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AHAJIN3 1 OLIEHKA D®®EKTUBHOCTH IPUHUMAEMBIX PEIIEHUN ITPHA
BYPEHHNU CKBAXKXHNH

Buinonnen awnanuz pesynomamog pabomsi 0010m NO NOKA3AMENAM MEXAHUYECKOU CKOPOCMU U
cmoumMocmuy mempa npoxooxku. Bosmooicuvl cryuau npunsimusi OuUOOYHBIX peteHuti npu oyenKe GIUsHUsL
DENCUMHDBIX NAPAMEMPO8 U Munoe 0010m Ha nokasamenu dypenus. Ilpogeden ananusz pe3yibmamos 6ypenus
CKBAIICUH PA3TUYHBIMU MURAMU O0JIOM U OYEHKe PUCKA RPUHAMUSL OUUOOYHBIX PelueHUl.

Knwoueewie cnosa:mexanuueckas ckOpocms, CHOUMOCMb Mempad NPOXOOKU, PUCK, 8€POAMHOCHb,
NOCAeOCMBUsL, KIACep-aHaiu3.

Beenenue

[Tpu npuHATHY U peain3alui TEXHUKO-TEXHOJOTHUECKUX PEIIEHUH B pa3IMUHbIX poLeccax,
B TOM YHCJIE U Mpolecca OypeHHsl CKBa)KUH, CYILIECTBEHHYIO pOJIb MIPAaeT yuyeT U aHaJlu3 pHUCKa
IPUHATHS HEMPABUIIBHBIX PELICHUH M CBSI3aHHOTO ¢ HUMHeO1aromnpuaTHoro ucxona. Ilox puckom
3/1eCh CleyeT IOHMMAaTh BO3MOXXHOCTh BO3HUKHOBEHHMS B IPOLIECCE pEAM3alUU PEIIECHUN
HEOJaronpusATHBIX MOCIEICTBHH, BEIPRXKEHHBIX B BHJI€ BPEMEHHBIX MJIM (M) (MHAHCOBBIX MOTEPb.
Peanuzanus perieHuii B mpouecce OypeHUs MM OCYLIECTBIEHUU KaKOIO-TO 3Talla, B YaCTHOCTH,
BbIOOpA J0JIOT, pEKUMHBIX TApaMETPOB, OLIEHKU TUIOTHOCTH OypOBOT0 pacTBOpa, clycka o0caHON
KOJIOHHBI W JIp., MMEET psAJ 0coOeHHOCTe.OCHOBHBIMU OCOOCHHOCTSIMM, HAa Hall B3I,
SBJISIIOTCS :HAJIMUUE OOJBIIOTO KOJUYECTBAa (PaKTOPOB, T. €. 3aBUCHUMOCTb KauecTBa BBIMOJIHIEMBIX
paboT OT MPHPOTHBIX TOPHO-TEOJOTUYECKUX, TEXHHUECKUX, TEXHOJIOTHYECKUX (HaKTOPOB;
HEOIPEJIEIEHHOCTh (Pa3MBITOCTh TPAHUL] OTAENBHBIX KaTErOpHUil PUCKOB, MHOTO(paKTOPHOCTD,
HETOYHOCTH);[TOCTOSIHHOE H3MEHEHHE HKOHOMHUYECKHX IIOKa3aTelel MECTOPOXKACHHUS B pailoHe
BeZieHUss OypoBBbIX paboT;pocT ce0eCTOMMOCTH MAaTepUanoB, HEOOXOAMMBIX MpU MPOBEACHUU
TaMIIOHAXXHBIX paboT, paboT MO CHYCKy O0OCaJHBIX KOJIOHH, pealn3allud THUIPaBINYECKOM
nporpammbl.Peanuszanus ~— paccMaTpuBaeMbIX — MPOEKTOB  MPEANojiaraeT  3HAYUTENIbHYIO
HEOIPEEeJIEHHOCTb OKUAAEMbIX PE3YJIbTATOB U TPeOyeT pa3pabOTKHU Mep IO CHHKEHUIO PUCKOB €I11e
Ha CTaJHMM IUIaHUPOBaHMs paboT ¢ yueToM HeolpeieleHHOCTH. OLeHKa pucka HOCUT KOMIUIEKCHBIN
XapakTep M JI0JKHA MPOU3BOAUTHCS HAa KaKJOM dTale MPOM3BOACTBA OypoBbIX paboT. OCHOBHbBIE
9Talbl aHaJIU3a IPUYUH, IIOCIEICTBUNA U HEOOXOIUMBIX JJIs IPELyNPEKACHNUS aBapUIHBIX CUTYaLui
MEpONPUITHI CBEACHBI B CXEMy, MPHUBEAEHHYIO Ha pHC. |, HA OCHOBE aHalu3a U OOOOIICHUS
pe3ysIbTaTOB MCCIIEAOBAHUM, MOCBAIEHHBIX MPOoOIeMaM NPUHATHS TEXHOJOIMYECKHX pEIIeHUil B
OypeHMH, OLIEHKE U aHaJU3y COOTBETCTBYIOIIMX PUCKOB. J[Jisi BBIMOJIHEHUS YKa3aHHBIX Ha puc. 1
MEPONPUATHI Ie0J0ro-TEXHOJIOrMYecKas ciiy:k6a OypoBOIro MpeanpusThs JOJDKHA OCYIIECTBIAThH
KOHTposb 3a pexumoM Oypenus (mocpeactBom craHuuu ['TK), OypoBbIM pacTBOpOM,
ra3ornoka3aHleM, COCTaBOM IIIaMa, YTOObI CBOEBPEMEHHO BBISIBUTH IIEPCIEKTUBHBIN HHTepBai. Bee
3TO MPOBOAMUTCS B TPOIECCE TaK HAa3bIBAEMBIX TI'€0JOr0-TEXHOJOTHYECKUX HCCIIEI0BAaHUN H
MO3BOJISIET CHU3UTh MOKa3aTeN (KaK KOJIWYEeCTBEHHbIE, TAK HKAUECTBEHHbIE) PUCKA.
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PA3JJEJT 1. [IOPOHOPA3PYIIAFOLIUY HHCTPYMEHT M3 CBEPXTBEPIBIX MATEPHAJIOB
U TEXHOJIOI'HA EI'O IIPUMEHEHUA

