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Abstract

Pavliy V. “Development of an information model for pollutants’ distribution estimation in
atmosphere bottom layer above territorially-distributed objects” An analysis of existing methods
and software for pollutants' distribution estimation in atmosphere bottom layer is carried out. An
information model for pollutants' distribution estimation in atmosphere bottom layer above
territorially - distributed objects on real data obtained by ecological monitoring subjects is offered.
Keywords: Information model, air pollution, common diffusion equation, pollutants concentration
short-term prediction, fields concentration restoring, expert prediction estimation.

BeedeHue

B MOCIEIHEE BpeMs HaOmIroHaeTcs
YBEITHYEHUE KOJINYECTBA nyOsKanui,
TIOCBAILIICHHBIX HOI/ICKy HOBBIX METOA0B

NPOTHO3UPOBaHKS PACIPOCTPAHEHUS] HpUMEcEeH B
atMoc(epHOoM  Bozayxe. OJHaKO  KOJMYECTBO
MyOJIMKaLMi 10 TaHHOMY HaIlpaBJIEHHIO B CTpaHax
BocTounoii Epomnsl, Bitouas Poccuro u Ykpauny,
B II€JIOM 3HAUUTENBbHO YCTYHAaeT KOJHNYECTBY
AQHAJIOTUYHBIX MyONMKAalMi B 3alaJHBIX CTpaHax.
Bmecte ¢ Tem, 3a mocmemmme 10 er, kak B
3amafHbIX, TaKk M B  BOCTOYHBIX  CTpaHax
CYIIECTBYIOIIHE METOJIUKH pacuera
pacnpocTpaHeHust 3arpsi3HeHHd B arMocdepe
CYIIECTBEHHO He oOOHOBIsUIach. B VYkpaune,
Poccun, benopyccun u crpanax CHI' mpomomxkaer
JelicTBOBaTh oOmeHopMaTHBHBIN nokymeHT OHJI-
86 [1], a B CIIIA u psage npyrux 3amajgHbIX CTpaH
UCTIONB3YIOTCS odunuansHbIe IIPOrpaMMBbl
ArentctBa 3amuthbl OIIC (EPA) [2].

Hecmorps Ha  OonbIoe  KOJIMYECTBO
CYIIECTBYIOIMX  NyONMKAaIUi 1O  JaHHOMY
HalpaBJICHUIO  NPAKTUYECKOE  HCIOIb30BAHHUE
MOJTYyYEHHBIX HAYYHBIX pE3YyJbTaTOB  pa3BHUTO
JoctatogHo  crmabo. B Hacrosmee — Bpems
CyLIeCTBYeT OKOJO 15 chnenuanu3upoBaHHBIX
MIPOTPaMMHBIX MIPONYKTOB TS MPOrHo3a
pacnpocTpaHeHust InpuMeced B arMochepHOM
Bo3myxe. CpeaM OTEYECTBEHHBIX MPOTrPaMMHBIX
MPOJIYKTOB HanOosbIIee pacnpocTpaHeHHe
nonyunnu “Q0J1”, “Ilnensp”, YIIP3A “Dkonor”,
“Kenp” u np., a 3apyOeKHBIC CTPaHBI HCIOIB3YIOT
MpOoTpaMMHBIE TPOAYKTH cemelictBa “‘CalPuff”,
“Plume”, “TAPM”, a Takxe npoayktsl EPA [2].

CerozHsi 04E€BUIHO, YTO IIOCTPOCHUE HOBOTO
MOKOJICHNSI TPOTPaMMHBIX HPOJOYKTOB U pa3BUTHE
METOJIOB MPOTHO3a 3arps3HEHUs] aTMOC(HEpPHOTOo

BO3JlyXa fBJIIETCS aKTyaJlbHOM 3anaueid. IIpu atom
JTOJDKHBI MCIIOJIB30BATHCS MOCIETHUE JOCTIDKEHHS
B o0macth WH(DOPMANMOHHBIX TEXHOJOTHHA |
COBPEMCHHBIC CIOCOOBI “HOOBIUN™ NAaHHBIX, TAKHE
KaK HEUPOCETEBOM, CIEKTPAIbHBIA U CTPYKTYPHBII
aHaNlM3, TO3BOJIIIONIME  YCTAaHOBUTH  MHOTHE
3aKOHOMEPHOCTH B  CIy4ae, €ClIi UMEHTCA
3HAYUTEJIbHBIE MACCHUBBI JAHHBIX.

MemoObi u cpedcmea
npozHo3upoeaHusi 3a2psi3HeHust
ammocgepbi

CeromHs  crnenpajgucraMM B 00JacTH
9KOJIOTHYECKOT0  MOHHMTOPHMHIA M KOHTPOJA
kadectBa OIIC mpu pa3paboTke HOBBIX METOJOB
pacrpocTtpaHeHus ImpuMeced B aTMoc(hepHOM
BO3/IyXe PAacCMaTPUBAETCS HECKOJIBKO MOIXOIOB.
Hawubozbuiee pacrpoctpaHeHue TOJTYYHIIN
AQHAJMTUKO-OMIIMPHYECKAE METO/bl, OCHOBaHHBIC
Ha aHAJIMTUYECKOM pEIICHWH OOLIero ypaBHEHUS
muddysnn. He MeHee mMPOKO pacnpocTpaHEHbI
YHCIICHHBIC METOJBI, OCHOBaHHBIC Ha
MPUONMKCHHOM  peIIeHHH OOIIero ypaBHEHHS
muhdy3un ¢ TPUMEHEHHeM  BBIYHMCIHTEIBHBIX
MeTOoZIOB. [IpuMeHsIoTCs TakKe M CTaTHCTHYECKHE
METO/Ibl, OCHOBAaHHBIE Ha CTATHCTUYECKOM aHAaJIM3e
JAaHHBIX HAONOJEHUH CyOBEKTOB 3KOJIOTHYECKOTO
MOHHUTOPUHIA U T.II.

B ocHoBe OOJBUIMHCTBA AHAJUTHKO-
IMNUPHYECKUX METOJOB JIEKHUT 00Ilee YpaBHEHHUE
muddysun (1):
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rlie: ¢ — KOHIEHTpauusi; 7 — BpeMsl; X, V,z
— KOOp/AMHATHI; U,V — MPO(QUIIN CKOPOCTH BETpa Mo
TOPU30HTAJILHBIM KOOPAWHATAM X,y KaK (YHKLUH
BBICOTHI Z ; W — CKOPOCTh ocenanus (w < 0) uiu
BerubiBanuss (w>0) npumecwn; kp k. k; .
TOPU30HTAJIbHBIE (BIONb X M ) ) U BEPTUKAIBHBIH
(Bmonmb  z)  ko3(h¢uuMEHTB  TypOyJIEHTHOI
middysun; a — KoHcTaHTa, 00ycCIaBIMBAIOIIAS
pasnokeHHe ITPHMECH BCJIEACTBHE IPOIIECCOB
(doTocHHTE3a, XMMHYECKMX peakOuid W  T.IL;
O(r,x,y,z) — QyHKIMS UCTOYHHUKA TIPHMECH.

B Hacrosiniee Bpems cymiecTByeT OOJbLIOE
KOJIMYECTBO MoJIeTe, OCHOBaHHBIX Ha
ucrions3oBannn cootHomenus (1). Cpenu padot
COBETCKHX aBTOPOB CIIEAYeT OTMETUTh pPadOTHI
Bepnsaana [3] m np., a Hambolee W3BECTHBHIMHU
3apyOeKHBIMH ~ MOJEISAMH  SIBISIIOTCS  MOJEIH
I'npdopna [4], Tuddopna-Xauna. Ilpu mnoucke
AQHATUTUYECKOTO  pemeHust cooTHomeHus (1)
¢ynkms  ucrouHwka npumecu  O(7,x,y,z)
OOBIYHO  CUHWTaeTcs 3aJaHHOW, a  pas3JIuuue
MOIXOMOB ISl OIpeneNieHHs]  KOd((HUIIEHTOB
kiokp s kr.,a ¢dbopmupyer pasHooOpasue
mozeneid. B pabore [3] s Jerkux CTOMKHX
NpUMecei, He HMMEIONMX COOCTBEHHOH CKOPOCTH
BCIUIBIBaHMS WM OCEIaHHs (sz), a TaKkKe He

MOJAJIC)KAINX Pa3JI0KCHUIO (a = 0) JJIs1 TOYCYHOTI'O

WUCTOYHUKAa BbIcOTOM H wu ycnoBuix z=0,

0
£ <0 6ru0 MOJTy4eHO peuieHue (2):
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Jst ciydast TSOKENbIX MpUMECEel, UMEIOLINX
COOCTBEHHYIO CKOpOCTh ocemanus (w<0) B [3]
MIPUBOUTCH clenyromee pemenue (3):
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YacTHUIl, KOTOopas OmIpelessieTcs B COOTBETCTBHHU C
dhopmynoit Ctokca (4):
-2 2
w=13-10"p,r,", 4
rae: o, — INIOTHOCTD YacTHUIl IPUMECH, 7, —
CpelHUM paauyC YacTHII.

Hcnonp3ys npuHOMT Cyneprno3urnuy, B [3]
Taloke OBUIM TOJNy4YEeHBl pEIIeHUs I Cciydas
JIMHEHHOTO U TUIONIaTHOTO HCTOYHHKOB.

CymecTByeT  albTEpHAaTUBHOE  pEIICHUE

334 MPOTHO3a PACIIPOCTPAHCHHS 3ar PSI3HIFOIINX
BEIIIECTB B aTMOC(HEPHOM BO3/yXe, NPUBEICHHOE B
[1]. Meroauka [1] siBnsercst oOmenpru3HaHHON U Ha
HACTOANIMHA MOMEHT sBIsieTcsl  O(UIMANIbHBIM
JIOKyMEHTOM, JIEHCTBYIONIMM Ha Ykpaune, Poccuu,
Benopyccuu. B [1, 3, 4] otmeueHo, 4To OJHON U3
ocoOeHHOCTeH pacrpeaeneHus Ha3eMHOMN
KOHIICHTPALMU  SIBIICTCS HAIMYAC MaKCHMyMa
C, (xm, y,z), JOCTHKHUMOI'O Ha PacCTOSHUU X, OT
WCTOYHMKA, IprUeM [uist onpeaenenus C, (xm, y,z)
Oc Oc
u Xx, ucnomb3yercs yciaoBue —=-—=0. 310
Ox 0oy

HO3BOJIMIIO NONYy4YuTh pemenue aia C,, (xm, y,z) u

x,, BBHIE (5):
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rne: A — KodpUIMEHT, 3Ha4YeHUE

KOTOpOro Jnexut B mpeaenax ot 140 go 250 u
OTpeersieTcs] B 3aBUCHMOCTH OT KJIMMaTHYECKHX
ocoOeHHOCTeH MecTHOCTH; F — K03(h¢HUINeHT,
OTIPENIEISIIONINI  OCelaHue BPEAHOTO  BEIECTBA
(ms  nerkmx mpumeced  F=1); mmn —
KO3((GUIMEHTHI, YYUTHIBAIOLINE YCIOBHS BBIXOJA
mpuMecH; 77 — KOIQPHUINEHT, YIUTHIBAFOIIIHA

pernbedHbIe 0COOEHHOCTH MECTHOCTH, V| — pacxon

npumecu, AT — pa3HOCTb TEMIIEPATyp MPUMECH U
atMocgepHOoTO BO3AyXa; d — KOI(QUIHEHT,
3aBUCAIMA OoT mapamerpoB V,AT,H; H —
BBICOTA HCTOYHHKA.

