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ABSTRACT

One of the priority tasks in Kazakhstan oil industry at the present stage
of its development is stimulation of hydrocarbon production in the developed
and equipped fields at a late development stage containing significant residu-
al oil reserves.

The thesis proposes a statistical modeling method of an oil field, based
on which the development stages and their duration were identified for the
13th horizon of the Uzen deposit, and a forecast of initial recoverable re-
serves was made.

Analysis of enhanced oil recovery in Kazakhstan's fields revealed that
hydrofracturing is the most effective method with a 75% success rate. A new
criterion for selecting candidate wells based on an analysis of the oil content
variation from fluid extraction has been developed to increase the success
rate. Application of the developed criterion allows increase of success rate up
to 95-98%.

Based on the studies, a composition for the removal of ARPD (as-
phaltene-resin-paraffin deposits) including a hydrocarbon solvent and an ad-
ditive has been developed. The efficiency of ARPD removal using the ob-
tained compositions at various deposits varies within the range of 84.4-
97.6%. It has been established that the developed composition for ARPD
removal is at the same time effective oil thinner enabling to update flow
curves, when the non-Newtonian oil becomes Newtonian due to the addition
of the composition.

A new enhanced oil recovery method has been developed to improve
the efficiency of microbiological stimulation method, when a low salinity
water fringe of 30% of the pore volume is created prior to organic substrate
injection. As an organic substrate, a 10-15% solution of cheese whey and
milk whey is used in low salinity water in a 75:25 ratio. At the same time, the
oil displacement ratio will be 74%.

The developed technologies have been successfully tested at the Uz-
en field. On the basis of the proposed criterion, 12 wells were selected for
hydraulic fracturing and 25025 tons of incremental oil was produced, the
success rate was 98%.

Introduction of the developed microbiological stimulation method on
pilot sites, including eight five- and seven-point elements, resulted in the
cumulative 47468 tons of incremental oil production for the year.

Total additional oil production in the result of implemented measures
run to 72493 tons.
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OBIIASA XAPAKTEPUCTHKA PABOTHBI

AKTYyaAlILHOCTH TeMbl. B HacTosmiee BpeMsi OJJHNM M3 OCHOBHEIX 3a-
nad4 HeTAHOM oTpacnm KazaxcTaHa sAB/sAeTCA yBEIMYECHUE TEMIIOB HE(PTEOT-
a9y I71aCTOB Ha MECTOPOXKACHHMAX C TPYXHOH3BICKAEMBIMU 3aIlacaMH, Ha-
XOOALUMXCA Ha NO3JHeH cTaguu pa3paboTki M MMEIOIIMX 3HAYMTENLHBIC
OCTATOYHBIE 3anackl He(TH.

B Ka3zaxcTaHe OCHOBHBIE 3amackl YTJICBOJOPOIHOIO CBIPhS COCDENO-
TOYEHHI B 3aMaJHLIX 06IacTax pecmyOaMKH, a HIMEHHO Ha TAKMX KPYIHBIX M
YHUKaJIBHBIX MecTopoxaeHUsX kak Tenrns, Kapauaranak, Y3ens, XKerri6ait,
Kapamannpi6ac, Kapaxan6ac u T.14.

MHorve 3 3THX MECTODOXXICHHH OTIMYAOTCS CrelpUIecKIMHK
0COOCHHOCTAMH, KaK IO reoloro-pH3M9ecKuM XapaKTEPUCTHKaM MpOAYK-
TUBHBIX IUIaCTOB, TaK U 10 (PM3MKO-XUMMIECKMM CBOMCTBAM HACHILAFOIIMX
nx ¢pmonaos. HedpTH MecTopoxaeHMIA 3aMaTHOrO0 PETMOHA ABJIIOTCA TDKE-
JNBIMH, BEICOKONApah HHUCThIMH (10 26%), COEPXKAIMMH GOIbIIOE KOTHYE-
cTBo cMon M achambTeHoB (D0 20%). OO6BbeMbl HeBHIPaOOTaHHBIX 3aI1acoB
aHATH3HPYEMBIX MecTOpOKIeHHH cocTarmmoT 60-70%, nNpH 3TOM YpPOBEHb
obBonHeHHOCTH AocTHTaeT 8§0-90%.

CylnecTBylonMMN METOJaMH HHTEHCH(HKaumn HedTeao6sTH BO3-
MOXHO M3Bicub He Gonee 50% reomOrHYEcKyX 3amacoB MECTOPOXKICHHA.
Bonee Toro, noOeda Hed)TH Ha MECTOPOXKAECHHH Y3eHb CHIDKAETCH 33 CYET
TakuX (PaKTOPOB, KaK CIIOKHOE Teosioro-pH3uIeckoe CTpocHne HeTeHachI-
MEHHBIX 3anexeid, BEICOKaA BA3KOCTH M HapauHHCTOCT: HeTH, a TAoKe
yBEJIHYEHUA TeKylleil 06BOJHEHHOCTH IPOSYKIMY CKBAJKHH.

JAnmn noctioxeHnsa yrBepikAeHHOro ko3dduimenta nedrTeomadu Me-
CTOPOXIEHHA Y3€Hb, aKTYATbHbIM ABJETCS IOJIEPIKAHNSA CYIECTBYIOMETO
YpOBHA HOObIuM HEGTH C IPHMEHEHHEM HOBBIX BBHICOKO3((GEKTHBHEIX METO-
JioB noBeiueHns Hedrrenspnedenus (MITH).

Henan padoThl pa3paboTka M MPUMEHEHHWE HOBHIX METOAOB MHTEH-
cudukanuy Jo6EMMH HEHBIOTOHOBCKON HE(PTH.

OcHoBHRIE 32;]a9H NCCJICIOBAHUS

—CTaTUCTHYECKOE MOJEIUPOBAHHE KHIHEHHOTO LHKIA HEQPTAHOTO
MECTOPOX/ICHH,

Paspa6otka:

— KpHTEepHeB BbIOOpa CKBAXHH IIPH OPOBEACHMM THIPaBIMIECKOrO
pa3peiBa macta (I'PII) Ha no3gHMX cTaguax paspaboTky;

— HOBQIO COCTaBa A yAUIEHUA acGaTbTEeHO-CMOIONapadHHOBEIX
OTJIOXCHIH,



— HOBOro cmoco6a noBbIMIeHHSs He(PTEOTAaYH IUIACTa Ha OCHOBE
NpHUMeHeHUA GHMopeareHToB.

MeToabl penieHAs OCTaBJIEHHABIX 33424

IlocraBneHHble 33839y peIlaiMCh ITyTeM IMPHMEHEHHA METOJO0B Ma-
TEMaTHYECKOH CTATUCTUKH, IKCIIEPUMEHTANIBHBIX H MPOMLICIIOBBIX HCCIE-
JOBaHHiA.

Hay4ynan HoBM3Ha

—Ha ocHOBe CTaTHCTHIECKOro MOJEIHpPOBaHUA XXHM3HEHHOIO LMK
MECTOPOXXIECHUA Y3€eHb NMPEIJIOKEH METO] BhIICIICHUA CTaANA pa3paboTKH,
HPOrHO3a HAYJIbHBIX U3BJIEKAEMBIX 3a11acCOB U MUKOBOH foObMu HedTH;

—Ipepnoxen kpurepnit njis Be1bopa ckBaykuH npu nposenennu ['PI1
Ha MO3[HMX CTaJAMAX pPa3pabOTKH, OCHOBAHHBIA Ha aHAIM3E W3MEHEHUA
HpPOLIEHTa coepxaHusi HepTH 0T 0T60pa IKUAKOCTH;

—Pa3paboTanpl HOBBI BrICOKO3(](EKTUBHRIA COCTaB 1Ni YAATICHUA
ac¢anbTeHO-CMONIONapa(pMHOBLIX OTJI0XKEHHH, U HOBBIA Crioco® MoBbILIE-
HMA He()TE€OT/1a4H IUTacTa Ha OCHOBE IPUMEHEHHMA GHOpEareHTOB.

3amumaemsie N0J10KEHHAA

Ha 3amury BBIHOCSTTCS:

- HOBBIH METOJ] CTATUCTHIECKOTO0 MOAENIHPOBaHHA HEPTAHOr0 MECTO-
POKACHHA, MO3BOJSIONINH BhIJIEIEHNe CTaaui pa3paboTkd, MPOrHO3a Ha-
YJaTbHBIX M3BJIECKAEMEIX 3aI1aCOB M MHMKOBO# J00bMHK HedTH;

- KpuTepuii 1A Beibopa ckBaxxun rpv nposenenuu ['PIT Ha nmo3gaux
cTagusax paspaborkuy;

- COCTaB [UIA yAATEHNA achanbTEHO-CMOI0NapadHHOBLIX OTIOKEHHI 1
cnoco® noBpnueHNs He(TEOTAa4yHu IIacTa Ha OCHOBE NPHMEHEHHs OHo-
pEareHToB.

IIpakTHYecKas 3HAYUMOCTb Pe3yIbTATOB paboThI

Ha pa3paboranHbiii cocTaB Ans ynaneHus acanbTeHo-CMosionapa-
(HHOBBIX OTIOXEHHI NoJaHa 3asBKa Ha nmojy4ehue Enpasuiickoro nares-
Ta EA 201650128 1 nomydeHo yBeJOMIIEHVE O MOJOKUTEIFHOM PE3YIbTa-
Te $popmaneHOii akcnepTussl ot 01.02.2017.

PaspaboranHbiii kpuTepuii 111 BhiOOpa CKBaXUH NPH NPOBEAEHUH
I'PII Ha no3aHuX cTaguax pa3paboTky ycneumHo onpoboBaH Ha MECTOPOXK-
neHdan Yienb. AHamm3 3¢ gexTuBHOCTY 12-TH CKBaXHH, BBIODAHHBIX, C HC-
TIOJI530BaHHEM IIPEUIOKEHHOTO KPHTEPHA [I0Ka3al, 9T0 K03GdHUMEHT yc-
nenHocTH I'PI1 cocraBun 98%, a o0mas aonomHurensHas 1006srda HeTH
coctaBuna 25025 ToHH.

Ha paspaboTanHeni crioco® MoBeImeHysA HEPTEOTAAYM [LUIACTa NoJa-
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Ha 3aiBKa Ha nostydeHue EBpasuiickoro matenra EA 2017 00267 u nomy-
YEHO YBEJIOMIICHHE O TIOJIOXKUTETFHOM pe3ylibTare GopMaTLHOM 3KCIIEpTH-
36l T 02.06.2017 r. TexHomorus moBeMmeHus HedTeOTAAUH MHKPOOHIO-
'M4eCKHM METOAOM BO3edCTBHA Ha TuiacT onpobGoBaHa Ha 5M 6moke XIHI
TOpHU30HTa MECTOPOXKIEHHA Y3eHb. B pesynbrare BHeapeHus 6uUoBO3nEH-
CTBHMA CyMMapHasd A00blua NOTONHUTENBHOM HeTH 3a roi CoOCTaBWIa
47468 ToHH.

