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PA3ZBUTHUE METOJ0OB OHEHKHU COCTOAHUA
IKOJOI'O-9KOHOMMNYECKHUX CUCTEM

Asepun E.I'., I[lapgpeniox A.C.
JloHeKuii HAIMOHAJIbHBIA TEXHUYECKUN YHUBEPCUTET, Y KpanHa

B Oannoii cmamve paccmampusaemcsi  mMemoo NO380AIOWUL
npeonodcums ~ Cnocob  NOCMpoeHusi — KOMNAEKCHO20 — UHOeKCd
xapaxmepuzyrouwezo cocmosanue IIC. [lpu nocmpoenuu makoz2o
uHoexkca, 0yO0ym UCHONb306AMbCS He OKCHEepmHbvle Memoobl, a
cucmemHvle  3AKOHOMEPHOCMU,  C@A3blealowue  mexcoy  cobou
cocmosanus I3C ycnoguamu no0oous npu usMeHeHuu UHOUKAMOPO8.

l'opoga  ABISAIOTCS  LEHTPAMU  COCPEAOTOYEHMSI  XO3SMCTBEHHOM
NEeATeNIbHOCTU U OOIIECTBEHHOM >KuU3HU dtojieid Ha 3emiie. C OqHON CTOpPOHHI,
ropojicKkasi cpefa oOecrneurBaeT YJOBJIETBOPEHUE >KU3HEHHBIX MOTpEeOHOCTEM
yenoBeka. C Jpyroil CTOPOHBI, B TOpOJax MPOSBISETCS HamOoJiee HEraTUBHOE
U3MeHeHUue okpyxaromet npupomaHoit cpenbl (OIIC), xkoTopoe HPUBOIUT K
BO3HUKHOBEHUIO OCHOBHBIX  HKOJOTMYECKHUX TMPOOJIEM COBPEMEHHOCTH.
[TonoBuHa yenOBEYECTBA, B HACTOSIIIEE BpeMs, )KUBET B ropojax. [lo mporuozam
OOH «k 2020 romy 60% wnHacenenuss wmupa OyIeT NpOXKUBATh HA
ypOaHU3UPOBAHHBIX TEPPUTOPHSIX.

[lepBbIM TOPOAOM C HAaceJIEHWEM B MWJUIMOH 4YeEJIOBEK cral Pum B
44-10 rr. 1o H.3. C 3TOrO BpeMEHH, IJIOTHOCTh HACEJIEHUS B TOPOJAX U3 BEKA B
BEK BO3pacTajla M ceryac JOCTUIJIa OYEHb BBICOKMX 3HaueHud. B Mexuko
MJIOTHOCTh HacelieHus cocTaBiisieT 21 Teicsiyy 4venoBek Ha 1 kB. kM, B Hrlo-
ﬁopKe — 13200, B MockBe — okono 12500, a B Jlonenke — 2700. Pactymue
ropoja, MOrJIoWas MPUPOJIHBIE 3KOCUCTEMBI, MEPEPOXKAAOTCSI B THUTAHTCKUE
MErarnojucel U ypooapeanabl. OHH CTaHOBSITCS MCTOYHUKAMHU HEOOPATUMBIX, HE
nepepadaThIBAEMBIX TPUPOAON 3arpsi3HEHU W HEJTOCTATOYHO MPUCTIOCOOTIEHBI
JUISL CO3JaHusl HEOOXOJIUMBIX 4YEJOBEKY HPUPOJHBIX YCIOBUW MPOKUBAHUS
(uMcThle BO3AYX UM BOJA, O3CJICHEHUE, JO0CTaTOYHAs WHCOJSLMS, BpeMs
COJIHEYHOTO OOJy4eHWMsI, OTCYTCTBUE IIyMa, HEOOJbIAs MIIOTHOCTh HACCIICHHUS
U T.J.)

Poct ropoackoil TEppUTOPUU 3aBUCHUT OT CIEAYIOIIMX OCHOBHBIX
(aKTOpOB: MECTOPACTOJIOKEHHUS, MPUPOCTA HACETCHUS, MUTPAIIMN HACEJICHUS,
pa3BUTUSL UHPPACTPYKTYPbI, HAITMOHATBHON CTPATETUU Pa3BUTHUSA U OT JPYTUX
MOJIMTUYECKUX, COITUATBHBIX U 9KOHOMUYECKHUX (PAaKTOPOB.