B wucrounukax [1, 3] Takxke uMeEOTCS
AQHAJIOTUYHBIC  PEUICHHS I JHHEWHBIX W
TUIOMIATHBIX UCTOYHHUKOB.

[ockonmpky  Mmerommka  [1]  sBisercs
MPAKTUYECKUM  PYKOBOJACTBOM  TI0  pPacdeTry
MaKCUMAaJIBHBIX KOHIIGHTPALMii Ha TEPPUTOPHH
ctpan CHI', mHorme koadduimeHTsl ypaBHEHUI
ObUTM  TIOJyYeHBl OMIHMPHYECKUM IyTeM IS
KIIUMAaTUYECKUX OCOOCHHOCTEH 3TUX CTpaH.

JokyMeHT [1] Kak TPaKTUYECKOE
PYKOBOACTBO, CTall  OCHOBOH  OOJBIIMHCTBA
OTEYECTBEHHBIX TIPOTPaMMHBIX MIPOAYKTOB,
KOTOPBIE UCIOIB3YIOTCS B HACTOSIINN MOMEHT IS
pacuera 3arps3HEHHS aTMoc(epHOro BO3IyXa
MIPOMBINUICHHBIMA TPEATIPUATHSIMHA W TIOTyUYCHHUS
paspeuieHuit Ha BBIOPOCHL. Haubonee
pactpocTpaHeHHBIMU MIPOrpaMMHBIMU
poayKTamu, pa3paboTaHHeIMH Ha ocHoBe OHJI-
86, sBmsroress  “O0JI7,  “Ilnensp”, VYIIP3A
“Dxomnor”, “Keap” u np.

[IporpammHbIe TIPOJYKTHI cemeiicTBa
“D0JI” [5] paspaboransr OO0 “Copt DoHL’ H
MPEACTaBISIOT  co0Ol  aBTOMAaTHU3MPOBAHHYIO
CHCTEMy pacdera BHIOPOCOB BpPEIHBIX BEILECTB B
atMocepHOM  Bo3myxe. PacuerHas — Monenb



peanmzoBana Ha ocHOBe [1]. Pacuer 3arps3HeHuMit
npu nomomu “DOJI” COCTOMT U3 HECKOJIBKUX
3TanoB, BKIoYaronux 3anojHeHue tabiaun HCH,
(dopMupoBaHUe 3alaHHMsA Ha pacyeT, NPOBEICHHE
pacueta. Pe3ynbTaTroM pabOTHI ABJISIOTCS TaOIHIIBI
koHreHntpaiuii. B Windows-sepcusax “20J1 20007,
“30JI  2000[h]” cymecTByeT  BO3MOXHOCTB
(hopMupoBaHUS KapT 3arpsisHEHHUsT aTMocgepsl Ha
OCHOBE PACTPOBBIX KapT MecTHOCTH. OCHOBHBIMH
HepocTaTkamMu npoaykra “OO0JI” sBisroTcs Bce
HemocTaTkk [1], a JOCTOMHCTBAMH — HAJIMYUE
ciosapeit IIJIK u rpynn cymmanuu BEIECTB.
VYIIP3A “Okonor” [6] pa3pabortan ¢pupmoii
“HHTerpan” U MO3BOJISET PACCUUTATh MPHU3EMHEIC
KOHLECHTPALlMM  3arpsi3HSIONIMX ~ BELIECTB B
atMoc(epe B coorBerctBuu ¢ [1]. TIporpamMmmHbIii
OpONYKT  O(UIManbHO  PEKOMEHIOBAaH I
NPUMEHEHHUsT Ha TeppuTopuu Poccuu M MOIHOCTHIO
peanu3yeT MHOJOXKEHHs AOKyMeHTa [l], a Takxke
COJIEPKUT S| OTIOJHEHHH, pa3paboranasix HUN
“Atmocdepa” ¢ 1990 mo 2007 roz, ycTpaHSIOIIMX
4acTh HEHOCTaTKoB [l], Hampmmep, ITO3BOIISIET
MPOBOANTH PACUET C YIETOM 3aCTPOHKH MECTHOCTH.
B ormmume ot “OO0JI”, maHHBII MPOrpaMMHEIA
HNPOIYKT MMEET MOJIYNBHYIO CTPYKTYpy, 4TO
MO3BOJISIET BHEJPSATH JONOIHUTENbHBIE pacueTHbIE
6moku. OCHOBHBIM HEIOCTaTKOM IPOTPaMMHOTO
NPOJYKTa SIBIISIETCSl OTCYTCTBHE MHTETpalliu C
JPYTUMH TIPOAYKTaMH, a TaKKe HEBO3MOXHOCTh
pacdera BEPTHKAJILHOM COCTaBJISIOLICH
KOHLICHTPAINH, a JOCTOMHCTBAMH IIPOIyKTa, KpOME
MOIYITBHOCTH, sABIsIIOTCT Windows-uHTepdeiic u
Hanuuue cnpaBoyHukoB I1JIK u rpynm BemecTs.
OCHOBOM 4YHMCJIEHHBIX MOJENENH SBIIAETCA
NpHUOIIMHKEHHOE — pelleHHe OOIIero  ypaBHEHHS
muddysun (1) ¢ HCHONB30BAHUEM YHCIEHHBIX
METOJIOB, TIPH 3TOM IIPEATOIaraeTcs 3aJaHue psjia
JOMYIIEHNH, HAaKIaJbIBAIOIIMX MEHBIIEE YHCIO
OTpaHMYECHUH [0 CPAaBHEHHIO C AHAJIUTHKO-
SMIUPUYECKUMHU MoJeIsIMU. [Ipu 3TOM mocraHoBKa
3aJa4ll MOJEIMPOBAHUSI CTAHOBHUTCS CYIIECTBEHHO
Oosee oOmIEH, OAHAKO CIOXHOCTh PEUICHUS
Bo3pactaeT. PasHooOpasne 4YHCIEHHBIX Mojeneit
pacyeta KOHLEHTPALMM NPUMECH JOCTATOYHO
BEJIMKO W OTpPENENsIeTCS B OCHOBHOM Pa3INineM
MOZXOJI0B, KOTOpPBIE HCIOIB3YIOTCA NPH 3aJaHUH
kodbbuumentos k., k; k. ,a.  Hanbonee

W3BECTHBIMH ~ MOJEISIMU  SIBJIIIOTCS  MOJIEITH
Jlarpamxka u Ditnepa [7, 8]. OqHako, B OTIUYHME OT
AHAJMTHKO-OMIIMPHYECKOTO  TMOJXO0Ja,  3aJaHue
ko3bbuumenToB k; .k, .k, .,a He npeanonaraer

MOUCK TOYHOIO PEUICHHs, & OCHOBBIBACTCS Ha
HAJTMYUKM 3aKOHOMEPHOCTEH, OOHApPYKEHHBIX IS
KOHKPETHOT'O HCCIIElyeMOro 00BEeKTa, a TaKiKe psijia
TUIOTe3, Hauboyiee W3BECTHBIMH M3 KOTOPBIX
SBJISIFOTCSL THIIOTE3bl TypOyneHTHocTH [Ipanaris,
Bbyccunecka, KonmoropoBa. DyHKIUS HCTOYHUKA
npumecu  Q(7,x,y,z) B OONBIIMHCTBE MOIEINEH

TAKXE ABIIACTCA SaﬂaHHOﬁ, IpuIeM JUIA

HECTAIlMOHAPHBIX Mojienei B OCHOBHOM
UCIIONIB3YeTCS €€ YHCICHHOE MpEeJCTaBlICHHE,
HalpuMep, B BUJIe BPEMEHHOTO Ta0JINYHOIO psijia.

Yucnennas monens  Jlarpamxka [7]
npeAcTaBisieT coOoi OIHOCIONHYIO IBYMEPHYIO
MOJIeNIb pacueTa pPaclpoCTpaHeHHs NPUMECH U
OTIpeNessieTCs1 COOTHOIICHUEM (6):

oc oc oc
—+u—+v—=0(r,x,y,z)—ac. (6)
or Ox oy
JlanHass MoJenp WMeEeT CYIICCTBEHHBIC
YIPOIIEHHS, B YaCTHOCTH, OTCYTCTBYET

oc
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z

KOTOpOﬁ BBOJUTCA TIOHATHUC BepTHKaﬂLHOﬁ
KOJIOHHBI BO31yXd, a TAaKXKE Mpearnojaracrcs, 4to
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HU3MEHEHHE KOHIIEHTpAIuu o B TEYEHHE BCEro
T

BpPEMEHH MOJIENNpOBaHus 3anaercs B Bune (7):

de =F-R, (7)

dr
[Ipy4eM napaMerpsl F,R  ompenenstorcs B
COOTBETCTBUHU C [7].

PesynpraTom pacuera ABJIACTCS
OCpEJIHEHHOE 3HAUCHUE KOHLEHTpalUM IO BCeH
BBICOTE KOJOHHBI. JTO HE IO3BOJIET JOCTATOYHO
TOYHO ONpE/ENATh NPHU3EMHBIE KOHIEHTPALUH, a
OTCYTCTBUE k02 puIIEeHTOB TypOyJIeHTHOH
mupdysuu  k; ,k; k. B cooTHomenun (6)

mpuBOAUT K OompmmM ommOKaM pacueTa B
MIPU3EMHOM CJIO€.

