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YHnBepcanbﬂme KOMIICTCHIIMH BbINYCKHUKOB U HHAUKATOPBI UX JOCTHKECHUS

Kareropus Kox un HaummenoBanue | MHAMKATOPHI JOCTHKEHHS KOMIIETEHIMH
KOMIeTeHIuii KOMIeTeHIuH
CucteMHoe u | YK(VY)-1. Criocoben | .YK(Y)-1.1. Ananusupyer 3aaady, BeIICIsIsE e¢ 0a30Bbie COCTABISIIOLIHEC
KpUTHYECKOE OCYILECTBIIATh TIOUCK,
MBILIIEHUE kputndeckuii  amamuz  u | M. YK(¥)-1.2 OcymecTBiseT MOMCK, BBIIEIAET U PaHXKHUPYeT MHGOPMAIMIO Ha OCHOBE CHUCTEMHOTO MOAXOJa M METOMOB
CUHTE3 uH(pOpManuy, | MO3HAHUA AJA PEIIEHH 3a/a4 110 Pa3IMYHLIM TUIIAM 3aIIpOCOB
TIPUMEHSTh CUCTEMHBII
nomxon U pemcHus N.YK(Y)-1.3 OGocHOBBIBaET BBIBOABI, HHTEPIIPETALNU M OLUEHKH O HAYYHBIX MCCIECIOBAHHAX, MyOJIMKAMIX U T.1., HA OCHOBE
KpHUTepHeB U 0a30BBIX METOAOB apryMEHTAIH
MIOCTaBJICHHBIX 3a7a4
N.YK(Y)-1.4 ArammupyeT i KOHTeKCTHO 00pabaTbiBacT HH()OPMAIIHIO LIS PEIICHHUS TOCTABIICHHBIX 3a/1a4 ¢ ()OPMHPOBAHUEM
COOCTBCHHBIX MHEHHH ¥ CYXICHUH; MpeAiaraeT BapHaHTHl PEIICHHS 3aJadud, aHAIN3UPYEeT BO3MOJKHBIE IOCIEICTBHS HX
MCTIONIb30BaHMs
N.YK(Y)-1.5 AHanm3upyeT myTH pemeHus Ipo0i1eM MEPOBO33PEHIECKOT0, HDABCTBEHHOTO M JITYHOCTHOTO XapaKTep Ha OCHOBE
HCTIONIb30BaHMS OCHOBHBIX (PUIOCO(CKHUX HIIEH M KATETOPHHI B NX HCTOPUYECKOM PA3BUTHHU U COLUATIBHO-KYJIBTYPHOM KOHTEKCTE
PaspaboTtka u | YK(Y)-2. Crocobern | N1.YK(VY)-2.1. ®opmymupyet mpobiaeMy, peieHre KOTOPOi HAPSMYIO CBS3aHO C TOCTHYKEHHEM LIENIH IPOEKTa
PEATHIANIA TIPOCKTOR g:ﬁiﬂazniziT;%};;Hi?Eini N.YK(Y)-2.2. OmpenenseT cBI3u MeXIy MOCTAaBICHHBIMH 3a1a9aMHt B O’KHIaeMBbIC PE3YIIbTaThl HX PEIICHUS
1 BeIOMpaTh omTUMaNbHBIE | [1.YK(V)-2.3. B paMKax IOCTABJIEHHBIX 33/1a4 OIpeNeisieT UMEIOLIUECS] PEeCypChl U OIpaHUYEHHUs, IEUCTBYIOIINE IPABOBHIE
CIIOCO0BI nx peuicHus, HOPMBI
HCXOAd W3 JCHUCTBYIOLIMX _
NPABOBBIX HOpM, N.YK(Y)-2.4. Anamusupyet l'IJ'IaH-ul"pa(I)I/IK peamu3ali TPOEKTa B IEIOM H BBIOMpacT ONTHMAIbHBIH croco0 penreHus
MMeIOmMXe  pecypcos | MOCTABIEHHBIX 337124, HCXOJIA U3 JISHCTBYIOMMX NPABOBBIX HOPM H MMEIOIIMXCS PECYPCOB M OTPaHIYEHHH
OrpaHuieHHH H. YK(Y)-2.5. KoHTpommpyeT XOJ BBITIOJHEHHS TPOEKTa, KOPPEKTUPYET IDIaH-TpahUK B COOTBETCTBHH C Pe3yIbTaTaMU
KOHTPOJIS
Komangnas pabora u | YK(VY)-3. Crnocobern | N1.YK(VY)-3.1. OnpenernsieT CBOIO pojb B KOMaHJE, UCXO/IS H3 CTPATETUH COTPYTHIUYCSCTBA IS TOCTHIKEHUS ITOCTABICHHOM LeNn
JUIEPCTBO OCYIIECTBJIATH  COL[HAIBHOE = "
A — " N.YK(V)-3.2. ®opmynupyeT ¥ YUUTHIBAE€T B CBOEH NEATEIHLHOCTH OCOOCHHOCTH TIOBEIEHUS TPYII JOJEH, BBIJEICHHBIX B

PCaIn30BbBIBATE CBOIO POJIb B
KOMaHIC

3aBUCUMOCTH OT MOCTaBJICHHOMN IEIN

N.YK(Y)-3.3. AnHanusupyer BO3MOXKHBIC MMOCIACACTBHS JIMYHBIX IACUCTBUM WM IUIAHUPYET CBOU ICHCTBHUS ISl IOCTHIKCHHS
3a/1aHHOTO pe3ysbTaTa

N.YK(Y)-3.4. OcymectBisier oOMeH nHpOpManyei, 3HaHUSIMH U OIBITOM C YICHAMH KOMaHJBI, apTyMEHTHPYET CBOIO TOUKY
3pEHHUs] OTHOCUTEJIBHO HCIOJIBb30BaHMUS HJCH IPYTUX YICHOB KOMAaH/IbI ISl JOCTHIKEHHS TIOCTABJICHHOM 1eITH

N.YK(Y)-3.5. YgacTByeT B KOMaHAHOH paboTe 10 BRINOIHEHUIO OPYIECHUI




Kareropus Kox #n HaummenoBanue | MHAMKATOPHI JOCTHKEHHS KOMIIETEHIMH
KOMIeTeHIuii KOMIeTeHIuH
KommyHnukanms YK(V)-4. Crocob6ern | U.YK(VY)-4.1. BeiOupaeT CTHIB [EIOBOTO OOIIEHHS, B 3aBHCHMOCTH OT sI3bIKa OOMICHWS, LIEJIW M YCIOBHH TAapTHEPCTBA;
OCYILECTBIIATh JEJIOBYIO | aJanTUPYeT pedb, CTHIIb OOIICHNUS U SI3BIK )KECTOB K CHTYaIMsIM B3aHMOJICHCTBHA
KOMMYHUKAIMIO B YCTHOH H =
o N.YK(Y)-4.2. OcyuiecTBiseT MOUCK HEOOXOAMMOW MH(GOPMALMH /IS PELICHUS CTAaHIAPTHBIX KOMMYHHMKAaTHBHBIX 3a7ad Ha
nuckMeHHOH — (opmax Ha
rOCYAapCTBEHHOM M MHOCTPAHHOM $SI3bIKaX
roCy/1apCTBEHHOM SI3BIKE
Poccuiickoit ®enepanun u N.YK(Y)-4.3. Beinonnset nepeBo npo(ecCHOHATBHBIX TEKCTOB ¢ HHOCTPAHHOTO sA3bIKa HA TOCYAapCTBEHHBIN
HHOCTPaHHOM(BIX) -
a3biKe(ax) N.YK(V)-4.4. Bener nenoByro NepenucKy Ha rocyJapCTBEHHOM U HHOCTPaHHOM A3bIKaX C y4eTOM 0COOEHHOCTEH CTHIINCTUKU
odunmanbHBIX U HeO(UIMABHBIX TTHCEM M COLMOKYIbTYPHBIX pa3iniuii B popMaTe KOPPECIOHIACHIINN
U. YK(Y)-4.5. Ucnomnp3yeT Auanor s COTPYIHHYSCTBA B aKaJeMHYCCKOW KOMMYHHMKAIUU OOIICHHS C YYETOM JMYHOCTH
co0eceTHMKOB, UX KOMMYHHKaTHBHO-PEYEBOW CTpaTerny M TAKTHUKH, CTENEHH O(UIMAIbHOCTH OOCTaHOBKH; (OPMHUpYET H
apryMEHTHPYET COOCTBEHHYIO OLIEHKY OCHOBHBIX HJIEH yYaCTHHKOB JIUajiora (JIMCKYCCHHM) B COOTBETCTBHHU C MOTPEOHOCTSIMHU
COBMECTHOH €ATEIbHOCTU
MexKynbTypHOE YK(VY)-5. Crocober | M.YK(Y)-5.1. UnTepnperupyet ucropuo Poccrn B KOHTEKCTE MUPOBOTO HCTOPUYECKOTO Pa3BUTHUS
B3aUMO/IeiicTBHE BOCIIPUHUMATh
Memfym,TypHoe N.YK(Y)-5.2. HaxomuT ¥ HCHONB3yeT IMPH COMUATFHOM H MPO(PECCHOHAIFHOM OOIeHHH HHAOOPMAIMI0O O KYIBTYPHBIX

pasHooOpa3ue oOmecTBa B
COLIMANIBHO- HCTOPHUYECKOM,
STHYECKOM U (PHIOCOPCKOM
KOHTEKCTaxX

0COOEHHOCTAX U TpaAulAgX PA3JINIHBIX COONHUAJIBHBIX I'PYIIIT

N.YK(Y)-5.3. YuuTsiBaeT mpu COIMUAIHHOM H MPO(EeCcCHOHATFHOM OOIICHWH 10 3aJaHHOH TeMe HUCTOPUYECKOe Haclelue H
COLIMOKYJIBTYPHBIE TPAJUIIAN PA3IUYHBIX CONUANBHBIX TPYII, 3THOCOB W KOH(ECCHH, BKIIOYas MHPOBBIC PEIUTHH,
(unocockre U ITHICCKHUE YICHUS

H. VK(Y)-5.4. OcymectBiser c6op WHPOPMALUHU IO 3aJaHHOH TeMe C YYEeTOM ITHOCOB M KOH(pecchil, Hauboiee IUpOKO
NPEICTaBICHHBIX B TOUKaX MPOBEACHHS HCCICIOBaHIN; 000CHOBBIBAET OCOOCHHOCTH MPOCKTHOW M KOMaHIHOM AEATEIEHOCTH C
NpeCTAaBUTEISIMH APYTHX STHOCOB M (W) KOH(peccHi

N.YK(Y)-5.5. [lpunepxuBaercsi IPHHINIOB HETUCKPUMUHAIIMOHHOTO B3aUMOJICHCTBHS TIPH JTUYHOM M MACCOBOM OOIICHUH B
HEISIX BEITIOTHEHUS MPO()eCCHOHATBHBIX 3aad M YCHIICHUS COIMATFHON HHTETPaIlid

Camoopranuzamusi U
camMopa3BUTHE (B TOM
qucIe

3I0pOBbecOepeKeHHE)

YK(Y)-6. Cnocoben
YHOPaBIATH CBOUM BPEMEHEM,
BBICTPANBATh u
peaTM30BBIBATh TPACKTOPHIO
caMOpa3BUTHSA Ha OCHOBE
MIPUHITUIIOB 00pa3oBaHUSA B
TEUEHME BCEHl )KU3HU

N.YK(V)-6.1. KoHTponupyeT KOJMYECTBO BPEMEHH, MOTPAYEHHOTO Ha KOHKPETHBIE BHUBI JIEATEIHHOCTH; BBIpaOaThIBAET
HHCTPYMEHTBI M METO/IbI YIIPABJICHUS BPEMEHEM IIPH BBITIOJHEHUH KOHKPETHBIX 3a/1a4, IPOCKTOB, LIEJICH;

N.YK(Y)-6.2. AHanu3upyeT CBOM PEeCypchl U WX Tpeaenbl (JIMYHOCTHBIC, CUTYyaTUBHbBIE, BPEMEHHbBIE U T.J.), JAJIS YCIEIIHOTO
BBIMOJTHEHHS [TOPYYCHHON PabOTHI

N.YK(Y)-6.3. HaxoauT 1 HCIIOIB3yeT HCTOYHHUKH MOTYICHUS TOTOHUTEIHFHON HH(OPMAIUH [T HOBBIIICHHS YPOBHS O0IINX
npodeccnoHaTbHBIX 3HAHUH




Kareropus Konx wu HaumeHoBanue | UHAMKATOPBI JOCTHKEHUS] KOMIIETEeHIMHU
KOMIeTeHI Ui KOMIETEeHI[HH
N.YK(Y)-6.4. AnanmsupyeT OCHOBHBIE BO3MOXXHOCTH W WHCTPYMEHTHI HETPEPHIBHOTO OOpa30OBaHMS IMPUMEHHUTEIHHO K
COOCTBEHHBIM MHTEpPECaM M OTPEOHOCTSM C YIETOM YCIIOBUH, CPE/ICTB, IMIYHOCTHBIX BO3MOXKHOCTEH, STAOB KAPHEPHOT'O POCTA,
BPEMEHHOM TIEPCIICKTUBEI Pa3BUTHS JCATEIBEHOCTH U TPEOOBAHUHN PBIHKA TPYyIa
N.YK(Y)-6.5. OnpenenseT 3a1auu caMOPa3BUTHUS, IEIH U MPHOPUTETHI MPO(YECCHOHANBLHOTO POCTA; PACHpeeseT 3aaud Ha
JIOJITO-, CPE/THE- U KPATKOCPOUHBIC C 000OCHOBAHHMEM aKTYyalIbHOCTH U aHAJIH3a PECYPCOB [UIS UX BBIMOIHCHHUS
Camoopranmamus  u | YK(VY)-7. Cnocoben | L.YK(Y)-7.1. BeiOupaeT 3mopoBbecOeperaromue TEXHOJOTHH I TMOAJACPKAHUSA 3J0POBOTO 00pa3a JKU3HH C YYCTOM
camopa3BuThe (B TOM | MOANCPKHMBATH  JOJDKHBIN | (DU3MOJOTHUECKUX OCOOCHHOCTEH OpraHu3mMa
qrcie YPOBEHb ¢usnueckoit
N.YK(VY)-7.2. Ilnanupyer cBoe pabodee M CBOOOJHOE BpeMs U1 ONTHUMAJIBHOTO cOYeTaHMsA (U3UUECKOM M YMCTBEHHOH
3I0POBbECOCPEIKEHIE) | MTOATOTOBICHHOCTH TUTS ) 5 Py 5 P 5 o P a busmaecko YMCTBCHHO
. | Harpy3ku u obecreueHust paboToCIocoOHOCTH
oOecrieueHns TOTHOIIEHHON Py p
COLMAILHON n | N.YK(Y)-7.3. CobaronaeT u mporaraHIdpyeT HOPMBI 370POBOr0 0o0pas3a >KU3HH B Pa3IMYHBIX KM3HCHHBIX CUTYAIlUsIX U B
popeCcCHOHATBHOM PO eCCUOHANBHOM JeSITeIPHOCTH
JeSITeTPHOCTH
besonacHocTh YK(V)-8. Croco6er | . YK(V)-8.1. AHanm3upyeT $pakTOpbl BpeJHOTO BIHSHUS HA )KU3HEACATEIEHOCTD DIIEMEHTOB CpeIbl OOUTAaHUS (TEXHHYCCKIX
KI3HEICATCITPHOCTH C03/1aBaTh W TOAJCPKHUBATH | CPEACTB, TEXHOJOTHICCKUX MPOIECCOB, MATEPHAIIOB, 3JAHUN M COOPYKEHUH, IPUPOIHBIX H CONUANBHBIX SBIICHHI)
Oe3omacHble YCIIOBUS
N.YK(VY)-8.2. Unentuduuupyer onacHele U BpeaHble (PAKTOPHI B paMax BBIIOIHIEMOrO 3a/laHus
JKU3HEJIESITENILHOCTH, B TOM ™) A buuwpy pel b PHLB P A
YHUCI€ IpH BO3HUKHOBEHHH | [1.VK(V)-8.3. BeuBIsIeT U ycTpaHsSeT MpOoOJIeMbl, CBSI3aHHBIC ¢ HAPYNICHUSIMH TEXHUKH 0E30MacHOCTH Ha paboueM Mecre;
IPE3BbIYANHBIX CUTYalMN Pa3bACHSAET MEPONPUATHUS IO MPENOTBPALEHUIO UYPE3BBIYANHBIX CUTYaINI
N.YK(Y)-8.4. Pa3pscHseT npaBmiia NOBEJICHUS MIPU BOZHUKHOBEHUH YPE3BBIYAMHBIX CHUTYyallMi MPUPOIHOTO M TEXHOTEHHOIO
MIPOUCXOXKICHHUS; OKa3bIBAET MEPBYIO IOMOIIb, YUaCTBYET B BOCCTAHOBHUTEIHHBIX MEPOTPUATHUIX
JlononautensHas YK(Y)-9. Cnocoben | 1.YK(Y)-9.1. BeisiBisier mpobaeMy, CTaBUT 1I€JIb JJIsi ONTUMAIBHOTO pElIeHHs MPOoOJIeMbl, HAXOJAUT U paclpelessieT pecypehbl
KOMITETEHITHS MIPOSIBIIATH JUTSL TOCTIDKEHUS 1IeTH, ¥ IOCTUTAET ATy 11eJIh, BOCIPUHUMAS U3MEHEHUS BHEITHEH Cpeibl M THOKO pearupys Ha 3TH U3MEHEHUS
HUBEPCHUTETA MPEAIPUUMYUBOCTE B — -
4 P HEO (berécpIOHam)Hoﬁ N.YK(V)-9.2. Pa3pabaTpiBaeT KOMMEPUYECKH TMEPCIEKTUBHBIM MTPOAYKT Ha OCHOBE HAyYHO-TEXHUYECKOW HJEU W BeEleT
MPOEKTHYIO JAESITEILHOCTD M0 HAIIPABJICHUIO MPOQPECCHOHANBHOMN JIeATENbHOCTH
JeATENBHOCTH, B T.4. B | P yioa p pog A
pamkax pa3paboTku
KOMMEPUYECKH
MEePCHEKTUBHOTO MPOAYKTa
Ha OCHOBE Hay4yHO-

TEXHUYCSCKON niacun




OobmenpodeccHoHaJbHbIe KOMIIETEHIMH BbIMYCKHHKOB M MHIAUKATOPbI UX T0CTHKEHUSI

Kateropus Kopn " HauMeHoBaHMe | MHAMKATOPBI JOCTHKEHUS] KOMIIETEeHIIUH
KOMIIeTeH I Ui KOMIIETEHII UM
IIpumenenue OIIK(Y)-1. Cmocoben pematrs | M.OIIK(Y)-1.1. [Ipumensier MaTeMaTH4eCKHUH anmapar uccieoBanus QyHKIHH, THHEHHOH anreOpsl, AndepeHnaIbHoro
(byHIaMEHTaIbHBIX 3ajauu, OTHOCSIIUECS K | ¥ HHTErpaJIbHOTO MCUUCIICHUS, PAIOB, AU depeHIINaIbHBIX YPAaBHEHUH, TeOpUH (PYHKINI KOMIZIEKCHOTO IEPEMEHHOTO B
3HaHU npodeccHoHaNBHOM HMH)KEHEPHOU AeATeIbHOCTH
AesrenabHoCTH, npuMenss Metoael | M.OIIK(VY)-1.2. IIpuMeHser MaremMaTWdeckuil ammapaT TEOPHUM BEPOATHOCTEM M MaTeMaTHUECKOM CTaTUCTHKU B
MOJIEIUPOBAHMUS, HMH)KEHEPHOU AeATeIbHOCTH
MaTeMaTH4eCKOro anHamuza, | M.OTIK(Y)-1.3. JlemoHCTpupyeT MOHUMaHKe (U3NYECKUX SBJICHUH M IPUMEHSET 3aKOHbI MEXaHUKH, TEPMOJIUHAMUKH,
C€CTCCTBCHHOHAYYHbIC U | JJIEKTPUYECTBA M MarHeTH3Ma, OCHOB ONTHKH, KBAHTOBOW MEXaHUKHU U aTOMHOM (PU3MKHU B MHIKCHEPHOM JIESITENIbHOCTH
OOLIENHKEHEPHBIE 3HAHUS N.OIIK(Y)-1.4. leMOHCTpHpYET NOHMMaHHE XUMHYECKHUX MPOLIECCOB M IPUMEHSIET OCHOBHBIE 3aKOHBI XUMUHI
N.OIIK(Y)-1.5. leMoHCTpUpYET 3HAHKE OCHOB TEOPETHUECKON MEXaHUKH, TEOPUU MEXaHU3MOB U MallllH, COMPOTUBIICHUS
MaTepHaJIoB, AeTalell MAllMH U OCHOB KOHCTPYHPOBAHHUS U IPUMEHSET UX IPU PEUICHUH NPAKTHYECKUX 3334
N.OIK(Y)-1.6. JlemoHCTpUpyeT 3HAHHE OCHOBHBIX IPAaBHJI MOCTPOCHUS U OQOPMIICHHS 3CKU30B, YEPTEKEU M CXEM B
COOTBETCTBHH C TPeOOBAHUSIMU CTAHJIAPTOB
N.OIK(Y)-1.7. BelnonHseT 3CKU3bI, YEPTEXKU U CXEMbI B COOTBETCTBHU C TPEOOBaHUSIMHU CTaHAAPTOB C MCIOJIb30BAHUEM
CPEICTB aBTOMAaTHU3aLlMU IPOSKTUPOBAHUS
TexHuueckoe OIIK(Y)-2. Cnoco6en | M.OIIK(Y)-2.1. YuactByeT B cOope 1 00pabOTKe EPBUYHBIX MaTEPUAJIOB 10 33J]aHUI0 PYKOBOJICTBA IPOEKTHOM CITyKOBI
MIPOEKTUPOBAHHE y4acTBOBAaTh B IPOECKTHPOBAHUH
TEXHUYEeCKUX 00beKTOB, cucTeM u | M.OIIK(Y)-2.2. AHanmm3upyeT XoJ peain3aludl TpeOOBaHWI pabodvero MpOeKTa MpPH BHIMOJHCHHH TEXHOJOTHYECKIX
TEXHOJIOTMYECKHX TPOIECCOB C | MPOLECCOB, B CHIIy CBOCH KOMIICTEHIINM BHOCHT KOPPEKTHPOBKY B MPOEKTHBIE JAHHbIE
y4eTOM sxoHoMuueckux, | M.OIMK(Y)-2.3. OneHnBaeT cX0AUMOCTh PE3YJIbTATOB PACUETOB, HOIYyYaeMBbIX MO PA3JIMYHBIM METOIUKAM
OKOJIOrMYECKHX, couuanbubix U | M.OIIK(Y)-2.4. Obnanaer HaBbIKaMu paboTsl ¢ OBM, uconb3ys HOBbIE METOJIbI U MIAKETHI IIPOrPaMM
JPYTUX OTpaHUYEHUH
KoruutusHoe OIIK(Y)-3. Cnoco6en | M.OIIK(Y)-3.1. Mcnonb3yeT OCHOBBI JIOTHCTHKH, MPUMEHHUTEIBHO K He(TEera3oBOMY MNPENPHATHIO, KOTJa OCHOBHBIE
yIpaBJieHHE y4acTBOBaTh B  YIPABICHHUU | TEXHOJOTMYECKHE ONEPALNH COBEPIIAIOTCS B YCIOBUSIX HEOMPEICICHHOCTH
npodeccoHaIbLHON N.OIIK(Y)-3.2. [IpuMeHsieT Ha MPaKTHKE IEMEHTHI IPOU3BOACTBEHHOTO MEHEIKMEHTA
ACSTeIbHOCTHIO, ucnons3ys | M.OIIK(Y)-3.3. ObnamaeT HaBBIKAMHU YIIPABJICHHS IEPCOHAIOM B HEOOJIBIIIOM MPOU3BOACTBEHHOM IOIPa3IeIICHUN
3HaHWs B 007acTH NPOEKTHOrO | M.OTMK(Y)-3.4. HaxomuT BO3MOKHOCTH COYETAHMS BBINIOJHEHHS OCHOBHBIX OOSI3aHHOCTEH C  3JEMEHTaMu
MCHCIDKMCHTA pCANPUHUMATEIILCTBA
Hcnonp3oBanue OIIK(Y)-4. Cnoco6en npooauts | M.OIIK(VY)-4.1. ConocTaBisieT TEXHOJOTHIO MPOBEACHUS THIIOBBIX JKCIIEPHMEHTOB Ha CTAaHAAPTHOM O0OpYyIOBaHHWU B
HHCTPYMEHTOB W3MEpeHusT W HaOMIoJIeHUs, | Ja0opaTOpuH M Ha MPOU3BOJICTBE
o6opynoBanust obpabareiBate M npencraBiaaTh | M.OTIK(Y)-4.2. O6pabaTbiBaeT pe3yibTaThl HAYYHO- HCCIIEOBATENBCKON IEATENFHOCTH, HCHONB3Ys CTaHIAPTHOE
9KCIEpUMEHTAIbHBIE JaHHBIE o0opyaoBaHue, IPUOOPHI M MaTEPHAIIBI
N.OIK(Y)-4.3. Bnaseet TeXHUKOM SKCIIEPUMEHTHPOBAHMUS C UCIIOJIb30BAaHUEM [TAKETOB MPOrPaMM
HccrenoBanue OIIK(Y)-5. Cmocoben pemats | M.OIIK(Y)-5.1. [IpumensieT coBpeMeHHbIe HH)OPMAIIMOHHBIE TEXHOJIOTHH M MPOTpaMMHOE O00eCTIedeHNe TPH PELICHUH
3a1a49m B obnact | 3ama4 mpodecCHOHATBLHON e TENbHOCTH




po¢eCCHOHATBHOM N.OIIK(Y)-5.2. Hcnomp3yeT 3HaHWA O COCTaBaX M CBOWCTBaX HE(TH W Ta3a, OCHOBHBIC IIOJIOKEHHUS METPOJIOTHH,
JEATENTPHOCTH C TIPUMEHEHHEM | CTaHIAPTHU3AIMH, cepTH(HKaIy He(hTEra3oBoro Npon3BOACTBA
coBpeMEHHBIX HHOpopMarmoHHbIX | M.OITK(Y)-5.3. Biageer MeTo1aMi OLIEHKM PHCKA M YIIPABJIEHHs KAUECTBOM HMCIIOJHEHHS TEXHOJIOIMYECKHUX OIEpaLlUii
TexHonoruit  w mpuknagHeix | M.OIIK(V)-5.4. Mcnonb3yeT OCHOBHBIE TEXHOJOTUH TIOUCKA, Pa3BEAKH M OPraHU3alMu HE(TEras’oBoro MpOM3BOICTBA B
anmnapaTHO-NPOrPaMMHBIX Poccun u 3a pyOexom, craHmaptsl ¥ TY, UCTOYHUKHU ITOJydSHUS MHPOPMAIMU, MAaCCMEAWIHBIE U MYJIbTUMEIUHHBIC
CpeacTB TEXHOJIOTHH
IIpunsTue pelenuit OIIK(Y)-6. Cnoco6en npunumars | M1.OIIK(Y)-6.1. JlemMoHCTpupyeT 3HaHMs CYIIHOCTHM W 3Ha4eHUs MHGPOpPManuMd B Pa3BUTHH COBPEMEHHOTO
000CHOBaHHBIE TEeXHUYECKHE | MHPOPMAIMOHHOTO OOIIEecTBa, OMNACHOCTEH MW Yrpo3, BO3HMKAIOIIMX B O3TOM IIPOLECCE, OCHOBHBIX TpeOOBaHHMI
pemieHust B npodeccHoHaIbHOW | MH(pOPMAaIMOHHOW 0€3011acHOCTH
JIESTEIILHOCTH, BeIOMpath | U.OIIK(Y)-6.2. Pemiaer craHmapTHbie 3ajaud OPOPECCHOHANBHOM IEATENbHOCTH HAa OCHOBE WH(POPMAIMOHHON U
>(pexTuBHEIE M Oe30macHBIC | OHOIHOTrpadMUecKoil KyJIbTYpbl C MHPUMEHCHHEM COBPEMEHHBIX TEXHOJOTWi M TpeGOoBaHMH HH(MOPMAIHOHHOM
TEXHHYECKHE cpeacTBa U | 06e30macHOCTH
TEXHOJIOTUHI
[Ipumenenue OIIK(Y)-7. Crocoben | M.OIIK(Y)-7.1. Ucnonp3yeT OCHOBHBIC BUIBI U COAEp)KaHUE MAaKETOB IPOU3BOACTBEHHOHN JTOKYMEHTALIUH, CBSI3aHHBIX C
MIPUKJIAAHBIX 3HAaHUH aHAIN3UPOBATh, COCTABIATE U | NMPO(ECCHOHANBHON NESTEIbHOCTHIO
MIPUMCHSTh TEXHHUYECKYTO
JOKYMEHTAIMI0, CBS3aHHYIO C
po¢heCCHOHATIBHOM
JeSITeIbHOCTBIO, B COOTBETCTBHH C
JCUCTBYIOIMMU HOPMAaTHUBHBIMU
IIPaBOBBIMHU aKTaMH

Hpotbeccnonam)m)le KOMIICTCHIMU BbINNYCKHUKOB U HHAUMKATOPLI UX TOCTUKCHUSA

ObaacTb u chepa . .

podeccHonaLHOM 3agaua mnpodeccuonanbHoii | OcHoBanue - mnpodeccuoHANbHBIA cTaHaapr, | Koa " HauMeHoBaHue | UHAUKaATOPBI  1OCTHIKEHUS
AesITeJbHOCTH aHAJIN3 ONbITA KOMIIeTeHI[UH KOMIIeTeHIIN !

AesITeJIbHOCTH

Tun 3aga4 npogeccCHOHATbHOM 1eATEJIbHOCTH: TeXHOJOIrHYeCKUM

19 Mo6sbrva, mepepabotka, | 1. @opmupoBanme otdetHocTH | 19.007 [podeccrnoHambHBIH craamapt | IIK(Y)-1. Cmocoben | N.IIK(V)-1.1 Pemmaer

TPaHCIIOPTHPOBKa HEPYTH W | MO J00bIUe yrieBopoponHoro | «Crenuanuct mo 1o0brae HedTH, ra3a M ra3oBoro | OCyHIECTBISTH U | TeXHHUYECKHE 3aaun u

rasa CBIPbS KOHJeHcaTa» (YTBepkIeH NpukazoM MUHTpyJa | KOPpEeKTHPOBATH KOPPEKTUPYET
2. Obecnieuenue | Poccum ot 03.09.2018 Ne 574n); TEXHOJIOTMYECKHE  IPOLECCH | TEXHOJIOIMYECKHE  IIPOLECCHI
TEXHOJIOTMYECKOI0 pexnma | OT® A «/lokymeHTanmoHHOEe  obecriedeHHe | He()Tera3oBOr0 MPOWM3BOJCTBA | MPH IKCINTyaTAlMH CKBAKHUH H

paboThI CKBOXKUH

JIOOBIUN YTIEBOJOPOTHOTO CHIPHSI

B COOTBETCTBHH C BBIOpaHHOM
chepoit  mpodeccuoHATEHOM
JIESITeIBHOCTH

JIMHEVHBIX COOPYKEHUMN




ObaacTb u chepa . .
EpOdecCHORATLHOI 3agaya npodeccuoHaabHOil | OcHOBaHMe - mpodeccHOHANBHBIA cTaHAapT, | Koa H HauMeHOBaHue | MHAUKaTOPBI  OCTHIKEHUS
AesITeJbHOCTH aHaJIN3 ONbITa KOMIETeHI[UH KOMIIeTeHI[N !
HesITeJIbHOCTH
3. OGecrnieuenne BbimosHeHus | 19.007 [MpodeccronanbHbIit cragapt | ITIK(Y)-2. Cnoco6en | M.IIK(Y)-2.1 IIpoBomut
pabor mo  TexHuueckoMmy | «Crneumamuct mo 00bde He(TH, ra3a U ra30BOTO | MPOBOJHUTH paboTsl 1O | AMarHOCTHUKY, TEKYIINH
0o0OCITyXKMBaHMI0O W  PEMOHTY | KOHIeHcaTa» (YTBEpKAeH mpuka3oM MUHTpyna | TMarHOCTUKE, TEXHUYECKOMY | OCMOTP u PEMOHT
HeTenpoMBbICIOBOTO Poccun ot 03.09.2018 Ne 574n); 00CITy)KMBaHHUIO, PEMOHTY U | TEXHOJOTHYECKOTO
o0opynoBaHus OT® B «O6ecneuenne 100BIYM YIIIEBOAOPOIHOTO | SKCILIyaTallin o0opyoBaHus,
4. BrinonHeHue | ChIpbsi» TEXHOJIOTUYECKOTO UCIIOJIB3YEMOT0 B IIpoleccax
JMarHOCTHYECKOTO 000pyIOBaHUS B COOTBETCTBHHU | 00OBIMM  He(TH, Taza U
oOcneoBaHus  000PYAOBaHUS c BBIOpaHHOM cdepoii | ra3oBoro KOHAEHcaTa
Mo 100BIYE YTIIEBOJOPOIHOTO npodeccrnoHaIbEHOI
CBIPBS JIESITEIIbHOCTH
5. Konrpoms u BremonaeHue | 19.007 [IpodeccrnonambHBIHI craamapt | IIK(Y)-3. Cmocoben | ML.ITIK(V)-3.1 Brmonaser
MPOU3BOJICTBEHHBIX «Crienpanuct 1o 1o0brde HeTH, ra3a M ra3oBOrO | BBIOIHATH paboTsI 1o | paboTsl o KOHTPOJTIO
MoKazaTesel Mmoapa3fAeieHIsIMy | KoHIeHcaTa» (YTBEp)KAEH Ipuka3oM MUHTpyZa | KOHTPOIIO Oe3omacHocTH | O€30MacCHOCTH TSt
mo noOsrde HedTH, raza u | Poccum ot 03.09.2018 Ne 574m); pabot npu MIPOBEJICHUU | MPEIOTBPALIECHUS u
ra30BOI0 KOH/IEHCATa TEXHOJIOTHYECKUX TIPOIECCOB | JIMKBUAAILIMN aBapUHHBIX
6. Ob6ecneuenne omneparuBHoro | OT® B «OOGecneueHne 100bIYH YrIIEBOJOPOIHOIO | HE(TEra30BOro MPOU3BOJCTBA | CHTYAllMH B TEXHOJOTMYECKUX
U HWHXEHEPHOro O0€30I1aCHOTO | CBHIPbS» B COOTBETCTBHMHM C BBIOPaHHOM | mporeccax
COIIPOBOKICHUS chepoii  mpodeccHoHANBHON | 10ObIUM  HedTH, Taza U
TEXHOJIOTHYECKOTO  Ipolecca JESATEILHOCTU ra30BOr0 KOHJEHCaTa
J00BIYM He(TH, Ta3a U Ta30BOTO
KOHJIeHCaTa
7. OpraamzanuonHo- | 19.007 [podeccrnoHambHBIH craamapt | [IK(Y)—4. Cmocoben | N.ITIK(VY)-4.1 Coueraer
TEXHHYECKOE obecrieuenne | «CrienuanucT mo KoObrde HeTH, Ta3a U Ta30BOTO | MIPUMEHSTH TIPOLIECCHBIN | T€0JI0To- TIPOMBICITIOBYIO
J00BIIN YIJIEBOJOPOHOTO | KOHIeHcaTa» (YTBEp)KAEH mpuKa3oM MUHTpyna | moaxoJ B IPaKTHYECKOW | TEOPHIO W TPAKTUKY IIpH
CBIpbS Poccun ot 03.09.2018 Ne 574n); JIeSITENbHOCTH, coYeTaTh | COBEPLIEHCTBOBAHUU
8. Coop, wuHrepnperammss u | OTO C «OpraHu3allMOHHO-TEXHUYECKOE | TEOPUI0 M MPAaKTUKYy B | TEXHOJIOTHUYECKUX ONEpaluid u
00001menue Te0JI0ro- | CONPOBOXKACHUE YIIEBOJOPOIHOTO ChIPhS) COOTBETCTBMM C BBIOPAaHHOW | OCYIIECTBIEHHHM  IIPOLIECCOB
MIPOMBICIIOBOM MH(OPMAIIUN chepoit  mpodeccHoHATEHOHN | HEPTETa30BOTO MPOU3BOJICTBA
JIESITETTBHOCTH B obmactu pa3paboTku u
SKCIUTyaTaIluH
MECTOPOXKICHNH He(TH U Ta3a
8. CoOop, wunTepnperamus u | 19.007 [IpodeccronanbHbIMH cragmapt | [TK(Y)-5. Crocoben | M.ITIK(VY)-5.1  O6GecneunBaer
00001IeHne reosoro- | «CrnenuanucT mo no0srde HedTH, Ta3a W ra3oBoro | obecreynBaTh W | 3aJaHHBIE PEXUMBL,
MPOMBICIIOBO# HH(pOpManuu KOHTPOJIMPOBATh BBINIOJIHEHNWE | ONEPATUBHBIA  KOHTPOJb 32
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ObaacTb u chepa . .
npodeccHonaTLHO 3agaya npodeccuoHaabHOil | OcHOBaHMe - mpodeccHOHANBHBIA cTaHAapT, | Koa H HauMeHOBaHue | MHAUKaTOPBI  OCTHIKEHUS
P AesITeTbHOCTH aHaJIN3 ONbITa KOMIETeHI[UH KOMIIeTeHI[N !
JAeATeTbHOCTH
9. CocTaBneHue reoOrHYeckux | KoHAeHcaTa» (YTBepkIeH Mpuka3oM MUHTpyaa | mokasarteneit pa3paboOTKH | BBITOJIHEHUEM
OTYETOB Poccun ot 03.09.2018 Ne 574n); MECTOPOXKJICHUN U | IPOU3BOJCTBEHHBIX

OT® C «OpraHu3alluOHHO-TEXHUYECKOE
COIIPOBOKACHUE YTIEBOAOPOIHOTO CHIPhS»

19.021 [IpodeccrnonambHBIHI CTaHAApT
«CrienuanucT o MPOMBICTIOBON T€OIOTHI»

OTD A «KommnekcupoBanue reoJioro-
MIPOMBICTIOBBIX JAHHBIX M IIOCTPOCHHE MOAENei
He(TEera30BbIX 3aJCKEI»

MMPOU3BOJACTBCHHBIX IIPOLICCCOB
IIpHU SKCITyaTalluu CKBAXKUH

nokaszateJseil npu pa3padoTKe U
JKCIUTyaTallid HEPTAHBIX |
ra3oBbIX MECTOPOXKICHUH
YTJIE€BOAOPOAHOTO CHIPhS

OT® B «Opranuzamnus reojJoro-IpoMbICIOBBIX

pabom»
10. IToxrotoBka mpemnoxenuit | 19.007 [MpodeccronanbHblit cragapt | IIK(Y)-6. Crnocoben | I.IIK(Y)-6.1 VYyactByer B
o noBbIlIeHu0 | «Crienuanuct no no0bs4e HedTh, raza ¥ ra3oBoro | obecreyuBaTh  BBINOJHEHHE | OpraHU3alMOHHO-
s dekTuBHOCTH mporiecca | KoHAeHcaTay (YTBepKIeH Mpuka3oM MUHTpyaa | paboT 1O  TEXHHYECKOMY | TEXHHYECKOM COIPOBOXKICHHE
JOOBIIH " paboter | Poccum ot 03.09.2018 Ne 574mH); 00CITy)KHBaHUIO ¥ PEMOHTY, | pabOT IO BOCCTaHOBJICHHUIO
o0opynoBaHHS MO  JOOBIYE JTUarHOCTHYECKOMY paboTococoOHOCTH
YTJIEBOJJOPOIHOTO CHIPHS OT® B «Obecneuenne 100N YIIIEBOAOPOJHOTO | 0OCIEIOBAHHIO 000PYIOBaHMS, | HE(TEra30IpOMBICIOBOTO
11. CocraBiieHHe TEKYIIUX | CHIPbS» MPOBOJNTD OPTaHW3AILMOHHO- | 000pYAOBaHUS B cepe
TUTaHOB 1o MIPOBECHUIO TEXHHYECKOE obecrieueHne | SKCIUTyaTallH 00BEKTOB
Te0JIOTO-IIPOMBICIIOBBIX padotr u | 19.021 [podeccrnoHambHBIH CTaHAapT | mpouecca JIOOBIYH | MOOBIYM HEPTH U rasa
Jno06bIue yrieBoJopoaHoro | «CrenuaayucT Mo HPOMBICIOBOM [E0JIOTHI YTIEBOAOPOAHOTO CHIPHS
CBIPbSI

OT® B «Opranuzanust reooro-IpoMbICIOBBIX

pabo»




TOMSK
POLYTECHNIC
UNIVERSITY

TOMCKWN

I.I NONUTEXHUYECKUN

YHUBEPCUTET

MwuHMCTepCTBO HayKKM 1 Bbicliero obpasoBaHua Poccuinckon Oepepaunn
bepepanbHoe rocyaapcTBEHHOE aBTOHOMHOE
obpazoBaTtenbHoe yupexaeHue Bbicliero obpasosaHuA
«HaumroHanbHbIN nccnegosatenbckmii TOMCKMIA MONUTEXHUYECKNA YHUBEepcuTeT» (TI1Y)

Ixoma: UmkeHepHas MIKOJIa IPUPOIHBIX PECYPCOB

Hampasnenue noaroroku (cnenuanbHocTh): 21.03.01 Hedrerazosoe nemno
Otnenenue mkoibl (HOLL): Otnenenue Hedreraszoporo sena

YTBEPX/IAIO:
PyxoBonutens OOII

(IMommuce)  (ata) (®.1.0.)

3AJJAHUE

HA BBINOJIHEHHE BBINYCKHOM KBAJIN(PHUKANMOHHON padoThl

B dopwme:

bakanaBpckoii paboTbl

CrygneHry:

I'pynna

(0] (0]

2581

Uypukos Jleonun

Tema paboThI:

AHaM3 TEXHOJIOTHYECKUX TOKa3aTeel PeKUMOB padOThI Ta30BbIX CKBAKUH Ha
MecTOpoxAeHUAX 3anannoit Cudupu

YTBepkaeHa NPUKa30M AUPEKTOpa (1aTta, HOMep) ‘ 68—67/c ot 09.03.2022

‘ Cpok caum CTyJJI€HTOM BBIIIOJHEHHOM pabOThI: ‘ 17.06.2022

TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie naHHbIE K padoTe

Texctel u rpaduueckne Marepuaibl OTYETOB U
HCCIEeIOBAaTeNbCKUX paboT, (GOHIOBas W HayyHas
JIuTEpaTypa, TEXHOJOTUYECKHE pEerIaMeHTBhl,
HOPMAaTUBHBIE TOKYMEHTHI.

IHepeyensb moIexKammx
HCCJIEIOBAHNIO, IPOEKTHPOBAHUIO U
pa3padoTKe BOIPOCOB

OcobeHHOCTH KOMIIOHEHTHOI'O cocTaBa u
(u3MUeCKUX CBOMCTBA MPUPOAHOrO raza. Mexanusm
JBUKEHHSI Ta30BOTO MOTOKA B MPOIIECCE €ro JOOBIUH.
OcoXXHEHHUSI TIPU AKCIUTyaTallMK Ta30BbIX CKBAXKUH.
CoBpeMEHHbIE MHUPOBOM M OTEUYECTBEHHBIM OMBIT
AKCIUTyaTalliy Ta30BbIX CKBAXWH. AHaJIU3 Te0JIoro-
IIPOMBICIIOBBIX MoKazartejei XapacaBaKCKOTo
ra30KOHJICHCATHOTO MECTOPOXKACHUS.
I'mapaBnuueckass MOAENb CKBAXUHBI. DKCIUTyaTalus
CKBOXMH Ha pa3IMYHBIX pabounMx pexXuMax.
PacueTHble BapuaHThI SKCIUTyaTalliy CKBAKHH.

KoHcyJbTaHTBI 10 pa3aenaM BbIIYCKHOM KBATU(PUKALMOHHON padoThI




DuHAHCOBBIM MECHEIKMEHT,

pecypcodhHEeKTHUBHOCTD U Houent, Kamyk Mpuna BagumoBHa
pecypcochepekeHne

ConuanbHas OTBETCTBEHHOCTD Crapmuii npenogasareb, ['ynseB Munnii BeeBosion

HaszBanus pa3xejioB, KOTOPbIC JO/IKHBI ObITh HANIKCAHBI HA PYCCKOM 1 HHOCTPAHHOM
AI3bIKAX:

AHAJIN3 T'EOJIOIO-IIPOMBICJIOBBIX VCJIOBUM KCIUIYATAIIMOHHOI'O ®OHJIA
I'A30OBbIX CKBAXXWH

BBIGOP TEXHOJIOTUYECKUX PEXXMMOB OKCIUIYATAIIMM I'A3OBbBIX CKBAXHWH
HA TIPUMEPE XAPACABRICKOI'O TA3OKOHJIEHCATHOI'O MECTOPOXXJIEHUH

OBOCHOBAHUE TEXHOJIOTUMYECKOI'O PEXWMA PABOTHI TOPU3OHTAJILHOU
I'A30BOM CKBAXWHBI B VYCJIOBHUAX IPOJABMKEHMSA ITIOJOLIBEHHBIX U
KOHTYPHBIX BOJI XAPACABAMCKOI'O T'A3OKOHJIEHCATHOI'O MECTOPOXXIEHU A

®UHAHCOBBIU MEHE/DKMEHT, PECYPCOO®OEKTHUBHOCTD n
PECYPCOCBEPEXEHUE

COINAJIBHAA OTBETCTBEHHOCTD

JaTa BbI/Ia4u 32]aHUS HA BbINOJIHEHHE BBINTYCKHOM 10.03.2022
KBAJIN(UKANMOHHON padoThI 10 JIMHEHHOMY IpaduKy A
3agaHue BbI1aJ PYKOBOAUTEIb:
JonKHOCTD [5(0] Yuenas creneHb, Moanucey Jata
3BaHHuE
. Maxcumona IOaus
Crapuuii npenojaBaresib 10.03.2022
AHaTonbeBHA
3anaHue NPUHSAJ K MCTIOJHEHHIO CTY/IEHT:
I'pynna (07 (0] Moanucy Jara
2B8]] Uypuxos Jleonnn 10.03.2022
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OBO3HAYEHUSA, OITPEJEJEHUSA, COKPAIILEHUSA

ABIIJI — aHOMaJIbHO BBICOKOE TIACTOBOE JIABJICHUE.

