MATEMATUUECKOE
MOAEAVPOBAHIIE
OUBOAOTNUECKIX
[TPOLIECCOB 1 CUICTEM



MoaeaunposaHue

* MeToA (cnoco6) no3HaHUs 06BbLEKTOB,
npoLeccoB, CoObITUU, HO OCHOBE UX
MOAEAEMN.

°* MOCTPOEHNE MOAEAEN PEAABHO
CYLLLECTBYIOLLMX SBAEHUH, MPEAMETOB U
o06bekToB (OBMOAOrM4ECKUX OPraHM3MOB,
CUCTEM, UHXXEHEPHbIX KOHCTPYKLLUY,
PA3AUYHbBIX NPOLLEeCCOB).



Moaeanb

e (oT AQT. modulus

— ((Mepa, aHaAor, obpaseun) — 3TO
YNpOLLEHHOE NPEeACTABAEHNE PEAABHOTO
YCTPOMUCTBA U/UAU NPOTEKAIOLLLUX B HEM
NpPoL.ecCcoB, ABA€HUMN.



* MbICA@HHO NMPeACTAaBASEMAA U
MOTEPUAABHO PEAAU3OBAHHASA CUCTEMAQ,
KOTOpAs, OTOOPOXKASA U BOCNPOU3BOAS
06bEKT UCCAEAOBAHUSA, CTOCOOHA
30MEeLLATb €ro TAK, 4TO ee n3y4yeHume

AJEeT HOBYIO UHCPOPMALLHIO 00 3TOM
obbekTe.



Buapl Moaeaen

v MaTemaTuyeckas
v KomMmnbloTepHas

v UIHpOPMALMOHHAOS
v UMUTALLUOHHAOS

v Pusnvyeckas

v Xumuyeckas

v/ buoAornyeckas

v DBOAIOLMOHHAS

v Aorn4yeckasa n Ap...



MaTtemaTtuueckast MOAECAb

* ((,,DKBUBAAEHT" 06BbEKTA, OTPAXKAIOLLLUU B
MaTemaTu4eckou cbopme BaXKHeuLume
ero CBOMCTBA — 30KOHbI, KOTOPbIM OH
NOAYMHSETCA, CBA3M, NpUcyLLUue
COCTOBASAIOLLUM €70 HAOCTAM, U T. AN

* (COBOKYMHOCTb MATEMATUYECKUX
COOTHOLLEHUU, YPABHEHNNU, HEPABEHCTB U
T.M., ONUCbIBAIOLLLUX OCHOBHbIE
30KOHOMEPHOCTH, NnpucyLiue
U3y4aemMoMy npoLeccy, oo0bekTy AU

.CUcTeme.n



KoMriibrorepHas MoaeAab

° KOMMbIOTEPHASA NPOrpPaAMMAQ,
padoTaloLlLas HO OTAEAbBHOM
KOMMNbIOTEPE, CYNEPKOMMbIOTEPE UAU
MHOXECTBE B3AUMOAENCTBYIOLLLUX
KOMMNbIOTEPOB (BbIYNUCAUTEAbHbBIX Y3AOB,
ceTeun), peaAmsyoLLas ABCTPAKTHYIO
MOAEAb HEKOTOPOU CUCTEMBI.



e KoMNbIOTEPHAS MOAEADL - TPAAULUOHHDBIN
MHCTPYMEHT MATEMATUYECKOTO
MOAEAUPOBAHUSA, MPUMEHSAETCSH B
PA3AMYHBLIX HANPABAEHUSA HOYYHOMU U
NPUKAQAHOU AEATEABHOCTHU YEAOBEKA.

e KOMnNbIOTEPHbIE MOAEAU UCNOAB3YIOTCSH
AASl MTOAYYEHUSA HOBbIX 3HOHUU O
MOAEAUPYEMOM OOBbEKTE UAU AAS
NPUOANKEHHON OLLEHKU MOBEAEHMUS
CUCTEM, CAULLKOM CAOXHbBIX AAS
AHAAUTUHECKOTrO UCCAEAOBOHMUA.



[ITporpammHOe oDecrieyeHne

* YHUBEepCAAbHble MAOTEMATHUYECKHE
CUCTEMDI

 CnewmMaAmsMpoBaHHbIe NPOrpaMMHbIe
NPOAYKTbI AAl MOTEMATUYECKOIO
MOAEAUPOBAHMS

e [I[porpammbl AA ABTOMATU3ALLUM
HAY4YHbIX UCCAEAOBOHUM

e CTaTUCTUYECKHE NAKEeTb



YHMBepcaAbeIe

MaTeMATMMYECKIME CIICTEMbI

e MATHLAB

e Mathematica
e MathCAD

* Maple

e Macsyma

e [I[porpammbl oOLLLETNO HA3HAYEHUSA AAS
BbIMOAHEHUS HO KOMMbIOTEPE PA3HOOOPA3HbIX
MATEMATUYECKUX pacyeToB (TaOAUYHbIE
peaAakTopbl cemeuncTB Microsoft u OpenOffice).



MATHLAB

e Mporpamma obACAQET UHTYUTUBHBLIM
UHTEepdPENCOM, BCTPOEHHBIM fI3bIKOM
MAaTeMaTn4eckux u rpacdomyecknux coyHKLLUN.

e COAEPXUT UHCTPYMEHTDI:
o COopa AQHHbLIX
o AHOAM3A U 0GP ABOTKU AQHHBIX

o Busyaamsauum u umcposon oo6paboTkn CUrHAAOB U
U306 pakeHuu

o Co3A0HMSA OATOPUTMOB U MPOEKTUPOBAHMUS
o MoAeAMpPOBAHUA U UMHUTALLUU
o NMporpammunpoBaHusa n paspaboTKu NPUAOKEHUU



Mathematica

°* OAHO U3
YHUBEPCAAbHbIX MATEMATUYECKUX
CUCTEM, KOoTopas AdeT BO3MOXHOCTb
pewaTtb 60AbLLOE KOAUYECTBO BECbMA
CAOXHbIX 30AC0Y HE BAOBASCDH B
CAOXHOCTH NPOrpaMMUPOBAHMUA.

e B paAy cebe noAOOHbIX OAHO U3 CAMBIX
MOLLLHbIX U A@TAAbHO PA3PAOOTAHHDIX.

e C ee NOMOLLLbLIO AETKO OCYLLLECTBASAIOTCS
YUCAEHHbIE U CUMBOABbHbBbIE BbIYUCAEHMUS.



e CUABHOU CTOPOHOMU CUCTEMDI, BBIFTOAHO
OTAUHAIOLLLEU €€ OT OCTOAbHbIX, ABASIETCS
ABYX- U TpexmepHas rpadoukaq,
NPUMeHseMas AAl BU3YAAM3ALLMKU KPUBLIX U
NOBEPXHOCTEU B TPEXMEPHOM
NPOCTPAHCTBE.

e OAHOKO UCMNOAb3OBOHME 3TOU CUCTEMDI AAS
peweHus cuctem aucbcepeHLUAAbHbIX
ypaBHEHUU (AaXKe OObI4HbIX)
HeuweAecoobpas3Ho.

 boaee Bcero Mathematica HanomuHaeT
nporpaMmmy MAPLE ¢ o4eHb xopoLuum
rpacom4eckum MHTepencom.