Aupobanus paborsl

Marepuanbl qMccepTauHy JOKIaBIBAIUCH H 00CYKIATUCH Ha:

- MexaynapogHoif HaydHo-mpakTHyeckoil KoHdepeHuun «Cope-
MeHHbIe Tipo6iieMsl HedTerazosoro koMmekca Kasaxcrana» - r. Akray,
2011 r,;

- MexxayHaponaHo# HaywHo-mpakTHdeckod KoHpepeHumH «Hossie
TexHoNorvM B HedTerazogoburaen, HUITHN «Hedreras» THKAP, 2012 r

- MexayHapoaHoH HaydHO-TipakTHUeckoi koHepeHIH «HHOBa-
LHOHHBIE TTpoGIeMbl HedTerazoBoro komiuiekca KasaxcraHa» -r. Akray,
2013r,;

- IV MexayHaponHoMm HayyHoM cumnosuyMme «TeopHs W npakThka
NPUMEHEHUA METOMOB YyBENMYEHHA HedTeoTHauu IIacToB», r. Mocksa,
OAO "BHHUHHedTs", 2014 T.

- ®opyme "Teonoropazeemka Kazaxcrana: ®okyc HedTs M raz”,
r. AcraHa, 2015r.

- Kacnuiickoit Texuuueckoii koH¢epeHuym U BeictaBke SPE, r. Baxy
Aszepb6atimkan, 2015r.

Ily6aakanan

Ilo marepunanam muccepTaumMu omy6imkoBaHo 14 TpyZoB, M3 KOTO-
pbIx 6 crareii, 6 Te3ncos, 2 3aABKH Ha noMy4eHHe Eppasuiickoro nareHra

CTpykTypa B 00BLEM paboThl

JucceprauuodHas pabora cOCTOMT U3 BBEACHUA, TPEX II1aB, CITMCKA
JUTEpaTyphl, BKIIOYatomiero 123 HanMmeHoBaHWA W mpwioxeHus. Pabota
u3oXkeHa Ha 194 crpanuuax, conepxut 33 Tabnuim! U 53 pucyHka.

KPATKOE COAEP)KAHUE PABOTHI
Bo BBegenHE 000CHOBaHAa aKTyallbHOCTh AHCCEPTALMOHHON pabo-
Thl, ChOPMYITHPOBaHBI 1i€JIb, OCHOBHBIE 3a/la4H U YKa3aHa e€ NpaKTHYecKas
LIEHHOCTb.
B nepsoii riaBe quccepTalMu 1aH JIMTEpaTypHbIH 0030p, B 4acTHO-
CTH NPUBOINTCSA CPaBHHUTENbHBIH aHaIM3 3G PEKTUBHOCTH paslIUYHBLIX Me-
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TOAOB YBeJIMH4EHUA NOOBIMM HeTH Ha Ka3axXCTAaHCKMX MECTOPOXKICHMAX,
yneneHo ocoboe BHAMaHUE Ha TNPUMEHAEMBIE METOABI BO3AECHCTBHA Ha
He()TeHaChIIEHHBIE 3a/Ie)KH MECTOPOXIEHHS Y3€Hb, TIPOBEJICH aHAH3 -
arHOCTMKH COCTOSIHMS CKBRXWH W Npu3aboitHo# 30HEI, pa3paboTaH MeTOx
CTaTHCTUYECKOTI0 MOJEIHPOBaHHSA pa3paboTKU MECTOPOXIEHMS.

Mecropoxaenue Y3eHb siBIseTcS OOHUM W3 KPYTHBIX H YHWKallb-
HBIX MecTopoxaenuii Kasaxcrana ¢ HeBbipaGoTaHHBIMY 3ariacaMu HedTH u
TPYAHOM3BJIEKAEMbIMH 3amnacamu. Jljis MECTOPOXKICHUA XapaKTepHO I10ce
crabunusaiMyd MOCTeNeHHOE CHIDKEHHE A0ObYM HedTH, pazOypeHHOCTDb
BCel IUTOLIA/IN, @ TaloKe BbICOKAA OOBOAHEHHOCTb IMPOAYKUMH CkBaxkuH. Ha
MECTOPOXICHHM JOOBIBaETCH HEHLIOTOHOBCKas HETH C BHICOKHM COIEp-
*aHUeM NapaduHOB M acanbTO-CMONMUCTHIX BEUIECTB M TEMIIEPaTYypoOi
3acteiBanma + 20°C. O6pasoaHue OTIONKeHMI NapadHHa Ha TOT3EMHOM ¥
Ha3¢eMHOM HedTenpoMBICTOBOM 00OpyIOBaHWM, a Takxke B NpuzaboitHoil
3oHe (I13) u GnuanexamMx K He# 30HaX MPOXYKTHBHOTO IUTacTa MPHBOIAT
K yXyZAlleH’I0 GUIBTPAlMOHHBIX XapakTepucTHK I3 miacra H CHYDKEHMIO
npyToKa HepTH K 3a6010. B pabore BRIMONHEH aHAIM3 CrIOCOOOB yBENMUYe-
HUs 10OBIYM HEHBIOTOHOBCKO#M HE(TH M pacyeT HU3HEHHOTO LIMKIIA MECTO-
POXAEHHS.

Jis yBeM4eHns TPOM3BOIMTEIFHOCTH CKBAXKHH M JOCTIDKEHUSA KO-
a¢pdmmenTa HedhTeoTAaUM IUTACTOB 3a CHET YIydIIEHWs THAPOJIUHaAMHYe-
CKOH CBA3H MEXAy CKBRKWHAMH, YBEIHUEHHMs OXBaTa 3aBOAHEHHEM M BO-
BJIEYEHHs B pa3paboTKy cnaGo JpeHHpOBaHHBIX 30H HamGonee 3¢ddexTus-
HBEIMH METOJaMH BO3JEHCTBHS ABIAIOTCH: OypeHne TOPH3OHTATBHBIX CKBa-
s»aunbl (I'C), ruapopaspeiB mnacta (I'PIT), peMOHTHO-M30NALIMOHHbBIE pabo-
161 (PUP), notokootionstomue texnonornu (I10T), koMIuiekcHbIE MeTO-
Ibl 3MynbcHoHHOrO Bo3zaekcTBus (OKB), n ap.

Kputepuem sddexTHBHOCTH rHapopa3prIBa IU1aCTa ABIAIOTCHE TaKHE
foKa3aTeNy KaK: YCNeWHOCTh NpOBeAeHUsA paboT, cpeaHuH npupocT nebu-
Ta HE(TH N0 OTHOM CKBaXKWHE, CyMMapHas JONOJIHUTENbHAasA A00bua Hed-
TH 10 BCEM CKBR)KWHAM 32 OTIpEIeJICHHBIH [epHol, UCTIONb30BAHHE XapaK-
TEPUCTHK BBEITECHEHHS IJIA OMpeleieHHs, BOBJIEUEHHBIX B pa3paboTky 3a-
nacoB HeTH 0 M MocJie NMPOBeAECHUs THApopa3peiBa Mwiacta. [Ipu npose-
JIEHUH BLILIETPUBEICHHLIX MEPOTIPUATHIH OlleHKa 3¢ (eKTHBHOCTH ITOKa3a-
na, yto paboThl OKa3aMCh YCHEITHBIMHM M TIPUBEJH K YBeJU4eHWo Acbura
He(TU B CPEAHEM MO CKBa)KWHaAM B 6,5-7 pa3.

I'mnponnnammdeckue uccnegosaumsa ckBaxud (I'JJUC) no u nocne
npoBesieHus paboT Mo UHTEHCH(PUKALMH JOObIYH HePTH MOTYT AaTh IMOJ-
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Hylo uH(popmanmio 06 ouenke cocrosumna [I3I1 U ycraHoBneHuo onTH-
MaJIBHBIX PEXXHMOB PabOTHI CKBAXKHUH.

Pe3ynbTaThl THAPOAMHAMMYECKHX HCCIEX0BaHMI B ckBaxvmax ¢ I'PII
YKa3pIBAIOT HA YNydINeHHEe (HIHTPALMOHHO-EMKOCTHBIX M NPOXYKTHBHBIX
XapaKTepucTHK niacTa. MckmoyeHye cocTaBisioT cKMH-(aKTopsl, YTO [OBO-
PHMT O 3arpA3HEHMM NpPH3a0OMHON 30HBI INACTA, BO3MOXKHO, BCIEACTBHE HE
Ka9eCTBEHHOH [MPOMBIBKH 110CJIE IIPOBEACHHA TMAPOPa3phIBa [LIACTa.

Kommutekc BrmonHennsix I'/AUC 3a aHanmu3upyeMBii mepHoJ MeTo-
JaMH yCTaHOBUBIOMXCA pexrmoB ¢unsTpammu (M]/1), xpuBoil BoccTaHOB-
nenus gasnenus (KBJI), kxpuso# Boccranosnenms yposas (KBY) u xpusoit
nagexus nasnenus (KI11) mo3Bominy oleHUTHh coCTOSHME MpH3abOMHBIX
30H JKCILTyaTalMOHHRIX CKBa)KMH, ONPENENNTh (PHIbTPALMOHHBIE CBOHCT-
Ba pa3pabaTEIBacMbIX IOPH3OHTOB, TAKHE KaK MPOHMIAEMOCTE, [IBE30IPO-
BOJHOCTb U THAPOIIPOBOJAHOCTb, B KOHKPETHBIX 30HAX.

TlonsTHe CTAIMAHOCTH M KPUTEPHH BBIICIECHUA CTaaMH pa3paboTKu
HeQTAHBIX U Ia30BBIX MECTOPOXKACHUH ObLTH pa3paboTaHbl M ONMCAHBI pa-
Hee. B TexHudeckol nMTEpaType CYNIECTBYET MHOMXECTBO PEIIEHHHA IIPO-
6rneM pa3bueHHA XU3HEHHOIO I[MKJIa pa3paboTKd MECTOPOXIEHUS Ha OT-
AenbHbIE CTaJuM M UX Ha3BaHHW. Bech HM3HEHHBIH LMK HePTAHOrO M
rasoBOro MeECTOPOXKAeHUs pa3bmBaeTcsi Ha 4eThIpe IIOCIEJOBaTEbHbIE
cragum: craHosienne (build-up), passurtue (developing), ynanok (decline)
¥ 3penocTdb (maturity), KOTOpHiE C AOCTATOYHO XOpPOMIEH HOCTOBEPHOCTHIO
(He menee 80%) ONMUCHIBAIOTCS COOTBETCTBEHHO JIOTHOPMAJIBHEIM, 3KCIIO-
HeHuuaibHbIM, Ilapero u BeitGyiuia pacnpeneneHuamm.

