ISSN 2224-5278 Cepus ceonoeuy 1 mexnuueckux Hayx. Ne 4. 2018

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 3, Number 430 (2018), 155 - 167

A. I. Koishina', O. G. Kirisenko?,
B. N. Koilybayev', K. K. Agayeva®

!Caspian State University of Technologies and Engineering named after Sh. Yessenov,
Aktau, Kazakhstan,
*0il and Gas Institute of Azerbaijan National Academy of Sciences,
Baku, Azerbaijan.
E-mail: akaman k{@mail.ru, oleg kirisenko@gmail.com, nomad bk(@bk.ru, kamila.agayeva@hotmail.com

DECISION-MAKING FOR CHOOSING
OF GEOLOGICAL AND ENGINEERING OPERATIONS:
CURRENT STATUS AND PROSPECTS

Abstract. It is commonly known that great care is given to upgrading of the efficiency due to implementing of
various new technologies and GTM during development of oil fields. Widespread introduction of GTM as well as
enhanced oil recovery (EOR) and elaboration of their technologies raise the issues of relevant choice of the best
methods ensuring proper technical and economical efficiency in particular conditions. Despite of the profound
interest of the researches to the given question, major problems arise currently anyway at comparative evaluation of
various types of GTM regarding particular conditions. The issue of upgrading of efficiency of GTM based on the
integrated geological and physical and technological information is currently challenging and deserves relevant
consideration. Deep analysis of the conditions for applying of various GTM using advanced techniques and corres-
ponding software allows in its turn to give guidance to current possibilities in order to upgrade efficiency of field
deposit. For many years the research focused on upgrading of the efficiency of field deposits had been conducted in
various scientific and industrial organizations. The analysis of choosing and implementing of GTM at different
deposits is of great interest. Review and analysis of up-to-date condition of problem of GTA choosing are illustrated
in the article. Examples of application and performance evaluation of GTM are shown at different deposits. Deve-
lopment and upgrading of the analysis methods as well as forecasting of indicators and decision-making have been
observed over the recent years. Their implementation allowed upgrading the efficiency of conducted geological and
technical operations. As a result of conducted operations the researchers solved the issue of creating of integrated
methodology and its mathematic, scheduled and information application for evaluating of efficiency and optimal
scheduling of geological and technical operations at field deposits; structure of automated system of decision support
and algorithm of its functioning have been created; by transforming the indicators characterizing the formation into
the relevant factors, the equations (linear and multiplicative) were made expressing the dependence of the efficiency
indicators of GTM from the formed factors; by variants calculation and analysis of comparative efficiency of any
GTM in different conditions the directions were shown and the results of making decisions for choosing of the best
GTM were obtained.

Key words: geological and technical measure (GTM), field development, decision-making, crude oil produc-
tion, oil recovery.
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MPUHSATHUE PEIIEHHAI IO BBIBOPY
T'EOQJIOTO-TEXHUYECKHX MEPOIIPUSTHIA:
COBPEMEHHOE COCTOSHME U ITEPCIIEKTUBbBI

Annortamust. Kak u3BeCTHO, MOBBIICHHUIO 3()(DEKTHBHOCTH 3a CUET MPUMEHEHHS PA3IMYHBIX HOBBIX TEXHOIO-
ruit 1 ['TM yaensercs Gonpmioe BHAUMAHHE IpH Pa3padoTke HE(TSIHBIX MecToposkacHui. Illmpoxoe BHeapeHHE
I'TM, a tarke ¢ MYH u pa3BuTHE WX TEXHOJOTHH CTABHT BOIPOCHI aACKBATHOTO BHIOOPA HAWIYUIIHX METOJOB,
00ECTICUNBAOIIIX JTODKHYIO TEXHOJIOTO-3KOHOMHYECKYI0 3(D(EKTHBHOCTh B KOHKPETHBIX YCIOBMIX. HecmoTps Ha
00pIION MHTEpPEC HCCIEeIOBaTEICH K JAHHOMY BOIIPOCY, BCE )K€ B HACTOSINECE BPEMs CEPHE3HBIC 3aTPYTHCHHS
BO3HHKAIOT IIPH CPABHUTEILHOM OIICHKE Pa3MiHbIX BHI0B [ TM NMpHMEHUTEIBHO K KOHKPETHBIM yCIOBHIM. [1pod-
nema nosbimeHUA 3 (exTuBHOCTH [ TM HA OCHOBE KOMILICKCHOH TCOTOTO-(DH3HUCCKOH H TCXHOJIOTHICCKOH HHPOP-
MAIUH B HACTOSINEE BPEMSA ABIACTCA AKTYAIBHOH M 3aCIYyKHBACT COOTBETCTBYIOINETO BHUMAHMA. TINATECIbHBIA
aHAJIN3 YCJIOBHH MPHUMEHCHHA pa3mu4HBIX ['TM ¢ HCIOTB30BAHHEM COBPEMEHHBIX METONOB U COOTBETCTBYIOIIETO
MPOTPAMMHOTO OOECIICUCHHUS MO3BOJIUT B CBOIO OUCPEAb MPABHIBHO COPHEHTHPOBATH MMCIOIIHECS BO3MOXKHOCTH C
LEenbE0 MOBBINICHUS 3(D(EKTHBHOCTH Pa3padOTKH MECTOPOKACHUI. Ha NMpOTSHKEHMHM MHOTHX JIET HMCCICIOBAHM,
HAMPABICHHBIC HA MOBHIMCHUE 3(P(DEKTHBHOCTH Pa3pabOTKH MECTOPOKACHUH, MPOBOIMIINCH B PA3THYHBIX HAYUHBIX
W TIPOM3BOCTBEHHBIX OpraHu3ansx. [IpeacrasisieT HHTEpeC aHAIM3 OMbITa BeIOOpa U BHeApeHus I TM Ha pazmmd-
HBIX MECTOPOKACHIIX. B crarbe mpuBOIUTCS 0030p W aHAIM3 COBPEMEHHOTO COCTOSTHHS IpodiemsI Boidopa I'TM.
[NToxazaHbl MpUMEPHI MPHMEHEHUS U OLCHKH 3 dekrusHOCTH [ TM Ha pasnu4HBIX MECTOPOXKIACHIIX. B mocienHue
roabI HAOTFOJACTCS PA3BUTHE W COBEPIICHCTBOBAHIE METOIOB AHAI3A, IPOTHO3ZUPOBAHMS MOKARATEICH M MPHHITHS
peLICHHUH, peanu3auys KOTOPBIX MMO3BOJHIIA HOBBICHTH 3(D(EKTHBHOCTh MPOBOJUMBIX T€OJOTO-TEXHHUCCKUX MEpO-
mpusTHH. B pe3ynpraTe mpoBEACHHBIX PadOT HCCIEA0BATEISIMU PEMICHA 331a49a CO3IAHI KOMIUIEKCHOH METOTUKH H
€C MaTeMaTHYCCKOTO, MPOTPAMMHOTO H HH()OPMAIHOHHOTO 00CCIICUCHUS IS OUCHKH 3(PPCKTHBHOCTH H ONITHMAJTb-
HOTO TUTAHHPOBAHMS T'€0JIOTO-TEXHUHUCCKHX MEPONPHITHI Ha HE(TIHBIX MECTOPOKACHUIX; Pa3padoTaHa CTPYKTypa
ABTOMATHU3HUPOBAHHOM CHCTEMBI MOICPKKH IPHHATHSA PEHICHHS M aNTOPUTM € (DYHKIHOHUPOBAHKS, IyTEM IIpe-
00paz0BaHMs IPU3HAKOB, XaPAKTEPU3YIONIMX IDIACT, B COOTBETCTBYIONHE (DAKTOPBL, IOCTPOCHBI YPABHCHUS (JIMHEH-
HOE W MYJbTHIUTHKATHBHOCE), BBIPAYKAOIIHNE 3aBUCHMOCTH ToKazareiei s¢dexrusroctd I'TM ot chopMHpOBaHHBIX
(pakTOpOB; MyTEM BAPHAHTHBIX PACUCTOB W AHANW3A CPaBHUTEILHOH 3(dexruBHOCTH TOrO MM mHOTO I'TM B pas-
JYHBIX YCIOBUSX IIOKA3AHbI IYTH U IOy YCHBI PE3YIbTAThl MIPUHSATHS PEIICHHUI 0 BhIOOPY Hamtyunrero [ ' TM.

KmoueBnie cioBa: reomoro-rexamueckoe mepomnpusrue (I'TM), pa3paboTka MECTOPOKICHHH, IPHHATHC
pemeHuit, 1o0brda HeTH, HEPTEOTAA A,

Beenenne. B mepuon skcruyaraipu HETIHOTO MECTOPOKACHHS, KaK U3BCCTHO, MPOBOIATCS pa-
0OTHI Ha CKBXXHHAX C LICTBI0 PETYIUPOBAHUS €ro pa3paboTKH U MOAACPKAHUS YPOBHS AOOBIMH HE(TH.
ITOT KOMILICKC pabOT HA3BIBAIOT reoaoro-rexuuucckumu Meponpusatusavu (I'TM), 3a cuet mpoBeaeHuUs
KOTOPBIX HE(PTCAOOBIBAIOINUEC KOMMAHUU OOCCIICYHBAOT JOCTHKCHUE HEOOXOAMMBIX TMOKA3aTeICH
paspaboTku MectopokacHud. EcrtecTBeHHO, MMeEETCS NPOM3BOACTBEHHAS HEOOXOAUMOCTh B OLICHKE
MeToA0B U Kputepues 3¢ dexrusHocTr ['TM.

Kak n3BecTHO, mOBBIIICHHIO 3((EKTHBHOCTH 3a CUCT MPUMEHCHHUS PA3TUYHBIX HOBBIX TCXHOIOTUH U
I'TM ynensetcsa Oompinoe BHUMaHHE Opu paspaboTke HedrsaHbx MecTopoxacHui. Lllupokoe BHeapEHHE
I'TM, a taxxe ¢ MYH u pazBuTHe HX TEXHOJIOTHH CTABUT BONPOCH! aJCKBATHOTO BHIOOPA HAMIYUIINX
METOAOB, OOECIICUHMBAIOMIMX JODKHYIO TEXHOIOTO-3KOHOMHYCCKYIO 3((EKTHBHOCTD B KOHKPETHBIX
yenosusax. HecmoTps Ha OonpInol HHTEpEC HUCCIeaOBaTeNncd K JAHHOMY BOIPOCY, BCE MKE B HACTOSILCE
BPEMsI CEPbE3HBIC 3aTPYAHCHHUS BOZHHUKAIOT MPH CPABHUTCIBHOM OLICHKE pa3nuyHbiX BUAOB [ TM mpume-
HHUTEJIBHO K KOHKPETHBIM YCIOBHSAM. DTO CBA3aHO C HEAOCTATOYHOCTBHIO HCCIICAOBAHHH, MO3BOSIOLINX
JaTh MPOTHO3HYIO OLEHKY d¢dexTiusroctr ['TM 114 TeX yCIOBHH, FA€ MO TEM KM HHBIM MPUYHHAM OHO
He npuMeHAToch. COBPEMEHHBIN YPOBEHb PA3BUTH METOJOB aHAIM3a MH(GOPMALMK U MPUHATHS pelie-
HHM TO3BONIUT 3TO CJACNATh MPU HATHMYHH KOMIUICKCHOH Teonoro-QpH3nUecKod M TEXHOJOTHUCCKOU
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nndopmanun. B 1o ke Bpems omelT BHeApeHHs pasdmuuHblx ['TM Ha paziaudHBIX MECTOPOXKICHHAX MOJ-
TBEPXKAACT OOTBINOE UX 3HAUCHHUC B MOBBIIICHUH MOKazatesned HoObdH HEQTH, a Takke 00yCIOBINBACT
BAXKHOCTh HM3BICKAHMS MYyTEH HAWOOJECe MONHOTO HCIOIb30BAHHS MOTCHUIHUAIBHBIX BO3MOXKHOCTCH
HUMEIoLICHCs HH(pOPMAIMY, XOTS OYCHb YacTO MPUXOAMUTCS CTANKHUBATHCI € €€ HEONMPEACICHHOCTBIO, KaK
CTaTUCTHYCCKOTO, TAK M HECTATUCTUYCCKOro xapakrtepa. OtMeucHHOEe TpeOyeT NMPHMCHECHHS METOMOB,
MO3BOJMIONINX B 3aBHCUMOCTH OT XapakTepa HUMeromeiics HHPOPMALUH CTPOUTh COOTBETCTBYIOLIHC
MOJCITH MPOTHO3UPOBAHHUS MOKazatened 3(PQeKTHBHOCTH W NMPUHUMATH PELICHHSA B YCIOBHAX MHOTO-
KPHTCPHATBHOCTH.