MathCAD

* MHOFOPYHKLLUOHAABHASA UHTEPAKTUBHAS
BbIMUCAUTEAbHOSA CUCTEMA, MO3BOASAIOLLLAA,
OAaroAaps BCTPOEHHbIM AATOPUTMAM, PeLLuaTb
AHAAUTUHECKU U YHUCAEHHO BoAbLLOE
KOAMYECTBO MATEMATUYECKHUX 30A0Y HE
npuderas K nporpamMmMmnpoOBAHUIO, BKAIOYHAS
BO3MOXXHOCTb pPeLUeHNS CUCTEM
AU dbepeHULNMAAbHbIX YPABHEHUM.

e pa6o4nn AokymeHT MathCAD - 3AeKTpOHHaA
KHUra ¢ XXuBbiMU hOPMYACQMHU, BbIMUCAEHUSA B
KOTOPOU NPOU3BOAATCSA ABTOMATUYECKHN B TOM
NOpPSAKE, B KOTOPOM 3ANMMCAHBI BbIPAXXEHMS.



e OTAM4OETCA NPOCTbLIM U YAOOHbIM
UHTEepdencom, HaNMCAHUEM BbIPAXKEHUM
CTAHAQPTHbIMU MATEMATUYHECKUMMU
CUMBOACGMM, XOpOLLEN ABYX- U
TpexMmepHou rpadouKkoUu, BO3MOXXKHOCTbIO
MNOAKAIOYEHMUA K PACNPOCTPAHEHHbIM
OMPUCHBIM U KOHCTPYKTOPCKUM
NPOrpamMmmam, a TakKke K cetu Internet.



Maple

°* OAHA M3 HaOMBOAEE NONYASIPHbLIX CUCTEM
CUMBOAbHbIX BbIYUCAEHUH, OOACAQIOLLLAS
NPEeBOCXOAHOU HAOYHYHOU rpAcPUKOM.
CuMBOABbHbIM aHaAusaTop MAPLE
UCMOAb3yeTCcs B cuctemax Matlab,
Mathcad, MATH Office u Apyrux.



Macsyma

e OAHA M3 NepBbIX MATEMATUYECKUX MPOTrPAMM,
onepupyloLLmMx CUMBOAbHOM MAOTEMATUKOU, TO
€CTb NPeAHA3HAYEHHbIX HE TOAbKO AAS
YUCAEHHbIX, HO U AASl GHOAUTUYHECKUX
pac4yeToB.

OHa Ha4YyaAa paspabaTbiBaTbcs ewle B 1968
roAy B Macca4yyceTCcKoOM TEXHOAOTUYECKOM
MHcTUTyTe (CLUA), 4TO OTPOXEHO B ee
HA3BAHUU, KOTOpPOE ABAIeTCA aO6peBMaTypou
cAaoBocoYveTaHmna Massachusetts computation
symbolic algebra (MaCSymA).



e [l[porpaMmma 3aHMMAAQ HEKOTOpPOE Bpems
AMAUPYIOLLLYIO MO3ULLUIO CPeAU YHUBEPCAAbHbIX
MATEMATHYECKUX MPOrPaMM.

e MoasusBLAACA BCKope nporpamma Maple, a 3a
Heun Mathematica noTecHnam Macsyma ¢
NbeAeCTAAd NoYeTda, OAHAKO 6Aaroaaps CBOMM
CUABHbIM CTOPOHOM - AMHEMHOU AArebpe u
AndbdbepeHUUAAbHBIM YPABHEHUSAM - OHA He
NOTEPAAA MONYASPHOCTM.

e CBOE BTOpOE poXAeHUue nporpamma Macsyma
NMOAYYMAQ B 1992 roAy, KOrAd BO3HUKAC
KoMnaHua Macsyma Inc., npeACTABUBLLAS
OOHOBAEHHYI0, YAOOHYI0, 3D D EKTUBHYIO
nporpammy Macsyma.



CriennmaansupoBaHHbBIE
IIpOrpaMMHBIE ITPOAYKTHI A4S
MaTeMaTU4eCKOIro MOAeApPOBaHVIsA

e Model Vision Studium
e SCoP

e GPSS World

e ELCUT

e FEMLAB

 MakeT ODE

e [lporpamMMmHOe obecneYvyeHue nNo AHAAU3Y
KOHTPOAS MeTaboAn3IMa



Model Vision Studium

°* KOMMbIOTEPHAA AQDOPATOPUS AAS
MOAEAUPOBAHUS U UCCAEAOBAHMSA CAOXHbDIX
AUHOMMYECKUX CUCTEM, MHTETPUPOBAHHAS
rpacoudeckas o60A04KAa AAS ObICTPOTrO
CO3AC0HUA MHTEPAKTUBHBbIX BU3YAAbHbIX
MOAEAEeN CAOXHbIX AMHOMUYECKUX CUCTEM U
NPOBEAEHUSA BbIYMUCAUTEAbHbIX DKCNEPMUMEHTOB
C HUMM.

 [locAeAHsAS BepCUsl CUCTEMBI OOACACET
NOACUCTEMOU ONTUMMU3ALLUM, OAHOKO KAYECTBO
3TOU ONTUMMU3ALUU HEODXOAUMO M3YHATD
OTAEAbHO AASl KODXKAOWU KOHKPETHOU 3AAQ4M.



SCoP

 [IporpamMmMmHoOe obecnevyeHUue AAf
MATEMATUYECKOIro MOAEAUPOBAHMS,
OPUEHTUPOBAHHOE HA BuoAornyeckue
NMPUAOXEHMS.



GPSS World

e ObLWweueneBas cuctemd MMUTALLUOHHOIO
MOAEAUPOBAHMS.

e Cuctema GPSS World, paspaboTaHHas
komnaHueun Minuteman Software (CLUA), - 310
MOLLLHOSA CpeAd KOMMbIOTEPHOrO
MOAEAUPOBAHMSA OOLLLEro Ha3HAYEeHuU,
pa3spaboTAHHAS AAS NPOCPECCHUOHAAOB B
OOAQCTU MOAEAUPOBAHMUS.

e LLiInpokue BO3IMOXHOCTU 3TOU CUCTEMDI
OTArowLeHbl HEOOXOAUMOCTbLIO U3YHEHUS
AOCTATOYHO CAOXHOIO BHYTPEHHEro A3bIKa.



ELCUT

* MOLLLHbIM KOMMAEKC NPOrpamMm AASl MH)XEHEPHOro
MOAEAUPOBAHNSA DAEKTPOMArHUTHbLIX, TEMAOBbBIX U
MEeXAHUYEeCKUX 30A049 METOAOM KOHEYHbIX
3AEMEHTOB. ApPYy>XXeCTBEHHbIU PYCCKOSA3bIYHbIN
NOAb30OBATEAbCKMHU UHTEPEUC, NPOCTOTA
ONMUCAHUSA ACXKE CAOMbIX CAOXHBIX MOAEAEMN,
LLUMPOKHME OHAAUTUHECKME BO3ZMOXHOCTHU
KOMMAEKCA U BbICOKAS CTENeHb ABTOMATU3ALLUMU
BCEeX onepauum No3BOASIOT Ppa3paboTinKy
NOAHOCTbIO COCPEAOTOYUTLCSH HO CBOEM 30A04€E.

o AAS LLeAEN MATEMATHUYECKOIO MOAEAUPOBAHUS B
Ouodousmke yAobHO NOAb3IOBATHCS MOAYASIMMU
"TenAonepeAaya’ u "ynpyrue aAecoopmaumn’.



FEMLAB

KoMnAeKC MHCTPYMEHTAAbHbIX CPEACTB HOBOM BbICOKO
NONYASPHOU TEXHOAOTMU MOAEAUPOBAHUA PU3UYECKUX
NOA€MN BO BCEX HAYYHbIX U TEXHUYECKUX NPUAOXKEHUSAX.

