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1. KOHCIEKT JEKIIUA
1. 1 Jlekuusi Nel (2 yaca).

Tema: «Teopusi mogodousi 1 MoJeJTUPOBAHM €

1.1.1 BonpochI jJeKIuM:

1. Uctopuueckas cripaBka

2. Matemarnueckoe u (pu3ndeckoe mogoodue
3. Teopembl mo00us

4. MonenupoBaHue

1.1.2 Kpatkoe coaep:xaHie BOIPOCOB:

1. UcTopnueckas cnpaBka

OKoJ10 cTa MATUAECSTH JIeT Ha3aJl BO3HHMKIA HOBas 00JIACTh HAayYHOTO 3HAHUS — YYEHHE O IOA00UH
SIBIICHUH.

I'eHnanbHOE TpeBUACHNE STOW HayKU OBUIO BhIcKa3zaHO HeroroHoM B 1686 . Ho Tompko B 1848 1. Uien
(panmys3ckoi akagemun Hayk JKoszed bepTpaH BHepBble yCTaHOBHJI OCHOBHOE CBOWMCTBO IOJOOHBIX SBIICHHH,
chOopMyIHPOBAB MIEPBYIO TEOPEMY NTOJO0HS, TEOPEMY O CYIIECTBOBAHNH MHBAPUAHTOB MOA0ONS.

[Tono6GHBIMHU HA3BIBAIOTCS SBJICHUS, IPOUCXOSIIIE B TEOMETPHUYECKH MOZOOHBIX CHCTEMAX, €CIIN Y HUX BO
BCEX CXOJCTBEHHBIX TOYKaX OTHOLICHUS OJHOMMEHHBIX BEIUYMH €CTh IOCTOSHHBIE YHCIA. DTH OTHOLICHUS, TaK
Ha3bIBa€Mble KOHCTaHThl TMOAOOWs, HE MOTyT OBITh BBIOMpAacMbl MPOU3BOJBHO, TaK Kak BEJIHYHHBI,
XapakTepu3yIolIne sBICHHE, BOOOIIE TOBOPSI, HE HE3aBUCHMBI PYT OT APYTa, a HAXOAATCS B ONPENeIEHHOM CBA3H,
00YCIIOBJICHHON 3aKOHAMHM MPUPOJABL. BO MHOTHX Clly4asx 3Ta CBS3b MOXKET OBbITh BBHIpR)KEHA B BHJE YPaBHEHUSL.
Jlis motoGHBIX MeX Ay co0O0i ABIEHUI OHO JOJIKHO MMETh OJMHAKOBBIM BHJ. Hamuune Takoro «ypaBHEHHS CBSI3U»
MEXTy GU3NIECKUMHU BeIMYMHAMHE, XapaKTePU3YOLMMH SBJICHNE, HalaraeT olpeIeIEHHOe OrpaHIMYCHHUE Ha BEIOOD
KOHCTaHT MOJI00MS.

OTH OTHOLICHUS, TaK Ha3bIBae€Mble KOHCTAHTHI MOA0OWS, HE MOTYT OBITh BHIOMpAaeMbl NPOU3BOJIBHO, TaK
KaK BEJIMYMHBI, XapaKTepU3YIOIIME SBICHHS, BOOOIIE TOBOps, HE HE3aBUCHMBI JPyr OT JIpyra, a HaxomsiTcs B
OTIpeZIeTIeHHOI CBsI3H, 00YCIIOBICHHON 3aKOHAMH IPUPOAbI. Bo MHOTHX ciTydyasx 3Ta CBS3b MOXET OBITH BBIpa)KCHA
MaTeMaTHYeCKH B BHJE ypaBHEHHMs. JlJIsl MOJOOHBIX MexXTy COOOI sSBIEHUH OHO JOJDKHO MMETh OJMHAKOBBIA BHIL.
Hannume Takoro «ypaBHEHHUS CBSI3M» MEXAY QU3MIECKUMH BEIMYMHAMH, XapaKTEPU3YIONIMMH SBIICHHE, HAajaraeTr
OTIpeJIeIEeHHOE OTPaHNYEHUE Ha BHIOOP KOHCTAHT MOJ00USI.

BepTpan BbIBEN NEPBYIO TeOpeMy MOAOOUS AJIs CITydast MOA00MSI MEXaHUYECKUX SIBJICHUM.

Hcxonss W3 CynecTBOBaHMS MAaT€MaTU4ECKOM CBSI3M MEXJY CHJIOM, Maccoil U yCKOpPEHUEM,
yCTaHaBJIMBaeMOM BTOPbIM 3akoHOM HbloTOHa, beprpaHn mokasain, 4To y MoJ00HBIX SBICHHH KOMIUIEKC BEJTUYMH:
«cwna* yiMHa/Macca*cKopoCcTh B KBAJIpaTe» MMEET OJHO M TO K€ 3HAYCHHE B CXOACTBEHHBIX TOYKaxX IMOJO00HBIX
SBIICHUHA. DTOT KOMIIJIEKC HA3bIBAE€TCS WHBAapHAHTOM, WIHM KpUTEpHEM MeXaHH4Yeckoro mnoaobusa. B mpupoze
CYIIECTBYIOT TOJILKO T€ MOJOOHBIE SIBIICHNUS, Y KOTOPBIX KPUTEPHH OJMHAKOBBI.

Ecnm Obl pusnueckoe ypaBHEHHE CBS3M MOXKHO ObUIO OBl MPeoOpa3nuTh Tak, YTOOBI OHO OBUIO COCTaBIICHO
W3 MHBAapUaHTOB MOJ00WS, TO 3TO ObIO OBl OOIlee ypaBHEHHE, YUCICHHO OJMHAKOBOE JUISI BCEX IMOJOOHBIX
SIBIICHUH.

Bropas ucropust mogo0ust ycTaHaBIMBaeT BO3MOXKHOCTh TAKOTO IIpeoOpa3oBaHusl GU3NUECKUX YpaBHEHHH.

Ona Obu1a BeIBEZIeHa pycckuM yueHbIM A. @enepmanom B 1911 r. u HecKoNbKMMH TojlaMu 1o3xe, B 1914
T., aMEpUKAaHCKIM y4eHBIM ByknHrIMOM.

B 1925 r. T.A. AdanacbeBa-DpeHdect BbiBena 00e TEOpeMbl s ciydas MoAo0us JIOOBIX SIBICHUMN
MIPHUPOABI U ITOKa3aJIa, YTO KPUTEPHAIbHOE YPaBHEHUE CONEPIKUT, KPOME KPUTEPHUEB-KOMIUIEKCOB, COCTaBICHHBIX M3
MIEPEMEHHBIX BEIMYHH, €IIe KPUTEPHUH KPAEBbIX BEIWYMH M CHMIUIEKCHI — OTHOIIEHUS OJHOMMEHHBIX BEIHYHH
(HammpuMep, OTHOMIEHHS MBYX CKOPOCTEH, XapakTepU3yIOIIMX SBIEHHE). TeM camMbpIM YdYeHHE O CBOHCTBax
MOAOOHBIX SIBJICHUH B OCHOBHOM OBIJIO 3aBEPILIECHO.

ToTuac mocie BbIBOJIAa NIEPBOM TEOPEMBI OHA Hadasla HaX0JUTh IPAKTHIECKOE MPUMEHEeHNE Ut 00paboTKH
OMBITHBIX J@HAX B KpHTepusx 1moxodus. OcOopH PeliHONBAC BBIpa3wil 3aKOH JBIKEHUS JKHJIKOCTH IO TpyOam
omHOW o0melt QopMynol, depe3 KpuTepuid MOAOOWs, HaA3BAaHOW B IMOCIECACTBUHM ero mMeHem. (Okasalochk
BO3MOJXKHBIM OOBEJIMHHUTH TAKUM ITyTEM BCE YWCIICHHBIC JAHHBIE ONBITOB IO THJIPABINYECKOMY COIPOTHBIICHUIO,
MPOBEAEHHBIX Pa3IMYHBIMU UCCIEAOBATEIsIMU Ha BOJE, BO3AyXe, Mape, pa3IM4yHbIX Maciax u T.A. Opyn, uzyuas
MOpEXOJHBIE KaueCTBa CYIOB HAa MOJEIAX, NMPEACTABHI PE3YIbTATHI ONBITOB HAJ HUMH B BHIE KPUTEPHUAIBHOTO
yYpaBHEHHs, KOTOPOE€ MOXHO OBUIO  pacmpoCTpaHUTh Ha Cyda, IMOJOOHBIE IO CBOEH TE€OMETPHUYECKOI
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KOH(UTYpaIyy HCIIBITAHHBIM MoaersiM. Ham Beimatontuiicss yuensid H.E. JKykoBCKui MOJIOXHI TEOPHIO TTOI00WS B
OCHOBY KPHUTEpHAJIHHOH 00paOOTKH OIBITOB HAJ MOACISIMH CaMOJIETOB, IPOAYBAEMBIX B a3pOIMHAMUYECKOH TpyOe,
JUTSL TOTO, YTOOBI Pe3yNbTaThl OIBITOB MOXKHO OBLIIO TIEPEBECTH Ha MOTO0OHBIE MOICIISIM CAMOJIETHI.

Bropas TeopeMa y3akoHHIIA 3Ty IPAKTHKY.

Kputepun momoOusi BBIBOASTCS W3 YpaBHEHHA CB3HW. [lo3TOMy M7l TONyYeHHS KPHUTEPHAIBHOTO
ypaBHEHHs HaJI0 3HATH ypaBHEHHE, CBA3BIBAIOIICE MEXIY COO0M BEIMUHNHEBI, XapaKTePUIYIOIIHE PacCMAaTPHBAEMOE
SIBJICHUE.

Jis GonpImiHCTBA (PM3MUYCCKUX SBJICHUN YpaBHEHHUS CBS3UM HaijeHsl B (opme auddepeHIrambHbIX
YpaBHEHMH, OJHAKO IMOJIyYUTh HHTETPAJbHBIC PELICHUS UX YAAETCS TONBKO U1 OTAEIbHBIX YACTHBIX CIIydyaeB.
[osToMy KpuTepun nomo0us, Kak NpaBUiIo, BBIBOAATCS M3 quddepeHInalbHbIX YpaBHEHUH CBS3H, M TPeOOBaJIOCh
ele MOATBEPUTh, YTO KPUTEPHH, BBIBEACHHbBIC U3 IPOMHTEIPUPOBAHHBIX YPaBHEHHUH, OCTAIOTCS TE XKe. DTO OBLIO
caenano I1.K.KoHakoBbIM.

Takum 00pa3oM, OKa3aJoCh BOSMOXKHBIM PE3YyJIbTATHl OIBITOM HAJ SBICHUAMHU BBIPAKaTh B KPUTEPHUIX
o00MsI, TOTYICHHBIX U3 TU(PepeHIHATbHBIX YPaBHEHUH, aHAIUTHICSCKOE pelleHre KOTOPhIX He yIAI0Ch HANTH.

Jus Toro 9ToOBI MMETh TPaBO IIEPCHOCHTH TaHHBIC OIBITOB, MPOWM3BEICHHBIX HAa OJHOM OOBEKTe, Ha
ZIpyTHe, eMy MOJ00HbIe, B BRIBOAAX TEOPHUH OO0 HE XBAaTAJIO €IIe OJHOTO Ba)KHOTO 3BEHA.

IlepBast u BTOpast TeopeMbl OBUIH BHIBEIEHBI HAa OCHOBE IPEINOJIOKEHUS, YTO PeYb HACT O SIBICHUSX,
moo0Me KOTOPBIX 3apaHee M3BecTHO. O0e TeopeMbl YCTaHABIHMBAIOT CBOWCTBAa MOJOOHBIX SBJICHUN, HO OHU HE
YKa3bIBaIOT crocofa Juis ONpeAeiIeHHs TOro, MOAOOHBI JIM J1Ba KAaKUX-HUOYIb, CPAaBHMBAaEMbBIX MEXIY COOOI,
siBicHUs. Bo3HuKkaeT BOIIPOC, IO KaKUM IpHU3HaAKaM MOKHO yY3HAaTb, YTO SABJICHUA HO[[O6HBI ApYT Apyry.

OTBeT naercs TpeTbeit TeopeMoi Toaoous.

Tperhst TeopeMa yCTaHABJIMBACT YCJIOBHS, HEOOXOIMMBIC M JOCTATOYHBIC JJIS TOTO, YTOOBI SIBJICHUS
OKa3aJIMCh MOMOOHBIMU npyr Apyry. DopmysmpoBka ee Obuta mana M.B. KupnumuessiMm u A.A. I'yxmaHoMm, a
nokazarenbeTBo Teopembl — M.B.Kupmmaessim B 1930 1. (8).

EnuandHoe SBIICHUE BBINENACTCS W3 TPYIIIBI SBICHHUM, ITOTIHHSIONINXCS OJHOMY U TOMY K€ YPAaBHCHHIO
CBSI3W, MPUCOCAMHECHHEM K HEMY YCIOBHU OJHO3HAYHOCTH, WM MOHOBAJICHTHOCTH. B MOMOOHBIX SBICHHUAX
BXOJSIIUEC B YCIOBHS OZHO3HAYHOCTH BEIMYMHBI, MOHOBAJICHTHI, OYEBUIHO, IOJDKHBI OBITh momoOHBL [lamee,
COTJIaCHO TIEPBO TeopeMe, peallbHO CYMIECTBYIOMINE MOTOOHBIC SBICHUS JODKHBI HMETh OIHHAKOBBIC KPUTCPHH, B
TOM YHCJIC U COCTaBIICHHBIC MOHOBAJICHTOB.

TpeTI)H TEOpEMa I0Ka3bIBACT, YTO JIBAa 3TU MPHU3HAKa JOCTATOYHBI IJId TOIO, 4TOOBI UMETH IpaBO CYUTATh
SIBJICHUA HOI[O6HI)IMI/I.

CrenaHHbIl MCTOPUYECKUH OTOOP IOKAa3bIBAET, UYTO y4YEHHE O MOJOOMH, COCTOsIIee MEPBOHAYAILHO B
M3y4eHUH CBOMCTB MOJOOHBIX SIBJICHHH, MOCTEIEHHO C/ENaloch YYEHHEM O METoJax 00paboTKH (H3MYECKHX
OTIBITOB. DKCIEPUMEHTATOP CTABUT Iepe]l COOOMN CIIEIYIOIINe BOIPOCH: KaKHe BEJIMYMHBI HAJJ0 U3MEPSTh B OIBITE,
KakK cieqyeT o0padaThiBaTh pe3yabTaThl OMBITA H HA KaKKUE SBIECHUS X MOXKHO PaCIpOCTPAHSATb.

Teopus mogo0ust JaeT OTBET Ha BCE TPH BOIIPOCA.

1) W3meputs Hamo BCe BEIMYMHBI, KOTOPBIE BXOJST B COCTaB KPUTEPUEB MOA00MS.

2) OO0pabaTbIBaTh pe3ynbTaThl OMBITA HAJO B BUAE 3aBUCHMOCTH MEXIYy KPUTEPHUSMH ITOJ00US JUIs
TOTO, YTOOBI MOXKHO OBIJIO PacIIpOCTPAHUTh UX Ha BCE MOJJOOHBIE SIBIICHHUS.

3) [Monobue e X MOXHO y3HaTh IO MOJOOHMI0 MOHOBAJIEHTOB M OAMHAKOBOCTH MOHOBAJICHTHBIX
KpPHUTEPHEB.

ITpumeneHne Teopuu Mo100Ms K IKCIIEPUMEHTY Pa3BUBAJIOCH B IBYX HAIIPABICHUAX.

C omHOM CTOpPOHBI, TeOpHUs MOAOOHS NMPOHUKIA B (U3UKY M CTana HAayyHOH OCHOBOH (DH3MYIECKOTO
skcniepuMenTa. C qpyroi CTOPOHBI, OHa HAIJIa MPUJIOKEHNE B TEXHUKE, OTKPBIB BO3MOXKHOCTB M3y4aTh Pa3IHuHbIC
TEXHUYECKHE YCTPOMCTBA Ha MOJEIIAX.

Mexnay obomMH HampaBICHHSMH HENb3sS NMPOBECTH PE3KYI0 TPAHMIYy, TaK KaK J3KCIEPHUMEHT B (HU3HKE
4acTO CTABUTCS HAJ MPOLECCaMM, MPOTEKAKOIIMMHU B Pa3IMUYHBIX YaCTSIX TEXHUYECKHX YCTPONCTB, MOJAEIH XK€
MOT'YT OXBaTbIBAaTh TAaKXXe HE TOJIBKO LieJIble TEXHUYECKHE OOBEKTHI, HO M OTJEJIbHbIE YacTH MX. TakuMm oOpaszom,
Teopusi TOAOOMs cAenansach Hay4yHOWM OCHOBOW OJHOBPEMEHHO KakK (HM3MYECKOro, Tak M TEXHHYECKOTO
SKCHEPUMEHTA.

Ocy1ecTBUTD BCE YCIIOBHS 000U, HajlaraeMble TPEThel TEOPEMOid, 4acTo ObIBAET OYCHb TPYAHO.

[TosTOMY pa3BHTHIO MOJIEIMPOBAaHUS BecbMa criocobcTBoBaI paspadborannsiii B CCCP meTon He TOYHOTO,
a TpUOTMHKEHHOTO MOJICIMPOBAHMS, KOTJa COOJIONAIOTCS HE BCE YCIOBUS HOAOOWMS M B MOZETH IIOJIydaeTcs C
JIOCTAaTOYHOM ISl IPAKTHKH TOYHOCTHIO IPHOIIKEHHOE ITOI00HE.

OKcIieprMeHTaIbHAs MPOBEPKa MPUOIIDKEHHOTO METOAa MOJEIMPOBAaHUS NPOBEACHA OblIa B IMHPOKUX
npenenax M.A.MuXeeBbIM H PSIIOM APYTHX COBETCKUX YICHBIX.

WHorpma nccnegoBaTesio NpUXOAUTCS BCTPEUAThCS C SBICHUSIMH, HACTOJIBKO CIIOXKHBIMH M HEU3yUCHHBIMH,
YTO WX HE yJAaeTcs BBIPa3UTh ITOCPEICTBOM MaTeMaTHYeCKHMX (OPMYIT W COCTaBUTh YpaBHEHHE CBSI3U MEXKIY
¢usnyeckuMy BeIMYMHAMH. J{J1 cirydaeB, KOTAa OKa3bIBA€TCSI BO3MOXKHBIM YCTaHOBHUTH T€ (DPM3MUECKHE BEITUYMHBL,
KOTOpBIE JOJDKHBI ObUTH OBbI BOMTH B ypaBHeHHe CBsi3H, JK.bepTpan B 1878 1. mpeanoxui MeTo, O3BOJISIONIMN 13
coo0pakeHHH 0 Pa3MEPEHHOCTH OTIEJILHBIX WICHOB (PM3MYECKOTO YPAaBHEHUs OTrafaTh BHJ KPUTEPUEB TTOA00MS U
1oA00paTh SMIIMPUYECKOE YPAaBHEHHUE CBSI3HU Ul HUX. DTOT IIyTh MEHEE Ha/Ie)KEH, U €ro CIIEAYeT IPUMEHSTh TOJIbKO
IPU HEBO3MOXKHOCTH BBIBECTH YPaBHEHUS CBSI3U.
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Tak Kak ydeHHE O pa3MEpHOCTH JIeKaT B OCHOBE (M3MYECKHUX YpPaBHEHHUH, TO ¢ HETO MBI M HAYHEM
W3J0KEHNE YICHHUS O TIOHOOHH.

2. MaremaTuyeckoe U pu3nUYecKoe Mmogoomne
Besikoe siBneHHE TMPHUPOIBI MPEACTABISAET COOOM CHCTEMY MAaTepHaNbHBIX Tell, KOTOpas IpeTeprieBacT
ONPEIENIEHHOE N3MEHEHHUE COCTOSIHUS, MTOCKOJIBKY B HEM MPOTEKAIOT Pa3InIHbIE IPOLECCHI.
SBneHnsMH, TOJOOHBIME OPYT APYTY, HA3EIBAIOTCS CUCTEMBI TEIl, TCOMETPUIECKH TOJ00HEIE IPYT APYTY, B
KOTOPBIX MPOTEKAIOT MPOLIECCH OAMHAKOBOM MPUPOIBI U B KOTOPHIX OJHOMMEHHBIE BEITUYHMHBI, XapaKTEpU3yIOIIHe
SIBIIEHUS, OTHOCSITCS MEXAY cO00il KaK MOCTOSTHHBIE UHCIa.
MHpIMU cTTOBaMU, MOKHO OTIPEACIHUTh MOJ00ME ABJICHUS TaK: SBICHHE, IIOJ00HOC 33 JAaHHOMY, MOXKET OBITh
MOJYYCH MyTEM TaKOTO €ro MpeoOpa3oBaHUs, KOT/Ia pa3Mep KaxJIOi e¢ BEIMYMHBI U3MCHSICTCS B ONPEICICHHOE
YUCIIO pas.
Takoe npeoOpa3oBaHKe Ha3bIBACTCS MOTOOHBIM MPEOOPA30BAHUEM SIBIICHHS.
Ionstne momoOHOTO mpPeoOpa30BaHUs IMEPBOHAYANILHO BO3HUKIO B TCOMETPUH, TN¢ TaKUM IIyTeM
MOJY9aroTCsl OAO0HbBIE (PUTYPHI U Tella; OTHOIICHHE JIFOOBIX CXOMHBIX OTPE3KOB B HUX PAaBHO OJHOMY M TOMY JKe
MOCTOSSHHOMY YHCIY C), TaK 9TO MOXHO CKa3aTh, YTO TEJO, ITOJO0OHOE IEepPBOHAYAIBHOMY IIONyYCHO ITyTEM
n300paKeHHS €T0 B HTHOM T€OMETPHIECKOM MacIITade.
[onaTne «MexaHWYeCcKOoe MOIOOHe» MPEeXIe BCEr0 BKIIOYACT B ceOsl TeOMETpUIECKOe MOJO0He CHUCTEM,
3aTeM — KHHEMAaTH4ecKoe MOoAo0We: MOoapa3yMeBaeTcsi, YTO B JIOOBIX  CXOJHBIX TOYKaX CHCTEM CKOPOCTH
JIBIKYIIUXCSA TEJl HapajulebHbl W NPONOPLMOHANBHBI IPYr OPYTY, T.€. YTO OTHOILEHUS MEXIY UX CKOPOCTIMH
OJIMHAKOBO BO BCEX TOUKAaX CHCTEMBI. Eciii cucTeMa COCTOUT U3 OTACIbHBIX TUCKPETHBIX YACTHII, TO y TOJO0OHBIX
SIBIICHUHA MACChI TOXKE OTHOCATCSI MEXKAY CO0OM KakK MOCTOSHHOE YHCIIO; CCITH JKE€ UMEET MECTO TCUCHHE CIUIOIIHOTO
TeNa, KameJabHOH WM ra3000pa3sHO# KHIKOCTH, TO IUIOTHOCTH U KOI(D(MHUIUCHTHI BSI3KOCTH BO BCEX CXOJHBIX
TOYKaX MOJAOOHBIX CUCTEM HMEIOT IOCTOSIHHOE OTHOIIICHHUE.
Jlasiee MOHATHE MEXaHMYECKOTO MMOJ00MS BKIIFOYAET B ceOsl TUHAMUYECKOE MO00He, T.¢. MapalieIbHOCTh
Y IPONOPLUOHATBHOCTE CHJI B CXOJCTBEHHBIX TOUKAaX.
TemnmoBoe mogo0we moApa3zyMeBaeT MPOIOPIHOHATBHOCTD IPYT APYTY BCEX XapaKTEPHU3YIOMINX TEILIOBBIE
SIBIICHUS BEJIMIHH: TEMIIEPATYP, TEIUIOBHIX MTOTOKOB, TEINIOEMKOCTEH, KO (PHUIIMEHTOB TEILIOMPOBOJHOCTH U T.1.
OO6o3Hadasi OTHOIICHUE PACCTOSHUHA MEXKAY TC€OMETPHUYECKH IMOMOOHBIMH TOYKAMH, T.€. CXOJICTBEHHBIX
OTPE3KOB JJIMH IBYX INOJOOHBIX CHCTEM, 4epe3 C|, CKOPOCTeH — C,, Macc — Cp, CHI — Cf M T.JA., MOXKHO JaTh
MaTeMaTHYECKYI0 (POPMYITUPOBKY MOHATHUS IMOI00US B BHJIE CICAYIONMICH CUCTEMBI PaBSHCTB:
I 14 W” mll 14
o= C ;—’ = CW;—, = Cm;—, =C; W T.n., TAC OAHUM M IBYMs IITPUXaMH 0003HauCHBI TIEPBOC H
| W m f

BTOPOE TIOJO0OHEIC SBICHUS.

KoaddunmeHTs MponopuuoHaaIbHOCTH Cj, Cy U T.JA., HA3BIBAIOTCS KOHCTaHTaMH Mono0us. [ Kaxmoro
polla BENMYMH OHH HMEIOT CBOIO OCOOYIO YHCICHHYIO BEIHYHHY; IOSTOMY KOHCTAHTHI IMOJOOWS HWMEIOT
COOTBETCTBEHHBIE MOJICTPOUYHBIE 3HAUKH, I0KA3bIBAIOLIUE, K KAKOTO POJa BEIMYMHAM OHH OTHOCSATCSL.

O0600mmast ckazaHHOE, MOKHO TIOJJ00WE SBJICHUH OIPENeNNTh, KaK MPOIOPIHOHANBHOCTD APYT APYTY BCEX
BEJIMYMH, XapaKTCPU3YIOIIUX SBICHHE, TpUIeM KO3(PPHIHUEHT MPOMOPIHOHATHFHOCTH COXPaHSET MOCTOSHHOE
3HaUEHHE BO BCEX TOUKAX CHCTEMBI JUIS OINPENeNIEHHOIO0 HAMMEHOBAaHUWS BEJIMYMH, HO SIBISETCS PA3TUYHBIM JUIS

BCJIMYMH pa3HOTO HAMMECHOBAHUA.
’ ! ” ”

B o6mem Bue mepexos oT X{ yeery X, BEJIMYMH OJHOIO ABICHHUA K X ,..., X, BEIUYUHAM IPYroro, eMy
M0I00HOTO, MOXET OBITH BBEIPAYKEH YpaBHEHHEM
' " | =N
X. =C, *X.
1 Xi 1 H
' =1

370 mepBOe OCHOBHOE YPaBHEHUE TEOPHHU MOIOOHSL.
KoncTtaHnThl HO}IO6I/I$I COXPAHAIOT CBOC 3HAYCHUEC IJIA IHO6BIX CJIy4a€B OTHOMICHHUA CXOJACTBCHHBIX BEJIMYHWH.

HaHpI/IMep, €CJin Il nu I” — CXOACTBCHHBIC 0Tpe3KI/I ﬂByX HO,HO6HBIX CHCTEM, UMCHOT MECTO paBCHCTBa:
" " " n n ”n
14
I__Il P P P A\ .
7 T T T T — P
I | . —| Al
1 2 0 2 —h
14 1
u, CHe)IOBaTeHBHO, OTHOIICHUC BCINYUH I /I :CI MOXHO 3aMCHHUTH OTHOIIICHHUCM H}O6BIX prFHX

OTPE3KOB IIPpU YCJIOBUH, YTO 3aMCHA 3Ta AJIA JIFOOBIX HOZIO6HI>IX SIBIICHUI JA€JIACTCsA OJJUHAKOBBIM 06pa30M. OTO0 TaK
Ha3bIBA€MOC MPaBUJIO 3aMCIICHNUA OJJHUX BECJIMYUH APYTUMHU TOI'O K€ HAMMCHOBAHUS.

" !
TaKyio 3aMeHy MOXHO Je/1aTh [UIs BCEX APYTHX BeNuduH, Hanpumep W’ / W u.r.a.
B nanpHeimem gacto Oyaer BcTpedaThes nuddepeHuanis BeTnauH.
Ha HuX Tak)e MOXHO PacHpOCTPaHATh MPABUIIO 3aMELICHUS BEIUYUH. JTO MPABUIO MOXKHO MMPUMEHSTh,

Korza paccMarpuBacMas cpcia npeanojiaracTcsa CIjIONIHbIM TEJIOM, T.C. KOTrJaa HaOJII0JaTeNIb UMEET JIEJI0 C TAKMMH
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pa3MepaMy Tena, KOTOPbIE B O4YEHb GOJBIIOE YHCIIO pa3 NPEBOCXOIAT PACCTOSHHUSA MEXTY MOJIEKyJIaMH O, TaK 4TO
JHMCKPETHOE CTPOCHHUE TeJla HE3aMETHO M MOKET He IPHHUMATHCS BO BHUMAaHHE.
Ilo ompenenenuto, muddepeniman GyHkunu (Y paBeH TPOM3BOMHOMN, MOMHOXKEHHON auddepeHIman
HE3aBHCHUMO TepeMeHHoH dX:
dy = f'(x)dx.
3nech X — MpOU3BOIIBHAS BEIMUHMHA, KOTOpast B PU3UKE TOJDKHA JISKATH B MPEAeax
O << dX << AX,

T.c. OBITh 3HAYUTENHHO OOJBLIC PACCTOSIHUM MEXAY MOJIEKYJIaMH, JJIS TOr0, YTOOBI MOXHO OBLIO
paccMmarpuBaTh TEJO CIUIOIIHBIM, KaK KOHTHHYYM, W OJHOBPEMEHHO HACTOJBKO MaibiM, YTOOBI K HEMY C
JIOCTATOYHOW CTENEHBI0 TOYHOCTH MOXKHO OBUIO MpUMEHSTh (popmyinsl auddepeHnnansHOro, a He pasHOCTHOTO
ucuncienus. Takum 06paszom, B dusuke X ecTh XOTS M OYCHb Majasi, HO KOHCYHasl BEIMYMHA M, CJICA0BATEIbHO,

JOJDKHA PAacCMaTpPUBATHCS, KaK Pa3sHOCTB Xp-X;. [loaToMy
n ” ” "

X, X X =X &

r !

X, Xy X, =X

= —' = "
dx
" ”n
[Momo6HBIM ke 06pazom dy=Y,-Y; H, ClIeq0BATEIBHO, K HEMY MIPUMEHUMO % = F = Cy .
Yo =Y y

Boo0mie roBopst, HIOJOOHBIX APYT APYTY SBICHUI OBIBacT HE IBa, a 3HAYUTEIHHOE KOJIMIECTBO. MBI Oymem
TOBOPHUTH, YTO OHH COCTABIIAIOT TPYIITY MOJOOHBIX SBICHUH.

CpaBHHBasI BCe WICHHI TPYMIIEI C OJHUM SBICHHEM, KOTOPOE CIYKHT 00pas3lloM UIi HUX, 3aMedaeM, 4To
IIpH nepexoae oT OJHOrO, [0JI0OHOTO 06pa311a SIBJICHUS K IPYTOMY, K TPETbEMY U T.J. KOHCTAHTHI MOI00HS KaXKabIH
pa3 MoIydaroT APYroe 3HaueHHe, COXPaHsIsA B TO JK€ BPEMs CBOE CBOMCTBO — OBITh MOCTOSHHBIMM BO BCEX TOUKAX
KaXXJI0W CUCTEMBI, TOJJO0HOM 00pasity.

OObenuHss mepexoja OT sBICHUS oOpaslia KO BCEM IMOJOOHBIM €My, MBI MOXXEM pPaccCMaTpHBaTh €ro
n” !

BBIpaXXECHUE X =CX Kak TIpYIIOBOE MpeoOpa3oBaHue SABJICHUA, MNoJApa3dymMeBas 110 KOHCTaHTOM C
x N %;

"

MOCJICIOBATENILHO ¢ 3HAUCHMSI [T BCCH IPYMITbI OJOOHBIX 00pa3ily BEITUYKH.

[Tomobue sABICHUIT MOKHO BBIPA3UTh M JAPYTHM CIIOCOOOM: HE KOHCTAHTaMH MOJO00MsI, a MOCPEACTBOM TaK
Ha3bIBAEMBIX HHBAPHUAHTOB TIOJ00HS.

[epetinem oT aOCOMOTHON CHCTEMBI STUHHUII, OOIIEH T BCeX SBJICHUHN TaHHOTO Ki1acca, K OTHOCHTEIbHOM
CUCTEMe, MPUTOAHON TONBKO IJIT OAHOTO SIBICHHS 3TOro Kiacca. /it 3Toro BeIOEpeM 3a eIWHHIBI W3MEPEHUS
BEJIMYMH PacCMAaTPUBAEMOW CHCTEMBI 3HAUYCHHS 3TUX BEIWYHMH B KaKUX-HHOYIh TOUYKAX caMOH cUCTeMbl. OTMETHM

’ / !
ux moactpouHsiM wmHAEKcoM (0). Torma Bce BeTHYUHBI | yW, M u gpyrue s mepBOro SBICHHS IOJTydaT

YHUCJICHHBIC 3HAYCHUA .
I ! ! ’

W m
A _ r _ ’
=l —ws =M
I0 Wo m,
U T.1.
Ecmu Bo BTOpOM SIBICHHM 32 COWHUWIBI M3MEPEHHS BEIWYMH BBHIOPATh WX 3HAYCHUS B CXOJCTBEHHBIX
MIEPBOIl CHCTEME TOYKAX, TO WX 3HAYCHHUS B OTHOCHTEIBHBIX ¢INHUIIAX OyIyT
14 "
I _ er. W _ W "
[ 1 [
Io Wo
W.T.JI.
14 " ’ ! o
Ouesnznro, L", W" ur. 1. OynyT Te ke, 94TO U L', W's TepBOM cUCTEME.

B camom gene nerko BUAETH, 4TO
14
"l
I !/
IlepecTaBiisisg WieHbl IPONOPLUH, TOTYIUM
I 14 I !
14 14
—y =7, Uiu L"=1L".
Io Io
To xe caMoe MOIYIUTCs AN TFOOBIX APYTUX BEIUYHH, XapaKTEPU3YIOIINX [TOJOOHBIC SIBIICHUS.
ITosromy 3Ha4YKH, OTMEYAKOIIUE, K KaKOMY W3 SBJICHHUH OTHOCATCA BenmuwHbl L, W u T. 1., MOXHO

0T6p0CI/ITL, TaK KakK IpH nepexoae OT OAHOTO ABJICHUA K ApYromMy, EMy HO,Z[O6HOMy, BCC BCJIMYMHBI, BLIPA’)KCHHLIC B
OTHOCHUTCJIbHBIX €IUHUIIAX U3MEPCHUSL, OCTAHYTCA YUCJICHHO IMMPC)KHUMU.



WHBIMU CJIOBAMH, OHH SBJISIOTCS WHBAPUAHTAMU N0A00MA. ByneM 0603HAYaTh 3TO CBOMCTBO MX CJIOBaMU
inv. (uaBapuanT) uiam idem (To ke camoe).

CnenosatensHo, L=idem, W=idem umu nms o6mero cayuas X _ X =idem.
X

Crnenyer yMeTh XOPOIIO OTJIMYHUTH TOHITHS «KOHCTAHTA MOJI00U» U «MHBAPUAHT MOJO0HS.

KoHcranTa coxpaHseT NOCTOSHHOE 3HAYEHHE BO BCEX TOUKAX CUCTEMBI, HO OHA JENAeTCs APYroH, Korja
OJTHA TTapa NOJOOHKIX SBICHUH 3aMEHAETCS APYTOMH.

WuBapuaHT mog00us1, HA000POT, pasideH Uil pa3HBIX TOYEK CHCTEMEBI, IOCKOJIBKY OH M300paXkaeT OgHY
13 BEJIMYMH 3TOU CUCTEMBI, UMEIOLIYIO0 PA3HOE YHCIECHHOE 3HAUYEHUE B Pa3HBIX TOUKaX CUCTEMBI; HO OH HE MEHSETCS
TIPY TIEPEXO0JIe OT OJTHOTO SBICHUS K JIOOOMY Ipyromy, mogoOHOMYy emy. MlHadue TOBOps, OH COXpaHIET OJHO U TO
JKe 3HaYCHHE B CXOJCTBEHHBIX TOYKAX BCEH IPYMITBI MOTOOHBIX SIBIICHHUH.

B nanmpHedimem MbI OyZeM MOJh30BATHCSA OMpPEICICHHEM TOJ00HMS W Yepe3 KOHCTAHTBI, W uepes
WHBAapHaHTHl B 3aBUCUMOCTH OT TOTO, KaKO€ OIpe/eeHHe MPU PaCCMOTPEHUH PA3IUUHBIX BOIMPOCOB OKa3bIBAETCS
yI0OHEE B CMBICIIC IPOCTOTHI H3JIOKCHHUS.

Bo3sppaimasce kK OmnpeneieHuro Mmojo0usi uyepe3 KOHCTAHTHI MOMOOUS, OTMETHM, YTO Ha MEPBBIN B3I
BLI60p BC€X KOHCTAHT HOI[O6I/I$I MOXKET Ka3aTbCia HpOI/IBBOHbeIM. Ha caMOM [Je€JIe 2TO HE Tak. BeJ’II/I‘II/IHI)I,
xapaKTepmonume pa3J’II/I‘-IHI>Ie SABJICHHUs, HC SABJIAKOTCA HE3aBUCHUMBIMH I[pyI‘ oT L[pyra. LIaCTO Me>1<11y HUMHA
CYIIECTBYET OMpEICIICHHAsl CBsI3b. JTa CBSA3b, Ha3bIBacMas 3aKOHOM MPUPOMBI, BO MHOTHX CIIydasXx MOXeET OBITh
BEIpa)KEHAa B MAaTEeMaTHIECKOH opMe B BHIIC ypaBHEHUS.

Hanuune Takoro ypaBHEHUs, JENAIOILIEr0 OJHM BEIUYMHBI 3aBUCUMBIMU OT JpYrMX, HajaraeT M Ha
KOHCTAHTHI II0100Us OTIpeIe/ICHHBIC OTPaHUICHUSI.

HaxoxxneHrne 3aBHCHMOCTH MEXAYy KOHCTAaHTAMHU ITOJ00WsS, BEI3BIBAEMOW CYIIECTBOBAaHHEM YPaBHEHUS,
CBSI3BIBAIOIIETO MEXIY COOOM XapaKTepHU3YIOIIHE SIBIICHIE BEMINHBI, COCTABIICT COMEPKAHNE TEOPEMBI TIOIO0HS,
KOTOpast Oy/IeT M3JI0KEHA B CIICYIOIICH TJIaBe.

ypaBHeHI/IH, OIIUCBIBAKOIIIHUC pa3HI/I‘-IHI)I€ SABJICHUA l'[pI/IpO}II)I, MOXKHO paCCManI/IBaTL, KaK HMCHOIINUC
Pa3IMYHYIO CTEIICHb OOIIHOCTH.

Haubonee oOurie ypaBHEHHS, BbIpaXKaloIIUe OOINHWE 3aKOHBI TMPHPOJBI, TaKHe, KaK OOIIMe 3aKOHBI
MCXaHHKH, 3aKOH COXpaHeHI/IH 3Hepr1/11/1, MO>XXHO Ha3BaThb ypaBHeHI/ISIMI/I, OXBAaTbhIBAKOIIITUMHAU Heﬂblﬁ KJ1acc HBJ’ICHHﬁ.
TakoBbl OBUIM ypaBHEHHS, MPEICTABIIONIAE BTOPOH 3akoH HBIOTOHA W TEpBBIA 3aKOH TEPMOTUHAMUKU. DTH
oOmme ypaBHEHHUS MOTYT IOJTy4aTh Pa3JInYHBIC YaCTHBIC BUIBI B 3aBUCHMOCTH OT TOTO, K KAKUM YaCTHBIM BHAaM
SBIICHHI TaHHOTO KJIacca OHH OyAyT mpmiaratbes. Tak oOImue ypaBHEHHS MEXaHUKH IMPUHUMAIOT BHJ YPaBHEHUS
HaBpe-CTOKCa B IpUMEHCHUH K TCUCHHIO JKUAKOCTH, BHJ YPaBHCHUS KOJCOAHUN yIIPYTOH Cpedbl U T. . DTH BHIBI
SIBIIGHUM COJEprKaT OTAEJIbHbIE CBOMCTBA OAHOTUIIHBIX SIBICHUN, OTIIMYAIOUIUXCA APYT OT Jpyra TOJBKO 3aJaHHeM
Pa3IUYHBIX YCIOBUH OJHO3HAYHOCTH SIBJEHUH. M, HakoHel, €IWHUYHbIE SIBJICHUS BBIIEISIOTCS W3 CEMEHCTBa
YUCJICHHBIM 3aJaHUEM yCHOBI/Iﬁ OJJHO3HAYHOCTH, KOTOpLIe JJISI KQKA0T0 €AMHUYHOI'O SIBJICHUSA CeMeﬁCTBa 6yKBeHHO
OJJMHAKOBBI, HO YHCJICHHO OTJIMYHBI I[pyI‘ oT L[pyra.

B nanpHeiimmeM CBOWCTBO ypaBHEHHH CBS3M, KOTOpOE HajaraeT Ha HHX MmoaobOue sBIeHu#, Oyner
n3Jj1araTtbCsa cnepBa JJIs1 CaMBbIX O6H_II/IX 3HAKOB HpI/IpOI[I)I " JJId HUX 6y£[yT BBIBOJUTHCA TeOpeMLI HOI[06I/I$I. OI[HaKO
HC MCHBIIICC 3HAUYCHUC 6y/:[eT UMECTHh HpI/IHO)KeHI/Ie 061].[6171 TeOpI/II/I HOI[O6I/I${ K 94aCTHbBIM CHy‘IaHM U K CAUMHUYHBIM
SBJICHUAM, TaK KaK TOJIBKO TaKHM HyTeM OKaXCTCSI BO3MOXHBIM CKpLITL HaH6onee BAaXXHBIC CTOpOHbI y‘IEHI/IH 0
O100MH.

3 TeopeMbl noa00ust

Hdus  obecrieueHuss MakcuManbHOW  3(dekTuBHOCTH (B IIMPOKOM  CMBICIE  CIIOBAa)  JIFOOBIX
9KCIIEPUMEHTAIILHBIX HCCIIEAOBAaHNI STH HCCIEIOBaHUS HEOOXOAWMO OpPraHM30BaTh TakK, YTOOBI MOXHO OBLIO
OIIPEIETINTh KPUTEPUH IOJOOMS M MPEACTaBUTh IOJIYyYEHHbIE DPE3yJbTaThl KPUTEPUAIBHOM (YyHKIHMOHAIBHOMN
3aBUCUMOCTb. Takoil 1moxxo Mo3BOJISIET NPH OTPAaHMYCHHOM YHCIE HKCIIEPUMEHTOB JaTh OLEHKY XOJa Ipolecca
WY TIOBEJICHHsI CUCTEMBI TIPH Pa3HOOOpa3HbIX COYETAHMAX MApaMETPOB, UX XapaKTePHU3YIOIIUX, U, CIIEA0BATENLHO,
MOJIYYUTh OTBETHI Ha T€ MIOIOJIHUTENBHBIE BOIPOCHI, KOTOPbIE OOBIYHO BO3HHMKAIOT YK€ IOCIE OKOHYAHHS
IKCTIEPUMEHTAIIbHO-UCCIIEJOBATEIbCKUX U UCTIBITATEIBHBIX PA0OT.

PaccMOTpeHHbIE TIOJIOKEHHUS, OJHAKO, OTHOCATCS K CIIydyar0 3aBeJIOMO MOJOOHBIX MPOLECCOB, T.e.
OTIPEICTISIIOT HeoOX0OUMble YC08UsL CYWeCmBO8aHs no0obus. B CBSI3M C 3TUM BO3HHMKAeT €CTECTBEHHBIH BOMPOC
OTHOCHTEJIHO TOT0, KaK PAacHo3HaTh MOJO0ME WIIM CHEUUaTbHO 00ECHEYUTh €ro NpPU MNOCTPOSHUH MOJEIH, T. €.
BOIIPOC 00 yC106UsX, HE TOIBKO HEOOX0OUMbIX, HO U 00CMAMOYHbIX 01 CYWecmeosanus nododus. Takue ycioBus
BKJIIOYAIOT B ce0sl Hapsdy ¢ TpeOOBaHHUEM PaBEHCTBA KPUTEPHEB ITOJIOOMS CONOCTABIISIEMBIX MPOLECCOB TAKXKE U
OTIpeZieIeHHbIE JOTIOJIHUTENIbHBIE TPEOOBaHUS K YCIOBHAM OJHO3HAYHOCTH — TPEOOBaHUS MMOJO0MS HAYaJIbHBIX U
TPAaHUYHBIX YCJIOBUH COMOCTABISIEMBIX MPOLECCOB (a MpU COOIIOICHNHN I'eOMETPUYECKOTO NMoJ00Hs — | Mogoous
TreOMETPUYECKHX XapaKTEPUCTHK COOTBETCTBYIOIINX IPOCTPAHCTBEHHBIX 00acTei).

