BBEAEHHUE

Mamemamuueckoe mooenuposarue — mpemuii nyms NO3HAHUAL.
A.H.Tuxonoes

Mamemamuueckoe modenuposanue — 5MO  UOEATbHOE HAYYHOE 3HAKOBOE
¢opmanvnoe mooeruposanue, npu KOMoOpomM OnUCAHUE 00bEKMA OCYWeCmEasemcs Ha
A3bIKE MAMEMAMUKY, a UCCLe008aHUe MOOEIU NPOBOOUMCSL C UCHONbL30BAHUEM MeX UTU

UHBIX MAMeMamuyecKux mMemooos.

YTO TAKOE MOJEJIb?

MoaenvpoBanne He  SIBJSIETCS  €IMHCTBEHHBIM  MeTOAOM  M3y4YeHMS
okpy:xawmero mupa. CymecrByer meaasi 00JacThb 3HAHUSAA - MeTOM0JIOTHS,
KOTOpAasi CNeNUAJIbLHO 3AaHUMAETCS M3ydYeHrueM METOA0B NMO3HAHUS.

IHousiTe  «MeTOd» O3HAYaeT COBOKYNHOCTHL IPUEMOB M  olepaumii
NPAKTHYECKOI0 M TEOPETHYECKOr0 OCBOCHUS AeHCTBUTEIHLHOCTH.



N3 BceoOImMX MeTO0B B HCTOPHH MO3HAHUA M3BECTHBI BA. TUAJEKTHYECKUN U
Metapusnueckuii. I1o odmedumiocopckue meroanl. C cepeaunbl XIX Beka
MeTa(pU3nYEeCKNil MeTO HavajJ Bce 00Jiblle BBLITECHATHCH M3 €CTECTBO3ZHAHUA
AHATIEKTHYECKHUM METOI0M.

Kuaccupuxkanus o0lIeHAYYHBIX METO0B TECHO CBSI3AHA C MOHATHEM YPOBHEW
HAYYHOT0 TO3HAHUA. Pa3auuyar JaBa YpPOBHS  HAy4YHOI0  TO3HAHHUSA:
IMIIMPUYECKUA W TeopeTuyeckuii. OaHu o0leHAYyYHbIe METOAbI NMPUMEHSIOTCS
TOJbKO HAa JMIMPUYECKOM YPOBHe (HaO/II0OeHHEe, IKCIEPHUMEHT, HU3MepeHue),
JApyrue — TOJbKO HA TeOpeTHYeCKOM (Maeajn3anus, popmaau3amnus).

Ho ecTh 0011eHAYYHBIH METO/, KOTOPHIA UCIOJb3YIOTCH KAK HA IMIUPHYECKOM
YPOBHE, TAK M Ha TeopeTu4eckoM. Takum oOlIeHAYyYHBIM METOAOM SIBJISICTCH
MOJeJIMPOBAHUE.

MopgesupoBanne — MeTOX NMO3HAHUSA OKPY/KAKIIEro MHUPA, KOTOPbIA MOXKHO
OTHECTH K 00IeHAYYHBIM METOAAM, MPUMEHSIEMbIM KAK HA SMIIMPUYECKOM, TAK H
HA TeOPEeTHYEeCKOM YpPOBHe mo3HaHusA. [Ipu mocrpoeHun u UCCaeI0BAHUN MOJEH
MOT'YT NPUMEHSATHCH MPAKTHYECKH BCE OCTAJbHbIE METOAbI IO3HAHUA.



Ilom Momeabl0 TOHMMAETCA TAKOW MATEePHAJbHBLIA WJIH  MBICJIEHHO
npeacTaBIsieMblil 00bEKT, KOTOPLI B mpolecce MO3HAHUA (M3y4YeHHsI) 3aMeliaer
00beKT-OPUTHHAJ, COXPAHSASI HEKOTOPble BAa’KHbIE ISl JAHHOTO0 MCCJIEI0OBAHUS
TUNMYHBbIe ero 4Yeprtbl. IIpomecc mOCTPOeHMsT W HUCHOJAL30BAHUS MOIEJIHU
HA3bIBACTCH MOACJTUPOBAHUEM.

JApyrumu cjaoBamMu, MoOAeJb — 3TO O00bEKT-3aMEHUTEJb 00beKTa-OPUTrHHAJIA,
o0ecrevyuBaIINI U3yYeHNEe HEKOTOPbHIX MHTEPECYOIIMX HUCCJIeI0BATE/IA CBOMCTB
OpUIMHAJA.

JIrob0ass MoaeJb HETOXKIECTBEHHA O0bEKTY-OPUIHHAJY, NOCKOJbKY IpPH ee
IIOCTPOCHUH MCCIIeI0BaTe/ b YYUTHIBAJ JUIIb BAaKHEHIIHE C €ero TOYKH 3pPeHUd
(¢pakTopsl. B 3T0M OTHOHIEHMH JK00ast MOAe/ib sABJsieTcs HenoJHou. «IlosHas»
MOJeJIb, OYEeBHUIAHO, OyIeT IMOJHOCTHIO ToxaAecTBeHHA opuruHaiay (HopOeprt
BuHep: HaniyYlie MoJe/IbI0 KOTa SABJISETCH APYIroM KOT, a elle Jy4ylie — TOT Ke
CaMBbIH KOT).

Eciau pe3yabrarbl MOJEJHPOBAHHMA YIOBJECTBOPHAKT HCCIAEI0BATEA U MOILYT
CJIY’KMTh OCHOBOM [IJISi IPOTHO3UPOBAHUSA NMOBEACHUS MU CBOWCTB MCCJIETYeMOIO
00bEeKTa, TO T'OBOPAT, YTO MOAeJb A[eKBATHA O0bEKTY. AXeKBATHOCTbL MOIEJH
3aBHCUT OT Iejied MOJAeJUPOBAHUS W NPHUHATBIX KpurepueB. HnueaabHo
aJIeKBaTHasi MOJeJb MPUHIMITAAJIBHO HEBO3MOKHA B CHJIY HENIOJHOTHI MO/IEJIMN.



B kauecTBe OHOM U3 XaPAKTEPUCTUK MOAECJU MOKET BBICTYNATh MPOCTOTA (MU
CJIOZKHOCTh) MO/IEJIH.

BaxHelllnyuM CBOMCTBOM MOJEJIH SBJSIETCH MOTEHIHUAJBHOCTHL MOJEJIH, WIH €€
NMPeaCcKa3aTeJbHOCTh € NMO3UUUN MOJYYeHMS] HOBbLIX 3HAHUM 00 HCCJIeayeMOM
o0beKTe. Mbl XOTHM IOJY4aThb OT MOAEJH 00JbIIe, YeM B Hee BJIOKHJIUA. IJTA
«1ep30CTh», «COOCTBEHHBIM YM» MoJeJed — eCTbh IMPOSIBJIEHHE MHOMXKECTBA
BHYTPEHHUX CBSI3ed, OCO3HATHL COBMECTHOE [eHCTBHEe (CHMHepreTuvdecKue
3¢ deKThI) KOTOPBIX UX CO3AATEIU 3a4YaCTYI0 He B COCTOSIHMM (IO KpaiiHeill mepe,
Ha CTaaAuM Pa3padoTKH).

1100 moodenvro mbl 6yOem noHUMams YnpoujeHHoe, eciu y200HO, YNaKO8aAHHOE 3HAHUe,
Hecyujee 8NoJIHEe ONPeOdeleHH)I0, 02PAHUYEHHYI0 UHGpOopMayuio 0 npeomeme (A61eHUl),
ompadicaroujee me uiu UHble e20 ceolcmea. Modenb MOXNCHO paccmampueams Kax
cneyuanvHyro  gopmy Koouposanus uumgopmayuu. B omauuue om  06b1uHO20
KOOUPOBAHUSL, KO20A4 U3BECMHA 8CS UCXOOHA UHGOpMayus, U Mbl JUUL NepesooUuUM ee
Ha Opy2ou A3bIK. MOOelb, KAKou Obl A3bIK OHA HE UCNONb306ald, KOOUPYyem u my
uHgopmayuro, Komopyw nawou ewie He 3Haau. MoocHo ckazamov, YMO MOOENb
coodepocum 8 cebe NOMeEHYUAIbHOe 3HAHUE, KOMOpoe YeloBeK, UCCLedYs ee, MOoXdcem
npuobpecmu, coenamsv HA2IAOHLIM U UCNOTb308AMb 8 CEOUX NPAKMUUECKUX HYIHCOAX.

H.H.Moucees



B HayyHBIX HCCICJOBAHUAX MOAEJIH, He o0Jajaplue onpeaeeHHON
«IPeACKA3aTEeIbHOCTBIO», €1BA JIU MOT'YT CYUTATHCH YAOBJIECTBOPUTEIbHBIMU.

