METOAbl KOHTPOJIS

M INATHOCTUPOBAHMS

NAPAMETPOB HALEXHOCTU

SKCMTYATALUM
OBOPYOBAHUS

Masa 1 | | E®GTErA30006bI4M

WupopmalmoHHble TEXHOJIOTUU, IMUPOKO BHeApsieMble B HACTOSI-
mee BpPeMsl B TPAKTHKY HepTerazofo0bIBAIINX KOMIAHUN, MO3BO-
JITIOT KOPEHHBIM 00Pa3oM TIEPECMOTPETH TOAXO/bI K MpobieMaM Ha-
JIeKHOCTH, [TUATHOCTUPOBAHUSA U MPOTHO3MPOBAHUSA KaK IS OT/IEJIb-
HBIX OOBEKTOB (CKBaKUHBI, HACOCHI, TPYOOIPOBOIbI, SHEPreTUYECKOE
060pyOoBaHKE), TaK ¥ JIJIsI BCETO KOMILIEKCA 000PYIOBAHUS JOOLIYH,
MIPEJICTABJIIONIETO CJIOKHYIO B3aMMOCBSI3aHHYI0 cucrteMy. Hosble
TEXHOJIOTUY TTO3BOJIUJIH TIPEOJIOJIETh OIHY W3 CYIIECTBEHHBIX TPYIHO-
CTell, OrpaHWYMBAIOIINAX JIOCTOBEPHOCTb CTATHCTUYECKUX OIIEHOK U
MaTeMaTUYeCKuX Mojiesiell HeTera3oBhIX TEXHOJIOTUYECKUX ITPOIlec-
COB, a WMEHHO, HEeJOCTATOYHOCTh O00beMa M HEBBICOKYIO TOYHOCTD
JTAHHBIX TPOMBINIJIEHHOH 3KCILTyaTallnu.

CoBpeMeHHBIE aBTOMATUYeCKHE KOMITBIOTEPHBIE CHUCTEMBI, MPIHSI-
ThIE B 9KCILIyaTallMio B OOJBIINHCTBE HeMTerazomo0bIBAOIINX KOM-
NaHuii, MO3BOJLIOT MPAKTUYECKM HEOTPAHMYEHHO TIOMOJHATH Oasbl
JAHHBIX 110 AKCILUIYTAIIMOHHBIM TIapaMeTpaM, TUIAM W JIBUKEHWIO B
nporecce HKCIIyaTallui BCe HOMEHKJIATYPbl 000pYI0BaHMsI, 3aTpa-
TaM 2HEPTeTUYECKUX PECypCOB Ha IPOM3BOJCTBO TPOAYKIMH W IO
MHOKECTBY APYTHX IIPOU3BOACTBEHHBIX JAHHBIX U TIOKazareseil. Ak-
TUBHOE BHEAPEHHE KOMIBIOTEPHBIX CHUCTEM B HedTerazomobbrue Ha-
yajoch okoso 8—10 mer wasam (1990—1995 rr.), U K HacTOsIIEMY
BpeMeHU 00beM HAKOILIEHHON WHMOPMAIUU JOCTHT <«KPUTUYECKOU
MAacChl», MO3BOJISAIONIEN OCYIIECTBUTh KAYeCTBEHHBIN CKAYOK B IO/I-
X0/IaXx K TpobJeMaM HafeKHOCTH, HATHOCTUPOBAHUS M MPOTHO3MPO-
BaHUS B HE(DTETa30BOI OTPaCIIU.

PaccMOTpUM  TIPOCTON  TIPUMEP, JAEMOHCTPUPYIOMIUN He0OX0au-
MOCTb <«TJTybOKOr0» BO BpPEMEHM HAKOIJIEHWs JaHHbIX. IlycTh Ha
CPelHEM TI0 MacITabaM MeCTOPOXKIeHUU aKciryarupyiorest 500 riry-
OUHHBIX HACOCOB, CO CPEIAHUM HKCIUTYTAIIMOHHBIM PECYPCOM OKOJIO
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500 cyr. Takum 00pa3oM, IIPOUCXOAUT IPUOIMBUTENBHO 1 BHIXOX
Hacoca M3 CTPosi B CyTKHU. [lJIsT a/leKBaTHOTO CTaTUCTUYECKOTO aHaJIU-
32 HaJEKHOCTH HACOCOB HEOOXOAMMO BBIIEIUTh KOHKPETHBIA THUIIO-
pasMmep Hacoca U ero Mapky. Kpome Toro, Tpebyercst pasiejieHue 1o
TUTIAM BO3HHUKaoOmmXx aedextoB. HerpyaHo paccymrarh, 49TO MpH
30 pa3sMuyHBIX TUMIAX HACOCOB, MSATU YKPYIMHEHHBIX TUIAX OTKA30B U
MHUHUMAIbHOM 00beMe BhIOOPKU B 20 coOBITHII, TpeOyeMblil mepros
HaOIIOAEHMI [IPEeBBINIAeT 8 JIeT. 3a HTOT K€ CPOK HeoOXoauMa WH-
dopmanus mo aeburaMm, 0OBOAHEHHOCTH IPOAYKIIMHU, PHEMUCTOCTH
HarHeTaTeJbHBIX CKBaXKMH U [APYrHe NPOU3BOACTBEHHbIE NaHHBIE, €3
KOTOPBIX HEBO3MOKHO YYE€CTh BJIMSIHUE YCJIOBUU IHKCIUIyaTalliu Ha
HaJIe)KHOCTb HacocoB. PaccMoTpeHHBIH 1TPOCTON NpuMep IOKa3bIBaeT,
9TO TMPOBe/leHre aNeKBAaTHBIX PACUETOB IAPAMETPOB HANEKHOCTU
IPAaKTUYECKH HEBO3MOXKHO 0e3 IMPUMEHEHMs] KOMIIbIOTEPHBIX TEXHO-
JIOTHH.

C Japyroil CTOPOHBI, METOIbl MOJEJUPOBAHUS TEXHOJOTMUECKUX
MPOIECCOB M MPOTHO3UPOBAHUS aBapuil 06OpyZOBaHUST TPeOYIOT
TaKsKe GOJABIIOTO 0ObeMa MHMOPMAIMU, HO MOJYYEHHOH 3a CpaBHU-
TEJIbHO KOPOTKKE CPOKH, CPABHUMbBIE C XaPAKTEPHBIM BPEMEHEM pPa3-
BuTHA Ne(DEKTOB WIU YCIOBUI sKciuiyaTaiuu (1e0uToB, 00BOLHEH-
HOCTU JKMJIKOCTH, JIUHAMUYECKUX YPOBHEH, CO/lep:KaHUs MpUMeceil n
np.). Kak mokaseiBaeT mpaxkTuka, JJIMTEJbHOCTh MOIZOOHBIX HEPHOAOB
cocrasysier okoo 15-30 cyt [1, 2]. Takum 06pasoM, CTAaHOBUTCS
OYEBUIHON HEOOXOMUMOCTh €KECYTOUHBIX H3MEPEHUN IapaMeTpOB
AKCILTyaTalliK, YTO BO3MOKHO JIMIIb MIPU aBTOMATU3UPOBAHHOM €OO-
pe MaHHbBIX.

O6iue TpeboBaHus K (PYHKIMOHAJBHBIM BO3MOKHOCTAM HHMOP-
MAaIMOHHON crucTeMbl HedTelnpoMbIcia cBegerbl B Taba. 1.1.

Jl711 KOHTPOJISE COCTOSTHUSI TTPOMBICJIA HA OCHOBE PETPOCIIEKTHUBHO-
r0 aHaJM3a BCE 3TU JAHHDBIE JIOJDKHBI HAKAIIMBATHCS B 0asax Juist
BBISIBJIEHUS JIMHAMMKH TIPOIEcca paspaboTKU NPOMbICIA U PUHSTUS
PelIeHtii 110 ONTUMM3ALNU IPOMBICJIOBBIX PaboT.

Onwicannbiii MeTox cbopa ¥ XpaHeHus1 MHMOPMALMU BCeX Iiepe-
YHCJIEHHBIX BBIE MapaMeTpoB, ONPOOOBaHHbBIN Ha Psjie MECTOPOsKIe-
Huii TIIIT <«Korampimuaedreraz> OO0 «JIYKOWJI-3anagnas Cu-
OUPb>, MOJHOCTHIO MOKA3aJ CBOIO AKOHOMUYECKYIO 1e1eCO00PasHOCTh
1 3 PEKTUBHOCTD.

PaGothl o Hage:KHOCTU B obsactu HedTerazoBoro oOOpyAOBaHUS
UMEIOT psiji criennuyeckux ocoGeHHOCTEN 10 CPABHEHUIO ¢ APYTUMU
OTpaCJsIMU TIPOMBINILIEHHOCTH. OTPOMHBIE TTPOCTPAHCTBEHHBIE Mac-
mTabbl, BO3/EHCTBUE KIMMATHYECKUX YCJIOBHM, CIelU(pUKa MOA3eM-
HOI paboThl 0GOPYAOBAHUSA B TIOCTOSAHHO U3MEHSIONIMXCS YCIOBUSX
MPOAYKTUBHOIO ILIACTa — BCe 3TH (DAKTOPHI J€AI0T MPAKTUYECKH
HEBO3MOKHOHM TIOCTAHOBKY HATYPHBIX 3KCIIEPUMEHTOB, UTO SIBJISIETCS
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Tabauma 1.1

TexHoIOTHYECKHE TAPAMETPhI IKCILTyaTaluu He(TenpoOMBICIOB,
KOHTpOJINpyeMble HH(POPMAIIOHO-U3MEPUTEIbHON CHCTEMOI,
M ONTHMAaJIbHAsI IEPHOJUYHOCTD U3MepPeHHi

l‘l]\}gll I/ISMepHeMble napaMeTpbl HepMO/.lM‘{HOCTb unuaMepeHuda
1 | debut, M*/cyr He pexe oapmoro pasa B CyTKH IIO
KaKIOH CKBasKUHe
2 | laBnenue xosiekropa 3¥Y, aTi He pexe ommoro pasa B uac
3 | [IpuemucrocTtb 1o Kask10il HarHera- He pexe uerbipex pa3 B CyTKU
TeNbHOI CKBaxkuie, M°/CyT
4 | Hasnenue B BogoBoze BPT, atu He pesxe omnnoro pasa B yac
5 Toxu gsurarenein IITH, A He pexe ommoro pasa B 30 mun
6 | Hampsukernuwe TI1-380B, B He pexe ommoro pasa B 30 Mun
7 | Tokn nuratonux dunepos PY He pexe onnoro pasa B 30 Mun
35/6 kB, A
8 | Hampspkenust na puzepax PY He pexe ommoro pasa B 30 mun
35/6, kB
9 | Cocrosinne HAacCOCOB: OTKJIIOYe- He pexe ommoro pasa B wac st
HO/BKJIIOUEHO 1 00s13aTeJIbHbIA KOH- OIIH m ommoro pasa B IMeCTh 4YacoB
TpoJb, 1/0 g YHITH
10 | /Incrannmonnoe nosydenue auHamo- | He peske nByX pas B cyTKu
rpaMMm

11 | Yuer BpeMeHu paboThI HACOCOB, Yac C TOYHOCTBIO [I0 OJIHOTO Yaca B MECSIIL
12 | llaBrenue na xaxkaom BogoBogae KHC | He pexe oxmoro pasza B 30 mun
JITAaHHOT'O IIPOMBICJIA, aTU
13 | Vamepenue pacxozia 1Mo KaskKIOMY He pexe onnoro pasa B 30 Mun
Boji0BOAY, oTxoxsiemy or KHC, arn
14 | Masnenue na Bxome /JTHC mo xaxkmo- | He peske oxmmoro pasza B 30 mun
My TIPOMBICTIOBOMY TPYGOIIPOBOLY,
aTn

15 | Yuer orkaumBaeMoii JKUAKOCTH, TTo kaskaoMy TPyOOTIPOBOLY
M®/cyT
16 | Mamepenue o6BonHeHHOCTH 1O Kak- | [Ipu KaskaoM 3amepe nebura
01 ckBakuHe, %
17 | Yder pacxosa s€KTPOIHEPTUU IO He pexe ommoro pasa B uac
MIPOMBICTTY BO Bcex umepax, kBr-u

OOBIYHON TPAKTUKOW I KJACCUYECKUX MCCJIEN0BaHUN B obaacTu
HajexHocTu obopynoBanus. Ilostomy Gojbliias pojib B U3yYeHUH U
[IPOTHO3MPOBAHUY TIaPAMETPOB HaIEeKHOCTU B He(TerazoBoil oTpacyu
OTBOJUTCSI METOJAM MOJIEJTUPOBAHUSI.

[IpuHIMIMaIbHble OTpaHWYEHWs, HaKJIaJblBaeéMble Ha MOJEIb B
paMKax [eTepMUHUPOBAHHOIO IIOAXO/Q, IPUBEIU K Bce Oosee MIMPo-
KOMY KCITOJIb30BAHHUIO CTOXACTHUECKUX MOJEJEH, TTOBeeHIEe KOTOPHIX
MOKeT OBbITh 3HAYMTENbHO 0OJIee CJIOMKHBIM, YTO BO MHOTHUX CJIydasx
MO3BOJISIET A/IEKBATHO OIMCATh PEANbHYIO TEXHUYECKYIO CHUCTEMY.
st 1esieit MOJEJMPOBAHMSL U IPOTHO3WPOBAHUS IIOBEAEHUS CJIOXK-
HBIX TEXHUYECKUX CUCTEM BCE IIHMpe MPUMEHSIETCS TMOAXO, OCHOBAH-
HBIF HA TIOHSITUSIX CAMOOPTAaHU3AIINH, UM CUHEPTEeTUKH [2, 3, 4, 5].

C usyyenueM HaJeXHOCTH TECHO CBSI3aHA MPOOJIEMA AMATHOCTUKH
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o6opyaosarus. COBpeMEHHbBIE CUCTEMbBI JMATHOCTHPOBAHUS BeChMa
COBEPIIIEHHBI C TEXHWYECKON TOYKM 3peHus. OMHAKO WHTEPIIPETAIUS
Pe3yJIbTaToOB AMArHOCTUPOBAHUS TIO-TIPEKHEMY OCTAeTCsI CEePhe3HOM
npobaeMoil. B mocseHee BpeMst JUIST WHTEPTIPETAIMH PE3YJIbTATOB
JIMAaTHOCTUYECKUX M3MEPEHUI Bce yallle MPUBJIEKAOTCS COBPEMEHHbBIE
MaTeMaTUYecKrue METO/bl — TeOpus NeTePMUHUPOBAHHOTO Xa0Ca, TEO-
pusg dpakTasoB, HEWPOHHbIE CETHU, TPEAUKTOPHBIE MOJEJU W T.II.
[2, 3]

[TepeunciieHHbIE METOJIBI B HACTOsIIIEE BPeMsi OYPHO Pa3BUBAIOTCSI
U HCIIOJB3YIOTCS Ha MPAKTHKe BO MHOTHUX OTPAC/SIX HAYKH, TEXHUKH
U TEXHOJIOTWH, OMHAKO B HedTeraszogodbiue WX MpUMEHEHHe 0 TI0-
CJIETHETO BPEMEHU CJIEPIKUBAIOCH OTCYTCTBUEM JIOCTATOYHOTO 0ObeMa
nHdopmaun.

B nanHOW riaBe wmccienyercss pazpaboTKa METOIOB KOHTPOJS U
NIVATHOCTUPOBAHUS TMAapaMeTPOB HAJEKHOCTH IKCILTyaTalu 06opy-
noBaHUsT HeTEra3o00bIYM, YINTHIBAIONINX YCJIOBUS €T0 IKCILIyaTa-
I[MH, a TakXe IMOCTPOeHHWE MaTeMaTHYeCKMX Mojeseil TeXHHIeCKNX
CHCTEM, HCTIOJB3YIONIUX METO/bI PACIIO3HABAHUS 0OPA30B, MOHATHS
CUHEPreTUKH, U 0a3UPyoMuUXcst Ha GOBIIMX MaCCUBAX 9KCILyTAIlU-
OHHBIX TIAPAMETPOB, IOJTYYEHHBIX ABTOMATHYECKHIMU WU3MEPHUTETbHbI-
MU CHCTEMaM.

1.1. BO3JIEIICTBHE YCJIOBUI SKCILIYATAIINU
HA IIAPAMETPHI HAZTE;KHOCTH
HE®TETA30BOI'O OBOPY/IOBAHUY

OanuM 13 BaKHBIX (PAKTOPOB, OKA3bIBAIONUX BJIMSHUE HA JIOJITO-
BEYHOCTh W HA/IEKHOCTH 000pyI0BaHus HedTera30M00b19M, SBISETCS
COBOKYITHOCTb TIapaMEeTPOB M XapaKTEPUCTUK MecToposkiaeHus. Oue-
BUJ(HO, 4TO Pabouuii Pecypc COBEPIIEHHO HAEHTUYHOTO 060pyA0Ba-
HUsl, PABOTAIONIETO B PA3HBIX YCJIOBUSX, OyaeT pasiaudeH. [T0CKOIbKY
9T (PaKTOPHI OIMPENEAIOTCS HE3ABUCHMO OT OCOOEHHOCTEH KOHCT-
PYKITM 000pPYIOBaHMSI, €70 TUTA, MAPKUA U KOHCTPYKIIMOHHBIX MaTe-
pHAJIOB, HA30BeM WX YCJIOBHO <«BHemHUMHU» (dakTopamu. CrerneHb
BJIUSTHUS TOTO WJIM WHOTO BHEITHEro (hakTopa He OCTAeTCs MOCTOSH-
HOIi, HO M3MEHSETCST B MPoIecce PaspaboTKU MECTOPOK/ICHUS.

KosmmuecTBenHoe omnucanue IokasaTesiell Ha/leKHOCTH ITIPOU3BO-
JUTCS ¢ IOMOIIBIO (DYHKIIMM pacipe/iesieHns BeposTHOCTEN cirydaii-
HBIX BEJINYNH, TaKMX KaK BpPeMst Ge30TKasHOW paboThl YCTPOCTBa,
WHTEPBAJIBl MEXAY OTKAa3aMH U T.J.. YUYeT BIUSHUS BHENTHUX yCJIOBUI
IPUBOJUT K HEOOXOAMMOCTU y4eTa BPEMEHHBIX 3aBHCUMOCTEH Iapa-
METPOB paclipe/ieJIeHU.

Nsyyenune BausAHMSA BHeNTHUX (PAKTOPOB HAa IKCIJIYATAIMOHHYIO
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HaJIE)KHOCTh  HepTerasoBoro 00OPYIOBAHUS SBJASAETCS BaKHEHIIUM
YCJIOBHEM TOBBIIIEHUsSI YPOBHSI HAJEKHOCTH 0OBEKTOB HedTerasono-
ObIYM U JIOCTOBEPHOCTH METOJIOB TEXHUYECKOW JUATHOCTUKUA 06OPY-
JIOBaHUS IIPOMBICJIOB.

1.1.1. DMIIMPUYECKOE ONPE/IEJEHUE OYHKITHIA
HAJEXKHOCTH HED®TETA3OJOBBIBAIOIIEIO OBOPYJOBAHUSI

[MoHsiTre HaJEKHOCTH JIOOOTO TEXHUYECKOTO OOBEKTa, paccMar-
pUBaeMoe B OTPBIBE OT YCJOBUI €r0 3KCIUTyaTalluH, SIBJISETCs TIOHI-
TieM aGcTpakTHBIM. Hampumep, aBTOMOOWJIb, SKCILIyaTHPYeMblil Ha
achaTbTUPOBAHHBIX OPOTraX, MPOCIYKUT HAMHOIO JOJIbIIE, YeM IPU
€ro 3KCITyatanuu Ha 6e3opoxkbe. To Ke caMoe B paBHOU Mepe OT-
HOCUTCS M K TEXHUYECKUM 00beKTaM HedTerazoo6bdu.

Kak y:ke 0oTMeuYasoch, IOCTAHOBKA IKCIIEPIMEHTOB C IIeJIBIO OIpe-
NeJIEHNsT OCHOBHBIX MAPaMeTPOB HAJEKHOCTH Ha HedTerasoBoM 060-
PYyZIOBaHWM He TIPEJCTaBJsIeTCs BO3MOXKHON. [loaTomMy eamHCTBEHHON
BO3MOJKHOCTBIO OIIEHKU Pabodyero pecypca, CpPeIHEro BpPEMEHH Hapa-
GOTKM W JPyrux MNokasaresieil HaJexXHOCTH 000pyAOBaHMs, 3HAHUE
KOTOPBIX HEOOXOAUMO sl TJIAHMPOBAHUS MPOU3BOJACTBA,  OIEHKU
KauecTBa CEPBUCHOTO OOCHYKMBaHWs WM PabOThI PEMOHTHO-BOC-
CTAHOBUTEJBHBIX OPUTAJI, SIBISETCS PacyeT HA OCHOBAHUU SMITUPUYE-
CKUX JIaHHBIX, TOJYYEHHBIX HEMOCPEACTBEHHO B MpPOIecce A00BIYU
CBIPbSL.

PaccMOTpUM OCHOBHBIE OCOOEHHOCTH SMITUPUYECKOTO TOAXO0Ma K
BOTIPOCAM HA/IE)KHOCTU Ha npuMepe 9KCILTyaTaIluu
HedTera3on0661BAONETO 060PYAOBAHNSL.

Haubosee mosHOi wuHdopManueii o ciay4ailHON BeJMYKMHE, Ha-
mpuMep, 0 BpeMeHU HapaGoTKu 000pPYIOBaHUsS Ha OTKAa3, SIBJSIETCS ee
bynxmusa pacnpenenenus. O4eBUAHO, YTO MapameTpbl (HYHKIIMHU pac-
npejiesieHust ke OJHOTHITHOTO TEXHOJOTHYECKOTO0 OOOPY/I0BaHUS, a
BO MHOTHMX CJIy4asiX M CaM XapaKTep pPaclpeziesieHus, 3aBUCIT OT
MHO’KeCTBa (haKTOPOB, TaKWX KaK THUMOpa3Mep 0OOPYAOBaHUS U Tie-
JBIF P/l TApaMeTpoB SKCILTyaTainy (CBOWCTBaA IMacta W A0ObIBae-
MOTO TPOAYKTA, AeOUT CKBaKMHBI, METO/BI TIOIEPKAHUS TLIIACTOBOTO
JIABJIEHUS U T.IL).

[Toaromy mapamerpbl HAIEKHOCTH OTHOTO U TOTO XKe TeXHOJOTHU-
4eCKOTo 0GOPYIOBAHUS 3aBUCAT OT XapaKTEPUCTUK MECTOPOKIEHUS,
KOTOpPBIE, B CBOIO OY€pellb, U3MEHSIOTCS BO BPEMEHH. JTO TPUBOIHUT
K CYIIECTBEHHBIM 3aTPyIHEHWSIM ITIPH TOMBITKAX MOCTPOEHUS Teope-
TUYECKUX MOJIeJIell JIJIsi ONMUCAHUs TTapaMeTpoB HalEKHOCTH, JaKe B
TeX Cilydasx, KOIjla MMeeTCs 3HAUUTEIbHBIN OObeM MPOU3BOCTBEH-
HBIX JIaHHBIX TI0 OTKa3aM 000PYI0BAHUS.

[ToaToMy /10 HACTOAIIETO BpeMeHU HamGoJiee JIOCTOBEPHBIM METO-
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JIOM OIpe/iesieHNs 3aKOHOB paclipe/iesieHsi B UCCIAEOBAHUSIX HAJIEK-
HOCTH  HedTerazofoObYu  ABJSIETCST  MOCTPOCHHME  IMIUPUUECKUX
dyukimit pactpenenenus. Vcmoab3oBaHue 2JeKTPOHHBIX (a3 JaH-
HBIX, TTMPOKO TPAKTHKYEMOE B HACTOSAIIEE BPEMST OGOJBITHHCTBOM
HedTera3oJoObIBAIIINX MPEANPUITHIA, MO3BOJISIET 3HAYUTETBHO II0-
BBICUTH JIOCTOBEPHOCTb 3MITUPUYECKUX MOJEJIeH 32 CYET YBeJUYeHUs
ob6beMa 9KCIEePUMEHTAIbHBIX JaHHbIX. [Ipu aToM, Kak Oyzer mokasa-
HO HUKe, OKA3bIBAETCS] BO3MOXKHBIM HE TOJBKO MOCTPOeHUe (PYHKIIHIT
pacripefiesieHUsT T KaKZAOTO THUIA TPUMEHSIEMOTO ITPOMBICIOBOTO
TEXHOJIOTHYECKOTO 0OOPYIOBAHUS, HO ¥ YY€T BPEMEHHBIX 3aBUCUMO-
cTell MHTEHCUBHOCTH OTKAa30B, a TakKKe BBISBJIECHIE CBS3U ITTOKa3are-
Jiell HaJIeSKHOCTH € YCJIOBUSMH 3KCILTyaTallud, KOTOPas BBIPAXKAeTCs,
B YACTHOCTH, B KOPPEJSIIMN WHTEHCUBHOCTH OTKAa30B C MECTOIOJIO-
JKeHreM 0060PY/I0BAHUS HAa TEPPUTOPUE MECTOPOIKIEHUSI.

HawubGosee 9acTo B MCCIEIOBAHUSAX TI0 HANEKHOCTH He(dTErasoBoro
060pyIOBAHUST UCTIOIB3YETCS OMHOTIAPAMETPHUYECKOE pPacIpeieieHie
CO CTaI[MOHAapHBIM TIOTOKOM OTKa30B (TIOKa3aTeslbHOE) M JByXIapa-
MeTpudeckoe (HopMasbHOe U pacnpeneienue BeiiGymna). Mcnosb3o-
BaHUe [[JisI TIOCTPOEHUST IMIMPUUECKUX MOJIeJieil Tpex u GoJiee mapa-
METPOB TMPUBOAUT K PE3KOMY YBEJUUYEHHUIO HEOOXOAUMOro oGbheMa
9KCIEPUMEHTATBHOTO MaTepuajia U JI0 HACTOSIIIET0 BPEMEHH IITHPOKO
He TIPUMEHSIeTCS.

DyHKIMY pacIpeieIeHs TapaMeTPOB HaJeKHOCTH MOTYT OBITH
MIPE/ICTABIEHbI B PA3JIMYHBIX dKBUBAJIEHTHBIX (popMax — B BUJle WHTE-
TPajJibHOTO 3aKOHA paciipe/ieIeHus] BePOSITHOCTU OTKAa30B BO BPEMEHU
F(t), mnoraocru pacnpeznenenus f(t) = dF/dt, GyHKIMNI BEPOSITHOCTH
6esoTkaszHoil paborbl R(t) = 1-F(t) u 1.1,

L1 AMIMPUYECKOTO OIpe/ieIeHNsT TapaMeTpPOB HAIEKHOCTH B
JMaHHOU paboTe MCMOJB30BaIach (DYHKIMS BEPOSITHOCTH (GE30TKa3HOM
pabotel R(t), onpeesiBUIAsCA HA OCHOBAHUYM WH(POPMAIMK IKCILTya-
TAIMOHHBIX 6a3 JAHHBIX 110 OTKA3aM COTJIACHO COOTHOIIEHUIO

R(t) = N(¢)/No, (1.1)

rie Ny(t) — uucio equuuil 060pyOBaHKs, COXPAHUBIIUX PabOTOCIIO-
COOHOCTH B TEUEHUE MPOMEKYTKA BpemeHu f; Ny — nepBoHavaibHOe
YHCJIO eIMHUIL OOOPYIOBAHUSA HA KAKOM-JITUO0 MECTOPOKICHWH.

TaxkuM 06pa3oM, BEPOSTHOCTh GE30TKA3HOM PabOTHI OTPEESIeTCsT
OTHOTIIEHWEM YHCJIA OCTABINUXCS B HKCIIyaTallud eIuHUI] 060pyao-
BaHUs K uX 001ieMy uuciay Ny B MOMEHT Havyaja KCIUTyaTalluu BCel
rpyIIbl 060PyI0BAHMS.

3aMeTuM, UTO B PEAJHHOM CJIydae BBILIEAIIee U3 CTPosi 060pya0-
BaHUE 3aMEHSETCS WM PEMOHTHPYETCs, W, TakuM oOpasoM, obiiee
KOJIMYECTBO €IWHUIL 00OPYIOBAHUS OCTAETCS TOCTOSHHBIM. OMHAKO
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3TO He NPUHIUIHMAIBHO /IS TIpejiaraeMoil MeToJuku. /lelicTBuTesb-
HO, pacriosiarast 6a3oii JaHHBIX MO gedeKTaM 060pYIOBaHUsA, B KOTO-
poii comepsKaTcs AATHl €0 BBOAA B IKCILIYATAIMIO W BHIBOZIA W3 Hee
IIPY BO3HUKHOBEHWH TOTO WJIM WHOTO JleeKTa, MOXKHO MCKYCCTBEHHO
MepeMeCTUTh MOMEHTBI Havajia SKCILIyaTallid BCEX eIUHUI[ 000PYI0-
BaHUS B OJIHY BPeMeHHYIO TOUKy. IIpu aTOM Takxke cMelaeTcsi Bpemsi
BBIXO/1a 000PY/I0BaHUSA U3 CTPOs (BpeMst HapabOTKKM He U3MEHSeTCs),
U, TakuM oOpasoM, BCe IPUBEJEHHbIE PACCYKAEHUS OKa3bIBAIOTCS
CTIPaBe/TNBBIMU. BakKHO JIMIIb, YTOOBI TIEPUO BPEMEHMU, 32 KOTOPBIHA
aHaM3WpyeTcsl WHMOPMAIHS, He MPEBbIIIAT XapaKTePHOTO BPEMEHU
M3MEHEHUS] XapaKTEPUCTUK MECTOPOKAEHHUsI, YTO HEOOXOAUMO  JJIst
COBJTIO/IEHUS YCJIOBHS MOCTOSTHCTBA (DAKTOPOB 9KCILTyaTAI[UH.

B kauecTBe TprMepa pacyeToB BEPOSATHOCTH OE30TKA3HOH paboThi
OJIHOTO M3 OCHOBHBIX THUIIOB 0GOPYAOBaHUS He(TENPOMBICIA — JIEK-
TpOLEHTPOOEKHBIX HacocoB (DITH) — paccMOTpUM IIPOM3BOACTBEH-
Hble JaHHbIE 10 OTKa3aM TUIMYHOIOo A ycaoBuil 3amagnoin Cubupu
MECTOPOKIEHUS.

Pacnpenesienvie BpeMeHu 06e30TKasHON paboThl R(f) 1Jist HEKOTO-
peix tunoB HacocoB IIIH, paccumrannoe 1o NpuBEIEHHON BBIIIE
MeTonuKe, ipuBeieHo Ha puc. 1.1. CruromHoN JuHMel MmoKa3aHa WH-
TEpHOJISAINS IKCIIEPIMEHTATBHBIX TOUEK IT0Ka3aTelIbHOH (yHKIMeH
Buzsa R(t) = exp(—At), rme A obo3HayaeT MHTEHCUBHOCTH IIOTOKA OT-
Ka30B.

Kax ciemyer 13 MOJTy4eHHBIX Pe3yJIbTaTOB, P MOMOIIM MOKAa3a-
TeJTBHON (DYHKIIMU MOXKHO JOCTATOYHO TOYHO OMUCATH (haKTHUecKue
JIAHHBIE.

HawubGosbiltee  pacxoskeHre SMIUPUYECKOR W TEOPETHUECKON
byHKIWMi pacmpeneseHss BpeMeHn HapaGoOTKH Ha OTKa3 HabJofaer-
Cs B HAYAJIBHOM CTaMU DKCILIyaTallid OOOPYAOBAaHUS, KOTAA OCO-
GEHHO BBICOKA BEPOSTHOCTH MPUPABGOTOUHBIX OTKA30B.

Cpenuuii mexpemontubiii  mepuox (MPII) st 06opynoBaHust
Da3JIMYHBIX TUIIOPA3MEPOB U (PUPM-TIPOU3BOJUTEJIEH, UCIIOTIH3YEMOTrO
Ha PaccMaTPUBAEMOM MECTODOKIEHWHU, PACCIUTAHHBIN TI0 OMUCAHHOM
METOJUKe, IpeicTasied B Taba. 1.2,

AHanmu3 TONYYEeHHBIX Pe3yJbTaTOB CBUIETEILCTBYET O TOM, UTO
HapabOTKa HA OTKA3 110 OTAEJIbHBIM TUIIAM HACOCOB OTJIMYAETCS MEXK-
ny coboii 6osee yem B 5 pa3. Hamnbosiee Hajie)KHBIM B JTAHHBIX YCJIO-
BUSIX O9KCILIyaTalluu SIBJISIETCS WMMIOPTHBIN Hacoc mapku DN280,
HauMmenee Hajexen — IITHM5-125-1500.

Jlns mceenoBaHuii M MPOTHO3MPOBAHUS MAapaMeTPOB HA/lEKHOCTH
BecbMa BajkHa KJACCHU(DUKAIMS OCHOBHBIX TIPUUYUH BBIXOAa 00O0PYIO-
BaHus U3 cTpost. [Ipu atom Hambosiee PasyMHBIM TOAXOAOM SIBJSIETCS
oObenrHeHne OTKa30B, CXOKUX 10 MEXaHW3MY BO3HUKHOBEHUS, Ha-
npumep, mpoboil CUIOBOTO Kabessi, CHUMKEHME COTPOTUBJIECHUS H30-
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Tabauima 1.2

OcHoBubie cBenenus no orkazam 1 MPII 9ITH 3a nepuox 1999-2001 rr.

Yucno aBapuii Cpennuit
Ne 11/m Tun 91TH B 6asze aHHBIX MEKPEMOHTHBII
nnc TIepUo, CyT
1 IDIHM5-125-1500 38 189
2 IDIIHMS5-125-1800 29 220
3 IITHM5-50-1300 167 242
4 IDIIHM5-80-1550 78 252
5 IIIHMS5-50-1700 69 259
6 IDIHMS5A-160-1450 83 262
7 DIHM5A-250-1700 32 283
8 IIIHMS5-50-1550 52 309
9 TD450 21 315
10 TD280 20 382
11 IITHMS5-80-1200 37 504
12 DN280 20 991

Jaarmn u epeKT OOMOTKU JIBUTATENISE MOYKHO OTHECTH K OJHOMY TH-
Iy, YCJIOBHO Ha3BAHHOMY <«3JIEKTPUYECKUE TIPUYUHBI», OOPBIBBI
IITAHT, GOJITOB, KPENEKHBIX JEMEHTOB, HE3ABMCUMO OT UX PACIOJIO-
JKEHUsI B CKBKHMHE — <«TOJEThl» U T.J. [logo6Hast KiacTepusanus
MO3BOJISIET CYIIECTBEHHO YBEJIWYUTH 0OBHEM BBHIOOPKU aBapHITHBIX CO-
OBITUI TIO ONpEeIEHHBIM THIaM JIe(GEKTOB 1 T€M CaMbIM YBEJHMYUThH
JIOCTOBEPHOCTb CTATUCTUYECKUX PACUETOB.

Taxoil moaxox 1 ObLI MOJOKEH B OCHOBY OOBEIUHEHUS OTKA30B
060pyI0BAHUS TIO TPYIIIIOBBIM MPU3HAKAM.

PesynbpTarel anammsa NpUYMH OTKA30B IIpeACTaBJIeHbI Ha puc. 1.2,
r7e TpUBeleHa IuarpaMMa OTHOCHTETBHBIX YaCTOT BO3HMKHOBEHUS
oTkazoB JIIH 1o 1msaTi OCHOBHBIM TIPUYMHAM.

AHaiu3 MOJIyYeHHBIX Pe3yJbTaTOB IOKA3biBaeT, 4To HauboJee
pacrpocTpaHeHHAsA TPUYMHA BBIXOJIA U3 CTPOS TIYOUHHBIX HACOCOB —
3acopenuie (47 % wmeucnpaBHocteit). Ciofia BKJIIOYEHbI 3aCOPEHUsT Pa-
6OYMX OpPraHOB Hacoca TMeCKOM, mMapahUHOM, COJMAMU U JIPYTUMU
MOCTOPOHHVMH MeXaHWYECKUMH BKJIIOYEHUSIMU, HAPYIIAIOIUMH pa-
60Ty HACOCOB.

Bropoii 1o yacTore BbI3bIBAa€MbIX HEMCIIPABHOCTeH NMPUYMHOU sIB-
JIIETCS HErepPMETUYHOCTh HacocHO-komipeccopubix Tpy6d (HKT). IIo
9TUM IPUYMHAM TIpoucxomsart 18 % BceX OTKa30B.

Cmwkenne puHamudeckoro yposas (10 % orkasoB), Boobie ro-
BODsI, He SBJISIETCS HEUCIPABHOCTBIO Hacoca. OfHAKO Pa3BUTHE 3TOTO

Puc. 1.1. KpuBas Beposirnoctu 6e30Tka3HOi paGoTsl R(f) mjisl TpexX TUIIOB HACOCOB
IIIH.