Uucnennas mofmens Oinepa [§8] B oTiinune
or wmonenu Jlarpamka npexacTaBisier  coOoi
MHOTOCIIOHHYIO TPEXMEpHYI0O MOJellb pacyera
pacrpocTpaHeHus TMpPUMECH U ONpenesieTcs
CJIEYIOMICH CUCTEMOM COOTHOIEHMI (8):
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JdaHHass Monenb  Takke HUMEET oA
NONYILCHUH,  BIMAIOIIMX  Ha  CTENCHb  ee
AJICKBATHOCTH B MEHBILEH CTEIICHH IO CPaBHEHHIO
¢ wMogenbto Jlarpamka. HauOonee BakHBIMHU
JNONYIIEHUSIMH  SIBISIIOTCA  pa30ueHue  oOmiero
ypaBHenust auddysuu (1) Ha BEPTUKAIBHYIO U
TOPH30HTANIBHYIO0 COCTABISIONIME IS YIPOIICHHS
MPOLEYPhl MMOUCKA YHCIEHHOTO pelenus. Kpome
TOro,  TpEINoJiaraeTcsi, 4YTro  KOI(PPHUIUESHTHI
TypOyneHTHON  nuddy3un 1Mo  ocsiM X,y

OJIMHAKOBBL, T.€.: k., =k, =k,  =const.

T,xy

IIpu U3Yy4YECHUH IIPOLIECCOB
pacupocTpaHeHHs TPHUMECH II0 BBICOTE IPH
MOMOINA MOJeNH Dijiepa OOBIYHO  BBIACISFOT



HECKOJIbKO TOPH30HTANBHBIX CJIOEB, MPH HSTOM
cucreMa (8) pemraercss OTAENBHO IS KaxIOTO

CJ1041. HapaMeTp MOACIN kT,xy OIpEALIIICTCA

SMIUPUIECKUM ITyTEM, a mapameTp k, . 3aBHCHUT OT

TYpOYJIEHTHBIX XapaKTEPUCTHK B3ATOTO Ciosi. Tak,
i cnos arMocdepsl  z <100 mapamerp ki,

ompenensercss B cooTBercTBUH ¢ (9), a A
OCTAIIbHBIX CJIOEB PACCUUTHIBAETCS B 3aBUCHMOCTH
OT YCTOWYMBOCTH aTMOC(hEpBI: IS HEUTPATbHBIX U
HEYCTOWYMBBIX CJIOEB UCIOJb3yercs dopmyda (10),
JUIE  YCTOMUYHMBBIX CIIOEB pacuer BeleTcs B
cootBercTBHH C (11):

by (2)= qu.z/ @ Li , ©)
by (2)= unze 7 Li , (10)
by )= u.ze 7 10 = | (11
rne: L. — mapamerp Monuna-O0yxoBa,
x=043 — nocrosunas Kapmana;, wu. —

JUHAMHUYECKasi CKOPOCTb IPUMECH; IIapaMeTphl

u,0,d =z OTIPEJIENIAIOTCS B COOTBETCTBUU C [8].
.

ITocne 3amaHWs  yka3aHHOTO  Habopa
mapaMeTpoB Mozenb (8) pemraercss YHCIEHHO Ha
CEeTKe, pa3Mephl SYEHKH NPH 3TOM COCTABISIOT
50x50 kM. J[mg  YHCIEHHOrOo  pEeUIeHUs
i depeHmanbHpIX ypaBHEHHIA CEeroJTHsI
UCTIONB3YIoTCsT MeToabl PyHre-Kyrra, nexaryue B
OCHOBE pelnaTenicii, pa3paOOTaHHBIX Ha s3bIKAX
®optpan, Cu. Pesynbratom peunieHus sBIsieTCs
1oJe KOHLEHTPAIMH 3arpsi3HSIONIETO BEIeCTBa,
TIOJTYYEHHBIX B y3JIaX CETKH.

[To MHEHHIO MHOTHX CHENHUAINCTOB, MOJIETb
Diinepa JOIMycKaeTcst HCIOJIB30BaTh TOJBKO Ha
KPYITHBIX ceTKax (25x25 kM u Oonee), B TO BpeMs
Kak Ha Oolee MEJIKHX OHA JaeT JIMIIb
NpUOIM3UTENbHBIE Pe3yNbTaThl. [l  KpymHBIX
CEeTOK 3ajJlaHie UCTOYHUKOB BBIOpocoB (7, X, y,z)

MPOM3BOJUTCS IIyTEM OCPEIHEHUS! KOHIEHTPaLUH
BCEX HCTOYHHMKOB, NPUXOJIIMXCS Ha YKa3aHHYIO
a4eiiky ceTkd. C yMEHBIIEHHEM BEINYNHBI TICHKU
mpotecc 3a/1aHus GbyHKIMN o(z,x,,z)
YCIIOXKHAETCS, YTO TIPUBOAUT K CYIIECTBEHHBIM
omuOKaM 3alaHHsl HMCXOJIHBIX [aHHBIX. OJTO He
TIO3BOJISIET HCIIOJIB30BATh YKA3aHHYIO MOJEINb IS
TepPUTOPUATBHO-PaCIPEICIEHHBIX 00BEKTOB
CPaBHHUTENFHO HEOONBIINX pPa3MepoB (TOPOJOB,
paiioHOB U T.11.).

HecmoTps Ha yKa3aHHBIE HEJOCTATKH,
YHCJIEHHbIE MOJIEH JIS)KAaT B OCHOBE OOJBIIMHCTBA
CYIIECTBYIOIIUX CEeroJHs MIPOTrPaMMHBIX
IPOJYKTOB  HPEHMYIIECTBEHHO  3apyOe:KHOTO
npoucxoxaeHus. Haumbosee pacrpocTpaHeHHBIMU
3apyOeXHbIMU TpoaykTamu siistorcst “EMEP”,

“CalPuff”’, “AerMod”, “TAPM”, “Chimere”, a u3
OTE€YEeCTBEHHBIX NPOAYKTOB cymecTByeT OIIK
“Zone”, oOHOBIICHHE KOTOPOTO HE MPOH3BOIUIOCH
¢ 2003 rona.

WHTepHeT-BepcHs MporpaMMHOTO HPOIyKTa
“EMEP” [9] pa3paboTaHa MeTEOPOJIOrHICCKIM
nentpoM nporuo3a (MSC-¢) B BenukoOputranuu u
OpHEHTHPOBaHA, B IIEPBYIO O4Yepelb, Ha pacder
pacnpocTpaneHust Tspkenablx MetawioB u JIOC B
atMocepe. OcHoBoit pacuerHod Mmozenn EMEP
SBISIETCSl  MOZENb  Jiiepa ¢ HEKOTOPBIMHA
MoOIU(UKAIMAMY,  TO3BOJMBIIMMH  COKPaTHTh
omnOKy pacuera. VIHTepHEeT-BepcHs MOJEIU He
IpeAnojaraeT  3aJaHue  HCXOIHBIX  JIaHHBIX
MOJIb30BATENAMH, TaK KaK COIPOBOXKIECHUE MOJIEIU
ocyuecTBiusercs coTpyanukamu  MSC-e.  Ha
HACTOANIMHA MOMEHT MOJENb II03BOJISIET CTPOWTH
KapThl PACHpOCTPAaHEHHS TSDKENIBIX METAUIOB U
JIOC no pammemM 2006 roma gna 49 crpan
Boctounoit Espomnsl, Bxitouas Poccuto, Ykpauny,
Benopyccuro. s mocTpoeHnst KapThl TOCTATOYHO
BBIOpaTh CTpaHy M yKa3aTh THUI NpHMecH. Moaenb
HCTIOJB3yeT KpymHyro cetky 50x50 xwMm, dro
MIO3BOJISIET TOJMYYHUTh MPHOIN3UTEIbHBIE JaHHBIE O
COCTOSTHUM ~ BO3AyXa. KpymHBIM  HeZOCTaTKOM
mporpammHoro  mpoxykra “EMEP”  aBmsercs
HEBO3MOXHOCTh MOCTPOEHUS KapT JUIst
HEOPraHUYEeCKHX COCHHEHUH.

[porpammusiii  nponykr “CalPuff” [10]
paspaboran xomnanuen “Earth Tech” (Concord) u
MIPEACTaBIsieT COOOW  KOMIUICKCHYIO — CHCTEMY
MIPOTHO3a2 METEOPOJIOTMYECKUX —I[OKazaTeled U
pacdera  paclpOCTpaHEHHS  3arpsA3HEHHH B
aTMoc(epHOM Bo3myxe. B cocTaB mpomykTa BXOAAT
Tpu TiaBHBIX KommoHeHTa: CalMet, CalPuff,
CalPost. ~ Mereoposioriueckuii  mpenporeccop
CalMet ucnonb3yercst Uil MOJEIUPOBAHKS TOJEH
TEMIIEpaTypbl U HAIPaBJICHUs BETPa B 3aBUCUMOCTHU
OT YCIIOBUH pernoHa u peibedHBIX 0COOEHHOCTEH
MECTHOCTH. TpaHCIOPTHO-MCIEPCHOHHAsT MOJIENh
CalPuff pegHa3HaueHa JUIs pacueta
pacrpocTpaHeHus pUMecH, a MOJIETh
mocrobpabotkn  CalPost  HeoOxommma  uis
BU3yaIM3aIlMH PE3yIbTaTOB pacyera.

PacuetHas Monaenb KaXgoW M3 KOMIIOHEHT
CHCTEMBl pEaIN30BaHAa YWCICHHO Ha  SI3BIKE
@opTpaH ® PacHpOCTPAHIETCSI C OTKPBITHIMH
HUCXOIHBIMH KOIaMH. O6MeH HUCXOTHOMN
nHdopManued MeXHy KOMIIOHEHTAaMH CHCTEMBI
OCYIIECTBIIAETCS. IPH HOMOIIH TEKCTOBBIX (hailioB.
Cucrema MMeeT psiJi MPEUMYIIECTB MO CPaBHEHUIO
C OTEYECTBEHHBIMH NPOTPAMMHBIMH HPOJYKTaMH,
TaK KaK YYUTHIBAET AUHAMUKY METEOPOJIOTNIECKUX
nokazarenei. HemoctaTkm cucTeMbl CBOASATCS K
YCIIOXKHEHHOW  Tpolexype BBOJAa  HCXOJHBIX
JAHHBIX M OTCYTCTBHIO BCTPOEHHBIX CPEACTB HX
penaktupoBanus. OrpaHUYeHHOE OBICTPOJCHCTBHE
(mmst 218 wmcrounmkoB u 425 y310B pacder
MIPOU3BOAUTCS OKoJo 95 wacoB [11]), a Takxe
HEONPENEIEHHOCTh  HMCXOAHBIX  JAaHHBIX  HE



MO3BOJISIIOT MCTIOJIB30BATh JAAHHBIA MPOXYKT Ha
TEppPUTOpPUU  YKpauHbl, TA€ Al  CPEJHEro
MPOMBIIIICHHOTO PaiioHa KOJIWYECTBO MCTOYHHUKOB
MOXET COCTaBIISAITh COTHU ThICAY.