Kpynnoii npo6iemoit ypOaHU3auu sIBJASETCS OTCYTCTBUE CTAOWIU3AIUU
pocTa 4YHMCJICHHOCTHM HACEJEHHUs, TIOCTOSHHOE pACIIUPEHUE TOPOJICKUX
TeppuTopuii. Bce 3TO MPUBOAUT K HMCUE3HOBEHHUIO MOYBEHHO-PACTUTEIIHBHOTO
cinost 3eMiu. YiKe cedyac B pslle CTpaH OYEHb BBICOK IPOLEHT 3aHITOU
ropoaamu tepputopun: B benbrun — 28%, B Aurnuu — 12%, B Januun — 11%.
Takue Oonpive ypOaHU3UPOBAHHBIE TEPPUTOPUU HEAOMYCTUMBI C TOYKHU
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3peHUs TOAAEPKAHUSI SKOJIOTMYECKOTO0 PAaBHOBECHUSI MEXIY aHTPOIOIEHHOW M
IIPUPOJIHOM CpEdAMU.

YpbanuszupoBaHHass TEPPUTOPUS SBISETCS TUHAMHYHBIM KOMIUIEKCOM,
KOTOpasi BKJIIOYAET MPUPOAHYIO, IPUPOIHO-aHTPOIIOTCHHYIO U aHTPOTIOTEHHYIO
KOMITOHEHTHI. B mocnennee BpeMs, BaXKHOUM 3a7adeil CTAaHOBUTCS OOecrieueHue
AKOJIOTUYECKOTO PABHOBECUS M COKpAIIEHHE HETaTUBHBIX aHTPOMOTEHHBIX
Bo3neiicTBuil Ha OIIC. Pemenue manHOM 3a1a4i HEBO3MOXKHO 0€3 MpUMEHEHUS
METOJIOB JKOJOTMYECKON OIEHKH, aHajiu3a W MPOTHO3UPOBAHUS H3MEHEHUSA
AKOJIOTUYECKON CUTYAIUHU.

[IpoGiieMa KOMIUIEKCHOW 3KOJOTHYECKOW OIEHKH COCTOSHHS MPUPOTHO-
IIPOMBIIUIEHHBIX KOMIUIEKCOB JOCTAaTOYHO CJI0KHA, TaK KaK OCHOBBIBAETCSA HA
aHanu3e OOJIBIIOTO KOJUYecTBa KapTorpaduyeckoi nHpopmaiuu u 6a3 1aHHBIX
HKOJIOTO-D)KOHOMUYECKUX TOKa3aTeael. DKoJoruyeckas OlEHKa Cpebl >KU3HU
Ha ypOaHW3WPOBAHHOW TEPPUTOPHM BKIIOYAET B ceOS aHAIM3 COCTOSHHUS
CIEeNYIOMUX cpea U (hakTOpPOB: BO3AYUIHOTO OacceiiHa (BBISBICHUS NCTOYHUKOB
3arpsi3HEHUS. M OIIEHKA OMACHOCTH 3arpsi3HEHUs Cpelibl), BOAHOTO OacceiiHa,
no4B (OLICHKAa CAHUTAPHO-TUTUEHUYECKOTO COCTOSIHUS), PACTUTEIBHOTO MHpa
(OLlEHKa CTENEHW M KAauecTBa O3EJICHEHHBIX TEPPUTOPHUI), KUBOTHOTO MHpA
(oLlEHKa BHUJOBOIO COCTaBa), ILIYMOBOIO pEXUMa TEPPUTOPHUM (BBISBICHUE
MCTOYHUKOB IIIyMa M OIEHKAa YypOBHEH Iyma), a Takke BUOPAIMOHHOTO,
3JIEKTPOMArHUTHOTO M TEMIIEPATYPHOrO BO3JCUCTBUI HA OKPYKAIOILIYIO Cpely
u T.a. OlleHKa yKa3aHHBIX (PaKTOPOB OKPY:KAIOIIEH cpeapl HeoOXoauma IS
MPUHATUA YOPABICHUYECKUX PEHICHUM MO MNPEAOTBPALICHUIO HEIOMYCTUMBIX
YPOBHEW BO3JAECHUCTBUM.

