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BBEAEHUE

Mamemamuueckoe mooenuposanue — mpemuii nymos NO3HAHUSL.
A.H.Tuxonos

Mamemamuueckoe modenupoganue — 3IMO  UOEAIbHOE HAYUHOE 3HAK0BOE
¢opmanvnoe mooeruposanue, npu KOMOPoOM ONUCAHUE 00bEKMA OCYWeCmMBALemcs Ha
A3bIKE MAMEMAMUKY, A UCCLe008aHue MOOelu NPOBOOUMCS C UCNONIb308AHUEM MeX UIU

UHBIX MAMEMAMUYECKUX Memo008.

YTO TAKOE MOJEJIb?

MoneanpoBanne He  SIBJSIETCS  €IMHCTBEHHBIM  MeTOAOM  HM3y4YeHMs
okpy:xawmero mupa. CymecrByer meaasi 00JacThb 3HAHUSA - MeTOH0JIOTMS,
KOTOpasi CNeNUAJIbLHO 3aHUMAETCS M3y4YeHrueM METOA0B MO3HAHUS.

IlonsiTHEe «MeETOM» O3HAYAET COBOKYNHOCTH MNPHEMOB U  oOmNepanui
MPAKTHYECKOT0 M TEOPETUYECCKOI0 OCBOCHUS NeCTBUTEILHOCTH.



N3 BCceoOIIMX METOI0B B HCTOPHH MO3HAHUA M3BECTHBI ABA. IUAJIEKTHYECKUN U
MeTapusndeckuii. I1o obdmedmwiocopcxkue meroanl. C cepeaunbl XIX Beka
MeTa(pu3nYeCKNil MeTo Hayaj Bce 00Jiblle BBITECHATHCH U3 €CTECTBO3ZHAHUA
THATEKTHYECKHUM METOI0M.

Knaccudpukanus o01eHAyYHbIX METOA0B TE€CHO CBSI3aHA C MOHATHEM YPOBHEH
HAYyYHOro mo3HaHudA. Pa3auyar [aBa yYpPOBHA  HAYYHOI0 IO3HAHUA:
IMIUPUUYECKUUA U TeopeTudyeckuil. OaHU 00IIEHAYYHbIE METOAbI NMPUMEHAIOTCH
TOJbKO HAa JMIHPUYECKOM YPOBHe (HAO/IIONEHHE, IKCIIEPUMEHT, M3MepeHue),
JApPyrue — TOJbKO HA TeOpeTHuYeCKoM (Maeanuszauus, popmaausanus).

Ho ecTh 0011eHAYYHBIA METO/, KOTOPHIA UCIOJAb3YIOTCH KAK HA IMIHUPHUYECKOM
YPOBHE, TAK M Ha TeopeTu4eckoM. TakuMm oOIIeHAYyYHBIM METOAOM SIBJISAETCH
MOJeJIMPOBAHUE.

MopeaupoBanne — MeTOA NMO3HAHUSA OKPYKAKWIIEr0 MHUPA, KOTOPbIA MOXKHO
OTHECTH K 00IeHAYYHbIM MeTOAaM, IPUMEHSIeMbIM KAK HA SMIIMPUYECKOM, TAK H
HA TeOPeTHYECKOM YpPOBHe no3HaHusA. [Ipy mocTpoeHun U UCC/IeI0BAHUN MOJIEJIH
MOT'YT IPUMEHSATHCS MPAKTHYECKHU BCE 0CTAJbHbIE METOAbI O3HAHMSI.



Ilonx Momeabl0 TNOHUMAETCS TAKOM MATEPHAJbHBIM WJIH  MBICJIEHHO
NpeACTABIAsIeMbIl 00bEKT, KOTOPbIN B mpouecce MO3HAHUA (M3y4YeHHs) 3aMelnaer
00bEKT-OPUIUHAJ, COXPAHAS HEKOTOpPbI¢ BAaKHbIC /ISl JAHHOIO MCCJACI0OBAHUS
TUNMYHBbIe ero 4eprtbl. IIpomecc mnocTpoeHusi W HUCHOJIL30BAHUSA MOACIHU
Ha3bIBACTCH MOACJTUPOBAHUEM.

JpyrumMmu cJoBamMu, MoOAeJb — 3TO O00bEKT-3aMEHUTeJIb 00beKTa-OPUIrHHAJIA,
o0ecreyuBaAIINI U3yUYeHHEe HEKOTOPbIX MHTEPECYIOIIMX HUCCJIeI0BATE/Is CBOMCTB
OpUruHAaJA.

JIro0ast Mogeib HETOKIECTBEHHA O0bBEKTY-OPUTHHAJY, MOCKOJbKY IIpH ee
IOCTPOCHUH HCCJIEe0BATE]Ib YYUTHIBAJ JUIIb BAaKHEHIIHE C €r0 TOYKHU 3pPeHUd
(¢paxkTopsl. B 3T0OM OTHOHIEHMH JK00ast Moae/ib sBJsieTcs HenoJHou. «IlosHas)
MOJeJIb, OYE€BHUIAHO, OyIeT IMOJHOCTHI0O ToxKIecTBeHHA opurunaiay (HopoOeprt
BuHep: HanJy4Ylie MoJe/IbI0 KOTa SABJSETCH APYIroM KOT, a elle Jy4uie — TOT Ke
CaMbIH KOT).

Eciau pe3yabrarbl MOAEJHPOBAHMSA YIOBJETBOPHAIOT HCCJIAEI0BATENSA M MOIYT
CJIY’KMTh OCHOBOM [IJISi IPOTHO3UPOBAHUSA NMOBEAEHUSA MJIH CBOWCTB MCCJIETyeMOI0
00beKTa, TO TOBOPAT, YTO MOJAeJb AJCKBATHA O00bEKTY. AJCKBATHOCTH MOJEJH
3aBMCUT OT IIeJied MOJAeJUPOBAHMS W TNPHHATBIX KpurepueB. MHaeaabHo
aJIeKBaTHasi MOJeJIb MPUHIUINNAJIBLHO HEBO3MOKHA B CHJIY HEINIOJTHOTHI MO/IEJIMN.



B kaudecTBe 0HOM M3 XAPAKTEPUCTHK MOAEJU MOKET BBICTYNATh MPOCTOTA (MM
CJIO’KHOCTH) MO/IEJIH.

BakHedIIUM CBOMCTBOM MOJE/IU SBJIACTCH IMOTCHUMAJILHOCTH MOJEIH, WIH eé
NMPeACKA3aTeJbHOCTh € MO3MIUNA NOJYYEHUS HOBBIX 3HAHUU 00 HCCJIEAYyeMOM
o0beKTe. Mbl XOTHM MOJY4YaTh OT MOAEJH 00JbIe, YeM B Hee BJOKHJIH. IJTA
«1eP30CTh», «COOCTBEHHBIA yYM» MojJejled — eCTh IMPOSIBJIEHHE MHOMKECTBA
BHYTPEHHHMX CBfi3eil, OCO3HAThb COBMECTHOe JeiicTBHEe (CHHepreTu4eckKue
3¢ deKThbI) KOTOPBIX UX CO3AATEH 3a4aCTYI0 He B COCTOSTHUM (M0 KpalHeill mepe,
Ha CTaAuM Pa3padoTKH).

1100 mooenvio mbl 6y0em noHuMams ynpouleHHoe, eciii Y200H0, YNaKoBAHHOe 3HAHUE,
Hecyujee 8NOIHe ONPeOdeleHH)I0, 02PAHUYEHHYIO UHpOopMayuro 0 npeomeme (81eHuUl),
ompaoicaroujee me Uuiu uHvle e2o ceotcmed. Mooenb MONCHO paccmMampuéams Kak
cneyuaivHyro  opmy Koouposanus uxH@opmayuu. B omauuue om  00bIUHO2O
KOOUPOBAHUSL, KO20A U3BECMHA 8C UCXOOHASL UHDOPMAYUs, U Mbl JUULb NEPEBOOUM ee
Ha Opy20uU S3bIK. MOOEb, KAKOU Obl S3bIK OHA HE UCNOAb308ald, KOOUpyem u my
uHgopmayuro, Komopyw awou ewie He 3Haau. MoocHo ckazams, umo Mooelb
cooepacum 6 cebe NOMeHYUAIbHOe 3HAHUE, KOMOpPoe UYel08eK, UCCIe0Vs ee, MOXCem
npuobpecmu, coenams HA2AAOHLIM U UCNOIb308AMb 8 CBOUX NPAKMUYECKUX HYHCOAX.

H.H.Moucees



B HayyHBIX HCCICAOBAHUAX MOAEIH, He o0uajapuue OnpexeeHHON
«IPEACKA3aTEeNbHOCTHIO», €1BA JIU MOT'YT CYUTATHCH YIOBJIECTBOPUTEIbHbBIMU.

BbIBO/1
Mojaenb Hy:KHA JJISl TOTO, YTOObI:

MOHATH, KAK YCTPOCH KOHKPETHbIA 00bEKT. KAKOBA €ro CTPYKTypa, BHYTPEHHUE
CBSI3U, OCHOBHbIE CBOMCTBA, 3AKOHbI PAa3BUTHS, CAMOPA3BUTHS U B3aUMOJAEHCTBUSA
C OKpYKaLIe cpeaoi;

HAYYUTHCH YHPABJIATH O0bEKTOM MHJIH IPOLECCOM, OIpPeAeATh HAMJIYUIlIne
CIOCOOBI YIIPABJICHHUS NMPH 3aJAHHBIX LEJAX U KPUTEPUSIX;

IPOTrHO3MPOBATH IMNPSIMble M KOCBEHHbIE IOCJIEJACTBHS Peaju3aluu 3aJaHHbIX
crnoco00B v GopM BO31eliCTBHUSI HA 00BEKT.



