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AHAJIMTUYECKHU OB30P CUCTEM MOHUTOPHHTI A
I'EO3KOJIOTHYECKHUX ITPOLECCOB

B Hactosiee Bpemsi, Koraa BO3JEHCTBHE aHTPONIOIEHHOT0 (hakTopa Ha MPHUPOAY JIOCTUIJIO HEBUJIAHHBIX paHee
MacIITaboB, BOIPOCH IKOIOTHYECKON 0€30IaCHOCTH M YCTOMUUBOIO Pa3BUTUS IPHOOPETAIOT 0COOYIO OCTPOTY.
HeyknoHHO Bo3pacrarolee JaBlICHUE HA NPUPOAHBIE CUCTEMBI, YCUIMBAEMOE XO3SMCTBEHHON I EATEIbHOCTBIO
HaceJIeHUs, aKTUBU3UPYEeT HEOOXOAMMOCTh KOMIUIEKCHOIO MOHHUTOPHMHIA M THIATENHHOTO aHalIM3a TEKYyILEero
COCTOSTHHSI OKpY’Karomie cpensl. B 3ToM cBeTe HaOmIofeHHWE 332 TE€OIKOJOTHYECKHMMHU CHCTEMaMHM SIBIISICTCS
LEHTPAIbHBIM aCHEeKTOM M OLEHKM M MPOrHO3a W3MEHEHMH, BBI3BAHHBIX IEATEIBHOCTBIO YEJIOBEKa U
€CTECTBEHHBIMH IPUPOAHBIMH IPOLIECCAMH. DTO HE TOJIBKO MO3BOJSIET OTCIEKUBATH HBIHEIIHEE COCTOSIHAE 3TUX
CUCTEM, HO BBIBUTH TEHICHIIMH 3TUX U3MEHEHHH, OLICHUTh PUCKH BO3MOMKHBIX IMPHPOIHBIX M TEXHOTEHHBIX
katacTpod. CI0XXKHOCTh M 3HAYUMOCTH 3TOH NMPoOIEMBI TPeOYIOT MPUMEHEHHSI HOBEHIINX TEXHOJOTHH, B TOM
YHCJIe UCKYCCTBEHHOTO WHTEIUIEKTa, Ul aHaiu3a OOIIMPHBIX NAHHBIX W Pa3pabOTKH 3()(EKTHBHBIX CHCTEM
MOHMTOpHUHTA. B nanHO paboTe paccMaTpUBaeTCsS TEKyIee COCTOSHHUE T€03KOJIOTMYEeCKOr0 MOHUTOPHHTA, €TI0
METOIUKH M TIOAXOJBI, @ TaKKe aHaJIM3HPYEeTCs BIMSHHE UEIOBEYECKOW NEATeNIbHOCTH Ha pa3HooOpasue u
YCTOMUYMBOCTH NPUPOAHBIX cucTeM. [IprMeHeHne TeXHOIOrui HCKyccTBeHHOTo nHTemIekTa (M) u mammHHOTO
oOyyenust (MO) B 3aauaX MOHUTOPHHIA JKOJIOTMYECKOTO COCTOSHHUSI OTKPHIBAET HOBBIE BO3MOXHOCTH IS
NOBBILIEHUsT 3(Q()EKTHBHOCTH CHCTEM MOHUTOPWHIrAa. DTH WHHOBALMH JICNAIOT UX Oosiee THOKMMHU, TI0O3BOJISISL MM
aIanTUPOBaThbCs K W3MEHEHMSIM M obecneuuBas IOJydeHue Oojiee TOYHOW M akTyaslbHOM uHpopmanuny,
HEOOXOAMMOHM JUIi CBOEBPEMEHHOI'O TPHWHATHSA pemeHuil. bmaromaps sTomMy mpomecc 00paboTkH
T€O3KOJIOTHIECKNX JAHHBIX CTaHOBHUTCS HE TOJILKO OBICTpee, HO W Ka4deCTBEHHEE, YTO B CBOIO OdYEpendb
cnocoOcTByeT (OpMUPOBAHUIO YPPEKTUBHBIX CTPATETHH YIPaBJICHHUS IPUPOIHBIMU pecypcaMu. JTH HOAXOMBI
HaMpaBJIeHbl HA JOCTWKEHUE YCTOMYMBOIO Pa3sBUTHsS U CHIKCHHE BPEJHOrO BO3IEHCTBHSA HAa OKPYXKAIOIIYIO

cpeny.

Knrwouesvie cnosa: re0>KOIOTMUECKUN MOHHUTOPUHI, HCKyccTBeHHBbIM wuHTemekT (MN),
MammHHoe oOyuenue (MO), bskojoruueckass 0€30MacHOCTh, YCTOWYHMBOE pa3BUTHE,
reopu3nYecKuii MOHMTOPHUHI, MHTEJUIEKTyallbHasi CHCTeMa MOHUTOPHMHIA, aHaJIM3 JAaHHBIX,
IIPOTHO3UPOBAHNE JKOJIOTMYECKUX IPOLIECCOB, ABTOMAaTU3MPOBAHHBIE CHCTEMBI KOHTPOJI,
OosnblMe JaHHbIE, 00pa0OTKa CUTHAJIOB, YKOJIOTHYECKUE PUCKH, aJanTals K U3MEHEHHsM,
cOOp W aHalu3 SKOJIOTMYECKUX [aHHBIX, YIPABJIEHUE INPUPOAHBIMU pecypcamMH, OXpaHa
OKPY’KaIoILEeH Cpebl

COBpeMeHHOE COCTOSAHHUE IF'€COIKOJOTH4Y€CKOIro MOHUTOPHUHT A

«CoBpeMeHHOe 00IIECTBO CTPEMUTCS! TOCTOSIHHO COBEPILICHCTBOBATDH YCIOBHS JUISl )KU3HU, TO
€CThb OCBAaMBaET HOBBIE TEPPUTOPUHU (HANpPUMEp, PACIIUPSAIOTCS IJIOLIAAM IO 3aCTPONKY IyTeM
YIPOYHEHHUSI CBOMCTB €CTECTBEHHBIX TOPHBIX MOPOJ METOJAaMHM CWIMKATHU3AalMH, YIUIOTHEHHS,
TpaMOOBKH, CO3JaHUS HCKYCCTBEHHBIX HACBINEH), cCOOpyKaeT 3JaHus M3 CTekia U OerToHa,
&KeNe300€TOHHBIE MOCTOBBIE TEPEXO0/Ibl, MarkucTpajlbHble aBTOJOPOTH, TPYOOIPOBOJBI U IpoYee,
TE€M CaMbIM Harpy3ka Ha I'€03KOCHCTEMY ITOCTOSIHHO YBEIWYMBAETCS, YTO MOXKET CIIPOBOLMPOBATH
BO3HHKHOBEHHUE U Pa3BUTHE TEXHOTCHHBIX U TEXHOTEHHO-IIPUPOIHBIX OIIACHOCTEH u puckoBy» [1, 2].

[IpoGieMbl 5KOJMOTMM W OXpaHbl OKpPYXarolled TMNPUPOAHONW Cpeldbl B  YCIOBMSIX
MHTEHCU(UKAIIMY TPOMBIIIJIEHHOTO MPOM3BOJCTBA CTAIM OJHUMM M3 aKTyaJbHEHIINX MpodiieM
COBPEMEHHOCTH.  YBEJIMYEHHWE TEMIIOB  PAa3BUTHS  COBPEMEHHOW  IMBWIM3AIMH, POCT
HapOJOHACENIEHNUs 3€MJIM, HAy4YHO-TEXHUYECKMH IpOrpecc, BHEAPEHUE HOBOW TEXHUKH U
TEXHOJOTHH NPHUBEIN K PE3KOMY YCHIEHHIO IIPOLIECCOB TEXHOTEHE3a M, KaK pe3yJbTart,
pacIIMPEeHUI0 X BO3ICHCTBUS Ha OKPYKAIOUIYIO MPUPOAHYIO cpeay [3].
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VHTEeHCHMBHOE pa3BUTHE M PACIIUPEHUE UYEIOBEUECKON NEATEIBHOCTH BIIUSAET HA NMPUPOIHbBIE
T€09KOCHCTEMBI, BBI3bIBAasi U3MEHEHUSI B UX CTPYKType U (PyHKUHOHHUPOBAHUH. DTH U3MEHEHUS, B
CBOIO OYepelb, MOTYT NPUBECTH K Pa3IMYHBbIM IOCIEACTBHUAM, BKJIIOYas yBEJIMYEHHE YacCTOTHI U
MHTEHCUBHOCTU TMPHUPOAHBIX M TEXHOTEHHBIX KaracTpod. BakHO OTMETUTh, YTO CTENEeHb
BO3/JICHCTBUS HA FEOCUCTEMBI U MX pEaKlusl Ha TaKOE BO3JICHCTBUE 3HAUYUTENIBHO PA3JIMYAIOTCS, YTO
00yCIIOBJICHO X YHUKAJIbHBIMHU XapaKTEePUCTUKAMU YCTONYUBOCTH U YS3BUMOCTH.

«Pa3Hple TUIIBI T€OCUCTEM, BBIAEISAEMBbIE HA KapTe, IO BO3JAEHCTBUEM MHYKEHEPHO-
re0JOrM4eCKUX MPOIECCOB U TUIPOMETEOPOJIOTHYECKUX (HaKTOPOB OYIyT HCHBITHIBATH Pa3HYIO
CTENIEHb HArpy3Kd WIM pa3pylieHus, KOTopas OIpeAessseTCs HUX YCTOMYMBOCTBIO WJIU
ysi3BUMOCThIO. Jl100ass reocuctemMa, HECOMHEHHO, O0JIaJaeT yCTOWYMBOCTBIO B OIpPEEICHHBIX
npenenax. YCTOWYMBOCTh HE O3HAYaeT aOCOJIIOTHOW CTa0MIIBHOCTH, HEMOABIXKHOCTH. Hampotus,
OHa TMpeArnoiaraeT KoyieGaHUus BOKPYT HEKOTOPOrO CPEAHErO COCTOSIHHS, T.€. JTUHAMUYECKOE
paBHOBecHe. UeM mupe eCTECTBEHHbIN, «IIPUBBIYHBIN» AUAINA30H COCTOSIHUMA, TEM MEHBLIE PUCK
MOJIBEPrHYTHCS HEOOpaTUMOI TpaHCPOpMalMM MPU AHOMAJIbHBIX BHEIIHUX BO3JECHCTBUSAX, TEM
MeHbIIe ero ys3BUMOCTb» [4]. «C TeueHMeM BpeMEHH TPUPOJHAs cpela B IIpeneniax
ypOaHU3UPOBAHHBIX TEPPUTOPUN MMOABEPINIACh CYIIECTBEHHOW TpaHChOpMAIMU U IPAKTHUECKU
cTajla TEXHOIPUPOJIHOM cpenoi, pa3BUBAIOLICICS B pe3yJjbTaTe B3aUMOJECHCTBUS HHKEHEPHBIX
KOHCTPYKUUWA U KOMMYHHUKAIUH, I'PaXKJaHCKOTO U IIPOMBIIIEHHOIO CTPOUTENBCTBA U IPUPOAHBIX
KOMITOHEHTOB»[5].

