EH.®.06 TEOPETHYECKASA MEXAHUKA
PEHIEHUE 3AIAY IUHAMUKHU
HA ITIEPCOHAJIBHOM KOMIIBIOTEPE
Mertoauueckoe nmocobue

Hznaraetcsa MeToaAMKA BbINOJHEHUS THIIOBBIX PACUETOB U UHIWBU/IY AIbHbIX
AOMAIIHUA 3aAaHui no pazzeny “/luHamMuka” Kypca TeOpeTHYECKOH MEXaHUKH.
Hado onucaHue o0yyaroLMX MporpamM, pa3padoTaHHbIX MPUMEHUTENLHO K OC-
HOBHbBIM pa3aenaM AUHAMMKH U PealM30BAaHHbIX HA NEPCOHATLHBIX KOMILIOTEPAX

knace PC IBM. TlpuBogsaTcs mpumMepsl pelueHus 3aaad.

JId cTyAeHTOB BceX CrenuaibHOCTEH, W3yvaroiux Kypcebl “MexaHuka” u

“TeopeTnueckad MexaHUKa .



BBEOEHUE

B meromwdeckoM mMOCOOHWH H3jaraeTcd METOIMKA BHITIONHEHHA THIIOBBIX
pacuéror (TP) n uaauBHayanbHeIX JoMawHuX 3agaHnil (M 13) mo ounavure — oc-
HOBHOMY, HauOonee BaKHOMY pazjeny Kypca TeoperHueckoil mexanuku. [lpen-
CTABJICH KOMIUIEKC 00y4alolux nporpams, paspadoTaHHbIX NPHMEHWUTENLHO K
OCHOBHBIX pa3jieliaM JIHHAMMKH M PEaIM30BaHHBIX HA MEPCOHAIbHBIX KOMIbIO=
Tepax kiaacca PC IBM.

[Tporpammer paspaboTanel MO eIMHOR TEXHOIOTHA — TOH K€, KOTOpasa Owina
HCTOMB30BaHa M NpH cozaanun oOyqatomeii cucremsl CTEBHH no cratuke abeo-
moTHO TBépaoro Teaa (B [1] na npumepe cuctems CTEBHUH noapobuo uanokens
THIIOBAS CTPYKTYPa 00yualomiei mporpaMmel, €€ TEXHHIECKHE XAPAKTEPHUCTHKH W
JMAAKTHYECKHE BO3MOKHOCTH, XAPAKTEPHBIC /1718 NPEACTABISHHOTO MOAX0/1a).

UroObl He MOBTOPATLCA, JAJMM [HIIL KPATKYIO XapakTePHCTHKY 00yuaio-
LIMX POrpaMM, BXOALIMX B KOMILIEKC.

OaHoii U3 BayKHEHIMX Le/lel, KOTOpbIe CTaBUIIH repes coboi Hx paspadoT-
YHKH, OBIJIO MAKCHMATBHO “00NerduTh JKH3HB CTYISHTY — 00eCneYHTh eMy Ta-
KHE YCJI0BHA paldoThl ¢ KOMMBIOTEPOM, NMPH KOTOPBIX 3aTpaurBanca Obl MUHHMYM
BPEMEHHM Ha JCHCTBMA, HC CBA3AHHLIC HEMOCPEACTBEHHO ¢ yueOHo#H paboroi. B
YACTHOCTH, CTYIEHTY s BeinoaHenua TP He HyXHO 3aHMMAaThCs MPOrpaMMmHpO-
BAaHWEM, & BBOJ HEoOXOaMMBIX (OPMYNT WM BhIpaKEHWH He Tpedyer M3yueHus
Kakoii-mnbo cnennduueckoil HOTalMKM: ¢nocod 3anucH NpeaeabHO NPUOIMIKEH K
TPAAULIMOHHOW CHMBOJIMKE MEXaHHWKH (MO CyIIecTBY, 001eMaTeMaTHIeCcKoi ).

B pesynerate cTyAeHT MOMKET MOJHOCTBH) COCPENOTOYHTBCA HA BITIOJ/IHE-
HHH KOHKPETHOTO 3a/laHiA, UEHTPATBHOH YACTRIO KOTOPOro ABJIAETCA YHCIEHHOE
MOAEIMPOBAHUE [JABUMKEHUS MEXAHMUECKOH CUCTEMbl HA 33JaHHOM MPOMEMKYTKE
pemenn. OtmetuM (BO M3dexaHue HeaopasyMmeHwuii), uto pabora ¢ obyuatowie
MPOrpaMMoil — 3TO JIMLLB YACTh MPOLIECCA BLINOJHEHU 3aaHusa. B camom jaene,
nepea Havanom padoTbl ¢ KOMIIBIOTEPOM CTYACHTY CIIEAYET YHCHHTh MOCTAHOBKY
3aJaHHUA, MMOCTPOMTH PACUETHYIO MEXAHWYECKYIO MOJENb, COCTABHTH OCHOBHBIE
pacuérHbie (POPMYITBI H ONpeAe/HTh YHCIICHHBIE 3HAUEHHA HCIOJIb3YEMBIX Mapa-
MeTpoB. 3apepiune paboTy ¢ oOyualolieil nporpaMMoil, CTyAeHT A0KEH npoaHa-
JIM3UPOBATH MOJIYYEHHBIE PE3yibTaThl, OOpMUTE CBOIO padoTy M 3aLMTHTL €.

PaccmaTpuBaemeie o0yualonine nporpaMMel MpeaycMaTpHBalOT onpenenén-
HYIO MOJIEPKKY H U1 YIOMAHYTHIX BEITIE MPEABAPHUTENBHOTO M 3aBepIIaloniero
ranoB paboTel Haa 3aganneM. HMeHHO, YHCIOBBIE 3HAYEHHA pPAJa MapaMeTpoB
CTYACHT MOKET BHIYHCIHTL HEMOCPEACTBEHHO B X04¢ paboThl ¢ MPOrpaMMoi, Bbl-
3gaB nmoacuctemy KAJIBKYJIATOP (e€ yenyru moryt morpeboBarhca W B TOM
Chy4ae, KOrja CTyACHT MO Pe3ylbTaraMm MOACTHPOBAHHA YBHE H BhIABHI OMHO-
KH, JONYIIEHHBIE NMPH BBOJIE MCXOAHBIX JAaHHBIX). Pe3yabrarsl MOAeIHpOBAHMSA
MporpaMMa BBIBOAWT Ha BHACOMOHHWTOP B TabnwuHoH w rpadwmueckoii dopme,
NpHYEM CTYAEHT MOJKET BHEIBECTH WX Ha MPHHTEP C MOMOMIBIO OJHOH W3 MUMelo-
LIMXCA HA KOMMBIOTEPE YTHINT NEYATH KOMHH JKpaHa B rpaduyeckom pemume [2].

Bxoasime B cocras komigiekca o0ydarilMe mporpaMmMbl YiKE€ HECKOJIbKO
JeT Uenosib3vioTes B yueOHOM mpouecce (kak B MOM (TVY), Tak u B 1pyrux sy-



3ax). llo cpaBHeHHIO ¢ MX paHHMMH BEpPCHAMH, OonMcaHHbIMH B [3], 30ech naérea
XapakTepucTHKa OOHOBNEHHBIX BEPCHI TAHHBIX MTPOrpaMm.

Kpome 3Toro, B noco0nH npeacrapiensl pekoMeHaauuu no padore ¢ npo-
rpammoii LinkGear. Dto — olyuaiomas nporpaMma HOBOTO MOKOJEHHA, KO-
Topas pazpaboraHa acnupaHToM Kadeapsl TEOPeTHUYECKOH MEXaHUKH M Mexarpo-
Hukn MOU (TY) A A Ky3HeuoBbIM B BHAE NPHIOKEHHA ONEPALMOHHONH CHCTEMBI
Windows.

1. OG30p obyyvaowmx nporpamMmm No gUHaMuKe

1.1. OBwme cBeaeHMA O HA3HAYEHUM U UCNOSNBL30BaAHMM
oOy4arowmx nporpamMmm no guHaMmuke

B cocras paccmarpHBaeMoOro 3aech KOMIUIEKCa OOYHAlIIMX MPOrpaMM 1o
OCHOBHBIM paszjienaM JHHAMHKH BXOAAT cheaviouwme nporpaMmel; dp, dr, dk,
dm. rodina. Bce onu Obim peanusoBanbl Ha a3bike CH B BHAC NPHIIOMKEHHH
DOS. Tlpu BeINOJHEHWH JAHHBIX NPOrPAMM HX MOJKHO BBI3bIBATE KAK HEMOCPe-
CTBEHHO M3 cucTembl Windows, Tak W npH noMOIIM Kakoi-mmdo u3 nporpaMm-
obonouex Tuna nporpammel Norton Commander [2], koTtopeie noAAepxKu-
BAIOT BRIMIOTHEHHE punoskennii DOS.

i ka0 U3 00yYaAOLIIMX NPOrpaMM APeoMemoM U3yyenis SBISeTca on-
peaenéHHbli pazaen aHHamuku. HMmenuno:

ana nporpammel dp — “/luHamuka MaTepHanbHON TOUKH |

s nporpammel Ar — “JluHamMuka TBEPAOro Tena ¢ HEMOABHIKHON OCBIO
BpalleHus .

ansa nporpammel dk — “Ypasuenus Jlarpanika 2-ro poaa’,

s nporpamvel dm — “O01me TeopemMbl AMHAMHKN

ans nporpamMmel rodina — “MeToa KHHETOCTATHKN .

Kasnas w3 obyuarommx nporpaMm npeaHasHaveHa /uis BbINOJIHEHHS KaKO-
ro-TO OJHOT0 THIIOBOTO PacyéTa no COOTBETCTBYIOIIEMY pa3ieny IHHAMHKH (mpo-
rpamma dk. noMHMO 3TOro, MO3BOJISIET CTYAEHTY MPOBEPHTH NMPaBHIIBHOCTH pe-
3VJILTATOR, MOJAYUYEHHLIM UM B Xoje Beinonnenusa M/13 no sromy pasaeny). Yeno-
BHA K 3aJaHUAM MEPBLIX YETHIPEX THMOBBIX PACUETOB MOIKHO HANTH B yuedHOM
nocoOuu [4]; Tam ke MII0KEHA METO/IMKA COCTAB/IEHHA YPaBHEHWH JBHIKEHMS.
s TnoBoro pacuéra 1o MeTo/y KMHETOCTATHKH COOTBETCTBYIOIIMHA MarTepual
H3nomeH B 3],

[Iporpamma LinkGear, ynomaHyTad BO BBEACHHMH, NMpeaHasHa4eHa ns
BBLIMIOJIHEHHA TOTO JKE€ THMOBOro pacuéra, urto U mporpamma dk, u Moxer pac-
CMATPUBATBLCA KAK COBPEMEHHAA BEPCHA NMOCNEAHEH, CYUICCTBEHHO HCMOIb3YIO-
11as BO3MOKHOCTH ONnepanroHHoi cuctemsl Windows. B ornwuue or nporpam-
mel dk, mporpamma LinkGear ocyiecTBISET KOMNBIOTEPHYIO aHUMALIHIO JIBH-
JKeHWA MALIWHEL, TO3BOJIAET CTYIEHTY NMPOBEPHTH MPaBHILHOCTE BBEIAEHHBIX HM
(hOpMY H BKIIOHACT PAA HOBBIX CEPBHCHBIX BO3MOMKHOCTCH.



[Tpueeaém obOuive pekoMeHAALMH NO PadoTe C ONUCAHHBIMU 31eCh OOYYAIOLLHUMH
nporpammamu (Hckmovas LinkGear; cneuuduka padoThl ¢ JaHHOH nporpaMMoi Oy-
JeT PacCMOTPEHA HHKe — NP 00CYHAEHHH BbINOJHEHHs COOTBETCTBYHLUETO THMOBOIO
pacuéra).

Hcnonuumbtii ain kaxaod obyuarowell nmporpamMmbl UMEET MM, COBMa-
AAKOUIee ¢ UMEHEM MPOTrPaMMBbl, U paclIUpeHne .exe . Ecnau BO BpeMs BbIMNOJIHE-
HHS TIPOrPpaMMbl B TEKYLIEM KaTaJlore MPUCYTCTBYET (alil ¢ TaKUM K& WMEHEM,
HO pacwiupenuem .c£g, To mocneaHuH paccmarpuBaeTca €0 Kak ain ¢ JaHHbI-
MW O HACTPOWKH TEKYIIEH KOH(pHrypauuu nporpamvel (T.€. A7 3aJaHUS LBE-
TOBOW raMMBbl MEHIO W T.M.), B MPOTHBHOM CITy4ae MporpaMMa OKaKeTca HacTpo-
€HHOH HA HEKOTOPYIO CTAHAAPTHYIO KOH(DUTYPaLKIO.

[Tocne 3anycka nporpaMMbl Ha SKpaHe BUISOMOHHMTOpA MOABNAETCA €€ Oc-
HOBHOE MEHIO C TpeMs TIyHKTaMu: “3HAKOMCTBO ¢ 3agaHueM”, “BbiNnonHeHune
3apgaHnA” u “3aBepuweHne paboTbl” (HECKOIBKO OTIHHAETCS MOPAAOK PAbOTHI
¢ nporpamMoi dk — cM. nyHkTbl 4,7).

Pabotas ¢ kakum-nndo MeHo obyuaroweid nporpammsel, Bel BUIKHTE HA K-
paHe HaloOp NpPsSMOYrOJbHBIX MOJIEH (COOTBETCTBYKOT MYHKTAM MEHK)), OJHO U3
KOTOPBIX SABIAETCA dKMUGHLIM W OTIWYAETCS OT APYTHX MONEH CBOMM LBETOM.
CBOWM BHEIIHWM BHJOM MONA HAMOMWHAIOT KHOMKH HA TIAHEW YNIPABICHUA Ka-
KOH-TM00 TEXHUUYECKON CUCTEMOM, @ LIBETOBOE BbIAEIEHUE aKTUBHOIO MOJA UMH-
TUPYET NMOJACBETKY KHOMKH.

HMcnonp3ys kNaBuLIK ynpaeneHus KypcopoM (knasumu —, 7, 4, — Home
1 End Ha knaBuatype), MOKHO aKTHBH3WPOBATh JIIOOONH W3 MyHKTOB MeHIO. Ha-
KaTHeM e Kiapuinn Enter Bbl uH(popMupyeTe nporpaMmy O TOM, UTO BbiOpaH
KOHKPETHBI OYHKT MEHIO (@ MMEHHO TOT, KOTOPbIH B J1aHHbIA MOMEHT SABAAETCS
akTUBHbIM). Ilocne HakaTus knasuiud Enter “kHonka” Ha KOPOTKOE BpeMms
“yrannvBaerca’, UMHTHPYS Ha)kaThe KHOMKH HA PeaTbHOM MaHeau ynpaBleHus.

B xome pabotel ¢ MeHKO BO3MOXKEeH aoctyn K noacuctemam KOHCVYJIb-
TAHT (nopeaoctaBaser HeoOXOAMMBIA cOpaBOuHbIil MaTepyan no padote ¢ o0y-
yatomied nporpammoi) U KAJIBKVYJIATOP (nopeaHasHaueH Ansi MPOCTbIX YMC-
JIEHHBIX Pacy€éTOB, MO3BOJIAS BHIUMCIIATh 3HAYEHHS HE CIIMILIKOM CJIOMHBIX MaTe-
MaTHYECKUX BBIPAKEHHH). ITOT A0CTYN 00ecneurBaeTcsi Ha)KaTueM COOTBETCT-
BeHHO (pYHKLMOHANbHBIX KnaBuil Fl vnn F2.