KJIACCUPUKALIUA MOJEJIEN

Ouesuono, He cywecmeyem Kiaccupuxayuu mupa, Komopas He Obvlia Ovl
Npou36oNbHOU U npooremamuynou. llpuuuna eecoma npocma. Ml He 3HAeM, YMO
makoe Mup ...

Xopxe JIyu bopxec

B Oeticmeumenvnocmu 6000we Hem HUKAKUX CMPO20 NPOBEOEHHbIX Medcell U epaHell
K 8EIUKOU 20pecmu 8cex CUCMeMAmMUKos.

AU .1 epyen

HUcnonb3oBanue MOAEJIUMPOBAHNUS HA IMIIUPUYECKOM U TEOPETHYECKOM YPOBHSIX
HCCJICIOBAHUSA NPUBOAMUT K JeJIeHHI0 (YCJI0BHOMY) MOJe/ield HA MaTepUaJIbHbIC U
ujaeajbHbIe.

MarepuanbHoe MoOAeJUPOBAHME — 3TO MOJAeJIMPOBAHUE, INPH KOTOPOM
HCCJIeI0OBAHNE O0beKTAa MNPOUCXOAUT ¢ HCHOJb30BAHHEM €ro MaTepHaJIbLHOIO
aHAJIOTAa  BOCHPOM3BOASINEr0  OCHOBHbIe  (U3HUYECKHE, TeOMeTpPUYeCKue,
AUHAMHYECKHE U (PYHKIIHOHAIbHBbIE XaAPAKTEPUCTUKH JAHHOI0 00bEKTA.



NaeanbHoe MoaeMpPOBAHUE OTIHYACTCH OT MATEPHAJBLHOIO TEM, YTO OHO
OCHOBAHO HEe HAa MATEPUAJIU30BAHHON AHAJIOTMHM O00bEKTAa M MOAEJHU, a HA
AHAJIOTMM MAEAJbHON, MbICIUMOM U BCEIIa HOCUT TCOPETUUYECKUM XapaKTep.

OCHOBHBIMH PA3HOBUJIHOCTSAMH MATEPUAJIbHOT0 MOJAEJHMPOBAHMS  SIBJISIETCS
HATypHOE U aHAJIOTOBOE.

HarypHoe MoaeupoBaHue — 3TO TaKoe MOJAeJIUPOBaAHHE, IPH KOTOPOM
peajibHOMY O0BbEKTY CTAaBUTCH B COOTBETCTBHE €r0 YBEJIMYEHHBIA WIH
YMEHBIICHHBIH MATEPUHAJBHBIA AHAJOL, JONYCKAKWIIMH HCCIeJ0BAHUE C
IOMOIIBLI0 NOCJCAYIOLIEro INepeHeCeHUs CBOMCTB H3Y4YaeMbIX IPOLECCOB H
SIBJICHMH ¢ MOJIeJIM HA 00bEKT HA OCHOBE TCOPHUHU MOA00HUS.

AHAJIOTOBOE MOJEJHUPOBAHNE — ITO MOAEJUPOBAHNE, OCHOBAHHOE HA AHAJOTHHU
NPOLECCOB M SIBJICHMH, HMEKWINNX Pa3JIUYHYI0 (PU3NYECKYH) MNPHUPOAY, HO
OMHAKOBO ONMUCHIBAeMbIX (POPMAJIBLHO (OHMMHU M TE€MHU K€ MATeMaTHYeCKHMH
COOTHOIIEHUSIMH, JIOTHYECKMMHU U CTPYKTYPHBIMH CXEMAMM).

DaKTHYECKH TMPOIECC MCCJAeTOBAHUS MOAeJell JaHHOT0 THUIA CBOAUTCH K
MPOBECHUI0 PSAa HATYPHBIX JKCIEPUMEHTOB, Illeé BMECTO PeajJIbHOI0 00beKTa
HCIOJIb3YeTCs ero (pu3nvecKasi HJiMd aHAJI0Tr0Basi MOJeJIb.



K npumepam HaTypHOro MOIeJIMPOBAHUS MOKHO OTHECTH MAaKeThl B
apXUTEKType, MoJeJau Cyd0oB B cynocrpoenuu. Ciieyer 0OTMETUTh, YTO UMEHHO C
HATYPHBIX MonaeJieil cynoB B cepeauHe XIX Beka MoaeJUpPOBaHHE CTAaJO
pPa3sBMBaTbCAd KAaK Hay4Has [MCUMILIMHA, a CcaMH MOAeJU — AKTHUBHO
HCIOJb30BATHLCH MPH MNPOCKTHPOBAHMM HOBBIX TEXHHYECKHX YCTPOWCTB.
Cepenuna XIX Beka cBsizZaHa B CyIOCTPOCHHMH C OKOHYAHHMEM 3MOXH MAPYCHBIX
CyI0B M HA4YaJIOM 3M0XM mnaposoro ¢uora. Oxka3anoch, 4YTO MCHOJb30BaHHE
MapPOBbIX MAIIMH TPedyeT NPUHIUNUAIBLHOTO U3MEHEHUS KOHCTPYKIUHU cyn0oB. B
MEePBYI0 O4Yepeab 3TO OCO3HAJIHM CTPOUTEJH BOEHHBIX Kopaodsei. Kak u3BecTHo, B
YCJIOBHSIX MOPCKOI0 CPAKeHHUSI BpeMsl *KU3HHM CYIHA 3aBUCHUT [NIABHBIM 00pPa30M OT
€r0 MAHEBPEHHOCTH MW CKOpocTtH. /Jlnisi mapycHbIX CyI0B B pe3yJbrare
MHOTOBEKOBOI0 ONbITA ObLIM BbIPA0OTAHBI ONTHMAJIbHbIE COYEeTAHHUS (POPMBbI
Kopmyca u napycos. /lust kopa0sei ¢ mapoBOM MAIIMHOM CKOPOCTH ONpPeAesieTCs
B 3HAYUTEJbHON CTEeNEeHH MOUIHOCTHI0 MAPOBOM MalIMHbLI. B TOT mepuoa teruio
JJISE MAIIUAH MOJy4YaJ U OT CKUTAHUA YISl B TONKaX KOTJI0B. [lodToMy yem Bbile
TpedyeMasi MOIIHOCTHL MAIIMHBI, TeM OoJiblllee YHUCJIO0 KOTJIOB HE00X0quMO
HCI0JIb30BAaTh 1 UMETh HA CyldHe 00JbIIMU 3anac yriis. Bece 3T0 yTHKeJIsAJ10 CyqIHO
U CHHKAJIO e€ro CKOPOCThb, CBOASA K HYJeBOMY 3(deKTy yBeJIndeHHe MOUIHOCTHU
MAIIMHBI.



YuurbiBasi, YTO CTPOUTEIHLCTBO OHOI0 Kpeicepa 3aHMMAJIO HECKOJIbKO JIeT, a
ero CTOMMOCTh ObLIA BeCbMa 3HAYUTEJIbHON, MOXKHO IOHATH CTPeMJICHHE
CyloCTpouTeJell HalWTH 0o0jiee OBICTPHIA M JCIUEBbIl 10 CPABHEHUIO C
TPAAMIUOHHBIM METOAOM IMPO0 W OMWMOOK  CIHOCO0 MOMCKA ONTHUMAJIbHBIX
nmapaMeTpoB cyaHa. Beixox Obli1 HaligeH B MmoaeaupoBanuu. IIporsaruBass B
O0acceiiHe HeOoJIbIIME MOJEAM OyIyIIUX CYIOB UM M3Mepssi CHJIY CONPOTHBJICHUS,
KOHCTPYKTOPbI HALLIA PALMOHAJBHBIC PEIUIeHUS, KAK M0 (popMe Kopmyca CylaHa,
TaK U 110 MOLIHOCTH CUJIOBOH YCTAHOBKH.

B Hacrosilmee BpeMsi MeTOAbl HATYPHOI0O MOJAEJIMPOBAHHMS HAXOAAT cCamMoe
IIHUPOKOEe NMPUMEHEHHE B CYAOCTPOCHUH, ABHUACTPOCHUHU, ABTOMOOUJIECTPOCHUM,
PaKkeTOCTPOeHUM U JApPyrux oodjacrax. Hampumep, mpu pa3padoTke HOBOIO
camosiera 00JIbIIIOEe 3HAYECHHE UMEKT IKCHECPUMEHTHI ¢ HATYPHBIMHM MOJEJISIMM,
HCIBITHIBACMbIMUA B ajpoauHammu4deckoil TpyoOe. IIpoBeneHHble HCCIeI0BAHUS
MO3BOJIIIOT M3YYUTh OCOOCHHOCTH oOO0TekaHusi (ro3eiifka BO3AYIIHBIMH
MOTOKAMM, HAWTH Han0oJIee PALMOHAJIBHYIO (DOPMY KOPILYCa U OTEJIbHBIX Y3JI0B.
HarypHble MomeJM HCHOJB3YHTCH MW MNPH HCCIACIOBAHMUA NPUYMH KPYIHBIX
aBapuil U KaTacTpod. AKTUBHO NPUMEHHIOTCH HATYPHbIE MOJEJU B COYECTAHUU C
APYTHMH METOJAMH MOAEJMPOBAHMS (HANPUMEP, KOMIBLIOTEPHOI0) NMPH CheMKe
KUHOPUWIbMOB. Tak, Ha cbeMKaxX aMepUKAHCKOro ¢puiabma «TUTAHMK» IJIA CUEH
rudesim Kopaosis ObLJIO UCII0JIb30BAHO 00JIee JecaTH Mo/iesiel Cy/10B.



