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Tema 1. «MogenrHpoBaHHe H MOJeTH»
Pa3spuTHe MOJEeTHPOBAaHHA KaK MeT0Ja MO3HAHHSA

MogemnpoBaHHE ABTACTCA CIIOCOOOM HM3IVUCHHA OOBEKTOE IO3HAHHA HA HX
Mode1dx ¢ MOCTPOEHHEM H H3YVUeHHEeM MOJelel peaTbHO CYIISCTBVIONIHX IpeaMe-
TOE M ABJICHHH (KHMBBIX H HEKHEBIX CHCTEM, HHKCHEPHEBIX KOHCTPYKLHH, PasHOOO-
PasHBIX NPOLIECCOB — (H3HYECKHK, XHMHYECKHX, OHOIOTHYECKHX, COIHAIBHBIX) H
KOHCTPYHPYEMBIX OOBEKTOE (1A ONpeleleHHA, YVIOUHEHHA HX XapaKTePHCTHK, pa-
ITHOHATH3AIIHHE CIIOCO00E HX MOCTPOSHHA | T. II. ).

MogemnpoBaHue Kak MO3HABATCIBHBIN NPHEM HEOTICTHMO OT PasBHTHA 3Ha-
Hud. [lo cymecTBY, MOASIHPOBAHHE KaK GopMa ompadicerus NeHCTBUTEIBHOCTH 3a-
pPOKIAeTCA B AaHTHUHVIO 3MOXY OJHOBPEMEHHO ¢ BEO3HHKHOEBEHHEM HAVUHOIO IIO3Ha-
HuA. OpHako B oTU€TAHEOH dopMe (X0TA 03 yIOTPeOICHHA CaMOro TEPMHHA) MOZC-
THMPOBAaHHE HAYHMHACT NIHPOKO HCIOIb30BATECA B 3M0XY Bospoxnenna; bpyvreriecku

Muxeranoxceio u APYIHe HTATBAHCEHE aPXHTEKTOPEL H CEYVIBITOPEI IMOIB30EATHCE

MOJETAMHE MPOESKTHPYEMBIX HMH COOPYKEHHIH; B TeOpeTHUecKHX ke pabdoTax I'. [a-

JdiTed H JTEGH{ID&G da BuxHYlu HE TOIBKO HCIIOOBSYHYTCA MOIOCTH. HO H BBIACHAKYTCA

IpeaeIsl IPHMEHHMOCTH METOIa MOJAETHPOBaHHE.

Fl. Hvromon moabsyeTcd 3THM METO0M Ve BIIOIHE OCO3HaHHO, a B 19—20
BEKaxX TPYIHO HasBaTh 00JacTh HaYKH HIH cf NpHICKEHHH, IIe MOISIHPOBaHHE HE
HMEI0 OBl CYIIECTBEHHOIO SHAYEHHA.

HerTroudTeIbHO OOIBIIVI0 METOIOIOTHYECKYI0 POTIb CBIIPATH B 3TOM OTHO-

nmieHHH pacoTel Keapeuna, k. Mawncserra, @. A. Kexyae, A. M. Bymaeposa u opy-

THX Il]HSHKGB H EMMHRKOB — HMCHHO 3TH HAVEH CT4TIH, MOXHO CK4A34Th, KIACCHYC-
CEHMH GIIOTHTOHAMM» METOIJOE MOICTHPOEAHHA.

IToaeneHHE We MEPERIX 3ICKTPOHHBIX EBMHCTHTEIBHBIX MAIITHH (,H}!{ Hetivax

1947) u dopMyTHpOBaHHE OCHOBHBIX NPHHUHNOB xudepremuxu (H. Bunep, 1948)

OIpHEEIH K YHHBE’_[]CEL'IBHGI:& SHAYHMOCTH HOBBIX MCTOIOE — EdK B EI.E}CTI]E.I{THBIX 00-
JaCcTAX ZHAHHA, TAK H B HX IIPHIOHEHHAK. MG,E[E‘.'IHPGBE.HHE HEIHE HpHGﬁpE‘JG o0IIIE-

HE.}"'-IHBII:i EAPAEKTCp H IIPHMEHACTCA B HCCICTOBAHHAX HHEBEOH H HEXXHBOH IpHpOObBL
IloaaTea H onpene/JJeHHA

Mogeas B 00IIEM CMBICTIE €CTH CO3JABAEMBIH C IIETBI0 MOTYICHHA H (HIH)
XpaHeHHA HHOPMAlHH crienudHYecKHi 00BeKT (B fopMe MbIcIeHHOTO 00pasa, Ma-
TEPHATBHOH CHCTEMBI THOO ONHCAHHA 3HAKOBBIMH CPEICTEAMH ), OTPaKAMOIIHI CBOH-
CTBa, XaPAKTEPHCTHKH H CEASH 00BEKTa-OPHTHHATA MPOH3B0IBHOH IPHPOIEL, CYIIE-

CTBEHHBIC T4 3dT49H. pE‘HIE.EMGI:I C}FE}BEI{TGM.



MoneHpoBaHHe — IIPOIlecC KaK CO3JaHHA, TAK H HCMOIB30BAHHA MOIETH.
ean mogennpoBaHus:
® II03HaHHE JeHCTBHTEIBHOCTH;
* IpPOBEICHHE 3KCIICPHMEHTOE;
® IIPOEKTHPOBAHHE H YVIIPABICHHE;
¢ TIPOTHOZHPOBAHHE MOBEICHHA OOBEKTOB!
* TPEHHPOBKA H 00VYEHHA CNEIIHATHCTOB;
¢ 00paboTka HHGDOPMAIHH.
Q0mHae cBOHCTEA MoJeleH
1. KoneunoCTE: MOJENb OTOOpaikaeT OPHIHHAT THIND B KOHEYHOM HHCIE €TI0
OTHOWIEHHH H, KPOME TOT0, PECYPCHI MOJIETHPOBAHHA KOHEUHEI;
2. VopomeHHOCTD: MOJIETEh OTOOPAKAET TOIBKO 3HAUYHMBIEC CTOPOHEI 0OBEKTA:
3. IlpnOmaH3HTEIBHOCTE: AEHCTBHTEIBHOCTE OTOOPAKACTCA MOIETBI) MPHOIH-
SHTEIBHO;
4.-AneKBaTHOCTB: CTEIIEHb YCIEIIHOCTH ONHCAHHA MOJETBID OOBEKTa MOIE-
THpPOBAaHHA;
5. UadopMaTHEHOCTB: MOZIETh JODKHA COACPXATh JOCTATOUHYH HHGDOpMa-

M0 O CHCTEME B paMKax IHIIOTE3, NPHHATHIX IIPH NOCTPOEHHH MOIETH.
Knacendpuramas mozeneH

Kaxnaa Mozens XapakTepH3yeTcAa TpeMA NpH3HAKaMH:

1) mpuHALTEHHOCTBIO K ONPEISIEHHOMY KIaccy 3a1a4 (1o KIaccaM 3a7ad);

2) yrasaHHEM KIacca 0OBEKTOE MOJESTHPOEAHHA (110 KIaccaM OOBEKTOE);

3) cnocodoM peamnzanns (o dopme 0dpadoTEH HHGOPMALIHHE).

PaceMoTprM Dornee moapoOHO mocaeqHHE BHA KiaccHbHEamHH. [lo 3ToMy
MPH3HAKY MOJIETH IeTATCA Ha MaTEPHATBHBIE H HICATHHEIE.

MaTepHanbHbIe MOJEIH:

1.1 reoMeTpHUYeCKH MONOOHBIE MACINTAOHEIE (JalIee TCOMETPHUECKHE);

1.2 ocHOBaHHBIE HAa TEOPHH MoA00HA (Jatee dHIHUECKHE);

1.3 aHamTOTOEBIE IPHOOPHEIE (JaTee AHATOTOBEIE).

FEG_HEE‘FHPHT{E{?F{HE Modeiu BOCITPOH3BOIAT B MacIITaoe IpOoCTPAHCTECHHO-

TEOMETPHYECKHE XAPAKTEPHCTHKH OPHIHMHATA OE30THOCHTEIBHO €ro cyocTpary (Ma-

KETHI 3JaHHH H COOPYKEHHH, yIeOHBIE MYLDKH H Ip. )

@uzuyeckue Modellu OCHOBAaHBI Ha TEOpPHH HO,EI;OEH.‘FI H BOCIIPOH3BOOAT C MAC-
HITELEPHPGBE.HHEM B ITpOCTPAHCTEC H BpEMCcHH CBOHCTEA H HAPAKTCPHCTHRH OpHIHHA-

Ja TOH me OpHPOOBI, YWTO H MOICIb, I::I—H,E[IJO,E[HHELNE“I‘-IECKHE MOIOEIH CYIOE, IIpO-



IVEOYHEIE MOJETH JTeTATEIbHBIX annaparos). HampuMep, I1d MOpCKOro cyIHA IIpa-
BHIBHBIH BBIOOD 00BOIOE, IIOJ0Op IPEOHOTO BHHTA H COITIACOBAHHE C XapaKTepH-
CTMKAaMH BMHTA H KOpPIyca MONIIHOCTH H CKOPOCTH BPAaNIEHHA Bala ABIACTCA Baik-
HelmeH sagadell. Pemenne mpoOIeMEl ONBITHEIM IMYTEM HEBO3SMOMXKHO 10 3KOHOMH-
YeCKHM COOOPAKEHHAM, HE MOATACTCA OHA H TEOPETHUECKOMY pPENICHHIO. BEIXOT
MOMHO HAaHTH Ha IYTH CHHTE3a TEOPHH MAacIITA0OHOTO THAPOJIHHAMHYECKOTO MOIE-
THPOBAaHHA, T.€. 3KCIICPHMEHTATbHOE HCCIEJOBAHHE MATbIX T€OMETPHUECKH II0OJ00-
HBIX MOJeTIeH NpOoeKTHPYEMEIX CYI0B B CINEIHAIbHEIX OaccelHaX Ha OCHOBE TEOPHH
[1000HA.

Anarozoewle Modenu BOCIIPOHIBOOAT HCCICOYCEMBIC CBOHCTEA H HAPAKTCPHCTH=

KH 00BEKTa OpPHTHHATA B MOISTHPVIOIIEM 00BEKTE IPVIOH NMPHPOIEI HA OCHOEE HE-
KOTOPOH CHCTEMEI TIPAMBIX AHATOTHH (PasHOBHIHOCTH 3ICKTPOHHOTO AHATOTOEOTO
MOIETHPOBAHHA). AHATOTOBEOE MOIETHPOBAHHE OCHOBAHO Ha TOM, YTO CBOHCTBA H
XaPaKTEPHCTHKH HEKOTOPOTO OOBEKTA BOCHPOM3BOIATCA C ITOMOIIBE) MOJIETH HHOH,
yeM YV OpHTHHATA QHIHYeCKOH IPHPOIEL.

HnaeansHble MogeIn

2.1 HedopManH30BaHHEIE — MOJEIH KaK CHCTEMBI IPEICTABICHHN 00 00BEKTE-
OpPHTHHATE, CIOKHEBIIHECH B YETIOBEYECKOM MO3TV;

2.2 yacTHuHO (hOPMATHIOEAHHEIE!

2.2.1 BepOaIBHBIE — TEKCTOBOE ONHCAHHE OOBEKTOB H MPOIECCOB, TEKCTOBRIE
MaTepHaTbl NPOSKTHOH JOKYMEHTAIIHH, CIOBECHOE ONHCAHHE PE3VIBTATOB TEXHHYE-
CKOTO 3KCIEPHMEHTA;

2.2.2 rpadHyeckHe HKOHHYECKHE — XYIOKECTBEHHad rpaduka, TeXHOIOTHYE-
CKHME KapTEl, PEATBHO WIH XOTA OBl TEOPETHUECKH JOCTYIIHBIC HEMOCPEICTECHHO 3PH-
TETbHOMY BOCIIPHATHED;

2.2.3 rpadHuecKHe YCIOBHBIC — JaHHBIC HAOMIOOCHHH H 3KCIEPHMCHTAIBHBIX
HCCIEI0BAaHHH B BHIE rpadHKOB, THATPAMM, CXEM;

2.3 emomHe dopMATHI0EAHHEBIE (MATEMAaTHUECKHE ) MOIETH.

Mamevamuyecxue modeiu (MM) oTAHUAIOTCA OT OCTATBHEIX CEOHCTEOM Ea-

PHATHBEHOCTH — BO3MOXKHOCTBK) KOJHPOBAaHHA OTHHM 3HAKOELIM OHUCAHUEM OTPOM-
HOTO KOJIHMYecTBa KOHKPETHBIX BapHaHTOB IMOBEJCHHA CHCTEMBL. [aK., IHHEHHEIE
muddepeHIIHATEHEIE VPaBHEHHA ¢ MOCTOAHHBIMH KO3((QHIHEHTaAMH ONHCHIBAIOT H
JBHIKEHHE MAcChl Ha NPYXKHHE, H H3MEHEHHE TOKAa B KOI€0aTeIbHOM KOHTYPE H pil
IpyIuX Opoleccos. OgHaKO BajkHEe TO, YTO B KaiIOM H3 3THX ONHCAaHHH OJHH H Te

He VPaBHCHHA B E}YI{BEHHGM H B YHCIOEOM EHIE COOTECTCTEVHIT 6E‘CI{GHE‘-IHOM}?



YHCTY KOMOHHAIHHE KOHKPETHBIX 3HaUcHHH mapaMeTpos. CRaKeM, I3 MpOLecca Me-
XaHHYECKHX KOIe0aHHH — 3TO THOBIC 3HAYEHHA MACChl H JHECTKOCTH IIPYHHHEL
SHaxoevle Modell 00ECIEYHEAT JeIYKTHEHBIH BBIEOJ CBOHCTB, KOIHYECTBO
CIeICTBHH B HHX OOBIMHO 0OTE€ 3HAUMTEIBHO, YeM B MOJEIIX APYIHX THNOB. OHH
OTIHYAKTCA KOMIIAKTHOH 3allHCBIO YIOOCTEOM PAOOTBI, BO3MOMKHOCTBI H3VICHHA B
dhopMe, abCTParHpPOBaHHON OT KOHKPETHOIO COACPXKaHHA. Bee 3TO MO3BOIAET CUH-
TAaTh 3HAKOBBIE MOJEIH HAaWBBICIIEH CTYNEHBI H PEKOMEHIOBATh CTPEMHTIBCA K Ta-

koii hopMe MOIETHPOBAHHA.
Tema 2. «@u3H"YecKoe MOJeTHPOBAHHE

®usnyeckoe MOIETHPOBAHHE HCIIOIB3YETCA B TEX CAyHadAX, KOTJa MOJETb H
MOIETHPYEMBIH 00BEKT HMEOT OJHY H TV XKe (OHIHUYeCKYH IPHPOIY.

Du3HYeCKOe MOISTHPOEAHHE — METOJ 3KCIICPHMEHTATBHOIO H3YUCHHA pas-
THYHBIX GH3HYECKHX ABICHHH, OCHOBAHHBIH Ha HX (DH3HYECKOM MTOJT00HH.

VYenoBusa NpEMeHEHHS MeTO0Ja QHIHUECKOr0 MOACITHPOBAHHA:

* HCUCPNBIBAKOIIE TOYHOIO MAaTeMAaTHISCKOTO ONHCAHHA ABICHHA Ha JaHHOM
VPOBHE Pa3BHTHA HAYKH HE CYIIECTBYET, HIH TAKOE OIIHCAHHE CIHIIKOM Ipo-
MO3IKO H TpeOVeT 14 pacdEToE OONIBIIOro 00bEMa MCXOIHBIX JAHHBIX, MTOTY-
YeHHE KOTOPBIX 3aTPYIHHTETIBHO.

