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JMCKPETHO-MHTEPIOJISALIMOHHBIN IMOAXO TPH
MOJEJJMPOBAHUHA MHOTOIAPAMETPHYECKHX
3KOJIOTMYECKUX CUCTEM

Xoakosckuii FO.P.
Hayuonanvuwiti asuayuonnsiii ynueepcumem, Kues, Yxpauna

B pabome paccmampusaemcst OUCKDEMHO-UHMEPNOTAYUOHHBIL NOOX00 NPU MOOETUPO-
BAHUU MHO2ONAPAMEMPUYECKUX IKOIOSUYECKUX NPOYECCO8 U CUCTNEM 8 CBA3U C CYUecm-
BEHHBIM NOGbIULEHUEM COBPEMEHHbIX MPeOOBaHUll 8 NIAHe KaYyecmed u 00CMO8epHOCMU
KOHEUHbIX pe3yibmamos 3a0a4 NPpOSHO3UPOBAHUsL HKON02UYecKoll bezonachocmu. Ilpu
noMOWU OAHHO20 NOOX00A CO30AemCs OUCKPEMHO-UHMEPNOIAYUOHHAS IKOLOSUYECKAs.
Mampuya, KOmopas s6IsAemcsi 2e0Mempuieckol MOOebl0 9KOIOSUHECKUX NPOYECCco8 Ul
cucmem, u nO360Jiem peuams 3a0ayu MOOeIUPOBAHUsL MAKUX CUCTIEM.

B ycioBusix coBpeMeHHO# rl00anbHOM KPU3UCHOM CUTyalluH, AECTPYK-
TUBHOTO BIIMSHUSI YEJIOBEKA HAa OKPYIKAIOIIYIO CPEy HCCIEAOBAHNUS, CBI3aHHbIC
C pa3BUTHEM MECTOJ0B MOACIHMPOBAHUA CIIOKHBIX MHOIOnapaMEeTpuieCKmux 3KO-
JIOTUYECKUX TPOIIECCOB U CHUCTEM, NMPOTHO3UPOBAHUEM U PEIICHHUEM 3aJad IKOJO-
TMYECKO# 0€30MacHOCTH, MPUOOPETAIOT 0CO00E 3HAYCHHC.

[TpupotHBIe 3KOCHCTEMBI TECHO B3aMMOCBSI3aHBI MEX Ty cO00M, 4TO I10-
3BOJISIET OTHECTH UX MOJIEIIMPOBAHKE, IIPOrHO3UPOBAHNE, KOHTPOJIb COCTOSHHSA
Pa3NUYHBIX KOMIIOHEHTOB K MHOTOIIapaMETPUYECKHM M CTOXACTUYECKHM IpO-
neccam. O4EBUIHO, YTO MPH MOJEIMPOBAHUN TAKHX CHCTEM, KOTOpBIE HE MOJ-
JIAfOTCSl aHAJMTUYECKOMY ONMCAHUIO, MCIIOIb30BaTh KOHTHHYAIbHBIC MOJEIH
HE TIPE/CTABIAECTCS BO3MOXHBIM. B MOATBEpK/IEHNE CKa3aHHOTO CIIEAYET OT-
METUTbh, YTO MAPAMETPhl TAKMX CHUCTEM SIBIIAIOTCS CYIIECTBEHHO HEOIHOPO[-
HBIMHU. boiee Toro, oHM 4acTo 3aBHCAT OT BHEIIHUX (paKTOPOB, KOTOPbIE HHO-
r7la IPOCTO HEBO3MOXKHO MpeABuAeTh. OdeHb BaKHBIM (DaKTOPOM SIBIAETCA U
TO, YTO ONPEACIICHHBIC MapaMCTpPbl NI KOMIIOHCHTBI OKOJIOTMYECKHUX CUCTEM
HU3MEPAIOTCA B ONPCACICHHOC BPEMA U B OIPCACIICHHBIX MECTax. HOH}ITHO, 4yTo
JlaHHAsT MHQOpMAIKsl, M3MEHSIOIIAsACS BO BPEMEHH, HOCHUT SIPKO BBIPAXKCHHBIN
JIMCKPETHBIN XapakKTep.