BbIBO/]
Mojesb HY:KHA JJISl TOTO, YTOObI

MOHATH, KAK YCTPOE€H KOHKPETHbIA 00bEKT.: KAKOBA €ro CTPYKTYpPa, BHYTPEHHUE
CBSI3U, OCHOBHbIC CBOMCTBA, 3AKOHbI PA3BUTHS, CAMOPA3BUTHS U B3aUMOJAEHCTBUSA
C OKpY:XKaruieil cpeaou;

HAYYUTHCHA YIIPaBJIATH 00bEKTOM HWJIM npoueccomM, omnpeacasaT HaAWJIYYIIHE
CIOCO0bI yHnpaBJICHHMSA NIPHA 3aJAHHBIX HEJIAX U KPUTCPHUAX,

NMPOrHO3UPOBATH MNpPsSIMble M KOCBEHHbIE MNOCJHEACTBHS PpPean3aluu 3aJaHHbIX
crnoco00B 1 GopM BO31eHCTBHUS HA 00bEKT.



KJIACCUPUKALIUS MOJEJIEN

Quesuono, He cywecmeyem Kiaccuguxkayuu mupa, Komopas He Obvlia Obl
npousBoNbHOU U npooremamuynou. [Ipuyuna eecobma npocma. Mvl He 3HAEM, YMO
maxoe mup...

Xopxe JIyu bopxec

B Oeticmeumenvnocmu 6000uie Hem HUKAKUX CMPO20 NPOBEOCHHbIX Medcell U cpaHell
K 8EJIUKOU 20pecmu 8cex CUCMeMamuKos.

A.U.I'epyen

HUcnonb3oBanne MOJACJIUPOBAHNS HA IMIIMPUYECKOM U TEOPETHYECKOM YPOBHAX
HCCJIeI0BAHUSA NMPUBOIUT K JieJIeHUI0 (YCJIOBHOMY) Moesieil HAa MaTepuaJibHbIe H
naeajJbHbIE.

MarepuajibHOe MOJeJUPOBAHME — 3TO MOJAEJUPOBAHUE, TMPH KOTOPOM
NCCileI0OBaHUE O00bEeKTa MPOUCXOAUT C MCIOJb30BAHNMEM €ro MaTepuajbHOIo
aHajiora  BOCNPOU3BOASINEr0 OCHOBHbIE  (pU3HUYECKHe, TeOMeTpUYECKHE,
AUHAMUYeCKHE U QYHKIMOHAIbHbIE XaPAKTEPUCTUKHU TAHHOTO 00bEKTA.



NpeanbHoe MoaeMpOBAaHUE OTIMYACTCH OT MATEPHAJBLHOIO TEM, YTO OHO
OCHOBAHO He HAa MATECPUAJIU30BAHHON AHAJOIrMM O0bEKTAa M MOAEJH, a HA
AHAJIOTMM MIEAIbHON, MbICIUMOM U BCEIIa HOCUT TCOPETUUYECKUN XapaKTep.

OCHOBHBIMH PAa3HOBUAHOCTSMHU MATEPHAJIBHOIO MOJEJUPOBAHHMS  SIBJIsSIETCS
HATYpPHOE M aHAJIOTOBOE.

HarypHoe MoaeupoBaHue — 3TO TaKoe MOAEJIMPOBAHHE, IPH KOTOPOM
peajbHOMY OOBEKTY CTABUTCA B COOTBETCTBHE €ro YBEJIUYCHHbIH WJIH
YMEHBIICHHBII MAaTEPUAJBbHbBI AaHAJOL, JONYCKAKIIMH HCCIeI0BaHUE C
IOMOIIBLI0 MOCJEAYIOLIEro INepeHeceHus CBOMCTB H3Yy4YaeMbIX MPOLECCOB H
SIBJICHUH ¢ MO/IeJIM HA 00bEKT HA OCHOBE TEOPHUHU MOA00HUS.

AHAJIOTOBOE MOJEJUPOBAHUE — ITO MOAEJUPOBAHNE, OCHOBAHHOE HA AHAJIOTHHU
NpPOLECCOB M SIBJICHHUH, HMEKINMX Pa3JIUYHYI0 (U3MYECKYI0 TMPHUPOLY, HO
OJMHAKOBO ONMUCHIBAeMbIX (OPMAJIBLHO (OJHMMH M TE€MH K€ MATeMaTHYeCKHMH
COOTHOIIEHUSIMM, JIOTHYECKMMHU U CTPYKTYPHBIMH CXEMAMH).

DaKTHYECKH Inpouecc HcCCJacaIoBaHUs MOJeJieM JaHHOI0 THNA CBOAUTCH K
IPOBCACHUI0 psAda HATYPHBIX JIKCIICPUMEHTOB, II€ BMECTO pPC€aJIbHOI0 o0beKTa
UCIOJb3YETCH €10 (])mnqecmaﬂ NJIN AaHAJI0T0Bast MOJA€JIb.



K nmnpumepam HaTypHOro MoOAeJIMPOBAHMS MOKHO OTHECTH MAaKeThl B
apXUTEKType, MoJeJu CyI0oB B cynocTpoeHuu. Ciienyer OTMETUTh, YTO UMEHHO C
HATYPHBIX Moxesieii cynoB B cepeaudHe XIX Beka MogeJHpOBaHHE CTAJO
pPa3sBMBAaTbCAd KAaK Hay4YHas [AMCUMILIMHA, a CcaMH MOAEJU — AKTUBHO
HUCIO0Jb30BATLCH MPH TMPOCKTHPOBAHMM HOBBIX TEXHUYECKHUX YCTPOMCTB.
Cepenuna XIX Beka cBfizZaHa B CyI0CTPOCHHMH € OKOHYAHHMEM 3MOXH MAPYCHBIX
CyI0B M HA4YaJIOM 3M0XM mnaposoro ¢uaora. Oxa3ajaoch, 4YTO HMCHOJb30BaHHE
MAapPOBbIX MANIMH TPedyeT NPUHIMIIHAIBLHOIO U3MEHECHUS KOHCTPYKIMHU CyaoB. B
MEePBYI0 O4Yepeab 3TO OCO3HAJIHM CTPOUTENM BOCHHBIX KopalOsei. Kak u3BecTHo, B
YCJIOBHSIX MOPCKOI0 CPAaXKEeHHUsI BpeMs KU3HM CYIHA 3ABUCHUT IVIABHBIM 00pPa30M OT
€r0 MAHEBPEHHOCTH M CKOpocTH. /[l mapycHbIX CyI0B B pe3yJbrare
MHOIOBEKOBOI'0 ONbITA ObLIM BbIPA0OTAHBI ONTHMAJIbHbIE COYEeTAHHUS (POPMbI
Kopmyca u napycos. /liisg kopa0seil ¢ mapoBOd MAIIMHOM CKOPOCTH ONpeAesieTCs
B 3HAYMTEJbHON CTENMEHU MOIIHOCTBI MApPOBOil MalIUuHbLI. B TOT mepuoa temio
JJIS. MAIIUH MOJIy4AaJId OT C)KUTAHUA YISl B TONKaX KOTJI0B. [lodTomMy uem Bbline
TpedyeMasi MOIIHOCTHL MAIIMHBI, TeM OoJiblllee YHUCJIO0 KOTJIOB HEe00X0quMO
KCII0JIb30BAaTh U UMETHh HA CydHe 00JbIIMH 3anac yriisg. Bece 3T0 yTHKeJIAJ10 CYyIHO
U CHUKAJO €ro CKOPOCTb, CBOASI K HYyJdeBOMY 3¢ deKTy yBeJn4eHrue MOIIHOCTH
MAIIHUHBI.



YuyurbiBasi, YTO CTPOUTEIHLCTBO OJHOI0 Kpeicepa 3aHMMAJI0 HECKOJIbKO JeT, a
ero CToMMOCTh ObliIa BeCbMa 3HAYUTEJAbHOW, MOKHO IOHATH CTPEMJICHHE
CyloCTpouTeJ el HaluTH 0ojiee OBICTPbIA W JelIeBbI MO0 CPAaBHEHUIO C
TPAAMIUOHHBIM METOAOM IPO0 M OMWMOOK  CHmoco0 MOMCKA ONTHUMAJbHBIX
nmapaMeTpoB cyiHa. Bbixoag Obli1 HaligeH B MmoaeaupoBanuu. IlporaruBass B
O0acceilHe HeOOJIbIIME MOJEAM OYIyIUUX CYIOB U M3MeEpPssi CHJIY CONPOTHBJICHUS,
KOHCTPYKTOPHI HALIIM PALMOHAJIbHBbIC PellieHUs, Kak Mo (popMe KoOpIyca CyaHa,
TAK U 110 MOLIHOCTH CHJIOBOM YCTAHOBKH.