[AGBHOA OCOOGEHHOCTb — AEFKOCTb, C KOTOPOU MOXET
ObITb BLINTOAHEHO MOAEAUPOBAHUE U €TI0
HeOrpaHU4YEeHHbIe MYAbTUDM3NYECKNE BO3MOXXHOCTH
MOAEAUPOBAHNA OAHOMEPHDbIX, ABYMEPHbIX U
TPEXMEPHbIX PUU4YECKUX NOAEMN.

B cucteme noAAEpPXUBAIOTCA COBPEMEHHDbIE YUCAEHHbIE
MeTOAblI MATEMATUHECKOTO AHAAN3A B MOAEANPOBAHUMN.

AG66peBuatypa FEMLAB AOCAOBHO NnepeBOAUTCS HA
PYCCKWU A3bIK KAOK "KOHEYHOIAEMEHTHasa AabopaTopusa”
(FEM - Finite Elements Method — meToA KOHEYHbIX
3AEMEHTOB, a 6oAee CTPOro — KOMMNAEKC
KOHEYHOS3AEMEHTHbIX METOAOB).



IlakeT ODE

° NPEAMETHO-OPUEHTUPOBAHHAS CPEAA AAS PELLUEHUS U
UCCAEAOBOHMUSA NOBEAEHMUA PeLueHNN OObIKHOBEHHbIX
AN epeHUUAABHBIX YPABHEHUN U CUCTEM.
Mporpamma obAaACEeT LULUPOKUMU BbIYMUCAUTEABHBIMU U
rpacdou4eCKMMU BO3MOXXHOCTAMMU. BBOA YPOBHEHUU
NPOU3BOAMTCS B OOLLENPUHATOU MATEMATHUHECKOU
3AMNUCHU, PE3YAbTATbI BBIMUCAEHUU U rpacdOHn4eCKnxX
NOCTPOEHUU NPEACTABAAIOTCSA B HATASAHOU, MPUHATOMU
B AUTEPATYpPE NOo AMcPPepeHLLUAAbHBIM YPABHEHUSIM,
doopme.

e [lo CPABHEHUIO C YHUBEPCAABHBIMM MATEMATUHECKUMHU
naketamu ODE 3Ha4YuTeAbHO NpoLlL,e B OCBOEHUU U B
paboTe, npeAbsSiBASET MUHMMOABHbIE TPEOOBAHMUSA K
pecypcam KomnbloTepda.



IIporpaMmel aast aBTOMaTH3aLN

Hay4YHbIX MICCA€A0BaHUM

e LabVIEW
* Multisim
e BcnomorateAbHble MPOrpamMmmbl.
o Grafula
o Tracer
o Ciphering
o WinDig
o TableCurve



LabVIEW

e NTIAaTchopMaA NO3BOASET ABTOMATUIUPOBATD
npoL.eccbl 1amepeHnn, o6paboTKku CUTHAAOB,
OTOOpPaXEeHUA U APXUBUPOBAHUSA PE3YABTATOB
3KCNEePUMEHTOB, MHTEPAKTUBHOIO
reHepUpoOBAHUSA OTHETOB, YIIPABAEHMUS
TeXHOAOIrM4eCKMMHM npoueccamm Ha 6ase
NepCOHAABHOIO KOMNbIOTEPA, NPEBPATUB
NepPCOHAAbHbIM KOMMbIOTEP HE NPOCTO B
MOLLLHbIU KOABKYASTOP, 4, B U3BMEPUTEAbHbIN
npubop.



Multisim

°* OAHA U3 HaOUDOOAEE NONYASIPHbIX B MUPE
NPOrpPAMM KOHCTPYMPOBAHUSA DAEKTPOHHbLIX
CXeM, XapAaKTepU3yeTcs CoOHeTAHUEM
npodeCcCUOHAAbHBIX BO3SMOXHOCTEU U
NPOCTOTbI, PACLUNPAEMOCTbIO PYHKUUU OT
NPOCTOU HOCTOABHOU CUCTEMbI AO CETEBOU
KOPNOpPATUBHOU CUCTEMBI.



CraTucrmueckKkme rmaxerTbl

e Statistica

e SPSS

o StatGraphics
 STADIA

e Stata

o XLSTAT



Statistica

COBpPEeMEHHbIN NAKET CTATUCTUHECKOro AHAAU3A, B
KOTOPOM PEeaAM30OBAHbI BCE HOBEULLME
KOMMbIOTEPHbIE U MATEMATHUHECKUE METOADI
AHOAU3A ACQHHbIX.

UMeeT MOLLLHYI0 rpadoru4ecKylo CUcTeMy
BU3YOAAU3ALLUM ACQHHbBIX U PE3YAbTATOB
CTATUCTUHECKOro AHAAMU3A.

Pa3BuTas cuctemd NOAroToBKUM CTATUCTUYECKUX
OTHEeTOB.

BCTpOEHHbIE A3bIKM MPOrPAMMUPOBAHMUS.
HeTpeboBaTeAbHAO K ANMAPATHbIM PECYPCAM.

OAHOKO, TpebyeT onpeAeAeHHOro ypoBHS
NOAFOTOBKU NepeA HaA4aAOM paboOTbl C AGHHbIMM.



SPSS

* MOAYAbHbIN, MOAHOCTbIO MHTETPUPOBAHHbLIY,
obAaAqOWUN BCEMU HEOOXOAUMBIMU
BO3MOXHOCTAMU NPOrPAMMHbBbIU MPOAYKT,
NPeAHA3HAOYEHHbIU AASl BCEX STAMNOB
AQHAAUTUYECKOro Nnpouecca: NAOGHUMPOBAHMS,
cO6opa AQHHBbIX, AOCTYNA K AGHHbIM U
YNPABA€HUA AGHHbIMU, AHAOAU3A, CO3AAHMUS
OTYETOB U PACMNPOCTPAHEHUS PE3YABTATOB.

e CoxpaHsieT 3a cobon No3nUUIO AMAEPA CpeAU
NPOAYKTOB CTATUCTHUYECKOIO AHAAU3A
ACQHHbIX.



StatGraphics

e [lakeT NPUKAAAHBIX MPOrPAMM UCMOAb3OBAHMS
NepCOHAABHOIroO KOMMbIOTEPA AAS
MATeMATU4YeCcKoro u CTaTUCTU4HECKOro
AHAAM3A.

* YHUBEPCAAbHbIU MHOTONPOMUAbHbIM NAKET C
XOPOLLUO NMPOAYMAHHbBIM MEHIO-
OPUEHTUPOBAHHbLIM MHTEPENUCOM
NMOAb3OBATEAS.



STADIA

e YHUBEPCAAbHbIU POCCUUCKUU CTATUCTUYECKUM
nakeT STADIA - peaAusyeT Bce 6A30BbI€
pAasAeAbl U METOAbI COBPEMEHHOMU MPUKACGAHOU
CTATUCTUKM, O TAK)KE CPEACTBA AEAOBOU U
HAY4YHOU 2-X U 3-MEPHOU penpe3eHTALUOHHOU
rpadoukmn, MMNOPT/3KCNOPT U NpeodpasoBaHue
ACQHHbIX, PA3BUTYIO CUCTEMY IKCNpecce-
NOMOLLMU U COBETA.



Stata

* YHUBEPCAAbHbIN CTATUCTUYECKUU NAKET CO
cneumaAmsaumen B 06AACTAX 3KOHOMETPUKMY,
OMOMEeTPUKU, AHAOAM3E CTPATUPULUPOBAHHDbIX
06CAeAOBAHUMN.

