MopenuposaHue n nogobue

Moa, moaennpoBaHMEM MOHUMAEM Ccrnocob Mo3HaHWMA AENCTBUTENBHOCTU C MOMOLLbHO
MoZeneun.

Mopaenb — matepuanbHbIU UIN MbIC/IEHHbLIA 06bEKT, oTobparkatowwmia

OCHOBHbIEe CBOMUCTBA Ob6beKTa-opurnHana.

MUcnonb3oBaHme

MOAENNPOBAHNA MO3BONAET C MEHbLIMMM 3aTpaTamMu MoaydymTtb bonee ctporue pesynbratbl v
n3bexaTb pALa NOrpeLHoOCTEN.

MbicneHHble moaenu 6biBatoT
HarnagHble,
CMMBOIMYECKHE U
MaTemaTuuecKue.



K HarnagHbIMm OTHOCATCA MbIC/IEHHbIE npeacrasaeHnAa, no HAM MOryT Co34aBaTbCA
UNNKOCTPUpyrowne nx maTtepumasibHble 06beKTbl B Bnae HarnaaHbiX aHa10ros, MaKkeToB.

CMMmBONMYECKUE — MMEIOT BU/, YC/IOBHO-3HAKOBbIX MpeAcTaBieHun (reorpadumyeckme KapTbl,
3aMnUCU XMMUYECKMX PeaKkLUMn U NP., COCTOSSHUA CUCTEMbI U NMYTU MEPEXOA0B MEXAY HUMW,
NokasaHHble B Buae rpados).

Hanbonee BarkHOMU Mmoaenblo ABNAETCA MaTeMaTudecCckKkada, B TOM 4yucie MMUTaLMNOHHAA.

CyTb 3aK/1l04aeTCcA B TOM, YTO OCHOBHbIE Npoueccbl, npoucxoaduiue B obvekTe
nccnepgoBaHua, 3anumcbiBaloTCA B BUAE MaTeMaTU4YeCKUx ypaBHeHMﬁ U COOTHOLLUEHUM.

MaTtemaTuuyeckaa moge/ib C NOMOLLbIO a/IFOPUTMOB U NPOrpamm MOXKeT b6bITb NpeacTaB/ieHa
B BMAe MMMUTALMOHHOU mMmopenmu.

B nocnegHee BpemMA WNPOKOoE pPacrnpoCTpaHeHne nonyyvyaroT BusyalsibHbie MMUTALMOHHDbIE
Mmoagenun, Kotopbie TakXe Kak 1 UMUTauMUOHHbIE MOoAdeNTNn NO3BONAKOT MPOBOAUTDL
KCNnepmnmeHTaibHble UCCNedJO0BaHUA.



B 3aBUCMMOCTM OT UCTOYHMUKA UMHPOPMALMUKU, UCMO/Ib3YEMOTO MNPU NOCTPOEHUN
MaTEMaTUUYECKON MOJENN, Pa3IyaloT aHaAUTUYeCcKue (AeTepMUHUPOBAHHbIE) M
CTaTUCTUUECKUE, WU IMNUPUYECKME MOAENM.

AHanutnyeckne mopenu, Kak npasnno, NpeacrtaBaaroTcA B BUAe CUCTEM
ypaBHEHMﬁ Pa3/INM4yHbIX TUNOB, MO3BONAOWUX OYEHb TOYHO ONMUCbIBATb
npoueccol, NpoTekarwowme B CUCTEME.

CraTucTtuueckme mogenm nonyyaroT B pesysbraTe CTaTUCTUYECKOM 06paboTKM amnupuyeckom
MHdopmaLnm, cobpaHHON Ha uccaegyemom obbekTe. CTaTUCTUYECKUE MOAENN UMEIOT,

Kak MpaBWN0, OTHOCUTENbHO MPOCTYIO CTPYKTYPY M 4acTo NpeacTaBnaloTca B BuAe
noanHomoB. O6nacTb UX NPUMEHEHUA orpaHNYmMBaeTca BAUXKalMLLEN OKPECTHOCTbIO TOYEK, B
KOTOPbIX NPOBOAATCA SKCNEPUMEHTI.

anHHTO pa3ninyatb CTaUMUOHAPHbIE U AUHaMUYECKHNEe MOoAaeNNn.