B Hacrosimiee BpeMsl MeTOAbl HATYPHOI0 MOJACJIMPOBAHHMS HAXOAAT Camoe
IIHUPOKOEe NMPUMEHEHHE B CYIOCTPOCHUH, ABHACTPOCHUH, ABTOMOOMJIECTPOCHUM,
PaKkeTOCTPOeHUM U JApPyrux oodgacrax. Hampumep, mpu pa3padoTke HOBOrO
camMosieTa 00JIbIIOE 3HAYECHHE UMEKT IKCHECPUMEHTHI ¢ HATYPHBIMHM MOJECJISIMM,
HCIBITHIBACMbIMUA B ajpoauHamu4veckor tpyoOe. IIpoBeneHHble HCCIeI0BAHUSA
MO3BOJIIIOT M3YYUTh OCOOCHHOCTH OO0TekaHusi (Pro3eiika BO3AYUIHBIMH
MOTOKAMM, HANTH Han0oJIee PALMOHAJIBHYI0 (OPMY KOPIYCAa U OTAEJIbHBIX Y3JI0B.
HarypHble MogeJu HCHOJB3YWTCH MU NPH HCCIACAOBAHMU MNMPUYMH KPYIHBIX
aBapHuil U KaTacTpo(p. AKTUBHO NMPUMEHSIOTCH HATYPHbIE MOJEJH B COYCTAHUM C
APYTHMH METOAAMHM MOAEJUPOBAHMUS (HANIPUMeEpP, KOMIbIOTEPHOI0) MPH CheMKe
KUHOPUIbMOB. Tak, Ha cbeMKaxX aMepUKaAHCKOro ¢puiabma «TUTAaHMK» I CUEH
rudesim KopaoJia ObLJI0 HCII0JIB30BAHO 00JIee 1eCATH MO/IeJIel CyI0B.



B OCHOBY aHaJIOr0BOI0 MOJEJIUPOBAHUS IOJI0KEHO COBIIA/ICHUE
MATEeMATHYECCKUX OMMCAHMH Pa3UYHbIX 00beKkTOB. IlpMMepamMu aHaI0roBBIX
MO eJIel MOTYT CJIY:KUTH IEKTPHYECKHE U MEeXaHUYeCKUe KoJe0aHus, KOTOpbIe ¢
TOYKH 3PEHUS MATEMATUKHU ONUCHIBAKTCH OAMHAKOBBIMU COOTHOILUCHUSMH, HO
OTHOCATCH K KAa4YeCTBEHHO oTaHYawmuMcs ¢usnyeckum mnpoueccam. Ilosromy
U3yYeHHEe MEXaHMYECKHX KOJeO0aHMHA MOKHO BECTH C MOMOUILIO JICKTPUYECKOMN
cxeMbl, U HaoOopor. IIpM HEKOTOPBLIX AONYLHICHHUAX AHAJOTMYHBIMU MOKHO
CUMTATHh MPOLUECCHI PACIHPOCTPAHECHMA Temjaa B Tejae, Auddy3un npumMeced H
MPOCAYUBAHMSA KUIAKOCTH.

K 4uxcily HMHTEpeCHbIX INPHUMEPOB MOKHO OTHECTHM H3BECTHYH) B TeOpHH
yanpyroctu a”ajgoruw IIpaHaris, KOTOpbIA NOKa3aj, 4YTO YPAaBHEHUS JIsd
(pyHKIUU HanpsKeHuil (M0 KoTopoi mpocTtbiM aAuddepeHHUMpPOBAHHEM MO
KOOPAMHATAM OINPEIeJAI0TCH KOMIIOHEHThI TEH30PAa HANpPSKeHHil) B 3aga4ye o0
KPYYEHUH CTEpP:KHHA MNPOU3BOJIHLHOI0 IMONEPEYHOr0 CEYECHUS UICHTHYHBI
YPABHEHUSIM, OMNpeIeJAIIUM Nporud MeMOpaHbl, HATAHYTOH Ha YNPYruu
KOHTYP TOH e (GopMbl, 0] AeiiCTBUEM PABHOMEPHOI0 JaBJCHHUA. ITO MO3BOJIUIIO
3aMEHHUTh OTHIIb HE MPOCTbie JKCIHCPUMEHTbI IO OMpPeIeJeHUI) KOMIIOHEHT
TEH30pPa HANPIKEHUN B CKPYYMBAEMOM CTEpPKHE MNPOCTHIMH H3MEpPEeHUAMM
nporuda MemMOpaHbI.



NneanbHoe MOAeJUPOBAHME PA3AeJSIOT HA IBA OCHOBHBIX THIIA. MHTYMTHBHOE U
HAy4HOe.

NuaryutuBHOEe MOJEJUPOBAHUE — 3TO0 MOAECJIMPOBAHHE, OCHOBAHHOE HA
UHTYUTUBHOM (He O00OCHOBAHHOM ¢ mO3MUUN  (OPMAJBLHON  JIOTUKH)
npeAcTaBJIeHUH 00 00beKTe HMCCae0BAHUS, He mnoajgawmuMmcs ¢GopmMaau3anumn
WIH HEe HYKIAKIUMCH B HEH.

NuTynnus, MHTYMTUBHBIE MOJEJH MIPAIOT B HAayKe 4YPE3BbIYAWMHO BaKHYIO
poiab. HoBoe 3HaHHME HEJOCTHKUMO TOJBKO MeToaamMu (GOPMAJIBHOM JIOTHKM.
boabuyo posib Urpar0T UHTYMIUA U HHTYUTUBHbIE MOEJIN.

Bor 01HO U3 caMbIX HOATHUYHBIX BbICKA3bIBAHUM HA ITYy TEMY.

Teopemux eepum 6 n02uKy, Emy xasicemces, 6yomo on npezupaem meumy, UHMYUyuio,
noasuro. OH He 3ameuaem, Ymo OHU, MU MpuU Geu, NPocmo nepeocoeucs, Umoouvl
0001IbCMUMb €20, KaK Gn00YU6020 MAnbuyuwiKy... OHu Aensaomcs emy noo umeHem
«paboyux 2unomesy, «NPOU3BONbHLIX SUNOME3Y, KAHALOSULY, U MONCEM iU MeoPemuK
no0o3pesams, Ymo, CAYWas Ux. OH UsMeHsem Cypo8oU 102UKe U BHEMAEN HANe8am mys3.

Anmyan oe Cenm-Ix3tonepu



NuaTyutBHOE M Hay4yHoe (TeopeTH4YecKoe) MOAeJTMPOBAHUE HM B KOEM cJyvae
HeJIb351 IPOTUBONMOCTABJIATL OHO APYromMmy. OHM XOpOILO JOMOJHSAIT APYI Apyra,
pasgenasiss o0jgactu cBoero npuMeHeHusi. IlpuBbiuHass OykBeHHO-UU(ppoOBasi
(3HakoBast) ¢opMa MpeACTABJICHUS HAYYHOIO0 3HAHMUS MCTOPUYECKHU CJI0KUIACH
KAaK TeXHOJIOIUs «Iepeaeia» roroporo 3Hanus. Co3xaHue ke Ka4eCTBEHHO HOBOIO
3HAHMS, POXKICHUE NPUHUUMHAIBHO HOBBLIX HAYYHBIX HAedl HE MOXKET ObITh
CBEICHO K MNPOLECCY YHMCTON AeAYKIHMH, K Hpoueccy (popMaabLHO-JIO0rHYeCKOro
BbIBOJa CJICACTBUII M3 MHOMXKECTBA YK€ OTKPBITBHIX, TOTOBBIX (paKTOB, rMIOTE3 H
TEOPUil, COCTABJIAIIIUX 0a3y JAHHBIX CCrOAHANIHEH HAYKH.

lloonunno yenHocmvio s6asemcs, 8 CYWHOCMU, MOAbKO UHMyuyus. s meHs He
NOONeNCUM COMHEHUI0, 4moO Haule MblulleHue nNpomexaem, 6 OCHOBHOM, MUHYS
CUMBONbL (CTIOBA) U K MOM) dHce DeCCO3HAMENbHO.

Anvbepm unwimerin

Jaxe B camoil a0CTPaKTHOM 001acTH (PyHIAMEHTAIBLHON HAYKU — MATEMATHKE
— MHTYULUA UTPAaeT ONpeaeasioyo pojib
Bvl donorcnvl  0ocadamuvesi 0 mamemamudeckou meopeme npexcoe, 4em 8bl ee

dokadceme;, 8bl Q0JIHCHBI 002A0amuvcs 00 udee 00KA3aAmMenIbCmaed, npexicoe Yem bl €20
npogeoeme 8 0emaJisix...; 00Ka3amenbCcmeo OMKpPbl8AEMCsl... C NOMOUBbIO 002A0KU.

I 1loua



Yucmas noeuxka ececoa npusena Obl HAC MOJILKO K MABMONO02UU; OHA He MOo2ld Obl
€030amv HUYe20 HOB020, CaMd NO cebe OHA He MOJcem 0amb HA4anio HUKAKOU HAyKe...
Jlna moeo, umobwvl cozdamv apumemuxy, Kak u O mMo2o, 4MmMoObl €030amb
2eoMempuro Ul Kakyo Ovbl mo HuU OblI0 HAYKY, HYHCHO Heumo opyeoe, yem HUcCmdas

JO2UKA. ﬂ]lﬂ 0003HAYEHUST DMO20 dpyeoeo Y HAC Hem UHOcOo ciloea, Kpome cjloed
CUHMYUYUUA) .

