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Pe3tome: AKTyanbHOCTb paboTbl. B cTaTbe paccMOTPEHO COXpaHeHMe (UNbTPALMOHHO-EMKOCTHbBIX CBONCTB
NPOLYKTUBHOIO NNacTa npu ryLLeHnn CKBOKUH — NPU UX BPEMEHHOI M30NALNN, ABNAIOLLENACS YaCTbio TEXHOIO-
TMYECKOro NpoLecca HanpaBfieHHOr0 Ha NpeKpaLleHne NocTynneHus nnacToBoro nonga B CTBOM CKBXMNHBI,
OCYLLIECTB/AEMOr0 B paMKax NpOBeAEHUS KanuTanbHOro peMoHTa CKBXWH. iccnesoBaHbl 0CO6EHHOCTY BbIGOPA
TMNA W PEOSIOrMYeCKNX NapameTpoB XXUAKOCTMN FMYLIEHNs, ¢ Y4ETOM 0COOEHHOCTEN CTPYKTYpPbI MOPOBOro Npo-
CTpaHCTBA nacta-KonnekTopa. MpeanoxXeHbl KpUTePUM BbI6OPA TEXHONOTMIA TNYLLIEHUS CKBaXKIWH C BPEMEHHOIA
“3onauuein NPOAYKTUBHOIO NnacTa B YCIOBMAX aHOManbHO HWU3KUX NMACTOBbLIX JABMNEHWIA, NO3BONAOLLNX CO-
XPaHWUTb NPOHMLIAEMOCTb NiacTa. bbinn cuctemaTnanpoBaHbl 0CO6EHHOCTY XULKOCTEN 419 6/10KMPOBAHMS Npu-
3a60MHOI 30HbI N1acTa NPY MYLLIEHUM CKBOXKUH B YCIIOBUAX aHOMANIbHO HU3KMX NIAcTOBbIX LaBneHuid. MNpef-
NOXEHbl COCTaBbl BJIOKMPYHOLLNX XWULKOCTEN C HAMOSHUTENEM [N MYLLIEHNS CKBaXWH, NPUBEEHbI OCHOBHbIE
peosiornyeckie napameTpbl U OCHOBHbIE XapPAKTEPUCTUKN N1 NPAKTUYECKOro NPUMeHeHNs. 13y4eHbl TEXHUKO-
9KOHOMMYECKME OCOOEHHOCTW TMYLLEHUS CKBOXWH C NpeABapuUTeSibHbIM 6J10KMPOBAHNEM NPKU3a6ONHOINA 30HbI
nnacra B YCroBUAX aHOMaNbHO HWU3KWUX NNACTOBbIX aBNeHWA. Takxe, B pab0Te PaCCMOTPEHbI TEXHUKO-3KOHO-
MUYECKNe acnekTbl NPESN0XEHHbIX COCTaBoB. Lienbio nccnenoBaxus S8nseTCca UCCnejoBaHne 1 BbIGOP coCTaBa
GII0KNPYIOLLMX XKULKOCTEN, MPUMEHSEMbIX NPU TMYLIEHUU CKBaXMH B YCNOBUAX aHOMAJTbHO HU3KWUX MaCcTOBbIX
[aBneHnin, 06ecneymBaoLLMX COXpaHeHue (UNbTPALMOHHO-EMKOCTHBIX CBOICTB NPOJYKTUBHBIX NiacTOB Mpu
X BPEMEHHOI M30NIALMK, C ONPESENIEHNEM TEXHIKO-9KOHOMMYECKIX 0c06eHHOCTeln. MeTofoM TEOpeTUYECKoro
YPOBHSA M3y4eHbl, 0606LLEHbI 1 a6CTparnpoBaHbl pe3ynbsTarhl Na60PaTOPHbLIX U MPOMbICNIOBbLIX UCCNEL0BaHNIA,
NO3BONANLWMX CLENaTh YMO3aKI04EHNA U TeOpeTu4eckne 0606LLeHus. MpoBeaeHbl PU3NKO-XUMUYECKME, pe-
0/10rM4ecKne N (PUILTPALMOHHBIE UCCNELOBAHNA PACCMATPUBAEMbIX TEXHONIOMMYECKUX XUAKOCTEN, BKIIHO4as
OLIEHKY 6NOKNPYHOLLMX, (PUIBTPALIMOHHBIX 1 ra30yaepXMBAOLLNX CBOMCTB XXUAKOCTEN rnyLleHns. PesynbTaTtbl
uccnefoBaHuii. Ha 0CHoBaHMM aHanusa U 0606LLEHNS Pe3ynbTaToB UCCNeS0BAHNA NPELIOXKEeHbl COCTaBbl 610-
KUPYHIOLLMX XXKUAKOCTEN 519 BPEMEHHO U30M1ALMW NPOAYKTUBHOMO niacTa npu riyweHun CKBOXMH B YCIOBUAX
AQHOMaJTbHO HU3KMX NNACTOBbIX AABSIEHWIA, 1 ONpefeNieHbl TEXHNKO-9KOHOMUYECKIME 0COBEHHOCTI PEKOMEHAYe-
MbIX COCTaBOB.

KnioueBble cnoBa: npoyKTVUBHbIA NNacT, ckeaxuHa, AHIM, 6nokupytoLime xuakocti, coctasbl M3[1.

Ina yutuposanug: facymos P.A., facymos 3.P. CoxpaHeHune puibTpaLnoHHO-EMKOCTHBIX CBOWCTB Npo-
JYKTUBHbIX M1aCTOB NPW UX BPEMEHHOI usonauuwn. feosorus u reogousuka Hora Pocenn. 2025. 15(2): 180-195.
DOI: 10.46698/VNC.2025.39.56.001


https://geosouth.ru/article/view/1211/996
https://orcid.org/0000-0002-4700-2391
https://orcid.org/0000-0003-2704-0523

Geology and Geophysics of Russian South 15(2) 2025 [‘eonorvs n reoguanka fOra Poccnt 181

GEOLOGY, PROSPECTING AND EXPLORATION OF OIL AND GAS FIELDS

DOI: 10.46698/VNC.2025.39.56.001

Original paper
Preservation of filfration and capacity properties
of productive formations during their temporary
isolation

R.A. Gasumovi /!, E.R. Gasumovi 23

" North Caucasian Federal University, 1 Pushkina Str., Stavropol 355017,
Russian Federation, e-mail: R.Gasumov @ yandex.ru;

2 Azerbaijan Technical University, 25 H. Javid Ave., Baku AZ1073, Azerbaijan,
e-mail: e.gasumov @ gmail.com;

3 Azerbaijan State Qil and Industry University, 34 Azadlig Ave., Baku AZ1010, Azerbaijan,
e-mail: e.gasumov @gmail.com

Received: 24.03.2025, revised: 12.05.2025, accepted: 15.05.2025

Abstract: Relevance. The article considers the preservation of the filtration-capacitive properties of the pro-
ductive formation during well killing — during temporary isolation, which is part of the technological process
aimed at stopping the flow of formation fluid into the wellbore. This procedure is carried out as part of well
workover operations. The features of choosing the type and rheological parameters of the killing fluid are studied,
taking into account the features of the structure of the pore space of the reservoir. Criteria for choosing well kill-
ing technologies with temporary isolation of the productive formation under abnormally low reservoir pressures
are proposed to maintain reservoir permeability. The features of the fluid for blocking the bottomhole zone of
the formation during well killing under conditions of abnormally low formation pressures were systematized.
Compositions of blocking fluids with filler for well killing are proposed, the main rheological parameters and
main characteristics for practical application are given. The technical and economic features of well killing with
preliminary blocking of the bottomhole formation zone under conditions of abnormally low formation pressures
are studied. Also, the paper considers the technical and economic aspects of the proposed compositions. The
aim of the research is to study and select the composition of blocking fluids used for well killing under condi-
tions of abnormally low formation pressures, ensuring the preservation of the filtration-capacitive properties of
productive formations during their temporary isolation, while assessing their technical and economic feasibility.
The results of laboratory and field studies were studied, generalized and abstracted using the theoretical level
method, allowing us to draw conclusions and theoretical generalizations. Physicochemical, rheological and filtra-
tion studies of the considered process fluids were carried out, including an assessment of the blocking, filtration
and gas-retaining properties of the killing fluids. Results. Based on the analysis and generalization of the research
results, compositions of blocking fluids for temporary isolation of the productive formation during well killing
under conditions of abnormally low formation pressures are proposed. The technical and economic aspects of
the recommended fluid compositions were determined.
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BeepeHme

