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B nocsienHee BpeMst BO MHOTHMX BOGHHO-HaYYHBIX U3aHUSIX BCE
yalle M 4Yalle CTajlu MOSIBJSIThCS MyOJMKaLMU, 3aTparuBaome
TEMY MOJIEJIMPOBaHUSI BOOPYKEHHOI'0 IIPOTUBOOOPCTBA. X aHAIU3
TIOKa3bIBAET, YTO B HACTOSILIEE BPEeMsI MHEHUSI Pa3IMIHbIX aBTOPOB
BECHMA IIPOTUBOPEYMBbI U CYLIECTBEHHO OTJIMYAIOTCS IPYT OT JIpyra,
HaYyMHas OT MIOJIHOTO HEMPHUATHS MOIEIUPOBAHMS KaK TAKOBOTO JI0
BIOJIHE OOBEKTUBHOTO MOHUMAHUS HEOOXOAUMOCTH €r0 OCYLIECT-
BiieHud. Tak, psii aBTOPOB, HE BHUKAS B CYTh MATEMATHYECKUX TOH -
KOCTe MOCTPOEHMsT MOZIeJIei, CIMTAIOT BITOJIHE JOCTATOUHBIM ITPU
00OCHOBAHMM MPUHUMAEMBbIX PEIIEHUI TPUMEHSITL MaTeMaTHye-
CKMIi anmnapaT CpaBHEHHs1 OOEBbIX MOTEHIIMAIOB, APYTUE, YIIOBAs
Ha CIIOCOOHOCTh KOMAHIYIOIIMX JIOTMYECKU BBICTPAUBATDH MBICIIU-
TEJIbHYIO MOJIEJIb MPEACTOSIIIMUX O0EBbIX IEHCTBUII, BOOOILE OTKA-
3bIBAIOTCA OT MPUMEHEHUSI MOJIEJICH, HY, @ TPEThbH, IIOHUMAsI CYTh
BBOJMMBIX JOMYLUEHU I U OrpaHUYEHUIA, CYMTAIOT arlriapaT MaTeMa-
TUYECKOTO MOJEJIMPOBAHMSI HAIEXKHBIM MHCTPYMEHTOM IIPHHSTHS
000CHOBAaHHBIX pelieHuit. KTo Xe M3 HUX [paB U I HAXOIUTCS
uctrHa? [locrapaeMcsi HaliTH OTBET HAa 3TOT BOIIPOC.

Wtak, HauHeM ¢ miaBHOro. Kak M3BeCTHO, CEroaHsI Mbl CTa-
JIA CBUIETENSIMU KapAMHAIBHOM TpaHCHOpPMALIMK, TIPOU3OLIE/I-
1Iei KaK B colepKaHUM BOOPY>KEHHOTO IPOTHBOOOPCTBA, TaK U B
(hopmax u criocobax orepaTuBHOrO U 6OEBOTO MPUMEHEHUSI BOICK.

. [Ipousoweniumii mepexon oT KjiaccuyecKux opM BeIEHUs BOVA-

HbI K HOBBIM, paHee He yYUTbIBaeMbIM (hopMaM poTuBOGOpCTBA
(IMONIUTAYECKUM, TUTLIIOMATUYECKUM, SKOHOMUYECKUM, MH(DOP-
MaLMOHHBIM U [p.), HAPSIly C HOBBIMU TEHACHUMSIMH B Pa3BUTUH
BOEHHOTI'0 MCKYCCTBA, PAKTUYECKHU UCKJIIOUMI BOBMOXKHOCTD UC-
[10JIb30BAHUA CYLIECTBYIOIIMX MOJEJICH B Ka4YeCTBE MHCTPYMEH -
Ta MOANEPXKHU MPUHSATUS PEUICHUH TI0 YIIPABJICHHUIO BOMCKAMU.
[Nonumast naHHOE 00CTOSITENBCTBO, ['eHepaibHbIi 11Tad Bo-
opyxeHHbIX Cut B 2009 rony pazpaboTai, MUHHCTP 000pOHBI Pe-

MOJEAHPOBAHHE bOEBBIX
JAEHCTBHH KAK OCHOBHOM
HHGTPYMEHT NOJIAEPIKKH
NPHHATHA PEIMEHHN

Paccmompenst npobaemol u cospementvie meHOCHUUU 6 NOCMPOCHUU KOMN-
AeKCHBbIX Modeaell boeebix deiicmeuii. Ilpoeeden anaaus cywecmeyrouux mo-
deaeil Goeevix delicmeuli u onpedeieHo ux coOmMeemcmeue co8peMeHHbIM
MEHOCHUUAM 6 PaA3sUMuUU 60eHH020 ucKkyccmea. Hzaoxcenvt ocobennocmu
paspabomku mooeeil 60e6bix JelicmEuli ¢ UCNOAb306ARUEM COBPEMEHHBIX UH-
dopmayuonnvix mexnoaozuil.

JL1s TOro YT00bI NO3HATH KAKYI0-/IH00 BEllb,
HAJI0 ONpe/ie/IUTh ee TPAHMIIbI, BbIHTH 32 HX Mpeaebl,
M TOJILKO TOIJIA CTAHET SICHA HCTHHHAS €€ CYTh.

@. [epbepm. «Kanumyn HioHo

cryonuku benapyce yrBepann KoHUENIINIO CO30aHUSA CHCTEMBI
MOZEJIMPOBAHKS BOCHHBIX AeicTBUM U [1naH ee nmpakTuyeckoi
peanu3auuu. braronapsi 3TUM KOHLENTYaJIbHBIM JOKYMEHTAM B
paMKax psijia HayYHO-MCCIIE10BaTeIbCKUX pabOT ObLa MPOBeIeHa
GosibLIasg paboTa 110 MHBEHTapU3alliy BeeX MMeroluxcs B Boopy-
XeHHbIX Cuax Mojesielt M MPUKJIaaHbIX TporpaMMm. Mroru mpo-
BEJICHHbIX MEPOIIPUATHI MOKA3aJM, YTO B HACTOSIIEE BPEMST BO-
[IPOCHI MOZIEJIMPOBAHUS B 0OOPOHHOM cepe eille He mpruobpen
CBOET0 JOCTaTOYHOIO HAyYHOTO Pa3BUTHs U IMO-TIPEKHEMY OCTa-
I0TCSI HE TOJIBKO BHE MHTEPECOB, HO M BHE BO3MOXHOCTEM Hallei
BOEHHOM HayKHu [1].

AHaJIN3 CIOXUBIIETOCS MOJOXEHH e/ ITOKAa3aJl, YTO OCHOB-
HOM NMPUYUHON TAKOTO COCTOSIHUS SIBJSIETCS OTCYTCTBHE 3aMH-
TEPECOBAHHOCTU BO3MOXHbIX MOTPEOUTEEH MOIEICH M HU3KH
YPOBEHb BO3MOXHOCTE BOEHHO-HAyYHBIX OpPraHU3aluii 10 ux
IPOEKTUPOBAHUIO U co3naHuio. Kak ciencrsue, CEroaHsi y MHO-
X 0(OUILIEPOB MOSIBUIIOCH BIIOJIHE 00OCHOBAHHOE COMHEHUE B HE-
00XOAMMOCTY MOAEJIUPOBAHUS U aIEKBATHOCTU €T0 Pe3yJIbTaTOB
peajbHBIM IIpoLeccaM BOOPYXXeHHOU 00pbObI. M 110-cBOEMY OHHU
npasbl. UMeloliecst Monesiu yXXe He OTBEYaloT XapaKTepy COBpe-
MEHHOTO0 [TPOTUBOOOPCTBA M HE MOTYT ObITh 3(D(HEKTUBHO MCITONh-
30BaHbl B paboTe 111TaboB.