[1pu BbIGOpe myHkTa “3HAKOMCTBO € 3afjaHUWeM’ nporpaMma BbINOJHSET
BbIUMCIICHUA A1 ASMOHCTPAUMOHHOTO BApPHAHTA 3aJaHUA, MOAYUCHHbIE PE3YJ/b-
TaThl MOYKHO MPOCMOTPETh HA dKpaHe BUJAeOMOHHTOpa. /[l Toro, utoObl HayaTh
paboTy Haj CBOMM BapMaHTOM, HAJ0 NMEPEHTH K NMyHKTY “BbINONHeHWe 3apa-
HMa”. B atom criyuae mporpamMMa NpoOCHT BBECTH HOMED BAPHAHTA, a 3aTeM 3a/a-
ér Bonpoc: “Bbl BNepBble pewaeTe 3Ty 3agauy?”

Ecan TP BeinonHsaerca Brnepeuie, TO HY)KHO OTBETUTbh YTBEPAUTEILHO — Ha-
kaTh KnaBuuly Enter (ecnu e Bbl paHee mbITalKch BBIMONHATH 33/laHHE CBO-
€ro BapuaHTa, HO JAOMYCTHJIM OIIMOKM M, HE CYMEB UX Cpa3y HCIpPaBUTh, COXpa-
HWJTH Pe3yJIbTaThl ¢BOeH paboTsl B paGouem daiine, Torga oreetsTe “N”; mnpo-
rpaMma BCTYNHT TorAa ¢ Bamu B auanor, B xoae kotoporo Ber coobumre i nums
cBoero (haiina u U30eKUTE MOBTOPHOrO HA0OPA UCXOAHBIX AAHHBIX U hOpMYJ).



[Tocme aroro nporpamma nonpockHT Bac BeecTH Bamy (aMuiHio, WHHITHAIG W Ha-
spande Bamedt rpynner. Caenadre 310 akkypaTHo, Tak Kak ganxas uudopmanma oyaer
BEIBEJICHA HA JKpaH BMecTe ¢ Bammwu pesynstatamu (comepaxumoce skpana Ber moxkeTe
COXPaHATE B BHIC rpadHycckux (paiyioB, KOTOPBIC 3aTEM MOKHO OVICT BCTABHTE B TCKCT
OTYETA € PELIEHUEM 3A/14'H).

Jlasiee Ha 3KpaHe MOABIAETCA MeHIO 0I5l 8800A NAPAMEMPOE 3AddHUs. ITO
MEHIO COJEPIKHT 0D03HAYEHHA HCTIONB3YEMBIX NAPAMETPOB M HX TEKYIIHE YMCIIO-
Bble 3HaYeHus. BoiOupas noodepéaHo nojis MEHIo, OTBEYAIOWME Pa3IHYHbLIM Na-
pameTpaM, HY KHO BBECTH CBOM 3HAYCHHS,

[To 3aBepuiennn BBOJA PEKOMEHAYETCH €LIE Pa3 MPOBEPHTH, NPABUILHO JIH
3a/1aHbl YHCIOBBIE [JaHHbIE, 3aTeM HakaTHe (PYHKUHOHAIBHOH Kinasumm F10
ofecneunT nepexo K O4epeaHOMY MEHIO — MeHIo Olsl 66004 PACHEMHBIX HopVil.

[Tockoneky BO BCex TP nocTpoenHe mareMarH4yeckoi MOIENH MexaHWde-
CKOH CHCTEMBI BKIIIOYAET COCTABIEHWE e€ YPABHEHHH JIBHIKEHHA B BHJC CHCTEMBI
0OBIKHOBEHHBIX AH(hepeHManbHEIX YPaBHEHWH, 3amHCanHOl B dhopae Kouru

J.:l = f|(f,.1f1, ""In]?
.................... )

rme Xy, ..., X, — TEpPEeMEHHEI¢ COCTOAHNA,  — BpeMdA, M — TOPAAOK CHCTEMBI,
TO COOTBETCTEYIONMIHE PacdéTHRIE (POPMYIB MPEACTaBIAI0T cofoi ynmopamoueH-
HblH HAbOp ONEPaToOpoB /A BHIMMCICHHA NMPaBbIX YacTei (1) npu pasnuuHBIX 3Ha-
qeHuax f, X, ..., X, (B oT0T Halop MOryT Takike BKIHOYATECA (GOPMYIBl Ans
pacuéTa Kakux-1u00 BCIOMOTATEIBHBIX TEPEMEHHBIX, XAPAKTEPH3YIOIIMX HCCe-
JIYEMYED CHCTEMY ),

[Tpaeuna, no koTopeiM rpu pabote ¢ obyuaromeii nporpammoii HabuparoTes
MareMaTHueckue (opMyJibl H BblpaiKeHus, npuBeaeHsl B [1] (kpome Toro, Hy:xHas
uHopmMauusa Beeraa aocrynsa uepes noacueremy KOHCYIIBTAHT), 3aeck or-
PAHHYHUMCA TOJIbKO BAKHEHLIMMH M3 HUX, 8 MMEHHO!

B YMCAOBRIX KOHCTAHTAX Li€nad uacTh OTACAACTCA OT APoOHOH YacTH TO4-
KOM (a He 3ansaToi);

— npH Habope OyKBBI rpeveckoro andaBuTa HYKHO MOCAEA0BaTE/bHO Ha-
#are Knasuuly F3 W kiaBuiny ¢ JATHHCKUM aHaloroM J1aHHoH OykBbl (00BIYHO
OH O4YEBH/IEH ),

— npu HA0OPE HHAEKCA HAA0 NEpPeiTH HA NOACTPOUHBIH YPOBEHb OHOKPAT-
HbIM HakatueM kiasuiim 4, Habparh HYKHbBIA CUMBOJI (CHMBOJIBI) M OJIHOKpAT-
HBIM HAJKATHEM KIaBHIOH 1 BEPHYTHCA HA OCHOBHOI YPOBEHE,

— yMHOKeHHE 0003HAUaeTCs 3BE3NOUKOH (%), KOTOPYIO, BpoueM, 0OBIYHO
MOMKHO ONYCTHTD, a jeienne — caamem (/);

— OMEpanMi0 BO3BEJEHHA B CTENEHL MporpaMmMa “He 3Haer , ModTOMY BO3-
BeJEHHE B KBaApaT (WiM B KyD) MOMKHO 3aME@HHTh YMHOKEHHEM BbIPaiEeHHA caMmo
Ha cebs, /U1 M3BJIEUYEHHS KBAJAPATHOIO KOPHS JIYVUILE BCErO HCNONb30BaATh (PYHK-
oMIo SQrt, a B OCTABHBIX cydasx moMozker dopmyma x* = exp (yInx).

3aBepuIvB BBOI pacuEéTHBIX (POPMYII, HYKHO emé pa3 MpoBepHTh TO, YTO Ha-
OpaHo, a 3atem BeiOpaTh B MeHIO NMYHKT “3aBeplueHue BBoaa copmyn”. B



JAHHBIH MOMEHT BBIYHCIMTENBHAA MOJENb MEXaHWYeCKOH CHCTEMBI MOJTHOCTHIO
cthopmupoBana, W HaunHaeTcA e€ uccnenosanue. B ocHOBe ero NemuT wuciennoe
pewenue 3aoayu Kowu nns cucremsl quddepeHunanbubix ypasaennii (1), T.e. eé
WHTErPHPOBaHME Ha MHTEpBaie W3meHeHns Bpemenu |0, T| npu 3apaHHBIX Ha-
yanbHbiX 3Ha4eHuax X(0), ..., x,(0) (cpean napamerpos 3aaaHun 00A3aTENBHO
(hMTYPHPYIOT HavaldbHbIE 3HAYEHHA TMEePeMEHHBIX COCTOSHHA H BpeMs MOAEIHpO-
BaHHA T ).

[Ipu uncnennom pewenun 3azaun Komm ana odpiknoBeHHbix auddeperunans-
HBIX YpaBHeHHH O0BIMHO 00pAlIAIOTCA K KAKOMY-THOO H3 NOLIATOBBIX METOIOB YHCIIEH-
HOr0 HHTErpHpoBanua. B paccmarpupaembix 00yHAaIOMIMX MpOrpaMMax HCHOIB3YETCH
memoo opuana — Hpunca 5-ro nopaaka To4HocTH [5], oTHOCALMICA K ceMENHCTBY Me-
T0a08 PyHre — KyTrel. 210 — ABHBIA 7-CTaAWAHBIA METOI, TPEOVIOWHHA 6 BLIYHCIEHHH
npaseix HacTed cHetemsl () Ha ware wuTerpupoBaHua M gonyckarwHi apdekTHBHOE
YNpasieHHe JIHHOH Wara B COOTBETCTBHM ¢ 38JaHHBIM NAPAMETPOM NOTPEMIHOCTH € .

Taxknum 00pasoM, WHTETPHPOBAHHE BEETCA C HepeMeHnbIM WAzoM, BETHIHHA KO-
TOPOTO onpeaenseTea cnerm(HKoi MoaeHpyeMoit cHeTeMel, B nponecce penienmas 3a-
nayn Komw ofyvaiomas nporpaMma o0ecrievHBaeT BBIIAYY 3HAYEHHI TIEPEMEHHBIX CO-
CTOAHWA W BCIIOMOTATENBHBIX TIEPEMEHHBIX ¢ HEKOTOPBIM TOCTOSHHBIM IHATOM, pasme-
as WX B COOTBETCTBYIOIIMX MACCHBAX, KOTOPBIE JIAJIEe HCTIONB3YIOTCS /UTH AHAMH3A pe-
WeHuA (TPH BU3YATH3AIHH JIBHAKCHHSA, TOCTPOCHHH TPA(UKOB, BEIBOJIC TAOIHIEI pe-
3YJABTATOB); /A BbUIAYM C HNOCTOAHHBIM LIATOM HCIONB3YETCH HENPEPBIBHOE pactutipe-
nue [5] merona [lopmana — llpunca. [lapamerp & npusumaeTcs pasHbiv 104,

Hauwnas uncieHHoe wHTerpuposanne, o0yuaoias nporpaMma BeIBOJIAT Ha
IKpaH cleayiomee coodienne:

Moxanyncra, HeMHOro nogoXauTe

(nonocka B HUIKHEH YacTH PAMKH CAY/KHT HH/IHKATOPOM: OTHOLLIEHHe e€ 3akpa-
LLIEHHOH 4YacTH KO BCEil JUIMHE MOJIOCKH MOKa3bIBaET, /U1 KAKOH 1011 HHTEepBaa
M3MEHEHHS BPEMEHH YIKE BbIIIQJIHEHO HHTEIPHPOBAHME YPAaBHEHHWH JBHIKEHM:),
ODBIYHO BECh MPOLECT HHTErPHPOBAHHA UTHTCA OJHY-IBE CEKYH/IBI.

3asepmiB WHTErpHpoBaHue, nporpaMMel dp U rodina BHIBOJAT HA K-

paH w300pakeHHe KOH(HTYPaLHH CHCTEMBI, OTBEYAOLIEH HYJIEBOMY MOMEHTY
BpeMeHH, a B HUKHeH 4acTH SKpaHa BO3HMKAeT HAANUCh

HaxmuTe Kakyw-nnbo knasuwy

Ilocne nakatua knasuiun o0ydaiowas nporpaMma AEMOHCTPHPYET, Kak
IBHIKETCA MoaenupyeMan cucteMa. Ilocne sapepuicHHA BH3YANH3ALMH JBHKCHHA
BHHU3Y noassercs sonpoc: “Xotute nu Bel cTpouts rpachukn?”’

Ecnw pe3ynbrarel BH3yaIH3alAH SBIAIOTCA YIOBJIETBOPHTENIBHBIMH, MOMKHO
OTBETHTb YTBEPAUTEAbHO. B 9TOM cilyuae Ha SKpaHe NOABHTCA MeHIO DA 6bl600d
Zpaghuxos, NO3BONAIOLIEE NOCNEA0BATEILHO BEIOUPATE Te rpadHUKH, KOTOPLIE iKe-
narenbHo 0ToOPa3sUTh HA BHISOMOHHUTOPE.

[Tpu HeoDXOAUMOCTH rPaMK MOMKHO COXpaHUTE B Buae rpaduueckoro daiina (a
3aTeM pacricuatars). Ecm Ber mpenmounracte oOpamarkcs k 00OyualOmel mporpamme



W3 cpenel DOS (manpumep, mone3ysace obonoukamu Norton Commander wiH
VolkovCommander), T0 NpeABapHTENBHO TPEOYETCA 3arPY3HTh COOTBETCTBYIOILYIO
PE3HACHTHYIO YTHIHTY, @ 3aTE€M BCAKOE HAKATHE HY/KHOH KOMOMHALIMH KIABHII (Tak,
nporpaMMa pcxgrab ucnomsiyver komOuHammo Alt-G) obccmeynBacT coXpancHHe
TEKYLIETO COAEPAHMOrO 3KpaHa B BHae rpajuueckoro daiina.

Ecnm sxe Bl BroispiBacTe 00VHAIOUYIO MPOTPAMMY HEMOCPEACTBEHHO M3 CPEIB!
Windows, TO HMEET CMBICT MPEABAPHTENBHO OTKPEITE (B APYTOM OKHE) CTAHIAPTHYO
nporpammy Paint. B otom ciaywae mocnenoBarenbHOC HAKATHE KOMOHHALMH KIABHI
Print-Screen u Ctrl-Insert no3BomfeT NOMECTHTH COAEPKHMMOE 3KpaHa B
cucTemHblid Oydep: 3arem Bel nepexknrouaerecs B okHO Paint, HaxaTtHeM KoMOHHALHH
knasu Shift-Insert npespawaere coaepxumoe Oydepa B pucyHok u, Beibpae B
meH0 Paint nyuxr “CoxpaHuTb Kak...”, 3apaére HMa CO31aBAEMOro rpadiuueckoro
thaiina (nocne 4ero BHOBL BO3BPALIACTECH B OKHO 00YYAIOUIEH MPOrpaMMbl),

B CIIy4ac, KOrga BM3VAlM3alHAd NBHMEHHA BhIABHIA HATHYHE ﬂLI.IHﬁDH, LIENECO0D-
pasHO cpasy, OTKA3ABUWIHCL OT NPOCMOTPa IPaQHKOB M YHCIEHHBIX Pe3yNbTATOB, Bep-
HYTBHCA B OCHOBHOE MEHIO M, BbIOPAB OmaTh nyHkr “Xorute nu Bel cTpouTe rpadm-
HH?", Ha 3alpoc 0 HOMCPE BapHAHTA 340aHHA BBECTH MO HOC Ccamvoe YMHCTO, MTO H PAHEES.
Ecinn, oaHako, BpeMEHH HA NOHWCK W MCIpaBICHHE OLIHOOK HEJOCTATOMHO, TO CJEAVeT
3aBEPIIMTL padoTy ¢ 00yHaKLIEH MPOrpaMMOid; MPH 3TOM Ha €€ BOMPOC 0 TOM. HYHKHO
H COXPaHATH pe3yabTaTel padoTel B pabouem daiine Ha AMCKE, pasyMHO OTBETHThH YT-
BEPAMTEIEHO, BBEAA 3aTeM MMA 3Toro (paiina.

Obyuaromme nporpammel dr, dk u dm He ofecneunBaOT BU3YVATH3ALHIO
ABUIKEHMA, [OC/IE 3aBEPIICHHA MHTEIPHPOBAHMA HEMEUIEHHO CIEIVET BONPOC O
TOM, HVHKHO MJIH HET CTPOUTH Irpahuky.