[MepBble U3 HUX OMUCHLIBAOT HE U3MEHSAIOWMNECA BO BPEMEHU COOTHOLLEHMUS,
XapaKkTepusytouwme obbeKkT uccaegoBaHus.
BTopble — nepexogHble NPouecchl, T.e. HECTaUMOHapHble cocToaHuA. U Te, u gpyrmne
MOAENN MOTYT OTHOCUTbCA NMbBO

K cTaTuctuyeckomy, numbo

K dusnyeckomy tuny.



MartepuanbHble moaenn ycl0BHO pasgenmm Ha
HaTypHble U
dusmnuyeckume.

HatypHaa mogenb 310 cam 06beKT uccnesoBaHuA. Ha HaTypHoW
MOJENIN MOXHO MNPOBOAMTL CTEHAO0Bble U NPOU3BOACTBEHHbIE IKCMEPUMEHTbI.

dunsunyeckan MoAae/ib XapaKtepusyetca t1em, 4YTO ¢M3M‘-IECKaH npupoaa nportekarwumx B
Heu npoueccos aHa/l0rM4Ha npupoae npoueccos OGbEKTa-OpVIrVIHaHa.

Echn pmsmnyeckaa moaenb nogobHa OpuUrMHany, To NOCTaBAEHHbIM Ha HEW 3KCNMEPUMEHT 4Yepes
MacWwTabHble KoadPuUUMEHTbl MOXKeT ObiTb NepecymTtaH Ha HaTypy. [lonyyeHHaa npu 3Tom
nHpopmauma byaet COOTBETCTBOBATb pPe3y/bTaTaM HaTYPHOrO 3KCNEPUMEHTA.



UccnepoBaHne Ha GU3MUECKUX MOAENAX, Hanpumep, NO3BOAAET YCKOPUTb UAN 3aMegnuTb
npoueccbl, KOTOpble B PeanbHbIX YCNOBUAX MPOTEKAKOT CO CKOPOCTbIO, 3aTPYAHANOLLEN
HabnoaeHus.

Mpu NpoBeAEHUN 3KCNEPUMEHTA Ha HaType B OONbLUMHCTBE C/ly4aeB NPUXOAUTCA
OTKa3bIBATbCA OT AKTUBHOIO MOWMCKA OMNTUMAJIbHbIX KOHCTPYKTUBHbIX PELUEHUN, YTO
CONPAXEHO CO 3HAYMTE/IbHbIMU MaTepPMaibHbIMU U BPEMEHHbLIMU 3aTpaTamu (Hanpumep, B
CaMOJIETOCTPOEHUN, KOpabnecTpoeHUn, CTPOUTENLCTBE NAOTUH U T.A4,.)

Co3HaTe/NlbHOE MCMO/Ib30BaHME MoAeNel MNO3BONAET C MEHbLIMMM 3aTpaTaMmn MONYYNUTb
bonee cTporve pesynbtatbl U U3beKaTb pAaa NOrpeLlHOoCTeN.

BakHeNwnm TpeboBaHMeM, NpeabaBiaemMbiM K MOAENAM, ABASETCA UX nopobue ob6beKkTam-
OpUrMHanam.



MocTpoeHne mopenei
Mpn NOCTPOEHUN MATEMATUYECKUX UAN MATEPUaNbHbIX MOAENEN PYKOBOACTBYHOTCH
cneayowmmm coobpaxkeHnamm.

MepBoOHAuYaNbHO M3 06OLIErO KOMM/IEKCa MPOLLECCOB, XapaKTepU3yoLWMX 0OBbEKT, BblAeNAloT
Te, KOTopble Ba)XHbl B AAHHOM UCCNeAOBAHUMU N OTPaXKalOT OCHOBHblE CBOWCTBA
opurMHana (aHann3 M CUHTE3 MOJENUN UCCefoBaHuSA).

3aTtem co3galoT obLylo onucaTeNbHYI0 MOAENb BblAeNeHHbIX NMPoLeccos. BbinonHAT
C/IOBECHOE OnucaHue, KnacCUOUKaLMIO U CUCTEMATU3ALMIO, BbINONHAIOT NpeaBapuUTeNbHbIe
CTaTUCTUYECKUE OLEHKMW.