BJIPX — 610K 103MpOBaHUs] XUMHUYECKOT'O PEeareHTa;

I'BK — razoBoasHOM KOHTAKT;

I'1IUC, I'IU, TUC — rugpoauHaMUYECKHE, Ta30JuHAMHUYECKHe, reou3nyecKue
WCCIIEIOBAHUS CKBAYKHH;

I'1C — razogo0ObIBaroIias CKBaXKHHa;

I'M, KM, HI'KM - ra3zoBble, T'a30KOHJICHCaTHbIC, He(TEra3oKOHJACHCATHBIC
MECTOPOKICHUS,

I'Tl — ropnas nopona;

I'TTA — reosoro-npoMbICIOBBIN AHAIN3;

I'PIOC — ra3oBbIii peKUM IKCIUTYaTAIMN CKBAXKUH;

I'CK — ra3zocO0opHbIN KOJUIEKTOP;

KHI — ko3pdunveHT u3BieyeHus raza

KMHII — KOHTpOJIbHO-U3MEPUTEIbHBIE TPUOOPHI;

MI" — MarucTpanbHbIU ra30IpOBOJ;

MMII — MHOTOJIETHEMEP3IIBIE TOPOLBI;

MY — MeTaHOJIbHAs yCTaHOBKA;

OBP — oxncIMTENbHO-BOCCTAHOBUTENBHAS PEAKLUS;

ITAB — MOBEpXHOCTHO aKTHBHBIE BEILIECTBA;

II'" — npupoaHbIi ras;

II3I1 — npu3zaboiiHas 30Ha MJ1acTa;

CVYT — CKMKEHHBIN yIIIeBOAOPOAHBIN ras;

TPIC — TeXHONIOTrNYECKUIN PEKUM IKCILTyaTallui CKBAXKHH;
YBC — yrineBoiopoHOE ChIPEE;

®A — dhonTaHHaAs apMaTypa;

®OEC — punbTpalluOHHO-€MKOCTHBIE CBOWCTBA;

OI, 3T, TAI' — aTuneH-, IMdITUICH-, TPUITUIICHTJIUKOJIb,
IDI'C — sKCcruTyaTalliOHHBIA (POH]T TA30BbIX CKBAXKHUH;

NPV — (net present value) uncTelii AMCKOHTHPOBAHHBIN JOXO/
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PEDEPAT

Beimycknas kBanmudukanuonHas pabora 125 crpanwi, B ToM umcie 42
pucyska, 20 Tabmui, 52 dopmynbl. CIHCOK JUTEpaTyphl BKIIOYAET 58 NCTOUYHUKOB.
Pa6ora conepxut 1 mpunoxxeHue.

KitroueBbie coBa: CKBaXKHHA, IPUPOJIHBINA T'a3, peKUM dKCILTyaTaIlHH.

OOBEKTOM UCCIIEIOBAHUS SBIISAIOTCS Ta30100BIBAIOIINE CKBAYKUHBI.

lenr  wuccnmegoBaHus  —  MOAOOP  TEXHOJOTHMUYECKHX  PEKHMMOB,
npeaHa3HaYeHHBIX TS () PEKTUBHOM IKCIITyaTaI[MU Ta30BbIX CKBa)KHH.

B BhilyckHOW  KBadM(PUKAMOHHONW  paboTe  OBUIM  PACCMOTPEHBI
TEXHOJIOTUYECKHE MOKAa3aTe N MPU IKCILTyaTaI[Mi Ta30BbIX CKBAXUH B OCIIOKHEHHBIX
YCIIOBUSIX TIPH:

—  HakorneHuu noAomBeHHBIX BO U 00pa30BaHUM KOHYCOB MOATSITUBAHUS;

—  Pazpymenun nopon I13I1 ¢ nocneayronum npooKooOpazoBaHUEM;

—  YMeHbIIIEHUH MPOXOIHBIX CEYCHU B pe3yJbTaTe THAPATOOOpa30BaHUM;

—  TloBbIIIEHHOM  COACpPXKAaHUM  KOMIIOHEHTOB  CEPOBOJOPOJHOTO  H
YTIIEKUCIIOTO Ta30B.

HaubGonee >Q¢deKTUBHBIMU  TEXHOJOTUSMU  SIBJISIOTCS:  MPUMEHEHUE
MITYIUPOBAHUS, & TAK)KE HCIOJIb30BaHUE MaKEPHBIX YCTAHOBOK, 00ECIICUMBAIOIINE
HauOONBIIMN O00BEM W3BJICUCHUS] TMPUPOJHOTO Taza W OKasbiBaroume OOpnOy C
OCIIOXKHSIIOIUMU (haKTOpaMU Ha BCEX ATarax pa3padOTKH MECTOPOKICHUN.

ObmnacThb MPUMEHEHUS: ra3oBbIe, ra30KOH/ICHCATHBIE U
He(TEra30KOHICHCATHBIE MECTOPOKICHHUS.

[ToTenmnuanpHas sKoHOMUYECKask 3QPEKTUBHOCTD CBsI3aHa C TOTIOJHUTEIHHON
n00bIUel Ta3a M COKpAIlleHHEM 3aTpaT Ha OopbOy C OCJIOKHEHUSIMH, 34 CUET
NPUMEHEHUSI TEXHUYECKUX TMpUCTOocoOseHni (mTylepa, NaKepHbIE YCTaHOBKH,
3a00lHbIC (DUIBTPBI) U TOCICAYIOIIEro obecneueHus] (PaKTUIECKOTO ONTUMAIBHOTO

pexuMa paboThl CKBaXKUHBI HAa MPOEKTHBIX YPOBHAX AOOBIUHU ra3a.
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BBEJAEHUE

I'a3 — 3TO OIMH U3 OCHOBHBIX BHJIOB TOIUIMBA, UCIOJB3YEMbIX KaK B Poccuu,
Tak U 3a pyoexxom. [losToMy Ha CEeroJHAIIHUNA JAEHb OJHOM M3 Hanbojee OCTPHIX,
octaercsi mpobiema 3KCIulyatanud OOOpYHOBaHUS B OCIOKHEHHBIX YCIOBHUAX B
npoiiecce a00buM raza. Kak u ool mpomecc B chepe NPOMBIIIIICHHOM
NEeATEIbHOCTH, A00bIYa ra3a BieYeT 3a COOOM pas3IMyHOrO pojAa PUCKU, KOTOPHIE
YCIIOBHO MOXHO TMOJAEJIUTh Ha JB€ OOJbIIME TPYMNIbl, 3TO: 3KOJOTMYECKHE H
TEeXHOJIOTUYeCKre. BBUly HEOOXOIMMOCTH MUHUMHU3AIUMU PHUCKOB O0EHX TpyIl,
coBpeMeHHas HedTerazoBasi OTpacib CTaJKUBAETCS C pELICHUEM psaa 3a1ad,
CIIOCOOCTBYIOITUX COOJIO/ICHUIO YCIIOBUM OXPaHbI HEJP U MTPaBUILHOCTH BHITIOTHEHUS
TEXHOJOTMHM  JOOBIMM W DKCITyaTallud  Ta30BbIX,  He(TErasoBblX, U
He(TEera30KOHIEHCATHBIX MECTOPOKICHUH.

PemienneM TEXHOJIOTMYECKHUI 3aay NPHU SKCILTyaTalldd Ta30BbIX CKBAXKUH
SBJIAIOTCSL PEKUMBI, CIIOCOOCTBYIOIIME JIOJITO€ BPEMsI MOAIEPHKUBATH HA MOCTOSHHO-
JIOTMTYCTHUMOM ypPOBHE MOKa3aTeiu ae0uTa, rpaueHTa JaBJIeH!sl HA CTCHKU CKBaKHUHBI,
JIENpecCcuy Ha 3a00€ CKBaKMHBI, & TAK)Ke 3a00MHOTO U MJIACTOBBIX JaBJICHUM.

TexHOIOrnYecKnid peXUM HKCILTYyaTallMd Ta30BbIX CKBAXKUH MPEACTABISET
co00¥1 KOMIUIEKC Mep, HAIIPABJICHHBIX Ha MOJIJIep KaHie HEOOXO0JUMOTO COOTHOIIICHHUS
3HAQYCHUN MEXay IeOUTOM M 3a00WHBIM JIaBJ€HUEM, JIUOO K€ €ro rpaguecHTOM.
Jpyrumu cioBamH, TMOJ TEXHOJOTHYECKUM PEXKUMOM 3SKCIUTyaTallud Ta30BbIX
CKB)XKHMH MOHUMAIOT yCIIOBUS, CIIOCOOCTBYIOIINE OTOOPY Ta3a U3 CKBAXKUHBI, a TAKXKE
HEKHIl KOMILIEKC pPaboT, HEOOXOAMMBIM Kak JJsi HOPMaJbHOM OecnpepbIBHOM
AKCIUTyaTallMi CKBAKUHBI, TaK U JIJIs1 MPUCKBAXKUHHOTO 000PYI0BAHMUS.

OcHOBHBIMH (DaKTOpaMu, CO3JAIOIIMMH YCJIOBHSI, MEIIAIONUe HOPMaTbHOU
OecrnpephIBHOM AKCILTyaTallMK, SBISIOTCS: TUAPATOOOpa30BAHNE, ECKONPOSBICHUE,
oOBOJHEHHE TIPU3a00MHONW 30HBI TIUJIACTA, a TaKXKE AarpecCUBHOE BO3JCHCTBUE
CEpPOBOJIOPOJHOIO M YIJIEKUCIOro ra3oB. COOTBETCTBEHHO, MPU HAJUYUHM XOTS ObI
OJIHOTO M3 HHUX B TMPOLECCE OKCIUTyaTalldd MECTOPOXKACHUS, BO3HUKAET Psij
CIEIYIOIMX TpobiieM: MpoOKooOpa3oBaHHE, YBEJIMUYEHHUS  BIArocojep:KaHus

no0bIBa€MOM  MPOAYKLHMH, KOPPO3UOHHOTO  pa3pylIeHUs  IKCILTyaTUPYyeMOro
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obopynoBanusi. Kak WHTOr, pe3ynbTaToM BCEro JTOrO SBISIETCS YMEHBIICHHE
ko3 umeHTa NPOAYKTUBHOCTH Ta30BbIX CKBaXWH, YINOMSHYTOM paHee Kak
OTHOILIEHUE 1e0UTa CKBaXXKUHBI K TPAIUEHTY €€ JaBJICHMs, B PE3yJbTaTe MOHMKECHUS
noka3zarenei 1e0uToB raza. CooTBETCTBEHHO BO3HUKAET MOTPEOHOCTH B IPHUBIICUCHHE
JIOTIOJIHUTEIBHBIX TEXHOJOTMYECKHX PEUICHUM [UIsl 3aMEHbl Ta3000bIBAIOLIETO
00Opy10BaHUs, 4TO, B CBOIO OYEPE/Ib, HE BCETJ]a MOXKET SIBJISATHCS pEHTA0EIbHBIM KaK
CO CTOPOHBI TEXHOJOTHMYECKHX, TaK M CO CTOPOHBI 3KOHOMHYECKHX ITPOLIECCOB
peuieHus.

AKTyaJIbHOCTh JJaHHOU paOOTHI: MOBHIIICHNE U3BIEKAEMOT0 KOJMYECTBA Tra3a
nyTeM 1oadopa  MNOAXOASIIMX  TEXHUKO-TEXHOJOTMYECKHX  pEHIeHUH  IpH
HKCIUTyaTallu (OH/a ra30BbIX CKBAKUH B OCJIOKHEHHBIX YCIOBHUSX.

Llenpro ngaHHOW pabOTHI SBISETCSA: MOAOOP TEXHOJOTHMYECKHX PEKHUMOB,
npeaHa3HauYeHHbIX U 9 PEKTUBHOM IKCILTyaTallii Ia30BbIX CKBaXXKUH

JUis NOCTUKEHUSI LIeTN ObLIM OCTABJICHBI CIEIYIOIINE 3aJauH:

1. IIpoananusupoBarthb re0JIOrO-IpOMBICIIOBBIE yCIIOBHUS
HKCIUTYaTaIl[MOHHOTO (POH]IA Ta30BbIX CKBAXKUH;

2. BpiOpath pexxuM paboThI Ta30BBIX CKBXKHUH HAa IPUMEpE XapacaB3icKOro
ra30KOHAEHCATHOTO MECTOPOXKIEHNUS;

3. OOocHOBaTh TEXHOJOTHYECKUUA PpEKUM pabOThl TOPU3OHTAIBLHOMN
CKBOXHHBl B VYCIOBHUSX MPOABMKEHUS TMOJOIIBEHHOW M KOHTYPHOM BOJ

XapacaBaﬁcxoro Ta30KOHACHCATHOI'O MCCTOPOKACHU .

16



1 AHAJIN3 I'EOJIOT'O-ITPOMBICJIOBBIX YCJ0OBUI
IKCINIYATAIHMOHHOI'O ®OHJA I'A30BbIX CKBAKNH

OTCYTCTBHIO aKTMBHOI'O Pa3BUTHUSI Ta30BOM OTpaciy HA HAYaJIO MPOIILIOTO
CTOJIETHS CITOCOOCTBOBAJIO OypHOE pa3BUTHE HEPTIHOM OTpACIH, U HEAOOIIEHKA POJIU
[1I" B mpOMBIIIUIEHHOM pa3BUTUU CTpaHbl. [lepexoaHoil mepuoa B UCTOpUM PA3BUTHUS
ra3oBOi MPOMBINIIEHHOCTH npuxoautcs Ha 1939 — 1950-s1e roasl. He cMoTps Ha BCio
TSKECTh TOTO BPEMEHM, HM3yYEHUs B Ta30BOM OTpacid HE MPUOCTAHOBHIIUCH, a
HAa000OpOT Hauajdu HaOUpaTh akTyanbHOCTh. Eie B nHawane 1920-ro roma akajgeMuk
['yokur W.M. BbICKa3zalm MpeanoyioKeHue O Hamuduu wmectopoxkaenuit [T B
CapatoBckoit obnactu. Yxke K cepenune 1939 roga Hayamch reojioropa3BeioyHbIe
pabotel B CapaTOBCKOI 00JACTH € LETBI0 OOHAPYKEHUS ra30BbIX MECTOPOKICHHI, B
KOTOPBIX AaKTUBHOE ydacTue npusHsiim MoxapoBckuii b.A. m CenrokoB M.B.
bnaronaps ux tpyay k anpento 1941 roga 6sia npoOypeHa neppasi paboyasi ra3oBast
CKBaxkuHa «0alymika» (pucyHok 1) Omm3 mocenka Emnmanka 1moj pyKOBOJCTBOM
Enrysaposa .U JlanHas CKBaKUHA UMEJNA IPOU3BOUTENLHOCTS B 800 ThIcsSY M° ra3a
B cytku. K xonmy 1941 roma Obuia mpoOypeHa ele OJHa ra3oBas CKBaKHUHA C

3 B cyrku. Takume BBICOKHE MOKA3aTEIH

IMPOU3BOAUTCIBHOCTBIO B 1 MuaanoH M
IMPOU3BOAUTCIIBHOCTH HOAaHHBIX JABYX CKBAXXHUH IIO3BOJIMJIIM CACJIATH OI[HO3Ha‘1HBII>'I

BBIBOJI O HAJIMYMH T'a30BbIX 3ayiexkeit B CapaToBckoi odmactu [1].

Pucynok 1 — IlepBas B OTeuecTBEHHON UCTOPUM T'a30Basi CKBAXKMHA

«6abymka» 1941 rona [1]
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B 1942-1943 romax mpoMCXOAWT aKTHBHBIA MpolLecc pa3pabOTKH APYTUX
ra3oBeix Mectopoxaenuir CapaTtoBckoir oOmactu: ['ycenbckoe, XieOHOBCKOE,
CoxkonoBoropckoe, Temnosckoe, Kazanunckoe (pucynok 2). B ato Bpemst Caparos

CTaJl LIEHTPOM T'a30BOM MPOMBILIJIEHHOCTH CTPAHBI.

Pucynok 2 — bypenue razoBbix CKBaKUH Ha KazaJIMHCKOM MECTOPOKICHUU

1943 roga [1]
B 1947 roagy Bo3HHMKIA ocTpas HEOOXOIUMOCTh B CO3JaHUU CKBAKUHHOU
YCTBEBOM apMaTypbl HOBOTO oOpa3la C JONOJHUTEIbHBIMU BEHTUJISAMH IS
pEeryJIupoBaHMil TMOTOKAa Ta3a B MpoOIEcce JJOOBIUM, a TakKe MPUCOCTUHCHUS

Pa3IMYHBIX Pa3MEPOB U IUAMETPOB NATPYOKOB (PUCYHOK 3).

Pucynok 3 — I'a3zoBast poHTaHHast apMaTypa HOBOro oopasia 1947 rona Ha

mecTtopokaeHun TemmoBckoe [1]
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B nepuon ¢ 1950 o 1990-p1e roapl NPOUCXOAUT CAEAYIOIINNA 3HAYNTEIbHBIN
3Tam POCTa ra30BOM MPOMBINIJICHHOCTH, B TOM YHWCJE NOOBIBAIONICH OTPAaCiH, Kak
ocHoBoroararoiiei. CBA3aHO 3TO ¢ TEM, YTO B 3TU TOJibl OBLIO OTKPHITO OOJBIIOE
KOJIMYECTBO HOBBIX, paHEE HE Pa3BEJaHHBIX MECTOPOXKICHUM, CpeI KOTOPHIX Oblia
npeobdnanaromias yacts ['M, 'KM u HI'KM. [IpoMplniieHHBIM TUTaHTaMH T10 3armacam
YBC HOBO-pa3BelaHHBIX MECTOPOXKIECHUN cTanu: Bouro-Ypanbckuili paidoH u
3amagnas Cubupb. s manHOTO MepuoAa ObUIO XapaKTEpPHO aKTUBHOE M3YYECHHE U
BHEJIPEHUE HOBBIX TEXHOJOTUH pa3pabOTKH MeCTOpokIeHul. Takke B pe3yibTare
pa3BUTHs ObUIM TOCTABJIEHBI HOBBIE 33]1a4U POMBICIIOBO-TE€0JIOTHYECKOT0 XapaKTepa,
KOTOpblEe 0a3UpOBAJIMCh HA OCHOBE JIBHJKEHHSI NPOLIECCOB JKUIKOCTEH M Ta3oB,
MPOTEKAIIIMX BHYTPU NPOAYKTHBHOro I1iacta. B 1955 romy HaumHaercs
WHTEHCUBHOE Pa3BUTHE Ta30BOM MPOMBIILUICHHOCTH, B 3TOM € IOy OTKPBIBAIOT PsijI
HOBBIX MECTOpOXJIeHHUI Ha ceBepe TromeHckol u OpenOyprckoit obnactsax. B 1956
rojly Ta3oBasi IPOMBIIUICHHOCTh CTpaHbl  OOpeTaeT  MPOU3BOJICTBEHHYIO
HE3aBUCUMOCTh M CTAHOBHUTCS CaMOCTOSITENIBHOW c(epoil NeATebHOCTU CTpPAHBI.
JlocTikeHHsI HAyYHOTO XapakTepa B 00JIaCTH Ire0JIOrO-IIPOMBICIIOBOTO U3YUECHUS TIPH
pa3paboTKe HEPTSIHBIX MECTOPOKIAEHUHN MOCIOCOOCTBOBAIN YCKOPEHHOMY PELIEHUIO
psifa 3aj1a4, BCTaBIIMX Ha MyTH pa3padotku ['M, a mporiecc 100bIYM ra3a Ha HA4aso
1960-p1x TOMOB TOBIEK 3a CcoOOW HEOOXOJWMOCTh B IIPOBEJACHUHM TI'€OJIOTO-
IIPOMBICIIOBBIX McclienoBannii Ha M [2].

[Tepuon c 1991 no HacrosIee BpemMsi CYHUTAETCS 3TANOM, IMOCIY>KUBILIUM Py
BOKHEHIIMX M3MEHEHUM CTpaHbl, B YACTHOCTU ATO OTOOPA3WIOCHh 3HAYUTEIbHBIM
00pa3oM Ha COCTOSIHMM ChIPEBOM OTpaciu. B 310 BpemMsi OCHOBHOM (pOKYC BHUMAHUS
BbimagaeT Ha I'M, 'KM u HI'KM 3anannoit Cubupu, Bonro-Ypanbckoro pernona,
Bocrounoii Cubupu u Actpaxanckoil oonactu. [lepBbie ABa pernoHa oOyCIIOBIEHBI
JUTUTEIIbHBIM TIEPHOJIOM Pa3pabOTKU MECTOPOXKACHHUH, YTO MPUBEIIO K HEMUHYEMBIM
MOCJEAHUM CTaIusIM. XapaKTePHbIM CIIEICTBUEM YEro CTAIM MPOLECCHl IMaJaHUS
YPOBHS JOOBIYM M OCJIOKHEHHUS B MPOLIECCE IKCILTyaTallii CKBaXXHH, B IJIOTh 10 UX
ocTaHOBOK. MTorom Bcero »Toro crajia MOTPEOHOCTH IO TI'EOJOTO-IIPOMBICIIOBOMY

CTaIUHHOMY aHAJM3y pa3pabOTKH U 0OOCHOBAHUIO TEXHOJIOTMYECKUX MEPOINPHUATHM
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1o 10pa3paboTKe ¥ MPUMEHEHHUIO METOI0B YBEITUYCHUH ra3ootaadn. He manas qacth
pa3pabaThIBaeMbIX 3aJ€Kel U3BECTHBIX MECTOPOXACHUN 3anaanoit CuOupu coCTOUT
U3 TPYAHO H3BJIEKAEMbIX 3amacoB rasa. [laHHbI Tepuoja SABISETCA HECKOJBKO
MIEPEIIOMHBIM B HCTOPUHU Pa3BUTHUSI TAa30BOM IMPOMBIIIUICHHOCTH, 3TO OOYCIOBJICHO
BO3HMKHOBEHHUEM HEOOXOJIMMOCTH MPUHIIUITUAIEHO HOBOT'O MTOJIX0/1a B PEILICHUH Psiia
BOIIPOCOB, CBSI3AHHBIX CO BCKPBITUEM IUTACTOB IIPpU OypeHuu, 60phOOH C pa3ITuyHOro
polia OCJIOKHEHHUSIM, TOMCKOM HOBBIX METOJIOB BO3JCHCTBUS Ha IIJIACTHI s
MOBBIIICHUS YPOBHS J€OMTOB CKBaXKHH, IIOUCKOM METOJIOB JOPa3pabOTKU 3aJI€KHU C
HU3KMMH 3HAYCHUSAMHU TIPOHUIIAEMOCTH TUIacTa-KoJuiekTopa [3].

B cooTBeTCcTBUY € JaHHBIM YCIOBUSMHU U C IIETbI0 00€CTICYEHUS TPABUILHOCTH
noadopa texHosornueckux Meponpuatuii mo IPI'C HeoOX0AUMO yUYUTHIBATH TAKHE
re0JIOrO-MPOMBICTIOBBIE (haKTOPHI, KAK:

1. Twum 3amexu, KOTOPBIH, B CBOIO OYEPE/Ib, MOAPA3ACISICTCS HA MACCUBHBIM
Y IIJIAaCTOBBIMN;

2. Tun  KOmWIEKTopa, KOTOPHIM TO  JUTOJOTHYECKOMY  COCTaBYy
MO/Ipa3/IesieTCs Ha JBA OCHOBHBIX BUA — 3TO TEPPUTCHHBIN MO0 KapOOHATHBIH,

3. TlopucTocTh M IPOHUIIAEMOCTH — JIBa OCHOBHBIX COCTABJISIONMUX (pakTopa
(GUIBTPAIIMOHHO-EMKOCTHBIX ~ CBOMCTB  TMOPOJ-KOJUIEKTOPOB,  MPHUHIUITHAIBHBIM
pa3IM4YueEM SIBIIIETCS BO3MOKHOCTD BO3JECHUCTBUS HA BTOPOWU;

4. T'a30HACHIIEHHOCTh TOPHBIX MOPOJI, XapaKTePU3YIOIIasCs OTHOIICHUEM
00BEMOB TTYCTOT MOPO/IbI, 3aIIOTHEHHOM ra3aMu K 00IeMy 00beMY TTOPO/IBI.

5. HauanpHoe miacToBOE JaBJICHUE — ITO JABJICHUE B IJIACTE-KOJUIEKTOPE,
HaxoJIsIIeecss B MPUPOIHBIX YCIOBUSAX, TO €CTh JO MOMEHTa Hauajga CKpPBITUS U
u3BiedeHus u3 Hero YBC.

6. IlmacroBas Temmeparypa —3TO MOKa3aTeb TEMIOBOTO COCTOSHUS TIacTa-
KOJUIEKTOpa, (OPMHUPYIOIIUICS TOJ JCHUCTBHEM TEpenadyud TeMIeparypbl U3
BHYTPEHHHUX 30H 3€MHOM KOPbI K MOBEPXHOCTHBIM IMYyTEM KOHTAKTa MOPOJ MEKIY
coboii (Teromepenada) WM TEpeHOC Tera GIIouaaMu, MPeICTaBICHHOMN

MapoBOASHON CMeChIO (KOHIYKTUBHAS TEILIONEpeaaya).
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7. IInotnocts III" — 3TO MmoOKa3arenb, XapaKTEPUIYIOIIUICS OTHOIIEHUEM
maccsl [T k 3aHuMaeMoMy 3TUM ra3oM 00bEMY.

8. Bs3kocts III' — »3TO mnokazarenb, HMMCIOIIMHA CBOMCTBO OKa3aHHUS
COITPOTHUBIICHUS NEPEMEIIEHUIO OJTHOW €€ YaCTUIbI OTHOCUTEIBHO APYTrOW, a TaKkKe
HamOoJiee MHTErpupoBaHHas ¢u3MyuecKkas BeJIMYMHA, 3aBUCAIIAs OT ABYX APYTHX:
JABJICHHS ¥ TEMIIEPATYpPbl, KPOME 3TOr0 OT CAMOT0 COCTaBa rasa;

9. IryuupoBaHue — 3TO HEOOPATHMBIH TEPMOAMHAMHYECKUN MPOLIECC
CO3[IaHUsI POTUBOJABJIEHUS Ha IOTOK ras3a, IMpU €ro MPOTEKAHUHM YEPE3 CYKECHHE
MMPOXOJHOTO KaHAJIA HA YCTb€ CKBAXKHUHBI, C MOCIECAYIOUIMM YBEIWYCHUEM
TeMIlepaTypbl pabodeid cpebl 0€3 COBEPILECHHS BHEITHEN paOOTHI.

OCHOBBIBasICh HA JIAaHHBIX XapPAKTEPUCTUKAX, CIIEYET OTMETUTD, YTO T'€0JIOTO-
MIPOMBICJIOBBIN aHAJIU3 JAOJIKEH MPEyCMaTPUBATh ICTAIBHBIN Ie0JI0THYeCKui pa3oop
CTpOEHUS 3aJIeKU, aHAJIU3 JUHAMUKA OCHOBHBIX TOKazarened pa3paOO0TKH, a TaKke
UCCJIeIOBaHMs yClIOBUM BbIpaOoTku 3amacoB IIIT w3 mmacra. I'nme nmeranbHBIM
TEOJIOTUYECKUI pa300p CTPOCHUSI 3aJICKU BKIIOYAET B ceO0sl (U3UKO-XUMUUYECKUU
cocraB [1I', MmexaHndeckuit mpoiiecc ABMKEHUS raza B Mpoliecce J00bIUM, YTOUHEHUE

ycloBui 3aneranus [4].

1.1 Oco0eHHOCTH KOMIIOHEHTHOT0 cOCTaBa W (U3MUYECKHX CBOWCTB

NPHUPOTHOTO ra3a

Hust  OompmimHCcTBa YB  KOMIIOHEHTOB — XapaKTEpHBI  MOJIEKYJIbI,
MpeCTaBJICHHbIE IIeOYKaMK aTOMOB yriepojia (C) ¢ BAJIGHTHO CBSI3aHHBIMH aTOMaMHU
Bosopoja (H). Mx xumudeckue cBsi3u 00J1ajal0T BHICOKOM MPOYHOCTHIO, TAK B 3BEHE
ceszeit (C — H) sueprus cBsizu umeet 3Hauenue 415 xJx/mons, a B 3BeHe (C — C)
paBHo 334 kJx/mMonb [5]. Haunsnii Bux ceszeii (C — H) oTHOCAT k HanboJsiee MpOYHBIM
KaK OPraHMYeCKUM, TaK U HEOPTaHUYECKUM COEAUHEHUSIM, YTO U SIBJISETCS OJHOU U3
npuunH MHOrooOpaszuss YB B mpupome. Ilpupomgnsie YB ra3el mpencraBieHbl B
OoJIbIlIeH CTENEeHH CMEChIO TIpeiebHbIX Y B (ankaHoB), uMmeromiue ooy GopMyity
coctaBa MoJiekyn CyHanso.

B 3aBucumoctu oT ycioBui 3anmeranusi B npupone, III' paznensaiorcs Ha 4
rpymisi [6]:
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1. Ta3, KoTOpeIi MAOOBIBAIOT W3 YHUCTO Ta30BBIX MECTOPOXKICHHUM,
npeacTaBisieT co00i cyxoi ras;

2. Tasz, KOTOpbIE TOOBIBAIOT u3 ra30KOHACHCATHBIX u
He(TEera30KOHIEHCATHBIX MECTOPOKICHHM, IPEICTABIIIECT COO0I CMECh CyXOro ra3a
)kuakoro YB koHzeHcara;

3. Ta3, koTophIi 1OOKIBAIOT BMECTE C HE(DTHIO (TTOMYTHBIN), MPEACTABIISICT
co00i1 CMeCh CyXO0TO Ta3a, )KUPHOTO T'a3a ¥ ra30Boro OCH3MHA;

4. T'a3, KOTOpPBIH JOOBIBAIOT U3 Ta30TUIPATHBIX 3aTIEKEH.

Jlist ompeneneHusi, K KakoW W3 MPEACTABICHHBIX TPYII OTHOCHUTCS Ta3,
WCITOJIB3yeTCsl pacueTHas GopMyna ompeaencHus KodhduiumenTa dTaHU3aluN, Kak

OTHOIIICHHE KOJIMYECTBA 3TaHa K mpormnany [6]:

__ GHg

K. =
2 C3Hg'

1)

/i€ TIOJIyYEHHBIE 3HAUCHUS TOBOPST O MPUHAIJICAKHOCTH Tra3a:

e (>6) — k ra30BOIi 3alICXKHU.

o (3-6)—kI'K3anexu;

e (1,5-3) -k HI'K 3anexu;

e (0,3-1,5)—k HedTaHOM 3aTEKH;

Ankanbel (MeTaHOBbl YB) HMMEIOT MIHMPOKOE pachHpOCTpaHEHHE HMEHHO B
3aJIe’Kax MepBbIX ABYX TPYMII.

OcHoBubIM KOMIIoHeHTOM [T siBnsieTcst Mmetan (CH4), comepkanue KoToporo,
yarie BCero, JocturaeT 10 99%, B 100aBOK B COCTaBe MPUCYTCTBYIOT 00Jiee TKETbIC
KOMITOHCHTBI, TOMOJIOTH METaHa, TaKue KakK dTaH, nporaH, oyran u ap. Hapsany ¢ VB
KoMMoHeHTaMu B cocTaB III" BXOs U HEYTIJI€BOAOPOIHBIE KOMIIOHEHTBI, TAKUE KaK:
a3ot (N), yranekucneiii ra3 (CO,), cepoBomopon (H2S) u ap. [6].

I"a3, xapakTepu3yIomuiics 3HaYUTEIbHBIM MpPeo0IaJaHueM B CBOEM COCTaBE
MeTaHa, TaKKe CPaBHUTEIBLHO HEOOJIBIINM IPOICHTHBIM coaepikanreM 3TaHa (C,Hg)
¥ 3HAUYUTEITHLHO HU3KUM cojepaHueM YB mpoman-OyrtaHoBoii cmecu Tpynmbl Cay

HAa3bIBAIOT CYXHUM. 2106BIBa€TCH TaKOM ra3 Ha 4YMCTO T'a30BbIX MCCTOPOKIACHHUAX U HEC
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uMeeT KoHTakTta ¢ He(Thio [6]. CpaBHHTENbHBIE NaHHBIE MO cocTaBy Il razoBbIX
MECTOPOKIACHHI MPUBEACHBI B Ta0MIIE 1.

Tabnuna 1 — [IporieHTHOE coiepKaHuE KOMIIOHEHTOB B CyXOM MPUPOJTHOM ra3e

YB KOMIOHEHT Conep:xkanue, %
Mertan (CH,) 70-99
Oran (C,Hs) 0,5-10

[Tponan (C3Hsg) 0,01-5
BYTaH (C4H10) 0,005-2

['a3el  HEPTETa30BBIX MECTOPOXKACHHS SIBISIOTCS CAMBIMU  TSDKEJIBIMU,
cozeprkanne MetaHa B HUX coctasisieT ot 30 1o 70 %. Ha Takux MecTOpoKIEHUSX ra3
HaXOJUTCS B KOHTaKTe ¢ He(dTh, damie mpeObiBas B BUAC Ta30BOW IMANKU, PEXKE
pactBopeH B HedtH [7].

Ha razokoHeHCaTHBIX MECTOPOKACHUSAX IPU HAIMYHH BBICOKUX TEMIIEPATYp,
KoMNOHEHThI Cs-C7 U BBIIIE CYIIECTBYIOT B BUJI€ ra3a, OJHAKO MPU U3BICUECHUU HA
MOBEPXHOCTh — KOHJECHCUPYIOTCS, B CIEIACTBUU 4YEro o0Opasyercs >KHIKOCTb,
Ha3blBaeMasi Ta30KOHJIEHCATOM, TMPEJCTaBiAIomas CcoO0M MPAKTUYECKH YHUCTHIN
O0eH3uH. Takol ra3, KOTOpBIN CONEPKUT B ceO€ KOHJIEHCAT, TO €CTh 00Jiee TsKeIbIe
KOMIOHEHTHI OT C3+ HA3bIBAIOT KUPHBIM T'a30M.

CymectByeT OoJtee AetanbHas kiaaccudukarus [1I7 [7]:

1. Cyxoii;
2. benHbli;
3. Tomwuii;
4. XupHsli;
5. CeIpoil.

Kak yxe ObuI0 cka3zaHO paHee, B JONOJHEHUE K CyXOMy, O€AHBIM M TOIIMNA
TaK)K€ CYIIECTBYIOT C 3HAUYMTENbHBIM MpPeo0aJaHeM B CBOEM COCTaBE METAaHA U
HE3HAYUTEIBHBIM COJIEP’KaHUEM BCEX OCTAIBHBIX ¥ B KOMIIOHEHTOB, XapaKTepHBI J1JIsI
ra3oBbIX MecTOpoxaeHu. ChIpod, KaKk U KUPHBIM, Tra3 XapakTepusyercs
MTOBBIIIICHHBIM COJICpyKaHHEM TsDKeIbIX Y B koMmonenToB (6onee 15%) ot Csu BhIIIIE,
TaKKe XapakTepeH Kak g HedTerasoBblX, TaK MW JJIsI Ta30KOHJICHCATHBIX

MECTOPOXKACHU (Tabnuia 2).
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Tabnuna 2 — [IpouienTHOE coeprkaHre KOMIIOHEHTOB B )KUPHOM Ta3e

VB koMInoHeHT

Coaep:xanue, %

Mertan (CHa) 30-70
Oran (C2Hs) 10-35
[Tponan (C3Hs) 5-25
byran (C4H1o) 1-10
ITenran (CsHio) 0,5-5

IIaHIe BCero YB KOMIOHEHTHBIM COCTaB Ta3a OIIPCACIIAIOT HC ITOJIHOCTBIO, a4

JiMiib A0 IeKCaHa, peiKe 0 6YTaHa BKIIKOUUTCIBHO, @ BCC OCTAJIbHBIC KOMIIOHCHTEI

00beuHsOT B octaTokK (Cs4; Csi). PaccmoTpum cocta [N Ha mpuMepe HEKOTOPBIX

I'M u I'KM 3anaanoii Cubupu (Tabauua 3).

Tabnumna 3 — CocTaB MPUPOTHOTO Ta3a HA MECTOPOKACHUSX ra3a M ra30KOHACHCATA

Mecroposenue Conep:kaHue KOMIIOHEHTOB, MOJIbHBIE JIOJTH
CH4 C2Hs CsHs | CsH1o Cs+ N2 CO2 H2S
En-sxunckoe 86,78 441 2,97 1,1 2,56 0,68 0,44 -
Ta3oBcKoe 99 0,15 0,03 0,005 0,002 0,5 0,3 -
SmOyprckoe 89,6 4,88 2,03 0,72 1,78 0,28 0,68 -
MenBexne 98,6 0,09 - - - 1 0,35 -
YpeHrorickoe 98,3 0,15 - - - 1,16 0,35 -

byran (C4H10) 1 octanpHble ankaHbl ¢ OOJBIIMM 3HAYCHUEM MOJIEKYJISIPHOU

MacCcCbl MOI'YT HMCTb H30MCPBLI.

KOMITOHCHTOB TIpEJICTaBJICHbI B Ta0mIe 4 [6].

Kommouneutaeiii coctas IIIT u cBoiicTBa €ro

Tabnuna 4 — OCHOBHBIE CBOWCTBA KOMIIOHEHTOB MPUPOJHOTO ra3a B CTaHAAPTHBIX

YCIIOBUSAX
O0Bem Macca 1 | Kpurnueckoe | Kpurnueckasn
MounekyJsipHas IlaoTHOCTH 3
Cocras vacea 1 xr 1o pozqvxy | M T3 JAaBJIeHHE, | TeMIepartypa,
rasa, M° AYXY KT MIla K
OGo3HavyeHust M 22,4 M M t
M 2897 | 22.4 P P
MeTtaH 16,04 1,4 0,554 0,714 4,58 191
Ortan 30,07 0,74 1,038 1,35 4,86 305
ITponan 44,10 0,508 1,522 1,97 4,34 370
N30-0yTan 58,12 0,385 2,006 2,85 3,82 407
Byran 58,12 0,385 2,006 2,85 3,57 425
H30-nienran 72,15 0,310 2,49 3,22 3,28 461
Ienran 72,15 0,310 2,49 3,22 3,3 470
I'excan 86,18 0,262 2,974 3,81 2,96 508
Asot 28,02 0,799 0,967 1,25 3,46 1249
Yreucei 44,01 0,509 1514 | 1,964 75 304,1
CepoBoa0opo 34,02 0,658 1,173 1,517 8,89 373,4
['a3oBble  CcMeCHM  XapakTepU3YKOTCA  MOJISIPHBIMHU  KOHLEHTPALUAMU

KOMIIOHCHTOB. I[J'ISI TOTIO, YTOOBI XapaKTCpU30BaTh ra30BYH0 CMECh 11O €€ MOJIAPHBIM
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KOHLIEHTpalUsAM, HEOOXOIMMO 3HATh €€ CPEIHIOI0 MOJIEKYJSIPHYIO MaccCy, a TakkKe

A100 OTHOCUTENbHYIO MJIOTHOCTH MO BO3AYXY. sl peanbHBIX ra30B 3TO 3HAYCHUE

HaxoauTca B auanasone 16 — 20 3HayeHue MoJjekyisipHoit Maccel [0

MOJIb

paccuuThIBaioT 1o dopmyiie [7]:
e = Xiz1 Mix; (2)

rae M — MosieKkysIsipHas Macca I-ro KOMIIOHEHTA;

Xi— 00bEMHOE COJepKAHKE I-T0 KOMIIOHEHTA, JI0JIH €I

OCHOBHYIO POJIb B ONpEACICHUN (PU3UIECKIX CBOMCTB I'a30B HMEIOT 3HAUCHHS
IUTOTHOCTH, JaBJICHHS, TEMIIEPATYPhl, KO3()PHUIIUEHT CBEPXCIKUMAEMOCTH, BI3KOCTH H
Baarocojepkanus. COOTBETCTBEHHO, IS TOro, YTOOBI IPOU3BECTH OOBEMHOE
CpaBHEHHE ras3a, JaHHbBIC ITapaMeTPhl MPUBOIAT JUOO0 K HOPMAIbHBIM YCIOBHIM (IIPU
temneparype 0 °C u gaBnenun 0,1 MIla), 1ubo, kak mpuBeneHo B Taonuie 4 — K

cTanaapTHeIM ycnoBusiM (ipu temmneparype 20 °C u nanenuu 0,1 MITa).

KI

3HadYeHUE IUIOTHOCTH Ta30B HaXOAUTCA B IIPCACIax 0,7 -1 —, H
M

paccuuTbiBaeTcs o popmyie [7]:

p = Mo (3)

Vi 22,4

rae Vi, — o6beM 1 mMorist raza mpuUBECHHBIN K C.Y.

OnHako, U3-3a 3aBUCHUMOCTH B 3HAUUTEIBHON CTENEHU 3HAYEHUS TUIOTHOCTHU
raza OT 3HaUYCHHI JTaBJICHUS W TEMIIEpATyphl, JaHHAs pacueTHas GopMmysa HE UMEET
MPAKTUYECKOTO0 TpPUMEHEHHMs. [[ns pelieHus AaHHOW 3aJadyd UCIOJIb3YIOT pacyer
IUIOTHOCTH Ta3a II0 BO3AyXY, B3STOM NPU TEX KE JAaBJICHUAX M TEMIEparype.

PaccunThIBalOT OTHOCUTEINILHYIO IDIOTHOCTH ra3a Mo Bo3ayXy 1o gopmyiie [7]:

m3=£ (4)

[Ipu pacuerax IUIOTHOCTH Ta3za IO BO3AYXY, B3STBIX INPHU CTaHAAPTHBIX

_ KT
YCJIOBUSIX TPUHUMAIOT 3HaUeHue p, = 1,293 —

I[J'ISI TEX TI'a30B, KOTOPLIC HAXOAATCA B COCTOAHHMHU TCPMOAMHAMUYCCKOI'O
paBHOBCCHA, TO CSCTh IIPH HCU3MCHHOCTHU 3HAUYCHUH BO BpEMCHHN MAKPOCKOIIMYCCKUX

BCIIMYMH TCMIICPATYPHI, daBJICHUA, O6’beMa, B YCIOBHUAX H30JIUPOBAHHOCTHU OT
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OKpY’KaroUIEN Cpe/ibl; UCIOJIB3YIOT MOJIENIb COBEPILIEHHOTO T'a3a, KOTOPOE HA3bIBAETCS
ypaBHeHHeM MeneneeBa-KiaiepoHna nin ypaBHeHHEM COCTOSTHUS Ta30B [6]:
PV, = 9RT (5)
rae P — naBienne;
V. — 00beM ujieaabHOrO rasa;
Y — YHCI0 KMIIOMOJICH Ta3a;
R —razoBas mocTosiHHas

T — Temmneparypa.
R
R==
Hr (6)
bk

mob*K’

rae Ry — yHuBepcanbHas razoBas moctosiuHas = 8314

U, — MOJIEKYJISIpHAs Macca Trasa

B cmydae, korma 3Ha4eHHE TeMIEpaTypbl HE BBICOKHM, a JTaBICHHUE HIXKE 15
MlIla, Ha mpuMepe XpaHEHUS rasa B MOJ3EMHBIX XpPaHWIHIIAX, MOJEIb ypaBHEHUS
COCTOSIHMSI COBEpPUICHHOI'O raza He paboTaeT, MO3TOMY [JJs TaKUX CIy4yaeB
MPAaKTHUECKH MPUMEHHMAa MOJENb pPealbHOTO raza. 3HaueHHEe o0bheMa Takoro rasa
U3MEHSETCS HENpONOPLMOHANIBHO 3HAUYEHUsM JaBlieHUss u Temnepatypsl. [lpu
OJIMHAKOBBIX YCIIOBUSAX TAKOH ra3 B CPABHEHUH C MOJIETIBIO COBEPIIIEHHOTO T'a3a MOXKET
C)KMMAaTbCsl OOJbIIE WJIM MEHBIIE HAa BEIWYMHY, BBIPAKECHHYIO KOI(PPHUIIMECHTOM
cBepxckumaemoctd Z. J[aHHbIA KOA(DPUIIMEHT BBIpaKEH OTHOIIEHUEM OOBHEMOB
pPaBHOTO YKCIIa MOJIEH MOJIENIN PeaTbHO K MOJICTTH UCAIbHOTO ra30B MPH OJMHAKOBBIX

TEpMOOAPHUYECKUX YCIOBUSX, pacCUMThIBacTCs 1o opmyie [6]:

Z=1 (7)

JUIsl 3amucu ypaBHEHMSI COCTOSIHUS MOJENIH peajdbHOro rasa (ypaBHEHUE
MenneneeBa-Knaitnepona) BBOAMTCS JAaHHBIA Oe3pa3MepHbId KodppuuueHt Z,
3aBUCSIIUI OT PUBE/ICHHBIX 3HAYCHUN TeMIepaTyphl U IaBieHus [6]:

pV. = Z9RT (8)
rae Z — pynkuus ot Ppy; Top;

P
Iﬁp =:;£;;7hp = (9)
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rne Py, T — KpUTHYECKHE AaBIIEHHE U TeMIlepaTypa rasa (tadbnuua 4);

p, T — 3HaYeHHs] KOHKPETHBIX JABJIICHUS M TEMIEPATyphl ra3a, sl KOTOPBIX
OTIPEICIISIIOT 3HaUeHue Z.

s omnpeneneHuss kod(p@PUIMEHTa CBEPXCKMMAEMOCTH HCIONIB3YIOT JHO0
7a00paTOPHBI METOJ| MCCIENOBAaHUS IUIACTOBBIX MPOO rasza, MO0 MPaKTUYECKHA

MeTo pacyeTta 1o rpaduxy I'. bpayna (pucynok 4, dopmyna 10).