Hcxons u3 storo, npodnema noseimueHUs shdextusroctr ' TM Ha OCHOBE KOMIUICKCHOH re0s0ro-
(HU3UUCCKON U TEXHOIOTHICCKON HHPOPMALIMH B HACTOSILES BPEMSI SIBILIETCS AKTYATBHOW M 3aCTyKUBACT
COOTBETCTBYIOIIETO BHUMAHWA. TINATENbHBIA aHAIN3 YCIOBUM npuMeneHns pasnnaabix ['TM ¢ ucrons-
30BAHHMEM COBPECMEHHBIX METOJOB U COOTBCTCTBYIOLIETO MPOTPAMMHOIO OOCCIICUCHHUS MO3BOIUT B CBOXO
ouepeab MPaBHIbHO COPUCHTUPOBATh UMCIOLIHECS BO3MOXKHOCTHU C LETBIO MOBBIICHHUS 3(PeKTHBHOCTH
paspaboTku MecTopokacHNA. Ha npoTskeHHM MHOTHX JIET UCCIICAOBAHMS, HANPABICHHBIC HA TIOBBILICHUE
3¢ deKTUBHOCTH Pa3pabOTKH MECTOPOKACHHI, MPOBOAMINCE B PA3THYHBIX HAYYHBIX U NMPOU3BOJCTBCH-
HBIX opranuzaimsx. lIpeacrapmser uHTEpec ananu3 ombita BeIOOpa M BHeApeHus ['TM Ha pazmuyHbIX
MECTOPOKACHHUSIX.

Kpatkuii 00630p HccienoBaHuii, NMOCBAIEHHBIX TIe0J0r0-TEXHHYECKHM MeponpusTHsiM. B
HACTOSIIEE BPEMs HA HE(PTAHBIX MECTOPOXKICHIIX HCHOMB3YVIOTCH paszamdsbie BuAsl [ TM, B yacTHOCTH
oOpabotka nmpuzadoiinoii 3ousl (OI13), ruapopaspeis mnacra (I'PIT), OvpeHne ropU30HTANBHEIX CKBAKUH,
a TaKKEe APYTHE METOABl MHTCHCH(UKAIUH JOOBYH HEQTH, a TAKKE MCTOABI YVBEIHUCHUA HedreoTaaun
(MYH) mnmacros [1-3].

K nactosmemy BpeMEHH NPEITOKCHBI PAa3NHYHBIC METOOWUKH pacueta 3((ECKTHBHOCTH INpHME-
miemerx I'TM [4]. B menoM, Bce MeponpraTHs, IPOBOAUMBIE HA CKBAKHHAX, TI0 BUAY BO3ACHCTBHUA MOTYT
ObITh Pa3esICHB HA CICAYIOIIUC BUABL TeXHHUECKHE, peMoHTHBIC, MYH u nHTeHCHdUKanmsa noOsu
Hedrn, OI13.

Kak moxaspiBacT aHamu3 TuTepaTypel, ¢ Leibo BeiOopa Haubomnee 3¢ dekrupabx I 'TM nmpumeHdroTes
pasNUYHBIC MOJENU I PELICHUA 3a7ad MporHosupoBanus noObum HedTH. [IporHosneic mokazatenu
OMPEACTISIOTCS CIOKHUBIIUMHUCS TCHACHLMAMH J00buH HehTH U 3¢ deKkTHBHOCTRIO maHupyembix ['TM.
CoBpEeMCHHBIE HCCICAOBAHMS, B TOM YHCIC COBCPIICHCTBOBAHMUS CYINCCTBYIOIIUX MOJXOMOB K OLICHKE
s dextusroctd ['TM, HO3BONAIOT OCYINECTBIATH IMHPOKOE BHEAPCHUE HOBBIX CHCTEM MPOrpPaMMU-
POBaHHA, AaBTOMATH3ALUU HPOLIECCa OLCHKH TEXHOTOTHYCCKOH 3()()EKTHBHOCTH MPUMEHICMBIX METOIOB
nosbiticHus HedTeoTaaun. Croga caeayeT oTHecTH pas3paboTky mporpammuoro kommiekca EOR—Office,
KOTOPBIH TPEACTABIACT COBPEMCHHBIH HHCTPYMEHT, NPCIHA3HAYCHHBIA [T aBTOMATH3ALHH BCETO
KOMITICKCA 33Ja4, CTOSIIUX Hepe] CICHHATHCTAMY, 3aHIMAIOIUMICS MOBEIIICHUEM He(TeoTaauu miac-
TOB [5, 6]. O1HHM 13 OCHOBHBIX TIOAXOJ0B K OLICHKE TEXHOIOrHIeckon s¢dekrusroctr pasaumasbix ['TM
B HE(QTAHOH NPOMBIIUICHHOCTH SABIACTCA SKCTPANOIAUUOHHBIHA. CyTh SKCTPANOSLHMOHHBIX METOIOB
OLICHKH TeXHONOrudeckod 3¢ dexrtupHoctn pazmuydbix ['TM cocToutr B moctpocHHH 0a30BOTO VPOBHS
no6bran HedTu. s atoro ¢akriueckas mooOwrda Hedru npu mposeaeHun ['TM cpaBHuBaeTcs ¢ mpor-
HO3HBIMH JaHHBIMH, MONYYCHHBIMH IHPH SKCTPANoOIUuH mpeasicropud. [lpu stom maxe HeOGombpIIue
OLIHOKH B TIOCTPOCHUHU 0Ga30BOr0 YPOBHS JOOBIYH, KAK OTMEUAIOT CHCLHAINCTHI, IPUBEAYT K HEAACKBAT-
HOMY moabopy u mianupoBanuio ontuManbaeix ['TM [7]. Ha mpaktuke daktudaeckyro 3¢ ¢heKTHBHOCTh
I'TM npuHATO OLICHMBATH METOAAMH XapPAaKTCPHUCTHK BBITCCHCHUS HE(QTH BOJOH, T.€., MO KPHBBIM
00BoAHCHMS — 3aBUCUMOCTIM THIa Vy; = f (V) 1 Mo KpUBBIM U3MCHECHUS JOOBIYH HEPTH — 3aBUCUMOCTSIM
tuna Vi = f (t): 3meck Vi 1V, — HAKOIUICHHBIC OTOOPBI COOTBETCTBCHHO HE(PTU U KUAKOCTH, t — BPEMsI.
Cornacho [7] obwmwuii 3¢ dexT MokHO nmoapazaenars Ha 3 ek, 00YCIOBICHHBIH H3MCHCHIEM XapaKkTepa
BEITcCHEHUS He(TH U 3(]dekT, cBa3aHHBN ¢ UHTCHCH(pHKanmueh otdopa >KUAKOCTH. PaccumtriBacTcs
JOTIOJIHATEIBHOEC KOJMYCCTBO MOMyTHO A00biBacMoi Boxbl. Ilo kpuBeiM maneHus acOurta HedTH —
3aBUCUMOCTsIM THIA V,, = f (t) onpeaensiercs odmuii adgdexr ['TM.

B Hacrosmee BpeMs HaCUMTHIBAIOTCS JECATKH PA3IMIHBIX THUIIOB XapaKTEPHUCTHK BBITECHEHHUA [§, 9]
U OZHOHM W3 mpoOiIeM ABIICTCA BBHIOOP TAKOH XapaKTCPUCTUKU BRITCCHCHHS, KOTOPAs HAWTYYLIMM 0Opa-
30M COIJIACOBBIBAACH C HMCTOPUCH pa3paloTKH 00BCKTa M OOCSCHeurBajga HAHOONCE TOUHYIO DKCTpa-
noJisiuio mpu mporrose [10]. Tak, B padore [11] paccMaTpuBarOTCs HEKOTOPBIC BOHPOCHI, KACAFOIIUCCS
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BEIOOpa Hambonee TOUYHBIX METOROB oucHKH ['TM, a Takke NPHUBOAATCS 3aBUCHUMOCTH, OTPAXKAFOLIHC
BO3MOXKHBIC ClTy4an AU (EPCHIMANE TEXHOJIOTHIECKOro 3 (ekTa METOAa MOBBIICHHI HEPTCOTIATH.
ITo mMHEeHHIO aBTOpa, nmporuosupoeanue 3¢ddexra (T.€. pacuer oxumaemoro s¢dekra) ['TM, ocHOBaHHOE
HA HKCTPAIMOJISLUN KPUBBIX (PaKTHUCCKOM U 6a30BOH JOOBYH HE(TH, ¢ UCIONB30BAHUEM METOMOB XapaK-
TEPUCTHK MOXKET OBITh HE BCETA HAACKHBIM. JlaHHOE 00CTOATENBCTBO ABTOP CBA3BIBACT CO CICAYIOIIUMHI
npuarHaMy. [1o ero MHEHHIO, IPU TOM, KaK MPOJOLKUTCIBHOCTD 3(eKTa OT NPUMEHEHHS HEKOTOPBIX
Bua0B ['TM (Hamprmep, I'PII) konebaercs B uaTepBane 5-7 neT UCHOIB30BAHHUE KPUBBIX OOBOJHCHUS IS
CPaBHHUTEIBHO JAOITOCPOYHBIX MPOTHO30B MOKET OBITh HAACKHBIM TOJBKO MPH BHICOKOH 0OBOTHECHHOCTH,
kak npasuno, npesbimaromeii 50-70%. Ipu Oonee HHU3KOH OOBOJHEHHOCTH (HA PaHHUX CTAAMAX) MPO-
JOJIKUTSIPHOCTh MPOTHO3A HE A0JDKHA OpeBhimaTh 3-6 Mecsies. Oxnako muorue suasl ['TM npoBogsTest
B OE3BOAHBIX MM MATOOOBOAHECHHBIX CKBKUHAX.