W3no>xeHHBIE BBINIE TTOJIOKEHUSI OTHOCUTEILHO HEOOXOAMMBIX U JOCTATOYHBIX YCIOBHH 1MOJ00MS OOBIYHO
CHCTEMATH3UPYIOTCS B BUJE IIEPBOH, BTOPOH M TpeThell TeopeM O IONOOMH; NEepBBIE JIBE TEOPEMbI ONPEACIISIOT
HEO0OXOUMBIC, TPEThsI — HEOOXOAMMBIE M JOCTATOYHBIE YCIIOBHUS moao0us (BeickaspiBatoTcss cOOOpakeHUs, UTO
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TOJBKO BTOpas TeOpeMa MOJOoOMS MOXKET paccMaTpUBATHCSA KaK TEOPEMa B TOM CMBICIE, B KAKOM 3TO IMOHSTHE
ynoTpeOiisieTcss B MaTeMaTHKE, a MepBasi U TPEThsI TEOPEMBI ABJIAIOTCS NMPABUIAMH BBIIBICHHS M 00ECHECUECHUS
nogobus. B 1aHHOM M3JI0KEHUH COXpaHsAeTcss HanboJee pacpoCTpaHEeHHAss TEPMUHOJIOTHS — BBEACHHOE emme 1.
HeroroHOM Ha3zBaHME MepBON TeopeMbl 1 npeanoxernoe M. B. KupnmuaessiM 1 A. A. 'yxMaHOM Ha3BaHUE TPETher
TEOPEMBI).

Ilepsas meopema noodobus. B OCHOBHOI COBpeMEHHOH (QOPMYIHPOBKE, YUHTHIBAIOMICH BO3MOXKHOCTH
CYIIECTBOBAHUS PAa3IMYHBIX BHIOB MMOJOOMS, IEpBasi TeOpeMa UMEET CIEAYIOIUI BUI: SIBICHNUS, TOAOOHBIE B TOM
WJIM UHOM CMBICiIE (II0JIHO, TPUOIMKEHHO, (GU3MYECKH, MATEMAaTHYEeCKH U T. JI.), UMEIOT OIpEe/eICHHbIE COUETaHUs
napaMeTpoB, Ha3bIBaEMbIe KPUTEPUSIMHU T10100MsI, YUCIICHHO OJMHAKOBBIE AJIs MOJOOHKIX siBieHuil. [lepBas Teopema
nozo0us Ha3pIBaeTCs Takxke Teopemoit Herorona min Hetorona—bepTtpana.

[epBas Teopema 1omo0Mst YTBEPKIAET, YTO IS SABJICHUH (OOBEKTOB, MPOIECCOB), MOJOOHBIX B TOM WIIU
MHOM CMBICIIE, CYLIECTBYIOT OJMHAKOBBIE KPUTEPUU OA00US — HIACHTHYHBIE 10 (hopMe aredpandeckoi 3amicu 1
paBHBIC YHCIICHHO O€3pa3MepHBIE CTEIICHHbBIE KOMILIEKCHI (IIPOM3BENCHUS WM OTHOIIEHHS) ONPENSIICHHBIX TPy
¢usmueckux (HaKTOPOB, XapPAKTEPU3YIOMKX ITH sABIeHUA. DopMynupys HEOOXOANMBIE YCIOBHUS CYIIECTBOBAHHS
mogo0us (OOMHAKOBBIE KPUTCPUH TOAOOWS Yy TMOJOOHBIX SIBJICHWI), TepBas TeopeMa, OIHAKo, He yKa3bIBaeT
CHO0cOOBI yCTaHOBJICHHUS TOAOOHS U CITOCOOBI €r0 peaNn3aiil P MOCTPOSHIH MOJICIICH.

Bmopas meopema noodobusi. B ocHOBHOH (OpMyNMpOBKE 3Ta TEOpEMa, HYalle BCTPEYAIOMIASCS MO
Ha3BaHUEM T-TCOPEMBI, IMEET CIEAYIOMNI BH/: BCSIKOE MOJIHOE ypaBHEHUE (PU3MUECKOro mporecca, 3aicaHHoe B
OIIpe/IeJICHHOI CUCTEME eAMHHILI, MOXKET OBITh MPE/ICTABICHO (DYHKIIMOHAIBHOM 3aBUCHMOCTBIO MEXY KPUTSPHIMHU
o00Hs, MOTYYCHHBIMU U3 YYaCTBYIOIIUX B MPOLIECCE MapaMeTpOB.

Ota Teopema yTBEpKIaeT, YTO MOJHOE ypaBHEHHE (PU3NUECKOro Ipolecca, 3allMCaHHOe B ONpeACIEHHOM
CHCTEME €/IMHHMI], MOXKET OBITh MPEACTABICHO 3aBUCUMOCTHIO MEXy KPHUTEPUSIMH MOJO00Ms, T. €. 3aBUCHMOCThIO,
CBsI3bIBAIOLIEH Oe3pa3sMepHble BEIMYUHBI, ONPENEICHHBIM 00pa3oM TMOJIydeHHbIE W3 YYacTBYIOLUIMX B IpoOIecce
napaMeTpoB. Tak e Kak U IepBasi, BTOpas TeopeMa o001 OCHOBBIBAETCSI Ha MPEANOCHUIKE, YTO (hakT Momo0us
MEXKAy IMPOIECCAMH WM3BECTCH, M YCTAaHABIMBACT YHCIIO KPUTCPHEB IOJOOMS M CYLICCTBOBAHHME OIHO3HAYHOM
3aBUCHMOCTH MEXIy HUMH. [Ipy 3TOM BEIpaykeHUS UI KPUTEPUEB MOI00MA MOTYT OBITh IOJTy9IEHBI, €CIIH N3BECTECH
cocTaB mapaMeTpoB ((pakTOpoB), YYACTBYIOIIMX B pPacCMaTpHMBAeMOM IIPOIECCE, HO HEU3BECTHO €To
MaTeMaTHYEeCKoe OIMCaHhe. TeopemMa 3Ta, OJHAKO, TaKKe KaK M IIepBas, HE YKa3bIBAE€T CIIOCOOOB BBISBICHHA
MOZO00MS MEXIY COIOCTaBJIIEMBIMH TPOLIECCAMHU M CIIOCOO0B pean3aiuy MoJ00Hs IIPU MTOCTPOSHUH MOZETICH.

Bropass Teopema ycraHaBIMBacT BO3MOXHOCTh MpEACTAaBICHUS uUHTErpaja anddepeHnnanTsHoro
ypaBHEHHs (pHU3NYECKOTO Mpolecca He Kak (QyHKIUH NMapaMeTpoB Ipolecca U CUCTEMBI, B KOTOPOW MPOTEKAIOT 3TH
MPOIIECCHl, a KaK (PYHKIMS COOTBETCTBYIOUIUM OOpPa30M IOCTPOEHHBIX HEKOTOPHIX Oe3pa3sMepHBIX BEIWYMH —
kputepreB nonodus. Eciu ucxonnoe auddepeHnnanbHoe ypaBHEHHE MPOMHTETPUPOBAHO, TO (DYHKIHMOHAJIbHBIC
CBSA3M MEXIY KPHUTEpUSAMH I0100us OyayT OJHO3HAYHO OIpEAETCHBI B COOTBETCTBUH C TEMM IOMYIICHUSMH,
KOTOpbIe OBUIN NMPHHATHI IPU COCTABICHUH W MHTETPUPOBAHUU JaHHOTO ypaBHeHus. Ecnu xe auddepennnansHoe
YpaBHEHHE OTCYTCTBOBAJIO WJIM HE HHTETPUPOBAJIOCH, TO BHJ (YHKIHMOHAIBHBIX CBA3EH MEXAYy KPUTCPHAMHU
mo00ust He OyIeT BEISBIICH.

Bropas Teopema ocHOBEIBaeTcsl Ha ucciienoBaHusx bykuarema, ®@enepmana u Dpendecr-AdanacheBoit.
Bo3MOXHOCTh  TpeACTAaBICHWS UWHTErpajda Kak (YHKOMM OT KpUTEpHEB TMOJO0Ws, HAMJICHHBIX U3
muddepeHInaNbsHOTO YpaBHEHUs, ObliIa CTPOTO J0Ka3aHa AJIsl 4acTHOTo ciaydas byknaremom. B Gomnee obmiem Bune
9TO TOJIOKEHNE KaK MaTeMaTHhdecKkas TeopeMa Obuio mokasaHo PenepmanoM. DpeHdecT-AdaHache-Ba NpHBesa
JIOKa3aTeNnbCTBO B OOIIeM BHJE, MOKa3aB YCIOBHS, IIPU KOTOPBIX MHTErpaj MOXKHO MPEACTaBUTh KaK (YHKIIHIO
KpuTepueB noaodus. OAHOBpPEMEHHO OBUIO NOKa3aHO, YTO M3 COOTHOLICHMH, yKa3bIBAIOIIMX Ha OJHOPOMHOCTH
YpaBHEHHS, CBS3BIBAIOIIETO (DM3MYECKUE BEJIUYUHBI (OJMHAKOBAs Pa3MEPHOCTh BCEX 4YJICHOB YpPaBHEHUs), U U3
BO3MOXKHOCTH HOJIy4eHHs1 Oe3pa3MEPHBIX COOTHOLICHUI [OCIIEe AEICHHs STOr0 YpaBHEHHUs Ha JI000W U3 ero 4ICHOB
CleyeT BaKHBIM BBIBOJ O CYIIECTBOBAaHWHU OIPEAEICHHBIX COOTHOIICHHH MEXIYy pasMepHOCTIMH (H3NUECKUX
napaMeTpoB. OpeHdecT-AdaHacheBoH OBUIO MOKa3aHO, YTO KPUTEPHM MOAOOWS MOXKHO HAaWTH IIPU OTCYTCTBUH
muddepeHnnanb HOrO  ypaBHEHHMs Tpollecca Ha OCHOBE aHajiM3a pa3MepHOCTeH (U3MUeCKHX BEIUYMH,
YUYacTBYIOLIMX B 3TOM Hpoliecce. JDTa BO3MOXHOCTh Obl1a chopMyIIMpoBaHa M CTPOTO JIOKAa3aHa B BUJIE TEOPEMBI,
Ha3BaHHOM JI-TEOPEMOH, IIOCKOJIbKY YIOMSIHYTBIE BhIIIe Oe3pa3MepHbIE NapaMeTpbl (KPUTEpHUH MOA00us)
0003HavaIMCh OYKBOH JI.

Tpemvsi meopema nododbus. B Hambonee pacrpocTpaHeHHOH (OPMYIMPOBKE TPEThsl TeopeMa HMeEeT
CIEIYIOIMKA BHJ: HEOOXOAWMBIMH M JOCTaTOYHBIMH YCIOBHUSMH JJIS CO3JIAHHUS TOAOOWS SBISIOTCS TIPO-
MOPIMOHATIFHOCTh CXOJCTBEHHBIX MapaMeTPOB, BXOIAIINX B YCJIOBUS OJHO3HAYHOCTH, M PAaBEHCTBO KPUTEPHEB
MOJO0MS COTIOCTABIISIEMBIX SIBICHHH. TpeThs TeopeMa momoOusi UMEHyeTcsl Takke oOpaTHOW TeopeMoil momoous
nnu teopeMoil KupnnueBa—I'yxmana.

HamoMHNM TIOHSITHS YCIOBHI OJHO3HAYHOCTH. M3BecTHO, uTo auddepeHinanbHoe ypaBHEHHE B 00IIeM
BHJIE OIMCHIBACT OECKOHEYHOE MHOXKECTBO MPOIIECCOB, OTHOCSAIIMXCA K MOaHHOMY Kiaccy. Tak, Hampumep,
mubdepenunansHoe ypaBHeHue U=iR+Ldi/dt onmchiBaeT M3MeHeHHE TOKa BO BPEMEHHM B LEMH C aKTHBHBIM
conpotuBiieHHeM R W MHAYKTHBHOCTBIO L mpm BrIIOYeHMHM ee Ha U=CONSt. VYcioBus, ompeaensonme
WHJMBHyaJIbHbIe 0COOCHHOCTH IPOLIECCca WIIM SBJICHUS M BBIACISIONIME M3 OOIIEro Kjiacca KOHKPETHBIH Iporecc
WK SIBI€HME, HA3bIBAIOTCS YCIOBUSMHM OAHO3HauHOCTH. K HHMM OTHOCATCA Cileyrolue, HE 3aBUCSINUE OT
MeXaHN3Ma CaMoTo SIBJIECHHSI, (aKTOPHI U YCIIOBHUS:
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TEOMETPUYECKHE CBOIICTBA CHCTEMBI, B KOTOPOH MPOTEKAET MPOIIece;
(bu3ryeckue mapaMeTpsl CPENbl U T, 00Pa3yIOIIHX CHCTEMY;
HadaJIbHOE COCTOSTHAE CHCTEMBI (HadalbHbIEC YCIOBHA);

YCIIOBHS Ha TPAHUIAX CHCTEMBI (TPAHIYHE I KPAeBhIe YCIIOBHS);
B3anMO/IeiicTBHAE 00BbEKTa U BHEIIHEH CpEIbL.

OdeBHIHO, HEB3SI MaTeMaTHYeCKu (POPMyITHPOBATh YCIOBHA OXHO3HAYHOCTH B o0meM Buae. B xaxkmom
KOHKPETHOM CIIy4ae OHH MOTYT OBITh Pa3JInYHbI B 3aBHCUMOCTH OT POJia PEIIacMoi 3a7auul U BUAa ypaBHeHUs. Tak,
JUIS  BBIICJICHUS OMNPEIEJICHHOTO IMpoIlecca W3 COBOKYIHOCTH IPOICCCOB, OMUCHIBACMBIX IPHUBEICHHBIM
ypaBHEHHEM, MOCTATOYHO 3HATh mapametphl U, R, L u HavyanbHble YCIOBHS, Hampumep, i=ip mpu t=t,. B
OOJNBIIMHCTBE 3a/1a4, CBA3aHHBIX C HCCJICIOBAHUEM IOJICH, OTHO3HAYHOCTH MPOIIECCOB OMPEACISICTCS HE TOJBKO
HAYaIbHBIMUA YCJIOBHSAMH, HO M CBOHCTBAMHU CpEIbl, TCOMETPUICCKHMMHU CBOWCTBAMHM CHUCTEMBI M TPaHUYHBIMU
YCIIOBHSAMU.

Bmopasa ¢dopmynupoexa mpemveii meopemvl noodobus. Ilpaktmueckm Oonee ymadHas
(bopMynupoBKa TpeThell TeOpeMBbl, NMPEMIOKCHHAs B MOCIECOHEE BpEMsS, MMEET BHJA, OTBEYAIOIIUHA peabHBIM
3aga4yaM CO3JaHMs Pa3IMYHBIX MoJelell. JTa popMyIHPOBKA COCTOUT U3 TPEX MOIOKESHHUH.

Honoocenue 1. Co3maHme MOIENH BO3MOXHO, €CIH KpUTepHH MmomoOus (Oe3pasMepHBIe KOMIUIEKCH),
COCTaBJICHHbIC W3 BEJIMYUH, XapaKTCPH3YIOLIMX TOJBKO €€ CHCTEMHBbIC (MaTepHAlbHbBIC) IapaMeTphbl, PaBHBI
COOTBETCTBYIOIIUM KPUTEPUAM U3y4aeMOl CUCTEMbI-OpUTHATIA.

Honoowcenue 2. B co3maHHOM, COTJIACHO MOJIOXKECHUIO 1, MOJEIHM OCYIICCTBICHHE MPOIECCOB, MOA0OHBIX
OpHMTHHAIly, BO3MOXXHO, €CIIM KPUTEPHUH MOA00Ms, COJepiKallde TOJBKO IMapaMeTphl MPOIECCOB, BXOISAIIUX B
YCIOBHSA OJHO3HAYHOCTH U B TOM YHCIIC HAa4daJbHBIE YCIOBHUS (IIapaMeTphl UCXOJTHOIO PEXHMa, BOSMYILEHHH U
OTKHOHCHI/Iﬁ), B MOJICJIM U OPUTUHAJIC COOTBETCTBCHHO OJIMHAKOBEI.

Ionoowcenue 3. OcyliecTBIeHHEe MOJETH corjacHo (opMyTupoBKaM | M 2 BO3MOXHO B CKOJb YTOIHO
CIIO)KHBIX aHU30TPOIHBIX, HENMHEHHBIX WM HMMEIOIIMX BEPOSTHOCTHO 3aJaHHbIE IapaMeTphl CHUCTeMax IpH
YCIIOBHH OJHOBPEMEHHOTO COONIOACHHS COOTBETCTBYIOIIMX JOMOIHUTENBHEIX IOJ0XKEHUAX, CHOPMYIUPOBAHHBIX
HIDKE.

Hononnumenvhvle nonodcenus meopuu nooob6us. IDTH TOJOXKCHUS, INPEIAJIOKCHHBIE aBTOPAMH,
PacIpOCTPAHSAIOT TPH OCHOBHBIE TEOPEMBI ITOJOOWS HAa CHCTEMBI CIIOXHBIC, CHCTEMBI C HEIWHEHHBIMH WA
NEepPEeMEHHBIMH TIapaMeTpaMH, aHU30TPOITHBIC CUCTEMBI (C Pa3IMYHBIMU CBOMCTBAMH 110 Pa3IMYHBIM KOOPANHATAM)
U CHUCTEMbI, 3aJaHHBIC BCPOATHOCTHO-CTATUCTUUYCCKUMU XAPAKTCPUCTUKAMHU, OTHUMHU IKE€ IOJOKCHUAMU
OXBaTbIBAKOTCA T'COMCTPUYCCKU HeHO)IO6HLIe CHUCTEMbI, a TaKXC CHUCTCMBbI, I KOTOPBLIX IIOHATHUEC HO[[O6I/IH
HMHTEPIPETHPYETCS IUpPE, YEM ITOCTOSHCTBO MACIITa0HBIX KOA((HUIMEHTOB B CXOJICTBEHHBIX TOYKaX MPOCTPAHCTBA
napaMeTpoB B CXOJACTBEHHLIE MOMCHTLI BPDEMCHU.

B o01iem city4ae J10MmoTHUTENBHbIE TIOJIOKEHUS TEOPUH MOI00MsT POPMYIUPYIOTCS CIEAYIOIMM 00pa3oM:

— no0obue ClOJXCHLIX TEOMETPHYECKH IOJOOHBIX M H3OTPONHBIX CHCTEM C JETePMHHHPOBAaHHO
OIPEe/IeNICHHBIMU JIMHEHHBIME WM TOCTOSHHBIMH IapaMeTpaMHd, OOpa30BaHHBIX HECKOJIBKUMHU COOTBETCTBEHHO
NOJOOHBIMH IO OTACNIBHOCTH MOACHCTEMaMH, OOECHEeYHMBACTCS, CSCIU BBINOJIHACTCS JONOJHUTEIBHOE YCIOBUE
NO/I00HS BCEX CXOJCTBEHHBIX 3JIEMEHTOB, SIBJSIOIIMXCS OOLIMMH JJIS 3THX MOACHCTEM;

— ycnosusi no0ooUs CIOKHBIX TEOMETPUYSCKH MOJOOHBIX M W30TPOIHBIX CHCTEM C JCTCPMHUHHUPOBAHHO
OIpeIeNICHHBIMHU JIMHEWHBIMHU M IIOCTOSHHBIMH TIapaMeTpaMi MOTYT OBITh PacCpOCTPAHEHBI Ha CIIOXKHBIE CHCTEMBI C
HEJUHEHHBIMH  WJINA MNEPEMEHHBIMU  TTapaME€TpaMH, 3aJaHHbIMU JCTCPMUHUPOBAHHO, €CJIM  BBIIIOJHACTCA
JOMOJIHUTCIIbHOC YCJIOBUE COBIAACHHUA OTHOCHUTEIIbHBIX XaPAKTEPUCTUK CXOJCTBCHHBIX MapaMETPOB, ABJIAIOIINUXCSA
HEJMHEHHBIMHU WU NMEPEMECHHBIMU

— ycaosusi nodobus JETEPMHUHUPOBAHHO OINPEICICHHBIX TE€OMETPHUYECKH IOJOOHBIX HM30TPOIHBIX
CJIOXKHBIX CUCTEM MOTYT OBITh paciopoCTpaHCHbI HA AaHU30TPOITHBIC TCOMETPHUUCCKU HOI[OGHI)Ie CJIOKHBIC CUCTCMBI,
3aJaHHBIC ACTCPMUHUPOBAHHO, €CJIXM BBINOJHACTCA AOIOJTHUTCIBHOC YCJIOBHUE obecrnieueHus OHHHaKOBOﬁ
OTHOCHUTEJIFHOH aHU30TPONUH B COINOCTAaBIISIEMbIX CUCTEMaX;

— ycnoguss nododust NETEPMUHUPOBAHHO OIPEJENICHHBIX TI'€OMETPUYECKH I0J00HBIX AHM30TPOIHBIX
CJIOKHBIX CHCTEM C TIEPEMEHHBIMH MM HEIMHEHHBIMH IapaMeTpaMH MOTYT OBbITh paclpoCTpaHEHBl Ha
TE€OMETPUYECKH HETOJJOOHBIE CIOXHBIE CHUCTEMbI C JETePMHHHUPOBAHHO OIIPE/CNICHHBIMU IapaMeTpamMH, eciu
BBITIOJIHSETCSL JOTIOJIHUTEIIFHOE YCIIOBHE 00ECHEYEeHHUsI TAKOT0 HEJTMHEHHOro MoJ00Hsl MPOCTPaHCTBA MapaMeTpoB,
IIpu  KOTOPOM CYHICCTBYIOT HOIIO6HBI€ N3MEHCHUA TMapaMEeTpoB IpoHecca B CXOJACTBCHHBIX TOYKaX J3TOr0
MPOCTPAHCTBA;

— Ycnogust no0oOUs CIIOKHBIX TEOMETPUYECKH HENOAOOHBIX aHH30TPOITHBIX CUCTEM C JIETEPMHUHUPOBAHHO
OTIpe/IeIeHHBIMI HEJTHMHEHHBIMHU WJIN TIEPEeMEHHBIMU TapaMeTpaMy MOTYT OBITH pPacHpOCTPaHEHBI, HA CHCTEMEI C
BEPOATHOCTHO (CTaTI/ICTI/I‘-IeCKI/I) OIIPEACIICHHBIMU TapaMETpaMu, €CJIU BBITIOJTHAIOTCA TOIOJHUTCIIBHBIC YCIIOBUA
COBIIAZICHUA IUIOTHOCTEH BepOf{THOCTeﬁ CXOACTBCHHBIX MapaMETPOB U MPONOPHHUOHAIBHOCTH UX CTATUCTUYCCKHUX
MOMEHTOB, CTEIICHH MAacCIITa0HBIX KO3((HIMEHTOB NPH KOTOPHIX COBIAJAIOT C MOPSAKAMH COOTBETCTBYIOIINX
MOMEHTOB.

4. MonenupoBanue



[Tomobue Gu3mIecKuX IPOIECCOB U CHCTEM IMUPOKO UCIONB3YETCSI B TEXHUKE JJIS HCCIIEOBAHUSI METOIOM
MoJenupoBaHuA. B Tex ciiydasx Korja MaTeMaTHYecKOe pelIeHHe 3aJadyd 3aTPyJHEHO, a TO U MOIMPOCTY
HEBO3MOJKHO, BITOJTHE €CTECTBEHHBIM SBIIICTCS OOpalieHne K SKCIEPUMEHTAIBHOMY HCCIEIOBAaHUIO Ha MOJEISIX C
MOCTIEIYIONINM MIEPepacyeToM IOTyYeHHBIX Pe3yIbTaTOB Ha HATYpPY, KOTOpas SIBIJIACH NMIPOTOTHIIOM Moxenw. Ilpn
STOM MOJEINb M HATypa JOJDKHBI HAXOAUTHCS MEXIY COO0M B OTHONICHUSAX ITOIO0HS.

HccrnenoBanme Ha MOJEISIX TIO3BOJIIET YCKOPHTH HIIM 3aMEIIHTH IIPOILECCH, KOTOPBHIE B HATYPHBIX
YCIIOBHSX PAa3BHBAIOTCSA CO CKOPOCTBIO, 3aTPYAHSIONIMX BECTH HaOrojcHue. [Ipu MpOBEACHUM 3KCIICPUMEHTA
HEMOCPEACTBEHHO Ha HAType MOYTH BCErJa MPHUXOAUTCS OTKa3bIBATbCA OT AKTUBHOTO IMOMCKA ONTHUMAJIbHBIX
KOHCTPYKTUBHBIX PEIICHU#, HOO 3TO CBSI3aHO CO 3HAYUTEIHHBIMH JCHSKHBIMHU 3aTpaTaMu, a HE PEJKO M IPOCTO HE
BO3MOYKHO.

Teopus MoaenupoBaHus 0a3UpyeTCs HA MPHUHIUNAX, BBITCKAIOIIUX M3 TCOPHU MOTO0USI. DTH MPHHIIUIIBI
3aKJIIOYAIOTCS B COOJIIOJICHUM YCJIOBHH, KOTOPBIC OINPEICIIAIOT COOTHONICHHS MEXKIY MapaMeTpaMd MOJACIH U
HATYPHI, a TaK K€ IpaBHIIa IIepecyeTa UCCIEeAYEMBIX BEIMIUH ¢ MOJCTH Ha HAaTypy U oOpaTHO. OZHAKO, M3BECTHO,
YTO HH OJHA MOJIENIb HE MOXXET C aOCONIOTHOW IIOJIHOTOW BOCIPOM3BECTH HM3YYa€MBIH OPHTHHANT — IJISL STOTO
JIOJDKHO OBITH TIOJTHOE WX TOXAECTBO. [l03TOMY IpH MOJETHUPOBAHHUN CTAapatOTCs COOIIOCTH B MOJIENH IO KpaiHeH
Mepe Te XapaKTePHUCTHKHN HATYphl, KOTOPHIE SBIISTIOTCS HanOoJee CYIIECTBEHHBIMHU B OOIIEH KapTHHE (H3MYECKOTO
mporiecca, obecrednBas 3aJaHHYIO TOYHOCTH PE3YNBTATOB (HAPUMEp IMPH pacdeTe CTEPIKHEBBIX KOHCTPYKIIHH
npeHeOperaroT COOCTBCHHBIM BECOM, a TMPH MNPOCKTHPOBAHWU IUIOTHHBI HACHIIM PAacCMATPUBAIOT Kak
pachpeeieHHYI0 Harpy3Ky).

1. 2 Jlekuus Ne2 (2 gaca).
Tema: «®u3uvecKkne aHAJIOrOBbIE H MATEMATHYECKHE MO/IeJI 00beKTOB U NMPOLEeCCOB U
MaTeMaTH4YecKHe MO/Ie/ U HA/IeXKHOCTH CHCTeM 00C/IYKUBAHUSA CEJIbCKOI0 X03sIiCTBa

1.2.1 Bonpocsl JieKuum:

1. Buasl MoieupoBaHus U UX OCOOCHHOCTH

2. MaTemMaTn4yeckoe MOACIMPOBAHNUE U €T0 OCOOECHHOCTH.
3. ®u3nyeckoe MOICTUPOBAHUE U €T0 OCOOEHHOCTH.

4. MeTtonap! nog00HsT B MEXAHUKE.

5. 3akitoueHue.

6. TeopeTnueckue MOSICHEHUS

1.2.2 Kpartkoe conep:kaHue BOIPOCOB:

1. Buabl MoiesInpoOBaHus U HX 0COOEHHOCTH
Knaccudukanus BusoB MOISITHUPOBAHHUA CUCTEM S IPHBE/ICHA HA pUCYHKe 1.
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Jemepmunupogannoe mooenupoganie 0TOOpaxaeT MPOLUECChl, B KOTOPHIX MPEATIONaraeTcsi OTCyTCTBHE
BCAKUX CIIYYalHBIX BO3IEHCTBHI;, cmoxacmuueckoe mMooeauposanue O0TOOpakaeT BEPOSITHOCTHBIC MPOIECCH U
coObITHs. B sTOM ciywyae aHammsmpyeTcs psI peaiu3anuil ciaydaifHOro mporiecca M OIEHHBAIOTCS CpEeIHHE
XapaKTePUCTHKH, T. €. Ha0Op OTHOPOAHBIX pean3anuii.

Cmamuueckoe mooeauposauue CIYKUT UIsI ONHCAHUA TOBEICHUS OOBEKTa B KaKOH-THOO MOMEHT
BPEMCHH, a OuUHaMuyeckoe MoOeaupoganue OTPaKaeT IMOBeICHHE OO0BEeKTa BO BPEMEHHU. JJuckpemHoe
Modenupoganue CIYKUT JUIS OIMHMCAHUS TPOLECCOB, KOTOPBIE MPEIONaraloTcss TUCKPETHBIMU, COOTBETCTBEHHO
HENpPEephIBHOE MOJEIUPOBAHME MO3BOJISIET OTPA3UTh HENPEpPHIBHBIE IPOLECCHl B CHCTEMAaxX, a OUCKPEemHO-
HenpepuvleHoe MOOeIUpOB8anue NCTIONb3yeTCs IS CIy4aeB, KOTla XOTST BBIACIUTh HAIMYUE KaK JUCKPETHBIX, TaK
U HENPEPBIBHBIX NPOILIECCOB.

B 3aBucumMocTH OT (GOpPMBI MpEACTaBICHUS 00BbEKTa (CHCTEMBI S) MOXHO BBIJCIUTH MBICICHHOE H
peaabHOE MOJEINPOBAHUE.

Mboicaennoe modenupoganue HYacTO SBISETCS €AWHCTBEHHBIM CIIOCOOOM MOJIEITHUPOBAHHS OOBEKTOB,
KOTOpBIE 00 MpaKTHIECKH Hepealn3yeMbl B 3aJaHHOM HHTEPBaJieé BpPEMEHH, TN00 CYMIECTBYIOT BHE YCIIO BHH,
BO3MOXHBIX IS MX (u3mdeckoro cosmaHusa. Hampumep, Ha 6aze MBICIEHHOTO MOJCIHPOBAHUS MOTYT OBITH
MPOAHANN3UPOBAHEl MHOTHE CHTYyallHH MHKPOMHpPA, KOTOPHIE HE IMOANAIOTCS (PU3MUECKOMY JKCHEPHUMEHTY.
MpeicieHHOE  MOICNTHPOBAHME MOXKET OBITh pPEaTn30BAaHO B BHJAC HA2IAOHO20, CUMBOIUHECKO20 W
Mamemamuieckozo.

Ilpu nacnsonom moderuposanuu Ha 6ase MpenCcTaBICHUN YeIOBEKAa O PeaJbHBIX 00BEKTaX CO3/IAI0TCS
pasyIMyHbIe HarJAIHble MOJEIH, OTOOpakalollne SIBICHUS U MPOIECCHl, MpOoTeKarole B o0bekTe. B ocHOBY
2UNOmemu4ecko20 Mooenuposanus WccieloBaTeleM 3aKiaJblBacTCsd HEKOTOpas TMIIOTe3a O 3aKOHOMEPHOCTSX
NpPOTEKaHMs Mpoliecca B pealbHOM 00BbEKTe, KOTOpasi OTpakaeT YpOBEHb 3HAHUHN HccienoBareis 00 00beKTe U
6a31/1pyeTcsl Ha TPUYUHHO-CICACTBCHHBIX CBA3AX MEXKAY BXOJOM W BBIXOAOM H3Yy4YacMoOro o0BeKTa.
l'umoTteTnyeckoe MOIEIUPOBaHUE HCIOIB3YEeTCs, KOTAa 3HAHUH 00 00BEKTEe HEJOCTATOYHO IS TOCTPOCHHS
(hopMabHBIX MOJIETCH.

Ananocosoe MmooenupogaHue OCHOBBIBACTCA Ha TPUMCHCHHHM aHAJIOTHH pa3IMYHBIX YPOBHEH.
HawuBpicumM ypoBHEM SIBIISI€TCS TIOJHAs aHANOTHs, WMEIOMmas MECTO TOJBKO IJs JOCTATOYHO MPOCTHIX
00bekToB. C yClOXXKHEHHEM OOBEKTa HCIIOJNB3YIOT aHAJOTHUU IOCISAYIONINX ypPOBHEH, KOT/Aa aHaloroBas
MOJENb 0TOOpakaeT HECKOIBKO JTUO0 TOIBKO OTHY CTOPOHY (PYHKIHMOHHUPOBAHUS OOBCKTA.

CyImecTBeHHOE MECTO INPU MBICICHHOM HAriIsgHOM MOJEJIHUPOBAHUM 3aHUMAaeT MakKemupogaHue.
MpIC/IeHHBIH MaKeT MOXKET NPUMEHSATHCS B ClIydasiX, KOTAa MPOTEKAIONINE B PEalbHOM 00BEKTE MPOIECCHl HE
NoJalTCs (PU3UUECKOMY MOJCIUPOBaHHUIO, JHOO MOXET MpPEIIECTBOBATh MPOBEJCHHUIO JPYTUX BHIOB
MozaenupoBaHus. Eciu BBeCTH YCIOBHOE OOO3Ha4ye€HHE OTJENbHBIX MOHATHUH, T. €. 3HaKH, a TakKxke
OIpe/ieJICHHBIC ONlEepaIii MEeXAy dTUMH 3HaKaMH, TO MOXHO PEalN30BaTh 3HAKOB80E MOOeNUPO8aHUe U C
MOMOIIBI0 3HAKOB OTOOpakaTb HA0Op TMOHSTHA — COCTaBIATH OTJEIbHBIE IEMOYKH U3 CJIOB M MPEITIOKECHUMH.
Hcmonb3ys omepanuu 0oOBEIUHECHHS, MEPECEYCHUS W JOTIOTHEHHS TEOPUH MHOXECTB, MOXKHO B OTACIBHBIX
CHMBOJIaX JaTh OMHCaHUE KAaKOT'0-TO PEabHOTO 00BEKTA.

B ocHOBe s3b1K08020 MOOenuposanus NEKAT HEKOTOPHIH Te3aypyc. [locmenuuit obpasyercs u3z Habopa
BXOJSIIIUX IMOHATHNA, IPHYEM 3TOT HaOOp JOKEeH ObITh (UKCHpOoBaHHBIM. CilenyeT OTMETHTh, YTO MEXKAY
Te3aypycoM M OOBIYHBIM CJIOBapeM HMEIOTCS NMPUHIHIHAIBHBIEC pa3imdus. Te3aypyc — clIoBapb, B KOTOPOM
Ka)XXJJOMy CIIOBY MOJKET COOTBETCTBOBATH JIUIIb CAWHCTBEHHOE MOHITHE, XOTS B OOBIYHOM CIIOBApPE OJHOMY
CJIOBY MOTYT COOTBETCTBOBATh HECKOJIBKO IMMOHATHH.

Cumeonuueckoe mooenuposarue TIPEICTABISIET COOONH MCKYCCTBEHHBIN IPOIECC CO3MAHUS JIOTHYECKOTO
00bEeKTa, KOTOPBIN 3aMellaeT peajbHbl U BHIPaXKaeT OCHOBHBIE CBOWCTBA €0 OTHOUICHHWH C TIOMOLIbIO OTpese-
JICHHOHM CHCTEMBI 3HaKOB HJIM CUMBOJIOB.

MatemaTtnueckoe MoaenupoBanue. I[lox mamemamuueckum mooeruposanuem OyneM MOHUMATH IPOLIECC
YCTQHOBJICHHSI COOTBETCTBHS JAaHHOMY peaJbHOMY OOBEKTy HEKOTOPOI'O0 MaTeMaTH4YeCKOro o0OBeKTa,
Ha3bIBAEMOTO MAaTEeMaTUYECKOW MOJENbI0, M HUCCIEN0BAaHUE OTOM MOJAENnH, NO3BOJIIOIIEE IOIy4YaTh
XapaKTEepPUCTUKH paccMaTpHBAeMOro pealbHOTO 00beKkTa. Buj MaremMaTH4ecKOW MOJM 3aBUCHT Kak OT
NPUPOIBI PEaNbHOr0 OOBEKTa, TaK W 3ahad HMCCIEHAOBaHMS OOBEKTa M TpeOyeMOH JTOCTOBEPHOCTH U TOYHOCTH
peleHus 3TOH 3a1auu.

HAnst  anarumuyeckoeo Mmodeiupoeanus XapakTepHO TO, YTO Tpouecchl (YHKIMOHHPOBAaHUS
3JEMEHTOB CHCTEMBI 3alIMCHIBAIOTCSA B BHUJE HEKOTOPHIX (YHKIIMOHAJIBHBIX COOTHOIIECHUH (aNredpandeckux,
HHTETpoau(epEeHIINANBHBIX, KOHEYHO-PA3HOCTHBIX U T.I.) WU JJOTHYECKUX yCIOBHUH.

Hmumayuonnoe mooenuposaHnue TO3BOJISIET IO MCXOMHBIM TAaHHBIM IMOJTYYHTh CBEICHUS O COCTOSHHUHU
mpoIecca B ONpeIeICHHbIE MOMEHTH BPEMEHH, JAION[Me BO3MOXXHOCTh OLIEHUTH XapaKTEPUCTUKU CHCTEMBI

S.

2. MaTtemaTH4ecKoe MO/IeJINPOBAHHE U €r0 0COOeHHOCTH.

HeBo3MmoxHO mpencTaBuTh ceO¢ COBPEMEHHYIO HayKy O3 MIMPOKOr0 NPUMCHEHHUS MaTeMaTHYeCKOTO
MojaenupoBaHus. CyIIHOCTh OTOW METOJOJOTHH COCTOMT B 3aMEHE HMCXOIHOTO oObekTa ero "obpaszom" —
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MaTeMaTUYeCKOi MOJENbI0 — W AajbHEHIIeM H3yYeHWH MOJEIU C MOMOIIBI0 PEaln3yeMbIX Ha KOMITBIOTEPAax
BBIYHUCITUTENLHO-JIOTHIECKUX aJTOPUTMOB. DTOT "TpeTuil MeToa" TO3HAHUS, KOHCTPYHPOBAHUS, MPOSKTUPOBAHUS
codeTaeT B cebe MHOTHE TOCTOMHCTBA KaK TEOPHH, TaK M dKcrepuMeHTa. PaboTta He ¢ caMiM 0OBEKTOM (SBICHUEM,
MPOIIECCOM), & C €r0 MOJENBI0 TaeT BO3MOXHOCTH 0e300J€3HEHHO, OTHOCHTENBEHO OBICTPO M 0€3 CYIIECTBEHHBIX
3aTpaT UCCIIeI0BATh €r0 CBOMCTBA U MOBEICHHE B JIIOOBIX MBICIMMBIX CUTyalUsX (IpenMyllecTBa Teopun). B To ixe
BpeMsl BBIYHCIHUTENIbHbIC (KOMIIBIOTEPHBIC, CHUMYJSIHOHHbIC, WMHTAIMOHHBIC) OSKCIEPUMEHTBI C MOJCISIMU
00BEKTOB TIO3BOJISIOT, OMUPASCh HA MOIIb COBPEMEHHBIX BBIYHCIIUTEIEHBIX METOJIOB M TEXHUUCCKUX UHCTPYMCHTOB
HHPOPMATUKH, TOAPOOHO H TDIyOOKO U3y4aTh OOBEKTHI B JIOCTATOYHOH TOJHOTE, HEAOCTYIMHOH YHCTO
TEOPETHICCKUM TOAX0aM (IIPEUMYIIECTBA dKCIepuMeHTa). Hey IMBUTENBHO, YTO METOJOJOTH MaTeMaTHYSCKOTO
MOJICIUPOBaHKsS OYpPHO pa3BHUBAcTCs, OXBAThIBas BCE HOBBIC cepbl - OT pa3pabOTKU TEXHUYCCKUX CHCTEM H
YIPaBJICHUS MMH JIO aHAJIM3A CIIOKHEHITNX IKOHOMUYCCKUX M COUANIBHBIX MTPOICCCOB.

Ceilfuac MaTeMaTH4YeCKO€ MOJCIUPOBAHME BCTyHNAeT B TPETHH NPUHIUNMAIBHO Ba)XKHBIH 3Tall CBOETrO
pa3BuTHSL, "BCTPaUBasCh" B CTPYKTYPHI TaK HAa3bIBAEMOro MH(POPMAIMOHHOTO obuiecTBa. Briewarnstomuii mporpecc
CpEeACTB INepepaboTKy, Mepefadd U XpaHeHUs MHPOpMalMK OTBEYaeT MUPOBBIM TEHIACHLUSM K YCIOXHEHUIO H
B3aUMHOMY IPOHHKHOBEHHUIO Pa3IMYHBIX c(ep YeOBEUYECKON JesaTeNbHOCTH. be3 BrnageHus nHPpOpMannoHHBIMU
"pecypcamMu" HENb3sA M AyMaTh O PEIICHHH BCe 0OJice YKPYIHSIOIIUXCS U Bce Ooyiee pa3sHOOOpa3HBIX MPOOJeM,
CTOSIIINX TIepe]] MUPOBBIM coobuiecTBoM. OxHako nHpopManus Kak TaKoBas 3a4acTyI0 Majlo 4TO JAeT JUIA aHaIHu3a
W TIPOTHO3a, ISl IPUHSATHS PEIICHUH U KOHTPOJIA 3a MX MCHONHEHHEM. Hy)XHBI HafeXKHBIE CIIOCOOBI epepaboTKu
WHPOPMAIMOHHOTO "CBHIpBA" B TOTOBBIH '"HIpOAyKT', T.e. B TOYHOE 3HaHWE. VICTOPHS METONOJOTHU
MaTeMaTHYECKOTO MOEIHPOBaHMS YOeXIaeT: OHa MOXET M JOJDKHA ObITh HHTEIUICKTYalbHBIM  SIIPOM
MH()OpPMAIMOHHBIX TEXHOJIOTHH, BCETO Mpoliecca NHPOPMATH3AIMN OOIIECTBA.

[lporpamma )= AnropurM

PucyHok 2 — Anroput™ MoAenupoOBaHuUs

Ha mepBom 3tame BeIOMpacTcs (MM CTPOUTCS) "IKBHUBAJICHT' OOBEKTa, OTPAKAIONIMA B MaTEeMaTHUYCCKOM
(hopme BakHEHIIME €ro CBOMCTBA - 3aKOHBI, KOTOPHIM OH MOMYUHSETCS, CBS3W, MPUCYIIHE COCTABJISIONIUM €TO
yacTsM, H T.OI. MaTematudeckas Moienb (Wid ee (parMeHTHI) HCCIEAYETCS TCOPETUYCCKUMH METOJAMH, YTO
MO3BOJISIET OIYYHTH BaXKHBIC TIPEIBAPUTENIBHEIC 3HAHUS 00 00BEKTE.

Bropoii stan — BBIOOp (WM pa3paboTka) adropuTMa Ui pealu3aliy MOJENH Ha KOMITbIoTepe. Mojaeib
MpeAcTaBIsieTcss B GpopMe, yOOOHOH IS MPUMEHEHHS YHCICHHBIX METOJIOB, ONpPENesIIeTCsl IMOCIeA0BaTeILHOCTD
BBIYHMCIINTEIBHBIX M JOTUYECKHX OMNepanuii, KOTOpble HY>KHO IPOW3BECTH, YTOOBI HAWTH MCKOMBIE BEIUYUHEI C
3aJJaHHOM TOYHOCTBIO. BBIUMCINTENbHBIE AJITOPUTMBI JOJDKHBI HE MCKa)XaTb OCHOBHBIE CBONCTBA MOJENU H,
CJIC/IOBATENIBHO, MCXOIHOI0 OOBEKTa, OBITh SKOHOMUYHBIMH M aIaNTHPYIOIIMMUCS K OCOOEHHOCTSIM peraeMbIX
3aJa4 ¥ UCHOJb3yEMBIX KOMIIBIOTEPOB.

Ha tperbem sTane coszgaroTca mporpaMMel, "mepeBojsiiue” MOAEnb U alrOpUTM Ha JOCTYHHBIH KOMIBIOTEPY
sa3pIk. K HHMM Takke MNpeabsBIAIOTCS TpeOOBaHUS SKOHOMHUYHOCTH M aJalTUBHOCTH. VX MOXHO Ha3BaTh
"3JIEKTPOHHBIM" 3KBHBAJICHTOM H3y4aeMOro OOBEKTa, YK€ NPHUIOAHBIM ISl HEHOCPEICTBEHHOTO HMCIBITAHUS Ha
"3KCHEPUMEHTANIBHON yCTaHOBKE" — KOMIIBIOTEPE.