A.llyankape

U36eunbiil cexpem HeoObIYAUHOU NPOOYKMUBHOCMU 2€HUSL — 8 €20 YMEHUU HAX00UMb
HOGBble NOCMAaHOBKU 3a0au, UHMYUMUBHO npeoyaaoamso meopemul
npuodawue K HOBbIM 3HAYUMENbHLIM DPe3YIbmamam U K YCMAHOBNEHUIO BANCHbLLX
3axonomeprnocmeu. He 6y0b HOBbIX KOHYenyuil, HOBbIX udel, MameMamura ¢ Npucyujel
el Cmpo2ocmvlo J102UHECKUX 880008 8CKOpe ucuepnaia Ovl cebsi u npuuiia 8 ynaook,
ubo 6ecv mamepuan o0Kazaics Obl U3PACXOO0BAHHBIM. B smom cmblcie MOXMCHO
CKa3amv, 4mo Mamemamuxy O8UNCYM éneped 8 OCHOBHOM me, KMo OmmeyeH O0apom
UHMYUYUU, A HE CMPO2020 00KA3AMenbCmad.

D.Kneuin



Heo0xonumMo 3aMeTUTh, YTO B OCHOBE JIIO00I0 JIOTUYECKOI0 PACCYKACHUS JIeHKAT
rUNoOTe3bl WM AaKCMOMbI, NPUHUMAEMbIe HA Bepy U HeNpPOTUBOpeYaLIUe
UMEIIEMYCH ONbITY WM JKcnepumeHry. I[lodtomy MOXKHO TOBOPUTH 00
UHTYUTHUBHON MEPBOOCHOBE JIWOOI0 HAYYHOro 3HaHusA. B To ke Bpemsi cienyer
MOAYEPKHYTh, YTO BO MHOIMX 00JIACTAX 3HAHUI, OCOOCHHO B €CTECTBEHHbIX
HAyKaX, aKCMOMbI SIBJSAKOTCH KaK NMPAaBWJIO 00001eHHEM OrPOMHOI0 KOJHYECTBA
HAKOIICHHBIX SMIIUPUYECKUX JAHHBIX.

B pe3yabrare mo3HaHHMsl 4YeJIOBEK Pa30upaercd B NPUYMHAX TeX HMJIM HHBIX
SIBJICHMH, OTOABMIasi TPAHUIbI CBOMX MHTYUTHUBHBIX MPEACTABJICHUH 00
OKPY:KAKIIEM MUPe. YUUThIBAas 0€CKOHEYHOCTh ITOr0 MPOIecca, MOKHO CKa3aTh,
YTO MHTYUTHUBHASI OCHOBA Yy JIOOOI0 HAYYHOI0 3HAHUA OyleT NPHUCYTCTBOBATH
Bcerga. O Mepe HHTYMTHUBHOCTH 3HAHUS MOKHO CYIMTh IO YHCJIY MCIHOJIb3yeMbIX
rUNoTe3 M axkcuoM. B  yka3aHHOM cCMbIC/Ie [JejJleHHMe MOJeJMPOBAHUA Ha
HHTYUTHBHOE U HAYYHOE CJIeAYyeT NMPU3HATH OTHOCUTEIbHBIM.



Hayqnoe MOAC/IMPOBAHUC - ITO BCeraa JOI'H4Y€CKH 000CHOBaAHHOE
MOACJIUPOBAHMUC, NCIOJb3YIOIIEC MHUHHUMAJIBHOE YHUCJI0 l'[pBI[HO.]IO)KQHHﬁ,
IPUHATBIX B Ka4YeCTB€ TI'UIIOTE3 Ha OCHOBAHHUU Haﬁ.]'IlOIleHI/Iﬁ 3a 00BbEKTOM
MOACJIUPOBAHUIL.

I1aBHOE OoTIIMYHE HAYYHOI'0 MOACJIUPOBAHUA OT HHTYUTHBHOI'0 3AK/IKOYA€TCH HE
TOJIBKO B YMCHMHU BbIIIOJIHATD He00X0AUMBbIE onmepanum M AECTBUS 110
COOCTBEHHO MOACJIUPOBAHUIY, HO U B 3HAHUHU «BHYTPECHHHX» MCXaHU3MOB,
KOTOPbIC UCHTOJb3YHOTCH IIPHU ITOM. MokHO CKa3aTb, YTO HAYYHOC MOACIUPOBAHHUC
3JHaeT HE€ TOJbKO, KaK He00X0AUMO MoA€CJIUPOBATb, HO H MOYEMY TaK HYKHO
HeJaThb.

3HAKOBBIM HA3bIBAETCH MOACJHPOBAHHME, UCHOJb3YHOIIee B KayecTBe Moaesiei
3HAKOBBIE M300pPaKEHUS KAKOro-iu00 BHAA. CXeMbl, IpauKH, 4YepPTekKH,
ueporiu(dpbl, HA00OPHI CUMBOJIOB, BKJIKYAIOIIEE TAKKE COBOKYIHOCTH 3aKOHOB M
NpaBWJ, MO KOTOPHIM MOKHO OINEPUPOBATH ¢ BbIOPAHHBIMH 3HAKOBBIMU
00pa30BaHUSIMU M JIEMEHTAMH.

MopeaupoBanue ¢ MNOMOIILI0 MAaTEeMATHYECKHUX COOTHOLIEHUN SABJIAETCH
MPUMEPOM 3HAKOBOT0 MOJIEJTUPOBAHMSI.



KoruutuBHbIEe, KOHLENTYAJbHbIE U (JOPMAJIbHBIE MO/IEJIH

Ilpu mHaOa0aeHMM 32 O0BEKTOM-OPUTMHAJIOM B T0JI0BE MCCJIea0BATEIs
dGopmupyercsi HeKMH MBICJIEHHBIM 00pa3 o00beKkTa, ero ujaeajbHasgs Mo/elb,
KOTOPYK0 TPHHATO HA3bIBATh KOTHUTUBHOW (MBICICHHOM, CIOCOOCTBYIOIIEH
MIO3HAHUIO) MOIEJbIO.

IIpeacraBjieHde KOTHUTUBHOW MOJEJAM HA €CTECTBEHHOM A3bIKE HA3bIBACTCH
CoePKATEIbHON MOIEJIBIO.

Ilo PpyHKUMOHAJIBLHOMY NPHU3HAKY COAEpP:KATeJbHbIe MOJAEJH MOAPA3AeIAITCH
HA OnucareJbHbIe, 00bSICHUTEIbHbIE H IPOTHOCTHYECKHUE.

OnucarejJLHOU MOIEJbI0 MOKHO HA3BATH JII000€E ONMHCAHNE 00HLEKTA.

OO0bsicHUTeIbHAS MO/IeJIb MO03BOJIAeT OTBETUThL HAa BOIPOC, MOYEMY YTO-JIH00
MPOMCXO/IMUT.

HpOFHOCTI/I‘IeCKaH MOJA€JIb J0I2KHA OIIUChIBATDb 6yz(y1uee MNOBCACHHUC o0beKTA.

3amMeTM, 4YTO TNPOrHOCTHYECKAsI MOAeJb He 00s3aHAa BKJIKYAThL B Cce0s
00BbSICHUTEJIBHYIO.

KoHuentyajJibHOII MOJeJbI0 HAa3bIBAETCH COAEP:KATeJbHAA MOAeJdb, IMPH
(popMYJTUPOBKH KOTOPOH MCHOJIb3YKOTCH MOHATHS U NMPEACTABJIECHUS MPeIMETHBIX
o0JiacTeil 3HAHMS, 3AHMMAKOLIUXCH N3yYeHHEM 00beKTA MOJAEJIUPOBAHMS.



(I)opMaanaﬂ MOAECJb SABJIACTCH NPEACTABJICHUECM KOHHEHTyaJIbHOﬁ Moae/,im €
NMNOMOIIbI0O OAHOI'0 MU HECKOJIBbKHX (l)OpMaJIbHI)IX A3bIKOB (HanpuMep, A3bIKOB
MaATEMaATHYICCKUX TeOpI/Iﬁ NWJIN AJINOPUTMHUYCCKHUX H3I)IKOB).

B rymMaHuTapHbIX HAayKax IMpolecc MOAeJIHMPOBAHMS BO MHOTHX CJIy4yasix
3aKAHYMBAETCH CO3JaHMEM KOHIENTYaJbHOW Moaeau o0bekTa. B ecrecTBeHHO-
HAYYHBIX JUCHMIUIMHAX, KAK PABWJIO, YIA€TCS MOCTPOUTH (POPMAIbHYI0 MO/IEJIb.



MATEMATUYECKOE MOJAEJIMPOBAHHUE

MaremaTnyeckoe MoAeJJUPOBaHUEe — 3TO HAeaJbHOEe HAydyHOe 3HAKOBOE
(popmasibHOE MOIEJIMPOBAHUE, IPH KOTOPOM ONMHMCAHHE 00bEKTA OCYIEeCTBJISIETCS
Ha SI3bIKE MAaTEMATHKH, a UCCJIeI0BAHUE MOAEJH MPOBOAUTCS € MCNOJIb30BAHUEM
TeX WJIU MHBIX MAaTeMaTHYEeCKUX METO/I0B.