_ -3,668
Z=1-— 0,4273PHpTHp (20)
' Hnp
@ 5 & 7 8
17
z;i:,’"fj — . e
z 095
/‘
17
L6
L5
A
45
/
a3 [-_ ,.__l_ i _/ . 12
|| \ues | |
225 —— 7 — - 5 L .
26 28X | | | |
= — G R e i
2 ! | | o
2.0°1,9 12 g =2 |
10 F1B31 ' = "JI - : 4 10
16 105 M| ; | | | | |
14 l ‘ i
09 L3 l l | | 1 J J I 09
7z & g 0 W/ /4 17 7%

Pucynok 4 — I'paduk I'. Bpayna, 3aBucumocts Z 1ji1 NpUPOAHOTO Ta3a OT

MPUBECHHBIX TICEBIOKPUTUUYCCKUX 3HAUCHHUH JaBICHUS U TeMiepaTypbl [8]
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Bs3koCcTh ra3oB XapakTepu3yeT CONPOTUBISEMOCTb CABUTY OJHOM 4YacTH
OTHOCHUTEIBHO JpYroi, npH 3HadYeHWH JgasieHus Hwke 11 Mlla npsamo
IIPOIIOPLIMOHAJIBHA 3HAYEHUIO TEMIIEPATYpPBl, TO €CTh C YBEIUYECHUEM TEMIIEpaTyphl
IIPOUCXOJNT YBEIUYEHUE KAK TUHAMUYECKOW, TaK U KUHEMAaTUYECKOW BSA3KOCTH Tas3a

(pucyHok 5). JlaHHas 3aBUCUMOCTbH BhIpaxkaeTcs ¢popmyson Casepnenna [9]:

C+273 L% (11)

i = Ho~ 37 273

U

rae Uy — AMHaMu4deckas Ba3kocTh npu 0 °C;
T — abcooTHAs TEMIIEPATYPA;

C — KOHCTaHTa, 3aBUCSIIAs OT MPUPOBI raza.

OmnocumenvHaa naOMHOCHb 2a3a NO 603()yxy

. 05 1,0 1,5 20 25
11,6107 \ ] T T .
1,410°5 \
Q N \
S 1,205 — >
7 N
y N \ \ 200°C
: \ \ \ ] -~
S 101075 149°C
9 ’ \ \ \
s \ S P
& | 93 °C_
0,810 !
38°C
| =T
061073

10 20 JO 40 50 60 70 80
Monexynapunasa macca

Pucynok 5 — 3aBUCMMOCTb 3HAYEHHUS BSI3KOCTU OT TEMIEPATYPHI JJIsI
MPUPOIHOTO ra3a npu aasieHuu Huwxke 11 Mlla
Opnako, B cily4ae cO 3HaueHUsAMHU JaBieHuil 6ombiie 11 Mlla mpoucxoaur

oOpaTHOe AeWCTBHE, TO €CTh C POCTOM TEMIIEPAaTyphl MPOUCXOIUT MOCTEIIEHHOE
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nagcHuc 3HA4YCHHA BA3KOCTHM I'a30B, OJHAKO 4JIsI J3THX JXKC 3HAYCHUH JdaBJICHUA

CIPaBeIMBO YBEIIMYCHHUE 3HAUCHUH BS3KOCTH C MX POCTOM (PHCYHOK 6).

35 : : . )
N 30 \
E \ 42 .4 \ 70.3MI1a
Py \
-E zﬁ L\ K
E \‘""‘--._2]52 —
S 20 | —T
;E ) \.‘ 1“‘1 --’__,.-—-"- ﬁ
o a

15 100 _ - |

_ — 0,1MITa

— .
10 | —

100 150 200 250 300 350
Temnepamypa, °C

=
wn |
-

Pucynok 6 - 3aBUCUMOCTb 3HAYEHHUS BSI3KOCTU OT Temneparypsl At I npu
Pa3IMYHOM JIaBJICHUH

BrnaroconepxanneM ra3zoB Ha3bIBACTCA OTHOIIEHHE MACCOBOTO KOJIMYECTBA
BJIArd, COJICPIKAILICICA BO BJIAXHOM ra3€ K MacCOBOMY KOJMYECTBY CyXOro rasa.
[TosiBieHue BIarocoaep’aHusi CBsI3aHO ¢ TeM, 4to [l B macToOBBIX YCIIOBUAX
KOHTAKTUPYET C MJIACTOBBIMU BOJAMH, B CJIIEJCTBUM YETO U BOZHUKAET OINPEACICHHOE
koJmuecTBO Biaroconepxkanuss B III'. KoHuenTpaumss Biarocoaep:kaHusi ra3oB
IIEPBOCTEIICHHO 3aBHCHT OT KOJMYECTBA, AaBIICHUs, TemrepaTypsl u cocrasa I1I" [10].

AOGCOJIIOTHOW BJIQKHOCTBIO HA3bIBAIOT MAaccy BOJSHOro mnapa (BOjbl),
BBEIPXKEHHYIO B TpaMMax, KoTopas copepsxkutcs B 1 w2 1T,

OTHOCUTENBHOM BIAYXKHOCTBIO ra3a Ha3bIBAIOT OTHOIIICHUE MTPOIIEHTA BOJSHBIX
MapoOB, HAXOMSIIUXCSA B ra3ze K MAKCUMAJIbHO BO3MOXHOMY MPOLEHTY COJIep>KaHUs
BOJSIHBIX IApOB B JaHHOM Ta3¢ W NpPU JAaHHBIX YCIOBHSAX. JlaHHasg Benu4uHa

ITOKAa3bIBACT CTCIICHDb HACBIIIICHU I BOJAHBIMM IIapaMH.
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1.2 MexaHu3M JABHKEHHS TA30BOT0 NMOTOKA B MPoLiecce ero 100bI14u

BosBparasice kK Te0JI0ro-QU3NYECKUM XapaKTEPUCTUKAM MECTOPOXKIICHUS,
CIIEyeT OTOTHHUTh, YTO MPOHUIAEMOCTh SIBISICTCS (UIBTPAIMOHHBIM CBONCTBOM
KOJUIEKTOPA, XapaKTePU3YIOLIUM CIIOCOOHOCTh MPOMYCKaTh uepe3 ceds ras. B mupe He
CYIIECTBYET aOCOJIOTHO HEMPOHUIIAEMBIX TIOPOJ, OMHAKO TPHU TeX 3HAYCHUAX
MoKa3aTelied OTHOCHTEIbHO HHU3KUX TIepernanax AaBiCHHUsS, B YCJIOBHH KOTOPBIX
MIPOUCXOJIUT TIPOIIECC Pa3pabOTKH MECTOPOKACHHUMN, HEKOTOPBIC MOPOJBI SIBISIIOTCS
MPAKTHYECKH HETPOHUIIAEMBIMH ISl HATIOJMHSIONIMX WX YIJIEBOJOPOJIOB, MMEHHO
TaKhe TOPOJbI M OTHOCAT K TpynmaM HEKOJUIGKTOPOB M  HETPOIYKTHBHBIX
KOJUIEKTOpOB. HemocpenacTBeHHO B mpolecce pa3pabOTKH  MECTOPOXKACHUN B
MIyCTOTHOM TIPOCTPAHCTBE TMOPOI-KOJUIEKTOPOB MPOUCXOIUT TPOIecC (UIbTPAIHH
KHUIKOCTEH, ra30B, a TAK)KE UX CMECEH.

B ciydae ¢ nepBbIM 1ByMs, mporiecc GUIbTPAIMU TPOUCKXOIUT JIJISt OJHOU U3
HACBIIAIOIINX TOpoay (a3 MPHU IBIKCHUH B ITyCTOTHOM IPOCTPAHCTBE MHOTO(ha3HOM
CUCTEME, TO €CTh NPH HaJW4YUHM B mopoje emie omaHou daswl (darouna). JlaHHBINA
npoiiecc HaszbiBaeTcss 3(GGEeKTUBHON wWin (Pa30BOMl MPOHUIIAEMOCTBHIO, 3HAUYCHUE
KOTOPOH 3aBUCUT HE TOJIBKO OT (PU3UKO-XUMHUIECKUX CBOMCTB TIOPOJI, HO M OT CTETICHU
HACBIIIEHHOCTU MMYCTOTHOTO MPOCTPAHCTBA MOPOJIbI KaX 01 13 (pa3, B TOM YHUCIIE U OT
(U3UKO-XUMHUYECKHX CBOHCTB.

B cmywae ke c¢ mpomeccom (uIbTpanud CcMece TPUMEHHMO TMOHSITHE
aOCOJIOTHOM TPOHUIIAEMOCTH, KOTOPOE HCMOJB3YIOT, YTOOBI J1aTh  OOIIYIO
XapaKTEPUCTHKY TOPOBI, MHAYE TOBOPS, B TIOPUCTOM Cpelie HAOII0aeTCs ABHKCHHEC
JIUIIH OJTHOM (ha3bl )KUIKOCTH WUJTU Ta3a.

Camo ke 3HaueHue Kod(puimeHTa MPOHHUIIAEMOCTH, HCIOIB3YEMOTO st
00O3HAYEHUs TPOHUIIAEMOCTH, ONPEICISIIOT Ha OCHOBE JIMHEWHOTO 3aKOHa
¢meTpanuu Japeu [11]:

ke
p=2=mF (12)
F Uy Al

I7ie V — CKOPOCTh (hUIIbTpaIIUH;

Q — 00beMHBIN pacxo raza uepes Mopojy B €IMHULLY BPEMEHU;
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F — mmomane gubtpanuu;

U, — BA3KOCTH T'a3a,

Ap - nepenaj AaBJeHUs;

Al - nvHA 06pasna

B maHHOM ypaBHEHUH CIIOCOOHOCTH ITOPOIBI IIPOITYCKATh Yepe3 ce0sl KUIKOCTh
U Ta3 XapakTepu3yercs KO3(P(GUIMEHTOM IPOMOPIIMOHAIBHOCTH KMpP, KOTOPHIA |
ABNsIETCS KOA((UIMEHTOM TMPOHHUIIAEMOCTH JMJisi JAaHHOTO ciydas. B ciydae

U3MEpPEHUs IPOHUIIAEMOCTH T10 ra3y MoJib3yroTcs Gopmymoit [11]:

_ QrusAL
b = 2L, (13)

rae Qr — oObEeMHBIM pacxon rasza, MPUBEACHHBIA K CPEIHUM 3HAYCHUSIM
JIABJICHUS U TEMIIEPATYPHI B OPOJIE.

Crour 100aBUTH, YTO 3HAYEHHS KOI(PPUIMEHTOB MPOHUIAEMOCTH IO
IPEACTABICHHBIM (hOpMyJIaM ONPEIESAIOT B JaOOPAaTOPHBIX YCIOBUAX Ha OCHOBE
aHann3a KepHa. BnoOaBoK ecTh emie OJuH Croco0 OmpeleieHHus MPOHUIAEMOCTH
MOPOA-KOJUIEKTOPOB, — 3TO METOJ aHanu3a pe3ysibTaToB [ JIIC. Haumenee HagexxHbIM
METOJIOM ompezesieHus: npoHunaeMoctu sipisercss meroa ['MC ckBaxxkuH. 3HaueHus
MIPOHUIIAEMOCTH TIPOYKTUBHBIX KOJIJIEKTOPOB UMEIOT OOJIBIIION JHUANa30H 3HAYCHUM
OT HECKOJILKMX THICSYHBIX MKM? 710 5 MKkM?. CylIeCTBY€eT KiacCH(pUKAILHs IEIEHUS 110
3HAUEHHUSAM IPOHUIAEMOCTH, BKIIOUAKOIIAs B Ce0s 5 KIACCOB KOJIEKTOPOB (MKM?):

1. IInoxo nponuraemsie (<0,001);

2. Cnab6o nponwurmaemsie (0,001-0,01);

3. Cpenne nponnmaemsie (0,01-0,1);

4. Xopomo nponunaemsie (0,1-1);

5. Oco60 xopoiio npoHuiaemsie (>1).

Ho npu »ToM, ayig kinaccuukanuy KOJUIEKTOPOB Ta30BbIX MECTOPOXKIECHUMN
UCIIOJIB3YIOT 2-5 KJacchl KOJUIEKTOPOB. M3 KOTOphIX, Hanboiee pacnpoCTpaHEHbI 3 U
4 kmaccel co 3HaueHuamu ot 0,05 10 0,5 mxm2. J{i1st cpaBHEHHS YCIOBHI pa3pabOTKH
ra3oBbIX MECTOPOXKACHHUM [JIs1 JBYX THIIOB IMOPOJ-KOJUIEKTOPOB TEPPUTCHHBIX U
KapOOHATHBIX OOBIYHO HWCIIOJNB3YIOT 2-4 KIIaCcChl, aHATU3HUPYS KOTOPHIC BBIACISIOT

IIaBHBIC YCJIIOBUS OTIIMYUA 3TUX JBYX THIIOB ITIOPOA APYT OT ApYyra.
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HaunGonee 3Ha4MMBIM SBJISIETCS YCIOBHE 3aJIeTaHUs TIOPOJI-KOJIEKTOPOB, TaK,
€CIIM  YCJIOBHS 3ajJieTaHUsl TEPPUTCHHBIX TOPOJ OOYCIIOBJICHBI ILIACTOBBIMHU
TOJIIIIMHAMKM OT | JI0 HECKOJBKHX JECSITKOB METPOB, TO JUIS KapOOHATHBIX IMOPOJ
XapaKTepHO (OPMHUPOBAHUE MACCHBOB MOIIHOCTH OT JIECATKA JO HECKOJBKHX COT
METPOB, Yallle CO CMEIIAHHBIM THIIOM 3aJIeKU. MICXOs U3 3TOTO CIIeyeT OTMETHUT,
YTO K IEPBBIM Yallle TPUYPOUCHBI 3aJICKHU IJIACTOBOIO THIIA, & KO BTOPBIM, — 3aJICKH
IUTACTOBOT0, MAaCCUBHO-IIACTOBOT'O M MAaCCHBHOTO TUTIOB [12].

He MeHee BaKHBIM YCIIOBHEM SIBJIICTCS TO, YTO IMPAKTHYECKH B KaXKIOM
KapOOHATHOM IIJIACTe MMEET MECTO OBITh OJHOBPEMEHHO HECKOJBKO Tpajaliii 1o
IIPOHUIIAEMOCTH, BCIIEACTBHE YET0 pa3Max 3HAYCHHIA IPOHUIIAEMOCTH Y KapOOHATHBIX
KOJUIEKTOPOB 3HAYHUTEIHHO OOJIBIIE, YEM y TEPPUTCHHBIX, YTO YCIOXKHSET MPOIIECC

BBITECHEHUS Ta3a U3 KapOOHATHBIX KOJUIEKTOPOB.
1.2.1 /IBukeHus ra3a B IJIaCTOBBIX YCJIOBHAX

B razoBbIX 3aiexkax OCHOBHBIMHM MCTOYHUKAMHU BHYTPHUILJIACTOBOW SHEPIHH,
1oJl ACMCTBHEM KOTOPOH MPOMCXOAUT NPOABMXKEHHE Ta3a K 3a00sIM JTOOBIBAIOLIUX
CKB&)KMH, SIBJIIIOTCS: HEPIHUsl CHKATOTO Tas3a, SHEPIHsl YIPYTrOCTH CXKAThIX MOPOA U
DHEPIUs YIPYTOCTH CKATBIX KUIKOCTEN. ['a30BBIN IJIACT IO CBOEM T'MIPABINYECKOU
IPUPOAE MPEACTABISIET €AUHYIO CBSI3aHHYIO CHCTEMY, CBS3aHO 3TO C OJHHM U3
OCHOBHBIX CBOMCTB ra3a, MO3BOJSIOIIMX €My 3aloJHATH BECh MPEIOCTaBICHHBIN
00beM [12]. B cOOTBETCTBUY € TaHHBIM YCIIOBUEM €MHOM MMIPABINYECKU CBA3aHHON
CUCTEMBI B pe3yJIbTaTe SKCIUTyaTallud CKBAXXUH MPOUCXOJUT BIUSHUE HE TOJBKO Ha
ra3oBYIO 3aJI€Kb, a TAKXKE M HA BOJOHAMOPHYIO 00J1aCTh, KOTOpAsi MOACTHIIAETCS O]
OCHOBHOM TI'a30HACHIIIEHHON 00JIaCThIO, BIUIOTh JI0 FPAHMUIL TUIacTa. 3anachl SHEPIUu
CKaTOTO ra3a B 3AJIEKHU HANPSIMYIO 3aBHUCST OT HAYAJIBHOTO 3HAYEHUS ILJIACTOBOIO

JIABJICHUS, U OTIpeensoTes mo popmyde [13]:
y-1
Eraza = % 1- (%) ", (11)
rJie p — AaBJICHHE CKATOTO ras3a B IJIacTe;
V — 00beM CKaToro rasa B IIACTE;

Do — 3HaUEeHHE aTMOC(HEPHOTO JIaBJICHUS;
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y — koapunment Ilyaccona (mokazarens aguadarts).

CrnenoBaTenbHO, LEIECOOOPA3HO OTMETHTH Cleayloliee: dYem OoJiblie
HavyaJIbHOE 3HAYCHUE TIACTOBOTO JABJICHHUS [UISI TA30BBIX 3aJICKEH, TeM JobIIe Oy et
NPOMCXOTUT TMPOIECC MOOBIYM HAa ECTECTBEHHBIX MPHUPOJHBIX YCIOBHSX, 0e3
JOTIOJTHUTEIFHBIX METOJIOB YBEITMUCHHS T'a300TAAYH IUIACTA.

DOHEPruro yIpyrocTd CKaTbIX MHOPOA ONPEAesioT Mo ¢dopMmyse YyIpyrou
nedopmaruu ucxo s 3 3akona ['yka [13]:

Enopo,[u;l = pFAl, (12)

TJIe P — JaBJICHHE BHYTPH MTOPOIBI-KOJUIEKTOPA;

F — mutomaap momepeyHoro ceueHus sl BRIOPAaHHOTO y4acTKa OPOIbI;

Al — nuHeliHOe paciIMpeHe MOPOIbl B MIPOIecce BHITECHEHHS T'a3a MOPOI0ii.

JIist TaHHOTO BU/Ia YHEPTUU MOXKHO OTMETHUTH CIIEAYIOIIEE, YTO YeM OOJIbIIe
yIPYTOCTh U 00BEM BBITECHEHHOM CpPEIbl, TO €CTh T'a3a, TeM OOJIbIIE TOTESHIIHATbHAS
DHEPTHUs yIPYrou aedhopMaIiu MopoIbI-KOJLICKTOPA.

DOHeprusi YOpyrocTH >KUAKOCTH BBIPAKACTCS JIMHEHHON CBS3BIO MEXKIY

U3MeHeHneM o0bema 1 nasieHus [13]:

1 14V
E)KI/IAKOCTI/I = E; By = 351 (13)

riae 5, — MOAyJb 0ObEMHOI YIIPYTOCTH KUIKOCTH;

V — 00beM, 3aHATHINA JKUIKOCTBIO;

AV, Ap — u3MeHeHHE [aBJIE€HUA B 3aBUCHMOCTH OT H3MEHEHHUs o0beMa
COOTBETCTBEHHO.

B npouecce qBuxkeHus raza B IJ1acTe B 3HAYUTEIHHOM OOJIBIIIMHCTBE CIIy4aeB
JNEHUCTBYIOT BCE TPHU BBILICNIEPEUYUCICHHBIX MCTOYHHUKA IIJJACTOBOM DHEPrUU C
YCIIOBUEM SIBHOT'O MpeoOianaHus OJHOM W3 BHUIIOB. Bce ke ObIBaloOT ciydae, mpu
KOTOPbIX B 3aBUCUMOCTH OT OCOOEHHOCTEW TEXHOJOTMYECKOro Ipolecca
JKCIUTyaTallMl JHOO0 K€ Te0JOro-MpOMBICIOBBIX YCIOBUH Ta30BOM  3ajexu
VMCTOYHUKAMU IUIACTOBOM DHEPIUU SIBJISIOTCS B OCHOBHOM DHEPIMM CXKATOIrO ra3za u
DHEPTHUS YIPYTOCTH CXKATHIX KUIKOCTEN. Pexxum paboThl ra30BOM 3aJIe)KH 3aBUCUT OT

(aKTOpOB Ie€0JIOrMYECKOr0 CTPOCHUS, (PU3NYECKUX CBOMCTB ra30BbIX KOJIJIEKTOPOB,
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Temna oOTOOpa rasa, THAPOJWHAMUYECKHX YCIOBUH (B OCOOCHHOCTH SIBISIETCS
INPOTSKEHHOCTh BOJOHATIOPHOM CHUCTEMBI), a U1 TA30KOHACHCATHBIX 3AJIEXKEH ele U
OT METOJOB MOJACPKAHUS [IJIACTOBOM SHEPIUH.

Cam nporuecc IBM>KEHHSI Ta30B U Ta305KUIKOCTHBIX CMECEH B TOPUCTHIX Cpelax
ONMCHIBACTCS  TIMAPOAMHAMHUYECKMMU M THAPOMEXaHUYECKUMHU  IPOLECCaMU
BHYTPHUIUIACTOBOIO JABW)KEHHS, KOTOpPbIE OCHOBaHbl Ha 3aKOHaX (UIbTPAIUH.
HemnocpencTBeHHO NpW IBMXKEHUM Ta3a WIM yHOPYrOM Ta30KUIKOCTHOM CMECH B
IOPUCTBIX Cpelax YYWUTHIBAIOT U3MEHEHUE OOBEMHOIO Pacxojia B 3aBUCHUMOCTH OT
U3MEHEHHUsl BEJMYMHBI IUIACTOBOTO JaBieHUsA. B ciaywae mpomecca QuibTpanuu
YUYUTBIBAETCS W3MEHEHHE 3HAYEHUS BA3KOCTH OT M3MEHEHMS NABJICHUS, TI€ PACXOL
ra3a 4 Ta30KUIAKOCTHOM Cpelbl 3aBUCUT OT KOMIUIEKCHOI'O Iapamerpa, KOTOPBIH
xapaktepuzyetcs: TuddepeHInaIbHON 3aBUCUMOCTBIO CBOMCTB MOPUCTON CpPENbl U
¢unbTpyromencs cpeibl OT MIACTOBOrO JaBieHus. [1o n3BecTHOMY METOAY pellieHus
naHHOU nuddepeHuanbHON 3aBUCUMOCTH IBH)KEHUS Ta3a U ra30KUIKOCTHOM cMecH,
npemioxkeHHbIM JIeiiOeH30HOM B 0OIIeM BHUJE, BEJIMYMHA IUJIACTOBOTO JIABJICHHUS
3aMeHsAeTcs (PyHKUMEH NaBJICHMs, KOTOPas U3MEHSAETCS COBMECTHO C M3MEHEHHEM

napameTpoB punbTpyromeiics cpenst [14]:

[Ipu pemieHre JaHHOTO YpPaBHEHUSI MCHONB3YIOT nuddepeHimranibaoe

ypaBHEHHE C)KMMAaEeMOM Ta30KUIKOCTHOM cpenbl Jlamaca [14]:

0*P _ 3?P _ 0°%P
ax2  9yz  9z2

(15)

Hnst pemenust quddepennuansuoro ypaBHeHus: Jlammaca juist cokumaemoi
ra30KUJAKOCTHOM Cpebl B yCTAHOBUBIIEMCS TNIOCKOPAAUATIbHOM MOTOKE MOJIb3YIOTCS

bopmymnoit Jromrou [14]:
2ntkh PK_PC

i (16)

rc

Q=

u In

C y4deroM ypaBHEHHsI COCTOSIHHSI, KOTOPOE OMMCHIBACT WJCATbHBIM Ta3,
npeodbpazyss no dopmyinam 15 u 16, nonyuum ¢yukiuto Jleiibenzona u nedurta

CKBa)XHMHBI JUTS UeaabHOro rasa (popmyina 17) [14]:
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2mkh 2 _pZ
P — Parm p2, Q — Parm PK Eg’ (17)
2Darm K Darm B-ln

Tc

riae ff — ko3 HUIUEHT C)KUMAaeMOCTH Ta3a,

Parw — IDIOTHOCTH Ta3a MpU aTMOC(EPHOM JIaBIICHHH,;
P — AaBiIeHHE C)KMMAEMOCTH ra3a;

Dk, Tk - AABJIEHHUE, paJuyC Ha KOHTYpE IJIacTa;

Pc, ¢ — JaBIIEHUE, PAJInyC B CKBOXKHUHE.
1.2.2 J/IBu:xeHusI ra3a B yCJIOBUSX JUHENHBIX COOPYKEHHH NMPOMBIC/IA

B mpomecce akcIulyaTanMu  KaXkJ0€  MECTOPOXKICHHE O0OpymyeTcs
OTIPEJICTICHHBIM KOJMYECTBOM CKBaXUH Mg 3(@eKkTuBHOro Impoiecca cOopa u
MOATOTOBKH K TaJIbHEHIIEH ero TpaHcnopTupoBku. CaM mpoliecc cOopa v HOArOTOBKH
CKBKMHHOU MPOJIYKIIMK BKIIOUAET B ce0s1 cerapaiuio raza, OTACJICHUE €ro OT BOIbI,
nomnyTHoro kouaeHncara, MII. Takum oOpa3oM, MOATOTOBIICHHBIN Ta3 JHOHKEH OyaeT
COOTBETCTBOBATh TEXHUYECKUM TpeOoBaHUsIM oTpacieBomy ctanaapty CTO I'aznpom
2010-089 [15]. A TexHosoruueckoe 00OpYyIOBaHHE MPOIECCOB MOOBIYM, cOOpa U
MOATOTOBKHU Ta3a, JOJDKHBI 00€CTIEYUTh MOJHOE M A(PPEKTUBHOE HCIIOIb30BaHUE
pecypcos I1I'.

YcTheBoe 000pynoBaHMEe, MpeIHAa3HAYCHHAS ISl OOBSI3KM M TepMETH3allun
YCThsl Ta30BOM CKBaXMHBI JIOJKHA COOTBETCTBOBATh TPEOOBAaHUSM U YCIIOBHUSM,
paspaboranabiM 110 ['OCT 13846-89 [16]. I[lpunHuumuanbHas cxeMa yCThEBOTO
o0OpyZI0OBaHUE TPEACTABJICHA JJIEMEHTaMH. TpyOHas oOBs3ka u ¢OHTaHHAs eJKa

(pucyHoK 7).
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Pucynok 7 — CxeMa ycTheBOTro 000pyI0BaHUs ra30BO CKBAKUHBI:

1 — KoJIOHHAs TOJIOBKA; 2 — TpyOHas roJioBKa; 3 — 3aBUKKH 3aTpyOHbIE; 4 —

IIEHTpaJIbHAs 3aJIBH)KKA; 5 — MAHOMETPHI; 6 — KpeCTOBHHA; / — 3aBHKKHU

MaHU(]OIbAHBIC; 8§ — YTIIOBBIE PETYJIUPYEMBIE APOCCEINH;

9 — 6ydepnas 3aaBmkka [16]

OcHOBHBIE 3KCIUTyaTallMOHHbIE TapaMeTpbl @A COOTBETCTBYIOT YKa3aHHBIM B

tabnurie 5.

Tabnuma 5 — DKcmTyaTaloHHbIC TapaMeTphl (OHTAHHON apMaTyphl [16]

Pabouee naBienmne,

JlnamMeTp NpOXOAHOr0 CeYeHHsI, MM

MIla CrBoia S1KH BOKOBI:IX OTBOJ0B BOKOBLIVX OTBOJOB
[N TPYOHOH 00BSI3KH
50 50 50
14, 21, 35, 70, 105 65 50, 65
14, 21, 35, 70, 105, 80 50, 65, 80 50, 65
140 100 65, 80, 100

36



JIJIst MECTOPOXKACHUI ¢ BBICOKHM COJACpP)KaHUEM KOMITOHEHTOB YTIECKHUCIOTO
raza U CepoBOJOPOJa MCIOJB3YIOT BapHAHTBl KOPPO3UOHHO-CTOMKOTO HCTIOTHEHUS
yCThEBOT0 000py10oBaHus (Tabsuwmia 6).

Tabmuma 6 — OO0o3HaUCHHE KOPPO3MOHHO-CTOWKOTO WCTIOJHEHUS YCTHEBOTO

obopymoBanus [16]

III" ¢ 00beMoM cojiep KaHusl O0o3HauyeHNe HCTTOJTHEHHU S
CO,<6% K1
CO2u H,S < 6% K2
CO2m HS < 25% K3

[Ipumep o6o3HaueHUss wM@Ppa YCTHEBOrO O00OPYIOBAaHUS  BBITJISJIUT
cireayromuM odpaszom: ADK — 65/55 — 35 — K1,

rae AD — apmarypa QoHTaHHAS;

K — tun nonBemvBanus (B JaHHOM CTy4ae KpPECTOBOM);

65 — ycnoBHBIN IPOXOJ] CTBOJIA EIKU;

55 — yCIIOBHBIN MPOX0/1 OOKOBBIX OTBOJOB EJIKH;

35 — pabouee naBnenue, Mlla;

K1 — O603HaueHrne KOpPO3UOHHO-CTOMKOTO UCTIOJIHEHHUS.

Jlanee CcKBaXMHHasi MPOAYKIUS TOCTYHNAaeT BO BHYTPHUIIPOMBICIOBBIC
ra30npoBO/IbI, TPEAHA3HAYECHHBIC IJIs1 COOpa, UMEIOT Pa3IMYHBIN XapaKTep AeHCTBUS,
BKJIFOYAIOT B ce0sI MIJIeH (b SKCIUTyaTAIIMOHHBIX CKBAXKUH, Ta30COOPHBIE KOJUIEKTOPHI,
a TaKKe MHTUOUTOPOIIPOBO/IBI.

Ha pucynke 8 mpexacraBieHa cxema OOBA3KH BBICOKOJEOUTHOW Tra30BOM
CKBOXWHBI, TIOJIKIIFOUYEHHOW K Ta30COOPHOMY IYHKTY. Jnst BO3MOXKHOCTH
NpeIoTBpalleHus] THApaTooOpa3oBaHuil npeaycMoTpeHa MY, rie U3 pacxoAaHOro
O0auka (1) wWHrUOWUTOpP TMOJAETCS B CKBXHWHY;, ISl JIO3UPOBAHHUS KOJHWYECTBA
MO/IaBa€MOT0 MHTUOUTOpa MpeaycMoTpeH Hacoc (2) u eMkocTh (3). [lo BeIKMmAHOMU
JMHUY Ta3 HaIpaBJISETCS B IIUKJIOHHBIN cerapaTtop (4), I/ie MpOUCXOIUT YacTHIHAS
cenapanusi oT BoAsl 1 MII, Takke B HEM MPOUCXOAUT OTACJICHHE MOTOKA Tra3a OT
KOHJIeHcaTa. Jlajiee ra3 Mo BHYTPUIIPOMBICIOBBIMY Ta30MPOBOAY HAMpABISETCS Ha

YKIIT'.
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Pucynok 8 — Cxema 0OBSI3KM Ta30BOM CKBaYKUHbI

OCHOBHBIMHU 3JIEMEHTAMH Ta30MPOBOJA SIBJISIOTCS: TPYOBI; PETyIUPYOIIas,
3alMopHasl M TpeNOXpaHUTENbHAsS apMaTyphl; YCTPOWCTBA [UIsl yJABIUBAHUS U
yIAICHUS KHUIKOCTH; YCTPOWCTBAMH JIJISl 3AIIUTHI OT KOPPO3UU; YCTPOHUCTBAMU IS
BBOJIa B IIOTOK Ta3a pPEarcHTOB; KOHTPOJHHO-H3MEPUTEIBHBIMU TPHOOpaMU H
CpeICTBaMHU aBTOMATHKHU. J[JIs1 Ta301pOBOAOB MPUMEHUMBI TPYOBI, BHIITOJIHEHHBIC U3
CIUIAaBOB MaJIOYTJICPOJIUCTBIX U JiermpoBaHHbIX cTayerd [17]. Knaccudukanus
ra30COOPHBIX BHYTPHIIPOMBICIOBBIX TpyOomporooB mo 'OCT 32569-2013 [18] B
3aBUCUMOCTH OT KJIacCa OMACHOCTH TPAHCTIOPTUPYEMOTO BEIIECTBA MOAPA3ICIIAIOT Ha
3 rpynnel (A, b, B), B 3aBucuMoCTM OT TEepMOOApPpUUYECKUX MapaMeTPOB

TpaHCTIOPTUPYEMOU cpenbl Ha 5 kareropuii (Tabnuma 7):
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Tabmuma 7 — Kimaccudukanus TpyOonpoBo 0B Ta30mMpoBoIa

Karteropus TpyoonpoBoaa

I'pynna Tpancnoprupyemoe 1 2 3 4 5
cpeabl BeIECTBO

P’ t) P’

0
MIla | °C | MIla t°C

<- Ot -

B3peiBonoxkapobe3omacHbie > 40; | 0,08 | 40
Bemiecta: [T, B T.u. CYT 2,5 > | -25| nmo

300 +300

TpyO»bl ra30mnpoBoI0B OTHOCAT K b rpyrine ¢ TpaHCIOPTUPYEMBIM BEILIECTBOM
TOPIOYMX U CKMKCHHBIX YTIIEBOJIOPOIHBIX ra3oB 1 u 2 kareropwmii [17].

Kak yxe ObUIO cKa3aHO paHee, BCA J00bITas CKBaXUHHAS MPOIYKIHUS
neukercs kK myHkram YKIII. [Ipu pazpadorke ['M u I'KM ucnons3yrot 4 OCHOBHBIX
BHYTPHUIIPOMBICIIOBBIX CUCTEM cOOpa, 3TO JIMHEWHAs, KOJIbLIEBasl, Ty4yeBas, TpynIoBas
(pucynok 9). BpiOOp uX 3aBUCUT OT IUIOIIAJUM MECTOPOXKIEHUS, KOJIMYECTBA
NOOBIBAIOIIMX CKBa)kHH, cocTaBa 1" m MeTo0B moAroToBku raza [19]. B mociennee
BpeMsl Ha MECTOpOXKIeHUSAX 3anaaHod CHOMpH IIHMPOKOE NMPUMEHEHHE TPYIIOBas
cucTemMa coopa, Tak Kak IpH TaHHOW CUCTEME OT MMEIONITUXCS TPy cKBakuH (12-24
u Oosee) Bo3MOkHO ABMkeHue raza Ha YKIII™ no melidam Beicokoro napieHus: 6e3

HGO6XOI[HMOCTI/I APOCCCIIMPOBaHUA HAa YCTbC CKBAKHUHEI.

Pucynok 9 — Cxembl pacrosiokeHus: coopa CKBaXKMHHOW MPOTYKIINH:
a — TuHelHas, 6 — KolbIleBas, B — JIydeBasi, T — TpynmnoBasi, 1 — CKBa)KUHBI, 2 —
nuie i, 3 — TMHEHHBIN Ta30COOPHBIN KOJIJIEKTOP, 4 — BHEIIHUA KOHTYD

ra30HOCHOCTH, 5 — KOJIbIIEBOM Ta30COOPHBIN KOJIJIEKTOP
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[Tpu rpymnmoBoii cxeme OOJNBIIYIO YAaCTh ONEpaIiii BO3MOKHO MPOU3BOIUTENb
LEHTPAJIN30BaHHO, B CBA3M C 4YE€M OHa SBIsIETCA Oojee HKOHOMUYHEH U MeHee
METAJIOEMKOH, TO €cThb Ooyiee pPEHTA0ENbHONM W3 TPEACTABICHHBIX. Pacuer
IPOMYCKHOW CIOCOOHOCTH Ta30COOPHBIX KOJUIEKTOPOB, TO €CTh HUICH(OB OT YCThs

ckBaxkuubl 70 YKIII', MoxkHO paccunTath mmo gopmyqe [20]:

_ /M
Q = 103,15E [Pl (18)

rae E — ko3 duimesT yMeHbIeHUs MPOITyCKHOM CITOCOOHOCTH Tuieida n3-3a
HAJIUYMS )KUJIKOCTU U HAJIMYUS TBEPOi (a3bl B Ta30MpPOBO/IE;

D1, P2 — 3HAUCHHUS IaBJICHUN B Ha4yaje v KOHIIe nuieida;

D — BHyTpeHHHMit nuameTp nuiehda;

A — kK03pGUIUEHT THAPABINYECKOTO COMPOTHUBIICHUS IIIEPOXOBATHIX TPYO;

p — OTHOCUTEJIbHAS TUIOTHOCTH T'a3a MO BO3AYXY;

Z, T — cpennue no mmHe L muteidga 3HaueHUs CKMMAeMOCTH U aOCOJIFOTHOM
TEeMITepaTyphl rasa.

JlaBnenue B J1000M TOYKE JIMHEHHOTO YyYacTKa Ta30MpoBOJA MOXKHO

OIPEICIIUTH TI0 pacueTHou dopmyie [20]:

X
Po= [P - (2 - D) (19
rae X — paccTosiHue OT Havajia ra3omnpoBo/Jia;
L — nyvHa ra3omnpoBoja;

P;, P, — naBneHus B Hauaje/KOHIIE ra30MpoBO/Ia.

AHAJIOTUYHO JaBJICHUIO, MOYKHO PACCUMTATh 3HAUCHUE TEMITEpaTyphl B JTr000M

touke [20]:

Tp = T, + (T, — T,)e™®* — 2i01P2) ( _ p-axy (20)

ax
rae T,, — TemmiepaTypa ra3a B Hadaje ra3onpoBo/a;
T, — TeMnepaTypa BHEIIIHEN CPEJIBL;

__ TkD;

=52 21)

rae k — Temonepenaya;
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D; — ko3¢ dunment Jxoynsa-Tommcona;

(Q — MaccoBBIif pacxo/ rasa;

Cp — TEIIIOEMKOCTh ra3a.

[Ipomecc nBmKeHHS raza MO BHYTPHUIIPOMBICIIOBEIM TPYOOIPOBOIaM 3aBUCHUT
OT JACUCTBHS Pa3HOCTH JABJICHUW W TEMIIEpaTypbl Ha €ro KOHIAX, TAK)KE BIIHSHHC
OKa3bIBACTCA COCTaB W (PU3MUYECKHE CBOMCTBA raza. B CBs3M C 3TUMH YyCIOBUSIMH
MIPOUCXOANT U3MEHEHHUE CKOPOCTH M PEKUMa TCUCHHUS Ta3a.

V3MeHeHne  CKOpOCTH  JIBIDKEHUSI Tra3a Il BYTPUIIPOMBICIIOBOTO

obopymoBanus ornpeaensercs mo popmyite [20]:

_ 4Qy
]/I‘ - T[dzp ' (22)

rae (0, — MacCOBBIN pacxo/l rasa;
d — TMaMeTp BHYTPEHHETO CEUYCHUS TPYOBI;
p — IUIOTHOCTH rasa.
Ha npakTike pasaensioT TPU OCHOBHBIX BHJA TCUCHHsS MPHPOTHOTO rasa,
3aBUCAIIMX OT 3HaUCHUs yncia PeiHonbaca [21]:
1. TypOyneuntHoe (Re > 2320)
2. Jlamunapnoe (Re < 1200)
3. Mounekymnsproe (Re = 0)
3HavyeHue uyncia PeliHosbaca sBiseTcss Oe3pa3sMEpHBIM M ONpPENessieTCs 1o
bopmyie:

Re = "nﬂ (23)

IJI€ 7 — 3HAaY€HHE TUHAMUYECKOM BA3KOCTH Iasa.

TypOyneHTHBI WM BUXPEBOW NpOLIECC ABMKEHHUS Tra3a XapakTepeH s
MOMEHTA JABWKEHUS ra3a U3 IUIaTa Ha BXOJI€ B CKBAXKHHY, TO €CTh B CAMOM Hayaie
TEXHOJOTMUECKON CXeMbl Mporecca A00bYM (Te CpeAHee 3HAYeHHE CKOPOCTH
JBIDKCHUS COCTaBIsieT 85% OT MakCMMaJIbHO BO3MOYKHOTO 3HaueHus ). B 3TOT MoMeHT
IPOUCXOAUT XaOTUYHOE JIBMKEHUE MACChl Ta30BOT0 MOTOKA MEXAY COOOM, AaBlIeHNe
MMEET CKJIOHHOCTD K IMyJIbCUPYIOIIEMY U3MEHEHHIO B ATOM 30HE, TaK)Ke MPOUCXOIUT

oOpa3oBaHue BUXpEll Oyaroapsi, BBI3BaHHOE WHEPIIMOHHBIMU CHUJIAMHU Ta3a.
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Jlasiee 10 CKBaXXKMHE U C MEPEXOJIOM B ra30COOpPHbBIC KOJUICKTOPHI U Ta30BbIC
HIeH(bl JBWKCHHE IOTOKA ra3a IMOCTEIEHHO YPETyJaupyeTcs W IEepPexXOauT B
BSI3KOCTHOE WJIM JIAMHHAPHOE TEUYCHHUE, JUII KOTOPOrO XapakTepHa MPOMEKYTOUHAs
obnacTh co 3HaueHueM yucia PeitHonpaca (2320 < Re < 1200). B stom ciydae
CKOPOCTb JIBH)KEHHS ra3za yMeHbIaeTcs (Tae cpeaHee 3HaYeHHe CKOPOCTH PaBHACTCS
MOJOBHHE OT MAaKCHMAlbHOTO 3HAYEHWs), CHJIBI HHEPIMH OCJIabeBaloT |
OIPEICIIIONIUM (PAKTOPOM CTAHOBHUTCS 3HAUYEHHUE BSI3KOCTHBIX CHJI rasa.

MortekysipHOE TeUeHHE XapaKTePHO Ik TPyOOIPOBOIOB, @ TAKXKE COCYIOB C
HU3KAMU 3HAYCHHUSMU JIaBJICHUI, TO €CTh YCIIOBHE BHICOKOTO BakyyMa. B aTom ciydae
BJIMSIHAE BHYTPCHHUX CHJI TPEHUS (BA3KOCTH ) 3HAYUTEIHHO YMEHBIIIAETCS B BUIY TOTO,
YTO MOJICKYJIBI Ta3a HE CTAJIKUBAIOTCA MEXKIY COOOM, B3aMMOACHCTBUE MPOUCXOIUT

TOJIBKO JIUIIL C BHYTPEHHEH MOJOCTHI0 CTECHOK 00BEKTOB MPOMBICIIA.
1.3 OcnoxHeHnst IPH IKCIIYyATAIUA

B mpouecce skcrutyatallid UMEIOTCS MPUYUHBI, IO KOTOPHIM AEOUTHI rasa
NOOBIBAIOIIMX CKBAKMH OTPaHUYMBAIOTCS, HAMOOJEE CYIIECTBEHHBIMH U3 KOTOPBIX
BBICTYTIAIOT:

1. TloaTrsruBaHue KOHycCa MOAOLIBEHHBIX BOJ, B CJIEICTBHH YETO HAPACTAET
IPOLEHT 0OBOJJHEHHOCTU CKBAXKUH;

2. Bosmoxnoe napymenue uenoctHoctu [I3II, B cremctBum dero
IPOUCXOAUT YCHJIEHHBI HM3HOC 3KCIUIyaTallUOHHOTO OOOpYIOBaHMs, a TaKkke
oOpa3zoBaHue MeCUYaHbIX MPOOOK Ha 3a00€ WJIM B CTBOJIE CKBAXKUHBI,

3. T'mmpatoobOpazoBanue, B CJEACTBHE YEro MPOUCXOIUT YMEHBIICHHE
JyaMeTpa IMPOXOJHOIO CEYEHMS KaK B CTBOJIE CKBaYKUHBI, TAK U B YCIIOBUAX JINHEMHBIX
COOpY>KEHUH ITPOMBICIIA;

4.  JlononaHUTENbHAS KOppo3us o0opynoBaHus B pe3yJbTare
B3aMMOJCHCTBHUSI 00OpPYJOBaHMS C arpecCMBHBIMH CpellaMd CEpoBOAOpOAa U

YTJIICKHCIIOro ra3oB.
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1.3.1 KoHnychl NOATATUBAHUS MOJOIIBEHHBIX BOJI

[IpyunHBl, 1O KOTOPOM BO3MOXHA MOCHeAyoumas O0OBOAHEHHOCTb
N00BIBa€MOM POAYKIIMU B Fa30BbIX CKBAXHHAX, MOAPA3AEIAIOT Ha 3 TPYIIIIbL:

— OOBOAHEHME B ra30BbIX CKBa)XMHAX, KOTOPbIE BCKPBUIM HEOJHOPOHBIE
CJIOMCTBIE IJIACTBl B CIEACTBHE IPOABMXKEHUS BOJABI 10 HauboJiee IPEHHPYEMbBIM
poIUIacTKam;

— OOBOAHEHME Ta30BbIX CKBa)XUH B pE3yJbTaTe IMOCTYIUIEHHS BOJABI Ha
32001 110 HEKAaYE€CTBEHHO-3allEMEHTUPOBAHHOMY LIEMEHTHOMY KOJIbLLY M3 HUXE- JIN0O
BBIILIEJIE)KALTUX BOJOHOCHBIX TOPU30HTOB;

— OOBojHEHME Ta30BOI CKBa)XKHMHBI B pe3ysibTaTe€ 0Opa30BaHUS KOHYCOB
NOATSATUBAHUS MOJOIIBEHHBIX BOJ.