Jloka3atenbCTBOM 3TOMY SIBJISIETCS TOT (DAKT, UTO MPAKTHUECKH
BCE CYIIECTBYIOLLME MOIEIIN:

HE COOTBETCTBYIOT COBPEMEHHbIM B3IJIsI1IaM Ha MOJATOTOBKY U
BelleHUe O0EBBIX ACHCTBUI M HE YYUTHIBAIOT MPOU3OILIEIIINE W3-
MEHEHHUS B CYLIHOCTU M COJIEPXaHUM BOOPYKEHHOIO MPOTUBO-
0opcTBa;

00J1a1a10T CBOMCTBOM «HEYYBCTBUTEJILHOCTH» KO BCEMY MHO-
roodpasuio ¢GopM u crocoboB OIepPaTUBHOIO W GOEBOIO MpUMeE-
HEHU BOMCK;
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HE YUUTHIBAIOT He(OPMaJIbHbIE UCXOIHBIE JAHHBIE, KOTOPBIMU
SIBJISTIOTCSI BOGHHOE MCKYCCTBO KOMaH/IYIOIIMX, TAKTUYECKas IO -
rOTOBKA KOMaHINPOB, 00EBOI IyX ¥ MOPAIbHO-TICUX0JIOrYecKast
MOATOTOBKA JIMYHOTO COCTaBa MPOTUBOOOPCTBYIOIINX CTOPOH;;

OCHOBaHbI Ha METOJIe COOTHOIIEHUST OOEBbIX MOTEHIMATIOB U
HE IMO3BOJISTIOT MOAEIMPOBATh OOEBbIE NEHCTBUSI TAKTUYECKU aB-
TOHOMHBIX OO€BBIX IPYIIII, ACHCTBYIOLIMX HAa IIMPOKOM (DPOHTE U
Pa3pO3HEHHBIX HAMpPABJICHUsX 0e3 HaIW4Yus YeTKOW JUHUKU Ooe-
BOTO COMPUKOCHOBEHMSI BOUCK;

HE CITOCOOHBI BU3yaIn3UPOBAaTh PE3yIbTaThl MOAEIUPOBAHUS
TAKTUYECKUX IEUCTBUI C peaJIbHOM NMPUBA3KON K MECTHOCTH;

JIaloT OTBET Ha Bompoc «YTo Oyner, eciu CrIaHUupoBaTh CBOU
JIEHCTBHS Tak?» U HE OTBEYAIOT B PeIbHOM MacilTabe BpeMEeH! Ha
Bornpoc «YTo caenarh, YTOOBI MOJYIUTh TPEOYEMbIi Pe3yJIbTaT?».
[IpumeHeHne maHHOTO TUTA Mojeel Wit (OpMUPOBAHUS HAU-
0oJiee pallMOHAIBHOTIO JIaHa TPeOyeT pacCMOTPEHUsI OOJABLIOTO
KOJIMYECTBA aJIbTEPHATUB U TOAMTCS TOJIBKO JJIs 3Tara 3abnaro-
BPEMEHHOM MOArOTOBKU OOEBBIX AEHCTBUNA;

OTJINYAIOTCS OTCYTCTBUEM MH(MOPMAIIMOHHOTO COTIPSIKEHUS C
KOMITJIeKCaMi MH(MOPMALIMOHHO-PACYETHDIX 3a1a4, peaiM30BaH-
HBIX B IPOrPaMMHOM O0eCTie4eHNU CYIIECTBYIOMINX KOMILTIEKCOB
CpencTB aBTomMaTu3anuu [1].

VKa3zaHHBIe HETOCTATKU CBUIETEIBbCTBYIOT O TOM, YTO B HACTO-
s11iee BpeMs B MPAKTUKE BOCHHOTO YIPABJIECHUS YETKO MPOSBU-
JIOCh TIPOTMBOPEUME MEXIY HEOOXOIMMOCTBIO MTA00B B MHOTO-
BapMaHTHOM TTOAXO0/IE K IMPOrHO3Y XO/1a U UCXOAAa BOOPYXXEHHOTO
MPOTUBOOOPCTBA ¥ BO3MOXHOCTSIMM CYIIECTBYIOLIUX MOJEJIei
10 ero agekBaTHOMY oGecriedyeHuo. Hanuuue faHHOro mpoTu-
BOpEYMs MOPOXIAET KpalHe BaKHYI0 BOCHHO-HAYYHYIO MpHU-
KJIaIHYIO 3a7avy, 3aKJIIOYAIOLIYIOCs B IeTalbHON HAayYHOU Mpo-
pPabOTKE OCHOBHBIX HAIPaBJICHUI YCTPAHEHUsI BbIILIEYKa3aHHbIX
HEIOCTAaTKOB M HAYYHOMY OOOCHOBAHUIO MyTeil CO3MaHUSI HOBbIX,
COOTBETCTBYIOIINX COBPEMEHHBIM YCIOBUSIM, MOAETUPYIOLINAX
KOMILJIEKCOB U CUCTEM, PEaIbHO SIBJISIOLIMXCS HaleXXHBIM U BOC-
TPeOOBAaHHBIM MHCTPYMEHTOM O0ecTiedeHUs] TPUHSITUS 000CHO-
BAHHBIX PEILICHUIA.

bonbias padbota B penieHrM JaHHOM 3a1a4u Obula NPOBEEeHA
M B HACTOSIIIIEE BPEMSI aKTUBHO MPOBOIUTCS BOEHHO-HAYUYHBIMU
opranmu3anusMu BoopyxeHnHbix Cui. Tak, B UHTEpecax ee pe-
mieHus B BoeHHOI akajeMu co31aHbl BOEHHO-Hay4YHasl IIKoJia
«CoBpeMeHHbIE METOIbI U CpelCcTBA MATEMaTUYECKOTO MOJIETN-
POBaHMSI BOCHHBIX JICMCTBUI M BOGHHO-TEXHUYECKUX CUCTEM» U
HAYYHO-HCCIIeIOBATEIbCKUI EHTP MOAEIUPOBAHUS BOCHHbIX
NIEWCTBUI, OCYILLIECTBISIIONINE HAyYHbIE UCCIIEIOBAHMUS TIO PYKO-
BOJICTBOM JIOKTOpa TEXHUUYECKUX HayK, mpodeccopa B. M. bynoii-
yuka. MHOro BHUMaHUs UCCIEN0BaHUSM B IPEAMETHOM 001aCTH
MOJIEJTUPOBAHMS BOCHHBIX JeWCTBUM yaensercs u B HayuHo-uc-
clief0BaTeIbcKoM MHCTUTYTe Boopyxkennbix Cuil. Tak, TOIbKO 3a
MOCJIETHIE TOIBI €r0 COTPYAHUKAMU TPOBENICHO MOPSAKA AECITH
Hay4HO-MCCIIEI0BATEIhCKMUX PA0OT, MOATOTOBJICH U OITyOIMKOBaH
psin cTaTeil 1 HaydHBIX U3naHuii. Ho, HECMOTps Ha CTOJIb 3HAYM-
TeJIbHBII 00bEM NMPOBEIEHHOI PabOThI, €IIIe OCTAETCS JOCTATOYHO
MHOT0 HepeLIEeHHBIX BOIIPOCOB, CBSI3aHHbIX C CUCTEMHOM MHTErpa-
1IMei Moaenelt, pa3BUTUEM UX HAayYHO-METOAMYECKOTO arrapara u
ajganTtauMeit Moiesieil K COBpeMeHHbIM hopMaM U criocobam ore-
PaTUBHOTO 1 GOEBOTO MPUMEHEHUS BOMCK.

He ocratorest B cTopoHe OT pellieHus: JaHHBIX MTPOOIeM U TTpe-
MPUSITUSI BOEHHO-TIPOMBIIUIEHHOTO KOMILIEKca cTpaHbl. Tak,
OAO «ATAT — cucrteMbl yIpaBJIeHUsI» — YIIPABISIONIAas KOM-
MaHus XoaauHra «I'eonHdopMaImoHHBIE CUCTEMBI YITPABICHHUSI»
(manee — OOI1IECTBO), MMesI OONBIION OTIBIT Pa3pabOTKN MOIEIH-
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PYIOIIMX KOMIUIEKCOB M CUCTEM, MUHTETPUPOBAHHBIX B MHOTOYPOB-
HEBbIE aBTOMATU3MPOBAHHBIE CUCTEMbI BOEHHOIO YIPABJICHUS,
aKTUBHO, Ha OCHOBE COOCTBEHHOTO ¥ MUPOBOTO OTbITA TPOBOAUT
KOMIUIEKCHYIO paboTy 1O CO3/aHUI0 pa3IMuHbIX Mo/esieil 60eBo-
ro MIPUMEHEHMST KaK MEXBUIOBBIX, TAK U PA3HOPOIHBIX IPYIIIK-
pOBOK BolicK. He BHMKAasi B TOHKOCTH U ACTalW, ONIPEeNeIeHHbIC
JIOTOBOPHBIMM OTPaHUYEHMSIMU, B paMKax CTaTbU PaCCMOTPUM
TOJILKO OOLIME METOL0JIOTMYECKHE IMOAXOAbI, MpuHsThie B OO6Iie-
CTBe, K pa3padoTKe Moeseil 00eBbIX 1EUCTBHIA.