 PaszpaboTtyunk: Stata Corporation.



XLSTAT

NPUAOXEHUE B OOAACTHU CTATUCTUKU U AHAAU3A
ACQHHbIX AASl Microsoft Excel.

Paspab6oTyuk: Addinsofi.

PeaAn30BAH B BUAE HOACTPOUKU (AHOAMU3
AQHHbIX) B Bepcuax MS Office Excel, Ha4yuHasa ¢
Bepcun MS Excel 97.

CoAepxut 6oaee 10-Tv BUAOB AHAAM3A
ACHHbIX C BbICOKMM YPOBHEM BU3YOAU3ALLUM.



IMudpopmarimonHas MoaeAasb

° MOAEAb OOBEKTA, NPEACTABAEHHAS B
BUAE MHPOPMALLUU, ONMUCDHIBAIOLLLEM
CYLLLeCTBEHHblIEe AASl AQGHHOTIO
PACCMOTPEHUA NAPAMETPbDI U
nepemMeHHble BeAUYMHbl 0ObEKTA, CBA3U
MeXAY HUMM, BXOAbI U BbIXOAbI 0O6BbEKTA
U NMO3BOASIOLLLASA NYTEM MOAAYM HO
MOAEAb MHCpopMALUU 00 U3MEHEeHUAX
BXOAHbIX BEAUMUH MOAEAUPOBATD
BO3MOXHbI€ COCTOSIHMA 0O6beKTa.



* AHPOPMALLUOHHbIE MOAEAU HE UMEIOT
MATEPUAALHOIO BOMAOLLLEHUS, NMOTOMY
YTO CTPOATCSH TOABKO HO MHCPOPMALLUMN.
UHDOPMALLUOHHASA MOAEAbL —
COBOKYMNHOCTb UHPOPMALLUMH,
XAPAKTEPU3YIOLLLAS CYLLEeCTBEHHbIE
CBOMUCTBA U COCTOSAHMA OO6BbEKTA,
npoLeccaq, AsBA€Hus, a TakKxke
B3AMMOCBSA3b C OKPYXXAIOLLLEU CPEAOM.



VIMmuraiimonHast MoaeAb

* AOTUKO-MATEMATUYECKOE ONUCAHUE
006BbEKTA, KOTOpPOE MOXET ObITb
MCMOAb3OBOHO AAS
3KCNEPUMEHTUPOBAHMSA HO KOMMblOTEpPE
B LLEeASIX MPOEKTUPOBAHUA, AHAAU3A U
OLLeHKN PYHKLMOHUPOBAHUA OOBEKTA.



e KAdCC 06bEKTOB, AASI KOTOPbLIX MO
PA3AUYHbIM MPUYUHAM HE PaA3pPAaOOTAHDI
AQHAOAUTHUYHECKUE MOAEAU, AUDO He
PA3pPAb6OTAHbI METOADI pPeLUEeHUs
NOAYHYEHHOU MOAEAU. B 3TOM cAyHae
AHAAUTUYECKAS MOAEADb 30MEHsAEeTCH
UMUTALUOHHOU MOAEADIO.



I Iporrecc moaeanpoBanus

BKAIOYAET B cebsl TpU DAEeMEeHTA:

e CyObeKkT (MCCAAOBATEAD),
e 0OOBEKT UCCACAOBAHMUS,

°* MOAEADb, ONMPEAEASIOLLLYIO
(oTpaXxaioLLyo) OTHOLUEHUS
NMO3HAIOLLLEro CyObeKkTd U NO3HABAEMOro
obbekKTa.



OCHOBHBICE 9TaIlbI
MOAEeANPOBAHUSI

e [lOCTAHOBKA 30AQ4MU.

e OnpeaAeAeHne uLeAm AHAAM3A U NYTU ee
AOCTUXEHUSA U BbIPABOTKMU OOLLLEro NOAXOAA K
Uccaesyemou npobareme. Ha atom atane
TpebyeTcs rnybokoe NnoHUMAHUE CYyLLL.eCTBA
NOCTABAEHHOU 3aAQ4YM. UHOrAQ, NPABUABHO
NOCTABUTb 3QAQ4YY HE MEeHee CAOXHO, YeM ee
pewnTtb. [IOCTAHOBKA - NpoL,ecc He
P OPMAABbHbBIU, OOLLLUX MPABUA HET.




e U3yYyeHne TeopeTu4eckmux oCHOB U co6op
uHdpbopmaumnm o6 o6beKTe OPUTMHAAQ.

e Ha 3aTomM 3aTane noaAbupaeTcs nAu
pa3pabaTbiBaeTCs MNOAXOAALLLAS TEOPMUS.
ECcAM ee HeT, YCTAHABAMBAIOTCSA MPUINHHO-
CA€ACTBEHHbIE CBA3U MEXAY NepeMEeHHbIMM
OMUCBIBAIOLLLUMU OOBEKT.
OnpeAeAslioTCS BXOAHbIE U BbIXOAHbIE ACGHHbIE,
NMPUHUMAIOTCSA YNPOLLAOLLME NPEeANOAOXEHUS.




e POPMAAU3ALLUS.

e 3aKAIOHOETCS B BbiIOOpEe CUCTEMbI YCAOBHbLIX
0003HAYEeHUU YTOObI C UX MOMOLLLBIO
30MUCbIBATb OTHOLLUEHUS MEXAY
COCTABASIOLLUMU OOBEKTA B BUAE
MATEMATUYECKNUX BbIPOXKEHUM.
YCTAOHABAMBAETCHA KAACC 30A04, K KOTOPbIM
MOXeT ObITb OTHECEHA NOAYYEHHAs
MaTemaTuyeckas MoAeAb oObekTa.
3HOYEeHUA HEKOTOPbLIX MAPAMETPOB HA 3TOM
3TAane ew,e MoryT ObITb HEe KOHKPETU3UPOBAHDI.




e BbiIGOp METOAQ peLleHus.

e Ha aTOM 3TANE YCTAHABAUBAIOTCH
OKOHYATEeAbHblE NAPAMETPbI MOAEAEN C
y4eTOM YCAOBUSA DYHKUUOHUPOBAHMUSA OOBEKTA.
AASl TOAYHEHHOU MATEMATUYECKOU 3AAA4YM
BbIOMpPAETCAa KOKOU-AMOO MEeTOA peLueHUs UAU
paspadaTbiBAETCH CNeuuAAbHbIM METOA.

[Mpu BbIGOPE METOAQ YYMTLIBAIOTCSA 3HAHMUS
NMOAb3OBATEAS, €ro NPEeAnOYTEHUS, A TAKXKE
npeAnoYTeHnsa paspaboTyuka.




