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ABTOMATU3UPOBAHHAS CUCTEMA T'NJPOAUHAMHUYECKOI'O MOHUTOPHUHTI'A
JJIAA OBECHHEYEHMUS 3KOJOI'MYECKOU BE3OITACHOCTHU ITYHKTA
INTYBUHHOI'O 3AXOPOHEHUS ) KUJAKUX PAJIMOAKTUBHBIX OTXOJ10B

PaccMoTpeHbl OCHOBHBIE ITOJXOJIbI JUISl IOCTPOCHUS. aBTOMAaTU3UPOBAHHOM CHCTEMbl THIPOJMHAMHUYECKOIO MOHU-
TOPHHTA MyHKTa ITyOMHHOTO 3aXOPOHEHHS JKHIKHX PaAHOaKTUBHBIX 0TX0J0B. CHCTEMa COCTOUT U3 MOAYJISl aBTOMATH-
3UpOBAaHHOTO cOOpa JAHHBIX M MH(POPMALHOHHO-BBIUHCIUTEIBHOTO MOIYJIs KOMIEHCALUH BO3MYILIEHHNA TMAPOChEpEI.
OmnncaHbl apXUTEKTypa CHCTEMBI, ()YHKIMOHATIBHASI CTPYKTypa MPOrPaMMHOTO 00ECTICUeHNUs], METOMOIOTUS BBISBICHHS
W3MEHEHUsI yPOBHS IOI3EMHBIX BOJ BCIICICTBHE TEXHOT€HHBIX BO3JICHCTBUIL.

Knrwouesvle cnosa: 2udpoounamuyeckuii MOHUMOPUH2, NYHKM 2TYOUHHO20 3AXOPOHEHUS HCUOKUX PAOUOAKMUBHBIX OMXO-
006, ABMOMAMUZUPOBAHHAS CUCHIEMA, KOMNEHCAYUS. NPUPOOHBIX B03MYWeHUll 2udpocdepbl, dKo02u4eckas 6e3onac-
HOCMb.