JI71st BOCCTAHOBJICHUS U YIYYIICHUS TPOU3BOIUTEIBHOCTU CKBaXKHH, KaK MO/A3EM-
HBIX MHXKEHEPHBIX COOPYKEHUM, KOTOPBIE MpeHAa3HAYCHBI ISl U3BJICUCHUS YTIEBOIO-
ponoB (YB) B mponecce pa3paboTku HePTEra3oBbIX MECTOPOXKIACHUMN, POBEACHUEM
reosioro-texuuueckux meponpusituii (I'TM) sBasioTcss pa®oThl, HampaBiICHHBIE Ha
MOJIJICp)KaHKUE IEJIEBBIX yPOBHEH M0OBUM TutacToBoro (mrowma. OCHOBHOW 3amadeit
nposeaeHus ' TM, kak KOMILIEKCa IE€MCTBUN T€0JIOTHYECKOT0, TEXHOJIOTMYECKOT 0, TEX-
HUYECKOTO U SKOHOMHMYECKOIO XapakTepa, SIBJIseTCs CIOCOOHOCTh BBIMOIHEHUS MPO-
€KTHBIX PELICHHUH C IIeJIbI0 00eCTIeYeHHsI MAKCUMaJIbHOM 100buu Y B, noBbimeHus 3¢-
(heKTUBHOCTHU U PEHTA0EIBHOCTH OCBOCHHUSI HEPTEra30BbIX MeCTOpOXkAeHU [["acymoB,
I'acymos, 2024; Raupov et al., 2022]. Kanutansubiii peMoHT ckBaxkuH (KPC) BxoquT B
komiuieke ['TM, npoBonuMbIX Ha (OHJIE IKCIUTYyaTallMOHHBIX CKBa)KWH, OCHOBHOM I1e-
JBI0 KOTOPBIX SIBIISICTCS pealin3alisl MPOSKTHBIX PEIICHUI U KOPPEKTUB O pa3padoT-
K€ He(Tera3oBbIX MECTOPOXKICHUN Il pallMOHAJIBLHOTO U 0oJiee MOTHOTO U3BICUCHHS
m1acToBoro Guirouaa U3 NpoayKTUBHOU 3anexu. Peammsanus ['TM Ha donae skcmy-
aTal[MOHHBIX CKBAXXUH NpHU pa3paboTke He(TerasoBbIX MECTOPOXKICHUN HalpaBleHa
Ha pEIICHHE psAlla 33/a4, B TOM 4YHUCJE, MOJAepKaHue YCTOMUYUBOW PaOOTHI CKBAXKHH;
COXpaHEHHUE, BOCCTAHOBJICHUE U MOBBIIICHUE MPOU3BOAUTEIBHOCTH CKBAXKUH; MPOJIJIe-
HUE CPOKa CITYKOBI U HAJEKHOCTH CKBaKWH, KaK HHKEHEPHBIX COOPYKEHUM U T.1., 1O-
3BOJISIFOIIUX OOECIIEUNUTh CTAaOUIIbHYIO (HENpephIBHYIO) 100619y Y B 1 3ddexkTuBHOCTD
pa3pabOTKH MECTOPOKICHUH.

[Ipu KPC, myuieHne cKBaXuH SBISETCA BAXKHBIM TAllOM, TaK KaK, OT KauecTBa Bpe-
MEHHOT'O M30JMPOBAaHUS MPOAYKTUBHOTO IJIACTA 3aBUCUT COXPAHEHUE MPOHUIIAEMOCTHU
KOJUIEKTOPOB U TUIPOIMHAMUYECKON CBSI3U B CHUCTEME «CKBa)kMHa-TuacTy. Kak usBecrt-
HO, MPOHUIIAEMOCTb 3aBUCHUT OT CTPYKTYPhI IOPOBOTO MPOCTPAHCTBA, TPEIIMHOBATOCTH,
KaBEPHO3HOCTH IOPOJI, a Takke KonmuecTBa a3 GuiabTpyromuxcs GIroua0B U ux ¢Gu-
3UKO-XUMUYECKUX CBOUCTB. C yu€ToM 3THX (HakTOpoB mpodiieMa COXpaHEeHUS POHUIIA-
€MOCTH KOJUIEKTOPOB 0OoJiee aKTyaslbHa JJIsl CKBXKHUH DKCILTyaTUPYEeMbIX He(TerazoBbIx
MECTOPOXKACHUI ¢ aHOMAJIbHO-HU3KUMU T1acToBbiMU AaBieHusimu (AHII). Coxpane-
HUE QUIBTPAIMOHHO-EMKOCTHBIX CBOKCTB (PEC) mpomyKTUBHOTO TUTacTa SBISETCS OJI-
HUM U3 OCHOBHBIX YCJIOBHUH MPH DIIYLIEHUU CKBAXUH, SIBJISIOIIEMCS YaCThIO TEXHOJIOTH-
YECKOro IMpoliecca HalPaBIEHHOTO Ha MPEeKpallleHne MOCTYIUICHUS IIJIAaCTOBOTO (ronaa
B CTBOJI CKBaXKHHBI, OCYIIECTBIsIeMOro B pamkax nposenenust KPC. Ctpykrypa nopoBoro
IPOCTPAHCTBA MOABEPraeTcsi K3MEHEHUSIM U Pa3pyLICHUSM IO/ BO3IECHCTBUEM BIUSHUS
IPUMEHAEMbIX TeXHoJorndeckux xuaxkocteit (T7K) nns miymeHus ckBakxuH, 0COOEHHO
B ycnoBusx AHII/I.

B cBsi3u ¢ ueMm, BBIOOp THIIA M PEOJIOTUYSCKUX MApaMeTPOB KUIKOCTEH TITyIICHUS
(OKT') umeer BaxxHOE 3HAYEHUE, TaK KaK OHHM JIOJKHBI YUYUTHIBATH OCOOCHHOCTHU CTPYK-
TYpBI IOPOBOTO MPOCTPAHCTBA U 00J1a/1aTh HEOOXOIUMBIMHI CBOHCTBAMH — IJIOTHOCTHIO
u Bs3kocThio [['acymoB, ['acymoB, 2023; Gladkov, 2014; Shagiakhmetov et al., 2020].
K sxuakocTsiM miiynieHusi, KpoMe TEXHOJIOTMUYECKUX, TAKKE MPEAbSBISIIOTCS U TEXHUKO-
SKOHOMHUeckHe TpeOoBaHus. B cBsa3u ¢ uem, npu Boidope TXK mist miyrienus ckBaxuH
HEOOXOMMO YUUTHIBATH CEOECTOMMOCTh OKa3bIBAEMBIX YCIYT M SKOHOMUYECKYIO PEHTa-
OCIIbHOCTH MMPUMEHSIEMBIX TEXHOJIOTHH U XKUAKOoCTeH [ ATBUHOBCKasI, 2018; 'acymoB, ['a-
cymoB, 2024; Kynakosa u 1ip., 2020]. Ha 3Tu noka3zarenu cepbE3H0€ BIUSHUE OKa3bIBAIOT
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NpaBUIbHBIN BBIOODP, TN U mapaMmeTpsl JXKI' ¢ yu€ToM ropHO-reojsoruyeckux ycloBHM
CKBaYKUH, TJIe IPOBOJATCA PEMOHTHbIE PabOThI, a TAKkKe KOHTPOJIb apaMeTPOB KHUIKO-
CTEM, TEXHOJIOTUS MX NPUTOTOBIEHUS U ipuMeHeHus. [Ipu Bei6ope XKI' qomKHBI yUUTHI-
BaThCSl TOPHO-TEOJIOTUYECKUE U TEXHUYECKUE YCIIOBUS pabOThl CKBaXKUH [ ATBUHOBCKaS,
2018; Kynaxoa u ap., 2020]. IIpaBuibnselii nogoop XKI' Takxke no3possieT n3bexarb Ta-
KHMX OCJIOKHEHUH, KaK MOMIOoIeHUe, He(Tera3onposiBICHUs, CHUKEHUE TPOAYKTUBHOCTH
CKBaKUH B TIOCJIEPEMOHTHBIN I1EPUOJ], aTPECCUBHOE BO3ACHCTBHE HA BHYTPUCKBAKUHHOE
o0opynoBaHue 1 T.1.

MeTtoabl NCCAEAOBOHMS

JU1 TOCTUKEHUS 1IeJI B UCCIIE0OBAHUSAX MCIIOJIb30BAHbI METO/IbI, T03BOJISIOINE CO-
OpaTh, MPOBEPUTH U CUCTEMATU3UPOBATh MPUMEHSEMbIE KUIKOCTH VISl TIIYIICHUS CKBa-
YKUH, BBISIBUTb HECIIy4YalHblE 3aBUCHUMOCTH U ONPEIENIUTh NMPUYHUHBI OTPULATEIbHBIX
pe3ynbTaToB. MeToI0M TEOPETUYECKOTO YPOBHS U3yUeHbl, 0000IIeHbI U abcTparupoBa-
Hbl pe3yJIbTaThl JAOOPATOPHBIX U IIPOMBICIOBBIX UCCIIEOBAHUMN, TO3BOJISAIOLINE CAEIATh
YMO3aKJIIOUEHHUs] U TeopeTudeckue 0600menus. [IpoBenensl GU3NKO-XUMHUECKHUE, pe-
OJIOTHYECKUE M (PUIIBTPAIIMOHHBIE UCCIIEAOBAHMS PACCMAaTPUBACMBIX TEXHOJIOTHUYECKUX
KHUJKOCTEH, BKIIIOUask OLEHKY OJOKHMPYIOIMINX, PHIBTPALIMOHHBIX U Ta30y/1eP>KUBAIOIINX
CBOWCTB JKUAKOCTEH TTyIIeHusl. MeTo SKCTIEpUMEHTAIIBHOTO U3YUYSHHS PA3INIHbIX (H-
3MYECKHX SIBJICHHI, OCHOBAHHBIN Ha UX (PU3UUECKOM MOAOOHH.

