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IIpenuc/ioBue HAYYHOTO PeIAKTOPA

KomniekcHass oOneHKa MNPUPOJHO-aHTPOINOTEHHBIX U COLMAJIBHO-
HKOHOMHUYECKUX CUCTEM OTHOCHUTCS K 0O0JIACTH COBPEMEHHON HAyKH, KOTOpas
WHTEHCUBHO Pa3BUBACTCS KaK MEXIUCLUILUIMHAPHOE HampasieHue. M3BecTHo,
YTO Ha CTBIKE Pa3jIMYHBIX OOJacTed 3HAHUM MOYBa U MPOTPECCUBHBIX HIEH
BCerja IUIOJOTBOpHA. JlaHHOE HampaBlieHHE 00J1aJlaeT TaKK€ BCEMHU YEPTAMHU
3apO’KIAFOIICHCS] HOBOM HAYKHW — COOCTBEHHOH Pa3BUBAIOIICHCS METOIOIOTHEH,
rpoMagHeiM  (pakTorpadUueckuM  MaTepuajIoM  JAHHBIX  HAOJIOJACHHI
MIPUMEHHUTEIBHO K CUCTEMAM Pa3JIMUYHON MPUPOIbI, MHOKECTBOM MPAKTUYECKUX
3a/1a4, TPEOYIOMINX PEIICHHUS.

TeopeTndeckoe 3HaYeHHWE JAaHHOM padOTHl 3aKIIOYaeTCd B TOUCKE
peteHus GyHAaMEHTaIbHOU MPOOJIeMbl HAYKH, CBSI3AaHHOM C UCIIOJIb30BaHUEM B
UCCIICIOBAHUSIX DKOJIOTUYECKUX, MPUPOJHO-aHTPOMOTEHHBIX M COIUAJIBHO-
SKOHOMHUYECKUX TMPOIECCOB M SBJICHUNW €CTECTBEHHOHAYUYHBIX METOJOB, U
pPa3BUTUH METOJOJIOTUA KOMIUIEKCHOM OLICHKH MPUPOJHO-AHTPOIOIE€HHBIX U
ypOaHU3UPOBAHHBIX CHUCTEM U  O00BEKTOB. OpUTHHAIBHOCTh  HAYYHBIX
pe3yibTaTOB CBA3aHA C WJEEH MPEACTABICHUS CTAaTUCTUYECKUX HAOIOICHUN B
BUJI€ MHOTOMEPHOM BBIOOPKH JaHHBIX OIbITA U3 HEMPEPHIBHON TUIIOTETUYECKOM
Cpellbl, XapaKTepU3yIOLIEel COCTOSIHUS OOBEKTOB IO MHOKECTBY IOKa3aTeNeil.
DTO JaeT BO3MOXXHOCTh MCIOJIb30BaTh MaTE€MaTUUYECKUM armapar, KOTOPBIH
MIPUMEHSIETCSI CETO/IHS B €CTECTBEHHBIX HayKaXx.

Hacrosiiiass kHura HamvcaHa MOJOJBIM JIOKTOPAHTOM M TOCBSIIEHA
TEOPUU U TMPUIIOKEHUSM BEPOATHOCTHBIX METOJIOB KOMIUIEKCHOW OILIEHKH
CUCTEM, HCXOJd W3 aHajin3a CIOXHBIX COOBITUNA, KOTOpbHIE XapaKTepU3yHOT
COCTOSIHUE U Pa3BUTHUE ITUX CUCTeM. [[aHHBIN MOIX0/T ABISETCS HOBBIM U MOKET
3aMHTEPECOBATh MHOTMX CIEHHUAIUCTOB, ACSATEIBHOCTh KOTOPHIX CBSI3aHA C
peuieHreM 3aiad B cdepe ypOAHUCTUKM, PETHOHATMCTHKH, TJIO0ATUCTUKH,
OXpaHbl OKPY’KarOIIEH Cpebl, HAIIMOHAJIIBHOW M AKOJIOTHYECKON 0€301acCHOCTH,
a TaKKe C Pa3IMYHbIMU CHCTEMHBIMH U TPOTHO3HBIMH HCCJIEAOBAHUAMMU.
XodeTcss HaAesIThCS, YTO JaHHAs MOHOrpadus OyJeT C HMHTepecoM NpHHSITA
HIUPOKUM KPYTOM CIHEHHUAIMCTOB, 3aHUMAIOIIMXCS MpoOJieMaMu CUCTEMHOTO

aHaJiu3a, KOMITJICKCHOM OLCHKHN CUCTEM M CTPATCTHYCCKOT'O IIPOTrHO3UPOBAHMA.

Asepun I'.B., 0.m.H., npog.



Hayka nauunaemcs moeoa, koeda
Yyenoeex noOX00uUm K A6J1eHUIM
nPUPOObL C YUCTOM U MEPOIO

B.U. Bepnaockuii

BBEJAEHHUE

[IpoOnemMa KOMITJIEKCHON OIEHKU Pa3JIMYHBIX MPUPOTHO-AHTPOIOTEHHBIX
CUCTEM, a TaKK€ aHaJM3a PHUCKA OMNACHBIX MPUPOJHBIX U AHTPONOTE€HHBIX
MPOIIECCOB SBJSIETCST OAHOM M3 (yHAaMEHTaJIbHBIX MPOOJIEM COBPEMEHHOMN
Hayku. CeroiHd »STO HampaBJEHUE MCCIEIOBaHUA B CBOel 0a30BOi
METO/I0JIOTUHN OIMPAETCS MIPEUMYILECTBEHHO HA 3KCIIEPTHBIE METOMABI, KOTOPBIE
IIOBCEMECTHO HCIIOJIb3YIOTCA B HAy4YHBIX M NPaKTHUECKUX wLemsax. JlroOble
HKCIIEPTHHIE OLEHKM IO CBOEH MpPHUPOJAE SBISIOTCA CYOBEKTUBHBIMH, HX
JIOCTOBEPHOCTb  3aBUCUT OT OIIBITAa JKCIEpTa M €ro  aHAIUTUYECKUX
BO3MOKHOCTEMN IIPU OLICHKE PA3BUTHS CUTYALUH.

CymiecTByeT W Jpyrod MyTh pEIICHHUS JaHHOW MPOOJIEMBI, KOTOPBIH
OTJIMYAETCS MEXIMCLUMUIUIMHAPHBIM XapaKTepOM HAYYHBIX HCCIEIOBAHUNA U
CBSA3aH C HCIIOJB30BAHUEM IIPU M3YYEHHM [PUPOJHBIX, HKOJIOTHYECKUX,
AHTPOIIOTEHHBIX W TEXHOTCHHBIX IIPOLIECCOB €CTECTBEHHOHAYYHBIX METOOB.
MopnenupoBaHue TaKMX NPOLECCOB MOYKET OCHOBBIBATHCS HA BEPOSTHOCTHBIX
MOJXO/AaX aHaju3a M ONHCAHMS KOJIMYECTBEHHBIX HJAHHBIX, MOJYYEHHBIX B
npolecce HaOMIOACHUI WM omnbiTa. JlaHHOe HayyHOe HallpaBi€HUE B HAyKe
uMeeT OOJIbIIOE 3HAYEHHE, TaK KaK MO3BOJSET MPEMAJIOKUTh OOBEKTHBHBIC
TEOPETHUYECKHE  METOABl  MCCIEIOBAaHUS  MHOTOMEPHBIX  MPUPOJIHO-
aHTPOINOTeHHBbIX cucTeM. Co3/1aHMe HOBBIX METOJOB KOMILIEKCHOW OLEHKH, a
TaK)K€ METOJUK OOBEKTUBHOTO PaHXUPOBAHUS OOBEKTOB IO KOMIUIEKCY
MoKasaTelied MOXET CIOCOOCTBOBATh PEIICHUI0 MPOOJIeMbl  pa3paboTKu
JIOCTOBEPHBIX MPOTHO30B Ha CPETHECPOUHYIO U JOJITOCPOUHYIO MEPCIIEKTUBY BO
MHOTHX 00JIACTSAX 3HAHUU.

Pa3paboTka BEpOATHOCTHBIX METOJOB KOMILJIEKCHOW OLEHKH M aHajIu3a
pUCKOB TpeOyeT MpUBJICUCHHUS ammapaTa MaTeMaTHYeCKOTO MOJAETUpPOBaHUS,
CPEICTB OIMCAaHUSl CTATUCTUYECKUX HaHHBIX M HH(OPMALMOHHBIX METOOB

aHanu3a pa3HoIuIaHoBOW uHGopmaru. OCHOBHAS TPYAHOCTh COCTOUT B TOM,



YTO TECOPETUUYECKHUE METONBI B JAHHBIX O0JACTSIX HAyKW MPOpabOTaHbI BeCchMa
cmabo. TeopeTnyeckne M HKCIEPUMEHTAJIbHBIE MCCIENIOBAHUS B JIaHHOM
HarnpasyieHUU npooauinch [[x. @oppecrepom, J1.X. Menoy3om, I1. AHOXUHBIM,
P. Yurrekepom, A.A. AxaeBbiM, M.3. 3rypoBckuM, B.JI. Morunesckum,
K. boynaunurom, B.W. Ky3nenossim, E.A. fitnu, 0. U3pasnem, B. Mapmanowm,
CJIL. ABammanu, A.b. KaunnckuM, A.B.KuceneBbIM M MHOIMMH JIpYTHMH
aBTOPAMH.

OnHako, HECMOTPST Ha MHOECTBO HCCIIEIOBAaHWI B JaHHOW oO0JacTu,
CYILIIECTBEHHOI'O0 TIporpecca B peHIeHUH MpoOJeMbl TMOKa HE HaOJIOAaeTCs.
OcHOBHasi MpUYMHA JTOTO JIEKUT B  OTCYTCTBUM  KOHUENTYalbHbIX
NpEACTaBICHU U  OOIIEeH TEOpUH  OLEHKH  COCTOSHUNA  MPUPOJHO-
AHTPOMOTEHHBIX CUCTEM U MPOIECCOB UX Pa3BUTHA.

N3 Bcero MHOrooOpasusi HEPEIIEHHbIX TPO0IEM aBTOPOM OBLIN BBIOPAHbI
T€ W3 HUX, KOTOPbIC HApPaBJICHbI Ha PA3BUTHE METOAOJOTHH MOJCIUPOBAHUSI
MPUPOTHO-aHTPONIOTEHHBIX CUCTEM, OXBAThIBAIOIIECH Pa3HBIE KIAcChl OOBHEKTOB,
KOTOpasi MO3BOJIMIA OBl MCCIIENOBATENIO0 CO37aBaTh BEPOSITHOCTHBIE MOJIEIH
M3y4aeMbIX CUCTEM M MPOIECCOB HA OCHOBE JaHHBIX HAOIIOACHUI. DTO CBSI3aHO
C TEM, YTO CErOJHs B IOBECTKE JHS OCTPO CTOMT BOIPOC CO3JAHUS HOBOMU
METOJOJIOTUM  TPUKIATHOTO  MOJEIUPOBAHUS  MPUPOTHO-AHTPONOTECHHBIX
CUCTEM, KOTOpas MO3BOJIJIa Obl MCIOJIb30BaTh OOIIYIO JOTHYECKYIO CXEMY
aHajgu3a JaHHBIX M TIOCTPOCHMSI MOJEJIEH MO OTHOIICHHI0 K pa3InyHbIM
MPUPOJIHBIM, aHTPOIOTEHHBIM M 3KOJOTHMYECKUMM IpoleccaM. BeposiTHOCTHBIE
MOJIENIA OTJIMYAIOTCS BHICOKUM YPOBHEM (popMaimn3alid U YHUBEPCATbHOCTHIO
MPEICTABICHUS, OHU MOTYT OBITh OpPUEHTUPOBAHBI Ha OIKCAHUE CaMBIX
pPa3JIMYHBIX MAaCCHBOB KOJIMUYECTBEHHON HWHQOpMaIuu, TA€ TPUCYTCTBYIOT
JAHHBIE AKOJOTUYECKOT0, COLUUAIBHOTO U SKOHOMUYECKOTO XapakTepa. Takxke
COOBITUIMHBIE MOJENM TO3BOJISIIOT MPOBOAUTH CUCTEMHBIM aHAIU3 Kak
KOJIMYECTBEHHBIX, TAK U KaU€CTBEHHBIX JIAHHBIX.

[IpenmyiiecTBO JAHHONW KHUTU COCTOUT B TOM, YTO MPEIOKECHHbBIC
METOJbl TO3BOJISIIOT TOCTPOUTH BEPOSTHOCTHBIE MOJEIIM ONUCAHMS JIaHHBIX,
XapaKTEPU3YIOMINX PEe3ylbTaThl OMNbITA WM HAOMIONEHUN IS  CaMbBIX
paznuuHbix cucteM. OCHOBHOE TpeOOBaHUE K JaHHBIM — 3TO BO3MOXKHOCTb MX
MPE/ICTABICHUS] B BUAE TPEXMEPHBIX MACCHUBOB «OOBEKTHI-IIOKA3ATEIN-BPEMS.

s 10 IaBJISIOIIETO OOJIBIITMHCTBA COLMAJTbHO-?)KOHOMHYECKUX,



IKOJIOTHYECKUX, OMOJIOTHUECKIX U TEXHOJIOTMYECKUX CHUCTEM HHpOpMamus 00
WX COCTOSHUU W Pa3BUTUM MOXKET OBITh TMPEICTaBlieHa B IMOJAO0HOM BHJEC
(cTpa"bsl MHpa, ropojia, MPUPOJIHO-AaHTPOIIOTCHHBIE CHUCTEMbI, OMOJIOTHYCCKHE
BHU/IbI, TEXHOT€HHBIE 00BEKTHI, TPYIIIbI JIOACH U T.J1.).

Tak kak B OCHOBE IpeJjIaracMoro MeTojia JISKUT BEPOSITHOCTHAS OIleHKA
CJIOKHBIX COBMECTHBIX COOBITHUM, TO MPU KOMIUIEKCHOM aHajIu3€ BO3MOXKHO
OJIHOBPEMEHHOE M3YyUYEHUE CaMbIX pPa3IUYHBIX TOKa3aTeled  CHUCTEM,
Ka4eCTBEHHO OTJIMYAIOIIUXCS MEKTy COOOH.

BaxxHoii  0cOOEHHOCTHIO  MOHOTrpaduu  SBJSICTCS  3HAUYMTEIHHOE
KOJIMYECTBO MPAKTUUECKHUX MPHUMEPOB IO KOMIUICKCHOM OIIEHKE CTpaH MUpa,
ropoJ0B, OMOJIOTHYECKUX 00BEKTOB, YTO YKA3bIBAET HA MIUPOKHUE BO3MOKHOCTH
MIPUMEHEHUSI BEPOSTHOCTHBIX METO/IOB B IPUKJIATHBIX 00JIaCTSX.

IlepBasg rylaBa KHUTM NOCBSLIEHA HM3YYECHHUIO MPOOJIEM KOMIUIEKCHON
OIICHKU MPUPOIHO-aHTPOINIOTEHHBIX CUCTEM. BTOpas u TpeThU IJ1aBbl CBS3aHBI C
U3y4eHUEM OOBEKTOB M (POPMYIHPOBKON TMIIOTE3 U METOAOB MCCIEIOBAaHUSA, a
Takke (QOPMYIUPOBKOM TEOPETHUUECKUX OCHOB KOMILJIEKCHOM  OIIEHKH
MIPUPOTHO-AHTPOIIOTEHHBIX CUCTEM.

ITocnenyronye riaBbl KHUTH CBSI3aHBI C MPUKIAIHBIMU TPUIOKECHUSIMU
BEPOSITHOCTHBIX METOJ0B KOMIUIEKCHOM OILIEHKM. B 4YacTHOCTH, Ha OCHOBE
CYIIECTBYIOIIMUX ONBITHBIX J@HHBIX BBHITIOJTHEHA OIIEHKA PHUCKOB 3arpsi3HCHUS
aTMOC(EpHOro BO3/yXa B TOpoJiax M HACEJEHHBIX IMYyHKTaxX MO Pa3IUYHbIM
omacHbIM coOBITHAM. [IpoBeneHa KOMIUIEKCHAsI OIIEHKA COCTOSHUSI U Pa3BUTHS
ropoaoB EBponsl u Mupa. [lokazaHo, kKak BEpOSTHOCTHBIE METObI MOTYT OBIThH
HCTOJIb30BaHbI MIPU CTPATETUUECKOM OIIEHKE CTPAaH W PETHMOHOB I10 MOKAa3aTeJIsIM
YEeJOBEYECKOTO pa3BUTUS. B JaHHBIX TaBax MNPEIsiOKEHbl aabTepHATUBHBIC
METOJMKHM pacueTa HHACKCA YeJIOBEUECKOTO Pa3BUTHUSA, MEXKIYHAPOIHOTO
WHJEKCA CYacCThs, HWHJEKCAa Pa3BUTUS TOPOJOB, KOMIUIEKCHOTO HHJACKCA
3arps3HEHUsI aTMOC(EpHOro BO3AyXa, PAHKUPOBAHUS CTPAH IO AKOJOTHUECKUM
nmokasaTressiM U T.J1. Takue METOAUMKHM MOTYT MCIIOJb30BaThCs HE3aBUCUMBIMU
AKCIIEPTaMHU B CBOSH paboTe MpH ONpeIeICHHH HHICKCOB U OIICHKH PEUTHHIOB
Pa3IMYHBIX TPUPOIHO-AaHTPOIIOTEHHBIX CUCTEM.

OtnenpHBIM  pa3fen KHUTH IOCBSIIEH MpoOieMaM OHOJIOrHYECKOro
pa3zHooOpa3usi, BEpOSATHOCTHBIM METOJIaM KOMITJIEKCHOM OIIEHKH B 3TON 00J1acTH

N U3YUYCHHIO OBOJIIOIMOHHOT'O PA3BUTHA OMOJIOTHYECKHX CUCTEM.
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Bbaarogapuocru. Ilpy HanMcaHUM PyKONMCH MCIOJIb30BaHbI PE3YJIbTATHI
HAy4YHBIX HCCJIEIOBAHNUN, BBIIOJIHEHHBIE aBTOPOM B J/IOHEIIKOM HalMOHAJIbHOM
TEXHUYECKOM  YHUBEPCUTETE M B  bBenropoackoM  HalMOHAJIbHOM
MCCJIEI0BATEIIBCKOM YHUBEPCUTETE.

Sl BBIpaXXar MCKPEHHIOI OJaroJapHOCTb BCEM TEM, 4Ybsl IOMOIb U
MOJIJIEPKKa CIOCOOCTBOBANIA MOJATOTOBKE M U3/IaHUIO JaHHOW MOHOTpaduu.

B nepByto ouepenp, cioBa riryoOKoi 01aroapHOCTH U MPU3HATENBHOCTH
aZpecyro CBOeMy YUHTEN0 U HaydYHOMY pelakTopy MoHorpaduu mpodeccopy
['.B. ABepuHy, BBICKa3aBUIEMY HACK CO3JaHMS KHUTH M  OKAa3aBIIEMY
HEOIIEHUMYIO MTOMOIIh B (JOPMUPOBAHUH aKTyaJIbHBIX HAIPABICHUH UCCIICOBAHUH.

OtnenbHbIE c0Ba 0JIarOAAPHOCTH BBIPAXKAIO pELIEH3EHTaM — podeccopam
N.C. KoncrautunoBy, B.M. Xanumon u @®.B. Henonekuny, B3gBIIMM Ha ceOs
HEJIETKUHA TpyJ MO PEUEH3UPOBaHMIO pPyKONUCH MoHorpaduu. WX 1neHHble
COBETBbl, KPHUTHYECKHE 3aME€UaHusd M KOHCTPYKTHBHBIE MPEII0KEHUS
CIOCOOCTBOBAJIM  YJIYYUIEHUIO COJAEpXKaHUS M CTWIA MOHorpaguu, a
obcyxaenust u auckyccuu ¢ npod. M.C. KoHCTaHTUHOBBIM MO3BOJIMINA TaKkKe
Iy0’)kKe BHUKHYTh B NMPOOJEMY KOMIUIEKCHON OLEHKH CIOKHBIX CHUCTEM Kak
MEXIUCIUIUIMHAPHOTO HAIIPaBJICHUS HAYKH.

S BBICKa3bIBal0 CBOIO MPU3HATENBHOCTh COTPYAHHKaM  Kadeap
KOMITBIOTEPHOI'O MOJEIMPOBaHUS M JAu3aiiHa J[OHEUKOro HalMOHAJIBHOIO
TEXHUYECKOTO YHUBEPCUTETA, OOILEH MaTeMaTHKK bearopoJckoro HalmoHAILHOTO
HCCJIEIOBATENILCKOTO YHUBEPCUTETA, a TAKXKe (PU3UKH HEPABHOBECHBIX MPOIIECCOB,
METPOJIOTUH U IKOJOTUHU J[OHEIKOro HalroHalbHOTO yHUBepcutera. C psaoM
npenojaBarenell 3TUX Kadeap MEHs CBS3bIBACT Hay4YHO-IIeAaroruyeckas
NeSITENIbHOCTD, JUIUTEIbHBIE TBOPUECKHE KOHTAKThI 1 COBMECTHBIE Iy OIMKAIIH.

A OnaromapHa kana. ¢us.-maT. Hayk, goreHty M.B. lllesunosoit (HUY
«benl'Y»), crapmemy mnpenonaBatemo A.C. XOpy»KEHKO, MarucTpaHTy
B. boiiko (JonHTY), oka3zaBumM pa3HOCTOPOHHIOK MOMOILb MPU HAMMCAHUU U
NOJIFOTOBKE MOHOrpauu, a TakKe MPUHOLIY OJaroJapHOCTh COTPYAHHKAM
W3/ATENIbCTBA, YYAaCTBOBABILIMM B MOJArOTOBKE KHUTH. CrieruanbHas 6J1aro1lapHoCTh
CeMbe 3a MOJICPKKY U MOHMMAaHHE Ha BCEX ATarnax padoThI.

Bce 3ameuanmns 1 OT3bIBBI O KHUIE 6y,Z[yT IIPHUHATBEI C IIPHU3HATCIIbHOCTLILO,

npock0a MPUCHLIATh UX 10 IEKTPOHHOM MOoYTe Ha aapec: anna_zv@ukr.net.

A. 38s2unyesa,
lloneyx — beneopoo, 14.05.2016 e.
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I'maBa nepBas

MPOBJEMbI KOMILJIEKCHOM OLIEHKHA
IMPUPOAHO-AHTPOIIOI'EHHBIX CUCTEM

1.1. HpI/IPOIlHO-aHTpOHOFeHHBIe CUCTEMBI U UX XapaKTCPUCTUKA

B »sKkonornyeckoil 0€30MacHOCTH 4alle BCEro, roBOps O COCTOSHUU
IPUPOIHO-AHTPOIIOTEHHBIX W YpOAaHHW3UPOBAHHBIX CHUCTEM, IOJPA3yMEBAIOT
3arpsi3HEHUE NPUPOJHBIX cpes, HAOII0AAEMbIi YpOBEHb AHTPOIIOT€HHOTO
BO3JICHCTBHSI HA MPUPOAY M  4YEJIOBEKa, a TaKKe aHTPOIOIEHHBIC
XapaKTEPUCTUKU U BUA0BOE OMOpPa3HOOOpa3ue, CBOMCTBEHHOE TAKUM CHUCTEMAaM.
Pa3nnuHble BUABI IPUPOJHO-AHTPOIIOTEHHBIX CUCTEM OOBIYHO BKJIIOYAIOT B ce04
MHO>KECTBO OJHOTHIHBIX OOBEKTOB, KOTOpPHIE MOXKHO CYUTaTh OOBEKTAMH
OJIHOTO KJIacca.

Hanpumep, B ypOaHUCTHKE OCHOBHBIMH OOBEKTaMH MPHUPOIHO-
AHTPOITOT€HHBIX CHCTEM BBICTYIAIOT MPOMBILIIEHHO-TOPOACKUE ariioMeparu,
ropojia ¥ HACeJIICHHbIE NYHKThl, B TJOOAJIMCTUKE — CTPaHbl MHUpa, B
PErMOHAJIUCTUKE B KadyecTBE OOBEKTOB paccMaTpHUBAIOT OOJACTH, IUTAThl H
JIpYyrue aAMUHUCTPATUBHBIE €IMHULIBI PA3IIMYHBIX CTPAH WM KPYITHbIE PETHOHBI
KOHTUHEHTOB, B JKOJOTMYECKHMX MCCIEJOBAaHUAX OOBEKTAMH H3yUYEHHUS
BBICTYTIAOT OJTHOTHUITHBIE SIKOCUCTEMBI, IPUPOTHO-IIPOMBIIUIEHHBIE KOMILJIEKCHI,
IPUPOJIHBIE 30HBI U TEPPUTOPHUM, NPU U3YUYEHUU OMOpa3zHOOOpazus — BUIBI,
BXOJISIIIME B ONIPENEIIECHHBIE IPYIIIbI )KUBOTHBIX WJIM PACTEHUI U IPOKUBAIOIIHE
Ha W3y4aeMOW TEPPUTOPHH, U T.1I.

OOGBIYHO TOJ TMPHUPOJHO-AHTPOIIOTCHHOM CHCTEMON B 3KOJIOTHYECKHUX
UCCJIEIOBAHUSX TMOHUMAIOT  (PYHKIIMOHHMPYIOUIYI0 KaK €IWHOE  LIEJoe
COBOKYITHOCTb NPUPOJHBIX U HCKYCCTBEHHBIX OOBEKTOB, (POPMUPYIOIIUXCS B
€CTECTBEHHOM Cpelie B Pe3yJIbTaTe€ CTPOUTENIBCTBA U SKCIUTyaTalMU PA3ITHYHBIX
COOPYKEHUI U TEXHUYECKUX CPEJICTB, U B3aMMOJECHCTBYIOLIUX C IPHUPOAHBIMU
oObekTamMu. B Takux cucrtemax OOJBIIYI0O pPOJb HIPalOT HE TOJBKO
€CTECTBEHHbIE MPUPOAHBIE MPOIECCHl, HO U UCKYCCTBEHHBIE aHTPOIOTC€HHBIE U
TEXHOT€HHBIE MPOLECCHI.

B cooTBeTcTBUM C 3aKOHOJATEIBCTBOM IMOJ MPUPOJAHO-AHTPOIIOTC€HHBIM

O0OBEKTOM TMOHUMAIOT MPHUPOJHBIN OO0BEKT, MpeoOpa30BaHHBIN B TMpolecce
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XO3SHCTBEHHOM M MHOM JIEITCILHOCTH, WM 00BEKT, 00JaJar0NUi CBOMCTBAMU
MPUPOIHBIX OOBEKTOB, CO3/IAaHHBIN UEJIOBEKOM M UMEIOIIUNA PEKPEAlOHHOE W
3aIIMUTHOE 3HAYEHUE.

[IpupoaHO-aHTPOIIOTEHHAsA CHCTEMAa HENPEMEHHO BO3HUKAET  Kak
CJIOKHOE Te000pa3oBaHUe B JIIOOOM PETMOHE B CBA3U C MPOUCXOJAIIEH B HEM
XO3SIMCTBEHHOW JIESITEIbHOCTBIO UEJIOBEKA M MPUXOAUT HA CMEHY MPHUPOIHBIM
r€0CHUCTEMAM, CYIIECTBOBABIIUM TaM JO0 MOSIBIICHUS B IPUPOJHOMN CPEJIE JIFOAEH,
VH)XEHEPHBIX COOPYKEHUN U TEXHUKH.

AHanu3 paboT MHOTMX aBTOPOB YKa3blBa€T Ha TO, 4YTO HPUPOIHO-
aHTPOIIOTEHHbIE CHUCTEMBI MOXHO paccMaTpuBaTh KaK CHUCTEMHBIM Ha0op
a0MOTUYECKUX U OMOTUYECKUX KOMITIOHEHTOB, B3aHMMOCBSI3aHHBIX MEXKIY COOOM
MOTOKaMM BEILIECTBA W DJHEPruM B Tmpolrecce (yHKIMOHUPOBaHUA. Takumu
KOMIIOHEHTaMU SIBJISIFOTCS: T€0Jornyeckast u JlaHnamadTHas cpebl; BO3AYIIHAs,
BOJIHAs W TIOYBEHHAs CpeJbl; OUOJOTUYECKUE OpPraHWU3MbI, aHTPOIOTCHHBIC U
TEXHOT€HHbIE OOBEKTHI (3[aHUSI, YCTAHOBKH, COOPYXKEHHs, TPaHCIIOPT,
TEXHUYECKUE KOMIUJIEKCHI U T.11.).

K  mnpuponHO-aHTpONMOT€HHBIM U  ypOaHU3UPOBAHHBIM  CHCTEMaM
OTHOCATCSl CTPaHbl, IPOMBILUICHHO-TOPOJICKHE arjoMepauu, ropoaa H
HACEJICHHbIC MYHKTHI, CEIbCKOXO3SUCTBEHHBIE TEPPUTOPUH C PA3HOOOPA3HBIMU
CEJIbCKAMU TTOCEIICHUSIMHU, OTAECIbHBIC KPYIHBIEC MPOMBIILICHHBIE MPEANPUITUS
M WUHOYCTPUAIIBHBIE 30HBI, TPAHCIOPTHBIE KOMMYHHUKALIMM C 30HAMU WX
pa3sMelIeHus, DHEPreTUYECKUE MIPUPOJHO-TEXHUYECKUE KOMILJIEKCHI,
TOPHOPYIHBIEC MPEANPUATHS BMECTE C 30HAMU UX BIIUSHUSA, TUIAPOTEXHUUECKUE
COOPY)KEHHUS C BOJHBIMH OOBEKTaMH, PEKPEAIMOHHBIE CHUCTEMBI C
aHTPOMNOTEHHBIMU OOBEKTaAMU U JIP.

JlaHHBIE CcHCTEMBI OTIAMYAKOTCS Ayamn3MoM. C  OIHOM CTOpOHBHI,
MepBOHAYAJIbHBIC MPUPOJHBIE OCOOCHHOCTH TaKUX CHUCTEM B 3HAUYUTEIIHLHOU
CTEIIEHU HW3MEHEHbl W COCTOSIHUSI CHUCTEM ONPEAECISAIOTCS aHTPOIOTEHHOU
Harpy3Kkoi, nerictByromeil Ha HuX. C Ipyroil CTOpOHBI, OCHOBHBIE OCOOEHHOCTH
uX (YHKIMOHUPOBAHUS BO MHOTOM 3aBHUCST OT MPUPOJHBIX YCJIOBHUH, B
KOTOPBIX 3TH CHCTEMbl HaxonasTcs. KoMmoHEeHTHl JaHamadTa, reoJornaeckoe
CTpPOCHHE, KJIMMAT, BOJHBIE OOBEKTHI, JICCHBIE MACCHUBBI WJIM 3€JIEHBIE 30HBI
MOT'YT OBITh M3MEHEHBI, OJHAKO COXPAHSIIOT CBOM OCHOBHBIE OCOOCHHOCTH B

npenenax MpPUPOJHO-aHTPOMOTeHHBIX CHCTEM. TakuMm o00pa3oM, MPUPOJIHO-

13



AHTPOIIOT€HHAsI Cpella TAKUX CHUCTEM COCTOUT M3 YaCTUYHO H3MEHEHHBIX
YEJIOBEUECKOU JAESITENIbHOCTHIO MMPUPOJHBIX CHCTEM, KOTOPBIE PAa3BUBAIOTCS MO
IIOCTOSIHHBIM BO3JICHCTBUEM YEJIOBEKA.

Cpenu npupoAHO-aHTPOIOIE€HHBIX CUCTEM B OTJEIIBHBIN KIIACC BBIACIISIOT
ypOaHU3UPOBAHHBIE CUCTEMBI, T.K. B HUX MPUPOJHBIE ITPOLIECCHI U OKpYXkKaromiast
cpena HanOosee u3MeHeHbl. Peiimec cpean MpHpPOAHO-aHTPONOIEHHBIX CHCTEM
0c000 BBLAETST YPOOIKOCUCTEMBI — «HEYCTONYMBBIC TPUPOTHO-AHTPOIIOT€HHBIE
CHUCTEMBI, COCTOAIIUE M3 aAPXUTEKTYPHO-CTPOUTEIBHBIX OOBEKTOB U PE3KO
HapyIIEHHbIX €CTECTBEHHBIX JKOocHcTeM». YacTo mox ypOaHU3MPOBAHHOM
CUCTEMOM MOHMMAIOT 3KOJIOTUYECKYIO CUCTEMY, 0Opa30BaHHYIO YEIOBEUYECKUM
IIOCEJIEHUEM C COOTBETCTBYIOLIEH MHPpacTpykTypoil. Cpena oOUTaHUs TaKUX
cucTeM IpeoOpazoBaHa MM HCKYCCTBEHHO co3/1aHa yenoBekom [119].

[Ipn KOMIUIEKCHOU OLICHKE IIPUPOJHO-aHTPOIIOTE€HHBIX u
ypOaHU3UPOBAHHBIX TEPPUTOPUHA M OOBEKTOB M3YUCHHUIO TMOJJICKUT P
COCTABJISIIOUINX PA3JIMYHOTO YPOBHS UEPAPXHUH, & UMEHHO:

® CTpaHbl, PETHOHBI, IPOMBIIIEHHO-TOPOJCKHE arjoMepaluu;

® T0pOJa U HACEJIICHHbIE TYHKTHI;

® TOpHOpYIHbIE U HE(PTEAOOBIBAIOIINE KOMIUIEKCHI C TEPPUTOPHUIMU UX
pasMeneHust (IIAXThl, Kapbepbl, PYAHUKH, HEPTe- U Ta30J00bIBAIOIINE
IPOU3BOJCTBA U T.1.);

® POMBIIUICHHBIE U CEIbCKOXO03SMCTBEHHbIE TPEANPUATHS C 30HAMU UX
BIMSHUS  (METaJIypruueckue, HEPTEXUMUUYECKHE MAalIMHOCTPOUTENIbHbIE
OPEINpUITUS, B3PHIBO-MIOKAPOONACHBIE M XUMHYECKH OIACHbIE OOBEKTHI,
CEJIbCKOXO3SIICTBEHHbIE M KWBOTHOBOJYECKHE KOMIUIEKCHI, MPEANPUATUS
MUIIEBOI U nepepadaTbIBaIOIIEe OTpacien 1 T.1.);

® TPAHCHOPTHBIE CHUCTEMBbl (AaBTOMOOWJIbBHBIE M JKEJE3HbIE JIOPOTH,
TpaHCIOPTHAsA UHPPACTPYKTYPa, MOPCKHUE U PEUHBIE MTOPTHI, a3PONOPTHI, TUHUU
3IIeKTporepeaay, ra3o- U HeTernpoBoAbl U T.1.);

e 00BEKTHI FTOPOACKON 3aCTPOUKH (31aHHUSI, CKIAACKUE, KOMMEPUECKUE U
KHUJIbIE TEPPUTOPUH, OOBEKTHl MyHHUIIMIIATILHOW COOCTBEHHOCTH U T.11.);

® MeCTa CKJIAIUPOBAHUS OTXOJOB (OTBajbl, TEPPUKOHBI, OTCTOMHUKH,
IIIJJTAMOHAKOIIUTEIIH, TOJMTOHBI TBEPI0-ObITOBBIX OTXOJIOB).

[Tpu KOMTIIIEKCHO# OLIEHKE TPUPOTHBIX O0HEKTOB U3YUCHHIO TTOIJICHKAT:
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e Jieca, JIECONOKPBIThIE TEPPUTOPUU U 3€JICHbIE 30HBI (JIeca, YpOouHIla,
JIECO3AIUTHBIC TTOJIOCHI, 3EJICHBIC HACAXKICHHS TOPOJIOB, MAPKH H T.1.);

® BOJIHBIC OOBEKTHI (PEKH, BOJAOXPAHUIIHINA, 03€pa, CTaBKH, MPY/IbI U T.1I1.);

® 3eMIJIH CEILCKOXO03SHCTBEHHOIO HA3HAUECHHS,

® pEKpealMOHHBIC TEPPUTOPUH, PUPOTHO-3AIIOBEIHBIC 30HBI;

® pPACTUTEIBHBIH W KUBOTHBIH MHUP HU3YyYaeMOW TEPPUTOPHUH (BUIBI
PACTEHHI U )KUBOTHBIX).

Knaccudukanus mpupogHo-aHTPONOTEHHBIX CUCTEM JaHa B Tadsmie 1.1.

B m000if MOMEHT BpeMEHHU IIPUPOJHO-aHTPOIIOTCHHAsT CHCTEeMa
HaxXOJUTCS B OINpPEJASICHHOM COCTOSHMH. [loJ COCTOSSHHMEM CHCTEMBbI MOKHO
MIOHUMATh COBOKYITHOCTb €€ IOKaszaTelie, XapaKTepHU3YIOIHUX CTPYKTYpy H
IpoIecChl (PYHKITMOHUPOBAHMSI CHUCTEM B OMPEIACICHHBIA MOMEHT BpPEMCHH.
Kaxnaprii 0O0BEKT B MPUPOJHOM, OHMOJIOTHYECKOM, AHTPOTIOTEHHOM H
TEXHOTEHHOM  OTHONIICHHMH  MOXET  XapaKTEePH30BaThCA  MHOXECTBOM
noKaszaresiei, CBOMCTBEHHBIM TOJBKO JIAHHOMY BUAY MPUPOIHO-aHTPOIIOTEHHBIX
cucrteM. Jlis XapaKTepHCTUKH CaMbIX pPa3HBIX acCIEeKTOB CHCTEM B MHPOBOM
MpaKkTHKE pa3pab0oTaHbl KOMIUIEKCHI ITOKa3aTejleld W HHIUKATOPOB, KOTOPHIC
NPUHATHL K HCIIOJIB30BAaHUIO Hay4YHBIM coobmecTBoM [17, 58, 75,99, 126 —
133, 138, 147]. HekoTopble OCHOBHBIC KOMITOHEHTBI Pa3BUTHUS TPHUPOIHO-
aAHTPOIIOTCHHBIX ~ CHCTEM, aHAIM3UPYEeMbIE TIpH KOMIUIEKCHOW OIICHKE,
npuBe/IeHbI B Tabmuie 1.2, 0oiee moapoOHO HEKOTOPHIE MOKA3ATENIN MPUBEACHBI
B [Ipunoxenuu A.

BeiObop wuHIUKATOPOB M TMOKa3zaTeled Mg KOMILUIEKCHOM OIICHKH
MPUPOJIHO-aHTPOTIOTCHHBIX ~ CHUCTeM  (CTpaH,  MPOMBIIUICHHO-TOPOJICKUX
arioMepanuii, TOpoJOB, TEPPUTOPUA U T.O.) OCHOBBIBaeTCS Ha cOope
CTaTUCTUYECKUX TaHHBIX. [lepeuyHn MHIMKATOPOB TMPUBOIATCS B CHCIHATBHOU
mutepatype [17, 47,58, 99, 116, 127, 138]. /lanHble moka3aTed HOCAT OOIIWI
XapakTep M CcoOHMparTCsd Ha OCHOBE OQUIHMAIBHOM CTaTUCTUYECKOM
nHpopManuu, a TaKXKe JIaHHBIX Pa3JIMYHBIX CYOBEKTOB  COIIMAJIBLHO-

9KOHOMHYCCKOI'O, THTUCHHYCCKOI'O 1 OKOJIOI'MYCCKOI0 MOHUTOPHHIA.
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I.1. -

ypOaHU3UPOBAHHBIX CUCTEM

Tabauna

Knaccudukanus

IIPUPOJHO-aHTPONIOTEHHBIX U

[IpupoaHo-aHTPONIOTEHHBIE

3aHrMaeMble TEPPUTOPUU U TIPOCTPAHCTBA

CUCTEMBI
CtpaHbl, KpyIHbIE PETHOHBI, IIpupogHO-aHTPONIOTEHHBIE W IPUPOJHBIC
aJIMHUHHUCTPATUBHBIC CAUHUIIBI TCPPUTOPUH CTpaH, ITaToB, 06HaCTeI71,
rocyaapcCTB PETUOHOB, 3€MCJIb, OKPYI'OB U T.a.
[IpupoaHO-TTPOMBILIITIEHHBIE TEPPUTOPUU
HpOMBIIHJ'IeHHO-FOPO,Z[CKI/Ie HECKOJBbKHUX 6JII/13JI€)K3.HII/IX ropoaos,
araoMepanum HACEJICHHBIX IIyHKTOB u KPYITHBIX

IIPOMBIILTIEHHBIX PEAIPUATUN

I'opona u HaceleHHBIE TYHKTHI

Tepputopuu ropoaoB, TOPOICKUX COBETOB,
YpOAHM3UPOBAHHBIX PAHOHOB, CETHTEOHBIC
KOMMEPYECKO-JIEJIOBbIE W MPOMBIIUICHHO-
CKJIAJICKE€ 30HBI TOPOJCKOW 3aCTPOIKH, 3eMITH
00BEKTOB 0OCITYXHBaHUS (IIKOJBI, OOJBLHHIIBI,

KyJIbTYpHBIE 3aBE/ICHUS) U T.JI.

CenbCKOX035MCTBEHHBIE 3EMJIU C
CEJIbCKUMU TTOCEJICHUAMU

[IpupoHO-aHTPONIOTEHHbIE U HPHUPOIHBIC
TEPPUTOPUU CEIILCKOXO3SIMCTBEHHBIX PAHOHOB U
JIECOTIOKPBITHIX MPOCTPAHCTB

IIpupoIHO-TIPOMBILUIEHHBIE U
MPUPOAHO-TEXHUYECKHUE OOBEKTHI

Teppuropuun  KpynHbIX  HOPEOUPUATAR U
TEXHOTCHHBIX OOBEKTOB C 30HAMH MX BIIHSHUSA:
1IaXThl, KAPbEPbl, PYAHUKU, TUAPOTEXHUUECKHE
COOPY)KEHHSI C BOJHBIMH MPOCTPAHCTBAMHU,
SHEPreTHUECKUE MIPUPOJIHO-TEXHUUECKUE
KOMILJIEKChI, METAJUTYPTHUECKUE U XUMUYECKHE
NpEANpPUITHS,, TPAHCHOPTHBIE CHUCTEMBI U
O0OBEKThI, MeCTa CKJIAJUPOBAHUS OTXOJIOB,
OOBEKTHI KIJIUIIHO-KOMMYHAJIBHOTO XO3SHCTBa
U CHCTEMBl pPaCHpENeNICHUs] DICKTPOIHEPTHH,
TEeIJia ¥ ra3a u T.J.

[IpupoaHO-aHTPONIOTEHHBIE
00BEKTHI

Teppurtopuu TPUPOIHBIX KOMIIJIEKCOB,
pEKpealMoHHBIX ~ OOBEKTOB,  JaHAIMAQTHO-
PEKpEallMOHHbBIC, 3allOBEJAHBIC W OXpaHSIEMbIC
30HBI

1 .
CenuteOHas TeppuUTOpHs TPEIHA3HAYECHA IJISI Pa3MENICHHS S>KUIUIIHOTO (poHAa, OOIIEeCTBEHHBIX 3MaHUN H

COOPYXKEHU,

OTACJIBbHBIX KOMMYHAJIIbHBIX MW IIPOMBINUICHHBIX O6’BeKTOB,

HE TpeOYIOImMX YyCTPOHCTBa

CaHWTAPHO-3AIUTHBIX 30H; YCTPOMCTBA IyTeW BHYTPH TOPOJICKOTO COOOILIEHHS, YJIMI[, IUIOLIAJEH, MapKoB,
caJioB, OyJIpBapOB M APYrux Mect obiiero mojib3osanus (CIT 42.13330.2011 "CHull 2.07.01-89).
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Tabmuna 1.2. — KoMImoHeHTsI pa3BUTHS IPUPOJHO-aHTPOIIOTEHHBIX CUCTEM

. . OCHOBHOE KOJIMYECTBO
['pynme moka3zaTteneit 1 KOMIIEKCHOW OTICHKU .
noKa3aTeNel U OIICHKU

ConmanbHO-3KOHOMUYECKas cepa 15-20
NudpacTpykTypa U TEXHOTEHHAS JICITEIBHOCTh 10-15
31paBOOXpaHEHUE U 30POBbE HACEIECHUS 8-15
O6pazoBanue 10-15
KunmuiHo-KOMMYHAJIbHOE XO03SIMCTBO 10-15
[Tpou3BoaCTBO M OTpeOICHNE 6-—10
[TpOMBIIIICHHOCTD 1 DHEPreTHKA 15-20
Tpancnopt 5-8
Cenbckoe X0351UCTBO 10-15
be3zomnacHocTh rpaxaan 5-10
KauecTBo atmMochepHOro Bo3ayxa 15-20
Boiononbs30BaHuE U Ka4€CTBO BOJ 10-15
[Tpupona u 6uopaznoobOpazue 15-20
W3menenus kmmMara 4-6

OCHOBHBIEC TOKa3aTenu Il KOMIUIEKCHOM OIIEHKH I10 KOMIIOHEHTaM
pa3BUTHS TPUPOTHO-AaHTPOIIOTCHHBIX CHCTEM TPUBEICHBI B MCTOYHHMKAX [8, 9,
16, 19, 23, 3742, 59, 61, 68, 75, 76, 119, 129, 130]. Kpome Toro, B Poccumn
MoKaszaTend  JJIi  KOMIUIEKCHOW  OLIEHKM  ONPEAECIICHbl  CIECAYIOIIUMU
nokyMeHtamu [27, 78, 93, 94] u 1.11.

Kpome nepeuncnennsix B IIpunoxkennn A mokazarenieid Mo KaxxaoMy U3
KOMIIOHEHTOB  MPUPOJHO-AaHTPONIOTEHHOM  Cpellbl  MOXKHO  MCIIOJIb30BATh
JIOTIOJTHUTENIBHBIE  MHAMKATOPBI, KOTOPBIE PEKOMEHAYIOTCS  pPa3JIMYHBIMU
UCTOYHUKAMU (HOPMATUBHO-METOAUYECKONW JOKyMEHTAI[ueH, HWMEIOIIUMUCS
HOpPMaTHUBaMU U HOPMaMH, TPOCKTHON JTOKYMEHTAIMe! U T.11.).

EcTtecTBeHHO, 4TO BHIOOp MOKa3aTesIeii U UHIUKATOPOB I KOMIUIEKCHOM
OIICHKH MOJKET OBITh 3HAYMTENIbHO PACIIUPEH, OJHAKO /I MPAKTUYECKOTO
MIPUMEHEHUS KOJIMYECTBO UHIUKATOPOB YACTO OTPAHUYMBAIOT YHCIIOM HE OoJee
8—-10 nmnokazareneil 1O KaXIOMy KOMIIOHEHTY pPa3BUTHUS PUPOIHO-

aHTPOIOTEHHBIX CUCTEM U YPOAHU3UPOBAHHBIX TEPPUTOPHUH.
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B mnHactosimee Bpemsi uMeEETCS MHOXECTBO pPabOT, HAmpaBICHHBIX Ha
CTaHJAPTU3AIMIO TMAPaMETPOB W WHAMKATOPOB I KOMIUICKCHON OICHKH
COCTOSIHUS U Pa3BUTHS MPUPOJHO-AaHTPOIIOTeHHBIX cucTeM [8, 9, 17, 18, 37 — 42,
58, 99, 116, 138]. CyiiecTBYlOT HMHIUMKATOPHI JUIS OLIEHKH 3arpsS3HCHHUS
npupoanblx cpen  [8,9,47,51,53,59,94], anamuza pa3BUTHS TOPOJIOB
[131, 147] u ctpan mupa [38 — 42, 47], oneHkn Onopa3HOOOpa3us M KadecTBa
skojorudyeckux  cuctem  [37,84,85,92,96,113,115,135] wu  cocrosHus
TEXHOJIOTHYECKHX M TeXHOreHHBIX cucteM [21, 103]. JlocTaTtouHO MONMHBIN 0030p
HAyYHBIX ¥ HAYYHO-METOJIUYCCKUX UCCIICIOBAHUMA B 00JIaCTH XapaKTEPUCTUKH H
OIICHKW Pa3BUTHS TOPOJOB, PETHMOHOB M CTpaH MHUpa BBHINOJHEH B Jlokimamax
[Iporpammer pazsutuss OOH u Bcemupnoro 6anka [38 —42], a Takke Tpynax
aHaTMTHYeCKUX opranm3anuii: Brookings Institution, Economic Policy Institute,
Forrester Research, Gallup, GlobeScan, Institute for Economics and Peace, New
Economic Foundation, The Chicago Council on Global Affairs, The Heritage
Foundation, The Legatum Institute u ap.

1.2. CymecTByomasi MeTO10J10TMsi KOMILUIEKCHOW OLleHKH

KommiekcHast OlleHKa COCTOSIHUS MPUPOJAHO-AaHTPOINOTEHHBIX CHUCTEM
OOBIYHO TIPEACTABIACT COOOW OUEHb TPYJIOEMKYIO MPOLEIYyPY H3-3a HAIMYHUS
OOJBIIIOr0 KOJMYECTBA IMOKAa3aTeNIe, OTpa)kalolUX CaMble pa3HbIE aCIEKThI
pa3BUTHS CUCTEM U TpeOyronmx aHanusa [/]. B Takux ucciieqoBaHUsSX OOBIYHO
MpUMEHSIOTCS Tpu ToaxoAa. [lepBblii MOAX0 CBSI3aH ¢ pa3padOTKOM OOIIMPHBIX
JOKJIaJI0B O COCTOSIHUM U TIpeamnosiaraeMoM pasButuu cuctem [30, 37 —
42,47,61]. Btopoil momxom, C MEIbI0 YIPOIICHHWS IMPOIEIYPhl aHAIIM3a,
OCHOBBIBAETCSI HAa WHIUKATOPHOM METOJE, KOTJa MJis OIIEHKH COCTOSIHUSI U
Pa3BUTHS CHUCTEM BBOJSTCS B PACCMOTPEHHE CaMble pPa3IMYHbIE WMHJIEKCHI,
KOTOpbIE HMHTETPUPYIOT pasauuHblie Tokazatemu [38 — 42,59, 75, 83, 84, 93,
115, 131, 147]. Tperbe TeOpeTHUECKOE HAIPaBICHHE KOMIUICKCHOM OIICHKH
TECHO YBSI3aHO C CHUCTEMHBIM aHAJM30M MPOOJIEM PAa3BUTHSA, METOOJIOTHEH
OLICHKH puckoB [62, 70, 72, 77, 87,93, 102, 103, 108, 136, 140, 144, 145, 148 — 150]
U TEOpHEel cucTeMHOU auHamuky [7, 15, 22, 110, 112].
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OcHOBHBIC HamNpaBJICHWs] W TEHACHIIMM HWCCICAOBaHWA B 00JacTH
KOMIUIEKCHOM  OLEHKH  CBSI3aHBl C  COBEPIICHCTBOBAaHUEM  CPEACTB
AHAJIUTUYECKOTO M SKCIIEPTHOTO aHAJIM3a Pa3JIMYHbIX CHUCTEM, HAKOIUICHUEM U
CO3/laHhEeM Bce OoJjiee OOIMUPHBIX 0a3 JaHHBIX IIOKa3aTejed COCTOSHUA,
W3MEHEHUS W Pa3BUTUS TPUPOJHO-AaHTPONOTCHHBIX CHUCTEM, HPUMEHEHUEM
HOBBIX METOJIOB BHU3yaJdW3allMk W OOpabOTKH JaHHBIX, HCIOJIb30BAHHEM
CTaTUCTUYECKUX METOJOB aHaln3a JaHHBIX, CO3JAaHHEM WH(POPMAIMOHHO-
AHAJTUTUYECKUX CHUCTEM XpaHCHHWs, NPEACTaBICHUS M OOpaOOTKH JaHHBIX,
pa3paboTKOM HayYHO-OOOCHOBAHHBIX METOJIOB KOMIUICKCHOM OIICHKH, TEOPUU
OIICHKH PUCKOB U METOJI0OB CUCTEMHON JUHAMUKH.

B umeromnieiicst auteparype MMPOKO MPEACTaBICHbBI JOKJIAbl AHATUTUKOB
U DKCIIEPTOB O COCTOSIHUM M TEHJCHUUSX PA3BUTHSI PA3JUYHBIX MPUPOIHO-
aHTPONOTCHHBIX  cucteM [37 —42,47,97,98,127]. Ananu3 MOPOBOIUTCS
MPEUMYIIIECTBEHHO JJIsl CTPaH, PErMOHOB, TOPOJOB, OTJEIbHBIX TEPPUTOPUN U
OJHOTHITHEIX OOBEKTOB.

Kak ormeuaercs B pabore [7], mpHMeHEHHE KOMIUIEKCHOW OIICHKHU
MO3BOJISIET CYIIECTBEHHO PACIIMPUTh MPOCTPAHCTBO ISl BBIBOJOB DKCIEPTOB,
OJIHAKO ATOT IYTh YacTO MPUBOJAUT K OOMIMPHBIM JOKJagaM I0 H3y4yaeMOu
npobisieme. B Takux okianax pa3essl, MOCBSIIEHHbBIE OIIEHKE CYIIECTBYIOIIETO
COCTOSIHUSI, 1O O0O0BEMY BCerja CYIIECTBEHHO MPEBBIMIAIOT pPa3feibl ¢
MPAKTUYECKUMH Pe3ybTaTaMH, KOTOPbIE HECYT MPOTHOCTHUYECKUE BBIBOIBI.
OneHka COCTOSHMSI OOBEKTa BCEraa SBISICTCS TEPBBIM 3TarloM JHO00T0
ACCIenoBanna. B [okiIagax MO KOMIUIEKCHOW OIEHKE OOBIYHO JaeTcsd
“H(pOpMaIusI 0 COIMaTbHO-YKOHOMHYECKOM Pa3BUTHUN O0OBEKTOB UCCIISIOBAHMUS,
3arps3HEHUM TPUPOJHBIX cpel, (popMuUpyeTCs PETPOCIEKTUBHBIM aHalu3,
JaeTCsl OLIEHKAa COCTOSIHMSI M TIPOTHO3 PAa3BUTHS OOBEKTOB, W3MEHEHMS
COCTOSIHUSI OKPYXKAIOIIEH Cpebl U PpeCYpPCOB, pa3padaThIBAIOTCS MEPOTIPUSLTHUS U
MpeIoKEeHUsI B 001aCTH UcciaeayemMon nmpoosiemsl U T.4. Co3aHue pa3inuyHbIX
JIOKJIQJIOB SIBJIIETCS pacpOCTPAHCHHON MHUIIMATUBOM MHOTHX AHAIUTHYECKUX
opraHuzanuii, (OHIOB, MEKIYHAPOJIHBIX MPOTPaMM, HWHCTUTYTOB U
YHUBEPCUTETOB.

KommiekcHast orieHka OpUPOIHO-aHTPONIOTEHHBIX CHUCTEM MPOBOJUTCS
TAaK)K€ Ha OCHOBE CaMbIX pAa3HbIX HHACKCOB, KOTOPHIC Pa3IMYAIOTCA KaK

CIIocobamMu HuX onpeaciICcHrusA, TaKk W MCTOJOJOIrMYCCKHMMMH IIPHUHOUIIAMHU HX
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noctpoeHusi. CylllecTBYIOT COTHH JOCTAaTOYHO W3BECTHBIX HHJIEKCOB M MEp B
00JIaCTH COIMATHPHO-Y)KOHOMUYECKOTO Pa3BUTHS CTpaH W PETHOHOB, B 00JIacTH
OXpaHbl OKpPYJKalIIEH Cpenpl, 2KOJOTMH W OuopasHooOpasus. [umoressl,
KOTOpbIE TIOJIO)KEHBI B OCHOBY MoOJieiel, OOBIYHO HOCAT YacTHBIA U
CyOBEKTHUBHBIM XapakTep U HE MOTYT CIYKUTh OCHOBOM I HaACKHBIX
KOJJMYECTBEHHBIX METOJOB OIICHKH XOTS OBl MOTOMY, YTO OHOJIOTHYECKHE,
AKOJIOTUYECKUE U COI[MATILHBIE CUCTEMbI HEIb3sI OLICHUBAThH [0 OJIHOMY, XOTA U
KOMIUIEKCHOMY TIOKa3arento. /[l MOCTpOeHUs KOJIMYECTBEHHBIX MOJEINIEH
HEeoOXoMMa pa3paboTKa INKajd HW3MEpPEHHUs IOKas3aTeJed COCTOSHUSI CHCTEM,
KOTOpBI€ ObI HE SIBJISIUCH B CBOEHM OCHOBE CyOBeKTHBHBIMU. [Toka B Ouojoruw,
9KOJIOTMU U OOIIECTBEHHBIX AUCIUINIMHAX IMOJOOHBIX CHUCTEM KOJHYECTBCHHOMN
OIICHKM HE CYIIECTBYET. B HAKOJOTMYECKHMX M COLMAIBHBIX HAyKaX, KOTOPHIC
U3y4alOoT COCTOSIHUSI TPUPOJHO-aHTPONOTEHHBIX CHUCTEM, (OpMyIUpOBKa
OOBEKTHUBHBIX 3aKOHOB CBsI3aHa CO 3HAYUTEIBHBIMU TPYIHOCTAMH, TaK Kak
METOJI0JIOTUSI KOMIUIEKCHOM OILIGHKM B CBOEH OCHOBE HampaBjeHa Ha
Ka4eCTBEHHOE OMMCAaHUE MPOIECCOB U HEAOCTATOYHO OPUEHTUPOBAHA HA TMOMCK
M YCTAaHOBJICHME  KOJIMYECTBEHHBIX  3aKOHOMEPHOCTEH B  MAacCHBax
CTATUCTUYECKON MH(MOPMAIIHUH.

B npaktuueckoil AesTEIBHOCTH ISl OLIEHKH MPUPOIHO-aHTPOIIOTEHHBIX
CHUCTEM UCIOJB3YIOTCS PA3JUYHbIE HWHJEKCHI, HAlPUMEp: YEIOBEUYECKOIO
pa3BUTHS, TJI00ATBHOM KOHKYPEHTOCIOCOOHOCTH, SKOHOMHYECKOW CBOOO/IHI,
AKOJIOTHYECKON I(PPEKTUBHOCTH, KayecTBa M OC30MaCHOCTH >KM3HH, OOIIECTBA,
OCHOBAaHHOI'O Ha 3HAHUAX, HECTAOMIBHOCTH CTPaH, BOCHPHATHS KOPPYIILIHH,
JEMOKpAaTHH, CBOOOJBI MpECcChl, TIiI00anu3aiu, 3KOJOTHYSCKOro cliena,
CUACThsl, DKOJOTHUYECKMX JIOCTHXKEHMM U T.J. B 3Kojormuecko u
MIPOMBINJICHHOW 0€30MacHOCTH MPUMEHSIOT MHJIEKC 3arps3HEHUs aTMocdephl,
WHJIEKC TIOPOTOBOM MAacChl OMAaCHBIX BEHIECTB IS OOBEKTOB IMOBBIIICHHOM
OMAacHOCTH, CYMMAapHBbI MHIEKC OMNACHOCTH OTIEIbHBIX KOMIIOHEHTOB,
3arps3HSAIONINX Ty WM HHYIO OMOTC€OXHMHYECKYIO cpeay (BOJHYIO, BO3AYIIHYIO
Cpenbl ¥ TPYHTHI) U T.A. NHIEKCHI KOJIWYECTBEHHO CBEPTHIBAIOT WH(OPMAIHUIO,
KOTOpasi MOKET TIIOMO4Yh OOHApY>KWUTh CIIOKHBIC SIBJICHHS WJIH J1aTh
OJHO3HAYHBIC OIICHKH.

N3BecTHO, 4TO MHIIEKC — ATO Mepa OTKJIOHEHHSI CUCTEMbI TI0 KOMILIEKCY

CBOMCTB OT YPOBHSI, IpUHATOTO 3a 0a30BbIi [119]. Cerogus HaydHbIe pabOTHI B
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JTAHHOM HANpPAaBJICHUH BEIyTCS B OOJACTH WCCIENOBAHUS WHIUKATOPOB W
WHJICKCOB B paMKax o01mieit Teopun cucteM bepramandu [17 — 19, 58, 116, 138].
B pe3ynbrare COBMECTHBIX YCHIIMI YYEHBIX MHOTHX CTPaH MHUpa MpPU aKTUBHOM
yuyactun 58-ro komutetra CKOIIE (ISEM, r. Haitpo6u, Kenust) npu UNEP u
Komuccun mno ycroiuuBomy pazutuio (CSD) HayuHOU 0O0II€CTBEHHOCTU
yIAJIOCh JOCTHYb COTJIACHSI OTHOCUTEIHLHO OOIMX 0a30BBIX CBOWCTB, KOTOPHIMH
JTOJDKHBI  00JagaTh  WHOWUKATOPHl W WHACKCHL.  TaKkOBBIMU  TIPUHSTHI
YyBCTBUTEIBHOCTH, CIIOCOOHOCTh K arperupoBaHUIO, MPOCTOTA WHTEPIPETAINH
U Hay4Hast o0bocHoBaHHOCTH [119].

OOBIYHO METOJIMKM pacueTa WHTErPalibHbIX MHJIEKCOB OCHOBBIBAIOTCS
UCKIIIOUUTENFHO Ha OKCHEPTHBIX MeTonax. (OO030psl METOJIOB IMOCTPOCHUS
WHTETPAIbHBIX HHACKCOB MPUBECHBI B padorax [59, 62, 119].

CoBpeMEHHbIE METOJUKH pacdyeTa HWHIEKCA Pa3BUTH YEJIOBEUYECCKOTO
notennuana (MPUIl), unaexca onenku Humietsl Hacenenus (MHH), pacuera
WHIEKCAa pa3BuUTUs ¢ yderoMm reHaepHoro ¢akropa (UPI'®D), ouenku
HKOJIOTHYECKOTO cliefla, OICHKM pUCKAa HETaTUBHBIX TMOCIEICTBUN M Jpyrue
METOJIMKH, MOTYT HCIIOJb30BaTh MHOXECTBO TMOKa3arejed, KOTOpPhIe OOBIYHO
KOMITIOHYIOTCSL B Heckosibko Tpymn [38 —42, 75, 131]. Hanpumep, unHmekc
YEJIOBEUECKOTO Pa3BUTHS BKIIOUAET arperaTHYIO OIEHKY 10 TPeM WHANKATOpaM
B cepe 00pa3zoBaHMs, SKOHOMUYECKOTO U COIMAIIBHOTO Pa3BUTHS, WHJEKCHI
NHH u UPT'® ucnons3yroT OT Tpex A0 MATH UHAUKATOPOB.

Meroanuecku OIleHKa WHJIEKCOB Yallle BCEro IMPOBOJUTCS Ha OCHOBE

HOPMHUPOBaHUs MOKA3aTEIICH:

pi - pi min
li = , (1.1)
pi max — pi min
rac pi — 3HAYCHUA | -Oro IokxasaTtciii OJis1 OIIPCACIICHHOI'O 06’beKTa;

Pi min+ Pi max — COOTBETCTBEHHO MHHHUMAJIBHOC M MAaKCUMAaJlbHOE 3HAYCHMS

3TOrO TOKa3aTeias B M3y4aeMoil rpymnmne oObeKToB; |, — COOTBETCTBYIOIIMMI

VHJIMKATOP.
Hns nonyuenuss 3Hauenuit WPYIl nHeoOxomumo paccuutaTh TpHU

OCHOBHBIX TIapaMeTpa — HHAWKATOPHl MPOJODKUTENFHOCTH Ku3HU (|q),
obpazoBanus (l1,) m BBII (l3). [Insg xaxaoro M3 HHUX yCTaHaBJIMBAKOTCS

00IIIeMUPOBbIE MUHMMAJIbHBIC U MaKCUMaJIbHbIC 3HaueHus (rmianku) [38, 39].
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Jlo 2010 roma wWHTErpalbHBIA HWHIEKC YeiaoBeueckoro passutus ()

BbIUUCHsICA 1o hopmyne (1.2):
3
|=Zai-|i, ai:l/\?). (12)
i=1

Kaxnpii n3 maaukaropos MPYII BepakaeTcs BEIWYMHOM OT HYJSA N0
eIMHUIIBI, U paccunThiBaeTcs o ¢popmyrnam (1.3) — (1.5).
WNHaukaTop npoaoIKATEIBHOCTH JKU3HU ONIPEACIISIETCS B BUAE!
I, = P — Pmin ’ (1.3)
Pmax ~ Pmin
rie P — OXHIaeMas IPOJOJDKUTEIBHOCTh JKM3HU B CTPAaHE, PETMOHE,

ropo 1€ WU PaiOHE, IIPU 3TOM Py, IPUHUMAIOT PABHBIM 85, 8 Ppiy — PABHBIM
25 (ner).

I/IHI[HKaTOp 06p330BaHI/IH HUMECT BUA.
2 1
I, ==p;+= P>, 14
2773 Py 3 P2 (1.4)

rac pl — A0JI1 I'paMOTHOI'O B3POCJI0I'0 HACCIICHHA (OT 15 ner n CTapIic,
JOJIN eI[.); P, — momisd 06yqa}om1/1xc51 B Ha4aJIbHbBIX, CPCAHHUX W BbICIIHUX

y4eOHBIX 3aBEJICHUSAX B BO3pAcCTe OT 5 /10 23 JeT, 10U €.

[Ipu pacuere nnsi crpan Mmupa nokaszarenb noxona (BBII wa mymry
HACEJICHUs) KOPPEKTUPYETCs, TaK KaK MPU JOCTHUKEHUU JOCTOMHOTO YPOBHS
Pa3BUTHS YEJIOBEUYECKOr0 MOTEHIMaNa He TpeOyeTcsl HEOrPaHUYEHHOTO J10X0/1a.
[TosTOMy TIpM OLICHKE COOTBETCTBYIOIIETO WHIWKATOPA MCIIOJIB3YKOTCS

JorapudMbl 10X0/a:

_ log( p) —log( pmin) (1.5)
* " 109( Prua) — 109( Prnin)

e Prax = 40000 non. CILIA mo napuTeTy HOKyHATeNbHOM COCOOHOCTH
a Pmin =100 pon. CIIIA no napureTy NOKynaTeabHON CIIOCOOHOCTH.

Meroguka WPUIl mmpoko npuMeEHSETCS NPU OLEHKE YEIOBEYECKOIO

noTeHIMana pasueix crpan [38 — 42]. Iocae 2010 romga Metoarka pacyera Oblia

1 . . .

[MapuTeT MOKymaTensHOM criocoOHOCTH (aHTII. purchasing power parity) — cooTHOIIIEHHE BYX MM HECKOIBKHX
JCHEeXKHBIX eIUHMIl, BAJIOT PAa3HBIX CTPaH, YCTAHABIMBAEMOE II0 WX MOKYIATEeJIbHON CIIOCOOHOCTH
MIPUMEHHUTEIBHO K OTPEICIEHHOMY Ha0Opy TOBapOB U yCIyT
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u3MeHeHa, B pesynprate ¢opmyna (1.2) 3amenena Ha ¢opMyny
reomerpudeckoro cpeasero | =3/1;-1,-15.

AHanOrMYHBIM 00pa30M PACCUUTHIBAIOTCS MHAECKCHI HUIIETHI HACEICHUS
(MHH-1, NHH-2). Ecau WUPYII u3mepsier cpeqHuil ypoBEHb AOCTUKEHUN, TO
NHH-1 u3mepsieT ypoBeHb O€THOCTH HACETICHUS COTIIACHO CIEMyIOmIeH (hopMYJIbL:

1 (04 (94 o a
MHH-L = [ (pf' + pg + PS e, (1.6)

rae P; — OIS HAaceleHUs, KOTOpas, KaKk OKUAAeTCs MPHU POXKICHHUHU, HE
noxuset 10 40 net, %; P, — 4051 HETPaMOTHOT'O B3pOCIIOro HaceneHus, %0; P,

— HEB3BEIICHHOE CpenHee apupMETUIECKOEe TOIHM HACEJICHUs, HE HWMEIOIIETO
YCTOMYMBOIO JOCTYyMa K YJIy4YIICHHBIM MCTOYHUKAM BOJbI (WU JOJU JACTEH C
MOH>KEHHOM ISl CBOETO BO3pacTa Maccoi tena), %; a = 3.

Nunexc MHH-1 ucnonws3yercs mpu pacyeTe ypOBHSI HUIIEThI HACEIEHUS
pa3BuBaromuxca crpadH. Meroguka ouenku WHH-2 no3Bonsier wu3Meputh
YPOBEHbB JIMIICHUHA MO YETHIPEM HampaBieHUsM >ku3Hu mroaeil. Uugexc MHH-2
paccuutbiBaetcs no gopmyse (1.6), HO yxe I YeThIpeX WHJUKATOPOB: JI0JIE
HACEJIEHUs, KOTOpas, KaK 0XKUJIACTCS MPU POKACHUU, HE NOKUBET 10 60 e, %;
JI0JIE HETPAMOTHOTO B3POCIIOrO HAaceleHus, %; I0JE HACEIICHUS, >KUBYILETO
HUKE 4epThl OeqHocTH 1o goxoay (50% oT MeauaHHOTO CKOPPEKTUPOBAHHOTO
pacrojaraeMoro J0xojJa JIOMAaIllHEero XO3sicTBa), %; YpOBHIO 3aCTOWHOM
0e3paboTuilsl (B TeueHue 12 umu 6oiiee mecsiien), %o.

Bce ykazanHbie Bblllle MHIEKCHI C(HOPMYITUPOBAHBI SKCIIEPTAMHU, UCXOJIS
13 OOUIEMPUHATOrO COTJIAIICHUS MEXTY CIIeIIMAIUCTaMHU.

[Ipu omnpeneneHun HHAECKCOB PAa3BUTHS TOPOJOB B MPOILECCE OLIEHOK
paccMaTpUBaIOTCST OOBIYHO HECKOJIBKO acCleKTOB (KOMIIOHEHTOB) UX Pa3BUTHS,
JUI 4Eero BBIACIACTCA psAx nokaszareine. Ha oCHOBE JaHHBIX TMOKas3aresen
dbopmupytoTcs Oe3pa3MepHble HHAMKATOPHI, KOTOpbIe, B CBOIO OuYepeb,
HOPMUPYIOT MO ompeaeiieHHon 1mmkaine. OOmMil HMHAEKC CTPOUTCS Kak
aqUTUBHAS KOJIWYECTBEHHAs CyMMa BCE€X HWHJHUKATOPOB C YYETOM 3aJaHUA
BECOB, HA3HAUYCHHBIX SKCIIEPTAMU.

Hanpumep, d¢upmoii Economist Intelligence Unit coBmectHO ¢
Kopropaiieir Siemens paspaboTaHa 3KCIEPTHAs METOMOJOTHS KOMILICKCHOM
OLICHKM TOpoJIoB. B mpomecce OLEHOK paccMaTpUBAKOTCA BOCEMb ACIIEKTOB

pasBuUTUA TOPOJAOB, I YCro COOTBCTCTBCHHO BBIJICIAIOTCA CICAYIOHIHC
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KaTeropuy MmokaszaTesieii: BEIOPOCH MAPHUKOBBIX Ta30B; MOTPEOICHUE SHEPTUY;
TOPOACKOE  XO34KMCTBO;  TPAHCHOPT;  BOJOIIOJIB30BAHUE;  OTXOABl W
3€MJIETIOJb30BAHUE; KAaueCTBO BO3/yXa; HKOJIOTMYECKOE yrpaBiaeHHe. YToObI
CpaBHMBATh JaHHbIE, BCE NIOKA3aTENN HOPMUPYIOT 110 1mkaie ot 0 1o 10. OOuwmii
MHJEKC TOCTPOCH KaK KOJIMYECTBEHHAas CyMMa BCEX KaTEropuid € Y4ETOM
3ajanus Becos [131].

B cBoro ouepenp, B HOpMATUBHO-METOAUYECKOM TOKYMEHTE «BpeMeHHbIe
METOAMYECKUE YKA3aHUSA 110 ITPOBEACHNUIO KOMIUIEKCHON YKOJOTUYECKOU OLICHKH
COCTOSIHMSI aTMOC(EpPHOT0  BO3AyXa OOJIBLIOTO TOpOJa»  HCHOJB3YETCs
KOMIUIEKCHBI MHJIEKC 3arpsi3HEHHUs] aTMOC(Epbl, MHTETPAJIbHBIN IOKa3aTelb
YPOBHS JKOJOTMYECKOM OIIACHOCTH II0YB IOPOJA, II0KA3aTelUd COCTOSHUSA
pacTUTEIHLHOCTH W OpHUTO(AyHBI Ha TeppuTopuu ropoaa [27]. CymmapHas
KOMILJIEKCHAsI OLIEHKa MPOBOJAUTCA MO 3aBUCUMOCTH (1.7) mo kaxmomy wu3
YEThIPEX MPUBEIACHHBIX BBINIE KOMIIOHEHTOB C YYETOM 3aJaHUs BECOBBIX
K03(PUIIMEHTOB.

[Ipu oueHke ypoBHSI HKOJIOTHYECKON O€30MacHOCTH TaKkKe HCIONb3YIOT
UHTErpajbHble IOKa3arenu. [liusd 3Toro Ha u3y4aeMOM TEPPUTOPUM BHAYaJIe
BBISBJISIIOT HauOOJIee CEpbEe3HbIE YTPO3bl U MPOBOIAT UX paHxkupoBaHue. [lotom
OLICHMBAIOT PUCK, IJI€ YUYUTHIBAIOTCS SKOHOMHYECKUE YOBITKM U CMEPTHOCTH B
CIEACTBUE  HETAaTHBHBIX  BO3JACHCTBUM W  YPE3BBIYAWHBIX  CUTyalUU.
WNHTerpanpHple  TOKa3aTenu I OLEHKM  yIrpo3  ONPEAENSIOTCS IO

COOTHOIIIECHUSIM [62]:

m
| :Zai'li, (17)
i=1
rac Ii — MHAUKATOPBI B BUAC HOPMHUPYCMBIX 3HAa4YCHUU HOKa3aTeJ'IeI>’I; o —

BECOBBIE KOA(P(HUILIMEHTHI, ONIpeesieMble Pa3IMYHbIMA METOIaMU.

[Tpu oreHKe FKOJOTHUUECKON OE30MaCHOCTH TEPPUTOPUH HcTIONb3yeTcs 21
MOKa3aTellb B BOCbMHM acCIEKTaX, HAa OCHOBE KOTOPBIX PAaCCUUTHIBAIOTCS
WHIUKATOPbI, XapaKTEPU3YIOIIHE:

® pa3BUTHE TeXHOC(epbl M OMACHOCTh MPOU3BOACTB (CTOMMOCTD
OCHOBHBIX (JOHJIOB, KOJIMYECTBO MPOMBIIIICHHO-IIPOU3BOACTBEHHOIO MEPCOHAA,
00BEM MPOTYKLIMH, N3TOTOBIEHHONW HAa TEXHOTEHHO-OMACHBIX MPOM3BOICTBAX U T.]1.);

® 3arpsi3HEHHUE OKpYKaromlell cpenbl (BBIOPOCH M COPOCHI BPEIHBIX

BEIIIECTB B aTMOC(EPHBIN BO3AYX U BOJHBIE OOBEKTHI);
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® pa3MEUIeHUE B3PBIBONOKAPOOMACHBIX W XHMHYECKH  OIACHBIX
IPOU3BOACTB  (KOJIMYECTBO  MPOM3BOJCTB,  YUCJICHHOCTb  HACEJICHMS,
MPOKMBAIOIIETO B 30HE BO3MOYKHOT'O TOPAXKEHU);

e celicMuYecKHe SIBJICHUS (HallM4UME CEHUCMO30H U YHUCJIEHHOCTH
HaCeJICHUs, MPOKUBAIOIIETO B 30HE BO3MOKHOT'O MTOPAKEHUS );

® [0apbl MPUPOJHOTO NPOUCXOKIEHUS (HATHYHE 30H MTOXKAPOB);

® pAaJMOAKTUBHOE 3arpsi3HEHUE MPU MOTEHUHUAIBHBIX aBapusx Ha ADC
(TuToIIaiv 30H BO3MOYKHOTO 3arpsi3HEHNUS );

® MPUPOIHO-PECYPCHBI  moTeHIMan  (oOecredeHne  HacelIeHUs
pecypcaMu, yaelbHble Tokazarenu 3¢ (HEKTUBHOCTH).

Ha ocHoBe ncnons3oBanus 3aBUCUMOCTH (1.7) mpOBOJSAT CpaBHUTEIbHBIN
aHalIM3  NPHUPOJAHO-TEXHOTEHHOM  OMAaCHOCTHM  PA3MYHBIX  MPUPOJTHO-
AHTPOMOTEHHBIX TEPPUTOPUH.

B cBowo ouepenb, HOpMaTUBHBIA JOKYMEHT «Kpurepum oneHku
HKOJIOTUYECKON OOCTAHOBKH TEPPUTOPHUH ISl BBISABICHUSI 30H UYPE3BBIYANHOM
IKOJIOTMYECKOM CUTYaIlMM W 30H JKOJIOTHYECKOro OenctBus» [78] B obmactu
U3MEHEHUs1 Cpelbl OOUTAaHUS U COCTOSHUS 370pPOBBSl UEJIOBEKA HCIOJIb3YEeT
MOKA3aTelM B IISITH AacClEKTaX COCTOSIHUSI TEPPUTOPUM M HKOJIOTUYECKOU
00CTaHOBKH:

® MEIUKO-AeMOorpaduyecKkue KpUTEPUU COCTOSIHUS 310POBbsI HACEICHMUS
(16 mokazarenei);

® 3arps3HEHUE BO3JyXa CEIUTEOHBIX TEPPUTOPHI (2 mokazareis, OduH
WUHTETPaJIbHBIN);

® 3arpsi3HEHHE MHUTHEBOM BOABI M BOJOMCTOYHHMKOB IUTHEBOIO M
PEKpeaMOHHOr0 HazHaueHus (0T 5 1o 15 mokasareneil B 3aBUCMMOCTH OT THIIA
BOJIOMCTOYHHKA);

® 3arpsi3HEHUE TOYB CEIUTEOHBIX TeppuTopui (7 Mmokazaresneil, oAuH
WHTETPaIbHbIN);

® paaualnMoHHOE 3arps3HeHue (1 mokaszarens).

JlanHast mMeTonuKa B O0JACTH OIEHKM W3MEHEHUS TPHUPOJTHOU CpPEIbl
UCIIOJIB3YeT TMIOKA3aTeNM B JIEBSATH AaCMEKTaX COCTOSHUSL TEPPUTOPUM U
HKOJIOTUYECKON OOCTaHOBKH: 3arps3HEHUE BO3AYIIHOW CpEbl; 3arpsi3HEHHE
BOJHBIX OOBEKTOB, UCTOIIEHUE PECYPCOB BOJ U JIETPaialiisl BOJHBIX SKOCUCTEM;

34aIrpsA3HCHUC W ACrpadaluda I104YB; HN3MCHCHHUC Ire0JIOTUYECKOM CpCabl;
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Jerpafanuss Ha3eMHBIX DJKOCUCTEM; PACTUTENIbHBIM MWD, JKUBOTHBIM MUD;
OMOreoXMMHUYECKasi OLIEHKA TEPPUTOPHUI.

Ha ocHOBe cpaBHEHMs MOKa3aTesei, MOTYyYEHHBIX JKCIIEPUMEHTAIBHBIM
WIM PacUETHBIM IIyTEM, C KPUTEPHUSIMH OLEHKU HKOJIOTMYECKON OOCTaHOBKU
TEPPUTOPHUI OIPENEISIETCS YPOBEHb U CTENEHb OINACHOCTH TOTO WJIM HHOIO
COOBITHSI WJIH TIpOIIEcca.

Bce wHTerpanpHble HMHIEKCHI OLEHKM KadyeCcTBA NPUPOIHBIX CpENX
dbopMupyroTCa aHANOrMYHBIM 00pazoMm. Hampumep, B MOCTCOBETCKUX CTpaHax
JUISL COOTBETCTBYIOLIEH OLIEHKH LIMPOKO HCIIOJIB3YETCs, YK€ YIOMHUHAEMBIN
BBIIIIE, KOMIUIEKCHBIN HHACKC 3arpsisHeHust atMocdeps! [94]:

C pi

n

KmA=Y| —Si | (1.8)
i=1 HﬂKc.c.i

rae N — YUCIO 3arps3HAIOMNX aTMOC(epy BEIIECTB, YUUTHIBAEMBIX MPH

onpeneneHny uHAekca (00brgHO 5), C; — cpemHerojoBas KOHLEHTpAIHs I-0i
IpUMeECH B BO3IyXe; [; — IKCHEPTHBIM MOKa3aTelb BPEAHOCTU I-OW MPUMECH,

3aBUCALIMM OT KJacca OMNAcCHOCTH BewlecTBa (Ui BemecTB 1-ro kiacca
OIacHOCTH paBeH 1,7; s BemiecTB 2-ro — 1,3; Tpetbero — 1,0; uerBeproro — 0,9).

JIaHHBI WHIEKC, KaK WHTETPaJbHbIA IIOKa3aTelb, ONPENEIET HE
aOCOJIIOTHBIN, @ OTHOCUTEINIbHBIN YPOBEHb 3arpsi3HEHHsI aTMOC(EPHOTO BO3IyXa
u3ydyaeMoil MecTHOCTH. COrjacHO NMPUHATON KilacCHU(PHUKAIUHU MO MOKa3aTelro
KU3A BELIENAIOT YeThpe KaTerOpHH ONAcHOCTH: Kiacc HopMbl (K34 <5),
xnacc pucka (5< KM34<8), wmacc kpusuca (8< KM34<15) m xmacc
6encteus (KM34 >15). Takum oGpasom, mokasarens K34 naer SKCIEpTHYIO
OLICHKY YPOBHS OITACHOCTH 3arpsi3HEHUSI BO3AyXa.

B benapycu mnocine 2006 roma yka3aHHbIA HMHAEKC MNPAKTUYECKU HE
UCIIOJIb3YETCS JUIsl OLEHKU 3arps3HeHHs] aTMOC(Ephl; ceiiuac TaM MPUMEHSIOT
CYyMMapHbIH TOKa3aTeNb 3arps3HeHus atmocheproro Bo3ayxa P [59]. B To xe
Bpemss B apyrux crtpaHax CHI' wmcnons3oBanme KH3A mnponmomxaerca. B
4acTHOCTH, B Poccun n YkpanHe WHTErpajibHasi OLEHKA COCTOSIHUS BO3IYLIHOMN
Cpellbl Mo-NpeKHEMY Oa3HpyeTCsl Ha pacueTe UHJIEKca 3arps3HeHus: aTMochepsl
(#134), xoTopslii cBs3aH Mmetoanuecku ¢ KH3A4 [59, 94].

B Vkpaune, B cooTBeTcTBUM ¢ HOpMAaTHBHBIM nokymeHTtom JICIT-201-97

[44], BBenennbIM B AetictBue MO3 Ykpauusl B 1997 romy, orieHKa 3arps3HeHHsI
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aTMOC(EPHOTO BO3yXa MPOBOJIUTCS TAKXKE C YUYETOM KPATHOCTH MPEBBINICHUS
MoKasaTels 3arps3HeHust [I3  OTHOCHUTEIBRHO HOPMATHBHOTO  3HAYCHHS
npeaeabHo JonycTumMoro 3arpsisaenus 17/]3. Unnekc 113 paccMaTpuBaeTcs yke
KaK OTHOCHUTCJIbHBIM  HHTETpPajJbHbIH  KPUTEPUH  OLICHKU  3arps3HEHUs
aTMOC(EpHOr0 BO3/yXa, KOTOPBIM XapaKTepu3yeT MHTCHCUBHOCTh M XapaKTep
COBMECTHOTO BIIUSIHHSI BCEM COBOKYMHOCTH MPHUCYTCTBYIOIIUX B HEM BPEIHBIX
npumeceii. OTieHKka ypoBHSI 3arpsi3HEHUs aTMOC(HEPHOTO BO3MyXa MPOBOIUTCS
MyTEeM COTIOCTABJICHUS TIOKA3aTelNs 3arpsS3HEHUsS OJHUM BEIICCTBOM WJIH
CYMMapHOT'O TOKa3aTelis 3arpsi3HEHUs CMECBhIO BEIECTB C TokazarteneM [1/]3,
KOTOPBI HOPMUPYETCS, UCXO/sI M3 ISATH JHara3oHOB omacHocTu. M3 pacuera
3HaueHuN [13 ompenenseTcs ypOBEHb W CTENEHb OMACHOCTH 3arps3HEHUS
Bo3ayxa. Ecmu 3mauenue [13<1,0 I1/[3, TO cTeneHb OMACHOCTH 3arps3HEHUS
BO3MyXxa cumrtaercs OesomacHou; ecim ke 1,0 17/[3<[13<2,0 I1/]3, TO CTENCHb
OMACHOCTH 3arpsi3HeHus — cjabo omacHou; eciu 2,0 I1I/{3<II3<4,4 I1]]3 —
ymepeHHo omnacHoi; ecim 4,4 [1/[3<[13<8,0 I1/[3 — onacHOM; U, HAKOHEII, CCIIH
113>8,0 II/]3 — creneHb OIMACHOCTH 3arps3HEHUs] BO3AyXa SBISECTCS OYCHBb
onacHoi. Benmnunna /7/]3 onpenensiercs cornacHo JICI1-201-97 [44] ¢ yueTom
MEepPEYHs] BEIIECTB, NPHCYTCTBYIOMIMX B BO3AYIITHOW Cpele, a TaKke
OKCIIEPUMEHTAJILHO ONPENCICHHBIX W YTBEPXKACHHBIX B YCTAaHOBICHHOM
nopsiike K03p(UUUEHTOB KOMOMHUPOBAHHOTO IEUCTBUS BPEIHBIX BEIIECTB.

[Toka3zaTens 3arpsI3HEHHS PACCYUTHIBACTCS IO (hopMyJIe:

N 113, -
13 = i3-S (1.9)

5K, MK, .,
rie K; — 3HaueHMs] BecOBBIX KO3()(PUIMEHTOB, KOTOpBIE YYHUTBHIBAIOT

KJIACC OTIACHOCTH | -OTO BEIECTBA U COOTBETCTBEHHO PaBHBI: JIJISl BEIIESCTB 1-TO
kiacca onacuoctu — 0,8; 2-ro kmacca onacHoctu — 0,9; 3-To kiacca onacHOCTH
—1,0; o BemecTs 4-10 Kiacca ormacHocTH — 1,1.

[Tokazarens /13 maeT OLEHKY YPOBHSI OIACHOCTH 3arpsi3HEHHS BO3AYyXa,
OJTHAKO HOpMa KpaTHOCTW MpeBbIIECHUS [[/[3 BBEAEHa BpPEMEHHO, MPOLECC
HAaKOIJICHUS HOBBIX JAHHBIX HMAET OYECHb MEIJIEHHO H  CYOBEKTHI
roCyJapCTBEHHOTO MOHUTOPUHIA JAHHYIO HOPMY HCIOJb3YIOT CYIIECTBEHHO
peke, 4eM KOMIUIEKCHBIN uHaekc KH3A.

[Toxoxkum o0Opa3oM, HO C Yy4deToM chenuduueckux ocoOeHHOCTEN

9KCIICPTHBIX METOAUK, IMOCTPOCHBI APYIrU€ HMHACKCHI AJIA OLCHKH 3arpsA3HCHUSA
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aTMoc(epHOro BO3Jyxa: MHJIEKC KadecTBa arMocdepHoro Bozmyxa AQI (Air
Quality Index), AQHI (Air Quality Health Index), oOmmii uHACKC KadecTBa
Bo3ayxa CAQI (Common Air Quality Index), unaexcet ATMO, BELATMO, API,
Z,Q,HI, Hur.n [44, 59, 87,93 — 95, 113].

[Ipu olieHKe 3arps3HCHHM IOBEPXHOCTHBIX BOJ YacTO HCIOJIb3YCTCS

WHJICKC 3arpsi3HeHus Bojwl [8, 9]:

18
== (1.10)
6 i 1IK;
rme C; — KOHIEHTpauus a30Ta aMMOHMMHOTO, a30Ta HHUTPHUTHOTO,

HEPTENPOAYKTOB, ()EHOJIOB, PACTBOPEHHOT'O KUCIOpoaa, a Takke bIIK:; I/]K;

—  MPEeAeNbHO-AOMYCTUMBIE  KOHUEHTpAlMM COAEpPNKAHUS  3arpA3HSIOIINX
BEILECTB B BOJIE, COTJIACHO HAIMUOHAIBHBIX HOPM.

C yuerom cnenupuUUeCKUX OCOOCHHOCTEM OSKCIEPTHBIX METOAUK
AHAJIOTUYHO IIOCTPOEHBI TAKKE M APYTME MHIEKCHI JUIS OLEHKU 3arpsi3HEHMS
NOBEPXHOCTHBIX M TOJA3EMHBIX BOJ: HHICKC KadectBa Boasl [8, 9];
(dopMann30BaHHBIH CyMMapHbI 1OKa3aTelb XHMHUYECKOTO  3arps3HEHUs
(IIX3-10); WHTErpanpHEIA  TOKA3aTelb, YUUTHIBAIONIMI  CIHOCOGHOCTH
3aTPA3HAIONINX BEIIECTB HAKATIMBATLCA B TOHHBIX oTnokenusx (KJA) u ap.

B cBorwo ouepenp, IpU 3arpA3HEHUM II0YB HCIIOJIB3YETCS HMHACKC
omacHoctd Buaa (1.10), mpu 3TOM OIIEHMBAETCSd YpOBEHb 3arps3HEHUsS MOYB
XUMUYECKMMH BEIIECTBAMM: KOOAJIbTOM, MapraHUeM, MeIbl0, HUTpaTamu,
cyab(daramu, pTyTblO, CBUHLIOM, (OcPOpPOM, XpOMOM, LIMHKOM, ECTULUIAMHU U
T.A. YacTO JaHHBIM MHIEKC Ha3bIBAIOT CYMMAapHBIM MOKa3aTeIeM XMMHUYECKOTO

3arpsisHeHns mouB (Z ).

[Ipu onenke Omopa3zHOOOpa3Usi TEPPUTOPUN MPUMEHSETCS MHOMKECTBO
pa3sMUYHBIX HHJEKCOB, KOTOPBIE OTJIMYAIOTCA IIMPOKUM METOJIUYECKUM
pazHooOpaszuem. HM3BecTHO, uTO OMOpazHOOOpa3ue SBISETCS XapaKTEPHOM
YepTON KU3HU Ha 3eMJIe, OHO OIpEIesieT BO3MOXKHOCTh CYIIECTBOBAHUS U
(GYHKIIMOHUPOBAHUS KaK OTACIBHBIX DKOCHCTEM, TaK M OWOChEphl B IEIOM.
OOBIYHO B KOJIMYECTBEHHOM OIIEHKE OMOJIOTMUECKOE pa3HOooOpa3ue — 3TO
MOKa3aTellb, XapaKTCPU3YIOIMIMICSI YWUCIOM BHJIOB JKUBBIX OpPTraHU3MOB,
OOWTAIOINX HA €IMHUIIC IUIONIAIN CYIIN WU 00BEMa BOJOEMA.

N3 Bcex M3BECTHBIX MHJIIEKCOB Pa3sHOOOpa3usi (KOTOPHIX HACUUTHIBACTCS

HECKOJIPKO JIECATKOB) BHJIOBOE OOraTCTBO (S) — caMblid monyJisipHbii. OH
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OMpeNeIIeT YHUCIO BUOB, MPOKUBAIOIINX HA U3ydyaemMoil Teppuropuu. OgHako
TEHJICHIIUSI K MCIOJIb30BaHUIO MEP, YUYUTHIBAIOIIUX OOWIIME BHUJOB, MPHUBENA K
HIMPOKOMY pacnpocTpanennto nuaekca lllennona. JIocTaTO4HO U3BECTEH TAKKE
unjexkc Cumicona. CyliecTBEHHO peke MPUMEHSIIOTCS HMHJEKChl Mapraneda,
Maxkunromia u  bpunnysHa, beprepa-Ilapkepa. BenuunHbl HMHIEKCOB
pa3zHo00pa3us 4acTo KOPPEIUPYIOT APYT C IPYTrOM.

Nunexc CumricoHa onpeaestoT mo hopmyie:
K ()2
D=1->|—+1, (1.11)
=N

rac ni — CpcansAd YHUCJIICHHOCTL HIIN onomacca OTACJIBbHBIX BUIOB, N —

oOlasi cpeHssl YMCIEHHOCTh WM OuMomacca BceX BHJIOB. B cBoro ouepenp,

unjekc [llenHoHa onpenensercs o Gopmyre:

H :_% pi In p;, (1.12)

i=1

rIe P; — OTHOCHTENbHOE obmue i -oro Buga; N — oOImee 9uciio BUIOB B
BBIOODKE.

HecmoTtpss Ha TO, 4YTO MHAEGKCH OHOPa3HOOOpa3us MCIHOIB3YIOTCS
JIOCTATOYHO IIMMPOKO, MHOTHE aBTOPHI CUYUTAIOT, YTO HWHIUKATHUBHAS OIlCHKA
Oropa3zHooOpasusi B MPOCTPAHCTBE BUJIOB B 3HAUUTEIHLHON Mepe HEKOPPEKTHA, B
MEPBYI0 O4Yepeab IMOTOMY, YTO HHKAaK HE YYHUTBIBAeTCS MOP(OIOTHIECKOE,
(GYHKIIMOHATBHOE, YKOJIOTHYECKOE CXOCTBO/pa3uire MEXIY CAMUMHU BUIAMH.
YacTo nHAEKCH pa3HOOOpa3rs OCHOBBIBAIOTCS HA DKOJIOTHICCKHA COMHUTEIBHBIX
KOHIICTIITUSAX U pacuyeTHBIX Mojaelsax [96, 115]. DT BBIBOIBI 1O MCIIOIB30BAHUIO
KOMIUIEKCHBIX MHACKCOB IMPU OIEHKH COCTOSIHUM CHCTEM JIOCTaTOYHO BaXKHBI,
T.K. Hay4HBICE HCCJIENOBaHUS B OOJACTH OLEHKH OHOpa3HOOOpa3us
MPOJBUHYINCh  CYIIECTBEHHO  Jallbllie, YeM, HalmpuMep, B  OIICHKE
HKOJIOTHYECKOTO, YETIOBEYCCKOTO WIIH COITMATbHO- SKOHOMUYECKOTO Pa3BUTHSI.

B 1menom, Bce ymomMuWHaeMble BBINIE KOMIUIGKCHBIE W WHTETPAIbHBIC
MOKa3aTeld  IPEACTaBISIOT  CcOOOM  pacyeTHbIC  BEIMYHMHBI, KOTOPBIC
OTIPENICIITIOTCS Ha OCHOBE JKCIICPTHBIX 3aBHCUMOCTEH W IPUHATHI B KAUCCTBE
TeX WJIA UHBIX HOPMHUPYEMBIX BEIUYHUH.

AHalIM3 BCEro CIIEKTpa HMCCIeIOBaHUN B 00JACTH KOMIUICKCHON OIICHKH
MIPUPOTHO-aHTPONIOTEHHBIX CUCTEM BBITOJHEH B U3BECTHBIX pabortax [/, 12, 14,

16, 59, 62, 105, 119]. ABTOpHI OTMEUAIOT, YTO B JAHHOW OO0JACTH CYIIECTBYET
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IEIBIA Pl HEPEHIEHHBIX METOoJoThuUecKknX mpodbieM. [Ipuyuem nHambomee
CYIIIECTBCHHBIC HAay4YHBIC MPOOJEMBI JIeKAaT B OOJACTH TEOPUU KOMILICKCHOM
oileHKM. VIMEHHO B 0O0JacTH TEOPETUYECKUX HCCIEAOBAHUN CYIIECTBYET
HECKOJIbKO MpOoOJieM, KOTOpPhIE€ HE IMO3BOJSIOT MHOTOYHMCICEHHBIM HAayYHBIM
UJesIM IIPEBPATUTHCS B OOLICIPUHSITHIE TEOPUHU.

Bo-nepBbIx, dacTto wuW3HAYAIRHO  (OPMYJIHUPYIOTCS  KadyeCTBEHHBIC
TEOPETUIECKUE KOHIICTIIINN, KOTOPHIC IPAKTHUECKA HEBO3MOKHO (hOPMATTN30BaTh
Y JJI. KOTOPBIX HEJIb3S MOJIYYUTh KOJIMYECTBEHHBIE COOTHOLICHUSA. BO-BTOpPBIX,
OYEHb YaCTO TEOPETUYECKUE THUIMOTE3bl BBICKA3bIBAIOTCS HA  OCHOBE
MOBEPXHOCTHOTO O0OOIICHHS JaHHBIX O€3 MPOBEPKH aJEKBATHOCTU MOJIEIEH.
Bce 310 npuBOAUT K O0JIBIIOMY KOJUYECTBY YACTHBIX MOJIEJICH, KOTOphIC Yallle
BCEro HECYT B ceOe CYyOBEKTUBHOE cojiepkaHue. B-TpeTbux, mpu mocTpoeHUU
MOJIeJIell HE UCIOJIB3YIOTCS 0a3bl JJAaHHBIX IMOKa3aTeleld O COCTOSIHUU CHUCTEM,
4YTO, B TEPBYID OYEpPE/b, CBSI3aHO CO CIIOXKHOCTHIO cOopa uHbOpMaUU U
HEO0OXOIMMOCThIO PAOOTHI C MHOTOMEPHBIMU MAaCCUBAMU JIAHHBIX.

[ToaTomy Ha (poHE rPOMATHOTO KOJIMYECTBA AHATUTHUECKUX U OLIEHOYHBIX
JOKJIa/I0B, HM3BECTHBIX W HAYYHO-OOOCHOBAHHBIX MOJEIEH M KOMIUIEKCHBIX
OLICHOK COCTOSIHUS Y Pa3BUTHsI IPUPOJHO-aHTPOIIOTEHHBIX CUCTEM OYE€HBb MaJo.
CeromHsi Hay4yHOE HaIpaBJIEHUE KOMIUJIEKCHOW OLIEHKU cucTeM (OpMUPYETCS B
OoJIbIlIeH CTEMEHU KaK onucaTelbHas HayKa. [1o yTBepKaeHHI0 aBTOPOB CTaThU
[96] 3a mocnenuue 30 jeT HE MOSBUIOCH HU OJHOM CKOJIBKO-HUOY/Ib 3aMETHOM
nyOJMUKaIMM, BHOCSIIEH YTO-TO HOBOE€ B OCHOBHBIC KOHIICTIIIMHM WA
(byHIaMeHTaIbHbBIE 3aKOHBI SKOJIOTHYECKUX HayK. [1o uX clioBaM 9KOJIOTHYECKHiA
MHUp Ha TOpPOTe HAYYHOW PEBOJIIOIMH, CBS3aHHOM C CO3JaHHEM OOBEKTHBHOM
TEOPUH, OJTHAKO MyTH CO3JAHUS TAKOW TEOPHUU €I1I€ IBHO HEBUJIHBI.

Takum o0pa3om, Ha JAHHOM JTale Pa3BUTHUA HAYUYHBIX HCCJIEIOBaHUMN
cleayeT TMpu3HATh, YTO B OOJACTHU KOMIUIEKCHOTO aHajiu3a MPHUPOIHO-
AHTPOMOTEHHBIX CHCTEM HE CyHIeCTBYeT (YHIAMEHTAJIIBHOM TEOpHUH, KOTOpas
OBl XapakTepu30Baja COCTOSHHE, N3MEHEHUE U PA3BUTHUE TAKUX CUCTEM, UCXOJIS
U3 OIIEHKM MHOXKECTBa Mokazareneil. Metomonorust GyHAaMEHTATBPHOU TEOPHUH
B 00/1aCTH KOMIUICKCHON OIICHKHA MPUPOJTHO-AHTPOIIOTCHHBIX CHUCTEM MOXKET
ObITh ChOpPMYJIMpOBaHA TOJIBKO Ha OCHOBE HCIIOJIB30BaHUSI OOBEKTHUBHOIO
MOJX0/a, MPOBEACHUS MEXIUCIUIIMHAPHBIX MCCIECIOBAHUM W YCTAHOBJICHUS

KOJIMYCCTBCHHBIX SaKOHOMCpHOCTeﬁ.
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1.3. OneHka pucKOB ¥ CUCTEMHbIE MO/IeJIM B KOMILJIEKCHO OLleHKe

[TocnenHue rompl OBICTPO Pa3BUBACTCA 00JIACTh MEXKIUCHIUTLIHHAPHBIX
WCCJICIOBAaHN, OCHOBaHHAs Ha MPHMCHCHHM ©CTECTBEHHOHAYYHBIX METOJOB B
OMOJIOTHYECKUX, SKOJIOTHYCCKUX U COIMAIBHBIX HayKax. B 3TOM ImiaHe cieayer
OTMETHTh HAyYHbIC HANPABJICHHS, CBS3aHHBIE C CHCTEMHBIM aHAJIU30M
COCTOSIHMI M OILIEHKOM OIAaCHOCTH CIIOKHBIX cucteM [2, 3,11, 12,14, 16, 21, 22,
48, 62,110, 113, 115, 119], >HEprodHTPONUHHONW KOHIICIIIHEH Oe30IacHOCTH
[7, 21, 62], MmeTogamMu MaTEMaTHYECKOTO MOJCIUPOBAHHUS OMACHOCTEH U yrpo3
[13, 21, 49, 51 — 53, 56, 62, 66, 80, 112], meTomosiorueii ananusa pucka [51, 55,
62, 87, 93, 102, 103, 108, 136, 140, 144, 145, 148 — 150], MerogaMu CHCTEMHOM
JTUHAMHAKH TIPUMEHHUTEIBHO K CONMAIBHBIM W JKOJOTHYECKHM TIpoIeccam
[4,7,49,52,53,122], METOMOJIOTHCH OLIEHKH YCTOMYMBOCTH CIIOKHBIX CHCTEM,
OCHOBaHHOU Ha TEOPUH HEPABHOBECHOH TEpMOTUHAMUKY [62] u mip.

CeromHss TOHUCKY CHCTEMOOOpa3yromux (akTopoB U (HOPMYITHPOBKE
0OIIECUCTEMHBIX MPUHIIMIIOB MOJICIIMPOBAHUS OOBEKTOB U SBJICHUM pa3IMIHON
NPUPOJBI  yACISICTCS 3HAYuTelabHOE BHMMaHWe. CHCTEMHOMY aHaJU3y
COCTOSIHUSI M OLICHKE OIMMAaCHOCTH CJIOKHBIX CHCTEM ITOCBSIICHBI PAaOOTHl MHOTHX
aBTOPOB [12, 14, 21, 22, 36, 56, 62, 110, 119]. JlaHHOE HaIpaBJICHHE
UCCIICIOBAHUM CBSI3aHO C pa3pabOTKOM JIOTMKO-BEPOATHOCTHBIX MOJCIIEH
COCTOSIHUS ¥ 0€30ITaCHOCTH CUCTEM, CUTYAIIMOHHO-COOBITUHHBIM TI0JIX0IOM TIPH
OIMCaHUH IIPOIIECCOB, CTPYKTYPHO-()YHKIIMOHAJIbHBIMH METOJaMH
MOJENUPOBaHUS  OOBEKTOB U SIBIICHUN,  pPa3pabOTKOW  pa3IMYHBIX
TUIIOTETHYCCKUX CHCTEMHBIX MoJelled W T.J. B TpukiagHoM acriekTte
CUCTEMHBIM TOIXOJ — ATO COYETaHHE CTPYKTYPHOTO, (PYHKIIMOHAIBHOTO W
KOMITJIEKCHOTO aHan3a O0BEKTOB, UCIIOIL30BAHUS CPEACTB MOICIUPOBAHUS H
METO/IOB CHUCTEMHOTO ympaBjicHus. [Ipu cucTeMHOM aHamm3e OE30MacHOCTH

CHUCTEM YacTO MPUMEHSIOT OMHApHO-MHOXXECTBEHHBIM moaxon (merom Q -

aHanu3a), Korjaa MeXIy ABYMs MHOKECTBAMM BEJIMYUH (HAllpuMep, MEXIY
YOPABJISIIOUIMMU UM YIPABISIEMbIMH (DaKTOpaMH, WM MEXKAY BHEAPSIEMbIMU
MEPONPUATHAMHU U Yrpo3aMU U T.J.) HILETCS COOTBETCTBUE C HUCIIOIb30BAHUEM
Pa3IUYHBIX MaTeMaTHYeckux MeTojoB [62]. TIpUMEHSIOTCS TakkKe JIOTHKO-
BEPOSTHOCTHBIE ~ METOJBI,  WMWTALIMOHHBIE,  AareHTHBIE, CUTYalHUOHHO-

COOBITUMHEIE | FI/I6pI/II[HI>IC MOJICJIM, KOTOPBIC IIOJIYYMUJIM 3HAYUTCIBHOC

31



pacmpocTpaHeHHE B CBSI3U C Pa3BUTHEM MPOrPAaMMHOTO OOECHeYeHUs s
KOMITBIOTEPHOT'O0 MOJEIMPOBAHUS CIOXKHBIX CUCTEM. C 3TOi LIENIbI0 UCTIOJIB3YIOT
pa3MyHbIe TPOTrPaMMHBIC MPOAYKTHI JUIsi MojaeaupoBanus cuctem: MathCAD,
Maple, Mathematica, Matlab, LabView u mHorue npyrue.

[Tocnennee Bpemsi pa3paOoTaHbl HOBBIE MPOrpPAMMHBIEC TIATHOPMBI IS
MOJICJIMPOBAHUS  Pa3JIMYHBIX OOBEKTOB MW MPOLECCOB, OCHOBAaHHBIE Ha
UCIIONb30BaHUU CHEIU(PUUYECKUX CHCTEMHBIX MOJENel MPUMEHUTEIBHO K
JAHHBIM, XapaKTEPHU3YIOUIMM T€ WM HHbIE CIOXHbIE cucTteMbl. Hampumep,
xommanus Palantir B cBoux MpoaykTax MPUMEHSIET OHTOJOTMYSCKHE MOJICIN
naHHbix. Ilom TakumMu MoOAENsIMM TIOHUMAETCSl JIOTMYECKHM MOIXOA K
dbopmanuzanuy 3HaHUM B ONPENIETICHHON MPEeIMETHON 00JIACTH B BUJE CXEMBbI,
OTpaXKarollel CTPYKTYPY NaHHBIX, COCTOSIIIYIO M3 OOBEKTOB, MOJIEJIEHHBIX Ha
KJIACChI, CBA3EH MEXIAy HUMHM, & TAaKXKE U3 MPABWI U OTPAaHUYCHUMN, MPUHSTHIX B
TOM OoOnacTh. TeXHOJOTMYEeCKH MOJOOHBIE MPOIYKTHI OOBEAUHSIIOT METObI
MHTErPaliU U MPEACTABICHUS Pa3HOPOAHBIX JAHHBIX MO 001Iel (popMe B OHOM
0a3e JaHHBIX, HCIOJIb3YIOT TIOMCKOBBIE MEXAHM3Mbl M pa3HbIE CIOCOOBI
COCTABJICHUS 3aIllpOCOB, MPUMEHSIOT PAa3IMYHbIE AHAIUTHYECKHUE aJTOPUTMBbI
(reHEeTUYECKHUE AITOPUTMBI, IBPUCTUUYECKHE AJITOPUTMBI TMOHWCKA, HEUPOHHBIC
QITOPUTMBI, CTATUCTUYECKUE METOJbl M T.[.). DTO IMO3BOJSET MPEMJIOKHUTD
AKCIEPTY MPOCTOM B HCMHOJIB30BAHMM HMHCTPYMEHT [UJIsl aHajiu3a JIaHHBIX.
OxoHYaTeNbHbIE BBIBOJBI 10 PELICHUIO 33Ja4l MPUHUMAIOTCS SKCIEPTOM HIIU
IPYNION SKCIEPTOB.

Kommanus Quid npumeHsieT B HM3BECTHOM MPOAYKTE aHaaM3a JaHHBIX
Quid-Monenp M3ydaeMBbIX CHUCTEM, TOJIYYHBIIYIO Ha3BAaHUE «TEXHOIICHO3a» M
MOCTPOEHHYI0 C YYE€TOM KayeCTBEHHOM MOJIEJIM pPa3BUTHS TEXHUYECKHUX H
TEXHOJIOTUYECKMX pemieHud. B Poccum  TepMHHBI  «TEXHOUEHO3» U
LEHOJIOTUYECKUH TOJXO0Jl K HCCIEIOBAHUIO CIIOKHBIX TEXHHMYECKHX CHUCTEM
npeioxersl b.1. Kyapunsim [67]. Ero Teopust ocHOBaHa Ha aHAJIOTHAX MEKTY
pa3BUTHEM TEXHHKH W JKUBOW Mpupo sl QUid-mMoensb mo3BosIeT BECTH HAydHO-
TEXHUYECKOE MPOTHO3UPOBAHME U TOWCK UCIOJIHUTENEH JJIs peuieHus 3aiad B
chepe pa3BUTHS TEXHOJOTUN, UCTOJb3Yys MATCHTHHIE JaHHBIC BEIYIIUX CTPaH
MHpa ¥ UHPOPMAITUIO OTKPHITHIX HAYYHO-TEXHUYECKUX 0a3 TaHHBIX.

Komnanus Google dbopmupyeT MOJIEIN JAHHBIX nyTeM
CTPYKTYPUPOBAHMSI BCEro HMHQMOPMALMOHHOTO TMOJII HMMEIOUIMXCS JAHHBIX O
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COCTOSIHUM M Pa3BUTHHU TEX WM MHBIX CHUCTEM. J[aHHBIN MPOEKT IIPEAINoaraet
WCIIOJIb30BaHUE ITOMCKOBUKA TPETHETO ITOKOJICHHs, KOTOPBIA MOXKET BECTH
IOUCK M OTpaxaTb CBA3M MEXAY OOBEKTAaMHU M HUX XapaKTepUCTHKaMH,
OCYULIECTBJISIET CTPYKTYPUPOBAHHE BCErO0 MHMOPMALKMOHHOTO MOJIA MOWCKA MO
MHTEPECYIOIIUM COOBITHSIM, MHEHUSIM M PEAaKLMSIM JIIOJEH Ha 3TH COOBITUS U
AT BO3MOXKHOCTb MCCJIEIOBAaTh SIBHBIE M JIATCHTHBIC CBS3M, a TaKkKe
aHAJIM3UPOBATh TPEHABI W BECTH OLEHKY OTHOIIEHWW MW CBA3CH Ha
MH(POPMaLlMOHHOM TIOJIE.