[lepBriit nepuol (CTaHOBIIEHUE) — 3TO HA9AJILHLIA epHOn pa3paboT-
KH C HEYCTAHOBHBLIVMCA DEXHMOM H aJallTHBHBIM IOAOOPOM CIIEITHAITL-
HOH TEXHOJIOTHHM 3KCILTyaTallMl B COOTBETCTBHH C (PHILTPALHOHHBIMH Xa-
PaKTEpUCTHKAMH Tu1acTa. BTopoil mepuon (pocT) CBf3aH C yBETUYCHHEM
Temna otbopa HedTH U MPOJOIDKAETCH JO JOCTIIKEHUS MaKCHMAITEHOTO
ypoBHA JoObray HeTH M BO3MOXHO#H cTabruma3anueii 3Toro ypoBHs B BHIC
YPOBHsS HachlleHws (TaKk Ha3bIBAEMOro «Iuiato»). Tperud nepuox (ynma-
JOK) xapaxtepu3yercs 00OBOJHEHHEM M 3arpA3SHEHUEM [UIaCTa, YTO IPHUBO-
IOUT K pe3koMy CHyDKeHHI0 100b1uM HedTH. HakoHen, yeTBepThiii nepuog
(3penocTs) oTpaxkaeT KCYEPNBIBAIONIHH XapaKTep IPHMEHEHHUs €CTECTBEH-
HBIX CIIOCOO0B 3KCILTYaTaluH, ¢ (UIYKTYHPYIOILIMM OTHOCHTENBHO HEKOTO-
pPOro MHHHUMAILHOTO 3HAYEHHS YPOBHEM JOOBMM He()TH, YTO MPHBOIMT K
HE00XOIMMOCTH HCTIONB30BAHUA AOMONHHUTENEHBIX (UCKYCCTBEHHEIX) Me-
TOJIOB yBenwdeHua Hedreotnaan (MYH).
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[IpuBenieRHBIE BbLIE 3Talbl KCILTyaTallid HE(PTAHOIO MECTOPOXK-
JIeHs] OTJIM9Al0TCA APYT OT JApyTra THUIOM (yHKIIMH pacrpeleleHus TeKy-
mero orbopa yrinesogoposoB. Ha ocHOBe MeTona MakCHMyMa KOMITAaKTHO-
CTH pa3paboTaH NpPMBENCHHBIN CIIOCO0 K OIpPEAETIeHHMIO TPAaHNIHBIX TOYEK
CMEXHBIX CTaJUH B Npejienax TOYHOCTH 3aJaHHA KpuBoil orbopa HedrH,
MCIIONE3Ysl KOTOPHLIE BBIYMCIAETCH JAIHTEIBHOCTh KOKAOH cTaguu. JlocTo-
BEPHOCTh IIONyYEHHBIX PE3yILTATOB ONpPENEeNseTCA CTENEHBIO COTNACHA
TEOPETHIECKUX M SMIIUPHIECKUX QYHKIHHA pacipeeIeHus.

[IpennoxeHsl YHCIEHHBIE ITPOLEAYPHI PacdeTa OCTATOYHBIX H3BIC-
KaeMBIX 3aracoB HedTH M BpeMEHM JNOCTIIKEHHS MAKCHMAaIbHOTO YPOBHS
TeKymeH 10o6berdu HedtH. Kpome Toro, mokazaHa BO3MOXKHOCTH CBEZECHHS
¢yHKuuM pacripeaenenus Beiibyina sHauenuit Tekyniei 1o6buu HepTH Ha
9eTBEPTOH CTaaMM pa3pabOTKM K PEILCHHIO JIOTHCTHYECKOH MOJETH MIA
HAKOIUICHHOH HOPMMPOBaHHOH NOObIYM He(dTH, YTO MO3BONAET CTPOMTH
OJHOLIArOBhIC H MHOIOIIArOBbIC NMPOrHO36 JOOBIYN HE(TH Ha 3aBEpLIAIO-
me# ctaguy pa3paboTKH C MPUMEHEHHEM afanTBHOro ¢uisTpa Kanmana
B JUCKPETHOM BpEMEHM M OLEHHMBATh PEAIbHBIE BO3MOMHOCTH [JOCTHIKE-
HHA [MPOEKTHBIX M0Ka3aTe/el IpH CYNIECTBYIOIEH cucTeMe pa3paboTiu.

CraTHcTideckoe MOJIE/IMPOBaHNE HU3HEHHOTO HMKIIA MECTOPOXKIEHUS
NO3BO/MNO BBIIEIMTH CTaJ¥H PaspaboTKM ¥ HX JIMTENHHOCTB, IIPH KOTOPOM
MOXHO CKOPPEKTHPOBAaTh CTPAaTEriio AOpa3paboTii MECTOPOXKACHUS Ha OC-
HOBE CpPaBHEHMS1 IIPOEKTHBIX H NMPOrHO3UPYEMBIX M3RIEKACMbIX 3a[1acoB.

Ilpy DomomM aHanu3a BbIIBJIEHO, YTO IPH IPOTHO3€ B NEPHOA
(1965-1999rr.) HayansHLIE 3aMaCLl COCTaBUNH 72.5 MIH. T., T.€. Bcero 63%
OT NPOEKTHBIX M3BJIEKAEMBIX 3allacoB, a ITOCIe MaKCUMalbHOIo paszbypu-
BaHHA MecTtopoxaeHnsa ¢ 2000 roga HayanbpHEIE U3BIEKAEMEIE 3aNachl [IPH
mporHo3e B mepuoa (2000-2011rr.) cocrapiwm 106.8 muH. T, yTO cocTarns-
er 94% OT IIPOEKTHBIX U3BJIEKAEMBIX 32I1acOB,

Jns pansHelmed crabmnu3zanny, wHTeHCH(HKanMd oT60poB HedTH
H YBEIMYCHHA H3BJIEKACMBIX 3allaCOB Ha MECTOPOXKIEHHM HEOOXOAMMO
HCIIONIb30BaHHME HOBEWILIMX METOIOB BO3ICHCTBYMS Ha NPH3a00HHYIO 30HY
CKB2)XXHH H IUTacTOB.

Bo BTOpOii rNaBe npeacTaRIeHbl HOBBIE METOABI HHTCHCH(HKALMU
J06LIMHM HEHBIOTOHOBCKOH HedTH.

HHTencuBHas pa3paboTka HEOJHOPOAHBIX N0 HedTeHaCHINEHHOCTH
H IPOHMIIAEMOCTH INPOAYKTUBHEIX 3aileXed NPHBOIUT K HHTEHCHBHOMY
00BOHEHHIO BBICOKOIIPOHIIAEMBIX H BOJOHACHIIIEHHBIX IUTACTOB H y4acT-
KOB 3KCILTyaTal[MOHHOro obkekTa. B nambHelmieM 3TO 4YpeBaTo OTKIIIOYE-
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HHeM HH3KOMPOHHLAEMBIX MPOCJIOEB U3 MpoLEcca BbIpaboTKH.

Takue MecTOpoXKICHHs BbIpabaTHIBAIOTCA M XapaKTepH3yloTcA ObI-
CTPEIM CHWDKEHHEM OTOOPOB He(hTH, YCKOPEHHBIM pOCTOM OOBOIHEHHOCTH
MPOIYKLUMH CKBRXWH. MakCHMAaITLHYIO 9acTh MX OCTATOYHBIX 3aMacoB CO-
CTaBJIAIOT TPYTHOM3BIIEKaEMble 3amachl cI1aboNpoOHMIIAEMBIX 3a/lEXKEH He-
3HAYMTENTBEHON MOIMHOCTH.

MecTopoxieHHs ¢ aHOMAITLHOW HE(PTHIO XapaKTepH3YIOTCS HW3KOH
HedTeoTAavYeH M OLICTpbIM 00BoaHEHHEM ckBaiuH. [Ipu paspadorke Me-
CTOPOXAEHHIA C THKEJIBIMH, BBICOKONAapadUHUCTBIMM HedTAMH, colepika-
MMM GONTBLLIOE KOTMYECTBO CMON M acGainbTeHOB HabIioAaloTca yxyaue-
HUE B3aHMOCBS3H MEXAY CKBKHHAMH, YBEIHYCHIE HEOTHOPOAHOCTH IU1a-
CTa 10 MPOHHLIAEMOCTH, BOJIA 10 30HaM € BHICOKOH MPOHNIIAEMOCTEHIO TIpO-
phIBaeTCsd K 3KCIUTyaTallHOHHEIM CKBaXKHHaM. B Lenom cHkaercs oXBaT
TuiacTa BHITECHEHHEM W, CIIeIOBATETbHO, K03(h¢GHUUHEHT BEITECHEHHA Hed-
TH U3 3aBOJHEHHOTO 001LEeMa ITacTa.

Bospacraroinee BHHMaHWe W 3HAYUTENLHOE MECTO B HedTenoOnMe
OTBOIUTCH K pacUIMpeHHI0 PU3UKO-XHMHYECKHX METOJOB BO3ACHCTBHA Ha
TUIACTEl, @ TaKKe NMPUMEHEHHIO METOAOB MOBBIIEHHWA HedTeoTnauM mna-
croB. [Ipu3za6oiiHan 30Ha CKBaXMH M IL1aCTOB ABJIAETCA OCHOBHBIM O0BEK-
TOM BO3ACHCTBHA C IPHMEHEHNEM PaTHIHBIX HOBBIX METOMAOB H TEXHONO-
rvii. YBennueHMe Tekymeid HedTenoOsaH, a clexoBaTeIbHO H MOBBILIE-
HHe HedTeoTadH IUlacTa B LEJIOM ABIAETCA pPe3ysIbTaTOM FPAMOTHO pa3-
paboTaHHBIX MEPOIPHUATHH MO OYHMCTKE MPU3a00HHOH 30HBI, YJYHIIEHHIO
€€ THAPOIWHAMWYIECKOTO COCTOSHHA, BOCCTAHOBIICHHMIO TPOHMLIAEMOCTH
3anexeil. [IpiMeHeHNe pallMOHATHLHBIX METOAOB BO3aeHCTBUA W 06paboTku
npusaboiiHoii 30Hb1 ckBawH (IT3C) ¢ uenvio UHTEHCHUKALMH JO6BMM
MOJIOMKHUTEIILHO BIMAIOT Ha TEMITbI pa3paboTKH 3anexei.