BBenenune

TunpoaunamMudeckuii MOHUTOpUHT (I'M) SIBIISICTCSI OJJHMM W3 OCHOBHBIX CIIOCOOOB OIICHKH 3KOJIO-
THYECKOM 0e30MacHOCTH MYHKTOB TIIYOMHHOTO 3aXOPOHEHUS XHUIKHX paauoakTHBHBIX oTxozos (I113
JKPO) [1]. On npencrasiseT coboit cucteMy HaOMIOMECHUH 32 H3MEHEHHEM YPOBHEH TOI3EMHBIX BOI C
nocjenyromeld oopadboTkoi pe3ybraToB m3MepeHuit. OneHka 0e30MacHOCTH OCHOBaHA Ha COMOCTAaBIIe-
HUM TEKyIIHx mapamerpoB Haraeranus KPO B skcIutyaTaliMOHHBIE TOPU30HTHI (00BbEM, pacxo, JaBiie-
HUE, MIPUEMHUCTOCTh U T.I1.) C TUHAMHUKOW yPOBHEH IMOJ3EMHBIX BOJ B IKCIUTyaTallMOHHBIX, Oy(EpHBIX U
BbIIIIE3AJICTAIOIIUX TOPHU3O0HTAX. DTO MO3BOJISIET BEHIIBIATE IMEPETOKNU MCXKAY T'OpHU30HTAMH, BbI3BAHHBLIC
TEXHOTeHHbIMU (akTopamu. CBOEBpEMEHHOE OOHAPYKCHHE TAaKHX IEPETOKOB IMPH COOTBETCTBYIOIICH
PEaKIy JKCILTYyaTal[MOHHOTO TEepPCOHANa MUHUMH3UPYET TOCIEICTBHS HEIITATHBIX CUTYaIluil, OCHOB-
HYIO OITAaCHOCTBH CPElIr KOTOPBIX MPEICTABISIOT MEPETOKH IO 3aTpyOHOMY IPOCTPAHCTBY HarHeTaTellb-
HOM CKBaXXHWHBbI, MCKTOPU30HTHBIC NICPETOKU, MOTEPSA ICPMETUYHOCTHU SKCHHyaTaHI/IOHHOﬁ KOJIOHHBI Ha-
THETaTeNbHBIX CKBXXUH. B 3TOW CBSI3M SABISETCS aKTyallbHBIM CO3JaHHE aBTOMAaTH3WPOBAHHOW CHUCTE-
MbI ['M, paboTarorieii B pekuMe peanbHOTo BpeMeHHu [2]. B HacTosimiee BpeMs pa3paOoTaH IENBIH Psia
ABTOMATU3UPOBAHHLIX CUCTEM IJIA c60pa JaHHBIX OT O6’beKTOB, PACIIONIOKCHHBIX Ha 3HAYUTCIIbHBIX
wiomansax [3—5]. [TogoOHbBIE CHCTEMBI UCTIONB3YIOTCS JIJIsl MOHUTOPUHTA OKPYXKAIOIIEH Cpellbl, pajaralu-
OHHOHM 00CTaHOBKH, Pa3IMYHBIX T'€OJIOTO-TEXHOJIOTHYECKUX MapaMeTpoB M T.I. B oTimyme ot cyrmiect-
BYIOIIIUX CUCTEM, IIPU aBTOMATH3aIMK TuaApoanHaMudeckoro monutopunra I3 JKPO neobxogumo yuu-
THIBATh P OCOOCHHOCTEH, OKAa3bIBAIOIIMX BIIMSHUE HAa APXUTEKTYPy CHCTEMBI, (HYHKIIMOHAIBHYIO
CTPYKTYpy HPOTPaMMHOTO 00ecrieueHus] U MEeTOIMKY 00paboTku naHHBIX. K TakuM 0COOEHHOCTSIM MOXK-
HO OTHECTH: pa3MelleHHe TEXHOJIOTHIECKNX 00BbEKTOB Ha 3HAYUTENHHOI IIIOMIAIN; OTCYTCTBHE IEHTpa-
JIU30BAHHOTO 3JICKTPOCHAOXKEHHMSI psifla HAONIONATEIbHBIX CKBAKUH BBUAY WX YAAJICHHOCTH, HEBO3MOXK-
HOCTh PEaJM30BaTh MMPOBOHBIC KaHAIBI CBS3H JUIS MEpeIadll TEXHOJIOTHUECKUX JNAHHBIX OT YJAICHHBIX
HaOIIOAaTEebHBIX CKBKWH; 3aBUCUMOCTh COCTOSIHUS TIOJ3eMHON THIpOocepsl OT Bapuanuii arMmocdep-
HOT'O JaBJICHUA, H3MEHEHHUH Harpysku moJ BE€COM OCAaAKOB, JIYHHO-COJHCUHBIX NPHUIIUBHBIX BapHaIIHfI;
HEOOXOAMMOCTh Y4YeTa CMEIICHHUS JKCILTYyaTaIl[MOHHOW KOJOHHBI HAONIONATENLHBIX CKBOKUH. B naHHOM
paboTe pacCMOTPEHBI OCHOBHBIE TEXHUYECKHE PEIICHHUS U METOM0JIOTUIECKIE TIOJXO/IbI ISl IOCTPOCHUS
aBromaTtusupoBanHou cuctemsl ['M I1I'3 JKPO, pa3pabateiBaeMoii ¢ 11enbi0 HanboIee paHHETO BBISABIIC-
HUS TIEPETOKOB MEXTy ITOI36MHBIMH BOJOHOCHBIMH FOPHU30HTaMHU.

ApxutekTypa U GQYHKIHOHAJIbHASI CTPYKTYpa NPOrpaMMHOro odecnevyenus cucremsl I'M

Aptomartu3upoBaHHas cucremMa ['M mpejcraBisier co0oil ammapaTHO-IPOTPAaMMHBIN KOMIUIEKC,
obecnieunBaronnii coop, 00pabOTKy W XpaHEHHE NaHHBIX, HEOOXOMUMBIX ISl OIIEHKH TUAPOIUHAMUIYE-
ckoif obcraHoBkm B paiioHe III'3 m KOHTPOJII OCHOBHBIX MapaMeTPOB TEXHOJOTHMYECKOTO Iporiecca,
a TaK)Ke B3aMOJIEHCTBHE C MOJIB30BATENSAMHU.