Henocrarkamn CHCTEMHOTO aHaIW3a IMPUPOIHO-aHTPOIIOTEHHBIX CHCTEM
SBJIIETCSL TUIOTETUYECKOE ONMUCAHHE CTPYKTYphl M (YHKUUH cuUCTEM, ciabas
CBS3b CHCTEMHBIX METOJIOB HCCJEJOBAHMS C OCOOEHHOCTSMU U CHELU(PUKON
3aJa4  OpUKIagHOM  oOrjacTu, OTCYTCTBHE  BO3MOXHOCTH  ydeTa
(byHIaMEHTAIbHBIX 3aKOHOMEPHOCTEM HM3y4aeMbIX CHUCTEM, OOIIas CI0XHOCThb
MOJTy4yaeMbIX Mojened W T.J. OCHOBHBIM CYIIECTBEHHBIM HEIOCTATKOM
SBIIIETCS ~ HEOOXOAMMOCTh  IOJHOTO  TUIOTETUYECKOTO  IPEACTaBICHUS
CTPYKTYpPbl, (DYHKUUH, CBSI3€ M OTHOILECHUW, XapaKTEPU3YIOIIUX H3y4aeMYIO
cucreMy. Takyro pabOTy MOKHO IMPOBECTU IJIsi TEXHUUECKHUX CHUCTEM, a IS
IIPUPOTHO-aHTPOIIOTEHHBIX CUCTEM 3TO YaCTO HEBBIITOJIHUMO.

Harmpasienue uccie1oBaHni, 0OXBaTbIBAEMOE METOJAMU MAaTEMATUYECKOTO
MOJEIUPOBAHUS YITPO3 U OIMMACHOCTEM, CBSI3aHO C OMMCAHUEM IOBEJCHHUS CUCTEM
Ha OCHOBE cHCcTeM TU(pPepeHIInATIbHBIX YPaBHEHUMI:

Pk p.a), (1.13)

rnie  p=(p, Py,...Py) — N-MepHBIi  BEKTOp  TOKa3aTenei,

XapaKTepU3YIOIINX COCTOSIHUE CUCTeMBI; I — Bpems; A — BEKTOp BIMSIOLIUX
apaMeTpoB.

VpaBuenuss (1.13) mnosiygaloT Ha OCHOBE pa3IMYHBIX OaJTaHCOBBIX
COOTHOIICHUM [JIsl BEIIECTBA, JHEPTHUH, HMITYJIbCa, CTOMMOCTH, Pa3IUYHBIX
aJIMTUBHBIX BEJIMYUH (Hampumep, yrcia ocodeit) [62, 80, 112]. B aroit obnactu
Pa3BHUBAIOTCS JCTEPMUHUPOBAHHBIC M CTOXACTHUECKUE METObI MOICTUPOBAHUS
NPOIECCOB W CHUTYyallud, METOJIbl MEXIUCIUIUTMHAPHOTO MOJEITHPOBAHHMS
CIIOXHBIX cHcTeM [62], IHEeproIHTPONMUITHBIE METOABI OMHCAHHS OIMACHBIX
IpOLECCOB U T.A. Psii paboT cBsi3aH ¢ MPUMEHEHUEM NpU aHAINU3€ JAaHHBIX B
OOIIECTBEHHBIX SIBJEHUSAX METOJOB CTATUCTHUECKOW 00pabOTKH MH(pOpMALUKU U

HEKOTOPBIX BHIOB MAaTEMAaTHUECKUX M HIMUTAIMOHHBIX Moaenei [6, 7].
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JlanHast oOjacTh OXBaThIBAET TaKKE MHOXECTBO JPYTHX TOJIXO0J0B,
TEOPUM U METOJOB, CPEAU KOTOPBIX MOXKHO BBIICIUTH: METOJbl HEJIUHECUHOUN
JTWHAMHUKHA, CUHEPTeTHKU, TEOpUU KaracTpod. JlaHHBIE METO/bI, HECMOTPS Ha
HaJMYue TEOPETUYECKOTr0 OOOCHOBaHUS, B MPAKTUKE KOMIUIEKCHOW OLICHKU U
aHajgu3a 0€30MacHOCTH CHCTEM pacIpoCTpaHEeHbl Cjab0o, TaK KaK OHHU
OTJIMYAIOTCSl CYIIECTBEHHBIM CMEIICHUEM BCEH METOJ0JOTUM HMCCICAOBAHUN B
o0JacTh TEOPUHM U  HEAOCTAaTOYHO OpPHUEHTHUPOBaHBI Ha paboTy co
CTaTUCTUYECKUMHU U OIBITHBIMH JaHHBIMH. OTO CBS3aHO ¢ MpodsieMaMu
aHAJTUTUYECKOTO OMUCAHUS MPUPOJAHO-AHTPOMOTEHHBIX CUCTEM, OTINYAOIIUXCS
CIIO)KHBIMH TIPUYHUHHO-CJICJICTBCHHBIMH CBSI3IMU W CIleU(pUKON  (Pu3uko-
XUMHUYECKUX U  COIMAIbHO-DPKOHOMUYECKUX TporieccoB. Kak crenctBue
1oA00HBIE MOJCIIM UMEIOT HU3KYIO aJeKBaTHOCTh M C1a00 UACHTUDUITUPYIOTCS
10 ONBITHBIM JaHHEIM.

Haunbonee mmpokoe pacnpocTpaHEHHE TMpH KOMILIEKCHOM OIICHKE U
aHanu3e  0Ee30MacHOCTH  MPUPOJHO-AHTPOINOIEHHBIX  CHUCTEM  MOJyduIia
METOJI0NIOTHs aHanm3a pucka [21, 51,55, 62,72, 7779, 81, 87, 93, 102, 103,
136, 140, 144, 145, 148 — 150]. JlaHHO€ HampaBJCHHE OTIUYACTCS HATHYACM
OMPENCIICHHBIX  TEOPETHYECKHMX  OOOCHOBAHWHM, JOCTATOYHO  Pa3BUTOMU
(beHOMeHOIOrNYecKoii' 6a30i U TECHON CBA3BIO C OMBITOM M CTATUCTHYECKHMU
JAHHBIMH HaOJ0IeHUH. MeToIoorus aHajin3a PUCKOB IPUMEHHUTEIBHO K
MPUPOIHO-AaHTPOTIOTEHHBIM M OMOJIOTMUECKUM CHCTEMaM OypHO pa3BUBACTCS
[21, 55, 62,72, 77,78, 81, 87, 93, 103, 136,140, 144, 149, 150]. Mmetotcs nmpuMepsI
WCIIOJIb30BaHUsI METO/IOB aHAJM3a PUCKA B MOJUTUYECKUX HAyKaX, DKOHOMUKE U
(bUHAHCOBOU JEATENHHOCTU, YPHEPIreTUKE, CTPAXOBAHUU >KU3HU, CTPOUTEILCTBE,
MIPOMBINIJICHHOW  0€30TMacHOCTH, TEOJIOTHMH, BOCHHOM Jeie, OHOJIOTHH,
MenunuHe U T.0. O030p METONOB, MoJeNeld U CpPEJCTB OLCHKH PHCKOB B
Pa3IMUHBIX TPHUKIAIHBIX 00JIaCTSIX TMPHUBEIACH B M3BECTHOM JIUTEpaType
[21,51, 62,72, 87,103, 108, 144]. B nanHo# oOimacTu pabOTacT MHOKECTBO
YUEHBIX, UCCJIEI0BATENEN U TPAKTUKOB, UMEETCSI MHOTO MOHOTpadui, cratei u
JYccepTallMii Ha TeMy aHajau3a pUCKOB. Bces 001acTh OILIGHKH PHCKOB

pasBUBACTCA MNPCUMYIHICCTBCHHO KaK OIMCATCIIbHAA HAyKa, IMO03BOJIIomas

1 . . . .

denomernonornueckuit (wem. Phdnomenologie — yuenue o enomenax) - KOHCTPYKTHBHBIM TOIXOI K
WCCIIEIOBAaHUIO TIPOIIecca MM SIBJICHUS HAa OCHOBE HMMEIOIIMUXCS OIBITHBIX JAHHBIX, MO3BOJISIOMINNA TOTYyYUTh
pe3yNbTaT C HEOOXOAUMOMN TOYHOCTHIO 0€3 OOBSICHEHHSI HCTUHHBIX TIPUYIUH SIBJICHU.
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YCTaHABJIMBATh 3aKOHOMEPHOCTH B CaMbIX PA3JIUYHBIX MPUKIAAHBIX 00JacCTIX
Ha OCHOBE OOIIMPHOTO ONBITHOIO Marepuaiga. B  HacTosimee BpeMs
HAaCUUTHIBAETCS HECKOJIBKO METOJOJOTHM U JECATKH YHUBEPCAIBHBIX MOJIENEH
PHCKa, KOTOpBIC IIPUMEHSTIOTCS B Pa3HBIX MPeAMETHBIX oOnacTsx [21, 51, 62, 72, 87, 103].

OcHoBHBIE TIpoOieMbl B  OOJACTH OIEHKU PUCKOB CBSA3aHBI C
UCKJIIOYUTEIBHBIM ~ MHOTOOOpa3WeM  HM3y4aeMbIX  CHUCTEM, MpoOiIeMaMu
KJ1acCU(DUKAIMN yTPO3 U PUCKOB B MPEAMETHBIX 00JIACTAX, HEOMIPEACTICHHOCTRIO
U HEOJHO3HAYHOCTHIO MHOTHMX JIaHHBIX, KOTOPBIE XapaKTEPU3YIOT COCTOSIHUS
OMOJIOTUYECKUX, OKOJOTUYECKUX, TEXHUYECKUX U COIHUAIBHBIX CHUCTEM,
HIUPOKUM (POHTOM PaA3BUTHUSL CIEUHUATBHBIX TEOPUH U MaTeMaTHYeCKUX
MOJEJIE€N, HANpaBJICHHBIX HAa OINHCAHUE PHUCKOB, HM3YYEHUEM BEPOSATHOCTEU
CIIMIIKOM OOJBIIOr0 MHOKECTBA CJIOXKHBIX OITACHBIX COOBITMH W T.O. B
HACTOsIEe BpPEMs MOKa HE CYIIECTBYET OOIIEH METOJO0JIOTMH OIEHKH pHUCKa,
KOTOpasi MorJia Obl OBITh MCIOJIb30BaHA B PA3IMYHBIX MPEAMETHBIX 00JIACTSX,
T.K. Takas METOJIOJIOTHS CBSI3aHa C KOMIUIEKCHBIM aHAJU30M CHCTEM IIO
BEPOSATHOCTHBIM XapaKTEPUCTHKAM.

MeTtoapl CUCTEMHOM JWMHAMUKU TPUMEHUTEIBHO K COLMAIbHBIM U
HKOJIOTMYECKUM MpOIEeccaM MO3BOJIAIOT HCCIIEIOBATh MOBEACHUE CIIOKHBIX
CHUCTEM BO BPEMEHU U B 3aBHCUMOCTH OT CTPYKTYPhI AJIEMEHTOB CUCTEMBI U
B3auMonencTBus Mexay HuMmu. Pabotel [Ix. @oppecrepa, II. AHoxuHa,
P. Yurrekepa v Jip. BHECIM 3HAYUTEINIBHBIN BKJIAJl B TEXHOJIOTHUIO MPUKIIATHOTO
MaTeMaTUYECKOr0 M KOMIBIOTEPHOTO MOJIEIUPOBAHUS CJIOKHBIX COIMAIBHO-
PKOHOMHYECKHUX  CHUCTE€M, TIOCTPOCHHE  MOJeNleld  OHOJOTUYECKUX |
skoJornueckux cucrem [15, 110, 112]. JlanHOe HampaBieHHE MOJCIUPOBAHUS
CHUCTEM CBSI3aHO C UCIIOJIb30BAaHUEM CUCTEMHOIO aHAJIN3a U €CTECTBEHHOHAYYHbBIX
METOJIOB B OINMCAHUM >KMBOM U HEXKHUBOW MPUPOALI U TMO3BOJISET IMOJy4aTh
MOJIEJIH JJIsI pelIeHUs TPUKIaaHbIX 3a1a4. [Tepsrie padotel k. doppectepa no
CUCTEeMHOM JMHAMUKE OBUIM TMOCBSIIEHBI MOCTPOCHUIO MOJENeH pa3BUTHUSA
rOpoJIoB U TI00ambHBIM MOJIesiM MupoBor AuHamuku [112]. 3a nocnegnue 30
JIET METOJIbl CUCTEMHOW JUHAMUKU MOJYYHJIA PACIPOCTPAHEHUE TTPU OMKUCAHUUI
CJIOKHBIX  COIMAJIbHO-?PKOHOMHUYECKHUX CHUCTeM. OJTO  HalpaBlIICHHE B
MOJICTTUPOBAHUYN CJIOKHBIX CHUCTEM CBSI3aHO C CUCTEMHBIM aHAJW30M U OOIIIei

TEOpHEH CHUCTEM U OTPa)KeHO B paboTax MHOTHX aBTOpoB [15, 22, 36, 66, 110].
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[ociemnue TeopeTryeckre pa3paboTKy B 00JIACTH CHCTEMHOMN TUHAMUKH [7]
MO3BOJISIIOT pa3palaThiBaTh KOJUYECTBEHHBIC MOJEIH, KOTOPHIE MOTYT OBIThH
peaan30BaHbl C HCIHOJIb30BAHUEM BEPOSITHOCTHBIX MPHUHIIMIOB 00pabOTKH
uHOpMAIMU U JAIOT BO3MOXKHOCTb MPEJIOKUTh CIOCOObI (HOPMUPOBAHMS
MaTeMaTU4YeCKUX OIMMCAHWM OTBITHBIX JAHHBIX, COEpKaIIMXcs B 0azax JaHHbIX. B
00JJaCTH MOHUTOPHWHTA TIPUPOJHBIX W AHTPOIOTCHHBIX CHCTEM HAKOILJICHBI
Oonpmmie 0a3bl  TaHHBIX, IMO3BOJIAIONIME BECTH pPEYb 00 YCTaHOBICHUU
(heHOMEHOJIOTHYECKIX 3aKOHOMEPHOCTEH 1 pa3pabOTKe KOMIUIEKCHBIX MOJEICH
CUCTEM U OOBEKTOB. YKa3aHHOE HAlpaBIICHUE MCCIEIOBAaHUN YK€ BIIOJIHE
MO3BOJIAET OCTABUTH 33J]a4y OLIEHKH BEPOATHOCTEN COCTOSIHUN CUCTEM, UCXOS
U3  CJIOXHBIX  COOBITUM  OJHOBPEMEHHOTO  HAOJIOJACHUS  HECKOJBKHUX
MoKaszareyield, XapaKTepU3YIOIUX  pa3jIudyHblie PUPOJIHO-aHTPOIIOTCHHBIC
cuctembl. CreyeT TakX e OTMETUTh, UTO MCCJICAOBAHUS B 3TOM HalpaBJICHUU
CBSI3aHBl C pacHpOCTpaHEHHEM (HEHOMEHOJIOTHYECKUX METOJIOB €CTECTBEHHBIX
HayK B 00JacTh HKOJOTMYECKUX M COLMAIBHBIX IPOLIECCOB U SIBJICHUM.
Cuuraem, 4YTO 3TO OJHO U3 NEPCHEKTUBHBIX HAINPABICHUI W3yYEHUS PUPOIAHO-
AHTPOIIOTEHHBIX CHCTEM, KOTOPOE MMEET TEOPETUYECKOe 00OCHOBAHUE U TECHO
CBSI3aHO CO CTPYKTYPHO-JIOTMUECKON CXEMOM MOCTPOEHHS MOJEINEH, KOoTopas
npuHsATa B (PU3UKE CIUIONIHBIX CPEJl U TEPMOJUHAMUKE, U METOI0JIOTHUEH OLIEHKH
YCTOMYHUBOCTU CJIOKHBIX CHUCTEM, OCHOBAHHOM Ha TEOPUH HEPABHOBECHOU
TepmoauHaMuky [7, 62]. Eme B 1986 romy A. I'yxmanom ObLTa BeICKa3aHa ues,
YTO MOJICJIM SHTPONMHH B TEPMOJMHAMUKE MOTYT OBITH PacnpoCTpaHEHbl Ha
B3aMMOJICHCTBHS JIIOOOTO POAa W CUCTEMbI caMoi pasinuuHoi tpuposl [33].
[IpakTruecku A. I'yxmanom ObLIIO MPEIJIOKEHO pacupoCTpaHUTh
(hEeHOMEHOJIOTMYECKUM METOJ] TEPMOJIMHAMUKH U JIOTUKY €€ MOJICTUPOBAHUS Ha
npyrue obOyiactd 3HaHui. B pabortax [4-—7,48, 49,52, 53, 62,122, 123, 152]
JJAaHHOE HallpaBJieHHEe ObUIO Pa3BUTO, YTO I[IO3BOJIMJIO BHECTH BKJIAJ B
TEXHOJIOTUIO MOJICIUPOBAHUS CJIOKHBIX COLIMAIBHO-DKOHOMUYECKUX CHUCTEM M
MOCTPOEHUE MOJIeNIel OMOJIOTUYECKUX CUCTEM.

B cBs3u ¢ Tem, uTo B cdepe u3ydeHHs] pa3BUTHS TOPOJOB, PETHOHOB U
CTpaH, B 00JIACTU 3arpsi3HEHUS OKPYXKAIOIIEH Cpelbl, OIICHKU BO3JICUCTBUI Ha
OMOJIOrMYeCKre 0OBEKTHI HAKOTIEH OIPOMHBIN DKCIIEPUMEHTAIBHBIN MaTepuall,
TO BIIOJIHE BO3MOXKHO MPUMEHEHHE (PEHOMEHOJIOTHYECKUX METOJ0B aHaIM3a U

OMmrMCaHuA JaHHBIX, IIOJYYCHHBIX B IIPOLECCC Ha6HIOIIeHI/Iﬁ Wik OIIbITAa.
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DEeHOMEHOJIOTHS MOXKET J1aTh BO3MOXKHOCTh pa3padoTaTh TEOPHUIO OTIACHOCTU U
pUCKa U1 TIPUPOJHO-AHTPOIIOTCHHBIX CHUCTeM. JIJs 3TOro CymiecTByeT
HECKOJIbKO TIPUYHH:

® UMEIOTCSI OOIIMPHBIE MAaCCUBBI OIBITHBIX JAaHHBIX B BUJIE BPEMEHHBIX
pPAIOB  TMOKa3aTelICi  MPUPOJHO-aHTPOIOTCHHBIX CHCTEM M JIaHHBIE O
HETaTHBHBIX BO3JECHCTBHUAX (DAaKTOPOB ONMACHOCTH Ha PAa3jIMYHBIC OOBEKTHI.
CeromHs HEe Tak y>K MHOTO MPEIMETHBIX 00JIaCTEH, CBI3aHHBIX C OTIACHOCTSMH,
I7Ie IMEIOTCS TTOTI00HBIC CTPYKTYPHUPOBAHHBIC KOJUYCCTBEHHBIC TAHHEIC;

® CYIIECTBYIOT PCHOMCHOJOTHYECKHE 3aKOHOMEPHOCTH U 3aBUCUMOCTH,
OMKCHIBAIOIINE  OMBITHBIE  JaHHBIE W BO3MOXKHOCTh  IPHUMCHCHHS
anpoOMPOBAHHBIX €CTECTBEHHOHAYYHBIX METOJIOB K COBOKYITHOCTH PE3YJIHTaTOB
HaOJIIOJICHU WM ONbITa B 00JIACTH H3YYEHMS IIPUPOJHO-aHTPOIOTCHHBIX
CHUCTEM;

® WUMEIOTCS  pealbHBIC  TPUMEPHl  pa3pabOTKH  MHOTOMEPHBIX
CHUCTEMOJIMHAMHYECKUX MOJIeNIeH MPUPOIHBIX, SKOJOTHUECKUX, aHTPOIIOTCHHBIX,
TEXHOJIOTHYECKUX W COIMATIBHBIX CHCTEM, COCTOSHHUS KOTOPBIX OIMCHIBAOTCS
KOMITJIEKCOM  Pa3fMYHBIX mokazareneil. [logoOHbIe MoOIenu  TO3BOJISIIOT
MIPEIOKUTHh AaHATUTHICCKUE METOIBI KOMITJIEKCHON OIEHKH CHCTEM, UCXOMS U3
BEPOSTHOCTHOT'O aHaji3a MMEIOIIUXCS ONBITHBIX JaHHBIX [4— 6, 48, 49, 52,
53, 62, 122, 123, 152].

Bce 310 co3maer yciaoBus IS TOCTPOCHHS TCOPUM OIMACHOCTH M PHUCKa
MPUMCHHUTEIIPHO K IIPUPOJIHO-aHTPOTIOTCHHBIM CHCTEMaM, TIe HaOJIoIaroTCs
MIPOIIECCH  COIMMAIbEHO-DKOHOMHYECKOTO, AKOJOTHYECKOTO W TEXHOTCHHOTO

pa3BUTHA, a TAKXKC USMCHCHUA, CBA3aHHBIC C aHTPOIIOTCHHBIMU BOBH@ﬁCTBHHMH.

1.4. BbIBOABI H HEKOTOPbIE aKTyaJIbHbIE 321241 KOMILJIEKCHOH OLlEeHKH

B nmanHoOIf r1aBe M3y4eHO COCTOSIHME BOMPOCa B 001aCTH MOACTUPOBAHUS,
KOMITJICKCHOW OIIGHKM W aHajii3a PHUCKOB IMPHUPOIHO-AHTPOIOTEHHBIX CHCTEM,
BBITIOJIHCHA KJIacCH(DHMKAIIMSA W CHCTEMAaTH3allisl HEKOTOPHIX MX BHJIOB W JaHa
XapaKTEePUCTHKA TIOKa3aTeJe W WHIWKATOPOB JUIS MCCIIEIOBAHUS TaKUX
cucteM. I[lpoBeneHHbli 0030p wuHbOpMAMK TIO U3y4aeMou mpobdiieMe

MMO3BOJICT CACIIATDh CIICAYIOIHC BBIBOABI.
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B Hactosmee BpeMs CymecTByeT OOLIETPUHATOE OMNpEICIICHUE MU
KJIacCU(pUKALUs MPUPOTHO-aHTPOMOTEHHBIX cUCTEM. ['OBOps O COCTOSTHUH
OPUPOAHO-aHTPONIOTEHHBIX W ypOAHU3HPOBAHHBIX  CHUCTEM,  OOBIYHO
MOAPA3yMEBAIOT  COLUMAIBHO-3KOHOMHYECKYIO  XapaKTEPUCTUKY  CHUCTEM,
3arpsi3HEHHE TPUPOAHBIX Cpell, HaOMIOAaeMblii ypOBEHb aHTPOIIOT€HHOIO
BO3JCUCTBHASI HA TMPUPOAY M  YEJIOBEKa, a TaKXKE aHTPOIOTCHHBIC
XapaKTepUCTHKHU U BUIOBOE OMOpa3HOOOpa3ne, CBOWNCTBEHHOE TAKUM CHUCTEMAaM.
B cBor ouepenb, MOJ COCTOSHHEM CHCTEMBI ITOHMMAIOT COBOKYITHOCTH €€
noKasateliel, XapakTepu3yIoIUX CTPYKTYpY U MPOUECcChl (PYHKIIMOHHUPOBAHUS
cucteM. Kaxaplii oOBEKT B MPUPOJHOM, OMOJIOIMYECKOM, aHTPOIOTC€HHOM U
TEXHOTCHHOM  OTHOILIEHUM  MOJKET  XapaKTEepU30BaTbCI  MHOMXKECTBOM
IIOKa3aTeJiel, CBOMCTBEHHBIM TOJIBKO TAHHOMY BUAY IIPUPOAHO-aHTPOIIOTEHHBIX
cucteM. J[J11 XapakTepUCTUKN TaKHX CUCTEM B MUPOBOM IIPAKTUKE pa3pabOTaHbl
KOMILJIEKCHI TTOKa3aTeel U MHAUKATOPOB, KOTOPhIE 00bEANHSIOTCS B pamkax 10
— 15 KOMNOHEHTOB (aCNEKTOB WJIM TPYII) Pa3BUTHS CUCTEM, B KaXAbIA W3
KOTOPBIX MOKET BXOAUTH OT 5 1o 20 mnokaszateneil. BeiOpaHHbIE TpymIbl
[OKa3aTejaed Ha OCHOBE COIVIAICHUS MPUHUMAIOTCA K MCIIOJb30BAHUIO
HAyYHBIM COOOIIECTBOM JJIsl XapaKTEPUCTUKU TEX UM UHBIX BUIOB MPUPOTHO-
AHTPONOTeHHbIX cUCTeM. OJHAKO MNpU KOMIUIEKCHOM OLIEHKE Uil pacuera
MHTETPAJIbHBIX IOKA3aTENeN 4Yalle BCETO HCHOJIB3YIOTCSA OJHOBPEMEHHO HE
Oonee 5 — 8 mokazaresnen.

Takum oOpa3zom, ceronHs cOpMYIMPOBaHbl OCHOBHBIE IIOKa3aTelu,
XapakTEepU3yILUMe COCTOSIHUE U Pa3BUTHE NPUPOJHO-AHTPOIIOTEHHBIX CHUCTEM,
KOTOpBIE HCHOJB3YIOTCS TMPU KOMIUIEKCHON OIIeHKE B 00JIACTH COLMAJIbHO-
DKOHOMHYECKOTO, SKOJIOTMYECKOIO M TEXHOTEHHOI'O PpAa3BUTHUS Pa3IMYHBIX
cucteM. M3 aHann3a COBOKYITHOCTH IMOKa3aTeNen Il KOMIUIEKCHOM OLICHKH U
X UH(OPMAIMOHHOW 3HAYUMOCTH CJEAYET PsiJ HEPEHIEHHBIX METOIUYECKUX
npoOsieM, CBSI3aHHBIX C KOPPEKTHBIM HCIOJb30BAHUEM IIOKa3aTelel
WH]IUKaTOPOB:

e (cjabo0 M3y4YeH BONPOC O TOM, Kak u3 coBokymHoctu B 50 — 100
MoKasaTesield BEIOMpPATh MCXOJHBIE MOKAa3aTeI JIJIsi OLICHKU Pa3BUTHUS CHUCTEM.
CymiecTByIOT TOJIBKO OOIIETMPUHSTHIC MEPEYHHM TOKa3aTeNed Id pa3TudHBIX

MNPpHUPOJHO-aHTPOIMOTCHHBIX CHUCTEM, a BOIIPOC 00 WX 3HAYMMOCTH SBJISICTCS
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OTKPBITHIM, M KQXIbI aBTOP PYKOBOJICTBYETCSI COOCTBEHHBIMH COOOPaKEHUSMH
U JIONYIICHUSIMHU B JAHHOM BOIIPOCE;

® CYIIECTBYET HECKOJIEKO CIIOCOOOB HOPMHPOBKH TTOKA3aTeNICH, MPUIEM
MPAKTUYECKU BCETJIa CTPEMATCS] MPOBECTH HOPMUPOBKY TaK, YTOOBI MOJTYYUTh
JIrana3oH u3MeHeHus uHaukaropa ot 0 mo 1 wmu, Hanpumep, ot 0 mo 10. To
€CTh IIUPOKas 00JIaCTh U3MEHEHUS TMOKa3aTesield Mpeoopa3yeTcs 4acTo B Y3KHM
KOHEYHBIA JUANa30H, YTO, Ui OOJIBITUHCTBA CIIyYacB, SIBJSETCS ONTUMAIbHBIM
pEIIeHHEM BOIIPOCa,

® IIOCTPOCHHE Moenein IIPUPOJTHO-aHTPOTIOTCHHBIX CHUCTEM
HEMOCPEICTBEHHO CBS3aHO C 00paboTKON HH(OpPMALUKU TPUMEHUTENBHO K
MHOTOMEPHBIM  MPOCTPAHCTBAM  IIOKa3aTeNIeH, XapaKTCPU3YIOIMIMM TaKhe
cuctemsl. [Ipu 3TOM 3amaya MOAEIUPOBAHUS CUCTEM MPAKTUYECKUA CBOJUTCS K
MOCTPOEHUIO MOJIeTICH OINMUCAaHUSA JAHHBIX MPUMEHUTEIBHO K MPOOJIEMHO-
OpPUEHTHUPOBAHHBIM 0a3aM JIaHHBIX.

Crnemyer TakKe OTMETHTh, YTO B CBSI3W C OOJIBIIUM KOJWYECTBOM
MU3y9aeMBbIX TPUPOJHO-AHTPOTIOTEHHBIX CHCTEM, a TaKXKe MHOXXECTBOM
Pa3HOIUIAHOBBIX MOKa3aTee, CeroJHs HEeT OOLIECNPUHATHIX NMPEICTAaBICHUNA O
TOM, KaK BbIOMpaTh aTpuOyTHBHBIC (HamboJjee 3HAYUMbIC, OMHMCHIBAIOIIUE
O00BEKT) IOKa3aTeId JUIs TaKUX CUCTeM. B cBA3M ¢ 3TUM HeoOXoauma
pa3paboTka METOJOB, B KOTOPBIX BO3MOXKEH BBIOOP JHOOBIX COBOKYITHOCTEH
MOKa3areynerd JUisi KOMIUIEKCHOM OLIEHKM M TOCIHEAYIOUIEd OLEHKH MX
3HAYUMOCTH.

O030p MeETOAOB KOMIUICGKCHOW OIICHKM TPHPOAHO-aHTPOIIOTEHHBIX
CHUCTEM M YPOAHNU3UPOBAHHBIX TEPPUTOPHIA IMOKA3AJ, YTO METOIUICCKYIO OCHOBY
COCTABJISIET KOMIUIEKC JOCTaTOYHO TMPOCTBIX HMHTETPAIBHBIX  OLCHOK,
OCHOBAHHBIX Ha MWCTOJB30BAHUM PA3JIMYHBIX OKCIEPTHBIX METOJOB U
3aBucuMocTeil. [IpuBeneHbl MpuMephl Pa3IUYHBIX HHTETPAIBbHBIX HHJIEKCOB,
KOTOpbIE TPUMEHSIOTCS MPH KOMIUICKCHOW OIICHKE YEeJIOBEUYECKOTO Pa3BHTHSI,
aHaNMM3e COCTOSIHHMS W Pa3BUTHS TOPOJIOB, PETHOHOB, a TAaKKe CTpPaH MHpA, B
IKOJIOTHYECKON Oe30MMacHOCTH, TMPU XapaKTEPUCTHKE YPOBHS 3arps3HCHUS
OKpYXaloIlel Cpejibl, OlIeHKe OnopazHooOpasus u T.1.

B pesynbrare BBIMOTHEHHOTO aHaIM3a OTMEYEHO, YTO B 0O0JacTU
KOMITJIEKCHOM OIICHKH CYIIIECTBYET EIBIN psin HEPEIICHHBIX
METO/IOJIOTHICCKUX TPOOIIEM:
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® CYIIECTBYIOIIME METOJbl KOMIUIEKCHOW OIIEHKH B 3HAUYUTEILHOW Mepe
HEKOPPEKTHBI M CyOBEKTHBHBI, B TIEPBYIO OYEpEIh MOTOMY, YTO HMCIOJB3YIOT
METOJIOJIOTUIO  S3KCIEPTHBIX  MOAXOJOB M  HUKAK HE  YYHTHIBAKOT
byHIaMEeHTAIbHBIE 3aKOHOMEPHOCTH MPHUPOIHO-AaHTPOIIOTEHHBIX cucTeM. Bce
MPAKTUYECKA CBOJMUTCSA WM K MHOKECTBEHHBIM IPOCTPAHHBIM OINMCAHUSIM
Pa3JIUYHBIX aCTIIEKTOB U KOMIIOHEHTOB CUCTEM WJIM K MCIIOJIb30BAHUIO MHECKCOB,
MOCTPOCHHBIX MO «COTJAICHUIO» HA MPUHIMUIIE aIITUTUBHOCTH WHIUKATOPOB U
C YYETOM BECOB IMOKA3aTElIe, a TAKKE CPABHCHUIO CUCTEM HAa OCHOBE ATHUX
UHJICKCOB;

® MHOXECTBO KOMIUIEKCHBIX WHJIEKCOB, MOCTPOCHHBIX HAa OCHOBE
TUTIOTETUYECKUX M OKCIEPTHBIX METOJIOB, HE aJanTUPOBAaHbl K JaHHBIM
HaOII0/IeHN, 00JamaroT cinaboi YCTOWYHMBOCTBIO K H3MEHCHHUSM JIaHHBIX,
OTJIMYAIOTCSl CUJIbHOM 3aBUCUMOCTBIO MMOKa3aTeNe, MCIOIb3YEMBbIX JJIs1 OIIEHKH;

e MOJICIU i1 KOMIUIGKCHOM OIICHKM OCHOBAHBI Ha BEChMa YaCTHBIX U
Y3KUX TUIOTE3aX M HE MOTYT CIYXKUTh (DYyHIaMEHTOM JiJisi (hOPMaIbHO CTPOTHUX
teopuid. [Ipy W3y4yeHHM NPUPOJHO-AHTPONIOTCHHBIX CUCTEM MPAKTUYECKH HE
MPUMEHSIIOTCSI U HE TMPOBEPSAIOTCA HA ONBITHBIX JaHHBIX (yHIaMEHTaIbHBIC
TUIIOTE3bI, MOJYYHUBIINAE MIMUPOKOE PACIPOCTPAHCHUE B €CTECTBEHHBIX HAYKaX:
pa3IMYHble OOIIECUCTEMHBIC TMPUHIMIBI, YPAaBHEHUS COCTOSIHHUS CHCTEM,
3aKOHBI COXpPAaHEHMS, JOMYIICHHUSA, KOTOpPhIe Obl MPUBOAMIA K (POPMYIHUPOBKE
nuddepeHnnanbHbIX ypaBHEHUH U T.11.;

® [IPUXOJUTCS KOHCTATUPOBATh, YTO CKOJbKO-HUOY/Ib CTPOTUX METOJ/OB
KOMILJIEKCHOM  OIIEHKH, OTJIMYAIOIINXCA BBICOKOH OOOCHOBAaHHOCTBIO U
dbopmMaTu3MOM TEOpUM, 10 HACTOSIIETO BPEMEHU HE BbIpaboTaHO. MHoTHE
METOJbl MPU MPUMEHEHUH K OJHOMY OOBEKTY HCCJIEIOBAHHUSI BOOOIIE MOTYT
JIaBaTh HECOMIOCTABUMBIE PE3YJIbTATHI, YTO YKA3bIBAET HA HAPYILIEHUE OCHOBHOTO
MIPUHITUIIA HAYKHA O BOCITPOM3BOAMMOCTH PE3YJIbTATOB;

® TeopeTHYeCKHe padoThl MO KOMIUJIEKCHOM OILIEHKE B 00JacTu
DKOJIOTMYECKUX HAyK YacTO CBOJAATCA K THUIOTE3aM M 0OOOIICHUSIM,
OTOPBAaHHBIM OT pEaJIbHOM CTAaTHUCTHYECCKOM 0a3bl MW CHCTEMAaTHYECKOIO
W3YUYEHHUS OTBITHBIX TAHHBIX;

® METObI U CPEICTBA, KOTOPHIC MPUMEHSIOTCS IIPU aHAJIM3€ COCTOSHUS
W Ppa3BUTHS TOPOJIOB, PETMOHOB W CTpaH, WCHOJB3YIOT BeCh Ha0Op

TPAAUOMUOHHBEIX  3KCICPTHBIX MCTOAOB W HEC IIO3BOJIAIOT  JOCTOBEPHO
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MPOTHO3UPOBATh PAa3BUTHE OOBEKTOB HA CPEAHECPOYHYIO W JTaTbHECPOUYHYIO
MEPCIEKTUBBI.

Pa3BuTHE CHCTEMHBIX MOJEIEH B KOMIUIEKCHOW OLEHKE HJIET MO IIyTH
pa3paboTku JIOTUKO-BEPOSITHOCTHBIX, MMHTAIMOHHBIX, areHTHBIX,
CUTYallMOHHO-COOBITUMHBIX U TUOPUAHBIX Mojesield o0bekToB. [lapamienbHo ¢
OTUM TIPOMCXOIUT OBICTPOE PA3BUTHE MPOTPAMMHOTO OOECIICUEHUs IS
KOMIIBIOTEPHOT'O MOJICTUPOBAHHUSI CIIOKHBIX CUCTEM.

HaGnromaeTcss Takke TEHICHIUS Pa3paOOTKH MPUHIUITHATIBLHO HOBBIX
CUCTEMHBIX MOJEJIE MPUMEHHUTEIBHO K JAHHBIM, KOTOPBIE XapAaKTEPU3YIOT TE
I WHBIE CJIOXKHBIE CHCTEMBI: OHTOJOTHMYECKUX, LEHOJOTHYECKUX U
CUCTEMOJIMHAMUYECKNX MOJIEIEH JaHHBIX.

[Ipn mMaTeMaTrnyecKOM MOIEIUPOBAHUU COCTOSIHHUM, YTPO3 U OMACHOCTEU
UCIIOJB3YIOTCSl TAK)KE METOJIbI OMMCAHUsS MOBEICHUS CUCTEM Ha OCHOBE CHUCTEM
OanancoBbIX AU epeHInaIbHbIX YpaBHEHUW. B 1anHOM 001acTh pa3BUBaIOTCS
JETEPMUHUPOBAHHBIE U CTOXACTUYECKUE METO/bl MOJCIUPOBAHUS MTPOIIECCOB U
CUTyalluid, METOAbl MEXKIUCIUIUIMHAPHOTO MOJEIUPOBAHUS CIOXKHBIX CHUCTEM,
SHEPrOHTPONUKHBIE METOAbl OINHUCAHWS OMAacHbBIX MpoueccoB u T.4. Ilocie
MEPBBIX HECOMHEHHBIX YCIIEXOB MOJEIUPOBAHUS PA3JIMYHBIX CIIOKHBIX CHUCTEM,
YKa3aHHOE HANpaBJIEHUE HCCIENOBAHUN CTOJKHYJIOCH C PSAIOM CIOKHOCTEM.
DOT0 cCBs3aHO ¢ TpoOJieMamMu  AQHAJUTUYECKOTO OMHCaHUs MPUPOIHO-
AHTPOMOTEHHBIX CHUCTEM, OTJIMYAIOIIUXCS CJIO’KHBIMU MPUYUHHO-
CJICICTBEHHBIMU CBSI3SIMU U CHEIU(PUKON (PUIUKO-XUMUYECKUX U COLUATBHO-
PKOHOMHUYECKHUX MporieccoB. Kak ciencrBue, mogo0HbIe MO UMEIOT HU3KYIO
aJICKBaTHOCTH U CJIa00 UACHTUPHUITUPYIOTCS 11O OTIBITHBIM JTAHHBIM.

Haunbonee mmupokoe pacnpocTpaHeHUE MNpU KOMIUIEKCHOW OIIEHKE |
aHanu3e  0Ee30MacHOCTH  MPUPOJAHO-AHTPOINOTEHHBIX  CHUCTEM  MOJyduIia
METOJIOJIOTUSl aHaliu3a pPHUCKA. OTO HaANpaBJIEHUE OTIUYACTCS HAIUYUEM
OTPENICJICHHBIX  TEOPETUYECKUX  OOOCHOBAHWM, JOCTATOYHO  Pa3BUTOM
(heHOMEHOJIOTHYECKOM 0a30M M TECHOM CBS3bIO C OINBITOM U CTATUCTUYSCKUMU
JTaHHBIMU ~ HaOmtofeHui. OHako JaHHOE HaIMpaBJICHUE HWCCIEIOBAHUIMA
pa3BUBAaETCsl MPEUMYIIECTBEHHO KakK oOINHcaTeldbHas HayKa, I[03BOJSIONIas
yCTaHABJIMBAaTh 3aKOHOMEPHOCTU B CaMbIX PA3JUYHBIX MPUKIAAHBIX 00JIACTIX
Ha OCHOBE OOIIMPHOrO OIBITHOIO MaTephayia U TMOJYUYCHHUS IMIIHUPUUYECKUX

3aBUCUMOCTEH JIsi pUCKA, MOATOMY MOKa HE CYIIECTBYET OOIIEeH METO0JIOIHH
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OIICHKM pHUCKa, KOTOpas Moryia Obl OBITh WCIHOJIb30BaHA B Pa3IMYHBIX
MpeaMETHBIX obnacTsax. Kpome Toro, MeTogosiorusi OIEHKA PHUCKOB TECHO
CBSI3aHa C  KOMIUICKCHBIM  aQHAJIM30M  CHCTEM TI0  BEPOSTHOCTHBIM
XapaKTepUCTHKaM, IO3TOMY €H TIpPHUCYIIH BCE T€ HEIOCTATKH, KOTOPHIC
XapaKTepHBI ISl aHAJIM3a CUCTEM TI0 KOMIUIEKCY TTOKa3aTeNeH.

OmHO U3 MEPCTIEKTUBHBIX HAMPABICHUA KOMIUIEKCHOM OIEHKH TPUPOJTHO-
AHTPOIIOTCHHBIX CHUCTEM CBS3aHO C PACIPOCTPaHCHHEM (PEHOMEHOJOTHUECKHIX
METO/IOB €CTECTBCHHBIX HAyK B 00JacTh SKOJOTUYECKHX U COIHMAIBHBIX
UCCIIeIOBaHMA. B nuTeparype HWMEIOTCS peaNbHbIE MPUMEPHl Pa3pabOTKH
MHOTOMEPHBIX CHCTEMOJIMHAMUYECKUX MOJENel MPUPOIHBIX, IKOJOTUIECKHUX,
aHTPOIOTEHHBIX, TEXHOJIOTMUYECKUX U COIUATIBHBIX CUCTEM, COCTOSTHUSI KOTOPBIX
OIMMCHIBAIOTCS KOMIUICKCOM DAa3IMYHBIX MMapaMeTpoB. Bce 3To ykas3wiBaeT Ha
pEaNbHOCTh TIOCTPOCHHUS TEOPHUU OIMACHOCTH M pPHUCKA JUISI MPUPOIHO-
AHTPOTIOTEHHBIX ~ CHUCTEM, TJe HaONIOAA0TCS  MPOILECCHl  COIUAIBHO-
DKOHOMHYECKOTO, JKOJOTHYECKOTO M TEXHOTCHHOTO pa3BUTHA, a TaKKe
WU3MEHEHHUS, CBS3aHHBIE C AaHTPOIIOT€HHBIMU BO3/IEUCTBUSIMU.

B menom, Kkak T1OKazad BBINOJHEHHBIM  aHalW3, CYIIECTBYET
OTIpE/ICICHHBIN MEPEUYCHb AKTYaJIbHBIX 3a7a4 KOMIUIEKCHOW OIEHKH MPUPOTHO-
aHTPOIIOTCHHBIX CHCTeM. B 007aCTH TEOPUHM TaKUMU 3a/1a4aMU SIBIISCTCS

® COBEPIICHCTBOBAHUE €CTECTBEHHOHAYYHBIX METOJIOB MCCIICOBAaHUN B
AKOJIOTHIECKOM, OOIIIECTBEHHOM M Y€JIOBEUECKOM Pa3BUTHH;

® U3y4YCHHE MPUHIUIOB U METOJIOB KOMILJIEKCHOW OIICHKA W OILICHKHU
PUCKOB, CBS3aHHBIX C aHAJM30M COCTOSIHHSI W TIPEACKA3aHWEM Pa3BUTHS
MPUPOJHO-aHTPOIIOTEHHBIX ¥ ypOAaHW3MPOBAHHBIX CHCTEM Ha  OCHOBE
NPUMEHEHUSI BEPOSTHOCTHBIX METOJOB M UCIIOJIBb30BaHUS 0a3 JaHHBIX
CTaTUCTHUYECKON MH(POpMAIINU;

e pa3paboTka MOJENel COCTOSHHUS U Pa3BUTHs TOPOJOB, PETHOHOB H
CTpaH, a Tak)Ke HAay4YHO-TPAKTUYECKUX METOJOB WX MHOTOINApaMeTPHUECKOTO
pPaHKUPOBAHMSI, OTIMYAMOIMIMXCSA TMPUMCHCHHEM OOBCKTUBHBIX  HAYYHBIX
MIOJIXOJIOB TP aHaIM3¢ NH(POPMAIIHH;

® CO37aHME HOBBIX MPOTHOCTHYECKUX TMOAXOJOB, MPUMEHSIOIINX

q)eHOMeHOHOFI/I‘IeCKI/Ie MCTOJbI aHaJIn3a CTATUCTUYCCKUX NJAHHBIX,
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® Dpa3BUTUE  METOJIOB  CTPATETMYECKOTrO  IPOTHO3UPOBAHUSA U
KOMIUICKCHOM OIIEHKHM B TMOJUTUYECKUX, SKOHOMHUYECKHX, COLUAIBHBIX U
pa3BEebIBATEIbHBIX 1IEJISX.

BakHpIMM TpUKIAIHBIMA 33Ja4yaMyd  KOMIUIEKCHOW OLEHKHM CHCTEM
SABJISIFOTCSL:

® pa3BUTHE NMPUKIAJAHBIX METOJO0B KOMIUIEKCHON OIEHKU MPU HAYYHOM
U TEXHOJOTMYECKOM TMPOTHO3MPOBAHMU B  cdepe  ToCyIapCTBEHHOM,
OOIIIECTBEHHOM M  DJKOJOTHYECKOM OE30IacHOCTH, OICHKE COIHAIbHO-
AKOHOMMYECKOTO Pa3BUTHUSL U COCTOSIHUS OOIIeCTBA MO Pa3JIMYHBIM acleKTaM, a
TaKke MPU U3YYEHUU Ka4eCTBA KU3HU FPAXK/IaH;

® COBEpILICHCTBOBAaHWE METOJMK KOMIUIEKCHOTO MOHUTOPUHTA Pa3BUTHUS
CTpaHbl U MHPOPMAITMOHHO-CTATUCTUYECKUX HAOIIONCHUN 3a MOKa3aTeNlsIMU U
XapaKTepUCTUKAMU HAIlMOHAIBHON O€30MaCHOCTH;

® U3Yy4YEHHE COCTOSIHUSI W TEHJCHIIMN pPa3BUTHUS CTpPaH, PETHOHOB U
rOpOJIOB, OLIEHKa OCOOCHHOCTEN M YPOBHS HAJIOTOBBIX MOCTYIUICHUH B Tpymmax
OJTHOPOJHBIX CYOBEKTOB HAJIOTOOOJIOKEHUS, U3yUYECHUE TTOBEACHUS COIMATIbHBIX
TPyHIl W PA3IUYHBIX KATErOpUH JIIOJIEW, MCXOAd M3 aHAIN3a OJHOPOJIHBIX
3HAYMMBIX COOBITUN U CPETHECTATUCTUYECKUX OCOOEHHOCTEM;

® CO3/aHHE HOBBIX METOJMK OIEHKM pAa3JUYHBIX HWHJIEKCOB U
ONPEAECICHUS] PEUTUHTOB Pa3BUTHS.

Takum 00pa3oM, U3 BBIIIEU3TIOKEHHOTO BHJIHO, YTO TMEPCIEKTUBBI
Pa3BUTHS KOMILUIEKCHON OIEHKM B HAYYHOM M NPUKJIAJHOM IUIAHE JI0CTAaTOYHO
OOIIUPHBI, T.K. CBSI3aHBI C HOBBIMHU HAMPABICHUSMH HCCIEAOBAaHUN TEOPHUH

CHUCTEM U CUCTEMHOMN JUHAMUKH.
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PA3JIEJ 2

OBBEKTDI, I'MITOTE3bl U METO/AbI UCCJIEJOBAHUS

2.1. IlpuHUMIIBI, TETIOTE3bI M METOAbI NOCTPOEHUSI TEOPUM KOMILJIEKCHOM
OLIEHKH HA OCHOBE (DEHOMEHOJIOTUYECKOT0 AHAJIN3a JAHHbIX

[IpuHATHIE METOIBI KCCIIEIOBAHUS HOCAT MEXAUCIUIUIMHAPHBIN XapaKTep
Y HalpaBJIeHbl Ha pelleHrne (QyHIaMEHTaIbHON MpoOIeMbl HAyKH, CBSI3aHHOM C
MCIIOJIb30BaHUEM IIPU KOMIUIEKCHOH OLIEHKE IPUPOJIHO-AHTPOIIOT€HHBIX CUCTEM
U U3YYCHUM HMX COCTOSHHH €CTECTBEHHOHAyYHBIX METOJIOB. MoaenupoBaHHE
IpOLIECCOB I TAaKUX  CUCTEM  Mpeuiaraercd  OCHOBBIBATH  Ha
(EHOMEHOJIOTMUECKMX TMOAXO0JaX aHajlM3a M ONHUCAHMUS CTATHCTHYECKHX
JAHHBIX, COOPaHHBIX B MTpoliecce HAOIIOJEHUIN UM OIbITA.

JlanHHOE HampaBieHUE B HayKe HMMEET OOJIbIIOE 3HAYEHHE, TaK Kak
MO3BOJIIET B OOIIEM CIIy4ae MPeaioKUTh OOBEKTUBHBIE METO/IbI UCCIIEIOBAHUS
MHOTOMEPHBIX IPUPOTHO-AHTPONOTEHHBIX CUCTEM, OTJIMYAIOIIUXCS HaJIUYHEM
OMOTHYECKUX M a0MOTUYECKUX KOMIIOHEHTOB. CerofHs B OMOJIOTHH, 3KOJIOTUH,
PKOHOMHKE, YpPOAHHCTHKE M TJIOOAIMCTHUKE MHOIO BHHUMAHMS YACNSAETCS
pa3paboTKe yHUBEPCAIbHBIX METOAOB MojennpoBanus. Ha moBecTke AHS CTOUT
BOIIPOC CO3JaHUSI HOBOM METOJOJIOTUH MPUKIATHOTO MOJEIUPOBAHUS, KOTOPAs
M03BOJIsJIa Obl MCHOJIB30BaTh OOIIYIO JIOTUYECKYIO CXEMY aHallu3a JaHHBIX U
IIOCTPOEHUSI MOJENEH MO OTHOLIEHWID K CHUCTEMaM, XapaKTEepPU3YHOIIHMCS
COBOKYIHOCTBIO CaMbIX pa3HbIX IoKa3aTtened. HecmMoTps Ha MHOXECTBO
UCCIIEOBaHMM, CYyIECTBEHHOrO Iporpecca B 3TOM o00nacTH IOKa He
HaOJII0JaeTCsl.

JUist  pemieHuss TPEACTABICHHOM HAy4yHOM 3aJadyd  HEoOXOAUMO
pa3paboTaTh CHUCTEMY MPUHLHUIIOB, METOJAOB U CPEACTB (PEHOMEHOJIOTHYECKOTO
aHanu3a JAaHHBIX JUII MAacCUBOB OMIMPUYECKOM MM CTaTUCTHYECKOU
uHbOpMaIlK, OTpaXxarolie B BUAE€ BPEMEHHBIX PSIIOB MPOLIECCHl U3MEHEHUS U
pPa3BUTHS NPHUPOJHO-AHTPOIIOIEHHBIX CUCTEM. DEHOMEHOJOTUYECKHE MOJEIH
MOTYT OBITh OPHUEHTHPOBAHbI HA ONHCAHUE MACCHBOB CTPYKTYpPHUPOBAHHOM
KOJMYECTBEHHOM HH(OpMallMd B CaMbIX pPa3HbIX MPUKIAIHBIX 00JIACTAX.

P€3y.]'IBTaTI:>I pa6OTBI IMOJYYCHBI C HUCIIOJIBL30BAHUEM MCTOJA0B TCOPHUU CHUCTEM H
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CHUCTEMHOW JMHAMUKH, a TAKXKE JIOTHYECKUX MPUHIUIIOB U (DEHOMEHOJIOTUIECKUX
METOJIOB, KOTOPHIE HCIOJIB3YIOTCSI B TEPMOJAMHAMUKE U B (PU3UKE CILIOLIHBIX
cpen [6, 7, 48, 49, 52, 122, 123, 152].

OObIYHO  TOJ  NPUPOJHO-AHTPONOTEHHOW  CHUCTEMOW  HOHHMMAIOT
(YHKIMOHUPYIOLIYI0 KaK €IMHOE LEJI0€ COBOKYIHOCTh IPUPOAHBIX U
UCKYCCTBEHHBIX OOBEKTOB, KOTOpBIE B3aMMOJCHCTBYIOT Mexay coboi. B
JTAHHOM HCCJIEIOBAaHUH B KaYECTBE MPUPOJHO-AHTPONOT€HHON CUCTEMBI OyIemM
paccMaTpuBaTh HEKOTOPYIO COBOKYIMHOCTh OJHOTHUIHBIX OOBEKTOB MPUPOIHO-
AHTPONOI€HHOTI'O BHJIA, KOTOPBIE MOYKHO CUMUTaTh OOBEKTaMHU OJHOIO Kilacca,
HaIpuMep, NpeANpusiTUs, FopoJa, HaCeJIEeHHbIE MyHKThI, SKOCUCTEMBI, CTPAHbI U
T.J1., 1 KOTOPbIE COCTOST U3 OMOTUYECKUX U a0OMOTUYECKHMX KOMIIOHEHTOB. DTO
103BOJIsIET (POPMHUPOBATH OOIIME MACCUBBI ONBITHBIX JAHHBIX JJISI MHOXKECTBA
IPUPOAHO-aHTPOIIOTEHHBIX OOBEKTOB OJHOIO Kjacca U  OCYIIECTBIATH
CTPYKTYPHUPOBAHHE UCXOIHON MH(OPMALMK 110 OTHOM (hopMe.

OcHOBHasl uzes TEOPETUYECKOro IMOAXOAA 3aKII0YaeTcs B Pa3pabOTKe
HOBBIX METOJIOB M CPEJICTB KOMIUIEKCHOW OLEHKH W MHOTOIIapaMeTpHYECKOro
PaHXUPOBaHUSA IIPUPOJHO-aHTPOIIOTEHHBIX CHUCTEM, CTaTUCTUYECKAs
uHpoOpMallMsi O KOTOPBIX MOXET OBbITh MNPEACTaBI€HAa B BHJE TaOIUYHO-
BPEMEHHBIX MAacCCHUBOB CTPYKTYPUPOBAHHBIX JaHHBIX, XapaKTEPU3YIOUIUX
IPOLIECCHl U3MEHEHUS] U Pa3BUTHs Takux cucTeM. [lomoOHbIe TaHHBIE UMEIOT
CTPYKTYpY TaOJHIl B BUJIE€ MaTPUL] «OOBEKTHI-IOKA3ATEIN», TPUUEM MHOKECTBO

Tabmui (t) ynopsmodeHo Mo BpeMeHH, HapuMep, ToJaM, MECSIAM M T. 1.

B kauyecTBe OOBEKTOB HCCIEAOBAHMS PA3NMYHBIX BUIOB MPUPOIHO-
AHTPOIOTEHHBIX CUCTEM MOTYT BBICTYNaTh CTpaHbl, 00JIaCTH, pallOHbI, TOPOJA,
HEOOJIbIINE HACEJIEHHBIE MYHKThI, MPUPOJHO-TIPOMBIIIEHHBIE KOMIUIEKCHI,
OTJEJIbHbIE TEPPUTOPUU (B TOM YMCIIE U NMPUPOAHO-3AMOBEAHBIC 30HbI, BOJIHbIE
U JecHble OOBEKThI), KpYMHbIE MPEANPHUITHS, TEXHOTEHHbIE OOBEKTHI,
HaIlpyuMep, THUAPOTEXHUYECKHE COOPYKEHHMS, OTBAJIBI, MECTA CKJIAAUPOBAHUSA
OTXONOB M T.O. B KkauectBe mokazarenedd W HMHAUKATOPOB MPUPOJHO-
AHTPONOTECHHBIX CHCTEM MOTYT MCIIOJIb30BATHCS CaMBbIE PA3JINYHBIE BEJIMYHHBI.
Hanmpumep, B rIpymnme nokasaTened, XapakKTepU3YIOLIUMX  3arpsA3HECHHE
OPUPOJHBIX Cpell M HAOJII0AaeMbIii YPOBEHb aHTPOIIOI€HHOI'O BO3JEWCTBUS Ha
OPUPOJIHYIO CPEIy U 4YeJIOBEKa, ATO MOTYT OBbITh KOHILIEHTPALUU BPEIHBIX

BCIICCTB B aTMOC(l)epHOM BO3AYXC, MOBCPXHOCTHBIX BOJAX M IIOYBAX, 00BEMBI
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BBIOPOCOB M COPOCOB 3arpsi3HAIOIIMX BEIIECTB, BHIOPOCHI MAapPHUKOBBIX Ta30B,
KOJIMYECTBO HCIOIb3YEMBIX MECTULUIOB, OOBEMBI U3PACXOJOBAHHOW CBEXEN U
00OpOTHOM BOBI, IUIOIIAIA CEIIbCKOXO3IMCTBEHHBIX U OPOIIAEMbIX 3E€MElb,
KOJIMYECTBO HAKOIUIEHHBIX OTXOJIOB, 00BEMBbI JIOOBIYM TMOJIE3HBIX UCKOMAEMBbIX,
NOTpeOIeHUsT U MPOU3BOJCTBA PHEPrUH, TUIOMIAAN HAPYUICHHBIX 3€Meb U T.1.
(o0bryHO 10 30 —40 oOCHOBHBIX TMOKazareneil). B kauecTBe colMaibHO-
PKOHOMHUYECKMX  IIOKa3aTeJled  COCTOSIHUS WM pa3BUTUS  NPUPOJHO-
AHTPOIIOTEHHBIX CHUCTEM MOTYT BBICTYNATh CIEIYIOUIME WHIUKATHBHBIC
BEJIMYMHBI: YMCICHHOCTh HACEJICHUSI, POXKIAEMOCTh U CMEPTHOCTb, IMOKa3aTEeIH
BBII u BHII (BPII), nons ropojackoro HaceleHHs, IMOKa3aTeld CTPYKTYPHI
DKOHOMHMKHA M TPOMBIIIJIEHHOCTH, PAacXoAbl JAOMAIIHUX XO35iWCTB, YpPOBEHb
0e3paboTullbl U MHUTrpali, MJIaJeHYecKas U JETCKasg CMEpPTHOCTb, YHUCIIO
yOMICTB M TSDKKUMX MNPECTYIUICHUH, 4YWCIo 3a0oJeBaHull TyOepKyJe3oM,
IPOJOJKATEIBHOCTh KM3HU, YPOBEHb T'PAMOTHOCTM HAcelI€HUs W T.A.
KonuyecTBO OCHOBHBIX COLUATbHO-3KOHOMUYECKHX IOKa3aTeleil MOXKET
JOCTUraTh JO COTHM BEIMYMH. B KadecTBe IOKa3aTenel M WHIUKATOPOB
OMOJIOTMYECKOT0 pa3HooOpa3usi MPUPOHO-AHTPOIOTEHHBIX CHCTEM MOTYT
IPUMEHATBCA  XapaKTEPUCTUKH  OKpYXKarolled  cpeipl,  IOKa3aTesw,
XapaKTEPHU3YIOIIUE PACIPOCTPAHEHUE BHUJOB, JOJS OXPaHAEMBIX TEPPUTOPHIA,
JIECHBIX M JIECOMOKPBITBIX TEPPUTOPU, KOJIMYECTBO OCHOBHBIX U JJOMUHAHTHBIX
BUJIOB, MHAEKCHI OMopazHooOpa3us u T.4. (00b14HO 10 10 — 15 mokazateneit).
Hcxons u3 Cka3aHHOTO BBINIC, IS ONPEACICHHOTO OOBEKTa KaXKIbIH
noka3areib B TaOJIMYHO-BPEMEHHOM MAacCUBE JaHHBIX OyJeT MpencTaBieH

BPCMCHHBIM PAJAOM M3 OIIBITHBIX TOUCK B KOJIUMYCCTBC (t), KOTOPLIC 3a1al0TCA C

oTnpeeieHHbIM JaroM (roj, Mecsl U T.4.). CTpyKkTypa TaOJIM4YHO-BPEMEHHBIX
JTAHHBIX, XaPAKTEPU3YIOIIUX MPUPOJHO-aHTPOIIOTEHHBIE CHUCTEMBI, B BUJE
«OOBEKTHI-MIOKA3aTEIN-BPEMS» NMOKa3aHa Ha pucyHke 2.1.

B uemoMm ormerrm, 4TO B JAHHOM CIlIy4a€ MPHU KOMIUIEKCHOM OIICHKE
BO3MO>KHO HMCTOJIb30BAHUE JIFOOBIX CTATUCTUYECKUX JAHHBIX, XapaKTEPU3YIOLIUX
COLUMATIbHO-DKOHOMUYECKUN, MPOMBILIUICHHBIA, 3KOJIOTUYECKUH, HAYy4YHO-
TEXHOJIOTUYECKUHN, BOCHHBIM, PECYPCHBIM WM KYJIBTYPHBIM IOTEHIMAI
M3y4aeMOU TEPPUTOPHUH.

CdopmynupyemM OCHOBHBIE TPHUHIIUIBI, TOJAXOAbI U TUIIOTE3bI, KOTOPHIC

IpE/IIoJIaraeTCs NCIOJIb30BaTh P BRITOJIHEHUH HccienoBanuii [1, 5, 7, 48, 52, 53].
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[Ipenmonoxkum, YTO oOMNpeAeNeHHas Tpynna OJHOTHIHBIX OOBEKTOB
HEKOTOPOM  NPUPOJHO-AaHTPONOTE€HHOW  CHCTEMBI B  KOJWYECTBE M
XapakTepu3yeTrcss N CTAaTUCTUYECKMMH TMOKa3aTeJsIMA WM  WHIUKATOPAMHU
P1, Po,---,P,- llepedens aTpuOyTHBHBIX MOKazaTenell p, (k=1,...,n) JUISL
MOJICJIMPOBAHUSL OMNpPENENACTC CIOXKUBIIUMUCA B HAay4HOM COOOIIECTBE
MPEICTABICHUSIMU O TIOBEACHUM M3y4aeMbIX OOBEKTOB, KOPPEIAIUOHHBIM

aHaJIM30M JaHHBIX WIN JPYTMMH METOJAAMM YCTAHOBJIEHUS HauboJjee 3HaUMMbIX

mepeMeHHBIX. Torma B N-MepHOM HpocTpaHcTBe koopaunat H", e
n

p :(pl, p2,...,pn), P €H", xaxaoMy wH3ydyaeMoMy OOBEKTy Oyzer

COOTBETCTBOBaTh N  3HaueHmi KoopauHart Py. Onpemenum H"  kak

MPOCTPAHCTBO HAOIIOJJAEMBIX COCTOSIHUH JJIsl ©3y4aeMOM IpyIIbl 00bEKTOB.

Tabnuubl 6a3bl
AaHHbIX

OO beKTbl

MokasaTenu u MHOUKaTOPbI 0o0BbeKkToB

Pucynok 2.1. — Ctpykrypa TaOJIUYHO-BPEMEHHBIX MAaCCUBOB

CTaTUCTUYCCKHUX JaHHBIX

Takum 00pa3zoM, Kaxablii OOBEKT B OMPECIICHHBI MOMEHT HAOJIOJCHUS
HaXOJUTCS B HEKOTOPOM COCTOSIHUM M XapaKTEPHU3YEeTCSd COBOKYIMHOCTHIO
nokazarene Py, Py,...,Pp. COCTOSHUS OOBEKTOB M3MEHSIOTCS C TEUYECHUEM

BpeMeHU. [logoOHBIN  OOMIENPUHATHIA  MOJIXOJ TIO3BOJISET  OMPEICITUThH
cocmosiHue 00vekma KaK COBOKYITHOCTh €ro HaOJI0JaeMbIX IOKa3aTeseH,
KOTOpble (OPMHUPYIOTCS TOA JCHCTBUEM YCIOBUM OKPYXKAIOMIEH cpeasl B
KOHKPETHBIE MOMEHT BpeMmeHH. [loatomy, cocTtostHMEe J1H000T0 0O0BEKTa B N-
MEpPHOM TIPOCTPAHCTBE B KaXKJbIH MOMEHT BpEMEHHM OyAET OTOOpa)kaThCs
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Toukon M :M(pl,pz,...,pn), OyneM HasplBaTh €€ (PUTypaTHBHOM TOUKOMA.

Torga mporecc W3MEHEHUSI COCTOSTHHSI OOBEKTa BO BPEMEHH XapaKTEPHU3YeTCs
KpUBOH B N-MEPHOM MPOCTPAHCTBE, KOTOpasi OMHUCHIBACTCSA (PUTYpaTHBHOM
Toukoi M =M (pl, p2,...,pn) B 3TOM IPOCTPAHCTBE.

CocTosiHUS KaXIOro OOBEKTa MOTYT XapaKTepU30BaThCS HE TOJBKO

noKazaresiMu X, Py,...,P,, HO U HEKOTOPLIMHU Ha6J'IIOI[a€MI>IMI/I CO6BITH51MI/I,

KOTOpBbIE OTpPaXalOT XapaKTepHbIE HW3MEHEHHS B U3yYaeMbIX OOBEKTax
IPUPOAHO-aHTPONIOrEHHOM cucTeMbl. IloaToMy, paccMOTpUM OJHO WM

HCCKOJIBKO XapaKTCPHBIX COOBITHI AI H OIpcaciimM, YTO COCTOAHUC

ompeneneHHoro  o0ObeKTa B 3aJaHHBI  MOMEHT  BpeMEHU  Oyjaer

XapaKTepU30BaTbCsid BEIMYUHAMU Py, Py,...,P,, KOTOPBIE B COBOKYIHOCTH
oToOpaXkaroTcsi (PUrypaTUBHOM TO4ukoW M;, a Taxke JaHHBIM HAOJIOAEMBbIM

coopiTieM (coObITusIMU). [IpennosiokuM, YTO CYIIECTBYET BEPOSTHOCTD
KOHKPETHOTO COOBITHUS, KOTOpass MOXKET OBbITh ONpeJeieHa M TEOPETUYECKUM
yTeM, WM SMIUPUYECKU N0 BHIOOPKE ITAHHBIX, MOJTYYEHHBIX B HAOIIOJCHUSX,
KOTOpbIE BEJMCh 32 BCEMH OOBEKTaMHM HM3ydyaeMOW cHUCTeMbl. byaem cuuTarts,

YTO, MCXOJAs W3 HMEIOIIUXCS JaHHBIX, BEPOSATHOCTU COOBITHA A; Bcernaa

ompenensiemMbl. [lo aHasormm ¢ pabGortoit [7], omnpemenuM JaHHYIO
CTATHCTUYCCKYIO  BEPOSTHOCTH  BEPOSMHOCHIbIO  COCMOSHUS — W3Yy4aeMOi
IPUPOAHO-AHTPOIIOTCHHON  cHUCcTeMbl. CTAaTUCTHYECKUE BEPOSATHOCTH IS

COOBITHS AI MOT'YyT OBITH HaﬁﬂeHBI C HCITIOJIb30BAHNECM PA3JIMYHBIX aJITOPUTMOB

COPTHPOBKH, TPYIIUPOBKH M TOJCYCTA YACTOT OJArONpHUATHBIX COOBITUH B
oOmielt BbIOOpKE Bcex HabmtoneHuit. OCHOBHOE YCJIOBHE IS SMIUPUUYECKOTO
OTIPE/ICTICHUS] CTATUCTUICCKON BEPOSTHOCTH M3BECTHBIMH METOJAMH CBSI3aHO C

TEM, 4YTO KOJHMYECTBO JIAHHBIX HAONIOJCHUH JOJUKHO OBITH JOCTATOYHO
OOJNIBIINM, B ONTHUMANLHOM ciiyuae cousMepuMbiM ¢ urcioM N =d- ", roe f

— YKMCJIO MHTEPBAJIOB IPYNIMPOBAHUS TaHHBIX JUISl OJHOW MIEPEMEHHOM, KOTOPOE
OOBIYHO TPUHUMAETCS paBHBIM OT 5 10 10, I — YKCIO XapaKTepUCTUYECKUX
NIEPEMEHHBIX, ONPEACISIFOIINX COBMECTHOE COOBITHE, a ( — YHCIIO OMBITHBIX
JAHHBIX Ha OJHOM WHTepBaie rpynmupoBanus (d =4—6). Cratuctuyeckas

BEPOSTHOCTh COOBITHA A; TakKe MOXKET OBbITh ONpeAeseHa TEOPETUYECKH,

HCXOOs1 M3 TCOPEM YMHOKCHHUSA H CIOXKCHUA BCpOHTHOCTCfI boiee IMPOCTBIX

coobiTuil [/, 25,43]. Ilpu 5TOM COOBITHS, CBOWCTBEHHBIE OJHOW TabiuIile
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Ta6JII/I‘-IHO-BpeMeHHBIX JaHHBIX, 6y,Z[CM paccMaTpuBaTtb KakK COBMCCTHBIC, a
CO6BITI/I$I, CBOMCTBEHHBIC Pa3sHbIM Ta6J'H/II_[aM JaHHBIX — KaK HCCOBMCCTHBIC.

Takum oOpazom, Kaxa0il N-MepHOU Touke M = M(pl, p2,...,pn) MOKET

OBITh MOCTABJIEHA B COOTBETCTBUE AMIIMPUYECKAST WU TEOPETUYECKAasl OLICHKA
BEPOSTHOCTU HAONIOJCHUS HEKOTOPOTO IMPOCTOTO WM CJIOYKHOTO COOBITHS,
HarpuMep, HaOJIOJICHUS OJIHOTO TOKa3aTeNsl WM COBMECTHOTO HaOJIOJCHUS
JIBYX M OoJjiee ToKaszaTesie, U3 yncia BeeX IMoKas3aTesied, a TakKe BEpOATHOCTh
HaOJFOICHUS IPYTUX COOBITHH, 0COO0 BBICIICHHBIX JIJISI M3Y9aeMOU CHUCTEMEI.
Hayunble uyien JaHHOTO MOXO0/a 3aKJIIOYAIOTCA B IPUHSATUUA HECKOJIBKUX
TUTIOTE3, KOTOpPhIE HOCAT (PECHOMECHOJOTUYECKHA XapaKTep ©  MOTYT
MOATBEPKAATHCA WM  ONpOBEpraTbCs JUIsl JIaHHOTO BHUJA MPUPOIHO-
AHTPOITIOT€HHOW CUCTEMBbI HA OCHOBE MMEIOIINUXCS OMBITHBIX TaHHBIX.
Cy1iecTBOBaHHWE BEPOSTHOCTEH CIIOKHBIX COOBITHH SBIISAETCS OCHOBHOM
CTaTUCTUYECKON 3aKOHOMEPHOCTBHIO M CBSI3aHO CO CBOMCTBOM YCTOMYMBOCTHU
OTHOCHUTEJIbHBIX YaCTOT COOBITHH. JlaHHOE CBOMCTBO CIIPaBEIJIMBO MJII CUCTEM
pa3IMUYHON TPUPOJBI U SBISIETCS YHUBEPCAJIbHOM 3aKOHOMEPHOCTBIO TIPHU
MOBEJICHUM OYE€Hh MHOTUX CHUCTeM. Tak KaKk CUMTaeTCsl, YTO MO pe3yibTaTaM
HaOJIIOJICHUA ~ aJITOPUTMUYECKH WM TCOPETHUYECKH MOXKHO  OMPEICIIUTh
CTaTUCTUYECKYIO BEPOSITHOCTD COCTOSTHUS n3ydaeMoun MIPUPOHO-
AHTPOMOTEHHON CHCTEMBbI IPUMEHHUTEIBHO K KaKI0MYy OOBEKTY, TO B TaAOJIUYIHO-
BPEMEHHBIX MaccuBaxX HHGOpPMAIUM MOXKHO HCKAaTh BEPOSTHOCTHBHIE CBSI3H.
Hpyrumu  cioBaMu, MPEANOJAraeTcs HCKaTh B3aUMOCBSI3U HE MEXIY
MOKa3aTeNs MU 00BEKTOB, @ MEXIY BEPOSTHOCTIMU COOBITHI HAOIIOACHUS ITHX
BennuuH. [1000HBIN MOAX0/ SIBISETCS YHUBEPCAIBHBIM U MO3BOJISIET TTOJAOUTH
K  MOJEIUPOBAHUIO  IPUPOJHO-AaHTPOIOTCHHBIX  CHUCTEM, HCXOId U3
BEPOSITHOCTHBIX 3aKOHOMEPHOCTEH MPUPOIHBIX, DKOJIOTHYECKHUX u
AHTPOIIOTEHHBIX MPOIIECCOB, KOTOPHIE OTPAXKAIOT MOBEACHUE ITUX CUCTEM.
[TosTomy mepBas ¢dyHIaMeHTaNbHAs WAesS MpeaJaraeMoro Mmojaxojaa
3aKJIIOYAETCS B TOMCKE CBSI3€H M 3aKOHOMEPHOCTEH MEXAy BEPOSITHOCTSIMHU
HaOJIIOJICHUST PA3IMYHBIX COOBITUH, CBOMCTBEHHBIX HM3Yy4a€MOMY MAacCCHBY

CTaTUCTUYCCKHNX  JaHHBIX. HpI/I JaHHOM  IIOAXOAC OCHOBHOM  OOBEKT

MOJIEIMPOBAaHUsl — 3TO COCTOsIHME 00bekTa B mpocTpaHcTBe H'", koTopoe
oroOpaxaercs N-MepHOW TOYKOM. IlepBoii OCHOBOW IsI KOJNMYECTBEHHOM

XApPaKTCPUCTUKKU  COCTOAHHUA  ABJIAIOTCA  IIOKA3aTCIU O6T>€KTa, KOTOPLBIC
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BBIDAKAIOTCSA 4Yepe3 IMEPEMEHHbIE  Pq, Py,...,P,. BTOpol ocHOBON A

XapaKTePUCTUKU COCTOSHHS SIBJISICTCS OIICHKA BEPOSATHOCTH COCTOSIHUS 00BEKTA,
KOTOpasi OTpakeHa BO MHOJXKECTBE HAOJFOJIAaEMBIX COOBITHH W UX
XapaKTePUCTHUSCKUX CIyJalHbIX BenwuuH [4,5, 7,48, 49, 52, 122, 123, 152].
DTO MO3BOJIICT THUIOTCTHUYCCKH BBECTH B PACCMOTPEHHUE JBE BEIUYHMHBI JIS

XApPAaKTCPUCTHUKHN COCTOAHUA CHCTCMBI B K&)I(I[Oﬁ 3H€M€HTapH0ﬁ obmactu

npoctpancTBa H": craTMcTHUEcKyI0 BEPOSATHOCTH HAONIONEHMS XapaKTEPHBIX

cobbrtuit W(py, Py,...,P,) ¥ KoMmiekcHbit uuaekc T =T(p;, Pp,....0,) —

CKQJISIPHYIO BEIIMYHMHY, XAPAKTEPU3YIOUIYI0 COCTOSHUASI M3y4aeMOM CHCTEMBI U
OTPAXKAIOUIYI0 PE3yJIbTAT MOJEIMPOBAHUA, KOTOpas NPEICTABISIETCS B BHIE

(YHKIIMOHAJBHBIX 3aBUCUMOCTEH OTHOCHTEIBHO IIOKa3aTened P, Pp,...,Pp-

Kommnekcnbiit unaekc T =T(py, py,...,p,) B obmactu H" Moxer OBITH

IpeJCTaBlIeH B BHUJE (DYHKUMOHAJIBHBIX 3aBUCUMOCTENH OTHOCUTENIBHO BCEX N
[OKa3aTeyield:  MYJbTUIUIMKATUBHBIMU,  MYJIbTHUIUIMKATHBHO-CTEIICHHBIMU,
DKCIIEPTHBIMU WJIA UHBIMU 3aBUCUMOCTSIMH.

Bropas ocHOBHas wmzaed IpemaraéMoro IoAxXoJa  CBA3aHa ¢
BO3MOYKHOCTBIO CO3/aHMsI ISl OINKMCAHHBIX BBIIIE MACCHBOB TaOJIMYHO-
BPEMEHHBIX  CTAaTUCTUYECKHX JaHHBIX (DEHOMEHOJIOTHYECKUX  MOJENeil,
OTJIMYAIOIIUXCSI TPUHATHEM THUIIOTE3bl CYIIECTBOBAHUS CKaJSPHBIX MOJIEH
pacripesieiieHuid BeposSTHOCTH coObITHi. C 3TOM IEBI0 IMpeanoiaraeTcs, 4ro
BeposTHOCTH W( Py, Py,...,P,) B MpocTpancTe H" 06pasyeT ckanspHoe mose.
CunraeTcs Takxke, 9TO Ha OCHOBE KOMILTeKcHoro mHaexca T =T(py, Po,...,Pp)
MOKET OBITh IMOCTpOEHa MNPUOJMKEHHAass MaTeMaTHYecKas MOJENb, KOTopas
dbopMupyeT elie 0HO CKaJspPHOE I0JIe, Ha3bIBAEMOE CPEON MOJEIMPOBAHUS.
Hanee pmns mroboro mnpomecca | BOAM3M  mpow3BoibHOW Touku M
HOCTyJIupyeTcs ¢BA3b BUna dw=c,-dT, rae C; — BEIMYUHBI, 3aBUCAIINE OT
nporecca, KOTOPBIM OCYIIECTBISAETCA KaXIbIM IPUPOIHO-aHTPOIIOTEHHBIM
OOBEKTOM, U TMO3BOJISIOIIME MOJYYUTh 3HAYUTENIBHO 00Jiee TOYHYIO MOJEIb
cucreMbl. BemuuumHbl C€; MOryT OBITb ONpEIENIEHbl 10 HMEIOIINUMCS
CTaTUCTUYECKUM JaHHBIM PErPECCMOHHBIM aHaM30M B Ciy4ae, eclid
c(hOpMYJIMPOBAHHBIC BBIIIE€ TMIOTE3bl CHPABEJIUBBI AJI1 U3y4aeMOU CHUCTEMBI.
Takum 00pa3oM, BUIHO, YTO MpearaemMas METOJI0JIOTHSI OYEHb TECHO CBs3aHa

C JIOTHYCCKUM MCTOAOM, IPUHATBIM B TCPMOJUHAMHKC, CYIIHOCTH KOTOPOI'O
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3aKJIFOYAeTCsT B TOM, YTO HA OCHOBE OTBITHBIX JaHHBIX (HOPMHUPYIOTCS
(eHOMEHONIOTHYECKUE MOJENHU, IMO3BOJIAIONINE OMUCAaTh € HEOOXOIUMOi
TOYHOCTBIO MMOBEJICHUE OMPEICICHHOTO Kiiacca 00bekToB [33]. OTn4uTeIbHOM
OCOOEHHOCTBIO TMOJXOJa SBJSIETCS TO, YTO MPEJIOKEHHBIE BBIIIE TUMOTE3bI
MOTYT OBITb MPUHSATHI WM OTBEPTrHYTHl Ha OCHOBE OOpPaOOTKM HMEIOIIMXCS
JAHHBIX, a TAK)KE TO, YTO JAHHBIM MOAXOJ MO3BOJIAET U3yYaTh B COBOKYITHOCTH
MPOLECCH Pa3HOUN MPUPOBL: PUIUKO-XUMHUUYECKUE, IKOJIOTUYECKUE, COLIMATbHO-
HPKOHOMHYECKHUE U JIp.

Takum 00pa3oM, OCHOBHBIE MOAXOMbI, HJI€U W padOYHe TUIOTE3bI
JTAHHOTO UCCJIeI0BaHUs POPMYIUPYIOTCS B BUJIE:

® JCHOJIb30BaHUE OOIIMPHBIX CTATUCTUYECKUX JIaHHBIX O COCTOSIHUU H
JUHAMUKE MPUPOJHO-aHTPOIIOICHHBIX CHUCTEM B CaMbIX pa3HBIX ACHEKTax, a
TaKXKe TEOPETHUYECKOE WM aJITOPUTMHUYECKOE OIPEACIICHUE BEPOSITHOCTEN
COOBITHH, CBSA3aHHBIX C HAOIIOAEHUEM TOKAa3aTesled U UHJIMKATOPOB, TTO3BOJIUT
YCTaHOBUTh ()EHOMEHOJOIMYECKHE 3aKOHOMEPHOCTU Uil JaHHOro Kiacca
CUCTEM;

® JIOMCK CBSI3€M M 3aKOHOMEPHOCTEW B MAaCCHUBE JTAHHBIX OCYLIECTBIIETCS
HE MEXAY MOKa3aTesIMU U UHAUKATOpaMu OOBEKTOB, a MEXKY BEPOATHOCTSIMU
COOBITHM HAOJIIOCHUS YTUX BCINYNH;

® CTaTUCTHUYECKHE BEPOSTHOCTU I XaPAKTEPHBIX MPOCTBIX M CIIOKHBIX
cOOBITMM A, MOryT OBITh HalJIeHbl SMIMPUYECKH C HCIOIb30BAHUEM
pPa3IUYHBIX AJTOPUTMOB COPTUPOBKHM, TPYHNIHPOBKM MW MOJCYETa YaCTOT
OJIarONpUATHBIX COOBITUHA B 00IIEd BBHIOOpKE BCEX HAOMIOACHUN WK
TEOPETUUYECKH, UCXOI U3 TEOPEM YMHOKEHHUSI U CIIOKEHUS BEPOATHOCTEN OoJiee
MPOCTHIX COOBITU;

e Ipeamonaraercs, 4ro B HOpocTpaHcTBe cocrosHmit H"  MoxHO
chopMHpOBaTL HEKOTOPHIH KOMILIEKCHBIH wuHAekC T =T(py, Pp,...,Py), Ha
OCHOBE KOTOpOro OyJeT co3JaBaThbCid MaTeMaTH4ecKas MOJenb s

KOMILJIEKCHON OIIEHKHU 0ObEKTOB M X MHOTOIMApaMETPUUECKOTO PAHKUPOBAHUS;
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¢ A Ka}I(I[OfI BHGMGHTapHOﬁ OKPECTHOCTHU IIPOCTPAHCTBA COCTOSIHUU

CUCTEMBI H", KOTOpast orpe/eneHa POU3BOJILHOM TOYKOU

M =M(p1, p2,...,pn), U Jro0oro mporecca | B OKpPEeCTHOCTH 3TOW TOYKH

HCIIOJIB3YCTCA THUIIOTC3a O CBA3HU CTaTUCTUYECKOM BCPOATHOCTHU XaAPAKTCPHBIX

COOBITUI M KOMIUIEKCHOIO HHAeKca Buzna dw=c;-dT, rae BelU4YHHBI C

OMPENIECNAIOTCA MO CTATUCTUYECKUM JJAHHBIM, UCXOJISl U3 U3MEHEHHUS BEJIIMUUH W
u T mpu ocyiecTBieHnu mpouecca | ;

® KOMIUIEKCHAs OLIEHKAa M MHOTONapamMeTpUYECKOE PaHKUPOBAHHUE I1O
COBOKYNMHOCTM  TOKa3zareled Jid  KOHKPETHbIX OOBEKTOB  MPUPOJIHO-
AHTPOIOTE€HHON CUCTEMBI BO3MOKHBI 110 OTHOILIEHUIO KO BCEll rpyIine 0ObEKTOB.
OneHka IpOBOAUTCS B MHOTOMEPHOM BEPOSTHOCTHOM IIPOCTPAHCTBE IIyTEM

OIIpCACICHUA ¢)YHKHHﬁ COCTOAHUA, KOTOPBIC ABJIAIOTCA ITIOBCPXHOCTAMU YPOBHA

N KOOpAWMHATHBIMHU JIMHUAMHU B IIPOCTPAHCTBC Hn 1 1I0JIA BCPOATHOCTHU

cocTosiHUsL cuctembl. HenmHeliHoe npeoOpa3oBaHuMe KOOPAHMHAT Py, Po,-..-,Pp

IIPOCTPAaHCTBA Hn OTHOCHUTCIIBHO JTHX (1)YHKI_[I/Iﬁ COCTOSAHUA IIO3BOJIACT

npeobpazoBath H" B nuHeilHOE MPOCTPaHCTBO, B KOTOPOM (DYHKIIMH COCTOSIHUS
KaK 00O0OIIEHHbIC KOOPAMHATHI 00J1aJaf0T CBOMCTBOM aJMTUBHOCTH. Bce 31O
AT BO3MOXKHOCTH OOBEKTHMBHO OIIEHHTh CTaTyC OOBEKTa CPEId MHOXKECTBa
00BEKTOB OJIHOIO KJIacca;

® [IpEAIoJaraeTCs, 4YTO IS Pa3IMYHbIX IPHPOIHO-aHTPOIOICHHBIX
CUCTEM Ha OCHOBE NPEIJIOKCHHBIX METOJOB MOTYT OBITh pa3pabOTaHbI
METOJUKHA  JII1 ~ KOMIUICKCHOM  OLIGHKM W  MHOTONapaMeTPHYECKOIo
paHXHPOBaHHUS OOBEKTOB, a TAaKXKEe METOJUKH OICHKH PHUCKOB Pa3IMYHBIX
COOBITHI, KOTOpBIC HE OYIyT CBA3aHBI C IPHUMEHECHUEM IKCIIEPTHBIX METOJIOB.

Hcxons u3 chopMyIMpOBAHHBIX NPHHIIMIIOB, IOJIXOJ0B H THIIOTE3,
KOTOPBIC IIOJIOKCHBI B OCHOBY pa3pabOTKH TEOPHUH KOMIUICKCHOH OIICHKH M
MHOT'OIIAPaMETPHUECKOT0 PaHXHUPOBAHHS IPUPOIHO-AHTPOIIOTEHHBIX CHCTEM,
METOJIMKA MOCTPOCHHUS (PEHOMEHOJOTHYCCKUX MOJEIEH B KaXKIOM KOHKPETHOM
clIydae BKIIIOYACT CIICAYIONINE ITAIbI:

e cocraBisgercs 0as3a JaHHBIX IIOKa3aTeleld W HWHIUKATOPOB IS
OIPEICICHHOrO BHAA MPHPOIHO-AaHTPOIIOTEHHOW CHCTeMbl. CUYHTaeTCs, 4TO

OTIBITHBIE TOYKU M3 A3TOW 0a3bl JAHHBIX SIBISIOTCS OTPAHMYEHHON BBIOOPKOM
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HaOJFOICHUI M3 HEKOTOPOH TeHEPATbHON COBOKYITHOCTH MHOKECTBA COCTOSTHHM
OJTHOTUIIHBIX 00BEKTOB, KOTOPbIE 00Pa3yIOT JaHHYIO CUCTEMY;

® [IPUMEHUTEJIBHO K H3y4YaeMOW MPUPOJHO-aHTPOIIOTEHHOW CHUCTEME
KaKk K KJIacCy OJHOTUIHBIX OOBEKTOB (OPMYIUPYIOTCS MPUHILMIBI U
TEOPETUUYECKHE METOJ/Ibl KOMILIEKCHOM OIEHKH, YYUTHIBAIOIIUE OCOOECHHOCTHU
JTAHHOM CHCTEMBI, CyTh KOTOPBIX B OOIIMX UyepTax OblIa U3JI0KEHA BHIIIIE;

e (dopmupyeTcs TepeueHb aTpUOYTUBHBIX TIOKazarened, Haumbosee
MOJTHO XapaKTEPHU3YIOMIUX COCTOSHUS HM3y4aeMOW CHUCTEeMBI. ATpHOYyTHBHBIE
MOKa3aTed  ONPEACNSIIOTCS  CIOKUBIIMMHUCA B HAy4yHOM  COOOIIECTBE
NPEACTABICHUSIMU O TOBEJACHUU HW3Yy4YaeMOM CHUCTEMBI, KOPPEISIIIMOHHBIM
aHaJM30M JaHHBIX WIK APYTUMU METOJaMHU YCTAaHOBJICHUSI HanOOJee 3HAYUMBbIX
nepeMeHHbIX. KOMIUIEKCHAsI OIleHKa 1 MHOTONapaMeTPUUYECKOE PAHKUPOBAHUE
00BEKTOB OCHOBBIBACTCS HA MCIOJIB30BAHUHY JIaHHBIX MMOKa3aTeNeH;

® BBIOMpAIOTCS  HEKOTOPHIE  XapaKTEpHbIE  COOBITHS,  KOTOpbHIC
CBOMCTBEHHBI M3y4aeMOW MPUPOJHO-aHTPOMOTEHHOM CUCTEME M OTPAXkarT €€
ABOJIIOIIMOHHOE pa3BUTHE. Takke BRIOMPAIOTCS OCHOBHBIE COBMECTHBIE COOBITHS
OJIHOBPEMEHHOTO HaOIOJICHUs] aTpUOYTUBHBIX TOKa3aTeJed, OJIHO3HAYHO
XapaKTEepU3YIOIIUE COCTOSHUS H3y4aeMOW CHUCTEMbL. BeposATHOCTHM 3THX
COBMECTHBIX COOBITUH  ONPENENISIIOT BEPOSTHOCTh COCTOSIHUS ~ CHUCTEMBI.
@OopMyIUPYIOTCS METOAbl OLEHKH CTaTUCTHUYECKUX BEPOATHOCTEN JaHHBIX
COOBITHI (KaK pa3IUYHBIX XapaKTEePHBIX COOBITUHA, TaK W OCHOBHBIX
COBMECTHBIX COOBITHH);

® HCCIENYIOTCS OCOOCHHOCTH Y 3aKOHOMEPHOCTH M3y4aeMOU CHCTEMBI,
MpeiaraloTcs TUIMOTe3bl M pa3padaThIBAlOTCA  CHOCOOBI  OMpPEACIICHUS

KOMIUIEKCHOI'O ~ MHJeKca [ :T(pl, p2,...,pn) Ha OCHOBE BBIOpAHHBIX

aTpUOYTUBHBIX TOKa3aTeNel, BXOASIMX B 0a3y JaHHBIX HCCIEAYEeMOro BHUIA
MPUPOJHO-AHTPOIIOTEHHOW CUCTEMBI;

® YCTAaHABIIMBAIOTCS PErPECCUOHHBIE 3aBUCUMOCTH, XapaKTEPU3YIOLIME
CBSI3b CTAaTUCTUYECKOM BEPOATHOCTU COCTOSAHUS CHUCTEMBI C KOMILICKCHBIM
MHAEeKCOM. MIyTcsl TakXke 3aBUCHUMOCTH, OMNPEACIISIIONINE CBSI3b BEPOSTHOCTH
COCTOSIHUSL CHCTEMBI C BEPOSTHOCTSMHU Pa3IMYHBIX XapaKTEPHBIX COOBITH,
CBOVMCTBEHHBIX U3Yy4aeMOU IPUPOAHO-AaHTPOIIOTEHHON CUCTEME;

e qociie pa3pabOTKH METOJIOB OIEHKA KOMIUIEKCHOTO WHAEKCa U

CTAaTUCTUUYCCKOMN BCPOATHOCTHU COCTOSAHMUA CHCTCMBI HaxXoaAaTCsA
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(eHOMEHOIOrMYeCKOe KOHCTaHThI, XapaKTEpU3YIOUIUe MPOIECChl M3MEHEHHS
COCTOSIHUM U1l JTaHHOTO BHJIA MPUPOJHO-AaHTPOIIOTEHHONW CUCTEMBI, UCXOMS U3
PErpeCCHOHHOTO aHAIN3a JaHHBIX;

e (QopMynUpPYIOTCS NPAKTUYECKUE METOJAbl KOMIUIEKCHOW OLEHKH H
MHOTrONapaMeTpPUUYECKOTO PAHKUPOBAHUS IPUPOJTHO-aHTPOIIOI€HHBIX OOBEKTOB.
Omnpenensitorcst  QYHKUUM  COCTOSIHMS, KOTOpbIE  IPENCTaBISIIOT  co00il

MHOTOMEPHBIE TOBEPXHOCTH YPOBHS M KOOPAMHATHBIE JIMHUU B JIMHEHHO

npeoOpa3oBaHHOM IpocTpancTBe H", CBONWCTBEHHOM M3y4aeMOli CHCTEME;

® OCYUIECTBISIOTCA NPAKTUYECKUE PACUETHI JIJISI TECTOBBIX MPUMEPOB,
pa3pabaThIBalOTCd MOJENM KOMIUIEKCHOM OLIGHKH JUIsl OTIEIbHBIX BHJIOB
MPUPOJIHO-aHTPOIIOTEHHBIX CHUCTEM, YCTAHABIMBAKOTCA 3aKOHOMEPHOCTH H
OCOOEHHOCTH OIACHBIX COOBITMM M TPOLECCOB B HM3yYaeMbIX CHUCTEMAX,
OLICHMBAETCS PUCK TAKUX COOBITUA W MPOLECCOB, MCXOAS W3 OIpPEACIICHUS
BEPOSITHOCTH COOTBETCTBYIOIIUX COOBITHM M CBSI3€M MEXKIY BEpPOSTHOCTSIMHU
Pa3IUYHBIX COOBITHH;

® CO3JAlOTCA MPAKTHYECKUE METOJIMKH JJI KOMIUIEKCHON OLICHKHU
KOHKPETHBIX  BHUJOB  MPUPOJHO-AHTPOIIOIEHHBIX  CUCTEM HAa  OCHOBE
(EeHOMEHOJIOTMYECKOTO  aHallu3a JIaHHBIX O COCTOSSHUM TPHUPOAHBIX H
aHTPONOreHHbIX cped. llpeamaraercss KOMIUIEKC MPAKTUYECKHX CPEICTB
METOJUYECKOT0 U MH(POPMAITMOHHOTO 0OEeCIIeYeHus /IJi1 OLIEHKU OMAaCHOCTEeH U
PHUCKOB ITPU TEXHOT€HHBIX BO3JCHCTBUSAX HA IPUPOAHYIO CPENY U YEJIOBEKA.

B mpouecce peanuzanuu yKa3aHHBIX BBIIIE ATalNoOB MNPUMEHSIOTCA
CJIEIYIOLME METOJIBI UCCIIEIOBAHUS:

® [OAXOIbl M METOAbl CHUCTEMHOI'O aHajiu3a, TEOPUU CHUCTEM U
CUCTEMOJIMHAMUKH MPUMEHUTEIBHO K MPOLIECCaM, MMPOUCXOASAIIUM B IPUPOTHO-
AHTPONOTEHHBIX CUCTEMAX;

® TECOPETUYECKHE W  AITOPUTMUYECKHE  METOIbI  ONPEIACICHUS
BEPOSITHOCTEH CIIOKHBIX COOBITHM, METOJbI OLEHKH PUCKOB W JIMHEHHOTO H
HEJIMHEHHOr0 pEerpecCHOHHOIO aHAIN3a JaHHbIX;

® MAaTeMaTUYECKOE€ MOJCIHPOBAHUE U PACUYETHbIE KOMIIBIOTEPHbIC
METO/Ibl IPUMEHUTENBHO K UCCIIEAYEMbIM MPOIECCaM;

e MeTonbl 0000meHus uHOpMAUU CYOBEKTOB HKOJOTHYECKOTO,
COLIMAJIBHO-DKOHOMHYECKOTO ~ MOHUTOPUHTA,  METOJbl  CTaTUCTHUYECKOM

00pabOTKH TaHHBIX U aHAJIN3a BPEMEHHBIX PSJIOB;

54



e amnpoOarus TPEIJOKCHHBIX METOJOB M METOAMK Yy CyOBEeKTOB
roCyJapCTBEHHOTO MOHUTOPHHTA.

[Ipu mOCTpOoeHUM TEOpUM KOMIUIEKCHOW OIIGHKH C TPUMEHEHUEM
MIOJIX0JIOB CHCTEMHOT'O aHaJIn3a, TCOPHUH CHUCTEM U CUCTEMOJMHAMHUKUA HMECTCS
HEO0OXOJMMOCTh MTPUMEHEHUS CIACAYIOIHUX METOJIOB:

® METOJIOB MOJICTTUPOBAHMS CUCTEM C MCIOJBb30BAaHUEM SMITMPUICCKHIX
Mep Ui KOMILICKCHOTO OITMCAHUS COCTOSHHUS IPUPOJHO-aHTPOIIOTCHHBIX
cuctem [4, 7,48, 49, 52, 122, 152]. B nanHoi1 paboTe B KAYECTBE AIMITUPUIECCKOM
MepbI IPUMEHSIETCSI BEPOATHOCTh XapaKTEPHBIX COOBITHI, KOTOPAsi MOXKET OBITh
MpEACTaBIICHa B BUJAE MHOTOMEPHBIX  paCHpeNesieHHid  OTHOCHTEIIBHO

rokasaresiei H3y‘IaeMOI>'I CUCTEMBbl W = W( P1; P2y---, PR ) . CYIHGCTBOBaHI/Ie

IMIUPUIECKOM MEphl B BHUJAE BEPOSTHOCTH COCTOSIHHSI CHUCTEMBI SIBISIETCS
OCHOBHOM TMIIOTE30M J171s1 pa3pabO0TKU TEOPUU KOMIUJIEKCHON OLIEHKU MPUPOIHO-
AHTPOIIOT€HHBIX CUCTEM;

¢ KOHTHHYAJBHOTO IOAXOAA M JIOTMYECKOTO METOAA IPEACTaBICHUS
KOJIMYECTBEHHOW HMH(poOpManuu 00 U3MEHEHUHM M Pa3BUTUU IPUPOAHO-
AHTPONOTEHHBIX CUCTEM B BUJE CIUIOIIHOM HENpephIBHOM HH(POPMAIMOHHON
cpensl. IIpy 3TOM ONBITHBIE TOYKM K3 MaccuBa JAHHBIX MPEICTABISIOTCS
OTpaHUYECHHONW  BBIOOPKOW  HAOMIONEHWA W3  HEKOTOPOM  TeHepaIbHOM
COBOKYITHOCTH MHOKECTBA COCTOSIHUM OJHOTHIHBIX OOBEKTOB, KOTOpBIE
0o0pa3yloT JaHHYI0 CHUCTEMY. OTO IIO3BOJIAET MPEACTABUTH BEPOSTHOCTD
COCTOSIHMSI CHUCTEMBbI B BHJIE€ CKAJSIPHOTO MOJA U NPUMEHUTh NpPHU aHAJIM3e
anpoOUpPOBaHHbBIE METObl TEOPHH CILJIOLIHOW CPEeJibl;

¢ METOAA MaTeMaTHYECKOIO aHalli3a, IO3BOJIIOLIETO IPEACTABUTH
U3MEHEHHE BEPOSTHOCTH COCTOSIHUS CHCTEMBI OTHOCHUTEIILHO
(€HOMEHOIOTMYECKUX BEIUYMH M TMPOCTHIX (YHKIIMOHATIBHBIX 3aBUCHUMOCTEH
dw=c, -dT(py, Py,....P,). Jlanubiii momxox mosBonmseT mMoGol mpolecc B
OKPECTHOCTH IPOU3BOJBHOIO COCTOSIHUSI CHCTEMBbI MPEACTaBUTh B BUJE
pa3oKEHUsI MO0 CyMME MPOCTBIX (YHKIHUNA OTHOCHTEIBHO KOMIUIEKCHOTO
MHJIEKCa dW:Zn:—dzk:Zn:(@j ﬂdzk:Zn:Ck-ﬂdpk. B pesynbraTe

k=10Pk k=1\OT Jy Oy k=1 OPx

UCXOAHAsT  3aJa4a  KOMIUIEKCHOM  OLEHKM  CBOJUTCS K  PELICHUIO
muddepennmanbHpix ypasaenuii [dadda [7, 117];
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® METOJIOB HEJIMHEWHBIX MpeoOpa3oBaHUil, KOTOpPHIE MO3BOJIAIOT
CKQJISIPHOE TOJIE BEPOSITHOCTH COCTOSIHUSL CHUCTEMBI, 3aIAHHOE B MPOCTPAHCTBE
MHOTOMEPHBIX KOOPJIMHAT, IPEICTABUTh MyTEM HEJIMHEHHBIX MTPeoOpa30BaHUi B
JIMHEWHOM MPOCTPAHCTBE KOMILJIEKCHBIX NTEPEMEHHBIX.

IIpu ompeneneHUM BEPOATHOCTEM M PHUCKOB MPOCTBIX M CIOKHBIX
COOBITMII HMMEETCsI HEOOXOAMMOCTb B HCIIOJIB30BAaHUU METOJIOB TEOPUHU
BEPOSITHOCTEN U MATEMAaTUYECKOW CTATUCTHUKH:

® OCHOBHBIX TE€OPEM CIIOKEHHUS W YMHOXEHHS BEPOATHOCTEM W HX
CIHENCTBUM TIPU TEOPETUYECKOM OIPEACICHUN BEPOSTHOCTEM COBMECTHBIX U
HECOBMECTHBIX COOBITHIA;

® METOJOB HEIOCPEACTBEHHOIO IIOJCYETa BEPOSITHOCTEM Ha OCHOBE
OMBITHBIX JIAHHBIX MYTEM HMCHOJb30BAHUS PA3JIMUHBIX AJITOPUTMOB COPTUPOBKH,
IPYNIIUPOBKY U TMOJICUETA YACTOT OJaronmpHsTHBIX COOBITUH B 00IIel BHIOOpKE
BCEX HAOJIIOICHUM;

® TIIpOlEAyp WU3Yy4YEHUS U aHaiu3a COOBITUH, CHUCTEeMaTU3alluu |
000011eHHsT HH)OPMAITUU 0 KOHKPETHBIX MPUPOTHO-aHTPOIIOTCHHBIX CUCTEMAX,
a TaKXKe METOJOB KOPPEIALMOHHOIO aHalu3a JaHHBIX MPU YCTAHOBJIECHUH
aTpUOYTUBHBIX MOKAa3aTeNIeH, XapaKTePU3yIOLIUX ITH CUCTEMBI;

® METOAOB JIMHEMHOW U HEJIMHEWHOM MHOYKECTBEHHOW PErpeccuu Ipu
YCTAHOBJICHHHM 3aKOHOMEPHOCTEH W MOJYYEHUU 3aBUCHMOCTEM MEXKIY
M3y4yaeMbIMHU BETUUYMHAMU.

MaremaTu4eckoe MOJEIUPOBAHUE U PACUETHBIE KOMIBIOTEPHBIE METOIbI
TpeOYIOT UCIIOJIB30BAHUS NP Pa3pabOTKE paCUETHBIX MOJEICH U pean3aluu
pa3pabOTaHHBIX 3aBUCUMOCTEH MTPUMEHUTEIBHO K MHOXKECTBY OOBEKTOB
MCCIIEIOBAHUS B TPOLECCE KOMIUIEKCHOW OUEHKH M MHOTONMapaMeTPUUECKOro
PAaH)KUPOBAHUSI  MPUPOJAHO-AHTPOIIOTEHHBIX  CHUCTEM IO  COBOKYIHOCTH
Pa3IMYHBIX TOKA3ATENCH.

Meronbl 0000mieHnss HUHPOpPMAIIUA CYOBEKTOB JKOJOTUYECKOTO U
COIMAJIbHO-D)KOHOMHYECKOTO ~ MOHUTOPHUHTA, CTaTHUCTUYECKOW  00paboTKH
JAHHBIX W aHaju3a BPEMEHHBIX PSJOB OOBIYHO TPHUMEHSIOTCS B TIpoliecce
npeaBaputensHoro cobopa mHopmanuu u GopmupoBaHus 0a3 MAaHHBIX IS
MOCJICYIONIETO aHaIn3a, a TaKXKE MOJIYYCHMS MPEIBAPUTEIbHBIX BBIBOJAOB O
BO3MOXXHOCTH HCMOJIb30BAaHUSI TE€X WJIM HWHBIX MAacCHBOB JaHHBIX B

HCCIICAOBAHUAX U UX IMPCACTABJICHUA B CTPYKTYPHUPOBAHHOM BHUAC.
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Anpobanusi NpeAIOKEHHbIX METOJOB M METOAMK Y CYOBEKTOB
MOHUTOpPUHIA TMPOBOJMTCS MNPU KOMIUIEKCHOW OILIEHKE IyTEM MPUMEHEHUS
pacyeTHBIX METOAMK B MPAKTUYECKON AEATEIBHOCTH CyOBEKTOB MOHMTOPHUHIA,
COBMECTHOM TMOJrOTOBKE [OKJIAJOB O COCTOSIHUM OKpPYXKAIOLIEH Cpelbl
TEPPUTOPHIL, TOPOJOB U 00JIACTEH, a TAaKXKE MyTeM Pa3pabOTKH METOJIUK OLIEHKU
HKOJIOTUYECKUX PHUCKOB M PA3JIMYHBIX PETMOHAIBHBIX IMpPOrpaMM B 00JaCTH
OXpaHbl OKPY’KAIOIIEH Cpeabl U COUUATBbHO-3KOHOMUYECKOTO PA3BUTHS.

[IpensioxkeHHbIE BbIIE MOAXOJbl OTIMYAIOTCS HOBH3HOM, psJ TUIIOTE3,
METO/IOB M CPEJCTB pEIICHUS MOCTAaBJICHHBIX 3ajad B (PyHIaMEHTaIbHOM

obmacTu I/ICCJ'IGILOBaHI/Iﬁ npeajraracTcs BIICPBLIC.

2.2. O0BLeKTHI KOMILIEKCHOM OLIEHKH U JAaHHbIE

B npouecce paboTsl npeamnonaraercs pazpaboTka METOAOB KOMILIEKCHOM
OILICHKH U OIICHKW PUCKOB OMACHBIX COOBITUH JJI1 HECKOJIBKUX BHUJIOB MPUPOTHO-
AHTPONOTECHHBIX CUCTEM, a TAKXKE MOJEIMPOBAHUE IMPOLECCOB, CBS3aHHBIX C
W3MEHEHUSIMU COCTOSTHUW TAaHHBIX CUCTEM.

B »skosnoruu, ypOaHHCTHKE, OXpaHE OKpPYXAlolled NPUPOJAHOU Cpe.bl,
TEXHOTE€HHOH M  DJKOJIOTMYECKOH  0e30MacHOCTH, OHOJIOTHH,  OIICHKE
Oropa3zHo00pa3us U COLMATBHO-3KOHOMUYECKOTO Pa3BUTHUS TOPOJIOB, PETHOHOB
U CTpaH HAKOIUIEHbI OOIIMpHBIE 0a3bl JAHHBIX, MO3BOJSIONIME BECTU pPedb 00
YCTaHOBJICHUH (PEHOMEHOJOTUYECKUX 3aKOHOMEPHOCTEH pa3BUTHS Pa3TUYHBIX
O0OBEKTOB U pa3paboTarb  METOJAbl  KOMIUIGKCHOM  OLIEHKH |
MHOTOIIapaMETPUUECKOT0  PAaHXUPOBAHUS 3TUX 00beKkTOB. CylIecTBYET
MHOKECTBO UICTOUYHUKOB JAHHBIX, KOTOPHIE HECYT HH(POPMALINIO O KOMIIOHEHTaX
U acneKTaxX pa3BUTHUSI MPUPOJHO-AaHTPOIIOTEHHBIX CUCTEM, TOPOJIOB, PETUOHOB U
CTpaH MHUpa, a TAaK’Ke€ TEXHOTCHHBIX U MPUPOTHO-TIPOMBIITICHHBIX KOMIIJIEKCOB.

B cBsa3u ¢ Tem, 4TO 1S BBINOJHEHHS KOMIUIEKCHOM OIIEHKH CHCTEM
HEOOXOIMMBI MACCHBBI JAHHBIX TOKa3aTeled W WHAMKATOPOB COCTOSIHUS |
pPa3BUTHS  TPUPOJHO-AHTPOIIOTCHHBIX CHUCTEM, OBUI  BBIMOJHEH AaHAJIH3
CYIIECTBYIOIIMX AAHHBIX i1 Pa3JUYHBIX BUJOB TaKUX CUCTeM. B pesynbrare
aHaiM3a YCTaHOBJIEHO, YTO JJI CO3JaHHsl apXHUBOB CTPYKTYPHUPOBAHHBIX

CTAaTUCTUYCCKUX OAHHBIX, PCHICHHA TCCTOBLIX 3ada4d U p33pa6OTKI/I MCETOAUK
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KOMILJIEKCHOM OLIEHKM M OLEHKHM PHCKOB MOXXHO HCIIOJb30BaTh JaHHBIE
HAOIOICHUH 1715 CIIEAYIOIIUX BUIOB IPUPOTHO-AHTPOIIOT€HHBIX CUCTEM:

e ypOO3KOCHCTEMBI TOPOACKOTO TUIA (HACEIEHHBIE ITYHKTHI U TOPOJAA) —
JUISL U3YyYEHUsl 3arpsi3HEHUs NMPUPOAHBIX CPEJ U SKOJIOIMYECKOH 0OCTaHOBKH,
aHaIM3a HEraTHBHBIX W ONACHBIX BO3JCHCTBUM HAa OKPYXAIOUIYIO Cpely H
4eJIOBeKa, a TakKe JUId MCCIENOBAaHMs IIPOLIECCOB JKOJIOTMYECKOTO H
COLIMAJIBHO-?)KOHOMHYECKOTO COCTOSIHUS TOPOJIOB;

e cTpaHbl EBpombl M Mupa — I HUCCIEIOBAHHS OSKOJOTMYECKUX
MPOLIECCOB U OLIEHKU YEJIOBEYECKOIO Pa3BUTHS;

e OHOJIOTUYECKUE U MPUPOJHBIE CUCTEMBI — JUIsl KOMIUIEKCHOM OLICHKH
Oropa3zHoo0pa3usl U U3YYEHHUS] COCTOSHUS NPHUPOJHO-aHTPOIOTEHHBIX CHCTEM
10 MOKa3aTeasiM OMopa3HO00pasus;

® [IPHUPOAHO-TIPOMBIIUICHHBIE U TEXHOJOTMYECKUE KOMIUIEKCHl — s
IOCTPOEHHUSI MOJEJIEH COCTOSHUS OOBEKTOB U OIIEHKHM PHUCKOB BO3JEHCTBHIA
TaKUX OOBEKTOB Ha OKPYKAIOIIYIO CPEly U YEIOBEKA.

JUid yKa3aHHBIX BHJOB IPHUPOJHO-AHTPOIIOIEHHBIX CHCTEM Ha OCHOBE
OTKPBITBIX UICTOYHUKOB PA3IMYHBIX OpraHU3aluii, N3BECTHBIX U OOIIEIOCTYITHBIX
Web-pecypcoB Obuti chOpMHUPOBaHBI HEOOXOIMMBIC IS aHAJM3a MACCHBBI
CTPYKTYPUPOBAHHBIX JaHHBIX B COOTBETCTBUM CO CTPYKTYPOH «OOBEKTHI-
MOKa3aTeJIn-BpeMs», ONIMCAHHOW B MPEABIIYILIEM pa3iee.