Eciiu Ha 1aHHBINi BONPOC AaH OTPULATEIbHbII OTBET, WIH €C/IM B MEHKO JIIs
BEIBOMA Tpadmkor BEIOpaH MyHKT “3aBeplieHue NocTpoeHun rpacdukoB”, ody-
qaroIas MporpaMMa 3aaaéT ouepeIHoi BOonpoc:

MHuTepecyoT nu Bac YyucneHHble pe3yneTathkl ?

Ilocne yTBepAMTENLHONO OTBETA HA JKpaHe noasasercs Tabnuua yMmcneH-
HBIX 3HAYECHHH NEPEMEHHBIX COCTOAHMA H BCIOMOIaTe/lbHBIX MEPEMEHHBIX B OT-
ACNbHBIE MOMEHTBHI BpemeHH. MokHO npH KenanMH BBIBECTH JTY Tabnuuy Ha
NMPUHTEP (WKW NMPOCTO NEPENWCATH HYKHBIE PE3YNLTATH HA NMACTOK Oymaru)., llo-
crne Hakatha knasiimy Enter tabmuuy pesyibTaToB CMEHHT OCHOBHOE MEHK)
oOyuaroei nporpaMmasl.

Jna 3asepuuenus padoTel ¢ 00yuaromeil nporpaMmoii HyKHO BelIOpaTh B e
OCHOBHOM MeHI nyHKT “3aBepleHune pabotkl”. [Iporpamma 3ajact Bonpoc:
“Xotute nu Bkl cOXpaHUTL CBOM AaHHbIe?” [Ipu orpuuare/ibHOM OTBETE NPO-
rpaMMa 3aBepiuaercd; NMPH YTBEPIATEIBHOM OHA NpeaiaraeT BBecTH uMA paboude-
ro paiina nis coxpaHeHWs Pe3ylbTAToB (paciiHpeHwe HadWpaTe HE HYIKHO —
nporpamMma B o0oM ciryvae cospact (paiin ¢ paciumpenuenm .dat).

1.2. TunoBOK pacyéT No AWHaAMUKe MaTtepuanbLHOWN TOYKH

[Hens pacuéra — npuoOpereHHe onbiTa NOCTPOSHUA PACUETHOH MexaHWue-
CKOH MOJIEJIH B COOTBETCTBHH € YCIOBMEM 33/1a4M, OCBOEHHE METOAHKH COCTaB/IE-
Hust audppepeHMaIbHBIX VPABHEHMH JIBMAKEHHWS, MX AHATIMTHUECKOTO M YMCJIeH-



HOI0 HCCNCA0BAHHA TIPHMEHHTENBHO K l'II}i]''I:T'E:i-"llLl'l.EI!'l.ll::q-r ClIy4ary, Korga B Ka4cCTBC
MOJIE/TH MEXAHHYECKOH CHCTEMBI BBICTYMAET Mamepuaibids moykd, COBEpIaio-
1IAadA MNIOCKOS NBHMEHHKE.

Ilycrs m — macca marepuansHoit Toukn M, r,, = 1, (f) — eé paxnyc-
BEKTOP OTHOCHTEJIbHO HA4asa WHEPLMANbHOH (YC/I0BHO HENOABHKHOIN) CHCTEMBI

KOoOpOuHaT Oxyz , Fy, Fg._ ... — JEHCTBYIOIIHE Ha TOYKY CHIIBI, TOTJA OCHOB-
HOE YPABHEHHE JHHAMHKH TOYKH HMEET BHL!
mr = > F,. (2)
k

3ananue pacuéTa npeanoaaraeT, 4ro MarépHajbsHas TO4Ka ABHIKETCA B IJ10-
CKOCTH Oxy; 'l‘peﬁye*rcsl, NOJIYUHB ABHBIE BbIPAMEHHA 115 CHI F k- COCTABMUTL €€
YPaBHEHUA JBHKEHHA,

3ameTum, uTo nporpamma dp OPHEHTHPOBAHA MPEKIE BCETO HA BHINOIHEHHE TH-
nosoro pacuéra JI-1 u3 nocobus [4]. B 10 ke Bpems eé MOMKHO HCIIONB30BATE M NPH
PeLICHHH APYTHX 331a4 AHHAMHKH TOYKH — HAnpHMeEp, pacu€THLIX 3aJaHHiH, MpHBeEH-
HbIX B [6].

HauOonee paumonansHbiii cnocod nonyueHHs BhIPAKEHWH 1A CHI Fk 3a-
BMCHT OT BH/1a 3THX ¢kl [4,6]. Bo muornx cinywasx ObiBaeT NonesHo npeicTaBuTh
pekTOp ciiibl K B BHe npou3BeneHns MOIY/SA 3TOH CHIbI M IMHHHYHOTO BEKTO-
pa € . ONpeieNAOIero HANPABICHHE CHIBL,

Tax, ecnn Moy Hﬁmmpﬂﬁ cunel Fyp nponopumonanen (¢ koadpuinen-
TOM [4;) KBAApaTy CKOPOCTH V), Toukn M, a nanpasneHue CHIIbI NPOTHBOMONOK-

HO BEKTOpPY Vy,, To umeeM: Fy = F e, rae F = u3|v”| , Bp = — ""ufl"ul
[Tonyuennoe wis F 4 BBIPAKEHWE MOMKHO NMPEACTABHTL H B TAKOM BH/JIE:
Fy = —H |"’.u| Vas - (3)

[Monyuue ApHeIe BEpaskenna m1a cun Ky, nepeiiném K 3anucn BEKTOPHOTO
ypaBgHeHus (2) B IPOEKUMAX HA OCH X, V.

=ZFu, m =R, 4)

B 3anauax u3 pacuéra /I-1 teneps ocraérca paspeiintb ypasuenus (4) otHo-

e W

CHTE/IbHO X, J W CBeCTH WX K Bujy (1), nepeiias K ypaBHeHuaM 1-ro nopsjka
X =Vyys Y= Pty » Vs = Warr s PUJ = Wy > ©)

TJie B KaYecTBe MepeMEeHHBIX COCTOSHUA HCMOMB3YIOTC X, Y, Vyyy = =X,V ry = =y,
4 BEHUMHBL W, = X, Wiy = ¥ ABIAIOTCA M3BECTHHIMH (DYHKLMAMM OT X, V.
Vigrs Vigy. (ITpn BeimosiHeHun 3anaHus u3 [6] npeaBapuTe/ibHO HYIKHO IPHUBECTH
(3) K 6ea:paamepﬂcmy BHIY.)

[Tonb3ysace nporpammoii dp Juis BeinosiHenus pacuéra J1-1, cnenyer B me-
HIO TS BBOJA MAPaMeTPOB 3alaHys 3a/IaTh YHCJIEHHbIE 3HAYSHHA 1A JBYX TPYIIT
NapaMeTpoB; B NEPBYIO BXOAAT M, O, K4, K4, B4, B2. Fo, Va. U, y. a Bo B1O-
pyio — T, X(0), y(0), v (0), vy, (0) (obo3HaueHns coBNajaioT ¢ HCMONb3ye-



moiMia B [4]. 3Hauenue O 3amaércs B rpagycax). [lapamerpsl BTOpo#l rpynmsl
HYKHBI 1A MOCTAaHOBKH 3aga4yd Komw ama cuetemsl (3), a mapaMeTpsl NepBoH
rpynnbl (@ TAKKE KOHCTAHTY @ — MOJIYJIb YCKOPEHHS CBOOOHOTO NAJIEHHs — H
nepemeHHble £, X, ¥, Viyy, Viy) MOKHO HCIONB30BATE NPH 3aMHCH PACUETHBIX
(hopmysT 1TIA BRIYHCTIEHHA Wiy, Wy, Hanpumep, ecau na MaTepHanbHyio TOUKY
JICHCTBYET €/IMHCTBEHHAA CHIIA, BHIPAKEHWE JUA KOTOpO# naérca dopmynoii (3),
TO pacuéTHbie (POPMYIIBI UMEIOT BHA

Wyx = = Ha Vi Sqrt(vy, vy + vy vy ) /m,
Wy = —H2Vyy SArt(vy, vy, + vy, vy, ) /m .

[Tpu peleHHn APYTHX 3a4a4 Mo AHHAMHKE TOYMKH OOBIMHO 3aJal0T TONBKO 3Hadqe-
HEA TAPAMETPOB, BXOANIHX BO BTOPYIO TPymny. BrpodeM, eciiH CTYICHT JKEIaeT 3amn-
caTh pacueTHRIC HOPMYITEI Tie ¢ YHCIOBBIMH, a ¢ OykBemieiMH kodddHinienTamy, a cpe-
1M MAPAMETPOB NMEPBOH TPYTIHI €CTh MAPAMETPHI ¢ MOAXOAANIHMH 0003HAYEHHAMH, TO
OH MOKET TIPHCBOMThE MM COOTBETCTBYIOIIHE YHCICHHBIE 3HAYEHUA H JANCE HCTIONB30-
BATH ITH NAPAMETPI.

[To 3aBepuIcHMHM MHTErPHPOBAHMA VDABHCHMI ABMIKCHMA nporpamva dp
nemoHcTpupyer npouece asmkenus toukn M na nnockocrn Oxy (npwm 3tom Ha
JKpaHe OCTaeTcA cliell ABHIKYIIeHCcA TOUKH, T.e. CTpouTcA eé Tpaektopud). [lanee
NporpaMMa No3BOAACT BRIBCCTH HA dKpaH rpadMky 3aBHCUMOCTCH BenMuMH X, ),
Farxs Varys Vg = l 'f’.-u| ot I/, a rakke Tabnuuy 3HaueHui X, ¥V, Vige, Vigys Wary,
W,y B OTACAbHBIC MOMEHTEI BPEMCHH.

1.3. TunoBOK pacyéT no AMHaAMMUKe TBEPOOro Tena,
Bpawarwweroca BOKpYr HenogBMXHOW OCH

[Tporpamma Ar npeaHa3HaueHa A4 BBIMOIHEHUA THNOBOrO pacuéra J1-6 u3
nocobus [4]. Llens pacuéra — nyTéM peleHHs MOAETBHOM 3a1aui MO JHHAMHKE
POTOPHBIX MALUHH NONYYHTE NPEACTABJICHHE O IMOCTAHOBKC H METOJAX HCCICA0-
BaHWA 33144 AMHAMMKHW TBEPAOro Tela (B YACTHOCTH, OCBOMTH METOAMKY COCTAB-
JIEHHS YPABHEHHH JIBHIKEHHA MBEPA020 MEIA € HENOOBUNCHOT OCBIO BPANEH).

[lpeanonaraerca, 4To pOTOpP MalIHMHBEL MOJETHPYETCA a0COMKOTHO TBEPABLIM TEAOM,
COCTOALLHM H3 HEBECOMOH OCH, COBMAJANMEH C OCEHY BPALICHHA, Ha KOTOPYHY HACAHE-
HBI {E Uﬂpfﬂﬁ.‘léﬁﬁhlh‘lﬁ TEXHOIOTHYECKHMH HECGBE;}LI]EHCTBEIMH} OIHH HIIH HECKOIBKOD
OTHOPOJHBIX TOHKHX AucKoB. OcCk poTOpa 3aKPETNICHA B OMOPHBIX MOAMIHNHEKAX A u 5
( THOTITHITHHKH CYHTAIOTCH TOYCHHBIMH ).

Beeném Bpawaiomyiocs BMeECTe ¢ pOTOPOM CHCTEMY KOODAMHATHBIX OCEi,
B34B 3a eé Hayano Touky (J Ha ocH BpauieHus U coBMecTrB ock (JZ ¢ 3ToM 0ckIo.
byaem, cnenya [7], npeacrapidaTh peakudy B NOAIKHITHHKAX B BUJE CYMMbI CTaTH-
YECKHX W J00aBOYHBIX JMHAMMYECKHX PEaKUMH, NPHYEM OrpaHHYHMMCA HaXOkK/e-
HHEM TOJILKO IOCHSAHHX.

Torga npu ykazanHoMm BeIOOpe CHCTEMBI KOOPAMHAT MONyYaeM cleayiomiee
ypaBHEHHE BPALLCHHA POTOPA:

J B = DM (F), (6)
&



KOTOpOE JOMOIHIAM YPaBHEHHAMHM JUIS HAXOMKIASHHA A00ABOUYHBIX JHHAMHUECKHX
peakuuii, umeronmu [7.8] Takoi Bua:

o rnyf‘(.\[; = m*x{‘{bl X: t XE :

mxe.Q — my.9* = Y, + 1,
i ; (7)
o sz g =k "’,_1.=z'{p1 = ey }j-l = Fﬁ! :

_Jvz(}; - sz(‘f)z = :-rX.-: + ZHXH-

3mech: (p — yrom moBOpoTa poTopa; M — ero Macca; X H Vo — KOOpAH-
HaThl ero uexTpa mace B ocax Oxyz; J.., J,., J.. — MoMeHTHl HHepLHH poTO-
pa B otix ocax; F;, F,, ... — jeiicTByiouie Ha POTOpP BHEIHHE aKTHBHbIE CH-
nel; Zy, Zy — koopmuuatel Touek A m B: X, Y, X;. ¥y — xommnonentsr mo-
Gapounbix auHamuueckux peakimii R, Ry B nommmnnukax.

HarnoMuum, 410 MOMEHTHI HHEPIIHH 'I'BE]J..’J.GI'G TENA CGB][lailalﬂ'[' — C TOYHOCTBHD) 00
JHAKA — € KOMIOHEHTAMH ONEPATOPA HHEPLHH JAHHOID TENa .

Hmenno, ecnu J,, — onepatop HHepumH Tena OTHOCHTENBHO mommoca (J, 1o mat-
] ()
PHLA TaHHOTO ONEPATOPA B CHCTEME KOOpAUHAT (JX V2 HMEeT BH]

er - J.ry = sz
1 Sl J_rvr '{vy -{vz H (8)
- sz i J:_r J:z

3neck B BHAE BEPXHEro MHIEKCA YKA3aHA WCNONB3yeMas cHcTeMa Koopauuat. B
BRIKTAAKAX, KOTOPBIC CONPOBMKIAKT BbINONHCHHWE JAHHOID THNOBOTO ]J'EIE‘[ETH., [MPHXO0-
AHTCA HMETE Je10 ¢ MaTPHUAMH H CTGﬂﬁuﬂM“j COCTOAIHMH M3 KOMIOHEHT OMEPATOPOB
H BEKTOPOE B PAXIWYHBEIXY CHCTEMAX KOOPAHHAT, Bo uzbemxanue My TAHHLEI nenecoon-
Pa3sHO BCC HCTTONME3IYEMBIC CHCTEMBI KOOPIHHAT YEAIBIBATE ABHO.

ITpumenurensHo k Tunoeomy pacuéty JI-6 ypasHenus (6).(7) moxHO He-
CKOJIBKO KOHKPETH3HpOBaTh. MMeHHO, mpuMeM 3a Ha9ano KoOpAWHAT TOUKY A
TOrja cjlaraemele ¢ 2, uedesnyt. Manee, yurém, 4to B CyMMY, CTOALLIYIO B npa-
BOIT yacTH (6), BXOJAAT — MO YCIOBHIO — JIMING [Ba craraemeix: npoekunn M, n
M. Bpamaomero momenta M, u Mmomenta conporuenenus M na ocs z. To-
rja, NpUHUMAas BO BHHMaHWE NPUBOAMMbIE B [4] siBHble BelpaxeHus wis M, . u
M,. .. npencrasum a1y cymmy B Bune My, — k0 — k> 2.

