopmaTuBHBIE
BHJIOB padoT Bpeanbie Onacuble JOKYMEHTbI
[ToBblIeHHAs WK [oBbllIeHHBIN YPOBEHD
MOHMKEHHAs TeMIIepaTypa CTaTUYECKOTO
VeraHoBKa BO3/yXa paboueil 30HbI JIEKTPUYECTBA FOCT 12.1.005-
Aybpuxatopa Ha [ToBblIeHHAs UK Pacnonoxenue pabouero 88,
dnanen OA . JOCT 12.1.045-
MOHIKCHHAA TEMIEPATypa | MECTA Ha 3HAHTCIBHOM 84
HOBEPXHOCTEH BBICOTE€ OTHOCHUTEJIBHO
000opyI0BaHus, 3emut (I1oJ1a)
MaTepHaoB
[ToBbIIEHHOE 3HAYEHUE
Octpble KPOMKH, 3ayCEHIIbI HalnpsHKEHUs B
U IIEPOXOBATOCTh HA AIEKTPUYUECKON eI,
IIOBEPXHOCTAX 3arOTOBOK, 3aMbIKaHUE KOTOPOU I'OCT 12.1.038-
Cmryck WHCTPYMEHTOB U MOYET MTPOU30UTH Yepes3 82,
IJ1yOMHHOTO 000py0BaHUs TEJIO YEJI0BEKa I'H 2.2.5.686-98
MaHOMETpa B CanlluH
CKBAKUHY [loBplIEHHAs JIBroKynyecs: MalluHbl U 2.2.4.548-96
3aIbUICHHOCTD U MEXaHU3MBI,
3ara3o0BaHHOCTb BO3/1yXa paspylaromumecs
paboueii 30HbI KOHCTPYKLUHU

IIpn npoBenennu I'/IUC MOryT BO3HUKHYTh CIEAYIOIIUE BPEIHBIE U ONIACHBIE
MIPOU3BOJICTBEHHBIE (DAKTOPHI:

1. TloBbllIeHHAs WM TOHMKEHHAs TEMIIepaTypa Bo3ayxa pabodeil 30HbI.

B ycnoBusix kpaiiHero ceepa cpeau (akTOpOB MPOM3BOJICTBEHHOW CpEbl,
JEHCTBYIOIMX Ha OPraHU3M YeJOBeKa MPHU BBHINOJIHEHUU PA3JIMYHBIX BUIOB padoOT B
XOJIOJHOE BpeMsl TOJ1a, BeAyLIasl poJib IPUHAJIEKUT METEOPOJIOTHYECKUM YCIOBUAM,

BBI3BIBAIOIIUM OXJaxaeHue. OXJIaKIalIIero BO3JCUCTBUS METEOPOTIOTHYECKUX
76



YCIOBUI Ha 4ENOBEKa 3aBHCHT OT IOKa3aTeleld aTMoc(epHOil TemmepaTypsl U
ckopoctu Berpa. TemmnepaTypa Bosmyxa Huke — 45°C maxke npu He3HAYMTENLHON
CKOPOCTHU BETpa 2 M/C CIY>KUT OCHOBAHUEM JJIs MpekpaiieHus padot. [Ipu ckopoctu
Oonee 15 M/c Bce BUIBI pabOT HAa OTKPHITOM BO3JyXE€ MPEKPAIAlOTCsA MpPHU JIOOBIX,
Jaxe HeOONbIINX OTPUIATENbHBIX aTMOCHEPHBIX TeMIlepaTypax B CBSI3U C
OMACHOCTHIO HapylleHUs] (QYHKIMHU JIbIXaHWS, HAPYUICHUN 1IEIOCTHOCTU CIM3UCTHIX
000JI0UeK TIJIa3, HOCA, BEPXHUX [BIXATENbHBIX MyTeH, BO3MOXKHOCTU OBICTPOTO
OTMOPO>KEHHUS KOKHBIX MOKPOBOB, HE3AUTUIIICHHBIX OJICKI0N YyYaCTKOB Tela.

Hopwmbl napameTpoB KiMMarta npu padoTe Ha OTKPBITOM BO3yX€ 3aBHUCST OT
KJIIMMAaTUYECKUX PETHUOHOB, TSHKECTH U BPEMEHH BBITIOJIHIEMBIX palOoT.

HopmupoBanue napameTpoB Ha OTKPBITHIX ILIOIIAJKAX HE MPOU3BOJUTCS, HO
ONPENENSIOTCA KOHKPETHbIE MEPONPUATHS 10 CHUKEHHUIO HEeOJaronpusTHOrO
BO3/ICICTBUS UX Ha OpraHu3M padoyero.

2. lloBpllleHHas WM  IOHW)KEHHAas  TeMIlepaTypa  ITOBEPXHOCTEH
o0opy10BaHUS, MAaTEPUAJIOB.

[Ipy mnpoBeneHHMH TUIPOJUHAMHYECKHUX MCCIEAOBAHUNA Ha J10OBIBAIOLIUX
CKBO)XKMHAX HEOOXOJMMO YYHUTHIBATh, YTO TEMIIepaTypa NepekaunBaeMoro ¢irouaa
MoxeT nocturath 80°C. [3]. Bo m30exkaHue TEPMHUUYECKHX OKOTOB HEOOXOIUMO
WCIIOJIB30BaTh COOTBETCTBYIOLIUE CPEACTBA WHIMBHIYyaJIbHOW 3allUTBHI, a TAKXKE
VCKJIFOUYUTh KOHTAKT HE3AIUILEHHBIX YYaCTKOB KOXH C IOBEPXHOCTHIO 000PYI0BAHUS
YCThs CKBAXKUHBI.

3. OcTpble KPOMKH, 3ayCEHIbI U NIEPOXOBATOCTh HA TOBEPXHOCTSIX 3ar0TOBOK,
MHCTPYMEHTOB U 000PYOBaHUS.

IIpu yctanoBke JyOpuKaTOopa Ha YCTh€ CKBaXMHBbI BO3HUKAET BEPOATHOCTH
MOJTyYEHHUsI TIOPE30B M CCaJuH O Kpas OydepHoro ¢uianna. Bo uzbexxanue TpaBm
HEOOXOJMMO TMPOBOJUTH JaHHBbIE pPAaOOTHI TOJIBKO B CPEACTBAX WHIUBUAYaTbHOU
3aILUTHI.

4. TloBebIlIeHHAs 3aIIBUICHHOCTh M 3ara30BaHHOCTD BO3/1yXa paboueil 30HBbl.

IIpn npoBeneHUM MEPONPUATUM, CBSA3aHHBIX C HCCIECJOBAHUEM CKBAKHH,

OCHOBHBIMHM BCIICCTBAMM, 3arpA3HAIOIIHMMHA BO3AYX M OKa3bIBAIOIIWMMHU BPCIHOC
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BO3JICHCTBHE, SBJIAIOTCS MBUIb M YIJIEBOAOPOJALI B Tra3000pa3HOM COCTOSIHHU
(Tabm. 5.2).