Nnentudukanus puckon

[Iponiecc uaeHTU(PUKALUN PUCKOB COCTOUT U3 CIEAYIOIIMX 3TAIOB (PHUC. 2): CTATUCTUYECKUN
aHalu3 JAaHHBIX O OYpPEeHHWH CKBaXXHH, KOTOPBI COCTOMT M3 cOOpa IaHHBIX O I'eOJOTHMYECKUX
YCIOBUAX U pacCMaTpUBAaEMBIX COOBITUSAX, Mpolecce U 00pabOTKM ATHUX JAHHBIX;aHAJIN3 PHUCKOB,

BKJTFOYAFOIITUH UIECHTU(DUKAITUIO

MOCJIEACTBUM M  BEPOSATHOCTEM  MX

WnenTudukans puckos BO3HMKHOBEHHS
{ COOTBETCTBEHHO;aHAIN?3
PE3YNbTaTOB;MEPOIIPUATHUS 3 (0)

CraTHCTHUECKHIT aHATTH3

JaHHBIX 0 OYPeHHH CKBAYKHUH CHUXXCHUIO pUCKA.

OueHka pucka peanu3anuu
e MPOEKTa TECHO CBSI3aHA C TOTOBHOCTHIO

CBop AaHHBIX O FEONOrHYCCKNX O0paboTka 1aHHbBIX JIIIP (1ua, NpUHAMAFOLIETo pemeHHe)j
YCIOBHSIX, TEXHOJIOTHYECKHX HATW Ha PUCK B CBA3U C pCain3alucu

5
HPENETRAN HHORTHIETR DYpEit npoekta [1]. Kak ormeuaercs B psje
pabor [6], B mporecce TPUHATHUS

KOHKPETHOI'O peueHus iy,
LR MPUHUMAIOIIEMY PEIICHUs, LeIec000-

e = pa3HO  pa3nuyaTh M BBIIEIATH
Wnentudukaius BeposiTHOCTEH Hpentndukanus OIIPCICIICHHBIC obmactu (SOHBI pI/ICKa) B
TPHHETIRE OIIBOC (i nocnencTsuit 3aBUCUMOCTH OT YPOBHS BO3MOJKHBIX