Tpetbs rpynmna nosiBineHuss 0OBOJHEHUS BO3HUKAET B MPOLIECCE IKCILTyaTal[uH
BBICOKO/ICOUTHBIX Ta30BbIX CKBAXXUH MPU BOJOHAIIOPHOM PEXHUME, II€ B PE3YJIbTATe
NOBBILICHUSI 3HaU€HUM 1e0uTOB npoucxoaut noaustue ['BK, B oTaenbHbIX ciydasx
IPOPBHIB MOJIOIIBEHHBIX BOJ € MOCIEAYIOIIUM MIPUTOKOM MX K 3a005IM JTOOBIBAIOLINX
CKBQ)XMH W 3HAYHUTEBHO MOBBIMIACT 0OBOAHEHHOCTH Npoaykiuu (pucyrok 10), uto
BJ€YeT 3a Co0O0Hl MOCHenymIyl0 HEoOXOOUMOCTh Cenapaluyd MOBBILIEHHOIO
KOJIMYECTBA BOJIbI, a TAK)K€ OJIArONPHTHBIE YCIOBHS JUIS MOCIENYIOIIEro mpolecca
ruipaTooOpa3oBaHUil U BbIHOCA OOJBIIETO KOJUYECTBA MEXaHUYECKUX IpUMeEce ¢
1311, yTO HEraTMBHO CKa3bIBAETCSl HA U3HOCE JIU(PTOBBIX KOJIOHH, a TAK)KE Ha3€MHOTO

J0OBIBAIOILIETO OOOPY/IOBAHMUS.
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Pucynok 10 — Ilponiecc 06pazoBaHusi BOASHOIO KOHYCa ra30/100bIBAIOIIUX
CKBaXUH: 1 — razoBasi cocTaBiisitolas; 2 — KpaeBbie (IIOJOIIBEHHbIE) BOJbI; 3 — 3a00M
T0OBIBAIOIIEH CKBAXUHBI;, 4 — MOBEPXHOCTh KOHYca; 5 — nmuHus [ BK

JlanHoe siBieHue (0Opa3oBaHUE BOJISHBIX KOHYCOB) XapaKTepHO ISt
MOHOJIMTHBIX IJIACTOB B HauOOJiee MPOHUIIAEMBIX MMaYKaX U MPOIUIACTKAaX, B KOTOPBIX
BO3MOXXHO JBIKCHHE JKHIKOCTH TOMNEPEK HAIUIACThIBAHHUS TIOpOJ 3aJeraHusl.
[lepBoHauasibHO, B MpOLECCE BbI30BA NPUTOKA IUIACTOBOTO (Quitomaa Ha 3adoe
NOOBIBAOIIECH CKBaXXUHBI IyTEM CO3JaHUSl ACNPECCHH, MPOUCXOAUT HCKPHUBIICHHE
rpanuiibl ' BK, B pesynbrare uero oopasyercst BOJSHON XOIM (KOHYC MOATITUBAHUS).
JlocToBepHOi1 Teopuu npoiecca 00pa3oBaHUsi KOHyCa MOATITUBAHUS HET JI0 CUX TOP
B CHJIY TOTO, UTO JIaHHBIW ITPOLIECC SABISETCA YPE3BBIYAHHO CIIOKHBIM B IIPEICKa3aHUH.
OpnHako UMeroTCs NPUOIMKEHHBIE PACUETHBIE BAPUAHTHI IOITYCTUMOTO «O€3BOJHOTO)
nebuta U Gopmbl KOHyca. MeTonuka pacuera Obula MpeasiokeHa Y4eHHbIMU M.
Mackerom u U. A. Yapueim. HecranmonapHocTh KOHyca OOBACHSAETCS TEM, YTO
npouecc 100b1uu [1I" conpoBoXkaaeTCs MOCTENEHHBIM, HO HEMPEPBIBHBIM 3aMEILIEHUEM

ra30BOi COCTABIAIONICH KPAaeBBIMHU U MOIOIIBEHHBIME BogaMu [22].
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Opnako, st oOecrieueHus O€3BOJHOTO MPUTOKA IUIACTOBOM MPOTYKIIUH
3HAYEHUSI JENPECCUU JOJKHBI ObITh JOMYCTUMO MaJibl. B TaHHOM Cily4ae mIpOUCXOAUT
3HAUMMOE BJIMSHUE CHJI TSKECTH, IMOJ JEHCTBHEM KOTOPHIX 00Opa3oBaHUE KOHYCa
3HAYMTENBHO 3aMeUICTCs. B TaHHOM Cilydae XapakTEpHO CIIEAYyIOIIee:

rae Vy — BepTUKaIbHbIE KOMIIOHEHTBI CKOPOCTH JIBH)KEHHS;

VI - ropu3oHTaIbHBIE KOMIIOHEHTHI CKOPOCTH JIBXKUEHUS.

B cBA3M ¢ JgaHHBIM = HEPAaBEHCTBOM, IIPOLIECC MOXHO  Ha3BaTh
KBa3WCTAllMOHApHBIM. B Takom ciywae, s TOro, 4roObl IMPOM3BECTH pPaCUeT
U3MEHEHHUSl HECTAlMOHAPHOTO KOHycCa, CHpaBeAJUBO OyJIeT MPUMEHSATh METOA
IIOCJIEIOBATEIBHOM CMEHBI N-0r0 KOJMYECTBA CTAllMOHAPHBIX COCTOSHUM, INpHU
KOTOPBIX KOHYC B KaXJbli MOMEHT BpeMeHH (yHKIMH OT t Oyner SBIAThCA
CTallMOHAPHBIM:

p =p0,z+dz)=p+ Z—Zdz, (25)

rae p' - 1aBJCHUC HA HUKHIOKO I'PaHb KOHYCA;

p(0,z) = p — naBjieHUE HA BEPXHIOIO I'paHb KOHYCA.

dZ — N3MEHEeHHUE BBICOTHI KOHYCA, 3aII0JJHEHHOT'O BOJIOM.

Taxxe ckopocTh 00pa3oBaHUSI KOHYCOB MOATSITMBAHHUA W BPEMEHH €r0
npopsiBa k 3a00t0 ['JIC onpenensercs anuzotrponueit miacra u remnamu otoopa I1I.
B cBs3u ¢ 3TUM, CKBaXKMHBI, BCKPHIBAIOIINE MTPOAYKTUBHBIE BOJOILIABAIOIINE 3aJIE€KHU
(Ha mpuMepe MecTopoxkaeHu 3anagHo CuOupH) ¢ MOONIBEHHBIMUA BOJAAMU JTOJKHBI
OBITh HECOBEPLIEHHBIMU IO CTEMEHU BCKPBITHS IJ1ACTA, TO €CTh HE BCKPHIBATh HU)KHUE
20-25 wmetpoB. COOTBETCTBEHHO, JJisi YMEHBIICHHS TPOIEHTAa OOBOJAHEHHOCTHU
noObIBaeMOM  MPOAYKIMH, a TaKXKe yBEJIMYEeHHs mepuojga  Oe3BOJAHOIO
dboHTAaHUPOBAHMS HA MPAKTHKE TPUMEHSIOT METOJ] OTPAHUYCHHBIX IEONTOB CKBAKHH,
YTO 3HAYUTEJIBHO TOMOTaeT CHU3UTh MPOUEHT 00BogHEeHHOCTH. OJHAKO,
HEIMOCPEJICTBEHHO JIJIs1 BO3MOXKHOCTH MIPEAYyNPEXICHUS MPOoLecca CKOIUIEHUS BOJIbI B
1311, myTem BpIHOCA €€ HAa MOBEPXHOCTh CKOPOCTh MOABEMA )KHJIKOCTH U3 CKBAXKUHBI

yBenuuuBaoT B pesyibTaTe cmycka TpyO0 HKT no 3abos ckBaxuubel. O camom
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nporiecce ckoruieHus Bojabl B [1311 y3HatoT B pe3ynbTaTe YMEHbBIICHUS TaBICHUS KaK
B 3aTpyOHOM ITpocTpaHcTBe, Tak U B camux HKT [23].
B mpouecc skcrumyaranuu ['JIC mpu Hanuuuu OOBOJHEHHOCTH MPOIYKIIUU
CJIeyeT BhIICTUTH 2 3Tamna [24]:
e  [lepBuuHBIN 3Tan — KOT/1a BOJA, MOCTyMNAaroIIas Ha 32001, BEBIHOCUTCS Ha
MTOBEPXHOCTh BMECTE C T'a30BbIM ITOTOKOM;
e  KonieBoil aTanm — 3tar, Korja Ha 3a0oe 00pa3yercsi CKOIUICHHE CTOJ0a
KUJKOCTH.
JIist oceiHero XxapakTepHa 3aBUCUMOCTb [24]:
AQp = Qp — Qp.a. (26)
rae Qg — 1eOUT BOJIbI, BHOCUMOM U3 IJIACTA;
Qg p. — A€OUT BO/BI, BIHOCUMOM U3 CTBOJIA CKBAKUHBI HA TOBEPXHOCTD.
CrnemoBaTelbHO, JIJIs ICPBUYHOTO 3Tala XapaKTEPHO paBeHCTBO [24]:
Qs = U5, (27)
ITponecc skcrunyaranus ['JIC npu 0OBOHEHHH, B OCHOBHOM MPOUCXOAUT J10
TOTO MOMEHTA, TOKa CKBaXMHA cama ce0si He 3ariyluT, TO €CTh JO0 MOMEHTa
MpeKpalieHusl TMOCTYIUIeHHs ra3a u3 Iulacta (camosanaBinuBanusi). [lpu 3TOM

KO3 PUITUESHT 0OBOTHEHHOCTH JJIsI TA30BOM CKBaKHHBI OyIeT clieayromuM [24]:

Z hio B
Koos = 5o hm“p, (28)

r1e Y, hjygs — CyMMa MOIITHOCTEH 00BOTHEHHBIX IJIACTOB;

% hiyp — CyMMa IpEHMPYEMBIX TOJIIIHUH.

CnenoBaTejlbHO, B  IMOJHOCTBIO OOBOJHECHHOM  CKBaXXHHBI  JIAHHBIN
koadummenT Oynet paseH 1 (k,g; = 1), cyMMa MoIIHOCTEH 0OBOJHEHHBIX YU4aCTKOB
= CyMM€ JIDEHUPYEMBIX TOJIHH (3 Rjoes = X Riyp). TakuM 00pa3oM, IpH 9aCTUIHOM
0OBOJTHEHUH CKBAYKUHBI, HEOOXOAMMO MPaBUILHO OTIPEICTUTh HCTOYHUK OOBOTHEHUS
CKB)KHHBI, YTO TO3BOJIUT IMOJ00paTh BEPHBIM CHOCOO IS yIaJCHUS JKUIKOCTH C
3a00s1. 13 Hanbosiee pacpoCTpaHEHHBIX BBIICISIOT TAKUE, KaK:

o  DU3MKO-XUMHUYECKHE, C UCTIOJIb30BAHUEM TTIEHOOOPA3YIOIIUX PEareHTOB
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e  MexaHnWyecKue, ¢ UCIOIbL30BaHUEM MTPOAYBOK, raziudra, TTYHKEPHOTO
audTa

O6a >TMX MeTOJ0B 00JaMal0T W00 MEPHOIUYECKUM, JIMOO MOCTOSIHHBIM
XapaKTepOM yIaJICHHS KUIKOCTH.

[Tepuonnueckre METOBI SIBISIIOTCS HanOosiee 3(h(PEKTUBHBIMU B TEX CIIyJasx,
KorJa HaOJIFo1ar0TCsl HeOOoIbIIe ASOUTHI BOALL. B nX yuce:

e OcranoBka I'JIC, mis TOoro, 4roObl IPOU3OINIO IOTJIOIICHUE BOJIBI
IJIACTOM B pe3yibTaTe NCUCTBUS CHII TPABUTAITNY;

e [IpoayBKoil CKBaXKMHHOM MPOAYKIMH B aTMOc(hepy uepe3 CrelalbHbIHI
OTBOJI «CBEUY»;

e BcneHuBaHWe KHUIAKOCTH TMPU TMOMOIIM BBOJAa B JHU(TOBBIE TPYOBI
MEHO00pa3oBaTels.

[TocTosiHHBIE METOABI YIAJEHUS IPOBOMIITCS MPU 3HAUYUTEIBHBIX J1eOHMTax
00BOTHEHUS TIPOIYKIIUU. B ux umcie:

° Meton  koHTponsi  1eOUTOB  ra30A00BIBAIONIMX  CKBaXHUH, C
HCIIOJIb30BaHUEM IITYIIEPOB, CIIOCOOCTBYIONINX BEIHOCY BOJIBI € 32004,

e  Ortkayka XHUIKOCTH C 3a00s IIPH TIOMOIIM ITyOMHHOTO HACOCA,;

e  BcnenuBaHue XUAKOCTHU ¢ ucnoiab3oBanueM [IAB (cymnbsdanon).
1.3.2 Bansinue MexaHM4YeCKHX NpuMecei

IIponiecc paspymienust mopoj, pacnosioxkeHHbix B 1311 oOycioBieH
HCYCTOWYHMBOCTBIO (C1a00i IieMeHTale) camMux mopoa (B OCHOBHBIM 3TO
TEpPUTEHHBIE KOJUIEKTOPAa) K BHICOKUM 3HA4YE€HUSIM 1eOUTOB. TO €cTh, B pe3ynbTaTe
MPEBBIIIEHUS JOMYCTUMOTO TPAaJUCHTa JIaBJIICHUSI MPOUCXOAUT Pa3pyILICHUE YaACTHUII

[13I1 30HBI M1aCTa € MOCIAEAYIONIUM BBIHOCOM HX B CKBAXKUHY.
aP
gradP,,; < e (29)
rae gradP,,; — IONYCTMMBIA TPaJUEHT JaBICHMS, CIIOCOOCTBYIOIIMI

ycToitunBocTH 30HbI [1311;

P
5p ~ IIPEBBIIIEHHE IPA/IUEHTA IABIICHUS T1311.
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PaspyiiieHHbie TBepable YaCTHIBI, BBIHOCHMbIE Ha IOBEPXHOCTH BMECTE C
ra3oBbIM ITOTOKOM, CIOCOOCTBYIOT 3HAYHUTEIBHOMY HM3HOCY OKCIUTyaTalldOHHOTO
HA3eMHOT'0 U MOJI36MHOTO 000PYI0BaHHUSI.

Taxxe, B 100aBOK K O3TOMY C TEUCHHEM BPEMEHH, YaCTHIIbI IOPOIHI,
MIOCTYIABIIME B CKBOKUHY, YACTUYHO HAYMHAIOT OCAXKIATHCS Ha 32a00¢ T0OBIBAIOIINX
CKBaXKHMH, YTO ByIe4eT oOpa3zoBanue npoOku [25] (pucyHok 11), B pesynbraTe 4ero

Ha0JII0/1aeTCsl CYILECTBEHHOE CHIKEHUE TEKYIIMX I0Ka3aTenel 1e01TOoB.

Pucynok 11 — IIporecc o6pazoBanus mecuanoil mpoOku Ha 3a00e
NOOBIBaIOIIEH CKBaKUHBI
Ha pucynke 12 (3aBucuMocTbh 1o MackeTy) MOKa3aHO COOTHOUIEHUE MEXIY
NeOUTOM Ta30100bIBAOIINX CKBRXUH JI0 MOMEHTa 00pa30BaHus MEeCYaHbIX MPOOOK U
nocne. CTOUT OTMETUTh, YTO HaJIM4YUE MecyaHOW MPOOKH OKa3blBaeT 3HAUMTEIHHOE

BJIMSITHUC HA YMCHBIICHNEC 3HAUCHU S JIC6I/ITa.
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Pucynok 12 — I'paduueckas 3apucumocts nedurta ['/JIC oT oTHOCUTEILHOM
MIPOHMIIAEMOCTHU MTPOOKH Ha 3a00¢€

Takum oOpa3om ciemyeT OTMETHTh, YTO B cllydae, Korjga oOpa3oBaBIIasiCs
npoOKa TOJIHOCTBIO TEpeKphbUia MepdOoparMoOHHbBIA HHTEPBAJl, MPU YCIOBUHU, UYTO
npoHunaemocts mpooku (ko) Oyner takoit xe, kak u y miacra (Ki), To mokaszarenb
neouta (Qz) TakoW CKBa)XHMHBI OYIET COCTaBIATh <~ 7% OT JOMYyCTUMO BO3MOXKHOTO
sHaueHus (Q1). OgHAaKO, B pealIbHBIX YCIOBUSX 3HAYCHUS MPOHUIIAEMOCTH ITeCYaHOU
npoOku (Kz) Ha mopsmok Bhime npoHunaemMoctu rmiacta (Ki), HO Jaxke B TakuX
yCIOBHSX 3Ha4YeHHe feOuTa ¢ mpobkoit (Q2) Oyaer coctaBisaTh = 13% 0T I10MyCTUMO
Bo3MoskHOTO (Q1) [26].

Ha pucynke 13 mo WHAMKATOPHBIM JIMHUSAM MOKHO 3aMETUTh BIIMSHHE
necyaHou MpoOKM Ha U3MEHEHHUE JIETPECCHH B 3aBUCUMOCTHU OT MPOU3BOIUTEIHHOCTU

CKBaKUHBI [27].
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Pucynok 13 — Ungukatopubie munuu pexuma I'J1C:

1 — 10 MoMeHTa 0Opa3oBaHus MeCUaHou MPOOKHU, 2 — MOCIie MOMEHTA
00pa3oBaHUs IECUaHON NPOOKU

HenocpencTBeHHO 711 MPEAOTBpPALIEHUs Ipoliecca MOCTYIUIEHUS IIecKa B
CKBOXHHY C TMOCIEAYIOIIUM IPOLIECCOM NPOOKOOOpa3oBaHUS  MPOU3BOIAT
orpaHudeHre orbopa raza. [Ipu BapuanTe orpaHWYeHHUs TOKaszaTels neOuTa s
BO3MOXXHOCTH TMpEIOTBpalleHusl 00pa3oBaHMsl MPOOKHM Ha 3a00€ CKBaXXUHBI U
YCTAaHOBJICHHSI TEXHOJIOTMYECKOTO peXUMa MPEeNIbHO-I0NYCTUMON JENpPecCud Ha
IUTACT CIIPaBEJIMBO paBEHCTBO [28]:

Apnp = Pun — Dzas = CONSE, (30)

r71e Apyp — IPENeIbHO-I0MYCTUMAS JETPECCHS;

Prnr Psag — AABJICHHS JIACTOBOE M 3200MHOE COOTBETCTBEHHO.

3HaueHHUEe MpeeIbHO-I0MYCTUMON JIEMIPECCUH, OKa3bIBAEMOW HA IUIACT, MPU
KOTOpoM HaunHaeTcs paspywenue [I3I1 xomnexkropa, BO3MOXHO ONPENEIUTH HA
ocHoBe naHHbiXx ['MC Ha cTarmoHapHbBIX pexuMax (UIbTPAIMK, a TPAHUILy BBIHOCA
YaCTUUYEK MecKa ONMpeaeNsaioT, UCIO0Jb3ys MpoOKoynoBuTenb. U3 aToro cienyer, 4yTo
TPOC nomxken ObITH MOJO00pPaH TaKUM 00pa30M, YTOOBI HE TPOUCXOIUIIO OCAKICHUE
gactuuek paspymennoi [I3[1 na 3a0oe, a mpu mOMagaHWKM BBIHOCWICA Ha

MOBEPXHOCTh. J[aHHBIN c1TOCOO AOCTUKUM IMIPU BapHaHTe CIycKa OamMaka Ju(ToBbIX
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TpyO 0 HIKHUX MEepPOPAIMOHHBIX OTBEPCTHI, MPU YCIOBUHU, YTO CKOPOCTh MOTOKA

[I" moymkHA MPEBBIMATL CKOPOCTh ocaxkaeHus yactui [1311 (rme g = 9,8 C%)

OnHako, eciii 3TO HE MPEACTABIAETCS BO3MOKHOCTh IOTOMY, KaK MPEEIbHO-
JOIYyCTUMasl JIETNpPeccrs Ha IUIACT HE IO3BOJISIET AOCTHYb 3HAYEHWM IPOEKTHOIO
noKasaresig Je0uTa ra30J00bIBalONIE CKBaXKMHBI, HCIIOJB3YIOT Pa3Iu4HOrO pojaa
TpyOHbIE U rpaBUiiHbIE (QUIBTPHI HA 3a00€ CKBaXKUH. [ [puMeHeHne TaKOBbIX T03BOJISIET
JOCTUTaTh TPeOyeMBbIX 3HAYEHUI 1eOUTOB, MPHU YCIOBHM, YTO (PUIBTPHI HE OYAyT
IPOITYCKATh YACTULIBI MTECKa B CTBOJ CKBa)XUHBI. TaKKe MX MPUMEHEHHUE CUMUTAETCS
IPUEMIIEMBIM  JUII  YMEHBIIEHHMS  IPOLEHTAa  OKCIUIyaTallMOHHOIO  H3HOCA
noObIBaroero odopynoanus. Cerogus HanOosee TPUMEHUMBI (DUIBTPBI, TUAMETP
OTBEPCTUM KOTOpBIX cocTtaBimsier or 1,5 MM g0 20 MM, OPEUMYIIECTBEHHO
M3TOTOBJIEHHBIX U3 00CaJHbIX TPYyO. BhIBaIOT: rpaBUiiHbIE, KOJIBLEBbIE, IPOBOJIOYHBIE
U 11eJIeBbIE (PUITBTPBHI.

Hcnonp30BaHne rpaBUMHBIX (PUIBTPOB MO3BOJIIET HE TOJBKO MPEJOTBPATUTD
Ipolecc IMOCTYIUIEHHs IIeCKa B CKBaXWHY, HO M TPOU3BECTH KPEIUICHHE
c1a00CIEMEHTUPOBaHHBIX WM He ycToruuBbix mnopop II3I1 (c ucnons3oBaHuem
3aKauMBaHUA B IUIACT PA3JIMYHBIX PACTBOPOB), & TAKXKE CO3AAaTh BOKPYT 32005 30HY
BBICOKOI mpoHunaeMoctu. Hanbosnee ucnoiap3yeMbIMU pacTBOpaMH JJISl 3aKauyKu C
uenbto ykperieHus 1311 sBasitoTCs: HEMEHTHbIE M IIEMEHTHOIECUYaHbIE PACTBOPHI,
denon- u kapOGamumopopManmpiaeruanbie cMmoiibl. [locime 3akaykd pacTBOPOB U
obpabotku II3II, s BOCCTaHOBJIEHUS MPOHUIIAEMOCTH, B IUIACT 3aKauMBaIOT
KOH/IeHCAT B 3-0M 00beMe OT 00beMa 3aKau€HHOTO pacTBOpA.

Takxke, B citydasx, Korja o0Opa3oBaHUE MEeCYaHbIX MPOOOK MaJI03HAYMMO, IS
WX yJaJdeHus IpUMEHSIOT noa0op Heooxoaumoro quametpa HKT u mporecc unctku

TUAPOOYPOM.
1.3.3 Bausinue ruiparoodpazoBaHuii

B ycrnoBusix miacTta rasbl, HachIIIEHHBIE MMapaMU BOJAbI, MPU MOHMKEHHBIX
3HAUEHHUAX TEMIIepaTyphbl U JABJICHHS, 0Opa3yloT 3alieu ra3oBbIX rugpatoB. Cam

IIPUHIOUII O6pa30BaHI/I$I HMCECT II0CJICA0OBATCIIBHOCTD, B XOJ€ KOTOpOﬁ MOJICKYJIBI I'a3a
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U OMPEECICHHBIX 3HAYCHUSIX TEMIEPATypbl U JaBICHUS 3aOJIHIIOT CTPYKTYpPHBIE
MyCTOTHI KPUCTAINTNYECKOM PELIeTKH, 00pa30BaHHbIE MOJIEKYJIaMH BOJIbI TP ITOMOIIN
BOJIOPOJHOM CBSI3U, TO €CTh (PAKTUUYECKH MOJIEKYJIbI BOJbI PA3/IBUTAIOTCS MOJIEKYJIaMU
rasza [29].

IIpouecc 00pazoBaHus ra30BbIX THIPATOB 3aBUCUT OT KOMIIOHEHTHOI'O COCTaBa
rasa, COCTOSIHUSI BOJABl U BHEIIHUX TEPMOOAPUUECKUX XapaKTEPUCTUK. MOJEKYJIbl
raza, oOpa3yroue rupar, pa3MeieHbl BO BHYTPEHHUX MOJIOCTIX KPUCTAITNYECKON
pELIETKH, KOTOPYIO 00pa3yroT MOJIEKYJIbI BOJBI U BCE 3TO YAECPKUBAECTCS IIPU TOMOLIH
Ban-nep-BaanscoBeivu cunamu  (pucyHok 14). OcHoBormonarammuM (HakTopom,
OTIPEAETSIONNM THUI CTPYKTYpHI TUApaTa (PUCYHOK 15), sIBIsSieTCS pa3Mep MOJEKYII
rasa, 00pa3yrouiero ruipart, cjae10BaTeNbHO, MOJIEKYJIbl, UMEIOIINE OOJIBIINIA pa3mep,
4eM y MOJICKYJIHI I-OyTaHa rujipara He o0pa3yror.

VYcnoBuss ke 00pa3oBaHUS BBIPAXKAIOTCS JUArpaMMOMl  Te€TepOTE€HHOTrO
cocTostHUs ra3oB 1o FO. @. Makorony B KOOpAMHATHON 3aBUCHMOCTH JIaBJICHUS OT
temrepaTrypbl (pucyHok 16). Jlns maHHBIX 3HAYCHHUH TEMIIEpaTypbl B peE3ylbTaTe
NOBBILICHUSI JaBJICHUSI BbIIIE JaBJICHHsI, COOTBETCTBYIOIIEIO KPUBOIM Ha AMarpamme,
KaK pa3-TaKd M COIMPOBOXKAAETCS CaMUM IPOLIECCOM COEIMHEHHSI MOJIEKYN rasza C
MOJIEKYJIaMH BOJIbl, TOBOPSI KOHKPETHO — o0pa3oBaHust rupaTtoB. CoeTMHEHUS] UMEET
ClIabOyCTOMYMBBIM XapakTep, M B Cilydae C MOHWKEHUEM JaBjieHus (mpu
M30TEPMHUYECKOM IPOLIECCE) WIIM MOBBILIEHUEM TEMIIEpaTyphl (IpH U300apUueCKOM

mpoliecce) HaOMIoAaeTCs pa3ioKEHUE THIpaTa Ha ra3 v BOJY.

Pucynok 14 — Mouekyibl THAPATOB
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Pucynox 15 — CtpykTypa ruipaToB: a — METaH, 3TaH, TUOKCHU]I YTIEPO/a,

CEpOBOJIOPOI, a30T; O — MporaH, i-OyTaH
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Pucynox 16 — Jluarpamma rereporeHHoro coctostaus ra3os 1o 0. .
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AOCOII0THAs YCTOMYMBOCTh — CBOMCTBO, MEPOI KOTOPOTO SIBIISIETCS TEIUIOTa
oOpa3oBaHMsI THIpaTa, BbIpaXawllas 3aKOHOMEPHOCTb: YeM BBIIIE TEIJIOTa
oOpa3oBaHMsI THUIpaTa, TEM BBIIIE €TI0 YCTOMYMBOCTb. Y CTOMYMBOCTH T'MIPATOB
XapakTepu3yeTcs Uil JBYX CIIy4aeB IpU P U t = const nonepeMeHHo (tabnuua 8):

e JlaBieHHE pa3IoKeHUs THAPaToB 1pu t = const = 0 °C;

KrIcC
e Temmeparypa pas3jioKEHHs THAPATOB IIpH p = const = 1 —.
CM

Tabmuma 8 — YCTOWYMBOCTH THUAPATOB MPH H30TEPMUUYECKOM H H300apUUECKOM

nporieccax [30]

KommounenT P=const, K_F‘Z: tp=const, °C
CM

CHs 26 -29
C2oHs 5,2 -15,8
C3zHs 1,7 -8,5

i-CaH10 1,2 000
CO2 12,47 -24
H2S 0,96 +0,35

Crnengyer OTMETUTb, YTO HAUBBICHIYIO TEMIEpaTypy TUIpaTooOpa3oBaHUs

MMEET CEpPOBOJOPOJ, IpHU 35;% TUApaT CyIecTByeT ¢ Temieparypoil B 30 °C
(pucynoxk 16).

HenocpenctBenHo, camu ra3oBbl€ THAPATHI UMEIOT BO3MOXKHOCTH YCIEIITHO
0o0pa3oBaTbCsl Kak B CTBOJICE CKBaXXMHBI, TAK U YK€ B JMHUU COOpa CKBAKUHHOU
MPOAYKLIUHU, BBUAY TOTO, YTO IIPOLECC JBMKECHHUS ra3a B YCIOBUAX JIMHEHHOIO
MIPOMBICJIa OOYCJIOBJICH TOCTENEHHBIM MMOHWKEHUEM €T0 JaBJICHUSI U TEMIIEPATyPhl, B
CJIEACTBUU YETO Napbl BOAbI KOHACHCUPYIOTCS U CKAIJIMBAIOTCSA. B pe3ysbraTte HU3KUX
IOKa3aTesaed TEMIIEPATYP W BBICOKMX JABJIEHUM IIACTA MPOUCXOAUT HaAPYIIEHUE
PEKUMOB JKCIUTyaTallud C JaJbHEHMIIMMHM YMEHBIIEHUEM U JaXK€ IMOJHbBIM
MEPEKPBITUEM MPOXOAHOIO cedeHus kak camoil I'JIC, Tak U TMHEUHBIX COOPYKEHUM
poOMBICIIa. B OTAENBbHBIX Cilyyasx BO3MOKHA YacTUyHasg 3akynopka 30HbI [I3I1
00pa30BaHUSIMH THIIPATOB, TAKXKE MOXKET MPOUCXOJIUTh HAPYIICHHE PabOThl CHCTEM
KUWII. MtoroM CTaHOBHUTCS 4YaCTUYHOE JUOO TOJIHOE MPEKpalleHHE IMOJavd rasa.

OpxHako HEOOXOAMM MPOIIECC KOHTPOJISl TEMIIEPATYPHOTO PEKUMA padodel CKBaXKUHBI

H B CJiy4ac C BBICOKOM TeMnepaTypoﬁ mracra, Tak Kak B JAHHOM CJIy4ac B PC3yJIbTaTC
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TeIJIonepeayn OT IulacTa K OOCagHBIM TpyOaM M YCHJICHHBIM CTaTUYECKHM
Harpy3Kam moJi COOCTBEHHBIM HE CTOUT UCKITIOYaTh BO3MOXHOCTh 00Opa3oBaHus rodp
C TIOCJICYIOIIMM Pa3pbIBOM TPYO.

[Iporecc 60pbOBI ¢ THAPATOOOPA3OBAHUSIMU UMEET JIBE BaKHBIC QYHKITUU, 3TO
MIEPBOCTEIICHHO TMpeaynpekJAeHue HuX o0pa3oBaHHs, a B ciydyae, €ClId YyKe
oOpa3zoBaHbl, TO JuKBHAaIUsa. COOTBETCTBEHHO ISl IIpoIlecca MPeaOTBPAIICHUS
HEOOXOJMMO CO3/1aTh YCJIOBHS, B KOTOPHIX OyAET yCTAaHOBIICH PEXUM O€3rHapaHon
POC. dakTruecku 3TO BhIpaXKeHO ABYyMs HepaBeHcTBamu [31]:

PSPp:t2ty (31)

rae pp, tp, — OTO PABHOBECHBIC 3HAYEHHs TEPMOOAPUYECKUX YCIIOBHH
TUApaTOO0pa3OBaAHUIA.

CrnentyeT y4ecTh, YTO 3TU 3HAYEHHUSI OIIPEACIIAIOT KCIIEpUMEHTaIbHO, 1t [1311
OepyTcs ycoBHs Ha 3a00€ CKBaXUHBI, a JIJIsl CTBOJIA CKBAXKUHBI TPUHUMAIOT 3HAYEHUS
JTAHHBIX BEJTUYUH Ha yCThE.

Temmneparypy B crtBosie padOortaromerd ['JIC, mpu HCKIIOYCHUH HATUIHS

MHOTOJICTIIEP3JIBIX TTOPOJI, ONPEALIIsIoT 1o hopmysie [32]:

L Cp (32)

- _,—a(lL-x)
T = Ty = T =) = AT~ 4 (1= p, 2 - 2 ) e

rae T, — 3HaYeHHe TeMIepaTyphbl Ha MHTEPECYIOIIEeH ITyOnHeE;

I' — reorepmuueckuit kordduureHT yyactka ot L 1o x;

L — rryOviHa CKBa)KUHBI OT YCThSI 10 CEpeANHbI Iep(POpalMOHHBIX OTBEPCTUI;

AT — mnanenue temnepatypsl raza II3I1 B pesynbrate sdpdekra Jxoyms-
Tommcona;

P;, P, — naBienue Ha 3a00€ U yCThE COOTBETCBEHHO,

D; — xoaddunment Jxoymnsa-Tomrcona;

kx|

o 1
A— TCPMHUUCCKUH 3KBUBAJICHT pa6OTBI = — )
102 Kr*Mm

C

P TCIUIOEMKOCTD I'a3a,

Q — MONPABOYHBIN KO3 PULIUEHT.
[Ipu yem 3HaueHune u3MeHenus (najaenus) temmneparypsl raza [13I1 naxonures
o popmye [32]:
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lg(1+ Gept )

nhCnr%

e(GE)

AT =Ty — T3 = Di(Pl'IJl - Ps) (33)

I'ne G — maccoBbIil pacxo] rasa,
t — Bpems pabOThI CKBAKMHBI ¢ HaYaIa SKCILTyaTalliy;
h — MOIIIHOCTB IJIACTa;

3Ha4YeHHUE IMONPABOYHOT0 KOAP(MUIIMEHT @ OnpeeysatoT mo ¢popmyite [32]:

21y
a = ,
GCpf (1)

(34)

rae A, — remmonpoBoaHocTh ['11;
C, — TEMIOEMKOCTD I'a3a;
f (t) — dyHkms Bpemenu, 6e3pa3MepHas BEIUYHHA.

TemnmoeMKoCTh Ta3a onpeAensioT mo Gopmye [32]:

__RT?

Cp =% (Z—;)p’ (35)

bespasMepHyro pyHKIIHIO BpeMEeH! Haxo T 1o Gopmyte [32]:

f@®) =in (1 + ’”“t), (36)

Cur
Koadpdumment Jxoyns-TomcoHa XxapakTepus3yeT U3BMEHEHHE TEMIIEPaTyphl €
paclIMpeHreM ra3a, KOTopoe IPOUCXOAUT IIPU ITOJIHOM OTCYTCTBHM II€pENayu Teria

(paboTsI), onpeaenseTcs o HoMorpamme (pucyHok 17) mubo o dpopmyie [32]:

= (37)

D = (T T(Z_I;)p‘v
i (6p)p Cp
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Pucynox 17 — Homorpamma rupaTooOpa3oBaHuii mpupoaHOTo rasza [32]
[Tomumo mnpuBeneHHoW Bbimie Gopmyibl (32), U3MEHEHHWE TEeMIEePaTyphl
NIOTOKA Ta3a Mo JUTMHE CTBOJIA ra30]00bIBAIONICH CKBAXXHHBI, a TAKXKE HA €€ YCThEe
BO3MOYKHO ONPEICIUTh C UCIOJIH30BAHUEM TITyOWHHBIX TEPMOMETPOB. AHATH3HPYS
3aBUCUMOCTh TEMIIEpaTypbl raza IO CTBOJy CKBaXHHBI OT TOKa3aTenei aeOuta

(pucyHok 18), CTOMT OTMETHTH, YTO TEIUIOBON PEXKUM B MPOLIECCE €€ IKCILTyaTalluu
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HN3MCHACTCA: C YBCIIMYCHUCM I[G6I/ITa MOBBIIACTCA TCMIICpATYPaA IO CTBOJIY CKBAKHHBI

1 Ha000POT, C YMEHBIIIEHUEM JIeONTa — YMEHBIIAETCS TEMIIEpaTypa.

T
M
—~

0 M Q

Pucynok 18 — 3aBuCHMOCTh U3MEHEHUS TEMIIEPATYPHI MO CTBOJIY CKBAYKHUHBI

oT nebura

Hcxons u3 3Toro, B mpouecce peryiaupoBanus nokazareneid aeouros I'JIC,
MO>XHO PpEeryiupoBaTh (M3MEHSTH) TeMIilepaTypy oOpa3oBaHMs THApaToB. Taxxke
TeMIeparypa THApaTooOpa3oBaHUil B CTBOJE CKBAXMHBI MPU YCTAaHOBUBIIEMCS
pacxojie 3aBUCUT OT AuameTpa JU(TOBOM KOJOHHBI. B COOTBETCTBHM € 3THUM,
0e3ruapaTHhI PEXUM PaOOThl CKBAXXUHBI CYIIECTBYET NPH YCIOBUM OOJBIITUX
ONTUMAJIbHBIX 1eOUTOB U ¢ yBenmmuenuem auamerpa HKT. [1pu BeiGope 6eruapataoro
pexxuma padoThl ra30A00bIBAOIIECH CKBaXUHBI CIEAYET YYMTHIBATH BIIMSHUE Ha
TeMIiepaTypy rasa mnpoieccsl usmenenus quamerpa HKT u nebura.

CrnemoBaTellbHO, CYIISCTBYET Takoe 3HadeHHWe naeouta (B Touke M’), mpwu
KOTOPOM TeMIlepaTypa raza Ha ycThe MakcuMayibHa (B Touke M, pucyHok 18), a
JanbHelIee MOBBIIIEHHE Je0UTa NPHUBOAUT K TMOHWKEHHMIO TeMIeparypbl. ITO
OOBSCHSAETCS TEM, YTO MPHU HAIMYMK OOJIbIINX 3HAYEHHUM 1€OMTOB Ta3a MPOUCXOJIUT

YBCIIMYCHUC TTIOTCPL HABJICHHA, B PC3YJILTATC CICAYCT ITOHMKCHUC TCMIICPATYPbI 3d

58



cuer 3¢ dekra [xoynga-TomrncoHna, KOTopoe MpeodiagacT HaJl MOBBIILICHUEM H3-32a
BBICOKHX CKOPOCTEH Ta30BOT0 MOTOKA.

Haubonee nerkogoCTyIMHBIM TEXHOJIOTHUYECKUM CIIOCOO0M 0OecredeHHsI
oesruapatHoro POC Oynmer mnporecc NOaAEp:KaHHUs TEMIEPATypbl Ha YCThE B
nuanasone ot 25 no 30 °C, B mamHOM ciyuae npu mo6om masnenun < 50 MIla
THJIPATHI B CTBOJIC CKBAKHHBI HE 00pa3yroTcs. TeMm He MeHee TOYHOE MECTO BBITIAJICHHE
THJIPATOB 3aBHCUT OT MHOXECTBa pa3HBIX (haKTOpoB, HamOoJee MpeacKa3zyeMbIMU
SBIISIIOTCS MECTa, KOTOpBIC OMPENCNSIOT MO TpaduKy auarpaMM Te€TepOTreHHOTO
COCTOSIHUS Ta30B (pucyHOK 16) [32].

B ciygasix, e 6e3ruapaTHBIN PeXUM 3a/1aTh HE TIPECTABISETCS BO3MOKHBIM,
K TpUMEpy, MO TEOJOrO-TeXHOJOTUYECKHMM NpUYHHAM, JHOO0 K€ B Ciydae
pAcIONIOKEHUsI CKBRXMH B palOHAX BEYHOW MEP3JIO0Thl, AKTUBHO IPUMEHSIIOT
UHTUOUTOPHI TUAPATOOOPA30BaHNUS, KOTOPBII CIOCOOCTBYET CHUKEHUIO TEMITEPATYPBI
THIpaTooOpazoBaHus il ra3oB. Hambosee pacnpoCTpaHEHHBIMH M3 KOTOPBIX
SIBIISTIOTCSI:

e  MeraHoa (METUIIOBBIN CIUPT);

e  XJIOPUCTBIN KAIbIUN;

e ['muxomu (I, 2T, TOT).

MexaHu3m JACHUCTBUST WHTHOMTOPOB 3aKJIFOYAETCS B MPOIECCE CHUKCHUS
TEMIIepaTypbl THAPATOOOpa30BaHMI 32 CUET CHIDKEHHsS JaBJICHHS IapOB BOJBI.
MetaHon cTan JUAEpOM JAHHOM TPOWKM M TMOJYy4HJI OOJbIIYI0 3()(PEKTUBHOCTH
NPUMEHEHHUS UMEHHO ISl MPEAOTBPALICHUS M JIMKBHIAIMHA TUAPATOOOpa30BaHUil B
CKBa)XMHE, 0 CPAaBHEHUIO C JPYI'MMH, B OTHOIIEHHH CTOMMOCTH U OOBEMHOTO
pacxonga. OIHAKO 3HAYMMBIM HEJIOCTATKOM SIBIISIETCS €r0 TOKCHUYHOCTB JIJISl JIFOZCH
[33].

B ckBakuHy 101aua MHTHOMTOPA OCYIIECTBIISICTCS BBOJIOM €T0 Ha 32001 uepes
3aTpyOHOE MPOCTPAHCTBO, PEKE U3BECTHBI CIIydal ¢ MHBEPCHBHOM Mojavei, TO eCTh
yepe3 MU TOBOIO KOJOHHY M 3a00pOM rasa uepes 3aTpyOoHoe mpocTpaHcTBO. OOBIYHO
NOJOOHBIA CHOCOO AKCIUTyaTallil MPUMEHSIOT B CIy4asX OOBOJHEHUS CKBAXKHHBI,

KOT/Ia BHYTPb JIU(PTOBOM KOJIOHHBIM CIYyCKAIOT TPYyObl MEHBIIETO JaUaMeTpa,
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oOpa3yeTrcsi Tak Ha3bIBAEMbIl MaJblil 3aTpyO M MPOMCXOAUT OJHOBPEMEHHBIN 3a00p
BO/bI uepe3 MeHblnnil auamerp Tpyo HKT, yepes Gonpimii momaercss ”HTUOUTOP, a
yepe3 3arpyOHOE MPOCTPAHCTBO OCYIIECTBISAIOT J00bMy Trasza. Jnsg mnojgaum
MHIMOUTOpA MPUMEHSIOT cienuaibHble ycTaHoBKH (B/IPX), 000pynoBaHHbIE Ha KyCTe
ra3o00bIBAIONINX CKBOXKUH U LEHTPAJIM30BaHHYIO MoAadyy MHruouropa. B ciyuae
WHAMBUIYAJIbHOM MOJaYydl HHIHMOUTOpAa B OTAEIBHYIO CKBAXKHHY HCIOJIB3YIOT
YCTaHOBJICHHBIE HA YCThE MHTMOMTOPHBIN 040K, HACOC JUIsl 3aKAYKU U PETYIUPYEMBII
BEHTUJIb TUOO aBTOMATHUKA JUIsl HENIPEPHIBHOW/TIEPUOIUUECKON OIaUH .

B no6aBok, B pailoHax BEYHOW MEP3JIOThI UCIIOIb3YIOT:

e  3aloilHble HarpeBaTead — MOBBIIIAIOT TEMIIEpaTypy ra3a Ha BXOJE, B
CYMME C KOHTPOJIEM IpUEMJIEMbIX 3HAYEHUH Je0uTa JOCTUTaeTCs HauOONIbIINN
addekt, mpeaoTBpaiaronmii 00pa3oBaHUE U CIIOCOOCTBYIOLIUM PA3IOKEHUIO YKE
00pa30BaBIIUXCS THIPATOB;

e ['peronuii Kkabenb — YCTPONCTBO, CIOCOOCTBYIOIIEE CITYCKA B CKBAXKUHY
IIPU NTOMOIIM KPEIUIeHUs K TU(TOBBIM TpyOam, B MPOIIECCE HATPEBAHUS B PE3YJIbTATE
TEIJI000MEHA CO CPEI0il MOBBIIIAET TEMIIEPATYPY KaK BHYTpU JTU(PTOBBIX TPYyO, TaK U
B 3aTpyOHOM IPOCTPAHCTBE, YTO, B CBOIO OYEPE/b, CHOCOOCTBYET MPEAOTBPAILEHUIO
TUAPATO0O0PaA30BAHMIA;

e  Tepmokelicel — o0cagHble TPYObl, KOHCTPYKTUBHO COCTOSIIIME M3 JIBYX
TpYyoO, IIPOCTPAHCTBO MEXIY KOTOPBIMHU 3aI0JHEHO crenuaibHbIM
TEIJIOU30JIUPYIOIIMM MaTepUaioM, CIOCOOCTBYIOIIETO OCIAOJIEHUIO TEeI00OMeHa
Mexay MMII u nmoTokoM rasa BHYTPH CKBaXHHBI, TEM CAMBIM IPEISTCTBYET
noHwkeHuto temnepatypsl [1I" u, kak crieacTsue, 00pa30BaHUIO THIPATOB;

e TpyOHoe ruapodoOHOE TOKPHITUE — MPEMSATCTBYET OCAKICHHUIO YXKE
CJICTIMBIIMXCS MOJIEKYJI HA CTEHKax TPyO BHYTPH CKBA)KHHBI, B pPE3YyJIbTaTE YErO BCE
CKJICHBIIMECS YACTHULbI KAllEJIbHOM KUAKOCTH U [1I" BBIHOCAT € TOTOKOM Ha YCThE U HE

IMPOUCXOAUT HAJIUIIAHUA O6p&30BaHHﬁ rugpaTtoB B CTBOJIC CKBAJKHHBI.
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1.3.4 BausiHue yrjieKucJaoro u CepoBoOJA0POIHOIO ra3oB

O6opynoBaHusi MECTOPOXKJIEHUM, Y KOTOPBIX Ta3oBas COCTaBJISIIOLIAS
COJIEPKUT MOBBIIIEHHOE KOJNYECTBO MPUMECEH CEPOBOIOPOIA U YIIIEKUCIIOTO ra3a B
cocrase I1I', moaBepkeHbI NpoLeccy HHTEHCUBHOIO M3HAIMBAHHUS, TO €CTh KOPPO3UHU
B OoJiblied cTeneHu. [[omosHUTEIbHOE BIMSHUE Ha MPOIECC KOPPO3UU OKA3bIBAET
BIUSIHAE  TEPMOOApPUUECKUX  YCJIOBUM, CKOPOCTHM  IOTOKA,  IIOBBIIIEHHOU
MUHEepanu3auuu Boj. Koppo3noHHas AECTpyKLMs HPOMCXOIUT 3a CYET Ipolecca
OBP, mpoucxoiiero Ha MoBepxXHOCTH MeTaia. [I0CKoJIbKy caM Mmpouecc KOppo3uu
[0 CBOEW MPHUPOAE SIBISIETCS HEOTHEMJIEMOM YaCThIO AKCIUIyaTallMOHHOTO IMEpUOA
0o0Opyl0OBaHUs, CJIENOBATENIbHO, JOJDKHBI OBITh MOAOOpAaHbI TaKWE YCIOBUSA, NPHU
KOTOPBIX MPOIICHT €€ pocTa OyIeT ABIATHCS JTOMYCTUMBIM [34].