B niepBy1o ouepeib pu MPOEKTUPOBAHUY MOJIEJIEN, BEIPAOOTKE
CUCTEMOTEXHUUYECKUX U POTPAMMHBIX PEIIEHUIA Mbl UCXOIUM U3
1IeJIEBOM YCTAaHOBKY MOJICTMPOBAHUS, (DYHKIIMOHAIBbHOTO ITPeIHAa-
3HAYEHMUs M MeCTa MOJIEJIel B CUCTEME MOIAEPXKKHU MPUHSITUS pe-
mweHuit. [ToHuMast, 4yTo COOCTBEHHO MOJIEJTb HE MOXET OOECIEUUTh
BbIPAOOTKY €IMHCTBEHHO BEPHOI'O ¥ BCECTOPOHHE 0OOCHOBAHHOTO
pelieHns B KOHKPETHO CKJIAIbIBAIOIIMXCS YCIOBUSIX 0OCTAHOBKH,
a SIBJISIETCSI BCETro JIMIb MHCTPYMEHTOM MOAACPXKKHU MBICIUTE/b-
HO# ¥ TBOPYECKOM IEITEIbHOCTH KOMAHAYIOINX, KOMAHAUPOB U
JIOJIKHOCTHBIX JIUIIL TaboB. M 310 BnosiHe o6ocHOBaHHO. Ob11e-
W3BECTHO, YTO IJITAHWPOBAaHME J1I000# onepalinu uin 0051 ABJIsSIETCs
BOTUIOIIIEHUEM BOEHHOI'O UCKYCCTBA KOMAHAYIOLIEro WU TaKTU-
YeCKOU MOATOTOBKY KOMaHIUPa, HApSILy C UX CIIOCOOHOCTHIO ey -
HOJIMYHO, Ha OCHOBE CBOETO OITBbITA U MHTYUIIUYU TIPUHSATL HAUOO0-
Jiee COOTBETCTBYIOIIIEE YCIOBUSIM 00OCTAaHOBKHM penieHne. Monenb
K€ B JIAaHHOM CJIy4ae siBJISIETCSI BCIIOMOTaTe IbHbIM MHCTPYMEHTOM
MOIEPKKU JAHHOTO TIPoliecca U OLIEHKU BO3MOXHBIX aJIbTEPHA-
THUB. DTO CBSI3aHO C TeM, YTO peajiu3yeMble B Heil MaTeMaTuueCKuit
arnrapar 1 aJirOpUTMbl OXBaTHIBAIOT COO0I MHOXECTBO CIIOXHBIX
MpoLeccoB, (haKTOPOB U YCIOBUI, HENMOCPEACTBEHHO BIMUSIOIINX
Ha pe3yJIbTaThl MOACIMPOBaHus. YacTh U3 HUX 3aMacTCsi KOJUYe-
CTBEHHO, HarpuMep 00€BOIl U YUCIIEHHBIM COCTaB MPOTUBOCTOSI-
HIUX TPYTIITMPOBOK BOMCK, BUIBI M XapaKTePUCTUKU BOOPYKEHUS
1 BOEHHOW TEXHUKMU, BbIAEJISIEMbIE PECYPCHI, (PU3UKO-reorpadu-
YeCKHME U METEOPOJIOTHIECKME YCIOBUS U T.4. Bropyio yacTh uc-
XOJHBIX JAHHBIX MO 00BEKTUBHBIM TTPUUYMHAM HEBO3MOXKHO TPEe-
CTaBUTh B KOJIMYECTBEHHOM M3MEPEHUU U YYEeCTh B MOJAEU, UOO
OHM 3aTParMBalOT KOTHUTUBHYIO c(hepy yeroBeKa U ero Mopalib-
HO-00eBoIi ayx. [ToaTOMY ceroaHs npu MoaeTUPOBAHUU DOEBBIX
JIEVCTBUI YUYUTHIBAIOTCS TOJIBKO (hOpMaJiIbHbIE JaHHbIC.

BTopoii He MeHee BaXXHON METOAOJOTHIECKON 0COOEHHOCTRIO
SIBJISIETCS 00s13aTEJIbHBIN YU€T AByXCTOPOHHErO XapakTepa BOOpy-
JKEHHOTO TTPOTMBOOOPCTBA, @ MMEHHO TPOLIECCOB IMPOTUBOCTOS -
HMsI IBYX aHTATOHUCTUYECKUX CUCTEM, BCTYIAIOLIMX MEXIY COOO0I
HE TOJIbKO B 00€BOE, HO 1 B MHTEJUIEKTYaIbHOE IPOTUBOOOPCTBO,
Mpeaonpeaesiiolieecs CeroaHs 3aMbiCIaMu AEUCTBUI CTOPOH.
Hcxons u3 atoro onepauus Wi 60il paccMaTpUBalOTCS HE TOJb-
KO KaK BOOPYXXEHHOE MPOTUBOOOPCTBO ABYX AaHTOTOHUCTUYECKUX
CUCTEM, HO M KaK CHCTEM, OJHOBPEMEHHO PEaIM3YIOLINX BECh
CBOI MH(OPMAIIMOHHBIN, MOPAJTEHO-00€BOIi, MICUXOJIOTUIECKUI
Y MaTepUaJIbHO-TEXHUYECKU MTOTeHIAAN, YUUTHIBAEMBbI B IBYX
peLIeHUAX MPOTUBOOOPCTBYIOLIMX CTOPOH. TO €CTh MHTEIIEK-
TyaJbHOMY NMPOTHUBOOOPCTBY JIBYX MPOTUBHUKOB, PEaTU3YIOLINX
CBOM PEILIEHUS] CKBO3b TPU3MY AEWCTBUM MOAYMHEHHBIX BOMCK.

B cTpykTypHOM IUIaHe JaHHBIN MOAXO[ TTO3BOJISIET CO31aTh
«OUTTIOJISIPHYIO» MOJIEJIb, UMEIOLILYIO B CBOEM COCTABE JBA KOHKY-
PUPYIOLIMX LEHTPA YIPaBICHUS, TIPEACTABICHHBIX YaCTHBIMH MO~
NIEJISIMU, Ha HECKOJIbKUX YPOBHSIX yrnpaBieHus (pucyHok 1). Kak
BUIHO, 3/IECh Ha MEPBOE MECTO BBIXOAMUT HE «MaTepuaabHas CO-
CTaBJISIIONIAsT BOMHBI», a MPOAYKTHI CO3HAHWS W BOJIM KOMaH/IyIO-
IAX U KOMAaHIUPOB, a8 UMEHHO — TPUHSITOE pellleHUe U MOCTaB-
JIEHHBIE 3aa9M BOMCKaM.

27



28

YMPABNEHUE BOOPY)XEHHbIMU CUTAMM

CropoHa A

CropoHna B

lMpuHATHE pewieHns Ha

MNpuUHATHE pelIeHUA Ha

onepaTUBHOM YPOBHE yrpaBreHus

(

par yp ynp
" NoCTaHoBKa BoeBbix 3apas
A |

W NocraHoBKa 6oeBbIX 3a8a4

y P pcTBO
Ha ONePaTUBHOM ypOBHE

[ YacTHasi Moaenk MOHUTOPUHIA M

npor

'Pa3sBEROK CTOPOH

r
Yacr Haa MOLENb MOHUTOPHHIA
AeUCTBUM NPOTUBHUKA

P

YAicHeHue boeson 3aaaun,

NPUHATUE pelleHns Ha bon
M NocTaHoBKa 60eBbIX 3aaay

ViHTenneKTyanLHoe NpoTHBOBOpCTBO
Ha TAKTUYECKOM ypoBHe

Ysc boeeon 3agaun,
NpUHATHE pelieHus Ha 6ou
1 nocTaHoBka 6oeBbIx 3agay

L[EeNCTBUW NPOTUBHNKA

|

Hacruag MOOenb MOHUTOPUHIa M
OencTBYUU NPOTUBHUKA

P P
Pa3BesoK CTOPOH

M

YacTtHas MOAEnb MOHWUTOPUHIA
OeWCTBUIN NPOTUBHUKA

I 1

BhinonHeHue Bonckamu 6oeBon M Beino " 6 7
3apaumn :‘ r bl : 3apaun
(Benenue 60eBbIX BeACTBMIA) npomaoGo;l)clma SI9pon (Benenue GoeBbIX eHCTBUIA) [

Humepgbelicsr modenu 1

Pesynbrarel MOAEnnpoOBaHus
onepauuu (6os)

l ~

HHumepdbeiics! modenu

| HactynareneHie peiiceus sovick |

Busyanu3sayus pesynemamoe
M upOBaHus

{ OBoponuTenthbie peiicTaus BowcK |

L Mogenu J

Pucynok 1 — CtpykTypa Moziesin 60€eBbIX I€iiCTBHI C Y4ETOM HHTEJUIEKTYAJIbHOIO IPOTHBOOOPCTBA CTOPOH

IIpu peanusanum 1aHHOTO MOAXOJA CJAELYET YIUTHIBATh, YTO
HECMOTPSI Ha TO, YTO B MPEACTABJIEHHOM CTPYKType cobJioaeHa
CUMMETpPUS AEWCTBUI CTOPOH, UTOTU DOEBBIX NEMUCTBUI HEOOXO-
IMMO paccMaTpUBaTh CKBO3b MPU3MY JOCTUXKEHUS LeJIeil U BbI-
IIOJIHEHUS MOCTABJIEHHbIX OOEBbIX 3a/1a4 UMEHHO HallUMM BO¥i-
ckamy. [TpoTUBHUK Xe B JaHHOM CJllyyae paccMaTpUBaeTCsl Kak
BHEITHUI UCTOYHUK HEMPENCKa3yeMbIX, @ TOPOU U HEBBITOIHBIX
IUIS1 HAC IEVICTBUM, 3aCTaBJISIIOLIMX KaX/1blil pa3 MCKaTh HOBBIE, CO-
OTBETCTBYIOIINE PA3BUTUIO OOCTAHOBKM, PELLICHUSI.