Pe3yAbTATbl PABOTHI M X OBCYXAEHME

[Ipu npoBeneHnn KanuTaJIbHOTO PEMOHTA CKBaXKMH Ha MECTOPOXKICHUIX Y B, pa3pa-
0aThIBAEMBIX B YCIOBHSIX aHOMAThHO-HU3KHX TIACTOBBIX JABIICHUH, IPUMEHSETCS 0OJb-
10€ KOJIMYECTBO PA3JINYHBIX TEXHOJIOTUNA ¥ TEXHOJIOTUYECKHUX KUKOCTEHN JUIsl Ty ILEHUS
[[CacymoB, 'acymoB, 2024]. Takoe pasHooOpa3ue TEXHOIOTUIECKUX PEIICHU B 00IacTh
I'TM 00ycnoBiIEeHO CYIIECTBEHHBIM PA3IMYMEM YCIOBHI MPOBEACHUS PEMOHTHBIX pa0doT
Ha MecTopoxaeHusx ¢ AHII] — kimuMaTudeckue 0COOEHHOCTH, TUIIBI ¥ IIPOHUIIAEMOCTH
KOJIJIEKTOPOB MPOAYKTUBHBIX TOPU30HTOB, BEJIMYMHBI IIJIACTOBBIX TeMIiepaTyp u ap. Kak
MOKAa3bIBACT aHAJIHM3 MPOMBICIIOBBIX JAHHBIX HA HEPTETa30BbIX MECTOPOKIACHHSIX TIPUME-
HSFOTCSl Pa3JIMYHBIE COCTABBI KUAKOCTEH JUIsl TiymieHusi ckBaxuH npu KPC, 6onpima-
CTBO U3 KOTOPBIX HE COOTBETCTBYET MPEABSIBISIEMBIM TPEOOBAHUSIM U B YCIOBUSAX HU3KUX
IJIACTOBBIX JAaBJICHUNM UMeeTCs oTpularenbHoe BiusiHue Ha @EC npolyKTUBHOTO Tij1a-
cTa. JTO SIBISIETCS MPUUYMHOW 3HAYUTEIBHOTO 3arps3HEHus miacta komrnoHentamu KI°
(xombMaranus TBEPIBIMU YaCTHIIAMH, (POPMHUpPOBaHHE MIEHOYHBIX CTPYKTYp Ha MOBEPX-
HOCTH TIOp U T.JI.) B IPOIECCE CO3/IaHus OJOKUPYIOIIETro dKpaHa, 4TO HEM30eKHO BENIET K
yxyamennio PEC u mpobiieMaM npu 0CBOCHUH CKBaYKHHBI, TIOCJIE PEMOHTHO-BOCCTaHO-
BUTEJIHHBIX PaOOT.

AHanu3 moKa3bIBaeT, YTO CYIIECTBEHHBIM HEJIOCTATKOM OJHO(]A3HBIX BA3KOYIPY-
rux Oonokupyromux xxujakocrei (bXX) Ha BogHONM 0OCHOBE, OTPaHUYUBAIOIINM UX MPHU-
MEHEHHE NI DIyIMeHUs CkBakuH B ycioBusx AHIIJI, sBmsercs To, 4TO OIOKUPY-
IOIIHIA SKpaH 00pa3yeTcs B pe3yibTrare WX MOTIOMIEHUS IIACTOM C (OPMHPOBAHHEM
Pa3IMYHOIO pOJa XMMHUUYECKHUX CBI3€M MEXAYy NOJIMMEPHBIMH MOJIEKYJIaMH U CTEHKa-
MH TIOPOBOTO TIPOCTpaHCcTBa. [Ipudém 1uist modydeHus JOCTaTOUHOTO OJIOKUPYIOMIETO
s dexra Tpedyercs nponukHoBeHHE b)K Ha 3HAYMTENbHYIO TITyOMHY B TUTACT, YTO He-
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n30€KHO BEJET K €ro 3arpsi3HEHUIO MOJIMMEPHBIMHU CTPYKTYpPaMU M BO3HUKHOBEHUIO
OCJIO)KHEHUM MpU 0CBOCHUHU CKBaXuH [Baruna, ['aBpunos, 2014; 'acymos, ['acymoB,
2024; Gladkov, 2014].

Bo3HuKHOBEHUE yKa3aHHBIX MOCIEACTBUM MOXKET ObITh B 3HAYUTEIBHON CTENEHU
HUBEJIMPOBAHO NOCPEACTBOM MCIOJb30BaHUsA BJK, KOMIIOHEHTHBIN COCTAaB KOTOPBIX
obnamaeT cmocoOHOCTHIO K TesieoOpazoBanmio. Ho nx adpekTuBHOCTS TpU OJI0KUPO-
BAaHUU CKBAKMH C KOJIJIEKTOpPaMHU MpoHHuLiaeMocTtbio 6omee 0,4-0,5/1 nnu comeprramiu-
MU BBICOKOJpEHUpOBaHHbIE KaHaibl B ycioBusix AHIIJ[ moxer ObITh HE gOCTaTOY-
HOM BBMJly HU3KOH (110 CPAaBHEHHIO, HANpUMeEp, C LIEMEHTHBIM KaMHEM) MPOYHOCTH
MOJIUMEPHON CTPYKTYpPHI T'€lisl U OTCYTCTBMSI B HEW JIOMOJIHUTEIbHBIX apMHUPYIOLIUX
JJIEMEHTOB.

Haubonee cyiiecTBeHHbIM HEIOCTaTKOM NpuMeHeHus B kauecTBe bXK sxunkocreil Ha
BOJIHOM OCHOBE C TBEPABIMU YAaCTULIAMU SIBJISIETCS HU3Kasl CTENEHb CTPYKTYPUPOBaHUS
CUCTEMBI U OTCYTCTBHE IPOUYHOT'O CBSA3BIBaHUS TBEPAO(]a3HBIX KOMITOHEHTOB. [10 pe3yib-
TaTaM MCCJIeJ0OBaHUIN yCTaHOBIEHO, YTO UCIOIb30BAaHUE I OJIOKHMPOBaHMS NpU3a0boi-
Hoi1 30HBI TuacTa (I1311) criennanbHBIX JKUIKOCTEH MO3BOJISIET PeaTn30BaTh MPEUMYIIe-
CTBa CYCHEH3MH M OfHO(A3HBIX BA3KOYNPYIHX Iesie00pasyroIUX CUCTEM. YKa3aHHbIC
PEeUMYIIECTBa 00ECIIEYUBAIOT BBICOKYIO 3()()EKTUBHOCTD MTPOLIECCa OCBOEHUS CKBAXKUH
0€e3 CyIIECTBEHHOTO YBEJIIMYEHUS €ro MPOI0JIKUTEIBHOCTH, YTO 00ECIICUNBAECT COXpaHe-
nue O®EC mnacra-koiekTopa.

IIpu 5TOM B 3aBUCUMOCTH OT IPUMEHSAEMOTO ITOJIMMEPHOTO PeareHTa U HallOJIHUTENA
JUISL TAKUX KUAKOCTEH MOTYT OBITh peajn30BaHbl IPUHIUI JECTPYKTUPOBAHUS OIOKUPY-
IOIIET0 COCTaBa MpH 00pabOTKe CreUaIN3UPOBAHHBIMU PEAreHTHBIMU KOMIIO3HULIUSAMH,
a TaKXke BO3MOXXHOCTb CaMOJIECTPYKIMM B CKBAaXXMHHBIX YCJIOBUSAX OTIEJIbHBIX KOMIIO-
HEHTOB, OTBEYAIOIINX 3a CTPYKTYPHUPOBAaHUE CUCTEMBI. 31€CH BaXKHO OTMETUTB, UYTO yKa-
3aHHBIE MPOIIECCHI JOKHBI ObITh YIPABISIEMbIMU U HE IPUBOIUTH K HEKOHTPOJIUPYEMO-
MY CaMOOCBOEHUIO CKBR)XHMHBI B IIpo1iecce padoT.

B pesynbrare aHamuza IpOMBICIOBOIO M TEOPETHYECKOrO Marepuala, Ompesee-
HO, 4TO JUISl BPEMEHHOM M30JISILIMM MPOAYKTUBHOIO IIJIacTa SKCIUTyaTallMOHHBIX CKBa-
JKUH C HU3KUMHU KOA(PPUIUEHTAaMH aHOMAJIbHOCTH, HamOosee MepCHEeKTUBHBIM SB-
JsieTcs MPUMEHEHHE Teleo0pasyroluX BA3KOYNPYTHUX KHJIKOCTEH Ha BOJHOW OCHO-
Be, OO0JIaJJaloNINX CHOCOOHOCTBIO K JECTPYKTYpUpOBaHUIO. B ciywyae npumeHeHHs
rejaeo0pasyomux BA3KOYNPYTUX MKHJIKOCTEH Ha BOJHOM OCHOBE TEXHOJIOIMYECKUI
aCIEeKT HaNpaBieH Ha JOCTWKEHHE JIyYIIUX Te0JIOrO-TEeXHUYECKHUX IOKa3zaTesiel Mpu
IIYLIEHUHM CKBaXKUH 3a cué€T coxpaHeHus OEC mmacra-koieKTopa W MOBBILIEHUS pe-
syapratuBHOCTH KPC. CymiecTBeHHBIH MONOXKUTENbHBIN 3(PPexT MoxeT ObITh J0-
CTUTHYT B pe3y/ibTaTe BHEAPEHHs] aBTOMAaTM3MPOBAHHOW CHUCTEMbI, 00eCIeUMBaIOLIeH
MOCTOSIHHBIA KOHTPOJIb HAJ] TEXHOJOTMYECKHUMU U PACUETHBIMU ONTUMaJIbHBIMU
napaMeTpamMu DIYLIEHHMs] CKBaXXUH I ONEPATUBHON KOPPEKTUPOBKHU IIJIOKa3aTenei
npouecca, ¢ UENbl0 NPEJOTBpAllleHUsl MOMIOMIEHUH U OCJIOKHEHMH B Mpoliecce
nposeneHust padbot [KpsutoB u ap., 2015; Shagiakhmetov et al., 2020; Raupov et al.,
2022].