OCHOBHBIM HaIPaBJICHUEM B HACTOSIIIEE BPEMS B OLIEHKE SKOJIOTUYECKOTO
COCTOSIHUSI YpPOaHU3UPOBAHHBIX JKOCHUCTEM SIBJISIETCS NPUMEHEHHUE METOJIOB,
OCHOBAHHBIX Ha MCIIOJIb30BAHUM MHIUKATOPOB M MHJIEKCOB. HAUKATOPHI — 3TO
YUCJICHHBIE, W3MEPSIeMbIE€ 3HAUYCHUS pPsAJla [apaMETPOB  AKOJIOTHUUYECKOTO
COCTOSIHUSI ~ DKOCHUCTEMBI. OTH  BEJIUYHMHBI CUHUTAIOTCS  OOOOIICHHBIMU
MOKA3aTeISIMU, XapPaKTEPU3YIOIIMMHU COCTOSIHUE W JUHAMUKY Pa3BUTHSA
skocucteM. OIHMM U3 BaXHBIX HHIUKATOPOB KauyecTBa TOPOJCKON Cpeibl
SIBJISIETCS J0JIS TUJIOIIAIA O3€JICHEHHBIX TEPPUTOPHUI B 00IICH MIIOIaau ropoja.
CpaBHUTEILHO HOBBIM H3KOJOTMYECKHUN HWHIMKATOP — 93TO JJIMHA 3€JICHBIX
KOPHUJIOPOB M IUIOWIA/Ib COEAWHAEMBIX MMM 3€JICHBIX TEPPUTOPUN Tropoja.
CyiectByeT OO0JBIIOE KOJMYECTBO JIPYTMX HUHIUKATOPOB OLIEHKHW COCTOSHUS
SKOCUCTEMBI:  MHAUKATOP  3(PQGEKTUBHOCTH  HMCHOJB30BAHHUS  PECYPCOB,
WHJUKATOP JIOCTYMHOCTH OOBEKTOB ropojia, MHIUKATOP COCTOSHUS BO3YIITHOM
Cpenpl U T.1.

NHpexc — 3TO0 KOMIUIEKCHBINM TMOKAa3aTeNlb, KOTOPBIA CTPOUTCS HA OCHOBE
WHJIUKATOPOB, XapaKTEPU3YIOIIMH COCTOSSHUE W JWUHAMHUKY  pPa3BUTHUA
3KOCUCTEMBI.

B ocHoBe cmocoba omucaHus COCTOSIHUSI SKOCHUCTEM C MCIOJIb30BaHUEM
AKOJIOTUYECKUX UHAUKATOPOB U UHAECKCOB JIEXKAT dKCIEPTHBIE MeTOIbl. CieayeT
OTMETUTh, UYTO OOIICH TEOpUH, OCHOBAHHOM HA CHUCTEMHBIX MeEToAaX, IS
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KOMIUIEKCHOM 3KOJIOTMYECKON OILICHKM COCTOSIHUSI TOPOACKHX TEPPUTOPUM HaA
JTAHHBINT MOMEHT HE CYILIECTBYET.

[Ipennonioxkum, dYTO I8 KOMIUIEKCHOM  SKOJIOTHYECKOW  OLIEHKH
COCTOSIHUSI YPOOIKOCUCTEMBI, PUMEHSIETCS # UHIUKATOpOB. B o0miem ciydae,
NepeBOJ] IMapaMeTpoB B Oe3pa3MepHbIE BEJIMYMHBI, OCYIIECTBISETCS IO
dbopmyie (1).

Ii _ Xi _Xi,min (1)
X -X

OOBIYHO KOMIUIEKCHBIA MHAECKC 9KOCUCTEMBI TIPHU HKOJIOTHYECKON OIEHKE

CTPOMTCS HA OCHOBE MHJIUKATOPOB B BUJIE aJIUTUBHON CYMMBI:

=Sa, -1, 2)
i=1

rae «; — KodhGUIueHT, onpenensomnuil BeC HHIUKaTOPOB.

i,max i,min

IIpu »sKCHEepTHBIX OLIEHKaX ¢; 3aJaeTcsi B BHJAE (UKCUPOBAHHBIX

3HAYEHUI, YTO HEBEPHO, TaK KaK OYEBHJHO, YTO ATHU BEJIUYUHBI 3aBHUCIT OT
COCTOSIHUSI SKOCUCTEMBI, KOTOpasi ONpeeseTcss HHAUKaTopaMu /.