B OCHOBY aHaJIOTOBOI'0 MOJeJIUPOBAHUS I0JI0KEHO COBIIA/ICHUE
MAaTEeMATUHYCCKUX ONMMCAHUUA Pa3jIU4YHbIX 00bekTOB. IlpuMepamMu aHaI0roBBIX
MoOJeJIell MOTYT CJIYKUTh IEKTPUYECKHEe U MeXaHUYeCKUe KoJeO0aHus, KOTOpbIe C
TOYKHU 3PEHUS MATEMATUKHU ONHUCHIBAKTCH OAMHAKOBBIMHM COOTHOILICHUAMM, HO
OTHOCHATCH K KAa4YeCTBEHHO oTauvYawmuMcs ¢usnyeckum mnpoueccam. IHosromy
U3yYeHHEe MEXAHMYECKHX KOJeO0aHMHA MOKHO BECTH C MOMOUIbI) JICKTPUYECKOMN
cxeMbl, U Hao0oporT. Ilpu HEKOTOPBLIX AONMYHICHHUAX AHAJOTHYHBIMHU MOKHO
CUUTATHh MPOLECCHl PACIPOCTPAHECHMS Temia B Teje, Au@Py3uu npumeced u
MPOCAYUBAHMSA KUAKOCTH.

K 4ucily HHTEpeCHbIX INPHUMEPOB MOKHO OTHECTH H3BECTHYH) B TeOpHUM
ynpyroctd a”ajgorurw IIpaHaris, KoOTOpbI NOKa3ajd, 4YTO YPaBHEHUS JIsd
(pyHKIUU HanpsikeHHl (MO0 KOTOpoil mnpocTbiM AuddepeHUPpOBAHMEM 1O
KOOPAUHATAM ONPEAeIAITCH KOMIIOHEHTHI TEH30pa HANPSKEHWH) B 3aJa4de 0
KPYYECHUH CTEPKHHA MNPOU3BOJIBHOIO MOMEPEYHOI0 CEYCHHUS MACHTUYHBI
YPABHEHUNAM, ONpeAeJAKIUM NpPporud MeMOpaHbl, HATAHYTOW Ha YNPYruu
KOHTYP TOH e (GopMbl, 10] eiCTBHEM PABHOMEPHOI'0 JaBJCHHUA. JTO MO3BOJJIUIIO
3aMEHHUTh OTHKIb HE MNPOCTbie JKCIHCPUMEHTbI MO ONPEICJCHUI) KOMIIOHEHT
TEH30pPa HANPSKEHUN B CKPYYMBAEMOM CTEpPKHEe NPOCTHIMH HU3MEpPEeHUAMU
nporuda MeMOpaHbI.



NneanbHoe MoaeJTUPOBaHMe Pa3lesilOT HA IBA OCHOBHBIX THIA. HHTYMTUBHOE U
HAay4HOe.

NuTyuTHBHOE MOJCJUPOBAHUE — 3TO0 MOJAECJIMPOBAHME, OCHOBAHHOE HA
UHTYUTUBHOM (He OO0OCHOBAHHOM ¢ 1mO3MUUN  (OPMAJIBLHON  JIOTHUKH)
NpeACTABJICHUH 00 00beKTe HCCae0BaHMs, He mnojgjawmuMmcs GopMaau3anuu
WM He HYKIAIUMCH B HEH.

NHTyunus, MHTYUTUBHbIC MOJEJH MIPAIOT B HAyKe YPE3BbHIYAWHO BAXKHYIO
pouas. HoBoe 3HaHHWE HEJOCTHKUMO TOJBKO MerogamMu (GOopMaJIbHOU JIOTUKH.
bojbuyo posib Urpal0T UHTYMIUA U MHTYUTUBHbIE MO/IEJIN.

Bor 0aHO U3 caMbIX NOATHYHBIX BbICKA3bIBAHMI HA ITY TEMY.

Teopemux eepum 6 no2uxy, Emy xaoscemces, 6yomo on npezupaem meumy, UHMYUYUIO,
noasuro. OH He 3ameuaem, Ymo OHU, MU MpuU Geu, NPocmo nepeocoenucs, Umoobvl
000IbCMUMb €20, KaK G1H00YUB020 MANbYUWKY ... OHU A6NAI0mMca emMy noo umeHem
«paboyux 2unomesy, «NPOU3BONbHLIX SUNOME3Y, KAHALOSULY, U MON*CEM JIU MeOPEemuK
nooo3pesamn, Umo, CAYWas Ux. OH UsMeHsem CypoB8ou J102uKe U 6HeMaen Haneeam mys.

Anmyan 0e Cenm-Ik3ronepu



NHTYyuTHBHOE M HAy4HOe (TeopeTH4YecKoe) MOACJIMPOBAHUE HH B KOEM Cjy4ae
HeJIb351 MIPOTHUBOMOCTABJIATH OXHO Apyromy. OHM XOpPOILIO JOMOJHAIOT APYI ApPYyra,
pa3nesssi o0jacTu cBoero npuMeHeHusi. IlpuBbIuHass OykBeHHO-UU(ppoBasi
(3HakoBasi) ¢opMa MpeaCTABJICHUS HAYYHOIO0 3HAHUS MCTOPHUYECKH CJI0KHJIACH
KAaK TeXHOJIOIUs «Iepeaesia» roroporo 3Hanus. Co3xaHue ke Ka4yeCTBEHHO HOBOIO
3HAHMS, POXICHUEC MNPUHUUNHMAJIBHO HOBBIX HAYYHBIX HAell He MOKeT ObITh
CBEICHO K MNPOLECcCY YHMCTON AeAYKIHMH, K Hpoueccy (popMaabHO-JI0rHYeCKOro
BbIBOJAa CJICACTBUII M3 MHOMKECTBA YiK€ OTKPBITBHIX, TOTOBBIX ()aKTOB, rMIIOTE3 H
TEOPHil, COCTABJIAIIIUX 0a3y JaHHBIX CErOHAIIHEHA HAYKHU.

lloonunno yeHHOCMbIO A6159€MCsl, 8 CYWHOCMU, MOAbKO UHMyuyus. [ns meHs He
NOONIeHCUM COMHEHUIO, UYMmO Hauie MbululleHue npomeKaem, 6 OCHOBHOM, MUHY5
CUMBONILL (CTI0BA) U K MOMY dHce BeCCO3ZHAMENbHO.

Anvboepm uHwimerin

Jaxe B camoil a0CTPaAKTHOU 00/1acTH (PyHIAMEHTAJIbHOM HAYKH — MATEMAaTHKE
— MHTYULMA UTPAeT ONpeae sy pojb

Buvt 0onoicHbl  0ocadambcs 0 mamemamuyeckou meopeme npexcoe, ueM 6bl ee
dokadiceme;, 8bl Q0NIHCHBI 002A0amvcs 00 udee 00KA3AMENbCMBA, NPeicoe Yem bl €20
npogedeme 6 0emaJisix...; 00KaA3amenbCcmeo OMKpPbl8AEMCsl... C NOMOUBIO 002A0KU.

I 1loua



Yucmas noeuxka ecezoa npueena 6bl HAC MOIbKO K MABMON02UU; OHA He Mo21a Obl
C030amv HUUe20 HOB020, camMa No cebe oHa He MOodicem 0amb HA4ani0 HUKAKOU HayKe...
Jlna moeo, umobel coz0amv apupmemuxy, Kax u Ol Mo20, YMoObl C030amb
2eoMempuro Ul Kakyr Obl mo Hu OblIO HAYKY, HYHCHO Heumo opyeoe, Yem HUCmas

JIOCUKA. ,HJZ}Z 0003HAYEeHUST DMO20 dpyeoeo Y HAcC Hem UHOcO cjloed, Kpome ciloed
CUHMYUYUA) .

A.llyankape

H36eynbiul cexpem HeoObIYAUHOU NPOOYKMUBHOCMU 2eHUSL — 68 €20 YMEHUU HAXO00UMb
HOGBble NOCMAHOBKU 3a0au, UHMYUMUBHO npeoyaaoamo meopembwl
npusoosiyue K HOBbIM 3HAUUMENbHBIM Pe3YIbmamam U K YCMAHOBNEHUI) BANCHbLLX
3akoHomeprocmeu. He 6y0b nosblx KoHyenyuul, HOBbIX udel, MAmeMamura ¢ NPUcyujel
el Cmpo2ocmyvio JI02UHECKUX 860008 BCKOpe ucuepnaia vl cebsi u npuuiia 8 ynaook,
ubo e6ecv mamepuan o0Kazaics Ovbl U3PACXOO00BAHHBIM. B smom cmblcie MOMCHO
CKA3amo, 4mo Mamemamuxy O8UNCYM éneped 8 OCHOBHOM me, KMo ommeyeH O0apom
UHMYUYUU, A HE CMPO2020 00KA3AMeNbCmad.