B ycnosusax AHIIJ] obecnieuenue 3Tux TpeOOBaHUNA SBISIETCS CIIOXKHOM 3a/1a4ei, 1o-
CKOJIbKY THPO/IMHAMUYECKOE JaBJICHHE Ha IJIaCT OKa3bIBA€T OYEHb CEPbE3HOE BIUSHUE
U co3zaeT BbICOKMe penpeccud. C OAHON CTOPOHBI, ISl HAAEKHOW M30JSALUN B TAKUX



Geology and Geophysics of Russian South 15(2) 2025 ['eonorvs n reopuanka fOra Poccnt - 185

YCIIOBHUAX HEOOXOMMBI COCTaBbl, 00ajaromue >xECTKON BHYTpEHHEH CTPYKTYpoOH, Ipe-
MATCTBYIOIIEH CMEIICHUIO CJIOEB OJOKHPYIOIIETO COCTaBa JAPYr OTHOCUTENIBHO Jpyra
u ¢unpTpanuu B miaact. C Ipyroil CTOPOHBI, 3TH CBOMCTBA CYIIECTBEHHO MPENATCTBY-
10T 3()(PEeKTUBHOMY OCBOECHUIO CKBaYKMHBI M BBIBOAY Ha PEXKHUM, IIOCKOJIbKY OCTATOUHbIE
HHEpPreTUUeCcKre BO3MOKHOCTH IJ1ACTA OYEHb HU3KHE U HE MO3BOJISIOT 00€CeUUTh M0JI-
HOE OuMIlieHHEe (QIIIOUIOTIPOBOIAIINX KaHaioB. [ToaToMmy npobiema 3¢HexTUBHOTO TTy-
1ieHus: ckBaxuH B ycnoBusix AHIIJ TpeGyer nmepecMoTpa MOAXONOB peIIeHUs] JaHHOH
3amaun [Kpsskun, 2010; Gladkov, 2014].

OnHMM M3 EPCIEKTUBHBIX HAIIPABIECHUN TEXHUKO-TEXHOJIIOTUYECKUX PELIEHUH 1aH-
HOT'O BOIPOCA SIBISIETCSI COBMECTHOE MCIIOJIb30BAHUE COCTABOB ISl BpDEMEHHOI'O M30JIU-
pOBaHMsI MPOAYKTUBHOIO IUIACTa, 00NagarouX pa3iuyHON (YHKIMOHAIBHON Croco0-
HOCTBIO 10 3aKyNOPUBaHHUIO (PIOMIONPOBOASIIMX KaHaioB [Abrams, 1977; 'acymos,
I'acymos, 2023]. [Ina peanusanuu 3TUX 3a1a4 ¢ YYETOM 3KOHOMUYECKUX U IKOJIOTHYe-
CKHX acIIeKTOB HanboJiee NepCIEeKTUBHBIM SBIISIETCS] IPUMEHEHHE BSI3KOYTIPYTHUX CUCTEM
Ha BOAHOH ocHoBe. Hanbomnee BayKHBIM MPEUMYIIECTBOM TAKMX TEXHOJIOTUYECKUX HKH/I-
KOCTeH SBIIsIeTCsl X TUAPOPUIbHOCTh. YKa3aHHbIE CUCTEMbI UMEIOT OFPOMHBIN U Mpak-
TUYECKU HeucueprnaeMblil noreHuuan uist cozganus 1K ¢ mporpaMMmupyeMbIMU CBOM-
CTBaMH, CIIOCOOHBIX K CAMOOPraHU3allii U CaMOJIECTPYKIMH B 3a/IaHHBIX YCIOBUSIX, 00-
JaIaloIUX BO3MOKHOCTBIO OKa3bIBaTh KOMIUIEKCHOE NMPELU3NOHHO TOYHOE BO3/IEHCTBUE
Ha 00BbEKT paboT, MPU 3TOM HAHOCSI MUHUMAaJIbHBIN BpPeJl €CTECTBEHHOMY €T0 COCTOSTHUIO
[Abrams, 1977; Kuuurun u ap., 2023; Tagavifar et al., 2018].

Pa3pabotka u coepiieHcTBoBaHue penentyp TXK A miymeHus: CKBaXKuH Ipu Mpo-
Besienu KPC B ycnousix AHIT/I 70mkHBI OCYIIECTBIATHCS C Y4ETOM COOTBETCTBUS (U-
3UKO-XUMUYECKHUX CBOMCTB COCTABOB YCJIIOBUSM UX PUMEHEHHS.

s oneHku cooTrBeTcTBUS 1)K KOHKPETHBIM YCJIOBHSM NPUMEHEHUS] HEOOXO0IUMO
WCIIONB30BaTh cleayroniue nanusie [['acymos, 'acymos, 2024; Dick et al., 2000; Raupov
et al., 2022]:

— CBEJICHUSI O TOPHO-T€OJIOMUECKUX YCIOBUSX MECTOPOXKJIEHUS (IIOPUCTOCTh, MPO-
HULIAEMOCTb, TUIACTOBAs TEMIIEpATypa U JaBICHUE, MUHEPAJIOrMUYE€CKUIl COCTaB TOPHBIX
nopon);

— CBEJICHUS O KQUECTBEHHOM U KOJIMYECTBEHHOM COCTaBE KOMIIOHEHTOB HCIIOJIb3Yye-
MBIX COCTaBOB;

— CBEJICHUS O TEXHOJIOTMUECKUX JKUIKOCTSAX, IPUMEHAEMbIX PaHEE Ha JAHHOM MECTO-
POXACHUU;

— pe3yabTaThl UCHBITAHUS COCTABOB HAa E€CTECTBEHHBIX MJIM UCKYCCTBEHHBIX Kep-
HaxX, MOJAEIUPYIOLUIMX YCIOBHS IMPOJYKTUBHOIO IUIACTA JUISl OLIEHKH TEXHOJOTUYECKUX
CBOMCTB U BIMSHUS HA KOJUIEKTOPCKUE CBOKMCTBA IPOILYKTUBHOIO IJ1aCTa.

B cBs13u ¢ 3THM aKkTyanbHOM 3a/1a4€il ABIISIETCS ONPENEIICHHE CUCTEMBI KPUTEPUEB, HA
OCHOBE KOTOPBIX ocylecTBisercs BoiOOp bXX n TexHOmoruii riymeHus: CKBaXxuH B yCIIo-
Busx AHIIJL [l"acymos, ['acymoB, 2023; Korolev et al., 2020]. ITpu Bsi60pe TexHOIOT Ui
DJIYIHIEHUS! TAKXKE Ba)KHO YUMTBIBATh XapAKTEPUCTUKU MHTEpBasa YCTAHOBKHU (pacKpbl-
TOCTb TPELIUH, TapaMeTpbl PUIBTPOB U T. 11.) C yUETOM U3MEHEHU, KOTOPbIE TPOUCXOIAT
B MpoIIecce IKCIUTyaTaluu CkBakuH [Baruna, ['aBpuios, 2014; Amanullah et al., 2016]
(tabm. 1).
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Tabnuya 1/ Table 1

Kpurepun Bb100opa TexHoJioruii ckBa:kuH B ycjaopusax AHIL /
Criteria for selecting well killing technologies in conditions of unfavorable
production conditions

I'pymmst / Groups Kpurepun ycranasnusatotcs / Criteria are established

1 2

Texunomornueckue / | JlocTurarh JydmIdX TeOJIOTO-TEXHUYECKUX mokaszareneit KPC
Technological MIPH  BBIMTOTHCHAW OCHOBHBIX TEXHOJIOTHYECKHUX YCIOBHH TIO:
coxpaneamio @OEC  mpomykTHBHOTO IIIacTa;  0OECIEUCHUIO
MaKCHUMAaJIbHOTO CHIDKEHHS MPOHWKHOBEHUS (PUIIBTpaATa KHUIKOCTEH
B IJJACT BO BpeMs MPOBEAEHHS PEMOHTHBIX paboT; 0OecredeHunto
OBICTPOTO  OCBOCHHS CKBAXHH TPAJAWIMNOHHBIMA  METOAAMH
MOCIIe PEMOHTA; TPEAYNMPEKACHUI0 He(PTETa30BOJOIPOSBICHUN;
COXpaHEHHIO (PU3UKO-XUMHYECKHX CBOMCTB COCTaBa B CKBaXMHHBIX
YCIIOBUSIX B TIPOIIECCE€ BCEro TIepHoAa IpoBeAeHHS pabor;
MPOKAaYNBAEMOCTH  CTaHJAPTHBIMH  HACOCHBIMH  arperaramu;
BO3MOXKHOCTH IPUTOTOBIICHUS 0€3 JOMOTHUTEIHFHOTO 000PYI0BaHNUS
U TEXHUYECKUX CpencTB; padorocmocodHocTH TX B yCrmoBmsx
OTPHUIIATEIBHBIX TEMIIepaTyp OKpyskaromero Bozmyxa / To achieve
the best geological and technical indicators of well workover, it is
necessary to fulfill the basic technological conditions: maintaining
the filtration and capacity properties of the productive formation;
ensuring maximum reduction in the penetration of liquid filtrate
into the formation during repair work; ensuring rapid development
of wells by traditional methods after repair; preventing oil, gas and
water shows; maintaining the physical and chemical properties of
the composition in well conditions during the entire period of work;
pumpability by standard pumping units; the possibility of preparation
without additional equipment and technical means; operability of
process fluids in conditions of negative ambient temperatures

DKkoHOMHUYECKHUE / Crioco0cTBOBaTh JIOCTHKECHUIO JYUIINX TEXHUKO-DKOHOMHUYECKUX

Economic nokazateneii B npouecce KPC. Heobxomumo ynenats BHUMaHHE
BBIIIOJIHECHUIO OCHOBHBIX YCHOBHﬁ: pCarcHThbl, HCIIOJIL3YCMbIC B
koMIoHeHTHOM cocTaBe JKI, NO/KHBI OBITH JOCTYIHBI M HMETh
BO3MOXHOCTh MNPHUOOpPETEHHS Yy Pa3IUYHbIX [POU3BOAUTENECH B
npeaeciax CTpaHbl; MPUMCHSACMBIC XUMUUYCCKHUE PCArcHThI JOJIKHBI
obnagarth  ONTHMAIbHBIM  COOTHOIICHHEM  «IICHA-KaueCTBOY,
XK JOJKHBI HMMCTH BO3MOXHOCTL IMOBTOPHOI'O MCIIOJIB30BAHUS,
TEXHOJIOTHUA MMPUTOTOBJICHUSA JOJI’KHa npeaycMmarpmuBarb
UCIIOJIb30BAHUE CTAHAAPTHOTO OOOPYIOBaHHS W TEXHHUYCCKHX
CPE/ICTB; UMETh HH3KYI0 CTOMMOCTHb yTHiHM3anuu pactBopa / To
facilitate the achievement of the best technical and economic
indicators in the process of capital reson of wells, it is necessary to
pay attention to the fulfillment of the basic conditions: reagents used
in the component composition of the killing fluid must be available
and be able to be purchased from various manufacturers within the
country; the chemical reagents used must have an optimal price-
quality ratio; liquids must be reusable; the preparation technology
must provide for the use of standard equipment and technical means;
have a low cost of disposal of the solution
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DKonoruueckue /
Ecological