«"eosKkonornyeckoe U3yueHue TEPPUTOPHIL, OCBAUBAEMBIX M0l UHKEHEPHOE CTPOUTEILCTBO,
CBSI3aHO C OCBOCHHEM IIOJI3EMHOTO MPOCTPAHCTBAa sl oOecredeHus: (YHKIMOHUPOBAHUS
MPOEKTUPYEMOT0 O0BEKTAa; C OCBOCHHEM ILIOMIAACH MO KUIYI0 3aCTPOMKY, C PELICHHEM 3a1a4
TPAaHCHOPTHOTO  OOCHY>KUBaHHs,  (OPMHUPOBAHHMEM  30H  «Pa3TPy3KH»  DKOJIOTHYECKOM
HaIpsHKEHHOCTH B Pa3BUBAIOLLEMCS TOPOJIE; PEKOHCTPYKIMEH MCTOPUYECKUX LIEHTPOB rOPOIOB B
MCTOPHUKO-KYJIBTYPHBIX IEJISX; CTPEMIICHHEM K «O3/JI0POBJICHHUIO» Cpeabl OOWTAHHWsS 4eIOBEKa,
MOBBIIICHUIO KAUueCTBA KU3HH, KOM(DOPTHOCTH KIIIbs» [1].

«I'maBeHCTBYyIOIIIEE MECTO B COBPEMEHHOM MPAKTUKE OLEHKU YA3BUMOCTH TI'€OCHUCTEM
3aHMMAIOT SKCIIEPTHBIE OLIEHKHU, KOTOPBIE TOJKHBI ObITh MOATBEPKACHBI OOraThIM CTATUCTUYECKUM
MaTepualioM, a TaKXKe BBICOKOI KBanu(UKaIMe dKCIepTa, 4To JalIeKo He BCeraa BOZMOXKHO» [4].
[TosToMy 0OBEKTHBHO Ha3peia HEOOXOJUMOCTb CO3JaHHsI MOJIMIOHOB C MOCTOSSHHBIMU ITyHKTaMHU
HaOJIIO/ICHUN M3MEHEHUS! COCTOSIHUSI T€03KOJOTMYECKUX IMPOLECCOB MOJ BIMSHUEM SHIOTCHHBIX,
9K30T€HHBIX U aHTPANlOTeHHO-TEXHOTeHHOro (axkTtopoB. [y obecneuenus: 3¢h(eKTuBHON pabOThI
TaKMX CHCTEM MOHMTOpPUHIa TpeOyeTcsl JeTalibHas NpopadOTKa COOTBETCTBYIOLIETO KOMILIEKCa
(GyHIAMEHTAIBHBIX W NPUKIAJHBIX NpoOJeM, COBEPIIEHCTBOBAHHE Te€O(PHU3UUECKUX METOJIOB
UCCIICIOBaHMS U MOJU(HUKAIINH CYIIECTBYIONIMX aNapaTHO-POTrPaMMHBIX CPe/CTB [4].

MOXHO OTMETUTb, «4TO OOecleYeHne MPUPOAHO-TEXHOICHHOW O€30MacHOCTH CBSI3aHO
MpEeXIE BCEro € HEOOXOIUMOCTBIO H3YUYEHHUS B3aUMOJIEUCTBUS MPUPOJHBIX OINACHOCTEH C
O00BEKTaMU pHUCKA, KOTOpPOE BKIIOYAeT 0oOCieOBaHHE OOBEKTOB pPHCK-aHAIN3a, BBIIBICHHUE
3aKOHOMEPHOCTEM BO3HUKHOBEHMS, Pa3BUTHUS M TpaHCHOpPMALMU MPUPOJIHBIX OMACHOCTEH B
MPUPOJHBIX KOMIIOHEHTaX M cdepax AeATeNbHOCTH YelloBeKa, U3yueHHe CBOMCTB OOBEKTOB PUCKA,
pa3paboTKy Mojened M KOJUYECTBEHHBI MPOTHO3 IMOCIEACTBUI, OTBEYAIOMINUX HPUPOIHBIM
YpE3BBIYANHBIM CUTYAIIUAM BCEX YPOBHEH TsKeCT» [4].

«Kpome Toro, coBpeMeHHbIN YPOBEHb 3HAHUMN MO3BOJSET paccMaTpUBaTh T'eodKOochepy Kak
CYNEPIOIUNIApPaMETPUUECKYI0 CHCTEMY, B CTPYKTYpe KOTOpOM B MpOIEcCE IUTEIBHOTIO
HBOJIFOIIMOHHOTO CaMOpPa3BUTHUS M CaMOPETYJISIUM KOMIIOHEHTHI JKMBOM W HEXUBOM MPHUPOIBI
CHUHTE3MPOBaHbl B TECHO B3aUMOCBS3aHHOE L€JI0€ — INI00ANTbHYI0 T€OKOMIUIEKCHYIO OOOJIOUKY C
JOJTOBPEMEHHO CTaOWJIBHBIMU JKOMapaMeTpaMHd U BBICOKMMHU MOKa3aTeNIsIMM KauecTBa U
KOM(OPTHOCTH JJ1si OMOTHI U YeoBeKkay [4].

B cBoro ouepesp, Kak ckazaHo B pabote [6], «0OBEKTOM HCCIIEOBAHUS T€0IKOJIOTHH MOYKHO
CUMTaTh  TeodKocdepy, MNPEACTaBIAIOMYI0  co00i  To0aJbHYI0  OKOJIONOBEPXHOCTHYIO
Te€OKOMIUIEKCHYIO 000J104YKY 3eMIIH, 3BOJIOLMOHHO C(hOPMUPOBAHHYIO B MPOLECCE JUIUTEIBHOTO U
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TECHOTO B3aMMOJIECHCTBHS M ITyOOKOTO B3aWMOIIPOHUKHOBEHHUS CHEKTpa MEPBUYHBIX (JIHTOChEpa,
ruapocdepa, armochepa) u Bropuanbix (putocdepa, 30ochepa, nemochepa) reochep.

Kak ckazano B pabore [7], «B CBSI3M C ITUM JEATEIHHOCTh YEIIOBEKAa B BO3PACTAIOIINX
MacmTadax CTaHOBHTCS T'€OJOTHYECKHM (haKTOPOM, MHOTOKPATHO YCHJIMBAIOIUM WHTCHCHBHOCTD
MIPUPOIHBIX TpoiieccoB. OHA MOXKET CITOCOOCTBOBATH AKTHBU3AIIMU HEOIATONPUSTHBIX WHKCHEPHO-
T'COJIOTUYECKUX TPOIECCOB, YK€ HMMEIONIMX pPa3BUTHE Ha JIaHHOW TEPPUTOPHH, WM BHI3BATh
MOSIBJICHUE JIPYTUX MPOLIECCOB, paHee 3/1eCh He HaOmoaaBmuxcs». COOTHOIIEHHE Te0JIOrHYeCKOi
Cpelbl C COOTBETCTBYIOIIMMH BHEIITHUMH CPEIaMH MPECTaBICHO Ha puc. 1.

lNeonornueckan
cpema - * Armochepa
Texnpocepa
buocepa Fuppocepa

PI/ICYHOK 1 — CooTHOIIEHHE I'e0JIOTHYECKOM Cp€abl C BHCIIHUMU CPCAaMU

Cama reonormueckasi cpefa SIBISICTCS  CIOXKHBIM ~ OOBEKTOM, HaXOIAINIMMCSA B
TEPMOJIMHAMHYECKOM paBHOBeCHMHM. PaBHOBecHe TIeOoJIOrMYecKOW Cpelapl MOXKET HapylaTbes
BCJICJICTBHE W3MEHEHHS KaKOro-HHOyAb (U3NYECKOTO IO — MEXaHHMYECKOro, MAarHUTHOTO,
JIEKTPUUYECKOr0 U T.J. VMI3MEeHeHHe BHEUIHMX YCJIOBUI NMPUBOIUT K HAPYIICHUIO PABHOBECHS, U
reoJIOTUYECKas cpefa MepexoAuT B HOBOE TEpMOIMHAMHYEcKoe cocTtosiHue. Ilepexom ot omHOrO
COCTOSIHUSL B JIpyro€ HOCHT CIIOKHBIM pelakCallMOHHBIH XapakTep, 3aBUCSAIIMNA OT MHOI'MX
apaMeTpoB, KOTOPHIE OTPAXKAIOT 0COOEHHOCTH MPOIECCOB B I'€OJIOTHUECKUX Cpeax.

Kak wu3BecTHO, reoskosoruueckue (akToppl — 3TO DJIEMEHTHl OKpYyXarolleil cpeasbl,
CBSI3aHHBIE C TEOJIOTHYECKUMH, THIPOJOTHYECKUMH, aTMOCPEPHBIMH ¥  OHMOTHYECKUMHU
nporeccaMu, KOTOpPbIE MOTYT B CBOIO OY€pE/Ib OKa3aTh BIMSHUE HA IKOCUCTEMBI.

Bo-miepBrIX, eeonocuueckue gaxkmopwvi, Takue, Kak, HAIPUMEpP COCTOSHHE M CTPOCHHE TPYHTOB U
nopol. B Hacrosmell paboTe paccMaTpUBAIOTCS TakHe MapaMeTpbl 3Toro ¢akropa, Kak
IMRJICKTPUYECcKasi MPOHUIIAEMOCTh U TIPOBOIUMOCTH TOPHBIX TIOpo. Kpome Toro, 3T0 MOXET OBITH,
Hampumep, penbed MECTHOCTH, XapaKTepH3YIOLIUICS TakuM I[apamMeTpoM, Kak BBICOTa Haj
YpOBHEM MOpSI B ITyHKTaX U3y4aeMON MECTHOCTH.

Bo-BTOpBIX, ecudponocuveckue pakmopwvi, HaIpUMep, YpPOBEHb U COCTaB TIPYHTOBBIX U
MTOBEPXHOCTHBIX BOJI, YTO BIIHMSET HA IOCTYITHOCTb BOJHBIX PECYPCOB WIIH YCIOBHUS CTPOUTEIHCTBA.
OTOoT (akTOp MOXKET XapaKTEepU30BaThCS TAKMMM TapaMeTpaMH, Kak IIyOuWHa 3aieranus
TPYHTOBBIX BOJI, YPOBEHB BOJIBI B BOJJOEME HITH BIIAYKHOCTH MTOYBBI.

B-tpetbux, ammocgepuvie pakmopul, Takue, Kak, HaIpUMep 3arpsi3HEHUE BO3/yXa, YTO BIHIET Ha
3I0pOBbE JIIOJIEH, KayecTBO IIOYBBI, COCTOSIHHE pPACTUTENBHOCTH. OTOT (HAKTOp MOXKET
XapaKTepU30BaThCs TaKUM MapaMeTpoM, KaK MHJEKC KauecTBa BO3/AyXa HJIM KOJMUYECTBO YACTHIL
BT B OMHOM KyOMuUeckoM MeTpe Bozmyxa. Croma ke MOXKHO OTHECTH W TIOTOJHBIE YCJIOBHS,
HampuMmep, TyMaH, XapaKTepU3YIOUIMHCS NalbHOCTBIO BUIAMMOCTH, KOTOpas paccMaTpuBaeTcs B
HaCTOSIICH padoTe.