B Ry (oxumaeMbix) — 1OTepb.  [lOmBITKO#
BOCIIOJIHCHUS CYILLECTBYIOIIUX

npoOenoB B ATOM  HAMpaBICHHUU

AHalli3 pesybTatos SIBJISIETCS [pUBJICYECHUE

L JIOIIOJIHUTEIIbHOM uHbOpMAITUUHU

pa3paboTKa Ha 3TOI OCHOBE PA3IUYHOTO

MeponpusTas 1o pola Tak Ha3bIBAEMBIX IIKAJI PHUCKA,

CHUIKEHWIO pHCKa MO3BOJISIFOLLIMX IIPOU3BOJUTH

Puc. 2. Cxema oyenxu u ynpaenenus puckamu KJIacCU(PUKALMIO  pHUCKA TOTEPh B

pe3yiapTaTe MPUHATUS  OLIMOOYHBIX
peieHuii.B nmureparype Takke OTCYTCTBYET €UHBII 1M0X0]] K (OPMYINPOBKEKPUTEPUEB OLICHKH U
MIOCTPOCHUAILIKABI prucka.MHOrooOpasue mokazaresieid, MOCpPeICTBOM KOTOPBIX OCYIIECTBIISETCS
KOJIMUECTBEHHAs OLIEHKa PUCKA, TIOPOKAAET B CBOIO OUEpEb TaKKe U MHOI00Opa3ue IIKal pHUcKa,
ABJIAIOIIMXCS CBOETO poAa PEKOMEHJALMSAMU MPU ONPENEIEHUN NMPUEMIIEMOCTH TOTO WU MHOTO
ypoBHS pucka. Tak, Ha oCHOBaHMM OOOOIIEHUS PE3yJIbTAaTOB UCCIIEIOBAaHUI MHOTHX aBTOPOB IO
poOsieMe KOJIMYECTBEHHOW OLIEHKM SKOHOMHMUYECKOro pucka, B [10] mpuBeaeHa smmupuyeckas
IIKaJIa PUCKA, KOTOPYI PEKOMEHAYIOT IPUMEHATH NPEIPUHUMATENSIM IIPU UCIIOJIb30BAHUM MU B
KauyecTBE KOJIMYECTBEHHON OLIEHKH PUCKA BEPOSATHOCTU HACTYIUICHHUSI PUCKOBOTO COOBITHSI.
CornacHo JaHHOM LIKaJIe aBTOPBI BBIEIISIOT B COOTBETCTBUM C BEPOSTHOCTAMU HEKENIATEIBHOTO
MCXO0JIa IIECTh TPafalliii pUcCKa: MUHUMAIBHBIN — ¢ BepoaTHOCThI0 0,0-0,1; Masblif — ¢ BEpOSITHOCTHIO
0,1-0,3; cpennuii — ¢ BepoaTHOCTBIO 0,3—0,4; BbICOKHH - C BepOSTHOCTHIO 0,4—0,6; MakCUMabHBIA —C
BeposiTHOCTBIO 0,6-0,8; kputnueckuit —¢ BeposTHOCTBIO 0,8—1,0. Ilo MHEHUIO aBTOpOB, NEPBBIE TPU
rpajlaliid BEPOSTHOCTH HEKENATENbHOTO HCXO0Ja COOTBETCTBYIOT «HOPMAIBHOMY», «Pa3yMHOMY)
PHCKY, TIPU KOTOPOM PEKOMEHIYEeTCs MPUHUMATh OOBIYHbIEC, MPUOOPETEHHBIE W3 ONbITA, PELICHUS.
[punsATHE perieHuii ¢ OOMBIINM YPOBHEM PUCKA BO3MOXKHO B CIIydae HEXKEJATeIbHOTO UCXOJa B BU/IE
BO3HMKaOIMX aBapuil. B [9] mpuBenmeHa mikama, KoTopas HaeT OIEHKY CTENEHH pHUCKa TMpH
UCTOJIb30BAaHUM B  KayeCTBE KOJMYECTBEHHOIO KpPUTEpHsS pHUCKANapamMeTpoB  HOPMAaJIbHOTO
pacIpeneneHus, T. €. CPEIHET0 0KUAAEMOr0 3HAUEHHS U CPEAHEKBAAPATHIECKOr0 OTKIIOHEHHS KaK MEpY
M3MEHUYUBOCTH (KOJIEOIEMOCTH) BO3MOXHOTO pe3ynbTara. (sl OLUEHKH MPUEMIEMOCTH OTKJIOHEHHS
UCTIONB3yeTcsl Kod(h(HUIMEHT Bapwanyu, T. €. OTHOIICHHE CPEIHEKBAIAPATUUECKOTO OTKIOHEHHS K
cpenHeMy 3HaueHuio. Ilpy 3TOM TpHBOAATCS CHEAYIOLME IIKaIbl KojeOieMocTH —(pucka)
koaddurmenrta Bapuaruu:ao 0,1— cmabas; or 0,1 go 0,25 — ymepennast; ceoie 0,25 — Beicokas. [lo
MHEHHIO TIPAaKTUYECKHA BCEX aBTOPOB, B TpaHUIlax KoddduimenTa, onpenensromiero puck, ot 0,3 mo 0,7
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Buinyck 20. ITOPOJOPA3PYIIAROILIH U METAJTOOBPABATBIBAIOLMI MHCTPYMEHT — TEXHHUKA
U TEXHOJIOI'"A EI'O U3IOTOBJIEHUA U ITPUMEHEHUA

HaXOJMTCS 30HA MOBBILIEHHOrO pucka. [IpuHsTHE pelieHuii o peaau3alu puckOBOrO MEPOIIPUSTHS B
rpaHuLaX d3TOW 30HBI OIpPENENSeTCs BEIMYMHOM BO3MOXKHOIO BBIUTPBIIIA, B Cly4dae, €ciu
HE)KeNaTeNIbHbI MCXO0/A (PUCKOBOE COOBITHE) HE TPOM30MIET, W CKIOHHOCTBIO K PHCKY JIHII,
MpUHUMaOMX perienue. Kak BUIHO U3 pacCMOTpEHHsS OTMEYEHHBIX paboT, PUCK XapaKTepU3yeTcs
BEpOSATHOCThIO. OJJHAKO TpU aHAIM3€ pPUCKA HApsy C BEPOSATHOCTHIO HEXKEIATeIbHOIO HCXOa
HEOOXOAMM TaKKe aHAJIU3 MOCTIEICTBUM ¢ X Tpajiallueil 1o cTeneHu TsbkecTH (puc.2). B cBsi3u ¢ 3TMB
pszne paboT ¢ OCYIIECTBIEHHEM BEPOSATHOCTHOTO IMOJXO0/a MPOU3BOAUTCS OLIEHKA PHCKAa Ha OCHOBE
B3aMMOCBSI3U MEXKIY BEPOATHOCTHIO U NOCIEACTBUSAMU. OIMH U3 OCHOBHBIX IPUHIMUIIOB OLIEHKH PHCKa
6611 copmynupoat B 1967 r. dapmepom [8]. CornmacHo JaHHOMY MPUHIIMITY CTPOUTCS B3aUMOCBS3b
MEXIYy 4YacTOTOM (BEpOSITHOCTBIO) aBapuid (WM HEKENAaTeNbHBIX COOBITUH BOOOIIE) W HX
nocnenctBusMu. [lpu 3TOM mpennokeHa 3aBUCHUMOCTh MEXAY CpPEIHUM KOJMYECTBOM BbIOpOca
PaIMOAKTUBHBIX BEIIECTB B aTMocepy M BEPOATHOCTHIO HACTOAIIErO COOBITUS B BH[E
TUMEepPOOTMYECKON KPUBOM, KOTOpas Ha3BaHA TPAHUYHOM, WM KPUBOW TOCTOSIHHOTO pHCKa (OHa
Ha3bIBAeTCs MO MMEHU aBTOpa — «KkpuBas dapmepa» [5].Hactosias xpuBas AeIUT KOOPAMHATHYIO
IUIOCKOCTh HAa JIB€ OOJIACTM M TO3BOJIIET OTAEIHMTH OOJACTh HENOMYCTUMOro, OOJBIIOrOpPHCKA,
PacIONIOKEHHYIO BbIILIE W TpaBee JIMHUM IOCTOSIHHOTO PHCKA, OT 00JacTH JOIMyCTUMOI'O PHCKA,
PacCIIONOKEHHON HUKE U JICBee YITOMSIHYTOW JIMHUW. BHOCIIeICTBUY TaHHBIN METOJ OBUT HCTIOTB30BaH
TIPY OLICHKE TAK)KE U PUCKA aBapuii, BOSHUKAIOIIUX MPpU OypeHUHU CKBaXHuH [2, 3].