Ho o Toit npuyuHe, 4To0 4acTh KOPPO3UIHBIX (PAKTOPOB HE BCETA MOAIAETCS
KOHTPOJIIO M peryiupoBaHuio, B mpouecce oskciuryatanun [JIC HeoOxoaumo
PUMEHEHUE!

e  AHTHKOPPO3UNHBIX UHTUOUTOPOB,

° bakrepunuos,

e [lonMmepHBIX MaTEPHUAIIOB,

e  OOopynoBaHHs B aHTUKOPPO3MOHHOM HCHOJHEHUH (Ha mpumepe DA, cwm.
Tabuiy 6).

Taxkxe ycTaHOBJIEHHH TPUEMIIEMBIX TEPMOOAPUUECKUX 3HAYECHUIN U CKOPOCTH
NOTOKA; BbIOOpAa MPaBUJIBHOM  KOHCTPYKIMU  CKBaXHUHBL. 711 KOHTpOJIA
WHTEHCUBHOCTH KOPPO3UM TTpou3BoaaT oT0op npol I ast mabopatopHOTo aHau3a,
4YTOOBI BBISIBUTH KOHIIEHTPAIIMIO HOHOB JK€JIe3a B CMECH.

WNuTtencuBHoCTh Koppo3un moj BiausHueM CO; B CymMMe 3aBHUCHUT OT JABYX

dakTopoB: mapuuanbHOro naBieHus dToro raza (CO;) u TemmepaTypbl cpeibl

(pucynok 19) [35].
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Pucynox 19 — Bnusinue Ha MHTEHCUBHOCTD YTJIEKUCION KOPPO3UU

Ha nannom rpaduke BUIHO, YTO C YBEJIMUYCHHEM NapIUaIbHOIO JIABJICHUS U
TEMIIEpaTypbl CPEIbl PACTET CKOPOCTh YIIEKHUCIION KOPPO3HUHU.

CrnenoBarenbHO, Uil YMEHBIIEHUS KOPPO3UM B  HKCIUTyaTallHOHHOM
obopynoBanuu (nudtoBbie TpyOb, DA u ee snemeHTax, nuerdax) HEOOXOAUMO
noHwkenne ckopoctu nBwkeHus [II. B mudToBrix Tpydax 3TO JOCTHKUMO TpPH
WCIIOJIB30BaHUHU YIUIOTHUTEIBHBIX KOJIEI MEXAy TopuaMmu TpyO. biarogaps nannoMmy
MEpONPUATHIO CKOPOCTh KOPPO3UH 3HAYUTEIBHO 3aMeIgeTcsl ~ B 2 pasza. EcTb Takoi

JUarna3oH napuuanbueix aasienuii CO,, mpu koTopsix [35]:

e Koppo3us He Habmromaercs (< 0,5 Z%Z)

KICy |
o Koppo3sust BO3MOXKHa, 3aBUCUT OT Temrepatypsl cpest (0T 0,5 10 2 —);
CM

Krc
e Koppo3sus pazBuBaeTcs HHTEHCHBHO (> 2 —).
CM

Opnako, ¢ rogamMu pa3pabOTKH MECTOPOXKICHUMN, MaplUajIbHOE JaBICHUE
YTJIEKUCIIOTO ra3a MOCTENEHHO CHUXKAaeTcs. B 3TOM ciydae paxke NMpU MPaKTUYECKU
MOCTOSTHHBIX 3HAYEHUAX TeMIlepaTypbl U ckopocTu noTtoka Il ckopocTh pa3BuUTHA

Koppo3uu cHrkaeTcs (pucyHnok 20) [36].
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Pucynok 20 — BiusiHue u3MeHeHUs MapiuaibHOTO IaBJICHUS Ha CKOPOCTh
KOpPO3UH

Ha Fpa(IJI/IKC 3aMCTHO, 4YTO IIPpH CHMKCHHH IIapLIUAJIBbHOI'O OABJICHHUSA B 3 pa3sa,

MM
CKOPOCTbh MHTEHCUBHOCTH KOppo3uu 3amenisiercs ~ B 50 pa3 (¢ 5 o 0,1 E)’ TO €CTh

U3 TPYNIBl CBEPXBBICOKOW, KOPPO3Usl MEPEXOJUT B Clalyro, YTO 3HAYUTEIHHO
MPOJIJIEBAET CPOK IKCILTyaTallul 000pYIOBaHMS.

CepoBogopos — ra3z B cocrase [1I', okaspiBaromuii HanOOJbIIEe arpecCUBHOE
BJIUSIHUE B CPABHEHMHU C YIVIEKUCIIBIM. XapAKTEPHOU YEPTOU ACATEIBHOCTH KOPPO3UU
ATO KOMIIOHEHTA SIBJIIETCSl pAaCTPECKUBAHKUE MeTaslla, CIe0BaTeIbHO, MHOTHE MapKH
CTaJbHBIX CIUIABOB METAJJIOB MPU HAJUYMU CTATUYECKOTO, PEKE JTUHAMUYECKOTO
HaIpsHKEHUM TOJBEPralOTCsl CKOPEHIIEMY pa3pyLICHUIO. A IpPH B3aUMOJECUCTBUU C
BOJIOM, CEpOBOAOPO/] Ha TOBEPXHOCTH METAJIa, B PE3YyJbTaTe XUMMUUYECKON peakilni,
obpasyer cyibdun xemesa (FeSO;) u aromapHOro BOIOPOIA, HEKOTOpas dYacCTh
KOTOPOTO MPOHUKAET B COCTaB METajlsIa U IPUBOJIUT K TOMY, YTO METAJIJT CTAHOBUTCS
Oonee Xpynkum u MeHee pounM. OTKIIaIbIBasCh HA TOBEPXHOCTH JIUPTOBBIX TPYO B
BHUJIE YEPHOTO OCajKa, CyJIb(PUAbI >Keje3a, UTparoIIUue PoJib KaToaa, o0pasyroT C
METAJIJIOM rajbBaHUYECKYIO napy. [I[pucyTcTBHE pa3HOCTH MOTEHIIMAIOB IPUBOIUT K

o0pa30oBaHUIO TIIYOOKHX TOBpexkaeHuid. Jlake B ciaydae, KOTJa YBEITUYMBACTCS
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NPOYHOCTh METa/Ula Ha HArpy3Ku (pa3pbiB/TEKY4eCThb), OMACHOCTH CYJIb()HIHOTO
pacTpecKUBaHUS HE YMEHBIIACTCs, a HA00OPOT, Bo3pactaet [37].
Kak u B mpeapiaymieM ciydae ¢ YIJICKHCIBIM Ta30M, POCT MaplHalbHOIO

JaBJIeHUs cepoBogopoaa B [II' mpuBOAUT K MPOTPECCUPYIOLIEN KOPPO3UM YXKE IPU

JaBJICHUU cBbIme 15+ 1074 :MLZ
p KI'C
Imr
M2
"
2
2
1
1
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1 2 3 4 5 Vop, E

Pucynok 21 — IHTeHCUBHOCTB pa3BUTHUS KOPPO3UU OT MaPIIHATIBLHOIO
napienns misg H,S B cpaBaennu ¢ CO,
W3 rpaduka BUAHO, 9TO CKOPOCTh Pa3BUTHS WHTEHCHBHOCTH KOPPO3WH IO
BIIMSTHUEM CEPOBOIOPOIa IO CPABHEHUIO C YIJICKUCIIBIM Ia30M 3HAYUTEIIBHO OOJIBIIIE.

Takke CTOUT OTMETUTh, YTO CEpPOBOJOPOA 00JIalaeT BBICOKMM 3HAYCHHUEM

Krc

pacTBOpUMOCTH B Bojie (10 3 j—rl mpu 30 °C), a npu napuuansHoM nasnenun > 0,5 —

SIBIISIETCSA CUJILHOM KUCJIOTOMH.
Co BpemeHeM pa3pabOTKM MECTOPOXKICHUS TMPOUCXOJUT YBEIUUYCHHE
KOJIMYECTBA cojiepkaHus cepoBojopoaa B III' B claeacTBUM 4Yero yBEJIMYMBACTCS

UHTCHCUBHOCTH Koppo3uwu [38].
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Pucynok 22 — BausiHue KOHUEHTPAlUU Ha YBEJIMUEHHUE CKOPOCTH KOPPO3UU

ITo pucynky 22 3aMeTHO, YTO C YBEIMYEHHEM KOHLEHTpauuu ~ B 20 pa3,
CKOPOCTb YBEIMYEHMS KOPPO3UHU BO3pacTaeT B 3 pasa.

Opnako, Oyay4d MHUIUMATOPOM AKTUBHOTO POCTa KOPPO3HH, CEPOBOJIOPOA
MOET OBITh U (PAKTOPOM, CIOCOOCTBYIOIIMM 3aMEJICHUIO €€ pa3BUTHUA. | JTaBHYIO
pOJIb  31ECh OKAa3plBAa€T KOHILIEHTpALWs, a BEpPHEE €€ OTHOLICHUE MEXKIY
CEpPOBOJIOPOIOM M YIJIEKMCIBIM Tra3oM. Tak, B ciy4yae, KOrjJa OTHOUIEHHE HX
KoHIleHTparuii Oymer pasHa 1:1000 (H2S:CO,), cepoBomopon CrmocoOCTBYIOT
CHIDKCHHIO HHTCHCUBHOCTH Pa3BUTHS KOPPO3uH, o0paszys kapooHat xenesa (FeCOs)
[39].

CrnenoBaTesbHO, B Cily4dae YBEJIWYEHUS KOHLEHTpALUMU CEPOBOAOPOJAA IIO
OTHOUIEHHUIO K YIJIEKHMCIOMY ra3y IpPOWU30WJET PE3KOE YBEINYEHUE MHTEHCHUBHOCTH
KOPpPO3HH B BUIY TOr0, YTO OOpa30BaHHbIN KapOOHAT >keje3a OyneT pa3phIXJIsThCS.
Tem He MeHee, C MOCIEAYIOIIMM POCTOM KOHILIEHTPAUMU W JOCTHKEHUU
OINPEETICHHOr0 3HAYEHMs, BBIMABIIMK OCaZOK Cyib(puua xenesa OyIeT SBIATHCS
WHTUOUTOPOM KOPPO3HUH, TOJBKO YXe€ JJid YTIEKUCION KOppo3uu. Tak H3BECTHBI

ciyyau, koraa, npu Hanmuuu B 1" cepoBoiopoa, CKOpOCTh KOPpO3uu B cpeaHeM 1,5

65



MM MM
oy @ YK€ B IIPUCYTCTBHU KHCJIOPOJA B CPE/IE CKOPOCTL BO3PACTALT 10 8 o Onnako

HanOOJIBIIYIO OMTACHOCTh KOPPO3UOHHBIX CPEJl C HATMYMEM CEPOBOIOPO/Ia OKa3bIBACT
HE CKOpPOCTb BO3pacTaHUsi MHTEHCHUBHOCTH KOPpPO3WH, a OXpyNUUBaHUE U
pacTpeCKMBAaHHUE METAJUIA B XOJ/I€ €€ HaBOJOPAKUBAHHUSI.

[Tpu BeIOOpE MeTOoAa OOPHOBI C KOPPO3HEH, CieayeT YUUThIBaTh Hainuue B [11°
pa3HOro pojia XUMUYECKUX PEareHTOB, CIOCOOCTBYIONIUX HHTCHCU(PUKAIIUHU PUTOKA,
a TaKXe APYTUuX UHIUOUTOPOB, MPENSATCTBYIOLIUX TUIPATO- U COJICOTIIOKEHUSIM.

Heobxoaumo ydecth (akT TOro, 4ro B 3aBUCHUMOCTH OT HaIpaBJCHUS HX
JEUCTBHUS HA PEAreHT, BBI3bIBAIOINN KOPPO3UIO METAJIa, HHTUOUTOPHI MOAPA3ACIAIOT
[40]:

e  VHruGuTOpHI YIICKUCIOTHONU KOPPO3HH;

e  MHruOurtopsl cepoBOAOPOIHON KOPPO3UH;

e  VHrubGuTOpHI KUCIOPOAHON KOPPO3HH;

e  HruGUTOpPHI KOMIUIEKCHBIE.

Crioco0bl 3a1UThI OAPA3AEIIAIOT Ha:

e  HenpepsiBHbiii BBoa unruoutopa B I'/1C;

e [lepuoauueckass o6pabotka ['JIC KOHIEHTPUPOBAHHBIM PACTBOPOM
UHTHUOUTODA;

o [Ipsamas 3akauka HHTUOWUTOPA B ILIACT;

e (OOpartHas 3akauka uHruOMTOpa B 3aTpyoHOoe mpoctpancTBo ['JIC,
000pyAOBaHHOM MAKEPHBIMU YCTAHOBKAMHU.

[Togadya mHrHOUTOPA OCYIIECTBISETCSA C UCIOIH30BAHEUM ABTOMATHYECKOTO
60 pyyHoro BBojioB B ['JIC mo BpeMeHU WU B 3aBUCUMOCTH OT J1Ie0UTa CKBaXKUHBI.

Tak, Ha mpuMepe MECTOPOKICHUM C TOBBIIIIEHHBIM KOJIMYECTBOM COJICPKAHHUS
YTJIEKHUCIIOTO Ta3a U CepOBOJIOpOa MPUMEHSIOT yCTaHOBKY nakepa Ha 3aboe ['/IC B

3aTpyOHOM MIPOCTPAHCTBE (PUCYHOK23).
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Pucynok 23 — Ilpumenenue nakepHoii yctaHoBku Ha 3a60e ['JIC

[Takep w30IMpPYET KOJBLUEBOE MPOCTPAHCTBO, B KOTOPOM HAXOIUTCS
UHTUOUTOP KOpPpPO3UH, NpeloTBpaliaronieili ee oO0pa3oBaHHMIO Ha BHYTPEHHEU
HOBEPXHOCTU 00CATHBIX KOJIOHH, BHEIIHEN TOBEPXHOCTH JIU(PTOBBIX TpyO. [Tog00HbIH
npolecc MNpeAoTBPAIICHUS] KOPPO3MOHHOTO Pa3BUTHS  MO3BOJIIET M30€KaTh
cyabpuaHoro pactpeckuBanus u pactsokeHuss HKT. MarubupoBanue Takux CKBaXXKUH
IPOU3BOIUTCS JINOO MPSIMOM 3aKaYKOM HETOCPEICTBEHHO B IUIACT, JIMOO TOCTABKOM
MHTUOHUTOpA Ha 32001 B JKEJIOHKE.

Hna T'ZIC, He o0opynOBaHHBIX MAaKEPHBIMH yCTaHOBKAMM, MHTUOMpPOBAHHE
OCYLIECTBJISIETCS TPU  HENPEpPHIBHOW 3aKauke C HCIOJb30BaHMEM Hacoca
n03upoBoyHOr0. CriepBa 3aKauMBalOT yAAPHYIO 03y MHTHOUTOpPA, Jlajee NepexousT
Ha HeNpepbIBHBIN Mpoliecc 00pabOTKU MpU MEHBIINX JT03UPOBKaX.

Taxxke, aktyanbHbiM i ['ZIC ocraercda mpomecc CMEXHOTO HPUMEHEHS
JOITYyCTUMBIX KOHLIEHTpaLui UHTUOUTOPOB TUIPOTOOOPA30BAHUM "

AHTUKOPPO3UMHBIX HHTUOUTOPOB.
1.4 CoBpeMeHHBIN ¥ 0TE€YECTBEHHBIN ONBIT IKCILIyaTAIIUU

N3Bneuenue III' w3 macta OpOUCXOAUT MPAKTUYECKH O€3 MPUMEHECHUS
3aBOJHEHUS (3aKOHTYPHOI'O/BHYTPUKOHTYPHOT0) B mporuecce 3kcruryatauuu ['JIC.

OT10 o00ycnaBIMBaeT OTCYTCTBHE HEOOXOIMMOCTH NPHUMEHEHHUS MCKYCCTBEHHBIX
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cucrem I[IIIJI. Taxxe B mpouecce moObrum I, Omaromapsi cBouM (U3HYECKUM
cBoiicTBaM, mojctymnaetr K 3a60sm ['JIC ¢ mro0bIx, maxe caMmbIX TPYITHOAOCTYITHBIX
YYaCTKOB IUIACTAa-KOJUIEKTOPA, YTO MO3BOJISIET pacnoiaraTh 32001 MpeuMyIieCTBEHHO
B CaMbIX YJIOOHBIX MECTaxX MPU BCKPBITHM 3aJEKHU. DTO TMO3BOJISIET pa3padaThiBaTh
ra3oBbI€ 3aJI€KU 3HAYUTEIbHO MEHBIIUM KOJIMYECTBOM SKCIUTYaTAIIMOHHBIX CKBAKUH
[41].

3anexu [II' I'M u ['KM pacrnonaratrotcsi B IIMPOKOM JWana3oHe TIyOuH: OT
250 metpoB 110 10 kusmomeTpoB. CieoBaTeNbHO, 111 MaKCUMalIbHOTO u3BiedeHus [11°
1 MUHUMU3AIUU €ro MOTeph B pe3ysbTaTe MOA3EMHBIX MPOPHIBOB ra3a HEOOXOAUMA
MPaBWIBHO MOJ00paHHasi KOHCTPYKIIMSI CKBaXXUHBI. be3yclIOBHO, MpH 3KCILTyaTalluu
ra3oBble CKBOXMHBI B TEUCHHUH UIUTEIBHOTO BPEMEHU IOJBEPIKEHBI arpeCCUBHBIM
KOJICOTIOLIUMCS TEPMOOapUUECKUM YCI0BUSIM. OCOOEHHO CKBa)KMHBI, BCKPBIBAIOIIUE
30Hb1 ABITJ] (naBnenue B Takux ['JIC moxoaut g0 110 MIla u Gosee, a TemmepaTypa
~ 520 K). B Buay atoro, iyii 06bIYU ra3a MoKeT ObIThb 3aTpadyeHo A0 80%
KallUTaJbHbIX BJIOXKEHHUU.

B nononHeHue K BhIllIeCKa3aHHOMY ClieAyeT J00aBUTh, UTO JIOJITOBEYHOCTh €€
paboThI, a TAKKE CTOUMMOCTh CTPOUTEIHCTBA BO MHOTOM 3aBUCHUT OT UX KOHCTPYKIIUH.
Ha oco6ennoctu koHcTpykinu ['JIC oka3pIBatOT 3HAYUTENHHOE BIUSHUE:

e ['conornyueckue yciaoBUs CTPOCHUS U 3aJICTaHUsl 3aJICKH;

° dusznvecKre CBOMCTBA IJIacTa U IJIACTOBOTO (hIIFOU/IA;

e  TexHOJIOrMYECKUX YCIOBUM U PEKUMA SKCILTYaTAMHA CKBAXKWUH;

° DKOHOMHUYECKOM 11€J1eCO00Pa3HOCTH.

Ha pucynke 24 mnpoaemoHcTpupoBaHa TumoBasi KoHcTpykuusa [JIC c
BEPTUKAJIBHBIM CTBOJIOM. B cuity Toro, 4to usnueckre cBoMCTBa rasza (IJIOTHOCTD,
BSI3KOCTh) ~ Ha 3 TOpsAJIKa HUXKE TJIOTHOCTU KHUJKOCTEH, a cCKopocTh motoka III" B
CTBOJIE CKBXUHBI B cpemHeM B 10-25 pa3 ObicTpee CKOPOCTH MOTOKA KHUIAKOCTH, K
YCJIOBUSIM T€PMETHYHOCTU U MPOYHOCTH TA30BBIX CKBAKUH JOJKHBI TIPEAbSIBISITHCS

KECTKHUE TPEOOBAHMS.
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Pucynoxk 24 — TunoBasi KOHCTPYKIIHS Ta30,100bIBAIOIICH CKBaKUHBI: 1 —
KOHAYKTOD; 2 — 9KCIUTyaTallMOHHAs KOJIOHHA; 3 — KOJIOHHASI TOJIOBKA,;

4 — ocHoBHas MM(TOBAs KOJIOHHA; 5 — MepeBOIHAs KaTyIka; 6 — TpyOHas
rojioBka; / — HiwkHss kpectoBuHa; 8 — HKT; 9 — nmepeBoanuk; 10 — 3aTpyOHOE
npocTpaHcTBO; 11 — neHTpanbHas 3aBxkKa; 12 — nyonupyroiast iieHTpaibHas

3aaBWKKa; 13 — BepxHsast kpectoBuHa; 14, 15, 16 — nuteiidossiii TpyOompoBoas:; 17,
18 — pacxomomepsr; 19 — aBToOMaTuveckas cranuus ynpasieHus; 20 —

peryaupyromui kiamas; 21 — 3aboit
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s oOecniedueHus OOnbIIed MPOYHOCTH CTBOJIA CKBAaXXHHBI, BO3HHKACT
HEOOXOJMMOCTh CITyCKa KOHJYKTOpa Ha OOJNbLIyI0 TIyOWHY, AN TOTO, YTOOBI HE
INPOMCXOIUIIO pa3pbiBa TOPHBIX MOPOJ ra3oM, mpoHukHoBeHus 1" B BogoHOCHBIE
TOPU30HTHI MUTHEBBIX BOJI M UX 3arPs3HEHUS, U JaXKe MPOPHIBOB ra3a Ha MOBEPXHOCTh.

[Tpu pacyeTe HEOOXOAMMOI MIYOHHBI CITyCKa KOHAYKTOPA UCIOJIB3YIOT hopmyity [42]:

Py

h =L — RT, X ln( h) ~ 0,425L, (38)

Pcpd
rjae L — rmyOuHa CKBaXKUHBI;

R — yHuBepcalibHas Ta30Bast IOCTOSIHHAS;

T,p — cpenuss TeMIEpaTypa Ha yqactke ot L jio h;

Pep — cpenusst o0bemuas miotHocTh I'Tl o mune paspesa yuactka h;

g — ycKopeHue cBOOOIHOTO MaICHUs;

Ha pucynke 25 mnokazansl koHCTpykuuu ['JIC MectopoxkaeHui 3anagHoil
Cubupu pa3nuyHON MPOTSHKEHHOCTHIO M € PAa3IUYHBIMU TJIyOMHAMM CITyCKa
KOHAYKTOpA.

A b B
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Pucynok 25 — KoHCTpyKIMM 1a30100bIBAIOIICH CKBAXKUHBI MECTOPOXKICHU I

3anmannoit Cubupu: A — Bykteuibckoe HIT'KM, b — Ypenroiickoe ['M, B — Mensexbe

I'M; 1 - XBOCTOBUK
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Jlist obOecrieueHus TOJDKHOTO YPOBHSI TEPMETHYHOCTH KaK MEXTPYyOHOTO
MPOCTPAHCTBA, TaK M OOCATHBIX KOJIOHH HCIIOJB3YIOT CIEHUABHBIE DPE3bOOBBIC
COCIMHEHHSI C TparenenaIbHON (hOpMOi TOTIEPEIHOTO CEUCHHS C YIITIOTHUTEITHHBIMHU
KOJIbI[aMHU B Te()JIOHOBOM HCITOJTHCHHUH, YIIOTHUTEIHLHOU JICHTON B ()TOPOILIIACTOBOM
UCTIOJTHEHUH, YIUTOTHATEITbHBIMU repMETU3UPYIOIIUMHU COCTaBaMH,
npeHa3HauYeHHBIX Ui My(pTOBbIX coequHeHuid tunoB YC-1 u I'C-1 [43]. A mis
TEPMETHYHOCTH  3aKOJIOHHOTO  TPOCTPAaHCTBA  MPUMEHSIOT  TaMIIOHAX  C
UCTIONIb30BAaHUEM  OMPEICIICHHBIX MAapOK IIeMEHTa, KOTOpble O0O0ECIeunBaoT
ra30HEMPOHUIIAEMOCTh M IIEMEHTHBIH KaMEHb, MPEAHA3HAYCHHBIA IS BBICOKHUX
YPOBHEH CTaTO-TMHAMHYECKUX HArPy30K.

CrnenoBaTenbHO, TMpaBUIbHO Ton00paHHas KoHCTpykuus ['JIC mo3Bossier
COKpamaTh MEXKPEMOHTHBIC TMEpUOABl 10 MHHHUMyMa, H TIPOJJICBACT CPOK
IKCIUTyaTallui CKBaKUHBI. HeManoBaxkxHsIM MOMeHTOM Tipu iojioope TPIC saBnsercs
BUJI 3aKaHYMBaHHUS, a TOYHEE CTENEHb HEeCcOBepileHCTBA. Bcero BbyiensioT 4 Buaa
TUAPOAMHAMUYICCKAX HECOBEPIIEHCTB CKBAKUH (PUCYHOK 26 B TTOCIIEIOBATEILHOCTH:
a, 0, B,T) [44]:

o TmapoamHaMUYECKU COBEpIIICHHAS,

o TmapoguHaMUYECKU HECOBEPIICHHAS MO CTEMEHU BCKPBITHS;

e TmapogmHaAMUYECKH HECOBEPIICHHAS 1O XapaKTEPy BCKPHITHUS;

L4 FI/I)IpO)II/IHaMI/III€CKI/I HCCOBCPHICHHAA 110 Ka4CCTBY BCKPBITHA.

a 7

N

Wl
m

Pucynok 26 — Bunbl ruipoJMHaMUYECKUX HECOBEPILICHCTB

71



K ruapoarnHOMUYECKH COBEPIICHHON CKBAaXKUHE a3 MOCTYIAET K OTKPBITOMY
320010, TO €CTh OTCYTCTBYET IIPETATCTBHE HA CTEHKaX CKBaXUH. OJTHAKO CYIIECTBYIOT
TaKue TOJIbKO B TEOPUH, U PA3HUIIA MEXKY COBEPIIECHHON M PEaJbHOM CKBaKUHOMN
3aKJIFOYAeTCsl B TOM, 4YTO IMPUTOK Tra3a B PEAJbHYK) CKBaXXWHY BCTpEYaECT
JOTIOJTHUTENbHBIE PuiIbTpalinoHHbIe conpoTuBieHus B [1311, koTopeie MOSBISIOTCA B
pe3yibTaTe MEPBUYHOIO BCKPBITUS MPOAYKTHMBHOTO IUIacTa OypeHueM U Mpu
[EMEHTaMK 00CaHON SKCIUTyaTallMOHHOW KOJIOHHBI.

I'mapoaMHaMUYeCKn HECOBEPIICHHBIE CKBAXXWHBI MO CTEIEHH BCKPBITHS
IUIacTa BCKPBIBAIOT IJIACT HE HA BCIO MOIIHOCTb, OCTaBIISSl OTKPBITHIN 3a00i. Takue
TUIIBI 3aKaHuYnBaHus npuMeHstoT A1t ['JIC nms Toro, 4ToObI MpU €€ IKCIUTyaTaluy Ha
MaKCHUMaJIbHO JIOMYCTUMBIX JeOuTax He oOpa3zoBbiBajioch noaHsTue aunuu ['BK, c
MOCJIEAYIONIMM 00pa30BaHUEM KOHYCOB MOATSATUBAHMS MTOJAOIIBEHHBIX BOJI.

'maponHaMUYEeCK HECOBEPILIEHHBIE CKBAXKHUHBI 110 XapaKTEPy BCKPBITHUS
IJIACTa BCKPBIBAIOT IUIACT HA BCKO MOIIHOCTb, OJTHAKO IPOLIECC CBSI3U IPOAYKTUBHOIO
IjacTa €O CKBaXXWHOW OCYIIECTBISIETCS YK€ HE Yepe3 OTKPBIThIM 3a00#, a
nocpenctsoM nBrkenust [T depe3 uckyccTBeHHbIe mep(oparmoHHbIE KaHaJb
IKCIUTyaTallMOHHOM KOJIOHHBI. [logoOHbiii Bun 3akaHuuBanus ['JIC npumenum B
ciayvasix, korma I[I3I1 crmoxkena cnaboCleMEHTUPOBAHHBIMHM IOPOJAaMHU, TO €CThb
UMeeTcs aHC 00pa30BaHus MeCUaHbIX MPoOOK Ha 3a00e macra.

OnHako, B TPOM3BOACTBEHHOM TMPAKTUKE BCTPEUYAETCS €II€ OJWH THII
TUAPOJAUHAMUYECKOTO HECOBEPLICHCTBA, CMEXHBIM — IO CTEIIEHU W XapakTepy
BCKpBITHUS 1acTa (pucyHok 27, miact A). Jlanusiid Bun 3akanuuBanus ['JIC sBnsercs
HanOoJsiee pacIpOCTPaHEHHBIM Kak B OTEYECTBEHHOM, TaK U B MUPOBOM MPaKTUKaX.
JlaHHBIN BUJI NPUMEHUM JJI1 HECKOJIBKUX BUIOB IIPEAOTBPALLECHUS OCIIOKHEHUN:

o Jlna 3amennenus nomHsaTus JTuHU ['BK, 4T0OBI HE OBLIO OOBOIHEHUS
MPOAYKIIUHU MO0 HE mpoucxoamio camosanaBinuBanus ['JIC;

e  Jlns mpenoTBpallleHUs BO3MOKHOCTH HaMbIBaHUsI necyanbix yactuil 1311
c1a00CIIEMEHTUPOBAHHBIX TOPOJ-KOUIekTOpoB Ha 3ab6oe ['JIC ¢ mocnemyromum

npoOKO0Opa3OBaHUEM.
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K Tomy ke, Kak mokazaHO Ha PUCYHKE 27, U3BECTHHI Clly4ae ¢ IPUMEHEHUEM
CMEIIAHHOTO THIMAa BCKPBITHS Cpa3y HECKOJbKHX OSKCIUTyaTallMOHHBIX OOBEKTOB
(pucynok 27, mnactel A, b). B maHHO# cuTyalnuu B CKBaKMHA B IUIACTE A HMEET
HECOBEPILIECHCTBO MO CTEMEHU M XAPAKTEPY BCKPBHITHA IUIACTa, YTO OOECIECUUBAECT
HanOoJbIINHK dKcIuTyaTaloHHblid iepuoa I'JIC, npu yeM KoJIblIeBO€ MPOCTPAHCTBO
nepekpsiTo nakepoM (1), mepemenienue I mpoucxoaut no nudroBoit kosoHHE. B
ClIy4yae € IUIacTOM b, CKBaXMHA MMEET HECOBEPILIEHCTBO 110 XapakTepy IUIacTa, 4To
CIIOCOOCTBYET IpenoTBpanieHuto nomnaganus yactui ['Tl, 3arps3HeHu0 KoJIbleBOro

IIPOCTPAHCTBA, BbIHOCA yactull MII Ha ycTbe.

Pucynok 27 — CmelianHble BUIbI THIPOJMHAMUYECKHUX HECOBEPIIICHCTB
ra30BbIX CKBAXKHUH: A — CKBOXKMHA, HECOBEPIICHHAS 110 CTENEHU U XapaKTepPy
BCKPBITHS TJ1ACTA; b — CKBaXKMHA, HECOBEPIICHHAS 110 XapaKTEPy BCKPBITHUS; | —
MaKep

XapakTep M CTENEHb BCKPBITUS IJIACTA-KOJJIEKTOpA UMEIOT HEMAIOBAXHOE
3HaueHue B mporiecce paspadotku ['M u ['KM, u ux skcruryatanuu, B 4aCTHOCTU
skcrutyatanuu ['JIC. JlaHHBIE BUIIBI 3aKaHUMBAHUS OMPEICISIOT (PUIbTpaIliOHHbBIE
COINIPOTUBJICHUS TPOAYKTHUBHBIX IIJIACTOB B OKOJO CKBAXXMHHOM 30HE, KOTOpPHIE B

KOHCYHOM HMTOI'C OKAa3bIBAIOT IIPAMOC BJIIMAHHC Ha IIOKA3aTCIN ,[[66I/ITOB CKBa’>XHH.
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Br16op cTeneHn HECOBEpIIEHCTBA M BHJA 3aKaHYMBAHUS 3aBUCUT OT TOTO, KaKHUMH
¢uznyecKkuMu CBOMCTBaMHU 00JafaeT IuacT U caMm (JIoui; KakoBa MOIIHOCTD
HKCILTyaTallMOHHOTO OOBEKTa, KAaKOW TEXHOJOTHYECKUH PEeXUM HDKCIUTyaTalluu
npeanosaaraercs KOHKpeTHor ninn Heckosnbkumu ['JIC.

[Ipouiecc moadopa ycTheBOro 000pyI0BaHUS SBISETCS CICAYIOIIUM BasKHBIM
ATANoM TpHU BBIOOpE pekrMa padOThl IKCILUTYyaTallMOHHOM Ta30BOW CKBakMHbI. Kak
y’Ke OBLJIO CKa3aHO paHee, yCTbeBOEe 000pyAOBaHUE NMPEAHA3HAYEHO ISl COCIMHEHUS
00CaHON KOJIOHHBI, B YACTHOCTH KOHIYKTOpa M (POHTAHHBIX TPYyO, a Takxke s
o0ecrnieueHuns repMeTU3aIi MEXXTPYOHOTO IPOCTPAHCTBA U COSAMHEHUIO C IETANISIMU,
MO3BOJISIONIMMU OCYUIECTBIISTh KOHTPOJIb U peryiupoBaHue Heoodxoaumoro TPOC.
Baxkneimmm 35eMeHTOM (OHTAHHOM €JKH ABJIAETCS TPOMHUK/KPECTOBHHA (PUCYHOK
24, snemeHT 7). Tak xak Ha JaHHOM 37eMeHTe cOopku DA MOHTHPYIOTCS OCHOBHBIC
TEXHUYECKHUE DJIEMEHThl PETyJUPOBAaHUS M KOHTPOJSA: IUTYyLepa; MpHOOpPHI IS
U3MEPEHUS] TEPMOOAPUYECKUX YCTBEBBIX YCJIOBUW; YCTAHOBKM JUIsl BBOJAA
WHTUOUTOPOB TUAPATOOOpPA30BAHMI, KOpPpPO3WMHU; a TakKe YCTbEBOW KIamaH-
oTcekarenb. JlaHHBIM KilaraH HEoOXOJUMO JUIsl BO3MOXKHOCTH aBTOMAaTHUYECKOI'O
nepekpeiTis nogauu [T oT ckBaxuHbl B ciayyasx oOpa3OBaHMs aBapUIHO-
KPUTHYECKUX 3HAUYEHWM BBICOKOTO JIMOO HH3KOro maBieHuid. Hamwmuwme nByx
TPOMHUKOB/KPECTOBHH MPEAYCMOTPEHO BO3MOKHOCTBHIO HEMPEPBHIBHOM SKCIUTyaTalluu
CKB)XHMHBI B CIIy4ae, €Clid OJMH BBIWJET U3 CTpos. BrIOOp ke 3/eMeHTa KperieHus
(TpOMHUK/KPECTOBHHA) 3aBUCHUT OT TpeOyemoro pexxuma skcruryarammu ['JIC, a Taxoke
BIUSIHUA OCHOoXHA0MMX (pakTopoB. K npumepy, @A KpecTOBOro THMa UCHOIb3YETCS
B ciyyae, korga B notoke III" umeroTcss TBepable B3BECH, KOTOPBIE CIIOCOOCTBYIOT
aOpa3WBHOMY M3HOCY OOOpPYIOBaHMS, a TAKXKe JKUJIKUX WU ra3000pa3HBIX areHTOB
KOPpO3HH (CEpOBOOPOJ, YIIEKHCIOTa, KUCIOTHI UPHOTO psAla) MpU HaIUYUU
CYPOBBIX YCJIOBHI JaBIICHUS U TEMIIEpaTypbl. DTO OOBACHSAETCS TEM, YTO B Cllydae
BBIXO/Ia U3 CTPOS TpoitHuKOBOM DA, mporiecc 3aMeHbI KPECTOBUKA OyAET 3HAYNTEIHHO
MPOLLE, HEXKETH B CIy4ae ¢ KPECTOBUKOM, JJISI 3aMEHBI KOTOPOT'0 HEOOX0AUMO OyaeT
OCTaHaBJIMBAaTh CKBAYKUHY ITyTE€M NEPEKPBITUS LICHTPpAIbHOM 3a1BHKKU. OgHako, ADT

HE COBCEM yn00Ha B OOCIYy)XMBaHWU B BUAY TOrO, YTO MMEET OOJIBIIYIO BBICOTY
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BO3BBIIIICHHOCTH OT ypPOBHS 3¢MHOH mMoBepxHOCTH (10 5 M.). DA ¢ KpecTOBbIM
COCIMHUTETLHBIM y370M siBisieTcss Oonee kommakTHoW. ADK mo 'OCT 13846-89
pekomenayercss npuMmeHATh B 30HaX ABIIJI. OcHoOBbIBasCh Ha JaHHBIA TOCT, IS

(OHTAaHHBIX €JIOK MPUMEHSIOTCS 6 cXxeM (PUCYHOK 28).
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Pucynok 28 — Tunossie cxemsl coopok poutanasix enok mo ['[OCT 13846-89

[Ipu HeoOxomumocTu ocymiecTBiIeHUs: pasznuuabix TPOC, a Takke
oociyxxuBanus u pemonta, [[OCT 13846-89 mo3BosIOT 10010 U3 MPECTAaBIECHHBIX
CXEM BUAOU3MEHSTh. TakuM 00pa3oM, CTOUT OTMETUTh, 4TO uaeaibHou cxembl ['JIC,
noaxojsmen o abdor TPOC u mobbie OCI0KHEHHBIE YCIOBUS HE CYIIECTBYET.
[TosTOMy MOMHUMO OpHEHTAIIMU HA MapaMeTphl JaBJICHUs pabodeil cpelibl U 00bEMOB
n00bIYM, HEOOXOIUMO YYUTHIBATh 0€30MaCHOCTh paboyero mepcoHanga, CTOMMOCTD

oOycTporicTBa u obcmyxxkuanus ['JIC.
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2 BbBIBOP TEXHOJIOI'MYECKHUX PEXHUMOB JKCILIYTALIUU
I'A30BbBIX CKBAXKHH HA IIPUMEPE XAPACABBHUCKOI'O
I'A3OKOHAEHCATHOI'O MECTOPOKJIEHUSA

B nporecce pa3paboTku 1 skcruryaTtanuu mectopoxaeHuii YBC, Bce 00beKThI
no0b1un, B ux yucie u I'J], paboTaroT Ha onpeneneHHbIX TEXHOJIOTUYECKUX PEeXUMax
skcrryaranuu. [lomstue TPOC mompazymeBaer co0O¥ YCIOBUST KOHTPOJS U
peryiMpoBaHus HEOOXOAMMBIX 3HAYCHHUH ae0uTa, JaBICHUN, TEMIEPATyp, C IENbI0
obOecnieueHnss 0e€3aBapUHHOrO pexuMa HKCIUTyaTallMd IOJ3€MHOIO U HAa3eMHOI'O
0o0Opy/IOBaHUSI CKB@OXHMH, a Takke oOOecrneYeHne TMpaBuil MPOMBIIIICHHON
0€301acCHOCTH, OXPaHbl HEAp, OKpykawluel cpeabl. ONHU PEeXUMBI BBIPAKAIOTCS
MaTEMaTUYECKOM MOJIENBIO B BUI€ (POPMYJT U 3aBUCUMOCTEN, APYyrHe Ha MpHUHIMIAX
OTrpaHUYEHMSI/yBEIMUYEHUS TPOU3BOAUTEIBHOCTH CKBAXKHH, 3a00MHOTO JaBJICHHS,
nenpeccud. BplOOp KOHKPETHOrO 3aBHCUT OT  I€0JIOT0-3KCILTyaTallMOHHBIX
XapaKTEPUCTHUK MECTOPOXKIECHUSA, a TaKkKEe OT cocTaBa U (PU3UYECKUX CBOWCTB
IJIACTOBOTO (PIIFOM/IA.

TpaguuronHo, B cpeaneM 1 pa3 B 3 — 4 mecsna 1y kaxaoit I'JIC BbICTaBIsAIOT
HOBBIM TEXHOJIOTMYECKUN PEXHUM €€ SKCIUTyaTallid, KOTOPhI BKIIIOYAET B CeOs psi
napaMeTpoB TaKMX Kak: JeOMT CKBa)XMHbI, IJIaCTOBOE M 3a00HHOE JaBJICHMUS,
JeNpeccHsi Ha IJIacT, 3aTpyOHOE (KOJIbLIEBOE) IaBJIEHUE, TEMIIEPATypy Ha YCThE, 1eOUT
BoAbl. Bcero TakoBbIX mnapameTpoB 4yTh Oosibiie 20, BKIIOYas KOHCTPYKIHUIO
CKBA)XKMHBI Y BUJ| 3aKaHYNBAHUS. N3menenue pexuma AKCILTyaTalNH
CKa3bIBa€TCs HA M3MEHEHHM KOJIMYECTBA CKBAXXMH W Ha IOKa3aTese o0mero oroopa
ra3a. Ha npaktuke npumeHstoT 6 ocHoBHbiM TPOC:

e PexuMm MOCTOSHHO-IONYCTUMOTO TpaJM€HTa JaBJCHUS Ha CTEHKE
CKB&)XHMHBI, TIPUMEHUMBIA 17151 ciabociiemenTupoBanHbix nopoa 1311, Beipaxkaercs

PaBEHCTBOM:

P
(5)R=RC = const = gradP,,, (39)

° PexxumM MakcUMalibHO-JIOMYCTUMOM TOCTOSIHHOM Jenpeccuu Ha 3aboe

I'’1C (popmyna 30), mpumeHUM ISl CIAOOCIIEMEHTUPOBAHHBIX M HEYCTONYMBBIX
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MOpoJl TUTACTAa-KOJUIEKTOpa; MeOMT Ta3a B TIpoIecce pa3pabOTKU TOCTETICHHO
MMOHMXKAETCA U3-3a CHHXKEHUS CUJI TIJIACTOBOM SHEPTUU;

e PexuMm mnocTossHHOro ontumainbHoro nebura ['JIC, npumeHum mis
CKBQXXWH, KOTOpbI€ BCKpBIBAIOT YycTtoWuwBble [1I, mpu »TOM pexuMe HOJKHO
MMOCTOSIHHO MOBBIIIATHCS 3HAYCHUE JEMPECCUU HA TUIACT, U3-3a TOTO, YTO MTOHUKACTCS
SHEprusl IUIacTa; OJHAKO MpH JOCTHKCHMHM MOMEHTA Hayajla HWHTEHCUBHOCTHU
pazpywienus 1311, HeoOXoauMMO mMepeldTH Ha PEXUM MaKCHUMAIBHO-IOIYCTUMOMN
JIETIPECCHH;

e  PeXuUM MOCTOSHHOTO 3a00MHOTO AaBJEHUS, IPUMEHUM B OCHOBHOM ISl
['KM, cyTh JaHHOTO peKHUMa 3aKIF0YAETCS B MOJICPKAHUN YCIOBUSL:

P;.6 = const = Pyoy (40)

TO €cTh, AaBicHue Ha 3a00¢ ['JIC mOmKHO OBITH MOCTOSHHO OOJBIIE OO
paBHO 3HAYECHUS JIaBJICHUS Hayaja KOHJECHCAIUM JIJISI BO3MOKHOCTH MaKCUMAaJIbHOIO
M3BJICUCHUSI KOHAEHCATa Ha MOBEPXHOCTH B cocTase [1I;

e PexuM NOCTOSHHOTO YCTBEBOTO  JABJIICHUSA, MNPUMEHSIETCS A
YBEIIMYEHHUsI TIepHUojia OECKOMIPECCOPHOM IKCILTyaTalli MECTOPOXKICHHUS, OJHAKO B
KOHEUHOM HTOTe MPOUCXOAMUT TaJCHUE TOoKaszaTelell neduTa U JCIPECCUU HIKE
JIONyCTUMBIX;

e PexuMm MakcuMalibHO TmpenensbHoro Oe3BogHoro nedutra [JIC,
MIPUMEHSIETCS B TEX Cy4asiX, KOrja €CTh pUCK 00pa30BaHUsl OOBOIHEHUS CKBOXKMHHOM
MPOAYKIIUH, 00pa30BaHUs KOHYC MOJTSITUBAHUS MMOJOIIBEHHBIX BOJI.

[Ipu Bcex BoimenepeuncieHHbx pexumax padbotel ['JIC, ocHOBHBIE
MoKa3aTeNu SABJISIOTCS (DYHKIMEH OT BPEMEHHU, TO €CTh NMPETEPHEBAIOT HEKOTOPHIC
W3MEHEHHUSI C TEUYCHUEM BpeMEHU. B CBA3M C ATUM TEXHOJIOTHYECKHE PEKUMBI

HKCIUTyaTallii MOTYT MEHSTh Ha Pa3HBIX CTAAUSIX Pa3pabOTKH MECTOPOKICHUH.