B pacuére tpeOyercs Juid KOHKPETHOrO pOTOpa 3anmucarh YPaBHEHHS ero
AMHAMAKH W BeIpasuTh M3 HUX O, X, Y. X, Y,. a sarem BeinomHuTs KoMmnbio-
TEPHOS MOASTHPOBAHHE IBHMKEHHUA POTOPA.

[lpu pemennn 3aaay no reme “JIMHaAMMKa TBEPAOro TeNa, BPallaloIlerocs BOKPYT

HEMOABMKHOH OCH  HA 3Tane COCTABAEHHA YPABHEHHH IBHKEHHA TENA MOMKHO NMpHAEp-
JKUBATBCA CHEIYHIIEN MOCae10BATENBHOCTH AEHCTBHI!

1°. HaiiT maccy W pagMyc-BEKTOP UEHTPA Macc TBEPAOro Tena (OMpeaeIns TeMm
cambiM KO3(PpHLHEHTBI M1, X ¥ V).

BmecTo TepMiHA “ONEpPaTOp HHEPUMH  HCMOMB3YVIOT TAKKE TEPMHH ~TEH30P HHEPLHH
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2°. HaiiTi MaTpHIly oneparopa WHEpIHH TBEPJIOTO TeNa B HCMOIBIYEMONH CHCTe-
Me koopauHat (ompeaenus Tem cambiv Kodpuumentor J., J o, J.o).

3°. 3anucarh ypaBHEHHS JHHAMHKH TBEPIOTO Tena.

ITockonbKy Macca, paJHyc-BEKTOp LIEHTPa MAacc W oneparop wHepuun adco-
MOTHO TBEPAOTO Tena — aJJINTHBHBIE BEJWYHHBI, TO B 3adaHun pacuéta [1-6 TH
XapakTePUCTHKH POTOPA BEIYHCIAIOTCA CYMMHPOBAHHEM

2omp, Tg= miz_mjﬁ,j, i Z! . (9)
! J

rje j — nomep amcka, C; — ero ueHTp Macc (BMeCTO cammx Dnepampna MHEPIIHH
B 3THX (hopMynax (GPHIYPHPYIOT HX MaTPHIIB).

Takum obpasom, Bce yKa3aHHBIE XapaKTEPHCTHKH ClIEAyeT CepBa PacCUHTaTh 110
OTJE/IBHOCTH /LA K&AI0I0 AHcKa. PaccMOTpHM, Kak 310 Jienaercs.

Gopmyiel
Yo e —Xp. —X2, . (100
By oz MR
fp” =B =%k g 4X; —NE |s 4 =i 010 (o
—Z, X, —Z,Y. X2+ 002

NPEACTABIAIOT B SBHOM BHJE COOTBETCTBEHHO MATPHILY ONepaTropa MHEPLHH Ma-
TepHanbHOi Toukn P maccsl M B npou3BonbHOM cucTeMe koopauHat OXyz u
MATPHILY OfepaTtopa HHepLHH OJHOPOJIHOr0 TOHKOrO JHMCKa Maccel MM W paauyca

B CHCTEME €r0 [NIaBHBIX LEHTPaIbHbIX oceil unepunn (&N . ﬂpu ITOM TIpef-
nojiaraeTes, Yto ock { nepreHgauKyspHa MJI0CKOCTH AKMCKa, a uepe3 / BHOBL 000-
3HA4YEeH HOMEP JIHCKa.

Hauas ¢ Bbipasenua, nasaeMoro Bropod 3 dopmyn (10), MONKHO BBIMHCIHTE
MATPHLYY ONEPATOPA MHEPLIMM IHCKA B HOO0H CHCTEME KOOPAMHAT, MONb3YACH CNENYH)-
HIHMH Pe00pasoBaHUAMM!

|. Tlepexon oT ueHTpanbHBIX OCEH K OCAM, HM Napa/Uie/IbHBIM:

{xvz QO Uxvz
F9% m IO 4 T (11)
) J
I1. Tlepexon kK HOBBIM OCAM C TEM KE HAYATOM:
Oxyz (EnC T
% = DLYT., (12)
B dopmynax (11).(12); Enl nu XYz — c{mIBEIuBEHHG “crapeie” M “HOBBIE KO-
opauHatHbie ock; (| — UEHTP mMacc Tena j; ' — CHMBOJN TPAHCTIOHHPOBAHHA MATPHLIBI,

Ilocnennee cnaraemoe B (11) 00o3HauaeT MaTpULly onepaTopa MHEpLHH BoOOpamaeMoii
MATEPHATBHOM TOUKH, Y KOTOPOi MACCa PABHA MACCE TEna J M KOTOPas NOMELIEHA B €ro
LHEHTP MACC, 3MEMEHTBI ITOH MAaTPHLIBL BBIYHCIAIOTCA B COOTBETCTBHH C nepsoii u3 dop-
myn (10). Yepes [” o0o3HaueHa MaTpHLA HANPABIAIOIIKX KOCHHYCOB MEKIY “CTAPbIMH”
H “HOBBIMH™ OCAMM:

?x-'; TJ,'T‘ ?xg =
' = | Ype Yy Ve |»  Teq = cos(x,n),
?z-ﬁ_ Tzr] ?ZL

11



Uro kacaercs BBIYHMCICHHS PajJiMyC-BEKTOPOB LIEHTPOB MAce, TO Croaderl
KOMIOHEHT PajnyC-BEKTOpa MPOM3BONbHON ToukK P npeobpasyercsa npu nepexo-
ae ot “crapeix” oceit £n kK “HOBHIM™ OCAM X)Z MO CAEIYIOMHM (hopMymam:

Oxyz O 'xvz vz Oxyz 2EnC
: - - F, o= [ s (13)

P = Tp = T Fgia P
3neck nepsas GopMyIa COOTBETCTBYET MapaniellbHOMY TMepeHocy oceit M3 TOUKH
F W
O B Touxy O, a BTOpas — MOBOPOTY Oceii NPH TOM Ke HAaYae,
[Tocne Toro, KAK — B COOTBETCTBHH C nocneaxed w3 opmyn (9) — matpuua one-

paTopa HHEPUHH poTOpa OyAET BeIYMCAEHA, Bel cMomeTe, yunuThiBas (8), HAHTH MOMEH-
Tol HHEPUHH S, S o oo

[loMuuTe, YTO HEHTPOOEHKHBIE MOMEHTHI HHEPLMH BXOIAT B MATPHILY 199 ¢o
JHAKOM “MMHYC™, W He 3a0y/bTe H3IMEHHTh 3HAK!

[Tonyuue ypagHeHusa AuHamuky potopa B ¢opme (6),(7), Beeaém 00o3Have-
HHA ). = P, €. = () W HAHAEM W3 NONYUYEHHOH CHCTEMBI HYKHBIE HAM Pacuér-
Hele opmysel s €., Xy, Yi, X, Y, (ux cnepyer 3anucars MMEHHO B 3TOM
nopsaake; B (opMynax MOryT (MIypHpoBaTh BENHYHHBI, YiKE ONpENEEHHbIe pa-
Hee). 3ametum, uto audrpepeHHanbHOE YpaBHEHHE () = (). MOMKHO HE paccMar-
puBars (pacu€THbie (POPMYJIBL HE 3ABHCAT OT (), Tak uto cucrema audeperun-
anbHBIX ypaBHeHuii (1) CBOAMTCA K OJHOMY YPaBHEHHIO (), = £.(®.). [lpu sTom
Xy, Yo, X,. Y, urpaior ponb BenomoraresibHbiX nepeMeHHbIX

Teneps Beé rotoBo ana pabotel ¢ nporpammoii dr. B MeHio ans BBoJa na-
PaMETPOR 3aJatHua MPHCYTCTBYIOT ABE MPYNILI NAPaMETPOR: B MEPBYIO BXOAAT My,
m,.R.R3. 0. 0,a,b.c.Mjp.ky.kz. a BoBrOpYIo — @,(0) 1 T (0603Ha-
HEHUS COBNAZAOT ¢ MenoibsyembiMu B [4]. Oyksod 6 obosHaueno paccrosHue
(O,C,). Tlapametpsl BTOPOii TPynbl AOMKHB ObITH 3aJaHbl 00S3aTENBHO, MO-
CKONBbKY KOI(DHUMEHTSl X (-, Ve, 25, Jyz. 2. Jo. 00BMHO HaxomsT uncnenHo,
TO 3HA4YeHHsA OONBIIEH YacTH MmapaMeTpoB MEPBOI TPYTINEI, KaK MPAaBHIO, BBOIWTE
He Hy:kHO. YTo Kacaerca BBoAa pacuéTHbiX (GopMmyna, TO B MX MpaBbIX YacTAX MO-
IYT (PUIYPHPOBATH — MOMHMO MAapaMeTpoB MEPBOH rpynnel — NepeMeHHas co-
CTOSHHA (). W BEJIHYHWHBI, ONPEIEIEHHBIE MPEIBLIYIHMH QOpMYyIamMu,

[lo 3aBepuieHHMH MHTErpUPOBaHMA YPaBHEHMH ABMKEeHMA nporpamma_dr
MO3BOJIAET BRIBECTH HA IKPaH rpadmkn 3aBHCHMOCTEH BENMYHHE O, €,. K = | R ,|.
Rs=|Ry| or t, a rake Tabmnuy swavenmii 0, €., X;, ¥, Xy, Yy, R,, Ry
B OT/Ae/bHbIE MOMEHTbI BPEMEHH,

1.4. TUnOBOW pacyéT no AUHAMMKE
MaWMWHBI C KYNTUCHBLIM NPUBOAOM

Llene pacuéra no AMHAMHMKE MAUIMHBL ¢ KYJHCHBIM NMPHBOJAOM — oTpaboTKa
HABBIKOB COCTABJICHMA YPABHCHHI JBHIKCHMA MEXaHMYECKMX cHeTeM B (opme
ypaenenuii Jlacpanxca 2-co pooa v npuodpeTeHne OnbITa MAaTEMAaTHYECKOro MO-
NETAPOBAHMA IMHAMWKN MAIITHH,

B nannoi gopMynupoBke HCMONbL30BAHB CNEAYIOLIME TEPMUHLL. [Ipusod — yer-

[]ﬂﬁGTBG AJIA NPHBEAEHHA B NEHCTBHE MAIIHH H MEXAHHIMOB, COCTOALLEE H3 JBHIaTENd H
NEPEIATOMHOrD MEXAHH3IMA (ﬂﬂEJ’IEﬂHHﬁ CIVKHT 0034 NEPEiayi ABHMEHHA OT IBHIATENA
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K JPYIHM YacTAM MalmmHbl). KVaica — 3BEHO IUTOCKOTO MEXAHH3MA, HECyLIEee Ha cebe
MOJBHAHBIC HATIPABIAIOIIHE (BAOIb KOTOPLIX MOJKET ABHIATHCA APYrOe NOABHMKHOE 3Be-
HO).

[Iporpammel dk u LinkGear npeaHazHaueHbl LUIA BBITOIHEHHA THIIOBO-
ro pacuéra /1-5 u3 nocobua [4].

Ha pucyHke K Kaxaomy 3 BapHanToB aaHHoro TP moxno BHIETH 38eHO, (opma
KOTOpOro HanoMmuuaet Oykey T. B nepeknagune 3T0ro 3BeHa €cTh Mpopesb, DOKOBbIE
CTOPOHBI KOTOPOH W ABSKOTCA NMOJBHAHBIMH HANPaBIamMMK. B nanHol npopesu
JIBWIKETCA Haiel MAXOBHKA — MANEHbKHA LIMIMHAP, NPHKPENIEHHBIH K MAXOBHKY (Ma-
XOGUKOM JKe Ha3bIBAIOT MACCHBHOE KONECO, YCTAHABIHBAEMOE HA BaTy MAIIWHBI 1718
VMEHBIIEHHA HEPABHOMEPHOCTH BPALIEHHA BATA),

[Ipn pemenun 3asau no teme “Ypapuenua Jlarpawxa 2-ro poaa” Ha ITane co-
CTABICHHA YPABHEHHH JBHKEHHA MOMKHO NPHACPKHUBATLCA CASAVIOUIEH MOCNEA0BATE b=
HOCTH jeHcTBHil ((POPMYIHPOBKH MaHBI JUIA Cy4as CHCTEM ¢ OOHOH CMENEHBIO CB000-
osr, 4epes I 00o3HAYEHA KHHETHYECKAs YHEPIHA MEXAHWYECKOH cHeTemsl, uepes () —
0000WENHAA CHITa, OTBevaan 0000WEHHOH KoopaHHaTe ¢ ):

1°. CoctaBuTh BeIpaskeHHe nA [, yKa3aB BHI ABHIKEHHA KaKI0TO TEla W Bbipa-
3UB KOA(QHITHEHTEI Yepe3 HOXOIHLIC JTaHHBIC.

29, CocTaBHTE BeIpaxkenue 18 () W pacKpuITh CKATAPHEIC IPOH3IBEICHHSA,

3°. Bribparth 0000MEHHYI0 KOOPAMHATY §f H BBIACHHTH KHHEMATHUECKHI CMBICI (] .

4°. BhIpasuTh NHHEHHBIE H YTIOBbIC CKOPOCTH, BXOAALIME B BhIpameHus aa [ M
(2, uepes q.

5° Bwipazuts /' kak QyHKUMIO § W ¢ W NpeacTaBHTe €€ B craHzapTHol dopwe,
BBOJIA JI7IA MOCTOAHHBIX KOY(P(PHIMECHTOB OVKBCHHBIC 0003HAYCHHA.

6°. Beipasuts () kak pyukimHio ¢ u g.

7°. BBIMHCIWTE TTPOHIBOIHEIE!

oTr deéT oT

og ~ dtoq’ oq
8°. 3ammcats ypapuenus Jlarpamka:

d ol ol

dtoqg oq ¢

ﬂpﬂ KOMMEHTHPYEM BBIMONHEHHE OTAENBHBIX IMYHKTOE JdHHOIO a/IMOPHTMA.

KHHETH"—]ICGK&H JHCPTHA CHCTCMEI Tﬂﬁpﬂhlx TC BEMHCTACTCA KAK CYMMa KHHCTH-
YEeCKHX BHBpFHﬁ OTIOSIEHBIXY TEIT:
r=XxT, (14)

rane j — Homep Tena. Ecnm Tena cHcTeMbl COBEpPLIAIOT MIIOCKOE ABHIKEHHE, TO OTAENb-
HEIE crnaracMmeie B (14) B 3aBHCHMOCTH OT BHA JBH/KCHHA Tena (T.. OT TOTO, ABIACTCA
W JIBHKEHHE TIOCTYTATETBHEIM, BPAMATEIEHBIM HIH e HMEET MecTo 00mui cryuai
TUTOCKOTO MBMIKEHHS ) MOMKHO HAMTH, MONB3YACH OJIHOM W3 cheayonmx GopMy

nocT ]
}’} =g n, i{_f ’ ?}“" _ E.L,m?
(15)

T 'DEJ'.H, s

2 1 2
: mve + Et{m

[ J
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(3mech: A — modas Touka Tena j; () — HenojBwkHas Touka; ( — LEHTP mMacc. oc-
TA/IbHBIE 0003HAYEHHA ABAAKTCA CTAaHAAPTHBIMH [4.7]).