B cBs13u ¢ 3THM, Ha HaII B3IJISL/, OJTHUM M3 BAPHAHTOB PELICHUS JTaHHBIX
mpoOieM SBIAETCS HCHOJIBb30BAaHME ANCKPETHBIX T'€OMETPHUYECKHX MOAENeH
9KOJIOTUYECKUX IPOIECCOB M CHUCTEM, NPEACTABICHHBIX B BHAE HEKOTOPBIX
JMICKPETHBIX YHCIOBBIX MAaCCHBOB OIPEACICHHOM CTPYKTYPHI, T.€., IIpeyiara-
eTcs HCIONb30BaTh METOABI I€OMETPUYECKOro MozaenupoBaHus. Henbss He
OTMETHTb, YTO AUCKPETHBIH CIIOCOO MPEACTABICHUS TeOMETpUIECcKO HHpOp-
Manuu 06 0OBEKTE MM MPOLECcCe, KOTOPBI MOJAEIUPYETCS, SBISAETCS OIHUM
n3 HauOoJsiee palMOHAIBHBIX. JIMCKPETHBIM TOAXOA TaKKe MOXKHO CUHTATh

268



Oojiee yHHBEpCAIBHBIM, IIOTOMY YTO OT HENPEPHIBHO-aHATUTUICCKOH MOICITH
BCETr1a MOXKHO NEPENUTH K JUCKPETHOM.

Heo6xoanMocTs MOCTPOEHHS OJTHO FITH N-MTApaMETPUIESCKUX MHOKECTB
pa3UYHBIX 00BEKTOB WJIM IPOIECCOB BO3HMKAECT BO MHOTHX 33JadaX I'eoMeT-
pHUYECKOro MojaeaupoBanusi. HampumMep, TakuM 00BEKTOM MOXET OBITh HEKO-
TOpasi MMOBEPXHOCTh, a Yallle TUIEPIOBEPXHOCTh, KaK MOJIENb OMPEEICHHOI
MHOTOKOMIIOHCHTHOW CpeJibl, 3aJaHHast B MOJIABJISIONICM OOJIBIIIMHCTBE CITyda-
€B JINCKPETHBIM (DYHKITHOHAJIOM.

MoaenupoBaHuE SKOJOTMYECKUX MPOLECCOB U CUCTEM, MPEICTaBIICH-
HBIX B BHJIC HEKOTOPOH JUCKPETHOH 0a3bl NAaHHBIX KOMIIOHEHTOB 3THUX CHCTEM
XOPOIIIO YKJIAaIBIBACTCS B MHTEPIIOJLIIIUOHHBIE CXEMBI Ha OCHOBE TOJMHOMOB
Jlarparxa, KOTOpbIE MO3BOJSIOT MONYYUTh OJHO WM N-TIApaMETPUYECKOe, B
3aBHCHMOCTH OT MEPHOCTH IpoIlecca MHTEPIIOIIAIINI, MHOXKECTBO ONpEICICH-
HBIX 00BEKTOB WM MpoIieccoB. B mpeapiaymux paboTax aBTOpa paccMaTpuBa-
JIUCH pa3IMYHBIC CXEMBI CO3AaHUS OTHOMIAPAMETPUIECKUX MHOXKECTB JUCKPET-
HBIX YHCJIOBBIX MAaCCHBOB IPH MOMOIIY MOIMHOMOB Jlarpamxa. MuaTepnomsiu-
OHHBIC TMOJIMHOMBI Jlarpamwka JOIMYCKAlOT HEOOs3aTEIbHYI0 PaBHOMEPHOCTh
pPAacIONIOKEHHUsT Y3JI0B MHTEPIOJIAINH, a TaKKe BO3MOXKHOCTH IMPEICTaBICHHS
10 KaXJ10¥ MepeMEeHHON CBOET0 KOJIMYECTBAa TAKUX Y3JIOB.