B nipencraBieHHOM CTPYKType O0eBbIe 1EMCTBUSI MOASTUPYIOT-
€41 Ha TpeX YpOBHSIX ynpasieHus. [1epBbiii ypoBeHb 00eCrieYnBaeT
MOJIEJTMPOBAHUE B UHTEPECAX IPUHSATUS PEILICHUS] KOMaHAYIOIINM
OIEPaTUBHOTO OOBEIMHEHMSI M TOCTAHOBKM OOEBbIX 3a/1a4 TAKTHYE -
CKMM BOWCKOBBIM (hopMUpoBaHUsiM. BTopoit oxBaThiBaeT mpoiiec-
ChI IIPUHSTUS PELLIEHUS] U TTOCTAHOBKY 00€BBIX 33/1a4 B TAKTUYECKOM
3BeHe yrnpasieHus. Hy, u Tpetuii ypoBeHb — 3TO ypOBEHb UCIIOJI-
HUTEJIeN OCTaBJIEHHBIX 00EBbIX 3a1a4, TO €CTh HEMOCPEICTBEHHO
BOMCKOBBIX TaKTUYeCKUX (hopmupoBanuii. Ha Hem momenupyer-
Csl IpaKTUYeCcKasl peaqn3aliust MPUHSATHIX HA ABYX BbILIECTOSIIINX
ypPOBHSIX pelieHuit. [1o cBoeii cyTu TpeTuii ypoBeHb MPeICTaBISIET
€000ii COBOKYITHOCTb YaCTHBIX MOJIeJIeil O0eBbIX 1e1iCTBUIA pa3iny-
HBIX BUIOB M POJIOB BOMCK U SIBJISIETCST «(DU3UUECKOM» Cpeoit Moie-
JIA, TII€ MOJEIIUPYETCS HE IIPOCTO BOOPYKEHHOE NTPOTUBOOOPCTBO,
a eI KacKam MpOTUBOOOPCTB BO Beex chepax ux MposiBICHUS.

OCHOBHO# CIOXHOCTBIO peajiM3alliid JaHHOTO MOAX0da SIB-
JISIETCS. HEOOXOIMMOCTH TPEJIOMJICHUSI YCTapeBLIei nmapaanurMbl
TBOPYECKOrO MBILUIEHUSI U 00eCIeYeHUE IIOHUMAHUST TOTO, YTO
CETOIHSI MBICJIUTEIbHYIO JeATEeIbHOCTh KOMAHAYIOLIEro Wik KO-
MaHIMpa ¥ MPUHSTbIE UMY PELICHUSI HEOOXOAMMO PaccMaTprBaTh
Kak MpOAYKT UX CO3HAHUSI M OCHOBOIOJIaraoluii (pakrop ycrnexa.

TpeTheit 0co6eHHOCTBIO pa3pabOTKK MOETIEH SIBIsIETCsT obecrie-
YEHUE YUacTHs YeI0BeKa B IIPOLIECC MOAEIUPOBAHUS C [IOMOLLBIO
JIMAJIOTOBBIX «4€JIOBEKO-MAIIMHHBIX» MPOLEayp. 34eCh Mbl MCXO-
M U3 TOTO, YTO MPOBEIEHUE OMEPATUBHO-TAKTUIECKUX PACUCTOB

OCYIIECTBIISIETCSI KOHKPETHBIMM JOJKHOCTHBIMM JIMLIAMU, KOTOPbIE
10 HAOTI0IaeMBbIM TTPOMEXKYTOUHBIM PE3YJILTATAM JL0JIKHBI OLIEHU -
BaTh BO3MOXHbIE BAPUAHTHI BIUSIHUAS Ha pa3BuTue 00eBoit 0OcTa-
HoBkU. braronapst aTomy oduiiep-onepaTop UMeeT BO3MOXHOCTb
HE TOJILKO BBOJIUTH HOBBIE TAaHHbIE, TIOTYYaTh MPOMEXYTOUYHBIE U
KOHEYHbIE KOJTMYECTBEHHBIE TIOKA3aTeH, HO U UBMEHSITh YCJIOBUSI
MOJIEJIMPOBAHMUS, YTOUHSITh U OLIEHUBATh BIUSHUE PAa3IMUHBIX (haK-
TOPOB Ha MEPBOHAYAJILHO pa3pabOTaHHBIH TU1aH. B 3TuX Liessx mpo-
LIECC MOJIEIMPOBAHMSI IPOTPAMMUPYETCS JUCKPETHO, 1O dTaraM u
C MOLIAroBoii (huKcalue COCTOSIHUS U MOJIOXKEHMSI CUJT U CPE/ICTB
cTopoH. Ha kaxnom ero atarne obecrieunBaeTcsi BO3BMOXHOCTb BBO-
J1a HOBBIX IAHHBIX U TMOJTyYeHUE Pa3INIHBIX BADUAHTOB PELICHUIA.

[lpu peanusanuu TaHHOTO MOAX0Aa HEOOXOAMMO MOHUMATD,
YTO KakK Obl HU ObLIa XOpolla MOJelb U Kak Obl HU ObUIM BEJIU-
KU €€ BO3MOXHOCTH, (()EKTUBHOCTb €€ UCMONb30BaHUs OyIeT
OIpPEAEJISITHCS Y100CTBOM «OOLIEHUS» C HEW YeI0BeKa — MPOCTO-
TO¥ BBOIA UCXOIHBIX TAHHBIX, ICHOCTBIO U HATJSIAHOCTBIO TIOJTY-
JaeMbIX Pe3yJIbTaTOB. DTO 00ECTIEUMBAET 32 CUET CBOEBPEMEHHOTO
MOJIYy4eHUsI TOCTOBEPHOI M aKTyalbHOU MH(pOpMaLUu rybokoe
MOHMMaHue OOCTAHOBKHU U, KaK CJIEACTBUE, NIPUHITUE HA OCHO-
BE 3paBOrO CMBICJIA, JOTMKMA U MHTYWIIUM KOMaHAYIOIIEro Win
KOMaHIMpa COOTBETCTBYIOIIMX YCIOBUSM OOCTAHOBKY PEILIEHUIA.

YeTBepToit 0COOEHHOCTHIO Pa3pabOTKU MOJENEH, TPUHSITON
B OO1ecTBe, SIBJISIETCS IEPBOOYEpeIHAs Pealu3aliusl IPUHLIUIA
TTOCJIEIOBATENILHOTO TTPOABIKEHMSI 10 dTanaM U HalpaBIeHUsIM
MOCTPOeHUsT Moaeau. JIJaHHBIA MPUHLIUIT MO3BOJSIET CUCTEMHO
obecrneynTh Hanbosiee pallMOHAIbHBIN U LIEJTOCTHBIN MOPSIIOK pa3-
paboTkyu Moaen. [1j1st 3TOro mpolece ee MOCTPOeHUsl pa30ouBaeTCst
Ha psii 000CO0JEHHBIX 3TAIOB, MO3BOJISIIOLIMX C UCIIOJIb30BAHUEM
MPUHIIUIIA 1IeJIOCTHOCTU MPOU3BOIUTL KOPPEKLIMIO KaXI0ro U3
HUX C BO3MOXHO MEHbILEH KOPPEKTUPOBKOW MPEIbIAYLLIAX Ta-
noB. BapuaHT Takoii nmocjaenoBaTeJIbHOCTU MOCTPOCHUSI MOAEIU
npeacTanieH B Buae rpada (pucyHok 2). Kak BUaHo, mocrpoeHue
U pa3paboTKa MOJIETN BKIIIOUAeT B ce0si sl 9TAroB U MOI3TAINOB.
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mogenu:
3.1. Onpezienenye cocTapa MOJIETH.
3.2. Paspabotxa crg)ylcrypbl MOJIEIH.