Taxke B pabote OTMEUACTCH, YTO MPU HATWYHUH NMPEICTABUTECILHON HHPOPMALMH 10 NAJA0IICH 10-
obrue HedTu mocie mposeacHus ['TM (He meHee 4-6 TOUCK) SABISCTCS BO3MOXKHBIM HAJICHKHASI DKCTpPA-
MOJISILMS XAPAKTCPUCTUK BHITCCHCHUA. B STHX yCIOBMAX LEnecooOpasHbIM MOXKET ObITh HPUMCHCHHE
METOJOB MPOTHO3UPOBAHH, OCHOBAHHBIX HA HCIONB30BAHUH KOS(PQUIMCHTOB MaacHUs AcOuta HedTH.
Ecnu undopmarms mo ordopam Hedru mocie mposeacHus [ TM He mpeacTaBUTEIbHA, TO MOYKHO MTPUME-
HATh KO3(PHUIMCHTE NagcHHUS OTOOPOB MO APYIMM CKBAXKWHAM ¢ 00IIEe MPOAODKUTEIBHBIM MEPHOIOM
skcrutyataun nociae I'TM. Micxons 13 BRIIIEH3I0KEHHOTO COBCPLICHCTBOBAHUE METOA0OB XaPaKTCPHCTHK
BBITCCHCHHUSI U HAa CCTOAHSITHUM JCHb CTOUT HA MOBCCTKC THSA W SABIICTCS BIOJTHC akTyarbHBIM [12]. B
padoTte [13] 0OBeKTOM MPOTHO3A SIBISFOTCS CKBAXKHUHBI, KYCTHI, YYACTKH, (TPYIIbI CKBAXKHH), LEX, IUIACT,
HedTerazoao0pBaOMIECe MPEANPUATHE, W AP., HHTEPBATIbBl MPOTHO3a — MECAL, KBapTan, roa. B saeucu-
MOCTH OT XapakTepa W OYCPCAHOCTH IUIAHHPYEMBIX MEPOMNPHUATHH BOZHHKACT HEOOXOJUMOCTH MPOBC-
JCHHMS MHOTOBAPHAHTHBIX PACUETOB, YTO B CBOIO OYEPEIb TPEOVET COOTBETCTBYIOLICIO MPOrPaMMHOTO
00eCTCUCHU ¢ PUMCHEHHEM COBPEMECHHOIO MATEMAaTHUCCKOro ammapara. B cBsa3u ¢ stum B [13] pac-
CMOTpPCHA TCXHOJIOTHS PACUCTOB MPOTHO3HBIX IOKA3ATENCH, PCAM30BAHHAS B HHTCIPATBHOM IMPO-
rpammaoM  kommnekce (UIIK) «bacnpo-ananutuk» (paspabotka 3A0 «AHAIUTHYCCKHH LEHTP
CubHKop») u npuMeHsemMas B NpakTHKE aHaTH3a mokasareich paspaboTku mectopoxkiaeHuid Hikae-
BapTOBCKOTO paiionHa. PemeHue 3amad mpeanosaracT HCHONB30BAHHE OBYX MPOTPAMMHBIX MOAYICH:
«bacmpo-xapakTepucTHKkn» — oOecmeuHnBacT pacueT 0a30BOW JOOBYHM MPH CIOKUBIICHCS CHCTEME
paspabotku u oueHKy 3ddekra ot nposeacHHbX | TM; «bacnpo-mporaos» — pacCUUTHIBAST MPOTHOZHYIO
Jn06b1ay He(TH ¢ yaeToM npeanonaracMoro 3¢dekra ot maHupyemMerx ['TM.

B paGore mpuBogsSTCS CXEMBI, WUTIOCTPUPYIOIIHME MPOLECC pacucTa 0a30BOr0 BapHaHTA A0OBIUH
HedTH, a TaKKe €ro MporHo3Horo sapuanta. [lokazana knaccudukays moxkasareinel TEXHOTOTHICCKOH
sddexrusnoctn nposeacaus ['TM. [lpumenurensHO K reonorudeckoMy cTpoeHHio Epmosoro mecto-
poxkacHus ycraHoBieHa 3¢dexrtuHocTh pazmuuabix ['TM. Kak oTMeuaroT aBTOPHI, AAHHBIA MPUHLIKAI
ObLT B MOTHOH MEpe HMCIOJb30BaH I8 cocTaBneHus nporpamvbl ['TM U nporHO3UpOBaHUS TEXHOMOTHU-
YecKHx mokazartenac paspaborku Epmosoro HedrsaHoro mecropoxkaeHus, ocyimecteisiemoii OQAO
«Tromenckas wedrsanas kommanus». PacueTHeic mokazatenu oneHku 3ddexta ['TM ompenenstorcs B
COOTBETCTBHH ¢ «METOAMICCKHM PYKOBOIACTBOM IO OLICHKE TEXHOJOTHYCCKOH 3(P(EKTUBHOCTH mpHMe-
HCHHS METOAOB YBEIHUCHHS HedTeoTnaun muactoey. Mcemonsdyemas B mporpaMMe METOIUKA OCHOBaHA
HA ONPCACIICHHH XapaKTCPUCTHK BBHITCCHEHMS, AMMTPOKCHMHUPYIOMNX HAMIYIIIHM 00pazoM (akTuucckue
JAHHBIC HCTOPUU J00bMH HEeQTH. ANNpPOKCHMAIMs OCYINCCTBISICTCS HA HWHTCPBATIC HACTPOMKH, 3a7a-
BacMOM MONb30BATEJICM U MPHHAAICIKAIIEM UHTCPBATY UCTOPHH. [lorperHoCcTh annpoKCHMAMH OLCHHU-
BACTCA «B CMBICJIC HAHUMCHBININX KBaIpatoB». JPdekr B «bacmpo-xapakTepuCTHKN» aABTOMATHYCCKH
pasaesieTces Ha aBe cocraBisitoiiue; 3¢dext mo Hedreoraaue u dpdexr no uareHcuduramu. [lapan-
JCTIBHO C ABYMS OCHOBHBIMH 3ddekramMu paccuuTbiBacTcs 3PQPEKT OT CHIKCHHS OOBEMOB IOMYTHO
noGbiBacMoi Bogpl. Ecin xapakreprctrka 0a3oBol A0ObMM OblIA YK€ PACCUNTAHA U XPaHHUTCS B Oase
«IPOTHO3HOH A00bMMY, «bacnpo-xapakTepucTHKI» MO3BOMACT PACCUUTHIBATE 3P QEKT, CONMOCTABI 3TH
JaHHBIC U pakTuueckyro Jo0say [14].

PazButHe MaremMaTHUECKHX METOJOB MOJICITHPOBAHHSA WU COBPEMCHHBIX CPEACTB BBIYHUCIUTCIBHOMN
TCXHHUKH JACT BO3MOMKHOCTb OHNpelacicHus TexHomormdeckor sddexruHocta ['TM ana paccmatpu-
BacMOro He(TerazoBoro oOBEKTa ABYMS BO3MOMKHBIMH MYTSAMH, CUHTACT aBTOP VHH(PHLINPOBAHHOU
meToauku pacuera dddexrusHoctu ['TM [9]: MOCTOSHHO ACHCTBYIOMICH MHOTOMEPHOH ACTCPMHHHUPO-
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BAHHOH MOJETBI0 (QUIBTPALMH; MATONAPAMETPUYCCKON BEPOITHOCTHO-CTATHCTHUCCKOW MOJCTBIO HA
OCHOBC JaHHBIX UCTOPUH PaspaboOTKH.

B mepeom cnyuae Tpebyercst co3maHHE reoJOrHYCCKON M (UIBTPALMOHHON MoaelcH oObekTa U
HAJTUYHE COOTBETCTBYIOLIETO MPOrPAMMHOTO OOCCIICUCHUS, OTIMCHIBAIOICTO NPOLICCCHI B I1acTe. JlaHHbIH
MOJXOX TPeOYET OTHOCHTENBHO GOJBIINX 3aTPAT BPEMEHH U CPEICTB.

Bo BTOpOM cnyuac oOnEeHKAa TEXHOMOTHYECKOH SPQEKTHBHOCTH BBIIONHACTCA OC€3 MPHUBICUCHHUSI
¢dupTpanuoHHOM Moaeu obbvekTa. Bropol moaxoa He TpeOyeT OOMBINNX 3aTpaTr BPEMEHH U CPEACTB U
MOJKET UCTOTB30BATHCS NPH onpeaeneHun 3¢ dexrrsHocTH ['TM.

Metoauka mpeaycMaTpHUBACT OLCHKY AOCTOBCPHOCTH HCXOJHBIX JAHHBIX, TCOPETHUSCKHE NpE.-
MOCBITIKH, TECTUPOBAHKE MPEAIAracMOH METOIUKH, & TAKKE MHCTPYKIHIO K MPOrPAMMHOMY KOMILTCKCY .
ITO MO3BOJACT MOBBICHTH KAYECTBO M JAOCTOBEPHOCTh NMPUHHMacMbIX pemeHud. dpyrue astopsr [10]
MPOBOJAT AHATN3 HMCIOIb3YEMEIX B HACTOSIIEEC BPEMSl METOAMYCCKHUX MONOKCHHH MO OLECHKE TEXHOJO-
rrdeckoli addexrusHocTH ['TM, a Takke HPEACTABIIOT PE3YJIbTATHI YUCICHHBIX HKCICPHMEHTOB IO
oucHke sddexruBHocTH ['TM ¢ mcmons3zoBanuem mnporpammuoro kommmekca “BACITPO-Xapakre-
puctuku’ (meronuka CuOHWHMHII) wa peanprbix manubix (psiae yuacTkoB CaMOTIOPCKOrO MECTOPOK-
JCHISI) U Ha MOJCTBHBIX XAapaKTCPHUCTHKAX, PACCUNTAHHBIX HA WICATH3HPOBAHHOH TPEXMEPHOM
TUAPOIUHAMHUYECKON MOJCIH.

Ha ocHOBe TpexMepHBIX THMAPOJUHAMHYECKUX PACUCTOB MOJCTBHBIX WU PEATBHBIX YYaCTKOB HE(-
TSHBIX I1aCTOB UMM OBUTH HPOBEICHBI SKCIICPHMCHTABHBIC PACUCTHI ¢ UCIOIB30BAHUEM MPOTPAMMHBIX
kommuiekcoB « Tempest MORE (Roxar) u Eclipse (Schlumberger), pesynbraTsl KOTOPBIX COMOCTABISTUCH
C HHXKCHCPHBIMU PacueTaMd MO CICAVIOIAM MCTOAMKAM OLICHKH TCXHOIOTHYecKod 3(dexkTuBHOCTH
I'TM: metoaguka BHUWuedTH [8, 15], CubHUMHIT [16], KazakoBa A A. [7, 8, 17] u lllaxeepanesa A X.
[18]. Taxoit moaxoa K MPUMCHCHHUIO THAPOJIUHAMHIYCCKAX MOJCIACH NAacT BO3MOXKHOCTH TCCTHUPOBATH
METOAUKH OLICHKH TCXHOIOTMUYECKOU 3(PECKTHBHOCTH HA «CHHTECTHUCCKHX» MOKA3ATENAX Pas3paboTKHy,
MOJYYCHHBIX B MPOLECCE MOJCIUPOBAHUS MO OTACIBHBIM CKBKMHAM. B CBA3W ¢ aHANMM30M AaHHBIX H
moAACPKKOUM mpuHATHA pemcHud o I'TM TiomeHCKMMU crienuanucTamMu [19] npeanoxeHa KOHICTIINS
koprioparusHoi 6asel 3HaHui THK, npeanazHaueHHON 11 XpaHEHUS, PA3BUTHS, UCTIONb30BAHMS OIBITA U
SMIMPUYECKUX 3HAHUH CHCLMATUCTOB KOMIIAHUH, 3aHUMAIOIIHUXCI TCOJIOrO-TCXHOIOTHUECKHMU MEpPO-
mpusttusimu (I'TM) [11]. Opranusarus padotel ¢ 6a30i 3HAHUE OCHOBAHA HA HMCIOJIb30BaHUU MHTCPHET.
Conepxanue 6a3bl 3HAHUH CTPYKTYpUpyeTcs B Buae nap “I'TM — curyanms, mpu KOTOPOH BBIMOIHSIOCH
meponpustue”. s dopmanuzaiun mpeaCTaBICHHS CUTYaLUH, Pa3paboTKH aITOPUTMOB CUTYALIHOHHOTO
aHanu3a (METoApl OOLIETO CHUTYALMOHHOIO MOAX0J3) M MOWCKA HCIONb30BAH MATCMATHUCCKHH ammapar
runeprpados.