Ha TpeTbem 3Tane onpeaenAioT napameTpbl U YCTaHABAUBAKOT 3HauMMble ¢aKTopbl. C
3TON LENbl0 CNOXKHbIN OOBbEKT pPa3bMBalOT Ha 3/1eMeHTapHble 3BeHbA. [NA Kaxaoro 3BeHa
OnpeaenaoT BXOAHbIE M BbIXoAHble Be/MYMHbI. OUEHWBAIOT BECOMOCTb KaxKaoro ¢aKktopa,
BbIAENAKOT 3HAYMMbIE M OTOPACbIBAOT BTOPOCTEMEHHDbIE.

Ha 4yeTBepToOM 3Tane Co34adlT MaTeMaTU4YeCKyro moaesb obvekra.
[na dero cocraBnawoT YpPpaBHEHUA, OnNnUcCbliBaowme npoueccbl B 3BEHbAX, YCTAHAB/IUBAOT U
3aMUCbIBAOT YpPaBHEHUA CBA3EN U COOTHOLLIEHVII?I, Bbl6l/lpa|-0T METOo peLweHnA.

Ha 3akntouMTenbHOM 3Tane pellarT ypaBHeHUA, Hanbonee nogxogawmm cnocobom.

HatypHble U ¢pusnyeckme MOXKHO €O3[aBaTb HAa OCHOBE MaTeMATUUYECKUX MoAenen.



CywHocTtb nogobusa. Teopembl nogobus

[Ba anemeHTa NoA06HbI, €CIN XapPaKTEePUCTUKU OQHOr0 MOTyT 6bITb
nosy4YyeHbl NyTEM NepecyeTa XapaKTepUCTUK APYroro.

Pasnunualor abcontotHoe U npaKTuyecKkoe nogobue.
MepBoe TpebyeT ToXKAeCTBa BCEX NMPOLECCOB B 06beKTax B MPOCTPAHCTBE M BO BPEMEHM.

Bropoe e TpebyeT nogobua TONbKO Tex MPOLECCOB, KOTOPbIE CYLLECTBEHHbI 415 4aHHOTIO
nccnenoBaHuA.,

Teopusa nogobua Hawna WKMPOKOe NPUMEHEHUE, KaK CPeacTBO, 3HAUYUTE/IbHO
yMeHbLUalolee TPyAoBble U MaTepUanbHble 3aTpaTbl, COKPALLAIOLLIEE CPOKMU
NMPOEKTUPOBaHNA W BHeApeHMe OOBEKTOB B NPOM3BOACTBO.



Bonee cta nATMAECATM NET Ha3ad BO3HMK/A HOBOE HaMnpaB/ieHMEe HAay4YHOro 3HaHuA —
yyeHne o noaobwue.

B 1686 r. M.HbtoTOHOM OblN10 BbICKAa3aHO reHManbHoe npeaBuaeHue, a B 1848 r.
K.bepTpaHom b6bina cpopmynupoBaHa nepBan Teopema Nogobua 4na mexaHUYEeCKNX CUCTEM
O CYLW,EeCcTBOBaHMN MHBapWaHTOB noaobus.

Ncxoaa nM3 maTtemaTuyecKoro Bbipa*KeHUA BTOPOro 3akoHa HbloToHa, bepTpaH nokasan,
YTO Y NOAOOHbIX ABAEHWUI €CTb KOMMJIEKC, MMEILLIMIA OAHO U TO e 3HAYeHMEe B CXOACTBEHHbIX
TOYKax MoAoOHbIX ABNEHUN.

DTOT KOMMJIEKC Ha3blBaeTcA UHBAPUAHTOM, UTN KpUTEepmnem MmexaHM4YeCroro I'IO,£I,O6I/1FI.



B obwem cnyyae pasnmyalotr TpuM BuAa noaobwus:
reomeTpuyeckoe,
KMHemaTuyeckoe u
ANHaMUyeckoe.

Hanbonee npoctbim aBnaetca nogobme reometpuyeckoe, Tpebytoulee, 4Tobbl NMHENHbIE

Pa3Mepbl HaTypbl U MOAENN HAaxXxoAUAUCb B MOCTOSSHHOM COOTHOLUEHUWU, APYrMMU
CNoBaMU, MOAeNb NOBTOPAET HAaTypPy B KAKOM-TO MacliTabe

L

310 TpeboBaHME MOXKHO 3anucaTb B BUAE Ln k

m
roe k. - macwTabHbI MHOXUTEND.