Tabmauma 5.2 — TokcuuHbIe U BpeAHbIC BelecTBa. [4]

HanmenoBanue Bpe THBIX
P [lokazaremu Hopmarussr [1JIK
(haKTOpOB, BEIIECTB
ITeu1B Mr/m3 10
YrneBonopoas! HEPTH B MI/M3 03
)
arMocdepe KJIACC OIIaCHOCTHU 4

[Ipu Gosbiioit H03€ BO3/EUCTBUSI HA OpraHuW3M pabovyero JaHHbIE BEHIECTBA
MOTYT BBI3bIBATh PE3KOE YXYIIICHUSI CAMOUYYBCTBHUS.

4. IToBBIIIEHHBIN YPOBEHb CTATUYECKOTO dJIEKTPUIECTBA.

[Ipu TpeHuu cnoeB rnepexkaurnBaemMoro (Girouja Ipyr O JIpyra UM O CTEHKHU
HKT Bo3MOkHO 00Opa3zoBaHHE 3apsiia CTATHUYECKOIO 3JIEKTpUuecTBa. Tak ke 3apsj
MOKET HaKaIlJIMBaTbCA MPU JUTUTEIBHOM KOHTAaKTe (DOpMBI orepaTopa ¢ apMaTypoun
CKBaXWHBI. BenmMunHa BO3HUKAIOLIETO 3apsga CTAaTUYECKOTO OJJIEKTPUYECTBA B
HEKOTOPBIX CIy4asx JOCTaTOYHA JJIsi BOSHUKHOBEHHSI MOIIHOIO 3JIEKTPUYECKOIrO
pa3psa, KOTOPbIA MOKET MOCIYKUTh MCTOYHMKOM BO3TOpPaHHSI MU BO3HUKHOBEHUS
noxkapa.

5. Pacnonoxxenue pabodyero Mecra Ha 3HAUUTEJIbHON BBICOTE OTHOCHTEIBHO
3emuid (TIoJ1a).

JIns ycTaHOBKM JIyOpHKaTtopa HE0OXOoauM MojabeM K OydepHoi 3aaBUKKE
ckBakuHbI. /{1151 o6ecrieuenust 6e30macHoi paboOTh Ha BHICOTE HEOOXO0IMMa yCTAHOBKA
TyOpUKaTOpHOU TUIoWAAKkU. Paboure miomaaky Ha BbICOTE JOJKHBI UMETh HACTHUII,
BBITIOJIHEHHBI U3 METAUIMYECKUX JIMCTOB C TOBEPXHOCTHIO, HCKIIIOYAOIIEH
BO3MO>KHOCTb CKOJIbYKE€HHSI, WJIM JOCOK TONIIUHON HE MeHee 40 MM, niepuiia BBICOTOM
1,25 M ¢ IpO0JIbHBIMU TJTAHKAMU, PACTIOIO0KEHHBIMU Ha paccTosiHuU He Oosee 40 cM
Ipyr OT jApyra, u OOpPT BBICOTOM HE MeEHee 15 cM, IUIOTHO NPUJIETAIONINN K

HacTuiy. [16].
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6. TToBbIlICHHOE 3HAYECHUE HAMPSDKECHHUS B SJCKTPUYECKOM MU, 3aMbIKaHUC
KOTOPOM MOXKET IPOU30MTH Yepe3 TEJIO0 YeTOBeKa.

[Ipy paboTe €O CKBaKHHAMH, OKCIUIyaTHPYEMBIMH 3JCKTPOHACOCAMU
HEOOXOMMO COOJII0IaTh MEPhI 0€30ITaCHOCTH OT MOPAKEHHS SJIEKTPHUSCKHM TOKOM.
3ampemiaeTcs TpUKacaTbcs K CHJIOBOMY KaOenro npu paboTaromiedl ycTaHOBKE.
OOcaaHast KOJOHHA CKBaKUHBI JJOJUKHA OBITh COCIMHEHA C 3a3€MJISIOIIMM KOHTYPOM
WIK HyJIeBbIM TpoBogoM cetd 380 B. PaboTbl, CBs3aHHBIE C BO3MOYKHOCTBHIO
IPUKOCHOBEHHUS K TOKOBEIYIIMM YaCTsAM, OCYIIECTBIIATH TOJIBKO IPH BBHIKIIOYCHHOM
YCTAHOBKE, BBHIKITFOUEHHOM PYOUIBHHUKE U CO CHATHIMM MIPEI0XPAHUTEIIMH.

7. JIBWXKyIIHECsS MAIIMHBI 1 MEXaHU3MBbI, pa3pyIIAlONIUeCs] KOHCTPYKIIHH.

K rpymne (u3uyecKH OMacHBIX W BPEAHBIX MPOM3BOIACTBEHHBIX (PAKTOPOB
CJICAyeT OTHECTH IMOMaaHusi KOHCUHOCTEH BO BPAIIAFOIIMECS U JABWKYIIUECS YaCTH
MallliH ¥ MEXaHU3MOB; OTIACHOCTD TaJICHHsI C BBICOTHI TP OOCITY)KUBAHUH arperaros,
HOTHATHIX HaJ YPOBHEM 3eMjH. Takike MOTEHIHAIbHYIO OIMACHOCThH IMPEICTABIISIOT
aBapUIHBIC CUTYAIIUH, KOTOPBIC MOYKHO CTPYIITUPOBATH I10 MECTY X BO3ZHUKHOBCHUS:
CKBa)XKMHA, TPyOONMPOBOIBI, 3allOpHAs apMarypa, paclpeaciauTebHbIC OJIOKH U
HacocHble arperathl. OJIHMM K3 OCHOBHBIX BH/IOB aBapuil SBISCTCS HAPYIICHUE
TePMETUYHOCTH DJIEMCHTOB CHUCTEMBbI, IPUYMHON KOTOPOH MOTYT OBITH KOPPO3HUS H
paspylleHne 3IeMEeHTOB 000y I0BaHMUs O] BO3ACHCTBHEM BBICOKOTO AaBieHus. [Ipu
9TOM OOCTYKMBAIOIIUIN MMEPCOHA MOXET ObITh TPABMUPOBAH OCKOJKAMH U YaCTSIMHU
000pyIOBaHUS, & TAKIKE CTPYCH KUIKOCTH.

Hapymienne  1EIOCTHOCTM M TEPMETHYHOCTH  MPOTHBOBBEIOPOCOBOIO
00OpYyJ0OBaHUs, a TaK)Ke HAPYIICHHWE CXEMbl OOBS3KH YCTbS CKBaKUHBI MOYKET
NPUBECTH K ra30HEe()TEBOIOMPOSIBICHUSIM UM OTKPHITOMY (DOHTaHY.