3.3. Opranmzaisi (yHKIMOHUPOBAHHSI MOCITH.
3.4. TpeOoBanusi K KOHCTPYKTHBHOMY OOJIMKY
MOJIETIH.

HanmeHoBaHMe 3TANOB M NOIAITANOB:

1. Paspaborka cucreMbl TpeDOBaHMi K MNOCTPOCHHMIO MOJeJH,
BBITEKAIOUINX U3 ee HeJIeBOro NpeHa3HAYeH sl

1.1. OneparuBHble TpeOOBaHKs (IIPAKTHKA BOSHHOTO HCKYCCTBA).

1.2. TpeGoBaHusi, BBITEKAIOIIHE W3 OOMIKMX 33184 MOJIETMPOBAHHS.

1.3. TpeGoBaHus, OOYCIOBICHHBIC YYETOM OCHOBHBIX CBOHCTB
00BEKTa MOJICTTUPOBAHMSL.

1.4. TpeGopanwsi, 00YCIOBICHHbIE HEOOXOMMMOCTBIO MOJIETMPOBAHHA
XapaKTEePUCTHK, ONPEJIENAIONIMX CBOHCTBA MOJEIHPYEMOro o0BeKTa.

2. CxeMaTH3a1Hsi MOJIETHPYEMOro 00beKTa:
2.1. CxemaTusaliysi COCTaBa 00bEKTA.

2.2. CxemaTusanys CTPYKTYpbI 00bEKTa.

2.3. CxemaTu3auys OpraHu3aliy 00bEKTa.

2.4. CxemaTuzaiys (QyHKIMOHIPOBAHHA O0BEKTA.

3. Paspabotka KoHUenTyanbHoro 06aMKa 4. PazpaGoTka KOHCTPYKTHBHOIO 00JMKA MOJENH:

4.1. Beibop MaTeMaTu4ecKoro anmnapara.

4.2. KOHCTPYKTHBHOE ONMCAHNE IIEMEHTOB M CBA3eH 00BEKT.
4.3, Vnentudukanus napamMmeTpos.

4.4. JlopaboTka, IpHEMKa 1 MCMOJIb30BAaHHE MOAEIIH.

PucyHOK 2 — B3auMocBs3b CTPYKTYPHBIX KOMIIOHEHTOB POLECCA NOCTPOEHHS! MOJIE/IH

CBsI3b 32044, pelliaeMbIX Ha KaXI0M 3Tare Win MoA3Tarne, npei-
CTaB/IeHAa OPUEHTHPOBAHHBIMMU JyraMu rpada, rie CIUIOLIHBIE JIn-
HUM OTPaXaioT OCHOBHYIO IOCJIEI0BaTeIbHOCTL Pa3paboTKy, a
[YHKTUPHBIE — BCTIOMOTATeIbHbIE yTOUHEHMS. LIMKII TOCTpoeHUsA
HAYMHACTCS C ONIPEENICHNsT UCXOIHBIX TPEOOBAHUI K MOZIEIN U
3aBepiIaeTcs NPOBEPKOI €€ COOTBETCTBUS TPEOOBAHMUAM, BbIIBH-
HYTHIM TPaKTUKOIi BOeHHOTO McKyccTBa. TIpouece pa3paboTKu
MOJIEITH TIpeAcTaBisgeT coboii MHTEPAaTUBHbINA TMPOLECC MOCIeN0-
BaTe/IbHbIX TPUOIIDKEHMH, a rpad 0TpaXxaeT 10CTaTOYHO YETKHIA
MOPSIIOK OOOCHOBAHMS €€ CTPYKTYPBI U COAEPKAHKS.

B 11eJ10M JaHHBII TTOAXO MO3BOJISIET 1OCTATOYHO YETKO OIpe-
JIEJIUTh CTPYKTYPY ¥ TOCJIEL0BATENIBHOCTD TIOCTPOESHMS MOICIIH,
BBIOPATH COOTBETCTBYIOLIMI MATEMATUYECKUIi annapaT u 00oCcHO-
BaHHO 00eCIeuuTh IPUHSITE HanboJiee aleKBATHBIX CKJIA/IbIBAIO-
HIMMCSI YCJIOBUSAM OOCTAHOBKU PELIEHUI.

[sitast 0COOGEHHOCTD JICKUT B IJIOCKOCTH Pa3BUTHsI METOLOJIO-
YU MaTEMATUYECKOTO arlrapaTa MOIECIMPOBAHMS U €T0 ajanTalin
K COBPEMEHHBIM YCJIOBUAM BEJICHUST BOOPYXXCHHOTO POTUBOOOP-

ctBa. B paMKax cTaThy, He BHMKAs B TOHKOCTH MaTeMAaTUYECKOro
OINMCAHS ¥ AITOPUTMU3ALIN, OCTAHOBUMCSA HA OOLLMX MOAX0AAX,
[PUHSITBIX TIPY pa3paboTKe MoJeNeii G0eBbIX NEHCTBHIA. Ilpencra-
BUM orteparmio (60it) B Bue HEKOTOPOTro 06bekTa O, 0b1anaoIero
cpoiictBamu C,, ... C, , (BHyTpEHHME cBoiicTBa o0bekTa). [Ls mo-
JIy4EeHMsI MO/, OTIMCHIBAIOLIEH TaHHbIS CBOIICTBA, HEOOXOAUMO:

1. OmpenenuTh MoKasarel, KOJIUYECTBEHHO OMUCHIBAIOLINE
cBoiictBa oobekta ¥ =(Y,,...Y,).

2. Onucath B n36paHHoM hopMare CBOMCTBA BHEIIHEN CPE/IbI
kak BHelrHue GakTophl X, ... X, BIUSIOLINE HA 130paHHbBIE 110~
Kas3aTeJy BHYTPEHHMX CBOICTB OOBEKTA Yepe3 MapaMeTphbl Ziie
Z. Tlpu 5TOM HEyYTeHHbIE CBOIiCTBA 00BLEKTA 11€J1ECO00Pa3HO OT-
HECTH K IpyIine HeyuTeHHBIX (hakTopos W, ... Wi

3. OnpeaeuTh B3aMMOCBsA3b MoKa3aTeseil, (hakTopoB, CBOHCTB
1 TApaMeTPOB 1 OCYLIECTBUTH MATEMATHYECKOE OMMCaHNE 00bEeK-
Ta B COOTBETCTBHMU C OOLIMM MOPSIIKOM ero (PyHKIIMOHUPOBAH WS
B Mojiesii. B 06001EHHOM BHIE CXeMa JJAHHOIO ONUCaHus Mpei-
cTaBJieHa Ha PUCYHKe 3.

A PELLIEHNE
(" TporpamMmHo pean3oBaHHble 3aaakm Ha onepayuro (60d)
H
ynpaarieHys (CMO)
opMasniuldyemMbie

o e [_op - J JHomxHocmHble nuya wmaba

n e Mpouedypa 0b6LeOUHEHUS
QrispysagUuoHHbIG hpaemeHmo8s npedmemHol é dend e
ey cnabo hopmanusyembie obnacmu
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Pucynok 3 — CTpyKTypHas cXeMa OIMHCAHHS MOJIE/IH 00€BbIX 1eiiCTBHH
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YNPABJIEHUE BOOPY)XEHHbIMW CUITAMU

Kak BUIHO, pealbHblil O0BEKT MOAEIMPOBAHMS XapaKTepu3y-
ercst HYHKIMOHAJIbHBIM OTHOILIEHUEM MEXIY IMOKa3aTesisiMu ero
CBOWCTB U NTApaMETPOB:

Y =i X

T 2 Wy o W): (1)

s

B 1aHHO# 3aBUCUMOCTH, KaK MPABUJIO, YUUTHIBAIOTCS TOJBKO T€
(akTOpBI ¥ YCIIOBHs, KOTOPbIC HanboJiee CYLLIECTBEHHO BIUSIOT Ha
peanbHbIA 00beKT MOeMpoBaHust. OMHAKO TaHHbIE (PAKTOPbI U
YCJIOBUSI BBU/LY BBICOKO# CTENEHU HEOTIPEAEIEHHOCTH 00eBOM 00~
CTaHOBKM ITPaKTUYECKH BCETIa MOTYT COAEPKaTh B ce0e OLIMOKU.
Benenctsue 9TOro MOAEbh OOEBBLIX NEHMCTBUM SIBASETCS MPUOIU-
JKEHHBIM OIMCAHUEM PEATbHBIX OOCBBIX ICHCTBUI U, KaK ITPABUJIO,
OTJIMYAETCS OT HUX I10 CBOMM BHYTpeHHUM napamerpaM. [Tonodue
MOJIEJIM OTpeeIeTCs aleKBaTHOCTBIO Peakiy rokasaresiei Y,
... ¥, Moziein u 0GbeKTa MOJIENIMPOBAHWSI HA U3MEHEHMSI BHEIITHMX
(akTopoB X, ... X . [loaTOMY B 06LLEM Clydae MOJE/Ib MOXKET OBITh
MpeacTaBlieHa B BUAe GyHKLUK:

Y = flXon ol ) )
rae Py, ... P, — BHYTPEHHUE MapaMeTPbl MOZE/IU, alEKBATHBIE Na-
paMeTpaM peaibHOro 00beKTa MOAEINPOBAHMS.