OpUrvHaNbHOCTH MPEAJIAraéMOro MNoJaX0Aa COCTOUT B TOM, UTO IO y3-
JIOM WHTEPHOJISIIUY B KJIACCUUYECKOM MPECTaBICHUN TOHUMAETCSl HE TOUKa, a
0oJiee CIIOXKHBIM MaTeMaTHYECKUI O0BEKT, HAIPUMEp, JUCKPETHBIA YUCIOBOM
MAaCCHB, BKJIIOUAIOMINN OTpeeliCHHBIC TapaMeTPhl HEKOTOPOH YKOIOTHIECKOM
CHCTEMBI, WIH JTaKe LENBIA IPOIECcC, MPEICTABICHHBIN B BUIC OMPEACICHHOTO
(hyHKIIMOHATIA, KaK COBOKYITHOCTH €€ ITapaMeTPOB U CBOWCTB.

B nanmpHeiimem cxeMmy pacrioyio>KeHHsI OIMCAHHBIX BBIIIE Y3JI0B HHTEP-
MOJIAIMK OyZeM NOHUMATh, KaK CXeMY HHTEPIIONIALINH.

[TomyuyeHHBIC TakKUM 00Pa30M OJHOIAPAMETPHUYCCKHE MHOXKECTBA SIB-
JISTIOTCS TUCKPETHBIMH MaTEMAaTHYSCKUMHU MOJCISIMH DKOJIOTHUECKUX 00BEKTOB
U TIPOLIECCOB. DJIEMEHTOM ITHX MHOXKECTB SBIJIECTCS HEKOTOpas JUCKpEeTHas
(GyHKIUSA, KOTOpas B OOIIEM CITydae MOKET OBITh IPE/ICTaBIICHA, KaK TUCKPET-
HBIA YHCIIOBOM MacCHB, pa3MEPHOCTh KOTOPOTO MOXKET OINMpPEICIICHHBIM 00pa-
30M BapbUpPOBaThCA. TOra MHTEPIONMPOBAHHE TaKUX (DYHKIMHA CBOIUTCS K
pPa3MEIIEeHNI0 B y3JIaX WHTEPIIOJALNH, €CTH BO3MOXKHO, YPaBHEHUH, W JTHIC-
KPETHBIX MacCHBOB, M TOJy9eHHE HEKOTOPOTO (YHKIMOHANIA C BEKTOPOM IIa-
paMeTpoB, YTO BKIIOYACT B ce0s MHTEPIIOJBIUOHHBINA MapaMeTp, KOOpIUHAT-
HBIC TIEPEMEHHBIE, MapaMeTPhl, YTO XapaKTepU3yIT (OpMYy HIH TOIO0KEHHE
00BEKTOB, ONPEICICHHBIC XapaKTePUCTUKH IPOIIECCOB.

VIMeHHO Tako¥H MOAXOJ TO3BOJAET BKIIOUUTH B OAHOTIAPAMETPHUYECKOE
MHOXECTBO OOBCKTBHI W TMapaMETPhl, YTO HMECIOT PA3IHYHYI0 CTPYKTYpy H
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CBOICTBa, a Takas KapTHHA KaK pa3 MpHUCyIa OONBIIMHCTBY KOJIOTHYCCKIX
CHCTEM.

Vcnonp3oBaHue B HaIIeM IIOAXOJE HHTEPIIOJIUOHHBIX IOJIMHOMOB
Jlarpamxa GyaeT UMETh CIIeIYIOLIIA BU:

n—1 no1 I
O (u), =D F(pi,pysera)]] ﬁ
=0 Jj=0 i j

e U — IapaMeTp uHTeprnosiimy, F(py, pa, ... Px) — y3/1oBas QyHKIHMS, Pi, P2, Pk —
HapaMeTPhl Y3I0BOH gymapm, N — KOTUYECTBO Y3JI0B HHTEPIOJSAINHU.