Hopmuposannas aucnepeust ageksatnoctu: a — D = 0,9758; 6 — D = 0,9558; ¢ — D =
=0,9913
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Puc. 1.2. OcHosubie Tunbt otkazoB IIIH (o6bem BbiGOpku — 950 0TKa30B)

IIPOIleCCa BbI3bIBAECT HEOOXOAMMOCTb OCTAHOBKM CKBA)KUHBI U IIPOBE-
JIEHUST BBICOKO3ATPATHBIX OOC/IYKMBAIOIINX MEPOIPHUSITHIA, KaK U MPH
(pusnueckom nedekre Hacoca. [ToaToMy ¢ TOUKM 3peHUS MTPOBEIEHUS
ONTUMHU3ALUN  OOCHYKMBAHUSI, METOIbl KOTOPOW PaCcCMOTPEHBI B
TPeTbeil IJIaBe JAHHOW KHWUTH, BKJIIOYEHWE 3TOM MPUYUHBI OCTAHOBKU
B 1epedeHpb AedeKTOB 060PYA0BaHUS OIIPABIAHO.

Hanmenee pacmpoctpaHeHbl e(heKTHI, CBSI3aHHBIE C 3JEKTpHUE-
CKUMM npuduHaMu. Tem He MeHee, B aGCOJIOTHOM BBIPAXKEHUH UX
YUCJIO JOCTATOYHO BEJMKO. Besmka ¥ CTOMMOCTb JIMKBHUJAAIUU T10-
JIOOHOTO OTKAa3a.

HazesxxHocTh M 9KCILIyaTallMOHHAs 0e30IacHOCTb (DYHKIHOHIPO-
BaHWMs 00OPYAOBaHUSI He(DTENPOMbICJA 3aBUCUT He TOJBKO OT
CBOWCTB MaTepHaioB, KOHCTPYKI[MOHHOTO COBEPIIEHCTBA MeXaHU3-
MOB, KayeCTBa M3TOTOBJIEHHSI U COOpKM (<«BHyTpeHHME» (aKTOpPbI,
CBsI3aHHbBIE C HAJIEKHOCTHIO), HO W OT YCJOBHU sKciryaraiuu. [lox
YCJIOBUSIMU  AKCILIyaTallud TIOHUMAIOTCSI «BHEITHHe»> (haKTOPbl, He
CBsI3aHHBIE C KOHCTPYKIMelN yctpoiictBa. Takumu QakTopamu sBjis-
I0TCs, HAIpUMep, OOBOAHEHHOCTb A0ObIBAEMOM JKUAKOCTH, AEOUT 110
HeDTH W JKUIKOCTH, KaueCTBO W HAIEKHOCTh 3JEKTPOIMUTAHUS TIPU-
BOJIHBIX JBUTATEEH U TIp.

MHorue U3 <«BHEIMHUX» (AKTOPOB MU3MEHSIOTCSI ¢ TeUYEHUEM Bpe-
MEHU, W MO3TOMY BA)KHO pacIiojiaraThb He TOJBKO TEKYIIUM 3HAYEHU-
eM (akTopa, HO ¥ UMETh CBEJEHUS O €ro AMHAMUKE. DTH 33Ja4u MO-
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ryT OBITh PEIeHbl ¢ TOMONIBI0 MHMOPMaUK 6a3 JaHHBIX aBTOMATHU-
3UPOBAHHBIX U3MEPUTEJNbHBIX HE(PTEIPOMBICTIOBBIX CUCTEM.

KpoMe Tekymux mapaMeTpoB HKCIIyaTallii CKBaKHHHOTO 000py-
noBaHsl, Ga3bl JAHHBIX KOMIBIOTEPHBIX CUCTEM MOHHWTOPUHTA COMEP-
JKaT CBEJIEHUST O MapKe U XapaKTePUCTUKAX HACOCOB, Kabesei, MydT
U JIPYTUX Y3JI0B, YTO MO3BOJISIET TIPOCJAEANTh UX MUTPAIMK B TIPOIlEC-
ce 9KCIUTyaTaluu.

3aMeTuM, u4TO K «BHEIIHHM» OTHOCHUTCS U Psifi (DaKTOPOB, He W3-
Mepsiembix TV C, HO mepronyecKyt KOHTPOJIUPYEMBIX B 1abopaTop-
HBIX yCIOBUsIX. K HUM OTHOCATCS cojiepskatue B H0OBIBAEMOW K-
KOCTH XUMWYECKH arpecCUBHBIX U aOpasWBHBIX BEIIECTB, IECKa, CO-
Jielt, mapaduHa 1 T.II.

Takum 006pa3oM, HUCIOJIb30BaHUE JAHHBIX ABTOMATU3UPOBAHHBIX
MHOOPMAITMOHHO-U3MEPUTENBHBIX CHCTEM IT03BOJISIET YCTAHABJIUBATH
CTaTUCTMYECKHME 3aKOHBI pacIpefieJieHrs] IapaMeTPOB HAIEeKHOCTH
HedTeTOOBIBAOIIET0 W HHEPTETHYECKOTO OGOPYAOBAHUS Ha OCHOBE
AMIUPUUYECKUX JIAHHBIX, TTOJTYIEHHBIX HETIOCPEJCTBEHHO B MPOU3BOJI-
CTBeHHBIX ycaoBustX. OObeM WHPOPMAIMOHHBIX (a3 OKa3bIBAETCH
JIOCTATOUHBIM JIJISI KJacCU(DUKAIIMU OTKA30B HACOCHO-CUJIOBOTO 060-
pynoBatust HehTeAOOBIYM U ONPEAENEHUS YUCIEHHOTO COOTHOIIECHMUS
MEeX/y THTIAMH OTKA30B TEXHOJOTHYECKOTO 00OPYAOBAHUS HE(PTAHBIX
TIPOMBICJIOB.

1.1.2. OPEJAEJEHUE JUHAMUKU U3MEHEHUS MMOKA3ATEJIEI
HAJIEKHOCTH TEXHOJIOTMYECKOI'O ObOPYZIOBAHUA
HE®TAHBIX ITIPOMBICJIOB

Kax 6b110 OKa3aHO B TIPEABIAYIIEM pasfiesie, JTUTETbHOCTD MEK-
PEMOHTHOTO TEPUO/IA OMHOTHITHOTO TEXHOJOTHYECKOTO 0O0PYIOBAHNS
OTIPEZIEIAIOT HE TOJIBKO €r0 KOHCTPYKIMS M KauyecTBO 3aBOJICKOTO
ucrojiHeHust (MM PEMOHTA), HO U BHeNHUe (aKTOPbl, 0OYCIOBJIEH-
Hble BJMSHUEM BHEINIHEH CPebl U YCJIOBUSAME IKCILIyaTaliuu o6opy-
JIOBaHUSI.

B nammoMm pasmerne pa3pabaThiBaeTCss MaTeMaTHYeCKash MOJIENTb,
COTIOCTABJISIIONIAST «BPEMsI KU3HI» O0OOPYMOBAHUS C KAYeCTBOM €TO
M3TOTOBJICHUS, COBEPIIEHCTBOM KOHCTPYKIIMM W YCJIOBUSIMHU JKCILIya-
TaIUN.

V3BecTHO 3HAYMTETIBHOE KOJIMYECTBO CTATUCTHYECKUX MOJIEJIel,
OTIMCBIBAIOIINX BEPOSITHOCTh BBIXOAA U3 CTPOSI TEXHOJOTMYECKOTO
o6opymoBaHust HeTENPOMBICTOB  (3JMEKTPOIIEHTPOOEKHBIX HACOCOB
(91IH) m mrranroBeix HacocHbix ycranoBok (IIITHY)). Kak mpasu-
JIO, BO BCEX MOAOOHBIX MOJEJSAX TPEIIOJNATAETCS], YTO OTKa3bl 000py-
JIOBAHUST TTPOUCXOJAT TPU YCJIOBUU CTAIMOHAPHOTO MOTOKA OTKAa30B.
OpHaKo, WCXONsA Make W3 CaMbIX OOIIUX COOGPaKeHUH, ciepyer
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OKUJIaTh, YTO MHTEHCUBHOCTH OTKA30B siBJigeTcs (DyHKIMEN BpeMeHH,
OpUYEM II0 Mepe CTapeHHs OOOPYZOBaHUSA MOKHO IIPEIIIONOKUTh
BO3pacTaHKe MHTEHCUBHOCTU OTKA30B.

PaccMOTpPHM BO3MOKHOCTB OIIPEeJIeHUsI 9TO BPeMEHHOU 3aBU-
CUMOCTH Ha OCHOBaHMM aHaau3a 0a3 JaHHBIX MHGOPMAIMOHHO-
N3MEPUTEJBbHBIX CUCTEM, OTHOCAMIUXCA K 3aPETrUCTPUPOBaHHBIM OTKa-
3aM TEXHOJIOTUYECKOTO 0OOPYAOBAHUL.

[Ipeanonoxum, 4to u3 Ny eIUHMI OJHOTHIIHOIO 0OOPYAOBAHUS,
OKCILIyaTHPYIOIErocst B IpejesaX KaKoro-jubo MeCTOPOKIEHUS, B
TedeHue IPOMEXKYTKA BPeMeHM ¢ BbIIUIM u3 cTpost Nj(f) emuHHIL
obopynoBanus, a Ny(t) coxpaHuio paboTOCIIOCOOHOCTb.

OueBUIHO, YTO

No = Ny (@) + Ny(®). (1.2)

Torga BEpOATHOCTD GE30TKA3HON pabOThl HACOCA OIIPENETUTCI KaK
__NO

RO=5ov o (1.3)

rie R(t) — BeposITHOCTH GE30TKA3HON paboTHI 32 BPeMSI L.
C yuerom (1.2) Beipakenue (1.3) mpumer Bup (1.1):

R(t) = N, (t)/N,. (1.4)

3aMeTuM, 4TO MPU TMPAKTHYECKUX PACUYETaX JOMYCTHMO CMEIIeHIe
MOMEHTa BPeMeHU 3alycka 060pyA0BaHus B paboTy MPU COXpaHEHUN
€ro BpeMeHM HapaOOTKH, KakK yiKe OBLJIO CKa3aHO paHee.

PasenctBo (1.4) BoinosiHszeTcss TeM Gojiee TOYHO, yeM Oosibiie Nj.
[Ipu Ny — o Boipaskenue (1.4) B npenese nepeiier B GyHKINO Ku-
BYYECTH.

[TycTh GyHKIMST BEPOATHOCTH MOSIBJIEHUS OTKA3a 32 BPEMsI ¢ €CTh
E(t), Torna

F@) =1- R(®).
Ucnonbzys (1.4), MOKHO 3ammucaTh, 4TO
F(t)=1-Y0, (1.5)
Ny
[Moxcrasisas (1.2) B (1.5), moaydum

No=Ny(®)] Ns(@)

Foy=1-| =" v

(1.6)

nmbo
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R(t):l—F(t):i—N]C(t). (1.7)

0

IIpoxuddepeniiuporas R(f) 10 ¢, MOXKHO OIPENEJUTh [JIOTHOCTD
pacmpeneneHns BpeMeHn 0e30TKasHoi paboTsl f(1):
dR(t dN ; (1)
foy="0 =l =

C nmomotpio Beipaxkerust (1.4) sanmmiem Boipaskenue (1.8) B Buze

dN ;t(t) ~_N, d];it) _ ngt(z). (19)
Paznenus obe wactu (1.9) na N(£), monyanm
1 dN;@® _ _ N dR(t), (1.10)
Ny(t) dt N(t) dt
i
N:(t) dN CZ- ® _ Nlj?z-) dIZEt) “ M), (1.11)

Beipaskenne (1.11) umeer cMbica (pyHKIIMN WHTEHCUBHOCTH OTKa-
30B. Vcrmosib3ys TOJyYeHHYIO BbINie (DYHKITUIO TMJIOTHOCTH, MOXKHO
3ammcaTh

—__1 drR®) _ SO
MO == = Ry (1.12)

Taxkum ob6pasom, saBucumoctb (1.12) sBaseTcss yHUBEpPCATbHOI
3aBUCHMOCTBIO, TIO3BOJIAIONIEN OTpeNesaTh A KaK (PYHKIUIO BPEMEHH,
€CJM Ha OCHOBaHWHU amPUOPHOH uHMOpMAIM 06 IKCIUTYaTaIlluu Of-
HOTUITHOTO ~0GOPY/IOBAHUsI WM3BECTHA TJIOTHOCTh — PACTIPENETEHUS
BpeMeHu 06e30TKasHoi pabotbl R(1).

Dusnueckuil CMBICJ 3aBUCUMOCTH A OT BPEMEHM MOYKHO OObsIC-
HUTb, €CJU y4eCTh, YTO Ha 00OpyIOBaHUEe B Ipoiecce padOThI jeli-
CTBYIOT (hakTOpBl pasjuyHOil mpupoibl. B mpocreiiiem ciaydae ux,
KaKk TPUHATO paHee, MOKHO IIPEACTAaBUTh KaK BHEIIHWE ¥ BHYT-
peHHUe.

K BHemHuUM dakTopaM OTHECeM YCJIOBUS 3IKCILIyaTalllW, arpec-
CHBHOCTD JI0OBIBAEMOU JKUKOCTH, COJIEpsKallleil BOLY, PAaCTBOPEHHbIE
conu, Tasbl, abpasvBHbIE BellecTBa (T.e. U3HOCOBBIE IPUYMHBI TI0
KJIACCU(UKAIMU OTKA30B, IPEACTABIEHHON B IPENbIAYIIEM pasiesie
Hacrosiiell paborer). AT (HAKTOPHl MOKHO HHTEPIPETHPOBATH KaK
KauecTBO <«YCJOBUH KHU3HU» 060PYIOBAHMSL.

19



K BHyTpeHHuUM (hbakTOpaM OTHECeM KOHCTPYKIIMIO M BUJ HCIOJI-
HeHUst 06OPY/AOBaHUs, KauecTBO COOPKM, KauecTBO MaTepuajia M3ro-
TOBJeHNsT W Tp. Takum 06pa3oM, COBOKYITHOCTh 3TUX BHYTPEHHUX
(akTOpOB TIpesCcTaBIsieT cob0i HEKOe «KavuecTBO TeHohoHAa» 060py-
JIOBaHUS.

Taxast rpaganus GakTOPoOB BO3AEHCTBHUS Ha JIOJTOBEYHOCTH 000-
PYIOBaHUS TI03BOJIIET KOJIMYECTBEHHO OIMCATHh OYEBWIHBLIM MOCTY-
JIaT — KaueCTBEHHO W3TOTOBJIEHHOE 0060PYAOBAHUE MPOCTYKHUT B OJI-
HUX M TeX e YCJOBMAX J0JIbllle aHAJIOTUYHOIO0, HO C JedeKTaMU U3-
FOTOBJIEHUS U KOHCTPYKIIMHU.

@opmasusyem Haily 3aj1ady.

Heo6xoauMo OIpenesuTh BPEMEHHYIO [TUHAMUKY U3MEHEHUS WH-
TEHCUBHOCTH OTKa30B 00OPYIOBAaHUs BCJIEICTBHE BO3IEHCTBUS COBO-
KYIHOCTH BHEITHUX ¥ BHYTPEHHUX (DaKTOPOB HAa OCHOBE aHasin3a (a3
JAHHBIX MHGOOPMAIIMOHHO-U3MEPUTENIBHON  CHUCTEMBI, COJepsKalleil
TOPUYUHBI OTKA30B M TPOIOJIKUTENHFHOCTD IKCILIyaTallnu 060pya0Ba-
HUS B MEXPEMOHTHBIE TIEPUOIBL.

B cooTBeTCTBUM € MOCTAHOBKON 3a/a4 CKOPOCTh YOBIBAHUS UMC-
Jia OCTABIIETOCsS B JKCIUTyartaluu OGOPYHAOBAHUST IPOIMOPIIUOHATbLHA
€ro MePBOHAYAJIBHOMY KOJIMYECTBY M 3aBUCUT OT JABYX TPyl ak-
TOPOB.

Biusnue 3TuX COBOKyIHOCTEH (DakTOpPOB ydTeM BBeJEeHUEM KO-
3 GUIMEHTOB TTPOMOPITMOHAIBHOCTH JIBYX THUIIOB: 04 = CONSt W 0y =
= Otz(t).

B aTuX yClIOBMAX KHMHETHKY BBIXOZA M3 CTPOs 06OPYNOBaHUS
MOKHO OIKCATh CJIEAYIONNUM OOBIKHOBEHHBIM (B bepeHInantbHbIM
ypaBHEHHEM:

dN,(t) _

20 - (ay+0) N, (0) (1.13)

rae oy — KoaGh@UIMEHT, yIUTHIBAIONINN BJIUSHUAE HA OTKAa3bl BHEII-
HUX (HAKTOPOB; 0y — KO3(PUITMEHT, YYUTHIBAIONTNI BJIUSHIE HA Bpe-
M$1 JKU3HU 00OPYIOBaHUST BHYTPEHHUX (haKTOPOB.

Beipaskenue (1.13) npencraBum B Buje

1 dNy@) _
NG d T (uta) (1.14)

C yuerom (1.9) ypaBuenue (1.14) 3anurmiercst kak

t dN,@©) _
NGO d (o +ay). (1.15)

JleBag yactb ypasuenus (1.15) npexacrasisger co6oil B COOTBETCT-
Buu ¢ (1.11) MTHOBeHHOE 3HAYeHNEe WHTEHCUBHOCTH OTKA30B
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M) = —(agt ).

Takum 06pa3oM, M3MeHeHe MHTEHCUBHOCTHA OTKa30B BO BPEMEHU
0OBACHAETCS M3MEHEHUEM OJHOTO WJIM HECKOJNbKUX JeHCTBYIONINX
(akTopoB (B HAIlEM CJy4ae 3TO MOKET ObITh OGBOIHEHHOCTDH TIPO-
AYKIMU, TEKYIIUH 1e6UT CKBaXXKUHBI U TIP.).

[l aKCcTIepUMEeHTAIBHON TIPOBEPKU THUIIOTE3bI O 3aBICUMOCTH WH-
TEHCHBHOCTH OTKAa30B OT BPeMEHW U oOIpejiesieHus] Koa(hPHUIIEeHTOB
04 U Oy HaMHU OBLIM KCIOJb30BaHbl Gasbl JAHHBIX KOMITBIOTEPHOU
HOOPMAIMOHHOI CUCTEMBI 110 OTKa3aM TEXHOJOTHYECKOTO 000pyI0-
BaHUSI OJHOTO U3 MecTOpoykaeHui 3amaauoir Cubupu, BKIOUAOIITE
B cebs undopmanmio o 950 oTkasax.

Jlns ornpenesieHNs BUAAa W 3HAYEHMS apaMeTPOB Oy U Oy UCTIONb-
3yeM HanboJiee YHUBEPCATBbHBIN TpeXMmapaMeTPUYeCKuil 3aKOH pac-
npeJieIeHrs], YIUTHIBAIOIINN BIMSHAE KaK CAYYalHBIX (haKTOPOB, Tak
U «U3HOCOBBIE» SBJIeHUS — pactnpezesenue [ommepiia. HTerpampaas
dbynkuus pacrpenenenus l'ommepiia nMeer BUj

F(t) =1-exp| ~[Mo)dt |, (1.16)
0

rie

t

[Myde = Kyt + K, (e —1),

0

K, K;, K3 — monoxuresibHble KOHCTaHTBI, OIpPeJieJisieMble TTyTEM pe-
meHust o0paTHOM 3aJaud HAXOXKIEHUSI ITapaMETPOB SMIIMPHUYECKUX
3aBUCUMOCTEN.

Koaddunment K; B aTOM pacrpejieJIeHUN XapaKTepU3yeT BIIHSI-
HUe BHeNIHuX Bo3zeuictBuil, Ky u K3 — «u3Hoc» cucrembl. Ecau mo-
Jgoxkutb K; = 0, TO TIOJyuynuTcs CTaHIAPTHOE MOKA3aTeJbHOE paciipe-
JleJIeHue.

YuurteiBasg Bun unTerpasbHoil ¢yHkiun (1.16) u cooTHomeHme
E() = 1-R(¢t), momyuum

R(t) = exp (—K1 LK, (e - 1)) (1.17)
Tax kak cornacHo npunsaTo mMojenu A(t) = —(ay + o), UMeeM
o= —Kj;

o, (t) = K, K, e"

Taxkum o6pa30M, BTOpPOE CJjlara€MO€ B BbIpaK€HUU [JisI MHTEHCHUB-
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HOCTU OTKa30B A({) [IeHCTBUTEJBbHO SABJSETCS (PYHKIMEN BpEMEHH,
IIPU YCJOBUU, YTO BbIYMCJIeHHble 3HaueHus K; m K3 okaxyTcs OT-
suaabiMu 0T HyJsisd. CocraBasionast —op(t) sBisieTcss Bo3pacramoiiei
GbyHKIMEH, cIe10BaTeNbHO, HEOMATOTPUSITHOE BJIUSHUE BHENTHUX
(haKTOPOB YCHJIMBAETCS IO MEPE CTAPEHUsT 0O0PYIOBAHNSL.

[ onpenenenust koadpduinmentoB Ky, K, u K3 Ha ocHOBaHUM
cootHONIeHus (1.4) MO 3KCIEPUMEHTAIBLHBIM JJAHHBIM OIIPE/IEISIINCh
SMIIMpUYECKUe 3HaYeHUs (PyHKIMM HagexHocTu R'(f), a 3areM Mu-
HUMU3UPOBAJACh CyMMa KBaJIpaTOB pa3HOCTei

S =3 (R ()~ R(t,))* — min, (1.18)

i=0

rae R'(t;)) — sMmupuyeckoe sHaueHue (DYHKIMU HAAEKHOCTH B MO-
MeHT BpeMmeHH t; R(#) — pacueTHoe 3HaueHUe (DYHKIIUN HAIEKHOCTH
B TOT K€ MOMEHT BPEMEHH.

Munumuzanus dynknronanra (1.18) mpousBoamiach Ipu MOMO-
mu craufaaptaoil GyHkinuu «Ilouck peleHust» 3JIEKTPOHHOM TabJu-
bt Excel [6].

B kadectBe mpuMepa IPOBEPKM aJeKBATHOCTH BBICKA3aHHBIX
TPE/ITOMOKEHNH 0 CTPYKType U TIapaMeTpax MOJENN HaMu ObLIH HC-
MOJIb30BaHbI JaHHBIE 00 OTKa3aX HACOCHOTO OOOPYIOBAHUS, YKE HC-
MOJIb30BABINUXCS PAHEE.

PesynbraTel 3THX MccaeN0OBaHUiA MpencTaBiensl Ha puc. 1.3, 1.4.

1,0
0,8
< 0.6
< \ 2 1
0.2
1 R A
0 500 1000 1500 2000 2500 3000

Bpems, eyt

Puc. 1.3. DyHKUMA HAAEKHOCTH HACOCHOTO OoOOpymoBanusi 3a uepuox 1993-
2000 rr. (oOuIEe KOAMYECTBO OTKa30B 950):

1 — pacyerHasi KpuBast; 2 — IMIOUPUYECKIE [aHHbIE; 3HAUYEHUsI TTAPAMETPOB pacIIperie-
JIEHUS, CyT 1 K. = 10,0028, K, = 0,1603, K3 = 0,7647
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Ha puc. 1.4, a, 6, 6, 2 npeacTaBjieHbl Pe3yJIbTaThl AHAJOTHMYHBIX
UCCIEeOBAHUI, B KOTOPBIX MCIOJIb30BAINCH 0a3bl JaHHBIX 00 OTKa3ax
COOTBETCTBYIOLIEr0 OGOPYAOBAHUSI 10 KOHKPETHBIM BHIAM I[PHYH
(xmaccuukalus TPUYUH COOTBETCTBYET MPUHSATON paHee).

W3 puc. 1.4, a, 6, ¢ ciaenyer, 4T0 HHTEHCUBHOCTh OTKA30B CYIIECT-
BenHo 3aBucut ot Bpemenu (K, m Kz orauunbl ot Hysist). [Ipuuem
3HAYEeHUS STUX KO3((MULUUEHTOB OCOOEHHO BEIMKH Y MOJIEJH, OIH-
ChIBAIOIIEN OTKa3bl HACOCOB MO TPUYMHE SIPKO BBIPAKEHHOU <«U3HO-
COBOW» HAIIPaBJIEHHOCTH — <«3acopeHure pabouyMX OPraHoOB IECKOM»
(cMm. puc. 1.4, a).

Jl71s1 cpaBHEHUS CTENEHW TOYHOCTU pacueTa M3MEHEHUs ToKa3aTe-
Jiell HaIeXHOCTH SKCILUTyaTaluyd OOOPYAOBAHUS II0 IPEAIOKEHHOI
MOJIEJIN C TOYHOCTHIO CTAHAAPTHBIX MPOLEAYP HAMU OBLIN MPOBEAEHBI
COOTBETCTBYIOIIUE WCCJIEIOBAHNS, PE3yJIbTaThl KOTOPBIX IIPEJICTaBJIe-
Hbl B Tabs. 1.3.

[l cpaBHEHMsT MCHOJIB30BAJIACh IKCIMOHEHIMATbHAS MOJIeNIb W3-
MeHeHWsT (PYHKIUN HAJEKHOCTH BO BPEMEHU, PEKOMEHIyeMas K HC-
MI0JTb30BAHUIO PSIZIOM aBTOPOB [7].

B rtabi. 1.3 mpencraBieHbl TakyKe Pe3yJbTaThl PACUYETOB ITapaMer-
pa S B saBucumoctu (1.18), BBIUMCAEHHOrO 110 MAEHTUYHBIM OGasam
JIAHHBIX JIJIs1 9KCTIOHeHaIbHOU Moziesin (Sy) u mpeamaraemoit (Ss).

B kavecTtBe KpuTepusi TOYHOCTU MOjieJiell MCI0JIb30BAIaCh BeJIN-
YUWHA CPeTHEKBA[PATUYHON OTHOCUTEJBHON MOTPEITHOCTH:

DR @) - Ry

e= [ .100%.
«2
ZR (@)
i=0
Tabnuma 1.3

CpaBHHTeJIbHBIE XapPaKTEPUCTHKHU JOCTOBEPHOCTH Mpe/jlaraeMoil MoJeau pacuera
H3MEHEHNs] BpDEMEHHbIX IOKa3aTeseil HaJesKHOCTH 000PyJ0BaHHs
HeTSHbIX IPOMBICIIOB

K
[Tprunna i o o
51 52 S/S* &1, /0 €2, /)
OTKasza K K K
OTKa3bl 0 BCeM 8,610 | 0,4719 | 0,0028 | 0,1603 | 0,7647 | 183 | 10,3 | 3,8
pUYrHAM
3acopenue mnec- 0,6998 | 0,0213 | 0,0044 | 0,3230 | 0,0325 | 33,3 | 10,2 | 2,8
KOM
Herepmernu- 0,4346 | 0,0788 | 0,0027 | 0,0670 | 0,9421 | 55 |33,7| 638
voctb HKT
ITomeTst 0,1567 | 0,0124 | 0,0027 | 0,4205 | 0,0083 | 131 | 7,4 | 3,3
Cumxenne auna- | 0,0266 | 0,0266 | 0,0042 0 0 1 53 53

MUYECKOr'o ypoB-
HA
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Puc. 1.4. Kpusbie usmenenusi GyHKUUH HAJ€KHOCTH HACOCHOrO 00OPYIOBaHUS BO
BpeMenH. [IpuunHa OTKAa30B: @ — 3acopeHue pabouuX OPraHOB MECKOM; 6 — Herepme-
tianocts HKT; 6 — «mometsi», ¢ — cHImKeHne IMHAMUYECKOTO ypOoBHs (060pyaoBanie
CII «Baroiiny). 1 — ammupuyeckue nannble; 2 — pacyeTHAst KPUBast

- 1
Tapaverp 3HaueHUsI IapaMeTPOB PACIPe/lesIeHUs], CYT
a 9] 6 2
K 0,00441 0,002756 0,002692 0,004151
K, 0,322997 0,067026 0,420461 0
K 0,032488 0,94213 0,008278 0

AHa/IU3 IOJydeHHBIX Ppe3y/IbTaTOB MOKasbiBaeT (cMm. Tabm 1.3),
YTO TOYHOCTH TpeJIOKeHHON Mozenn (g2) B 2,2—4,9 pa3 mpeBbIlaeT
TOYHOCTh 3IKCIIOHEHIIMATbHOUW (OTHOIIEHUE ¢€;/€y). Vckmouenne
COCTABJISTIOT OTKAa3bl TI0 MIPUYMHAM, HE 3aBUCSIIUM OT U3HOCA, — TPHU
CHUKEHWW [IMHAMWUYECKOTO YPOBHS B CKBaXkuHe. B aTOoM ciydae
MpeJIoKEHHAsT MOJIeJib COBIANAET C IKCIOHEHIIUAJIBHOM MOJENbIO,
T.e. WHTEHCUBHOCTh OTKA30B B MOAOOHBIX CJIydasiX IMOCTOSTHHA BO
BpPEMEHU.

Kak cienyer m3 TOTyYeHHBIX PE3YJbTATOB, TPEXMAapaMeTPUIecKast
MOJIEJTb OTKa30B He(TerasoBoro oGOPYAOBaHUS, YUUTHIBAIONIAs Bpe-
MEHHYI0 3aBUCUMOCTb MHTEHCUBHOCTH OTKA30B, IO3BOJISET ¢ 00Jb-
nIeil CTerneHbl0 TOYHOCTU OMUCBHIBATH PeajibHble M3HOCOBBIE W IPUPA-
GOTOUHBIE TIPOIECCHI, YeM TIPUHATBIE B HACTOSIIEE BPEMsi OJHO- U
nByXmapameTpudeckue. VccemnoBamue MOXOOHBIX MoOjesel T03BO-
JUT TIyOKe TOHATH CYITHOCTh (DU3UYECKUX TPOIECCOB, MPOTEKAIO-
mux mpu pabore MOA3eMHOT0 06OpyzoBaHUsT HepTerazomodbu, ¢
YYETOM IIOCTOSHHO M3MEHSIONMXCs YCJAOBUI — CBOMCTB JOOBIBAEMOIL
JKMIKOCTH, CTaiuu  PaspaboTKM MECTOPOKAEHUS, TPOHUIAEMOCTH
MPONYKTUBHBIX IJIACTOB U T.IL
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1.1.3. PACIIOBHABAHUME THUIIOB OTKA30B N MECT HX JIOKAJIU3AIIUH
B ITIPEJAEJIAX MECTOPOKJIEHU A

IIpu pemenun 3amay peryJupoBaHUsl TOKa3aTeseil HaJeKHOCTH
HedTerazoBoro 060pyAOBaHKs HEOOXOAUMO CO3/aTh (HOPMATH30BAH-
HOE OIKCaHUue JOCTaTOYHO CYOBEKTUBHOTO TOHSATHS HAJAEKHOCTH
00beKTa, 3aBUCSIIEH OT OOJBINOTO YUCTA OTMPEAETSIONIX (HAKTOPOB,
KOTOpBIe, KaK ITOKAa3aHO B TIPEABIAYIINX pasfesiaX, HOCSIT BEpOSTHO-
CTHBIN XapakxTep. CI/ITyaI_II/H/I OIIEHNBAIOTCA TPU 9TOM B YCJIIOBUAX BbI-
COKOI HeonpeieIeHHOCTH MCXOMHON MH(MOPMAIU W HOCAT XapakTep
pacrnosHaBanust 00Pa3oB.

OcHOBHOI1 3a/a4ell TeOPUM PACIO3HABAHUSA O0PA30B  SBJISAETCS
KJIACTEPU3AINsI COBOKYMHOCTH OOBEKTOB — pasjieleHne MHOKECTBA
00BEKTOB Ha TPYIITBI, XapaKTEPUIYIONHECs] OOIMMHU POACTBEHHBIMI
CBOHCTBaMM.

B wmamem ciydyae moa obpasamMu OyeM MOHUMATh HEKOTOPOE
O606L[I6HI/IC MHOKECTBa Pa3/IMYHbIX THUIIOB OTKa30B TEXHOJOTMYECKO-
ro 06opynOBaHUS.

B obmiem ciydae ypoBeHb HafEKHOCTH TOTO WM WHOTO O0BEKTa
XapaKTepu3yeTcs] BEeKTOPOM COCTOSTHUST MJIM TIPU3HAKOB, B 3aBUCHMO-
CTH OT KOHKDETHBIX 3HAYeHMH KOMIIOHEHT KOTOPOTO MOXKHO yTBep-
JKIaTh MPUHAJIEKHOCT 00BEKTa K TOMY I MHOMY 00pasy.

Kak ye oTMewanoch Bbile, HapaboTKa Ha OTKa3 HACOCHO-
CUJIOBOTO 00OPYIOBaHUS 3aBUCUT OT YCJIOBUH akcruryataiuu. [lo-
HTOMY TIPE/ICTABIISIET WHTEPEC PEIeHNe 3a/[adl BBIPAGOTKH HEKOTOPO-
r0 TPUHIIUTA, MO3BOJAIONIETO OOBEANHATh B KIACTEPHI CKBAKMHBI,
CXOJKHE TIO THUTAM BO3HUKAIONINX OTKA30B B UX padoTe, T.e. TIPOBECTU
KJIACTEPU3AINIO CKBAKKMH 10 YCJIOBUAM PabOThl HACOCOB («BHENTHUE>
(baxTOpBI IO IPUHATON B TPEABIAYIIEM Pa3iesie TEPMIUHOJOTHY).

[Ipumem, 49TO «BHelTHUE»> (AKTOPHI B IpeJesiaX KyCTa CKBAXKIH
onnHakoBBL. Takoe fomylieHre GJU3KO K PEATHHOCTH, TAK KaK He-
3HAYNTEJbHBIE XapakTepHble JMHEHHble pa3Mepbl KYCTOB (COTHH
METPOB) MO CPAaBHEHMIO C Pa3MepaMy MeCTOPOKIeHUs (COTHU KUJIO-
METPOB) TIO3BOJISIIOT CYMTATh KYCT 32 TOYEUHBIH OOBEKT, a CBOWCTBA
njacrta W KWJAKOCTU B Tpefenax Kycra — Oauskumu. Kpome Toro,
noo6Hoe 00bEIMHEHNE CKBAKUH TI0 YCJIOBUSAM OKCIUIyaTalluy MO-
3BOJIIET C(HOPMUPOBATH JOCTATOYHO TIPEACTABUTENHHYIO BBHIOOPKY TIO
THITAM OTKAa30B 00OPYMOBaHWs, B TO BPeMsI KaK TIPH WHAUBHUIYab-
HOM ydYeTe OTKAa30B [/ eIUHUIHON CKBAaKUHBI 00HEM BHLIOOPKU MO-
JKET OKa3aTbCA HEAOCTATOYHBIM [Jake IIpUu UCIOJIb30BaHUN BCeil
uMmeronieiicss 6asbl JaHHBIX ABTOMATU3MPOBAHHON MH(GOPMALKMOHHO-
U3MEPUTETBHON CHCTEMBI, ONUCHIBAIOIIEN WMEBIIEe MECTO CJydau
OTKa30B 000PYIOBAHUSI.

B kauecTBe TpuMepa KJIAaCTEPU3ANUM KYCTOB HAOOBIBAIONINX CKBa-
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JKMH TI0 TMHaM 0TKa3oB yctanoBok JIIH paccmorpum onno u3 me-
cropoxkaennii 3amananoit Cubupu.

Ha mnepBoM »3ramne KjacTepusaluud IPOU3BEJIEM MHOTOMEPHOE
NIKAJUPOBAHUE KYCTOB CKBKMH IO KOJMUYECTBY IPOU3OIIEANINX 32
onpejenerHbiii oTpe3ok Bpemenn (1999-2001 rr.) oTka3oB u UX TH-
naM (xnaccuduranusa coorsercTByeT puc. 1.2). PesyabTarsl momo0-
HOTO TIKAJMPOBAHUS NpeJCTaBjaeHbl B Tabs. 1.4, KoTopas mpeacTas-
asieT coboil MaTpuIy ay, rie i — HoMep Kycra (110 TOPSIAKY), j — THIl
orkaza (1 <j = 5).

N3 npeacTaBiaeHHBIX JAHHBIX CJEYET, YTO W THUIIbI OTKAa30B, U UX
KOJIMYECTBO Ha KyCTaX CKBa)KMH BapbUPYIOTCS BeCbMa 3HAUUTETHHO
(ot 1 o 23).