B-uerBepThIX, Ouonocuueckue pakmopwi, Takue, Kak, Hampumep osnuaemus COVID-19,
XapaKTePU3YIOMIASCS YUCIIOM 3a00JIEBIIMX M BHI3JOPOBEBIINX YEIOBEK 32 KAKOW-TO OMPEIEICHHBIN
IPOMEXYTOK BpeMeHu. Mnu, Hampumep, OMOpa3sHOOOpa3ue, XapaKTepU3yIOIIeecs: KOJIUYEeCTBOM
BUJIOB, OOMTAIONINX Ha ONPEACTICHHON TePPUTOPHH, ONIPEIEIISIONIEe YCTOMUYNBOCTh U BO3MOKHOCTH
BOCCTAQHOBJICHHSI YKOCHCTEMBI.
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B-nateix, ammponozennvie gakmopul. IlpumepoM aHTPONOreHHOro (akTopa MOMKET CIIy>KUTb
pa3BuTHE MH(PACTPYKTyphl — OPOT, 3[JaHUN, THIPOTEXHUUECKUX COOPYXKEHUN U AJIEKTPHUUECKUX
cereil. OHU MOTYT XapaKTepU30BaThCs PA3IMYHBIMU [TapaMeTpamu. B citydae asekTpudeckux cerei
3TO MOXET ObITh, HAIIPUMEP, HAIPSYKEHHOCTh MAarHUTHOT'O TOJIsI BOJIM3H JIMHUY 3JIEKTpOINIepeayH.
Haxonen, Hemb3s yIycKaTh U3 BUJA Kocmono2uieckue ¢pakmopel. Takue, Kak, HallpuMep, BCIIBIIIKH
Ha CosHue. Kak mpaBwilo, OHM OKAa3bpIBaIOT OIIOCPENOBAHHOE BIIMSHUE, IOTOKH 3apsKEHHBIX
yacTul, ucrmyckaeMblx CoOJIHLIEM, B3aUMOJICHCTBYIOT C MAarHUTHBIM IOJEM 3€MJIM M BbBI3BIBAIOT
MarHuTHbIE OypH, KOTOpbIE XapaKTEePU3YIOTCS TaKUM IapaMmeTpoM, kKak K-mHpekc reoMarHuTHOH
aKTUBHOCTH, KOTOPBII pacCMaTpUBAaETCs B HACTOSIIEH paboTe.

OTH (QaKTOpbl MOTYT B3aMMOJEHCTBOBAaTH M OOYCIIOBIUBATh CJIOXHbBIE I'€OIKOJOTHYECKUE
MPOIIECCHI, TPEOYIOUIHE TIIATEILHOTO U3YUYEeHHUS U yueTa NpH IIaHupoBanuu. Hanpumep, ycuinenue
akTuBHOCTH COJHIIA, BBI3BIBAET U3MEHEHHUE KJIMMaTa, YTO MIPUBOAUT K MUTPALUU JKUBOTHBIX C UX
MPUBBIYHBIX MecT oOuTaHus. JXKMBOTHBIC, SIBISIOUIMECS MEPEHOCYHMKAMH MHOTHX 3a00JICBaHMHU,
BCTpEYasACh HAa HOBBIX MecTaX OOUTAHUSA C JIIOJBMH, MOTYT CTaThb WHHUIMATOpaMM >MHUIEMHU
300HO3HBIX OoJIe3HeH. Bo3HMKarommee mpu 3TOM B3aUMOJICHCTBHE IPUPOAHO-TEXHUYECKON CHCTEMBI
C BHEUIHMMU CPEAaMU MOXHO MHTEPIPETUPOBATH C TOMOILBIO PHC. 2.
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Pucynok 2 — Cxema BO3/1eHCTBHSI BHEITHUX (PAKTOPOB HA MPUPOTHO-TEXHUUECKYIO CHCTEMY

KayecTBeHHast M KOJMYECTBEHHAs OIIEHKa MAaclITa0OB HEraTHBHBIX MPOIIECCOB, KOTOpBIE
MOTYT BO3HHUKHYTh B TeodKochepe B pe3yJbTaTe XO3SHCTBEHHOW JEATEIbHOCTH, U «HUX
OTPULIATENIBHBIX TOCJIEACTBUN MO3BOJAT BBUICIUTH TIJIaBHbIE W HauOoJiee ONAacHble THIIBI,
pacrnpocTpaHEeHHble Ha KOHKPETHOM ypOaHM3MpOBaHHOW TeppuTopuu. Ha ocHOBE TakMX JAaHHBIX
MOXKHO Oy/eT OmnpeAensiTh OCHOBHBbIE HAIPaBICHHUS NPUPOAO3AIIUTHBIX MEpPONPUATHH, Kak
CpEICTBa PEryJMpOBaHUS H3MEHEHUN TI€0JIOTMYECKON Cpelbl M MNpelOoTBpAllleHUs COLMAIBHO-
HKOHOMHUECKOT0 yliep6a Mpu KaTacTpoPUUECKUX SIBICHUSIX, TAKUX KaK 3€MIICTPSCEHHsI, ONOJI3HH,
00BaJIbI, CEJIN, CHEIKHBIC JIABUHBI, MIOITOIUICHHE U PYTHE BUABI [4].

[lon ceoaxonocuveckum monumopunzom IOHUMAETCS cCCTeMaThyeckoe HaOIro1eHue, OlleHKa
U MPOTHO3HPOBAHUE COCTOSIHUSI T€03KOJIOTUYECKON Cpeibl U MPOLECCOB, MPOUCXOIALINX B HEMH, ¢
LENbI0 NPEJOTBPALICHUsS] BO3MOYKHOTO HETATUBHOTO BO3JEHUCTBUS XO3SUCTBEHHOW WU Jpyrom
NESITENbHOCTH 4YEJIOBEKa Ha MPHPOLYy U OOECledyeHUs 53KOJIOrMYecKod Oe30macHOCTH. ITO
KOMIUIEKCHasl JMCLUMIUIMNHA, KOTOpas BKJIIOYaeT B ceOs M3y4eHHE M aHaJIU3 COCTOSHHS II0YB,
IPYHTOB, MOJ3EMHBIX U TOBEPXHOCTHBIX BOJ, arMocdepbl, Ouocdepbl U JIPYyrux KOMIOHEHTOB
r€0dKOJIOTHUEeCcKol cpenbl. Pa3zpaboTka METOI0B MOHUTOPUHIA B HUKETEPEUHCICHHBIX 00JIACTIX
HampaBlieHa Ha MOBbIIeHHE 3((HEKTUBHOCTH HAOIIOJEHHS 32 COCTOSIHUEM OKpY Karollel cpelbl U
obecriedeHrne CBOEBPEMEHHOT0 PearupoBaHus Ha MOTEHIAJIbHBIE YTPO3bI.
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[TosTOMYy THaBHBIMH LEISMHU «T€03KOJIOTMYECKOTO0 MOHHTOPUHTA SIBIISIOTCS: 60-NEPBblX,
MoJTydeHue, XpaHeHne W oOpaboTka WHGOpPMAIMM O COBPEMEHHOM COCTOSIHUM, CBOWCTBaX H
CTPYKTYpE TEOJOrM4ecKoil cpenbl» [8], a Takke O «TUNAaX U MHTCHCHBHOCTU €€ W3MCHCHUIA,
BBI3BAaHHBIX B IIEPBYI0 OYepeab IMPOIECCaMU TEXHOTCHE3a, 60-6MOpPbIX, HCIIOIb30BaHHE
MOJyYeHHON WH(OpPMAaUMK JUIsl BBIACHEHUS NPUYMH aKTHBH3AIMUA TMPUPOJHO-TEXHOTEHHBIX
MPOIIECCOB M COCTABIICHHS MPOTHO30B MX PA3BUTHS; G-mpembux, oOecliedeHne MHpopManuei o
reoJioruyeckoii  cpenme» [8] peasm3yeMblX MEpONPHUSATHH MO OXpaHe, pPalUOHAILHOMY
WCTIOJIB30BAHUIO M YIIPABJICHUIO IPUPOIHON CPEION.

['€03KOJIOrMYECKUT MOHUTOPUHT TPOBOAMTCS HAa PA3IMYHBIX YPOBHSAX: OT MECTHOTO
(HarpuMep, MOHUTOPHUHT COCTOSIHUSI OTJEIILHOTO BOJOEMA WIJIM YYacTKa IOYBHI) JIO TJI0O0AIBHOTO
(HabmrofieHNe 3a M3MEHEHHMSIMHM KJIMMaTa, W3ydeHHe TJI00aIbHOTO 3arpsi3HEHHs OKpPYXKarolei
cpenbl). s mpoBeleHWST MOHHTOPUHTA WCIIOJIB3YIOTCS Pa3IMYHbIE METOABl M TEXHOJIOTHH,
BKJIIOYast Ha3eMHbIe HAOJI0IeHus, 1a00paTOpPHbIE aHATHM3bI, TUCTAHIIMOHHOE 30HIUPOBAHNE 3EMITU
Y MOJCTHPOBAHKE IKOJOTHUECKUX TPOIIECCOB.

M3BeCTHO, 4TO MPEIMETOM HCCIEIOBAaHMNA SKOJIOTMYECKUX HAyK O 3emiie U TPEexkJe BCEro
TCOOKOJIOTHH CIIy)KaT 3aKOHOMEpHBIE HM3MEHEHHS B OKpYXKAIOUIeH cpeie, MPOUCXOMISIIUE IO
BIIMSTHUEM €CTECTBEHHO-HCTOPUYECKUX M TEXHOTEHHBIX MPOIECCOB, HA3BIBAEMBIX TEXHOTEHE30M U
MPEJCTABISAIONIMX COOOH HOBBIC TI'€OJIOTHUECKUE TIPOIIECCh, HETMOCPEIACTBEHHO CBS3aHHBIC C
XO3AWCTBEHHON JEATENbHOCTBIO 4eloBeKa. [IpuHIuMnmuambHas MOAETbh CTPYKTYPHI T'€03KOJIOTHU
npeacraBiena Ha puc. 3[9, 10, 11]. HekoTopble u3 yKa3aHHbIX cdep ObUIH PACCMOTPCHBI
noApoOHee paHee B IPYrux padoTax:

1. B obracmu Ounamuxu 2eonocudeckoll cpedbl WCCICIOBAHHE TUAJICKTPHUYCCKOM
MIPOHHUIIAEMOCTH ¥ TIPOBOAMMOCTH IPYHTOB IIOMOTAET MPOTHO3UPOBATH TOPHBIE 0OBAJIBI U OTIOJI3HH.
V3MeHeHHs B ATHX MapaMeTpax MOTYT yKa3bIBaTh Ha HACBHIIICHUE TPYHTOB BOJIOH, YTO SIBJISETCS
OJHUM W3 TPEABECTHUKOB OIOJI3HEBBIX NpoIleccoB. Pa3paboTka TOYHBIX M UYyBCTBHUTEIBHBIX
METOZIOB M3MEPCHHSI 3THUX CBOWCTB TI0O3BOJISICT OIICHUTh CTENEHb PHUCKA M TPEANPHHATH
HEOOXOJMMbIE MEpbl Ui mpenoTBpaiieHust katactpod. Ilpemnoxkenusiii B padore[12] meron
ONITUMH3AIMHA KOHCTPYKTUBHBIX MapaMETPOB MOBBIIIAET CKOPOCTh pa3pabOTKH MUKPOIOJIOCKOBBIX
AHTEHH, TIO3BOJISISI TIPH ATOM YJIYYIIUTh TaKHE XapaKTEPUCTHKH, KaK YCHIICHHE, HAlPaBJICHHOCTb,
KO3 PHUIIHEHTOOPATHBIX MTOTEPD.

2. B obnacmu npoussoocmeennoll 2e0dKkonocuu COBPEMEHHBIE METOABl MOHHTOpPWHTA
HanpaBjeHbl Ha OOHapy)KEHUE HEHMCIIPABHOCTEH B CHUJIOBBIX AJIEKTPUUYECKHX JMHHUAX, TAaKUX Kak
YaCTUYHBIC pa3psi/ibl, KOTOPhIE MOTYT TPUBECTH K OTKa3zy OOOPYIOBaHUS W IPEPBIBAHUIO
asieKTpocHaOxeHus. Vcnoap3oBaHUE TUCTAHIIMOHHBIX M aBTOMATHU3MPOBAHHBIX cHUCTeM cOopa U
aHaJM3a JIaHHBIX TI03BOJISIET ONEPATUBHO BBISBIATH U YCTPAHATH MPOOJIEMBI, TIOBBIIIAs HAIE)KHOCTD
u 3((EeKTUBHOCTh 3KCIUTyaTallud »>HEPrOCUCTEMBbI, B TOM UYHCIE 3a CYET BO3MOXKHOCTHU
MOHUTOPUHTA COCTOSIHUSI MHIYKTHBHBIX NaT9ukoB[13].