Jnst Gomee CIOKHBIX SKOJIOTMYECKUX CHCTEM MOJKHO HCIIOJIB30BATh, Ha-
IpUMEp, ABYXMEPHYIO MHTEPIIOJSIINIO, HAW/s IIPU 3TOM BHJ CTEIICHHOTO MHO-
rowiena @, ,(u,v) CTeNeHn m Mo U M N 10 V, U ONPENEIUTh 3HaUYCHNEe (QyHK-
nuoHana F B mpou3BoibpHON TOuke ¢ mapamerpamu (u,v). I'eomerpudecku 310
3HAYUT, YTO, L0 IPH JBYXMEPHOW MHTEPIOISIIUHN YEPE3 Y3JIOBbIE TOUKH MPO-
XOAMUT HEKOTOpas MOBEpXHOCTh Z=Dp,,(u, V). Ecim mocTpouTs perynspHyro
CEeTKYy W 3aJaTh B €€ y3Jax 3HaueHue (PyHKIHUH Z, TO TOrJa BCsl 00JIacTh pacma-
JlaeTcs Ha mn NpsIMOYTOJIBHUKOB, B OJMH U3 KOTOPBIX U MOMAAET ToUKa (U,V).

Takum 00pa3oM, MBI MOXKEM IOIYYUTh JABYXMEPHYIO HHTEPIIOJIALIUIO
= @, ,(u,v) cTENEHN M O U 1 CTENEHH h 1Mo vV = z(Uu, V) B IMPOU3BOIBHON
touke T(X, y). [eomerpruecku depes y3JIOBbIE TOUKH OYIET MPOXOAUTH HEKO-
TOpast HOBEPXHOCTh Z = P, n(U,V):

m=1 n-1 m—=1 n-1 (u —_ u) (V Y )
i J

D p(u,v)=
2, 2 Futpoperrd LT G2 G 20

i=0  j=0

BaxxHbIM (baKTOpOM HCIIOJIB30BaHUA AHUCKPCTHO-UHTCPHOJIAIIUOHHOTO
MOJIXOJ]a €CTh BBEJICHHUE ONPENCIICHHOTO KPUTEPHs HUHTEPIOJISLUH, KOTOPBIH
CBSI3aH C TEM, YTO MHTEPIOJILMOHHBIN MOJIMHOM SBIISIETCS, TI0 CYTH, yCEUYCH-
HBIM (aHasiorom) psigoM Teinopa. [ToroMy nuist obecriedueHns: CXOIMMOCTH COOT-
BETCTBYIOIIEr0 aHANOra psja HEOOXOIMMO CrajaHue abCOMIOTHOW BEIMYMHBI
KO3 pHITIIEHTA TIPH U C POCTOM CTEIICHH U.

B ciydae n-mepHOit nHTEprionAmy (HopmyIia, 9TO OyAET MPeACTaBIATh
€000 MHOTOWICH N-TIEPEeMEHHBIX, (PaKTHYECKH BBIpa)kaeT HEKOTOPYIO THIIep-
MOBEPXHOCTh, IPOXOISIIYIO YEPE3 Y3JI0BbIE TOUKH.

Iycts F(p1, P2, P3» -+- » Pko -+ » Pm) — MHOTONIAPAMETPUYCCKAST HESIBHO 3a-
nanHas Qynkuma. Chopmupyem ee B Bujae HekoToporo ¢yHkimoHana D(p;;),
KOTOpBIH 3a/an Marpuied M, j].

F(pb P2, P35 --- 5 Pks --- 5 pm) :M[la.]] s
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TA€ Pi> P2> P3s -+- » Pko -+« » Pm— IKOJOTHUECKHE PA3HOCTPYKTYPHBIC M pa3HOKa-
YECTBCHHBIC MapaMeTphl (IOKA3aTeNM 3arpsi3HEHUs,, YPOBEHb KOHLCHTPALMU
OTIPEIETICHHBIX BEIECTB, yUeT IPUPOJHBIX OCOOEHHOCTEH U T.1.), a

P P P

P P P,
MIi, jl=

pm 1 pm,Z pm o

3uauuT, M1, j] ¥ ecTh y310Bas JUCKPETHO-MHTEPIIOISAIIMOHHAS SKOJIOTHYECKast
MaTpHua.