Tabaumna 1.4
IxamnpoBanue orka3oB HacocoB IIH mo kycram u THHaM OTKa3oB
Cumxenne
Herepme- DJIeKTpH-
HOIYIBP 3acope- | ruuvocrs | Tomers | AWHAMM- yeckue Cymma
KycTa Hue HKT HECKOTO | 1
YPOBHS
307 3 3 1 2 9
241 8 2 10
205 13 1 2 1 17
204 1 2 2 2 7
203 3 2 1 6
201 3 4 1 8
191 3 1 4
190 4 2 2 1 9
188 1 1
187 4 1 2 2 9
186 6 4 4 14
177 1 1 2
176 15 1 ) 1 1 23
175 1 1
174 1 2 3 2 8
164 1 1 2 4
163 2 5 3 3 1 14
162 1 9 1 1"
151 1 1
150 2 2
149 1 3 1 5
148 9 1 1 2 1 14
147 5 1 1 3 10
133 5 2 1 2 10
132 5 1 3 3 12
131 3 2 1 3 1 10
119 2 1 1 4
118 3 1 2 1 7
117 4 1 5
105 4 1 5
104 4 2 1 7
29 13 3 1 17
8 6 2 4 1 13
Cymma 133 50 43 27 26 279
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Jlnst ycrpaneHuss HepaBHOMEPHOCTU ITKATUPOBAHUSA TI0 TUTIAM OT-
Ka30B 000PYyJOBaHM U Peau3alui BO3MOKHOCTH CPaBHEHMs SMIIU-
pUYeCKUX YacTOT aBapwii IO Pas3sHBIM TPUYWHAM, MPOU3BEAEM HOP-
MUPOBaHKE MCXOAHON TabJMIIbI, pa3/ieJuB KaK/blil 4YjIeH MCXOAHOMN
MaTpUIBl @; Ha oblee 4MCIO OTKA30B BCEX TUIIOB HAa CKBa)KMHAX
JIAHHOTO KyCTa, T.e. HOJIy4uM Marpuny by, rae

j=n
b, :ay/zaij, (1.19)
-

rlle © — YKCJIO TUIIOB aBapuil (B HAIEM CJydae # = J).
PesybTaThl MOAOOHOTO TPeoOPa3OBaHUs MPEACTABIEHbl B TalJL.
1.5. /Tannbie B Taba. 1.5 npeactaBasior cobOi IMIUPUYECKUE YaCTO-

Tabauma 1.5

3KCHepl/IMeHTaJIbeIe YaCTOThl OTKA30B pPa3JIMYHOIO THUIIA
IS OTAECJIBHBIX KYCTOB CKBa’KUH

H 3 _ | Herepme- Cripkeene IJIeKTPH-
oMep acope tuarocts | Iomersr | /AHATAMIE uecKue Cymma
KycTa Hue HKT HECKOTO | 11 e
YPOBHSI
307 0,33 0,33 0,00 0,11 0,22 1,00
241 0,80 0,00 0,00 0,00 0,20 1,00
205 0,76 0,06 0,12 0,00 0,06 1,00
204 0,14 0,29 0,29 0,29 0,00 1,00
203 0,50 0,33 0,17 0,00 0,00 1,00
201 0,38 0,00 0,50 0,00 0,13 1,00
191 0,75 0,25 0,00 0,00 0,00 1,00
190 0,44 0,22 0,22 0,00 0,11 1,00
188 0,00 0,00 1,00 0,00 0,00 1,00
187 0,44 0,11 0,22 0,00 0,22 1,00
186 0,43 0,29 0,29 0,00 0,00 1,00
177 0,50 0,00 0,50 0,00 0,00 1,00
176 0,65 0,04 0,22 0,04 0,04 1,00
175 0,00 0,00 1,00 0,00 0,00 1,00
174 0,13 0,25 0,38 0,00 0,25 1,00
164 0,25 0,25 0,50 0,00 0,00 1,00
163 0,14 0,36 0,21 0,21 0,07 1,00
162 0,09 0,82 0,09 0,00 0,00 1,00
151 0,00 0,00 0,00 0,00 1,00 1,00
150 0,00 0,00 1,00 0,00 0,00 1,00
149 0,20 0,60 0,00 0,00 0,20 1,00
148 0,64 0,07 0,07 0,14 0,07 1,00
147 0,50 0,10 0,10 0,30 0,00 1,00
133 0,50 0,20 0,00 0,10 0,20 1,00
132 0,42 0,00 0,08 0,25 0,25 1,00
131 0,30 0,20 0,10 0,30 0,10 1,00
119 0,50 0,25 0,00 0,00 0,25 1,00
118 0,43 0,14 0,29 0,14 0,00 1,00
117 0,80 0,00 0,00 0,00 0,20 1,00
105 0,80 0,00 0,20 0,00 0,00 1,00
104 0,57 0,00 0,00 0,29 0,14 1,00
29 0,76 0,18 0,00 0,06 0,00 1,00
8 0,46 0,15 0,00 0,31 0,08 1,00
Cymma 0,48 0,18 0,15 0,10 0,09 1,00
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ThI OTKAQ30B TOTO WJU WHOTO THUIA JJIS KAKIOTO KyCTa CKBJKUH U3
paccMaTpuBaeMoil COBOKYNHOCTH. IIpocreiimmM MeTomoM o6paGoTKu
HaHHBIX Tabs. 1.5 A KJIacTepusaldi KyCTOB CKBRKMH 110 THIIAM
OTKa30B SIBJSIETCS] COPTUPOBKA 10 crojbiaM. B pesyabrate Mbl Oy-
JIeM pacriojiaraTh WH(GOPMaIMeld o TPymiax KycToB, Hawbojee TOJ-
BEpPIKEHHBIX OTKaszaM onpeseeHHoro tuna (tabu. 1.6).

ByjseM B KauecTBe KJIACTEPOB PAaCCMATPUBATH TPYIIbBI OOBEKTOB
(KycToB), 0ObEAMHEHHBIE 110 XaPAKTEPHOMY TUILY BO3HUKAIOIIUX OT-
kazoB. Kak ciemyer u3 Tabu. 1.6, KaxIoMy M3 THUIIOB OTKa30B IIOJ-
BEP)KEHBI CBOM ITOJIMHOJKECTBA, a WX ITIEPECEYEHUS] COCTABJSIOT He-
3HAYUTEJIBHYIO 10JI0. B HamboJiee MpeiCTaBUTENBHYIO TPYIITY KYCTOB
(KnacTep) BXOAAT OOBEKTHI MOTEHIMANLHO OIACHBIE TI0 3aCOPEHUIO
pabounx opranos Hacocos. Juma 11 kycros (Ne 241, 117, 105, 205,
29, 191, 176, 148, 104, 203, 177) BepoITHOCTh UMEHHO 3TOTO THIIA
aBapun npesbimaer 50 %. B kmacrep «Ilosers» BIIOYEHBI 6 KyCcTOB
(Ne 188, 175, 150, 164, 177, 201), B «Herepmernunocts HKT» —
2 xycra (Ne 162, 149). Ilo anekTpuYecKUM MPUYMHAM OTKA30B BbBIJIE-
sier Bcero oxuu Kyct Ne 151, a orkassl 110 npuunne « CHXXeHUs 1u-
HAMWYECKOTO YPOBHS» He SIBJSIIOTCS XapaKTEPHBIMU HU JJIST OJIHOTO
KyCTa CKBayKUH.

Takum o0pasoM, KjacTepusaiuss OOBEKTOB II0 eIUHCTBEHHOU
MPUYMHE OTKAa3a JlaeT JIMIb 3—4 KJjacTepa, Cojep:KalluX He3HAuu-
TEJBHYIO 9acTh BCeX 00beKTOB HedTermpoMbicia. [loatoMy ObLia mpo-
BejleHa [IOTIOJIHUTEJNbHAST KJIACTEPU3AIMST KYCTOB CKBAKUH APYTHM
c1roco6oM.

dtuM crocobom obpaborkn matpuupl by (cm. Tabu. 1.5), mo3Bo-

Tab6nauuma 1.6

Kaacrepusanusi 0TKka3oB pas3jMYHOTO TUIIA MO0 KYCTaM CKBa:KUH
(BbIJe/IEHHbIE 3HAYEHHUSI COOTBETCTBYIOT SMIIUPUYECKON BEPOATHOCTH, Gosbieii 0,5)

Herep- DJiek- Cuike-
Howmep | 3acope-| Homep [omeTsi Howmep T‘\;Ii_ Howmep qéggﬂ e Howmep ggﬁﬂiﬁ_
Kycra Hue Kycra kyera | oo | Kycra g Kycra = oo

HKT HBI YPOBHS
241 0,80 188 1,00 162 0,82 151 1,00 8 0,31
117 0,80 175 1,00 149 0,60 132 0,25 131 0,30
105 0,80 150 1,00 163 0,36 174 0,25 147 0,30
205 0,76 164 0,50 203 0,33 119 0,25 104 0,29
29 0,76 177 0,50 307 0,33 307 0,22 204 0,29
191 0,75 201 0,50 186 0,29 187 0,22 132 0,25
176 0,65 174 0,38 204 0,29 133 0,20 163 0,21
148 0,64 186 0,29 191 0,25 149 0,20 148 0,14
104 0,57 204 0,29 119 0,25 241 0,20 118 0,14
203 0,50 118 0,29 164 0,25 117 0,20 307 0,11
177 0,50 190 0,22 174 0,25 104 0,14 133 0,10
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JISIOIUM HaXOAUTh CXOXKHE IO BHEITHUM (haKTOpaM OOBEKTHI, SABJIS-
€TCsl KOPPETAIMOHHBIA aHAJH3.

KoppesaiuoHHblii aHAIM3 TO3BOJISIET ONPENENSITh CXOXKHUE COOT-
HoteHUsT (TIPOTIOPITUN) MEKIY BEPOSITHOCTSIMU OTKA30B Pa3JIUYHOIO
THIIa, HapuMep, OObeAUHSST B OAWH KJACTEP KYCThI, COOTHOIIEHUS
MEKY SMIMPUYECKUMU BEPOSTHOCTSMU OTKa30B KOTOPBIX OJIM3KKM K
crenymoriemy: «3acopennes — 40 %, «Ilometsr» — 30 %, «Herepme-
tuanocts HKT» — 20 %, anexrpudeckune npuuwnabl — 10 %, «CHu-
JKeHUe AuHaMudeckoro yposHs» — 0 %. Takum oGpasom, mopobHas
KJIacTEPU3aIUsT IPUHITUITUATIBHO OTJIMYAETCS OT MPOBEJEHHON BBIIIE,
OJIHAKO TaKyKe OMNpEeAETIeHHBIM 00pa3oM XapaKTepU3yeT BJIMSHIE
BHENTHUX (haKTOPOB.

KoppeasimonHast tabauna Ayt Kaactepusaiuu o6beKToB (Tabir.
1.7) BbIUMCISATACH 110 U3BECTHOMY COOTHOIIIEHUIO

i(aik My )@y — M)

Vi = = , (1.20)
n-G, -G,

rie a;; — OSMIHUpUYECKadad BEPOATHOCTb Z[e(peKTa k-ro Tuna Ha

i-OM O6'I:>€KT6; Mik — COOTBETCTBYIOIINE OINEHKHW MaTEMAaTUYE€CKOI'O

OKUJIAHUST; G, — CPeIHNE KBa/IpaTUYeCKHe OTKJIOHEHHUSI.

B Tabs. 1.7 mpescTtaBiieHbl TOJIBKO Te KOI(MDMUIINEHTHI, 3HAUCHIS
KoTopbix mpesbimator 0,7. Jta BemuynHa onpenessercs 95%-oii 3Ha-
YUMOCTBIO TIPU JIAHHOM 00beMe BHIOOPKH.

Kax crmexyer us tabm. 1.7, mas Kaxaoro oObeKTa CyIIECTBYET
TpyTa cXoxux 00bekToB. Harmpumep, MpenMyIiecTBeHHbIe TPUYNHBI
0TKa30B oOopynoBanus Kycta Ne 117 (mepsast crpoka Taba. 1.7) mo-
JNOGHBI TIPUYMHAM OTKa30B KycToB Ne 104, 164, 149, 201. Yucmo
KyCTOB B KJjacTepax Bapbupyercs oT 1 10 14 u B cpemHeM COCTaBIIsi-
er 6,8.

Koppessiiuotuyto Tabauily MOKHO PACCUUTATh ¥ MO APYTUM KPU-
TepusiM, HalpUMep, MO TOPSIAKOBBIM CTATUCTHKAM (KO3(DOUINEHTHI
koppessimu Crimpmena u Kenpgasa), KOTOpble MO3BOJISTIOT yCTaHAaB-
JIUBATh HaJIM4Ke CBSI3U MEKIY OOBEKTaMU TIPH MasbiXx 00beMax BbI-
60pok 1o tumam aedeKToB, Kak B HaiieM ciaydae. [1006HbIe pacuers
ObLIM TIPOBEJIEHBI, HO CYIIECTBEHHBIX OTAUYWE OT AaHHbIX Tabma. 1.7
0OHapyKeHO He ObLIO.

[IpoBeieHHbIE UCCTEIOBAHUST TTOKA3LIBAIOT, YTO pasfieieHne 00b-
€KTOB TI0 XapaKTePHBIM TIpU3HAKaM (THUIaM OTKa30B) MMEET MEeCTO.
[To HammM TPEATONOXKEHUSAM, (PUBMUECKUN CMBICT KJACTEPU3AITH
COCTOUT BO BJIMSIHUM HA HKCIUIyaTAIMOHHYIO HAJEKHOCTh 06OPYyIO-
BaHUS CXOXUX BHeImHUX axropoB. Omnpe/enenne cpeHero pasmepa
KJacTepa OyeT UCMOJIb30BAHO B CJEAYIONEM pasjiesie mpu pa3pabor-
Ke KapTorpaduecKux MeTOJI0B aHAIN3a HaJeKHOCTH.
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Ta6nuua 1.7

Kiacrepusauusi KyCTOB CKBaKMH HA OCHOBE KOPPEJISIIMOHHON TaGIuipl
(B KJIacTEpP BXOISAT BCE KYCTHI II0 CTPOKAM/CTOIONAM, HMEIOLINE HEIyCTOE 3HAYEHHE B TaGiuIe)

Homep kycra | 117 | 205 | 191 | 241 176 29 104 | 177 119 | 203 | 187 | 190 | 186 8 148 132

117 1,00 0,72
205 1,00 | 0,94 087 | 0,72 0,82 0,88
191 094 | 1,00 0,82 094 | 0,88 088 | 0,75 | 0,72 | 0,98
241 1,00
176 0,82 1,00 091 | 0,94 0,73 | 0,95 0,80
29 1,00 0,87 0,87
104 0,72 | 0,87 | 0,94 091 1,00 | 0,87 0,76 | 0,79 0,88
177 0,72 | 0,88 0,94 0,87 | 1,00 091 | 094 | 0,77 | 0,88
119 0,87 1,00 1,00 0,80
203 082 | 0,88 0,73 0,76 | 0,91 1,00 | 0,74 | 0,77 | 0,88
187 0,75 0,95 0,79 | 0,94 0,74 | 1,00 | 0,78 | 0,79 0,80
190 0,72 0,77 0,77 1 0,78 | 1,00 | 0,83 0,79
186 0,88 | 0,98 0,80 0,88 | 0,88 088 | 0,79 | 0,83 | 1,00

8 0,87 1,00 1,00 0,80
148 1,00 | 0,74
132 0,80 0,80 | 0,79 0,80 | 0,74 | 1,00
307 0,89
147
133
118 0,81 0,87 1,00 1,00 0,80
164
105 0,74
131
149 0,70 | 0,73
204 0,71
163 0,89
201 084 | 0,81 0,77 0,88 | 0,81 0,81 0,71
174 0,77 |1 0,86 | 0,70 0,76
162 099 | 096 0,89 | 0,78 0,86 0,91
188
175 084 | 0,82 0,76 0,79
151 0,89 | 093 0,83 098 | 0,78 0,87
150 0,71




[Ipomonxenne TabuL

1.7

Howmep xycra

307

147

133

118

164

105

131

149

204

163

201

174

188

151

150

117
205
191
241
176
29
104
177
119
203
187
190
186
8
148
132
307
147
133
118
164
105
131
149
204
163
201
174
162
188
175
151
150

0,89

0,78
1,00

0,91

1,00

0,87

1,00

1,00
0,80

1,00

0,81

0,91

1,00

0,74

1,00

0,78

0,79

0,70
0,73

1,00

0,79

0,73

0,71

1,00

0,73
0,89

1,00

0,80

0,89
0,84
0,81
0,77

0,88
0,81
0,81

0,71

0,79

1,00
0,87

0,80

1,00

0,73
0,87
1,00

0,87
0,89

1,00

0,79

0,89

0,87
1,00
0.89

0,89
0,93

0,83

0,98
0,78

0,87

0,78
0,73

0,80
0,89
0,87

1,00
0,75

0,71




1.1.4. METO/JI MHOTOMEPHOTO IIPEJACTABJIEHUS
JAHHDBIX JJIAA TUATHOCTUPOBAHMUA
ABAPUIMHO-OMACHBIX YYACTKOB MECTOPOXK/IEHU

B mpenmpbinyiiemM pasiesie ObLIO TIOKA3aHO, YTO PA3JIUUHBIE THUIIHI
OTKa30B 000PYI0BAHUS MMEIOT JIOCTATOYHO OTIPEAENEHHBIN XapakTep
[0 MECTY JIOKQJIM3AI[MU Ha TEPPUTOPUN HEPTSIHBIX MECTOPOKIAEHUIA.

B cBsI3u ¢ 9TUM CTAaHOBUTCS aKTyaJbHOM 3ajlaya Kak MOKHO 00-
Jiee TOYHOTO OIpelesieHrust MOAOOHBIX aHOMAJbHBIX 30H, YTO acT
JIOTIOTHUTEIbHBI MHCTPYMEHT K TOAXOAY IUIAHMPOBaHMS PaGOTHI
aBapUHWHO-BOCCTAHOBUTENbHBIX OpUTajl M TMO3BOJUT KOPPEKTHPO-
BaTh IJIAaH-TPa(UK TPOBEAEHUS TIAHOBO-TIPENYIPEANTENbHBIX pe-
MOHTOB.

OpHUM M3 MaTeMaTHYeCKUX MEeTOA0B 00pabOTKU GOJIBIIMX MacCH-
BOB MH(MOPMAIINHU, CBSI3aHHBIX C MMPOCTPAHCTBEHHBIM PACIIONIOKEHUEM
00BEKTOB, TIO3BOJISIOIINX BBISBJSATh 3HAYMMBIE CBS3U MEKIY sIBJie-
HUSMU Pa3iInyHON (PU3NUECKON MPUPOIBI, ABISETCS UX MpPe/CTaBIIe-
HUE B BHJIe MHOTOMEPHBIX CTPYKTYp (rurepmoBepxHocteit). CoBpe-
MeHHasd KOMIIbIoTepHasi 6asa II03BOJISIET HOCTATOYHO OBICTPO IIPOM3-
BOJIUTH PACYETHI 10 PA3JUYHBIM AJTOPUTMAM WHTEPIOJISAIUN JKCIIe-
PUMEHTAJIBHBIX TOYEK, TTOJYYaTh MMPOU3BOJIBHBIE CPE3bl MHOTOMEPHBIX
TUTIEPIIOBEPXHOCTEN, BpaIaTh CTPYKTYPY W T.II. DTU METOJbI HAILJIN
NIMPOKOe TMpUMEHEeHWe B TeOMH(MOPMAIMOHHBIX CHUCTEMaX W JIPYTUX
06J1aCTAX, CBABAHHBIX C  TPOTSKEHHBIMU WJIM [TPOCTPAHCTBEHHBIMU
obbexTamu [8].

[lepcrieKTUBBI  MCIIOJB30BAHMS MHOTOMEPHOTO  TIPECTABJIEHUS
JaHHBIX [P MCCJIEAOBAHUM HAIEKHOCTH U [TPOM3BOACTBEHHOU 0e30-
nacHocTr HedTerazono0bun  00YCIOBIEHBI  CJAECAYIOUUMUA  00CTOSI-
TesbcTBaMu. Kak 1MOKa3aHO B MPEABIAYIIEM pasjiesie, 00beKThl HedTe-
JOOBIUY TPYIIUPYIOTCA B KJIACTEPHI 110 XapaKTEPHBIM TUIIAM OTKA30B.
ITomobHas JIOKajIM3alUsl NPUOPUTETHBIX THUIIOB OTKA30B CBg3aHa C
BO3JeiiCTBHEM BHEIIHUX (DAKTOPOB, M MOKHO C OOJIBIIMM OCHOBaHU-
€M TPEAIOJOKUTh, YTO UX BJIUSHUE €CTh (DYHKIUS OT MeCTa pacro-
JIOXKEHUsST 0OBEKTa HA TEPPUTOPUU MECTOPOKIEHUS, T.€. OT reorpadu-
YeCKUX KOOPMHAT.

Jlisi IPOBEPKU ATOW TUIOTE3bI ObLI TPOBEIEH KOPPEJIAIMOHHbIH
aHAIM3 MEXAY JAHHBIMU [0 aBapUUHOCTH HACOCHO-CHJIOBOTO 000pY-
JIOBaHUs M BHEITHUMH (haKTOPaMU Pa3JINYHON (DU3UIECKOU ITPUPOIHI,
a TaKXKe MEXIy CaMUMHM 3TUMU (akTopamu. Jljisi 9TOTO UCIIOIb30BAJ-
cs CTaHAAPTHBIN KO2Gh@UIMEHT B3aUMHOW KOppeJasinu u Koadbu-
mueHT panroBoii koppessiuun (Crnupmena) [9, 10], mosBossgrontuii
UCTIOIb30BaTh Majible 00beMbl BHIOOPOK.

Pesyibrarel 9TOr0 aHajamusa IpejacrasjieHbl B Tabu. 1.8. Boigenen-
uple B Tab1. 1.8 3Hadenus xKod(OOUIMEHTOB KOPPEIAUMU COOTBETCT-
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Tab6bnuma 1.8

Or[pe/:leJleHue HaJIMIUA CTAaTUCTUYECKHU yCTOﬁ‘-IPIBbIX cBs3ei MEX1y
TE€XHOJIOTUYECKUMHU MapaMeTpaMu U KOJIUYECTBOM U THIIAMHU OTKAa30B

Obugee | VAHTeH Cpen-
Yneno | aueno | €7 O6bem e Jlebur | O6beM
ITapamerp ckBaxun| apapun | O¢TP noGbrin o6Boj- | KWAKO- | aKadKH
B KyCTe i aBapun | nedru e cTn BOJIBI
KveTe Ha | mHaKyer| - |Ha KyCT|Ha KycT
Y KycTe
Yucao cKBaskiH 1
B KyCTe
Obi1ee ynco aBa- 0,765 1
pum Ha KycTe 0,756
HHTeHcuBHOCTD -0,266*| 0,339 1
aBapum Ha Kycre -0,238*| 0,348
O6beM 106611 0,824 | 0,677 |-0,133* 1
HedTH Ha KyCT 0,729 | 0,685 |—-0,101*
Cpenusisa ooBomuen- |—0,091*|-0,160* | —0,108* | —0,402 1
HOCTb —-0,055* | —0,255% | —0,064* | —0,577
Jlebur xuakoctu na | 0,905 | 0,736 |[—0,192*| 0,888 [-0,0289* 1
KyCT 0,873 | 0,663 |—-0,261*| 0,780 |-0,016*
O6mbem sakauku Bo- | 0,607 | 0,512 |—0,111*| 0,493 | 0,012* | 0,603 1
JIBI 0,731 | 0,697 | 0,016* | 0,628 | 0,023* | 0,740

11 pumMedaHnue. 3Ha‘leHI/I$I, OTMEUYEHHbIC 3Be3[[0‘11€0171, CTAaTUCTUYECCKN HE3HAYMMBI.

BYIOT YPOBHIO 3HAYUMOCTH KOPPEJISIIIUOHHOM CBsI3U MeXIy akTopa-
mu, paBaomy 0,95.

Kax crenyer us ananusa Tabi. 1.8, obiee 4nMCI0 BO3HUKAMOIUX
OTKa30B TEXHOJOTUYECKOTO OGOPYAOBAHUS KyCTa HMEET 3HAYMMYIO
KOPPEJISAIMOHHYIO CBSI3b CO BCEMH PACCMAaTPUBAEMBIMU MapaMeTpaMH,
32 UCKJIOYEHHEM TaKOTO TMOKasaress, Kak OOBOJHEHHOCTh. MHTeH-
CUBHOCTH K€ TIOSIBJIEHUSI OTKA30B He MMeeT 3HAYMMOI CBS3U HU C
OfIHUM W3 TEXHOJOTHYECKNX TOKazaregeld paboOThl CKBAKUHBI (CM.
yerBepThiii croaber Taba. 1.8). B To ke BpeMms, Kak cjenyer us
tabsn. 1.9, WHTEHCHBHOCTH OTKAa30B O0OPYIOBAHMS Pas3JUYaETCS 10
Kyctam Gosiee yem B 8 pas.

Crosib 3HAYMTENBHBIN Pa3dPOC TPU JOCTATOYHO OOJIBIIOM OOBEME
BbiOOpKK (1200 ciyyaeB) MO3BOJISET HPEAIOJIOKUTh, YTO MTPUIMHON
pasINunii B MHTEHCUBHOCTH OTKA30B PA3HOTO THUIIA SBJISIETCS MeCTO-
MIOJIOJKEHNEe KyCTa Ha TEPPUTOPHUH MECTOPOKAEHUSI.

W3BeCTHO, YTO aBapUUHOCTh HACOCHO-CHUJIOBOTO 000PYIOBaHMS
HedTEIPOMBICJIOB 3aBUCUT OT MHOXKECTBA TIPUYMH — HAJIUYMS Mea-
HUYEeCKUX TpPUMeced B JKUIKOCTH, COMEP:KAHUS COJield, BI3KOCTU U
00BOAHEHHOCTH IIPOAYKIMK U T.II. [5, 7]. BolbIIMHCTBO U3 IIepednc-
JIEHHBIX BbINIle (DPaKTOPOB, B CBOIO OYEPE/lb, M3MEHIIOTCS B 3aBUCUMO-
CTH OT MECTOTIONOXKEHNsI JOOBIBAOIIEH CKBAKMHBI HA TEPPUTOPUU
MecTOpOXIeHus. [109TOMy WHTEPECHO MCCIeI0BaTh 3aBUCUMOCTD WH-
TEHCUBHOCTH BO3HWUKHOBEHUS OTKAa30B HACOCHOTO TEXHOJIOTUYECKOTO
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Tabauma 1.9
Pacnpesieienrie MHTEHCHBHOCTH aBapHii 0 KyCTaM CKBasKHH

Ne xkycra | 8 |29 [104]|105|117(118|119]131[132(133|147|148|149(150|162|163

Wuren- |1,07(0,65(1,08/1,11]0,53|0,40{0,71|1,13|1,46|0,74[0,78|1,25|0,94(0,28(0,69|0,88
CUBHOCTD
OTKa30B,
rox '

MMpoxoaxenue taba 1.9

Ne xycra [164|174(175({176|177|186|187(188|190{191{201|203|204|205{206|241|307

Wuren- (0,67(0,66(0,30(1,27(0,72/0,97|1,10(1,17{0,53/0,28|1,00/0,90/0,88(0,74(0,17(0,89(0,79
CHUBHOCTD
O0TKa30B,
rox !

000py/I0BaHKs OT reorpapUueCcKOro MOJOKEHUST CKBAKMHbBI B IIpejie-
JIaX MeCTOPOKAeHUsI. Pe3ysbTaThl MOAOOHBIX MCCJAEOBAHUNA MOTYT
OBITH MCTIOJB30BAHBI JIJIsl TPOTHO3UPOBAHUS MAPAMETPOB HAJIEKHOCTU
060pyI0BaHNsT KOHKPETHOTO MECTOPOIKICHUS ¥ ONTHMHU3AIUU TEPPU-
TOPUATBHOTO PA3MEIEHNST PEMOHTHO-BOCCTAHOBUTEIBHBIX CITYKG Hed-
TeI0OBIBAIOIIETO TTPEATTPUSITHSL.

B cooTBeTcTBUM € pe3yJbTaTaMU MCCIEA0BAHUM, TPEICTABIEHHBIX
B paszmesie 1.2.3, B KauecTBe TOYEUHOrO reorpaduyeckoro oOBEKTA
HAMU, KaK ¥ paHblle, ObI BHIOPAH KYCT CKBAKUH.

Ucxonnoit wHGOpMAMEN [IJisT PACYETOB CIIYKUJIH KOOPIAUHATHI
PACTOIOKeHNsT KYyCTOB Ha MECTHOCTH W 6a3a MaHHBIX MO AedeKTam
obopynosanust (6onee 1200 medexTor). JOMOJHUTENBHO WUCIOIB30-
Bajlach WHGOPMAIUS IO APYTUM BHENTHUM (haKTOpPaM — CYMMapHBIM
nebuTtam KycToB, OOBOJHEHHOCTH MTPOJYKIIMU CKBAKUH, OObEMY 3aKa-
YMBAEMOI B IJIACT BOJbI HATHETATEJNbHBIMU CKBUKMHAMH KyCTa |
JpyTue JAaHHble, T0JyJaeMble ¢ MOMOIIbI0 HH(MOPMAIMOHHO-U3MEPH-
TEJIbHOM CHCTEMBI.

Yuciao 00bekTOB (KYCTOB CKBasKMH) COCTaBJISIO 37, Ha KayKIOM
U3 KOTOPBIX OBLJIO PACHOJIOKEHO OT ABYX 70 20 H0OBIBAIONIMX CKBa-
KUH 1 10 8 HarHeraTeJIbHbIX.

Jljist TIPOBEPKHU TMPEATIONOKEHUSI O HAJIUYUU CBSI3U KOJHMYECTBA
neeKTOB CKBAKUHHOTO 000PYIOBAHUS ¢ KOOPAUHATAME PACIIOJIOKe-
HUSI CKBOKUH HA TEPPUTOPUU MECTOPOKIEHUS JAHHbIE 110 MHTEHCHB-
HOCTsIM 0TKa30B (Tabu. 1.9) ObLIM TpeICTaBIeHBl B BHE TPEXMEPHOU
nosepxuoctu (puc. 1.8).

Ananus puc. 1.5 MOKa3bIBaeT, YTO B IpPeeSaX MeCTOPOXKIEHUS
CYIIECTBYIOT JIOKAJIbHBIE HKCTPEMYMBbI (hyHKIIUU
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Puc. 1.5. VI3MeHeHHe MHTEHCHBHOCTH OTKa30B (II0 BCEM THIAM) B mpezeiax HedTsHOro MecroposkaeHus: (06o0umenne undopmanumn

3a 1993-2001 rr.):

X, Yy — HOPMUPOBaHHbI€ KOOPAWHATHI IJIOIIAIN MECTOPOKACHNA; 2 — NMHTEHCUBHOCTDb OTKA30B B IIpe€/l€jIaX KYCTOB CKBasKMH



2= 2x ), (1.21)

T7le z — WHTEHCUBHOCTh OTKA30B BCEX THUIIOB IO KyCTaM CKBAKUH;
X, y — reorpaduuecKkue KOOPANHATHI KyCTOB CKBAKUH.

Takum 06pasoM, moxobHOe 0600IIeHe WHOOPMAIIUN TOKA3bIBa-
€T, UTO B TIPeJIeJiaX MECTOPOXKIEHUS CYIIECTBYIOT 00JACTH, XapaKTe-
pu3ylonyecs aHOMJIbHO BBICOKUMHU 3HAUYEHUSIMH WHTEHCUBHOCTU
oTKka30B. I Hao6OpOT, CYNIECTBYIOT 30HBI, XapaKTEPU3YIOIHECT MO-
BBIIIEHHBIM YPOBHEM HAJIEKHOCTH 9KCILIYaTAI[MK 060PYIOBAHUSL.

[lnst mpoBepkmW BBICKazaHHOW B paszene 1.2.3 rumoTe3sl O BO3-
MOKHOW KJTacTepU3aI[Mi OTKA30B 10 WX THUIAM HaMu ObLIN TIPOBejie-
Hbl AQHAJOTMYHbIE MOCTPOEHUSI TIOBEPXHOCTENH OTKA30B PAa3IUYHBIX
tunos. Ilpu aTOM wuCHONB30BaNach Kiaccu@UKAIMs OTKAa30B, COOT-
BeTcTByIomas paszgeny 1.1.2 Hacrosmieil paboThL.

Ha pwmc. 1.6 mpezacTaBieHa MOBEPXHOCTh OTKAa30B THIIA «J3acope-
HIe pabounx OpraHoB Hacocay. Kax cieqyer m3 aHaiams3a CTPYKTYpBI
MOBEPXHOCTH, B JAHHOM pacpejesieHny Hadomaoress 6ojiee BbIpa-
JKEHHbIE MAKCHUMYMbI, Y€M B IIPEIbIAYIIEM CJIyJae, Te CyMMapHbBII
BKJIaJl BCEX THUIOB HEUCIIPABHOCTEN CrIa’kuBaeT MOBEPXHOCTH. U3
9TOTO CJIeflyeT, YTO [eHCTBUTEIBHO HUMEET MECTO OIpejleJIeHHAs
«IIPUBSA3KA» KOHKPETHBIX THUIIOB OTKa30B O00OPYAOBaHUSA K MeCT-
HOCTH.

Pacripeziesiennsi MHTEHCUBHOCTEN BO3HUKHOBEHUS OTKa30B IO OC-
TAJILHBIM MPUYMHAM TIPeICTaBJieHbl Ha puc. 1.7, a. 6, 6, u OHU TaKKe
MMEIOT XapaKTepPHbIN BUJIL.

[l71s1 BBISIBIEHUS TIPUYUH HEPABHOMEPHOTO DACIpE/IeIeHnsT pas-
JIMYHBIX THUTIOB OTKA30B MO TEPPUTOPUU MECTOPOKIAEHUST HAMU ObLIH
MCTIOTh30BAHBI METOJIBl PAHTOBOH KOppensanuy. B oriamume oT maH-
HBIX Tabj. 1.8, B KOTOPOil OTCYTCTBYIOT 3HAYMMBIE KOPPEJISIIHOHHbIE
CBSI3U MHTEHCHUBHOCTH OTKA30B C TEXHOJOTMYECKUMU XapPaKTEPUCTH-
KaMu PaboThl CKBaKWH, B pacyeTax MPUMEHSJICS METO CIel[HaIbHO-
ro orbopa 00bekToB. V3 Beeil BHIOGOPKU OOBEKTOB [/ PACYETOB BbI-
GUpPANCH JIUII Te, THTEHCUBHOCTDH aBapHil Ha KOTOPBIX MMeJa YeTKO
BBIPa)KEHHBIN JIOKATBHBII MaKCHUMyM Ha MOBEPXHOCTSIX OTKa3oB. Ta-
Kasl TIpoleypa yCTPaHsja CryakuBaHue KOppessinuil (TTpu uX Hau-
YW1 ), BbI3BAHHOE B3AaUMHbBIM BJIUSHUEM DPA3JIUYHBIX «T€PPUTOPHUAIID-
HBIX> (haKTOPOB.

Ha puc. 1.8 npuBeseHo cedeHue MOBEPXHOCTH, U300paKEHHOM pa-
Hee Ha puc. 1.6. BimsgHue 0OBEKTOB, OXBaThIBAEMBIX BbBIAEIECHHOIM
sgunueit (mo yposHio 0,5 OTKa3/CKB.), CO3/aeT XapaKTePHbIE MaKCH-
MyMbI Ha TMOBEPXHOCTH. 3aMETHM, U4TO YHCJIO OOBEKTOB IMPH TAKOM
BBIOOPE YPOBHS COBIIAJAET CO CPEJIHUM PasMepoM Kiactepa (CM. pas-
nen 2.2.3). Itu 0OBEKTHI M CIIyKAT JUIST PACYeTOB KOIDPUIIUEHTOB
PAHrOBOIl KOPPEJISIIHH.
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Puc. 1.6. IloBepXHOCTh OTKA30B IO NPHYHHE 3aCOPEHHsI PA0OYNX OPraHOB HACOCOB:

X, Yy — HOPMUPOBaHHbIE KOOPJAWHATHI IJIOIIA/IN MECTOPOKAEHNA; 2 — MHTEHCUBHOCTDb OTKA30B B IIpe/ie€jlaX KYCTOB CKBaKUH
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Puc. 1.7. Jlokaiu3anust oTKa3oB.