B ocHOBe cTaTHCTHYECKHX MOJIETel JieKat
pemenust nuddepeHunanbHoro ypasueHus (1),
MOJTy4eHHBIE 10 MOJO0OWI0 M3BECTHBIX AHAJIUTHKO-
SMIIMPUYECKUX PEIIeHUH, mprdeM Kod(PPHUITEHTHI
ONpENeTSIIOT MO0 SMIOHMPHYECKHM  IIyTEM,
aHaM3upys OoJbIIMe 00BEMBI HCXOIHBIX JaHHBIX,
mmbo wmcmonb3yloT m3BecTHBle Teopmu (Teitnopa,
laycca u mp.). Kak B mepBoM, Tak M BO BTOPOM
clyyae Ui ONpEIENeHUs  3MIMPHUYECKUX
KO3((UIMEHTOB MOTYT HCIIOJIb30BAThCS JIIOObBIE
CTaTHUCTHUYECKHE METOJBI, Harpumep,
cnekTpanbHelii aHanu3 @ypee, meron APIICC,
pPEeTpEeCCHOHHBI  aHamM3, a TaKKe H3yueHHe
OINCATENBbHBIX CTAaTUCTHYECKUX XapaKTepHCTHK.
CyIecTBeHHBIM ~ HEJOCTaTKOM  CTaTHCTHYECKHUX
MOJIeTIel SIBIISIETCSl 3aBHCHMOCTh OT pENbe(HBIX,
MPOMBIIUICHHBIX, KIMMaTHYECKUX OCOOEHHOCTEH
KOHKPETHOW MECTHOCTH, 4YTO HE TI03BOJIIET
MIPUMEHUTHh pa3pabOTaHHYI0O MOJENb Jake Ha
COCEeTHUX TEPPUTOPHSX (KaK MPaBHIIO, U ITOTO
MOXET NOTPeOOBATHCS 3HAUUTEIbHAS aJanTaLlus).

Haunbonee H3BECTHBIMU MOJIETISIMU,
UCTIONB3YIOMIUMH  YKa3aHHBIA MOAXOJ, SBISIOTCS
Monenu ¢akena “Jlarpamka — [aycca”, a Takxke
Haubonee mpocThle 3aBucuMocTH Buaa  (12),

YUUTHIBAIOIINE TOJIBKO JMCTIEPCHOHHBIE
K03(QUINEHTHI:
O(x;,¥:52;)
C (x, ¥, z) = 7 .
2n’?0.0,0,
! (12)
2 2 2
X z
“exp| - - )

20')(2 20,7 20.°
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rae: 0,,0,,0, - JUCTIEPCUOHHBIE

KO3 PHUIIUEHTEI, YYUTHIBAIOIITHE XapakTep
pacnpezieneHus IMpUMeECH MO OCsIM X, V,zZ B

3aBUCUMOCTH OT KJIMMAaTHYECKUX, IIPOMBIIITIEHHBIX,
penbedHBIX W Ap. OCOOCHHOCTEH MECTHOCTH W
OTIPEIETISIFOLIMECS SMITUPUIYECKUM Ty TEM.

Owmnbka JaHHOW MOJENH CYIIECTBEHHO
3aBUCUT OT NPAaBUJIBHOCTH MOAOOpa MapaMeTpoB

0,,0,,0.. B pane cny4aes, 0coGeHHO mst cnabo

IIEPOXOBATHIX HE3AaCTPOCHHBIX MOBEPXHOCTEH W
OTPaHUYECHHOTO YHCJIA UCTOYHHKOB MOJEIb UMEET
JOCTATOYHO BBICOKYIO IOCTOBEPHOCTb.

Jpyroii  pacnpoCTpaHEHHOW  MOZEIBIO,
Hauboyee 4acTo WCIOJBb3yeMOH B IMPOTrPaMMHBIX
NpOJyKTaxX, sIBJIsETCS MoJenb (akena “Jlarpamxka-
Iaycca” (13):

): O(x;,51,2;) .
2700 u
2 2 2
o L[ _l[z—HJ I[H] ,
2| o, 2\ o 2\ o,

y z

C(x,y,z

(13)

B nanHOM MoOAenu y4MTBIBAETCS BBICOTA
HCTOYHHMKAa H , a TaxKe CpeAHss CKOPOCTh BETpa
U TO HANpaBICHUIO OCH X, YTO TPUBOIUT K
MONTyYeHHI0 0oJiee JTOCTOBEPHBIX pPE3YNETaTOB B
cpaBaeHHH ¢ (12). OCHOBHBIMH HEIOCTaTKaAMH
MOJENHA  SBISICTCA  CIOXHOCTh  OINpPEHCICHHS
K03 ULHEHTOB O, ,0,,0, .

OnucaHHble MOJENH, a TaK)Ke OCHOBaHHas
Ha HuX o¢unmaneHas Mmeronuka [SC3 nomyuwmna
IIMPOKOE PAacCHpOCTPaHEHHE B psife 3apyOeKHBIX
CTpaH, TaK KakK SBJISIETCS NMPAKTHYECKOW OCHOBOM
pacdera KOHIEHTpauWil NpUMECH s pa3paboTKu
MIPOTPAMMHBIX MPOJIYKTOB. PaccMOTpeHHBIN paHee
mporpamMHEIA  mpoxykt  “CalPuff”  Taxke
peanu3yeT gaHHbIE MOAEIH.

ABTOpOM OBLIM TaKkKe NPOaHATH3UPOBAHEI
OCHOBHBIE BO3MOXHOCTH U JpPYTHX TpPOAYKTOB
pacdeTa pacrpocTpaHeHHUs] IpuUMecH B atMocdepe.
CpaBHUTEIbHAS XapaKTepUCTHKA ux
BO3MOXKHOCTEH 1oKa3aHa B Tabnune 1.

Ta6muma 1. — CpaBHeHHE BO3MOKHOCTEH
MIPOTPaMMHBIX CPEJICTB JUIS pacueTa
pacIipocTpaHeHusl mpumeceii B atMmocepe

CpaBHu-
TeJbHas
XapaKTepuc-
THKa

“50J12000”
“ITnenap”
KHUC “Kenp”
“EMEP”
“CalPuff”
“AerMod”
“TAPM”
“Chimere”

VIIP3A “Dkonor

WnTepHer-
BepcHs
CeaHCOBOCTD | +
MoaynbHOCTh
Hammane
CIIPaBOYHUKOB
[oanepxka
Kaprorpaduu
Bo3MoxHOCTH
reyaTu
Nmmnopt u
HKCHOPT
ba3e1 gaHHBIX
TouHoCTH
pacueTa
CxopocTh
pacueTa
Mereopouio-
THYECKUM + |+ |+
MIpenpoIeccop
3D -
BU3YaJTU3aIHS

AHanu3 JaHHBIX TaOnMIbl | TOKa3bIBaeT,
4TO HEMHOTHE MPOTPaMMHBIC MIPOAYKTHI
MPUMEHSIOT COBPEMEHHBIC TEXHOJIOTHH (HAIPUMED,
MOICPKKY CEaHCOBOCTH, 0a3 JaHHBIX W T.IL.).
CpaBHHUTEIBHO Malloe KOJIHYECTBO MPOTPAMMHBIX
MPOAYKTOB IO3BOJISICT OCYIIECTBIIATH IIPOTHO3
METEOPOJIOTHIECKAX TOKa3aTenel, Tarke ciaabo

+
+
+
+

+
+
+
+
+

===+ +]=|=




pasBuT BBOI Teorpaduueckoi uMHPOpMAIMH, a
BO3MOXHOCTBIO 3D-BH3yanu3anuu He 00JamgaeT HU
OJIMH U3 OTE€UECTBEHHBIX aHAIOTOB.

Takum 00pa3oM, CYIIECTBYIOLIHE CETOAH
CpeACTBa IPOTHO3a COCTOSIHUSI aTMOC(EpPHOTO
BO3/lyXxa HE TMO3BOJSIOT J(QQEKTUBHO peIIaTh
OCHOBHBIE 33J]a4M JKOJIOTHYECKOTO MOHHUTOPHHTA,
NPelyCMOTPEHHBIE 3aKOHOAATEILCTBOM Y KpPanuHBbI.
CBs3aHO O3TO C  pa3MuUEM  HCIOJIB3YEMBIX
TIOJIXOJI0B " MOJTy4aeMbIX Ppe3yIIbTaTOB.
HeongHOpoaHOCT, WCXOMHBIX [JAHHBIX, a TaKke
OTCYTCTBHE DPAIa IOKa3aTeseil, HeOOXOIUMBIX IS
pacdera KOHLEHTpPAIMK 3arps3HAIOIIETO BEIECTBA
C UCIMONB30BaHMEM TOTO WM HHOIO IOIXO0Ja,
XapaKkTepHO Il OOJBLIMHCTBA CYIIECTBYIOIIUX
MeToNoB. B ompeneneHHbIX ciydasx 3TO He
MIO3BOJISIET UCIIONIb30BaTh 4acTh METOJOB BOOOIIE,
JIpyrue  Meronsl  TpeOyIoT — NpenBapUTENbHON
ajanTtaid K KOHKPETHOMY OOBEKTy ITyTeM
SMIIPUYECKOTO  YTO4HeHus  KoddduimeHToB
YpaBHEHHI, JIe)KalluX B OCHOBE METO/A, TPEThU HE
YYUTHIBAIOT ~ KIMMAaTW4ecKue ©  penbedHbe
0COOCHHOCTH MECTHOCTH WJIM AAIOT 3HAYUTEIIBHBIC
MOTPETTHOCTH pacdera, COM3MEpHMBIE c
MCXOJHBIMHU 3HAYEHUSIMU KOHIIEHTpauuii.