. Kneun



Heo0xoqumMo 3aMeTHTH YTO B OCHOBE JIHO00I0 JIOTHYECKOI0 PACCYKICHUSA JIeKAT
rUNOTEe3bl WM AKCHMOMbI, NPUHUMAaeMble Ha Bepy M HeNpoTUBOpevalnue
HMEKIIEMYCH ONbITY WM JKcnepuMmeHrty. I[lodtomy MOKHO TOBOPUTH 00
UHTYUTHBHON MEPBOOCHOBE JIINOOI0 HAYy4YHOro 3HaHus. B To ke Bpems cieayer
MOAYEPKHYTh, YTO BO MHOIMX O00JIACTAX 3HAHUI, O0CO0EHHO B €CTECTBEHHbIX
HAyKaX, aKCMOMbI SIBJIAKOTCH KaK MPAaBWJIO 00001EeHHEM OTPOMHOI0 KOJHYECTBA
HAKOILJICHHbIX SMIIUPUYECKUX JAHHBIX.

B pe3yabrare mo3HaHuUsl 4eJIOBEK Ppa30upaercs B NMPUUYMHAX TeX HMJIM HHBIX
SIBJICHMH, OTOABMIasi TPAHMIbI CBOUX HUHTYUTHBHBIX IPEACTABJICHUH 00
OKPY:KAKIIEeM MUPe. YUUTbIBAasA 0€CKOHEYHOCTh 3TOr0 MPOIecca, MOKHO CKa3aTh,
YTO MHTYUTHBHAS OCHOBA Yy JIIOOOr0 HAYYHOI0 3HAHUA OyleT NMPUCYTCTBOBATH
Bcerga. O Mepe HHTYMTHBHOCTH 3HAHUS MOXKHO CYAMTH IO YHUCJIY MCIOJb3yeMbIX
runore3 M axkcuoM. B ykazaHHOM cMbICjIe [JdejJleHHMe MOACJUPOBAHUA Ha
HHTYUTHBHOE U HAYYHOE CJeAYyeT MPU3HATH OTHOCUTEIbHBIM.



HayuyHoe MojegupoBaHne — 3TO Bceraa JOrd4eckd 00OCHOBaHHOe
MOJeJTUPOBAHME, HCIOJb3YyIOlee MUHHUMAJbLHOE YHCJIO0 NPeanoJIoKeHui,
NPUHATBHIX B KayecTBe TUINOTe3 HA OCHOBAHUM HAOMWAeHHHA 3a 00bLEKTOM
MO/IeJTUPOBAHMSI.

I'1aBHOE oT/IMUYMeE HAYYHOI'0 MOAC/IUPOBAHUA OT HHTYHTHBHOI'O 3aAKJIIOYACTCH HE
TOJbBKO B YMCHHMH BbIINNOJHATD HEOGXO)]I/IM])IC onmepanmum M }]EﬁCTBHH o
CO0CTBEHHO MOACJIUMPOBAHUIKD, HO M B 3HAHHHU «BHYTPCHHHX» MEXAaHHU3MOB,
KOTOPbIC UCITOJIB3YHOTCH IPHU 3TOM. Mo:kHO CKa3aTb, YTO0 HAYYHOC MOAC/IUPOBAHHUC
3HA€T HEC TOJbKO, KaK HGOﬁXOHI/IMO MOA€C/JIMPOBATb, HO M IMOYEMY TaK HY/)KHO
HeJdarTh.

3HAKOBBIM HA3bIBAETCS MOACJHPOBAHME, UCIOJb3YIOLIee B KadyecTBe Mojaesiei
3HAKOBBbIE M300pPaKEeHUS KAKOro-Jiu00 BHAA. CXeMbl, TIpPaUKH, 4YEPTeKH,
neporiu(dbl, HA0OPHI CUMBOJIOB, BKJIIOYAKOIIEEe TAKHAKE COBOKYIHOCTH 3aKOHOB M
NpaBWJ, IO KOTOPHIM MOKHO OINEPUPOBATH ¢ BbIOPAHHBIMH 3HAKOBBIMU
00pa30BaHUSIMU M 3JIEMEHTAMM.

MopeaupoBanie ¢ MNOMOUIbI0) MATEMATHYECKHUX COOTHOILIEHWH SIBJISIETCS
MPUMEPOM 3HAKOBOI0 MOJIEJTUPOBAHMSI.



KoruutuBHbIEe, KOHLENTYAJbHbIE U (OPMAJIbLHBIEC MO/IEJIH

IIpu HaOa0aeHHMH 32 O0BEKTOM-OPUTHMHAJIOM B T0JIOBE HMCCJIeA0BaTe s
Gopmupyercsi HeKMHd MBICJICHHBIH 00pa3 o00beKkTa, ero ujaeajbHass MOJeb,
KOTOPYI0 TPHUHATO HA3bIBATh KOTHUTUBHOW (MBICIEHHON, CIOCOOCTBYIOIIEH
MIO3HAHUIO) MO EJbIO.

IIpeacraBjieHde KOTHUTHBHOM MOJEJIM HA €CTECTBEHHOM S3bIKE HA3bIBACTCH
coepKaATEeJIbHON MOJEJIBbIO.

Ilo ¢pyHKUMOHAIBLHOMY NPHU3HAKY COAEpPsKaTeJbHbIe MOJAEJH IOAPA3ACIAIOTCH
HA ONUCATEJIbHbIC, 00bACHUTEIbHBbIC U POTHOCTHYECKHE.

OnucarejlnLHOU MOIEJbI0 MOKHO HA3BATH JII000€E ONMUCAHNE 00BLEKTA.

OO0bsicHUTEILHASLT MOJIeJIb TMO3BOJISIET OTBETHUTh HA BOIPOC, MOYEeMY YTO-JIH00
MPOUCXOTHUT.

HpOFHOCTI/I‘{eCKaﬂ MOAeJIb J0JI2KHA OIIUChIBATDh 6yzlymee NHNOBCACHHUC o0beKTA.

3amMeTM, 4YTO TMPOTrHOCTHYECKAsi MOAeJb He O00s3aHAa BKJIKYATh B ce0s
00BbSICHUTEJIbHYIO.

KoHuenryajibHOII MOJEJbI) HA3BIBACTCH COACPkKATEJIbHAA MOJe/b, IPH
(popMYyJIMPOBKH KOTOPOH MCNOJIb3YIOTCH MOHATHS U MPEACTABICHUSA NMPEAMETHBIX
o0J1acTel 3HAHMS, 3AHUMAIOIIMXCH U3YyYEeHUEM 00bEKTA MOICJIUPOBAHUA.



(I)OpMaJIbHaﬂ MOAECJIb SABJJIACTCH NPEACTABJICHUEM KOHHeHTyaJIbHOﬁ Moae/,im C
NMNOMOIIIbI0 OAHOI'0 HJIH HECKOJIbKHUX (l)OpMaJII)HI)IX A3bIKOB (HanpnMep, A3bIKOB
MaATEMaATHYICCKUX Teopnﬁ NJIN AJITOPUTMHUYCCKUX ﬂ3blKOB).

B rymMaHuUTapHBIX HayKax Mpolecc MOAeJMPOBAHUS BO MHOIHMX CJy4Yasix
3aKAHYMBACTCH CO3JaAHHEM KOHUENTYyaJbHOW Moaen 00bekTa. B ecrecTBeHHO-
HAYYHBIX JUCHHUILUIMHAX, KAK PABWJIO, YIA€TCS MOCTPOUTH (OPMATIBHYIO MO/I€Jb.



MATEMATHYECKOE MOIEJINPOBAHUE

Maremaruyeckoe MOAEJUPOBAHNE — 3JTO HAeaJIbHOE HAayYHOe 3HAKOBOE
dhopmasibHOE MOIEJIMPOBAHUE, IPH KOTOPOM ONMHMCAHHE 00bEKTA OCYIIEeCTBJISIETCS
Ha SI3bIKE MATEMATHKH, 2 MCCJIEJ0BAHUE MOAEJH MPOBOAUTCSH € MCIOJb30BAHUEM
TeX WJIM MHBIX MATEMATHYEeCKUX METO/I0B.

B Hacrosimiee BpemMsi MareMaTH4yeCKOe MOJAEJMPOBAHUE 3TO OAUH M3 CaAMbIX
pe3yJbTATUBHBIX W HauOoJiee 4YacT0 MNPUMEHSIEMbIX METOA0B HAy4YHOIo
ucciaenoBanus. @aKTU4ecKu BCe COBPEMEHHbIe pas3iaesibl (PU3UKH NOCBSAIIEHBI
IMOCTPOCHUID M  HCCIAEJOBAHHUI0O MAaTEeMATHYEeCKHX MoOJeJied  PasiM4YHbIX
pu3nyecKux 00bEKTOB U SIBJIECHMI.

Tak ¢u3uKH - «AAepIIUKW) 10 NPOBEACHHUS 3KCIEPUMEHTOB BbINOJIHAKT
cepbe3Hble UCCIeA0BAHUS ¢ MPUMEHEHHEM MareMarudeckux moaese. Ilpu 3Ttom
HA OCHOBAHUHU TEOPETHUYECKOT0 MOAEJTMPOBAHUS pPa3padaTbIBaeTCHd M YTOUHSAETCH
METOMKA HATYPHBIX IKCIIEPUMEHTOB, BBISICHACTCS, Kakue 3G ¢eKThl, I71e U Korjga
cJIelyeT O0XKHAaTh, KOIa W YTO PerucTrpupoBarb. TakoW MOAX0A IO3BOJISAET
3HAYUTEJbHO CHU3HUTH 3aTPaThl HA NpPOBeACHHE JIKCIEPUMEHTA, NMOBBICUTH €r0
3} PEeKTUBHOCTD.