H])I/I‘II/IHBI OTKa30B: @& — HErepMeTUYHOCTDH HKT, 6 — «IIOJIETBI»; 6 — JJEKTPUUYECKUE; X, iy — HOPMHPOBAHHBIC KOOPJAUHATHI IIJIOIIAAN Me-

CTOPOXKAEHUA; Z — UHTEHCUBHOCTb OTKA30B B IIpe/iejiaX KYCTOB CKBa)KUH
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Puc. 1.8. CeueHne noBepxXHOCTH OTKAa30B ILUIOCKOCTBIO, COOTBETCTBYIOIIEH 3HAYMMO
KOPPEJISIIUOHHO! CBS3H.
IIITpuxoBKOI OKA3aHBI 30HBI ZOCTOBEPHON aHOMAJIBHOI aBapHilHOCTH

Koadduiment panroBoit Koppesisiun ObLT BBIGPAH MO TOH Tpu-
YUHEe, YTO OH MOJKeT C YCIIeXOM MPUMEHSITHCS JIJIST BbISBJIEHUsI CBsI3ell
npu Majibix oObemax BBIGOPOK (He MeHee Tpex oObekToB [9, 10]). B
HaleM cjydae Tocje otbopa 1o gaHubiM puc. 1.13 octanoch 8 Kyc-
ToB ckBaskuH (taby. 1.10). [laHHbIe 110 BHIOpAHHBIM OOBEKTaM U CTa-
Iuu pacyeta Koah@UIMEHTa PAHTOBOM KOPPeJSIIUU I IIpuMepa
pacyera B3aMMOCBSI3H ITIapbl MIAPAMETPOB «MHTEHCHBHOCTb ABAPHIl 110
3acopeHuio» — «aebut nedru» npusesensl B tabsr. 1.10. Pacuer mpo-
BOAIMJICS TIO (hopMyJie

Gi (Rai - Rbi)2
y=1--=— (1.22)
n- —-n
rne R, u R, — pauru mapametrpoB a u b Ha i-M 00ObeKTe, 7 — 00beM
BBIOODKH.
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Tabnauuma 1.10
Hcxonuble naHHble M pacdeT KO3 HIMEHTa PaHTOBON KOPPEJIALHH Y

Koopaunarer | Unren- Jlebur

Howmep CUBHOCTD, nedrn, R R Ri—R)2 Cymma
Kyera| y |asap./cxs| M’ /cyryer | T 2 | (RimRy) S(R-Ry)*| Y
205 | 551 474 1,18 394,4 2 1 1

203 | 300 | 472 0,60 24,7 7 8 1

186 | 67 | 387 0,61 208,1 6 3 9

176 | 401 359 1,50 176,7 1 4 9

148 | 234 | 270 0,83 2439 4 2 4 46,0 0,452
132 | 332 | 212 1,01 61,0 3 6 9

117 | 355 163 0,80 34,4 5 7 4

8 200 | 136 0,55 169,3 8 5 9

Kak cienyer 3 pacuyeTos, mnosydyennas Besnuuna y = 0,452 sapis-
eTCs 3HAYMMO M CYIIECTBEHHO ITIPEBBINIAET PACCUUTAHHYIO paHee 110
BceMy MaccuBy o0bekToB Bemumby y = —0,101 (cm. tabmu. 1.8), uro
yKa3biBaeT Ha 3(PHEKTUBHOCTh TPUMEHEHHOTO METOJa BBISBJICHUS
B3aMMHOI 3aBUCUMOCTH TIOKa3aTesell JKCIUIyaTalluy M TapaMeTpoB
HAZEKHOCTU 0OOPYAOBAHUSL.

AHasornyubM 06pa3oM ObLIM PacCYUTaHbl KOIPOUIUEHTHI 115t
BCEX OCTAJbHBIX NapaMeTpoB M NpHYuH nAedekrtoB. llomydeHHble pe-
3yJIbTaThl peAcTaBieHbl B Tab. 1.11.

Kak cienyer us taba. 1.11, BBIGOp 0OBEKTOB MO TEPPUTOPUAID-
HOMY TIpU3HAKy IO3BOJISIET BBISBUTD CYIIECTBEHHBIE CBSI3U MEXKIY
NPUYMHAMM  aBapuil ¥ TEXHOJOTMYECKUMHU TapaMeTpamMu  paboThl
CKBaJKHUH.

Tabauma 1.11

Koppensinnonnas tadimia B3aMMOCBSI3U NPHYHH aBapuii
M MapaMeTPOB SKCILULYATAIUH MO KJIACTEPU30BAHHBIM 00bEKTAM

[Tapametp
IIpuunna Jlebur | /lebut Yucao | Obuee .
P o Hed-| 1O H?}?:gf“ CKBAKHH | 4HCIIO SaKI;\:I%,g;)ﬂm
TH | KHAKO- B KycTe | aBapuii
3acopenue 0,452 | 0986 0,00 0,262 0,107 —-0,048
«ITonerbr» 0,491 | 0,394 0,564 0,085 0,109 0,242
DJIeKTpIYeCcKue 0,011 | —0,083 | 0,202 0,00 0,405 0,107
MPUYHHBI
Cuwxenne junamu- | —0,381 | —0,214 | 0,714 -0,369 | —0,321 0,095
YeCKOTO YPOBHSI
Herepmernusocth -0,012 | 0,635 0,607 0,310 0,583
HKT

1T pumMeydaHnmune. BbII[e]IeHHbIe 3HAQYCHUS CTATUCTUYECCKU 3HAYUMBI Ha YPOBHE

95 %.
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HO[[BeI[eM UTOTU IO pe3yJibTaTaM MCCJIE/IOBAHUA BJIUAHUA YyCJIO-
BUIl dKCIIyatanuu o6opynoBanust HeTera3o06bIYM HA €ro HaJesK-
HOCTh. MOKHO yTBEPKAATh, UTO TIPU OIIEHKEe ITOKasaTesell HaleKHO-
CTH BO3/IEHCTBUEM <«BHEITHWX» YCJIOBHMI HENb3sl TpeHeOperaTh, Tak
Kak OHO NPUBOANT K M3MEHEHNIO BH/Aa 3aKOHOB DPACHpeieIeHNs |
byHKIMKU HaZeKHOCTH 000pynoBaHusi. [Ipu 3TOM HWHTEHCUBHOCTD
OTKA30B OKa3bIBaeTcs (yHKIMEN BPpEMEHM W KOOPAMHAT PACIIONIOXKe-
HUsI OOBEKTOB HAa TEPPUTOPUM MECTOPOsKAeHUs. [l u3ydeHUs mo-
MOOHBIX 3aBUCUMOCTEll Hambojiee HATIAMHBIM W WHMDOPMATHBHBIM
METO/IOM HU3YUYEHWs SIBJISIeTCS MHOTOMEPHOE IpeCTaBJeHNe TaHHBIX,
Hampumep, B (popMe TpexMepHBIX TTOBEPXHOCTEN OTKA30B.

Kak Oyzer moKasaHO B CJEAYIOIUX TJaBaX, MHOTOMEPHOE IPej-
CTaBJIEHUE [JaHHBIX MOJKET 6bITb IIpUMEHEHO N B Ka4deCTBE /IOIIOJIHE-
HUSI K TUATHOCTHMYECKUM METOZAM, a TaKyKe IPU Peau3aliy HEKOTO-
PBIX ONTUMH3AIMOHHBIX AJITOPUTMOB.

1.2. JMATHOCTUKA TEXHUYECKOI'O COCTOSAHUA
OBBEKTOB HEDTET'A3010BbIYN
11O JAHHDBIM 3KCIVIYATAIIUN

B cOoBpeMEHHBIX YCIOBUAX, KOrJa OOJBIIMHCTBO HedTerazomoonl-
BAIONIMX KOMIIAHWI MMEET B CBOEM PaClOPSKEHUH aBTOMAaTHYeCKUe
CHUCTEMbI YIIPABJIEHUS TIPOU3BOJICTBOM, TO3BOJSIOIME HAKAININBATH
OrpomMHble 0asbl JAHHBIX [APAMETPOB IKCILIyaTAIl[MU [POMbICIIOB,
0cOOYI0 aKTyaJIbHOCTD IOJIyYaloT MCCJIe0BaHUS B 00JacTu 00paboT-
KU TOJIy4eHHOU MHOOPMAIMK C 1eJIbI0 TOBBINIEHNUS JTOCTOBEPHOCTH
METO/ZIOB JMAarHOCTUKMN O6'beKTOB IIpOMbBICJIA.

BO3MOKHOCTH KJIACCMYECKUX METOJ0B JAUArHOCTHKM (TIOCTPOEHMUE
TPEH/IOB, KOHTPOJIb BBIXOJAa MAPAMETPOB 3a JOMYCTHMbIE MPEesbl 1
T.I.) BECbMa OTPAHMYEHbI U3-32 TPYAHOCTEH TOCTPOEHMUS aJeKBATHOIL
ZIeTepMHHI/IpOBaHHOﬁ MaTeMaTU4eCKOMn MOZE/N TIPOMBICJIA, YTO IIPH-
BOJIUT K HEBO3MOKHOCTU ydeTa BO3AEHCTBHS BCETO KOMILIEKCA (hak-
TopoB. [loaToMy B laHHOM paszjesie IpeAlpruHsITa MOIbITKA ITPUMEHe-
HUS JUTSE 1eJIeil IMarHOCTHKY MOJieJiell TEXHUYECKUX CUCTEM, UCTIOJIb-
3YIONMX TOHATUSI CUHEPTETHKU U OasUPYIONUXCst Ha OOJIBIIMX Mac-
CHMBaX 9KCIUIYTAIIMOHHBIX MapaMeTPOB, MOJIYYEHHBIX aBTOMATHYECKHU-
MU U3MEPUTETIbHBIMU CUCTEMaMM.



1.2.1. KOHTPOJIb USMEHEHUA TEXHUYECKOI'O COCTOAHUA
OBOPY/IOBAHHA ITPH PASPABOTKE HEDTSAHBIX MECTOPOJKIEHHIA

Tlokazatesn HaEKHOCTU JIIOOOM CJIOKHOW CUCTEMBI, B TOM YHUCJIE
U TaKoH, Kak He(dTenpoMbICes, JOJKHBI OIpPENEThCS IIyTeM pac-
CcMOTpeHUs1 HeTeraszo00bIBAIOIIET0 TPEANPUATHS KaK HEKOTOPON
CUCTEMBI, COCTOAIIE M3 Psijia TOCJHEJ0BATENbHO U TMAPAJJIETHHO CO-
eJIMHEHHBIX (DYHKITMOHAJIBHBIX 3JIEMEHTOB.

B ocHoBe Bcell 9TOl CJIOKHOW CHCTEMBI JiesKaT TEPBUYHBbIE 3JIe-
MEHTBI (CKBa)KWHA, HACOC), HAJIE)KHOCTh IKCILTyaTallu KOTOPBIX OII-
penensieT cocTossHre HedTEPOMbICIA.

Ilo sTuM npuymHaM aKTYaJbHON IIPe/CTaBJsIeTCsl 33/a4a MPOTHO-
3UPOBAHUS BPEMEHM HACTYILJIEHWSI OTKa3a OJHOrO0 M3 OCHOBHBIX BU-
OB 000pyI0BaHUs HeTEIPOMbICIa — LITAHTOBBIX TIyOMHHBIX HACO-
coB (IIITH), paccmaTpuBaeMbIX KaK IPOCTEHIINE 3JIeMEHThI CIOKHON
CTPYKTYPBI He(TETIPOMBICIIA.

PaccMOTpUM OZIMH M3 MOAXOJOB K PENIEHUIO TTOCTaBJIEHHON 3a/1a-
YK, OCHOBAHHBIM Ha PETPOCIEKTUBHON 06paboTKe AMHAMOrpamM,
CHUMAaeMbIX aBTOMAaTU3UPOBAHHBIMU U3MEPUTETbHBIMU CUCTEMAMMU.

Ha uccnenyemoM MecTOPOXIEHWUN 3KCITYyaTUPYETCST KOMITbIOTEP-
Has M3MepUTeJbHAs CHCTEMa, PETrUCTPUPYIONIasl apaMeTpsl TUHAMO-
rpamm IIT'H ¢ wactoroit 1 pa3 B yac. Peanusanusi mpejjiaraeMoro
M0/IX0/Ia OCHOBAaHA Ha Pe3yJibTaTaX MHOTOYMCJIEHHBIX HCCJIEI0BAHUN,
MOKa3aBINX, YTO Tekyliee TexHudyeckoe cocrosiuue IITH naubGosiee
MIOJTHO OTPa’KaeTcsl B MI3MEHEHWH XapaKTepa [MHAMOTPAMMBbI KasK/I0TO
Hacoca Bo BpeMmenu [7, 12].

JuHamoMeTpupoBatHue HedTeJ0ObIBAOIINX CKBaKKUH, 060PYL0-
BaHHBIX IITAHTOBBIMU TJIyOMHHBIMEU HACOCAMM, SIBJISIETCS] HAVLIYYITHM
c110co00M KOHTPOJA HUX TEXHMYECKOIO COCTOSHMS U HAMIYYIIMM
cpeicTBOM oOlleHKN 3(h(MEKTUBHOCTU WX 3KcILyaTanuu. /[unamomer-
pUpOBaHUeE IO3BOJISIET CBOEBPEMEHHO BBISIBUTH HEWCIIPABHOCTH TIOJI-
3eMHOT0 000DPYOBaHKS, COOTBETCTBUSI IPOM3BOAMTENbHOCTH TIyOUH-
HOTO Hacoca TPUTOKY »kujakoctu u mp. Ha ocHoBe amHaAmMorpamm
OCYIIIECTBJISIETCST PacyeT IapaMeTpPoB IMEPUOANYECKON paboThl Ha-
coca.

W3yyenuio nuHamMorpaMM Kak € TEOPeTMYeCKUX MO3UIMH, TaKk U
NPAaKTUYECKHX, IIOCBSIIEHO 3HAYUTENbHOE KOJIMYeCTBO pabor [3, 7,
12]. TmaBHOI HaANpPaBJIEHHOCTBIO BCEX ITUX MCCIENOBAHUN SIBISIETCS
quarHocTupoBaHue pasButus aedexros IIITH.

[IpakTuyeckast TOJb3a OT UCHOJB3YEMBIX B HACTOSIIEE BPEMST Me-
TOAMK KOHTPOJIsSI TOKasaTesell Hajexuoctu paborer IIITH mo usme-
HeHUI0 (POPMbI KPUBBIX JAMHAMOTPAMM OTPAHUYUBAETCS WCKJIOYU-
TeJbHO OOJIbIIUM KO3 QUIMEHTOM BapuabeJbHOCTU YCAOBUN paGOThI
IIITH. TIoCTOSAHHO WM3MEHSIONMECS IPUTOK KUIKOCTH, OOBOAHEH-
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HOCTH (2 CJIeOBAaTEJbHO W BI3KOCTDb), (DU3NYECKUN W3HOC JeTaseid
Hacoca U MHorue Jpyrue (GakTopbl He I03BOJISIOT ITOCTPOUTH JOCTO-
BEPHYIO JIeTEPMUHUPOBAHHYIO MOJIEJIb, PEAJbHO OTPaXKalolylo IIPO-
UCXO/IINe B CKBaKMHE IIPOIIECCHI.

Mmoctpalineil 9Toro yTBepsKaeHus ciayxart puc. 1.9, a u 6, no-
JlydeHHbIE C WCIIOJh30BAaHNEM ABTOMATHUYECKON W3MEPUTENBHON CHC-
TEMBI, TTO3BOJISIONIEN CTPOUTH TUHAMOTPAMMBI ¢ MHTepBaJoM B 1 vac.

AHanu3 mpe/cTaBIeHHbIX PUCYHKOB CBHJIETENBCTBYET O TOM, YTO
naxke TPU HOPMATBbHON IKCILIyaTAllnid HACOCHO-CHJIOBOTO 060pyI0Ba-
HUST BapuabesbHOCTD AUHAMOTPAMM, AK€ B TeYeHHe CTOJbh KOPOTKO-
IO BPeMEHH, BecbMa BeJsIMKa.

ITU CBOWCTBA [WHAMOTPAMM KpaliHe 3aTpPY/HSIOT MCIIOJIb30BaHUE
CYIIECTBYIOIUX METOMOB HATHOCTUPOBAHUSI HEIMOJAJOK B pabore

a
1000
T 800 ﬁéai?éf Ay
I
& KﬂMﬁ
= 400 Y
200
0
0
1000
z 800 :ﬁm ??jrééfaﬁ&ﬁ N
S
2 600
2 \ P4 mf
)
g 400 /A
200
0 20 40 60 80 100

Bpemsa (nomep mouku)

Puc. 1.9. PassepHyTbie BO BpeMeHHU JMHAMOrpamMMsbI cKB. 8650:
a — NOJyYyeHHble C MHTEPBAIOM 1 4; 6 — mosyueHHbie ¢ uHTepBasoM 1 4 yepe3 7 cyT
HOCJIe MOMEHTA PETHCTPAINH JIAHHBIX, [IPEJICTABJIEHHBIX HA PUC. @
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HAcoCOB. B cBsI3W ¢ 9TUM MpeACTaBIsAeTCS aKTYaJbHOM 3aj1aya pa3pa-
GOTKM IOMEXOYCTOMYMBBIX METONOB OOPaOOTKM JAaHHBIX AMHAMOMET-
PUPOBAaHUS CKBAXKWH, TO3BOJISIIONINX MOBBICUTH JIOCTOBEPHOCTD JlAar-
HOCTUPOBAHUsI M3MEHEHUsI YPOBHSI TEXHMYECKOIO COCTOSIHUSI 000pYy-
JIOBaHUST He(TSHBIX TPOMBICJIOB.

PaccMOTpuM OZIMH 13 BO3MOKHBIX TOJXONIOB K PENIEHUIO MOCTAB-
JIEHHOW 3a/1ay¥, OCHOBAHHBIX HA WCIOJb30BAHUM METO/I0OB TEOPUU
MOpSIZIKOBBIX cratuctuk [9, 13].

BrI60p TaKoro 1moaxoa K PelleHro IOCTaBIeHHOM 3amaun o0bsic-
HSIETCSI T€M, YTO BCJEJACTBHE BBICOKOW BapuaGebHOCTU IapaMeTpPOB
npu 06paboTKe JUHAMOTPaMM B OOJIBIIMHCTBE CJIyYaeB OTCYTCTBYIOT
STAJIOHHDbIE JMHAMOTPAMMBI, C KOTOPBIMU HEOOXOIUMO TIPOBOIHUTD
CpaBHEHUE ]I/ TOJIYYEHUsI KaKUX-JU60 BBIBOJOB O TEXHUYECKOM CO-
crostunu [TITH.

B cBs3M ¢ 9TUM TpeljiaraeTtcsl HOBbI MeTO[ 0e33TaJlOHHOIO Olle-
HUBaHUs 3HaYeHUil mapamerpos pabGorsl IIITH, Tpebyrommii BMecTo
IpOLIEyPhl CPaBHEHUST OOBEKTa € ITAJOHOM YIOPSIIOUMBAHUS BbI-
OOpPKU M3 MHOXKeCTBa OOBEKTOB.

ITpu 5TOM HpEATogaraeTcsi, YTo Ha OCHOBaHWM 0a3bl JAHHBIX WH-
(bopMaIoHHO-U3MEPUTENBHOM CUCTEMBI MOKHO TMOCTPOUTH 3aKOHBI
pacrpeieJieHusT aHATTU3UPYEMbIX TTapaMeTpPOB.

OTMETUM HEKOTOPbIE CBONCTBA TMOPSIKOBBIX CTATUCTHK, WUCIIOJb-
3yeMbIX HAMW B JIAJTBHEUIITNX MOCTPOEHUSIX.

Ilyctp dynkmusa pacnpenenenusi F(x) paccmMaTpuBaeMoll reHe-
pabHON COBOKYIMHOCTH (ITapaMeTpbl IUHAMOTPAMMBbI) HEIpPepbIBHA
HOYTHU BCIOAY; X1, Xa,... , X, — DJEMEHTBI BHIOOPKHU U3 9TOH TeHepajbHON
COBOKYITHOCTH, TOJIyYeHHBbIE KaK IOCJ€e/0BATEbHbIE 3HAYEHUST U3Me-
PSEMOrO BPEMEHHOIO psijia Kakoro-aubo napamerpa. V3MeHUB wc-
XOJTHOE PACIOJIOKEHNE HTUX HJIEMEHTOB B COOTBETCTBUU C WX BO3pac-
TaHueM (U YOBIBAHUEM) MBI MTOJYIUM PSIT

X(1) < X(2) <. £ X(n)-

B Takom ciydae, B cooTBeTcTBUU C omnpejeseHueM [9], amemeHTHI
Xy TPEACTaBISTIOT COOON i-10 TOPSIKOBYIO CTATHCTUKY B BBIOOpKe
o0beMa 7 U3 reHepasibHON COBOKYITHOCTH.

IIpu 110706HOM 110/IX0/Ie TeHepaJbHast COBOKYIIHOCTD IIPEACTaBJIs-
eT coOOi CMeCh CIIyJallHbIX BEJMYUH Xj).

IIpy KUCIOJIB30BAHUU MOPSIAKOBBIX CTATHCTHK JsI 00pabOTKHU Au-
HaMOrpaMM HeT HeoOXOJUMOCTH IIOCTPOEHHUsS] IMHAMOIPaMMbI B ee
CTAaHZAPTHOM BHWJle — B BHJEe 3aMKHYTOM KpuBOil. B Hamem ciydae
JIMHAMOTPAMMBI [PEJICTABIISAIOT cO00i BpEMEHHBIE Ps/Ibl IAHHBIX {X(;},
10 CBOEH CcyTH aHajormyHble ocuuiorpammam (cMm. puc. 1.9, a, 6).

PaHroBble IIOPSAKOBbIE CTATUCTUKM MOTYT OBITh BBIYKMCJIEHBI II0
J00BIM BPEMEHHBIM PsiiaM, UMEIOLIMM XapPaKTEPHOE IIOJOMKEeHUe DKC-
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tpemyMma. C yueToM CIy4ailHON COCTaBJIAIONIEH W3MEpPEHHBIX 3HAUe-
HUW HArpy30K MOXKHO IIPEICTABUTb 3aBUCHMOCTb HArpy3KHW B TOYKE
[I0/[BeCa KOJIOHHBI IITAHTI OT BpEMEHU B BUJIE

F(t) =0(1t) + &), (1.23)

rae F — ycunue B TOUYKe I0/[Beca HNITAHT B MOMEHT BpeMeHHU f; © —
byukius, onuceiBaonas M3MeHeHUe HArpysku OT BpeMmeHu; &(f) —
MIYMOBAsl COCTABJISTIONAast W3MEPEHUs, UMEIoMas B OOIeM ciydae
IIPOM3BOJIbHOE paclipeiesieHue.

Wcnonb3oBanue TeOpUM PAHIOB [JIs1 PACIIO3HABAHUS U3MEHEHUs B
JMHAMOTPaMMax yJ06HO TeM, YTO TaKOW MOAXO0/ MO3BOJISAET U30ekKaTh
TPYAHOCTEH, CBA3aHHBIX C MOCTPOEHUEM OOBEKTHBHON HIKabl abco-
JIIOTHBIX 3HAYEHWI HArpy3o0K, Tak Kak 9TOT HapaMeTp SBJSETCS Cy-
MECTBEHHO BapraOeTbHbIM.

B nanipHeANX TMOCTPOEHUSAX TIOJ] PAHTOM M3MEpeHUs OyaeM TIo-
HuUMaTh HOMep R(F;), KOTOpbIil MprOOpeTaeT 3TO0 M3MEpPEHUE B YIIO-
PSZIOYEHHOM 110 BO3pAacTaHUIO Psi/ly 3HAUeHUl F, pu

k<i<k+n,

rae n — 00beM BBIOOPKL.
M. Kenmasn [10] mokasas, 4To 1npu aHajau3e 3aBUCUMOCTHU BHJIA
(1.23) yno6HO MCIOJIB30BATh CTATUCTHKY

n-1 n
S(n)=% X3, (1.24)
i=1 j=1
1, mpu F, > F;;
e §; = 0, mpu F, > F;
—1, mpu F, > F,.
F, F; — wun3MepeHusa 13 BPEMEHHOIO DsAJla Harpy30K B TOUYKE IOjBeca

kosionnsl mtanr I[ITH, 1 <4, j < N.
JlanpHeiimuii aHan3 Koah@uIneHTa paHroBON KOPPEJISIIUN

25(n)
n(n-1)

k= (1.25)

II03BOJISIET CJlesIaTh BBIBOJBI O CTEIIEHM MOHOTOHHOCTU 3aBUCUMOCTH
F(t). Tpu k = 1 3HavyeHUsT MOHOTOHHO BO3pacTarT, k = —1 xapakre-
pu3yeT MOHOTOHHOE yObIBaHUE,

HpOBG[[GHHbIﬁ HaMM Ha OCHOBaHHHN HCIIOJIb30BaHUA 633 JaHHbBIX
nH(OPMAIIMOHHO-U3MEPUTEJIBHOM CUCTEMbl aHAJIU3 JUHAMOTPAMM
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IIITH, paccmaTpuBaeMblX Kak BpeMeHHbIe Psi/bl, IOKa3ajJ, 4YTO B
GOJIBIIMHCTBE CJYYAEB 9TH PS/Ibl XapaKTEPU3YIOTCS IeJbIM HabopoM
YCTOMUMBBIX JIOKATBHBIX aKcTpeMyMoB dyukimu F = F(t). Tem ca-
MBIM HapyIIaeTcs YCJIOBHE MOHOTOHHOCTH (YHKITUH, OIpefessieMoe
cTaTncTUKOM KeHmama.

B paGore [9] 6bL10 mokazaHo, YTO MEPBYHO craTHCTHKY KeHpaia
MOKHO JIOTIOJTHUTH, €CJIM CYIIECTBYeT JOCTOBEPHAs almpuopHas WH-
opMarusi 0 KoOpaMHATAX JIOKATBHBIX JKCTPEMYMOB, Pa3IessIONNX
obsacT Bo3pacTaHus win yObIBaHUS (MYHKIUH. JTO JOCTUTAETCS 32
CUET WCTOJTB30BaHUS ToxkAecTBA N = 2n (/I YETHOTO KOJUIECTBA
M3MepPEeHN U CUMMETPUYHOTO PACTIONIOKEHUS TOYKUA HKCTPEMYMaA).

JlelicTBUTENIbHO, €cyii Pa3OUTh BHIOOPKY U3MEPEHUN Ha TIE€PBbIE U
BTOpbIE 7 HAOJIONEHNH, TO BeJMYUHA

Sy = SO — 5@ (1.26)
1 K03(pDUIMEHT paHTOBOH Koppesin KeHmama BTOPOro mopsmaka
fy = 2 (1.27)

- n(n—-1)

OyIyT KOJMYECTBEHHO OIMMCHIBATH XapaKTep WU3MEHEHWs BPEMEHHON
nocsefioBatesibHocT {Fj}. Anamms ¢ynkiuu (1.27) mokasbpiBaer, 4ToO
ecau {F;} MoHoTOHHO BO3pacraer or F; 10 F, U MOHOTOHHO yObIBaeT
or Fuy 10 F, — n, TO 3HaueHue ky Gyner B Tounoctu pasho +1. Ipu
3TOM He WTPAeT POJIH, KaK GBICTPO BO3PACTAIOT WM YOBIBAIOT 3HAYE-
Hust F; ¢ pocrom i. BaskHO JUIIB TO, YTOOBI 9KCTPEMYM ITPUXOJHIICS
Ha TOYKY ¢ HOMepoM 7 [9].

Ananu3 pe3yJbTaTOB M3MEPEHUN, MpeacTaBjaeHHbIX Ha puc.1.9, a,
6, CBUJIETEJILCTBYET O TOM, YTO B TEYEHUE JOCTATOYHO MPOIOJIKHU-
TEJIbHOTO OTpe3Ka BPeMEHW PAaCIOJIOKeHUE JIOKATbHBIX 9KCTPEMYMOB
Ha IMTHAMOTPAMMAax OCTAaeTCs] HeM3MEeHHBIM, XOTS BO BPEMEHHBIX WH-
TepBaax MeX1y KOOPAWHATAMHU MECTOMOJOKEHHS 9TUX IKCTPEMYMOB
HAOJTIOIAIOTCST  JIOCTATOYHO CYIECTBEHHBIE BapHAIlMU HArpy3KW Ha
HITaHre Hacoca.

Opnako co BpeMeHeM TexHudeckoe cocrogaue IITH u pebut
CKBRXUHBI U3MEHSIOTCS, YTO, KaK CJIE/ICTBHUE, COMPOBOXKAAETCS M3Me-
HEHNeM BUIA IUHAMOTPAMM U H3MEHEHHEeM KOOPAWHAT COOTBETCT-
BYIOIIUX JIOKAJTbHBIX 3KCTPEMYMOB.

CrapeHue ¥ M3HOC HACOCHO-CHJIOBOTO 00OPY/IOBAHUSI MOKHO OXa-
PaAKTEPU30BATh BPEMEHHBIM BEKTOPOM CTAOMJIBHOTO HAITPABJIEHUSI.
BceriesictBrue aTOTO MOXKHO TIPEIIONIOKUTh, YTO cTaTucTuka Kenmama
BTOPOTO TIOPSIZIKA OY/IET TIPeTepIieBaTh U3MEHEHUsT 0 Mepe yXyIIlie-
HUSI TEXHUYECKOTO COCTOSTHYSI 000PYI0BAHNSI.

B kadectBe mpuMepa pacyeTra pacCMOTPUM H3MEHEHUE TapameTpa
ky, o mepe skcruryatanuu ckB. 8060 u 4586 paccmarpuBaeMoro Me-
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CTOPOXIEHNs. BBIOOP MMEHHO STHX CKBaXMH OOBACHIETCS Hau-
GospiuM 00beMOM HMHMOpPMALIUY, UMEIOIIelicss 10 HUM B (ase gaH-
HBIX MH(OPMALMOHHO-M3MepHUTeNbHON cucteMbl (Gosee 1000 muHa-
MOTpaMM 3a 3 Tojla 9KCIUIyaTalluy KakJ0H M3 HUX). 3a paccMaTpH-
BaeMbIll TIepHUO/I BPeMeHHN MO KaXK/0W CKBakMHE 3a(WKCHUPOBAHO IO
NSITh OTKA30B HACOCOB C TIOCJeAylolell X 3aMeHOH. XapaKTepHble
IUI 9TUX OTKA30B IIpelaBapUiiHble M3MeHEeHUs Ae0MTOB paccMaTpu-
BaeMbIX CKBAXKUH IpesicTaBiaeHbl Ha puc. 1.10.

AHanu3 3THX pe3yJIbTaTOB TOKA3bIBAeT, YTO TPOTHO3MPOBATH U3-
MeHEHHEe TEXHUYECKOIO COCTOSIHHMSI HaCOCHO-CHUJIOBOTO 0GOPYIOBAHUS
TOJIbKO 110 U3MEHEHUIO JeOUTOB CKBAXKUH — MaJIOZOCTOBEPHO.

Hamnporus, uamenenue napamerpa ky — craructuku Kemgpiia, xa-

a

Hebum, m3/cyt
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Puc. 1.10. Tunuynas auHaMHMKa JaeOuTa CKBaskuH, oGopyaosaunbix IITH, npu
passuBaiomuxcs aedexrax:

a — ckB. 4586 (uerepmernunocts HKT); 6 — ckB. 8060 (3acopenue paboynx opranos
IeCKOM)
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pakTepusyeT Bce atambl akcrayataiuu IIITH u uamenenue pexum-
HBIX XapaKTePUCTUK PabOThl CKBAXKITHBL.

B tabu. 1.12 npejcraBieHbl pe3yabTaThl PaCYeTOB II0 JaHHBIM 00-
paborku 500 AUHAMOIpPaMM 3a TPU TOZAA SKCIUIyaTAllUH yKasaHHBIX
BBIIIE CKBAKWH. AHATW3 Pe3yJbTaTOB WCCIENOBAHUN, MPe/ICTaBIeH-
ublx B Tabu. 1.12, nokasbiBaeT, uTo craructuka Kenjsma ky gasisgercs
BeCbMa YYBCTBUTEJIbHBIM TIOKA3aTesieM, XapaKTEPU3YIONIUM H3MeHe-
HUe YPOBHS TEXHUYECKOTO COCTOSIHUSI CKBAKUHBI, 0OODPYIOBAaHHON
IIITH.

3aMeTuM, 4TO MOrpaHUYHBLIM 3HAYEHWEM Iapamerpa ko, OTHENsIo-
NIMM TIEPUOJT Y/IOBJIETBOPUTEIHLHOTO TEXHMUYECKOTO COCTOSTHWS CKBa-
SKMHBI OT MOMEHTa 3aposk/eHus u pasBuTus HeucnpasHocteil [IITH
U BO3HUKHOBEHHS HEYCTONYUBOCTH B paboTe HOOBIBAIONIEH CKBAKU-
HBI, sBJIgeTcd BesyuHa Ry = 0,5.

Takum o6pasoM, craructuka KeHzipjaa BTOPOTO HMOPsSiKA MOXKET
CIYKUTh JUATHOCTUYECKUM KpPUTEPUEM, TO3BOJISIONIUM BBIHOCUTH
CY/KIEHUST BUJA: «Jla», <HET» 00 YPOBHE HANEKHOCTU M TEXHUYECKOU
6€e30MaCHOCTH DKCILTyaTal[Ui CKBAKUHBI.

Anayormunsie pacueTsl ObLaM IpoBeseHbl Hamu s 200 CKBaKuH
MecToposkaeHuii, npuHamaexkamux CII «Baroitin». Beuto orpaborano
6osee 300 puramorpamm. ITojydyeHHbIE Pe3yJIbTaThl IIOJHOCTBIO CO-
OTBETCTBYIOT Pe3yJibTaTaM, peAcTaBieHHbIM B Taba. 1.12.

3aMeTUM [pY 9TOM, YTO MHTEPBAJIbHBIE OILEHKU IOKasaTenss Ry
JUISI COCTOSTHUSI CUCTEMbI <«JIe(DEKTOB HET» U <«HAJUYUE Pa3BUTOrO
JedexTay MOJHOCTBIO TIEPEKPBIBAIOTCS, YTO CBUJIETEILCTBYET O MAJION
YyBCTBUTEJbHOCTH IIapamMerpa Ry HEIOCPEACTBEHHO K Pas3BUTHIO Jie-
dexkra.

C apyroil CTOPOHBI, CKauKOOOpasHOE W3MEHEHHe CTATHCTHKH
Kenmana npn Beixozie IIIT'H n3 cocTosiHuA <« Y CTOWYMBBIN CyTOYHBIN
neburt. [ledeKToB HeT» CBUIETENbCTBYET O BBICOKOU YyBCTBUTEILHO-
cT¥ Hapamerpa By K MOMEHTY M3MEHEHHsSI YPOBHSI IIOPOTOBOI TEXHK-
YecKOl Ge30IaCHOCTH dKCILIyaTallii CKBAKUHBL.

Tabauma 1.12

N3amenenne cratuctukn Kengaaa BToporo nopsaka no Mepe yxXyAmIeHHs
TEXHUYECKOTO COCTOSHUS CKBA’KUH Y M3MEHEHHUS PEKMMOB MX PabOThI

No Bennuwnna
o /1 YpoBeHb TEXHUYECKOTO COCTOSTHUST CKBAKIHBI ; )
napamerpa ky
1 YeroituuBbiil CyTOYHBIN 1e6uT. 0,95-0,99
JledexToB ner
2 Heycroituussiii ne6ur. 0,3-0,4
3apoxaene aedexra
3 [IpenaBapuiitioe coctosiHue. 0,1-0,5
PasBurnrii nedext
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HpOBeI[eHHbIe HCCae0BaHMA II0Ka3bIBalOT, YTO BBICOKasd Bapua-
GeJIbHOCTh AUHAMOIPAMM U M3MEHeHHUe YCJIOBUil paspaboTKu HedTs-
HBIX MECTOPOXKIEHUI He TO3BOJISIOT JOCTOBEPHO CPAaBHUBATH JMHA-
MOTPAMMbI, TPUTOMHBIE [IJI1 JKCIIEPTHOTO OIEHWBAHUS W3MEHEHUS
YPOBHSI TEXHUUYECKOTO COCTOSTHUST CKBaKWHBI. [[nramorpammsr 1ITH,
XapaKTePU3YIOMIMECs BHICOKUM YPOBHEM LIyMa, LENeCO06pasHo obpa-
6aTbIBaTb C IIPUMEHEHUEM METO/I0B TEOPHUHN ITOPAAKOBLIX CTAaTHUCTHUK,
HO3BOJISIIONINX 00pabaTeiBaTh AMHAMOTPAMMbI (€3 IIOCTPOEHUS LIKAJI
abCOIOTHBIX 3HaueHW. [t olpesieieHUs] YPOBHSI 9KCILIyaTal[HOH-
HOU HazekHOCTH PaboThl CKBaskuH, oGopyzoBaHHbix IIITH, MOKHO
WCIOJIb30BAaTh TOYEUYHYIO OIEHKY — K0a(h(PUIMEeHT PaHTOBOIl Koppe-
JIATITNN KeHI[SJIa BTOPOIro IopsdAAKa, M3MEHEHHE BEJINYNHBI KOTOPOTO
JI0 KPUTUYECKOro 3HayeHus ko = 0,5 cBUpeTeNbCTBYET 00 M3MEHEHUU
HOPOTOBOr0 YPOBHSI TEXHUYECKOTO COCTOSHUS 00BEKTA.