¢ BOCIPOH3BEICHHE HCCASIYEMOr0 (QH3HYECKOT0 ABICHHA B LEMAX 3KCIEPHMEH-
Ta B pEaTbHBIX MAaclITa0aX HEBO3MOMKHO, HEKETAaTEIbHO, HIIH CIIHINKOM JOpO-
rocroame. (Hanpumep, nyaamm).

IIpuaMeps! npaMeHeHHS MeToAa GQH3HYSCKOTO MOACIHPOBAHHA:

* HCCICOOBAHHE TeUeHHH ra30B H 00TeKAHHA JETATEIbHEIX dIITIAPdTOE. dBTOMO-

OHIeH, H T.II. B A3p0JHHAMHYCCKHX TpVoax.

* THIPOOTHHAMHYCCEHE HCCICTOBAHHA Ha YMCHBINICHHBIY MOJCTAX Kﬂpﬂﬁ.Tﬁﬁ:
IHOpOTECXHHUECKHKE CGGPY}KEHHI?I H T.II.

* HCCICOOBAHHC CEﬁCNIG}’CTGﬁ‘IHBGCTH S,E[ELHHI:'I H CGGPYJKEHHf‘i Ha 3Talle IIpock-
THPOEAHHA.

* H3IYVUCHHC YCTGI:'I'-IHB-GCTH CIOEHDBIX KOHCTIJYI{LIHI:I: momg BGS,EIEI:ICTBHEM CIIOME-
HBIX CHIOBBIX HATPY3O0K.

* H3MCEPCHHE TCILTOBBIX ITOTOKOE H PACCCHEAHHA TCILTIA B }FC'I'I]GI:ICTBEIK H CHCTE-
MaX. pELEOTE.IDHIHX E YVCIOBHAX OOJIBINHX TETTOBBIX HarpysoE.

® H3YUCHHE CTHXHMHHBIX ABIECHUH H X MOCICICTEHH.



C}']]IHGC'II: MeTOIA [l]HSH'—IECKOl’O MOIOCTHPOEAHHA COCTOHT B CO3OAHHH Tado-

paTopHOil usuyeckoll Mode1u ABICHUA B YMEHBIICHHBIX MACINTA0aX, H IPOBEICHHH

SECIIEPHMEHTOE Ha 3ITOH MOIETH. BBIBG,I[BI H T4HHBIC, ITOTIYUEHHEBIC B 3THX 3KECIICPH-
MEHTAX, PaACTIPOCTPAHAKTCA 3aTcM Ha ABJICHHE B PCATIBHBIX MACIITAOAX. METG,EI MO-
WET JaTh HAAEKHBIC PESYIBTATEL, JTHINTE B CIVHAC CGE‘.‘II’D,E[EHHH dﬁ-‘tﬂi’ﬁ‘i@fi‘{ﬂ&ﬂ HOOO-
oA PEAIBHOTO ABICHHA H MOJCTH.

HG,E[G'ISHE JOCTHTACTCA PABCHCTEOM ITA MOICETH H peaIbHOIO ABICHHA 3HAUC-

HHI KPHTEPHER MOI00HA — O€3pasMEPHBIX YHCEN, 3aBHCAIINX 0T QH3HYeCKHX (B

TOM YHCIE TEOMETPHIECKHX ) TapaMeTpPOB, XapaKTepH3VIONIHY ABICHHE. JKCIEPH-
MEHTAThHBIE JaHHBIE, TOTYUCHHBIE METOA0M (DH3HIECKOTO MOIETHPOBAHHA PACIIPO-

CTPAHAKITCA Hd PEaTIbHOC ABICHHE TARKMHE C Y"—IE’TOM KPpHTCPHCE HO,EIGEH.‘FI.

Kpurepuii mogoomsa — despasMepHoe (0TBIcYEHHOE) YHCIO, COCTABICHHOES

H3 pasMCEpPHBIX d]HSH‘-IE‘:CI{HX IapaMeTpOoE, OMPEICTARITHE PpaCCMATPHEACMOC !1]H3H-

YecKOe ABICHHE. PABEHCTEO BCEX OJHOTHITHBIX KPHTEPHEE NMOJ00HA 114 JBVX PH3H-
YEeCKHX ABICHHH H CHCTEM — HEOOXOIHMOE H IOCTATOYHOE YCIOBHE (PH3HIECKOIO
MOJ00HA 3THX CHCTEM.

Kamnaerii H3 KpHTEpHEE TOJ00HA HMeeT cBoil dhH3HUecKHi CMBICT KaK BETHIH-

Ha, IPOIOPIHOHATEHAA OTHOIIEHHID OTHOTHIIHEIX (DH3HYECKHX BETHYHH.
Kpumepuii & meopemudiecxoll Mexanuxe

KpHTCpHﬁ HG,E[GEH.‘EI MEEAHHYCCKOTO JBFHCHHA ITOTYUACTCA H3 YVPABHCHHA,

BRIPaHARKITETO BTGI]GI:'I 3akoH HeHOTOHA. H HaseBaeTca uHceaoM HeroToHA:

Ne = ——
m -1

rae F' — nefictByroman Ha Teno cua, M — ero Macca, © — Bpems, | — xapaxTtep-

HEIH THHEHHBIH pasMep.
Kpumepuu e meopuu ynpyzocmu

IIpn wayueHHH yOpyrux gedopManiil KOHCTPYKIIHH N0 A¢HCTEHEM EHEITHHX

CHJI OCHOBHBIMH KPHTEPHAMH MOA00HA ABIAKTCA Koaddumnent [TvaccoHa ama Ma-

TepHATa KOHCTPYKILIHH:

& p-g-l F
£ H KpPHTEPHH E E.J2

rne &~ A — OTHOCHTEIbHAA MPOJoIbHAA JehopMalina,



g, =A

é — OTHOCHTEIBHAA MONEpedHaA JedopMaIiHA,

E — ymoxyvae FOHra.

) — INIOTHOCTB MaTepHala KOHCTPYKIIHH:
F — xapakTepHad BHEIIHAA CHUTA,
£ — YCKOpEHHE CHIbI TAKECTH.

Kamnrrii 13 kpHTEpHeE TOJOOHA HMeeT ONpedeIeHHEIH hH3HIecKHil CMBICT

KaK BEIHYHHA, [IPONOPLHOHAIBHAA OTHOIICHHIO OJHOTHIIHEIX QH3HYCCKHX BEIHYHH.
Tema 3. «MaTtemaTHUecKoe MOJe/THPOBaHHE»

IToHATHA H BeJJHYHHBI MaTeMaTHIeCKOTO MOOe/THPOE AHHHA

MaTeMaTHYeCKOE (JTIOTHKO-MaTeMAaTHIECKOE) MOJETHPOBAHHE ABTACTCA Balk-
HEHIIHM BHIOM FHAK06020 MOOETUPOGAHHA, KOTOPOE IpeIIIoIaracT HCIIOIb30BaHHE
MOIeIeH B BHIE 3HAKOBBIX 00pa30BaHHH KaKOro-THOO BHAA: CXeMBL, IrpadukH, dep-
TeXH, OpMyIEL, TpadEbl, CI0BA H NPEITOKEHHA B HEKOTOPOM aT1daBuTe (eCTeCTECH-

HOTO MIH HCKYCCTEEHHOTO A3BIKA) (eM. 3Hax, Cevuomuxa).

O=no OCYVINECTBITACTCA CPEOCTEAMH ASBIKA MATCMATHEH H TOTHEH (CH. Mame-

MAMUYEeCKAR l‘iﬂd‘é‘.?b]. 3HAKOBEIC Of}pFiEGEELHHH H HX 3JIEMCHTEI BCCTIA pacCcMAaTpH-

BAKOTCA BMECTE ¢ ONpPeIeTIeHHBIMH IPe0Opa30BaHHAMHE, ONIePallHAMH Hal HHMH, KO-
TOPBIE BEIIOIHACT YEIOBEK HIH MAlIHHA (IpeodpasoBaHHA MaTeMaTHUYECKHX, JTOTH-
YECKHX, XHMHYeCKHX hOopMyZI, mpeodpasoBaHHA COCTOAHHH 37I€MEHTOB HHAPOBOH
MANIMHEL, COOTBETCTBYIOIIHX 3HAKaM MalTHHHOTO A3BIKA, H Jp.).

MaremMaTHueckaid MOIETb CIOKHEBEIX VHIPAaBIASMBIX IIPOLIECCOE CONEPIKHT
OYeHb MHOTO BEIHYHMH PasIHM4YHOH INpHPOIBL Bce 3TH BEIMUHMHBI €CTECTBEHHBIM 00-
pPasoM MOXKHO PasIeTHTh Ha TPH IPYIIIBL:

1) sHOoTeHHBIE (EHYTIPEHHHE) HIH (Da30BBIC EEIHYHHEL ABTATCA HCKOMBIMH,
T. €. IIOIEKAT ONpPEICICHHID, BEMHCICHHIO B paMKax JaHHOH MOIEITH;

2) sK30TcHHBIC (BHEIIHHE) BEIMYHHEL, IIOJIATAKOTCA HM3BECTHBIMH B PaMKAX
JaHHOH MOJEIH;

3) yOpapIArOIIHE BEIHYHHBL, HAaxXOJATCA B PAacHOPAKECHHH OpPraHOB yIpaBIle-
HHA, ¢ TOMONIBI KOTOPBIX MOMKHO 0Kas3aTh BIHAHHE Ha TEUCHHE IIPOIIECCA.

CaMo0 cI0BO «MOJETb» 03HAYaeT COBOKYIIHOCTB CBA3CH MEXIY BCEMH 3THMH
BeTHUHHaMH. EcaM 3Ta COBOKYIHOCTE CBA3EH MO3BOMACT ONMpPEIeTHTH Ha JaHHOM OT-
pe3Ke BPEMEHH BCE 3HIOTEHHBIE BEIHYHHBI IIPH VCIOBHH, YTO Ha HEM 3alaHBI

VOPAEBICHHA, 3KE30TCHHBIC BCIHYHHEBL, d TAKAEC HAYAIBHBIC ITA 3TOTC OTPC3K4 I::H:



BO3MOAHO, TPaHHYHBIC — B INIPOCTPAaHCTECHHOM CMLIC.'IE) SHAYUCHHA Ii]E,SGBBD{ nepe-
MEHHBIX. TO MOICIb HASBIEACTCA SE.NE{HYTGITI.
PEE,E[E.‘.'IE.‘HHE HA BHEITHHE H BHYTPCHHHE BCIHYHHEBI ABTACTCA YVCIOBHBIM H CEA-

33aHO CO CIOCcOoDOM HCIIOIb30BAHHA MOIETH H Oe/TiMH MOJETHPOEAHHA.

DIIPE,.EIE.]]EHHH MATEMATHYECROTO MOTETHPOEAHHA

Huraxoe OIIpelcIcHHEe HE MOMCT B ITOTIHOM 00BEME OXBaTHTB PEaIbHO CYIIE-

CTEVHIOVHY IEATCIBHOCTE ITO MATCMATHUCCEKOMY MOICTIHPOBAHHKD. D,?]}IE.K.G onpenc-

JEHHA IMOJIESHEBI KdK IIOINEBITEA EBLICIHTE HaHOOIeE CYIMECTECHHBIC UEPTHL.
HIJHMEPOM AOCTATOTHO 00IIETO OIIpedc/ICcHHA MATCMATHYCCKOTO MOOCTHPO-

BaHHA U MaTeMaTHYECKOH MOJEIH ABIAeTcA onpenciacHue A A JlanyHoBa:

JMG&E_IHPGEHHHE — 3TO OIIOCPEOIOEAHHOC MIPAaKTHUYCCKOEC HIH TCOPETHUECKOE

HCCICOIOBEAHHCS GE-'BE‘KTEL: OpH KOTOPOM HETIOCPEACTECHHO H3VUIACTCA HE CaM HHTepe-
C}’TDI.U:HIT& HAcC GE"BEKT, d HERKOTOpdaA BCIIOMOTATEIbHAA HCKYCCTECHHAA HIIH €CTC-
CTBECHHAA CHCTCMAa I:HGQE.'IB): KOTOpaA.

* HAXOIHTCA B HCKOTOPOM OOBEKTHEHOM COOTEETCTEHH ¢ 00BEKTOM dHaTH34d.

® CIOCOOHA 3aMEINaTh MO3HABAESMBIH 00OBEKT B OIIpEacICHHBIE OTHOIMMCHMAX,

® JaeT IpH e HCCAeNOBaHHH HH(OPMAIIHID O caMOM MoJerupyemMoM o0berTe. Ll

HI]HMEPGM HAaHOOJIce JaKOHHYHOES OTIpEIcICHHE MaTeMaTHUYECKOH MOICIH AB-

JLACTCA OIIPCOCICHHE: VRAGHERLE, 6bIPAMN A0 ee LOED.
‘I}Gp.‘-lﬂ.]]hl-[ﬂﬂ K‘J]EICCHIPHREII[HH MaATEeMaAaTHYECKHX .‘IIG,E[E.]]Eﬁ

DopmaTbHAA KiIaccHGHKAINA MoAeIcH OCHOBBIEACTCA HA KIACCH(GHKALIHH HC-
ITOTB3YEMBIX MAaTEMATHYECKHX CPEICTE H HacTO CTPOHTCA B hopMe THXOTOMHH.
OmHHE H3 NONYIAPHEIX Ha0OpOB JHXOTOMHH IOJaraeT, 4TO KamIad IOCTPOEHHAA MO-
JeTb ABTACTCA THHEHHOH HIH HETHHEHHOH, HEMPEPEIBHOH HIH JHCKPETHOH H T.1.:

¢ JluHelHBIEe HIH HETHHEHHBIE MOIETH:

o CocpenoToueHHEIE HIH paclpeleIEHHEBIE:

* HenpepsIBHBIE HIH JHCKPETHBIE:

e C(CrarHuecKHe HIH JHHAMHYECKHE.

. HETE’[JMHHH[JOBE.HHBIE HIH CTOXACTHUCCEHE.

ECTECTBEHHO: BOSMOMHBI H CMCITAHHBIC THITBEL: B OJHOM OTHOMIEHHH COCPEI0-

TOUEHHEIE (110 YACTH MapaMeTPOE ), B APYTOM — paclpeleIéHHbIe MOIETH H T.1.
Juneiinvle 1 HetuHeliHble Modenu

JaHeHHAasA cHcTeMa — TH0ad CHCTEMA, B KOTOPOH OTKIMKE Ha CYMMY BO3ICH-

CTEMH PAECH CYMMC OTEIHKOE Ha KaAIIOC BOSﬂEﬁCTEHE. B MareMaTHucckoO#H MOIOCETIH



THHEeHHOH CHCTEMBEI 3TO 03Ha4aeT, YTO OIEpaTop NIpeoOpasoBaHHA BXOJ-BEIXOX

nmuHeeH. MHorma aMHeHHOE CEOHCTEQ CHCTEMEBI HASBEIBARKT NPHHIMIOM CVIEPIIO3HITH.

CrBoHCTEA THHEHHBIX CHCTEM

HGPH,E[GK YCTAaHOEBKH JTHHEHHBIX CHCTEM HE BIHAST Ha CHTHAT PE3VIBTATA.

-

Jrobaa cioxHaz cHcTeMa OYAET IHHEHHA, €CITH COCTABICHA H3 THHEHHBIX CH-
CTEM H OTOKOE CYMMHPOBaHHA.

3. IlepeMHOXEHHE CHIHATA Ha KOHCTAaHTY ABIACTCA JIHHEHHOMH OoNepalHeH, a me-
PEMHOKEHHE JBYX CHTHATOE — HEIHMHEHHOM.

HennnenHasa cHcTeMa — AdHHAMHYCCEAA CHCTCMA., B KOTOpGﬁ OpOoTCKANT

IponecChl, OITHCBIEACMBIC HEeTHHEHHBIMH ,E[Hd]d]E’DEHHHE.JBHBIMH YVDPABHCHHAMH.