Apxurekrypa cucteMbl I M XapakTepu3yercs HallMYHeM pPa3lIMYHBIX KaHAJIOB CBSI3U: BOJIIOKOHHO-
ontudeckoro kanaia (BOK), sanexkrponpoBoanoro kanaima, GSM-kanana (puc. 1). To ¢BI3aHO C OTIUIH-
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€M YCIIOBHUH Mepefadr CUTHAIOB OT KOMIUIEKCA H3MEPHUTEIbHBIX CPENICTB, PACIIONOKEHHBIX BHYTPH TEX-
HOJIOTHYECKOTO 3/IaHus, TJIe HaXOITCs HACOCHOE O0OpYIOBaHWE W 3allOpHasl apMaTypa, U OT U3MEpH-
TEJBHOM amnmapaTypbl HATHETATEbHBIX M HAOII0IaTebHBIX CKBAXKHH, PACCPEIOTOUCHHBIX HA MOJUTOHE.

ArnmaparHas 4acTh aBTOMAaTH3UPOBAaHHOHN crcTeMbl ['M cocToHT u3:

- KOHTPOJIbHO-U3MepHUTenbHbIX pruoopoB (KUII), ycTaHOBICHHBIX Ha TEXHOJIOTHYECKOM 000PY/I0-
BaHWU 1 (QOPMUPYIOIIUX CUTHAIBI O TTapaMeTpax TEXHOJIOTHYECKOTO MPOIEcca;

- aBTOMAaTWM3WPOBAHHOW CTalMOHAPHOW METEOCTAHIINH, PErHCTPHUPYIOIIEH W3MEHEHHE IOTOTHBIX
(hakTOpOB, BIUSIONINX HA YPOBEHD MOI3EMHBIX BOJI;

- TEXHHYECKHX CPENICTB, 00ecreunBaonmx paboTy KaHAOB Nepeadn JaHHBIX U JIMHUHN CBS3H, 110
KOTOPBIM 3Ta Tepenavya oCyIecTBIsieTcs (MequakonBepTepsl, GSM-niepeaTanku M MPUEMHUKH,
KOMMYTaTop);

- mporpammupyemoro siorudeckoro kontposepa (I1JIK), oTBedatomiero 3a pexum coopa u nepe-
JTa9d JaHHBIX;

- cepsepa npwiokeHuil u 6a3 nanubix (bJ1), oOecreuynBaroiiero paboTy IporpaMMHON YacTU CHC-
TE€MBI U XpaHEHHUE TaHHBIX;

- aBTOMAaTWU3UPOBaHHBIX pabounx mect (APM) cnertmanuctos [11'3 J)KPO, sBasrommxcs monp30Ba-
TEJSIMHA CHCTEMBI.
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Puc. 1. ApxutexTypa aBToMaTH3upoBanHoi cuctemsl I' M 113 XKPO