Kak ykaspBajioch paHee, Ul XapaKTEPUCTUKU CaMbIX pa3HbIX AaCIEKTOB
NPUPOTHO-aHTPOIIOI€HHBIX CUCTEM B MUPOBOM MPAKTUKE pa3pabOTaHbl KOMIUIEKCHI
NOKa3aTesied U MHAMKATOPOB, KOTOPbIE NPHUHATHI K HMCIOJIb30BAHUIO HAYYHBIM
coodmectBom [37 — 39, 59, 75, 83, 84, 87, 94, 97, 102, 103, 115, 127, 131]. Ha ocHoBe
ATHX MOKa3aTesiel OLUEHUBAETCS COCTOSHUE CUCTEM M PACCUMTHIBAIOT Pa3IMYHbIE
MHJIEKChI, XapaKTEePU3YIOLUE Pa3BUTHE MPUPOTHO-AaHTPONOTEHHBIX CHCTEM.

[Ipy KOMIUIEKCHOW OLEHKE YPOOIKOCHCTEM HCIOIb30BAINUCH JIaHHBIE
MOHUTOPHUHIA 3arpsi3HEHUsI OKPYXKAIOLEH cpeabl B TOPOJax, aHAIM3UPOBAINCH
HKOJIOTMYECKME IIOKA3aTeld TOpPOJOB M OLEHHBAINCh PUCKH HETATUBHBIX
BO3/CHCTBUM Ha UEJIOBEKA.

Hanpumep, npu n3yyeHuu 3arpsi3HeHHs BO3yXa B ropogax coOMpanuch u
CTPYKTYpPUPOBAIUCH NaHHbIe ['uapomereoneHTpoB Poccun nu Ykpauusl, a Takxke

0a3bl JaHHBIX MTOKa3aTesei pa3putus ropoaos [47, 61, 131].
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baza JAHHBIX YKpauHCKOro TUAPOMETEOLIEHTPA BKJIIOYACT
CTAaTUCTUYECKUE TaOJWIbl JaHHBIX 10 53 Topomam VYkpawHel Ha 163
CTAllMOHAPHBIX, JIBYX MAapLIPYTHBIX IMOCTaX HAOMIOACHUA M JABYX CTaHLUAX
TpaHCTpaHuyHoro nepeHoca B mnepuong ¢ 2000 mo 2014 rr. mo Bcem
KOHTPOJIMPYEMBIM BpeIHBIM BeliecTBaM. OObIYHO B 0a3e JaHHBIX MIPE/ICTaBlIeHa
uHbOpMaIUs 0 KOHIEHTPALUAX CIEAYIOIINX OCHOBHBIX 3arps3HUTENCH: MbLIb,
JMOKCHJ] a30Ta, TUOKCU] CEPbI, OKCHUJ yIiiepoaa U (popMaibIerus ¢ UHTEPBaIOM
6 — 12 yacoB B CyTKH KpOME BOCKPECEHbBS U MPA3THUYHBIX THEH, a JUIS TSKEIbIX
MeTaJlJIoB U OeH3(a)nmupeHa ¢ uHTepBajgoM 1 mecdau. Takke cCOOTBETCTBYIOLIAs
uHpopMalusi HMMeeTcs O KOHLEHTpauusx (eHomna, ammuaka, (QTopHucTOro
BOJIOPOZa, CEPOBOAOPOAA, XJIOPUCTOTO BOAOPOJA, PACTBOPEHHBIX CYJb(ATOB,
CEpHOM KHCIJIOTHI, Caku, O€H30a, TOIyoda, 3TUI0EH301a, KCUI0JIa U aHUJIMHA.
B mHacrosimiee Bpemss B 0a3y J[JaHHBIX 3arpsA3HEHUss arMoc(epbl TOpOOB
VYKpauHbl 3aHOCUTCS HH(pOpMalMs O cojaepkaHuu 31 BpenHON NHpHUMECH B

BO3/lyX€. XapaKTepUCTUKA CTATUCTUYECKUX JAHHBIX J1aHa B Ta0nuie 2.1.

Tabnuia 2.1. — XapakTepucTUKa JaHHBIX Y KPAaWuHCKOTO THIPOMETEOIICHTPA O

3arpsi3HEHUH aTMochEepHOTO Bo3ayxa B ropojax 3a 2012 rox

KonTtponupyemsbie Kon-so | IIJIK.. ., Konuenrparn BpeffHHX
3 BEILECTB, MI/M

BPCIHBIC BEIIECTBA | TOPOIOB| Mr/M My | Maxciniyn| Cpeatice
ITeu1B 53 0,15 0,030 0,700 0,175
Jnokcuy azora 53 0,04 10,010 0,130 0,054
Jlnoxcun cepbl 53 0,05 |0,001 0,054 0,017
Oxcun yraepoaa 48 3,0 0,90 5,00 2,11
dopManabaeTru 43 0,003 | 0,002 0,021 0,008
Bens(a)mupeH 10° 10,03-10° |2,80-10° [0,99-107
deHoI 23 0,003 | 0,001 0,007 0,0028
AmMuax 23 0,04 |0,0 0,013 0,0036
DTOPUCTHIN BOIOPOA 14 0,005 [0,0 0,190 0,019
CepoBo0opo 16 — 0,000 0,005 0,0023
XTOpUCTHII BOAOPOT 11 0,2 {0,020 0,180 0,075
Caxa 6 0,05 {0,010 0,080 0,040
PactBopennsie cynbdarei| 19 0,00 0,030 0,012
CepHas kucioTa 2 0,1 0,010 0,020 0,015
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B Poccum B Hacrosdiiee BpeMs C€Tb MOHUTOPHHIA KayecTBa BO3AyXa
BKiIo4aer 260 ropomoB, B KOTOphIX pabotaer 710 craHuMid, peryJspHbIE
HaOmonenuss Pocruapomera npoBojsTest B 226 ropoaax Ha 649 cranmusax. B
MPOIIECCE MOHUTOPUHIAa KOHTPOJIUPYIOTCS KOHILIEHTpaluu okoJio 40 BpeaHbIX
BeniecTB. B benopyccuu ceth MOHUTOpHUHTa aTMOC(EPHOTO BO3yXa OXBATHIBAET
18 kpymHEHIIIX TOPOIOB U BKITFOUaeT Oojiee 60 cTarioHapHBIX MOCcTOB. Ha maHHbIX
NOCTaX KOHTPOJUPYIOTCS KOHUEHTpauu 0osee 40 3arps3HAIOMINX BEIECTB.

[Ipu m3yyeHun pa3BUTHS TOPOJIOB KCIOIb30BAIUCH JAHHBIE MO rOpoaam
EBponbl [131] u «3enensiM» ropoaam mupa. Hampumep, nist ropogos EBpors
DKOJIOTHYECKUE U  COLMAIbHO-3KOHOMUYECKHE I[OKA3aTeld  BKJIKOYAIOT:
KoJinuecTBO HaceneHus, BBII Ha nynry HaceneHus 1o MapuTeTy MOKYaTeIbHOM
CIIOCOOHOCTH, BaJOBbIE BBIOPOCHI JUOKCHJA YTIEpoJa Ha AyLly HAceJIeHHs,
noTpebJieHHe »HHEPruu Ha JAylly HaceNeHUs, JOJII0 BO300HOBISIEMBIX
UCTOYHUKOB  BSHEpPIUHM, TNOTpedisieMol B ropoje, JOJI0  TIPakIaH,
NePEeABUTAOIINXCA OOIIECTBEHHBIM TPAHCIIOPTOM, BEJIOCUIIEAAMU WU TEIIKOM,
CpEOHEroioBoe  MOoTpedsieHue  BOABI HA  JAyIly  HACENEHHUs,  JIOJIIO
nepepadaTbIBAEMbIX OTXO0B U T.]I.

[Ipu w3yyeHuU pa3BUTHSL CTpaH MHpaA MCIOJIH30BAIUCH: 0a3a JaHHBIX
[Iporpammel pa3zsutust OOH, 6a3a n1aHHBIX UHIMKATOPOB Pa3BUTHUS CTPAH MHUPA
BcemupHoro 6anka, 0a3a TaHHBIX MEKIyHapoaHoro MHTepHeT-pecypca Trading
Economics, skonorndeckasi 6a3a naHHbIX cTpaH EBporsbl, cripaBounuk L[PY mo
cTpanaMm mupa u T.J. CerogHs 3TH 0a3bl JaHHBIX MPUCYTCTBYIOT B OTKPHITOM
noctymne cetu Internet cooTBeTCTBEHHO 10 aapecam:

e Oaza JTAaHHBIX [Tporpammer pa3BUTHUSA OOH [18]:
http://hdr.undp.org/en/data;

e 0a3za IaHHBIX UHJIMKATOPOB Pa3BUTHUS CTpaH Mupa BcemupHoro OaHka
[17]: http://data.worldbank.org/;

e MEXKIyHApOIHBIH WHTepHET-pecypc O pa3BUTHU cTpaH mupa [/76]:
http://www.tradingeconomics.com/;

e (a3a JaHHBIX SKOJIOTHYECKHX MOKa3aTenei crpan EBponsl [47].

e (asa maHHbIX LleHTpansHoro PasseapiBaTensHoro Ympasienus (L[PY)
no ctpanam mupa [127]: https://www.cia.gov/library/publications/.

ba3za mannbix Ilporpammer pazsutus OOH BKiIIOYaeT CTaTHUCTUYECKHE
Tabnuipl JaHHBIX outu o 100 ctpanam B nepuos 1975 — 1980 romos u mo 187
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ctpanaM B niepuos 2011 — 2013 rogoB. Dta 6aza maHHBIX coaepKUT okojo 100
WHIUKATOPOB, IO  KOTOPBIM  OMNPEAENSAIOTCS  HECKOJIbKO  HMHJIEKCOB,
XapaKTepU3yIOIUX Pa3InYHbIC aCIIEKThI YEJIOBEYECKOTO PA3BUTHSL.

B cBoto ouepenn, 0a3a nannbix BecemupHoro 6anka BkiroyaeT B ceOs 21
KOMITOHEHT M acCIeKT Pa3BUTHs CTpaH MHpa, B KOTOphie cBeneHbl Oosee 1200
IIOKa3aTesield peTpocneKTUBou 3a S50 Jer.

Jlns pernoHoB U roponos Poccun, Ykpaunsl u benopyccun CymecTByroT
CTaTUCTHUYECKUE COOPHUKH, TO3BOJISIONINE CPOPMUPOBATH CTPYKTYPHUPOBAHHBIE
JAHHBIE  COLIMAJIbHO-DPKOHOMHMYECKOT0,  JKOJOTMYECKOr0 U  MPUPOJIHO-
aHTPONOTEHHOr0 Xapaktepa. Hampumep, HEKOTOpbIE CTATUCTUYECKUE JTaHHBIC
JUTsl KOMIUIEKCHOM OIIEHKH, XapakTepusytomue ropoga Jlonbacca, mpuBeaeHbl B
Tabnuie 2.2.

baza nanHBIX pecypca Trading economics comepHUT CTaTHCTHYSCKUE
tabaunbl gaHHbX 300 000 nmokazaTeneit u uHaUMKaTOpoB 1o 196 crpanam. baza
JAHHBIX JOCTYIHA JJIs ucciuenoBarenei u skcrneptoB ¢ 2008 roga. OgHako mo
MHOTHM acleKTaM 3TON 0a3bl JaHHBIX CIIOKHO 00pa30BaTh OOLIUPHBIE MACCUBBI
CTPYKTYPUPOBAHHBIX JJAHHBIX B BUJIE «OOBEKTHI-ITOKA3ATEIU-BPEMSI.

baza mannbix ctpan EBporibl [47] comepKUT COIMaIbHO-9KOHOMUYECKHE,
HKOJIOTHYECKHUE, IeMorpaduueckue u apyrue aaHHbie 1s 55 crpan EBpomnsl mo
70 rmoka3zaressiM COCTOSIHUS U Pa3BUTHSL.

baza mannbix [IPY [127] oxBareiBaeT uH(popMaIuo it 257 cTpaH Mupa
no Oomnee, yemM 200 WMHIUKATUBHBIM IIOKA3aTeNIIM M TIPEJICTAaBICHA B BHJIC
€XKErogHOro  CIPaBOYHO-3HUMKIONEAUYECKOr0  M3JaHUs,  BKIIOYAIOIIETO
uH(popmaiuio pasBeasiBaTenbHoro ynpasieHuss CLIA nmo BceM HampaBlieHUAM
MHPOBOTO Pa3BUTHS (3€MEIBHBIE, BOJHBIE U JIFOJACKUE PECYPCHI, TPABUTENIBLCTBO,
9KOHOMHKA, KOMMYHHKAIIMH, OOOPOHOCIOCOOHOCTh CTpaHbl W T.1.). IlepBas
HECEKpeTHas BEpCHsl CIIpaBOYHMKa omyOirkoBana B 1971 roay, ¢ 1975 u3nanue
CTaJIO0 JOCTYIMHO JJi1 OOIIECTBEHHOCTH C MNpOoAaXamMu uepe3 YTMpaBICHUE
npaButenscTBeHHOM nieyatn CIIIA, a B UaTtepHer-cetn nosisuiiock ¢ 1997 rona.
Ceronnst 00beM exxeroaHoro crnpaBoyHuka npesbimaer 1000 ctpanui.

B oOTkppITOM J0CTyN€ HMEIOTCS TakkKe W JApyrue O0a3bl JaHHBIX
COIIMAJIbHO-D)KOHOMUYECKOTO pa3BuUTUA cTpaH Mupa. CHHCOK HEKOTOPHIX
M3BECTHBIX 0a3 JaHHBIX, KOTOPHIE B TOM WJIM WHOM BHUJE MCIOJIH30BAIUCH WIIH

M3y4ajuch B JaHHOU padoTe, mpuBeIeH B Tabyumiie 2.3.
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Tabmuma 2.2. — CraTUCTUYECKHE T[IOKa3aTelI, XapaKTePHU3YIOIINUe
pazButue roposioB J{onerkoit o6actu B 2006 roay
Craructrueckue noxkaszarenu Ma- I'op- | Ena- Kpama-| Mapu-
JoHeIK
1o cocrosinuio Ha 2006 roj KEeBKa JIOBKA | KHEBO | TOPCK | YIOJIb
Dunancosvie nokazameu
DHUHAHCOBBIN PE3YIIBTAT OT OOBIYHOMN ACITEILHOCTH 21771637121 390.9| 3491 | 3633 | 36226
JI0 HAJIOT000JI0’KEHHSI, MJITH. TPH. ' ' ' ' ' '
Okcnopr, B % k obmeMy o0bemy B Toic. goi. CIITA| 2,72 | 2058 | 5,01 | 7,45 | 3,12 | 44,84
Wmnopt, B % k o01iemy o0bemy B ThiC. qoa. CIIIA | 10,48 | 41,62 | 4,77 | 1,65 | 3,20 | 24,14
Po3ununeIil TOBapooOopoT npennpusTuii, M. TpH. | 711,0 | 5802,1| 449,2 | 159,3 | 363,4 | 1505,8
CpenHeMecsiuHas 3apab0THAs I1aTa, TpH. 1034 | 1275 | 1019 | 1006 | 1280 | 1539
YpoBeHs 6e3paboTuilsl, % 1,1 0,7 1,9 1,1 2,2 0,4
Jlemoepaghuueckue noxazamenu
Hacenenue, ThIC. ues. 409,8 (10046 | 293,4 | 144,2 | 205,8 | 499,6
IIOTHOCTD HACEJICHUS, YeJT./KM° 963 | 1760 695 339 963 | 2048
[Tpupoauslil npupoct (Ha 1ThIC. HAcEICHUS) -9,8 -6,8 | -10,7 | -12,2 -8,4 -71,4
PoxxgaemocTh, cirydaeB (Ha 1 ThIC. HACETICHHSI) 8,3 8,0 8,3 7,9 9,3 8,1
CMepTHOCTB, cirydaeB (Ha 1 ThIC. HACEICHU) 18,1 14,8 19,1 20,1 17,7 15,5
Tokazamenu obpazosaniuist
Kosr-Bo mieteii B IOIIKONIBHBIX 3aBefieHmsIX (Ha 1 Teic. wen)| 195 | 22,0 | 21,1 | 20,8 | 224 | 26,8
Kon-Bo yueHHKOB B THEBHBIX 00111€00pa30BaTEILHBIX 769 | 7901 794 | 846 87 | 811
Y4IeOHBIX 3aBecHUAX (Ha | THIC. HaCETICHH) ' ' ' ' '
Tloxazamenu 300po6vsi HaceleHus
MuaneH4eckas cMEpPTHOCTB (Ha 1 TBIC. pOXKICHHBIX
JKUBbIMH) 11,0 | 16,7 | 143 7,6 9,0 8,9
3aboneBaeMocThb (Ha 10 ThIC. HacEICHHMS) 5172 | 7067 | 6603 | 7346 | 6903 | 7388
3ab6onesme Tyoepkyne3oM (Ha 100 Tric.) 4199 | 2494 | 318,4 | 479,7 | 271,9 | 226,3
Toxkazamenu b6ezonacnocmu
KonnvecTBO MOTEpHeBIIUX OT MPOU3BOICTBEHHOTO 84 40 64 79 29 24
TpaBMaTh3Ma (Ha 1 ThIC. paboTaromuX) ’ ’ ’ ’ ’ ’
KonnvecTBO MOrHOIIUX OT MPOU3BOICTBEHHOTO 132 | 175 157 271 3.6 85
tpaBMmaru3ma (Ha 100 ThIc. paboTaromux)
KonmuectBo npectymiennii (Ha 1 ThIC. yen.) 11,4 | 116 | 109 | 9,37 98 | 13,2
Buvibpocwl epednvix sewgecmas
BBIOPOCHT 3arpS3HSIONINX BEMECTB OT 1235 | 1400 | 442 | 629 | 134 | 397.3
CTAllMOHAPHBIX HCTOYHUKOB, THIC. TOHH
BBIOPOCHT 3arpSI3HSIONINX BEMECTB OT 172 | 712 9.4 6.2 103 | 32,7
MEePE/IBIKHBIX UCTOUYHUKOB, ThIC. TOHH
Vpoeens 3acpasnenus ammocgpeprozo eozodyxa 6 oonsax IJ[K, .
Jwmoxcup azora 2,0 2,5 2,2 1,8 14 15
ITeu16 2,7 1,7 2,7 2,7 0,5 15
Jlnokcun cepal 0,3 0,15 0,7 0,4 0,15 | 0,15
OKCHJI yTiiepoja 0,7 0,4 1,2 1,1 0,25 0,3
Tokazamenu 600ononv3oeanus
3a60p BOJBI U3 TPUPOAHBIX HCTOYHIUKOB, MITH. M° 60,3 | 69,2 | 32,4 | 52,8 | 46,0 | 1004,7
Hcrionb30BaHUE CBEXKEH BOJBI, MIIH. M° 50,3 | 126,8| 28,8 | 22,9 | 58,8 |1029,3
COpoc 3arps3HEHHBIX CTOYHBIX BOJ B , 48,0 | 571 | 437 | 192 | 12,4 | 8983
MOBEPXHOCTHBIE BOJHBIC O0BEKThI, MITH. M
Obpaszosanue omxo008
Hakormieno omacHBIX OTX0J0B, THIC. TOHH 5406,4| 191,8| 83,5 91,4 11,9 | 1492
O6pa30BaHO ONACHBIX OTXOJIOB, THIC. TOHH 377,20/ 93,935| 3,039 | 1,117 | 0,798 | 152,60
Hcnons3oBano orxonos I-111 xmaccoB omacHocTH, 1,500 | 3,543 | 1,387 | 0,643 | 0,196 | 68,495
TBIC. TOHH
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Tabnuna 2.3. — Hekoropele craTtucTuueckue 0as3bl NaHHBIX O Pa3BUTHUU

CTpaH U PETHOHOB MUpPa

Hazsanue

Kpatkas xapakrepucTrka

Anipec noctyna

Cratuctuxka OOH

Craructka T1100alIbHOTO W HAIMO-
HaJIBHOTO YpoBHs, coOpanHas OOH mo
Pa3IUYHBIM ACIICKTaM Pa3BUTHUS CTPAH

http://data.un.org

CraTucTHKa
Mex1yHapoaHoro
BaJIIOTHOTO pOH[A

CraTucTHYecKue JaHHBIC 110

BCCBO3MOXXHBIM CI)I/IHaHCOBLIM n

O9KOHOMHMYCCKHM I10Ka3aTCIIIM

http://www.imf.org/external
/data.htm

Cratuctuka BTO

baza maHHBIX CTaTHCTUKHA OIS CTpaH
MHpa IO TOPTOBOH IONHUTHKE, IOCTY-
1aM Ha PBIHKH, 3KCTIIOPTY U UMIIOPTY

https://www.wto.org/english/
rese/statis_e/statis_e.htm

Cratuctuka
Bcemupnoro 6anka

Bonee 2000 mnoxaszarenedl pa3BUTHUS
CTpaH MHUpa PeTpOCHeKTUBON 10 50 et

http://data.worldbank.org/

CnpaBounuk [{[PY no
CTpaHaM MUpa

IMonpoOHas cratucThka U (hakTHIecKast
nH(pOpMAITUS 110 BCEM CTPaHaM MUpa

https://www.cia.gov/library/
publications/the-world-
factbook/

Craructuka Index mundi

DKOHOMUYECKAs, JeMorpaguyeckas,

TEJIEKOMMYHHMKALIMOHHAs, BOCHHAs U
TPAHCHOPTHAsI CTATUCTUKA IO CTpaHaM

Mupa

http://www.indexmundi.co
m/g/r.aspx?v=31

Craructuka MexayHa-
POJIHOTO PHEpreTuyec-
Koro arentctBa (MDA)

baza pmaHHBIX AN CcTpaH MHUpa IO
MPOM3BOACTBY M MOTPEOJICHHIO OCHOB-
HBIX UCTOYHUKOB SHEPTUU

http://www.iea.org/statistics

Craructuka OOH no
BOIpOCcaM 00pa3oBaHMs,
HAyKU U KYJIbTYpPbI
(FOHECKO)

Bonee 1000 uHIUKATOPOB U TAHHBIX MO
BOIIpocaM 00pa3oBaHUs, TPAMOTHOCTH,
HayKd U TexHoyormi mns Gomee 200
cTpaH

http://www.uis.unesco.org/
Pages/default.aspx

Craructuxa OOH 1o
MIPOMBIIIIICHHOMY
pazsututo (FOHNIO)

JlanHbIe o MOKA3aTeISIM
MPOMBILIUIEHHOTO MPOU3BOACTBA CTPaH

MHpa

http://www.unido.org/
index.php?id=1002110

Craructuka [IpogoBoiib-
CTBEHHOM U CEIHCKOXO-
35MCTBEHHOM OpraHu3a-
uuu OOH (®AO)

JlaHHbIe 10 00ECIICYCHUIO TIPOJI0BOJIb-
CTBHEM W BOJIOM, MAXOTHBIMU 3€MIISIMH,
JIECHBIMH

pecypcamMu,  pPa3BUTHIO

JKMBOTHOBO/ICTBA u MpOU3BOJACTBY

MMPOAYKTOB ITUTAHUL.

http://www.fao.org/statistics
len/

CratucTtuka craTucTudec-
koi ciyx0b1 EC

ba3el cratHcTHYECKHX JaHHBIX IIO

ctpanaM EBpocoro3a

http://ec.europa.eu/eurostat/
help/new-eurostat-website

Cratucruka JleTckoro
¢donna OOH (FOHUCE®)

CratucTuueckue NaHHbIe TI0 IpodiIemMe
3alIUThl TpaB JIeTed B Pa3IMYHbIX

CTpaHax MHpa

http://www.unicef.org/statis
tics/index_24287.html
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http://data.worldbank.org/
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http://www.iea.org/stats/index.asp
http://www.iea.org/stats/index.asp
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http://www.uis.unesco.org/Pages/default.aspx
http://www.uis.unesco.org/%20Pages/
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http://www.unido.org/index.php?id=1002110
http://www.unido.org/index.php?id=1002110
http://www.unido.org/index.php?id=1002110
http://www.unido.org/
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http://www.fao.org/corp/statistics/en/
http://www.fao.org/corp/statistics/en/
http://www.fao.org/corp/statistics/en/
http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/themes
http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/themes
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http://ec.europa.eu/eurostat/help/
http://www.unicef.org/statistics/index_24287.html
http://www.unicef.org/statistics/index_24287.html

O030p cymiecTByOmMUX 0a3 MaHHBIX NPUBEIEH Takke Ha pecypce [98],
TJIe TPEACTaBICHBI CChUIKM Ha 60 pasMUYHBIX CTATHCTUYECKHX 0a3 JIaHHBIX,
KOTOpBIC HECYT MH(MOPMAIIMI0O O KOMIIOHEHTaX M acCHeKTaX Pa3BUTHS TOPOJIOB,
pPEeTHOHOB M CTpaH Mupa. B maHHBIX 0a3ax coAepKUTCS HHPOpMAIHS O
COLIMATbHO-DPKOHOMUYECKOM, OKOJIOTMYECKOM, TOPTOBOM, TPOMBIIUICHHOM,
DHEPTeTUYECKOM,  HayYHO-TEXHOJIOTUYECKOM, BOCHHOM, pECypcCHOM U
KyJIbTYPHOM TIOTEHIIMAJIE CTPAH MHPA M UX PETUOHOB.

B otkpeiToM goctyme ummeercs Takke uHpopmanus o Oonee uyem 30
OCHOBHBIX HMHJEKcax pa3Butusi u Oonee 20 pelTHHrax pasBUTHS CTpaH H
peruoHoB [98]. HekoTopble OCHOBHBIE WHACKCHI M PEUTHHTH TPHUBEICHBI B
Tabnuie 2.4.

[TpoBeeHHBIN aHAIN3 MTOKA3BIBACT, YTO BO MHOTHX CIIy4asX CYIIECTBYIOT
HEOOXOUMBIC I aHAN3a JIaHHbIe, KOTOPhIE MOTYT OBITh HCIIOJIL30BAHbBI TIPU
OLIEHKE JKOJOTHYECKHUX MPOIECCOB M MPOIIECCOB YETOBEUECKOTO Pa3BUTHS IS
rOpOJIOB, PETHOHOB U CTPaH MHUDA.

[Tpu n3ydeHun mporeccoB OHOpazHOOOpa3usl MPUPOJHO-AaHTPOIIOTEHHBIX
CHCTEM HCIIOJIb30BAIUCH CIIEAYIOUIE 0a3bl JaHHBIX:

e riobanbHas 6a3a JaHHBIX MO OmopaszHoobpazmio — GBIF. — Dnektp.
pecype. URL: http://data.gbif.org/welcome.htm/ (25.05.16);

e 0asa manabix AnAge: The Animal Ageing and Longevity Database. —
Onextp. pecype. URL: http://genomics.senescence.info/species/ (05.06.16);

e 0a3pl gaHHBIX mpoekTa «buopasHooOpasme Poccum». — Dnekrp.

pecypce. URL: http://www.zin.ru/BioDiv/bd_dbas.htm/ (08.06.16);

e 0asa nmaHHbIX «buopaszHooOpaszue bemopyccum». — DIekTp. pecypc.
URL.: http://florafauna.by/page/about/ (05.06.16);

e naHHble BcemupHoro ¢oHma IUKON MpUPOABL. — IDJIEKTP. pecypc.
URL.: http://www.wwf.ru/resources (05.06.16);

e  pa3IMYHbBIC SHIMKIIONCNH, HarpuMep, DHIMKIoneaus « X Kusotrsre» [118].

JlanHbie 0a3bl MaHHBIX SBJSIOTCS JOCTATOYHO OOIIMPHBIMH, HAPUMED,
0aza manHbix AnAge [120] Bxmouaer B cebst mHpopmarmio o 4083 Bumax
MO3BOHOYHBIX JKMBOTHBIX IO OoJjiee 25 TmoKazaTelsM MW XapaKTepUCTHUKAM

OMOJOTUYECKUX OPTaHU3MOB.
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Tabnuna 2.4. — HekoTopsle MeXayHapOIHbIE MHACKCHl U PEUTHHTU AJIs

OLICHKH PA3BUTHA CTPAH

Hassanue

Kpatkas xapakrepucTrka

Anpec noctyna

Wunekc pa3Butus 4eaoBe-
geckoro notednrana (UNDP)

CocTaBHON UHACKC, €KETOJAHO OIpele-
nsassemblit [Iporpammotii pazsutus OOH

http://hdr.undp.org/en/data

I/IHI[eKC BOCIIpUATHUSA KOP-
pynuuu (Transparency
International)

WNupexc oneHKu ypoBHS KOPPYHIMH Ha
JI00aTbHOM U PETHOHAILHOM YPOBHSIX

http://www.transparency.org
cpi2012/

WHpekcsl U peUTHHTY Jie-
mokpatuu (Freedom House)

Peiitunrny, Freedom

House

COCTaBJICHHBIC

https://freedomhouse.org/
reports

WNupexc nemokparuu (ECo-

WHnmekc omeHKW aeMokpatud mo 60 1o-

http://www.eiu.com/public/

. . . KasaTelsM, CrpynmupoBaHHbix B 5 | topical_report.aspx?campai
nomist Intelligence Unit) . pymiHp p _rep P P
KaTeropuit gnid=Democracylndex2011
WHaeke cBOOOIBI TIPECCHI . http://en.rsf.org/press-
Peittunr CTpaH OCHOBaH Ha

Arenrcra «Pernoprepsl 0e3
TPaHUID

WHJIUBUTyaIbHOM OTIPOCE KYPHAIUCTOB

freedom-index-2011-
2012,1043.html

WNupekc ypoBHs
rI100aM3aIiy TOPOJIOB
(Global Cities Index)

WNunekc cocrapisieTcs MOIUTOIOIMYECKUM
xypHanom Foreign Policy coBmectHO ¢
kommanueit A. T. Kearney n mHCTUTYTOM
The Chicago Council on Global Affairs

http://www.atkearney.com/r
esearch-studies/global-
cities-index

Hunpexc ['mobanuzanuu
(Globalization Index)

WNHpekc cocTaBieH KOHCAJITHHTOBOU

komnanueit A.T. Kearney

http://www.atkearney.com/r
esearch-studies

Wunexc 'mobanuzanuu
[IIBeiinapckoro TeXHOJO-
THYCCKOro MHCTUTYTa
ropuxa

HNupekc OLICHUBACT IapaMeTphl
riobanu3anuu 158 cTpan Mupa mo Tpem
KaTeropusiM: 3KOHOMHMYECKasi, COIHallb-

Has U MTOJIMTUYECKas rJI00an3arus

http://globalization.kof.
ethz.ch/

WHzaekc BepeHus Ou3Heca
Bcemupnoro banka (Doing
Business)

I'mobGaneHOe uccnenoBanue BeemupHOro
0OaHKa I10 OKa3aTeNIr0 CBOOOIbI BEACHUS
OnsHeca

http://mwww.doingbusiness.org/

WHunekc rnodanpHOU
KOHKYPEHTOCITOCOOHOCTH

Wnpnexkc otpakaer yclnoBHs BEACHUS
OusHeca W OOIIYI0 KOHKYPEHTOCIIOCO0-
HOCTb 3KOHOMHUK 140 cTpaH mupa

http://www.weforum.org/
reports/global-competitive
ness- report-2014-2015

WNHpekc MexxayHapoaHOU
6e3omacHocty International
Security Index (iSi)

WHanekc mig  OLEHKH  TiIoOaIbHOU

0€e30I1aCHOCTH

http://pircenter.org/en/static
/international-security-
index-isi

Peiftunr penyrauuu cTpan
mupa (The Country Rep
Trak)

PeliTuHr MeXIyHapoOHOW KOHCAITHH-
roBoi kommanum Reputation Institute,
OIICHWBAIOIUI PEMyTalui0 Pa3INIHBIX
CTpaH MHpa

http://www.reputationinstit
ute.com/thought-leader
ship/country-reptrak

Peiitunr ctpan Mupa no
YPOBHIO pPa3BUTHUSA
JJIEKTPOHHOTO
[IPaBUTEIILCTBA

PeiiTuHr olieHMBaeT BO3MOKHOCTH IOCY-
JApCTBEHHBIX CTPYKTYp B 190 cTpa Hax
B mcnonb3oBannu UT-TexHOJIOTHHA 11
MIPEIOCTABICHUS TPAKIAAHAM YCIYT

http://www.un.org/en/develo
pment/desa/publications/con
necting-governmen  ts-to-
citizens.html

PeliTuHr BoeHHBIX apMuit
roCyIapCcTB MHpa

Petitunr 106 crpan no 50 nmokasarensm
BOOPYKEHHBIX CHJI

http://www.globalfirepower.
com
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http://www.atkearney.com/research-studies/global-cities-index
http://www.atkearney.com/research-studies
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http://www.doingbusiness.org/
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http://www.weforum.org/issues/global-competitiveness
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http://www.reputationinstitute.com/thought-leader
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http://www.un.org/en/development/desa/publications/connecting-governments-to-citizens.html
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http://www.un.org/en/development/desa/publications/connecting-governmen

OnucaHHbIE BBINIE MPUPOIHO-aHTPONOTEHHBIC CHUCTEMBI Pa3HBIX BHJIOB
IPUHATHl B KayecTBe OOBEKTOB HCCIICJOBaHMS. JIaHHBIE XapaKTEPU3YIOIIUE
yKa3aHHBIC CHCTEMBI IIPEACTABIINCH B CTPYKTYpHpOBaHHOM BHje. Ha ocHOBe
STUX JIAHHBIX MPOBOAMIOCH YCTAaHOBJICHHE 3aKOHOMEPHOCTECH M 3aBHCHMOCTEH,
OIICHKAa COOBITMH M WX BEPOATHOCTEH, pEIICHHE TECTOBBIX  3ajad,
anpoOHPOBAINCH  TPEJIOKECHHBIC  METOABl  KOMIICKCHOM  OLICHKH |
MHOTOIIApaMETPHIECKOTO PAHKUPOBAHUS TIPUPOTHO-AaHTPOIIOTEHHBIX CUCTEM.

OcHoOBHBIE ~ 00JaCTM  NPWIOKEHUH  NPEACTABICHHBIX  METOJIOB
KOMITJICKCHOM OIIGHKM OBLIM CBSI3aHBI C HM3yYEHHUEM YPOBHS 3arps3HCHUS
aTMOC(EPHOr0 BO31yXa I'OPOJOB M MOCTPOCHHEM KOMILJICKCHBIX MHICKCOB IS
OLICHKH COCTOSTHUSI 3arpsS3HCHHUS W JKOJOTUYCCKOW OOCTAaHOBKHM B TOpOJAXx;
UCCIICIOBAaHHEM DKOJIOTHYCCKUX IPOIECCOB W IPOIECCOB YEIOBEUYSCKOTO
pa3BUTHSA B TOpOJax M CTpaHaX MHpPa M IOCTPOCHUEM CHUCTEM KOMIUICKCHOW
OLICHKH YCTOWYMBOTO pAa3BUTHS TOPOJOB, CTpaH W PETHOHOB; H3YYCHHEM
COCTOSIHHSI MIPHPOJTHO-AHTPOIIOT €HHBIX CUCTEM 1o MOKa3aTeIsIM
OoropazHoo0Opa3us; pa3pabOTKOM MOJIENEeH COIMAIBHBIX CUCTEM TI0 COBOKYITHOCTH
ToKa3aTeNen 1 T.1I.
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I'maBa TpeTps

BEPOSATHOCTHBIE METO/bl KOMILIEKCHOM OLIEHKH
IMPUPOAHO-AHTPOIIOI'EHHBIX CUCTEM

3.1 HekoTopble HCNOJIb3yeMble MOHSATHSI U ONpe/eIeHusl

KoMmruiekcHasi OneHKa M OLEHKAa PHCKAa OCHOBBIBAETCS HA CHCTEMHOM
MOJIXOJIE, OXBATHIBAIOIIEM pa3Hble CQepbl >KU3HEAEATECIHHOCTH YeNOBEKa U
UMEIOIIEM TPUMEHEHHE Ha CThIKE MHOTMX o0jacTel 3HaHUM, Kak
€CTECTBEHHBIX, TaK M COLIMOTYMAaHHUTAPHBIX. B MeTo0JIorMueckoM IUIaHe
NaHHasi 00JIaCTh MCCIEAOBAHUS SIBJISIETCS YaCThIO LEJIOr0 TEOPETHUECKOIO
HaIlpaBJ€HUs, KOTOPOE HAa3bIBA€TCAd TEOpUEH CHUCTEM, B CBOI OuYepelb, B
HAyYHO-TIPAKTUYECKOM IUIAHE JAHHOE HAlpaBJICHHE CBSI3aHO C TEOpUEH H
NpakTUKOM Oe3onacHocTh cucteM. OcBemnjaeMbie B MoOHOrpaduu 3agadud
OpUEHTUPOBaHbl Ha KOMIUIEKCHBIM aHAJM3 COCTOSHUS W TEHIACHUUN Pa3BUTHUS
pa3IMYHBIX MPUPOJHO-AaHTPOIIOTEHHBIX CHCTEM, a TaKXe Ha H3yYCHUE
HKOJIOTUYECKUX M TEXHOTCHHBIX PUCKOB HETATUBHBIX M OMACHBIX COOBITU.

HecMoTpst Ha pa3BuTHE MHOTHX 00JlacTEl HAYYHBIX HCCIICIOBAHUM, Psi
METOJI0JIOTHYECKUX BOIPOCOB OMACHOCTH U PUCKa MpopaboTaH KpaitHe ciiado.
Emé B pabore Mapmana [72] oTmedangoch, 4YTO OJHO U3 HamOoJjee
CYILECTBEHHBIX 3aTPYAHEHUH B OOCYXIEHHHM MPOOJEMbl ONACHOCTH U PHUCKA
CBS3aHO C OTCYTCTBHEM OOIIEH Teopuu, MOCTPOCHHOW Ha WCIOIb30BAHUU
AHAJIMTUYECKUX METOJOB. OJTO OOBACHAETCS TEM, YTO ONAaCHOCTH MOTYT
CYIIIECTBOBATh BO MHOTHX (OpMax U pPEalM30BBIBATHCS (MPOSBISATH CBOU
OMACHBIA WJIM BPEIHBIM MOTEHLMA) Pa3HbIMU CIIOCOOAMH, a BEPOSITHOCTU
OMAacHBIX COOBITUH (B CBSA3U C OrPaHUYEHHBIM OOBEMOM OIBITHBIX JaHHBIX U
CIIy4ailHOCTbIO MHOTHMX TaKMX COOBITHI) M3y4Y€HBI SIBHO HelocTaTouHO. Kpome
3TOr0, CIEAyeT OTMETUTh, YTO B JAHHOHM 0O0JacTU  OTCYTCTBYIOT
o0IIecUCTEMHBIE MPEICTABICHUS U TMIOTE3bI, MO3BOJISIONINE CHOPMYIUPOBATH
OCHOBHBIE TMOJIOKEHHUS (HOPMaTN30BaHHOW TEOPUHU B BHUJIE KOMIUIEKCAa METOJIOB.
MIMeHHO TOSTOMY YYEHBIM IOKa HE YJAlOCh MNPEIIOKUTH OOLIYI0 TEOPHIO
OMACHOCTHU U PUCKA.

3a nmocneaHue NeCATUIIETUS OCHOBHAs Macca padoT uccienoBareneil Obuia

MNOCBAIICHA HM3YUCHHIO OIIACHOCTH Pa3JIMYHbIX XHUMHUYCCKHUX BCHICCTB U
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BbI3bIBAEMBIX HMMH HETaTUBHBIX MOCIEICTBUHA — TOKCHUKOJOTHYECKUX,
pPaJMallMOHHBIX U TEIUIOBBIX BO3JCHCTBUIM, OCTPHIX U CMEPTEIbHBIX MOPAXKECHUH,
CBSA3aHHBIX CO B3pbIBAMHU, MOXKapaMu, yIAapHBIMU BOJHAaMH W T.I. MHOro
BHUMAaHHUS YJIESI0Ch TaK)Ke OMACHOCTU PA3IMYHBIX MPUPOIHBIX KATAKJIM3MOB —
3eMJICTPSICEHUSM, IyHAMHU, HaBOJHEHMSIM, yparanam u T.1. B 3Toil obOnactu
HAaKOIUIEH ONPEACIICHHBIM OJKCHEPUMEHTAIBHBIA MaTepuas, KOTOpPbIM B
HACTOfIEE BpEMsl CHUCTEMATU3UPOBAaH B  TOKCUKOJOTHUH, PaJAHOJIOTHH,
MPOMBIIJICHHOW M SKOJOTUYECKO O€30MacHOCTH, OXpaHe TpyAa, 0€30MacHOCTH
YKU3HENIEATEIbHOCTH YeJIOBEKa, B LIEJIOM psJie HAyK O 3eMJie U T.1.

dopMUpOBaHUE TMPOLECCOB B MPUPOJIHO-AHTPOMOTEHHBIX CHUCTEMax
CBSI3aHO C M3MEHEHUEM BO BPEMEHHM COCTOSIHMM CUCTEM. B 3aBHCHUMOCTH OT
BHEIIIHUX U BHYTPEHHHMX YCIIOBUM, B TaKUX CHUCTEMaxX MOTYT pPEajii30BBIBATHCS
pa3JInuHbIe MPOLECChl M HAOMI0AThCsl pasHble COObITHS. VMIHOTJa BO3HUKAIOT
COCTOSIHUSI, KOTOpBIE IO OMpPEACICHHBIM (akTopaMm, COOBITHUAM, Hapamerpam
WU XapaKTePUCTUKAM MOTYT CUUTAThCA HEOJIArONMpHUSITHBIMU, OMACHBIMU WU
TpeOyromuMu 0co00oro KOHTpoJs. [lodToMy NOHSTHS OMAaCHOCTH M PHUCKA
JOJDKHBI OBITH CBSI3aHBI C MPEACTABICHUSIMHU 00 0COOBIX COCTOSHUSIX MPUPOJIHO-
aHTPOIIOTEHHBIX CHCTEM, KOTOpbIe MO (QakTopam O€30MacHOCTH TpPeOyIOT
COOTBETCTBYIOIIMX METOJIOB UX PACIIO3HABAHUSI.

B »TOM maHe OCHOBHBIE SKCIEPUMEHTANIbHBIE MPOoOJieMbl B 00JIacTH
OIICHKH OMAacCHOCTEH M PUCKOB HaMpaBJIeHbl HA YCTAHOBJICHHE TpaHuI] (YPOBHEM,
MOPOTOB), KOT/Ia MPOIECC U3MEHEHHSI COCTOSIHUSI CHCTEMBI MOXKET ObITh OTHECEH
(mo 3amaHHBIM (pakTOpaM) K Oe30macHOMY WJIM OMacHOMy mpoiieccy. B cBoro
ouepe/ib, TEOPETUYECKHE MPOOJIEMbl CBSI3aHBI C W3YYEHHUEM BEPOSITHOCTHBIX
3aKOHOMEpHOCTEN (HOpPMUPOBAHUS HEOJArONMPUSITHBIX U OMACHBIX COOBITUN MpHU
Pa3JIMUHBIX BO3JACHCTBUSIX, U3JIOKEHUEM TOJAXOJ0B, MPEACTABICHUM U TUIIOTE3
JUUISL pa3BUTHS TEOPUH, pa3pabOTKON TEOPETUUECKUX U aHATUTUYECKUX METOOB
aHaju3a OMacHOCTEH, MOCTPOEHUEM BEPOSITHOCTHBIX MOJIeNIel pucKa U T.I.

Ucxonss W3 3TOro, co3laHWe TEOPUM OMACHOCTH U PHUCKA BO3MOXKHO
TOJIBKO Ha OCHOBE OO0OOIIEHUS  IKCIEPUMEHTATBHO  yCTAHOBIICHHBIX
3aKOHOMEPHOCTEH (HOpMHUpPOBaHUS HEOIATONMPUITHBIX U OMACHBIX TPOIECCOB B
MPUPOTHO-aHTPOTIOTCHHBIX cucTeMax u BEPOSITHOCTHBIX OIICHOK
COOTBETCTBYIOIIMX OMNACHBIX COObITHMH. B maHHOW 0O0jacTH MMEETCs MHOIO

HEpEIIEHHbIX MpPo0JieM, KOTOpPhIE CYIIECTBYIOT KakK B CHUCTEME TMOHITUH H
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ONpEeNIeNICHN, TaK U B aHAJIM3€ ONBITHBIX JAHHBIX, MOCTPOCHUU TEOPUN U
WCIIOJB30BaHUM MaTEeMaTUYeCKOro ammaparta. HMeromascss TEepMUHOIOTHUS
oOJiasaeT 1ebIM PSIIOM HEJI0CTaTKOB. Tak, B HacTosIIee BpeMs ecTh Oosee 25
ompeneneHn pucka u mopsaka 10 Haubosee ymnoTpeOiaseMbIX OIpeeIeHui
OMACHOCTH, OTOOPaKAIOIINX pa3HbIe MOAXOAbI K MPOOJIeMe aHau3a OMaCHOCTH
u pucka [2, 3, 21, 51, 62, 72, 77, 87, 103]. Psim aBTOpOB OTMEYAET, 4TO B JaHHOM
chepe HaydHOM JESATENBHOCTH TNPAKTUYECKH OTCYTCTBYET OOIICTIPUHSITAS
CHUCTEMa TEPMUHOB W OIPEICICHUN. BONBIIMHCTBO ompeeseHnii Booome He
npenoiaraeT BO3MOXXHOCTH  (popMaM3alluk  TOHATHH | TPECTaBICHUMH,
KOTOpbIE MOIJIM OBl CTaTh OCHOBaHUEM JUISI TIOCTPOCHUSI TEOPETUUYECKHUX
MOJIeJIe, TaK KakK OTpakaeT MPUHATYIO CHUCTEMY B3TJISIAOB B PA3IUYHBIX
HaIpaBJICHUSAX KU3HEACATEILHOCTH 4YeJIoBeKa 03 KaKuxX-JIMOO CHCTEMHBIX
00001mennii u popmanuzanuii. B cBsi3u ¢ TeéM, YTO HE CYIIECTBYET TOYHOCTU B
OMpENICNICHUSIX U MPE/ICTABICHUAX, BOZHUKAET MHOTO Mpo0seM rnpu 0000IIeHnN
JTAHHBIX U BBISIBICHUH OCOOEHHOCTEN U 3aKOHOMEPHOCTEH OIMACHBIX MPOIIECCOB.

Bropas cnokHOCT,  JTaHHOW  00JIaCTM  HAYYHBIX  HCCIEOBaHUI
OTpEJENSIETCS TEeM, YTO MMEETCS CIUIIKOM OOJIbIIIOE KOJUYECTBO BHJIOB
OMacCHOCTEH, MNPUCYIIUX NOPUPOAHBIM MpoLeccaM ¢ SBJICHUSM, a TaKkKe
CBSI3AHHBIX C AHTPOIIOTEHHOW JIESITEIBHOCTBIO 4eJOBeKa. JleHCTBME MHOTHX
OMacCHOCTEH HSKCIMEPUMEHTAIBHO HCCIEIO0BAHO HEJAOCTATOYHO IOJHO, YTO HE
MO3BOJISIET UCIIOJIB30BaTh METO/Ibl CUCTEMHOIO aHaiM3a U €CTeCTBEHHOHAYYHbBIC
METOJbl H3-3a HEJAOCTAaTOYHON OmbBITHOM 0a3pl. Kpome Toro, wusyudeHwue
OOJBIIMHCTBA OMACHOCTEH OTHOCUTCA K MPEAMETY HUCCIECAOBAHMS Pa3IUUHBIX
Hay4YHBIX JUCHUILINH, SIBIISIONIMXCS, B CBOKO OYEPEb, COCTABISIONIUMHU LIEJIOTO
psila €CTECTBEHHBIX HayK. IIpu olleHKe MHOTHX BHJOB OIMACHOCTEHW TpedyeTcs
aHaJIu3 DSKOHOMMYECKHX, COLMAIbHBIX, JKOJOTUYECKUX, TEXHOJIOTUYECKUX,
neMorpauyeckux M OUOJOTMYECKUX  (PAKTOpOB, UYTO MNPUBOAUT K
HEOOXOJMMOCTH  HCIOJB30BAHUSI  Pa3HBIX  METOJOB  HCCICIOBAHUS  C
MPUHIUIHAIBHO OTIMYHOM Metomonoruer. IlomoOHas cuTyarus ycCIIOXKHSET
CO3/IJaHHUE TEOPUU OMACHOCTHU U PUCKA.

IToctpoenne  ar000OW  TeopuM  OCHOBAHO  HAa  HMCIHOJIb30BAHUU
OOILIETIPUHATBIX ~ CPEIU  CHCHUAIUCTOB  TMOHSATUH U OMNpeJeNICHUH,
CUCTEMATHU3AIMK OTBITHBIX JTAHHBIX, YCTAHOBICHUU (DEHOMEHOJIOTHUECKUX H

OMITMPHUICCKUX SaKOHOMepHOCTef/'I, a TaKXKe pa3pa60TI<e MECTOOOJ0INN,
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NO3BOJISIONIMKA  MpoBecTH  (opmanuzanuio MOpodseMbl U NPUMEHHUTH
ONpE/ICIICHHbI MaTeMaTuyecKuil annapaTr. Ciaeqyer OTMETHTh, YTO CErOJHS B
OLICHKE OMAaCHOCTH M PHUCKA BBIPaOOTaH pAJl MPEACTABICHUN M MOJIOXKECHHIA,
0000IIeHNEe KOTOPHIX IMOMOTAeT MPOABUHYTHCA B PEHICHHUH TEOPETUUYECKUX
npoOsieM U, TEM CaMbIM, BHECTH BKJIQJ, B M3yUYEHHUE CHUCTEM, KOTOpPbHIE MOTYT
HAXOJIUThCS B HEOJIArOMPUSATHBIX U OMACHBIX COCTOSHUSX.

Pemenne panHON mpoOJeMbl CBS3aHO C U3JOKEHUEM OCHOBHBIX
MOJIOXKEHUI W TPEACTaBICHU 00 ONAaCHOCTH W PUCKE B TEPMHUHAX TEOPUU
BEPOSITHOCTH, UCXOMS U3 MPUUMHHO-CIIEACTBEHHOW B3aMMOCBsI3U cOoObITHH. [Ipu
TOM OCHOBHOHM YNOp CJHEAYeT JejlaTb HE Ha TEOPETHUYECKOE OIpENIEICHUE
BEPOSITHOCTEH CJOXHBIX COOBITHH, MPEACTABISIONMX COOOM MPUYUHHO-
CJIC/ICTBEHHBIC JEPEBbs (IIEMMOYKH) MHOXKECTBA 00Jiee MPOCTHIX COOBITUM, a Ha
(€HOMEHOJIOTMYECKUN aHaJIN3 BEPOSITHOCTEN HMCXOAHBIX CIOKHBIX COOBITHI.
OnHako 3TOT MyTh TPEOYEeT HAIMYUS TOCTAaTOUYHOM SKCIEPUMEHTaIbHON 0asbl,
MO3BOJISIIOLIEH ONPEACIISITE BEPOSTHOCTU CI0KHBIX OMACHBIX COOBITUH.

B Hacrosiniee Bpemsi B 0€30MMaCHOCTH CUCTEM MOHATHS ONMACHOCTH, PUCKA
U yuep0a TeCHO CBsi3aHbl MEXIy coOoi. OCHOBHBIE ONpPENENIECHUS B JAHHOM
00J1aCTH UMEIOT CIIETYIOIUN CMBICI.

Onacnocmb, ABISISICH OCHOBHOM KaTE€roOpUeWd MpU H3YYEHUH NpoOsieM
0e30MacHOCTH, OOBIYHO PACCMATPUBAETCA KAK OOBEKTMBHO CYHIECTBYIOLIAS
BO3MO>KHOCTh HETaTUBHOT'O BO3JEUCTBUSA Ha OOLIECTBO, JINYHOCTh, IPUPOIHYIO
Cpely, B pe3yJbTaTe KOTOPOTO UM MOXKET ObITh MPUYMHEH KaKoW-1mmu0o0 yiiepo
wim Bpead. B Ttabmmme 3.1 mpuBeneHbl HamOoliee pPACIPOCTPAHEHHBIE
OTIpeICICHHS OIAaCHOCTH [2, 62, 72, 77]. VI3 mpuBeACHHBIX ONpEICTCHUI BUTHO,
YTO OMNACHOCTh MOYKHO YBSI3bIBaTh C HEKOTOPBIMH OCOOBIMH COCTOSTHUSIMU
(cmexkTpoM WM O0JIACTBIO COCTOSIHMM) TPUPOJHOM, TEXHOTEHHOM WM
MPUPOJHO-AHTPOIIOTEHHOW CHUCTEMBI. JTO TMO3BOJAET C E€OUHBIX [O3ULHAN
MOJIOMTU K OLIEHKE OE€30IMACHBIX U OMACHBIX IMPOIECCOB, MCXOIS W3 aHaIu3a
pa3IMuYHBIX XapakTepHbIX COOBITUN. OJHAKO, MPHUBEACHHBIE OMPEICIICHUS HE
MO3BOJIAIOT (DOPMANTU30BATh MOHSATUE COCTOSIHUSI CUCTEMBI C IIEJIbIO BBIJCIICHUS

OITIACHBIX COCTOSTHUU.
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Tabnuma 3.1. — CymectBytoiue onpeaeneHus TepmMuHa « OnacHOCTb)

Tepmun «OnacHOCTHY

ABTOpI)I, HNCTOYHHK

OnacHOCTh — 3TO TEOJOTMYECKHE YCIIOBHUS, IMPOLECC
WIM TIOTEHIIMAJIBHO BO3MOYKHOE COOBITHE, YTPOKAIOIIIEe
3JI0POBbBIO, OE30MACHOCTU U 0JIArOCOCTOSIHUIO HACEIICHUS
WK HOPMAJIbHOMY (DYHKIIMOHUPOBAHUIO YKOHOMUKHU U
OpraHoOB YIIpaBJICHUSI.

I'eonornueckas
cinyxx6a CIHIA

OnacHOCTp — 3TO MPUPOJHOE WA TEXHOTEHHOE
ABJICHHE, KOTJa BO3MOKHO NOSIBJIEHUE COOBITUH WU
IIPOLIECCOB, CIIOCOOHBIX MOpPa)XaTh JIOJAEH, NTPUYHUHSITH
MaTepuaibHble YIIEpObl, pa3pyliaTb OKpPYKArOIIYIO

cpeny.

B. Mapman, [72]

OmnacHOCTh — ATO SBJIICHHE WM CHUTYyallus, KOTOpas
MOKET HAHECTH BpEa 370POBHIO UYEIOBEKA WM €T0
0€30IacHOCTH.

Jx. dukcen

OmacHoCTh — 23TO BCPOATHOCTL BO3HUKHOBCHHUS B
OHpG,Z[CHGHHBIﬁ MOMCHT BPCMCHHU H B IIPCACIIaAX HaHHOﬁ
TCPPUTOPUU ABJICHUA, KOTOPOC IMOTCHIHUAJIIBHO MOIKCT

IIopaxxaTb J]I-OIIGﬁ N HAHCCTHU MaTepI/IaJ'IBHblf/'I yHle6

/1. Bapnec

OmacHoCTb — IMPHUPOJHOC HIIM TCXHOI'CHHOC ABJICHUC C

MIPOTHO3UPYEMBIMH, HO HEKOHTPOJIUPYEMBIMU
COOBITHSIMU, CHOCOOHBIMH B ONpPENEICHHBII MOMEHT

BpPEMEHU B IIpejaenax [IaHHOM TEPPUTOPUM HAHECTH

A.b. Kaunnckunit,

o 62
Bped 3I0pPOBBIO JIOAECH, BbI3BATh MATECPUAITBHBIC [62]
ymiepObl, pa3pymIuTh OKPYKAIOIIYID  MPHPOJTHYIO
cpeny.

MeTtonuka
OmnacHOCTh — yrpo3a, BO3MOXHOCTh TPUUYMHEHUS YILIEP-

ONPEAECTICHUS

0a JenoBeKy, UMYIIECTBY U (HUJTK) OKpYKaIOIIeH cpeie.

puckos, 2003, [77]

OnacHOCTh — COBOKYITHOCTh MOCTOSIHHO JI€HCTBYIOIIUX
U CIy4yallHO BO3HHUKAOUMX (aKTOPOB B PE3yJIbTATE
HEKOTOPOTO HMHUIIMUPYIOMIETO COOBITHS, JMOO TIpH

JICTY 2156-93,

45
HEKOTOpPOM CTCUCHHU 06CTO$ITCJ'IBCTB, OKa3bIBaromiasa [ ]
HEraTMBHOE BO3JCHCTBUC HA pe]_II/IHI/ICHTOBl.
IpermuenT — OOBEKT JKMBOM WIM HEXHBON TNPHPOIBI (UETOBEK, JKMBOTHBIC, pacTeHWs, ouocdepa,

MaTepHaJIbHBIE PECYPCH, 3aHNs, COOPYKEHUS U T.11.).
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KonuuectBeHnnas OIICHKA YPOBH:A OITACHOCTH OCHOBAHA HA OLICHKC PUCKaA.

Puck — BCPOATHOCTD BO3HHUKHOBCHUA

OITaCHBIX

COOBITHI,

HC6JIaFOHpI/I$ITHI>IX 3(1)(1)CKTOB niIn HCIaTHBHBIX HOCJ'IG,ZICTBI/Iﬁ Y KHBOT'O HJIA

MaTCpUuaJIbHOI'O 00BeKTa acpe3 I[CﬁCTBHC BpPCIHBIX HJIM OITaCHBIX q)aKTOpOB

OKpPYXaIoIleh Cpe/ibl.

B tabmuue 3.2 mpuBeneHbl Haubosiee PAaCIPOCTPAHEHHBIE OIpPeIeICHHS

pucKa.

Tabnuma 3.2. — CymiecTByroiue onpeaeneHus TepMmuHa «Pucky»

POCTPAHCTBE MOCTICICTBUSIMH.

TepmuHn «Puck» ABTOPBI
Puck — 3T0 0co3HaHHAs OMAaCHOCTh B KaKOW-IHOO cucTeMe
HEXKEJIATeILHOTO COOBITHSI C ONPE/ICIEHHBIMU BO BpeMeHu u |  A. Paro3un

Puck — aTo yactora pcain3anurn OIMmaCHOCTH.

B. Mapmaun [72]

Puck — 3T0 BEpOATHOCTh HEOJIATONPUATHBIX MOCIEICTBHIA.

JIx. dukcen

CO37IaHHOM JIEHCTBUSIMH CYOBEKTa CUTYAIIHH.

Puck — »TO BennMuMHA, KOTOpas OIpeneiserca Kak

E. Mymux,
POU3BEJCHUE BEIMYUHBI BEPOSITHOCTU COOBITHUS HA MEpy I1. Miorep
BO3MOXXHOCTH €€ HAaCTYIUICHUS.
Puck — 310 BEpOSITHOCTH MOTEPH, KOTOPasi YCTAaHABINBACTCS
YMHOXXEHHUEM  BEpPOSITHOCTH  (YACTOThI)  HETaTHUBHOTO V. Poyii
COOBITUSI HA BEJTMYMHY BO3MOKHOIO yIiepOa oT HEro.
Puck — 3T0 BeposITHOCTHAs Me€pa BO3MOKHOCTH pealin3alun
OTIaCHOCTH B BHJIE OmpeaesieHHoro yiiepoa B uckyccrsenno | E.C. JIzexuep

OITIaCHOCTH, KOTOpasd MHHUIUHUPYCETCA OIIACHBIM 06’BCKTOM, )51

Puck — 93TO  KoJM4YECTBEHHas Mepa  OMNACHOCTH, .
A.b. Kaunnckui
omnpezaesieMas Kak IPOU3BEACHUE BEPOSITHOCTH HEFAaTUBHOTO [62]
COOBITHSI HA BEPOSITHOCTh BO3MOXKHOTO yIiep0a OT Hero.
Puck — »3TO cTeneHb BEPOATHOCTH  ONPEACITCHHOTO MeTtoanka
OTPUIIATEILHOTO COOBITHS, KOTOPOE MOKET COCTOSATHCS B | OIpPEACICHUS
ONpPENEICHHOE  BpeMsi  WJIM  TpPU  OMNPENENECHHbIX | pUcKoB, 2003
00CTOSATENBCTBAX. [77]
Puck — 5TO0 BEpoOATHOCTH peanu3alnuy IOTEHUIHATIBHOU

JACTY 2156-93

(M1M) HETaTUBHBIX MOCIEACTBHUM 3TOW peaTn3aliu. [43]
Puck — 310 BeposiTHOCTHasE (PYHKITMSI COUETaHUs YacTOThI | bpuTaHckwmii
BO3HUKHOBEHHUS TOTO0 WM WMHOTO HEOJIArompusiTHOTO UHCTUTYT
COOBITHS M MACIITadOB €ro MOCICACTBHI (CTEIICHH). CTaHIapTOB
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W3 onpeneneHnii BUIHO, YTO PUCK SBIISIETCS BEPOATHOCTHOW KaTEropueu
U CBA3aH C HEONArompusITHHIMU W OMACHBIMU COOBITHSIMH TIPU peaTu3aliiu
ONPEICIICHHBIX COCTOSIHUN CUCTEM.

Takum oOpa3oMm, pUCK B MPOCTEHIIEM CBOEM OIpPEACIEHUd — 3TO
BEPOSATHOCTh PEAIU3ALMHU OIMACHOCTH, TO €CTh BEPOATHOCTh BO3HUKHOBEHUS
HEKOTOPOTO  CIIO)KHOTO  OMacHoro  coObITUs (WM COCTOSIHHS) B
paccMaTpHBaEMOM CHCTEME.

OOBIYHO peanm3arusi OMacHOTO COOBITHUS (WUIM COCTOSIHUS CHUCTEMBI), B
o0IIeM ciydae, MOXET NMPHUBECTH WJIM HE MPUBECTU K yIIepOy WM JaHHOE
COOBITUE MOKET HAHECTH WM HE HaHecTH Bpea oObekry. s oreHku
BEPOATHOCTH 3TOr0, e€ue O0Jee CIOKHOTO COOBITHS, OINpPEAENSETCS PHUCK
NOSIBJICHUSI COOBITUM, MPEACTABISIIONIMI COOOM MPOU3BEIECHUE BEPOSTHOCTH
peanu3aluy ONAacHOCTH Ha YCJIOBHYIO BEPOSITHOCTh BO3MOKHOIO yIlepoa,
HeOIaronpusTHOro 3(p@PeKra Ui HEraTUBHBIX MOCIEACTBUI NPHU YCIOBUH, YTO
OIMACHOE COOBITUE POU3OILILIO.

Ywep6 — Bpen mpuponHOW cpelie WU 4YenoBeKy, motepu (yObITKH) B
cdepe KUZHEAESITEIbHOCTH YeJIOBEKa, KOTOPbIE BO3HUKIIN BCIIEICTBUE JEHCTBUS
BPEIHOTO WJIM ONAcHOro (hakTopa M OLIEHEHHBIE B OINPENEICHHOM pPa3MEPHOM
sKkBUBaJeHTe. Hampumep, B JIEHEKHOM BBIPAXKEHUU, MOTEPE KOJIUYECTBA JIET
KU3HH, YXYALUICHUH )KU3HEHHO BaKHBIX MOKa3aTenen u T.1.

Kak BUIHO M3 MpUBENECHHBIX BBILIE ONPEIEICHHUM, MOXKHO CKa3aTh, 4YTO
PUCK IpeACTaBIIsieT coOO0M BEpOSTHOCT pean3allui B ONPEAEICHHBIX YCIOBUIX
OMAaCHBIX COCTOSIHUI CHCTE€MbI, OOpa30BaHHOM 1O NPUHLHUIY BBIACICHUS
OKpY’Karoliel cpenpl, GOopMHUPYIOIIEH ONMacHOCTb, U OOBEKTA BO3JCHCTBHUS, y
KOTOpOro  HaOmoparoTcss  HeOmaronpustHble 3(Q(EKThl W HEraTUuBHBIE
MOCIEACTBUA OT JEWCTBHS O3TOW omacHocTu. [Ipum »3TOoM u peanuzamnuio
OMACHOCTH, U HaOonaeMble 3PGEKTbl U TOCIEACTBUS MOXKHO pacCMaTpUBaTh
KaK CJIOHBIE COOBITHS, UMEIOIINE MPUUNHHO-CIICCTBEHHBIE CBSI3H.

Ha ocHoBe paccMoTpeHmsi OKpysKarome cpeasl 1 00bEKTa BO3ICHCTBUS
KaK LEJIOCTHOW CHCTEMbl MOXXHO C(OpPMHpPOBaTH OCHOBHBIE MOJIOKEHHUS H
OINpPEENICHHS], KOTOPBIE IMO3BOJSAT MPUNATH K TEOPETHUYECKOMY OIMCAHUIO Kak
OMACHBIX, TaK M OE€30MaCHBIX COCTOSHHUW CHUCTEM IyTeM MPUMEHEHHUS
(eHOMEHOJIOTMUECKIX METOAO0B. Takxke clelyeT OTMETUTh, YTO 3TO BO3MOKHO

TOJIbKO Ha OCHOBC INPUMCHCHM A BEPOATHOCTHOT'O ITOAXO0JA.

73



IIprpoaHO-aHTPOIIOTEHHBIE  CHCTEMBI, a  TakkKe  IOAABIIOLIEE
OOJBIIMHCTBO OUOJIOTHMUECKUX, IKOJIOTUIECKUX, SKOHOMUYECKUX U COLUATBHBIX
CUCTEM OTHOCATCA K KAaTeropu CHOXHbIX. Kaxmasd W3 Takux cucreM
XapaKTepU3yeTCs CBOUM OIpEAEICHHbIM HAOOPOM CBOMCTB M 3aKOHOMEPHOCTEH,
IEPEYHEM XapaKTEPHBIX MapaMETpOB, a TakKe OCOOEHHOCTAMM IEpexoja M3
OJIHOTO COCTOSIHUS B IPYTOE€.

B mporiecce cMeHBI cOCTOSIHUIN 000 CIIOXKHOW CHUCTEMBI MPOUCXOIUT
IIOCJIEN0BATENPHOE HW3MEHEHHE €€ mapaMeTpoB BO BpemeHU. [Ipu stom,
IPAKTUYECKU BCE CUCTEMbI MOTYT HAaxOJUThCs JMOO B ONACHOM, JMOO B
0e301macHOM cOoCTOSAHUU. OMAacCHOCTh COCTOSIHUSL CUCTEMBI MOXKET ONPEIENIAThCA
II0 COBOKYNHOCTH 3HA4Y€HUH €€ IapaMeTpoB, KOTOPBIE MNPEBBIIAIOT WM HE
JOCTUTalOT 33JaHHBIX MMOPOTOBBIX 3HAYEHUW, @ TAKXKE BO3MOXKHO IMONAAAIOT B
ONpENEIICHHBIE  HEeXenaTelbHble  auama3zoHel.  Ecioum  uexoguTe w3

MNpCIIOKCHHOI'O BO BTOpOﬁ rjiiraB¢ oOmnpcaciCHUusA COCTOAHHA CHUCTCMBbI, TO B

npocTpaHcTBe cocTosHMA H'" MOXHO BBIIEIUTH 0O6GIACTH OMACHBIX HIIM
HEONAronpusITHbIX COCTOSIHUU. it 3TOro clieqyer ykasaThb JUana3oHbI

omacHbIX (O€30MacHBIX) WM3MEHEHUH IIOKasaTrened [, wWin Uid (PYHKIHUU
BEPOSITHOCTH HAOJIIOJCHUS XapaKTEPHBIX COOBITMH | BHIA Wj(pl, P2,..,Pp)

3a/laTh MOPOrY OE€30IAaCHBIX 3HAYEHUW BEPOSTHOCTH (Hampumep, MeHblne 5%
win 1% wnabmromaemoro HeratuBHoro s¢¢ekra). Tak kak mnapaMeTpsl U
BEPOSITHOCTh CBSA3aHbI MEXY COO0M (PyHKIMEN pacnpeneseHus, TO JOCTaTOYHO
HOPMHUPOBATh TOJILKO WM MapaMmMeTpbl CHUCTEMbI, WU BEPOSTHOCTH
HaOMIOaeMbIX COOBITUNA. B KaXJI0M KOHKPETHOM Ciy4yae JaHHBIA BOIPOC
JIOJDKEH pemiaTbCsi HUCXON W3 OCOOCHHOCTEH HW3y4aeMOMl CHUCTEMBI W
MMEIOUIUXCS ONBITHBIX JAHHBIX.

Takum o00pa3om, bOezonacnoe COCTOSTHUE CHUCTEMBI — 3TO MHOECTBO
COCTOSIHUM, TIpM KOTOPHIX 3HAYEHUSI BCEX I[apaMEeTPOB COOTBETCTBYIOT
OINpEJENICHHO 3a/laHHbIM TpeOoBaHUsAM. B cBOIO ouepenb, onacHoe COCTOSHHE
CUCTEMbl — MHOXECTBO COCTOSIHUM, MPU KOTOPBIX 3HAUCHHE XOTs ObI OJTHOTO W3
napaMeTpoB HE COOTBETCTBYET MPEABSBISIEMBIM K HHUM TpPeOOBaHUSIM,
3aJlaHHBIM TI0 TIOKa3aTesiM 0e30MacHOCTH. JTO TaKXKe CIPaBEIJINBO, E€CIH
periiaMeHTHPOBaHA BEPOSITHOCTh XapAaKTEPHBIX HAOII0IaeMbIX COOBITHI, B 9TOM
ciydae 3aJaloTcs o0yacTh O€30IAacCHBIX M OMACHBIX M3MEHEHUW TapamMeTpoB

CHUCTEMbI, UCXOJs U3 IPUHATOIO0 3HAYCHUA I1OPOra BEPOATHOCTH.
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OnacHoe cocTtosiHuE cHCTeMbl  (GopMUpYeTCs TOJI  JAeHCTBHEM
OKpY’Karoliel cpe/ibl U BHYTPEHHHUX YCJIOBUM, OJJHAKO B O€30MACHOCTH CUCTEM
OKpY’Karolasi Cpela 4YacTo HE SBISIETCA IO OTHOUIEHHWIO K CHUCTEME SIBHO
BBIPOKEHHOW BHEIIHEH cpepoi. OmacHasi cuctemMa 0OObIYHO COCTOUT M3 00BbEKTa
U BMeIIAoIel 3TOT 00bEKT OKpYKAIOIIEH cpesbl, IPUUYeM OOBEKT Yallle BCEro
OTHOCHUTCS K D3JEMEHTaM >KMBOM MPUPOJIBI U MOXKET OBITh paclpeneiicH B
MIPOCTPAHCTBE OKPYKAIOLIEH CPEBI.

O600mas mnpuBEeNECHHBIE TOHATUA U TMpeACTaBleHUs, OyaeM B
JAJbHEUIIIEM HCIOJIb30BaTh CIEAYIOIINE OIPENECICHUs B IPOLECCE aHaln3a
OMAaCHOCTH U PUCKA.

Onacuwviti  pakmop — (QuU3NYECKHE, XUMUYECKHUE, OHOJIOTUYECKHE
KOMITOHEHTHI U SIBJIEHUS KMBOM U HEXUBOW MPUPOJIBI, PECYPCHl WM YCIOBUS
OKpYXalolel cpeabl, CIOCOOHBIE BbI3BATH HEOJAronpustHble 3PQGEKTH U
HEraTUBHBIE TMOCJHEACTBUS Yy OOBEKTOB BO3JEWUCTBHS TMpPU  peaU3aALMU
OIMACHOCTH.

Bosoeiicmseue — neiictBue omacHoro (hakropa OKpy»Xarolle cpenbl Ha
YPOBHE, cO3/1atoleM HebaaronpusaTHbie 3 PEeKThl U HEraTUBHBIE MOCIEICTBUS Y
PELUITNEHTOB.

Obvexkmbl  8030eticmeusi — PEUUINUEHThI, Ha KOTOpPbIE BO3ACHCTBYET
OmacHbIN (aKTOp OKPYKAIOILIEH CPEeIbI.

Oxpyorcarowas cpeda — COBOKYIHOCTb NPUPOJIHBIX, AHTPOINOTEHHBIX,
SKOHOMHYECKHUX, COLMAIbHBIX, TEXHOTCHHBIX W JIPYTHUX YCJIOBHUH, B KOTOPBIX
HaXOAUTCS OOBEKT BO3IECHCTBUSI.

Takum 00pa3oM, ONMacHOCTb OKpY)KAIOIIEH Cpeabl peamu3yeTcsl 4epes
OmacHbIi  (PaKTOp, KOTOPBIM MOXET XapaKTepU30BATHCS  HECKOJIBKUMU
napamMeTpamMM M KOTOpble, B CBOIO O4Yepellb, HUMEIOT 3HA4YCHHs, He
COOTBETCTBYIOILIME TPEOOBAHMSM, 3aJaHHBIM I10 TIOKA3aTEsIM 0€30MaCHOCTH.

Bech aHanm3 omacHOCTEH, CBA3aHHBIX C TMPUPOJIHBIMU SBICHUSIMHU U
NEeATEIbHOCTBIO YEIOBEKA, OCHOBAH HA OMNBITE U MPAKTUKE U3yYEHUs ONACHBIX U
HEOJIaronpusITHBIX COOBITUH. J{J1s1 TOr0, 4TOOBI UMETH BO3MOKHOCTh IIPUMEHUTH
(eHOMEHOIOrNYeCKHe METOJbl aHalli3a BEPOSTHOCTEM COOBITHI NpPH OILICHKE
OMMACHOCTH, CHOPMHUPYEM MOHSITHE OMACHON CUCTEMBI B CIEAYIOIIEM BUJE.

Onachas cucmema — KOHUENTYyallbHas COBOKYIHOCTb OKpPY’KaroIIeH

cpeabl, GopMUpYIOIIEH OMacCHOCTh, U 00BbEKTa BO3JEHCTBUS, HAXOISIIETOCs O/
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JeiicTBHEM omacHoro (aktopa cpeabl, KOTOPbIH C TEYEHHEM BpPEMEHU
o0OecrieunBaeT MOSIBICHHE y OOBEKTa BO3JACHCTBUS HETATUBHBIX 3(PPEKTOB H
NOCTENCTBUM WJIM TPUBOJUT K HAOMIONEHUIO JPYTrUX ONACHBIX WM
HE)KeJaTeIbHbIX COOBITHI.

Takum o00pa3oMm, OMAacCHOCTb, B IEJIOM SBISISICH Ba)XKHOM KaTeropueit
TEOpPUU OMACHOCTH U PHUCKA, MPEICTABISICTCS MHOXKECTBOM OIMACHBIX COCTOSHUMN
CHCTEMBI, ONPEJCICHHBIM 00pa30M BBIICICHHBIX IO 3HAYCHHUSM MapaMeTpoB
¢dakTopa omacHOCTH U3 OOIIETO MHOXKECTBA BCEX COCTOSIHMIA. B cBOIO ouepens,
KaX/I0€ OINAaCHOE COCTOSIHME CHUCTEMbl OJHO3HAYHO  XapaKTepU3yeTcs
BEPOSITHOCTHIO HEKOTOPBIX ~ONACHBIX WJIM HEOJarompHsTHBIX COOBITHIA,
MO3BOJIAIOIIMX PACIO3HABATh OMACHBIE COCTOSIHMS, a TAKKE MapaMeTpaMH dTUX
OMAaCHBIX COCTOSIHHM.

W3 naHHBIX BHIBOJIOB CIEAYET, YTO U3yUYCHHUE CBSI3EH MEXAY OMAaCHOCTHIO
U PUCKOM BO3MOXKHO TMPHU HAJIWYHHM OOIIEro OMHUCAaHUS TOBEIEHUS CII0XHOMN
cucrembl. [IpuueM 3TO ommcaHue MOXET OBITh MPEACTABICHO MHOXKECTBOM
GyHKIMI  pacrpeneneHus BEPOSTHOCTEH  XapaKTepHBIX COOBITHHM  BUIa

Wj =Ww; (Py, P2s..., Py ), KAK 3TO GBLIO MPEJCTABIEHO B MPEIBLIYIIEM PA3IETE.

Takum oOpa3oMm, TMpU CHUCTEMHOM TMOJXOJ€ PHUCK OINpeaeseTcs
BEPOSTHOCTSAMHU  HECKOJIbKUX  CBS3aHHBIX  MEXAYy €000  IpUYMHHO-
CJICZICTBEHHBIX COOBITHM:

® COBMECTHBIMM COOBITUSAMH (TIPUUMHAMH) HAOJIIOJECHUS MapaMeTpoOB
CHUCTEMBI, XapaKTEPU3YIOITUMH €€ COCTOSIHUE;

® CJOXHBIMH COOBITUSIMU (CJIEACTBUSIMU) HAOJIOJCHUS HETaTUBHBIX
3 PEKTOB ¥ MOCIICICTBHIA.

IIpr KomMUYecTBEHHOW OICGHKE pHUCKa (YHKIUS COCTOSHHUS CHCTEMBI

Wj =Wj(pl, Dy,...,0y) OYIET ONpemensThcs Kak mapaMeTpamMH COCTOSHHS [,

TaK M HEKEIATEIbHBIMU M ONACHBIMU COOBITUSIMH j, u 6YI[GT OIIKUChIBATh KaK

0e30MacHbIe, TaK U OMACHBIE COCTOSIHUSI CUCTEMBI.

[TogBonst oOuMi UTOr MOXKHO CKaszaTh, YTO Mpoleaypa OmnpeaeiaeHus
pUCKa SIBISETCS OOBIYHOM KOMIUICKCHOM OIICHKON COCTOSIHMM CHCTEM TIO
COBOKYIIHOCTH  TIOKA3aTeJIel  OTHOCHUTEJIBHO BEPOSITHOCTH  OMNACHBIX U
HEOJIaroNMpUSITHBIX COOBITHI, 0CO00 BBIICIIIEMBIX IPH aHAIM3E TIPOIIECCOB.

[Tocnie 3TOro MOSICHEHUsI MOKHO J1aTh CIEIYIONIEE ONPEICIICHUE PUCKA C

YUE€TOM IMPECAMETA UCCIICIOBAHUS COCTOSIHUH CHUCTEM Ipu KOMILJIEKCHOM OIICHKC.

76



Puck — BeposSTHOCTh ONACHBIX WM HEXKENATeTbHBIX COOBITHI, KOMILIEKCHO
OTpaXarolMX B MPUYUHHO-CIEACTBEHHBIX CBS34X CYILIECTBOBAaHUE OCOOBIX
COCTOSIHUM TNPUPOAHO-aHTPOIOT€HHOM CUCTEMBI, IPU KOTOPBIX y OOBEKTOB
BO3JCICTBUS MOJA JEHCTBHEM OMNACHBIX (DAKTOPOB BO3HUKAIOT HEraTHBHbBIE
3¢ (EKThI U MOCIEACTBUS WM 00BEKTaM HAaHOCUTCS OIpeAeIeHHbIN yepO.

B kauecTBe XapaKkTepHBIX COOBITUH TpPU OLEHKE pPHUCKA MOXKHO
paccMaTpUBaTh CaMbI€ PA3HBIE CIIOKHBIE COOBITHA (KaK OINAcHbIE, TaAK U HE
OMACHBIE), KOTOPBIE XapAKTEPHU3YIOT H3MEHEHHS B COCTOSHHUAX CHUCTEMBI,
OCOOEHHOCTH IMOBEACHUS 3TOM CUCTEMBI WJIM HEKOTOPBIE CUTYallUH, CBSI3aHHBIE
c HaOJIOJJCHUEM OIACHBIX M HEraTUBHBIX 3(PPEKTOB WM HaHECEHUEM yiiepoa.
[To3TOMy MOXXHO YTBEpXKJaTh, YTO B TAaKOM IPEICTABICHUU PHUCK SIBIIETCS
KOMILJIEKCHBIM MOHATUEM M CIYXXUT MEPOIl 3HAYMMOCTH pPEANM3alMi ONACHOCTH
JUIsL TOTO WJIA WHOTO BO3JCMCTBUS WJIM HaHECEHHOro ymepOa. B omacHbIx
COCTOSIHUAX,  KOTOpPBIE  XapaKTEpU3YIOTCS  COBMECTHBIMU  COOBITHUSIMU
HAOJNIOZICHUSI OMACHBIX 3HAYEHW aTpuOyTHBHBIX IOKazareneu, OyayT
UHUIIMUPOBATHCS  CJIOKHBIE COOBITHSI BO3HMKHOBEHHS HEOIArompusiTHBIX
3p(peKToB U HEraTHBHBIX MociaeACTBUM. COOTBETCTBYIOIIUE BEPOSITHOCTH
COOBITUH TpPHU HAJMYUK 3HAYUMBIX HPUYMHHO-CIEICTBEHHBIX CBs3ed OyIyT
TaKKe CBSI3aHbl MEKy COOOM.

Bce 3TO mpu OlLiEHKE pHUCKa [aeT BO3MOXXHOCTh CHCTEMAaTH3UPOBATh
pa3nuyHble ONacHble M HEOJArompusATHbIE COOBITUS 1O OTHOLICHHIO K
00BEKTaM, BPEMEHH U MECTY UX BO3HUKHOBEHHS, 110 OTHOILIEHUIO K COCTOSIHUIO
CUCTEMBl WJIH TOCIEACTBUSAM, CBSI3aHHBIM C 3THUM COCTOSHMEM, U T.A.,
UCIIONIB3YSI KJIACCU(UKAIIMIO COOBITHI, KOTOpash CETrOoAHs OOIICTpUHATA B

TCOPHUHU BECPOATHOCTH.

3.2 InddpepennuaibHble YypaBHEHHS 1JIA BEPOSTHOCTHOTO OMUCAHMS
COCTOSIHUH MPUPOAHO-AHTPONOTeHHBIX CUCTEM

PaccMoTpuM B o00mieM Buae 3aaadyy KOMIUJIGKCHOW OIIGHKH CHCTEM,
XapaKTepU3yIOUIUXC COBOKYIHOCTBIO CAMBIX Pa3HbIX NoKazarened. Cuuraewm,
YTO MMEETCSI MAacCHB CTATUCTUYECKHX JAHHBIX JII HEKOTOPOW MPUPOIHO-

AHTPOIIOTEHHOW CHCTEMbI, B KOTOPBHIH BXOJAT JaHHBIC I M OOBEKTOB M N
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NOKa3aTesied M KOTOpbIE JIOCTATOYHO IOJHO XapaKTEPU3YIOT 3TH OOBEKTHI.
Nmeercsa TakKe MHOKECTBO TaOiull {, ynops104eHHBIX IO BPEMEHHU, KOTOPHIE
OTPa’karoT MPOLIECCHl U3MEHEHUS COCTOSIHUM 3TUX 00OBEKTOB BO BPEMEHH.

Ha ocHoBe mnepeMeHHBIX Py, Po,..-,Py, CPOPMHPOBAHO MHOIOMEPHOE

npocTpaHcTBO KoopauHaT H", B KOTOPOM BO3MOKHBIE COCTOSHHUS OOBEKTOB
TEOPETUYECKH  00pa3yloT HEKOTOpYyl0  OOJacTh, OXBAaTHIBAIOUIYI0  BCE
HaOmoneHusi. B »ToM ciydae COCTOSIHME KaXKJIOro OOBEKTa B JaHHOM
OPOCTPAHCTBE  MOXET  ObITh  NPEJICTABICHO  MHOTOMEPHOW  TOYKOM

M(pl, pz,...,pn), a TMpOIECChl HW3MEHEHHS COCTOSIHUA OOBEKTOB  3a

OHpC,HeHCHHBIfI nepnuoa — MHOIroMCpHbIMH JIMHUAMMH. HpI/I OTOM KaxKJas JIMHHA

Imponecca 6y,ZIeT 0T06pa)KaTBCSI t Toukamu. HpeﬂHOHO}KI/IM HCIIPCPBIBHOCTDH
MHOI‘OMGpHOfI obacTn Hn. Kak YKa3bIBAJIOCh B IIPCALIAYIICM pPas3acic, 3TO

03HAYaeT, 4TO B INPOCTpaHcTBe coctosHmii H" cymecTByer GeckoHeuHOE
MHOXXECTBO  COCTOSIHUM  JUII  HEKOTOPOW TI'€HEPAJIbHONW  COBOKYIIHOCTH

OJHOTUITHBIX OOBEKTOB M TOUKH coctosHuit M(py, Py,...,p,) 3THX 06BEKTOB

HEIMPEPHIBHO 3alOJHAIOT A3TO MPOCTPaHCTBO. bynem Takke cyuTaTh, 4YTO
OMBITHBIC TOYKH W3 0a3bl JAaHHBIX SBISIOTCS OTPAaHUYEHHOW BBIOOPKOU
HaOJII0/ICHUI U3 JaHHOW TeHepaIbHON COBOKYITHOCTH.

PaccMoTpuM  ClOKHOE  COBMECTHOE  COOBITHE  OJHOBPEMEHHOTO
HAOI0/IEHUST HECKOJIBKUX TOKa3aTellel WM BbIOEpeM HEKOTOPOE XapaKTepHOEe
COOBITHE, KOTOPOE UMEET XapaKTEPUCTUUYECKYIO BEIIMYMHY B BHUJE OTACIBHOTO
nokazarens. OmnpenenuM, 4YTO COCTOSHUE KaXJAOTO OOBEKTa  MOXKET
XapaKTEepPU30BaThCA JaHHBIM HaOMOgaeMbiM coObITHEM. (O003HAYMM JTaHHOE

COOBITHE KaK «COOBITHE |», U OyJeM CUHTaTh, YTO OHO IO3BOJIAET OIEHUTH

HEKOTOPBIC OMACHBIC WJIM HEOIMACHBIE COCTOSIHUS CUCTEMBI, BBIJICJICHHBIC MPU
aHajgu3e MO OMpPEACTICHHBIM COOOpaXKEHUSIM MO TOKa3aTelssM OEe30MaCHOCTH.
Haiinem CTaTUCTUYECKYIO BEPOSITHOCTH ATOTO COOBITHSI HAa OCHOBE OIBITHBIX
JAHHBIX, HMEIOIUXCA B 0a3e JaHHBIX, C HCIOJb30BAaHUEM aJTOPUTMOB
COPTUPOBKH, TPYNIIUPOBKU M TMOJICUETa YaCTOT OJArOMpUsITHBIX COOBITHMN WU
NyTeEM  TEOpPETUYECKUX  OIeHOK. CuuTaeM JaHHYI0  CTaTHCTHUYECKYIO
BEPOSITHOCTh ~ BEPOSITHOCTBIO ~ COCTOSIHUS ~ M3y4aeMOM  CHCTEMBI.  JTa

CTaTUCTHYECCKAA BEPOATHOCTb W ITIOJACYHUTBHIBACTCA 110 BCcel rpymarie 00BEKTOB.
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B npouecce rpynnupoBKM JAaHHBIX CTAaTUCTUYECKAas BEPOSTHOCTH
COCTOSIHUA, KaK MPaBUJIO, ONPENEAEeTCS aJrOPUTMUYECKUM ITyTEM Ha OCHOBE
MMEIOIINXCS ONBITHBIX JaHHBIX.

B cBow ouepenb, BEPOSITHOCTH COCTOSIHUS MOXET HAaXOAMTHCS
TEOPETUYECKUM IIyTEM W3 TPEIACTABICHUS CIOXKHBIX COOBITMMI B BHJE
KOMOHWHAIMK 00Jiee MPOCThIX COOBITHI. B 3aBHCMMOCTH OT TOTO, OOBEIUHSIIOTCS
WIM COBMEUIAIOTCS TPOCTbIE COOBITHUS, HAXOIAT BEPOSTHOCTH CIOKHOTO
COOBITHS, UCHIOJIB3YSl TEOPEMBI CIOKEHUS U YMHOKEHHSI BEPOSTHOCTEM.

Jlasee B JaHHOM IVIaB€ BOIIPOCY TEOPETHYECKOTO W OMIIMPUYECKOTO
OIIpPENENICHUS] BEPOATHOCTH XapaKTEPHBIX COOBITUH OyleT ynaeiaeHo ocoboe
BHUMaHue. [loka »xe pocTtaToyHO (hakTa CYIIECTBOBAHUS pACIpEAeIeHU
BEPOSITHOCTEN TakuX cOOBITHI. Tak Kak HUXeE peub UIET O BEPOSITHOCTH JIFOOBIX

COOBITHI, TO HH/CKC | B COOTHOIICHHH W (py, Po,..., Py, ) OyEM OMyCKATS.

Jis 1moCcTpoeHHs KOMILICKCHBIX MOJEICH INPUHMMAeM TMIIOTE3Y O
HENPEPBIBHOCTH PACIPENEICHUS BEPOSTHOCTU COCTOSHUS CUCTEMBI B 00JIaCTH
H". Jlpyrumu crnoBamu, MBI TIPETIONATAEM CYIIECTBOBAHUE CKATAPHOTO TIOJS
CTATHCTHYECKOH BeposTHOCTH W B mpocTpanctee H" Buma w=w(M),
KOTOPOE MO>KHO OLICHHUTB I10 CTATUCTUYECKUM JTaHHBIM.

[Ipennonoxum, yto B obnactu H " MOXHO 3a/1aTh KOMIUICKCHBIH MHICKC
B BHUJI€ AQHAIUTUYECKOW (PYHKIUU T(pl, p2,...,pn), Ha OCHOBE KOTOpO#l Oyner
dbopmMupoBaTbCsl MaTeMaTUUeCKasi MOJIETb BEPOSITHOCTHOIO MpocTpaHcTBa. [Ipu

u3BecTHOM BuAe GyHKkimu  T(Py, Py,...,p,) ¥ 3HAYEHHAX TIEPEMEHHBIX

PL, Py,...,P, B 00mactu H" (opmupyem elne oJHO CKalsApHOE HOJE, KOTOPOE

paHee ObLIO Ha3BaHO CPEON MOJICIIUPOBAHMS.

IIpy mnocTpoeHur MoOJENIe, HWCXOJsi W3 TUMOTEe3, IPUBEACHHBIX B
npeAbIAyIel TiIaBe, NpeAroiaraeM, 4To B MHpocTpaHcTBe cocTosHmit H"
CKJISIPHBIC TIOJISI BEJIMUMH W M | OJIHO3HAYHO CBSI3aHBI MEXTY coOoil. [laHHas
CBSI3b  NPEACTABISICTCS B BUJE  CICAYIOIIMX  (DEHOMEHOJIOTHYECKHUX
cootHomreHuit dw=c;-dT . Ilpu crnpaBeUIMBOCTH MPHUHATHIX BBIIIE THIIOTE3
(hEHOMEHOJIOTMYECKUE OMUCAHMUS CTAaTUCTUYECKUX JaHHBIX, MPEICTaBICHHBIX

TAaOJIMYHO-BPEMCHHBIMU ~ MacCHMBaMH ~ MH(OpPMAI[MK, TECHO CBS3aHbl C
ypaBuenusimu [1dadda [4, 7, 65, 122, 123].
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Bri6epem B obmacty H" nmpoussonbhyio Touky M . Byznem cuurars, 4To
BOJIM3U JAHHOW TOYKW OCYIIECTBIISETCS dJIEMEHTApHBIN MPOIIECC, B PE3yIbTaTe
KOTOPOTO COCTOSIHME OOBEKTa M3MEHSIETCS OT HadalbHOro M 110 KOHEYHOro
coctossuuss M'. Torma mnonHbI guddepeHan BeJIUYUHBI W  MOXHO

npcaCTaBuTh B BUAC!

dW:(a—Wj a dp1+(%) o dp2+...+(%j o dp, (3.1)
T ) p,..p, \OP1 0T ) by, pa..py, \OP2 T )b, \Pn
oT oT oT
dw=c¢, -| — |dp; + ¢, | — |dp, +...+C,, | — |dp.. , 3.2
&l o, P +co o, P2 'l 5 i Pn (3.2)

rae C, — (peHOMEHOJIOrNYEeCKHUE BEIMUNHBI, XapaKTEPU3YIOIIUE IIPOLIECCHI
WU3MEHEHUS COCTOSTHUI OOBEKTOB IIPU M3MEHEHMH ITOKA3aTeIeil Py, KOTOphIE B
caMOM OOIEM CiIy4ae 3aBHCAT OT IEPEMEHHBIX Pq, Ps,...,Py, OAHAKO B

OKPECTHOCTH TOYKH M HX YCIOBHO MOXHO CUMUTATb IIOCTOSIHHBIMH

BenununHamu, K =1,2,...,n .
BBenenne wunHIekca T(pl, p2,...,pn) HEOOXOJIUMO ISl TOCTPOEHUS

KOMIIJICKCHBIX MO,I[GJICI;'I OIMNCaHMA CTaTUCTHYCCKUX JAaHHBIX B MaTCMAaTHYCCKOM

Buze. YpasHenue llpadda (3.2) npu moCTOSHHBIX BEITUYHMHAX Cj 3aBUCUT OT

BUJIa GYHKIMK | | pacrpeesieHni BEpOSITHOCTH W.
Tak kak u3y4yaeTcs pacnpeiesieHUE CTaTUCTUYECKOW BEpPOSTHOCTU, TO

MOXHO HPCACTAaBUTH KOMIIJICKCHBIN HHACKC B BHIAC FCOMGTpPI‘IGCKOfI

BEPOSATHOCTHU IpocTpancTBa H" wiu B BHIE MepBl OTHOCUTENBHBIX H3MEHEHHIA:

T= Pr-Po-..s Pp : (3_3)
Pimax - P2max “+=+* Pnmax
T= Pr-Po--.. P ’ (34)
P1, P2y w+eer Py
rac pk max pko — COOTBCTCTBCHHO MAaKCHUMAJILHBIC WJIN HeKOTOpBIe

OMOpPHBIE (ITOPOTrOBbIE, JOMYCTUMBIE U T.J.) 3HAUEHHSI HICXOAHBIX TIOKa3aTeseH.
B nepBoM cnywae cremyeT oOnpeAenuTh MAKCUMAaJbHbIE 3HAYEHMS

HAO0JII0JaeMbIX BEJIMYMH B BBIOOpPKE BCeX NaHHBIX. Bo BTOpoM ciydwae, 1is

aHanM3a JIaHHBIX CJEAYyeT MPEUIOKUTh HEKOTOPYID ONOPHYK  TOYKY

M (p N YR o ) U COCTOSIHHSI BCEX OCTAIBHBIX 0OBEKTOB COOTHECTH C ITOU

TOUYKOU.
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JlaHHBIE MOJIXO/bI ONPEEIECHUsS] KOMIUIEKCHOTO MHJEKCAa OCHOBBIBAIOTCSA
Ha KCMOJIb30BAHUM MPUHIIUMIIA COOTBETCTBEHHBIX COCTOSHUWA. DTOT MPHUHIIUI
0000111aeT AMIUPUYECKOEe HAOJIOJIEHUE, KOTOPOE YKa3blBaeT Ha TO, YTO MJiA
OJIHUX U T€X € OOBEKTOB OMNPEEICHHON MPUPOIbl MHOTHE XapaKTEPUCTUKU U
MOKA3aTeNIM TECHO CBSI3aHbl C HEKOTOPHIMU XapaKTEPHBIMU CBOMCTBAMM JIA
BCEX O0BEKTOB MPUOIM3UTENHHO O uHAKOBO. [Ipu peanuzanuu 3TOro mpuHIUIA
B MpoIIecce MOCTPOEHUS MOJIETICH TTOKAa3aTeN COCTOSIHIM HEKOTOPBIX OOBEKTOB
BBIOMPAIOTCS] B KAUECTBE OMOPHBIX U BCE OCTAJIbHBIE XAPAKTEPUCTUKU OOBEKTOB
COOTHOCSTCS C TOM TOYKOW B U3y4a€MOM MPOCTPAHCTBE MOKA3ATEIIEH.

CymiecTBylOT —pasiuyHble CHOCOObl  (POPMUPOBAHUS  KOMIUIEKCHBIX
MH/IEKCOB IPHU MOCTPOCHUH MOJENIEH CHCTEM. DTO CBSI3aHO C OCOOCHHOCTSMU
TOM WIM HMHOM MpeIMETHOM 00JacTH, HCIOJb3YEMbIMU THUIIOTE€3aMU WJIU
NPEANOJIOKEHUSIMU, a TakKe CIOKUBIIMMUCS B HAy4YHOM COOOIIECTBE
MPEACTABICHUSIMU WIK OOIIENPUHATHIMU noaxonamu. Kpome ypaBHeHnuit (3.3)
U (3.4) TakKe 4acTO MCHOJB3YIOTCS MYJIbTUIUIMKATUBHBIE CTENIEHHBIE (DYHKIIMU
U DKCIEPTHBIE 3aBUCUMOCTH  OTHOCUTEIBHO MCXOJHBIX  IOKa3aTeseu

COOTBCTCTBCHHO BH/IC:

Top || [ Pe| . [Po]| . (3.5)
plO p20 pnO

T:ﬂl-ﬁ+ﬂ2-ﬁ+...+ﬂn-&, (3.6)
plo 20 pnO

rae [ — BECOBblE WM CTaHAAPTU3UPOBaHHbIE KO3(PPuureHTsl. MoryTt

TaK)Kke ObITh NPEIJIOKEHbl M APYyrve BHIbl (PYHKIUH IS 3aaHUsl 3HAYCHHI

KOMIUIEKCHOTO ~ WHJAEKca, Hanmpumep, GYHKIMM B BHUIE  CPEIHETO

reOMETPUIECKOTO T=0p Py Py WITH CpeHETeOMETPUIECKOTO
B3BCIIICHHOTO, & TAK)KE CaMbl€ PAa3HBIC KCIIEPTHBIC 3aBUCHMOCTH OTHOCHUTEIHHO

Pk — Pk min

WHIUKATOPOB BUAA POy = .
pk max ~ pk min

bynem cuurtare, 4T0 KOMIUIEKCHBIM UHIEKC T(pl, Psy..., pn) MOXET OBITh
NPEACTaBICH B BUJE MNPOU3BEACHUM (YHKIMI, 3aBUCALIIMX OT IOKa3aTeleu

P, P2,--sPy, @ HMMEHHO [ = (pl(pl)-gpz(pz)-...-(pn(pn). Ora runoresa
OXBAaTbhIBAET KJlacc ypaBHeHu# Buaa (3.3) — (3.5). B aTom ciyyae st ypaBHEHUS
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[Ipadda (3.2) cymecTByeT HMHTErpUPYIOLIUN AENUTENb, KOTOPBIM oOpaiaeT
JaHHOE ypaBHEHHE B TOJHBIN Auddepenunan. MHTErpupyommm IeauTenemM
(3.2) Oymer QyHKIHS T:(ol(pl)-¢2(p2)-...-¢n(pn). [ToncraBisisi JaHHYIO

¢bynkuio B (3.2) u e 3TO ypaBHEHHE HA BEJIUUUHY | , TOJTYYHM:

dw_ . ol(p) ALY @n(Pn)
ds=—=c - = =dp +C, - =—=£dp, +...+C, - "2 dp,.  (3.7)
T (Dl(pl) ' ’ (Pz(pg) ’ " (pn(pn) "
HNurterpupys ypaBHenue (3.7), IpecTaBUM OOIIWMNA UHTETPa B BUJIE:
A ?2(P;) @n(Pn)
S—S,=¢;-In +C,-In +...+C,-In . (3.8)
T ale,)) Lol " 2nlpn, )
e Sy, Py, s---> Pn, — aPaMETPbl ONIOPHOTO COCTOSHHUS.

JaHHyl0 (QYHKIMIO COCTOSHMSI OOBIYHO Ha3bIBaloT sHTponueil. Takxum
0o0pa3oM, A CKaJSIPHOTO IOJII BEPOSTHOCTH W(pl, p2,...,pn) IIpU 3aJIaHUH
KOMIUIEKCHOTO MHJAEKCa Mpou3BeeHneM QPyHKIMM T = qol(pl)- goz(pz)-...- gon(pn)
U CIIPaBEUIMBOCTH (PYHKIIMOHAJBHBIX CBsi3eil B Buge dw=C, -dT MoxxeT ObITh

OMpEIeNICHO CKaJIsIpHOE ToJie FHTponuu Buja (3.8), npuueM GyHKIUS SHTPOIUU
ABJISCTCS AIMTUBHON BEJIMUMHOM, KAXKJI0€ CIIAraeMO€ KOTOPOU 3aBUCUT TOJBKO

OT OJHOW BenuuuHbl P, . M3 cka3aHHOTO BUIHO, YTO CMBICI MOUCKA (YHKIUU
SHTPOINMHU CBSI3aH C MPEOOpPa30BaAHUEM KOOPJIUHAT Py, Py,..., P, TAKUM 00pa3oM,

YTOOBI MOJYYUTh JMHEUHYIO aJIJUTUBHYIO (PYHKIIMIO OTHOCHTEIBHO HOBBIX

0000IIEHHBIX KOOPJIMHAT BUA!

5—Sp =Cy-y1(Py)+Cowo(pr)+. 4 G wn(py)=C Gy +C5 Uy +...4C Oy, (3.9)

rme Q=¥ (px) — TpeobpasoBaHHEIE KOOPAMHATH B  BHJIE
JorapuMudecKkux QyHKIIHM.

['eomeTpuyeckn 3TO O3HAYa€T, YTO SHTPONUS B IMPOCTPAHCTBE HOBBIX
KoopauHat  O,0,,...,0, cormacHo (3.9) nmpuBOOUTCS K  JMHEWHBIM
3aBUCUMOCTSIM, 00J1a/Ial0IIMM CBOMCTBOM A TATUBHOCTH.

Takum o0Opa3om, HenauHEHHOE TMpeoOpa3oBaHWEe KOOPAMHAT TPHU
CIPaBEIJIMBOCTU THUIOTE3 CBS3M BEPOATHOCTH COCTOSIHUSI CHCTEMBI C

KOMIIJICKCHBIM HMHIACKCOM BHJA dW:C| -dT ¥ BO3MOXXHOCTH MMpCaACTaBJICHUA

KOMILIEKCHOT'O MHJIEKCa MYJIbTUILIMKATUBHOM byHKUMEH

T=p(p) 2(p,)-...-¢,(p,) mo3BONAET ¢ TIOMOIBIO TIpe0GpazoBanus ds = O_'r—W
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IIPEACTABUTh HEJIMHEWHOE CKAIPHOE II0JIE BEPOATHOCTH B BUAE ANJUTUBHOU
JUHEHHON (QyHKIMKU SHTponuu. ['eoMeTpHueckd 3TO BBINVIAAUT TakK, YTO
HEJIMHENHBIE MHOTOMEPHBIE JIMHUHU CKAJSIPHOTO IOJISI BEPOSTHOCTU COCTOSHUS
CUCTEMBI IIPe0Opa3yroTCsl B JIMHEWHbIE MHOIOMEPHBIE JIUHUU CKAJIIPHOIO IMOJIS

OHTPOIINHN ATON CUCTEMBI B HpGO6p330B8.HHOI?I CUCTCMC KOOpAHHAT.

Jns ypaBuenus Ilbadda (3.2) B mnpoctpancte H" cymectsyer
HEKOTOpOE  TOJie  HAmpaBJICHWH, TOPOXKIAEMOE  CKaISIPHBIM  IOJIEM
CTaTHCTUYCCKOM BEPOSITHOCTH W W KOTOPOE CBSI3aHO C JIMHHSIMH SHTpOIUH [4,
7,122, 123]. TlokaxxeM cCHpaBeMIMBOCTh AaHHOTO (akta. Tak Kak mpUHATA

THIIOTE3a O CYHICCTBOBAHHH CKaJLIPHOTO IIOJA BCPOATHOCTH W, TO I'paauCHT

CKAJIIpHOU (DyHKIIUU W = W(pl, Po,.ees pn) paBEH:

grad(w):(@j (ﬂj-el+(@j (ﬂ)e2+...+(a—w) (ﬂ)en, (3.10)
A aT )y, \ o, ot ), \ ép,

OTKYyda € Y4CTOM IIPHUHATOI'O IT0JIOKCHUA, YTO dw= C| -dT , IIOJIy4YUM

oT oT oT
rad(w)=c¢;-| — |- &, +co-| — |-€5 +...4C,-| — | -€,, 3.11
g ( ) &l (GDJ 1TC (8[)2) 2 n (Gpn] n ( )

rZe €, — CIMHUYHBIC BEKTOPBI, HAIIPABICHHBIE COOTBETCTBEHHO 110 OCAM
KOOPAUHAT Py, Po, ..., P, MPOCTpaHCTBa cocTosHuiA H" .

B npoctpanctee H" Qynkmus surpormuu cormacuo (3.8) oOpasyer
npeoOpa3oBaHHOE CKaJISPHOE IOJie, MO3TOMY TpPaJUEHT 3TOro Mojs Oyner

paBeH:

1 n n

OOpatum BHMMaHHME, YTO ISl Bcex mpoekiuil Bektopos (3.11) u (3.12)

grad(s)=¢

BBITIOJIHAETCS CIEAYIOIIEE YCIOBHE:

grad, (W) _ ci - @1(Py)-- @k (i) - @ (Pn) -T. (3.3
grad,(s) ook (py) Alp)=T. 619

N3 cootnomenust (3.13) ciaegyer mponopruoHaIbHOCTh OJHOMMEHHBIX

npoeknuii Bexktopos grad (w) mgrad(s). DTo rOBOPHT O TOM, 4TO B KO

Touke M mpoctpanctBa H" naHHBIE BEKTOpHI MapanieabHbl, IPUUEM

grad (s):%. grad(w) . (3.14)
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[Monmyunm nuddepeHnManbHOE ypaBHEHHE M ONHMCAaHMsA CKaJIsApHOIO
nonst BepostHocTH. U3 cootnomernus T =@ (p,) - 0,(p,) ... ¢n(p,) umeem

CJICOYOIIHEC 3aBUCHUMOCTH.

or :%(pl)'(ﬂz(pz)‘---‘¢k(pk)'---'¢n(p”)-(pk(pk)aOTKYJ:[a

Py o (Py)
el :(Dk(pk)_-l— U i[aWJ:¢k(pk)T’ TakK KakK ﬂzck.(a—-rj. (315)
e oc(pe) ¢\ opk ) oc(py) Py Py

CymMmupyst cootHomienust (3.15) nans Bcex N HOJYy4YUM JIMHEHHOE
HEOJHOPOIHOE YPABHEHUE B YACTHBIX MTPOU3BOJIHBIX NIEPBOTO MOPSIKA BUAA!

o(py) Lévv} ¢2(p2))(§;zj+_..+ #a(Pn) (&szn.p (3.16)

¢ @i(P )\ 0P ) co- (P, Cn - @h(Pn)\ 0P,
B obmem cnyudae pemenue ypaBHeHus (3.16) ocyiiecTBiIsieTCsl METOA0M

XapakTepUCTUK [7, 65, 69], KoTOpble OMpPEaENAIOTCS CUCTEMON OOBIKHOBEHHBIX
U pepeHInaTbHBIX YPABHEHU:

' dpl ’ dpz ’ dpn dW
ds =, pf(py)—; 25 = Co - 9(P2)— 2= == Cy - 0 (P -
(P (o =% 2P oy == enlPe) (5=

r7€ S — mapaMerp, KOTOPBIH SIBJISIETCS SHTPONUEN B npeAcTaBieHuu (3.7).

. (3.17)

Ecin cnoxutrh Bce cnaraemble ypaBHeHus (3.17) kpome MOCIEIHEro, TO
MOJIyYMM B TOYHOCTH ypaBHeHue (3.7).

N3BectHo, uTto ana ypaBHeHUs (3.16) XapaKTepUCTUKH OMPEACISIIOTCS
cucteMoil ypaBHeHui (3.17), a ceMeiicTBO MOBEPXHOCTEN, OPTOrOHAIIBHBIX 3TUM
XapaKTEPUCTUKAM, ONPEIEIAETCS U3 CKAIPHOTO IPOU3BEACHUS BEKTOPA

W = o(py) el+—(p2(p2) e2+,,,+—(p“(p”) e, (3.18)
a-el(p) o e5(py) G @h(Pn)
¥ €JIMHUYHOTO BeKTOpa € =€, -dp; +e, -dp, +...+¢€,-dp,, a umeHHO (V\7 : e): 0.
ITocresHee COOTHOIICHWE MOYKHO TPEACTABUTh B Pa3sBEPHYTOM BHIC
MHOTOMepHOro ypaBHenus [Idpadda:

¢1('p1) dp, + ¢2(1p2) dp, +...+ ¢n(’pn) dp, =0. (3.19)
C’l'(ol(pl) C2'¢2(p2) Cn'(on(pn)

Ecnu nanHOe ypaBHEHHE TPHUBOAUTCS K TMOJHOMY auddepeHImany, To
CYIIECTBYET MOTEHIIMAI P( P1, Poseeesy pn): C mpoctpanctea H", kotopsrii
MOXHO TIPEACTaBUTh B BUJIC CEMENHCTBA MOBEPXHOCTEH, OPTOTOHAIIbHBIX JIMHUSM
SHTPOTHUHU (S = Const). J171s1 HEKOTOPBIX BUAOB (DYHKIIMN KOMIIJIEKCHOTO WHJEKCa

MOJKHO ITOJIYYHUTH ITPOCTHIC (bYHKI_II/II/I IIOTCHIMAaJia.
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Ha ocHoBe 3HaueHMi SHTPONIMHU S U MOTEHIMAT P MOXXHO OCYIIECTBISAThH
CPaBHUTEIIBHYIO OLIEHKY COCTOSIHUSI OOBEKTOB MEXKIY CO00il. DTHU BEIMUYUHBI
ABISIIOTCS PyHKIUAMU TOYkH M (byHKIUsIMH cocTosiHUA). JlaHHBIe (YyHKIIUU
COCTOSIHUSA  OMPEJIENSIIOT €CTECTBEHHbIE KPHUBOJMHEWHBIE KOOPAMHATHI B
npeoOpa30BaHHOM MPOCTPAHCTBE, NMPHU OTOM KaxIblii 00BEKT (B Iporecce
CBOCTO WM3MCHEHHUS W pa3BUTHA) OyJIeT 3aHWMaTh HEKOTOPOE TIOJOKEHHUE
OTHOCHUTEJILHO 3TUX KOOpAUHAT [7].

Takum oOpa3om, Onaronaps HeIMHEHHOMY TIpeoOpa30BaHUIO KOOPAHMHAT,

npoctpanctBo H", riie mpencTaBieHo cKanspHOE 110J1€ BEPOITHOCTH COCTOSHMS
CUCTEMBI, MOXKET OBITh KOMILJIEKCHO MPe0oOpa3oBaHO B JIMHEWMHOE MPOCTPAHCTBO
OTHOCHUTEJIBHO BEJIMYMH SHTPONMH W TNOTEHUMAla MPOCTPAHCTBA COCTOSIHUM
M3y4aeMou CHUCTEMBL. 210 MO3BOJISIET 00BEKTUBHO IIPOBECTHU
MHOTOIapaMETPUUECKOE PaHXKUPOBAHHE OOBEKTAa CpPeAr MHOXKECTBA JIPYTUX

O0OBEKTOB, UCIIONb3Ys AJIs aHAJIM3a JaHHbIE (PYHKI[UU COCTOSHUA.