* PeaAunsaums moseAn.

e 30A040 pewaeTcs AHAOAUTU4YECKHn AM60
YUCAEHHO, B TOM YUCAE, C MPUMEHEHUEM
BbIMMCAUTEABHOU TEXHUKM.

e AHOAU3 NOAYHEHHOU UHADOPMALLUM.

e CONOCTABASIETCS NOAY4YEHHOE U
npeAnoAdraemoe peLueHme, NpoBOAUTCS
KOHTPOAb NMOrpeLHOCT MOAEAUPOBAHMUS.




e MIpoBEepPKA AAEKBATHOCTU PEAABHOMY OObEKTY.

e Pe3yAbTATbl, MTOAYYEHHbIE MO MOAEAU
CONOCTABAAIOTCA AMOO C uMeroLLLencs oo
ob6beKkTe nHchopmaumen UAM NPOBOAUTCH
3KCNEePUMEHT U €ro pe3yAbTAThl
COMOCTABASIIOTCSA C PACHETHbIMM.




e B cAyHOe NOAy4HEeHUS HEYAOBAETBOPUTEAbHbDIX
PE3YAbTATOB HA 3ABEPLLUAIOLWLUX DTANAX,
OCYLLLECTBASIETCS BO3BPAT K OAHOMY U3 PAHHUX
3TANOB, KOTOPbIX MOT NPUBECTU K paspaboTke
HEYAQ4YHOU MOAEAMN.

e DTOT 3TAN U BCE MNOCAEAYIOLLLUE YTOYHAIOTCH U
TAKOE YTOYHEHME MOAEAU NPOUCXOAUT AO TEX
nop, NOKA He ByAYT NOAy4Y€eHbl NPUEMAEMbIEe
PEe3yAbTATbI.



OcCHOBHBIE MeTOABI

PKOAOIMUYECKMX MCCAeA0OBaHVIN

e [loAeBbi€ UCCAEAOBAHMUSA - USYHEHUE NMONYASLLUU BUAOB U
UX coobLLecTB B eCTEeCTBEHHOU OOCTAHOBKE.
[TO3BOASIIOT BbISCHUTb XAPAKTEP BAUSAHUSA HA NMOMNYASLLUIO
TOro UAM MHOTO KOMMNAEKCA PAKTOPOB, OOLLLYIO KOAPTUHY
PA3BUTUA U XKMU3HEAEATEABHOCTU BUAQ B KOHKPETHbIX
ycAoBUAX. OAHAKO NOAEBble HODOAIOAEHMSA He BCerad
MOTYT AQTb TOYHbIX OTBET HA NOCTABAEHHbIE BOMPOCHI.
Hanpumep, Ha Bonpoc, KAKOn 13 cbakTopoB CpeAbl
onpeAeAseT XapakTep XU3HEeAEeATEABHOCTHU OCOOM,
BUACQ, MONYASLLMM AU COOOLLLECTBA, MOXXHO OTBETUTD
TOAbKO C MOMOLLLLIO SKCNEPUMEHTA, TAGBHOU 30A04EH
KOTOPOro IBASETCSH BbISCHEHME NPUYUH YCTAHOBAEHHbIX
B3AMMOOTHOLLEHUMN.




e DKOAOIMYECKUU IKCNEPUMEHT - MOAEAUPOBAHUE
€CTECTBEHHOU CUCTEMbI B UCKYCCTBEHHbIX YCAOBUSAX
(Hanpumep, AKBAPUYM MOXET CAYXUTb HOTYPHOU
MOAEADbIO BOAOEMA) U U3yYEHUE OCOBEeHHOoCTEeHn
BAUSIHUA OTAEAbHbIX PAKTOPOB HA PA3BUTUE
OPraHU3sMd. DKCNEPUMEHTAAbHbIE METOAbDI MO3BOASIOT
BbIMA€HUTb U MPOAHAAUZUPOBATb POAb OTAEAbHbIX
HOAKTOPOB NPU NOCTOSHCTBE BCEX OCTAAbHbIX B
UCKYCCTBEHHO CO3ACQHHBIX U KOHTPOAUPYEMbIX
YCAOBMUSIX.




e MaTeMaTn4eckoe MOAEAMPOBAHUE BUOAOrUYECKMX
SABA€HUU - MOAEAUPOBAHUE PEAABHO CYLLECTBYIOLLUX
O0OBEKTOB U IBAEHUU OCYLLLECTBASEMOE CPEACTBAMM
A3blKaO MATEMATUKU. MaTemaTHn4yeckoe
MOAEAUPOBAHUE OCHOBAHO HO CO3A0HUU U
UCCAEAOBOHUU MATEMATUHECKOU MOAEAU PEAABHOU
CUCTEMbI, OMMCAHHOU C MOMOLLLLIO MAOTEMATHUYECKNX
YPOBHEHUU. UMUTALMSA PA3AUYHBIX CUTHAAOB
(Hanpumep, K3MEeHeHne KAMMATUYEeCKUX YCAOBUMU,
AHTPOMNOreHHbIX HArpy3oK) NO OTHOLLUEHMIO K
UCCACAYEMON MATEMATUHECKOU MOAEAN NO3BOASET
TeopeTU4eCcku onpeAeAuTb NoOBeAeHUe PeaAbHOM
CUCTEMbl 6€3 CAOXHOro, AOPOroro UAU ONACHOro
3KCNEPMMEHTA, A TAKXKE AAET BO3MOXHOCTb U3YyHATb
SIBA€HUSA, KOTOPbl€e HEBO3MOXHO BOCNPOU3BECTU
3KCNEPMMEHTAAbLHO.




Moaeap MaabTtyca
(pOXaaeMOCTb CMEPTHOCTD)



e B nonyALUAX MUKPOOPIraHU3IMOB YAEAbHOS
CKOPOCTb POCTA 3ABMCUT OT CKOPOCTH
AeAeHUA KAeTOK. UICXOAHDbIE KAETKU AAATCS
HO AOYEepPHUE, YTO U onpeAeAseT NPUPOCT
YUCAEHHOCTM.

B nonyAaUMAX MHOTOKAETOYHbIX OPradHU3MOB
YAEAbHOSA CKOPOCTb POCTA 3ABUCUT OT
POXAOEMOCTU U CMEPTHOCTM.
PoXXAOEeMOCTb XapakKkTepmuilyeT YacToTy
NOSIBAEHUSA HOBbIX 0CO6Een B NONYASLLUM.



* PA3AUHAIOT POXXAOEMOCTb AOCOAIOTHYIO U
YAEAbHYIO.

e AGCOAIOTHAS POXAAEMOCTb - YUCAO Oocoben ,
NOSABUBLLUXCS B MONYASLLMM 30 EAUHULLY
BPEMEHU. YAEAbHAA POXKAOEMOCTb
BbIpaXKaAeTCs B YUCAe ocobeun Ha ocobb B
eAUHULLY BpeMeHU. Hanpumep, AAS NONyASLLUM
YeAOBEKA KAK NOKA3ATEAb YAEABHOU
POXAOEMOCTU OObIYHO UCMOABL3YIOT YUCAO
AeTeU, poamusLumxcs B roa Ha 1000 yeaoBek.

e CMepTHOCTb (AOCOAIOTHAA U YAEAbHASA)
XAPAKTEPU3YyeT CKOPOCTb YObIBAHMUS
YUCAEHHOCTHU NOMNYASILLUU, B CA€EACTBUU TMOEAU
ocobeun oT XULLHUKOB, OOAE3HEN, CTAPOCTU U T.

A.




* AcnoAb3ys TakMe napameTpbl
MOAEAU U3MEHEHMUS
YUCAEHHOCTHU NONYASILUMU ,
ABCTPMUCKUU CBSALLLEHHUK
MaAbTyC onyb6AnkoBaA B 1802
roAYy pe3yAbTATbl CBOUX
MCCAEAOBAHMU , OCHOBAHHbDIX
HAO ACQHHbIX O pOoCTe
HOCeAeHUs B AMEePUKAHCKUX
KOAOHMSIX.