Hanomuum, 410 A58 OJHOPOAHOrO JHMCKA pammyca R MOMEHT MHEPUHH OTHOCH-
TENBHO OCH, NPOX0AALLEH Yepes ero uEHTp Macc (' neprneHaHKyISpHO IUIOCKOCTH JIHMCKa,
MOKHO HaiiTh no dopmyne J- = mR*/2, ans 0JHOPOAHOIO TOHKOIO KOJNBUA — [10
(FCIPM}“HE Jo = mR? nns ogHOPOAHOrO TOHKOro crepskHs aiuHbl [ — no Qopmyne

o= ml*/ 12 (ecnu ske MOMEHT HHEPLMH BBIUHC/ISETCH OTHOCHTEIbHO B:GHuaA TAKOTO
crepsua, 10 BepHa dopmyna J, = ml?/3), B cayuae, ecim A Kakoro-nmbo tena
VKA3aH €ro pagaHyc HHEPUHH 0 OTHOCHTENBHO HEKOTOpPoi Touku A, To J, = mo?’.

EGJTH BEIPATHTE KHHCTHHCCKYI) DHEPTHIO KAK (h}"HT{I.[HTO (} H ff. TO AT CHCTEM CO
CAYHONAPHBINNE  CEHZAME TIONYUEHHOE BBIPAMCHHE MOMHO 3alHMCATH B E_T]f:.ﬂ.}"l'ﬂﬂ.l,ﬂﬁ
cTaHAapTHOH (hopme:

1

I = (.. )4, (16)

rje BRIPAKCHHE, CTOAMICE B KPYTJIBIX CKODKAX H ABIAIONMICCCH, BOOOIIE roBops, ()yHKIIH-
e (. UMeeT BIIOTHE ONpeIeNnEHHBIH MEXAHHYECKHIA CMBICI: €C/IH KOOPJIHHATA § — ITH-
HeliHaA, TO 3T0 — Mpusedénnas macca, a eCIH KOOPAHHATA ¢ — YraoBas, TO 310 — Hpu-
BEOEHHBII MoMenm unepyuu [9].

O6obménnasn cuna () MoxkeT OBITH HaliieHa 1o opmy e
Q =20 (17)
k

riae CYMMHPOBAHHC BBITIONHACTCA IS BCCX AKMUGHBLIX CHIN M MOMEHTOB. (TAe/NBHBIC
cnaraembie B popmyne (17) MoryT ObITH BEIMHCIICHB! B BH/IE CKAIAPHBIX TPOH3BEICHHI:

O = (F,iy) wm  Q, = (M,,1,); (18)

nepsas (opmMyna OTBEYAET CAy4aK, Koraa k-e cinaraemoe B (17) oTBedaer cuie, MpuiIo-
JKEHHOH B TOYKE A, BTOpas — KOTJa OHO OTBEYAET MOMEHTY, ACHCTBYIOUIEMY Ha TEMO /.
[Tpu sTOM:

U, — nepenatodHas (yHKUMA THHEIHHOH CKOPOCTH TOukH A | ‘F[ = W,q;
u j — mepeaaroyuHas QyHKUMA YrI0BOH CKOPOCTH Tena J | ® g = _J,-q

(mepeaarounas QyHKIHA KakoH-THOO CKOPOCTH — 910 [9,10] koaduumenT B BBIpake-
HHH JaHHOT CKOPOCTH 4epes 0000meénny o ckopocTs ).

PackpeiTHe cKangpHLIX npousseaeHHil B (18) ya00HO BEIMOIHATE MYTEM Mepexoaa
K MPOEKIIHAM

( Fﬁ;"-' "_lt] ™ Fk.\: Uy + Fk}' Uiy > ( M-"f’ l-j.rw’I = Mkz u.f-’f '

B tunoeom pacuére /I-5 B kauecTse 0000MEHHON KOOPAMHATEL ¢ UCTIONB3Y-
eTcsl YroJl NOBOPOTa MAXOBHUKA (P ; NMoToMy B 11.37 nmeem:
q = ¢, g = @ = Wy, ,
Crangaptroii dopme (16) Beipaskenus ana | B 3aganusax pacuéra JI-5 Mox-
HO MPHIATE CASAVIOMHHA KOHKPETHEIH BH/:

: B [4,8] omican wHOH crnocol BEMHCIEHHA 0000MIEHHONH CHITBI Q, B COOTBETCTEBHH C
KOTOPBIM CHAYANMA BHMHCIAOT cyMmy N'° BOIMOKHBIX MOUIHOCTEl AKTHBHBIX CHI (TMPH 3TOM
ckandpHele npousseneHus (18) saMeHAIOTCS AHANOIHYHBIMK [TPOU3BENEHHAMH, B KOTOPLIX din-
[YPHPYHOT YiKe He NepeiarouHblie PYHKLUHH, a CAMH NHHEHHBIE | YIII0BbIe CKOPOCTH), a OKOHYa-
TenbHoe Bepakenne ana () waxomst no gopmyne 0 = N/ g
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i EI(A'stin?q},]q‘::f (19)

(¢ BO3MOKHOM 3amMeHOM sin Ha cos), rae A u B — Oyksennsie 0603HaueHus mno-
CTOAHHBIX KOdpHIMEHTOR (9TH KOdPHIHEHTE BRIpA/KalOTCA Yepe3 napameTphl
sananua). Ha ware 5° npenctapienHoro Beille airopuTMa PEKOMEHIVEeTCs nosy-
4UTh ABHBLIE Bhipaskenus uia A u B, a nanee paborark TO/NBKO ¢ 3THMH CHMBOJIA-
MH (B YaCTHOCTH, 3TO yNPOIIAET BHIYHCIEHHE NPOH3BOIHBIX Ha mare 7).

[locae coctapnenus ypasHenui Jlarpanaa HY/KHO NPWBECTH YPABHEHHWA
nBHIKeHHA MamrHel K hopme Ko (1), nepeiias kK ypaBHeHHAM |-T0O mopaaka

P = @y, 0y, = €;,

riae ;, 0. WrpalT Pojib MEPEMEHHBIX COCTOSHH, A BEJIMYHHA €. = (| SABIIs-
ercA M3BECTHOH (pYHKUHEH OT () U () .). BBIpajKEeHHE LUIA £;. HAXOAHM, pa3pe-
was ypasHeHus Jlarpanixa OTHOCHTENIBHO (.

[Tpn nonydenun pacuérHelx dopmyn s nporpamm dk u LinkGear
HYIKHO MMETh B BHAY cieayiomee. Buipamenune mis () (ocobeHHO, eci monb3o-
BaTbCA OYKBEHHBIMM, 4 HE YMCNOBbIMH KO3(QHLMEHTAMH) MOMKET O0Ka3arbes
C/MLIKOM FPOMO3/IKMM M HE MOMECTHTBCA B CTPOKE BBOAA. YUMThIBAs 3TO, PEKO-
MeH,IyeTes pa3ouTh Beipaxkenue Ui (J Ha TPH ciaraeMmbix:

Q = O+ @yt U, (20)

rie KaKI0e W3 ¢laraeéMbiX B NPaBoi yacTd oTeeuaer skiuagy B (J, kotopeiil galor
COOTBETCTBEHHO JBUIATE/b, HAPY3KA M CHIIbL TAIKECTH.

B pesyasrare nonyuaercs nocieioBaTelNbHOCTh W3 ceMi pAcEémubix gop-
amya. B aTolt mocnenoBatensHocTH cniepsa uayT dopmynst ana O, Oy, 0., 3a-
Tem — copmyna (20), mocne — dopmyasl ana koncrant A, B wn, nakonen, ¢op-
MyJia s €, (B mpaBoii yacTH kKoTopoii (urypupyior senmmuunn A, B, ().

Tenepe BeE roToBo Ang padoTel ¢ 00YYAKOLIER NPOrPAMMOH.

Ecnu ropoputs 0 nporpamme dk, 10 OHA, KaK ViKE OTME4AN0Ch, HMEET ABOAKOE
HAZHAYMCHHE . HCTIONEIVETCA KaK A4 BBINOHCHHA THIIOBOIO pacucTa No AHHAMHEKS Md-
[IHHbI ¢ KYJTHCHBIM MPHBOJOM, TaK H /1A NPOBEPKH Pe3yJIbTATOB, MOTY4EHHBIX CTyIECH-
ToM npu BeinonHenud U3 no annamuke (cm. n.7).

B cootBercTBMuM € 3TUM OCHOBHOE MeHIO nporpammel dk conepikur cneny-
oiMe nyHkTel “UHAMBUAYaNLHOEe AoMalHee 3aaaHue”, “TunoBoi pacuért”
u “3asepweHue pabotbl”. [Ipeanonoxum, uro seibpan nyHkr “TUNoBoOK pac-
48T, B 3TOM CJiyuae Ha 3KpaH Oy/jer BBIBEJIEHO MEHI W3 TPEX nyHkToB. “3Ha-
KOMCTBO C 3agaHuem”, “BbinonHeHune 3aaaHua” u “3aBeplieHue pabotbl”

(puc. 1). Pabora ¢ rakum menio Obisia onvcana B n. 1.

B mMeHi0 Ui BBOJIA NapaMeTpoB 3a/laHus NPUCYTCTBYIOT JBE rpynnel napa-
METPOB; B nepBylo Bxomar Mp. k., 14, I4.my. m3. my. Ry. ry. Ry, '3, P3.
Ry, Xy, Ps. a BO BTOPYIO — P4(0), @4z(0) 1 T (0Do3nHaueHHa coBmagaioT ¢
Henonb3yeMeiMa B [4]). [lapamerpsl BTOpO#i rpynmsl fon7kHE ObITh 3a1aHbl 004-
sateneHo (A @4(0) suadenne OGepérea U3 npuBeaéHnoOl B pazaene 3 Tabnuusl,
a Wqz(0) monaraerca pasupiM 27/T), 3HA4YEHMA NAPAMETPOB NEPBOH IPYMIbI
HY#HO BBOJAMTH B TOM CIy4ae, €C/IH OHH (DUIYPUPYIOT B pacuEéTHbIX (hopmynax.
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Bac npueaTcTEyST NporpasmMa D!
Mporpamma DK nomoxer Bam pewwte sanaYy 0 AWHEGMWHE MEXa—
HUIMa C HYAMCHEIM NPUWBO00M .
MoxanylicTa, MNP NOMOWM HAABWLI YNPaEAEHWA HYPCOpPOM BbiBe-
puTE TO, 4To Bac wHrepecyer.

[
K

l FHaAHOMCTED C JagaHWeEM I [ BrinoaHeHWwe sagaHuA I I ZapepweHwe patoTe I

Koa npoueccopa: CIS-601-211

Puc. 1. ITporpamma dk: menro noacucremsl ~“THMoBo# pacuér”

Cemb pacuérHblx GOpMy BBOAAT B ONHCAHHOM Bbllle nopaake (ueTBépras
dopmyna — t.e. dopmyna (20) — yixke onpeneneHa B camoil nporpaMmme, W no-
[bITKH €€ W3MEHUTh ONOKUPYIOTCA). B MX npaebix 4acTAX MOMKHO HCIONB30BATH
napaMerpbl NEpPBOH IPyNIbl, KOHCTAHTY § (MO/y/lb YCKOPEHUs CBODO/HOIO na-
JEHHA), TepeMEHHBIE COCTOAHHA Pq, W4z W BEIWYHHBI, ONpPeIeEHHbIE MpeIbl-
JVIITHMH (POPMYIIaMH.

[lo 3aBepuieHMM WHTErpUpOBaHWA VPaBHEHWH ABWKeHHs nporpamma dk
MO3BOJIAET BBIBECTH HA 9KpaH rpadmky 3aBMCHMOCTEH BENHYMH (O, .. €, OT [,
a Tak:ke Tabauiy 3HAYeHHi THX BETHYMH B OT/AEbHBIE MOMEHTHI BPEMEHH.

Tenepe obcyaum padoty ¢ nporpammoii LinkGear.

OcHoBHOe MeHIO mporpaMMel LinkGear coaep:kuT nyHKThl “BbInonHe-
Hue 3apgaHna” u “3asBepweHune pabotbl”. [lpu BeIOOpEe nepBOro M3 HUX CTY-
JEHTY NpeiaraeTcs 3anoiHuTh pesucmpayuonnyio gopay otyuaioujecocs (T.e.
BBECTH CBOM (DAMMIIMIO, UMS M OTYECTBO, HA3BAHHME TPYIINbLI M HOMEP BApHaHTa);
JaHHBIe W3 3ToH GOPMBI HCTIONB3YIOTCA TPH TeHepalnH OTUETOR M COXPaHEHWH
JAHHBIX.

[locne 3zamonmHenus perucTpauHoHHOH (opMbl 00VUalOMIErocs Ha JKpaHe
otobpamaeTca padovee Menio NporpaMMel;, €ro NyHKThl COOTBETCTBYIOT MOCACAO-
BaTeJbHBEIM JTanam BbIIOIHeHUA 3aaanus (puc.2). B nesom none pabouero meHio
MOMENIEHO AHHMHPOBAHHOE H300PAKEHHE MAITHHBI /171 BRIOPAHHOTO BAPHAHTA.

JBHiKeHHE MALIHHBL, BH3YATH3HPYEMOE NPH aHHMALHH, ONPEeaeNaeTcd KHHEMATH-
YECKH H XaPAKTEPH3YETCA PABHOMEPHBIM BPALICHHEM MAXOBHKA (BMPOYEM, OTIHYHA Ta-
KOTO JABHKCHHA OT JCHCTBHTEILHOTO JBHKCHHA MAITHHBL, OTIPEICIACMOTO ¢ VIETOM JTH-
HAMHKH, HEBEITHKH ).

JIna M3MEHEHHA CKOPOCTH AHHMALIMH HEOOXOIHMO NOMECTHTb KyPCOpP MBILIH HA
H300PAKEHHE W HAKATH JICBYH0 KHOMKY MBIIIH. HA JKPaHE MOABHTCA JIHHEHKA C MON3YH-
koM, llepemeinas MbILUBIO [0JI3YHOK BBEPX MIH BHH3, MOMKHO MEHATH CKOPOCTH M Ha-
MPABIEHHE JIBHKEHHA MAllHHbL. [TOBTOPHBIH LIENHOK MBLILIBK N0 H300pakeHHIO yOupa-
€T JIMHEHKY ¢ 3KpPaHa.

[Tpu BEIDOpe nyHKTa “BBOA HAYaANbLHLIX JAHHBLIX" MOABNAETCA MEHIO A8 BBOJA
napaMeTpos 3aaanua (B 3tom MeHio aoctyned KAJIBKVJIATOP, BeizbiBa€MbBIA HAKATHEM
komOMHauun Ctrl-A). Auxanoruuso, sbidop nyHkTa “Beog dopmyn” sneuér noss-
JICHHE MEHIO JITA BBOJIA pacHETHEIX GopmyL,
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Pafiouee MeH, BapuanT N? 31

Bapuanr M 31

Beoa wopryn

Brieoa rpadiece

Brieg Tatinuiue peaynsTaTos

Coxpanerie ganHbx

JArPUSEA COKDAHSHHS 1 SHMRR

Morsowe

Cozname oryer

B rnzeqoe memo

Puc. 2. Tlporpamma LinkGear: pabodee MeHIO ¢ H300pakeHHEM MAITHHEI

YucneHHoe MHTETPHPOBAHHME YPABHEHHH NBHKEHHA MALUHHBI BBINOJIHACTCA IIPH
obpamenun k nyHty “BeiBOA rpacdukos”. Haszpanua ocTanbHBIX NYHKTOB padouero
MEHIO TOBOPAT caMHu 3a cedA (3aMeTHM, 4TO JACHCTBHAM MPOrPaMMBbl [0 COXPAHEHHIO
nauHelx B paboyem Qaiine u 3arpyske ux H3 nanHoro Qaiia OTBEYAOT OT/AE/IbHbIE I1YHK-
Thl MEHIO).