Ha mnpompbiciie TPUMEHSIOTCS CICAYIOIIME CPEACTBA HMHIUBUIYaTbHOU
samuTel [17]:

- CIEIO/ICXk1a, KOTOpask HWMEET BBICOKHE TEIUIO3AIUTHBIE CBOMCTBA,
BO3yXOHCTIPOHUIIAEMOCTH, MAaJIyl0 BJIATOEMKOCTh M  He()TECHENPOHUIIAEMOCTb,

JOJIDKHa OBITh U3rOTOBJICHA U3 TepMOCTOI\/’IKI/IX N aHTUCTAaTHYCCKUX MAaTCpUaJIOB.
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- cnernoOyBb, MPEJOXPAHSIONAs HOTH OT MEXaHWYECKUX MOBPEKICHUU H
BJIAry;

- TOJIOBHBIE YOOpBI — KacKd (3MMOM C YTEIUICHHBIMH MOANIJIEMHUKAMH) U
MOAIUIEMHUKH JIJIS1 3aIIUThI TOJIOBBI OT MEXAHUYECKUX MOBPEKICHUM;

- PE€3UHOBBIE IEPUATKHU JIJIS 3AIIUTHI OT TOPAKEHUS AIEKTPUUECKUM TOKOM;

- IPOTUBOTa3bl JJIS 3aIIUTHl OPTaHOB JIBIXaHUS;

- IpeIOXpaHUTEIbHBIC TI0siCa TP Pab0TaX, CBA3aHHBIX C OMTACHOCTHIO TTAACHUS

C BBICOTHEI.

5.2 Dkosornyeckas 0e30MaACHOCTD

[TpoGiiema panoHaIbHOTO UCIIOIB30BAHUS M OXPAaHbI OKPY’KAIOIIEH Cpeibl —
OJlHA W3 BaXKHEUIIUX MpoOsieM s HedTeA0ObIBAIOIIEH MPOMBIIUICHHOCTH. JTO
CBSI3aHO C TE€M, YTO BBOJ B JCHCTBHE HOBBIX MECTOPOXKICHUM, IMPHUBJICUECHUE K
HedTenoObIBarOIEH OoTpacian OOJBIINX TPYAOBBIX PECYPCOB TPEOYIOT YCKOPEHHOTO
pEIICHUS] BOMPOCOB ONTUMH3AIMNA YCIOBUM TPOKUBAHUS HACEICHHUS] PaliOHOB
pa3menieHust HeTeI0O0BIBAIOIINUX TIPETPUSTHH.

HNcTounuku 3arpsisHeHusi atMocdepbl M MepoONpHUSATHS IO OXpaHe
aTMoc¢epHOro Bo3ayxa

3arps3HsIONME BO3AYX BEIIECTBA MOTYT TMOCTYIaTh B arMochepy B BuUje
HEOPTaHW30BAHHBIX U OPTaHU30BAHHBIX BEIOPOCOB. BEIOPOCKHI M BBIICIICHUS BPEIHBIX
BEIIIECTB B aTMOC(hepy MPOUCXOIUT B OCHOBHOM BCIIC/ICTBUE:

- moTeps He(dTSIHOrO Ta3a dYepe3 HEIMJIOTHOCTH TEXHOJIOTHYECKOTO
o0opy1oBaHMs,

- cKuraHusl He(TAHOTO ra3a Ha (akesax, )KUJIKOTO U ra3000pa3HoOro TOTUIMBA
B TOTIKaX TEXHOJIOTHYCCKUX TICUCH,

- aBapuii Ha CKBAXMHAX MPOMBICIOBOM 00OPYI0BAHUH

B memsx mpenynpexaeHuss — 3arps3HEHHS — aTMOC(HEpPHOrOo  BO3ayXa
MIPETyCMaTPUBACTCS PSIT MEPOTIPUSATHI TI0 COKPAIIICHUIO BEIOPOCOB BPETHBIX BEIIIECTB

B aTMocdepy.
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1. [Tonnas repmeTH3aIUs CUCTEMBI cOOpa U TpaHCHopTa HeTH.

2. CTONpOUEHTHBIN KOHTPOJIb IIBOB CBAPHBIX COEAMHEHUI TPyOOIIPOBOIOB.

3. 3amuTa 000py10BaHUS OT KOPPO3UH.

4. OcHalleHue NpeJoXpaHUuTENbHBIX KJIalaHOB BCEH ammapaTypbl, B KOTOPOR
MO’KET BO3HUKHYTh U30BITOUYHOE JaBJICHHUE.

5. Copoc HedTH U raza C NPEIOXPAHUTENIbHBIX KJIAlaHOB B aBapUNHBIC
EeMKOCTH WJIH (paKes aBapuilHOIO COKUTaHUs Trasa.

6. MHcneitanue o0opyaoBaHHS U TpPyOONpPOBOJOB HA NPOYHOCTh U
TEPMETHYHOCTH NIOCIIE MOHTAXA.

HcTouyHuKH 3arpsi3HeHMs] MOBEPXHOCTHBIX M MOJ3€MHBIX BOJA W OXpaHa
BOJ0EMOB OT 3arpsi3HeHHA

B03MOXHBIMU MCTOYHMKAMU 3arpsA3HEHUN BOJOEMOM M IPYHTOBBIX BOJ MpU
I'’TNC sBistitoTCS:

- aBapuiiHbIe BEIOPOCH HE(DTH,

- HapyILLIEHUsI TEPMETUYHOCTU KOJIOHHBI B CKBa)XHHE,

- IOPBIB BOJIOBOJIOB U TPYOOIIPOBOJIOB,

- cOpOC HEOCTATOYHO OYMILEHHBIX MPOMBICIIOBBIX BO/I,

MeponpusTus, IPpOBOAUMBIE AJII OXPaHbI BOJOEMOB:

1. B cooTBercTBUU C TpeOOBAHUAMU OXpaHbl MOBEPXHOCTHBIX BOJA OT
3arpsi3HEHMs 3ampeliaercs cOpachiBaTh B BOJAHbIE OOBEKTHI CTOUHBIE BOJIBI.

2. CKBaXMHBI Ha BOJY AJIs1 TEXHUUECKHUX HYK[ TPH OYPEHUH CKBAXUH JOKHBI
OBITh JIMKBUAMPOBAHBI TOCJIE OKOHYaHUs OypeHUs WIM TepeBeleHa Ha OayaHc
MECTHBIX OpTaHU3ALUN.

3. Ha 3aromusieMbIX TeppUTOpHUSIX HEOOXOoAMMa OOBajoOBKa MO KOHTYpPY
OTBOJIMMOTO y4acTKa OypoBOii, TaKxKe B LEISAX MPEAOTBPALIEHUS TOBEPXHOCTHBIX BOJT
B MEPUOJUYECKH 3aTOIUISIEMBIX MECTHOCTSIX MEXaHU3MblI, 00OPYIOBaHHE OJIKHBI
pa3Meniatbes Ha atGopMax U IIIOIagKax.

4. Ha nuHUAX BEPOSITHOIO CTOKAa HE(PTH MPHU aBapUAX KOJUIEKTOPOB JIOJKHBI
OBITh CO3/JaHbl 3alachl CHIIYYUX MaTrepuaynoB (TPyHT, TpaBUi) UId CO3JAHUS

He(TENOBYIIIEK.
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5. Ha Tepputopuu BOJOOXpPAaHHOM 30HBI BJIOJb OEPErOB PEK U UX MPUTOKOB
CJIEIYET BBIIECIUTh NPUOPEKHBIE BOJOOXPAHHBIE 30HBI.