HE‘I{GTGPBIE BHIBI HEeTHHEHHBIX 3BEHBEE:

—

3BCHO pE.'IEﬁHGl’G THIIA

ko

3BEHO C KYCOYHO-THHEHHOH XapaKTepPHCTHKOH

3BEHO C KPHEOIHHEHHOH XapaKTEPHCTHKOH TH00TO COYETaHHA

L

3BEHO, YPaBHEHHE KOTOPOTO COIEPXHT IIPOH3BEIEHHE IIePeMEHHBIX HIH HX
IPOH3BOIHBIX H IPYTHE HX KOMOHHAIIHH

HeIHHEHHOE 3BEHO ¢ 3alasIbIBEaHHeM

HMITYIBCHOE 3BEHO

JIOTHYECKOE 3BEHO

Muorue HeTHHEHHBIE CHCTEMBI B 00aCTH MATBIX H3MEHEHHH NapaMeTPOB

[IOJAKTCA JIHHEADHIAIIHH.

Cocpedomoyennble u pacnpedeientsle Modenu

CocpexoTodeHHOCTh HJIH pacOpeleJeHHOCTh XapaKTEPH3VIOT OOBEKTBI C
TOYKH 3PCHHA X IPOCTPAHCTECHHOH MPOTIKCHHOCTH.

Ecan mpocTpaHCTEEHHOH NPOTTKEHHOCTBI) O0BEKTA MOMKHO IIPEHEOpeuYh H
CUHTAaTh, YTO HE3aBHCHMOH NEPEMEHHOH ABTACTCA TOIBKO BPEMA IPOTCKAOIIHX B
HEM IPOIIECCOB, MPHHATO TOBOPHTH 00 00BEKTIAX C COCPEIOTOUCHHEIMH IapaMeTpa-
ymu. OHH OMHCHIBAKTCA OOBIKHOBEHHBIMH THhdepeHIHATBHEIME YpaBHeHHAMH. K
HUM OTHOCHTCHA OOJBIMMHCTEO MEXaHM3MOB, MAIIHH M IOKATBHBIX TEXHHMYECKHX
VCTPOHCTE (paccTOAHHA MEXKIY KOMIOHEHTAMH MPAKTHUYCCKH HE BIMAKT Ha HX
CBOHCTEA).

OnncaHHe NPOCTPAHCTECHHO NPOTAKCHHBIX 00BEKTOE TPEOVET VUeTa HE TOIb-
KO BPEMEHH, HO H IPOCTPAHCTECHHBIX KOOPAHHAT. B TakoM caydae roBopaT o KIacce
OOBEKTOB C PACIPEICICHHBIMH MapaMeTpPaMH: ITHHHEIE TPYOOIPOBOJBI H TEXHOIO-

THUCCKHE JIHHHH E HCIIPCPBIEHOM IIPOCTPAHCTEC. SJEI{TI]GME.I_HHTHGE mojaIe ¢ cro



0000IMEHHOH MaTeMaTHYECKOH MOIETBH) — ypaeHeHHAMH Makceemrta — npencragmni-
€T KITACCHUESCKHH IPHMEp TPEXMEPHOIO 00BEKTA C PACHPEICICHHEIMHE ITapaMEeTPaMH.
HenpepeieHEIE H JeTepMHHHPOBAHHEIE OOBEKTEI ¢ PACIIPEIETICHHBIMHE MTapaMeTpaMH

ONHCBIBAOTCA JHG depeHIHATEHEIME VPABHEHHAMH B YaCTHEBIX IIPOH3EOIHBIX.
Henpepuigrsle 1 duckpemasle Modenu

HenpepbIBHBIME (KOHTHHVATBHBIMHE) Ha3BEIEAKT OOBEKTHL, IEPEMEHHEIE KO-
TOPBIX (BKTHOUAA H BPEMA) MOTYT IIPHHHMATE MHOXKECTBO CKOMIb YTOJHO DIH3KHX
IpYVT K OPYTY 3HadeHHH. BoIpIIMHCTEO pealbHbBIX QH3HYECKHX H TEOPETHUECKHX
00BEKTOB, COCTOAHHE KOTOPBIX XaPAKTEPHIVETCA TOIBKO MaKPOCKOIMYECKHMH (HH-
3HYECKHMH BETHUYHHAMH (TeMIepaTypa, JaBIcHHE, CKOPOCTh, YCKOPEHHE, CHIIA TOKa,
HaNpAKEHHOCTE 3IEKTPHYECKOr0 HIIH MAarHHTHOTO II0IeH H T.J.) 00IaJar0T CEOH-
CTBOM HellpepbIBHOCTH. [IpH HX MoJeIpHOM ONHCAaHHMH HCIOIb3YeTCA INIABHBIM 00-
pasoM, anmapaT IuddepeHIHATPHEIX H HHTerpo-Tud depeHINATPHEIX VPAaBHEHHI.

JHCKpeTHBIMH Has3BIEAKT OOBEKTHI, NEPEMEHHBIE KOTOPBIX MOTYT IPHHHMATh
HEKOTOPOE, MIPaKTHISCKH BCETAa KOHEYHOE YHCI0 Hallepel H3BECTHBIX 3HaYCHHH.
IIpuMepsl: peleHHO-KOHTaKTHBIE IEPEeKTOYATEIbHEIE CXEMBI, KOMMYTAllHOHHBIE CH-
ctemel ATC. OcHoEo# dhopMaTH30EAHHOTO ONMHCAHHA THCKPETHEIX 00BEKTOE ABIIA-
€TCA alapaT MATEMAaTHUECKOH JTOTHKH (TorH4ecKHe QYHKUHH, alllapat OyIeEoH ai-
reOpsl, amropuTMudeckue A3bikH ). C passutuem IBM muckpeTHBIE METOIBI aHATH3A
IIHPOKO MCIOIB3YIOTCA H 1A ONHCAHHA H HCCIE0BaHHA HENPEPBIBHBIX 00BEKTOE.

JIHCKPETHOCTh MOJETH MOMKET OBITh, KaK €CTECTBEHHBIM VCIOBHEM (CHCTeMa
CKaYK000pasHO MEHAET CBOE COCTOAHHE H BBIXOJHEBIE CBOHCTBA), TaK H HCKYCCTBEH-
HO BHECEHHOH OCOOEHHOCTBI. THNHYHBIH IpHMEp MOCIETHETO — 3aMEHa HENPEPhIB-

HOH MaTeMaTHUeckol dVHKIHH Ha Hadop ee 3HaUeHHH B QHKCHPOBAHHEIX TOUKAX.
Cmamuyecxiue 1 dudaMuyeckie Moodelu

CraTHYecKHEe MOICTIH OTHOCHTCHA E Gf}'BEI{TELM: MparKTHYCCEH HCH3IMCHAROIITHM-
CA BO EpeMEHH HIH pacCMATPHEACMEBIM B OTICIBHEBIC EPEMEHHBIC CEUCHHA.

,E[HHH&IH'IECKHE MOIOETH EBOCIPOH3IBOIAT HIMCHCHHA COCTOAHHH (((;IBHH{E-
HHE.‘}}) 0O0BEKTA C YUCETOM KdK BHEIITHHE, TAK H BHYTPEHHHX [l]EI.I{TGpGB.

IL.'UI JHHAMHYCCKHX NIO,E[E.'IEﬁ EBEOOAT TMOHATHA CTAIHOHAPHOCTE H HECTAITHO-
HApHOCTB. CTELLIHGHELIJHOCTB BEBIPAWACTCA B HCH3MCHHOCTH BO BPEMCHH HCEHOTOPBIX
d}HSH‘IECKHX BCIHYHH:. IIOTORA FHHIKOCTH C MOCTOAHHOH CEOpPOCTERHD, MEeXaHHYECKOH

CHCTCMEL B KGTGPG?‘I CHIBI 3dBHCAT TOJIBKC OT KOOPAHHAT H HE 3ABHCAT OT BPCEMCHH.



Ilon craumoHapHBIM O0OBEKTOM, B OOIEE O0OINEM CMEICIE, MOIPAa3yMEBAOT
HEH3MEHHOCTD CTPYVKTYPBI H MapaMeTpoB 00BbeKTa. [lo3ToMy OH ONMHCBIBAcTCA BEIpa-
KEHHEM, KOTOPOe BKIHUYAET B ¢e0A TOIBKO MOCTOAHHEIE KO3(hDHIITHEHTEL

HectannoHapHOCT MOMKET HMETh MECTO OTHOCHTETBHO MapaMeTpPOB, OTHOCH-
TEIbHO CIPYKTYPBI H OJHOBPEMEHHO. Jalle HMEET MECTO HECTAllHOHAPHOCTh OTHO-
CHTEIBHO MAPAMETPOE, T.€. PACCMATPHBAETCA OOBEKT C MIEPEMEHHBIMH Ko3bduneH-
TaMH, 4TO YCIOKHAET HeceledopaHHe. OOmeH TeOpHH H CHElHAIbHOIO MaTeMaTHYe-
CKOTr0 anmapaTa 14 ONHCAaHHA CYHMISCTBEHHO HECTAallHOHAPHBIX OOBEKTOB NEpPEMEH-
HOH CTPYKTYpBI ellle He cymecTByeT. Hecaeqosanne Takux 00BEKTOB NIPOBOIHTCA Ha
OCHOBE HEKOTOPBEIX METOIOE NPHKIATHOTO CHCTEMHOIO aHATH3a, KOTOPBIE COYETAIOT
dopMATHIOBAHHEIE MATEMAaTHUYECKHE NPONEAYPEl ¢ 3EPHCTHKOH H 3IPAEBBIM CMEIC-

JIOML.
JEFHEPHHHHPGEHHHHE I CoXdacmudeckue Moodenu

OxHoli U3 XapaKTepHBIX O0CcOOeHHOCTEH (VHKIHOHATPHOH MaTEMaTHUECKOH
MOZEIH ABIASTCA HATHYHE HIH OTCYTCTBHE CPEJH €€ NapaMeTpoB C.Iy4aHHBIX BEIH-
4gpH. [Ipn Haanumy Takux seanauH MM HaswelBatoT cmoxacmudeckodi, a IpH HX OT-
CYICTBHH — demepMunuposannoil (0T TATHHCKOTO CII0BA determing — OmpeIerLio).

Hemepmunuposannsie MaTeMaTHUECKHE MOJIETH ONHCBIBAIOT IIOBEJECHHE 00B-
€KTa C IO3HLIHH NOTHOH ONpeIeIcHHOCTH B HacToAmeM H oyaymeM. [Ipumeper Ta-
KHX MoZeeil: dopMynsl GH3HUeCKHX 3aK0HOB, TEXHOTIOTHUECKHE IIPOLIECCHI 00pa-
OOTKH JeTaleH H T.1.

Jlanexo He Bee mapaMeTphl PeaTbHBIX TEXHHYECKHX OOBEKTOB MOMKHO Xapak-
TepPH30BaTh BIIOIHE onpeaeIeHHbIMH 3HaueHHAMH. [Tostomy MM takux TO, ctporo
roBOpA. CIEeIyeT OTHECTH K croxacmudeckum. Hanpumep, ecan usygaemsni TO 4B-
TAETCA H3AETHEM MAaCcCOBOTO NMPOH3BOACTEA H €TO HYMPEHHUE NAPAMEMPBI MOTYT
IPHHHMATh cIydalHble 3HAYEHHA B IIpeeiax JOIIYCKOB, YCTaHOBICHHBIX OTHOCH-
TeIbHO HOMHHAIBHBIX 3HAUEHHH, TO H 6biX00HblE napavempsl 10 OyIyT caydaiHEI-
MH BeTHuHHaMH. CIydafiHBIMH MOTYT OBITh H 3HAUCHHA SHEULHUX NApavempos IpH
BosaciicTEHH Ha 1O Takux GakTopoB, Kak MOPEIBEI BETPA, TYPOVICHTHBIC ITYIbCA-
IIMH, CHTHATEI Ha hoHe IIyMa M T.11.

J1a aHaTHsa croxacTHdeckHx MM HeoOXoaHMO HCIOIB30BATh METOMEI TEO-
PHH BepoATHOCTEH, cIydaliHEIX MPOIIECCOB H MaTeMaTHYecKoH cTaTHcTHKH. OJHAKO
OCHOBHAA TPYJIHOCTh HX MPHMEHEHHA 00OBIMHO CBA3aHAa C TEM, YTO BEPOATHOCTHBIE
XapaKTEPHCTHKH CIYYafHBIX BETHYMH (MATEMATHUECKHE OXKHIAHHA, THCIICPCHH, 3a-

KROHBIL I]E.CHI]E,E[E.'IEHH.‘FI) YACTO HE M3BECTHBI HJIH H3BECTHBI C HEBBICOKOH TOYHOCTBRED.



1.¢. MM He ynoeaeTBopacT TpeboBaHuI0 npodywmusHocmu MM, B Takux cayuasx
sthdexTrBHee HenoaszosaTe MM, Donee rpyOyED 1O CPABHEHHED CO CTOXACTHUYECCKOMH,

HO H Oolee }FCTGI:.I‘-IHB}FI-D IO OTHOMEHHKY K HEJOCTOECPHOCTH HCXOIOHBIX TaHHBIX.

Tema 4. «KomnbroTepHoe Moaenuposanne. MeToa KoOHeYHBIX 3J1eMEHTOB»
KomnbioTepHOE MoaeTHpoBaHHE

Ecam Mogexs HMEET MAaTEpHATBHYIO IPHPOIY. TO A4 €€ CO3JaHHA [OJATCA
TPAIHLHOHHEIE HHCTPYMEHTBI: PE3€ll CKYIBNTOPA, TOKAPHBIH HIH (QpesepHBIH cTa-
HOK, IIpecc, IIH1Ia H TONOop. HaKOHEII.

Ecam Mozens uMeeT adeTpakTHYEO GopMy. TO PeUb HAET O HEKOTOPHIX 3HAKO-
BBIX CHCTEMAX, MO3BOLAIOIINY OMHCATh JAHHBIH THI MOJAETH. JTO CIENHATHHEIE
A3ZBIKH, YEPTEHKH, CXEMBI, TPaHKH, TaOIHIIBIL, ATTOPHTMBI, MATEMATHICCKHE BBIpa-
HEHHA H T. II. 3J€Ch MOKET OBITh HCIOIb30BAHO JBa BapHAHTAa HHCTPYMEHTAapHA:

¢ OO TPaIHIHOHHEIH HA0Op KOHCTPYKTOPA (KapaHaam, THHeHKA, pyuka),
¢ THOO caMblil COBEpIICHHBIH HA JaHHEIH MOMEHT HHCTPYMEHT — KOMIIBHOTED.

HHeTpyMeHT-KOMIBIOTEpe padoTaer ¢ uHbopManuei. [losToMy HYKHO HCXO-
THTH H3 TOTO, KAKYI0 HHPOPMAIIHIO H B KaKOM BHIE MOMKET BOCIPHHHMATH H 00pada-
TBIBaTh KOMIIBIOTEP. CoOBpeMEHHBIH KOMIBHTEP CIIOCOOEH padOTaTh ¢ TEKCTOM, I'pa-
duKoii, cxeMaMH, TAOIHIIAME, 3BYKOM, BHACOH300pakeHHeM H T. 1. Ho ama padoTsr
co BECEM 3THM MHOT000pasHeM HH(OPMAIIHH HYXKHA KaK MEXHUYeckda (annapam-
HAA), TAK H HPOZPAMMHAA NOOOepHcra. ITH JBEE COCTABIAIONIHE H ABAOTCA LH-
CIMPYMEHMAMU KOMNBIOMEPHOZ0 MOOETUPOSAHUA.