3.3 ®opMyTHPOBKA OCHOBHBIX 3aBHCHUMOCTEI /IS KOMILJIEKCHOW OLIEeHKH

IlonydrM OCHOBHBIE YpaBHEHHsS WM COOTHOLUEHHUs I KOMILJIEKCHOU
OLICHKH NPUPOJHO-aHTPONOTEHHBIX CHUCTEM. B TaHHOM BapuaHTE MOCTPOEHUSA
TEOPHUH BaXKHBIM SIBJIIETCS BBIOOP CpeAbl MOJEIUPOBAHUS, UCXO U3 3aaHUs
paznuuHbIX BUAOB (yHKUMHA g uHAekca T . Pemenue ypaBHenus lldadda

(3.19) mpu mNOCTOSHHBIX BENIWYMHAX C, 3aBHCUT OT BUAa (QYHKIUH

T(P1. P2, Pn).
Tak kak wu3ydyaroTCs paclpeneieHus] CTATUCTHUECKON BEPOSITHOCTH
pa3IMYHBIX COOBITHI, TO PAIMOHATBHO TMPEACTaBUTH ITY (DYHKIHIO B BHIE
reOMETPUYECKOl BEPOATHOCTH TNpocTpaHcTBa H" wmim B BuAe Mephl
OTHOCHUTEINILHBIX W3MeHeHuH cornacHo (3.3) u (3.4). Tak kak JaHHBIC YpaBHEHUS
WJEHTUYHBI, Jlajiee  paccMOTpuM  ypaBHeHue (3.4), s  KOTOPOro
T PiPorrPn
Py, P2y weeer Py

paccMaTpuBaTh Kak HEKOTOpbIE TOPOTOBbIE (0€30MacHbIe) YPOBHH MOKa3aTeleH,

B nmaHHOM ciydae BenMYHMHBI Pq, Po,...,P, MOXHO

ITO3BOJIAOMINEC BBIACIIUTH 00J1aCTH ONACHBIX COCTOSTHUI CUCTEMBI.
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JIns TaHHOTO KOMIUIEKCHOTO MHJeKkca coriacHo (3.7) — (3.8) sHTponuio

COCTOAHMA CUCTCMbBI MOKHO ITPCACTABHUTH CIICAYIOIIUM 06pa30M:

ds=d—W:q-%+cz-%+...+cn-dﬁ, (3.20)
T P P2 Pn
S—Sp=C;-In P +Cy-In P2 +...+Cp-In P | (3.21)
plo p20 pn0

B cBoto ouepenp, cornacHo (3.19), norenuuan P( P1, Py pn): C moxer

OBITh HAlZICH U3 YPaBHCHUS:

&-dp1+-&dp2+...+-&dpn =0 wm (3.22)
el C Ch
2 .2 2 .2 2 .2
1 Pr =Py, P2 =P Pn — Pn
P(p;, Py, ..., P ) == o + O b+ —1, 3.23
(PurPz.ePn) =) = ; . (3.23)

r€ MPUHSTO, YTO P(pl0 » P2y s+ Pr, ): 0.

Takum oOpazom, st kKoMIuiekcHoro uHaekca Buaa (3.3) — (3.4) MoxHO
BBECTH OOOOIIEHHBIC KOOPAUHATHI B BUJIC SHTPONUU U MOTEHIMANA, KOTOPHIC
MO3BOJISIT B MPEOOPa30BAaHHOM MPOCTPAHCTBE KOOPAMHAT JIMHEAPU30BAThH
HEJIMHENHOE CKAJSIPHOE M0JIE BEPOSITHOCTA COCTOSIHUSI CUCTEMBI.

Paccmotpum  Teneps ypaBHeHue (3.5) g KOMIUIEKCHOTO HMHAEKCA

oy a, a,
rop|P| [P ] [P
plo pzo pn0

ypaBHEHUsI Ipu [ =1 SHTPOMNHUS COCTOSIHHUSI CUCTEMBI MPEICTABISAECTCS B BUIE

. MoOXHO TmoOKa3aTh, 4YTO I JAHHOTO

YPaBHEHUS:

S—Sy=C-ay-In P +Cy-ay-In| == |+..+C, -, -In Pn , (3.24)

1, p20 Ny
a MOTEHIMAJI COCTOSHUS CUCTEMBI B BUJIE YPABHEHHUSI:
2 2 2 2 2 2
1| Pr =P, P2 =Py Pn = Pn,
+ +o.+—>0

P ) y ey =_
(P P2v-esPy) =5 P .

(3.25)
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B cBoro oucpcab, Ipu MpCACTABJICHUN KOMIUICKCHOI'O MHJCKCAa B BHJIC

ypaBHeHus (3.6) T =/, Py Bo Py B P SHTPONHSA M IOTCHLHUAI
Lo 29 No

MOI'yT OBITH MMpCaACTaBJICHBI CJIICAYIOIITUM O6p3,30M:

s—sy=2.In| |4+ C2.n| P2 |y Cn gl P (3.26)
nolpy) NPy n | pa,
2 2 2 2 2 2
10 Pr =P,  P2— P Ph—P
P(py, p2,...,pn):§ . >+ - 0 +...+% _ (3.27)
1 2 n

COOTBETCTBYIOIIUE 3aBUCUMOCTH MOTYT OBITh MOJY4Y€HBbI, MCXOIS U3
onHopogHoctr ¢yHkuuu (3.6) u crnpaBennuBOCTH ypaBHeHus (3.16) s
cilydasi, KOrja CTENeHb OAHOPOJHOCTH (PyHKUUU (3.6) mpUHUMAETCS pPaBHOU
eIUHUIIE.

Takum o00pa3oMm, HCHONB3YS MPEIIOKEHHYIO TEOPUI0 KOMIUIEKCHOM
OLICHKM W 3ajaBas pa3jvyHble (YHKIHUHA KOMILIEKCHOTO WHJIEKCAa |, MOYHO
npeoOpa3oBbIBaTh  HEJIMHEWHOE TMPOCTPAHCTBO  BEPOSTHOCTU  COCTOSHUU
CUCTEMbl B JIMHEHHOE MPOCTPAHCTBO U IOTOM HPOBEPSITH MOJYyYEHHBIE
3aBHCHUMOCTH Ha aJeKBATHOCTh MyTeM OOpaOOTKHM HWMEIOIIUXCS OIBITHBIX
JTAHHBIX 00 M3MEHEHUH U Pa3BUTUU TOW WJIM WHOW CHCTEMBI U AMIUPUUYECKOTO

OIIPpCACIICHUA BCIIMYHH Cy .

[IpuBenennsie panee 3aBucuMocTu (3.3) —(3.6) ABIAIOTCS AOCTATOYHO
npocTeiMU. Hamo OTMETh, YTO SHTPOMHS COCTOSIHHSI CHCTEMBI coriacHo (3.8)
MOKET OBITh OIpenereHa ISl CaMbIX pPa3MMYHBIX (YHKIIMH KOMILJIEKCHOTO
UHJIEKCa, TMPEACTABICHHBIX B BHJE MNPOU3BENECHUN (YHKUUNH OTHOCUTEIIBHO

nokasarenen [ = gol( pl)- (pz(pz)- Y/ ( P ) B cBow ouepenw, pemieHue s

MOTEHIIUAIa OyIeT ONpeaesaThest U3 cooTHoIeHus (3.19).

[ToaToMy B Ka)XJIOM KOHKPETHOM CiIy4dae PEIICHUs MPUKIAJIHON 3aJ1a9d
HEO0OXO0IMMO OOOCHOBBIBATh BBIOOP WHIEKCA | JJII KOMIUICEKCHOM OIICGHKH H
OMpENeNIATh KOHKPETHBIE 3aBUCUMOCTH JSHTPONMHM S H TIoTeHnuama P.
TeopeTHyeckn MOTYYUTh COOTBETCTBYIOIIME 3aBHCHMOCTH JOCTATOYHO JIETKO,
OIHAKO OIlEHKA aJe€KBAaTHOCTH JIaHHBIX 3aBHUCUMOCTEH 110 OTHOIIEHHIO K
OTBITHBIM JaHHBIM SIBJISIETCS HE COBCEM MPOCTOM 3aaaueil. B oOieM ciydae mMbl
MIPUXOJIUM K HEOOXOJIMMOCTH HCITOIb30BaTh IPH 00pabOTKE ONBITHBIX JaHHBIX

0606IHCHHI)IC KOOpAWHATBI B BUAC OHTPOIIMU U ITIOTCHIIMAJIA. Ecau OMITMPHUYICCKHU
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C YYETOM MPUHATHIX TUIOTE3 YAACTCS MOTYYUTh KaueCTBEHHBIE PErPECCUOHHBIC
3aBHCHMOCTH, TIO3BOJISIIOIINE CBS3aTh BEPOSTHOCTH COCTOSHUSI CHCTEMBI C
DHTPONMUEN NPOCTPAHCTBA COCTOSIHUMI W=¢)(S), rae S — DHTPOIUS B BHUIE
BeIpakeHus (3.8), TO maHHBIE MOTYT OBITH IIpeoOpa3oBaHbl B JIMHEHHOE
MPOCTPAHCTBO M BO3MOKHA KOMILIEKCHAsI OI[EHKa OOBEKTOB Ha OCHOBE HOBBIX

npeoOpa3oBaHHBIX MepeMeHHBbIX. [lpy »3ToOM B ypaBHEHHH w=¢>(s)
(€HOMEHOJIOIMYECKHE BEIUYMHBI C, OIpPEENIAIOTCA IO ONBITHBIM JTAaHHBIM

METOJaMHU HEJIMHEMHOW PETPECCUH.
O6nactb TNpUMEHEHUS JAHHOTO METOJAa OXBAaThIBA€T MEIJICHHO
MEHSIONIMECS] BO BPEMEHU MPOIECCHI, i KOTOPBIX CYIIECTBYIOT (hYHKIIMH

pacrpesiefieHdss BEpOSITHOCTEM XapaKTEepPHBIX COOBITUI W:W(pl, p2,...,pn) U
HempephIBHbIC Mpou3BoHbIe C; = dw/dT . BaxHO# 0COOCHHOCTHIO MPUMEHCHUS

METOJla SIBJISIETCSl HaJIMYMe CTPYKTYPUPOBAHHBIX JAHHBIX HAOMIOACHUN IS
U3y4aeMbIX IPUPOAHO-aHTPONOTEHHBIX CHCTEM, KOTOpbIE MOTYT OBITh
IOpEJCTaBICHbl B  TaONMYHO-BpeMEHHOM Buje. (OCHOBHBIE IIPOLECCHI,
XapakTepHbIe IS TPUPOAHO-aHTPOIOIEHHBIX CHUCTEM, OOBIYHO MEIJIEHHO
IPOTEKAlOT BO BPEMEHHU, TaK KaK IIOKAa3aTeIH HTUX CHUCTEM JOCTATOYHO
ycroiuuBbl. [lpakThka aHaliM3a JAaHHBIX TakKXe MOKa3bIBAa€T, 4YTO IS
OOJBIIMHCTBA CUCTEM MOTYT OBITh MOJYy4Y€Hbl (YHKIUH paclpeaeaeHui
BEPOATHOCTH JUI DPA3JIMYHBIX XapaKTEPHbIX COOBITUH, MOITOMY BIIOJHE
BO3MOXXHO YCTaHOBJICHHE (DyHIAAMEHTAJIbHBIX 3aKOHOMEPHOCTEM Ha OCHOBE
(e€HOMEHOJIOrMYECKUX OMUCAaHUI MPOLIECCOB U3MEHEHUS COCTOSIHUM CHCTEM.
Jlanee Ha OCHOBE MPEIJIOKEHHON TEOPUHM KOMIUIEKCHOUN OLIEHKU OynyT
MOKa3aHbl MNPOUEAYpPbl OOpaOOTKM SMIHUPUYECKUX JAHHBIX IS PA3THUYHBIX

MIPUPOTHO-aHTPOIIOTEHHBIX CUCTEM.
3.4 OnpenesieHue BEPOSITHOCTH COOBLITHIA MPH HAGJIIOeHU U
nokasarteJjieil MPUPOIHO-AHTPONOT€HHBIX CHCTEM
W3 mpuBeAcHHOTO BHINIE MaTepHalia CIASAYeT, YTO HM3YYCHHE CBs3CH

MCXKAY COCTOSAHHUAMHU CUCTCMBI U UX BCPOATHOCTAMH BO3MOKHO IIpU HaJIWYUHU

OIINCaHuA IIOBCACHMUA HsyqaeMoﬁ CHUCTCMBbI B BUAC MHOTI'OMCPHBIX
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pacnpeneneHuii  pa3IMYHBIX  COOBITHM, CBS3aHHBIX C  HAOIIOJCHUEM
COBOKYITHOCTH aTPUOYTUBHBIX MOKa3aTEJICH WA IPYTUX BAKHBIX BEJIMYWH.
Ha ocHoBe mnpumeHeHUs IOHATHsS YpPAaBHEHUS COCTOSIHUSL CHUCTEMBI,

MPCACTABICHHOTO B BHJIE BEPOSTHOCTCH HIIM PUCKOB W :Wj(pl, DyyeeesPp)

OTHOCHTEJBHO TOKAa3aTeliell P, M Pa3IMYHBIX XapaKTEPHBIX COOBITHH | (Kak

HCOIIaCHbIX, TaK H OHaCHBIX), BO3MOKHO CO3JaHUC TCOPHU KOMILJICKCHOM
OIICHKH, KOTOpasi MOXKCT OBITH IIpUMCHUMA 110 OTHOHWICHHUIO K IIPHUPOAHO-
AHTPOIIOTCHHBIM CHUCTCMAM. I[J'Iﬂ TOTO YTOOBI INOCTPOUTHb YPABHCHHUC COCTOSAHUA

CHCTCMBI HGO6XOI[I/IMO B ITPOLCCCC aHaIN3a BBIACIINTDb XAPAKTCPHBIC COOBITHS J

Y OLIEHUTH UX BEPOATHOCTH.
OnpenenuM  coOBITHS, KOTOpPbIE MOTYT HMMETh OTHOILIEHUE K
CTaTUCTUYECKOW MH(OPMALUU O COCTOSHUU CHCTEM, IPEJICTABICHHON B BUJE
TaOJINYHO-BPEMEHHBIX MAacCHUBOB JaHHBIX. Kak ykasplBaJloch paHee, Takue
MacCUBBI UMEIOT CTPYKTYpYy TaOJHI] B BHJIE MATPHI] «OOBEKTHl — MOKA3aTEIN»
(puc. 2.1). ns mo6oro o0beKTa KaxkIbli MOKa3aTesib B TaOJIMYHO-BPEMEHHOM
MacCUBE JaHHBIX OyJeT MpeACTaBleH B ATOM ClIydae BPEMEHHBIM PSIAOM M3
OTIBITHBIX TOYEK B KOJMYECTBE PABHOM YHCITy TaOJIHIl B MACCUBE JTAHHBIX.

[IpumennTenpHO K TakoW WHMOPMALUK MOXKHO BBLICTUTH CIEAYIOIINE
OCHOBHBIE COOBITUSI W MPHUBECTH 3aBUCUMOCTHU JUIsl OINpPEACNEHUS HUX
BEPOSITHOCTEN.

1. B mo0oif MOMEHT HAOMIOACHHUS KAXKJIOTO KOHKPETHOTO IOKa3aTels
CHCTEMBI peaju3yeTcs COOBITHE, CBSI3aHHOE C OMpeeIEHHEM 3HA4YeHHS 3TOTO
MoKa3aTensl Kak  XapaKTePUCTHUUECKOW  BEJIMYMHBI  JTAHHOTO  COOBITHSI.
HabnrogeHus: ocymiecTBISsIIOTCA MPUMEHUTENBHO K KaXJIOMy OOBEKTY, M BCE
MOCJIEI0BATEIbHOCTH HAOMIOEHUHN Uil J1I000T0 IMOKazaTessl MpelCTaBiIsIoTCS
BPEMEHHBIMU PsiIaMU, MPU 3TOM COOBITHS HAOJIOJIEHUS OMPEEICHHOTO
NoKa3aTelsl B pa3HbIX TabauIax 0a3bl JaHHBIX SBJSIOTCS HECOBMECTHBIMM.

JUia cimyyailHOW BETMYMHBI P, BEpOSATHOCTH COOBITHS, YTO HAOIIOAAEMBIN
II0Ka3aTelIlb MEHBbIIE HEKOTOPOro 33JaHHOTO 3HAYECHUS [, , ONPENEISIETCS U3
GbyHKITUU pacripeeieHus W( Py ) = W(Pk < Pk ), KOTOpasi HAXOJAUTCA MO TaHHBIM

HaOmoeHnii. OTHOMEpPHOE IMITMPUYECKOE pacrhpeesieHue JaHHOW (PyHKIMH
MOXET OBbITh JIETKO HalJEHO M0 UMEIOIIUMCSI CTATUCTUYECKUM JaHHbIM. C 3TOM
IEJIBIO JUTS I-TOTO BBIOPAHHOTO O0BEKTAa BCE OMBITHBIC AAHHBIC MPYMIHUPYIOT U

CTPOAT TUCTOIrpaMMy OTHOCHUTCIIBHBIX YaCTOT. Bech H&6J’HOI[3€MBII>1 Auaria3oH
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nokasarenss [, pasOuBaercs Ha 7 —12 ONMHAKOBBIX HWHTEPBAIOB U

OIPEIENIICTCS. YUCIIO HAOIIOJCHUN, TIONMAIAIONINX B KaKIBIA I-ThIi WHTEPBAL

Jlanee HaxoOUTCS OTHOCUTENbHAs 4acToTa coObiTHs B, < p, mo ¢opmyne
w=n,/N, toe n; — uucio HaOMIOJCHWI, MONABIIUX B I-ThIii HMHTEpBAI

rpynnupoBanusi, N — oOuiee uuciao HaOMOAeHUN. DMnupudeckas (QyHKIMS
pacrpeneneHuss BEJIUYUHBI CTPOUTCS JUISl KYMYJISITUBHBIX OTHOCHUTEIIBHBIX
yactor. Ha pucynke 3.1. moka3zaHa rucrorpamMma IIJIOTHOCTH BEpPOSITHOCTH
OMIIUPUYECKON  (PYHKIIMU  pacTpefeeHus s CIy4ailHOWM  BEIIMYUHBI
KOHIICHTpAIlMU JUOKCHIA a30Ta MpU 3arpsi3HEHUH aTMOC(HEpPHOro BO3AyXa B
ropojie Jouernke B 2003 rony.
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Pucynok 3.1. — I'ucrorpamma njaoTHOCTH BEPOSITHOCTH AMITUPUUYECKOM
(GYHKIIUM pacnpeeneHns KOHIEHTpaluy JMOKcraa a3ota Ha nocty Ne 5 mipu
3arpsi3HeHuH atMocpepHoro Bo3ayxa B I. Jloneuk B 2003 roay

Jlns ogHOTO O0BEKTa BCE HAOJI0/1aeMble COOBITHSI HEKOTOPBIX 3HAUYCHUI

OJIHOTO TOKa3aress (3a ToJl, Mecsll, CYyTKH U T.J.) 00pa3yroT MOJIHYIO T'PYIIY.

t
Jlnst muCKpeTHBIX COOBITHI Y W, =1, 171 HENpPEPBIBHBIX CITy4allHBIX BETUYUH
i=1
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o0
I f(p,)dp, =1, tme i — Texymmii HOMep HaGJIONEHHsS COOBITHII B pasHbIC
0

MOMEHTHI BpeMEHHU, t — KOIMYECTBO HAOMIONEHUH (YMCIIO WICHOB BPEMEHHOTO

psna), a f(pk) — GyHKUMA pacmpeneNieHus: CIy4ailHOW BEJIMYUHBI, MPUYEM
Pk =0, Tak Kak Mokas3aTesld, XapaKTepU3YIOLUE COCTOSHUS CUCTEMBI, OOBIYHO

HOJIOKUTEIbHBIE BETUYUHBI.

CoOTBETCTBYIOIIME OJHOMEPHBIE pACHOpPEEICHUsI BEPOATHOCTEH IS
OJTHOTO TIOKAa3aTessl MO JAaHHBIM BPEMEHHOTO psAfa (Ui pa3HbIX TaOiuIl 6a3bl
JAHHBIX) JIETKO HAaXOJATCA Ha OCHOBE MMEIOLIUXCS JAHHBIX C UCIIOJIb30BAHUEM
IPOrpaMMHBIX IPOAYKTOB CTATUCTUYECKOTO aHAJIN3a JAHHBIX.

2. Ecny KOHTPOJIMPYIOTCS 3HAUYEHUSI OJJHOTO MOKAa3aTessl IPUMEHUTEIbHO
K Ipynmne oObeKTOB (OTHOCSTCS K OJHOM TaOiuile JaHHBIX), TO JUIS KaXKJI0TO
KOHKPETHOTO T0Ka3aTeNsl PEalM3yIOTCs COBMECTHBIE COOBITHS, CBSI3aHHBIE C
HaOJIOZICHUEM 3HAY€HUM HTOro TMoKazaTeds g pa3HbIX OO0BEKTOB. Bce

COOBITHSI TaKXe 00pa3yloT MOJIHYIO TPYNIy MM UX BEPOATHOCTH MOTYT OBITH

m
HOpMHpPYeMbI. JIJisl JAMCKPETHBIX CcOOBITMH Y W; =1, juisi HempepbIBHBIX
i=1
0
CIy4alHBIX BEJIUYUH _ff(pk)dpk =1, tne | — HoMep OOBEKTa, Py —
0

HEKOTOPBIN MOKa3aTelb COCTOSIHUS MPUPOJAHO-AHTPOIIONEHHON CUCTEMBI, M —
KOJIMYECTBO OOBEKTOB /I M3y4aeMOUW MPUPOIHO-aHTPOIIOTCHHOW CHUCTEMBI, a

f(pk) — (GyHKIUS pacrpeiesieHus CIydyalHOW BETUYHMHBI, OIICHHBacMas IO

JAHHBIM JUJII BceX M 00bekToB. Bce coObITHs HaOMIOICHHS HEKOTOPOTO
MOKa3aTelis /Il pa3HbIX OOBEKTOB B IAHHOM CITydae MOXKHO paccMaTpuBaTh Kak
COBMECTHBIC, TAK KaK OHHU IPHUBSA3BIBAIOTCSI K OJHOMY U TOMY K€ MOMEHTY
BPEMEHU — CYTKaM, MECALIAM, I'OJIaM.

COOTBETCTBYIOIIME OJHOMEPHBIE PACHPEACICHUSI BEPOATHOCTEU ISt
OJIHOTO TOKAa3aTeJsl IO TaHHBIM JIJISl Pa3TUYHBIX 00BEKTOB (JIJ1s1 OTHOW TaOJIHIIhI
0a3bl JAHHBIX) TAKXKE JIETKO HAXOJATCS C MCIOJb30BAaHUEM IMPOTPAMMHBIX
MPOAYKTOB CTAaTHUCTHUYECKOrO aHainu3a AaHHbIX. Ha pucynke 3.2 mnokazan
rpaduK HSMOUPUYECKOM (YHKIMU pacrpefeeHus CIydaiHOW BeIUYUHBI,

XapakTepU3yruen 1eTCKY0 CMEPTHOCTD B cTpaHax mupa B 2013 rony.
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Pucynok 3.2. — I'ucrorpamma mjaoTHOCTH BEPOSITHOCTH SMITUPUYECKOM

(yHKUIMU pacnpeeseHus: AETCKOM CMEPTHOCTHU B cTpaHax mupa B 2013 romy

3. B mo0o0if MOMEHT KOHTPOJI 32 COCTOSHHEM CHCTEMBI MOXXET OBIThH
peaIn30BaHO CIIOKHOE COBMECTHOE COOBITHE OJHOBPEMEHHOTO HAOIIIOICHHUS
HECKOJBKHUX TOKa3zareneid. HaOmrogeHus: oCylecTBISIIOTCS MPUMEHUTEIBHO K
KOKJ0MY OOBEKTY, U TIPH PEAM3AIlUU TAKOTO COOBITUS MOXKET (hOPMHUPOBATHCS
MHO’KE€CTBO KOMOHMHAIIMI COBMECTHOTO HAOIOJEHUS pa3HBIX MoKazaTenei. Bee
TaKue COOBITHSI OTHOCATCS K OJTHOM M TOW K€ TaOJMIC JAHHBIX U SBISIOTCS
coBMecTHbIMHU. [lomoOHast 3amaya TpU KOMIUIEKCHOM OIEHKE BO3HHUKAET B
Cllydae BBIJICJICHUS W3 MMEIOIIECHCsT 0a3bl TaHHBIX HECKOJIbKUX aTpUOYyTHBHBIX
nokasarenieid (0OOBIYHO OT TpeX M0 MATH), OTHOCUTEIBHO KOTOPBIX CTPOUTCSA
BEPOSITHOCTHASI MOJIENIb CUCTEMBI. BEpOSITHOCTH TaKMX CIIOAKHBIX COBMECTHBIX
COOBITHII MOTYT OBITH OMpENETCHbl KaK TEOPETHUYECKUM ITyTeM Ha OCHOBE
MIPUMEHEHUS TEOPEM YMHOXKEHUSI BEPOATHOCTEH, TaK U aJITOPUTMUUECKHU.

4. Teoperuueckoe OMNpeIEICHUE BEPOSITHOCTH COBMECTHBIX COOBITHIA

3aBUCHUT OT TOI'O, ABJIAIOTCA JIU CcOOBITHS HE3aBUCHMBIMH HJIA 3aBUCHUMBIMHU.
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B CJIydac, C€CJIIM BCC COOBITHS HC3aBUCHUMBbI, BCPOATHOCTL COBMCCTHOIO

COOBITHSI paBHA ITPOU3BEICHUIO BEPOSITHOCTEM 00JI€€ MPOCTHIX COOBITHIA:

Wi (Py,-., Py ) =W(py)- WPy )-...-W(py ), (3.28)

rie  Pq,...,Px  — HEKOTOPBIM BBIOPAHHBIA IIEPEUYEHb ATPUOYTUBHBIX
nokazareneid. OJHOMEpHBIE paclpeeIeHUs W(pk) OTpEeNEeNsoTca 10

CTaTUCTUYECKUM JaHHBIM ISl KaXKI0I0 MIOKA3aTelsl B OTAEIBbHOCTH.
J1J1s1 3aBUCUMBIX COOBITHIA BEPOSTHOCTH CIIOKHOTO COOBITHSI OyIeT paBHA

Wk(pli---’pk):W(pl)'wpl(pZ)""'WpH(pk)' (3.29)

rac yCIIOBHBIC BEPOATHOCTHU Wpi_1 (pl) BBIYHUCIAIOTCA B IMPCAIIOJIOKCHNN,

4TO BCC IPCABIIYHINC CO6BITI/I5I, CBJA3aHHBIC C Ha6J'II-0I[€HI/ICM HOK&3&TGH€I>1,
IIPON3O0IIIIH. OHpCIICJII/ITI) JaHHBIC YCIIOBHBIC BCPOATHOCTH TCOPCTUYCCKU
CJIOKHO, IIO3TOMY HX Jy4dlI€ OLICHHBATH II0 OIIBITHBIM JAaHHBIM ITIYTCM
AITOPUTMHUYCCKOro OIPCACIICHUA OTHOCHUTCIBbHBIX YaCTOT CJIOKHBIX M Oomee

MPOCTHIX CcOOHITHI (Hanmpumep, BepostHOcTedl W, (Py,....p) ¥ W(p;)) m

W3YUYCHHUS B3aUMOCBSI3€ MEXTy HUMM.

5. BeposSITHOCTH CIIO)KHBIX COBMECTHBIX COOBITUHA OJIHOBPEMEHHOTO
HaOJIOJICHUST HECKOJIBKHMX IOKa3aTejeld MPUPOHO-aHTPONIOTEHHOM CHUCTEMBI
MOTYT OBITh ONPEJIETICHBI ANITOPUTMUYECKUM ITyTEM MIPU HATUYUU JOCTATOYHOTO
KOJINYECTBA CTAaTUCTHYECKUX NaHHBIX. [[oCTpOUTH rucrorpaMMbl COBMECTHBIX
COOBITHI [JIsi NIBYX IIOKa3aTeled MOXXHO C HCIOJIb30BAHHEM MPOTPAMMHBIX
NPOAYKTOB CTATUCTHUYECKOrO aHaiM3a JaHHbIX (HampuMmep, Statistica). Ha
pucynke 3.3 mpeacTaBieHa THCTOTpaMMa 4YacTOT COBMECTHBIX COOBITHIMA
OJIHOBPEMEHHOT'O HAOJIO/ICHUS JBYX MEPEMEHHBIX.

Ecnu konmdecTBO mokasarenel cocTaBiigeT Oojiee MBYX, TO JJi OLICHKU
BEPOSTHOCTEN COBMECTHBIX  COOBITUH  HEOOXOAMMO  HCIOJB30BaTh
BBIYUCIIUTEIbHBIE ANTOPUTMBL. CTAaTUCTUYECKHE BEPOSTHOCTU MJIS CIOKHOTO
COOBITHSI OJTHOBPEMEHHOTO HAOIIO/ICHUSI HECKOJIbKUX BBHIOPAHHBIX MOKa3aTeseu
MOT'YT OBITh HalJICHBI C UCTIOJIb30BAHUEM PA3JIMUHBIX AJITOPUTMOB COPTUPOBKH,
TPYIIIUPOBKU U MOJICYETA YACTOT OJIArOMPUSATHBIX COOBITUI B OO0IIEH BBIOOPKE
Bcex HaOmoacHuid. [lomoOHBIC aarOpuTMBl TO3BOJSIFOT (Ui BBIOOPKH
HAOJIIOICHUH)  ONMPENEIUTh CTATHCTUYECKYIO BEPOSITHOCTH  COBMECTHOIO

COOBITHS.
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Wi R o gen QRIINMNNIOW,

Pucynox 3.3. — ['uctorpamma 9actoT HaOIIOICHUSI COBMECTHBIX COOBITHIA,
CBSI3aHHBIX C HAJIMYUEM CEJIbCKOXO3SMCTBEHHBIX U

JICCHBIX 3CMCJIb B CTPpaHax EBpOHBI

CymectByer, 1o KpalHed Mepe,

HECKOJIBKO TAaKHUX BO3MOXKHBIX
anroput™MoB. Hanpumep,

NEPBbI  AJITOPUTM  MPEANOJAraeT BbIJICICHUE

MHOTOMCPHBIX IMapauICICIIMIICIOB C BCPIIMHAMMU, 06pa3OBaHHBIMI/I OIIBITHBIMH

TOYKaMH, H HOCJ'IG)IYIOH_II/Iﬁ IoaACY€T YHCjda TOYCK, IIOIIAaBIIMX B JTH

napautenenunensl. [ns mpumepa Ha pucyHke 3.4 YHCIO OIAronpUATHBIX
JAHHBIX XapaKTEPU3yeTCsl KOJIMYECTBOM TOYEK, ITONABIIMX B BBIICICHHYIO Ha
pHUCYHKe 00JacTh, a 00Ilee YMCIIO AAHHBIX XapaKTepU3yeTcs KOJINYECTBOM BCEX

HAOJIFOJTAEMBIX TOYEK. JTO TIO3BOJISICT OMPEACIUTh OTHOCHUTEIHHBIC YaCTOTHI
HAOJIFOJaEMBIX COOBITHIA.
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Pucynok 3.4. — I'paduk, oTpakaromniuii onpeaesIeHue OTHOCUTEIIBHBIX YaCTOT

COBMECTHBIX COOBITHI HCIIOCPCACTBCHHBIM IIOJACYCTOM

BTtopoii 6oiiee cTporuit anropuT™ Mo3BOJsIET pa30UThH BCIO HAOII0O1aeMYIO

0011aCTh Hn Ha MHOI'OMCPHBIC IIapaJUICIACIIUIICABI, HCXOAd M3 3aJdaHHOI'0

KoJinyecTBa (0OBIYHO OAMHAKOBOTO JUISl BCEX [ ) MHTEPBAJIOB IPYNIIMPOBAHUS
JUISL KaKI0M mepeMeHHou P, . Ilocie 5Toro moac4uThIBarOTCS OTHOCUTENIBHBIE

YacTOThl COOBITHI, KOTOPbIE PaBHbI OTHOILIEHHIO KOJMYECTBA OMBITHBIX TOYEK,
NOMABIIMX B 3aJaHHbIE MHOTOMEpHBIE Mapajljiesienuneabl, K oOueMy YHuciIy
BCceX HaOIogaeMbIX ToueK. CTaTucTuyeckasl BEpOSITHOCTh IPUHUMAETCS B BUJIE
KYMYJISITUBHBIX OTHOCUTEIBHBIX YaCTOT H3yYa€MbIX COBMECTHBIX COOBITHH,
HaIpuMep, P COBMECTHOM HAOJIOJIEHUH HECKOJIBKHUX MOKa3aTeleH.
CoOOTBETCTBYIOLIIME CKPUNTHI IMPUMEHUTENBHO K HCIIOIB30BAHUIO B
porpaMMHOM TpoaykTe Statistica /i mepBoro u BTOPOro CiIydaeB MPUBEICHBI
B pabote [4]; CKpHUNT ONpeaesieHns BEPOSATHOCTH OJTHOBPEMEHHOTO HAOIIIOICHHUS
JIBYX TOKa3aTesel, BeinoHeHHbIN B Visual Basic, npescrasien B npuioxeHuu b.
B pabGore [7] Takxke J[aHbl aNrOPUTMbl HEMNOCPEJICTBEHHOIO MOJCYeTa

OTHOCHUTEJIBHBIX YaCTOT COBMECTHBIX COOBITHI AJIs1 MHOTOMCPHBIX CJIIYYacB.
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6. g ogHOM TaOMUIBl TAHHBIX WX JUIsl Pa3MYHBIX BPEMEHHBIX PSIOB
nokasatenel (pa3Hbple TaOMHUIbI TaHHBIX) MOTYT OBITH MOJIYYE€HBI BEPOSATHOCTH
Pa3IUYHBIX COOBITUH, KOTOPBIE, B CBOIO OYEpEb, MOTYT ObITh B3aUMOCBSI3aHBI.
[ToaToMy BEpOSTHOCTH IMPOCTHIX U CIOMXKHBIX COOBITHIA HAOIIOACHUS Pa3IUYHBIX
NoKa3aTened MPUPOJHO-aHTPOIOTEHHOW CHCTEMBI CJIENYyeT U3Yy4YUTh Ha
B3aMMOCBS3b MEXKAY COOOM, HCIONb3ys KOPPESAIMOHHBIN aHAINU3 JaHHBIX. JTO
MO3BOJISIET TMPOAHAIM3UPOBATH CBSI3M COOBITHII HAOJIOACHHS aTPUOYTHUBHBIX
noKa3aTesiell ¢ pa3IUYHbIMU COOBITHSIMU HAOMIONCHUS APYTUX MOKa3aTenel, He
BXOJSIIIUX B IEPEUECHb ATPUOYTUBHBIX.

Taxke MOYKHO U3yUUTh CBA3U BEPOATHOCTEH OTAEIBHBIX JBYX MPOCTHIX U
CIIOKHBIX COOBITHH Mex1ay coOoil. Ha ocHOBEe maHHOrO moaxoaa MoOXKeT ObITh
MOJIy4€HO MHOKECTBO YPaBHEHUU COCTOSHUS [JI KOHKPETHBIX MPUPOIHO-
AHTPOIIOT€HHBIX CUCTEM, KOTOpbIE OYIyT XapaKTepU30BaATh TaHHBIE CUCTEMBI 10
CaMbIM pa3HbIM ACIIEKTaM.

Ecim B o00meMm ciydae wHCCIEeIOBaTh B3aUMOCBA3b JBYX MPOCTBIX
COOBITUH, TIZI€ KaXJI0€ COOBITHE MOXKET OBbITh NPEJICTaBICHO COOBITHEM
HAOJIIOJIEHUSI OJHOTO IOKa3zaTeisl NPUPOAHO-aHTPOINOTEHHOW CHUCTEMBI, TO
YpaBHEHUE CBS3HU BEPOSITHOCTEH OyieT UMETh BUI:

w, = F(wy). (3.30)

Ha pucynke 3.5 npezacraBieH rpaduk 3aBUCUMOCTH BEPOATHOCTEN JIBYX
COOBITHI. AHAJIOTMYHBIM 00pPa30M MOXHO M3y4aTh B3aUMOCBS3b JIBYX CIOKHBIX
COOBITUM, TAE€ KaXJ0€ COOBITUE MOXET OBITh MNPEICTABICHO COBMECTHBIM
cOOBITHEM HaOJIIO/IEHNSI HECKOJIBKUX MOKA3aTeNeH.

[Ipumensis  gaHHBIM TOAXOA, B cooTBeTCTBUM ¢ (3.29) MOXHO
OMIIMPUYECKUM IIYyTEM OINPEIAECIUTh YCIOBHBIE BEPOATHOCTH, HCIOJIB3YS

TEOPETHYECKYI0  3aBUCUMOCTD W, =W, 1-W; M 3HAUYEHUs HaANICHHBIX

BEpPOSATHOCTEM W; M W, JUIsl JBYX IpPOCTBIX MJIHM CIIOKHBIX COOBITHI.

AHaNOrMYHbIM 00pa3oM MpH HAJUYMUK 3HAYUMBIX HPUYMHHO-CIIEICTBEHHBIX
CBA3€d MOKHO HCKAaTh MHOYKECTBEHHBIE B3aHMMOCBSI3U MEXAY BEPOSTHOCTSIMH
CaMbIX pa3HbIX COOBITHH, HANpuUMep, B BHUJAEC YPABHEHUH MHOKECTBEHHOU

perpeccuu BEPOSTHOCTEH CIOKHBIX COOBITHI (W) OTHOCHUTEJIBHO BEPOSTHOCTEN

MpOCTHIX cobBITHIA (W; ) Buaa W= F (W, W,,...,W, ).
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Pucynok 3.5. — 3aBUCUMOCTb BEPOSITHOCTH COOBITUM, CBSI3aHHBIX

C MJIQJEHYECKOU U IETCKON CMEPTHOCTHIO B cTpaHax mupa B 2013 roxy

Takum o00pa3oMm, W3 TPUBEJCHHOTO BHIINIE MaTepuajga BUIHO, YTO
NOCTPOEHHE  (PEHOMEHOJOTUYECKUX  MOJENIed  MPUPOAHO-aHTPONOTEHHBIX
CUCTEM IMpPEANoJaraeTcsi OCHOBBIBATh HA HMCIOJb30BAaHUM OOIIMPHBIX JTaHHBIX
HaOJII0/ICHUM, TPUMEHEHUU TMOHSTUS YPaBHEHUSI COCTOSHUSI CUCTEMbI B BUJIC
MHOTOMEPHBIX  pAacClpeleieHuii  BEPOSITHOCTH  COBMECTHBIX  COOBITHIA
HAOMIOICHUST aTPUOYTUBHBIX TMOKa3aTesei, a TaKXKe MyTEM aJTOPUTMHUUYECKOTO
ONPEAEICHUS TAKUX BEPOATHOCTEU MO0 UMEKOLIMMCS CTaTUCTUYECKUM JaHHBIM.
Hcnonb3ys psia TEOPETUYECKUX TUIIOTE3, NAHHBIM IMOAXO0J MO3BOJISIET Pa3BUTh
METOJOJIOTHIO KOMIUIEKCHOM OLEHKH IPUPOJHO-AHTPOIIOTEHHBIX CHUCTEM H
pa3paboTarh pacyeTHble METOJMKHU JJisl aHalu3a Takux cucrteM. Bce 3To naer
BO3MOKHOCTH CO3/1aBaTh MOJEIN PA3JIUYHBIX CHUCTEM, COCTOSHHMS KOTOPBIX
XapaKTEPU3YIOTCS MHOXECTBOM MapaMeTpoB, HECYIIMMH B ceOe COLMaIbHO-
HDKOHOMMYECKYIO, MPOMBILIIEHHYIO, PECYPCHYIO, DKOJIOTHYECKYIO, KYJIbTYPHYIO

U IpYTyI0 HHPOPMAIHIO.
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3.5. BeposiTHOCTHBIE 3aKOHOMEPHOCTH (OPMHPOBAHUA

NPHPOAHO-AHTPONOTr€eHHBIX NPOLECCOB

N3ydenne mpoueccoB B MPUPOIHO-aHTPONOTEHHBIX CHCTEMax MOKHO
OCHOBBIBaTh Ha PAaCCMOTPEHUHU COCTOSHUS CUCTEMBl KaK CJIOKHOTO COOBITHS
OJTHOBPEMEHHOTO HAOJIOJICHUS HECKOJbKHX aTPUOYTHUBHBIX ITOKa3aTENICH.
BeposiTHOCTH TakuX COOBITHI MOTYT OBITh CBSI3aHBI C BEPOSTHOCTSIMH JIPYTHX
CJIOHBIX COOBITHI, B TOM YHCJI€ M OMACHBIX, XapaKTEPU3YIONIUX CaMbIe pa3HbIC
MIPOIECCHI N3MEHEHUSI COCTOSTHUI MPUPOIHO-aHTPOIIOTEHHBIX CHCTEM.

[Ipenmonoxum, 4YTO NPUMEHUTEIBHO K TaOJIMYHO-BpEeMEHHOW Oa3e
JTAHHBIX CTATUCTUYECKUX TOKa3aTelied HEKOTOPOW MPUPOIHO-AHTPONOTEHHOMN
CHUCTEMBbl PACCMATPUBAETCA COBMECTHOE COOBITHE HAONIOAEHUS  JIBYX

BbIODAHHBIX aTpUOYTHBHBIX IIOKazarened pP; U P,. OO03HaUUM JaHHOE
COBMECTHOE cOObITHE KaK | . [IycTh coOBITHE j; — 3TO HAOIOJCHUE TOKA3aTENs
p;, a coOwblTue J, — HaOmoJaeHHe Mokaszarens pP,. CoOOTBETCTBYIOIIUE
OJJTHOMEPHbIE BEPOSTHOCTHbIE pacIpeiesIeHHsI PH pealu3alul COObITUN |, U
Jo, CBSI3aHHBIX CO 3HAYCHUSAMH XapaKTEPUCTHYECKUX BEJIMYMH P; U P,

JTAHHBIX COOBITHH, MOTYT OBITH JIETKO HAWICHBI MO OMBITHHIM JaHHBIM. J[1s
KKJIOr0 IIOKa3aTelid AMIIMPUYECKUE PacpeIesICHHs Wl(pl) " Wz(pz)
OTIPENICTITFOTCS 110 OTHOIIIEHHUIO KO BCEM OOBEKTaM KaXKJIOH TaOJIMIIBI JaHHBIX,
MyTeM TPYIIHUPOBKA JAaHHBIX W TOJCYETa KYMYJISTHBHBIX OTHOCHTEIBHBIX
4acToT.

Bynem cumrath, 4yTO COOBITHS J; W ], He3aBUCHMBL. B 3TOM ciyuae
BEPOSATHOCTB CIIOXKHOTO COOBITHSI | COBMECTHOTO BBIIIOJHEHHS COOBITHH j; M
Jo Oymer paBHa W(pl, pz)ZWl(pl)'Wz(pz)- [Tycts w3ydaemas TpPUPOIHO-
AQHTPONOTEHHAs] CHCTEMa B OKPECTHOCTH IIPOM3BOJIBHOTO cocTossHus M
COBEpIIACT HEKOTOPHIA 3JIEMCHTApHBIA mponecc |, mpu 3TOM H3MEHECHHE
BEPOSTHOCTH COCTOSIHUSI CUCTEMBI OyIeT paBHO:

dw =w, -dw; +w, -dw,. (3.31)

[IpennonoKuM, 4TO BEPOSTHOCTH COOBITHH |, j; U J, MOTYT OBITH

M3y4eHbl B OJHOM MHOTOMEPHOM BEPOSITHOCTHOM IpPOCTpaHcTBe. Eciau B
OKpecTHOCTH TOoukd M mpuHATH TUTOTE3y O (HEHOMEHOJIOTHYECKOW CBSI3U

BEPOATHOCTEH C OBIMM KOMIUIEKCHBIM MHIekcoM T(pj, p,) Ams Bcex Tpex
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COOBITHI (dwi =C -dT), TO MOJY4YUM  CIEAYHIOIIHUE  3aBUCHUMOCTH:

dW:cM-S—po1+cW2-§—po2; dw1:C‘,l-8—pol u dwzzcz-a—poz.
Py 2 opy P,
[ToncraBnsst naHHble BbIpaxkenus B (3.31), ompenenum auddepeHman
BEPOSATHOCTH CJI0XKHOT'O COOBITHS B BUJIE:
dW:Cm‘S—polJFsz‘ﬂdpz=W2'01'£dp1+W1'C2'ﬂdp2’ (3.32)
Py P, Py P,
OTKyZa Cyq =W, -C; U Cyp =Wy - C,.

Takum oOpa3oM, IpH CHPaBEAJIUMBOCTU THUIOTE3bl O HE3aBUCUMOCTH
coObITUH  J; W, (CHOMEHOJOIMYECKHE BEIUYUMHBI C,qy U C,p B
paclpeneeHun BEpOSITHOCTH CJIO0XKHOIO COBMECTHOIO COOBITHSL MOTYT OBIThH
OIIpPENEJIEHBl 110 aHAJIOTWYHBIM BEJIMYMHAM, HaWJECHHBIM JJs 0ojee MPOCTBIX
COOBITMH J; W J,, W 3HAYCHUSM BEPOATHOCTEH OTHX COOBITHH. Jlis
IPaKTUYECKUX PacueTOB B OOJIACTH OLIEHKU PUCKA 3TO JAET BO3MOXKHOCTbH II0
XapaKTEepUCTUKAM OJHOMEPHBIX paclpe/leieHuil MoJydaTb TEOPETUYECKUe
MOJICJIN PHUCKA CIIOXKHBIX COBMECTHBIX COOBITUH M CpaBHUBAaTh I10JIyYEHHbBIE
TEOPETUYECKUM ITyTEM 3HAUEHUS BEPOSITHOCTEH CO 3HAUEHUSIMHU BEPOSTHOCTEMH,
HOJY4EHHBIX HETIOCPEACTBEHHBIM MOJICUETOM IO OINBITHBIM JAHHBIM.

PaccmMoTpuM Temeph cilyyaif, Korma coOBITHA J; U ], 3aBHCHUMBIL.
BeposTHOCTh CIOXKHOTO COOBITHSI COBMECTHOM peanu3aluu coOblTHil j; U |,
Gyner pasia W( Py, P, )= War (Py, P2 )- Wi(Py) mm w(py, P2 ) =W (py, P2)-Wa(Pp,),
rae W21(p1, p2) — YCJIOBHAs BEPOSITHOCTh TOT'0, YTO COOBITHE 2 MIPOU30MAET MIPH
YCIIOBHH COBEpIIeHHs cobbIths 1; Wy, (P, P,) — YCIOBHAsS BEPOATHOCTH TOTO,

4TO cOoOBITHE 1 TTPOM30MIET IPH YCIOBHH COBEPIICHUS cOObITHS 2. M3 maHHBIX
BBIPDAKEHUN BUJIHO, YTO BEPOATHOCTh W HM3HAYaJIbHO MOKHO paccMaTpUBATh
KaK (pyHKIHIO JBYX IEPEMEHHBIX P; U P,. B 3TOM ciyuae, ecnu usyuyaemas
MPUPOJIHO-AaHTPOTIOTCHHAs! CUCTEMA B OKPECTHOCTH MPOU3BOJIBHOTO COCTOSHUS

M coBepiraet aeMeHTapHbIH nporiece |, To cripaBeNTMBO ypaBHEHHE:

ow ow
——dp, +——dp, =Wy (py, p,)dp; + W, (py, p,)dp,. (3.33)
opy op,

Tak e, kKak U paHee, MPEIIONIOKHM, YTO BEPOSITHOCTH COOBITUH |, j; U

dw =

Jo MOryT OBITh W3y4eHbI B OJHOM MHOTOMEPHOM BEpPOSTHOCTHOM
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npocTpancTBe. IIpu  copaBeIMBOCTH  COOTBETCTBYIOIIEH THIOTE3Bl O
(hEeHOMEHOJIOTHYECKOU CBSI3U BEPOSITHOCTEH C OOITUM KOMIIJICKCHBIM HHJICKCOM

T(pl, p2) OymeM wWMeTh T€ K€ 3aBUCUMOCTH, 9YTO W  paHee:

dW:cM-S—poﬁch-ﬂdpz; dwlzcl-ﬂdp1 nudw, :cz-ﬂdpz.
Py p, Py ap;

[IpemonoXxuM, 4YTO BEPOSTHOCTh COCTOSHHS CHCTEMBI MPH 3aBHCHMBIX
COOBITHSIX MOXET OBITh BBIPKCHA Yepe3 BEPOSTHOCTb COCTOSIHUS CUCTEMBI, B
clIyyae €CJIM JTH JK€ COOBITHS paccMaTpHBaTh KaK HE3aBUCHMBIC, TOTJA:
w=f(u)=f(w-w,), rme f(u) - ¢yskma cea3u, ycTaHaBIMBaeMas
SMOHMpUYECKHM myTeM. [l 3toro ciydas auddepeHnuan BepOSTHOCTH

CTIOKHOTO COOBITHA MOYKHO TIPEJCTaBUTH B BHUe: dw=q-(W, - dwy +W, -dw; ),
rae ¢ =df /du. TloncraBnsst mpuBEICHHBIC BBIIIE BHIPAKCHUSI B COOTHOIICHUE
muddepeniana BEposSTHOCTH, MOIYYUM UTO: Cyy =@ W, -C; U Cpp =@ W, - Cy.

BuaHo, 4TO Tpu cHpaBeAIMBOCTH THUIOTE3BI O 3aBUCUMOCTU COOBITUH g
U ], BENHMYUHBI C,q U C,, B pacCIpeleICHHH BEPOSTHOCTEH CI0KHOTO COOBITHS

MOI'yT OBITH TaK)KE OIIPCACIICHEBI I10 aHAJIOTNYHBIM BCIIMYHHAM, H&I?II[GHHLIM JJIsA

OoJiee MPOCTHIX COOBITHH j; M J,, M 3HAUEHHUSIM BEPOSATHOCTEH 3TUX COOBITHH.

JlanHbIle pe3yNabTaThl MOTYT OBITh MCIOJIb30BaHbI MPU OIEHKE PHUCKA CIIOKHBIX
COOBITHI. AHAJIOTUYHBIC 3aBUCMMOCTH MOXKHO TOJYYUTH JJIS CIydaeB, KOrjaa
KOJIMYECTBO COOBITHH, (hOPMHUPYIONIUX COBMECTHOE COOBITHE, OOJbINE ABYX, H
KOT/JIa CJIO’KHBIE COBMECTHBIE COOBITHS B3aUMOCBSI3aHbI MEXKIY COOOIA.

[TonyueHHble pe3yJabTaTbl MOTYT OBITH HCIOJB30BaHbl TIPU OILICHKE
OMacHOCTH M pucka. B Teopuu 0€30MacHOCTH CYIIECTBYIOT Pa3IUYHbIE METO/IbI
OLICHKH, OCHOBAHHbIC HA MPUMEHEHUH TE€X WJIH WHBIX UHIEKCOB OMACHOCTHU MPH
YCTAHOBJICHUH PUCKA PA3JIUYHBIX BUIOB BO3JECHCTBUI Ha HAceIEHUE, IEPCOHA
WU TpUpOAHYI0 cpely. IlpuMepamu Takux MOKa3aTelel SBISAIOTCS WHIEKC
Jloy, wucmonmp3yeMblii TOpU  OLEHKE  PHUCKOB  MOXKApPOOMACHOCTH U
B3PBIBOOITACHOCTH, KOA(PPHUIIMESHT MOPOTrOBOM MacChl OMACcHBIX BemiecTs [21, 77],
MIPUMEHSIEMBbIN TIPU OIIEHKAaX OIMAaCHOCTU OOBEKTOB TMOBBIIMICHHOW OIMACHOCTH,
MHJIEKChl OIMACHOCTH TOKCHKOJOTMYECKUX Bo3aehcTBui [87, 93], moporossie
3HAYEHHUS BHIOPOCOB BPEIHBIX BEIICCTB B aTMOC(HEPHBIH BO3AyX [77] v T.x.

B 1934 rony suromoniorom Yectepom birccoMm ObLIIO TIPENioKEHO s

y4éTa YHUUTOXKEHHBIX MECTHIMIAMH BpPEIUTENEH HCIIONb30BaTh METOM MPOOUT-
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anamza [125]. B oOmacti 0e30macHOCTH CHUCTEM JIAHHBIM METOJ  TOTYYHIT
IINPOKOE PACIPOCTPaHCHUE Ojarogaps MPUMCHEHHIO MOHATHS KOMILICKCHOTO
IoKaszaTeas ONACHOCTH, Ha3bIBAEMOro mpobuToM. JIaHHBIA IOKa3aTesb
OIPENENseTCs HOMIMPUYECKH dYepe3 MmapaMeTpbl (akTopa OIACHOCTH Kak
[21, 26, 103, 125]:

Prob; =ap; +agj-Inc+ay;-Int, (3.34)

rac C — KOJIMYECTBCHHBLIM ITOKa3aTellb OIMaCHOCTHU, HaIIpHUMCp,

KOHIICHTpAIMs BPSIHOTO BEIIECTBA; 7 — BpeMs ACHCTBHUS OIacHOro ¢akropa; |

— HEKOTOpOE OMAacHOE COOBITHE, HAPUMED, THOEIb KUBOTHBIX, BOSHUKHOBEHHE
XPOHUYECKHX 3a00JIeBaHU, peanu3aliys HeraTuBHOro 3¢ dexTa u T.1.

Hcronp30BaHne KOMILICKCHOIO IIOKaszaTels omacHoctH B Buue (3.34)
CBSI3aHO C SMIIMPUYECKON 3aKOHOMEPHOCTBIO, XApAaKTEPHOW i JeHCTBUS
MHOTUX ONAacCHOCTEH (XMMHUYECKHUX M PaJMallMOHHBIX MOPaXKEHUM, BO3IEHCTBUIM
B3pBIBOB, IIOKapoB, TOCJIEACTBUNA aBapuil, CMEpPTEIBHOIO U  OOUIEro
TpaBMaTu3Ma M T.I.), IPU KOTOPBIX BEPOSTHOCTH OIIEHMBAEMOI'O OIACHOTO
COOBITUS | HOTYUHSETCS  JIOrapu(MUUYECKU-HOPMAIBHOMY  3aKOHY
pacnpeenenus, Ipyu ’TOM PUCK OMTACHOTO COOBITHSI BBIPa)KaeTCsl 4epe3 MpOoOUT:

1 Prob; '[2
Rj(Probj)=E _{Oexp — |dt. (3.35)

B npouecce 00pabOTKM JaHHBIX IO 3HAYEHUSM  BEPOSATHOCTH
HAOJIOZICHUS] OIACHOTO COOBITUS, UCIOJIb3ysl TAaOMUIBI BEPOSTHOCTH WU
BEPOATHOCTHBIE KaIbKYJIATOPHI, OMPEACNAIOT 3HAUYC€HHWE MPOOUTa COTIACHO
3aBucuMocTH (3.35) u Ha Tpaduike HA OCH OpAMHAT OTKJIABIBAIOT ATO 3HAYCHUE.
B cBoro ouepenb, AJis AAHHOTO ONBITa WIM HaOJMIOACHHS Ha OCH alCIuCC
OTKJIAJIBIBAIOT 3HA4YEHUE IapaMeTpa WM Jorapudma mnapameTpa MoKazaTens
OMAaCHOCTH B 3aBHCHMOCTH OT BHJa PacTpeAeNieHUs] COOBITUS — HOPMAJIbHOTO
WU JorapupmMuuecku-nopmanbHoro. [logooHas oOpaboTKa JaHHBIX B KAYECTBE
IIpuMepa MpeACTaBICHAa Ha pUCYHKeE 3.6.

JIist OMBITHBIX JaHHBIX (IO CaMbIM pPAa3HBIM OMNACHBIM COOBITHUSM U
BO3JCHCTBUSIM) METOJOM MpOOUT-aHAJIM3a YacTO MOXKHO  YCTaHOBUTh
IMIUPUYECKUE 3aKOHOMEPHOCTH, OJIHAKO TEOpeTHYeckoe OOOCHOBAHHE 3TOTO
¢akrta moka orcyrcTByeT. [lokakeM, 4TO pe3yabTaThl JaHHOW IJIaBbl MO3BOJISIOT

IIPUBCCTH TAKOC 00OCHOBaHHE M OTBETUTH Ha BOIIPOC, IMOYCMY HEJIMHEHHBIC
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3aBHCHUMOCTH MEXJIy BEpOSITHOCTSIMU OMNACHBIX COOBITHMH M TapaMeTpamu
(aKkTOPOB OMACHOCTH XOPOIIO OMUCHIBAIOTCS MPOOUT-3aBUCUMOCTSAMHU.
Jiga aToi 1enu OyAeM MCIOib30BaTh 3aBUCUMOCTH (3.7) B BHUIE CBS3U

SHTPOTIMH COCTOSIHUS C BEPOSTHOCTHIO COCTOSIHUS CUCTEMBI BUaa dS = dW/ T.
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Pucynox 3.6. — I'paduk, oTpaxkaromuii pe3ynbTaTbl 00padOTKH JaHHBIX
METOJ0M MPOOUT-aHaTN3a TP OLIEHKE BEPOSITHOCTH COOBITHH,

CBSA3aHHBIX C BEIOpOCAMU NApHUKOBBIX Ia30B B cTpaHax EBpornbl

VYpaBuenue g auddepeHimana BEPOSITHOCTH CIOXKHOTO COOBITHS

COBMECTHOT'O BBITIOJHEHHSI COOBITHI J; U ], cormacHo (3.33) Oyaet uMeTh BUI:
dw =Wy (py, p, )dp, +W,(py, P2 )dps, (3.36)
npudeM coOBITHS J; U |, HAONIOJEHUS Mokas3areneil P; u P, MOTYT OBITH Kak

3aBUCHMBIC, TaK U HC3aBMCHMBIC. B cBoro oucpcClb, PUCK HCKOTOPOI'O CIIOKHOI'O
OITaCHOI'O CO6BITI/I$[, KOTOPOC MOXET MMCTb NPHUYHUHHO-CICACTBCHHBIC CBA3U C

COBMECTHBIM COOBITHEM HaOJIOICHUS TOKa3aTened Py u P,, OyaeT paBeH:

dR = Ry(py, P2 )dp; + Ry (py. p2)dp, . (3.37)
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Taxxe, kak ¥ paHee, MPEANOTI0KUM, UTO BEPOSITHOCTH CIIOKHBIX COOBITHIA
MOTYT OBITh U3Y4YE€HBI B OJJTHOM MHOTOMEPHOM BEPOSITHOCTHOM MPOCTpaHCTBE. B
ATOM cily4ae, JUisl PUBEICHHOTO Bhlle ypaBHEeHUs (3.36) KOMIUIEKCHBIN UH]IEKC
T mpencrarisier co00W HHTETPUPYIOIMIUN NETUTENh IS BEIWYUHBI AW, Tipu

sTom suTporus S, (P, p2) ABJISIETCST MHTErpajgoM ypaBHeHusa (3.36). B cBorwo

Oqepeﬂb, TaK KaK BCIIMYUHBI BGpOSITHOCTGI‘/’I R U W CBA3aHBI MC)K,Z[y C060ﬁ, TO.
dR:(@) (@) a dp1+(@) (@j T ldp,.  (3.38)
ow ).\ aT )\ ap, ow )\ aT ), ap,

or or
dR =cyr 'Cwl'(a)dpl"'CZR “Cuz '(gjdpz- (3.39)
i 2

MoXHO TOKa3aTh, YTO KOMIUIEKCHBIH WHACKC | TakXe MpPeICTaBIIACT
cO00i HMHTErpUPYIONMUN ACTUTENb JUIsi BeJWYUHBI (R, Mpu 3TOM SHTpOMHS
SR(pl, p2) SBJIIETCS] HHTETpasioM ypaBHeHus (3.39).

N3BectHO, uTOo MHTEerpaioB ypaBHenuit (3.36) u (3.39) OecuncieHHOe
MHOKECTBO, TIPUYEM, €CIIM M3BECTCH MHTETPUPYIOMIMM MHOXHUTENIb YPaBHEHUS
1 =1/T, 10 M0O0¥ UHTETPUPYIOLINIT MHOXHUTENb Oy/IET PaBeH: y = (1/T) a)(S),
rae a)(S) — mnpou3BoJbHas auddepeHuupyemas ¢QyHKuug, a S — oOwmui
WHTErpajl ATOro ypaBHEHMs. [Ipy HM3BECTHOM HHTETPUPYIOLIEM MHOXHUTENE
mo0oi uHTerpan s ypaBHeHnuit (3.36) u (3.39) Oyner paBen: P =l//(S), rje
dy/ds = as).

Tenepr mnpumeHuM cHOPMYIUPOBAHHBIE PE3YNbTATHl [JISI Pa3BUTHUS

TEOPHUH OICHKH prcKa. Tak Kak pUCK OY€Hb MHOTHX OITACHBIX COOBITHM MOJKET

_ Prob?

-dProb,
= ]

1
ObITh TIpencTaBiicH ypaBHenuem (3.35), to dR =—-exp(

dR

exp(— Pr osz '
2

Takum 00pa3oM, €clii B KauyeCTBE HHTETPUPYIOIIETO MHOMXKHUTENS s

orkyzna d Prob=+/2r -

e s?
BeauurHbl AR KMCIONB30BaTh (PYHKIUIO SHTPOIMH BHIA ;(z?-exp 5|

TO ipoOuT Prob B HOBOM Buje OyneT SBIAThCS MHTErpajaoM ypaBHeHus (3.37).
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B 3TOM cnyyae MOXKHO HCKaTh CBS3M MEXy OOLIMMH MHTErpajllaMy yYpaBHEHHI
(3.36) u (3.37) Bupa:
Prob = F(s). (3.40)
OneIT npuMEHEHUs] MeTo/a MpOoOUT-aHaNIM3a MPU O0OpPaOOTKE OIBITHBIX
JAHHBIX O BEPOATHOCTSIX ONACHBIX COOBITHI yKa3bIBaeT HA TO, YTO OYEHBb YACTO
CYILECTBYIOT ypaBHeHUs BUJa (3.40), oTimMyaronyecs TMHEHHBIMU 3aBUCUMOCTSIMU
MEXIy BEIMYMHAMHM TPOOMTa M SHTPONMUHU. Takke cleayeT OTMETHTb, 4YTO
JAHHBINA TOAXO/ MO3BOJIAET HCIOIb30BaTh MU 00pabOTKE JaHHBIX HE TOJBKO
oOpaTHYI0 TpPOOUT-PYHKIIMIO HOPMAIBHOTO pACIpEaeNieHNs, HO H BCSIKYIO
00paTHyI0 (PYHKIMIO IMITUPUUECKOTO PACTIPENIENICHNS] BEPOSTHOCTEN, TOTyUYECHHYIO
npu 00pabOTKE ONMBITHBIX TAHHBIX, XapaKTEPU3YIOLIUX U3YYaeMbli BUJ CUCTEM.
Bce ckazanHOe BbIlIE MO3BOJSIET MNPEAJIOKUTH CIEAYIOIIMM METOA
00paOOTKHU OIBITHBIX JAHHBIX MO BEPOATHOCTSAM ONACHBIX cOObITHI. BHauane
YCTaHABIMBAETCA AMIMPHUYECKOE pacHpe/ieIEHUe BEPOATHOCTH HEKOTOPOIro
CIIOXKHOTO coObITUd. Mcnonb3yss 00paTHyl0 (YHKUHIO YCTaHOBJIEHHOIO
AMIIUPUYECKOTO pacmpeseneHus, BEPOSTHOCTH ITHX COOBITHI
NIEPECUUTHIBAIOTCS B MOAU(MUUIMPOBAHHBIE MPOOUT-BEIMYNHBI (Prob). Hanee
OTIPENEISAIOTCA COCTABISIONINE (YHKIUMU SHTPONUHU B BUAE JOrapuPMUUECKUX
3aBHUCHUMOCTEN OTHOCHUTENbHO O€3pa3MEpHbIX aTpUOYTHUBHBIX IOKa3aTesel

(pk = Py / Py, ) MeTo10M MHOKECTBEHHOM PErpecCUr HAXOMSTCS 3aBUCHMOCTH

MCKOY HpO6I/IT -BCJIMYMHAMHU U BCIIMYUHAMU O BHJA:
Prob=cy+c -Inp +...4+¢c,-In p,, (3.41)
rac Ck — KOHCTAHTBI, O — 6e3pa3MepHHe ITOKa3aTcJii COCTOSAHNSA CUCTEMBI.

Ha OCHOBE MOJIYYEHHBIX 3aBUCUMOCTEN OIPEACIISIFOTCS

(P€HOMEHOJIOTUECKIE BEMUUHBI Cy , XapaKTEPU3YIOLINE CPETHECTATUCTUUECKHE

TEHJICHIIMM B PAa3BUTUU COCTOSIHUM MW3Yy4a€MOW CHCTEMbI, IIOCJIE YEro
PACCUMTHIBACTCS DHTPOMHUS W TOTEHIIMAT COCTOsIHUSI cucTeMbl Buma (3.21) —
(3.27). Jlaniee Ha OCHOBE MOJYYECHHBIX JAHHBIX OCYIIECTBIISIETCS KOMILIEKCHAs
OIICHKA Pa3BUTHS CHUCTEMbl U  BBINOJHAECTCS  MHOTroONapaMeTpU4YecKoe
PaHXUPOBAHHE OOBEKTOB.

IIpennoxxeHHBIA METOJ  OTJIMYACTCS HOBHU3HOM MW MOXET OBITh
anpoOupOBaH MO OTHOIIEHUIO K OMBITHBIM JaHHBIM JUIsI Pa3UYHBIX BHJIOB

MIPUPOJHO-AHTPOIIOTEHHBIX CUCTEM.
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I'naBa uerBepras

KOMIUVIEKCHAS OLEHKA 3ATPAZHEHUA ATMOC®EPHOI'O
BO3AYXA BI'OPOJAX N HACEJIEHHBIX ITYHKTAX

4.1. CymecTByOmue noaxo/bl K OleHKe OMACHOCTH
3arpsi3HeHHs aTMOC(EepPHOro BO3ayXa

CucreMHbIii TOAXOJ B 00JacTH OXpaHbl OKPYXAloIIel cpeabl Hadam
UCIOJIb30BaThCs ¢ Hayana 70-bix rojoB. [IpuOnu3uTensHO B ATO K€ BpeMs
HIMPOKO CTaJl MPUMEHSTHCS TEPMHUH «MOHUTOPHUHI», MOJ KOTOPHIM MOHUMAJIN
CUCTEMY HaOJIIOJICHUM, NO3BOJISIOIIYI0 OLEHUTh H3MEHEHUS B COCTOSIHUU
Oonocdepbl 1MoA BIMSHUEM YeJIOBEeUeCKOW nesrenbHocTH. HaOmonenust 3a
COCTOSIHUEM OKpYXalolled cpelbl U OHOJOTMYECKUMH OpraHu3MamMu U
CUCTEMHBIN MOJIX0J K aHAJIU3Y MpoOJeM OXpaHbl MPUPOJIbI CBOMCTBEHHBI BCEM
COBPEMEHHBIM IKOJIOTMYECKUM HCCIe0oBaHUsAM. [Ipu 3TOM clieqyeT OTMETUT,
4YTO U3YYECHHE 3arpsi3HEHUsT aTMOC(PEPHOTO BO3AyXa 3aHUMAET B JTUX
UCCIIEJIOBAaHUSIX 0C000€ MECTO, TaK Kak SBISIETCS OCHOBHBIM (haKTOpOM
BO3/ICIICTBUS Ha yesoBeka U Ouochepy. B nmannoit obnactu chopmMupoBaauch
pa3nuyHbIe MOJIXO0JbI K OILEHKE OMACHOCTU 3arps3HEHUs BO31yXa, KOTOPBIE BO
MHOTHX acmlekTax ImnepecekaroTcsi. CylecTBYIOIUME MOAXO0Abl MPUBEIU K
(GOpMHpPOBAHMIO  LEJIbIX  HAyYHBIX W  MPAKTUYECKUX  HAIpPaBJICHH,
HEIOCPECTBEHHO CBS3aHHBIX C KOJOTMYECKUM M COLHUAIBHO-TUTHEHUYECKUM
MOHUTOPUHIOM.

OKOJIOTMYECKMII ~ MOHHTOPMHI  Kak  TOCYAAapCTBEHHas  CHCTEMa
HaOJIOICHUS], aHAJIM3a, OLEHKU W MPOTHO3UPOBAHUSL COCTOSHHUS OKPYKAIOIIEH
NPUPOAHON Cpeibl SIBISETCS, C OAHOW CTOPOHBI, OCHOBOM AJii 0OOCHOBaHUS
YVIPABJICHYECKUX PEIICHUH, a C JPyrol — CHCTEMOW, NPEACTABISIONIEH
CBEJICHUSI O pealbHBIX MapaMeTpax M XapaKTepUCTHUKaX OKpYKarouled cpeibl
[94, 111]. OnacHOCTb 3arpsi3HEHUs PUPOHON Cpeiibl OLIEHUBACTCS HA OCHOBE
CPAaBHEHUS KOHIIEHTpAalUd XHWMHYECKHX BEIIECTB, OIPENEJICHHbIX MpH
HKOJIOTUYECKOM MOHUTOPHUHTE, C O€30MaCHBIMU YPOBHIMHU, XapaKTePU3YIOLIUMU
pa3JIMYHbIC BUIbI BO3ICHCTBUIM Ha OOBEKTHI.

CouunanbHO-TUTUEHUYECKU MOHMTOPUHI HaIlpaBJieH Ha YCTAHOBJICHUE,

NpEeAyNPEeKICHUE, YCTpAaHCHUE WM YMEHbIICHUE (PAKTOPOB U  YCIOBHUU
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BPEIHOTO BIMSHUS Cpenbl OOWTaHWS Ha 370pPOBhE UYEIOBEKAa B IEJAX
oOecrieueHusT CAaHUTAPHO-IMHICMHOIOTHYECKOTO OJIaronoayyuss HaCEICHUS
[79, 81, 82, 87, 93, 148, 150]. Puck s 310pOBbsSl HACEICHMS MPH BO3JICHCTBHU
XUMHUYECKUX BEIECTB, 3arpsA3HSIONINX OKPYKAIOIIYI0 Cpeay, OIEHWBAETCsS Ha
OCHOBE OMpENCICHUS 3HAUYCHHM BEPOSITHOCTH Pa3BUTUS W CTEICHH
BBIPOKCHHOCTH HEOJAroNMpUSATHBIX TMOCIEACTBHHA ISl 30POBBSI HBIHCITHUX U
OyIyIINX MOKOJICHUH.

Ilenpt0o maHHOW TJHABBI SIBJISIETCS CHCTEMHBIM aHAJIW3 OCHOBHBIX
MOJIOKCHHM, TMPUHIIMIIOB, TOJXOJ0B M METOJOB OIICHKH OIIACHOCTH TMpHU
3arps3HEHUH aTMOC(HEPHOr0 BO3JyXa XHMHUYECKHMM BEILIECTBAMHU, a TaKXKe
pa3paboTKa HOBBIX METOJOB KOMILJIEKCHOM OIEHKH 3arpsi3HEHUsi aTMochepsl U
OLICHKM PHUCKAa HETaTMBHBIX BO3AcHCTBHM. [Iponenypsl OLIECHKH OITACHOCTH H
pUCKa TIpHU 3arps3HCHUH aTMOC(EPHOTO BO3ayXa MMEIOT OONBIIOE 3HAYCHHE,
TaK Kak IMO3BOJIAIOT MPEAYIPEAUTh YBEIMYCHHE 3a00JICBAEMOCTH HACEJICHUS B
KPYIHBIX TPOMBINUICHHBIX TOPOJaX, COXPAaHUTh OHOJIOTHUYECKHE PECYPCHI
MPOMBIIIJICHHBIX PETUOHOB U MPEOTBPATUTD JICTPAJIAIINIO TPUPOIHBIX IKOCHUCTEM.

AHanu3 umerolencs JUTepaTypbl U HCCIEIOBAaHUN B 00JIACTH OXpPaHbI
atmochepsr  [34,59, 111, 113] mo3BojsgeT  BBIACHWTH JBa  OCHOBHBIX
KOHIIECTITYQJIBHBIX TIOJIX0/Ia TIPH OIIEHKE OMACHOCTH:

® OIICHKA OMACHOCTH 3arpsi3HeHHs] aTMOC(HEPHOrO BO3yXa MO JAHHBIM
HKOJIOTHIECKOTO MOHUTOPHUHTA,

® OIICHKA OMACHOCTH 3arpsi3HEHHs] aTMOC(HEPHOTO BO3yXa MO JAHHBIM
MPOSIBIICHU TOKCHYECKHUX MPOIIECCOB Y OMOJIOTHUECKHX 0OBEKTOB.

B ocHOBe mepBOro KOHIENTYAIBHOTO TIOAX0/1a JISKHUT OIICHKA OIMMaCHOCTH
COOBITHH, CBSI3aHHBIX C 3arps3HEHHUEM aTMOC(HEpPHOTO BO3/yXa, HCXOAS U3
NPUMEHEHHSI CYIIECTBYIOIINX TMTUCHUYECKUX U CAaHUTapHBIX HOpM [94, 95, 111].
Btopoii koHuenTyaabHBIA TMOAX0J OCHOBAaH Ha OIICHKE OIMACHOCTH COOBITHM,
CBSA3aHHBIX C BO3HMKHOBEHHEM HETraTHBHBIX 3(PQPEKTOB y OMOJIOTHYECKHX
00OBEKTOB IPH 3arps3HeHUM Bo3ayxa [26, 70, 81, 85, 87, 102, 103, 125, 136, 148, 150].
CpaBHHBas JaHHBIC TIOJIXO0JIbI, OTMETHM, YTO TPAaHUIIA Pa3JACIICHUS MEXKITY HUMU
OTHOCUTEIBHO  YCJIOBHA. Muorue  pe3ysbTaThl, MOJIyYCHHBIE B
TOKCUKOJIOTUUECKUX W DIMUIEMHUOJIOTHUYECKUX HCCICIOBAHUSAK, HCTOIB3YIOTCS
PU KOJIOTUYECKOM MOHUTOPUHIE M OILEHKE OMACHOCTH YPOBHS 3arpsi3HCHUS

aTMoc(epHOro Bo3ayxa. B cBow ouepenb, JaHHBIE O paclpOCTPAHEHUU
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aTMOC(EPHBIX 3arpsA3HUTENICH IHUPOKO HCIOJB3YIOTCS TPU OIEHKE PHUCKOB
TOKCHKOJIOTUYECKUX BO3JCHCTBUM W aAHAIU3E TMOCJIEACTBUM TOKCHYECKUX
MPOIECCOB Y OMOJOTMYECKUX O00BEKTOB. (OJHAKO OCHOBHOE OTJIMYHE
3aKJII0YAETCS B TOM, YTO B IIEPBOM cCliydae IpeodiafaroT (GU3NKO-XUMHUECKUE U
DKOJIOTMYECKHE METOJbl, a TaKKe€ eCTECTBEHHOHAay4YHBIC METOJbl aHaIu3a
OIMACHOCTH M PHUCKA, KOTOPHIE MPUMEHSIOTCS IO OTHOIICHUI0O K OCHOBHOMY
00BEKTY UCCIIEAOBaHMUSI — aTMOC(epHOMY BO3IyXY, MPOIECCaM M3MEHEHHUS ero
COCTOSIHUSL M CBS3aHHBIMH C OTHMH MPOIECCAMU OMACHBIMH COOBITHSMU.
buonorudeckas oOIeHKa YpPOBHS HETAaTUBHBIX BO3JCHUCTBUM BBOJMTCS TpPHU
JTAHHOM TIOAXOJI¢ B METOJOJIOTHI0O W TPAKTHKy Yepe3 CHCTEMY CaHUTapHO-
TUTUCHUYECKOr0  HOpMHpOBaHUsA. Bo  BTOpoM  cliydae  IPUMEHSIIOTCS
SIUIEMHOJIOTHYCCKHEC, MEIUIIMHCKHAE, OMOJOITMYECKHE U TOKCHUKOJIOTHYCCKHE
WCCJICIOBAHMSI, & TAKKE METO/BI aHAIM3a OMTACHOCTH U PUCKA MO OTHOIICHHUIO K
00BEKTY UCCIIEIOBAHUS, B KAYECTBE KOTOPOTO BHICTYIIAIOT OMOOPTaHU3MEI.

B ocHoBe 000uX moax0/a0B JiexkaT oOire 0a30BbIE MOHATHS, B KOTOPBIX
10/] OIMMACHOCTBIO OOBIYHO IMOHUMAIOT COBOKYITHOCTH MOCTOSTHHO JCHCTBYIOIIMX
W CIy4yalHO BO3HHKamIIMX (aKTOpoB B  pe3yjbTare HEKOTOPOIO
WHULIMUPYIOIIETO COOBITHS WIIH (POPMHUPOBAHUS YCIOBUH OKPY>KAIOIIECH Cpeibl,
OKa3bIBAIOIINX HETAaTUBHOE BO3JCUCTBHE HA PEIUMUEHTOB. VCImomb3yroTcs
Tak)ke 00Imue ompeercHUsT B 00JacTH OMACHOCTH M PHUCKA, KOTOpbBIE OBLIH
TIPUBECHBI B MPEBITYIICH TIaBe.

BaxxapiM B JaHHOW 00JIaCTH SBJISICTCS TakKXKe IIOHSATHE BPEIHOTO
BelecTBa (IIpUMeCcH), T.€. BEIIECTBA, KOTOPOE MPU KOHTAKTE ¢ OMOJIOTHYCCKUM
OpraHu3MOM MOXET BBI3BaTh 3a00JICBaHUS WM JAPYyTrHe HEOIAronpUsTHBIC
MOCJICJICTBASI B €r0 COCTOSHUW. [IpUMEHUTENIBHO K BPEIHOMY BEIIECTBY
UCITOJIB3YIOT TAKXKE CIICIYIONTNE OCHOBHBIC MTOHSATHS.

Toxcuunocms — CIIOCOOHOCTH BEIECTBA TIPU €r0 BO3JACHCTBUU HaA
OMOJIOTUYECKUIA OpraHWU3M BBI3BIBATH HETATHBHBIC ITOCIEICTBUS Pa3TUIHON
CTeneHu TsoKecTH (Tokcuueckue HGhdexTsi, 3a0oiieBaHUs, MOBPEXKICHUS,
THOCIB).

Hebnazonpusmuoiii (8peonwiii) s¢gpghexm — u3MEHEHHS B MOPGOJIOTHH,
(bU3MOJIOTHH, POCTE, PA3BUTHH WM IPOJOJDKATEIHLHOCTH JKU3HH OpraHu3Ma,
MOMYJISAIAA WM DKOJIOTHYECKOW CHUCTEMBI, TPOSBIISIONIMECS B yXYAIICHUA

(GYyHKUMOHATBHOM ~ CIIOCOOHOCTH  WMJIM  CHOCOOHOCTHM  KOMIIEHCHPOBATH
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JOTIOJIHUTENBHBIN CTPECC, WIM B YBEIMYEHUU YYBCTBUTEIBHOCTH K JPYTUM
BO3/ICHCTBHAM (aKTOPOB OKPY’KAIOIIEH CPEIBI.

3asucumocms «003a-3¢hgpekm» — CBSI3b MEXKIAY J0301/KOHIICHTpAIuen u
CTETNIEHBIO BBIpAXXEHHOCTH 3 (PeKTa B AKCIIOHUPOBAHHOM MOMYJIALIMH.

llopoz épeonozo Oelicmeus — MUHUMAaJbHAs KOHIICHTpALUS WIH /1034
BEILECTBA, MPU BO3JECHCTBHH KOTOPOM B OpraHM3ME BO3HUKAIOT W3MEHEHMS,
BBIXO/ISIIIME 32 TPeebl (PU3HOTOTHUYECKUX MPUCTOCOOUTEIBHBIX PEAKIIMMA, UITH
CKpBITasi (BpEMEHHO KOMIIEHCUPOBAHHAs1) ATOJIOTHSL.

lIpedenvno Oonycmumas KoHyewmpayusi — COJEpPKAHHE BPEIHOTO
BEIIECTBA B OKPYXKAIOIIEW cpele Ha YypOBHE TIpaHUIbl O€30MacHOro
BO3/ICICTBUS, MPEBBIILIEHUE KOTOPOH MOKET HAHECTH HEMONpPaBUMBIN yiiepO u
BpEJl pELUIIUEHTaM, a TAaK)KE KaueCTBY OKPYXKAIOLIEH UX CPEIIbI.

B 1menom o0OouM mojxonaMm CBONCTBEHHBI OOUMNA U creruduuecKuit
NOHATUHNHO-KAaTErOPUIHBIN armapaT, OOIIENpPUHATAs HAay4YHas U MPaKTUYeCKas
METO/I0JIOTHS, CIIEKTP METOI0B U METOAUK MCCIIEJOBAHUS, CBOU ONPEAEICHHBIMI
NepeYeHb HOPMATUBHBIX AaKTOB M HOPMAaTUBHO-METOJMYECKUX JIOKYMEHTOB,
MPUHATHE OIPEHECICHHBIX CIOXHUBIIMXCS CUCTEM YIPABICHUS KayeCTBOM
OKpY KaroIlen Cpesbl U T. 1.

PaccmoTpum Gosee moapoOHO yKa3aHHBIC BBIIIE JIBA MOJX0J/1a K OIICHKE
OIMACHOCTH 3arpsi3HEHUSI BO3AyXa.

4.2 OneHKa ONACHOCTH 3arpsi3HeHNs ATMOC(EPHOro BO31AyXa 1o

AAHHBIM 3KOJOTH4Y€CKOIro MOHUTOPHHI A

JIaHHBIN MOIXO0/] K OLIEHKE OMACHOCTH OCHOBAH Ha OMPEICICHUN MEPEUHS
MPUOPUTETHBIX M CHEHU(PUYECKUX BEIIECTB, KOHTPOJE HUX COJCpP)KaHUS B
BO3/[yX€ HACEJIECHHBIX MECT, UCIOJIb30BAHUHN CAHUTAPHO-TUTUEHUYECKUX HOPM,
OLICHKE OITACHOCTHU 3arps3HEHHS BO3AyXa IO PA3JIMYHBIM XapaKTEPUCTHKAM U
rapaMeTpaM HW3MEHEHHUsI COCTOSIHUSI 3arpsi3HEHHS BO3ayxa. Benercs Ttakxke
MOHUTOPUHT OIACHBIX COOBITUN, CBS3aHHBIX C 3arps3HEHUEM aTMOC(hEpHI.
KoHeuHbIM pe3ynbTaTOM AaHHOIO MOJXO0JAa SIBJISETCS KOMIUIEKCHAs OIIEHKa
3arpsi3HEHUs] aTMoc(epbl M TMOJTYyYeHHE HCXOAHBIX JAHHBIX IS pa3pabOTKu

MEpPOTPUATUI 110 OXpaHe aTMOC(EepHOTO BO3TyXa.
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OOBIYHO TOCYNAPCTBEHHBIC W BEIOMCTBEHHBIC MPOTPAMMbI MOHUTOPHHTA
KauyecTBa aTMOC(EpHOTO BO3AyXa BKJIIOYAIOT 00s3aTEIbHBIA  KOHTPOJIb
MPUOPUTETHBIX 3arpsi3HSIONIMX BEHIECTB HA CTAMOHAPHBIX M MEPEIBUXKHBIX
noctax. Hampumep, B YkpanmHe B 3TOT MEpEYeHb BXOJAT NbUIb B BHJE
B3BEIICHHBIX YAaCTHUIl, JTUOKCUJI U MOHOOKCH]l a30Ta, AMOKCHUJ CEPbl U OKCH]
yraepoaa. Cpenu cnenu@UUecKUX BEIIECTB OCYIIECTBISETCS 00sS3aTelbHbBIN
KOHTPOJIb (opManpaernaa, O0eH3(a)mmpeHa, TsoKenbix MeTawioB. B Poccum k
TOMY CIHCKY NPUOPUTETHBIX BEIIECTB JOOABISAIOTCS TAaKKE B3BEIICHHBIC
BelecTBa ¢ pasmepom 4actuir 10 MM 1 Meree (PMig" (TUy0)) 1 2,5 MKM U MeHee
(PM;5 (TUYy5)), 030H, a Takke YIiIeBOJOPOJbl. B COOTBETCTBUM C MECTHBIMHU
O0COOEHHOCTSIMU HACEJICHHBIX MYHKTOB HA CTAIIMOHAPHBIX MOCTaX BEJIETCS TAKKE
HaOIOICHUE 3a CIEHU(PUUYECKUMU 3arpA3HUTEISIMU (HAIIPUMEDP, AMMHUAKOM,
0eH30510M, (DEHOJIOM, CEPOBOIOPOIOM, PTOPUCTHIM BOJAOBOIOM, TOIYOJIOM U Jp.).
KonTponb kauecTBa BO3IyXa MPOBOJIUTCS B COOTBETCTBUU C YTBEPIKICHHBIM
MEPEYHEM BPEIHBIX BEIIECTB, MPUHATHIM JJIS1 KaXI0T0 TOPOjia B OTACIBHOCTH.

B CIHIA B wuwuciao wuHAMKATOpHBIX BemecTB (criteria  pollutants),
3arpsI3HAIOLIMX aTMOC(EPHBIM BO3/1yX, BKIIIOUEHBI 030H, MOHOOKCH]I YIJIEpo/a,
JUOKCHU]l a30Ta, JAMOKCHJ CEpbl, B3BELICHHBbIC BELIECTBA M CBUHEN. B cBoro
o4depellb, B Ka4eCTBE MPUOPUTETHBIX 3arpsA3sHuTeNer Bo3ayxa BO3 pekomenayer
KOHTPOJIMPOBATh B3BEIICHHBIC (TBEPAbIC) BEIIECTBA, TUOKCHA a30Ta, TUOKCHUJ
Cepbl, 030H U Apyrue HOTOXUMUIECKIE OKCUIAHTHI.

Cuuraercs, yTo HanbOJEE OMACHBIMU 3ATPSI3HUTEISIMU BO3/IyXa SBISIOTCS
TsDKEJble MeTaibl. [IpHOpUTETHBIMU Uil  XUMHKO-TOKCHUKOJIOTHYECKOTO
aHanu3a cpenu Hux sBistores: ceunen (Pb), pryts (Hg), nukens (Ni), kagmuit
(Cd), uunk (Zn), kobanst (Co), meap (Cu), obmagaroniyie BLICOKONH TOKCUYHOCTHIO
Y MUTpAallMOHHOM criocoOHOocThi0. B CIIIA B uncno Hanbosee onacHbIX BEIIECTB
BKJIFOUYEHBI TAK)Ke acOecT, OCpUILIUA U BUHWIXJIOPHIL.

[Tomyuennbie (akTUUECKHE HaHHbIE HAOMIOACHWA MO KOHIEHTPAIUIM
BEIIIECTB CPAaBHUBAIOTCS C HOPMAaTHBAMH KadyecTBa aTMoc(epHOro Bosayxa. B
o0nacT oXpaHbl aTMoc(epbl HOPMATHBBI YCTAHABJIMBAIOTCS PA3TUYHBIMU
JOKyMEHTaMH TOCYIapCTBEHHOro ypoBHs, Hampumep [31, 32, 44, 85, 94, 95, 130].
CrannmapThl KadyecTBa BO3/lyXa, IPUHATHIC B PA3IMYHBIX CTPaHAX MO OTHOIICHHIO
K 4eJIOBEKY, MpuBecHbI B Ta0auie 4.1 [31, 32, 44, 86, 94, 95, 111, 130].

! PM — B3BemenHbIe TBepable yacThIp (0T aHrIL. particulate matter — «TBEpIbIe BeleCTBa)
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Tabmuma 4.1. — CtangapThl Ka4ecTBa BO3/IyXa B Pa3HBIX CTPaHAX MUpPa

Bux YHCIIeHHOE 3HAYCHHE TSl CTPAHbL, MI/M® =
Jart g s
HOPMAaTUBHOTO = g = 3 5 P g E
3arps3HUTENs| 3HAYEHHS 3a £ = é = S = S O = 5=
™
ycraHoBnenHbtt| Z | & & | 2| 8 g g | H @) g3
< 5l 5 | = | = |~ » ol
[epuo] BpeMEHH| 2 3 L
Ioxen max3a20mua.| 05 [ 05 | 05 | 05 [ 05 | 05 | 05 [035 | - 0,5
. (;)I(ES)(I) | |cpeanee 32244005 | 005 | 0.2 [ 0,05 | 0,05 | 0,05 | 0,05 | 0125 | 0365| 0125
P 2 CpEOHEroioBoe | — - 0,05 | 0,02 - - - 0,05 | 0,087| 0,02
ok max 3a 20 mun. | 0,085 [ 0,085 | 0,25 | 0,20 [0,085| 0,20 | 0,20 [ 0,207 | ~— | 0,207
MOKCHA -~ enmee 32 24 .| 0,04 | 0,04 | 0,10 | 0,04 | 0,04 | 0,04 | 0,04 | 0,04 | — | 004
azora (NO,)
CpPEeHEro/I0BOE | — - 0,04 - - - - 0,04 0,1 0,04
TBepALIE max 3a 20 MuH. | — - 0,15 - - 0,30 - - - -
CPAbIE e enmee sa 244 — | — | 005| - |005]006| — | 005 ]| 015 0,05
muiel, T
CpeqHeronosoe | — - 0,04 - - - - 0,04 0,08 | 0,02
Thenmie Tac max 3a 20 MuH. | — - 10,065 - - 1016 | - - - -
BOPAIC HAC  mee sa 244 - | - |0025] — | - |0035| - | - |0035]| 0025
muibl, T, 5
' CpPEeIHETo/I0BOE | — - 0,015| - - 10,025 - 0,025 | 0,015 0,01
Ieuts (cymmap] Max 3a 20 mus. | 05 | 03 [ 03 [ 05 [ 05 | 05 [ 05 | 05 — -
HEBIE B3BelIeH- cpeanee 3a 24 4.| 0,15 | 0,10 | 0,15 | 0,15 | 0,15 | 0,15 | 0,15 | 0,15 - -
HBIC YaCTHUILIbI) CPEIHETOIOBOE | — — 0,10 — — — — — — —
max 3a 20 muu. | — |0,001(0,001(0,000( - |(0,001|0,001| - - -
Ceunern (Pb) |cpeanee 3a 24 4./ 0,003 [0,0003|0,0003|0,0003| - ]0,0003|0,0003| - - -
CPEIHEromoBoe | — — 10,000100,00006 - - — 10,0005 | 0,0015% 0,0005
o max 3a 20 mum. | 5 5 5 5 5 5 5 10" 10" | 100¢
KA YIIe | cpemmeesa24a] 3 | 3 | 3 | 3 | 3 | 3 | 3 | — | 40| 30"
pona (CO) -
CpPEHETOJI0BOE | — - 0,5 - - - - - - 10
max 3a 20 muH. | 1,5 15 0,1 - - 0,3 15 - - -
Ibenzon
(CoHe) cpennee 3a 24 4.| 0,1 0,1 | 0,04 - - 0,1 0,1 - - —
orle cpenneromosoe| — | - 001 | - | - | = | = [o0005| - | 0006
cpemnee 3a 1 4. | 0,16 | 0,06 | 0,16 | 0,26 | 0,16 | 0,16 | 0,16 | 0,18 | 0,238 |0,15-0,2
Oson (O3) | cpemneesa8u.| — - |o12| - — — - 012" [ 0148 | 01
cpenuee 3a 24 4.| 0,03 | 0,03 | 0,09 | 0,03 | 0,03 | 0,03 | 0,03 - - -
max 3a 20 MuH. | — - (0,008 | - - - - - - -
Mpimbsik (As)cpensee 3a 24 4./ 0,003 | — 0,003 | - — 10,0003 0,003 - - -
CpeqHeroioBoe | — — 10,0008| - - - - 6-10° - |1,510°
max 3a 20 MuH. | — - 10,003| - - - - - - -
Kammuii (Cd) |cpennee 3a 24 4./0,0003/0,0003| 0,001 | - - 10,0003|0,0003| - - -
CpPEOHEro/ioBoe | — — 10,0003 - - - - 5-10° - 5-10°
max 3a 20 MuH. | — - 0,01 — - - - - - -
Hukens (Ni) |cpennee 3a 24 4.|0,001| - |0,004| - — 10,001 {0,001 — — —
CpEeqHeroioBoe | — - 0,001 - - - — 2-10° — —
5 max 3a 20 MuH. | — - - - - - - - - -
CH3(Q)IMPCHI - ee 3a 24 w| 10° | 10° [510°] — [ 10° | 10° | 10° | = - -
(C20Hi2) 5 5
CPEHEr0JI0BOE | — - 10 - - - - 10 - -

- cpennee 3a 10 MuH.;  — cpeanee 3a 15 MuH.; - cpennee 3a 1 yac; - cpenHee 3a 8 4acoB; * —
cpemHee 3a 3 Mecsla; = — MaKCHMalbHas KOHIICHTpAaIMsg B TEUCHUHM CYTOK, pACCUMTaHHAs I10
KOH]_ICHTpa]_II/ISIM, I/I3MepeHHBIM C 8-T-IaCOBBIM OCpeZIHeHI/IeM; — BperI OCpe)IHeHI/Iﬂi e}lHHH‘IHBIﬁ
PUCK/TIPOAOIKUTENLHOCTD k13HU; BO3 — BcemupHast opranu3anust 31paBoOXpaHeHUs
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Hctopuuecku CIoXWIOCh, YTO CUCTEMA 3KOJIOTUYECKOTO U CAaHUTAPHO-
TUTHCHUYECKOTO HOPMHPOBAHUSA, OMPEACISAIONasi KadyecTBO aTMOC(HEpHOTro
BO3JlyXa U pErjlaMEeHTUPYIONIasi BO3JEHCTBUE Ha OMOJOTMYECKHE OPTaHU3MBI
3arpsA3HSAIONIMX BEIIECTB, B OCHOBHOM OPHEHTUPYETCS HAa HECKOJBKO BHJIOB
O00OBEKTOB — YeJIOBEKa, KUBOTHBIX, PACTEHUS, JIEPEBbA, a Takxke Ouochepy B
uenoM. [Ipu 3ToM 11t mpeIoTBpaleHUs] HETaTUBHBIX MOCIEACTBUM B MpoIEcce
HOPMUPOBAHUS OMNPEACISIIOTCS Oe30MacHble YpOBHHM Bo3iaeucTBUA. HaydHo
000CHOBaHHBIE O€30MACHBIC YPOBHH 3aKOHOJIATEIHLHO YTBEPIKIAOTCS B KaXIOU
CTpaHe, Ojarojapsi 4eMy OHHU IMEPEBOAATCS B PaHT HAlIMOHAIBHBIX CaHUTAPHO-
TUTUEHUYECKUX U DKOJIOTMYECKUX HOPMATHUBOB.

B ctpanax OwiBiiero CCCP k TUrueHuYecKuM HOpMAaTHUBaM JOIMYCTUMOTO
COJICp’KaHMsI BEIIECTB B aTMOC(PEPHOM BO3AyXE OTHOCSITCS: TMPEACIIHHO
nonyctTuMmble koHueHTpauuu ([1//K), opueHTUPOBOUYHO-0€30MACHBIE YpPOBHHU
Bo3jeiicTBUs (OB YB) u paznuyHble KOMIUIEKCHBIE TTOKa3aTEeNH.

B Poccun, VYkpanHe u B OOJBIIMHCTBE CTPaH IOCTCOBETCKOIO
MpOCTpaHCcTBa cuctema [I/[K 3arpsi3HSIONIMX BEIIECTB MJI1 OLEHKH KayecTBa
aTMOC(epHOro Bo3ayxa sBJsieTcss Hanbosee anpooupoBanHoit. Bennunnsl 11K
YCTAHABIMBAIOTCS KaK JJISI Ka)XXJOTO BEIIECTBA B OTACIBHOCTH, TaK W JJIA
COBMECTHOTO MPUCYTCTBUS OMNPEACICHHOTO COYETaHUs BPEIHBIX BEIIECTB B
atMocdeproM Bosmyxe [31, 32, 44, 85, 94, 111, 130]. [IpeaenpHO AOMYyCTUMBIC
KOHIICHTpAIIMM BEIIECTB B aTMOC(EPHOM BO3yXEe HACEJIEHHBIX MECT
PETJIAMEHTUPYIOTCA B BUJIE CPEAHECYTOYHOM U MaKCUMAJIbHO pa3oBoit [[/[K.

CpennecyTouHas mpeaeiabHO AonycTtumas Konuentpaius (I1/[K,..) — 3to
KOHIICHTpAIMsl BPEJHOTO BEIIECTBA B BO3/IyXE HACEJIEHHBIX MECT, KOTOpas He
JIOJDKHA OKasblBaTh HA YEJIOBEKA MPSMOTO WM KOCBEHHOTO BO3ACHCTBUSI MPU
HEOTPAHUYEHHO JO0JATOM (TOAbI) BAbIXaHUM. TakuMm 00pa3oMm, JaHHas
KOHIICHTpAIIUsl pacCUMTaHa Ha BCE TPYIIbl HACENCHUS] U HAa HEOIpPEACICHHO
JOJITUA TIEPUOJT BO3JEHUCTBUSL U, CIICIOBATENIBHO, SIBISETCS CaMbIM >KECTKUM
CAaHUTAPHO-TUTHEHUYECKUM HOPMATHBOM, YCTAHABJIMBAIOIIMM KOHILIEHTPALIUIO
BPEIHOT0 BEUIECTBA B BO3AYILIHOW cpene. Bennuuna [[/[K . . B HacTos1Iee BpeMs
BBICTYIIA€T B KAQ4ECTBE MOPOTra HOPMBI ISl OIICHKU OJaronoydusi BO3IYITHOM
Cpebl B CEIUTEOHOM 30HE.

B cBowo ouepenab, MakcUMaJdbHO pa3oBas MPEACIBHO JIOMyCTUMAs

koHuentpamus (7K, ,) — 3TO KOHLEHTpaUusl BPEIHOTO BELIECTBA B BO3AYyXe

111



HACEJICHHBIX MECT, KoTopas mpu Babixanud B TedeHue 20—30 MuHYT He
JOJKHA BBI3BIBATh PEPIIEKTOPHBIX PEAKLIUN B OPraHU3MeE YeJIOBeKa (OILyIICHHUE
3araxa, U3MEHEHHE OMOAIEKTPUYECKON aKTUBHOCTH F'OJIOBHOTO MO3Ta, CBETOBOM
4yBCTBUTEILHOCTH Tda3 W [Ap.). Bemumumna [IJ[K,, wucnomas3yercs npu
YCTaHOBJICHMM HAY4YHO-TEXHUYECKUX HOPMATHMBOB — IPEIEIBHO JIOIYCTHUMBIX
BBIOPOCOB 3arpsI3HAIOIINX BEIECTB.

BaxHOU XapaKTEpUCTUKOMN SBIISIETCS TAKXKE KJIACC ONACHOCTH BELIECTBA.
Cornacno I'OCT 12.1.007-76 Bce BpeaHbIe BEIIECTBA MO CTEIIEHU BO3JICUCTBUA
Ha OPraHM3M YEJIOBEKa IOJAPA3JEIAIOTCS Ha YEThIpe KJlacca ONAacHOCTH: | —
YpEe3BbIYANHO ONAacHbIC, 2 — BBICOKOONIACHBIE, 3 — YMEPEHHO ONACHbIE, 4 K1acc —
MaJOOIacCHBIE.

B nacrosimee BpeMs B Poccum pa3paOoTaHbl U yTBEPKIEHBI MPEAEIBHO
JOMYCTUMbIE KOHLIEHTPAllMd B aTMOC(EPHOM BO3/1yX€ HACEICHHBIX MECT I
614 BpenHeix BemectB, a i Oonee yeMm 1500 BemecTB MPUHSATHI
OpUEHTHUPOBOYHO Oe3omacHble ypoBHU BoznenctBus (ObYB). B benopyccun
YCTaHOBJIEHbl HOpPMAaTUBBl [[/[K 3arpsi3HAOIIMX BEIIECTB B aTMOCHEPHOM
Bo3nyxe /st 570 BemiecTB U OBYB 3arps3HsIONIMX BEIIECTB B aTMOC(HEPHOM
BO3/[yX€ HACEJICHHBIX IMyHKTOB U MECT MaccoBOro oTsixa HaceneHus st 1 500
BEILIECTB. B CBOIO ouepenb, B YKpanHe 3aperiaMeHTUPOBaHbl HopMatuBhel [/[K
s 509 BemwectB 1 OBYVB nnsa 1326 Bemects.

Cnenyer pasznuuath noHstuss [[J[K  (©peAelibHO  JOIYCTUMBIE
KOHIIEHTpAllM1) U MpefesibHble KOHIIEHTpaluK (LieJeBble HOPMaTUBbI KayecTBa
WU TIpeAenbHbIe okazaTenu). B EBponelickoM coro3e HOpMUPOBaHUE KaueCTBA
aTMOC(EepHOro BO3JyXa OCYLIECTBISIETCS IyTeM YCTAHOBJICHHUS HMEHHO
CTaHJApTOB KayeCTBAa, OCHOBAHHBIX HA MPEAENIbHBIX BEIMYMHAX WA LEIEBBIX
nokaszarensix. B CIIIA ycTaHOBIEHBI U IPUHATHI K UCIIOIB30BAHUIO TIEPBUYHBIC
U BTOPUYHBIE CTaHIApThl KayecTBa aTMoc(pepHOro Bo3ayxa. llepBuyHBIMU
Ha3bIBAIOTCS CTAHAAPTHl KauecTBa aTMOC(EPHOro BO3AyXa, YCTAHOBJIEHHBIE U
HoJIIeKale COOMIOICHUIO C IEJIbI0 OXPaHbI 3/I0POBbSl HACEICHMSI, BKIHOYAs
YYBCTBHUTEJbHBIE TPYIIIBI (K TAKOBBIM OTHECEHBI, HAIPUMED, JIFOAH, CTPAIAIOIINE
acCTMOM, JETH, IpecTapelible JIroJu). BTOpUYHBIMM Ha3bIBalOTCA CTaHAAPTHI,
YCTAHOBJICHHBIE C LEJNBIO 3alUTHl MMYIIECTBA JIOJEH, BKIIIOYAs COKPAILCHHE

BUJIMMOCTH, yIIepO >KUBOTHBIM, ypO)Karo, pacTeHUsIM U 31aHusM. [IpenenbHbie
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KOHIICHTpAInH, Takke, Kak u /I/[K, MOTyT OBITh UCIIOIH30BaHbI KaK MIOPOTOBKIC
YPOBHH JIJIs1 OLICHKH CYIIIECTBOBAHUS OMACHBIX COCTOSIHUN 3arpsi3HEHUS BO3/yXa.

JlonmycTUMBbIE HOPMBI WJIM MPABUJIA, KOTOPBIE TOCTENEHHO CTaIN IIMPOKO
npumeHsaTbea Kak B CILIA, Tak 1 B OOJIBIIMHCTBE APYTUX CTpaH, — 3TO HOPMBI,
©KEerogHo  u3AaBaeMble  AMEpPUKAHCKOM  KOH(EepeHIueld  T'UTMeHHCTOB
rocyaapcTBeHHor mpomeinnieHHocTd (American Conference of Governmental
Industrial Hygienists — ACGIH), B psie ciiy4acB OHH Ha3bIBAIOTCS MPEACITHHO
nomyctuMbiMi KoHIeHTpanusmu (I7/[K, anrn. — TLVs (threshold limit value —
BenmurHa rmoporosoro npezena)) (LaNier 1984; Cook 1986; ACGIH 1994), [102].

B mnacrosmee Bpems B 3apyOexubix crpaHax (CHIA, Kananma) u
MexayHapoanbix opranmzaiusax (BO3, ®AO/BO3, Komuccusi eBpomnenckoro
cooOiectBa, Opranuzanus 1Mo SdKOHOMHUYECKOMY COTPYJIHUYECTBY U PA3BUTHUIO
U JIp.) JJIS 4YelioBeKa pa3paboTaHbl pedepeHTHbIE YPOBHHU BO3JICUCTBUS IS
noutu 1000 xummueckux coenuHeHuid. Ilpuuem okono 20 % pedepeHTHBIX
KOHIICHTpaIluii ~ 0OOCHOBaHbI  C  HCIHOJIb30BAHMEM  KIMHUYECKUX U
ANUJEMHUOJIOTUYECKUX MAaHHBIX. JlJII XMMHYECKHUX BEUIECTB, 3arpsA3HSIONINX
aTMOC(epHBId BO3JIyX HACENEHHBIX MeCT, pedepeHTHbIE KOHIICHTpAIUU
mudepeHInpoBaHbl B 3aBUCUMOCTH OT MPOJIOJKUTETLHOCTH BO3JEHCTBUSA (OT
5 MUHYT 710 24 4acoB) U CTENECHU TAKECTU BO3MOKHBIX U3MEHEHUN COCTOSIHUS
3I0POBbS UYBCTBUTEIBHBIX MOJTPYIIIL.

BakHpiM OHMOJIOTMYECKUM OOBEKTOM, JJIi KOTOPOTO OCYIIECTBISETCS
HOPMHPOBAaHHE KauyeCcTBa BO3JyXa SBISIETCS PAaCTUTEIHLHOCTh U Omocdepa. B
OOJBIIMHCTBE CJIy4aeB PACTUTEIHLHOCTh O0Jie€ YYBCTBUTEIbHA K BPEIHBIM
rasam, 4emM JesoBek [85, 136].

OcHOBOM 11 ONpPEAECICHUS] TOTEHIMUAILHOTO BPEIHOrO BO3ICHCTBUS
3arpsi3HEeHUsl aTtMocepbl Ha PACTUTEIBHOCTh M JIKOCHUCTEMBI SIBJISIETCS
0e30MmacHbIi YPOBEHb, KOTOPBIM MPEACTaBIsACT cOO0M (hU3MUYECKHE MOKa3aTeln
3arps3HEHUs] BO3/lyXa, HUKE KOTOPBIX, B COOTBETCTBUM C HBIHEITHUM YPOBHEM
3HaHWM, HE HAOII0/IaeTCs 3HAYUTEIHLHOTO OTPUIIATEILHOTO BO3/ICUCTBHS HA ITH
oOvekThl. B Tabmumax 4.2 u 4.3 mpencTaBieHBbl IMOKa3aTeM OMACHOCTH U
HOpMAaTHUBBI 0€30MacHBIX YpOBHEH BO3ACHCTBHS 3arps3HUTENEH BO3ayXa Ha

pacTeHHMs, MPUHATHIC B IOCTCOBETCKUX cTpaHax [85] u crpanax EC [111, 136].
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Tabnuma 4.2. — be3omnacHpie ypOBHU 3arps3HEHUsT aTMOC(HEPHOTO BO3AyXa

IpU HETaTUBHBIX BO3JCHCTBUSX HA PACTHUTEIBLHOCTb, OMOChEpy U JepeBbs,

IMPUHATBIC B IIOCTCOBCTCKUX CTPAHAX

[IpenenvHo nomyctumsbie koHUeHTpauuu (I1/[Ky,,,
MI/M°) TI0 KPUTEPUIO BPETHOTO BO3ACHCTBUS
Ha3Banue BemectBa buocdepa PacturenbHOCTH JepeBbs
(xumuyeckas popMmyiia) | cpeaHe-| MaKCH- | CpelIHe-| MaKCH- [CpedHe-| MaKCH-
CyTOY- |MajJbHO-| CyTOY- |MaJbHO-| CyTOY- [MAJIbHO-
HbIE |pa30Bble| HBIE [pa30BbI€| HbBIE [pA30BbIC
®@Ttop (F) 0,003 | 0,020 — — 0,003 | 0,020
dopmanbaerun (HCOH)| 0,003 | 0,020 - 0,020 | 0,003 | 0,020
Juokcun cepsl (SO,) 0,015 | 0,020 — 0,020 | 0,015 | 0,300
Xiop (Cly) 0,015 | 0,025 — 0,025 | 0,015 | 0,025
Juokcun azota (NO,) 0,020 | 0,040 | 0,020 — 0,040 | 0,040
Ammuak (NHz) 0,040 | 0,050 — 0,050 | 0,040 | 0,100
Ceposomopon (H,S) 0,080 | 0,080 — 0,080 | 0,080 | 0,080
Cepnas KucioTa
(H,S0,) 0,030 | 0,100 0,100 | 0,030 | 0,100
benzon (CsHg) 0,050 | 0,100 — 0,100 | 0,050 | 0,100
O3o0H (O3) — 0,100 — 0,100 — -
ITb11B 0,050 | 0,200 | 0,050 | 0,200 | 0,050 | 0,200
Oxkcun yraepona (CO) 1,000 | 1,000 — 3,000 | 1,000 | 3,000
Tabmuma 4.3. — HopmatuBel EC mo HeraTMBHBIM BO3JCHCTBUSIM Ha

pacTeHus IpH 3arpA3HEHUN aTMOC(PEPHOro BO3ayXa

BUJIOB PaCTCHUM

l'onosas u 3umusisi | CpenneropoBasi |[Cpenssist 3a 20 aHel
OOBeKT CpeIHss BEJIMUMHA | BETUYMHA OKCHJIOB | 3a KaJCHIapHBIN
BO3JEHCTBUSI nuokcuaa cepbl, |aszora (NO + NO;),| roxa BenmuumnHa
MKT/M" MKT/M 030Ha, MKT/M° 4

IToceBnr 30 — —
Jleca/pacrenust 20 — —
UyBCTBUTENBHBIE 15 B B
necal/pacreHust
JInmaitnuku 10 — —
bonbpmmHCTBO B 30 17 000
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Takum o00pa3oM, B 00JacTH OLEHKHM OMNACHOCTH NPU 3arpsI3HECHUH
aTMoc(epHOro BO3AyXa CYIIECTBYIOT pa3JMYHbIe IOPOTOBHIE YpPOBHH, IIO
OTHOIIEHUIO K KOTOPBIM MOKHO OLEHUBaTh CYUIECTBOBAHHE OMACHBIX
COCTOSIHUM MPUPOJHO-aHTPONOTEHHBIX CUCTEM. B 3aBUCMMOCTH OT TOrO, KaKOBa
LEeJIb OLICHKU ONACHOCTH, B KAUE€CTBE MOPOTOBBIX YPOBHEW MOTYT NMPUMEHSITHCS
npeeNbHble KOHIEHTparuu, Oe3omacHeie ypoBHU ([IJJK, RfC) wmmm naxe
(boHOBBIE 3HAYEHUS KOHIICHTpAIUil (HanpuMep, Ipy PETPOCIEKTUBHOM aHAIH3e
JAHHBIX MOHUTOPUHTA).