PaccmarpuBast M[i, j] B kKauecTBe OIPEACICHHOTO y3/1a HHTCPITOJISAIIHH,
UCIIOJIb3yEeM MHTEPIOJISIIMOHHBINA MOJIMHOM Jlarpanxa u B ciydae OJJHOMEPHOM
UHTEpHoNAnUK nomydnm D(p;j) Kak

n—1 n—1

. . u —u,; >
®(p, )= M G D] s
i=0 ‘/_:()ui uj
J#Ei

rJie U — MmapaMeTp MHTEPIOJIHUN, HAIPUMEp, ONPEICICHHBI BEKTOP HalpaBs-
JICHHOCTH; N — KOJIMYECTBO Y3JIOB HHTEPIIOJISIIUH.

Beipaskenue D(p;j), KoTopoe ABIAET coO0i 0OOOIIEHHYIO THCKPETHO-
MHTEPIIOJSIIMOHHYI0 SKOMATPUILy, H €CTh AUCKPETHO-UHTEPIIOISILUOHHAS T€0-
MeTpUYecKasi MOJICNb ONPENEIICHHOH SKOJOTHYECKOW CHCTEMBl WIIH 3KOJIOTHU-
YECKOH Cpeapl.

Takum 00pa3om, MpeIoKEHHbII T0X01 MOXeT ObITh Hanbousee 3ddek-
THBHBIM IIPU MOJEIHMPOBAHHU SKOJOTHYECKUX IIPOLIECCOB U CHUCTEM, KOTOPHIE
XapaKTepU3yIOTCsl OOJIBIIUM KOJIMYECTBOM Pa3HOCTPYKTYPHBIX M pa3HOKauecT-
BEHHBIX IMapameTpoB. Hanpumep, paccMaTprBaeTcs KadeCTBEHHAs U KOJIMYECT-
BEHHas OLICHKA BIIMSHUS 3arps3HEHUs] OKpYIKalollel Cpebl Ha puMepe Bpe.-
HOT'O MPOM3BOCTBA, a3POIOPTa, MyCOPOXPAaHHIMIIA H T.II.

Otcroa MOXHO c(OPMYJIMPOBAaTh HEKOTOPHIE aKTyaJIbHBIE U II€PCIEK-
TUBHBIC 3a]1a4H, KOTOPbIE BO3MOXKHO OYZET PELINTh Ha OCHOBE NPE/III0KEHHOTO
JHMCKPETHO-HMHTEPIOJISIIMOHHOTO TI0X0/a!

1. OnpenenceHre YpOBHS BPEIHOCTH B IKOCUCTEMAX.

2. JluHaMu4YecKkoe W JONTOBPEMEHHOE MPOTHO3UPOBAaHME 3arps3HEHUS
OKpYKaroLleil TEppUTOPUH.

3. OnTuMu3anyst pacroioKeHHS CTPYKTYPHBIX KOMIIOHEHTOB 3KOJIOTH-
YECKHX CHCTEM.
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4. OmpeneneHne HEKOTOPOTO MHTETPUPOBAHHOTO ITOKA3aTelNsl SKOJIOTH-
YECKOM CUTYyalUH.

BruiBoabr: [IpeniokeHHBINH AUCKPETHO-NHTEPIIOSIMOHHBIH ITOIX01 PH
MO/JICTTMPOBAHUN MHOTOIIAPAMETPHYECKUX IKOJIIOTHYECKHUX TPOLIECCOB M CHCTEM
MIO3BOJISIET TOJIyYUTh JUCKPETHBIC MAaTEMAaTHUECKHE MOJEIH CIIOKHBIX OOBEK-
TOB, TIPOLIECCOB M CHCTEM, KOTOPHIE XapaKTepU3YIOTCS OOJIBIIUM KOJHMYECTBOM
IapaMeTpoB M CBOICTB, UMEIOIINX, B CBOIO OYEPE/Ib, PA3HOOOPa3HYIO CTPYKTY-
pY, @ TaKKe ONPENIEICHHYI0 aHW30TPOIHOCTh HEKOTOPBIX XapaKTEPUCTHK BO
BPEMEHHU U IPOCTPAHCTBE.