Co3gaB Tpuaay '"Mopenb—anropuTM—Iporpamma’’, uccienoBarelb IOIy4aeT B PYKU YHHUBEPCAIbHBIH,
THOKHH W HEIOPOrOM MHCTPYMEHT, KOTOPBI BHAYAJIC OTJIAXKHUBACTCSI, TECTUPYETCS B "MPOOHBIX" BBHIYUCIUTEIHHBIX
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aKcrepuMeHTax. [locie TOro Kak afeKBaTHOCTh (JIOCTATOYHOE COOTBETCTBHE) TPHAAbI HCXOJHOMY OOBEKTY
YAOCTOBEpEHa, C MOJEJIBIO TPOBOMATCSA pa3HOOOpa3Hbie W TOAPOOHBIE "OMBITHI', AalIIMe Bce TpeOyemble
Ka4eCTBEHHbIE M KOJMYECTBEHHbIC CBOWCTBA U XapaKTEpPUCTUKH oObekra. [Ipolecc MOASIUPOBaHHUS
COMPOBOXKIACTCS YIyUIICHHEM U YTOYHEHHEM, TI0 Mepe HEOOXOIUMOCTH, BCEX 3BEHBEB TPUA/IBL.

Bynyun metomonorumeii, MaTeMaTH4ecKO€ MOJICIMPOBAaHHME HE IOIMEHAET CO00H MaTeMaTHKy, (U3HKY,
Ouonoruio M Apyrue HaydHbIE IWCLMIUIMHBI, HE KOHKYpHpyeT ¢ HHUMH. Hao0opoT, TpyZHO NIEpEeOLEeHHTh €ro
CHHTE3HUPYIOIIyI0 poib. Co3naHue W NPUMEHEHHE TPHAIbl HEBO3MOXKHO O€3 OIMOPHI HA CaMble pa3HbIC METOABI U
MOAXOABI — OT Ka4eCTBEHHOTO aHAIN3a HEIMHEHHBIX MOJIETIEH O COBPEMEHHBIX S3BIKOB MPOrpaMMupoBaHusa. OHO
JIaeT HOBBIC JOTIOJHUTENIBHBIE CTUMYJIBI CAMBIM PA3HBIM HAIPaBICHUAM HayKH.

PaccmarpuBas Bompoc ImMpe, HAallOMHUM, YTO MOJEIMPOBAaHHE NPUCYTCTBYET IIOYTH BO BCEX BHIAX
TBOPYECKOH aKTHBHOCTH JIIOACH pa3NUUYHBIX 'CHenmmandbHOCTEH' — wmccienoBareneld M INpeanpuHIMATENEH,
MOJIMTHKOB ¥ BOCHAYaJIbHUKOB. [IpuBHECEHNE B 3TH cepbl TOUHOTO 3HAHUS ITOMOTAET OIPAHUYUTH HHTYHTHBHOE
YMO3pHUTEIbHOE '"MOJENUpOBaHUe", pPACIIUpSACT MOJe MPWIOKECHWH pannoOHAIBHBIX MeTonoB. KoHeuHO ke,
MaTEeMaTHYECKOE MOJICIMPOBAHIE TUIOJOTBOPHO JHIIb MPU BBHIIOJIHEHUH XOPOIIO W3BECTHBIX MPO(ECCHOHANBHBIX
TpeOOBaHuil: ueTkass (OPMYTUPOBKA OCHOBHBIX TOHITHH ¥ TPEANOJIO0KCHUH, amoCTePUOPHBIN aHAIN3
AICKBATHOCTU UCIIOJIB3YCMBIX Moueneﬁ, rapaHTUpPOBaHHAaA TOYHOCTH BbIYUCIUTEIBHBIX aJITOPUTMOB U T.[. Ecnu xe
TOBOPUTb O MOJICIIUPOBAHUM CHCTEM C ydacTHeM 'dejoBeueckoro akropa", T.e. TpyIHO(MOPMAaIN3yeMbIX
O00BEKTOB, TO K 3TUM TpeOOBaHUSIM HEOOXOAMMO NO0ABUTH AKKypaTHOE pa3rpaHHYCHHE MATEMAaTHYeCKUX H
JKUTEHCKUX TEPMUHOB (3BYYaIllMX OJMHAKOBO, HO MMEIOIIMX PA3HBIH CMBICT), OCTOPOKHOE NPUMEHEHHE YXKe
TOTOBOTO MaTeMaTHYECKOro ammapara K M3Y4eHHIO SBIEHUH M IpolueccoB (MpearnoyTUTENeH MyTh "OT 3aJadyd K
MeToxy", a He Ha000pOT) U P APYTHX.

Perrast mpo6aeMbl HHGOPMAITMOHHOTO O0IIeCTBa, OBLJIO OBl HAMBHO YIIOBATh TOJHKO HA MOIIb KOMITBIOTEPOB U
HHBIX CpenCcTB UHPOpPMATHKHU. [[OCTOSHHOE COBEPIICHCTBOBAHKME TPHUAIABI MATEMATHYCCKOTO MOJCIUPOBAHUS U €€
BHEJ[PEHHE B COBPEMEHHbIC WH()OPMAIUOHHO-MOICIUPYIONINE CUCTEMbI - METOOJIOTHUECKUN uMIepaTus. JIuib
€ro BBIMOJIHEHHUE AT BO3MOXKHOCTD IOJy4aTh TAK HYXHYIO HAM BBICOKOTEXHOJIOTHYHYIO, KOHKYPEHTOCIIOCOOHYIO
Y pa3HOOOPa3HYI0 MAaTEPUANTbHYIO M HHTEIUIEKTYAIBHYIO MPOAYKIIUIO.

3 ®dusznueckoe MOACJIUPOBAHUC H €10 0COOEHHOCTH.

Monens npeacraBisieT coO0M CpPeACTBO M CHOCOO BBIPAKEHUS YEPT U COOTHOLICHUH
06’BGKTa, IMPUHATOTO 3a OpUTHHAJIL. MOI[CJ'II) — OTO UMHUTalIHA OJHOTO HUJIU psaa CBOMCTB 00BEKTa
C TIOMOIIbI0 HEKOTOPBIX MHBIX MPEIMETOB U sBIECHUH. MOJENbI0 MOXKET OBbITh BCSIKUM OOBEKT,
BOCIPOM3BOAAIINNA TpeOdyeMble OCOOCHHOCTH opuruHana. Eciu mojens W opurmHan —
OJIMHAKOBOM (DU3MYECKOM NPUPOJABI, TO MBI UMEEM Jel0 C (PU3NYECKUM MOJEIUPOBAHUEM.
duznueckoe MOACIINPOBAHUC TTPUMCHACTCA KaK MPHUEM SKCIICPUMCHTAJIBHOI'O UCCIIC0OBAHUA HA
MOJIENIIX CBOMCTB CTPOMTEIbHBIX KOHCTPYKLHMH, 3/1aHUI, CaMOJIETOB, CYy/l0B, KaK CIIOCOO BBISB-
JICHUSI HEJJOCTaTKOB B pabOTE COOTBETCTBYIOIIMX CHCTEM M HAaXOXJACHUS MYTEH UX yCTpaHEHMs.
Korna siBneHue onuchiBaeTcsi TOM jk€ CUCTEMOW ypaBHEHMM, 4TO U MOJEIUPYEMbIl 0OBEKT, TO
TaKo€ MOACIIUPOBAHUEC HUMCHYCTCA MaTEMAaTHYCCKHUM. Ecmm HEKOTOPBIC CTOPOHBI
MOJIEIUPYEMOro 00BEKTa IMpe/CTaBlIeHbl B BUJE (OPMAIbHONW CHUCTEMBI C MOMOINBIO 3HAKOB,
KOTOpas 3aTeM H3y4yaeTcs C LENbI0 IMepeHoca MOJYyYEHHBIX CBEJICHHM Ha caM MOJEIUpPYEMbIi
00BEKT, TO MBI UMEEM JIEJIO C JIOTUYECKU-3HAKOBBIM MOJETHUPOBAHUEM.

MogenupoBaHie HIpaeT OTPOMHYIO 3BPUCTUYECKYIO pOJb, SBISSACH MPEANOCHUIKON
HOBOH TCOpHH. MO}IGJ’II/IpOBaHI/Ie MoJIyJac€T MHUPOKOE MPUMEHCHUE IIOTOMY, 4YTO OHO OacT
BO3MOXHOCTh OCYIIECTBJISTh HCCIIEIOBAaHUE IPOLIECCOB, XapaKTEPHBIX Ul OpUTHMHANA, B
OTCYTCTBHE C€aMOr0 OpHUIMHaja. OJTO YacTo OblBaeT HEoOXOauMO H3-3a HeyJqo0cCTBa
UCCIIIOBAaHUST CaMOro OO0BEKTa M 10 MHOIMM JPYTUM COOOpaKeHUSIM: JOPOTOBU3HBI,
HEJIOCTYITHOCTH, HE0OO3PHMOCTH €T0 H T.II.

CYH_IQCTBGHHOC 3HA4YCHHUE B II03HABATCILHOU ACATCIIbHOCT HUMECT Takou METOA, KakK
dbopmanuzaius — o6o01eHrne GopM pa3TMIHBIX MO COACPIKAHUIO TTPOIIECCOB, AOCTparupoBaHUE
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3TuX (GopM OT HX coaepkaHus. Beskas ¢dopmanuzanus HEU30€KHO SBISETCS HEKOTOPHIM
orpy0JeHHEeM peaIbHOTO 00BEKTA.

dusnueckoe MoaeJupoBaHue MeTos CBOJUTCS OOBIYHO K M3YYEHHIO MOJENEH, K-pble OTIMYAIOTCS OT
o0bekTa MoOJeIMpoOBaHUe MacmTabamMu (Harmp., J1ab. ¥ TpOMoOEeJHPOBAHKE PEakTophl). B ocHOBe (hU3HUECKOro
MOJIeJIMPOBAHNE JICKAT 10000Us Mmeopusi U aHAIN3 Pa3MEPHOCTEH.

Heob6xoaumbiM yciioBueM (pU3N4ECKOro MOJETMPOBAHME SIBIISICTCS PABEHCTBO B 00BEKTE M €r0 MOJIENH T. Ha3.
KpPUTEPHEB MO00US, MPEICTABISIOINX COOOW OmMpeesicHHbIe Oe3pa3MepHble KOMOMHAIMKM pa3il. (hu3. BEIHYUH,
OKa3bIBAIOIINX BIHMSIHUC HA MapaMeTphl 00beKTa U Mojienu. Ha npakTrke 00ecreuynTh YKa3aHHOE YCIIOBHE B CIydae
PaBCHCTBA HECK. KPUTCPUCB IMOMOOUS UYPE3BBIYAWHO TPYIHO, €CIH TOJHKO HE JENaTh MOJEIb TOXICCTBCHHOM
00BbeKTy MopaequpoBaHue [103TOMy UCHONB3YyeTCS MNPHONMKCHHOES (U3UUCCKOEC MOIEJHPOBAHHE, TPH K-POM
BTOPOCTEIEHHBIC IPOLIECCHI, MPOUCXOAIINE B 00bEKTe, U0 HE MOACIHPYIOTCS COBCEM, JIHOO MOICTHPYIOTCS
npubmkenHo. Hamp., MaccooOMeHHasi TapenbyaTas KOJIOHHA MOJETHPYETCs HACcaJ04HOM J1ad. KOJOHKOM; mpu
3TOM MOA00ME TUAPOAMHAMUY. OOCTAHOBKU B OOBEKTE M MOJEIN UTHOPUPYETCS, & MOJCIUPYETCS JIUIb Pa3JeIIHT.
CIOCOOHOCTh ~ ammapara, OmpejeNisieMas TepMOJMHAMUY. 3aKOHOMEPHOCTSIMH — MeX(pa3HOTO  paBHOBECHSI.
JocTtonHCTBa (PU3NYECKOTO MOJAEIMPOBAHUE: BO3MOXXHOCTh U3y4YCHHUsI OOBEKTOB C MEHBIIUMHU 3aTpaTtaMu (CBIPbS,
SHEPruH, BPEMEHM); BO3MOXKHOCTb HCCIIC[IOBAHHUS OOBEKTOB, B K-PbIX (HU3.-XHUMOJEJIHPOBAHHE CYIIHOCTH
MPOIIECCOB MaJi0 M3YYCHA; BO3MOXKHOCTh MPOBEICHHUS HAa MOJCIM M3MEPCHHMU, CIMIIKOM CJIOXHBIX Ha OOBEKTE
MoO/IeJIMpOBaHHe
Henmocratku MeTona: BO3MOXKHOCTh MPOSIBICHUS COOCTB. CB-B MOJCIH BCIICACTBUC HECOOTBETCTBHUS KPUTCPHEB
mo100usl 00BEKTa U MOJICH (HAMp., pa3l. YCIOBHS MEpEeMEIINBaHs); HEOOXOIMMOCTh IPUMEHEHHUS aHATOTUIHBIX
KOHTPOJIbHO-H3ME-PUT. TPUOOPOB HA MOJECIH M OOBEKTE; OTHOCHUT. CIIOKHOCTh MOCTPOCHUS (PH3. MOJEIH, 0OBIYHO
MPE/ICTABISIONICH COO0M 3HAYUTENBHO YMEHBIICHHYIO KOIMHIO 00BEKTa; TPYAHOCTh TOCTOBEPHON IKCTPAIMOISIIUH
pEe3yJbTaTOB Ha Jp. MacIiTabbl M3-3a TMOJHOTO OTCYTCTBUS HA/IC)KHBIX KPUTEPHEB JIOCTOBEPHOCTH MACIITAOHOTO
nepexoaa. HecMOTpsi Ha Mepevrcil. HEeAOCTATKH, (U3MYECKOe MOJAEJHPOBAHHE YACTO CIYXKUT CJHHCTB. CP-BOM
UCCIICJIOBAHUSI XUMHKO-TEXHOJ. MPOLECCOB (OCOOCHHO Maio H3Yy4YeHHbIX). [IpH 3TOM OHO BO MH. CIy4Yasx
MPEIIECTBYET MATEMATHIYECKOMY MOJIEJIMPOBAHUE, SIBISISICH HCTOYHMKOM 3KCIEPHMOIeIMPOBAHUE TaHHBIX IS
MOCTPOCHHUS ¥ IPOBEPKH MAT. MOJIEIICH.

4. MeToabl Moa00Husl B MeXaHHKe.

ﬂeu;)fceuue mamemamuiecCKkozco mMmasimHuKa
B xauectBe mepBOoro nmpuMepa Mbl pacCMOTPUM KJIACCUYECKUN NPUMEDP O ABMIKEHHU MaTeMaTHYECKOIO
MAasiTHUKA.
Maremaruueckuii MasTHUK (puc. 1) mpezcrabiisier coOOH TSHKENYI0 MaTepHaIbHYIO TOUKY, MOJBEIICHHYIO
Ha HEBECOMOM M HEpacTSKUMOIN HUTH, KOTOpas 3aKpeIuieHa JPYTUM CBOMM KOHIIOM HemoABHXHO. COBOKYITHOCTh
BO3MOXXHBIX JIBHDKEHMH MBI OTPAHMYHM yCJIIOBUEM, YTO JIBUKEHUS MasSsTHUKA IIIOCKHE.

Ay A

P,

v me
g
Puc. 1. MareMaTuueckuii MasTHHK.

BBGHCM o6o3nauenus: | — JAJIMHA MasiTHUKaA, ¢ — YroJ MEXKAY HUTbIO U BEPTUKAJIBIO, t— BpeMs, M
— Macca rpysa u N — Hatsokenwe HutH. Ecim Hp€H€6pe‘lL CUJIaMU  COIIPOTUBJICHUSA, TO 3aJada O ABUIKCHHUU
MasiTHUKAa TMPUBOJAUTCA K PEIICHUIO ypaBHeHI/Iﬁ

d’p g .
=—=sing, 1
dt? Rk @
do ?
m o I =N -mgcose @)

C Ha4YaJIbHBIM YCJIOBUEM

14



do
t=0 ¢=go 1 —= =0,
npu P=@o 1 dt

T. €. 33 HauaJbHBIH MOMEHT BPEMEHHU NPHUHAT TOT MOMEHT, KOTJla MasTHUK OTKJIOHEH Ha YTod (g, a
CKOpPOCTb paBHa HYIIIO.

N3 ypasuenuii (1), (2) u HaYaNbHOTO YCJOBHSI OYEBHJIHO, YTO B KAUECTBE OMpPEIEISIONIMX MapaMeTpoB
MOJKHO B34Th CIEAYIOILYIO CUCTEMY:

t, 1,9, m, @
UucaoBele 3HAYEHUS BCEX OCTAIBHBIX BEJIIMYMH OMPEAC/IAIOTCA TMOJHOCTBIO 3HAYCHUSAMU 3THUX
ImapamMeTpoOB. CHC,HOBaTeJIBHO, MBI MOXXEM HaIluCaTh
=0 (t! ®o, |, g, m), N:mgf(t, ®o, I’ g, m) (3)

rae ¢ u f — 6e3pasmepHble BETMYHHBL.

Yuciosble 3HaueHUs QYHKUMA @ ¥ T He NODKHBI 3aBUCETh OT CHCTEMBI SOWHHIl M3MepeHHs. Bun atux
(hyHKIHMH MOXHO ONpeAenuTh In00 perras ypaBHeHus (1) u (2), mbo 3KCIepruMEHTaIBHBIM CITOCOOOM.

U3 obumx coobpaskeHud, H3I0KEHHBIX BBIIIE, BBITEKACT, YTO ISITh apryMeHTOB (GyHKImHA ¢ u T MOXHO
CBECTH TOJILKO K IBYM apryMEHTaM, KOTOpPbIE MPEACTAaBIIIOT co00i Oe3pazMepHble KOMOWHAIIUH, COCTABJICHHBIE U3
t, I, g, M 1 @g, TaK KaK UMEIOTCS TPU HE3aBUCHMBIC STHHHUIIBI H3MEPCHHS.

W3 BeuuwmH t, |, g, M U (g MOKHO COCTABHUTH JIBE HE3aBUCUMBIE Oe3pasMepHble KOMOUHAIHH

oou t Iﬂ @)

Bce npyrue 6e3pa3mepHble KOMOWHAIIMH, COCTaBICHHbIE U3 t, |, g, m U g WM BooOIIe U3 JIFOOBIX BEIHYNH,
OTIpEETIEMBIX ATUMH IIapaMeTpaMu, OyayT QyHKIMIMU KoMOuHaImii (4). CrenoBaTeIbHO, MOXKHO HAINCATh

® =@ ¢yt % , ()

(I)OpMyJ'H)I (5), MOJYYCHHBIC C NOMOLIBIO MCTOJAA PA3ZMCPHOCTH, IMOKA3bIBAKOT, YTO 34KOH ABUIKCHHSA HC
3aBHUCUT OT MACChI I'PYy34, a HATAKCHUEC HUTHU NPSIMO NPONOPIUOHAIIBHO MACCEe rpy3a. Ot BBIBOJbI BEITCKAKOT TAKKEC

N =mgf| ¢,,t (5)

HETIOCPENCTBERHO U3 ypasHenuii (1) u (2). Benuunny t4/Q / | MoxHO paccmaTpuBaTh Kak BpeMs, BHIPAKEHHOE B

CHEIUATIbHON CHCTEME €IMHMI] M3MEPEHHs, B KOTOPOH UIMHA MasTHUKA W YCKOPEHHE CWJIBI TSDKECTH TIPHHSTHI
PaBHBIMH €AMHUIIE.

O6o03naunm uyepe3 I kakoi-HMOYIb XapaKTepHBIH NMPOMEXYTOK BPEMEHHM, HAIpUMEp BPEMs JIBMOKCHHS
MasITHHKA ME/1y KpalHUM M BEPTUKAIBHBIM MOJOKEHUAMH WIIM MEXy ABYMS OJMHAKOBBIMHU (pazami, T. €. HepHOX
KoJIebaHus, U T. J. (CYyIIECTBOBAaHUE NEPUOINIECKOTO ABMKEHHUS MOXKHO MPUHATH KaK TUIIOTE3Y WM KakK pe3yibTar,
W3BECTHBIHM U3 JOMOJHUTENBHBIX JaHHBIX). Meem

I'= fl(goo,l,g,m) =\/gfz(¢01l1gam)-

¢byukuwst f, mpexcrasisier co6oit 6e3pa3MepHYIO BENHYMHY, a Tak Kak u3 |, g ¥ M Henb3s COCTaBUTH
Oe3pa3MepHy0 KOMOMHALMIO, TO OYEBHIHO, uTO (yHKuHs T, He 3aBucur ot |, g u m. CienoBatenbsHO,

|
= Efz(soo)- (6)

Dopmyna (6) ycTaHABIUBaeT 3aBUCUMOCTb BpeMeHH [ T anuHbI MastTHUKA. [TonmyunTs Bug GyHKunu fH(@g)
C MOMOIIBIO TEOPUH pa3MepHOCTH Henb3s. Onpenenenue f((p) HEOOXOAUMO MPOU3BECTH JHOO TECOPETHUESCKH, HA
OCHOBaHMH ypaBHeHU (1), 1160 3KCTIepUMEHTATBHO.

Dopmyny (6) MOXKHO TOIYYHTh HETIOCPEACTBEHHO M3 cooTHomeHuH (5'). B camom nene, ams mepuona
kosnebaHuit cooTHorenue (5') gaer

O =@ ¢, T %

Pemast 3T0 ypaBHeHue, moaydum ¢opmyay (6).
Ecmu T ecth mepuos konebanusi, TO U3 COOOpPaKEHUH CUMMETPHH OYEBHIHO, UTO Tiepro I” He 3aBUCUT OT

3HaKa @, T. €.
fa(90)= f2(-o).
CrenoBatenbHo, ¢yHkims T, siBasieTcs: 4eTHON QyHKLHEH aprymeHTa @q. [Ipeamosaras, 4To Mpu MalbIX Qg
byuxuwst fo(@o) perysspHa, MOXXHO HAMUCATH
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— 2 4

f2(Po) = €1 + Copo” + capp” +.... (M

Jis mManprx KojeOaHWA WICHBI CO CTENEHSMH (p° M BBIIIE MOXKHO OTOPOCHTB, W i mepuoma I' Mbl
ToJy4aeM GOopMyIry

F = C1 5 . (8)

Pemenne ypaBaenus (1) moxassiBaeT, 9to ¢, = 2n. Takum 00pa3oM, MBI BUIUM, 9TO U MaJIbIX KOJIeOaHUH

MasiTHHKAa C TIOMOIIBI0 TEOPUH PA3MEPHOCTH MOXHO TMOJYYHUTh (OpPMYITy Nepuoja KojeOaHWs MasTHHKA C

TOYHOCTBIO 10 TIOCTOSTHHOT'O MHOKHUTEIA.

®opmyiet (5) u (6) COXpaHAT CBOIO CHPAaBEUIMBOCTh U B TOM CIlydae, €Clii BMeCTO ypaBHeHHS (1) MBI

BO3bMEM ypaBHEHUE

d’» _ g
> =— (),
dt |
rae f(@) ectp mobas dynkuus yrma ¢. Boobuie crnpaBemnuBocts (opmyi (5) u (6) BbITekaeT u3
€/IMHCTBEHHOTO YCIIOBHS, KOTOPOE COCTOMT B TOM, YTO COCTOSTHHE JIBVKCHHUS ONIPENIEIIIeTCS ITapaMeTpaMu
t, 1,9, m, g
,21.]'[5[ YCTaHOBJICHUA 3TON CHCTEMBI napaMeTpoB HaM IIOCIYKWJIN YpaBHCHUA OBUKCHHA, HO €€ MOXKHO
YKa3aTb U HE an6eraﬂ K YpaBHCHUAM IABUKCHUS. B camom ACTIC, IJIA XapaKTCPUCTUKU MasiTHUKA HaJO0 yKa3aTb I u
m. Jlanee HeoOXOomUMO YyKazaThb (J, TaK KaK CYIIHOCTb SIBJICHHUS ONpenenseTcs Cwiod TsbkecTd. Hakowner,
HeO6XOI[I/IMO YKa3atb Qo H t, TaK KaK KOHKPETHOC IBMXCHUC M COCTOSAHHC IABMIKCHUSA OIPCACITIAIOTCA YIJIOM
KpaifHero OTKIOHEHHS (o U pacCMaTPUBaeMbIM MOMEHTOM BPEMEHH t.

Hcmeuenue masicenoii scudkocmu uepes 6000caue

PaccmoTpum 3amady o CTpyHHOM JBM)KEHHH TSXKEIOW >KHIKOCTH uepe3 BOJIOCHHUB (pUC. 2), KOTOPHIH
IpeAcTaBIsieT co00M BEPTUKAIBHYIO CTEHKY C TPEYTOJNBHBIM OTBEPCTHEM, DPACHOJO0KEHHBIM CHMMETPUYHO
OTHOCHTEJIFHO BEPTHKAJH, MPUYEM yroyl oTBepcTHs o paBeH 90°. JKuakocTh BbITEKaeT moj HamopoMm h, KoTopsrit
paBeH BBICOTE YPOBHS JKUIKOCTH HaJl BEPIIMHOW TPEYroJIbHUKA Ha JTAJIEKMX PACCTOSIHUAX OT OTBEPCTHUS BOAOCIIHBA.
JJist IpocTOTHI MBI NIPUMEM, YTO COCYJl, B KOTOPOM HAXOJUTCS JKHJKOCTb, OYEHb BEJIHK, H MOITOMY JIBHXKCHHUE
JKUJKOCTH MOXKHO CUMTATh yCTaHOBHMBIIMMCA. [IpH CTpyHHOM ABMXEHHH >KHAKOCTH OCHOBHOE 3HAYCHHE HMMEIOT
CBOMCTBAa MHEPUUH M BECOMOCTH, KOTOpPBIE XapaKTEPH3YIOTCS 3HAUCHMSMH IUIOTHOCTH P M YCKOPEHHS CHIIBI
TSDKECTH g.

r
Puc. 2. [leperekanue TAxKeI0HN )KUIKOCTH YEPE3 BOAOCIHB.

YcTaHOBUBIIEECS TEUYEHHE JKUIAKOCTH UYEpe3 PacCMaTPUBAEMBIH BOJOCIHB IOIHOCTHIO OIPEHEISIeTCS

CIIEIYIOIINMH TTapaMeTPaMU:
P, g h.

Bec kmakxoctu Q, BBITEKAIOMMN dYepe3 OTBEPCTHE BOJOCIHMBA B CAWHUILY BPEMEHH, MOXET OBITh

(hyHKIIHEH TOIBKO ITUX MMApaMETPOB
Q="1(p, g, h).

C moMoIpo TeOpUH pa3MEepHOCTH HETPYAHO HaiTh BuI dToi pyHkimu. B camoMm nene, pazmepHocTs Q

3
pansercs krc/c. Kombunamms pgh”/ g / h Taxxe nmeer pasmeprocTs kre/c. [TosToMy OTHOIIEHHE

Q

3/ 5
pg’oh’?
SIBIISIETCST Oe3pa3sMepHON BEIMYMHOM. DTO OTHOINICHHE SIBISIETCS (YHKIMEH BeqwduH p, g, h, u3 KoTopsix
HENb3s1 00pa3oBaTh Oe3pa3zMepHOl KOMOMHAIINHY, TIOOTOMY MOYKHO HAaITUCaTh

Q __c

P
700050
Q=Cpg’n’z, ©

rae C ectb abCOMIOTHASI TOCTOSIHHAS, KOTOPYIO MPOIIE BCETO OTPENeuTh U3 omnbita. [lorydeHnas dpopmymna
TIOJTHOCTBIO OTIPEIEISIET 3aBUCHMOCTD KOJIMYIECTBA MTPOTEKAOIICH JKUIKOCTH OT Haropa h 1 oT IIOTHOCTH p.
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COBOKYITHOCTh pacCMaTpPHBAaEMbIX [IBHIKEHUH MOXHO PACIUIMPUTb, IOIMYCKAas BOJIOCIMBBI C Pa3IHYHBIMU
yriamu o. B aToM ciydae cucteMa onpeaensonux napaMeTpoB TOTIOTHISTCS YoM o, 1 popmyna (9) mpuMmeTt BHIT

3/, 5
Q=C(a)pg ™™, (10)

T. €. K03 durment C OyneT 3aBHCETh OT yTia 0.

Eciu BOmOCIHB MMeEET MpsIMOYroibHYI0 (OpMy MHpHHON D, TO cHcTeMa OIpEAe/SIIOMNX [apaMeTpPOB
Oyner

p, g h,b.

Bce Ge3pazmepHble BenUYMHBI onpenesstorces: napamerpom h/b. ®opmyna (9) B aToM cityyae 3aMEeHHUTCS

1 (14% 011978

3/ 5
Q= f[ 1 ]og™n. )

Oyukuuio f(h/b) MOXKHO OMpeAETUTh OMBITHBIM IyTEM, HAGNIO/asi TEUCHUE Yepe3 BOAOCIUB Pa3IHYHOM
wupuHsl b, HO ¢ moctosiHEBIM h. OmpenenuB Takum ciocobom dyukuuto f(h/b), popmyny (11) MOKHO TPUMEHSTH K
CliydasiM MOCTOSIHHOM mMpuHbl D=const, HO ¢ pa3aWYHBIM HAmopoM h, T. e. K ciydasiM, B KOTOpPBIX OINBIT HE
MPOU3BOTUIICSL.

OTOT HpUMEp MOKa3bIBAET, YTO COOOpaKEHHs, MOIYyYSHHBIE C MOMOLIBI0O METOAa Pa3MEPHOCTH, MOTYT
NPUHOCHTh OOJNBLIYIO MOJIB3Y IIPH IIOCTAHOBKE OIBITOB, ITO3BOJISISI OIPaHMYMBATH HMX KOJHUYECTBO M IIOTYYaTh
Onarozapst 5TOMy SKOHOMHIO HE TOJBKO B CPEACTBAaX, HO M BO BPEMCHH. VI3MEHEHHE ONHHMX BEIMYMH MOXKHO
3aMCHATh B ONBITaX M3MCHCHHWEM IPYIHX BEJIWYMH. Ha OCHOBE ONBITOB, MPOW3BENCHHBIX C BOJOW, MOXXHO IaTh
MCYEPIIBIBAIOIINE OTBETHI O SBICHUH BBITEKAHUSA HEQTH, PTYTH U T. 1.

5. 3akiouenue.

Tpu TeopeMbl IOJ00HS COCTABIISAIOT TJIABHYIO OCHOBY TCOPHUH ITOT00US.

Bor kpaTkoe conepxaHne H3I0KEHHOH TeOPHH TOJ00US:

)ITomoOHBIC SBICHUSA TPOTEKAIOT B T€OMETPUYECKH IIOJOOHBIX CHCTEMAaX W ONHCHIBAIOTCSA OyKBAJIBHO
OJIMHAKOBEIMH YPaBHEHUSMH CBS3H.

OTH ypaBHEHU JOJDKHBI OBITh OE3YCIIOBHO HITH YCIIOBHO OJHOPOJIHBIMHU.

2)YCIIOBHO  OZHOPONHBIMH  (PH3WYECKHE  ypaBHEHHS  JICNAIOTCS  INPHCOCIWHCHHEM K  HHAM
«O0OYCIIOBIIMBAIOIIMX PABEHCTB», KOTOpPHIC YCTAHABIMBAIOT PABEHCTBO CAWHHUIIC WHAWKATOPOB MOJOOMS,
MOJTYYAIOIUXCS U3 YPAaBHEHHM, WIH, YTO TO K€, OIMHAKOBOCTb sl MOJAOOHBIX SIBJICHUN KpUTEpUEM TO00usI.

3)OaHOpoaHBIE ypPaBHEHHS MOTYT OBbITh MPEACTABICHBI KaK (QYHKIMH CTEICHHBIX KOMILJIEKCOB
(KpuTepueB) ¥ CUMILIEKCOB.

Takue «xkpuTepraibHbIe» YPaBHEHUS YUCICHHO OJMHAKOBBI JIJIsl BCEH TPYIIIBI MOJOOHBIX SBICHUH.

4)ITonoOHBI Te SBIEHUS, YpaBHEHHE CBS3M KOTOPHIX OyKBEHHO OJMHAKOBBI M YCJIOBHS OJHO3HAYHOCTH
KOTOpPBIX TOAOOHBI, T. €. Y KOTOPBIX OJIHOMMEHHbIE MOHOBAJEHTH (BEIUYHMHBI, BXOJSNINE B YCJIOBUSA
OTHO3HAYHOCTH) HAXOMATCA B UHCICHHO TIOCTOSHHOM OTHOIICHWH, a OJHOWMEHHBIC MOHOBAJICHTHBIC
(ompenensonue) KpUTSPUN OJUHAKOBEL.

Teopus momoOusi maer, clelOBaTEIbHO, OOIIME METOIMYECKUE YyKa3aHWs, KaK IMOCTYNaTh B KaKIOM
OTJICNIFHOM ClTy4ae IpH aHaJIN3e YpaBHEHMUIA, OMMUCHIBAIOIINX SBJICHHE, IIPH IIOCTAHOBKE W 00pabOTKEe TaHHBIX OIBITA
HaJ HUM U MPU PACIIPOCTPAHEHUH PE3YJIbTATOB OMbITA HA Ipyrue siBieHus. Ecnu jxe gaHa HaTypa U UCCIe0BaTh €€
XOTAT Ha MOJIENH, TO TEOPHUSl MOJ00US COAEPKUT METOAMYECKHE yKa3aHWs MO pacueTy M MOCTPOCHUI0 MOJEIH,
moI00HOM HaType.

OCHOBHBIE METOJUYECKHE YKa3aHWe O MPUMEHEHWH TEOPWUHU TOJO00HS K OMBITY, OyAb TO (QU3NIECKOE
SKCIIEPUMEHTUPOBAHNUE WIIM TEXHHUECKOE MOJIEIINPOBAHNUE, COCTOUT B CIIEIYIOIIEM.

IIpu uccnenoBaHwm SIBICHUS HAJlO yYCTAHOBUTH JJIS HETO YPaBHEHHUs CBS3H, JAIOIINE B3aUMHYIO CBS3b
(bH3MUECKUX BEIMYUH, YIACTBYIONINX B SBICHUM.

OTH ypaBHEHUS JOJDKHBI OBITH (DOPMYITHPOBAHBI IS TOTO YaCTHOTO CITydasi, KOTOPBIX SBISETCS 00BEKTOM
uccinenoBanus. llpucoeanHeHne K HUM YCIOBUM OJHO3HAYHOCTH  JIENIA€T HCCIIEJOBAHHE OINpPEACICHHBIM H
MO3BOJISIET IPUMEHHTH TEOPHUIO TTOA00US.

IToatomy BO Bcex ciyyasiX, KOT/Ia yPaBHEHHUS CBSI3U MOTYT OBITh HaWICHBI, METOJI AaHAIIN3Y YPaBHCHHH €CTh
CMHCTBCHHO TNPAaBWIBHBIA IIyTh NPHUMCHEHUS TEOPHUH TOAOOHMS ¥ TOJNBKO TOTJa, KOIJIa YCTaHOBHTH
MaTEeMaTHUYECKyI0 3aBHUCHUMOCTb MEXIY BEJIMYMHAMHU, XapaKTEpU3YIOLIUMU SBICHHE, HE YJIAeTCs, HaJJIeKUT
00paTUTHCSI K METOAY aHAIM3a Pa3MEPHOCTH. OITOT MyTh MEHEE HA/IeKEH U TMOITOMY pe3yibTaT €ro HeoOX0aIuMo
MPOBEPsATH Ha ombiTe. MIM He clieqyeT mpeHedperaTh, Tak Kak BO MHOTHX CIydasxX aHallu3 Pa3MEpHOCTH JaeT NpH
00paboTKe OIBITOB IIEHHEBIE BHIBOIBL.

B HacTosmiee BpeMs Teopus Mogo0us MMEET CIeIyIOIHe HAallPaBICHHUS.
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[lepBBIM O BpEeMEHH HANPABICHUEM SIBIISICTCS IPHIIOKEHNE TEOPUH MOZOOUS K M3YUEHHIO Pa3HOOOPa3HBIX
TEXHUYECKHUX COOPYKEHUH U MOJIEIIEH.

MogzenupoBaHue CTaq0 MOIIHBIM CPEICTBOM AJISI OOHAPYKEHUS PA3IHYHBIX HEJOCTATKOB, UMCIOMINXCS B
CJIEAYOLINX TEXHUIECKUX YCTPONUCTBAX, M AJISI N3BICKAHUSA IyTeH K X yCTPAaHEHHIO.

[Janee MonenupoBaHHE YK€ CTall0 IIUPOKO MPUMEHATHCA JUIS TPOBEPKH BHOBb KOHCTPYHPYEMBIX
00BEKTOB, TaK 4YTO JO WX BBHIOJHEHHUS, B TPOIECCE MPOCKTUPOBAHUS, MOACIHPOBAHUE MO3BOJISIET
COBEpLICHCTBOBATH HOBEIE, ellle He OIpOOOBaHHbIC Ha IPAaKTHKE KOHCTPYKIIHH.

Teopust momoOust Hanuia TakKe NPUMEHEHHE NpU O0OOIIEHWH pPabounX IoKa3arelleil IEbIX TPy
OJHOTHUITHBIX MAlllMH W YCTPOMCTB, TaK YTO HAa OCHOBaHWHM OOPAaOOTKM JAQHHBIX MHOTOYHMCICHHBIX HCIBITAHUH
OKa3bIBaeTCSd BO3MOXKHBIM CO3/1aBaTh HOBBIC, OCHOBAHHBIE HAa KPUTEPUSX IMOJ00MUs, CrIocoOBl pacuera pa3indHbIX
TEXHHYECKUX OOBEKTOB, KOTOPbIE NMPUBOJAT K YCTAHOBJICHHUIO PAIlMOHANBHBIX, CBSI3aHHBIX C SKOHOMHEH SHEpruu
PEKHMOB.

Teopus momobus cTana HAyIHOW OCHOBOM 00O0OIIECHNS JaHHBIX (DU3MKO-TEXHIYECKUX HCIBITAHHUNA, CBOETO
poma TeopHeH SKCIEpPHMEHTa, yKa3bIBAalOIIEH BO BCEX TEX CIydasxX, Korjga pemieHue andgepeHInaIbHbIX
ypaBHEHHH (DM3MKHM HATAIKWBACTCS HAa TPYJHOCTH, ITyTh K TAKOW MOCTAHOBKE OIBITOB, YTO MX PE3YIbTaThl MOTYT
OBITH pacTIpOCTPAHEHBI HA BCIO 00JIACTh N3YYaEMBbIX SBICHHUM.

B mocnennee Bpemst Teopus MogoOMs HE TOJIBKO HCHOIB3YeT ypaBHEHMS (u3nmku Uit 0000ImeHus
OTIBITHBIX JTaHHBIX, HO W , 00paTHO, NMpH BBIBOJE AN QEPCHINATBHBIX ypaBHEHUH OHA JaeT yKa3aHUs, C OJHOH
CTOpPOHBI, O BBEJICHUHM B ypaBHEHHsSI KPUTEPHEB MOA00MUS M Oe3pa3MEpHBIX MEPEMEHHBIX H, C APYTOil CTOPOHBI, 00
HCIIOJIb30BAaHUH 0606IlIeHI/IH METOAaMH TCOPUHN HO}106I/ISI OIIBITHBIX JAaHHBIX, ABJIAOINIUXCA HWCXOJHBIMH I
COCTaBJICHUA ypaBHeHHﬁ. B kauectBe nmpuMepa 3TOTO0 HOBOT'O HaMpPaBJICHUA TCOPUHN HO[[O6I/IH MOXXHO IPUBECTH
YCTaHOBJICHUU [JIA Typ6yJ'ICHTHOI‘O IMOTOKa aBTOMOJCIIbHOCTU OTACJIBHO JJId MOTPAHUYHOTO CJIOA U OTACIBHO JJIA
TypOyJIEHTHOrO s1Ipa, 4YTO TIO3BOJSIET IMOJYYUTh OoJiee MPOCTYI0 M TOYHYIO (OpMyITy THAPABIUYECKOTO
conpotuByieHusl TpyO. Takum oOpa3om, Teopusi MOKOOHMS Ha HAIIMX TIJa3aX CTAHOBHTCS HEOTHEMJIEMOH YacThIO
TEOPETHYECKOH (HU3HUKH.

6. TeopeTnueckue MOSICHEHNU s

Bo MHoOrux cimyyasx BO3HHMKAaeT 3aJaya Ha OCHOBE MMEIOIIMXCS JAHHBIX HaONIOAEHUMN
WIM HCIBITAHWM Ha HAAEKHOCTh OIPENEIUTb 3aKOHBl paCIpelesieHusl IOKaszaTenel, Kak
HEKOTOPBIX CIy4allHbIX BEJIUYUH.

K coskanenuto, B HacTosiee BpeMs He CyIIECTBYET HUKAKOTr0 Crloco0a HEMoCPeICTBEHHO
MOJIYYUTh U3 HEKOTOPBIX CTaTUCTHUECKUX JIAaHHBIX MaTeMAaTUYECKYIO MOJEINb (MaTeMaTHYecKoe
BBIp@)KEHUE) 3aKOHA paclpeseleHusl TIoka3atens. V3BecTHble METOAbl IMO3BOJISIOT JIMIIb
MNOJATBEPAUTh (MM HE TOATBEPAUTH) COOTBETCTBUE JAHHOTO CTAaTHCTUYECKOTO MaTepuasa
HEKOTOpOM 3apaHee BBIIBUHYTOM THIIOTE€3€ O 3aKOHE pacnpejaeieHus. TakuMm obOpasom,
IpoLeaypa HAXO0XKACHUS XOpOIIEH MAaTeMAaTHYeCKOW MOJENHM - 3aKOHAa paclpeieseHus
CIIy4aiiHOM BEJIMUYMHBI, BCET/IA CJIaracTcs U3 IByX JTaIOB!

1. Beiismkenne runoTes 0 MaTeMaTUYECKUX MOJIENSAX PACIpeeIeHHUS.
2. TIpoBepka COOTBETCTBUS BBIBMHYTBIX THIIOTE€3 MMEIOIIUMCS CTaTHCTUYECKUM

JAHHBIM.

['mnore3pl 0 3akOHE pacmpeneneHus MOTYT BBIABUIAaTbCS HAa OCHOBE TEOPETHUYECKOIO
aHanmu3a (U3MUYECKOW TPHUPOABI M CBOMCTB paccMaTpUBaeMO CiIydailHOW BEJIMYMHBI.
VI cTOYHMKOM 3THX TMIIOTE3 MOXKET CIIYKUTh MPEIBAPUTEIBHBIN aHAIN3 TEXHUYECKUX CHCTEM Ha
JTanax IMPOCKTUPOBAHUS, MCIBITAHUNM U DKCIUTyaTallUM, a TAKXKe IPU OLEHKE INPAaBUIBHOCTU
YCTaHOBJIEHUS U IPOUICHHS PECYPCOB U CPOKOB UX IKCIUTyaTallUH.

3HaHME TEOPETUUECKUX 3aKOHOB PACIIpPEAEICHUS MT0Ka3aTeaeil HaJe)KHOCTH MAIIVH JacT
BO3MOKHOCTh IPOTHO3MPOBATh HAJIEKHOCTh TEXHUKH Ha OIPEACIICHHBIM IMEepUOJ C 3aJaHHOU
BEPOSTHOCTHIO, IUIAHUPOBATH CPOKU M TPYAOEMKOCTH PEMOHTA, ONTHMHM3HPOBATH OOBEM
3aMacHbIX 4acTeW U MAaTepUasoB U pelaTh Apyrue 3aJauH.

MHOroNeTHUI OIBIT MCCIEIOBAHUS HAAEKHOCTH aBTOMOOMIIEH MOKa3bIBaeT, 4YTO B
KaueCTBE MATEMATHMYECKUX MOJEJIEN B OCHOBHOM MOYKHO HMCIOJIB30BaTh OTPaHUYEHHOE YHUCIIO
3aKOHOB PACIPEECICHUN CIIy4aiiHbIX BEJIUYHH:

- HOpMaJlbHOE pacrpenenenue (pacmpenenenue ["aycca);

- pacnpenenenue BeiiOymna;
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9KCIIOHEHIIMATIbHOE (TIOKA3aTENbHOE) paclpeaeieHue

HopmanbeHoe pacnpezienieHre O4eHb YacTO UCIOIb3YETCsl Ha IPAKTHUKE.