PaccMoTpeHHBIE B paMKax pas3lIMuHBIX
MOJXO0JI0B METOJIBI U CPEJICTBA MPEATNONAraT, YTO
BBIOPOCHI BPEAHBIX BEIIECTB ISl KaXIOro W3
WCTOYHMKOB H3BECTHhL. Ha mpakTuke, OJHAaKo,
KOJIMYECTBO  CTAI[MOHAPHBIX  HMCTOYHUKOB IS
NPOMBIIUIEHHOTO TOpOJa CPEAHHMX Pa3MepoB
MOXeT cocTaBisiTh 10 100 ThIC., mpu4eM BBEIOPOCH
OospIIMHCTBA W3 HHUX HE  KOHTPOJMPYIOTCS
CyOBeKTaMH MOHHTOPHHIA, a  OIPEAEISIOTCS
NPEANIPUATHAME ~ CaMOCTOSITEIBHO ~ Ha  JTame
WHBEHTapu3aluu BbIOpocoB. Mcxoms wu3 atoro,
paccCMOTpPEHHBIE METOJBl U CPENCTBA, B OCHOBE
KOTOPBIX TOJIOKEHO o0lIee ypaBHeHHE AUPPy3un
(1), oka3pIBalOTCS HENPUMEHUMBI. DTO SBISIETCS
TJIaBHOM NPUYHHON HEBO3MOKHOCTH
UCIIONIb30BaHMsl MPOTPaMMHBIX CpeAcTB. Takum
0o0pa3oM, IIOMCK HOBBIX METOJOB MPOTHO3a
pacripocTpaHeHusi  mpuMmeceii B atMmocdepe,
OPHEHTHPOBAHHBIX Ha 3HAYNTEIHHOE COKpaICHHUE
00BEMOB HCXOITHBIX IAHHBIX, MMEIOMINX HU3KYIO
JIOCTOBEPHOCTB, SIBJISIETCS aKTyalbHOM 3a7auci.

lNocmaHoeka 3ada4yu u pa3pabomka
UHopMayUOHHOLI modenu pacdyema
pacnpocmpaHeHusi npumecu

IIpn pa3paboTke HOBBIX METOIOB pacyera
pacnpocTpaHeHuss ~ mpuMecH B arMocgepe
HEOOXOAMMO HCIIOJIb30BaTh AaHHbIE HaOIIONCHUI
3a COCTOSIHUEM aTMoc(hepHOro BO3/1yXa,
cobupaeMbIxX cyOBeKTaMu JKOJIOTUYECKOTO
MOHHUTOpPHHTA (OOJACTHBIMH W  PETHOHAIBHBIMH
runpomereonieaTpamu, COC u np.). CeromHs B
ropojax VYKpamHbl Ha CTallMOHAPHBIX IIOCTax
KOHTPOJISL 3arpsi3HEHUs] aTMOC(EpPHOTO BO3IyXa
cobupaeTcs 3HAYUTENbHBIA 00BEM IKOJOTHUECKOM

nHpopMmanmi. B Tom  ofOmee  KOIHYECTBO
HaOJIFOIEHUI Ha PTHUX IIOCTax BKJIFOYaeT oT 5 1o 10
TBIC. JUIA OAHOTO 3arpsi3HSAIONIEro BemiecTBa. Jlis
psAaa KPYIHBIX TOPOJOB KOJMYECTBO HAOIIOACHUI
yxke coctaBisier Oonee 100 Thic. HaOMIONEHUIA B
rof, a Ans YKpauHsl B 1enoMm — 5-10 muH. B rog.
Kpome wmH(poOpManuy o KOHIEHTpaUusX NpUMECH
nmeercs CYIIECTBEHHO OonpImmit 00beM
METEOPOJIOTMYECKUX HAOIIOCHUI. Takum
00pa3oM, KOJMYECTBO UMEIOIICHCS IKOIOTHICCKOM
nHpOpPMAIMK OYEHb 3HAYUTENHHO, UTO JIAeT
BO3MOKHOCTh TTOCTPOCHHS MPOTHO3HBIX MOMETEH
pacripoctpaHeHus TpuMeceld B aTMOc(epHOM
BO3IyXe€. OpnHaxko, Ui pa3paboTku
WH(POPMALIMOHHBIX MoJeNneil HeoO0XOIUM IOUCK
3aKOHOMEPHOCTEH B HMECIONIUXCSA 0a3ax JaHHbBIX
9KOJIOTUYECKON MH(pOPMAIIHH.

Jnst moncka 3aKOHOMEPHOCTEN B YKa3aHHBIX
o0peMax WHPOpPMAIUM  HEOOXOMUMa  CIUHAS
nHpOpMaNMOHHAs MOJeNb Uil ee 00paboTkwy,
KOTOpasi TIO3BOJIMT OOBEAMHHUTH B EIMHOE IIEeJIoe
KOMILIEKC HOBBIX M IMEIOMINXCS METOZOB TIPOTHO3a
1 OIICHKH COCTOSIHHA aTMOc(epHOTo BO3myXa. JTa
MOJIeNb SIBISICTCS WHCTPYMEHTAJIbHON 0a3oi s
[IPOBENICHUS AAJBHENIINX UCCIEN0BAHNM.

[IporpamMmHbBIe TPOIYKTHI, pa3paboTaHHBIE
HAa OCHOBE Tpe[ylaraeéMoid MOJENH, JIOJDKHBI
obecrieunBaTh BOBMOXHOCTb PELICHUSI CIIETYFOLTHX
3ajay4:

- HaKOIUICHHWEe, XpaHEHHe, mpenodpadoTKa
HCXOJHBIX JAHHBIX, COOMPACMBIX CYOBEKTaMH
9KOJIOTMYECKOT0 MOHUTOPHHTA;

- MPOBEACHUE aHAJN3a UCXOTHBIX JTaHHBIX H
MIpPEeJCTaBIICHHE €¢ B yIOOHOM IJIsl TIOJB30BATEINS
¢dopmare;

- MPOBEACHHE MPOTHO30B PaCIpPOCTPaHEHUS
NpUMecH B aTMOC(HEpHOM BO3IyXe IO pealbHbIM
JTAaHHBIM CyOBEKTOB MOHUTOPHHTA;

- obecrieueHre TIOMOIIM B TPUHATHH
pemieHnit dkcnepramu  (HampuMep, NpU  BbLIave
paspeleHnii Ha BEIOPOCHI).

Ucxons u3 MOCTABJICHHBIX  3ajad,
nHPOpPMAIIMOHHAS  MOJENb JIOIDKHAa  001ajmarh
CIIEAYIOINM HabopoM (DyHKIIHIA:

- opmupoBaTh HAOOpP MCXOTHBIX JAHHBIX C
BHYTPEHHEH CTPYKTYpOW  MPEACTABICHUS  HA
OCHOBE [aHHBIX, IMPEIOCTABISIEMBIX CYOBEKTaAMH
9KOJIOTMYECKOr0 MOHUTOPHHTA B JopMarax oOMeHa
skonoruueckoit unpopmarueit (ACOU3A, SQL);

- obecrieunBaTh  MPOCTOTY  WHTErPaLUH
Mo00ro M3 METONIOB pacueTa paclpoCTPaHEHUS
TIPUMECH;

- obecrieunBarh MpeRoOpPabOTKy HCXOIHOM
nHpOopManmMu ¥ omnpenessiTh 0a3oBbIH  Habop
CTaTHCTUYCCKUX, JWHAMHYCCKUX H  JPYTUX
MOKa3aTesei, KOTOphle HEOOXOOUMBI IS PaOOTHI
OOJIBIIIMHCTBA METO/IOB;

- COXpPAaHATh MHPOPMALNIO, TOTYICHHYIO Ha
MIPOMEXKYTOYHBIX IlIarax o0paboTKu;



- BOCCTaHABIIUBATh pE3yJIbTAaThl pacyera,
€CIIM MCIOJIb3yeMblli HabOp HCXOAHBIX JaHHBIX
paHee y)xe o0pabaThIBaCs KOHKPETHBIM METOIOM;

- IPOU3BOAUTH OLEHKY KayecTBa IPOTHO3a
KaXJIOro M3 METOJIOB, HMHTETPUPOBAHHOTO B
MH()OPMALIMOHHYIO MOJENb MYyTeM OIpeAeIeHUs
KPHUTEPUEB 3HAUUMOCTH;

- TPEeNOCTaBIATh METoAaM WMH(OpManuio o
3HaYMMOCTH,  TO3BOJISIIOIIMA ~ aBTOMAaTHYECKH
KOPPEKTHPOBaTh €ro BHYTPEHHHE MapaMeTphl C
eJIbI0 YMEHBLICHHS OIIMOKH IPOTrHO3a;

- UHQOPMHUPOBATh O IPOBOIMMON OIICHKE
KayecTBa pabOTHI METO/1a;

- BBIIOJIHATH IOCTOOPaOOTKY — BBIXOXHOM
uHpopmanum.

Wudopmannonnas MOJIEIb JOJDKHA
UCIIOJIb30BaTh TPH TPyl HCXOIHBIX JIaHHBIX:

- MeTeopoJiornueckas nHdopmanus;

- uHbOpPMALUI O KOHIECHTPALMAX MPUMECH,

cobupaemas cyOBeKTaMu 9KOJIOTUIECKOTO
MOHHUTOPHUHI'A;
- reorpadudeckast HHpopMAaIis.
WupopmanmoHHast MOJIEITb JOJDKHA
NPENOCTABIATE  CIENYIOIINE BUIBI  BBIXOJHOU
uHpopmanuu:

- BPEMEHHBIE PsI/Ibl NIPOTHO3HBIX 3HAYCHUIL
KOHLEHTPAllMM  INPHUMECH,  IIOJ[yYeHHBIE  C
UCIIOJIb30BAaHHEM METOJIOB  KPaTKOCPOYHOTO U
JIOJTOCPOYHOTO MTPOTHO3UPOBAHMUS;

- BOCCTaHOBJICHHBIE TIOJS KOHIIEHTPaLUii
3arpsI3HSIONINX — BEUIECTB, MOJYyYEHHBIE ITyTEM
UCTIONIb30BaHUA ~ METOJIOB  IPOCTPAHCTBEHHOM
amnMpoKCHMAINM,  MNPEACTaBICHHBIE B BHIC
MPOCTPAHCTBEHHBIX TPaQUKOB H HM300pakeHUH
MOJIs  C  BO3MOXKHOCTBIO — HAJOXEHHA |
TororpauYeckoil  TPUBSI3KKM  reorpaduuecKkux
KapT, 9KCIOPTHPOBAHHBIX M3 PaCIpPOCTPAHCHHBIX
I'NC cucrewm;

- pe3romMupyromnas uHpopMaIus JUTST
3KcrepToB B obiactu oxpansl OIIC, mo3Bosistomias
OLICHMBATh NIPUHSTHIC PEILICHUSI.