MarTremMmaTnueckast MOAeAb

« [lyCTb B MOMNYAILMM C HOYAABHOM YNCAEHHOCTBIO N ocoben 3a
NPOMEXYTOK BpeMEHM dt nogaseTcs dN HOBbIX OCOOEMN.
ECAM YUCAO BHOBb MOABMBLLMXCH OCODEM MPIMO
MNPONOPLUMOHAABHO N 1 dt. TO UMEEM YPOBHEHUE

dN =r-dt-N
 Pa3aeAmB o0e 4aCTH HA dt MOAYYUM

dN N (1)
—_— T
dN dt
= - ADOCOAIOTHAS CKOPOCTb POCTA YUCAEHHOCTH ,

T - OMOTUYECKMM MOTEHLLMOA

+ PelueHmem ypasHeHus (1) 6yaet N(t) = Ny - e"(2)
B AUCKPETHOM BUAE DTO YPOBHEHME MOXXHO 3ANMMCATb TAK
N(t+1) = Ngy-e"(tt)(3)
OTO YPOABHEHME MOXXHO B34Tb 30 OCHOBY MPU CO3AAHUM
KOMIMbIOTEPHOUN MOAEAM.



KoMmiibrorepHast Mogeab
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Tak kak pacyer poxaaeMOCT I CMEPTHOCTU Y
ronyAanun A1aem sprancaserca Ha 1000 ueaosex, 1o
OMOTHYeCcKuI nmoreHnaa caeayer ymenemnts B 1000 pas

L (cmotpu popmyay B B3) 4



3AAAHIE:

e HaoceAeHne Poccumu B 1990 roay COCTABUAO
147 MAH. HeAroBeK. Kokum byaseT HOcCeAeHne
Poccuu B 2000 rosy, eCAU M3BECTHbI TAKHUE
MOKA3ATEAU POXKAAEMOCTHU U CMEPTHOCTH 30
HEeCKOABbKO AeT?

l'on PoxpaemMmocCTb CmepTHOCTBb
1990 14,6 10,6
1991 12,1 10,4
1992 10,7 12,2
1993 9,3 14,3
1994 9,5 15,5

: 1995 9,2 14,8 -




Moaeap PepxroabcTa
(pOXaaeMOCTb I CMEPTHOCTD
C y4eTOM PpOCTa YUCAEHHOCTH)

PFYERHULST.



IlocTaHoOBKa 3aaaum

e Kak npaBUAO, YUCAEHHOCTb NONYASILLUM 3ABUCUT HE
TOABKO OT POXAAEMOCTU U CMEPTHOCTH, HO U OT
OrPAHUYEHHOCTU MULLLEBBLIX U APYTUX PECYPCOB.

e Bckope 3a cosaaHuemM moaeAn MaabTyCaq,
OEeAbrMUCKMU MATEMATUK PEPXIOABCT 3AACACH
BOMPOCOM: OyAeT AM HaceAeHue beAabrmmn pacTu
HEOrpPAHUYEHHO?

e OTBETOM HQ 3TOT BONPOC O6bIAO CO3A0HME HOBOM
MOAEAU AUHOMUKU HUCAEHHOCTHU MOMNYASLUU NPU
OrPAHUYEHHbIX peCcypCcdax, ONMUCbIBAEMAN CACAYIOLLLUM
YPOBHEHUEM:
dN/dt=r*N-m*N?(1)

I - YA@AbHOS CKOPOCTb POCTA YUCAEHHOCTHU

N - YYCAEHHOCTb NONYASILLUM

M - YUCAO BCTPEY YAEHOB NONYASLUU, MPU KOTOPOM OHU
MOTYT KOHKYPHUPOBATb 30 KOKOU-AUBO pecypc



* YPABHEHUE ITO OTAUHAETCSH OT YPUBHEHMUS
3KCNOTEHUWUAABHOTO pocTd (ypasHeHUs MaAbTyCcQ)
BbipadkeHueM m*N?, KoTopoe KaK pas u oTpaxaeT
OrPAHUYEHHOCTb PeCypCOB.

NNepenuwem ypasHeHue (1) Tak:

dN/di=N(r-m*N) (2)

Bbipa)keHne B CKOOKAX - 3TO YAEAbHAS CKOPOCTb
pocTa nonyAauuu. NMpuiem 4em 60AbLLIE YUCAEHHOCTDb
nonyAsuun (N), TeM MeHbLLe CKOPOCTb pocTd. EcAn B
NPABOU HACTU YPABHEHUS BbIHECTU 30 CKOOGKMU
BbIpCXKEHHUe r

dN/dt=N*r(1-N*m/r)

un 0603Ha4YuTb M/r 3a 1/K, To ypaBHeHue (1) MOXHO
nepenucaTb TAK:

dN/di=N*r(1-N/K) (3)



e [lpu maabix N 3Ha4eHnem N/K MOXHO npeHebpeYb, U
TOrAQ POCT YUCAEHHOCTHU UAET NO
3KCMOHEHUUAABHOMY 30KOHY, NpU BO3paACTAHUU N U
HensMeHHOM K poCT YUCAEHHOCTH ByaeT
3ameaAaTbea, U npu N 6Auskom K K pocT
OCTAHOBUTCSA. BeAninHy K Ha3bIBAKOT @eMKOCThIO
cpeAbl. OHO OTpAXAEeT BO3SMOXHOCTHU CPeAbI
OOGUTAHUA NPEAOCTABUTb NOMYASILLUU HYXKHbIE AASl €e
pOCTA pecypchl.



 YpasHeHuUe (3) rpachuveckn otobpaxaeTcs B BUAE S-
o6pa3HON KPMBOU. DTA KPUBASA HA3bIBAETCS
AOTMCTHUYECKOMU KPUBOM, A POCT YUCAEHHOCTH ,
COOTBETCTBYIOLWLNN YPABHEHMUIO (3) - AOFTMCTUYHECKUM.
UCcCcAeAYys KPUBYIO, MOXKHO CKA3ATb , YTO MOKCUMAOABHQOS
CKOPOCTb POCTA AOCTUIAEeTCH , KOrTAQ YUNCAEHHOCTb
paBHa K/2. B HEKOTOPbIU MOMEHT YUCAEHHOCTD
cTabuamsupyeTcs u octaeTcs NOCTOSHHOU BEAUHMHOM.
MonyAsuumn, cywecTBylowmne B YCAOBUAX OFPAHUYEHHbIX
pecypcoB, HOCTO XOPOLUO MOAYMHAIOTCSA NPABUACM
AOTMCTUYECKOro pocTa. Hanpumep, Koraa osubl ObIAU
3aBe3eHbl B TACMAHUIO, POCT UX CTAACQ OMUCHIBAACS
AOTUCTUHECKOU KPMUBOM.

Ho npaBuUAG AOFrMCTUYECKOrO POCTA NPUAOXKUMbI HE KO
BCEeM CAYyHAsIM. Hanpumep, y pa3MHOXAIOLLLUXCA MOAOBbIM
NyTeM BUAOB, NMPU CAULLKOM MAAOU YUCAEHHOCTHU MAAQ
BEPOSATHOCTb BCTPEY ocobeun pasHoro noAda u
_PA3MHOXEHUE MOXeT BoobLue NPEeKPATUTLCS.



e AAS peaAM3auUu MOAEAU B CPeAe IAEKTPOHHbLIX
TabAUL, ypaBHeHUe (3) cAeAyeT NPEeACTABUTDL B
AUCKPETHOM BUAE

N(i+1)=N(i)*r*(1-N(i)/K) (4)

rae N(i) - YUCAeHHOCTb NONYASILUMK B i-U MOMEHT
BPEeMEHM;

I -YA€AbHAS CKOPOCTb POCTA NONYASALUM
(poxAaemMocTb/ CMePTHOCTD);

K - eMKOCTb CpeAbl



KoMmiibroTrepHast Mogeab
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AAs1 9TOM MOAeAaV HYy>KHO B35ITh I1I000Abllle BpeMeHHOM Ayalria3oH,
T.K. OHa HarasiAHa Ha AAVIHHOM IIPOMEXYTKe BpeMeH!