Oopawaem Bawe suumanne Ha nyHkT “Co3garte oTuyéT” B pabouem meno. [lpu
BEIDOpE JAHHOTO MYyHKTA nporpaMma reHepupyet Qaiin otyéra ¢ pacumperrem .html,
COACPKAIHIA TPaPHKH H TAOIHILY Pe3yIbTATOB MOACTHpoBaHua. Jlanueri (aiin oTuéra
B JTATBHEHTIIEM MOMKHO TPOCMOTPETE H pacrieyaTarh — MONL3VACE, HATIPHMED, TporpaM-
Mol Microsoft Internet Explorer: e¢ro MOKHO TAKKE BCTARBHTLE B JOKY-
MEHT, MOATOTABMHBACMBIH MPH NoMoH nporpammel Microsoft Word.

Takum obpazom, npu padore nporpammoii LinkGear yxe He tpedyercsa “Bpyu-
HYH) COXPAHATH COIEPIKHMOE IKpaHa B BHae rpaduteckoro daiina.

Ha mobom 3Tane padotel ¢ naHHOH nporpammoi goctyned KOHCYJIbTAHT, Bbi-
3bIBAEMbIH HazkaTHeM KoMOHHALMKH Ctrl-H: Kk HeMy MOMKHO TaKKe OOpPATHTHCA, Bbi-
Opae nyHkT “Momow” B paboyeM MEHK NPOrpaMMbl.

1.5. TunoBOK pac4yeéT no AMHaAMMKe MallUHbI
C KPUBOLWMNHO-NON3YHHbLIM NPUBOAOM

[Tporpamma dm npeaHasHavueHa 1A BRITIOJHEHHA THTIOBOTO pacuéTra /-4 u3
nocobus [4]. Llens pacuéra no AMHAMHKE MAlIWHBI ¢ KPHBOIIHITHO-TION3YHHBIM
OpHBOAOM — OTPaldOTKA HABBIKOB COCTABJICHHS YPABHEHWIl IBUIKEHUA MeXaHHue-
CKHMX CHCTEM C NOMOIULIY 00X meopem ounamuki U npuoOpeTeHus onbiTa Ma-
TEMATHUYECKOT0 MO/IE/IMPOBAHMNSA JIHHAMHKH MAalLIMH,

Ilpu pewenun 3aga4 no teme “O0wMe TeOpeMbl JHHAMHKH HA 3Tane cocrasjie-
HUA YPABHEHHH JBH/KEHHA MOMKHO NPHIEPKHMBATHCA CIEAYHOIEH MOCIEI0BATEIBHOCTH
JEeHCTBHIH:

1°. PacuneHuTh MEXaHHYECKYI0 CHCTEMY HA OTAE/IbHBIE TENA, BBOAA PEAKUHH
CBA3CH.
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2°. CoctaBHThb IPH NOMOLIH ODIHX TEOPEM AHHAMHKH YPABHEHHA JBHKEHHA [ULA
Ka:KI0TO H3 TElL

3°. C yu&TOM HMEIOMIMXCA CBA3CH BBIPA3HTh (PUIYPHPYIOIIHE B MOJYYEHHBIX
YPABHEHHAX KOOPAHHATHI, CKOPOCTH H YCKOPEHHA YEpPe3 HE3ABMCHMBIE,

4°. PaspemiuTs MONMYYEHHYIO CHCTEMY YPaBHCHHH OTHOCHTECIBHO YCKOPCHHH H
peaKimH cBA3eH.

Ecnu B 3apade mpeaycMaTpHBAeTCd HAXOAKICHHE 3aKOHA JBMAKEHHA MEXaHHYE-
CKOH CHCTEMBI, TO MOJy4EHHBIE COOTHOMIEHHA 11 YCKOPEHHH pacCMAaTpPHBAIOTCA Kak
anddepentnaibuble YPABHEHHA, KOTOPLIE HYHAHO IPOMHTEIPHPOBATL (AHAIMTHYECKH
HITH YHCIEHHO ).

OTMETHM, 4TO B TEPMHHOJOTHH AHAIHTHYECKOH MEXAHMKH YNOMHMHABIIMECA Bbl-
€ HE3aBUCHMBIE KOOPIHHATBI €CTh HE UTO HHOE, Kak 00o0mjénnvie koopounamst [7]
MEXaHHYECKOH CHCTEMBI.

B HexkoTOpBIX 3ana4ax MOMKET OKA3aThCA 3aTPYAHHTENbHBIM BbIPA3HTh BXOMALILHE
B YPABHEHHA JBHMKEHHA OTAE/IBHBIX TEJ KOOPIHHATHI YEPEe3 HE3aBHCHMBbIE, MOCKOIbKY B
00MIEM CTY4Yae ITO CBA3AHO C PELICHHEM HENMHEHHBIX YpaBHEHHH (Ana cKopocTei M yc-
KOPEHHH COOTBETCTBYIOLUIHE COOTHOLIEHHS ABASIOTCH JTHHERHBIMH, NOITOMY TPYAHOCTEH
HE BO3HHKAeT). B ciyuae, KOrja 3aKoH JIBHMKEHHA HAXOJIMTCA YHCICHHO, MOKET OBITH
MONE3HEIM PACCMATPHBATE VPABHEHHA JABHKCHHA B UIOLIMOMHOM HAOOPE NEPeMenibiX
[11]. KOrga “HCIO HCMOMBL3YEMBIX KOOPJAHHAT OOJbiNe YHciaa 0000mMEHHBIX (31eCh He
PAaccMaTpHBAlOTCA BBIMHCIHTEIbHBIE TPYAHOCTH, KOTOPBIE MOTYT BCTPETHTHCA MPH HH-
TETPHPOBAHWH YpaBHEHHIT ¢ W30BITOUHEIM HAOOPOM MEpPEMEHHBIX HA JOCTATOYMHO ITHH-
HOM MHTEPBANE BPEMEHH, 1A NPEOJ0IEHHA TAKHX TPYIHOCTEH NMONb3VIOTCA CHEIHAIIb-
HeIMH mpuémamu [11-13]).

OrpaHHuHMCA CIIy4aeM NIOCKO20 OBUNCEHUA.

Paccmorpum Teno ¢ Homepom j. Ilyers m — ero macca, (' — uenrp mace, () —
HETIOIBHKHAA TOUKA (ecrmn takosad umeetca), F ., F,, ... — neficTeyrommue Ha Te10 cH-
nbl (KaK AKTHBHBIE, TAK M PEAKLIHM CBA3EH), M8 NPOCTOTHI ONYCKAeM B 0003HAYEHMAX
nnneke /. Torjaa, npuMeHsas TeopeMy O JBHMKEHHH HIEHTPa MAace, MoITy4aeMm:

m[':f"x - %Fkx ’ mr}t'_v - % FJ‘:J'; (21)

MPHMEHAA WE TEOPEMY 00 WIMEHEHHHM MOMEHTA KOIHYECTB ABHVKCHHA OTHOCHTEIBHOD
HENOABHMKHOTO LEHTPA HIH, €CJTH TAKOI0 LEHTPA HET, TEOPEMY 00 H3IMEHEHHH MOMEHTA
EOMHYECTE OTHOCHTENRHOTO OBHVKCHHA C MOMOCOM B HEHTPE MAacc, HMECM COOTBETCT-

BCHHO = .
J;:r [hj: = Z Mf):(Fk) HITH J:t (;];z = Z M"E{F.&] 3 (22)
k k

rue .J,, .J. — MOMEHTBI HHEPUMH TeNna j OTHOCHTeNbHO Tovek (J, (' (T.e. OTHOCHTEILHO
oceil, MPOXOIANINX Y€Pe3 TaHHBIE TOUKH H OPTOTOHANBHEIX TIOCKOCTH IBHMKCHHA ).

B Tunoeom pacuére /-4 MmexaHuueckas CHCTEMa COCTOMT W3 5 Tel, B UMcio
KOTOPBIX BXOAT, B YaCTHOCTH, MaXOBHK /, WaTyH 2 ¥ Noa3yH 3, COeAMHEHHBIH C
WATYHOM TOYEUHBIM wWwapHupom B, Dta cucrema MMeeT OJHY CTeneHb cBODOIbI.
CnenoBatenbHO, B KAYECTBE HE3aBHCHMMOM KOOPAMHATBI MOMKHO OblI0 Obl B3ATH
yroJi (p; NOBOPOTA MAXOBMKA (A B KAYECTBE HE3ABUCHMBIX CKOPOCTH W YCKOPEHHS
~ COOTBETCTBEHHO ©1-= @, W €1. = (). OaHAKO NPH BHIPAKEHHH YIa O,
MOBOPOTA WIATYHA Yepes3 (P BO3HHKAIOT TPYJAHOCTH, TO3TOMY (0, paccMmarpHBaeT-
€A KaK u30bITOYHAA KOOPAMHATA.

B pe3ynbTare ypaBHEHHA [BHMKEHHA MalliMHbI, npueenéHHbie K Buay (1),
MMET BUJL
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Pr = 01, Gy = 0y, @y, = Bz, (23)
rae @y, ;. 0, UCPAOT POk NEPEMEHHBIX COCTOAHUA, 4 BEIHYHHLI (5. U E
ABMAIOTCA M3BECTHBIMH (PYHKLIMAMH OT MEPEMEHHbIX COCTOAHNA (pacuéThbie (op-
MYJTBI JUIS KOTOPBIX TPeOYeTCs NnoJIyuuTh B XOJIE COCTAB/ICHHS YPABHEHWH JIBHIKE-
Hust). TTOCKONIBKY MOCTAHOBKA 3a/1a4¥ BKIIOYAET TAKKEe HAXOMKICHHE YCHIHA S B
maryHe Kak (OYHKIHHA f, HYIKHO BBIBECTH M pacuéTHyIo opmymy s S,

[locTanoeka 3aganna TP, KHHEMaTHUECKHE CXEMBI MAlllHH, NMEPEYEHb JACHCT-
BYIOHIMX Ha CHCTEMY CHIIOBBEIX (JaKTOpPOB W HHCIEHHBIE 3HAYEHHS MapaMeTpoB
npuseaeHe! B [4], HanoMuuM, 4TO BAPHMAHTBI 3a1aHUA JIENATCA HA /1BA THNA,

K nepgoyy muny orHocares mauiMHbl, cHADKEHHBIE NPUBOJIOM OT O/IHOLM-
JIMHAPOBOTO ABYXTAKTHOTO ABHTaTeNsi BHYTPEHHETO CTOPAHHSA C [IBHIKYIIEH CHITOH
F, . npunoxennoii k nossyny. Moayib 3T0H CHlbl PaBeH HYJIKO IPH XOJIOCTOM
XOJle TIO/I3yHa W KOHCTaHTe f, npu paGouem Xxone. B HeKOTOpBIX BapHaHTax K
OJIHOMY M3 TeJ npuaoKeHa cuia varpyskn K, nnu moment narpysku M, moay-
JI KOTOPBLIX MOCTOSHHBI.

Ko amopomy muny 0THOCATCH MALIMHBI, HMEIOLIHE IPUBO/L OT IEKTPOIBH-
rareqis ¢ NOCTOAHHBIM Bpamaomum MomenToM M ;. B stom ciyuae cumraerca,
YTO K MOJA3YHY NpHaoikeHa cuna narpysku K, y kotopoii moayns pasen sanan-
HOIl KOHCTaHTe Mpy padoueM XoJe MOI3VHA H HYJIH0 TIPH XOJI0CTOM XoJe).

B Bapuantax oGoux TMNOB CNEIYET TAK 3a/1aTh CWIOBBIE (DAKTOPEI, NMPHBO-
JSIIHe MAlluHy B IBHKEHHE, 4TODBl JBHAKEeHHE OLUIO NEepHOAHYECKHM ¢ MepHo-
oM T (B BapMAHTAX 1-ro TUNA juis 3TOr0 HYKHO BBIYHCIHTE COOTBETCTBYIONIEE
IHaueHWe KOHCTaHThl |, B BapHaHTax 2-ro THna — Moy Mmomenta M ;). Boi-
YHUCIEHHE OCHOBHIBAaeTCA (4] Ha MpHOMMIKEHHON JHEpreTH4eckol oueHke pabot
AKTHBHBIX CHJ 33 BPEMS LIMKIA (HMCNONb3yeTcs TeopeMa 00 H3MEHEHWH KWHETHYE-
CKOM 3HEPryun).

Buinonusas mward 3°—4° npuBeséHHOro BhIIE AIrOPUTMA M COCTABIAA pac-
yétHple (POpMYIBI 1A nporpaMMel dm | HYKHO HMETh B BUIY, 4TO (pOPMYJIa, Bbl-
paKAIOWAnA €, Hepe3 O., V-, Py, (., a Takwke opmyna ana S okassIBaIOTCSA
BecbMa rpoMo3akumMu. Jlna toro, uroOsl Bce QOPMYIbl MOIJIH NOMECTHTHCA B
CTPOKE BBO/1A, NPEAYCMOTPEHO ClSAYIOLISE,

[yers % = u(@,, ;) — TpoeKuHs NepeaaTouHol (GYHKIUHH CKOPOCTH
Touku B Ha ock MOJI3yHA (T.€. Vg = U ). HIH Vgy = U M) — B 3aBUCHMOCTH
OT TOro, Kak ABHIKETCA MOJ3YH B JAHHOM BapHAHTE. V1A ONpeaenéHHOCTH janee
CUMTAEM, HTO OH ABHIKETCA Mo BepTHkanu). Torma Vg, = U Ey,+ U, O, TIC
i, — HeKoTopas HOBas (PYHKLMA OT (0, (5, )., B,.. Eciu npeasapHTenbHO
HAHTH BBIPAKECHUA NS U W U W BKIKOYUTH NONYYEHHBbIE (DOPMYJIBI B HHCIIO pac-
4ETHBIX, MOKHO CYHIECTBEHHO YITPOCTHTH BHIPAKEHHA UIA €, 1 S (KaK 9T0 M pe-
KomeHnyercs B [4]).

Kak oTrmeuanoch Bblllle, BO BCEX BAPHAHTAX CPead CHJ, ACHCTBYIOILIMX HA
TeJla CHCTEMBI, HMEETCsA CHIIA, MOJYJIb KOTOpoi (0Go3Haumm ero uepes F') B 3a-
BMCHMMOCTH OT HalpasieHUs [BHKEHHUA M0JI3VHA PABEH TO HYJIKO, TO OT/IMYHON OT
HyJIs KoHcTauTe (OyjeM BO Beex ciyuanx o0osHauars eé [y). peus maér o cume
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F, ans sapuanros 1-ro tuna u o cune Fy s sapuanros 2-ro tuna. HMubimu
cnoBaMu, [ 3aBHCHT OT 3HdKa CKOPOCTH Vgy- YUMTBIBaA, 4TO BO BCE BPEMA JBH-
WEHHA (). ~ 0, Beipaxenue s F mokHO NPeACTABHTL B BHJIC

Fe={nz07? 0: 5,) (24)
(30eck B MPaBOM 4YacTH CTOMT YCIOBHOE BBIPAMKEHME, HOTALMA B3ATA M3 A3bIKa
nporpamMMupoeanna Ch).
Hakonen, ana nanesHeHmero ynpoumeHna BeIpaKeHHA A £, MOWKHO BBIJIC-
JMTH B HEM Kakoe-1u00 noasbipamkenue u 00osHaunts Oykeoii A (nanpumep, 3a A
MOKHO MPHHATH ClAraeMoe, NPoropUHOHAILHOS NEPBOI CTENEHH U ).