Kak npaBu/io 3HaYMTeJbHBbIE yCIIeXH B OMOJIOrMH U XMMHUHU B MOCJIEAHEe BpeMs
ObLIM CBSI3aHBbI C Pa3padOTKON W HUCCJIEIOBAHUEM MATEMATHYECKHX MOJeJeH J1JIA
OMOJIOTHYEeCKHX CHCTEM M XHUMHUYeCKHX npoueccoB. Uayr akTuBHBIE PadOThI 1O
CO3JAHUI0 MATEeMATHYECKHMX MoJe/iell B IKOJOIrMH, IKOHOMHKE M COLMOJIOTHM.
Hesb351 mepeoleHUTh HCMOJIb30BAHNE MATEMATHYECKUX MoOJeseil B MeIuIUHe U
NPOMbINLICEHHOCTH. [lofiBMJIach BO3MOXKHOCTHL HA HAYYHOW, TO €CTh JIOTHYEeCKH
000CHOBAHHBIM OCHOBE MOAXOAUTHb KO MHOTMM JKOJOTHYEeCKMM U MeIMIUHCKUM
npodjeMaM. MMIUIAHTAIMA M 3aMeHe Pa3jIMYHbIX OPraHoB, NMPOTHO3MPOBAHHUE
Pa3BUTHUS MUAeMHH, 000CHOBAHUSA IJIAHOB JUKBHIALMU MOCIEACTBUI KPYIMHBIX
apapuii 1 karactpod. O4eHb YaCTO METOAbl MATEMATHYECKOr0 MOAEJTMPOBAHUS
SIBJISIIOTCSI €IMHCTBEHHO BO3MOKHBIMU.



Ilo cpaBHEeHHIO ¢ HATYPHBLIM MOAEJIHPOBAHUEM MaTeMaTH4YeCKOe MOJeJHpPOBaHHE
nMeeT CileyIolue MPeuMyecTBa:

1) 3KOHOMHUYHOCTH (B YACTHOCTH, cOepekeHHe PeCypCcoB peajibHOM CHCTEMbI);

2) BO3MOKHOCTH MOJEJIUPOBAHUSI THMOTETHYECKHX, TO €CTh He peajiu3yeMbiX B
npupoae 00beKTOB (Mpeae BCero Ha Pa3HbIX ITANaxX NPOEKTHPOBAHMS);

3) BO3MOKHOCTDH peajiu3alui Pe;KUMOB ONMACHBIX HJIM TPYTHOBOCIPOU3BOAUMBIX B
HAaType (KPUTHYECKMH PeXUM SICPHOIO peaKkropa, padora CHCTEMbI
MPOTUBOPAKETHON 000POHBI);

4) BO3MOKHOCTH M3MEHEHHsI MACIITAGOB BpeMeHH,; MPOCTOTA MHOI0ACHEKTHOIO
aHaJIM3a;

5) 0oJblIasi NPOrHOCTHYECKAS CHJIA BCJIEICTBHE BO3MOKHOCTH BBISIBJIEHHS
001X 3aKOHOMEPHOCTEN;

6) yHHBepCAJbHOCTh TEXHHYECKOT0 M MPOrPaMMHOI0 oGecrnevdeHHusI MPOBOIMMON
padorsl (ABM, cucTeMbl NPOrpaMMHUPOBAHUSA M MAKEThl MPUKJIAAHBIX IPOrpamMm
IIHUPOKOT0 HAZHAYCHUS).



OdyeHb YacTO0 MeTOAbI MATEMATHYECKOr0  MOAECJIMPOBAHUA  SIBJISAKOTCH
eIMHCTBEHHO BO3MOkHbIMU. [IpuBenem nBa npumepa.

BcecroponHee MareMaruyeckoe  MOACJUPOBAHUME W «IPOMIPHLIBAHUE»
pa3jJu4YHbIX BapuaHTOB HAa JBM mo3Boimwio B Kparyaiuiue CpOKH 000CHOBAHHO
CIUIAHMPOBATH U MNPECTYNUTh K Peau3aluM IUIAHA JUKBUJAUUM NOCJIEACTBHH
YepHOObLILCKOM KAaTACTPO(HI.

YHUKaJbHBbIC Pe3yJbTaTbl ObLIM NMOJYYeHbI MO0 MpoekTy «l'esp», CBA3aHHOMY C
MAaTeMAaTHYeCKUM MOJAEeJIMPOBAHMEM MOCJHCACTBUI sIepHON BOUHBI. bbLI0O
MOKA3aHO, 4YTO B pe3yjbTare CHJIbHOIO 3anbUIeHUs aTMocepbl BO3MOKHO
3HAYUTEJbHOE IVI00AJIbHOE MOX0JI0AaHue («sAepHasi 3MMAa») U CBA3aAHHOE C 3THUM
NPAKTHYeCKOE BBIMUPaHHUE BCEro *KUBOIO.

JIEMEHTbl MATEMATHYECKOI0 MOAEeJIMPOBAHUS HCHOJb30BAJIUCH C CaMOI0
HA4Yaja TOSIBJIEHUSI TOYHBIX HAYK. CJIOBO «AJTOPUTM» MPOUCXOAUT OT HMEHHU
CPeIHEBEKOBOI0 apadCKOro y4eHoro Ajb-Xopesmu (ajgbp Xope3mu A0y AOmaja
Myxamen O6en Mycca aab Mamkycen, 787 1. —ok. 850 r). Brtopoe poxaeHue
MATEMATHYECKOTr0 MOJAeJTUPOBAHUSA NPHUIILIOCH HA KoHel 40-x — Hayao 50-X rogoB
XX Beka v 0b1JI0 00YCJIOBJI€HO B OCHOBHOM JIByMSl IPUYMHAMM.



Oecrnperr

IlepBas U3 HUX — MOSABJICHHE MEPBBIX KOMILIOTEPOB. Bropas — counajabHbII
3aKa3 — BbINOJHeHUe HAMOHAJIBHBIX nporpamm CCCP u CIHIA no co3panuio
PAKETHO-AACPHOIO IIIMTA, KOTOPbIN He MOI ObITh BbINOJHEH TPAAULMNOHHBIMH
MeTogamMu. MaremaTuyeckoe MOAeJUPOBAHUE OJieCTsIe CIHPABUJIOCH C ITOH
3aJauyell. siAepPHble B3PbIBbI U IOJEThl PaKeT M CIOYTHHKOB ObLIH
NpeABAPUTEJbHO  OCyLIeCTBJEeHbI B  Heapax JBM ¢ nomombio
MaTeMAaTH4YeCKUX MOJeJIeH U JIMIIb 3aTeM NMPEeTBOPEHbI HA NIPAKTHKE.

Ceiluac  MaTreMaTM4ecKOe  MOACJMPOBAHHE  BCTYNaeT B  TPeETUH
NPUHIUNHAAJIBHO BAa*KHBIM 3Tall CBOEr0 Pa3BUTHUS, BCTPAUBASACH B CTPYKTYPY
HH(POPMANUOHHOIO 00mecTBa. «Chipasi uHGoOpMALUT» 00BIYHO MAJIO YTO 1AeT
NJIS AHAJM3a W MPOTHO33a, Uil NMPUHATUHA PelIeHUNl M KOHTPOJIHA 3a MX
ucnosiHeHueM. Hy:xHbl HajexxkHbIe CIIOCOOBI NMepepadoTK MHGOPMALMOHHOIO
CbIPbS B FTOTOBbIN MPOAYKT — TOUHbIE 3HAHHUS.

HUcTtopusi 1 METOM0JIOTHA MATEMATHYECKOI0 MOJECJTMPOBAHNUSA YOexKIAeT: OHO
MOXKET M JO0JIKHO CTATh WHTE/VIEKTYAJbHbIM SAPOM HHPOPMAUOHHBIX
TEXHOJIOTHH, BCEro nmponecca nHpopMaru3anum o01ecTna.



BbIBO/IbI

Metox MareMarM4ecKOro MOJAEJIMPOBAHUS, MNPEACTABJIAKIMIMN  c000i
KOJIMYECTBEHHOE ONMMUCAHNE U3YyUYAaeMbIX SIBJCHUI HA A3bIKE MATEMATHUKH, LIUPOKO
NPUMEHACTCH JIsd HCCIACA0OBAHUS BCEBO3MOXKHbBIX SIBJICHUM MPUPOALI U
00IIeCTBEHHOH KM3HH.