[Tpu xax10M MaBUIIbOHE HaTHETATENBHBIX CKBOKUH chopmupoBana muHa RS-485, kyma nocrymnator
JAHHBIE OT U3MEPUTEIBHBIX IPUOOPOB, YCTAHOBICHHBIX B CAMOM IIaBUJIbOHE U Ha OJIM3JIEXaIINUX HAOIIIO-
JaTeNbHBIX CKBa)XKWHaX. JlaHHbBIE ¢ IMIMHBI Ka)XJ0TO MaBUIIbOHA MpeoOpa3yroTcs B ONTHYECKUI CUTHAI C
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noMoIpi0 MeauakoHsepTepoB RS-485 — BOK u mepenatorcs 1Mo BOJIOKOHHO-ONTHYECKOMY Kalemro B
TEXHOJIOTHYECKOE 3/IaHue, Te mpeodpazyrorcs Meanakonseprepamu BOK — RS-485 obpartHo B anmekTpu-
yeckuil curHai. Takum o0pa3om, Bce JTMHUM BOJIOKOHHO-ONTHYECKON CBS3M MEX/IY IIaBUJILOHAMH HarHe-
TaTEeNIbHBIX CKBAXXWH U TEXHOJOTMYECKUM 3/IaHHEM IOCTPOEHBI MO TOMOJIOTHH «TOYKa-TOuka». Meaua-
koHBepTepsl BOK — RS-485 nmpucoennnens! k mmHe RS-485 texnonornueckoro 3manus. Yepes oty ke
muHy nepenatorcs nanaele oT KUII HacocHoro o6opyaoBaHMs, PacloOXKEHHOTO B TEXHOJIOTHYECKOM
31aHUM, U METEOJAHHbIE OT CTAllMOHAPHOM METEOCTaHIMHU. J[aHHbIE OT yNaJeHHBIX HaOJIIOJATENbHBIX
ckBakuH nepenarorcad no GSM-kanamy Ha GSM-MOAyib, KOTOPBIM pacloioXkeH B TEXHOJIOTHYECKOM
3nanud. LleHnTpanbHbIM y37m0oM cOopa AaHHBIX cucTeMbl ['M sBisieTcss mporpaMMHpPYEMbIi JOrMYeCKUui
kouTposuiep (I1JIK), koTopsIii sSBIIsIETCS BEIYIMM YCTPOMCTBOM IMUHBI RS-485 TexHOMOTHMYEeCKOTo 31a-
HUS, a Takxke MUHBI RS-232 (o xoTopoit noiydaer ganHeie oT GSM-monyns). Mcnons3dyemas B apxu-
TEKType aBTOMATH3MPOBaHHOH cucTeMbl M KOMOMHUpPOBaHHAs TOTOJNOTHUS TIO3BOJIIET 00ECTeUnTh Ha-
JMEKHYIO TIepeady MaHHBIX W CIa0yI0 CO3aBHUCHMOCTh CETEBBIX KaHainoB. OOpaboTka MaHHBIX MPOHW3BO-
JUTCS C TIOMOIIBIO MTPOrPaMMHOI0 00ECIIeUeHHUsI CHCTEMBI, YCTAaHOBIEHHOIO Ha CepBEpe MPUIIOKEHUH U
0a3 nannbix. Cepsep cBszad ¢ I1JIK no cern Ethernet, kyna Takke BXOIST aBTOMaTH3WpOBaHHbIE Pado-
yre Mecta (APM), uepe3 KOTOpbIE OCYIIECTBIISICTCS B3aMMOJICHCTBUE MOJIb30BaTEICH ¢ aBTOMaTH3HPO-
BaHHOU cucteMoil I'M.

IIporpammHas yacTh aBTOMAaTU3UPOBAHHOW cucTeMbl I'M MMeeT MOIyJbHYIO CTPYKTYPY U COCTOUT
U3 MOIyJsl cOopa IaHHBIX, MOAYJIS KOMIIEHCAlMM BO3MYIUEHHH ruxpocdepsl u 0a3bl AaHHBIX (puc. 2).
CornacoBanHast pa0oTa MOZyJIel IO3BOJIET Pealn30BaTh THAPOJUHAMUUECKUI MOHUTOPHUHT B PEXUME
pEeaIbHOTO BPEMEHH.
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Puc. 2 ®dysxkmmoHanmbHas CTPYKTypa MPOTPAMMHOTO OOECIIEYeHHS aBTOMATH3UPOBAHHOW CHCTEMBI
I'M III'3 XKPO

Monyns cOopa JaHHBIX COCTOMT M3 mporpammuoro obecneuenus [1JIK u SCADA-mporpammel,
pasmeneHHoi Ha cepBepe npunoxkennid U BJl. Ilporpammuoe obecneuenne [1JIK peanmusyer cOop nan-
HbIX ¢ KUII TexHOMOTHMYECKNX OOBEKTOB, PEIBAPUTEIBHYIO 00pab0TKy, CTPYKTypH3anuio U OydepHoe
XpaHeHHe 3HAYeHHH TEeXHOJIOTHYECKHX MapaMeTpoB M METEOJIaHHBIX, 00eCreurnBaeT 3aJaHHBIM PeXUM
cOopa 1aHHbIX, POPMUPYET CUTHAJIBI O COCTOSHUN KAaHAJIOB CBSI3M M KOMILJIEKCA W3MEPUTEIbHBIX CPEICTB.
SCADA-nporpamMma B pealbHOM BPEMEHH 00ECIIeYrBaeT OTOOpaKeHHE 3HAUSHUI TapaMeTPOB TEXHOIIO-
THYECKOTO Ipolecca Ha MOHHTOpax APM crnennanucToB, KOHTPOJIb HAX0KIEHHS NMapamMeTpoB B JOITyC-
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TUMBIX MHTEpBajiaX, (POPMUPOBAHHE CHUTHAJIOB TPEBOT W BEAEHHUE KypHala TPEBOT, HANOJIHEHHE Oa3bl
JAHHBIX.