Jist peanuzaniuy pacCMOTPEHHBIX (QyHKIMi
Obuta paspaboraHa CTpyKTypa WH(pOpManMOHHOMN
MOJZIETIM ~ pacueTa  3arpsi3sHeHHst  aTtMocdepbl
(em. pumc. 1), xoropas BKIIO4aeT 3 cragud
00paboTku 9KOJIOTUIECKO “H(pOPMAIIHN:
mpeno0paboTKy, 00paboTKy © TMOCTOOpPabOTKY.
IIpennaraemast CTpyKTypa COIEPIKUT:

- MOOYnbL umnopma ungopmayuu. JlaHHbIH
MOJYJIb UCIIONB3YETCs VIS IepeBoAa HHHOPMaLUH,
NPEIOCTaBICHHOW CYyOBEKTaMH  3KOJIOTHYECKOTO
MOHHUTOpPHHIA W3 PacIpOCTPaHEHHBIX (OPMATOB B
(opmar BHyTpeHHeTO npezacTaBieHus B Buae SQL
komaHn.  CerogHs  CymIecTBYeT  HECKOJIBKO
nofoOHBIX  (OpPMATOB, OJHAKO Ha YKpawHe
HCcmonb3yercsi, B ocHOBHOM, (opmar ACOU3A.
Monyns HAMIIOpTa TaKKe MIO3BOJISIET
peoOpa3oBEIBaTh reorpaduIecKyro HHPOPMAIIHIO,
KOTOpasi MpelcTaBisieT COOOH BEKTOPHbIE KapThl
KOHKPETHOTO  TE€PPUTOPUAIIBHO-PACIIPEAEICHHOTO

oOwekTa, Hampumep, B (opmare MIF (Maplnfo
Interchange Format);

- 6aza ucxooHvix oannvix. llpencraBneHHas
B Buzie SQL 3anpocoB nHdopmanus B 3aBUCUMOCTH
OT ee TWIAa pacmpenensercss Ha Tpu OoKa:
nHpoOpManUsT O KOHUECHTPAIMAX 3arpsi3HSFOIINX
BEIIIECTB, METEOpoJIorHueckas M reorpaduieckas
nHpopmanusi. Cnenyer OTMETHTb, 4YTO IS
IpeAcTaBleHns] HWHGOPMAlMd B JBYX TEPBBIX
0710KaX MOTYT OBITH HCIIOJB30BaHbI CTAaHIAPTHHIC
THUIIBI JaHHBIX, B TO BPEMsI KaK UIsl MPECTaBICHUS
reorpaguueckod  WHGOPMAIMH  HEOOXOJUMBI
ocoOble  THIBI  JaHHBIX, HE BXOJAAIIME B
cneuudukaiuo s3pika SQL, 4TOo OrpaHuuuBaeT
BBIOOp cpenctB peanuzanuu. [lpu  paspaboTke
MOJIENIM TakXe YYUTHIBAJach BO3MOXKHOCTH €€
MIPUMEHEHHS B MHOTOII0JIb30BaTEIbCKOM
Wnrepuer-cpene. Bo  u30exxaHue  M3BECTHBIX
omnOOK  (B3aMMOOJIOKHMpOBKa,  “Ooppba  3a
pecypchl’” | T.IL.), HEU30CKHO BO3ZHUKAIOMIUX TIPU
BBIIIOJIHEHNHM  TOAOOHBIX — TPHIIOXKEHWH  OBII
MPEATIOKEH CICAYIOIINI MPUHIIUIT: TFO0bIE TaHHBIE,
UCXOJSIIe OT CyOBEKTOB MOHHUTOPUHIA, HE
mouiexxar moaupukanun u ypaneHuto. C 3ToH
LENbl0 B CTPYKTYPY HH(POPMAIIMOHHOW MOJIENH
BBOJUTCSl €IIe OJWH JONOJHHUTENBHBIA OJIOK,
JlAaHHBIE B KOTOPBIA  3aHOCATCSI Ha  IJTare
NIPEABApPUTENHLHON 00pabOTKM UCXOAHBIX JAHHBIX U
KOTOPBIE OIPEAEISIOTCS] CHCTEMON aBTOMAaTHYECKH.
bnok nmomonmHuTENbHOW WH(OPMALMHM COAEPIKHT,
HalpuMep, 3HAUCHUS CTATHCTHUECKHUX TTOKa3areneit
WJIN PACCTOSIHUM MEXIY ITOCTaMH HKOJIOTHYECKOTO
MOHUTOpUHTAa ¥ Jpyrde JaHHbIE, KOTOPBIE
UCTIONB3YIOTCSl  OONBIIUHCTBOM ~ MeToJ0B. I[lpu
OTIpe/IeTICHNH aHOMAJIbHBIX 3HAYCHUH TaHHBIN OJI0K
COJICPIKUT CCBUTKH Ha DJIEMEHTBI, KOTOPBIE CIIeIyeT
CUMTATh aHOMAJbHBIMHU, TIPH 3TOM CaMH 3HAYCHUsI
HE YJAJSIOTCS, YTO CIOCOOCTBYET LENOCTHOCTH
HCXOJHBIX JIaHHBIX;

- copmupogka. Tak Kak UCXOIHbIE JaHHBIC
OT CyOBEKTOB MOHUTOPHHIa MOTYT MOCTYNaTh B
HEONpe/IeIIEHHOM TIopsIIIKe, HE0OX0ANMO
BBIMIOJIHATE ~ COPTHPOBKY  KaXIBId pa3  TpH
n00aBIeHNM HOBBIX JaHHBIX B 0a3y, Tak Kak Ui
OOJIBIIMHCTBA METOJOB MPOTHO3HUPOBAHHS BaKEH
MOPSIIOK  HAOJMIOJIeHNsT BO BpeMeHH. llepedeHb
Mojiel, MO KOTOPBIM BBIMOJHSIETCS COPTHPOBKA,
3aBUCHT OT CTPYKTYpPBI 0a3bl JAHHBIX KOHKPETHOTO
MPOrPaMMHOTO  O0ECHIeUeHHUs, OJHAKO IOPSI0K
COPTUPOBKH OMpEJENseTCs CIEAYIOIUM 00pa3oM:
o jate HaOJIOZEHUs, TI0 IMoCcTaM HaOJIIOAEHHs, 110
MHIPEANEHTaM, TI0 METEOPOJIOTUYECKUM JTaHHbBIM;

- yoanenue aHOManbHbIX Habmodenuti. Ha
JAHHOM  dTale  TpeIBapUTENbHONH  00paboTKM
NIPOM3BOANTCA ~ WCKJIIOYEHHE U3  JaJbHEHIIei
00pabOTKM WM KOPPEKIHsS WMCXOTHBIX ITaHHBIX,
KOTOpBIC SIBIISIFOTCS aHOMAJIbHBIMH. AHOMAJIbHBIMHU
HAOMIOACHUSIMHI CUHTAIOTCA: NyOJSDKH, KOTOpEIC
MOTYT BO3HHMKATh TIPH TIOBTOPHOM HMMIOpPTE
JIAaHHBIX, HAOMIOICHUSI, BRIXOAAIINE 32 IOMYCTHMbIC



TPaHMIBl JHana3oHa, a TakXke HaOIoneHHS,
BBIXOAAIIME 3@  MpEAENbl,  OMNpeneNseMble
aHOMAaJIbHBIMU KPUTEPUIMU;

- uHUYuauzayua napamempog. JlaHHBIH
9Tall MpeaycMaTpUBaeT pacyeT W WHHULHATH3ALHUI0
rapaMeTpoB, KOTOPbIE HE 3aBHCAT HU OT BPEMEHH,
HU OT TMPOCTPAaHCTBEHHBIX XapaKTEPUCTHK, a
3aBUCAT TOJNBKO OT THIA TEPPUTOPHAIBHO-
pacripefieIeHHOro O0BeKTa M SABISIFOTCS OOLIMMHU
Juisl  OOJBIIMHCTBA METOAOB pacdera. bosmbrras
YacTh CTATHCTHYECKHX METOJOB HCIIONB3YIOT Pl
SMIMPUYIECKUX M CTAaTUCTHIECKUX MapaMeTpoB M
3akoHOMepHocTel. Takumu  napaMerpamu, B
MEPBYIO OYEpellb, SBISIOTCS CKOPOCTh OCEHaHUS
WIM BCIUIBIBaHMS U1 TSDKENBIX — IpHUMeECEH,
orpejiensieMasl B COOTBETCTBHH ¢ (4), a Takxke
OCHOBHBIE CTaTHCTHYECKHE II0Ka3aTelH, KOTOpble
TaKKe  HCHOJB3YIOTCS B psAA€  METOJOB.
CymiecTByeT BO3MOYKHOCTh OTIPEIEINTh yKa3aHHbIE
nmapaMeTpel JUIs  HamOoJiee pacrpOCTPaHEHHBIX
IpUMecell 3apaHee ¢ IO COKPAICHUS] BpEMEHH!
pacuera;

- pacuem  OCDEOHEHHbIX — MECAYHLIX U
20006bIX KOHYEHMpAayuii U MemeoposocuiecKux
napamempos. CpeHEeMeCSUHbIE U CPEJHEr0/10BbIE
KOHLEHTPALMM  HCIOJIB3YIOTCA  IPH  IIOUCKE
3aKOHOMEPHOCTEN M3MEHEHMsI KOHLEHTpaluud B
OKPECTHOCTH CTaIlHOHAPHOT'O ITOCTa MOHHUTOpPWHTA
JUISl BBISIBJIGHUSI TPEHAOB, BCIUIECKOB M CE30HHBIX
COCTaBISIONIMX. B pe3ynapratre  ocpegHEHUs
KOHLICHTPAIlMA 3a CYeT YMEHbIICHHs o0beMa
nHpOpMaMK YAAISIOTCS W XapaKTepHBIE LIyMBI,
BCET/Ia MPUCYTCTBYIOIINE B MCXOIHBIX BPEMEHHBIX
psAnax KOHIEHTpAaIWi 3arps3HAOIINX BEIIECTB.
CpenHeMecsIHbIE U CPETHETOAO0BBIC TaHHBIE MOTYT
OBITH MHCIOJIB30BAHBl TAKKE MPU JOJTOCPOUYHBIX
nporHozax (otr 5 jer u Oonee). B HekoTOpbIx
MeToax JIOJATOCPOYHOTO MIPOTHOZUPOBAHUS
TpeOyercsi  OnpenesisiTh  OMIUPUYECKHUM WU
pacdyeTHBIM IyTeM HEKOTOpPOe IMPHOJIKEHNE
NPOTHO3HOTO 3HAueHWs Ha KOHIE HHTepBala
nporHo3a. Kpome Toro, 3a cyer COKpamieHUs
Ha0opa JaHHBIX CTAHOBUTCS JOCTYITHBIM TaKXke U
BU3yabHOE  M3yYCHHWE  CPEAHEMECSYHBIX U
CPEIHETOIOBBIX KOHIEHTPALMHA B BHIE Ipa(HKOB,
TaOIHII, a MO3TOMY yKa3aHHasI HHPOPMALIHI MOKET
OBITH TOCTYITHA Ha MOJIH30BATENECKOM YPOBHE;

- pacuem NpoCMpaHCMEEHHbIX OMHOUIeHUIL.
151 MeTonoB MPOCTPAaHCTBEHHOM alNpOKCUMALUU
UCXOJHBIX  JaHHBIX KpailHE BaXKHO  3HATb
MPOCTPAaHCTBEHHBIE ~ OTHOILECHHUS, CBS3BIBAIOIINE
MeXay co0OW TOCTHI W HMCTOYHHUKH BBIOPOCOB.
[TonoOHBIE OTHOIIEHHMS Yallle BCETO MPEICTABIISIOT
coboii Teorpaduueckrie KOOPAMHATHI MECTHOCTH,
BCE  OCTaJbHBIE  XapaKTEPUCTHUKH  SIBISIOTCS
MPOM3BOAHBIMH. 71 OmpeneneHuss KOOpAWHAT B
HAaCTOSIIEE BPEMsS HCIIOJIB3YIOTCS COBPEMEHHBIE
I'MC c¢ wucnomezoBanmem GPS  TexHOmorwm.
Tounocts GPS cucrem omnpenensercs KOIUIECTBOM
CIyTHUKOB, BHIUMBIX C TOYKH PaCIOJIOKEHHS

GPS-npuemanka u ook a¢pumepuca
(HETOYHOCTE MAaHHBIX PACHOJIOKEHHUS CITyTHHUKA),
1 JISKHT B TIpefieax oT 6 10 12 MeTpos.