B HacTosiiee BpemMsi MareMaTH4eCKOe MOACJMPOBAHHE 3TO OJUH M3 CaMbIX
pe3yJbTATUBHBIX M Hau0oJiee 4YacT0 MNPUMEHSIEMbIX METOJ0B HAYYHOI0
ucciaenoBanus. MaKTU4eCKH BCe COBPEMEHHbIe pas3jeiibl (PU3UKH NOCBSAUICHBI
IMOCTPOCHUID U  HCCICJOBAHUI0O MATEMATHYECKHX MoJeed  Pa3iMYHbIX
(pusnyecKkux 00bLEKTOB U SIBJICHUIL.

Tak ¢u3uku - «AAepIIUKI> A0 NPOBEACHUS IKCIEPUMEHTOB BbINOJHAKT
cepbe3HbIe HCCJIeN0BAHMS ¢ MPUMEHEHUEM MaTreMaTudeckux mopesen. Ilpu stom
HA OCHOBAHUHU TEOPETUUYECKOI0 MOACJIMPOBAHUS Pa3padaTbIBaeTCAd M YTOUHACTCH
METOAUKA HATYPHBIX IKCIIEPUMEHTOB, BBISICHAETCS, KaKue 3P eKThl, I71e U Korjaa
cJIelyeT OXKHIaTh, KOIIa M YTO PerucTpupoBarb. TaxkoW Mmoaxox MO3BOJISIET
3HAYUTEJbHO CHU3HUTHL 3aTPaThl HA MNMPOBeJAeHHE IKCIEPUMEHTA, MOBBICUTH €ro
3} PEeKTUBHOCTD.



Kak npaBuwio, 3Ha4uTeIbHbIEC YCIIeXH B OMOJIOTHM U XMMHUHU B MOCJIe/IHee BpeMs
ObLIM CBSI3aHBI C Pa3padOTKOM M HCCJIeI0BAHHEM MATEMATHYECKHX MoJeJeH /A
OMOJIOTMYeCKUX CHCTEM U XMMHYECKHMX npoueccoB. Uayr akTuBHBIE PadOThI 1O
CO3JAHUI0 MATEMATHYECKHMX MoJe/iell B IKOJOrMH, IKOHOMHKE M COLHMOJIOTHUM.
Hesb3s1 nepeoueHUTh MCMOJIb30BAHHE MATEMATHYECKHUX MoJesieil B MeauMIUHE U
npoMbiieHHOCTH. [losiBMJIach BO3MOKHOCTHL HA HAYYHOH, TO €CTh JIOTHYECKH
000CHOBAHHBIN OCHOBE MOAXOAUTh KO MHOIMM JKOJOTHYEeCKMM W MeIMIUHCKUM
npodjeMaM:. MMILIAHTAIIMM M 3aMeHe PAa3JIMYHbIX OPraHoB, NMPOTrHO3MPOBaHHE
pa3BUTHS dMUAeMHUid, 000CHOBAHUSA IJIAHOB JUKBUIALMHU MOCJEICTBUI KPYNHBIX
apapuil u KaracTpod. O4yeHb YacTO METOAbl MATEMATHYECKOI0 MOAEeJIHMPOBAHUSA
SIBJISIIOTCSI €IMHCTBEHHO BO3MOKHBIMU.



IIo CPABHCHHUIO C HATYPHBIM MOACJIUPOBAHUEM MATEMATHYICCKOC MOACINPOBAHUC
HMeeT CIeayrinue npeuMyniecraa.

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

2) BO3MOKHOCTH MOJEJTUPOBAHUS THNOTETHYECKHX, TO €CTh He peaju3yeMbIX B
npupoae 00beKTOB (MpeKIe BCero Ha pa3HbIX ITanax NPOEeKTUPOBAHUA);

3) BO3MOKHOCTDH peajiu3alui Pe;KUMOB ONMACHBIX HJIH TPYTHOBOCIPOU3BOAUMBIX B
HAaType (KPUTHYECKMH PeXMM SIEPHOI0 peakTopa, padora CHCTEMbI
NPOTUBOPAKETHO 000POHBI);

4) BO3MOKHOCTH M3MEHEHHsI MACIITAGOB BpPeMeHH; MPOCTOTA MHOI0ACHEKTHOIO
aHaJIM3a,

5) OoJblIasi MPOrHOCTHYECKAS CHJIA BCJEICTBHE BO3MOKHOCTH BBISIBJIEHHUS
001UX 3aKOHOMEPHOCTEN;

6) yHHBepCAJbHOCTh TEXHHYECKOT0 H NMPOrPaMMHOI0 obecredeHHs MPOBOAMMONM
padorsl (ABM, cucreMbl NPOrPAMMHUPOBAHUS M MAKEThl NPUKJIAAHBIX IPOrpamMm
IIUPOKOT0 HAZHAYCHUS).



OdyeHb YacTo MeTOAbI MATEMATHYECKOr0  MOAECJMPOBAHUA  SIBJIAKTCH
eIMHCTBEHHO BO3MOkHbIMU. [IpuBeaem 1Ba npumepa.

BcecTtoponnee MareMaruyeckoe  MOAECJIUPOBAHHME W IPOMIPHLIBAHUE»
pPa3JIM4YHbIX BapuaHTOB HAa JBM mo3Boimiio B Kpar4yaiiuime CpoOKM 000CHOBAHHO
CIUIAHMPOBATH U MPECTYNUTHh K pPeau3alud IUIAHA JUKBUIAAUUM NOCICACTBHH
YepHOObLILCKOM KAaTACTPOPHI.

YHUKAJIbHBIC Pe3yJbTarhbl ObLIM NOJYYeHbI M0 NmpoekTy «lesp», CBA3AaHHOMY C
MAaTeMATHYeCKUM MOJAEeJIMPOBAHMEM MOCJICACTBUI sIepHOM BOUHBI. bbLI0
MOKA3aHO, 4YTO B pe3yjabTare CHJIbHOIO 3anbLICHUsI aTMOcepbl BO3MOKHO
3HAYUTEJbHOE IVI00AJIbHOE MOX0JI0AaHue («sAepHasi 3UMMa») U CBA3AHHOE C 3THUM
NPAKTUYeCKOe BBIMUPaAHKE BCEro *KUBOIO0.

DJIEMEHTBbI MATEMATHYECKOI0 MOACJMPOBAHMS MCHOJb30BAJINCH € CaMOro
HAYaJIa MOAABJICHUSA TOYHBIX HAYK. CJI0BO «AJIrOPUTM» MNPOUCXOAUT OT HMEHH
CpeIHEeBEKOBOI0 apadCKOro y4eHoro AJib-Xope3mu (ajgb Xopesmu A0y AdOmpana
Myxamen 6en Mycca aap Mamkycu, 787 1. —ok. 850 r). Brtopoe poxaeHnue
MATEMATHYECKOI0 MOJAeJUPOBAHUSA NPUILIOCH HA KoHel 40-x — Hayao 50-X rogoB
XX Beka v 0b1J1I0 00yCJIOBJICHO B OCHOBHOM JIBYMSI IPUYMHAMM.



Oecnpeir

IlepBasi U3 HUX — MOSABJICHHE NMEPBLIX KOMIBIOTEPOB. Bropast — conuaJbHbII
3aKa3 — BbINOJHeHUEe HAMOHAJIBHBIX nporpamm CCCP u CIHIA no co3panuio
PAKETHO-ACPHOT0 IIMTA, KOTOPbIN He MOI ObITH BbINOJHEH TPATULMNOHHBIMH
MeTogamMu. MaremaTru4yeckoe MOAEJUPOBAHUE OJiecTsIEe CHPABHJIOCH C ITOM
3aJa4yeil. siAepPHbIe B3PbIBbI M MOJIEThl PaKeT H CIOYTHHKOB ObLIH
NpPeABAPUTEIbHO  OCyLIeCTBJEeHbI B  Heapax JBM ¢ nomMoubio
MaTEeMATHYeCKUX MOJeJIeH U JIMIIb 3aTeM MPETBOPEHbI HA NPAKTHKE.

Ceiluac  MareMaTM4ecKoe  MOACJMPOBAHHE  BCTYNAaeT B  TPETUH
NPUHIUNHAIBHO BAaKHBIM 3Tall CBOEIr0 Pa3BUTHUS, BCTPAUBAACH B CTPYKTYPY
UH(POPMANUOHHOIO 00mecTBA. «ChIpasi uHGoOpMALUA» 00BIYHO MAJIO YTO 1AeT
IJIS AHAJM3a W MPOrHO3a, Jsl NPUHATUHA PelICHUN M KOHTPOJIHA 3a HX
ucnosHeHueM. Hy:xxHbI HajgexxHbIe CIOCOOBI MepepadoTKu MHGOPMALMOHHOIO
CbIPbS B FOTOBbIN MPOAYKT — TOYHbIEC 3HAHUSL.

HNcTopuss 1 MeTOH0JIOTHS MATEMATHYECKOI0 MOACJIMPOBAHUA YOeKIAeT: OHO
MOKET U JO0JKHO CTATh HHTE/VIEKTYAJbHBIM SAPOM HHGOPMANUOHHBIX
TEXHOJIOTHH, BCEro nmpouecca nHpopMarusanuu o01ecTna.