OcHOBHast €ro OCOOEHHOCTH COCTOMT B TOM, UYTO OH SBISETCS TaK Ha3bIBAEMBIM
OpeJeNbHbIM 3aKOHOM, K KOTOpPOMY MNpHUOJIKAIOTCS JApyrue 3akoHbl. PacmpeneneHue
IOKa3aTeysl MOAYMHSAETCS HOPMAJIbHOMY 3aKOHY, €CJIM Ha M3MEHEHHUE I10Ka3aTelsl OKa3bIBaroT
BJIMSIHUE MHOTO PaBHO3HAYHBIX (PAKTOPOB, CII0KEHUE HECKOJIBKMX OJMHAKOBBIX WJIM PA3IUYHBIX
TEOPETUYECKUX 3aKOHOB paclpeiesieHUus] TaK XK€ B UTOre NMPUBOAUT K 3aKOHY HOPMAJIbHOI'O
pacripeiesieHusl.

Mosens HOpMaAJIBHOTO pacpeesICHUs IPUMEHSIETCA U1l OITUCAHMSL:

- paccerBaHMs MOJHBIX 10 PEMOHTHBIX, MEXPEMOHTHBIX PECYPCOB U CPOKOB CIIYXOBbI

MAIIWH U UX COOPOYHBIX CIUHUIL;
- pacceMBaHUs JAHHBIX O BPEMEHU M CTOMMOCTH BOCCTAHOBJICHHS PabOTOCIOCOOHOCTH
MalIuH N0CJIe 0TKAa30B;
- paccemBaHHSA pa3MEpoB pabOUYMX IOBEPXHOCTEH IeTaliel y3II0B M arperatoB M MHOTHX IPYTHUX
IIOKa3aTcJICn
OTnuuuTeNnbHON  OCOOEHHOCTBIO  HOPMAJIBHOTO  paclpesesieHuss  SBJSETCS  €ro
CHUMMETPUYHOCTh OTHOCUTEIBHO CPEIHETO 3HAYCHHS.
3akoH pacmpeneneHus BeiiOynna 3aHuMaeT oHO W3 HauOoJee YacTo MPUMEHSEMBIX B
OIICHKE HAJCKHOCTHU TEXHMUYECKHX CHUCTEM IO Pe3yJbTaTaM HCHBITAHUN U IKCILTyaTalluHu. JTO
pacnpenenenue BeitOymn paspaboran s omMcaHUs pacCEUBaHUSI MapaMETPOB YCTAIOCTHOU
MPOYHOCTH CTAJIM U MPEAEIIOB €€ YIPYTrOCTH, a B JAIbHEHIIEM MTPUMEHWI JUISl PELICHUS APYTUX
3agau. B HacTosIee BpeMst 3aK0oH pacrnpenenenus BeliOyia Hamen npuMeHeHue s
- OTNMCaHUSI XapaKTEPUCTUK PACCEUBAHMS HApaOOTOK MEXIY OTKA3aMH;
- OINMCAHUS PACCEMBAHUS PECYPCOB JIETANICH, OTKA3 KOTOPHIX BO3HUKAET B CIIECACTBUU
W3HAIIMBAHUS pa0OYnX MOBEPXHOCTEH;
- IIpY OINHMCAHUU HAJICKHOCTH CJIOKHBIX TEXHHMYECKHUX CHCTEM M BO MHOTUX IPYTUX
ClIyqasix

1. 3 Jleknus Ne3 (2 gaca).

Tema: «(I)mnqecmle, AHAJOIroBbICc U MATEMATHYECCKUEC MOAC/IN 00BEKTOB U nmpoueccos,
MaTeMaTHYCCKUE MOAC/IN HAACKHOCTH CUCTEM oﬁcnymnnannﬂ CeJIbCKOI0 X035iCTBaY

1.3.1 Bonpocwl JieKnum:

1. MeToapl mogooust B MEXaHHUKE

2. 3aKiroueHue

3. [loHsiTHE HAZIEKHOCTH CUCTEM OOCITY>)KMBAHHSI B CETTLCKOM XO0351CTBE

4. [lytu nony4eHus JaHHBIX: BCEOOIINI KOHTPOJIb, BHIOOPOYHOE HCCIIEJOBaHUE,
TJIAHUPOBAHUH DKCIIEPUMEHTA

5. DKcIepTHBIE OLIEHKH

1.3.2 KpaTkoe conep:kaHue BOIPOCOB:

1. Meroabl Moao0us B MEXaHUKE

,ZIeu.m'eHue MAMEMAMUYUYECKO20 MAAMHUKA
B xauecTBe mepBoro mpmmepa MBI PacCMOTPUM KIIACCHUECKUH NPUMEpP O IBIDKEHUH MaTEeMaTHYeCKOTO
MasiTHHKA.
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MaremaTiudeckuii MasSTHUK (pHcC. 1) MpeacTaBiseT cOO0H TSHKENYI0 MAaTEPHANTBHYIO TOUKY, TIOJBEIICHHYIO
Ha HEBECOMOW M HEepacTsSHKUMON HUTH, KOTOpAsi 3aKperieHa IPYyruM CBOUM KOHIIOM HenoBHKHO. COBOKYITHOCTh

BO3MOXKHBIX JIBHKEHHH MBI OTPAHMYHM YCIIOBUEM, YTO ABMKEHUS MasTHUKA IUIOCKHE.
i 2

%

.~
)l

A
v g
Puc. 1. MaremaTndeckuii MasTHHK.

Beenem oGosHaueHus: | — minHa MasTHHKA, @ — Yrod MEXKIYy HHUTBIO U BEPTHKAIBIO, t — BpeMsi, M
— Macca rpy3a 1 N — HaTsDkeHue HuTH. Eciu mpeHeOpeub cuilaMM — CONPOTHBIICHHS, TO 3ajada O JABW)KCHHH
MasTHUKA MPUBOJUTCA K PELICHUIO YpaBHEHUIT

d’p g .
=—=sing, 1
dt? Rk @
do ?
m ’y I =N -mgcosep @)

C HaYaJbHBIM yCIIOBUEM
de
npu t=0 g=gou — =0,
dt

T. €. 32 HayaJIbHBII MOMEHT BPEMEHHU NPHHAT TOT MOMEHT, KOIJla MasTHHUK OTKJIOHEH Ha YTroil (o, a
CKOPOCTb PaBHA HYIIIO.

W3 ypaBHenuii (1), (2) ¥ Ha4aIBPHOTO YCJIOBHS OYEBHAHO, YTO B KaUCCTBE ONPEACILIIONINX MapaMeTpoB
MOXHO B3ATh CIIEAYIOIIYIO0 CHCTEMY:

t, 1,9, m, g
YpcnoBble 3HAYEHHSA BCEX OCTAIBHBIX BEJIHYHH OIPEACIAIOTCA TMOJHOCTHIO 3HAYUYCHUAMHU 3THUX
napameTpoB. CieqoBaTeIbHO, MbI MOKEM HAIKCATh
=0 (tv Do, |, 0, m), N:mgf(t, Do, Iv 9, m) (3)

rae ¢ u f— Ge3pasmepHble BETUYUHEI.

Yucnosble 3HaueHus] GyHKIUH @ u f He MOMKHBI 3aBHCETh OT CHCTEMBI CIMHHIl W3MEpeHHs. Bu aTnx
(hyHKIMH MOXHO ONpeAenuTs 160 pemras ypaBHeHus (1) u (2), 1160 3KcriepruMEHTaIBHBIM CIIOCOO0M.

N3 06mmx cooOpakeHHi, N3I0KEHHBIX BBIIIE, BRITEKAET, YTO IMATh apryMeHToB ¢yHKuui ¢ u f MoxHO
CBECTH TOJIBKO K JBYM apryMeHTaM, KOTOpPbIE MPEACTaBISIIOT co00it Oe3pa3MepHble KOMOMHAIINH, COCTaBIICHHBIE U3
t, I, g, M 1 @o, TaK KAaK UMEIOTCS TPU HE3aBUCHMBbIE STMHHULIBI H3MEPECHHUS.

U3 BenmmuuH t, |, g, M 1 ¢p MOXKHO COCTaBUTH JIBE HE3aBUCHUMBIE Oe3pa3sMepHble KOMOHHALINH

oou t Iﬂ @)

Bce npyrue 6e3pa3mMepHbie KOMOWHALIMH, COCTaBiIeHHbIE U3 t, |, g, m U @y UK BoOOIIe U3 JIFOOBIX BEJTHYNH,
OTIpe/IeNIIEMbIX ATUMHU MapaMmeTpaMu, OyayT GyHKImsIMu KoMOuHaImii (4). CrnenoBaTebHO, MOXKHO HAITUCATh

@ =9 gt % ; (5"

®opmynel (5), MONYYSHHBIE C TIOMOINBIO METOJAa Pa3MEPHOCTH, MOKA3hIBAIOT, YTO 3aKOH JBHKCHHS HE
3aBUCHUT OT MacChl TPy3a, a HATSHKEHUE HUTH MPSMO MPOTIOPIIMOHAIBHO Macce rpy3a. DTH BHIBOJIBI BHITEKAIOT TAKKE

N =mgf| ¢,,t (5)

HenocpeacTBeHHo u3 ypasueruit (1) u (2). Benmuuny t4/Q / | moxHO paccmaTpuBaTh Kak BpeMs, BBIPaKEHHOE B

CTIEIUAILHON CUCTeMEe €IWHUI] U3MEPEHHsI, B KOTOPOW JIMHA MAasTHUKA U YCKOPEHHWE CHJIbI TSDKECTH TPHUHSTHI
PaBHBIMH €AMHUIIE.

O6o3naunm gepe3 I kakoif-HUOyAb XapaKTEpHBIH NMPOMEXYTOK BPEMEHH, HAIpUMeEp BpeMs JBIKCHHUS
MasTHAKA MEXIY KPalHUM M BEPTUKAJIHHBIM ITOJIOKCHUSIMA WITH MEKIY ABYMS OJMHAKOBBIMU (ha3aMH, T. €. IEPHOJ
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KoyieOaHus, U T. J. (CYIIECTBOBAaHUE ITEPHOANICCKOTO IBIKCHHS MOYKHO MPUHATH KaK TUIIOTE3Y WM KaK pe3ylIbTar,
W3BECTHBIHN U3 JOMOJIHUTENBHBIX JaHHBIX). iMeem

I'= fl(qDO’I’gim) :\/gfz((%,l,g,m)-

¢byukuust f, mpexcrarisier co6oit Ge3pasMepHY0 BEIWYHHY, a Tak Kak w3 |, g ¥ M Hexb3s cOCTaBUTH
6e3pasMepHy0 KOMOMHAIINIO, TO OYEBUIHO, uTO (yHKIms T, He 3aBucwur ot |, g u m. CienosaremnbHo,

I
I'= Efz((/’o)- (6)

Dopmyna (6) ycTaHABIHBAET 3aBUCUMOCTh BpeMeHH [ oT anuHbl MasiTHHKA. [lomyunTs Bu GyHKunu fH(@g)
C MOMOIIIBIO TEOPUH pa3MepHOCTH Henb3s. Omnpenernerue f((p) HEOOXOAUMO MPOU3BECTH THOO TECOPETHUCCKH, HA
ocHoBaHMH ypaBHeHus (1), 1160 SKCHepUMEHTAaIBHO.

@opmyny (6) MOXKHO TOIYYHTh HETIOCPEACTBEHHO M3 cooTHomieHHH (5'). B camom nene, mms mepuoma
kosnebaHuit cooTHomeHue (5') gaer

P =@ o I %
Pemast 510 ypaBHeHHE, momyduM Gopmyny (6).
Ecmu I' ecth mepuon kose0aHus, TO U3 COOOPaKEHUI CHMMETPUH OYSBHAHO, YTO Mepuoa I' He 3aBUCUT OT
3HaKa @y, T. €.
fa(90)= f2(-o).
CrieoBatensHo, dhyHukims T, siBisieTcst deTHON QyHKIMEH aprymenTa @q. [Ipemonaras, 4To Mpu MalbIX Qg
byuxuwst fo(@o) perysspHa, MOXXHO HaMUCATh
f2(o) = €1 + Copo” + Capo” .. (7
Jlns ManbIX KONeGaHHMil UIeHbl CO CTEMEHAMH (o> M BBIIIE MOXHO OTOPOCHTH, H ANs mepuoia I MbI
nosrygaeM GpopMmyIry
|
F = C1 5 . (8)
Pemenue ypaBHenus (1) mokassiBaet, 4to ¢, = 27. Takum 00pa3om, Mbl BUIIUM, YTO IJIS MaJbIX KOJieOaHuUH
MasTHUKa C TOMOIIBIO TEOPHU PA3MEPHOCTH MOXKHO MONYy4YHTh (HOpPMYITy MepHoJa KoieOaHHs MasTHHKA C
TOYHOCTBIO JIO MOCTOSTHHOTO MHOMHTEJIS.
®opmyist (5) u (6) COXpaHAT CBOIO CHPABEITUBOCTH U B TOM CIlydae, ecli BMecTO ypaBHeHHs (1) MBI
BO3bMEM ypaBHEHHE

d’p_ g
— =—7 f(o).
dt |

rae (@) ectp mobas Qynkuus yrma ¢. Boobmie crnpaBemnuBocts (opmyin (5) u (6) BbITEKaeT u3
SIMHCTBEHHOTO YCIIOBHS, KOTOPOE COCTOHUT B TOM, YTO COCTOSIHHE JIBFIKCHHS ONpeeIIsieTCs apaMeTpaMu

t, 1, 9, m, ¢o

Jnst ycTaHOBJICHHS 3TOM CHCTEMBI MapaMeTpoB HaM IOCIY)XKWIIM YpaBHEHHs IBHXKCHHUS, HO €¢ MOXKHO
yKa3aTh W He npuberas K ypaBHEHHUsIM JBHKCHUsI. B caMoM jierte, JUisl XapakTepUCTUKH MasSTHHKA HaJo yKasath | u
m. Jlanmee HeoOXOIMMO YyKaszaTh (, TaK KaK CYIIHOCTb SIBJICHHUs OIpelessieTcss CHIoW Tsbkectd. Hakower,
HEOOXO/MMO yKazaThb (o M f, Tak Kak KOHKPETHOE [BMW)KEHHE M COCTOSHHE JBMIKECHHS OINPENEISIFOTCS YIIoM
KpaliHero OTKIOHEHHS (g U pacCMaTpUBaeMbIM MOMEHTOM BpeMeHH t.

Hcmeuenue masxcenoii scudkocmu uepes 6000c1ue

PaccmoTpuMm 3ajmauy o CTpyWHOM JBHMIKEHHH TSDKEJION >KHIKOCTH 4Yepe3 BOAOCHHB (pHUC. 2), KOTOPBIHA
NPE/ICTAaBIsIET COOOM BEPTUKAILHYIO CTEHKY C TPEYrOJbHBIM OTBEPCTHEM, PACHOJIOKCHHBIM CHMMETPHYHO
OTHOCHTEJIFHO BEPTHKAJH, MIPUYEM yroyl oTBepcTHs o paBeH 90°. JKuakocTsh BbITeKaeT moj Hamopom h, KoTopsrit
PaBeH BBICOTE YPOBHS KUAKOCTH HaJl BEPIIMHON TPEYTONbHMKA Ha TAIEKUX PACCTOSHUSIX OT OTBEPCTHS BOJOCIHBA.
Jl1s IpoCTOTBI MBI ITPUMEM, YTO COCYJ, B KOTOPOM HAXOJHTCS >KUIKOCTh, OYEHb BEIHK, W MOITOMY IBIDKEHHE
KHUJIKOCTH MOXXHO CUYHTATh YCTaHOBHMBIIMMCA. lIpu CTpyHHOM JABMXEHHHU >KUAKOCTH OCHOBHOE 3HAYCHHE MMEIOT
CBOWMCTBa WHEPIIMH M BECOMOCTH, KOTOpBIE XapaKTepU3YIOTCA 3HAYCHHAMHU IJIOTHOCTH P M YCKOPEHHS CHIIBI
TSKECTH g.
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Z
Puc. 2. HepeTeKaHHe TSKEIION KUIKOCTH YE€PE3 BOJOCIINB.

YcTaHoBUBIIIEECS TEUECHHUE KUIKOCTHU HYCPE3 paCCManI/IBaeMHﬁ BOJOC/IMB MOJHOCTBIO OIPCACIACTCA

CICAYIOLUIMMHA IapaMETpaMu:
p, g h.

Bec kuaxoctn Q, BBITEKAIOIIMM Yepe3 OTBEPCTHE BOJOCIMBA B €AWHUIY BPEMEHH, MOIKET OBITH

(hyHKIHEH TOIBKO 3TUX apaMeTpPOB
Q="1(p, g, h).

C mOMOIIBI0 TEOPHH Pa3MEPHOCTH HETPYIHO HaiiTw Bup 3Toi ¢yHKIMH. B camom mene, pasmepHOCTH Q

3
pasnsercs kre/c. Kom6unamms pgh”,/d / h Taxxe nmeer pasmeprocTs kre/c. [To3TOMy OTHOIIEHUE

Q

3/ 5
pg’oh’
SIBIIACTCSI Oe3pa3sMepHON BETMYMHON. DTO OTHOMICHHE SIBISICTCS (YHKIMEH BeqnduH p, g, h, u3 KoTopsIx
Helb3s 00pa3oBaTh Oe3pa3MEepPHOI KOMOMHAIIMH, TIOATOMY MOYKHO HAIUCATh

Q =C

nin
Q=Cpy’?h’2, ©)

rze C ectb abCOMOTHAS MOCTOSIHHAS!, KOTOPYIO TPOIIIE BCErO ONPENeNUTh U3 onbITa. [lomydenHas dpopmymna
HOJIHOCTBIO OTPeeIIsieT 3aBUCHMOCTh KOJIMYECTBA MIPOTEKAIOIICH )KUIKOCTH OT Hanopa h U oT IIOTHOCTH p.

COBOKYITHOCTh paccMaTpHBaeMbIX JIBI)KCHUH MOXKHO PACIIMPUTb, JOITYCKas BOJOCIHBBEI C Pa3IMYHBIMU
yriam# o. B 3ToM ciydae cuctema onpeessiionux napaMeTpoB JOIOJIHSIETCS YIJIOM o, ¥ (hopmyita (9) mpumer BUI

3/, 5
Q=Cla)pg™*h’, (10)

T. e. koo dunment C Oyaer 3aBUCETh OT yria o.

Eciau BoMOCIMB HMEET MPSMOYTOJbHYIO (OpPMYy HIMPHHOM D, TO cuCTeMa ONpeneNsIouX MapaMeTpoB
Oynet

p, g h,b.

Bce Ge3pasmepHble BenMUuHBI onpenesstorces mapamerpoM h/b. ®@opmyna (9) B 3ToM cirydae 3aMEHHTCS

CJIEIyIOIIEH:

3/, 5
Q=f E pg2h’2. (11)

Oyukiuio f(h/b) MOXKHO OMpENeTUTs ONMBITHBIM MyTEM, HAONIONAs TeUEeHHE Yepe3 BOAOCIHB Pa3IHYHOIM
mpuHbl b, HO ¢ moctosiHHbIM h. OnpenenuB takum criocodbom ¢yukiwio f(h/b), bopmyny (11) MOKHO IPUMEHSTH K
CllydasiM MOCTOSIHHOM HMpUHBI D=const, HO ¢ pa3aM4HBIM HAmopoMm h, T. e. K ciydasM, B KOTOPBIX ONBIT HE
MPOU3BOJIUIICS.

OTOT NpUMEp IMOKA3bIBAET, YTO COOOpaKEHHs, MOIyYCHHBIE C MOMOIIbI0O METOAa Pa3sMEPHOCTH, MOTYT
NPUHOCHUTH OOJBIIYIO MOJB3Y INPH IOCTAHOBKE OIBITOB, IO3BOJISISI OTPAHMYMBATH MX KOJIHYECTBO M IOJIyYaTh
Onmaromapst 3TOMy KOHOMHIO HE TOJIBKO B CpEICTBaX, HO M BO BpeMEHH. l3MeHeHne OJHMX BEIMYMH MOXHO
3aMEHATh B OIBITAX M3MEHEHHEM Jpyrux BeauduH. Ha OCHOBE OIBITOB, NPOM3BEACHHBIX C BOJOH, MOXHO IaTh
MCUYEPIBIBAIOLINE OTBETHI O SIBIICHUU BBITEKaHUs HE()TH, PTYTH U T. [I.

2. 3akiIloueHue

Tpu TeopeMbI TOJOOHS COCTABISAIOT TIIABHYIO OCHOBY TEOPUH ITO00NS.

Bor kpaTkoe conepxaHne H3I0KEHHOH TeOPHH MOJ00US:

DIlonoGHBIe sABICHHSA NMPOTEKAIOT B T€OMETPHUYECKH ITOJOOHBIX CHUCTEMax M OIMCHIBAIOTCS OYKBaJbHO
OJIMHAKOBBIMH yPaBHEHUSIMU CBS3H.

OTH ypaBHEHHS IOJDKHBI OBITh 0€3YCIIOBHO WIIM YCIOBHO OJTHOPO/IHBIMH.

2)YCNOBHO  ONHOPOAHBIMH  (DM3MYECKHE  YPaBHEHHS  JEJAIOTCS  IPUCOCAMHEHWEM K  HUM
«0OyCJIOBJIIMBAIOLINX PABEHCTBY», KOTOPbIE YCTaHABIMBAIOT DABEHCTBO EIMHHUIIE HHAWKATOPOB IOAO0OUS,
MOJTYYaIOIMXCsl U3 YPaBHEHUH, HIIH, YTO TO e, OAMHAKOBOCTb IS TOJJOOHBIX SBJICHUH KPUTEPUEM ITOI00HS.
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3)OaHopoaHBIE ypaBHEHHS MOTYT OBITh NPEACTABICHBI KaK (YHKIMH CTEHCHHBIX KOMILJIEKCOB
(KpUTEpHUEB) M CUMIIIICKCOB.

Taxue «KpuTepHanbHbIC) YPaBHEHHUS YHCICHHO OAWHAKOBBI I BCEH TPYMITBI HOZOOHBIX SBICHHH.

4)ITomoOHBI Te SBIEHUS, YpaBHEHHE CBS3M KOTOPHIX OyKBEHHO OJMHAKOBBI M YCIIOBHS OJHO3HAYHOCTH
KOTOPBIX MOJOOHBI, T. €. Yy KOTOPBIX OJHOMMEHHBIC MOHOBAICHTHl (BEJMYMHBI, BXOAAIINE B YCIOBHSA
OJHO3HAYHOCTH) HAXOJATCS B UHCICHHO IIOCTOSHHOM OTHOUIGHHM, a OJHOMMEHHBIE MOHOBAJICHTHBIC
(onpenensomnye) KPUTEPUN OJNHAKOBHI.

Teopust momoOust maer, cieOBaTeNbHO, OOIIUME METOAMYECKHE YKa3aHMs, KaK IOCTYNaTh B KaKIOM
OTZAEJIBHOM CIlydae MpH aHAIN3e YpaBHEHUH, ONMCBHIBAIOIIUX SIBICHUE, IPH ITOCTAHOBKE U 00pabOTKE AaHHBIX ONBITA
HaJl HUM | IIPU PaclpOCTPaHEHNUH Pe3yJIbTaTOB ONBITA Ha Jpyrue siBieHus. Eciu jxe naHa HaTypa u MccieoBaTh ee
XOTST Ha MOJIEJIN, TO TEOPHs MOA00HMS COAEPKUT METOAMYECKUE yKa3aHUsl MO pacyeTy W MOCTPOCHHIO MOJEINH,
mo00HOM HaType.

OCHOBHBIE METOIMYECKHE YKa3aHHE O MPHMEHEHWH TEOpUH IMomolus K ombITy, Oyme To (usmueckoe
9KCIIEPUMEHTHPOBAHNE MM TEXHUIECKOE MOJICINPOBAHNE, COCTONT B CIICAYIOIIEM.

[Ipn uccnenoBaHnM SBICHUS HAAO YCTAHOBUTH UII HETO YPAaBHEHHUS CBS3M, JAIOIIUE B3aWMHYIO CBS3b
(hU3MUECKUX BENNYNH, YIACTBYIOIIUX B SBICHUM.

OTH ypaBHEHUS IOJDKHBI OBITH ()OPMYIHPOBAHBI JJISI TOTO YaCTHOTO CITydasi, KOTOPBIH SBISETCS 00BEKTOM
uccienoBanus. [lpucoeanHeHne K HHUM YCIOBMH OJHO3HAYHOCTH  JIENACT HCCIICIOBAHUE OINPEICICHHBIM U
TMO3BOJIACT MPUMEHUTH TCOPUTO HOZ[O6I/I§I.

HOSTOMy BO BCEX ClIydadX, KOorja ypaBHCHUA CBA3U MOTYT 6I)ITI) HaﬁﬂeHbI, METOA aHAJINU3y ypaBHeHI/Iﬁ €CTh
CAUHCTBCHHO HpaBI/IHI)HI:Jﬁ myTb TMNPUMCHCHUA TEOpHUU HO}IO6I/IH U TOJIBKO Torjga, Korga YCTaHOBUTH
MAaTEMAaTHYCCKYIO 3aBUCHUMOCTb MCXKAY BCIMYMHAMHU, XapaKTCPUIYIOUMIMMU ABJICHHUEC, HC YHAACTCA, HAIJICKUT
00paTHThCS K METOJy aHaJIn3a pasMEpPHOCTH. OTOT IyTh MEHEE HAJIe)KEH U I0ITOMY pe3yJbTaT ero HeoOXOAUMO
IpOBEPATH Ha ombITe. VM He ciemyeT nmpeHeOperarh, Tak Kak BO MHOTHX CIIydasX aHAJIM3 pa3MEPHOCTH IAeT MpH
00paboTKe ONBITOB IEHHBIEC BHIBOIBI.

B Hacrosmee BpeMs: TeopHs HOZOOHS NMEET CIEAYIOIIE HApaBICHUS.

[lepBBIM O BpeMEHH HaNpPaBICHUEM SBJISCTCS MPHIIOKEHUE TEOPUH MOA0ONS K H3yIEHHUIO Pa3HOOOPa3HBIX
TEXHHYECKHUX COOPYKEHHH 1 MOJETICH.

MozenupoBaHue CTag0 MOIIHBIM CPEICTBOM AJIsI OOHAPYKEHHS PAa3IHMYHBIX HEAOCTATKOB, MMEIOIIMXCS B
CICAYIOMNX TEXHUYCCKUX yCTpOﬁCTBaX, " 1J1s1 U3bICKaHUA HyTeﬁ K UX YCTpaHCHUIO.

Janee MonenupoBaHHE YK€ CTAJ0 IIUPOKO MPHUMEHATHCS IS NPOBEPKH BHOBb KOHCTPYHPYEMBIX
O6’beKTOB, TaK 4YTO JO0 HUX BbIIIOJHCHUA, B TIPOHECCE MPOCKTUPOBAHUA, MOJACIUPOBAHUC IIO3BOJIACT
COBEpLICHCTBOBATH HOBBIE, €llle He OIPOOOBaHHbIC HA PAKTHKE KOHCTPYKI[HH.

Teopus momobusa Hamula Talke NPUMEHEHHE NpU 0000meHHH pabodux MoKa3aTeNed IenbIX TPy
OJHOTUITHBIX MAalIWH U yCTpOﬁCTB, TaK 4YTO Ha OCHOBAHHU O6pa6OTKI/I JAaHHBIX MHOTI'OYUCJICHHBIX HUCITBITAHUI
OKa3bIBaeTCs BO3MOXKHBIM CO3/]aBaTh HOBBIC, OCHOBAHHBIE HAa KPUTEPHUSIX IMOJ00Ms, CrIocoOBl pacdera pa3IndHbIX
TEXHHYECKUX OOBEKTOB, KOTOPBIE MPUBOJAT K YCTAHOBICHUIO PAIIMOHANBHBIX, CBSI3aHHBIX C SKOHOMHEH SHEpruu
PEKHIMOB.

Teopust momoOust cTana HayYHOH OCHOBOI 000OIIEHNS TaHHBIX (PU3UKO-TEXHWYECKUX HCIBITAHUN, CBOETO
poxa TeopHeH SKCIEpHMEHTa, yKasblBaIOIIEH BO BCeX TeX CIydasxX, Korjga penieHue anpQepeHInanbHbIX
ypaBHEHHH (DM3UKH HATAIKWBACTCS HA TPYJHOCTH, ITyTh K TAKOW MOCTAHOBKE OIBITOB, YTO MX PE3YJIbTaThl MOTYT
OBITH PACTIPOCTPAHEHBI HA BCIO 00JIACTh U3y4aeMbIX SBJICHHI.

B nocnennee Bpemsi Teopus MOJO0MsT HE TOJBKO HCHOJB3YyeT ypaBHeHUs (Gu3nku it 0000IIeHus
OTIBITHBIX JTAHHBIX, HO W , 00paTHO, NpH BBIBOJE AW (EpeHINATbHBIX YpaBHEHUH OHa JaeT yKa3aHMA, C OJHOU
CTOPOHBI, O BBEICHUH B YPaBHEHHS KPUTEPHEB MM0J00MSA M Oe3pa3MepHBIX NEPEMEHHBIX H, C IPYroil CTOpOHBI, 00
HCIIOJIb30BAHUH O606HI€HI/IH METOAAMH TEOPUHN 1'[0)106145{ OIIBITHBIX JAaHHBIX, ABJIIAOOIUXCA HWCXOAHBIMU IJIA
COCTaBJIEHUs ypaBHEHHMH. B kauecTBe mpumepa 3TOro HOBOTO HAIpaBIICHHS TEOPHM MOJO0OWS MOXKHO IPHBECTH
YCTaHOBIICHUH JUIsl TYPOYJICHTHOTO ITOTOKA aBTOMOJEIBFHOCTH OTAENBHO /ISl HOTPAHUYHOTO CJIOSI M OTAENBHO IS
TypOyJEHTHOrO s/pa, YTO IIO3BOJSIET IIOJAYYUTHh Oojiee MPOCTYI0 W TOYHYIO (OPMYIY THIPABINYECKOTO
conportuBiieHust TpyO. Takum oOpa3om, Teopust 1Mojo0OMsS Ha HAIIMX IJ1a3aX CTAHOBHUTCS HEOTHEMJIEMOHM YacThIO
TEOPETHYECKOH (HU3HKH.

3 IlousTue HaJACKHOCTH CUCTEM Oﬁc.ﬂy)KI/IBaHI/IS[ B CeJILCKOM XO0351licTBe TCOpI/ISI HaIEXHOCTH -
HayKa, u3y4Jaromas:

- 3aKOHOMEPHOCTHU BO3HUKHOBEHHUS OTKAa30B CUCTEM;

- HOpPMUPOBAHHbBIC KPUTEPUU U KOJIUYECTBEHHBIC XapaKTEPUCTUKU HAICKHOCTH;

- METO/bI aHAIU3a CJIIOKHBIX CUCTEM 110 KDUTEPUAM HAJIEKHOCTH,

- METObI TOBBIIIICHUS HAJIC)KHOCTH,

- METOJIbI UCIIBITAHUM HA HAJC)KHOCTD;

- METOBI DKCIUTyaTaIlMH CUCTEM C YI€TOM HaJIeKHOCTH (000CHOBAHHE MTEPHUOJUIHOCTH TEXHHIECKOTO

00CITy’)KMBaHUsI CUCTEM, HOPM 3aIlaCHBIX YacTel, METOJIOB OTHICKAHUs HEHCIIPABHOCTEH);

- METOJIbI cOOpa M aHAJIN3a CTATUCTUYECKHUX TAHHBIX 00 OTKA3aX CHCTEM.
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CryuaiiHblii XapakTep BPEMEHH BO3HUKHOBEHHUSI OTKA30B, CIOXHOCTh OOBEKTOB IO3BOJSET 3aKIOYUTH, HYTO
MaTeMaTUYeCKHM ammnapaToM TEOPUH HANEKHOCTH MOXKET OBbITh TEOpUS BEPOSTHOCTEW M MareMaTrhdecKas
CTaTHCTHKA, & TAKXKe TEOPUs MacCOBOTO 00CTyKuBaHus (Teopus rpados u e MapkoBa).

W3-3a HEBO3MOXKHOCTH TOYHOTO TMPEJICKA3aHMsI OTKa3a KaK CIy4ailHOro COOBITHSI 1O BPEMEHH U MECTy
BO3HHKHOBEHHUSI CJICTYET, YTO MOJTHOCTBIO MPEAYIPEIUTh OTKAa3bl HEBO3MOXKHO. OTHAKO MOTYT OBITh MPUHSATH MEPHI
JUTS. YMEHBIIICHUS UX YaCTOTHI.

Teopus BeposITHOCTEN U3ydaeT:

a) cy4aiHbIC COOBITHS,

0) ciyJaiiHbIe BEIMYUHBI;

B) CJIy4aiHBIC MPOIIECCHI (CITyJaiHbIe (PYHKIINHN).

Ecmu mpu MaccoBBIX COOBITHSX, HAapUMep, IMPH MAacCOBBIX HCIBITAHISIX, 00S3aTEIHHO MPOUCXOTUT HEKOTOpOe
COOBITHE, TO TaKoe COOBITHE HAa3BIBACTCA [IOCTOBEPHBIM. EcCIH ke HEKOTOpoe COOBITHE 3aBEJOMO HE MOXKET
MIPOM30UTH, TO €r0 HAa3hIBAIOT HEBO3MOXXHBEIM. COOBITHS, KOTOpPBIC IPH KAXKAOM OTICIBHOM SIBICHUH (Ciydae,
WCTIBITAHNN) TIPEJCKa3aTh HEBO3MOXKHO, HA3bIBAIOT CITyJaHBIMIL.

CnyyallHOW BEJIMYMHOW HA3bIBAETCS MEPEMEHHAsl BEJIMUYMHA, KOTOpas B Pe3yJbTaTe HCIBITAHUM WINM MPU
KaKMXTO SIBICHUSAX MOXKET NMPUHMMATh TO WJIM MHOE 3HaueHHE (HalpuMep, OTKIOHEHHE pa3Mepa U U3Jenus OT
HOMHHAJILHOTO 3HAUYEHHS, BpeMs 0€30TKa3HOW pabOThI U3JENUi U TIp.).

CiyyaifHBIM TIpOLIECCOM WIIM CIy4daiiHOW (yHKIMEW Ha3bIBAE€TCSI COBOKYITHOCTH CIIy4alHBIX BEJIUYUH,
OTBEYAIONIUX DPA3JIMYHBIM 3HAYCHHUSAM HEKOTOpPOTO HEecTydailHOro mapaMmerpa: M3MEHEHHE AMaMeTpa 10 JAJHHE
BaJIMKa, BHYTPEHHHUE [IyMBI, (MJIIOKTYAIMHU B DJICKTPHYECKUX LETsX U T. 1.

3aKOHOM pacHpeleNeHus CIydalHOM BeIMYMHBI Ha3blBalOT COOTHOLIEHHUE, MO3BOJIIOLIEE OMNPEIENIUTh
BEPOSATHOCTD HAXOXKACHHUS CIyJaiHOH BEIMUYMHEI B TFOOOM WHTEpBAJlC €€ BO3MOXXHBIX 3HAUCHUHA. AHATUTHICCKAM
BEIpQ)KCHHEM 3aKOHA pacIlpeleNieHus CIyYaiHOW BENWYWHBI HapaOOTKH 10 oOTKasa t sBmsgercs (QyHKIUA
pacmpenencHus F, paBHas BeposTHocTH Q TOrO, 4TO Ciyd4aiiHas BenndwHA t mpuMer nro0oe 3HAYCHHE, MEHBIICE
3aJaHHON HapaboTkuT

F()=Q(t<T)

CrieoBaTenbHO, BEPOSTHOCTH OTKasa 3a Bpems tuwcinenno paeHa ¢yskiuu F(t) pacnpenenennst BpemeHu
HapaOOTKM CHCTEMBbl Ha OTKa3. OTOT BaKHEHIIMH BBIBOJ MO3BOJISIET HENOCPEICTBEHHO MCIIONB30BaTh OOIIHEe
3aKOHOMEPHOCTH ¥ CBOMCTBa (D)YHKIMH paclpeAeeHus Ul ONpeelieHNs ToKa3aTelield HaJeKHOCTH, T.€. QyHKIUsS
pacnpeneieHus CIly4aiiHOM BEJIMYUHBL SIBISIETCS €€ UCUEPIIBIBAOLIEH BEPOSTHOCTHOM XapaKTEPUCTUKOM.

MeTtoabl pacdueTa HAAC)KHOCTH TEXHUYECCKHUX CUCTEM

Knaccupukauus MeToa0B pacyeToB HAIEKHOCTH

['maBHBIM Ha3HAYEHHEM PACYETOB HAJIC)KHOCTH CIICIYeT CUUTATh
- CPAaBHMUTEIJIBHBIN aHAJH3 Pa3IMIHBIX KOHCTPYKTHUBHBIX (CXEMHBIX) BAPHAHTOB M3/IENINS HA CTaIUH €ro
MIPOEKTUPOBAHUS ISt 000CHOBAaHHOTO BBIOOpA KOMIUIEKTYIOIINX JIEMEHTOB, OOIIEH CTPYKTYPHOH CXEMBI,
CIIOCOOOB PE3ePBUPOBAHUS, METOIOB KOHTPOJISI U 00CITY )KUBAHUS;
- OPUCHTHUPOBOYHAA, IIPOTHO3UPYEMAas OLCHKA HAJIC)KHOCTH U3ACJINA Ha 0TAall€ YTBECPKACHUA TEXHUYECKOT'O
IMPOCKTAa IJIsA 000CHOBaHUS BBIBOJIa O TOM, YTO ITPOCKTUPYEMOEC U3ACITHUE MOXKET OBITH M3rOTOBJICHO
YJIOBJIETBOPSIIOLIMM TPEOOBAHUSAM I10 Ha/IS)KHOCTH;
- OPHEHTHPOBOYHAS, ITPOTHO3UpPYyeEMast OLIEHKa HaJIS)KHOCTH CJIOXKHOTO M3JIENIUsI Ha dTare OTpaboTKH
OIIBITHOTO 00pa3ia 11l 000CHOBaHMS paclpeeieHUs TpeOOBaHM K HaJIe)KHOCTH YacTeil n3genus u
000CHOBaHHOTO, XOTSI © OPUEHTHPOBOYHOTO, OIIPEACIEHHS COCTaBa M KOJIMYECTBA 3allaCHBIX YacTel U
CPOKOB 00CITy>KHBaHHUS.

[IpuMeHHUTETHPHO K CTaAMAM OKHU3HEHHOTO IMKJIA CHCTEM Da3iHYaloT pacuemsl HA CMAouu
npoexkmupoeanus (IPOTHO3UPYIOIIME PACUEThl) U HA CTaIUM JKCIUTyaTalldd M WCTBITAaHWKA (TJIaBHBIM 00pazoM -
KOHCTaTHpYIOIKHe pacueThl). K MmepBoil OTHOCATCS pacdeThl, OCHOBAHHBIE HAa aHaIU3€ CTPYKTYpPhl CHCTEMBI H
3a/IaHHBIX YCJIOBHHA paboThl. VX MPUHATO Ha3bIBaTh Pacue€THOAHAJIUTHYECKUMU WM pacdeTamH HajaexHocTH. Ko
BTOpPOH - pacyeThl, CBsI3aHHBIE ¢ 00pa0OTKOM Pe3yIbTaTOB DKCIIEPUMEHTA WM dKcIuTyatanud. OHU Ha3bIBAIOTCS -
PacUYEeTHOIKCTIEPUMEHTANBHBEIMU HJIK  00pabOTKON OMBITHBIX, CTATUCTHYECKUX MaHHBIX. [l0 MPUHITUIHAILHBIM
OCHOBAM pacyeThl JCNATCS Ha JJIEMCHTHBIC (CHCTEMHBIC) W (DYHKIHMOHAIBHBIC (YaCTHBIM CIy4aeM KOTOPBIX
SIBIISTIOTCSI PACUYCTHI MapaMETPUICCKHE).
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Ilo xapaxkmepy yuumbvléaemvlx OMKA306 PA3INYAIOT PACUETBI C YYETOM OJHOTO BHIA OTKAa30B
(BHE3aITHBIX, TIOITHBIX) U C YIETOM XapaKTEPUCTHK OTKAa30B (BHE3AITHBIE, TIOCTETICHHBIC, TTOJHBIC, YaCTUIHBIE, THTIA
3aMBIKaHHe, OOpHIB, COOH U T.11.).

Ilo 6udy cucmem - pacdeTbl TMPOCTHIX CHCTEM W CIOXHBIX CHCTEM. PacueThl MPOCTBIX CHUCTEM B CBOIO
odepenb JCIATCSA Ha pacueThl Pe3CPBUPOBAHHBIX W HE PE3CPBUPOBAHHBIX CHCTEM, CHCTEM 0€3 BOCCTAHOBJICHHS U C
BOCCTAaHOBJICHHEM. PacueTsl CIIOKHBIX CHCTEM JENATCS Ha pacdeTsl HaJe)KHOCTH KOHTYPOB YIIPABICHHUS M PACUCTHI
COCTOSIHUH CHUCTEM.

WX pa3BuTHE HIET MO MyTH Pa3pabOTKU BCE HOBBIX MOJENCH pacueTa. PeaqbHBIC CHCTEMBI COOTBETCTBYIOT
MOJIEJIU pacyueTa ¢ HEKOTOPBHIM K03 (HHUIIMEHTOM MO00HS.

U3 mpuBeICHHBIX B KITACCHU(UKAIIMY PACUCTOB HAJICKHOCTH HAaUOO0JICe MPOCTHIMU M OCBOCHHBIMH SIBIITIOTCSI
3JIEMEHTHBIH, CHCTEMHBIN pacdeT ¢ YUEeTOM OJJHOTO BHIIAa OTKa30B (BHE3amMHOro, MoiaHoro). K Hanbonee TpyaoeMKuM
OTHOCATCS (DYHKIIMOHAJIBHBIM pacdeT ¢ y4eTOM XapaKTepa OTKa30B (0COOCHHO cOOEB), a TAKXKE pacdeT HaJIC)KHOCTH
CIIO’KHBIX M OOJIBIINX CHCTEM YIIPaBICHUS.

4. IlyTu noJjiy4yeHusi JaHHBIX: BCeOOIMII KOHTPOJIb, BLIODOPOYHOE HCCIe/I0BAHME,
IVIAHMPOBAHNY IKCIIEPUMEHTA
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Bri6opouHoe ucciie[oBaHre PEACTABISIET COO0M CIIOCO0 CUCTEMATHYECKOTO cOOpa JaHHBIX O MOBEACHUU
U YCTaHOBKAax JIOJEH IOCPEICTBOM OMNpOca CHELUAIbHO IOAOOPAaHHOM TPYMIBl PECIOHIACHTOB, HAOIMINX
nHpopManuio o cebe u cBoeM MHeHHH. CBOe Ha3BaHUE OHO IONYYMIIO OJarofapsi MCIOIB30BAHHUIO CIICIHATBEHON
TpoIeIypsl 0TOOpa U3 OTPOMHON COBOKYIMHOCTH €IUHHII HCCIIEIOBAHNS (TeHEPaIbHOW COBOKYITHOCTH) HEOONBIION
4JacTH (BBIOOPOYHOI COBOKYITHOCTH), KOTOpasi OY€Hb TOYHO OTPa)kKaeT OCHOBHBIC MapameTpsl menoro. Ilpornemypa
MIOCTPOEHHSI BEIOOPKHM OCHOBaHA Ha METOJAaX MAaTEeMaTHYECKOH CTATHCTHKH M Oa3upyeTcs Ha NMPUHLIUIAX TEOPHH
BEPOSITHOCTH. BrIOOpOUHOE HccneioBaHue 0osee SKOHOMUYHO M HE MEHEE HaJIe)KHO, YeM CIUIOIIHOE, XOTs TpedyeT
0oJiee M3OLIPEHHON METOAMKHU U TEXHHKH. B KaTeropuio crienualucToB 1o BHIOOPOYHBIM HCCIIEAOBaHUSIM (Survey
Research) BximrouaroT uccieoBareneil B MApKeTHHIOBO - HCCIIEOBATEIbCKUX (HHPMaX, OpraHU3alusIX, H3yIaroux
00IIECTBEHHOE MHEHHWE, TOCYJAapCTBEHHBIX OpraHax, OW3Hece, TEJEeBHACHHHM, HEKOMMEPUYECKMX HHCTUTYTax, a
TaKke B (UPMax, 3aHUMAIOIIUXCS ONPOCHOM CTAaTUCTUKOW (survey statistics), IIOJUTHYECKUMHU, SKOHOMHYECKUMH,
COLMAIBHO-TICHXOJIOTHYECKUMH U PHIHOYHBIMH UCCIIEJOBAHUSMH.