Ons nnowanen (S) u obvemos (V)
S _ 2
R B

v,
S v,



[MPUMEHUTENBHO K PU3NYECKMM ABNEHUAM 3/IEMEHTAPHbIE NPeACcTaBAEHUS TeOMETPUYECKOro
noaobua pacwmpaoTcA U PacnpPoOCTPaAHAKOTCA Ha BCE BE/IMYMHbLI, XapaKTepusytouwme
JaHHbIA nNpouecc.

Ecnu yyecTb, YTO OHM MOTYT U3MEHSATLCA KaK BO BPpEeMeHM, Tak U B NPOCTPAHCTBE, 0bpa3ysn
No/ifA, TO BO3HWKAET MOHATME O BPEMEHHOM Noaobum n nogobum nonen, HasbiBaemoe
KUHEMaTU4Yeckum nogobuem.

Hanpumep, B MexaHMKe }KMUAKOCTU OHO CBOAUTCA K Noa0obuMIo Nonen CKOpoCcTeN B NOTOKAX,
ABUMKYLLUXCA B FEOMETPUYECKM NOA0DOHbIX KaHanax.

N HaKoHeL, nmea B BNnAy, 4HTO mexaHn4yeckoe ABneHne nponcxoanT nos, ,EI,EIZCTBI/IEM cun,
BBOAUTCA MOHATHME AUNHAMUYECKOTO I'IO,EI,O6I/1FI, KOTOpOe Tpe6yeT, 4yTOObI B COOTBETCTBYHOLLUX
TOYKaxX HATypbl N MOoA4en1n CUJibl HaxoaAnancb B NOCTOAHHOM COOTHOLUEHUMWN.



PaccmoTpum npoctenwnim npmumep. N3BeCcTHo, YTo ABUKEHME Nt0OO0M MexaHUYECKON CUCTEMDI
noavYnHAETCA 3aKOHY HbOTOHA
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OuyeBUAHO, YTO NONYYEHHbIE KOMMEKCbl 6e3pasmepHbl. Takum 0bpasom, AnA ABYX NOA0HOHbIX
CUCTEM COXPaHSETCA YNCN0BOE PaBEeHCTBO 6e3pasmMepHbIX KOMIM/IEKCOoB F

2, .2
KpaTtko 3To ycnoswe F ) IOL u
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B yectb HbOTOHA 3TOT KOMNAEKC N F
obo3Ha4vaeTca AByMA nepBbiMm ByKBamm e

ero pamunum, T.e. IOLZU 2

(4)

1 Ha3bIBAlOT YMcaom noaobums HoloToHa, a BbipaxkeHne Ne=idem - OCHOBHbIM 3aKOHOM
ANHaMMYeCcKoro nogobus mexaHu4yeckux cuctem (3akoHom HbtoTOHa)



BennuumHel L u u, Bxogawme B (4), Ha3biBalOTCA onpeaenalowmm AIMHEUHbIM pPasMepom U
onpeaenaWwen CKOPOCTbIO.

Mpy nNpoBeAeHNM ONbITOB OHM BbIOMPAIOTCA IKCMNEPUMEHTATOPOM NPOU3BOJIbHO, UCX0AA U3
yA06CTBa UX U3MEPEHUS.

MonyyeHHble pe3ynbTaTbl 3aCNYKUBAKT TOFO, YUTOObI OCTAaHOBUTBLCA U CAENATb Koe-Kakue
Nno/siesHble BbIBOADI.

Bo-nepBbiX, OHXN MO3BONAKT OTBETUTb Ha OAWH M3 MOCTaB/EHHbIX Bbllle BOMPOCOB: Kak
CNPOEKTMPOBATb U NOCTPOUTb Moaenb. OTBET O4eBUAEH: TaK, YTODObI OHa

6blna reomeTpUYecKkM NogobHa HaType.

Bo-BTOpbIX, U3 CKasaHHOro cneayeT, YTo AnsA obecrneyeHMs AMHAMUYECKOro noaobus He
TpebyeTcsi, YTOObI BCE BeNAMUUHDI, Onpeaensaolme XxapakTep npoLecca B HaTYpHOM 06beKTe,
Obl1Y YACNEHHO PaBHbl AaHANOTMUYHbIM Be/IMMMHAM B MOAENW.

ﬂ,OCTaTO‘-IHbIM ABNAETCA pPaBEHCTBO 6e3pa3N\eprlx KOMMNJ/1EKCOB, COCTAaB/IEHHbIX U3 3TUX
BENNYUH ONA HATYPbI U MOoAdEe/ TN, HAa3blBaEMbIX YHNC/TaMU I'IO,£I,O6MF|.