3. B obnacmu Ounamuxku 6030yWIHOU Cpedbl MOHUTOPUHT COCTOSHHUS BO3/yXa, BKJIIOYas
JIaTbHOCTh BUIAMMOCTH, WMeeT OOJIbIIOe 3HAYEeHWE Il OICHKH M TPOTHO3HPOBAHUS COCTOSHHS
3/I0pOBbsI HaceleHuss U 0e30MacHOCTH MoJieToB. PazpaboTka meperoBbIX METOA0B M3MEPEHUs U
aHajuM3a JAaHHBIX O COCTOSHHHM BO3[yXa CIIOCOOCTBYET CBOEBPEMEHHOMY TPHHITHIO MEp TI0
OpraHu3alM XO3SIMCTBEHHOM JEATENIbHOCTH M YIYYLIEHHIO SKOJIOTMYECKOM cuTyauuu. 37ech
3pGEKTUBHOCTh JTOCTUTAETCS 33 CYET TMPEAJIOKCHHBIX AapXHUTEKTyp HEHPOHHBIX CETEeH,
obecnieunBaronx 0oJee BBICOKYIO TOYHOCTh POTHO3a HIIM CKOPOCTh padoThI [14].

4. B obracmu meduyunckou eeoskonoeuu ¢ ycimoBusx smuaemun COVID-19 u gpyrumx
pecrupaTopHbIX 3a00JeBaHUM, TaKMX Kak IHEBMOHHUS U TyOepkyie3, pa3padoTka METOIOB
MOHHTOpPUHTA 3a00JIE€BaHUN JIETKUX TPHOOpETaeT OcoOyI aKTyaldbHOCTh. llcmonb3oBaHHe
TEXHOJIOTUH TUCTAaHIIMOHHOTO MOHHUTOPUHTA, MOOMJIBHBIX MPUIIOKEHUN JUIsI CAMOJMArHOCTHKU U
MCKYCCTBEHHOTO HWHTEJUIEKTa JJIsi 00paOOTKM PEHTT€HOBCKHX CHHMKOB ITO3BOJISIET ONEPATHBHO
BBISIBIISATh CIIy4au 3a00JieBaHMM, KOHTPOJIUPOBATh MX paclpocTpaHeHue U Oonee 3((HEeKTUBHO
OpraHM30BBIBATh MEIUIIMHCKYIO ToMoIb [15].
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4. B obnacmu Kocmuueckoll 2e03Ko102uy pa3padoTka METOA0B ONPEAEIEHUS] T€OMarHUTHON
aKTUBHOCTH, H3y4eHHe €€ BIMAHUSA HAa (YHKIMOHMPOBAHHWE TEXHHUYECKHMX CHCTEM M CBS3H
CTaHOBSITCS Ba)XHOH 3ajmaueil st obecnieueHust 0€30MacHOCTH U HAa/IeKHOCTU (PYHKIIMOHUPOBAHUS
KOCMMYECKMX W Ha3eMHbBIX TEXHOJOTMYECKUX CUCTeM. ['€OMarHUTHble OypH MOTYT CEpPbE3HO
IOBJIMATH Ha pabOTy CIIyTHHUKOB, HABUT'AIIMOHHBIE CUCTEMBI U JIaXK€ Ha 370poBbe Jroaeh. [loaTomy
pa3paboTka PPEKTUBHBIX METOAOB MOHUTOPHHIAa F€OMarHUTHOW aKTHUBHOCTH HMeEET OOJbILIOe
3HaueHue [16].

O6masg I'mo6Ganbuas PeruonanbHas
Ie0IKOJIOrHs T€0IKOJIOTHS re0dKOIOTHA
Junamuueckas [e0dKOIOr NS [Mpuknannas
re0IKOIOrus reOKONIOT U
JluHaMHKa
. Hanpapnsemas
BO3IYIITHOM
r¢O0dKOJI0oTrus
cpessl
[IpousBoacTBeHHAs
TluHaMuKa / reOKOJIOTUsl
reoTeXHOMOP(ho ['eonornueckue
JIOTHYECKH MpOIECCHI
cpelsl MenpunuHcKas
reOd3KOJIOTrus
HHAMHK
Arnamuka . Boennas
Ir¢OJIOTHYCCKOH Fe0dKOJIOr s
cpensl
TlonutHueckas
Te0IKOIOTHSA
JnHaMuka
reou3ngecKOt
cpensl
pel Kocmuueckas
re0’IKOJIOrHs
JduHamuka
reOXMMHUYECKOH  § Hcropuyeckas
Cpeﬂbl r¢0d3K0JI0TrHs

PucyHok 3 — Biiok-cxemMa CTpyKTypbl T€03K0JI0TUN

«CYHIGCTBYIOH_[ee COCTOSITHUEC KOHTPOJII B CHCTEMC TI'COOKOJIOTHMYECKOI0O MOHUTOPHUHIA
npeamnojaaracTt HCO6XO,Z[I/IMOCTL €ro COBCPHICHCTBOBAHUA. OcHoBHOE HaIlpaBJICHHUC PCIICHUA 3TOM
HpO6HeMH — CO3JaHHUC AaBTOMATHU3UPOBAHHBIX CHUCTEM KOHTPOJIA, MOHHUTOpPUHIA W YIPABJICHUA
Kau€CTBOM OKp}/)KaIOIJ_[eI\/'I Cpcabl Ha OCHOBE COBPEMCHHBIX JOCTHKEHHI HAayYKU U TCXHUKU» [7]
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JUis  yCHemHOro pemeHusl CYIIECTBYIOUIMX T'€03KOJIOTMYEeCKHX mpobiem Tpebyercs

pa3paboTKa COOTBETCTBYIONIETO KOMIUIEKCA COBPEMEHHBIX MOJCHUCTEM HHU(PPOBOr0 MPHOOPHOTO
o0ecrieyeHrsi, OPHEHTUPOBAHHOTO HA MPOBEACHUE HCCICIOBAHUNA B CIEAYIOMIMX O0JIACTIX
T€09KOJIOTHH:
1 - »5KolOrM4yeckoe COCTOSHHE, YCTOWYMBOCTh M JaHAMAPTHOE pa3sHOOOpasue MPUPOAHBIX U
MIPUPOIHO-AHTPOIIOICHHBIX T€0CHCTEeM; 2 — 3arpsA3HEHHE U JIerpajalus NPUPOAHBIX, MTPUPOIHO-
AHTPOMOTEHHBIX T'€OCUCTEM, MYTH M METOIbl UX ONTHUMH3ALUH; 3 — T'€03KOJIOTUYECKUE ACIIEKThI
palMOHAJIBHOIO  HCIOJIb30BaHUS HIPUPOJIHBIX PECYpcoB; 4 — re€03KOJIOTMYECKHE  aCHEeKThbl
MEAUIIMHCKON reorpaduu U SKOJIOTHH YEeJIOBEKa; 5 — cucTeMa OpraHu3aliu, MIPUHIUIIBI X METOIbI
MOHHUTOPHHIA OKPYXaloliel cpeabl; 6 — reodKoJorusi TOPOJICKON Cpeabl, YpOaHU3UPOBAHHBIX U
PEKpeaMOHHBIX JaHAMAPTOB; 7 — CTUXUITHBIC TPUPOAHBIC SBJICHUS, YPE3BbIYAHbIC TEXHOTCHHbIE
CUTyallud U HUX TEOdKOJOTHMYECKHE MOCIEICTBUS; 8 — MPUPOIHBIE U MPUPOJHO-aHTPOINOTECHHBIE
I€0CUCTEMBI Pa3IM4YHOTO UEPAPXUUYECKOTO YpPOBHs KaK cpenooOpasyromue u
pecypcoBOCIpor3BoOIsAIre cuctemsl [17, 19].

[Tpu 3TOM 1LIENB T'€0AKOJIOTMYECKOTO MOHUTOPUHIA OIPENEISIETCS CBEIEHUEM K MUHUMYMY
HEraTUBHBIX MOCIEACTBHI Pa3sHOOOPA3HOM SKCILUTyaTalldd MPHUPOABI YEIOBEYECKUM OOIIECTBOM U
UMeEeT Ba)KHEHIIee 3Hau€Hue MJs CO3/IaHus MOJIENM YCTOWYMBOIO COLHAIbHO-?PKOHOMUYECKOTO
pa3BUTHUA TOCYIapPCTBA.

«OgHaKo  pa3BUTHE  OKCHEPUMEHTAIbHOM  Treo)U3MKH  HEpa3phlBHO  CBSI3aHO  C
COBEpIICHCTBOBAHHWEM  CYIIECTBYIOLIETO U CO3/JaHHEM HOBOTO MPHOOPHO-METOIUYECKOTO
oOecriedeHrs1 B TEPBYIO oyepenb sl paboT B «IOJie», Ha WHKEHEPHBIX COOPYKECHUSX U B
TPYJIHOJIOCTYITHBIX MECTaX.

OTO CTaBUT HOBBIE TEXHWYECKHE TPEOOBAaHUS K CHCTEME TeO(pH3NYECKOTO MOHHTOPWHTA,
pazpaboTke KoMmIiekca (yHIAMEHTANbHBIX W MPUKIAAHBIX  MpodieMm, Moaudukanuu
CYILECTBYIOIIUX aNMapaTHbIX cpeacTBy [4].

Jlns Ooyiee TONHOTO ONMCAHUSA TPOILIECCOB B TEOJOTHYECKHX Cpelax Heo0xoauma
olepaTUBHAs M JOCTOBEpHAash MHGPOpMANUs O CTPYKTYpEe U COCTOSIHUM T€OJIOTUYECKOH Cpeisbl,
KOTOpYI0, KaK MoKa3aja MpaKTHKa, MOXKHO MOJYyYUTh METOJaMU MaJIOTITyOMHHBIX HCCIIEOBAHUIA,
OCHAIICHHBIX HOBBIMH IH(PPOBBIMH H3MEPUTEIBHBIMU  CPEJCTBAMH ¥  BBIYUCIUTEIHHBIMU
TexHoJorusamu [4, 5].

Ha puc. 4 npexacrasinena o600mieHHas OJ0K-CXeMa CUCTEMbl MOHUTOPUHIA T'€0JIOIMYECKON
cpeabl, Ha KOTOpPOW MOKa3aH BeCh KpPYyT 3ajay, TPeOyIOIMH COOTBETCTBYIOIIETO pEILICHUs s
peanuzanuu 3PGEKTUBHBIX MAIOTIYOMHHBIX HCCIIeOBaHUN: 1 — pa3paboTKa JaTYMKOB Ha HOBBIX
bu3MyYecKUX MPUHIMNAX; 2 — BOMPOCHl MEepBUYHON (0OHapyxkeHHe, (GUIbTpalus, yCUTICHHE) U
BTOpUYHON (ompeneneHne (as3pl, aMIUIMTYbI, YacTOTbl) OOpabOTKM CHUTrHalla, CBA3aHHBIE C
pa3paboTKOil ammapaTHON KOMIIOHEHTHI HM3MEpPUTENbHBIX KaHalloB; 3 — mepBUYHAs 00paboTka
JAHHBIX ¥ UIEHTU(UKALNS TapaMeTPOB reo(rU3NUecKoro mpoiecca, Ipeanoaraioiux pa3padoTky
COOTBETCTBYIOILIUX AJTOPUTMOB 00pabOTKU U CIIEIUATU3UPOBAHHOIO IPOrPaMMHOT0 00ecreueHHsI
[20].