6. Ilpu ocBOEHMM W KampeMOHTE CKBAXKHH COpOC HEPTIHON SMYIIbCUH
OCYIIECTBISATh B HEPTSIHON KOJJIEKTOP MM 3aKPBITYIO €MKOCTb.

7. Opranu3oBaTh €XEMECSYHBbIA OTOOpP MpoO TMOBEPXHOCTHBIX BOJ Ha
XUMUYECKUN aHalu3 B padoHEe MaKCHUMaJIbHOIO CKOIUICHHS HedTea00bIBaIoNIuX
OOBEKTOB.

HcTouyHuKHU 3arpsi3HEHUs] MOYBbI M MEPONPHUATHSA O NpeayHpeRIeHUuI0
3arpsA3HeHus

HcrouHrKkaMu 3arpsi3HEHHs IOYBBI M TOYBEHHBIX BOJ SIBISIOTCS KOMIIOHEHTHI
HEe(TH, BCEBO3MOXKHbBIC MPOMBIIUIEHHBIE OTOPOCHI W TPOIYKTHl IPOPHIBOB
TpyOOIPOBOJIOB.

OCHOBHBIM THIIOM COOpPYXA€MbIX aMO0apoB SBISIOTCA OJIHOCEKIIMOHHBIE
JPEHaXKHBIE SIMbI, UX 00EM 3aBUCHUT OT IIyOMHBI U KOJIMYECTBA CKBAKUH B KYCTE.
[Topsinok nukBUAALIMK aMOapOB:

1. OTKauka YMCTKOM BOJHI,

2. 3ackinka ambapa rpyHTOM,

3. JluxkBuaanusi 0OBaJOBKHA BOKpYT ambapa,

4. 3auncTKa 3aMa3y4Y€HHOCTU C TEPPUTOPHUH TUIOLIATKH,

5. OTCBINKa TPYHTOM HApyIIEHHOTO CJI0S TIOYB,

6. YOopka 3aBajioB U Mycopa.

5.3 be3onacHOCTh B Ype3BbIYANHHBIX CHTYAI[USIX

Ha MecTopokaeHun MOTYT BO3HUKHYTh Pa3IMIHBIC YPE3BBIYAHBIC CUTYAITUU
(UC). Haubomee pacrpocTpaHEHHBIE U3 HUX HOCAT TEXHOTEHHBIN XapaKTep:

— TIOYKapFI;

— OTKJTFOYCHHE JICKTPOIHECPTUH;

— B3PBIBHI,

— pa3nuB HEPTHU U MHOTOE JIPYTOE.
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JUtst mpenoTBpaieHust U ObICTPOIl IMKBUAALIMM aBapyid, KOTOPbIE MOT'YT BO3-
HUKHYTh Ha OOBEKTaxX He(TeAOOBIYM COCTABISIIOTCS IUIAHBI MO JHUKBUIAIIMH BO3-
MoxHbIX aBapuii (IIJIBA). IIJIBA cocraBasitorcss B cooTrBeTcTBUM ¢ [IpaBmimamu
0e30MmacHOCTH B HEPTSHOW M Ta30BOMl MPOMBIIUIEHHOCTH M JOJKHBI COJEPKaTh

ClIEIyIOIIEE:
1. IlepedyeHb BO3MOXKHBIX aBapHil HA OOBEKTE;

2. CnocoOnl omoBemieHus: 00 aBapuu (CHpEHA, CBETOBas CUTHAIHA3AIHS,
T'POMKOTOBOpSIIAs CBs3b, TeNehOH U Jp.), MyTH BBIXOAA JIOACH U3 OMACHBIX MECT H

YYaCTKOB B 3aBUCUMOCTH OT XapaKTepa aBapuu;

3. [e#icTBUs TUIl TEXHUYECKOTO MEpCOHaIa, OTBETCTBEHHBIX 3a dBaKyaIuio

4. Jlronel v mpoBeIeHNUE MPEIYCMOTPEHHBIX MEPOTIPUSATUN;

5. CnOmcok u mopsI0K OMOBEIICHHS JOHKHOCTHBIX JIMIL TPU BOZHUKHOBEHUU
aBapuu;

6. CnocoObl JTUKBUIAIMU aBapuil B HaydaidbHOW cTaauu. llepBoodepenHbie
JNEUCTBUS TEXHMYECKOTO TMepcoHalla IO JIMKBUJAIMM aBapuil  (moxkapa),
NPEAYNPEKICHUIO YBEIMYEHUSI HUX Pa3MEPOB U OCIOXKHEHHI. OcCylecTBIEHUE
MEpOIPUATAA MO0 TPEAYNPEKICHUIO THKEIbIX MNOCIEACTBUM aBapuid. [lopsmok
B3aUMOJECUCTBUS C Ta30CHacarelibHbIMA W JAPYTUMHU  CIICLIUATIM3UPOBAHHBIMU

CIIyK0amu;
/. CHOmuCOK M MECTOHAXOXKJIEHUE aBApUHHOM CIEI0/IekKbI, CPENICTB
8. MumuBumyanabHOM 3aIIMTHI U HHCTPYMEHTA,
9. CrOmcok MoKapHOTO HHBEHTAPs, HAXOISIIETOCS Ha 00BEKTE;
10. Axtel ucnbitanust CU3, cBsi3H, 3a3eMIICHUS
11. I'paduk u cxemy 1Mo oT6OPY MPoO ra30BO3AYIIHON CPEIbI;
12. TexHosiornueckast cxeMa 0ObEKTa;

13.T'onoBoii rpaduk npoBeAeHUs y4eOHBIX 3aHATHHN JJIA MPEIOTBPAILCHUS

BO3MOYKHBIX aBapuu;
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[InaH nMUKBHIALMKM aBapui COCTABIIETCS W yTBEp)Kaaercs | pas B IATh JeET.
[15]. CornacHo rpaduky ¢ paOOTHHKAMH MPEANPUATHS KXKIABIA MECSI] IPOBOISTCS
3aHATUS 10 JIMKBUAALIMM BO3MOXKHBIX aBapuil. Pe3ynbrarsl 3aHATHR 3aHOCATCSA B
KypHQJI C TOANMCBIO OTBETCTBEHHOI'O JIMIA M3 YHUCIA WHXEHEPHO—TEXHUYECKHUX

pabOTHHUKOB.

5.4 IlpaBoBbIe U OPraHNU3AIMOHHBbIE BONPOCHI 00ecnevyeHns 6€30MacHOCTH

[Tpu BeIMOIHEHNHU PA0OT MO MPOBEACHUIO THAPOAMHAMUYECKUX HUCCIICIOBAHUI
MECTO MPOBEACHUS 3aMepa JOJKHO COOTBETCTBOBATh TPEOOBAHUSAM OXpaHbI Tpyda U
0€30MacHOCTU KUZHEIEATEITbHOCTH.