B o6mem ciyuae, ucxonass U3 TEPMOJUHAMUYECKHX METOJIOB, JaHHAas
3a/laua CBOJUTCA K IIOCTPOCHHUIO HEKOTOPOTO YPAaBHEHUSI COCTOSIHUS IS
CJIOKHOM DKOJIOTO-3KOHOMHUYECKOM, WM COLMAIbHON cucteMbl. Jpyrumu
CJIOBaMHM, TIPEANOJaraercs CyIIeCTBOBAaHME OJHO3HAYHOW 3aBUCUMOCTH,
CBS3BIBAIONIEH MEXIy COOOM 3HAYEHHE HHJEKCA HKOCUCTEMBbl U 3HAUYCHHI
WHMKATOPOB:

I'=f(,15,...1,) (3)

N3  ¢dysakuuu (3), ciaeayer, 4YTO KaXJIOMy COCTOSTHUIO 3KOJIOTO-
sKoHOMHUYECKOil cucteMbl (D9C), KOTOpoe XapaKTEpHU3yeTCsl OMpeeICHHBIM
HAOOpPOM 3HAUYECHHUM WHIUKATOPOB /;, YCTAHABIMBAETCSA CBOE 3HAUCHHE MHJIEKCA
I . T'eomerpuuecku, 3TO 03HAYAET, YTO MOXKHO IIOCTPOUTH B (n+1)-MEPHOM
IPOCTPAHCTBE, MHOTOMEPHYK) IOBEPXHOCTh, TIJI€ KaXJI0€ COCTOSHHE
ompenensieTcss (PUTypaTUBHON TOYKOHM, JeXamed Ha 53TOW TOBEPXHOCTH.
[ToaTomy mro0bie mporiecchl mepexoga DIC u3 coctosiHus 1 B cocrosiHue 2,
OyAyT XapaKTepu30BaThCS JTUHUSMHU, COCIUHSIONME TOUYKH | U 2, U Jexamiue
Tak)k€ Ha JTOM MOBEPXHOCTU. TakuM o00pa3oM, corjiacHo (3) Kaxaomy
COCTOSIHUIO CHUCTEMbl Mbl TPHBOJUM B COOTBETCTBHE HEKOTOPOE 3HAUYECHHE
«TEMIIEpaTypbl», OINpeAeNsas TEeM CaMbIM, CYIIECTBOBAHHUE HEKOTOPOIO
YpaBHEHUS COCTOSIHUS cUCTEMbI BUJA (3).

N3BecTHO, UTO eciii mapaMeTpbl CUCTEMbl MEHSIOTCS OYE€Hb MEIJICHHO,
byukius (3) MoxKeT ObITh IPeICTaBIeHA OAHOPOIHOM (yHKIMEH Buaa (4):

1:118—[+1 a—]+...+I”i 4)
oI, al, ol

JI1st TOro 4ToOBI MOCTPOUTH JIUHENHYIO MIKATY JUIsl U3MEHEHMS MHAEKca /,
HEO0OXOIMMO 3aJaTh JIBE XapaKTEpHbIE TOYKHU B MPOCTpaHCTBE cocTosiHUN DIC.
Bynem cuutath, 4TO BUpTyaibHOE cocTosiHue ¢ mapamerpamu (I; = 0, X; = X,.i,)

n
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MOKET HAOJII0JaThCA HA HIKHEW TpaHUIE AAHHOTO MPOCTPAHCTBA COCTOSHHUS
cucrtembl. BuptyansHoe coctosinue ¢ napamerpamu (I; = 1, X; = X,,.) MOXeT
HAOJIIOIaThCsl HAa BEpPXHEW TIpaHMIle JaHHOTO MPOCTPAHCTBA COCTOSHHM
CUCTEMBI.