OcHOBHas 3a7ada MPOTPaMMHOTO MOJYJISi KOMITEHCAIIMH BO3MYIIEHWH THAPOC(HEPHI — BBISBICHNE
U3MEHEHHsI YPOBHS MOJI3EMHBIX BOJ B HaOmoaatenbHbIX ckBaxuHax [11'3 JKPO, BEI3BaHHBIX TIEPETOKAMHU
13 SKCIUTyaTallUOHHBIX TOPU30HTOB. MoIyNb pa3MeliaeTcs Ha cepBepe npuioxeHuid U b/l u peanusyer
METOJIUKH, ITO3BOJIAIONINE KOMIIEHCHPOBATh W3MEHEHHs YPOBHS IOJ3EMHBIX BOJ B HAOJFONATEIBHBIX
CKBaXMHAX, BO3HUKAIOIINE H3-32 BIMSIHHUS MPUPOIHBIX (PAKTOPOB M CMEIIEHUS IKCILTYaTallHOHHON KO-
JIOHHBL. {711 3TOr0 MOAYJb UCHOJNB3YET TEXHOJOTHYECKHE M METEOJlJaHHbIE, MOCTYMAIoKe 0T MOy
cOopa naHHBIX. Ecoy AuHaMuKa ypoBHS MOJI3EMHBIX BOJ HE 00yCIIOBIIEHA U3MEHEHHUSIMH PUPOIHBIX YC-
JIOBHIA, TO MOAYJIb OPMHPYET CUTHAT O TEXHOTEHHOU MPHUPOJIe U3MEHEHHSI YPOBHS, IPUIMHON KOTOPOTO
MOJKET OBITh MEPETOK MEXIy TOpU30HTaMH. Molylb 00ecIIeunBaeT COXpaHEHUE TIONYyUYEHHBIX pe3yJIbTa-
TOB B 0a3e MaHHBIX M OpraHM3aluio paboThl ¢ apxuBoM. [IporpaMMHbIi HHTEpdEiic MOLysT BCTPOEH B
nporpammusnii uHTEpdetic SCADA-TIporpaMMbl, 9TO MTO3BOJISET CHEITHAINCTAM OIEPATHBHO pearupo-
BaTh Ha BHIJAHHYIO MOJYJIeM HH(OpMAIIHIO, pACCMATPHBasi €€ B KOHTEKCTE TEKYIIMX 3HAUCHHUN TEXHOJIO-
THYECKHX MapameTpoB. Bes nHpopmanus, nomydaemas npu padoTe aBTOMAaTU3UPOBaHHOM cucteMbl ['M,
XpaHUTCs B 0a3e JaHHBIX, pabotatomierd mon ympaBienuemM CYBJIl. llenTpann3oBaHHOe XpaHEHUE HH-
dhopmanmu mo3BosieT aHAH3UPoBaTh padoty 111'3 J)KPO B paznmuunsie mepuoas, popMUpOBaTh HEOOXO-
JUMBIE OTYEThI, COBEPIIIEHCTBOBATh METOIMKY KOMIIEHCAIIMH BO3MYIIAIONINX (DaKTOPOB.

OnHMM H3 KIIOYEBBIX YCIIOBHH CBOEBPEMEHHOTO BBISBICHHS TepeToka Mexmy ropusontamu 113
’KPO siBnsieTcs TOUHOCTh KOMIICHCALIWHU BIIMSIHAS HA YPOBEHB ITOI3€MHBIX BOJ BO3MYIIAIONINX (PaKTOPOB.
B cnenyromem paznene paccMOTpPEHBI OCHOBHBIE METOJOJIOTHYECKHE IOJXOMbI, peau3yeMble Ipo-
IrpPaMMHBIM MOJYJIEM KOMIIEHCAIIMH BO3MYLIEHUH rHuIpocdepsl aBTOMaTU3UpOBaHHON cucTeMbl [’ M.

MeToauka KoMIeHCAIlUM BO3MYIIeHHi ruapocdepbl

ITporpaMMHBIii MOZYJIb KOMIICHCALIMM BO3MYLICHUH peaan3yeT METOAWKH ydeTa BIMSIHUS CIEIyIo-
IUX TPUPOIHBIX (PAKTOPOB HA YPOBEHH MOI3EMHBIX BOJ B HaOMomaTebHBIX ckBakuHax [11'3 JKPO [6-8]:
aTMocdepHoe JaBlieHHe, TYHHO-COJIHEUHbIC IPUIIMBHBIE BapHaluu, atMochepHbie ocaaku. Kpome Toro,
MOJYJIb YYUTBHIBAET CMEIICHUE SKCILTYaTallMOHHON KOJIOHHBI W3-3a N30BITOYHOIO JaBlIeHHs B SKCILTyaTa-
LUOHHBIX TOPU30HTaX. PaccMOTpHUM OCHOBHBIE MMOAXOABI IS y4eTa 3TUX (aKTOPOB.