Kakune npemmyLlectsa AaeT TakoM Noaxo B NpakTUYECKOM naaHe?

N3 maTemaTUyeckom CTaTUCTUKU MU3BECTHO, YTO YMC/IO OMbITOB, KOTOPOE HeobxoaAMmo
MOCTaBUTb AN1A TOro, Ytobbl MONYYUTb 3aKOHOMEPHOCTb, AOCTOBEPHO OMUCbIBAIOLLYIO
Kakoe-To du3nyeckoe sBAeHUE, onpeaenaeTca U3 COOTHOLIEHMUSA:

N=gk (5)

rAe O - YACNO 3KCMEePUMMEHTANbHbIX TOYEK, KOTOpoe Heobxoammo CHATb ans obecneyeHun
npeAacTaBUTeIbHOCTM onbiTa (0. = 5); kK —uncno BennumH, nognerkalinx BapbUpoBaHUIO B
onbITax.

Taknm 06pasom, MUHMMaIbHOE YMCIo onbiToB N = 5K

min

Echn B onbiTax Bapbupyetcs umcno HbioTOHa (Hanpumep, 3a CYET U3MEHEHUA CKOPOCTH), TO
k=1u N =5, HO ecnun nsy4yatb BAMSAHME KaxKaon n3 senmumnH (p, u, L), To k=3 n yncno
onbitoB N =125.

CnepoBaTenibHO, UCMOIb30BaHUE Yncaa Noaobua B KauectTse cBoeobpa3Hon «0b60bLLLEHHON
nepemeHHOM» NO3BONAET YMEHbLUUTb YMCA0 HeobXoaMMbIX OnbITOB B 25 pas, a ecan ans
HaaeXHoCTU NnpuHATL 0 =10, To B 100 pas.



N HaKoHel, B-TPETbUX, MOMKHO OTBETUTb Ha BOMPOC O TOM, KaKue BENNYMHbI cneayet
N3MepPATb B OMNbITax M Kak NEPEHOCUTb pe3y/bTaTbl HA HAaTYPHbIN 0OBEKT. Tak Kak npu
NpoBeAeHNN ONbiITOB HeobxoamMmo obecneymTb PpaBeHCTBO YMCcen Noaobua HaTypbl U MOAENN,
TO ICHO, YTO U3MEPEHUNIO NOANENKAT NNLLb T€ BEIMYNHBI, KOTOPbIE BXOAAT B 3TN YUCAa.

Mo pe3ynbtaTtam U3MEPEHUN MOXKHO BbIYMCAUTBL YMcna nogobua moaenu n, ucxoaa us
PaBEHCTBA UX YNCNAM NOA0OMA HATYpPbl, NPOU3BECTU NEPECYET.

OcTaeTcs OTKPbITbIM BOMPOC, KOTOPbIA, NO CYLWECTBY, ABAAETCA UeHTpasbHbiM. Kak e
HaUTKM yucna nopobuna, xapakrepusylowue mnlydaemolid npouecc Ambo AasneHue?

O4yeBMAHO, YTO TONILKO OTBET HA HEro OTKPbIBAET NyTb A4 MPAKTUYECKOM peanm3aumnm
Teopumn noagobus.



OTBEeT Ha 3TOT BOMNPOC Aal0T OCHOBHblE Teopembl Noaobus.

B npupoae Cyw,ecTByloT TO/NIbKO Te NoAobHblie ABNEHUA, Y KOTOPbIX KpUtepuun
OAVHAKOBbI.

3TO M ecTb NepBaA Teopema Noaobua, KoTopaa HoCcUT MMeHa HbloToHa u bepTpaHa.
ns ABNeHUN, NoA0OHbIX B TOM MW MHOM CMbIC/E, CYLLLECTBYIOT OAMHAKOBbIE KpUTEPUU
nopobus.

ToTyac noc/se BbIBOAA HA4a/i0Cb NPaAKTUYECKOE NPUMEHEHNE NEPBOW

TeopeMbl AnA 06paboTKM OMbITHbLIX AAHHbIX B TaK Ha3blBAEMbIX KpUTEPUAX

nopobus.