H3BecTHO, YTO rHApOpa3peiB IU1acTa ABIAETCA OOHHM M3 3$EKTHB-
HBIX METOAOB JOOBIYM HE(TH M KHAKOCTH 33 CYET CYLIECTBEHHOrO YBEIH-
YeHHs NNPOHHIIAEMOCTH NpH3a00HHOH 30HBI CKBaKUHEI

Heo6xoauMbMu 3TariaMu pH BEIOOpE CKBAXWHBI - KaHAUJATa Ul
I'PII sipnsroTcs OmpeneNieHHe TEXHOJNOTHW pa3paboTKH, onpedclieHHE Xa-
PaKTEpUCTHK MECTOPOXIECHHA, pacieT CTaOMITEHOCTH CTBONA CKBaKWHBI, 4
TaKoKE€ COBMECTHBIN NPOrHO3 JOOBIYM ¢ OLEHKOH NMOTEHLMAIBHOTO BEIHOCA
necka. Cpeay MpUHATHIX paHee KpUTepueB Bbibopa ckBaH s ['PII ve
paccMaTpHBalicd OJUH U3 BaxHeHIINX NMoKa3aTelNe, onpeaenaomui 3as1-
CHMOCTh TIPOLIEHTAa COAep)kaHusA HedTH OT ordopa MHUIAKOCTH, HA OCHOBE
KOTOpOro MPUHHMAETCA peleHHe o popcupoBaHUM 0TOOPA XKHAKOCTH
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[TpuBeneHHbli Bbille aHaW3 3¢ peKTMBHOCTH I'MApPOpa3phiBa IUIACTa
TOBOPHT O TOM, ITO HE BO BCEX CTyYasX MpOCMATPHBAETC TEXHONOTUYECKANA
ycnelHocTs onepaumit I'PII, moatoMy HeobXoauMo TIpUMEHSATH TPeUIOKEH-
HBIH paHee NOMONTHUTETbHLIA kpHTepuii npu Bbibope cksaxwr rs TPIL

Ecmi tpn Bet6ope ckBayom mia [PI1 ygureiate mpemiaraembiii
BBILIIE KPUTEpUH, TO KoaddHLMeHAT ycnemHocTn tuposexeHHsx ['PIT Ha
MECTOPOXKACHUH Y3eHb gocTur 6u1 95% BMecTo 82,3%.

Kak paHee 6bU1o cka3aHO, U3 BCEX NPUMEHAEMBIX Ha MECTOpOXIe-
HHUH TEXHOJOIMH Haubonee BoicokoaddexktuBHbiMy (80%) okasanuce I'PII,
OJIHAKO YCHEUWHOCTh paboT B KaXIOM OTAEIBHOM ciydae TpeboBaia MHAH-
BHAYabHOTO MOAXO0JA C YYETOM Pe3ylbTaToB reoH3sHIecKHuX, MMaApoan-
HaMHYECKHX MCCIIE0OBaHMIA, CTeTIeHH BRIpaboTkH 3amacoB. ClieoBaTeNnsHO
3a/1a4M IPHMEHEHHA HOBBIX TEXHOJIOTHI OCTAIOTCA aKTyaTbHBIMH.

AcdarsrocmononapaduHoBsie omioxkenus (ACIIO), obpasyromuecs
B He(TEMPOMBICIIOBOM 00OpYIOBaHUH, 3TO Mpobiema, ¢ KOTopoil HedTs-
HHKM CTaJIKHBAIOTCA MOCTOSHHO. [IpHMeHseMble B HacTosmee BpeMs MHO-
rOYMC/IEHHBIE METOBI NpeayTipexaeHus oopasoBanusi ACIIO, kak ¢usn-
YecKHe, Tak U XHMHUYECKHE, NO3BOJIAIOT YBEJIHYATh MEXXPEMOHTHbIA nepu-
0ll, HO NTONTHOCTHIO N3bexkaTh 0Opa3oBaHHA OTIIOKEHMIA HE yaeTcA.

Hanuuue ACIIO npuBOANT K CHEOYIOUIAM OCIIOKHEHHAM:

- K CHWKEHHIO TIPUTOKA He(TH, YMEHBIIEHMIO MEXPEMOHTHOTO ITe-
prona pabotel ckBaxxuH (MPII), addexTBHOCTH PabOTEI HACOCHBIX yCTa-
HOBOK, 2 TaloKe MPOMYCKHOH CrocOOHOCTH HE(TENTPOBOIOB;

- K yXyameHHo ¢HIbTpalMOHHEIX XapaktepucTuk I3 miacta, cHu-
JKEHUIO NPHTOKa HedTH K 33000 3a cHeT pe3KOoro NMOBbIIEHUS THAPaBIIH-
YECKUX COMPOTHUBIEHMWI npH A00biYe HEPTH W COOTBETCTBEHHO K YMEHb-
weHuo MPIT;

- K CHIKEHMIO 3P dEeKTUBHOCTH PabOTHl HACOCHBIX YCTaHOBOK, CHC-
TEM XpaHEHHA HeTH W IPOBOAMMOCTL HeTEeNpOBOIOB;

- k 3anedareiBadmo ACITO ocrarouHoit HepTH B Tacrax, Ipie-
raromux K [13. OpHMM U3 MepCcneKTHBHBIX IMyTe# MOBBIIEHAS 3(GEKTHB-
HOCTH yJaleHus (MHTUOUpOBaHWA) OTJIOKEHWH ABNIAETCS TNpHMEHEeHHe
KOMTIO3UI[HOHHEIX COCTaBOB.

Ha ocHoBe mpoBeneHHBIX HMCCIIEIOBaHWi pa3paboTaH cocTaB Ijis
yaanenus ACIIO, Brmovalomui yrieBoJOpOIHbIH pacTBOPHTENb W IpH-
caaky. B kadecTBe mpucankd OH COIEPXHUT ONOK CONONMMEP 3THUIIEH-H

MPONWIEHOKCHAA Ha OCHOBE ITMLIEPHHA — JIAMPOJIBI C MOJIEKYJIAPHON Mac-
coii 3600-600.
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Oddexrusaocts ynanenus ACIIO pa3nHaHBIX MeCTOPOXAEHHH C
MOTy4YeHHBIMH COCTaBaMM BaphupyeTca B npenenax 84,4-97,6%.

N3ydeHne peonorudeckux CBOHCTB He)TH MECTOPOXACHHMSA Y3€HDb
npoBoauiuch Ha peoMerpe ¢upmul Anton Paar Rheolab QC . BrissneHo,
4TO HedTH MECTOPOKICHHA Y3eHb 061aJal0T HEHPIOTOHOBCKMMH IICEBIO-
MNAaCTHYHBIMH CBOHCTBAMH.

Ha ocHoBe npoBeAeHHBIX HCCIENOBAaHUH YCTaHOBIEHO, YTO pa3pabo-
TaHHBIA coctaB i ynanenus ACIIO, ogHoBpeMeHHO sBIsieTcs dbdex-
THBHBIMHM MOHHM3UTEIEM BA3KOCTH HE(QTH M CHOCOOCTBYeT MOAUQHKAIIUM
PEOJIOTMYECKUX KPHBEIX, IIPH 9TOM HEHIOTOHOBCKas HeQTh mocie Jo6apxu
COCTaBa CTAaHOBHTCS HHPIOTOHOBCKOA.

Cpenu Hanbosee MHTEPECHBIX, HAYKOEMKHX M TNEPCIEKTUBHBIX METO-
JIOB NIOBBIILIEHHS HE(PTEOTARYH IUTACTOB SABILIIOTCA MMKPOOHOIOrMYecKye.

CyLUHOCTE TEXHOJIOTHMHM OCHOBAHA Ha MOJIE3HOM HCIOIB30BaHHH JKH3-
HEJEATEIbHOCTH MHKPOOPTaHH3MOB, 33 CUET YEro B IUIACTE I€HEpUPYIOTCH
6uorassl, [1ABbI ¥ nomuMepsl MUKpOOHOTO MPOUCXOXICHUSA, HHPHBIE KH-
CJIOTBI, PACTBOPHTEIIH, CITHPTHI U APYTHUE COSTHHEHMS, KOTOPhIE B KOMILIEKCE
obecneynBalOT yBelmideHHe HedTeBHITECHEHUS M OXBaTa IUIACTa BO3JEHCT-
BreM. KHCIOTBI U COIMPTHI pacTBOPSIOT kapOGoHaTHbIE MOPOMABI, MPENATCT-
BYIOT COJICOTJIOXKEHHMIO, 4TO CHOCOOCTBYET YBETMYEHHMIO MOPHCTOCTH H
nporuaeMocTr nopoA. OcobeHHOCThIO KapOOHATHBIX NOPOJ ABJIIETCS TO,
YTO KMCIIbIE IPOJYKTHI MHKPOOHOrO NMpPOHMCXOXKAEHHS HEHTPaNTU3YIOTCH C
OJHOBPEMCHHBIM YJTY4YILIEHHEM NPOHHLAEMOCTH KOJUIEKTOPOB W IPUEMH-
CTOCTH CKBaXKUH.

Cnenyer OTMETHTh HE TOJIBKO TEXHOIOTMYHOCTH MHKpOOHONOrHHe-
CKMX METOJIOB, HO B MX HH3Ky10 Ce6ECTOMMOCTE MO CPaBHEHMIO C H3BECT-
HEIMH (M3MKO-XUMHYECKHMH MeToAaMM. Tak, CTOMMOCTb NapoTeIIoBOMH
06paboTtky coctaBmser 18-32, 3akauka CO, - 27-37, nommepHoOe 3aBOJHE-
Hue - 30-43, nnactoBoe ropenue - 23-32, a MUKpOGHOIOTHYECKHE METOIEI
- Bcero 1,5 - 10,7 nomn./6app.

CrnenoBaTeibHO, EPCHEKTHBHOCTh OHOTEXHOJIOIHYECKHUX METOJOB
MOBBIIUCHHA HeTEOTAaUH [UIACTOB CBHETEILCTBYET 00 HX BRICOKOH TEX-
HOJIOTMYHOCTH, SKOHOMHYHOCTH H 3KOIOTrMYECKO# 6e301acHOCTH.

Ilpn OGuOBO3mEiiCTBMM HA IUNACTEl 3AKAMHBACTCA KyJIbTYypaIbHAS MKHI-
KOCTb, COAEpKamiasi MHMKPOOPTraHM3MBI, HCTOUYHHMKM KHCJIOpOJa, MHTaTelbHbIE
BEllECTRA JUIA CO3/IAHM OTOPOIKH B Mpu3aboiHOMN 30He HATHETATEILHOH CKBa-
YKHHBI C TIOC/IEYIONIM MPOIBIDKEHUEM €€ M 00pa3yrolnuXcs MPOTYKTOB JKHM3-
HeNIeATe/IbHOCTH MIKPOOPTaHH3MOB B HAITPABIEHHH JOOBIBAIONIVX CKBKIH.
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IIpakTHdeckoe npyUMeHeHHe OHOTEXHOJIOTHH IO3BOJIET Ha 5 - 7%
YBEIWYNThL BOBJEKaeMEle B pa3paboTKy 3amackl, B 1,5 - 2 pa3a NOBBICHTH
NPOIYKTMBHOCTh CKBaXKVH, 3 TEKYIYI0 100buy HedT — Ha 15 - 25%. Ha
¢oHe MOCTOSHHOIO POCTa LEH Ha SHEPrOHOCHUTENH OGHOTEXHONOTHYECKHE
MeTOAbI OKyNaloTcs B Teuenue 1,5 - 2 jer.