CutyalMoHHBIH METOJ (CHTVAIlHOHHBIC MOJACTH B KOPIOPATHUBHBIX Oa3ax 3HAHUI) OCHOBaH Ha
MOWCKE M HCIIOIB30BAHNH AHAIOTHH, U3BECTHBIX U3 PCATBHOTO OMbITA MPOECCHOHANBHON ACATETBHOCTH.
PeanpHOCTD OmBITA N7 MHXKEHEpPA MOXKET ObITh OOJCE BAXKHOH, YEM PE3YIbTATH MATEMATHYCCKOTO MO-
pemuposanusd. MHTepec MOMKET NMPEACTaBIATh COCAMHEHHE OOOUX MOAXOAOB, MPH KOTOPOM CHTVAaLHH-
aHanoru OYAyT HCTIOAb30BaHbI I8 BEIOOpA MpeAnonaracMbix mapamerpos I'TM.

®opmuposannio Gazel AaHHBIX [ TM 1O CKBaKHMHAM, PEKOMECHAYEMBIM MOX NOOBIYY, & TAKKe
COOTBETCTBYIOIINM KpuTepusam ans Beidopa I'TM mocesmena padora [5]. CornacHo aanHOM pabote mis
topmupoanus 6a3bl gaHHBIX [ TM Mo ckBaXKHHAM MO KKAOMY IUIACTY BBHIOMPAIOTCS CICAYIOIIUE KpPH-
TCPUH; TEKYyINas HE(TCHACHIIICHHAS TOMIHHA Oosice 2 M; TiacT He nepdopuposaH, OO0 MO TEKYIIEMY
(doHIY CKBAXKHHA HEIOOBIBAIOINAS, IUIACT HE HMECT CIHSHUSA ¢ TCPROPUPOBAHHBIM ILIACTOM, JHOO
CKB)KMHA HEAOOBIBAIOMIAs (IaHHBIH KPUTCPUH MOXKET HE VUMTHIBATBHCA); B paguyce MeHee 500 M HeT
JOOBIBAIOIIMX MO TEKyIeMy (POHAY CKBaKWH, pabOTAOINUX HA JAHHBIA IIACT; FIWHHCTOCTh IUIAcTa
MeHee 6% (JaHHBIA KPUTCPUH MOXET HE YUHMTHIBATHCS, €CIH Ipeanonaractces npumeHenne MYH (pas-
IIMHA3ALNAS), TpoHHMmacMocTs maacta Gomee 0,07 mxm®. Tlo BceM paceMaTpHBACMBIM IUIACTAM IIOA-
CUHTHIBAIOTCA MPOTHO3HBIC AcONTHI. PazMeieHre BEIOpPaHHBIX CKBAKHH MPOBEPICTCS MO KapTaM TEKYIIHUX
HE(TCHACHIIICHHBIX TOIIIUH. BriOpaHHbIe CKBaKHUHBI BKITFOUAOTCs B 0a3y ['TM kak pekoMEeHIYEeMbIC IS
nepesoga nox noOeray HedTH. [lo MHEHHIO aBTOPOB, MPEIIOKEHHBIC KPUTCPHH MO3BOJSIOT MPOBOAUTH
BBIOOP CKBaXHMH U1 opMupoBaHus Oasel AaHHBIX ¢ nomompio IBM ¢ mocneayromeid npoBepkod mo
MOCTPOCHHBIM KapTaM, 4To Ipu OombimoM oObeMe uHGpopMauuu ropasno 3¢QeKTHBHEE, YeM BBHIOOD
CKB2)KMH BPYYHYIO. JTOT NOPIIOK Gopmuposanns 6a3pl maHHbIX A pazpadotku ['TM Obln mpuMeHeH
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MpU BBIPAOOTKE pekoMeHaanui no AOapaxmaHoBckod, YummmvmHckolh u Bocrouno-Cyneesckoii mio-
maasM PomamkuaCcKoro MecTopoxxacHus [20].

B craree [21] paccmarpuBacTcs pemeHue 3azauu dopmupoBanus Oasel maHHbIX ['TM mo cksa-
JKHHAM, PCKOMCHAYEMBIM MOJ XOOBIMY, C HCIONB30BAHHCM METOAA HEUCTKUX MHOXKCCTB Ha TMpUMEpE
miacra «a» ropusonta [; Bocrouno-Cyneesckodt miomaau PomamknHckoro Mmectopokachus. lloxa
HCUCTKHUM MHOXKCCTBOM 3AECh MOHHMACTCA OOBEKT, O MPHUHAMICKHOCTH K KOTOPOMY MOKHO CYIUTh
TOIBKO C HEKOTOPOU NONCH YBEPEHHOCTH. PemieHue 3agaun BHIOOpA CKBAKUH U PEKOMCHAALNH TIOX
J00BIMY A KKIOTO TIACTa CBOAUTCA K ONMPEICICHHIO JUTS BCEX CKBXKHH (PYHKIMHA MPHHAATICIKHOCTH K
MHOKECTBY «CKBA)KHHA, PEKOMCHIOBAaHHAsA A IepeBoda mon aodeay». Hammume MHOXECTBA KpH-
TCPUCB, 3a4acTyH) MPOTHBOPCUYMBBIX, CO3JACT 3aTPYIHCHHUS B BBHIOOpE Hawiyuimero pemcHust [22]. B
CBSI3U C 3TUM aBTOPBI CBOAAT PELICHHE MHOTOKPUTCPHATBHOH 33Ja4H K OXHOKPUTCPHATBHON ¢ TIOMOIIBIO
TCOPHH HEUSTKHX MHOMKCCTB, CUHTAS STOT KPUTCPUH Kak MEpY LENecOOOpPa3HOCTH MPOBEACHHUS MPEAyC-
MoTtpeHHoro I'TM, 4To, MO MX MHEHHIO, MO3BONACT OCYLICCTBUTH OBICTPYIO PAHKHPOBKY BO3MOMKHBIX
BAPHAHTOB PCLICHHS MO CTENCHH LEJCCO0OPa3sHOCTH W cOopMHUpOBATh HAaUOONEE MPEANOYTUTEIbHBIN
rpaduk pador.

Agtop [23] npu oucHke 3G PEKTHBHOCTH MEPONPUATHH [0 YBEIMICHUIO J0OBIYU HEPTH U KOHCUHOMH
HeTCOTAAYH MPEINIAracT CACAYIOIYIO KOHLCTIHIO.

Hna onpenenenus 3GGEKTHBHOCTH KaKOT0-THO0 AOMOIHUTEIBEHOTO TEXHUUYECCKOTO MEPOTIPHATHS IO
VBEJIMUCHHUIO TCKYIICH TOOBYH H KOHCUHOH He(pTeoTAa M CAeAyeT PACCUNTATE ABA BapUAHTA paspaboTKH
HC(TAHONW 3aneku  (IKCILTYATALMOHHOTO O0BEKTa): 063 JOMOJHUTEIBHOTO MEporpustus (0a30BbIil
BAPHAHT); C JOMOIHUTCIBEHBIM MeponpusaTueM. [ 1ocTOBEpHOTo ONpeACICHUs JCHCTBUTEIBHO BBEICH-
HBIX B Pa3paboTKy HAYATbHBIX M3BICKACMBIX 3aracoB HE(TH U MKHUIKOCTH, UX U3MEHCHHH — HCOOX0 UMa
peryispHas H yAOBICTBOPUTEIBHAS MO TOYHOCTH WHGpOPMAIUI 0 paboTe JOOBBAIOIINX U HATHETATCIIb-
HBIX CKBAXKHUH (MX AeOHTaX HC(TH M KUAKOCTH, 3AKAYKE BOJABI M 3a00HHBIX MABACHHSIX) MO PacCMaTpH-
BaCMBIM JKCILTyaTaIl[MOHHBIM 00beKTaMm [23, 24].

AHaNn3 BBIIOJIHCHHBIX Pa0OT CBUACTEIBCTBYET O TOM, YTO OONBIIMHCTBO ABTOPOB CUMTACT, YTO AT
VTOYHECHHS T'CONOTHUCCKUX VCIOBHU PacnpeAciCHUs TCKYIUMX 3amacoB He(TH, OLCHKH 3 PCKTUBHOCTH
MpUMEHEHUS. MeTonoB yeenuueHus Hedreornaun (MYH) u ocymecTBneHHs mporHosa A HOBBIX
VUACTKOB 3QJIC)KH HEOOXOAMMO MOCTPOCHHE Teonoro-GpHIbTPaLMOHHEIX MojencH. B arol ceiasm pac-
CMOTPEH METOANYCCKUH NOAX0 K pa3paboTKe U BHEAPCHUIO KOPIIOPATUBHBIX MPOIPAMMHEIX IPOIYKTOB,
OPHUCHTUPOBAHHBIX HA MAacCOBOTO IMOJb30BATENd W NPESIHA3HAYCHHBIX AN JKCIUIYaTalMH T[EOJI0ro-
(HIBTPALIMOHHBIX MOJACICH, MPUMEHHUTEIBHO K 3a1aUaM MOBBIIICHAS HEPTCOTAAYH MIACTOB.

Jia onmepaTHBHOTO PELICHUS NMPOU3BOACTBCHHBIX 3324 aBTOPAMHU ObLIA UCIONB30BaHA MPOTPaMM-
Has Tpoaykimsa — TpexmepHas uHpopmanmonno-aHanutmueckas cuctema (TPHMAC), paspaborannas
corpyanukamu HUW maremaruku u mexanuku uM. H.I' YebGorapesa u OO0 «Bencrc» mpu akTHBHOM
YYaCTHH CTICHHAINCTOB MPOU3BOACTBEHHBIX OpraHn3anuii [25].

B pamkax 3To# CHCTEMBI HCMONB3YETCS MOHATHE MOCTOSIHHO AckicTyromed moxeau (I1JAM). Tlox
[IIM moHuMaeTcsl eauHas KOMITBIOTCPHAs TCXHOIOTHS, MPEIACTABIAOMAas cob0H COBOKYHMHOCTh wuQ-
POBOM HHTETPHUPOBAHHOU TICOJIOTMYCCKOH, reou3ndecKkol, ruapoauHaMuueckod uHbopMmanmu (Oasa
JanHelx), 3D reonorumueckoil m (QuIBpanOHHOW MoOJENEH M HPOTPAMMHBIX CPEACTB TMOCTPOCHHUS H
MMPOCMOTpPa MOACICH, BRLAAYH OTYCTHOTO TPahUIeCKOoro U TabnuaHoro Marepuana. B padore gaHo omwca-
HHE OCHOBHBIX (DYHKLHMH NporpaMMHbBIX MOAyIcH. B pacueTHyio rpymnmy BXOAAT TPH MOXYJIS, NPEAHA-
3HAYCHHBIX AJIS1 MOCTPOCHHS TCOJOTUYCCKOM, (puabTpammonHon moaeneh u moxeau ['TM. Moayis
MOCTPOCHUS T'CONIOTHUCCKON MOAEIH padoTacT MpH HATUYMHN 0a3bl JAHHBEIX N0 MCPBHYHBIM MOKA3ATCIIIM,
Moaysb moctpoeHust uapTpanmonnoit mogenu (Fluid) aeiictByer mpu yCIOBHH MOCTPOCHHOH Te0jI0-
ruueckoit moaenu (Geo), moayap oucHku u mporHo3a 3ddexrusHoctu ['TM (GTM) ucmonb3yeT mist
pabOTEI PEe3yAbTATH MOCTPOCHHS TCONOIHYCCKON U (PUITBTPAHOHHOH MOJETICH.