Komm BHYTCPHOC MOIETHPOBAHHE ABTACTCA OOHHM H3 3!1)[1]&1{THBHBD§ METOOOB

HIYUCHHA CIIOEHBIX CHCTCM. KGNﬂ'IBI'DTE’[JHBIE MOIETH ITpOoIme H }’,E[GEHEE HCCICOIO-

BEATh B CHIY HX BOSMOXEHOCTH ITPOBOIHTE T.H. BBITHCIHTEIBHBIC IKCIICPHMEHTERI, KO-

TOPEIE 110 CPABHEHHIO C PEATBHEIM 3KCIIEPHMEHTOM 3aTPYIHEHEI H3-332 (JMHAHCOBEBIX
H HH3HYECKHX IPENATCTEHI HIH MOTYT JaTh HENPEACKA3YeMBIH Pe3yIbTaT.

JIOTHYHOCTE H d] OpMATHIOEAHHOCTE KOMITBHITEPHEBIX MG,E[E.'IE.‘I:E IMO3B0IACT BbhI-

ABHTE OCHOBHBIC dJELI{TGpBI: OITpeIcTAIITHE CBOHCTIEA H3YIAEMOTO 0OBEKTA - OpHIH-
HalIa (H.‘IH OEIOID KIaccd Gﬁ'BEI{TGB): E JACTHOCTH, HCCISIOEATE OTEIHE MOIETIHPY-

eMOH lIl]HSH‘-IECKGf‘I CHCTCMBI Ha H3MCHCHHA ¢ IIapaMETpPOE H HaA9d4TbHBIX 1EI-FII.‘,.'I(JH-I/II‘/JI.

HOCTPOEHHE I{G}rﬂ'IBI'DTEpHOﬁ MOIETH EEISHPYE.‘TCH Ha E.'E}CTDELI'H[JOBELHHH oT

KGHKPETHGﬁ IPHPOIBI ABJICHHUH HIH H3YUACMOTO Gf}'BEI{TE.-OpHI—HHE:IE. H COCTOHT H3

JAEVX 3TAIIOE — CHaYaId CO3JaHHE I{EL‘-IECTBEHHGI:’I: a 3aTeM M KOJTHYeCTEEHHOH MOIOC-

JIH. KGNﬂ'IBI'DTEpHGE HE MOICTIHPOBAHHE 3aRTHOYACTCA B ITPOBCICHHH CCPHH BBITHC-



JHTEIBHBIX IKCICPHMCHTOE HA KOMITBIOTEPE, HETIbHY KOTOPBIX ABTACTCA dHATHS, HH-
TEPIPETaAllHA H COIIOCTABICHHE PE3YVIBTATOE MOICTHPOEAHHA C PEATIbBHBIM IIOECIC

HHEM H3YUaeMOro 0OBEKTa H, IPH HEOOXOIHMOCTH, JaThHeHINIee YTOUHEHHE MOIETH.
MeToa KoOHEeYHBIX 3JIEMEHTOB

B Bayke H TeXHHKE NOCTOAHHO IPHXOIHTCA CTATKHEATHCA ¢ IPOOIeMOH pac-
YeTa CHCTEM, HMEHOITHX CIOXKHYI0 TEOMETPHUECKYID KOHOHTYPALIHID H HEPeTryIap-
HYH QH3HYECKYIO CTPYKTYPY. KOMIBIOTEPEI MOSEOIIAIOT BEIIOIHATE TAKHE PACUCTEL
IIPH ITOMOIH NPHOTHACHHBIX YHCIEHHBIX METOI0E. MeTo KOHEUHBIX 31EMEHTOB
(Ivﬂiaj ABIACTCA OJHHM H3 HHX. B mocienHHe gecATHIETHA OH 3aHAT BEIyINEe MO~
TOKEHHE H MOTYYHI NIHPOKOE IIPHMEHEHHE.

HocTomrcTBa MKS

1. MeTon KOHEUHBIX 3JIEMEHTOE MO3BOIACT MOCTPOHTE VIOOHVIO CXeMY (op-
MHPOBAHHA CHCTEMEI AITe0paHIecKHX VPaBHEeHHH OTHOCHTEIBHO Y3I0BBIX 3HAUEHHH
HCKOMOH (VHELHH. 3aTeM NPOH3ZEOQHTCA O0BCIHHEHHE 3JIEMEHTOE, YTO IIPHEOIHT K
TpedyeMOH CHCTEME AMreOpaHuecKHX YpaBHEeHHH. TakoH aaropuT™ nepexola oT OT-
JEeTbHOTO 37IEMEHTA K HX [IOJTHOMY Habopy ocoOEHHO VI00EH ITA TEOMETPHUECKH H
(hH3HYECKH CIOKHEIX CHCTEM.

2. Kaxnoe oTaeapHOE anreOpaHdeckoe YpaBHEHHE, NOTYICHHOE HAa OCHOBE
METOIA KOHEYHBIX 37IEMEHTOB, COACPHHUT HE3HAUHTEIBHYIO YaCTh Y3I0BBIX HEH3-
BE€CTHBIX OT ODIINETo MX YHCTA. JIPYyTHMH CI0BAMH, MHOTHE K03 dHIHEHTEI E VPAE-
HEHHAX alredpandeckoll CHCTEMBI PaBHBI HYTIO, UTO 3HAYHTEIBHO 00IETUAET e pe-
IMICHHE.

3. MeTon KOHEUHBIX 37IEMEHTOE, TaK e KaK H JPYTHE YHCICHHEBIE METOBL, 10
CYIIECTEY MPHOTHIKEHHO 3aMeHACT KOHTHHYATBHVIO 33034y Ha JHCKPETHVIO. B Me-
TOJ¢ KOHEUHBIX 3JIEMEHTOB BCA MPOLIEIyPa TAKOH 3aMEHBI HMEET MPOCTOH hH3HUe-
CKHH CcMBICI. JTO IIO3BOTAET OOIEE MOMIHO NPEICTABHUTE CE0e BECh MIPOLECC PEMICHHA
3aJa9H, H30eKATh MHOTHX BO3MOXKHBIX ONIMOOK H NIPABHIBHO OLIEHHTH I10OTyHYaeMBIe
PE3YIBTATEL

4. TToMuMO KOHTHHYATBHBIX 33734 CXEMa METOJa KOHEYHBIX 37IEMEHTOE IIpH-
MeHAETCA 714 COeTHHEHHA 31eMEeHTOE H GOpPMHPOEaHHA ATTeOpaHYecKHX YPaBHEHHH
IIPH PEIIeHHH HENOCPEACTECHHO THCKPETHBIX 33134, JTO PaclIHpAET chepy IpHMe-
HEHHA METOIA.

HenocraTox MK?D

Joaroe BpeM:A MHpoOKOMY pacnpocTpaHeHH0 MKD Menrano oTcyTCTBHE aliro-

PHTMOE ABTOMATHHUCCHOIO pELEE}H €HHA 00JACTH HA «IIOYTH PAEHOCTOPOHHHCH BHPO-



e, 3TY 3a0aUy VIATOCE YCIICITHO PEIMTHTE I::E..'II'GIJHTM:BI OCHOEAHBI HA TPHAHT Y. TH=-

nun edone).

Tema 5. «Moge1HpOBaAHHE TEXHHYECKHX 00BEKTOB

00paboTKH META/LTIOB JaBJIeHHEM»
Iens MogeTHPOBAHHA TeXHHYECKHX 00BerTOBR OM]]

]_[E.‘.'IBI'D MOTETHPOBAHHA NMPOIECCOE H MAITHH Gﬁpﬂ.ﬁ@TKH METATIOE JaBJICHHCM

(OM]I) ABAACTCA EOCHPOH3BEACHHE H M3VUCHHE HX SKCIITYATAIHOHHOIO MOBEACHHA
C MOCTIEIVIOIEH OLEHKOH CIy:KeOHBIX CBOHCTE 3THX IIPOLECCOE H MAlllHH H OIIpele-
JeHHA IYTeH HX YIy4IICHHA.

ITpu usvuenun nponeccoe OM]T sTo:

— HasHayexue pexcuMoe oopabomxu (pallHOHATBHBIX cKopocTeil medopmmpo-
BaHHA, TEMIIEPATYP H JOMYCTHMBIX cTeleHeH qedopMannn);

— OMMUMU3AYUA MEXHOTOZUYECKUX HPOYECCOE TIO 3aTAHHBIM KPHTEPHAM (MH-
HHMYM 3aTPaT MaTepHATa, MHHHMYM SHEPTOEMKOCTH TEXHOIOTHH H T.IL.);

— onpedenenue VCI06ull NPOU3E0ACMEd, 0DECTICUHBAOIIHX OesaedeKTHOS H3-
TOTOEJIEHHE INTaMIIOBAHHBIX M3JeTHI H HaHOOIBIIYH CTOHKOCTE IITAMIIOE (CMasKa,
MATEPHAT HHCTPYMEHTA H PEEHM €0 TEpMO0OPadoTKH H T.IL ).

H[JH HIVICHHH EYV3HCUHO-IMTAMIIOEOYHBIX MANTHH 3TO.

— npogepra pabomocnocooHocmu xoHcmpyxmuenslx cxem KIIIM c onerkoi
OCHOBHBIX KHHEMATHYECKHX H SHEPTETHUECKHX XapaKTEPHCTHK (IIPH MOIEPHH3ALIHH
CYIIECTEYIOIIHUX MAIIHH H OpoeKTHpoBaHHH HOBRIX KIITM);

— KayecmeeHHvlll U KOIUYEeCMEeHHbIl AHATU3 HAZPY3O0K B 3IEMEHTaX KOH-
crpykuun KIIIM npu peammsanmn mponeccos OMJ (i yTouHEHHA PacYeTHBIX
CXEM H paspadoTKH METOIHK pacueTa);

— ONMMUMU3AYUA NAPaMempos mexHuyecxux xaparmepucmux KIIM (vMuHH-

MaTbHAad MAaTEPHATOEMKOCTh, MAKCHMATbHAA 3HEPTOEMKOCTD H T.IL. ).
THOsl 330349 MoJeTHPOBAHHSA TeXHHYECKHX odoberToB OM]]

Pemaemsre npu Mozenposannn 1O OM/]] sagaum pasgenar Ha JBa THHA.

1. Mopemuposarne TO 111 aHaTH3a THHAMHKH JBEHKCHHA.

2. Moaemuposanue TO 1714 aHaTH3a JHHAMHEKH HATPYHCHHA.

PaccmoTpuM pasiIHdHe 3THX 3aJad Ha IPHMEPE OJHOKPHEOMIHIHOTO IIpecca
(eM. prc. 1). KOTOPBIH HMEET OTKPBITYI) ZEVXCTOCUHYIO CTAHHHY; ABYXCTYIICHYATHIH

OpHBOI ¢ KIHHOPEMCHHO 51 Hﬁpﬁﬂﬂqﬁﬁ WIIEKTPOOBHTATCIb—MAX0OBHE», CHCTCMY



BKTIOUCHHA ¢ (QPHUKIHMOHHBIM JHCKOBBIM Y3I0M «My(Ta—TOpMO3» B MaxXOBHKE; de-
TBIPEX3BEHHBIH KPHBOIIHUITHO-TIOI3YHHBIH ITTaBHBIM HCIOTHUTEIBHBIH MEXaHHU3M, JBa
MHEBMAaTHYECKHX IUIHHAPA YPaBHOBEIIMBATEIA, MEXaHH3M PETYIHPOBKH 3aKpPBITOH
BBICOTHI M HUKHHH THEBMAaTHYECKHH BBITAIKHBATEIb.

Puc. 1. OgHOKPHBOIIMITHEIA IpecC ¢ ABYXCTYNEHYAThIM IPHBOIOM



OnucanHOH KOHCTPYKLHMH COOTBETCTBYET CTPYKTYpHaA CXeMa, [TOKa3aHHadA Ha
puc. 2.

Jra 1l-ro TMma 3amay Takue KOHCTPYKTHBHBIE 31eMeHTHI KIIIM kak miatys,
ITaBHBIH M IPOMEMKYTOUYHBIH BaT H T.II. OTOOpPA’kal0T B BHIEC aOCOTIOTHO JKECTKHX
CBA3YIOIIHX 37I6MEHTOB (CBA3eH). DTO O3HAYaeT, 4To, K NPHMEPY. Ha IMPOMEKYTOU-
HOM Baly yIo oBopoTa Ama ceueHui /-] u II-I] OyaeT oAHHAKOB IIPH BO3ACHCTBHH
TIOOBIX BHEIIHHUX KPYTAMIMX MOMEHTaX.

J1a 2-ro THma 3aJad YIOMAHYTBIE KOHCTPYKTHBHEIE 31eMeHTHl KIIIM oT00-
pakarT B BHJAC YIPYIHX HIH YIPYTo-IHUCCHIIATHBHBIX CBA3CH. JTO O3HAYaeT, 4TO Ha
MIPOMEXKYTOYHOM BaTy YITIBI MOBOpoTa A1A ceueHuMH [-] m I[-]] yxe He ABIACTCA

OOHMHAKOBBIMH IIPH BO3ACHCTBHH BHEIIHHX KpyTAIIHX MOMCHTOB.

Ilixus Snexmp odeuzament
Knunopemen-
I I
KAR nepeoaya I |
: | Ilecmepns
Z /
i
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Puc. 2. CtpykTypHas cxeMa KpHBOIIHITHOTO TIpecca

C IBYXCTYIICHYATHIM IIPHBEOIOM



Buanl MoJesel cBA3eldl KOHCTPYKIHA TeXHHYECKHX 00LEKTOB

VkaszaHHBIC BHIBI CEASCH XapaKTepH3VIOTCA IapaMeTpamMH (pue. 3):

— THHEHHBIMH X H VIJIOBBIMH ¢ NEPEMCIICHHAMH XapaKTEPHBIX TOYEK, B
KOTOPBIX PACIIOIOKEHBl COCPEIOTOUEHHEIE MACCEHL;

— koaddunuenTaMu muHeHHOH CX H yraosoH Co EECTKOCTH;

— ko3¢ dHIHEHTaMH THHEHHOH /X M yIIoBoH A JHCCHOAIHH.

THII WwecTEHe THHEeH VIIPYTHE VIPATO=1HCCHITATHEHEIE
MOJICAH | HBIC H VITIOBBIE | JTHHEHHEIE VIJIOBBIE THHEHHBIE VITIOBEIE
X1. (M X1 M 1 P

i g q
MOJIETH Cx Cep hx Cx | heo Co
X2. (P A2 i Az Lo}
napa- | x; = xa. p; = o X #E X Pr# P2 N FEN;L Py # P2t
METPEL | Cx—pon,Cp—roe, | Cx=const Cip=const Cx=const Cogp=const
MOZCTH |y =0, hep =0 hx =0, hgp =0 hx=const hgp=const

Puc. 3. Buae! Mogeteli cBa3ell TEXHHUECKHY 00BEKTOB

Mopgennposanne TexumdeckHx odbexTos OM]]

AJAH AHAJIHIA THHAMHKH TBHAcHHA

Ilenp penteHHA 3TOr0 BHJA 3ajay — ONpeJelIeHHE H3MEHEHHA BEO BPEeMEHH KH-
HEMATHYECKHX H 3HEPIeTHUECKHX NapaMeTpoB 3JI€MEHTOB KHHEMAaTHYECKOH IIEIH
TO Ha npoTAKEHHH H3VIAEMOT0 NEPHOIA €TI0 SKCILTYaTallHH.

MO,I[EL'IB 0DBEKTA IIpH 3TOM HABIACTCA G,EI,'.[—IOME.CCGBGIT& AT MNOCTYIIATEIBHOTO

(pmc. 4a) uan EpamarteasHOro (puc. 40) IBHKEHHA.