O.PeiiHONbAC BbIPa3na 3aKOH ABUKEHUA XKUAKOCTM No Tpybam ogHol obuwielt dopmynon,
Ha3BaHHOM BMNOCNEACTBUM KpuTepuem PeiliHonbAaca.

OKa3anocb BO3MOMKHbIM 0O6beANHUTb TaKMM MYTEM BCE YMUC/IEHHbIE AAHHblE OMbITOB MO
rMapaBAMYECKOMY COMPOTUB/IEHWUIO, MPOBEAEHHbIMU PA3INYHbIMN UCCNEeA0BaATENAMM HA BOAE,
BO34yXe, Nape, pa3/IMYHbIX Macnax 1 T.4. dpya, nsydyaa MopexoaHble KayecTBa CyA0B Ha
Mmoaensax, NpeacTtaBua pPesynbTaTbl ONbITOB B BUAE KPUTEPUANbHOMO YPaBHEHUS, KOTopble
MOXHO OblNO PAcnpPOCTPaHUTL Ha cyda, NoAobHble NO CBOEN reoMeTPUYECKOM
KOHOUTYpaLUUM UCMbITAHHbIM MOAENAM.



Boigatowmiics pycckmin ydyeHbin H.E.XKYKOBCKMIM nonoxun teoputo noaobums B OCHOBY
KputepmanbHOM 06paboTKM ONbITOB Hag MOAENAMM CaMOJIETOB, NPOAYBAaEMbIX B
aspogmMHammnyeckom Tpybe, ana Toro, YTobbl pe3ynbTaThl OMNbITOB MOXHO OblIO NepeBecTM Ha
noaobHble moaensim CaMoNeThl.

Ecnun 6bl ypaBHEHUE GU3NYECKOTO NPOLLECCa MOXKHO Obl10 COCTaBUTb N3 UHBAPUAHTOB
nogobua, 1o 310 6bIN0 Obl 0OLIEE ypaBHEHME, OAMHAKOBOE A/ BCEX NOA0DOHbIX ABAEHUN.



BTopaa Teopema nogobuAa ycTtaHaBAMBAET BO3MOXKHOCTb TaKOro
npeobpazoBaHma GUINYECKUX YPABHEHUM U HOCUT UMA aMePUKAHCKOro
yyeHoro bykuHrama.

MonHoe ypaBHeHue PpU3NUECKOro npouecca, MoOXKeT bbiTb NpeacTaBNeHO 3aBUCMMOCTbIO
MeXay Kputepuamum nogobus, T.e. 3aBUCMMOCTbIO MeXKay 6e3pasmepHbIMU BeUMUUMHAMM,
onpeaeneHHbIM 06pa3om NoNyUYEHHbIX U3 YPaBHEHUA Npouecca.

MepBaA n BTOpasa Teopembl Obiiv BbIBEAEHbI U3 NPEANON0XKEHUA, YTO NOA0OMNE ABNEHUN YKe
YCTaHOBNEHHbIN ¢aKT. Obe Teopembl yCTaHAaBAMBAOT CBOMCTBA MNOAOOHbLIX ABNEHWUM, HO OHMU
He YKa3blBaloT cnocoba ansa onpeaeneHna nogobma aTnux ABNEHUN.

Bo3HWKaeT BONPOC: N0 KaKUM NPU3HaKam MOXKHO onpeaennTb nogobue aBneHun.



OTBeT pAaeT TpeTbsA Teopema nogobusa, Kotopaa Hocut mmeHa M.B.Kupnuuesa un
A.A.[yxmaHa:

HeobXxoaMMbIMU U AOCTAaTOYHbIMM YCAOBUAMU ANA CO34aHUA nopobua asnaerca
NPONOPLMOHANbHOCTbCXOACTBEHHbIX NAapPaMeTPOB, BXOAALLUX B YCIOBUA OAHO3HAUYHOCTU, U
pPaBeHCTBO KputepueB nopobua conocraBasembiX ABJEHUIA.

KVCIIOBMFIM OAHO3HAYHOCTN OTHOCATCA cihnegywoumnme, He 3aBuUcAllne oT
MeXaHN3Ma CaMOrlo ABNEHUNA:

® reOMeTpUYECKNe CBOMCTBA CUCTEMbI, B KOTOPOM NpoTeKaeT
npouecc;

e pu3nyecKkne napameTpbl cpeabl U Ten, 06pasyroLmx CUCTEMY;
® Haya/ibHOE COCTOAHUE CUCTEMbI (HaYanbHble YCI0BUA);

® YC/I0BMA Ha rPaHULAX CUCTEMbI (FPAHUYHbIE UM KpaeBble
ycnosus);

* B3auMmoaencTeme o6 beKTa U BHELLUHEN cpeabl.