[IpucBorM 3HAUYEeHUIO MHJEKCA / HA HWKHEU I'PAHULIE HOJIb IIyHKTOB, a
3HAQYCHUIO HMHJIEKCAa HAa BEPXHEU IPAaHMUIE CTO IIYHKTOB. Takod moaxoX AacT
BO3MOKHOCTb, IIOCTPOUTH JIMHEWHYIO LKAy WHAEKCa /, 10 aHAJOTMU KaK 3TO
JIEIAeTCs MPU YCTAHOBJIICHUH LIKAJI TEMIIEPATyp B TEPMOJIUHAMUKE.

Takum 00pa3omM, 3a1ady MOCTPOEHUSI KOMIUIEKCHOTO HHAekca DOC, Mbl
CBEJIM K PELIEHUIO0 KBa3WJIMHEHHOro Au(QepeHlnalbHoro ypaBHEHUS B
YaCTHBIX MPOU3BOIHBIX IIEPBOr0O MNOPsANKA C 7 HE3aBUCUMBIMHU IIEPEMEHHBIMU
BHJIA:

F([l,lz,...,ln,I,})l,Pz,...,Pn):O, (5)
Pemenue ypaBHenus (5) uiercs npu yclioBUu, 4to npu ;= 1:
£+i+...+i:100 (6)
ol, dl, al,

[IpakTHueckoe NpUMEHEHUE TAHHOTO METO/1a 3aKJIF0YAETCSl B pealn3aluu
CIEIYyIONIeTO ajroputMa oueHku pazButus OIIC. 3anarTcsd HECKOJIbKO
WHMKAaTOPOB XapakTepuzyronmx coctossHus 99C B KaxkAblii MOMEHT BPEMEHH,
U KOTOpbIE TOABEPKEHbl H3MEHEHHUSIM. 3HAUECHUS JAHHBIX WHIUKATOPOB
JTOJDKHBl HMMETh BO3MOXKHOCTb 3MIMUPUYECKOrO OIpPEICICHUsT Ha OCHOBE
KBapTaJIbHBIX, MOJYTOJIOBBIX, WM TOJIOBBIX CTATUCTHYECKUX NaHHBIX. CTpouTCs
JUHEWHOEe ypaBHEHUE BUJa (5) oTHOCUTENbHO BeauuuH P;. Ha ocHOBe perieHus
ATOTO ypaBHEHMsI BOCCTAHABJIMBAETCS BHUJ] MHTEIPAIIbHOM MOBEPXHOCTHU BHUAA
(3), koTopoe MpeacTaBisSeT COOOM MOBEPXHOCTh B MPOCTpaHCTBe (n+1)
VU3MEpPEHUM.

B Hacrosiiiee Bpemsi CyIIECTBYIOT METOJBI pelleHust ypaBHEHHS (5).
CooTBeTCTBYIOIIAsS MHTETpaibHAs MOBEPXHOCTh, KOTOpas MPECTaBIsAECT COOOM
penieHre ypaBHeHUs! (5) CTPOUTCS B #1-MEPHOM MPOCTPAHCTBE TAaKUM 00pa3oM,
4YTO B KaXJO0HW (PUKCUPOBAHHOM TOYKE STOTO NMPOCTPAHCTBA MMEETCS BEKTOD,
HApPaBJISIIOIIME  KOCMHYChl ~ KOTOPOTO  INPONOPUUOHANBHBL [}, 15, .... 1,1
NHTterpanpHble KpUBbIE COOTBETCTBYIOIIME 3TOMY IOJIIO0 HAlPaBJIEHUS BEKTOPA,
OTIPEIEIISIIOTCS CUCTEMOM OOBIKHOBEHHBIX JU(PGEpeHITNANTbHBIX YPAaBHEHUN H
ABJISIFOTCS. XapaKTEPUCTUKAMU ypaBHEHUS (5).

Hcnonb3oBaHne MaHHOTO METO/AA TO3BOJSIET MPEUIOKUTH  CIOCO0
MOCTPOCHUSI KOMIUJIEKCHOTO MHAEKca XapakTepusyromniero cocrosaue I9C. Ilpu
MOCTPOEHUU TAKOT'O MHJIEKCA, OYyT HUCTOIb30BATHCS HE IKCIIEPTHBIE METOIBI, a
CHUCTEMHbIE 3aKOHOMEPHOCTH, CBS3bIBAIOIIME MEXKIY c000il cocTosinua I2C
YCJIOBUSIMU MOJI00USI TPU U3MEHEHUU UHAUKATOPOB.
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