CkBaxxuHa J0JIKHA OBITH 00OpyAOBaHa padoyeil MIOMIAIKOW U Ty OPUKATOPOM,
coriacHo npaBuiiam 6e3onacHoct B HI'TI 1 npoma6ionrpoBana Ha TiyOUHy CIycKa
npubopa. Iuamerp u anvHa madaoHa JOJKHA ObITh HE MEHBIIE IJIMHBI U JUaMETpa
HCCIeI0BaTeNbekoro nprubdopa. OnpecoBKa yCThs HOJIKHA BBIACPKUBATD 0KUIAEMOE
naBiieHue Ha OydepHO 3aBUKKE.

Bo BpeMmsi mpoBeseHus ucciaeqoBaHus 000pyJOBaHUE HA CKBAXUHE JOJKHO
pacrnoyiaraThbCsi B COOTBETCTBUU C TEXHOJIOTMYECKOM cxemMoil. PaGoThl Mo CHSTHIO
3amepoB mpoBoasaTca omeparopom ['JIMC wHe Hmxke 4 pa3psga COrjaacHo
YTBEPXKIEHHOMY IUIaHy pabor. Croyck mnpubopa OCYIIECTBISIETCS I0J CTPOTUM
KOHTPOJIEM CUeTUYHKa TIYOHMHBI CO CKOPOCThIO He Ooiiee 1 M/c Bo n3bexxaHue oOphIiBa
MIPOBOJIOKH.

[Ipu npowusBoacTBE PabOT OmMepaTopbl MO HMCCIECAOBAHUIO CKBAXKWUH JOJKHBI
PYKOBOJCTBOBAThCS:

- TEXHOJIOTUYECKUM PETIAMEHTOM JJIsl JAHHOTO BUJIa 3aMEPOB;

- IpaBHJIaMU OE30TIACHOCTH B HE(PTSIHOM M ra30BO# mpomebiiuieHHoctH [18];

- TpeOOBaHUAMH OXpaHbl OKpYyKaroren cpeap [19];

- YTBEPXKAEHHBIMU HWHCTPYKIHMSMU IO OXpaHe TpyJa M IPOMBINLICHHON
oe3omacuoctu [12];

- HHCTPYKUHUSAMH T10 3KCIUTyaTalui NpuoOpoB.
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3AKVIIOYEHHUE

OCHOBHOM 1I€JIbIO JAaHHOM palOThI SIBISIOCH OMNPECICHUE BO3MOXKHOCTH
MPUMEHEHUS aHAJIN3a I0OBIUM JJIs TOJTYYEHHUS TapaMeTPOB CKBXKUHBI U IJIACTA, KaK
JOTIOJIHEHUSI U aJIbTEPHATUBBl  THAPOJUHAMHYECKMM  HCCIEIOBAHUSM  Ha
HEYCTAHOBMBIITUXCS PEKUMax (GUIbTPAIUU

I'’IUC  saBusitoTC = HEOTHEMJIEMOW  9acThlo  pa3pabOTKU  JIFOOOTO
MECTOPOXKJIeHUsA. MX pe3ynbTaTbhl MCIOIB3YIOTCS MPHU IUIAHUPOBAHUM T'€0JIOTO-
TEXHOJIOTUYECKUX MEPONPHUATHN, aHaIM3e TEKYIIEro COCTOSHUS pa3paboTKu
MECTOPOKJICHUM U COCTABJICHUM MPOCKTHBIX JTOKYMEHTOB. OIHAKO, UX MPOBEACHUE
MPAaKTUYECKU BCET/a CBSA3aHO C OCTAHOBKOHM JOOBIBAIOIIMX CKBa)KHMH, UYTO BJICUET 3a
coboli moTepu He(PTH B JOMOJHEHUE K 3aTpaTaM Ha CaMU UCCIICIOBaHMUS.

PazpabateiBaemple  mmacTel XXX ~— MECTOPOXKICHHS  OTHOCATCS K
HU3KOMPOHUIIAeMbIM KoJuiekTopaM. Ilpu npoeaenun TpaaunuonHoro I'JIMC Ha
HEYCTAaHOBHUBIIMXCS PEKUMaX (PuiIbTpauuu sl JocToBepHOro ompexaenenns OIC
miaacta (yCTaHOBJICHHUS pPaguaIbHOTO PEKUM TEUYCHHUS), MOXKET THOTpeOOBaThCS
CIUIIKOM 3HAYUTENIbHAs TPOJOKUTEIIBHOCTh HCCIEHOBAHUS, W KaK CJEICTBUE
oTepH B JOOBIYE.

OnHUM U3 pelIeHUH  BBIIICTIEPEUYUCIICHHBIX  TPYJHOCTEH  SIBJISIETCS
ucnois3oBanue Ananuza a00bruu B [1IO «Topazey». IlpoBenEHHbIE OMBITHBIC
MHTEPOPETALNN JEMOHCTPUPYIOT BO3MOKHOCThH MCIIOJb30BaHUSI JTAHHOTO METOJIa U
Kak JonojiHeHus K TpaguiinoHHeiM ['JIC, Tak 1 B Ka4eCTBE UX aJlbTEPHATHUBBI.

B pesynprare paboThl OBLIM BBISIBIEHBI CIEIYIOIIUE TpeOOBaHUS U
OTpaHUYEHUS METO/IA:

- JUIsl IOJTy4€HUSI KOPPEKTHBIX TUArHOCTUYECKUX rpauKoB 0COOYIO0 BaXKHOCTh
MMEET KaueCTBO BXOAHBIX JAHHBIX;

- HAJINYKE B 3aMepe WU NIEpe] HUM KOPOTKHUX OCTAaHOBOK YIPOILAIOT MPOLIECC
BBHIOOpA IUIACTOBOTO AABJCHUS W YJYYIIAIOT BHJ JMArHOCTUYECKOTO Tpaduka Ha

PaHHHX dTarax UCCICAOBaHU,
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- TIOJy4YEHHBIE B Pe3yJIbTaTe€ aHAIUTHYECKOIO pacyera mapaMeTpbl CUCTEMbI
SBIISIIOTCA MCXOJHBIMU JAHHBIMU JJISl TIPOBEICHHS YMCICHHOTO MOJICIMPOBAHUS, U
JIOJKHBI aJIEKBATHO OIMKUCHIBATH PaOOTy CKBaXKUHBI B 000UX CITydasiX;

- IEPUO/T TPOTHO3a T0OBIYH a TaK ke CTETIEHb €r0 KOPPEKTHOCTH OIPEIEIseTCs
HA OCHOBAHHUH CTAOWUIILHOCTH U ITTUTEIBHOCTU UCXOIHBIX TAHHBIX.

[To mpoBeneHHBIM AHalM3aM JTOOBIYM MMAapaMeTPhl CUCTEMbI JBYX COCEIHHX
CKB2KUH COTJIACYIOTCSI MEXKAY COOOM, UTO SIBISIETCS KOCBEHHBIM IMOATBEPIKICHUEM
JIOCTOBEPHOCTH TMOJYYEHHBIX pe3yiapTaToB. Mcmonb3yss 5TU JaHHBIE CHIETAHBI
IIPOTHO3BI JOOBIYM CKBAXUH B JABYX BapHaHTaX TEXHOJIOTUYECKUX PEKHUMOB paboT. B
[EJIOM TOJY4YCHHBIE TapaMeTpbhl HMMEIOT CPEIHIOI CTENEHb JOCTOBEPHOCTU
(MTOTPELIHOCTh PE3yNILTATOB HE MpeBbiiiaeT 15%).