[To3TOMY OIHMM M3 TJIaBHBIX BOMPOCOB, PACCMATPUBAEMBIM
[pY pa3pabOTKEe MOIEIIH, SIBJISIETCS BOMIPOC TOYHOCTU €€ COOTBET-
CTBUS YUUTHIBAEMBIM COOTHOLIEHUSIM (DaKTOPOB, CBOVCTB U Napa-
MeTPOB N3GPAHHOMY MOKa3aTelio ¥ OlleHMBAaeMOTO CBOMCTBA pe-
AJILHOTO 00BEKTA MOJIETMPOBaHUsL. [pyriMU C10BaMU, HACKOJIbKO
TOYHO BBIpaxkeHHe (2) cooTBeTCTBYET BhipaxkeHuto (1). [Tpu atom
CJIEyeT YYUTBIBATh, YTO MOIAEJIMPOBaHUE OOEBBIX IEWCTBUIA SB-
JIIETCSI BEChbMa CJIOXKHOW M MHOTOTPaHHOM MPOLENYypOii, Koraa
BUJ ypaBHeHMs (2) MOXeT ObITh HeM3BECTEH. B 1aHHOM ciryyae
3a/1a4a 3aKJII0YAETCS B TOM, YTOOBI HAWTH 3TO ypaBHeHue. Peue-
HHEe JaHHOM 3aJaUM JIEXKUT B MJIOCKOCTU TEOPUU SKCIIEPUMEHTA,
KOTOpasl MO3BOJISIET HA OCHOBE BbIOOPOYHBIX U3MEPEHMIT 3HaYE-
it mapameTpoB X, ,... X, M mokasatens ¥ HaifTi napamerpsl
Py, ... P, npu KOTOPbIX (DyHKLKsI (2) Hanbosiee TOYHO OTpaXKaer
peaiibHyi0 3akoHOMepHOCTS (1). Jlna 3Toro mpomM3BOAUTCS CPaB-
HEHUE KOJIMYECTBEHHBIX MOKAa3aTeieil pe3yIbTaToB MOAEIMPOBa-
HHU C [OKa3aTeJIIMU PE3YJIbTaTOB pealbHBIX OOEBbIX AECHCTBUIA.
B kauecTBe TakMX IOKa3aTeJeid MOTYT BBICTYNAaTh MaTeMaTH4e-
CKO€ OXHIaHWe BeJIMYMHBI ylliepoa, HAHOCUMOTO IIPOTUBHUKY,
MATEMAaTUYECKOE OXUIAHME ITOTEPh CBOMX BOMCK U T. 1. Kaxmbii
W3 OTUX MOKAa3aTeJiel 3aBUCHUT OT Psiia Cy4aifHbIX 3JIEMEHTAPHBIX
COOBITHI (CTETIEHN BCKPBITUS IPYNIUPOBKYU IPOTUBHUKA, TOYHO-
CTM OTpeleieHUs] KOOPAMHAT U CTENeHU MOPaXKeHUs ero 00beK-
TOB, 3(dekTuBHOoCTH PDB, MAaCKMPOBKM U T.1.), 3aBUCSILUX OT
BEPOSTHOCTHBIX BEIMUMH, METO/IBI y4eTa KOTOPBIX HOCT IPUOJIM-
KeHHbI xapakrep. [1o3ToMy pe3yibTaThl MOAEIMPOBAHMS MOTYT
OTIMYATLCS OT PE3YJIBTATOB pealbHbIX OOEBBIX AelicTBUii. BMmecTe
¢ TeM IapagurMa MoJeJIupoBaHUs OOEBBIX AECTBUI 3aKII0YaeT-
cs1 B HEOOXOIMMOCTH Pa3pabOTKU TaKOW MOAEIH, KOJIMYECTBEH-

- Hbl€ pe3yJIbTaThl KOTOPOM ObUIN ObI HANOOJIEE ATEKBATHbI KOJTHYE-

CTBEHHBIM pe3yJibTaTaM pealbHbIX O0EBBIX IEUCTBUM, TOCKOIbKY
BBIOOp Hanbosiee pallMOHAJIBLHOIO IJIaHA UX BEACHUS OCYyLIECT-
BJISIETCH HAa KOJMYECTBEHHOM ocHOBe. Mcxons M3 3TOro CTaHo-
BUTCSI BIIOJTHE OYEBUIHBIM, YTO HEAJEKBATHbIC KOJTMYECTBCHHDIC
pe3yJIbTaThl MOIEIMPOBAHUSA MOTYT IMPUBECTH K NMPUHATUIO Hea-
NeKBAaTHOTO peaibHbIM yCJIOBHsIM 00CTaHOBKHY perieHus. U 3aech
Oy/leT BIIOJIHE YMECTHBIM MOCTABUTH BOIMPOC: a OYIET Jih KOMaH-
NYIOIIMIA WIM KOMaHMP, HA KOTOPOTO BO3JIOXEHA BCs MOJTHOTA

OTBETCTBEHHOCTH 3a TIPUHSITOE PELIEHUE, 10BEPATH pe3yibTaTam
MOJEJIMPOBAHHUsI, €CJIM OH HE YBEPEH, UYTO KOJIMYECTBEHHbIE pe-
3yJbTaThl MOAEJUPOBAHUSI HE MPOTUBOPEYAT PEabHBIM IIPOLEC-
caM 00eBbBIX AeUCTBUIA? DTO XK€ OTHOCUTCS M K KOJIMYECTBEHHBIM
pesyJibTaTaM MOJeIMPOBaHMs O0EBBIX JEHCTBUIA, B KOTOPBIX y4YeT
BEPOSITHOCTHOM HEOTIPEIeIEHHOCTH OCYILIECTBIISIETCS YEPE3 €€ UC-
XOJIHbIE JaHHbIE — CTEMEeHb BCKPITHS TPYNITUPOBKU MPOTHBHHKA,
BEPOSITHOCTD OIPE/IeIeHHSI BDEMEHHU €ro Nepexoa B HaCTyIIEHNE
U T. 1. B GONBIIMHCTBE CllyyaeB B Ka4eCTBE 3HAYEHU I ITUX BEPOSIT-
HOCTEl BbIOMPAIOTCSI MX YCPEIHEHHbIE 3HAUEHUSI, OTIPEEIEHHbIE
Ha SMIIMPUYECKO OCHOBE. DTO 0OYCIOBJIEHO TEM, UTO 3a4aCTYIO
B 1ITa6aX OTCYTCTBYIOT JOCTOBEPHBIE MCXOIHBIE TaHHBIE 1715 TIPO-
BEICHUS MOJCIMPOBAHNUS, HATIPUMED, JaHHbIC O BEJIMYMHE BEPO-
SITHOCTY MOPAKEHMs i~ LIeJIN j-M CPEICTBOM B k-X ycioBusix. Bee
5TO NPUBOAMT K eliie OOJIbIIEMY IIPOSIBJIEHUIO BAXHENIIEH METO-
JIOJIOTMYECKOM MPoBIeMbl — MPOOIEMbl OLIEHKU JIOCTOBEPHOCTH
KOJIMYECTBEHHBIX PE3YJIbTaTOB MoaeaupoBaHus. Ee pemenuio B
HaCTOdlllee BpeMsI YIeJsieTCsl HauboJplliee BHUMaHUE BCEX yue-
HBIX 1 crienanrctoB O61iecTsa.

BropbiM He MEHee BaXXHbIM MOMEHTOM, CBSI3AHHBIM C pa3Bu-
THEM MaTEMaTUYECKOrO arrapaTa MOIEIMPOBAHUsL, ABISETCS €r0
MIPUBEJIEHKE B COOTBETCTBUE C XapaKTEPOM U OCOOEHHOCTSIMU CO-
BPEMEHHOIO BOOPYKEHHOTO TIPOTUBOOOPCTBA. [L1st 51010 B OO61IE-
CTBE MPUHSTA COOTBETCTBYIOIASI METOIOJIOTHS, OOECTIeunBaloIIast
MCITIOJIL30BaHME Ha HYDKHEM YPOBHE MOJIEIMPOBAHMSI B OCHOBHOM
Metona Monte-KapJo (B ciiydae UMUTALUM B3aUMOIENCTBYS OT-
JIeJIbHBIX OOEBBIX €IMHUIL), HA CPEAHEM YPOBHE — MapKOBCKMeE
MOJENIM, a Ha BEPXHEM (arpermpoBaHHOM) YPOBHE — IIPUMEHE-
HUE MaTeMaTUYeCKOTo ariapaTa JJaHYeCTepOBCKUX MoJesiei, Oa-
3UPYIOLIMXCSI HA COOTBETCTBYIOLIMX crcTeMax nubdepeHuunanb-
HBIX ypaBHeHMH [3].