OOecrieunBaTh TMOPSJOK W OCHOBHBIC TIPaBHJIA  BBIMOTHEHHS
MIPUPOIOOXPaHHBIX TpeboBanmii B mporecce KPC ¢ yuetom
OCOOCHHOCTEH  OKpy)Kalomiel MPUPOTHOW  Cpedpl, Xapakrepa
CYIIECTBYIOLIEH XO3SIMCTBEHHOW JEATEIbHOCTH W TPAAUIMOHHOIO
NPUPOAOTIONH30BAHUS, OCHOBHBIMH SIBISIFOTCS CICIAYIOIINE YCIOBHSL:
TEXHOJIOTMH HE MAOJDKHBI HCIIONb30BaTh KUAKOCTH, HMMEIOLIHE B
CBOEM COCTaBE XMMHUYECKUE PEArcHThl ¢ HEM3BECTHBIMH CAHUTAPHO-
TOKCHKOJIOTHUECKMMH XapaKTEPUCTHUKAMHU;, BCE KOMIIOHEHTBI COCTABA
JOJDKHBI  OBITh  CepTU(GUIMPOBAHHBIME; TEXHOJOTHYECKAs CXeMa
IIPUTOTOBJICHW A U UCITOJIB30BAHU S TXK JOJDKHA UCKITIOYATh 3arpsA3HCHUC
OKpY’Karolle cpe/ibl; Bce KOMITIOHEHTBI COCTaBa He JIOJKHbI OKa3bIBaTh
BPEAHOTO BO3/AEHCTBUs Ha paboTaroumii ¢ HUMK nepconan / Ensure
the order and basic rules for the implementation of environmental
requirements in the process of major well repairs, taking into account
the characteristics of the surrounding natural environment, the nature
of existing economic activity and traditional nature management, the
main conditions are the following: technologies should not use liquids
containing chemical reagents with unknown sanitary and toxicological
characteristics; all components of the composition must be certified;
the technological scheme for the preparation and use of the liquid must
exclude environmental pollution; all components of the composition
must not have a harmful effect on the personnel working with them

BHauuMOCmbKaAAHCO020 U3 KPUMEPUEB3AGUCUN O ONEPAMUBHBIX 3A0AY, PEULAEMbIX 8 KOHKPEMHOU CUMY ayuu
The importance of each criterion depends on the operational tasks to be solved in a specific situation

K kputepusim BbIOOpa TEXHONIOTUM TiTyIIeHUs ckBayKuH B ycnoBusix AHITJ otHOcaTcst
IUIOTHOCTh U peoJiormueckue xapaktepuctuku JKI, CnocOOHOCTh BBIIEPIKUBATH TIEPETa]
JTABJICHUS, COXPAaHEHNE POHUIIAEMOCTH KePHA, MUHUMAJILHBIA 00BbEM MPOPHIETPOBAHHOM
yepe3 Tpemuny bXX, MuUHMManbHbIN rpaAueHT JaBlieHus Hayana (UIbTpaluy Mpu OCBO-
ennu ckBaxuH [Hukymuu u ap., 2022; Mardashov, 2021]. Beidop BX mist BpemMeHHOTO
n3onupoBanus [1311 sBnsercs cnoxxHoON 3a1aueil, MpU KOTOPOM YUUTHIBAIOTCS pa3InyHbIe
(bakTopbl, BKIIIOYAsl TMOKA3aTeNIH IIACTOBOTO AABICHHS, TEMIIEPATypbl, TPOHUIIAEMOCTH,
MPUEMHUCTOCTH, MOIITHOCTH MHTEpBaJa iephopalyin, a Tak’kKe 0COOCHHOCTH KOHCTPYKIIUU
CKBOKMHBI M (PUIBTPOBON 30HBI. BBUIM CHCTEMaTH3UPOBAHBI HEKOTOPHIE OCOOCHHOCTH
xuakoctu i onokuposanus [1311 npu mymenun ckBaxkud B ycnosusix AHITJI. broku-
PYIOLIME KUIAKOCTH JUIsl BPpEMEHHOTO M30JIMPOBAHMS IPOLYKTUBHOIO IJIaCTa UMEIOT OMpe-
nenénnbie ocodbenHoctu (puc. 1) [['acymos, ['acymos, 2023].

HekoTopEle 0C00EHHOCTH RHIKOCTH AaA Gaokaposannua I1311 / Some features of the fluid for blocking the
bottomhole formation zone

'/Bhlcu[-:an cTalHIbHOCTE. 3TO NOSEOIEET COSOAEATH
HeOOXOOHMMYE® pPEONPEeCcCHED HA acT H OpOEOTHTE
PasTHYHEIE ONEepalHH B CEBa®HHEe 03 OCIOmHeHHH |
High stability. This allows creating the necessary
repression on the formation and performing various

lkcmerat‘icms in the well without comublications

~

Husxan JuIsTpauEa, 3T0 CEOHCTEC,
EOTOpPOE OSHAYEeT, [WI0 &EHOKOCTE HE
dEIRTpYETCE Wepes OopoA-EOMIeETopa [
Low filtration iz a property that means that
the liquid does not filter through the
reservoir rocks. _

/l;er]mupyen{a.u ILIOTHOCTE H PesJOTHISCERS CEeoficTE0 «00pPATHOrD KIANIAHAM. Oﬁpasymmm‘icx\\

CEOHCTEA. 32T0 OAaET EBOSMOXEHOCTE CHIDEATE
AABIJIEHEE HA DPD;I}'K_’I’II:E}]]:\Iﬁ mIacrT H
YHMEHBIIATE HHTEHCHEHOCTE MOrJJ0N]eHHA
HUIH MOJHOCTRH €0 HCKRINYaTh [ Adjustable
density and rheological properties. This makes
it possible to reduce the pressure on the
productive formation and reduce the intensity of

opa  OnokEpoaHaa TISIT CeTHATEIH  Kapkac
EBBRIOSPHAHABAST EBICOEHE nepenmaignl AABIICHHAHA Ha
mIacT, HO JIeTrKo :;etv_:lcxﬂp)'e'n:x HI ILTacTa IIpH
HesHATATeNEHEX JenpeccHAx [ The "check valve"
property. The mesh frame formed when the
bottomhole formation zone is blocked can withstand
high pressure drops on the formation, but iz easily

'\absorption or completely eliminate it released from the formation at minor depressions _/

OfpasoBaHHe NMOIHMEPHOH TAMIOHHDPYIOOIEH NMpodKH B ODOpPOBEX KaHamax mmacta (JHa MOEET Ghn?‘
YOaneHa HS IUIACTA O3 PaspyIIeHHA H JHCOePTHPOBAHHA TAMOOHHDYIOIIHX CTPYETVD, 9T CHEDEAET CTEIeHh
sarpzsgennd [131] opa ocEoeHNE cEEa®HHEE [ Formation of a polymer plugging plug in the pore channels of
the formation It can be removed from the formation without destruction and dispersion of the plugging
structores, which reduces the degree of comtaminatiom of the bottomhole formation zone during well

\hde'\'elonment /

Puc. 1. Hexomopule ocobennocmu 610Kupyrowux scuokocmeti/

Fig. 1. Some features of bloking liquids
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OcHoBHO¥ 3a1a4eili N3rOTOBJIEHUS] MPOYHOI0 IUVIOTHOIO OJIOKHPYIOLIETro IKPpaHa
B [I3I1, sBnsiercs co3manue npensTcTBus npoHukHoBeHuto TK u ux ¢unsrpatoB B mo-
pPOBOE MPOCTPAHCTBO KOJUIEKTOPA U MPEAOTBpAIllEHHE ero 3arps3Henus. biokupyromme
KUAKOCTH JUISl TJIYUICHHs] CKBa)KUH JIOJKHBI OTBEYaTh ONPENEIEHHBIM TPeOOBaHUSIM
(puc. 2) [l"'acymos, ['acymos, 2023].

TexHonornueckue KUAKOCTU [JIA BPEMEHHOIO 6JIOKI/Ip0BaHI/I$I MPOAYKTHBHOTO IlJIa-
CTa — 3TO Pa3JIMYHBIC COCTABbI, KOTOPLIC MCIHOJIB3YIOTCA MPHU INIIYHICHUHW CKBAXXWUH IJIA
CO3/IaHUsI U3OJIMPYIOIIETrO dKpaHa B MHTEpBaje MPOAYKTUBHOIO IIACTa M 0OeCeueHUs
NPOTUBOJABICHUS Ha HEro. J[i1s BpeMeHHOro OJOKHpOBaHMS MPOAYKTHUBHOTO IJIacTa B
ycnoBusix AHIT/] mpuMeHSFoTCst pa3InyHbIe TEXHOJIOTHYECKHUE KUIAKOCTH, KOTOPhIE 00-
JAJar0T ONpPEACIEHHBIMA OCOOEHHOCTSIMUA M PEOJIOTHYSCKUMHE MapaMmeTrpamMu [['acymoB,
l'acymos, 2024; Leontiev, Kleschenko, 2017] (Ta6mx. 2).