Jna HeTAHBIX MeCcTOpOXKAEHHH A3epbaiikaHa cped METOJ0B I10-
BhIIICHHA HedTEOTJauM NIPUMEHEHHE MHKPOOHOJIOTHYECKX METOOB BO3-
JEeHCTBUA HA ILIACTEl NPHOOPENO IIPHOPHTETHOE 3HAYECHHUE, T.K. MECTOPOXK-
JEHVs BCTYIUIA B IO3JHIOI0 CTAOMIO pa3paboTky, CONMpOBOXIAIONIYIOCH
TPYZHOCTSMH H3BJIE4EHHA OCTATOIHOH M OOBOJHEHHON He(TH CO 3HAYH-
TENBHO YXyIIIEHHbIMH CBOHCTBAMM

B HUITH «Hedteraz» THKAP Ha ocHOoBe oTedecTBeHHBIX OHOpea-
reHTOB pa3pabOTaHEl M IIHUPOKO BHEAPAIOTCS B IPOH3BOACTBO HECKONBKO
BUZIOB OHOTEXHOIOTHH.

Jna obecrneyeHns TEXHOJOTHYECKOH M IKOHOMUYECKOH 3¢ deKTHs-
HOcTH Ha 6Ga3e MHorosnetHero onsita B HUIIM «Hedreras» paspabortaHsl
OCHOBHBIE KPUTCPMH IIPHMEHHMOCTH 6moTexHonorui. IIpn nomoimm 3THX
KpUTEpHEB M 11a60paTOPHBIX MCCIEeNOBaHUH ObUIa CllellaHa MONBITKA OLEH-
K{ BO3MOXXHOCTH HCIIOJIb30BaHMA JAHHBIX TEXHOJOIMH Ha MECTOPOKIECHHH
VY3eHs.

B cBa3m ¢ 3TuM ObUI NPOBEACH aHATH3 I'eOJIOTO-TEXHUYECKHX JaH-
HBIX MPOOYKTHBHBIX FOPH3OHTOB MECTOPOKAEHHA M CPaBHEHHE HX C KpH-
TepHSIMH 3PPEKTUBHOro NpUMeHeHUA 6HOBO3NeHCTBIA, KOTOPKIH OKa3a,
yro Haubonee IOJHO OTBEYAIOT NPEABABIAEMBIM TpPeOOBaHHUIM MHO-
kasarenu XIII ropusonTa. JlocTaTo4Has IULIOTHOCTh CETKHY CKBa)XMH, Xapak-
TEPUCTHUKH KOJUIEKTOpA: IIPOHUIIAEMOCTh, HOPUCTOCTh, TTTMHACTOCTb, TEM-
TiepaTypa, a Taloke CBoiicTBa 1uiactoBodl Hedty ¥ Bomel M T.4. XIII ropu-
30HTa B COBOKYITHOCTH CO3Zal0T GNaronpusATHbIE YCIIOBUS JUIS PAa3BUTHUA U
nojnepxaHns 6uonponeccoB. TakuM ob6pa3om, B kadecTBe 0OHEKTa MCIIEI-
Tanusa Ha XIII ropu3onTe BBIOpaH y9acToOK, BKIIOYAIOINNHA HECKOIBKO J0-
OBIBAION[HX CKBAXMH, HAXOIAIIMXCA IIOA BO3ACHCTBIEM HaTHETATELHOMH.

N3 Heckonpxux CKBaXHMH BbIOpaHHOro y4acrka 6suUiM 0TOOpaHbI
npoOsl HeGTH M BOAKI € AANbHEHIINM HCCIENOBaHUEM MX (H3UKO-XHMH-
yeckux cBoiictB B nabopartopuax HUIU «Hedreras». [Toxasatenn mwior-
HOCTH M MHHEpaIM3alMH IUIACTOBOHM BOZARI M COACPIKAHHE B HEH XJ0pa,
IUTOTHOCTH M BA3KOCTH HE(TH YKA3BIBAIOT Ha ONAroNnpHUATHRIE YCIIOBHSA IS
CYILIECTBOBAHWSA M Pa3BUTHA B HHX MHKPOOPTaHK3MOB. YYHUTHIBasA CBOHCTBA
IUIACTOBBIX BOJ, CONEP)KaHME CMOIHCTO-NapaHHMCTBIX OTIOKEHMH B
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HedTH MOXKHO cenaTh MPeABapUTENILHOE MONOKHTENBHOE 3aKiIIoueHHe 00
IKoJoTH4eckod 0OcTaHOBKe B IUTacTe AUis Lienei 6MoBO3IeCTBHA.

JU1a ycTaHORJIEHHS BO3MOXKHOCTH 3JalTallMM M aKTMBHOCTU MHKpO-
¢mopbl MPOGHI IUTaCTOBRIX BOX MOABEPTITHCH MHKPOOHOJIOTHYECKOMY aHAITM3Y .
W3 Becero MHOrooOpa3usi MUKpOOPraHW3MOB TUTaCTOBBIX BOJI JIMIOL HEKOTOPHIE
MOTYT CUMTATBLCS OTPEAETAIOLIMMHU ITPH BHISBJIEHHH BO3MOXHOCTY BHEIPECHHA
1 BUza 6uonornyeckoro Bo3aeiicTBuA. KpuTepreM MOXKeT CITyXMTh YHCIIEH-
HOCTB YTJIEBOZOPOACOKHCIIMIOMMX, Cyb(aTBOCCTAHABIMBAIOIMX U FeTepo-
Tpo¢HbX Gakrepwii. IlepBble M3 yKa3aHHBIX MHKPOOPraHM3MOB SRIAIOTCA
MHULMATOPAMK 3HEPreTHYECKUX IPOLEccoB JUIA GONBLIMHCTBA MUKpOOpra-
HW3MOB, BTOpblE HHHLIMATOPaMH CEPOBOZAOPOAHON KOPPO3HWH, TPETHH — TMOKa-
3aTeJIAMH SKOJIOTMYECKNX YCIIOBHH UM Pa3BUTH MHUKPOOMONIOTHMYECKHX TTpo-
ueccos. Llernbio uccnenoranmii ARMITOCH oNpeaesieHHe B 00pasiiaX IUIaCTOBBIX
BOJI BhILIEYKa3aHHBIX MHKPOOPTaHW3MOB.

HccneqoBanmus otobpaHHBIX 06pa31lioB MUKPOOPraHH3MOB MTOKa3aiy,
YTO B HEQTAHBIX TDUIACTaX CYUIECTBYIOT YCJIOBHA U1 BHEIPEHHS MUKpPO-
OMOIOrHYECKUX METOOB yBeTMueHUs Hedreornayu. I1pu sToM MUKpo6Ho-
JIOTMYECKOE BO3NEHCTBHE MOMXHO OCYLIECTRIATh Kak BHECEHHEM MHKpO-
(ropel 1 MTaTENLHBIX CYOCTPAaTOB H3BHE, TaK M MTyTEM aKTHBU3ALMH €CTe-
CTBEHHOI (11acToBOH) MUKPOGDIOPHI.

Hapsany c¢ npyrumu dakropaMn, onpenensiomumu 3¢p¢eKTHBHOCT
6MOTEXHOIOTMYECKUX TIPOLIECCOB, SRJIAIOTCH XapaKTEPHCTHKH HCMONb3ye-
MBIX cy6cTpaToB. OHM AO/DKHBI OTBEHATh CIIEAYIOIIHM TPeGOBaHMAM:

— OBITH pacTBOPUMLIMM B BOJIE M HE OCAXKAATHCA B IL1aCTOBOM BOJE;

— paznararbcs Kak a3poOHO, Tak ¥ aHa3poOHOI MUKPOQIIOpOi;

— ITO CpaBHEHHIO C MJIaCTOBOI BoAOH 00Ma/1aTh JTyHIUMH (HIUKO-
XMMHYECKMMH H PEONIOTHYECKAMH CBOHCTBAMU;

— CHWXKaTb MOBEPXHOCTHOE HAaTsHKEHHE B CUCTEME NTOpPOAa - BOAA -
HedTh;

— YTydINaTe OTHOIIEHHE ITOJBIDKHOCTH HedTH M BOISI;

— YBENMYMBATh MPOHHLIAEMOCTE NMOpoI HeTAHOTO TUIacTa.

Jns noareepykaeHns 3¢ eKTHBHOCTH HCTIONB30BaHUA AEATEIILHOCTH
NIacToBOoH MHKpPO(IOpPH! H3YUYeHB! IMPOLecCH ra3o00pa3oBaHuA B pa3iidy-
HEIX OHocucTeMax. OKCIEPHMEHTHI MPOBONWIMCH Ha anmapare 3oHre.
depMeHTallHOHHBIE TIPOLIECCH M3YYATTHChL B 3-X KOJI0ax, B KOTOpHIE I
UMUTAIMY TUTaCTOBLIX YCJIOBWii MpeaBapyTENbHO MOMemATuCch HedpTh U
iacToBas BoAa. 3aTeM B KOJOBI 3arpyKanuch aKTHBHBIE CHCTEMBI B OAH-
HAaKOBBIX KOJTMYECTBAX, NPHYEM KOMIIOHEHTHBIH COCTaB KKIOH U3 CHCTEM
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cootBercTBOoBal paspaboranuniM B HUITHM «Hedreraz» kommnosuuusm,
WCIONIb3yEMBIM B TeXHoJIorHgX 6uoBoaneiicTeia. Taxum obpasom, B 1-yto
kon6y nomemanack Mono4dHas ceieopotka (MC), BO 2-y10 — KOMITO3HLMS
3 MC u axtuBHoro una (AH), B 3-10 — komnoanuns w3 AW u Memaccol
(M). Bce Tpu konbbi 66UTH 060pyIOBaHBI FepMeETH3HpYIOLIEH TTpoOKoit co
BCTABJIEHHBIMH B HUX CTEKIAHHBIMM TpyOkaMW, KOTOpBIE TMPH TOMOIIM
rubkoro muUlaHTa COEAMHAMICH C razocOopHHKaMH. B nmocneanue mocrymna-
¥ obpasyrommecs B konbax ra3sl OHOreHHOro TMPOHUCXOAAEHHS, Kayect-
BEHHOE M KOJIHYECTBEHHOE COJAEPIKAHUE KOTOPBLIX ONpEAeNAH lajiee Ha
Xpomarorpade.