1.2.2. PACIO3HABAHME TTPEJABAPUITHBIX COCTOSITHUIA
HACOCHO-CHUJIOBOI'O OBOPY/IOBAHMA HA OCHOBE
HCIIOJIb3OBAHUA METO0OB TEOPUH
JETEPMHUHUPOBAHHOI'O XAOCA

AHaims MHGOPMAIMOHHBIX 0a3 JaHHBIX HE(QTEPOMBICIOBBIX HH-
(hopManIMOHHO-N3MEPUTENBHBIX CHCTEM ITOKA3bIBAET, YTO CYIECTBYET
HeJIBIH Psii IPUMEPOB, KOT/Ia Te WM WHbIE HedeKThl Jubo He CKas3bl-
BAIOTCSA HA M3MEHEHWU MapaMeTpPOB CKBAKWH (B IIpefesiax TOYHOCTHU
NEePBUYHBIX U3MEPEHUii), MO0 WX TPEH HOCUT NEePUOAMYECKUHA WK
OUY€eHb TIJIABHBIN XapakTep. B aTUX yCJI0BUAX CYIIECTBYIONIHNE METO/IbI
MUATHOCTUKN HeaDHEKTUBHBI.

PaccMOTPUM BO3MOKHOCTH TIPUBJIEUYEHMS K PEIIEHUIO MOJ0OHOIO
poza 3a1ad MeTOJI0B TEOPUH JETEPMUHUPOBAHHOTO Xaoca, pas3pado-
taHHoU mkosoi U. Tlpuroxuna [14, 15].

CucreMy <«ITacT — CKBaXXKMHA» MOKHO pacCMaTpUBaTh KakK IUHA-
MUYECKYIO CHUCTEMY, OMUCHIBaeMylo (YHKIMENH KOHEYHOro (XOTS |
GOJIBILIOr0) YKCJ/Ia TIEPEMEHHBIX.

B paGorax [4, 14, 15, 16] mokasaHo, 4TO €CJU HEKOTOPBIH CHIHAJ
reHepupyeTcst TOJOOHON [MHAMUYECKOW CHUCTEMON, TO MOBEAEHIE
CHCTEMBI MOYKHO ONKCATh KaK JBVJKEHUE W300pasKaioniedl TOYKM B
(hazoBOM TpoOCTpaHCTBE Ha CTPAaHHOM aTTPAKTOPE, KOTOPBIM TIIpeji-
cTaBseT co0oil (hpakTaJbHOE MHOKECTBO, Haubojee BajkKHblE CBOIi-
CTBA KOTOPOTO OTIPEIENISIIOT Pa3MEPHOCTHbBIE XapaKTepuCTUKHN (pas-
MepHOCTh Xaycnopda, Mokasarenb XepcTa, KOppessiiMOHHAs pas-
MEpHOCTh U T.IL.).

[lns1 oripezsieIeHHOCTH PacCMOTPUM BPEMEHHOW Psifi M3MepeHUui
nebuTa CKBaKUHDI, KaKk 00BEKTa, UMEIONIETo (PpaKTajbHbie CBOUCTBA.

B takom citydae /i1 ero ONMCaHWST MOXKHO MCIOJIb30BaTh (hpak-
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TaJbHBIE XaPaKTEPUCTUKU OJHOMEPHBIX BPEMEHHBIX PSIOB — Pa3Mep-
HocTh Xaycnopda D u nokazarens Xepcra H [4].

[IpoBeeHHbBI HAMU TPEBAPUTENbHBIA aHAMN3 06a3 JaHHBIX MPO-
MBICJIOBBIX MH(MOPMAIIMOHHO-U3MEPUTEIbHBIX CHUCTEM I1I0Ka3aj, 4TO
BPEMEHHBIE PSAIBI MHOTHX PETUCTPUPYEMBIX TTapaMeTpoB HedTemo0bl-
BAONINX CKBKWH (hpaKTaJIbHBI, T.€. COCTOST U3 4acTeld, KOTOPbIe T0-
nobusr negomy (puc. 1.11). 3xech umeercss B Bupy caenyioee. Eciu
Obl TIpezicTaBeHHbie Ha puc. 1.11 1e6UTHI U3MEPATINCH He OJWH Pa3 B
CYTKH, a, HallpUMep, KaXKAbl{ yac, TO IPUHIUINUAIBHBIX Pa3jIUyuil B
noBefienny Tpabuka AeOGUTOB He ObIIO Obl. AHAJIOTWYHAS KapTHHA
HOJIYYUTCsI, €Clu JAeOUThl OyAyT H3MEPSATHCS € MEPUOAUTHOCTHIO
Goabiieii cytok. Takoe CBOHCTBO M3MEPSIEMOTO MapaMeTpa Has3bIBaeT-
cs1 MacitabHON WHBAPUAHTHOCTBHIO. Y cTaHOBIeHNe (hakTa (parTaib-
HOCTH HEKOTOPOTO M3MEPsIeMOro Iapamerpa I03BOJISIET BO MHOTHX
CHIyYasix YCTAHOBUTH XapaKTepHbIe 0COOEHHOCTH TOBEIEHHS CHCTEMBI
U [OCTPOUTH CTOXACTUYECKYIO MOJIeJIb IIPUPOJHOIO WJIN TEXHOJIOIU-
YeCcKOTOo IpoIiecca.

B kosinyecTBEHHOM OTHOIIEHUN (DPAKTAIBHOCTh OMUCHIBAETCS
pasMepHocThio Xaycnopda D, kotopasg ompezesnsercs uaMepeHUEM
JUuHbl L nipu momontu 1upKyJsisg ¢ pactBopoMm ¢ [10] (nnuna Ham-
MEHBIIIETO 3BEHA JIOMAHOM JMHUU — M300paKeHUsT KaKOTO-JHO0 TPo-
1ecca).

B nesnom psime pador [2, 4, 5, 13] ormedaercst, 4TO TEPEXO] CIIOK-
HOI TEeXHUYEeCKOH CHCTeMbl K XaOTHYECKOMY W3MEHEHMIO peknuma
CITIYKUT TIPU3HAKOM CYIIECTBOBAHUS TOTO WJIM MHOTO JedeKTa.

Kak mpaBuio, uaMepsieMble aBTOMAaTHYeCKUMHU CHCTeMaMH I1apa-
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Puc. 1.11. /lunamuka geb6ura ckB. 4213 oanoro us mecroposxaennii CII «Baroiin» .
Jlanubie nosrydeHsl HHGOOPMAIIMOHHO-M3MEPUTEIbHON crcteMoii « Ckar-95»
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MeTpbl PaboThl HedTerazoo0bIBAIONEro 060PYIOBAHUA TIPEICTABII-
10T coboli BpeMeHHble psizbl. 1o Mepe M3MeHEHUsT YPOBHS XaOTHYHO-
CTH BPEMEHHOTO CHUTHAJa MEHSIOTCS M ero (hpakTaJbHblEe XapaKTepH-
ctuku. OfIHOW W3 BeJIMYWH, XapakTepuaympomlell ¢hpakTaabHble CBOM-
CTBA BPEMEHHBIX PSI/IOB, SABJSETCS] TOKazaTenb Xepcta H, KoTopwrit
KOJIMYECTBEHHO XapaKTepPU3yeT Mepy YIHOPSIOYEeHHOCTH aMILIATYT
MU3MepsSIeMOoro rnapameTrpa BO BPEMEHH.

[l7151 XaoTUYeCKUX CHUTHAJIOB, B OTCYTCTBHE CTAaTHCTUYECKOU KOP-
PEJISIIIAN AMIUTUTY/T BPEMEHHBIX PSANOB JA€OUTOB CKBA)KUH, 3HAUEHUE
H=0,5. [Tpu Haiuuyuu ke HEKOTOPOTO 3aNA3/IBIBAHUS, <IIAMSITHY, 110-
kazateqb H yBenmumBaercs. 3aMeTuUM, YTO HCCIEOBAHWS MHOTHX
ABTOPOB, CBsI3aHHBIE C WM3YYEHUEM pPa3HOOOPA3HBIX ECTECTBEHHBIX
NPOIECCoB, B GOJIBIIMHCTBE CJAyYaeB MAEHTUMUIMPYIOT MOKa3aTeNb
Xepcra H B auanazone 0,7-0,9 [14, 17].

PasmepHocTh Xaycaopda 1 mokasatejb Xepera Kakoid-1ubo 3aBu-
CUMOCTH XapaKTePHU3YIOT HAJIW4He WJIX OTCYTCTBHE IOPSIIKA B pac-
CMaTpUBaeMOl AMHAMHWYECKOW cucteMe. Tax, ecan pa3MepHOCTb Xa-
yenopda D = 1, 310 3HAUMT, uTO rpaduKk nucciaeryeMoil 3aBUCUMOCTA
GJMB0K K TIAJIKON KPUBOMN, M 9TO CBUAETENHCTBYET O HAJUYMM MO-
panka B cucreme. Ecam ke 1 < D < 2) To 9TO 03HAuaeT, 4To HMCcCIIe-
Iyemasl 3aBUCHUMOCTh nMeeT (DPaKTaTbHBII XapakTep, T.e. B CHCTeMe
OTCYTCTBYET IOPSIIOK.

[nsa camoadmHHBIX KpuBbIX BeawunHbl H um D cBs3ambr apyr ¢
npyrom 3aucumoctbio H = 2—D. Ilpu noacuere H u D no peans-
HBIM KPUBBIM 3TO PABEHCTBO BBIMIOJHSIETCSI TOJBKO MPUOJMKEHHO U
MOJKET OBbITh WCIIOJB30BAHO [IJIsI MTPOBEPKU JOCTOBEPHOCTH OIEHOK
(bpakTaTBHBIX XapaKTEePUCTHK.

Vcnonp3oBanne (ppaKkTaTbHBIX CBOWCTB BPEMEHHBIX PSIZIOB H3Me-
peHuil g 1esell IMarHOCTUKY TEXHUYIECKOTO COCTOSTHUS HedTeraso-
BOro 06opymoBaHusa TpeOyeT oueHb OOJBIIOro 00beMa JaHHbIX. Tak,
HaIpuMep, JJis IOCTOBEPHOTO pacueTa KOPPEJSIMOHHON pa3MepHO-
ctu mo Mmerony Ilakkapma — Takenca [17, 32] tpeGyercs He MeHee
TBICSTYM IKCIIEPUMEHTAThHBIX TOUeK. [loaToMy K pe3yibraTaM mccJie-
MOBaHWil, TOJYYEHHBIX TIPH 3HAYUTETBHO MEHBINX 00BeMax IKCITe-
PUMEHTANBHBIX JAHHBIX, CJIEyeT OTHOCUTHCS C OCTOPOSKHOCTBHIO.

[l nuccneoBanusl BO3MOKHOCTEN IMArHOCTUPOBAHUS HEUCITPAB-
HocTell B paboTe HACOCHO-CHJIOBOTO OOOPYI0OBAHUS HA OCHOBE M3Me-
HeHus1 II0KasaTeieil Xepcra um Xaycnopda Hamu ObLIM U3ydYeHbI
(pakTasbHbIe CBOWCTBA BPEMEHHBIX PSIOB 1e6UTOB HedbTen0ObIBAIO-
MUX CKBaKUH, TIOJYIEHHBIE C UCIOIb30BaHMEM (a3 MaHHBIX HHHOP-
MAaIlMOHHO-U3MEPUTENBHON cucteMbl. OObEM HCIIOJIb30BAHHON TpU
pacuerax unbopmanuu (32 5 JieT IKCITYaTAIUU CUCTEMbI) COCTABJISLI
ok010 1500 SKCIEpUMEHTANIbHBIX TOYEK, U, TAaKUM 00pasoM, IO3BO-
ST 060CHOBAHHO TIPUMEHSITh METOJIbI TEOPUH (DPAKTATIOB.
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Jluiss TpoBEPKU BO3MOKHOCTU WCIIOJIb30BAHUSI TEOPUU (PPaKTanoB
I 1eJieil AUarHOCTUPOBAaHUSI HedTerasoBoro 06OPYAOBaHUSA ObLIM
BbIOPaHbl BPEMEHHbIE PSA/Ibl U3MEPEHUN AeOUTOB CKBAKUH, KAaK Hau-
6os1ee  MH(GOPMATUBHON XaPAKTEPUCTUKU TEXHUYECKOIO COCTOSHUS
KaK caMO#l CKBaKMHBI, TaK U YCTaHOBJIEHHOTO Ha Heil 000pyA0BaHUSI.
Pacuer nokasarenss Xepcra jusa Gosee yem 700 BpeMEHHBIX PS/IOB
U3MEPEHNI 1eOUTOB CKBAKUH IIOKAa3al, YTO €ro 3HAYEHMs JIeKaT B
muanazone or 0,52 xo 0,94, 4TO CBHMIETEIBCTBYET O JETEPMHUHUPO-
BaHHOW IIPUPOJE U3MEHEHHMS JAHHOTO IapaMmerpa ¥ 000CHOBAHHOCTU
MOTIBITOK MPUMEHEHHUS] METO/IOB TEOPUU CaMOOPTAaHUBYIOIIUXCS CHC-
TeM K WCCJIEIOBAHUSIM TEXHUYECKOTO COCTOSIHUSI OGOPYIOBaHUS
CKBAYKUH.

[l ompe/iesieHus CpeHECTATUCTUYECKUX 3HAYEHUI TOKa3aTesist
Xepcra mpu HOpPMaJbHOH paboTe HACOCHO-CUJIOBOIO OGOPYAOBAHUS
u3 6asbl JaHHBIX ObLIM OTOOpaHbI BPEMEHHbIE PsAbl Ae0UTOB CKBa-
SKHUH, JedeKTbl 000pyI0BaHKs KOTOPBIX HE IPOSIBJSIKCDH elle B Tede-
Hue He MeHee 30 cyr. Takoil uHTepBajg OBLT BBIOPAH C YYE€TOM TOTO
(bakra, 4TO, KaK MPABUJIO, AJTUTETHHOCTD TIPOIIECCA Pa3BUTHUS HedeKTa
JI0 TIOJIHOTO OTKa3a He mpesbiliaer 3toil Benawuuuel [1, 3]. Tem ca-
MBIM TapaHTUPOBAJIOCH, YTO HCCJAENyeMbIl BPEMEHHON PsII MOJTydeH
UL 3aBelOMO 6e371e(heKTHOTO COCTOSTHUSL 0O0PYIOBAHUST CKBAKUHBIL.

O6beM BHIOOPOK ONpPEAENSAIM HMCXOAA U3 JIBYX YCJOBUH — BO-
[EPBbIX, OH JO0JIKEH ObITh MAaKCUMAJbHO OOJBIINM, C T€M, YTOObI CTa-
TUCTUYECKHME BBIYMCJIEHUsI ObLIM KOPPEKTHBI, a BO-BTOPBIX, OH JOJI-
sKeH OBITh MEHbIIE, YeM YHCJIO U3MepeHuil 1eOUTOB B TeYeHUe Cpel-
HEro BpeMeHM HapabOTKU 000PyA0BaHUA HA OTKA3.

lucrorpamma pacupenesieHnsi BeJMYMHBI IIOKazaTesst Xepcra
OpU  HOPMaJbHOI pPaboTe HACOCHO-CHJIOBOIO 000DYAOBaHMS, BbI-
YUCJIEHHOTO € YYeTOM TIPEABIAYINAX 3aMeuaHuli, TMpejCcTaBjiecHa Ha
puc. 1.12, a.

IIpoBepka 3akoHa pacripejiejieHusi MOKasaresiss Xepcra JJisi 3aBe-
oMo GesnedpekTHOro 060pyIOBaHKs OKAa3aja, YTO OH PacCIIpelesiéH B
COOTBETCTBUHU C HOPMAJIbHBIM 3aKOHOM C MaTeMaTHYEeCKUM OKUIaHU-
em M[H] = 0,74 u CKO o[H] = 0,3.

Crosnp Gosbiioe 3Hauvenue o[H| MoxHO, MO-BHIAUMOMY, 00bsC-
HUTb TEM, 4YTO aHAIU3MPOBAIUCH BPEMEHHBIE Dbl AeOUTOB CKBa-
SKUH, 000PYAOBAHHBIX HACOCAMM, HAXOAIIMMUCS B PA3IUYHOM TEX-
HUYECKOM COCTOSTHMM (C pa3JiMyHOM BPEMEHEM BBOJA B JKCILIyaTa-
1I1I10).

Jlist oripejiesieHnsl CpeAHECTATUCTHYECKUX 3HAYEHUN IT0Ka3aTesist
Xepcra mpu pasBUBaOIEMcs: jgedeKTe HACOCHO-CHUIIOBOTO 000PYIO-
BaHus ObLIM OTOOpPAHBI BPEMEHHBbIE PSAAbI NeOUTOB CKBAKUH HEIIO-
CPEJICTBEHHO TIEPE]] OTKA30M.

Pesynbratel pacueroB npezacTaBienbl Ha puc. 1.12, 6. IIposepka
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Puc. 1.12. Tucrorpamma pacnpezneienusi mokasateast Xepcra H mo wunTepBamzam
3HaYeHMIi:

a — Tpu HOPMAIBHOW pPaboTe HACOCHO-CHJIOBOTO OOODPYAOBAHMSI CKBaKMHBL, 6 — TIpU
pasBuBaioneMcst eeKTe HaCOCHO-CHIIOBOTO 000PYIOBAHMUS CKBAKITHBI

3aKOHA paclpeie/ieHus NoKa3aja ero HOpMaJbHOCTh C IlapaMeTpamu
M[H] = 0,66 u o[H] = 0,44.

3ameTnM, 4TO CyObEeKTUBHBIN BBIOOP WHTEPBAJa U3MEPEHUN Mpu-
BOJIMT K TOMY, YTO YacTh M3MEPEHUIl IPUXOAUTCS Ha «Oe3nedeKTHBIN
aTan» (yHKIUOHUPOBaHUst obopynoBanus. OnHAKO B paccMarpuBae-
MOM ciiydae «06e3seeKTHOCTb» — TIOHSITHE YCJIOBHOE, O3HAYarolee
JIMIIb, YTO OTCYTCTBYIOT BHEIIHUE IPOABJeHUS JedeKTa, BbIpaxKeH-
Hble B CHIKEHUHN [ebuTa.

Taxum 06pa3oM, MOXKHO yTBEpP/KAATb, YTO BEINYMHA TOKA3ATEISI
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Xepcra IEHCTBUTETTHHO MOJKET CJIYKUTh JIOTIOJHUTEIbHBIM ITPU3HA-
KOM BO3HHKHOBEHUsSI pas3BHUBAiolIerocs jedeKkTa HACOCHO-CUJIOBOTO
000pyIOBAHMSIL.

OpHako, Kak ciemyer us rucrorpamMm (cm. puc. 1.12, a, 6), Hemno-
CPEJICTBEHHOE HCIIOJb30BaHUE MOJOOHBIX CTATHCTUYECKUX JAHHBIX B
KauecTBe TPU3HAKA HAIWYMSA JedeKTa 3aTPYJAHUTENbHO, MOCKOJIbKY
nepekpbitue obsacreil pocturaer 70 %. ITo Hamemy mpeanosioKe-
HUIO, 3TO CBSI3aHO C YPE3MEPHO IIUPOKUM CIIEKTPOM YCJIOBHIA 9KC-
MIyaTalid CKBAXWHHOTO O0OPYIOBAHUS, MO TapaMeTpaM KOTOPOTO
pacCcUNTHIBINCH TOKasaTeqn Xepcra. JleficTBUTENbHO, Ha CTeleHb
CTOXACTUYHOCTU JeOMTOB BJUSIOT CPOKM BBOJA CKBaKUHBI B KC-
MJIyaTaluio, TEXHUYECKOEe COCTOSHME HAcOCa W CKBAJKMHBI, MapKa Ha-
coca, MEPUOAUYHOCTh PabOTHI CKBAKUHBI W MHOMKECTBO JIPYTUX
YCJIOBUI.

K coxanenuio, mMeromuiicss B HacTosiiiiee BpeMst 00beM 0asbl
JIAHHBIX TI0 OTKa3aM He TTO3BOJIUJI TIPOBECTH PACUYETHl CTATUCTUIECKUX
MapaMeTpoB pacipe/iefieHnus BeJudnHbl H pasnesbHO MO BUAM Jie-
dexToB U TUNaM obopynoBanus. [1oaToMy Hamu Oblia TPEANPUHATA
MOIBITKA MHTEPBAJBHOTO CpaBHeHus 3HaveHuii H npu wamuuuu u
orcyrereun gedektoB obopyposanusa. Ha puc. 1.13 mpencrasiena
IrarpaMMa, Ha KOTOpOW TpPUBENEHBI OTHOIIEHUS CPEeIHWX 3HAUeHWH
mokasatesieil XepcTa B COOTBETCTBYIONIMX MHTEPBAJIAX /JIST 9TUX IABYX
caydaeB (ectb pedext/HeT nedexta).

W3 puarpaMmbl ciiefyer, 4to HawOosibinee pasiuune (B 7 pas) B
sesmunnax H wabmozpaercs B untepsaie 0,9 < H < 1,0, T.e. ipu pe-
JKMMax, OJIUBKUX K JIETEPMUHUPOBAHHBIM. ITOT (HaKT MOATBEPIKIAET

7,00

1 L0 1,25

OmHouienue uacmom

1,00

S N N - R
1

0,5-0,6 0,6-0,7 0,7-0,8 0,8-0,9 0,9-1
Humepean H

Puc. 1.13. lIameHeHue OTHOIIEHWS CpeJHHX 3HAUYeHWii MOKa3areieii Xepcra B co-
OTBETCTBYIOLIIMX HMHTEpBaJaXx [ ABYX ciyyaeB (ectb nedekt/Her nedekra)
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TO TOJIOKEHWE, YTO BO3HUKHOBeHWE AedeKTa CHUKAET CTETeHb je-
TEPMUHUPOBAHHOCTHU TIPOIECCOB B CKBAXKUHE.

CileyroliuM 9TalloM KCCJIEA0BaHUS OBbLIO CPaBHEHUE CPEIHUX
3HayeHW Tokasareseii H B 3aBucumocT oT Buma oTkasza (pHC.
1.14).

Kak cremyer 3 aumarpamMMbl, 4acTh OTKA30B MPOUCXOAUT TPH 3HAa-
yeHusix H HUKe CpesHEro Mpu HOPMaJbHOM pabore 06OpYHOBAHUS
(Hepuopw. = 0,66) , a gpyrast — npu 6oJiee BBICOKUX 3HAYEHHSIX.

[TpoBenem kiaccupukanuio nedeKToB MO JAIUTETHLHOCTH WX Pas-
Butust (puc. 1.15). K rpyrmme BHe3amHbIXx 1eeKTOB OTHECEM TaKHe
KaK <«IIOJIOMKA BaJjla», <I0JieT 1o OGontam» (0OpbIB), «CHUMKEHHE U30-
gstiuuy» U np. K rpymime OTKa3oB cpemHell IIUTeNbHOCTH PasBUTHS
OTHECEM TaKue KaK <«3acopeHue pabodyrX OpPraHoOB IIECKOM», <Ilapa-
(buHOBBIE OTIOKEHUSI>, «3aCOPEHHUE COJIIMU»> U JIPYTHE, BBI3bIBAIOIINE

0,78
0,7634
0,74
- 0,70
¥
3
2 0,66 -
S
=
o
3
20,621
3
S 0,585
0,58
0,54
0,50 < T T “— T T
9 » @ ) ! .
S g + 2 @
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Puc. 1.14. Cpeanee 3HaueHHe moka3areiss XepcTa sl pa3jMYHBIX BHIOB OTKa30B
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Puc. 1.15. Cpeanee 3HaueHue MOKa3aTeisi Xepcra Ui PasjiMYHbIX BHIOB TPYIII
OTKa30B

CPaBHUTENHLHO OBICTPbIE M3MEHEHWs MeOhTa CKBAXKWHBL K Tperhei
TpyTiie — Me/JEHHbIE OTKA3hl — OTHECEM OTKa3bl «0TpaboTaa TapaH-
TUWHBIA CPOK», «W3HOC OpraHoB Hacoca» u mp. (Haseanmst Ttumos
OTKa30B B3SATHI U3 JUCIIETYEPCKOTO JKypHAIa ydera paboThl HACOCOB).
Kax crexyer us puc. 1.15, nabmonaercss Xopoliee COOTBETCTBHE Me-
KAy CpeHUM 3HaueHueM Beamuunbl H u temniom passutus pedexra,
3a MCKJIIOYEHUEM Cliyyas <«U3HOC OPraHoB Hacocas.

OG6bsicHeHME TIONYYeHHBIX PE3YJIBTATOB MOKET OBITh CJIELYIOIIHM.

Becbma menmeHHBIe edeKTH Takne KaK eCTeCTBeHHBIH M3HOC pa-
60YMX OPraHoOB HACOCA, TIPUBOJAAT K TIOCTENEHHOMY CHUXKEHHIO MOKa-
sarenss Xepcra H BesiectBue obiieil pasperyJimpoBKU U M3MEHEHUs
pabounx XapaKTEPUCTUK Hacoca (MHBIMU CJIOBaMU, CTAPbIii, «Pa3toJi-
TaHHbBIIT» HACOC, MMeET GOJIbIIIee YUCIO CTereHel CBOOOIbI, YeM HO-
BBIN).

YBennuenuve ke mokaszaTessi XepcTa IPU CPeIHNX TeMIlaX Pa3BU-
TUsT 1e(DEKTOB MOJKHO OODBSCHUTD HAJUYUEM TPEHIA U3MEHEHUS
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(cHmKeHUsT) nebuTa, YTO CKas3biBaeTcst Ha Tokasarene H (kKak yBesm-
YyeHue JeTeEPMUHUPOBAHHOCTHU TPOIECCA).

CHMKeHUe T[oKa3aTesisi XepcTa Iepell MCHOBEHHBIMM OTKA3aMU,
HO-BUIUMOMY, OOBSACHIETCI HEKMMHU CKPBITBIME [IPUYMHAMM, HE MIPO-
SIBJISTFOTIIUMUCST HETIOCPEACTBEHHO B U3MEHEHUH JIeOUTa CKBAKUHBI.

B rtabs. 1.13 npencrassjeHbl JaHHbIE IO OTKa3aM HACOCHOTO 060-
PyZlOBaHMSI M COOTBETCTBYIOIee 3HaUeHHUe IMoKasaTesst Xepcra. Tam
’Ke IIPUBENEHbl CpefHKe 3HaueHUs NeOUTOB CKBAXKMH U UX CPeIHe-
KBaJlpaTUYeCKHe OTKJOHEHHUsl, XapaKTepusylolue BapuabesbHOCTh
BTOr0O IOKasaTessl, ¥ IPOIEHTHOE CoAep:KaHhe BOIABI B J00BIBAEMOM
KUTKOCTH.

[IpencraBnsier wHTEpEC M3yYeHHE B3aMMOCBS3U JAHHBIX Mapamer-
POB C TOYKU 3pEHUS WX BJIMUSIHUS HA BEPOSATHOCTH BO3HUKHOBEHUS
OTKa30B HACOCHO-CHJIOBOTO O0OpYHIOBAHUSI, OTMEYAEMOIO B HEKOTO-
pbix paborax [7, 19].

JlIs1 ycTaHOBJIEHUsI YPOBHSI B3aMMHOW CBSI3U MEXKJy IapaMerpa-
mu — mokasatejseM Xepcra H, ne6utom Q, CKO o u 06BOAHEHHO-
ctbio W — 6blT NPOM3BENEH KOPPENSIUOHHBIA aHAJIN3 COOTBETCT-
BYIOIUX BeJUYUH. B wacTHOCTH, OBLIU ONpe/eseHbl Koah(UIneHTol
Koppessiiiu Tpex Buzos [9, 10]:

K02 DUIIMEHT B3aUMHOI KOPPEJISIIIN 7

K02 dUIMeHT paHroBoil Koppensuu Kenmaia T;

koaddunrent panrosoii koppessaiuu CripMana p.

O1nieHKy B3aWMHOI CBSI3W MapamMeTpoB — MoKa3aTess Xepcra H,
nebura Q, CKO o u ob6Boguennoct W — MOXKHO IIPOBECTH Ha OCHO-
Be KOPPeIAUOHHOM Tabmmibl (cM. Taba. 1.14).

OrleHKa 3HAYUMOCTU KOPPEJISIIIUOHHON cBsidu (Ha ypoBHe 95 %)
npoBoauiiack B cootBerctBun ¢ [20]. IIpoBenmeHHas mpoBepka moKa-
3aJ1a, 9YTO KOPPEJSITMOHHAS CBSI3b MEXK/IY TOoKasaTejieM XepcTa U oc-
TAJTHHBIMU TIApAMETPaMU Ha 3HAYMMOM YPOBHE OTCYTCTBYET.

K croxaOCTSM npuMeHeHUs 1oKas3aresiss XepeTa B KauecTBe IIpHU-
3HaKa gedeKkTa 0OOPYAOBAHUA CJIeAyeT OTHECTH 3HAUUTENbHOE IIepe-
KpbITHe (HEYeTKOe pasJieieHre) 3TUX BEJTUYUH TIPU HOPMAJbHOW pa-
6ore u npu Hagmuuy gedexra. I1o HalleMy MHEHHUIO, 3TOT HeIOoCTa-
TOK MOKET ObITh B 3HAUMTEJbHOIl CTENEHU yCTpaHeH TpHu Oosee jie-
TAJTHHOM pazieieHun ehpeKToB Mo KjacTepam, T.e. IPU BBIYMCJIECHUN
H s oTaenpHBIX BUJIOB HEWCHPABHOCTENH obopynoBanus (cM. pas-
nen 1.1.3). K coxajnenuio, UMEIONMIICS HAa JAHHBIA MOMEHT 00beM
6asbl JAHHBIX II0 3alPOTOKOJIMPOBAHHBIM JedeKTaM He [O3BOJISET
3TOTO CHIENATh.

IlomBoas wToTH WCcAeIOBaHNN BPeMEHHBIX PS/IOB U3MEpPEeHWN Je-
OUTOB, MOXKHO YTBEPIK/IATh, YTO XAOTUYECKHE UBMEHEHUS TIPOU3BONU-
TEJHLHOCTH HeTe00bIBAOIINX CKBAKUH WMEIOT JE€TEPMUHUPOBAH-
HYIO MPUPOAY, U B KAYeCTBE OJHOTO W3 MPU3HAKOB BO3HWKHOBEHMUSI
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Ta6auma 1.13

Jlanuble IO OTKa3aM HACOCHO-CHJIOBOTO 00ODPY/IOBaHMS M PACYETHbIE 3HAYEHHS TOKa3aTess Xepcra

Cran-
Howmep ) Hapa- | % Boas! | mapt- .
CKBa- Iioglg) o CTz'[iz)ilm 00TKa, |B *KIIKO-| HOe f{[ge/6m1T, ITokasa- Tun SIH [Ipuuuna oTkasa
SKIHBI Y a cyT CTH  |OTKJIO- oy Teap H
HeHue
1 2 3 4 5 6 7 8 9 10
1354 104 10.01.00 346 0 16,5 | 110,4 0,524 IIHMS5-125-1500 | Mexanuyeckue npuMecu
1357 117 23.11.99 201 70 59,2 | 2535 0,519 IIHMS5-80-1550 | Mexanuueckue mpuMecH
1359 118 11.11.99 302 68 9,2 61,2 0,562 IIHM5-50-1700 | Ortpaborana rapaHTHHHBINA CPOK
4179 118 31.01.00 215 0 26,7 46,2 0,773 IIHM5-50-1550 | 3acopenue paboyMX OpraHoB Tia-
padunoM
5150 118 5.12.99 1050 45 14,6 | 80,3 0,615 IIHM5-50-1550 | Ortpaborana rapaHTHHHBINA CPOK
1362 119 30.09.99 353 19 224 | 59,3 0,715 SIIHM5-50-1700 | He ycranosiena
4212 119 2.10.99 222 48 8,5 26,5 0,660 TD280 HexauectBenusiii pemont 113]]
1493 131 31.12.99 648 73 15,7 | 959 0,709 IIHM5-80-1550 | Ortpaborana rapaHTHHHBINA CPOK
4340 131 12.01.00 385 30 339 | 52,5 0,647 TD450 3acopenue pabounX OPraHOB CO-
JIAMH
5228 131 13.01.00 1184 81 7,3 26,9 0,594 TD280 Otpaborasa TapaHTUHHBINA CPOK
8565 131 1.02.00 1374 65 27,4 33,5 0,720 IIHMS5-50-1700 | CkBaskuHa TIepUO/ITYECKAsT
1645 132 10.11.99 178 47 16,5 | 314 0,587 TD280 3acopeHue paboYnX OPraHOB CO-
JISIMH
5240 132 19.07.99 451 14 4,0 7,0 0,749 IIIHM5-50-1700 | IToser mo 6oaTaM Hacoc — Hacoc
1505 133 22.11.99 138 4 12,0 | 23,7 0,770 TD280 IMapadunosas npobka 8 HKT
5242 133 22.02.00 533 0 26,2 | 110,7 0,512 SIIHM5-80-1550 | Herepmernunocts HKT
5245 133 9.07.99 387 4 21,4 57,6 0,703 IIHM5-80-1550 | Ortpaborana rapaHTHHHbINA CPOK
1855 148 7.01.00 907 82 10,0 | 38,3 0,631 TD280 Orpabotasa rapaHTUIHBII CPOK
1929 148 22.10.99 225 10 8,9 21,6 0,680 TD280 3acopenue paboYnX OPTraHOB CO-
JISIMH
8650 148 9.09.99 58 9 19,2 | 14,6 0,897 19ITHMS5-25-1550 | 3acopeHue pabouux OpPraHOB CO-
JISIMH
5334 149 13.11.99 338 74 44,7 | 174,8 0,527 | 3IHMS5A-160-1450 | Otpaborana rapaHTHHHbINA CPOK
5336 149 13.01.00 417 98 80,8 | 1957 0,756 |DIIHM5A-250-1700 | OrpaboTtaia rapaHTHITHBINA CPOK




Mpoxnonxenue taba 1.13

Cran-
Howmep Hapa- | % Boasl | mapt-
CKBa- Igog[g) o CTIEI[EE?H - 0OTKa, |B *KIIKO-| HOe ﬁ:?/%[ TT’ ITokasa- Tun SIH [Iprunna oTkasa
SKUHbL ¥ cyT CTH  |OTKJIO- y teap H
HEeHMe
1 2 3 4 5 6 7 8 9 10
5343 150 6.07.99 419 0 288 | 574 0,573 IIHMS5-50-1550 | Ortpaborana rapaHTHHHBINA CPOK
2000 162 5.02.00 367 95 13,2 | 1228 0,634 IIIHM5-125-1800 | OrpaboTaia rapaHTHIHBINA CPOK
1861 163 4.11.99 369 6 11,1 32,3 0,592 TD450 Herepmernunocts HKT
5434 163 3.11.99 405 0 57,7 | 362,3 0,604 TD2200 CuioMm Bajia
5434 163 12.11.99 1 0 57,7 | 362,3 0,557 |3ITHMS5A-250-1700 | Mexanuueckoe MOBpeXIeHNE Ka-
GeJist TIpH CITyCKe
1938 164 8.08.99 36 22 239 18,1 0,818 IIMHMS5-50-1550 | Mexanuveckue TpuMecH
4590 164 27.12.99 364 61 26,3 | 103,2 0,645 IIHM5-125-1500 | OrpaboTaia rapaHTHIHBINA CPOK
2231 174 5.03.00 227 59 76,4 | 1951 0,588 |DIIHM5A-160-1450 | He ycranosiieHa
2232 174 31.07.99 428 54 56,0 | 184,5 0,743 | SI[HM5A-160-1450 | He ycranosiena
2176 175 20.09.99 212 0 38,9 73,2 0,711 IIIHMS5-80-1550 | M3Hoc opranoB Hacoca
2081 176 2.08.99 86 85 49,3 | 33,1 0,804 IITHM5-125-1500 | Mi3HOC OpraHoB Hacoca
2179 176 19.02.00 325 0 30,6 | 119,5 0,587 IIIHMS5-80-1550 | Mexanuveckue TpuMecH
2239 176 31.01.00 0 74 16,4 79,3 0,689 |3ITHM5A-250-1550 | HekauyecrBennsiit pemont '3
2240 176 26.08.99 165 0 33,1 | 106,9 0,532 IIIHM5-80-1550 | MexaHuveckue IpuMecH
2229 186 27.09.99 255 88 100,6 | 207,3 0,769 |3ITHM5A-250-1700 | Mexanuveckue TpuMecH
2287 186 20.10.99 115 100 30,0 | 100,1 0,617 IIIHM5-80-1550 | IToser mo 6oaTaM JOBUIBHOMI Tro-
JIOBKH
2288 186 22.10.99 61 0 49,9 | 1051 0,582 IIHM5-80-1550 | Herepmernurocts HKT
2351 187 29.11.99 0 49 73,2 | 173,1 0,542 |31THM5A-250-1700 | Mexanuveckue TpuMecH
2353 187 10.11.99 270 70 39,2 88,5 0,736 IITHM5-80-1550 | Orpaborajia rapaHTHITHBIA CPOK
2298 190 17.07.99 386 0 556 | 788 0,782 IIHM5-80-1550 | He ycranosiena
2361 190 15.07.99 33 0 40,9 | 1473 0,622 IAIHMS5-125-1500 | HekauecTBeHHBIN pEMOHT Hacoca
5524 190 14.07.99 268 31 106,7 | 143,5 0,831 TD1200 IToster 1o Tesry ra3ocenaparopa
2246 191 16.09.99 162 0 33,9 | 111,3 0,570 IIMHMS5-80-1550 | Mexanuveckue TpuMecH
2304 191 18.02.00 321 0 15,5 83,8 0,510 IIHMS5-50-1550 | Herepmeruunocts HKT
2305 191 10.12.99 207 0 13,7 90,7 0,684 IIIHM5-50-1550 | M3HoC opraHoB Hacoca
2364 191 23.07.99 74 0 29,1 | 105,4 0,548 IIHM5-80-1550 | 3acopeHre paboYrMX OPraHoB Tec-
KOM




5529

5574
5584

2423
2483
2425
2427
2488
2489

5592

2070
2072
1854

1925
1926
1927
1997
4581

2412
2413
2414
5578

1409

1411
4124
4203
4204

191
201
203

204
204

6.07.99

19.11.99
21.07.99

11.02.00
5.02.00
22.12.99
14.12.99
13.12.99
9.09.99

6.10.99

28.12.99
21.01.00
6.01.00

12.03.00
2.02.00
26.09.99
28.01.00
3.11.99

24.08.99
8.03.00
11.09.99
23.12.99

22.07.99

7.09.99
27.07.99
20.10.99

7.03.00

132

467
185

676
249
196
996
209
617

113

209
285
862

726
249
1404
589
231

381
484
109
205

280

390
558
2760
2301

36,4

12,9
46,4

6,4
29,3
39,1

106,1
97,1

22,4

82,7
12,4
87,8

71,0

114,7
36,1
97

39,5
19,0
26,4
61,4
49,4
77,4
221

57
3,3

96,3

59,8
94,3

18,7

165,7
221

77,2
263,4
201,8

80,1

3224
120,8
278,3

295,7
335,0
270,6
2252
22,5

2101
101,4
64,0
2977

118,9

157,5
69,8
39,1
13,9

0,614

0,577
0,794

0,688
0,609
0,924
0,653
0,779
0,784

0,675

0,506
0,698
0,738

0,503
0,730
0,641
0,591
0,630

0,746
0,538
0,701
0,737

0,569

0,652
0,570
0,564
0,616

SITHMS5-80-1550

SITHMS5-50-1700
IIHMS5-80-1550

TD280
IIHM5A-160-1450
SIHMS5-50-1550
TD610
IIHM5A-160-1450
TD1300

IIHMS5-50-1550
SITHM5A-250-1400
TD650
SIIHM5A-250-1700

TD1750
JIIHM5A-250-1300
SITHM5A-250-1700
IIHM5A-160-1450

1911HM5-20-1800

TD1200
TD650
IITHMS5-50-1550
IIHM5A-250-1400

SIIHM5A-160-1450

TD1200
TD450
DN280
DN280

Ciom Basa

Otpaborasa rapaHTUHHBINA CPOK
3acopenie paboInxX OPraHoB CO-
JIIMH

I'T™™

Herepmernunocts HKT

W3Hoc opraHoB Hacoca
Herepmernunocts HKT

I'TM, cmeHa Ha OOJIBIINI HACOC
3acopeHue paboYUxX OPraHoOB Iec-
KOM

3acopenre paboInX OPraHoB CO-
JISIMH

V3HOC pabounx OpPraHOB HAcoca
I'TM, cmeHa Ha OOJIBIINI HACOC
3acopeHue paboyux OPraHoOB Iec-
KOM

I'TM, cmeHa Ha OOJIBIINI HACOC
W3Hoc opraHoB Hacoca
Otpaborasa rapaHTUHHBINA CPOK
I'TM, cmena Ha OOJIBIINIT HACOC
3acopeHue pabo4uxX OPraHOB CO-
JISIMU

He ycranoBrena
Herepmernunocts HKT
Herepmernunocts HKT
CHWsKeHVe U30JISIMN KaGeabHON
My TBI

3acopenne pabounx OpraHoB Iec-
KOM

CHIKeHVe IMHAMUYECKOTO YPOBHSI
Hapag)I/IHOBaH npobka 8 HKT
OrpaboTaia TapaHTHITHBII CPOK
Otpabortasa rapaHTUITHBIIT CPOK




Tabauna 1.14
Koppensuuonnas tabmua (k/ 1/ p)

H Q c W
H 1 - - -
Q 0,022,/0,019/0,031 1 - -
c -0,11/-0,18/-0,26| 0,24/0,23/0,34 1 -
w 0,12/0,19/0,081 | 0,42/0,41,/0,39 0,25/0,30/0,31 1

pasBuBalomierocst jgedeKkra HaCOCHO-CUJIOBOIO 0GOPYIOBAHUS MOTLYT
OBITH WMCIIOJIb30BaHbl (PpaKTaJbHble XapaKTePUCTUKH BPEMEHHBIX -
JI0B M3MepeHuii, HarpuMep, MoKa3aTeab XepcTa, ONpeAeTAoNnil cTe-
NeHb YIMOPSIOYEHHOCTH MPOIECCOB B CHCTEME.