3AAAHME:

e I3BECTHO, YTO KOXKAYIO MUHYTY HA 3eéMAe
poxaaeTtcs 240 4yeaoBek, a ymupaer 120.

B HacTosLee BpeMs HOCeAeHne 3e MHOro Lwapda

PABHO 6,5 MAPA. HEAOBEK.

EMKOCTb CpeAbl HaLueUn MAAHETbI MO OLLeHKAM

PAAQ Y4eHbIX (Npu nporpeccUBHOM U IPAMOTHOM

BEAEHNN X035 MCTBA) NMPpUbAM3INTEABHO PABHO 20

MAPA. YHEAOBEK.

e AICNOAb3YSl MOAEAb PEepPXIOABCTA, MOMNbITAUTECH
CMPOrHO3MPOBATb Yepe3 CKOAbKO AT AOAXEH
NPeKpPATUTLCS POCT HACEAEHUSA, U KOKMUM OHO

.6MAeT?



[IpocTenuiast Moaeab
"XUILTHUK->XXKepTBa"
Moaeab /1oTku - Boabreppa




* [lepBbIMU MATEMATUYECKUMU MOAEAIMHU
NPOCTEULLUX IKOAOTUHECKUX CUCTEM
XMULLLHUK - XKEePTBA, U NAPA3UT - XO35IMH
ObIAM TeopeTHnyeckue paspadboTkm AoTku
— BoAbTeppaq, BbiINOAHEHHbIEe B 1925-1926
rOAQX U MOCAYXMUBLLUME OCHOBOU AAA
NOCTPOEeHNa DoAee CAOXHbBIX MOAEAEMN.

 BnepBblie MoAeAb ObIAG NOAYYHEHA A.
AoTkoun (1925 r.), KOTOPbLIU UCMOAb3OBAA
AASl ONMMUCAHUA AUHOMMUKM
B3AOMMOAEUCTBYIOLLLUX OMOAOTMYECKUX
NONYASILLUM.



* YyTb No3Xe U HE3ABUCUMO OT AOTKMU
AHAAOIUYHbIE (M OOAEe CAOXHbIE) MOAEAU
ObIAM PA3PAOOTAHbI UTAABSSHCKUM
MaTemMaTukom B.BoabTeppa (1926 r.),
rAybokmne UCCAeAOBAHMA KOTOPOro B
OOAQCTHU DKOAOTMHECKHUX NPOOAEM
30A0XKUAU PYHAOMEHT MATEMATUHECKOMU
Teopuu GMoAOrM4eCcKmnx cooobLLecTB AU
TAK HA3bIBAEMOU MATEMATUYECKOM
3KOAOTIUM.



 [lycTb ABa OMOAOrMHECKMX BUAO COBMECTHO OOUTAIOT
B U3OAUPOBAHHOU cpeae. CpeAd CTALMOHAPHA U
obecneynBaeT B HEOrPAHUYEHHOM KOAMYECTBE BCEM
HEeOOXOAUMBIM AAS XKM3HU OAUH U3 BUAOB, KOTOPbIN
OyAeM HA3bIBATb XXEPTBOU. APYron BUA, - XULLLHUK
TAK)KE HOXOAUTCS B CTALLMOHAPHDbIX YCAOBUSIX, HO
NMUTAETCSH AULLb OCOOSMU NEePBOro BUAA. DTO MOTYT
ObITb KAPACHU U LLLYKU, 3AULLbI U BOAKM, MbILLU U AUCHI,
MUKPOObI M AHTUTEAA U T. A. ByAem AAf
ONpPeAEeA€HHOCTU HA3bIBATb UX KAPACSMU U LLLYKOMMU.

* ATAK, KOPACU U LLLYKU XXMUBYT B HEKOTOPOM
U3OAUPOBAHHOM MpYAY. CpeAd NpeAOCTABASIET
KApAacsam NUTAHUE B HEOTPAHUYEHHOM KOAUYECTBE, ad
LLLYKU MUTAIOTCA AULLDb KAOPACSAMMU.



e OBGO3HAYMM:
Y - YACAO LLLYK
X - YACAO Kapaceu




« CO BpEMEHEM YMCAO KAPACEM U LLLYK MEHAETCH, HO
TOK KAOK PbIObl B MPYAY MHOTO, TO HE ODYAEM PA3AMYATH
1020 kapacem nam 1021 1 mo3TOMY DYAEM CHUTATDL (X)
1 (y) HENPEPDLIBHBIMM AQOYHKLIMAMM BPpEMEHM ().
byAem HQA3bIBATb MAPY YUCEA (X, Y) COCTOIHNEM
MOAEAN.

o [lonpobyem M3 CAMbIX MPOCTbIX COODPAXKEHUM
HAMTU, KOK MEHSIETCH COCTOdHME (X, V).




* TAOK, ECAM YUCAO KAPACEM - X, O YUCAO LLLYK - Y, TO
BEPOATHOCTb, YTO KAPACH BCTPETUTCH CO LLLYKOM,
NPOMOPLIMOHAOABHA MPOU3BEAEHUIO (XY). APYrMMM
CAOBAMM, YEM BbILLIE YUCAEHHOCTb OAHOTO M3 BUAOB, TEM
BbILLIE BEPOIATHOCTb TOKMX BCTPEY. B OTCYTCTBME LLLYK
NOMNyAaLUMI Kapacen ByAeT PACTU SKCMOHEHLMAABHO (MO
KpAMHE MePE BHAYAAE), O B OTCYTCTBME KAPACEM
NOMYAALMSA LLLYK M3 30 TOAOAQ COKPATUTCH AO HYASL. TeNepPs,
eCAM dX - UIBMEHEHME NOMYAILUMM KApACEN 30 Bpemd dt, a
dy M3MEHEHME MOMYAILMM LLLYK 30 TOT XKE MHTEPBAA
BPEMEHM, TO ABE MOMYAILMM OMUCHIBAOTCSH
AMAPIoEPEHLMAABHBIMU YOABHEHMAMM:

dx /dt = rx — Axy
n dy /dt = -qy + Bxy
A€ I - CKOPOCTb POCTA YUCAEHHOCTU KAPACEM B

OTCYTCTBME LLLYK, O Q - CKOPOCTb COKPALLEHMI YUCAEHHOCTH

LLLYK B OTCYTCTBME Kapaceu. [ToCTogHHbIE A 1 B - CKOPOCTb, C

KOTOPOM BCTPEYM LLLYK C KAPACAMM YATAFOT KOPACEMN 13

NOMYAILUMM, M CKOPOCTb, C KOTOPOM 3TM BCTPEYM MO3BOAIIOT

LLLYKQM NPUOABAATb YACAEHHOCTb CBOEM MOMYAILIMM.



 3HOK MMHYC B MEPBOM YPOABHEHMM MOKA3LIBAET, YTO BCTPEYM
COKPALLLAIOT MOMYAALMIO XXEPTBbI, A 3HAK MAKOC BO BTOPOM
FOBOPUT O TOM, HYTO BCTPEYM YBEAMYMBAIOT MOMYAALMIO XULLIHMKQ.
Kak BnanTe, AoOOE M3MEHEHME YACAEHHOCTU KAPACEN BAUIET
HQA YACAEHHOCTb LLLYK, M HOODOOPOT. ABE MOMYAALMM
HEODOXOAMMO PACCMATPOMBATL BMECTE.