Bompocsl, Ha KOTOpbIE OTBEUYAIOT CIy4alHO MOMNABIIME B BHIOOPOYHYIO COBOKYITHOCTH PECIOHICHTHI,
MOTYT OBITh KaK NHCBMEHHBIMH, TaK M YCTHBIMH. B mepBoM ciydae BBIOOPOYHOE HCCIIEIOBAaHHE HA3bIBACTCA
AHKETHPOBAHHMEM, BO BTOPOM -- HHTEPBhIOMpOBaHNWEM. [IOMIMO TpagUIIMOHHOTO aHKETHPOBAHUS M TPATULIOHHOTO
WHTEPBBIO (Ha COBpPEMEHHHBIN MaHep OHO Ha3bIBaeTca face-l0-face MHTEpBBIO, WM JTMYHOE WHTEPBBIO) CETOITHS
UCTIONB3YIOTCS HOBBIE METOANKH, B YACTHOCTH HHTEPHET-OIIPOC (OH-TaiH-01IpOC), TeNe(OHHOE HHTEPBBIO U T.1.

TpaanoHHOE aHKETHPOBaHHWE 3a pPYOEXKOM HMEHyeTcs NHHChMEHHBIM ompocoM (Written Survey).
Br1iensroT HOYTOBBIN OIIPOC, IPYNIIOBOE AaHKETUPOBaHNUE, HHAUBUYyaJIbHOE aHKETHPOBaHHUE.

[IpuMeHeHHEe BEIOOPOUYHOIO METOA, B3aMEH CIUIOIIHOIO, HCIIOJIB3YEeMOI0 TOCYJapCTBEHHOW CTaTHCTHUKH,
JlaeT BO3MOXKHOCTh IIy0O)Ke OpraHu3oBaTh HaOMIoJeHUs, obOecrieuuBaeT OBICTPOTY €ro NPOBEACHHS, NPHUBOAUT K
HKOHOMUH CPEJICTB U TPY/Ia Ha MOJy4eHUue U 00paboTKy MH(OpMAaLIUH.

BbIOOpouHBIi MeToJ HWCCIeNOBaHMS - OSTO Haubojee COBEpLICHHAas C Hay4yHOH TOYKHM 3pEeHHUs
Pa3sHOBHIHOCTh HE CIUIOIIHOTO CTAaTHCTHYECKOTO HCCIIC[OBAHUS HAa OCHOBE CTATUCTUYECKON WHIYKIWH, TPH
KOTOPOM XapaKTEPUCTHKH BCEH CTAaTUCTHYECKOW (TeHepalbHON) COBOKYHMHOCTHIO (N) IHONydaroTcsi B pe3yiabTaTe
W3y4IEHUs] HEKOTOPOil ee gacTu (n), 0OTOOpPaHHOH ¢ COOIIOCHNEM ONpPENEICHHBIX MPAaBMII (HAa OCHOBE CIIy4aiHOTO
0TOOpa) U ITOITOMY SIBIISFOLIICHCS PENIPE3EHTATHBHOM, T.€. PENPE3CHTATUBHOMN 1 TOCTOBEPHOIL.

CaMmplif BaXXHBIH ITPHU3HAK BBIOOPOYHOTO MCCIIECAOBAHUS - CIyJalHBIH XapakTep BBIOODKH, a TJIaBHAs €ro
0COOCHHOCTH 3aKJFOYaeTCsl B TOM, YTO IPH OTOOpE €AMHMIl COBOKYITHOCTH Ul 00CIENOBaHMS OOecreynBacTCs
paBHasi BO3MOKHOCTb B OTOOpaHHYIO 4acTh JI000i U3 eUHUIIL.

[Tpu mocTpoeHUH COLUONOTHYECKOI BEIOOPKH HCIIOJIb3YETCSl MHOXKECTBO CIIEHHUABHBIX TEPMUHOB, B TOM
YHCIIe Ba BAXKHEHIINX -- TeHepaNbHas ¥ BEBIOOPOYHAst COBOKYITHOCTH.

I'enepanbHas coBOKymHOCTh (N) - COBOKYITHOCTh €IUHUII, U3 KOTOPOU MPOU3BOIUTCS OTOOP HEKOTOPOH MX
JacTH I CTATUCTHYECKOTO MCCIIeIOBAHNUS.

BribopouHas COBOKYHNHOCTH (n) - COBOKYIHOCTh EAMHHI, KOTOpas oOToOpaHa W3 TeHepaJbHOU
COBOKYITHOCTH U TI0JIBEPTHYTA HAOJIOICHHIO (PETHCTPAIIMN HHTEPECYIOMINX HAC TIPU3HAKOB).

I'eHepanbHasi COBOKYMHOCTh (@ ciefoM 3a Hed UM BBHIOOPOYHAS COBOKYIHOCTb) MOXET OBITh
KOJIMYECTBEHHON MJIN KAUECTBEHHOMH, YTO 3aBHCUT OT TOTO, SIBJISIOTCS JIM TIPH3HAKK CBOMCTBA €AMHHI HAOIIOICHUS
KOJIMYECTBCHHBIM (BO3pacT) WM KadyeCTBEHHBIM (I0J). DTO pasiWyue MpEeArojaraeT, 4ro CTATHCTHYECKOe
ONMCAaHNE COBOKYITHOCTH HPHUHMMAET JIMOO0 (GopMy CpeaHMX apupMeTHYeCKHX, JH00 (opMy YAEIBHOTO Beca
(o). CoBepIICHHO €CTECTBEHHO, YTO MEXIy ITHMH IOKa3aTeNlsIMH (CpeIHUMH WM JOJSIMH) T€HEepaJbHOH M
BBIOOPOYHOI COBOKYITHOCTSIMH MMEETCSl KaKOe-TO pa3jiniue, MHaue rOBOPs, CYLIECTBYET OLIMOKa B ONpPEIeICHUH
MoKazatesel (CpeHUX WIIH J0JIei) BHIOOPOYHOM COBOKYITHOCTH HMEHHO MOTOMY, UYTO TIOCTEIHSS SBJSETCS 4aCThIO
reHepaJbHOM COBOKYIIHOCTH.

OwunOKN penpe3eHTaTUBHOCTH MPEJCTABIISIOT COO0M pacXoXkKIeHHE MEXAy MOoKa3aTeJsIMU BHIOOPOYHON 1
TeHEePaIbHON COBOKYITHOCTH, MOJYHUHSIOTCS ONPEAETICHHBIM CTATHUCTHYECKHIM 3aKOHOMEPHOCTSIM, YTO M MO3BOJISIET
paccunThIBaTh 00BEM BBIOOPOYHON COBOKYNMHOCTH. OHM MOTYT OBITH CHCTEMAaTH4YeCKUMH M ciydaiiHeiMu. Ecmu
NepBble BOSHUKAIOT B CBS3HM C OCOOEHHOCTSIMM IIPHUHSATOH CHCTEMBI 0TOOpa M 00pabOTKM AaHHBIX HAOMIOJNCHUH WM
B CBSI3M C HapylIEHHEM YCTAHOBJICHHBIX IPaBHJ OTOOpA, TO BTOPHIE - CJIEICTBHE HEJOCTATOYHO PaBHOMEPHOTO
MPE/ICTABIICHHUS B BBIOOPKE OTAEJILHBIX BHJIOB €IMHHUI] I€HEPAIEHONH COBOKYITHOCTH.

I'maBHOW mpoOeMOl BBHIOOPOYHOTO METOJNA SIBISETCS TO, HACKOJIBKO YBEPEHHO MOXKHO IO CBOHCTBaM
OTOOPAHHBIX OOBEKTOB CIIEIUTH O JICHCTBUTENBHBIX CBOMCTBaX I'€HEpPaJbHOW COBOKYITHOCTH. Ilo 3TOMy Becskoe
CyXJIeHHUE, C/IEITaHHOE Ha OCHOBE BHIOOPKH, HEM30EKHO MMEET BEPOSITHOCTHBIA XapakTep, M 3ajJada CBOIMTCS K
TOMY, YTOOBI CTEIIEHb BEPOATHOCTH TPABWJIBHOCTH CYXIEHHS (TOYHOCTh CTAaTUCTHYECKHX OIIEHOK) Obla,
BO3MOJKHO, OOJIBIIICH.

IMaanuposanue 3xcnepumenta (experimental design techniques) — xomriekc METOIOB MaTeMaTHIECKO

CTAaTHCTHKH, HAlpPaBJICHHBIX HA IOCTAHOBKY OIBITOB M MPOBEJCHHE PAl[MOHAJBHBIX W3MEPEHHUH, IOJABEPIKEHHBIX
CITy9aiHBIM OIITHOKaM.
OOmast cxema IpOBENCHMSI HKCIIEPUMEHTAa BBITJSANT cieayomuM obpasoM. Co ciydaiiHBIMH OMIMOKaMHU
M3MepsIeTCsl HEKOTOphIE BBIXOJHBIC IEPEMEHHBIC HM3Y4aeMOH CHCTEMBI, 3aBHCSIINME OT HEM3BECTHBIX 3HAYECHUH
HapaMeTpOB M M3BECTHBIX 3HAUCHHUH NEepeMEHHBIX-(aKTOPOB, a TaAK)KEe U3 BO3MOXKHBIX B3auMoJeHcTBUH. OCHOBHAS
Lelb IUIAHWPOBAHUS DKCIIEPUMEHTa — JOCTHIKEHHE MAaKCUMaJIbHOW TOYHOCTH HM3MEPEHHH INpH MUHHMaJbHOM
KOJIMYECTBE ITPOU3BEICHHBIX OIBITOB M COXPAHEHUN CTaTUCTUYECKOW JIOCTOBEPHOCTH PE3yJIbTATOB.
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OCHOBHBIE 3Talbl INTAHNPOBAHUS IKCIIEPUMEHTA:

YcTaHOBIEHNE 1IEIN SKCIIEPIMEHTa — ITOCTAaHOBKA LENIEH U 3a[a4 MPOBEICHNS SKCIIEPHMEHTA,;

YTouHEeHHE YCIOBUH NpPOBEICHUS DJKCIEPHIMEHTa — BBIOOp OO0OpyHOBaHHSA, CPOKOB pPaboOT, crocoba
MPOBEICHUS YKCTIEPUMEHTA U T.IL.;

Br160op BXOAHBIX M BEIXOTHBIX MAapaMETPOB — BBHIOOP 3aBUCHMOM M3MEpsIeMOH MepeMeHHOM, onpeeieHne
CITly4alHBIX ¥ JETEPMUHNPOBAHHBIX HE3aBUCHMBIX NIEPEMEHHBIX;

YcraHoBlIeHHE HEOOXOAMMOW TOYHOCTH pE3YJIbTaTOB HM3MEPEHHH — BBHIOOp KOMIIpOMECCA MEXKAY
MUHHMMAaJbHBIM YHCJIOM HCIBITAHUM U CTATUCTUYECKOI JOCTOBEPHOCTHIO MOTYyYaeMbIX pPe3yJIbTaToB;

CocraBneHue IUlaHA M INPOBEAECHUE 3KCIIEPUMEHTa — KOJMYECTBO U MOPSNOK HCHBITaHUI, 3anaHue
COBOKYITHOCTH 3HAUEHHI 3a/1aBa€MBbIX NIEPEMEHHBIX-(DaKTOPOB U UX B3aMMOJICHCTBHUI B DKCIIEPUMEHTE;

Craructuueckas o0pabOTKa pe3ylbTaTOB OJKCIIEPUMEHTa — IPUMEHEHHE METOJI0B MaTeMaTHYEeCKOH
CTaTHCTHKH AJIs1 00pabOTKH Pe3yabTaTOB, IOCTPOSHHE MaTEMATHYECKOH MOZIEIH SKCIICPUMEHTA;

DopMynupoBaHUE BHIBOJIOB.

[TnanupoBaHne SKCIIEPUMEHTa IIMPOKO HCIOAB3YIOT B TPOMBIIUICHHOW CTaTUCTHKE. B yclmoBmsx
MPOMBIIIICHHOTO 3KCIIEPUMEHTa €r0 OCHOBHAS IIEJb 3aKIIOYAcTCSl B ONMPENCICHUH MaKCHMAaJIBHOTO KOJIMYIECTBA
nH(pOpMaLUK O BIUSHAN W3ydaeMbIX ()aKTOPOB HA NMPOM3BOACTBEHHBIH MPOLECC C MOMOINBI0 HANMEHBIIETO YUCTa
JOPOTOCTOAMNX HaOmoAeH!H. MeTopl aHaIM3a JTaHHBIX IPOMBIIIIIEHHBIX SKCIIEPUMEHTOB OITUPAIOTCS Ha TEOPUIO
BEPOSITHOCTEH M METOJbl MAaTeMaTHUeCKOM CTATHCTHKH: KOPPEISINMOHHBIA aHaln3, PErpecCHOHHBIN aHanms,
JIMCTIEPCUOHHBIN aHaIN3.

5. JIKCNepTHbIE OLEHKH

OxcnepTHas onenka (methods for expert evaluation) — aTo MeTox moucka W pe3yabTaT MPUMEHECHHS
METOA, HOJ'Iy‘-IeHHI:Iﬁ Ha OCHOBAaHMHM HCHOJIb30BaHUA IICPCOHAJIBHOI'O MHCHUA IJKCIICPTa WKW KOJUJICKTUBHOT'O
MHCHUA I'PYNIILI 9KCIICPTOB.

3KCHepT— KOMIICTCHTHOC JJIsA BI)Ipa6OTKI/I OIICHKH JIMIIO, UMCIOIICC CHCI_II/IaJ'H)HI:Jﬁ OIIBIT B KOHerTHOﬁ
00JIaCTH U y4acTBYIOIICE B HCCIICIOBAHMU B KaUeCTBE MCTOYHHKA IOTydeHus! nHGopmanun. OYEeBHIHO, B KAa4eCTBE
9KCHEPTOB HEOOXOAMMO HCIIOIB30BATh TEX JIOACH, YbH CYXKICHHS IIOMOTYT MPHHSTHIO aeKBaTHOrO perueHus. [Ipu
nondope JKCIEPTOB CICAYET YYHTHIBATH OMACHOCTH JINYHOW 3aWHTEPECOBAHHOCTH B TOM HIIM WHOM DEIICHHH,
KOTOPBII MOXET CTAaTh CYLIECTBEHHBIM IIPEISITCTBHEM [UISI IOIYYCHHSI 0OBEKTHBHOTO PELICHHSL.

MeToabl IKCHEPTHHIX OLEHOK — 5TO METOJABI OpPTaHH3alUH PabOTHl CO CICHHANICTAMH-IKCIICPTAMH U
00pabOTKN MHEHHUH SKCIIEPTOB.

CyLIHOCTH METOOB JIKCHEPTHBIX OLEHOK 3aKI0YaeTCs] B TOM, YTO B OCHOBY MHPHHSTOTO PEIICHUS,
IMPOTHO34a, BBIBOJIA 3aKJIAABIBACTCA MHCHHC CHEIUAINCTAa WM KOJUICKTHBA CICHHUAJIMCTOB, OCHOBAHHOC Ha HUX
3HAHUSAX M MPAKTHYECKOM HPO(ECCHOHAIBHOM OMbITe. B mepByr0 ouepenpb, SKCIEPTHOW TOCTOWHA HA3BIBATHCS
TOJIBKO Ta OIICHKA, KOTOpas MPpUACPKUBACTCA IMPaBUT 00BEKTUBHOCTH M YECTHOCTH.

MeToabl NOJIyYeHNUsI IKCIEPTHOM OLEHKH:

o HA OCHOBe KOLNEKMUGHOU pabomvl IKCNePMHOU 2pynnovl, KOTJa NTOrOBas OLIEHKA IPEACTABISICT
CO0Ol KOJUICKTHBHOC MHEHHE KCIIEPTOB, MOJIYYCHHOE METOJOM KOHCEHCYCa — HPHHITHEM PEIICHHS HA OCHOBE
oburero cormacusi 6€3 MPOBEICHHS FOJIOCOBAHUS

o HA OCHOGe UHOUGUOYALLHO2O MHEHUs! YICHOB SKCIEPTHON TIPYIIIbL, HE3aBHCHMO APYr OT Apyra
(bOpMyIHPYIONIMX OLIEHKY HJIA HA OCHOBAHMU MHEHUSI JIUEPa MHEHUSL.

MeToapl KOJIEKTHBHOI PaGoThl IKCIEPTHOH IPYNIbI IPEAIOIAraloT MOJTyIeHHe OOLIEro MHEHHS B
XO0JIe COBMECTHOTO 00CYXICHHS perIaeMoil mpooaeMbl.

. MO03208a51 amaxa (M0320801 wimypm) — BBICTYIUIGHHE 3KCIEPTOB, Ha KOTOPHIE HAJIOXKEHO OIHO
OrPaHUYEHUE — HENb3sl KPUTUKOBATD IIPEMIOKEHUS JPYTUX;
. MemoO «635» — OfHA W3 PAa3HOBHIHOCTEW MO3roBoil ataku. Lludpsr 6, 3, 5 0003HA4AOT mIECTh

y‘-IaCTHI/IKOB, Ka)KJlBIﬁ n3 KOTOpBIX JOJDKEH 3aIlucaThb TpI/I HUIACU B TCUCHHEC IISITU MHUHYT. HI/ICT XO0OUuT II0 prFy
Takum 00pa3oM, 3a MmoJigaca KakIpli 3amuiieT B cBoi aktuB 18 umeii, a Bce BMecte — 108;

. 0enosasi uzpa — METOJ, OCHOBAaHHBIM Ha MOJEIMPOBAHWHM (YHKIIMOHWPOBAHUS COLMAILHOM
CHCTEMBI yIPaBJICHUsI P BHIIIOJIHEHUH OTIEpAIUi, HAllPaBJICHHBIX Ha JOCTH)KEHHE ITIOCTABICHHOW LIEITH.
. oyenka Komuccueli— OJUH W3 METOAOB OKCIIEPTHBIX OIIEHOK, OCHOBAaHHBIH Ha paboTe

CIEIUAIbHBIX KOMUCCHH. ['pymmbl SKCTIepToB 3a "KPYIJIbIM CTOJIOM" 00CYXKIAlOT Ty WM HHYIO IPOOJIEMY C IIEJIbIO
COTJIACOBAHUsSI TOYEK 3PEHUSI U BHIPAOOTKU €JMHOTO MHEHHSI.

. "cyo"— Meron, peamu3yemblii M0 aHAJOTHU C BEJCHHEM CyneOHOro Mpolecca, KOraa B POJH
"MmoACyIUMBIX" BBICTYHAIOT BEIOMpacMBble BAPHAHTHI PEIICHHUS;

Mertoapl TOJIy4eHUsI HMHIMBHIYAJIbHOI0 MHEHHUsS WICHOB OSKCIEPTHOW TIPYINNbl OCHOBaHBI Ha
MpeIBApUTEIHLHOM MOIYYCHUH HHPOPMALIUU OT HKCHEPTOB, OMNPAIIMBAEMBIX HE3aBHCHMO JPYr OT JApyra, ¢
mocieAytomeld 00paboTKOM MOTYIeHHBIX JAHHBIX.

. Mmemoo "Jlenvpu""— pazpaboTka IpOrpaMMBbl MOCIETOBATEILHBIX MHOTOTYPOBBIX HHIUBUAYATbHBIX
OIIPOCOB;

. Memoo0 unmepawio TpeArnonaraet 6eceay ¢ IKCIepTOM 0 CXeMe BOIPOC — OTBET;
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. MemoO 00Knada TIPeIyCMaTPpUBaeT TINATEIBHYI0 CaMOCTOSTENBbHYIO pPa0OTy »JKcrepra Hax
aHAJIM30M, C PEJI0CTaBICHUEM MHEHHS B BH/IE aHAJTMTUYECKOMN 3aIUCKH.

Cnoco0dbl BblpaﬁOTKPl KaK KOJUIEKTUBHBIX, TaK U IEPCOHAJIBHBIX SKCIICPTHBIX OLICHOK:

o OYeHKa Ha OCHOse accoyuayuti — cnoco0, OCHOBAHHBIH HA H3YyYEHHH CXOXKEro IO CBOWMCTBAM
00BEKTa C IPYTUM 00BEKTOM;

. oyenKa Ha ocroge nonapuuix (OuHapHIX) cpasHeHull — cnocob, OCHOBAHHBIA HA COIIOCTABICHUU
9KCIEPTOM aJIbTEPHATHBHBIX BApUAHTOB;

. OYeHKa HA OCHO8e BeKMOpPO8 npeonoumeHuti —CIocod, OCHOBAHHBIM Ha HKCIEPTHOM aHAIU3e U
nepebopa Bcero Habopa ajJbTepPHATUBHBIX BAPHAHTOB M ONpPEAEICHIH HanboJiee MpeAnoYTUTEIbHOTO.

. OYenKa Ha 0cHoge PokanbHblX 00bekmog — CIocod, OCHOBAHHBIM Ha IEPEHECEHHU IPHU3HAKOB
CIIydaifHO OTOOpaHHBIX aHAJIOTOB HA MCCIETyEeMBIH OOBEKT.

o OYeHKa HA OCHO8e NOUCKA cpedHell mouku— (GOPMYIHPYIOTCS [1Ba aJbTCPHATHBHBIX BapHaHTa

pemienust. Ilocime 3TOTO SKCHEPTy HEOOXOAMMO MONOOpaTh TPETHH ANbTEPHATHBHBIA BapHAHT, OLEHKA KOTOPOTO
pacnosoKeHa MeKy 3HaU€HUH epBOM U BTOPOH alIbTEPHATHBBI.

IIpuMeHNMOCTHL MeTO/1a IKCHEPTHBIX OLIEHOK. DKCIICPTHBIEC OLCHKH IPUMEHSIOTCS Ha JIFOOOM 3Tare
WCCIIEZIOBaHMS: B ONIPECICHUH eI U 3aJa4l CaMOTO HCCIIEI0BaHMS, B IOCTPOCHNH U MIPOBEPKE TUITOTE3, IPH
BBISIBJICHHH TIPOOJIEMHBIX CUTYallWii, B X01€ MHTEPIPETAIIMH KaKHX-JTHO0 MPOIECCOB, COOBITHI MITH (HaKTOB, ISt
000CHOBaHUS aJIeKBaTHOCTH MCIOJIB3YEMOr0 HHCTPYMEHTapHsl, B IIpoLiecce BEIPaOOTKU PEKOMEHAAIMIH | T.]I.
OKCHepTHBIE METO/BI OLIEHKH NPUMEHSIOT B CUTYalMsAX, KOTIa BEIOOP, 00OCHOBaHUE U OLICHKA PEUICHUH HE MOTYT
OBITh BBITIIOJIHEHBI HA OCHOBE TOUHBIX pac4ycToB.

1. 4 Jlekuus Ne4 (2 gaca).

Tema: «TexHUKO-IKOHOMHYECKHE MO/IeTH ONTUMHU3ALNHU APAMETPOB U PE:KMMOB PadoThI
MAIIMH U 000py10BAHUSN»

1.4.1 Bonpocsl JieKuum:

1. Ilenu TEXHUKO-?KOHOMUYECKOM OIIEHKU IapaMeTPOB U PEKUMOB MAILIUH U
000pyJIOBaHUS B CEIbCKOM XO3SHCTBE

2. Ilpumepsl MoJiesel OLIEHKH 11e71ecO00pa3HOCTH HMHHOBAMOHUPOBAHUS

3. CylHoCTh TMHEHHOTO MTPOrpaMMHUPOBAHUS

1.4.2 KpaTkoe conep:kaHue BONPOCOB:

1. He.]'ll/l TEXHUKO-IKOHOMHYECKO OLleHKH mapaMeTpoB U PEKUMOB MAIUH U

000py/10BaHNS B CEJIBCKOM X031 CTBE

Llenu mexHuK0-IKOHOMUUECKO20 AHAIU3A KOHCTPYKIIMH MAIIMH MOTYT OBITh Pa3IHMYHBIMH: OICHKA
MOTPEOUTEIBCKIX KAYeCTB MPOCKTUPYEMOH MAIMHBI, €€ KOHKYPEHTOCHOCOOHOCTH II0 CpPaBHEHHIO C
HeﬁCTBy}OHlHMH, a TAaKXC€ MCPCHEKTUBHBIMKW MAalllMHAMU aHAJOTMYHOTO OKCIUTYaTAallMOHHOTO HAa3HA4YCHMHA, OT60p
HaHquHJeﬁ 10 DKOHOMHWYCCKUM IMOKAa3aTCJIAM KOHCTPYKIIMU U3 MHOI'MX BApHUAHTOB U T. 1. BapnaHT KOHCTPYKIINHN
MAaIIuHBI, HpHHHMaeMOﬁ K IPOU3BOJCTBY, TOJKEH UMETH CYIIECTBCHHBIC IPEUMYIICCTBA IO CPABHCHUIO C IPYTUMHU
BapUaHTaMU: oGecnethaTL BBICOKYIO TIPOU3BOAUTEIILHOCTD 06H_ICCTBCHHOFO Tpyaa MW BBICOKOC Ka4Y€CTBO
MIPOM3BOIUMOM MPOIYKINHU; 00JIeTdaTh TPyl paOOTHUKOB U JIp.

Hcniouumenvno 6onbuioe  3nauenue umeencBOSBPEMEHHOCTh M BBICOKOE KadeCTBO TEXHHKO-
JKOHOMHUYecKoro aHanmsa (179A4). B mpakTuke, K COXaJICHUIO, MHOTOYHCICHHBI CIIyYaW, -KOTJa W3-3a HU3KOTO
kadecTBa TIAHOBBIX KOHCTPYKIUI WM TO3HETO €ro MPOBEACHUS B MPOU3BOJICTBO IMPUHUMAIHCH SKOHOMUYECKU
Hea(dekTuBHBIC MaMHBL. Jlake pacyeThl, MPOBEICHHBIC 10 HaYalla CCpUHHOTO W3TOTOBIICHHUS HOBOW MAIIIMHBL, HE
HCKITIOYAIOT OMpPEIEIICHHBIX MOTEPh, CBA3AHHBIX C 3aTpaTaMH Ha co3jaHue u ocBoeHue HOBOH TexHuku (COHT) B
TEX CIIy4Yax, KOTJa 3Ta MallliHa OKa3bIBACTCS YKOHOMUYECKH HeI()(DEKTUBHOM.

Ve Kk KOHIy (opMuUpOBaHHS NPUHIMITUAIGHOW CXEMBl MAIIMHBI M OCHOBHBIX €€ XapaKTepUCTHK
npeperIaeTess npuMepHo 75 % 3arpar Ha €e W3rOTOBJICHHE W JKCIUTyaTtammio, XoTs 3arparel Ha COHT eme He
mocturima U 5 % oOmeit cymMMmbl. B cBsS3M ¢ 3THM pacdeThl SKOHOMHYECKOW 3(p(EeKTHBHOCTH HOBOH MAaIIWHBI
JIOJDKHBl HAYWHATHCS eIle MpH pa3paboTke TeXHUYecKoro 3anaHus (73) M MOCTETICHHO YTOYHSATHCS (O Mmepe
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Hakonnenusa uH@opmayuu) HA BCEX CTAAMUAX MNPOECKTHPOBAHMA, YTOOBI KAaK MOXHO paHbIIE MPEIOTBPATHTH
BO3MO>KHOCTB TIOJTyYEHHUS] SKOHOMUYECKH HEI(D(HEKTUBHON KOHCTPYKIIHH.

Heo6x00umo obecneuums NOCTATOYHO BBICOKYI0 TOYHOCTH pAacueTOB Ha OCHOBE OTrpaHHMYCHHOU
nHpopmanuu. CKyIHOCTh HCXOAHOW MH(OpMAIu 0COOSHHO XapaKTepHa JJIS MPEIIpPOCKTHOW CTaIWH W PaHHHUX
CTaJui MPOEKTUPOBAHMUSL.

B npouecce pazpabomku T3 1 Ha cTaguy TEXHIHYECKOTO MPEATIOKCHNS MHPOPMAIIS IO MPOSKTHPYEMOH
MalllHe YaCcTO OrpaHUYeHa 3HAYEHUSIMH HECKOJIBKHX OCHOBHBIX ee mapamerpoB. OIHAKO yKe Ha 3THUX CTaausX
HEOOX0/IMMO HMMETh YBEPEHHOCTh B TOM, YTO 3TH 3HAY€HHs BBIOpaHBl NPaBUIbHO W JalbHEHIIas pa3paboTka
MpOEeKTa Ha UX 0a3e 1acT IKOHOMHYECKH 3()h(PEKTHBHBIC PE3YIIbTATHI.

Cpedu mexHuko-IxoHomuueckux noxazameneii e cghepax COHT u npou3zeodcmea gbldensniont:

PacxoHble mokazaTeay - MaTepUaloeMKOCTh U TPYJIOEMKOCTh, HA OCHOBE KOTOPBIX IPOTHO3UPYIOT B psijie
cily4aeB ce0eCTOMMOCTh MallIMHbI, eAnHOBpeMeHHbIe 3aTpaThl Ha COHT, kanmuTanoBiioxeHus: B IPOU3BOJICTBO.

VHu(pUKaINOHHBIE ¥ CTaHAAPTU3ALMOHHBIC II0OKA3aTelH, CYIIECTBEHHO BIHAIOIINE HAa BEJIUYHHY
€IMHOBPEMEHHBIX U TEKYIINX 3aTpat B c(hepax MPON3BOACTBA U IKCILIyaTaI[H MALINHBI.

BpemeHnHbIe MOKa3aTeNd, ONpENeISIONIne CPOKH 3aTpaT B cdepax mpousBonactBa(exiouas COHT) u
9KCIUTyaTaIIH.

Cpedu nokazameneii 8 chepe IKcnayamayuu vldenarom:

INokazaTenu Npon3BOIUTENEHOCTH MAllIMHBI B €AMHUILY BPEMEHH.

IMokazaTenu HaEKHOCTH MaIIMHBL: 0€30TKa3HOCTh, JOITOBEYHOCTh, PEMOHTOIIPUTOIHOCTD U .

pacXoJHBIC MOKAa3aTCJIM - 3aTpaTbl Ha OKCIUTyaTallMIO MallWHbl B C€AWMHHUIYY BPEMCHHM, Ha CIAUHUILY
NPOAYKIIMM HIM pabOoThl, a TaKKe CONMYTCTBYIOIIME KaNUTAIOBJIOKCHMS, CBS3aHHBIE C €€ NPUOOPETCHHEM HU
JKCIUTyaTalue.

Cuctema nokasaTesei, BIUSIONINX Ha SKOHOMHYECKYI0 3((EeKTUBHOCTh MallIMHbI, [TI0Ka3aHa Ha puc. 4.1.

Hcxo0s u3z paccmompennsix mpehoganuii i HEOOXOJMMOCTH MPEIBAPUTEIFHOTO ONPEAEICHHUS OCHOBHBIX
sKoHOMHUecKkHx Tmokazareneil B cucteMe COHT,mpon3BOACTBEHHBIX M 3KCIUTyaTallMOHHBIX MapaMeTpoB U
MOKa3aTeJeH, MOJKET OBITH MOCTPOEHA MPUHONIHATEHAS cxema CPaBHHUTEIIFHOTO
MHOTroBapuaHTHOrO TIA mpoekTHpyeMoii MaluHsbl (puc. 4.2).

IIposodumpie pacuemst 0012icHbl OOECTICUNTh HE TOJBKO BO3MOKHOCTH BBISBICHHS ASKOHOMHYECKOM
3¢ GEKTUBHOCTH KOHCTPYKIIMY MAIIMHBI, HO M TIOMOTaTh B ONPEJCICHNH MyTeH €e MOBBIMICHU Ha KaKI0H CTaanu
MPOEKTUPOBAHMS.

| l

| Pacxoduse noxazameny § cpepe npousfodemba J
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[ e e e e e e e ke e e e e e )
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Puc. 4.1. Cucrema nmokasatesei, OnpeesiomnuX SKOHOMIUECKYTO 3((EeKTUBHOCTh MAIINHBL.

Memoowsl_pacuemos, OCHOBaHHbIC Ha HUCCICA0BaHUNU B3aMMOCBS3€ YHCJICHHBIX 3HAUCHUM TEXHHYCCKHUX
napamMeTpoB MalluHbl U €€ IJKOHOMHYCCKUX HOKaBaTCHCﬁ, a TaKKE PpacCUCTHBIC (bOpMyJ'H:I, OTpaXarolue 5STYy
B3aMMOCBA3b, HOJDKHBI JaBaTb BO3MOXHOCTH KOHCTPYKTOPY HOpEABUACTH, C O,Z[HOI7[ CTOPOHBI, KaK HN3MCHCHUC
YHCIICHHBIX 3HAYCHUMI napaMeTpoB MallIWHBbI BJIUACT HAa S5KOHOMHUYCCKYIO S(b(l)eKTI/IBHOCTB €€ HCIIOJIb30BaHMA, C
}.'[pyl"Oﬁ CTOPOHBI, «BBIXOJAWUTH» Ha JSKOHOMHUYECKH OINTUMAJIIbHBIC YHUCJICHHLIC 3HAYCHUS KOHCTPYKUIMOHHBIX
rnapamMeTpoB.
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ITosTOMy BCe 4Yallle UCIOJIB3YETCs MOHATHE TEXHUKO-3KOHOMHUYECKas onTuMusanus (T0), npu KOTopoi
MPOIIECCHl KOHCTPpYHUpOBaHUS W TIACTAHOBATCS €IWHBIMH, T. €. OJOK «DKOHOMHKA», OCOOCHHO B CHCTEMax
aBTOMAaTH3MPOBAaHHOTO TpoekThpoBaHus (CAIIP), HEOCPEICTBEHHO BCTPAWBACTCS B CHCTEMY KOHCTPYKTOPCKHX
pacueroB (puc. 4.3).

Ilenvro maxoit TIO sBNsieTCST HENMOCPEICTBEHHBIH BBIXOJ HAa CHCTEMY SKOHOMHYECKH OITHMAlIbHBIX
YHCIICHHBIX 3HAYCHWIH MapaMeTpoB KOHCTPYKIWH, YCTaHABIMBAEMBIX Ha JAHHOW CTaguM NpoeKTupoBaHmA. [Ipm
9TOM 3HA4€HHMs1, ECTECTBEHHO, JIOJDKHBI IOJHOCTBIO yIOBIETBOPATH TpeboBanusm T3.

T30 peanuzyemca ¢ 0uano208om pexcume pavomor CAIIP na ocnoge:

TeopeTnyeckux M METOIUYECKHX pa3pabOTOK MEXKOTPAcleBOrO M OTPACIEBOrO XapakTepa, KOTOpbIe
KJIaayTcs B OCHOBY opHunanbHbIXx MeToank TIA u TIO st Bcex cTaauii IpoeKTHPOBaHUSI.

MaremaTiyeckoro armnapara, OOECIIeYHMBAIOIET0 BO3MOXHOCTh IPOBEAEHHS JIOCTATOYHO TOYHOTO M
HazgexxHoro TOA mim kayectBeHnoi TIO.

JlocTaTouHOTO Kpyra CTaTHCTHYECKHX NAHHBIX MO0 TEXHHUKO-dKOHOMHYECKHM ITapaMeTpaM M IOKa3aTelsM
JIPYTUX MallWH aHAJIOTHYHOT'O Ha3HAYCHIS, TEXHOJOTHUECKAM M OPTaHW3allMOHHBIM YCIIOBHSM HX IMPOU3BOJICTBA,
TEXHUKO-?KOHOMHYECKUM SKCIUTYaTallHOHHBIM TTapaMeTpaM U IMOKa3aTelsiM | T. 1.

BBICOKOTIPOM3BOANTENEHOW ~ BBIUMCIHUTEIBHOM ~ TEXHHUKH C  OONbIIMM  O0OBEMOM  TAMSTH,
ABTOMATH3MPOBAHHBIX CHCTEM TEXHUKO-9KOHOMHYECKON MH(POPMAITUH.

Hcnonp3oBaHuss OOYYCHHBIX CIEIHMAIHNCTOB, YMCIOIIUX CBS3aTh B COUHYIO CHCTEMY pPa3HOPOIHBIC
napaMeTpsl U MOKa3aTelld, TOCTPOUTh TEXHUKO SKOHOMUUECKHUE, a 3aTeM U ’KOHOMHMKO-MaTeMaTHUECKUEe MOAETH UX
B3auMocBsizel, mposectd TIA 1 TIO 1o npaBHIbLHO BEIOPaHHOMY YKOHOMHUYECKOMY KPUTEPHIO.

Civit YCJI0BUA CO3JaHbI MOKA JIUIIb B OTACJIbHBIX OTPACIAX MAIIMHOCTPOCHUA U TO AJAJIEKO HE IOJIHOCTBIO.
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(madun
npoexmupofanun

{

Pacyem -
U KOWCMpPYKMOpCKUY

onpedennemsix Ha GaHnod
cmaduu

awanu3 naparempol mawu,

(pabnumensmord
MeXHUKO ~3KOHOMUYELKUU
awanus Bapuanmol
KOHCMPYKYUU

Hem Odecneyenve
FKONOMUYECKOU
sppexmubrocmy

Vla

Omdop Bapuanma
KOHCMpYKyuu € MaKcumansHod
FKOHOMUYECKOU

Fppexmubrocmsro

Puc. 4.2. Yxpynuennas cxema npoBesieHns1 TOA MalIMHbI Ha CTa usIX IPOSKTUPOBAHMSL.

Hont Ydobnembopenue Kpumepua
mpedobarua IKUHOMUYEC KOO
Jaxasyuxa sppexmubrocmy
' Aa

K cnedyrowed cmaduu npoexmupolanun
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{madus
npoexmupobarun

Pacyem
U MexHUKo — 3KOHOMUYECKAA
onmumusayus napamempoll mawun,
onpedensemeix Ha 0annoU
cmaduy

-

Kpumepud Ydobnembopenuve
FKOHOMUYECKOU mpedobanui
sppexmubracmu Jaxasyuxa | Hem |
u odecneyenue
IKOHOMUYELKOU
Fppexmubnocmu

{ Ja

Omdop Bapuanmol
KOHCMPYKYUU € MaKcuMmansHod
FKOHOMUYELKOU
Jppexmubrocmesro

K cnedyrowed cmaduu npoexmupobanus

Puc. 4.3. YkpynueHnas cxema npoBenenns: TOO Ha cTaausx NpOSKTHPOBAHHUSI.

2. HpHMepbl MOIIeJIeﬁ OILlCHKH IIeJIeC006pa3HOCTI/l HHHOBAIIUOHUPOBAHUA

VHHOBaImMOHHAsT ~ JIATENBHOCTh —  JEATENIFHOCTh IO JOBEACHUIO  HAyYHO-TEXHHYECKUX  HIACH,
n300peTeHnid, pa3paboOTOK [0 pe3ynabTaTa, NPHUTOJHOTO B IMPAKTHUYECKOM HCIIONB30BAaHUH. B moixHOM 00BEME
WHHOBAIIMOHHASA JAEATEIBHOCTh BKIIOYACT BCE BHIBI JEATEIBHOCTH MO pa3pabdOTKe, OCBOCHHIO U IPOU3BOCTBY,
a TaK)Ke pean3alii HHHOBAIUIA

B uem cywgnocmo sxonomuneckoil 3¢pghexmusHocmu UHHOBAYUOHHOU OesimeabHOCIu?

OcymiecTBICHAE WHHOBAIIMOHHOMN, KaK W JIIOOOW JPYro, JEsTEIhHOCTH BCETNia CBS3aHO C Pa3IMYHBIMU
BHYTPCHHUMH U BHCIIHUMH 3arparaMu. [lo3TOMy dYTOOBI ONpEAeNuTh HKOHOMHYECKYIO 3(PQEKTHBHOCTH
HMHHOBAIMOHHOH JIEATEIILHOCTH, HEOOXOIUMO OLICHUTH Y3 (PEKTHBHOCTD 3aTpaT Ha Hee.

Crnenyer paznuyath 3(QQEKTUBHOCTh 3aTpaT Ha WHHOBALMOHHYIO [ESTENbHOCTh Yy MPOM3BOAUTENCH
(TIpoaBIIOB) M Y TIOKYTIATECH.

Yem paznunaemces paccmampugaemast SPHexmusHocms y npousgooumeretl u noKynameneu?

OCHOBHBIM KpHTEpHEM OOOCHOBAaHUSI SKOHOMHUYECKOH 3()()EKTHBHOCTH WHHOBALMOHHOW IESTEIHHOCTH
y Ipou3BoAMTENCH (TPOAABIIOB) SBISETCS €€ PE3YJIbTAT: YHUCTBHIH JTUCKOHTHPOBAHHBIA JIOXOM, KOTOPBIi
OTIpeNeNsAeTCs IMyTeM CpaBHEHHS MPOM3BEACHHBIX 3aTPaT U MOJTYYaeMBIX PE3yIbTaTOB M MPUHUMAETCS 3a 0a3y Ui
BCEX MOCJICAYIOUIMX OOOCHOBAHUI SKOHOMHYCCKOW I(PPEKTHBHOCTH KOHKPETHOI'O WHHOBAIIMOHHOTO IPOCKTA.
Kpome TOro skoHomuueckas 3(p(eKTHBHOCTP MHHOBAIIMOHHOW MCATEIHHOCTH BKIIOYACT B ceOsl OMpeleICHUE
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W IPYTHX PAaCCMOTPEHHBIX HAMH IOKa3aTellel: MHICKCa JOXOTHOCTH, CPOKa OKYIIaeMOCTH KalHWTaJIbHBIX 3aTpaT
Y BHYTpEHHEW HOPMBI  JIOXOJHOCTH  IPOEKTa. 3aBepIlacTcs ONEHKAa ONpeACNiCHHEM  YCTOWYHBOCTH
1 9yBCTBUTEILHOCTH OCHOBHBIX SKOHOMHYECKHX XapaKTEPHCTHK MPOEKTa K M3MEHEHHWIO BHYTPEHHUX M BHEITHHUX
apaMeTpOB.

OkoHOMHUYECKYIO 3(PPEKTUBHOCTE HHHOBAIMOHHON NEATEIHHOCTH Yy MOKyHaTelneld Hy)KHO pacCMaTpHUBaTh
¢ MHOM cTopoHHL. [lokymarens, mproOpeTast HOBIIECTBA, COBEPIICHCTBYET CBOIO MaTepHAFHO-TEXHUIECKYIO 0a3y,
TEXHOJIOTHIO TMPOU3BOJCTBA U ympaBieHus. OH HeceT 3aTparhl, CBSI3aHHbIE C IOKYIKOH HOBILECTBA, €ro
TPaHCIOPTHPOBKOH, OcBocHHEM U Jip. D((EKTUBHOCTH 3aTpaT MOKYHATess Ha MCIOJIb30BaHUE HOBIIECTB MOXHO
OTIPEJIeIIAATh, a TAKXKE YIPABISITh €10, Uepe3 CPaBHEHHUE CIEAYIOIIUX MOKa3aTeneil:

L4 3aTpaThbl HAa MMPOU3BOACTBO U pCaTU3aAlUIO MPOAYKIIUU 10 U TOCJIC BBEICHUA HOBIICCTB,
° BBIPYYKY OT pCajin3allii NpOAYKIIUH OO0 U IMOCJIC BBEACHUS HOBIICCTB,

L4 CTOUMOCTH l'[OTpeGJ'IHeMI)IX PECYpPCOB A0 U NTOCJIC BBCACHU S HOBLICCTB,

° CPEAHECTIMCOTHYIO YUCJIEHHOCTD IEPCOHATIA U T.1.

Ymo mul noHumaem noo yCcmouuugocmuio?

I[Tox yCTOWYMBOCTRIO TIPOEKTa IMMOHWMAETCS TMpPEAeTbHOEC HETaTUBHOE 3HAUYCHHE aHAIM3HPYEMOTO
TTOKa3aTeNsl, IPH KOTOPOM COXPaHASTCS SKOHOMHUYECKAs IeIeco00pa3HOCTh peann3aliii MpoeKTa. Y CTOMIUBOCTh
MPOEKTa K M3MEHEHHIO aHAIM3UPYEMOTO MOKAa3aTeNs PACCUUTHIBACTCS MCXOJS W3 IMpupaBHUBaHUA K 0 ypaBHEHUS
s pacuera NPV.

IIpoexT cuuTaeTcsi yCTOMUMBEIM, €CIIM MIPH OTKJIOHEHUHU TMOKa3zaTeiel MpoekTa (KamuTajdbHbIe BIIOKEHUS,
00beM MpoJaX, TEKyIIHe 3aTpaThl U MakpodkoHomudeckue ¢akTopsl) Ha 10% B XyAlLIyI0 CTOPOHY, COXpaHsIeTCs
ycimosue NPV = 0.