Taxum 00pa3oM, OXBATEIBACTCS MPAKTHUYCCKH BCS I'EONOTO-MPOMBICIOBas HH(popManusa. BriaencHst
KIacchl HeTenmpoMbICTOBbIX 3a1a4. B cea3u ¢ ['TM B pacueTHO# rpymme mporpaMMHBIX MOIYJICH HMEeT-
ca moaynp GTM, xotopelii BHIMOMHACT ABC (QYHKIHH: OLEHKY 3(dektuBHOCTH mpumeHeHns ['TM;
aHam3 3¢ ¢dexrusroctr [ 'TM B pa3iauyHbIX T€OI0r0-IPOMBICTOBBIX YCIOBUSX.

[IpuBeacHHEIN BBIINE 0030p CBHUACTEIBCTBYET O OONBIIOM HHTEPECE HCCICAOBATEICH K BONPOCY
oneHkd s dexrusHoctu ['TM, pazpaboTke Hay4IHO-0OOCHOBAHHBIX MECTOAMYCCKUX MOJAXOM0B, AHATU3Y U
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BBIOOPY HAWIYYINNX BAPUAHTOB PCLICHHH, M TEM CAMBIM CIIC Pa3 MOATBEPXKIAACT BAKHOCTh U aKTVallb-
HOCTb MOMCKA PELICHUH 1o NoBbIeHMIO 3¢ dexrrHocTH [ TM.

Kak BuaHO M3 BBIICOPUBEICHHOTO KPaTKoro 0030pa, BBHIMOJHEHO OOJNBIIOE KOTWYESCTBO HCCICAO-
BaHHUH, MOCBALICHHBIX OLICHKE TEXHONOTMYeCcKOH 3(pekTHBHOCTH Kak otaeiabHoro Buaa ['TM, tak u B
LIEJIOM, a TAKKE Pa3padoTaHbl COOTBETCTBYIOLIHE PYKOBOJSIIHE JOKYMEHTHI.

JTH UCCICAOBAHH, & TAKKE PE3VJIBTATHI MPOBEACHHBIX B psae pationoB ['TM mpu ux o6odmeHnn
MO3BOJSIOT PCIIUTh PsA 3a4a4, OTBCTUB HA HEKOTOPHIC BOMIPOCHL, B YACTHOCTH, NPOTHO3HOH OLICHKH
OTHOCUTEITBEHOH 3¢ (dekTHBHOCTH pasnuyHbiX BUA0oB ['TM Ha paccMaTrpuBacMOM KOHKPETHOM OOBEKTE, a
TAKKE YCTAHOBICHHS 00BCKTA HANOOISE MOAXOJIIICTO ATt KOHKpeTHOrO Braa [ TM.

Pemenne 3THX BOIPOCOB 3aTPyAHAETCS OTCYTCTBHEM ITOAX0JA, 3AKIIOYAOIIETOCS B TIIATEILHOM
CTATUCTUYICCKOM aHATU3E KOMIUIEKCHOH TIeoJ0ro-reo(pu3nIecKod W TEXHOIOTHYeCKOH HH(popManuy,
MOJETEH, BRIPAKAIOIINX CBA3b MoKazaTenacH a¢dekTHBHOCTH TOro Wiy uHoro euga I'TM ¢ mapamerpamu,
XapaKTePU3VIOLIMMHU paccMaTpuBacMbiil 00bekT (riact). Kpome toro, B psae ciayvacs NpUHATHE pellec-
HH# 110 BEIOOpY ['TM CYIIECTBEHHO 3aTpyIHACTCS OTCYTCTBHEM MM HEIOCTATOYHOCTHIO HH(popMaLmm.

CoBpeMEHHBIH YPOBCHb Pa3BUTHS MAaTEMAaTHYCCKUX METOAOB W MH(OPMALMOHHBIX TEXHOJIOTHH, a
TaKKEe PE3YAbTAThl HX YCINCITHOTO MPUMEHCHHS Ha PA3NUYHBIX 3Tamax HCCICIOBATCIBCKUX PaloT
MO3BOJISIOT PEIINTh MOCTABICHHBIEC 332491 TAKXKE B YCIOBUAX OTPAHHYCHHOr0 00beMa HHYOPMALIHH.

Kak BuaHOo 3 0030pa, 3TO OOCTOSATEIBCTBO OBLIO YUITCHO B PsAC PabOT, MOCBSINCHHBIX OICHKE
s dexkruBHOCTH OTACABHBIX BUAOB [ TM.

Bce m3BecTHBIE METOAMKH ONMPEACICHMS TEXHOJIOTO-3KOHOMUYCCKOH 3(P(PEeKTHBHOCTH NPUMECHCHHS
I'TM ocHoBaHbI HAa CPAaBHEHHH OIPEICICHHBIX 3aBUCUMOCTCH, TIOMYICHHBIX B PE3YIbTATE €I0 BHCAPCHUS,
¢ Oazosoit. Hanpuwmep, npu oucHke 3PpHEeKTUBHOCTH 3aBOAHCHHS UCTOJB3YIOTCS (DAKTUUICCKUE 3aBUCH-
MOCTH BBITCCHCHHS TPH MPHUMCHEHUH JAHHOTO MeToaa u 6e3 Hero. Ilpu 3TOM, 0YeBHIHO, YTO OCHOBHAS
3ajJavya 3aKIIOvacTCs B INPAaBIIBHOM ANMNpOKCHMAIMH C€CTECTBEHHOro 0a30BOro xoxa mporecca 06e3
npumcHeHua ['TM [8, 18, 26, 27].

B cBere m3noxkeHHOrO Hapany ¢ pa3paboTkoil 3GQEKTUBHEIX METOIUK OLCHKH TEXHOJIOTO-3KOHO-
muueckoi 3ddexrusroctu ['TM ocoboe 3HaueHHMe mproOpeTacT pa3padoTKa HOBBIX MOAXOJ0B, MO3BO-
JTIOIOUX JATh TCXHOIOTO-SKOHOMHUCCKYIO OLICHKY HE TOJIBKO OTACTBHO B3ITOMY I'TM B KOHKPETHBIX
VCIIOBUAX, HO M CPaBHUTEIbHOU 3(dekTHBHOCTH TOro Win ueoro I'TM B pasnuuHbIX (PU3HKO-re0noru-
YECKHUX M TEXHUKO-TCXHOIOTHUCCKHIX VCIOBHSX.

ITO MO3BOIHUT OCYIIECTBHUTE PAMOHATBHBIN NoA00p oA T¢ ninn uHble ' TM Kak CKBasKUH, 3aNeKCH,
TaK U UX TEXHOJIOTUH.

B cBasu ¢ stum B pabote [26] npeanmaracTesd cuctema pacuetoB nokasarened agdexrusrocta ['TM
HA OCHOBC JAHHBIX O TEXHOJIOTHYCCKHX, (PH3UKO-TCOTOTHICCKUX M MPOMBICIOBBIX MPH3HAKAX, KOMILICKC-
HO XapakTePH3YIOMMX VCioBHs nposeacHus toro win uHoro ['TM. C yueTtoM 3TOro HaMu BBEITIOTHCHEL
HCCIIEI0BAHNS COTJIACHO HECKOJIBKO VIIPOIIEHHOMY M YCOBEPIICHCTBOBAHHOMY BapHaHTY CHCTEMBEI [26].
CornacHo NpPHUBEICHHOW CXEME COCTOSHHE CKBAXKHH, 00OPYIOBAHUSA, UCTOPUIO OCBOCHHS, TEXHOJIOTHIO
nposeaeHus [ 'TM xapakTepu3yIOT TEXHOIOTHUSCKHE TPU3HAKH, (PU3UKO-TCONOTHUECKHE MPH3HAKH — 3TO
COCTOSIHUC M CBOHCTBA HE(TAHOH 3a7€KH, a UMEHHO: MOPUCTOCTb, MPOHHLIACMOCTh, HE(TCHACHIIICH-
HOCTb, MPOAYKTUBHOCTD OTIOKCHUHU U JAP.; MPOMBICIOBBIE — CHCTEMA Pa3paOOTKH 3a1CKH, TeKYIIasd U Ha-
KOIUTCHHAs 100b4a HedTH 10 U nocie nposedcHus [ 'TM, 0cOOCHHOCTH B3aUMOICHCTBHS CKBAKUH U P .

Taxum 06pa3zomM, BEIOPAHHEIE TEXHOIOTHYCCKHE, (PUBUKO-TCONIOTHUCCKUE U MPOMBICIOBBIC TPHU3HAKH
hopMHUPYIOT HH(POPMAIIMOHHBIA MAaCCHB, MO3BOJLIIOIIMN OXapaKTCPH30BaTh PACCMATPUBACMBIA OOBCKT,
TexXHOJIOoTHIO TTpoBeacHu ['TM U HX BIUSHHE HA PE3VIIBTAThl MPOBOAMMBIX MEPOIPUSTHH.

AHaJIU3 M OLEHKA BJIMSIHHSI Te0JIOr0-TEXHOJOTHYEeCKHX XAPAKTEPHCTHK 00bEKTA HAa MOKa3a-
tesn 3¢ dextusHocTn 'TM. Kak moxaszan aHaanm3 HAKOIICHHBIX K HACTOAINECMY BPCMCHH HCCIICIO-
BaHUH, Ans noBeIICHUA 3(dexkTuBHOCTH paspaboTky HEQTIHBIX MECTOPONKACHHA W HHTCHCH(UKALH
J00bH HeTH MPUMEHSETCS 00bIIoe KOMuuecTBO pazarmiyHbix ['TM. D¢ (PekTHBHOCT UX MPUMEHEHUS
3aBHCUT OT PALIMOHANBHOTO COYCTAHHS OOMBIIOrO YUCHa (PHU3HKO-TCOIOTMUYCCKHX, TEXHOIOTHYCCKUX H
MPOMBICIIOBBIX MPU3HAKOB, KOMILICKCHO XapaKTCPH3VIOIIUX VCIOBHUS NPoBeACHM Toro uid uHoro ['TM.
Ha npakruke, xax npaBuio, 1 KOHKPETHBIX MecTopoxkacHui Beioop ['TM, ux mapameTpos, Tak ke, Kak
U UX TCXHOIOTHYECKOC W 3KOHOMHYCCKOC OOOCHOBAHHE, OCYINECTBILICTCS B I'CONOTHUCCKUX CIyxkOax
HI'Y Ha ocHoBe mpuobpereHHOrO ombita. [IpH 3TOM OYCHB YacTo, HECMOTPS HA OTBIT U 3HAHMS IE0JI0-
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ruueckux cay:x0 HI'J1Y, BeiGop yuactkoB, I'TM 1 uX TCXHONOTHH MPOBOIUTCS HE BCETAA aJCKBATHO
KOHKPCTHBIM TCOJOTHUYCCKUM U TCXHONOTHUYCCKUM YCIOBMsAM paspadoTku. [IpakTuuecku OTCYyTCTBYET
SAWHBIN MOAXO/, ¢ WCIOIB30BAHMUEM KOTOPOrO MOKHO OBLJIO OBl AaTh MPABHIBHYIO TCXHOJOTO-3KOHO-
MHYCCKYIO OLCHKY HE TOJBKO OTACHbHO B3saTOMY ['TM B KOHKPETHBIX YCIOBHSIX, HO H MPOTHO3HYO
OIICHKY CPAaBHHUTCIBHON S(PPEKTUBHOCTH €0 B PANIUUHBIX (DH3UKO-TCOJOTHUCCKUX U TCXHHUKO-TEXHO-
JOTHUYCCKUX YCIOBUSX.