ITOT «TPETHH MYTh MO3HAHUNA» COYETAET B ce0e JOCTOMHCTBA KAK TeOPUH, TAK
U IkcnepuMeHTa. C OOHOM CTOPOHBI, padoTrasi He ¢ caMUM OOBEKTOM, a C ee
MOJEJIbI0, MBI MOXKE€M OTHOCHUTEJbHO OBICTPO U 0e3 CYyHIeCTBEHHBIX 3arpar
HCCJIEA0BATh €r0 CBOWCTBA U MNOBEACHHE B JIO0bIX MBICJUMBIX CUTYyalUUSAX
(mpeumymiecTsa Teopun). C Ipyrom CTOPOHbI, BBIYUCJIUTEIbHbIE IKCIIEPUMEHTbI
C MOACJAMH O0BEKTOB MO3BOJHAKT, ONUHPASCh HA MOIIb COBPEMEHHbIX
BbIYHUCJIUTEIbHbIX METOA0B M BBIYMCIUTEIbHON TEXHUKH, MOAPOOHO M IIIyOOKO
U3y4aTb 00bEKThI B JJOCTATOYHOM MOJIHOTE, HEJOCTYNNHOM YHUCTO TEOPETHYECKUM
HCCJICOBAHUAM (MPEeMMYIIECTBA IKCIIEPUMEHTA).



maBa 1. OCHOBHbIE MOHATUA N NPUHLMUNBI
MaTemMaTu4eckoro moaenvpoBaHuUS.

1. OCHOBHLIE ITAllbl MCTOAA MATCMATHYCCKOI'O MOI[e.]II/IpOBaHI/IH
1. Co3nanme Kka4eCTBeHHOU MOAEIH

BoisicHAIeTCSI XapaKTep 3aKOHOB M CBsi3eil, JeiicTBYIOIIUX B cucreme. B 3apucumoctu
OT MNPHUPOAbI MOJAEJH ITH 3aKOHbI MOrYT ObIThb (U3NYECKUMH, XHUMHUYECKHUMM,
OMOJIOTHYeCKUMM, JIKOHOMHYECKUMM.

33[(3‘13 MOACTUPOBAHUA-BBIABUTD IUVIABHBLIC, XaPaKTCPHbLIC YCPTbI HABJICHUHA HJIHN
nmpomecca, €ro onpeac/Jasaime 0COOEHHOCTH.

IIpuMeHUTEJBHO K HCCIeI0BAHHI0 (PU3MYECKUX SABJIECHHMH CO3aHHE KAa4YeCTBEHHOH
MO/IeJIU — 3TO (POPMYJIMPOBKA (PU3HUYECKUX 3AKOHOMEPHOCTEH SABJICHUS WU MpoLecca Ha
OCHOBAHUU IKCIIEPUMEHTA.

2. C03z(aHne MaTeMaTH4YeCKOM MoJeIu (HOCTaHOBKa MaTeMaTH4YeCKOM 33[{3‘11/1)

Ecau ™Mogeab oONUCHIBACTCH HEKOTOPLIMM YPABHEHHUSIMH, TO OHA HA3bIBAeTCH
nerepMmuHupoBanHoi. HayajibHO-KpaeBble 3a1a4M MaTeMAaTHYeCKOU (PU3UKH ABJISAIOTCS
npuMepaMu JeTePMUHUPOBAHHBIX TU(PPepeHIHATBHBIX MOJEJIe.

Ecau ™Mogeab onmuchbIBaeTcsi BEPOATHOCTHBIMHU 3aKOHAMHM, TO OHA Ha3bIBaeTcs
CTOXACTHYECKOM.



1) BeliesieHne cymecTBEHHBIX (PaKTOPOB.

OCHOBHOW NPUHIHUIL: €CJIU B CUCTEME JeiCTBYeT HECKOJIbKO (PAKTOPOB OHOI0 MOPSAKA,
TO BC€ OHM I0JI2KHbI ObITh YYTEeHbI, HJIN OTOPOIIEHBI.

2) Boiaesenue 10N0JTHUTEIbHBIX YCI0BUN (HAYAJIbHBIX, TPAHUYHBIX, YCJIOBUM
CONPSIZKEHUS U T.IL.).

3. U3ydyeHue MmaTeMaTH4eCcKOi Moaesu

1) MaremaTuueckoe 000CHOBaHHE MOJIEJIH. HccnenoBanue BHYTPCHHEH
HenpoTuBopeunBocTH Moaeau. OO00CHOBaHHE KOPPEKTHOCTH JU(PepeHunATbHON
Moaen. /loka3areJibCTBO TeOopeM CyLIeCTBOBaWsl, €IMHCTBEHHOCTH W YCTOWYHBOCTH
peleHusl.

2) KauyecTBeHHOe MCCIeI0BAHNE MOIEJH. BbisicHeHHe MOBeeHHs MOIEJIH B
KpailHUX M NpeaebHbIX CUTYalsIX.

3) YuciaeHHoe uccenoBaHue Monean. a) PazpaGorka anropurma. 6) PazpaGorka

YUCJCHHBIX METOA0B UCCJICA0BAHUA MOICJIN. Pa?.paﬁaTLIBaeMl)le METOAbI NOJI?KHbI ObITh
HOCTATOYHO Oﬁllll/IMI/I, AJITOPUTMHUYIHBIMHA Hu AONNYCKAKIUMHU BO3MOKHOCTD

pacnapaJijie;IuBaHus. B) Co3manume u peasm3anuss nporpammbl. KomnbroTepHbIi
JKCIEPUMEHT.
JlabopaTopHbIii IKCIIEPUMEHT KoMnbOTEepHBIN IKCIIEPUMEHT
Oopa3sen MaremaTnueckasi MoJeJIb
dusnyeckuid npuodop IIporpamma
KanuOpoBka TecTupoBanue NporpaMmbl
N3mepenus Pacuernl

AHAJIN3 JaHHBIX AHAJIN3 JaHHBIX



Ilo cpaBHeHMI0 ¢ J1a00paTOPHBLIM (HATYPHBIM) JKCIEPUMEHTOM KOMIbIOTEPHBIN
IKCIIEPUMEHT [ielieBje, 0e30macHeil, MOXKET IPOBOAUTHLCA B TeX CJHy4asx, KOIJa
HATYPHBbINA IKCHEPUMEHT NPUHIUIIHAJIBHO HEBO3MOMKEH.

4. IlonyyeHue pe3yibTATOB U UX MHTEpPIpeTALMS

ConocraBjieHre MOJYYE€HHBIX JaHHBIX C pe3yJbTaTaMH Ka4eCTBEHHOI0 AaHAJIN3a,
HATYPHOI'0 3KCIIEPUMEHTA U JAHHBIMH, MOJYYEHHbIMH C MOMOIIBI0 APYITUX YHUCJIECHHBIX
AJITOPUTMOB. YTOYHEHHE M MOAU(PUKALMSA MOJAEJTH U METOAOB €€ UCCIeJOBAHUS.

5. Hcnosb30BaHue IMOJIYYCHHBIX PE3yJabTaToB

IIpeacka3anue HOBBIX siBJeHUU U 3aKkoHOMepHocrTel. Ilpenckazanue Ilonem Iupaxom
OTKPBITUA AHTHYACTHI] HA OCHOBE MCCJIEI0BAHUA MOCTPOCHHOM MM MOJeJIM KBAHTOBOM
TEOPHUH MOJIA.

2. IIpsiMble U 0OpaTHBIE 32]a4H MATEMATHYECKOTO MOJAEJTUPOBAHMS

1. Ilpsmasi 3amaya. Bce NapaMeTPbl MCCJeXyeMOM 3aa4yd HM3BECTHbI M WU3y4aeTcs
MOBeJAeHUE MOIEeJIM B Pa3JIMYHbIX YCJIOBHUSX.

2. OOpaTHble 33/1a4H.

a) 3az(aqa pacno3HaBaHMs. oNpeacJIicHue mapaMeTpoB MoOJe/IM NMyTEM CONMOCTABJICHUSA
HaﬁJ'IIOI[aeMI)IX JAaHHBIX U PE3YJbTATOB MOACJIUPOBAHUSA. Ilo pe3yjabTaram Haﬁ.)'lIO)]eHI/Iﬁ
IbITAKTCH BbBIACHUTb, KAKHEC NMPOHCCCHI YIIPABIAKT INOBCACHUCM 0o0beKTa M HaxoasaAT
onpcacjasarimmue nmapaMmerpbl MOIACJIN. B OﬁpaTHOﬁ 3ajavye pacinodHaBaHUA TpeﬁyeTCH
ONnpecaAc/jinTb 3HAYCHHUEC MapaMETpPOB MOACJIHU 110 M3BCCTHOMY INOBCACHHUIO CUCTEMbI KaK
HeJ0r1o.



IIpuMepsl 321249 pacno3HABAHMS . -3a/1a4a JJIEKTPOPA3BEAKH: Onpe/ieeHne Moa3eMHbIX
CTPYKTYPp NpM [OMOIIM M3MEpPEeHUS Ha MOBEPXHOCTH. -3ajJa4a MATrHUTHOM
Ae(heKTOCKONUN: ompeneieHue aedekra B JeTajd, NMOMEIIEHHOM MEXAy IOJI0CAMU
MATHHUTA, 110 BO3MYIIIEHUI0 MATHUTHOIO MOJIS HA MOBEPXHOCTH IETAJIH.

0) 3amaya cuHTe3a (3a7aYa MATEMATHYECKOI0 IMPOCKTHPOBAHMS).  IMOCTPOCHUE
MaTeMaTHYeCKUX MojJeJied CHUCTeM M YCTPOMCTB, KOTOPbIe [OJIKHbI 00/1a]1aTh
3aJJaHHBIMH TEXHUYECKUMU XapaKTepucTuKaMu. B oTiimuue ot 3a1a4 pacno3HaBaHus B
3aJa4yaxX CHHTe3a OTCYTCTBYeT TpeOOBaHUE EIMHCTBEHHOCTH pelieHus («Beep
pewienuii»). OTcyrcrBHMe  €IMHCTBEHHOCTH  PEUICHHUS  IMO3BOJIsieT  BbIOpPaTh
TeXHOJIOTHYeCKH HandoJiee MpueMJieMbli pe3yJbTar.