Taxk >xe ObLI MPOBEACH pacueT S3KOHOMUYECKON 3(PPEKTUBHOCTH TPUMEHEHUS
Ananuza n00blYyM Ha 4Yacth (OHAA, IUIAHUPYEMOTO K MCCIEJOBAHUIO Ha
HEYCTAHOBUBIIMXCS pexumax. JlaHHBIA pacyeT mokasaj, 4ToO Jaxe IpPU 3aMEHE
HeOosbmoro oosema I'/JIMC AnanuzoM 100bIUH, YKE MOCIIE YETHIPEX UHTEPIPETAlni
cebecTouMOCcTh 0JHOTO A/l cTaHOBUTCS MEHbILIE, UeM 3aTpaThbl Ha cranaapTHoe KB/I.

Takum 00pazoM MO UTOTY MPOBEACHHBIX UHTEPIPETALIMI METOAUKA AHaIn3a
nooerun B 110 KAPPA Topaze moarBepaaeT BO3MOXHOCTh CBOETO BHEAPEHUS B
KayecTBE JOMOJIHEHUS K MCCIEAOBAHUSAM Ha HEYCTAHOBUBIIUXCS peXUMax
bunbpTpay, a B HEKOTOPBIX CIydasX MX ajbTepHAaTUBBL. C SKOHOMHUYECKON TOUYKU
3peHHs, IPUMEHEHHE MeTo/la AHaiau3a JoObIYM Ha oOBbekTax moObpIBaromiero GhoHaa

NpCaACTaBIACTCA 0COOEHHO AKTyaJIbHBIM M IICPCIICKTUBHLIM.
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INTRODUCTION

The current state of the petroleum industry is characterized by the depletion of
industrial hydrocarbon reserves and the deterioration of the structure of residual
resources. The transition of the highly productive deposits in Siberia to the late stage
of development leads to the need to develop deposits that have unfavorable for the
extraction of the conditions of occurrence and the physical properties of saturating
fluids.

One of the effective ways to involve hard to recover reserves in development
is drilling horizontal wells (HW). This way makes it possible to increase the coverage
factor of the impact, both in terms of area and in the section of productive sediments.

As aresult, it is possible to exploit the fields with separate well screens, reduce
depressions, and increase the duration of the anhydrous period of well operation.

But it should be taken into account that when developing oil fields by horizontal
or directional wells in order to ensure their efficient operation, it is necessary to
regularly monitor the change in the reservoir's filtration parameters, and also monitor
the dynamics of reservoir pressure.

Pressure Transient Analysis are an effective way of assessing the state near the
well space and the filtration parameters of the remote part of the reservoir, it allows to
determine the optimal modes of operation of the HW, to identify factors that affect the
efficiency of its operation.

However, in order to obtain reliable results, it is necessary to achieve a radial
regime of fluid inflow from the formation to the well, which leads to a long, simple
and significant economic loss.

In this connection, the need to master additional methods of hydrodynamic HS
research is an urgent task of petroleum industry.

Production Analysis (PA) is a natural addition to the analysis of data on
unsteady filtering regimes, when pressure and discharge data are known, and certain
analysis and interpretation, as well as an independent method of determining the

parameters of the well operation and the formation characteristics, are necessary.
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PRESSURE TRANSIENT ANALYSIS

Twenty years ago PTA was still named ‘Well Test Interpretation’, as only well
test operations could provide such data. In the last years well tests have been
complemented and partially replaced by formation tests and any shut-in monitored by
permanent downhole gauges, hence the new, more generic name.

Today’s definition of PTA is less about the operation that produces the data
than the processing applied to them. In PTA we gather pressures and rates, preferably
downhole, and we focus on one or several periods of interest, generally shutins
(buildup or falloff) to perform a diagnostic. The diagnostic leads to the choice of a
model and this model is then used to simulate pressure values to be matched on the
data. The model is then tried against a larger portion of the recorded data, if available.
Part of the process involves matching the model parameters on the data by trying to
achieve the best possible match, either by trial and error or using nonlinear regression.

Until 1983, PTA methodology was a manual process alternating type-curve
matching and specialized analyses. Type-curves without derivative had poor diagnostic
capabilities. The results from specialized plots would help position the data on the type-
curve.

To most engineers the replacement of manual techniques by computer based
analysis in their day-to-day work occurred in the 1980s, and came from three major
breakthroughs:

- Electronic downhole pressure gauges, either run with memory or on electric
line, became cheap and reliable, detecting repeatable behaviors far beyond what the
previous generation of mechanical gauges could offer.

- The spread of Personal Computers allowed the development of PC-based
pressure transient analysis software. The first PC based programs appeared in the
1980’s, initially reproducing the manual methods on a computer. Since then, new
generations of tools have been developed, with modern methodology at its core.

- The Bourdet derivative is certainly the single most important breakthrough in
the history of Pressure Transient Analysis. It is still today the cornerstone of modern

technology.
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The principle of the Bourdet derivative is very simple: the Bourdet Derivative
is the slope of the semilog plot displayed on the loglog plot. [3].

A complete production test is made up of several characteristic flow regimes,
initially wellbore storage and near wellbore conditions, to late time boundary effects.
Most of the recorded pressure data describes transitional behavior from one regime to
the next, and straight lines are difficult to identify on the specialized scale plots. The
log-log scale is preferred for well test interpretation: all flow regimes can be
characterized on a single plot, providing a diagnosis of the complete well behavior and
thus defining the appropriate interpretation model(s).

For a given period of the test, the change in pressure, Ap, is plotted on log-log
scales versus the elapsed time At, as illustrated on Figure 1. A test period is defined as
a period of constant flowing conditions (constant flow rate for a drawdown and shut-
in period for a build-up test). The complete set of pressure data between two rate
changes is used, from very early time to the latest recorded pressure point. The log-log
analysis is a global approach as opposed to straight-line methods that make use of only

one fraction of the data, corresponding to a specific flow regime.

Semi-Log
(Superp osition) Plot)

Pressure
Derivative Plot

Fig. 1 - Bourdet derivative, semilog plot and loglog plot

On log-log scales, the shape of the response curve is characteristic: the product
of one of the variables by a constant term is changed into a displacement on the
logarithmic axes. If the flow rate is doubled, for example, the amplitude of the response
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Ap is doubled also, but the graph of log (Ap) is only shifted by log log along the pressure
axis. [2].

When IARF occurs we have the approximation: Ap =m'At

Where m’ is the slope of the semilog straight line. In the following the
drawdown response is a specific case of the multirate response, and the logarithm of
time is the specific superposition time for a drawdown. The derivative is therefore:

dA ,

d In(it) -

When IARF is reached, the derivative stabilized to a level equal to the slope of

Derivative when IARF has been reached: p'=

the semilog straight line. This property was the main reason for the development of the
derivative, as it is easy and straight forward to identify IARF on the loglog plot,
something which is virtually impossible on the semilog plot. One can say that the
derivative is a ‘magnifying glass’ of the semilog behavior, conveniently placed on the
same plot, used historically for type-curve matching.