JI1s1 VX TIpeAcTaBieHusl B HauboJiee HATJISITHOM BUJIE BBEIEM
o603HaueHns: — x(7) u y(f) — YUCIEHHOCTb BOWCK CTOPOH B MO-
MeHT BpeMeHH 7 > 0. HauanbHbie yci0BUs (B HAYaIbHbI MOMEHT
BPEMEHM) — X, U ¥, COOTBETCTBEHHO. [1pn 9TOM CKOPOCTH M3MeE-
HEHMS YUCIEHHOCTU BOICK CTOPOH orpenessiercss TpeMsa (ax-
TOpaMu: ONEepPallMOHHBIMU MOTEPSIMU (IIPONOPLUMOHATBHbIMHU
YUCJAEHHOCTU CBOMX BOWCK), O0EBBIMU MOTEPSIMU (ITPOMOPLIMO-
HaJIbHBIMM YMCIEHHOCTH BOWCK MPOTUBHUKA) U HAJIMUUEM (BBO-
JIOM/BbIBOJIOM) PE3EPBOB.

Wcrionb3ys faHHbIe 0003HAYeHUSsT KJIacCUuYecKrue DOeBbIe Aeii-
CTBMSI MOXHO OINMcaTh cucteMoi muddepeHunalbHbIX YpaBHE-
HU BUIA:

x(#) = —ax(r) =by(r) + u(?) (3)

(@) = —ex(?) —dy(t) + (1), (4)
e a, b, ¢ u d — NOJOXUTEeIbHbIE KOHCTAHTHI,

u(f) 1 v(f) — TemIbl BBOJ1a/BbIBOJIA PE3EPBOB.

Ipu 5TOM XapaKTepHYIO ISl COBPEMEHHBIX YCIOBU TAKTUKY
BeJIEH U [1aPTU3aHCKOM BOMHBI MOKHO pacCMaTpUBaTh B CUCTEME
nuddepeHIMaTbHBIX YpaBHEHUH TUTIA:

x(t) = —ax(t) — gx(t)y(t) +u(?) ®)

V(1) = =dy(t) = hx () y(2) + v(1), (6)
rie g U A — TOJOXUTEIbHbIE KOHCTAHTHI.

COBOKYITHOCTb € OJTHOBPEMEHHOI'O BEJIEHMUs KJIACCHUECKUX
GOEBBIX JEHCTBUI M TAKTUKY MAPTU3aHCKOW BOMHbI OIUCHIBACTCS
cucremoii nuddepeHIIMaTbHBIX YPABHEHUI BUIa:



WAURA ¥ BOLHUAY BESOUABHOCTS

x(1) = —ax(t) - gx(t) y(1) + u(t) , (7

(1) = —ex(1) = dy(t) + (7). (®)

JlaHHBIE MOJEJIN OTIINYAIOTCSI MEXITy COOOM y4eTOM Xapakrepa
¥ CIIOCOO0B BOOPYKEHHOTO MPOTUBOOOPCTBA U IMHAMUKOI pocTa
6oeBbIX NoTePh. Tak, B paMKaX KITacCUYECKUX OOEBBIX IEHCTBUM
MPEAIOoIaraeTcsi, YTo Kaxaas CTOpOHA B €AWHUILY BPEMEHU T10-
paxaeT ITPOTUBHUKA, MPOMOPLIMOHATIBHO CBOEH YMCIEHHOCTU —
Koo duumeHTs b 1 ¢, HaspiBaeMble KoahdumenTamu 60eBoit
sdexruBHOCTH. laHHbIE KOGDOULIMEHTBI YUCTEHHO MOTYT OBITh
ornpeesieHbl, K IPUMEPY, KOJTMYECTBOM TPOU3BOANMBIX B €IMHULLY
BPEMEHU BBICTPEIOB, YMHOXEHHBIX Ha BEPOSTHOCTD IMOPaXEHUS
MPOTHBHUKA B 33laHHBIX YCIOBHUSX [3].

Jlpyroii BUI BeneHMsI 00EBbIX IECTBUI — «TTApTU3AHCKUIA» 3a-
BHWICUT OT BHa OTHSI, TIOTEPb, OHECEHHBIX B PE3YJIbTATE €TI0 UH-
TEHCUBHOCTH ¥ KOHIICHTPAIIMY BOMCK B paifoHe OOEBbIX IEHCTBUIA,
YTO B COBOKYIMHOCTU OTPaXaeTcsl «CMEIIaHHbIMU» CJIara€MbIMHU,
MPONIOPLUOHATBHBIMU X(7) 1 Y(7) [4].

ITpu BegeHnM cMeIIaHHBIX HOPM MPUMEHEHUs TPYNIIMPOBOK
BOWCK B X0JI€ BOOPY:KEHHOT0 KOH(DIUKTA B OCHOBHOM paccMaTpu-
BAIOTCS YCIOBUSI OTCYTCTBMS ONEPAllMOHHBIX MIOTEPhb U PE3EPBOB.
MaremaTnueckuii anmapaTt JaHHOrO BapuaHTa AOBOJBHO MOJ-
POOHO M3JIOXEH B [5] M Ha HEM B pPaMKax CTaTbU Mbl OCTaHABJIM-
BaThCsl He OyaeM.

060011181, MOKHO OTMETHUTD, YTO U3JI0KEHHBIN MOIXO/ B LIEJIOM
obecrieyrBaeT MICHTU(MUKALIUIO PeasIbHbIX 3a1a4 MOACIUPOBaHUS
1 6ojiee aneKBaTHbIN y4eT cnelM(pUKN COBDEMEHHOTO BOOPYKEH-
HOTO NMPOTUBOOOPCTBA.

IIlecTast ocOOEHHOCTh CO3IaHUs MOeieil 00yCIOBIEHA CIIOX-
HOCTBIO U MHOTOOOpa3ueM peaibHbIX O0€BbIX CUTYAlLlUii, CKIIa1bl-
BAOIINXCA B YCIOBHUSAX COBPEMEHHOM BOIHBI, KOTOPbIE TPEOYIOT
IUTSL MIX aJICKBATHOTO OTPaXKEHMSI B MOJIEJISIX OMpPEAeIeHHON Thb-
KOCTU M YHUBEPCAJIbHOCTHU MOC/IEIHNX. DTU CBONCTBA MPUXOAIT
B [IPOTHBOPEYHE C OOIIHOCTHIO 1 000CHOBAHHOCTBIO PE3YIbTaTOB
MozaenupoBanus. [11s1 ero paspenieHusi B OOLIECTBE OCYLLECTBIEH
IePEXO] OT TPAIAULIMOHHOTO (ITOCIEA0BATEILHOTO) MOIETUPO-
BaHUA K pacmpeacICHHOMY (MapajuieIbHOMY) MOAEIUPOBAHUIO.

OCHOBHBIMU MPUYMHAMYU TAHHOTO NMEPEX0a IBUINCH!

0oJIbIIast CJIOKHOCTL, 00bEMBbI 1 MHOTOOOPa3ue 3a1a4 MOJEJIM -
POBaHUs1, TPEOYIOIIMX HE TOJIBKO OOJIBILIMX BPEMEHHBIX 3aTpaT, HO
1 OOJIBIINX 0OBEMOB MAMSTH;

HEOOXOAMMOCTE 00 BETMHEHUST HECKOJIBKMX CUCTEM B OIHY pac-
NIPEEJIEHHYIO CPely MMUTAIIMOHHOTO MOJEIUpoBaHus (Heobxo-
JIMMOCTb UCTIOJIE30BaHUS KOMIUIEKCOB MOJIEJIei, B KOTOPBIX «BbI-
XOII» OIHOI SIBJISIETCS «BXOIOM» B APYTYIO, U T.1.);

MpeaoCTaBIeHIe CETeBOW MHAYCTPUEH U COBPEMEHHBIMU UH-
(hopMaLIMOHHBIMHU TEXHOJIOTUSIMU BO3MOXHOCTH OIHOBPEMEHHOM
paboThl TOJKHOCTHBIX JIMII B MHGOPMALIMOHHOW CETH C KIacTep-
HOI1 apXUTEKTYPOI Ha 3HAYMTEJIbHBIX YAAIEHUSIX APYT OT Apyra.