IIpumepbr 3aja4  cuHTe3a. -CHHTE3 JAUATPAMMbl HANPABJIEHHOCTH AHTEHHBI:
ompeejieHHe  pacnpeaejJieHMsi  TOKOB,  CO3Ja0MIAX  33JaHHYK  JAHArPamMmy
HANPABJEHHOCTH AHTEeHHbI.-CHHTE3 I'PAIMEHTHBIX CBETOBOAOB: OmNpeaeeHre mpoduis
(GyHKOMH JUIIEKTPUYECKON TNPOHMIIAEMOCTH, NPH KOTOPOM CBETOBOX 00Jaxaer
3a/JaHHBIMHM XapPaKTePUCTUKAMM.

3. 3a1a4M MPOEKTUPOBAHUSA YIPABISIIINX CHCTEM: 0c00asi 00J1aCTh MATEMATHYECKOT0
MOJIeJTUPOBAHUS, CBSI3aHHASI ¢ ABTOMATU3MPOBAHHBIMYU HH(POPMALNOHHBIMU CUCTEMAMM
U AaBTOMATH3MPOBAHHBIMHM CHCTEMAMMU YNPABJIECHUS.



TunuyHbie NPUMeEPHI 00PATHBIX 32124 PACTIO3HABAHMS.

1. 3amaua sekrpopasseaku. s u3ydyeHuss HEOAHOPOAHOCTE 3¢eMHOI KOPHI B
HeJAX pa3sBeAKH IMOJIEe3HBIX MCKONAaeMbIX IIHUPOKO NPUMEHATCH
JIeKTpuUYecKue MeToabl. OCHOBHAs cXeMa JJIeKTPOPa3BeIKH NOCTOAHHBIX
TOKOM 3aKJ/JII0YAETCH B CJACAYIOLIEM.

IIpu momoumM 3a3eMJICHHBIX JICKTPOAOB B 3eMJIK0 INMPOIYCKAETCHA TOK OT
nurawiein O0arapern. Ha mnoBepxHOCTH 3eMJulM HM3MEPSETCH HaNpPsKeHUE
CO3JAaHHOT0 TAKUM 00pa3oM MOJid MNOCTOAHHOro Toka. Ilpu mnomomu
U3MEPEHUHA HA NMOBEPXHOCTH ONPENeJAT MOA3EMHYI CTPYKTYpPY. MeToabl
ompeaeJeHUsl  MOA3EMHBIX  CTPYKTYP (MHTepmperanmuss  HaOJIIOACHUM)
OCHOBBIBACTCH HA MATEMATHYECKOM PEIICHUH COOTBETCTBYIOIIMX 3a/1a4.

2. 3apauya marHuTHOM nedexrockonun. [Jus onpenenenus aedexkra (Haauume
MYCTOT) METAJIMYECKYI0 [1eTajlb MOMEINAT MEXKAY MOJHCAMH MATHUTA H
U3MEPHAT MATHUTHOE 110JI€ HA €€ MOBEPXHOCTH.

Ilo BO3MYIIEHHSIM MATHUTHOIO MOJSA TpPeldyeTcs OINpeae/JuTh HAJINYHE
nedexTa, a TaKKe, €ro pa3mMepbl, NIYyOUHY 3aJIeraHus U T.1.



3. YHMBEPCAJILHOCTh MaTeMaTH4YeCKUX MoaeJaeil. [IpuHuun anajaoruu

YHHBEpPCAIBLHOCTh MATEMATHYECKUX MoOJe/Iell eCTh OTPa’KeHHe NPUHUUIIA MATEPUAJBHOIO
eruHcTBa Mupa. Maremarudeckass MoIe/b I0JKHA ONMCHIBATHL HE TOJbKO KOHKPETHbIE
OT/eJIbHbIE SIBJICHUS UM 00bEKThI, HO JOCTATOYHO NIMPOKUI KPYI Pa3HOPOAHBIX SIBJICHUH U
00bekTOB. OXHMM M3 IUIOAOTBOPHBIX IMOAXOA0B K MOJAEJHPOBAHHMIO CJOKHBIX O0BEKTOB
SIBJISIETCH MCIOJIb30BAHUE AHAJIOTHM C yxKe M3yYeHHbIMM siBjdeHusiMu. [Ipumep: mpoueccsl
K0JIeOaHMI B 00beKTaX Pa3JIUYHOU PUPOABI.

Kosie0aTesibHBIH JJIEKTPUYECKHUI KOHTYP, COCTOAIIUNA M3 KOHJACHCATOPAa M KATYLWIKHU
WHAYKTHBHOCTH. CONpOTHBJIEHHE NPOBOAOB CYNTaeM paBHbIM Hymo, ((f) —3apsa Ha
00KJa/KaX KOHJAeHcaTopa, U(t) —HampsikeHHMe Ha OOKJIagKax KoHjaeHcaTopa, C — €MKOCTb
KOHJIeHCaTopa, L — MHAYKTHBHOCTH KATYIIKH, E —3.1.c. cAMOMHAYKIMH, | — TOK.

di . dg dq 1
t)=Cu(t),E=-L—,i= )=—-E({t) > L—=——
q(t) =Cu(t), iUt u(t)=—E(t) - - ol

dt? +Llcq:O



2. MaJjble kojie0aHMsl IPU B3aMMOeHCTBUM IBYX OHMOJIOTMYeCKHUX MOMYJIAUii

N(t)-uHc/IeHHOCTh PACTUTEILHOSITHOM oMy asiiun 1;

M(t)- YHCJIeHHOCTh TJIOTOATHOMN MOMYJISIIIUN 2.

Z—T:(ai_blM)N’ a >0, b >0,
<
dd—l\:lz(—a2+b2N)M, a, >0, b,>0.

Cucrema HAXO0AUTCHA B PaBHOBECCHUH, €CJ/IN —_—
.JIHHeapI/I?.OBaHHaH CcucremMa mmeetr Bua. dt dt
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PaccMmoTpuM 0oJ1ee moaApoOOHO NMPOLECC JUHEAPU3AIMH

N=N,+n, M=M,+m = d(N(;:n):(al—bl(l\/lo+m))(N0+n):>
dN, dn
dto o =aN,+an-bM,N, —bN,m—-b,M n-bmn

a, a, dN, d _ 33, _ah 8,0,
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; dt  dt ] ,
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AHAJIOTHYHO MOJIy4YaeM:

d(M,+m)
dt

=(—a, +b, (N, +n))(M, +m)=-a,M; —a,m+b,M N, +b,Nym +

+h,M,n+b,mn; mMn«l =

Nozﬁ; |\/|0:i = dM, =0 = am __ a2, -a2m+ﬁ+a2m+ bM,n=b,M,n=
b, b, dt dt

dm
E — bZMOn



3. Ilpocreiimiass Moae/ b U3MEHEHUS 3aPIJIATHI M 3AHATOCTH:
p(t) —3apmaara, N(t)-uncsi0 3aHATHIX PaOOTHHKOB.
PaBHoBecue pbIHKA TPy/Aa: 3a miaaTy Po>0 cortacubl padorartb No>0 yesioBek.
IIpeanmosnaraercsi, 4T0

a) padoronaresb U3MEHsIET 3apPIJIATY NPONOPIHUOHAIBLHO OTKJIOHEHUI0 YUCICHHOCTH
3aHATHIX PA0OTHMKOB OT PABHOBECHOIO;

0) YMCJIEHHOCTH PA0OTHIUKOB U3MEHAETCH NMPONOPIUOHATbHO H3MEHEHHIO 3aPILIATHI
OTHOCHTEJILHO po.

Cucrema ypaBHeHMH UMeeT BH/:

(dp

=—a,(N —N 0,
i a, ( o) & >
\E:az(p_ po)’ a, > 0.

OT1croaa nojayyaeM ypaBHeHH e

"(P=Po)
dt’

+a,a, (p po):



BbiBOA YpaBHEeHUA:

%_03 dp:d(p_po)

dt dt dt
N, 4 d(N-Ny) dN .
dt d  dt
d(p_pO)Z—al(N—NO) — d (p_zpo):_d(N_No)_
dt dt dt
d*(p—p
( °)+a1a2(p—po)




BbIBO/I. IlocTpoeHHble B MyHKTaxX 1-3 Moae/ M B OHUX CJAY4YasiX OCHOBAHBI
HA TOYHO M3BECTHBIX 3aKOHAX (3aga4ya 1 o koJiedaTeIbHOM KOHTYpe), B IPYyruX
— Ha HaOMonaemMbix ¢akrax (3agada 2 o ABYX NONYJALMSIX), B TPeTbUX — HA
NPaBI0NOA00HBIX TMPEACTABJICHUAAX O Xapakrepe o0bekTa (3amaya 3 o0
npocrenuie Moae/u 3apad0THOM MJIATHI).

XO0T M CyIIHOCTh PACCMATPHBAEMbIX fIBJICHUI, U NMOAXOAbI K MOJYyYCHHIO
ONMCHIBAKIIMX HMX MOJeJell COBEPUICHHO PAa3JIMYHbI, IOCTPOCHHbIC MOAECJIHU
0KA3aJIUCh WICHTUYHBIMHU JAPYT APYTY.