Kax u3BecTHO, K 3HAUUTEIBHOMY YXYIUIEHUIO MOKa3aTeneld OypeHHs CKBa)KUH HPHUBOISAT
TaK)Ke HETMPaBUIBHO BHIOpaHHBIC THI J0JIOTA U PEKUMHBIC MapameTphl, mapamerpbl OypOBOTO
pacTBOpa: CKOpPOCTh MPOXOJKH MaJaeT,a CTOMMOCTh METpa MPOXOJKH yBeluduBaercs. Jpyrumu
CJIOBaMU, HECOOTBETCTBHE THUIIOB JOJOT M PEKHUMHBIX MapaMEeTpPOB CBOMCTBaM pa30ypHBaeMbIX
IIOPOJI CBA3aHO C PUCKOM IIOTEPh BpeMEHM U cpeAcTB. Kak yke oTMedasoch, CTENEHb pUCKa
XapaKTepU3yeTCs BEPOATHOCTHIO (4ACTOTOM) HEMPABUIBHBIX 110 TEM MU UHBIM MPUYUHAM PEIICHUN
U UX MOCJIeNCTBUAMU. B nuTeparype mmeercss JOCTaTOYHO CBEJACHUN O TAKOM MOAXOJAE K OLICHKE
pucka [4, 5]. Kak ormeudanocs BblllIe, B Ipoliecce OYpeHHs CKBAXXMH UMEIOT MECTO TAK)KE CUTYalluU
C JJIEeMEHTaMHU HEONpEeeNIEHHOCTH, HE UMEIOIUE OJTHO3HAYHOIO Mcxona (win pemienus). [lanHoe
00CTOSITENIBCTBO YCIOXKHSET MNPOLECC MPHUHITHUS PELICHUM B YCIOBUSX HEONPENEICHHOCTH U
IpeoIpeesiieT HE0OX0AUMOCTh HCIOJIb30BAHUS COOTBETCTBYIOIIMX METOAOB, KOTOPBIE IAarOT
BO3MOXXHOCTh 1O JBYM (HMJIM HECKOJBKHUM) KPHUTEpHUSM IMOJIY4YUTh HamOojee MpHeMIIeMble s
MPaKTUKUOYPEHUsI CKBKWH (ONTHUMAJbHBIE WM PAIMOHAJIBHBIE) TEXHUKO-TEXHOJOTUYECKHE
peuieHus. B mureparype B 3aBUCUMOCTH OT CTENIEHU HEOIIPEAEIEHHOCTH PA3/IMYaI0OT CUTYalluu pPUCKa
U CUTyallUH HeomnpenesieHHOCTU. IIpm 3TOM cuTyamus pucka, SBISSACH TAaKKE Pa3HOBHUIHOCTBHIO
HEOIpEIeIEHHON CUTYaIluH, XapaKTEPU3yeTcsl TEM, YTO B IIPOLIECCE pean3aliiy KaKoro JeHCTBHUS
MOTYT OBITh TIOJYYEHBI PA3IMYHBIC PE3YIbTAThI, BEPOSATHOCTh KOTOPHIX U3BECTHA I MOXKET OBIThH
orneHeHa [6]. Ha MeToapl TpUHATHS PEIICHUNW B YCJIOBHSAX PHCKa CYIIECTBEHHBIM 00pa3oM
HAKJIaJbIBa€T ONEYaTOK MHOrooOpa3ue KpUTEpPUEB M IOKa3aTesiel, IOCPEICTBOM KOTOPBIX
OIICHUBAETCS YPOBEHb PHUCKA, U, KaK YK€ OTMEYaJOCh, IPU 3TOMIIPUHUMAIOTCS PEIICHUS KaK B
YCIIOBUSIX CTAaTUCTUYECKOW, TaK U HECTATUCTUUECKON HeonpeaenéHHOCTU. [loaToMy TpanaulnoHHbIE
METOJIbl aHaJIM3a M OLIEHKH PHUCKOB, OCHOBBIBAIOLIMECS JMIIb HAa BEPOSTHOCTHBIX METOMAX, C
METO/I0JIOTMYECKOM TOUKH 3pEHUSI HE COBCEM aJIEKBATHBI, B CBSA3H C YeM B JAHHBIX CUTYaIUsIX OoJee
MIPABWJIBHBIM U YI0OHBIM SIBIISIETCS UCIIOJIb30BaHHUE MOJIX0/I0B, OCHOBAHHBIX Ha PUMEHEHUH TEOPUU
HEUETKUX MHOXECTB.