B mocneaHue HECKONBKO JIeT, Kak B NMpo(decCHOHANbHOM NTuTepaType, Tak U B CpeICTBax
MaccoBOW HH(pOpMaLMK, TOCTOSHHO NOSIBIsiETCd HHGOpMalusg O TMOCIEIHUX JOCTHKEHUSX U
yIy4IIEHUSIX, KOTOPbIE CHUCTeMbI HCKyccTBeHHOro wuHTteiuiekta (CHUUW) mpuBHecnu B MIMPOKHIA
CHEeKTp obJyiacTeil — OT TEXHUYECKHX M €CTECTBEHHBIX HAayK 1O JIMHTBHUCTUKM M MHOTHX APYTHUX
obnacreir. MW sBnseTcs OAHOW W3 KIIOYEBBIX TEXHOJIOTHH, OOECTEUMBAIONINX YETBEPTYIO
MPOMBIIIJICHHYIO PEBOJIOLHUIO, HACTYIUIEHHE KOTOpPOM Mbl HaOJIOJaeM B HAcCTOAIEe BpeMs.
[Tpumenenne U yxe MeHSET HAIl MUP U BIUSET HAa BCE aCHEKTHI XKHU3HU OOIECTBA, SKOHOMUKY U
TEXHUYECKUH mporpecc B 1enoM. OO0nacTh MOHUTOPUHTA M H3MEPUTEIbHBIX IPOILECCOB — HE
UCKJIIOUEHHE, U HAa HUX YXK€E TaKKe NOBIUsII0 npumenenne C1UU.

Ocob0eHHOCTH HHTECNJIECKTYAJNBbHOI0 aHaJJdu3a JaHHBIX T€0IKOJOIrHYeCKoOro
MOHUTOpPpHUHTIA
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Takum 0Opa3oM, cucTeMbl MOHUTOPHHTA MPEJCTABISAIOT COOON KOMITJIEKCHbIE HHCTPYMEHTHI
JUIs HaOJIIOJIEHHUs, OLIEHKH U ydeTa M3MEHEHHUIl B OKpy’Kalolllel cpelie Ha OCHOBE Pa3HOro poja
naHHbIX. OHM CilyKaT HECKOJIBKMM BaXKHBIM LIEJIIM. MOHUTOPUHT COCTOSIHMSI OKPY KaroIled cpeibl
MO3BOJISIET  OTCJIKUBATH KayecTBO BOJbI, IMOYBBI, BO3AyXa, (Quopy, ¢ayHy u Apyrue
IE0IKOJIOTMUECKHUE  II0Ka3aTead Ha  ompeieneHHol  teppuropuu. IIporHosupoBanue u
MPEAYNPERKACHUE MOTEHIUAIBHBIX HETaTUBHBIX SKOJOTMUECKHUX SIBJIICHUM, TAKUX KaK 3arps3HEHUE,
9po3Usl MOYBBI, NOTEps OMOpa3sHOOOpa3usi U W3MEHEHHME KIIMMaTa, SIBISIOTCS OCHOBHOM IIEJIBIO
I€03KOJIOTUYECKOTO MOHUTOPUHIA. A TakXKe LEISIMHU SBIIIOTCA MOJAECPKKA NPUHATUS pPELICHUI
MyTeM MPEAOCTABICHHS LIEHHONH MH(POPMALIUH JIJIsl TOCYIaPCTBEHHBIX OPTaHOB, HCCIEI0BATEIbCKUX
YUpEeXJIEHUN U OpraHu3auui, paboTarommx B 007acTU 3KOJOTHHU U MPHUPOAOIONIb30BaHUA. Takue
CHCTEMBl IOMOTAIOT KOHTPOJUPOBATh COOJIOJEHUE DSKOJOTMYECKHX CTaHJApTOB M HOPM,
YCTaHOBJIEHHBIX 3aKOHOIaTEIbCTBOM.

Texnorenunas
HACPY3Ka

&+ 4 34 3
I'conornyeckan cpcaa

[Tpuemubie yeTpoiicTBa (1aTHHER)
Ll 1 1 l !
~ N | /S s
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l

Bropnunaa obpaboTka
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Pucynok 4 — Cucrema MOHUTOPHHTA T€0JIOTMUYECKOM cpebl
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MOHUTOPHHT MMO3BOJISICT OLICHUTH BIMSHHUE YEIOBEYECKOH NEesITEIBbHOCTH Ha OKPY>KAIOLIYIO
cpely, HampuMmep, MOCIEACTBUS MPOMBIIUICHHON JesTeNbHOCTH, CEIBCKOrO XO3SHCTBA WIIU
ypbann3zauuu. Kpome TOro, CMCTeMbl MOTYT HCIIOJIB30BaThbCc B OOpA30BATENbHBIX M HAYYHBIX
LeJsiX, oMoras Jy4lle MOHUMaTh U riy0xe U3ydaTh reodKoIornueckue npoieccol. Mudopmanus,
MOJIyYeHHAsi B pe3yJIbTaTeé MOHMTOPUHIA, MOXET CIYXHTb OCHOBOW Ui pa3paOOTKH CTpaTerui
YOpaBlIeHUS TMPUPOIAHBIMU pecypcamH, HaIpuMep, YNpaBieHHs BOAHBIMH pECypcamMH WIH
pecypcamu  Heap. B ycnoBusX MaHAEMHH CHUCTEMbl MOHHUTOPHHIAa MOTYT IIOMOTaTh B
(GbopMUPOBaHUM AJANTHUBHBIX MEP U CTpATErWid AJIA CMSTYEHUS OTPHUIATEIbHBIX MOCienCTBUA. B
[IEJIOM CHCTEMBI TE0IKOJIOIMYECKOI0 MOHHTOPHUHIA HIPalOT KIIOYEBYIO pPOJb B YIPABICHUU
pecypcamu OKpysKarollei cpeoii, odbecrieyrBasi HaydHO 0OOCHOBaHHBINA MOJXOJ K COXPAHEHHIO U
YIIy4YIICHUIO Ka4eCcTBa HAICH cpebl OOMTaHUs U 00ECIICUeHHs €€ YCTOWYMBOTO Pa3BUTHS.

[Ipumenenue nckyccreHHoro uHreiiekra (M) u mammunoro odydenus (MO) B cuctemax
MOHHUTOPHHTA IMO3BOJIUT 00pabaThIBaTh OOIBININE O0BEMBI JAHHBIX 3HAYUTEIHLHO OBICTpEE, YEM ITO
BO3MO>XHO BPYYHYIO WJIM C UCIIOJIb30BAHHEM TPAJUIIMOHHBIX METOJ0B 00paboTku AaHHbIX. Kpome
toro, MO MOXeT OMOYb MOBBICUTH CKOPOCTh cOOpa M YJIYYLIUTh aHAJIU3 JAHHBIX, YTO 0COOEHHO
BAXXHO ISl CHUCTEM TIE€03KOJIOTHUYECKOT0 MOHUTOPHUHTA, TAE OIMNEPaTUBHOCTh M3MEPEHUNH MOXKET
CYIIECTBEHHO BIJIMSATH HA MPUHUMAaEeMble Ha OCHOBE IMOJyYeHHBIX JaHHBIX pemenus. U cnocoben
o0y4JaThCsi HA OCHOBE MPOIUIBIX JaHHBIX M MPEACKa3bIBaTh OYIylIMe TPEHIbl WIM SBICHUS, YTO
MOXET OBITh KpaiiHe IOJIE3HO JJIsi NMPOTHO3HUPOBAHMS HETATUBHBIX COOBITUH W TUIAHUPOBAHHUS
COOTBETCTBYIOILIMX Me€p MpeAylpeauTeNnbHoro xapaktepa. OH cmoco0eH aganTHpOBaThCS K
M3MEHSIOMIMMCSL yCIIOBHSIM, YTO BaXXHO IS T'€0’KOJOTHYECKOTO MOHHUTOPHHTA, YUWUTHIBas
JUHAMHYHOCTh M CJIOXHOCTh T'€09KOJOTMYECKOW Cpelbl, TaK KaK MOXeT O0ecreduTh OOJBIIYIO
YCTOMYMBOCTh K OIIMOKAM BO BXOJHBIX JAaHHBIX, MOCKOJIBKY MOXET 00y4arbCs Ha OIMMOKAX U
yJIydinaTh CBOM pe3ynbTarbl. Hakonen, MW MoxkeT moMorats B MPUHSATUU PEUICHUH, PEAOCTaBIssA
AQHAJTUTHYECKHE WHCTPYMEHTHI W  MOJEIH, KOTOpbIE TIOMOTAIOT YIyYIIUTh I[TOHHMaHHUE
r€09KOJIOTHYECKHX MPOIIECCOB M BO3ACHCTBUI HAa HUX CO CTOPOHBI YenoBeka [20].

PazpabaTpiBaeMasi MHTEIJICKTYaJIbHAsI CHCTEMa T'€09KOJIOTMYECKOTO MOHUTOPHHTA OJDKHA
TaKUM 00pa3oM SIBISATHCS KOMILIEKCOM TEXHOJIOTHIA U MPOIECCOB, KOTophIe ucnonb3ytor U, MO u
OoubIIMe TaHHBIC JJIS1 OLICHKHU, aHAJIN3a U TPOTHO3UPOBAHUS COCTOSHHS T€0IKOIOTUIECKON CPEeIbl.
Omna Oyzer urpaTh BaXXHYIO pOjib B IOHUMAaHUU U MPOTHO3UPOBAHUH T'€0JIOTHYECKUX MPOIIECCOB, a
TaKXXe B YIPABJICHUH PECYpPCaMH U OXPaHEe OKPYIKAIOIICH CPe/Ibl.

Jlnis Havana pacCMOTPUM HEKOTOpPble OCHOBHBIE KOMIOHEHTBI TPAJUIIMOHHON CHCTEMBI
MOHHTOPHUHTA T€0JIOTUIECKOH cpeapl. 'eonormueckas cpeia sBISETCS YaCThIO T€0IKOJIOTHUECKON
Cpeabl, TOTOMY MHpPOOJIEMBbl I'€0JOrMYECKOI0 MOHUTOPHUHIA MOTYT OBITh B HEKOTOPOM CTEMEeHU
pacmpeHsl M Ha o0jacTh reoskoniorud. Ha puc.4 mpencraBineHa o0oOmieHHas OJIOK-cxema
CHCTEMBbI, Ha KOTOPOM MOKa3aH BeCh KPYT 3a/ay, TPeOYIOMMUNA COOTBETCTBYIOLIETO PELICHUsS s
peanmzanuu 3ddexTuBHON paboTel: 1 — pa3zpaboTka AATYUKOB; 2 — BOINPOCHI NEPBUYHOM
(o6HapyxeHue, GuIbTpalus, yCUJIeHne) 1 BTOpUUHON (onpesaeneHne (asbl, aMIIUTYAbl, YaCTOTHI)
00pabOTKM CHTHaJa, CBS3aHHBIE C pa3pabOTKOW ammapaTHOH KOMIIOHEHTHI HW3MEPUTEIbHBIX
KaHaloB; 3 — mepBUYHas oOpabOTKa JAHHBIX M HACHTU(HKAIMS MapaMeTpoB reo(U3NYECKOro
mporecca, MPeanoyiaraloiux —pa3paboTKy COOTBETCTBYIONIMX —aITOPUTMOB  00pabOTKH U
CMEeLUAIM3UPOBAHHOTO POrpaMMHOro odecrieueHus [1].