[ Broxapyromee KEAEOCTH A1 ITYIIEEHA CEELHHE JOCHHE 0TEEYATh cledyromeay TpebosamaaM | Well killing

fluids must meet the following requirements:

HuepTHOCTE E IIACTOEED MOPOAAM H COEMECTHMOCTE © IMTACTOBHIME (Iongamu / [nertness to formation

rocks and compatibility with formation fluids )

s <

Hurutepyromee JeficTEHe HA THHHCTEE SACTHIE. PHIBTPAT HHAKOCTH [IYIIEHHNE JOLKEH NpefoTEPAIATE
™ =x Bafyxamne mpm Mooy sHazennn pH niactosoft some [ Inhibitory effect on clay particles. The kill fluid
\ filtrate should prevent their swelling at any pH value of the formation water )

r . N S
Hexmowenne HeoOpaTHMOH KOMBMATAIHE IIACTA TEEPIEME JacTHIAMH. ColepEasHe ESECIIEHHEIN JaCTHIT
™ &e gom=mo npesmmate 30 mr/m / Elimination of irreversible colmatation of the formation with solid

L particles. The content of suspended particles should not exceed 30 mg/l )

( & - 3
Otecneneane rEgpodofHsaHA NOEEPXHOCTH EOMIEKTOPA H CHHXEHHE EANMINAPHEIX JIETEHHH E DOpax
™ mnacta / Ensuring hydrophobization of the reservoir surface and reducing capillary pressures in the pores of
the formation )
\

| Hermouerne obpasopanHd cTOHEHX BoZoHedTAHEX smynbeHA / Elmination of the formation of stable |

water-oil emulsions
r

CEOpOCTE EOPPOSHE CTANH He JomxHA npesslmars 0,12 ww'rog / The corrosion rate of steel should aot |

exceed 0.12 mm/year )

= " - =
TepmocTaOHABPHOCTE MPH EEICOKHX TEMIEPATYPAX H MOPOSOYCTOHUMECCTE B SHMHHX yenopmax [ Thermal

stability at high temperatures and frost resistance in winter conditions
£

— — R !
HeroprogecTe, E3pEEONOEapo0esOmacHOCTE, HETOECHIHOCTE, OBITE SEOMOTHUecKH DesomacHEMHE / Non-
flammability, explosion and fire safety, non-toxicity, be environmentally friendly

BosMoEHOCTE pPeryIHPOEAHAT TEXHHYUECKHX H APYTHX cBoHcTE / Possibility of regulation of technical and |
other properties

<

BosMo®HOCTE DOCIeYIOMErD EHEOA CEEAHHHE E pabouni pese B Oygymen / Possibility of su‘l:.'nsecp..uarnt_"I
well commiszioning in the future

N N

A

Puc. 2. Tpebosarnus k 610KUPYIOUWUM IHCUOKOCTIAM 051 2AYULEHUSL CKBANCUH
6 ycnosusix AHII /

Fig. 2. Requirements for blocking fluids well killing under conditions of unfavorable
production conditions

[Tpu BBEIOOpE TEXHOJIOTUN TIIYIICHUS TaKXKE BaXKHO YUUTHIBATH XapaKTCPUCTHKU HH-
TepBaJia YCTAaHOBKH (PaCKPBITOCTh TPEIIWH, TapaMeTpbl PUIBTPOB U T. [.) C YIETOM U3-
MEHEHH, KOTOpBIE MPOUCXOAT B MIPOLIECCe IKCILTyaTallii CKBayKuH [ Baruna, ['aBpuios,
2014]. B cBsi3u ¢ yeM, ObUTH CIpyNITUPOBAHBI OCHOBHBIC TPEOOBAaHUS K COCTaBYy OJIOKHU-
PYIOIIUX KUIAKOCTEH I BPEMEHHOM M30JISIIMN MPOAYKTUBHOTO TUTacTa NP TIyIICHUH
CKB)XHH C aHOMaJIbHO-HU3KUMHU TUIACTOBLIMU JaBICHUSAMU (puc. 2).
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Tabnuya 2/ Table 2

TexHoJIOrHYeCKHE KUIKOCTH 1JIsi BpeMEHHOT0 0JIOKMPOBAHMS MPOAYKTHBHOIO
miacra / Technological fluids for temporary blocking of productive formation

Buner xunkocreii / Types
of liquids

Ocobennoctu / Features

ITeunsie cucremsl / Foam
systems

[Ty3bIpbKH TI€HBI TPOYHO 3aKPEIUIAIOTCS B (DHIBTPAIMOHHBIX
KaHaJax MOPHUCTOH Cpelbl, CO3JaBasi HEMPOHHUIACMBIN TTEHHBIN
9KpaH B Npu3a0oiiHOM 30He Twiacta / Foam bubbles are firmly
fixed in the filtration channels of the porous medium., creating an
impermeable foam screen in the bottomhole zone of the formation

Omynbscun / Emulsions

Hx perenTypa mocTpoeHa Ha HMCIOIb30BaHHHU TPEX OCHOBHBIX
KOMITIOHEHTOB: THIPO(GUIBHON JKUAKOCTH (Yalle BCEro 93TO
BOJa W BOJHBIC PAcTBOPHI), THAPOPOOHOH KUIAKOCTH (HEDTH,
HeTEeNPOLYKThI, Macia) u sMmyibraropa / Their formula is based
on the use of three main components: a hydrophilic liquid (most
often water and aqueous solutions), a hydrophobic liquid (oil,
petroleum products, oils) and an. emulsifier

Bricoko-
MUHEpaTU30BaHHbIC
SKHIKOCTH /

Highly mineralized
liquids

B kadectBe [100aBOK HCHONB3YIOTCS XJIOPHCTBIA  KaJui,
XJIOPUCTBIA HATPHUW, XJIOPUCTBIN Kanbluid, motam / Potassium
chloride, sodium chloride, calcium chloride, and potash are used
as additives

[TomumepHBbIe cCUCTEMBI /
Polymer systems

K HHM OTHOCSATCS THAPOTENH, BOAOHAOYXATOIIHE, SMYITECHOHHBIC
MOJIMMEPHl M TOJHMEPHl Ha BOJHOM OCHOBe (IMHEHHBIE U
nenunerinbie renmu / These include hydrogels, water-swellable,
emulsion polymers and water-based polymers (linear and
nonlinear gels

IeneoOpazytorue
komnozunun / Gelling
compositions

IIpuHuun AeHCTBUS TaKUX KUJKOCTEM OCHOBaH Ha CO3JaHUU
B IJlacTe OJOKUPYIOWIETO SKpaHa, NPEICTaBISIONEro coboi
MOJIMMEPHBIN Tellb 00ecniedeHns poTruBoaaBieHus Ha Hero / The
principle of operation of such liquids is based on the creation of a
blocking screen in the formation, which is a polymer gel providing
counter pressure on it

Maremaruueckast Mozeib npouecca o6iaokupoBanus [1311 npu mymeHnn B yCIOBUSIX
AHIIJI no3BossieT ynpapiasTh r’UAPOIUHAMUYECKUMHU IPOLIECCAMH B CUCTEME «CKBAXKH-
Ha—Tact» [['acymoB, ['acymoB, 2024]. Hamu Obuta co31aHa MaTeMaTideckas MOJIEINb IPO-
necca 3akauku TOK B II3I1 npu miymennn ckBaxkun ¢ AHII/], no3Bosstomas ynpasisiTh
THJIPOAMHAMUYECKUMHU TIPOLIECCAMU B CUCTEME «CKBAYKMHA-IIJIACT», MPEI0TBpaIlaoLas
MOMIOLEHHUE )KUKOCTHU IIYLIEHNS U YXYILIEHUE KOJJIEKTOPCKUX CBOMCTB IPOLYKTUBHOIO
racta. JlaHHas MOzeNb OCHOBaHA Ha TPEXATAITHON cXeMe MPOBEIeHUsI padoT: BBIPABHU-
BaHME MPOQHIST TPUEMHUCTOCTH MPOAYKTHBHOM TOJIIIH, MPETOTBPALIAOIIEE 3arps3HEHIE
CKBaXMHHOT'O KoJuIeKTopa koMIrioHeHTaMu BbJK, ee 3akauka v mpozaBka ¢ CO31aHUEM He-
00XOTMMOM penpeccun B CUCTEME «CKBakuHa-tutacT» [[lacymos, I'acymos, 2023].

[TpumeHeHne MaTeMaTHYECKON MOJIENH, TIO3BOJISIET Pa3paboTaTh MPOEKT BPEeMEHHON
OJIOKMPOBKH IUIACTA M OL[CHUTH TPEAToiaraeMble TTapaMeTphl poIiecca 3aKauKH OJIOKH-
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PYIOILIETO COCTaBa (J1aBJIeHHe/pacXol, TPOIAOKUTEIILHOCTh), IOMOTAeT B BHIOOPE OMTHU-
MaJIbHBIX CBOMCTB OJIOKUPYIOIIETO COCTaBa M PEKUMOB €T0 3aKaUKH, UCXOSI U3 KPUTEPH-
eB 2(EKTUBHOTO IIYIIECHUS U MOCIEIYIONIET0 OCBOCHHS CKBaXXHH (puc. 3).