ITO0 CBHAETEJbCTBYET 0 BAaKHEHIIIEM CBOWCTBE MATEMATHYECKHX MOJAeJeH —
UX YHUBEPCAJIBHOCTH.

CBOMCTBO  YHHMBEPCAJBHOCTH  MATeMATHYECKMX  MoOJAeJeld  IIHPOKO
UCIOJIb3YeTCS NPH U3YYeHUHM 00bEKTOB CaMOil pa3HO000PAa3HON MPUPO/BI.



4. Uepapxust MmojaeJien

IIpuHUMII «OT MPOCTOr0 K CJI0KHOMY». NMOCTPOCHHME LENMOYKHU (Mepapxum) Bce OoJjiee
MOJIHBIX MoJesed, Kaxaass HMX KOTOPbIX 00001aeT NpeablIAYyLHIYI0, BKJK4Yasi €€ B
KayecTBe COCTABHOIO CJy4as.

Moaenas MHorocrynendarou paxkersl. [IpeHeOperaem comporuBjieHHMeM BO31yXa,
rpaBUTAIIUECH.

a) OnHocTyneHYaTasi pakera. U=3-5 KM/c — CKOPOCTh HCTeYeHH s IPOAYKTOB CrOPaHHA
TomJuBa (0THOCUTENbHO 3emin), V(i) — ckopocTh pakeThl (0OTHOCHTEIBHO 3emun); M(t) —
Macca pakeTbl. 3aKOH COXpaHeHHUs HMITYJIbCA:

MOV (t) = m(t + dt)V (t + dt) — dm(V (t + 8dt) —u), 0<H<1.

JInneapuzauus:

dv._ dm dv

m(t+dt)=m(t)+0('j—r:dt+0(dt2) > m - _dlnm)-

dt dt dt

m(t)

V(t) =V, +u |n(&), V, =V (0), m, =m(0).



MakcuMaJibHAsi CKOPOCTh MNPH IOJHOM CrOPaHMM TOILUIMBA W HYJEBOW HAYAJbHOU
ckopoctu Vo=0 (dpopmysa [{uoskoBckoro):

V =uln o )

3mecs Mp - mosiesHas macca (Macca CIYTHMKA), Ms — CTPYKTYpHasi Macca (TOMJIMBHBIX
0aKoB, IBUTaTeJIel, CHCTEM yNpaBJIeHUsI paKkeToii T.1.). BBenem

m
napamerp ﬂ, = ﬁ O6branoe 3Hauenne A =0.1. IIpu 3TOoM
0~ '''p

nmosy4daercsi, 4ro npu U=3 km/c 1 1 Mp=0 V=6.9 km/c. OgHoCcTyneH4aTasi pakera He
CMOKeT MOAHSATH MOJIe3HbIH rpy3!

6) MHorocryneHuyaTasi pakera: OCHOBHAas ujaes — n30aBJieHHe OT DaJjliacra.

Mi - o01mas Macea i-oii ctynenn; A Mi — cTpyKTypHas Macca i- oif cTyneHu;
(1- A)mi — Mmacca TonmBa i - oii crynenn. CunTaeM, 4To ,{ M U OAMHAKOBBI

aas Bcex crynmeHeii. Ilycrs N=3; Mo=mp+mi+mz+m3. Ilo dopmyae I[moakoBcKoro
CKOPOCTh PaBHA:

My
V1 =Uu In mp+lml+m2+m3 )



Mocse oTépoca cTPYKTYpHOIi Macchl A M1 BKIIOYaeTcs BTOpasi CTyHmeHb. Macca paKeThbl
B 3TOT MOMEHT Mp +mM2 +m3. [locjie BbIrOpaHHMsl TOIJIMBA BTOPOM CTYNEHU CKOPOCTH
pPaBHA

My +Am, +mg

Vv, V+u|n(

M, +M, +M; )

a mocJje oT0poca CTPYKTYPHOH Macchl 4 M2 M BKJIIOYEHHS ABUraTe/Isl TPETheil CTyleHH

paBHaA
m+m
V, V+u|n( 3)

My +Amg

IIpu N=3 mosryuum

V3 _I a, a, a; _ _I;
u n 1+ (a,-1) 1+ (a,-1) 1+A(a,-1) o (al’ az ' as)’

e p— = = —
a +m,+mjg q, m,+m; ' a, m, °




B camom gene 13 npeablaywmx oopmyn Mbl nony4vaem:

. m,+my m +m2+m3 . m
V3 _V2+UIn( p ) V V+UIn(m +ﬂ,m+m3) 1_UIn(mp+iml?rm2+m3) =

my, +Amg
V, m, My +My+Mmg My, +m;
—=]n +In +In =
u My, +Am; +my +mg My, +Am, +my my, +4Amg

. In( my My, +My +mg my,+mg ) _
m +/Iml+m2+m3 mp+ﬂ.m2+m3 mp+im3

([ m \/mp+m2+m3\/mp+m3\\
m +m +m m +m m
:In p 2 3 p 3 p
m m m
1+ A - 1+ A ——
\\ m+m +m J\ m +m )\ m J)



Bgenem cienywmme 0003HaYeHHS:

m m. +m +m, +m
m_ +m, +m, m, +m, +m,
m_+m,+m m
a,=—°2 > — g -1=—2—
m_ +m, m_ +m,
m_ +m m
a,=—""=a-1=— =
m m
p p
Vs —In & 7 a3
u 1+A(y-1) J\ 1+A(a,-1) )\ 1+A(a3-1)

ml .
m, +m, +m,

)} = f(a,,a,,a,)



Makcumym cpyHkumuewn f(a:,a2,as) 4OCTUraeTCA B CUMMETPUYHOM Crly4ae npu
a.=a=asz=a.
Ana n=3 nony4nm:

v, a ) 1+da-4  1-A+al =
— =1n =-3In = e =P =
u 1+ A(a-1) a a
1-4
1-A+aA=aP = 1—ﬂ:a(P—/1) - qgq=—
P-2

Jlerko npoBepuUTb, 4YTO

3
a3 _ M _ (1-2
83,8, =a° =1 =(4) .

p

B ob6wem cnyyae Ana n ctyneHen umeem:

23] oo .

p



MpoaHanusnpyem chopmyny (1). NMpumem Vn:10,5 km/c, 1=0,1. Torga ana n=2,3,4
nonyyaem:

n=2 m, =149m
n=3 m,=7/m,

n

4 m, =6am_

[OByxcTyneH4yaTas pakeTta npurogHa aonsi Bbisoga Ha opouTy nonesHom Macchl,
HO NPX OQHOW TOHHbI NOSIE3HOroO rpy3a Heo6xoanMo UMeTb pakeTy Becom 149
TOHH.

Mepexon K TpexcTyneH4YaTon pakeTe yMeHbLUAaeT ee Maccy NoYTU B ABa pa3a, HO
KOHEYHO YCIIOXHSIeT ee KOHCTPYKLMUIO.

YeTblpexcTyneH4yaTasa paketa He AaeT 3aMeTHOro BbIMIpbIlla MO CPaBHEHUIO C
TpexcTyneH4yaTom.

BbiBoA4: Hanbonee BbIrogHa TpexcTyrneH4yaTas pakeTa.



IlepBoii KocMHUYECKOIT CKOPOCTHI0 HA3BIBAETCS HAMMEHbINASI CKOPOCTh, KOTOPYIO HYKHO
COOOIINUTH TeJLy, YTOOBI OHO MOIJIO CTATh NCKYCCTBEHHBIM CIIYyTHUKOM 3emuid. OHa
PaBHA CKOPOCTH MCKYCCTBEHHOTO CITYTHUKA, 00PAIaIOLIEerocsi M0 KPyroBoii opounre

BOKPYT 3eMJIsl B OTCYTCTBMH CONMPOTHBJIEHUsI aTMOChephl.

IlepBas KocMHUYecKasi CKOPOCTh paBHA y moBepxHocTH 3emin V=7,9 km/c.

BTopoii KOCMUYECKOM CKOPOCTHI0 HA3BIBAETCS HAMMEHbIIASI CKOPOCTh, KOTOPYIO HYKHO
COOOLIUTH TeJIy, YTOOBI OHO MOIJIO 0€3 BO31eiiCTBUS KAKUX-JIH00 JT0MOJHUTEIbHBIX CHJI
MPeoa0JIeTh 3¢eMHOE NPUTHAKEHNE U NMPEBPATUTHCH B HCKYCCTBEHHBbIN CMyTHUK CoJsiHIA.

Bropasi kocMu4yeckasi CKOpoCcTh paBHa y noBepxHoctu 3emuin V=11,2 km/c.

Tperbeil KOCMUYECKOU CKOPOCTHI0 HA3BIBAETCH HAMMEHbIIASI CKOPOCTh, KOTOPYI0 HYKHO
COO0OIIUTH KOCMHYECKOMY alIapary, 3aIyCKaeMoMy € MOBEPXHOCTH 3eMJIu, J1JIs TOTO,
4T00BI OH Mpeoxoses npursxkeHne CoHIa U NOKUHYJI COJTHEUHYI0 CHCTEMY.

TpeTbsi KocMUYecKasi CKOPOCTH paBHa y moBepxHocTH 3emun V=16,7 km/c.