AHaJIM3 ¥ OLlEeHKA PUCKA MPUHATHS OIIMOO0YHBIX peleHu i

PykoBoncTBYsICh OOHIMMH METOJUYECKHUMH MOAXOJaMH, HAMH Ha OCHOBE BEPOSTHOCTHO-
CTaTUCTHYECKOTO M HEYETKOCTHOTO aHAJIN3a WH(POPMAIK O PadOTe AOJIOT B PA3IMYHBIX YCIOBUAX
clieNiaHa TIOTBITKA OIEHKM pHUcka. s 3Toro BHadajge ObUIM MOCTPOEHBI 3aBUCUMOCTH YacCTOTHI
MOSIBJICHUS PA3IMYHOT0 YPOBHS 3HaUCHUI 00001EHHOTO MMOKa3aTeNsl, IPUHATOTO B KAUECTBE OLICHKU
MOCJIEICTBUI,OT €ro 3HAaUeHHH, T.€. MaTPUIIA «9aCTOTA-TIOCIEACTBU», UM KaAK MHAUYE HA3bIBAIOT €€
B JIUTEpAType, KpUBasi MOCTOSSHHOI'O pUCKA. Takue KpUBbIE CTPOATCS JIS1 KaXK10TO BBIACICHHOTO HA
OCHOBE aHaJIM3a OJHOPOAHOTO MHTepBasia OypeHus. Ha puc. 3 B kauecTBe mpumepa mokasaHa OfHa
U3 TaKUX KPUBBIX.
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PA3JJEJT 1. [IOPOHOPA3PYIIAFOLIUY HHCTPYMEHT M3 CBEPXTBEPIBIX MATEPHAJIOB
U TEXHOJIOI'HA EI'O IIPUMEHEHUA

Ha ocHoBe aHamm3a 4acTOT NOSBICHMUS DPA3JIMYHBIX 3HAUYEHUH MoKazareseil OypeHus u
HOCJIEACTBUM MPOBOAUTCA KiIacCU(UKALINSA PUCKOB I10
kareropusiM. C  Lenbl0  OLIGHKM  pUCKA  OT
HECOOTBETCTBHUS TEeXHUKU u TEXHOJIOTHH
IEOJIOTUYECKUM YCIIOBUSIM NpU OYpEeHHUU CKBaXKUH C
y4€TOM IIOJIOKEHUH, OTMEUYEHHBIX B pa3IUYHBIX, B
YaCTHOCTH, OTMEUYEHHBIX BBIIIE MCCIEIOBAHUAX,HAMU

0.2 — o
; * \' npejyiaraeTcs  CACAyIOUMA — MoAXom: cOop
0151 CTaTHCTUYECKas 00padoTKa JaHHBIX;
o . MPOBEJICHUE KIACCUPUKAIIMH 0 KOMILIEKCY
005 1 IIPU3HAKOB, XapaKTEPU3VIOIINX [OKA3aTEIH OYPEHNUS;
2 2
D ' ' ‘ : . 00beIMHEeHNE TTPU3HAKOB B €AMHBINA MapamMeTp, ¢

00 02 04 06 08 10 .
Tocaencrem YUCTOM BE€COBOI'O BKJIaJda Kaxxaoro IIpHU3HaKa

Puc. 3. Bzaumocssze mexcoy wacmomoii  CIEAYIOIHMM 00pa3oM:
HENnpasuIbHO NPUHAMBIX pPeueHull U N=av+(l - o)c, (1)

0606WEHHbLM noxazamenew  THE N-0696IHCHH3H XapakTepucTuka 3(p(HeKTUBHOCTH,
. 0-BECOBOI KOA(PUIMEHT CKOPOCTH MPOXOJKH, a AJIS
nocnedcmeuu  (Kpuéas NOCMOAHHO20 o
) CTOMMOCTH TPOXOJKH BECOBOH ko3(dduuueHt Oyaer
pucka

paBeH (1-0); v- MexaHHUYECKasi CKOPOCTh; C-CTOMMOCTD
MeTpa MPOXOJIKH;
® TIOCTPOECHHE 3aBHCHUMOCTH YaCTOThI 3HAUEHUH MOCIEACTBUIA OT mapaMeTpa, XapaKTepHU3yIOLIero
nocencTBus (0000MIEHHON XapaKTePUCTUKH TOCIIEICTBHI);

® aNmMpOKCHMAIUs TaHHON 3aBUCHMOCTH;

Orta 3aBUCHUMOCTb JUIsI PAcCMOTPEHHOTO Cliydass aHaJUTUYECKH aIllpOKCUMHUPYETCS
CJIeTYIOIUM 00pa3oMm:

p = 0,1429N0853 (2)