[ OcofennocTn MaTemMaTHaeckoi Mogean / Features of the mathematical model ]
| [

KHQSBOMB'I‘ VHECTE OCTETOEHYVED Dﬁm,:mém-mc'm\ , CHeTeMa «IIACT — CEEARHHAY PAcCMATPHEASTCA HE B N

NpOMIACTEOE, HX OOPHCTOCTE H  OPOHHEIAEMOCTS, CTATHHECEOM DEFHME, 3 B JuEameke [ The reservoir-
COMpA#EHAEIE ¢ BASKOCTEID SAKATHBARMOH OMOKHpYOmeR well system is conzidered not in a static mode, but m
smuarocTs | Allows to take into account the residual water dynamics

content of interlayers, their porosity and pemmeability, |% y

\ﬂSSOEiﬂtﬂi“‘i{hﬂ]ﬂ\’iECOﬁiﬁ' ofthemiectedblock:i.ngﬂuid/ /).-Io:se-r mocmymETE  ocmoBOR  amx npm‘pmmm\
0O0BCMEUEHHE, KOTOPOE AETOMATHUSCKH  EHIOHpEET

’f,‘laé'l: EOSMOEHOCTE BECTH [OHHTEPERNLHYED saxallxj;'\ - . i
GnoEHpyomel FEIKOCTH B MEOTOLTACTOEYED SATeEs I8 OUTEMATBHRIE  CEOHCTER Oroxupyromes HHIKOCTH H
AOpECHOTO EOSOEHCTERA Ha KOHKPETHEIE HETEPEAT IacTa pesEnm ero sakamn / It can serve as a basis for
! Allows for interval injection of blocking fluid into || software that automatically selects the optimal
a multilayer deposit for targeted impact om a properties of the blocking fluid and its injection

ific i - i maodes
\_ specific interval of the formation J \ /

IMocTposHEHE  MATEMATHUSCKOH MOJENH OpoNecca ONOKHDOEAHHA NpH3aGoHHOH SOHE! INTacTa ORLTH
OCYIECTENEHEl ¢ HCIOMIBIOBAHHMEM TPEXSTANHOH CXeMEl NpOBeJeHHA paboT, Ije B KadecTEe MOJENH OBLIA
MPHHATO EOMISETOp KAK CHCTEMY, EOMHYSCTESHHO NpPeACTABIANIYI0 KA9eCTECHHEIZ TeCTOTHUSCKHE H
tHsHYWeckHe CBOHCTEA NIacTa, ANA HCNONBSOBAHHA E PACYETAX IPH YIOPABTEHHH THADOJHHAMHIECKHMH
OpomeccaMM IIVIIEHHT CEBA#MH. Ha kamgom sTame EHOMpanH pasHBIE EHMAH MHIKOCTH TTYIIEHHA C
OnpenenfHNOR AMHAMEYECKCH EASKOCTEIO H INIOTHOCTEED, A TAKHe PASIHUHEL KOHTPOIb JaEIEHHA SAKAUKH H
pacdéT CEROPOCTH MOJa9H OIOEHpYROmeHd ®HAROCTH B amdToEe komommsl [ The construction of a
mathematical model of the process of blocking the bottomhole formation zone was carried out using a three-
stage scheme of work, where the collector was adopted as a model as a system that quantitatively represents
the qualitative geological and physical properties of the formation, for use in calculations when managing
hydrodynamic processes of well killing. At each stage, different types of killing fluid with a certain dynamic
viscosity and density were selected, as well as different injection pressure control and calculation of the feed
rate of the blocking fluid into the elevator column

Puc. 3. Ocobennocmu mamemamuueckoti mooenu npoyecca onoxkupogxu I1311 npu enyueruu ckeaxcuu
6 ycrosusx AHII] / Fig. 3. Features of the mathematical model of the process of blocking the bottomhole
formation zone when killing wells under conditions of abnormally low formation pressures

HccnenoBanue mokasano, yTo nmpoHukHoBeHue ¢unsrpara B [1311 npoucxoaut moxn
BIIMSIHIEM OCMOTHYECKOTO U KalWJIISIPHOTO aBJICHUH, HO B OOJNbIIEH cTereHu Mo BIu-
STHUEM TIepenaja JaBIeHUs MEXIy IIaCTOM U CKBaKUHOM. [IpsAMOii 3aBUCUMOCTH MEXKITY
nepernagoM AaBleHus: 1 00bEMOM 0T(HUIBTPOBABIIEHCS KUAKOCTH HET. Pacxox ¢unsrpa-
Ta 1Mo Mepe GOopMHUPOBAHUS ONOKUPYIOUIEH KOPKU U 30HBI KOJIbMATallMUd CHUXKACTCS U
HOCHT SKCIIOHEHIIMAJIbHBINA XapakTep. Paanyc 30HbI MPOHUKHOBEHHSI 3HAYUTENHHO 0OJIb-
1I€ TOJIIMHBI 30HBI M 3aBUCUT OT MHOTUX (DaKTOPOB: BPEMEHH BO3ACUCTBUSA (PUIBTpaTa,
JUHAMUYECKON BOJOOTAAYH, MOIITHOCTH IJIaCTa, IOPUCTOCTH, TEMIEpaTypsl U T.A4. [['acy-
MoB, ['acymos, 2023].

Pa3mepsl 30HBI TPOHUKHOBEHUS MOBBIIIAIOTCS C YBEJIHMYEHHUEM Kod(hdUIIMeHTa Mo/-
BIKHOT'O BOJJOHACBHILIEHUS I1acTa. ECTeCTBEHHO, YTO BOIOHACKIILIEHUE 30HBI IPOHUKHO-
BEHUS YMEHBIIAETCs 110 HAMPaBJICHUIO BIIYOb TU1acTa, MpUu4éM UHTEHCUBHOCTh €0 CHU-
JKEHHSI 3aBUCHUT OT Kod((pulireHTa MoABMKHOTO BOIOHACKIIIIeH s T1acTa. [IpoBeaéHubIit
pacIIMpeHHbIN aHAIN3 HAYYHO-TEXHUYECKON MH(GOPMAIIUU U TPOMBICTIOBBIX JAHHBIX 110
MPOBEICHHUIO PEMOHTHBIX PabO0T, CBA3aHHBIX C TITyIICHHEM CKBaKUH B ycnoBusix AHII/,
MO3BOJIMI CPOPMHUPOBATH TPEOOBAHUS K COCTaBaM JIsl BP€MEHHOTO OJIOKMPOBAHMS T1J1a-
CTa ¥ HA A’TOM OCHOBAaHUHU OBLITU PEKOMEHIOBaHBI COCTABbI OJOKHPYIOMINUX KHUIKOCTEH C
HATOJHUTETIEM JIJIS TIylieHus: ckBakuH B yciaoBusx AHITJI (Ta6m. 3).

Hannbie bXX npeacraBnsior co0oii AUCTIEPCHYIO0 CUCTEMY, B KOTOPO CBOWCTBA, HE00-
XOJIUMBI€ JUIS AOCTHKEHHSI TEXHUYECKOTO pe3ylbTara, 00eCeyuBaloOTCsl 0COOCHHOCTSIMU
(bU3UKO-XUMUYECKUX MPOIIECCOB, MPOUCXOIAIINX MPH B3aUMOJICHCTBUU UHTPEAUCHTOB
COCTaBa B YKa3aHHBIX COOTHOIICHUSX JIPYT C JAPYrOM U ¢ MUHEpajJaMu TOPHBIX MOPOI,
Claralonux MPOAYKTHBHBIA miacT. JlocTukeHne BbICOKOTO Onokupyromero sddexra
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o0ecrieyrBaeTcsl KOJIbMaTaHTOM — KOHAEHCUPYEMOM TBEPIOH (a3oi, KoTopas obpa3zyeT-
Cs1 B IIPOLIECCE TPUTOTOBIIEHUS COCTaBa IIPU B3aUMOACHCTBUM UHTPEIUEHTOB U COAEPKUT
JIBa BHJIA YACTHIl — KPUCTAIIMUECKHUE U aMOp(HbIe, UMEIOIINE pa3Hylo (GopMy U pa3Me-
psl [Baruna, 'aBpuiios, 2014].

Tabnuya 3 / Table 3

bJiokupyommii cocTaB ¢ HAMOJIHUTEIEM /ISl [NIyHIEHUSI CKBAKHH B YCJIOBHAX
AHIIL/ / Blocking compound with filler for killing wells under conditions of
abnormally low reservoir pressures

Broxnpywmui coctas [ Blecking composition

SMyIbCHOHHBIA ¢ HAMOIHMTETEM [ C xongexncHpoBanHoil TEEpJoi dasol / With condensed
Emulsion with filler solid phase

KOMIOHEHTEI / components mac, % KOMIIOHEHTEI / components Mac.
/mass.% mass. %o

Heomox A$9-12 / Neonol AF9-12 2,0 Fanennit xaopmerai / Caletum chloride 2.0

0.3 Anonsf dochopHOKHECIEE JEVSaMelleHEE / 11.0

MC Bioxan / MS Bioxan 30,0 Dia.mmciili:lm p].:msphate KapborcHMeTRINRMTIONO:E 2.0

. (EMIT 83/700) / Carboxymethyl cellulose (CMC
Musensroe TomIRED [ Diesel foel 6,0 85/700)

KCCB-IM/KSAS-IM 61,7 [Memoobpasosatens Mopner / Foaming agent Morpen 1o

Boga / Water 10,0-15.0 Creapar mmnxa / Zinc stearate 0.3

Hamommwreas® / Filler Boga / Water 76,0

*HonoIHuMETsHO K 06REMY Daorupyouell Reudrocmy

DddexTuBHOCTH HcTONB30BaHus B onpenensiercs, mpexae BCEro, COOTBETCTBUEM
(hU3UKO-XUMUYECKUX CBOMCTB COCTABA BBHIMOIHAEMBIM (DYHKIIUSM U KOHKPETHBIM YCIIO-
BUsM NpuMeHeHus. C yBeIMYEeHHUEM BPEMEHH SKCIUTyaTallii CKBaYKUH, (DYHKITUH KUIKO-
crelt mrymenus u bXK npaktuuecku He MEHSIOTCSI, HO 3HAYUTENIBHO YCIOKHSIIOTCS YCII0-
BUS UX TIPUMEHEHUS, 4YTO OOYCIOBIECHO CHUKEHHEM IIACTOBOTO JIaBIICHUS, pa3pylICHHU-
em [I3I1 u T. 1. B cBsA3M ¢ 3TUM BO3pacTaroOT U TpeOOBAHUA K MapaMeTpam OJIOKUPYIOIIUX
COCTaBOB.