 3OTA CMCTEMA YPOABHEHUM HA3bIBAETCA MOAEABIO AOTKM -
BoAbTEPPA. YUCAOBBIE KODJOPUUMEHTHI I, 9, A, B HO3bIBAIOTCH
NAPAMETPAMM MOAEAU. OYEBMAHO, YTO XAPAKTEP MIMEHEHMS
COCTOAHMUSA (X, Y) ONMpeAEAIeTCs 3HAYEHUAMM NMAPAMETPOB.
M3IMEHAN 3TU NAPAMETPLI M PELLIAS CUCTEMY YPOOABHEHUM
MOAEAUN, MOXXHO MCCAEAOBATb 30KOHOMEPHOCTU M3IMEHEHMS
COCTOSHMA SKOAOTMHECKOUN CUCTEMBbI.

* PelLueHme 3TiX YPOABHEHMM NOKA3bIBAET, 4TO 0OE NMONyAILMM
PA3BMBAOTCA LUMKAMYECKM. ECAM MOMNYAILMS XXEPTB-KAPACEM
YBEAMYMBAETCS, BEPOITHOCTb BCTPEY XMLLHMK->XXEPTBA
BO3PACTAET, U, COOTBETCTBEHHO (MOCAE HEKOTOPOM BPEMEHHOM
30AEPXKKM), PACTET NONYAILMA XMLLIHMKOB-LLLYK. HO pOCT
NOMYAALUMM LLLYK MPUBOAMT K COKPALLLEHMIO NMOMYAILMM KAPACEN
(Takke MoCAe HEKOTOPOM 3AAEPXKKM), YTO BEAET K CHUXKXEHMIO
YHUCAEHHOCTM MOTOMCTBA LLLYK, O 3TO MOBbLILLIAET Y1CAO KAPACEM
U TOK AOGAEE. DTN ABE MOMYAILMM KOK Obl TOHLLYIOT BOABC BO
BOEMEHMU - KOTAQ M3MEHIETCH OAHA M3 HMX, 30 HEM CAEAOM
M3MEHAETCH U APYTas.



e OAHOKO MAOTEMATHUYECKOE MOAEAUPOBAHUE
npoueccda UAU SBAEHUSl HE BCErad MOXET AATb
NMOAHOIO 3HAHUSA O HEM. DTO OCOBEHHO
CYLLECTBEHHO B TOM CAYYde, KOTAQ NPeAMETOM
MATEMATUYECKOro MOAEAUPOBAHMUSA SIBASIIOTCS
CAOXHbl€ CUCTEMbI, NOBEAEHUE KOTOPbIX
30BUCUT OT 3HOYUTEABHOIO YUCAQ
B3AUMOCBSA3AHHbIX PAKTOPOB PA3AUYHOM
npupoAbl. lo3TOMYy MHOrAQ MATEMATHYECKOE
MOAEAUPOBAHMNE AOMOAHSIOT HAOTYPAAbHbIM
MOAEAbHbIM MOAEAUPOBAHUEM.



Bpemennoi psia
(ps14 AMHaAMVIKU)



e COOPOHHbIM B PA3HbIE MOMEHTDI
BPEMEHU CTATUCTUHECKUU MATEPUAA O
3HO4YEeHUU KAKUX-AM6o napameTpos (B
NPOCTEULLEM CAYyHOE OAHOro)
nccaesAyemoro (Habaroaaemoro)
npouecca.

e Kaxxaaa eAMHULLO CTATUCTUYECKOTO
MATEPUAAQA HA3bIBAETCS U3MEPEHUEM
UAU OTCHETOM, TAKXKE AOMYCTUMO
HA3bIBATb €r0 YPOBHEM HA YKA3AHHbIU C
HUM MOMEHT BPEMEHM.



e BO BPEMEHHOM PAAE KAXKAOMY
3HAOYEHUIO AOAXHO COOTBETCTBOBATDL
BpemMs UsMepeHus UAU HoMep
U3IMEPEHMUSA MO NOPAAKY.

e BpeMeHHOU pSA CYLLeCTBEHHO
OTAMHOETCSH OT NPOCTOMU BbIOGOPKU
AQHHbBIX, TAOK KAGK NP1 AHAAU3E
YYUTbIBAETCSA B3AMMOCBS3b U3MEPEHUN
CO BPEMEHEM, A HE TOAbKO
CTATUCTUYECKOEe pa3HooOpasue u
CTATUCTHUYHECKUE XAPAKTEPUCTUKM
BbIOOPKMU.



CKOAB3SIIIEE CPEAHEE

e cemencTBo PyHKUUMU, 3HAYEHNA KOTOPbDIX
B KODKAOU TOYKE ONpeAeAeHUs PABHbI
CpeAHEeMY 3HAYEHUIO UICXOAHOM
hYHKLUU 30 NPEAbIAYLLLUU MEPUOA.

e CKOAb3siLLUE CpeAHUue OObIYHO
MCMOAb3YIOTCS C AOHHbIMU BPEMEHHbIX
PAAOB AASl CTACDKMBAHUS KPATKOCPOYHbIX
KOA€OAHNN U BblAEAEHUS OCHOBHbIX
TEHAEHUMN UAU LLUKAOB.



e MaTeMaTUYeCKH CKOAb3fLLLEE CpeAHee
SIBASIETCS OAHUM U3 BUAOB CBEPTKMU, U
NMO3TOMY €ro MOXXHO PACCMATPUBATDb KAK

OUABTP HUXKHUX HACTOT, UCMOAb3YyEMbIX B
o06pabdoTKke CUTHAAOB.



e CKOAb3SiLLLee CpeAHee UCMOAb3YEeTCS AAS
pacyeTd 3HaO4YeHUU B NPOrHO3MPYyEeMOM
nepuoAe Ha OCHOBE CPeAHEero 3Ha4YeHus
nepemMeHHOU AAl YKA3AHHOIO YUCAQ
NnpeALlecTBYIOLWUX NEPUOAOB.

e CKOAb3SiLLLEE CpeAHee, B OTAUYUE OT
NPOCTOro CpeAHero AA Bceu BbiIOOpKMU,
COAEPXUT CBEAEHNA O TEHAEHUMUAX
U3MEHEHUS AQHHDIX.

e DTOT MEeTOA MOXET UCMNOAb3OBATLCH AASA
MPOrHo3a cObLITA, 3ANACOB U APYIUX
NpoLeccoBs.



* PacyeT nporHo3Mpyembix 3HaQ4EHUM
BbIMOAHSIETCS MO CAeAYyoLWeUn chopMyAe :

. F].=Al. / N, rae:

N — YUCAO NpeALleCTBYIOLWUX NePUOAOB,

BXOASLLMX B CKOAb3SILLLEE CpPpEeAHee;

A. — dbakTnyeckoe 3 Ha4YeHNEe B MOMEHT

BPEMEHM j:

F. — nporHo3snpyemoe 3Ha4YeHUe B MOMEHT

BPEeMeHMU j.

* BO BTOPOM CTOAGLLE BbIBOASITCS
CTAHAQPTHbIE NOrpPeLlHOCTM.

* TakKke BbIBOAUTCSHA rPAdOUK MO KOTOPOMY
MOXXHO OLLEHUTb PA3AUYME MEXAY
b aKkTU4eCKMMH 3HAOYEHUIMHU U NPOTHO3O0M.
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