Kpome KoHIEHTpanii ¥ BpEeMEHM JAEUCTBHUS BaXKHBIM IIPU OLIEHKE
OMAaCHOCTHU 3arpsi3HUTENEW BO3AyXa SBISETCS TOJHAas XapaKTEepUCTUKA
XMMHUYECKOTO BEIIECTBA, KOTOpas BKIIOYAeT B ce0s XMMHMUYECKHM Kiacc
BEILECTBA, 3HAHMUS O CTPOEHUU M OCOOCHHOCTSAX MOJIEKYJ BEIECTBa, €ro
(U3UKO-XMMHYECKHX CBOMCTBAX, OOIIECTTPUHATHIX IMOKA3aTENsAX ONACHOCTH U T.J.

OOmiast oOLEHKa OMNAacHOCTH TMPOBOAMTCS IO XapaKTePUCTUKAM H
napamMeTpaM M3MEHEHHS] COCTOSIHMS 3arpsi3HEHHs aTMOC(EpPHOro BO3AyXa, IO
CTATUCTUYECKUM OLIEHKAaM OIaCHBIX COOBITUH, CBS3aHHBIM C IPEBBILICHUEM
[IOKa3aTeJled 3arpsi3HEHMs] BBIILIE CAHUTAapHBIX HOPM, [0 HWHTErPajbHBIM
IIOKAa3aTesIM U KOMIUIEKCHBIM XapaKTEPUCTHUKAaM OIIACHOCTU CMECEH BEIECTB,
KOTOPbIE IPUCYTCTBYIOT B aTMOC(EPHOM BO3yX€E U T.J.

OcHOBHBIE BBIOOPOYHBIE XAPAKTEPUCTUKH, MPOCTEHIINE OINUCATEIbHBIE
CTaTUCTUKUA M METOJbl CTaTUCTUYECKOIO aHAJIM3a JAHHBIX MPU MOHHUTOPHUHIE
atMoc(hepHOro BO3/1yxa OrpeeeHbl HOpMAaTUBHO-METOMYECKIM JIOKYMEHTOM [94].

JUig cuctemaTtu3allMd M OLEHKM YpPOBHS 3arpsi3HEHUs aTMocdepbl 3a
paccMaTpuBaeMBblil epHOJ] OOBIYHO MPUMEHSIOTCS Pa3JInYHbIE CTATUCTUYECKUE
XapaKTEePUCTHKW,  HANpuMep,  CcpeAHee  apu(pMETUYEeCKoe  3HAUYCHHE
KOHLIEHTpaluu PUMECH; CpeJIHEE KBAAPATUYECKOE OTKJIOHEHHE U3MEPEHUM OT
CpelHEro  apu(PMEeTHYecKoro  3HAYEHUS; MakCUMaJIbHOE€  3HA4YCHHE
KOHLIEHTpalMu MpuMecH; KOIP(GUUMEHT BapHallK, NOKAa3bIBAIOMIMM JOJIO
U3MEHYMBOCTH OT CPEIHEro apu(pMETHYECKOro 3HAYECHMs, a TaKxkKe Jpyrue
CTaTUCTUYECKUE BETUYHHBI.

Kpome cTaTuCTHYECKHX XapaKTEpUCTHK B pPa3HbIX CTpPaHaxX MHpa
CYILLIECTBYET TAaKKE€ MHOMXECTBO HMHTETPAIbHBIX U KOMILUIEKCHBIX IOKa3aTeneu
3arpsi3HeHHs] aTMOC(EPHOTo BO3/1yXa, O KOTOPHIX TOBOPUIIOCH B NIEPBOM IiaBe:

KOMIUIEKCHBIH ~ WHJEKC 3arps3HeHusi atMmochepsl KH3A, mokasarenb
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3arpsi3HeHHst [13, mpenenbHO JOMyCcTUMOE 3arpsisHeHue [134, cyMMapHbIi
nokasaTenb 3arps3HeHusi atMmocepHoro Bo3myxa P, HHIEKC KadecTBa
atmoceproro Bozmyxa AQI (Air Quality Index), AQHI (Air Quality Health
Index), obmmii nuaeke kadectBa Bo3ayxa CAQI (Common Air Quality Index),
unnekcsl ATMO, BELATMO, API, Z, Q, HI, Hu .1. [34 44, 59, 78, 93, 94, 113].

Kak BMAHO W3 NPUBENEHHOIO MaTepuasa, aHaJU3UPYEMbId B JTAHHOM
nojpasziese IMoAXoJ K OIEHKE OINAacCHOCTH OPUEHTHUPOBAH B OCHOBHOM Ha
UCIIOJB30BaHUE  OOIICHPUHSTHIX  CAHUTAPHO-TUTMEHUYECKUX HOpM  (Ha
MPUOPUTETHOCTH  3alUTHl YEJIIOBEKA W  BO3MOXKHOCTH  HCIIOJIb30BAaHUS
HOpPMATHBOB KayecTBa BO3/lyXa), a TakKe Ha 0053aTeIbHOM KOHTpOJIE
MPUOPUTETHBIX  BEHIECTB W BBIOOPOYHOM  TME€pEYHE  Crenu(uuecKux
3arpsi3HATENel atMocdepsl. Bce KOMIIIEKCHBIE MHAECKCHI MPEICTABISIOT COO0M
CPEIIHEB3BEILICHHBIE KOJUYECTBEHHBIE OLICHKM ONACHOCTH, OCHOBAaHHBIE Ha
NPUMEHEHUU TE€X WIM HWHBIX BHJIOB DJKCIEPTHBIX 3aBucUMOCTed. [Ipuuem
JTAHHBIE 3aBUCUMOCTH OINPEIEISIOT OMAaCHOCTh HECKOJBKUX BO3IECHCTBYIOIIUX
BEILECTB, MCXOAS M3 YPOBHSA 3arps3HEHHs] BO3AyXa [0 OTHOLIEHUIO K
JEUCTBYIOIIIUM HOPMaM.

CymecTByronMii ~ OAXOA K  OLIEHKE  OMNACHOCTU  3arpsA3HEHUS
aTMOC()EpHOr0  BO3/yXa IO JAHHBIM  JSKOJOTMYECKOIO  MOHHUTOPHUHIA
npeacTaBieH B Tabnuue 4.4. B Tabnuiie mnpuBeAeH NEpedyeHb BEILECTB,
3arps3HSIIONIMX aTMOC(EPHBIA BO3[YyX, MEPEUUCICHBl UX XapAKTEPUCTHKU H
CBOMCTBA, a TakkKe JaHa CYIECTBYIOIas Kiaccu(ukanus OmacHOCTU
3arpsi3HEHMs] BO3/yXa, IPUMEHsAEMass B HACTOAIIEe BpeMsi CyObeKTamu
HKOJIOTHYECKOTO MOHHMTOPUHIA MPU OLEHKE U aHAJIU3€ YPOBHS 3arpsi3HEHUs
aTMoC(epbl, a TAKKE PaHKUPOBAHUHU TOPOJIOB MO MOKA3ATENSIM OMTACHOCTH.

Cnenyer OTMETUTh, YTO JAaHHBIA MOJAXOJ HE OIpPEAENeT OIMNaCHOCTh
BO3JICHCTBHUSI HA OHOJIOTMUECKHE OOBEKTBI, HMCXOAS U3 HEMOCPEICTBEHHO
HAaHECEHHOTO BpeNa, a JaeT CPaBHUTENIbHYIO OIIEHKY [0 OTHOUIEHUIO K
3aJlaHHBIM HOPMHUPYEMbIM 3HAYCHHUSIM TOKa3aTesel, CPeIHUM WM (HDOHOBBIM
YPOBHSIM 3arps3HeHUs. B Kaxaol CTpaHe HCTOPUYECKH JAaHHBIM IOJIXO
MPEACTaBIIeT COOOW TEPBBIM W OYECHb BAXKHBIA OJTall MPU CO3JAAHUU W

COBCPIICHCTBOBAHWHU CUCTEM YIIPABJICHHA KAYCCTBOM aTMOC(iJepHOFO BO3ayXa.
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4.3 OueHKa ONAaCHOCTH 3arpsi3HeHUs ATMOC(EPHOro BO31yXxa Mo

JAAHHBIM MPOABJICHUA TOKCHYCCKHUX MPOLECCOB Y OMO0JIOTHYEeCKUX 00HEKTOB

Hapsiny ¢ onucaHHBIM BbIIIE MOJXOJ0M OIIEHKHA OMACHOCTU B MPAKTHKE
OPUMEHSIOTCSI  METO/Ibl, OCHOBaHHbIE Ha OIEHKE PHUCKOB BO3JCUCTBUIA
3arps3HuTENel armocdepsl Ha OMoIornyeckue 00bEKThl. B HEKOTOPBIX cTpaHax
CYIIECTBYIOT CHCTEMBI YIPaBIEHUS B 00JaCTU OXpaHbl aTMOC(epHOro BO3ayXa,
KOTOpBIE CBS3aHBl C W3YYCHHEM PHCKOB TOKCHYECKOTO JEWUCTBUSA BpEIHBIX
BEILECTB U 3a00JIEBAEMOCTH HACEIICHUS.

JlaHHBIM METOJ] OLIEHKH OMACHOCTH MPU BO3JCUCTBUU Ha OMOJOTHYECKUE
OOBEKTHl OCHOBAaH Ha W3YYCHHH TMPOSBICHUA TOKCHYECKUX IPOIIECCOB.
TOKCHUYHOCTD MPOSBISIETCS M MOKET OBITh M3Y4Y€HA B IIPOLIECCE BO3ACHCTBUS Ha
OpraHbl, OpPraHU3MBbI, TPYIIBl OPTraHU3MOB, MOMYJISIMA U T.0. B KadectBe
OOBEKTOB BO3JCUCTBUSA OOBIYHO pPAacCMaTPUBACTCS YEJIOBEK, IKUBOTHEIE,
pactenuss u Ouocdepa. B Hacrosiiee BpemMsi METOJUKH OINpeIeTICHUs
OesonacHbIX ypoBHel BoszaevictBuii ([I[K, RfC) mocTpoeHBl Ha OCHOBE
MPOBEICHUS] TOKCHUKOJIOTUYECKUX JKCIEPUMEHTOB Ha JKMBOTHBIX M MHOTIA Ha
moasx [26, 70, 79, 81, 83, 93, 102]. /111 OCHOBHBIX OHOJOTMYECKUX OOBEKTOB
BUJbl BO3JCHCTBUI W TPHUHATHIC KPUTEPUU U OIEHKH pPUCKa OOOOIIECHBI B
Tabmuie 4.5.

OrneHka OMACHOCTH HETaTMBHOTO BO3JCHCTBUS BEIIECTB CBsS3aHa C
U3y4YE€HHEM XapaKTEePUCTUK U MapaMeTpoB TOKCHYECKOIrO IMpolecca Ha OCHOBE
3aBUCUMOCTEN «103a-3pdexT». Kaxkaoe BemecTBo MOKET OTIIMYATHCS ITMPOKUM
CHEKTPOM MPOSBIEHUN TOKCHYECKOTO Mpolecca, 0COOEHHOCTSIMH BO3IEHCTBUS
Ha OOBEKTbl M CHenupUKON JeHCTBUS, OCHOBHBIM BHJIOM TOKCHYECKOTO
neicTBus (OOIMIETOKCHYECKOE, pa3apakaroliee, KaHIEPOTeHHOE, allJIepreHHOe,
MyTareHHOE M T.1.), KOJWYECTBEHHBIMHU MOKA3aTEIsIMH 3aBHCHUMOCTH «J103a-
s dexT» u T.1.

O1eHKa 3aBUCUMOCTH «/103a-3(()EKT» OCYLIECTBIISIETCS Yalle BCEro MyTeM
MPOBEICHMS DKCIIEPUMEHTOB Ha KUBOTHBIX [26, 102]. Takue sKCHEpUMEHTHI
HaIPaBJICHbI Ha YCTAHOBJICHUE KOJUYECTBEHHBIX XAPAKTEPUCTHUK U TApaMETPOB
9TOW  3aBUCHMOCTH, KOTOpas  MpPEACTaBIseT COOOH  CBSI3b  MEXIY
J030M/KOHIEHTPALIME U CTENEHbIO BBIPAXKEHHOCTU TOTO WM MHOTO 3ddexTa

ITPHU TOKCUYICCKOM BOBI[CfICTBPIPI.
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Tabnuma 4.5. — OOBEKTHl HETATUBHOTO BO3ACUCTBUSA U KPUTEPHUH OLICHKH

OIACHOCTH IIPH 3arpsi3HEHUN aTMOC(EPHOTO BO3AyXa

OOBEKTEI Bunel
. HeratusHbie . KonuyecTBeHHBIC KPUTEPUU U TTOKA3ATEIN
BO3JICH- BO3JICH-
3 dexThr N JUTSL OLIEHKHU OITACHOCTH
CTBUS CTBUH
TpesieNIbHO JOIyCTUMAsI CpeIHecyTOqHast
KOHLIGHTpallUsl ~ BellecTBa B aTMOC(hepHOM
BO3/IyXE 1K, .); MaKCHUMaJILHO
00JIe3HU OPraHoB | XpOHH- yX (K. ); ,
HeaelcTByromast kounenrpanus (MHK);
ABIXAHMA, KpOBH, | HECKOC edepentnas kouuenrpamnus (RfC); moporossrit
3a00J1eBa€MOCTb peeep . p > 110D
CePICUHO-COCVICTOR YPOBEHb  BO3JCUCTBHs, TPpU KOTOPOM HE
YHO- HCTOM .
pA yA . na0romaercst Bpeanbiii addext (NOAEL ).
u HEHTpaIbHOU =

v . pedepeHTHBI YPOBEHb OCTPHIX MHTAISIIMOHHBIX

o HEPBHOU CHUCTEMBI - . .

2 ocTpoe | BOSACHCTBHH Ha HaceneHne (ARfC); moporoBbrii

5 p YPOBEHBb OCTPOTO BO3JEHCTBUS, MPU KOTOPOM HE

a nabmonaercs Bpennbiii d3pdext (NOAEL ).

IpeeNbHO JIOMYCTUMasi MaKCHMalbHO pazoBas
pedeKTopHBIC peduiek- peal Aoty p
S Topiioe | KOTMUICHTPAINS BENIECTBA B aTMoc(epHOM BO3IyXe
P p (II/IK,.,.); nopor OIIyIlIeHH s 3araxa BeIecTBa

equanuHbli puck (UR) miis oneHKH KaHIIEpOTeH-
OHKOJIOTHYECKHE KaHue- | P P (UR) st on Hep

HOTO JICMCTBUSL BPEIHOTO BEIECTBA WM (PAKTOP
3a00JIeBaHMS, poreH-

KaHIeporenHoro norexnuana (SFi) mpu wuHrans-
HOBOOOPa30BaHUs HOE .

IIMOHHBIX BO3JICHCTBUSIX
OTKJIOHEHHUSI OHOJIOTH- opor XPOHHYECKOTO OOIIETOKCHYECKOTO
YecKUX TMOKa3aTelell M | XpOoHHU- | AeUCTBUS (Peh); MIOPOTOBBI yYpOBEHB
XapaKTEPUCTHK COCTOSI- | YECKOE | BO3JCHCTBHS, IMPH KOTOPOM HE HaOII0IaeTcs

o HUS OpTaHU3Ma OT HOP- Bpeaubiil apdexr (NOAEL)

2 MBI WK YPOBHS (OHA;

§ 3a00J1€BaEMOCTh  Opra-

; HOB JIBIXaHUsS, KpPOBH, MOPOTOBBII YPOBEHb OCTPOTO BO3ACHUCTBHS, TPU
3a00JIeBaEMOCTh  CEP- | OCTPOE | KOTOPOM HE HaOIIoaeTcss BPENHBIA APQPEeKT
JEYHO-COCYTUCTOH | (NOAELy)

LIEHTPaJIbHOW HEPBHOM
CHCTEMBI U T.JI.
5 CKpPBITBIE U XpOHHYEC- npeaeabHO JOMyCTUMast CpeHeCcyTO4Has
§ KH€ TTOBPEXICHUS, CHU- | XPOHH- | KOHIIGHTPAI[Msl ~ BEIIECTBA B  aTMOC(EpHOM
= ; ’KEHHE  YCTOHYHMBOCTH | UecKoe | Bo3ayxe s pactutenbHoctu ([I[K..)
é Q | QuroreHo3osB
= 2 | OCTpbIE NOBPEKIACHUS U OpeAeNbHO JIONyCcTUMasi MaKCHUMaJbHO pa3oBas
Q CYIIECTBEHHOE CHIDKE- | OCTPOE | KOHIIEHTpAIMsl ~ BemecTBa B arMochepHOM
= Hue puropazHoobpazus BO3ayXxe uist pacturensHoctd (11K, )
MTOBPEXICHHE Cpenbl| . | PEnenbHo JOMyCTUMAs CpeIHeCyTOYHas

o OOUTaHUS WU CHUKECHHE qgcxoe KOHIIGHTpallMsi  BellecTBa B aTMOC(HEpHOM

S | YyCTOMYMBOCTH OHOC(E-PBI Bo3ayxe s onochepst (I1IK. . )

S | 3HauMTENBHBIE HapyIlle-

S HHS Cpe/Tbl OOUTAHHS U MPEeNIbHO JOMyCTUMAasi MAKCUMAJIbHO pa3oBast

& OCTpO€ | KOHIICHTPAITUS BEIIECTBAa B aTMOC(EPHOM

CHIDKEHHE
oOpazust

ouopazHo-

Bozayxe 1utst ouochepst (111K, )
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Prick BO3HMKHOBEHUS! TOTO WJIM MHOTO 3PQeKTa OIEHUBAIOT MO YacTOTE
BO3HUKHOBEHUS XapaKTEPHBIX OMACHBIX COObITUI [26]. Ha OCHOBaHMHU OTBITHBIX
JaHHBIX ONPEIENIAIOTCS MapaMeTpbl 3aBUCUMOCTH «J103a-3QQeKT», KOoTopas
IpEJCTaBIsIET CcOOO0M Jorapu(pMUUECKU-HOPMAIbHYIO KpPUBYIO, TZI€ IPOLIEHT
KUBOTHBIX C IOJIO)KUTEIBHON peaklued Ha BO3ACUCTBHE sABISETCA (DyHKIMEH
KOHILIGHTpAllud Y BpPEMEHU JCHCTBUS BemiecTBa. B o0meM Buiue Takas
3aBUCUMOCTh B  KOOpJIMHATaX «BEPOSTHOCTH dPdekta —  morapudm
KOHIICHTpALUW» UMeeT BUJ S-00pa3Hoil kpuBoi [26, 70, 125], kak 3T0 moka3zaHo
Ha pucyHke 4.1.

11 T A AR S S Cpennmii otet (ECso)

A
|
|
|
I OCHOBHOIT OTBET
|
|
|
|
|
|
|
I
|
|
1

A 4

Jlorapudm KOHIIEHTPAITUN/ 1035]
p

Pucynok 4.1. — [Ipumep xapakTepHOil 3aBUCUMOCTH «J103a-3(PPexTy:

SC - GesomacHsIil ypoBeHb/KoHIIeHTparwms (Safe concentration), nanpumep RfC wiu I7/]K;

INC — yposens Henabmomaemoro 3ddekra (ineffective concentrations), nampumep NOEL
WM MaKCUMAJIbHO HEJCUCTBYIOIIAsT KOHIICHTPAIIHS;

EC —»sddextuBHas xonuenrpanus (effective concentration), vanpumep ECig

[To MHTEHCUBHOCTH BO3JCUCTBUSA BEPOSITHOCTHBIE 3aBUCUMOCTH «J103a-
addexTy ompeaessitoTcs IS pa3IMYHbIX  BUIOB BO3JICUCTBUN  (BUJIOB
2h(}eKToB), MpU HTOM peEaKIUH Ha 3arpsS3HEHUE BO3JyXa MOTYT HMETh
pasznuvHbIe (HOPMBI.
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B 3aBucumocTH OT BpEeMEHHM JACHCTBUS W KOHIEHTpPAlMU BELIECTBA
pa3InyaroT OCTPOE, MOJOCTPOE, XpoHuueckoe BozneiicTrue [26]. [lo xapakrepy
BO3JelcTBUS Ha opranu3m coriacHo ['OCT 12.0.003-74  BemectBa
MO/IPA3JIETSIOTCS Ha OOIIIETOKCUYECKHUE, pazzpaxarorniue,
CEHCUOWJIM3UPYIOIIME, MYTareHHbIe, KaHIIEPOT€HHbIE M BIMUSIONIME Ha
pPENPOAYKTUBHYIO (YHKIHIO (PTyTh, CBHHEIN, CTHpOJ). TakuM oOpasom,
3G (}EKTH TPEACTABIAIOT COOOM pa3IUYHBIC CIIOKHBIE OMACHBIC COOBITHS,
KOTOPBIE XapaKTEPU3YIOT COOOI TO WIM UHOE BO3JICHCTBHE.

[TapameTpsl TOKCUKOMETPUM BPEAHBIX BEIECTB JIEKAT B OCHOBE HX
KiaccuukanuMM 1O  CTeMeHW omacHocTh. Kak  yKa3plBajoch  BBHIIIIE,
MPOMBINIJICHHBIE TOKCHMKaHTBI B cooTBerctBun ¢ ['OCT 12.1.007-76
MOAPA3EIAIOTCS HAa YEThIPE Kilacca omacHOCTH. B 1enoM cuuraercs, uto Oosee
OMAacCHbl  JIOJTOBPEMEHHBIE  BO3ACWCTBUS ~ MAJbIX  KOHIICHTPALMK,  4YE€M
KpaTKOBPEMEHHbIE, HO BHICOKHME 3HAYEHUSI KOHIICHTPALIUM BEIIECTB.

Camoli clOXkHOM MpoOJIeMOM B TOKCHUKOJOTMU SIBIIETCA MpoliaemMa
OLICHKH TIOpOTOB (MM O€30MacHBIX YPOBHEH) /I BCEX BUJIOB BO3JICHCTBUIA
BPEIHBIX BEIIECTB KaK OCHOBBI JIJII TUTUEHUYECKOTO HOPMUPOBAHUS, OCOOCHHO
TaKMX, KaKk MyTareHHoe, 0J1aCTOMOT€HHOE WUJIM CEHCUOMIM3UPYIOIIEE IeHCTBHE
XUMHUYECKUX BEHIECTB. TakKe OYeHb TPYJOEMKUM IIPOIIECCOM SIBIISECTCS
YCTAHOBJICHUE [IJI1 PA3JMYHBIX BHJJOB BO3JEHCTBUI BCEX HEOOXOAUMBIX
XapakTepUCTUK W TapaMeTPOB 3aBUCUMOCTH  «703a-3PHEeKT» ¢ y4eToM
BO3MOXHBIX JHANa30HOB U3MEHEHHUSI KOHIIEHTPAIlMU BELIECTBA U BPEMEHH €r0
JIEUCTBUS.

Takum  00pa3oMm, OIEHKa OMACHOCTH  TOKCHMYECKOTO  JICUCTBUS
3arps3HUTENEH aTMOC(EpPHOro BO3AyXa MPOBOAUTCS IO MOKAa3aTessaM, BUJIAM U
XapaKTepUCTUKAM BPETHOCTH XUMHYECKUX BEIIECTB, MO MPOAOTKUTEILHOCTH U
KOHIICHTpAIUsIM JIEUCTBUS BEIIECTB, MO OMACHBIM COOBITHSIM (3 dekTam),
XapakTepUCTUKaM W TapameTrpaM 3aBUCUMOCTH «J03a-3¢dext». B uemom
CYIIECTBYIOIMNA TOJX0J K OIICHKE OMACHOCTH 3arpsi3HEHUS aTMOC(EPHOTO
BO3/yXa MO JAaHHBIM IMPOSIBIICHUS TOKCHUYECKOrO Ipollecca IMpEeJCTaBICH B

tabmie 4.6.

121



L ¥ BUE1oUAT (Pwi/057)= 19'97) 010M00hKION0Kg B (PwiT Wi =*7)

0JOMIORMHOAX “(°BWIT/%57D="%7) 010dLo0 I9HOE BHURUIAE ‘OOHUIIOQL M HUITedLHIITHON

X19H91r0Ldond poandy eHoINeH eItk 7/(3770/%5710)+(%570/7810))=8 BUMHAD 9110/7870

yunedIHOMHON X19HAIroLdomo uLooHdrrdgerded LtHouHddeo ‘(OF7g)7) BuHOIEaRdLO OIOHHOUIIEI'BIHH
HULOOHOBLO LHOUUD(PEON) ULOOHRUINOL HOHIULNIPPE BUHMKRdIId UOIrOLBERIOL AOMOLTIINON Ol —

NI MHN *OAV *0¥YT 13Nd 'YH 1AL ‘1aV "YVIN 'S0 ‘S130 3d/ALIT NILNITLT
(ee0Y BBHROLAD BEHIOdD BeHHIHEM¥XON) QY (VIIID ‘kugLoudreod 010droo nHgaodA) 193 v ‘O1y ¥

‘O34 "1v3 "133M 138 13V 134 130N 13VON 1307 13V0] addde araHLEudIoTRIrQoH
WHIIoedI9E19d/WHITIOTRAIIEIdd OH ‘WEHITRdLHOMHOY ol (9 !(exenes KUHOXAdeHQO Jodomn
‘domudiren) erxodde o19100HLE0dog HOHHRIRE O HOHHBLURDORd ‘[ae0r/Muned LHONHON WellnHed1
WI9HArroLudogor om (e :uUd1oUore0d XI9HIENAIOIRIrQoH HoHa0dA mHomo wendoLndy WiqHRHIreed om —
(07D ‘s 1 ‘P8 ‘05D ‘96D ‘00T ('L M BUEALOUAY OIOHHAIOOIIHEY EUHILAKIdd KL
OLMIO0 WOMOORMHOAX € — ("00W 7 — (19019dX ‘MMIIIN) XI9HLOEMX XIIHAIBIHOWHAOIOME KIT) MHEMX
HULOOHAIOLIKIOTOodl NI1odL 90HOW OH ‘BMELOMAT OJIOMOORMOMOLIIIQO KUHOLEKIE KIT dLHOWUJILOME
WOMOORHMHOAX & — (00 ¢ — o19dX X191roQ KIY) OJOHLOEMX MHEMX MHOWAddE 9 GT — (] ‘orHomudomoNe
WodLd0 € — h { — ) UUIIHEOLINE HOHHAIAIodI0 Hdl (9L00WoeddIr0geE ‘9100HLAOND) H0IMOILQ00HQ
onuAdi g gorxodde x9HIEMAIOIRIIQOH ¢ WIIHHEIRE WHITIOIREIdeldd ‘GLOdMIod WEHIMBAIHOMHOM OI —
(P de-reor» uroonmonges wedroweden u wexnrLondoredex on (g
‘"L ¥ 4°W1 ] BXBLRE 0JONOOhH(DUIIONOOH KMHIMIAIIO ‘HALLOUON Wi
odomotexedreed ‘Pl 010MoIAdUENITHQHOHSD ‘U8 Py (2orodde XITHHILBILO) 0IONOOhH(PUIIOLO
0I0%09RHHOAX “(“*y777) ™! W17 0I0X09RHONOLAIQO 0I0MOIRHHOAX 8 Iy oxodiooromn
ds 2811 (0103M09RUUIISID) oJoHIIdIRdHgEr 010d100 (‘%“%y7r) Wi 010d100 :Wetodor om —
‘9IrOTOH ¢ — QMW U O19dX KLY ‘1ol § BYOGOIOh K1 LOKI'ABLOO0D OLh ‘UHEIK ULOOHAIOLIKIrOTodn
noHrado o, 71 — QT “LA0 (6 of-diooron ‘(400eh {7 MM § — 9 OF "HUW ()¢ — G 10 MHIIUEOLINE
OI9LOOHAIALIKIrOTod  BUgLoUoreod OIOHAI9dodIIoH OJOHHOWOddOoMIedM HMHEOLDA BLT ‘Lol Q —
131r 9 o aroedeod g MALAY BIW ‘1ol ()¢ — X19Iro0oded BI'T YMELOUOTE0d XMMOOhMHOAX KU BUHOHIod0A
Toudon ‘1orr (), — €MOE0LOh MHEMX dLOOHIUQLIXIOTOdI OIAWQBTIDKO te) MHOWodda weroudor om —
1RELOJIIE BMALOMAY 0I0HIddd We1odon U MLOOHIIALMXIrorodn oir (g
{(% 11z HIr= S
HMIBIAWAN 9HOIIOLD “0S777//0S177/R=") MMIBLAWAN LHOMIH(PDEON) HLOOHIULEIANAY WELOLBERNOL O
{'4g errennHoLOU OJIOHHAIOdoMHEN Wedoled ‘ULOOHHOIOSIHEN/MLOOHOBIIO WEIORI Ol
{OIMELOUT AWIMOIAdUENIIIQHOHID MXNEL B ‘(OIMIDIHA( o1AHEnINATT0dod eH OMHEHUIE U £9HOJIO1RdAL
‘cOHOJOdOTHEN ‘€OHOIBLAN ‘dLOOHRUOMOLOHAWWM) KHELOUOY OJOMOORHMOMOL WEIHdE WIGHAIBUIIOND Ol —
‘ULOOHIodd ofrroresedon (AWSMOoIBIoradio) AWSMOIAdULUWHL Ol —
:6LO0MIOE XMMOOhMIWHX ULJOHTods wexnLondoryedex u wernd ‘Wsiraresexou o (T

‘(exodde
0IOMOORMONOL BHUH
-orrgsodil  MLOJXKEL
9HOIIOLO  KEMIOI
U BEHITodD ‘Kerrax
-KL) BHELOKAY

HIWELOOHHIQ0J0
HWIIHHOWAdg-0g0Y
yoyomoiIsIaradio
‘BLHRMUINOL
BUA1O1AIe0d
HMLOOHEUOHOLHU Ol —
‘{(sugLONoY
doryedex
uigH9raredugen
WIH  YIIHHBIIOWD
‘UHIIQO ‘UITHLOON)
rooanodu
0JO0MOORH.IOIIOLRII
HumesHIreyor — om —

‘(eooamodu
0JIOMOORMOMNOL KUH
-orggodn  1wdod

KBMOOhHHOAX

‘sedrooron
‘sed100)  IMOIQO
-OMQ BH BIHENHO
-MOL BUEIOHOTe0d
(MLOOHAIOLUXKIrOY
-odu) mHowodd om —

{BUILOUAT

AunnHudo

Awogo1odomosg
u Awogoiodon om —

“BLOMIr HOHEML
(1aeodxoH 1 19e0doIrx) BMHAIKAdgOI 40N
-OLOWHO XI9WnIrud otnindsed ‘suHodRLO
OIMHOLMOA ‘doHBIdO XIIHHOUNBIUWHIOR
OIMHOIOAFON ‘LI AEHIFOWERITI X ‘901
-oerrnodorrx BMHA0dLY OIMHOMAdRH X 191rod
OLh ‘OM1oIY g 19708 Wdo( BEMHOMOHLOOD
OMHOHOWEM M UMITedHIIOHRdL OMHORMIrREA
‘BMHEXIIY ¥ G0LHOWAI() XITHIIQLUIOUNO
EUIREHINE ‘BEOLHHOOLO(] OMHIIrgeIOl
‘goN1raQ errenoed ee-en d0LHOWAI(D X19mKCRE
EUNBEUINBHH  ‘GOLHOWIMI  BEOLHHD
ounorgeron u ouHomAdeed ‘Hedgwow
XIDIOORMIOrong UUIMHAQ x19HdorsrA1od
onHomAdeH :q100H4ro1MLoed ®BH (T
‘(mumHAQ x19HauLIATodod
ounomAdeH  ‘91o0HRUONOLOUdQWE
‘coHOIOdOITHEY — XEUEOIA XI90000 €
HUINEBIALION ULOBh A Bolotedudgeed) 190
-000m0dII OMMOORHONOL JIGHIIBUIIAIID —
{(4LO0WOBITINOLA
KBHHOMIAEON  ‘BHOJ0dLAOOHAWNH
‘suadorre) uieAdIeH SUMOORHEN( H
omroonuxuon ‘1rodo godored ouns
-101o17e0d BH BIEMHRIAO UILOOHIUINE
-od BMHOHOWEH QMMHOLO) EOHMQOLIE —
{(MoLAU XI9HILALEXIIY “‘€BILI
ounoxedreed — HMI100HQOO0IOOT
noiediA  yoHHowoadaodredy™ K09
-UMoIeIX090dI0o ‘EMHEOLO0D) UUT
-yeod omyoonuodor orgHdorneHedl —
‘(suHoIgedLO ‘UMIBMHOMOLHHU)
HUIOIOULE HOMOORMIWNHX HHEJIOQ —
‘XIIHLOEMX U BQ90Loh BH (]

Wﬁmﬁomoﬂ OJONI9RHINOL ULOOHILIIO .NMIOUO

©209110dII 0IOMI9h
-uoMol 19dromeden
u xurondoniedey

UUE1OUATe0d udi
©00on0dII 0I0MO9RUONOL BUHAIrgK0dI
[gandod u suarouor dorxedey

g0ILMOLQ0 XIDIOIRHUIOOUQ A 82910 0I0MOORMINOL BUHOIE0dII WITHHEY Ol
UNBELOJIOE MNIDIOORMINUX BXATre0d oJoHda(oowre nnHoHeEKdIRE NAII HIOOHORIIO MMHONO BWOLOU)) — Q'f BIMIQB],

122



AHaIM3UPYEMBIM BBIIIE IMOAXOX K OLEHKE OIIACHOCTHM TOKCHYECKOTO
BO3/ICICTBUSI Ha OHMOJOTHYECKHE OOBEKTHl OPHUEHTHUPOBAH Ha HMCIOJIb30BaHUE
CPaBHUTEJIBHO IOJIHOM MHPOpPMAIMM O TOKCHYECKOM [JEHCTBUM BEIIECTB HA
pa3InyHbIE OPTaHU3MBI B IIUPOKOM JAHANA30HE U3MEHEHUS BPEMEHHU JICHCTBUS U
KOHIIEHTPALUHU 3arps3HAoLIEro BemecTsa. [1010KuTeNnbHbIM (HaKTOM 1aHHOTO
MOJX0Ja SIBISIETCS €ro HMH(OPMATUBHOCTh, CBSI3aHHAsA C HCIOJIb30BAaHUEM
oO0mupHOM MHQOpPMAIMKM O Pa3IMYHBIX BHJAaX HETaTUBHBIX BO3JCHCTBUI Ha
pa3IMyYHBIX pelunueHToB. HemocTaTkoMm moaxona sBIsSETCS MOKa 4YTO ciabas
U3Y4YEHHOCTb 3aBUCUMOCTEN «o3a-3ppexT» " CYILECTBEHHAs
HEONPEEICHHOCTh B JAHHBIX JJII MHOTMX BEIIECTB IO OTHOIICHHUIO K PAa3HBIM
ouonornueckuM  oobekraMm.  CHOXXKHOCTH  3TOM  3aJayd  CBsi3aHAa  C
HEOOXOJIMMOCTBIO H3YYEHUS TOKCUYECKOTO JIEUCTBHUS IIMPOKOrO CIEKTpa
BEILIECTB M0 OTHOLICHWIO K YEJIIOBEKY, )KUBOTHBIM M PACTEHUSAM, IPU CaMBIX
Pa3HBIX BpEMEHAX U KOHLIECHTPALMAX ICUCTBUS BEUIECTB, a TAKXKE IIPU U3YUYEHUN
paznuYHbIX (HOPM MPOSBICHUI TOKCHYECKOTO MpOIecca U BBI3BIBAEMBIM MU
HeratuBHbIX 3(dexToB. IlosTomMy, mNoiHas XapaKTEpUCTHKA 3aBHUCHUMOCTEM
«103a-3(pPeKT» CyIIeCcTBYET MOKa Il OTPAHMYEHHOTO CIIUCKA BEILIECTB.

JIaHHBIA TOAXOX B CBOEW CYTH HCIIOJIB3YET BEPOATHOCTHYHO OLICHKY
OMMACHOCTM Ha OCHOBE ONpPENENICHUs PHUCKOB HEratuBHBIX J(P(EKTOB B
3aBUCHMOCTH OT BpPEMEHM M KOHIICHTPALMN JCUCTBHUS BELIECTBA, NPHUYEM
OMACHOCTh BO3JICUCTBUS HAa OMOJOTMYECKHE OOBEKTHI ONMPEAEIIETCS UCXOAS U3
HEIOCPEACTBEHHO HAHECEHHOro Bpena. KOHEUHBIM pe3yslbTaTOM JaHHOI'O
METOJI0JIOTUYECKOT0 TOJX0/ia SBJSETCS MOJIHOE MpPECTaBiIeHHe 00 OMacHOCTU
3arpsi3HEHUST  aTMOC(HEPHOro BO3Ayxa JUIsl IIUPOKOrO TEpeyHs BPEIHBIX
BELIECTB, M OLIEHKA PUCKOB 3a00JIEBAEMOCTH HACEJICHUS WM BO3HUKHOBEHUS
JIPYTUX HEraTUBHBIX A((PEKTOB MPHU peaiu3allii ONacHbIX COOBITUM, CBSI3aHHBIX
C 3arpsA3HEHHEM AaTMOC(EPHOTO BO3AyXa. DTO IMO3BOJISIET OLEHUBATH CTEIEHb
HAaHECEHHOTO Bpeaa W pa3paldaTbiBaTh MEPOINPHUATHS O OXpPaHE 3I0pPOBbS
HACEJIEHUs, UCXOJI U3 aHajn3a PUCKOB HETATHUBHBIX 3()(PEKTOB U BO3MOMKHBIX
IIOCJIEACTBUN JUUIS 310POBbs YEIIOBEKA.

MeTo/p1 O1LIEeHKH OMAaCHOCTH MU 3arpsi3HEHUN aTMOC(EepHOro BO3ayXa Mo
JAHHBIM TIPOSBIICHHUS] TOKCHUYECKOTO Ipoiecca y OHOJOTHYECKUX OOBEKTOB

CCroaHsa HHTCHCHUBHO Pa3BHUBAIOTCA.
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4.4 OnacHble cOOBITHSA U MX PUCKH

NPH 3arpsi3HEHUN aTMOC(EPHOro BO3ayxa

AHanu3 pUCKOB MPEAyCMaTpPUBACT MPENYNPEXKACHUE ONAaCHBIX U
HEraTUBHBIX IOCIEACTBUM JEUCTBUHA OMACHOCTH HA OOBEKTHI BO3JECUCTBUSA U
00OCHOBaHHE YIPABICHYECKUX PEIICHUH T0 CHIDKCHHUIO YpPOBHS pHCKA.
M3BeCTHO, YTO aHAIM3 PUCKA COCTOMT U3 TPEX B3aMMOCBS3AHHBIX MPOLELYP:
OLIGHKH PHCKa, YIpPaBIEHUS PUCKOM M uMH(pOopMupoBanus o pucke [77, 81, 87,
93, 144, 145, 148 — 150]. [lanHble mpolEAyphl pacCMaTPUBAIOT B KayeCTBE
BaXXHBIX CHCTEMOOOPA3YIOIIMX 3JIEMEHTOB MOHUTOPUHTA OKPYXKaIOUIEH cpesbl U
COLIMAJIBHO-TUTMEHNYECKOIO MOHUTOPHHT .

OueHka pucka TPOBOAUTCS HA OCHOBE COOBITHUH, OTpa)karolux
NOSIBJIEHUE HEKOTOPBIX HEOIArONPUSTHBIX WM OMACHBIX COCTOSHUH, 3(P(PEeKTOB
win nocneAactBui. Ilpu 3arpsizHeHnn atMocdepHOro BO3/yXa Takas OLEHKa
OOBIYHO OCYHIECTBJISIETCS MO JBYM [apamerpaMm (akTtopa OMACHOCTA —
KOHLIEHTpallMd BpPEJHOTO BEIIECTBA W BPEMEHHM €ro JIeWCTBHS Ha
ouonornueckuid 00bekT. [lapameTrpsl (hakTopa OMAaCHOCTH pPaccMaTPUBAIOTCS
KaK XapaKTepUCTUYECKHE BEJIMYHMHBI OIACHBIX COOBITUH, CBSI3aHHBIX C
3arpsi3HeHHeM arMmocepHoro Bosayxa. Ilpu mnoctpoenun (QyHKIMI pucka
OLICHMBAIOT BEPOSTHOCTH TAaKUX COOBITUM W YCTaHABIMBAIOT HMX CBS3U C
HEraTUBHBIMH TOCHEeACTBUAMU: 3 dexTamu, 3a00J1€BaEMOCTbI0, CMEPTHOCTHIO,
CBSI3aHHBIMHU C KaTacTPOMUUECKUM 3arps3HCHUEM BO3/yXa, U T.II.).

B skosormueckoM u counagbHO-TUTHEHUYECKOM MOHUTOPUHTE MTOI00HbIE
COOBITHSL MOTYT OBITh CHCTEMAaTU3UPOBAHBI HA OCHOBE OOILIEro MOAX0/a OLEHKU
PHUCKOB OMACHBIX COOBITHI CJIEAYIOIINM 00pa3oM.

1. Ilpu 3arpsi3HEHHMH BO3]lyXa OAHUM BpPEIHBIM BEUIECTBOM B MOMEHT
HaOJIOICHUS pealTn3yeTcsl COOBITHE, CBI3aHHOE C ONPEEICHUEM KOHIEHTPALMH
BEIIECTBA B aTMOC(EepHOM BO3AYyXE, KaK XapaKTePUCTUUYECKOH BEIUYUHBI
naHHOro coObITus. HaOmiofgeHust oOCylIecTBISIOTCS Ha IMOCTax U BCe
MOCJIEI0BATEIbHOCTH HAOIIOACHUNA MPEICTaBISIOTCS BPEMEHHBIMH pSAaMU
COOBITUM, KaX/IbIi U3 KOTOPBIX OTHOCUTCS K OMPEICICHHOMY OOBEKTY — MOCTY
KOHTPOJIS 3arpsi3HeHust aTMocdepbl. Bece coObITHS SBIISIOTCS HECOBMECTHBIMH.

JIist ciiydaifHOW BEJIMYMHBI BEPOATHOCTh COOBITHS, YTO B OMNpEEICHHBIN

MOMCHT BPEMCHHU Ha6n}0)1aeMasI KOHICHTpalHA C BpPCAHOI0 BE€HICCTBA MCHbBIIIC
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HEKOTOPOTO 3a/IaHHOTO 3HAYEHHUs C, ONpeenseTcs u3 pyHKIUU pacripenencHus
P(C) = P(C < C), KOTOpasi HaXOJUTCS MO JaHHBIM HaOMOEeHUN. JTa QyHKIUSA
pacmpesieieHusl Yalle BCEero IMOAYMHACTCS JIOTapupMUIECKU-HOPMAIbHOMY
3aKOHY pacHpeesIeHuUs.

Ha onHOM KOHTpPOJIBHOM IIOCTY BCe HaOionaeMble cOObITUS (3a IO,

Mecsll, CYyTKH, ¢ MEPUOIUYHOCTBIO 6 4acoB M T.lI.) 00pa3yloT MOJHYIO TPYMIYy.

k
Jlnst muckpeTHeIX cobbitnit » P, =1, [UIs HepephIBHBIX CITydailHbIX BEINYHUH
i=1

o0
If(c)dC:l, rae | — TeKyluid HoMep HaOIIOACHHS COOBITUH B pa3HbIC
0

MOMEHTBI BpeMeHH, K — KOJMYecTBO HAOIIOJCHHMN, a f(C) — (GyHKUHA

pacnpeeneHus CiIy4aiiHoN BenuuHbl, mpuyem € > 0.
Bce coObITHs, CBsI3aHHBIE C 3arpsi3HEHUEM BO3/yXa, MOTYT OBITh OIICHEHbI
1o (akTopy ONacHOCTH, UCXOAS U3 OE€30MacCHOIN IpaHUIIbl OMACHOIO Ipolecca,
MyTeM oTpeeNieHus] KOdPPHUIIMEHTa OTTACHOCTH:
HQ=c/lI, (4.1)
rie | — mopor (ypoBeHb) 0€30IacHOrO BO3JIEHCTBUSL (XPOHUYECKOTO,
OCTPOTO U T.1.) TIPH 3arpsS3HEHUN aTMOC(epHOTo BO3MyXa, 33JaHHBIN B TEX )K€
eIMHHUIIAX, YTO W KOHIIEHTPAIUs BEIIeCTBa; C — HaOirogaeMas KOHIICHTPAIIHS
BPEIHOTO BEIIeCTBA. JTO TIO3BOJISIET COPTHUPOBATH OIMACHBIE COOBITHS U
IPOBECTU UX PAaHKUPOBAHUE MO CTENEHU OmacHOCTU. Takas oleHKa OOBIYHO
IPOU3BOIUTCS JUIsl ONPECIIEHHOTO BUJIa HETATUBHOTO BO3/JCHCTBUS, HA OCHOBE
UCIIOJIb30BAHUS PA3IMYHBIX Oe30macHbIX ypoBHed (Hanpumep, [IJK., ., II]K,, ,,
RfC, ARfC u T.1.). BEeposSTHOCTh TakuxX COOBITHII MOMET BBICTYIIaTh B BHUJC
PHUCKOB HapyIIIEHUS KauecTBa aTMOC(EPHOTO BO3AyXa.
Ecnu BemyTcst HaOmoieHUST OTHOTO BPEAHOTO BEIIECTBA HAa HECKOJIBKUX
nocTax (Hampumep, Ha TEPPUTOPUH TOpPoja), TO BCE COOBITHS TakkKe 00pasyroT

MOJIHYIO TPYIIy WJIM HX BEPOSITHOCTU MOTYT OBITh HOpMHpYeMbL. s

m
JUCKPETHBIX coObITHit ) P =1, a1 HempepbIBHBIX CIyYailHBIX BEJIHYHH
i=1

e o]
.[f(c)dC:l, rae I — HOMEp KOHTPOJIBHOIO TIOCTa HaOmIoAeHHs, C —
0

cpeaHerojioBast (CpeaHeMecsdHasl, CpPEAHECYyTOUHasl)) KOHIIEHTpanus, M —
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KOJIHUYCCTBO KOHTPOJBHBIX IIOCTOB H8.6J'IIO,Z[€HI/I}I, a f(C) — q)YHKHI/I}I

pacrpesieNieHusl CIy4yailHOW BEJIMYUHBI, KOTOpas OLIEHWBAETCS MO JaHHBIM JUJIS
BCEX KOHTPOJIBHBIX TOCTOB. Bce coOBITHS B yKa3aHHOM Cly4ae MOXKHO
paccMaTpuBaTh Kak COBMECTHBIC, TaK KaK OHHM IPUBS3BIBAIOTCS K OJHOMY H
TOMY K€ MOMEHTY BPEMEHH — CyTKaM, MEeCsI1iaM, FOJIaM.

AHanoruyHeiM 00pa3oM MOTYT OBITh OIICHEHBI BEPOSTHOCTH COOBITUH
IpU 3arpsi3HEHUH aTMOC(EpPHOTO BO3JyXa B pPa3jIMYHBIX Topojax. B stom
ciydae 3HAYCHHUS KOHIICHTpaIui (Hampumep, CPEIHETOA0BbIX,
CPEIHEMECSIUHBIX) OTHOCITCS K OOBEKTaM, B KAaueCTBE KOTOPHIX BBICTYIAIOT
ropojla WIM HaceJeHHbIE WYHKTBI, TJe BeayTcs HaOmoneHus. CoObITHs
HAOIO/IEHNIT KOHIEHTPAIlMd KOHKPETHOTO BEIIECTBA B J3TOM CIy4yae TakKkKe
MO’KHO CUYUTaTh COBMECTHBIMHU.

BeposiTHOCTH yKa3aHHBIX BBIIIE COOBITHI HAOMIOJEHUN KOHIIEHTpaIuu
OJTHOTO BPEIHOrO BEIIeCTBa (Ha OJHOM IOCTYy, Ha IpyHIe MOCTOB, B TPYIIE
TOPOJIOB) HM3Yy4YalOTCsA MPH PEUICHHH 3aJad SKOJOTMYECKOTO MOHHMTOPHUHIA
3arpsi3HEHUS aTMOC(HEPHOTO BO3IyXa.

2. Ilpu 3arpsi3HEHUHM BO3/yXa HECKOJbKHUMH BpPEIHBIMU BEIIECTBAMU Ha
KOHTPOJIBHOM TIOCTY (B HaCEJICHHOM ITYHKTE) PEaIu3yeTCs] COBMECTHOE COOBITHE
OJTHOBPEMEHHOT'0 HAa0JIO/IEHNSI CyMMAapHOTO 3arpsi3HEHUSI.

JUIs JaHHOTO COBMECTHOTO COOBITHS, B Cily4yae €CIM BCE COOBITHS
HE3aBHCHUMBI, BEPOATHOCTh CJOXKHOTO COOBITHS paBHA MPOU3BEICHUIO
BEPOSITHOCTEN 00Jiee MPOCThIX COOBITUA:

Pr(c)=P(c,) P(cz) ... P(cy), (4.2)
riae Cp,...,C,, — KOHUEHTpAIH PA3JINYHbIX BPEIHBIX BELIECTB.

J1J1s1 3aBUCUMBIX COOBITHI BEPOSTHOCTH CIIOKHOTO COOBITHSI OyIeT paBHA

Pa (C) = P(Cl)' p(;l (Cz)' I:)cn,l (Cn)’ (4.3)
r7e YCIOBHBIC BeposTHOCTH P (C;) BBMHMCIAIOTCS B MPEATIONOKEHHH,

4YTO BCE TNPEIbIAyIIME COOBITHSA, CBS3aHHBIE C 3arpsA3HEHUEM BO3/yXa,
npou3onut. BeposTHOCTH TakuX COOBITHI MOTYT OBITH OLIEHEHBI MO OMBITHBIM
JaHHBIM ITyTeM OTpEACNICHUsI paclpe/ielieHuil BEpOSITHOCTH CIOXKHBIX U OoJiee
MPOCTBIX COOBITUN U U3YUYEHUS B3aUMOCBSI3EH MEX]Ty HUMHU.

Bce mnonoOHble COBMECTHBIE COOBITHS, CBA3aHHBIE C 3arps3HEHUEM

BO3/lyXa, MOTYT OBITh OLIEHEHbl MO0 (PaKTOpy ONACHOCTH, HCXOIs U3
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KJIACCU(UKALMU COCTOSHUS 3arpsi3HEHUs] aTMocepbl, Hampumep, IyTeM
UCIIOJIb30BaHUsI KOMIUIEKCHBIX MHACKCOB (KH3A, 134 v T.1.) B onpeeiieHus
KaTeropuili  OMACHOCTU. ITO TO3BOJISIET  KIACCU(DUIIMPOBATH  CIOXKHBIE
COBMECTHBIE COOBITUS U MPOBECTU UX PAHNKUPOBAHHE MO CTENEHU OMACHOCTU
(HOopMa, pHCK, Kpusuc, OenctBue). Takas OIleHKAa MPOU3BOJIUTCS HA OCHOBE
UCIIOJIb30BaHUsI O€30MMACHBIX YPOBHEW I KaXJO0ro W3 KOHTPOJIUPYEMBIX
BEIIECTB M MPUMEHEHHUSI KOMIUIEKCHBIX HHJIEKCOB. BeposSTHOCTh TaKuxX COOBITHI
Tak)K€ MOXXET BBICTYINATh B BUJEC PUCKOB HAPYIIECHUS KaueCTBa aTMOC(EPHOTO
BO3JlyXa IO KOMIUIEKCY ToKa3zarened. BeposTHOCTH yKa3aHHBIX BBIIIE
COBMECTHBIX COOBITHM M3Yy4alOTCS TMPU PEUICHUU 3a/7ad SKOJOTUYECKOIrOo
MOHMTOPHHTIA 3arPsA3HEHUS aTMOC(EPHOTO BO3AyXa.

3. Ilpm 3arps3HeHMM BO3QyXa OJHUM BpPEIHBIM BEIIECTBOM U
HaOJIOICHUH B BO3JyX€ HEKOTOPOM OMACHOM KOHLIEHTPALUU 3a ONpPEIEICHHBIM

ICpruoa BPCMCHU MOZKCET PCAJIU30BATHCA CIIO0KHOC COOBITHE J BO3HHMKHOBCHU

HeraTuBHOro  3(p¢ekra y  OWoJgOormyeckoro  oObeKkTa  (Hampumep,
($hU3M0IOrNYECKOe OTKIIOHEHHE, 3a00JIEBaHUE, CMEPTh).
DKCIEepUMEHTAIBHO TakKasl OICGHKa MPOBOJIUTCSA B TPYIIIIE OCOOEH II0

9acToTe COOBITUH |, KOTOpas MPEBBINIACT HEKOTOPOE TOPOTOBOC 3HAYCHUE

BEpOSATHOCTU (Hampumep, S5 %), 4TOOBI HCKIIOUUTH CIOHTaHHbIE 3(P(EKTHI.
BepostHocth Takux 3(@PEKTOB OIIEHUWBAETCS B OINBITE C ABYMS TpYyNIIaMH
oco0eil: Tpynmoii, HaXOAIIEHCS TIPU OMACHBIX YCIOBHUSAX 3arps3HEHUs BO3yXa
U C KOHTPOJIbBHOW TPYMIOM, KOTOpas HAXOAUTCA TMpHU OE30MaCHBIX YCIOBHIX
OKPY’KAIOIIEH CPEBI.

BeposiTHOCTh OMacHOro coObITHS | OmpeAenseTcs B BuUAC (DYHKIUH
pucKa s 33aJaHHOTO  BUJA BO3JEUCTBUSL  (XPOHUYECKOTO, OCTPOrO,
pedIeKTOpHOT0, KAHIIEPOTE€HHOTO U T.1.)

R;j(c)=w;(c)-P(c). (4.4)

rac WJ (C) — YCJIOBHasd BCPOATHOCTb HAHCCCHHUA Bpcaa UYUCIOBCKY

(buocucteme, OOBEKTY) B Ciydae pealu3aliyd ONACHOCTH HACTYIJICHUH

HETaTHUBHBIX COOBITUH | TpH 3arpsA3HEHUH aTMOC(EpPHOro BO3ayXa BPEIHBIM
BEIIECTBOM C KOHILIEHTPALUEN BEITUYUHOU C; P(C) — BEPOSTHOCTD 3arpsiI3HCHUS

BO3ayXa BPCIHBIM BCIICCTBOM C KOHHGHTpaHHeﬁ BEJIMYUHOM C.
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B KayecTBe YCJIIOBHOM BEPOATHOCTHU MOXET BBICTYIIATh
OKCIIEPUMEHTAJIBHO  OMpeAeNieHHAass  3aBUCUMOCTh  «jao3a-3¢dekr»y  ans
M3y4aeMOro BPEIHOI'O BEIIECTBA U 33JaHHOTO BUJA HETaTUBHOI'O BO3JIECHCTBHSL.

JlaHHOE CIIO)KHOE COOBITHE | peaau3yeTcs 3a ONpENeICHHBI MPOMEXYTOK

BpeMEHH, T.K. 3(pPeKT HeraTUBHOIO BO3ACUCTBUS HAONIOJACTCS C HEKOTOPHIM
3ama3/bIBaHUEM II0CJIe€ BO3JCHCTBUS BPEIHOIO BEIIECTBA HA OMOJIOTUYECKHIA
OOBEKT.

BeposiTHOCTH CIOXKHBIX COOBITUN BO3HUKHOBEHHS HETaTUBHBIX 3(pPeKTOB
U3y4aloTCsl ~ NPEUMYIIECTBEHHO  MpH  PEIIEHHMH  33a7ad4  COLHUAIbHO-
TUTHUEHUYECKOTO MOHUTOPHUHTA 3arpsi3HEHHS aTMOC(HEPHOTO BO3AyXa.

4. Tlpu 3arps3HEHHWH BO3IyXa OJHHM BEIIECTBOM M HAOIIOJACHUM B
pa3Hble MOMEHTbl BPEMEHHM B BO3JyX€ Pa3JIUYHBIX ONACHBIX KOHLEHTpalul
ATOr0 BEILIECTBA Ha MOCTY (B HACEJIEHHOM IIYHKTE) MOXKET pPEalu30BaThCs

CIIO)KHOE COOBITHE | BO3HHUKHOBEHHs HeraTMBHOTO d(dekra y OHoOOBEKTa.
BeposTHOCTh TaKOTO OMACHOTO COOBITHS | OmpeeNseTcss B BUAC (YHKIHH

puCKa 1 OHpPEACIICHHOIO BHAA BO3JICHCTBUS (XpOHH‘I@CKOFO, OCTpOro,

pedIeKTOpHOTr0, KaHIIEPOTreHHOTO U T.1.):

k
R;(c)=>"w;(c)-P(c;), (4.5)

i1
rae W (c;) — ycnoBHas BEpPOATHOCTh HAHECEHMS BpEIA UEIOBEKY

(buocucreme, OOBEKTY) B cllydae pealu3alldd OMAaCHOCTH HACTYIUICHUH

HETaTUBHBIX COOBITUI | IpH 3arpsA3HEHUH aTMOC(HEPHOrO BO3AyXa BPEAHBIM
BENIECTBOM C KOHIEHTpamueil Bemmumuoli C;; P(C;) — BeposTHOCTH
3arpsi3HEHUS] BO3IyXa BPEIHBIM BEIIECTBOM C KOHILEHTPAIMEH BEMMINHON C;, |

— TEKyIIUd HOMep HaOJFOJCHUS COOBITHI B pa3HbIe MOMEHTHI BpeMeHH, K —

KOJIM4ecTBO HaOmoaeHuil. [Ipu 3ToM coOBITHS 3arpsi3HEHUs BO3yXa 00pa3yroT

k
TIOJIHYO TPYIIIy HECOBMECTHBIX COOBITHIA, T.€. . P(Ci ) =1.
i=1
B naHHOM ciyyae B KaueCTBE YCIOBHBIX BEPOSTHOCTEH Wj (Ci) TaKXKe
MOXET BBICTYNATh 3aBUCHMOCTb «103a-3QQEKT» Ul H3y4aeMOIro BPEIHOIO
BEIIIECTBA M 3a/JlaHHOIO BHJA HETaTHBHOIO BO3JEHCTBHA. BeposTHOCTH Takux
COOBITHI OIPEIEIIAIOTCS B 3aJjadaxX OLICHKHM pHUCKa 3arpsi3HEHHs aTMoc(epHOro

Bo3ayxa. Jjist onpeneneHus: BEpOSTHOCTEH TOCTATOYHO UMETh ONBITHBIC TaHHBIC
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[0 MOHHUTOPHUHIY 3arpsi3HEHHUs] BO3JyXa Ha KOHTPOJBHOM IIOCTY WU B
HACEJICHHOM MYHKTE B TE€YEHUE HEKOTOPOIO0 BPEMEHHU (HapUMeEDp, roja, MecsIa)
U TOJHYI0O MHGOPMALMIO O TapaMmeTpax 3aBUCUMOCTH «J103a-d3(Pdext» s
OTIPEJICTICHHOTO BEIIECTBA.

5. Ilpu 3arpsi3HeHUU BO3ayXa HECKOJIBKUMM BpPEIHBIMHU BEIIECTBAMHU Ha
KOHTPOJIBHOM TMOCTY (B TOpOJie M HACEJIEHHOM IYHKTE) U HaOJIOJCHUU B
BO3/IyX€ OMACHBIX KOHIIEHTPALM BEIIECTB 3a OMPEICIICHHBIA NMePUO]] BPEMEHU

MOJKCT pPCaJIM30BaATbCA CIIOKHOC CcOOBITHE J BO3HUKHOBCHHUA KYMYJIATUBHOI'O

HEraTUBHOTO 3P (deKTa y OMOJIOTHIECKOTO0 00BEKTa, CBI3aHHOTO C COBMECTHBIM
JEHCTBUEM HECKOJIBKMX TOKCUKAHTOB.

DKCIEepUMEHTAIBHO TaKasi OIeHKa MPOBOJAUTCS JOBOJIBHO PEAKO, OTHAKO
UMEIOTCSI CBEJICHHS O COBMECTHOM JICMCTBHM aMMHaKa U CEpOBOAOPOJA;
aMMuakKa, CepoBOIopo/ia U (hopMaliblieTuaa; JUOKCUIA a30Ta U JTUOKCH/IA CEPHI;
030Ha, JHOKCHIA a30Ta U (opMalibJieruia; OKCUa CBUHIIA U JTUOKCHIA CEPBHI;
OKCHJA yTAepoJa W TBUIM IIEMEHTHOTO MPOM3BOACTBA H T.A. llomoOHOE
KOMOWHHPOBAHHOE JACHCTBHE YCTAHOBJICHO JIs TTopsiaka 60 cmeceit [31, 44].

N3BecTHO, YTO KOMOWHUPOBAHHOE JEHCTBHE BPEIHBIX BEIIECTB — 3TO
OJIHOBPEMEHHOE WJIM TMOCTE0BAaTEeIbHOE JIEUCTBUE HA OPraHU3M HECKOJIbKHX
TOKCUKAHTOB TpPU OJAHOM M TOM € IyTH TMOCTYIUIEHUS HUX B OPTraHHU3M.
Boiensitor paznuyHble BUIBI KOMOMHUPOBAHHOTO JCMCTBUSI BPEIHBIX BEIECTB
(Tabm. 4.4):

® AIUTHUBHOE JIEHCTBUE MIPECTABIISCT co0oit dheHoMeH
CYMMHPOBAaHHBIX 3((EKTOB, MpU 3TOM CyMMapHbIi 3(Q(dEKT paBeH CyMme
3¢ PeKTOB NEUCTBYIONIUX KOMIIOHEHTOB;

® TIOTCHIMPOBAHHOE JACUCTBUE (CHHEPTU3M) OTIUYACTCS YCHICHHEM
BpeaHoro 3ddexra. KoMmoHEHTB cMecH AEHCTBYIOT MPHU 3TOM TaK, YTO OIHO
BEIIECTBO YCWJIMBAeT JehcTBHE Jpyroro. IdPexT KOMOMHUPOBAHHOTO
JIEUCTBUS MIPU CUHEPTU3ME OO0JIBIIE aTUTHBHOTO;

® AHTAarOHUCTHUYECKOE JEHUCTBHUE MPENICTABISET COO0N BO3EHCTBUE, TPU
KOTOpOM CcyMmMMapHbii 3(hdexT MeHbine oxugaeMoro. KoMIIOHEHTH cMmecH
JEUCTBYIOT TaK, YTO OJHO BEIIECTBO OCIAOSET NEWCTBHE NPYroro, a OOIIHiA
ekt MeHbIIIe A AUTUBHOTO;

® HE3aBUCHMOE JCHCTBHE (QOpMUPYET KOMOWHUPOBAHHBIN 3 PexT,
KOTOPBIH HE OTJIIMYACTCS OT HM30JIMPOBAHHOTO JEHWCTBHS KaKJIOTO BPEIHOTO
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BeIeCTBAa B OTHenbHOCTH. [Ipu Bo3aeiicTBuu mpeobnamaet 3¢dekT Hambosee
TOKCUYHOTO BEIICCTBA.

be3 OmBITHBIX AaHHBIX, XapaKTEPU3YIOIIMX KOMOWHHPOBAHHBIA YPQEKT,
OLICHUTh PUCKU TaKUX CIIOKHBIX COOBITHH MOYXHO TOJIBKO ISl aJIMTHBHOTO U
HE3aBUCHMOTI'0 JICHCTBHSI BEIISCTB M TO TPU YCJIOBHUU BBEACHUS HEKOTOPBIX
TUIIOTE3 O BHAC COOBITHHA. B CBs3m ¢ TeM, 4TO cOOBITHS (GOPMHUPOBAHUS
HETaTUBHBIX 3()(EKTOB WM TOCICACTBUN HAOMIOMAIOTCS Ha MPOTSKCHHBIX
IIPOMEXKYTKAaX BPEMCHH M MMCIOT JIUIS PA3JIMYHBIX BPEIHBIX BEIICCTB CIIOJKHBIC

MCXaHU3MBbI pcain3alvd, TO B JAHHOM CJIy4dac OIIACHBIC COOBITHS J ciaenyer

paccMaTpuBaTh Kak HECOBMECTHBIC. B ciydae, ecinu 3pdeKT OHOIOTrHIecKoro
JNCHCTBUS 00JIaacT IMPOCTHIM CBOMCTBOM aJUIMTHBHOTO JICUCTBHS, TO PHUCK

TAKOT'O OITACHOTO COOBITHS | 3a7acTCs B BUJAC aJJIUTHBHON (DYHKIIMU PHCKaA JIJIs

OTIPEICTICHHOTO BHUAA BO3JCHCTBUA (XPOHUYECKOTO, OCTPOTO, pediIeKTOpHOTO,
KaHIIEPOT€HHOTO U T.J.):

Rj(c)= X Ryi(c), (4.6)

IIE PUCKM BO3JEHCTBHUS MOTYT OIpeAenarbess coriacHo (4.4), a

3aBUCHUMOCTHU ((IIOS&-B(I)@)GKT» WJ i(Ci) 3aJarl0TCA  OJI1  KaXXJI0ro BpCAHOI'O

BELIECTBA U BU/1Aa HETAaTUBHOTO 3(pdeKTa B OTIEABHOCTH. 3€Ch N — KOJUYECTBO
BO3/ICMCTBYIOILMX BPEIHBIX BEILECTB.
IIpn He3aBHCMMOM JNEMCTBHM BpPEIHBIX BEIIECTB OINPEACISAIOTCS PUCKH

BO3encTBUS R i i(Ci) JUIS KaXJO0ro BEIIeCTBa B OTACIBHOCTH, W BBIOMpAETCs

BEIIECTBO C MAaKCHMAaJbHBIM 3HAuY€HHEM pucka. B cBowo odepenn, s
MOTEHIIMPOBAHHOTO W AHTAarOHUCTHYECKOTO JIEUCTBHS HECKOJBKUX BPEIHBIX
BEIIECTB HEOOXOJUMO HAJIMYUE DKCIEPUMEHTANIBHBIX JIA@HHBIX TIO0 OIICHKE
s pexTa KOMOMHUPOBAHHOTO JCHCTBUSI.

Crnemayer OTMETHTh, YTO TIPU OILIEHKE pUCKa MOAOOHBIC 3aa9d PEIIArOTCs
JOCTaTOYHO  PEIKO, YTO CBSI3aHO C  HEJAOCTATOYHOCTHIO 3HAaHUH O
BO3HUKHOBEHUH PA3JIMYHBIX HETATUBHBIX A(()EKTOB MPU COBMECTHOM JICHCTBHUH
HECKOJbKHUX BPEIHBIX BEIIECTB.

Takum oOpa3oMm, UCXOJAsSd W3 HWMEIOMIMXCA OMNBITHBIX JaHHBIX O
3arpsi3HEHUH aTMOC(EpPHOr0 BO3ayXa W MHGOPMAIMH O 3aBUCUMOCTH «103a-
ahdexkT» MOXKEeT OBbITh OINpeeseHO YpPaBHEHUE COCTOSIHUSI CHCTEMBI,
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npejcTaBisioniee co00il MHOTOMEPHOE BEpOATHOCTHOE pacrpenerneHue. Ha
OCHOBE  TMPUMCHCHHSI  TOHATHS  ypPaBHEHHUS  COCTOSIHHS ~ CHCTEMBI,

npeaACTaBJICHHOI'O B BHUIC BCpOHTHOCTGfI NI PUCKOB

Rj =R; Py : P2 peees P OTHOCUTEIBHO TapaMeTpoB (aKkTopa OMACHOCTU

P, P2, Pn,
Pi, OmacHbIX cOObITHH | M Ge3omacHbIX YpOBHEH Pj BO3MOKHO CO3NAHUE

oOmmielt Teopuy, OCHOBAaHHOW HA MPUMEHCHWHM AHAJIUTHYECKHUX METOJOB, O
KOTOpOH, B cBoe Bpems, ynomuHan Mapman. IlomoOGHasi Teopust MOXeET
OXBaThIBaTh CHUCTEMbI, IJie HaOJIOJAIOTCS OMacHbIe MPOIECCHl 3arps3HEHUs
OKPY’KAIOLIEH CPEBI.

[TokaxxeM, kKakuM 00pa3oM, UCHOJIb3Ys] MHPOPMALMIO O PacCHpeeICHUN
BEPOSTHOCTU COCTOSIHUSI CUCTEMbI, MOXKHO TOJYYUTh PacUeTHbIC 3aBUCHUMOCTH
JUIsi KOMIUIEKCHOM OIIGHKH U OLIEHKW PUCKa TMPHU 3arpsA3HEHUU aTMOC(epHOro

BO3yXad B IropoJax U HACCJICHHLIX ITYHKTAaXx.

4.5 MeToa KOMILIEKCHOM OLleHKH 3arpsi3HEHUs1 AaTMOC(EPHOro BO3ayXa
Ha OCHOBe OMpe/ieJIeHUs BePOATHOCTH HeOJIAroNnpPUATHBIX COOLITHIA

AHaJIi3 MHOXECTBa padOT B 00JIACTU M3YUCHHS KauyecTBa aTMOC(HEpPHOro
BO3/lyXa IOKa3bIBaeT, YTO, HECMOTPSI Ha OCOOYIO aKTyaJbHOCTh JOCTOBEPHOM
KOMIUIEKCHOM  OLIGHKM 3arpsi3HeHusi atMmocepsl, 3amada  pa3paboTKu
OOBEKTUBHBIX BEPOSITHOCTHBIX METOJOB OLICHKH OIACHOCTH, CBSI3aHHON C
3arpsA3HEHUEM  BO31yXa, MCCIEAOBATENSIMA  HHUKOIZIA HE  CTaBWJIACH.
AJTOPUTMUYECKOE ONPEIETICHUE BEPOSITHOCTE COBMECTHBIX HEOJIAaronpusTHBIX
COOBITUII C UCHOJb30BAaHUEM YK€ HAKOIUICHHBIX MAacCCHUBOB  JAHHBIX
HAOJII0JICHUH, XapaKTepU3YIOLUX 3arpsA3HEHNE OKPYKAIOIIeH cpeibl, MO3BOJISET
IIOCTABUTh U PELIUTH TAKYIO 3a7a4y.

I{esnbr0 BEPOATHOCTHOIO NOAXOA K AHAJIM3Y OMACHOCTH IIPU 3arpsI3HEHUU
atMocepbl sBISETCS pa3paboTKa HOBOTO METOJa KOMIUIEKCHOM OLIEHKH
KauecTBa aTMOC(EPHOro BO3JyXa HAa OCHOBE OIPEACICHUS BEPOSTHOCTEH
HEOJAronpusITHBIX COBMECTHBIX COOBITHUH, CBSI3aHHBIX C IPEBBIIICHUEM
KOHLEHTpALlMA BpPEAHBIX BEILIECTB JONYCTUMBIX HOpM. JlaHHBIM MeTOx

OTHOCHUTCS K OOBEKTHBHBIM CpCACTBAM aHa/In3a JAHHBIX, TdK KaK HC IIPUMCHACT
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9KCIepTHhIE moaxoabl. HWMH}opmanmoHHass oOCHOBa METOAAa COCTOMT B
UCIIONIb30BaHUU JAHHBIX HAOMIOACHUNA O 3arpsS3HEHUHM BO3/AyXa B TOpoOAaXx,
MPE/ICTABICHHBIX B BUJE TaOJMYHO-BPEMEHHBIX MAacCHUBOB MH(OpMaIuu 3a 5 —
10 net. CoctosiHue 3arpsa3HeHus aTMOochepbl TOPOJAOB U3MEHSAETCS C TEUCHUEM
BPEMEHHU, TO €CThb OCYILECTBIISIETCA HEKOTOPbIA JIWHAMUYECKHI TMIpOLECC.
JIaHHBII METOX TO3BOJISAET ONMCATh JKOJOTMYECKOE COCTOSHHME KaXJ0ro
oObekTa (TOpoma, paiioHa, TEPPUTOPHH) COBOKYIMHOCTHIO HAOII01aeMbIX
noKasaTeJiel 3arpsi3HeHMs BO3yXa B 33a/IaHHbII MOMEHT BPEMEHHU.

[To nanHbIM HaOMIONEHUM AJI1 BCEX OOBEKTOB BO3MOMKHO ONpE/ETICHUE
CTATUCTUYECKUX BEPOSITHOCTEN CIIOKHBIX COOBITHH, CBA3aHHBIX C 3arps3HEHUEM
atMocepHoro Bo3ayxa. OLEHUTh 3Ty CTATUCTUYECKYIO BEPOSTHOCTh MOKHO
anroputMmuuecku (IIpunoxxenue b) 1t kaxx10i TaOIHUIIBI ONBITHBIX TAHHBIX.

s IIPAKTUYECKOIO npumepa METOIUKOU HCCIIETOBAHUI
PeIyCMaTpUBaJIOCh MCIOJIb30BaHUE (PEHOMEHOJOTHMUECKHX METOJIOB aHaIn3a
JAHHBIX TMPUMEHUTEIBHO K COBOKYINHOCTM HaOMIOAEHUN YKPamHCKOTO
rugpomMereonieHTpa 3a 2003 — 2012 roapl mo BceM KOHTPOJIMPYEMBIM BPEIHBIM
BemectBaMm (53 ropoga VYkpaunbl, okonio 50 ThIC. JaHHBIX). AHAJIOTUYHO
U3y4JaJIuch JlaHHble PocrugpomMera o 3arps3HeHUH Hanbosee KPyIMHBIX TOPOJIOB
Poccun BpennbiMu BemiecTBamMu (35 roposoB). OnacHOCTb 3arpsi3HEHHs
OLICHMBAJIACh ITyTEM CPAaBHEHHUS YPOBHs 3arpsi3HEHUS BO3/1yXa C JE€HCTBYIOIUMHU
HOPMAaMH.

Ha ocHOBe pAaHHBIX ONBITA IMYTEM COPTUPOBKH OMNPEHEISIOTCS BCE
HEOJaronpusITHbIE COOBITUS, TIOCJE YEro paccMaTpUBAIOTCS COBMECTHBIE
COOBITHS OAHOBPEMEHHOIO HAONIOJCHUS IOKa3aTesiel 3arpsi3HEHUs BO3IyXa.
Jlanee st TakuX COOBITHI aNTOPUTMHUYECKU OMNPEAEISIIOTCS CTaTUCTUYECKUE
BEPOSITHOCTU U CTPOUTCS (PEHOMEHOJIOTHYECKas MOJIEb JaHHBIX O 3arpsi3HEHUH
BO3]lyXa C MOMOILBIO METO/IA, OTIMCAHHOTO HHKE.

[Ipeanonoxxum, 4YTO B TaOJIMYHO-BPEMEHHBIX MacCHMBax JaHHBIX
COJIEPKUTCS KOJMYECTBEHHAs: MH(OpMAIMsl O KOHIICHTPAIUAX B aTMOC(EPHOM

BO3JyXE N 3arpsA3HAIOIINX BELIECTB [y, Po,...,P,. CocTosiHUE 1000r0 00BEKTA

(ropona) B N-mepHOM npocTpaHcTBe H'" B KakIblii MOMEHT BpeMeHH OyjeT

O0TOOpakaTbcsi MHOTOMEpHOU (uryparuBHOM TOoukod M =M (pl, pz,...,pn).

Torma mnpouecc W3MEHEHUS COCTOSAHHMS OOBEKTa BO BpEeMEHHU Oyner
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XapaKTEPU30BaThCA KPUBOW B N -MEPHOM IPOCTPAHCTBE, KOTOPAsk OMUCHIBAECTCS
uryparusHoit Toukoit M =M (py, P,,..., Py ) B 9TOM HPOCTPAHCTBE.

Kaxnoil onsITHON TOuke M; IOCTaBUM B COOTBETCTBHE HEKOTOPYIO
BEPOATHOCTb XapaKTEPHBIX CIIOKHBIX COOBITHH W, .

PaccmoTpuM ciokHOE CcOBMeCTHOE coOblTHe A, OJHOBPEMEHHOIO
HAOJIIOJICHUS] HECKOJIbKMX II0Ka3aTelied U  ONpeAesiuM, 4YTO COCTOSHUE
U3y4aeMoro oObeKTa B 3aJaHHbI MOMEHT BPEMEHHU OyJIeT XapaKTepHU30BaThCs
He TONBKO COBOKYIHOCTBIO ~KOHIEHTparmii BemectB  (Pyi, Poiverr Prii),
oTOOpaXkaromuxcsi TOYkKoM M, HO M JaHHBIM HAOIIOAAEMBIM COOBITHEM.
Ha3oBeM CTaTUCTUYECKYI0 BEPOATHOCTH 3TOrO COOBITHS BEPOSITHOCTBHIO
COCTOSIHMSI M3ydaeMoro oObekra. HeOmarompusTHeIM coObiTueM A Oynem
CUMTATh COOBITHE, AJII KOTOPOro XOTs Obl ofHa HaOJr0/aeMas KOHLIEHTPALMS
P1, Pos---, P, TPEBBIIIAET YCTAHOBIECHHBIE HOPMBI, HAaNpHUMEp, MPEAEIbHO
JOMYCTUMYIO KOHLEHTPALMIO 3arpsi3HAIONIEr0 BeEllecTBa B aTMOC(hepHOM
BO3/yXE€.

Takye Kak u B I71aBe 2, MBI IPEIoJaraeM HelpepblBHOCTh obnactu H" .
JInst mocTpoeHust MOJIENeN KOJIMYECTBEHHBIX JAHHBIX NPUHUMAEM THIOTE3Y O

HENPEPBIBHOCTH TOJIsl BEPOATHOCTH cocTosHus B oonact H". BymeM cumTarts,

4TO BEPOSTHOCTh COCTOSIHHS CHCTEMBI OOpa3zyeT CKaJspHOE TIoJie, KOTOPOE

ABJIACTCA HCHIPCPLIBHBEIM B obmactn H n. I[J'IH IMOCTPOCHUSA MOACIIM OIIMCAHUSA
IIPOLECCCOB IIPEAIOJIOKHM, YTO CKAJLIPHOE II0JIC BCIMYHMHBI W MOXKET OBITH

AHAJIUTUYECKH OMNUCAHO B  OKPECTHOCTHM TMPOU3BOJBHOW TOouku M .

[peanonoxkum, uto B obmacty H" MOXHO 3agaTh aHAIMTUYECKYIO
HEIpPEPbIBHYIO  (YHKIIHIO T(pl, pz,...,pn), HAa OCHOBE KOTOpoH Oyaer
(dbopMupoBaThCA MaTeMaTudeckas MOJIEb JJIsi KOMILIEKCHOM oueHku. [Ipumem
TaK)Ke, YTO CKAJSIpHbIC MMOJIA BEJIMYUH W M T OJHO3HAYHO CBS3aHBI MEXKIY
coboil. Eciu B okpecTtHOCTH 000 TOukM M  0OBEKT OCYIIECTBISAET
HEeKOTOpBIH mporiecc |, To anms muHMM mporecca | crpaBeqIMBO COOTHOLICHHE
dw=¢ -dT, rme ¢, — BenuuuHBI, SBIAOUIMECT (YHKIUAMH Tpolecca H
MOJIJISKAIINE OMPEICTICHUIO TI0 ONBITHBIM JIaHHBIM.

B cBsizu ¢ mocTpoeHneM BEPOSITHOCTHOW Cpeibl MOACTUPOBaHUs, OyaemM

CUMTaTh, YTO AaHAIUTHYECKas (DyHKIHUSI T(pl, pz,...,pn) MOYET OBITH
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npcaCcTaBJICHA B BHUAC FGOMGTpPI‘-IGCKOﬁ BCPOATHOCTU

To_ PiPppy

Pimax - P2max “+-+ Pnmax

IPOCTPAaHCTBA COCTOSHMIA cucTeMbl H" .

Hcexons U3 npemyioKEHHBIX THIIOTE3 U MOJYyYEHHBIX paHee pe3yJbTaros,
KOTOpBIE M3JI0)KEHBI BO BTOPOM M TpeThed I1aBax MOHOTrpaduu, SHTPONUS U

MOTEHIIUANI OyIyT BhIpaxaThces 3aBucuMocTsiMu (3.21) u (3.23):

Py P2 Pn
S—Sy=C -Inf —|+¢c,-In|] == [+...+¢C,-In : 4.7)
R T e Y " P,
2 .2 2 .2 2 2
1| P =Py, P2—=P2 Pn = Pn
P ’ y ey = 0 + 0 +---+—0 . 4.8
(1 P2y Pn) = . ) . (4.8)

OHTporui0O S W MOTeHuWan P mnpuHHMaeM B KadecTBe OOOOIIEHHBIX

KPpUTCPUCB I KOMILIEKCHOM OLCHKH COCTOSHUA OOBEKTOB B MHOTOMCPHOM

npoctpancTBe H" | Tak Kak JaHHblE BEJIMUMHBI SBISIOTCS (YHKIUAMHI COCTOSHUS
CUCTEMBbl TIPU CIPABEUIMBOCTH YCJOBHSI CYIIECTBOBAHMSI CKAJAPHOTO IOJIS
BEPOSITHOCTH W .

Pezynomamer ananuza oanmwix. Jljia mpumepa pacCMOTPUM  CIIOKHOE
COBMECTHOE COOBITHE OJHOBPEMEHHOI'O0 HaOMIOJEHUS 4YeThIpeXx Hauboee
PacIpOCTPaHEHHBIX BEILIECTB, 3arPA3HAIONIUX aTMOC(EPHBIA BO3IyX B TOpoAax:
MBUTH, JUOKCHUJIA CEphl, OKCUJIa YIiepoja U Juokcuaa azora. COOTBETCTBEHHO

BBEJIEM II0Ka3aTelIu 3arpsi3HEHUsS Pi, P, P3, P4 B BUAE KOHLEHTpAUUN ITUX

BellecTB B aTMocepHoM BO3ayxe. OmpenenuM, 4TO ypOBEHb 3arpsi3HEHUS
BO3qyxa OyAeT OompenensThCsl COOBITHEM COBMECTHOTO  HAOIOJIEHUS
KOHIIGHTpaIui 3Tux BemecTB. s Toro, 4toObl pa3paboTath CUCTEMY
KOMITJIEKCHOW  OIIGHKM  ypPOBHS  3arpsi3HEHUS  aTMOC(EpPHOTO  BO3ayXa
HEOOXOJMMO HMMETh BO3MOXKHOCThH OMPEIEIATh MOJIOKEHUE KaXKIOro ropoja

(mpu HopMHUPOBAHHK IKOJIOTHYECKHUX TPOILIECCOB) B MPOCTPAHCTBE COCTOSIHUM

H* orrocuTensHo HEKOTOPOTO OMOPHOTO COCTOSIHUS. BBeneM B paccMoTpeHue
HEKOTOPBIH OOBEKT, TOKA3aTeNN 3arpsi3HEHUS BO3AyXa Ui KOTOPOTO DPaBHBI
NpeAeIbHO JOMYCTUMBIM KOHUEHTpauusiM BpeaHbix BemiecTB. CocrosiHue
JAHHOTO OOBEKTa TPUMEM B KadyeCTBE OIOPHOTO, TPH OSTOM 3aTaquM

CJICIYIONINE KOHIEHTPAIMH: JUIS IBUIH [Py =015 mr/mM% @1 ZHOKCHIa Cepbl

Py, =0,05 MI/M>; 715l OKCHZA yIIIepoJa p3, =30 MI/M®; JUIS AHOKCH/A a30Ta
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3
P4, =0,04 mr/mM°. B cBsi3u ¢ TeM, 4TO B Topojaax COOBITHS, CBSI3aHHBIE C

3arpsiI3HEHUEM aTMOC(EPHOro BO3IyXa pa3IUYHBIMU BpPEAHBIMU BEILIECTBAMU,
OOBIYHO 3aBUCUMBI, BEPOSATHOCTU TAKUX COBMECTHBIX COOBITUM (CTATUCTUYECKHE
BEPOSITHOCTH COCTOSIHUSL W) OyJIeM ONpeNeNsiTh alrOpUTMUIECcKH [5, 7].

JIsl MOMCKA HEJIMHEWHBIX CBSI3€W MEXKIY CTaTUCTUYECKOM BEPOSITHOCTBIO
COCTOSIHMSI CHUCTEMBI M IIOKA3aTEJSIMU 3arpsi3HEHUS BO3JlyXa BOCHOJIB3yEeMCS
METOJIOM TpobuT-aHanuza. i ropomoB YKpauHbBl CBSKEM MOTYyYECHHYIO
BEPOSITHOCTh W C paclpeneeHUsIMU IIEPEMEHHBIX B MACCUBE OIBITHBIX JIaHHBIX,
B pe3yjbTare 4ero OyJIeM HUMETh CIEAYIOIIYI0 PErPeCCUOHHYI0 3aBUCUMOCTh

BEPOSATHOCTH W OT DHTPOITUU COCTOSIHUS CUCTEMBI:
Prob 2

1 t
Prob=-05045+s; w=—— exp| —— |dt;
N2 _J;O P 2

s=0,4379-In| PL |+0,2832-In| P2 | +0,3962- In| -7 | +0,2963-In| P4 |. (4.9)
Py, P2, P3, Pa,

Koapdumment xoppensumu 3aBucumoctd  (4.9) cocraBun 0,97,
pe3yabTarhl OOpabOTKM JaHHBIX TIpUBEICHBI Ha pucyHke 4.2. VcxonHbie

IICPCMCHHBIC OTHOCHJIMCH K 3Ha4YCHUAM plo ) p20 ) p30 ) p40 ) KOTOPLBIC

COOTBETCTBYIOT BEIOPAaHHOMY OTIOPHOMY COCTOSIHHIO. VI3 TPUBEAEHHBIX TaHHBIX

BUAHO, 4YTO Q)CHOMeHOHOFI/I‘ICCKI/Ie KOHCTAHTHI C|, oTpaxkaromue IPOLECChI

3arps3HEHUs] aTMOC(EPHOTO BO3/yXa, MCXOJsS U3 TPYNIOBOTO TMOBEICHUS

00BEKTOB, COOTBETCTBEHHO paBHbl: C; =0,4379, ¢, =0,2832, c53=0,3962,
c4 =0,2963. Anropur™m nojacyera BEpOSATHOCTU COCTOSIHUS CHCTEMBI SIBIISIETCS

OJIHO3HAYHBIM, MO3TOMY BCErja CyHIECTBYET ()YHKIMOHAJIbHAs 3aBHCHUMOCTb
BEPOSITHOCTH W OT MCXOJHBIX TEPEMEHHBIX, KOTOpas MpPEACTABISIETCS B
TabnmmyaoM Buge. Kak BumHo w3 pucyHka 4.2, myteM mpeoOpa3oBaHUs
KOOpJIMHAT 3Ty HEJIUMHEHHYI (YHKUHMOHAJIBHYI0 3aBHCUMOCTh MOKHO
IIPEICTABUTH C ONPEACIICHHON CTENIEHbI0 TOYHOCTH MHOTOMEPHOU MIIOCKOCTBIO.
Takoe npuOIMKEHHE CYLMIECTBEHHO YIMPOILAET MPOIECC MOCTPOCHHS] MOAEIU
ONMCAHMSI TAHHBIX.

CornacHo 3aBucuMmoctsM (4.7) u (4.9) B mpocTpaHCTBE HAOJIOIACMBIX

cocrosmit cucremsl H*  moxHO MIOCTPOUTh KPUBOJMHEUHBIE KOOPIUHATHI,

KOTOpPLIC OIIpEACIIAIOT HCKOTOPOC I10JI€ HaHpaBﬂeHHﬁ, oTpaxxaromee
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CpEAHCCTATUCTHICCKHUC TCHACHIINU, CBJ3aHHBIC C SKOJOI'nM4C€CKHNMMH
HN3MCHCHUAMMH BO BCCM NU3yHaCMOM KJIACCC 00BEKTOB.
COOTBCTCTBYIOHII/IG q)YHKHI/II/I COCTOSIHHA SHTPOIUS S M NOTCHIHAJI P

OTIPEENISIIOT 3TU €CTECTBEHHbIE KPUBOJUHEHHBIE KOOPJIUHATHI B MPOCTPAHCTBE
4

H", mpu »Ttom TOuka M(pl, Py, P3, p4), XapaKTEePU3YIOIIAsT OKPYKAOIIYIO

Cpelly KaxJaoro ropoja B MPOIECCe CBOErO IKOJIOTHYECKOTO U3MEHEHHUs, OyneT

3aHUMATh HEKOTOPOE TMOJIO)KEHUE OTHOCHTEIIBHO JTUX KOOpPAMHAT. OITO

MO3BOJISIET OOBEKTUBHO OMNPEACIUTh PAHT OO0BEKTa BO MHOXKECTBE JIPYTUX

00beKkTOB. [loTeHIMal sBiIseTcs ya00HONH BEIUUYMHON Ui ONpECIICHUs paHra
0o0BeKTA.
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BHTPOHIIH COCTOSAHUA S

Pucynok 4.2. — 3aBUCHUMOCTb BEPOSITHOCTH W OT DHTPOIHUU COCTOSHUS S
JUTSI COBMECTHO HaOJI0aeMbIX 3HAUYCHUI TTOKa3aTeNiel 3arpsi3sHeHUS

aTMoc(epHOro Bo3ayxa (ropoga YKpauHbl)

Ha ocHOBe mNONy4YeHHBIX [AaHHBIX, HCXOAS W3 BEPOATHOCTHOM OLIEHKHU
CJIOHBIX COBMECTHBIX COOBITH, CBSI3aHHBIX C OJJHOBPEMEHHBIM HAOIIOJIEHUEM
[IOKAa3aTelIed 3arpsA3HEHUs BO3ayxa Pi, Po, P3, P4, ONPEACIECHBI JHTPOIUA U
IIOTEHIMAJl COCTOSIHMS JUIL  KaXJ0ro ropoaa YKpauHbl. Pesynbrarsl
paHmXHUpPOBaHUS OOBEKTOB IO JaHHBIM HaOmwogaeHuit B 2008 u 2012 rony
npuBeAeHbI B Tabnuie 4.7.
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Tabnuua 4.7. — 3HayeHus NoTeHIMana P 1 pedTUHTY rOpoI0B Y KpauHhl,
CBSI3aHHBIC ¢ YpOBHEM 3arps3HeHust atmocdepsl B 2008 — 2012 rogax

Panru roposos 1o ypoBHio

Topoza [ToTrenunan [ToTrenunan 3arpsi3HEHUs BO3yXa
Vipansr coctosiHusl P | cocrostHust P [cormacHo mpejijio- CoriacHo pacueTa
(2008) (2012) JKEHHOT'O0 METO/1a KU34
2008 2012 2008 2012
AmdeBck 17,83 11,56 6 12 6 11
Bunauna -9,83 -7,46 47 46 47 45
['opnoBka 24,15 15,24 3 9 3 8
J3epxuHCK 26,15 22,47 2 4 2 4
JlHenpoa3epKUHCK 3,69 14,79 13 11 12 9
JlHerponeTpoBck 8,66 14,81 10 10 9 10
Jlonenx 42,30 37,66 1 2 1 1
Enakueno 20,90 15,32 5 8 4 7
Kuromup 0,20 2,76 19 18 19 17
3anopoxne 2,55 7,62 14 15 16 16
HBano-®paHKOBCK 1,90 -6,26 15 41 14 40
Kues -2,28 16,17 25 7 27 12
Kuposorpan -5,58 -3,42 34 34 32 30
KpacHomepekornck 14,87 17,86 8 5 8 )
Kpusoii Por 551 48,88 12 1 11 2
Jlucuaanck -3,27 -3,64 26 36 24 33
Jlyrauck -10,51 -6,58 48 42 48 43
JIsBOB 1,39 -1,50 16 28 15 23
MaxkeeBka 24,05 36,15 4 3 5 3
Mapuynons -4,57 -0,11 30 25 30 25
Hukonaes -10,53 -7,37 49 45 49 47
Opecca -0,46 2,88 21 17 18 14
[TonTaBa -7,11 -3,53 42 35 38 34
PoBHO -6,74 -9,10 39 49 41 49
Py6exnoe -0,81 0,70 22 21 20 21
CeBepoIoHETIK -3,27 -2,11 26 31 24 26
CymMBbI -1,79 -0,84 23 27 21 22
Tepromons -6,47 -4,46 38 38 37 38
Yaxropos -4,80 -5,56 31 39 31 41
XapbKoB -8,72 -7,80 45 47 44 46
XepcoH 10,50 2,60 9 20 10 28
XMENbHULIKUI 17,72 9,00 7 13 7 13
Yepkacchl -7,23 -7,20 43 44 39 44
YepHOBIIBI -11,84 -9,36 52 50 53 52
YepHuros 0,54 -0,05 18 24 26 31
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W3 nprBeIeHHBIX TaHHBIX BUIHO, YTO K IIEPBBIM ST TOPOJIaM, UMEIOILHUM B
2012 ron camblif BBICOKMH YpOBEHB 3arpsi3HEHUS aTMOC(EpPHOTO BO3Iyxa IO
IIBUIN, TUOKCHJAM CEPBI U a30Ta, a TAK)KE OKCUIY yriaepoja oTHocsTcs: Kpuson
Por, [loneuk, MakeeBka, JI3ep>kuHCK 1 KpacHOTIEpEKOTICK.

JUtst mpumepa, eciii B3ATh T€ K€ BpPEIAHBbIE BEUIECTBA U MPOBECTHU pPacCyeT
KOMIUIEKCHOTO ~HWHJAEKca 3arpsi3HeHuss armochepsl KH34A 10 JaHHBIM
Habmoaenuit 3a 2012 roa, TO caMblil BEICOKHI YPOBEHb 3arps3HEHHS BO3IyXa
oyner B ropomax: Jloneuk, Kpusoii Por, MaxkeeBka, [[3epXKuUHCK H
KpacHonepekornck.

VYpoBeHb  3arpsi3HEHUS  aTMOC(EpHOrOo  BO3JIyXa TOpOJOB  YKpauHBI,
OIIPEZCIICHHBbIM 110 METOAUKE pacyera KOMIUIEKCHOIO HHJIEKCa 3arpsi3HEHUs
atMocepsl [94], TeCHO CBs3aH C MOTEHIIUAIIOM COCTOSTHUSI P, paCCUMTAHHBIM 10

JTAaHHOMY MeToAy. Pe3ynbTaTel cpaBHEHHUs 1aHbl HAa pUCyHKe 4.3.
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Pucynox 4.3. — CpaBHeHue ypoBHEH 3arpsi3HeHHs] aTMOC(EpHOTO BO3IyXa

ropoJIoB YKpPauHbI O Pa3JIMUYHbIM METOJAM OLICHKHU

Jnst ropogoB Poccum Takke CBSJKEM CTATUCTUYECKYIO BEpPOSTHOCTh
COCTOSIHASA CUCTEMBI W C MOKa3aTeasiMU 3arps3HEHUs] BO3/yXa, B PE3yJbTaTe
yero OyleM HMETh CIEYIOUIYI0 PErPeCCHOHHYIO 3aBUCUMOCTh BEPOSTHOCTH W

OT OHTPOIINH COCTOAHUSA CUCTCMEI:
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Prob t2

[ exp - dt;

Prob=-0,2501+s; w=
N2

—0o0

s =0,3001-In| 2L |+0,2038In| P2 |+ 03358 In| = |+ 06206 In| P4 |. (4.10)
Py, P2, P3, P4,
Kosdounuent xoppemsuuu 3aBucumoctd  (4.10)  cocraBun 0,89,
pe3ynbTaThl 00pabOTKU JaHHBIX MPUBEACHBI HA PUCYHKE 4.4.
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OHTPOIIHS COCTOSAHHUSA S

Pucynok 4.4. — 3aBUCUMOCTb BEPOSTHOCTH W OT SHTPONMUU COCTOSHUS S
JUTSl COBMECTHO HaOJII0AaeMbIX 3HAUYECHUI TTOKa3aTeNel 3arpsi3HeHUs

atMocdepHoro Bo3ayxa (ropoja Poccun)

Pe3ynbTaThl paH)XUPOBAHUS POCCUHCKUX TOPOJIOB IO JaHHBIM HAOIIOCHHIA
npuBeIcHBI B TabmuIie 4.8.

K mepBeiM msatu kpynHenmum ropogaM Poccun, mmeBmuMm B 2007 roxy
cCaMbIii BBICOKUM YpOBEHb 3arpsi3HEHUST aTMOC(EpHOro BO3JyXa TMBUIBIO,
JUOKCUJIAMU CEpbl M a30Ta, & TAKXKE OKCHAOM YIJIEpOJa OTHOCATCS: BOpoHexk,
Xabaposck, Upkyrck, HoBocubupck u Tiomenb. B cBoro oudepenp, cOriacHo
KOMITJIEKCHOTO HWHJIeKca 3arpsisHeHust atmocdepbl KH3A camblii BBICOKHIA
YPOBEHb 3arpsi3HEHUsT BO3ayxa HaOMromancs B ropojax: Boponexk, XabapoBck,
Kazanp, BnaguBoctox 1 MockBa.
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Tabnuna 4.8. — 3HaueHus SJHTPONUU S MOTeHIMana P 1 pelTHHTH TOPOIOB
KpynHeimmx Poccuu, cBs3aHHBIE C YPOBHEM 3arps3HeHUs: aTMOchephbl

PaHru roposioB 1o ypoBHIO

. Outponust | [lorenuman
Kpynueiimue 3arpsi3HEHUS BO3yXa
COCTOSIHUSL S | COCTOSIHUS
roposa Poccuu (2012) P (2012) COTJIACHO MPEJIO- | COTJIACHO pacueTa
JKEHHOTI'0 METOJa KH3A4

AcTtpaxaHb -1,23 -9,69 29 28
bapnayn -0,58 -3,61 9 11
BmagusocTox -0,26 -3,76 11 4
Bonrorpan -0,55 -6,65 20 18
Boponex 0,14 14,05 1 1
ExarepunOypr -0,43 -5,84 17 13
HxeBck -1,51 -10,32 33 33
HpxyTtck -0,27 -1,75 3 7
Kasans -0,61 -3,72 10 3
KemepoBo -1,09 -8,94 25 24
Kupos -1,38 -10,21 32 32
Kpacnonap -0,96 -3,60 8 19
Kpacnosipck -0,59 -4,84 14 14
JIunenx -1,31 -9,00 26 30
MockBa -0,12 -4,27 12 5
Hwxuuii HoBropon -0,95 -7,13 21 20
HoBoxky3Herk -0,94 -2,83 6 16
Hosocubupck -0,37 -2,52 4 8
OmMck -1,53 -9,82 31 31
OpenOypr -0,59 -5,74 16 17
Ilensa -1,01 -9,78 30 27
[Tepmb -1,33 -9,34 27 29
PocroB-na-Jlony -0,42 -3,50 7 12
Paszanb -1,02 -8,54 24 25
Camapa -0,88 -9,56 28 26
Cankr-IlerepOypr -0,63 -4,39 13 10
CapatoB -0,65 -6,26 18 15
Tonpsartu -0,95 -7,82 22 23
Tyna -2,19 -12,09 35 35
TromeHnn -0,39 -2,79 5 6
VY IBIHOBCK -0,37 -4,87 15 9
Ya -0,71 -6,27 19 21
XabapoBck -0,04 0,67 2 2
YensaOuHcK -0,68 -7,83 23 22
SpocnaBnb -2,07 -11,24 34 34
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[lony4yeHHbIE peE3ysNbTaThl MO3BOJSIOT IPEIVIOKATH HOBBIM  METOJ
KOMIUIEKCHOW  OLIGHKM ypOBHS  3arpsi3HEHUs  aTMoc(epHOro  BoO3mayXa.
OCOOEHHOCTBIO JaHHOIO METOJa SIBISIETCS HCIOJIb30BAaHUE OOBEKTUBHOIO
QJITOPUTMHUYECKOTO MTOAX0/1a U OTCYTCTBUE IPUMEHEHUS DKCIIEPTHBIX METOI0B U
3aBUCHUMOCTEN Il KOMIUIEKCHOM oueHku. [lpm Hanmmuuu HeoOX0IuMOoro
KOJIMYECTBA JTAHHBIX HAOIIOEHUH O 3arpsA3HEHUU MIPUPOIHBIX CPell B TOPOIAX U
HACEJIEHHBIX MYHKTaX MPENJIOKEHHBIA METOJ MOYKET ObITh MCIOJB30BaH IS
KOMIUIEKCHOM OIICHKM 3arpsi3HEHUs Kak aTMoc(epHOro BO3Ayxa, TaK U

IMOBCPXHOCTHBIX U ITIOA3CMHBIX BOM, 4 TAKIKC IIOYB.

4.6 MeTO)I OLCHKHU PUCKOB HEraTUBHBIX BO3HeﬁCTBHﬁ Ha

OMoJiornyecKkue 00beKThI IpH 3arpsi3HEHUN aTMOC(l)epHOFO BO3J1yXxa

B nmaHHOM pa3zgene omucaH pa3paOOTaHHBI METOJ OICHKH PHCKOB
HETaTUBHBIX BO3JCHCTBUUA Ha OHOJIOTHUYECKHE OOBEKThI TPH 3arpsi3HCHUU
aTMOC(EpPHOTO  BO3/lyXa, KOTOPBIH OCHOBBIBA€TCSA HA  BBHIMOJIHEHHBIX
TEOPETUUYECKUX HCCIECNOBAHUSX, a TaKXe TOJIOKEHUSX U TPUHIUIIAX
COOBITUITHOM OLEHKH, C(POPMYIMPOBAHHBIX HUXKE.

CoBpeMeHHass ~ METOJOJOTHS  OIECHKH  JKOJOTHYECKHX  PHUCKOB
MPEIyCMaTPUBACT YCTAHOBIICHHE BEPOSTHOCTH Pa3BUTHSA HEOJIArONMpPUATHBIX
3 PEKTOB M TOCIEACTBUN TIPU ACHCTBHHU (DaKTOPOB OIMACHOCTH, CBS3aHHBIX C
3arpsi3HEHUEM OKPY KAroIIel cpe/ibl, Ha 0OBEKTHI KUBOW MPUPOJIBI — YETOBEKA,
’KUBOTHBIX, pacTeHus, Onocdepy B nemom u T.1. [21, 26, 62, 72, 77, 85, 93, 103,
136, 144, 148 —150]. [nst KaxXAoro OOBEKTa YCTaHABIMBAETCS TEPEUYCHb
OCHOBHBIX BHJIOB HETAaTUBHBIX BO3JCHCTBHA TIPH pealn3allid OMACHOCTH,
KOTOPBIE MOKHO CUHTATh CIIOKHBIMUA OTIAaCHBIMH COOBITHSIMH.

B KkadecTBe MNPUOPHUTETHBIX COCTABISAIONIMX, KOTOPHIC  CIEAyeT
paccMaTpuBaTh MPHU OIEHKE SKOJOTUYECKUX PHUCKOB, MPEIJIaraeTcsl BBIIEIATH
CJIEIYIOITUE TIPUPOTHO-aHTPOIIOTCHHBIC 0OBEKTHI U TEPPUTOPHH:

® TIPUPOJHO-TIPOMBINIUICHHBIE ~ OOBEKTBI ¢ 30HAMH  BIUSHHS
MIPOMBITIUICHHBIX TPETPUSTHH;

® TOpOJa, HACEJICHHBIC TYHKTHI, )KUJIbIC MACCUBBI;

® pEKpealOHHbIE TEPPUTOPHUH;
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® [PUPOAHbIE TEPPUTOPUH u OOBEKTHI, neca, 3eMJIU
CEJIbCKOXO3SIICTBEHHOTO Ha3HAYEHUS;

® TEPPUTOPUU U OOBEKTHI IPUPOIHO-3AIIOBETHOTO POHIA.

B kauectBe 0OBEKTOB BO3JEHCTBHS (PEIUNHEHTOB) TAHHBIX MPUPOIHO-
AHTPONOTEHHBIX CUCTEM HEOOXOAMMO BBIJEIUTH CIEIYIOIINE OOBEKTHI KUBOM
IPUPOJIbIL: YETOBEK, )KUBOTHBIE, PACTEHUS, a TaKxke Ouocdepa B ueiaoM. Cinenyer
OTMETUTh, YTO Ul Pa3HbIX PELUIUEHTOB OLIEHKY PHCKOB IpHU 3arps3HEHUU
aTMoc(epHOro BO3JyXa HEOOXOIMMO MPOBOAHUTH MPH PA3TUUYHBIX OCHOBHBIX
BUJaX BO3JCHCTBUS, KOTOPHIE OTPa)KalOTCA B COOTBETCTBYIOIIMX COOBITHUSAX
HaOroIeHUS HeOIaronpusaTHEIX () eKToB, a UMEHHO (Tad. 4.5):

e ISl YeloBeKa — IPU XPOHUYECKOM, OCTPOM, pPe(IECKTOPHOM U
KaHIIEPOr€HHOM BO3JCHCTBUH;

® IS ’KUBOTHBIX — IPU XPOHUYECKOM U OCTPOM;

® I pacTeHHl U OMocdepbl B LEJIOM — MPU XPOHHUYECKOM U OCTPOM
BO3/ICCTBUH.

XPOHUYECKOE BO3JICHCTBUE BPEIHBIX BEILECTB HA YEJIOBEKA IPEAIOJIAraeT
JUTMTENbHOE JeUCTBHUE (PaKTOPOB Cpe/ibl OOUTAHUS, CO3AOIINX YTPO3Y KU3HU UIIU
3IOpPOBBIO YEJIOBEKA WJIM Yrpo3y JKU3HHU WIH 3J0POBBI0 OyIyIIUX MOKOJIEHUH.
OneHka prucka XpOHHYECKOT0 BO3JIEHCTBUS BPEIHBIX BEIIECTB OCHOBBIBAETCA HA

npuMeHeHun Oe3omacHbix ypoBHed ([I[K wmm RfC). Jlng konuyecTBeHHOU

OLIEHKH 3aBUCUMOCTH «A03a-3()(PEKT» TaKKe HCIOJIB3YIOTCI MaKCUMAJIbHO
HEJICUCTBYIOIME KOHLEHTpauuu MHK win noporoBblii ypOBEHB BO3JEUCTBUS

NOAEL, , mpu KOTOpOM He HabroAaeTcst BpeaHbIi 3(h(eKT.

Octpoe BO3IEUCTBHE BPEAHBIX BEIIECTB HA YEIOBEKA SBJSACTCS
KPaTKOBPEMEHHBIM U HepephIBHBIM (0T 5 — 30 MuUHYT 10 6 — 8 min 24 9acoB) u
onpefensieTcss JACMCTBUEM  BEIECTB, KOTOpPbIE BBI3BIBAIOT  HM3MEHEHHUE
OuonokazaTtenell Ha ypOBHE LEJIOCTHOIO OpPraHM3Ma, BBIXOJIIMX 3a MPEIebl
MPUCTIOCOOUTENBHBIX  (DU3MOJIOTUYECKUX  peaknuii. B »sTtom  ciydae
UCIIOJIB3YIOTCS Oe3omacHbIe YPOBHH, b depeHIupoBaHHbIC 1o
MPOJOJKATEIBHOCTH SKCHO3UIMM U KOHTHUHTEHTY JHI[, MOANAAarolUIX IOJ
BO3JICHCTBHE, @ TAKKE YUUTHIBACTCS TSHKECTh HEONArOMPUSITHBIX IMOCIEICTBUIMA
JUTSL 3I0POBbsI YesloBeKa. be3onacHble ypOBHU KPAaTKOBPEMEHHBIX BO3JIEHCTBUIA
HaIlpaBJIEHHbI HA NPEIYNPEKICHUE CMEPTH U HENOMYLIEHUSI PAa3BUTHUS OCTPBIX

OTpaBHeHI/Iﬁ pa:quHoﬁ CTCIICHHN HJIN HCIIPHUATHBIX CY6’I)GKTI/IBHBIX OH_IYH_IGHI/Iﬁ
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Py HEMPOJOJDKUTEIFHOM, HO HWHTCHCHBHOM 3arpsi3HeHHH aTtmocdepsl. B
KauecTBe 0€30IMMaCHBIX YPOBHEH W MOPOTOB BO3JCHCTBHUIA B 3TOM CITydae MOTYT
NPUMEHATHCA pePEPEHTHBIE YPOBHU OCTPBIX MHTAIAIMOHHBIX BO3JEHCTBUN Ha

Hacenenue ARfC mmm moporossiii ypoBens octporo BosneiictBust NOAEL,,

IIpU KOTOPOM HE HaOIroaeTcs BpeaHbIN (PG eKT.

PednexropHoe BO3meHCTBHE BpEAHBIX BEIIECTB  00yCIIaBIMBAETCS
TIOSIBJICHUEM pa3Apakarommx 3QQPEeKToB Mpu ACUCTBUM BellecTBa. be3omacHsbrit
YPOBEHb TAaKOTO BO3JICHUCTBHS CBS3aH C TIOPOTOM OIIyIieHus 3amaxa. [lpum
pedIECKTOPHOM BO3ACHCTBHMU BEIIECTB Ha YEJIOBEKa OIICHKY JIHAra30HOB
HEJICHCTBYIONTUX KOHIIEHTPAIMI CIEAYyeT OCYIIECTBIATh C yUETOM JaHHBIX TIO
noporam 3amaxa [26]. B cBow ouepenb, Ha MOPOTe 3amaxa PUCK 3aJacTCs B
muanazone R=0,1-0,2. B kadecTBe MmokaszaTeneil OIMacHOCTH HCIOIL3YIOTCS
NpeeIbHO JOMyCTHMAasi MaKCUMAaJIbHO pa3oBas KOHIICHTpAIlUs BelIeCTBA B

atMocepHOM Bo3xyxe [[/JK, , ¥ TIOPOT OLIyIICHHMs 3amaxa BellecTBa (Kak

HIDKHSISL M BEPXHSISA IpaHulla 00J1acTH HEACHCTBYIOMMX KOHIIEHTPAIIUN).
Kanueporennoe BO3JEMCTBHE  BpPEOHBIX  BEIIECTB  XapaKTEPHU3YET
BO3HMKHOBEHHUSI HOBOOOpPA30BaHUN B OpraHuW3MeE IpHU BO3ACHCTBUU (PAKTOPOB
OKpyxaromiel cpenpl. OneHka ONacHOCTH KaHLEPOTEHOB OCYIIECTBIIETCS C
VCIIOJIb30BAaHUEM IOKA3aTeNsl KaHLUEPOIr€HHOI0 PUCKA, KOTOPBIA MPEACTABIISET
co0Oll mpUPOCT pUCKA HAa EAUHUILy KOHIeHTpauuu. JIns  oleHkH
KAHIEPOT€HHOTO [JIEMCTBHS BPENHOTO BEUIECTBA IPHUMEHSIOTCSA IOKA3aTENH

1
ennHU4HOro prcka UR; ™ mmm hakTop KaHueporeHHoro noreniuana Sk g

KosnuecTBEHHYIO OLIEHKY PUCKOB CJHEAYET BBIOJHATH B COOTBETCTBUH
CO CJIEIYIOIIMMH IPUHUIMIIAMH U TIOJIOKEHUSIMHU.