OTcrona oueBUIHBIM SBISIETCS TOT (DAKT, YTO JIsl pabOTHI B KOJIEKTOPAX, MMEIOIINUX
pa3IMuHYyI0 KOH(MUTYpAIUIO IPOBOISIINX KaHATIOB, HEOOXOIMMBbI HEOJJMHAKOBBIE OJIOKU-
pytoiue areHThl. [IpeacTaBneHHblil BbIlIe aHATH3 OJTOKUPYIOIINX KUIKOCTEH M UCIIOINb-
3ye€MbIX B HUX KOJIbMAaTaHTOB, MOKa3aj, YTO JIJIi BPEMEHHON M30JISIIUU TPOAYKTUBHBIX
IUIACTOB, XapaKTEPU3YIOUIUXCS OJHOPOIHBIM TOPOBBIM KOJUIEKTOPOM, Hambosee mep-
CIIEKTUBHBIM SIBIISIETCS TPUMEHEHHUE COCTaBOB C KOHACHCHUpYyeMoii TBEpaoH da3zoil. [Ipe-
MMYIIECTBOM JJAaHHBIX COCTaBOB SIBJISETCS TO, UTO B MPOLIECCE PEAKIUI MO OCAXICHUIO
TBEPMBIX YACTHI] 00Pa3yIOTCsS XUMHUYECKU YHCTHIE BEIIECTBA, B KOTOPBIX OTCYTCTBYIOT
3arpsi3Hstonue miacT npumecu. [Ipuaém oOpasyemas TBEpaas gaza BHIOUpaeTCs U3 Ync-
Ja KUCJIOTOPACTBOPUMBIX, UYTO IMO3BOJISET BOCCTAHABIMBATh JOPEMOHTHYIO IPOHHUIIAE-
MOCTb JIaJK€ B CIIy4ae HENpeIBUACHHOIO IPOHUKHOBEHUS cocTaBa B acT. K tomy xe,
BapbHUPys COOTHOIIICHHE HMCXOTHBIX PEAreHTOB, MOXKHO JAOOUTHCS 0Opa30BaHUS YACTHIL
HEOOXOAMMOTO pa3Mepa, C BOZMOXKHBIM MPeoOIaaHueM KaK KPYIHBIX, TaK U METKUX
yactul [Baruna, ['aBpuinos, 2014].

UccnenoBanue pa3nmnyHbIX COCTaBOB MpUMEHsieMbIX B kKauecTBe b)K mokaszanu, yto,
COCTaBbl Ha YIIIEBOAOPOJHON OCHOBE OKa3bIBAIOT MUHMMAJIbHOE OTPHUIATENIbHOE BIIUS-
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HUE Ha KOJUJIEKTOPCKME CBOMCTBA IIACTA U MO3BOJISIOT 3HAUUTEIBHO COKPATUTh BpeMs
OCBOCHHMSI CKBaYKUH IOCJIE MPOBEICHUSI PEMOHTHBIX pa0boT. DPHEeKTUBHOCTH UCIIOIB30Ba-
HUS ITUX )KUJIKOCTEH OOBSCHSAETCS U3MEHEHUEM CMaYMBAEMOCTH MTOPUCTON CPEJIbl, CHU-
YKEHUEM MOBEPXHOCTHOTO HATSKEHMSI HAa TPAHULE COCTAB-MIOPO/Ia IU1ACTA, YMEHbIIEHUEM
BEJIMUMHBI KAUJUIAPHBIX CHJI C OTHOBPEMEHHBIM CHIKEHUEM TITyOUHBI POIUTKH MOPO-
11 Bogow [depOenesa u np., 2002; Gasumov, Gasumov, 2020]. Hu3kas naoTHOCTH 00-
YCJIABJIMBAET UX IIMPOKOE MPUMEHEHUE MPHU IIYIIEHUH CKBAXUH, XapaKTEePU3YHOUIUXCA
AHII/. OcHoBubiMu KpuTepusmu 3dpdextuBHOCTH BXK SBISIOTCS MX 3aKynopuBaromias
(6okupyroImas) cnocoOHOCTh U KaYeCTBEHHOE YyAalleHUE M3 IUIacTa, KOTOPhIC 3aBUCST
HE TOJBKO OT HAIMOJIHUTEINS, HO U OT (PU3UKO-XUMHUECKHX CBOWCTB M KOJMYECTBEHHOTO
COOTHOILIEHUS JIpyrux komnoHeHToB. B B)XK Ha yreBonopoaHoil 0CHOBE MCHOIb30BaIN
HenoHoreHHble [TAB.

Kak nokazanu uccnenoBaHusi, HaJauuve HanojiHuUTened B coctaBe bXX mo3sossier
(hopMupoOBaTH ApPMUPYIONINI KapKac (3aKyHOPUBAIOIINI 3KpaH) HA CTBOJIE CKBAKUHBI, B
UHTEpBaJe MPOYKTUBHOTO TOPU30HTA U Oapbep MPEnsSTCTBYIONINI MPOHUKHOBEHHIO pa-
0oueii )KUIKOCTH BIIIyOb miiacta. JlonmomHuTenbHOE JO0OABICHUE HAMIOIHUTENS B OIOKH-
PYIOIIYIO KUJKOCTh CYLIECTBEHHO YIy4llIaeT 3aKy[lOpHBAIOLIME CBOICTBA cOCTaBa, He-
oOxonuMble JUIst TiyieHust ckBaxuH B ycnoBuax AHIIJL [['acymos u np., 2017; I'acymos,
l'acymos, 2024] (puc. 3).

3AKAKOYEHNE

1. YcTaHOBIIEHO, YTO BPEMEHHOE M30JIMPOBAHKE NMPOJYKTUBHOIO IIACTa MIPH TIIyIlIEe-
HuM CKBaXMH B ycnoBusx AHIIJ/l oxa3siBaeT cepp€3HOE BIMSHUE HA NMPOHULAEMOCTH
KOJUIEKTOPOB Y TUAPOJIMHAMUYECKYIO CBSI3b B CUCTEME «CKBa)KMHA-IUIACT», TaK KaK MpH-
MEHSIEMBIE KHUJIKOCTH, IPOHUKAsl B IOPOBOE POCTPAHCTBO, TPEIIMHBI U KaBEPHBI IIOPO/I,
HOPUBOAST K YXYALIEHUIO (PUIBTPALIMOHHO-EMKOCTHBIX napameTpoB 1311 u pazpymienuro
IU1aCTa-KOJUIEKTOPa, OKa3bIBasi OTPULIATENIbHOE BIUSHUE HA 3()(PEKTUBHOCTD SKCILTyaTa-
LIUU CKBAXKUHBI.

2. OmnpeneneHbl OCHOBHbBIE TPEOOBAHMSI K TEXHOJIOTUSAM U SKUJKOCTAM JUIsl [ITYILIEHUS
CKBaKUH C IpesiBapuTenbHbIM OnoknposanueM I1311 B yenoBusix AHII/L, npenorsparia-
IOL1E CHUKEHHUE KOJIJIEKTOPCKUX CBOMCTB MPOyKTUBHOIO IJIacTa.

3. IlpemioskeHbl COCTaBbI OIOKUPYIOIINX KUIKOCTEH I BPEMEHHOMN H30JISIUH ITPO-
JQYKTUBHOTO TOPU30HTA MPH MIyIIeHnH ckBaxuH B ycioBusx AHII/I, obecneunBaromue
coxpanenue ®EC nnacra-koiiexTopa.

4. YcTaHOBIIEHO, YTO HANIWYKE HanoaHUTeNel B coctaBe bXX mo3somnsier popmuposars
apMupyromuii kapkac (3akynopuBatomuii skpan) B [13I1 — nunTEepBanse MpoayKTUBHOTO
TOPHU30HTA M CO3MAET Oapbep, NMPEMATCTBYIONINN MPOHUKHOBCHHUIO Paboueit ®KUIKOCTH
BIIyOb muacta ¢ AHII/T.

5. Pazpaboransl coctaBel bXK ¢ HanmoigHMTENeM Ui TIyIMIEHUS CKBaKUH TPHU IPO-
BEJICHUM PEMOHTHBIX pabot B ycnoBusx AHII/] co cloXHBIMU TOPHO-TEOIOTUYECKUMH
XapaKTepUCTUKAMU (IIPH 3HAUUTEJIBHOM CHM)KEHUHU IUIACTOBOTO JABJICHUS, BBICOKOM
JPEHUPOBAHHOCTH MPOJAYKTUBHBIX IIACTOB, CHUKEHUM IIPOYHOCTHBIX CBOMCTB CKelleTa
IUIacTa ¥ T.JI.) C y4ETOM TEXHUKO-IKOHOMUYECKOH 3(h(HEeKTUBHOCTHU 1 SKOJIOTHYECKOH Oe3-
OIIACHOCTH.

6. YCTaHOBIJICHO, YTO TEXHUKO-IKOHOMUYECKas 3PPEKTUBHOCTD ITYIICHHS CKBAXKUH
¢ npeaBapuTesbHbIM OokupoBanueM [1311 KuakocTIMU ¢ HAIOJTHUTENEM JOCTUTAETCS
3a c4€T COKpaIlleHUs 3aTpaT Ha MPOBEACHUE PEMOHTHBIX PabOT, UCKIIFOUEHUS BO3MOXK-
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HBIX OCJIOKHEHUH U MOTepH N00bIBaeMbIX Y B, yBenTu4eHus: MeXPEMOHTHOTO MEpHoa,
MOBBINICHUS TPOU3BOAUTEIBHOCTH CKBAXUH M PEHTAOEITBHOCTH Pa3pabOTKH MecTo-
POXKJICHUN.
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