BbIBO/IbI

Meron MareMaTH4eCKOro MOJAEJIMPOBAHMS, MNPEACTABJIAOIIMNN  co00M
KOJIMYECTBECHHOE ONMMUCAHNE U3YYaeMbIX SIBJCHHUI HA A3bIKEe MATEMATHUKH, LIUPOKO
NPUMEHHACTCH JIsd HCCJIACIOBAHUS BCEBO3MOXKHBIX SIBJICHUU MPUPOALI U
00IeCTBEHHOM KU3HM.

ITOT «TPETHH MYTh MO3HAHUNA» COYETAET B ce0e JOCTOMHCTBA KAK TEOPUHU, TAK
U IkcnepuMeHTa. C OIHOM CTOPOHBI, padoTas He ¢ caMMM OOBEKTOM, a C ee
MOJEJIbI0, MBI MOXKEM OTHOCHUTEJBbHO OBICTPO U 0e3 CYHIeCTBEHHBIX 3arpar
HCCJIEA0BATh €r0 CBOMCTBA U MOBEACHHUE B JKObIX MBICJUMBIX CHUTYyalMAX
(mpeumymecrsa Teopun). C Ipyrom CTOPOHbI, BBIYUCIUTEIbHbIC IKCIIEPUMEHTbI
C MOJCJIAMH O0BEKTOB MO3BOJAKT, ONUPASCh HA MOIIb COBPEMEHHbIX
BbIYHUCJIUTEIbHbIX METOA0B M BHIYMCIMTEIbHON TEXHUKH, MOAPOOHO M IIIyOOKO
U3y4aTb 00bEKThI B JOCTATOYHOM MOJHOTE, HEJOCTYNNHOM YHUCTO TEOPETHYECKUM
HCCJICOBAHUAM (MPEeMMYIIeCTBA IKCIEPUMEHTA).



'maBa 1. OCHOBHbIe MOHATUA N NPUHLUNbI
MaTeMaTU4eCcKoro MmoaenmpoBaHus.

1. OCHOBHLIC 3TAllbl MCTOJAA MATCMATHUYECCKOI'O MO)j[eJII/II)OBaHI'IH
1. Co3aanue KauecTBEHHOM MOJEIH

BrisicHsieTcsl XapaKTep 3aKOHOB U CBsi3eil, JeHCTBYIOIIMX B cucTteme. B 3aBucumocTu
OT MNPHUPOAbLI MOAEJIH 3TH 3aKOHbI MOIYT ObITb (HU3NYECKHUMH, XUMHUYECKHUMHU,
OMOJIOTHYeCKUMM, IKOHOMHYECKUMM.

3a)1aqa MOAC/IHPOBAHUA-BbIABUTDL IJIABHBLIC, XAPAKTCPHBLIC YCPTbl SABJICHHUSA WJIH
Inpouecca, €ro onpeacjasirommue 0CO0EHHOCTH.

IIpuMEHUTEJBbHO K HCCIACA0BAHUI0 (PU3MYECKHX SBJIECHUU CO3JaHHE Ka4YeCTBEHHOH
MOeJIM — 3TO (POPMYJIHPOBKA PU3HMUYECKHX 3AKOHOMEPHOCTEH SIBJICHUA UJIU MPOILECcca Ha
OCHOBAHUH IKCIIEPUMEHTA.

2. CozpaHue MaTeMaTH4YecKoii Moe/iu (IOCTAHOBKA MaTeMaTH4YeCKOoii 3a1a4H)

Ecam ™Mozenb ONUCHIBACTCH HEKOTOPbIMM YPAaBHEHUSIMH, TO OHA HAa3bIBaeTCH
nerepmuHupoBaHHoi. HayanbHo-KpaeBble 3a1a4u MaTeMaTHYeCKON (PU3UKH SABISIOTCH
NpUMepamMu JeTePMUHMPOBAHHBIX JU(depeHuHaATBLHBIX MOICICH.

Ecau Momesb ONMCHIBACTCH BEPOATHOCTHHIMU 3aKOHAMHM, TO OHAa HAa3bIBaeTCH
CTOXACTHYECCKOM.



1) BeliesieHne CymecTBEHHBIX (DaKTOPOB.

OCHOBHOW NPUHIHUIL: €CJIU B CUCTEMeE AefCTBYET HECKOJIbKO (PAKTOPOB OHOI0 MOPSAAKA,
TO BCE OHU JTOJI)KHBI ObITh YYTEHbI, HJIM OTOPOILIEHBI.

2) BoigesieHre JOMOJIHUTEIbHBIX YCJI0BUH (HAYAJIbHBIX, TPAHUYHBIX, YCJIOBHUM
CONPSZKEHUS U T.IL.).

3. U3yyeHue MaTeMaTH4YeCKOM MO/Ie/IH

1) MareMaTnieckoe 000CHOBAHHUE MO/IEJIMN. HUccaenoBanue BHYTPEHHEH
HeNMpoTUBOPeYnBOCTH MoAeau. (Q00CHOBaHHMe KOPPEKTHOCTH Au(epeHIuaIbHON

Moaeau. Jloka3areJabCTBO TeOpeM CYyIIeCTBOBAMS, €JIMHCTBEHHOCTHM M YCTONYHUBOCTH
pelieHus.

2) KauecTBeHHOE MCCJIeI0BAHHE MOJeH. BrIsicHeHHe NoBeIeHus MOIeIH B
KpailHUX M npeaeJbHbIX CUTyalusX.

3) YwucjaeHHoe uccienoBaHue Moaean. a) Pazpadorka aaropurma. 6) Pazpadorka

YUCJICHHbBIX METOA0OB UCCJICA0OBAHUA MOIACJIN. Pa3pa6aT1>1BaeMble METOABbI TOJIZKHBbI ObITh
JOCTATOIHO OﬁIIII/IMI/I, AJITOPUTMHUYIHBIMHA n AONMYCKAKIITUMH BO3MO’KHOCTb

pacnapaJjie;IuBaHus. B) Co3nanue um peanusanus mnporpammbl. KoMnbroTepHbIii
IKCIIEPUMEHT.
JlabopaTopHbIil IKCIIEPUMEHT KoMniboTepHBIA IKCIIEPUMEHT
Oopasen Maremarudeckasi MOJAeJIb
Dusnyeckuid npudop IIporpamma
Kaaubposka TecTupoBanue nporpamMmmabl
N3mepenus Pacuertnl

AHaJN3 JaHHBIX AHaJIN3 JaHHBIX



Ilo cpaBHeHMI0O ¢ Ja00pPAaTOPHBIM (HATYPHBIM) 3KCHEPUMEHTOM KOMIbIOTEPHBIN
IKCIEPUMEHT [elieBjie, 0e30macHeid, MOXKET IPOBOAUTHCHA B TeX CJOy4YasX, KOIJaa
HATYPHBIH IKCIIEPUMEHT NPUHUMIHAIBHO HEBO3MOXKEH.

4. IlonyyeHue pe3yibTATOB U UX MHTEPIIPeTALUSA

ComnocraBjieHHe MOJYYEeHHBIX [JaHHBIX € pe3yjabTaTaMM KavyeCTBEHHOr0 AaHAJIu3a,
HATYPHOI'0 IKCIIEPUMEHTA U JAHHBIMH, MOJYYEHHbIMH € MOMOILIBIO APYIMX YHCJICHHBIX
AJITOPUTMOB. YTOYHEHHE M MOAU(PUKALMA MOJEJIN U METOA0B €€ UCCJICAOBAHMS.

5. Ucnosib30BaHMe MOJYYEHHBIX Pe3yJibTATOB

IIpeacka3anue HOBBIX siBJIeHUN M 3akoHOMepHocTei. IIpeackaszanue Ilosem Iupaxom
OTKPBITHSA AHTHYACTHI HA OCHOBE HMCCJICIOBAHUA MOCTPOCHHOM UM MOJAEJM KBAHTOBOM
TEOPUH MOJIS.

2. IlpsiMmble U oOpaTHBIE 321a44 MATEMATHY€CKOr0 MOAeJTUMPOBAHUS

1. Ilpsimasi 3aga4ya Bce NapaMeTpbl HCCJeyeMON 3aaauy¥ HU3BECTHbI W M3Yy4aercs
MOBeJAeHUE MO B PA3JINYHBIX YCJIOBHUSX.

2. OOparHble 3a/1a4H.

a) 3aja4ya pacno3HaBaHMs. OoNpedesieHUe MapaMeTPoB MOJIE/IM IyTeM CONMOCTABJICHUSA
Ha0/II0IaeMbIX JTAHHBIX U pe3yabTatoB MoaeaupoBanus. [lo pesyabraram HaOMHOAEHUHT
NBITAKTCA BBIACHUTH, KaAKHE MPOLECCHl YNPABJIAT NMOBeJIeHHEM 00beKTa M HAXOAAT
ompenesiloniue napaMerpnl monaeau. B oOparHoii 3amade pacmo3HaBaHusi Tpedyercs
OIpeAeJIUTh 3HAYCHHE MAPAMETPOB MOAEJU MO0 M3BECTHOMY NMOBEICHUI0 CUCTEMbl KaK
1eJI0r0.