F M
N A ey
1y m = J
a) | 0)
Puc. 4. OgroMaccoesle MogeTH 10

IUIA IOCTYIATEABHOrO (a) B BPaluaTe/IbHOro (0) JBEHKCHHI



H[JHME’I:JOM TO ¢ IMOCTYVIIATCIBHBIM JEHEHCHHCM ABITACTCA IIHCEMOMCKAHHYIC

CKaA CHCTeMa MHEBMATHYECKOIO HIIH NapoBO3AYIIHOIO MOIOTa, HCMOIb3yeMad 1A
pasroHa MOJBHKHEIX YacTel MoroTa (0ada co IITOKOM H MOPIIHEM C CYMMapHOMH
Maccoll m) mom AeHcTEHEM cHIbl F MHEBEMAaTHYECKOTO HIH MapoBO3IYIIHOTO ITH-
AHHIpa MOIOTA.

H[JHME’[JGM TO ¢ EpalTaTEIbHBIM JBHEHCHHCM ABTACTCA 3JICKTPOMEXAHHICCKAA

CHCTEMA BHHTOBOTO HIH KPHEOIIHITHOIO IIPECcca, HCIIOAb3VeMad 14 PasroHa Io-
IBHKHEBIX YacTell BHHTOBOIO Npecca (MaXxoBHK ¢ BHHTOM H IMOI3VHOM € IIPHBEICH-
HBIM MOMEHTOM HHEPIUHH J) HIH IPHBOJA KPHBOLIHITHOTO IIpecca (MaX0BHK ¢ IIPo-
MEXYTOUYHBIMH BaTaMH H 3YOUaTBIMH IEPEIauyaMH C IPHEEIESHHEIM MOMEHTOM HHEp-
nuu J) nox aeHcTEHEM KPYTAMEro MoMeHTa M 31eKTpOIBHraTens ITABHOTO MPH-
BOJa Ipecca.

ByaeMm cunTaTh, UTO B 000HX CIVYAAX ITOJEMIKHEIC YACTH MOIOTOE H IIPECCOE
PAsTOHAKTCA H3 HEMOJABHIKHOIO COCTOAHHA, a CHIA NHIHHIPA H KPYTAIIHH MOMEHT
3ACKTPOSBHIATEA ABLAIOTCA TOCTOAHHEIMHE BO BPEMEHH ECIHIHHAME.

Ilonomenne ceuenwnii -] MOmET OBITH IPHHATO CIETYROIITHM:

— B MECTe [I0CaIKH 0a0bl Ha MITOK 711 MOIOTOE;

— B MecTe ITOCaJKH MaXOEHMKA Ha BHHT HIH Bal IPHEOA IIPECCOE.

METG,E[H Ed MOJEIHPOBAHHA ITPCAITOIATACT OITHCAHHE COCTOAHHA ITPHHATBIX

OOTHOMACCOBBIX MG,E[E.‘.'IE.‘I:I JABHAECHHEM BBLOCICHHBIX 3JICMCHTOE C MaccoH mH C IpH-
BECICHHBIM MOMEHTOM HHEPITHH J ¢ TOMOIBIO ¢ IMTOMOIIBHD ETOPOTO 3aKOHA Hrroto-

Ha, 3a[IHCAHHOTO B hopMe aud depeHIHATPHOTO VPaBHEHHA IUTA MOCTYNIATEABHOTO H

BEpallTaTEeIBHOTO OB HOKEHHH:

m-x—=F J.p=M

roe X H @ O03HAYAEST ETOPVHY IPOHIECIHVEY OT BEPTHEATIBHOIDO MNEPEMETEHHA

0adBl ) H yI7Ia MOBOPOTa MAXOBHKA ¢ IO BPEMEHH (IHHEeHHOE H VIIIOBOE YCKOpe-

HHA):

d:.'-'f .- d:(ﬁ
dt* =

HrTerpupoBaHue MOTYYCHHBIX TH(QepeHINATEHEIX VPaBHCHHH BTOPOTO IIO-

X =

pPAIEA MO3BOTACT IIOTYUHTE YVPABHCHHA OTA pactucTa THHEHHEIX H YIIOBBIX CHOpPO-
. .

crelt (X W @ ) H mepeMemicHHH (V B ¢) O7A BBIICICHHBIX 3JEMEHTOB ¢ MACCOH M H

MIPHECICHHBIM MOMEHTOM HHCPIIHH J B ceueHHAx [-] PAcCMOTPEHHBIX CHCTEM.



PesyapTar MomenHpoBaHHA:

— NEPEMCEHHEBIE BO EPEMEHH 3HAYCHHA YIIOBBIX H THHEHHBIX CKGPGCTEﬁ: YCRO-
pEHHﬁ H HEPENIEL[[EHHﬁ A TA BbBILOCICHHBIX 3JICMEHTOE H CBEASAHHBIX ¢ HHMH 3JIEMCH-
TOB KHHEMATHUECKHX LIETCH PACCMOTPEHHBIX TCEHHUCCKHE 0OBEKTOE.

— COOTEBETCTEVRHMITHEC 3THM CEOPOCTAM 3SHAYUCHHA KHHETHYECKOH SHEPTHH T4
VYEA3AHHBIX KOHCTPYRTHEHBIX 3IICMCHTOE EHHCMATHYUCCKHX meneH PaCcCMOTPEHHBIX

TEXHHYCCKHX 00OBEKTOB.

MopennpoBanae TexHHYecKHX 00bekToB OM]]

A4 aHAJHIA THHAMHREH HarpyReHHA

]_[E,‘.'IB PEMICHHA 3TOT0 BHTA 347049 — OIIpeIcICHHC H3IMCEHCHHA BO BpPEMCHH

BHYTPEHHHX CHT H MOMEHTOB B 3JI€MEHTAX KOHCTPYKUHH 10 Ha NpOoTAKEHHH H3y4a-
€MOTO MEPHOJA €T0 3KCILTYaTallHH. PaccMOTpHM B KauecTBEE IPHMEpPa HM3YUAEMOTO
TO mpoMexyTOUHBIH Ba’l ABYXCTYIEHYATOIO IMPHBOJIA KPHBOIIHIIHOTO IIpecca MEm-
Iy MaXxOBHKOM H IIecTepHeH 3y0UaToH mepeiadH.

Mogeads 0OBEKTa NHpH 3TOM MOPEICTABIACT COOOH HECKOIBKO BBIIEICHHBIX

371€MEHTOE (B HallleM CIy4Yac — JBa Ha pHC. 5), KOTOPBIE:

— COCPEINOTOYEHEI B XapaKTEPHBIX TOYKaX KHHeMaTHueckod nemn 10 (B
HallleM cIydae — B cedeHuax [/ u [I-1I);

— VYUHTBIBAKT HMHEPIHOHHBIE MNapaMeTphl KOHCTPYKTHBHBIX 3aeMeHTOB [0
IIPHEEICHHBIMH MOMEHTaMH HHepuHH J1 (114 ceuennsa J-I) u J2 (114 ceuerns JI-1I);

— TIOJBEPHEHBI BO3ACHCTEHIO NPHBEICHHBIX K cedueHuaMm -] u -1l wpyra-
OIHX MOMeHTOE M1 m Mb;

— COSIMHEHBI HEBECOMBIMH CBA3AMH, VUHTHIBAIOITHMH VIPYTHE CBOHCTEA pe-
ATBHBIX KOHCTPYKTHEHBIX 3JIEMEHTOB KHHeMaTHueckoi nenu TO (B HameMm ciaydae —

k03D HHUIHEHT YITOBOH HECTKOCTH IIPH KpyueHHH C IPOMEKYTOYHOIO BATA).

I ]
Co

M. 1, J; M,

/ ﬁl I '_/Aﬂz

Pue. 5. IeyxmaccoBai MoJeTs NPOMEXYTOTHOTO Bala

ABYECTVIICHYATOTO IIPHEOQIA KPHBOITHITHOTO MIPECCa



METG,EI;HI{E. MOIJETHPOEBAHHA IIPEAIIOIATACT IIOIYHUCHHE CHCTCMEL }’IJELBHEHHI:'I

JTA pacHueTa YCKOPEHHH ¢, . 5 cKopocTeld ¢, ., : H IEPEMEICHHEH ¢ ., § 5 114
EBIICTICHHBIX 37€MEHTOE (MAXOBHKA M IecTepHH ) B cedeHnax I-I u [I-II. Takymw cH-
CTEMY MOMKHO IOIVIHTh pelleHHeM ypabHeHHH Jlarpanma II poga oTHocHTEIBHO He-

SABEHCHMBIX KOOPIHHAT g1 H §2, OITHCBIBARKITHE HE H3IMCHCHHA EO EPEMCHH!

d|or | o ol _,

dt d ;;j ﬂi}'j ﬂqj J

roe ¢; — j-ai 00OOINEHHBIE KOOPIHMHATBI MOIETH (HE3aBHCHMEBIE II€PEMEHHEIE,
OTIPEIETAOIIHE THCIO CTENEHEH CEOOOIBI MOJETH );

I'm I] — kMHeTHYeCKad H NOTEHIIHATbHAA 3HEPTHH MOJETH;

QO — obobmenHbIe cHIEl (K03QdUIHEHTH IPH BapHAIHAX 0D0OIIEHHBIX KOOp-
JHHAT B BBIPAYKEHHH 11 BHPTYATIbHOH pa0dOTHEI).

IMoayuennasle anddepeHIHATBHbIE VPAaBHEHHA HHTEITPHPYIOT THOOBIM YHCICH-
[ ]

HBIM METOITOM ITPH HYICEBBIX HAYATBHBIE YCIOBHIX! q i 0 opH = 0.

Cunogste mapaMerpsr M1 1 M2, yKasaHHBIE 114 MOJETH Ha pHC. 2, 3TO:

;Ml: M> —aKTHBHBIH MOMEHT H MOMEHT CHII COMMPOTHEICHHA B TIPHBOIC ITpeCCa,
OPHECIACHHBIC K BBLIACICHHBIM CCUCHHAM €TO KHHEMaTHUECKOH IeITH.

Huepnunonnsle napaMeTpsl Ji 1 J2, yKasaHHBIE IT4 MOIETH, 3TO:

Ji1, J2 — MOMEHTBI HHEPLIHH ITOJIBHAHBIX 3IEMEHTOB KOHCTPYKIIHH IIpecca IpH-
EEJEHHBIE K BBLISTICHHBIM CEUEHHAM €T0 KHHEeMaTHUYeCKOH IIeMH.

PesyasTar MoOmeIHMpOBaHHA:

— NEepEeMEHHBIE BO BPEMEHH 3Ha4eHHA CKOpPOCTeH, YVCKOPEHHH H NEepeMeNIeHHH
1A BhIOEIeHHBIX 31eMeHTOB TO H BeceX CBA3AHHBIX ¢ HUMH KOHCTPYKTHBHBIX 3II€-
MEHTOB €70 KHHEMATHYECKOH LIETH;

— COOTBETCTBVIOINHE 3THM CKOPOCTAM 3HaUeHHA KMHETHYECKOH 3HEPIHH 714
VKA3aHHBIX KOHCTPYKTHBHBIX 37I6MEHTOE KHHEMATHUICCKOH IETTH;

— IepeMeHHBIE BO BPEMEHH 3HAaUeHHA VIPYIHX CHT H MOMEHTOB, BO3HHKAIO-
ITHX BHYTPH KOHCTPYKTHEHBIX 371€MEHTOB KHHEMAaTHUECKOH LIENH IIpecca;

— COOTBETCTBYHINHE VIOPYIHM CHIaM H MOMEHTaM 3HAuUCHHA NIOTCHUHAIBHOH

JHEPTHH T4 KOHCTPYKTHEHBIX 3ICMCHTOE KHHEMATHYCCKOH IIETH Ipecca.



Tema 6. «HHepuHOHHBIE, CHIOBBIE H YOPYTHe CBOHCTEA

}IG,.EIE.]IEﬁ TeXHHYECKHY 00beKTOB»
HI{EPI[I{EII{I{B]E nDapaMeTpPRI H NOPAIOK HX NPpHEETeHHA

PE.CCMGTI]HM DOpAJOK IIPHECICHHA HHCPIHOHHBIX HOapaMcTpOE IIAd 3dJ49H
MOIETHPOBAHHA IIPpECCa IO pPHC. 1.2 J7IA dHATH3a THHAMHEH IBHAHCHHA.

HHepumnoHHBIE TapaMeTPEL OIPecca — 3TO:

* EBpalfadIMHECcd YdaCTH ¢ MOMCHTAMH HHCPITHH J-;
* TIOCTYVIIATCIBHO OBEMAENVINHCCA TACTH C MaCCaMH .

HHepnHoHHBIE HapaMeTphl Moaenn (pHc. 30) — Bpamarommuii B ceueHHH [/

37IeMEHT ¢ NPHBEICHHBIMH MOMEHTAMM HHEPIHH .J, VUHTHIBANOIMHH HHEPIHOHHBIE
CBOHCTBA BCEX BpAINAKINHXCA H NOCTYNATEIbHO JBMIKVINHXCA HacTel mpecca I0 H
noctae ceueHUd J-J.

HIJHBE,E[EHHE HHEPIMHOHHBIX MMapaMETPOE OCHOBAHO Hd VCIOEHH 0ATaHCA KHHE-

THUECKOH SHEPTHH, TO €CTh: CYMMAapHAAd KHHETHUECKAA 3HCPIHA BCEX IBHIKVIITHECA

HacTeH KPHEOIMHITHOTO IIpecCd JOTHHA OBITH PaEHA MOTHOH KHHETHYECKOH SHEPTHH

BCEX HHEPLUHOHHBIX MapaMeTPOB MOIETH:
T = T

14 mpecca cyMMapHad KHHETHUeCKad 3HepIHA 111 ero BpallaloliHuxca H IMOo-

CTYIIATC/IBPHO JEHAYVITHECA JacTeH OIIPEc/IACTCA HX VITIOEBIMH W H IHHEHHBIMH V
CEOpOCTAMH, MOMCHTAMHE HHEPITHH J HMaccaMH .

IL.'L‘FI MOOETH TTOTHAA KHHETHUECKAN 3HEPTIHA OIIPEICIACTCA IIPHECICHHBIM MO-

MEHTOM HHEPLHH J oZHOTO 3J€MEHTa, Bpallalonieroca B cedeHHH /-] ¢ YII0BOH CKO-
pPOCTBIO, PaBHOH CKOPOCTH BpalllcHHA IIPOMEAKYTOYHOIO Bala WIIE B TOUKE, MPHHA-

Jexaimed cedeHHio /. TaxkuM obpasom, 1714 MoZeTH:

1

. =—-7 .-H.*Z
% 2 P IIE .

I3 yeropna 0aTaHca 3HEPIHH 14 MOJETH H npecca In = I11 IMOIYYarOT 3aBH-

CHMOCTD., GHPE‘JE.THI'GM}?I'G HPHBE‘JEHHHI:"I MOMEHT HHEFIT_'[HH BBIOCICHHOTID 3ICMCHTA.
Je=Ff ( J,m, z')
rac 1 - HﬁpﬁﬂﬂTﬂqHHE HCId KHHEMATHUCCEHX Cﬂﬂﬁﬁ NIEH{,.'IY IICMEHTAMH HPECCE..
CH.]]UEB]E ﬂﬂpﬂ]lETpH H I[UPH,EUR HX IIPHEE,EEHH_H

CuIosbIe IapaMeETPhRI ITPpECCd — 3TO AKTHEHBIH KP}FT.'FIH.[HI:i MOMCHT 3JICKTpPOIEH-

ratexd M3 1 MoMeHT COIMpOTHEICHHA Mring Ha BBRIXOTHOM 3BECHC INTAEHOI'O HCITOIHH=-



TCIBHOTO MEX4AHH3IMA TIpecca, KCITGI]BIﬁ CO30dcTCA CHIOH ,EI;E{IJGI]}E‘II]GBE.HHH Ha ITOTI-

3yHe P H YVYHTBIBEAeT TPEHHE B KHMHeMaTHueckux mapax [ TIM.