CyliecTBeHHO, 4TO MOKasaTeab XepcTa ABAAETCs BEINYUHOHU, SB-
HbIM 06Pa30M HE3aBUCHMOM OT JPYIUMX TEXHOJOTMYECKUX Iapamer-
poB, — nebuta, BapuabenbHOCTH e0OuTa U OOBOAHEHHOCTH IIPOAYK-
IIUY, U, CJIeZ0BATEeIbHO, UCIIOIb30BaHue JaHHOTO II0Ka3aTessd B Kaye-
CTBE AMArHOCTUYECKOTO IIPM3HAKA II03BOJISIET OOHAPYKUBATH Pa3BU-
Baromuecs: 1eEKTh, HeJOCTYITHbBIE TPAAUIIMOHHBIM METOIAM.

1.3. MOAEJINPOBAHNE OTKA30B TEXHOJIOTMYECKOIO
OBOPYJIOBAHUA HEDTEIA30105bIYU

Cosznanue ajieKBaTHOW MOJIEJIN TUHAMUYECKONH CUCTEMBI SIBJISIETCS
MOIITHBIM WHCTPYMEHTOM [IJIsSi TIPOTHO3UPOBAHUS M3MEHEHU ee TeX-
HUYECKOTO COCTOSIHUSI U JUATHOCTHKHU. AKTYaJbHOCTH KUCC/IEIOBAHMIA
B oOyacTu MOJIEJINPOBAHMS IIPOLECCOB HePTeN00bIUN TOCTOSHHO I10-
BbINIA€TCA BCJAEACTBUE ITOABUBIIMXCA B IIOCJE€/IHEE BpPEMA TEXHUYE-
CKMX BO3MOKHOCTEH HEINOCPE/CTBEHHOTO BKJIIOUEHUSI MaTeMaThuyde-
CKON Mojiesin B (DYHKIUM TMPOMBICTOBBIX WHMOOPMAIIMOHHO-U3MePH-
TEJIBHBIX CUCTEM, YTO TIPEBPAINAET €€ B IMOJHOIIEHHYIO 3KCIIEPTHYIO
JTUATHOCTUYECKYIO CUCTEMY.

B manHOM pasmese aHaAIU3MPYIOTCS WCCJIEIOBAHUS MO OIpeeie-
HUIO ONTUMAJIBHOW CJIOKHOCTH (DYHKIIME, MOJEJUPYIONNX TajleHue
nebuTa CKBaXKMHBI IPU pasBuUBaOmMXCcs Aedekrax 06OpyAOBaHU,
OTIMCHIBAIOTCS METObI TIPOTHO3UPOBAHUS Pa3BUTHUS NedEKTOB, Mpe-
JlaraeTcsl MaTeMaTW4yecKasi MOJIeJb, TO3BOJISIONIAsl  TIPOU3BOANTD
OIIEHKY BJIMSIHUSI TMHAMWYECKUX 3((EKTOB HA HAIEKHOCTH 000PYIO-
BaHUS HePTEIIPOMBICIA.



1.3.1. BBIBOP CTPYKTYPbI MO/IEJIE/A, OBECIEYUBAIOIINX
IMPOTHO3NPOBAHHUE OTKA30B TEXHOJIOTMYECKOI'O
OBOPY/IOBAHISA HEDTAHBIX MECTOPOSKIEHUIA

IIporHo3mpoBaHme IOBENEHNS BPEMEHHBIX PSAOB, KaK IPaBUJIIO,
CBOJIUTCSI K AKCTPAIOJISIIIUU PACUETHBIX JIJAHHBIX, TIOJYYEHHbBIX 110 TOM
WM MHOI MaTeMaTUYECKOl MOZeNN, B «Oymyiiees.

B mnpenpimymux paszesnax IMOKa3aHO, YTO MHOTHE W3MepsieMble
UHOOPMAIIMOHHO-U3MEPUTENBHBIMU  CUCTEMAMU  [TapaMeTpbl  paboThI
HedTerasooObIBaOIIEro 000pyIOBaHUS UMEIT (bpaKTajJbHble CBOI-
ctBa. IIpy mocTpoeHUnM AETEPMUHUPOBAHHBIX MPOTHOCTUYECKUX Ma-
TEMaTUYECKUX MoJeJieil cucTeM A00bIYM ChIPbst (DPaKTaJIbHOCTH Bpe-
MEHHBIX PSJI0OB BOCIIPUHMMAETCS MOJIEJbIO KaK CJydaiiHas ToMexa
WA TIOTPENTHOCTh u3Mepenuii. [loaToMy Bo3HMKaeT 3ajjaua mocTpoe-
HUSI TIOMEXOYCTOWUYMBBIX MaTeMaTUYecKMX MOjlesieil, KOTOpble TP
DKCTPAINOJISAIUKN B «OyIylee> He IMPUBOANUIA Obl K HaKaIJIMBAOIIAM-
¢ OIIMOKaM.

Haubosiee nHdOpMATUBHBIMKU IIapaMeTPaMU, XapaKTepU3YIOIUMU
yYPOBEHb TEXHMYECKOTO COCTOSHUSA INPH paspaboTKe He(TAHBIX Me-
CTOPOXKIAEHUH, SBJISIOTCA IeOUT, IIPUEMHUCTOCTh CKBAKUH 1 00bEM
norpebisieMoil  aJieKTposHeprun. B obiieM Jke ciyuyae, ypPOBEHb
CJIO’KHOCTU aNTMPOKCUMUPYIONIe (DYHKIIUU 3aBUCUT HE TOJbKO OT
CaMOTO W3MEHSIONIErocs IMapaMeTpa, HO M OT YPOBHSI IIYMOBOH CO-
CTaBJISAONIEHd U3MEPEeHUit, n 0T 06beMa BHIOOPKH.

Ber6op TO# maM MHOH MOJEH, OIMCBHIBAIONIEH M3MEHEHUs IOKa-
3aresieil HaJeKHOCTU (PYHKIMOHMPOBAHKU TEXHOJIOTHMYECKOTO 060pY-
JI0OBaHUs, ABJAeTCS Hanbojee OTBETCTBEHHBIM W CJIOKHBIM 9TarloOM
TTPOTHOCTUYECKOU TTPOTIELy PHI.

Ympomenrue Mozies IPUBOIUT K YMEHBIIEHUIO TOYHOCTU MPOTHO-
3a BPeMEHM HACTYIJIeHWs OTKaza. V3juiiHee ycCJoOXXKHEHUE MOJENN
MOKET TPUBECTU K HEYCTONYMBOCTU AJTOPUTMA WIEHTU(DUKAIUM U,
KaK MPaBWUJIO, JIUIIAET WUJeHTU(PUKAIMOHHBIE MOJIENN TIPE/ICKA3aTeNb-
HOIl CHJIBI.

Kpome Toro, HeoGXOHMMO YYHUTBIBATh, YTO CTENEHb CJOKHOCTH
MOJIEJTV 3aBUCUT HE TOJBKO OT MAEHTUMUITMPYEMOTO mapamerpa, HO 1
OT YPOBHSI IOTPENTHOCTU MPOBEIEHUS TEPBUYHBIX U3MEPEHUN.

Taxum 00pa3oM, IPEACTABJIAETCS aKTYaJbHON MHOTOKPUTEPHATIb-
Hag 3ajaya BHIOOpPA OITUMAJIBHOI CTEIIEHH CJIOKHOCTU MOJeJIel,
OTMCHIBAIONINX WM3MEHEHWe TIoKa3aTejiell Haae:KHOCTH HedTera3omo-
OBIBAIOIIETO 0OOPYAOBAHUS BO BPEMEHIL.

IIpu BbIOOpPE METOAA PellleHHs OCTaBJIEHHOW 3aJaud BbIIABUHEM
JIBA JIOTIOJIHUTEJbHBIX YCJIOBUSI.

Bo-1mepBhIX, MCKOMas MOAENIb AOKHA O0JafaTh IIPOTHO3UPYIO-
UMW CBOMCTBAMU, T.e. TIPU IKCTPANOJAIUN Ha HEKOTOPBIN IIpOMe-

65



Cks. 2288, D1IH-DN-610

35

00000009090, 0000006 0606666664600000006
L aada A4 9904000 00000

30

v

25

20
15

10

Jebum, m*/cyr

5

0
23.06 3.07

13.07 23.07 2.08 12.08  22.08

Hama

Cks. 0002414, O11H-50

100

80 m

X
X

}

X

20

Jebum, m*/cyt
a
3

4

0

23.06 13.07 2.08 22.08 11.09 110

Hama

Cks. 0001409, D1IH-160

0y

\

%N

1

\
\

28.06 3.07

~N e

8.07 13.07 1807 23.0

Hama



JKYTOK BpPEMEHW ee 3HAueHUs He JOJIKHBI «PasbajThiBaThCA». ITO
YCJIOBHE HAJIATAeT OTPAaHUYEHMS HA CTElEeHb CIOKHOCTU (DYHKIMH —
IUIST CJIUIITKOM CJTOJKHOW MOJIEST Majible OIUOKU 3aMepPOB, He3aMeT-
Hble Ha WHTEepBaje WHTEPIOJSAINN, Ha Tale MPOrHO3a MOTYT Pali-
KaJIbHO MEHSTDH IOBefieHNe KpuBoil [4, 21].

Bo-Bropbix, OyieM IpeamnoJaraTb, 4T0 0ObeM BbIOOPKM JaHHbIX,
[0 KOTOPOI CTPOUTCSI MOJI€Jb, — HEBEJUK. JTO CBI3aHO C TEM, UTO
HanbGoJiee JlocTOBepHast MHGOPMAIUsA 00 OTKa3aX TEXHOJOTHYECKOTO
o6opymoBaHusl, XpaHAMascsad B 6a3ax MaHHBIX coBpemenHbix WUC,
OXBaTbIBaeT BpeMeHHOW wuHTepBaa B 5—6 jer. C yueToM BbIBOJIOB
pasmena 1.2 momobHbI 006bEM wuHGOpMalu He mpesbimaer 10—
20 XKU3HEHHBIX IUKJIOB (IIyCK B IKCILUIyaTallMi0o — HOPMAaJbHasl JKC-
nylyaTtanys — CTapeHre ¥ M3HOC — 3aMeHa — PEMOHT) PaboThl TEXHO-
JIOTUYECKOTr0 060PYI0BaHUsT HE(TSIHBIX TIPOMBICIIOB.

CJIOKHOCTD 3a3/1aull ONMTUMAIBHOTO BBIGOPA aMMPOKCUMUPYIOTIE
(byHKIINM, ONHCHIBAONIeH TO WM WHOe M3MeHEHHe MoKasaTesell aKc-
TTyaTallii MECTOPOXKIEHNs], yCyTyOasieTcss OmmOKaMu HU3MepeHui,
KOTOpbIe TIPOSIBJSAIOTCS B BHUE HAJOKEHUS IIyMa Ha KOODPIUHATHI
9KCIIEPUMEHTATbHBIX TOYEK.

OmuuM u3 Haubojiee TOYHBIX W UH(POPMATUBHBIX TOKa3aTesei
TEXHUYECKOTO COCTOSTHUST 00OpyIOBaHus, KOHTpoaupyembix WUC,
SIBJISIETCS U3MeHeHHe Bo BpeMenu aebuta ckBaskunbl [1, 2]. C yueTom
TOTO, YTO JA€OUT CKBAJKUHBI SIBJISIETCSI BKHEHIINM MapaMeTpoM, KO-
TOPBIIL KOHTpoJAUpyerca 000 MHGOPMAIMOHHO-U3MEPUTEIbHON
CHCTEMOIi, KaK MMUHUMYM, OJMH Pa3 B CYyTKH, HTOT mapamerp paboThl
sIBJIIeTCS U Hambosiee nocTynHbiM. KpoMe Toro, mpaktudecku io6oii
pas3BUBaIOMIUIiCS BO BpeMeHU aedeKT MOGBIBAIOIETO 000PYA0BAHUS
HeMe/JIEHHO CKa3bIBAETCST Ha eOuTe CKBAKUHDL.

WanmocTpanueii aroro te3uca sipisiercss puc. 1.16, Ha KoTOpOM
[PEJICTABJIEHDbl JMHAMUKH U3MEPEeHUN 1eOuTa HEKOTOPBIX CKBAKHUH
HETIOCPE/ICTBEHHO TI€Pe]l MOMEHTAMM aBapHil, HTPOU3OIIE/IINX 10
Pa3JIMYHBIM TIPUYUHAM.

AHanN3 Tpe/ICTaBIeHHBIX SMINPUYECKIX JAHHBIX ITOKA3bIBAET, YTO
IVHAMUKA W3MeHEeHUs AeOuTa Tepesl Pa3indHbIMUA aBapPUSAME TEXHO-
JIOTHYECKOTO 0OOPYIOBAHNUS PA3INIAETCsT KAaPAUHAIBHBIM 00Pa3oM.

OueBHIHO, YTO €CJIM MBI PACIIOJIAraeM IMOJHBIM HaOOPOM JAHHBIX
06 3TUX TPeH/aX, MOCTPOUTH HAMJIYYIIYIO MOJENb CJIOKHOCTEH He
MIPEJICTABJISIET.

JleiicTBUTENIbHO, WCIONB3Ys OMUH WU HECKOJBKO KJIACCHYECKUX

Puc. 1.6. SKCHepl/IMeHTaJIbeIe KpUBBIE€ CHUIKECHUSA ue6m‘a CKBaXMH II0 JaHHBIM
NHcC:

a — BHe3aIHbII OTKas; 60— 3acopeHue pa60'-11/1X OpraHoB HacoOCa COJIAAMU; 6 — 3aCOpeHune
Hacoca IIeCKOM
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npuMepoB (MUHUMYM BEJUYUHBl JUCIIEPCUU AJE€KBATHOCTHU, KPUTeE-
puit Teitia m T.J.) W CXeMy CTaHJAapPTHOTO MeTOZa HAUMEHBIINX
KBAJpPaToB, MOKHO IIOCTPOUTH MCKOMYIO MOZIEJTh CO CKOJb YTOAHOM
CTelleHbI0 TOYHOCTH, He Hapymias mnpu stoM mpuHimma [lyankape
(TOYHOCTb MOJIEJIU HE MOXKET TPEBOCXOJUTH TOYHOCTH MEPBUYHOUN
nndopmarn). OMHAKO 3TO He pelraeT MPOTHOCTUYECKYIO 3a/aqy —
olpejieJieHIie MOMEHTA aBapUM, TaK KaK HaWJIydllas Ha arare o0yde-
HUSI MOJIEJIb HE BCerja sIBIAeTCs U (oJiee TOUHOM IKCTPaNoJstiiuei
GY/IyIIero CiieHapust Pa3BUTHSI.

[ToxaskeM 3TO Ha peasbHOM TIpUMepe MPOTHO3a MOMEHTA HACTYII-
Jlenusi aBapum Ha ckBakune (puc. 1.17).

B namem pacropspkenun MMeNUCh JAHHBIE TPEH/A TPOU3BOIU-
TEJHLHOCTH CKBKUHBI 110 JKupkocTu 3a 30 cyt (uHTepBas <a» — Oasa
nporuosa, cM. puc. 1.17). Heobxoaumo OBLIO yCTAHOBUTH BPeMsl OT-
Kaza ¢ HanOOJBIIEH TOYHOCTHIO.

[IpexBapuTesnpHast CeJEKINST 3JI€MEHTAPHBIX (YHKITHH, OMUCHI-
BaIOIIMX TOJ0OHOE TIOBEIEHUE IKCIEPUMEHTAIbHBIX KPUBBIX, TIOKa3a-
Jia, 94TO Haubosiee TOYHBI (B CMBICJIE JUCIIEPCUM AJE€KBATHOCTH) TIO-
JIMHOMWHAJIbHbBIE 3aBUCHMOCTH.

Ha puc. 1.17 nokazano roBejieHuEe TpeX IMOJUHOMOB Pa3JIMYHON
CTeIleHN CJIO0KHOCTH, TIOCTPOEHHBIX HAa OJHOM U TOM K€ MacCHBe
JIAHHBIX (MHTEPBAT <a» ).

350 :
300 E
]
250 4+—= i
g !
"= 200 i
S 150 NS
S a [Ny Momenm asapuu
~ 100 NN /
AL R
S\ N\l AN
50 \ \l\/ \\
0

0 10 20 30 4
Bpewms, cyt

50 60 76

Puc. 1.17. CpaBHeHHe NPOTHOCTHYECKUX BO3MOKHOCTeil Mozesieil pa3inyHON CII0XK-
Hocru. IlpuunHa aBapun — 3acopeHne paGoYuX OPraHOB HACOCA IECKOM.
WurepBasibl: @ — 6asa [UIst TIPOrHO3a; 6 — MporHo3; 1, 2, 3 — COOTBETCTBEHHO MOJMHO-
Mol 1-if, 2-i, 3-ii crenenn. Mapkepsl B opme pomba — (hakThdyeckue TaHHbIE HEIO-
CPEICTBEHHO TIepe]t TOJMHBIM OTKA30M
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AHajin3 TOyYeHHBIX PE3YJIbTATOB MOKA3bIBAET, YTO ONIHOKA MPO-
rHO32 MOMEHTA HACTYIUIEHWS aBapUU JIMHEITHON MOJIENIbIO0 COCTABJISIET
56 %, nosmuomoM 3-i crenenu 14 %, nmosnHomom 2-i cremenu 2 %.
B To xe BpeMs BesMYMHA ANCIEPCUH aJIeKBAaTHOCTH BCEX 3TUX MOJle-
Jieit Ha artame oOyueHust (30Ha «a» Ha puc. 1.17) mpakTuyecKu oau-
HAKOBA.

Taxum 00pa3oM, CTAHOBUTCS OYEBUAHON HEOOXOAMMOCTD MCIOJIb-
30BaHUS JIOMOJIHUTENBHBIX METOM0B 0OpPabOTKM JAHHBIX, B TOJHOII
Mepe pearusyonX WH(POPMAIMOHHBIE BO3MOKHOCTH WH(MOPMAIH-
OHHO-U3MEPUTETBHBIX CUCTEM.

ChopmynupyeM Halry 3ajaqy € YY€TOM BCEX BBICKA3aHHBIX
3aMevyaHui.

[To u3BecTHOU AMHAMEUKE PA3BUTUS TPEHIA MPOU3BOAUTENbHOCTH
OT/ICJIBHON CKBAJKMHBI 32 HEKOTOPBI MEPHO/ BPEMEHU HEOOXOIMMO
MOCTPOUTH HAWIYYIIYI0 MOJeJb TIO JBYXIapaMeTPHYeCKOMY KpHUTe-
PHUIO — TOYHOCTH AIIPOKCUMAITUH, TTIOC TOYHOCTH MPOTHO3A.

Hau6osice shGeKTUBHBIM HWHCTPYMEHTOM PEIIeHHs TT0J0OHOTO
pona 3ayayu sipisiercs npeoxkennsiii B.H. Bannukom [22, 23] meTton
CTPYKTYypHOI MuHUMU3anuu cpensero pucka (CMCP). Apxantupyem
ATOT METOJl K YCJIOBUSM Hallleil 3a1auu.

B undopmarmontoil 6ase nH(GOPMaIMOHHO-UBMEPUTEIBHON cuc-
TEMBI XPAHUTCS MHOKECTBO JIOKQJIbHBIX 0a3 MAaHHBIX {X;}, Kakaas u3
KOTODBIX TIPEJCTaBsieT C€OO0i PETPOCIIEKTUBHBIN BPEMEHHOU P
U3MEHEHUs KaKoro-jinbo Mmokasaresist SKCIIyaTaluu BO Bpemenu (i =
= 1... [, rze [ ompeiesisieTcst 4ACTOTON OMPOCa TEPBUYHBIX JATYUKOB).

[IpearmonokuM, 4TO HA OCHOBAHMU HTUX MACCHUBOB NAHHBIX CTPO-
arcs Mozienin Bua y = y(x) (B paccmarpuBaeMoM caydae Q = Q(?),
rie Q(t) — u3MeHeHust 1e6UTA CKBAKUHBI BCIEACTBUE M3HOCA 06OPY-
JTIOBAHUA).

B sToM caydae B HalleM pacHOPsKEHMN MMEETCST BBIOOPKa {X;, ¥},
rlie ¥; — MOJIeJIbHOEe 3HaYeHue, COOTBETCTBYIOIIEE IKCIIEPUMEHTAIbHO
U3MEPEHHOMY 3HAYEHUIO X;.

YuuTeBas, 4TO 3KCIEpUMEHTATbHbIE JaHHBIE M3MEPEHBI C Ompe-
JleJIEHHOH MTOTPEITHOCTBIO, BBEJIEM B PACCMOTPEHUE TIOMEXY ;.

Torma nckomast MOJIesTb IPUMET OKOHUYATETbHBIN B

y =K + e
Ipeanonaras, uto kaace GyHKIM, B KOTOPOM HIIETCs Perpeccus

y(x), SIBJSIeTCSl HapaMeTPUUYECKUM C HapaMeTpaMu d, 33ja4y MOKHO
CBECTH K MUHUMU3ANUK (PYHKITMOHAJIA IMITUPUIECKOTO prcka [23]

(@)=} 2 ;- Fx; @), (1.28)

HOCTPOEHHOIO 110 CAy4ailHOI BBIOOPKE {X;, Ui).
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B paborax [4, 23] mokasaHo, 4TO /i BeJMYMHBI (DYHKIMOHATA
AHMIMPUYECKOTO PUCKA MOTYT OBITH MOJYYEHBI BEPXHUE OIEHKH BHU/A

/. In
1@< 1, (@)= I(@( 5 51}, (129)
CTIPaBe/IUBBIE C BEPOATHOCTHIO 1—1. Bemnuwna i mpencrasisier co-
6oit eMKocTh Kiacca (GyHKIWil F(x, a) ¥ onpeaensieT CJI0KHOCTb
unaeHTuUIpyeMoil Mojenn. B 4YacTHOCTH, eciiu paccMaTpUBAETCs
KJIacC JIMHEWHBIX 110 napameTpaMm (QyHKIUH

F(x,a) = éai@(x» (1.30)

TO h = n, T.e. eMKOCTD KJacca (GyHKIUI (CIOKHOCTH MOJIEIN) PaBHA
YUCJTy UCKOMBIX MTAPAMETPOB 7.

Bennuuna 1/h onpezpensier OTHOCUTENbHBIE — 00beM BBIOOPKH.
CrpykTypa BTOporo MHOXuTess1 B BeipakeHun (1.29) Takosa, uto c
pocroM 1/h Bemmunna () yMeHbIIaercs:, cTpeMsich K exunmuie. DyHk-
[UOHAJ aMIUpuYecKoro pucka ly(a) ¢ yBeamdennem 1,/%, Kak npaBu-
Jio, yBemuuuBaetrcs. I103ToMy CyIecTByeT HEKOTOpPOe ONMTHMAJbHOEe
sHauyenne 1/h, IpU KOTOPDOM BEPXHs OLEHKAa CPeAHEero pucka (ero
rapaHTUPOBAHHOE 3HAYeHHWe) JOCTHTAaeT MUHUMYyMa. JTO 3HauyeHue
1/h u onpenesieT ONTUMAJIBHYIO CJI0KHOCTh MCKOMOM (DYHKIIMH.

B cootBeTcTBUM ¢ peKOMEeHAANMAMH [4] TPHM BOCCTAaHOBIEHUHN
perpeccuu B kiacce Gyukiuii (1.30) B kauectse xputepusi Q Gynem
HCIIOJIb30BATh BETUUNHY

Q= ! , (1.31)
1—\/n[ln£—lnn)/1
n o0
) 20}
e [z], ={
o, z<0.

B paborax [22, 23] mokasaHo, 4TO yAOBJIETBOPUTETIHHOE PEIIEHUE
MOCTABJIEHHON HAMU JBOWCTBEHHOI 3a[]a4u YIA€TCs TOJIYYUTh B CIIY-
Yyae WCHOJBb30BAHUS JOCTATOYHO OOJBIINX BBHIOOPOK 9KCIEPUMEH-
TaJIbHBIX JaHHBIX (00beM [ > 20 usMepeHuii).

B ciyuyae moctaroyHO OBICTPO PasBUBAOIIUXCS Ae(DEKTOB U IIPU
MOCTPOEHUU COOTBETCTBYIOIIUX MOJIEJeN JUIsi MasofeOUTHBIX CKBa-
JKUH 3T0 TpeboBanue He BoimosiHsiercst u metoq CMCP craHoBuTCS
uauInHe TPyObIM, 3aBEJOMO OTAAIONIUM TIPEArnodTeHne bojee Tpo-
CTBIM MOJIEJISIM, YeM CJIETyeT.
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Haubosiee ahheKTUBHBIX Pe3yJIbTaTOB /IS TPEOONEHUsT MO100-
HOTO pojla TPYAHOCTEN JOCTUTAIOT IIyTeM IIPUBJIEYEHUS] METOJOB TEO-
pUM HEYETKUX MHOXKECTB (0ODBEKTOB, O MPUHAMIEKHOCTH K KOTOPBIM
MOJKHO CY/IWTD JIUIIb C BEPOSITHOCTHON TOYKM 3peHust) [24, 25].

IIpumennTenpHO K Hamiel 3ajade, MO TOHSITHEM TPUHAJIEKHO-
CTH K TOMY WIH HHOMY OOBeKTy Oy/eM NOHUMATh 3HAdeHHs {y},
BBIUMCJICHHBIE TIPU TIOMOIIM PA3JTMYHBIX Mojesiell (j — KOJIM4ecTBO
PacCMOTPEHHBIX MOJIEJIEN ).

Heverkum muoxkectBoMm A B U Ha3blBaeTcs COBOKYIIHOCTbL Iap
Buma (u, pa(u)), tne u € U, a py(u) — pyHRIMS TPUHAIIEKHOCTH
HedeTKoro MHOXectBa A. bimsocts dyukium pa(u) k 1 saBmisercs
KOJINYECTBEHHON Mepoll yBEPEeHHOCTHM B TOM, YTO 3JIeMEeHT U
MPUHAJICXKUT MHOKECTBY A.

Ucnonb3zoBanue NOHATUN TEOPUU HEYETKUX MHOMKECTB MO3BOJISIET
CBECTH IIOMCK YCTOWYMBOIO pellleHus] MHOTOKPUTEepPUaIbHON 3a/lauM K
3ajlaye I0MCKa 3KcTpeMyMa (YHKIUMU [IPUHAJIEKHOCTH, KOTOpas
ollpezie/ieTcsl Kak

w(a,n) = (o (Lo (a,m)) - p  (m)", (1.32)

rre po(lp) n p(n) — pyHKIMYM TPUHAIIESKHOCTH HEYETKUX MHOKECTB
«MaJIble 3HAYEeHUsI SMIUPUYECKOTO PUCKA» U «Majsasl CJIOXKHOCTh MO-
nenuy. It GYHKIME MOTYT OBITH OMpPeNesieHbl B COOTBETCTBUU C [4]
CJIEAYIONUM 00Pa30oM:

1 n
I)=Y"2m |, pm=¥—;m,|
wo(ly) I, 1 p.(n) (0751 2)

¥ (1, m) = 1—¢", npu 0 <t </, (1.33)
’ 0, mpu ¢ > [, -

rae I; — 3HaveHwe (PyHKIMOHAIA SMIIMPUYECKOTO PHCKA, COOTBETCT-
ByIOIllee HEKOTOPOMY HAdaJbHOMY YWCJIy IApaMeTpoB #; my W My —
MMOKA3aTean CTEleHU, OIpeeNsioie OTHOIIEHHEe alTrOpuTMa K
YMEHBIIEHUIO IMITMPUIECKOTO PUCKA U YBEIUYEHUIO CJAOXKHOCTA MO-
JIeJIN.

PaccMOTpUM peasnsaiuio IMpejjiaraeMoro MeTojga Ha OCHOBaHWM
[IpYMepa, PaCCMOTPEHHOIO BBIIIIE,

B kauectBe MH(MOPMAIMOHHOTO MAaCCUBa /s MOCTPOEHUs Hau-
JIy4IIedl MO MMPOrHO3a MOMEHTA HACTYILIEHUsI aBapuu OyaeM uc-
noJb3oBaTh Te ke 30 CYTOYHBIX HM3MepeHUil ae6uTa, a B KadyecTBe
KOHKYPUPYIOIIUX TUIIOTE3 PACCMOTPUM Te JKe IOJUHOMBL.

PeSyJIbTaTbI HpOBeIIeHHbIX BbI‘II/ICJICHI/IfI Hpe[[CTaBJIeHbI B

Tabm. 1.15.
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Tabnauua 1.15

OGocHoBanue BbIOOpa HauGoee NPUEMIEMOI TPOTHOCTHYECKONH MOENH
onpe/ieieHlsi MOMEHTa HACTYIUIEHHsI OTKa30B HACOCHO-CHJIOBOTO 000DPYI0BAaHHSI

CJI0KHOCTD MOJIENN Kpurepun BoIG0pa MOAEIN ONTHMAIBHON CI0KHOCTI

(cTeneHb MOJMHOMA) A I, W 10"
n=1 0,024 0,0124 3,44
n=2 0,020 0,0124 2,48
n=3 0,014 0,0126 2,63

Kak caenyer us tabn. 1.15, meron HamMeHbmux Kpaapatos (I,
cronber] 2) PEKOMEHIYET MAKCHMAJIbHYIO CTEleHb CIOKHOCTU 3aBU-
CUMOCTH. IJTO BIIOJHE TOHATHO, Tockosibky MHK ctpemutcss munm-
MU3UPOBATh OTKJIOHEHUsSI HKCIIEPUMEHTAJNbHBIX TOYEK OT AalllPOKCH-
MUPYIOIIe 3aBUCUMOCTH, & 3TO BO3MOKHO MPU MAaKCUMAJbHON CTe-
nenu nosmuoma. Meronq CMCP nonyckaer npuMeHeHWe WHTEPIOJIN-
pyloliero mojauHoMa co crenensMu n = 1 u n = 2 (I,, cronben 3),
TOr/Ia KaK METOJbl TEOPUU HEYETKUX MHOMKECTB OJHO3HAYHO yKa3bl-
BaIOT, YTO ONTHUMAJILHOW SIBJISIETCSI CTENIEHb MOJMHOMA 7 = 2 (CTOJI-
Gerl 4 Tabs. 1.15), 9TO TOJHOCTHIO MOATBEPIKIAET PE3YJIbTATHI HCCJIE-
JIOBaHUIA, TIpe/icTaBJIeHHbIX Ha puc. 1.17.

YucaenHas OLEHKa <«IIPOrHO3UPYIONIEH CIOCOOHOCTH» PacCMaTPHU-
BaeMbIX MOjIeJiell MPOU3BOIMJIACH HA OCHOBAHUU OIIPE/eIEHUs BeJIn-
yuH cpennekBajpaTudeckux otkioHeHuit (CKO) askcriepumenTasib-
HBIX TOYEK OT COOTBETCTBYIONIUX TPEHIOB, YTO W OIpPeNessieT TOY-
HOCTb TporHo3a. [lns mamero mpumepa Bemunabl CKO pasubr 1,24,
0,26 n 2,31 mns moamHOMOB 1-#1, 2-1 1 3-1f CTEIleHN COOTBETCTBEHHO.
ITo5TOMYy OYEBUAHO, YTO CIHOCOOHOCTH K IIPOTHO3y HamboJIee BBICOKA
y TMOJIMHOMA BTOPOM CTENEHHU, YTO COBIAJAET C BLIBOJOM, TOJIydYeH-
HBIM Ha OCHOBE TEOPUU HEUETKUX MHOKECTB.

AHajiloruHbple MCCIeA0BaHUS OBLIM IIPOBENEHbI HaMU I Das-
JIMYHBIX CKBAKUH, HKCIIYATUPYIONIMXCS B YCJIOBUSX PA3BUTHS pas-
JIMYHBIX 1e(DEKTOB, COMPOBOKIAIIINXCS YMEHbIIEHEM [1eOUTOB.
AHamu3 TIOJTyYeHHBIX Pe3yJbTATOB CBHUIETENHLCTBYET O TOM, 9YTO
MpeIaraeMblii METOJ OIPEEJEHUST ONTUMATBHON CIOKHOCTH MOJIe-
JI T03BOJIAET HOJIyyaTh HauboJiee BBICOKYIO TOYHOCTh IIPOTHO3a MO-
MEHTa HACTYILJIEHUS aBapuu.