1. IIpyn KOTMYECTBEHHOM OIPENEIEHUN PUCKA U TIPU AaHAIN3E PA3TUYHBIX
BHUJIOB BO3JICMCTBUN MCIIOJIB3YIOTCS OCHOBHBIE 3aKOHOMEPHOCTHU, IPU3HAHHBIE B
TEOPUU OMNACHOCTM U pHUCKA: MOPOTOBBIA MPUHIUI, OE30MACHbIE YPOBHU
BO3/ICMCTBUsI, UHAUKATOPHBINA ITOAXOJ IIPH OLEHKE OMACHOCTH, 3aBUCHMOCTH

JUTSI OIICHKH BEPOSTHOCTEH OMACHBIX COOBITHH, 3aBUCIMOCTH «103a-3(PdexT» U ap.

! Enumuumeiii puck (UR;) - BepxHss IOBEpHTENbHAS TPAHHMIA IONOJHHUTEIHHOrO MOXKH3HEHHOTO PHCKA,
0GYCIIOBIEHHOTO BO3CHCTBHEM XMMHUYECKOTO BemlecTa B KoHuentpamun 1 mxr/m° (1 mkr/m). Ilpeacrasuser
€000} pUCK Ha OZIHY €AMHHILY KOHLIEHTPAIH

? Kanreporennsiii mnoteHuman ((pakTop HakIOHa, (AKTOp KAaHIEPOTEHHOro MOTeHIHama, SF) - Mepa
JIOTIOJTHUTENIBHOTO MHIUBUIYAILHOTO KaHIIEPOTEHHOTO PHCKA WM CTETICHb YBEJIUUSHHs] BEPOSTHOCTH Pa3BUTHUS
paKa [py BO3AEHCTBHH KAHIIEPOTeHa; eIMHAIA m3MepeHus: 1/(Mr/(kr X nens)) uin (Mr/(kr X aeus) ™)
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2. ba30oBbIM TOHATHEM B TEOPUU OINACHOCTU M pHUCKA SBISETCA
3aBHCHUMOCTbH «J103a-3P(PEeKT», KOTOpasi OTpakaeT XapaKTEePUCTUKY BO3JICHCTBUS
U OIpeAeNseT CBA3b MEXAy JeWcTByomuM (aktopom  (Hampumep,
KOHIICHTPAIIMCH 3arps3HSIONICT0 BEIIECTBA) W CIydasMHu (BEPOSTHOCTSIMH)
HeOMaronpusTHHIX 3(P(HEKTOB M TOCIEACTBUH y OOBEKTOB HETATUBHOIO
BO3JCHCTBUS  (Hampumep, THUOETb, OCTpPOE OTpaBlEHUE, XpOHHYECKas
3a0oneBaeMoCTh M T.1.). OCHOBOM mJisi (hOPMHUPOBAHMS 3aBHCHMOCTH «J103a-
apdekT» sABIAETCS KOJIMYECTBEHHas HHGOpManus O BIMAHUK (akTopa
OMaCHOCTM W €ro TMOCIEACTBUM [ 4enoBeKa. JlaHHas 3aBUCHMOCTD
KOJIMYECTBEHHO CYry0O KOHKpETHa, OXBAaThIBA€T OOJACTH BO3ACHCTBUN OT
Oe30MacHbIX ypoBHEH (OT KpailHe HU3KUX KOHIIEHTpAIUil) 10 BEPXHUX TPaHMUIL
MaKCUMaJIbHO HEACHCTBYIOUIMX KOHILEHTpaUuid (WK TOpOroB JEHCTBUA
BpPEAHBIX BELIECTB), MPU KOTOPHIX MOTYT HaOJIOAAaThCsl HEOIAronpusiTHbIE
3 PeKThl y YA3BUMBIX TPYyNN OOBEKTOB BO3ICUCTBUSI.

[Ipy wu3ydyeHMHM BO3MOXXHOCTH BO3HUKHOBEHHS HEOIAronpusTHBIX
3¢ (}EeKTOB U MOCIEICTBUN HCIHOJB3YETCSI M3BECTHBIN NMOPOTOBBIA NPUHIINI, B
paMKax KOTOpOro, PEeANOIaraeTcs, 4yTo:

® U1 HEKaHLUEPOTrE€HHBIX BEUIECTB CYIIECTBYET O€30MacHbIi YpPOBEHD,
HU)KE KOTOPOTO BpeaHble 3(HEKThl HE BOZHUKAIOT;

e I KAHLEPOTeHHBIX BEIIECTB KaHUEpPOreHHble A(P(EKTH MpH
BO3JICUCTBUM HMMEIOT T€HOTOKCHYECKOE JEHCTBUE W MOTYT BO3HUKATh IPH
1100011 103€ BPETHOTO BEUIECTBA.

OCHOBHOII OCOOEHHOCTBIO OLEHKH JKOJOTMYECKOTO pHUCKA SIBISIETCS
YCTAaHOBJICHHE  KOJUYECTBEHHBIX  3aBUCUMOCTEM MEXIy IOKa3aTelasiMu
3arpsI3HEHUS OKPYKAKOIIEH CPEelbl U BEPOSITHOCTHI) HETaTUBHBIX BO3JACHCTBHI
Ha OOBEKTHI KUBOW MPUPOJHI (UeTOBEKa, KUBOTHBIX, pacTeHus, onochepy B
nenoM U T.1.). OOBIYHO OLIEHKAa 3KOJOTMYECKOr0 pPHCKa OCYIIECTBISETCS
MPEUMYILECTBEHHO JUIsl OCHOBHBIX CPEIHEUYBCTBUTENIBHBIX IPYII MOMYJIALHUA U
CpeIlHUX ToKa3arenel (PaKTOpOB 3arpsi3HEHUS CPEIbI.

JImd  OLEHKM WHIMBHUAYATbHOTO PHUCKA BO3JEHMCTBUM XUMHYECKHUX
BELIECTB MU 3arpsA3HEHUH aTMOC(HEPHOT0 BO3yXa B KAUYECTBE KOJIMYECTBEHHOMN
MEpbl PUCKA MPUHUMAIOTCS BEPOATHOCTU pPEAIH3ALUU OINACHOCTH, KOTOPHIE

OIpeesItoTCs 3aBucumMocTsimu (4.2) — (4.6).
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JIns OLEHKM pHUCKAa BO3JICHCTBUM KAHIEPOT€HOB HA 4YEJIOBEKa MpPH
3arpsiI3HEHUH OKPY’KAIOIIEH Cpellbl B KA4eCTBE KOJIMYECTBEHHOW MEpPBI pUCKa
OPUHUMAETCS BEPOSATHOCTh pPa3BUTUS paka, KOTopas OIpenesseTcs B
COOTBETCTBHH OOIICTIPUHIATON METOI0JI0THUEH [26].

3. Ilpy  KOJNMYECTBEHHON  OLIEHKE  BEPOSITHOCTH  Pa3BUTHS
HeOMaronpusTHBIX 3(pPEKTOB Y 0O0BEKTOB BO3IECHCTBHUS HUCIIOJIB3YIOT KPUTEPHIA
JOTIOJTHUTENBHOTO (aTpUOYTUBHOTO) PUCKA.

ATpuOYTUBHBIA (JIOTOMHUTENBHBIN) PUCK OMpeAeNsieT A0 PHUCKA,
KOTOpBI OOYCIIOBJIEH BIIMSHHUEM BpEAHOTO (hakTopa OKpyXkarollel cpeabl U
IpeICTaBIsieT cOoOOM BEPOSTHOCTh BO3HUKHOBEHHS HETATUBHBIX 3(PQEKTOB,
CBSI3aHHBIX C ATUM (PakTopoM (B % OT 00ImIero kojgudectBa 3TUX 3PHEKTOB y
O0OBEKTOB BO3/ICHCTBUS HA U3y4aeMoil TeppuTopuu). Ecnu npenmnonoxure, 4To
BO3HMKHOBEHUE  HEONaromnpusiTHbIX  3(P(QEKTOB  CBSI3aHO €  OOJIBIIMM
KOJMYECTBOM MPUYUH, TOrga aTpUOYTHUBHBIM 3KOJOTMYECKUH PHUCK — 3TO
JOTIOJTHUTENbHBIE CIIy4al Pa3BUTHUA HEOJAronpusaTHbIX 3(P(EKTOB, KOTOpHIE
0OyCIIOBJIEHBI BIMSHUEM BPEIHBIX U OMACHBIX (PAaKTOPOB, CBSI3aHHBIX UMEHHO C
3arpsiI3HEHUEM OKPYKArOLIEH CpeJIbl.

3aBUCHUMOCTh  «J103a-3(QEKT» CBA3BIBAET AaTPUOYTHUBHBIA pPUCK C
KOJIMYECTBEHHOM XapaKTEPUCTHUKON (akTopa HEraTUBHOIO BO3JIECHUCTBHS,
HanpuMep, kodhdunrentom onacHoct (4.1). XapakTepHblii BUI 3aBUCIMOCTH
«103a-3pexT» B 00J1aCTH cIadbIX BO3AECUCTBUN WILTIOCTPUPYETCS] PUCYHKOM 4.5.

4. Tlpu pa3nuyHbIX BO3ACHCTBUSIX MCIOJNB3YIOT 3aBUCHMOCTH «J103a-
abdexT» B Bume S-00pa3HbIX pacmpeneneHuit (JorapupMuyecKu-HOpMallbHbIE,
BeitOymna) ¢ HarfmsgHO  MPEACTaBICHHOM  HEONPEJCTICHHOCThIO,  UTO
O0OyCJIOBJIEHO BapuaOebHOCThIO JaHHBIX. [l03TOMYy OIIEHKY 3aBHCHUMOCTH
«1103a-3QhHeKT» AJIsI XPOHUYECKOT0, PEPICKTOPHOTO U OCTPOTO BO3ACHCTBUS
OCYUIECTBUM IyTEM HMMHUTAIMOHHOTO MOJEIUPOBAHUS BO3MOXKHON HWXKHEH
oOmacTH BO3ACHUCTBHI sl OHOJOTHUYCCKMX OOBEKTOB. JlaHHas 00JacTh
OXBAaThIBAE€T 30HY IOPOTOBOIO YPOBHS M 30HY HEJEHWCTBYIOIIETO YPOBHS (pHC.
4.5), xoTopble HamOoOJiee YacTO HAOJIOJAIOTCS TPU 3arps3HCHUU BO3IyXa B
ropoiax.

bezonacublii ypoBens BozneiictBust (//[K wnmu RfC) mpunmmaercs kak
MHUHUMAJIBHOE 3HAYEHUE JUAIla30Ha HENACHCTBYIOIINUX KOHLEHTPALUNW, KOTOPBII

HaOmoaeTcst Uil HaumOoJee YsI3BUMBIX TpPYII HaceleHus (WU Jpyrux

145



00BEKTOB BO3AECUCTBUS). DTO ClelyeT U3 ONpeAeseHHUs 0e30MacHOro ypoBHS —
BO3JICHICTBHE HA YEJOBEKA COOTBETCTBYIOLIEH KOHLEHTpPAUUU Ha MPOTSHKEHUH
BCEH €ro HU3HU, BEPOSTHO, HE NMPUBENET K BO3ZHMKHOBEHMIO HEOIYCTUMOTO

PHUCKaA IJIA HaunoOoJee YA3BUMBIX I'PYIIII HACCIICHUA.

] o R T TR --
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Of-----m = m e mm e - —————
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M
5 = e = = = —__-—_ - - - = - ——— T = —— ==
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.
0 \ =
A B C D E
Koa¢dument sHyTpHBHI0BOI Konnentpanus

YYBCTBHTEIBHOCTH

Pucynok 4.5. — XapakTepHblid BUJI 3aBUCUMOCTH «J103a-3h(PeKT»:

A — 6e3omnacHbiit ypoenb (/1K wiu RfC);

B - naumMeHbIIas BeIWYMHA MIOPOTa JEHCTBUS,

C — moporoBasi KOHIICHTPAIINS;

AC — amana3oH MakCHUMallbHO HEJICUCTBYIOINX KOHIIEHTPAIUi;
E — nauOosbIiasi BeIMYMHA TIOPOTA JICHCTBUS;

M — ONOpHBIH YPOBEHb pUCKa ATl YA3BUMBIX Ipynil (YBEJIMYEHHE YacTOThI BPETHBIX
peakuuii Ha 5 — 10% 10 cpaBHEHHIO ¢ (HOHOM);

a — 3aBHCHUMOCTbH «103a-3((eKT» 115 yI3BUMBIX TPYIIIT;

b — 3aBucuMocTH «103a-3hGeKT™ s CIa00yI3BUMBIX TPYIII,

[ |- 3oma moporoBoro ypoBHst; [~ 7 — 30Ha HEACHCTBYIOIIETO YPOBHSI.

IIpr XpOHMYECKHX BO3ACHUCTBUAX MAKCUMAJIIBHOE 3HAYCHHE AMAINa30HA
HEeJEHUCTBYIONMX KOHIeHTpauuid (MakcumasibHoe 3HaueHne NOAEL) moxHO
paccMaTpuBaTh KAaK BEPXHIOIO TPAHUILY HEACHUCTBYIOIIMX KOHIIEHTpauuil. JTa
I'paHuLA IPENCTABIIAET co0oit MaKCUMAaJIbHYIO HEJICHCTBYIOLLYIO
KOHIIEHTPAIUIO TP BO3JICHCTBUSAX Ha cIa00ysI3BUMBIE TPYIIIIHL.

5.  3aKOoHOJATENbHO  JOIYCTUMBIE HOPMBI  yCTaHABIMBAKOTCS B
COOTBETCTBUM C MPHUHATHIMU METOJAMKAMHU OTpEJeieHHs] 0€30MacHbIX ypOBHEU
BO3JICHCTBUI BpeaHbIX BemiectB. Hampumep, B [26, 81, 93, 136, 136, 150],
Oe30macHbIi I 3I0pOBBS YelioBeka ypoBeHb BozneiictBus (/1K wm RfC)
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YCTAHABJIIMBAETCS KaK  OTHOLICHHE  OKCIEPUMEHTAIBHO  OINPEIEICHHOU
Besmunnb iopora aeitctaus (P, NOAEL) k xosddurmenty 3amaca K, wim K
npousBeneHuto (paktopa HeompeneneHHoct UF wu  mMoamduimpyromero
daktopa MF:

L (4.12)
K, (UF - MF)

3HaUYcHHUE IoporoB JICUCTBUSL OMNACHOTO BEIIECTBA OICHUBAIOT C

K =

HCIIOJB30BAaHUEM BEPOSITHOCTHOIO MOAXOJA MYTEM YCTAHOBIICHHS PENEPHBIX
(omopHbIX) KOHLIEHTpaluii. BeiOop mopora ocHOBBIBaETCSl Ha BhIYMCICHUH 95%
— BEPXHET0 TapaHTUMHOIO HWHTEpBala Uil OINOPHOTO YpPOBHS PHCKAa,
XapaKTepU3YIOIIEr0 CTENEHb pa3IuYuidl B HCCIEAYEMOM U KOHTPOJIBHOM
rpymnmnax.

MakcumanbHoe 3HadyeHue (aktopa HeompeneineHHoct UF  mpu
BHYTPUBHUJOBOM  JKCTPANoOJSIMUA TNPUHUMACTCS PaBHBIM  CTaHAAPTHOMY
3HaueHuto 10,0, muHumanbHoe 3HaueHue — 1,0. Bemuuuny MF, kotopas
OTpeJIeNIsIET TIOCTOBEPHOCTh JaHHBIX, MpUHUMAIOT B auanaszone 1,0 — 10,0, mis
JIOCTATOYHO M3y4YeHHbIX BemiecTB damie Bcero MF =10. B cBoro ouepens,
koa(dduimeHT 3amaca K, npuHUMaeTcs ¢ y4eTOM KJlacca OMacHOCTH BPEIHOTO
BEIIIECTBA COTJIACHO HOPMATUBHO-METOAMUYECKUX JOKYMEHTOB [26, 93].

AHQJIOTUYHBIM TOAXOJ MOXET OBITh HCHOJIb30BaH U MPU OCTPHIX
BO3JICHCTBUSIX Ha YeJIOBEKa, OJIHAKO B ATOM Cllydae Juara3oH BHYTPHUBHUIOBOM
yS3BUMOCTH TIPUHUMAETCs MeHbIne. Eciau paccmarpuBath pedepeHTHYIO
KOHIICHTPAITMIO OCTPBIX BO3JEHCTBUH KaK COOTBETCTBYIOIIWM OC€30IaCHBIN
YpOBEHb JUIsl HamOoJiee YSA3BUMBIX TPYMNI HACENeHUsd, TO MJisi HauMeHee
VS3BUMBIX ~ TPYIIl  COOTBETCTBYIOLIME  IOKAa3aTelil  HEACHCTBYIOLIEH
KOHIIGHTpAIlMd  MOXXHO  OLIGHUTh C  MCHOJIb30BaHUEM KO3 (UIIMECHTA
BHYTPUBHUA0BOM ysa3BUMocTH 6,0 [93].

6. Jlmama3oH W3MEHEHUSI pHUCKAa TPU XPOHUYECKUX U  OCTPBIX
BO3JICMCTBUSIX B 00JIACTH HEACHCTBYIOIIMX KOHIIEHTpAIUd MOXHO 3aJaTh W3
MPEATNOJI0KEHNS, YTO Ha 0€30MacCHOM YPOBHE BO3JIEHCTBUSI PUCK HE MPEBHIIIACT
MPUEMJIEMBIA  YPOBEHb  PHUCKa (10%, a Ha YPOBHE MAKCHMAaJIbHO
HeneictBytomieit konnentpanuu (wm NOAEL) nns cmabGoys3BUMBIX Tpymm
pUCK MOXeT ObITh oOlleHeH, ucxoas u3 5—10% yBeaudyeHus pucka

BO3HMKHOBEHUSI HEOMAronpusTHeIX 3(PQGEKTOB IO CPaBHEHUID C PUCKOM
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npupoaHoro ¢oHa. B cBoto ouepenpb, mpu pedIeKTOPHOM BO3ICUCTBUH PUCK HA
YpOBHE Mopora 3araxa omnenuBaetcst ucxozs u3 10 — 20 %.

7. OueHka pucka JJIsi APYrux OOBEKTOB BO3JCUCTBUS, JIJII KOTOPHIX HE
YCTaHOBJICHBI 0€30TIaCHBIC YPOBHU MPH BO3JCHCTBUM BEUIECTB (’KMBOTHBIC) WJTH
YCTaHOBJICHBI /ISl OTPAaHUYCHHOTO KOJIMUYECTBA BEIIECTB (pacTeHwusl, Onocdepa u
T.I1.), TIPOBOJMUTCS C y4eTOM KOA(D(PHUITMEHTOB MEXBUIOBOW YSI3BUMOCTH. Jljis
ATOTO UCIOJIB3YIOTCS OIEHKH PUCKOB, KOTOPHIC OMPEACIICHBI TTPU BO3ICHCTBHIX

Ha YeJI0BeKa ¢ y4eToM Kod(hPUIMeHToB, MpUBENCHHBIX B TabmuIie 4.9.

Tabmuma 4.9. — ®akTtopsl HEONPEACICHHOCTH TIPU  BO3JCHCTBUSIX
BpPEJIHbIX BEHIECTB (MEXBHUIOBAs OSKCTPANOJISAIMS C 4YeJIOBEKa Ha JIpyrue

00BEKTHI BO3/ICHCTBHSA)

OOBEKTHI Koaddurment
BO3CHCTBUS MEXXBHJIOBOU IKCTPATIOJISLIAN
JKuBoTHEBIE 3
Pacrenns 0,5
buocdepa 0,5

8. Ilpm oOneHKEe pHCKa XPOHUYECKUX BO3JCUCTBHM MO JaHHBIM
HAOJIOICHUN  WCHOJB3yeTcsl cpenHee (CpeAHEMECSYHOE, CpPEIHEr0JI0BOE)

3HAQYCHHE KOHLEHTpaluu C,, . B ciyyae pedIEKTOPHBIX U OCTPHIX BO3JICUCTBHIA

HCIIOJB3YCTCA MAaKCUMAJIbHAsI KOHIOCHTPAIA Cmax 3a IICpuoa Ha6J'IIOI[€HI/ISI (HO

He Ooitee 24 4acoB).

9. KoaddunmeHt onmacHoctu (HQ =c/ I) pPacCUUTHIBACTCS OTHACIBHO IS
YCIIOBUM XPOHUYECKOTO, OCTPOro M pepIEKTOPHOrOo JCHCTBUSA BPEAHBIX
BEILECTB.

Bepxumii mnpemen BO3MOXHOrO pucka R,  ompepensercs kak
jorapudMuyuecku-HopManbHas kpuBas (3.35), mpoxojdias 4yepe3 JIBE TOYKHU

(puc. 4.4): A(HQ=LR,) u M(HQ,;R,), rie R, — puck, pasusii 107 R, —

puck, pasublii 0,05 nmpu xponumueckom u octpoM nedcteun u 0,1 mnpu

. MHK
pediiekTopHOM  IEHWCTBUUM  BPEJAHOTO  BEIIECTBA; HQ,=—— wm
IJIK
NOAEL
HQ, :TC. Bosnee mpocTasi 3aBUCUMOCTH [IJIsi OIIEHKH BEPXHETO Ipejelia
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IIPEACTABIIACTCS JIMHENHO-KBAAPATUYHOW NMHTEPIOJIALIMEN KPUBOU, IPOXOISIIEN
yepes Te ke Touku A u M . B 3toMm ciyuae k03((uIeHTsl 3aBUCUMOCTH 110

BEpXHEH I'paHHIIC ONPEACIISIOTCS B COOTBETCTBHHM ¢ ypaBHeHHEeM (4.12):

R, =a-HQ+b-HQ?, (4.12)
2-R,-HQ,-R —R R.—R,-H
rae a= p Q& — Ry N Q”,
HQ, -1 HQ, -1

a Benmmuudabl MHK wnmu NOAEL naxomsarcs ¢ yuetoMm kKodddummeHToB 3amaca

Y BHYTPUBUIOBOU YSI3BUMOCTH:

MHK=K,-IIJK wm NOAEL=UF-RfC. (4.13)
Hwxaasa I'paHuIIa BO3MOKHOI'O pHUCKa R_ TAKIKC OIIPCACIIACTCA COINIaCHO

norapugmuyuecku-HopManbHOl kpuBoil (3.35) wnm mo Oonee mpocToi

3aBUCUMOCTH KaK HEJIMHEHHas SKCTPaIoJsLMs pactpeaenenus BeiOymnna:

R —j—ewlory 1 >-In L (4.14)
(HQn_l) 1-R,

rne R, — puck, pasubiit 0,1 npu xpoHHMYecKoM U ocTpoM jeicTBuu u 0,2

npu peIeKTOPHOM JEHCTBUM.
[Ipu ucnonb30BaHUU ISl OIICHKH pUCKA JIOTapUPMUIECKU-HOPMAIBHOTO

pacrnpenenenus Kod(PUIMEHTH WHTEPNOISAIUU MpoOuT-3aBUCUMOCTH (3.35)

HaxOJSTCS U3 YPAaBHEHUM:

Prob(R, )+ 4,75342
n(HQ,)

CpeILHee 3HAYCHUC PHCKA OIPCACIACTCA IIYTCM HMHATAIIHOHHOI'O

Prob=a+b-In(HQ); a=-4,75342; b= (4.15)

MOJICTUPOBAHUS PUCKA B Mpe/eiaX MUHIMAIBHOTO ¥ MAaKCUMAaJILHOTO 3HAYCHUN
C HWCMOJB30BAaHMEM PAaBHOMEPHO pacHpeNe/IeHHOTO TEeHepaTropa ClydalHbIX
YHUCe.

10. Kanneporennsiit 23((pexT oreHuBaeTcs TOIbKO T yenoBeka. OreHka
3aBUCUMOCTH «J103a-3((HEKT» I KaHIIEPOTeHOB ¢ OECIIOPOTOBBIM MEXaHU3MOM
JICUCTBHS OCYILECTBISIETCS IyTEM JMHEMHOM IKCTPANOJISIUMNA TaHHBIX, KOTOPbIE
peanbHO HAOMIOMAIOTCS B OKCICPUMEHTE WM B  SIHICMHOJIOTHICCKUX

MCCleOBaHUAX MpH MaibiX no3ax. 3asucumocth (R, =SF, -C) momydena c

Y4ETOM OMNpPENICNICHUs] PENEPHO KOHIEHTPAlUU, KOTOpas Xapakrepusyercs 95-
TU TPOIEHTHBIM TapaHTUWHBIM WHTEPBAJIOM JJIsi OTIOPHOTO YPOBHS pPUCKA U

ONpeAEsieT YBEINYEHUE YaCTOThI BpeIHBIX peakuuil Ha 5 — 10% 1o cpaBHEHUIO
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C KOHTPOJIbHBIM WJIH €CTeCTBEHHBIM (hOHOM. COOTBETCTBYIOIINE 3aBUCUMOCTH
JUISL  OTIPEACIICHUST KAHIEPOTEHHOTO pPHCKa TPHUBEACHHI B HOPMATHBHO-
METOUYECKUX JOKyMeHTax [26, 93].

VYka3aHHBIC BBIIIC TMPUHIIUIBI ¥ PACUCTHHIC 3aBUCUMOCTH ITOJIOKCHBI B
OCHOBY JOKyMecHTa «MeTOoauKa OIEHKH 3KOJIOTHYECKHX PHCKOB TIpH
3arpsi3HEHUH aTMOC(EPHOTO BO3IyXa» [55].

Ilpumep npaxmuueckoeo ananuza oOauuwix. s mpumepa paccMOTpUM
3arpsi3HeHHE aTMOC(EPHOTO BO3yXa TEMH K€ BPEIHBIMU BEIIECTBAMH, YTO U B
pasnene 4.5: MbUIbIO, JUOKCUAOM CEPhI, OKCHIOM YTJIEPOJia M TUOKCHJIOM a30Ta.

CuMraem, 4YTO W3BECTHBI IIOKA3aTENM 3arps3HEHHs [y, P, P3, P4 B BHUIE

KOHIICHTpAIlMi ATUX BemectB B aTtMochepHom Bozayxe. I[lpu paszpabotke
METO/Ia OIICHKA PHUCKOB XPOHMUYECKOTO BO3JCUCTBUS HAa OHOJOTUYECKHE
OOBEKTHl MPUMEM B KayecTBE OE30MacHOTO0 YPOBHS NPENETbHO JIOMyCTUMbIC

CPEIHECYTOUHBIC KOHICHTPALMH: JUIS MBUIH Py =015 Mr/M3; IUIA OUOKCHUIA
cepl P, =0,05 r/M% I OKCHEA yriaepoma p3, =30 Mr/M%; IS IHOKCHA
asota Py = 0,04 MI/ME,

N3yuuM cBsizu MEXy BEPOSITHOCTSIMU OCHOBHBIX COOBITUHN 3arps3HEHUs
aTMOC(EpPHOro BO3/lyXa W KOHIEHTPAIMSIMHU BPEIHBIX BemiecTB. JJis mpoCThIX
COOBITHH 3arpsS3HEHHSI BO3TyXa MBUIBI0, THOKCHIOM CEPhI, OKCHIOM YTJIEpOaa U
JTUOKCUIIOM a30Ta pacipeueiieHuss BEpOSTHOCTSH MPHUBEIACHBI Ha pUCyHKe 4.6.
JU7is eI, OKCHIA YTIIepoa U JUOKCHIA a30Ta HaOI0Jat0TCsl Torapu(MUIEeCKH-
HOPMAJIbHBIE pACTIPEICIICHUs] COOBITHM, a JJI TMOKCHIA CEPBl — HOPMAJIbHBIE.

COOTBETCTBYIOIIUE PErPECCHOHHBIE YPaBHEHUS TSl 3HAYCHHM MTpoOuTa C

koadurnmentamu koppessiiuu 0,95 — 0,99 moryT ObITh IPE/ICTaBIICHBI B BUJIE:

mbuTh: Prob = 0,2190 +13040-In| -PL- |: SO Prob =—13394 + 4,3443. P2

Py, P2,
CO: Prob=11881+14658-In| P2 |:
P3,
NO,: Prob = —0,0726 +1.7333- In| -4 |. (4.16)
Pa,
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Pucynok 4.6. — PactipenienieHrie BEpOSITHOCTEH COOBITHI 3arpsi3HEHNUS

BO3/IyXa: a) MbUIb; 0) TUOKCHUJI CEPhI; B) OKCHUJ YIJIEPOJa; I') JUOKCHU]] a30Ta

B cBorw ouepenpb, ypaBHEHHE CBSI3M CTATUCTHUYECKOW BEPOATHOCTHU
COBMECTHBIX COOBITUH HAOMIOJACHUS KOHIICHTPAIMN YKa3aHHBIX YEeThIPEX

BEIECTB (COOBITHSI ) C BEPOSTHOCTHIO COBMECTHBIX COOBITHH j, AJIS CIydas,

Koraa COOBITHS 3arpsA3HCHUSA BO3AyXa ABJIAIOTCA HC3aBUCUMbBIMU, HMCCT BHU:

w = 0,05080 +1,03205- w,,, (4.17)
rie W — CTaTUCTHUYECKas BEPOSITHOCTb COBMECTHO HAOII0aeMbIX
3HAYCHUI roKasaresnen 3arpsA3HEHUs BO3/1yXa, oIpelieICHHAas

HETIOCPCACTBCHHLIM pacu€TOM; W, — CTAaTUCTUYCCKasA BECPOATHOCTHL COBMCECTHO

HaOJIIOTaeMbIX 3HAYEHWW TOKa3aTeliel 3arps3HEHHs BO3JyXa B cllydae, Koraa
COOBITHSI HAOIOACHUS KOHIIEHTpAIIUi TBUTH, JUOKCUIA CEPhl, OKUCH YTIIepo/ia

H OJUOKCHOA a30Ta CHUTAKTCA HE3aBHUCHUMBIMU. BCpOHTHOCTB W, ONpE€AeIsACTCA

coriacHo (3.28) ¢ yuderom 3aBucumocteit (4.16). Koaddumment xkoppensiuu
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ypaBHenus (4.17) cocraBun 0,98. PesynmpraThl 00paOOTKM  JaHHBIX

MpEJCTaBIICHBI HAa PUCYHKE 4.7.
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BCpOXTHOCTb COBMECTHOI'O COOBITHS Wy

Pucynok 4.7. — B3auMoCBsI3b BEPOSITHOCTEH CIIOKHBIX COBMECTHBIX

COOBITHH, CBSI3aHHBIX C 3arPA3HEHUEM aTMOC(EPHOIO BO3AyXa

Oco0EeHHOCTh JaHHOTO TMOJXOJa 3aKJII0YaeTcs B TOM, TOJyYEHHbIE
pe3yNbTaThl TO3BOJISIOT OLIEHUBATh YCIOBHBIE BEPOSITHOCTHU I10 JAHHBIM OIIBITA.
Hampumep, ompenenuM yCIOBHYIO BEPOATHOCTH CJIOKHOTO COOBITHUS JUIs
COBMECTHOTO HAaOIIOZICHUSI TOKa3aTeel 3arpsi3HEHHs BO3JyXa U COOBITHSA,
CBSI3AaHHOT'O C 3arpsi3HEHUEM BO3/yXa NbUIbI0. COOTBETCTBYIOIINE BEPOSITHOCTH,

B camMOoM OOIeM ciydae, CBsI3aHbl MEXJy COOOM  3aBUCUMOCTHIO

W(Py, P2, P, Pa) =Wy (P1, P2, P, Pa)-Wi(Py), T2ie W, — yciroBHas BeposITHOCTS, @

Wl(pl) — BEPOSTHOCTH pacrpenesieHrs KOHIEHTPAINK TbUIH, coryiacHo (4.16).

PesynpTaTtel  00pabOTKM  JaHHBIX  TPEACTABICHBI Ha  pucyHke 4.8.

CooTBeTcTBYyMOIIEE YpaBHEHHE C KOdduimentom koppessiuuu 0,88 nmeeT BUI:

Prob,,, 2

Prob,,, =0,2691+s; W“:\/zl.—;z [ exp —% dt;

—0o0

s=-03175-In| 2 |+0,4292-In| P2 |+ 05017 - In| P2 |+ 0,4219.In| P4 |. (4.18)
Py, P2, P3, Pa,
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Pucynox 4.8. — 3aBUcUMOCTb YCIIOBHOM BEPOSTHOCTH W, OT MOKa3aTeseil

3arpsi3HEHUs aTMOC(EPHOTO BO3yXa

Tenepp MOXHO TMOKa3aTh, 4YTO NPEIJOKEHHBIA METOJ MO3BOJSET
OLIEHUBATh PUCK HAHECEHUS Bpela OMOJOTHYECKOMY OOBEKTY MPU XPOHUYECKOM
BO3JICCTBUM B CIIy4ae, €CJIM WM3BECTHBI XapaKTEPUCTUKU 3aBUCUMOCTH «103a-
apdexkT» I MbUIM, TUOKCUAA CEpbl, OKUCH YIJepoja MU JAUOKCHIA a30Ta.
Hcnonb3yst AJid KaxA0ro BEIIeCTBAa 3aBUCUMOCTH 1Jisi pacyeTa pucka (4.4) u
3aBucumMoctd (4.15) — (4.16), MOXHO TOJIYYHTh ypaBHCHHE OIICHKHA pHCKa
HEraTUBHBIX 3(PPEKTOB MpPU COBMECTHOM JACHCTBUM HECKOJIBKUX BPEIHBIX

BEILECTB:

Prob, =—4,3380+s; s=0,5093-In| % |+0,0353 In| >4 |. (4.19)
plo p40

Ha pucynke 4.9 npencraBieHo JaHHOE ypaBHEHHUE B KOOpAMHATAX
MPOOUT — PHTPOIHS, TTOJTYUYEHHOE Ha OCHOBE 00PaOOTKHU JaHHBIX O 3arpsi3HEHUU
aTMoc(epbl TOpoA0B YKpauHbl, IPU 3TOM KOIDPUIIMEHT KOPPENALUA COCTABUII
0,92.
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Pucynox 4.9. — 3aBUCHUMOCTb PUCKa XPOHUYECKOTO BO3/IeHCcTBUS R

OT SHTPOIIMU COCTOSIHUS S (Topoja YKpauHbl)

[Ipu cnabbIX BO3MEUCTBUSAX PHUCKH COBMECTHOIO JEHUCTBUS BPEIHBIX
BEILIECTB MPUHUMAJIUCh aJUTUBHBIMHU COTJIACHO 3aBUCUMOCTH (4.6). [{nokcun
Cepbl M OKCHJI yriepojia He Jali 3HAUYMMBIX CBsi3ed B ypaBHeHuH (4.19), uto
OOBSCHSETCS] TEM, UTO XPOHUYECKHE BO3JICUCTBUS ITUX BEIIECTB, CYIIECTBEHHO
HIKE, YEM aHAJIOTMYHbIE BO3JICUCTBUSA, CBA3AHHBIE C MbBUIBID M JUOKCHIOM
azora.

Takum 00pa3om, UCXO/ISl U3 BEPOATHOCTHOU OIEHKHU CJIOKHBIX COBMECTHBIX
COOBITHH, CBSI3AHHBIX C HAOJIOJEHMEM IOKa3aTesle 3arpsA3HEHUst BO3IyXa
P1, P2, P3, P4, ¥ HaHECEHUEM BpELA, MOXXHO OLICHUTh PHUCKU XPOHHUYECKOIO
BO3JICHCTBHUS HA HACEJICHHE.

Pe3ynbTaThl paHKUPOBaHUS TOPOJIOB YKpaWHBI MO JaHHBIM HAOJIIOACHUMA
npuBeaeHbl B Tabnuie 4.10. M3 npuBeneHHBIX JaHHBIX BHJIHO, YTO K MEPBHIM
natu ropojgaMm, umMeBmuM B 2012 roay camblil BBICOKHUI YpOBEHb pHCKa
XPOHUYECKUX BO3JECHCTBUI HA HACEJICHHE MPU 3arpsi3HCHUH aTMOCHEpPHOTO
Bo3ayxa oTtHocArcs: Kpupoit Por, MakeeBka, [lonenk, I3epxkuHck u Kues.
Hannple Tabmuimpl 4.10 HECKOIBKO OTJIMYAKOTCA OT JAHHBIX, KOTOPBIE

YUHTBHIBAIA TOJIBKO YPOBEHb 3arpsi3HEHHs aTMOC(HEPHOIo BO3JyXa B Tropojax
(Tabm. 4.7).
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AHanoTUYHBIE Ppe3yJbTaThl OBLIM TIOJYYCHBI TMPU  OIEHKE pHUCKa
HETAaTHUBHBIX BO3JICMCTBUM HAa HACEJIEHWE NPU COBMECTHOM JICMCTBUU

HECKOJIbKUX BPEIHBIX BEIIECTB IS KpyMHEHIMX ropooB Poccun (puc. 4.10):

Prob, =—45597+s; s=0,3073-In| PL |+1,0473-In| P4 |. (4.20)
Py, Pa,

o) /
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Pucynok 4.10. — 3aBUCMMOCTb pUCKa XPOHUYECKOTO BO3JICHCTBUS

OT DHTPOIUH cocTosiHUs S (KpymHeine ropoaa Poccun)

Ha pucynke 4.10 mpeacraBieHO JaHHOE ypaBHEHHE B KOOpIWHATaX
IpOOUT — DHTPOMHUA, MPU TOM Kodpdumment koppensuuu coctasuser 0,90.
Pesynbratel  pamxupoBaHuss ropojgoB Poccunm 1o  3HaueHUSM  pHCKa
XPOHHYECKUX BO3JICHCTBUM MpUBEACHBI B TaOmwmie 4.11.

Taxum 00pa3zom, NOTydEHHBbIE PE3YIbTAThl MMO3BOJSIOT MPEIJIOKUTH HOBBIN
METO/JI OIIEHKH PUCKOB HETAaTHBHBIX BO3JCHCTBUI Ha OMOIOTHYECKHE OOBEKTHI
IpU 3arps3HEHUHA aTMOC(HEPHOTrO BO3ayXa. JlaHHBIA METOJ TpeaycMaTpUBaeT
ONpEJENeHNEe BEPOSITHOCTA  Pa3BUTUSL  HeOnaronmpusTHeIX 3(QexkToB u
NOCIEACTBUM NMpHU AeHCTBUM (PAaKTOPOB OMACHOCTH MPU XPOHUUYECKOM, OCTPOM U
pedIeKTOPHOM BO3JCHCTBUM Ha OOBEKTHI JKMBOW TIPUPOJBI — YEIIOBEKa,

YKUBOTHBIX, pacTeHHUsI, Onochepy B 1IETIOM.
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Ta6bmuma 4.10. — 3HayeHus puUCKa XPOHUYECKOTO BO3JICUCTBUS Ha
HACEJICHWE U PEUTUHTH TOPOJIOB YKpPaWHbI, CBI3aHHBIE C YPOBHEM HETaTUBHBIX
Bo3eiicTBUU Ha HaceneHue B 2008 — 2012 romax

Puck xpoHuueckoro Panru roponos
I'opona .
Vipaumsi BO3/ICHCTBHS Ha HaceneHue R 110 YPOBHIO pUCKa
2008 2012 2008 2012

AJTueBcK 0,000590 0,000223 5 8
Bunnura 0,000000 0,000001 45 42
['opnoBka 0,000749 0,000402 3 7
J13epxuHCK 0,000606 0,000620 4 4
JHenpoa3ep>KUHCK 0,000062 0,000181 15 11
J{HenponeTpoBck 0,000179 0,000190 12 10
Jlonenk 0,002921 0,001299 1 3
EnaxueBo 0,000584 0,000402 6 6
Kuromup 0,000032 0,000030 18 19
3anopoxbe 0,000079 0,000158 13 15
NBano-OpaHKOBCK 0,000009 0,000002 30 40
Kuen 0,000032 0,000479 19 5
Kupoorpan 0,000013 0,000010 24 30
KpacHormepekornck 0,000301 0,000179 9 12
Kpusoii Por 0,000241 0,005612 10 1
Jlucuuanck 0,000008 0,000007 31 34
Jlyranck 0,000000 0,000000 48 43
JIbBOB 0,000003 0,000004 33 36
MakeeBka 0,001338 0,001523 2 2
Mapwuymoins 0,000009 0,000015 29 22
Huxonaes 0,000000 0,000000 49 44
Onecca 0,000005 0,000013 34 24
[TonraBa 0,000002 0,000004 42 37
PoBHO 0,000003 0,000000 37 50
PybexHoe 0,000030 0,000030 20 20
CeBepo1oHEIIK 0,000008 0,000007 31 33
CyMMBI 0,000016 0,000006 23 35
TepHOMIONH 0,000003 0,000003 38 39
Yxropon 0,000004 0,000001 36 41
XapbKoB 0,000000 0,000000 47 48
XepcoH 0,000479 0,000072 8 18
XMETbHULIKUI 0,000492 0,000159 7 13
Yepkacchl 0,000001 0,000000 44 45
YepHOBILIBI 0,000000 0,000000 53 51
YepHuros 0,000078 0,000030 14 21
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Tabmuua 4.11. — 3HaueHus pHUCKAa XPOHMYECKOTO BO3JIEUCTBHS Ha
HaceJeHUEe W PEUTUHTH KpymHEHImX ropojoB Poccuu, cBsiz3aHHbBIE C YPOBHEM
HEraTUBHBIX BO3/ICWCTBHI HAa HAaceJICHUE

Puck xpoHuueckoro Panru roposios
TI'opona N
Poccrit BO3JICHCTBUS Ha 10 YPOBHIO
nacenenue R (2012) pHCKa
ActpaxaHb 0,000003 21
Bapuayn 0,000011 14
BiagusocTox 0,000038 4
Bonrorpan 0,000010 16
Boponex 0,000313 1
ExarepunOypr 0,000020 6
MoxeBck 0,000000 33
HpkyTck 0,000012 13
Kazaub 0,000059 2
KemepoBo 0,000005 19
Kupos 0,000000 34
Kpacnonap 0,000014 11
KpacHosipck 0,000009 17
Jlunenx 0,000000 26
MockBa 0,000017 8
Hwxuuii Hosropon 0,000003 22
Hosoxky3Hernk 0,000016 9
Hosocubupck 0,000013 12
OmMck 0,000000 32
OpenOypr 0,000005 20
Ilensa 0,000001 25
[Tepmb 0,000000 30
PocroB-Ha-Jlony 0,000007 18
Psi3anb 0,000000 31
Camapa 0,000000 27
Cankr-IlerepOypr 0,000038 5
CapatoB 0,000010 15
TonpsarTa 0,000001 24
Tyna 0,000000 35
TromeHnn 0,000015 10
VY IBIHOBCK 0,000049 3
Ya 0,000002 23
XabapoBck 0,000018 7
YenssOuHCK 0,000000 28
Spocnanb 0,000000 29
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I'maBa niaras

IPUKJIAJHBIE 3AJTAYM KOMIIJIEKCHOM OLIEHKH
IMPUPOAHO-AHTPOIIOI'EHHBIX CUCTEM

5.1. O6mast MeTOANKA KOMIIIEKCHOM OIIEHKH
U MHOTOIIAPAMETPUYECKOT0 PAHKMPOBAHMS COCTOSTHUI CHCTEM

Baxuelmmu nipobiieMamMu, CTOSIIMMU MEPE T'€OIKOJIOTUEH, OXpaHOil
OKpYXarolenh cpenbl, ro0aTUCTUKON, YpOAHUCTUKON U OMOJIOTUEH, SBIISETCA
OLIEHKA COCTOSIHHMSI MPHUPOJHBIX, COUUAIBHO-3KOHOMUYECKUX, IKOJOTHUYECKUX,
ypOaHU3UPOBAHHBIX, TEXHOTEHHBIX CHCTEM PA3IMYHOIO HEPAPXUUECKOTO
YPOBHSI, YCTAHOBJIEHHE 3aKOHOMEPHOCTEW W TEHJICHIMWA WX Pa3BUTUA U
MMPOTHO3UPOBAHUE TUHAMHYECKUX MPOIECCOB, CBSI3AHHBIX C UX IMOBeAcHUEM. B
3TOM IUIJAHE OCHOBHBIM HHCTPYMEHTOM aHAIU3a SABJSIOTCS  METOMBI
KOMIIJIEKCHOM OLIEHKH U OLIEHKH PUCKA.

Ha mnpaktrke 1enb KOMIUIEKCHOW OLEHKHU IPUPOLHO-aHTPOIIOTCHHBIX
CUCTEM 3aKJIFOYAeTCsl B OLEHKE COCTOSIHUSI CHUCTEM II0 COBOKYIIHOCTHU
[I0Ka3aTejaed Ha OCHOBE YCTAaHOBJICHUS WX COOTBETCTBHUS ONPEACICHHBIM
YPOBHSIM WJIA HOPMaM, BBISIBICHUM 3HAYMMBIX MPUPOIHBIX, AHTPOIMOTEHHBIX,
COITMAIbHBIX, YKOHOMUYECKHX M OMOJOTMYECKUX (DAKTOPOB M OMACHOCTEH U
OTpEeICICHUH MacIITa00OB U MHTEHCUBHOCTHU WX TIPOSIBJICHUS U BO3/ICHCTBUSI.

[Ipu pemieHnn NpUKIAAHBIX 33Ja4 B OCHOBY MOJIEJIEN ISl KOMILJIEKCHOU
OIICHKH U OIICHKU PUCKOB MOTYT OBITh TOJIOKEHBI BBIYUCITUTEIILHBIE aJITOPUTMbI
JUISL OIPEJIECIICHUSI CTATUCTUYECKOM BEPOSITHOCTH COCTOSIHUWA CUCTEM M TEOPUS
KOMIUJIEKCHOM OLICHKHM, MNPEAJIOKEHHAas B MNPEAbIAYIIMX IJaBaxX JIAaHHOM
MoHorpadguu. CTaTUCTUYECKHE BEPOSITHOCTH OMNPEACSIOTCS MO MacCHUBaM
OMBITHBIX JAHHBIX [JI CJIOXHBIX COOBITHH OJHOBPEMEHHOI'0 HAOJI0ACHUS
HECKOJIbKMX TOKA3aTeyied, KOTOPbIE WHIWKATUBHO XapaKTEPU3YIOT Pa3BUTHE
ropoAOB, CTPAaH WJIH TEPPUTOPHUIl. ITO MO3BOJSET YUUTHIBATH BEPOATHOCTHBIC
3aKOHOMEPHOCTHU PACHPEACIIEHUS JAHHBIX, OTPAXKAIOIIUX COCTOSHUE U3y4aEMBbIX
CUCTEM.

C y4eToM BBINOJHEHHBIX UCCIAEIOBAHUN 00Ias METOIMKa KOMIUIEKCHOM

OLIECHKM M MHOTOIIAPAMETPUYECKOTO PAaHKUPOBAHUS COCTOSHUM MPHUPOIHO-
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AHTPOIIOT€HHBIX CUCTEM BKJIFOUAET CIEAYIOLIYIO MTOCIEI0BATEIbHOCTh ITANOB U
UCITOJIb3YEMbIX METOJIOB.

1. Ha nepBom stane gopmupyercsi 000CHOBaHHasi CUCTEMa IMOKa3aTesei
MIPUPOTHO-aHTPOIIOTEHHOW CHCTEMBI, C HCIOJb30BAHUEM KOTOPBIX BO3MOYKHA
MOJIHAasl U JOCTOBEPHAsl XapaKTEPUCTUKA COCTOSIHUM M3y4aeMON CHCTEMBI. DTH
MOKa3aTeIu  OMPEACNSAIOTCA  CIOXHMBIIMMUCA B HAYYHOM  COOOIIECTBE
NPEACTABICHUSIMU O TIOBEJACHHM M3Yy4aeMOW CHCTEMBI, JHUTEPATYPHBIMU
JAHHBIMH, UMEIOIUMUCS 0a3aMu KOJIMYECTBEHHBIX JAHHBIX, KOPPEISAIUOHHBIM
aHAJIM30M HCIIOJIb3YeMON MH(POPMALIUU UM JPYTUMHU METOJAMU YCTaHOBJICHUS
HaubOoJee 3HAYUMBIX MIEPEMEHHBIX. KommiekcHast OLICHKA u
MHOTOIIapaMeTPUUYECKOE PAaHKUPOBAHUE COCTOSIHUM 0OBbEKTOB OCHOBBIBAETCS Ha
UCIIOJIb30BAaHUMU JIAaHHBIX TOKazareneld. Tak Kak MpeIoKEHHbIE METOJAbl HE
OrpaHUYMBAIOT KOJIMYECTBO H3Yy4Yae€MbIX OOBEKTOB M MX MOKa3areied, To
ucxojHas MHGOpMaIMs MOXET BKIIOYaTh OT JIECATKOB JI0 COTEH IMOKa3aTeseu
pa3BUTHS TMPUPOJHO-AHTPONOTE€HHBIX cHCTeM. IIpy u3ydeHUM pa3Tu4HbIX
aCIeKTOB Pa3BUTUS CUCTEM C 1LeNbi0 3(P(GEKTUBHOCTH aHajan3a HH(QOpMAaIUU
00paboTKa JaHHBIX U MOUCK 3aKOHOMEPHOCTEN OCYIIECTBIISIETCS MO TPYIIIaM U3
Tpex — MATU nokazareneil. [Ipu 3ToMm HEOOXOAUMO CTPEMUTHCS K TOMY, YTOObI
UCIIOJIb3yEeMble aTPUOYTHUBHBIE IMOKA3aTENH OTINYAIUCh HMH(POPMATUBHOCTHIO,
3HAYMMOCTBIO M BapUAOEIbHOCTHIO, U B COBOKYITHOCTH OBUIM JTOCTATOYHBI IS
KOMILJIEKCHOTO ONUCAHUsI COCTOSIHUSI CHUCTEMBbI B ONPENEIEHHOM €€ AaCIEKTe.
Takke cnemyeT y4YWTBIBaTb, 4YTO YBEJIMYEHUE 3HAYEHUHM HEKOTOPBIX
nokazaTresied MOXKEeT MPHUBOIUTH K YJIYyULICHUIO KauecTBa OOILEro COCTOSIHMS
cucteMbl. B CBOKO ouepeib, yBEIIMUEHUE 3HAUEHUN JPYTUX MMOKA3aTEIe MOXKET
JaBaTh MPOTUBOMOJOXKHBINA 3(hPexT. MoryT ObITh TakKe MoKa3zaTeiau, KOTOpbIE
CJIO’KHO OJJHO3HAYHO OTHECTH K TOM MJIM MHOM KaTETOPHUH.

2. Jlanee coctaBisieTcss 0a3a JaHHBIX TMOKa3aTeled U WUHAUKATOPOB IS
OMPEJENICHHOrO0 BUJA MPUPOJHO-AHTPONIOTEHHOM CHUCTEMBI, B KOTOPOM
u3ydaembie OOBEKTHI U WH(MOPMAIUS 0 HUX MPECTABISETCS CTPOKAMHU TaOJIHIL
0a3bl JaHHBIX, a MMOKA3aTeJH, OMPEICIIAIONINE COCTOSIHUSI 0OBEKTOB CUCTEMBI, —
KOJIOHKaMH Tabiui. Pasznuusple TaONMIBI  COOTBETCTBYIOT — Pa3IUYHBIM
MOMEHTaM BpeMeHU cOopa MH(OpMAIMK O COCTOSIHUM CUCTEeMBI. Bee siueiiku

MAacCCHBOB JIOJDKHBI OBITh 3alOJIHEHbl KOJIMYECTBEHHOW HHGOpMaluei, npu
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OTCYTCTBUM 3HAUYECHUM T[OKA3aTeJIe MPOBOJAUTCS  HUHTEPIOISALMS  WIIH
AKCTPAIOJISALNS JAaHHBIX PA3JIMYHBIMUA METOAAMHU.

3. Ha cnenytomiem stane BbiOMparoTcs Hanbosee XapakTepHble COObITHS,
KOTOpPBbIE CBOWCTBEHHBI M3y4a€MOM MPUPOJHO-AaHTPOIIOTEHHOM CHUCTEME U
KOTOpPbIE B OIPEACICHHOM AacClEeKTEe MOTYT XapaKTE€pU30BaThb COCTOSHUS
OOBEKTOB B IMpPOLIECCE UX M3MEHEHHUS U pa3BUTHUS. B kadecTBe Takux COOBITHIA
paccMaTpUBAIOTCSl CaMbl€ pa3HbIC CIOXKHBIE COOBITHS (KaK OMAcHbIE, TaK U HE
OMACHBIE), KOTOPBIE XAPAKTEPU3YIOT HM3MEHEHHSI B COCTOSHHUSIX CHCTEM,
OCOOEHHOCTH TMOBEJEHUS ITUX CUCTEM WJIM HEKOTOPbIE CUTYallUH, CBSI3aHHBIE C
HaOJIOZICHUEM OMAacCHBIX W HETAaTUBHBIX COOBITHI WM HaHECEHUEM yiiepoa.
Takke BBIIENSAIOTCS COBMECTHBIE COOBITHSI OJHOBPEMEHHOTO HAOJIIOICHHUS
aTpUOYTUBHBIX MOKa3aTesield, OTHO3HAYHO XapaKTEPU3YIOIIHNX B ONPEIEICHHOM
aCIeKTE COCTOSIHUSI M3y4yaeMOW cucTeMbl Mo (haKTy H3MEHEHHUSI BBIOpPaHHBIX
CBOMCTB. BeposITHOCTH 3THUX COBMECTHBIX COOBITUN OMPENEISIOT BEPOSITHOCTD
COCTOSIHUSI ~CHUCTEeMbl. BpIOMparoTcsi METOABl  OIEHKH  CTaTUCTUYECKHUX
BEPOSITHOCTEM COOBITHH, KaK JIsl pa3TUYHBIX XapaKTEPHBIX COOBITUHN, TaK U JIJIS
COBMECTHBIX COOBITHI HAOJIIOIEHUSI CBOMCTB CHCTEMBI.

Teopernueckn WM AJITOPUTMHUYECKUM  MYTEM  ONPEACIAIOTCA
BEPOSTHOCTU PA3TUYHBIX COOBITUH U MIIYTCS CBSI3U MEXAY BEPOSTHOCTIMHU
OTHUX COOBITHH C WCIIOJB30BAaHHEM METOJOB MHOYKECTBEHHOM JIMHEHHON H
HEJIMHEWUHOW PETPECCUMN.

4. Jlanee wu3y4aroTci OCOOEHHOCTHM TOW WM WHOW MPHUPOIHO-
aHTPOIIOTEHHON CHUCTEMBI U (POPMYITHPYIOTCS CIIOCOOBI 3a/laHUs KOMILIEKCHOTO

nHAekca | :T(pl, p2,...,pn) Ha OCHOBE BBIOpAHHBIX aATPUOYTHUBHBIX

nmokaszarejieid, BXOIAMIMX B 0a3y MAaHHBIX JIAHHOTO BHJA IPUPOHO-
AHTPOITIOTEHHOW CUCTEMBI.

Jlns  HamboJiee TIOJHOM OLEGHKM MOTYT 3a/JaBaThbCsl  Pa3IudHBIC
KOMIUIEKCHbIE WMHJIEKChl M B JajbHEWIlIEM HMX OKOHYATENIbHBIM BBIOOp OyneT
OCYIIECTBIISITECA MCXOJIl U3 KPUTEPUEB HAWIYUIIETO MPHUOIMKEHUS OMBITHBIX
JJAHHBIX W TPUMEHEHUS BapUaTUBHBIX pacueToB. CkansipHOe TOJIE
KOMITJIEKCHOTO HWHACKCAa (POPMUPYET Cpeny MOJCITUPOBAHUS I H3y4aeMOM
MIPUPOJHO-AHTPOIIOTEHHOW CUCTEMBI.

B TeopernueckoMm IMiaHe Ha JA@HHOM JTale€ Ha OCHOBE aTPUOYTHMBHBIX

nokasarened (GopMupyercs TpexX, YEThIpeX WIH MSITUMEPHOE IPOCTPAHCTBO
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KoopauHaTt (pl""’pn)’ B KOTOPOM BO3MOIKHBIC COCTOAHHA I/I?)y‘{aCMOﬁ CUCTCMbI

(Bce O0OBEKTBI) 0O0pa3ylOT HEKOTOPYI0 0O0JacTh, OXBATHIBAIOIIYIO BCE
HaOmoaeMbple TOYKM Oa3bl JaHHBIX. B JaHHOM MpPOCTPaHCTBE COCTOSHUE
KOKIOT0 OOBEKTa MpPEACTABISIETCS MHOIOMEpHOM Toukoil. Ha ocHoBe
KOMILJIEKCHOTO HMHJIeKca T  pa3pabaThiBaeTcsi MaTeMaTH4ecKas MOJEIb
BEPOSITHOCTHOTO MpOCTpaHcTBa. (CUMTaeTcs, YTO OMNBITHBIE TOYKU U3 0a3bl
JAHHBIX SIBJISIIOTCS OTPAaHUYEHHOW BBIOOPKON HAOMIOACHUM U3 HEKOTOPOil
TE€HEPAIBHOM COBOKYITHOCTH MHOYECTBAa COCTOSIHUM OJHOTHIHBIX OOBEKTOB,
KOTOpbI€ (POPMUPYIOT JAaHHYIO IPUPOAHO-aHTPOTIOTEHHYIO CUCTEMY.

5. Ha cnenyromem 3rtane HM3y4arOTCs CBA3UM MEXKIY BEPOATHOCTIMHU U
MOKAa3aTeNIIMA COCTOSIHUSI CUCTEMBI C YYETOM 3aBUCUMOCTEH, NMPUBEICHHBIX B
TEOPETUYECKUX YacTAX JaHHOW MoHorpaduu. CTaTUCTUYECKUM aHaJIU30M
YCTaHABJIMBAIOTCSI PErPECCHOHHBIE 3aBHCHUMOCTH, XapaKTEPU3YIOIIHE CBS3b
CTaTUCTUYECKON BEPOSTHOCTH COCTOSIHUSI CHCTEMBI C KOMIUIEKCHBIM HHJIEKCOM.
OTO MO3BOJISIET YCTAHOBUTH PA3JHMYHBIE BEPOATHOCTHBIE paCIpEACIICHHUS,
XapaKTEepU3yloIIMe u3ydaemyro cucteMy. MWMiyTcs Takke 3aBUCHUMOCTH,
ONPEIEISIIONINE CBSI3b BEPOSITHOCTU COCTOSIHUS CUCTEMBI C aTpUOYTHMBHBIMU
NOKa3aTesIMM U BEPOATHOCTSIMHM  PA3jIMYHBIX XAapaKTEPHBIX  COOBITH,
CBOMCTBEHHBIX M3y4aeMOW MPUPOJHO-aHTPOIIOICHHOW CHCTEME. JTO OJHMH U3
Haubosiee TPYIOEMKUX ATAIOB UCCIENOBAaHUsA, TaK KaKk TpeOyeTcsl MpOoBeICHUE
3HAUMUTEJIBPHOTO YHUCJIA BapUAHTHBIX pAacyETOB JUIsl PAa3IUYHBIX [EpEUHEH
aTpUOYTUBHBIX TMOKa3aTeled, pa3HbIX XapaKTEPHbIX COOBITUH U BBIOPAHHBIX
KOMILJIEKCHBIX ~ HHJIEKCOB. JauHplii  3Tam  MO3BOJISIET  HAXOJUTh
(E€HOMEHOJIOTMYECKOE KOHCTAHTBI, XapaKTEepPU3YIOLIME MpPOLECChl M3MEHEHUs
COCTOSIHUW IPUPOJHO-AaHTPONOTEHHBIX CHUCTEM, JUIA 4YEero NPHUMEHSIOTCA
pazau4HbIE  METOABl  CTAaTHCTHMYECKOrO0  aHajlu3a  JaHHBIX. TOYHOCTH
pa3paOOTaHHBIX MoOJENe MpOBEpseTCsl IyTEM CpaBHEHMsI Ppe3ysbTaToB,
MOJIYYEHHBIX HA OCHOBE PACUYETHBIX 3aBUCUMOCTEMN, C ONBITHBIMU TAHHBIMHU.

6. anee popMynupyroTcsi mpakTUYECKHE METOAbl KOMIIJIEKCHOW OLICHKU
¥ MHOTOMAapaMeTPUUYECKOTO PaHKUPOBAHUS MPUPOIHO-AHTPOIIOTEHHBIX CUCTEM.
Hcxonsd w3 BBITOJHEHHBIX TEOPETHYECKUX HCCIENOBAHMM W TOJYYEHHBIX
YpaBHEHUH, ONpPENeNsIIoTCs (PYHKIMM COCTOSHUSI B BHUJE DSHTPONUU U
NOTEHLMaNda COCTOSIHUS cHUCTeMbl. JlaHHBIE (QYHKIMU TNPEACTaBISAIOT COOOM

MHOTOMCPHBIC TIIOBCPXHOCTHU YPOBHSA HW KOOPAUWHATHBLIC JIMHUHU B JIMHEHHO
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peoOpa3oBaHHOM BEPOSTHOCTHOM MPOCTPAHCTBE, CBOMCTBEHHOM H3y4aeMOM
0aze maHHbIX. |1 BceX OOBEKTOB OCYIIECTBISIOTCS MPAKTUYECKUE PACUETHI,
UCIOJIB3YIOTCS ~ MOJENM  KOMIUIEKCHOM  OLEHKM M YCTaHaBIMBAIOTCS
3aKOHOMEPHOCTH U OCOOEHHOCTH ONACHBIX COOBITUI U MPOLIECCOB, OLIEHUBAETCS
PUCK TaKUX COOBITUH, UCXOMS U3 ONpPEACICHUS BEPOSITHOCTU U CBSI3EU MEXKITY
BEPOSITHOCTSAMH pa3IMyHbIX coObITHH. Ha mocnenHem stane mo SHTPONUU MU
NOTEHIMATY COCTOSIHUSA, a TaKKE€ PHUCKAM COOBITUH, OMPENENSIOTCS paHTU
OOBEKTOB M OCYILIECTBISETCS MHOTOIIAPAMETPUUYECKOE PAaHKUPOBAHUE OOBEKTOB
BCEH CUCTEMBI JJIsl pa3JINYHbIX ACTIEKTOB UX Pa3BUTHS.

Ilenp yeTBepTOl M NATOW TIJIaB MOHOTrpauu HampapieHa Ha TO, YTOOBI
[I0OKa3aTb  YHUBEPCAIBHOCTh IMPEMIOKEHHOM METOAMKM U1  PELICHHUS
PaKTUYECKUX 3a/ady KOMIUIEKCHOW OLEHKH pa3JIMYHbIX BHJIOB CHCTEM.
[IpumMeHuM JaHHYI0 METOJMKY K PpELICHUIO MNPUKIAIHBIX 3aJad OLEHKU
pPa3BUTHS TOPOJOB, CTPAH U JIPYTUX HMPUPOJHO-aHTPOIIOIEHHBIX U COIMATBHBIX

CHCTECM.

5.2 KoMiiekcHasi OLEHKA COCTOSIHUSI M pa3BUTHA ropoaos EBponbl u Mupa

B konne XX Beka IMOCTENEHHO CIOKMIACh HOBAsi UAEOJIOTUS TOPOACKOTO
MJIAHUPOBAHUSI, B KOTOPOM YCJIOBUS JKM3HU B TOPOJIE€ U YBAKEHHUE K UETIOBEKY
UTPAIOT KJIIOYEBYIO poOJib. MHoOrHe OOoJbIliie U Malible TOpOJa SBISIOTCS
COMCKATEIISIMU CTaTyca «3€JIeHble TOpoJa IUJIAHEThD» U CTPEMSITCS IONacTh B
MEPEYEHb CaMbIX 3€JICHBIX TOPOAOB Mupa. [IoHsATHE «3eleHbIi TOPO» CEroIHs
CBSI3aHO C (POpMHpPOBAHUEM OMPENCICHHOW TEpPeJOBOM CTpaTeruu pa3BUTHUS
ropooB MU MX YCKOPEHHOIO CTPOUTENILCTBA C  YYETOM  CO3JIaHUS
BBICOKOKAQYECTBEHHOM TOPOJICKOM CpeIbl.

Ceronnst u3 0ojnee yeM 2,5 MUJUIMOHOB HACEIEHHBIX MYHKTOB 3€MJIH,
MMEIOUIMX CTaTyC ropojia, MPU3HAHHBIX «3EJIEHBIX TOPOJOB» HACUUTHIBACTCS
yyTh Oonee 150, mpuyuemM nx ocHOBHOE KonudecTBO (moutu 120) HaxoguTcs B
3anagnoit EBpome um CeBepnoii Amepuke. Ha ¢oHe 3eleHBIX TOpOJOB yKe
dbopmMuUpyeTCsl MaJOYUCIIEHHAs TPYIINa HACEICHHBIX MYHKTOB, KOTOPHIE OTHOCST
K 3€JIeHbIM Tropojam Oynaymiero: Macnap (AOy [labu, OAD), [Hourran u
Tsaubi3uns (Kutait), Bukropus (Kanaga).
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Hano orMeruTth, 4TO ropoAa pa3BUBAIOTCS PA3TMYHBIMU TEMIIAMHU.
CoBpeMeHHbIII MUp YpOAaHU3UPOBAH, PUTM M KA4EeCTBO TOPOACKOM KU3HHU C
KaXJIBIM TOJ0M IpHUBJeKaeT Bce Oombie u 6ombie moaei. B 2007 roxy 50%
HaceleHus 3eMJIM MPOXKHUBAJIO B Topoaax, K 2050 romy mossi ropojicKOro
HacesneHus: coctaBuT 70%. 'opoga notpedsitor 67% MUPOBOro MPOU3BOJICTBA
DHEPrUu, Ha UX 00 npuxoauTtcs 10 70% Bcex BBIOPOCOB MapHUKOBBIX ra30B U
noutu 80% otxonoB. Han kpynHsiMu ropogamu atmocdepa cojaepxut B 10 pa3
Oonpiie mpuld U B 25 pa3 Oonbllie BpeAHBIX Ta30B. VIMEHHO MOATOMY
CTpaTETUYECKOE TOPOJCKOE MJIAaHUPOBAHUE CTAHOBUTCS BCE OOJIEe aKTyallbHBIM
A HEOOXOIUMBIM.

CeronHst y>xe BUAHBI KOHTYpHI TJI00aIbHBIX IpoOsieM ropoaos. Bee stu
poOJIeMbl pelIaeMbl, €CIU YIENAETCS IMOBBIIICHHOE BHUMAHUE K YEJIOBEKY.
['opoxa mist moziei AOJKEH ObITh 3€JIEHBIM, JKUBBIM, 0€30MacHBIM U 370pPOBBIM
MECTOM JUISl JKU3HU. B  «3eneHpIX Tropojax» MHOTO BHUMAHHUA YIETSIOT
Pa3BUTHIO PA3HOIUIAHOBOW 3KOHOMHUKH M TOPOACKOTO XO35HCTBA, KAayECTBY
TOPOJCKOW KM3HM M O3€JIEHEHUIO, 3JI0POBBI0 M OTHABIXY HAacCEJICHMS,
COBEPILICHCTBOBAHMIO OOIIECTBEHHOT'O TpaHCIoOpTa " CHUKEHUIO
MHTCHCUBHOCTH JIBWKEHHUS aBTOMOOWJIEM, 4YMCTOTE BO3AyXa M BOJOEMOB,
pacCHIMpPEHNI0 OOIIECTBEHHBIX IPOCTPAHCTB M TMEMIEXOJHBIX 30H, PEIICHUIO
HKOJIOTHYECKUX MPOOIIeM U 00ecTIeueHNI0 0€30IMaCHOCTH BO BCEX €€ ACTEKTaX.

Kaxxnplil mpu3HAaHHBIA 3€JE€HBIA TOPOJ MHpPa UMEET CBOUM CaMOOBITHBIE
0COOEHHOCTH.  PeHKBbSIBUK  CTPEMUTHCA  CTaTh  CaMbIM  YUCTBIM U
sHepro3ddexTruBHBIM ropooM EBpomnsl, [lopTiens cunraercs ropogoM Mys3ees,
TEaTpoOB, PO3 W MAPKOBBIX auiei. bpasunbckuii ropon Kyputuba crnaBurcs
CBOEI CHUCTEMOI OOLIECTBEHHOI'O TPAHCIOPTa U 3€JICHBIMU HACAXKICHUAMH, A
Manbme (I1IBeuns) uzBecTeH nmapkamu U 00pa3lOBbIM TOPOJICKUM XO3SIICTBOM.
Kananckuii BankyBep Npu3HaH OJHUM U3 CaMbIX KPACHBBIX M 0JIarOMOJy4YHBIX
roposioB mMupa, a KomeHrareH oOT/JM4aeTcsi HaJIMYMEM MHOKECTBAa MY3€EEB,
VCTOPUYECKHUX JIOCTONPHUMEUYATEIbHOCTEN M 3aCIyKEHHO CUYUTAETCA CaMbIM
«BEJIOCUIIETHBIM» TOpoioM EBpomnsbl.

Kaxnpi u3 3eneHbIX TOpoJOB IMpEyCHen B OOHOM WM HECKOJIBKHUX
00JacTsIX TOPOACKOTO CTPOUTENBCTBA, OJAroyCTpOMCTBA WU CQEpbl YCIYT.

Hcxons u3 ux ycnexos, cerofHsi copMupoBad oOpa3 ropoja, KOTOphId Oyner
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yIOOHBIM W KOMGOPTHBIM ISl KWU3HHM Jrofed. B Tabmmie 5.1. mpuBeneHsI

HCKOTOPBIC XaAPAKTCPHUCTHKU 3CIICHBIX I'OPOJ0B EBpOHBI " MHUpa.

Tabmuua 5.1. — 3eneHsle ropoja — JIydllle AOCTHKEHUS B IOJMTHKE

IPalOCTPOUTETHCTBA
[Toka3zarens WM KpUTEpU 3HayeHue T'opon
Ko11-BO 3€JICHBIX HacaICHHUIA Ha | sxuTens, M 125 Can-OpaHIICKO
Basnoseie BeiOpocsl CO; Ha 1 xuTensi, TOHH 2.2 Ociio
JKwurenu, ncnone3yromue o0IIECTB. TPAaHCIOPT, %o 75 Kypurub6a
Kurenu, UCHONB3YIOIIKUE BEJIOCUTIEBI, %o 50 Komenraren
Kurenu, nepenBuraromuecs nemkom, % 37 Bapcenona
Jlomnst BO30OHOBIISIEMBIX SHEPTOPECYPCOB B
sHeprobanance ropoaa, % 90 Bankysep
[IpoTsKeHHOCTD BEIOJOPOKEK Ha 1 )KuUTENs, KM 0,35 Komnenraren
[ToTpebnenue BobI, M°/4€IL. ToJ 53,5 AwmcTepaam
HUKE

KauectBo Bo3nyxa, cpaBuenue ¢ Hopmamu EC no 4

0e301acHOro Bunphuyc
BPE/IHBIM BEIIIECTBAM

YpOBHS

Jloiis mepepabaTbIBaeMbIX OTXOM0B, %o 43 AMcrepaam
KomaecTBOBO MECT B YIUYHBIX Kade B IIEHTPE Kormenraren
ropoza, ThbIC. CH/KM 5—6 Meﬂb6ypH
KomnunuecTBo xuteneid, JOBOJIBHBIX CBOUM TOPOAOM, %o 99 Kypuru6a

['opona B pa3inMyHBIX perMoHaX MUpPA CHJIBHO OTJIMYAIOTCA MEXIy cOO0M
0 YHMCJIEHHOCTH HaceleHus, HUHQPACTPyKType, [0XOAaM, CTPYKTYpe
MPOMBIIIUICHHOCTH W cepbl ycnyr, 3()PEeKTUBHOCTH BEACHUSI TOPOJCKOTO
X035MCTBa M YpOBHIO OjarococTtosHus. IIpu 3TOM OOJIBIIMHCTBO CTpaH MUpa
OpUEHTUpYyeTCcs Ha oOuien3BecTHble pedtunru Mercer Human Resource
Consulting u The Blacksmith Institute.

CerogHss B pPEUTUHr TOPOJOB MHpPA, KOTOPBIA BENETCS W3BECTHOMU
MEXKIyHApPOIHOW KOHCAJATHHIOBOM Kommanuen Mercer, monagaer 6osee 200
ropozioB. M3 pocCUUCKUX U YKPAWHCKHX TOPOJAOB B PEUTHUHIE NPUCYTCTBYIOT
tonbko MockBa, Cankt-Ilerepoypr u Kues. B 2012 rogy MockBa 1o ypoBHIO
KadyecTBa >KU3HU 3aHuMania 153 mecro, ropoga Caunkrt-IlerepObypr u Kues
cooTBeTCTBEHHO — 163 u 158 mecTo. [lo peltunry pa3BuTusi UHGPaCTPYKTYpPbl
Mocksa 3anumana 123, Cankr-Ilerepoypr u Kues coorserctBeHHO — 160 1 146

MECTa.
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B cBoto ouepenp Siemens (http://www.siemens.com/cities/) Benmet
EBponenckuii pEUTUHI 3€JIEHBIX TOPOJOB, HEKOTOPBbIE IIOKA3aTenu |
XapakTepUCTUKH EBpOneicKkux CTONMI] TpuBEIEHbl B Tabmuue 5.2
MeTtononoruss KOMIUIEKCHOM OLEHKH TopoioB EBpombl Oblia pa3zpaboTaHa
dbupmoii Economist Intelligence Unit coBmectrHo ¢ kopmopamueir Siemens. Mx
METO/IMKa OCHOBaHa MCKJIOYMTEIBHO HAa 3KCHEPTHBIX OLIEHKax. B mpouecce
OLICHOK PaccMaTpUBAINCh BOCEMb ACIIEKTOB pa3BUTUS TOPOJOB, ISl YEro
BBIJICTICHBl CIIEAYIOUINE KaTeropuu TIoKa3aTeleid B O0JacTAX: BBIOPOCHI
JUOKCHJIa YTJEepoAa; MOTPeOIeHNE SHEPruM; TOPOACKUE 3[aHMsl; TPAHCIOPT;
BOJIONIOJIb30BAaHNE; OTXOAbl M  3€MJICNIOIB30BAHHUE; KAayeCTBO  BO31yXa;
skonorudeckoe ynpasienue. lllectrannare u3 30 nokasarenei, HCIOIb3YEMBIX
st orienku uHaekca (City IndeX) sBIsSIOTCS KOJMYECTBEHHBIMHU, OCTAJIbHBIC —
kauecTBeHHbIE. JlaHHbIe cooTBeTcTBYIOT mepuony 2007 —2009 romos. UToOsbI
CpaBHUBATh JIAHHBIE BCE MOKAa3aTeId HOPMUPYIOT 1o mkane oT 0 o 10 6amos.
OOmmMii MHAEKC MOCTPOEH KaK KOJWYECTBEHHas CyMMa BCEX KaTeropuu c
yU4ETOM 3a/laHdsl BECOB, Ha3HAuEHHBIX 3kcrnepramu. [logpobHO MeTomosiorus

KOMILIEKCHOW OLleHKH TopozioB EBporisl puBeaeHa B otuete [131].

Tabnuua 5.2. — [TokazaTenu u XapaKTepUCTUKUA €BPOTIEHCKUX CTOIUI]

[Toxazarenb Uiy XapakTepUCTUKA Konetiy bep- Codus| Bap- Ocio | Pura |IIpara| Kues
rareH | JIMH n1aBa

Hacenenne, ThIC. ve. 504 | 3400 | 1200 | 1700 | 549 | 717 | 1200 | 2700

BBII Ha nymry HaceseHus 1o

MAPHUTETY MOKYATeILHOM 436 | 216 | 130 | 31,0 | 595 | 185 | 25,0 | 4,9

CIIOCOOHOCTH, ThIC. €BpO €
BasnoBbie BBIOPOCHI TMOKCHAA YT-
JiepoJia Ha AyIly HAaCeJeHHUs, TOHH
[ToTpebrienne sHEPTUH HA AYILY
HACEJICHUs, TUTa/KOYJIeH

Jloyst BO30OHOBIISIEMBIX HCTOYHH-
KOB DHEPIruH, MOTPeOIIIeMOi B 18,7 | 1,84 | 1,4 71 (648 | 7,1 1,0 0,5
ropoae, %

Hons rpaxiaH, nepeIBUraronxX-
cst o01IecTBeHHBIM TpaHcopToM,| 68,0 | 54,8 | 75,4 | 70,0 | 57,0 | 73,4 | 67,0 | 89,0
BEJIOCUIIEJAMH WU MEIIKOM, %o
CpenneroioBoe motpedieHue
BOJIBI HA JTyIITy HACEJICHMSI, M
Jlons mepepabaThiBaeMbIX
OTXO0I0B, %

54 | 66 | 43 | 63 | 22 | 40 | 81 | 41

80,6 | 77,7 | 80,7 | 49,8 | 94,8 | 69,2 | 67,2 | 87,2

147,0| 55,6 |188,5|180,8 |172,0 | 90,1 | 84,6 |265,6

23,6 | 35,0 0 193 | 26,6 | 8,0 | 13,8 0
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Ha ocHoBe pa3pabortanHbIXx MeTOzOB [4 — 5, 7,48, 49, 52, 53, 122, 123, 152]
IOCTPOUM aJIbTEPHATHBHYI0 METOJAMKY KOMIUIEKCHON OLICHKM W CpPaBHEHHUS
ropofgoB EBpombl 1o mokasarensiM ux pasButus [124, 131, 143]. [danHas
METOAMKA HE MCIOJb3YET OHKCHEPTHBIX MOAXOJOB IMpPU HCCICIOBAHUU
pa3HOIIaHOBOM MH(OpMAIMKM U OCHOBaHA Ha OOBEKTHUBHBIX METO/AaX aHalIM3a
JAHHBIX.

Bo3pMeM B KkauecTBe aTpUOYTHMBHBIX MEPEMEHHBIX JUJISI KOMIUIEKCHON
OLICHKM pPa3BUTHA roponoB EBpomnsl cienyromme nokasarenu: BBII ma mymry

HACEJICHUsl 10 IapUTeTy IOKYNaTeIbHOW CIOCOOHOCTH P;, THIC. €Bpo €;
BaJOBbIE BBIOPOCHI YIVIEKHCIIOTO Ta3a Ha Jylly HaceleHus pP,, TOHH/YEI;
CPEAHEroJJ0BOE NOTPEOICHNE BOIbI HA yIly HAaCEJIeHUs Pg, M>/aen.

Ha ocHOBe mepeMeHHBIX P, Py, P35 CHOpPMUPYEM  TpPEXMEPHOE
IIPOCTPAHCTBO KOOPJMHAT, B KOTOPOM BO3MOXKHBIE COCTOSIHUSI H3Yy4aeMOM

cucteMmbl (Bce ctonuilbl EBpombl) 00pa3ylOT HEKOTOpPYI0 00JacTh HS3,
OXBAaTHIBAIOIIYIO BCe HaOJI0/1aeMble TOUKH 0a3bl JaHHBIX. PaccMOTpuM clioxkHOE
COBMECTHOE COOBITHE OJIHOBPEMEHHOTO HAOJIOJICHUS YKa3aHHBIX BBIIIE TPEX
NoKaszaTelied M ONpENENINM, YTO COCTOSHUE KaXJIOT0 TIopoJa MOMXKET
OIICHUBAThCSl JTaHHBIM HaOII0/IaeMbIM CcOObITHEM. HaiiieM CTaTUCTHYECKYIO
BEPOSTHOCTh 3TOTO COOBITHUSI HA OCHOBE ONBITHBIX JaHHBIX, UMEIOIIUXCA B 0aze
naHHbix [131], ¢ Mcnosib30BaHWEM AJITOPUTMOB TPYNIUPOBKH U TOJCYETA
4acTOT OJAronmpuATHBIX COObITHH [5, 7]. CumTaeM MaHHYHO CTaTHCTHYECKYIO
BEPOSITHOCTh ~ BEPOSITHOCTBIO ~ COCTOSIHUSA ~ M3y4aeMOM  CHCTEMBI.  JTa
CTaTUCTHYECKasi BEPOATHOCTh W TMOJCUUTHIBACTCS BO BCEU TpyIre O0ObEKTOB
(o 30 roponam EBporibi).

3agaiM  aHAIMTHUYECKYI0 HEMpephiBHYIO (QYHKIUIO T, Ha OCHOBE
KOTOpoi Oyner (opMHpOBaTbCS MaTeMaTH4ecKass MOJENb BEPOSTHOCTHOIO
MPOCTPAHCTBA B BHUJE MEpPbl OTHOCUTENbHBIX M3MeHeHuil (3.4). Ucxoas us
PE3YIABTATOB TPETHEH TJIaBBI, MOTYUYUM, YTO SHTPOIUS COCTOSHUS B 3TOM ClIy4ae
Oynet npencraBieHa QpyHkiueln coctosuus Buaa (3.21), a mOTEHIMAT COCTOSTHUS
cucteMsbl B Buze GyHkuu (3.23).

ITonck HENMHEWHBIX CBA3CU MEXIAYy CTAaTUCTUYECKOM BEPOSITHOCTHIO
COCTOSIHUSI OOBEKTOB M MPHUHSATHIMU TOKa3aTEISIMU PAa3BUTHUSI TOPOJOB OynaemM
OCHOBBIBATh Ha HaxoXJeHHM 3aBucumoctu (3.41). BBemem B paccMmoTpeHue

3HAYCHHUA OIIOPHBIX HOKaSaTCHeﬁ, B Ka4YCCTBC KOTOPLIX IIPHUMCM IIOKa3aTCIIN
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ropozia, 3aHUMAIOLIETO IOCIeaHee MecTO B peutmHre — roponx Kues. B

pesyabraTe HONy4YMM  ciefyiomme paHHsie: Py =49 ThIC. eBpo €
Py, =41 Tonn/uem; P =265,6 M/gen. Ha OCHOBE NpPHBEICHHBIX TAHHBIX

NOJY4YHM OIOPHYK TOYKYy M, KOTOpas XapakTepu3yeT OOBEKT C CaMbIM

HU3KAM PEHTHHIOM Pa3BUTHS IO Bepcuu SIEMeNS.
CBsikeM BEPOATHOCTH W CO 3HAYEHUSMH IIEPEMEHHBIX B MAacCHUBE
OMBITHBIX JAHHBIX, B pe3yJbTare dYero OyaeM HUMETh CICAYIONIYIO

PErpeCCHOHHYIO 3aBUCUMOCTH BCJIMYMHBI W OT DHTPOIIMH COCTOSTHUS CUCTCMBI:

Prob(w)=-1444+5; s=0501-In| > |+1169-In| P2 |+0,858-In| P2 |. (5.1)
Py, P2, P3,

Koapdumment xkoppensuuu 3aBucumoctd  (5.1) coctaBunm 0,83,
pe3yabTarhl OOpa0OTKM JaHHBIX NpUBeAeHBI Ha pucynke 5.1. HcxomaHbie

ICPEMEHHBIC OTHOCHIIMCH K 3HAYCHUSAM [y , Py , P3, , KOTOPBIC COOTBETCTBYIOT
OIIOPHOMY  COCTOSHHMIO. M3  TIpUBEACHHBIX  JAHHBIX  BUAHO,  4YTO
(eHOMeHONOTHYeCKHe  KOHCTAaHTBl  C;,Cy,C3 UIA  HM3Y4aeMoro cirydas
COOTBETCTBEHHO paBHbl: C =0,501, c, =1169, c3=0,858. Kax Buagno wus

pucyHka 5.1, myteM mnpeoOpa3oBaHUsl KOOPJIUHAT HEJIMHEHHYIO 3aBUCUMOCTH

BEPOSITHOCTH MOXHO MPEACTaBUTh NPUOIMKEHHON JIMHEWHON (DyHKIIHEH.
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Pucynok 5.1. — 3aBUCMMOCTb CTATHCTUYECKON BEPOSATHOCTHA COCTOSIHUSL W OT

SHTPOINU S I COBMECTHO HaOIIOaeMbIX 3HAUCHUN NOKa3aTene Py, Py, P3
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Tabnmuma 5.3. — 3HaueHus SHTpoONHHM S, MOTeHHHMana P u pedTuHrH

ropozoB EBponbl, CBA3aHHBIE C YPOBHEM UX PA3BUTHS

Panru ropoaos 1o ypoBHIO

[Torennnan pa3BUTHUA
I'opona OHTponus
EBpOIEL, CTpas! COCTOSHISL S COCTOSIHUS COIJIaCHO COFJ'Ia.CHO MeTOo/1a
P MPETOKEH- Siemens,
HOT'O METOJIa City Index
Awmcrepaam, Hunepnansi 0,2685 140,8 6 5
Adwunsl, ['perus 0,5457 70,8 13 22
Benrpan, Cepbus -0,0838 10,7 29 28
Bepnun, I'epmanus -0,0420 37,0 22 8
bparucnasa, CnoBakus 0,0653 38,4 21 20
Bproccenb, benbrust -0,2656 201,3 3 9
Bbynanemr, Benrpus 0,2157 449 20 17
Bbyxapect, Pymbiaus 0,1043 30,1 23 29
Konenraren, Jlanus 0,9095 155,9 5 1
Hy6mnun, Upnanaus 1,4273 131,4 7 21
Xenapcunku, OUHAIHIUA 0,5659 229,7 2 7
CramoOyn, Typuus -0,8682 14,3 27 25
Kues, Ykpaunna 0,0000 0,0 30 30
Jluccabon, [lopryranus 0,5638 50,5 18 18
JIro6mana, CiioBeHus -0,3713 52,0 16 19
Jlonnmon, Auriaus 0,2039 165,3 4 11
Manpun, cianus -0,3107 48,9 19 12
Ocno, Hopeerus 0,1503 291,0 1 3
[Mapwnx, OpaHmms 0,4553 98,7 10 10
[Tpara, Uexus 0,6308 51,4 17 24
Pura, JlaTBus -0,2908 25,4 25 15
Pum, Utanus -0,2711 61,4 14 14
Codus, bonrapus 0,2503 11,6 28 29
CrokromabM, [1IBenus 0,5855 126,3 8 2
Tammuna, DcToHUs 0,0130 57,2 15 23
Bena, ABcTpus 0,2297 100,5 9 4
Bunsnroc, JIntsa -0,4852 18,7 26 13
Bapmaga, [Tonpra 1,0964 78,4 12 16
3arpe0, XopBaTus 0,2660 28,7 24 26
[{ropux, [IBetinapus 0,1082 84,7 11 6
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TakuM 00pasoM, B MPOCTPAHCTBE COCTOSIHHIT cucTeMbl H® MOxHO
NOCTPOUTh KPUBOJUHEHHBIE KOOPJAWUHATBHI, KOTOPBIE OMNPEAECISAIOT  IOJe
HaIlpaBJIEHUI, OTpa)karollee TEHJICHLHH, CBS3aHHBIE C Pa3BUTUEM TOPOOB
EBpomnbl. JlaHHble TOpoJa MOTYT OBITh PaHXUPOBAHBI MO COBOKYHMHOCTU
noKasaTelied pa3BUTHSL 3a CYET OIpeAesieHHs] TOTEHIMalla COCTOSHUS B

IIPOCTPAHCTBE NEPEMEHHBIX (PL, P2y P3)- KommekcHas OLICHKa

OCYHICCTBIICTCA IIYTCM  OIPCACICHUA IIOJIOXKCHHUA KaXIO0I0 TIropoJa B
KpHBOHHHeﬁHLIX KOOpIuHaTax JaHHOT'O IMpOCTpPaHCTBA C YUCTOM
CPCAHCCTATUCTHYCCKUX TGHIIGHHI/Iﬁ pa3dBUTHA  BCCX  T'OpOOOB. OHCHKa

OCYHICCTBILICTCA II0O OTHOIICHUIO K OHOpHOI?I TOYKC MO' Panru ropoaoB

YCTaHaBIMBAJINCh IO YOBIBAHWIO 3HAUEHUS [OTEHLIMAJa, PACCUUTAHHOTO
corinacHo 3aBucumoctu (3.23). Iloaromy, ¢ y4yeToM BEpOSITHOCTHON OIIEHKU
COBMECTHBIX COOBITHI, CBS3aHHBIX C OJHOBPEMEHHBIM HaOIIOJCHHEM
HECKOJIbKMX TOKa3aTeleil pa3BUTHS TOPOJOB, MOXKHO MPOBOAUTH UX B3aHMMHOE
CpaBHEHHE MEX]ly cCOOON Ha OCHOBE UMEIOIINXCS JAHHBIX.

W3 npuBeneHHOro mnpuMepa BHUIHO, 4YTO 0a3bl JJaHHBIX IOKa3aTesei
pa3BUTHSA TOPOJOB B KOMIUIEKCE C METOJaMH KOMIUIEKCHOM OLEHKH,
OCHOBAaHHbIMH Ha  OIpPENEJICHUH BEPOSATHOCTEH  COOBITUH, IO3BOJISAIOT
YCTaHOBUTH 3aKOHOMEPHOCTH ux pa3BUTHSA u OCYIIECTBHUTH
MHOTOTIApaMETPUIECKOE PAHKUPOBAHNE TOPOJIOB B MPOCTPAHCTBE HECKOIBKUX

OKa3aTeJIen.

5.3 KoMiiekcHasi OLlEHKA 3KOJ0TMYeCKOro coOCTOsIHUSA cTpad EBponbl

Teneps NPOWLTIOCTPUPYEM TPENTIOKEHHBIA METOJT KOMIUJIEKCHON OLIEHKHU
Ha TpuMmepe pa3pabOTKM METOJUMKH CpaBHEHHMs cTpaH EBpombl 1o
HKOJIOTHYECKUM mMokazarensiMm [47,52]. Bo3pMeM B KauecTBe aTpUOYTHMBHBIX
IIEPEMEHHBIX Ul OLICHKA pAa3BUTUS CTPaH CIEAYIOIIME DKOJOTMYECKUE

IMOKa3aTCJIn: CYMMApPHLIC BBI6pOCBI IMAPpHUKOBBIX I'a30B HAa AYyIY HACCICHUIA pl’

ToHH CO,-3KB./4e.; JOJII0 OXPAHSIEMbBIX TEPPUTOPHUI B OOIICH TIIOMATN 3EMIIH

Py, %; OO CENbCKOXO3SMCTBEHHBIX 3€MeNb B O0LIEH TUIomaau 3eMian Ps, %.

Jns perieHusi TMOCTaBJICGHHOW 3aJladyd BOCHOJIb3yeMcs Oa3zamMu JaHHbIX [38 —
40, 42, 47, 76].
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Ha ocHoBe mepeMeHHBIX Pi, Pr, P3  ChOpMHPYEM  TpeXMEpHOE

IIPOCTPAHCTBO KOOPJAWHAT H3 B KOTOPOM BO3MOXKHBIE COCTOSIHUSI M3y4acMOM
cucteMbl (Bce cTpanbl EBporbl) TeopeTndecku o0Opa3yroT HEKOTOPYIO 00JIacTh,
OXBaThIBAIOIIYI0 BCE HaOIIOJaeMble TOYKM Oa3bl JaHHBIX. B 3TOM ciydae
COCTOSIHHE Ka)XIO0HW CTpaHbl MOXXET OBbITh MPEICTaBICHO TPEXMEPHOW TOUKON

M(py, o, p3) B 9TOM MPOCTPAHCTBE.

PaccMoTpuM  CJIOKHO€  COBMECTHOE  COOBITUE  OJHOBPEMEHHOTO
HaOJIIOIEHUsT yKa3aHHBIX BbIIIE TPeX TIOKa3aTeled M ONpeAenuM, uTo
DKOJIOTHYECKOE COCTOSHME KaXJOW CTpaHbl EBPONBI MOXKET OLIEHUBATHCA
JaHHBIM HaOmrogaeMpiM coObiTHEeM. Halinem CcTaTUCTUYECKYH0 BEpPOSITHOCTh
3TOrO COOBITHSI Ha OCHOBE OMNBITHBIX JaHHbIX [47]. DTa craTHcTHYecKas
BEPOSITHOCTh W TOJICUMTBHIBAETCS BO BCEW rpymmne o0beKToB (1o 52 cTpaHam
EBporsl).

3agagum aHanmuTHYeckylo Gyakimmio T(p;, Py, P3), Ha OCHOBE KOTOpOI
Oyzaet popMHpOBaTHCS MaTeMaTHYECKasi MOJIENb BEPOSITHOCTHOTO TPOCTPAHCTBA

B BUJIC MEPBI OTHOCUTEIbHBIX U3MeHeHuH (3.4):

T= P P2 P3 _ (52)
Py, - P2, - P3,

Hcxons u3 pe3yiabTaTOB TPEThEH TJIaBbl, MOJIYYHM, YTO SHTPONHUS OyAeT

NpeacTaBieHa (PYHKIMEN COCTOSHUS BUIA:

P +C,-In P2 +C5-In Ps : (5.3)

s=¢;-In
Py, P2, P3,

a TIOTEHIINAJ COCTOSIHHSI OOBEKTOB:
2 .2 2 .2 2 .2
Pr =Py,  P2—=P2, P3—P3
= + + :
G C2 C3

JI714 moncka HEJTMHEHMHBIX CBA3E€M MEXKAY CTATUCTUYECKOM BEPOSTHOCTHIO

P (5.4)

COCTOAHMA CHUCTCMbI M O3KOJOIMYCCKMMH IIOKA3aTCIIIMKM  BOCIIOJIB3YyCMCA

METO/IOM PErPecCUr MPUMEHUTENIBHO K HAX0XKICHUIO 3aBUCUMOCTH (5.3).
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BBegem B paccMOTpeHHME  3HAQYEHHMS  ONOPHBIX  3KOJOTMYECKHX
nokasareneil. CyMMapHble BBIOPOCHI ITAPHUKOBBIX I'a30B Ha JIyIly HACEJIEHUS [y
10 cTpaHaM EBpoOnbI M3MEHSAIOTCSA B JOCTATOYHO MMPOKUX npeaenax ot 0,85 no
28,1 TouH CO,-3kB./yen. Ilpumem B KadecTBE OINOPHOTO 3HAUEHUS 3TOTO

TnoKasarells CpefiHee 3HadeHue mo crpaHam EBpombl, paBHoe p; =83 TOHH

CO,-3kB./uen. AHAJIOTMYHBIM 00pa3oM MNPUHUMAEM OIOPHOE 3HAYEHHUE II0

OXpaHsfeMbIM TeppuropusiM P, =10,9 % (nuanason usmenenus ot 0,5 1o

40,1 %), a MO0 CEIbCKOXO3SMCTBEHHBIX 3¢MelIb B OOIICH IUIOIIAAN 3eMIIA —

P3, =488 % (amamason wmsmenenus ot 3,0 mo 77,0 %). Ha ocHose
MPUBEACHHBIX JTAHHBIX TIOJYYUM OIIOPHYIO TOUYKY Mo(plo, P2, » p30), KOTOpas

XapaKTepu3yer HEKOTOPBIN O00BEKT co CPEAHECTATUCTUUECKUMU
XapaKTEPUCTUKAMMU.

CBs>KEM BEPOSITHOCT W CO 3HAQUYEHUSMU I[IEPEMEHHBIX B MAacCCHBE
OMBITHBIX JAHHBIX, B pe3yjJbTaTe 4Yero OyJIeM HMETh CIEIYIOUIYIO

PETPECCHOHHYIO 3aBUCUMOCTD BCJIMYHMHBI W OT 3HTPOIIMHU COCTOSAHUA CUCTCMBI:

In(w)=—1804+s; s=0,466-In F')O—l +0,495- In ;’_2 +1,041-In F')O—S . (55)
1 2, 3,

Koadpdpumment xoppensuun 3aBucumoctd  (5.5) coctaBun 0,91,
pe3yabTaTthl 00pabOTKM JaHHBIX MpUBEAEHBI Ha pucyHke 5.2. Hcxoanwie

MePEMCHHBIC OTHOCHIIMCH K 3HAYCHHUSIM Py , P , P3, , KOTOPBIE COOTBETCTBYIOT
BbIODAaHHOMY  CpPEJHECTATUCTUYECKOMY  OMNOPHOMY  cocTosiHMio. U3
NPUBEJCHHBIX JAHHBIX BUAHO, YTO (DEHOMEHOJIOTHYECKHE KOHCTAHTHI Cy, Cy, Cq
JUIs. U3y4aeMoro ciay4asi COOTBETCTBEHHO paBHbL: C; =0,466, c, =0,495,
C3 =1041. Anroput™m nojcdera BEpPOATHOCTU COCTOSHUSI CUCTEMBI TaKXkKe

ABJIIETCSI  OJIHO3HAYHBIM, TI0O3TOMY BCEr/Jla  CYHIECTBYET 3aBUCHUMOCTb
BEPOSITHOCTH W OT UCXOJIHBIX TEPEMEHHBIX.

Takum oOpa3oM, U B 3TOM CiIy4ae B MPOCTPAHCTBE COCTOSIHUI CHCTEMBI
H® MOXHO MOCTPOMTb KPUBONHMHEHHBIC KOOPAMHATHL, KOTOPBIC OIPEHCISIOT
HEKOTOpOE€  TMOJI€  HANpaBJIEHUM, OTPAXKAIOIIEE  CPEIHECTATUCTUYECKHE
TEHJEHLWH, CBSI3aHHBIE C SKOJOTMYECKUMH MU3MEHEHHUSMH BO BCEM H3y4aeMOM

KJ1acce 00BeKTOB (cpenu ctpaH EBporib).

171



W3 pannbix Tabnumbl 5.4 BUAHO, 4TO CTpaHbl EBpombl MOTYT OBITh
PAH)KUPOBAHbI IO COBOKYITHOCTH HECKOJIBKMX 3KOJIOTMYECKUX IOKa3aTellend 3a
CUET OINpECIICHNs NMOTCHIMAIA KaXJI0W CTPaHbl B IPOCTPAHCTBE MEPEMEHHBIX
(pl, P,, p3). KoMIuiekcHast OLEHKAa OCYLIECTBIISICTCS IIyTEM OIPEACIICHUS
IIOJIOXKEHUSI KaXIOM CTpaHbl B KPHMBOJHHEWHBIX KOOpPAMHATaX JaHHOTO
IIPOCTPAHCTBA C YYETOM CpPEIHECTAaTUCTUYECKUX TEHICHLIMHM Pa3BUTHUS BCEX
ctpaH. OILeHKa MPOBOAMUTCS OTHOCUTEIBHO CPEIHUX 3HAYECHHH 3KOJIOTMYECKHUX

nokasateliell 0 OTHOIICHUIO K OMOPHON TOYKE Mo(plo, P2, Ps, ) Panru crpan

YCTaHAaBJIIMBAJIUCb 110  BO3pPaCTAHUIO  CTCIICHU BOBHeﬁCTBHH CTpaH Ha

OKPYXAIOILYI0 TPUPOAHYIO CpEy.
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3HTPOHIIH COCTOSHIIS CUCTEMBI §

PucyHoOk 5.2. — 3aBUCUMOCTb CTATUCTUYECKON BEPOSATHOCTHA COCTOSIHUSL W OT

SHTPOIUU S I COBMECTHO HaOJI0aeMBbIX 3HAUEHUM MoKa3aTeneit Py, Py, P3

Takum oO0Opa3oM, C Yy4eTOM BEpPOSITHOCTHOM OIICHKH COBMECTHBIX
COOBITHM, CBSI3aHHBIX C OJHOBPEMEHHBIM HAOIIOJICHUEM HSKOJIOTHYECKUX
IOKa3aTesen, MOXKHO MPOBOAUTH B3aUMHOE CPABHEHUE PA3JIMYHBIX IMPUPOIHO-
AHTPOTIOTCHHBIX CHUCTEM MEXIy COO0OM Ha OCHOBE JAaHHBIX O COCTOSHUU H

9KOJOI'MYCCKOM Pa3BUTHH 3TUX CUCTCM.
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Tabmuna 54. —

OTHOCHUTCJIbHO CPCIHUX 3HAQUCHUHN SKOJIOTMYSCKUX MOoKa3aTeeh

3HaueHuss noreHuuana P gns  ctpan  EBpornsl

Crpanbl  |Ilorenuman| Panr Crpansl Ilorenuman| Panr
EBpomnsr cTtpanbl P | cTpaHbI EBpomnsr cTtpanbl P | cTpaHbl
JluxreHIreny 25,15 1 Ykpanna -0,80 27
JlrokcemOypr 22,64 2 TypkmeHucran -0,99 28
DcToHuI 18,23 3 JlaTBUsA -1,01 29
I'epmanms 15,28 4 CioBeHus -1,17 30
ABcTpust 12,29 5 Ucmannus -1,24 31
[Tonbmra 11,34 6 JlutBa -1,41 32
HIBeitapus 10,88 7 Kurp -1,52 33
CrnoBakus 8,79 8 Pymbraust -1,68 34
MoHako 6,24 9 HIsenus -2,01 35
E::;;I;a;m 6,09 10 Benapych 2,11 36
BemkoOpuranus 5,89 11 [Mopryranus -2,21 37
Hunepianbt 4,62 12 A3zep0Oaiikan -2,26 38
Wpnanaus 4,23 13 XopBartus -2,30 39
Dunnauausg 2,65 14 MaxkenoHust -2,32 40
Janus 2,07 15 ApmeHnus -2,36 41
e | aw | w [t T om |
Kaszaxcran 1,60 17 V30eknucran -2,44 43
benbrus 1,51 18 MaibTa -2,91 44
Hranus 1,38 19 AHnoppa -3,02 45
['penus 0,97 20 Typuus -3,22 46
Tamxukncran 0,88 21 S:ﬁgjfoinﬂ -3,26 47
Opannus 0,81 22 Ksipreizcran -3,56 48
Hcnanus 0,04 23 I'py3us -4,01 49
Benrpus -0,20 24 AnGanus -4,01 50
Bosrapus -0,56 25 ?Z;E‘:f;mla 4,25 51
Hopgerus -0,77 26 Can-Mapuno -5,01 52
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JlaHHBIA METOA KOMIUJIEKCHOHW OIIGHKHM MOXET OBITh MPUMEHEH K
Pa3IMYHBIM  OPUPOJHO-AHTPONOTEHHBIM CUCTEMaM, HAaIlpUMEpP, CTpaHam,
peruoHaMm, ropojaM W IPUPOJAHO-TIPOMBINUICHHBIM KOMILIEKCAM, a TaKXke K
10001 COBOKYITHOCTH MCXOHBIX IKOJIOTHYCCKUX MTOKa3aTeleH.

N3 npuBeneHHOTo mpuMepa BHAHO, YTO METOJIbl KOMIUIEKCHOM OIICHKHU
MO3BOJISIFOT YCTAHOBUTH 3aKOHOMEPHOCTH 3KOJIOTHUYECKOTO Pa3BUTHS ITPUPOTHO-
AHTPOITOTEHHBIX CHCTEM u OCYIIIECTBUTh MHOTOITapaMETPUUECKOE

PAaHKUPOBAHUC TAKNX CUCTCM B IIPOCTPAHCTBEC HECKOJIbKUX IICPCMCHHBIX.

5.4 CTtpareruyeckoe NporH03MpoBaHue COCTOSIHUSI M PA3BUTHSA CTPaH
U X PETMOHOB M0 MOKA3aTeJIIM Y€eJI0BE4eCKOro pa3BuTHs

Hcrmonp3oBanne  MPEMIOKEHHOTO  METOJa  KOMIUICGKCHOW  OIEHKH
NPOWUTIOCTPUPYEM TaKXKe Ha TMpPUMEpe pa3padOTKH METOIUKH OICHKU
YeJIOBEUECKOT0 Pa3BUTHS, aJIbTEPHATUBHOM METOJMKE pacuera HHJEeKca
yenoBeueckoro pa3putus [Iporpammsl pazsutuss OOH [38 — 40]. s aToi nenu
UCIIOJIB3YeM KOMILIEKCHBIC METOBI aHalln3a cTpan Mupa [4, 5, 7, 122, 123].

B 2010 rony meromuka ITPOOH nns pacuera MHIEKCA 4YEIOBEYECKOTO
pa3Butus Obuta n3MeHeHa [38]. Bo-mepBbIX, N3MEHEHBI OCHOBHBIE PAacUETHHIC
3aBUCUMOCTH, KOTOPBIC IMOCTPOCHBI MCKIIOYUTEIHHO JKCIEPTHBIM IyTeM. Bo-
BTOPBIX, B KaueCTBE aTpUOYTHUBHBIX MEPEMEHHBIX JIJIsi pacdeTa WHJIEKCA CTaJH
UCIIOJIB30BAThCS  CIENYIONIME TOKa3aTeldu: CPeaHss MPOJOJDKUTEIHLHOCTD

oOyueHust p;, JEeT; OXKUAaemas NPOJOJDKUTEIBHOCT OOydeHus p,, JET;

BaJIOBBIN HammoHanbHBIM Aoxoxa (BHJI) Ha mymry HaceneHusl B mepecuere Io

NapuTeTy MOKyHaTeslbHOM crocoObHocT B poiutapax CIIA pg; oxupaemas
IPOAODKUTEIBHOCTD KU3HU [y, JIET. byaem Takke cunTaTh JaHHBIE BEITUYHHBI

aTpUOYyTUBHBIMU TIEpeMEHHBIMH. |15l pemeHus 3a1aun BOCIOIb3yeMcsl 0azaMu
naHHbIX JloknanoB pa3sutus yenoBeka [IPOOH 3a 2010 u 2014 roxsr [38 — 40],
KOTOPBIE OXBATHIBAIOT JaHHbIE 1O cTpaHaMm Mupa ¢ 2008 o 2013 rozsl.

Ha ocHoBe aTpuOYTHUBHBIX HEPEMEHHBIX [Py, Py, P3, P4 chopmupyem
YeTHIPEXMEPHOE TIPOCTPAHCTBO KoopauHaT (Pp, Py, P3, Ps), B KOTOpOM
BO3MOKHBIE COCTOSIHUSI CUCTEMBI TEOPETUYECKU 00pa3yloT HEKOTOPYIO 00JacTh

H4, OXBaTHIBAIOIIYI0 Bce HalmrofaeMble TOYKM 0a3 maHHbIX. O0sacTh H*
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OonpcaciicHa MaKCHUMaJIbHO Ha6JHOI[aeMbIMI/I 3HAa4YCHUAMMU rokasarejiei

P1s P2, P3, P4, KOTOpbIE BXoaaT B 0a3bl gaHHbIX [38 —40]. B stom ciydae

COCTOSIHME KaXXJOW CTpaHbl B YETHIPEXMEPHOM MPOCTPAHCTBE MOXKET OBITH

TpefCTaBleH0 MHOTOMepHoit Toukoi  M(py, P, Ps, p4), a  TpOIECChI

W3MEHEHHS COCTOSHUS CTPaH — COOTBETCTBYIOITUMHU KPHUBBIMHU.

PaccMoTpuM  CITO)KHOE€ ~ COBMECTHOE ~ COOBITHE  OJHOBPEMEHHOTO
HAOJIONCHUS YKAa3aHHBIX BBIIIE YETHIPEX IIOKa3aTelied W ONpeAeuM, YTO
COCTOSIHUE KaXKJI0M CTpaHbl MHpa OYJET ONPEACIISAThCS JTaHHBIM HaOJII01aeMbIM
coObITEM. HaiiieM cTaTHCTHYECKYI0 BEPOSTHOCTH 3TOTO COOBITHS Ha OCHOBE
JIAaHHBIX, KOTOpble UMeroTcsa B 0azax manHeix [[POOH [38 —40]. B nannom

Clly4ae CTaTUCTHUYECKasi BEPOSITHOCTh COOBITHI ONpeAessiach IyTeM pa3OnueHHs

BCCTO IIPOCTpPAHCTBA H4 Ha YCTBIPCXMCPHBIC IIapaJIJICICIIUIICABI. ﬂJI}I 9TOI0O
Kaxgada M3 IICPpEMCHHBIX C Ha6J'I}OI[aeMBIMI/I 3HAQUCHUSIMU ITIO0Ka3aTesiei

P1, P2, p3, P, B Jadanma3oOHC MHHHUMAJIIBHOTO H MaKCHMaJIbHOTO 3HAYCHUM

JeMIach Ha OJWHAKOBOE KOJMYECTBO WMHTEPBAIIOB TPYNIHUPOBAHUS U, B
o0Opa3oBaHHBIX TakuM oO0pa3oM, Tapaiesienuneaax  MOJACUUTHIBAIOCH

KOJIMYCCTBO HaAXOIAIMMNXCS OIIBITHBIX TOYCK Mi' OTHOCHUTEIBHBIE YaCTOTHI

HaXOJWINCh JICJICHHEM YHCJia 3THUX TOYEK Ha 0OIlee KOJIMYECTBO BCEX CTpPaH.
CratucTtuueckas BEpOSITHOCTh W TOICYUTHIBAJIACh BO BCEU rpymme 0ObEKTOB
(169 ctpan mupa). Jlannasiii anroput™ npusejieH B [Ipunoxennn b. Takxe, kak
U paHee, B KAYeCTBE YPABHEHHM NIl KOMILJIEKCHOW OIICHKH OYJIeM MOJIb30BaThCS
3aBucumoctsamiu (3.4), (3.22) u (3.33).

s moucka HENMHEMHBIX CBS3EH MEXKIY NEPEMEHHBIMHU BOCHOJIb3YEMCS
MeTooM mpobuT-aHanu3a [125]. CBskeM MNOMYYEHHYIO BEpPOSITHOCTH W C
pacrnpenesieHusIMU aTpUOyTUBHBIX MMEPEMEHHBIX B MACCHUBE OIBITHBIX JAHHBIX, B
pe3yibTate 4Yero OyneM HUMETh CIEAYIONIYI0 PErpecCHOHHYI0 3aBHUCHUMOCTH

BCPOATHOCTHU OT SOHTPOIINHU COCTOAHUA CUCTCMBI:

Prob t2

Prob=-3071+s; W= [ exp - dt; (5.6)

ﬁp
N

—0o0

s=0346-In| "L |+0862-In| P2 |+0167-In| P2 |+2.402.1n| P+
P1, P2, Ps, P4,
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Koaddumment xoppemnsiuu 3aBucumoctH (5.6) cocraBui 0,98, pe3ynbrars
00paOOTKH JaHHBIX MPUBEJEHBI Ha PUCYHKE 5.3. ATpuOYTHUBHBIC NEPEMEHHBIC

OTHOCHJIUCh K 3HAYCHUAM Py , Py , P3 , P4 >, KOTOpBIE COOTBETCTBYIOT

BbIOpAaHHOMY OIIOPHOMY COCTOSIHMIO. B KauecTBe OMOPHOIrO COCTOSHUS OBLIH
NPUHATHL NTOKasaTenu pasButus crpanel Hurep B 2008 romy, kak ogHOM M3
CaMbIX CJAa0Opa3BUTBIX CTpaH MHpA, KOTOpPbIE, B YaCTHOCTH, paBHBIL:

Py, =14 ner; P2, =43 ner; Ps, =675 $; Pa, =525 ner.