OkcnepuMenTsl posoguiuck mpu T = 30 °C ¢ ucnone3oBanneM o6-
pazLoB HedTH U BoAEI U3 ckBaxHH 57 (1-as cepus oneitoB) M 77 (2-as ce-
pHs onbIToB). [TpoAOIIHUTENEHOCTE SKCIIEPHMEHTOB COOTBETCTBOBAIA MaK-
CHMaJTbHOMY BBIXOXY Ta3a W3 OMOCHCTEM, T.e. ONBITHlI OCTaHABIHBAIMCH
TIPH MOJTHOM TpeKpaileHHH ra3000pa3oBaTeLHOTO Npoiecca.

CnenyeT OTMETHTB, YTO B 00EHX CEpHAX OMBITOB B OHOCHCTEMaXx C
ucnone3oBaiieM AWM 1 MC rasooOpazoBanue otcyrcTBoBasio. Makcu-
MalbHOE KOJMYECTBO Ouorasa 06?a3033.11005 B npucyrctBud AU u M
(ckB.57 — 220 cM,’ ckB.77 — 250 cM’). B KOMNO3BHUMAX C HCIIONB30BaHHEM
Toneko MC B cepusix oGpasoBaiock cooTBeTcTBeHHO 120 oM 1 240 oM’
raza. B cocraBe 6Horasa 1o maHHeIM XpomaTtorpaduu B 00eMx cHcTeMax
Habmoaanock 06pa3oBaHHE METaHA W a30Ta.

Takum obpa3zoM, cremys pe3yipTaTaM 3KCHEPUMEHTAIBHBEIX HCCITE-
ZOoBaHWH, 3¢ PEeKTUBHBIMH Ha MECTOPOXACHHH Y3eHb OymyT aBe OHMoTex-
HOJIOTHH, OCHOB2HHBIE Ha 3aKa4YKe B TUTACT KOMITO3UIMH aKTHBHOIO Hia ¢
MeJ1accOl M MOJIOYHOH CBhIBOPOTKH.

Jna noBbllieHHs 3(PPEKTHBHOCTH MHMKPOOHOJIOTHYECKHX METOIOB
BO3EHCTBHA Ha MuacT pa3paGoraH HOBHIH cnocob noBbilIeHHs HedTeoT-
a4y MJIacTa, B KOTOPOM Mepejl 3aKauKoil opraHayeckoro cybcrpara co3na-
€TCA OTOpOYKa BOALI HH3KOH coneHocTH B 00beMe 30% ot oobema nop. B
KadecTBe opraHHueckoro cybcrpara ucnonssytor 10-15 % pacreop non-
CHIPHOI W TBOPOXHON MOJIOYHO! CHIBOPOTKH B BOAE HH3IKOH COJIEHOCTH B
cooTHoweHuu 75:25.

[Ipn MpoM3BOACTBEHHBIX MpoLiECCaX MOMYYalOT MOJIOYHYIO CHIBOPOTKY
CJIEYIOIMX BHJIOB: TIOACBHIPHYHO (CNAJKYI0), KOTOpasx ABJIACTCA MOOOYHBIM
MIPOAYKTOM CHIPHOTO TPOU3BOJCTBA; TBOPOXHYHO (KHMCITYIO), SBJIAIOLIYIOCS
OTXOAOM TBOPOXKHOrO MPOU3BOICTBA. JlaHHbIE BHUALI MONOYHOH CLIBOPOTKM
OTJIMY2IOTCS COCTABOM M (PH3UKO-XUMHUECKUMH CBOHCTBAMM.
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CyIUHOCTb Mpey1araeMoro crnocoba 3aKiuo4aercs B TOM, YTO 3aKad-
Ka OTOpPOYKH BOABI HM3KOM CONEHOCTH CMOCOOCTBYET M3MEHEHHIO CMadH-
BaEMOCTH MOPOABI M BBICBOOOMKICHHIO MOJNEKYJT HE(TH ¢ MOPOABI TJIacTa.
Ilpu HarHeraHm™ B IUTacT BOJBI, MHHEPATH3aLHMA KOTOPOW MEHBIOE, dEM
MHHEPAIH3alMA TUTACTOBOM BOABI, CBOOOIHBIE KaTHOHBI, HAXOIAIIUECH B
3aKayMBaEMO BOJIE, Takue Kak noHbl Na', 3amensiot karnousr Ca®* u Mg”*
1 BhICBOOOMIAtOT Monekynbl HegTH. IIpH 3TOM cMadHBaeMOCThL IMOPOILI
MeHseTcs oT ruapodobHOCTH K ruaApodunAbHOCTH. 3akavka BOAbI HH3KOM
MHHEpaAIH3alHU CIocOOCTBYET AUCIEPCHH TIIMHEI, B pe3ylibTaTe 4ero oHa
BBIMYCKAeT KOMOOHEHTH He(TH, KOTOpble MEPBOHAYaNBHO ObLNKM NpHKpen-
JeHBl K TIOBEPXHOCTH IIMHEL. B pe3ynbTaTe NpOMCXOAJLINX WPOLECCOB
yBeJnunBaeTca ko3¢ PULUNEHT BEITECHEHUA HETH U3 TUTacTa.

3akavyaHHBIA CIIEAOM 32 OTOPOYKOH PacTBOp HMOACHIPHONW M TBOPOXK-
HOH MOJIOYHOH CHIBOPOTKH aKTHBH3MPYET JKH3HENEATENLHOCTE IUTacTOBOM
¥ BHEeCEHHOI MHUKpPodIIophl, 3PPeKTHBHOCTE KOTOPOH BEHIIE IPH HH3KOH
MHHepam3anuu BoA. [Ipu BBeAeHHH pacTBOpa MOACHIPHON M TBOPOXKHOMH
MOJIOYKOH ChIBOPOTKM B He()TSHOH miact oOpa3yloTcsi KMCIIOTHI, CITHPEI,
3¢upel, pacteoputeny, rassl (CO,, CHy, Hy, N,), 6uollABu 1 6uononu-
Mepbl. 3aKayka BOJB HW3KOH CONEHOCTH CNOCOOCTBYET OTMBIBY HE(PTH H
rUApOGHIH3aMH TIOBEPXHOCTH, B pe3ynbTaTe 4ero oOpa3oBaHHEIE KHCIO-
TBI U CIIMPTHI OHOTEHHOTO TIPOMCXOXEHHSA, HEMIOCPEACTBEHHO KOHTaKTH-
pys ¢ MOpOIOH, pacTBOPSIOT kapOoOHATHBIE MOPOBI, MPENATCTBYIOT Colle-
OTTIOXEHHUIO ¥ TIPHBOIAT K YBEITHYEHHMIO TIOPHUCTOCTH M MPOHHUIIAEMOCTH
nopo. OOpa3zoBaHHbiE PaCTBOPHTEH HEMTOCPEACTBEHHO YYacTBYIOT B 3KC-
TPaKIMK KalleJIbHOH M NMIICHOYHOH He¢TH U3 MOpOX, YIydIIaroT cCMaYuBac-
MocCTb Nopoa. B npoiteccax 6poxceHusi B aHa3po6Hoii 30He B ra3oByro ¢asy
Boiaenstorcs CO, , CHy, Ho, No 1 p. rasel, 06beM KOTOPBIX YBEIHYMBAETCA
CO CHIJKEHUEM MMHEPAIW3ALMH BOJIBI.

MonouHas chIBOPOTKa OHHOBPEMEHHO SBJIACTCA MCTOUYHMKOM MMK-
pOOPranM3MoOB U NUTATENTLHONM cpeoil /A TUIACTOBOM M BHECEHHOH MUK-
podutopsl. Hammume Gombmoro uwcna pasiHIHBEIX TPYIIT MUKPOOPraHW3-
moB (10°-10° x/m1) B cocraBe CBIBOPOTKH, a Taxxke GoJbmoe pasHooOpa-
3He JIETKOYCBOAEMBIX OPraHUYeCKHMX BELIECTB AJIS WX ITHTaHHA, CTIocoOCT-
BYIOT OBICTPOMY YBEITHYEHHIO YHCIIEHHOCTH MHKPOOPTaHH3MOB.

Jns wmccnenoBaHus 3G QEKTHBHOCTH TpemIoxKeHHOro crocoba
NPOBOOWIIUCE HCCJICAOBaHUA Ha ammaparte 3oHre. B xonbel 3anomHsIHCH
He(Tb, pacTBOPHI MOZCHLIPHONH M TBOPOAHON MOIOYHOH CBIBOPOTKM M BOJA
HU3Ko# coneHocth. Konbel 3akynopuBanuch repMeTHYHBIME NpoOKaMH, a
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BCTaBiEHHbIE B MPOOKY CTEKIIAHHLIE TPYOKH COEIMHSIIMCH 3J1aCTHMYHBIM
maHrom c rasoc6opaukom. [Tocne nmpekpaiernns npouecca razoobpaso-
BaHUA Ha Xpomarorpade oIpeaessUICH COCTaB Ta3a U KOIMHecTBO 0bpaso-
BanHoro CO,.

Pe3ynbTaThl HCclleTOBaHMH 1OKa3ali, 9To B Konbe ¢ HeThiO, BOIOH
HH3KOA CONEHOCTH ¥ PacTBOPOM MOICHIPHOM M TBOPOIKHO MOJIOWHOH Chl-
ROPOTKH B COOTHOIIeHUM 75:25 obpasoBanne CO, makcumansHoe (68 %),
uTO MOATBepXaeT 3 (HEeKTHBHOCTD NPEUIOKEHHOro crocoba.