Pure wellbore storage effects are only observed at very early time when the
well pressure behavior is dominated by the well fluid decompression or compression.
At early time, when pure wellbore storage is present, pressure and the Bourdet
derivative curves will merge on a unit slope straight line on the loglog plot.

At early time only the part of the reservoir in front of the fracture will
significantly contribute to the well production, orthogonal to the fracture plane. This is
what we call the linear flow. The early time flow regime of a high conductivity fracture
is characterized on a loglog plot by a half unit slope on both the pressure and derivative
curves. The level of the derivative is half that of the pressure.

The bi-linear flow regime is usually happening at very early time, and is not
always seen. It represents the time at which the pressure drop along the fracture is
significant, and in reality this time is very short. During bi-linear flow the pressure
change and the Bourdet derivative follows two parallel straight lines with a slope of
one quarter (1/4). The level of the derivative is a quarter of that of the pressure change.

Combined with the early time unit slope during wellbore storage, the derivative

provides an immediate way to define the pressure and the time match on the loglog
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plot, just by positioning a unit slope line on the wellbore storage regime and positioning
the horizontal line on the IARF response. [3].

By comparing the log-log data plot to a set of theoretical curves, the model that
best describes the pressure response is defined. Usually, theoretical curves are
expressed in dimensionless terms because the pressure responses become independent
of the physical parameters magnitude (such as flow rate, fluid or rock properties). An
example of dimensionless term is skin factor S which is much more meaningful than
the actual pressure drop near the wellbore APg. [2]

This alone would have made the Bourdet derivative a key diagnostic tool. The
delightful surprise was that the derivative could do much more, and that most well,
reservoir and boundary models carry a specific signature on the derivative response. It
is this remarkable combination that allowed the derivative to become the diagnostic

and matching tool in Pressure Transient Analysis.

Horizontal well

Advances in drilling and completion technologies have placed horizontal wells
among the techniques used to improve production performance. For example in the
case of gas cap or bottom water drive, horizontal wells prevent coning without
introducing the flow restriction seen in partial penetration wells. Horizontal drilling is
also efficient to increase the well surface area for fluid withdrawal, thus improving the
productivity.

In an infinite system, the geometry of the flow lines towards a horizontal well
produces a sequence of three typical regimes, as depicted in Figure 2. On the
corresponding pressure and derivative response illustrated in Figure 3, three

characteristic behaviors are displayed after the wellbore storage unit slope straight line:
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Linear flow v l /‘
r—

Horizontal radial flow
Figure 2 — Flow geometry to an horizontal well
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Figure 3 — Horizontal well with wellbore storage and skin, homogeneous reservoir

Dimensionless Pressure , py
and Derivative p'p

In practice, the well geometry is not as simple as in the ideal configuration.
Most horizontal drain holes are not straight and parallel to the upper and lower
boundaries, but show several oscillations over the formation thickness. Frequently, the
skin is not uniform along the drain hole and in many cases the well does not produce
on the complete length but in one or several segments. When the pressure gradient in
the wellbore become large, the infinite conductivity hypothesis is not applicable and

the horizontal well shows a finite conductivity behavior.
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Frequently, horizontal well responses do not exhibit the three individual flow
regimes. Horizontal wells involve large wellbore volume, therefore a large wellbore
storage coefficient and the wellbore storage effect lasts in general longer than in
vertical wells. For this reason, the first radial flow may be difficult to identify. The last
derivative stabilization is not always present within a normal test duration: the linear
flow transition, before pseudo-radial flow regime, can last several log cycles on the
time scale. The log-log diagnostic indicates the different flow regimes present on the
response, and which parameters, or groups of parameters, can be estimated and which
are not defined.

When the complete sequence of flow regimes is identified on the derivative
response, the early time unit slope straight line and the final stabilization are used to
define the time and pressure matches, yielding the permeability-thickness product kyh
and the wellbore storage coefficient C. The intermediate time linear flow regime is
used to estimate the effective well half-length L, by adjusting the match of the
generated curve on the half unit slope straight line. ky and L being defined, the first
derivative stabilization determines the permeability anisotropy k./ky. The match of the
pressure curve during the initial vertical radial flow regime gives the mechanical skin
Sw (or Stv). The geometrical skin Sg, and therefore the total skin Sty are defined from
the estimated well and reservoir parameters.

When the analysis is consistent, the theoretical pressure curve matches the data
during the complete response.

Frequently, some segments of the well do not produce and the effective length
2L resulting from analysis is smaller than the drilled length. When several sections
opened to the flow are distributed along the complete drain hole, a good match is
frequently obtained by assuming the total drilled length. Then, the estimated vertical
permeability k, can be greatly under estimated.

When the vertical radial flow regime is masked by wellbore storage, the
permeability anisotropy k./ky cannot be assessed. The late time data give the total skin
Sty but, since the geometrical skin Sg is not defined, S,, is not reliable. Different

hypothesis of k./ky can change S,, from negative to positive values.
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If the test data ends before the final derivative stabilization is reached, the
horizontal permeability ky and the total skin Sty are not fixed, but the half unit slope
straight line gives kyL2. In such case, the vertical permeability ky, can be estimated from
the vertical radial flow derivative stabilization, if present. Again, the permeability
anisotropy k./ky and the mechanical skin S,, are not accurately defined, but the error
on Sy is in general small. [2].

Frequently, after wellbore storage, horizontal well responses only show
transitional behaviors between the characteristic flow regimes, and no specialized
analysis is possible. Furthermore, with build-up data, the Homer or multiple-rate
superposition methods used on the specialized plots can distort the characteristic
straight lines, as a result of the changes of flow behavior during the response. Except

for the final horizontal radial flow regime, the straight-line methods are seldom used.

PRODUCTION ANALYSIS

Production Analysis (PA) is seen as a natural complement of Pressure Transient
Analysis when one has pressure and rate data and wants to make some kind of analysis.
This is the case with the spread of Permanent Downhole Gauge (PDG) data, which
contain candidate data for both analysis techniques.

PA started in the 1920s on a purely empirical basis, and as a financial tool.
There was no technical background to these relations, the objective was to find the
right decline function that fit the past history and would be able to assess the US$
revenue in the future.

In the 1940s, the formulation of constant pressure exponential, hyperbolic and
harmonic rate decline was published (Arps, 1945). This was still partly empirical, but
some parameters could be quantified using specific analyses.

In the 1960s came the first series of type-curves, still assuming constant flowing
pressure. The Fetkovich type-curve combined two families of curves: one for the
transient flowing period and one for the late time boundary dominated response. Ten

years later Carter extended it to the gas case. Other type-curves were later published to
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address further complex configurations including layered and fractured reservoirs. This
was done in parallel to the theoretical work done in PTA.

At this stage the methodology was somewhat equivalent to the standard
procedure in PTA in the late 1970s. The Arps plot was the counterpart of the Horner
plot, and the constant pressure type-curves were the counterpart of the well test
drawdown type-curves.