Llenv co3z0anusi unmennekmyanrbHol cucmemsvl MOHUMOPUHA 2€03KOJI02UYECKOU Cpedbl —
o0ecreynTh HeNpepblBHOE W TOYHOE HAOJIOAEHUE 3a T€03KOJOIMYECKMMM MpOIeCCaMM, a TaKxkKe
MPEJCTaBUTh WHPOPMANUIO U TIPHHSATHS PEIICHWH W TUTAHUPOBAHHS NIEHCTBHHA JUIS OXpaHbI
OKpY’Kalollel cpelbl M YHpaBieHUs NPHPOJHBIMU PECypcaMM 3a CUET KOMIUIEKCHOTO DPEeLICHHUs
BBIIIIETIEPEUNCIIEHHBIX MTpobsieM ¢ mpuMmenenuem MU u MO.

OcHOBHO 3aMbIceN pa3padOTaHHON KOHLENINU Il MHTEJUIEKTYaJIbHOM CUCTEMbI HallpaBlieH
Ha YCOBEPIICHCTBOBAaHME METOJOB HAONIOACHUS W W3YYCHHS COCTOSHUS TEOIKOJIOTHH. ITO
JocTHraercs 3a cdyer uHrerpanuu texHonornid MM u MO B mpoueaypbl I'€03KOJIOTHYECKOTO
KOHTpoJsi. Takoi TOJXOM TMpeanosaraeT CyIeCTBEHHOE TOBBIIICHHE YPOBHS aBTOMATH3allWH, a
TakXe TOBBIIIEHHE TOYHOCTH W OMNEpaTHBHOCTU palboThl cucrtembl. Buenpenme MM mosBomut
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3aMEHHUTh yCTapeBIINE anmnapaTHble KOMIOHEHTH Ha 0oyiee COBPEMEHHBIE PEUICHMs, YTO CTaHET
KIII0YOM K OoJiee riry0OKOMYy IMOHUMAaHMIO M MPEACKAa3aHUI0 T€0IKOIOTHYECKUX U3MEHEHUH. JTO0, B
CBOIO OYepe/ib, OKAKET 3aMETHOE BIUSHHUE HA MPUHATHE 00 {yMaHHBIX MEp U CTpAaTeruil B 00JIACTH
3aIIUTHI OKPY’KAIOIIEH CPeIbl U yIpaBJieHHs Iprpoaonoab3oBanuem [20].

1.2.1 MemoObi uckyccmeeHHo20 UunmenieKma 6 cucmeme 2e03K0J102U4ecKk020 MOHUMOPUH2A.
Ha cerogusimiauii  nenp TexHosmormu WM wurparoT KiI04eBYyH0 poib B pa3sBUTHM U
COBEPILICHCTBOBAHUH CUCTEM MH(OPMAIIMOHHOTO XapakTepa. Bot Hekotopsie u3 obnacteid, rne MU
HaXOJUT aKTUBHOE ITPUMEHEHHE.

IIpexne Bcero MM 3HaUMTENBHO MOBBIIAET TOYHOCTh U3MEPUTENBHBIX IIpouenyp. [Ipumepom
MOTYT CIIy’)KUThb HEHPOCETH M METO/bl MAIIMHHOIO OOyuYeHMsI, KOTOpblE HAaXOAST NPUMEHEHHUE B
KaJOpOBKE M3MEPHUTEIBHBIX YCTPOWCTB M KOPPEKTUPOBKE OMIMOOK HM3MepeHuidl. B mocnennee
BpeMs BCE Oojbllle BHUMAHHUS YAEINSIETCS CO3AAHUI0 YMHBIX JaT4yuKoB. Takue yCTpoiicTBa,
ocHauieHHble 1, ciocoOHBI aBTOHOMHO aHAJIM3UPOBATh IOJy4YacMble JaHHbIE U IPUHUMATh Ha UX
ocHoBe pemieHus. OHM MOT'YT MOHUTOPHUTH Pa3iIMuYHbIE ACHEKThl I'€OJOIMYECKOM cpelapl — OT
TEMIIEPATYPbI U JABJICHUS 10 BIAXXHOCTU U MHOT'OI'O JPYIOro.

CoOupaemas paryMkamMy HH(pOpMAIMs OTIPABISIETCS Ha LIEHTPaJIbHbIC IYHKThl YIPABICHUS
Wik B oOylayHble XpaHWIMIIA a5 aHain3a. CeHCOpHbIE CETH 3aHMMAIOT KIIFOUEBYIO IO3UIUIO B
nporecce cOopa 3KOJIOTMYECKMX JaHHBIX. [ oxBaTa OOJBIIMX TEPPUTOPHM MM JOCTyna K
OTJAJICHHbIM JIOKAaLUSM HCIIOJIb3YIOTCS CIIyTHUKM U JpOHBL. becrnpoBogHBIE TEXHOJIOTUU
o0ecreynBaroT neperavy AaHHBIX OT JATYMKOB K OCHOBHBIM CTaHIMSM WIM B 00JaKO, MPHYEM B
9TOM KOHTEKCTE HAXOJAAT MPUMEHEHHE TaKue pelIeHus, Kak MoOuibHas cBsi3b, Wi-Fi u UnTepHeT
Bemield. CryTHHKOBas CBSI3b OKAa3bIBAa€TCs HE3aMEHHMMOH B YCIOBMSIX, KOTJa JApPYrHe CIOCOObI
nepeiayy JaHHBIX HEIOCTYITHBI.

Vcnonb3oBaHue MHTEUIEKTYAlIbHBIX TEXHOJIOTUI CTAHOBUTCS Bce OoJiee BaKHBIM IS
3¢ (HeKTHBHOTO pacrpocTpaHeHusI U cOopa HHDOPMALIUKA, 0OCOOCHHO 3TO KacaeTcs YKOJIOTHUECKOTO
MoHUTOpUHra. MM mnpoHuKaeT BO MHOIME KIIOYEBBIE CQephl, /1€ €ro pojib MPOJOJIKAET
yKpemiaTbea. HanpuMep, HHTEIEKTyallbHbIE CUCTEMBI YJIydlIaloT IpoLecchl cOopa JaHHBIX U UX
pacrpocTpaHeHMsl, [OMOorasi BbIOMpaTh ONTUMalbHbIE HYTH A Iepefadd MHGOpMaIUM yepes
ceHcopHbie cetn. Kpome Toro, BHenpenne MU mo3BomnsieT amanTupoBath mporece coopa JaHHBIX
[oJl TeKyLIUe YCJOBHSA, OINpenelss, Kakas MHpOpMalus M Korja JOJKHA ObITh coOpaHa, yTo
0COOCHHO Ba)XHO IPH OTPaHUYEHHBIX pecypcax, HalpuMep, B YCIOBUAX Je(UIIUTA SHEPrUu WU
OrpaHWYEHHOM MPOMYCKHOM crtocobHocTH cetu [20].

NN moxeT 3HauMTENbHO YIY4YIIMTh (YHKIHMOHAIBHOCTh U 3(PPEKTUBHOCTD XPAHUIIUIIL
JAHHBIX B CHCT€MaxX MOHHUTOPMHIA reo3kosoruyeckoit cpensl. [Ipumenenune UM B stoit obnactu
BKJIIOUaeT B ce0s Takue 00JIacTH, KakK YIpaBJIEHWE JaHHBIMHM, MPEIUKTUBHBIA aHaIU3 U
onTuMu3anusa XxpaHeHus pAaHHblx. K mnpumepy, HNHM Moxer aBTOMaTH3MpoBaTh MpOLECC
OpraHM3aliy U KaTaJIOTU3alluK JaHHBIX B OOJBIIMX XpaHWIMILIAX JaHHBIX. DTO BKIIOYAET B ceOs
COPTHUPOBKY U KJIaCCU(PUKAIHMIO TaHHBIX, TETUPOBAHHUE JJAHHBIX C HUCIIOJIb30BAaHHUEM METOK, KOTOPbIE
MOTYT IIOMOYb B ObICTPOM U 3(PPEKTUBHOM IOUCKE, a TAKXKE ONpPEAEICHUE U yIalleHue AyOIUKaToB
JaHHBIX, 4TO oOecrneuynBaeT Oojee >PPEKTUBHOE U OPraHW30BAHHOE XPAHWIIUILE JaHHBIX.
WHuTennexTyalbHble XpaHWINILA JaHHBIX COUYETAIOT B ce0e TPaJIUIIMOHHbIE TEXHOJIOTHUHN XPaHUIHII]
naHHbIX ¢ TexHojorusmMu MU nu MO ans obecnieuenust 6osiee THOKOTO M MOIIHOTO MHCTPYMEHTA
JUIS XpaHEeHMsI, aHaJu3a U MOJy4YeHHs] BaxXHOW HMH(opmanuu u3 O0oipmMX 00beMOB JaHHBIX. K
npuMepy, OoNbIION 00bEM JaHHBIX, HAXOJSAIIMXCS B XPaHUJIHILE, MOXKET OBITh MCIIONb30BaH IS
oOydeHus: Mojienell, KOTOpble 3aTeéM MOTYT HPUMEHATH JUIsl MpeJCKa3aHusl WK KiacCU(pUKaLUU
HOBBIX JaHHBIX. UM MOXeT OBbITh UCIIOJIB30BaH JAJIs aBTOMATHU3allUK poliecca MOJArOTOBKU JaHHbBIX
JUI XpaHEeHMs] ¥ aHalIu3a. ITO MOXKET BKIIOYaTh B ce0si OOHApYy>KEeHUE U YCTpaHEHUE aHOMAaJuH,
3aMl0JIHEHUE TPOIMYIIEHHBIX 3HAaYeHWHA W NpeoOpazoBaHHME MAHHBIX B (opMmar, HMPUTOAHBIA IS
ananmsa [20].

WHTennekTyanbHble  CUCTEMbl  XpaHEHUs  MHGOpMAIMM  NPUMEHSIOT  TEXHOJIOTMU
HCKYCCTBEHHOI'O MHTEJUIEKTa JUIsl TOTO, 4TOObI 0OecreunTh Oojiee ri1y0oKoe NMOHMMaHUE CMBICIHIA
JTaHHBIX. B paMkax 3Toro mpoiiecca MOXeT ObITh 33J€HCTBOBAHO MALIMHHOE O0Yy4eHHUe AJIs TOro,
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9TOOBl aBTOMATH3WPOBATH IMPOLECCHl KiIacCH(UKAIMKM WM TpynnupoBku uHpopmanmu. Takxke
MPUMEHSIIOTCS OHTOJIOTMM WJIM CEMaHTHUYECKHUE CETH IS TOro, 4TOObl HArfsHO MPEICTaBUTH
B3aUMOCBSI3U MEX/Y Pa3IMYHbIMU OJOKaMH JaHHbBIX [21].

ITo mMepe pocra oO0beMOB HMHpOpMaNKH, TpeOyromeii 00paboTku u XpaHeHus, posb WU B
aHaJIM3e JaHHBIX CTAHOBHUTCA BcE Oosiee 3HAYMMOM. DTO MOXKET OXBaThIBaTh IPUMEHEHHE
QITOPUTMOB MAIIMHHOTO OOyUYEHUSs JJIs UCCiel0oBaHusl OOJIBIIUX MAaCCHBOB MH(OPMAILIUU C LEITbIO
BBISIBJICHHSI KJTFOUEBBIX JJAHHBIX, a TaK)Ke Ucnoib3oBanue MU nis ymydieHus mpomneccoB XpaHeHUs
u o0paboTku nunpopmanuu. Bknag MW u mammnaHOoro o0y4eHus 0Ka3bIBaeTCsl KPUTHUECKU BaXKHBIM
IUI. pa3BUTHSI METOJAMK BBISBJICHUS M aHAIM3a T€OIKOJIOTUYECKUX MPOIECCOB, YTO MOJAYEPKHUBACT
X 3HaYUMOCTh B 3TOM cdepe. Jlamee OyayT paccMOTpeHbl HEKOTOPHIE OCHOBHBIE METO[BI,
MPUMEHSIEMbIE B JaHHOM HAmpaBlIeHUH. BO-TIEPBBIX, MOXXHO MPHBECTH METOJ OOYYECHHS O]
HabmonenueM. OH onupaeTcs Ha aHANU3 MPEABAPUTEIBHO Pa3MEUEHHBIX JAHHBIX, YTO MO3BOJISET
MO/JIEJIN BBIABISATH 3aKOHOMEPHOCTH ISl KIacCU(PUKAIIMK WK TpeAcKa3aHus HOBOH MH(OpMAIIHH.
[IpyuMeHUTENTPHO K MOHHUTOPHHTY OKPY’KAIOLIEH Ccpelbl 3TO MOXET HCIOIb30BaThCs IS
UICHTH()HUKAIIMN PA3IUYHBIX THUIIOB TOPHBIX IMOPOJ WM MPOTHO3UPOBAHUS TE€OIKOIOTUYCCKUX
MIPOLIECCOB.