W3BecTHO, 4TO €cTEeCTBEHHBIE BapUalli aTMOC(HEPHOTO JaBICHUS OKa3bIBAIOT 3HAYUTEIHLHOE BIUS-
HUE Ha YPOBHU IOA3EMHBIX BOA. B 3aBUCHMMOCTH OT TiIyOHMHBI 3ajieraHus KOHTPOJIMPYEMOTO TOPU30HTA
KosiebaHus JaBineHus £15 MM pT. cT. OyayT oOyciaBIuBaTh NpUpAILEHUs YPOBHS B KOHTPOJIBHBIX CKBa-
XKHMHAX C aMIUIMTYJON 70 HECKOJIBKUX CaHTUMETPOB. [l yuera 3Toro (hakropa MpoOU3BOANUTCS] CHHXPOH-
Hasl peructpanus arMoc(h)epHOTO AaBJICHUS K KOPPEKINS M3MEPEHHOTO 3HAYCHUSI YPOBHSI MOJ3EMHBIX BOJ
I10 3apaHee U3BECTHOM JTMHEMHON 3aBUCUMOCTH «JABICHUE — YPOBEHbY. BEIIMUNHON, CBSA3BIBAOLIEH IIPU-
palieHuss ypOBHS IOA3EMHBIX BOA B CKBAaXKMHE C IPHUPALICHUSAMH aTMOC(HEpPHOIO AABJICHUS, SBISIETCS
mddepeHmanbHbIi K03)GUIHMEHT THHEHHOH CBsI3u B — OapoMmerpuyeckast 3p(QEeKTHBHOCTh CKBaKWHBI,
MM B. CT./MM PT. cT. BrlpaxkeHue mepecuera ypoBHs i1 KOMIIEHCAUUU KojieOaHUH aTMOC(EpPHOTo AaB-
JICHUS] UMEET BUJ

K (;)=h(t;)+(R — P(1))B/1000, (1)
e 4 (f}) — mepecYnTaHHBIH yPOBEHB TO3EMHBIX BOJ] B CKBAXKHHE B MOMEHT BPEMEHH £, M; h(l;) — n3Me-
PECHHBIH YPOBEHb MOJ3EMHBIX BOJ B CKB&)XKMHE B MOMEHT BPEMEHU #;, M; Py — CpefiHee MHOIOJIeTHEE aT-
Moc(epHOe TaBJIeHUE B MECTE YCTAaHOBKH JIaTUYMKa YPOBHS, MM PT. CT.; P(#;) — uamepeHHoe aTMochepHoe
JaBJICHHE B MOMEHT BPEMEHHU f;, MM PT. CT.

AMIIINTYna JTyHHO-COJHEUYHBIX NPUJIMBHBIX Bapualuil ypOBHSA PacTeT C yBEJIMYEHHEM IIyOWHBI.
B 00BIYHBIX MMECYAHO-TIMHHUCTHIX BOJOHOCHBIX TOPU30HTAX ¢ 00IIed mopuctocthio B 30% Ha riryOuHe
200 M cpenHsist aMIUIUTYa JTYHHO-COJIHEYHBIX BapHaluil cOCTaBiseT 1—2 MM, a B 3ajIeraromeM HUXKe Ta-
neosotickom ¢yHnamente — 10 10 MM (ipu riryoune B 370-400 m). [IpunuBHBIE Bapuauy ypoBHS yaa-
JISIIOTCST M3 3aMEPOB € MTOMOIIBIO IIPOCTHIX PACUETHBIX 3aBUCUMOCTEH, UCTIONB3YIONIUX KaK acCTPOHOMUYE-
CKHE KOHCTaHTBI, TaK U DKCIIEPUMEHTANBHO ONpeAeIeHHbIE XapaKTePUCTHKH MPUIMBHOTO OTKIIMKA, WH-
OUBHUIYANBHOTO AJISl Ka’KA0H CKBaXKHMHBIL.