CHIOEBIE MapaMETPBl MOJIETH — 3T0 NPHEBEEICHHBIH K cedeHHIO /- KpyTamHuH
MOMEHT MIIP, VUHTBIBAONIHH JeHCTEHE YVEa3aHHBIX BBINE MOMEHTOE M3 m Mring.

B xauectBe 371€MeHTAa NPHEEICHHA CHIOBBIX MapaMETPOB Ipecca TAKMKE IMPH-
HHMaeTcd BBLIEICHHAA Macca, Bpallatolnaica B ceueHHH [

IIpMEEegcHHEe CHIOBBIX HNapaMeTpPOE OCHOEBAHO HA VCIOBHH OalaHca padoT. TO

CCTh: CYMMApPHAA pﬂ.ﬁGTﬂ. EGSﬂEﬁCTEYI‘Dﬂ[HK Ha 3BCHBA MAIMTHHEBI KPYVTANTHE MOMEHTOEB
H CHI JI0IFHA4 OBITh PaEHA pﬂf}GTE OPHECICHHOTO K EdPaKTEPHOMY CEUCHHRY MOICTH
EpYyTAMETO MOMCHTA HIH CHIIBIL

17 mpecca cyMMapHad padora Al aKTHBHOTO MOMEHTA 37ICKTPOIBHIATENA

M3 v MoMeHTa COIMpOTHE.ICHHA Mring ONpelcITACTCA HX BCIHYHHAMH H YITIOBBIMH
ODepeMEMeHHAMHE POTOPa 3ACKTPOIEBHTATETIA @3 H BBIXOIHOTO 3ECHA ITTABHOTO HC-

MOTHHTEIBHOTO MCXAHH3MA OE :

1A ModedH padcoTta AM DpHBEEICHHOIO K ceueHHKO /-] MoMeHTa MIP ompene-

JIACTCA €0 BEIHYHHOH H YIJIOBRIM IIEPEMCINCHHEM QIIE -

Ay =My @ .

I3 yeropna 0aTaHca padoOT 4714 MOJETH H Ipecca AnM = AN DOIy49HM paBeH-
CTEO, KOTOpPOE MpeodpasyeTca B JATbHEHIIEM ¢ YIETOM IIEPEIaTOYHEIX OTHOIEHHIH
U1 KHHEMATHYECKHX Map Ipecca iPll = ¢3/QIB | T.1.

Kpyramuii MOMEHT 3aeKTpoABHTaTeri M3 OompeJeTAeTcA €ro 3IeKTpoMeXa-

HHYECKOH XapaKTEpHCTHKOH:

2-M,-(1+q-&)

& & .
- _I"-_|_2.q.51{

&y £

M, =

IIe: €., €H, K — TeKyllee, HOMHHATBHOE H KPHTHUECKOE 3HAUEHHA CKOIBXKCHHA J1A
3nekTpoasHrareri. IIpu 3ToMm 114 padbouel 00IacTH XapaKTEPHCTHRH:
W, W -
- 2 — H = . fa2 _
W, W, ~
A KPaTHOCTH KPHTHYECKOTO M HOMHHATBHOTO MOMEHTOE paBHa: AK = M/ Mu.

HG.I}"—IEHHBIE 3ABHCHMOCTH OIIpEeIe/TA0T HCKOMOE BBIpAWCEHHC T4 IIPHBEICH-

HOTO MOMeHTa Mirp.



}?Hp}'rﬂ—ﬂHCCHHﬂTHEHHE CEOHCTBA H MOpAIOK HX NPpHEETeHHA

ITox nefcTEMEM BHEIIHHX CHIOBBIX (PaKTOPOE (cHI P HIH KPYTANIHX MOMEH-
toB M) B 38eHbax KIIIM BosHHKaeT yopyraa gedopmanua (muHeHiHaA "x" WM yrio-
Bad "@"). OZHH H TOT K& CHIOBOH (haKTOP MOMKET BBISBATH OOIBINYE) MIH MEHBIIYIO
JedopMannio 36eHA. Ee BeIHYHHA 3aBHCHT OT €ro K03 dHIHEHTA XKecTKOCTH (IH-

HelHOH Cx wan yraosoi Co), IOJ KOTOPBIM ITOHHMAOT OTHONIEHHA:

_dP _dM
Co=T + Co="iay

Bemnununy, 00paTHyIO K03 QHIMEHTY KEeCTKOCTH, HA3BIBAKT Ko3hdHIHEHTOM
nogataupocTH: e=(C !

Ceasp yopyroit aedopMannn 38eHa (X, ©) u BbI3BaBlueil ee Harpysku (P, M)
NPEACTABICHA HAa pHC. 6 M MOMET HMETh THHEHHBIH XapakTep — 2 (4719 METAUIOB B
00IacTH yOpyrux gedopManHi), ObITE YOBIBarOmeH dyHKOHeH — 3 (1714 mOIHMEpPOE )
HIH Bospacrtatomell dyakumei — 1 (114 pesuHsl).

B peatsHBIX yeaoBHAX yOpyTHE cBolicTBa 3BeHBEE KIIIM He ABm1aOoTCA cTporo

.'IHHEI:IHBEE’I: d OITHCBIEAKTCA KPHEBIMH 4 ¢ «sapaToM» BOTH3HM HAYATA KOOpAHHAT.

P M

I
% r
I
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=
=1 L
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Puc. 6. Ceasb yupyrux gedopMalui H HATPY3OK

JT0 00BACHAETCA HATHYHEM 33a30pOE B KHHEMATHUECKHX IIapax IIpeccos, a
TaKKE YBEIMYCHHEM KOHTAKTHOH JKECTKOCTH B BBICIIHX KHHEMATHUECKHX Iapax
(IIapoBBIX IMApHHpPaxX, MOJIMIHNHHKAX KAYCHHA H T.II.) IPH HarPYKEHHH 3a CUET
pocTa IIomadH KOHTaKTa NIPH YBEIHYEeHHH BHENIHEH HarpysKH.

KosdduunenTs! 1aHeiiHOH H VITIOBOI *KECTKOCTH [UTA BaTa:
E-S o _GJo

CX: - Qj':—! i

rac. EunG- MOIOVIH YVIIPYTOCTH H CABHTA T4 MATEPHAI4 3BCHA,



SuJo- II7I0NTaJb IIONEPEYHOTO CEUEHHMA M ITOTAPHBIH MOMEHT HHEPIIHH
CEeUeHHA M4 HarPY:KeHHOIO V4acTKa Baia;
[ — [mIMHA HArpPYXEHHOTO Yy4YacTKa Bala.
VIOpyrue sIeMeHTBI B MIPECCE MOTYT PACIONaraThCAd MapalielabHO (pHe. 7a)
HIH IOCTIeI0BATETRHO (pHE. T0).
IIpueenenne mapaMeTPoE YOPYIOCTH BBIMOIHANT 110 CACIVIOIIEMY NPHHIIHITY:
® 114 NMapaTIcIbHO PACMIOTOMKEHHBIX VIPYIHX 37TEMEHTOE HAXOIAT NpPHBEICH-

HEIH ko3dduuuent wectkoctn Cnp=C1 + Cin+...+ Ci

* ITA IMOCICTOBATCIBHO PACHOTONMEHHBIX YVIOPYTHE 3JICMCHTOE HAXOIAT ITPHEC-

NeHHBIH KO3 DHIHEHT MOTATIHEOCTH €MP =¢e] +e2 +... T eJ.
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Puc. 7. HE.IJE:L'IE.‘.'IBHGE H MOCICTOEATCIBHOC PACIIONOEEHHE VIIPYTHXE 3JICMCEHTOE

Ecanm m1a sBcHa NpHHATA yOpyrad MOAETb, TO BOSHHKAMIIHE E HEM BOCCTa-
HaB.IHBAIOIIHE CHIBI OVIVT H IPH pasIpy3ke H3IMEHATHCA IO TOMY JKE 3aKOHY. B pe-
aTPHBIX VCIOBHAX IPadHK BOCCTAHABIHBAIOIIMX CHT OTIHYAETCA OT IpadHKa HArpy-
KCHHA H OHH 00pasyrT merawo (puc. 8). Ilpm stoMm 1 — KpHEa# HArpyXeHHA, a 2 —
KpHEad pasrpyskH. [lmomane meTaIM NpomoplHOHATEHA padore, 3aTpadcHHOH 3a
ITHKT Ha IPE0J0IeHHE CHI HEVIIPYTOrO CONPOTHEIEHHA, TO €CTh 3HEPTHH PacCcedHHA.
B /

0 >
X
Puc. 8. H3meHeHHe BoCCTAHABIHEAKIHY CHI:

1 — npu HarpyxeHHH, 2 — OPH pPasIpPy3Ke



Pacceanne (gHccHIIANNA) 3HEPTHH BhI3BaHa ABYMA (aKTOpaMH: KOHCTPYKIIH-
OHHBIM IeMIGHPOBAHHEM (TPEHHEM IPH KOT€0aHHAX B HEPA3BEMHBIX COCTHHCHHAX )
H BHYTPEHHHM TPEHHEM B MaTcpPHAIE 3BEHBEE IIPH HX VIpyro# gedopmannm.

OTHOIIEHHE 3HEPTHH pacceAHHA (IIIOINaTH IIETIH) K padoTe, 3aTpadcHHOH Ha
TedOopMallHI0 3BEHA NIPH HArPYAKEHHH (MTOImMAms HIVPBI MEXKIY KPHBEOH 1 H ochkio
abcuncc), HaselBaeTcA Ko3(hGHIHEHTOM paccedHHA HIH Ko3ddHIMeHTOM AHccHIA-

IIHH H 0003HauYaeTcAd hx wmamu ho.

Tema 7. «HacTHBIE FJAROHOMEPHOCTH MOJETHPOBEAHHA

REYIHETHO-IMITAMNOBEOTYHEBIX MAIITHH
CpoHcTBa ,.']HI{ﬂ.‘-IH':IECRI‘Jf{ CHCTeMEI h”}'ﬂHE']HG—II]Tﬂ]II[GBG']HGﬁ MAITHHEI

Kysneuno-mraMnoeounad MammuHa (KIIIM) ABTAeTCA IHHAMHYECKH BO30YMXK-
JaeMoH cHcTeMoH. CHIBIL, BOSHHKAKIIHE IIPH €€ padoTe, XapaKTCpH3YIOTCA 3HAUH-
TEIBHOH CKOPOCTBIO H3MEHEHHA KaK IIPH HX HapacTaHHH, TaK H IPH YMEHBIICHHH, H
IOTOMY ABIAKTCA HCTOYHHKOM CHIBHOTO JTHHAMHYECKOTO BO3OVEIeHHA. J[HHaAMH-
YecKad COCTABTIAIOIAA MpolleccoB, nmpoTeratromux 5 KIIIM, sHaunTeTbHA, 4 YacTO H
IpeodIagacT HajJ cTaTHYeckoH. Padoure HarpyskH, BOSHHKANOIIHE IIPH padoTe Ma-
IIMHBI, B 3HAYHTEIbHOH Mepe OIPeJeIAT €€ HaleKHOCTh H JOITOBEYHOCTb.

IlosToMy BO3MOMKHOCTB JOCTOBEPHOTO IIPEICKAa3aHHA IIPOLIECCOB B IPOEKTH-
pyemerx KIIIM maeT BO3MOXHOCTB BEIABEHTH BIMAHHE TeX HIH HHBIX GakTOpPOE Ha
VpPOBEHBb Harpy3OK, CYIIECTBEHHO CHH3HTBb HX H IIOBBICHTH Ha 3TOH OCHOBE HaIcwK-
HOCTBb H JOJITOBEYHOCTH MAIIHH.

Junavmgeckan cucreMa KIIIM oramyaeTca OOIBIIMM KOIHYECTBOM OTIETIb-
HBIX Macc, KaKIad M3 KOTOPBIX OTarofjapA VIPYTOCTH CBA3CH ¢ IPYTHMH MaccaMH
IpH padOTe MAIIHHBl JBHKETCA caMocToATeTbHO. [losToMy IMHaMHYecKad CHCTEMaA
KIIIM otamM4aeTca OOTBIIMM YHCIOM CTEIIEHEH CBOOOIBL, T. €. MHOTOMACCOEOCTBED.

Uuecno creneded csotoael KI1ITMW aMoxeT DOCTHIATE JeCATKOE H COTEH €OHHHII
H OBITH NepeMcHHOH BernuuHOH. IloBeaeHHe Macc H YIOPYTHX 371€MEHTOB ITOTIHHA-
eTca mpocTeIM dHzuueckuM zaxkoHaM (Herotoma, I'vka, Kymzona um gp.). OgHako B
xoHkpeTHOH KIIIM, =xapaxrtepHsyromelca cBocH HHIHBHIVAIRHOH CTPYKIYpOH,
MHOTOKpPaTHOE NpOABICHHE 3THX 3aKOHOB H HX B3aHMOIcHCTBHE NIPHBOIAT K BBICO-
KOH CI0XKHOCTH, HEOUEBHIHOCTH M IITOXOH NPEeIcKasyeMOCTH MNPOTEKAIONIHX B Ma-
IMIHHE IPOLIECCOB H €€ CBOHCTE.

CHuryanma ycyryomaAeTca HATHYHEM B COCTaBe AMHaMH4ecKoH cucremel KITTM
37I€MEHTOB € CYNIECTBEHHOH HETHHEHHOCTBIO XapaKTEPHCTHK. JTO, HAlPHMED, 3a30-

PBEL E KHHEMATHUECKHX ITapax, CH.IbL K}?.'IGHGBEL TPpEeHHA H Op. JTH JIEMEHTEI. ABIAACE



TOTIOTHHTETBHBIMA HCTOYHHKAMH IHHAMHYECKHX BO30VEKICHHH, NETal0T CHCTEMY
HeTHHeHHOH, YTO BMeCTe ¢ OOJBIIHM YHCIOM CTENeHeH CBOOOTBI CO3TAET 3HAYH-
TEIbHBIE TPYIHOCTH MAaTEMATHUECKOTO (BBIMHCIHTEIBHOTO) XapaKTepa ITA aHAaTH3a
nponeccos, nporekaromux B KIITM.

3TO IPHBOIUT K HEOOXOIMMOCTH MPOBEICHHA HCCIEIOBAHHH, KOTOPBIE OOBIY-
HO HOCAT XapaKTep NpeJlpoeKTHBIX HecledoBaHHH. B maHHOM caydae HeclaedoBaHHE
H NpocKTHPOBAaHHE pasJelIcHBl BO BPEMEHH H ABIAIOTCA CAMOCTOATEIBHBIMH Malo
CEAZaHHBIMH MEXIY cOoDOH IpolleccaMH.

CHTyauua MeHAeTcA, €ClIH HecIeJOBaHHA cIEIaTh COCTABHOH YacThi0 IIpOLEC-
ca npoexktHposaHHA KIIIM. Takme BO3MOXKHOCTH IpelocTaBIieT MaTeMaTHYECKOE
MomemHpoeaHne padoTel KIIIM. IToayuaeMble IpH 3TOM PE3VIBTATHI HCCASIOBAHHA
OVIYT OTHOCHTBCA K JAaHHOMY OOBEKTY MPOEKTHPOBAHHA, OTPAMATH €T0 CHEIHDHKY
H ABIATHCA HAAEKHOH OCHOBOH A4 NMOBBIIIEHHA KadecTBa IPOEKTHPOBAHHA.