1,0

[IpoGur BepositHocTH Prob

-3'0 /

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3.5 4,0
SHTPOI'[II}I COCTOsSAHHUA §

PucyHok 5.3. — 3aBUCUMOCTb CTATUCTUYECKON BEPOATHOCTU COCTOSIHUSI W OT

DHTPOIIMU S AJIsI COBMECTHO Ha6J'IIO,Z[aCMI>IX 3HAYCHUM anH6YTHBHI)IX

NIEPEMEHHBIX Py, Po, P3, Psy

Metonbl HEJIMHEWHOW PErpecCUM IO3BOJAKOT HAXOIWTh pPa3jIUyHbIC
YPaBHEHUS CBSI3M MEXKIY BEPOSTHOCTBIO W U BEJIMUMHAMHU Pg, Py, P3, Pg- Kax
MOKa3aHO B TpeThbeW TiaBe, o0paboTKa JaHHBIX MPU YCTAHOBJICHUU CBS3EH
MEXIY BEPOSTHOCTBIO COCTOSIHUSI W M JSHTPONHEN S COCTOSIHUSI CHUCTEMBI
MOXET OBITh BBITIOJHEHA Ha OCHOBE Pa3IMYHBbIX 3aBUCUMOCTEN BUIa W= a)(s)
JlaHHBIE ~ 3aBUCMMOCTH  OINpPEAEISIIOTCS € [OMOIIBIO  HEJIMHEHMHBIX

npeoOpa3oBaHUl BEPOSITHOCTH COCTOSIHUSL CHUCTEMBI B TPOOUT-BEITUUYUHBI
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(Prob) C UCIOJIb30BaHUEM OOpaTHBIX (PYHKUMH SMIUPUUYECKUX PACIIPEAEICHUM
¥ TIOMCKA JIMHEWHBIX YPaBHEHUH CBs3eil Mexay Prob m satpomnueii s .
Hanpumep, norapudmuyueckoe ypaBHEHHE CBSI3U C  KOX(D(GUIHUEHTOM
koppensaiuu 0,89 nmeer BU:
w

s=079%-NnW; W=——;
0,000858

(5.7)

s=0,9751-In| 2L |+14908-In| 2~ |+0,0196-In| 3 |+3.3488-In| 4
P, P2, P3, Pa,

Opnako, pu 00pabOTKE JTaHHBIX 3aBUCUMOCTD (5.7) UMEET CYIIECTBEHHO
OONBIIYI0  CPETHEKBAIPATUYHYIO  OMMOKY  anmmpoKCHMAallid,  HEXEJH
3aBUCUMOCTh (5.6), HECMOTps Ha TIOYTH OJUHAKOBBIE KO3(PPUIMEHTHI
Koppensiuuu. YpaBHenwe (5.7) uMeer Buja ypaBHeHHsS boibiMaHa B
CTaTUCTUYECKON (pU3HKe.

Ecnu o6patuth BHUMaHKE Ha MOJYYEHHYIO 3aBUCUMOCTH (5.6), TO MOXKHO

BHICTh, YTO B MHOrOMEpHOH obmactm H”  Bo3MOkHO —moCTpoeHHe
KOMIUTEKCHOTO HHJekca cocTosmms cucteMbl T =T(p;, P,, P3, Py), KOTOpBIif
MOYKET CTaTh OCHOBOW IIKAJIbI Ul CPABHEHUS CTPaH MUpA:
0,653 0,929 0,025 2,258
T=a| | | P2 1P P (5.8)
Py, P2, P3, Pa,
re & — INOCTOSHHAs IIKaJIUPOBAHUS, KOTOpas MOKa NMPUHUMAETCS PaBHON
enuHuIe. JlaHHAsA NOCTOSHHAS AA€T BO3MOKHOCTh CTAHJAPTU3UPOBATH CAUHUILY

HU3MCPCHUA I BEJINYUHBI T 110 OTHOIICHUIO K OHOpHOﬁ TOYKC.

3Hauenus uHgexca T B obmacru H? 00pa3yloT CKajJsipHOE IIOJE, C
KOTOPBIM MOXET OBITh CBsI3aHAa HEKOTOpas CHUCTEMa KOMIUIEKCHOM OLIEHKH
COCTOSIHMSI KaXa0ro oObekra. Takxke BUIHO, YTO MapaMeTpbl COCTOSIHHS
KaXXJ0ro 00bEKTa COOTHOCSTCS C MapaMmMeTpamMHu OMOPHOro OObEKTa, B TAaHHOM
cinyvae, ctpanbl Hurep, ncxons u3 ypoBHs ero passutus B 2008 romy. Takum
o0pa3oM, HCMOJb30BaHHE ypaBHEHUs (5.8) MO3BOJSIET MOCTPOUTH CHUCTEMY
OLICHKH COCTOSTHMII OOBEKTOB, CBOETO pOAA HEKOTOPBIM aHAJOI «TEeMIIepaTypb»
MPUMEHUTEIBHO K CTpaHaM Mupa. 3aBUCUMOCTh (5.8) 3amaeT ypaBHEHHE
COCTOSIHMSI IPUMEHUTENIBHO K CTpaHam Mupa. Takke 3aaHue CKaJISPHOTO MOJIS

BEIMYMHBI |  JaeT BO3MOXXHOCTh TMOJYYUTh ONPENCICHHYIO  Cpeay
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MOJCINPOBAaHWA JJIA PCHICHUA 3a1d4d, CBA3AHHBIX C dAHAJIM30M pPa3BUTHUA CTPAH

mupa. OpaHako, I OJHO3HAYHOW OILIGHKA pa3BUTHS CTpaH MuUpa B

IIPOCTPAHCTBE H* ommoro samamus CKAJLIPHOTO MOJI BEJIWYMHBI | Majo,
HEOOXOJMMO TaKXe€ YMETh OLIEHHBATh BEPOSTHOCTH COCTOSIHUS OOBEKTOB.
IlosTOMy, I TIOCTPOCHUSA CHUCTEMBbI OLEHKM MHTEHCUBHOCTH IIPOLIECCOB
pa3BUTUA CTPAaH BOCIOJIB3YEMCS BO3MOXXHOCTBIO YHMCIIEHHOI'O OIpPEIEICHUs

BCPOATHOCTH COCTOSHHA 00BekToB. C TOM CJIbIO CACIaCM IPEAITIOJIOKCHUC, YTO

B obmactm H* mpormeccsl pasBUTHS CTpaH MHpa C TCYCHHEM BPEMCHH
OIHCHIBAIOTCS MHOTOMEPHBIMH HENPEPBIBHBIMUA KPHUBBIMU, COEAMHSIOLIMMHU
MEXIy COOOM pa3IM4YHbIE COCTOSIHMS. ECTECTBEHHO, YTO MPOLIECCH Pa3BUTHS

HEKOTOPOW CTpaHbl, KOTOPhIE MOTYT OCYIIECTBISITHCA MEXAY HaOII0JaeMbIM

cocrossHieM M U 1100BIM JIpYrMM BO3MOXHBIM COCTOSIHMEM B oOsiactu H 4
OyAyT OTAMYATBHCS MEXKIY COOOM M0 MHTEHCUBHOCTU B3aUMOJECUCTBHS OOBEKTA C
rJ100aJTbHBIM COITUAIBHBIM, 5KOHOMUYECKUM, OMOCEpHBIM, HHPOPMAIIMOHHBIM U
JIPYTUM OKpYXKEHuEeM, T.. ¢ TJoOaimpbHOUM oOKpyxkatomiet cpenoi. bynem
KOMILIEKCHO XapaKTepPU30BaTh B3aUMOJICUCTBHE OOBEKTA C OKPYKAIOIIEH Cpe1oit
IIPU OCYIIECTBIEHUH IMPOLIECCOB €r0 Pa3BUTHUS C NOMOLIBIO OLEHKA U3MEHEHUS
BEPOATHOCTH COCTOSIHUSL 3TOr0 OOBEKTa MNpU MEepexoie U3 COCTOsSHUS 1 B
cocrossHue 2. Jlns 3TOro Mbl JOHKHBI HMMETh BO3MOYKHOCTH OLICHUBATh
BEPOSTHOCTh COCTOSIHUSI OOBEKTa B TPYyMIE BCEX HAOMIOAAEMbIX OOBEKTOB,
IpUYeM JIaHHAs BEPOSATHOCTh JOJDKHA OBITh (PYHKIIMOHAIBHO CBSI3aHA C

HEKOTOPOM OTpaHMuYEHHOW O00JacThiO, KyJa TMOMNagaeT Kaxjaas CcTpaHa B

MPOCTPAHCTBE COCTOSTHUN H 4, a Taoke XapaKkTepru30BaTh U3MEHEHUE COCTOSHUS
00beKTa B Mpolecce ero pa3BuTus. To eCTh OLIEHKA BEPOSITHOCTH JI0JKHA OBITh

npuBs3aHa K Kaxaou touke M;. C 5ToH Leabl0 MCIOJIB30BAJICS AJITOPUTM C

BBIJICJICHUEM  YETBIPEXMEPHBIX  MapauleJICUNE OB  C  BEPIIMHAMH,
00pa30BaHHBIMU OIBITHBIMM TOYKAaMH, M OCYIIECTBICHHEM IOACYETA YHUCIA
TOYEK, MOMABIINX B ATH Mapajuienenuneas! (puc. 5.4).

B0O3MOXHOCTh OLIEHKM HWHTEHCUBHOCTM IIPOLIECCOB YEpe3 W3MEHEHHE
BEPOATHOCTH COCTOSTHMM M HWCIOJIb30BaHUE IIKAJbl JIJIsi CPABHEHHUS! COCTOSHUI
OOBEKTOB ~ Ha  OCHOBE  ypaBHeHHs  (5.8)  TMO3BOJISIET  YCTAaHOBUTH
(eHOMEHOJIOrM4YeCKre KOHCTAHThI, KOTOPBIE XapaKTEPU3YIOT MPOLIECCHI Pa3BUTHS
JUISL KQKIOW CTpaHbl MHpa. TakKe Kak U B TPETbEU IJaBe, MOCTYJIHUPYS IS

nr00oro mporecca pa3BuThs cTpanbl | cymectBoBanue cBsi3u Buga dw=c, -dT
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MCXKIY BCIMYMHAMH W H T , MOXXHO HAWTU BEJIUYUHBI C| . I[J'I?I ImponueccoB

pazButusg 169 ctpan B mepuon ¢ 2008 mo 2013 roasl pe3ynbTaTbl OLEHKHU
MpeCTaBJICHbl HA PUCYHKE 5.4 1 B TabnuIe 5.5.

0,16

0,12

0.08 B [ q/-/
0,04 {‘.".7/:/ -..

0,00 o .

-0,04 . e

-0,08 .

-0,12 o

HN3menenne BCPOSATHOCTHU COCTOAHIA W
od

-0,16

-4 -2 0 2 4 6 8 10
HM3MeHeHIe KOMIIIEKCHOTO MHAeKca 1

Pucynok 5.4. — 3aBUCMMOCTD H3MEHEHUS BEPOSTHOCTHA COCTOSIHASI AW OT

u3MmeHeHus uaaekca AT s crpan mupa B niepuoj ¢ 2008 o 2013 roasl

PerpeccuonHas 3aBUCUMOCTH ISl BeIMuyuH AW u AT Ha UHTEpBaje
BpeMEeHU A7 =5 JIeT UMeeT BUJ;

AW =-0,0423+0,0183- AT . (5.9)

Koaddumment xoppensiuu 3apucumoctu (5.9) cocrasui 0,82.

B oGmactn H* 3aBucuMocTs m3MeHeHus BEPOSITHOCTU COCTOSIHUA AW OT
U3MEHEHHUsl KOMIUIEKCHOro uHAekca AT MOXHO OIpenenuTs s JIo0oro
nporecca pas3BuTus. Hampumep, Haiiiem 3aBUCHMOCTB, CBS3BIBAIOIIYIO ATH

BenuuuHel AW = f (AT ), Ans runoreryueckoro  mpouecca  lpgga,

XapakTEpU3yIOUIEro MNEPEXO] HEKOTOPOW CTpPaHbl, HANPUMEDP, YKPaWHBI, W3
COCTOsIHUA, KOoTOpoe Habmonanock B 2008 roy, K COCTOSHHIO, B KOTOPOM B
2013 rony Haxomwiack Kaxkzaas K-tas cTpaHa. Bpems mepexoga B HOBOE
COCTOsIHME (BpeMsl pejlakCalii) B KaKJIOM KOHKPETHOM cilydyae OylaeT HUMETb
CBOE€ 3HaueHWe. Pe3ynbrarhl aHaiM3a NOPEACTABICHbI HAa PUCYHKE 5.5, a
COOTBETCTBYIOIIAs 3aBUCUMOCTH ¢ Koadduitmentom xkoppessiuu 0,99 umeet Bua:

Aw=0,0322 + 0,0194 - AT . (5.10)
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0,6

0,4

0,2

0,0

HNzmenenue BEPOATHOCTH COCTOSAHHUA W

-30 -20 -10 0 10 20 30 40
V3smeHeHIIe KOMIIIEKCHOTO nHjaekca 1
Pucynok 5.5. — 3aBucumocts BenmmuuHbl AW =W — 0,3491 ot uzmeHeHus
unaekca AT =T —23,52 (B 2013 roxy mst Ykpaunsl W, =0,3491 n
Tua =23,52)

Takum oOpa3zoM, IJig BCEX CTpaH MHUpa M JJIsl JIFOOBIX MPOIECCOB MOTYT
OBITH OTpeselieHbl ypaBHeHUs Bupa AW=a+b-AT, U3 KOTOPBIX HaXOIATCS
(ECHOMEHOJIOTHYECKUE TOCTOSIHHBIE & W D, XapaKTepu3yIue MPOIECcChl
pazButus crpaH. [Ipu 006paboTke aJisi pa3lIUYHBIX CTPAaH MHUpPA AHAJTOTHYHBIX
CriekTpoB 1o 169 mporeccam TmoOay4eHO, 4YTO KoddduimeHt b umeer
MOCTOSIHHOE 3HAY€HHUE JUIsl BCEX CTpaH, a pa3dopoc 3HaueHuid kordduimeHTta a
OTHOCUTEJIBHO HE BEIMK. DTO YKa3bIBaCT Ha TO, YTO JJIsi OOpabOTKH JTaHHBIX

MO>KHO HCIIOJIB30BaTh paHee MPHUBEACHHYIO IPOCTYIO 3aBUcuMocTs dw=¢; -dT ,
e BeJIMUMHA C| ONpeessieT XapakTep U HalpaBJIeHHe Ipolecca.

[lpn wm3BecTHBIX BemmumHax AW u AT ypaBHenme dw=cC;-dT s
mobok CcTpanbl W JuIs J000ro mpouecca ee pasBuTus logi3 MOXKeT OBITH
TIOJIy4€HO B BHJIE:

AW =Cyg_13-AT . (5.11)

(DeHOMEHOTOTHYECKHIE BETMYUHBI Cpg_q3 AT MPOLECCOB PA3BUTHUS CTPaH

pUBECHBI B Ta0HIIE 5.5.
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Tabnuma 5.5. — XapakTepuCTUKHU IPOIIECCOB PA3BUTHS CTPAH MO YEThHIPEM

aTpUOYTUBHBIM NOKA3aTeIsAIM Py, Py, P3, Py

Crpana € Co8-13 C08-13
Hopserus -0,0229 0,0227 0,0200
[IBeiinapus 0,0126 0,0231 0,0198
CIIA -0,0025 0,0236 0,0200
I'epmanmst 0,0029 0,0227 0,0195
Kanana -0,0114 0,0238 0,0202
Cunramyp 0,0150 0,0224 0,0183
IIBerus 0,0001 0,0248 0,0208
AHTIIHAS 0,0179 0,0245 0,0206
I'oHKOHT 0,0047 0,0216 0,0178
Snonus -0,0443 0,0206 0,0175
OpaHnus -0,0134 0,0228 0,0190
Yexus 0,0085 0,0268 0,0218
['pernust -0,3033 0,0238 0,0192
Karap 0,0123 0,0288 0,0174
DcToHus -0,0025 0,0214 0,0168
[Tonpmia 0,0052 0,0281 0,0212
JlutBa 0,0000 0,0129 0,0107
CroBakus -0,0677 0,0318 0,0223
Benrpus -0,0894 0,0277 0,0193
JlatBus -0,0330 0,0183 0,0128
benapych 0,0033 0,0096 0,0078
PymbiHuS 0,1380 0,0332 0,0169
Poccus 0,0052 0,0542 0,0052
Bonrapust -0,0164 0,0309 0,0157
Typuus 0,0115 -0,0443 0,0190
Kaszaxcran 0,0158 0,0285 -0,0059
AzepOaiikan 0,1366 0,0116 0,0000
bpaszunus -0,0136 0,0074 0,0058
['py3us 0,0019 0,0018 0,0044
Ykpanna -0,0371 -0,0371 0,0000
ApmeHus -0,0102 0,0001 0,0062
Kuraii 0,0035 0,0000 0,0225
Erumner 0,0023 0,0086 0,0123
MongoBa -4,6983 0,0190 0,0668
V30ekucTan -0,2855 0,0174 0,0458
Wunus -0,0067 0,0149 0,0192
Hurepus -0,0109 0,0172 0,0209
Dduonus -0,0030 0,0175 0,0210
Hurep 0,0000 0,0157 0,0182

3necs C; — BeIMYMHA MHTEHCHBHOCTHU JUIA IIPOLIECCOB pa3BUTHA CTpaH B mepuox ¢ 2008 mo 2013

TOJBI; C8§_13, 065_13 — BEJIMYMHBI HHTEHCUBHOCTH Ilepexoja YKpauHsl U Poccun u3 coctosnus 2008

roJa K COCTOAHUIO, B KOTOPOM B 2013 roay Haxogwiaacb Kaxjaasa k-ras CTpaHa.
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JlaHHBIE BEIMYMHBI ONPENENICHbl MJis ciy4aeB nepexona Poccum wu
YKpauHbl U3 COCTOSIHUM, KOTOpble HaOmoaanuch B 2008 rogy, K COCTOSHUIO, B
kotopoM B 2013 roxy Haxommiach Kaxkmas K-tas ctpaHa. M3 JaHHBIX BHIHO,

YTO 3HAYEHHUS BEJIMYMH Cyg_q3 MMEIOT HE O4EeHb 00JIBIION pa3opoc.

BrinonHeHHble  MCCIEIOBaHMS — MO3BOJIAIOT — YCTAHABIMBATh  CBSI3U
pacrnpejiefieHuid BEPOSITHOCTA IS COBMECTHBIX COOBITUHA OJIHOBPEMEHHOTO
HAOIOICHUS YETHIPEX aTPUOYTHUBHBIX TOKa3aTelel C pachnpefeIeHUsIMU
BEpOsITHOCTEW Jpyrux coOwiTuil. Ha pucynkax 5.6 u 5.7 mnoKa3aHbl
3aBUCUMOCTH  BEpPOSITHOCTEM  COOBITUHM, CBSI3aHHBIX C  MJIQJICHYECKOMN
CMEPTHOCTBIO U KOJMYECTBOM MHTEPHET-TI0JIb30BATENICH B Pa3IUYHBIX CTpaHax
MHUpa, OT BEPOSITHOCTU COCTOSTHUS CUCTEMBI W.

Oco0eHHOCTBIO TpejjIaracMoil METOJIUKHU SIBISICTCSl MCIOJIb30BaHUE
OOBEKTUBHOTO MOAX0Ja U OTCYTCTBUE MPUMEHEHUS IKCIIEPTHBIX 3aBUCUMOCTEN
JUI. OUEHKU. 3aBUCHUMOCTH JJIsI KOMIUIEKCHOM OIEHKHM OCHOBBIBAIOTCA Ha
onpenesieHny (PYHKIMI COCTOSIHUSI CUCTEMbl — SHTPONHUHU W MOTeHIuana. Jis
paccMaTpuBaeMoOro ciiy4asi SHTpoOnMsi S W TOTeHIHMan P omnpenenstorcs
BeIpakeHusiMu (3.22) u (3.23). Kaxxngass crpaHa B mpoliecce CBOETO Pa3BUTHS
OyJeT 3aHUMATh HEKOTOPOE MOJIOKEHHUE OTHOCUTEIBHO ATHUX KPHUBOJHUHEHHBIX
KOOpAMHAT. JTO TO3BOJSIET OOBEKTUBHO OMNPEACIUTh PAHT CTPaHbl CpPEau
MHOKECTBA JPYrUX CTpaH. OHTpomus OyJeT OIpeAeNiaTh HalpaBiICHUE
MPOIIECCa PA3BUTHUSA CTPAHbI B IMOJI€ HANPABICHUI Pa3BUTHUSI CUCTEMBI B IIEJIOM,
MOTEHIIUAJI — MPUHAMJICKHOCTh TOYKHM HEKOTOPOW TMOBEPXHOCTU YPOBHS,
OPTOTOHAJILHOW JIMHUSAM SHTPOMUU, NMPU YCIOBUU OMPEACIICHHON BEPOSTHOCTU
COCTOSIHUS CUCTEMBI (TIOCTOSIHHOM PHTpONUH) [7].

Ha ocHoBe MONy4eHHBIX AAHHBIX, UCXOJ U3 BEPOSTHOCTHOM OLIEHKU
CJIOKHBIX COBMECTHBIX COOBITHH, CBSI3aHHBIX C HAOIIOACHHEM ITOKa3aTelIeH

P1, P2, P3, P4, OBLIN ONpeAEICHBI SHTPOIMS U OTEHIMAJ Pa3BUTHUS ISl KaKIOM

cTpaHbl Mupa. Pe3yiabTaThl paH>KUpPOBaHUSI CTpAH MHUpa MPUBEACHBI B TabJHUIIE
5.6. K nepBbIM necatu cTpaHam, UMEBIIIMM BBICOKUN ypOBEHb pa3Butus B 2013
rony, otHocarcs: Karap, Jluxtenmreiin, Kyselit, Cunranyp, bpyneit, Hopserus,
JlrokcemOypr, OAD, IlIseiiniapust u I'onkonr. BuiHo, uto u3 bombIioi 1BaaiaTky
ctpaH (G20) B criicke HET HU OJiHOM cTpanbl, a u3 EC — tonbko JlrokcemOypr. Ilo
temnaMm pa3Butus B 2008 — 2013 romax k jgecsaTke OBICTPO Pa3BHBAOIIMXCS
ctpan otHocarcs: Karap, Kyseut, Cunranyp, bpyneit, CaynoBckas Apasus,
[seitnapust, Jluxrenumreiin, JlrokcemOypr, ['onkonr u Mcnanaus.
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PucyHok 5.7. — 3aBUCUMOCTB BEPOSITHOCTH COOBITUI W, , CBSI3aHHBIX C

KOJINYECTBOM MHTEPHET-TI0JIb30BATEIICH B CTPAHAX MUPA,

OT BEPOATHOCTHU COCTOSHUA W
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Tabmuma 5.6. — 3HadueHms mnoTeHnuana P, ero m3meHenue AP u
PEUTHHTH CTPaH B Ipolieccax pa3Butus ctpad mupa B 2008 — 2013 rogax

Panru ctpan coriacHo Panru ctpan
IMorenmuan Usmenenue NpeyI0KeHHON MeToukn | o MTYP cor-

Crpansl Mupa | ctpanbl P |[morenumana AP|  ypoBeHb TEMIIbI JJACHO METO-

(2013 r.) |(2008-20131T.)| pasBuTUs pasButusa | auke [IPOOH

(2013) (2008 — 2013) (2013)

Hopserus 365995 56065 6 11 1
IIBeiinapus 259015 116708 9 6 3
CIIA 245219 46445 11 13 5
I'epmanus 166119 54351 14 12 6
Kanana 157264 23242 18 26 8
Cunranyp 469250 255069 4 3 9
[IBerus 167274 44982 13 15 12
Wcnannus 110534 63424 25 10 13
AHTIIUS 109843 -485,4 26 165 14
["oHKOHT 245864 63685 10 9 15
Snonus 121041 13151 23 41 17
Opannms 120260 14557 24 38 20
Wranus 95662 17025 28 33 26
Yexust 54018 7856 40 59 28
['penust 54522 -13679 39 167 29
Karap 1269241 704098 1 1 31
DCTOHUS 49085 22596 43 27 33
[Monpia 41441 12999 49 43 35
JlutBa 50583 30832 42 18 35
CroBakus 57580 15484 37 36 37
Benrpus 40482 13057 51 42 43
JlatBus 44168 29103 45 20 48
Beaapychb 24179 9174 62 52 53
PyMbIaus 27282 12446 57 45 54
Poccus 45899 25014 44 24 57
bonrapus 21306 10146 66 50 58
Typuus 30315 14329 55 39 69
Ka3axcran 33911 24475 53 25 70
Azepbaiikan 22215 15313 65 37 76
bpazmms 18266 8178 70 56 79
['py3us 4334 2101 103 99 79
Ykpauna 6115 2220 97 95 83
ApmeHus 5723 2961 99 90 87
Kurait 11812 7084 80 62 91
Eruner 9688 6584 86 63 110
MosnoBa 2317 1389 117 105 114
Y30ekucran 2490 1595 115 104 116
Nnanus 2356 1380 116 106 135
[Takucran 1917 1295 121 109 146
Hurepus 2551 2153 114 98 152
Dduonus 118,0 67,0 160 151 173
Hurep 28,6 28,2 165 161 187
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K nmecatm crpaHaMm, HMMEBIIMM CaMbli HU3KAW YPOBEHb pPa3BUTHI,
otHocstcsi LIAP, Bypynnu, Manasu, JIubepusi, Hurep, Mo3amOuk, ['Bunes-
bucay, I'sunes, Toro u Dduonus. Bece 3tu crpansl Haxonsarca B Adpuke. [lo
temnaM pa3Butus B 2008 — 2013 rogax caMbIMU OTCTAIOIIMMHU CTpaHAMU OBLIH:
bap6anoc, baramckue OctpoBa, I'penusi, DxBatopuanbHas ['BuHes, AHrus,
ConomonoBsI ocTpoBa, Manasu, [IAP, Hurep u Yraunna.

BuaHo, 4To B cnmcke NPUCYTCTBYIOT AHriusa W I'penwms, BXomsiue B
rpyniy crpad EC. Anrnmus m I'penust — 370 1IB€ €IMHCTBEHHBIE €BPOIEHCKHUE
CTpaHbl, y KOTOpbIX B 2008 — 2013 rogax npousonuio cHuxkeHue yaeasaoro BH/I.

Poccusa B pelitunre mo ypoBHIO pasButusi B 2013 rogy 3anumana 44
MECTO, B CBOIO ouepenb: YkpaumHa — 97; Kazaxcran — 53; benopyccust — 62
MecTo. [lo temmam pasButus B 2008 — 2013 romax Poccust mHaxonwiace Ha 24
MecTe, YkpanHa Ha 95, Kazaxcran Ha 25, a benopyccus Ha 52 mecre. 3a 3TOT
nepuoj YKpanHa B TeMmax pa3BuTHs oTcTaBaia oT Poccnm m KaszaxcraHna, a
takke cTpan ObiBmiero CCCP. bonee HU3KME TEMIIbI, 4eM Yy Y KpaWHbI
HaOmonanmuch B ['py3umn, VY30ekucrane, MonnoBe, Keipreiscrane u
Tamxukucrane.

PeliTuaru crpaH mMupa 1o YpoBHIO pa3BuTHs R ONPEIEICHHBIE 10

OOH
METOJMKE pacueTa MHAEKca uenoBedeckoro paszsuruss [IPOOH, cymectBeHHO
OTJIMYAIOTCS OT AaHAJIOTUYHOTO pEUTUHra R, paccCuMTaHHOTO MO TaHHON METOIUKE.
Pe3ynbrarel cpaBHEHNS IPUBENECHBI HA PUCYHKE 5.8.

Jnst  OGonplIMHCTBAa  pa3BUThIX crpaH Meroauka [[POOH  naer
3aBBIIICHHBIE PEUTUHTH YpPOBHS Pa3BUTHUSA, a JJiI MHOTUX Pa3BUBAIOIIUXCS
CTpaH — 3aHWkeHHble. Cpeln CTpaH, KOTOpbIE MO NOTEHUWany pa3Butus P
nonajgd B NEPBYIO JecATKy, Toibko Cunranyp, Hopseruss m IBeiiunapus
nmeroted B petuHre Tom-10 IIporpammer pazsutuss OOH.

[IpemyioxkeHHass METOAWKA OIICHKHM pa3BUTHS CTPAaH MOXET OBITh
NpUMEHEHa K J000M COBOKYIMHOCTHM MCXOJHBIX TIOKa3aTesjaed, OJHAKO C
YBEIIMYCHUEM 4YHCJIa TIOKa3zaTened CBblie 4 —5 pe3ko  BO3pacTaer
TPYJOEMKOCTb M BPEMS pACUETOB, a TAKKE BO3HUKAIOT MPOOJIEMBI C JIMHEHUHBIM
npeoOpa3oBaHUEeM KOOPJWHAT W TOJTYYEHHEM B MHOTOMEPHOM MPOCTPAHCTBE

dbynkuumii Buaa (5.6).
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Pucynok 5.8. — CpaBHEHHE PEUTHHIOB CTPaH MUpPa IO YPOBHIO PA3BUTHSA

I10 pa3JIUM9YHbIM MCTOAWKAM OLICHKH

Kpaiine BaxkHbIM (akTOopoM sBIFETCS TakXke BbIOOp Haumbolee
00OCHOBAHHBIX ATPUOYTUBHBIX MEPEMEHHBIX, KOTOpHIE aJ€KBATHO OTpakaloT
COCTOSIHUE W pa3BUTHE cTpaH mupa. llepedyeHr aTpuOyTHBHBIX IMOKa3aTeseH,
npeanoxkeHubix [Iporpammoint pazsutuss OOH, He sABIsSeTCS ONTUMAIBHBIM U HE
OTpa)xkaeT BCEH CIIOKHOCTH MPOOJIEMbI aHAJIU3a TAHHBIX B 3TOM CJIyYae.

[IpenioxxeHHblE BEPOSITHOCTHBIE METOJBl KOMIUJIEKCHOM OLIEHKHM MOTYT
OBITh MPUMEHEHBI MPU PEHICHUH 33Jlad CTPATETHYECKOro MpOorHo3upoBanus. B
IJI00IMCTUKE W PETHMOHAJIUCTUKE TM0J] CTPATETUYECKUM TMPOTHO3UPOBAHUEM
OOBIYHO TIOHUMAIOT MPOIECC Pa3pabOTKH SMMOUPUYECKU WIH TEOPETHUUYECKU
00OCHOBAHHBIX TMPOTHO30B O COCTOSSHUM OOBEKTOB MPOTHO3UPOBAHUS B
OyaylmieM U BO3MOXHBIX MYTAX M CPOKax JOCTHUXKEHUS STUMH OOBEKTAMHU
ITIOCTABJIEHHBIX LieNIel. [Ipu 3TOM cTpaTernueckoe NpoOrHo3upOBAHUE BBITOJIHSAET
JIB€ BaKHbIE (YHKIIMH, CBS3aHHBICE C OMHCATEIIbHOW U TpelcKa3aTeIbHOM
XapaKTEPUCTHKON 00BEKTOB MPOTHO3UPOBAHUSA. B CBOIO ouepenb, coaep:kaHneM
CTPaTErM4ecKOro MPOTHO3UPOBAHMS SBJSETCS pa3pabOTKa JOJITOCPOYHBIX U
CPEOHECPOYHBIX MPOTHO30B IO OMPEJCICHHBIM aCIEKTaM Pa3BUTHUSL CTPaH U

PETHOHOB.
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OnHOlt M3 OCHOBHBIX 3a7ad AOKyMeHTa «O0 OCHOBaX CTpPaTEerHuecKoro
mwiaHupoBanuss B Poccuiickoit  ®Dexepanum», KOTOPBIA Oa3WpyeTrcs Ha
byHIaMEHTAIbHOM TOJOKEHUH O B3aMMOCBSI3M  YCTOMYMBOIO Pa3BUTHUSA
rocyaapctBa M OOeCHedeHHs] HAIlMOHAJTIbHOM  0€30MacHOCTH,  SIBIIAETCS
MOBBIIEHNE KAYECTBA MPOTHO30B M KOMIUIEKCHBIX OLEHOK MPH IJIaHUPOBAHUU
pa3BuTHs cTpaHbl. [103TOMY, CO3aHUE HOBBIX METOJOB OLICHKU Pa3BUTHS CTPaH
U PETrHOHOB, a TaKkKe HX OOBEKTHMBHOE pPAH)XXUPOBAHHE IO KOMILJIEKCY
MOKa3aTelled MOXET CIOCOOCTBOBATH PELIEHUIO MPOOJIEMbl pa3pabOTKH
JIOCTOBEPHBIX IPOTHO30B HA CPEJHECPOUHYIO U JOJTOCPOYHYIO MIEPCIIEKTUBY.

N3BecTHO, 4YTO A aHaiu3a pa3BUTHS KPYIHBIX TEPPUTOPHATBHBIX
oOpa3oBaHUIl  WCMOJB3YETCS  pa3jidyHasi CTaTUCTUYeCKas  HWHOpMaIus,
0000111a0111asi COTHU MEHSIOIIUXCS ¢ TEYEHUEM BPEMEHH Ioka3zaTeneil. OueHka
COCTOSIHUA W Pa3BUTHUS PErMOHOB Ha OCHOBE CTAaTUCTUYECKOM HH(pOpManuu
OCYULIECTBJISIETCS MPAaKTUYECKH BO BCEX CTPaHaX, TaK Kak IO3BOJISET
IPOTHO3MPOBATh KIIIOUYEBBIE MPOLIECCH M3MEHEHHsI o0niecTBa. OCHOBOI aHaM3a
ABJISIETCA NPUHIUIL, YTO MPHU YIPEKAAIOUIEH CTPATETMUYECKON OLEHKE JIerde
BBIIBUTh M TPEAOTBPATHUTh HETAaTUBHBIE TIOCIEACTBUSL [JII HACEJICHUS W
OKpY’)KaroUel MNPUPOJHON CpeAbl Ha CTAaJUM NPUHATHS PEIICHUH, YeEM HX
OOHapy>KUTh U UCIPABJIATH HA CTAJANH OCYIIECTBICHHUS.

JlaHHBII METO/ MO3BOJISIET TAKXKE MPOBECTU KOMIUIEKCHYIO OLEHKY YPOBHS
YEJIOBEUECKOr0 pa3BUTUSl pEerMoHoB Poccur Ha OCHOBE  OIpeAesieHUs
BEPOATHOCTEN COOBITHI, OTpaKAIOIIMUX MPOIECCH PETHOHATBHOIO Pa3BUTHSI.

Poccutickuit oduc IIporpammer pazsutus OOH (ITPOOH) nepuoandecku
npeacTasiseT [Jokiiansl 0 pa3BUTHU YEJIOBEYECKOTO MTOTEHIMaNna B Poccuiickon
Oenepanyu. [locnennuin Jokman, kotopsiid Beimen B 2013 roay [90] sBisieTcs
MPOAOJDKEHUEM HECKOJIBKUX MPEABIAYIINX HAIMOHAIBHBIX JOKIanoB [91],
MOJTOTOBJIEHHBIX POCCHUMCKMMHU HKcnepTraMu. llo pesynbraram mociaeaHero
uccienoBanusi ropog MockBa mpu3HaHa caMbIM OJIarOMOJYYHBIM PETMOHOM B
Poccuu. B mate Hanbonee 61aromosiydHblX PEerdoHOB BONUM Takke CaHKT-
[TerepOypr, Tromenckas, CaxanuHckas u benropoackas 061acTs.

B noxnage I[TPOOH no NUnnekcy yenoBedeckoro pa3Butus B peruoHax P®
2013 roana [90] mpencraBneHsl JaHHbIE, paccurTaHHble 110 utoram 2010 roxa B
coorBercTBuM ¢ 3aBucumocTsmu  (1.1) — (1.5). CormacHo pe3yiabTatam

WCCIIEN0BaHus, B LeJI0M 10 pernoHam Poccum MYP He3HauuTeNbHO BBIPOC IO

187



CPaBHEHMIO C MpeApiaymuM rojgoM. Poct otmewancs B 71 perwone u3 80.
brictpee Bcero Bozpactan MYP B Caxamuuckoit obmactu n KpacHosspckoM Kpae
OJs1arosiapsi ornepexaroneMy 3JKOHOMHUUYECKOMY Pa3BUTHIO.

B nenoMm, pernoHanbsHbie OTIWYMS peruoHOB Poccuu mo manHeiM MYP
noutu He MeHsaroTesa ¢ 2000 roga. Cuuraercs, uro 4yTh 0osee 20% HaceneHus
Poccun KUBET B OTHOCHTENHHO OJIArOMONYYHBIX peruoHax, okomno 10% — B
pernoHax-ayrcanjaepax, a Ooiee ABYX TpeTeil — B PETHOHAX CO CPEAHUM
YPOBHEM YEJIIOBEUYECKOTO pPa3BUTHUA. Pe3ynbTaThl OIEHKH YEIOBEYECKOTrO
pazButusi peruoHoB Poccum 1o ganueiM  Poccuiickoro oduca I[TPOOH
MIPUBEJICHBI B TabuIIe 5.7.

Ha ocHoBe mnpeokeHHOro MeToAa MPOBEAEM OLICHKY YEIIOBEYECKOTO
pa3BUTHS pernoHOB Poccuu.

B kawectBe arpuOyTHUBHBIX TIEPEMEHHBIX JJII pacyeTa HHACKCA
UCITIOJIB3YEM CIIETYIOIINE MOKa3aTeu: BaJoBblid BHYTpeHHUH npoaykT (BBII) Ha
YNy HAceJICHWs B MEpecdeTe MO MapUTeTy MOKyHaTeIhbHOM CIOCOOHOCTH B

nosmapax CIIA p;; oxxunaeMas NpOAOJKUTENIBHOCTD JKU3HU P, , JIET; YPOBEHb
I'PaMOTHOCTH HacelIeHus Pg, %; A0JA 0XBaTa HACEICHUS HAa4aJIbHbIM, CPEIHUM
U BBICHIMM OOpa3oBaHueM P, , %. s pemenus 3a1aun BoCcIonb3yeMcst 0a3aMu

nauabix Joxmamos passutus uenoBeka [IPOOH mist perronos Poccuu [90, 91].
JI1sl MOWCKa HEMMHENHBIX CBA3EM MEXKIY BEPOSITHOCTBIO U IEPEMEHHBIMU
Buaa (5.12) Bocmonp3dyeMcss MeToioM mpoOuT-aHanmm3a. CBsDKeM MOTyYeHHYIO

BEPOSITHOCT W C pacCHpeiesICHUsAMU IIEPEMEHHBIX [q, Po, P3, P4 B MacCuBe

CTaTUCTUYECKUX JIaHHBIX, B pe3yJbTaTe 4Yero OyJIeM HUMETh CJEAYIOUIYIO

p€Fp€CCI/IOHHyIO 3aBUCHUMOCTH BepOHTHOCTI/I oT C-)HTpOHI/II/I COCTOAHUA CUCTCMBI.
Prob 2

exp v dt;
N2 2]

Prob =-5766+5S; W=

s=0,618-In| L |+8,968-In| 2 |+36,476-In| P2 |+3028-In| P4 | (5.12)
Py, P2, P3, Pa,

Koadbdumment woppenmsuuu 3aBucumoctu  (5.12)  cocraBunm 0,90,
pe3ynbTaThl 00paOOTKU JaHHBIX MpUBEACHBI Ha pucyHke 5.9. M3 pucynka
BuAHO, uto 1aBa ropoaa (MockBa u Cankt-IleTepOypr) BbINAgAlOT U3
OJTHOPOJTHOM TPYIIITBI PETHOHOB, YTO BITOJIHE €CTECTBEHHO.
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Tabnuna 5.7. — 3nayenus noteHnuana P, ero usmMenenue AP u pedTHHTH
peruoHoB Poccun B nponeccax pazsutus B 2008 — 2010 romax

N3mene-

Panru pernonos
COIJIaCHO

IToten- . Panru
HUE npegnoxesnon | MYP no
Pernonnr Poccuiickoi IHal OTEHIU- METOIUKH METOJUKE peruo-
denepanuun PASBUTIEL | 12 AP Temmsr | [TPOOH | 05 1O
P 2008- | YPOBCHE | pyrus| (2008) | 1P
(2008) | 99| paspurrins P (2008)
) (2008-
(2008) 2010)
1 2 3 4 5 6 7

I"opon Mocksa 280,92 18,51 2 28 0,929 1
TromeHckas 001acThb 475,25 234,01 1 2 0,878 2
I'opon Cankr-IletepOypr 69,72 47,13 6 8 0,877 3
Pecniyonuka Tatapcran 72,54 36,39 5 11 0,848 4
benroposckas 061acTh 51,46 52,34 9 7 0,838 5
ToMmckas obacts 47,22 34,94 14 12 0,834 6
Caxanmnuckas 00J1acThb 165,45 358,49 3 1 0,829 7
Camapckasi 00J1aCTh 36,42 12,64 23 40 0,817 8
CepanioBckasi 0071acTh 39,60 23,15 20 21 0,817 9
JIunenkas obmacts 53,11 6,99 8 65 0,816 10
KpacHosipckuii kpaii 50,25 91,86 10 4 0,816 11
Pecniy0nmka Komu 59,27 60,05 7 6 0,816 12
YensaOuHckas 001acThb 37,26 9,76 22 51 0,816 13
PecniyOnuka bamkoprocran| 39,70 10,82 19 46 0,815 14
Omckast o0acThb 34,78 17,99 24 29 0,815 15
Bosoroackas o6macTb 49,35 -3,10 12 80 0,814 16
HoBocubupckas 00;1acth 25,37 10,53 34 48 0,814 17
OpenOyprckas 0071acTh 48,27 28,85 13 16 0,813 18
PecrryOnmka Caxa-SAkyTus 47,03 60,27 15 5 0,813 19
Bonrorpackas 061actb 27,54 7,76 32 59 0,811 20
ApxaHrenbckast 00J1acTh 39,07 32,07 21 14 0,808 21
KpacHonapckuii kpaid 22,59 16,53 39 30 0,807 22
MockoBckast 00J1acTh 46,51 11,78 16 44 0,806 23
SpocnaBckas 00J1acTh 28,18 12,98 29 39 0,806 24
Y amyprckas Pecrrybnmka 29,80 14,21 26 36 0,805 25
[Tepmckuii kpait 39,88 19,69 18 26 0,802 26
CaparoBckast 001aCTh 19,04 15,88 41 34 0,801 27
Hwxeropopackas 001acTh 27,64 19,70 31 25 0,801 28
Kypckast o6mactsb 20,53 15,07 40 35 0,801 29
PocToBckas obnacTb 16,21 8,23 48 55 0,801 30
KemepoBckast 001acTh 4972 34,22 11 13 0,799 31
Maranauckas o0acTs 27,86 44 84 30 9 0,798 32
OpioBckas 06J1aCTh 16,44 10,36 47 49 0,797 33
AcTpaxaHckast 00J1aCTh 22,78 5,61 38 71 0,797 34
MypmMmaHcKast 00J1aCTh 32,47 25,53 25 18 0,797 35
Uysamickas PecryOinka 17,48 418 45 74 0,797 36
BopoHnexckas 061acTh 14,55 6,25 54 69 0,796 37
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[Tponomkenue Tabauipl 5.7

1 2 3 4 5 6 7
Pecniybnmmka MopaoBust 15,32 6,75 50 68 0,794 38
WpkyTtckas o0macth 29,37 31,02 27 15 0,793 39
Kanmuaunarpaackas o6iacte | 26,09 16,46 33 31 0,792 40
Kamyxckas 06;1actpb 23,61 20,53 36 23 0,791 41
Pecrrybmaxa 779 | 7,87 70 57 | 0791 | 42
Cesepnas Ocertust
Pecniy6nmka Jlarectan 5,98 6,97 74 66 0,788 43
Pecniybnuka Xakacust 18,26 19,30 43 27 0,788 44
[lenseHckas obnacTb 12,02 6,18 64 70 0,786 45
VapstHOBCKast 001aCTh 14,42 12,24 55 41 0,786 46
Psizanckast 00y1acTh 14,56 11,92 53 43 0,785 47
XabapoBCKHii Kpai 18,61 25,51 42 19 0,785 48
Tynbsckas 00J1aCcTh 23,18 7,18 37 63 0,784 49
Tam0oBcKast 00acTh 12,81 8,03 59 56 0,784 50
PecniybOnmka Kapenus 23,76 16,06 35 32 0,784 51
KapauaeBo-Uepkecckas 7.0 224 val 78 0,783 52
PecrryOnmka
Hyxorckud 8045 | 15873 | 4 3 | 078 | 53
ABTOHOMHBIN OKpYT
CTaBpOIOIBCKUN Kpai 8,15 4,60 69 73 0,782 54
JlenuHrpaackas 061acTh 46,16 40,84 17 10 0,778 55
Hogropojckas 061acTh 29,03 21,99 28 22 0,778 56
AnTaiickuil Kpaii 12,28 8,91 63 53 0,777 57
Kamuarckuii kpaid 14,18 19,89 57 24 0,776 58
Kypranckas o6actp 12,66 8,58 62 54 0,776 59
[Tpumopckuii kpai 13,55 28,32 58 17 0,775 60
KocTtpomckas 001acTh 14,68 10,72 51 47 0,775 61
CwmorreHckas 001acTh 15,38 12,02 49 42 0,775 62
Kuposckas 001acTh 11,37 7,59 65 60 0,774 63
TBepckas 001acTh 18,03 11,26 44 45 0,774 64
PecniyOnuka Bypsitust 14,28 7,35 56 61 0,771 65
Bnagumupckast 0651acTh 12,77 13,44 60 37 0,770 66
bpsHckas o6iacthb 10,20 7,21 67 62 0,770 67
Kabapnuno-bankapckas
PecrryOnmka 4,04 7,10 78 64 0,769 68
PecnyOsinka Mapwuii D 10,94 10,29 66 50 0,769 69
PecniyOnnika Anpires 6,05 7,78 73 58 0,767 70
Yeuenckas PecniyOimka 1,93 0,89 79 79 0,766 71
AmMypckas 00acTb 16,54 24,85 46 20 0,765 72
PecrryOnmka Kanmmbikus 4,89 402 76 75 0,763 73
3abaiikaabCKuil Kpai 14,63 13,36 52 38 0,762 74
Pecrybnmka MnrymeTust 0,10 2,96 80 77 0,759 75
HNBaHoBCcKas 00J1acTh 5,58 4.65 75 72 0,757 76
IIckoBckas o0nacThb 9,98 9,62 68 52 0,751 77
EBpelickas aBTOHOMHas
OOIACTE 12,70 15,90 61 33 0,748 78
Pecriybnuka AnTaif 6,42 3,88 12 76 0,748 79
Pecniy6imka TriBa 4,84 6,77 77 67 0,717 80
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Pucynok 5.9. — 3aBUCHMOCTh CTAaTUCTHUECKON BEPOSTHOCTU COCTOSTHUST W
OT DHTPOIIMA COCTOSIHHUS CHUCTEMBl S JUIi PACHpPENcNICHUsT COBMECTHO

HaOJII0aeMBIX 3HAYCHUH aTPUOYTUBHBIX IEPEMEHHBIX [y, Po, P3, Pa

ATpI/I6YTI/IBHI)Ie IICPCMCHHBIC BI)I6I/IpaJII/ICB TaKMMH JXC, KaK 1 B MCTOJUKC

ITPOOH g0 2010 roma, ¥ OTHOCWJIHMCHL K 3HAUYCHHUSIM Py, P2, P3,: Pa,» B

Ka4€CTBC KOTOPBIX OBLIH IIPHUHATBI MHWHHMAJIBHBIC IIOKAa3aTCJIIN PA3BUTHUA

PCTHOHOB, B YaCTHOCTH, paBHbIC: P = 2882 $; Py, =99,65 net; p3 =56,0 %;
p40 :46,7 %.

Ha ocHOBe monyuYeHHBIX JaHHBIX, UCXOJ M3 BEPOSTHOCTHOW OIICHKHU
COBMECTHBIX  COOBITHUH, CBSA3aHHBIX C  HAOMIOACHHEM  aTpUOYTHUBHBIX

nokasarene  Pq, P, P3, P4, OBLIM ONpeneneHbl 3HTPONUS U MOTEHLHAI

pa3BuTusa s kKaxjaoro pernoHa Poccum B 2008 m 2010 romax. PesynbTaTbl
paHXXUPOBAHUS 1O YPOBHIO U TEMIIAM pPa3BUTHUS IS JAHHOIO cllyyas
pUBEACHBI B Ta0MIIE D.7.

K nepBbIM nsiTH peruoHaM, UMEBIIINM CaMblii BBICOKUN YPOBEHb Pa3BUTHS
B 2010 roxy, otHocatcs: TromeHckas o0iacTh, ropos Mocksa, CaxanuHCKast
obnacTh, UyKOTCKUIT aBTOHOMHBIN OKpyT U Pecrybnuka Tatapcran. BuaHo, uto
OT TIEPBBIX TPEX PETHOHOB, MOTCHIMAJI Pa3BUTHSA KOTOPBIX Oosbmie P =150,

OCTAJIBHBIC PCTHOHBLI OTCTAaBaJIM IIO PA3BUTHIO IIOYTH B ABa U Ooiee pasa. B
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CpPEIHEM I10 MOTEHIMAIY Pa3BUTHs OTHOLIEHHE B YPOBHAX pa3BUTHs HauOosee
Y HaMEHee Pa3BUTHIX peruoHOB aocturio 70:1. I1o Temmam pa3BuTHs B IEpUOA
2008 — 2010 TO0mOB K OBICTPO pPaA3BUBAIOIIMMCS PErHOHAM  OTHOCSTCS:
Caxanunckas u TromeHckas oOnactu, YyKOTCKUII aBTOHOMHBIA — OKpYT,
Kpachosipckuii kpaii u Pecyomika Caxa-SkyTus.

K martu permonam, HMMEBIIMM CaMblid HU3KAW YpPOBEHb pa3BUTHS,
otHocsATca PecnyOnuka Wurymerus, Yeuenckas u Kabapaumno-bankapckas
PecnyOnuku, a taxoke PecniyOnuku TeiBa n Kanmbikus. [1o Temnam pa3Butus B
2008 — 2010 rogax caMbIMH OTCTAIOIIMMU PETHOHAMU cuuTaroTcs: Bonoroackas
obnacth, Yeuenckas u KapauaeBo-Uepkecckass PecnyOnuku, a Takxke
Pecny6iuku Uurymerust u Anrail.

I'opona Mocksa u Cankt-IletepOypr nmo Temmnam pa3sutus B 2008 — 2010
rojax 3aHUMaJIM COOTBETCTBEHHO 28 M 8 MECTO. 3a 3TOT MEPHUOJ CaMBIE
BBICOKME TEMIIbl Pa3BUTHsA, NPEBBIIAIOIINAE CPEAHUE TEMIIBI Pa3BUTHUS BCEX
OCTAIBHBIX pernoHoB B 6—10 pa3 mno wu3MeHeHuro mnoreHuuana AP,
HaOmoaanuch B Caxanuackoit 1 TromeHckol obnacTsx, a Takxke B UyKoTckoM
aBTOHOMHOM OKpYT€.

PelTHHIM PErMoHOB IO YPOBHIO Pa3BUTHS, ONPEACIICHHBIE 10 METOAUKE
pacuera wuHIeKkca u4enoBeyeckoro pasutusa [IPOOH, ommmuatorcs ot
aHAJIOTUYHOTO PEUTHHTa, PACCUUTAHHOTO Ha OCHOBE JAaHHOTO Moaxo/a (Tadm. 5.7).

[IpoOnemMa KOMIUJIEKCHOM OLIEHKM HEMOCPEACTBEHHO CBsi3aHA C
COBEPILIEHCTBOBAHUEM METOJIMK PEUTHHIOBBIX OLEHOK U PAHXUPOBAHUS CUCTEM
110 COBOKYTTHOCTH IOKa3aTesiel ¥ pa3pad0TKON MPOrHO30B Ha CPETHECPOUHYIO U
JOJITOCPOYHYIO NEPCHEKTUBY MPU CTPATETMYECKOM IUTaHUpoBaHUU. CeroaHs B
OTKpPBITOM JI0CTyne uMmeeTcss nHpopmarnus o 6osiee yem 30 MHAEKCAaX U CBBIIIE
20 peWTHHrax pa3BUTHUS CTPaH, PErMOHOB U ropojoB. Hambosee mmpoxo
U3BECTHBI CPEIU HUX: MHAEKC Pa3BUTHs 4YeloBeYecKOoro norteHuuana (Human
Development Index); uwuaekcel u peiitunru gemokparun (Freedom House,
Economist Intelligence Unit); unmekc Bemenust Omsneca Bcemuproro banka
(Doing Business); uHaekc U pedTuHr Oj1aromoayyus ctpad mupa (Happy Planet
Index) u ap. [17,38 40, 75, 114, 131, 143]. OreHka yKa3aHHBIX HMHICKCOB
OCHOBBIBAETCS Ha PA3HOOOpPA3HBIX HSKCHEPTHBIX METOAMKAX, MPUYEM YacTo
METOJAMYECKHE MPUHIUIBI PAcUue€TOB MEXIAYHAPOJIHBIMU OpraHu3alusIMu U

ArCHTCTBAMHM HE PACKPBLIBAIOTCA.
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Kak BHAHO W3 MNPUBEACHHOTO BBIINIE MaTephana sl ONpeaeTICHUs
WHJIGKCOB U OLIEHKA PEUTHHTOB CJIOKHBIX CHUCTEM MOXHO Tpeaiararhb
YHUBEPCAIbHYIO IPUKJIIAIHYIO METO/IUKY.

Hanpumep, nponsurocTpupyeM BO3MOMXKHOCTH MHPEMJIOAKEHHBIX METOJIOB
Ha TMpuMepe pa3padOTKH METOAMKH, KOTOpas SBISIETCS albTEepPHATHUBOM
M3BECTHOM METOJMKE pacuera BcemupHoro unuekca cuacthbsi [75]. JlaHHBIM
uaaekc (Happy Planet Index) mpezacraBiseT co0oi OICHKY, OTPasKaOIIyFO
0JIar0OCOCTOSIHUE JIFOJIE M COCTOSIHUE OKPYKAIOIIEH Cpeabl B pa3HbIX CTpaHax
mupa. WHAEKC mpeiokeH wuccienoBarenbckuM I1ieHTpoM New Economics
Foundation (NEF) B 2006 roxy.

B meroauke NEF B kauecTBe aTpuOyTHBHBIX MEPEMEHHBIX /I pacyueTra
MHJIEKCA UCTIONB3YIOTCA CIEAYIOIINE OKa3aTeIu: CPEAHSS IPOAOJIKUTENBHOCTD

KH3HA P;, JIET; TOKa3aTellb CYObEKTUBHON YIOBJIETBOPCHHOCTH >KU3HBIO
TIOIBMH P, , Oam; mokaszaTeib JKOJIOTHYECKOoro cienma pPs, ghal/capita. [ms

peleHusl MOCTAaBICHHOW 3a7a4M BOCMOJIb3yeMcsl 6azamu JaHHBIX 1eHTpa NEF
[75]. C yueToM BEpOSITHOCTHOM OIICHKH COBMECTHBIX COOBITHI, CBSI3aHHBIX C
HaOIIOIGHUEM TOoKa3arened Pq, Py, P3, OBUIM TOCTPOEHBI BEPOATHOCTHBIE
MOJICIM  OJaromojiydvsi CTpaH W ONPEACIICHbl pPaHTHM CTpaH Mupa.
CooTBeTcTBYyIOIIAs MOJENIb MOJy4YeHa B BHUJIE ITPOOUT-3aBUCUMOCTH BEIUIMHBI

BEPOSITHOCTH COBMECTHBIX COOBITMI HAOMIOACHUS TOKas3aTenel P, Py, P3 OT

OHTPOIIMU COCTOAHUA CUCTCMBI:

Prob 2

t
W= exp| —— |dt; Prob=-2,205+s

N2 _{O P 2
s=0,964-In| P |+2,032-In| P2 |+0,499.1n| P2 |. (5.13)

Py, P2, P3,

Koadpdumment xoppensiuun 3aBucumoctd  (5.13) cocraBun 0,983,
pe3ynbTaThl 00padOTKU NaHHbIX a5 146 cTpaH Mupa nmpuBeAEHBI B Ta0auIe 5.8
u Ha pucyHke 5.10. ATpuOyTHUBHBIC TOKa3aTeId OTHOCWIMCH K 3HAYCHUSAM

BETUYHH Py , P, P3, , KOTOPBIC COOTBETCTBYIOT BHIOPAHHOI OMOPHON TOUKE —

cOCTOsIHUIO cTpanbl Yax [75].
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Tabmuma 5.8. — 3naueHus noTeHnMana P W peWTUHTH CTpaH IO
NOKa3aTessiM OJIaronomyyus

ITorennuan Panru ctpan no

C Wnnexc cuacTes v
TpaHbl MHpA ctpanbl P HPI (2012 1) HPI MIPEAJIOKEHHOU
(2012 1.) ' (2012 1)) meroauke (2012 r.)

Kocra-Puka 11,635 48,2 1 51
BreetHam 6,555 46,0 2 80
SImaiika 6,486 42,4 3 81
Nunonesus 4,322 42,2 5 96
Banrmagem 2,713 41,2 8 108
[Tanama 11,579 40,1 9 52
Ky6a 9,709 39,6 10 61
W3pansb 18,630 39,5 11 34
Benecyana 11,240 38,8 12 54
Hukaparya 6,346 38,6 13 82
Wnpus 1,915 34,0 34 112
MosoBa 6,950 33,0 36 76
AHrnus 21,194 31,7 39 23
Tamxkukncran 2,040 31,4 41 111
['epmanus 20,773 31,2 43 25
[IBenus 27,986 30,8 45 13
dpaHnms 22,663 30,5 47 18
Slonus 19,432 30,4 48 29
Uranus 20,449 29,5 51 26
V30ekucran 4,086 28,0 56 98
Kaunana 32,262 27,8 58 6

Hcnanus 21,223 27,4 62 22
Kuraii 7,031 27,1 65 74
ABcTpanus 34,582 26,3 69 4

CroBakus 19,292 25,0 75 31
Ucmannus 33,134 24,7 80 5

Cepbus 9,405 24,3 82 62
Pymbiaus 9,782 24,2 84 60
CioBenus 23,342 24,2 85 17
Beaapych 14,220 23,3 90 45
3amoOus -0,726 23,3 91 138
YxpauHa 9,898 23,0 92 58
bensrus 36,918 22,7 95 1

AzepOaiixan 5,021 22,1 101 93
CIIA 36,914 21,9 104 2

Adranucran -1,571 20,4 112 145
OcToHus 18,706 20,1 114 33
Poccus 15,163 20,0 114 41
Kaszaxcran 12,648 19,7 117 49
JlaTBus 14,609 19,6 118 44
Bonrapus 12,580 18,1 123 50
Konro -0,011 17,8 124 132
Amnrona -1,119 17,0 127 143
Tausanus 0,409 15,0 138 123
Hurep 2,636 11,8 148 109
Yag 0,000 10,0 151 131
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ITpobur BepostHOCTH Prob

-1 0 1 2 3 4

3HTpOl’IHH COCTOSAHHSA CHCTEMEI §

PI/ICYHOK 5.10. — 3aBUCHUMOCTh BEPOATHOCTH COCTOSIHHA W OT DHTPOIINU

COCTOSIHMSI CHCTEMBI S JIJIsl COBMECTHO HA0JIIOMAaEMBIX IIOKa3aTesen Py, Py, Pa

B 2012 rogy Kk mnepBeIM MSTH CTpaHaM, HMMEBIIMM CaMOE€ BBICOKOE
3HaUYEHUE B OLEHKE Ojaromoiy4usi cTpasbl, oTHocsTcs: bembrus, CHIA,
Tpunnnan u TobGaro, Ascrpanus u Hcmangus. K nmsatu crpanaMm, MMeBLIUM
caMOe HH3KOe 3HaueHue, orHocarcs Cweppa-Jleone, Amnxrona, bypynnm,
Adranucran u Konro (IPK).

[Tonmy4yeHHbIe JaHHBIE OTIMYAIOTCS OT OLIEHOK, KOTOpbIE AAIOTCS LIEHTPOM
NEF u npu koropbix BceMupHbIi HMHAEKC CYACTbSl XapaKTepuszyercs
3aBBIIICHUEM Beca IIOKa3aresisl YAOBJIETBOPEHHOCTH >XHM3HBIO. B  Mertone,
OpeJIOKEHHOM B MOHOTpaduu, paHTrd CTpaH YCTAHABIMBAIOTCS HCXOIS U3
OLIEHKH BEPOSITHOCTU COBMECTHBIX COOBITHH, CBSI3aHHBIX C HAOJIOJIEHUEM BCEX
TpeX MoKaszaTesneu 0Jaronosxyyust CTpaH.

Takum 00pa3om, pe3ynbTaTbl pabOThl MO3BOJIAIOT BBIUTH Ha CO3JaHUE
HOBBIX MPOTHOCTUYECKUX U PEUTHHIOBBIX CHCTEM IO OLIEHKE Pa3BUTHS CTpaH,
PETHOHOB U TOPOAOB MHUpPA, KOTOPHIE HA OCHOBE YHUBEPCAJIbHON METOIMKH
KOMILJIEKCHOM OLIEHKM JAl0T BO3MOXXHOCTH OINPEAENSATh PEUTUHIH CTpaH II0
COBOKYIHOCTH NOKa3arenel. Takas cuctema J0KHA MHTErPUPOBATh JAHHBIE O

pPa3BUTUU CTpPaH U TopoJiIoB Mupa OT 25 — 30 MEeXIyHapOIHBIX OpraHU3alUi U

195


https://ru.wikipedia.org/w/index.php?title=New_Economics_Foundation&action=edit&redlink=1

onpenensath 10— 15 HU3BECTHBIX HMHAEKCOB W PEUTHUHIOB 10 Pa3Iu4HbIM
acmeKkTaMm  pa3BUTHS. OTO  MO3BOJIAT  NPEIJIOXKHTh HOBYIO  CHUCTEMY
MH(POPMALMOHHO-aHAIMTUYECKON MOJICPKKU TPUHATHS PEIICHUNd B 00JacTH
TJI00ATUCTUKU U YPOAHUCTHKHU.

Taxum oOpa3om, Ha mprUMepax MOKa3aHO, YTO MPH JTOCTATOYHOM O0BEME
OTBITHBIX JTAHHBIX BO3MOKHO MOCTPOEHUE (PEHOMEHOJIOTHMYECKUX MOJENIEH s
HEKOTOPBIX KJACCOB COLMAIIBHO-3KOHOMUYECKUX CUCTEM, B YACTHOCTU IT'OPOJOB,
pEeruoHoB M crTpaH. lIpakThueckuid ONBIT NPUMEHEHMS TAaKUX MOJEIEH B
TEPMOJMHAMUKE U (PU3UKE YKa3bIBaeT Ha OOJIBIINE BO3MOKHOCTH, CBSI3aHHBIE C
ONMCAHUEM U IPOTHO3MPOBAHUEM pa3BUTUS MHOTUX CIIOXKHBIX CHCTEM B
€CTECTBO3HAHUU. Bce 3TO MO3BOIISIET B POrHO3HBIX UCCIEAOBAHUAX IPUMEHUTD
OOBEKTUBHBIA MOAXO0/I, OTIUYAIOUIMICS HCIOIb30BAHUEM METOA0B, KOTOPBIE HE
3aBUCSAT OT BOJIM U JKEJIaHU CyObeKTa, 00ecneunBaroT (popMann3alnio HayYHOU
3a/layd B 00JIACTH MpEeAMETAa UCCIEAOBAHUS U MPUMEHSIOT aJIeKBaTHBIE MOJEIH
JUIS ONMCAHUS 3aKOHOMEPHOCTEH. BaXKHBIM SBIIAETCS TakKe BO3MOKHOCTH
dopMupoBaHHUS ~ OOIIMPHOM  AMOUPHUYECKOM  0a3bl Ui MOJIYYEHHs
(e€HOMEHOJIOTMYECKUX OMMCAaHUI MPOLIECCOB U UCIOIb30BaHUE HHCTPYMEHTOB U
CPEICTB I ONBITHOM MPOBEPKU HAayuHBIX (PAaKTOB Ha mpakTHKe. Takoi moaxon
MO3BOJISIET pa3paboTaTh MPUHIMIINAIBLHO HOBOE MAaTeMAaTUYECKOE 00ecreueHne
JUISL IPOTHOCTUYECKUX CUCTEM.

[IpensioxkeHHBIT METOJ  KOMIUIEKCHOM OILIEHKM, OCHOBaHHBIM Ha
(E€HOMEHOJIOrMYECKUX MOAXOAAaX ONUCAHUS CTPYKTYPUPOBAHHBIX IaHHBIX HU
yueTe 3aKOHOMEPHOCTEH pa3BUTUS OOBEKTOB IMPOTHO3UPOBAHUS, IO3BOJISET
CTPOUTH MOJEJM ONMCAHUs JAHHBIX PA3JIMYHON TOYHOCTH, B TOM YHUCJIE U OYEHb
BBICOKOM, HE3aBUCUMO OT MPUPOJBI M3y4daeMbIX 00BEKTOB. KOHTHHYyaIbHBIM
INPUHIUI TPEACTABICHHUS] KOJMYECTBEHHOW HWH(OpMAnuu U BEPOATHOCTHBIE
METO/Abl  OLEHKM  3HAYUMBIX  COOBITHMM  OTJIMYAIOTCS  ONpPEIEJIEHHOM
YHUBEPCAIBHOCTBIO M AT BO3MOKHOCTH Il ONMCAHUSA 3aKOHOMEPHOCTEMN
NoBeleHUsT OOBEKTOB, eciu HuHpoOpMalus O HHUX [pPEJICTaBIsIeTCs B
CTPYKTYPUPOBAHHBIM BHUJI€ «OOBEKTHI-IIOKA3aTEIN-BPEMS.

JIaHHBIN METOJ MOXET OBITh WCIOJB30BaH NPHU HU3YYEHHH TIPYHIOBBIX
0COOEHHOCTEW pa3BUTHUS U MOBEACHUS 0OBEKTOB COLIMAIBHO-IKOHOMHUYECKON U
oOLIeCTBEHHON mpupoasl. Hampumep, npu M3ydyeHHHM TEHACHLMM pPa3BUTHUA

CTpaH, PETrHOHOB, TOPOJOB M JPYTHMX TOCYJAPCTBEHHBIX M OOIIECTBEHHBIX
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o0Opa30BaHMii, MPU OLIEHKE OCOOEHHOCTEN M YPOBHS HAJOTOBBIX MOCTYIUICHUH B
TpyIIax OAHOPOJHBIX CYOBEKTOB HAIOTOOOIOKEHUS, IPH U3YYCHUHU TIOBEICHHUS
COIMAJIbHBIX TPYNI M Pa3IMYHBIX KATETOPHUH JIIOJCH, WCXOId W3 aHaIHu3a
OZHOPOJIHBIX 3HAYNMBIX COOBITHI M CPEAHECTATUCTUICCKUX OCOOCHHOCTEH U T.1I.

[lpuBeneHHBIE MPAKTUYECKUE MPHUMEPHI CO3JAHHS MOJEJCH OMUCAHUS
JAHHBIX I OIICHKH COCTOSHHSI M PA3BUTHUS CTPaH M PETHMOHOB YKA3bIBAIOT HA
JOCTAaTOYHYIO TEOPETUYECKYI0 MPOPa0OTKy MpeaaraeMbIX MPOTHOCTHYECKUX
METOJIOB.

5.5 BeposiTHOCTHBIE MO/1eIH OMOPa3HOO0pPA3Hsl U KOMILJIEKCHAS OI[€eHKA
BU/I0B

OpHa U3 BaXHBIX 33/1a4 CUCTEMHOI'O aHaJM3a CBsI3aHa C CUCTEMaTU3alNen
U KOMIUIEKCHOM  OIlEHKOM  OHOJIOTMYECKMX BHUIOB. buopazHooOpasue
IpEJCTaBIsIeT COOOM YHUKAIBbHYI0 OCOOEHHOCTb >KMBOM NpPUPOIBI, KOTOpas
CBSI3aHa C BO3HUKHOBEHUEM CTPYKTYPHOM CJOXKHOCTHU M MHOIroo0pasus
IKOJIOTUYECKUX cucTeM. lmeHHO OuopasHooOpaszue SBISIETCS OCHOBOM
CYILLECTBOBAHMSI BCETO JKMBOI'O Ha HAIIEH IIaHETE. Y POBEHb Pa3HOOOpa3Usl Kak
BHYTPH Ka)KJIOTO BHJIa, TaK U B paMKax Bceil Onocdepbl Mpu3HaH B OMOJIOTHH
OJIHUM W3 TJaBHBIX IMOKa3aTesael *KU3HECTIOCOOHOCTU KUBOW MPUPOIBI — 3TO
OCHOBA 3BOJIIOLUH KU3HEHHBIX (opM. CHUXKEHHE BUJIOBOTO UM T'€HETUYECKOIrO
pazHooOpasusi CTaBUT MO yrpo3y pa3Butue (opm xu3Hu Ha 3emie [28, 109,
110, 134, 142].

OueHkr  OUOJOTUYECKOTO pa3HooOpasusi 3eMju  BHOEpPBbIE  ObUIN
npeanpuHatel Oouoreorpadamu, kotopble B XVIII-XIX Bekax pazpabortanu
cXeMbl OOTaHUKO-TEOrpaUUecKkoro U 300reorpauyeckoro pasjesieHus
MOBEPXHOCTH HAIIEeH MJIaHETHI MO CTENEeHU cBOeoOpa3us ¢iopsl v Gaynsl. B XX
BEKE TAaKHE K€ CXEMbI ObLIM COCTaBIICHBI HE TOJIBKO It (GJIOPHI U PayHbI, HO U
JUIsSL COOOILECTB PACTEHUMN, KUBOTHBIX, OMOTE€OIIEHO30B. Y YeHbIE OTMEUAIOT, YTO
BCETo Ha Harei ruianere oourtaet 10 100 MitH. BUIOB, OJJHAKO OoJiee pearbHbIM
YUCJIOM OIIEHKHU TIJ00allbHOr0 OMopa3zHooOpas3usi cuuTaeTcs 14 MWUIMOHOB
BuaoB [118,135]. B TO e Bpemss [aHHBIE O KOJMYECTBE OIMUCAHHBIX

IpeICTaBUTENIeN BCEX MATH OCHOBHBIX APCTB HA 3e€MJI€ COCTABJISIFOT JUIIb 1,75
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MJIH. BUJOB, T.. MeHee 15%. Otm marepuansl 0600mensr WCMC (World
Conservation Monitoring Centre, http://www.unep-wcmc.org/) — BcemupHbIM
IIEHTPOM MOHHMTOpUHTra O6mopazHooOpaszusi B KemOpumke (BenukoObputanus) u
nocrosdHHo yrouHstorcss [135]. Kpome Toro, Ha Hamedl 1uiaHeTe WAET
MOCTOSIHHBIN MPOIIECC MOSBJICHUS M BBIMUPAHUS BUJOB, OJIBUIOB U (popm [109,
135, 139]. BeiMupanue — €CTECTBEHHBIN MPOIECC — CYUTAETCs, 9To Oomee 99%
KOra-iubo CyiiecTBOBaBIIMX BUI0B BhiMepiu [139]. CeroaHst BUIbI HCUE3aI0OT
B 100 — 1000 pa3 ObicTpee, 4yem 10 CYLIECTBOBAHUS YEIOBEKA, U HCUE3HOBEHHE
BUJIOB, HAXOMSIIMXCA B JaHHBIA MOMEHT IOJ| YIpO30H, MOXET 3HAYUTEIBHO
yBEeIIMUUTh 3T Tiotepu [128]. B cBow ouepenb, YCKOPEHHE HCYE3HOBEHUS
BUJIOB MOXET OKa3aTh HETaTUBHOE BJIUSHUE HA KU3HECIIOCOOHOCTh BCEH JKUBOMU
npupoasl 3emun. [loaTomy onenka OunopazHooOpaszusi HMeEET OOJIbIIOoe
3HAYCHHUE, TaK KaK IO3BOJIAET KOHTPOJIUPOBATH COXPAHEHUE T€HETHUYECKOIO
MOTEHIIMAJIa, JAeT MPEACTaBICHUE O COCTOSIHUM AKOCHUCTEM Ha OMNpPEACICHHOM
TEPPUTOPHUH, TIO3BOJSICT HM3YYHTh TCHACHIIMM B W3MCHEHUW OHWOIICHO30B, a
TaKXe YCTaHOBHUTH (DaKTOPBI, YIPOXKAIOIIHe pazHooOpasuio [28].

Ha cerogusimauii neHp mpoGiema OMOpa3sHOOOpa3usi OTHOCUTCS K TEM
0o0JacTsIM HAY4YHOTO 3HAHUS, KOTOPBIE OMHPAIOTCS MPEUMYIIECTBEHHO Ha
omucaTeabHble MeTo/bl. HecMOTpsi Ha TO, YTO HMMEETCSI MHOXKECTBO CaMbIX
pa3HBIX MOJIEJEH U KOJMYECTBEHHBIX OLIEHOK OMopasHooOpasus, o0o0aromas
TEOpHUsl JAHHOTO SIBJICHUSI OTCYTCTBYET, @ CBSI3b CYIIECTBYIOIIMX MOJCIICH
Ouopa3HooOpa3usi ¢ JaHHBIMH HaOJIOJICHWM TOKa HE JocTaTouHa. Pa3Burthe
OMOJIOTUYECKUX HAYK TMOJIYYUIIO KaueCTBEHHBIM CKAa4dOK mociie (OpMUPOBAHUS
OCHOB CHCTEMATHKH >KHBOTHOTO U pPACTUTEJIBHOTO MHpa — HAYyKH O
pa3HooOpa3ur  OMOJIOTMYECKUX OpPraHu3MOB, O B3aUMOOTHONIIEHUSAX U
POJICTBEHHBIX CBS3SIX MEKIY MX Pa3IMYHBIMU TpymnmnamMu (TakcoHamu). OmgHaKo
OMocucTeMaThKa JaeT KAaueCTBEHHOE OINKHCaHue U OOy JIOTHYECKYIO
KJIacCU(UKAIMIO BUJIOB, NMPU 3TOM OCHOBOIOJIATAOIINE MPU3HAKHU, MPUHSITHIC
npu kiaccudukanuu, ci1abo YYUTHIBAIOT KOJUYECTBEHHBIE XapPaKTEPUCTUKU
BuaoB [71, 141, 146].

[lenpr0o maHHOTO paszpena SBIAETCA M3YyYEHUE 3aKOHOMEPHOCTEU
B3aMMOCBSI3M OHMOJIOTMUECKUX TIOKa3aTelell W apeajoB BHUIOB KUBOTHBIX,
MO3BOJIAIONIMX HA OCHOBE OLEHKU COOBITHM HaOMIOACHUS Pa3IMYHBIX

nokaszaresiei pa3padoTaTh BEpOSATHOCTHBIE MOJIETTU OMOpa3HOOOpa3usi.
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Pa3Butne meromonoruu OwoOpazHOOOpaszwsi ¢ y4eTOM OMOJIOTHYECKOU
CUCTEMATUKH MOXKET HauaThCsl C CO3JIaHUsl CTPYKTYPUPOBAHHBIX 0a3
KOJIMYECTBEHHBIX JaHHBIX, KOTOpble HecyT HuHMOpManuio 00 OCHOBHBIX
MOKa3aTesiIX BUJOB M XapaKTEPUCTUKAX MX PACHpOCTpaHEHUsi B MPUPOIE, a
Takke 00 yCIIOBUSIX, B KOTOPBIX 3TH BHJIbI CYIIECTBYIOT. B mocnennee Bpems
no00HBIe 0a3bl JTaHHBIX, KOTOPHIE OXBATHIBAIOT THICSYM BUIOB M JCCATKU
MoKa3areyield U XapaKTepUCTUK BHUJIOB, HAUMHAIOT CO3/1aBaThCA U BBICTABISATHCS
B OTKpBHITOM jaocTymne (Hampumep, [29, 120]). Takxke yxke CO31aHbl apXUBBI
MOBTOPHOTO aHalIM3a KIMMAaTUYECKUX HaHHbIX [121], kKoTOpble OXBAaTHIBAOT
TEPPUTOPUIO  BCE  IUIAHETHI W MOTYT  XapaKTepU30BaTh  YCIOBHS
pacmpocTtpaHeHuss  BujoB. OpHako, 0a3pl  JaHHBIX O  IJ100aJTBLHOM
pacrpocTpaHEeHUHU BUJIOB HEJIOCTATOYHO Pa3BUTHI. OO0benuHeHue
OMOJIOTMYECKUX U  KIMMAaTHUYECKUX 0a3 JaHHBIX T[O3BOJIUT  CO3/aTh
AMIIUPUYECKYI0 OCHOBY JIJIsl TMOMCKAa 3aKOHOMEPHOCTEM U pa3pabOTKU TEOpUU
ouopaznooOpasusi. [Ipu 5ToM BUIHBI IBE 3aJja4l MOJICIMPOBAHUS, CBSI3aHHBIC C
MOJICNIIMA  COCTOsIHUM BuJoB. IlepBas 3amada mocBsinieHa pa3paboTke
BEPOSITHOCTHBIX MOJIeNIe JUIsl OIICHKU COOBITHI, XapakTepusyromux (1o
COBOKYIHOCTH TIOKa3aTesieil) HaONI0gaeMOCTh KOHKPETHBIX BHUIOB CpEId
MHOXECTBa JIpyrux BHUJOB. Bropas 3amaya cBsizZaHa ¢ UW3Yy4YEHUEM
pacrpoCTpaHEHUs BUIOB Ha TUIAHETE C YUYETOM YCIOBUN OKPYKAIOIIEH Cpeibl.

Cocmosnue uccinedosanuii 8 001acmu oYyeHKU 6uopazHooopasus

[lepBbie  nmaHHBIE  WCCIEAOBAHWM,  HaAMpaBiICHHbIE HA  OIEHKY
OMOJIOTUYECKOTO pa3HOOOpa3usi, ObUIM OIMYyOJMKOBAHBI €II€ B Hadaje BTOPOU
nosioBuHbl XX Beka. C TeX MOp KOJUYECTBO HCCIEIOBAHUN B ITOM 00yacTu
3HAYUTEJILHO YBEJIMYMWJIOCh, MHOTO BHUMAHHS CTajo YACISATHCS CO3JaHUI0
METO/IOB M3YYEHHUS U MOCTPOEHUs Mojieieil OnopazHooOpa3usi, KOMIUIEKCHOM
OIICHKE COCTOSIHUSI U PacCHpOCTPaHEHUsI BUJIOB, Pa3pabOTKE U HMCIOJIH30BAHUIO
pa3NUYHBIX HWHJEKCOB, MEp M WHAMKATOPOB OuopazHooOpa3us. AHaIu3
UCCJICIOBAHUM 1O KOJUYECTBEHHOM OILIEHKE OMOpa3HO0Opasusi BBIMOJHEH B
U3BeCTHBIX padoTax [84, 92, 96, 115]. ABTOpHI OTMEUAIOT, YTO B 3TOH 00JaCTH
UMEETCS LIETIBIA PSiZl METOOJIOTHUECKUX MPOoOIIeM:

® CYIIECTBYIONIME METObI OIEHKH OMopazHooOpasus B 3HAUYUTEIHLHOU
Mepe HEKOPPEKTHBI, B TIEPBYIO0 OUYEPEab MOTOMY, YTO HHKAaK HE YUUTBHIBAIOTCS

Mopdoornueckoe, (PYHKIMOHAIBHOE, HKOJOTHYECKOE CXOJCTBO/pa3Inyiue
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MEXIy CaMUMH BUJIAMH, KOTOPOE OMPENESETCS XapaKTEPHBIMU MTOKA3aTEIISIMH
ATUX BHUJIOB;

® WHJCKCH Pa3HOOOpa3usi YacTO OCHOBBIBAIOTCS HA 3KOJOTUYECKH
COMHHTEJIbHBIX KOHIICHIUSAX: OOBIUHO B KaueCTBE JTajOHAa MPUHUMAETCS
HKOCUCTEMA C PaBHBIMU OOMJIMSIMU BCEX BHUJOB, YTO HE BIIOJIHE COOTBETCTBYET
CTPYKTYpE peajbHBbIX MPUPOIHBIX COOOMIECTB (IPYTMMU CIOBAMHU — COOBITHS,
CBSI3aHHBIC C PACIIPOCTPAHECHUEM BUIOB, PABHOBO3MOIKHEI);

e MoJenu pa3HooOpasusi MOKa OCHOBAHBI Ha JIOCTATOYHO YACTHBIX U
y3KHX THUMOTE3aX U HE MOTYT CIYXKUTh (GyHAAMEHTOM ISl (POpMaIbHO CTPOTOM
TEOPHUH OLEHKH OMOpa3HOOOpa3us;

® [PUXOJUTCS KOHCTAaTUpPOBaTh, 4YTO cO BpeMeH P. Yurrekepa,
3aJI0KHMBIIIETO BEPOATLHYIO OCHOBY MOHSATHN pa3HOOOpasusi sl COBOKYITHOCTH
MECTOOOUTAaHUM, CKOJIBKO-HUOYJb CTPOTUX METOJ0B KOJIMYECTBEHHOM OIEHKH
pa3Ho00Opa3us 10 HACTOSIIETO BPEMEHHU He pa3paboTaHo;

® MHOXECTBO KOMIUIEKCHBIX MHAEKCOB M Mep OuopazHoobOpaszus
MOCTPOEHBI C HCIOJB30BAHUEM THUIOTETUYECKUX M IKCIEPTHBIX IOIXOIOB,
KOTOpBIE HE HECYT B CBOCH OCHOBE (hyHIAMEHTAIBHBIX 3aKOHOMEPHOCTEH M HE
WCITOJIB3YIOT €CTECTBEHHOHAYYHBIE METOIBI PY aHAJTN3C U OTIMCAHUH TaHHBIX.

Jms Toro, 4ToOBI OICHHUTH OHOJOTMYCCKHE OCOOCHHOCTH BHIOB IIO
KOMITJIEKCY TIOKa3aTejael HeoOXOoauMa CHUCTEMa KPUTEPHEB, KOTOPBIC, CKOpee
BCEro, OyIyT WMETh BEPOSTHOCTHBIM Xapakrep. Psj aBTOpoB cuuTaer, 4To
HanOoJjiee BaXHOM XapaKTEPUCTHUKONW MHOrooOpasus SBIAETCS IOKa3aTelb
BBIPABHCHHOCTH (EVENNESS) OOJIBIIOro KojuuecTBa (OOMIHS) BHIOB, KOTOPBIH
OTpaXaeT CTPYKTYPY DKOJIOTHYECKOTO COOOIINECTBA M MOKA3bIBAET OTCYTCTBHE
JOMUHAHTHBIX BHOB [28, 88, 115]. Cuuraercs, 4To SKOJOTHYECKas CHCTEMa
MMEET BBICOKOE KauyeCTBO C TOYKM 3pEHUsi Ouopa3HOOOpas3us, €Ciu OHa
OTNMYaeTcss OOJBIIMM KOJMYECTBOM BHUJIOB U BBICOKUM IOKa3zaTesieM
BbIpaBHEHHOCTH [28, 88]. Ecnu BHUKHYTH B CyTh MOHATUNA OOWIIMS BUIOB H
BBIPABHEHHOCTH OOMJIUSI BUOB, TO YKOJIOTHYECKAsl CHCTEMA, OTJIMYAIOIIAsICS TI0
MHEHHIO psa YYEHBIX OOraThiM BHJIOBBIM  pa3HOOOpa3ueM, JODKHA
YIOBIIETBOPSATH CJICIYIONTUM YCIOBUSM:

® UMETh BBICOKMH TOKa3aTelb OOWus BHUIOB (KOJMYECTBO BUIOB Ha

eJIMHULIE TEPPUTOPUH);
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® OTJINYATBCS PABHOMEPHBIMU BEPOATHOCTHBIMHU  PACIPEICICHUSIMU
KOJIMYECTBA 0COOEH Ka)XJA0ro BUAA;

® UMETh OJIM3KHUE YPOBHH IUIOTHOCTH PACTIPECICHHS] BEPOSITHOCTU IS
KQKJI0T0 BUJA.

Bonpoc o TOM, AEHCTBUTENBHO JIM Takas JKOJOTHYECKass CHUCTEMa
ONTUMAJIbHA C TOYKUA 3pPEHUs OHOJOTMYECKOM HSBOJIIOLMHM, SIBIISETCS KpaiHe
TUCKYCCHOHHBIM. OJIHAKO OHAa MOKET OBbITh MPHUHSATA B KadyecTBe 0a30BOil
(uneanbHON) MOJENTHU, MO3BOJISIONIEH CPaBHUBATH PA3IMYHBIE YKOCUCTEMBI IO
OTHOIIIEHWI0O K HEH To KputepusM OuopasHooOpasus. IlpunstHe Takoi
TUIOTE3bI BO3MOXKHO B CIy4ae, eclid OyayT MOCTPOCHBI BEPOSITHOCTHBIE MOJICTTU
OMOJIOTMYECKOTO Pa3HOOOpa3us JUisi TAKCOHOMETPUYECKUX TPYII — OTPSIOB,
CEMEUCTB U T.J.

CrnenyeT OTMETUTh, YTO TEOPETUUYECKUE paOOThl KOMIUIEKCHOM OLIEHKU B
o0nactu 6Mopa3HOOOpPa3Us M SKOJOTUUECKUX HAYK YacTO CBOJATCS K TMIIOTE3aM
U 0000UIEHUSIM, OTOPBAHHBIM OT pEAJIbHOW CTATUCTHYECKOW O0a3bl H
CUCTEMATUYECKOTO M3YYEHHMs OINBITHBIX JAaHHbIX. Kak cieacTBue, aeKBaTHBIX
Mojenell  Omopa3HOOOpa3uss M KOMIUIEKCHBIX  OIIEHOK COCTOSIHUSL U
pacmpocTpaHeHusi BUJOB oueHb Majo. [lo yrBepxkaenuto PozenOepra I'.B. u
[ITutuxosa B.K. [96] «3a mocneanue 30 J€T HE MOABUIOCH HU OJTHOM CKOJIBKO-
HUOYyAb 3aMETHOM MyONMKalMKM, BHOCSIIEW YTO-TO HOBOE B OCHOBHBIC
KOHLEMUIUU U (PyHAaMEHTAIbHbIE 3aKOHBI SKOJIOTUIY.

CeronHss TOHUCKY cHCTEMOOOpa3yromux (akTopoB U (HOPMYIHPOBKE
OOILIECUCTEMHBIX MPUHIIMIIOB MOJEIUPOBAHUSI OOBEKTOB M SABJICHUM Pa3IUYHON
OpUPOABl  YAENAETCS 3HAYMTENbHOE BHMMaHWE. OTO HANpaBlICHUE B
MOJICJINPOBAHUU CJIOXKHBIX CHCTEM CBSI3aHO C CHCTEMHBIM aHAJIU30M H
npuKIaaHoW Teopuelt cucreMm. llocnmegHue wuccnenoBaHWs B 3TOW 00JacTH
CBSI3aHbl C BEPOATHOCTHBIMHU OIMCAHUSMH CHUCTEM, CO3IaHHEM TEOPETHUYECKHUX
METO/JI0OB M MAaTE€MaTU4YeCKOro arrapara CHCTEMHOM JuHaMUKH. PaboTsl
P. Yurrekepa, k. ®oppecrepa, II. Anoxuna wu ap. [15, 110, 112] Buecnwm
3HAUUTEIBHBIM BKJIAJ B TEXHOJIOTHIO MPHUKIAAHOTO KOMIBIOTEPHOTO H
MaTE€MaTUYECKOro MOJEIIMPOBAHUS  CIIOXKHBIX  COLMAIIBHO-3KOHOMUYECKUX
CUCTEM, IOCTPOCHHE MOJeleld OUOJOTUYECKUX M DKOJOTHYECKHX CHCTEM.
JlaHHOE HamnpaBJICHHE MOJEIUPOBAHUS CHCTEM CBS3aHO C MCIOJIb30BAHHEM

CCTCCTBCHHOHAYYHBIX MCTOJOB B OIIMCAHHHU )KUBOM IMPHUPOJELI. O)IH&KO Ha
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COBPEMEHHOM JTafe pa3BUTHs HAYKH CJEAyeT MpU3HATh, YTO B O0OJACTH
Oonopa3HooOpasusi He CyIecTBYyeT (yHIaMEHTaJIbHOW TEOpWUHU, KOTOpas Ol
XapaKTepu30Bajia COCTOSHUE M PACHpOCTpaHEHHE OMOJIOTUYECKHX BHUOB.
[TonbITKH MOCTPOCHUS TaKOW TEOpuu yxke mnpeanpuHumanuch. Eme B 30-x
rojilax MpOILIOr0 CTOJIETUS U3BECTHBIM PycCKHM ydeHbIM B.A. KocTuibiHbIM
KOHIIENTYaIbHO OBUI TPEIJIOKEH IMOAXOA, KOTOPBIA TMO3BOJSET IMOCTPOUTH
MOJIeJIb PacTpoCTpaHeHHsI BUAOB Ha 3emiie Uil OLIEHKH YCTOMYMBOCTH >KU3HH
[64]. B cBi3M Cc TeM, 4TO B TO BPEMS HEBO3MOXXHO OBLIO pEANTU30BaTh
WH(OpPMAIIMOHHBIE  MOJIENTM, KOTOpbIE  OXBaThIBAIOT  OOJBLION  00bEM
KOJMYECTBEHHBIX W TpapUUecKuX JaHHBIX, 3Ta HAed TaK U OCTalach
Hepealn30BaHHOW. Mojenu pacnpocTpaHeHUs] BHJIOB SIBISIOTCS OJHUM U3
OCHOBHBIX HHCTPYMEHTOB ITOCTPOCHHMSI IBOJIIOIMOHHON TEOPHH PA3BUTHS KU3HU
Ha 3emsie. OcHOBHas mnpoOiieMa B JTOW 00OJACTU — KaK TOCTPOMTH
UHPOPMAIIMOHHBIE  PECYPCHI, TO3BOJSIONIME  MPEACTAaBUTh  JaHHBIE O
OMOJIOTMUECKUX TOKA3aTeNsIX U apeanax JEeCATKOB ThICAY BHJOB, M YBSA3aThb ATH
JTAaHHBIE ¢ TJI00ANBHON KIMMaTH4YeCKOW nH(opMalme, umeromiei 00beMbl OT 2
1o 15 tepabaitt [121]. OueBuaHO, yTO 6€3 KUCMOIB30BaHUS WHGOPMAIIMOHHBIX
TEXHOJIOTHUI yKa3aHHas 3ajlaya pelieHa ObITh HE MOXKET.

B oOmactu orenku OuopazHooOpa3uss MNpU HU3YYEHUHU IIPOILIECCOB U
OOBEKTOB HCCIEAOBATENbh ONEPUPYET MACCHUBAMHU JIAHHBIX, COJEPKAIHIMH
JIECSITKY TTOKa3aTele u MHIAMKATOpoB. B HacTosmee BpeMs nuMeercs psja pador,
HalpaBJICHHBIX Ha  CTAHJAPTU3ALMIO  TOKa3aTelell W WHIUKATOPOB
Ouopa3zHo0Opa3us Al KOMIUIEKCHON OIIEHKM COCTOSIHUS M PACIpPOCTpPaHEHMS
BUJIOB M TPUMEHEHUS CTATUCTUYECKUX METOJOB MPU HU3YYCHUH JIAHHBIX
[99, 137, 151].

B oGnactu 6uopazHooOpas3us HaKOTUJIEHBI O0JIbIITNE 0a3bl JaHHBIX, OJJHAKO
OHM B CBOEH Macce MOKa IUIOXO CTPYKTypHpOBaHbl. TeM He MeHee, JaHHas
uHGOpMAITUsl CETOMHS YK€ BIIOJIHE TO3BOJISIET MOCTaBUTH 3a7ady MOCTPOCHHS
COOBITUIHBIX MOJIeNIeN OMUCAHUSI BUJIOB KUBOTHBIX U OIICHKUA BEPOSITHOCTH HMX
pacrpocTpaHeHHs] Ha 3emJje, UCXOAS W3 KOMIUIEKCHOW OLIEHKH IOKa3aTeleH,
XapaKTEePU3YIOMIMX MOpQooTuueckiue U (U3HOJOTUYECKUE OCOOECHHOCTH
BUJIOB. Y CTaHOBJICHHE 3aKOHOMEPHOCTEH OnopasHooOpa3usi 1acT BO3MOKHOCTh

Pa3sBHUBATb IIPAKTUKY HCIIOJB30BaHUSA B HCCICAOBAHHAX OKOJIOTHMYCCKUX
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MPOIIECCOB U SBJICHWM €CTECTBEHHOHAYYHBIX METOJOB, OCHOBAaHHBIX Ha
BEPOSITHOCTHBIX MOJX0/aX aHAJIN3a U OMUCAHUS OTIBITHBIX JAHHBIX.

Ilpunyunvr  nocmpoenusi  8epoOSAMHOCMHbLIX  MoOeiel 6 obaacmu
OUOpasHoobpasusl.

[Toka B 3KOJIOTMM METOAOB KOJMYECTBEHHOH OIEHKH OMOpa3HOO0Opa3us,
KOTOpbIE OBl HE SBJSUTHCH B CBOCH OCHOBE CYOBEKTHMBHBIMH, MPAKTHUECKH HE
cyuiectByeT. Kak moka3pIBaloT MCCIIeI0OBaHMs, OLleHKa Onopa3sHooOpas3us myTem
WCITOJIb30BAHUS PA3MYHBIX WHIEKCOB YacTO NPHBOAUT K TPOTHBOPEUYHBBHIM
BBIBOJIaM, KOTOpBIE SIBJIIOTCS CIJIEJACTBUEM CYOBEKTUBHBIX MPEACTABICHUIMA
uccienosareneit [115].

Ceromnst B oOjactu OuopazHooOpa3us TMPUOPUTETHBIM CUUTACTCS
H3YYCHUE CTPYKTYPHBIX OCOOEHHOCTEH COOOIIECTB B KOHKPETHBIX MPHUPOTHO-
KIIMMAaTHYECKUX YCJIOBHSAX C yYE€TOM HMX BHJJIOBOTO COCTaBa, YHUCICHHOCTH,
MPOJOIKUTEILHOCTA JKW3HU W JIPyTUX MapaMmeTpoB. be3 0000meHus
MHOXKECTBa JaHHBIX, XapaKTEpPU3YIOIMMUX OuopasHooOpa3ue, HEBO3MOXKHO
YCTaHOBUTH 3aKOHOMEPHOCTH SBOJIOLNN OMOJIOTUYECKON KU3HU Ha 3eMIIe.

st Toro, 4YTroOBl CO3AaTh TJIOOANBHBIE MOJEIH OHOJOTUYECKOTO
pa3HooOpa3usi,  HeoOXoauMo  OTpaboTaTh  METOJUYECKUE  MPUHIUIIBI
uccienoBanus. OUEBHIHO, YTO TIOCTPOCHHUE TAKUX MOJIEICH HEBO3MOXXHO 0e€3
MpeIBapUTEIbHON pa3paboTKu MOJIeTen (ypaBHEHUI) COCTOSIHUS
OMOJOTUYECKUX  BHJOB, KOTOpbIE OBl  XapaKTEpHU30BAIM  B3aUMOCBS3b
OMOJIOTUYECKUX TTapaMEeTPOB OPTaHU3MOB, a TAKXKE MOJENICH pacrpoCTpaHeHUs
BHJIOB, oOoOmaromux uHbOpMAIMI0 00 apeajax BHUJIOB Ha IiaHere. Takue
MOJIENIA CIIElyeT OCHOBBIBAaTh Ha BEPOATHOCTHBIX moaxoxax. OTpaboTKy
MOJAENe MOXHO  BBIMIOJHUTH, HA HECKOJBKMX TECTOBBIX IMpUMepax
MIPUMEHUTEBHO K KPYIMHBIM TaKCOHAM >KHBOTHBIX M pacTeHHi. OJHOBPEMEHHO
HEOOXOJAMMO TMPOBOJIUTH PabOThl MO CO3JAHUI0 CTPYKTYpUPOBAHHBIX 0a3
JTAHHBIX OMOJIOTMYECKHX BHUJIOB M YBS3KE MX C TJIOOQIBHBIMU KIUMATHICCKUMHU
O0azamu maHHbIX. Mcxomst W3 9TOTO, aKkTyalbHBIM SBISIETCS pa3paboTka
reonH(QOpPMAIMOHHBIX  MOJeNie OnopazHooOpasusi, KOTOphie ObLIM OBl
OCHOBAHbBI Ha y4eTe U MPEACTABICHUH apeasioB BUJIOB, a TAKKE yCTAHOBIICHUE
BEPOSTHOCTHBIX 3aKOHOMEPHOCTEH pACIpOCTPAHCHHSI BHJOB C YYETOM WUX
nokaszarenei [54, 151].
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OCHOBHBIE TPHUHLMIBI TNPUMEHEHHUS BEPOATHOCTHBIX METOJOB IIPH
KOMIUIEKCHOM OlIeHKe OMopa3zHooOpa3usi MOTYT OBITh C(HOPMYIIUPOBAHBI B BUJIC:

e cymiecTByiomas B 0a3zax JaHHBIX CTAaTUCTHYECKass HHQpoOpMaIus o
(buznonornyeckux U Mop(oJIOrHYecKrX MOKa3aTeNaX U apeajax BUAOB MOXKET
OBITh MPEACTABIICHA B BUJAE COOBITHI, CBA3aHHBIX C HAOJIIOJEHUEM OAHOIO WU
HECKOJIBKMX MOKa3aTeseH, Uil KOTOPBIX MOTYT OBITh OIIPEIEIIEHBI BEPOSITHOCTH
COOBITHH,

® UCXOJs M3 3TOr0 IMOMCK CBsI3ed M 3aKOHOMEPHOCTEM B MaccHBE
OMOJIOTMYECKUX JaHHBIX, TAaK)Ke, KaK W B MPEIbIAYIIMX pPacCMaTpUBAEMBIX
CIIly4asiX, MOKET OCYILECTBIISATECS HE MEXAY MOKa3aTesIMA U apeajaMu BUOB,
a MEXIy BEpOATHOCTIMU COOBITUI HAOMIOIEHUS 3TUX BelnyuH. [Ipu aTOM dakr
HAOJII0JICHUS] OJTHOTO MOKAa3aTeNsl MOYKHO paccMaTpUBaTh Kak IMPOCTOE COOBITHE,
a gaxT HaOJIOEHUS HECKOJIBKUX MOKa3aTeseil Kak COBMECTHOE COOBITHE;

® CTaTHUCTHYECKUE BEPOSTHOCTH JUISl MMPOCTBIX U COBMECTHBIX COOBITHIA
MOTyT OBITh HaWJAEHBl SMIUPUYECKH C HCIOJIB30BAHUEM  PaA3IMYHbBIX
QITOPUTMOB COPTHUPOBKH, TPYNIHMPOBKU M MOJICYETA YACTOT OJIArONPUSTHBIX
coObITMI B 0O0mieil BBIOOpPKE BceX HAOMIOJEHUN, XapaKTepU3YIOIIHX
OIPEIEICHHYIO TPYIIITY BUJIOB;

® YCTAaHOBJICHUE CBSI3U BEPOSTHOCTEM COOBITHII C TOKa3aTesIMH H
apeajlaMd  BHJIOB MOJET OBITb  OCYILIECTBJIEHO C  HCIOJIb30BAaHUEM
BEPOATHOCTHBIX METOJOB MPOOUT-aHAIN3a, IUPOKO MPUMEHSIEMBIX MPHU OLICHKE
BEPOSTHOCTEH COOBITHH;

® BEPOATHOCTHbIE MOJIENIM B3aMMOCBSI3U IMOKA3aTelel U apeajoB BUIOB
MOTYT OBITh YCTAHOBJIEHBI AJIi KOHKPETHBIX Tpynmn BUAOB. CTaTucTHUecKas
OLICHKa MPOBOJUTCS B MHOTOMEPHOM BEPOSTHOCTHOM IPOCTPAHCTBE IyTEM
pa3paboOTKM NOpPOOUT-MOJIENIE BUJA «BEPOATHOCTU COOBITHI — TorapudMbl
ToKa3aTesieii;

® [PENIONAraeTcs, YTo U PA3IUYHBIX TPyNN OMOJIOTMYECKUX BHUIOB
MOXET OBITh IMOCTPOEHO MHOYECTBO MOJOOHBIX BEPOSTHOCTHBIX MOJIENEH,
KOTOpBIE MO3BOJIAT pa3paboTaTh YpaBHEHUS COCTOSIHMM JJISl Pa3IMYHBIX TPYII
TaKCOHOB M YCTaHOBUTH 3aKOHOMEPHOCTH OHOpa3zHOO0Opa3usi, UCXOAS U3 CBSI3U
pa3IMYHBIX COOBITHI, XapaKTEPU3YIOIINX CaMU BHJIbI, apeabl BUJOB U yCIOBHS

OKPYKAIOIIEN CPEBI.
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Takum oOpa3zoMm, ISl KOMIUIEKCHOW OIIGHKH OWOJIOTHYECKUX BHUIOB
MPEJIaraeTcsi TOT K€ METOHOJIOTUYECKHM MOAXOJ, YTO W MPHU KOMIUIEKCHOU
OLICHKE COIIMAIbHO-PKOHOMUYECKUX U MPUPOTHO-AaHTPONOTEHHBIX CUCTEM.

Jnst peanuzanuu chOpPMYITUPOBAHHBIX METOJUYECKUX TMOAXOJ0B ObLIU
UCIIOJIb30BaHbl MAcCUBBI MH(OpMANUU ISl MbIIIeOOpa3HbIX, 0eTK000pa3HbIX,
OTpsiia PUMATOB U BCEX MO3BOHOYHBIX JKHBOTHBIX B MesIOM. st aTHX rpymm
CYyIIIECTBYET OOImMpHass WHQpOpMaIus B BHIE TI00ambHBIX 0a3. Kpome Ttoro,
UCITOJTH30BAITUCH JaHHBIC IT0 OMOJIOTHYECKAM BHIaM U3 0a3bl JaHHbIX AnAge [120],
a Tak)Ke U3BECTHBIC 0a3bl TAaHHBIX 110 OHopaszHooOpasuto [19, 29, 118] u np.

[TogoTpsia MbIlIe0Opa3HBIX OTPsA TPHIZYHOB SIBISETCS OJHOW M3 CaMbIX
KPYIHBIX TaKCOHOMUYECKUX €IUHUIl CpPeAr TPYyNN MIIECKONUTAIONUX, OH
BKitouaer Oosnee 1 000 BumoB 10 cymiecTBYrOmMX CEMEHUCTB M 3 BBIMEPIIHUX.
[IpeacraBuTeny aHHOTO MOAOTPsSAA HACENAIOT BCE MPUPOIHBIE 30HBI 3EMIIH.
CoOpanHast 06a3a JaHHBIX MbIIIEOOpa3HbIX BKIIOYana HHPopManuio mo 237
BuaaMm st 20 OUoJorHuyeckux TokKaszaTeied BUAOB M uX apeanoB. Ilogotpsn
MBIIIE0Opa3HbIX YA00EH Kak OOBEKT MOJICTUPOBAHUS I aHATIM3a Pa3HOO0pa3us
U OIICHKU YCJIOBHUI OOWUTaHUSA >KUBOTHBIX. JKU3HEHHBIC MOMYJSIUUA TPHI3YHOB
SBJIAIOTCS. MHIUKATOPOM COCTOSIHHSI OKpY’Karolieu cpenbl. Meleoopa3Hbie
MPEACTABISAIOT MHTEPEC B AMUIAEMUOJOTUUECKUX HCCIAEAOBAHUSX U 3aHUMAIOT
BaKHOE MECTO B IIETISIX TUTAHUS.

benkooOpa3zHbie 10 OIleHKaM CIEIUaINCTOB BKIOUYAIOT B ce0s okosio 400
BUJIOB pa3WuHbIX Tpbi3yHOB [118]. [aHHas rpynma >KUBOTHBIX XOPOILIO
MPUCTIOCA0IMBACTCS K pa3HbIM YCIOBUSAM KU3HM W OCBOMJIA IIOYTH BCE
kiuMatuueckue 30HbI 3emuid. CoOpanHass 0a3a JaHHBIX OeIKOOOpa3HbIX
coaepkana uHopmanuto o 90 Buaax, ux Mmokazarensx u apeanax. Ilogorpsn
0eJIKoOOpa3HbIe HKCIIOJNB30BaH B CBSI3U C TEM, YTO OHU HMMEIOT OOIIKMPHBIE
00JIaCTH paclpOCTPAHEHUS U COCTABJISIOT CAMbIN APEBHUM MOJOTPS TPHI3YHOB.

[IpencraButenu oTpsiga NOPUMATOB — TMOJIYOOE3bSHBI M 00E3bSHBI
0o0pa3yloT MHOTO0OOpa3HyH TPYIIy C YpE3BbIYAMHO CIOXKHBIMU (opmMamMu
COIMAJIbHOW OpraHu3anvi. B OCHOBHOM mpuUMaThl OOUTAIOT B TPOMHYECKUX
JOXIEeBBIX Jiecax. B coctas 31oit rpymmsl BxoauT 356 BuaoB 11 cemeiicts [118].
CoOpanHast 6a3a JaHHBIX NPUMATOB cojepraina uHopMmanuio no 174 Bumam.
[TomoTpsia MpUMAaToOB — BBICIIAS TPYITA )KHBOTHBIX B DBOJIIOIIMOHHOM IIETIOUKE,

B KOTOPYIO BXOIUT TAKKC U YCIIOBCK.

205



JIyist u3ydeHus JaHHBIX O KUBOTHBIX B II€JIOM HCIIOJIh30BajIach HanOoJsee
MIOJIHAsl HA CETOMHSIIHUN JIeHb 0a3a JaHHBIX IMO3BOHOYHBIX JKMBOTHBIX [120].
Hernennsist Bepcust 6a3bl BkItouaeT cBenenus o 4083 Bumax nmo3BoHoUHbIX. baza
JTAHHBIX OXBaThIBACT pbIO, aMPuUOU, penTUiINil, NTUIl U MIIEKONUTaroumx. B
0a3y BHECEHbI JIJaHHbIE O MAaKCUMaJIbHOM MPOJOJIKUTEIBLHOCTH >KH3HU, Macce
Tela MpU POXKACHUU U BO B3POCIOM COCTOSIHUH, CKOPOCTH pOCTa H
Pa3MHOXXEHUSI, BPEMEHHM  IMOJOBOTO  CO3PEBAHUS, MPOJOJLKUTEIBHOCTH
OCpEeMEHHOCTH W HEKOTOphIE JApPYTHE XapaKTepuCTUKH (Bcero Oomee 25
nokasareneil). baza gaHHBIX HMMeEeT TakkKe TMOJIHYI0 UHOOPMAIMI0 O
CUCTEMaTUKe OHOJIOTUYECKHX BUIOB. [ wu3ydeHus OuopaszHooOpaszus
JOTIOJTHUTENBHO coOpana uH(popMaius 06 apeanax BujoB. C 3Toi 1enbio B 6a3y
BHECEHa Kaprorpaduueckass mHpopmanus (XapakTepusyrollas apeajbl BUIOB
YKUBOTHBIX) C OCHOBHOUM aTpuOyTHUBHOM MH(opManmei (miomaasio obiactei
pacrpoCTpaHEeHUs, MPUBA3KON K XapaKTEPHBIM MPUPOAHBIM U KIUMATHUYECKUM
30HaM U T.1.). Beero, /st yCTaHOBIIGHUSI TIIONIAIE U 0COOEHHOCTEN apeasioB
BUJIOB, ObLIIO 00paboTano okojo 800 KapT pacmpoCTpaHEHUS MBIIMICOOPA3HBIX,
0eIKOOOpa3HBIX U MPUMATOB HA MMOBEPXHOCTU 3EMITH.

B mporiecce cOopa mpOCTpaHCTBEHHBIX JAHHBIX OCYIIECTBISJICS TOUCK
norckoBeiMU cucteMamMu Google n YandeXx xaptorpaduueckoit nHdopmamuu ¢
M300paXEHUSIMU apealioB paclpOCTPaHECHUS UcClieyeMbIX BUaoB. HaiineHHbie
pacTpoBble H300paK€HHS OBUIM TMPEJCTABICHbl B BHUJIE MAaTEPUKOB WIH
OTZEJIbHBIX MX YYaCTKOB C HAaHECEHHBIMU HAa HUX apeajlaMH PaclHpOCTPaHEHUS
T€X WIM WHBIX BHJIOB, KOTOPbI€ BU3YaJIbHO BBIICISUINCh Ha (DOHE KapThl.
Hampumep, ays mbiieoOpa3Hbix coOpaHHas kaprorpaduueckass wHGOpMAIIUS
onudpoBaHa U 3aHeceHa B bJ[ B BUIE YMCICHHOTO 3HAYCHUS IUIOMIAAU JJIs
KaXJIOTO0 U3 apeajioB paclpOoCTpaHEHUs BCEX BHUJIOB MbIIIEH B OTACIBHOCTH U
oO111e TJIoIaau pacHpoCTpaHeHus Kaxaoro u3 BuaoB. Takxke B bJl momerniena
BEKTOpHAsl KapTa MUpa C MHOXKECTBOM CJIO€B CO BCEMH HAHECEHHBIMU Ha HeEe
apeajlaMd pPACTIpPOCTPAHCHHS] BCEX aHAIM3UPYEMBIX BHUJIOB MBIIICOOPA3HBIX.
dotorpadun ¢ M300pKEHUSIMU BHEITHETO BUJIA MBIIIEOOPA3HBIX U PACTPOBBIC
M300pKEHUSI apeajioB WX PAaCIpOCTPAHEHUS XpaHITCS B Bujie (QailioB B
dbopmare *.png. ¢ JOCTATOYHO XOPOIIUM CXKATUEM M300pKEHUS U

MUHHUMAJIbHOM MOTEPEN KA4YECTBA.
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C nomomipio KapTorpauyeckoro MeEToJla OCYIIECTBICHA MOIIAroBast
omdpoBka U 00pabOTKa PacTPOBBIX HM300pAKEHUH, a UMEHHO OIpeaeTcHHEe
IpaHUIl apeasioB PaclpOCTPAHEHUS BUJOB M IUIOWIAACH COOTBETCTBYIOIIUX
MOJIUTOHOB.