Metoauka oOyueHHst 0e3 TPSIMOro BMEIIATENbCTBA CIICMUAINCTA OPUEHTHPOBAaHA HA
BBISIBJICHHE HESBHBIX CTPYKTYp B JaHHBIX 0e€3 HE0OXOJUMOCTH NPEIBAPUTEIBHOIO 3aJaHHs
KPUTEpPHEB. DTO OCOOCHHO IIEHHO IS KJacCU(UKAIIUN T€0IKOJIOTMYECKHX IJIEMEHTOB Ha OCHOBE
oOImMX TMPU3HAKOB WM JUId OOHApyXeHHS AaTUIHUYHBIX MOJeJei, YKa3bIBalOIIUX Ha
MOTEHIMAJIbHBIE SKOJIOTHYEeCKHe Yyrpo3el. Crenyronmii MeTo, TiryOnHHOe 00y4YeHue, OTHOCHTCS K
KaTeropuu MAallMHHOTO O0y4YeHUs, TJI€ HCIOIb3YIOTCS CIOKHbIE MHOTOCIOWHBIE HEWpOCceTH. ITOT
MOJXOA OTJIMYACTCS CIOCOOHOCTBIO pabOTaTh € KOMIUIEKCHBIMH JIaHHBIMH, TaKUMH Kak
CIYTHUKOBbIE CHUMKHU WM KJIMMaTUYECKUE I[IOCIEIOBATEIbHOCTH, YTO KpailHe BaXHO IS
M3Y4YeHHUs TEO0IKOJOTrHYecKux mporeccoB. OOydeHHE ¢ MOAKPEIUICHHEM IMPEACTABISIET COOOM
METOJIMKY, IPU KOTOPOI alIrOpUTM COBEPIICHCTBYETCS, B3aUMOJICHCTBYS C OKpY>Karolel cpeoi u
CTPEMSICh K YJIYUIICHUIO CTPATETU MPUHATHUS PEIICHUA. B KOHTEKCTE MOHUTOPHHTA T€03KOJIOTHU
3TO MOXET O3HauaTh pa3paboTKy ONTHMAaJbHBIX METOJUK HAONIOACHHUS 3a MPHUPONON WiIn
YIPaBIICHUS IPUPOTHBIMUA PECYPCAMHU.

Kaxxnas u3 3THX METOJIMK UMEET CBOM MPEUMYIIECTBA H OTPAaHUYCHHUS, U BHIOOP KOHKPETHOTO
MOJXO0JIa 3aBUCHT OT CHENU(UKH 3a7aqd W JIOCTYNMHOCTH JaHHBIX. CTOUT OTMETHUTh, 4TO
npumenenne WU B chepe MOHUTOpUHTA TEOIKOJOTHH SIBISETCS OBICTPOPA3BUBAIOIINMCS
HAMPABJIECHUEM, OXKHUJIAIOIIMM HOBBIX JOCTH)KEHUN W MHHOBauui. [axe ceromns MU n mammHHOE
oOydeHHEe YK€ WrparoT 3HAYUTENBbHYIO pOIb B cHcTeMax oOpaboOTKM M aHamu3a JaHHBIX,
UCIIOJIb3YEMBIX B MOHHTOPHWHTE. BOT KITIOUeBbIC HampaBiieHHS HCIoib3oBanuss WM B 3THX
CUCTEeMax:

e OrmpeneneHne aHOMAIUK C TIOMOIIBIO aNTOPUTMOB MAIIMHHOTO OOyYEHUs, BKIFOYast

KJIACTEPHBIM aHalW3 W HEUPOHHBIE CETH, YTO TIO3BOJSAET BBISBIATH 3HAYMMBbIE
OTKJIOHEHUs] B HaOopax [aHHbBIX, YKa3bIBAIOUIMX HA CEpbe3Hble W3MEHEHMs WIIU
pobIeMBbl B OKpYyXarollei cpere.

e Kraccudukanus JaHHBIX MO KaTErOpHsM C HCIOJb30BAHUEM METOJIOB MAIIMHHOTO
00y4YeHHs, TAKUX KaK aJlTOPUTMBI JIEPEBbEB PEIICHUI MIIM METO/]] OTIOPHBIX BEKTOPOB,
MO3BOJISAIOIIAsA UICHTU(DUIIUPOBATh I€0IKOIOTHYECKHE OOBEKTHI, BKIIIOYAsi THITBI IOYB
WIN Pa3Inure MEeXAY BUIaMHU TOPHBIX MOPOJI IO CITy THUKOBBIM JTAHHBIM.

e [lporHocTuueckue MOJENM M aHAIUTHKA, TJ€ METOJIbl aHAJIM3a BPEMEHHBIX PSJIOB U
perpeccu MCHOJIb3YIOTCS Ul MPOTHO3UPOBAHMS 3KOJOTMYECKMX IIOKa3aTeleil Ha
OCHOBE TMpEABIAYLINX JAaHHBIX, HAIPUMEpP, U3MEHEHHS TEMIEPATyp WIM YpPOBHS
3arpsi3HEHUs Bo3ayxa. [ mybokoe o0yyeHHe TakKe MPUMEHSETCs sl MOJICIUPOBAHUS
CJIOKHBIX IPUPOIHBIX U AHTPOIOTEHHBIX MPOIIECCOB.
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e CoBepIICHCTBOBAHKUE YIPABJICHYECKUX CTpaTeruid U 3(PPEeKTUBHOE HCIOITH30BAHHE
pecypcoB Omaronapst MeToaM OOy4eHHs Ha OCHOBE MOIKPEIJICHHUS, YTO MO3BOJISIET
ONTUMU3HUPOBATH MOAXOAbl K MOHUTOPUHTY U YIPABJICHUIO IPUPOJHBIMHU peCypcamu
Ha OCHOBE JIaHHBIX O COCTOSIHUU CPEJIbI.

B o0nacTu reosKOJIOrHYEeCKOro MOHUTOPUHIA Bce YMNoMsiHyThle mnoaxoasl MU — ot
MalIMHHOTO OOYYeHHsI A0 TJIyOOKOro OOydueHUss W OOy4YeHHs] C TOJIKPEIUICHHEM — MOTYT
UCIIOJIb30BAaThCSA COBMECTHO JJISi JJOCTHMKEHHSI KOMIUIEKCHOTO 3¢ dexTa. ITO MO3BOJSET MOTYyUUTh
0oJiee TOJIHOE U TOYHOE TPEJCTABICHUE O TEOIKOJIOTHUECKUX SBIICHUAX. Hampumep, MalmmHHOE U
rirybokoe o0yueHre MOTYT OBbITh 33[IeHiCTBOBAHbI JIJIsl pACIIO3HABAHMS CJIOKHBIX 3aKOHOMEPHOCTEH
B JIaHHBIX, KOTOPBIE TPYJHO BBISIBUTH BPYUYHYIO, B TO BpeMs Kak OOydYeHHUE C MOIKPEIICHUEM
MOJKET IMOBBICUTH 3(PPeKTUBHOCTL cOOpa U aHanmu3a JaHHBIX. OOpaboTKa €CTECTBEHHOTrO S3bIKa
MOMOTaeT B aHAIW3€ HAyYHBIX TEKCTOB U OTYETOB, & KOMIIBIOTEPHOE 3peHHE — B 00paboTKe H
UHTEpIpEeTalMl HU300paKEHUN C JaTYUKOB WM CIYTHUKOB. MHTerpamuss 3THX [OAXOJ0B
3HAQUUTEINIBHO YJIy4IlIaeT paboTy CUCTEM MOHUTOPUHTA U KA4€CTBO MOYYaEMbIX PE3YJIbTATOB.

Buvisoowi. CoBpeMeHHass WHTEIJICKTyallbHasi CHCTEMa JJIi MOHUTOPUHIA T'€O3KOJIOTHH
MPEJICTaBIsIeT COO0H MHHOBAIIMOHHOE PEIICHUE, MPEAHA3HAYCHHOE i1 HAOTIOACHMS M YIIPaBICHUS
IpolieccaM ¥ COCTOSHMEM  OKpY’Karolled cpeAbl. OTO KOMIUIEKCHAs, HEpapXU4YeCcKU
OpraHM30BaHHAs CTPYKTYpa, AEMOHCTpPALMs KOTOPO MpeacTaBieHa Ha puc.d.

JlanHasi cucTemMa MHTETPUPYET MepeoBbie pa3paboTKH B chepe MCKYCCTBEHHOTO MHTEICKTA
(M) n mammuaHoro oOyuenuss (MO), uro crnocoOCTByeT MHOBBIIICHHIO €€ Y(PQPEKTUBHOCTH U
TOYHOCTHU B BBIIIOJIHEHUU 33]]1a4 MOHUTOPHUHTA.

B cooTBeTcTBUM C CHCTEMHBIM aHaIU30M (PYHKIIMOHAIBHBIA 0030p CHUCTEMBI BBLAETSET
CJIEYIOIINE KIIIOUEBbIE KOMIIOHEHTHI:

e VMHBIC JAaTUYUKHU M YCTPOWCTBA JUII MOHUTOPHUHTA, 3a/1ayeii KOTOPBIX SBISETCS cOOp
9KOJIOTUYECKUX JAaHHBIX. DTH YCTPOMCTBA MOTYT BKIIOYaTh ainroputMbl MU s
ONTHMHU3AIMH COOpa TAHHBIX ¥ IMOBBIIICHUS Ka4ecTBa pabOThI CAMUX JATYUKOB.

e Ilomcucrembl [Isi aHandW3a CUTHAJIOB, MPEACTABISIONIME COOOM  KOMILIEKCHI
anmapaTypel W TporpamMmHoro oOecriedeHus, npumenswonme MU u MO nmns
yiayuiieHus: 00pabOTKHU M aHallW3a CUTHAJIOB.

e baspl JaHHBIX U XPAHUIIUINA, B KOTOPBIX MOTYT OBITh HcTONb30BaHbl M -TexHomoruu
JUTSl OITUMU3AIMKA XpaHEHUsI U 00paboTku OOMBIIOT0 00beMa JaHHBIX, 0OecTeunBas
OBICTPBIN TOCTYT K HUM.

e [loacuctembl 00paOOTKH JAaHHBIX, SIBISIFOIIMECS «CEPALIEM» CHUCTEMBL. 37ech
anroputMel M1 u1 MO ananu3upyloT coOpaHHbIE JaHHbBIC, BBISBISIOT aHOMAJUHU,
OTIPENIESAIOT TEHJCHIIMM M TMPOTHO3UPYIOT OyIyIiee pa3BUTHE T€0IKOJIOTHYECKUX
IIPOLIECCOB.