IIprMepoM HeyIadHOIO pellleHHA 3adauu mpoekTHpoBaHuA KIIIM aemxaerca
cosgaHHe KoHCTpYKIHH cnennaitbHoro KITIINI n1a mraMnoBKH ocagkoH ¢ KpydYeHH-
eM. Cneundura sToro cmocoda ZedopMHpPOEAHHA MPEINOIaracT OXHOEPEMEHHOE
COOOIIEHHE BEPXHEMY HHCTPYMEHTY ITOCTYIIATEIBHOTO H BPAINATEIBHOIO JBHKCHHI.

B xauecTBe mpecca-aHatora OsL1 BblOpaH KT geofiHoro geficTEHA MOIeTH
K8037 Boponemxceroro 3asoga TMII (puc. 10a). OcHoEo#l 1opaboTKH KOHCTPYKIIHH
[TaBHOTO HCMOTHHTeIbHOTO MexXauusMma (ITIM) mpecca ABHIACh TOMOTHHTETBHAA

CEA3B BHYTPEHHETO H HapYKHOTO ITOI3VHA ¢ IOMOIIBI0 BHHTOBOI maps! (puc. 100).

W _ W
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Puc. 10. O0mmit Bug (a) 1 cxemsr I UM npecca-aranora mogemn K8037
u cnennateHoro KITIIT 11 ocanks ¢ kpyd4eHHEM



«AHaTH3» (KaK cOCTABHON 31eMEeHT NPOEKTHOH IPONEeIyPEl) BRIHYAT TOIBKO
KHHEMATHYECKHE H CTaTHYECKHE pacueTel. JJHHaAMHUeCKHH aHATH3 KOHCTPYKIHH HE
nposoguiIca. PesyiapraToM ABHICA 0OpBIB OJHOTO H3 IIATYHOB B IIPOLIECCE HCIIBITA-
HHH Ipecca.

TlpuunHA MOIOMKH OBLTa BBEIACHEHA JHHAMHYECKHM aHATH30M KOHCTPYKIIHHA
CIIPOESKTHPOBAHHOTO IIpecca, NPOBEICHHBIM NTO3THEE ¢ IIOMOIIBI0 IPOrPaMMHOTO
xkomIuiekca [TA6 (mpeamecTBeHHHK coBpeMeHHOTO ITA9), a mMeHHO: cnienmbHYe-

CKHH XapakTep pacnpeneieHHA Harpysok B [ TIM nmpecca mocae BEeneHHA B €T0 co-
CTaE BMHTOEOI Mapsl.

]\‘IETG,EIB] H CpeICcTBa CHHTe3a MATeMATHYECKHX Z‘-Il‘.'l,.EIE.]'IEf{

KEYIJHETHO-IITAMMNOBOTYHBIX MAIITHH

BoxemmneTEO (D0 90 %) 33mau araTnsa padoTer KIIIM MokHO PEIIHTE, CUH-
Tad JHHAMHYECKYIO CHCTEMY IIPEcca CHCTEMOH ¢ COCPEIOTOUCHHBIME ITapaMeTpaMH.

Jaa storo caygaa MM KITIM momana OBITE IPEeICTABICHA B BHAE CHCTEMEL
OOBIKHOEEHHBIX TH(dEpEeHIIHATEHBIX YPABHEHHH, OTPAKAINHX CYIIECTECHHEIE, C
TOYKH 3PEHHA MPOSKTHPOBNIHKA, CBOHCTEA MAIIHHEL, 714 PEIICHHA KOTOPBIX MOMKHO
HCIIOIb30BaTh OJHH H3 H3BECTHBIX METOJ0B HHTETPHPOBAHHA.

Hawuboaee pacnpocTpaHeHHBIH cocod monyyueHuA (cuaTesa) MM B TakoM BH-
Ile OCHOBAaH Ha HCMOIb30BaHHH ypaBHeHHA Jlarpam:xa 11 pona.

Hedocmamiu DaHHOTO ciocoba:

e TpyZoeMKocThb paspadoTrkn MM, pesko BospacTaromad 110 MEPE OTPAKEHHA B

MOJETH OOTIBINETO YHCTA CEOHCTE OOBEKTA.

* TPYIOEMKOCTH MOTH(MHKAIHHA MOICIH, HEH30CKHAA IPH MOHCKE CTPYKTYPHO-
ro BapHaHTa 00BEKTa NPOEKTHPOBAHHA,
¢ II0Xad 0003PHMOCTE COOTEETCTBHA 31eMeHTOE MM 31eMeHTaM 00BEKTA Ipo-

EKTHPOBaHHA.

B HacToAmee BpeMA NOIVYHTH PasBHTHE METOIBI H CPEICTEA aBTOMATH3alIHH
cuHTes3a H peatnsanun MM, K takuM cpeacTeaM oTHOCATCA MPOrPaMMHEIE KOM-
miaekcesl ([1K) 1714 aHaTH3a JHHAMHYECKHX CHCTEM C COCPEI0TOYEHHBIMH MTapaMeT-
pamu - TTA6, TTA7, Pradis. TTA9, Adams, Dames u mp.

Bce HasEaHHEBIE KOMITTIEKCE] OTH3KH MEXKIY CO00H 10 BRINOTHASMEIM QYVHKITH-
AM H IPHEBICYCHHBIM METOJaM 00padOTKH JaHHBIX. B JadpHeHNIeM B LIETAX KOHKpE-

TH3allHH aBTOMaTH3alHw npoekTHposanua KIIIM oyaem paceMaTpHBaTh IpHMEHH-
teasHO K [IK ITAQ.



Tema 8. «MoaeHpoBaHHE TeXHHYECKHX '00beKTOB Y

B 'nporpaMMHaOM RoMILIeRce TTAO»Y
Ofmas xapaKTepHCTHRKA "H*aganTamus ¥

IMporpamvasei kommeke {T1K) TTA9 npeaHasHaueH N14 AHATH33 THHAMHEH -
CIOXHBIX TEXHHUECKHX DOBEKTOE TMelaHHOH hH3nueckoH IprpoIsL. 1

KoMmrexkc 0pHEHTHpPOBAH Ha CHCTEMEI T COCPEI0TOUEHHBIMH TIapaMeTpaMH-
TH00H ‘DH3HYECKOH TIPHPOABIH HHBAPHAHTEH K TIPEIMETHBIM 00MacTAM. 1A B 03-
MOKHOCTH HenoabsosaHuA T IK momxeH ObITh-aJanTHPOBaH K KOHKPETHOH TIpe IMET-
HOH 00IaCcTH, B AaHHOM ¢Iydae K-001acTH TpoekTHposamua KIITM. ‘A nantamua TIK -
ocymecTBIAeTeA paspadoTroi MM 3:1eMeHTOB, XapaKTepHBIX {14 IaHHOH TIpe TMeT-

HOH 00IacTH, H BKITIOUECHHEM HX B OHOTHOTeRY MM 21eMeHTOE RoMITTEKCa. |
BubéanoTeRa 'MaTEMATHYECKHX "MoJe e i’

B IIKTIA9E kauecTEE 0OBEKTOE A 1A PaspadoTku OHOMHOTERH MM 316 MeB-
toB { VM3 )-BEIOpaHBI THIIOBBIE KOHCTPYKTHEHBIC 3 1eMeHTHI KITIM.
Coctas ondmnoTexy MM KpHEOMHITHEIX TIPECCOBT YKa3aHHEM HX HMEH "
IPHEEIEH B PeKOMeHI0EaHHOHmHTepaType{4].Y

B-cocTas onomHoTeRkH BX00aT:Y

¢+ [IpoCTEHITHE THHAMHYECKHE 3 IEMEHTEI —HHEPIIHOHHAA Macca, TATOTE0Imad:
Macca, YIpyrocTh T IHHEHHAA H YITI0Bad, TPEHHE BA3KOE, TIOCTOAHHBIE H VIIPaB-
TAEMEBIE HCTOUHHKH CHII'H MOMEHTOE, TIOCTOAHHBIE H YIIPAE IACMEIE HCTOYHHKH"
cKopocTHHIOp.:Y

®—+ 37€MEHTBI MEXaHHYECKHX CHCTEM —IBHIATETH TIOCTOAHHOIO H IEPEMEHHOT O
TOKa, BHHTOBBIE, (PPHKIIHOHHBIE, DEMEHHBIE H 3y0UaThIe TIEPEIayuH, IaPHHPEL,-
CTEPIKHH H-0aIKH, IUTHIIEBBIE COETHHEHHA, (hPHKIIHOHHEIE THCKOEBIE MY G ThI H-
TOPMO3a, TEXHOTOTHYECKHE HarPy3KH Hap. Y

®—+ 37I€MEHTBI TTHEBMATHUECKHX CHCTEM — HCTOUHHK Pa0odero Tela, PeCHEED, -
MECTHOE TTHEBMAaTHUECKOE TONIPOTHRICHHE, KIaNaHbl 00paTHRIH H TIPEI0Xpa-
HHTEIBHBIH, PacTIpeIeTHTE b TPEX THHEHHBIH, TTHIHHIPEIH ap. ;Y

®—+ 37I€MEHTBI THIPABIHIECKHX CHCTEM —HACOC-THIPOMOTOD, MECTHOE THIPABTH-
YeCKOE COMPOTHEICHHE, AKKYMY TATOP TA30THAPAEIHYCCKHH , K TaTaHBI 00pPaT-
HBIH H TIPEJOXPAaHHUTEIBHEI, PACTIPEIcIHTE b TPEX THHEHHBIH, IHIHHIPBI H-
ap.:Y

®—+ 371€MEHTBI TIOTHYECKHX CHCTEM —KHONKA BKTIOUEHH A, KOHIIEBOH B BIK/THOYa-

TeIb, peie JaBIcHHA, TpHITep H-Ap.Y



Mz MM3 B BHIE HEIOYKH CHMEOIOB JaTHHHIEL, HanpuMep DVPBTU, uc-
MOIB3VETCA I7IA VIOTPeOIeHHA B TEKCTAX ONMHCAHHH B BHJE CCBLTOK Ha MOJIETE.
Hpyraym amerem MMD ABmAeTca cogepxaTeapHei rpadHyeckni odpas, Ko-

TOPBIH CIYANT 414 oopamenua k MMD3.
IMopsagok cHHETE3a MaTeMaTHYECKHX MoJelel

ITK TTA9 ErImomHAET IE€ OCHOBHEIE (DYHKITHH!
1. cuaTes MM 00BeKTa B BHIEC CHCTEMBI OOBIKHOBEHHBIX UG epeHIIHATBHBIX

VPAaBHEHHH 10 UCXOOHOM) ONLUCAHUNG O0BEKTA:

-

pemenne MM BEIOpaHHBIM METOIOM HHTETPHPOBAHHA C NIPEICTABICHHEM pe-
3YIBTATOE IrpadHKAMH H3MEHEHHA NEPEMEHHEIX BO BPEMEHH H TA0MHIIAMH.
KauecTBeHHaa onpeneIeHHOCTD 00BEKTA 33JacTCA €TI0 CTPYKTIYPOH, KOTHIE-
CTBEHHA14 - 3HAUCHHAMH NIapaMeTpoB 371eMeHTOB. CTPYKTYpa 00BEKTa OTpakacTca B
TOTIOTIOTHH MOJETH HasHAaUeHHEM COCTaBa 37IEMEHTOE H VKasaHHEM ceA3el]l MemIy
HUMH. CoeIHHEHHA IIOTIOCOE MOJEICH 00PasyHT V3Ibl TOMOIOTHH.

B ITK TTA9 ucnoaesyeTea Memod V3106blX HOMEHYUAT0E, UIH V310600 Memood
cunmesa MM

B xasmpIii MOMEHT NIpollecca HHTETPHPOBAHHA COCTOAHHE KAKIOTO V3Ia TO-
MOTOTHH ONPENeIACTCA Pa3060i NEPeMeHHoll Muna NOMeHyuand, a CoOCTOAHAE Kaxk-
JOTO TIOMIOCA MOAETH - (baz060tl NEPEMEHHOL MUNA NOMOKAL.

@azopan HE’ICJEMEHHGﬁ THIT4 TTIOTECHIIHATY — TaKad MNepeMEHHAA, TTA I{GTGPGI:I

CIIpaBeITHE BTOopoil 3akoH Kupxroda nmm ero aHanor B cHcTeMe HHOH QH3HYSCKOMH
npupoas! (Tadm:. 1).

T4 3neKTpHYecKHX cHeTeM Ga30Bad NepeMeHHAd THIIA MOTEHIIHAIA — 3TO
3MEKTPHICCKOE HANIPAKEHHE AHATOroM BToporo sakoHa Kupxroda B MeXaHHYECKHX
CHCTEMAX ABIACTCA 3aKOH CIOKEHHA CKOPOCTEH, COINTaCHO KOTOPOMY B IH00H CcH-
CTEME TE CYMMa Pa3HOCTEH CKOpoCcTeH MEXIy MHOBIMH ABYMA TE€IaMH PABHA HYIIO,
€CIIH TIPH TIEPEX0/e OT OJHOIO TElA K APYTOMY MBI BEO3EPAINAEMCA K HCXOTHOMY.

B ysaoBoM meTone dopmuposarna MM ompenemaeMbIME Ha KamIOM IIare
HHTETPHPOBAHHA AGTAOMCA V3106b1€ HOMEHYUATEL.

@azopan NepeMEHHAA THIIA TTOTOKA — TdEad IICpeMEHHAA, I714 KGTGpGﬁ cIIpa-

BEITHE NePBbI 3akoH Kupxroda HiIn ero aHamor B CHCTeMe HHOH dH3HYIeCcKOH mpH-
pozer (cym. Tadm. 1). 14 3aekTpHUecKux cHeTeM ¢a3oBai NepeMeHHaA THIIA TOTOKA
IPEeICTABIACT cO00M 3TeKTPHUECKH TOK. AHATOTOM HepEoro 3akoHa Kupxroda B
MEXAHHYECKHX CHCTEMAX ABIIACTCA 3aKOH PAaBHOBECHA CHI (BKTIOYAaA cHILL ' ATaM-

Oepa). IPHIOKEHHEX K KAKOMY-THOO TETY.



CoraacHo y3ao0BoMy METOAY, BEMHCIHTeIbHOE Agpo IIK HasHagaeT 114 KaxK-
JIOTO Y371a TOMOIOTHHE 3HaueHHe (Pas0B0i epeMeHHOH THIIA TOTEHIIHATA H3 VCIOBHA
PABECHCTEA HYIIIO HEBAIKH B KakIoM y3iae. Heraska paeHa cymMe azoBBIX mepeMeH-
HBIX THIIA OTOKA BO BCEX MOTHOCAX MoJelet, coeJHHEHHE KOTOPEIX 00pasoBao
y3€7 TOMOIOTHH. PaBeHCTEO HY IO HEBASKH ABTACTCA BRIpAKCHHEM IIEPEOTO 3aK0HA
Kupxroda nin ero aHazora B cHCTeMe HHOH HsHIecKkoH mpupoasl. B Mexanuye-

CEHX CHCTEMAX PABCHCTEO HYIH HEBASKH ABTACTCA BBIDAWCHHCM VOIOGUA PASHOGE -

CUA CULT, BTHAPABTHYCCKHE H MTHEBMATHUCCEME — VOIO06UA HEPASPLIGHOCTTU C*IJ‘E?&EI.