AHaJIM3 U MHTEepPHpeTALUA

B mpouiecce Takoro aHanam3a IpOU3BOAUTCS TaKXKe KiacCHU(UKAIUS BEPOATHOCTEN (4acTOT),
MOCTICICTBUI M PUCKOB. PUCK paccUMTBHIBaeTCS KakK MPOU3BEICHHE BEPOSTHOCTH BO3SHHUKHOBEHHS
aBapuiHON CUTyallMu Ha OOOOIIEHHYIO XapaKTEPUCTUKY IOCIEACTBUH, C MOKa3aTeleM CTeleHH,
PaBHBIM CTEIIEHU TUIIEPOOITMYECKON 3aBUCUMOCTH, OTHCHIBarOIIel KpuByto pucka.llo coOpaHHBIM
(aKTHUECKUMAAHHBIM M PE3yJbTaTaM MPOTHO3HBIX pacuéToB MOKazaTesell OypeHus: pa3iuyHbBIMH
J0J0TaMHM TIPH pa3HbIX PEKHUMHBIX IapaMeTpax MpeIBapUTEIbHO INPOBEIEHA CTaTUCTHYECKas
o0paboTka C aHaIuM30M 3aKOHOB pacrpezesneHus. AHanu3y ObUIM TOJBEPrHYTHl 3HAYCHHS
MEXaHUYECKUX CKOPOCTEH M CTOMMOCTEN MeTpa IMPOXOoAKHU. I1o 3TMM 3HAYEHMSM C NPUMEHEHHEM
IIpOrpamMMBbl KJjlacTep-aHajlu3a MacCUB pa3JesI€H Ha 4eThlpe Kiacca. [t 3Toro Obuia CHONIb30BaHa
nmporpaMma Hed€Tkoro kiacrep-aHanmmsza [7]. C MOMOIIbI0 TPUBEAEHHOTO BHIINIE BHIPAKEHUS
paccuuTbiBaeTcd OOOOWIEHHBIM moOKa3aTenb 3PQexkTuBHOCTH. [lasee mis KaXAoro Kiacrepa
HaXOJUTCS KOJUYECTBO MAHHBIX, BXOJAIIMX B HEro (4YacToTa) M CTPOUTCS KpUBas pHUCKA.
PaneennpuMeHNTENEHO K aBapysiM B OypeHHH ObUTH W3JI0KEHBI Pe3yIbTaThl aHAJIOTHYHOTO aHATN3a U
MIPUBE/ICHBI 3HAYEHUSI OTMEYEHHBIX HHTEPBAJIOB, COOTBETCTBYIOIIAS YaCTOTA aBapPHii, MaTepUalIbHbIE
3aTpathl, a TAKKEPaCCUUTaHHbIE 3HaYEHUs PUCKOB [2]. Peanu3anus 1aHHON IpOrpaMMBbl 103BOJISET
C oMo (YHKIMHA TPUHAIICKHOCTH OTHECTH [aHHBIE K TOMY WM HHOMY Kiaccy [3].
Beinenennple  TakuM 00pa3oM  KJacTepbl IMOKa3bIBAIOT CTENEHb TSDKECTH IOCIEACTBUH  OT
HENPaBUIBHO NPUHATHIX PEUICHUH, KOTOpasi B HALIEM CIIydae MOKET ObITh BbIpa)XK€HA C IIOMOIIbIO
CIIEIYIOIIMX CIJIOB: OYeHb HH3KWE, HHU3KWE, HOpMalbHble, Hamimydmue. CTemneHb TSHKECTH
3aKJII0YaeTCss B HEMPOM3BOAMUTENIBHBIX 3aTpaTax BPEMEHM U CpeAcTB. Takass OIEHKa pHCKa
crocoOcTByeT Hanbosiee 0OOCHOBAaHHOMY BBIOOPY TEXHUKHM M TEXHOJOTUM OypeHUs! CKBa)KWH, a
TaKXKe IUIAHUPOBAHUIO HEOOXOIUMBIX MEPOINPUATHI IO CHWKEHHIO pPHCKAa emE Ha CTaguu
IIPOEKTHPOBAHUS, MO3BOJISAA HauboJiee NMPaBHIBHO CIUIAHMPOBATH PACIpelesieHue MaTephalbHbIX
cpencTB. BpiOopka U3 JaHHBIX O 3HAYEHMSX MPU3HAKOB I KaKJIOro Kjiacca MmokazaHa B TaOu. 1.
Hcxons 13 TOTo, 4TO MOCTEICTBUS aBapHil BRIPAXKAIOTCS IByMS IPU3HAKAMU, IIPH aHAJIU3E U OLICHKE
pHCKa L1eecoo0pa3HO MX OJHOBPEMEHHOE HCIIOJIb30BaHHE. B CBA3M € 3TUM HaMu mpeiiaraercs
paccMoTpeHre OOOOLIEHHOTO IIOKa3aTelis, BbIPAXKAIOLIETO0 IOCIEACTBUS aBapui, CHWKEHUS
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CKOpPOCTH, YBCIUYCHUA CTOMMOCTUHN TAaKHUM 06pa30M OOIHOBPEMCHHO YYHUTBIBAIOIICTO KAK 3aTPAThl
BPEMCHHU Ha HCIIPOU3BOAUTCIIBHBIC OIICPpAllUN, TAKU CBA3aHHBIC C 9TUM IMOTECPU CPCACTB.