brnaroxaps pa3BUTHIO B MOCACAHMC TOABI METOJOB, VUHTHIBAIOIIMX OTMCUCHHBIC OOCTOSITCIIBCTBA,
MOSIBJIICTCSL BO3MOKHOCTD PEIINTh MOCTABACHHBIC 337a4u Ha OO0JICC BBICOKOM YPOBHE. 3A6Ch MMECTCS B
BUIY BO3MOKHOCTh CO3JAHHUS PA3THIHBIX MOJACIACH, a TAKKES COOTBETCTBYIOLIUX MPOTPaMM, OCHOBBI-
BAIOIINXCS HA KOMIUICKCHOH T€oNoro-reopu3nueckod M TEXHHKO-TCXHOIOTHUYECKOH HH(pOpMALUU U
MO3BOJISAOLIUX IPUHUMATh HAN00,16¢ 00OCHOBAHHBIC TCXHOJOTHICCKHUC PCIICHHSI.

C ueapr0 MOCTPOCHHUS TAaKUX MOJAC/ICH, HCIONB30BAHBI JAHHBIC O TIEOJOrO-TCXHHYCCKHUX MEPO-
MPUATHAX, MPOBOAUMEIX HA 00BEKTAaX pa3lTudHBIX MecTopokacHuil Kaszaxcrana [26, 28, 37]. B xauectse
MPU3HAKOB, OT KOTOPBIX 3aBUCHT 3(P(HEKTUBHOCTh ICOI0rO-TCXHUUICCKOTO MEPOTIPHATHS, CAyKaT, 0OLas
TOJILIUHA T1aCTa, M (X1), HC(PTCHACHIIIICHHAS TONIIHHA, M (X;), BCKPBITas HC(TCHACHIIICHHAS TOIIIHUHA, M
(x3), KO3DGUIHCHT NMECUAHHUCTOCTH (X4), MOPUCTOCTH A.€A. (X5), MPOHHUIIASMOCTD, KHp*lO'3 MM (Xg),
Bs3kocTs Hedru, MITa*c (ractoBoe yemosme) (X7), MIOTHOCTh HebTH T/M® (X5), a30COACPIKAHUE, M /T
(xo), HauampHAs HE(TCHACHIIECHHOCTh, A.¢4 (¥y0), miactosas temmeparypa, T'C (xi)), COACpKAHHC B
Hedtu napaduna, % (x12), coaepkanue B HedTH ceprl, % (X;3), AeOUT HEPTH IO TEOIOrO-TEXHUICCKOTO
MEpOmpUsTHs, T/CYT (X14), ACOUT KHUAKOCTH [0 TCOJOTO-TEXHUYCCKOTO MEPOHPHUATHS, T/CYT (Xis),
00BOJAHCHHOCTh 0 TCONIOTO-TCXHUUYCCKOrO Mepompustusi, % (X15). B kauecTBe mokasarencii reo/oro-
TEXHUYCCKOTO MEPONPUATHS CIYKAT: NMPOJOTKUTEIBHOCTE dddekTa, cyT. (¥;), JOMOTHUTEIBEHAS A00BMa
Hedru, T. (V2), mpupoct aeduta HedTH, T. (V3), 1eOUT HE(TH MOCTE re0I0rO-TEXHUICCKOTO MCPOTIPHITHS,
1/cyT (¥4), O0BOAHEHHOCTD TOCIIE TCONOTO-TCXHUUCCKOTO Mepompustust, % (¥s).

Taxkum 00pazoM, HCXOIHBIC JAHHBIC BKIOYAOT Mo Kaxkaomy Buay ['TM 16 mpusHakos u 5 mokasa-
teaeh addexrusHocTu. Jlanee cormacHo padoram [30, 32.41], mpoBoauTcs mMpeoOPa3OBaHHE HUCXOIHBIX
JAHHBIX C IC/IBI0 COKPAIICHUS YUC/IA BXOAHBIX TICPEMCHHBIX.

Hance ¢ moMOIBIO KOPPEIAIIHOHHOTO aHAMN3a YCTAHABIMBAIACE 3aBUCUMOCTH mokazarenci ['TM ot
OTMCUYCHHBIX (DAKTOPOB U MEPEA TCM, KaK MSPEHTH K KOPPEISIIHOHHOMY aHATH3Y, HCOOXOAUMO YOCIUTHCS
B MOMIYUHEHHOCTH JAHHBIX HOPMATBHOMY 3aKOHY PAcOPEACICHHS, YTO SIBISCTCS OJHUM U3 TPSOOBAHUI.
CyIecTByeT MHOTO Pa3IHYHBIX KPUTECPHUEB Tt MPOBEPKU JAHHOTO VCa0BHs. [ [poBepKa Ha HOPMATBHOCTD
SIBITICTCS 00S3aTSIPHOMN MPOLICAYPOH B X0 MPOBSACHUS U3MCPSHUH, KOHTPOJIS, HCIBITAHUM, 00paboTKH
cornacHo Poccuiickomy ['OCT. CymecTByrOT pasziavdHblc KPUTCPHUH, HAMH HCIONB30BaH KPUTCPHH
MMarmmpo-Ywunka [29, 37].

Kpurepnit Illarmpo-Y wka 0CHOBaH HA OTHOIIEHWH ONTHMATIbHON JTMHEHHON HECMEIICHHOH OIICHKH
JUCTICPCUHM K €€ OOBIYHOH OILICHKE METOAOM MaKCHMAIbHOTO MpaBaomnoaobus. CTaTUCTHKA KPUTCPUS
UMECT BH!
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Yucmurear SABIICTCA KBAagpaTOoM OLCHKH CPCAHCKBagparmdcckoro otkimoHeHus Jlhmodma [30].
Omnpenensanuck KPUTHUCCKHUC 3HAYCHHUS CTATUCTUKH W(OU) COTJacHO JAHHBIM JTUTEPATYPHI, HAPHMED,
[29]. Eciu W < W(a), TO HyJieBas TMIIOTE3a HOPMAJIBHOCTH PACHPEACICHUS OTKIOHICTCS HA YPOBHE
3HAYHUMOCTH C..

[IpoBeaeHHBIE pacyeThl JAIOT BO3ZMOXHOCTb OOOCHOBATH MPUMEHEHNE JAHHBIX IPU KOPPETILUOHHOM
aHanmse.

C Lenbio MOCTPOCHUS 3aBUCHMOCTCH BBIOPAHHBIX KPHTCPHEB OT BIHMIOIUX (PAKTOPOB, AaHHBIC 00
VCIOBUAX U peayibrarax [ 'TM Obliv HOABEPTHYTH KOPPEMALUOHHOMY aHann3y. [Ipu aToM aaHHBIE moa-
BEPraJIuCh CTATUCTHICCKOH 00padoTKe ABYMS MyTAMH ¢ IPUMEHEHUEM HPOrPaMMbl THHEHHON PETpecCH.
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1. Crpounuce 3aBuCHMOCTH MOKazaTe/ieh 3(h(HEKTUBHOCTH OT I€OJIOTO-TCXHOJIOTHUCCKUX (aKTOPOB
O UX HATYPAJTbHBIM 3HAYUCHUAM!
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2. Bce maHHBIC MPEeaBApPUTEIBHO JOTAPU(PMUPOBATUCH, CTPOUJIACh TaKas JHUHCHHAS 3aBHCHMOCTD,
KOTOpas IMyTéM NOTCHIMPOBAHMA IPEBpaINaiach B MYJbTHINIHKATUBHYIO, ¢ JATBPHEHIINM YTOYHEHHEM
MyTEM MOCTICA0BATECIBHOTO IPHUOTKCHU:

Y= aoxfl-xgz ....-xgg 3)

Kaxnoe ypaBHCHHE NPEACTABIUIIO COOOM 3aBUCHMOCTh TOrO MJIM HHOTO ToKazaTesis 3(h(EeKTUBHOCTH
ot BEIOpaHHbIX (akTopoB. Takue ypaBHEHHUS CTPOUIUCh Ans Kakaoro euga ['TM.

[Tocne monydeHMs ypaBHCHMH pPErpeccHd OblIa YCTAHOBICHA CTEIICHb COOTBETCTBUS PACUCTHBIX
3HaueHUH mnokasatenci sddexruHOocTH And pazmuudHblx ['TM mo ypaBHeHuwsm daxrmueckum. Komu-
YECTBCHHAS OLICHKA CTETICHH COOTBETCTBHS ONPEICIIETCS MEPOUW HICHTUYHOCTH COrIAacHO (GopMyre,
MpUBEACHHOH B padote [31], 3HaueHHs KOTOPOH JOKHBI H3MEHAThCA B ipeaenax 0 <1 =1:
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[Ipn mcmonp30BaHUH KOMIUICKCHOH Treonoro-reo(pu3uieckoil 1 TeXHUKO-TEXHOJIOTHIECKOH HHpop-
Mal¥y A1 TPUHATHS Hanbojee 0OOCHOBAHHOIO TEXHOJOTUYECKOTO PCLICHHS B 3aBHCHMOCTH OT THIA
I'TM BBIOMpaeTcs TOT BHI YPABHEHHS PEIPECCHH, KOTOPBII HMeeT OOBIIYIO MEPY HACHTUYHOCTH.

Ipunsarue peienuii npu Beidope I'TM. Pe3yabpTaTsl pacueToB MO MOTYYSHHBIM MOJEIISIM HUCIOIb-
3VIOTCS TP MPHHATHH pelicHui no Beibopy Hawmmyumero ['TM ams paccMaTpuBacMbIX YCIOBHH. JTO
OCYILECTBISUIOCh C MOMOINBI0 mMokazarencd sddextuBHOCTH ['TM, NPUHATHIX B KAa4YeCTBE KPHUTCPHUCB,
TakuM 06pa3oM, YTOOBI HCKOMOE PEIICHHE JOKHO OBIIIO ObI YAOBICTBOPATh YCIOBUAM 5 kputepues. Kak
MOKAa3bIBACT 0030D, Pa3HBIMH aBTOPAMH HCIONIB30BAINCH pasiadHbie Kputepuu Beidopa I'TM. Beck mpo-
LIECC MOXKHO TPEACTABUTH B BHJE CHUCTEMBI, VIIPOIICHHAA CXEMa KOTOpPOH mpuBeAcHa Ha pucyHke. [Ipu
PEIIEHNN MHOTOKPHUTEPHANBHBIX 330a4 BO3HHUKAIOT TPYAHOCTH, CBSA3AHHBIE C OJHOBPEMEHHBIM yIOBICT-
BOPEHHEM BCEX KPUTEPHEB, T.€. IPUXOIUTCS MPUHUMATE PEIICHHA B YCIOBHAX HEOIPEISIEHHOCTH.