Bo Bcex paccMOTPEHHBIX HAMU CJIyYasX yBeJIWYeHWe TOYHOCTHU
mporuo3a cocrasisier 10—30 %.

IIpu sToM CcjaemyeT 3aMeTHTh, YTO pasjMdKe B BHIOOPE MOMIEJH,
pexomenioBanHoil Metoqom CMCP u Meromamu Teopuu HeYETKHUX
MHOKECTB YBEJUYUBAETCA C yMeHblIeHHeM 00beMa BBHIOOPKU H3Me-
peHuii nebuToB cKBaxkuH. IIpu pocTatouHo OOJIBIIMX BBIOOPKAX (Kak
npaBuyio, [ > 20) pe3yJbTaThl PacuyéToB MO 0OOMM METOAaM MpPAKTH-
YeCKH COBIIQJIAIOT.
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IIpoBeniennble uccye0BaHusl TTO3BOJSIOT CJeJaTh BBIBOJ O TOM,
YTO MpeAJIaraeMblil TOAXOA K PEIIeHUI0 3aja4d BbIOOpa TOW WJIK
WUHOI MOJIEJTH, OTIMCHIBAIONIEN M3MEHEHNEe TMHAMUKN e0UTa CKBAKHU-
HBI BCJIEAICTBUE CTAPEHWsI W WM3HOCA HACOCHO-CHJIOBOTO 060pyaOBa-
HUSI, TI03BOJIsIET OOOCHOBAHHO BBIOUPATH CTEMEHDb CJIOKHOCTH MOJEIH,
obecrieqnBalonieil HaMBBICIIYIO TOYHOCTH TPOTHO3a MOMEHTA HACTYII-
JIEHUsSI OTKa3a 3TOro 060pyI0BaHMsL.

1.3.2. IPOTHO3UPOBAHUE OTKA30B TEXHOJIOTMYECKOI'O
OBOPY/IOBAHHIA HA OCHOBE AHAJIM3A

BPEMEHHDBIX PA/10B IEBUTOB

IKCINIYATAIIMOHHBIX CKBAKNH

CBoeBpeMeHHBIN U JOCTOBEPHBIIl IIPOrHO3 B JIIOOOI OTpac/au IIpo-
M3BOJICTBA TO3BOJISIET 3a0JIATOBPEMEHHO MPUHSITH MePhI 10 TIPENOT-
BpAIeHUT0 HeGIArOPUSATHBIX CUTYAIIMH — aBapuil, CHUKEHWs PeHTa-
GEJIPHOCTH TIPOU3BOICTBA, COKPAIIEHUS 0ObeMa MPOAYKIIUU WM ee
peanusanuu. [Toatomy sicHo, 4to npobjaeMa MPOrHO3a OCTAETCS AKTY-
QJIbHON HEe3aBUCUMO OT BUA MPOM3BOACTBA. MeTOAbl MPOTrHO3a, pa3-
paboTaHHbIe [/ BIIOJIHE OIPEIEJIEHHOrO BUA YEJOBEYECKON Jes-
TEJBHOCTH, OKA3BIBAIOTCSI TTPUTOHBIMU U JIIST MHOTHX APYTUX obJac-
Teil. C TOUKM 3peHusl MaTeMaTHKU I9TO BIIOJHE [IOHSATHO — BCE IIPO-
THO3BI CTPOSITCS Ha MPOJOKEHUN BPEMEHHOTO psifla M3MEHEHUN He-
KOTOpOTO mapameTpa — Oy/b TO Kype AoJuiapa uin oObeM MPOU3BOJI-
CTBa KOHKpeTHOro mpemanpustusd. [loaTomy mnpakTthuyecku Bce ajro-
puTMBI, pazpaboTaHHble IS OJHON 06JIACTH TPOU3BOACTBEHHON Jes-
TEJIbHOCTH, TIPUTOHBI /LTI IPYTUX cep NesATeTbHOCTH.

VcTopuvecky CJIOKUIACH CUTYallUs, YTO HanboJiee PasBUTHIMU B
00JIacTH TIPOTHO30B OKa3aJIUCh JBe ChepPbl — METeoposorus u (hu-
HaHCBL. B Zpyrux orpacyisgx uyesoBeYecKOW AedTeNbHOCTHA 3HAYUTEJb-
HO peke BbIABUTAeTCA 00OCHOBaHMe HeoOxogmmoctu mporaosa. C
Haleii TOYKM 3PeHus, 9TO He BIOJHE 0OOCHOBAaHO — 3HaHUe Oy/Iy-
IETO MO3BOJISIET €T0 KOPPEKTHPOBATH MyTeM HAYYHO OOOCHOBAHHBIX
U IJIAHUPYEeMbIX JeHCTBUI, IpUYyeM He3aBUCUMO OT cepbl [PUJIO-
JKEHUST TTPOTHO3A.

JlOCTOBEPHOCTH MPOrHO3a 3aBUCHT OT MHOTHMX TapamMeTpoB. B 06-
nieM cJydae, MpOrHO3WpyeMasi BesimunHa X 3aBUCUT OT 7 [apamer-
pos, T.e. X, = Flx(tn)), tne i = 1, 2, 3, ..., n. llousiTie mporHosa
IIpe/IoJIaraeT, YTo Ha OCHOBAHMM 3HAHUS IIePBbIX I 3HAYEHUN BeJu-
YuHbl X, MBI JIOJIDKHBI OIIPEIEJNUTD ee 3HaYyeHUs B MOMEHTbl BpeMeHU
m++1m+2 m+3, ..

3aMeTuM, 4YTO BO MHOTHX CJIydasX YHUCJO TTapaMeTpoB 7 3apaHee
HensBecTHO. Bosiee Toro, oHO MOKeT U3MEHSTbCS CO BpeMeHeM (Tou-
Hee, 3HAYMMOCTb 7-T0 mapamerpa). Hampumep, npu mo6biue HedTH
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CYTOYHBII ee JeOUT 3aBUCUT OT IHPOU3BOAUTEIBHOCTU IJIyOMHHOIO
Hacoca M CKOPOCTH IPUTOKA JKUAKOCTH K yCTbIO CKBakMHbL — OmHa-
KO CKOPOCTb IIPUTOKA HE SABJISETCS NOCTOSHHON BeJIMYMHON, GoJee
TOr0, OHa MOJKET H3MEHSAThCS HeIpeAcKasyeMbiM crocoboM. Takas
CUTyaIlis] BO3HUKAET, HAIIPUMep, TIPU Hayaje OOBOIHEHUS WU W3-
MEeHEHUU HPOoHMIIaeMocTU HedreHocHoro miacra. C Apyroil CTOPOHbI,
U IIPOU3BOJMTEIBHOCTh HACOCA 3aBUCUT OT €ro TEeXHUYECKOro CO-
crostinst. OTJIOKEHHUsST BEIIECTB Pa3JNYHOIN IPUPOADI, TAKUX KaK Iie-
COK, TJIMHA, COJU WM TapaduHbl, IPUBOIAT K PE3KOMY CHIIKEHHIO
IPOM3BOAUTENBLHOCTH Hacoca. B urore okaspiBaercs, uto jaebut Hed-
Te00bIBAIONIEHl CKBa)KMHbI M3MEHSIETCSl BO BPEMEHHM BECbMa CJIOXK-
HBIM 00pa3oM, OCOOEHHO IIPH yYeTe TAKUX CHUTYyallWil, KaK BBIXOZ
Hacoca Wian TpyOompoBoga u3 crpos. Ilosromy mpornos mebura oka-
3bIBACTCS BECbMa CJIOKHOU 3ajiaueil.

[TpoGaemam usmenenus jebura HedTAHOTO MECTOPOKAECHUS U OT-
JeabHoi HedTe00bIBaIoNell CKBasKUHBI IIOCBSAILIEHO MHOIO pabor,
OJIHAKO JI0 HACTOSIIEr0 BPEMEHM BOIPOC O MOCTPOEHUU MaTeMaThue-
CKOI1 Moze 9TUX OOBEKTOB HeJb3s CUMTATh pelleHHbIM. IToaromy
OCHOBHBIM CPEJCTBOM OLIEHKU OyIyIUX 3HadeHui oObema A00buu U
OCTaTOYHBIX 3alacoB HedTH MOrYT CTaTh TaK Ha3bIBaeMble
«6e3MO/IeJIbHBIE» METOZbI IIPOrHO3A.

JlocToBEpHOCTD J1I000I0 IIPOrHO3a 3aBUCUT OT 0OBEMA U TOYHOCTU
UCXOJHBIX MaHHBIX. B obsactu 100bl4u HedTU B IHOCJELHUE TIOAbI
cUTyallysl C WCXOJHBIMHU JAaHHBIMU CYIIECTBEHHO H3MEHUJIACh. ITO
CBSI3aHO C BHeJApPEeHHWEM aBTOMATU3MPOBAHHBIX CHCTEM 3allMCH IIapa-
METPOB — HMH(GOPMAIIMOHHO-U3MEPUTENbHBIX crucTeM. OCHOBHBIM Ha3-
HaueHWEM TaKHX CHCTEM SIBJISIETCSI OIEPATUBHBIN IUCIETUYEPCKUI
KOHTPOJIb W yIpaBjeHue pabortoil HedremobbiBaIiero 000pyaoBa-
Hust. BO3MOMKHOCTD cOCTaB/eHHMs IIPOrHO3a JaeT co3jaBaeMas B IIPO-
necce paboThl Gasa JAHHBIX, IIPECTABJIAIONMAA COO0 BpEMEHHBIE Psi-
OBl ImapaMeTpoB (YHKIMOHUPOBAHUA 000DYIOBAHMsS IPOU3BOACTBEH-
HOTO OOBEKTa.

Metoapl 06pabOTKM BPEMEHHBIX PSAAOB MOKHO pasjeuTh Ha He-
CKOJIBKO TPYIIII B 3aBUCUMOCTH OT II€JIU MCCJIEJOBAHUSI.

Haubosee ciaoxkHast mpobiieMa — IIOCTPOEHHME MOAEIM AMHAMUYE-
CKOIl CHCTEMbI, KOTOpas I03BOJIMIa Obl He TOJBKO OObSICHUTDH IIOBE-
JieHre DKCIEPUMEHTAJIbHOTO BPEMEHHOIO Psijia, HO U IOCTPOUTDH IIPO-
ruos Ha Oyxayiiee. OZHAKO CJIOKHBIE PeabHbIE CHCTEMbl IIPAKTHYE-
CKH He IMOAJATCS HOA00HOMY MOAEJIUPOBAHUIO, YTO CBSI3AHO C
MHOKECTBOM HM3MEHSIOIINUXCST CBSI3eil MEKIy 2JIEMEHTAMH CHUCTEMBI,
BO3HUKHOBEHMEM HOBBIX CBS3€d, HPHUpOJa KOTOPBIX U BAUSHUE Ha
cUCTeMy B IleJIoM HaM HeusBecTHa. [loaToMmy moBeseHUE CIOKHOU
CUCTEMBl MOKHO PacCMaTpUBaTh KaK B KaKOW-TO Mepe CToXacThye-
CKO€, HEyIOpPsiIOUEHHOe, a CaMU BpPEMEHHbBbIEe PsijIbl CUnTaTh (pak-
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TAJbHBIMU. 3aMeTuM, 4TO (PPAKTAIBHOCTh BPEMEHHOTO Psijia He O3Ha-
Y4aeT HEeBO3MOXKHOCTb KaKMX-A1O0 mporuo3os. Kak mokasano B Tipe-
IOBIIYINEM Ppazfesie, TMHAMUKA (PPAKTAJIbHBIX MAapaMeTpoB — IOKasa-
Tenss Xepcra, Xaycmopda, KOppesasaimoHHON pa3MepHOCTH — TI03BO-
JiSeT BO MHOTHX CJIy4asix CTPOUTH MPOTHO3 aBapUMHBIX CUTyaIluil Ha
NPOMBIIIIEHHBIX 00bEKTaX.

CJI0KHOCTh U M3MEHYUBOCTh (DYHKIIMOHAJIBHBIX CBSI3eil peasib-
HBIX 0OBEKTOB TMPUBOIAT K HEOOXOAUMOCTH TIOCTPOEHUS YIIPOIIEHHON
MOJIeJIH, KOTOpasi, TeM He MeHee, C J0CTATOYHOW TOYHOCTBIO OITHICHI-
Basia OBl TIOBelleHUWE CHUCTEMBI B TEYEHHE OTPAHUYEHHOTO WHTEepBaJa
Bpemenu. Kiaccuueckuil mnpumep o6pabOTKM BPEMEHHOTO psija s
9THUX IleJiell — CreKTpajibHOe pasdiokenue. K MOCTOMHCTBAM TaHHOTO
METO/[d OTHOCHTCS BO3MOYKHOCTh (DUBMYECKON HWHTEPIIPETAIIUU CO-
CTaBJIIONINX CHEKTPA, a K HEJOCTaTKaM — CTPOrasi IepUOJMYHOCTb
pasjyioKeHUus ¥, KaK CJeICTBHe, HEBO3MOXKHOCTH IPOTHO3a. TeMm He
MeHee, CIEeKTPaJbHOE Da3Jo’KeHHe OKA3bIBAeTCsl TOJE3HBIM [T BbI-
SBJICHUSI TIEPUOJINYECKUX KOMIIOHEHT BPEMEHHOTO psiia, HaIpuMep,
CEe30HHBIX U3MeHeHuil nebuta B HedTeno0bde.

Pasputuem pasinoxenuss Dyppe aBasgercs BelBieT-mpeoOpaso-
BaHUe, OCHOBAHHOE HA PA3JIOXKEHWHM (PYHKIIMH 110 OPTOHOPMUPOBAH-
HOMY 6a3ncy JIBYXTapaMeTPHYECKOTo ceMeicTBa GA3UCHBIX (hYHKITHA,
006pa30BaHHBIX MACIITAOHBIMU U CIABUTOBBIMHU TIPE0OPA30BAHUSIMU
ofiHOM OasucHoU (yHKIMY. BeiiBreT-nipeobpasoBaHue MPeICTABIISIET
€000t Kak ObI HEIPephIBHbII OJIOK «OKOHHBIX» IpeoOpasopanmii Dy-
pbe C Pa3IMYHBIMU «OKHAMU» JJISI KaKIOU yYacTtoThl. lIpornocruue-
CKU€ CBOIICTBA BeIBJIETA HEBEIUKH.

Jlpyrasi TpyTia MeTooB 06pabOTKY BPEMEHHBIX PSIIOB MMEET Iie-
JIBIO TIPOTHO3WPOBAaHNE IOBEIEHNST BPEMEHHOTO Dsifia, OTBJIEKAsSICh OT
(pusmueckoit TPUPOABI MOPOKAAIONIUX ero siBjeHuii. MHaue roBops,
HAXOJMTCS HEKOTOPast 3aBUCUMOCTH «OyAyIIero» psiia OT ero <Ipo-
HUIOTO», TpuveM Gu3NyecKass MPUPOJA ITOM 3aBUCUMOCTH HE Pac-
CMaTPHUBAETCSI.

[Tpocrefimuii mprMep TaKOTO MOAXOAA — ANPOKCUMAIINS, T.€. Oll-
penesnenyie (pyHKIMOHAIBHON 3aBUCHMOCTH 4JIEHOB Ps/ia OT BPEMEHH.
[IporrocTyeckre BO3MOKHOCTH PETPECCUOHHOTO aHATM3a OTpaHmye-
HbI HEOTPeNeJIEHHOCTHIO ITYMOBON COCTABJIAIONIEN 3aMeEPOB, alpuop-
HBIM 33J[aHUEM CTENeHU CJAOXKHOCTA MOJIEJTU U HEBO3MOKHOCTBIO yue-
Ta BOBHUKAIONIMX HOBBIX CBs3eil (cBoiicTB) B cucreMe. Panee ObLIo
[IOKA3aHO, YTO Ype3MepHOe YCIOKHEHHEe MOJENU MOKeT IPUBECTU K
CHIJKEHUIO ee TOYHOCTH, TaK YTO BBIOOP CTEMeHW CJIOKHOCTH all-
MPOKCUMUPYIOTell (GYyHKIUUA SABJISETCS HETPUBUANBHON 3a/1aveil.
[locToBEpPHOCTD MPOTHO3a HA OCHOBE AMMPOKCUMAIUU TPYIHO MOJA-
eTCsI OIleHKe.

[Tonyuyenusie B pasgene 1.3.1 pe3yJsbraThl TO3BOJSIOT CTPOUTH
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MOJIEJI  ONTUMAIBLHOU CJIOKHOCTH, O0OECHEeYMBAIOINIEH HAMBBICIIYIO
TOYHOCTb IIPOTHO32 MOMEHTa HACTYIUIEHUS OTKa3a [PU ITPOTHO3UPO-
BaHWU OTKa30B HACOCHO-CHUJIOBOTO OOODPYIOBAHUS IO M3MEHEHUSIM
ne6utoB. OfHAKO TIPU 9TOM TIPEATNOJIATAETCs, YTO Kiaace (hYHKIWH, B
KOTOPOM OIIEHMBAIOTCS 3TU MOJEJH, allPHOPHO ofpejeseH. B peaib-
HBIX K€ YCJOBUAX BBIOOD 9TOTO Kjacca caM 1o cebe sBJSETCS BeChbMa
CJIO’KHOM, a MOPoH U Hepa3pelmuMoil 3aaueil.

CrpyKTypa «CKBakMHa — IJIAaCT» — CJIOJKHAsS JMHAMHUYECKas CHUC-
TeMa, TIOBeIeHe KOTOPOil B OOIEM CJIydae OIMpeesisieTcs] Hen3BeCT-
HBIM yucjoM IapamMeTpoB. C BHezspeHueM HedTelPOMbBICIOBBIX aBTO-
MaTU3UPOBAHHBIX CUCTEM WM3MEPEHUN TOSBUIACH BO3MOXKHOCTH OCY-
MIECTBJSATH KOHTPOJIb Hajl OOJIBIIMHCTBOM TEXHOJOTMYECKUX T1apa-
METPOB JKCIIyaTallM MECTOPOXKAEHUS, YTO ITI03BOJISIET IPOBOINTD
PETPOCIIEKTUBHBIN aHANN3 BCEX BPEMEHHBIX PSiZIOB.

PaccMoTpuM BO3MOYKHOCTD pellleHHUs 3a/ladyl IIPOTHO3a U3MEHEHUs
nebuTa CKBAKUHBI, TIPOUCXOJSIIETO B Pe3yJabTaTe PasBUTHs JedeKTa
TEXHOJIOTHIECKOTO 000PYIOBAHSI.

Dopmasn3yeM Hally 3agady [POTHO3a H3MEHEHWs jebura ciie-
OYIOLUIMM OOPa3oM.

B undopmanuoHHoii 6ase HaHHBIX MMEETCs BBIOOPKA M3MEHEHMIl
obbeMa m. B ob1iem caydae TPOTHOZUpYeMas BeIUInHa X (CYyTOUHBIH
neGuT) 3aBUCUT OT 1 TTAPAMETPOB, T.€.

X = Fxi(tn)),

rge m — o0beM MMEIOIUXCS U3MEPEHUit; {,, — MOMEHT BpEMEeHH, CO-
OTBETCTBYIOIIMI KaXK/0My u3Mepenuio; i = 1... n; n — 4ucjo napamer-
POB MoOJIENN.

[Tox mporrosom OyzeM MOHMMaTh TO, YTO HA OCHOBAHWU 3HAHUSI
HEPBBIX M 3HAYEHUI BEJIUYMHBI X, TPeOYETCs OIpeleNnTh ee 3Haue-
HUe B MOMEHTBI Bpemenu m + 1, m + 2, ...

IIpocreitimum MeTOAOM pellieHusT MOCTABIEHHON 3a/laun SIBJISETCS
alrpoKCUMAIlus, T.e. orpejiesienve (QyHKITMOHAIBHOU 3aBUCUMOCTH
YJIEHOB Psjia OT BPEMEHMU.

IIpoBenennbie McceOBaHWSI MOKA3BIBAIOT, YTO ITPOTHOCTUYECKHE
BO3MOKHOCTH PETrPECCUOHHOTO aHaJN3a OTPAaHWYEHbl ITyMOBOW CO-
CTaBJISAIONIEN TepBUYHBIX u3MepeHWH. Kpome TOro, B TpemblayIneM
pasjiejie MOKa3aHO, 4TO 4YPe3MEPHOe YCJIOKHEHUE MOJIeIM MOJKET
NIPUBECTH B Psijie CJyYaeB K CHUMKEHUIO TOUHOCTHU TTPOTHO30B.

B nocnennee BpeMst /11 TIPOrHO3a U3MEHEHUS TEXHUYECKUX, CO-
UATBHBIX W (PUHAHCOBBIX ITOKa3aTesell Pa3BUTHS COOTBETCTBYIONNX
CHCTEM aKTUBHO WCIIOJb3YeTCs MTPOTHOCTUYECKUN METO]] aBTOperpec-
cum [21].

PaccmoTpuM BO3MOKHOCTU MPUMEHEHUS] 3TOTO0 MEeTO/la K TOCTaB-
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JIEHHOW HAMU 3ajlaye MPOrHO3a M3MeHeHus JeOuTa IpU BO3IEHCTBUM
Ha 9TOT [apaMeTp 7 Pa3jINYHbIX (haKTOPOB.

W3BecTHO, YTO AWUCKPETHBIE IIepuojuvecKue pelleHusl UMEIOT Tak
Ha3blBaeMble Pa3HOCTHbIE YPaBHEHMS € IIOCTOSHHBIMU Koadduiinen-
TaMU:

Xntm = AuXnpim-1 T Am-1Xntm—2 T Au-2Xn+m-3 T A1Xy. (1.34)

Ecmm 3amambsl Xy, Xo,... X, TO 1m0 dopmyse (2.34) MOKHO HalTH
X1, Xmio U T.1. OO11ee pellleHrue TaKOTO ypaBHEHUI UMeeT BU/L

n
x, =2 A, exp(yn) =Y. Aay. (1.35)
Benuunnst a; = exp(y,) SBIASIOTCS KOPHSIMH MHOTOYJIEHA CTETTEHU
m ¢ koadpdunuenramu 1, —a,, —a,.1,... . —a;. Ecam Bce y;, yucrto MHU-

Mble, pelienne GyIeT CyMMO# TapMOHWYECKUX KOJebaHuil, B MPOTHUB-
HOM CJIy4ae OHO Oy[eT COMepKaTh BO3PACTAIONIME N YOBIBAIOIIIE
COCTABJISIONTHE.

Waes MeToza OCHOBaHAa Ha TOM, 4TO OOBIYHO B 0OpabaThiBaeMoil
BBIOOPKE 3HAYMMBIX YACTOT HEMHOTO, U B 9TOM CJIy4ae ee ¢ XOpollei
TOYHOCTBIO MOJKHO PAaCCMATPUBATh KaK pellleHue PAa3HOCTHOTO YpaB-
Henus. [y 3TOTO, 3a/[aBIIMCh HEKOTOPBIM 7, HEOOXOANMO HANTU
K02 DUIUEHTHI @; METOZIOM HAUMEHBIINX KBa/IPaTOB, a 3aTeM, PEIINB
ypaBHEHHE m-CTeNeHW, HAlTH MCKOMbIe 4YacTOThl. IIpm aToM HamoO
YUYUTBIBATB, YTO YUCJAO KOIPQPUIMEHTOB JOJKHO ObLIb HE MEHbIIE
yeM 2d, Tie d — 9UCI0 «CYIIECTBEHHBIX» 4acTOT B criekTpe [21].

Jra Meromuka, B oriaumune 0T Dypbe-pa3ioskeHus, IO3BOJISIET
MPOTHO3UPOBATh Oy/yliee TOBeAeHNEe BpeMeHHOTO psima. OaHAKO ee
IpPUMEHEeHNe OTPAHUYEeHO CPAaBHUTENBHO IPOCTBIMU CHCTEMaMH, a
CPOK ITPOTHO32 — HECKOJbKUMM ITaraMu BO BPEMEHH.

Ha puc. 1.18 mpezcraBien BpeMeHHOU psifi, 00pa3OBAHHBIN TTOCJIe-
JIOBATEJIbHBIMU HU3MEPEHUSIMU HATPY3KH B TOYKe IIOJ[BECA INTAHT
ITH (munamorpamma, pa3BepHyTas BO BpeMeHU). BTopast kpuBas
(«ITpornos») Ha rpaduke ToOJSydYeHA C MOMOIIBIO PEIIeHUs] CUCTEMBI
PasHOCTHBIX ypaBHeHUil. BuaHo, 4YTO MOENb YyIOBJIETBOPHUTEIHHO
nepeaaeT OCHOBHBIE OCOOEHHOCTH PEANbHON JUHAMOTPAMMBI U TIO-
3BOJIAET TIPOJOJIKUTh BPEMEHHOW psiit B «Oyaymiee». IIporHos na
150 1maroB B JaHHOM CJiydae OKa3aJjcsi BO3MOKHBIM 32 CUET CPABHU-
TEeJBHO MAJIOr0 YWCJA creneHeil cBOOOABI CHCTEMbI — TIPH pacyere
VUUTBIBAJIUCH TOJBKO IIECTh CYNIECTBEHHBIX YaCTOT. 3aMeTUM, UTO
3HAYEHUS YaCTOT, MOJydaeMble ¢ TOMOIILI0 TIpeobpasoBanmst Dypbe,
OTJINYAIOTCS OT TOJYYEHHBIX B JIAHHOM METOJe. JTO SBJSETCS CJIe]l-
CTBUEM YCJIOBUSI KPATHOCTU TIepUOza KojeGaHWil U MHTepBaia M3Me-
peunii B pasznoxkenuun Dypbe, a B pPeasbHOM CAy4Yae ITU IEPUOIbI
IIJIOXO COOTHOCSITCSI IPYT € APyroM. B atom cMmbicie yactoTel (1 da-
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Puc. 1.18. Bpemennoii psix Harpysok IIITH u ero nporHos Ha 150 maroB MeTozoM
aBTOperpeccun

3bl) KOJleGaHWi, TOJyYeHHbIE aBTOPETPECCHOHHBIM METOIOM, OoJiee
TOYHBIE.

Meroyi aBTOperpeccuu, MPUMEHUTENbHO K 3ajaye [POTHO3a TeX-
HUYECKOTO COCTOSHMA 000pYyAOBaHUs HeDTENPOMBIC/IA, MOKET ObITh
WCIIOJIb30BaH JIJISI PETPOCIIEKTUBHOTO UCCJE0BAHUST TPEH/IOB «CYIIle-
CTBEHHBIX» YACTOT HATPY30K B TOUKe TOJ/[BeCA KOJOHHBI mITaHT. /[u-
HaMMKa U3MEHEHUs 9THX YaCTOT CO BPEMEHEM IT03BOJISIET OIPENEUTh
TEHJIEHIIUN PAa3BUTUS MEXaHWYECKOW CHCTeMbl. 3aMeTuM, 4YTO OIllpe-
JleJIEHUe <«CYIIEeCTBEHHBIX» YaCTOT MEPEBOJUT 33Jla4y OIllpe/iesIeHnst
Tekymiero Texuudeckoro cocrostausi IIITH B miockocth 3azayu criek-
TPaJbHOM UATHOCTUKU, XOPONIO PAa3BUTOW B HACTOsIIEe BPEMS B
CMEXKHBIX 00J1aCTsIX, HalpuMep BuOpoanarsoctuku [26].

Ha puc. 1.19 mpexcraBieHa criekTporpamMma KoJiebaHUil Harpy-
30K B KosioHHe mTaHr IIIT'H, mosydyeHHBIX ¢ TOMONIBIO METO/A aBTO-
perpeccun. Kak y:ke oTMe4asioch, 4aCTOThI CIIEKTPAJIbHBIX KOMIIOHEHT
He SBJSIOTCS KPaTHBIMU, Kak 9T0 Obwio Obl B ciaydae Dypbe-pasio-
JKEeHUsI.

C TedyeHneM BpeMEHU YaCTOTHI U aMIJIUTY/Ibl CHEKTPAJIBHOTO pa3-
JIOKEHHUS M3MEHSIOTCS BCJEACTBUE M3MEHEHHUSI CBOUCTB KoJsebaTesib-
HOH cuctembl. Ha aMIymTyry m mojioskeHne 9acTOTHOM KOMITOHEHTBI
MOKET OKa3bIBaTh BJIMSIHUE, HATIPUMED, U3MEHEHUEe YIPYTUX CBOWCTB
IITAHTH, CKUMAEMOCTh CTOJI0A KUIKOCTH B HACOCHO-KOMIIPECCOPHBIX
Tpybax, BeJIMYMHA IIPUTOKA JKUAKOCTU K YCTBIO CKBAKUHBI U JPYyTHe
MIPUYWHBL. JTO HarJsgaHO BuAHO Ha puc. 1.20, rme mokasaHbl TPeH.IBI
AMIUTUTY/T OCHOBHBIX COCTABJISIONINX CIIEKTPOTPAMMBI.
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Puc. 1.19. CnekrporpaMma Harpy3ok B TOUKe noBeca KojoHHbl mranr IIITH, mo-
JIlydeHHas] METO/IOM aBTOPErpecCHu.
YacToThl IaHBI B €MHNIAX JACTOTHI KAYaHWil GamaHcipa

3aMeTuM, 4TO HACOC, MO TapaMeTpaM KOTOPOrO CTPOWJIUCH Trpa-
dbuxu puc. 1.20, BbilIET M3 CTPOSA IO NPUYMHE 3aCOPEHUsT Pabounx
opraHoB 4epes 14 cyT mocie mocjiefHeil TOUKM, U300paKeHHOH Ha
rpadmkax. [loaToMy ycTOMUMBBIN TpEHI HEKOTOPBHIX KPUBBIX HA Tpa-
(bukax MoxeT, IO-BUUMOMY, CIYKUTDH JAOTOJHUTETHHBIM MPU3HAKOM
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Puc. 1.20. TpeHapl aMIUIMTY/] CHEKTPAJIBHBIX COCTABISIONIMX KOJeOaHuil HArPY30K B
KOJIOHHE IITaHI:

1 — ocHOBHasl TapMOHUKa; 2 — 3-a cHekTpajbHas cocTaBisionas (mo puc. 1.19); 3 —
5-s1 cnexrpaibHast cocrasisiiomas (o puc. 1.19). IlyHkTHpHAsS JMHHUS [1OKA3bIBAeT
MOMEHT HACTYIUIEHUSI OTKa3a Hacoca
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HACTYIIEHUST 0TKa3a. [IpoBepka aTOro NpearnooKeHuss B MeCTu CIy-
yasix OTKA30B II0Ka3aja, YTO /U TAKOTO IPeIoJOKEeHNs IeiCcTBU-
TeJIbHO HMeIoTcsl ocHoBaHusd. OJHako /U HOATBEPXKAEHUS 3TOrO
(hakTa CTATUCTUYECKUME pacyeTaMd HEOOXOAUM OOMBINON MaccuB
JIAHHBIX IO 3ampoTOKoaMpoBaHHBIM oTkazam IIII'H, xotopeiii B Ha-
cTosIee BpeMs OTCYTCTBYET.

K HemocraTkaM JaHHOTO MeTOZA MPOTHO3WPOBAHUS OTKA30B CJe-
JIlyeT OTHECTH CJIOKHOCTH, BO3HUKAIONIME ITIPU MOIbITKe (HU3NYeCKOi
WHTEpPIIpeTallii PacCMOTPEHHbIX TPeHAoB. VHbIMM cjoBamu, pac-
cMaTpuBaeMasl Mojielb KUMeeT (PEeHOMEHOJIOTMYECKUM XapakTep, T.e.
MTO3BOJISIET TIPOTHO3UPOBATD SIBJIEHUE, HE PACKPHIBAsL €r0 (hU3NIECKYIO
CYIITHOCTD.

Kax yxe ormeuanoch, 3amena auddepeHIIMaibHOrO ypaBHEHU
Pa3HOCTHBIM [IaeT Ppe3yJbTaTbl [PU ONUCAHUU ITIOBEJECHUS CPaBHU-
TEJHHO MPOCTHIX CHCTEM € HEOGOJBIITUM YHUCIOM CTETEHEN CBOGOIDL.

PasButueM Merona aBTOPErpeccuu JJis CJIOMXKHBIX JMHAMMYECKUX
CUCTEM SBJISIETCS TTOCTPOEHNE TIPEJANKTOpa. B ocHOBe MeToza JIEKUT
MIPEIOJNIOKEHNE O TOM, YTO BPEMEHHON DSl MTOPOKIAETCS TUHAMUYE-
CKOIl CHCTEMOW, OIMCHhIBAEMOU HeJUHEeHHbIM AuddepeHInaabHbIM
ypaBHeHUeM (MJIM CUCTEMOU yPaBHEHUN ), PUYEM BUJ[ ATOTO ypaBHe-
nug HeusBecteH. IIpu cxoxzaenun ¢as3oBbIX TPaeKTOPUN K aTTPaKTO-
Py 4YHcIO cTermeHel CBOGOABI cHUCTEMBl (Pa3MEPHOCTH aTTPaKTOPa)
YMEHBIIAETCS, YTO B HEKOTOPBIX CJIydYasX IO3BOJISIET PEKOHCTPYHPO-
Bath Auddepenimanibioe ypaBHenune. B HacTosIiee BpeMs He Cylile-
CTBYeT OOIIMX METOJOB MOCTPOEHUST MPEAUKTOPOB, OJHAKO TaKeHCOM
JloOKa3aHa NPUHIMIIMAIbHAS BO3MOXKHOCTb PEKOHCTPYKIMU. MeTopl
COCTABJIEHUS TIPEIUKTOPOB B HACTOSIEE BPEMS aKTHBHO Pa3padaThi-
BafoTcst [21].

CuetyeT yrmoMsiHyTH ellle OJIMH COBPEMEHHBIN METOJ TIPOTHO3UPO-
BaHUSI HA OCHOBE TIOCTPOEHUsT (PEHOMEHOJIOTUYECKON MOJIeI — Hell-
ponnbie cetu [27, 28]. B ocHOBe Takoro moaxofa JI€KUT MBICJIb O
TOM, YTO CBOICTBA 11€JIOTO, COCTOSIIIETO M3 IIPOCTEUIINX 3JIEMEHTOB —
HEHPOHOB — OTJIMYAIOTCS OT CBOICTB COCTaBJISIONUX 3JIEMEHTOB.
BaskHelinmiM cBONCTBOM HEHPOHHON CETH SIBISIETCS €€ CIOCOOHOCTD
K 00YYEHUIO, CYyTh KOTOPOTO 3aKJIHOYAETCsS B U3MEHEHUM CBSI3e MeiK-
ny Heiiponamu. Bo3aMOXKHOCTB pacriosHaBaHus 00pa3oB «0Oy4eHHON»
CeTH CBOJUTCS € MATeMaTUYeCKOW TOYKHW 3pEHUs K BBIXOMY Ha at-
TpaKTop, 06pa3 KOToporo GopMUPyeTcs B Tpoiecce 0OyIeHu s

B nacrosiee BpeMs coszianbl yHUBepCaJabHble IIAKEThbl [IPOrPaMM,
peanusyioniie Bech HaGOp HEHPOCETEBBIX METOOB aHAIM3a JAHHBIX,
HarpuMep taker STATISTICA Neural Networks — HefiporHO-
cereBoii maker ¢pupmbr StatSoft.

Heiipornasi ceTb BO MHOTMX CJIy4asX JaeT XOPOIIWEe IPOTHO3BI,
OJTHAKO CaMbIM CYIIIECTBEHHBIM €€ HeJOCTATKOM SIBJISIeTCS HEBO3MOXK-
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HOCTh IIPOCJIE[IUTD JIOTUYECKUI TIPOIECC MMOCTPOEHUs MPOrHO3a, HJIH,
HUHAYe TOBOPs, CETh HE CHOCOOHA OOBSICHUTD, TI0YeMy pelieHue Oyaer
MMEHHO TaKoe.

HezmocraTkoM Bcex pacCMOTPEHHBIX (DEHOMEHOJIOTUYECKUX MOjie-
Jielt TTIOBe/IEHUS CJIOKHOW CHCTEMBI SIBJISIETCS TPYAHOCTH (DU3UUYECKOM
UHTEPIIPETANNN PE3YIbTATOB.

Mertoz, 1MO3BOJISIONINIT TPOrHO3UPOBATH MOBEJEHNE CHCTEMbI U B
TO ’Ke BpeMsi B HEKOTOPOIl CTelleHU UHTePIIPETHPOBATH PE3YJIbTATHI,
paspaboran asropamu [29] W HasBaH MMHU MeTOAOM <«IyceHHIa».
Bo3Mo:XHOCTD WMHTEpIIpeTAIl TOSBUJIACh 32 CYET AKTUBHOTO yya-
CTHSI YesloBeKa-aKCIlepTa Ha aTale MOCTPOEHNUS IPOTHO3A.