Ta6muma 1. Boi0opka 3 JaHHBIX 0 3HAYEHHUSIX MPU3HAKOB JIJIs1 KAa)KI0T0 KJjiacca

KiaccudukanyonHple Tpu3HaKu OyHKIYS TPUHAJICKHOCTH
Mexanuu. ckopocth | Ctoum. 1M npoxoaku Kitacrepsl

B OTHOCHUTEJIBHBIX €IUHUIIAX 1 2 3 4
0,611815 0,536928 1 0 0 0
0,559260 0,500305 0,985 0,0114 0,0024 0,0012
0,745335 0,609036 0,9573 0,0066 0,0046 0,0315
0,106381 0,378291 0,0384 0,7074 0,2457 0,0084

B Tab6n.2 mnpuBeneHO KadyeCTBEHHOE U KOJWYECTBEHHOE COOTBETCTBUE BEPOATHOCTEH

MIPUHSITHS HETIPaBUIIbHBIX PEIICHUH.

Tabnuna 2. KauecTBeHHbIE U KOJMYECTBEHHbIE OLIEHKH BEPOSITHOCTH (4ACTOTHI) MOCJEACTBUIA
HENPaBUWJIbHOIO MPUHSTHUS pPelleHH i M0 BLIOOPY 10J10T M PEKUMHBIX IapaMeTpPoOB

Kareropuu BepostHOCTH KauectBennoe omnpenenenue KonuuecTBennas
(9acTOThI) COOBITHS OIICHKA
[Totepu nz-3a
Yactsie OIIMOOYHBIXTEXHOJIOTUYECKUXPEIICHUN — >0,45
JIOBOJIBHO 4aCTOECOOBITHE
[loTepu, cBsi3aHHBIE C OMIUOOYHBIM PEIICHUEM —
BepositHbie pH, P 0,30-0,45
cOOBITHE, TPOUCXOASIISEHECKOIBKO pa3
Bo3MOXkHO, MOTYT UIMETH MECTO CITy4Yau
Bo3MmoskHEbIE > Y . v 0,15-0,30
OIIMOOYHBIX PEIICHHI, HO HE YacTO
Ommobo4YHOE peIIeHHe SIBISETCS PEIKUM, HO BCE
Penxue p pen ’ <0,15
K€ HE UCKJIIOYAETC

Ilpu omeHke ciydaeB NPUEMIIEMOCTH PUCKA C IOMOLIBK PE3yIbTaTOB CTATUCTHUYECKOTO
aHaJIM3a HAaXOJUTCSI BEPOSITHOCTh, OLIEHUBAIOTCS PE3yJbTaThl, KOJIMYECTBEHHO XapaKTEpU3YIOLIUe
MIOCJIEJICTBYSI, TOYKA HAHOCUTCS HAa KOOPAWMHATHYIO IUIOCKOCTH PHC. 3, U IO €€ IOJOXKEHHUIO
OTHOCHUTEJILHO KPHUBOH IOCTOSTHHOI'O PUCKa OLIEHMBAETCS MPHUEMIIEMOCTh (MM HEIPUEMIIEMOCTB)
pucka.Ha puc. 4 nokazaHa 3aBUCHMOCTb YaCTOThI (BEPOSITHOCTH ) HENIPABUIILHO MPUHATHIX PELICHUN

YacroTa

0,0 0.2 04 0,6 0,8 1,0
HocaeacTeus

Puc. 4. 3asucumocms uacmomol HenpPasUILHO NPUHAMBIX
peweHuti om 0000WEHHO20 noKasamesisi NoCcie0Cmsull
(Kpusast NOCMOSIHHO20 PUCKQ).

BapUaHTOB COYETAaHUH MOCIIEICTBUN 1 BEPOSITHOCTEN.
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oT 00001IEHHOTO [moxKasareist
HOCIEACTBUM C HaHECEHHLIMH Ha
KOOPJIUHATHYIO TUIOCKOCTh TOYKAMH

(kpacHble  TOukH).  Pe3ymbTaTh
pacy€ToB 3HAYEHUI PUCKA C YYETOM
pa3HBIX BapHaHTOB 3HAYEHUI
0000111EHHOTO MoKa3aTes

MOCIEICTBU M COOTBETCTBYIOIIUX
BEPOSITHOCTEH MPUBEACHBI B Ta0MI. 3.
Jns  osroro  mapamerp ~— N®8%3
YMHOXA€ETCS Ha OTMEUYEHHYIO
BeposATHOCTh. C 1eNblo JanbHeHei
KiIaccu(uUKalMl  PUCKOB  aBapuil
JMAHHBIM  TOKa3aTelb pHUCKa ObLI
paccuuTaH il BCE€X BO3MOXKHBIX
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Tabnuua 3. B3auMHoe cOOTBeTCTBHE NOCJIEACTBUI M BePOSATHOCTEM

Tokasatenm (kaTeropun Kareropuu BepoATHOCTH (4aCTOTHI) COOBITHS
TOCIICCTBHIT) YacTtoie Bepostuabie Bo3Mo>kHBIE Penxue
OueHb HHU3KHE 0,397 0,254 0,179 0,154

Huzkue 0,270 0,173 0,122 0,105
Hopmanbabie 0,233 0,149 0,105 0,091
Hauny4mme 0,149 0,095 0,067 0,058

OTMEUYCHHBIC BBIIIC KATETOPUM CTENCHH TSOKECTH ONIMOOYHO TPHUHSTHIX pEHICHUH
(mOCTIeCTBYA) XapaKTEPUIYIOTCS CIACAYIOINUM 00pa3oM.