As we have seen the introduction of the Bourdet derivative and PCs
dramatically changed PTA in the 1980s and 1990s. This did not happen as fast in PA,
where most work continued to be done using Arps and Fetkovich methods, generally
as side applications linked to the production databases.

Above all, it is important to stress that decline curves have many limitations:

- The bottom-hole pressure must be fairly constant.

- The well behavior is assumed constant, e.g. no change in skin with time.

- The drainage area of the considered well is constant, i.e. the producing
behavior of surrounding wells must also be stabilized.

At the moment, these techniques go into the background, giving way to new

methods of diagnosis. [3].

Blasingame plot

Previous sections have described the conventional Decline Curve Analysis
methods, and their extension using Fetkovich type-curves. We recall that the latter were
obtained by combining a theoretical model response and the empirical decline stems
of Arps.

Broadly speaking, one could say that the introduction of type-curve matching
techniques in production analysis has opened the way to applying methods developed
for well test interpretation to the analysis of production data. The main limitation in the
Fetkovich type-curve is the assumption of constant flowing pressure. Blasingame and
McCray noted that using a pressure normalized flow rate when the bottom-hole

pressure varies significantly did not remedy the problem. They sought functions that
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would transform the variable pressures/variable rates solution into an equivalent
constant pressure or constant rate solution. [1].They introduced two specific time
functions, t. the constant rate time analogy, and tg, for constant pressure. For the liquid
case, the constant rate analogy time function is defined as the ratio of the cumulative
and the flow rate:
q(t)
q(t)

Pi — Pw(t)

scale, the boundary dominated flow period follows a negative unit slope line:

When the normalized rate is plotted versus this function on a loglog

Based on this result, Palacio and Blasingame introduced type-curves that could
be used for variable flowing pressure conditions. In order to improve the type-curve
analysis the Bourdet derivative was also considered. However, due to the noise inherent
to the production data, the derivative was not applied to the normalized flow itself but
to its integral. More precisely, the Palacio-Blasingame type-curve plot shows the
following:

Normalized rate:

Pty =—db__
Pi — pw(t)
Normalized rate integral:
te
Pl Int == | _ 904,
te 0 Pi — pw(t)

Normalized rate integral derivative:

O(Pln)
oIn(t,)

Pl Int Der =

All three curves are plotted against te on a loglog scale:
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Fig. 2 - Blasingame plot

This plot is used as a diagnostic tool, where the data and a model response are
compared. The model can be any model, analytical or numerical, single or multi-well,
etc. One can either display the ‘true’ model response, i.e. the response to the full
pressure history, or the response to a single pressure step. The single step response
shows the signature of the model in a clear, and usable form, whereas the response to
the real history is usually very erratic, because the equivalent time is jumping back and
forth in time. [3].

Loglog plot

By replacing the time with an equivalent time, defined as the ratio of the
cumulative to the flow rate, one can transform a variable flowing pressure test into a
constant rate equivalent, at least for a liquid case. The parallel with constant rate
solution can be taken one step further if, rather than working with a pressure-

normalized rate, we work with rate-normalized pressure.
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loglog scale the boundary dominated flow will exhibit a unit slope line, similar to

In other words for the liquid case, if we plot

pseudo-steady state in Pressure Transient Analysis. Furthermore, if we take the
derivative of the normalized pressure with respect to the logarithm of t. , the transient
part will exhibit a stabilization at a level linked to the mobility.

The similarity with PTA is thus complete. Yet, the noise level on the derivative
is usually too high, see the figure above. One workaround is to work with a normalized
pressure integral, in a manner analogous to what was done on the Palacio-Blasingame
type-curves.

Integral of normalized pressure:

L

1¢p;— t
I(te):_J‘ pl pW( )dT
tey A
Bourdet derivative of the Integral of normalized pressure:
°7aln(t,)
10000 F 10000 E T | L L LY B L
E E Integral normalized pressure /
1000 £ I PR E 1000 E E
= 1 TR
100 E Ly . E 100
= : /f/ﬂ ] C
I Normalizled pressure‘derivative | Integral normalized pressure derivative |
— —LLLull e L Lt Lol Ll Ll Ll

[y

10 100 1000 1 10 100 1000
Fig. 3 - Loglog plot
Using the integral preserves the signature of the flow regimes while
significantly reducing the noise. Hence such definitions provide a diagnostic tool where
most of the usual well test methods can be used. In particular, it is clearly possible to

get an estimate of the reservoir kh from the derivative stabilization level. The kh being
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known, one can then get a first estimate of the reservoir size from the unit slope late
time trend. These calculations are an integral part of the loglog plot. It is possible to
either display the ‘true’ model response, i.e. the response to the full pressure history,
or the response to a single pressure step. The single step response, used in all the figures
above, shows the signature of the model in a clear and usable whereas the response to
the real history is usually very erratic, because the equivalent time is jumping back and

forth in time as illustrated in the figure below. [3].

CONCLUSION

Well Tests are an integral part of the development of any field. Their results
are used in planning geological and technological measures, analyzing the current state
of development of deposits and drawing up project documents. However, their
implementation is almost always associated with the shutdown of producing wells,
which entails loss of oil in addition to the costs of the research itself.

Developed reservoirs of the XXX field belong to low-permeability reservoirs.
When carrying out a traditional Well Tests on unsteady filtration regimes for the
reliable determination of the formation of the formation parameters (well exit to the
Infinite Acting Radial Flow), it may take too long a study and as a consequence of a
loss in production.

One of the solutions to the aforementioned difficulties is the use of the
Production Analysis in the "Topaze" software. The conducted experimental
interpretations demonstrate satisfactory consistency with the results of traditional Well
Tests and confirm the prospects as a complement to studies on unsteady filtration
regimes, and in some cases, their alternatives. Thus, the application of the mining
analysis method to these facilities is particularly relevant.

Based on the results of the analysis, the following comparative characteristics

can be made:
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Table 1 — Comparison of methodologies

Pressure Transient Analysis |

Production Analysis

Theoretical basis

Similar equations, the superposition principle, analytical and
numerical models

Time range Hours, days, weeks Weeks, months, years
Measured production
Data sources Well tests data Measuring the pressure on the

Plastist
Stationary boreholes sensors

surface
Stationary boreholes sensors

The investigated area of
the formation

The volume of research
achieved during the shutdown

Area of drainage of a well or
group of wells

of the well
Modern diagnostic Bourdet derivative, semilog Semilog plot, Blasingame plot,
graphics plot loglog plot
Basic flow for analysis Infinite Acting Radial Flow Pseudo-steady state
Main results kh and skin-factor Drainage area

Diagnostic capabilities

From high to very high

Medium to low

Long-term forecasting
capabilities

Medium to low

From high to very high

Main advantages

High informative results

No need to stop the work of the
well for the study - there is no
loss in production

Main disadvantages

Losses in production
Measuring costs
Long duration of research in
low-permeability reservoirs

Less accurate results
The need to equip wells with
stationary depth gauges or TMS
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