2.1 AHanuM3 reoJI0ro-mpoMbBICJIOBBIX MOKa3aTedeid XapacaBldicKoro

Ta30KOHJACHCATHOI'0O MECTOPOKIACHUSA

Ha Xapacassiickoi TUIOIIaAM B COCTaBE KOMIUIEKCA BBIICISIOTCS axcKas U

TAHOITYMHCKAs CBUTHI. TaHOIMUMHCKAsS CBUTA CJI0XKEHA IIeCYaHNKaMHu, aJICBPOJIMTaMHU U
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rmHamu. [lecuannku uHaekcupyrores kak miaactel rpymmsl TIT (TII; — TIIz). Ha
XapacaB3lUCKOM MECTOPOXKIACHUM OHHM COAEpKaT OCHOBHbIE 3amachl ra3za u
KOHJIEHCaTa, MOITHOCTh CBUTHI He mpeBbimaeT 1300 M. BHyTpu CBUTBHI OTIOXKEHHUS,
Bmemaronue miactsl Tlxe-TIIo1, HECOTIIACHO MEPEKPHIBAIOTCA HEUTHHCKOM TOJIILEH.
CnoxeHa HEMTUHCKAs TOJIIA IIMHAMU B Pa3HOM CTENEHH aJIEBPUTHUCTHIMU C IJIACTaMHU
TOHKO3EPHUCTOTO TMECYaHHKA, & B OCHOBAHUH OTMEUYEHBI MPOCIOU KOHIJIOMEPATOB.
[Toponpl, 3aneraromme HaJl HEUTHHCKOW TOJIIEH, IO KPOBJIM TAHOIMYUHCKOW CBHUTBHI,
MIPEACTABIICHBI IEPECIIANBAHUEM IIECUAHUKOB, aJIEBPOJIUTOB U TNIMH. [I[pONyKTUBHBIMU
sBsAr0TCS necdansie miactel T1li4 — TII;, razonocubimMu T1ly4 — T3,

[Imact TII11 pa3BUT 1O BCEW TUIOLIAAN MECTOPOXAeHUA. [ImacToBoe naBneHue
coctasnser 18,10 MIIa, mnacrosas temneparypa — 61,3 °C.

[Inact TIIl;» xapakTtepusyercs (anuralbHOM HEOJHOPOAHOCTHIO. B muiacrte
BBIJICJICHA OJIHA Ta30KOHIEHCATHAs 3aJIeKb. [11acToBOE NaBieHUE MPUHITO PABHBIM
19,60 MIla, nnacrosas temneparypa — 63,2 °C.

Pa3pes mnacrta TIli3 mpeacraBiaeH OAHOPOIHBIM THIIOM CTpoeHud. B mimacte
BbIJIETICHO 2 3anexu. [Ipenmonaraercs, 4yTo 3anexb 1 sBIsSETCS Ta30KOHICHCATHOM.
[TnacroBoe maBnenue cocrasiger 20,2 MIla, minacrosas temneparypa — 65,2 °C.
3asiexp 2 UMEeT UJICHTUYHBIE TEPMOOAPUYECKUE YCIIOBHS 3aJIeTaHMUs.

ITnact TIl4 mMeeT XopoIlo BbIAEPKAHHYIO 00ImIyr0 ToJmuHy. IlnacTtoBoe
nasnenue coctasiser 20,27 MIla, nmactosas Temnepatypa — 66,5 °C.

Cpennue abcoitoTHBIE OTMETKH 3ajieranus kposiu tiactoB TIlip — TIia
coctapisieT ot -1685 no -1873 metpos, npunsTas otmetka ' BK ms mmacra TI114 Obuta
npuHsTa B -1926 metpos. [IpeacTaBuM aHHbIE TEPMOOAPUUECKUX YCIOBUN 3aJI€TaHUs

IJ1acTOB B Buje rpaduka (pUCyHok 29).
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Pucynok 29 — TepmobOapuueckue 3Ha4€HUS MJIACTOB TAHOITYMHCKOUN CBUTHI

W3 nanHoro rpaduka OYEBHJIHO, YTO C YBEIUYCHUEM TIIyOWHBI 3aJleTaHus
IJJACTOB PACTyT MMOKA3aTeJU MIACTOBBIX JIABICHUN U TEMIIEpATyp. 3HAUYCHHS JaBICHUM
SBJISIIOTCS] ONTUMAJILHBIMU JIJIS1 JAHHBIX 3TaXKEH 3ajeraHusl.

B npenenax Xapacasaiickoro Mmectopoxaenus mposeaeH komiuieke I'/JIUC Ha
50 ckBaxkmHax. HMcmoblTanuss TaHOmMYMHCKOH cBuThl (tactoB TII;; — TIliy)
MPOBOJIUIINCH B CKBAKUHAX, O0CAKEHHBIX IKCILUTyaTallMOHHBIMU KOJIOHHAMH, YCTHE
KOTOPBbIX 00Bsi3bIBasioch ADT-65/50-35 u ADK6-80/50-70, onpeccoBbIBaNIOCH BOIOM
Ha naBieHue 44 Mlla u O6bpul0 mpuzHaHO repMeTuuHbIM. Cryck JU(TOBBIX TPYO,
nrameTpamMu 60 m 73 MM, TPOM3BOIWJICA JI0 CEPEIWHBI HMHTEpBaa mepdoparuu
rJiacTa, pexe Ha 5-15 MeTpoB BeIlIE KpOBIU. cciienoBaHus CKBaKUH TPOU3BOAUIIUCH
Ha 6 pexrMMax, Ha OCHOBE TOJYYEHHBIX JAHHBIX, OXapaKTEpPU30BaHa MPOIYKTHUBHAsS
XapaKTepUCTHKAa CKBAXXWH, OIICHEHBI WX aOCOJIOTHO CBOOOJHBIE JCOUTHI U
¢bunprpanonnbiec kKo3gduinueHTel (A u B) (tabmmma 9). JlaHHBIC MEpONPHUATHS
MO3BOJIMIIA BHIOPATh MPOEKTHBIE TEOUTHI IKCIUTYaTAIlMOHHBIX CKBAYKHH.

[Tnact TII;; ompo6oBan B 11 ckBaxuHax. MakcumalibHble JNE€OWUTHI Trasa,
MOJYYEHHBIE B MIPOLIECCE UCCIICAOBAHNM HA CTAlMOHAPHBIX PEXUMAX, TOCTUTAIH 168
teic. M3 /cyT (ckB. Ne 69) — 581 ThIc. M3 /cyT (ckB. Ne 3), mpu 5TOM Jenpeccuu Ha
mact coctaBisin 8,0 MIla (ckB. Ne 3) — 11,7 MIla (ckB. Ne 69). AGconoTHO
cBOOOIHEIE 1€OUTHI Ta3a OLeHUBaIoTC B uHTepBane 199 teic. M3 /cyT (ckB. Ne 69) —

656 teic. M3 /cyT (ckB. Ne 3). VienbHas MPOAyKTHBHOCTH HEBBICOKAS, HA PEKUME C
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MaKCHUMAaJILHBIM J€0MTOM Ta3a HaxomuTcs B auanazone 4 teic. M3 /cyT /(MIla - M)
(cxB. Ne 53) — 13 To1c. M3 /cyT /(MIIa - M) ( ckB. Ne 3).

[Tnact TIIio ucnibiTad B 4 CKBa)KMHAX, B 2 U3 HUX pe3yabTaThl I' I C npu3zHaHbl
HEKOHIMUMOHHBIMUA. B ckBaxxune Nel8 pesynbTaThl KOHAMIIMOHHBI, MaKCUMAJIbHBIN
1eOMT rasa, HOJydeHHBIH HA CTALMOHAPHBIX PEKUMAX COCTaBHII 722 Thic. M3 /CyT npu
Jenpeccuu Ha miaacT paBHo 7,2 MIla. AGCotoTHO CBOOOAHBIN JEOUT OLIEHUBAETCS B
1026 thic. M3 /cyT. TlokazaHue yHenbHON MPOIYKTUBHOCTH CKBAKHHBI CPETHEE M
cocrasysieT 24 toic. M3 /cyT /(MIla - M).

ITnacra TIIj3 ucnbiTan B 11 ckBaxknHax, MO OJHOM UX KOTOPBIX (CKB. Ne69)
IIOJIyYEH HU3KHWM NMPUTOK rasa, pe3yiprarsl [ JIMC HekoHaummoHHbl. B ocTambHbIX
OTMEYaJICi MpOoLEecC MaKCHUMajbHble 3HAYEHUs JACOMTOB Tra3a, IOJYYEHHBIX Ha
craionapHsix peskumax I'JIMC, nocturanu 374 Teic. M3 /cyT (ckB. Ned40) — 769 Thic.
M3 /cyT (ckB. Nel8), Ipu 5TOM JIeNpeccuHr Ha IUIacT cocTapisnu 2,6 MIla (cks. Ne73)
— 12,3 MIla (ckB. Ne6). AOGCOIIOTHO-CBOOOTHBIE 1€OUTHI OIICHUBAIOTCSA HA YPOBHE 673
TeIC. M3 /CyT (ckB. Ne73) — 927 1hic. M3 /CyT (cKB. Nel8). Y 1eabHas IPOAyKTHBHOCTD
CpEIlHssl, Ha PEKMME C MAaKCUMAJIbHBIM JE€OMTOM ra3a HaXOAMUTCS B JUana3oHe 6 ThIC.
M3 /cyT /(MIla - M) (ckxB. Ne40) — 93 teIc. M3 /CyT /(MIla - M) (ckB. Ne73).

I[lmact TIlis wucneitan B 7 CckBaxuHaX. KOHIWIIMOHHBIMH TPU3HAHBI
pesynbratel ['JIMC no ckBakure Ne56, y KOTOpOH MaKCUMalIbHBIA 1€OUT COCTaBUII
389 teic. M3 /cyT, npu nenpeccun Ha miact 7,1 MITa. AGCOMIOTHO-CBOOOIHBIH 1€0UT
OLIEHUBAETCS Ha ypoBHE 642 Thic. M3 /CyT. VY ienbHas IPOLYKTUBHOCTh BHICOKAs, HA
PEKUME C MAKCUMAJILHBIM JI€OUTOM Ta3a cocTasuser 39 Teic. M3 /cyT /(MIla - m).

B pesynprare NpOBENEHHBIX HCIBITAHUN CIEAYET OTMETUTBh, YTO JIaHHBIE
miacTel TpeOyloT OoJjiee TINATETBbHOM JOpa3BEIKHM W YTOYHEHUS HEKOTOPBIX
napamMeTpoB s OOOCHOBaHHUS KOHKPETHBIX 3HAYCHUW J1eOUTOB TOOBIBAIOIIUX
CKBakMH U BbIOOpa ontumanbHoro TPOC. K Tomy xe, B ipouecce I'J/IUC no Bcem 4-
M IUIaCTaM, Ha OTJEIbHBIX PEKUMAX paOOThI CKBAKHH OTMEYAIHNCh MPOLIECCHl BIHOCA
necka W TuUIparooOpa3oBaHHil, YTO, B CBOIO O4Yepedb, CBHJIETEIbCTBYET O

c1a00CIEMEHTUPOBAHHOCTH MOPOA-KosuiekTopoB T1311.
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Tabmuia 9 — Pe3yiapTaThl THIPOIMHAMHYECKUX UCCIIEIOBAHNN Pa3BEOYHBIX CKBAKHH

Maxe. Henpeccus YneabHnas A B
ouT HA NMPOAYKTUBHOCTH | AGCOJIIOTHO-
N | M€ pexume Ha pexume CBOOOIHBIN
Ilnact rasa,
CKB. TBIC. MaKCc. MaKc. 1e0uTa, Je0HT, ThIC. ar?/(reic. MYeyT)?
/ey neouTa, THIC. m3/cyT - Mey
MIla m®/cyr/MIla/m
3 581 8,03 12,9 656
My 14 453 10,41 8,1 610
53 264 8,2 3,8 422
69 168 11,74 4,2 199
TI12 18 722 7,17 24 1026
6 598 12,33 9,3 692 3,025 0,003375
Tlys 18 769 9,63 21 927
40 374 4,89 6,4 679
73 476 2,57 92,6 673
TI114 56 389 7,06 39,3 642

B nporiecce pa3Begounbix padot orOupanuch npoosl I 1y1st IpOMBICIOBBIX U
71a00paTOPHBIX HCCIIEIOBAHUN, OXapaKTEpU30BAaHHOCTh KOTOPBIX IpPEACTaBIICHA B
tabnuite 10 mo mwractam TI1i; — T4,

Tabnuna 10 — KoanuecTBo U BUABI J1aOOpAaTOPHBIA U IPOMBICTIOBBIX HCCIEA0BAHUN

CBOOOJIHOTO ra3a

Koa-Bo T'a3 Koa-so PVT
Inacr . KoJua-Bo .
HCCJIeI0BAHMI KoJu-Bo nipo0 HccJae10BaAHuN
CKBAKHH

TII11 3 18 11 -
TII12 1 3 2 1
TII13 4 10 7 2
TII14 1 5 5 -

TexHOJIOrusl MPOMBICIIOBBIX MCCIENOBAHUN 3aKIIIOYAJIOCh B TOM, YTO IOCIHE
KOMIUIEKCA MEPOINPUATUN 110 OCBOCHMI0O M HCCIEIOBAHMM Ha CTAlMOHAPHBIX H
HECTAallMOHAPHBIX peXUMax (QUIbTpallMy, CKBAKMHA OTpadaThiBaiach Ha (aken c
MOCJIEAYIONIMM MEPEKIIOYEHUEM B pabOTy depe3 cenapatop. 3HAYCHUS JaBJICHUN U
TEMIIEPATYp Ha BXOJE B CENApaTOp PEryJMPOBAIMCH C IOMOINBIO IITYLEPOB H
nuadparm Ha JIMKT paznuunoro auameTpa, Kak MpaBUilo UCIONb30BaIu 1-2 pexuma.
OcHoBHBIM KOMITOHEHTOM I sIBAsIeTCS ME€TaH, Hapsy C KOTOPOM B COCTABE B MEHBIIIE
cTeneHu Haxonautces 3TaH U YB rpynmnsl Cgy. Hapsiny ¢ HaceiiieHHbIM YB psgom B
cocrase [1I" npucyTCTBYET YIVIEKUCIIBIN I'a3 U 30T, CEPOBOJAOPOIHBIN I'a3 OTCYTCTBYET.

B HCKOTOPLIX npo6ax Tak)ke OBIJIO OTMEUEHO HE3HAYNUTEIHLHO KOJIUYECTBO HHCPTHLBIX
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ra3oB: reiauss M aproHa. B mnpunoxenun A npuseneHbl cpoiictBa III' m ero
KOMITOHEHTHBIN cocTaB. MccnenoBanusi GU3NKO-XUMHUECKIX CBOWCTB rasza MPOBEIH
o 138 oro6panubiM nmpo6am I1I" Ha ocHOBe JaHHBIX TPOO rasza cemnaparuu, Jera3aiuH,

ne0yTaHu3aluu.
2.2 'mapaBinyeckasi MoJieJIb CKBAaKUHbI

I'mapaBauyeckass MoOJENb  CKBaXHUHBI  SIBISIETCS  COCTABHOW  YacThIO
TUAPOJMHAMUYECKON MOJENU U MOo3BoJiAeT 3a1aBaTh TPOC yCcThEBBIM [1aBICHUEM.
JInsi MpOEKTHBIX HAKJIOHHO-HANPABJICHHBIX CKBAXXHWH C Pa3IMYHBIMU JHAMETpaMu
TU(GTOBON KOJIOHHBI B THAPOJAMHAMHYECCKUX MOJCISIX 3aJaHbl B TaOIU4YHOU (hopme
3aBUCUMOCTH «3a00MHOE JaBJICHUE — YCThEBOE JIaBJIeHNE — ACOUT ra30KOHIEHCATHOM
cMecu». Bpibop amameTrpoB JUGPTOBOM KOJOHHBI OCYIIECTBISJICS IO pe3yJbTaTam
pacyeToB JBW)KEHHS IUIACTOBOIO Tra3a B CTBOJIE CKBaXKWHBI. [lpu oOocHOBaHHMH
nuamMerpa JU(PTOBOW KOJIOHHBI MPOEKTHBIX CKBAKMH IMPUHUMAJIach BO BHHMAaHHE
HEO0OXOIMMOCTh 00ECIIEUEHUsI CKOPOCTH MOTOKA ra3a, M03BOJISIONICH YIaIsiTh ¢ 320051
KOHJIEHCAT, BOJAY W MEXaHWYECKHE TPUMECH Ha BCEX OJTamnax pa3paboTKH,
HEJIONYIIeHue a0pa3MBHOIO M3HOCA CKBRXMHHOTO OOOPYJIOBAHHMS MU MUHHMU3AIUS
MOTEPh JABJICHUS B CTBOJAX CKBAXXWH. YUMUTHIBAsI CIIOKHBIE T'C€OKPUOJIOTHUYECKHE
ycinoBuss Ha XapacaBdMckoHM ['KM i npenorBpamieHusi pacTEIsICHHS OKOJIO
CKBQXMHHOT'O MPOCTPAHCTBA M TMOBBIIICHUS] HAJIE)KHOCTU HKCIUTyaTallMM CKBAKUH B
3oHe MMII, pekoMeHTyeTCsl UCIIOJIb30BAHNE TETUIOM30JIMPOBAHHBIX JTU(PTOBBIX TPYO.
Crnenyer OTMETUTh, YTO MPOMBIILUICHHOE MPOU3BOJACTBO TEIIOM30JIUPOBAHHBIX
mupToBbIX TpyO nuamerpom Ooisiee 114 mm B HacTodiiee Bpems He ocBoeHo. [lo
pe3ysbTaTaM pacueToB, B YaCTHOCTH, JJII CKBAKUH HA OCHOBHOM OOBEKT pa3paboTKu
TI-TIls ¢ ydYeToM MHMHUMM3AIMKA TMOTEPh MNABICHUS B PACUYETHBIM MEPUOT
ONTUMAJIbHBIM SIBJISIETCSI UCTIOJIb30BaHUE TU(PTOBON KOJIOHHBI tuameTpoM 114 mm. Ha
pucynkax 30-32 npuBeieHbI pe3yJIbTaThl 3aBUCUMOCTEH TapaMeTPOB paOOTHI CKBAKHUH
Ha oOwvekT TII1-TIls mpu pa3Hbix auamerpax JuUdTa U YCTHEBBIX JABJICHUSX.
[TyHKTHpPOM TOKa3aHbI yCIOBUS BBIHOCA KHUIAKOCTH C 3a00€B CKBAXHH, TOUYKAMH -
PEXUMBI pabOTHI TPOCKTHBIX CKBAXKUH IMPHU PA3HBIX YCTHEBBIX JABJICHUSAX, B Pa3HbIC

NEePHUOJIbI pa3pabOTKU.
82



JaboRnoe gasnedme , MNa
»
|
=

Defur ra3a, Teicyl.m) oyt

a)

@ nmwgra,
M
—1a0
g
= —177
]
E —1s
—1n2
§ .
g —
0 . . r '
o 200 400 &0G 200 1600
@) Aebivr raza, Teac.iyG.mf oyt
14
/ 0 wra,
MM
—140

—114

=102

-

\
\
\

Defsur raza, Teic.yl.m/oyT

&)

Pucynox 30 — 3aBucumocTts «3a00iHOE NaBlieHUE — AEOUT ra3a» MpU pa3HbIX

nuameTpax nudTa u yeTheBbIX naBneHusx (a — 10 Mlla, 6 — 6 MIla, B — 2 MIlIa)
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Cwopocth i 3a60e,m/c

a)

CropocT Ha 3ales, mfic

0)

CropocTi Ha 3alboe, mfc

a 200 400 &00 BO0 Looo

B) PEGWT FasS, Tait.sy6.sf oy

Pucynok 31 — 3aBUCHUMOCTB «CKOPOCTH Ta3a Ha 3a00€ — 1eOUT» TIPH pa3HBIX

nuameTpax nudTa u yeTheBbIX naBneHusx (a — 10 Mlla, 6 — 6 MIla, B — 2 MIlIa)
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Pucynok 32 — 3aBUCHMOCTb «IIOTEPH JIaBJICHUS B CTBOJIE — ACOUT» MPU
pa3HbIX AMaMeTpax JudTa U ycTbeBbIX naBieHusx (a — 10 Mlla, 6 — 6 MIla, B — 2

MIIa)
2.3 DkcmiyaTaums CKBasKMH HA Pa3JIMYHbIX PpadoumnX peskumax

IIpu BBIOOpe pexumoB okcrutyataunu [JIC  Xapacasaiickoro ['KM
NPUHUMAJINCh BO BHUMAaHHE PE3yJbTaThl UCCIEAOBAHUN CKBa)KHUH, MPEICTAaBICHHBIX
paHee, ypoBHHU 0TOOpa ra3a u pacrpejeieHue 0Toopa 1mo o0beKTaM; YuciIOM CKBaXKUH

U UX KOHCTpyKUHel. OLUEHUBAINCH TaKK€ PUCKH, CBSI3aHHBIE C N€OJIOTMYECKUMU H
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TEXHOJOTHUECKUMU (akTopamMu. Bo Bcex pacueTHbIX BapuaHTax OAKCIUTyaTalluH
IIPEAyCMATPUBAETCS KYCTOBOE pPAa3MEIICHUE CKBAKUH B 30HAX MAaKCUMAJIbHBIX
3G ()EKTUBHBIX Ta30HACHIIICHHBIX TOJIIMH. MeCTOMOM0KEeHHE KYCTOBBIX IUIOMIA/IOK
OTIpEIETSeTCs] MPEUMYIIECTBEHHO B HanboJiee MPOIYKTUBHBIX 30HAX, MPUHUMAs BO
BHUMAHWE JAHHbIC WHXEHEPHBIX H3bICKAHWI, paclpelesIiCHHE 3amacoB ra3a IIo
IUIOIIAM, PABHOMEPHOE JIpEHUPOBaHHE 3ajiexed (OTXOJ CTBOJA HAKJIOHHO-
HAIIPABJICHHBIX CKBAXWH OT BEPTHUKAIM 33Ja€TCS C YYETOM pPACCTOSHUS MEKIY
KYCTOBBIMH TUIOMIAAKaMU). UMCIIO MPOEKTHBIX CKBAXKUH (IIJIOTHOCTh CETKU CKBAKHH)
Ha JKCIUTyaTalluOHHBIE OOBEKTHI OMPEENAETCS UCXOAS U3 YPOBHS TOJJOBOrO 0TOOpa
rasa, pacnpezeseHus HayajJbHbIX M€0JIOTMYECKUX 3allacoB rasa mno miacrtaM, pabouux
NeOUTOB CKBAKUH C YYETOM TEXHOJIOTMYECKUX orpaHuueHuil. Ilpu oOocHOBaHUM
TEXHOJIOTUYECKUX PEKHUMOB SKCIUTyaTalldd MPOEKTHBIX JOOBIBAIOIIMX CKBaXXHH,
YUUTBHIBAIUCH CIENYIOMINE (PAKTOPHI:

—  OWIbTPaMOHHO-EMKOCTHBIE CBOMCTBA IPOAYKTHUBHBIX IUIACTOB IO
nmamaeiM [MC u I'IUC. IIponykTMBHOCTH CKBaXKMH 1O pesyapraram [N
oxapakTepuzoBaHa KodhduimeHtamMu  QUIBTPALMOHHBIX  CONPOTHBICHUN U
a0COJTIOTHO-CBOOOTHBIM JICOMTOM (PHCYHOK 33).

—  IlpenmenbHO [OMyCTUMBIE IIIACTOBBIE IENPECCHM, HE JOIYCKAIOIIUE
OCIIO)KHEHHH B XOJIe JKCIUTyaTallMd CKBaXWH (paspyllieHue Npu3a00MHON 30HBI,
oOpa3oBaHMe MecYaHbIX NPOOOK, MOATATMBAHUE TIOJOIIBEHHOM BOJIbI). CrieliMagbHbIe
MCCJIEI0BAHMS BBIHOCA MOPOJIbI B CKBAXKMHAX 3ajexeil ceHomana (Ypenrou, SAmOypr,
Mensexne, Komcomoinbckoe, BeiHramypoBckoe u Jp.) mokazajid, YTO pa3pyllieHUE
nopoi-koJiiekTopoB B [I311 npoucxoauTt B mupokoM auanasone aenpeccuii 0,07 — 4,4
MIlIa, a BenuuMHA NPEAENBHO MOIMYCTUMOW IEMPECCHH JIOJKHA YTOYHATHCS IIO
JAHHBIM CIICIIMATIbHBIX UCCIIEIOBAHUMI, B TOM YHUCIE NpU Hanuuuu >kuakoctu B [1311;

— Hanuume nmnomomBeHHOM BOAbl. B ra3oBoAsSHBIX  30HAX IS
MPEeIOTBpAIEeHUs] BOJOMNPOSBICHUNA padouYMii WHTEpBald MPOIYKTUBHOIO IUIAcTa
(nHTEepBaI IepdopalnK) B MPOSKTHBIX CKBAXKWHAX pacnonaraercs Boime [ BK Ha 15—
20 wmetpoB. B mpoektHmlii mnepuon mnpexycmarpuBarorcas ['TM mo wm3onsuuun

OOBOTHSIOIIIUXCSI UHTEPBAJIOB;
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—  PesynpraThl MOAENMpPOBaHUSA MPUTOKA K 3a00sIM CKBaXHUH C
UCIIOJIb30BAaHUEM CEKTOPHBIX (UIIBTPALMOHHBIX MOJENEeH U TOJHOMACIITAOHBIX
reoJIOTO-TUAPOJAUHAMAYECKNX MOJEJIEH IPOAYKTHBHBIX IUIACTOB C  YYETOM
PABHOMEPHOI'O APEHUPOBAHUS 3AJICKEH, IPUHUMAsL BO BHUIMAaHHUE PACCTOSTHUE MEKIY
KyCTOBBIMU TUIOIIAKaMU U MPOGUIb MPOESKTHBIX CKBAXKUH;

— BoccraHoBieHHE TPOIYKTUBHOCTU CKBaXKUMH IOCIE OypeHus 3a Cyer
00pa0oTKU Npr3a00MHBIX 30H U BO3MOKHOCTh HHTEHCU(UKALIUU TTPUTOKA;

—  Pe3ynpTaThl pacueToB TEXHOJOTMUYECKUX apaMeTPOB PabOThI CKBAYKUH C
Y4E€TOM THAPABIAYECKUX IIOTEPh NABJICHHUS W KOHACHCAMM ra3a B IIOJIOTMX H
TOPU30HTAJIBHBIX YYaCTKax CTBOJIOB, OTPAaHWYEHUH HAa CKOPOCTHh IOTOKA rasa Jyisd
BbIHOCA KUAKOM (a3pl ¢ 3a00s MpU pa3HbIX AUAMETpax JTU(TOBON KOJIOHHBI,
HEJOMyLIEeHUs1 adpa3suBHOIO M3HOCAa CKBOXXKMHHOTO O0OPYIOBaHHUS Ha BCEX 3Talax
pa3palboTKH;

—  YuuTBIBasl CJOXHBIE TI'€OKPHUOJIOTMYECKHE YCIIOBHS, B YacCTHOCTH, B
CpaBHEHUM C DOBaHEHKOBCKMM  MECTOPOXAECHUEM, [UIsl  NPEJOTBPALLECHUS
NPOTaWBaHUS OKOJIOCKBOJKMHHOIO IMPOCTPAHCTBA W TIOBBIIIEHUS HAJEKHOCTU
DKCIUTyaTalluM CKBaXMH B 30He MMIIL, pexkoMeHayercs HCIOJIb30BAHHE
TEIUIOU30JIMPOBAHHBIX JUPTOBBIX TpyO. Clenyer OTMETHTb, YTO IMPOMBIILIEHHOE
MIPOU3BOJICTBO TEIUIOM30JUPOBAHHBIX JTUPTOBBIX TpyO auamerpom Oosee 114 mm B
HACTOSIIIIEE BPEMSI HE OCBOEHO.

— B nerHuii nepuosa B CBSI3U C BBICOKOM TemIepaTypoil Bo3ayxa pabodue
NeOUTBl CKBAXXUH CHUKAIOTCA ISl YBEJIIMYEHHUS YCTHEBBIX JABJICHUIA M J1aBJICHUW Ha
Bxone YKIII' ¢ nenpio obecrneuenus TpedyeMoro kauecTBa MmoJAroToBKH rasa.

B cBsI31 ¢ BbllIETIEPEUNCIACHHBIMU OCTIOXKHSIIOUMME (PaKTOpaMH, BIUSIOIIUMU
Ha OIpENeSIEHUE ONTUMAJIBHOTO peXUMa pabOThl CKBaXHUHBI, HAJIUYUE pE3EepBa

CKB)XKHH IMO3BOJIUT, B CIIydae HEOOXOIMMOCTH, 00ECTIEYNTh MMKOBLIE OTOOPHI Ta3a.
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Pucynok 33 — IHaukaTOpHBIE XapaKTEpPUCTUKH PAa3BEIOYHBIX CKBAXKUH I10

IJ1acrtamMm THll-TH14
2.4 PacuerHble BAapHAHTDbI OKCILIYaTaAllMH CKBAKUH

B kauecTBe HCXOIHBIX TaHHBIX JJI PACIPEAECICHUS TEMIIEPATypPhl U 1aBICHUS
rasa o CTBOJy IOOBIBAIOIINX CKBAXKUH MPUHSTO:

—  Cpenuss temnepatypa MMII cocrasnser - 3,5 °C;

—  Cpennss momHocts MMII paBHa 240 wm;

—  T'eorepmuueckuit rpagueHt paseH 0,041 rpan/m;

—  O6beMHas TemoeMKocTh opos 570 kkas/ (M3 - rpag);

—  Koadpdunment remmonepenayuu ais tamsix mopoa = 1,8 kkas/(M - rpaf, -
4ac), Juist Mep3abIX = 2,6 KKaJs1/(M ' rpaj, - 4yac);

—  KospduumeHnT TennonpoBOAHOCTH TEIUIOM30JIMPOBAHHBIX JTU(TOBBIX
Tpy0 B nHTepBaie 0 — 140 metpos pasen 0,011 Bt/(Mm - rpag);

—  IlmacroBble maBlIeHHS U TeMIIepaTypa B 3ajie’kax (pUCYHOK 34);

—  IIpoekTHbie 1€OUTHI U KOHCTPYKIIUS JOOBIBAIOIIUX CKBAKUH.
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Pucynok 34 — 3aBUCHMOCTh HAYAJIBHBIX IJIACTOBBIX TABICHUM U TEMIIEPATYP

OT ITyOUHBI
C yderoMm 3aMepoB IIACTOBBIX TEPMOOAPHUUECKUX YCIOBUN, T€OTEPMUUYECKUE
rpaauentsl, B 30H¢ MMII ucnons3oBanuce (aktuueckue 3amepsl. KoapduumenTs
TEIUIONEpeAaY OT CKBAXXUHBI B IOPOABI YUYHUTHIBAIUCH 30HAJIBHO. PaBHOBECHBIE
TEeMIIepaTypbl TUAPATOOOpa30BaHUs OMpeeIeHbl MO TpaduuecKoi 3aBUCUMOCTU C

Y4E€TOM JIaBJICHUS U IJTIOTHOCTH Ta3a (pUCyHOK 35).
20

L T
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Pucynok 35 — 3aBucuMocCTh TEMIIEPATYPBI I'a3a HA YCThE CKBAXKUHBI OT

neoura
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W3 naHHOW 3aBUCHMOCTH BHJHO, YTO TMPHU TMPOEKTHBIX eOMTaxX YCTheBas
TEeMIIepaTypa CKBaXXWH HEOKOM-IOPCKHX OTJIOKEHUW TAHOMYMHCKOW CBHTHI BHIIIIE
TeMmIeparypsl TuaparoodpazoBanuii ~ Ha 5 °C, 4TO IO3BOJISET OCYIIECTBIIATH
0e3ruapaTHy0 SKCIUTyaTaluoo 0e3 HeoOXOAMMOCTH MOJa4d METaHOJa B TECUCHUU
HECKOJIbKHX JIET, YTO MO3BOJISIET MOTYYUTh SKOHOMUYECKUM 3 (HEKT Ha COKpallleHU!
3aTpat Ha OOPHOY C OCTOKHEHUSIMHU.

JIns mpaBUIBHO MOJOOPAHHOTO YCTHEBOTO JABJICHUS, OOECIICUMBAIOIIETO
OecripepbIBHBIM OTOOp Ta3za st 5 JIET BBINOJHEH pacueT TEXHOJIOTUYECKHUX
NoKaszaTelied Mo KBapTajlaMm, C y4eToM Toro, 4yrto Xapacaediickoe ['KM Oyner
WCIIOJIB30BaHO JJISI PETYJIMPOBAHUSI CE30HHOW HEPaBHOMEPHOCTHU MOTPEOICHUs rasa.
Taxum 06pa3om, oT6op raza B 1 kBapraine cocrasut 770 ToIC. M%/CyT (28%), BO BTOpOM
— 610 TBIC. M3/CyT (23%), B 3 — 590 TBIC. M/CyT (22%), B 4 — 710 THIC. M¥/CYT (27%);
MIpY YCThEBBIX MOKazaTessax aasieHus B 12 Mlla, 12,25 Mlla, 12,3 MIlau 11,9 MIla
COOTBETCTBEHHO IPH IMOCICIYIOMMUM MOHMKEHNHU Ha 1,3% 1715 Kaxxaoro kpapraia B

Ka’KJIOM HOBOM TOJ1y; CPEIHETOI0BOM AeOUT cocTaBUT 688 ThIC. M3/cyT (pUCyHOK 36).
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Pucynox 36 — JIluHamuka cpeTHEr0I0BOTO JeOHTa ra3a U yCThEBOTO
JIaBJICHUS MO KBapTajgaM C Y4ETOM CE30HHOW HEPABHOMEPHOCTH
B no6aBok, ocHoBbIBasick Ha maHHBIX ['JIMC, Obutm omnpeneneHbl 3HAYCHHS

npCaACIbHO-A0ITYCTHUMbBIX I[ereCCI/Iﬁ Ha 1J1acCT IJId 3aJIeKen ApyCOB CCHOMAH-AIIThHI 1
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HEOKOM-IOPBI, TP KOTOPBIX HEe OyaeT mpoucxoauTh aectpykimu 30HbI [I3I1 ¢
MOCJICTYIOIITUM BBIHOCOM M O0Opa30BaHMEM I€CUAHBIX MPOOOK, a TaKKE BO3MOKHBI
HauOOJIbIIINE 3HAYEHUS TMPOU3BOJUTEIBHOCTH CKBaXHUHBL. Takum o00Opaszom,
MPEICIbHO-IOMYCTUMAsT  IENpecCHusl JUisi aKTUBHBIX 3amacoB IwiactoB TII1-TIls
coctaBisger 0,1-0,5 MIla. s o6bexktoB TII11-TIli4 MakcuMaabHO JOMYCTHMOE
3HAauEHUE Jenpeccuu cocrapisieT He 6osee 3 MIla.

B cBs3m ¢ Tem, 4TO B pe3yibTare IMporecca MpOBEACHUS JTaOOPATOPHBIX H
npoMbICiIoBBIX HccienoBanuil 1IN Xapacapasiickoro 'KM B ero cocraBe He ObLIO
OoOHapYy>KEHO HAJMYHUS CEPOBOJOPOJIA, a COACPNKAHUE MUOKCHUIIA YTIIEPOaa SBIISICTCS
HE3HAYUTEIBHBIM, MPOIEHT H3HOCA CKBAXMHHOTO OOOPY/IOBaHUSI B pe3yJibTaTe
KOPPOJAUPOBaHUS OYJIET 3HAYUTEIILHO MEHBIIIUM, YTO MO3BOJUT nogoopats TPOC Ha
ONTUMAJIBHO JOMYCTUMBIX TOKazaTensix mnpousBogutenbHoctn ['JIC, a Takxe
MPOJTUTH CPOK OE€3pEMOHTHOM IKCIUTyaTalluy Ha OJIvbKalIme 5 JeT ¢ Hayaia BBOJA B

OKCILTyaTallulO CKBAKWMHBI.
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3 OBOCHOBAHHME TEXHOJJIOI'MYECKOI'O PEXXUMA PABOTbBI
TOPU3OHTAJIBHOM TA30BOM CKBAXKHMHBI B  YCJIOBHSAX
IMPOABUKEHUA INOJOLIBEHHbBIX n KOHTYPHbBIX BOJI
XAPACABRHUCKOI'O T'A3OKOHJIEHCATHOI'O MECTOPOXKJIEHU S

[ToTomy, Kak mepuoj Hayajia BBOJA B pa3pabOTKy M KCIUTyaTallMio IJIacTOB
TI111-TI14 imarupyetcs Ha 2036 Tox (B cooTBeTcTBHH ¢ UchbMoM [TAO «["azmpom»
ot 28.06.2018 Ne(03/07-4709) npoextHo¥ ckBaxkuHou 5071 (rme 5 — MOPSAKOBBIN
HOMEp OObekTa sKkciryaranuu; 07 — HOMEpHas TMO3UIMS KyCcTa PacloiOKEHUs
CKBaXUHBI; | — MOPSIKOBBIA HOMEP CKBAXKUHBI) MO MPOEKTHOMY HKCILTyaTallu
CKBOXHUH «4H», BEPOSATHOCTH OOOCHOBAHMS TEXHOJIOTMUECKOTO pPEeXHMa Ha JAHHBIM
MOMEHT cOCTaBIIAET ~ 70%. ApryMeHTOM TaKXke SIBJSIETCS IOMETKA IJIABHOTO re0Jiora
o pazpaborke Xapacapadiickoro 'KM B npoeKTHOI TOKyMEHTAIMU 0 pe3yJibTaTaM
npoeaeHus I'/JIUC u I'JIN o Tom, uto mnactel TII11-TTl14 Hy>k1at0TCs B JOpa3BEaKE U
YTOYHEHUM HEKOTOpBhIX JMaHHBIX. OJHAKO, HA OCHOBE HWMEIOIIUXCSA JAaHHBIX, B
npeapiayeld riiaBe ObUIM BbIOpaHBI pacyeTHblE BapuaHThl HeKoTopbix TPOC,
HanOoJIee MOAXOASIINX JJIS SKCIUTyaTallii B UMEIOIIUXCS YCIIOBUSIX.

CTOUT OTMETHUTB, YTO IS 3aJIekKeEN Apyca HEOKOM-IOPbI, BApUAHT pa3padOTKU
«4n» gBisieTcsi HauboJiee BHITOAHBIM B DKOHOMHYECKOM IIJIaHE, TaK KaK MO3BOJISET
COKPAaTUTh PACXO/bl 10 MHOTHM TOKa3aTessiM, HauOoJiee BaXKHbIM U3 KOTOPBIX OyJeT
ABiATbCA  cokpamienne O®PI'C W mNoBBILIEHHS HX MNPOAYKTUBHOCTH 34 CYET
WCIIOJIb30BaHUsl TOPU3OHTAILHOrO BUja 3akaHunBaHus ['JIC ¢ yBennueHHeM JJIMHBI
CTBOJIa CKBXXHMH B MPOAYKTHUBHOW 4actu 1actoB 10 1000 m ¢ BeiBogoM Ha TPOC
onTuManbHO-gomyctumoit aenpeccuu Ha [1311 mnacra TI114, TeMIiepaTypHOTo pexuma
yctbs I'JIC 1 pexxrmMa ONnTUMabHbIX YCTHEBBIX JABJICHUM.

BBugy Ttoro, yto Hambojee BEpOSTHBIE BUIbI OCIOXKHAIOMIMX (PAKTOPOB
(rugpaTtooOpa3oBaHWe U TECKOIPOSBIECHUE), OIpeAeieHHbIE B  pe3yibTare
nposenenust I'JINC u I'/IW npu ninanupoBanuu BeiBoAa Ha onTuMaibHbii TPOC Obuin
Y4TEeHBl TMPOEKTHOM JIOKyMEHTanmed 1o pa3pabotke Xapacamdiickoro 'KM B
IpebIIyIeM pa3zelie, a yrpo3a u3Hoca 000pyA0BaHNs KOPPOAUPOBAHUEM CBEJIEHA K

MHWHHUMYMY, B CJICACTBUC TOT'O, YTO KOMITIOHEHTHBIM COCTAB Ta3a sIBJIsIeTCS 0€30I1acHBIM
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B OTOM IUIaHE; HE CTOWT YIYCKAaTh BAXHOCTh M HEOOXOJUMOCTH OOOCHOBAaHUS
NPOEKTHBIX 3HAuYeHUN JeOuTa TpU  BO3MOXKHOCTH 00pa3oBaHUS KOHYCOB
MOATATUBAHMS TIOJIONIBEHHBIX BOJ C IMOCISAYIONUM OOBOJHEHUEM MPOMYKIIUU JIJIS
ropusoHTanbHbIX ['JIC.

B npouecce o6ocnoBanus TPD i ropu3oHTaIbHON CKBaKUHBI B YCIOBHUAX
MPOABMXKEHUSI TTOJOIIBEHHBIX BOJI, OCHOBHBIM apTyMEHTOM SIBJISIETCA YCTAHOBJICHUE
3HAQYEHUS!  MAaKCUMaJbHO-JOMYCTUMOM  JENPEecCMM  Ha  IUIACT,  BaXHBIMHU
COCTaBJISIIOIIMMU KOTOPOTO SIBJISIFOTCS: MOITHOCTh MPOAYKTUBHOIO IJIACTa U BapUAHT
pacnionoxkenust I'C no stoit momuoctu (paccrostnue crBosia I'C ot I'BK). Ecnu Ha
MOIITHOCTh IUIacTa (PaKTUYECKHM HHUKAKOTO BJIMSHUS OKa3aTh HEBO3MOXKHO, TO Ha
noao6op pacnonoxxenus crpojia I'C nag muaueii 'BK, ¢ yuetom 3HaueHus co3ziaBaeMoit
ONTUMAJILHO-A0MYCTUMOM AENPECCUU, OKa3aTh BIUSHUE MOKHO.

I[To mpoekty «4H» TIIAHUPYETCS BCKPBITUE HECKOJBKUX IPOIUIACTKOB

HUCXOSIIUM HAaKJIOHHBIM CTBOJIOM (PUCYHOK 37).
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Pucynoxk 37 — Bekpoitue nactoB T1I11-TIl14 ¢ ropusoHTanbHBIM
OKOHYaHUEM MPOEKTHOUN cKkBaxkxuHOM 5071
K Tomy sxe, mpeaycMOTpeHbl JyinHa U fuaMeTp (OHTAHHBIX TPYO Ha mpuMepe
mwactoB TII3-TIls B 114 MM B TOpHU30HTAIBHOM YacTH CTBOJIA, KOTOPBIE oOecredar
BeNMMUYMHY Tpedyemon nenpeccuu (He 6omee 3,0 MIla) Bo3ne Gammaka (GoOHTaHHBIX

TPY6 AJI1 3aMCJICHUA TCMIIOB IMPOABUKCHUA ITOJOIMIBCHHBIX BO. OJIHaKO, €CJII1 B
93



JTanbHENIIeM HEeOOXOAMMOCTh CIyCKa M AKCIUTyaTanuu JU(GTOBBIX TpyO He Oymer
SBJIATHCS HYXKHOH, TO 3HAYEHHE MAKCHUMAaJbHO-IOMyCTHMOW JIEMPECCHUU CIETyeT
OTIPEIENATH JIJIsl y4acTKa Mepexo/1a U3 TOPU30HTAIBHOTO MOJIOXKEHHUS B BEPTUKAIBHOE,
MOTOMY KaK B JAHHOM Y4YaCTKE BO3HUKAIOT HAHOOJIBIIINE MTOTEPH AABJICHUS IO JJTUHE
bunpTpa.

B curyanuu, xorna ra3oHOCHBIM TJIAaCT C HAJUYMEM MOJOIIBEHHBIX BOJ
BCckpbiBaeTcs ['C, neOWTBHI TaKOW CKBAaXKWMHBI 3aBUCAT OT BHJA HECOBEPIICHCTBA
CKB&)KHMHBI, TO €CTh OT CTEIIEHU U XapaKTepa BCKPbITUs Tu1acTa. OgHAKO KIaCCHUECKOe
MOHMMAaHWE cTeneHu HecoBepuieHcTBa st ['C He mojgxomut. B Takoil CKBakuHE

CTCIICHb HCCOBEPIICHCTBA OIIPCACIISICTCS U3 COOTHOILICHM .

Lrc (41)

Ln’

rae Lpc — y4acTOK JUIMHBI/IIMPUHBI IJIACTA, BCKPHITOIO TOPU30HTAIBHBIM
CTBOJIOM;

Ly — mosiHas AJIMHA/IIMPUHA BCKPBITOTO IJIACTA.