Mpouecchl B 06beKkTe Uccaen0BaHUA ONUCbIBAOTCA B 0OLLLEM CyYae CUCTEMOM
andbdepeHUManbHbiX YPaBHEHUN CBA3UM MexKay daKTopamu M napameTpom.

Heobxogumbim ycnoBuem noaobusa aByx o6 beKToB ABAAETCA OAUHAKOBbIA BUA, CUCTEMDI
YPaBHEHUMN.

ToNbKO B 3TOM C/ly4ae XxapaKTep NpoueccoB B 06beKTax MOXKeT ObITb OA4MHAKOBbLIM U MX MOXKHO
OTHeCTU K ogHomy Knaccy. NMogobue Kpome cxoacTBa CUCTEM YpPaBHEHUM npeabABAseT K
obbvekTam TpeboBaHNA O4HO3HAYHOCTM!.



Kputepuu nogobus, n — reopema

Kputepun nopobus — 6e3pa3mepHble KOMOMHALMKU, KOTOpble COCTaB/ieHbl U3 PU3NYECKUX
BE/IMYMH, OMMUCbIBAIOLLMX NPOLECChI B UCCAeayeMbIX 0ObeKTax.

MpunHATO 0603HAYaTb KpUtepmumn noaobus bykson m.

B cooTBeTCcTBUM C Teopuer noaobua npu sKCnepmmeHTax HeobxoaMmo M3MepPsiTb Bce
BE/IMUYNHbI, BXOASALLNE B KPUTEPUA.

Ob6pabaTbiBaTb pe3ynbTaTbl CAeAYET B BUAE 3aBUCUMOCTEN MEXKAY KPpUTEPMAMU Noaobus.

Mony4yeHHble TakMm obpasom 3aBMCMMOCTM OyayT crnpaBen/iMBbl HE TONIbKO ANA AAHHOrO
3KCNEepPUMEHTa, HO 1 ANa Bcex NogobHbIX 06BHEKTOB.

BTopyto Teopemy noaobma 4acTo Ha3biBalOT TT — TEOPEMOMN.

OpaHakKo n-teopema asnaetcA 6onee MHPoOpmMaTMBHOM N UMEET NPUKNALHOM
XapakKTep.



B cooTBeTCTBUM C TM-TEOPEMOi, ecam npouecc B obbeKTe XxapakTepusyerca m
dyHAameHTaNnbHbIMU PU3UUECKMMU BeIMYMHAMMU, ANA BbiPaXKeHUA pa3smMmepHOCTeN KOTOPbIX
ucnonbayerca k OCHOBHbIX e4UHUL, TO 3TOT NpoLEecc MOXKHO onucatb m-k
6e3pasmepHbIMM KOMOBUMHALMUAMMU, COCTaBNIEHHbIMU U3 3TUX BE/IMUUH.

A3 Teopembl ChedyroT ABa BaXKHbIX MPaKTUHECKNX BblBOAA:

nepBbiv — ypaBHEHUA, ONUCbIBalOLWMe PU3NUECKUe Npoueccbl, MOryT 6biTb BbiparKeHbl
YPaBHEHUAMMU CBA3U MeXay 6e3pasmepHbiMU KOMOMHaAUMAMU — KpuTepuamu nogobus.

MocnegHue ypaBHeHMA OyayT cnpaBeaIMBbI ANA Bcex NoA0bOHbIX 06BEKTOB.

BTOPOM - YNCNI0 HE3aBUCUMbIX KpUTepueB paBHO m-k.

OHO MeHbLLE YNCNa PasMEPHbIX GUBNYECKMX MNEPEMEHHbIX HAa YMCNO OCHOBHbIX eANHUL,.
T.e. peyb naet 06 yMmeHbLIEHUM YMC/Ia NEPEMEHHbIX, KOTOPbIMW OMUCLIBAKOT NpoLiecc. 970 B
CBOIO o4yepenb BeAeT K YMEHbLUEHUIO 06beMa IKCMEPUMEHTA/IbHbIX UCCNeA0BaHUI U aenaet
pe3ynbtatbl 6onee HarnAAHbIMMN,