B 0CHOBY NOCTPOEHMSI CUCTEM PACTIPE/IEIEHHOTO MOJIETMPOBAHUS
crietanucTamu OGIIECTBA MOJTOKEHA ADXUTEKTYPa, OMMCHIBAIOLIAsT
MPUHLIMIIBI OPraHM3alny JIOObIX CUCTEM PacTpeleeHHOIO MOJe-
nupoBanus. Ee nHBapraHTHBIN XapakTep OTpaXkaeTcs B Ha3BAHUU
HLA (High Level Architecture) — BBICOKOYPOBHEBast apXUTEKTYpa.

Hanum kpatkyto xapaktepuctuky HLA kaxk o6pa3sua coBpemen-
HBIX TEXHOJIOTMYECKUX CTAHAAPTOB B 00JIACTU PACIIPELEIIEHHOIO
MOJIEIMPOBAHUsSI TPUMEHUTEITBHO K CO3/IaHUIO TUTTOBBIX APXUTEK-
Typ KaK CHUCTEM MOICIUPOBAHUS B LEIOM, UX OTAEIbHBIX KOM-
IMOHEHTOB, TaK ¥ MPOOJIEMHO-OPUEHTUPOBAHHBIX MPUJIOXKEHUM.

dopmanbHo TexHonorust HLA onpenensieTcst cienyionmmu
KOMITOHEHTaMU (PUCYHOK 4):

cnenndukanmeit maTepdeiica;

mabJI0HOM OOBLEKTHBIX MOJee, 3agaromuM dhopMaTt UHOOp-
Malliy, MPeACTaBISIoNEel 001N HHTEPEC IS BCEX Y4aCTHUKOB
npoliecca MOIETMPOBAHUS;

6a3oBeiMK NpaBmwiamMu HLA, onpenensiioliiuMyu OCHOBHBIE
TIPUHIUITBI Pa3paboTKY MporpaMMHOTro odecrieueHus B cpeae HLA
WJIN COTJIACHO CTAHAAPTOB TaHHOU apXUTEKTYPhI;

crielnMaabHO paspaboTaHHas wis nomaepxxku HLA cpena BbI-
nonHeHust — Run-Time Infrastructure (RTI), Bxitoyaroniasi mectb
©a30BbIX IPYIII 110 YIIPaBJICHUIO MHTEPGhEiCOM, PENCTABIEHHBIX
Ha pucyHke. RTI BoimosHsieT yHKIMY CUMYJISITOpa Ha YPOBHE
B3auMOJeMCTBUIN Mexy denepataMu — HaOOp CEpPBUCOB, MOJ-
JIEPKUBAIOIINX B €IMHOM MOJEJbHOM BPEMEHU KOOPAMHALUIO
denepaToB 1 OOMEH TAHHBIMU MEXIY HUMU;

cnenuduKaluy UHTEepdeiica, onpeaeasitonme B3auMoaei-
ctBue ¢ RTI.
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U pean3anuy pacnpeiesieHHbIX NPUI0oXKeHHH
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YNPABJIEHUE BOOPY)XEHHbIMU CUNTAMMA

Ha pucyHke 4 npezncraBieHa CTPYKTYpa NOIIEPXKKH TMPOLIEC-
COB Pa3pabOTKM ¥ peain3alu Pactpeie/IeHHbIX PUIOXKCHUM,
6asupyromascs Ha texnonorun HLA. TlpencrapieHnHast Ha pu-
CcyHKe denepaums, SBISIONIAsICS pacnpeneeHHbIM MPUIOXKe-
HHUEM, COCTOUT M3 OOJIBIIOrO YKcaa (PYHKIIMOHAIBHBIX KOM-
MMOHEHTOB, Pa3MEIIEHHbIX Ha PACIPEICJICHHONW apXUTEKType.
K nepBoMy THITy KOMITOHEHTOB OTHOCSITCS TaK HasblBaeMble (e-
nepatbl. OHM MOTYT ObITH CUCTEMAMMU IOCJIEA0BATEIBHOTO KOM-
MBIOTEPHOIO MOJIEIMPOBAHMSI, CUCTEMaMU PEaJIbHOTO BPEMEHH,
SKMBBIMHU YYaCTHMKAMH MOJIEJIMPOBAHNSI, BCTPOEHHBIM 000PYA0-
BaHUEM, TIPOrPAMMHBIMM CPEICTBAMM MOMAEPKKHU PA3TIUIHOIO
pona yciyr unm cepBucoB. Ha miargopme kaxnoro genepara
pa3sMEIIAloTCsl COOTBETCTBYIOLLME MPOOIEMHO-OPUEHTUPOBAH -
HbIE TTPUJIOXEHUSL.

Caenyer OTMETHTh, 4TO apxutektypa HLA He HaknanbiBaeT
KaKUX-T1060 orpaHuyeHuii Ha peanusauuio deneparos u RTI, a
SIBJIETCS. HADOPOM peKOMeHIalvii Mo hpopMaTam JaHHbIX, KOTO-
PBIME MOTYT OOMeHMBaTbCsl heaeparhl, U MPaBUjiaM UX B3aUMO-
JeiicTBUS B pasnuuHbIX ycinoBusix. Cobmonas u T, U Apyroe, Jio-
60i1 pa3pabOTUNK MOKET CO3aBaTh KAK MOJIEJIH, KOTOPbIE MOXHO
HCIOJIb30BATh B pa3HOOOPA3HBIX MOAEIUPYIOLINX KOMILIEKCaX, TaK
1 cobcTBeHHBIE BapuaHThl MHMpacTpykTypsl RTI.

Tenepb, yto Kacaercst nepcrnekTus. [loHnmas 1o obcTosaTENb-
CTBO, UTO MPOLIECC Pa3pabOTKN MOJIEJIE He JOJDKEH ObITh CTaTHY -

JIMTEPATYPA

HBIM, a JOJDKEH ObITh B TIOCTOSIHHOM Pa3BUTUM U OBITH aleKBaT-
HBIM ITPOMCXOISIIIIMM M3MEHEHUSIM B XapaKTepe COBPEMEHHOTO
BOOPYKEHHOTO TTPOTUBOOOPCTBA, MbI OIPEIEIUIN OCHOBHbIE Ha-
MpaBJIeHUsT Pa3BUTUS MOIEIUPYIOLIUX KOMIUIEKCOB U CUCTEM.
K HuM ciieyeT OTHEeCTH:

MPUOPUTETHOE Pa3BUTUE CUCTEM MOIEIMPOBAHUS C pacTipeae-
JIEHHBIM TIPeoOpazoBaHreM UHGOPMALINHK;

o0OecrieueHne OMepaTuBHO-TEXHUUYECKOTO COMPSIKEHUsT KOM-
[LJIEKCOB U CUCTEM MOJIEIIMPOBAHUSI C I€CTBYIOLIUMU U TIEPCIIEK-
TUBHBIMM ABTOMATU3MPOBAHHBIMU CUCTEMaMU YIIPABJIEHUS BO¥i-
CKaMU U OpYKUEM; 5

MOBBILIEHNE PEATUCTUYHOCTHI CO31aBAEMOii YCJIOBHOM 00EBO#
06CTAaHOBKU U COIIACOBaHMA MO BPEMEHU U MIPOCTPAHCTBY (PYHK-
LIMOHUPOBAHUS Mojiesiell OOEBBIX NEWCTBUII Pa3HOPOIHBIX IPYIl-
MUPOBOK BOMCK (CuJ).

TloaBo/st UTOT BBILIECKA3aHHOMY, OTMETUM, YTO MPAKTUYECKAs
peanu3anms N3JI0XKEHHBIX MOAXOIO0B HapsILy C peanu3alnei puH-
LIMTIOB SKOHOMUYECKOM 3(h(HEeKTUBHOCTU MTOCTPOECHUS MOJIEIICH, X
COIJIACOBAaHHOTO Pa3BUTHSI, CHCTEMHON COBMECTUMOCTH MOJIEIEH
Pa3IMYHOrO HA3HAYEHUS ¥ LIMPOKOMACLITAOHOTO UCIOIb30BaHMs
anpoOMpPOBAHHBIX KOMMEPYECKUX PELIEHUI MO3BOIUT CO31aTh
KJIacTep MoJeJieil 00EBbIX NEUCTBUH, SABJIAIONIMICA pPeabHbIM UH-
CTPYMEHTOM obecrieueHnst PUHATHS 3((HEKTUBHbIX PELIECHHI 110
YIIPaBJIEHUIO BOMCKAMMU.
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