Jns  cozmanmst  bBbJI, craTtuctuuecko u rpaduyueckorl 006pabOTKH
uHpopManuu ucmonp3oBana cucrema Maplnfo, coBmemaromas npenmymiecTa
o0pabotku wH(pOpMmaruu, KoTtopeiMu oOnamaroT bJ[ (B Tom dmcie S3bIK
3ampocoB SQL), U HArIAIHOCTH KapT, COUCKOB M TpadUKOB. DTO IMO3BOJIUIIO
cpoeKkThpoBaTh bJl HEKOTOpPHIX OTPSAOB JKUBOTHBIX U HAIOJHUTH €€
TEKCTOBBIMU, TpadUYECKUMH U YHUCJICHHBIMH JaHHBIMH C BO3MOXKHOCTBIO
onpeziesieHus] apaMeTpoB IpadUyecKux OOBEKTOB (YCTaHOBJICHHME TpaHUIL U
OTpeieJICHUE TUIOIAIU apeaja oOuTaHus).

Hcnons3zyemass  Mmeroguka  oOpaOOTKM  rpadMyeckux  JTaHHBIX
npeacTaBisger coOOM  MOWAroBbld  MPOUECC  OUUM(POBKH  PaCTPOBBIX
n300paxkeHud U ux oOpabOTKy: OmNpeeseHrue rpaHul] o0jacTed W TuIolaaeh
nosuroHoB. [locne npuBsS3kM KpallHUX TOYEK pacTPOBOM KapThl K KOOpAUHATAM
Ha BEKTOPHON KapTe MHpa pacTpoBo€ HU300pa)kKeHHE CTaHOBUJIOCH
oundpoBaHHbIM. [lasiee 0003HAUaNMCh TpaHMIBI apeajia pPaclpOCTPaHEHUS
KUBOTHBIX, YTO IIO3BOJIMJIO ONPEAENUTh IUIOMAAb JaHHOTO  apeana,

HaceJIeMYI0 TEM WJIM UHBIM BUAOM (puc. 5.11).

e o Cipatna
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= % 8 2 \ L)Y/ 5‘

= Calomys laucha,...Balomys_taylori Kapta =t
KocmeTuseckuii cnoi
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world L]
[0 o Oxymycterus_nasutus
[] «fe! Baiomys_taylori
[ waef! Cricetus_cricetus
[] %=} Mesocricetus_auratus
O ot Sigmodon_hispidus suncién
|| %alst Phodopus_roborovskii
[C] 4} Kunsia_tomentosus

[ o peromyscu_ leucopus a2
[7] %% Reithrodontomys_raviv i i A= 0
L=

][ i) &) )

Lcnow oubpan e Re

Santiago

iiontevideo

B2 area Crncox [S[@]=]
id area Name Type MpoaomKMTensHOCT Wm3Hm_net Bec_kr ewncxan_nonosan_3penocts_num Myxcian_nonosas_3penocrs_gun Bepem
7 3107 000 Xomsuok PoBopos Phodopus roborovski 48 00200 243 243
8 2605000 Kontou i ngud n hisy pd 52 01850 40 40 =
9 5030 MNepegne: 39 01050
_a—-
11 7414000 OSuikHOEEHHBIA XOMAK Cricetus cricetus 36 05067 o)
< m | »
BriGop rpagu4ecknx 0BLEKTOE AW 3anHCEl.

Pucynok 5.11. — Pe3ynpTaT oIM(ppOBKH paCTPOBOTO U300paKEeHUs
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Hampumep, nmns wmeimeoOpasHbix  obpaborano mopsaka 300 kapr,
XapakTepU3yIoIUX pPACIPOCTPAHEHUE UX BHUJOB Ha 3EMHOM IOBEPXHOCTH.
Hamnonmuenue b/l mpoucxommno B cieayromend nociaenoBaTebHOCTH. BHavane
BBIOMpANIOCh B BHUJAEC IOJMIOHa OLM(PPOBAHHOE H300pakeHUE apeaa
pacrpocTpaHEHUsT BHAa, K KOTOPOMY BIIOCJIEACTBUU  MPUBSA3BIBATIACH
aTpuOyTuBHas wHbopmanus (puc. 5.12), BHocumas BpyuHyro. [Ipu BBIOOpE
TOYKM Ha TEPECEUEHUU apeasioB paclpOCTPaHEHHUs] BUJOB, OOUTAIOIIMX Ha
TEPPUTOPUU C OMPEICICHHON HIMPOTOW M JIOJTOTOHM, OTOOpa)kajics CIHUCOK
IoaeH apeanoB ux pacnpocrpanenus (puc. 5.13).

- - R .HH(‘)OPMBL[M!I - @

MpoREMAHTENEHOCTE_KHZHN: | 36

Bec: | 0,5067
.|| *¥encran_nonosas_spenocte: | 43

b =2 B 53

000 Mudopmauma @
area : 2805 000 it

000 -y area : 1 350 000
! area : & 215 000

Pucynox 5.13. — BbiOop TOUKM Ha nmepeceyeHnn apeaioB

pacrnpocTpaHEHUs MbIIIEOOPa3HBIX
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[TomyyeHHOe BEKTOpHOE M300pakeHHe, Haxoismeecss B co3manHoi b/l
MPEACTABIIIET COOOW OMWUH W3 CIIOEB W300pakeHWi mpoekta. [lms BeIOOpa
OTOOpa)kaeMbIX CJIOEB HEOOXOJUMO HWHCTPYMEHTOM YIPABICHUS CIOSMU
yKa3aThb Ha HCOOXOUMBIH CJIOM.

[lepeuriciieHHble  BBINIE JaHHBIE HCIOJB30BAIUCH JJIsi  CO3JAHUS
BEPOSTHOCTHBIX MOJI€JIEM B3aWMOCBSI3M TOKa3aTeled M apeajioB BHUOB
YKUBOTHBIX Ha OCHOBE MpejiaraeéMoil MeToauku. [ Toro, 4To0bl OIONUTH K
pa3paboTke Mojenei 6rmopazHoo0pas3usl MIAaHEThl, MOJO0HYI0 paboTy cleayeT
OCYUIIECTBUTH IJIi BCEX BUJIOB JKUBOTHBIX, KOJIMYECTBEHHass HHQOpMaUsg O
KOTOPBIX MMEETCS, HAllpUMEp, B HauOoJiee PACIPOCTPaHEHHBIX 0a3axX JaHHBIX
[29, 120], a TO MHMHUMYM HECKOJBKO THICSY BHIOB. AHaJormyHas padoTa
JOJKHA OBITh BBITOJIHEHA U JIJISl PACTECHUM.

Beposmnocmuvie  mooenu  buopasnoobpazus  0na ucciedyemulx
OUOIOCUYECKUX SPYNN.

Ha ocHoBe cOoOpaHHBIX JaHHBIX MOXHO OLICHHTb BEPOSITHOCTH COOBITUI
HaAOJIOICHUS TTOKa3aTeNiel U apeasioB BUJOB U YCTAHOBUTH B3aWMOCBSI3U MEXKTY
BEPOSITHOCTSAMHM TaKUX COOBITUH. JI7si OLIEHKM apeanioB BUAOB MPEIOKEHO
UCIIOJIb30BaTh  T€OMETPUUECKHE BEPOSTHOCTH, MPEJCTABISIONIUE  COOOM
OTHOIIICHHE TUIOMIAU apeaia pacnpoCTpaHEHHUs KaX0r0 U3 BUAOB K IJIOIIAIN
apeajioB HauOoJee PaclpOCTPAaHEHHBIX BHJOB WM K IUIOMIAJAM CYXOITyTHOM
4acTH TMOBEPXHOCTH 3emiu. [IoMCK BEpPOSTHOCTHBIX 3aKOHOMEPHOCTEU
OCYILIECTBJISIETC B BHUAE  3aBUCUMOCTEH  MEXIYy TIE€OMETPUYECKUMU
BEPOSITHOCTSAMH U PA3IUYHBIMA OHOJIOTUYECKUMH IapaMeTpamMu KaxJaou u3
IPYII WINA KIMMAaTUYECKUMU MMOKA3aTeIIIMU OKPYKAOIIEH CPEIbI.

B cBoro ouepeib, BEpOSITHOCTHBIE MOJAEIH, XapaKTEPU3YIOIINE COCTOSHUS
BUJIOB, WIIYTCSA B BHUAE YPaBHEHUU CBSI3M MEXAY CTaTUCTHYECKUMHU
BEPOSTHOCTIMU COBMECTHBIX COOBITUI HaOJII0ICHUS HEKOTOPBIX
OMOJIOTMYECKUX TOKa3aTeJell M 3HAYCHHSIMU JTUX TOKazartene. Mexay
BEPOSITHOCTSMH PA3JIMYHBIX COOBITUH, HAMpPUMEpP, BEPOATHOCTSIMHU COOBITHUIA
HAOJIOICHUST apeajioB M BEPOSTHOCTSIMU COBMECTHBIX COOBITHI HaOIIO/ICHUS
OMOJOTUYECKUX TTOKA3aTelNel, TaK)Ke MOYKHO UCKATh B3aUMOCBSI3H.

Jlist mocTpoeHusi ypaBHEHUU Obula NpUMEHEHa HCIOJIb3yeMas paHee
METOJMKAa OIEHKM BEPOATHOCTH  3HAUYUMBIX  coObiTud. CeromaHss B

HpOI‘pCCCHBHOfI OBOJIOLOMHK JKMBOTHBIX TAKXKC MCIIOJB3YIOTCA PA3JIUMYHBIC
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YpaBHEHUS COCTOSHUI, HampuMmep, B BHJAE CaMbIX pa3sHOOOpa3HBIX
aJJIOMETPUUYECKUX COOTHOIIEHUM [57]. OqHAaKO TOYHOCTh TaKUX 3aBUCUMOCTEU
MOKa HEJOCTaTO4YHAa JUIA TMOJY4YEHUs HaJeKHBIX (HEHOMEHOJIOTHYECKUX
BBIBOJIOB, TMO3BOJISIIOIIMX XapaKTEpU30BaTh MpoLecchl 3Boiouud. OaHa u3
OCHOBHBIX MPHUYMH 3TOrO CBs3aHa C OTCYTCTBHEM JOCTaTOYHOro oObeMa
CTPYKTYPUPOBAHHBIX M JIOCTOBEPHBIX  JaHHBIX  HAONIOACHUM O
MOpQOJOTUYECKHX W (PU3MOJOTHYECKUX  TOKA3aTeNsAX  OHMOJOTHYECKUX
OpraHU3MOB.

N3BecTHO, 4TO OrpOMHBIN 00BEM KOJTUYECTBEHHBIX 3HAHUM O CBOMCTBAX U
3aKOHOMEPHOCTSIX TOBEJACHUS Pa3JIMYHBIX CHUCTEM OOBIYHO MPEICTABISIECTCS B
dopMe ypaBHEHUH COCTOSHUW, TJ€ OJHH IapaMETpPbl CHUCTEM BBIPAKAIOTCS
yepe3 JApyrue. YpaBHEHHMsS COCTOSHUU CTpOSTCS dYaile Bcero Ha 0ase
AMIIMPUYECKUX JaHHBIX. Takoro pojga ypaBHEHHs, 33JaBA€Mbl€ HE3aBUCUMO OT
COJIEp KaHUsl HCCIEAYyEeMOM 3aJayd, B MPHUHIUIE JIOJDKHBI CYIIECTBOBAThH s
J1000i1 CHUCTEMBbI, KaKOBbl Obl HM ObUTM €€ WHAMBUAYaJbHbIE OCOOEHHOCTH.
OcHOBHOE yCIIOBHE U1 CYLIECTBOBAHMS YPAaBHEHUMM — OTO HaJU4Me
JIOCTaTOYHOTrO JUIsl aHanu3a 0o0beMa OINBITHOM MH(OpMAalMU, KOTOPas, B CBOIO
oyepelb, MOKET ObITh ONHCaHA 3aBHUCUMOCTSIMU C HEOOXOAMMON TOYHOCTHIO.
@aKT CyIIECTBOBAHUS YPABHEHUW COCTOSIHHM OTPAXaeT SMIMUPUYECKUN OIBIT
YeJI0BeYeCcTBa B 00JACTH U3Yy4YEHHUS CUCTEM camMOW pa3HOl mpupoabl. OOBIYHO
YpaBHEHUSI COCTOSIHUS MPEJCTABISAIOTCS B BUJIE:

f(py, P2y P3s-ees Py )=0. (5.14)
B nanHBIX ypaBHEHHAX MApaMETpbl P;, XAPaKTCPU3YIOIIME CBOMCTBA,

COBOKYITHOCTBIO KOTOPBIX OIpPEIEAETCS] COCTOSHHE CHCTEMBbl WU OOBEKTA,
CBSI3aHBl JIPYyT C JIPyrOM: C HU3MEHEHHEM OJHOT0 U3 HHUX HU3MEHSETCs, IO
KpallHEl Mepe, €€ OAHO. JTa B3aWMMOCBS3b HAXOJUT BBIPAKECHHUE B
dbyHKIHOHATBHOM 3aBUcUMOCTH Buja (5.14), koropas omnpeaenser peaibHO
HaO0JII01aeMble COCTOSIHUS Y€pe3 CBOMCTBA CUCTEMBI.

OTBeT Ha BOIIPOC O BO3MOXHOCTH TOCTPOCHHSI YPAaBHEHU COCTOSIHUM J1J151
OMOJIOTMYECKUX U DKOJIOTHYECKUX CUCTEM JOCTATOUYHO aKTYyaJIeH U €Tro pelieHne
MOXET JieKaTh B CHUCTEME B3TJISAJIOB U HAay4YHBIX MPEICTABICHUN, KOTOPHIMU
pacronaraeT CUCTeMHBIM aHanmu3. OCHOBHas mpoOJjieMa MJis JaHHBIX CHUCTEM
CBSI3aHa C  HEOOXOJUMOCTBIO  TIOCTPOSHHSI  MHOXKECTBA  ypaBHEHUH,

CBA3BIBAIOIINX MCKIY coOo Pa3JIU4YHbIC ITOKA3aTCIN OMOJIOrNYECKHX BUOOB C
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JOCTATOYHOW Il NPOBEACHUS HCCIECIOBAHMM TOYHOCTBIO. MeTonmonorus
CHUCTEMHOTO aHajh3a OCHOBBIBAETCS HAa HCIOJIB30BAaHUU OOIECUCTEMHBIX
3aKOHOMEpPHOCTEW, Ha0mromaeMblx B Ipupoae u  obmectse. [losTomy,
IONBITAEMCS IIOJOMTH K PEUICHUIO II0CTABJICHHOM 3aJadd, HCXONs U3
YHUBEPCAIBHOCTH CTaTUCTUYECKUX 3aKOHOMEPHOCTEN IPOLIECCOB U SIBICHUM.

B kadecTBe OCHOBHOTO COOBITHSA, XapaKTEPU3YIOLIETO OUOJOTUYECKHIA
BU/I, IPUMEM COBMECTHOE COOBITUE OJJHOBPEMEHHOIO HAOIIOAEHUS HECKOJIBKUX
OMOJIOTMYECKUX TMOKa3aTesne. BepoaTHOCTh Takoro coObITUS W OmNpenensiach
QITOPUTMHYECKH 110 OIBITHBIM JAHHBIM.

Jia peanuzanuu cpOpMyIUPOBAHHBIX METOJUYECKUX IOAXOJ0B OBLIM
UCTIOJIb30BaHbl MacCUBBI HH(popMaliu 13 0a3bl JanHbix AnAge Database [120],
JUTSL YETO JIeJaIUCh BBIOOPKH JAHHBIX (AJI1 pa3HBIX TAKCOHOB U BCEX >KMBOTHBIX
B 1IEJIOM) MpU pa3IMYHBIX KOMOMHAUMAX OHOJIOTMUECKMX IOKa3aTeseil.
XapakTepucTuKa rpymi JaHHBIX 0 UCCIETYEMbIM CllydasM JaHa B Tabmuie 5.9.

B xauectBe aTpuOyTHBHBIX MOKa3zaTeiaed OMOJIOIMYECKUX BHUIOB IS
IIOCTPOEHUSI YPAaBHEHHW COCTOSHMA MOTYT HCIIOJIb30BAaThCS — CIEAYIOLINE

BCINYHHBI pi — MaKCHUMaJIbHas MPOJOJIZKUTCIIbBHOCTDL JKM3HHU B HEBOJIC, JICT, BEC

B3pOCJIOi 0coOM M BeC Tena, Kr; ypoBeHb MeTabonu3Ma, BaTT; BpeMeHHbIE
MHTEpPBAJIBI MY>XCKOW M KEHCKOW 3penoctd, aHel. Hamo oTMeTuTh, 4TO 3TO
HanOoJiee M3y4YEHHBbIE TOKAa3aTeNu, ISl KOTOPBIX CYIIECTBYIOT JOCTOBEPHBIC
JIaHHBIE JIJISI MHOTHX BUJIOB )KMBOTHBIX [120].

OOmasi perpeccMoHHas 3aBUCUMOCTh CTaTUCTUYECKOW BEpPOSITHOCTH
COBMECTHOTO COOBITUSI HAOJIOJEHUS JBYX WIM TpeX IoKa3aTenend s

Ppa3IMYHBIX TAKCOHOB HUJIHN BCcel I'pyHnIibl ’)KUBOTHBIX B ICJIOM MIICTCA B BUJC!:

Pr=ay+s; s=ozl-lnﬁ+oz2 n P2
P1x Pox
wm s=a; - Py, P2 g n X (5.15)
Py Pox P~

IIe «; — KOHCTaHTHlL. B KadecTBe ONOPHBIX IIAPAMETPOB NMPUHUMAIUCH
MaKCUMAaJIbHO HaOIIOaeMble 3HAUEHMS MOKA3aTeNeH Pjx = Pjnax B KXKIOU
U3y4aeMou rpymne BuAoB. B 3TOM ciydae 3Ha4Y€HMS BEIUYHUH p; = [, / Pi max

SBJITFOTCSL TEOMETPUYECKUMHU  BEPOATHOCTSIMU  pACTpECsiCHUs] COOBITHH,

CBSI3aHHBIX C HAOMIOJEHUEM KaXaoro mnokaszatens pP;. Craructudeckas

BCPOATHOCTL COBMCCTHOI'O coOBITHS W OoIpcaAciIAiiaChb AJIT'OPUTMHUYICCKHU YCPEC3
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OTHOCHUTENIbHBIE YacTOThl COOBITHH. HekoTopble W3 MOIY4YEHHBIX YpaBHEHHIA
COCTOSIHUM BHUJIOB MJis Pa3IMYHBIX KOMOWHAIIMN MOKa3aTeslel MpUBEACHBI B

tabmuue 5.9 m Ha pucyHkax 5.14 —5.17. BenuduHsl P, HOPU INOCTPOSHUU

KaXXIO0r0 YpaBHEHHUSA COCTOSHUN MPUHUMAINCh, HMCXONs W3 HAOII0AaeMbIX
JaHHBIX O MaKCHMaJbHBIX 3HAUCHHUAX IIOKa3aTeled B HM3y4aeMbIX TpYIIax
KUBOTHBIX.

ChopmynupoBaHHBIA ~ MOAXOA  TO3BOJSET  MCKAaTh  CBSI3U W
3aKOHOMEPHOCTH MEXIY BEpOSITHOCTSIMHU HAOIIOJEHUS pPA3INIHBIX COOBITHH,
CBOMCTBEHHBIX HM3y4aeMOW Tpymre OMOJOTHYECKUX BUIOB, COOTBETCTBYIOIIHE
MOKa3aTeIM KOTOPhIX UMEIOTCS B aHATM3UPYEMOM MacCUBe JaHHBIX. Hampumep,
Ha pucyHke 5.18 mpencraBieHa CBS3b MEXKIY BEPOATHOCTHIO COOBITHEM
HaOJII0JICHUsT Beca B3POCION 0COOM U BEPOSITHOCTHIO COBMECTHOTO COOBITHS
OJTHOBPEMEHHOTO HAOMIOJACHHUS TMPOJODKUTEIBHOCTH JKM3HH U YPOBHS

MeTabom3Ma CpCaH IMO3BOHOYHBIX JKMBOTHBIX.

Tabnuna 5.9. — YpaBHeHUs COCTOSIHUIM BUJIOB MMO3BOHOYHBIX KUBOTHBIX

OcnoBnblie, Koa¢. [OTHOCHT.

Yucno o
TakcoHbI VYpaBHEHHE COCTOSIHHI oKasa- | Koppe- |omioka,
BHJIOB
TEN | JIALAU %

Bee wusot- | 500 | pr=3676+0,778 In—2—+0184-m—2— | p p, | 097 | 98
HEIE B LIETIOM P1max P2 max ’ ’
Bee xmBot- | p/o | pr—3544+0,738-In——10,326.n—2— | . p. | 096 | 107
HEIE B IIEJIOM P1max P3max ’ '

Pr=3568+0721In—P 0011 In—P2 4.
Bce xuBort- P1max P2 max

546 Py, P2, P3| 0,96 10,9
HBIE B LIETIOM ..+0,361.In—P3

p3max

Pr=3052+0,936-In—P +0135-In—"2_ 4.

- -~ o
MeIm1e06 109 1 ? P, P2, P3| 094 | 1172
pasHeie 1046213

p3max
BenkooGpas- Pr=1133+1325-In—"1 1 0353.In—P2__
HBIE 0 ' ’ P P2 max PPz | 098 59

ITpumaTsl 150 | Pr=1778+1179-In Py +0,292-InL Py, Py 0,97 11,1

P1mex P2 max

P, — MakcuMasbHas NPOAOILKUTENBHOCTh KH3HH, JIET; P, — BEC B3POCIOH OCOOHM, KT,
P; — ypoBeHb MeTaboiau3Ma, Bar; P .«— MAKCHMalbHO HaOMIOJaeMble 3HAUEHMS | -bIX

nokaszaresiei B u3yJyaeMbIX IpyImnax *KHUBOTHBIX, | =1,...3.
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PI/ICYHOK 5.14. — 3aBHCUMOCTH BEPOSTHOCTH W OT BCJIMYUHBI S IJIA
MMPOJOJIKUTCIbHOCTH ) KU3HH U BC€Ca ITO3BOHOYHBIX JKUBOTHBIX
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Pucynok 5.15. — 3aBUCUMOCTb BEpOATHOCTH W OT BEJIMYHUHBI S IS
MIPOIOJDKUTEILHOCTH JKU3HH, BECa M YPOBHS META00IM3Ma MO3BOHOYHBIX
YKUBOTHBIX

213



2,0

15 //
1,0 ¥ il
05 y://
- 8
Q~4 nooo @
. 00 5
3 9%
20/
Q -05
= L8198

‘1,5 /
2,0 Ao
[¢] /

2,5 va
40 35 30 -25 20 -15 -0 05 00 05

DHTPOIHUS §

PI/ICYHOK 5.16. — 3aBHCUMOCTH BEPOSTHOCTH W OT BEJIMYUHBI S IJIA
IMPOAOJIKUTCIIBHOCTH KU3HHU U BCCa 6CHK006pa3HBIX
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PucyHok 5.17. — 3aBUCUMOCTb BEpOATHOCTA W OT BEJIMUMHBI S JJIS
MPOJIOTKUTEILHOCTH KU3HU U Beca MPUMATOB
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Pucynok 5.18. — 3aBucuUMOCTb BEpOSTHOCTH W, COOBITHII HAOIIOACHUS BEca
B3pPOCJION 0COOU OT BEPOSITHOCTH W 3 COBMECTHBIX COOBITHI HAOIIOEHUS

IMPOAOJIZKUTCIIbBHOCTH KU3HHU U YPOBHA MeTaboa3Ma JJIS IIO3BOHOYHBIX
ZKHUBOTHBIX

AHanoruyHeiM  00pa3oM  YCTaHaBIMBAIUCH  CBSI3M  COOBITHUIA,
XapaKkTepU3yoIUX OMOJIOTHYECKUN BUJ, C COOBITUSIMHU, ONPEICTSIONIMMU €ro
pacnpocTpaHenue. Hampumep, mjisi  MbIIIEOOpa3HbIX  OBUIM  MOJTYYEHBI
BEPOSTHOCTHBIE MOJICJIU pachpocTpaHeHuss BuAoB. Ha ocHoBe 3HaueHwii
IJIOIIAM apeajioB BUIAOB ObUIM HalIEHbl T€OMETPUUECKUE BEPOATHOCTH MMyTEM
JIeJICHUS TUIOIIAAN apeasioB KakKIOro M3 BUJIOB MBIIIICOOPA3HbIX Ha TUIONIAIb
apeana nomMoBoi MbimM (Al = 29980000kMm°). Hambonee 3HA4MMBIC CBS3H

BEPOSTHOCTH PACHPOCTPAHEHHUS BHUIOB YCTAHOBJICHBI C TEMIICPATypoOl Teja
ocobeit (puc. 5.19). 3aBUCHUMOCTh BEPOSITHOCTH PACIPOCTPAHEHHS BHUJIOB OT

TEMIIEpaTyphl TEJIA UMEET BUJ:

Prob,, =-1,335+8,803:In tl’ (5.16)
0
rae t — Temmeparypa Tena KaKAOTo BHIA MbIIeoOpasHelx; Prob,, —

IpOOUT BEPOATHOCTH PACIpPOCTPAHEHUS BUAOB MblIeoOpas3HbIX, t; =39,0° —

CpeaHsisl TeMIieparypa Tejaa JOMOBOM MBIIIIH.
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JlaHHasi 3aBUCHUMOCTD SIBJISETCA 3HAUYMMOM, KOI(PPHUIMEHT KOppensuuu
3aBUCUMOCTH cocTaBui 0,6. AHaJIOTHYHbIE 3aBUCUMOCTH OBUIM TOJYYEHBI IS

0eK000pa3HbIX U MMPUMATOB.

-1

5

[Tpobut Proba,

A

-0,24 -0,20 -0,16 -0,12 -0,08 -0,04 0,00 0,04
Jlorapudm Temmepatypsl Tela

Pucynok 5.19. — 3aBUCHMOCTH BEpOSITHOCTH PaCIpPOCTPAHEHHUS BUIOB

NOJOTPsIAa MbIIEOOPA3HBIX OT TEMIEPATYPHI T€JA 0COOE COOTBETCTBYIOLIETO

BUA

W3 npuBeeHHBIX pe3yNbTaTOB BBITEKAET OCOOEHHOCTb, YTO OOJACTH
pacnpocTpaHeHusT BUIOB IO IJIOMIAAM OOJbIIE€ y TeX BUIOB, Y KOTOPBIX
TeMriepaTypa Tena ocoOed Bblme. Tak Kak CYHIECTBYET CBSI3b MEXKIY
BEPOSITHOCTBIO PACHPOCTPAHEHUS BUJIA U TEMIIEPATypOH Tena MbIIIEOOpPa3HbIX,
0enkoo0pa3HbIX U MPUMATOB, TO €CTECTBEHHO NPEANOIOKHUTH CYIIECTBOBAHHUE
CBSA3M  BEPOATHOCTM  PACHPOCTPAHEHUS  BUAOB C  KIMMATHYECKUMU
nokasareisiMu. B pe3ynpTaTe aHanmmza Takke ObUIO YCTaHOBJIEHO, YTO
UJCHTUYHBIE 3aBUCUMOCTH Buaa (5.15), cBs3pIBaromue MeEXay CoO0oi
pasznuyHble OMOJIOTMYECKHUE MOKa3aTedd BHUJIOB M MX apeajbl, OTIMYAOTCS

KodpuIUMEeHTaMH ¢; AJs KaxJAO0W M3 HM3y4yaeMbIX TpYII (MblIIeoOpasHble,

0eKoo0pa3HbIe U MPUMATHI).
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Denomenonocuyeckue COOMHOWEHUS 0N OUOIO2UYECKUX NoKazamenel
81008

[Io anamormm ¢ wuesmMud  paboTel  [7] TOIyYMM  BaKHbBIC
(eHOMEHOJIOTMYECKHE COOTHOIIEHHUS JJIsi OIEHKH COCTOSHHUM  BUJOB.
BeposiTHOCT  COCTOSIHUSI OMOOOBEKTa, OINpeNeieHHass 10 COBMECTHBIM
COOBITHSAM HAOJIOIEHUSI B COBOKYITHOCTH HECKOJBKUX IMOKa3aTelnel, u e€ CBI3b
C MapaMeTpaMu COCTOSHUS Yepe3 IMIUPHUUECKYI0 (QYHKIIUIO COCTOSHUS MPOOUT
Pr — sTto Ta ocHOBa, Ha 0a3e KOTOPOM MOTYT OBITh HaWJEHBI OCHOBHBIC
(eHOMEHOIOrnYeCKre COOTHOLIeHUS. J{JIs momydeHust MOA0OHBIX COOTHOIICHUH
BOCIIOJIb3YEMCSI JIOTUYECKUMH TIOAXOJAaMHU IOCTPOSHHSI MOJIENIEH CUCTEM,

IIPUHATBIMHA B TCPMOAWHAMHUKC 1 CUCTCMOINHAMUKC [7]

[Ipeanonoxum, 4To B mpoctpaHcTBe H" MOXKHO BBIOpPaTh HEKOTOPYIO

OMOPHYIO  TOYKY Mo(plo, P2, -+ Pn, ), OTJIMYAIONIIYIOCS  OIPEIEIICHHBIM

IPU3HAKOM, TOrJa B KPUBOIMHEHHBIX KOOpAMHATaxX IpocTpanctea H"

MOJIOKEHHE JIF0OOM MHOTOMEpHOU TOUKU M (pl, p2,...,pn) MOKHO COOTHECTH C
MOJIOKCHUEM JAaHHOW TOYKH M M TeM caMbIM BBECTH KOJIMYECTBEHHYIO MEpY

AJIs1 CPAaBHCHUA OMOJIOTHYECKHUX BHUJI0B, KOTOpas1 6YI[CT CBs3aHa C UBMCHCHHCM

COBOKYITHOCTH TOKa3aTeneil. B kauecTBe OMmopHON TOYKM MOXKET ObITh BbIOpaHa

TOYKA MPOCTPAHCTBA BUAOB /" ¢ MaKCUMAJIbHBIMU IPYNIIOBBHIME 3HAYEHUSAMH
IOKa3aTeser WK TOYKa, XapaKTEPU3YIoLasi HEKOTOPBIN OIPEICICHHBIN BUI.

Hus mobort Toukn M muddepernman ¢GyHKIMH MpoOUTa COTIACHO
(5.15) moxeT OBITh MPEICTABIICH JIJIS IBYX WK TPEX MEPEMEHHBIX B BUJIC:

dpl dp2 dpl dp2 dp3 (517)

dPr=a;-—+a,-—= wm dPr=o - —+a, - —=+a3-—.
Py P2 Py P2 Ps

B cBoI0 ouepennb, B N-MEPHOM IIPOCTPAHCTBE MepeMeHHbIX H'" MOoXkHO

JUIsl TOW ke Toukn M HalTh TeOMETPUYECKYI0 BEpOSTHOCTh, KOTOpas OyaeT

UMETh BUJL:
p= PL- P2 W p= Pr- P2 Ps ’ (518)

Pim - P2m Pim - P2m * Pam
rae Py Poms Psm —  MakCHMallbHbIE — 3HA4YeHHA  IIOKAa3aTelIeH,

Ha6J'IIOI[aeMBIe BO BCCM MACCHMBC JAdHHBIX, KOTOPBLIC XaPAKTCPHU3YIOT

OIPCACICHHYIO I'PYIIIY ITO3BOHOYHBIX JKUBOTHBIX.
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W3 momydeHHBIX ypaBHeHmid coctosHuil (5.15) Buano, yro dPr=ds.
Hcxons u3 3TOTO, pacCMOTPHUM Ui IpUMEpPa ypaBHEHHUE COCTOSIHUM C JABYMS

IEPEMEHHBIMU [); U P,, B Ka4eCTBE KOTOPBIX MOIYT IPHHHUMATBCS JIIOOBIE
nokasarenu Ouosorndeckux BuUIOB. CaenaB o0o3HaueHue Ry, = Py Poms

OTIpEIeNTAM C y4eToM cooTHomreHui (5.17) u (5.18) nsmeHeHne cTaTuCTHIECKOM

BCPOATHOCTH B CICAYIOIICM BUC:

dp, dp, 1

dw=p-dPr=p-| o —=+ay = |=—"—(oq pp-dpy +a, - p-dp;). (5.19)
P1 P2 Rm
[Ipeobpa3sys JaHHOE ypaBHEHHUE, TOTYUUM CIIEAYIONIYIO 3aBUCHMOCTH:
dw=du+ P2 9P (5.20)
Rm

rje BeauunHa du paBHa:
du :i(al' P2-dp+a; - pl‘dpz)—i Py -dp;.
Rm Rm

[Tpumensist k BenumunHe Odu mpm3Hak Oiinepa it mdaddoBsix Gopm,
noay4yum, yto du siBiIsieTcsl NOMHBIM AuddepeHmanoM (GyHKIHEeH cCOCTOSHIS)
IIPU BBITIOJTHEHUH CIIEAYIOUIETO YCIOBHS:

oy —a, =1, (5.21)

Jlerko mokazaTh, uTo B 3ToM ciydae du=a, -dp, di=d(u+p)=c-dp,
a BeMuuHBI AU 1 di 3aBHCST TOJIBKO OT FEOMETPUIECKON BEPOSITHOCTU L .

Ecnu nmpuBeneHHbIE BbIIIE TUIOTE3bl SBJSIOTCS CHPaBEUIMBBIMU, TO Ha
OCHOBE 00pabOTKH OMBITHBIX JTaHHBIX MOXHO MOJYYUTh SMIUPUUYECKUM aHAJIOT
ypaBHeHus (5.20) © TeM caMbIM YCTaHOBUTH HEKOTOPBINA 3aKOH «COXPAHEHHSI»
JUIs u3ydaeMoi Ouosnorndeckoit cuctemsl. [lo ananoruu c [7], 3Has 3HAUYCHUS

reOMEeTPHYECKON BeposiTHOCTH o B BHAE (5.18) u BenmmumHbl «; (Tabmuna 5.9),
JIETKO OMPEACIUTh SHTPOIHIO CUCTEMbl S Ha ocHoBe 3aBucumocTH (5.15) u
BEIMUMHY U=, - p. VI3 ypaBHEHUS COCTOSIHMA IUIsl BCEX KUBOTHBIX B LIEJIOM

Pr=3676+0,778-In "1 0184-In P2 crenyer, uro o —a, =059
Pim P2m

Hcxons w3 3T0rO, Tak Kak oy —ap, #1, ypaBHenue (5.20) Oyner naBaTh
ompejieNieHHple  morpemHocTi.  [lodToMy, WCHONB3yss BHI  YpaBHEHUS
coxpanenus (5.20), onpeaenum napaMeTpbl YpaBHEHHUS MyTeM 00paOOTKH BCETO

MaCCuBa JAHHBIX JUIA JBYX OMOJIOTMYECKMX ITOKa3aTeliell MO3BOHOYHBIX
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YKUBOTHBIX — MPOJIOJDKATEILHOCTH KU3HHA U Beca B3pOCION 0coOu. Pe3ynmbraTh
00pabOTKM JaHHBIX TpPUBENCHBI Ha pucyHke 5.20, a COOTBETCTBYIOIIEE

ypaBHEHUE B KOHEYHO-PA3HOCTHOM (hopMe UMEET BU/I:

p-AS =AU —0,466.%-@1 ~7,4.107, (5.22)
m
rne As=s-S;, Au=a,-p, Az;=211-p, (ner) — npupaleHus

BCINYHUH OTHOCUTCIIBHO OHOpHOfI TOYKH MO C MaKCHUMAaJIbHO Ha6JIIOI[aeMBIMI/I

3HAYEHHAMH TIepeMeHHbIX; R, = 28,7-10° (yter-xr). 3HaueHue BemmunH S u U

Py TEOMETPUYECKOH BEpPOSATHOCTH o =1 TPUHATEI paBHBIMU HYIIO.
Koadduument koppensuuu s ypaBHeHus (5.22) cocrtaBiser 0,95, cpemnuss

OTHOCHUTENbHAs omnoka — 5,2%.

0,0000
e W,
-0,0004 P
o.‘ 8 -
. e 0 .5
-0,0008 i .\

Sty

-0,0012 \
-0,0016 o« ° \ .

-0,0020 \

-0,0024
0.000 0,001 0,002 0.003 0,004 0,005

Sum,

Pucynox 5.20. — Pe3ynbTaThl 00pabOTKH JaHHBIX COTJIACHO YpaBHEHUS
coxpanenus (5.22): Sum, = p-As—Au; Sum, =(p, /Ry )-Ap,

AHanu3 MoKa3bIBAET, UTO JJIA BCEX CIydaeB, JJIsi KOTOPHIX ObUTM HAMICHBI

YpaBHEHHUSI COCTOSHHI, MOTYT OBITh HOJy4eHBbl cooTHoweHus Buaa (5.20) B
dbopwme:
p-ds:du+ﬂl-%-dpl+ﬂo, (5.23)

m
rae Sy, B, — KOHCTaHTHI.
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W3 npuBeneHHOro Marepuanga BHJIHBI OIPEAENICHHBIE CHCTEMHBIE
aHAJIOTMM B IOCTPOEHUU MOJIENEH B TEPMOJWHAMHKE, CUCTEMOJMHAMUKE H
OHOJIOTHH. [IpakTuecku MPEIIIOKEHBI JOCTATOYHO IIPOCTBIE
(EeHOMEHOJIOTUYECKME  COOTHOILIEHUS Il ONUCaHus  (PU3HMOJIOTUYECKHUX
MOKA3aTeNied TAKCOHOB IO3BOHOYHBIX JKMBOTHBIX HAa OCHOBE HCIIOJIb30BaHUSA
ypaBHEHHUI cocTostHUK BuAa (9.15) W 3aBUCHUMOCTH ISl TE€OMETPUYECKOMN
BepositHoctTd  BuAa  (5.18). IlosydyeHHBIE  COOTHOIICHUSI  TO3BOJSIOT
KOJIMYECTBEHHO CpaBHUBATh MEXAYy CO0O0M OHOIIOTWUYECKHME BHUIBI IO
COBOKYMHOCTUA (U3HOJOTUYECKUX T[OKazaTene. DTO JaeT BO3MOXKHOCTH
M3y4aTh TPOLIECCHl HBOJIOLMH BHJOB, MCXOAs U3 HUX KOMIIJIEKCHOU
OMOJIOTMYECKON OLIEHKH.

Takum 00pa3oMm, cymiecTByromue ©0a3bl JaHHBIX OHMOJIOTHYECKHUX
NoKaszaTelied BUAOB B KOMIUIEKCE C (PEHOMEHOJOTHMYECKHMMH IMOAXOJAMHU
aHalM3a M OIMCAaHUSA ONBITHBIX JAHHBIX MO3BOJSIOT MOJOUTH K H3YYEHUIO
BEPOSITHOCTHBIX 3aKOHOMEPHOCTEW COCTOSTHUM BUJOB, UCXOJS W3 HM3yUYEHHUS
CPEIHECTATUCTUYECKUX OCOOEHHOCTEN IBOMIIOIIMM TaKCOHOB. Bee 310 roBOpHUT 0
BO3MOYKHOCTH CO3JIaHHMSI TEOPETMYECKUX METOJAOB AaHaJIN3a 3BOJIIOLMOHHBIX
IPOLIECCOB, IO JIOTHKE MMOCTPOCHUSI OJIM3KUX K €CTECTBEHHOHAYYHBIM METOJaM,
NPUMEHSEMBIM CErOAHS B TepMoauHaMmuKe [33], (pu3uKe CIUIOMIHBIX Cpen U

CHCTEMOJJUHAMHUKE [7].

5.6 KoMiiekcHasi OLIEHKA COCTOSIHUS COLUAJIbHBIX TPYIII

B kayecTBe 0HOTO M3 BAXKHBIX MPAKTUUECKUX PE3yJIbTATOB MPUMEHEHUS
MPEJIOKEHHBIX BEPOSITHOCTHBIX METOJ0B KOMILJIEKCHOW OIEHKH PacCMOTPUM
puMep PEeUTUHIOBAaHMS KaueCTBA JEATEIIBHOCTH COIMANbHBIX Tpymil. CeroaHs
B TMPAKTUKE YMOPABICHUS KadeCTBOM BBICHIErO OOpa30BaHUsS OTMEYaeTCs
BO3pacTalomuii  MHTEpeC K (OPMHUPOBAHUIO U HCIOJB30BAHUIO CHCTEM
PEUTHUHIOBBIX OILEHOK YHUBEPCHUTETOB, UX CTPYKTYPHBIX MOAPA3ACICHUU H
npodeccopcko-npenogaBarensckoro cocrasa (I1T1C). Dto, B mepByro odepens,
CBSI3aHO C 3aMHTEPECOBAHHOCTHIO OOIECTBA B HAJIUYMU JIOCTYIHOW U
JIOCTOBEpHON WH(OpMalMu 0 KauyecTBe OOpa3oBaHUS B Pa3IMYHBIX BBICIIMX

00pa3oBaTEIbHBIX YUPEXKICHUSIX. PEeUTHUHTM YHUBEPCUTETOB CTAHOBSTCS
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OPUEHTHPOM i1 aOUTYpUEHTOB M POJAUTENEH IpU BhIOOpE 00pa30BaTEIHLHOTO
YUPEXKJIEHUS IS OTy4YeHUs KBATM(UKAINY, a TaKKe U3MEPUTEISIMU KauecTBa
oOpasoBanus. M3BeCTHO, UTO peHTHUHT (OT aHIII. rating) — 3T0 MHIUBUIYATbHBIN
YUCJIOBOM TMOKa3aTelib OLICHKUM JIOCTHXKEHUH HEKOTOpOro cyObekTa B
KJIaCCU(PUKAIIMOHHOM  CIUCKE,  KOTOpBI  COCTaBJSIETCS  JKCIEPTaMHU
COOTBETCTBYIOIIUX OTpacieil. B oOpa3zoBaHuu peTUHroBaHHE MOHUMAETCS Kak
CUCTeMa Mep U TpoLeAyp, HampaBieHHass Ha KOMIUIEKCHYIO OICHKY
npo(hecCHOHANBPHOM JEATENBHOCTH M YPOBHSA JOCTHKEHHH CTPYKTYPHBIX
no/ipa3/iefiecHui, KOJUIEKTUBOB U PaOOTHUKOB, a TAKXKe YUEOHOU NEATEeTbHOCTH
yuamuxcs. lllupokoe BHenpeHue PEUTHUHTOBBIX OICHOK SBJISETCS OJHOM U3
aKTyaJIbHBIX 3aJlad TEOPUU U TPAKTUKH YIpaBIEHUS O0O0pa30BaTEIbHBIM
IIPOIIECCOM.

[TompITKM TIPOBEAEHUS KOMIUIEKCHOMW OILIGHKH pa3IUYHBIX CTOPOH
JESTEIbHOCTH 00pa30BaTEIbHOTO YUPEXKICHUS C HCIOJIB30BAaHUEM METOJIOB
COLIMOJIOTUYECKUX HCCIEIOBAaHUN HAYadd OCYIIECTBISTHCS C  CEPEAUHBI
npouutoro  Beka. [Ipumepom mogoGHOro MOAXOJAa  MOXKET — CIYXKHUTh
pedTuHTOBaHNE AcCCOIMAIMA aMEPUKAHCKUX YHHMBEPCHUTETOB, MPOBEJICHHOE B
1959 rony no merononoruu Kenuncrona. JlanHast MeToJuka OCHOBBIBAJIach Ha
ompocax 3aBeAyloIMX KkadeapaMu BBICHIMX Y4YEOHBIX 3aBEJCHUM U
UCTIONb30Bajla B KAdeCTBE OIPENCTIIONINX KPUTEPUEB OICHKY KadecTBa
KaHAUJATCKUX JUCCepTAIlMid M KadecTBO oOpasoBanus Ha (akymnbrerax [100].
[lepBbiii HanmoHanpHbIM pedTUHT 50 nyumux yHuBepcuteroB CIIIA  Obut
omyoimkoBaH B 1983 r. amepukanckum xypHaiaom U.S. News & World Report.
OTO TOJIOKWIO Hayajlo MHOTOYMCIECHHBIM TIOTBITKAM PAHXXHUPOBATH |
OLICHWBATh YHUBEPCHUTETHI, a TaK e JACATEIHHOCTh IMpernoaBaTesiell B pa3HbIX
By3ax [89]. B cBorw ouepenn, rimolaabHBIA (OOIIEMHPOBOM) PEHTHHT BY30B
(pevitunr 500 my4ymmx yHUBEPCUTETOB MHpa) ObLI moaroronieH B 2003 roxy
[Manxaiickum yHuBepcuteToMm (Shanghai Jiao Tong University (SJTU)) B
paMKax MpoeKTa «AKaIeMUYECKHI PEUTUHI YHUBEPCUTETOB MUpa». B oCHOBY
pelTHHTa TOJIo’)kKeHa OanbHasg CHCTEMa YydyeTa IOKas3aTesiel, CBSI3aHHBIX C
MOJIYYCHUEM BBITYCKHUKAMU W TMPOdeccopaMy YHHUBEPCHUTETAa MPEMHUUN WM
Harpaja B 00JacTh MaTeMaTUKH, y4€TOM MHJEKCa IMTUPOBAHUS U J0JIEH BHICOKO
IIUTUPYEMBIX MTyOJMKAIi, KOJUYECTBA IMyOJMKAIIUN, MPOUHICKCHPOBAHHBIX B
Science Citation Index-expanded u Social Science Citation Index, a taxxke c
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HAay4YHBIMU JOCTUKEHUSMHU YHUBEpcuTeTa. MHTerpaibHbI MOKa3aTelb By3a
ONpeNesicss  KaK  CPEJHEB3BCIICHHOE  3HAUYEHHE  COOTBETCTBYIOIIMX
IOKa3aTeseu.

Ceromnst cymiecTByeT TMsITh HaumOoJiee TPU3HAHHBIX IIO0ATBHBIX
peiitunroB yauepcuteroB — ARWU, THE, QS, Web u PRSP, nmpu stom
WCITOJIB3YETCSI 3HAYUTEIHHOE KOJMYECTBO PA3IMYHBIX Mojeel (HopMUpOBaHUS
PEUTUHIOB BBICIIMX YYEOHBIX 3aBEICHHM, WX MOJPa3JeiIeHUl U COTPYIHUKOB
[20, 89, 104 u np.]. deTasibHO KOHIEHIIMHM, HPHUHIUIBI, METOAOJIOTHH U
OpraHU3allMOHHBIE AaCMEKThl MOCTPOEHUS PEUTHHTrOB W Talejeil o paHrax,
OCOOEHHOCTH COCTABJICHMSI TJIOOAIHBIX PEUTUHIOB YHUBEPCUTETOB, UX aHAIU3,
BIIUSIHUE Ha TIOJUTUKY B cdepe BhICIIEro 0O0pa3oBaHUs, BHIOOP WHIUKATOPOB,
METOJUYECKUE OCOOECHHOCTH W HEJOCTaTKU PEUTUHTOBBIX CHCTEM, a TaK¥kKe
npoOJsieMbl BBIOOpa BECOBBIX KOAI(PPUIIMEHTOB U CIOCOOOB arperupoBaHUs
WHIUKATOPOB M T.II. U3JI0KEHBI B paboTax [20, 89, 100, 101]. IIpu s3ToM MHOTHE
aBTOpPhl OTMEUAIOT, YTO BaXHOW TEHACHIMEW B JaHHOW 0O0JacTH SBISIETCS
YCOBEPUIEHCTBOBAHUE METOJIUK PEUTUHTOBAHUA.

[Tocnennee BpeMs MpU KOMILIEKCHBIX OIIEHKAaX Pa3jIMYHBIX COLUAIBbHBIX
CUCTEM MCIOJIB3YIOTCSI B OCHOBHOM METOAbl MHOTOMEPHOI'O PAHKHPOBAHUS,
IPU 3TOM MPUMEHSIOTCS AKCIEPTHBIE METOABI OLIEHKU, KOTOPhIE OTJIMYAOTCA
MeXay co0oil HabOpoM OLEHMBAEMBIX (PAKTOPOB M CHUCTEMOM BECOBBIX
ko3¢ ¢urmenTos [20, 104, 107].

Yame Bcero nenp KOMIUIEKCHOW OLEHKM COLMAIBHBIX  CUCTEM
3aKJIIOYAETCS B MU3YYEHUU HX COCTOSIHUSA MO COBOKYIHOCTH IOKa3aTeled Ha
OCHOBE YCTAHOBJICHUSI COOTBETCTBHUS ONPEACICHHBIM YPOBHSIM WJIM HOPMam, B
CpPaBHEHHH COIUAJIBHBIX O0BEKTOB MEXKIYy COOOH, a TakKe B yueTe 3HAUMMbBIX
JOCTUKEHUM, COOBITMM UM MEpPONPUSITUH, CBS3aHHBIX C JIEATEILHOCTBIO
paOOTHUKOB M KOJUICKTUBOB. KOMIUIEKCHAsl OllEHKAa, MHOTOMAapaMeTpUUECKOe
paHXXUPOBAHUE U PEUTUHTOBAHME CHUCTEM OOBIYHO OCHOBBIBA€TCS Ha
MPUMEHEHUN WHANKATUBHBIX IOKa3aTelel WM CyMMapHOW OalbHOW OIICHKE
MOJIYYCHHBIX JIOCTH)KCHUH U BBITIOJIHEHHBIX MEPONPUATHA U palboT B
OIpe/ICIIEHHBIX acleKTax npodeccnoHanbHoM aesrenpuoctu [24, 100, 101].

[Ipy u3ydeHUH pa3IUYHBIX HAIMpPaBICHUM JEATETBHOCTH COIMATbHBIX
KOJUICKTUBOB C IIeJbl0 A PeKkTUBHOCTH aHanu3a uHGopManuu oO0padoTKa

JaHHBIX OOBIYHO OCYIICCTBIACTCA II0 rpyniaM M3 HECKOJIbKHUX nokasartejeu u
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KpUTEpUEB, KOTOpPHIE MOTYT HMMETh pas3iuyHyilo mnpupoxay. Ilpu stom Hamo
OTMETUTh, YTO TOJABISIONICE OOJBIIMHCTBO COBPEMEHHBIX  METOOB
KOMIUIEKCHOW W PEUTHHTOBOH OIEHKHA COIMAIBHBIX KOJIJICKTUBOB SIBIISCTCS
SKCIIEPTHBIMH, T.€. IO CcBoel mpupoae cyobekTuBHbIMH [100, 101, 104].
HckmoueHne CyOBEKTHBHOW COCTABISAIONMICH W3 TMPOIENYyp PEHTHHTOBAHHS
BCTpPEUAeT 3HAYUTENbHBIE METOAOJOTHYECKHE TPYIHOCTH, TaK Kak TpeOyeT
NPUMEHEHHUs1 0OBEKTUBHBIX METOIOB aHAJIN3a PA3HOILJIAHOBON HH(OPMAITHH.

CoBepIlIeHCTBOBAaHME  METOAOJOTHH  COLMAIBHOTO  PEUTHHTOBaHMS
BUIUTCSI B WCIOJB30BAaHUM COOBITUMHBIX METOJOB OIICHKH 3HAYUMOM
WHPOpPMAIIMU, YTO CBSI3aHO C BO3MOYKHOCTBIO TPEICTaBICHHUS PE3YJIbTATOB,
YUUTHIBAEMBIX MPU PEUTUHTAX, B BUJIE CIIOKHBIX UHIUKATUBHBIX COOBITH.

llenpto maHHOTO TOJpa3feNa SBISETCS WLTIOCTPAIs BO3MOXKHOCTH
NPUMEHEHHUsI BEPOATHOCTHBIX METOJIOB aHalM3a W OIHMCAHUS Pa3HOIIAHOBOM
COLIMAJIBHO U MPOo(eCCHOHATBHO 3HAYMMOM MH(OpMalNH, MPEICTaBIsSIEMON B
BUJIC COOBITUM, JJIs TOBBIIEHUS! OOBEKTUBHOCTH MPUHATHS PEIICHUI Ha OCHOBE
PEUTHHIOBBIX OLIEHOK.

MeTo0510THsl COLMANIBHOTO PEHTUHIOBAaHUSI MOXKET OBITh MOCTPOCHA Ha
OCHOBE OLIEHKHU BEPOATHOCTEW COBMECTHBIX MHAMKATUBHBIX COOBITUH. OOImmii
MOJIX0J] KOMIUIEKCHOTO aHallu3a COLMAJIbHBIX OOBEKTOB IO COBOKYITHOCTH

KOJIMYECTBEHHBIX IIOKa3aTejieH pl’ p2!'-"pn npearojaract IpcacTaBICHUC

COCTOSIHUA OJHOTHIHBIX OOBEKTOB B MHOTOMEPHOM HH(OPMAIIMIOHHOM
IIPOCTPAHCTBE ITUX MOKa3zarelied B BUJE 00JaKka TOYEK U OLIEHKY IOJIOKEHUS

KaXXJg01ro 00BEKTa B JTOM IMPOCTPAHCTBC II0 OTHOHIICHHIO KO BCel rpymare

n
n3ydaeMbiX 00BEKTOB. MHOromepHoe HHGPOPMAIMOHHOE MpOCTpaHCTBO H
dbopMupyeTCs KaK AEKapTOBOE MPOCTPAHCTBO KOOPAHMHAT, B KAYECTBE KOTOPHIX

BBICTYNAIOT aTpUOYTUBHBIE MOKA3aTeNu Py, Po,..., Py . A1 oLEeHKH nonoxkeHus

TOYEK B JAHHOM MPOCTPAHCTBE MOTYT OBITh UCMOJIb30BAHbBI PA3IMYHBIC METO/IbI
OOBEKTUBHOIO aHaU3a JaHHBIX. Hampumep, MOXHO (PakT OJHOBPEMEHHOIO
HaOJII0/ICHUST HECKOJIbKUX TIOKa3aTelell o0beKTa paccMaTpuBaTh KaK CIOKHOE
COBMECTHOE COOBITHE M OLICHHBATHh BEPOSITHOCTH TAKOTO COOBITHS M3BECTHBIMU
MeTonaMu. TakXe€ MOMXHO HAWTH B JAHHOM MPOCTPAHCTBE PACCTOSHUE OT
Hayajga KOOPAMHAT HO KaXIOW TOYKH M JJI1 JAHHOU XapaKTepUCTUUYECKON
BEJIMYMHBI HM3y4aeMOTO COOBITHUS OIICHUTh PACHPEACIICHUE BEPOSITHOCTEH.

Bo3MokHO Takke oOmpejeleHue pacCTOSHUS OT KaXJAOW TOYKH /IO LIEHTpa
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TSKECTH BCETO 00J1aKa M3y4yaeMbIX TOUEK M MOCIEIYIOIIast OleHKa BEPOSITHOCTH
pacrpeneneHus JaHHOM XapaKTepUCTUYECKON BEJIMYUHEI U T.JI.

bynem nmpeacTtaBisATh CUCTEMY COLMAIBHOM IPUPOABI B BHJE
COBOKYITHOCTH OOBEKTOB OJHOIO KJacca, HalpuMep: IpaxaaH, paOOTHHUKOB,
KOJUIEKTUBOB, CTPYKTYPHBIX MOJAPA3JECICHNM, OPraHu3aluil WM yUYpEeKICHUN U
T.1. Bce 00beKThl N3yyaeMoi CUCTEMbI UMEIOT OIPEIEIIEHHOE YUCIIO OCHOBHBIX

HaOJI01aeMBbIX MOKazaTened Py, Po,..., Py, KOTOPBIE MOTYT U3MEHATHCS OT HYJISA

JI0 HEKOTOPBIX MAaKCHUMAJIbHBIX 3HAYCHUU. 3HAUEHUsI MOKa3aTesied MOTYT OBITh
BBIPQKCHBI Pa3MEPHBIMUA WM Oe3pa3MepHbIMU BEIMYMHAMH. be3pazMepHbIMH
ABJISIIOTCS,, HANpUMEp, OTHOCUTEIbHBIE U CpPaBHUTENbHbIC MOoKazaTenu. JlJis
BBIPAKEHUS Pa3MEPHOCTHU MOKa3aTeaeid MOTYT MCIOJIb30BAaThCSl OOIIECTIPUHSITHIC
CAVHUIIBI U3MEPEHHUs, OLIEHKH B Oajylax WM IMyHKTaX MO COOTBETCTBYIOIIEH
mKajge wusMepeHuid. B pesynpraTe cbopa CTaTUCTHYECKOW HHGpOpMAIUU
dbopMHpyeTCsT MacCUB CTPYKTYPUPOBAaHHBIX JIaHHBIX, B KOTOPOM KaxKjas
Ta0auIla UMEET CTPYKTYPY «OOBEKTHI — IMOKA3aTEIn», a pPa3IMuHbIe TaOJIUIbI
COOTBETCTBYIOT pa3HbIM TNiepuojaM BpeMmeHu. HWHdopmaius o0 MHOTHX
COITMAILHBIX CUCTEMAaX MOXKET OBITh MPEJICTaBICHA B MOJOOHOM BUJIE.

OcHOBHBIE TIpenjiaraéMble HJEH M TUMOTE3bl COOBITUMHOW OLEHKH TPH
OTIPEJICTICHUH PEUTHUHTOB COLUATIBHBIX IPYII (HOPMYTUPYEM B BUJIE:

® ICMOJIb30BAaHUE JAHHBIX O COCTOSIHUU COLIMAJIBHBIX CHUCTEM B CaMbIX
pa3HBIX acCleKTaX, a TakKKe aJIrOPUTMHYECKOE OIpeeieHUEe BEPOATHOCTEH
COBMECTHBIX COOBITUH W, CBSI3aHHBIX C OJHOBPEMEHHBIM HaOIO/IEHUEM
WHIUKATUBHBIX ToKasareseH, MO3BOJIUT YCTAHOBUTH OCHOBHBIE
CPEIHECTATUCTUUECKUE 3aKOHOMEPHOCTH TTOBEJICHUS COITUATIBHBIX TPYIII;

® CTAaTUCTUYECKUE BEPOATHOCTHU JIsl MHIUKATUBHBIX CJIOKHBIX COOBITHI
MOT'YT OBITh HAWJEHbI SYMIUPUYECKU C HCIOJIb30BAHUEM aJTOPUTMOB OIICHKH
BEPOSITHOCTEH COOBITUI B 0011IeH BRHIOOPKE BCEX HAOIIOICHUM;

® [IpEANOJaraeTcsi, YTo sl BCEro BPEMEHU HAONIOJCHHUI CYIIECTBYET
oblllee  BEPOATHOCTHOE MPOCTPAHCTBO COCTOSHMHA Bcex 00bekToB H',
MPOIIECCHl B KOTOPOM MOTYT OBITH OMHCAHBl MATEMATUYECKUMH METOJIaMH,

MO3BOJIAIOIIMMH IMPOBCCTU KOMINICKCHYIO OLICHKY W UX MHOI'OIIApaMCTPHUICCKOC

paHXUPOBAHUE;
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® MPUMEHUTEILHO K KaXI0M TaliuIle MaccuBa JaHHBIX JI00OH

o o n o
HN3y4aCMbIM COLMAJIbHBIN 00BEKT B IMPOCTPAHCTBC H OTO6pa)KaeTC$I TOYKOH

M , monoxeHune KOTOpoil onpeaenseTcs 3HaYeHUAMU TOKa3aTene Py, Po,..., P s

e A TpOCTpaHCTBA cocTosHMi cuctembl H"  mpenmomaraercs
CIIPABEAJIMBOCTh THUIOTE3bI O CBSI3M CTATUCTUYECKOW BEPOSITHOCTH COBMECTHBIX
WHUKATUBHBIX COOBITUN U T€OMETPUUECKON BEPOATHOCTU COCTOSTHUN 0OBEKTOB
B BHMJEC JAMHaAMH4YecKoll 3aBucumoct dwW=C;-dp, TOe BeIUYUHBI C
OTPENENSIIOTCA MO0 CTaTUCTUYECKUM JAaHHBIM, HMCXOJs M3 3aKOHOMEPHOCTEH

OCYHICCTBJICHUA IIpoHecCCa U3MCHCHHA COCTOAHUA KaXKIO0I'0 00BEeKTa Ha (I)OHG

WU3MEHEHUS COCTOSIHUN BCEU TPYIIIbl OOBEKTOB;

) n
® B TMPOCTPAHCTBE COCTOSSHUM H~  reomerpuyeckas BEPOSTHOCTh
KaXJIOTO COCTOSIHUS (Ka)XXJO0TO OOBEKTa) OMpEeNeNsieTcsl 3aBUCUMOCTHIO BHU/A:

o= Py-P2 ... Pn

P1 max = P2 max “+++* Pn max

) Trac pi max - MaKCHUMaJIbHBIC 3Ha4YCHUA

HaO0JII0JaeMbIX TIOKa3aTeiel B rpyIe 0ObEeKTOB;
® pEUTHUHIOBasl OLEHKA M PAaHKUPOBAHUE OOBEKTOB MO COBOKYITHOCTU
NoKasaTesied MOXET MPOBOAUTHCS IMYTEM OMNpeAeNIeHUs (PYHKUUN COCTOSHHS

(3HTpONMM S M MOTEeHUHaNa P ), KOTOpbIE XapaKTEPU3YIOT MOBEPXHOCTU YPOBHS

n
N KOOPAWMHATHBIC JIMHWUKM B MHOI'OMCPHOM IIPOCTPAHCTBC H JJIA ITOJIA

BCPOSATHOCTH COCTOSAHUA BCEH CHCTEMBI B OeIoM:

P2 +m+cn4n—Jﬁ——, (5.24)

S=¢;-In
1max p2 max pn max

2 2 2 2 2 2
pl - plmax p2 - p2max p3 - p3max
+ +.+t—

G ) C3

P=

, (5.25)

IIPU YCIIOBUM, YTO BEJIIMYMHBI S U P paBHBI HYJIIO0 MpH 3HAYEHUAX MOKa3aTese
Pi = Pimax

OOmrast MeToAuKa aHajdu3a JaHHBIX MPEANOoJIaracT  CISAYIONIYIO
MOCJICIOBATENBHOCTh JEUCTBUM. [[711 pPENTHHIOBOM OLEHKU COLIMAJIbHBIX
O0OBEKTOB COCTaBisIeTCsl 0a3a NaHHBIX, B KOTOPOM H3ydaemble OOBEKTHI U
uHpopMalss O HUX TMPEACTABIACTCS CTpoKaMu Tabiuil Oa3bl JaHHBIX, a
MOKa3aTelld, ONpPENENSIONIe COCTOSHUS OOBEKTOB, — KOJIOHKAMH TaOJIuII.

KaxxnoMmy nepuoy pedTHHTOBOM OLEHKH COOTBETCTBYET CBOSI TAOJIMIA TaHHBIX.

225



I[anee BBIACIIAOTCA COBMCCTHBIC COOBITHSI OTHOBPCMCHHOT'O HEI6JHOI[€HI/I$I
HECKOJIbKHUX HOKa3aTCHeﬁ, KOTOPBIC ABJIANOTCSA MHAWKATHUBHBIMU M OJHO3HAYHO
XAPaKTCPU3YIOT B OIIPCACIICHHOM ACIICKTC COCTOAHUSA I/I?)y‘{aeMOﬁ cucteMsl. I1o
Ta6J'II/IHe 0a3ml JAaHHBIX aJITOPUTMHUYCCKUM IIYTCM OIIPCACIIAIOTCSA BEPOATHOCTHU
COOBITHI. MGTOI[OM HpO6I/IT-aHaJII/I38, N3Yy4arOTCA CBA3HU MCIKIY CTaTUCTUYECCKOMN
BCPOATHOCTBIO M IIOKA3aTCILIMU  COCTOAHHA CHUCTCMbI M YCTAHABJIMBAIOTCA
pPa3IMIHBIC BCPOATHOCTHBIC PACHPCACIICHUS, XAPAKTCPUIYIOIIHUC OJAaHHYIO
CONMAJIbHYKHO CHCTCMY. HOHY‘ICHHHC 3aBUCUMOCTHU IIO3BOJIAIOT OIIPCACINTD

(PeHOMEHOJIOTHYECKHE BEIUYUHBI C;, CBOWCTBEHHBIE JAHHOM COLUAIBHOM

rpynme o0beKToB. [lanee ocyIecTBIsAETCs paHKUPOBAaHUE OOBEKTOB HA OCHOBE

KPUTEPHsI, KOTOPBIA ONPENEIIET MHOTOMEPHBIE MOBEPXHOCTH YPOBHS B BHJIE

n
NoTeHIMaza mpoctpanctea H'W mytem mpumeHeHus: ypaBHenus (5.25). Panru
YCTaHABIMBAIOTCS MCXOAS U3 IOJIOKEHUS OOBEKTOB IO OTHOLIEHUIO K

KPUBOJMHEHHBIM KOOPAMHATAM, KOTOPBIC SBJISIFOTCS SHTPOMHEH U MOTEHIIMAIOM
Buza (5.24) — (5.25).

Ilpumep  pevimunco6oii  oyeHKU — O0ESIMENIbHOCMU  CMPYKMYPHbLIX
noopaszoenenuil U pabomHUKO8

Ha npaktuke wnensMu pEHTUHIOBOM OIEHKH MPO(PECCHOHATBHON
JIESITEIbHOCTH B KPYITHOM BYy3€ SIBISIETCSI OOBEKTUBHBIN aHAIN3 YPOBHS pPaOOTHI
[I1C, kadenp, hakyIbTETOB U HHCTUTYTOB, OOECIIEUEHNE 3aNHTEPECOBAHHOCTH
paOOTHUKOB B pe3yibTaTax CBOEH JEATEIbHOCTH, (POPMUPOBAHNUE OCHOBBI IS
OPUHATHSA 00OCHOBAHHBIX YIPABICHUYECKUX PELICHUH.

PeiitunroBass oneHka AEATEIBHOCTH CTPYKTYPHBIX MOAPA3JIEICHUN H
[ITIC oOBIYHO MPOBOAMTCS MO HAMNPABICHUAM Y4E€OHO-METOJUYECKON PadOThI
(YMP), nayuno-uccnenoBareinbckoi aestenbnoctu (HU) u opranuzamnuonHo-
BocnurtatesbHOU padoTel (OBP).

Onenka  ypoBHS ~ y4eOHO-METOAMYECKONM  pabOThl  CTPYKTYpPHOTO
noJipa3ziesieHusl By3a U IpernojaBaTesiell OCHOBBIBACTCS Ha y4yeTe pe3yJbTaTOB
METOJMYECKON JCSITEIIbHOCTH B BHJIC U3JaHUSI YICOHUKOB U y4E€OHBIX TTOCOOUH,
TTOBBIIIICHHSI KBaTU(UKALINH, y4acTuu B npo¢eCCUOHATIHBIX,
npo(ecCHOHANbHO-TIEIArOTMYECKMX KOHKypcax U OJUMIMaJax, Ha ydeTe
pe3yJbTaToOB pPa3pabOTKH y4eOHO-METOJAMYECKHX KOMIUJIEKCOB JIMCIUILINH,

00pa30BaTEeNbHBIX MPOTPAMM M JJIEKTPOHHBIX METOJMYECKHX MAaTepuasoB,
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paborax IITIC, cBsi3aHHBIX ¢ pyKOBOACTBOM 0Opa30BaTEIbHBIMU MPOrpaMMaMH,
U T.JI.

B cBow ouepeap, OLEHKA YpPOBHA HAyYHO-UCCIEIOBATEIbCKOMN
nesrensHocTH TITIC, kadenp u pakynbTeToB OCHOBBIBAETCS HA (haKTaxX HU3AAHMS
MoHorpaduil U cTaTel ¢ y4eToM HMX 3HAYMMOCTH, 3alIUThl JHUCCEPTALUA U
MOJlyYeHUU TATEHTOB, YYacTMM B HAyYHBIX KOH(EpEHIUSIX, Ha yyeTe
pe3ynpTaToB pabOThl C TpaHTaMH, HAyYHO-HCCIENOBATEIbCKUMH paboTaMu U
IporpaMMaMu, BBINOJHEHUH Pa3JIMYHBIX BHUJOB HAay4HbIX paloOT, pe3yjbTaTax
BHenpenuss HUP, pabGotax 1o HaydHOMy pYKOBOJACTBY CTYICHTaMH,
MarvucTpaHTaMH, ACIUPAHTAMU U JTOKTOPAHTAMH U T.II.

VYpoBeHb OpraHU3alMOHHO-BOCIIUTATENBHON pa0OThl OLIEHHWBAETCS I1O
paboTaM B OOIIECTBEHHBIX OOBEIWHEHUAX, COBETAX M KOMHUCCHUSAX Pa3HOrO
YPOBHSI, y4acTUIO B CHOPTHUBHBIX M TBOPYECKHX KOHKYpCaX, PYKOBOACTBY
CTYJ€HYECKHUMH OOIIECTBEHHBIMH KIIyOaMu U OOBEAMHEHUSIMHU, OPraHU3aALNUH U
IPOBEICHUIO  OOIIECTBEHHBIX, MPOPOPUECHTALMOHHBIX, BOCIUTATEIIbHBIX,
CIIOPTUBHBIX, TBOPUYECKUX U KYJIbTYPHO-MACCOBBIX MEPONPUATHAX Pa3IUIHOIO
YPOBHS U T.1.

W3mepeHue KpuUTEpUEB IO HANPABICHUSAM  Y4eOHO-METOAMYECKON
paboThl, HAay4YHO-HUCCIEAOBATEIILCKOM JEATEIbHOCTH M  OpraHu3allMOHHO-
BocrutatesnibHOM padotel s [IIIC ocymiecTBisercs B Oailyiax, KOTOPBIE JIs
YKa3aHHBIX BBIIIE HANpaBJIECHUN JAEITENbHOCTH CcyMmmupyrorcs. Kaxmomy
MEpPOIPUITHIO, BUAY pabOThl WIM pE3yJbTaTy TIPUCBAUBACTCS 3a/JaHHOE
KOJIMYECTBO 0aJUIOB MO MPUHATOM B By3€ LIKaJe OLICHKH MEPONPUATUN U padoT.
Hcxoass w3 3TOro, KaxIplil TMpenojaBaTesb HAOUPAeT OMNPEIETICHHOE
KojauuecTBo OamioB mno HampasieHusM YMP, HUJ[ u OBP 3a BbriOpaHHBIi
NepUoJl  PEUTUHTOBaHMWS.  3HAUYEHUSIMM  JAHHBIX  BEJIIMYMH  MOXKHO
xapakrepnus3oBatb JnearenbHOCTh [IIIC u onpenensaTts B 3aJaHHBIA IEPUOA
BPEMEHU COCTOSIHHE 00bEKTa PEUTUHIOBAHUS.

PelTHHIH CTPYKTYpHBIX NOAPA3AEICHUM MO KaXAOMYy W3 HAIPaBICHUU
NEATEIbHOCTH  ONPENENSAI0TCS,  UCXOAd M3  NPHUHIATOW  METOJMKH,
cymmupoBannem  OammoB  [IIIC, pabGoratomux B COOTBETCTBYIOIIEM

noapasacJICHUN.
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B  kauectBe craructuyecko ~ uHpOpManMM Ui [OCTPOCHHUS
BEPOSTHOCTHBIX MOJIEJIEW HUCIIOJIb3yEM JAHHBIE O PEUTUHTOBAHUH COTPYIHHUKOB
U CTPYKTYPHBIX  MOApa3lelieHnid  bBenropoackoro  rocyaapCTBEHHOIO
HaIlMOHAJIBHOTO uccienoBarenbckoro yuusepcurera (HNUY «benl'Vy) 3a 2015—
2016 rompl. B yHMBEpPCUTETCKONM METOJUKE PEUTUHIOBAaHUA B KAdyeCTBE
OCHOBHBIX TIOKa3aTejiedl HCIOJIb3YIOTCA: IOKa3aTellb Y4eOHO-METOIUYECKOM

pa60TI>I pl’ 63.]1]1, ITIOKAa3aTcCJIb HaquO'I/ICCHe,HOBaTeHBCKOﬁ ACATCIIBHOCTHU p2 y
63.]].]]' IIO0Ka3aTcCJIb O raHI/I3aHI/IOHHO'BOCHHTaTeHBHOﬁ a60TBI 63.]].]1. JIA
’ 3

pelICHUs  TMOCTABJICHHOM  3aJayd  BOCIHOJB3yeMCs  0Oa3aMH  JIaHHBIX
aBToMaTH3upoBanHO# cucteMbl HUY «benl'Y» (http://dekanat.bsu.edu.ru/). Tlo
UMCIOIIAMCST JTaHHBIM C Y4Y€TOM aJTOPUTMHYECKON OIICHKH OIpeAeICHBI
BEPOSATHOCTH COCTOSIHHI 00BEKTOB PEHTHHIOBAHUS PA3HBIX COUAIBHBIX TPYIIIL.

Hcxons #3 MOAYYEHHBIX MAHHBIX C YYETOM BEPOSTHOCTHOM OIICHKH

COBMECTHBIX COOBITHH, CBA3aHHBIX C HAOIIOJCHHEM IIOKas3areneu Pi, Pr, Ps,

MIOCTPOCHBI BEPOSTHOCTHBIE MOJICNIM COCTOSIHUS COIMAJIBHBIX OOBEKTOB H
ompeAeseHbl paHru CTPYKTypHbIX noapasaenenuit u [I1IC. CooTBeTcTBYIOmIAs
Mozenb sl kadeap By3a IMOJydeHa B BUJIE NMPOOUT-3aBUCUMOCTU BEIIMYUHBI

BEPOATHOCTH COBMECTHBIX COOBITHH HAOMIOAEHMS IOKaszareiaeu pPj, Po, P3 OT

OHTPOIIMHU COCTOAHUA CUCTCMBI:

Prob '[2
W=——— | exp|—— |dt; Prob=0,580+s-
N2-1 _‘[o g 2 ’
s=0,286-In| -* |+0,260-In| 2 |+ 0167 In| P |. (5.26)

plm p2m p3m

Kosddument xoppensuun 3aBucumoctd  (5.26) cocrtaBun 0,93,
pe3ynbrarbl 00pabdoTku AaHHbIX Mg 100 kadenp By3a NpHUBEACHBI HA PUCYHKE

5.21. Iloka3zarenu Py, P,, P3 OTHOCUIMCH K 3HAYEHUSM BEITUYUH P max: P2max:
P3max » KOTOpBIE COOTBETCTBYIOT BBIODAHHOM ONOPHON TOYKE — MaKCUMAallbHO

HaOJII01aeMbIM 3HaUeHUSIM Tokazateneid B 2015 — 2016 rogax, KOTOpble paBHBI:
Pimax = 245,3 6amnoB; Pyma = 230,1 6amnoB; Psnax =219,4 Ganios.

228


http://dekanat.bsu.edu.ru/

06

0,4

0.2

00

ITpoGurt BepostHOCTH Prob

-1,2
[
]

14

16 /

24 22 20 18 16 14 12 10 08 -06 04 02

BHT})OHIM COCTOSIHHS O0bEKTa §

Pucynok 5.21. — 3aBHCUMOCTB BEpPOSATHOCTH COCTOSIHUSI W OT SHTPOIIUU

COCTOSIHUA CUCTEMBI S 1JIsI COBMECTHO Ha6J'IIOI[a€MBIX roKazarejen pl’ p2, p3

st kapenp HNY «benl'V»

HOI[O6H&5[ MOJCJIb IIOJIYUYCHA IJIA HpO(bGCCOpCKOFO COoCTaBa By3a B BHJIC
HpO6I/IT-3aBI/ICI/IMOCTH BCPOATHOCTH  COBMCCTHBIX COOBITHI Ha6J'IIOII€HI/I}I

noKasareneu P, Py, P3 OT SHTPOIIMH COCTOSAHUSA CUCTEMBI:
Prob=1177+s;

s=0187-In| —P1— |+0,232.In| —P2— | +0,220.In| —P3|. (5.27)
plmax p2max p3max

Koapdpumment xkoppensuum 3aBucumoctu  (5.27) cocrabun 0,96,
pe3ynbTaThl 00paboTku maHHBIX a1 180 mpodeccopoB By3a MpuUBEACHBI Ha
pucynke 5.22. B paaHHOM ciydae IOKa3aTeld OTHOCWUJIMCh K 3HAYEHUSIM

Pimax: P2max: Pamax> KOTOPBIE COOTBETCTBEHHO PABHBL Pyma =082 Oamna;
Pomax = 2065 6arnoB; P3;. = 639 Gamos.

AHaJIOTHYHBIM 00pPa30M IMOJYYE€HbI BEPOSATHOCTHBIE MOJIEIH ISl OLIEHKH
KadecTBa AearenpHocTh apyrux kareropui [TIC.
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Pucynok 5.22. — 3aBHCUMOCTB BEPOATHOCTH COCTOSIHASI W OT SHTPOIIUU

COCTOSIHHUSA CUCTEMBI S JJIsI COBMECTHO Ha6JII-OIIaeMBIX roKazarejen pl, le p3

1t mpodpeccopekoro cocraa HUY «benl 'V

Takum 00pa3oM, ONUCAaHWE TIOBEJCHUSI COIMAIBHBIX TPYyOI IO
COBOKYITHOCTH TIOKA3aTeJiell BO3MOXKHO Ha OCHOBE IMIOJIYYEHHS YPaBHEHHUM
COCTOSIHMM, NPEACTAaBJICHHBIX B BHUJE PACIPEACICHUNA  BEPOSITHOCTEU
COBMECTHBIX HWHIMKATUBHBIX COOBITHH. B ciydae momyueHus Takux
OMIIUPUYECKUX YypPaBHEHUH Ha OCHOBE JIaHHBIX HAOJIOJCHHM, BO3MOXKHO
YCTAHOBJICHUE CPEAHECTATUCTUUECKUX TEHJICHIIMM pa3BUTHA OOBEKTOB B
WH(QOPMAIITMOHHOM  TPOCTPAHCTBE COCTOSIHUM  COIMAIbHOM  CHUCTEMBI U
PAaHXKUPOBAHHUE TIOJIOKEHUSI KaXKJIOro OOBEKTa B HTOM IIPOCTPAHCTBE I10
OTHOILIGHUIO KO BCEW rpynmne wu3zydaeMbix 00BeKTOB. [log00HBIM MOIX0M
OTKPBIBAET BO3MOXXHOCTHU ISl CO3JaHUS TEOPETUUYECKUX METOJIOB OIHUCAHUS

MOBEJICHUSI CUCTEM OOIIECTBEHHON TIPUPOJIBI.
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Ipuioxenue A. Hexkoropble nokasareau ¥ HHAUKATOPHI 1JIA

KOMILJIEKCHOM OLCHKH IIPUPOAHO-AHTPONMOI€CHHBLIX U ypﬁaHI/IZilflpOBaHHl)IX

cucTemM
Ne [TokazaTenb Ui UHAUKATOP Pexomerizyemoe
3HAYCHUE
1 2 3
1. Unppacmpyxmypa u mexHoeeHHas 0esimeibHOCHb
1.1 |ITmomaak TOPOICKOM 3aCTPOMKH, KM% % min
Jonst ropoJCKOro HaceleHus OT OOIIell YHUCICHHOCTH .
1.2 o OIIp. CIIEI-0i 3a1a4
HacejeHus, %
1.3 | Temmbl ypbanu3zaiuu, % roJ0BbIX U3MEHEHUI TOXKE
1.1 YoenvHvie nokazamenu o3eieHeHus meppumopuu nPOMblULIEHHbIX 20P0008
14 [Inomanps HacaxaeHUN OOILEro MOJBb30BAHUS B pacueTe HE MEHEE
" |Ha OJIHOTO KUTEIS, M>/Uel. 16 — 22
15 O3eJIeHEHHOCTh TeppUTOpUU  (TUJIOMIAJIb BCEX BHJIOB 45 60
" |3eJIeHbIX HACAXKIEHUH, OTHECEHHA K IUIOIAaau ropoaa), %
1.6 |TloBpexkneHre ApeBOCTOEB TEXHOTC€HHBIMU BhIOpOCcaMu, %o MeHee 5
1.2 Ilokazamenu 06pazo6arus u UCNONb308AHUSL OMX0O008
1.7 | HakorieHO ommacHBIX OTXOJIOB, THIC. T min
1.8 |O6pa3oBaHO OMACHBIX OTXOMOB, T TOXE
1.9 |Ucnonb3oBano otxoa0B I-111 kiaccos omacHocTH, T max
Jonsa  mimomamd  MeCT  XpaHeHHs  OBITOBBIX U
1.10 mpOMBINIJIEHHBIX ~ OTXOAOB  (TEPPUKOHBI,  CBAJIKH, min
MOJIUTOHBI), %
1.3 Iloxazamenu npomuluuneHHbIX U MPAHCHOPMHBIX 30H
111 JloJist TeppUTOPHIA OMMACHBIX MPOMBIIIIICHHBIX 00BEKTOB |
"|xmacca omacaoctuu (C33 1000 m), %
112 Jons  TeppuTOpuMi  NPOMBILLIICHHBIX  Ipynmn €
" |upennpustusmu I-111 kinacca onacaoctr (C33>300 M), % min
Honst  TeppuTOpHii  NPOMBIIUIEHHBIX  TPyonI  C
1.13 npennpustusimu VI-V kiacca omacHoctu (ot 50 m 10
100 m C33), %
Jlonsa momaau MoJoC OTBOAA ABTOMOOWIIBHBIX U
1.14 TOXKE
JKeJIe3HbIX Jopor, %
1.15 Jlost mutoniaiy 3amryMieHHBIX TeppuTopuid, %0 -/-
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[Iponomkenue TabIUIIbI TPUIIOKEHUS A

1 2 3
2. CoyuanvHo-aKkoHOMUYecKas cepa
2.1 {YucneHHOCTh HaCceIeHHUs, ThIC. Yell. OIIp. CTICL-OM 337184
2.2 |[TLIOTHOCTD HACETIEHUs, Yel./KM” TOXE
2.3 | Teppuropus, Thic. KM —
2.4 |BanoBbIil BHYTPSHHUI TPOAYKT HA yITy HAaceleHus, $ max
55 BKJIa:I[ CEKTOPOB (TIPOMBIIUIEHHOCTh, YCIYTH, CEIbCKOE S —
XO35IUCTBO) B BAJIOBYIO I00ABJICHHYIO CTOUMOCTb, %0
2.6 | OkcmopT ToBapoB, Mipa. $ TOXE
2.7 |mmopt TOBapoB, Mip. $ -/-
2.8 |MuBectunmu, miupa. $ -/-
2.9 |Cpennemecsiunas 3apruiata, $ —
2.10/Cpennuii pa3mep Ha3HAYCHHBIX MICHCHH, $ > mPOXKUT. MIN
Hemorpaduueckass Harpy3ka J€TbMH UM JIMIAMHU
2.11 meHCHOHHOTO BO3pacTa Ha HACEJIEHHE TPYAOCIIOCOOHOTO |OMmp. Crel-0i 3a1ad
BO3pAacTa, Yell. HETPY-TO B-Ta/ThIC. )KUTEJNEH TPyI-0ro B-Ta
2.12 Yposenn 6e3paboTuiisi, % min
2.13 YpoBeHb 3aHATOCTH HHBAIUIOB, % max
2.14 Yposenb nHdIAnun (IOTPEOUTEIIHCKUE IICHB) min
2.15/ Cpernii ypoBeHb 06€CTICYCHHOCTH JKIITBEM, M-/dell. COLI-HbIE HOPMBI
3. 30pasooxpanenue u 300pogve HaceneHUs]
3.1 |Koadumuent poxgaemoctu, Ha ThIC. Yel. max
3.2 |Koapdumment cMepTHOCTH, Ha THIC. YElL. min
3.3 |Crapenne Hacenenus, % HacelleHus cTapiie 65 net -
3.4 Oskumpaemasi IPOIOJDKATETLHOCTD KU3HU TPU POKICHUU, max
" |7er (B TOM YHCIIe: MY)KUYHH, KEHIIIHAH)
35 Munanenyeckasi CMEpTHOCTD (B BO3pacTe 110 roja), Yucio min
YMEPIINX Ha THIC. POJUBIINXCS YKHUBBIMH JICTCH
36 JleTckasi cMepTHOCTH (B Bo3pacTe oT 1 110 4 JieT), 4yucio o
YMEPIIUX Ha THIC. POJUBIINXCS YKUBBIMH JIeTEH
3.7 3a0071€Ba€MOCTh  PECHUPATOPHHIMA ~ MHPEKIUSIMH B /
" |Bo3pacte 10 5 jer, uncio ciaydaeB Ha 100 TeIC. aeTei o
38 3a0071€BaeMOCTh KUIIEYHBIMU MH(EKIHUSIMU B BO3pPACTE n
" |mo 5 ner, uncio ciayvaes Ha 100 ThIC. AeTeit
3.9|0O0mas 3a001€BaeMOCTb, Y€, Ha THIC. HACEICHUS -/-
3.10 Koadduiment cmepTtHOoCTH OT HMHGPEKIHOHHBIX U n

napasutapHbix 0osne3neit, Ha 100 Tbic. yer.
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[Iponomkenre TabIUIIbl TPUIIOKEHUS A

1 2 3
Koaddumment cmeptHOCTH OT HOBOOOpa3oBanuii, Ha 100 .
3.11 min
TBIC. Yel.
Koaddunment cMmepTHOCTH OT OO0JIE3HEH CHUCTEMBI
312 KpoBooOparmieHus, Ha 100 ThIC. yer. TOHE
313 Koaddumment cmeprHoctn 0T Ooje3Hel OpraHoB n
| npixanus, Ha 100 ThIC. yen.
314 Koaddunment cmeprHoctd oT OO0JI€3HEH OpraHoB n
" |mumeBapenus, Ha 100 ThIC. Yell.
3.15/YpoBeHb 00ecnieueHHOCTH BpadyaMu, Bpaducii Ha ThIC. Yell. 40 -60
3.16{Pacxonb! Ha 3apaBooxpanenue, % BBII 7-11
4. Obpa3zosanue
4.1 |Cpenssst NpoAOHKUTEILHOCTh OOY4YEeHHUS, JIET max
4.2 |OxxuaeMast MpoI0DKATEIIEHOCTS O0YICHHS, JIET TOXKE
43 Jlons ydammxcsi cpein AeTed U MOJIOJEKH B BO3PACTE OT n
16 1o 23 net, %
44 OxBar HaceJICHUS BBICIITUM u CpeIHUM n
" | mpodeccroHanbHBIM 0Opa3zoBanueM, %o
4.5 |I'paMOTHOCTB, %0 -/-
4.6 |O0mue pacxoapl Ha oOpa3zoBanue, % BBII 35-55
5. Kunuwno-kommyHanbHoe x03aicmeo
51 VYnenpHbI BeC KWIMIIHOTO (OHAA, OO0OPYIOBAHHOTO | TOpPOi: >95
" |BomompoBogoM, % cemno: >50
5.9 VYnenpHBI Bec KWIHMIIHOTO (oHAa, oOopymoBaHHOTO | ropoi: >90
" |kanammzanuen, % ceno: >40
5.3 | 1oas BETXOr0 U aBapHtHOTO KUIUITHOTO (hoHIa, % <2
5.4 |IToTepu BOIIBI, MITH. M % min
6. [Ipouzsoocmeo u nompebieHue
O0BeM OTIPYKEHHBIX TOBapOB COOCTBEHHOTO
6.1 |mpou3BOACTBA,  BBIMOJHEHHBIX  PadOT W YCHYT |Omp. Cren-oif 3a1a4
COOCTBEHHBIMHU CHIIAMHU, MIIH. $
6.2 Hcnonb3oBaHue BHYTpeHHEH  JOoObIYM Ha  AyUly TOXE
" |HAceJIEHHs, TOHH/Ye.
6.3 |COop OBITOBBIX OTXO/IOB Ha JYIIly HACETIEHUS, KI/4ell. -/-
7. IIpomvrunennocms u sHepeemurka
71 O6miee mnotpebieHue HHEPruu (B TOHHAX HEPTIHOIO R —

SKBUBAJICHTA Ha Iy HACEICHUS), T H.3./4el.
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[IponomkeHne TabIUIIbI TPUIIOKEHUS A

1 2 3
7.2 |Koneunoe noTtpe0byieHne 3HEPTHUH, T H.3./dell. OIIp. CIIeN-0ii 3a/1ay]
7.3 \Tlotpebnenue snextporHeprun, [ Br-uac TOXeE
74 Jlomst BO30OHOBIISIEMBIX PECYPCOB B O0IIEM MOTPEOICHUN 1520
" |sHepruu, %
Jlons »ieKTpudYecTBa, IMOIYYaeMOTO M3 HCKOIMAeMOTO .
7.5 0 OIIp. CIIEI-0¥ 3a/1aY
TorumBa, %
7.6 |[Torpebnenue TermoBoi sHeprun, MitH. ['kai TOXE
7.7 |Wcnonp3oBaHre KaMEHHOTO YIJIsi, MiIH. T; % -/-
7.8 | Mcnonp3oBanne mpupogHOro rasa, Mipa. M, % -/-
7.9 |Mcionp3oBaHne HEPTEPOTYKTOB, THIC. T; %0 -/-
710 KonudectBo  skcnopTupyeMod W HUMIOPTUPYEMOM n
" |anexTposnepruu, ' Br-uac
7.11/3ueproemkocts BBIT (BPII), 1.y.T./TBIC. $ 0,20-0,40
7.12 Vctomenue sHepreTHUecKux pecypcos, % BBII (BPII) min
8. Tpancnopm
[TaccaxxupoobopoT (001Iee KOJUYECTBO IMACCAKUPO- .
8.1 OIIp. CIIE-0¥ 3a/1a4
KHJIOMETPOB)
8.2 |[I'py30000pOT (KOJTUYECTBO TOHHO-KHUIOMETPOB) TOXE
8.3 |KonmnyecTBo J1erkoBbIX aBTOMOOMIIEH Ha ThIC. Yell., €]1. -/-
KonudecTBO 10Op0XKHO-TPAHCIIOPTHBIX MPOUCIIIECTBUM Ha
8.4 |Teic. dYenm. (oOmiee W IO KATETOPHUSAM «ITOCJICACTBHUII min
(cMepTenbHBIE CiTy4au U TPaBMb))
9. Cenvcroe xo0351cmeo
CenpCKOXO03sIMCTBEHHBIE 3eMIIH, % OT OOIIel Iiomnaan .
9.1 OIIp. CIIEI-0¥ 3a/1aY
3eMJTH
[Tnomans BBIBEICHHBIX U3 CEIBX03000pOTa 3E€MEIb
0.2 |BcneacTBUe WX JAerpaganud, % OT OOmIeH Iuromianu o 5 %
CEIbX03yTrOaun
9.3 Hcnonp3oBaHue OpraHuvecKux YAOOpEeHHl Ha TreKTap 910
" | CeNbCKOXO3MCTBEHHBIX 3€MEJIb, T/Ta
Hcnonb3oBaHue MUHEpPAIbHBIX YAOOpEHUM Ha TeKTap
94 CEJIbCKOXO3SIICTBEHHBIX 3€MEJTb, KI/Ta He <30
9.5 Hcnonp3oBanue MEeCTUITAIOB Ha TeKTap | periaMeHTHpPY-
" | ceNbCKOXO3SIMCTBEHHBIX 3€MEITb, KI/Ta €MbI€ HOPMBI
Opomraembie  3emuit, %  OT  0OmIeW  TUIOIIAIU .
9.6 OIIp. CIIEI-0 3a/1aY]

CEJILCKOXO3AUCTBEHHEIX 3EMEITh
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[Iponomkenue TabUIIbI TPUIIOKEHUS A

1 2 3

9.7 [I'mGenp moceBoB, % OT 0OIIEH IoMaIu MeHee 5

10. Besonacnocmo epasxcoan

YpoBeHb MPECTYMHOCTH (KOJUYECTBO MPECTYIUICHUN Ha .
10.1 min
10 ThIC. Ye.)

10.2/TTokazarens youiicts Ha 100 ThIC. Yen. TOXE
10.3 IToka3zarens orpabnenuit Ha 100 ThIC. Yer. -/-
10.4/KepTBHbI Hamanenus, % -/-
10.5(KoanuectBO O€xeHIIEB, THIC. Uel., % -/-

11. Kauecmso ammocgepHroco 6030yxa

OO0mmii o6bem BbIOpocoB Ha eaununy BBII, Toic.

11.1 min
t/™mapa. $
11 2BBI6pOCH 3arpA3HAIONIAX BEMIECTB OT CTaMOHApHBIX | HaronansHoe
" |MCTOYHUKOB, THIC. TOHH IpENEIBLHOE
11 3B1>16p0c51 3arPSA3HAIOIIMX BELIECTB OT IIEPEABIKHBLIX |  3HAUCHHE
" |MCTOYHUKOB, THIC. TOHH BLIOPOCOB

Honst cyObeKTOB MpeANPUHUMATEIBCKON AESITEIbHOCTH,
11.4{ocyiIeCTBISIONIUX ~ BBIOPOCHI OT  CTAIlMOHAPHBIX |OMp. CHEL-0H 33124
HCTOYHUKOB, %

11.5| Y nesbHbIe BRIGPOCH BPEAHBIX BEIIECTB, KI/4el.] TOHH/KM” min

YpoBeHb  3arpsi3HEHUsT ~ aTMOC(EPHOrO0  BO3IyXa
OCHOBHBIMHU TOJUTIOTAHTAMHU (JIMOKCHUJIOM a30Ta, MBLIBIO,

11.6 He Ooitee 1

JTMOKCUIIOM CEPBI, OKCHUIOM yTIIepoia, (hopMaibIaeTuaoMm,
oen3(a)nmupenom), goau [TJIK, ..

12. Booonoaw3osanue u kauecmeo 600

19 1I[0J1;1 IJIOMIAIM  BOJHBIX IIPOCTPAHCTB B  OOIICH
| repputopun peruona (ropoua), %

19 2H0Ka3aTeJm 3arpsisHeHust BoAHBIX 00bekTOB (BIIKs, | skomoruveckue
| pochaThl, HUTPATHI, COIM AMMOHMS) HOPMATHUBBI

123 3a00p BOJBI U3 MPUPOIHBIX UCTOYHUKOB, MJIH. M, % 1o min
| OTHOILEHMIO K 3aI1acaM IPECHBIX BOJI

12 4I/ICHOJ'II>30BaHI/Ie CBEXKEW IIPECHOW BOJBI HAa OJHOIO
" |9KUTENs B IE€HD, 1

125 IToBTOpHOE ¥ OOOPOTHOE MCIOIB30BAHKME ITPECHON BOJIBI, | SKOHOMHUYECKH
e, M 3¢ heKTHBHOE
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[Iponomkenue TabIUIIbI TPUIIOKEHUS A

1 2 3
126 COpoc CTOYHBIX BOJ MO KATETOpUsIM 3arps3HEHUs B .
| HOBEpXHOCTHBIE BOIHBIC OOBEKTHI, MIH. M min
12.7|be3Bo3BpaTHOE U3BATHE 00BEMA MOBEPXHOCTHOTO CTOKA, %0 | He 6omee 20%
128 [TporeHT HaceNeHns, UMEIOIIETO TOCTYI K yIyUdIIeHHBIM 100
"|lucrounukam Bombl, %
13. Ilpupooa u buopasnoobpasue
13 1HeCHCT00TL TEPPUTOPUU (OIS JICCOB M JICCOMOKPBITHIX 20 40
| reppuropuii B 00miel momann), %
13.2| lost rutotiaim oXpaHseMbIX U 3aTIOBETHBIX 00BEKTOB, % | 6 — 15 u Gonee
Jons  myomaaun  HEHApPYUIEHHOM  XO3SKWCTBEHHOM .
13.3 N OIIp. CIIEN-0i 3a1a4
JesATEeILHOCTBIO TeppUTOpHid, %0
13.4{I1momanp (1o1s) pakTHUECKOH pyOKu Jiecos, ra (%) TOXE
13.5/JIecoBoccTaHOBIICHHE HA 3eMIISIX JIecHOTO oHa, ra (%) max
14 [lokazamenu kawecmea 1anowagpmos u noys
141 Jlonia nerpagupOoBaHHBIX TEPPUTOPUI (POCAAKU 3€MHOM min
| MOBEPXHOCTH, OTOJI3HH, CEJIU, KAPCThI), %o
14.2| 1071 MOATAITIMBAEMBIX TEPPUTOPH, Yo TOXE
14.3 osist 3aTOMIIEHHBIX TeppUTOpHii, %0 -/-
14.4/ PacuiieHeHHOCTD TEPPHTOPHH OBPAraMu, GanmkaMu, M/KM". -/-
14.5|Jlonsa 3eMenb, oAJIeKAIUX peadbunuranuu, % IROHOMITHCCKH
s dexTuBHOE
14.6 Jlonst miomaan TEpPUTOPUH C TIOYBAMHU, 3arpsI3HEHHBIMU min
| cBBIIIE HOPM, %0
YpoBeHb 3arps3HEHUs] TOYB OCHOBHBIMH TOJUTIOTAHTAMH
14.7|(6eH3/a/mupeHoOM, CBHHIIOM, PTYThIO, He(TenpoaykTamu | He Oosee 1
u HeThI0), Mo IT/IK
15. Usmenenus knumama
Br16pock! o30H0pazpymatonux BeuiectB (OPB), kr/yen.
15.1 TEXH. PEIIL, HOPMBI
Ob1ee notpedaeHue arperupoanubix OPB
OO01iee KOJI-BO arperupOBaHHBIX BHIOPOCOB MAPHUKOBBIX
15.2/ra3oB Ha nymy HaceneHusi (ToHH CO,-3KB./4eln.), B TOM TOXeE
qHClIe:
15.3- BeIOpOCH! quokcuaa yriaepoaa (COy); -/-
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[Iponomkenue TabUIIbI TPUIIOKEHUS A

1 2 3
15.4{- Be1Opocer MeTana (CHy); TEXH. PEIJL., HOpMb]
15.5|- BeIOpOCH! 3akucH azora (N,O) TOXE
156 BBIOpOCHI TIApHUKOBBIX Ta30B OT  JHEPreTHUCCKHUX /
"“lotpacieii, o CO,-3kB./uei., % o
15.7 BBIOpOCH! MApHUKOBBIX Ta30B OT TpaHcmoprta, TOHH CO,- /
" |3kB./4e., % o
15.8 BBIOpOCHI  MMAPHUKOBBIX Ta30B OT  MPOMBIIUICHHBIX |
"|mpoueccos, Toun CO,-3kB./4e., % o
15.9 BBIOpOCHI IApHUKOBBIX Ta30B OT CEIBCKOTO XO3SHCTBA, n

toHH CO,-3KkB./4en., %

OTIp. CIIEL-0i1 3a/1a4 — OmpeAeNsaeTcss UCXOAs U3 crieunduku 3aaay;

MiN — MUHUMAaJIbHOE 3HAYEHHUE B TPYIIIIE;

MaxX — MaKCUMaJIbHOE 3HaYEHUE B IPYIIIE;

TEXH. PETJ. — B COOTBETCTBUU C IEUCTBYIOIIUMH TE€XHOJIOTHYECKUMHU PETJIAMEHTAMU,

HOPMBI — B COOTBETCTBHH C MEKIYHAPOJHBIMH HOPMATUBAMH;

IPOXKUT. MIN — MPOKUTOYHBIA MUHUMYM;

HallMOH. HOPMbI — HAllMOHAJIbHBIE HOPMBI;

-/- — COOTBETCTBYET MPEABIAYIIEH 3aMUCH TaHHOTO CTOJIOIIA.

COII-HBbIE HOPMBI — COLIUATILHBIE HOPMBI TUIOMIAAN KUJIbSI, YCTAHOBJIEHHBIE B COOTBETCTBHH C

3aKOHOJATEILCTBOM,  HOPMATHUBHO-TIPABOBBIMH ~ aKTaMH W TIPaJOCTPOUTEIHLHBIMU
HopMaTtuBamu (B PO =20 Mz/qen.)

Cnenyer OTMETUTh, YTO MOJ00pP MHIUKATOPOB JOJKEH OCYIIECTBIISIETCS
U8 KaXOOTO cioydass OTAECIbHO B 3aBUCMMOCTH OT HaINPaBJICHHOCTHU
HCCIICIOBAaHUM  (HampuMmep, ISl OICHKH  DKOJOTHYECKOM  00CTaHOBKH
TEPPUTOPHUI C LIEJIBIO BBISIBJICHUS 30H YPE3BHIYAHMHOMN SKOJOTMUYECKON CUTYaIluU
U 30H OKOJOTHYECKOTO O€NCTBUS;, JUIsl OIIEHKA COCTOSIHUS CEIUTEOHBIX
TEPPUTOPHI (TEPPUTOPUN PEKPEAMOHHOTO HA3HAUCHUSA); NIl PaHKUPOBAHUS
CTpaH ¥ PETUOHOB 0 YPOBHIO COIUATIBHO-3KOHOMHYECKOTO PA3BUTHUS U T.1I.).

JI1st KaXXJ0TO0 KOHKPETHOTO Ciiydasi oAOupaeTcsl onpeseseHHas rpyrma
WHJMKATOPOB, HauOoJiee TMOJHO OTpaXaroliass COCTOSHHE U TOBEJCHUE
u3ydaemMoro o0ObekTa (rpymmbl 00OBEKTOB OJHOTO Kjacca). BeiBom o kauecTBe
COCTOSIHUS, a Tak)K€ WHTCHCHUBHOCTH W HAIPABICHHOCTH PAa3BUTHH OOBEKTa
(rpynmbl  OOBEKTOB OJHOTO KJlacca) JEJaeTCs Ha OCHOBE COIOCTaBIICHUS
dbakTHUeCKMX  3HAYCHMM  WHIMKATHBHBIX  TIOKaszarened  oObeKkTa ¢
COOTBETCTBYIOIIIMMU MM HOPMATHUBHBIMU WM PEKOMEHIYEMBIMU 3HAUYCHUSIMU
KPUTEPUEB, BIPAOOTAHHBIX JIJII KOHKPETHBIX CIy4aeB M UCXOJ U3 CHEHUPUKH
pelIaeMbIX 3a/1ad.
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Ipuioxenue b. Kparkoe onucanue aJJropurMoB onpeaeseHust

CTATUCTHYECKOM BEPOSAATHOCTH coObITHII

[Ipumep anropuT™Ma 1O OINPEACICHUIO CTATUCTUYECKOW BEPOSITHOCTH
COOBITHH JIJIsI TPOrpaMMHOrO Tponaykra Statistica mgaH Hike. AHaJOTHYHBIC
QITOPUTMBI TIPUBEACHBI TaKKe B JMTeparype [5, 7], a Takxke HEOOXOIUMBIE
UHCTPYMEHTBI HMEIOTCS B MeHI0O CTaTHCTHKY TIPOrpaMMHOTO Tipoaykra Statistica
U JPYTUX aHAJIOTHYHBIX CPEACTBAX CTATUCTHUYECKON 00paboTku maHHBIX. CKpHUIIT
JUISL  OTIpENEJICHUs] CTAaTUCTUYECKOM BEPOSITHOCTH COBMECTHBIX  COOBITHIA

OJIHOBPEMEHHOT'O HaOIIOACHUS ABYX MoKazaTenel B Visual Basic umeer Bu.

Sub Main

']YOJquaeM JUucm ¢ nepemMeHHblMuU
Dim s As Spreadsheet
Set s = ActiveSpreadsheet

‘Tlonyuaem Onumy nepemerHvlx
Dim length,d,vars As Integer
length = s.Cases.Count

vars =2

d=1

'‘Co30aém maccus 01 Xpanenusi NepemMeHHbIX U3 CemKU
Dim var() As Double
ReDim var(vars,length)

'HepenquleaeM 6 MACCU8 sYelKU NEePEMEHHBbIX U3 CEMKU
For i=1 To vars
For j=1 To length
var(i-1,j-1) = s.Cells(j,i)
Next j
Next i

MGKCUMyMbl U MURUMYMbL NEPEMEHRHBLX
Dim minVar(),maxVar() As Double
ReDim minVar(vars)

ReDim maxVar(vars)
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For i=0 To vars-1
minVar(i)=var(i,0)
maxVar(i)=var(i,0)

For j=1 To length-1
If(var(i,j)<minVar(i)) Then
minVar(i) = var(i,j)
End If
If(var(i,j)>maxVar(i)) Then
maxVar(i) = var(i,j)
End If
Next j
Next i

ﬂﬂqul ompe3Ko086, KoJaudecnmeo ompesKkos
Dim delta(),K As Double
ReDim delta(vars)
K=15
For i=0 To vars-1
delta(i) = (maxVar(i)-minVar(i))/K
Next i

'‘Maccus epanuy
Dim bound() As Double
ReDim bound(vars,K+1)

For i=0 To vars-1
bound(i,0) = minVar(i)
bound(i,K) = maxVar(i)

Next i

"Sanonnenue maccusa epanuy
For i=0 To vars-1
For j=1To K-1
bound(i,j) = minVar(i) + delta(i)*j
Next |
Next i
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'‘Bvruucnenue Ver_Emp
Dim ver_Emp As Double
ReDim verEmp(K,K)
Dim p As Boolean

Fori=1 ToK
Forj=1ToK
verEmp(i-1,j-1)=0
For h=0 To length-1
p=False
If j<>K And i<>K Then
If var(0,h) < bound(0,i) And var(1,h) < bound(1,j) Then
p=True
End If
End If

If i=K And j<>K Then
If var(0,h) <= bound(0,i) And var(1,h) < bound(1,))

Then
p=True
End If
End If
If i<>K And j=K Then
If var(0,h) < bound(0,i) And var(1,h) <= bound(1,))
Then
p=True
End If
End If
If i=K And j=K Then
If var(0,h) <= bound(0,i) And var(1,h) <= bound(1,))
Then

p=True
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End If

End If
If p Then
verEmp(i-1,j-1)=verEmp(i-1,j-1)+1
End If
Next h
Next j
Next i
'O6Ho6151eM CemKy
For i=0 To K-1
For j=0 To K-1
d=1*K + (j+1)
'nn
s.Cells(d,3) = verEmp(i,j)
‘ver_emp
s.Cells(d,4) = verEmp(i,j)/length
'ver_geom
s.Cells(d,5) =
(bound(0,i+1)*bound(1,j+1))/(bound(0,K)*bound(1,K))
Next j
Next i

For i=K*K+1 To length
s.Cells(i,3)=-9999
s.Cells(i,4)=-9999
s.Cells(i,5)=-9999

Next i

End Sub

AHAJIOTUMYHO  MOXHO  ONPENETUTh  CTAaTUCTUYECKYIO  BEPOSITHOCTH
COBMECTHBIX COOBITHI HAOJIIOIEHUS HECKOJILKUX MTOKA3aTeIeH.
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3BATI'MHIIEBA AHHA
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KaHJI. TEXH. HayK., JOLEHT.
Ponunace 13 mapra 1977 r. B
ropoage MakeeBka  JloHEukoun
obnactu. B 1999 rony 3akonunia
dakyabTeT HKOJIOTUU u
XUMUYECKONM  TEXHOJIOTMH  TIO
CHEIUATBHOCTH  «JKOJOTUi H
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JloHenkom HAIIMOHAIIEHOM
TEXHUIECKOM YHUBEPCUTETE

(JorHTY) http://masters.donntu.org/2007/fvti/z/zviaginseva/index.htm.

B 1999 -2002 rr. paborama umxenepom HTLl «Peakrtusanektpon» HAH
VYkpaunsi (r. Jlonenk), ¢ 2002 roga — npenoaasateneM B JJonHTY. B 2006 rony
3alMTUIA KaHAUJATCKYIO JUCCEPTAIMIO0 MO CHEUUATBbHOCTH «IJKOJOTHYECKas
0e30MacHOCTh»,  HANpaBJCHHE  KCCIECNOBAaHUM  CBS3aHO C  OIIGHKOU
skonorudyeckux puckoB. C 2007 roma — moueHT kadeapbl KOMITbIOTEPHBIX
CUCTEM MOHHUTOpUHTa (akyjabTeTa KOMIBIOTEPHBIX HAYK U TEXHOJIOTUH
HouHTY, ¢ mapra 2015 roma — nokropant JHonHTY, B Hacrosiiee Bpems
pabotaer Haa auccepranuei B Jaboparopuu [IpukiagHOrO CHCTEMHOTO
aHanu3a W WH()OPMAIMOHHBIX TEXHOJIOTHN bearopojackoro HaluoHaJIHHOTO
HCCIIeIoBaTeNbCKOro yHuBepcuteTa. Hayunas pabora cBsi3aHa C pa3BUTHEM
TEOPUU KOMILUIEKCHON OILICHKH COCTOSIHUSI YpOAHU3UPOBAHHBIX TEPPUTOPUN HA
OCHOBE  MHTEJUICKTyaJlbHOTO  aHajiu3a  WHJWKATUBHBIX  TOKa3aTesei,
pykoBoautens — npod. ABepun ['.B.

SIBnseTcss OTBETCTBEHHBIM PENAKTOPOM KypHalla «CHUCTEMHBIA aHAIW3 U
nH(OPMAITMOHHBIE TEXHOJIOTUU B HAyKaxX O MPUPOJIe U OOIIECTBEY.

ABTOp 0Ok0J0 80 HayuyHBIX IMyOaMKalui, B ToM 4ucie 4 MoHorpaduii. Hayunsie
WHTEPECHI: CUCTEMHBIN aHAIM3 SKOJIOTMYECKUX WU COLMAIBHO-3KOHOMUYECKUX
MPOLIECCOB, TEOpHUsl OMACHOCTH M pHUCKA, HSKOJOTUYECKUA MOHUTOPUHT U
0e30MacHOCTh TEXHOTE€HHBIX CHUCTEM, METOJIbl MHTEJUIEKTyaJIbHOIO aHajiu3a
JAHHBIX.

Bostee moapobHas napopMmarus Ha caire: http://csm.donntu.org/
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