YJK 613.646

METOJOJIOTUA PACYETA J030BOM HAT'PY3KHU H JOIIY CTUMOI'O
CTAXA PABOTHBI IIPM KOHTAKTE

C BPEJJHBIMHU INPOU3BOJCTBEHHBIMHU ®AKTOPAMUA

Xpynayes A.I'.,Kamunnesa JI.B., Kamunnesa JI.O., Knumosa J1.0.
Tyasckui 2ocyoapcmeennblil yHusepcumem, 2. Tyna

B pabome npeodnoswcena memoodonocus pacuema 003080l HASPY3KU U OONYCMUMOO
cmaoica pabomul npu KOHMAKme ¢ MUKPOKIUMAMUYECKUMU DAKMopamu npou3eoocm-
6eHHOU cpedbl. Pazpaboman yHUBEPCANbHBIU GbIYUCIUMENbHBII KOMNIEKC U KOMNJIEKMm
KOMNBIOMEPHBIX NPOSPAMM paciema 003 8030eicmaus u 0onycmumozo cmadxica. IIpooe-
MOHCMPUpPOsan unmepgeiic Smoti nPoSPaMMbl.

Ocoboe MecTo B CTPYKTYPHOI cxeme (pOpMHpOBaHHMsS 3710POBbsl HAIMU
MPUHAUICKUT BIUSAHHUIO (DAKTOPOB ITPOM3BOICTBEHHOM Cpe/ibl. ITO 00YCIOBICHO
TeM, YTO, KaK OTMEYAJIOCh BO BCTYITUTEIIFHOM JOKJIane MexcOyHapoOHOU opaaHu-
sayuu mpyoda (MOT) na XVIII BcemupHOro KoHrpecca o oxpaHe Tpyaa, exKero-
Hasi CMEPTHOCTb B MHPE OT «C8A3AHHbIX ¢ pabomoul 3a001e6anuiy COCTaBIseT 2,2
MUJITHOHA YenioBek. B 15 crpanax EBpocorosa Ha ux momto npuxoautcs 120 Teicsd
cMepTeit, uto B 20 pa3 MpeBbIIIacT KOJIMIECTBO CMEPTENBHBIX HECUACTHBIX CITy4acB
Ha npomsBocTBe. [To nanusmM BO3, okono 25 % OGonesnelt paboTaromiero Hace-
JICHUSI MOTYT OBITh CBSI3aHBI C YCIIOBHSIMH TpPY/Ia.

[To axcneptHOit oerke MOT B Poccun ycrmoBus Tpy/aa SBISFOTCS TIPUYH-
HOit 64000 IOTIOTHUTENBHBIX CMEpTel B rof. PeammcTHYHOCTH TakKoi >KECTKOH
OLICHKM TMOATBEPKAAIOT pe3yJbpTaThl MccienoBanuil yuyeHbsix HUW menuuumubl
Tpyzna PAMH, cornmacHo koTopsIM, B HacTosimee Bpems 10 70 % Tpynocnoco6-
Horo HacemeHus Poccuu 3a 10 jeTr 10 HACTYIUIGHHS NEHCHOHHOTO BO3pacTa
HUMEIOT Cephe3HYIO MaTOJOTHIO, & CMEPTHOCTh PaOOTAIOMINX MPEBBIIIACT aHAIIO-
TUYHBIN TIOKa3aTenb o EBpocorosy B 4,5 paza u B 2,5 paza — cpei HaceJeHus
Poccun. B Toke BpeMsi yacToTa €XeroJHO BbISBISIEMBbIX Hpod3adosieBaHuil B
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