Ins u3yueHHs BNMAHUA 3aKauyaHHbIX PEareHToB Ha KO3 ¢HLUMEHT
BBITECHEHHs] OCTaTO4YHOH HedTH W3 OOBOAHEHHBIX IUIACTOB MPOBOAWIHCH
CpaBHHUTEIBHbIE KCTIEPUMEHTAIbHBIE MCCIEA0BaHUA HAa JTMHEHHBIX MoOje-
JIAX Ti1acTa. Moneny 3anolHAIHCh KBApUEBBIM MECKOM C 100aBKOH TiIMHM-
CTOr0 MaTepHala M Mo H3BECTHOW METOIOMKE ONpeNeNIHCh TIOPUCTOCTh U
abcomorHas rpoHunaeMocth. [IpH MOCTOAHHON TeMmnepaType H Nepenane
JaBlIeHUS MOJENH HACHIWATKCHL IUTIACTOBOH BOJOW, 3aTEM BOJA BBITECHA-
nack HedToio ¢ BA3kocThio 85,3 MITa-c. JIas cozmanusa Momend oOBOIHEH-
HOro njacta He¢Tb BbITECHsIAch IU1acTOBOM Bono#. Jlanee mepea MHKpo-
61ON0rHYECKUM BO3JEHCTBMEM B MOZENM 3aKa4MBalld pasiM4Hble OOBEMBI
BO/bI HU3KOH COJNIEHOCTH, a CJIEAOM NPOBOAWIN 3aKadyKy MOACHLIPHOH Mo-
JIOYHOH CBIBOPOTKM U TBOPOXKHOH MOJIOYHOH CBIBOPOTKHM B COOTHOIIEHWH
75 : 25 % macc. Mojenu 3akpbIBaTH B CIEAWIN 32 W3MEHEHHEM JaBJICHHUA.
[Toc:te Toro kak poct JaBjieHHS NMpPeKpaLialICA MOJENH OTKPBIBATH U Mpo-
KayMBaJIM MIACTOBYI0 BOY. /(i cpaBHEHMS B TOCJIETHIOID MOXAE/TbL 3aKa-
qusain 15 % MosnouHo# ceIBOpoTKH 6€3 MpeaBapUTEEHOTO CO3AaHHUS OTO-
POYKH BOZBl HH3KOH MHUHEpAIH3aLMH.

Kak nokasanu pe3ynbTaThi 3KCIIEPUMEHTOB MaKCUMAIIBHBIH ITPHPOCT
koo puumenTa BeitecHeHHs 19,5 % nonyden npu 30 %-HoM oObeme 3a-
Ka4K¥ OTOPOYKHM BOAbI HU3KOH coneHocTH U 15%-Hoi#l KOHLIEeHTpaLu# pac-
TBOpa MOJCLIPHON KB TBOPOXKHOH MONOYHOMN CHIBOPOTKM B BOAE HW3KOH CO-
seroctH. Ilpu mancHeHneM yBemudeHMH oObeMa OTOPOYKHU K KOHLIEHTpPa-
MU pacTBopa 3¢ ¢eKTHUBHOCTD TIpoliecca yMeHblIaeTcs. B mocineaneit Mo-
AenH IpupocT K03 dHIMeHTa BeITecHeHHA cocTaBua 15,5 % .

Takum 06pa3om, 1514 NOBBILIEHHS HEPTEOTAAYH IU1aCTa HeOOXOAMMO
3akaunuBatk 10-15 %-Hblii pacTBOp NOACHLIPHON M TBOPOXKHOH MONOYHOH
CBIBOPOTKM B COOTHOIIEHUH 75:25 % Macc. ¢ npeaBapUTEIBHON 3aKaykoH
OTOPOYKM BOJbI HU3KOW coneHocTd B obbeme 30 % ot o6bvema nop. [Ipu
3TOM KO3 HULMEHT BeITecHeHHA HedTH cocTaBHT 74 Y.

B Tpetheid riiaBe auMccepTauiOHHON paboThl NPUBOLATCH Pe3yibTa-
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Thl BHEJIPEHHS pa3paboTaHHBIX MEPONIPUATHH O HHTEHCH(HKAIMK 100k
Y1 HEHbIOTOHOBCKOH He(pTH Ha MECTOPOXKACHUH Y3€Hb.

Ha 13 ropusonTe MeCTOPOXIEHMSA Y3€Hb BHEPAIVCH Pa3jHIHBIC
MeToasl yBenmdeHUs Hedpreornasn (MYH) m BosgeiicTBus Ha mpu3aboii-
Hy1o 3ody miacta (I113I1). Kak cnegyer n3 npuBeieHHBIX paHee JaHHLIX (BO
BTOpOii I71aBe), HA MECTOPOXKICHHH Y3eHb HamGonee 3¢ (e KTHBHLIM METOJ0M
SIBIAICTCS 'MApaBINYecKiii paspeB wiacta (I'PID).

B uenom, texnonorus I'PIT cnocobecTByeT cymiecTBEHHOMY yBemM-
yeHuto 106sran HedTH Ha MO3OHEH cTaguM pa3pabOTKH MECTOPOXICHHN H
MO3BOJIAET:

—c037JaTh TMIPOAMHAMUYECKYIO CHCTEMY CKBaXKMH C TPei{MHaMU
THIpOPa3phiBa;

— YBEJIHIHMTb TEMIIB 0OTOOpa H3BNEKAEMBIX 3aIlacoB;

—noBLICUTL Ko3dduuuenT Hedrenssnedenus (KMH) 3a cuer Bosie-
YeHHs B aKTMBHYIO pa3paboTky ciaboapeHMpyeMbIX 30H M IPOILIACTKOB H
yBE;TMYCHUs OXBATa 3aBOJHEHHEM.

Kak cneayet n3 npeacTaBieHHEIX AaHHEIX, yenenHocTs I'PII o me-
CTOPOXKJIEHHMIO B LIETIOM €xXeroHo cocraniseT 6onee 80%. B ckBaxuHax c
HOJIOKUTEIBHEIM Pe3yNbTATOM JONOJNHNTENbHAA H00bda HedTH cOCTaBIA-
eT B cpenaHeM Oonee 9 1/cyt, HabmofaeTca CHXeHue 0OBOIHEHHOCTH B
cpeneM Ha 20-25 %, npoaosDKUTENEHOCTh 3ddekTa [0 CKBAKUHAM B
cpeaneM cocrasisier 200-250 cyTok.

A yBeIMYeHUs TEXHOJIOTMYECKON YCIENIHOCTH IIPH IIPOBEACHHM
I'PI1 Ha MecTOpOXIEHHH Y3€Hb IpeIaraeTcs, NpU BpIOOpE NepCreKTHB-
HbIX C NO3MLMH IIPOBEACHUs I'MAPOpa3paBa IL1AcTa, NMPUMEHUTb [PEAIO-
JKEHHBI BO BTOpDOH IJaBe [JOIIONHWTENBHRN Kprrepuii. Bribpaner 30
CKBaXXNH, paboTalomux ¢ 13 ropM3oHTa MecTOpOXKIeHHA Y3eHb. B pabote
BBINONHEH aHam3 o 30 CKBaXMHaM - KaHauaaram Ui nposegenus I'PII,
M3 KOTOPHIX MO METOAMKE NPUBEISHHOH BhIIE, 0TOOPaHK! 12 CKBOXHH U
noTydeH TexHonorudeckuit sgdext

B pesymwsraTe npoBegenus I PI1 B BRIOpaHHBIX CKBaJKHHAX MONMy9EHa
JONOMHHTEebHas go6brda 25025 ToHH He(TH, IPUPOCT MO HEYTH M HHUA-
koctu cocTtaBun 20 1/cyT. ¥ 40 T/cyT. COOTBETCTBEHHO.

Bo BTopoii rnaee gaHHO# paboThl 651K onpeaeneH rOPU3OHT, COOT-
BETCTBYIOLMI KPUTEPHUAM NPUMEHUMOCTH MHKPOOHOIOIHIECKOro METO1a,
r/ie BEIOpaHbI yYaCTKH Ui €70 OCYIIECTBICHHA.

OmnBITHBI y4YacTOK AJIs NPOBEIECHHA OMOBO3ACHCTBHUS, 3aKII0YAlO-
mierocs B 3aKa4Ke pacTBOpa IOACHIPHOM M TBOPOXKHON MOJIOYHOH CRIBO-
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POTKM B BOZIE€ HHM3KOH COJEHOCTH C IpPEeJBaPHTENLHOH 3aKa4KOi OTOPOYKH
BOJIbl HM3KOH COJEHOCTH, PaclolIOKeH B IIEHTPANBHOI 9JacTH Sro Gioka
13ro ropusoHTa BKTIOYAE€T BOCEMb IIATH- H CEMHTOYEYHBIX JJIEMEHTOB C
HargeraTenbHEIMH CKBaxuHamu 8066, 7976, 2465, 9601, 3826, 3827, 7588
4 349] c paBHOYJANCHHBIMH OT HHX PEarupyoLUMH CKBAKHHAMM.

I1py BeiGOpe ONBITHOrO y4acTKa i OMOBO3AEHCTBUA HA MECTOPOXK-
JleHHH Y3eHb [IpOaHaITM3HPOBaHEI CIeqyIolIHe OCHOBHEIE (haKTOpEL:

—C(OPMHPOBAHHOCTb JJIEMEHTOB (f9€eK) HarHeTaTeJIbHBIMH U J0-
OBIBAOILMMH CKBAKUHAMY;

— P IIOYTHTETHHRIMY ABIIAIOTCA [IATU- U CEMUTOYECTHEIE J/IEMEHTEI;

—pa3paboTka yJacTKa CaMOCTOATENIBHOM CETKOW CKBa)XKHH;

— pacroJIoXKeHHe T9eeK B YMCTO HePTAHO 30HE;

—TEeXHU9IEeCKOE COCTOsHME CKBaXMH 1o AaHHbM [UIC;

—OJIHOTA UCCIICAOBAHNH HA CKBAXKMHAX YYaCTKa,

—~OKa3aTeJH KCIUIYyaTaLUH CKBKHH;

—BeIpaboTKa 3anacoB HepTH Ha ydacTKe, CTENEHb OOBOJHEHHOCTH
CKB)XHH H IUTaCTOB.

OcHoBHBIMH thaKTOpamMHu IpH BeIOOpe 06BekTa L1 GHOBO3NEHCTBUA
Ha IUIacT ABIAIOTCA XapakrtepucTuky korwrexkropoB XIII ropusonTa, Takue
KaK: IPOHHIAEMOCTh, NOPHUCTOCTh, IJIMHHCTOCTh, TEMIICPATypa, a TaKKe
CBOMCTBa MUIAacTOBOHM HE(TH M BOAKI H T.A.

JlaboparopHnie MccaeaoBaHMA GHIUKO-XMMHYECKHX CBOMCTB Mpo0,
0T100paHHbIX C JAHHOIrO O0OBEKTa, N0 NOKA3ATE/NAM IUIOTHOCTH H MHHEpAI3a-
LMY IUIaCTOBOH BOMBI, COAEPIKAHMIO B HEH XJI0pa, IVIOTHOCTH M BA3KOCTH Hed-
TH YKa3bIBAIOT HA OIaronpHATHYIO SKOJIOTHYECKYH0 OOCTAHOBKY B ILTACTE JUIA
neneit 6uopo3aencTeuA. Takum 00pa3oM, B KaueCTBe 0OBEKTa HCTIBITAaHUSA Ha
XTIT ropu3oHTe BBIOpaH yd4acTok Sro 610ka, BKIIOYAIOIMI BOCEMb sdeek M3
JOOBMBAIOLMX CKBAXMH, HAXOJALIMXCA 110/ BO3JEHCTBHEM HarHETaTeIbHBIX.
Ilepen 3akauxo MC B HarHeTaTENBHYIO CKBAKMHY JOJDKHBI [IPOBEPUTH CO-
CTOSTHHE IKCILTYaTalMOHHOM KOJOHHEI, 3aMepHTh 3a00# M ypoBEHb, onpese-
T MPOdKIb HATHETAHUA.