BaxxHo paznuyaTh NOHATHS «CUTHAI» U «JIaHHBIE». XOTSI OHU TECHO CBSI3aHbI, UX 3HAUCHUS
paznuunbl. CurHan — 310 ¢GuU3HUECKoe SBIIEHUE, MepeHocsiiee nHdopmaiuo 00 M3MEHEHUSX B
CUCTEME WJIM OKPY’KAIIIEW cpene, MOJydaeMoe OT JaTYMKOB, MU3MEPSIOLIUX IapaMeTpbl BpoOJie
TeMIIepaTypbl, IaBICHUSA, BJIAKHOCTH W T.I. JlaHHBIE K€ TPEACTaBISIOT COOOW KOHKPETHBIC
3HaueHUs, (PUKCUpyeMble CHTHAJIOM B pa3ldYHblE MOMEHTHI BPEMEHH, KOTOpBhIE 3aTeM
o0palaThIBalOTCSl U aHAIM3UPYIOTCS A M3BIeUeHus mnoJjie3Hol uHdopmauuu. CrenoBaTenbHO,
CUTHAJ CITY>KUT IEPEHOCUMKOM JaHHBIX, a IaHHBIE COJIePKaT, COOCTBEHHO, HH(OPMAIIUIO.
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HHTE.I'I.I'IEH.T:F'EIJ'IEHHH CHCT2eMa redakanoriyeckonrd MOHKTORHHNa

NageucTena chopd SadHHbIx

O

HHTENNEKTYANEHEIE SATYHKH W YCTPORCTES MOHHTORHHIE

A

O

HII'I'B.I'I.I'HIZ'I'!'EI'I&HI!IB NoOCHCTEME aHANM3a CArHana

e

il

Xpanvnuuya M Gazel QaHHBIX Tl MHdopmMawnoHHpEe W MHTERGEACHBIE NOGCHC TEMBI

]

HuTeAneK TyaneHbie NOGCMcTaMbl 0bpaboTiM QaHHbIx

__________________}

{1

MogcuHcTema ynpasneHwA OaHHBIMW W NOGOEPMKM NPUHATHA PeLUeHWA

Pucynok 5 — Ananus npumenennst M1 B cucteMax reoskoa0ruuyeckoro MOHUTOPHHTA

Puc.5. oroOpaxaer aHanuUTHYeCKUH B3MIAN Ha wucnonb3oBanune WU B cucremax
T€09KOJIOTUUEeCKOro MoOHUTOpuHra. Kpome Toro, cucrema nomoiHseTcss HWHHOPMAIIMOHHO-
UHTEp(EHCHBIMU TIOJICUCTEMAaMHU, KOTOpbIE MPEAOCTaBISAIOT MOJIb30BaTENbCKUE UHTEphENchl At
BU3yaJIN3allMU TaHHBIX W pe3yJbTaTOB aHaJIU3a, obecreunBas 3PpPEeKTUBHOE B3aUMOICHCTBUE BCEX
KOMIIOHEHTOB MOHUTOPHHTA.

JIOTIOTHUTENBHO B CUCTEMY MOTYT OBITh BKJIFOUEHBI MMOJCUCTEMBI YIIPABICHUS U TIOIJICPKKU
npuHATUAA pewmieHud, npumensitomne MM u MO gns aBTroMaTu3alMi OMOBEIIEHUH O JIaHHBIX,
BBIXOJSIIUX 32 MPEICIIbl HOPMbI, U OLICHKA PUCKOB Ha OCHOBE aHAJIN3a IAHHBIX.

Hanpumep, anroputmMbl MO MOTYT HUCIIONIB30BaThCA Al OOHAPYKEHUS aHOMAIHWH B JaHHBIX,
YTO MOXKET yKa3bIBaTh HA MOTEHI[MAIBHBIE TTPOOJIEMBI B T€OIKOJIOTUUECKON Cpelie. A 3TU CUCTEMBI
MOTYT aBTOMATUYECKH CTE€HEpUPOBATH OIOBEIICHUS MpPU OOHAPYKEHUWU TaKUX aHOMAlUH, 4TO
MO3BOJISIET OBICTPO TPHUHATH HEOOXOAWMBIE Mephl. B JomomHeHHWe K ATOMY CHCTEMBI MOTYT
ucnonb3oBath mMojenu MO s pacuera pUCKOB, CBSI3AHHBIX C Pa3IMYHBIMH T€0JOTHYECKUMHU
NnpoueccamMu, W Tpeayiaratb PEKOMEHIAUWH Uil TPUHATHSA PEIICHUH. OTO MOXKET BKIIOYaTh
MPEJIOKEHUS 10 YIIPABJIECHUIO PECYPCAaMHU, NIPUHATHIO MEp MO OXpaHE OKPYXKAIOLIEH Cpeabl WU
MJIAHUPOBAHUIO Oy IYIINX UCCIEIOBAHUH.

Takum oOpazom, Takas cucTeMa, MOKa3aHHas Ha puc. 6, MOTEHIMAIBHO JOJDKHA CIPABUTHCS C
Pa3IMYHBIMU 331a4aMU MOHUTOPUHTA T€03KOJIOTUYECKON Cpebl, OT ONPEAECICHUS YPOBHS
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Texuorennas

HArpy3Ka
leodkonoruyeckas cpeaa
T T T T
[IpueMHBIE yeTpoOiicTBa (JaTYHKH) .
MuTemekTyanbHblii
I JIATUHK
[lepeuunas obpadoTka
CHI'HaJ1a
HITAC
WUuTennektyanbHas
UurennekryanbHbii noacHcTeMAa
KOMIIOHEHT CHCTEeMBbI Bropuunas obpaborka AHAJH3A CHIHAJIA
MOHHTOPHHTA cUrHana
UckyccrBennble
—
1 HEHpPOHHbIE CETH
HITOJ
CraHaapTHEIC [Tepuunas obpaborka
» HuTeisekTyaibHas
pOrpaMMBl JIaHHBIX
nojacHeTemMa
00pabdoTKH JaHHBIX
[Iporpammsl Hutepnperauns
HHTEPIpeTAlHH nHpopmanmu
basa nanunbix
Jlannbie npounx 1 I
(HE MHKEHEepHO- Hurepdeiicubie
— e
reoJIOTHYECKHX) TMOACHCTEMBI
MHPOPMALIHOHHBIX
KaHaJloB l x l I
AUTIC [TY TP
(aBTOMATH3UpPOBAHHAM (moxcucTeMa ynpaBJieHHs
—
HH(OPMALIHOHHO- H MOAJIEPIKKH IPHHATHS
[MOUCKOBAas cucTemMa) peleHHi

PI/ICYHOK 6 — biok-cxema HHTGJ’IJ’ICKTy&J'ILHOﬁ CHUCTCMBI I'COOKOJIOTMYCCKOTO MOHUTOPUHTA

3arpsA3HEHUS] BO3JyXa JO IPOTHO3MPOBAHUS T'EOIKOJIOTHYECKUX COOBITHH, TakuMX Kak
3eMJIeTpsceHus Wian onoyi3HU. [Ipu 3TOM CTpyKTypa, KOHEUHO, MOXKET OBITh aJanTHpOBaHA WU
MOJU(UIMPOBAHA B 3aBUCUMOCTH OT KOHKPETHBIX TPEOOBAaHUI M YCIIOBHM NMPUMEHEHHS] CUCTEMBbI
[15]. Hy>xHO mOJUepKHYTHh BaXHEHIYIO poiib, kKoTopyto MM urpaer B COBpeMEHHBIX MOAXOAAX K
MOHUTOPHMHIY M YIPABICHUIO TE€0IKOJIOTMYecKUMH mpoueccamu. McnonszoBanue MU B oM
o0jacTh OXBaTbIBA€T IIUPOKUNA CIEKTp TMPWIOKEHWH, HayuHas OT YJIYYIIEHHUS TOYHOCTH
M3MEPEHUH C MOMOIIBI0 HEHPOHHBIX ceTedl M anropuTMoB MO, pa3pabOTKU MHTEIIEKTYalbHbIX
JaTYUKOB I aBTOMAaTHMYECKON HMHTEpHpeTalul JaHHBIX, 10 ONTUMH3auuu cOopa u mepedadu
JAHHBIX C UCIIOJIb30BAHUEM COBPEMEHHBIX TEXHOJIOIMH CBS3H.
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CucreMbl TE0IKOJIOTUYECKOTO MOHHTOPHHTA, WHTerpupoBaHHbie ¢ WU, mpencraBisroT
co00if MHOTOYpOBHEBBIE, KOMIUIEKCHBIE PELICHHS, CIIOCOOHBIE aJaNTUPOBATHCA K Pa3IUYHBIM
YCIOBUSIM M ONTHMH3UPOBATH IMPOIECCHl cOOpa, Tepenavyd, XpaHeHWs W aHauu3a JaHHbBIX.
[Tpumenenne NN no3BosiseT HE TOIBKO MOBBICUTH TOYHOCTh U 3PPEKTUBHOCTH 3TUX MPOILIECCOB, HO
u olecnieunTh TIOyOOKWH aHanu3 OONBIIMX OOBEMOB JaHHBIX JJIS BBIABICHUS TPEHIOB,
MPOTHO3UPOBaHUS  OyAymIMX  COOBITUM M ONTUMHU3ALMKA  PEUICHUH 10  yHpaBIECHUIO
IC03KOJIOTMUECKUMH PECYypcaMu B TaKMX 00acTsAX (OTMEUYCHHBIX Ha PHUC.3), paCCMAaTPUBACMBIX B
HacTosIIel padoTe, Kak:

- Pa3paboTka METOJOB MOHUTOPHHTAa B JTHX OO0JACTSX HAmpaBlieHAa HA IOBBIIICHUE
3¢ pexkTUBHOCTH HAONIOACHHUS 3a COCTOSHHUEM OKPYXKAIOIIeH cpeapl W obecrieueHue
CBOEBPEMEHHOI'0 pPEArupoOBaHUsl HAa MOTEHUMaJbHbIE yrpo3bl. KiroueBbie meroast MU,
Takue Kak oOydeHHe ¢ yuuTeneMm, oOydeHue Oe3 yuuTens, TiyOookoe oOydeHHe |
o0ydeHue ¢ MOAKPEIUICHHEM, HAlLIM B paboTe MIMPOKOE MPUMEHEHUE B Pa3IMYHBIX
acreKTaXx MOHHUTOPHUHIA, OT KJIAacCU(UKALMU JaHHBIX M OOHapy>KEHUS aHOMAIUU 0
MOJICTTUPOBAHUS CIIOKHBIX TE€0IKOJIOTUYECKUX MPOIECCOB W ONTUMHU3ALUU CTpATETUi
MOHHUTOPHHTA.

- PasBurtue u mHTerpanus MM B cHCTEMBI re03KOJIOTUIECKOT0 MOHUTOPHHTA SIBIISIFOTCS HE
TOJIBKO OTBETOM Ha TEKYIIHE BBI30BBI B YIIPABICHUU OKPY>KAIOLIEH Cpeoii, HO U yTeM K
JOCTHXKEHHUIO 00JIee YCTOMYMBOTO Pa3BUTHSI, B KOTOPOM TEXHOJIOTMH TIOMOTAOT JIydIIe
MOHUMATh M 3allUINaTh Hally IaaHety. B To Bpems kak obnacts mpumenenus MU B
T€0IKOJIOTHYECKOM MOHHUTOPHHIE TIPOJIOJDKACT PAa3BUBATHCS, OKHUAACTCS, YTO OyIyIIHe
WCCJIEIOBaHMS MPUHECYT HOBBIE BO3MOKHOCTH JJISl YIYYIICHHUS 3TUX CUCTEM, JAenas HX
erre 0oJee MOIITHBIMU MHCTPYMEHTAMU JJIs1 HAOJIOICHUS U 3AIUTHI OKPYKAIOMICH CpeIbl.
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