Ymo Ml nonumaem noo 4yeCcmeumenbHOCmvio?

UyBCTBUTEILHOCTh K M3MCHEHHUIO IIOKa3aTelsl ONpEACHseTCs TakKe C IOMOINBI aHaliM3a, Korjaa
aHaM3UpyEeMBbIN Tokazatenb u3MeHsercs Ha 10% B cTOpoHy HeraTMBHOTO OTKIOHeHHsA. Ecnu mocnme storo NPV
OCTaeTcs TIOJOXKUTEIBHBIM, TO HHHOBAIMOHHAS JACSITCIBHOCTh CYHMTACTCS HEUYBCTBUTEIBHON K M3MEHCHHIO
nmaHHOTO (hakropa. Ecnm xxe NPV npuHEMaeT oTpunareapbHOe 3HAUCHHE, TO IEATEIFHOCTh IMEET YyBCTBUTEILHOCTh
MeHee 10%-Horo ypoBHS M IIPU3HACTCS PUCKOBAHHOM 10 JaHHOMY (DakTopy.

Ymo ewe credyem yuumvleams npu oyenKe 3ppexmusHocmu UHHOBAYUOHHOU OeSIMENbHOCU?

B pBIHOYHBIX YCITOBUSAX XO3SMCTBOBAHMSA OYEHb BaKCH TAaKOW IIOKa3aTeNb, KaK IPHUBICKATEIHLHOCTH
WHHOBAI[MOHHBIX MPOEKTOB, OIpeaeiseMas CTpaterueid  (pUPMBI-MHHOBATOpPa, YCIOBUSAMHU  MPUBJICUCHHS
(hMHAHCOBBIX PECYPCOB M MX MCTOYHHKAMH, JUBUACHIHON MOJMTUKOW HMHHOBaTOpa. KpoMe TOro, AOMyCTHMOCTH
MPOEKTOB JOJDKHA TMPEBBIIATh CTaBKM OAHKOBCKHMX JIETIO3UTOB, Ha YTO, KaK MpaBujo, oOpamiarT BHUMaHUE
uHBeCTOphl. HeoOX0MMMO Takke OMpeneiiTh €Ile U TOYKY 0e3yOBITOYHOCTH pabOThl OpraHU3alMU-HHHOBATOPA.
OHna ompezensercss 00beMOM peanu3alii NPOIAYKINH, TPU KOTOPOM MOKPBIBAIOTCS BCE MU3MIEPKKH MPOU3BOJICTBA.
CrnenoBatenbHO, BEIOOp 00BhEKTa MHBECTUPOBAHUS MPEICTABISIET COOOH OJHY M3 BaXKHBIX mpoOieM. Hanbombmm
NPEIIIOYTEHHEM  TIOJNB3YIOTCS  T€ BHABI MHHOBAIIMOHHON  JEATENBHOCTH, KOTOPBIE ITO3BOJSIOT  UMETh
CBEPXMOHOITOJIBHYIO MPHUOBUTH, YTO BECbMa YacTO 3aBHCUT OT YCTOWYHBOTO CIIPOCA HAa HOBBIC BHUIIBI MIPOAYKIIUH HITH
OKa3bIBaeMBIC YCITYTH.

3 CymHoCTh JHHEHOr0 NPOrpaMMHUPOBAHUSA

JluneliHOe mTpOrpaMMHpOBaHHE - OJMH W3 MEPBBIX W Hambosiee IMOAPOOHO W3YUYEHHBIX pa3/IeNioB
MaTeMaTHYECKOTO IPOrpaMMHUPOBaHMsA. VIMEHHO IJIMHEHHOEe NPOrpaMMHUPOBAHME SBHJIOCH TEM paszeioM, ¢
KOTOpPOTO HayayJa pas3BUBaTbcid camMa JHUCHUIUIMHA  «MaTeMaTHYeCKOoe IpOorpaMMHpOBaHue». TepMuH
«IIpOrpaMMHpPOBAaHUE» B Ha3BAaHUM JUCIMIUIMHBI HHYETo OOIIEro ¢ TEPMHHOM «IIPOTpaMMHUpOBaHHE (T.€.
cocraBieHue nporpamm) aimst OBM» He uMeeT, Tak Kak AMCIUIUIMHA «IMHEHHOE MPOTpaMMHpPOBAHME» BO3HMKIIA
emie 0 TOro BpeMeHH, korna OBM cramn mmpoKo MPUMEHSTHCA NMPH PEIIeHHH MaTeMaTHYeCKUX, WH)KEHEPHBIX,
SKOHOMHMYECKHX U Jp. 3a]a4. TepMUH «JIMHEHHOe MPOrpaMMHPOBaHNUE) BO3HUK B pe3yJIbTaTe HETOYHOTO MepeBoia
aHrmiickoro «linear programming». OgHO W3 3HAYEHWI ClIOBa «programming» - COCTaBJICHHE IUIAHOB,
wianupoBanue. CrenoBaTeNbHO, NMPaBWIBHBIM TiepeBogoM «linear programming» ObUI0 OBl HE «JIMHEIHOE
NpOTrpaMMHPOBAHUE», a (JIMHEWHOE IUIAHMPOBAHME», YTO OOJiee TOYHO OTpaXkaeT COJEp)KaHWE IHUCIMILUINHEIL.
OpHako, TepMHUH JHMHEHHOE NPOrpaMMHPOBAaHUE, HEIMHEHHOE MPOrpaMMHpOBAaHUE M T.J. B Hallel JuTepaType
CTaJIM OOLIETTPUHATHIMU.

Wrak, nuHeiiHOE NporpaMMHpOBaHME BO3HHKJIO Iocie Bropoit MupoBoit BoliHel m cram OblcTpo
pa3BUBATHCA, NIPUBJIEKast BHUMAHIE MAaTeMaTHKOB, SKOHOMICTOB M HHXEHEPOB OJ1aroapst BO3MOKHOCTH IITUPOKOTO
MPAaKTUYECKOTO MPUMEHEHHS, a TaK )K€ MaTeMaTHIECKONH «CTPOHHOCTHY.

MoHO cKa3aTh, YTO JIMHEHHOE IPOTPaMMHPOBAHHE IPHMEHHMO /ISl TOCTPOSHHUS MaTeMaTHYECKUX
MoJIeJIell TeX IIPOIIECCOB, B OCHOBY KOTOPBIX MOXKET OBITh MOJOXKEHA THUIOTEe3a JIMHEWHOTO MpPEICTaBICHUS
peampHOTO MHpa: PKOHOMHYECKHX 3ajad, 3ahad YIpaBleHWS W IDIAHUPOBAHHS, ONTHMAIBHOTO pPa3MEIICHHS
00opymoBaHus U TIp.

3ajayaMu JIMHEHHOTO NPOTrpaMMUPOBAHUS HA3bIBAIOTCA 3aJaud, B KOTOPBIX JMHEHWHBI Kak IieleBas
(yHKIMS, TaK U OrpaHUYCHUs] B BHJE PAaBEHCTB M HepaBeHCTB. KpaTko 3amady JMHEHHOIO NMpPOrpaMMHpPOBaHUS
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MOXHO ¢()OPMYIHPOBATh CIEAYIOIM 00pa30M: HAWTH BEKTOP 3HAYEHHI NEPEMEHHBIX, JOCTABIIAIOMINX IKCTPEMYM
JUHEHHOH 1eJIeBOH (YHKITUH IPU M OTPAHWUYEHUSAX B BUJIC JIMHEHHBIX PABEHCTB UM HEPABEHCTB.

JInneltHoe mporpaMMupOBaHKE TPEACTABIIET cO00H HanboIIee YacTO MCIIOIB3YEMBIH METO] ONTHMHU3AIIIH.
K uncny 3aga4y TMHEHHOTO MPOrpaMMHUPOBAHUS MOKHO OTHECTH 3aa4U:

* PalMOHAIBLHOTO MCIOIB30BAHUS CHIPbS U MATEPHANIOB; 3314 ONITUMHU3ALMH PACKPOST;

* ONTHMHU3alUH TPOU3BOICTBEHHON MPOrpaMMBI NIPEIIPUATHIHA;

* ONTUMAJIBHOTO pa3MEeILeHNs U KOHLEHTpalluU IPOU3BOICTBA;

* COCTaBJICHHUS ONITUMAJIBHOTO TIaHA IIEPEBO30K, pabOTHl TPAHCIIOPTA;

* YIpaBJIeHUs POU3BOACTBEHHBIMH 3aMacamy;

* M MHOTHE JIpyTue, IpuHayiexanye chepe onTuManbHOTO UIaHUPOBAaHUS.

Tak, 1O OIEHKaM aMepHKaHCKHX OKCIIEpTOB, OKoyso 75% oT o0mero uyuciaa NPUMEHIEMBIX
ONTUMH3ALMOHHBIX METOAOB IPUXOAUTCS Ha JHHEHHOe mnporpammupoBaHue. OKONO UYETBEPTH MAIIMHHOIO
BPEMCHH, 3aTPAuCHHOTO B IOCIEIHHE TOJbl HA MPOBEACHHE HAYYHBIX HCCIECIOBAHHH, OBUIO OTBEJCHO DPEIICHHIO
3a7a4 JMHEHHOTO IIPOrPaMMHUPOBAHHS ¥ NX MHOTOYHCIIEHHBIX MOAN(DHUKATINI.

IlocTaHOBKa 3agaun ONTHUMM3ALMU MPEATNONATaeT CYIIECTBOBAHHWE KOHKYPUPYIOIIHMX CBOMCTB Ipolecca,
Hanpumep:

* KOTMYECTBO MPOJYKIUH - PACXOH CHIPbsI

* KOJIMYECTBO NMPOAYKIUH - KAYECTBO MPOAYKIUI

BbI00Op KOMIIPOMHCHOTO BapHaHTa ISl YKa3aHHBIX CBOKMCTB M MPEJCTABISIET COOOH NMPOLENypy pelieHus
ONTUMM3ALMOHHON 3a1a4u.

[Tpu nmocraHoBKe 33124y ONTHMHU3ALUH HEOOXOANMO:

1. Hanuuue 00BEKTa ONTHMHU3AIMH U IENU onTuMu3anuu. [Ipu 3ToM (GOpMYIHpPOBKA KaXKIOW 3amadyu
OIITUMH3ALIMH OOJI’)KHA Tpe6OBaTI> OKCTPEMaAJIbHOI'O 3HAYCHU A JINIIb OJIHOﬁ BCJINYUHBI, T.C. OJHOBPEMEHHO CUCTEME
HE JIOJDKHO TPHIMCHIBATECS /1Ba M 00Jee KPUTEPHEB ONTHMM3AIMH, T.K. IPAKTHIECKH BCET/A 3KCTPEMYM OIHOTO
KPHUTEpHs HE COOTBETCTBYET SKCTpEMyMY Apyroro. [IpuBenem npuMepsl.

TunuyHeIi NpyMep HENPaBUIBHON NOCTAHOBKHY 33a4d ONTHMU3ALNU:

«[ToxydnTh MakcHUMaIbHYIO MTPOM3BOANTEIBHOCTH IIPU MUHIUMAJIBHOH C€0ECTOMMOCTHY.

Ommbka 3akigroyaeTcss B TOM, 4YTO CTaBUTCSA 3ajada IIOMCKAa ONTUMAIbHOCTH 2-X BEIUYHH,
MPOTHBOPEYALIHNX APYT APYTY MO CBOEH CYTH.

IIpaBuibHas NOCTAaHOBKA 33Ja4l MOTJIa OBITH CIIETyIOIast:

a) MOJIYYUTh MaKCUMaJIbHYIO MPOU3BOAUTEIHHOCTh TPU 3aJaHHON C€0ECTOMMOCTH;

0) HOyYUTh MUHUMAJIbHYIO CE0ECTOMMOCTD MPH 33 JaHHOM MPOU3BOIUTEIBLHOCTH;

B nepBom ciydae kpurepuilt ONTUMH3ALNH - TPOU3BOIUTEIHLHOCTD, @ BO BTOPOM - C€6€CTOMMOCTb.

2. Hanuume pecypcoB ONTHUMHU3AIMHU, I0J KOTOPHIMH MOHMMAlOT BO3MOXKHOCTh BBIOOpa 3HAUSHHMH
HEKOTOPBIX MapaMeTPOB ONTHUMU3HPYEMOT0 OOBEKTA.

3. BO3MOXHOCTb KOJIMYECTBEHHON OLIEHKH ONTUMU3UPYEMOH BEJIMUUHBI, IOCKOJIBKY TOJIBKO B 3TOM CIIydae
MOXHO CpaBHHMBATh 3P (PEKTHI OT BEIOOPA TEX MIIN MHBIX YIIPABIAIONINX BO3JICHCTBHUIA.

4. Yyer orpaHU4eHHUH.

OOBIYHO ONTHUMM3MpPYEMasi BEJIMYMHA CBA3aHAa C YKOHOMHYHOCTBIO PabOThI paccMaTpHBaeMOro oO0beKTa
(armmmapar, mex, 3aBox). ONTHUMU3UpYEeMBI BapHaHT padOTHl OOBEKTa JIOJDKEH OIEHUBATHCS KaKOH-TO
KOJINYECTBEHHOI MEpOH - KpUTEPHEM ONTHUMAIbHOCTH.

KpI/ITepI/IeM ONTUMAJIBHOCTHU HA3bIBACTCA KOJIMYECTBECHHAA OLICHKA ONITUMU3UPYEMOI'0 Ka4€CTBa 0o0beKTa.

Ha ocnoBannu BI)I6paHHOFO KPUTCPUA ONITUMAJIBHOCTU COCTABJIACTCA LICJICBAA q)yHKHI/ISI, MpEACTaBIIAIOIIASA
co00il 3aBHCHUMOCTh KPHUTEpHUSl ONTHMAIBHOCTH OT IAapamMeTpOB, BIMAIONIMX Ha ee 3HaueHue. Bua kpurepus
OIITUMAJIBHOCTH WNJIN ueneBoﬁ (byHKHI/II/I OIMPCACIACTCA KOHerTHOf/'I 3az[aqeﬁ OIITUMH3AIHNH.

Takum o6pa3om, 3a1a4a ONTUMHU3AINN CBOJIUTCS K HAXOXKACHUIO SKCTPEMyMa IeNeBOH (yHKIUH.

B 3aBucHMOCTH OT CBOEW INMOCTaHOBKH, Jf00as M3 3ajad ONTHMHU3AIHMU MOXKET pPeIlaThCs pasInuHBIMH
METOJIaMH, U HAa000pOT - JI000H METO MOXKET IMPUMEHATHCS JUISl PEIIeHNs] MHOTHX 33/1a4. MeTo/(bl ONTHMH3ALUH
MOTYT OBITh CKaJISIPHBIMH (ONTHMH3AIMS TPOBOJMTCS 10 OJHOMY KPHUTEPHIO), BEKTOPHBIMH (ONTHMHU3ALMS
NPOBOJUTCS 110 MHOTMM KPHUTEPHSIM), MOMCKOBBIMH (BKJIIOYAIOT METOJBI PEryJSIPHOIO M METOJBl CIy4aifHOTO
MIOWCKA), aHAIUTHYECKUMHU (MeToabl IuddepeHInaIbHOr0 UCUUCICHHS, METObl BapHALMOHHOTO WCUYHUCICHUS H
Jp.), BBIYHUCIUTEIbHBIMI (OCHOBAaHBI Ha MaTeMaTHYECKOM IPOrPaMMHUPOBAHHHU, KOTOPOE MOXET OBITh JIMHEHHBIM,
HeHHHeﬁHBIM, JUCKPETHBIM, JUHAMUYCCKHUM, CTOXAaCTUYCCKUM, OBPUCTUUCCKUM u T.Jl.), TCOPETUKO-
BEPOATHOCTHBIMH, TCOPETUKO-UTPOBBIMU U JIP. HO)IBepFaTBCH ONITUMHU3ANU MOTYT 3aa4d KaK C OTpaHUYCHUAMU,
Tak U 0e3 HUX.

OKOHOMHKO-MaTeMaTHYECKasi MOJIENb 000 3a/1a4y THHEHHOTO MPOTPAaMMHPOBAHUS BKIIIOYAET: LIEIEBYIO
(hyHKIHIO, OITUMANIFHOE 3HAYEeHUE KOTOPOH (MaKCUMyM HMIIM MUHUMYM) TpeOyeTcsl OTBICKAaTh; OTPaHUYCHHS B BUJIE
CHCTEMBbI TUHCHHBIX ypaBHeHI/II\/’I NI HEPABCHCTB, Tpe6OBaHI/Ie HEOTPULATECIIBHOCTHU ITICPEMECHHBIX.
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B o61mieM Bue MOJIEITb 3aITUCHIBACTCS CIEAYIONTUM 00pa3oM:
- meneBast PyHKITHUS:

= clx1l + ¢c2x2 + ... + cnxn >
max(min); 1.1)

- OrpaHUYCHUA:

allxl +al2x2 + ... + alnxn {? =
?} b1, 1.2)
a21x1 +a22x2 + ... + a2nxn {? =

7} b2,

amlxl + am2x2 + ... + amnxn {?
=7} bm;

- TpeboBaHNE HEOTPHUIIATEITHLHOCTH:
j?0, 1.3)

[Tpu aTom aij, bi, ¢j () - 3a1aHHBIE TOCTOSIHHBIE BEJTMYHHBI.

3ajaya COCTOUT B HAXOXKICHUHM ONTHUMAaIbHOTrO 3HayeHus GyHkuuu (1.1) nmpu cobitoneHnn orpaHuueHui
(1.2) m (1.3).

Cucremy orpannueHuii (1.2) Ha3pIBalOT QYHKIMOHAIBHBIMHM OTPaHHYCHUSMH 331a4H, a orpaHudenus (1.3)
- IPSIMBIMH.

Bekrop , ynosnerBopsitomuii orpanmdernsM (1.2) u (1.3), Ha3pIBaeTCs JOIMyCTUMBIM pelIeHHEM (TIIAHOM )
33724y JMHEHHOro porpaMMupoBanus. [lnan , npu koropoM GyHkIus (1.1) ocTUraer cBOero MakCHMaabHOTO
(MUHUMAJTEHOT0) 3HAYCHUS, HA3bIBACTCS ONTUMAIIBLHBIM.

2. METOAUYECKHUE YKA3AHUSA
O MPOBEJEHUIO MPAKTUYECKUX 3AHATUI
2.1 MlpakTuyeckoe 3ansitue Nel (2 yaca).

Tema: «Teopust moxodus 1 MOACINPOBAHUEY»

2.1.1 3apanue ajs padoThI:

1. Onpenenenue v MOHSATHE CUCTEMBI U €€ DJIEMEHTOB

2. [TonsiTrie 1 Motenw MoenupoBanus. Kinaccudukarus MoJenen.

3. [loHsITHE «UEPHBIN STITHK

4. JlerepMUHUPOBAHHBIE U CTOXAaCTHUECKHUE, YIIPABISEMbIE U HEYITPABIISIEMbIE€ CUCTEMBI

5. ®yH1aMeHTaIbHbIE U IPUKIAIHbIE 3HAHUS

2.1.2 KpaTkoe onucanue NpoBOANMOro 3aHATHA:

Cucmema — COBOKYITHOCTD 3JIEMEHTOB, SIBJISIFOIIAsiC OOBEKTOM HCCIICOBAHMS, M3YUCHHS MM HAOJIOICHMSI.
OeMeHTaMH MOTYT OBITh (u3Mueckue oO0beKTH (000py/IOBaHHWE, MAlIMHBI, TPUOOPHI, 3AaHUS W T.IL.), SBICHUS
(HarpeBaHue, OXJIaKAE€HHE, CBEYEHHUE, HIICKTPOMArHeTU3M), POLIECCHI, B TOM YHCJIE ¥ TEXHOJIOTHYECKHE (YITaKOBKa,
B3BCIIMBAHHE, COPTHPOBAHME, MOMKA ¥ T.II.). DJIIEMEHT CHCTEMbI- ¢ HEAeNUMas 4acThb B PaMKaX KOHKPETHOTO
HCCIICIOBAHUS, PeaM3yIomas KOHKPeTHbIe (DYHKIMU. DJIEMEHT CHCTEMBI OIMCHIBAETCS MHOXECTBOM Pa3IMYHBIX
XapaKTepPUCTHUK, MapaMeTpoB, CBS3SIMH C COCETHHMHM dJieMeHTaMH. CBS3M MEXTY JJIEMEHTaMHU JENIAl0T CHCTEMY
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€AMHBIM IEJIbIM. DJIEMEHTHl OTIMYAIOTCSA APYr OT ApYyTra BBINONHACMBIMU (QYHKUIUSIMH, COCTOSHHSAMH, BXOAAaMHU U
BbeIXOaMH. J[100011 3IEMEHT MOXKET pacCMaTpHUBATHCS Kak Oojee Meskasi CucTeMa.

TepMmuH «cucTeMa)» MOSBWICS B HAyYHOH JHTEpaType AAaBHO U SBISIETCS TAaKUM K€ HEOIPEAEICHHBIM, KakK
TEPMHHBI «MHOXECTBO» WJIM «COBOKYHMHOCThY». Hanbonee mmpoko 3TOT TEpMHH MEPBOHAYAIBHO HCIIOJIB30BAICA B
MEXaHUKe, TJe 0003Hadal MaTepHAIBHYIO CHUCTEMY, T.€. COBOKYIMHOCTh MaTCpPHANbHBIX TOYEK, MOAYMHEHHBIX
ONpEZICTICHHBIM CBS3IM. B 1ampHEHIIEM MOHSATHE CHUCTEMBI OBUIO pPACHpPOCTPAaHEHO Ha OHOIOTHYECKHE,
9KOHOMHUYECKHE, TEXHOJIOTUIECKHE U APYTHe OOBEKTHI.

Cucrema- NOHATHE OTHOCHTENbHOE. HeKoTopas COBOKYHMHOCTh DJIEMEHTOB MOXKET OBITh 4YacTblo Oosee
KPYITHON CHUCTEMBI, HEOOIBIION €€ YacThI0 WIIM pacCMaTpUBAThCA CAMOCTOSITENBHO, HE 3aBUCHMO OT OKPYXKAOILIETO
MHpa. DTO 3aBHCHT OT LIEJIH HcCiIeaoBanus. [l ycTaHOBIICHNSI CUCTEMBI, c(ephl ee AeUCTBUS HEOOXOIMMO BEISIBUTD
ee IpaHMIbl ¥ cOCTaB. IIpu ycTaHOBIEHUU I'paHMIl CUCTEMBI BBISABIISIOTCS NPUYMHHO-CIEICTBEHHBIE B3aMMOCBSI3U
MEX]y €€ IIEeMEHTaMu.

J1n1s1 BBIZIENICHNS CHCTEMBI TPEOYETCsl ONPEIEIUTh:

- LEJTb, IJIs1 JOCTHXEHHSI KOTOPOH (pOpMHUPYETCs CHCTEMA;

- 00BEKT HCCIIEOBAHMS, COCTOSINNA U3 MHOXKECTBA 3JIEMEHTOB, CB3aHHBIX C TOYKHU 3PEHUS IETH B €ANHOE
I[ETI0€ CHCTEMHBIMHU NPU3HAKAMH;

- CyOBEeKT HccieI0BaHus, HAOIIOICHNS, 3aKa3UNKa, (OPMHUPYIOIIETO CHCTEMY;

- XapaKTEepUCTUKHU BHEITHEN CPeJIbl TI0 OTHOLIEHHUIO K CHCTEME M OTPaXKEHHE MX B3aUMOCBSI3CH C CHCTEMOIA.

Llenb (QYHKIMOHUPOBAHUS OIpEAENISET CHCTEMHBIE IPH3HAKH, C IIOMOIIBIO KOTOPBIX OIHCBHIBAIOTCS
aNieMeHThl cucteMbl. CucTeMa C TOYKM 3pEHHsI LeNUW eCTh YIHOPSJOYEeHHOEe NpeacTaBiIeHue 00 00bekTe
(cymiecTByIOIIeM WM TPOEKTHpyeMOM). PasHble CyOBEKThl, B 3aBUCHMOCTH OT II€JIH, MOTYT HMETh CBOH
Mpe/ICTaBICHUS 00 3JIeMEHTaX CHCTEMBI, MX B3aUMOCBSI3SIX M CBSI3SIX C BHELIHEH Cpenoil.

Lenv- smo cybvekmugnuvlii 06pas, abcmpakmuas Mo0enb Hecyuecmsyiouezo, Ho Hcenaemozo COCMoAHUA
npou3600Ccmea, KOmopoe pewuno Obvi BOZHUKULYIO NPOOIEMY.

Lenn, KOTOpBIE CTaBHT mepen COOOM YeNnoBEK, PEAKO MOCTIXKMMBI TOJIBKO 3a CYET €ro COOCTBEHHBIX
BO3MOKHOCTEH, WIIM BO3MOXKHOCTEH IIPON3BOJICTBA, K KOTOPOMY OH IPHYACTEH.

CreueHne OOCTOSITENBCTB, XapaKTCPHU3YIOIIEECS pa3IMdueM MEXAy HEoOXOAUMBIM (KeJIaeMbIM) U
CYIIECTBYIOIIMM,  HA3bIBACTCA npobnemol, uiu npodremnou cumyayuei. IIpoOIEMHOCTh CYIIECTBYIONIETO
MOJIOKCHHS, B YaCTHOCTH C MPOM3BOJICTBOM TNPOAYKIHMH, OCO3HAETCS B HECKOJIBKO CTalWil: om CMYMHO20
OWYUeHUsl, YUMo «4mo-mo He MAKy, K OCO3ZHAHUI0 NOompeOHOCmU , 3ameM GblAGIeHUI0 npobliembl U, HAKOHeY, K
@opmyauposke yenu.

Besi mocnenyromiasi  IesITENbHOCTh, CIIOCOOCTBYIOIIAs DEIICHHIO O3TOW MpOOJeMbl, HampaBlieHa Ha
JIOCTIDKEHHE MOCTAaBJICHHON Lenu. OTa IeATeNbHOCTh HAlpaBjiIeHAa Ha OTOOp M3 OKPY)KAIOILIeH Cpeabl IEMEHTOB,
CBOMCTBA KOTOPBIX MOYKHO HCIIONIB30BATh HA JOCTID)KEHHE TIOCTABICHHOM IeNH, M Ha 00bEUHEHHE 3TUX JIEMEHTOB
HaJJIeamuM o0pa3oMm, T.e. Kak paboTy MO CO3JJaHHIO TOTO, YTO MBI Ha36IBAEM CHCTEMOH.

B Tabmume 1.1. mpuBemeHBI TNpUMEpHl LENed W CHCTEM, NpeIHa3HAYeHHBIX JUIS HMX peasu3alnu.
CooTBeTcTBHE MEXAY HEISIMH M CHCTEMaMH C(hopMyiIHMpoBaTh JIOCTATOYHO CJIOKHO. Tak, ecinm MexXIy IepBbIMU
TpeMs LEeMsIMH M CHCTeMaMH (OPMYJIHPOBKA COOTBETCTBHSI HE BBHI3BIBACT 3aTPYyAHEHMH, TO OCTAIBHBIE ABE LIEIH
MOT'YT UMETh HECKOJIIBKO CHUCTEM, U Hao0opoT. st obecniedeHnst OBICTPOro MepeMeneH st CeIbCKOX03sHCTBEHHON
MPOIYKIUH C TIOJIS1 B KAYECTBE CUCTEMbI MOKHO HCIIOJIB30BaTh HE TOJIBKO I'Py30BOH aBTOMOOMIIb, HO TPaKTOPHBIIM
NpUIEN, KOHTEHHEpOBO3 M T.I. AHAJIOTMYHO 3BYKOBas HMHGOpPMAaIMs MOXKET OBITH NepelaHa 0 MOOWIBHOMN
paznoCTaHIINN.

Ta6numa 1.1. lenu u cucreMsl

N Lennb Cucrema

1 B npou3BoibHBIII MOMEHT YKa3aTh BpeMs Yacsl

2 OO6ecrieunTh NMPOM3BOACTBO 3€pHA MIICHUIBI onpeesieHHoH |  CelbCKOX03HCTBEHHOE MPEATIPHUSITHE
MacChl

3 OO6ecrieunTh BBINIEUKY XJIeOa B 3a/laHHOM accopTuMeHTe [uis | [lekapHs
3HAYUTEIBHOTO KOJIWYECTBA JII0JIeH

4 Ob6ecrieunTh OBICTpOE NEpEeMEIleHNE 3aJaHHOTO KoyndecTBa | [ py30Boii aBTOMOOHIIb
CEIIbCKOXO03SIHCTBEHHOHN MPOAYKIMH OT TOJIS 10 CKJIaaa

5 Ilepenate  3BykOByro  uHpopmammio B mpepenax | MoOWibHbIHA TenedoH
OIIpeIeNICHHOr0 paliloHa MTHOBEHHO HE3aBHCHUMO OT MeCTa ee
MCTOYHHKA

YHOpsAI04YeHHOCTh TPENCTABICHH CyObEKTa €CTh IIEJICHANPABICHHOE BBIACICHHE JJIEMEHTOB CHCTEMBI,
YCTaHOBJICHHH WX IPHU3HAKOB, B3aUMOCBS3EH MeEXIy COOOH M C BHemIHeW cperoil. IIpm BBIIENCHHH CHUCTEMBI
YUHUTBHIBAIOT HAaHOOJIEE CYIECTBEHHBIE IPU3HAKH, BCE BTOPOCTEIIEHHOE, HECYIECTBEHHOE - HCKITIOYAeTCH.

IonsiTue Moaeaun u moaeanpoBanus. Knaccupukanus moaenei
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Hay4Hble 3HaHUS MOXHO pa3feluTh Ha IBE KaTETOPUH: (pyHOAMEHMATbHble U NPUKIAOHbIE.

DynoamenmanbHvle 3HaHUs ONTUCHIBAIOT HanOoJee 00IIre 3aKOHBI MTPUPOIBI M TEXHHUKH.

Ilpuxnaownvle 3Hanus  TIPENCTABISMIOT CO0OH pa3HOBHAHOCTh (PyHAAaMCHTAJIBHBIX 3HAHMA W HAXOIAT
MpUMEHEHHE TIPH OpTaHW3alHN MIPOU3BOJICTBA TOBApPOB U B cdepe ycrmyr. Kakas-To 4acTh 3THX TOBapoOB U YCIyT
UCTIONB3YeTCS B TPOIECCe HCCIEHOBAaHHMA, YTO, B CBOIO OUYepelb, MOBBHIIIACT YPOBEHb (PyHAaMEHTAIbHBIX H
MIPUKJIAJHBIX 3HAHUH.

Jliss  coryiacoBaHUST PE3YJBTATOB «CMEXKHBIX» HCCICIOBATEIBCKAX TMPOrPaMM M BBIPAOOTKH E€IHHOTO
yOCIUTEIBHOTO [T MPAKTUKU 3aKIIFOYCHUS - XOPOIIUM CPEICTBOM OKa3bIBACTCS MOOEb.

Moodenp — MaTepuallbHBIA MM MBICICHHO NPEACTABIIEMbIH OOBEKT, KOTOPBI B MPOIECCe H3YyUCHHS
3aMeIiaeT 00bEeKT-OPUTHHAT, COXPaHss HEKOTOPBIC BaXKHBIC [ JAHHOTO UCCIICIOBAHUS THIIMIHBIC €TI0 YCPTHI.

Mooenuposanue MOXXHO pacCMaTPUBATh KaK 3aMEIICHHUE UCCIIEIYeMOT0 00beKTa (OpPUTHHANA) €T0 YCIOBHBIM
00pa3oM, ONUCAaHWEM WIH JAPYTMM OOBEKTOM, HMMCHYEMBIM MOJCTBI0 U OOCCICUUBAIOIINAM aJCKBAaTHOE C
OpUTHHAJIOM TIOBEJCHHE B paMKaxX 3aJaHHBIX JOMyIIeHui. MozjenupoBaHne OOBIYHO BBIIOTHAETCS C LENBIO
MIO3HAHUS CBOMCTB OpUTHHANA IIyTEM HCCIIEIOBAHMS €ro MOJIEIH, a He caMOoro 00beKkTa. MoenpoBaHue OIpaBIaHO
B TOM CITydae, KOTJa OHO IIPOIIE CO3AaHUs CaMOT0 OPUTHHAIA FITH KOT/Ia TIOCIEIHUN 0 KaKUM-TO IPUIHHAM JTydIIe
BOOOIIIE HE CO30aBaTh.

C MoIemsiMH ¥ MOJENHPOBAHMEM MBI CTaJKHBAaeMCS B HaIlleH >KU3HU KaXKIblH JeHb. B meTcTBe peOeHka
OKPYXKAIOT WUTPYIIKH — MAIIWHKHU, KYyKJIbI, KOHCTPYKTOPEI U T. ZI. - MOJEIH, OBTOPSIOIINE OTICIFHBIE CBOMCTBA
peabHO CYIIECTBYIONMMX IpeaMeToB. Mrpas, peOCHOK MOTydacT Ba)KHbIC 3HAHWS O HUX M, BbIpacTas, HaAYHHACT
IPaMOTHO MPHUMEHATH YK€ pealibHble 00BEKTHI. B mpoliecce MBINIICHUS YEIOBEK OMEpPHpPYeT o0pa3amMu OOBEKTOB
OKPY’KaIOIIEro MUPa, KOTOPBIC SIBISIOTCS PA3HOBUAHOCTSIMU MOJICICH — KOTHUTUBHBIMU (MBICJICHHBIMHU ) MOJICIISIMU.

PeanbHas mosb3a OT MOJACIMPOBAHUS MOXKET OBITH TOJIyUYCHA MPH YCIOBUH, YTO MOJCIb a0eK8amud
OpUTHHAIIy B TOM CMBICIIC, YTO MOJDKHA C JOCTATOYHOW TOYHOCTBIO OTOOpakaTh MHTEPECYIOIINE HCCICIOBATEINS
XapaKTepUCTHKH OpUTHHAIIA.

B OonpmmmHCTBE CilydacB MOJCIHPOBAaHHE BOBCE HE 3aMCHSET pEaNbHBIA OOBEKT W HE OTMEHSCT
HEOOXOMMOCTH B €r0 pa3paboTKe W HATYpHOM HcIbITaHIHH. OHO MPOCTO 3HAYU-TEIHHO YMEHbIIAeT 00beM paboT 1mo
MPOCKTUPOBAHUIO M HCCIEIOBAaHUIO O0BEKTOB. B Tex e ciydasx, KOTIa 3TO HE TaK, CTOUMOCTh MOJCIAPOBAHUS
MOJKET OKa3aThCsl BIIOJIHE CPABHUMOW CO CTOMMOCTBIO pa3pa0OTOK M HATYPHBIX HCHBITAaHWN H3MENHUH (BCIIOMHUAM
TPEHAXEPHYIO MOJCIb CAMOIIETA).

Jamum  knmaccuUKanuoO MOJENCH, OTpa)kalol[yl0 B MEPBYK OUYEPEIb METOJOJOTHMYCCKHE BOMPOCHI
MPOIICYPHI IOCTPOCHUS MAaTEMATHICCKUX MOJICICH U HAX0XKICHHS UX PELICHHUS C MOMOIIbI0 IBM.

Eciu  MCXOOUTh M3 1EJIEBOr0 HampaBiicHHsS HH(DOPMAIIMOHHBIX IMOTOKOB, HUPKYJIHPYIOUIUX MEKITY
00BEKTAMH M OKPYXKAIOIIAM MHPOM, MOJEIH MOXXHO Pa3[IeiiuTh HA MOICIH IS UCCAeO08AHUS W MOJACTH IS
YNpasieHus .

Mooenu onsi uccnedoeanus SIBIAOTCS (OPMON OpraHU3alMd W TPEACTABICHUS 3HAHWH, CPEICTBOM
COCJITHEHUS HOBBIX 3HAHUH C MMEOIUMIUCA. [Ipy pacXoKICHWH MOJENU C PEaTbHOCTBI0 3TO HECOOTBETCTBHUE
JMUKBUAAPYETCS IMyTEM U3MEHEHHS MOJICITH.

Moodenu Ona ynpagnenusi SBISIOTCS CpPEACTBOM OpTaHHM3AIMK TPAKTHYCCKUX ICHCTBUH, CIIOCOOOM
MPEJICTABJICHUS ATATOHHBIX IEHCTBUH WU UX Pe3yNbTaTa, T.C. ABILIIOTCSA padOUYNM MpecTaBlIeHIeM Ieneil. Monemn
JUTSL YIIPABIICHUS HCIIONB3YIOTCA UL TOTO, YTOOBI TP OOHAPYKECHUH PACXOXKICHHS MEXIY MOJCTBI0O H PeallbHBIM
MPOIIECCOM HAIPaBUTh YCHJIMS HAa M3MEHEHHE PEaNbHOCTH TaK, YTOOBI MpHOIM3UTh ee K Mojemud. OHH HOCIT
HOPMATHBHBINA XapakTep, UTPAOT POJIb CTAHAAPTa, MO KOTOPHIH MOATOHSIOTCS KakK caMa AESTeIbHOCTh, TaK U €€
pesynbratr. [Ipumepamu Mojeiedl ympaBiieHHs CIyXKaT IUIAHBl W IPOTPAMMBbI, yCTaBbl OpPraHU3AIlMiA, 3aKOHBI,
AITOPUTMBI, paboYKMe YEePTEeKH U IMa0JIOHBI, MapaMeTphl OTOOPa, TEXHOJOTHYECKUE OMYCKH, TEXHHUYECKHE WU
arpoTEXHOJOTHYECKUE TPEOOBAHUS U T.[I.

OCHOBHOE pa3IHYUe MEKIY HCCICI0BATEIILCKUMH MOICISIMA M MOJCISIMHE ISl YIPABJICHUS COCTOMT B TOM
,ATO MOJICTH JUI UCCIICIOBAHUN OTPaXKar0T CYIICCTBYIOIIEE, a MOJCIH [UIA yIPaBICHHUs — HE CYIISCTBYIOIIEE, HO
JKeNaeMoe B BO3MOXKHO OCYIIECTBUMOE.

ITo popme npencTaBIIeHUSI MOJICIH ACTIT HA (usuuecKue, CUMBOIUYECKUE U CMEULAHHbLE.

Qusuueckue mModenu OIPA3IEIIOTCS Ha MOJICITU HOO00Us U AHATI0208ble.

Monenmn nodobus XapaKTepH3YyIOTCS HEKOTOPHIMH MAacCIITa0HBIMH W3MCHCHUSMH, BBIOMPACMBIMH B
COOTBETCTBUH C KPHUTEPHUAMHU TOAOOWs (Hampumep, TIo0yc- MOAenb 3eMHOro mapa). Ilpupoma mpormecca u  ero
(hu3nUecKas CylIHOCTh OJUHAKOBBI KaK [UII MOJICIH, TaK M I UCCISIYEMOT0 OpUTHHAIA.

Ananozosvle MOAECTH OCHOBAHBI HA M3BECTHBIX aHATIOTHUAX MEXIY MPOTEKAHHEM ITPOIIECCOB B MEXaHUUECKHUX,
TEIUIOBBIX, JJICKTPUYCCKUX, ITHEBMATHUYCCKUX, THAPABIMYCCKHX W APYrHX JHHAMHYECKAX CHCTEMax H
MpeIHAa3HAYCHBI IS UCCIICIOBAHMS CTATHYCCKUX U THHAMHYCCKUX CBOHCTB OOBEKTA.

Cumeonuyeckue MOICITH XapaKTEPU3YIOTCS TEM, YTO MapaMeTPhl PEaibHOrO 0OBEKTa U OTHOIICHHUS MEKITY
HUMH [IPEICTABICHBI CHMBOJIAMHU:

- CEMaHTUYECKUMHU (CIIOBaMH),

- MATEMATUYECKUMH,

- JIOTHYECKHUMU.

Krnacc cuMBonndyeckux Mojenel BechMa mupok. Hapsity co c0BeCHBIMU ONMUCAHUSAMU (DYHKIIMOHHUPOBAHUS
OOBECKTOB - CICHAPHSMHU, CIOJ]a TAKXKE OTHOCATCS CXEMATHYCCKUE MOJCIHU: YEePTEkKH, rpaduku u OIOK-CXEMBI,
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JIOTUYECKHe OJIOK-CXeMBI (HampuMep, adTOpPUTMBI MPOTpaMM) W TaONMHUIBl pElICHMA, TaOJUIBI 1 HOMOTPAMMBI, a
TaKKe MaTEMaTHYECKUE OIIMCAHUS — MameMamuyeckue Mooeuu.

Mamemamuueckas moodens TIPENCTaBIACT coO0H HaOOp (GOpPMaNBHBIX COOTHOIICHHUH, KOTOPBIE OTOOpaXKaroT
HOBEJCHHE UCCIIEAYyEeMOl CHCTEMBI M COCTOSIIEe W3 COBOKYITHOCTH CBS3aHHBIX MEXIY CO0OH MaTeMaTH4eCKHMH
3aBUCUMOCTSIMH ((popMyJlaMH, ypaBHEHHSMH, HEPaBEHCTBAMH, JIOTHYCCKHMH YCIIOBUSIMHU) BeM4HH -(hakTopoB. ITo
CBOEH poJIH 3TH (PAKTOPHI LIEIecO00pa3HO MOIPA3EIUTh HAa TTapaMETPHI B XapaKTepUCTUKH (pHc.1.2).

Mooenu ¢ynkyuonuposanus BKIIOYAIOT MIMPOKHUH CIIEKTP CUMBOJIMYECKUX MOJIENEH, HarpuMmep:

MOO€b HCUSHEHHO20 YUKAA CUCMEMbl, OTICHIBAIOIIAs TIPOLECCH] CYIECTBOBAHUS CUCTEMBI OT 3apOKICHUS
JI0 TIpeKpameHus pyHKINOHUPOBAHUSE;

MoOdenu onepayuil, BBINOTHAEMBIX OOBEKTOM, IPEACTABISIOT ONHMCAaHWE B3aUMOCBS3aHHON COBOKYITHOCTH
MpoLEecCcOB (QYHKIIMOHUPOBAHUS OTAENIBHBIX AJIEMEHTOB 00bekTa. Tak, B cOCTaB MoJielieil onepanunii MOryT BXOAUTD
MOJICTIH HaJEKHOCTH, XapaKTEPU3YIOIUE BBIXOJ JIEMEHTOB CUCTEMBI U3 CTPOs O] BIMSHUEM SKCIUTyaTallMOHHBIX
(hakTOpOB;

uHgopmayuontsie Modenu, OTOOpaKAIOIINEe BO B3aNMOCBSI3HM UCTOYHHUKOB W MOTpe-OuTeneld nHpopManny,
BUIBI HH(OpPMAIIHH, XapaKTep ee MpeoOpa3oBaHHms, a TAKKEe X BPEMEHHbIE H KOJIMYECTBEHHbBIC XapaKTePUCTHKY;

npoyedypHvle Modenu, ONUCHIBAIONINE HOPANOK B3aUMOJICHCTBHUS 3JIEMEHTOB HCCIIE-IyeMOro OOBeKTa IpH
BBITIOJTHEHUU Pa3JINYHBIX ONepanyid, HanpuMep oOpabOTKH MaTepHaloB, ASSATEILHOCTH NEPCOHANA, HCIIOIb30BaHUS
UHGOPMALUH, B TOM YUCIIC H PEasIH3alliy NPOLEIYp PUHATHS YIPaBICHISCKUX PELICHHH;

8pemennble MoOeauU, ONUCHIBAIOIIUE MPOLEAYPY (YHKIMOHUPOBaHHS 00BEKTa BO BPEMEHH U paclpeielieHue
pecypca "Bpems'" 1Mo OTAeNbHBIM KOMIIOHEHTaM 00BEKTa.

Iapamempamu o0bekTa Ha3bIBAIOTCS (HAKTOPHI, XapaKTEPHU3YIOIIHE CBOWCTBA OOBEKTa WIJIM COCTABIISIOIINX
ero aJieMeHTOB. B npouiecce nccnenoBanus 00beKTa psil IapaMeTpOB MOXKET U3MEHSATHCS, IO3TOMY OHH Ha3bIBAOTCS
nepemeHHbIMU, KOTOPBIE B CBOIO OUepeb NOAPA3ACIAIOTCS Ha nepementble COCIMOsAHUA U Nepementble YNpasieHus.

Ilepemennvie cocmosanus 00bEKTa SBISIOTCS (YHKIMEH NepEeMEHHBIX YIPaBICHHS W BO3ICHCTBHI BHEIIHEH
cpensl.