IIpuMepsbl 32124 pacno3HaBaHuA: -3a/1auya JIEKTPOPA3BEAKH: ONpeaeJeHHue MOA3eMHBIX
CTPYKTYP NpM T@OMOIIM HW3MEpPEHHMsl HA MOBEPXHOCTH. -3a/Ja4a MATHUTHOM
AeekTocKONmUuU: omnpenejeHue aedekra B AeTAJU, NOMEIIEHHON MEXKIY MOJTICAMHU
MArHUTA, 10 BO3MYIICHHMI0 MATHUTHOI'O IOJISl HA OBEPXHOCTH AETAJIM.

0) 3amaua cuHTe3a (3aga4ya MATEMATHYECKOI0 IMPOEKTHPOBAHUSA).  NOCTPOCHHUE
MATEeMAaTHYeCKUX MoJeJed CHCTeM M YCTPOMCTB, KOTOpPbIe [OJKHBI 00J1a1aTh
3aJJaHHBIMHM TEXHUYECKUMHU XapaKTepucTUKamMu. B oTiimyue ot 3a1a4 pacno3HaBaHus B
3aJa4axX CHHTe3a OTCYTCTBYeT TpeOOBaHHME €IMHCTBEHHOCTH pemieHus («Beep
pemieHuin»).  OTCyTcTBHMEe  €IMHCTBEHHOCTHM  PCHICHHUSA  MO3BOJISIeT  BbIOpPaTh
TeXHOJOTM4YeCKU Hanbosiee mpuemMJyIeMblid Pe3yJibTAar.

IIpumepbr 3amauy  cuHTe3a: -CHHTE3 JAUATPaMMbl HANPABJIECHHOCTH AHTEHHBI:
ompenesieHHe  pacnpefe/ieHusi  TOKOB,  CO3JAa0IIUX  33JaHHYK)  JAHATPAMMY
HANPABJIEHHOCTH AHTeHHbI.-CHHTE3 I'PAINEHTHBHIX CBETOBONOB: OMNpeaeeHne npopuis
(GyHKOMHM JAMIIEKTPUYECKON TMPOHMIIAeMOCTH, NPH KOTOPOM CBETOBOA O0Jaxaer
3aJaHHBIMU XaPaKTEePUCTUKAMMU.

3. 3a1a4u NMPOEKTUPOBAHUSA YIIPABJISIOIIMX CUCTEM: 0c00as 00,1aCTh MATEMATHYECKOTO
MO/IeJTUPOBAHUSA, CBSI3aHHASI ¢ ABTOMATU3HPOBAHHBIMYU HH(POPMALNOHHBIMU CUCTEMAMM
U ABTOMATH3UPOBAHHBIMHU CHCTEMAMHU YNIPABJIEHUA.



TunuuHbie NPUMePHI 00PATHBIX 32124 PACIIO3HABAHUSA

1. 3agaya rnexrpopasBeaku. [y u3ydyeHuss HEOHOPOAHOCTENH 3¢eMHOM KOPHI B
HeJsIX Pa3sBeAKM IMOJE3HBIX HCKONMAEMbIX IIHPOKO NMPUMEHSIOTCHA
JjIeKTpudYecKkue Meroabl. OCHOBHasi cXeMa JJIEKTPOPAa3BeAKH IMOCTOSHHbIX
TOKOM 3aKJII0YAEeTCHA B CJICAYIOLIEM.

IIpu nmomMoumM 3a3eMJICHHBIX JJIEKTPOJOB B 3E€MJIK0 MPOIYCKAECTCHA TOK OT
nuramumein Oaraperu. Ha moBepxXxHOCTH 3eMJulM HU3MEPHETCH HaNpPsKeHUE
CO3JAaHHOI0 TAaKUM 00pa3oM MO/ MNOCTOAHHOr0 Toka. Ilpu momomu
U3MEPEHUHA HAa NOBEPXHOCTH ONPEIeJAT MOA3EMHYI CTPYKTYpY. Metoabl
ompeaeJeHUs  MOA3EMHBIX  CTPYKTYP (MHTepmperanuss  HAOJIOACHUM)
OCHOBBIBACTCS HA MATEMATUYECKOM PelIeHHMH COOTBETCTBYIOILIMX 3a/1a4.

2. 3ajaya maruutHoil Jedexrockonuu. lns onpenenenus nedexra (Haauume
MYyCTOT) META/UIMYECKYI AeTajJb MOMEIIAT MEXKAY NOJHCAMHU MATHUTA U
U3MEPHAT MATHUTHOE 110JI€ HA ee MOBEPXHOCTH.

Ilo BO3MYHUIEHHMSIM MATHHUTHOIO IOJIA TpeOyercs OnpeaeJuTbh HAJIUYHE
nedexTa, a TaKkkKe, €ro pa3mMepsbl, NIYOUHY 3aJ1eraHus U T.J.



3. YHUBepPCAJbHOCTh MaTeMaTH4YeCKuX Moaeael. IIpuHumun anajorui

YHuBepCAJBHOCTh MATEMATHYECKUX MOJeJedl eCTh OTPa)KeHHe NMPUHIUIIA MATePHAJIbLHOIO0
eIMHCTBA Mupa. Maremarudeckasi MoAesib [0/KHA ONHUCHIBATH HE TOJBKO KOHKPETHbIE
OT/eJIbHbIEC SIBJICHUSI UM 00bEKTbl, HO JOCTATOYHO INMPOKUI KPYI Pa3HOPOAHBIX SIBJEHUI H
00bexkTOB. OXHMM M3 IUIOAOTBOPHBIX IMOAXOA0B K MOJACJHPOBAHHMIO CJOKHBIX O0BEKTOB
SIBJICTCS MCIOJb30BAHME AHAJOTMH C yKe H3yYeHHbIMHU siBjJeHusiMu. Ilpumep: mpoueccsr
KoJIe0aHuil B 00beKTaX pa3JIMYHOM NPUPOABI.

Kose0arebHBIA JJIEKTPUYECKUHA KOHTYP, COCTOAIIMH M3 KOHJACHCATOPA M KATYIIKU
WHAYKTUBHOCTH. CONMPOTHBJIEHHE TNPOBOAOB CYNTaeM PpaBHbIM Hymw0, ((f) —3apsimx Ha
00KJaKaX KOHJAeHcaTopa, U(t) —HampsikeHHMe Ha OOKJaAKax KoHJAeHcaTopa, C — €MKOCTh
KOH/IeHcaTopa, L — MHAYKTHBHOCTH KATYIIKH, E —3./1.Cc. cAMOMHAYKINH, | — TOK.

T T PR N i JE
q(t)=Cu(t),E Ldt m u(t) =—-E(t) Ldt Cq
d“q
FJF%OI:O



2. Manble KoJjie0aHNsl MPH B3aUMO/IeiiCTBUY JABYX OMOJIOTHYECKUX MOMYJIsIIUAii

N(t)-4HCIeHHOCTH PACTUTETbHOSAHON MOMyJIsiium 1;

M(t)- unc/IeHHOCTh NJIOTOAIHOMNM MOMYJIsIIuM 2.

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

dN  dM

Cucrema HaXO0AUTCH B PaBHOBECHUH, €CJ/IN dt dt
.JII/IHeapI/I?:OBaHHaH CucreMma mmMeetT BU/1:

(dn 0N

_ m

dt b d’n

3 — —+aan=0,n=N-N, m=M-M,
dm dt

— =b,M n

L dt
e — & k)

Mo_bl’ No b,



PaccMoTpuMm 0os1ee moapoOHO NMPOoIECce JJUHEeAPU3ALNM

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,
N =—=2: M, == 0 N, ; b,N,m Im: bM n="2%n
""b,” % b ( jbl b , T

; dt  dt ] ,
m<1l = @:alNo+a1n—a1a2—blﬁm—aln:
dt b, b,

a8, aa, dn
= +a,n— -bNm-an=—- = —=-bN,m



AHAJIOTHYHO MMOJIy4YaeM:

d(M,+m)
dt

=(—a, +b, (N, +n))(M, +m)=-a,M; —a,m+b,M N, +b,Nym +
+b,M,n+b,mn; Mn«l1l =

% . Mozi _ dI\/IOZ0 N dm:_aiaz_aszraia2

NO - b_
> b, dt dt

+a,m+ b,M,n=b,M n=

dm
E = szon



3. IIpocreiimast Moae b U3MEHECHUSA 3aAPILIATHI U 3AHATOCTH:
p(t) —3apmaara, N(t)-4nciio 3aHATHIX PA0OTHUKOB.
PaBHoBecue pbiHKa Tpyla: 3a miaaTy Po>0 cornacubl padorarb No>0 yesioBek.
Ipeanosaraercs, 4ro

a) padoronare/ib U3MEHAET 3APIJIATY NPONOPIHOHAIBHO OTKJIOHEHUI) YHCJICHHOCTH
3aHATHIX PA0OTHHKOB OT PABHOBECHOIO;

0) YNCJIEHHOCTh PA0OTHUKOB U3MEHSETCS MPONOPIUOHATbHO H3MEHEHHU IO 3aPIIAThI
OTHOCHUTEJIBHO po.