IIpousBoaHBIMU MPOCTPaHCTBEHHBIMHU
XapaKTepPUCTUKAMH, ONpeNeNIieMbIMA Ha OCHOBE
reorpa)MueCcKuX KOOPIUHAT, SBISIOTCS:

1) nmexkapTOBBI KOOPJHMHATHI BCEX IIOCTOB
HaOroIeHNs u NCTOYHHUKOB BBIOPOCOB,
OTIpeJieTICHHBIE OTHOCUTEIBHO HEKOTOPOHW TOYKH,
Ha3bIBAEMOM TOUKOW MPUBSI3KH;

2) paccTOSIHUS OT TOYKH IPHUBSI3KU IO BCEX
MIOCTOB HAOJIOICHNS 1 ICTOYHUKOB BBEIOPOCOB;

3) paccTOSHUS OT TOCTOB M HCTOYHHKOB
BBIOPOCOB MEXy COOOM;

4) a3uMyTHl YIJIOB MEXIy IOCTaMH U
HCTOYHHKAMU BBIOPOCOB u BBIOpaHHOTO
HarpaBJIeHUsI.

Jnst pacdera paccTOSIHUM W ompeesieHus
JICKapTOBBIX KOOPJAMHAT MOJKET HCIIOIb30BATHCS
MoudumpoBanHas (opmyia raBepcurycosn [12],
a JuIs ompeaeseHus azumyTa — popmyisl (14):
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D’ i i
7T —arccos| ,D_ <0, Dy >=0
. D
A = ,
D/ : - 14
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2 D,
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TOYKH Ha OCH BHIOPaHHOM CUCTEMBI KOOPJIUHAT;

- annpoxcumayusi. B cBs3m ¢ OONBIION
HEOJHOPOAHOCTHIO MCXOJHBIX TaHHBIX CYOBEKTOB
MOHHUTOPHHTA Ha TOCIIETHEM dTarle MpeaoopadoTKu
BBINOJHACTCS MIpUOITIKEHHAS B y3max
anmpokcuMarys.  HeomHOpOZHOCTh — MCXOIHBIX
AHHBIX (TPOITyCKHW 3HAYEHWH W JIp.) BOSHHUKACT B
cllyyae OTCYTCTBHs HAONIOJEHWIT 32 HEKOTOPBIH
Nepuos  BpeMeHH, JHu00  Ipu  yJaJCHUHU
aHOMaNbHBIX  3HaueHWdH. OpHako  ycloBue
OIHOPOIHOCTH MCXOAHBIX JAaHHBIX 3a4acTyIO
SIBIISIETCSl 00S13aTENBHBIM ISl TIOCTPOCHUS MOziesIer
KpPaTKOCPOYHOTO TIPOTHO33a, B KOTOPBIX KaXkJoe
MOCIeAyIoNee 3HAYCHWE 3aBUCHT OT 3HAYCHHMH,
MOJTyYEHHBIX Ha Ipeablaymux marax. Hanbompmree
pacipocTpaHeHHE TIONYYHWIH MOJTHHOMHAIbHBIC
¢yskumn  Heiotoma wu  Jlarpamka, KOTOpEIE
0071a1af0T BBICOKOH TOYHOCTBIO;

- Kpamkocpounoe npocno3upoganue. Ha
JTAHHOM 3Tale IPeJIoyiaraeTcs OCYIIECTBISTh
KpPaTKOCPOYHBIN IIPOTHO3 IIyTEM MCIOJIb30BAHUS
OJTHOTO u3 METOJIOB KpaTKOCPOYHOT'O
nporosupoBanus  (cM.  puc. 1). Bxopgnas
nHpopManus A JOO0r0 M3 METONOB SIBISIETCS



OJIMHAKOBOI M IpeCTaBlICHa BPEMEHHBIMHU PAAAMHU
KOHLEHTpalUUi OAHON WM HECKOJIbKMX NpUMECEH],
BBIOMpAEMBIX  IIOJIb30BATENSIMH,  BPEMECHHBIMH
pslaMM  METEOpOJIOTMYECKMX — TIoKasareneil u
TabnuuamMu OJIOKa JTOTIOJHUTENBHOW MH(pOPMAIHH,
B KOTOPBIX XPaHATCS pe3yJIbTaThl, MOJy4YECHHbIE Ha
CTaJIu| NMpenoOpadoTKH.

JIro0o¥ MeTox MOXKET TaKKe HCIIONIb30BATh
9KCIEPTHYI0 MH(OPMALIUIO, KOTOpas MPEICTABISIET
coboit Habop mokazaTenel Ul OILEHKH KadecTBa
ero  paborel. Kak  mpaBmimo,  mokaszarenu
MIPEACTABIAIOT cOOOH 3aBUCHMOCTH, 3a/laBacMble B
BuAe Tabmui (HampuMep, 3aBUCHMOCTH OOIIe
OmMOKK MpOrHO3a OT TIiyOMHBl TporHosza). Ha
OCHOBE YKAa3aHHBIX 3aBUCHUMOCTEH Ka)KIblH METOX
MOXET KOPPEKTHPOBATh OKOHYATEIbHBIN pe3yIbTaT
MPOTHO3a C LENbI0 YMEHBIIEHHsT OOIIeH OIHMOKH.
OnHaKo, MOCKOJIBbKY HE KaXKABIH METOJ MO3BOJISIET
KOPPEKTHPOBaTh pe3ysbTaT CBOEro IPOrHO3a, Ha
puc. 1 pmaHHas  BO3MOXKHOCTH  00O3Ha4YeHa
HMITPUXIYHKTUPHOM JTHHUEH.

Bexognas  mH(OpMamMs — KaXOoOro W3
METOJIOB MPOTHO3a TPEICTaBICHa BPEMEHHBIMHU
pAlasMu MPOTHO3HBIX 3HAUYEHUH, KOTOPBIM BMECTE
¢ HabOpOM MOJIL30BATENILCKUX IAPaMeTPOB (Havajo
MPOTHO3a, KOHEIl NPOTHO3a, HA0Op 3arps3HsOUINX
BEIlECTB, Ha3BaHHE MeTOoAa MpPOrHO3a M T.A.)
3aHOCHUTCS B TaONUIBI MHGOPMAIIMOHHOTO OJIOKa
pe3yNbTaToOB IpPOTHO3a, 4YTO HEOOXOJUMO ISt
UCKIIIOYEHHS  TOBTOPHOTO  ITPOTHO3UPOBAHUS
OJIMHAKOBBIX BXOJIHBIX JTAaHHBIX;

- doneocpounoe  mpoeHosuposanue.  Ha
JAaHHOM  JTafe  BBINOJHSAETCS  JOJITOCPOYHBIN
MIPOTHO3 N3MEHEHHS KOHIEHTPALUH 3arps3HIIOIINX
BeIIecTB (CpokoM Ha 5 m Oojee JieT) Ha MOCTax
9KOJIOTHYECKOTO MOHUTOPUHTA ITyTEM HMPUMEHEHUS
OJHOTO M3 METOJIOB JOJTOCPOYHOTO MPOTHO3a.
Bxonno#i  umnHpopmaumeir s OGONBIIMHCTBA
METOJIOB SIBJISIIOTCS OCPEJIHEHHBIE KOHIIEHTPALUH
3arpsI3HSIONINX BEIIECTB M HMX CTaTHCTHYECKHE
XapaKTEepUCTHKH, MoJTydeHHbIe panee. [Ipumenenne
9KCHEepTHOH WHGpOpPMalMy, KaKk W B MeToJax
KPAaTKOCPOYHOTO IIPOTHO3MPOBAHMS, COCTOUT B
MPOrpaMMHON KOPPEKIUH Pe3yJIbTaTOB IPOTHO3a C
[ENBI0 YMEHBIICHUS OOIIeH OIMMOKH MpPOTHO3A.
Beixoguas nH(pOpManus METONOB IOJITOCPOYHOTO
MPOTHO3a, KaK M BBIXOXHAs WH(GOPMAIHS METOIOB
KpPAaTKOCPOYHOTO TMPOTHO3a, MpPEACTAaBISsIET Cco0Oit
BPEMEHHON PpsAJl NMPOTHO3HBIX 3HAYEHUH, KOTOPBII
BMeCTe C HaOOPOM II0JIb30BATENBCKUX ITapaMeTpOB
3aHOCHUTCS B TaOJNUIBI MHGOPMAIIMOHHOTO OJIOKa
PE3yJIBTaTOB MPOTHO3a;

- 6occmanosienue noas konyenmpayuil. Ha
JTAaHHOM JTare MpeAroaraercst MocTpoeHue mnojen
KOHLICHTPAIlMd TpHMECH HaJ TEPPUTOPHUAIBHO-
pacrpezieIeHHBIM 00BEKTOM MO MCXOAHBIM TaHHBIM
CYyOBEKTOB 3KOJOTMYECKOTO MOHHTOPHHTA ITyTEM
WCTIONIb30BAaHMA METOJOB BOCCTAHOBJICHHS IOJIEH
KoHIEHTparuii (cM. puc. 1). DOtu  naHHBIE
NPEICTaBIsIIOT cO00  peanbHble HAOIIONCHUSA,

CyOBEKTOB JKOJOTMYECKOTO MOHHTOPHHTA, JHOO
IIPOTHO3HBIE ~ 3HAYECHUS, IIONyYECHHBIE  paHee.
Bxomnas mHbOpManms a1 KaXIOro M3 METOIOB
BOCCTAHOBJICHUS noJs KOHLIEHTpALUH
IIPeACTaBICHA B BUJE!