Xapaxmepucmukamu (BBIXOZHBIMH XapaKTCPUCTUKAMH) Ha3bIBAIOTCA HHTEPECYIOIIUE HCCICI0BATEIS
HETIOCPEICTBCHHBIC KOHEYHBIC pe3yJbTaThl (YHKIHMOHHPOBAaHUS OOBEKTa (ECTECTBEHHO, YTO BBIXOJAHBIC
XapaKTePUCTUKH SBIISIFOTCS TIEPEMEHHBIMH COCTOSHH ).

Xapaxmepucmuxu eHewHell CPelbl ONMCHIBAIOT CBOWCTBA BHEIIHEH CpelIbl, KOTOPBIC CKa3bIBAIOTCS Ha
npouecce U pesyibrarta (YHKIHOHMPOBaHUS OObekTa. 3HaueHWs: psjga (akTopoB, ONpENCISIONIMe HadalbHOE
COCTOSIHHE 00BEKTa MJIM BHEUIHEH CPEbl, Ha3bI-BAIOTCS HAYALbHLIMU YCAOBUSMU.

ITpu onucanuyu MaTeMaTU4ECKOU MOJEIN ONEPUPYIOT CIAEAYIOUIMMU ITOHATUAMMU:

- Kpumepuii ONMUMaitbHOCIU,

- yenesas Qhynxkyus;

- cucmema 02paHuyeHull;

- ypasHeHue cea3u;

- pewieHue Mooenu.

Kpumepuem onmumanshocmu  Ha3bIBaeTCsl HEKOTOPBIA HoKasarenb, CIyxamuid Qopmanusanueit
KOHKPETHOM LIeNTM YIIPaBICHUS M BBIPAXKaeMbli IIPU MOMOIIM LeJIeBoi GyHKIUH Yepe3 pakTopbl Moaend. Kpurepuit
ONITUMAJIEHOCTH OMpeNelsieT CMBICIOBOE COJEpKaHue LesieBoi (GyHKUuM. B psne cinydaeB B kKauecTBe KpUTEpHS
OINITUMAJEHOCTH MOXKET BBICTYIIATh OJJHA M3 BHIXOJHBIX XapaKTEPUCTHK O0BEKTA.

Mopens o0 beKTa

_—— - — - - — - = BelxoaHbIE
XapakTepucTirEm r | NAPAKTEDHETHEN
BHeWHel cpedbl | MNepeetHHsIe oo bekTa
—== COCTOAHNA I
‘—"': i =
L - |

I

MapaMeTpbl 00 beKTa

Puc.1.2. Knaccudukanus paxTopoB MO X pOITU B MOJIEINH.

Ueﬂeeaﬂ d)yHKuu}Z MAaTEMAaTUYCCKU CBA3BIBACT MCIKAY coboii (baKTOpLI MOZ€CIH, U €€ 3HAYCHUC OTIPCACIIACTCA
SHAUCHUAMH OTHUX BCJIIMYMH. COILCp)KaTeHLHLIﬁ CMBICJI HCHCBOﬁ (I)yHKIII/II/I npuaact TOJBKO KpPUTCPpUHN
OIITUMAJIBHOCTH.
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Cucmema ozcpanuuenus ONPEIEISICT IMPEAETbI, CY)KAIOIUe O0JIACTh OCYIIECTBUMBIX, NPHEMIIEMBIX HIIU
JOIMYCTUMBIX PEHICHHH M (UKCHUPYIOIINE BHEIIHWE W BHYTPEHHHE CBOWCTBA 00bekTa. OTpaHUUCHHUS OMPEACIAIOT
00J1aCTh MPOTEKAHUS MIPOLIECCa, MPEEIIBl U3MEHEHHUS TApaMETPOB U XapaKTEPUCTHK OOBEKTA.

VYpaenenus ceasu sBASAIOTCS MaTeMaTHIECKOW (hopMaTU3aIield CHCTEMBI OTpaHIdCHIH.

Kpurepun onTHMampHOCTH W CHCTEMa OTPAHHYCHHWH  ONPENENIIOT KOHIETIMIO IOCTPOCHUsS Oymymien
MaTEeMaTHYECKON MOJIENH, T.€. KOHYEnMyaibHylo Mooenb, a UX (hopMa-nu3amms, T.€. neneBas GyHKIUI U ypaBHCHUS
CBSI3H, TIPEJICTABIACT COOON Mamemamuieckyio mooeiv.

Pewenuem MaTeMaTHuecKoll MOJENHM Ha3bIBaeTCS TAaKOW HaOOp (COBOKYIHOCTh) 3HAYCHUI NEpPEeMEHHBIX,
KOTOPBIH yIOBJIETBOPSIET €€ YPaBHEHHSIM CBS3H.

Mogzenu, UMeroIie MHOTO PEIICHUH, Ha3bIBAIOTCS GUPUAHMHBIMU B OTIMYHE OT 6€36apUAHMHbIX, UMEIOIINX
onHO pemeHue. Cpeau JOMyCTUMBIX PELICHUH BapUaHTHON MOAENH, KaK HPaBUIIO0, HAXOAUTCS OJHO PELIeHUe, MpU
KOTOpOM IiejieBasi pyHKIMS, B 3aBUCHIMOCTH OT CMbICJIa MOJICJIM, UMEET HauOOJIbIllee WIIM HauMEHbIee 3HAUeHHE.
Taxoe pemieHue, Kak 1 COOTBETCTBYIOIIIEE 3HAUCHUE LENICBON (DyHKIMH, HA3BIBACTCS ONMUMALLHBIM.

B 3aBucumocTH OT creneHn (POPMaIM30BaHHOCTH CBSI3EH MEXIy (haKTOpaMH Pas3iIHdaloT aralumuyecKue u
anzopummuyeckue Mooeuu.

Ananumuyeckou Ha3bIBa€TCS MOJENb B BUAE YPAaBHEHUN WIM HEPABEHCTB, HE MMEIOILUX Pa3BETBICHUHN
BBIYHMCIINTEIHHOTO TIpOIiecca NPH ONpEACTICHUN 3HAaYeHUI JIOOBIX TNEPEMEHHBIX COCTOSIHHSI MOJETH, LEJICBON
(yHKIINM ¥ ypaBHEHHUH CBA3H.

Ecnu B MaTeMaTHYECKUX MoOACIAX CAUHCTBCHHAA LICIICBast @yHKHHH " OrpaHMYCHUS 3aJaHbl aHAJIUTUYCCKU,
TO HOAOOHBIE MOJIETIH OTHOCSTCS K KJIacCy MoeJiell MaTeMaTHYeCKOTO IIPOrpaMMHUPOBaHHSL.

Xapaktep (GYHKIMOHAJBHBIX 3aBHCUMOCTEH MOXET OBITh JIMHCWHBIM M HEJHHEHHBIM. COOTBETCTBEHHO
3TOMY MaTeMaTH4YeCKHe MOJICNH ACTIATCSA Ha JuHelHble U HeuHel ble.

B cioxHON cucteMe 3a4acTyro ropasfio Jierde MOCTPOUThH €€ MOJENb B BUIE al20pummda, MOKa3bIBAIOIIEro
OTHOIIECHHUSA MEXIYy 3JIEMEHTaMH CHUCTEMbl B IIpoliecce €€ (YHKIMOHHUPOBAHHSA, 3aJaBaeMble OOBIYHO B BHIC
JIOTHYECKUX YCIOBUI - pa3BETBICHUH X0/a MpoLEecca.

K anropuTMu4eckuM MOIENSAM OTHOCATCS W UMUMAYUOHHbIE MOOenU — MOJICTUPYIOIINE alrOPUTMBI,
UMHTHPYIOIINE TTOBEJCHNE 3JIEMEHTOB M3y4aeMOro OObeKTa M  B3aUMOJCHCTBHE MEXIy HHMH B IIpoIiecce
(yHKIIHOHHPOBAHUSL.

[Ipr WMUTAIIMOHHOM MOJEIMPOBAHUM TIpoliecC (PYHKIMOHMPOBAHWS IIOJICHCTEM, BBIPRKEHHBIH B BHJE
IpaBuJI U ypaBHeHHﬁ, CBA3BIBAIOINUX MEPEMCHHBIC, UMUTHPYCTCA Ha KOMIIBIOTEPE. I[J'I)I UMHUTAOUU HUCIIOJB3YIOTCA
CIICOUAJIbHBIC CPEAbl MMHUTALIMOHHOTO MOJACIUPOBAHUA, IMO3BOJAONIUE CTPOUTH MOACTIHU, UMHUTUPYIOIIHC pa60Ty
MOJIETUPYEMON CHCTEMBI, C JIO0OW CTENEHBI0 JOCTOBEPHOCTH O€3 TpPOBEAEHHS] MOAPOOHBIX aHAJTUTHUYECKUX
npeoOpa3oBaHU.

B 3aBucuMOCTH OT TOTO, COACPKUT JIM MaTeMaTH4ecKas MOJeNb Cily4ailHble ()aKTOpPBI, OHA MOXKXET OBITh
OTHECEHA K KJIACCy CIMOoXACMUYecKUx uiu 0emepMuHupO8aHHbIX.

B oemepmunuposannvix Monensx HU ueneBas (QyHKIUS, HU ypaBHEHMS CBS3M HE COZIEpKaT CIydalHBIX
(baxTopoB. CrenoBaTeIbHO, ISl JAHHOTO MHOXKECTBA BXOAHBIX 3HAYCHUH MOJICIIN Ha BBIXOJE MOXKET OBITh MMOJy4eH
TOJIBKO OJMH €JMHCTBEHHBIH pe3ysbTaT. [J1aBHAs 0COOEHHOCTH JETEPMUHUPOBAHHONW MOJENH 3aKJII0YACTCs B TOM,
41O 10001 MPOTrHO3 (KMBasi Macca >KUBOTHOTO, YPOKaHHOCTb KYJIBTYpHI, KOJHMYECTBO OCA/IKOB) OHa (hopmupyeT B
BUJE 4YMCIa, 4 HE B BHJE PACIPEAENEHUs] BEPOATHOCTEH. OTO B psje CIydaeB HPHEMIIEMO, OJHAKO KOrAa
MPUXOJUTCS UMETH JIEJIO C BEIWYMHAMH, 3HAUCHHE KOTODPBIX MpEeACKa3aTh TPYAHO (KOJIMYECTBO OCAJKOB), TaKOH
MIOJIXOJT OKA3BIBAETCS COBEPIIEHHO HEYAOBIECTBOPUTEIHHBIM.

Cmoxacmuyeckue mamemamuyeckue Mooeau HMEIOT (axkTopel C BEPOSTHOCTHOH MPHUPOIOH U
XapaKTCpU3yroTcsa KaKUMHM-JIHOO 3aKOHAMU pacnpeaciicHus. 3HaueHus BBIXOJHBIX XapPAKTECPHUCTUK B TAKUX MOIACIIAX
MOTyT 6I)ITI) npeaCKazaHbl TOJBKO B BEPOATHOCTHOM CMBICIIC. 9710 }Z[aéT BO3MOXHOCTH OLICHHBATHL HEC TOJIBKO
cpeaHee 3HaYeHHUE MMPOTHO3UPYEMOTO MapaMeTpa, HO U eTo JUCTIEPCHIO.

CrnenyoomuM MPHU3HAKOM, MO KOTOPOMY MOXKHO pPa3jin4aTh MaTe€MaTU4eCKHE MOJEIH, SBISETCS CBA3b C
(hakTOpOM BpEMEHHU.

Cmamuueckasi Mooenb — 3TO MaTeMaThuueckas (YHKIHs, B KOTOPYIO HE BKJIIOYECHA IEpeMEHHasi BPEMEHH.
Bce ocoOeHHOCTH TIOBE/IEHHST CHCTEMBI, UMEIOIINE BHIPAKEHHYIO 3aBUCHMOCTh OT BPEMEHH, IPH 3TOM UTHOPUPYIOT.
A TIOCKOJIBKY BC€ B MHpE OBICTPO JIM, MEIUIEHHO JIM, HO MEHSETCs, TO Jro0as cTaTHYecKass MOJIeNb yCJOBHA.
CraTUuecKUMH MOJENSMHU MOJB3YIOTCSA, KOTAAa B paMKaxX IMOCTaBICHHOW 3aJaud WMHEPLHOHHOCTBIO M '"HaMsaThbIO"
pearbHOM CHCTEMBI MOKHO NPeHeOpedb. DTO BO3MOXKHO IIPH BBITOTHEHNH Psi/ia YCIOBUH, B YHCIO KOTOPBIX BXOIAT
CIEyIOIINE:

- cHCTeMa yCTOW4MBa,  T.C. MIEPEXOJHBIE IPOIECCHl IMOCHE CKadKOOOpa3HOTO W3MEHEHHS BXOIOB
3aTyXaroT;

- BXOJbI MCHAKOTCA MCIAJICHHO,

- BBIXObI U3MCHSAIOTCA PEAKO.

Maremarnueckass MOZAEIb CHCTEMbI Ha3bIBACTCS OuHAMUYECKOU, €CIW 3HadeHue ee BbIxoja y(t) MoxKer
3aBUCETh OT BpeMeHU t MpOTeKaHus MpoLecca, €ro MPOIIIOoro S:

y(® = F({u(s), s<t}). (1.1)

JluHamMuueckue  MOJENM  TO3BOJIIIOT  Y4eCTb  Hanuyue  "mamsTu", HMHEPUUOHHOCTU  CHUCTEMBIL.
MaremaTiueckuM annapaToM OIMCAaHWS JUHAMHYECKUX CUCTEM SBISIOTCA Au(¢epeHnnanbHble, Pa3sHOCTHBIC
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ypaBHEHUs, KOHEYHBIC aBTOMATBHI, ClydaiiHple mpouecchl. [IMHaAMHYEeCKHE MO, HMEIOIIHE IPAKTHYECKYIO
[IEHHOCTb, OOBIYHO CTpPOATCA Ha OCHOBE JU((PepeHIMaNbHEIX YPaBHEHHWH, HE IONAIOUXCS HPSIMOMY
MUHTETPHPOBAHUIO, M PEIICHUE MX HEINb3s MONYyYHTh B BHIE NPOCTHIX aHAIUTHYECKHUX BBIpAXCHUH. B aTOM ciyuae
NpHOEraloT K YHCICHHBIM METOJaM peNIeHHH Ha KOMIBIOTEpE € MOMOIIBI0 CIEHHaIbHOTO IPOTrPaMMHOIO
obecrieueHusI.

CucremMa MOXeT OBITb OUCKDEmHOU Ul HenpepbliHOl IO BXOJAM, BBIXOTaM W 1o BpeMmeHH. [lox
JMICKPETHBIM TTOHUMAeTCs KOHEYHOE WJIM CUETHOE MHOXKECTBO- OJIMWH, ABa, TP M T.I. [lox HempepbIBHBIM
MOHMMAETCsl MHOXECTBO - OTPE30K, JIyd WM TpsiMasi JIMHUS, T.€. CBS3HOE UYUCIOBOE MHOXKECTBO, KOJIMYECTBO
JJIEMEHTOB KOTOPOTO CTpeMHTCsI K OeckoHeyHOocTH. Kak mNpaBuio, JUCKPETHOCTh BXOJa Bie4eT 3a coboi
JIICKPETHOCTh BbIX0Ja 00bekTa. KpoMe Toro, Ajs cCTaTH4EeCKUX CUCTEM HCYe3aeT pa3HHUIla MEX1y HEelpepbIBHBIM H
JIICKPETHBIM BPEMEHEM.

CmewianHble MOJICIA MOTYT COIEPXKATh KaK (PU3MUECKHE, TAK U CHMBOJIMYECKUE HJIEMEHTHI.

Dmnupuyeckue MOIETH OIMCHIBAIOT CBS3M MEXIY HapaMeTpaMu >JIEMEHTOB OJHOTO ypoBHs. Pa3pabGoTumk
SMITUPHYIECKOI MOJEIIM BCEra OcTaeTcsl B IpeleliaXx OJHOTO ¢ANH-CTBEHHOTO YPOBHS OPraHU3alIOHHOMN HepapXuH,
IZie OH U CTPOUT YPaBHEHUs, CBS3bIBAIONINE MEXIYy cOOOM mapaMeTphl, CBOMCTBEHHBIE TTOJCHCTEME TOJIBKO JaHHOTO
YPOBHSL.

DYHKYUOHATLHAA MOJICITH OOBICHSCT CBSI3H MEXKIY JIEMEHTAaMH KaK OJJHOTO YPOBHS HEPapXHH, TAK U MEXKIY
pa3IMYHBIMKA YPOBHSAMH. Pa3paOboTyMk (YHKIHOHATFHOH MOJENH CTPEMHTCS OIMCATh IOBEICHHE CHUCTEMBI C
(yHAaMEeHTANBHBIX IO3MLUHA, 3aTParvBaloOIMX OCHOBY pabOThl 00BbEKTa, YYHMTHIBAIOIIMX Haubojee oOmme
3aKOHOMEPHOCTH €ro paboThl.

Bceraa MOXXKHO TOCTPOHMTH TaKyl SMITUPHUECKYIO MOJENb, KOTopas Obuia Obl COIIa-COBaHa C MacCHBOM
ONBITHBIX J@HHBIX Jy4lle, 4eM (QyHKIHOHAJbHAs, T.K. OMIIMpPUYECKas MOJENb IPAKTUYECKH CBOOOAHA OT
OTpaHHYEHUH, B TO BPEMs KaK BO3MOXKHOCTH (YHKIM-OHAJIBHOI MOJENM OrpaHWYMBAIOTCS TOJIOKEHHBIMH B €€
OCHOBY JONYLICHUSAMH, HACIMH H TUIIOTE3aAMH.

IHonsiTHe «YepHBIH ALUK

Pemenne mpoOaeMbl €CTh TO, YTO 3aIONHSACT IPOMEKYTOK MEXKIY CYIISCTBYIOUICH U jKeTaeMOH CHCTEMaMHU.
BaxkHoe 3HaueHWe U1 UYeJOBEKAa HMEIOT HaragHble, oOpasHble, BH3yalbHBIe MoAenu. /i HarJsgHOTO
MIPEICTABICHUS CHCTEMBI €€ HM300pakaloT B BHIC «UCPHOTO SIIUKAa», BBIACICHHOTO W3 OKpYXKAIOMeH cpensl U
HMCIOIIIETO BXOABI U BBIXOIbI, puc.l.l. Ha3BaHue «4epHBI SIIUK» OOpa3HO MOMAYCPKHUBACT MOJHOE OTCYTCTBHE
CBCICHUI O BHYTPCHHEM COJICP)KAaHUM SIIUKA: 3aMal0TCs, (UKCHPYIOTCS, MEPEUMCISIOTCA TOJHKO BXOIHBIC U
BBIXOJIHBIE CBS3M CUCTEMBI CO cpeloi. Takoil MmoaxoJl, HECMOTPsI Ha €ro MPOCTOTY M Ha OTCYTCTBHE CBEICHHU O
BHYTpPEHHEH CTPYKTYpE CHCTEMBI, YaCTO OKA3bIBAETCS MOJIE3HBIM.

ComnocTaBiisisi BXOJIBI M BBIXOJIBI 32 PsiZi MOMEHTOB BPEMEHHU, HAXOMST TaKWe BXOJ-Hble MapaMeTphl X, MpHU
KOTOPBIX PAacCYMTAHHBIC 3HAYCHHUS BBIXOJHBIX MApaMeTpOB Y JIydllle BCEro alIpOKCHMHUPYIOT (aKTHUECKUE
3HAYEHHS BBIXOJIOB.

CymHocTh MeTona '"JdepHOro simuKa' COCTOMT B TOM, 9YTO TIPH HCCICIOBaHHM OOBEKTOB OHU
paccMaTpUBAIOTCS KaK HEMOCTYIHBIA Ui HAONIOICHWS, W3YyYCHHWS W ONHCAaHUS "depHBIA SIMHUK", WMEIOIIHNA
OTIpeieIeHHBIE BXOBI M BEIXOJBI. BCIeICTBIE CI0KHOCTH YCTPOHCTBA "UePHOTO AIIUKA'", T.. U3y4aeMoro 00beKTa,
BO3MOYKHO JIMITH HAOFOATh COCTOSHIE BXOJIOB B HETO M COOTBETCTBYIOIIMX UM BBIXOJOB, T.€. U3y4aTh MIOBEACHUE,
HE 3Has €ro BHYTPEHHETO YCTPOHCTBA.

OpHako, Kak Obl JeTaJbHO HU M3Yy4YaJoCh MOBEJCHHE "YepHOro SIuKa'", HeJIb3s BBHIBECTH O0OOCHOBAHHOTO
CYXJICHHUS O €r0 BHYTPEHHEM YCTPOMCTBE, KOO OHUM U TEM JKE MOBEIACHUEM MOTYT 00JIaaTh Pa3iudHbIC 00BEKTHI,
a OJIHO M TO € COOTHOUIIEHHE MEXIY BXOJaMU W BBIXOJAMH MOXET B Mpejaeiax HMEIOIUXCS CTaTHCTUYECKUX
JIAHHBIX YJIOBJIETBOPUTENHHO OMHCHIBATHCS HECKOJBKMMH PA3MYHBIMH MaTeMaTH4YeCKUMH BbIpakeHusmu. C
yBeIMUEHUEM dYHucia (aKTOPOB PErPECCHOHHON MOJAENH OOBIYHO MajaeT ee TOCTOBEepHOCTh. Kak mokaspiBaeT
MPaKTHUKA, yJOBICTBOPHUTEIBHBIC MOJCTH TONYYAIOTCS NPU OIKMCAHHHM CHTYalldd, B KOTOPOI BBIXOJHOHM (akTop
CYIIECTBEHHO CBS3aH HE 00JIee YeM C MATHIO-IIECTHIO0 BXOIHBIMH (PaKTOPaMHU.

Bo MHOTHX ciyyasix 1OCTaTOYHO COAEPKATENBLHOTO CIOBECHOTO ONUCAHUS BXOJO0B U BBIXO/IOB.

OrpyKarwan
cpena
INeMeHTbI
CHCTEMEI
—— |:| R
Y — O —— ¥
—— ——
CHcrema
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Puc.1.1. K HOHATHIO «YEPHOTO SILIUKAY.

OnwieM BXOIBI M BRIXOABI CHCTEMBI «TPYy30BOi aBTOMOOMIIB». B maHHOM citydae 3a BBIXOJ MOKHO ITPHHATH
Y1 - Tpy30MOIBEMHOCTS aBTOMOOWIIS, a TakXe, HampuMmep, Y, -3aTpaTbl TOPIOYEro Ha COUHHUITY NepeBE3eHHOM
nponykuud. ChopMyTupoBaB TakKMM 00pa3oM BBIXOJABI CHUCTEMBI, MOXXHO INPHHTH K BBIBOJY, YTO OHH MOTYT
OTHOCHTBCSI KO BCEM aBTOMOOWJISIM, @ HE TOJBKO K IPY30BBIM. UTOOBI pa3iMuuTh aBTOMOOHIIN BOOOIIE U TPy30BbIE
aBTOMOOWJIN MOXHO YKa3aTh, YTO TPY30IIOJbEMHOCTh IOJDKHA OBbITh, Hampumep, He MeHblie S5 T. Eme moxHO
J00aBUTH JOCTATOUHYIO /IS OIIPEAEICHHOM 30HbI SKCITyaTaluy IIPOX0IUMOCTh aBTOMOOHJISL.

B kauecTBe BXOZOB AJIsl TPY30BOTO aBTOMOOMIISE 0003HAUYNM T€ €r0 3JIEMEHTHI, KOTOpBIE MpeIHa3HAuYEHBI /IS
yIpaBJIeHUS BO BpeMs ABKeHHs: X; - pynb, X, , X3 , X4 - Henanu CUCIUICHHs], ra3a ¥ Topmo3a, Xg - pblyar
MEepeKTIoueHus Tiepenad, Xg — IMEpeKIIoYaTeNld CHTHAIM3AIWU W OCBEIICHUS, X; - pPy4Ka PYYHOTO TOPMO3a.
Heobxoanmo ydecTs Taxoke OyKBaJbHBIE BXOABI: Xg - IBepH KaOWHBI U Xg -00pTa It 3arpy3KH MPOIYKIHU B Ky30B
ABTOMOOWIIS.

JlanpHeHmuiA aHaTu3 BO3MOKHBIX BXOZOB TPY30BOTO aBTOMOOWIIS TOKA3BIBAET, YTO BXOJHOE BO3/IEHCTBHE Ha
HETO OKa3bIBaeT Xjg - APYTHE MACCAKHUPHI, TUI H KOJINIECTBO IPy3a, CHOCOOBI KPEIUICHHS TTOCTICTHETO B KY30Be€.

Oxpyxaromias cpefia TakyKe OKa3bIBaeT BXOJHBIC BO3ICHCTBHA Ha TPY30BOM aBTOMOOMIIE. B mepeueHp BX0I0B
CJIe/IyeT MOATOMY 3amucath Xjj - OKHa M 3€pKajia, C MOMOLIbI0 KOTOPBIX BOAWTEb HAONIIOAAET 32 OKpYKarouen
cpenoif. Ho Torma MO’KHO OTMETHTH, YTO CBOMCTBA JIOPOTH, IO KOTOPOI JBMXKETCS I'Py30BOIl aBTOMOOMIIb, TaKkKe
OKa3bIBAIOT BXOJHOE BO3JCHCTBHE: 110 pa3HOMY IPHUXOJMTCS JAEHCTBOBATh BOAUTENIO MPH €37€ M0 ac(aibTy U MO
IPYHTOBOH JIopore, B MOJIE, 10KAb, TOJI0Ne I, Ipsa3b. JJo0aBiseM K CHUCKY BXOOB Xi, - MEXaHUYECKOE BO3EHCTBHE
TpyHTa Ha Kosieca. Paccyxaas ganee, MOXKHO ONpEAETHTh B KadeCTBE BXOJIOB CJEIYyIONIHe BO3ACHCTBUS BHEIIHEH
cpensl: X3 — a3pOIMHAMUYECKOE COIPOTUBICHUE BO3IyXa, Xi4 -CHIIBI WHEPITUH, BO3HUKAIOIIUE TIPH TOPMOXKCHHH,
MpUYeM MOCIIeTHIE 3aBUCT KaK OT OKPY>KaoLIeH Cpebl, TaK M OT CaMOT0 TPy30BOTO aBTOMOOWIIA U Tpy3a.

PaccmoTpeHHBIH TpuMep CBUACTENBCTBYET, YTO IOCTPOCHHE MOJEIH «USPHOTO SIINKa» HE SBICTCS
TPUBHAIBHON 3a7aueil, TaK KaKk Ha BOIMPOC, CKOJIBKO U KaKUE BXOIBI M BBIXOIBI CIETyeT BKIFOYATH B MOJEIb OTBET
He TpocT. [ TaBHO# IpUYWHON OOJBIIOrO KOJTHYECTBAa BXOJOB M BBHIXOJIOB B MOJIENIH «UEPHOTO SIIUKA» SBISAETCA TO,
YTO BCSKas peanbHas CHCTEMa B3aMMOJACHCTBYET ¢ OOBEKTAMH OKpYKAIOMIEH Cpelbl HEOTPAaHWICHHBIM YHCIIOM
croco0oB.

JleTepMHMHHPOBAHHBIE M CTOXaCTHYECKHe, yIPaBJsieMble U HeyNpaBJisieMble CHCTEMBbI

Paznuuator demepmunuposannsie u cmoxacmuyecKkue CUCmeMmbl.

B oOemepmunuposannvix cucTeMax IIeJdb WCCIEIOBAaHUS IIOJHOCTBIO OIpeNeNeHa, CaMH D3JEMEHTHl U
OTHOIICHHUA MEXIy HUMHU U BHEIIHEH cpemoil m3BecTHhI. [IpuMepoM NeTepMHHHUPOBAHHOM CHCTEMBI MOXET OBITH,
Hampumep, yoopka (pyKTOB KakK IMPOH3BOJ-CTBEHHO-IKOHOMHYECKAs CHCTEMa. DJIEMEHTAaMH CHCTEMBI SBISIOTCS
JIepeBbs M PPYKTHI HAa HUX, IOABE3IHBIC ITyTH, TPAHCIIOPTHBIE CPEJICTBA, Tapa, YIAaKOBOYHEIA MaTepHall, KOJTHYECTBO
cO0opmIrKoB U T.1. CyIEeCTBEeHHBIMU CHCTEMHBIMHE MPH3HAKAMH SIBIISIFOTCS Ka4eCTBO (PPYKTOB, UX KOJIUYECTBO, [ICHA
Ha pBIHKE, CeOECTOMMOCTh MPOU3BOJACTBA, TOTOAHBIC yCIOBHA, KBaiupukanus cOopmukoB. K HecymiecTBeHHBIM
MpU3HAKaM MOXHO OTHECTH (DaMUIINU COOPIIUKOB, I[BET MaTepHalia M3 KOTOPOTO CIeNaHa Tapa U T.1.

Cucmembl co cmoxacmuyecKkoll cmpyKmypot He HMEIOT JIH0O SICHO BBIPa)KEHHOH eI HCCIIEAOBAHUS, JINO0
BEIPQKEHHBIX CYIICCTBEHHBIX JJIEMEHTOB M OTHOIICHUH Mexay HUMH (mpu3HakoB). [lomoOHBIE CHCTEMBI
BBIJICJSIFOTCSL HAa JTanax pa3pabOTKH, MPOEKTHPOBAHMS CJIOXHBIX IPOU3BOJCTB, TEXHOJOTHYECKHX MPOLIECCOB U
obopynoBaHuUs.

CucteMbl pa3leNdlOTCA HA ynpasiaemvie U Heynpagisemvie. YTPABICHHE MOXHO ONPEICTUTh Kak
OpraHU3alLUI0 Pa3JINYHbIX IEHCTBUM, IPOLIECCOB AJIS JOCTUKEHHUS HAMEUEHHOU LIeJIN.

Ynpasnsaemvie cucmemsbr 00ecHeUMBAIOT IiENEHANPABICHHOE (YHKIMOHWPOBAHUE IIPH W3MEHSIOIINXCS
BHYTPEHHUX WM BHEUIHMX YCIOBUSX. YTPABJICHUE OCYLIECTBISETCS YEIOBEKOM WM CHEIHUAIbHBIM YCTPOMCTBOM
(g TexHuyeckux cucteM). K ynpasiseMbIM cucTeMaM OTHOCSTCS, HalpUMep, JIBI)KEHHE aBTOTpaHcHopra, padora
TEXHOJIOTHUECKOH JIMHUY UM NPEANPUATHS B LIETIOM.

Heynpaensemvie cucmempr He 00eCTICUHBAIOT IEJICHANIPABICHHOTO (QyHKIMOHNpOBaHus. K HeynpaBisieMbIM
OTHOCSITCS] CTUXUHHBIC SIBJICHUSI IPUPOJIBI, paboTa 000pya0BaHNUS MOCIIE OTKa3a, ABMKEHHE BETpA.

[Ipu paccMoTpeHny, aHaIM3€e U CHHTE3€ CUCTEM CYIIECTBYIOT JBAa NOAXOAA: UHOYK-MUGHBLU (KN1ACCUYECKUll) U
cuUcmemHblil.

Hnoykmuenolii TIOOXOA TpEANoNaraeT M3ydeHHe CHCTEMBI IMyTeM Iepexoja OT 4YacT-HOro K obmeMmy u
JATBHEHIITNI CHHTE3 CUCTEMBI 33 CUET CIMSIHHSA €€ KOMIOHEHTOB.

Cucmemnulii n00xo0 TIpeNIoyiaraeT Mepexo 1 OT OOIIEro K YaCTHOMY MPH BBIICTICHUH HCCIETYEMOT0 00BhEKTa
W3 OKpYXarollen cpebl MpU €UHON 11eJId.

CTpyKTYypy CHUCTEMBI MOXHO M3yd4aThb MCXOHS W3 COCTaBa OTAENIBHBIX TOJCUCTEM (CMPYKMYpPHbIL N00X00)
WIM IyTeM aHanm3a (QYyHKIMOHMPOBAHMS OTJEIBHBIX CBOWCTB, IIO3BOJISIIONIMX JOCTHUYb 3aJaHHOW LeNN
(pyHryuonansuolli n00x00).

Cmpyxkmyprulii n00X00 TIO3BOJSIET BBIICIUTH COCTAB MIEMEHTOB CUCTEMBI M CBSI3M Mex1y HUMHU. HanbGonee
o0l11ee onucaHue CTPYKTYpPbI- TOIOJIOTHYECKOE ONMCAHUE Ha 0a3e TeOpUH ceTei U rpados.
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Cmpykmypa cucmembi- COBOKYHNHOCTh CBSI3€H MEXIy OSJIEMEHTAMH CHCTEMBI, OTpa-Karomas Hux
B3auMozeiicTsue. CTpyKTypa CHCTEMBI MOXKET M3y4YaThCsl C PAa3HBIX MO3UINI- N3BHE (COCTaBa OTJEIBHBIX SIEMEHTOB
CHCTEMBI M OTHOLICHUH MEXIy HUMH) M U3HYTpH (IIPU aHAIM3€ CBOWCTB CHUCTEMBI, NPUBOAAIINX K HAMCUCHHOU
nenu). CBs3M MEXAY 3JIEMEHTaMH, OINPEICISIONINE CHCTEMY, MOTYT OBITH ycmouuugvle, HeyCmoudugsle,
cmamucmuyecky ycmouusbie.

Ycemotiuusvle c643u CymecTBYIOT TOCTOSHHO B TEUCHHE PAacCMaTpHBAEMOTO MPOMEXYTKa BPEMECHU WIIH
BO3HHKAIOT PETYIISIPHO.

Heycmoiiuuebie c6s13u BOSHUKAIOT PEIKO, OT CIydas K CIydaro.

Cmamucmuuecku ycmouuuebie CBA31 C TECUCHUEM BPEMEHHU CTPEMSITCS K ONpENeICHHbIM 3HAYCHUSM.

CBsI31 MOTYT ONpPENEINSThCS SKOHOMUYECKUMH OTHOIICHUSIMH, (PU3NUECKHUMHU MM COLMATbHBIMU 3aKOHAMHU,
OTHOIICHUSMH POJICTBA, MOJYMHEHHOCTH M T.A. OHM MOTYT OBITH (YHKIMOHAJIBbHBIMH, WH(OPMalMOHHBIMH,
MPUYUHHBIMU, JOTHYECKUMHU U T. 1.

DYHKYUOHATbHBII NOOX00 PACCMATPUBACT OTICNIbHBIC (DYHKIMH, aITOPUTMBI, IPUBOASAIINE K JOCTHKECHHUIO
LETIH.

Xapaxmepucmuku cucmemsl MOTYT OBITh KOJMYECTBEHHbIE M KaueCTBEHHBbIC. KOMM-4ecTBEHHO cHcTeMa
XapaKTepU3yeTCs] YUCIIAMH, BBIPAXKAIOIINMH OTHOIICHHE MEXIY 3aJlaHHOM BEJMYMHON (3TAJIOHOM) U HCCIEAYEMON
BeJIMUMHOM. KadecTBeHHbIE XapaKTEPUCTHKN BBIPAXKAIOTCSI ONHMCAaHWEM THIIA XOPOIIHMH, IJIOXOH, OoJble, MEHbIIIE
WIIY C TIOMOIIBIO PAa3JIMYHBIX IIKaJI, HAIPUMEP METOJaM1 3KCIIEPTHBIX OIICHOK.

Dyuxyuonuposanue cucmemvl — NposBIeHUE HYHKIUI CUCTEMBI BO BPEMEHH, [IEPEXO OT OJHOTO COCTOSHUS
K JpyroMy (ABIKEHME B IIPOCTPAHCTBE cOCTOsSHHI). IIpM HCHOIB30BaHUMM CHCTEMBI BaXKHO KadecTBO €€
¢ynkuronupoBanusi. OUH U TOT K€ 3aKOH (DYHKIIMOHUPOBAHUS MOXKET OBITh PEaIM30BaH C MOMOIIBIO Pa3IMYHBIX
anroputMoB. Ilponecc (QyHKIMOHUPOBAHUS MOYKHO paccMaTpuUBaTh KakK IIOCIENOBATEIbHYIO CMEHY COCTOSHHH.
CoOBOKYITHOCTb BCEX BO3MOKHBIX 3HAUCHUN COCTOSHHI CUCTEMBI Ha3bIBAIOT NPOCMPAHCIEOM COCIMOSHULL CUCTIEMB.

Brewnsa cpeda- MHOXECTBO CYHIECTBYIOIIMX BHE CHCTEMbI 3JIEMEHTOB JIIO0OH NMPHPOABI, OKa3bIBAIOIINX
BIMSHUE HAa CHCTEMYy WJIM HaXOIIIUXCS IO €¢ BO3ACHCTBHEM. BHeEmHAA cpega ompenernseT yCIOBHUS
(hYyHKIIMOHMPOBAHUS CHUCTEMBI MOCPEACTBOM BO3ACHCTBUS BHEIIHHMX (DaKTOPOB, SIBISIOIIMXCS ABHXKYINCH CHIION
Iporecca U ONPENeIAIOINX XapaKTePUCTHKN 3TOTO Tpoliecca. B 3aBHCHMMOCTH OT 1enM BHEIIHHE (aKTOPBI MOTYT
OBITb CIMUMYIUPYIOWUMU, PESYIUPYIOWUMU, 02PAHULUBAIOWUMU, BOSMYUATOUWUMU U PAZPYULATOUUMU.

Cmumynupyiowue ¢hakmopsl CTEMYIHPYIOT DPa3BUTHE IIPOIECCA, HAIpHMeEp, MOAada YIIEKHCIOro ras3a
(BHeIIHMI (hakTOp) B TEILIHIY (CHCTEMY) MPUBOJHUT K YCKOPEHHUIO CO3PEBAHUSI PACTECHHIA.

Pezynupyrowue, ynpaensiowue @axmopsl NPUBOAAT K H3MCHEHUIO LeleH, PEeKUMOB U aJIrOPUTMOB
(hyHKIIMOHUPOBAHUS CUCTEMBI.

Ozpanuuusarowumy  @daxmopamy SBIAIOTCS Pa3INYHbBIE HOPMAaTHBHO-TIIPABOBBIC aKThI, 3aKOHbBI, HOPMBI
MOBE/ICHHS, TEXHUYECKUE YCIOBUS, PErJIAMEHTBI U CTaHJAPThl (DYHKIIMOHUPOBAHHUS TEXHOJIOTHUECKHX HPOLIECCOB U
TEXHUYECKHUX CHCTEM.

Bozwywaiowue ¢axmopsl — 310 oTpHIATENbHBIE (HAKTOPHI, HETATUBHO BIMSIOIIME HAa pabOTy CHUCTEMBI,
JOCTHXEHHE ee [eNH. DTH (PaKTOPBl MOXKHO CITIPOTHO3UPOBATH M KOMIICHCHPOBATb.

Paspywarowue ¢paxmopur — 310 oTpHLIATETbHBIE (HAKTOPBI, KOTOPHIE CIOKHO CIIPOT-HO3UPOBATH, a 3HAYUT, U
npenoTBpaTiTh. OHU NPUBOAST K YaCTUYHOMY HJIM HOJTHOMY YHUUYTOXKEHHIO CHCTEMBI.

OTHOLIEHUS] MEXY IEMEHTaMU CUCTEMBI M CHCTEMOM ONPEAEIAIOTCS NX HepapXuen.

Hepapxusa — 3T0 ynopsiioYeHHas MO CTAPUIMHCTBY COBOKYIHOCTH 3JIEMEHTOB M IIOJICHCTEM, BXOJSIINX B
JAHHYIO CUCTEMY, HallpuMep, 3aBOJ — IIeX — Y4aCTOK — JMHHUA- annapaT. CMBICT TepMUHA «Hepapxus» (Ui 6oiee

MOJTHO — «OPTaHM3alMOHHAS Hepapxus») yJoOHee BCEro MOSCHUTh HAa THUIHYHOM JUIS CENbCKOTO XO3SHCTBa
nmpumepe:

YposeHb Omnwucanune ypoBHA

i+1 COBOKYITHOCTH OpTaHU3MOB (CTaI0,

CEIIbCKOXO3SIUCTBEHHAsI KYJIbTYpa)
i OpranusM (KHBOTHOE, PacTEHHE)

i-1 Opransl

i-2 Tkanu

i-3 Krerku

i-4 OpraHesmis

i-4 MakpOMOJIEKYJIBI.

B uepapxuuecxoii cucmeme 0OBEKT pacUJICHSAETCS HA YPOBHHU COIVIACHO HPHHIUIY NOAYMHEHHS HHU3IINX
ypoBHe# BbicuiuM. CTENeHb IEKOMITO3UIMKA OYIEeT OMPEACIIThCA KaK CICIU(PUKON periaeMoi 3amadd, Tak M
umMeroleiicst nupopmanueit 06 00BEKTE.

Hepapxudeckast opraHu3alys, KOHEYHO, HE SBJISICTCS HCKIIOYUTEIEHOW 0COOCHHOCTHIO CEIBCKOTO XO03sHCTBA
- TaKOM MOOXOA K CTPYKTYPUPOBAHHIO IPHIOKHM K CaMbIM pa3HOOOpa3HBIM CHCTEMaM - KOMMEPYECKUM
MPEINPUATHIM, KOMIDICKTaM KOMITBIOTEPHBIX IPOTrPaMM, COIUATILHOMY YCTPOUCTBY, 3JICKTPOHHOMY 000PYIOBaHHIO
UT. I
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OOBEKTEI, MPUHALICSKAIINE KKAOMY CTPYKTYPHOMY YPOBHIO, MOT'YT PAacCMaTPHBATHCS M KaK CHCTEMBI,
oOpa3zoBaHHBIe W3 MoAcHCTeM (O0OBEKTHI OoJieeé HU3KMX YpPOBHEH), W KaK TMOJCHUCTEMBI, BXOJIINE B COCTaB
HEKOTOPO# CHCTEMBI (00BEKT O0Jiee BRICOKOTO YPOBHS).

Jlns mepapXudecKux CHCTEM XapaKTEPHBI TPH BaKHBIX CBOMCTBA:

1. Kaxxp1if ypoBEeHB HEepapXuy MMEET CBOM COOCTBEHHBIH S3BIK, CBOIO CHCTEMY KOH-TICTIIIIIA WIIA IPUHITAIIOB.
K npumepy, MOHATHS «IIPOM3BOACTBO TPOAYKTOB JKMBOTHOBOJCTBA», «YPOXKAHHOCTH CEJIBCKOXO3SHCTBEHHON
KyJIbTYpPBD» NPAKTHYECKH JIMIIEHBI CMbICIAa Ha YPOBHE KJIETKH WM OpraHeIlIbL.

2. Ha xaxJ0M ypOBHE HepapXuu IMPOHCXOAUT 00O0OIIeHHE CBOWCTB OOBEKTOB OoJjice HHM3KHX YpPOBHEH.
3aKOHOMEPHOCTH, OOHApY>KCHHBIC M ONMMCAHHBIC JJISI TOCIEIHUX, MO-TYT OBITh BKIIOYEHBI B OOBSICHSIONIYIO
(pyHKUMOHANBHYIO) CXeMY, oOpeTast IPU 3TOM CBS3b C OOBEKTOM BBICIIEro ypoBHs. TakuM 00pa3om, ONHCaHHWE Ha
YPOBHE i CIIOCOOCTBYET O0BSCHEHHIO (IIOHUMAHUIO) SIBJICHUH, MEIOLIMX MECTO Ha ypOBHeE i- 1.

3. B3auMocBsI3M MeXAy YPOBHSMH HE CHUMMETPWUYHBI. [ HOpMaJbHOTO (PYHKIM-OHHUPOBAaHHS OOBEKTOB
BBICIIIETO YPOBHS HEOOXOIMMO, YTOOBI YCIENTHO «paboTaim» 00BeKTH Oosiee HI3KOTO YPOBHA, HO HE HA000POT.

OpHako TiIaBHas 3a/ava IIPU STOM — BEIOPAaTh KOMIIOHEHTHI CHCTEMBI TaKUM 00pa3oM, 9TOOBI KaKJOMY U3
HUX OBLITIa TIPHCYIIA OTHOCUTENbHASI aBTOHOMMS, TO €CTh YTOOBI BHYTPEHHHE CBSA3H B MpEeax KaI0H MOACHCTEMbI
OBLTH CHIBHBIMH, @ B3aWMOICHCTBHS MEXIy MOJCHCTEMaMH — c1a0biMu. OOBIMHO PENIAONINM OKa3bIBACTCS TO
00CTOATENBCTBO, UTO TOACUCTEMBI, ITOUIEKAIINE PACCMOTPEHHIO, JOJDKHBI OBITh XOPOIIO U3Y4YEHBI M OITUCAHBI.