Cucrema ypaBHeHUl MMeeT BHL:

(dp

=—a (N —N 0,
i a, ( 0)s & >
dt :az(p_po)’ a, > 0.

Otcroaa nojyyaeM ypaBHeHHe

"(P=Po)
dt’

+a,a, (p po):



BbIBOJ YpaBHEeHMA:

doy o, dp_d(P—py).
dt dt dt
N, 4 d(N-Ny) dN .
dt dt  dt
d(p-p d?(p-p,) d(N-=N
(dt O)Z_al(N_NO) - Ejtz ) (dt O)Z_al
d*(p-p
( °)+a1a2(p—po)=0



BbIBO/I. IlocTpoeHHble B MyHKTaX 1-3 Moae/ M B OHUX CJAYy4YasiX OCHOBAHBI
HA TOYHO M3BECTHBIX 3aKOHAX (3a1a4a 1 0 kojiedaTeJJbHOM KOHTYpeE), B APYrUx
— Ha HaO/JgonaeMbIX (pakrTax (3aga4a 2 0 ABYX NONMYJSIIUAX), B TPETbUX — HA
NPaBIoONOA00OHBIX TMPEACTABJICHUAX O XapakTtepe o0bekTa (3amaya 3 o
npocreiuien MoaeJu 3apadOTHOM IJIATHI).

XO0Tl M CYHIHOCTh PAacCMAaTPHBAEMbIX SIBJECHUI, U MOAXOAbI K MOJY4YEHUIO
ONMMCHIBAKIIMX HUX MoOJejiell COBEPIICHHO PA3JUYHBbI, MOCTPOCHHBbIE MOJEJIHU
0KAa32JIUCh WIEHTUYHBIMHU JIPYT APYTY.

ITO CBHAETEJLCTBYET 0 BaKHeHIleM CBOMCTBE MATEeMATHYECKHX MOAeJer —
UX YHUBEPCAJIBHOCTH.

CBOMCTBO  YHHMBEPCAJBbHOCTH  MATEeMATHYECKMX  MoAeJieil  IIUPOKO
UCIOJIB3YeTCS NPH U3Y4YeHUH 00bEKTOB CaMOii pa3HO00Pa3HOM NMPUPO/BI.



4. Uepapxusi moaesien

IIpuHIUI «OT MPOCTOT0 K CJOKHOMY». NMOCTPOEHHME HEeMOoYKH (Mepapxuu) Bce OoJiee
MOJIHBIX MoOJeJIed, Kamaas HMX KOTOPbIX 000011aeT NpeabIAyllyl, BKJIKWYasg €€ B
Ka4eCcTBe COCTABHOIO CJIy4as.

Mogeab MHOrocrymeH4aroi pakerbl. IIpeHeOperaem comporuBiieHHeM BO31yXa,
rpaBUTaALMEH.

a) OnHocTyneH4YaTas pakera. U=3-5 KM/c — CKOPOCTH HCTEYEHHUsI MPOAYKTOB CrOPaHUSs
ToruIuBa (oTHOCHTEILHO 3emin), V(1) — ckopocTh pakeThl (0OTHOCHTEIbHO 3emun); M(t) —
Macca pakeTbl. 3aKOH COXPAHEHMsI HMITYJIbCA:

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

JIuHeapusaums:

dv._ dm dv

m(t+dt)=m(t)+?j—Tdt+O(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 HAYAJIbHOU
ckopoctu Vo=0 (dpopmysa [{noakoBCcKoro):

V =uln o )

3necs Mp - mose3nass macca (Macca CIyTHHMKA), Ms — CTPYKTYPHAasE Macca (TOILIMBHBIX
0aKoB, IBUTaTeIEl, CHCTEM yNpaBJIeHUsI paKeTol T.1.). BBexem

my

My —m,

napaMerp A= . OObruHoe 3Hauenne A =0.1. IHpu 3TOoM

nmosy4daercsi, 4To npu U=3 km/c m m mp=0 V=6.9 km/c. OnHocTyneH4YaTasi paKeTra He
CMOKeT MOJAHSATH MOJIe3Hblii Tpy3!

0) MHorocryneHyarasi pakera: OCHOBHasI ujaesl — u30aBjeHue oT dajiacra.

Mi - o61mas Macea i-oii crynenn; A Mi — cTpyKTypHasi Macca i- 0ii CTyleHu;
(1- A)mi — Mmacca TonmBa i - oif crynenn. CunTaem, 4To /| M U OIMHAKOBBI

njasa Bcex cryneHeii. Ilyers N=3; Mo=mp+mi+mz+m3. Ilo ¢opmyae IlnosakoBckoro
CKOPOCTH PaBHA!

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



Mocae oTépoca cTPYKTYpHOIi Macchl A M1 BK/IIOUAeTcs BTopasi cTymeHb. Macca paKeTbl
B 3TOT MOMeHT Mp +mM2 +m3. Ilocjie BbIrOpaHusi TOIUIMBA BTOPOH CTYNEHH CKOPOCTH
paBHA

My +Am, +mg

Vv, V+u|n(

M, +M, +M; )

a mocJie 0TOpoca CTPYKTYPHOH MaccChl 4 M2 M BKJIWYEHHS ABUTATE]IsI TPEThel CTyNmeHH
paBHa

my+ms
V, V+u|n( )

m, +4Amg

IIpu N=3 noryuum

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

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




B camom gene u3 npegblaywmnx chopmMmyn Mbl Nosny4vyaem:

. 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)



Beenem cienyromme 0003HAYCHUS:

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 cpyHkumen f(a:,a-,as) AOCTUraeTcA B CUMMETPUYHOM Criy4yae npwu
a.=a-=as=a.
Ana n=3 nony4yum:

\ a 1+da-A  1-A+al 2
— =1n =-3In = ZESU =p =
u 1+A(a-1) a a
1-4
l1-A+al=ap = l—/1=a(p—/1) - qg=—
p—A

Jlerko npoBepuUTb, 4TO

3
_ a3 _ M _ (12
aa,a; =a —m—°—(m)-

p

B obwem cny4yae Ans n ctyneHen numeem:
_Vn

() peem 0

p



NpoaHanusupyem cdopmyny (1). NMpumem Vn:10,5 km/c, 4=0,1. Toraa ana n=2,3,4
nonyyaem:

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

n=4 m, =6am_

[AByxcTyneH4yaTas paketa npurogHa aAnsi Bbisoga Ha opouTty nonesHou
MaccCbl, HO A1 OAHOU TOHHbI NONIe3HOro rpy3a Heo6xoAMMO MMETb paKeTy
BecoM 149 TOHH.

lNMepexoa K TpexcTyneH4YaTon pakeTe yMeHbLUaeT ee Maccy NoYTu B ABa
pa3a, HO KOHEYHO YCJIOXHSAET ee KOHCTPYKLMUIO.

YeTbipexcTyneH4yaTasa paketa He AaeT 3aMeTHOro BbIUrpblilia no
CPaBHEHUIO C TPEXCTYNeH4YaTon.

BbiBOA: Hanbornee BbIrogHa TpexcTyneH4YaTtasd pakeTa.



IlepBoii KOCM;MMQEMaQMMﬁthXd}BCd,QWm HYKHO

COO0IIMTH TeJry, YTOObI OHO MOIJIO CTATh HCKYCCTBEHHBIM CIIYTHUKOM 3emJuin. OHa
PaBHA CKOPOCTH UCKYCCTBEHHOTI'O CIIYyTHUKA, 00paliawuerocs no Kpyropoii opoure

BOKPYT 3eMJIsl B OTCYTCTBHU CONPOTHUBJICHUA aTMOC(epbI.
IlepBasi KocMHYecKasi CKOPOCTh paBHAa y oBepxHocTH 3emuan V=7,9 km/c.

Bropoii kocMHUYeCKOl CKOPOCTHI0 HA3BIBACTCH HAUMEHBbIIAS CKOPOCTh, KOTOPYIO HYKHO
COOOINUTDH TeJy, YTOOBI OHO MOIJIO 0€3 BO31eiiCTBUS KAKUX-JIM00 TOMOJHUTEIbHBIX CHJI
NPeo0JieTh 3¢MHOE NMPUTSKEHNE U MPEeBPATUTHCHA B HCKYCCTBEHHBIN cnyTHUK CoHIa.

BTopasi kocMH4YecKasi CKOPOCTh paBHa y moBepxHocTH 3emiun V=11,2 km/c.

Tperbeil KOCMUYECKON CKOPOCTHIO HA3BIBACTCH HAMMEHbILIAsA CKOPOCTh, KOTOPYIO HYKHO
COO00IIMTH KOCMUYECKOMY ANIMAPAaTY, 3allyCKAeMOMY € MOBEPXHOCTH 3eMJIN, JJIA TOIO,
4TO0OBI OH NpeonoJies nputaxeHue CoaHua v NOKUHYJI COJTHEYHYI0 CHCTEMY.

TpeThbsi KocMHYeCKasi CKOPOCTH paBHa y moBepxHoctTu 3eman V=16,7 km/c.