1) KOHIEHTpalMii TPUMECH Ha BCEX MOCTaX
MOHMTOPHHTA 3a YKa3aHHYIO AaTy;

2) Tabmul Omoka reorpapuIecKon
nHpOpMaNy;

3) MecTopacmoIOKCHUS CTAIMOHAPHBIX
IIOCTOB HAOIIOACHUIA;

4) Tabmui OJI0Ka JIOTIOTHATEIBHOMN
nH(popMaIy;

5) wMereoponorudyeckoid uMHMOpMaLUH 32
YKa3aHHYIO J1aTy.

Kpome sToro, Kaaslii U3 METOJOB MOXKET
TaKKe€  HCIOJB30BaTh  OKCHEPTHYI  OLEHKY
MIPOCTPaHCTBEHHOTO  TIPOTHO3a,  (opMHpyemyro
COOTBETCTBYIOIIMM  OJIOKOM, JUIS  KOPPEKIHH
pe3yibTara C LEeNbl0 YMEHbIIEHHs o0mmiel ommokn
paboTsl MeToza.

BerxonHast nHdopmanus METOJIOB
BOCCTAHOBJICHUS nojeun KOHLIEHTpAaLHUH
MPEICTAaBIsIeT COOOH MACCHB JAHHBIX, KOTOPBIHA
HpeNCTaBIIsAeT OO0 KOOPIUHATEI M PACCUNTAHHOE
3HaYeHUE KOHIICHTPALIH UL TOYEK
BOCCTAHOBJICHHS;

- 9Kcnepmmuas oyenka npozcrosa. Ha nanaom
sTane (GOpMHPYIOTCS TOKa3aTelu, I[O3BOJISIONINE
9KCIEPTy OLEHUTh Ka4eCTBO MPOTHO3a KaXKA0TOo 3
METOI0OB B  OTAEJBHOCTH MPUMEHUTEIBHO K
paccmarpuBaeMoMy oObekty. Ilpm stomM s
MOBBIICHHUS KaYeCTBA IIPOTHO3a METOA0B Hanboiee
BOXHOM  CUMTAaeTCs  alloCTepHOpHas  OICHKa.
OueHrBaeTcs KayecTBO NPOTHO3a, KakK MPaBHIIO,
Opd TOMOIIM HHTErPajJbHOTO METOJa, IpHYEeM
HanOonee BaKHBIMH KPUTEPHSIMH  CUHMTAIOTCA:
obmas omumOka MPOrHO3a, KAadeCTBO HCXOMHBIX
JIAHHBIX, KayeCTBO METOJa OIIEHKH, KadeCTBO
moxoopa BECOBBIX KOA(PHUIUECHTOB JUTSt
(bopmupoBaHus 0011IeH OLIEHKH U T.I1.;

- 9KCNepMHAs OYeHKA NPOCMPAHCMBEEHHOU
annpokcumayuu. Js TPOBEINECHUS IKCIIEPTHON
OLIEHKM  TIPOCTPAHCTBEHHOH  ammpoKCHManuu
TIpeIoIaracTcs (hopmupoBaHUEe Habopa
nokasarene. KadecTBo mporHosza oleHHBaeTcA
9KCIIEPTOM 110 yKa3aHHOMY Habopy, HpUYeM
HanOonee BaKHBIMH KPUTEPUSIMH  CUHMTAIOTCA:
obmas omubKka anmpoKCUMAIUH, XapaKTePHUCTHKU
METOJla, TMepeYeHb  HCIIOJb3YEMBIX  HaboOpoB
UCXOJHBIX  JaHHBIX, KOJWYECTBO TOYEK C
W3BECTHBIMH 3HAUEHMSMH KOHIEHTpAlMu (IIOCTOB
MOHHUTOPHHTA U UCTOYHHKOB BBHIOPOCOB), Ka4eCTBO
WCXOJHBIX JAHHBIX, Ka4eCTBO I10JI00pa BECOBBIX
koo(dunmenros  aus  GopmupoBaHMs  oOImIei
OLICHKH U T.IL.;

- ¢opmuposanue epaguros. Ilo 3ampocy
MOJB30BATENsl Ha JAQHHOM JTalle Mpeanoiaraercs
¢dbopmupoBanue TpadUKOB BPEMEHHBIX PSIOB IO
pE3yIbTUPYIOIUM JaHHBIM. 11 BH3yanu3anuu



allOCTEPHOPHON  OIIGHKH  KadecTBa  MPOTHO3a
NpeIyCMaTPUBAECTCd  BO3MOXKHOCTh  HAJIOXKEHHS
pe3ynabTaToB IPOTHO3a Ha pealbHbIe JaHHbBIE,
coOpaHHble CcyObekTamu  MOHUTOpWHTra.  Jlns
OLIEHKH KayecTBa COCTOSHHS ~ aTMOC(epHOTo
BO3lyxa Ha Tpadukax TOBepX  BBIXOJTHOM
UHGOpPMAIIMK  MOTYT  BBIBOIUTBCS  KPUTEPHU
kauectBa (ITJIK, cpemnee 3HadeHwme u T.IL.),
obecrieunBast BOSMOKHOCTD aHaJIN3a JIaHHBIX;

- ¢opmuposanue mabnuy. Ha maHHOM 3Tarne
[0 COOTBETCTBYIOLIEMY 3alpoCy IOJb30BATEIS
MOTYT OBITH TONYYCHBI TAONHUIIBI, COJICpPIKAIIIC
pe3ynbTaThl IPOTHO3a, YTO SABISETCS MEHee
HArJSAHBIM, HO Oosiee HHPOPMATHBHBIM CHOCOOOM
Npe/ICTaBICHUs]  BBIXOJHOM uHpopmanmu. Ha
JTAHHOM 3Tarle MOKET TAK)K€ BBIIIOJIHATHCS SKCIOPT
uHpoOpMalMK C WCIIOJNIL30BAHHEM CTaHIAPTHBIX
uHTep(deiicoB s  COryacoBaHHMsi C JAPYTHMMH
NPOrPaMMHBIMH IIPOAYKTAMH 00pabOTKH JaHHBIX;

- Qopmuposanie pe3yibmamos IKCnePmHoll
OYeHKu  NpocHO3a u nPOCMpPAHCMEEHHOT
annpoxcumayuy. JIaHHBIA 3Tall MpexycMaTpUBacT
BBIIa4y PE3yJIbTaTOB 3KCIEPTHOH OLCHKH MPOrHO3a
¥ TPOCTPAHCTBEHHOM AaNIIPOKCHMAIIMU SKCIIEPTY B
BUjie rpauKoB, TAONUIl M JAp. JUIS BH3YaJIbHOI
OLIEHKH PabOTHl K&KIOTO M3 METOAOB IPOTHO3a U
IPOCTPAHCTBEHHOH aNpOKCHMAIINH;

- gopmuposanue noneu. Ha maHHoM 3tame
MPOM3BOAUTCS (POPMUPOBAHUE ITOJISI KOHIIEHTPALIUH
B BHJIE CTaTW4eCKOr0 WJIM aHHUMHPOBAHHOTO
U300paKEHHsT 10 JaHHBIM, I[OJYyYCHHBIM B
pe3yibTaTe IPOCTPAHCTBEHHOH aNIPOKCUMAIIHH;

- ¢opmuposanue kapm. JlaHHBIA STan
npenmonaraeT IOCTPOCHHE Teorpaduueckux M
TOTOJIOTHYECKHX KapT, KOTOpBIE CIIy)KaT 0a30BOM
THIO/UTOKKOH pH HaHECCHUH JaHHBIX
IPOCTPAHCTBEHHOH alNpPOKCUMAIMU M OOJeTdaroT
B3aMMOJICHCTBHE TOJIH30BATENS C CHCTEMOM;

- MOOynb  eusyanuzayuu  00ECICUNBACT
BBIBOJI TOTOBOTO M300pakeHus Ha skpaH [1K;

- MOOYb VIPAGIEHUs. oOecrieuynBacT
B3aUMOJICHICTBHE TIOJIB30BATENSI C CHUCTEMOH U
yTmpaBisieT paboTol CHCTEMBI B LIEJIOM.

B NanbHEHIIEM TIPEJICTABICHHYO
HH(POPMAMOHHYIO MOJIENTb MOKHO HCITOIB30BATh B
Ka4yecTBe OCHOBBI ISt TTOCTPOCHHUS

UH(POPMAIIHOHHO-aHATUTHIECKAX ~ [IPOrPAMMHBIX
KOMIUIEKCOB IIPOTHO3UPOBAHMST PACIIPOCTPAHEHHUSI
3arps3HAIONICIO  BEIIECTBA HAJ  TEPPUTOPHUEH
MPOU3BOJILHOTO 00BEKTA.

Bbi600bI

BrInonHeH aHanu3 cymecTBYIOIIMX METOIOB
U CPEeICTB pacueTa PacHpOCTPAHEHUS NPHMECU B
npu3eMHOM cioe atMmocepel. B pesymbrate
aHamu3a  YCTaHOBJIEHO, 4YTO  CYIIECTBYIOIIHE
CEeroJiHS MPOrpaMMHBIE MPOIYKTHI HE MO3BOJIAIOT B
MOJTHOM O0BEME peIIaTh 3afadd 3KOJIOTHYECKOTO
MOHHTOPHWHTA, ONpEIEICHHbIE B COOTBETCTBUH C
3aKOHOZATEIbCTBOM YKpauHsl. OCHOBHBIM

HEIOCTaTKOM BCEX MPOAHAIM3UPOBAHHBIX METO/IOB
U CpeNCTB sBIAETCS HEOOXOOUMOCTh 3aIaHHs
(GYHKIMHM MCTOYHHMKA IPUMECH, KOTOpas CeromHs
JIOCTOBEPHO HE OIpexessiercss Uil OOJbLIIMHCTBA
UCTOYHHKOB. Mcxons u3 atoro, OblIa MpesioxKeHa
nH(OpPMaIMOHHAs MOJENb pacueTa pacrpeeIeHus
NpUMeECH B TIPU3EMHOM cjoe arMoc(epsl 10
pea’bHBIM  JTaHHBIM, COOMpaeMbIM CyObeKTaMu
9KOJIOTMYECKOT0 MOHUTOPHHTA.
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