Tabnuna 4. PesyabTarhl Ki1accu(puKanuy mocjae cTBUH

Knaccudukaunonable Ipu3HaKu

Mexannueckas Croumocts 1m CreneHb TSHKECTH MTOCIEACTBHM Knacrep
CKOPOCTb MIPOXOJAKHU (moxazarenu)
B OTHOCUTEIIBHBIX €IMHHIIAX
0,127-0,405 0,116-0,518 OYCHDb HU3KHE 3
0,152-0,485 0,542-0,892 HHU3KHUE 2
0,399-0,867 0,331-0,575 HOpPMaJIbHbIE 1
0,436-0,936 0,052-0,119 HAWJTy4IIINe 4

Jlig XapakTepUCTUKHU BEPOSTHOCTH (YACTOThI) HEXKENATENIbHBIX IOCIEACTBUII B CBS3H C
OLIMOOYHO MPUHATHIMU PELICHUSMH 11e71eCO00Pa3HO MCII0JIb30BaTh HE TOJIBKO KOJIMYECTBEHHbBIE, HO
Y KauecTBeHHbIE olleHKU. KaTeropuu BeposiTHOCTEH U MOC/eICTBUI yKa3aHbl B Ta0u1. 2 u 4. C yuétoM
OTMEYEHHOTO0 W UCIOJb30BaHUEM (DAKTHYECKUX JaHHBIX YCTAaHABIMBACTCS COOTBETCTBUE
MOCTIEICTBUM U BEPOSTHOCTEH M OLIEHUBAETCS KaTeropus pucka [3], corigacHo yemy, BBIIEIEHO
YeThIpe KaTeropuu (BBICOKHM,CpeAHMIA, yMEpEeHHbIN, HU3KUI) (Tab. 5). Beicokuii ypoBeHb pucKa,
HampuMep, MOXKET OBbITh WACHTU(HUIMPOBAH [JISI OYEHb CEPbE3HBIX IOCIEACTBUH YacThIX U
BEpPOSITHBIX COOBITUH (KO3 dUIMeHThl paBHbl | W 3 COOTBETCTBEHHO) WJIW I CEPBhE3HBIX
MOCJIEJICTBUM YyacToro coObITHs (K03 ULIMEHT paBeH 2).

Ta6muma 5. Pe3yabTaThl Kiaccu(puKanuii puckoB

K KonmnuectBenHas orneHka KayecTBeHHBIE XapaKTEPUCTUKHU
aTeropus pucka
pHucKa pucka
1 1-3 Bricokuit
2 4-7 Cpennuit
3 812 YMepeHHbIN
4 13-16 Huskuii

Bbiie ObIO OTMEYEHO, YTO Y4YacCTOK, PACIOJIOKEHHBIM BbIIIE, OTHOCUTEIBHO KPHUBOU
MIOCTOSIHHOTO PHCKa, SIBISETCS 30HOW HEIONMYyCTUMOIo (HENpHeMJIEMOIo) pHCKa, a HIKE —
pacrnosio’keHa 30Ha JOMyCTUMOro (mpuemiieMoro) prucka. OJJHaKo U B JaHHOM ClIy4yae MOT'YT UMETh
MECTO pa3jMyHbIe rpajlalluy pUCKa, TO €CTh TOUKH, IONABIIME B 00J1aCTh HEJONMYCTUMOI'O PUCKA, HE
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Bcer/ia OylyT OTHOCUTBCA K OJHOM Kateropuu pucka. CoriaacHo kiaccuuKaluy puckoB, B Ipeaenax
KaXXJ0M U3 3TUX 30H TAKKE BBIJACISIOTCSA Pa3HbIe KATETOPUU PUCKOB.

Takum 00pa3oM, MPEIJIOKEH BEPOSTHOCTHO-HEUETKOCTHBIM TMOJIXOJ K OLEHKE pHUCKa
MPUHSTHUS OIIUOOYHOTO PEUICHHs C YU€TOM MHOTOKPUTEPHAIILHOCTH YCIOBUI MPUHATHUS PEIICHUIA,
BKJTFOYAIOMIUN  KJIACCU(UKAIMIO BEPOSTHOCTEH OMIMOOYHBIX PEIICHUH, WX TOCICACTBUI U
BO3HUKAIOIIMX IPU 3TOM PUCKOB.

Bukxonano ananiz pezynomamie pobomu 00onim 3a NOKAZHUKAMU MEXAHIYHOT weuoKocmi i eapmocmi
Mempa npoxooxku. Moocnugi eunaoku npuuHAmMmsA HOMUIKOBUX DIilleHb NpU OYIHYI 6HAUBY DENCUMHUX
napamempis i munie 0onim Ha noxazwuxu Oypinns. Ilpoeedenuii ananiz pezyivmamie OypinHs C8epPONOGUH
PIBHUMU munamu 00im i OYiHYi pU3UKy NPUUHAMMS NOMUTKOBUX PIleHb.

Kniouosi cnosa: mexaniuna weuoxicmos, 6apmichnv Mempa npoxooKu, pusux, UMOBIPHICMb, HACTIOKU,
Kaacmep-aHanis.

ANALYSIS AND ESTIMATION OF EFFECTIVENESS
OF DECISIONS DURING DRILLING WELLS
The analysis of results of the bit operation on the parameters of the rate of penetration and the cost of the
penetration meter has been performed. There are cases of making erroneous decisions when assessing the influence
of regime parameters and bit types on drilling performance. In this regard, the report is devoted to analyzing the
results of drilling wells with different types of bits and assessing the risk of making erroneous decisions.
Key words: rate of penetration, cost per meter of penetration, risk, probability, consequences, cluster analysis.
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