Tenepe BCé roToro ana paGoTel ¢ mporpamMoi. B meHio ang BBOma napa-
METPOB 3a/aHHA MPUCYTCTBYIOT [BE IPYINbl NapaMeTpoB; B NEPBYIO BXOAAT T,
®1(0). ®2(0) n @42(0), a o BTOpYIO — L4, M3, Mg, M5, Ry, Ry, Iy, Pg.
Rs.r. A, 0, M, F .M, 1. Fy. Obo3HaueHns, Kak npaBuao, COBNAAAIOT ¢ Me-
NnoJib3yeMbiMu B [4], HO €CTh M OTJIHYKMA (B OCHOBHOM OHH Bbi3BaHbI CTPEMJIEHHEM
chenaTh pacuéTHbie (OpPMYIB OJHOTHIIHBIMH U1 BCeX BApHaHTOB M H30ekaTh
HEOOXOAMMOCTH BBOAMTH C KIaBHaTyphl OVKBH pycckoro andasura). Mmenno, B
BapuanTax _l-ro tuna uepes F,a M, 0003HAYEHBI COOTBETCTEEHHO MO/Iy/lb CHJIbI
narpysku F,, u momyne momenta narpyskn M, . B apuanTax 2-ro tuna M o6o-
3HauaeT Moay b Bpawaowero momenta M, a Fy; — snauenne F, npu paGouem
xoje nonsyHa. Bo Bcex sapuanTax uepes A oGo3naueHo otHomenue ¥/ /.

[TapameTprl nepBoi rpynnel A0MKHE OBITE 3agaHbl 00A3aTENBHO (3HAYEHWE
s p4(0) depérea u3 npusenénHoi B [4] Tadnuuel, a ®@4z(0) nonaraercs pas-
HbiM 270/T); 3HAYEHHs NNAPAMETPOB BTOPOH IPyIibl HYKHO BBOJWTH B TOM ClIy-
4ae, ecan OHM PUrypHpyroT B pacuétubix Gopmyax.

Pacuérnbie opmyiibl BBOAAT B cieayiowem nopsake. CHauana ciaeayor
thopmyna ais u u dopmyna ana F, T.e. dopmyna (24) (oHa yike onpeaeneHa B
camoii mporpamMMe, a NONBITKH €& H3MeHuTh Onokupyiotea ' ). [Tocne Toro Hysk-
HO MOCNE10BATeNBHO BBeCTH GopMynbl Wi Wy, Uy, A, €4, 1 S (ecru B dop-
Mynax ans €, u S nepemennas A He BCTpEuaeTcs, B KAUECTBE 3HAUCHHA i A
MOJKHO BBECTH HOIb).

B npaebix yacTAXx pacu€THBIX (DOPMYJT MOKHO HCIOIL30BATH MapaMeTphbl
BTOPOH Ipyniibl, KOHCTAHTY G (MOYJIb YCKOPEHUsA CBOOOIHOIO naneHus), nepe-
MEHHBIE COCTOAHUA Pq., Pa. W4z W BEAUUWHBI, ONPEACIEHHBIE TPEIBITYIIAMHA
chopMyIaMH.

[lo 3apepuieHHH HHTErpPUPOBaHMA YPAaBHCHHMI ABMIKCHMA mnporpaMva dm
MO3BOMAET BRIBECTH HA IKPaH rpahuky 3aBHCUMOCTEH BEIMUHH Py, (0., €, U S
ot £, a Takxe TabaMIly 3HAYEHWH BETHYHH QO , Py, O ., O3, €, S B oTnenbHBIE
MOMEHTBI BPEMEHH.

1

JameTHm, YTO MpaBHaa, MO KOTOPHIM MpH padoTeé ¢ paccMaTPHBAEMBIMH 3ech 00ya-
FOLIMMH MTpOrpaMMaMi HaOMpalTCA MaTemMaTHueckne QopMyibl, HE NAKOT CTYIEHTY BO3MOWKHO-
CTH CAMOCTOATENBHO BBECTH VCIOBHOE BHIPAKEHHE,
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1.6. TunoBOK pacyéT Nno AMHaAMMKe MaHMnynATopa

Ilporpamma rodina npeaHasHadeHa /Uis BhINOJHEHUS THIIOBOTO pacuéra
Mo JHHAMHKE TPEX3BEHHOro manunyistopa. llens pacuéra — orpaboTka HaBbl-
KOB COCTAB/IEHWA YPABHEHHH [BHIKEHMA MEXAHMUYECKHMX CHMCTEM C MOMOLIBK) Me-
mooa KuHemocmamuxy W MpHoOpeTeHHe ONbITa peumieHna o0paTHBIX 3a1a4 AWHA-
MHKH MPOCTEHIIHX PODOTOTEXHUYECKHX CHCTEM.

3aMeTHM, YTO MOCTAHOBKA 3aJaHusA gaHHoro TP ¥ mpuMep BhIMONHeHHA 3aJaHHA
npusoaaTca B [3]. B ormmwumne ot pacuéra JI-3 u3 nocodus [4], Takie noceAmERHOTO
pelieHH0 00PATHOH 3a1a4H JIHHAMMHKH 1A TPEX3BEHHOTO MAHWIYJIATOPA, JAHHBIH TH-
MOBOM pacuéT COXPAHAET MPEEMCTBEHHOCTb ¢ TP M0 KHHEMATHKE YNPABIEHHA MAHHITY-
NATOPOM. YTIOMAHYTHIH PACUET B HACTOAIIEE BPEMA BBINOMHAKT CTYIEHTHI BCEX CTIELH-
aneHocTed MDOU, mayuaromme kype “Teopernueckas MexaHHka , Anf 3TOrO OHH IOJIb-
3yroTea 00yyaronei nporpammoii robby?2, pabora ¢ koTopoi onucana s [ 14].

MeToa KMHETOCTATHKH, OCHOBAHHBLIA Ha npuHuune Jlanambepa [7] 1 nosso-
NAIOMMHA (POpMATIbHO CBECTH 3a4avy AHHAMMKHM K 3a/1a4e CTATHKH, 4acTo [pUMe-
HAETCA B WHIKEHEPHBIX pacuérax NpU COCTABIEHWM VDABHEHWIl ABMIKEHUA Mexa-
HUYECKHX CHCTEM.

ﬂpH PEIICHHH 3a0a4 MTHHAMHKH METOIOM KHHETOCTATHKH HA 3TANE COCTABICHHA

VPABHECHHH MBHACHHA MOMKHO TIPHACPKHBATLCA CIACAVIOMEH MOCIEA0BATCIBHOCTH JCH-
CTBHIA:

1°. JlobaBuTh K AKTHBHBIM CHJIAM, JIECHCTBYIOLIHM HA TEIad MEXAHHYECKOH CHCTE-
MBI, CHJIbI HHEPLIHH W PACYJIEHHTE CHCTEMY Ha OTJENBLHEIE TeNa, BBOJA PEaKkiLHH CBs3eH,
27, 3anmcate ypaBHEHHA PABHOBECHA MOMTYYEHHBIX CHCTEM CHIL.

3%, C y4ETOM WMEIOLIHXCA CBA3EH BBIPA3UTH (DUIYPHPYIOLIHE B 3THX YPABHEHHAX
I{UGFI,EI.HHHTIJI, CKOPOCTH H YCKOPEHHA 4EpPes HE3ABHCHMLIE,

47, PaspeluMrs [OJYHEHHYI) CHCTEMY YPABHEHHH OTHOCHTE/ILHO HEM3BECTHBIX
YCKOPEHHH, CHJI H MOMEHTOB.

Jna matepuaneHoit Toukn M ¢ maccoi M cuina mHepuuu onpeaenserca [7] pa-
BEHCTBOM

d YPABHEHHA KHHETOCTATHEH HMEHT BHI

>F,+2XR,+® = 0, (26)
k '}

rae FJ‘: — JEHCTBYIOHIME HA TOUKY AKTHBHBIE CHIbL, R; — peakumu ceasei.

Jlns abcomoTHO TBEPAOTO Tena ¢ ueHTpoMm mace (' CHITBI HHEPLHH MOXKHO (1O
H3BECTHOH M3 CTaTHKH Teopeme [lyaHco) 3aMeHMTh COBOKYITHOCTBIO CHIIbL, NMPHIOKEH-
HOH B TOuke (' M PABHOH INTABHOMY BEKTODY CHII HHEPLIHH, H TAPBI CHII, MOMEHT KOTO-
poii paBeH ITABHOMY MOMEHTY CHJI HHepuMH. llpm 3ToM B ciydae mnockoro JIBHKEHHA
HMEEM CJICAYIOLIHE BLIPAXKEHHA /IS NPOEKUHH [NIABHOIO BEKTOPA H [JIABHOIO MOMEHTA
CHIT HHEPLIMU:

CDJ.I = —MWg, , fD”. = —MmWe, ,

HH
L gy =i €z, (27)
rae / — HOMep Tema, a M W.J. — eTo Macca ¥ MOMEHT HHEPIHH OTHOCHTENbHO ToukH (.

B paccmarpuBaemoM coydae amA Tena | MOMKHO COCTABHTH TPH YPABHEHHA KHHE-
TOCTATHEH (B KOHKPCTHOH 3a/1a4¢ MOTYT MOHAT00OHTHCA HE BCC H3 HHX)!
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ZE:F*I-'_ ;RFI_F{D.H =0, %ij' + ;Rf_1'+¢:',1f = by

> M, (F,) + XM, (R) + Mﬁz(tﬁf] = 0:
k !

(28)

sneck Fp — nefcTBylOIIME HA TOYKY AKTHBHBIE CHiIbL, R; — peakuuu ceaseii: B — npo-
H3BOJIBHO BBIOPAHHBIH NOIOC.

[lepeiiném Teneprs Kk M3NOKeHHIO nMocTtaHoBKkH 3amaqud TP. CHavana npuee-
JIEM P CBEIASHHIT W TEPMHHOB, HCTIONIB3YEMBIX JalIee.

Manunyiayuwonnstit podom — 3T0 TEXHHYECKOE YCTPOHCTBO C ABTOMATHYECKHM
YIpaBiacHHEM MO HIMCHACMOH NporpaMMe, NpeiHazHaAuCHHOE 118 BOCHPOH3BEACHHA Pa-
Oounx Qyukumil pyk uenoseka [9]. MenonuurensHbM yCTPOHCTBOM MaHMITYJISIHOHHO-
ro pﬂ‘ﬁﬂl’ﬂ CJ]}"}HHT ..'H'ﬂHHF{}l'IHHHJP — MHOIO3BEHHbIH MEXAHHM3M C HECKOJIBKHMH CTEIe-
HAMH ¢B0OOABL. MaHHOYIATOPBI OCHAIAKTCA 3AXBATHBIMM YCTPOHCTBAMM, NPEIHA3HA-
YEHHBIMH U1 3aXBATBIBAHWA W YIEPKaHHS o0bexma manunyiauposanus — o0padatei-
BAEMOI0 H3NENHA HIH 00paldaThIBAIOLLIErO HHCTPYMEHTA. 3aXBATHOE YCTPOHCTBO, B KO-
TOPOM 3aXBATEIBAHHE H VIACPIKAHHE MPOHIBOOATCA OTHOCHTENBEHBIM MEPEMELNEHHEM ET0
'-lﬂGTEﬁ, HAZBIBACTCA XN,

Jlns peanMsauMM NMPOrpaMMHONO ABHAKEHHS MaHHIYJATOPA HCNONBL3YIOTCA Hpu-
Goonbie yempoiicmed. Ha NpakTHKe MPHMEHAKOTCA PAa3IMYHBIE THIBI NPHBOAOB: 3M1EK-
TPHUECKHE, THAPABIHYECKHE, MHEBMATHYECKHE. B coCTas MpHBOAOB BXOAAT HCMOIHH-
TENBHBIE JBHTATE/IH, YCHIHTENH MOLIHOCTH, PEAYKTOPEL, a TAKAKE PA3IHYHBIE JATHHKH.
JIBHraTenu MOTyT KPEMMTHCA KAk HA OCHOBAHHMH, TAK W HA MOJABHAKHBIX 3BEHBAX.

VIpapsiOmHe CHrHANbL, MOJABAEMBIE HA NPHBOALL, (QOPMHPYIOTCA CuHCmeMoi
vapagienus pobota. YNpaBnAlOMIMM YCTPOHCTBOM MOKET OBIThb KOMIBIOTEP YHHBEp-
CalbHOTD HAZHAYEHHA HITH CIICHHATTHIHPOBAHHBIH BEIYMHCTHTEN.

MaHUMyAATOp, MCCeayeMblif B paMKax AaHHOTO pacuéra, ABIAETCH TUIO-
CKHM MEXaHM3MOM M 00eceunBaeT npou3BoIbLHOe nepemenienne cxsara M B He-
KOTOpOii o0nacT BepTHKanbHOH miockocTd (JXY. MexaHH3M COCTOMT M3 TPEX
MOJBHKHBIX 3BEHBEB, COCTHHEHHBIX MEXKIY CO0OH W ¢ OCHOBAHMEM BpALLATE/Ib-
HeiMi mapuupamu (toukn (O, A, B). Ha nsukenue oaHoi W3 TOUEK MAHMITYJIs-
Topa — Toukd (' — HanmoXkeHa CBA3b, B PE3V/IBTATE YETO 3TA TOUKA MOJKET JIBH-
raThCA TONBKO BAONIL HEKOTOPOH MPAMOI NTHHAKW. YKazaHHasA npAMas Mapasiiesb-
na ocu Ox (B HekoTopeIX Bapuantax — ocu (JV: nanee — 4714 ONpeaenéHHOCTH
~ H3NOMKEHHE BEAETCHA MPHMEHHTENLHO K ciyualo, koraa touka (' aBuiKeTcs mo
TOPH30HTAIIH ),

BHPHHH'IH KHHEMATHYECKHX CXEM MAHHIYIATOPA H OCHOBHAA YaCTh HCXOIHBIX
JaHHbIX npuseaeHsl B [4] (pacuér K-3).

PaccMmaTpuBaeTcs TEXHOJIOMHUECKasn ONepaliua COBMEIEHHs CXBaTa C JeTa-
ast0 [, koTopas pacrionaraercs Ha JIEHTE TPAHCMOpPTEPa, IBHIKYIIEHCA ¢ MOCTO-
AHHOM CKOPOCTEIO Vj,. [lpeamonaraerca, uro npu [ =0 3amaHel 3HAYEHHS YTIOB
nosopota 38euseB @ (0), ¢,(0), ©5(0) u xkoopaunatel aetanu X, (0), y;(0).
Tpebyetca Tak 3anath NporpaMMHOE ABHKEHHE CXBaTa, YTOOBI K MOMEHTY BpeMe-
HH [ =T obecneumBanach MaJOCTh paccornacoBanuii koopaunar touek M wu D
Ar(t) = 6Ar(0), rne Ar = ry,—Tr,, a udcno 6 (omuocumensnas moy-
nocme coemenyenust touek M wu D) mano. Kpome Toro, Bo nsbeskanne ymapa npm
3aXBaTHIBAHWH JETANH HeoOXomiMo noTpeboBaTk, YTOOB W MEPBEIE MPON3BOIHbIE
0 BPeMeHH OT PaccornacoBaHuii npu f = T GblAM Manbl.
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C yuérom chopmynuposanseix TpedOBaHMH NPOrPpaMMHOE IBH/KEHHE CXBa-
Ta MoxkHO [4] 3apare Tak. [lpeanonaras, uro ynpaelieHHe MaHHITYISATOPOM obec-
MNEYHBACT B Ka}[{ﬂblﬁ MOMEHT BPEMEHH BBINMOJIHEHHE COOTHOIIEHHH

U, s (x,-x5) + T (¥, V) = 0,
1 M i M ) (29}

U, = (¥y—Yp) T*("’_-u_r Vpyp) = 0.

rae T° — napavemp ynpaeienus, n Boas obo3HaueHnss AX = X, —Xp, Ay =
= ¥y, —Vp . noayuaem ¢ yuérom (29) napy audpepeHumanbHbIX ypasHEHHH

« d . d
T"—Ax+Ax = 0, T —Ay+Ay = 0.
dr gr T

Pemaa 2w YPaBHCHHA, HAXOIHM
Ax = Ax(0)e VT, Ay = Ay(0)e T (30)

M3 (30) Bumno, 9T0 € pocrom [ paccormacosanus koopauHat Touek M u D
(PaBHO KaK W MepBble MPOU3BOAHBIE OT PACCOrIACOBANHI) ObICTPO YMEHBLIAOTCA.
‘b’mcﬂue Ax(t) = § Ax(0), Ay(t) = 8§ Ay(0), maér npu 3tom, uto 1 = =
=—-1/Ind.