A BIMAHHME HECOBEPIIEHCTBA BCKPBITHS IUIACTA MO IUIOIIAJA B TaKUX
CKBaXMHAX HA 3HAYECHUE ONTHUMAIBHO-JONYCTUMOM JENPECCHU HE3HAYUTEIBHO.
JlanHblil (pakTOop SBIAETCA MPEUMYIIECTBOM TAaKHX CKBOXHH BBHUAY TOrO, YTO
YBEIMYEHHE MOTHOTHI BCKPBITHS m1acta TIli4 TOpu30HTaNIBHBIM CTBOJIOM MO3BOJISIET
MaKCUMHU3UPOBaTh KOIP(QUUHUEHT Ta300TJa4d IJlacTa M TOBBICUTH IEPUOA
oecniepeboitHoi skcrutyatanuu ['C 3a cuer peryaupoBaHHs peXrMa ONTHMAaIbHO-
JOTyCTUMOM ~ JIEIPECCUU M pa3MeIlleHUEM CTBoJla B HaubOojee MpaBUIbHOM
npomexxyTke Mexy auHueil ' BK u kposneit nponykrusHoro miacta TIli4 (pucyHok

38, paccrosnue h").
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Pucynok 38 — IIpumMep BCKPBITHS TOPU3OHTAIIBHONW CKBAKMHOM IIIACTA C

HaAJIMYHWEM ITOJOIIBEHHON BOIBI
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Ha panHoM pucynke BujiHO, uto cTBOA ['C pacrnonokeH Ha HEKOTOpOM
ontumansHoM pacctosau (h”) or TBK. Takke CTOUT OTMETUTS, YTO JAHHOE 3HAUCHHUE
MpEeNebHOTO 0Ee3BOJHOTO JAeOUTa MOXKHO TOM00paTh HCXOAS W3 3aBUCUMOCTH

6e3BoaHoro neduta ot paccrosuus (h*) (pucynok 39).
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Paccmosarnue om cmeéona 0o 'BK h*, m
Pucynok 39 — I'paduueckas 3aBUCHMOCTE O6€3BOIHOTO ae6uTa oT h”
[lo mMuMo nmaHHOW TpaduUeckol 3aBUCUMOCTH 3HAUYCHHWE MaKCHUMAaJbHO-

nomyctuMoro 6e3BogHoro aedura st I'C MoxHO onpenenuTs o Metoy YapHoro:

_ —A+\/A%2+4B-AP-(2P,,—AP)

Q= 2B

JlanHbI MeToA ompejeneHuss Oe3BOJHOrO Je0uTa OCHOBAaH Ha BEIMYUHE

(42)

MaKCUMaJIbHO-JIOIMYCTUMOM JCTPECCUU. Y YUTHIBAsI, YTO KOIPDHUIIMEHTHI PUIbTPALIUN
A n B, nonyuennsie B pe3ynbrare I'JIVC, a Takyke 3Ha4€HHUS IJIACTOBOTO JIABJICHUS U
MaKCHUMAaJIbHO-JIONYCTUMOM JIENPECCUU HaM M3BECTHBI W3 MPEABIAYIIETO pas3jena,
nepeseqeM K eauHou cucteme CU u mojcTaBUM UMEIOIIMECS TaHHbIE B GOPMYITy U

paccunTaem 06€3BOJIHbIN JCOUT:
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_ —3,025 + \(—3,025)2 + 4-0,003375- 29,61 (2 200,05 — 29,61)
Q= 2-0,003375

= 1353,97 Thic. M3 /CyT

CToUT OTMETUTh, YTO pacyeThl MPUHUMAIUCH ISl ycloBui, korma ['C
BCKpbIBajJa IUIACT C TOOIIBCHHON BOJOW Ha HEKOTOPOM PACCTOSHUU «X»,
SIBIISIIONIMMCSL HanOoJiee ONTHMAJIbHBIM ISl ciydas ¢ ruactoM TIli4, y KOTOpOTro
paccrosiuue oT JmHMU ['BK 10 KpoOBIM NPOAYKTHMBHOTO ILIACTa, HCXOIS W3
MPOBEICHHBIX HCCIEAOBaHUM, cocrtaBwia 55 merpoMm. K Tomy ke, ¢ ydeTom
UMEIONUXCS ~ JaHHBIX ~ MOXKHO  CKa3aTh, 4YTO  IIOJyYMBINHECS  3HAUYCHHE
MPEIOJIOKATETPHO MOXKHO CYHMTATh HECKOJIBKO 3aHIKEHHBIM, 00 3TOM TOBOPHT
BO3MOXKHOCTh MHTEpPIIOJSIIIHOHHOM 3aBucuMocTH Q. (N*) npu h = 55 ot Ommxaimmx

snayeHuid h = 30 u h = 75 (pucynok 40).
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Paccmosanue om cméeona 0o 'BK h™, m
Pucynok 40 — atepnionsiinonHas rpadudeckas 3aBUCUMOCTD IS
6e3BoaHoro aebura or h™ mpu h =55 M
Onnako, ¢ y4eToM TOro, 4to 3((EeKTUBHBIM yYaCTKOM Ta30HACHIIICHHOM
tomm tutacta TIl 4 pakTudecku siBasercs Bcero 51,4 M U3 Bce MOIIMHOCTH IIacTa B
100 m; paccrossaue or I'BK 10 kpoBiu MOXeT ObITh (PAKTUYECKH 3HAYUTEIHHO
MEHBIINUM, CJIEOBATEIbHO, IOJYYEHHOE PAaCU€THOE 3HAYEHUE MOYKHO CUMTaTh

MIPUEMIIEMBIM U JIaJK€ HECKOJIBKO 3aBBIINIEHHBIM, TaK KaK pacdyeTHas (popMyIia cama 1o
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ce0e HECKOJIbKO 3aBBIIIAET 3HAUEHUSI MAKCUMAJIbHO-IOITYCTUMBIX O€3BOIHBIX 1I€0MTOB
CKBa)KHH.

Tem He MeHee, MOTyYEHHOE 3HAYEHUE MOXKHO CUMTATh Hauboliee OJM3KUM K
VUCTUHHOMY 3HAQUYE€HHIO NPOU3BOJUTEIBHOCTH CKBAaXXMHBI IpPU BBIOOpE peKUMa
6e3BogHoro aedura ['C B yciaoBusiX MpOJBMIKEHUS MOAOIMIBEHHBIX BoA muiacta TIlia
Xapacapaiickoro ['KM, nmotomy 4to, Kak ObLIO CKa3aHO paHee, B Hauyaje pasjesna o0
y4eTe BIMSHHUS pPEXKHUMa MaKCHMaJIbHO-IOIYCTUMOM Jenpeccud Ha Iuiact. B
npeapiayleld IJIaBe Tpu BbIOOpPE pPACUETHBIX BApPUAHTOB JKCILTyaTallud, OBLIO
YIOOMSIHYTO O TOM, YTO MaKCUMAJIBHO-IOITyCTUMOE 3HaueHue Ha macThbl T1111-TII4 HE
noikHO npeBbimaTh 3 Mlla, naGel He oOpa3oBbiBanoch paspyuienus 30Hbl 11311 ¢
MOCJIeYIONMM TIpoOkooOpazoBanreM. K Tomy ke ObLIM Y4YTEHBI OTOOpHI raza ¢
Y4E€TOM CE€30HHOI0 NMOTPEOIEHUs, CPETHETOJOBOM TEOUT KOTOPBIX cocTaBuia 688 ThIC.
M3/cyT, (MaKCHMAJILHOE 3HAYEHHE C TIONMPABKOM HA CE30HHOCTH HE NpeBbimaet 790
ThIC. M°/CyT) (pUCYHOK 36) U YCTHEBOM TEMIIEPATYPBI IIPH JAHHOM [OKa3aHUK 1e0uTa,
MO3BOJIAIONIMM paboTaTh CKBaXXMHE HaA OE3THApPaTHOM pexume (pucyHok 35).
3HaueHue ycTheBOro naeieHuss B 12 MIla mpu BbIBOAE Ha PEKUM CKBAKUHBI C
MOCJIEYIOUIMMHU €KEKBapTAIbHBIMU M3MEHEHUSIMH C YYE€TOM CE30HHOI0 0TOOopa U
MOHWKEHUH 3HaueHus Ha 1,3% s KaXkaoro KBaprajga COOTBETCTBEHHO MO3BOJIUT HA
NPOTSKEHUH JOJTOr0 BPEMEHHU MOJIEPKUBATh PEXUM MAKCHMAJIBHO-AO0ITYCTUMOM
nenpecur. llomydnBrieecss pacueTHOE 3HAYEHUE MPOU3BOAUTEILHOCTU CKBaKUHBI
(1353,97 thIc. M/CyT) MOTy4YMIIOCH GOJBILE IIAHUPYEMOTO CPEIHEr0J0BOTO 3HAYEHHS
(688 ThIC. M%/CYT) mpakTH4ecKH B 2 pasa, YTO T'OBOPUT O BO3MOMKHOCTH BHIOOPA
nanHoro TPOC ckBaxunbel 5071 Xapacasdiickoro I'KM mo skcruryaTallmOHHOMY
oowvekty TIl14 kak Hambosee peHTAOEIBbHOTO, KOTOPHIM MO3BOJIUT, KAK MUHUMYM Ha
Oommxkaimme S5 ser obecneunTh OecrnepeOONHBIA pexuM padoThl, YBEIHYUTH
KOJIMYECTBO OTOMPAEMOro rasza 0 MakcumaibHO-Bo3MokHOTO (KUI™ 0,92), a Takxe
COKPATHUTh 3aTpaThl HA OOPHOY C OCIOKHEHHSIMHU, 32 CUET PEKUMA PAOOTHl CKBAKIHBI
Ha ECTECTBEHHBIX YCIOBHUSIX IUIacTa W MPaBUJIIBHO MOAOOPAaHHOW KOHCTPYKLUU

CKBa’>XUHBI.
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3AJTAHUE JIJISI PA3JIEJIA
«®UHAHCOBBIII MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEXEHUE»
CTyneHry:
I'pynna ouo
2Bb8]1 UypukoB Jleonu
Ixosa WP OTtaenenne mkoabl (HOII) OHJI
YpoBenb 00pa3oBaHust bakanaBpuat HanpagsJienue/crenuaibHOCTh 21.03.01 HedTerazosoe nemno

pecypcocOepekeHuey:

Ucxonuele nanHble K pasgeny «DUHAHCOBBIA MEHEIKMEHT, pecypcodPdeKTUBHOCTh U

1.  Cmoumocmov mamepuaibHO-mMexXHUYECKUX pecypcos
npPo8OOUMO20 UCCTIe008AHUSL:
(yena Ha 2az, 3aMpamvl HA IKCHLYAMAYUIO CKEANCUHDBL)

Cmoumocmy svinoansemvix pabom onpeoenena
CO2NaCHO  NPUMEHACMOMY MEXHOIO2UYECKOMY
pexcumy SKCNIyamayui, 8 cCOOmEemcmsuu ¢
DUIHOUHBIMU yeHamu obcaydHCUBaHUA
2a30000vi8arouje2o 0bopy0osanus

2. HCI’lO]lbs’yeMaﬂ cucmema Ha]l02005ﬂ09fceHu}l, cmaesKku
HAJ102086, omtmcxzeHuﬁ, ()MCKOHMHPOGGHM}I u erdumoeaﬂuﬂ

Hanoe na npubwsins 20 %

Hepeqeﬂb BOIIPOCOB, MOAJIC/KAINUX UCCICTOBAHUI0, IPOCKTHPOBAHUIO U pa3paﬁoTKe:

1.  Oyenxa KkKoMMepuecK020 NOMEHYUANA UHIHCEHEPHO20
pewenus (UP)

ObocHoganue NpuMeHeHUs MeXHOA02UHeCKO20
pedcumMa ¢ MOYKU 3PeHUsl IKOHOMUUECKOl
aghgexmusrocmu

2. Oyenxa  pecypcHou,  (PUHAHCOBOU,  COYUATLHOU,
oro0ocemuot  s¢pgpexmusnocmu  MP  u  nomenyuanvuvix
puckos

Oyenka  2KOHOMUUECKOU — dhdekmusHocmu
BbINOJIHEHUSL  MEXHONIO2UYECKO20 — PedlcUMd
akcnayamayuy Ananusz uy8CMEUmensHOCmu K
BO3MONCHBIM USMEHEHUSM

Ilepeyensb rpaduyeckoro marepuasa

1. Ipaduk usmenenus OUCKOHMUPOBAHHO20 D0X00A 3d PACYEMHbIL NEPUOO
2. TI'pagpux uyecmeumenvrocmu NPV
| laTa BbIIaum 3a1aHust [UIs Pas3/ieia 110 JTHHeHHOMY rpaduKy | 10.03.2022 r.

33}13HI/I€ BbIJ1AJ KOHCYJIbTAHT:

JloJzKHOCTH [01% (0] Yu4eHnas creneHb, Hoanuch Jlata
3BaHHe
noreat OCI'H IIBUIT Kamyx Upuna T 10.03.2022
TITY BagumoBHa

3azlalme NPUHAJT K UICIIOJTHEHUIO CTYAECHT:

I'pynna DPUO

Hoanuceh Jara

2b8J1 Uypukos Jleonun

10.03.2022
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4 ®UHAHCOBBIH MEHEIKMEHT, PECYPCOD®®EKTHUB-
HOCTb U PECYPCOCBEPEKEHUE

B BhimyckHOW KBaduUKaIMOHHONW paboTe pacCMOTPEHBbI TEXHOJIOTHYECKUE
MOKAa3aTelId Ta30BbIX CKBAXWH, a TAaKKE€ TEXHOJOIMYECKM OOOCHOBAH OJIMH U3
PEeKUMOB  pabOThl MPOCKTHONW TOPU3OHTAIBHOM Ta30BOM ckBaxkuHbl 5071
Xapacasarickoro ['KM, BckpbiBaromend IuiacT € HajlWyuMeM IOAOLIBEHHBIX BO,
CHIOCOOCTBYIONIHI, TPU BHIOOpE MPABUIIBHBIX YCIOBUHN AKCIUTyaTal[il, HAUOOIBIIEMY
3HaueHU0 KUI'. JlaHHBIA pex’UM MO3BOJISIET MOIAEPKUBATH MPOEKTHBIE MMOKA3ATEIN
IIPOU3BOIMTEIILHOCTH CKBa)XMHBI Ha OOJ€e UIMTEIBHOM IEPUOJIE, a B YCIOBUAX
OCIOXHsIOIUX (hakTopoB dKcIuTyaTupoBarh ['JIC 6e3 npuBieueHUs TOTOJTHUTEIbHBIX
MEpONPUSTUI 110 OOpbOE C HUMHU.

B nanHoM paszgene npuBeneHo 3xkoHoMuuyeckoe obocHoBanue TPOC. Llenbto
JAHHOT'O OOOCHOBAHMS SIBJISIETCSl YCTAHOBJICHHE 3KOHOMHYECKOH 1e1eco00pa3HOCTH
INPUMEHEHUSI TEXHOJOTMYECKOr0 peKMMa padOThl MPOEKTHOW TIOPU30HTAIBHOM
ra30BOM CKBaXXMHBI, BCKPBIBAIOLIEH IJIACT C MOJOLIBEHHOM BOAOMN B ycinoBusix MMII
u crnabocuemeHtupoBaHHbix mnopon I[I3I1  mig  Bo3MOXKHOCTH — MOAJIEp)KaHUS
IIPOEKTHOTO YPOBHSI IOOBIYM ra3a ¢ yueToM MaKCUMAJIBHO IOITyCTUMOM JE€NPECCUH Ha
J1aCT, CIE0BATENIbHO, U 1€0UTa CKBAYKUHBI.

Ucxonmupie nmaHHbple a1 a"danm3a TPOC Ha >KOHOMHWYECKHE IIOKa3aTeld
npuBeAeHbl HUKe (Tabnuua 11).

Ta6numa 11 — McxonHbie TaHHBIC IS PacueTOB

Iloka3zaTenb O0o3HaueHune 3HaueHune EanHuub! H3MepeHus
Pacuetnbie nmepuon TPOC i 5 JeT
I'onoBast cromMOCTh G, 15050 TBIC. PYO.
OKCIUTyaTaIllMH CKBKUHBI
CpeiHeCyTOUHBIH 1e0UT Qr 688 THIC. M°
CKBa)KUHBI
KomnyecTBO CKBaKUH N 1 ell.
Cpenuuii KoappuIUeHT K, 0,96 1. el.
IKCILTYaTAIUH CKBAKUH
CebecTonMOCTh J0OBIUM Ta3a Cr 1,4051 py6./m°
Jlo71s1 YCITOBHO TIepeMEHHBIX Huep 65 %
3aTpaT B ce0ECTOMMOCTH ra3a
CraBKa IMCKOHTA d 11 %
Iena na I1I" L1 5,208 py6./m°
Bpewmst paboTbI CKBaKUHBI T 350 CYT.
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4.1 Pacyer nmoka3areJieil JIKOHOMUYECKOH IPPEeKTUBHOCTH pesKUMA

CyTh JaHHOTO peXuMa 3aKIo4yaeTcss B MOAJEPKAHUH TOCTOSHHOTO
cpeaneronoBoro aebuta (Q, = 688 Tric. M) Ha MPOEKTHOM ypoBHE 100bI4H (Qyp) pH
TOM, YTO dKCIUTyaTupoBatbes Oyner 1 ckBaxkuna 350 qHEH B roay ¢ Ko3puIueHToM
sKcIUTyatanu  ckBakuHbl = (0,96, Ilpumep pacueToB BBINIOJIHEH C YYE€TOM
MPUBEJICHHBIX BBIIIE MoKa3zaTeneil (Tabmuua 11) Ha mepBbIl TOJl TOCHE BHIBOJAA HA
PEXKUM.

['ogoByt0 100BIUY ra3a MOKHO HAlTH CIIETYIONIUM 00pa3oM:

Qup = Q. TK,N = 688-350-0,96 -1 = 230904,11 TsIC. M3, (43)

[TpupoCT BBIPYYKH OT pean3aliny 3a I-bIid TOJT ONPEICIIIETCS PACCUUTHIBACTCS
CJIEYIOIUM 00pa3oM:

AB; = Qupll, = 230904,11 - 5,208 = 1202548,6 TeiC. py6. (44)

Pacuer Tekymux 3atpaT Ha M00bIYYy 3a I-bIH TOJ OMPEICIIUM, KaK CYMMY 3a
TPOC u ycnoBHO-TIEpEMEHHBIX 3aTpart 1o (popmyiie:

A3; = C, + 43,,;; = 15050 + 210888,19 = 225938,19 ThIC. py6;

(45)

A3,0ni = QupCrllpep = 230904,11 - 1,4051 - 0,65 = 210888,19 ThIC. py6

(46)
3HaueHWE TMPUOBUIM HAWIEM 3a BBIUYETOM TEKYIIMX 3aTpaT U3 BBIPYYKH OT
peanu3zary (3a i-blif ToJ] 1t 000HX):
All,,; = AB; — A3; = 1202548,6 — 225938,19 = 961560,42 ThbIC. py6
(47)
JInst onpe/iesieHus: BeTIMYMHBI HAJIOTa Ha MPHOBLIB 3a I-bIif TOJ1 BOCIOIB3YyEeMCs
bopmyIioi:
H,oi = A0 * Nye = 961560,42 - 0,2 = 192312,08 ThiC. py6 (48)
[TpupocT ro0BBIX JEHEKHBIX TOTOKOB PACCUUTHIBAEM IO (hOPMYJIE:
ANM; = ATl ; — Hyoi = 961560,42 — 192312,08 = 769248,33 ThIC. pyo
(49)
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HOTOMy KaK KallUTAJIbHBIX 3aTpaT HC 6BIJ'IO, IIOTOK I[GHG)KHOﬁ HAaIM4YHOCTH

OyzaeT paBeH NpUPOCTy ro0BbIX AeHexkHbIX moTokoB (ITIJIH; = 769248,33 TbIC. pyO).

Toria HaKOTUJICHHBIN TEHEKHBIN MOTOK 32 5 JIeT OyAeT paBeH:

HIJH, = Y IJH; = 769248,33+...+ 769248,33 = 3846241,66 ThIC. py6

(50)

PaccunTaeM exxeroaHbIi JUCKOHTHUPOBAHHBIN JO0X0/ ¢ yueToM cTaBku (B 11%):

ANAH; =

MJH; _ 76924833

(1-d)!

(1-0,11)1

Tenepp onpeaeInm YUCTYIO TEKYITYI0 CTOUMOCTb:

YTC = ) AlIAH; = 693016,52+...+456511,44 = 2843062,62 ThbIC. py6

[ToABITOXXMM MOJTYyYEHHBIE PE3yIbTaThl, 3aHECSA UX B Ta0IUIy 12.

= 693016,52 TbIC. pyd

(51)

(52)

Tabnuna 2 — [lokazaTenu SkKOHOMUYECKOH 3P (HEKTUBHOCTH pexuMa 3a S JIeT

T'oabl

IMoka3zaTenu Enunuunt 1 2 3 4 5

H3MepeHus
Hpupoct teic. M® | 23090411 | 230904,11 | 230904,11 | 230904,11 | 230904,11
JI0OBIYM ra3a
IIpupoct
BBIPYYKH OT THIC. pyO 1202548,6 1202548,6 1202548,6 1202548,6 1202548,6
peanu3anuu
Texyue ThiC. py6 | 225938,19 | 225938,19 | 225938,19 | 225938,19 | 22593819
3aTparthbl,
Hpupoct Thic. py6 | 96156042 | 961560,42 | 961560,42 | 961560,42 | 961560,42
npUOBLIH
[Ipupoct
CYMMBI

Teic. py6 | 192312,08 | 192312,08 | 192312,08 | 192312,08 | 192312,08
HAJIOT'OBBIX
BBIILJIAT
ﬂiﬁifHH“ Teic. py6 | 769248,33 | 769248,33 | 769248,33 | 76924833 | 76924833
IToTox
JIeHeKHOi Teic. py6 | 769248,33 | 769248,33 | 769248,33 | 76924833 | 76924833
HAJIMYHOCTHU
nggfne“"m Thic. py6 | 769248,33 | 1538596,67 | 2307745 | 3076993,33 | 3846241,66
HuckoHTHpOo-
BAHHPIHTIOTOK | 1o py6 | 693016,52 | 1317355,72 | 187982347 | 2386551,17 | 2843062,62

JIEHEKHOU Ha-
JIMYHOCTH

[IponieHT TeKyUX 3aTpaT Ha BBIPYYKY OT peanqusanuu 0e3 ydera

HaJIOTOO00TAXKEHHS M CTAaBKH IMCKOHTHPOBAHHUS JEHEKHOTO ITOTOKA, cocTaBmi 18,7 %,
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YTO CUMTAETCS XOpOIIMM TIOKa3aTelieM /Jisi JaHHOTO BHJAA oOTpaciu. BnusHue
OKCIUTyaTallMOHHBIX ~3aTpaT Ha TMPOBEACHUE MEPONPUATHS TIO DKCIUTyaTalluu
CKBOKMHBI Ha TEKYIIEM PEXHME SIBISETCS TOCTATOYHO MPUEMIIEMBIM, TeM Oolee
daKkTH4ecKu, 10 TMPOCKTHOMY JOKYMEHTY HE TMpeayCMaTpuBaeT 3HAYUMBIX
TIOBBIIIICHUH CTOMMOCTH 3KCIUTyaTallid CKBaKUHBI.

JIJis HArJISIHOTO TPEACTaBICHUS O BIUSHUW CTaBKH JUCKOHTUPOBAHUS Ha
BBIPYUYCHHBIM JICHE)KHBI TOTOK HAJIMYHOCTH 32 BBIYETOM HAJIOTa Ha MPHUOBLIb,
BbIOEpeM JlaHHBbIC U3 TaOmuIbl 12 u moctpoum rpaduk U3MEHEHHUS C y4eToM U 0e3

ydeTa BIUSHUS TUCKOHTHOW CTaBKH (PHCYHOK 41).

JoxonmHOCTSE

Pucynok 41 — I'paduk u3MeHeHHs TUCKOHTHPOBAHHOTO 10X0/1a 32
pacUETHBIN ITEPUOJT
N3 rpaduka BUIHO, YTO C yU4e€TOM JIaHHOW NUCKOHTHOM cTaBku (11 %), moxoxn
JICHEHOTO TIOTOKA 10 MPOEKTHBIM 3HAYEHUSIM MPOU3BOIUTEIHLHOCTH CKBAKUHBI HA 5
roJl dKCIUTyaTtaluu OyJeT MoHmkeH ax Ha 312736,9 Teic.py0 BBUIY 00€CIICHHUBAHUS

JIGHET CO BPEMEHEM M YBEJIMUCHUEM MHQIISIIIUY 1IEH Ha CETMEHTE PhIHKA 110 Tasy.
4.2 AHAJIM3 YYBCTBUTEJIbHOCTH K BO3MOKHBIM M3MEHEHHUSIM

duHaHCOBas OLICHKA B MPOEKTaX ra30700bIBAIOIIEH OTPACTH, KaK U B JIIOOBIX
JIPYTUX KPYMHBIX OM3HECAaX, OMPEAeseTCss MHOTUMH TOKA3aTelsiMU, HEKOTOPBIE U3
KOTOPBIX MOTYT CHJIBHO MEHSTHCS OT BO3JAEHUCTBUS PA3JIMUYHBIX CUTYyalldid, IPyrue B

IMPHUHOUIIC HC MOT'YT OBITH TOYHO OIIPCACIICHEI.
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B Buay BO3HMKHOBEHMS TAKOBBIX, B MUPOBOM W OTEYECTBEHHOM NPAKTUKE
aKTUBHO HMCIOJIB3YETCs MPOLeAypa aHaju3a yCTOWYMBOCTU MPOEKTA, CyTh KOTOPOU
3aKJII0YAETCs] B TOM, YTO:

— B kaudecTBe nepeMeHHON BbIOMpAETCS OJMH W3 YMCICHHBIX 3HAYEHUH, B
TO BpeMsi, KaK BCE OCTAJIbHbIC CUUTAIOTCS OCTOSIHHBIMU C MIPOEKTHBIMU 3HAYEHUSIMU
(B 1aHHOM paboTe TaKOBBIMHU SIBIIIOTCS: 00BEM J10OBIYU ra3a, yCIOBHO-TIEPEMEHHBIE
3aTpaThl, IKCIUTyaTaI[IOHHBIC 3aTPAThl, K3MCHEHHUE IICHBI HA ra3);

—  Jlanmee BbIOMpaeTcs pa3yMHBIM Juana3oH BO3MOXKHBIX H3MEHEHUH (B
JTaHHOU paboTte BbIOpaHo oT -20 10 +20 % BO3MOXKHBIX KOJICOaHMH);

—  [Ins KxpallHUX 3HAYEHUH 3TOr0 JUANa30Hbl, a TAKXKE JJIs1 IPOCKTUPYEMOTO
3HAYCHUS MMEPEMEHHON PacCUMTHIBAIOT BAKHEUIIIMM MOKa3aTeIu OIEHKU MPOeKTa (B
nanHoi pabore 3To NPV) u takum oOpazoM ompenensitoT BIUSHUE BBIOPAHHOTO
3HAYEHHUA C YYETOM U3MEHEHMS Ha TaHHbBIM NIOKA3aTelb OL[CHKHU.

Takum 00Opa3oMm, C y4eTOM BBIIIECONHCAHHOTO BHIOMpPAEM J[IaHHBIE YEThIPE
YUCJICHHBIX 3HAYEHHS 10 IOKA3aTeNlsiM, M M3MEHSEM HX 3HAYCHHS C YYETOM
BBIOpaHHOTO Auana3zoHa. llepecunTeiBaeM Bce 3aHOBO AJIA KaXKJIOTO U3 M3MEHEHHBIX
1o pac4yeTHbIM opmysam 43 — 52 ¥ 3aHOCHM UTOTOBbBIE 3HaUeHUs B Tabmuie! 13 — 16.

Tabmuua 13 — IHoumxenne o0beMoB 100b14M ra3a Ha 20 %

I'oapl
IMoka3aTenu Enunumt 1 2 3 4 5
U3MepeHus
Hprpoct Thic. M° | 184723,29 | 184723,29 | 184723,29 | 184723,29 | 184723,29
JIOOBIUM Ta3a
HuckoHTupo-
e % | teic. py6 | 560921,32 | 10066255,8 | 1521512,17 | 1931633,01 | 2301149,26
JICHE)KHOM Ha-
JIMYHOCTHU

Tabnuna 4 — YBenuyeHue dKCITyaTalluoHHBIX 3aTtpaT Ha 20 %

TI'oanl

IMoxkaszarenn Equamust 1 2 3 4 5

U3MepeHus
I;?;Ifge THIC. YO 228948,19 | 228948,19 | 228948,19 | 228948,19 | 228948,19
Juckontupo-
BaHHBIN TIOTOK TBIC. PyO 701693,99 | 1333850,74 | 1903361,33 | 2416433,93 | 2878661,5
IIEHE)XHOU Ha-
JINYHOCTHU
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Tabnuia 5 — YBenuueHue ycnoBHO-TIEpeMeHHBIX 3aTpaT Ha 20 %

TI'oawl
IToxa3zarenn Enuruur 1 2 3 4 5
H3MepeHus
I;T‘;yaff ThiC. py6 | 290826,86 | 290826,86 | 290826,86 | 290826,86 | 290826,86
HuckonTupo-
BARHBIMTOTOR e py6 | 657096,75 | 1249075,81 | 1782390,27 | 2262853,75 | 2695703,74
JCHEXHOU Ha-
JINMYHOCTHU
Tabmuma 6 — [Tonmxenue uensl Ha ra3 Ha 20 %
TI'oawl
IMoxka3aTenn Exunuuer 1 2 3 4 5
H3MepeHns
ITpupoct
BBIPYUKH OT ThIC. py6 | 962038,88 | 962038,88 | 962038,88 | 962038,88 | 962038,88
peannsanuu
JuckoHTHpo-
BAHBIN TOTOK e, py6 | 530523,02 | 1008471,7 | 1439056,08 | 1826969,94 | 2176441,9
JEHEXKHOHU Ha-
JINYHOCTHU

Haxonum pasnuily mexay usMeHEHHbIM 3HaueHne YTC mo BbIOpaHHBIM

kareropus (Tabnumpl 13 — 16) u 6a3ucHsIM (Tabyimira 12) u 3asocuM B Tabauiry 17.

Tabnuua 7 — AHanu3 4yBCTBUTEIBHOCTH MPOEKTA K BO3MOKHBIM U3MEHEHHSIM

) } HN3meHeHHoe Pasnuna OTHoeHne
Bapbupyemslrii bazucHbii 3HAYeHHe n3menenue YTC No
napamMerp YyTC YTC, ThIC (%)K n3mMeHeHuo |
pyo Teic. py6 | 90 (%) mapamerpa

O0beM 100OBIYH 2301149,26 | 541913,36 | 19,06 0,95 2
DKCIUTyaTalluOHHBIE 2843062 62 2878661,5 35598,88 | 1,25 0,06 4
Y CIIOBHO-TIEPEMEH. ' 2695703,74 | 147358,88 | 5,18 0,26 3
Ilena Ha ra3 2176441,9 | 666620,73 | 23,45 1,17 1

Bribepem 3Hauenus cronbua otHoueHuss m3meHeHuss UTC k u3MeHeHHIO

napameTpa, a TakKe Jhara3oH kojiebanui (Tabmuiel 17) u 3aHeceM MX OTACIBHO B

tabymity 18 mis moctpoenus rpaduka aHam3a 9yBCTBUTEIBHOCTH NPV (prucyHok 42).

Tabnuua 18 — JlanHble A1 noCTpoeHus rpaduka

Jlnana3on koJiedbanunii, %

ITapamertp -20 0 +20
O0BeM 100bIYH -0,95 0 +0,95
DKCIUTyaTallnOHHBIC -0,06 0 +0,06
Y cnoBHO-TIEpEMEH. -0,26 0 +0,26
Ilena Ha ras -1,17 0 +1,17
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AHanmMsz2 YyBCTBUTENBHOCTM NPV

O6seM noOBrum ——SKCIUIyaTauMOHHEE SaTpPaThH
- YCJIOBHO-TIEPEMEHHEIe 3aTPaTH MsMeHeHMe LEHH Ha ras
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UsMeHeHue NPV, %

Pucynok 42 — I'padux ayBcTBUTENbHOCTH NPV
Kak BuaHo u3 rpaduka, HanOosiee BIAMATENBHBIM (DAKTOPOM Ha M3MEHEHHE
NPV okasbiBaeT W3MeHEHHUE IIeHbl Ha ra3 ¢ kodddumuentom B 1,17; crenyronmm
(bakTopoM BIUsIHUA OyJEeT U3MEHEHUE 00bema J0ObIYM ra3a ¢ ko duuuentom B 0,95;
Jlajiee  OKa3blBaeTcs BJIMSHUE HW3MEHEHHE YCJIOBHO-TIEPEMEHHBIX 3aTparT C
ko3 durmentom B 0,26; HauMeHblllee BIMSHUE [OKa3ajl0 MW3MEHEHHE LEH

AKCILTYyaTallMOHHBIX 3aTpat, KoadduuueHt scero 0,06.
BeiBoabI O pa3aeny

Takum o0pazom, B pesysbTare peaiu3alid BRIOPAHHOTO TEXHOJOTHYECKOIrO
peXrMa OKCIUIyaTalid MAaKCUMAaJIbHO-IOIYCTUMOM JENpEecCUd Ha IUIACT U
npoekTHOM ckBaxuHbl 5071 Xapacaeaiickoro ['KM ¢ ropu3oHTaJbHBIM THIIOM
OKOHYaHU Ha 5 JIETHUHM NIEPUOJ MOCIIE BBOJA CKBAXKMUHBI B DKCILJIYaTallMIO0 BO3MOXKHA
no6baa B 1154520,55 Thic. M° Ha OOLIYyI0 CyMMy YHCTOTO JEHEKHOTO IOTOKAa B
2843062,62 ThIC. pyO., yTO (hakTHUECKH OyAET OKynaTh MPOU3BEACHHBIEC 3aTPAThl HA
CTPOUTENBCTBO CKBAXUHBL. B CBSI3M € 3TUM, MOXHO CHelaTh BBIBOA 00
PKOHOMMYECKOHN 11e71ec000pa3HOCTH MpuMeHeHus aaHHoro TPOC Tak ke 1o
OTCYTCTBHIO  JIOTIOJJHUTEIBHBIX  OKCIUTyaTallMOHHBIX 3aTpaT Ha Oopr0y ¢
OCJIOKHSIOIIMMU (PaKTOpaMu, U COKPAIEHUS] PEMOHTHBIX MEPUOJIOB IO UX MOJHOTO
OTCYTCTBUSI B BHUJY NpPaBWJIBHOTO MOAOOpa pEXKMMa Ha ONTUMAJIbLHOM 3HAYEHUU

MJIACTOBOM JIEMPECCHH M MIPOSKTHOTO AeOUTa C yU€TOM CE30HHBIX MOTPEOHOCTEH.
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3AJJAHME JIJISI PA3JIEJIA
«COLMAJBHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna DPUO
2Bb8]] UypukoB Jleonun
Otaenenne
xoaa HULIITP (HOII) OH/JL
v H y 21.03.01 HedrerazoBoe pmemno/Pa3zpaborka u
POBEHE bakanaBpuar anpasJenmue 9KCIUTyaTauus  He(TSHBIX M Tra30BBIX
o0pa3oBaHust CNEeNHAJIBLHOCTD MecTOpOIKIeHH
Tema BKP:

AHaIN3 TEXHOJIOTUYECKUX TIOKa3aTeNe PEXKUMOB pabOThI Fa30BbIX CKBKUH HA MECTOPOXKICHHUAX
3anagaon Cubupu

Hcxoanble JaHHbIE K pasaenay «CO[II/laJIbHaH OTBETCTBEHHOCTb» .

BBeaenue

—XapakTepucTHKa o0ObekTa
WCCIIeIOBaHUS (BemecTBoO,
Mmarepuai, MpuOOp, alrOpHUTM,
METOJIMKAa) MW O00JIACTH  €ro
MPUMEHCHHS.
—Ommucanne  pabodeil  30HBI
(pabouero MecTa) npu
pa3paboTke MIPOEKTHOTO
PELICHUSI/TIPY SKCILTyaTaluu

Obvexm uccnedosanis: TeOIOTUUECKUE H TEXHOIOTHYECKUE PHCKU MIPU
BBIBOIE Ha TpeOyeMBIii pPeXHUM C MOCIEAYIOIEH SKCIUTyaTaruei
ra30BbIX CKBAKUH

Obnacmo NpUMeHeHUA: ra3oBble,
HedTera3oKoHAEHCATHBIE MECTOPOKICHHUS
Pabouas 30na: onesble yCIoBUs
KAUMAMU4ecKas 30Ha: KOHTUHEHTaIbHAas U Pe3KO-KOHTUHEHTAlIbHAs

Ta30KOH/ICHCATHBIC u

Konuuecmeo u Haumenosanue 0060pyoosanusi pabdoueil  30HbL:
obopynoBanne GpoHIa ra30J00BIBAONINX CKBAXKHH
Pabouue npoyeccvl, cesazamHbie ¢ 0OBLEKMOM — UCCIEO08AHU,

ocywecmensiowuecs 6 paboyeti 30He: KOHTPOIb 3a IapaMeTpaMu
MIPOLIECCOB TPOM3BOAUTENHHOCTH, a TaKXkKe MoA00p ONTHMAaIbHBIX
BapUaHTOB SKCIUIyaTalluy ra30BbIX CKBAXUH

HepequL BOIIPOCOB, NOJICIKAIINX UCCICAOBAHNIO, IPOCKTUPOBAHUTIO U pa3pa60TKe:

1. lIpaBoBble U OPraHM3alUOHHBbIE BONPOCHI
o0ecrnieyeHus1 6e30MaCHOCTH NpPHU pa3padoTke
NMPOEKTHOr0 pelIeHUs/MPU IKCIUIyaTalluu 1
€ro nocjeayIoe IKCIIyaTaun

—CIeuagbHble  (XapaKTepHBIE
IpH  O3KCIIyaTaluu  0OBeKTa
HCCJIEIOBAHMsI, IPOEKTUPYEMOM
paboueii  30HBI)  IPaBOBHIC
HOPMBI TPYJI0BOTO
3aKOHOJIaTENIbCTBA;

—OpraHu3aIOHHbIE

MEPONPHATHS PH KOMIIOHOBKE
paboueii 30HBI

®enepanbublii 3akoH "O06 ocHOBax oxpansl Tpyna B PO" Ne 181-D3 ot
17.07.99r

Oenepanbuplii 3akoH "O TPOMBIIUICHHOW 0€30MacHOCTH OMACHBIX
MIPOU3BOJACTBEHHBIX 00BEKTOB" Ne 116-D3 ot

21.0797r

Oenepanpublii 3akoH "O moxkapHoi Oe3omacHocTH" Ne 69-D3 ot
21.12.94r

®Denepanbublii 3akoH "O 3amuTe HacelIGHUS U TEPPUTOPUM OT
Ype3BBIYAWHBIX CHTYAIMi IPHPOJAHOTO U TEXHOT'€HHOTO XapakTepa" oT
21.12.94r

I'OCT 12.1.010-76 CCBT. B3priBobe3omacaocTs. O0mie TpeboBaHus
I'OCT 12.3.002-2014 CCBT. IIpoueccsl mpou3BoacTBeHHBIE. O0ImINe
TpeOoBaHMs 6€30ITACHOCTH

I'OCT 12.4.011-89 CCBT. Cpenctsa 3amutsl padortaromux. O0mue
TpeboBaHMs U Ki1accUpUKaIus

T'OCT P 55414-2013 MecTtopox/1eHusi ra30Bble, ra30KOHJICHCATHBIE,
HedrerazoBele M HedTera3oKoHJeHcAaTHble.  TpeOoBaHMS K
TEXHHUYECKOMY MPOEKTY pa3paboTKH

T'OCT 13846-89 Apmarypa ¢oHTaHHas W HarHeTaTelbHas. THIIOBBIE
CXeMBI, OCHOBHBIE MapaMeTPhl M TEXHWYeCKHe TpeOoBaHMSI K
KOHCTPYKIINHI

2. IIpousBoacTBeHHasi 0e30MacCHOCThH MpPH
pa3padoTke IPOEKTHOIO pelIeHHs1 H  ero
nocJieiyouiei IKCIIyaTanuu:

—Ananmus MOTEHLIUAIBHO
BpPEIHBIX " OTACHBIX
NPOU3BOICTBEHHBIX (PAKTOPOB
—OO0ocHOBaHNE MEpONPUATHI
10 CHM)KEHHIO BO3JICHCTBHSA

IMoTeHuMaIbLHO BpeaHbIe NPOU3BOACTBEHHbIE (PAKTOPHI:
1. OrtkioHeHus MokazaTeneil KiuMara Ha OTKPBITOM BO3JyXe;
2. Bo3peiicTBus ra3oBbIX KOMIIOHEHTOB U a3p030Jieil (BKIIFOUast
apsl), 3arpA3HAIOIIUX YUCTHIM IPUPOIHBII BO3AYX;
3. TloBblmeHHBI ypOBeHb W Jpyrue HeONaronpusTHbIC
XapaKTepPUCTUKH IIyMa;
4. XuMmndeckue BelecTBa, 00IaaaloIie OCTPOil TOKCHIHOCTHIO
1o BO3JICHCTBUIO Ha OpraHu3M (sLmoBUTHIE
BEIIECTBA/XUMHUKATB/XUMHYECKAsT TIPOTYKIIH );

IToTeHIMATBLHO ONACHBIE TPON3BO/ACTBEHHBIE (PAKTOPHI:
—  TIpousBonctBeHHble (haKTOpBI, CBA3AHHBIE C AEKTPUICCKUM
TOKOM, BBI3bIBAEMBIM PA3HHIEH AIEKTPUIECKUX MMOTEHIHAIOB, MO
JeHCTBUE KOTOPBIX MOMagaeT pabouHii;
—  OtcyTcTBHE WM HEAOCTATKH HEOOXOAUMOIO HCKYCCTBEHHOTO
OCBELIEHUS;
—  Ilamenue pabOTAIOIIETO C BBICOTHI;
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— OOopynoBanue, EMKOCTH, pabOTaIOMIUE MOJ H3OBITOYHBIM

JABIICHUEM.
TpeOyemble cpeacTBa KONIEKTHBHONH H HHAMBHAYAJIbHOI 3a1IMTHI:
Hctounuku  cBeTa,  OCBETHTENbHBIE  HPUOOpPBHI,  YCTpOMCTBa

JIMCTaHIMOHHOTO YIPABJICHHS, HATMYHE 3alIUTHOTO 3a3eMJICHNUS, 3HAKN
0€30IIaCHOCTH, OTpaJUTEIbHBIC YCTPOWCTBA, 3JIEKTPOM30IMPYIOIIHE
YyCTPOWCTBA M ITIOKPBHITHS, HPEAOXPAHHUTEIbHBIC  yCTPOWCTBA,
MPOTHBOTra3bl, PECIUPATOPBI, 3ALIUTHAS KacKa, CIICLOACK 1A, 3alIUTHbIC
nepyaTku, 00yBb C METAJUTMIECKOW BCTABKOM y MaJIbLEB HOT, 3alUTHbIC
OYKH, HAYIITHUKH ¥ BKJIQ IBIIIH.

3. Okoaorumyeckas 0e30macHOCcTbL  NpH
pa3paGoTKe NPOEKTHOTO pelIeHUusT M €ero
nocJjeAyouel IKCIIyaTauuu

BoszeiicTBre Ha ceauTeOHYO 30HY: CHIXKEHHE Ka4yeCTBAa UCTOUHUKOB IIUTHEBON
BOJIBI

Bo3snaeiictBue Ha nuTocdepy: puck 00pa3oBaHHs HEKOHTPOIHPYEMBIX TPEILIUH
TOPHBIX MOPOJ B NPOLIECCE CTPOUTENBCTBA M SKCILTYaTALMH CKBAXKHH, a TAKKe
PAcCTeIIeHNs] MHOTOJIETHEMEP3IIbIX TTOPO]

BoszeiictBue Ha ruapocdepy: puck MPOHUKHOBEHUs 3aKa4HMBacMOro areHTa B
BOJIOHOCHBIE TOPU30HTBI

Bo3zpeiictBre Ha atMoc(epy: nossimenue BeiopocoB CO, B mponecce mopauu
rasa Ha (hakesIbHYIO YCTAaHOBKY

4, Be3onacHocth B ype3BbIYaHHbIX
CHUTyaUsiX IpH pa3padoTke MPOEKTHOro
peleHus/ P IKCIIyaTaluu

Bosmoxxnbie ~ YC:  3emierpsceHue,  HEKOHTPOJIMPYEMOE  OTKpBITOE
(OHTaHMPOBAHNE CKBAXKHH, JECTPYKIHS BHYTPHIIPOMBICIOBEIX [a30IPOBOIOB,
ornacHocTh Bo3ropanus razoB u JIBXK, yreuka TOKCHYHBIX XHMHYECKUX
peareHToB

Hanbonee tunmuynas YC: HEKOHTpOIHMpyeMOe OTKPBITHII BHIOpOC Trasa B
aTMoc(epy, YTeuKa TOKCHYHBIX XUMHYECKHX PEarcHTOB

JaTa BbI1a4u 3a1aHus AJs1 pa3aelia no JuHeiHoMy rpaduxky

10.03.2022 r.

3agaHue BbI/1aJ KOHCYJIbTAHT:

JI0JZKHOCTH (017 (0] Y%H;:;{;ine}lb, Toanuch Hara
Crapmmi T'ynsieB Munuii
p y 10.03.2022
MpernojiaBaTesb BceBomomosuu
3aaHue MPUHSAJ K HCIIOJIHEHUIO CTY/ICHT:
I'pynna [)7(0] IHoanucp Jara
2B8]] Uypukos Jleonun 10.03.2022
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S COMAJIBHAA OTBETCBEHHOCTD

OOBeKTBl MPOMBIIIEHHOW J00BIYM Ta3za o00JalaloT BBICOKHUM YPOBHEM
OMMAaCHOCTH W BO3MOXXHOCTHIO BO3HHUKHOBEHHS OJKCTPEMAlbHBIX CHUTYaIlHUeH,
YTPOKAIOIINX 30POBBIO0 pabodero nmepcoHana. OdecrnedeHne ONTUMATBHBIX PEKIMOB
paboThl Ta30BBIX CKBOXHH — 3TO TPYIAOCMKHH M OIACHBIA IMpoIecc, TPEOYIOIHii
0c000r0 BHUMaHUS U CTPOTO COOMIOACHUS TEXHUKHU Oe3omacHocTu. Vicxoas u3 aToro,
HEOOXOJMM KOMILJIEKC MEPOIPHUATHH IO O30POBICHUI0 W YIYYIICHUIO YCIOBUN
Tpyda, TJIaBHOW IENbI0 KOTOPBIX JIOJDKHA OBITh OpraHMW3alis OJarompHsITHBIX
YCIIOBHM, HEOOXOIUMBIX 11 BBICOKOTIPOM3BOJUTEIBLHOTO TPyJa W YCTPAHCHHS
npodeccHOHaNbHBIX 3a00J€BaHUN, a TaKKe MPOU3BOJCTBEHHOIO TpaBMaTU3Ma U
IPUYUH UM CIOCOOCTBYIOMUX. J[OCTHXKEHHE TaKOBBIX OCYIIECTBHMO JIUINb TPH
COOJIIOJICHUN CTPOTO PEeXMMa JUCIHUIUIMHBI M CICJOBAaHUU HHCTPYKIHSM OXPaHbI
TpyJia BCero pabOTarollero rnepcoHaia B MpOIECcce OCYIIECTBICHUS MOCTABICHHBIX

3a1ad.
5.1 IIpaBoBbIe M OPraHU3aIHOHHBIE BONMPOCHI 00ecneyeHns 0€30MacHOCTH

B cBsa3u ¢ Tem, 4TO YCTaHOBKA M OCYIIECTBIECHHUE KOHTPOJISI TPEOyeMbIX
pPeXKUMOB PabOTHI Ta3000BIBAIONIUX CKBAXKHUH MPOUCXOJIUT HEMOCPEACTBEHHO Ha
MECTOPOXKJICHUSX, U3-32 OTJAJEHHOCTH MECT IMOCTOSHHOTO MPOXKMBaHUSI pabouero
nepcoHanga JUOO MECT pacmloJiokKeHUs padoTojaresisi, B OOJBIIMHCTBE CIy4acB
npeo0asaeT BaxToBbIH MeToa padoT. OCOOGHHOCTH PETyIMpPOBaHUSA TpyjAa JIUIIL,
paloTaroIMX BaXTOBBIM MeTOJI0M, mpomnucanbl B TiaBe 47 TK P® [45]. K paGorawm,
BBITIOJIHSIEMBIM BaXTOBBIM METOJIOM, HE JIOMYCKAalOTCSd pabOTHUKHU B Bo3pacte 10 18
JeT, OepeMeHHbIe KEHIIMHBI U JKEHITUHBI, UMEIOIINE JAeTe B BO3pacTe 10 3 JIET, a
TaK)Ke JINIIA, IMEIOITUE TPOTUBOIIOKA3aHMUS 10 MEIUIIMHCKUM 3aKiTtoueHusM. [Ipu gem
MPOJOKUTEIBHOCTh BaxThl HE JOJDKHO TMPEBBINIATh OAHOro wmecsiua (30-Tbl
KaJICHTAPHBIX JHEH), pexXe MAOMYCTUMBI CIIy4a C YBEJIMYCHHEM BaXTOBOTO
MIPOMEXKYTKA 0 3 MECSLEB.