Jo 1 nocie 3akadkH B [u1acT 6uopeareHTa 6pUIM 3aMepeHbl AEOUTEI
He(TH H BOABI AOOBIBAIOIINX CKBAXHH, OTOpaHb! npoObl HETH U BOAbLL
JUIA ONpEIe/ICHUA UX (PH3MKO-XUMIIECKHX CBOMCTB.

TexHONOrMIecKui Mpouecc MHUKPOOHIIOTHIECKOro BO3JEHCTBHS Ha
IUIACT OCYIOECTBIBUICA CO CTOPOHbI YIIPAaBICHHN NO XMMH3ALMHU M 3KOJO-
ruy (YX3). YcraHoBneHHBIH pacdeTHBIM MyTeM TpeGyeMblii o6bemM Mo-
JIOYHOH CHIBOPOTKM JOJDKEH OBITh AOCTaBIE€H HA ONBITHBIH Y9acTOK U C
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MIOMOILIBI0 HacocHOro arperara 1JA-320 3akayaH B HarHeTaTENbHYIO CKBa-
xuHy. [locne 3akayk¥ ycThe CKBAKWHBI TE€PMETUYHO 3aKphLIBAETCH H
CKBa)KMHA OCTAHABJIWBAETCA Ha NMEPHOJ afanTauuu 5-8 Hexens.

B 1poBOAMMOM NPOMBIIJIEHHOM 3KCIIEPUMEHTE areHTOM BO3IEHCT-
BUA Ha IJIaCTOBYIO CHCTEMY (ITopoja - HedTh - ra3 - BOJa) ABJAETCA CMe-
WAHHBIH KOMILTIEKC a’pOoOHBIX M aHadpOoOHBIX MHKPOOPTaHHW3MOB (CyIb-
¢aTBoCCTaHaBIMBAIOMMKE, NEHUTPU(PHUIMPYIOIIHE, THWIOCTHOIO M Macis-
HOKHCIIOro OpoKEeHUs, pa3pyllalolqie KIeTYaTKy ¥ JKHUPHbIC KHCIIOTEI H T.
1.), coaepxaluuica B 6HOreHHBIX 00pa3oBaHUAX, BBOAHMBIX B nuact. [lo-
NOJHUTENBHBIM ABIKYLINM ¢(akTopoM HedTH K 3a00K0 IKCILTYyaTaLHOHHBIX
CKB)XHH fBJIAETCA Ta3o00pa3oBaHue B pe3yabTaTe HHOXHMHYECKOTO Tpe-
obpa3zoBanns O6aKTepUSMH KOMITOHEHTOB YKa3aHHBIX OpPraHHYECKHX Be-
mecTB U HedTH.

Pacuetr npupocra go6smu oT 6MOBO3ACHCTBHA 3aKadKoil B IUIAaCTh
MOJIOYHOH CHIBOPOTKM MO BOCEMH OOBEKTaM NMPOW3BOAWICH KaK OXHIae-
MBIl M0 NIpeUI0XKEHHOM MaTeMaTdeckoii Moaemm. OHa OCHOBaHa Ha Cpas-
HEHWUH Ie0OHTOB CKBRXKWH JIO M TIOCNIE BO3AEWCTBHA, MPHYEM JEOUTHI CKBa-
JKUH 110CTIe BO3AEHCTBMA OBUTH PacCUMTaHBI KaK OXHMJaeMble MO H3BECTHOM
¢dopmyne Jromon.

OnuuM U3 HaubGonee BaXKHBIX MEXaHU3MOB, 00YCIIaB/MBAIOMMUX Bbl-
TecHeHHe HedTH, MPUHATO CYMTATE 0Opa30oBaHWE KWCIIOT, CITMPTOB, pac-
TBOpUTENneil H razoB. KHCNOTH M cITMPTHI pacTBOPAIOT KapOoHaTHBIE OPO-
JEl, TIPENATCTBYIOT COJIEOT;TOKEHHIO, UTO CIIOCOOCTBYET yBETHUYEHHUIO IMO-
PUCTOCTH ¥ MPOHMLIAEMOCTH Topoa. OcoGeHHOCTEIO KapOOHATHBIX MOPOJ
ABJIAETCH TO, YTO KHMCJBIE TIPOXYKTHI MHKPOOHOTO TPOHCXOMCICHUA HEH-
TPATM3YIOTCA C OJIHOBPEMEHHBIM YITyHIIEHHEM MPOHNIIAEMOCTH KOJUIEKTO-
POB U NPHEMHUCTOCTH CKBaXHH. [T03TOMY NpH pacueTax oXHIaeMeIX 1e6H-
TOB BO BHMMaHHE MPUHUMAIUCh W 3HaueHHs NPOHHLIAEMOCTH IL1aCTOB,
MEHSIOLIMEcH B MpoLiecce BO3ACHCTBHA.

B pe3synbrate BHeapeHus OGHOBO3AENCTBMA CyMMapHas Ao0brya 10-
noHUTENLHON HedTH 32 rox cocTapwia 47468 ToHH.

OCHOBHBIE BBIBOAbI U PEKOMEHIJAIIAN
1. TlpemnokeH MeTON CTaTHCTHYECKOTO MOZEMPOBAHUA HEQPTIHOTO
MECTOPOMCIEHHSA, Ha OCHOBE KOTOPOro Wis 13 ropHsoHTa MECTOPOXAECHHSA
V3ens:
- BbLAEJIEHBI CTAaAUH pa3paboTKH U UX JIMTENIBHOCTD;
- OCYILECTBJIEH MPOFrHO3 HaYallbHbIX M3BIICKAaEMBIX 3al1acoB.
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2. llpuBeneHsl MeTOAbI AWATHOCTUPOBAHMA M KOHTPOJA COCTOSHMA
nipu3200ifHOH 30HBI CKB&KWH HAa OCHOBE T'MIPOAMHAMMYECKHMX HCCIIEIOBa-
. [TokasaKro, 910 MOHHTOPUHT COCTOAHHA NpH3abOoHHONH 30HBI 1T03BOJIAET
OLIEHHTE 3¢ PEKTHBHOCTE METOOB HHTEHCUbHKAIMH 100BIUM HedTH.

3. AHaiu3 MeTo0B HHTEeHCHUKAaIMK A0ObMYN HeTH Ha MECTOpOXKIe-
Awix KazaxcraHa BRISBIWI, YTO Hanbonee 3¢ ¢eKTHBHEIM, ¢ KO3 HUIIMEHTOM
yenieurHoctH 75% smusierca TPIL. s ypermdenwns ko3dduimerTa ycrienr-
HOCTH pa3paboTaH HOBBIH KpWUTEpHii IS BbIOOpa CKBAXKWH-KAHIWIATOB, OC-
HOBaHHbI Ha aHaN3e U3MEHEHWA MpPOLIEHTa cofiepkaHuA HedTH oT ordopa
sxmaxoctd. IIpuMeHeHne pa3paboTaHHOMO KPUTEPHA TO3BONAET MOBBICHTD
koo(prumeHT yenemHocT! 10 95-98% .

4. PazpaboraH HoBbIit coctaB s yaanenus ACIIO, Bmouatompii B
KauecTBe YTNEBOOPOIHOr0 PacTBOPHTENs padMHaT GEH30IBHOrO pHOPMHH-
ra (WM cTaOWIBHBIA ra3oBblii KOHACGHCAT WM TOKETYIO (uierMy WIH Kepo-
CHH), 2 B KadecTBe MPHUCAIKH CONEPHMT OJIOK COMOIMMED TWIEH-M Mpornie-
HOKCHa Ha ocHOBe rmuepuHa. DddektuBHocts yaanenus ACIIO ¢ momy-
4EHHbIMM COCTaBaMM BapbupyeT B Tipedenax 84,4-97,6%. CocraB okasbBacT
CYILECTBEHHOE BJIMSiHHMS HA PEOJIOTMIO HEHBIOTOHOBCKOH HeT¥ MecTopoXkie-
HHA Y3eHb. [Ipu 3TOM CcHIDKaeTcA BA3KOCTb HeQITH, a TaKkKe MPOHUCXOIUT MO-
IU(pUKaLMA PEONIOTHH OT NCEBAOILTIACTHYECKOTO TEUEHHA K HBIOTOHOBCKOMY.

5. PaspaGoran HOBBIA croco® MOBBNUEHHS HedTEeOTHauH MIacTa
MHKpPOOGHOJIOTHYECKUM BO3JEHCTBHEM, B KOTOPOM Mepel 3akaukoi opra-
HUYecKoro cy6cTpara co3aeTcs OTOpoUka BOAB HH3KOH CONEHOCTH B 00b-
eme 30% ot obbeMa nop. B kadecTBe opranMyeckoro cybcrpara UCONb-
3ytoT 10-15 % pacTBOp NMOACHIPHO#N ¥ TBOPOIKHOH MOJIOYHOH CHIBOPOTKH B
BOJi€ HH3KOM COJIEHOCTU B COOTHOIOEHHNH 75:25.

6.Pa3paGoraHHbIe TEXHOJIOTHM IPUMEHEHB! B IIPOMBICIIOBBIX YCIIOBUAX:

- Ha OCHOBE Ipe/UI0KEHHOTO KpUTEpUsi, BBIOpaHEl 12 CKBaXKMH 1iA
npoeenenns ['PIT u nomyueHa nononuurennHas AoObua 25025 ToHH Hed-
TH, IPUPOCT 10 HedpTH M xKHUAKOCTH cocTaBua 20 T/cyT. u 40 T/cyT. coot-
BETCTBEHHO, 2 KO3(PHIMEHT ycnemmHocT! cocTaBu 98%;

- B pe3yJbTaTe BHeApeHUs OHOBO3NEHCTBHA Ha OMBITHBIX YYaCTKaxX,
BIUTIOYAIOUWINX BOCEMB MATH- H CEMHTOYEYHBIX 3JIEMEHTOB C HarHETATENb-
HBIMH CKBXXWHAMH H PaBHOYAAJIEHHBIMH OT HUX PEaripylomMMH CKBaXKHU-
HaMH CyMMapHaid AoOblya OOMNOJHUTENLHOH HedTU 3a TOX coOCTaBMIIa
47468 ToHH.

O6was nononHuTeNbHaA 100bIMa HEPTH OT BHEAPEHHBIX MEPONPHA-
TUH cocTaBuna 72493 ToHH.
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