2.1.3 Pe3ybTaThl U BHIBOBI:

I/I3y‘~II/ITI> OCHOBHBIC IMOHATHA, OIPCACICHUA TCOPHUU HOI[O6I/I$I U MOJCIMPOBAaHUA

2.2 IlpakTuueckoe 3ansitue Ne2 (2 yaca).

Tema: «(I)I/BI/I'—IGCKI/IG, aHAJIOTOBBbIE U MaTeMaTH4YeCKHe MoJieJIi 00beKTOB U mpoueccon>»

2.2.1 3ananue 151 padoThI:

1. Cratuueckue u ANHAMHUYCCKHUC MOJCIIN

2.2.2 KpaTlcoe OIMUCAHUE MPOBOAUMOIO 3aHATHUA:

CrenyromuM NPU3HAKOM, MO KOTOPOMY MOKHO Pa3iM4yaTh MaTeMaTHYeCKHE MOJEINH, SIBISETCS CBSI3b C
(hakTOpOM BpEMEHH.

Cmamuuyeckasn modens — 3TO MaTeMaTH4yeckas QyHKIHS, B KOTOPYIO HE BKJIIOUCHA MEpEeMEHHAs BPEMEHH.
Bce ocoOeHHOCTH MTOBEICHNS CHCTEMBI, IMEIOIIHE BEIPAXKEHHYIO 3aBUCHMOCTE OT BPEMEHH, IIPU 3TOM UTHOPUPYIOT.
A TIOCKOJIbKY Bce B MHUpE OBICTPO JIM, MEIUICHHO JIM, HO MEHseTCs, TO Jirobas craThyeckas MOJeNb YCJIOBHA.
CraTHyecKUMH MOJIENIIMHU TTOJIB3YIOTCS, KOTJa B paMKaxX IOCTaBIEHHON 3a/Jadll WHEPLHOHHOCTHIO M '"HaMsThi0"
peanbHOM CHCTEMBI MOXKHO IIpeHeOpeub. TO BO3MOXKHO IPHU BBIITOJHEHNUHU PAa YCIOBHUH, B YUCIO KOTOPBIX BXOIST
cllelyIolIHe:

- chcTeMa YCTOW4MBa,  T.C. MEepEeXOHbIE TPOIECCHl T0Ce CKayKoOOpa3HOro HM3MEHEHHsI BXOJIOB
3aTyXaroT;

- BXOJIbl MEHSIOTCSL MEJITIEHHO;

- BBIXO/IbI U3MEHSIOTCS PENKO.

Maremarnyeckass MOJAENb CHCTEMBI Ha3bIBAeTCsl OuHAMUYECKOU, €CIM 3HAa4eHHe ee BbIxoja y(t) MoXer
3aBUCETh OT BpeMeHU t MpoTeKaHus MpoLecca, €ro MPOIIIoro S:

y(® = F{u(s), s<t}). (1.1)

JlnHamuueckre  MOJIeNM  TO3BOJISIIOT — y4ecTh  Hanmuuue "mamsaTH', HWHEPIMOHHOCTH  CHCTEMEI.
MaTeMaTHYeCKUM ammapaToM ONMCAaHUS IUHAMHUYECKHX CHCTEM SBIIIOTCS an¢¢epeHInaIbHble, pa3HOCTHBIE
ypaBHEHHs, KOHEYHBIE aBTOMATHI, CITydaiiHble TpolecchHl. JMHaMHu4Yeckne MOJIeNn, MMEIOMHe NPaKTHIECKYIO
[IEHHOCTb, OOBIYHO CTPOSTCA Ha OCHOBE IU(PQPEepeHIHANbHBIX YPaBHEHHH, HE MOJNAIOUINXCS TPSIMOMY
UHTErPUPOBAHUIO, U PEIIEHHE UX HENb3sd MOIYYHTh B BUJE MPOCTBIX aHAIUTHUECKUX BbIpakeHUil. B aTom cmydae
npuOeralT K YHCIEHHBIM METOJaM pELIeHWH Ha KOMIBIOTEpE C MOMOIIBI0 CHENHATbHOTO IPOrpaMMHOTO
obecrieueHusl.

Cucrema MOXET OBITb OUCKPEmHOU UlU HenpepvliHol IO BXOJaM, BBIXOJaM W IO BpeMmeHH. [lon
JUCKPETHBIM TIOHHMMAEeTCsl KOHEYHOE MM CYETHOE MHOXKECTBO- OJMH, ABa, Tpu U T.O. Ilox HenpepbIBHBIM
MOHUMAETC MHOXECTBO - OTPE30K, JIyd MM HpsMas JUHUA, T.€. CBA3HOE YHCIOBOE MHOXECTBO, KOJIHUECTBO
3JIEMEHTOB KOTOPOTO CTpEeMHUTCs K OeckoHeyHOcTH. Kak mpaBuio, IOUCKPETHOCTh BXOJa  BJIEYET 3a COOOM
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JICKPETHOCTh BBIXOJa 00bekTa. Kpome Toro, s CTAaTHYECKUX CHCTEM HCUe3aeT Pa3sHHIA MEXIy HETPEPHIBHBIM H
JIUCKPETHBIM BPEMEHEM.

CmewanHble MOJIENN MOTYT COZICPKaTh KaK (pr3HYecKue, TAK U CHMBOJIMYICCKIE YIIEMEHTHI.

Dmnupuueckue MOICTH OMHCHIBAIOT CBS3HM MEXIy IMapaMeTpaMH 3JIEMEHTOB OJHOTO YpoBH:. Pa3paboTdmk
SMIOUPUYECKON MOJETH BCET/Ia OCTACTCS B MpeesiaX OJHOTO €AMHCTBEHHOTO YPOBHS OPTaHW3AIMOHHONW HepapXuH,
T/Ie OH U CTPOUT YPaBHEHUS, CBA3BIBAIOIINE MEXKAY COOO mapaMeTpsl, CBOHCTBEHHBIE TIOJCHCTEME TOIBKO JTAHHOTO
YPOBHSL.

QyuKyuoHanrbHas MOJAETh OOBSICHAET CBA3HM MEXIY JJIEMEHTaMH KaK OJHOTO YpPOBHSI HEpapXWUH, TaKk M
MEXKIy pa3IMYHBIMK YPOBHAMH. Pa3paboTyrk (yHKIIMOHATBHON MOJCITU CTPEMHUTCS OMHMCATh MOBEIACHUE CUCTEMBI
¢ (yHIaMCHTANBHBIX IO3UIIMH, 3aTPArWBaIONIMX OCHOBY pabOTHl O0BEKTa, YYMUTHIBAIONIMX Hamboiee oOIue
3aKOHOMEPHOCTH €T0 padOTHI.

Bcerna MOXHO MOCTPOUTH TAKYH 3MIMPUICCKYIO MOJENb, KOTOopas Oblia OBl COIVIACOBaHA C MAacCCHBOM
OTBITHBIX MAHHBIX Jydlle, 4eM (QYHKIMOHAJIBHAs, T.K. OSMIIUPUYECKas MOJENb IPAKTHICCKH CBOOOJHA OT
OTpPaHMYCHHUH, B TO BpeMs KaK BO3MOXXHOCTH (YHKIIMOHAJHHOM MOJENN OTPaHWYHMBAIOTCS MOJOXCHHBIMH B €€
OCHOBY JIOTYIICHUSMH, UACSIMHU U THIIOTE3aMU.

2.2.3 Pe3ybTaThl U BHIBO/BIL:

HSy‘lI/ITB (bHSH‘ICCKI/IC, AHAJIOT'OBBIC U MaTCMATHYCCKHUEC MOACIIN 00BEKTOB U IIpoueccoB

2.3 IlpakTuueckoe 3ansitue Ne3-4 (4 yaca).

Tema: «MaTemaTHuyecKkne MOJeJIM HAIEKHOCTH CHCTEM 00C/Iy:KMBAHUSI CeJIbCKOT0
xo3siicTBa. [IpuHIMIIBI MOCTPOEHUS MaTEeMATHUYECKUX Mojiesieil. O0padoTka pe3yabTaToB
CILIAHMPOBAHHOT'0 IKCIIEPUMEHTA»

2.3.1 3apanue 151 padoThI:
1. AnmpokcruMariust UCXOIHBIX JaHHBIX: HHTEPIOJISIS, PETPECCHS, CTIIAKUBAHUE C
bunbTpanuei

2. OyHKIIMH pocTa

2.3.2 KpaTkoe onucanue NpoBOANMOro 3aHATHA:

Annpokcumayus UCX0OHBIX OAHHBIX- CTIOCOO MPEICTaBIEHUS JaHHBIX B BUJAE TOW MM WHOW 3aBUCUMOCTH.
st 6onee 3 PEeKTUBHOTO MEPBOHAYAIBHOTO aHAIN3a YKCIIEPUMEHTAJIbHON HH(OpMaLuK coueTaHne ABYX BEINYNH
NPE/ICTABISIOT Ha rpadKe B BUJIE TOUEK X; Yj (MMEET MECTO Tak)Ke ¥ MHOTOMEpHasl alrpoKcHMalys). Bo3MoKHbBI
CJIC/TYTOIIME BUIBI AllIPOKCUMAIINH:

- unmepnonayus, Korja anmnpoKCUMHUpyromas (GyHKOusS AOJDKHA NMPONTH Yepe3 BCe SKCHEepHMEHTAIbHbIC
TOYKH;

- peecpeccus, KOrja anmpoKCUMHUpyromas (YHKIUS yCpeOHSET SKCIIepHMEHTAlIbHbIC IaHHbBIC, MPOXOIUT
BOJIM3H HHUX;

- cenadicusanue ¢ urbmpayueli, Korna QyHKIUS HE YYUTHIBAET BBIOPOCHI, LIYMBI, CIydaiiHble JaHHBIE U
apTedaxTsl.

[Ipu MHTEpHONSUMU Yepe3 IKCIEPUMEHTAJIbHBIE TOYKH IPOBOJTCS KPUBBIE PAa3HOHM CTENEHH TIAJKOCTH,
pa3HOW cTenmeHW NPHONMKEHHS K JAaHHBIM. [Ipu JIHHEHHONH WHTEPIONAIMH alIpOKCUMHUpPYIOMas (OyHKIHS
COC/IMHSIET COCEAHUE SKCIEePUMEHTANbHbIE TOYKH OTPE3KAMHU MPSIMBIX JHHUH. VHTEpHOSINIO OCYIIECTBISIIOT B
(hyHKIMK OHOI 1 O6oslee MepeMeHHBIX.

Kybuueckas cnaaiin-unmepnonayus COeIUHAET HECKOJIBKO COCETHUX IKCIIEPUMEH-TAJIBHBIX TOYEK IJIaJKON
KPHBOM, TepBasi U BTOpasi MPOM3BOAHBIE KOTOPOW B KaXJIOH TOUKE HEMPEPHIBHBI.

Dxempanonayus — 3TO MHTEPIOSIINS 3a Npe/esilaMH 3aJaHHOT0 MHTEpBajla dKCIIe-PUMEHTAIBHBIX TOYEK,
Npe/icKa3aHne 3HaYeHUH 110 MMEIOIIMMCS JTAaHHBIM.

Ilpeocmasnenue 0aHHbIX 8 BUOe BPEMEHHLIX p008. BpeMeHHble panpl, pAbl JUHAMHKH, XapaKTepU3yIOT
M3MEHEHHE TOT0 WM MHOTO MOKa3aTelsl BO BpEMEHH, BpeMeHHO! (yHKIMH. BpeMeHHON psl MOTYT COCTaBIISITh Kak
OT/EJIbHBIE YHCIIA, TAK U BEKTOPA U MATPHIIBI.

B kaxmoM psgy mMmeeTcs [Ba OCHOBHBIX 3JIEMCHTA: IIOKa3aTesb BPEMEHHM { W COOT-BETCTBYIOLIMH €My
YPOBEHb pa3BuThs u3ydaemoro siienus Y=f(t). OCHOBHBIM MOKa3aTesneM Ulsl MOMYYCHHS [PABIIBHBIX BBIBOJOB
NP aHAIIM3€ PAJOB IMHAMUKH SBISAETCS CONOCTABUMOCTD €T0 3JIEMEHTOB.

44



Psiapl hopMupyIOTCS IIpU 00pabOTKe pe3yabTaToB HabmroaeHui (apryment X B Tabmuie 2.1. — Bpems t).
3HaueHHs OJHOMMEHHBIX IIOKa3aTeJed IOBTOPSIONIMXCA BO BPEMEHM pAaCIONaraloTcs B XPOHOJOTHIECKOM
nocyieoBaTenbHOCTH. KaXkaplii psii 0XBaThIBAE€T OTACIBHBIC NMEPUOIBI BPEMEHH, B KOTOPBIE MOTYT MPOHCXOIUTH
W3MEHEHHMS, IPUBOJAIINE K HECONOCTAaBUMOCTH C JAHHBIMH JPYrHX IeprnofoB. Cpenn NPHYMH, NMPUBOLAMNX K
HECOIIOCTAaBIMOCTH, MO’KHO Ha3BaTh CIIEAYIOIIHE:

- OIIMOKY B OKA3aHUAX NHTEPBAIOB BPEMEHH;

- HEOTHOPOJHOCTh N3y4aeMOro SIBJICHUS BO BPEMEHH, U3MEHEHUS B METOJJUKAX y4eTa;

- IPUMEHEHHE Pa3JInYHbIX €UHHI] U3MEPEHHS U T.JI.

[Ipy u3yueHnn BpeMEHHBIX PS/IOB UCTIONB3YIOT IIOHATHE MPEeHOd.

Tpeno- 310 TEHIEHUUSI N3MEHEHHS BBIXOJHON BEJIMYHMHBI BO BPEMEHH I10]] IEHCTBHEM BXOAHBIX (DaKTOPOB,
€€ YCPEHEHHOE COCTOSIHME 3a ONpeAEICHHBIH MPOMEXYTOK BpeMeHH. 3yueHne TpeHaa - BaXKHOE HalpaBJICHUE B
UCCJIEJIOBAaHUN HAJEKHOCTH TEXHHMYECKUX W OMOJIOTMYECKHX , COIHAIbHO-IKOHOMHUYECKHX, IeMOrpapuyecKux U
9KOJIOTMYECKUX IPOIECCOB, OCYLIECTBIIIEMOE ITyTEM IIPUMEHEHHS CIEIHAIBHBIX METOAOB aHAIN3a BPEMEHHBIX
psinos. ITocTosHHO AeiicTByrommMe (GakTOPBI IMEIOT ONpeeisIoniee 3HaueHne 1 popMupyrot Tpers. Ilepuoanueckn
JeHCTBYIOIUE (PaKTOPHI BBI3BIBAIOT MOBTOPSIONINECS KoleOaHWs ypoBHEH psAmoB. JleWcTBHE pa3oBBIX (PaKTOpOB
BBI3BIBACT CITyYaifHbIe N3MEHEHUS YPOBHEH PANOB TMHAMUKH.

AHHPOKCHM&HI/IH JAHHBIX (l)yHK].ll/IOHa.]IbelMl/l 3aBUCHMOCTHAMH

Be ciyyaiinble BeduduHBl X U Y  CBsi3aHbl (DYHKUMOHAJbHOW 3aBUCHMOCTBIO, €CIIM CYILECTBYET TaKas
uncnoBas ¢yukims f, aro Y=Ff (X). Ecmu X u Y He3aBHCHMBI, TO YCIOBHBIC 3aKOHBI pACIpeICICHHs CIyJaiiHOM
BeIMYHHBI Y TI0 OTHOIICHHIO X HE MEHSAETCS B 3aBUCUMOCTH OT X.

IIpu craTMcTUYECKOM 3aBUCUMOCTH CIIY4aiHbIX BEJIMYUH U3MCHEHHE 3HAYCHMs OJHOM BEIMYMHBI BICUYET 3a
coboif m3MeHeHHWe pacrpenencHust Opyrod. IlokazaTeneM CTENEHHM CTaTUCTUYECKONW 3aBHCHUMOCTH  SBILIETCS
KOPPEIALMOHHOE OTHOIICHHE

Cuy = [D(Y/X) I D(Y)] *°, (2.16)

rae D(Y/X) - mucnepcus BBIXOAHOW BenuvuHbl Y  TIPH HU3MEHEHHH PEryjupyeMoil mnepeMeHHo X u
MOCTOSTHHBIX HEperyIHpyeMbIX nepeMeHHbIX, D(Y)- monmHas qucnepcus BBIXOIHOM BeMYHHBI Y.

KoppensaunonHoe oTHomenue Haxoautes B npenenax 0 <= Cyy <= 1. Jlna QpyHKUHOHANBHON 3aBUCHMOCTH
HEo0X0JMMO M JI0CTaTodHO, 4To Obl Cyy=1. Uem Ommke KOppENANMOHHOE OTHOIICHHE K CAMHHIE, TeM OmnmKe
CTaTHCTHYECKasl 3aBUCUMOCTh K (PYHKIIMOHAJILHOM 3aBUCHMOCTH U 00OpaTHO.

IIpenmonoxxum, 4To B HEKOTOPOE HAOIIOCHNE

y=F(a, a, ..., an, X) (2.17))

BXOJSIT HEM3BECTHBIE MapaMerTpsl aj, dp, ..., 8p. IIpojenaH paj 3KCIIEPUMEHTOB M IOJYYEHO N OMBITHBIX
JaHHBIX (X, Yj) C IeIbI0 yCTAaHOBJICHUS 3HAYCHUH MapaMeTpoB. Bo3HMKaeT Bompoc, Kak BHIOpAaTh MapaMeTpsl
3aKOHA TaK, YTOOBI PE3yJIbTAaThl HKCIIEPUMEHTA COOTBETCTBOBAIM €My HAWIYyUIIUM 00pa3oMm. Kax npaswuio,
pelnieHre Bomnpoca O Noadope MapamMeTpoB OCHOBAHO HAa METOJIE HAMMEHBIINX KBAApaToB, KOTOPHIH B JAaHHOM
CJTydae COCTOMT B HaXOX/IEHNU MUHUMYMa BBIPa)KECHHS

n

0.5*Y [ F(ay, 8,....an Xi, Vi ]iz_1 (2.18)

M0 BCEM BO3MOXKHBIM 3HAYEHHAM 81, 8p,...,dn. J|OTOIHUTENBFHO MOTYT OBITH ITOCTABJIECHBI OTPAHUYEHUS Ha
napaMeTpsl, HallpUMep Ha WX BETHYUHY HJIU COUETaHHUS.

Bonee mpocTeIM METOIOM ABISETCS METOH BBHIOpaHHBIX TO4eK. Ha KOOpAMHATHYIO IIOCKOCTh X Yy HAHOCST
OKCIIEPUMEHTAJIbHBIC JIJAaHHBIE U MPOBOAAT 4Yepe3 HUX (YHKILHUIO anmnpokcuManuu. Jlajgee onpenensioT BUJ TOH
(hyHKIMH, HaIIpUMeEp, B COOTBETCTBUU C TaOJIHIEH 3JIeMEHTapHBIX SMIIMPHUECKUX 3aBUCHUMOCTeH, Tabm.2.2. ITocme
TOrO KakK BBIOpaH BHJ (YHKIMH alpPOKCUMAIMH, OCYIIECTBISAETCS IEPEX0/] K ONPENEeNICHUI0 HAWIYYlIuX ee
napaMeTpoB. B 1gaHHOM MeTone MO YHMCIy TIapaMeTpoB BBIOpaHHON (QYyHKIMH BBIOMPAIOT N  TOYEK
9KCIIEPUMEHTAIILHBIX JaHHBIX 110 BO3MOKHOCTH PaBHOMEPHO pacIoj0oKEHHbIE BOKPYT Hee. [lapamerpsl &y, ay,...,a,
OTIPEIETISAIOT U3 CUCTEMBI alreOpandeckux ypaBHeHHH (2.1):

yi=F(ay, a,,...,an, X1)

yZ:F(al, ay,...,an, Xz)

Yn=F(ay, ay,...,an, Xn).
PaccestHre pe3ynpTaToB HAOMIOAEHWH BOMW3M YpaBHEHUS AaIIPOKCHMAIMH MOXKHO OIICHHUTH C MOMOIIBIO
OCTaTOYHOH JUCTIEpPCHH (IUCTIEPCHU aJIeKBaTHOCTH):

i n n
= Soer = UM -1 * Y (vi- Yay* X, (2.120) ~
e
rae |- qUCJIO HapaMeTpOB ypaBHeHI/ISI.
CTGHGHL aJCKBATHOCTHU l'[OJ'[y‘IeHHOﬁ MOJCJIN OLUCHUBACTCA 110 KpI/ITepI/IIO CDI/IIHGP&
F=8%/S%, (221)

n
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e Szy =1/(n-1) *>(y;i- ycp)2 — JMCTIePCHsl Y OTHOCUTEIIBHO CPEHETO 3HAUCHHUS Yoy
i

Kpurepuit F moxaspiBaeT, BO CKONBKO pa3 paccesHWE Y; OTHOCHTEIBHO CpPEIHEro 3HA4YeHHs Ooublie
OTHOCHTEJIHOTO PAacCEesTHUSI BOKPYT IOJyYEHHOTO YPaBHEHUS alpoKcUManuy. YeM Ooible 3HAYEHHE KPUTEPHS,
TEM MOJyYCHHOE YPaBHEHHUE Jy4IlIe OMICHIBAET HKCIIEPUMEHTAIbHBIE JaHHBIC- CTETIEHb aJICKBATHOCTH BBIIIIE.

OmeHKa JOCTOBEPHOCTH IIOJIyYEHHOW MOJENH OCYIIECTBISICTCS CPaBHEHHEM pPACUMTAHHOW BEIHIHHBI
Kputepus F C ero TaGmu4HBIM 3HaueHHeM F,, ONpeieneHHBIM AN 3aaHHOTO YPOBHs 3HAUHMMOCTH O U CTereHel
cBo6obl vi = N-l 1 v, = n-1. Yposens 3Haunmoctr o = 0.88...0.88 ompenernsieT BepOATHOCTD, ¢ KOTOPOH MOXHO
CUUTATh JIOCTOBEPHOHM MPUHATYIO AallPOKCUMHPYIOIIYI0 3aBUCHMOCTh NPU HMMEIOIIEMCS 4YUCIE ONBITOB N U
napametpos .

Ipu F < Fy, pe3ynbTaT anmpoKCUMallUy CUUTAETCA 3HAYMMBIM M HalleHHbIe apaMeTphl MPUHUMAaOTC. B
NPOTUBHOM CIIy4ae pe3ysbTaT He NPUHHMMAETCS, CYMTAETCs, YTO JaHHOE ypaBHEHHE HE a/ICKBATHO OIMCHIBACT
9KCIIEPUMEHTAIbHbBIC JaHHBIE. B 3TOM ciryqae HEOOXOANMO yBEINYHMBATh YHCIO KCIICPUMEHTOB, CHIDKATh YPOBEHb
JOCTOBEPHOCTH (€CITH 3TO BO3MOXKHO) MIIHM TIOMEHSTH BUJI allIPOKCUMHPYIOIIETO YPaBHEHUS.

Bri0op anmmpoKCHMHPYIOIIETO ypaBHEHHWS HOJDKEH IIPOM3BOJUTHCS C y4eTOM (DM3MUCCKHX 3aKOHOB,
OTIPEACIAIONIMX TEUCHUE IIpoliecca, T.€. BCErZa CIEAYET CTPEeMHThcA K (yHKIMOHAaIbHOW Monenu. Ecmm u3
(hM3MUECKOTO CMBICTAa TEPEMEHHBIE CBS3aHBl JHMHEHHOW 3aBUCHMOCTBIO, TO HE CIEOyeT IPOU3BOINUTH
anMpOKCUMAIMIO ITIOJIMHOMOM BTOPOI CTENEHH- 3TO IPHUBEAET JHIIb K HMCKKEHWIO MOJETH, CHIDKCHHUIO €¢
aznexkBaTHOCTH. CrnenyeT u3beraTb MCIOJIB30BAaHUsS MOJMHOMOB, 3aBUCHMOCTEH OosbuIoro mopsijika (Oonee 4), Tak
KaK OHH OIIMCBIBAIOT OOJiee BBICOKME KOJIeOaHMs, CBSI3aHHBIC C OMIMOKaMH, apTedakTaMu WM HE YYUTHIBAEMBIMHU
IryMaMH (HeynpaBJiieMbIMU IIEPEMEHHBIMH).

OxcnonenyuanbHble NOAUHOMbL. Y paBHEHHUS 3TOTO KJlacca 3alMChIBAIOTCS B BUIE

W = exp(aot® +a, t* +a,t? +a3t3+...), (2.22)

rze 8y, 81 ,... — MOCTOSHHBIE KO3()(UINCHTHI.

IMocne norapudmupoBaHus BEIpaKeHHE (2.22) IpUHIMAaET BHI

INW = agt” +a, t* +a,t® +agt3+... . (2.23)

Iocne BEUUCITICHUS IPOU3BOTHON OT TOCIETHEH (QYHKIIUN 3aBHCUMOCTD (2.22) MOXeT OBITh IpencTaBlicHa
B BHJIE

(L/W)*dW/dt = a; +2a,t + 3ast?+... . (2.24)

OKcnepuMeHTaNbHbIE JIaHHBIE, alNPOKCHMUPYEMble KCIIOHEHIIMAIbHBIM ITOJMHOMOM, MOXHO 00paboTaTh
Ha KOMIIBIOTEpPE CTAaTHCTHYECKMM MeTojaMH. B pesymprare Oyayr paccuutanbl KO3(D(QUIMEHTHI  §;
MOJIMHOMHHAJILHOTO YpaBHEHHs. B rpakTuke 00bIYHO OTpaHUYMBAIOTCS 2-01 MJIM 3-€# CTeNEeHsIMH NOJIMHOMA.

Annomempuueckue 3asucumocmu. Ilpennonoxum, yto P m Q — HeKoTOpsle CBOHCTBa OpraHu3Ma
(HabnromaeMble KOJMYECTBEHHBIE XapaKTEPUCTHKH): Hanpumep, P u Q Moryr OBbITh MaccaMu pas3JIMuHbIX
KOHEYHOCTEH >KMBOTHOIO WM P MOXeT 3amaBaTh CyXyl0 Maccy pacTeHus, a Q — MJiomags HOBEPXHOCTH €ro
mcTheB. [10CKOJIBKY OpraHM3M pacTeT U pa3BuBaeTcs, To U P, 1 Q OyayT U3MEHSTHCS C TEYCHHEM BPEMEHH, TO €CTh

P=P(t) n Q=Q(t). (2.25)

Cunraercs, uro P m Q amgomeTpudecku 3aBHCHMBI, €CIIM OHHM YAOBJETBOPSIOT aJZIOMETPHUYECKOMY
YpaBHEHHIO

P=a* Q°, (2.26)

riae a u b — nocrostHHbIE KO3 OULUCSHTEL.

P u Q u3MeHsI0TCsI BO BpeMEHH TakKuM 00pa3oMm, 4To cooTHomIeHue (2.26) coxpaHsieT CnpaBeJIuBOCTh Ha
BCEM HHTEpBaje HaOJII0/ICHUSI.

DYHKIHMHU POCTA

Jpyrum BusioM QyHKIHMH, IIMPOKO MCIOIBb3YEMBIX B JeMOrpadMuecKuX, MEAUIIMHCKNX, arPOHOMHYECKUX U
OMOJIOrMYeCKNX UCCIIEIOBaHUAX, CBSI3aHHBIX C POCTOM, TMHAMHKON pa3BUTHS PaCTCHMH, JKUBOTHBIX, YEJIOBEKa U UX
MOMYJISILUH, SBISIOTCA  «@YHKyuu pocma», 0003Ha4YaIONINEe HEKOTOPYIO aHAIUTHYECKYIO (DYHKIMIO 3aBUCHMOCTH
BenmunHbl W ot Bpemenu t : W = f(t). Ha3nauenne QyHkumii pocta — cBsi3aTh BPEMEHHBIC DsABI JaHHBIX,
OTHOCSIIIUXCS K POCTY OpraHu3Ma WJIM €ro 4YacTH, B paMKaX eAWHOr0 MaTeMaTHYeCKOTO BBIPAXKEHHUS.
[IpeanoyTnTenbHO MOCTPOUTH Takyl (YHKIMIO, KOTOpas OTIMYanNach OBl ONpPEJeNICHHBIM OHOJIOTHYECKHM,
TEXHOJIOTUYECKUM MM (PU3UUECKHM TPaBJONOA00UEM U HHTEPIIPETUPYEMOCTBIO TapaMeTPOB, TO €CTh OTOOpaxaa
OBl JieXKalie B OCHOBE U3y4aeMoro npoiecca GU3HOI0rHIecKue Uik OHOXUMHIECKUE MEXaHH3MbI 1 OTPpaHUYCHUS,
T.e. ObuTa OB PYHKITMOHAIEHOH.

OOBIYHO JMHAMMKY IIPOLIECCa POCTa OMUCHIBAIOT AU PepeHIINaIbHBIM YPaBHEHUEM

dWi/dt = g(t), roe g(t) = df/dt (2.27)

WJIM, €CJIN UCKIIIOUUTD ITPOMEKYTOUHbBIE IEPEMEHHbBIE, B BUIE MeMna pocma - IPUPALICHUs], HAIIPUMeEp, MacChl UITH
o0beMa B eIMHUILY BpEMEHH

dw/dt = h(W), (2.27a)

rae - HekoTopast pyHKIHS.

370 ypaBHEHHE ecTh 3aBUCHUMOCTh Temmna pocta dW/dt ot coctosinus 06bekTa (pacTeHus, )KUBOTHOTO H T.1.),
IJie B KAYECTBE IIEPEMEHHON COCTOSIHUS BhICTYHaeT nepemenHast W.
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B HEKOTOPBIX CIIy4asx UCIOIb3YIOT (GopMy, TAE B KAUECTBE OJHOIO U3 IIAPAMETPOB SBIISCTCS BPEMS

dwidt = u(W.t), (2.28)

rze U ectb HekoTopas yHkmus ot W n t.

Jist 6oree MOIHOTO ONMUCAHMSA JUHAMHUKH IIPOIIECCa UCTIONIB3YIOT OTHOCHTEBHBIH TEMII POCTa

(L/W)*dwidt, (2.29)

MOKa3bIBAIOIIMIA TEMIT pOCTA OTHOCHTEIBEHO H3MEHstonlelics BeanynHbl W B TaHHBIH MOMEHT BPEMEHH.

Jns  anmpokcuManuy BpEMEHHBIX pSJOB pOCTa C LelNbio 0Oojiee HAIVISAHOTO IPEACTAaBICHHUS U
MaTeMaTHuecKoil 00pabOTKH NMpHMEHsEeTCs MOy - JorapudMuueckas IKana. B aToM ciyuae KpuBas CIIOKHOM
(hopMBI MOXKET peoOpa3oBaTh CBOM BHJ U YTPATUTh CBOIO NMEPBOHAYAIBHYIO crieluduKy. PaccMOTpUM NpHHIMITBI
CO3JJaHUs] MaTEMaTHIECKUX MOoJieNiel (YHKIMH pocTa Ha HECKOJIBKUX TPHMepax.

[TycTp cymiecTByeT HM30/MpOBaHHas CHCTEMa C JABYMS KOMIIOHEHTaMH - HET HHM BXOJOB, HHM BBIXOJIOB,
puc.2.7.

[lepBblif KOMIIOHEHT -CyOCTpaT S SBIAETCS MCTOYHHKOM ULl BTOPOTO KOMIIOHEHTa- Cyxoro BemectBa W
(cymka marepuana, pocT pactenns) . [Ipeamonaraercs, 9To B mporecce mpeoOpa3oBaHie MepBOr0 KOMIOHEHTa S B
MartepHal BToporo komrnonenta W norepb Her.

CyGerpar S Cyxoe

Poct BewecTee W

Puc.2.7. 3amMKkHyTast IByXKOMIIOHEHTHAsI MOJIENIb POCTA.

PaznuuHbIe TPEINoI0KeHUsT OTHOCHTEIFHO 3aBUCHMOCTH CKOPOCTH Ipolecca (Temma pocta) oT W u S
NPUBOIAT K Pa3IMYHBIM MaTEMaTHYCCKMM MOJCIAM. OTH YpaBHCHHUS BBHIBOJTCS Ha OCHOBE aHaM3a Ooiee
HPOCTHIX MOJIeNeil — OOBIYHO MyTeM HHTEIPHPOBaHus IH(PepeHINaIbHOTO ypaBHeHUs. Takoi noaxon odnerdaet
MHTEPIPETALHIO TAPAMETPOB 3aBUCUMOCTEH TUIIA «CyXasl Macca — BpEeMs».

Ecnu pmomyctuth, 4TO Ha paccMaTpHUBaeMOM OTPE3KE BPEMEHU CHCTEMa IOTeph HE MMEeT- HE MOJIydaeT U3
BHEIIIHEH CPebl U HE TePsAeT HUKAKOTO MaTepraa, TO CIPaBeIUBEI Clienyrolnue 1uddepeHanbHbIe YpaBHEHUS

dWi/dt = - dS/dt;

dW/dt + dS/dt = d(W+S) = 0, (2.30)

TaK 4To

W + S =const=Wy+ Sp=W;+S;=C, (2.31)

rne Wy u Sp- wucxonnble 3HaueHHs cyxoro BemectBa W u cyocrpara S B MoMeHT Bpemern t = O,

Ws u S¢ — 3Ha4YeHHs K KOTOPBIM NPHOJIMKAIOTCS TH MapaMeTpsl Hpu { —>co0, B NONYLICHHUH, YTO
CHCTEMa CO BPEMEHEM NPUXOJHUT B YCTOWYHMBOE COCTOSIHUE;

C- moCTOsIHHAsl BEJIMYMHA — 3TO COCTOSHHE KOTOpOE NMPHOOpETaeT cHUcTeMa 4Yepe3  OINpeesICHHBIH
NPOMEXKYTOK BPEMEHH- KOJHMYECTBO cyOcTpara S CTAHOBUTCS PAaBHBIM HYNIO M BEChb OH IpeoOpasyeTcss B Cyxoe
Bemrectso W.

ITepBoe u3 ypaBHeHwuit (2.60) moka3pIBaeT, 4TO TEMI pocTta cyxoro Bemectsa dW/dt
paBeH OTpHIATENILHOMY TeMITy pocta cyoctpara - dS/dt, a BTopoe - 06mIHit TeMIT pocTa CHCTEMbI paBHA HyIi0. B
UTOTE IOCIE TOCTATOYHOTO0 MPOMEXYTKa BPEMEHH BeCh CyOCTpar MepeiieT B CyXoe BEeLIeCTBO, a UX CyMMapHOe
KOJIMYECTBO HE M3MEHHUTCS M OCTAHETCSI MePBOHAYATHHBIM.

Temm pocTa MOXHO TIPEICTaBUTh B BHJE HEKOTOPOH (YHKIMH Vv, 3aBHUCSIIEH OT TEKYIIUX 3HAYECHHUIT
cyOcTpaTa M CyXOro BEIecTBa, TaKOii, 4To

dw/dt=v (W,S). (2.32)
W3 ypaBuenus (2.31) cnenyet, uro S = C- W, Torna ypaBHenue (2.32) MOXKHO 3amucarth B BUZIE
dw/dt =v (W, C - W) = h(W), (2.33)

rie h — pynkuus oxHoi nepemennoit W.

Takum 00pa3oM MaTEeMaTHYECKOW MOJICIBIO CUCTEMBI, H300paKeHHOI Ha pHC.2.7. ABISIETCS MOJEIH C OIHOM
nepeMeHHON. OCTaeTcs pemunTh KaKyro (GyHKITUIO V HCIOIB30BaTh B ypaBHEHUH (2.63). BrIBoIbI 10 BUAY QyHKIHMN
v OyIyT 3aBHCETH OT XapaKTepa MpoIiecca, MPOUCXOISIIETO B CHCTEME.

IIpocmoti sxcnonenyuanvhviii pocm. Jns cuCTeMbl Ha pPHUCYHKE 2.7. NPHUMEM HEKOTOpBIE MOIYIICHHUS
(orpaHmuYeHHS, YCIOBHUA):

- TEMII pOCTa MPOMOPIMOHAIBHO KOJUYECTBY CyX0i macchl W

- MEXaHH3M POCTa «paboTaeT» ¢ MaKCUMAaJIbHBIM TEMIIOM Ha MPOTSHKEHUH BCETO BPEMEHH, ITOKa CYIIECTBYET
nuTaTellbHasl Ccpela;

- mporecc pocra HeoOpaTUM ¥ TPEKpalIaeTcs, KaK TOJBKO HMCTOMIACTCS MHUTATENbHAS Cpeja.

Vpasuenue (2.33) npuoOperaer BuJ

dw/dt = p*W, (2.34)

re [\- TapaMeTp OTHOCUTENIBHOIO TeMIIa POCTa.
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ITapameTp | 3aBHCHT, BO-TIEpBBIX, OT BHIa cyXoi Macchl W , COOTBETCTBYIOIICH B 3aJlaHHOW TPOTIOPITUH
pecypcy MUTATENbHONW CpPENbl, H, BO-BTOPBIX, OT MPOU3BOJUTEIFHOCTH MM CKOPOCTH C KOTOPOH OCYIIECTBISETCS
nporiecc pocta. MIHTerpHpoBanue ypaBHeHHS (2.64) 1aeT M3MEHEHHE MacChl BO BpeMeHH t:

W=W,*e"" mpu0<=t<=t;; (2.35)
W =W, pu t>ts

Korma W =W, a S =0, To u3 ypaBrenus (2.31) cnemyer

Wf = WO + SO (236)

Y POCT BHE3AITHO NMPEKPAIaeTcsl, KOT/la HCUYE3HET PECype MMUTATENILHOM cpeabl S

tr = {In[Wo +So /Wq]}/ . (2.37)

Ipocroii skcnoneHmuansHeii poct W = Wo*e'™ | Ges orpanmuenmii pecypcoM mUTaTenbHOM cpemsl S,
npuBesicH Ha puc.2.8.- 3aBucumocts WP=(1).

VYpasuenue pocma Puuapoca. PaccMOTpeHHas BbIIIE MOJIENb 3KCIIOHEHIINAJIBHOTO POCTa SBJIsIeTCS Hanbosee
MPOCTOH B CMBICIE MAaTEeMaTHYECKOTO OIMCAHMSA IIpolecca. B  AEHCTBUTENBHOCTH IPOHMCXOIAT TIPOILECCHI,
onrchIBaeMBbIe Ooree cIoXHBIME QYyHKIHA-MU. OgHOM 13 TakuX (GyHKOWH sBisteTcs GyHknus Pugapaca, puc.2.8.

dW/dt = K*W*(W;" - W™ )/ n*W;" (2.38)

WITH TIOCJIE MHTETPUPOBAHHS

W = [Wo:Wie] /[ Wo" + (Wi"- Wo")* 1" (2.39)

rae K, n, Wy - mocrosauble Benausbl, K, Wi - monoxwuTesnpHsl, a N >= -1

ITpu n < -1 ypaBHeHHUe TepsieT GU3MIECKUIT CMBICI, IEMOHCTPHUPYS mpu W — o

OeckoHeuHblil pocT. Ilpu onpeneneHHBIX 3HAYEHHSIX OMOJHUTEIBHOTO MapaMeTpa N OHO oOpariaercs B
OIHO W3 Haubojiee WM3BECTHBIX ypaBHeHH#l pocra, puc.2.8: WM(t)- mono-monekymsipuoe (N = -1), WL(t)-
noructudeckoe (N = 1) u WG(t)- Tommeprua (n = 0).

Momnomonexynapnoe ypagnenue. DTO ypaBHEHHE ONHCBIBAaCT, HAaNpUMEp, XOJ IPOCTOH HeoOpaTHMON
XUMHUYECKON peaKI1y epBOro nopsjaka, puc.2.8..

[IpuHsTHIC TOTYIIIEHNS:

- KOJIMYECTBO YHEPTHH POCTa HEM3MEHHO W HE 3aBHUCHT OT KOJIMUECTBA CYXOi Macchl W;

- MEXaHMU3M pOCcTa paboTaeT» co CKOPOCTHIO, MPOIOPLHOHATIBHON pecypCy IMUTATENbHON cpelpl S;

- pocT HeoOpaTuM.
B manHOM citydae BMecTo ypaBHeHwmid (2.38, 2.39) nmeem
dwi/dt = k *(W; - W), (2.40)
WJTY [IOCJIE MHTETPUPOBAHUS
W = W - Wp*e ¥, (2.41)
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Puc.2.8. ®ynkuuu pocra:
1- WP- skcnionentmansHast; 2. WM- monomonekymspuaoe (N = -1); 3. WL- noructudeckoe (n
=1); 4. G- Tomneprua (n = 0); 5. Q- aymomerpudeckas 1; 6. P- ammomerpuueckas 2.

Temm pocTa HepepHIBHO MAJAET, KpUBask HE UMEET TOUKH Meperuoa.

VYpaenenue nocucmuuecxkozo pocma. Ilpn BBIBOAEC ypaBHEHHUS JOTHCTHYECKOTO POCTA IENACTCSA IBOSIKOE
JIOTyIICHHE:

- HEPruUs pocTa INPOIOPLHUOHANIbHA CyXol Macce W,

- MEXaHM3M pocTa «paboTaeT» CO CKOPOCThIO, IPOIIOPLUOHAIBHON pecypcy MUTATEeIbHON cpensbl S;

- IpoIIecC POCTa HeOOpaTUM.

YpaBHEHHE TOTUCTUYECKOTO POCTa UMEET BUJI, pUC.2.8.

dw/dt = k*W*S, (2.42)

WK TIOCIIC MHTETPUPOBAHUS

W = [WoW J/[ Wo + (Wi - Wo)* e*]. (2.43)

AHanu3 nr000T0 U3 IBYX MOCIETHUX BRIpAKCHUN MOKa3bBaeT, uro mpu Wy << W; ams Mansix 3HadeHHH t
(moxcranoBka Wy = 0 B 3HAMEHATEIIh) CIPABEIINBO MPHUOIIKEHHOE paBEHCTBO

W= W, * e, (2.44)

@ynxkyua pocma lomnepmya. YpaBHeHue [ommepTia BBIBOAST, HUCXOMAS W3 CIENYIOIIUX AOMYLICHUH,
puc.2.8.:

- pecypc NHUTaTeJIbHOW Cpeibl HE OrpPaHWYEeH, TaK YTO C JTOH CTOPOHBI JHEPTUsl pOCTa BIIMSHUS HE
HCIIBITHIBACT,

- DHEprus pocTa MPOIOPIHOHAIbHA CyXoi Macce W, npuueM KOI(PQUIHEHT NPONOPIHOHAILHOCTH €CTh
BEJIMUMHA TIOCTOSIHHAS: 3(QPEKTUBHOCTh SHEPIUU POCTA TaJaeT cO BPeMEHEM, NMPUYEM CHaJ| 3TOT MPEICTaBIISET
co0oif TUHAMUKY TIEPBOTO TIOPSIKA W COOTBETCTBEHHO HOCHT SKCIOHEHIMAJBHBIN Xapaktep. [IpuumHOl cmanma
MOJKET CITY)KUTh Jerpaaanus (B 4YaCTHOCTH, pacIleIUieHHe (EpPMEHTOB), CTapeHHE JIMOO Pa3BUTHE U YCIOKHCHHE
opranusma. K ypaBHeHmio [omrepTiia NpPHBOAAT pasiuyHble KOMOWHAUMM JomymeHud. Dopmanmuzamnms
MIEPEYHCIICHHBIX BBIIIE YCIOBUI MPUBOANT K BBIPAKCHHIO

dW/dt= p * W, (2.45)
rae mapamMeTp U , TO €CTb y,Z[eJII;HLIﬁ TEMII POCTA, YIKE HE SABJIACTCA HOCTOHHHOﬁ BeﬂH‘lHHOﬁ, a U3MCHJIICTCA 11O
3aKOHY
du=-D *u, (2.46)

rae D — nonosiHUTENnbHBIN NapaMeTp, XapaKTEepU3YIOIUNA YMEHBILIEHUE [ .
[Tyrem nmpeobpazoBaHU MOXKHO IOTYYUTh YpaBHEHHE ['oMIiepTIia B €ro KJIaccu4eckoi hopme
dwWi/dt = po * W [1 — D/ po]* IN[ WIW,], (2.47)

1€ NHACKC 0 OTHOCHTCS K BEIUYHMHAM B MOMEHT BPEMECHHN t=0.

2.3.3 Pe3yabTaThl U BHIBOJABI:

I/I3y‘-II/ITI> MaTEMaTHYCCKHUEC MOACITH HAACKHOCTH CUCTEM 06CJIy)KI/IBaHI/I}I CEIIbCKOTO XO3SMCTBA
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