B ymepeHHBIX mHMpoTax HauOOJbIIEH aMIUIUTYAbl JIyHHO-COJIHEYHbIE BapUallly JOCTUTalOT B Iie-
PHOJBI CH3UTHH (ITOJHOMYHHWE WM HOBOJIyHME, depe3 Kaxzisie 14.77 cyT), B mepuoIbl MaKCUMyMa WIN
MUHHMYMa JIYHHBIX CKIIOHEHHH, Koraa JIyHa cuiibHee BCero OTXOAMT OT HeOecHoro 3kBaropa B CeBepHOE
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win HOxHoe HeOeCHOe MOoJTyIIapre COOTBETCTBEHHO (uepe3 Kaxsie 13.66 cyT), a TakKe B MEPHOJ MPO-
xoxaenus JlyHoi Touku nepures (depe3 Kaxisie 27.55 cyT).

WuTeHcuBHBIE 0caaky HAa OONBIION TUTOMIAAN 32 CUET JAaBIICHUS BBIMABIIETO IO/ MM CHETa CO3-
JIAlOT TIOBEPXHOCTHYIO HArpy3Ky, 0COOEHHO B TIEpBbIC CYTKH Mociie ocajakoB. Ha rpaduke (puc. 3) 31o
BBITVISIIUT KaK Pe3Koe yBeJTMUEHHE YPOBHS MOJ3EMHBIX BOJI, KOTOPOE MOYKHO CIIyTaTh C HaYaJloOM MepeTo-
Ka, 0COOEHHO eciu HaOroAaTenbHas CKBAXKHHA PacIoNioKeHa BONM3H HarHeTatenbHOW. B neTHee Bpems
3a CUET UCTHapeHHs MOBEPXHOCTHOTO U MOI36MHOTO CTOKA TaKas aHOMAJHsI, BOSHUKHYB OT WHTEHCHBHBIX
0CaIKOB, IOCTETIEHHO YMEHbIAETCs 3a 1—2 HeIenH; 3UMOI0 K€ — OCTAeTCs] NPAKTHUECKH TTOCTOSHHOM 110
CJIEYFOIIEr0 CHEeromnaja MO0 cabo YMEHBIIIAeTCs MM YBEITMYNBAETCS 3a CUET SIBIIEHUS] CHETOIIEPEeHOCa.
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Puc. 3. IlpuMep 3aBHCHMOCTH YPOBHSI MOA3EMHBIX BOJX B Oy(epHOM rOopH30HTE OT BBINAACHHA
0CaIKOB B JIETHUH TepHo/l (Hanbonee HHTEHCUBHBIE OCAIKH BbIJEICHBI INHUAMH)

Kpome BnusiHus Ha ruzpocdepy MpUpOAHBIX (AKTOPOB, IPOrpaMMHOE 00ECHEeUueHUE MOIYJIS KOM-
MIEHCAIIMHA BO3MYIICHUI YUUTBIBAET TEXHOTECHHBIH (akTop BO3/EHCTBUS HA TOYHOCTH H3MEPEHHUS YPOBHH,
CBSI3aHHBIM CO CMEIIEHNEM 3KCIUTYyaTallMOHHOW KOJOHHBI, HA OTOJIOBKE KOTOPOI YCTaHOBJIEH KOHTPOJIb-
HO-M3MEPUTENbHBIA Ipubop 3aMmepa ypoBHs. JIro6oe cMerieHne KOJIOHHbI IPUBOAUT K U3MEHEHUIO TOUYKH
oTcyera mpu 3aMepe ypoBHSA. CMelleHHe KOJOHHBI BBEPX MPHUBOAWT K JIOKHOMY MAaJ€HUIO YPOBHS,
a cMelleHNe BHU3, HAIIPOTHB, — K JIOKHOMY ckauky. @opmyda, onuceiBaromas 3aTyxanue aeopManuoH-
HOT'O CMELICHHUS KOJIOHHBI HaOMI0IaTeIbHON CKBaXXHHBI Op (M) B 3aBUCHMOCTH OT PACCTOSIHUS 320051 3TOH
CKB2)XUHBI JI0 KPOBJIM 3KCIUTYaTallHOHHOTO TOPU30HTA /1 (M) U pacCTOSIHUS JIO HArHETATEIbHOW CKBAXKHU-
HBI 7 (M), MOXET OBITh IPEACTaBJICHA B BUAE