BasoBblil BapyaHT MeTOZa COCTOUT B I1PeobpasoBaHUU OJHOMED-
HOTO Psila B MHOTOMEPHBIN ¢ TIOMOIIBIO OJHOTIAPAMETPUIECKON C/ABH-
roBoii nponeaypel (oTciofia n HasBaHue «[yceHuias ), ucciaeroBaHum
MOJIy9YeHHOW MHOTOMEPHOI TPaeKTOPHUU C IOMOIINBI0 aHAJIN3a TJIaB-
vbix koMmroHeHT (AI'K) m BoccranoBsenunm (anmpoxrcuManuu) psizia
10 BBIOPAHHBIM TJIABHBIM KOMIIOHEHTAM.

Takum 06pa3oM, Pe3yJbTaTOM IPUMEHEHUST METONA SIBJISIETCS
pasJioxKeHnue BPEMEHHOTO Psi/ia HA MPOCTble KOMIOHEHTDI: Me/JIEHHbIE
TPEHJIbI, CE30HHbIE W JPyrHe MepHOMYecKre WM KoJebaTeTbHble
COCTAaBJISIONINE, a TAK)Ke IITyMOBbIE KOMIIOHEHTHI.

[TonyyenHOe pasioskeHHEe MOXKET CIYKUTh OCHOBOI IPOTHO3UPO-
BaHUS KaK CaMOTO PSiZIa, TaK M €T0 OTAEJbHBIX COCTABJISIONINX.

Merox HesaBucumMo  paspabarbiBaiics B Poccum  (Cankr-
ITerepbypr, Mocksa) u CIIIA (Tam ero aHajor MmoJydyus HasBaHue
SSA — Singular Spectrum Analysis) u moxasan ce0Gs MOIHBIM Cpe-
CTBOM WCCJIEZIOBAaHUSI BPEMEHHBIX Ps/I0B (B OCHOBHOM B METEODOJIO-
TUHY, THIPOJIOTUH, KIUMATOJOTHN ).

[TponmmocTpupyeM 3TOT METOA HAa OCHOBE aHAJIN3a IMOBEECHUS
BPEMEHHOTO Psifia {x;}, 0OPa30BAHHOTO IMOCJIEN0BATENLHOCTHI0 N paB-
HOOTCTOSIIUX 3HAYEHUU HEKOTOPO#l (yHKImu f(t). Boibepem HeKkoOTO-
poe M < N, Ha3bIBaeMoOe JIJIMHOW TyCEHUIIbl, U MPEJCTABUM IIEPBbIE
M 3HadeHUIl TTOCJ]IEIOBATENBHOCTH B KadyecTBe TIEPBOI CTPOKMU Mart-
puisl X. Bropasi cTpoka cOCTOWT M3 YJIEHOB IIOCJTEA0BATEIBHOCTH C
X9 11O Xpp+1, U T. 1.

X Xy Xy oo Xy
Xy Xy X4 oo Xppg

X=@)M = x50, %5 20,5 |- (1.36)

X Xpot Lpyp - Xy
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ATy MaTpully, 3J1eMeHTbl KOTOPOHl PaBHBI X; = Xji;1 MOXHO pac-
cMaTpuBaTh Kak M-MepHyI0 BHIGOPKY oObema k wim M-MepHbINA Bpe-
MEHHOW PsJl, KOTOPOMY COOTBETCTByeT M-MepHasi TPaeKTOpUs — JIO-
MaHast B M-MepHOM TIpocTpaHcTBe 13 k—1 3BeHa.

CJieyroiuM 3TarmoM 1peoOpa3oBaHuil SIBJISIETCS aHAINU3 TJIABHBIX
KOMIIOHEHT MaTPHIIBI

R- %X(X)T (1.37)

U BbIYKMCJIEHHE COOCTBEHHBIX YMCeJ M COOCTBEHHBIX 3HAYEHHIT MaT-
putst R.

BusyajibHoe ¥ aHaJUTHYECKOE M3y4eHHe COOCTBEHHBIX BEKTOPOB
M TJAaBHBIX KOMITOHEHT MOKET JaTh TI0Je3HyI0 HWHOOPMAIHNIO O
CTPYKType Hu3ydaeMoro mpoiiecca. LleHHyio uHbOpPMaNUIO JaeT u3y-
YyeHue BYMEPHBbIX IpaduKoB, aHAJOTUYHbIX (urypam Jluccaxy, Ko-
ra 10 OCSM OTKJIAZIbIBAIOTCS PasJUUYHbIE Hapbhl COOCTBEHHBIX BEKTO-
POB WJIM TJIABHBIX KOMIIOHEHT.

Ciienyomumm 3TaroM MeTojla SIBJISETCS MPOILe/lypa BOCCTAHOBJIE-
Hust. J{yisg BoCcCTaHOBJIEHUSI MCXOLHOIO Psijla UCIOJIb3YIoTCs Hanbosiee
3HAYMMBbIEe KOMIIOHEHTBI, UTO JIA€T HEKOTOPBIN MPOU3BOJ B (DOPMHPO-
BaHUM MPorHosza. OMHAKO MMEHHO 3TO OOCTOSITENBCTBO JeJaeT BO3-
MOJKHBIM QJIbTEPHATUBHBIN MTPOTHO3, YIYUTHIBAOIIUI HE TOJIHKO YUCTO
MareMaTU4YecKHe CBSI3U, HO U MHEHUE YeJIOBEKa-dKCIIePTa.

Boccranosienne BpEMEHHOTO psfa, T.e. OIpefeIeHHne Hambojee
3HAYMMBIX KOMITOHEHT Ppa3JIOKeHUs] MCXOMHOM MAaTpPUIBI, aeT BO3-
MOKHOCTh COCTaBJIEHUsI ITPOrHO3a. [IpudeM MPOrHo3 rmepBoOHAYATHHO
MIPOBEPSIETCSI HA WCXOJHOM BPEMEHHOM psijie, T.e. TPOTHO3UPYETCS
3apaHee W3BECTHOE TIOBEJEHME Psi/la 10 TIPEANIECTBYIONIUM YJeHaM
psizna. Ilocie Toro, Kak, M0 MHEHHIO DKCIIEPTA, COBII/IEHUE MIPOTHO3a
U PeabHOrO Psifia JOCTUIHYTO, IIPOBOAUTCS IIPOrHO3 Ha Oymyliee.

PaccmoTrpuMm umcmosib3oBanne Metofa <«[yceHuras st pelmeHust
HEKOTOPBIX 3a/1a4 Pa3paboTKu HeDTAHBIX MECTOPOXKIEHUI.

N3yueHHbIi BbIE Caydail MpeAcKa3aHus MOBEIEeHUsST BPEMEHHOTO
pazga cun B mroke IIITH 6bu1 u3yueH ¢ Touku 3peHust metona ATK.
Ha puc. 1.21 moxazaH MCXOIHBII BPEMEHHON Psii U €ro IPOIOJIKe-
HUe, OCHOBaHHOe Ha jaHHOM Metojie. Kak ciemyer u3 rpaduka, Ho-
BBIII IIPOrHo3 0oJIee TOYEH, MPUYEM OKA3bIBAETCS BO3MOMKHBIM OIpPe-
JieieHre JIOCTOBEPHOCTU TIPOTHO3a. B OT/iMunMe OT aBTOPErpecCHOHHO-
ro merona (cMm. puc. 1.18), B mporHo3e y4TeHBI BBICOKOYACTOTHBIE
MIEPUOANKY, SIBJISIONINECS CJIEJCTBUEM IWHAMUYECKUX HArpy3oK, pac-
CMOTPEHHBIX B CJEAyIonieM pasjene (YIpyrocTb CPEIbl, KOJOHHBI
HITAHT, THEPIIMOHHBIE CUJIBI).

Bosbittee  94ncio TEPUOANYECKHX KOMIIOHEHT, TOJydaeMoe P
JIAHHOM METO/Ie, TI0 CPaBHEHHIO C METOJOM aBTOPErPECCHH, ITO3BOJISI-
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eT HOJY4YUTb GOJIbIlee YUCJIO IPU3HAKOB, 110 KOTOPBIM, 110 aHAJOIMH
C BBILIENPUBEAECHHBIM IIPUMEPOM, MOYKHO OIPENEINTh IPUOIMKEHITe
MOMEHTa OTKa3a HaCOCHO-CHJIOBOTO 00OpyHOBaHUs HepTeqoObIBaIO-
NIUX CKBAJKUH.

Kpome paccMOTPEHHBIX CIy4aeB KOCBEHHOTO OTIpe/ieJICHUS Pa3BU-
Baomuxcst nederroB obopymoBanusi ckBakuH, mMeronq ATK moskHO
NPUMEHUTHh U HEIOCPEJICTBEHHO JIJIsI TIPOIOJIKEHUST BPEMEHHOTO Psijia
1eOUTOB, Kak 9T0 ObLIO IIPOBeAeHO paHee B pasgene 1.3.1.

Ha puc. 1.22 nokasan BpeMeHHOH psj 1e0MTOB CKBaXKUHbI, I10-
aydennbrii MVC HemocpelNCcTBEHHO II€pes OCTAaHOBKOW HOOBIYM 110
npuunHe 3acopenus nacoca II[H meckom. Ha puc. 1.23 nipencrasien
NPOTHO3, TIPOBe/IeHHbIH ¢ momMolnbio Merosia ATK, npuuem B kauectBe
UCXOAHBIX JAHHBIX OBLIM IPUHATH 3HadeHUs paga 3a 60 gHeir mo
aBapuu. Kak cienyer u3 rpaduka, MOMEHT TOJIHOW OCTAHOBKHU IpeEJi-
CKa3aH C TOYHOCTBIO /0 HECKOJIBKUX JTHE.

[IpuBeseHHble MPUMEPHI MOKA3BIBAIOT, YTO METO/bI aHAJIU3a Bpe-
MEHHBIX PsIOB B HedTeno0blue TMO3BOJSIOT € JOCTaTOYHOW TOYHO-
CTBIO MIPOTHO3UPOBATh UX PAa3BUTHE, A, CJEJIOBATEJbHO, CBOEBPEMEHHO
NPUHUMATH MEPBI 0 ONTUMU3AIUU POU3BOJICTBEHHBIX IIPOIECCOB.
Cienyer oxumaTh B Onmkaimem OyIyleM BKJIIOYEHHS METOIOB
MPOTHO3a B cOCTaB (BYHKIUI WH(POPMAITMOHHO-U3MEPUTEIBHBIX CHC-
TeM HedTemo0bIYr, YTO TO3BOJIKUT MOBBICUTH OIEPATUBHOCTD ILIAHO-
BO-TIPEYIIPEANTENBHBIX MEPOIPUSATHE, KOTOPble OyAyT OCHOBAHbBI He
TOJIbKO Ha CTaTUCTUYECKUX JAHHBIX, HO M Ha Pe3yJbTaTaxX [OCTOBEP-
HBIX TTPOTHO30B.

[To HameMy MHEHMIO, 0cO00€ BHUMaHKE CJIeAyeT yAEeJUTb Juajio-

300 s

23.06.00 13.07.00 02.08.00 22.08.00 11.09.00 01.10.00 21.10.00
Hama

Puc. 1.22. KpuBas usmenenusi ne6ura Hedreao0bIBaIONIell CKBasKUHbI NPU Pa3BH-
BaionieMcs fedpekre (3acopeHue paGounx OPraHoOB IECKOM)
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Puc. 1.23. IIpornosupoBanue aeduta HedreaoGbIBalONIeil CKBaKMHbI IPH pa3BuBaioieMcs aedexre ¢ nomoupio Meroga ATK:
1 1 2 — WCXOAHOE M MPOTHO3HBIE 3HAYCHMUST; 3 U 4 — BEPXHSIST M HUIKHSSI TPAHUIIBI JOBEPUTEIHHOTO MHTEPBAIA



TOBBIM METOJ[AaM TIPOTHO3a, MIPU KOTOPBIX BBIYMCJIUTETHHBIN aJTOPUTM
MOJKET OBITh CKOPPEKTUPOBAH Ha OCHOBE HKCIEPTHBIX OIEHOK.

Pesiomupys Bce ckazaHHOE Bblllle, MOKHO yTBepK/AaTh, UYTO METO-
Il TIPOTHO3a, Kak Obl OHW He OBIIM B HACTOSIIEE BPEMSI HECOBEP-
IIeHHBI, Jal0T, TeM He MeHee, OIpe/leleHHOe HalpaBJeHue [ aHa-
Jin3a  CJHOXKHBIX JAMHAMUYECKUX CUCTEM, B YAaCTHOCTH, TEXHUYECKUX
cucteM HedTEra3oBOW OTPACIIH.

1.3.3. MOAEJIMPOBAHUE TUHAMUYECKHX ITPOIIECCOB
TJIVBUHHOHACOCHOI1 TIOBBIYU HEDTHU
HITAHTOBbBIMU YCTAHOBKAMM

PesysnbraThl MCCIEIOBAHWS TPUYUH aBAPUITHOCTH TEXHOJIOTHYeE-
CKOro 06opyzoBaHus HedTexr00bIBAIIINX IPEANPUATHI TOKA3bIBAIOT,
YTO MITAaHTOBbIE TyOGuHHOHAcocHble yeraHoBku (IIITHY), B oTanune
OT MPOYEro 0OOPYAOBAHUS, UMEIOT CIENUMUIHBIA XapakTep U3MeHe-
HUS CBOUX ITOKa3aTesiell HaJIe)KHOCTU B TMPOIIeCCe IKCILIyaTaluu.

ITO CBSI3aHO, B MEPBYIO OYepeib, C TAKUM KOHCTPYKTUBHBIM 3Jie-
MEHTOM, KaK KOJIOHHA INTAaHI. YIIPyrue KoJjebaHusl, BO3HUKAIOLIMe
IIPU TE€PEMEHHBIX Harpy3KaX B CEYEHUW MITaHTH, MOTYT BBI3BIBATDH
TaKWe HeXeJaTeJbHble TOCHENCTBUS, KaK IpeKJIeBpeMeHHas ycTa-
JIOCTh MeTaJljia, W, CJIel0BaTeNbHO, HEIOCPEJACTBEHHO BJIUSIOT Ha pe-
cypc paboTsl Hacoca.

B mpeapiaymeM pasgene ObLIO IOKa3aHO, 4TO JUHAMOIPAMMBI
IITHY coxmepxaT rapMOHUYECKHE COCTABJILIONINE, HE KpaTHbIE 4ac-
ToTe KoJiebaHuil GajaHcupa, MPUYEM I[TPOMCXOAUT 3aMETHBI TPeH.
3TUX YacTOT TIPU W3MeHeHWH TexHudeckoro cocrostaust IITHY
BILUIOTHh /IO aBapWHHOTO OcTaHoBa ycTaHOBKHM (cM. puc. 1.20). It
FapMOHUKH, 110 CYIIECTBY, U SIBJISIOTCS JMHAMUYECKUMU COCTABJISIO-
numMu Harpy3ok koJsioHHbl mTadr I[IITHY. OueBugno moaromy, uto
napaMeTpbl AMHAMUYECKUX HArPy30K JIOJLKHBI OKa3biBATh BJIMSIHUE Ha
pecypc KOJIOHHBI INTAHT, U, CJEeI0BATEIbHO, HEOOXOAUM OCTOSHHBII
KOHTPOJIb 32 UX aMIUIMTYZONH U 4aCTOTOI.

M3mepenne Harpy3oKk B KOJIOHHE IHITAaHT (IMHAMOMETPHPOBAHUE)
sIBJIsIeTCsT 00s13aTeJIbHOM Tipolteypoit tpu obcay:xuanuu [ITHY.
JluHamMoMeTpUpOBaHue MITAHTOBBIX YCTaHOBOK it A00bIY HeTH —
O[IMH M3 OCHOBHBIX METOZOB KOHTPOJA pexkuma ux paborsl. ITo rpa-
(buKaM HarpysoK B TOYKe IOJBECa KOJOHHBI IITAHI ONPENESIAIOT cha-
JIAHCUPOBAHHOCTh CTaHKa-KayaJKu, KOIPMUIMEHTH HATIOJHEHUS U
1o/IaYM Hacoca, AMHAMUYECKUM yPOBEHb KUIAKOCTH, YAEJbHBIH BeC
ra30KUAKOCTHON cMecu [4, 5, 11, 19] u t.n. lna neneit mawHoi pa-
GOTBI OCOOEHHO BaKHO, YTO B AMHAMOIPAMMAX OTPA’KAIOTCS Pasjid-
Hble HemoJagku B paboTe Hacoca, B TOW MM MHON CTEIEeHU HCKa-
sKaforre ux dopmy [5, 12].
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B paborax mo wusyuenuto jpuHamorpamm IIITHY, kak mpasuio,
KOHCTaTUpyercd (akT HaJuyusl NUHAMUYECKOW COCTaBJISIONIEN Ha-
IPY30K, OIHAKO He IIPOBOJUTCS JETAJbHOIO HCCJE0BAaHUS IPUYUH
WX BO3HWKHOBEHWs W BJIMSIHWS HAa HAJEKHOCTH PAOOTHI IMTAHTOBOTO
Hacoca.

[TponmmocTpupyeM 3TO MOJIOXKEHUE HA OCHOBAaHMM aHauu3a ¢op-
mysbl B.I1. TpaGoBuua, mpeqHa3sHAUE€HHON JJIsi ONpe/ieieHus: BuOpa-
IIMOHHBIX HArpy30K Ha KoJoHHY Ttanr [30]:

P =M,gB (1.36)

rne M, — macca xxuakoct B HKT; B = o,L\/p/E — nuHaMudeckuii
koadduruent; L, AL — nyvHa KOJIOHHBI U ee yIJUHEHUE; S — Besu-
YuHa Xo/la IUIyH)Kepa Hacoca.

ITo ypaBuenuto (1.36) B mpenesbHOM ciydae, Korna M, — 0, nu-
HaMUYeCKHe Harpy3ku oTcyTcTByioT. Ho ato nporuBopeuut dpusuye-
cKoli cymmuoctu mpouecca padorer IIITHY, Tak kKak xoaebaHus mac-
CHBHOI KOJIOHHBI LITAHT B JIOOOM C/lydae CO3JAI0T 3HAYUTebHbIE
YCUJTMST B TOYKE IO/[BECA KOJIOHHBI JIajKe MPH OTCYTCTBUH KUIKOCTU
B HacoCHO-KoMIpeccopHbix Tpybax (HKT).

AKTyaspHOCTH TIPOOJIEMBI yueTa BHOPAIIMOHHBIX HAarpy30K OIpe-
jensietcss TeM (aKTOPOM, YTO aMILIUTYy/a JAMHAMUYECKON COCTaB-
JISIONIEe CONOCTaBUMa C PA3HOCTHIO CTATUYECKUX YCUJIMH B KOJIOHHE
mradr, a ee yacrora B 5—10 pa3 NpeBbIIAET YaCTOTYy KadaHWii
[ITHY, u mosToMy oHa He MOKeT He OKa3blBaTh BJIUSHUSA HA yCTa-
JIOCTh MeTaJjjla ¥ JOJITOBEYHOCTh PabOThl KOJOHHBI IITAHT. JTO, KPO-
Me TOTO, CJefyeT W3 SMIIMPUYECKOrO TOCTyJaTa O TOM, YTO Pa3py-
Hiaiomee JiedicTsrue BUOPALMU IIPONOPIUOHAJIBHO €€ aMILUIMTyAe U
KBaJIpaTy 4acCTOTBHL, T.€. aMILIUTyze BuOpoyckopenns [31].

PaccmoTpuM 3amady ornpenesieHusi BJAUSHUSI TTApAMETPOB 9KCILTya-
tarun [IITHY Ha xapakTepucTwkn AUHAMWYECKUX HATPy30K B KO-
JIOHHE INTAHT W Ha IOKA3aTeJW HAJEXKHOCTU HITAHTOBOH HACOCHON
YCTaHOBKH.

JluHaMU4eCcKre HATPY3KH SIBJSIIOTCS CJAEACTBUEM BO30OYKIEHUS
BHEIIHUMU CUJIAMU COOCTBEHHBIX KOJIeOaHWil MEXaHMYECKOH CUCTEMBI
(KOJIOHHA TITaHT, Ta30KUKOCTHASI CMECh, HACOCHO-KOMIIPECCOPHbBIE
TpyOBI) ¢ IIPOCTPAHCTBEHHO paclpeieJeHHbIMU MapamMeTpaMiu. Bius-
HUe Beca KOJOHHbBI mTanr 1 kuakoctu B HKT npusoaur k Heo6xo-
JIMMOCTHU y4Y€eTa 3aBUCUMOCTHU CTeTlleHH JlehopMariii oT 0CeBOi KOOP-
JIMHATBL X, T.e. AeopManyio cjegyeT paccMaTpuBaTh Kak (DYHKIIMIO
JIBYX TepEMEHHBIX — BPEMEHU ¢ U KOOP/IMHATHI X.

[Tpumem cremyromue MOMyIIEHUST:

a) ckopocTh 3ByKa B skuakoctd u Merajuie HKT GeckoHeuno Be-
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JMKa. ITO JOMyIleHre O0yCIOBIEHO TEM, YTO BPEMsS PaCIIPOCTPAHE-
HUS BO3MylleHus: B KosjoHHe mTaHr miunoit 1000 m cocraBiser
~ 0,16 ¢, u WHepPIMOHHOCTh (MJIM YACTOTA JUCKPETU3AINH TIPU HC-
MOJIb30BAHUY KOMITHIOTEPHBIX HM3MEPHUTEJNbHBIX CHUCTEM) TIPUMEHSIE-
MBIX W3MEPUTETbHBIX YCTPOUCTB He TIO3BOJISIET PETHCTPUPOBATH
CTOJIb OBICTPBIE MIPOIECCH;

0) BS3KOCTb KMIKOCTH HE OKAa3bIBAET CYLIECTBEHHOIO BIIUSHUS
Ha 4acTOTy COOCTBEHHBIX KoJiebaHUU cucTeMbl. BiusHue BA3KOCTH
OyJeT PACCMOTPEHO HUIKE.

[Ipy OPUHATBHIX JOIYINEHUSIX KoJsiebaTebHAasd CHCTEMA MOMKET
OBbITH OTKCAHA YPaBHEHUEM

U, U _(p-pu)8
Lk N o U Lt O ) 1.37
o paﬂ F ( )

rne U(x, t) — cMellleHre ceyeHUs INTAHTH B TOYKE X OT TOJOXKEHUS
paBHoBecus; E — moxaynb lOHTa /711 Marepwasia mITaHT; p — TLIOT-
HOCTh MaTepuajia ITaHr; p, — MiaotHocTh kujakoctu B HKT; F —
IJIONIAJb IIONEPEYHOTO CEYeHUsl LITAHT; & — YCKOpeHHe CBOOOLHOIO
MajieHusI.

CormacHO MojiesTM BeC KUAKOCTH TPUJIOXKEH K HIKHEMY KOHILY
KOJIOHHBI TITaHT (¥ = L) W y4uThIBaeTcss B TPAHUYHBIX YCJIOBUSIX
CITELYIOIUM 00Pa3oM:

_EU Mg (1.37)
0x |, 1 F

rne M, — macca xuakoctu B HKT; F — miomianp mnomnepevyHoro ceve-
HUS TITaHTH.

N3 (1.37) MOXXHO TIOJIyYUTHh YpaBHEHUE JIJIsI CMEIEHUs B CTAINO-
HapuoM ciydae (8*U/6f° = 0), KOTOpoe SIBISETCS HAYAIBHBIM YCJIO-
BHUEM Halllell 3a/jauu:

_&|(Ma _ Apx”
U(x, O)_EH L +Apljx : } (1.38)
e Ap = p — Px-

U3 coornomenus (1.38) MOXHO BBIMHCAUTH o0lIee YyIJUHEHUe

KOJIOHHBI IIITAHT IOJ JIeHCTBHEM COOCTBEHHOTO Beca W Beca KUIKO-
ctu B HKT

AL=U(L, 0)=%{%+%L} (1.39)

Pacuersr Besmunsbl AL o dopmyiie (1.39) mokassiBaror, 4To 06-
ee yJJUHEHNE KOJOHHBI MosxkeT jqocturath 0,8—1,2 M, T. e. comocra-
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BUMO C XOZOM IIOJMPOBAaHHOIO INTOKa Hacoca. Ilostomy mpeHeOpe-
JKEHUE YIPYTUM PACTSLKEHHEM KOJIOHHBI MTAHT MOKeT TPUBECTH K
CYIIECTBEHHBIM OIMOKaM B pacyerax IIapaMeTpoB paboThl Hacoca U
IpU JUMATHOCTUPOBAHUM Henosajgok B padore HITHY no aunamo-
rpaMMam.

B pab6ore [31] mokasano, uTo coGCTBEHHBIE YaCTOThI KOJeHaTeb-
HOW CHUCTEMBI, COCTOSIINEN U3 yIPYTOTO CTEP:KHS C COCPEeIOTOUeHHON
Maccoil Ha yIaJeHHOM KOHIE, MOTYT OBbITb OIIpeeeHbl M3 PeIleHUH
TPAHCIEHJAEHTHOTO yPaBHEHUSI

B-tgp=M/M,, (1.40)

MIPU 3TOM JWHAMUYECKUH KO3 UIMEHT 3 BBIUUCISETCS IO COOTHO-
HIEHUIO

B=olp/E, (L41)

rae M — Macca KOJIOHHbBI INTAHT; ® — cOOCTBEHHAs IMKJIMUYECKas dac-
ToTa KojebaHuil cucreMbl (a He yacTOTa KadyaHUU OajiaHCHpa, Kak B
npuBeieHHol Bhile opmyse (1.36)).

Pemrenusi ypaBuenus (1.40) png paznuunbix otHoienuit M/M,
npusegenbl B Taba. 1.16 [31].

Takum ob6pasom, 3Has TyOuHy moaseca Hacoca IITHY L, reo-
Metpudeckue pazmepsl IIITHY, HKT u mrranr, a takke (usmueckue
CBOMCTBaA KUAKOCTH U MaTepuaja LITAHI, 10 JaHHBIM Tabm 1.16 ¢
yuetoMm cootHomenus: (1.41) He CI0KHO BBIMHCIUTH COOCTBEHHYIO
yacToTy Kostebanuii nmoasecku IIITHY.

[lsT IpOBEPKHM TIOJIyYEHHBIX COOTHOIIEHWI HaMHW WCIIOJIb30Ba-
JIUCh JIaHHBble WH(MOPMAIMOHHO-U3MEPHUTENBbHON CUCTEMBI, MTPOU3BO-
JSIell aBTOMATHYECKYI0 PerucTpaiuio auHamorpamm (puc. 1.24) 6o-
gee uem 200 IIITHY Ha oxHOM 13 HedTeNOOBIBAIOIINX TPEIITPUSITHIT
3anazHoit Cubupu.

Ha puc. 1.25 npusegeHbl pe3yabTaThl PACYeTOB IIEPHOIOB COOCT-
BeHHBIX yacToT psizja IIITHY mo mosryyeHHBIM BBIIIE COOTHOIIEHUSIM
1 1o (paKTUIeCKUM JaHHBIM, Ha ocHoBe aAmHamorpamm MIMC. lanHbie
Ipe/CTaBIeHbl B BUje rpaduKa 3aBUCUMOCTH OT TJIyOWHBI TO/BECa
HACOCOB.

3aMeTuM, YTO 3aBUCHMOCTD IIEPHOJOB COOCTBEHHBIX 4aCTOT KOJIE-
Ganuit IIITHY or A1uHBI KOJOHHBI LITAHT MMeeT JUHEHHBIH Xapak-
TEP, TAKOU ’Ke, KaK W HKCIEPUMEHTAJbHbIE 3HAYEHUS TOTO JKe Tapa-

Tabnuua 1.16

Pemenus ypasuenus (1.40) 1y paznnyuHbix cootnomenuii M/M,, [31]

M/M, | 0,01 | 01 03 | 05 | 07 1,0 | 20 | 30 | 50 [ 100 |
§ 0,10 | 0,32 | 0,52 | 0,65 | 0,75 | 0,86 | 1,08 | 1,32 | 1,32 | 1,42 | 1,57
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Puc. 1.24. [Tunamorpamma IIITHY (6a3a paunsix MUC «Ckar-95» ):
A — [BOiiHAs aMIUIUTY/Ia IMHAMUYECKUX HATPY30K; Ay — MaKCUMAJIbHBINA pasmax Harpysok: T = 1/(2n®) — mepuon coGCTBEHHBIX Koseba-
Huii noaseca IIITHY; Ty — nepuon xkavanuii [IITHY
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Puc. 1.25. Ilepuoanpl koneGanuii mranrossix Kosoun ITHY:
1 — pacuernble 3Hayenus, 2 — 3Hadenusi, uamepennsie 1o ganupiM MMC «Ckar-95»

MeTpa (IpU TOCTOSTHHBIX JAHAaMeTPax Hacoca W IITAHTH OTHOIIEHUE
M/M, ot L ne 3aBucur):

L
T:E\E. (1.42)

Kak ciemnyer u3 puc. 1.25, Habiomaercst BbICOKasi CTelleHb COOT-
BETCTBUSI MEK/y MOJIETbHBIMY JIAHHBIMU W Pe3yJIbTaTaMu U3MePeHUi
(cpenHee OTKJIOHEHUE cocTaBsieT 6,8 %).

C Toukm 3peHUst obecreyeHUs] HAMEKHOCTH IKCIUIyaTallMd OCO-
Oblii MHTEpeC MPeACTaBJseT pasMax KojeOaHWil AMHAMUYECKOU CO-
cTaBAOnell Harpy3oK. I1ocKonbKy BO30ysKaalomel CUJION [ BO3-
HUKHOBEHMsI COOCTBEHHBIX KOJe0aHUI KOJOHHBI INTAHI SIBJISETCSI
BozzeiicTere Ganancupa IITHY, T0 MOKHO IIPeAONOKUTH, YTO aM-
MJINTYyIa JMHAMUYECKOW COCTaBJISIONIEN 3aBUCHAT OT IapaMeTpoB
BHEITHEN CUJIbL, T.e. OT aMIUIUTYZAbI U II€pUOJa KayaHuii GajlaHcupa, a
TOYHee, OT BEJMYMHBI MAKCHUMAJTbHOTO YCKODEHUS TOYKHU IIOBeca
KOJIOHHBI TITAHT dj, KOTOpPas CBsI3aHA C aMILTUTY/IOH U IUKJIUYECKOM

yacToToit Kosebanuii Ganancupa: ag = A,0q.

Emte ojHa mpuYMHA BO3HUKHOBEHWSI YIPYIUX KoOJeOAHUNH B KO-
JIOHHE WITAHI — TUAPOJMHAMMUYECKHe SBJIEHMS, IPOUCXO/IIde IIpU
paboTe KJIamaHOB Hacoca. Pe3koe TOPMOKEHWE TTOTOKA Ta30KUIKOCT-
HOH CMecH, COTPOBOK/IAIONIee 3aKPBITHe KJIAMaHOB, TPOU3BOIUT JeH-
CTBMSI THUIIA TUPOJMHAMUYECKOTO yJiapa, KOTOpble U CIysKaT MpUYu-
HOI BO30YKieHUsE COOCTBEHHBIX KOJeOaHWMiT KOJIOHHBI HITAHT.

3HauuTesbHble JAMHAMUYECKHE HArpy3KH, BO3HUKAIONIUE B KOJIOH-
He TIITAHT, MOTYT TIPUBECTH K OOPBIBY BCJEICTBIE YCKOPEHUS MPOIec-
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COB YCTAJIOCTU MeTaja WITAHT WU TPU HMX KPATKOBPEMEHHOM
«3aBucaHuu». [ToATBEPKICHUEM ITOMY CJIYKHUT OOPBIB KOJOHHBI Ha
ckB. 8650 CII «Baroir», auHaMUYeCKHWe HArpy3KH B KOTOPOI
coctaBismu okosio 30 % oT moiHOTO ee pasMaxa (cMm. puc. 1.24).
ABapus mpom3onTa Yepe3 2 Mec Mocje MPOBeIeHUs] U3MEPEeHU Tpu
HapaboTKe 154 CyT, 4TO 3HAUUTEILHO MEHbINE CpeAHedl HapabOTKu
(350 cyr). B Tabu. 1.17 npusesensl npumepbl aBapuii Ha HedTenpo-
mbiciie CIT «Baroiis» 1m0 o6pbiBaM KOJIOHHBI IITAHT, CBA3AHHBIX C
BBICOKMMU 3HAYEHUSAMU JIMHAMUYECKUX HArpy30K.

AMIUIUTY/la HArpy3oK MOXKeT 3HAYUTeJIbHO YBEJUYUTHCS IIpU
KPaTHOM OTHOIIEHWH YacTOT BHEIIHEH CUJIbI U COOCTBEHHBIX Koseba-
HUI KOJIOHHBI IITAHT TIPU BO3HUKHOBEHWW SIBJIEHUSI PE30HAHCA.

Yuer BJAUSHUS AMHAMUYECKUX HATPY30K Ha OOPBIBBI IITAHT CTa-
HOBUTCSI OCOOEHHO aKTyaJbHBIM B TOCJEIHEE BPEMsI, YTO CBS3aHO C
yBeJruueHneM ryOrH mojBeca HacocHbIX yctaHoBok IIITHY (ua ps-
Jle MECTOPOJK/EHUN 710 2—3 KM).

s cuwkenust asapuiinoctn IIITHY 1o o6GpbiBaM 1iTaHr, mpu
HAINYUU 3HAYUTEJbHOU MUHAMUYECKOW COCTaBJFIONIENl Harpy3ok,
MOKHO PEKOMEH/IOBAaTh CHUJKEHHE YacTOThl KoJjebanuii OGanancupa
IIPU YBEJWYEHUHU ero Xoja ([J11 COXpaHeHUs [TPOU3BOIUTETHHOCTH) U
CHUKEeHMe JuaMeTpa ILUIyH)Kepa Hacoca (/I CHUKEHHUSI Beca KUJIKO-
ctu 8 HKT), koHTposb ucnpaBHocTH paboThl Kiaananos IITHY.

Bimsinue Bsiskoctu Ha koJiebaresnbrble nporeccel B IIITHY cka-
3bIBAETCSI HAa CKOPOCTU 3aTyXaHus JAMHAMUYECKOH cocTaBJsioneit
HArpy30K M KOJWYECTBEHHO XapakTepusyercs Koah@UIMeHTOM 3aTy-
xanus o. C y4eToM 3KCHOHEHIIMAJIbHOTO XapakTepa 3aTyxanus (A =
= Agexp(—at)), OH MOKET ObITh OIpeeJeH TPH HAJUYUU IUHAMO-
rpaMM Kak

A
oc—TlnAZ, (1.26)

Tabauma 1.17

HpnMepr aBapnifI mo OﬁpblBaM IITAHI, CBA3aHHBIX C BBICOKHMH 3HAYCHUAMHU
JAAHAMHUYECKUX Harpy3ok

OTHOCUTEIbHAS
Howmep JIMHAMUYeCcKast ~
II{OIYITe,p CKBa- HMa?:ng'a cocTaistionias A/Ay . gaTI?H HK? aCOOTT_
kycra SKUHbI ca (N3mepenust mpoBojiu- asap &y
smcw 20.04.2001 1.)
132 4302 RW-200 0,29 11.05.2001 123
8 4176 B-32 0,22 7.05.2001 151
131 1785 B-29 0,27 20.06.2001 139
29 4500 B-32 0,30 07.06.2001 77
241 4615 B-29 0,32 04.06.2001 90
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Puc. 1.26. Bausinne BA3KOCTH Ha 3aryxaHue koseGanumii (nanusie MUC «Ckat-95»,
ckB. 4158 «Baroiin» , TMHaMOrpaMMa pa3BepHYTa BO BPEMEHH)

rme Ay u Ay — aMIUINTY/IHbIE 3HAYEHUS IUHAMUYECKUX HArpy30K B
cMekHBbIe Tieprojbl Kostebanmit (puc. 1.26). TIocKoJbKy 3aTyxaHie
KosleGaHWl ONpPEIEsISIETCS B OCHOBHOM CHJIAMHU BSI3KOCTH TTE€PEKauu-
BaeMOM KUAKOCTU (O ~ V), TIOABJISETCS TPUHIUNTAAIBHAS BO3MOXK-
HOCTh DKCIPECC-OLeHKN K03a(pduilMeHTa BSIBKOCTH [0 TEKYIIHM
mapaMerpaM JMHAMOIpaMM, KOTOPbIE PErMCTPUPYIOTCS aBTOMATH-
YeCKMMU W3MEPHUTEIbHBIMI CHCTEMaMU HECKOJIbKO pa3 B TedeHue
cyTok. CBsA3b ke BSIBKOCTH JTOOBIBAEMOI SKUAKOCTH C €€ OOBOJHEH-
HOCTHIO MOJKHO WCIIOJIb30BAaTh [IJIsI Pacdera TeKYIIero 3HaYeHus
TocJeTHe .
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