B mocnexnee Bpems A pelneHns TaKUX 3aJad, YCIEITHO UCTIONb3YIOTCA Pa3IMIHBIE METOABI, TAKHUE,
KaK MeToJ OOBCIUHCHUS KPUTCPHUEB B OMUH, O0OOMIEHHBIA, METOA «HAMMCHBIIUX YCTYTIOKY, MONTOKCHHUS
TCOPHH HEUSTKHX MHOXKECTB, paspadoranHoii JI. 3ane. [Ipuseaénnas B padorax [2, 17] knaccuduxkarms
HEOMPEACIEHHOCTECH MO3BOICT OLCHUTh CHUTYALMIO W BHIOPATh AN NPHHATHS PELICHHE HanOolee MmoJ-
xomamui Meron. Jlamee Ay MPUHATHA PEIICHWH OBIT HCIOIB30BAH METOA, HA3BIBACMBIN METOAOM
«HAUMEHBIINX YCTYTIOK» [32, 37].

IIpm mprveHeHNH TaHHOTO METOAA PEIIEHHE MHOTOKPHTEPHATBHOMN 33a4add CBOAWUTCS K IOOUEPE.-
HOU MakCUMH3aUnH (MAHUMH3ALKN) YaCTHBIX KPUTCPHEB H BHIOOPY BenmuuH yerynok. [Ipudyem BHavase
MTPOM3BOAMTCA KaIESCTBEHHBIHN aHAIN3 OTHOCHTEIbHOM BAKHOCTH YaCTHBIX KPUTEPHUEB, M OHH HYMEPYIOTCS
B TIOPAJKEC VOBIBAHHS BRXKHOCTH. 3aTEM HA3HAYAIOT BEIUUHNHY AOMYCTHUMOTO CHIDKCHHUS 3HAUCHHS MEPBOTO
[0 BOXHOCTH KPUTEPHA M MAKCHMH3HUPYIOT BTOPOH IO BAKHOCTH KPUTEPHH IPH YCIOBUH, UTO 3HAUCHHUE
MEPBOrO KPUTEPHUS HE AODKHO OTIMYATHCSA OT MAKCHMAIBHOTO OOJIEE YeM Ha BEJIUYUHY YCTAHOBICHHOTO
cHmkeHns. CHOBA HAa3HAYAIOT BEJIMYMHY VCTYIIKH, HO V2KE IO BTOPOMY KPHTCPHIO M HAXOIAT MAKCHMYM
TPETHErO MO BAXKHOCTH KPUTEPHS NMPH YCIOBUH, YTOOBI 3HAYCHUS MEPBBIX ABYX KPHTCPHEB HE OTIHYAIUCH
OT paHee HAWJCHHBIX MAaKCUMABHBIX 3HAYCHHH OONBINEG YEM HA BETHYHHBI COOTBETCTBYIOIIUX YCTYIIOK.
Hanee takuMm ke 00OpazoM HCIONB3YIOTCA BCE OCTalIbHBIC 4YacTHeIC kputepuu. [lomyuaembie B uTOre
CTPaTETUN CUUTAIOTCS ONITUMAIBbHBIMH.

B nocaeanee Bpemst mpoONEeMbl YIIPABICHHS U MPUHATHS PCLICHHA BCEC OOJBIIC CTAIM HPUBICKAThH
BHUMaHHUE HccieaoBareiaci-Hedranukos. g BbiOopa reonoro-TeXHHUECKHX MEPONPUATHH B paboTe
A. A. Koaryna [39] ucnonb3yioTcs AaHHBIE 00 UCTOPUH pa3palboTKu (MeTox Ga30BOU KPUBOM), UTO HE
MO3BOJIAET B TOJHOM MEpE VUECTh THAPOJMHAMHUYECKHUE NIPOMECCH W B3aHMOBIHMAHUSA CKBAXKHH, TEM
CaMBIM, CHIDKAS TOCTOBEPHOCTh MOTydacMbIx perneHnil. Ho mmpokoe pazsurne ruapo I iHAMHIIECKOTO
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YrpolrieHHas cxeMa cucTeMbl Beioopa I 'TM

MOJCITHUPOBAHUS, KaK CPEACTBA A BHIOOPA rEONOrO-TeXHHUCCKUX MEPOIPHATHH CO30ANO0 MPEATIOCHUIKH
JUTSE aBTOMATH3ALMK UX BeiOopa [33].

B pabote A. Cottini-Loureiro u M. Araujo [33, 34| 6bL10 NpeAnoKEHO UCIOMB30BaHUE KapT ¢ dek-
THBHOCTH A1 BHIOOPA CXEMbI Pa3MCIICHHS CKBAXKUH, HO BPEMCHHBIC 3aTPaThl HA IMOCTPOCHHE KapT
3G $EKTUBHOCTH CHJIBHO 3aBHCAT OT Pa3MCPHOCTH THAPOAMHAMHYCCKON MOJCTH H SIBISIOTCS MPOLIECCOM
TpeOOBATCIBHBIM K BBIYHCIUTCIBHBIM pecypcaM. [IpH BBeACHHHM B OKCIIYATALMIO HOBBIX CKBAKUH
MPOUCXOAUT U3MCHCHHE JTUHAMHUKH pabOThl CYINECTBYIOIINX, YTO HE MO3BOIICT AHATH3UPYEMOMY METOLY
VUCCTh B3AMMOBIIHSAHHS CKBKHH BO BPEMEHH U 00JIa1acT BEICOKMMH TPEOOBAHMAMH K BHIUHCTUTCIBHBIM
pecypcam.

Brarogaps GmuzkoMy pacmonoKCHHIO CKBOXKHH BBHIOOP CXEMBI Pa3MCIICHHUS WX, KaK MOKA3aHO B
padore G. Santellani u B. Hansen [35], mpuBoIuT K 3aTpyAHCHHUIO VUETA HX B3AUMOBIIHSIHUS, 34CCh TAKKE
CIICAYET OTMETHUTD, UTO MPUMEHEHUE METOA, U3I0KEHHOTO B JAHHOW padoTe, BBIHYKAACT OTKA3aThCS OT
HCTIONTb30BAHMS 3aPCKOMCHAOBABIINX CCOS CYIICCTBYIOMIMX CXEM Pa3MEINCHHUS CKBAKHH.

B psanme uccnenoBaHuil paccMaTpUBAKOTC BOMPOCH MOCTPOCHUS WHGPOPMALMOHHOW CHCTEMBI MOA-
JCPKKHM TPHHATHS PELICHUH HpH BEIOOPE BHIA TEONOTO-TEXHHYECKOTO MEPONpUATHS HAa HEPTeIOOHI-
BAIOIICH CKBAKUHE TS MOBBILICHHS €€ MPOU3BOAUTEIFHOCTH. B HEKOTOPEIX M3 HUX BHIOOP BAPHAHTOB HA
IIPOBEACHHE OTPEACICHHOTO BUAA MEPOIIPHATHS BEACTCA B COOTBETCTBHH € ITallaMH CHCTEMHOTO aHAIN3a
npoOneMHbIX cutyauuii [36]. B nannoi paboTe onucanue padboTel HHOOPMALMOHHOW CUCTEMBI JACTCS HA
MIPUMEPE OJHOTO M3 OCHOBHBIX IPOTPAMMHBIX MOAYJCH, ITO3BONAIOIIETO PacCUHUTATh SKOHOMHUECKYIO
3 (HEKTUBHOCTh I'€OI0TO-TEXHHYCCKOIO MECPONPHUSITHS, TAKOTO, KaK rUApopaspsiB mwiacta [36]. Omnucanbt
OCHOBHBIC 3Tallbl Tporecca MpuHATHI pemenud npu Beidope Buga ['TM. Ilpu stoM mpouecc BEIGOpa
CKBWKUH T MPOBEACHUS omnpeneiaceHHoro suaa I'TM mpoxoanuT claexyroImue STambl. aHAIN3 CHUTYaIlnH
(BesiBICHHE MOTPeOHOCTH Ha mpoBeacHue |'TM 1t KOHKPETHOH CKBAXKHHBI), YCTAHOBICHHE LCICH
(ompeaeieHHE MAPAMETPOB, HA U3MCHCHUE 3HAYCHUH KOTOPBIX JO/UKHO ObiTh HampasieHo ['TM); Beipa-
00TKa pelICHUH W aHanu3 anpTepHATUB ((OPMHUPOBAHHE MEPEUHS BO3MOXKHBEIX BUao I'TM mmsa moctu-
JKCHHS TIOCTABJICHHBIX LieNeH, oneHKa uX 3¢ ¢EeKTHBHOCTH), peannsanus pemeHus (mposeacHue ['TM);
OLICHKA PE3yJIbTaTOB (MOHUTOPHHT COCTOSIHUS CKBAXKUHEI Toce mposeacHus [ TM, aHanmu3 pe3yabpTaTos).
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[Ipennaracmas vHGOPMAMOHHAS CHCTEMa BKIIOYACT B CEOs HECKOJNBKO MPOrPaMMHBIX MOXIVICH IO
qucy BuaoB ['TM [36]. Kak otmeuaroT aBTOpBI, TAKOH MOKA3aTCIb, KAK JOCTIDKCHHUC 3AINIAHUPOBAHHOTO
npupocra acburta He)TH, HEMb3s PACCMATPUBATh KaK CAMHCTBCHHBIN KpUTEPUH oueHKU 3 ek THBHOCTH
MPOBEACHUS T'€ONIOTO-TEXHIYCCKUX MeponpuaTui. O4ueBHIHO, YTO AN OONEe MOTHOTO aHATIU3a HEoOXo-
JUMBIM SIBJBICTCS JOTIOJHUTCIBHBIN AHATN3 TAKUX MOKA3ATEICH, KaK KOIMYECTBO HE(TH, TOMOMHUTEIBHO
Jno6biToe Beaeacteue mposeaeHus ['TM, a Takke MPOROMKHUTENBHOCTH 3¢dekra oT Meponpusatus. B
cTaThe MPHBEACHBI peayibTarhl anaim3a 3¢dexrusHocty ['TM 3a 2011-2014 rr. ¢ npuMeHeHHEM VKa-
3aHHOT'O MOAXOAA.

C y4eTOM 3HAUMTEIBHOTO KOJHMUYECTBA MECTOPOXKACHHME, paspabartsiBacMerx 000 «JIYKOMJI-
ITEPMb», BCce OHH YCIOBHO pa3AcicHbl HA TPymIibl 10 reorpaduucckomy npusHaky [38]. B otMmeucHHOM
paboTe mpUBEACHBI CBeACHUA O npoBeAcHHEIX B 2011-2014 rr. reonoro-TeXHHYECKUX MEPONPHATHAX Ha
CKB)KMHAX [0 TPYIIaM MECTOPOKICHUH, HANPABICHHBIX HA YBCIMYCHHC NPOXYKTHBHOCTH CKBAXKUH,
TaKuX, KaKk THAPOPA3PHIB IJ1ACTA, KUCIOTHBIC 00paboTKy, paguaibHoe OypeHUe, MOBTOPHAS M AOTOTHH-
TeapHas nepdopanmu.