Op=Kp-exp| — )

rae Kp — nuddepernnmanpapiii ko3hdunmeHT nehopMaioHHOTO CMEIICHUs, M/aTM; 7, — XapaKTepUCTH-
YEeCKUH pajinyCc SKCIIOHEHINAIBHOTO 3aTyXaHus AedopMarui, M; /i, — XapaKTepuCTHIEeCKasi BEICOTa IKC-
MOHEHIMAIBLHOTO 3aTyXaHus IepOopMalluy, OTCUMTHIBAEMas OT KPOBIHU OKCILTYyaTallMOHHOTO TOPU3OH-
Ta, M; AP — npupalieHnue JaBleHNs] HAaTHETaHUS B CKBaKMHE, BBI3BaBIIEH AedopMmanuio, aTM.

Kpome nepeuncieHHBIX MPUPOAHBIX (HAKTOPOB, HA COCTOSIHHE THUAPOCHEpPHl BIMUAIOT TAKXKE CE30H-
HOE BO3JEHCTBUE OT OJIDKAKMINEro KPYyMHOTO BOJAOTOKA M CE30HHASI TIEPHOAMYHOCTD MOCTYIUICHHS MTUTa-
HUSI B BOJOHOCHBIE TOpU30HTHL. OIHAKO MpU pa3paboTKe MPOrpaMMHOTO OoOecTieYeHUs] aBTOMAaTH3HPO-
BaHHOU cucteMbl ['M OHM HE YYHTHIBAIOTCS, TaK KaK MMEIOT JOJTONEPHOINYECKHE BapHAIlH, KOTOPBIE
HE BIIUSIOT HA BBISBICHHUE PE3KUX W HEOOJBIINX CKaYKOB YPOBHS ITOJ3€MHBIX BOJI.

BpiBoabI

Ha ocnoBe ananmza ocobennocreit Texnonoruyeckoro mnpotecca [1I'3 JKPO paspaborana apxurek-
Typa, QyHKIHOHAJbHAS CTPYKTYpa NPOrPaMMHOT0 00ecTieueHHsI 1 OCHOBHBIE METOAUKU 00paOOTKHM JaH-
HBIX aBTOMAaTHU3UpPOBaHHOM cucteMbl ' M. IIpemioxkeHHble TEXHUYECKHE PEIICHNUsI 1 METOJOJIOTHYECKIE
HIOXO/BI O3BOJISIIOT CO3/1aTh CHCTEMY, pabOTAOLIyI0 B PeXKUME PealbHOTO BPEMEHH, KoTopas obecre-



Asmomamus'upoeaunaﬂ cucmema ZMC)poauHa.Mu‘iECKOZO MOHUMOpUHza 07151 obecneyenist SK0N02u4ecKoll be30nacHocmu 51

YUBACT CBOEBPEMEHHOE BBISBJICHHE M3MCHECHUH YPOBHS MOJ3EMHBIX BOJI B HAOJIOIaTSIIbHBIX CKBOKUHAX,
BO3HHKAIOIIUX BCICICTBHE MEPETOKA U3 IKCIUTyaTAI[OHHBIX TOPHU30HTOB. Mcnosp30BaHue Takoi cucrte-
MbI MUHUMH3HUPYET MOTCHIMATIBHBIA yIIepO Al OKpYyKaroliel cpeqipl U CYNIeCTBEHHO MOBBICUT d(h(ek-
THUBHOCTH U 6e30macHocTs padoTsl 113 XKPO.
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O.N. KOKOREV"?, N.R. ADONIN', M.D. NOSKOV', T.Y. ZAVEDY?, A.A. SHCHIPKOV'

AN AUTOMATED SYSTEM OF HYDRODYNAMIC MONITORING
FOR THE ENVIRONMENTAL SAFETY OF A GEOLOGICAL REPOSITORY OF LRW

The main approaches to creating an automated system for hydrodynamic monitoring a geological repository of lig-
uid radioactive waste have been considered. The system consists of a computer-aided data acquisition module and a
computing module for compensating hydrosphere disturbance. The system architecture, the software functional structure
and the technique for determining ground water level change due to industrial action have been described.

Keywords: hydrodynamic monitoring; a geological repository of liquid radioactive waste; computer-aided data acquisi-
tion, compensating natural hydrosphere disturbance; environmental safety.
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