Tabauya 1. ®azoBsle epeMeHHBIE DHIHIECKHX CHCTEM

'I"a'!m!hll: I1l..T.I-E!\1I..‘HHI:Il:.‘
OHINYECKAn CHCTEMA z ]
THIA NOTOKA

THNA NOTCHLUHATA

L]

DneKTpHYecKan Tok |

Hanpasenue

Mexannueckan

[Mmapasinyeckan,
NHEBMATHYECKAA

Tenaosan

CHna, MOMEHT CHN

Ofbemublii pacxon,
NPOH3BOAHTENBHOCTE

Tenaoeoi NOTOK

Cropocrb, yrnoeas
CKOPOCTE

Hasnexue

Temneparypa

Pesyasratom crrTesa MM 00BeKTa IpoeKTHPOBAHNA ABTACTCA CHCTEMA
0OBIKHOBEHHBIX TH(D depeHIHATBHBIX YpaBHEHHI, MOTy4YaeMad 0€3 HEMOCPEACTEEH-
HOTO YYaCcTHA 10/Ib30BATEA H CKPBITadA OT HETO.

ITopamok cHcTEMBI YpaBHEHHH ONPEIEIAETCA THCIOM V3108 Tortoaoru. Me-
Tomel cHHTe3a MM 1 ee pelleHHA HHEAPHAHTHEI 10 OTHOMIEHHEO K hH3HIecKoH IpH-
poxae oowvekTa. [losTomy 8 MM 00BEKTa IPOSKTHPOBAHMA MOTYT OBITh IPEICTAEIC-
HBI BXOJAIHE B COCTaB 00BEKTa MEXaHHUECKHE, 3TIEKTPHYECKHE, THIPABIHYECKHE,
MHEBMATHYECKHE, HHGOPMAIHOHHBIE TOICHCTEMBL, 4 TAKKE HX COBOKYITHOCTb.

Cuctema nuddepeHIHATEHEIX YPABHEHHH PEIIACTCA OJHHM H3 METOJOE HHTE-
TPHPOBAHHA IT0 BRIOOPY IIOTB30EBATEA. BHOIHOTEKa METOIOB HHTETpHpoBaHHA [TK
ITAQ B cOCTOAHHH NOCTAEKH COJEPKHT HEABHEIN MeTo JHinepa (1-ro mopanka) u
METOJ Tpaneluni. buoIHoTeka OTKPEITA 4714 BRTIOUCHHA B HEE HHBIX METOJ0E HHTE-

TPHPOBAHHA.

PﬂSpﬂﬁﬂTRﬂ TONOMOIHH MOJe/JH TEXHHYECKROT O 00beKTa

Padota B ITK ITA9 ocymrecTEIAETCA ¢ IOMOIIBE) CXEMHOTO rpadHdeckoro pe-
JaKTOopa, B KOTOPOM CO3Ja0T HCXOJHOE OIHCAaHHE 00BEKTA IPOEKTHPOBAaHHA H 3a7a-

HHEC Ha pactleT, 4 TAKAS YEASBIEAKOT 00BEM EBIECIA PESYIBTATORE.



OxHo cxeMHOro rpadHIecKOr0 PeJAKTOPa OTKPBIBACTCA IIPH 3arPy3Ke KOM-
I7IEKCA B COAEPAHT IOTE CXEMBI ¢ CETKOH U ITaBHoe MeHIO («Patizy,
«Bug/TIpaska», «OxHO», « KoMaHIBI»).

Tononoruro MM co3marT pasMeIleHHEM Ha MOE CXeMBI rpadHUecKHX 0dpa-
308 MM?3 1 HazHaueHHEM CBA3CH MEXIY HHMH.

PasmenieHne 31€MeHTOB OCYIIECTB/IAIOT C IPHBA3KOH K CETKE IOA CXEMBL
CpA3H MeXIy 371€MEHTaMH CO3JArT coeJHHEHHEM MOTIOCOE MoJeleii.

Kamgeri nomoc MM?3 mMexaHH9ecKoH NpHPOIEl COOTEETCTEYET OJHOH H3 KO-
OpOHHAT OJHO-, ABYX- HIH TPEXMEPHOIO IeoMETPHYECKOro INpocTpaHeTha. B coemn-
HEHHH [IOTHCOB YHacTBYIOT MOMioca OJHOH M TOH Ke KOOpJHHATHL

Obpasyromuiica OpH 3TOM Y3€1 COOTBETCTBYET TOH e KOOPIHHATE TEOMETPH-
yeckoro npocrpadersa. [lomoca MMD snexkTprueckol, THOpaBIHYECKOH, THEEMa-
THYECKOH IMPHPOIBI H TOTHYECKHX 3I€MEHTOE COOTBETCTBYIOT BX0JaM H BhIX0JaM
CaMHX 3JE€MEHTOBE.

J17 37eMeHTOB THEeBMAaTHYECKOH IPHPOIBI KAXKIOMY BXOIY (BBIXOIY) 371e-
MEHTA COOTBETCTBYET Napa NOTIOCOB: «THIPaBIHYECKHI» H TEILIOBOH.

Crenens noApoOHOCTH NPEACTABICHHA CIPYKTYPEI 00bekTa B ero MM ompe-

IeldeTcd XapaKTepoM pelllaeMoill pacdeTHOH 3agadqH.
OnucaHHe MapaMeTPOB OHOTHOTEYHBIX MoOJeeH

KommuecTeenHaA onpeaeIeHHOCTE 00BEKTA NPOEKTHPOBAHHA 3aJa€TCA SHAUE-
HHAMH NapaMeTpoB 371eMeHToB. OKHO mapaMeTpoB oTKpbIBaeTea merakoM JIKM mo
rpaduueckoMy 0opazy MM?3. CoznanHoe TakuM 0d0pazoM omucaHHe MM 00BekTa
NPOEKTHPOBAaHHUA JOCTATOYHO 1A €€ PeaTH3allH .

J1a npuMepa Ha pue. 11 nokasaHa cxema IBYXCTYIIEHYATOIO NPHBOJA OTKPBI-
TOT0 OJHOKPHEBOIIHITHOTO NIpecca MpocToro AeHCTBHA, a Ha pHe. 12 — BEIOOpOYHBIE
onomuoreunsle Mogenu [IK ITAQ n1a xapakTepHBIX 3I1€MEHTOE 3TOT0 NPHEOIA.

Tonomorna MM yrkasanHOro npHBOIa 1714 aHATH3A €T0 KHHEMATHYECKHX H
3HEPrOCHIOBBIX NapaMeTPOE IIOKa3aHa Ha pHc. 13.

IIpn sToM o713 yrasaHHBIX Ha pHe. 12 omommnoreunsrx Mogexeil IIK JIA9 u
37€MEHTOB KOHCTPYKIIHH NIPHEOJA IIpecca HMEETCA CIAEIVIONIEE COOTBETCTBHE!

O 1A CHIOBOH 3IEKTPHYCCKOH ceTH — MoAedb “V*' (HCTOUHHEK 3JIEKTPHYECKOTO

HalpoKEHHD, pHc. 12a);

© 1A 3JICKTPOABHIATENA [MABHOTO MPHEOAA Ipecca — Mogeas “DVA™ (aeura-
TEIb MEPEMEHHOTO TOKA ACHHXPOHHBIH OTHOCKOPOCTHOH, pHe. 120):

O A peMeHHOM nepegaun — Mogaens “RP” (pemeHHad nepegaua, puc. 128);



1A y3aa «Mydra-ropmos» — mozemn “MUFTA” u “TORMOZ” (Mmydra
TOPMO3 JUCKOBBIC (GPHKIIHOHHBIE C THEBMOIIPHBOIOM, pHuc. 12r u puc. 12x);
JUIA KHOIIKM BKITIOYCHHA Y3713 «My(dTa-TopMo3» — Mozeas “VU™ (ympasiae-
MBIH HCTOYHHK CKOPOCTH, puc. 12¢) ¢ dyHKUHEH «Tpanenen aIbHbIH HCTOY-
HHUK CHTHama» (puc. 12x);

IULA IpoMBania — ABe Mozeau “M” (MoMeHT mHepuuH, puc. 123), oToOpaxa-
IOIIME HHEPIIHOHHBIE CBOHMCTBA JIEBOH U IPaBoi YacTeH Bajla;

IUIA IPOMEKYTOYHOTO Bata — Mozeds “K” (ympyrocts muHeHHaA, puc. 12n),
0TOOpakarolasA yIpyrue CBOHCTBA BaTa;

1A 3youaToit nmepenaun — Mozenb “RDN™ (3yOuaTad mepenaya BHEIIHETO 3a-
LEIIeHNA, prc. 12K);

JUIA BEJOMOTO IIPHBOJOM INIABHOTO HMCIIOTHHUTETbHOrO MexaHusMa (ITIM —
[JIaBHBIH BaJ ¢ IMATYHOM H IOA3YHOM) — Mozedsb “M™ (MOMEHT uHepuuw,
puc. 123).

Puc. 11. Cxema KOHCTPYKIHMH ABYXCTYIIEHYAaTOrO MpHBOJA

1 — BaT MpOMEKYTOUHBIH; 2.3 — MIECTEPHA H KOIECO 3yOUaTOH Iepeaayn;
4 — 37eKTPOABHIATETD; 5 — BAT INIABHBIHN; 6 — IIKUB; 7 — PEMHH KIHHOBBIC;

8 — MaxoBuK; 9 — MydTa; 10 — TopMO3.
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Puc. 12. Beioopka onommoteunsrx Mogeneit ITK TTAS:
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Puc. 13. Tonozorna MogeTH JBYXCTYIIEHYAaTOro NPHBOIA

OmnepaTopsl ynpas/leHHs], HHIHKATOPBI H KOMMeHTapHH

3aganpe Ha PacyeT COCTOMT M3 OJHOTO HIH HECKOIBKHX OIICPAaTOPOE, Halle
BCEro JMHAMHYECKOT0 aHATH3a — onepaTopsl “Dynamic™ Ha puc. 13. B nocaemnem
33JaK0T METO HHTETPHPOBAHMA H TAPAMETPEI VIIPABICHHA BEUHCIHTEIBHBIMH IPO-
LeccaMH: MOJEIbHOE BpeMA; MHHHMAThHEIH, MaKCHMATbHBIH H CTAPTOBBIH TarH HH-

TETpHPOBAaHHA; TOYHOCTh HHTETPHPOBAHHA H Jp.



J11 BBIEOIA MEPEMEHHBIX CTVKAT HHIHKATOPEL MHIHKaTOpE! ha30BEIX Iepe-
MEHHBIX THIA MOTEHIHATA H HHTerpana ¢asoBol mepeMeHHOH THIA MTOTEHIIHATA
MPHCOEIHHAT K COOTBETCTBYIOIIEMY Y3Iy Tomonoruu. MHamukaTops! $hasoBbIx me-
PEMEHHBIX THIA [TI0TOKA BKITHOYANOT B Pa3PBIBRI CEASCH TOINOIOTHH.

Ha rpadurax, moIyueHHBIX B pe3yIBTaTe MOAeTHPOEaHHA (puc. 14), mepe-
MeHHEIE BBIEOIATCA B dyHKUIHH BpeMeHH. [IK ITAQ nmosgomfeT mpeIcTaEHTE TIepe-
MeHHBIe B QVHKIIHH TH000H Ipyroi nepeMeHHOH, HMetomeiica Ha rpadHKe. ITO 103-
BOJAET 0€3 JOMOIHHTEIBHBIX 3aTPAT BPEMEHH MOIYYaTh HHTEPECYIOIIHE IPOEKTH-

POBINHEA rpadHKH, HAIPHMEDP HHIHKATOPHBIE JHATPAMMBI PAOOTEI MOIOTOB.

dain  Bug  MsmeHuTe  OrHO  KomaHak!
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M4 2125_staneil-4 : Dynamic (MuH £ Makc sHaueHHa) x|

MNepemedHan  Time YA S Mnig Wirg
L ETAM LR 35 2422885 1051001 B.078624e-100
Terywees 5 24.23343 9.033841e-10 -1.819503e-15
MMHAR 3 19.59242 -6.238160

Puc. 14. PesyapraT aHanusa padOTHI IPHEOIA IIPH cpaOaTBIBAHHH MYQTHI

ITK ITA9 npegycMaTpHEAET BEO3SMOKHOCTE ONIPEAEIEHHA TaK Ha3bIBAEMBIX pPac-
Y EMHBIX NEPEMEHHBIX, KOTOPEIE IO cBoeH MpHpoIe He ABIAIOTCA GasoBBIME (HampH-
MEp, SHEPTETHUECKHE NOKA3ATEIH, HAIIPAKEHNA B J€TATAX H Jp. ), HO IPEACTABIAKT

HHTEpeC T4 IMPpOCKTHPOBITHEA. BI:]BCI,E[ PACUCTHBIX TTepeMEHHBIE OCYINCCTEIAKOT C



IOMOINBK) VHHEEPCATHEX HHIHKATOPOE, CEOOOTHO PasMEITaeMbIX Ha II0Ie CXEMEL
0e3 IPUEBAIKH K IPYTHM 3IeMeHTaM. [ 11 HHIHKATOpa 33aJal0T IBET KPHEBOH Ha rpa-
duKe, 3HaYCHHA IePeMeHHOH Ha BepXHEH H HIMKHEH ocAxX rpadHKa HIH BKIFOYAOT
PEHHM aBTOKOPPEKTHPOBKH IIpeae1os. /11 YHHBEpCcaTbHOTO HHAHKATOPa YKa3bIBa-
IOT PacUETHVIO IEPEMEHHVIO, KOTOPYIO HE0OXOIHMO onpeneTnTs. OKHO aTpHOVTOB

HHIHEATOPA OTEPBIEACTCA, ©CIH MEIKHYTE II0 HSGf}pEJKEHHI'D ommepaTopa.
CpE,‘ICTBﬂ dHAJTHIA pe3y/AbTATOE MOIE/THPOEAHHA

PesyapTaTh pacueTa MpeIcTABIANTCA B BHIe TPadHKOE (pHc. 14) H MacCHEOB
YHCIOBBIX SHaUEHHH NepEMEHHBIX.
Ha moaygaemsix rpadHkax 1A kam ol nepeMeHHOH VKa3aHO €€ Ha3BaHHE,
BBIOPAHHOE ITOIb30BATEIEM, d TAKKE 3HAUCHHA Ha BepXHeH H HIxHeH ocax rpaduka.
Cama KpHEa#, ec Ha3BaHHE M 3HAUCHHA Ha 0cAX IpadhHKa HMEIOT OJHHAKOBEIH
IIBET, YCTaHOB.ICHHBIH 0Ib30BaTeTeM. UHCIOBEIE SHAUCHHA IEPEMEHHBIX MOJKHO
OTIPEIETHTE A7TA MO0 TOUKH TH000T0 TpadHKa ¢ MOMOIIBIO KypCopa.
AHamns rpadHKOE H3MEHEHHA BBIXOJHBIX IapaMeTPOE A4 OTPE3Ka EPEMEHH
padoTel IpHEOaa — «MydhTa» (pHc. 14) MOKa3BIBAET CACAYIOIICE:
O BEKIIOYEeHHE My(THI BBI3bIBACT HHTCHCHEHBIE KOIE0aHNA KPYTAIIIETO MOMEHTA
Ha IIPOMEXYTOUYHOM BATy C pOCTOM MOMEHTA B OIOKHTEIEHOM HallpaB.Ie-
HHH, H CONIPOBOXKIaeTcA Harpy:KeHHEM Bala B 3HaKOMepeMEHHOM ITHKIIE;
O NPOXOLKHTEIBHOCTh HHTCHCHEHBIX KOIcOaHNH Basla IPH BRIIYCHHH MY QTEI

coctaBaAeT opueHTHpOoBouHO 0.2¢ (0T 3.2¢ mo 3.4c — puc. 9.5).

HPE.‘,E[E.'IBHBIE SHAYUCHHA HCCICTYCMBIX BEEITHYHH BRIBCICHEBI ITOT l'pﬂ.ll]HI{E.Nﬂ‘I B

dbopMe TAOIHI ¢ YHCTOEBIME 3HAUCHHAMHE (pHC. 14).
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