Kak crmeayer m3 mpeacTaBIeHHBIX JAHHBIX, HaIle APYTUX HAa CKBAKHHAX MECTOPOKACHHH BCEX
TPYIIIL, 32 UCKITIOUCHHUECM CEBCPHOM, NMPOBOAUTCS MOBTOPHAA U (WIM) momomHUTeAbpHAsS nepdopauumsa. Ha
CKB)KMHAX CEBEPHOH TPYIIBI MECTOPOXKICHHA HauOOIEE PacIpOCTPAHCHHBIM BHIOM BO3ACHCTBHS, KaK
OTMEYArOT aBTOPHI, ABJIETCS THAPOPA3PHIB ILTACTA.

Taxum 06pazoM, HCCACAOBAHHAMHU B 3TOM HAIMPABICHUH TMOKAa3aHA BO3MOXKHOCTh OLICHKH CPaBHU-
TenbHOU 3¢ QeKTHBHOCTH U npHHATHS peeHui npH Beidope ['TM B pa3nuuHBIX YCIOBHSAX.

3axmrouenne. [Ipaktuka npumernenus ['TM moxa3swslBacT, 4T0 HEPEAKO WX BHEAPCHUE OKA3BIBACTCS
mMano3¢ekriupabM. [1o3TOMY mpeacTaBIsIeT WHTEPEC MPOBEACHHE CPABHUTCIBHOTO AHATIH3a C LICNTBIO
oueHKH 3 PEeKTUBHOCTH WX NPUMEHECHHS HE TOJNBKO B VCIOBHAX UX MPOBCACHUS, HO U YCIOBUAX, TAC OHU
HE MPOBOAWINCH. Takas OIEHKA JOJDKHA OCHOBBIBATBHCH HA COOTBETCTBYIOIIMX MOJEIIAX, BBIPAKAFOIINX
3aBUCHUMOCTh TMoOKazatened 3(QQEKTUBHOCTH OT NPH3HAKOB, XaPAKTCPUBYIOIUX TIC¢OI0ro-QU3HICCKUC
VCIIOBHS MPUMECHCHUS TOTO MM HHOTO MCPONPHATHA B PACCMATPUBACMBIX WM AHATOTHYHBIX VCIIOBHSX
JPYTrOro MECTOPOIKICHHS.

[Mony4yenHble A5 3TOH LETH MOAETH MO3BOJIIOT MPOTHO3UPOBATH MoKa3aTeIn 3G HEKTHBHOCTH TOTO
nin uHOro Buaa ['TM B HOBBIX Teonoro-GpHU3HIECKUX YCIOBUAX. B CBI3H ¢ STHM MPEITIOKEHBI CHCTEMBI U
pacueTHBIE CXEMBI, ¢ TIOMOIIBIO KOTOPBIX MOJKHO NMPOTHO3MPOBATh MOKA3ATENN A YCIOBHH, OTINYHBIX
ot 1ex, rae npumeHsnock [ TM. PesynpTtarel pacueToB OBIIM HCTIOMB30BAHBI IPU NPUHATHA PCIICHHUH 1O
BeIOOpY Hamayuwmero ['TM s paccMaTpuBaeMbIX YCIOBHE. ITO OCYINECTBIIIOCH C MOMOIIBIO MOKA3a-
tenel 3¢ dexrrBHOCTH [ 'TM, MPUHATHIX B KAUECTBE KPUTCPHCB, TAKUM 00pazoM, 4ToObl IPUHATOE pelie-
HHE Y IOBICTBOPSIO Obl BCEM MPHHATHIM KPUTCPHSIM.

Takum o6pazom, B mocneIHHE roasl HAOMIOAACTCS PAa3BUTHE U COBEPIICHCTBOBAHUE METOIOB AHATIH-
3a, IPOTHO3UPOBAHU MOKA3ATENCH W NMPHUHATHA PELICHUH, peaiu3anys KOTOPBIX ITO3BONNIIA TOBBICHTH
3¢ dEKTUBHOCTh MPOBOIUMBIX TCOJIOrO-TCXHUUCCKUX Mepomnpusatuid. B pesynbrare mpoBeacHHBIX paboT
HCCIIE0BATEIMHE PETIEHA 3a/1a4a CO3JaHNI KOMIUIEKCHON METOAMKH U €€ MATEMATHIECKOTO, IPOTPaMM-
HOTO M MHPOPMALUOHHOTO 00ECTICYCHU A1 OLUCHKU 3PQPEKTHBHOCTH U ONTHUMAIBHOTO IUIAHUPOBAHUS
TCOJIOTrO-TEXHHYCCKUX MEPONPHATHH HA HE(TAHBIX MECTOPOXKICHUAX, pa3paboTaHa CTPYKTYpa aBTOMA-
TU3UPOBAHHOW CHCTEMBI MOAICPIKKH HPHHATHSA PCLICHHS W anroput™M e¢ (YHKUHOHHPOBAHUS, NMYTEM
MpeoOpa3oBaHUs NPU3HAKOB, XapaKTCPU3VIOLIHX IIACT, B COOTBETCTBYIOIIUE (aKTOPBI, TOCTPOCHH! ypaB-
HCHHUS (TMHCWHOC W MYJbTUIUTMKATHBHOC), BBIPAKAIOIINC 3aBHCHMOCTh Mokazaresich 3ddexTusHOCTH
I'TM ot cdopmuposanHEIXx (PAKTOPOB; MyTEM BAPHUAHTHBIX PACUCTOB W AHAIIM3a CPABHHUTCIBHOH 3(¢-
(dexTBHOCTH TOr0 MM HHOro I'TM B pasmuuHBIX YCIOBHAX MOKA3AHBI MYTH U MOJIYYCHBI PE3YIIbTATHI
MPUHATHS PEMICHUH 10 BEIOOPY Hanyumero ['TM.
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'11I. EcenoB aTsaare! Kacmumii MEMIEKETTiK TEXHOTOTHATAD 5koHE MHKIHHUPHHT YHHBEPCHTETI,
Axray, Kaszakcran,
2A3ep6al7m>1<aH WITTHIK FBUTBIM AKAICMHACBIHBIH MYHAH JKOHC Ta3 HHCTHTYTHI, baky, AzepOaiimkan

KA3IPTI 3AMAHFbI AT JAVbI )KOHE )KETICTIKTEPI:
T'EOJIOTO-TEXHUKAJILIK IIAPAJIAPIBI TAHJAY BOMBIHIIIA
[IEIIIMHIH KABBELIJAHYBI

AnnoTtamust. MyHali keHOpbIHAApSsH urepy kesiaae ['TII skoHe opTypil kaHAa TEXHOIOTHSIIAPABI KOJIAHY
©CCOIHCH THIMILTIKTI apTTHIPYFa Ko KeHLUT OemiHeal. HakTel xkaFrmaiaa KaKETTI TCXHOIOTO-3KOHOMHUKAIBIK THIMITi-
JIKTI KAMTAMAChI3 €TYJC, CH YKaKChl 9iCTI AYPHIC TAHAAY /A, OJAPABIH TCXHOJOTHIAPBIH JAMYBI skoHE MAD, coHbI-
McH Karap [T xeHiHCH KONIaHyJa KONMTCTCH CYpaKkTap KOWBLIAapl. MyHIal cypaKkTapra 3epTTCYMIICPAIH YIKCH
KBI3BIFYIIBIIBIKTAPBIMCH KATap, Kasipri TaHAa HAKTHI >karmaiima oprypm ['TLL Typrepin camsICThIpMansl Oaraigay
KC3iHIe MaHBI3ABI KHBIHIIBLIBIKTAP TYBIHIANHABI. Ka3ipri TaHma KemeH i Te0IoT0-(DH3HKAIBIK KOHE TCXHOJIOTHSIIBIK
akmaparrap Heriziae ['TI THiMAITIKTEPiH apTTHIPY MOCEIENICPl aKTY bl XKOHE COMKECIHIIE MIEIIiM KaObIIIaHyFa
ne 0omaasl. KeHOPBIHABI HTEPY IiH THIMIUIITIH apTTHIPY MAKCAThIHAA ANABIMEH 0ap MYMKIHIIKTI TYpBIC PETTEY COH-
KCCIHIIC TYpBIC OareITTayFa MYMKIHAITI Oap OargapiaManapabl sKOHE Kasipri TAHAAFBI 9AICTEPAi KOJITAHYMCH op-
typm ['TII komgany Karaalibl MYKHAT TAIAAy Kacayra MyMKIHIIK Oepeai. Kem skprmaap O0HbI 3epTTeyIicp opTypi
FBUIBIMH JKOHC OHZIIPICTIK YHBIMIApAa, KCHOPBIHAA HWIEpyIiH THIMILNITIH apTTHIPYFa OarbITTANBIN >KYPIi3iil.
Oprypm keHopsiHaa ['TII eHrizy »xoHe TaHAay TOKIpHOENEPIH TanAdy KbI3BIFYINBIIBIKTHI TyAbIpaabl. Makamama
['TII tarmayabIH Ka3ipri TAHJAFBI KAFJAWBIH TAAIAY SKOHC SKHHAKTAP KeaTipitedi. Oprypni keHOpsHAapaa [T
THIMILTIKTEPiH Oaranay >koHe KOJIIaHy MbIcannapsl kepcerinreH. COHFBI KbIIIAPBI 6TKI3IITCH Ie0I0T0-TEXHUKAIIBIK
IMapanapaslH THIMIUITIH apTTHIPY PeaaM3alMACHl, IICINIMIACP KAOBUITAHY >KOHC KOPCCTKIIMTEP OOmKAMIAPHI,
TaJIgAy OAICTCPIH KETIMAIPY JKOHES AaMyBl OaWKamaasl. MyHal KCHOPBIHIAPHIHIA TCOIOTO-TCXHHKAJBIK IAPAIAPBIH
THIMZI >KOCIapJIay KOHE THIMITIKTI Oaranay YIIiH KEIICH SJicTepAl Kypy *KOHE OJApIbIH MAaTCMATHKAIbIK, Oaf-
JApIaMalbIK JKOHE aKMapaTThIK KAMTAMACHI3 €TY TAIChIPMAJNAPhI 3¢PTTCY MLICPAIH SKYPTI3UITCH XYMBICTAPHI HOTH-
JKeNepiHae MEIIITeH;, NIeiMal KaObLaay sl KOTAAy IbIH KOHE OHBIH ANTOPHTMIHIH KYMBIC ICTCYiHIH aBTOMAT-
TaHIBIPBUFAH JKYHeaep KYPbUIBIMBI HTEpIITeH; Kambmmrackan (axropmapaad I'TII TriMaimiriHiH KepCeTKIITEpiH
KOPCCTCTiH, COMKCCIHINE (DaKTOpIapra KAOATTHl CHMATTAHTHIH, Kaiita Kypy OCariaepi >KOJNBIMEH (CBI3BIKTHI JKOHC
MYJbTHILUIMKATUBTIK) TEHACYJEP KYPACTHIPBLIABI, CH JKAKCHI TaHAAy OOMBIHINA HICONM KaOBLIAAY HOTIDKENICPl
AJIBTH/IBI J)KOHC HYCKAJIBIK CCCNMTEY ISP JKOIBIMCH JKOHS CANBICTHIPMAIBI THIMALTIKTI TAAAY OPTYPI >KaFIaHIarsl CO
Hemece o3re ['TI >xoamaps! KepceTire .

Tyiiin ce3nep: reomoro-rexHukambK mapamap (I'TIH), keHOPBIHABI HIEpy, IIEINIM KAOBIITAHYBI, MYHAHIBI
OHAIPY, MYHAHOCPTIIITIK.
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