[IpenycmarpuBaeTcs BbITIaTa HaJOABKH 32 BaXTOBBIM METOI PabOTHI B3aMeH

CYTOYHBIX 32 KaX/Ibli KaJ€HAApHbIN IeHb NpeObIBaHUs B MECTaX MPOU3BOCTBA padoT
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B IIEPUOJI BaXThI, @ TAKXKe 32 (PaKTUUECKHE THA HAXOXKJICHUS B IIyTH OT ITyHKTa cOopa
710 MecTa npousBeaeHus padot. Jlumam, padotarommm B paitonax Kpaiinero Cesepa u
NPUPABHEHHBIX K HUM MECTHOCTSIM, YCTAHABIIUBACTCS PallOHHBIA KOIPDUIMEHT U
BBITUTAYMBAIOTCS TIPOIICHTHBIE HAA0aBKH, TaKXKe MPEAYCMOTPEH €KETrOTHBIH
JOTIOJTHUTENBHBIN OTIAYMBAEMbIN OTIYCK JJIUTEIBLHOCTHIO 16 KaleHaapHbIX AHEH JIst
MECTHOCTEH, IpupaBHEHHBIX K paiionaMm Kpaitnero Cesepa u 24 xaneHIapHbIX JHS JJIs
paiionoB Kpaiinero Cesepa.

Onepatop JHI'uK exenHeBHO KOHTaKTHPYET C Ta30MPOMBICIOBBIM
00opya0BaHUEM, KOTOPOE JTIOJDKHO COOTBETCTBOBATH OMPEICIICHHBIM TpeOoBaHusIM. B
KOHCTPYKITUIO 00OPYIOBaHUSI TOJDKHBI BXOJHUTH Pa3IMYHBIC 3aIIMTHBIC CPEICTBA C
1EJIbI0 YCTPAHECHUS WM CHUKEHUS OTIACHBIX M BPEIHBIX (PAKTOPOB JI0 OINPEIACIICHHBIX
3HaueHui. Pabouas oOmacte onepatopa JHIuK pomkHa COOTBETCTBOBATH
tpeboBanusam, nponrcanubiM B [OCT 12.2.033-78 CCBT [46]. dns 2 dexkTuBHOTO
BBITIOJIHEHUS Ppabouux 00s13aHHOCTEH HEO0OXOJAMMO JIOCTATOYHOE MPOCTPAHCTBO,
obOecnieunBaroniee yao0HbIe paboure Mo3bl U BO3MOXHOCTh MEpeaBMKEHUM. Takxke
JOJDKHBI COOJTIOIATHCSL SPrOHOMUYECKHE TPeOOBaHUSI K 000PYIOBAHUIO U OTCUETHBIM
yCTpOMCcTBaM MHIUKATOpoB, ponucanabie B TOCT 12.2.049-80 CCBT [47] u TOCT
22902-78 [48].

5.2 IIpousBoacTBEeHHAsI 0€30MACHOCTH

B mporecce npoBenenus paboT Mo BBIBOLY HAa TPeOYeMbIH PEXUM padOThHI
ckBaxuHbl Ha [M, 'KM nu HI'KM moryr BO3HMKaTh pa3jau4HbIE aBapuu, NpH

JIMKBU AWMU KOTOPBIX BOSHUKAIOT OIMACHBIC U BPCAHLIC ITPOMU3BOACTBCHHBIC (l)aKTopBI

(tabmuna 18) [49].
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Tabnuna 18 — Bo3moxHbIE OmacHble W BpeIHBbIE MPOU3BOACTBEHHBIE (PAKTOPHI,

BO3HUKAIOIIHWEC ITPH BBIITIOJIHCHUUA pa60T Ha KYCTOBBIX IIIOIIAAKaX

N30BITOYHBIM JaBJICHHUEM

Jranbl
padort
®
| 8 &a| =
g 2 o| &
DaKTOpbI S § = g HopMaTuBHBI€ JOKYMEHTbI
S| s &l S
S 52 2
gl 2§ 2
M
1. OTKiI0HEHHE I'oOCT 12.4.011-89 CCBT. CpencrBa 3amuThl
mokaszatenel kiuMata Ha |- | - + | paborarommux. OO6mwme TpeOoBaHUs u
OTKPBITOM BO3JTyXe KJaccuuKanus
2. [ToBbIIEHHBIN
YPOBCHb IIymMa M Jpyrue | . | + I'OCT 12.01.003-2014 CCBT. IIym. OOmwue
HeONaronpusTHbIE — Xapak- TpeOoBaHMs 0€3011aCHOCTH.
TEPUCTHUKH IIyMa
CII 52.13330.2016 EcrtecTBeHHOE u
3. OtcyrcTBUE WIH HCKYCCTBEHHOE OCBellleHHE. AKTyalu3upOBaHHas
HEJOCTATKA HeoOxoaumoro | + | + + | penakiuss CHull 23-05-95.
HCKYCCTBEHHOI'O OCBELICHUS I'OCT 12.1.046-2014 CrpourensctBo. Hopmsl
OCBEILIEHUS] CTPOUTENBHBIX TUIOMIAJIOK.
4, BoszaetictBusa
ra3oBbIX KOMIIOHEHTOB U
o T'OCT 12.1.005-88 O6mue CaHUTapHO-
a’po3oJel (BKIIoYas maphl), .
" TUTHEHUYCCKUEe TpeOOBaHUS K BO3IyXy paboueid
3arpsI3HAIONINE YHCTBII SOHLL
MPUPOAHBIN BO3AYX, a TAKKE | + | + + ’
PHpOAL yx I'H 2.2.5.3532-18 [IlpenensHOo AOMYCTUMBIE
XUMHUYECKUX BELIECTB,
o koHneHtpauuun (IIJIK) BpeaHbIx BemiecTB B
00JIaIaroInX ocTpoit .
BO3/1yXe paboueii 30HbI
TOKCHUYHOCTBIO 1o
BO3JICVCTBUIO Ha OPTraHU3M
S. [Tpon3BoiCTBEHHbIE
(bakTopbl, CBSI3aHHBIE C
JIEKTPHUUECKUM TOKOM
P o I'OCT 12.1.030-81 CCBT. DnekTpo6e301acHOCTb.
BBI3bIBACMBIM pasHunen | + | + +
3aluTHOE 3a3eMIICHHE, 3aHYyJICHUE
NIEKTPUUECKUX HOTEH-
IAajaoB, TIOJ  JEeHCTBHE
KOTOPBIX MOMNajaeT pabounii
I'OCT 12.1.010-76 B3psiBo6e3onacHoCTh. OO01me
6. OmnacHocTh
BO3HMKHOBEHMS  MOXapos, | + | + + TPEOOBAHHS.
’ I'oCT 12.1.004-91 CCBT. [oxxapHas
B3pPBIBOB
6e3omacHocTh. Ob61Me TpeOoBaHusl.
7. OGopynoBanue,
I'OCT 34347-2017 Cocypl u annapaTsl CTaJIbHbIE
eMKocTH, paboTaromme moxa | + | + +

cBapHbie. O0mIMe TEXHHYECKUE TPeOOBaHUS
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Bce pa6OTBI, KOTOPBIC BBIITOJIHATOT [IEXa I[O6BI‘-II/I ra3za 1 KOHAcHcara AaBJIII0OTCA
HEOThEMJIEMON YacTbIO ACATCIIBHOCT MCCTOPOKIACHMUA. HOBTOMY COCTOAHHUC
TpaBMaTU3Ma, HpO(i)CCCI/IOHaJIBHBIX 3a00J1eBaHUH 1 BBI3bIBAIOIINX UX IIPUYHH, a TAKIKC

CTEIEHb PUCKa OEPETCs 10 MECTOPOXKICHHUIO B LIETIOM.

5.2.1 AHaau3 BpeJHbIX NPOM3BOJACTBEHHBIX (PAKTOPOB M 000OCHOBAHHUE

MEPONPUATHIA 10 CHUKEHUIO YPOBHS BO3/1€iiCTBUA
5.2.1.1 OTkyI0HEeHHE MOKA3aTeJIell KIMMaTa HA OTKPBITOM BO31yXe

PaGoTel mo BBIBOAY/TiepeBONYy Ha TpeOyemble PEXHUM Ta30BbIX CKBaXHH
3a4aCTyI0 IPOBOJISATCS HA OTKPBITOM BO3/yX€E, IOITOMY OHU CBSI3aHBI C BO3JICHCTBUEM
Ha paloTaromMX pa3jIMYHbIX METEOPOJIOTMUECKUX YCIOBUH  (TemmepaTyphl,
BJIQXHOCTH BO3/yXa, BETpPa, E€CTECTBEHHBIX W3Iy4YeHUIl). MeTeoposoruueckue
YCIIOBUSl TOJBEPKEHbl CE30HHBIM M CYTOUHBIM KoJjieOaHusMm. HeGmarompusiTHbie
METEOPOJIOTUYECKUE YCIOBHSI MOTYT SIBUThCSI IPUUYMHOM HECUACTHBIX ciydaes. [lpu
BBICOKOI TeMIlepaType BO3/lyXa MOHMXAETCSI BHUMAHUE, MOABIISAIOTCS TOPOIUIUBOCTh
U HEOCMOTPUTENIBHOCTD; NPH HU3KOM - YMEHBINAETCS IOABM)KHOCTH KOHEYHOCTEU
BCJIEJICTBUE HMHTEHCHUBHOW TemIoOTnayu opraHuzma. llpu paboTe Ha OTKpHITOM
BO3JyXe IMpaBWIaMHU O€30MaCHOCTU MPEAYCMOTPEHbl MEpPONPUATHS IO 3allUTe
pabouyux OT BO3ACUCTBUS HEOJArONPUATHBIX METEOPOJOTUYECKUX (PAKTOPOB:
CHa0XkeHre pabounx CHEeoACkKA0U U CIelo0yBbl0, KOTOPHIE BEIOMPAIOTCS COTJIACHO
I'OCT 12.4.011-89 [50]; ycTpOMCTBO YKpBITHH, 30HTOB HaJ pabOYMMH MECTaMH,
noMeIneHui Jj1st odorpesa padbouux (kyabt Oyaku). [Ipu onpeneneHHoi TeMeparype
BO3/[yXa U CKOPOCTH BETpa B XOJOAHOE BpeMs rojia paboThl 3amperatorcs (Tadnuia
19).

Tabmuua 19 — IlorogHele yciioBUs, MpU KOTOPBIX pabOTHl Ha OTKPBITOM BO3IyX€

MIPUOCTAHABINBAIOTCS
CkopocTtb BeTpa, M/c Temneparypa Bosayxa, °C
be3BerpenHas noroja -40
<5 -35
5-10 -25
10-15 -15
15-20 -5
> 20 0
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5.2.1.2 Tlpou3BoACTBEHHBIII IIyM B padoueii 30He

Pa6ora omeparopa JIHI'uK cBs3aHa c HaxoXJAeHHEM Ha TEPPUTOPUHU C
MOBBIIICHHBIM YPOBHEM IIIyMa, CO3JAIOIIUMCS paOOTAIONUMU TEXHUYECKUMU
ycraHoBkamu U arperatamu. Cormmacio 'OCT 12.1.003-2014 [51] 3HaueHue ypoOBHS
3ByKa Ha OTKPBITOM MECTHOCTU JOJKHO ObITh He Oosee 80 ab, a B LENAX CHUKEHUS
YPOBHSI IIymMa Ha Ta30MpOMBbICIaX NPEAyCMaTPpUBACTCS PalMOHANIbHAS IJIAHHUPOBKA
MPOU3BOJICTBEHHBIX ~OOBEKTOB M  TEXHUYECKUX YCTAHOBOK, IPOU3BOJUTCS
IUIAHUPOBAHME PEXKUMOB Tpylda M OTIbIXa, pabOTHUKU OOECIeUnBaIOTCA

MPOTUBONTYMHBIMU BKJIQ/IBIIIAMU WJIA HAYITHUKAMHU.
5.2.1.3 OcBemenue padoueii 30HbI

[Ipu pabore B TeMHOE BpeMsl CyTOK OOBEKT JOJDKEH ObITh OCBEIIEH, BO
u3bexkanue TpaBmarusma. Hopma ocseriennoctu coracHo CIT 52.13330.2016 [52]
pabouue MecTa MpU MOJ3EMHOM U KalHUTaJIbHOM PEMOHTE CKBaXHUH HE HUXE 25
JIIOKCOB. B KauecTBe 0CBETUTENBHBIX TPUOOPOB MPUMEHSIOTCS (POHAPH U TTPOKEKTOPA.
[Ipy COOTBETCTBMM OCBEIIEHHOCTH YKa3aHHbIM HOpPMaMm  JONOJHUTEIbHBIC

MEPOMPUSATHUS MO YIYUIIEHUIO OCBEUIEHHOCTU HE TPEOYIOTCS.
5.2.1.4 Bo3aeiicTBHE ra30BbIX KOMIIOHEHTOB U XUMHYECKHX PeareHTOB

B clyyasx,  KOrja  MPOUCXOJUT  HapylIeHUE  TePMETUYHOCTHU
BHYTPHUIIPOMBICIIOBBIX ~ TPYOOIIPOBOJOB WM YCTHEBOM CKBAXXMHHOM OOBS3KH,
CIOCOOCTBYIOIAs YTE€YKE Ta30BbIX KOMIIOHEHTOB, BO3HHMKAET IOBBIIIICHHAS
3ara3oBaHHOCTb BO3IYIIHOW cpelbl pabouedt 30HBI mapamu YB. OCHOBHBIM
komrioHeHToM [II" sBsiercst metan (> 90%). OH He sBIAETCA SIIOBUTHIM, HO TIpU
MOBBIIIIEHHOM COJIEP’KaHUU B BO3JYyXe CIIOCOOEH BBI3BIBATH YAyllibe. Takke, MHOTAQ
BO3MOXXHO HaJIMYHME NPUMECEH YIJIEKHCIOr0 M CEepOBOAOPOAHOrO raszoB. Ecin
YTJIEKUCIIBIN Ta3 MO MPUHIMIY JACHCTBUS CX0K C METAaHOM, B MAJIbIX KOHIIEHTPAIUIX
0e3BpelieH, B OOJIBIIUX — ONIYIIAETCS SPKO BBIPAXKEHHBIM KHUCIOBATHIM 3amax
ra3upoBaHHOM BOJIBI, CITOCOOEH BBI3BATH YCIIHE; TO CEPOBOOPO SIBIISECTCS TOBOIHHO
TOKCUYHBIM KOMIIOHEHTOM, 00JIa/IaeT SPKO BBIPAKEHHBIM 3aIlaXOM TYXJIbIX SIUII, TTPU

BJbIXaHHNH CITOCOOEH BBI3LIBATH TOJIOBOKPYKCHHC, TOIIHOTY C IOCICAYIOIINMUA
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INPUCTYIIAaMH CYZOpOI, OTEKY JIETKMX, KOME€ M Jaxke JeTalbHOMy wucxony. [lpum
BIBIXaHUH CEPOBOAOPOJA C KOHIIEHTpalue >15% oaHoro Bapoxa OyJeT JOCTaTOYHO
JUIsl MTHOBEHHOU cMepTu. He MeHee oIacHbIM, 4eM CEpOBOAOPOJ SBIISIETCS METAHOIM
(METUIIOBBIHN CIIUPT), KOTOPBIM IPUMEHSIOT B POJIU MHIHOUTOpA TUAPATOOOpa30BaHUH.
C BO3ayXOM Ipu OOBEMHBIX KOHLEHTpauusax 7-35,5% oOpa3yeT B3pbIBOONACHBIC
CMeCH, TEMIIEpATypa Bo3ropanus kKoTopbix pasHa 8 °C. IIpu BIbIXaHUM METaHOJA B
PEAKUX CIIydasX OLIYyLIA€TCsl JIETKO-BBIPAXKEHHBIA 3amax CHOUpTa, B OOJIBIIMHCTBE
CJly4aeB B IIPOMBICIIOBBIX YCIIOBHUSIX OOOHSHME YEJIOBEKAa HE YJaBJIMBAET 3amax MpHU
BJIBIXaHUH IAPOB METAHOJIA, OJTHAKO MOCIIE B37]0Xa BO PTY YEJIOBEK UYBCTBYET CJIAJIKHIA
IPUBKYC, HAYMHAETCS HEOOOCHOBAHHAS CWJIbHAs roJIOBHAsg 00Jb, HEOOOCHOBAaHHAA
yCTaJOCTh C TOLIHOTOM, HpHU OOJBIIMX 3HAYEHHUSX KOHLEHTPALUU BO3MOXKHBI
HE3aMEJINTENbHBIEC CIydau JieTanbHOTro nMcxoaa. II/IK momycTumbIx KOHUEHTpaun
JaHHBIX BELIECTB IMpHUBeneHAa HIke B Tabmume 20 pasgena HKOJIOTUYECKOM

0€30MaCHOCTH.

5.2.1.5 Ilpou3BoacTBeHHbIe (PAKTOPBI, CBA3AHHbIC C JJIEKTPHYECKHUM
TOKOM, BbI3BAHHbIC Pa3HHLEH NMOTEHUHAIO0B, O] AeHCTBHE KOTOPbIX MOMAJAET

padounii

[Tpu npoBeaeHnr pabOT HAa KYCTOBBIX ILIOIIAJKAX MCTOYHHUKOM ITOPAKESHHUSI
AIEKTPUUYECKUM TOKOM MOTYT OBITh IJIOXO U30JUPOBAHHBIE TOKOMPOBOIAIINE YaCTH,
METAJUIMYECKUE AIIEMEHTBI, CIIy4alHO OKa3aBIIMECS 01 HaNlpshKeHueM. Bo3aencteue
AIEKTPUYECKOTO TOKA HA YETOBEKA MOXKET MPOSIBUTHCS B BUJIE MIEKTPUUECKOTO y1apa,
AIEKTPOTPABMBI WM TPOQPECCHOHATBLHOIO 3a00JieBaHUs 3aliuTa OT CTATUYECKOTO
AIIEKTpUYECTBA Ha OOBEKTE oOOecreynMBaeTCs MYTEM IPUCOCIWHEHHUS BCETrO
ANEKTPOOOOPYIOBaHUS K 3allIUTHOMY KOHTYPY 3a3€MJICHUS, COTJIACHO TPEOOBAHUSIM,
nponucanibiM B ['OCT 12.1.030-81 [53]. Ilacmopt KOHTypa 3a3eMJICHHS
(3a3eMJISIIOIIEH YCTAHOBKHM) XPAHUTCA U BEAETCS JJIEKTPOMEXAHUKOM IPOMBICIIA.
Takxe creayeT HMCHoJb30BaTh CPENICTBA 3AIMUTHI OT MOPAXKEHUS SICKTPUUECKUM

TOKOM: TIEPYaTKH, 00YBb, MMOJICTABKH, YKA3aTEIIH, ITUTHI.
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5.2.1.6 OnacHOCTH BO3HUKHOBEHHUS M0KAPOB, B3PbIBOB

Ha I'K, 'KM u HI'KM 0CHOBHBIMU NPUYMHAMU TTOKAPOB SBJISIOTCS:

—  HeoctopoxxHoe obpaiieHue ¢ orHem;

—  HeynoBneTBopuTENnbHOE COCTOSIHHE 3JIEKTPOTEXHUUYECKUX YCTPOWCTB U
HapyLIEHUE MPaBUJI UX MOHTaXa U SKCILTyaTallu;

—  Hapymenue pexuMOB TEXHOJIOTHYECKHUX MTPOLIECCOB;

—  HeucnpaBHOCTb OTOMMUTENBHBIX MPUOOPOB M HAPYIICHHE MPaBUI HX
IKCILTYaTallNH;

—  HeBbinonHeHue TpeOOBaHUN HOPMATUBHBIX JIOKYMEHTOB IO BOIpPOCaM
MOKapHOU 0€30MaCHOCTH.

Takxe, Ha TaHHBIX MECTOPOXKAECHUSIX AKTUBHO MCHOJIb3YIOTCA JIBXK 1 raser:

—  cnupThl (Temneparypa Benbimku 10 61°C);

—  Oen3uH (Temneparypa Bcublku 10 61°C);

—  Macia (Temneparypa Benbimku 6oiee 61°C);

—  MasyT (Temneparypa Bcnbimku 6osee 61°C);

—  Ta3sl (TeMriepaTypa Benblku A0 61°C).

K Tomy xe, kycToBas miomaaka ra3oBbix ckBakut mo P/ 39-00-148317-001-
94 [54] otHocuTcs Kk Karteropuu A. B COOTBETCTBHH ¢ BBINICIPUBEICHHBIMU
npyUYrHaMHu U ucnodb3yeMbiMu JIBXK 1 razamu, noxkapHasi 6€300acCHOCTb OOBEKTOB
JTAaHHBIX MECTOPOXKACHUMN TOJKHA 00ECIIeUnBaThCS CUCTEMA ITPEIOTBPALLICHHS TIOXKapa
Y TNPOTUBONOKAPHOM 3allMTHI, a TaKK€ KOMIUIEKCOM MEp IO OpraHHu3aluu H
oOecrieyeHnto MoxkapHoil Oe3omacHocTH. OCHOBHOM 3ajayell KOTOpBIX SIBISETCS
JIOKaNIu3auus, KOTopas AOCTUTaeTCsl MyTEM OrpPaHUYEHHs BPEMEHHM HCTECYEHUS H
oObeMa BBITEKAIOUIEH TOpIOYEH KUAKOCTH. B KadecTBe NEpPBUYHBIX CPEJCTB
NOKAPOTYIIEHUSI HCIOJB3YIOTCA: NEPEHOCHBIE OTHETYIIMTENN (IIOPOLIKOBBIE,
BO3/YILIHO-TIEHHBIE), MOJOTHA TIpy0O IIepCTsHbIE, acOEeCTOBBIE, MECOK, MOKAPHBIN
WHBEHTAaph (JonaTsl, Beapa, 0arpsl). K Tomy e KycTOBbIE IUIOIIAIKH JOJIKHBI OBITh
00OpyZIOBaHbI TOXAPHOW CUTHANIHM3AIMEd W 10 BO3MOKXHOCTH aBTOMATHUYECKOU

CHUCTEMOM IT0KAPOTYLIECHHUS.
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5.2.1.7 ObopynoBaHue, eMKOCTH, padoTalonue Mo BLICOKMM J1aBJIeHHEeM

JIroOble cocyibl, paboTaroIye Mo JaBJICHUEM, BCErla MPEACTABIISAIOT cO00i
NOTCHIIMAIBHYIO OINACHOCTb, KOTOpAsl IPHU OIPEICIICHHBIX YCIOBUSAX MOYKET MMETh
TsDKeble mociencTBus. OMacHOCTh MOKET OBITh CBSi3aHa CO B3PBIBOM COCyZa, B
pe3yibpTaTe KOTOPOrO MOXKET IPOM3OUTH pa3pylICHHE B3PBIBHOM BOJIHOM PSAIOM
pacMoI0KEHHOTO 000PYI0OBaHUS U TEXHUKHU, TPABMUPOBAHUE PAOOTHUKOB OCKOJIKaMU
oOopynoBanusi. Jlpyras rpymnma OMAcHOCTEM 3aBUCUT OT CBOWCTB BEIECTBA,
Haxozslerocs B 000pyJoBaHMM, KoTopoe pabGoTaer mnoj JaBieHueM. Ha
TpyOOINIPOBOJAaX, COCOUHSIONIMX HACOCHI C  €MKOCTAMH, PEKOMEHIyeTCs
yCTaHaBIMBaTh OOpaTHbIE KJIallaHbl BO M30exkaHHEe OOpaTHOro MOTOKAa peareHTa U3
anmnapara B TpyOOnpoBOJ pU MOHM>KEHHUH J1aBiieHns B cooTBeTcTBUU ¢ 'OCT 34347-
2017 [55]. [TpuunHamMu pasrepMeTH3aIMK COCYJOB, paOOTAIONIMX IO JaBJICHHUCM,
MOTyT OBITh JE€(QEKThl, BO3HMKIIME TPU UX HU3FOTOBICHUH, XPAaHEHUU U
TpaHCHOPTUPOBKE. JlJI1 CBOEBPEMEHHOrO0 OOHApyKeHUs Je()EKTOB MPOU3BOISAT
BHEIIHUM OCMOTP COCYJIOB M amIaparoB, IPOBOJAT MWCHBITAHUSA COCYIOB M

MaTEepHUajoB, U3 KOTOPBIX OHU M3TOTOBJICHBI.
5.3 Dkougornueckas 0e30MaCHOCTD

[Ipouecc skcrmyatamu  I'M, I'KM wu HI'KM conpoBoxaaercs
AHTPOITOIr€HHBIM BO3JICHCTBUEM Ha OKPYKAIONIYyI0 cpelly. K TakOBbIM OTHOCSATCS:

—  3arpsA3HEHUE  OKpYXalUed Cpelbl XHUMHUYECKHUMHU  pearcHTamu
BCJIEJICTBUE HECOBEPIIEHCTBA TEXHOJIOT U, AaBAPUHHBIX ITPOPHIBOB;

—  3arpsi3HEHHE TPUPOJHON CpeAbl TMPOMBINIJIEHHBIMH U  OBITOBBIMHU
OTXOJIaAMMU.

O0mMMH MepaMH TI0 OXpaHE OKPYXKAIOIIEH Cpelbl SBISIETCS COKpAIEHUE
MOTEPh rasza, a TAKKe MOBBIIEHUE TEPMETUYHOCTH U HAJAEHKHOCTH ra30IPOMBICIIOBOTO

o0opyIoBaHUSI.
5.3.1 3ammura armocdepsl

Kax yxxe Obuto 0TME4eHO paHee, O0JIbIION yiepO MPUPOAHBIM KOMILIEKCAM

HAHOCUTCS B CJydae aBapUMHBIX cuTyauuid. OCHOBHBIMH IPUYMHAMH aBAPUN
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ABJISIIOTCS: HEKAYE€CTBEHHOE CTPOUTEIBCTBO, MEXAHUYECKUE TTOBPEKACHUS, KOPPO3HS
TpyOoTnpoBOo0B. OCHOBHBICE MEPOMNPHUSTHS MO OXpaHe aTMOCHEPHOTO BO3AyXa OT
3arps3HEHUM: TIOJHAs TepMeTH3alus OO0OpyAoBaHUS Ui J00bYM, cOopa W
TPAHCIIOPTUPOBKHM Ta3a, KOHTPOJIb IIBOB CBAPHBIX COCIUHEHUN TPyOONpPOBOIOB,
3ammTa O0OpYJIOBaHMUS OT KOPPO3UH, MPUMEHEHHE OO0OpPYIOBaHMS 3aBOJICKOTO
u3rotoBiieHus. Ha mpennpustum AojKeH OBbITh pa3padoTaH IUIaH JCUCTBUM MpH
aBapuUHOW cuTyauuu. JIMKBUAAIus aBapuil JOJDKHA OCYILECTBIATHCS ABAPUUHOU
cmyx6oi. TIJIK HEKOTOpPHIX BpEIHBIX BEIIECTB B BO3JyXe Ha pabodyeM MECTO
npuBenensl coriacHo CanlluH 1.2.3685-21 [56] B Tabmuie 20.

Ta6nuna 20 — Ilpenensno nomyctumble konneHTparuu (1K) BpeaHsix BemiecTs B

BO3/Iyxe paboueii 30HbI

HaumenoBanue Beaunuunna IIJIK, Kiacc onacHoctn
BellecTBa mr/m®
VYraesogopossl Ci- 300 4
Ca+
VTIIeKnuCbIN ra3 200 4
CepoBo10poJ1 10 2
CepoBoaopon B
cMmecu ¢ yrieBoaopoaamu Ci- 1 3
Ca+
MeTtaHom 5 3
AMMHak 20 4
Jwnoxcna azora 2 3

5.3.2 3ammra ruapocepnbl

Oco0oe oTpullaTeIbHOE BO3JCHCTBHE HA COCTaB MOJ3EMHBIX BOJI OKAa3bIBAIOT
XUMHUYECKUE PEareHThl U IUIACTOBBIC (IIONALI. MOXKHO BBIICIUTh CIAEAYIOIIUE
MIPUYMHBI 3arPA3HEHUS TTOJI3EMHBIX BO/I:

—  Pa3nuB XUMUYECKUX PEArcHTOB;

—  Ileperoku III' B 3aKOJIOHHOM NIPOCTPAHCTBE BCJEICTBUE HAPYLICHUS
IIEJIOCTHOCTH 00CaIHBIX KOJIOHH;

—  XO03SIUCTBEHHO-OBITOBBIC, TBEP/IIE OTXO/IbI.

[Ipyr BO3HUKHOBEHWH aBapUMHOW CUTYallMU B LENSAX 3aIUATHI NOA3EMHBIX BOJI

OT 3arpsi3HEHUs HEOOXOJMMO OrpaJiuTh MECTO aBAPUH, MOKPHITH AJCOPOIMOHHBIM
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MATCPUAJIOM PACCBIIIAHHBIC WJIM PA3JIMTHIC BCIICCTBA, IIPCKPATHUTDH 0T60p IIOA3CEMHBIX

BOJI JUTSI XO3STHCTBEHHO-TTUTHLEBOTO BOJIOCHA0KCHHS B 30HE aBapuH [57].
5.3.3 3amura aurocdepsnl

HeratuBHOE BIMsHHE Ha COCTOSHHE JHUTOC(HEPH OKA3BIBAIOT Pa3TUYHBIC
XUMHUYECKHE PpEarcHThl, NpPU3BaHHBIE OOPOTHCSA C OCIOKHEHUSIMH B TpOlecce
AKCIUTyaTallMM Ta30BbIX CKBAXXHUH. 3arpsi3HEHUE IOYB MOXKET MPOUCXOJIUT IO
MIPUYUHAM

—  YTeuka XMMUYECKHX PEareHTOB MPH TPAHCIIOPTHUPOBKE;

— VYTeuka peareHTOB TMpH TOBPEXKICHUU WIM  KOPPOJUPOBAHUU
CKBaXMHHOT'O 000pYI0BaHUSI;

—  Pa3znuB peareHTOB Ha 103aTOPHBIX YCTAaHOBKAX.

B cayuyae 3arps3HeHHs MOYBBI XUMHYECKUMH pearecHTaMu HEO0OXOIUMO
MPOU3BECTU COOp MPOJUTHIX PEAreHTOB, CPE3KY IMOYBEHHO-PACTUTEIIBHOTO CIIOS
tonuHon 0,2-0,4 M W mepeMelleHue €ro BO BpPEMEHHBIE OTBajJIbl 10 Hayaia
CTPOUTEINIBHBIX PadOT, MOCIIE 3aBEPIICHUS pa3pad0OTKU MECTOPOKIACHUS MPOBOIUTCS
pPeKyJIbTHBALMS 3eMeib. Takke B IENAX 3alluThl JUTOChEepbl HEOO0XOIUMO
OCYIIECTBIISITh  MOCTOSSHHBIM ~ KOHTPOJIb 32 TI'e€PMETHUYHOCTBIO 00O0pY/IOBaHMS,
MPOU3BOJIUTh  MOJAOOpP ONTUMAJbHBIX XHMHUYECKUX peareHtoB. B  memsix
MPEAYNPEKICHUS HETaTUBHOTO BIMSHUS aHTPONOTEHHOro (haKTOphl HEOOXOIMMO
MPOBOAUTH MHCTPYKTAXKU ISl paOOTHUKOB IO BOMPOCAM COOJTIOJICHHSI HOPM U TTPaBUJI
HKOJIOTUYECKON O0e30MacHOCT U O3HAKOMJIGHME C TpeOOBaHUSMH CAHUTAPHO-

AMUIEMUOJIOTUYECKOM CITYKOBI.
5.4 be3onacHOCTDH B Ype3BbIYANHBIX CUTYALUAX

B cootBercTBum ¢ 'OCT P 22.0.07-95 [58], npu npoBeAeHUH MEPOTIPUATHSI TIO
BBIBOJlY HA 3aJaHHBIM PEXUM, MOKET BO3ZHUKHYTH DPSJl UYPE3BbIYAWHBIX CUTYAIUH,
TaKHUX KaK: pa3pbIiB TPyOONpPOBOIOB, MOJAIOIINX PEAareHThl B CKBAXXHUHY; pa3pylLIeHUE
AJIIEMEHTOB, HAXOASAIIMXCA MO BBICOKUM JIaBIICHUEM; HApyIIEHUE AIEKTPOCHAOKEHUS;
B3pbIB M Tokap. Haubonee BeposTHOW Upe3BbIYAWHO CHUTyallMed SBISETCS

paspymceHueC 3JICMCHTOB, HAXOAAIINUXCA 11O BBICOKMM HOABJICHUCM. HpI/I HapyoICHUHA
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TePMETUYHOCTH 000PYI0BaHUS €CTh BEPOSITHOCTh BOZHUKHOBEHUS B3phiBa. PaO0THHK
MOJKET TOJYYUTh CEPhE3HbIE TPABMbI U AK€ MOTEPSATH KU3Hb.

B cnydae BO3HMKHOBEHHS 4YpE3BbIYANHOW CUTyallud, OTBETCTBEHHOMY 3a
poBeJeHHE PadoT CleAyeT OrpaJuTh OMAcHYI0 30HY M OCTaHOBUTH B HEW pabOTHI,
COOOIIUTH PYKOBOJCTBY O MPOU3ONIECAINICH CUTYAINH, IPUHATH HEOOXOAUMbIE MEPbI
JUISL TIPOBEJICHUST MEPONPUATHIM 10 CHaceHuto Joaen. [ mnpenoTBpalieHus
BO3HMKHOBEHHUSI UPE3BBIYAMHBIX CHUTyallii HEOOXOAMMO CTPOTO COOMIOAATh
TEXHOJIOTUYECKUI Mpolecc, NpaBWia TEXHUKH O€30MacHOCTH, HWHCTPYKIUH,
CBOEBPEMEHHO TMPOBOJIUTH MNPOPUIAKTHUECKAE MEPOIPHUITHS U MOAIEPKUBATH
HAJICKHYI0 paboTy OO0Opy/IOBaHMS, MPUMEHSTHh Pa3JIMUHbIE CPEICTBAa OJOKUPOBKH,
KOTOpBIE€ MO3BOJIAT UCKIIOYUTh aBapUH NPH HETPABUIbHBIX JEHCTBUSX PaOOTHHUKOB,

NEPUOINYECKU ITPOBEPSTH YPOBEHb 3HAHUI 0OCITYKUBAIOIIETO MEPCOHANA.
BeiBoabI O pa3aeny

B  nmamHom pasmene ObulM  pacCMOTpPEHBI  OMACHBIE W BPEIHBIC
IPOU3BOJCTBEHHbIE (DAKTOPHI, BIUSIOIIME HA 310POBbE M COCTOSIHME PAaOOTHUKOB,
0OCITy’)KHBAIOIINX CKBAXXUHBI B MPOIIECCE BHIBOJA CKBAXHUH Ha 3aJaHHBINA PEXHUM C
NOCJIEAYIONIEN 3KCIUTyaTauueld Ha TpeOyeMbIX MapameTpax, MNPUBENECHbI MEpPHI 10
JUKBUIAIMA W YCTPAaHEHUIO JIMOO CHIDKEHUIO HETaTUBHOTO BIIMSHHUS JIaHHBIX
¢dakTopoB. B ycrnoBHAX SKCITyaTaluu CKBa)KWH OCHOBHBIM HETaTUBHBIM (haKTOPOM
BO3/ICICTBUS Ha IMOYBY SBJIIETCS €€ 3arps3HEHHE B pe3yJbTaTe yTeUeK M Pas3sIiBOB
XUMHYECKHUX PEeareHTOB.

[logBons UTOT MO BCEMY BBIIIE HAMMCAHHOMY, OOecredeHue O0e30MacHOCTH
JIOAEH M OKpY’Karolllel cpesibl Ha MPOU3BOACTBE MO J0ObIUE ra3a sSBJsSETCS OJHUM U3
OCHOBHBIX (PakTopoB 3P(PEKTUBHOCTH OCYIIECTBICHUS BCEX MPOU3BOJACTBEHHBIX
IIPOIIECCOB, B CBS3U C YEM BOIPOCHI 1O 00ecTeUeHUI0 0€30MacHOCTH JOJDKHBI OBITh

MIPEIOIPEICIICHBI B IEPBYIO OUEPEb.
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3AK/IIOYEHUE

Ilenpto MaHHOW BBHITYCKHOM KBAJIM(PHUIIAIIMOHHONW pPabOThl SBIUICS 1OAO0D
takux TPOC, xortopele OyayT cmnocoOcTBOBaTh 3(MPEKTUBHONU HKCILTyaTaINU
ra3o700bIBAIONINX CKBAXKUH. JIJIsI MOCTMDXKCHHS JMaHHOW IIeTU OBLIM BBITIOJHEHBI
CJIEAYIOIINE TOCTABIICHHBIC 3a1a4H:

e  AHaJIU3 Te0JOr0o-MPOMBICIIOBBIX YCIOBHUH dKCILTyaTaiuu (GOHIA ra30BbIX
CKB)XWH, a IMEHHO OCOOCHHOCTH KOMIIOHEHTHOTO COCTaBa M (YM3UYECKUX CBOMCTB
[1I", MmexaHu3M JBUKEHHUS Ta30BOrO MOTOKA B MPOIECCE €ro M00bIYM, BO3MOKHbBIC
OCJIOKHEHHSI, & TAKXKE COBPEMEHHBIM OTEUYETCBEHHBIM U MUPOBOM OIIBIT B MPOLIECCE
skcruryatanuu ['J1C;

e  Ha npumepe Xapacapasiickoro ['KM Obumn BeiOpanbl TPOC ¢ ydyeTom
aHaJIN3a TeOJIOrO-IPOMBICIIOBBIX MTOKA3ATENEH, TOJTYUYCHHON THAPABINYECKON MOJETN
CKBQXHUHBI B pE3yJIbTaTe MCCICIOBAHUN M PACUETHBIX BAPUAHTOB HKCILTyaTallUU
CKB)KHMH Ha Pa3IUYHBIX pa00OUUX PEKUMBIX;

e Bmecte ¢ TeM, Ha OCHOBE IPOEKTHOW  JOKYMEHTAlHH
MPENOJIOKUTEIBHBIX BapuaHTOB pa3paboTku Xapacawsiickoro 'KM, naHHBIX 1O
UCCJICIOBAHUIO CKBAXMH W CBOMCTB AKCIUTyaTallMOHHOTO OOBEKTa, PaCYETHBIM
MeTOJI0M ObLT 000CHOBaH MpeAnonoXKuTelbHbli TPOC MakcUMaIbHO-I0MYCTUMOTO
0e3BogHOrO AebuTta sl MPOEKTHOM CKBaXUHBI 5071 ¢ TOPU3OHTAIBHBIM THUIIOM
OKOHYaHUA, C YYETOM ONTHUMAaJIbHO-IOMYCTUMOW AENPECCH Ha IUIACT, B YCIOBHUSX
MIPOJIBUKEHUS TIOJIOIIBEHHBIX U KOHTYPHBIX BO/I.

B paBHO# Mepe ¢ OHOBHBIMU 3a/1a4aMU ObLITH BBITIOJTHEHBI:

e  Pacuersl mokazarenedt 3((HEKTUBHOCTH C YYETOM YYBCTBUTEIBHOCTH K
BO3MOXXHBIM HM3MEHEHUSM Ha TMaHUPYEeMbId 5 JIETHUN MepUOJ| AIKCILUTyaTalluu, B
pe3ysibTate KOTOPBIX OblIa TMOATBEPXKACHA SKHOMHUYEcKas J(PGEeKTUBHOCTh H
nenecoobpasHocth 06ocHoBaHHOTO TPOC.

e BoiBiIeHME M  aHAIU3 MOTEHUMAIbHO BPEAHBIX M  OMACHBIX
MIPOU3BOJICTBEHHBIX (DAKTOPOB, OMpPENENIEHbl METOJbI O CHIKCHHUIO YPOBHS UX

BJIMAHHUSA, a TaKiKC CpPCACTBa KOJUIEKTUBHOM O€30MMacHOCTH H HH,[[HBHI[y&JILHOfI
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3alIUTHl, YUYTE€HA SKOJOTHMYecKass O€30MacHOCTh M 3alUTa OKPYXarollel cpeasl, a
Tak)ke 0€30MaCHOCTh TIPH BO3MOKHBIX UPE3BBIYANHBIX CUTYAITHSIX.

[TonBoas wtor, ciienyer OTMETUTh, YTO OCHOBHOM 3anaueid TPOC saBnsercs
oOecrnieueHre HaubobIIeH BO3MOXHOM mpousBoauTenbHocT ['JIC ¢ MUHManbHBIMU
3aTpaTaMu IUIACTOBOM SHEPIHH, B YCJIOBHUSIX €€ CTAI[MOHAPHOTO peKuMa paldoThl, C
Y4E€TOM BO3MOJKHBIX OCJIOKHSIONMX (PAKTOpOB, CIOCOOCTBYIOIIUX PHUITUHBIM
HapylieHusIM. B cBsI3U ¢ TeM, 4UTO yCIIOBUS pa3pabOTKU MECTOPOKIACHUS U3MEHSIOTCS
B 3aBUCUMOCTH OT KosmuectBa ortobpanHoro III' ¢ Teuenwem Bpmenu, TPOC u
MOKA3aTeNN MPOU3BOIUTENBHOCTA CKBAXKUHBI 33JIAI0TCSI HA IPOMEKYTOK OT KBapTaJia
u Oojiee U B TOCIEAYIONIEM YTOYHSIOTCS, B 3aBUCUMOCTH OT XapaKTEPUCTHUKU
CKB&XMHBl M OTallHOCTH pa3pabOTKU  MeECTOpoKJeHus. Takum  oOpaszom,
ycranoBieHHOMY TPOC HeoOxoaumMo 00ecrieynuTh MPOEKTHBIE OKA3aTeau JeOUTOB Ha
3aJIaHHbIN TIEPHO]T BPEMEHHU, a B CIIy4yae €ro HapylieHus He0OXO0AUMO MHUITUUPOBATh

MCPBI 110 BOCCTAaHOBJICHHUIO.
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Ipuaoxenue A

Tabmuua A — CBoOMCTBa 1 KOMIIOHEHTHBIN cOcTaB XapacaB3iCKOro MECTOPOKIEHHUS 0 IIaCTaM

IlnacTel
TIl11 T2 T3 — T4
CocraB rasos Cocras CocraB rasos Cocras CocraB razos Cocras
KoMnoHeHTBI cenapamuy | xerasammn IIACTOBOIO cenapauun | nerasamun IJI1ACTOBOIO cenapanun Aerazanum | 1e0yTaHU3AUUHU IIACTOBOIO
rasa rasa rasa
% MOJI1. % MOJI1. % % % MoJI. % MOJ1. % % % MoJI. %o mour. %o moa. % %
MOJI. | Mac. MOJI. | Mac. MOJI. | Mac.
CH4 94,28 60,49 93,84 - 91,85 52,54 91,28 - 93,09 63,08 0,29 92,09 -
CoHs 4,14 16,82 4,13 - 5,12 22,63 5,13 - 4,34 18,59 10,27 4,38 -
C3Hs 0,87 10,34 0,9 - 1,06 13,76 1,08 - 1,06 10,12 43,23 1,11 -
n-C4H1o 0,16 4,18 0,16 - 0,37 3,58 0,37 - 0,325 2,88 20,54 0,34 -
i-C4H10 0,13 3,51 0,13 - 0,34 3,06 0,34 - 0,33 2,75 17,79 0,34 -
Cs+ 0,026 - 0,47 - 0,37 - 0,91 - 0,27 - 6,7 1,16 -
N> 0,1 0,13 0,1 - 0,07 2,06 0,07 - 0,4 0,985 1,01 0,04 -
CO, 0,27 4,53 0,27 - 0,82 2,37 0,82 - 0,545 1,77 0,17 0,545 -
Bcero X 100 100 100 - 100 100 100 - 100 100 100 100 -
IInotHocTh 0,6 - - 0,585 - - - 0,608 - - - -
rasa, Kr/m>
MousekyJsipHast 96 - - 106 - - - 109 - - -
Macca,
KI/KMOJIb
Cpennee - - - - - 20,59 - - - - 20,52 -
nasnenue, Mlla
Cpennss - - - - - 68 - - - - 66,8 -
TeMIIeparypa,
°C
Kon-Bo 1 - - 1 1 1 - 2 - - 2 -
CKBAKHH
Kon-Bo 1 - - 1 1 1 - 2 - - 2 -
onpejeseHui