Jlns 3apaBaeMoro TakWM 00pasoM MporpaMMHOIr0 JABHAKEHHs cxsata Tpedyercs
OMpEaenATh, KAK OYJeT IBHIATbCA BECH MAHUMYIATOP (MOCKOABKY OH MMEET J1BE CTEMe-
HH CBODOMBI, TO YVKA3aHHAA KMHEMATHYECKAs 3a7a4a PEIlaeTcsd OJHO3HAYHO, 38 HCKTHO-
YEHHEM CIIYYaeB KMHEMATHYECKOTO BBIPOKIEHHSA, CM. KPaTKoe ODCYJEHHE TAKOH CH-
Tvauuu B [3]).  Jlanee, ana 3a0aHHOrO JBHAEHHA MAHMNYIATOPA TPEOYETCA HAHTH
VIIPABIAIONIHE BO3ACHCTBHA, KOTOPBIE CMOCOOHBI OOECTIEYHTh 3TO ABHMKCHHE, T.€. pe-
LIHTB OOPANHYVIO 3A0auV OBUNCEHNA.

OTHOCHTE/ILHO YNPABJIAIOUIHX BO3ACHCTBHI NPEANOsaragTcs, Yro OHH IPH-
Beniensl k cune F, koTopas npunokena k Touke (' w HanpaBieHa B0 €€ Tpaek-
TOpuH, U MoMeHTy M, AeicTBYIOLIEMY BAOAL OCH OAHOTO K3 LIAPHHPOB, 4 HMCH-
no: wapuupa A (B sapnantax 4,15,17,28), wapuupa B (s sapuanrax 3,7, 14,29)
unu wapuupa O (B octaneubix Bapuantax). Ilpu sTom: 1) MomenT, aeiicTByio-
il BAoabL ocu wapuupa O, npunosxken k speny /) 2) MoMeHT, aeicTByommii
BAOJb OCH MOABHIKHOTO IIAPHHUPA, CYMTAETCH MPHJIOKEHHBIM K 3BeHY 2, NPHUUEM B
ITOM CJlydae Ha 3BE€HO /, Kak 3T0 chaeayer u3 3-ro 3akona HetoTona, neicreyer
moment M = — M.

HuepumonHbie CBOHCTBA MAHHNYJIATOPA MOICTHPYIOTCA NPUBEAEHHBIM MO-
MEHTOM MHEPUHH J;; 3BeHa | OTHOCHTEILHO OCH €ro BpameHns (1IEHTP Mace jlaH-
HOTO 3BEHA PACMOJIOKEH HAa TOH K€ OCH) W COCPEAOTOUEHHBIMH Maccamu M1,
M, , nomeménnsiMa B Toukax M u C cootsercTBenno. Maccoii ocTanbHbIX 1e-
MEHTOB KOHCTPYKLUHMH MOMKHO NpeHeOpeusb.,

EaMETHM., UTO MPH YEA3aHHOM 3d0aHHH HHEPUHOHHBIX CBOHCTB MAHHOYIATOPA H
,E[EﬁCTBj.-’]'DILEHK Ha HETO AKTHBHBLIX CHIl BO BCCX BAPHAHTAX {}EC‘-IETB POBHO OIHO H3 3BCHb-
eB Oyer HaxOAWTHCH MOA NEHCTBHEM JIBYX CHIL NPeACTABNAA CODON nenazpyiiennbii
CMEPNCEHD.

YucaoBbIe 3HAUEHHS MApaMeTpoB My, My, J, npeanaraercs B3aTh B COOT-
BETCTBHH ¢ (hopMyIamu
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m, = 1(1+0,1N) xr, m, = 2 (1+0,IN) xr,
(1)
Jy, = 1.8(1+0,IN) kr-m?;

kak u B [4], 3nece m manee n — Homep axynsrera, N — HOMEp cTymeHUeCKoi

FPYIIBL.

Tpebyercs:
1°. CocTaBHTe ypaBHEHHA KMHETOCTATHKH JUIA YIIPaBIsSiommX sosaeiicrenii F, M

1 yersns S B HEHArpPYKEHHOM CTEpIKHE.

2% CocTaBHTh KMHEMATHYECKHE YPABHEHHA LIS YIJIOBBIX CKOPOCTEH M yCKOpe-
HU 3BEHBEB MAHHUMYNATOPA, a TAKKE /1A JTMHEHHBIX CKOPOCTH M YCKOPEHHA
Toukn C.

3%, PewmTh mosy4eHHbIC YPABHEHHA HA WHTEepBaie Bpemenn [0, T].

4%, Toctpouts Tpaektopun Touek M w D, rpadwmkn muHEHHBIX ycKOpeHWH
Wi (1), we (1), yrioBoro yckopenust €1-(1), ynpasisiomux Bo3aeicTBuii
F (1), M(#) uycennua S (1),

5°. OnpenenwTs MOIIHOCTH, pPa3BHBAEMbIE YIPABIAOMMMH ABHTATEIAMHA, W TO-
crpouts cootsercraytoume rpaduxn N (1), N, (1).

[1pu cocTapiennn ypaBHeHHI KHHETOCTATHKH OyIeM ClieoBaTh alrOpHTMY,
chopMyTHpoBaHHOMY B Hadajie JaHHOTO NMyHKTa. B KauecTBe HE3aBHCHMBIX KO-
OpIMHAT, CKOPOCTEll U YCKOPEHHH paccMaTpHBAIOTCA MPOSKIHH paanyc-BeKTopa,
CKOpPOCTH H yeKopenus Touku M na ocu X u y cucremsl OXxyz.

B cuny (29) umeem

1 | i |
Vix = Vpyx T* (Xp—Xy)., Vyy = Vpy T (Yp—Yu)s (32)

MOCKONBRY JCTaIb JBHMHCTCA PABHOMCPHO H HDHMD.TIHHGﬁHﬂ, T
Xp = Xpl0) + ¥ L, Yp = Yp(0) + ¥, 2. (33)

JMudpeperiupya nouneHHo ypasHenns (32) U 3amevas, uTo (B CHIY MOCTO-
SHCTBA V) Wy = Wpy = 0, HAXOAMM NPOEKLMH YCKOPEHHS W, !

Wi = Frgy = (BB 1T = (X2 1 T,
(34)
Wiy = l:’.'l-!}' = (V.U_:I-'_ V.-*;-UJ | T = (Vyv—Yp) ! =
Koopaunatel X, V), HaiiaéM, HHTETpUPYA YPaBHEHHA
-{'_-u = Fyx s .}."'_-u = Fuy - (35)

MeToauka, no3BoJA0IWAA BRIUHCIHTD ()5, ()55, (D3, U Foy N0 H3BECTHBIM
SHATEHUAM Vi e W Vi, W3T0KeHA B [4]. Pacuérnsie hopMyasl ana THHEHHEIX H
YIJIOBBIX }'GKGPE.‘-HHF]' MOKHO NOAYYWTh, AH(QEPEHUHPYA COOTHOLICHHA A4
CKOPOCTEH.

CocTaBnenue ypaBHEHHH 11 MTHHEHHBIX H YTIOBBIX CKOPOCTEH COCTaBIAIO OC-
HOBHOE cojgpikanue pacuéra K-3; ecimm MaTepHasiesl 1o HTOMY pacuéTy COXPaHHITHCh, TO
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HX MOHHO HCTTONE30BATE HENMOCPCOCTBEHHO. PEKGMEH,I[EU_HH no BEBOOY }"[]-ﬂBHE-‘HHFI B b |
YyCKOpPEeHHH npuseaeHsl B [3].

TpyanocTH, cBA3aHHbIC ¢ BBIYMCIEHHEM YIVIOB (P, IO TEKYIIHM 3HAUCHHAM
Xy M Vi, MOKHO 000FTH [4], €clTM HAXOIMTH ITH YTIBI, HCNOAB3YA TH(QepeHtIn-
ANbHBIE YPABHEHMA

(bl = 0y, qt}z = 0,;, {b*; = M5, . (36)

Taknm oDpazom, kak ¥ B THHOBOM pacuére [-4 (cm. n.5 HacTodwero pasaena),
VPABHEHHA ABHKEHHA NPEAJATaeTcA COCTABIATL B H30BITOMHOM HAOOPE NMEPEMEeHHBIX:
POk H3DBITOYHBIX KOOPIAMHAT MIPAKDT YTIibl HOBOPOTA 3BEHBEB.

Hrak, mudppepenunanbrbie ypaBHeHHs, ONUCHIBAIOIIME JIBHIKEHUE MAHUITY-
natopa, UMeloT BuA (35) —(30). llepemennsie Xy, Vi, ©1. @2, Q3 ABIAIOTCA
MepeMeHHBIMH COCTOAHHUA, a Vi, Vijy, O )., 05, ©5, — H3BECTHBIMH (QYHKUHA-
MH OT IIepeMeHHBIX COCTOAHMA. B mpolecce MoJenupoBanus Tpebyercs, Kak oT-
MEHaI0Ch BbILIE, BBIMHCIATE TAKKE Xp, Vi, Vex, Wyge, Wagp, Wep, €2, F, M,
S, N, N,,.

Pacu€trbie hopmynbt ans Xp, ¥V, Viges Vigys Wages Wagy — T.€. hopMyTisi
(32) - (34) — uMEIOT 0aMH M TOT K€ BUA Ana Beex Bapuantos TP. Ilpu paGorte ¢
oOyuaronieii mporpaMMoi BEBOIUTE 3TH (GOPMYIIEI HE HAJIO.

AHATOrH4YHO OOCTOHT AEN0 W /I NEPEMEHHBIX N : Jh-'r-|_ . BRITHCITHEMBIX orpam-
f A
Mol rodina no CIEIY IO LIHM l'bﬂpM}'ﬂaM:

N, = (F,v.) = Fv... ecnu touka ' 1BUKETCA N0 rOPH3OHTAIIH;
N, = (F,v.) = Fv.,, ecrw oura C JBHKETCH 110 BEPTHKAIH;

N,=(M,®,) = Mo,,. ecin moment M peiicteyer aons ocu wapuupa O

N_-.; = M,mg} + M,ﬁ,} = MU}EZ— M{ﬂlz, ecmn MomenT M JEHCTBY-
eT BA0Nb OcH mapaupa A wim B,

Taxkum oOpazom, B pamkax ganHoro TP cTyaeRT nomxeH cocTaBuTh pacHér-
HBIe (POPMYIIBI [UIA CIEAYIOUIAX TIEPEMEHHBIN: 0., oy, M3., Foy. Wy, €12, F
M, §. (Kpome 310ro, HY®)HO MOAR(PUILMPOBATL YUHCIEHHBIE 3HAYEHUS HCXO/IHBIX
JAAHHBIX /U1 KOHKPETHBIX HOMEpOB (hakynbTeTa M CTYACHYECKOH rpynnel W pac-
cuntath suauenna X,,(0), ¥,,(0), Vpe, ¥y, )

[Ipu nomyueHun pacuérHbIX (popMya and nporpamMmel rodina HYXKHO
MMETh B BUY cieayiomee. DTH (POPMy/ibl €CTECTBEHHBIM 00Pa3oM pacnajaoTes
Ha TPW TPYNMel (A1 BBOAA (OPMYT KakKAOH Tpymibsl WMeeTcs cBoé Mewio): 1)
rpynma GopMysI And M., 5., Wa.. Vel 2) rpynma GopMyn and We,, €.: 3)
rpynna gopmyn ans K, M, S

Gopmyibl, BXOAfIME BO 2-10 M 3-K0 IPYINIbL, MOTYT OKA3aThCH CIMIIKOM
FPOMO3/IKHMH H HE TIOMECTHTBCA B CTPOKE BBOAA. YUHMTBIBAA 3TO 00CTOATENLCTRO,
MporpaMMa Mo3eojiser npeodpazoaTh BhIPAKEHHS g W, H €., BbIJCIHB B
HMX Kakue-mubo noaseipakenus (He Gonee natH) W 0003HAYMB HTH NMOABBIPAKE-
uua oyksamu A, B, C, D, E (BBoaa takum 00pa3oM BCHOMOratelbHbe nepe-
MEHHBIE). AHAMTOMHYHO MOKHO nMpu HeoOxoauMocTH npeolpasoBats W Gopmy.ibl
3-# I'p}’l'll'lhl, BOCIHOIBIDEABIIMCE BCNOMOIaTe/lbHBIMHMA IIE:]:}EME:HH]:IMH P H
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(Ecnu kakas-HHOYIb BCIIOMOraTe/lbHas MepeMeHHas He noTpefoBanach, MoJomKnM
e€ paBHOMH HYMIO).

[Mopsaaok GopMyT BHYTPH KaskI0H rpynnbl 3apaHee He (PHKCHPOBAH H onpeles-
ercs JIHIb TeM, 4TO B o4epedHoH dopmyne ue moryT QUrypHpoBaTh rnepeMeHHbIE, Of-
PEACNHEMBIE NOCIENYHOLLHMH dmpmyuamu.

[Tocae Toro, kak Bce pacuérTHble (POPMYJBI M YHCICHHBIE 3HAYEHHA Napa-
METPOB MoOay4ueHbl, BCE roToBo ang pabotel ¢ nporpaMmoid rodina. B meHio
IUTA BBOJA MapaMeTPOB 3alaHus, MpeajiaraéMoM 3TOH MporpaMMoi, MPHCYTCTBY-
KOT JIBE€ FPYINIbl MAPAMETPOB. B NEPBYID BXOAAT L4, L9, L3, Jg, My, M2, a BO
BrOpyio — 8, T, 91(0), 92(0), P3(0), X(0), ¥1(0), Xp(0), ¥p(0), Vpx(0),
Vpy(0) (mapamerpel nepeoi rpynnsl J0CTYNHbL B pacu€THBIX (opmyiax, ocTas-
HBIE MCTIONBL3YIOTCA JIMIIb JUIA HAXOMKJIEHHA HAYAIbHBIX YCIOBHH W BBIYHCICHHA
koucTanTel 1 ). 3HaueHua BCeX MAapaMeTpoB [OMKHEL ObITh 3a1aHEL,

Ormetum, uto yncnenubie snauenns 1 Xy(0), yu(0), vpy(0) n v (0)
MOJKHO BBIYMCIHTB, Henonb3ya nojgcucremy KAJIBKYIIATOP, wenocpeacrseHHo
B X0ae paboTel ¢ oDyualoumed nporpamMMoi (Tpedyerca NIl UMETh MO PYKOM
COOTBETCTBYIOIIHE (POPMYJIbI [T 3THX BEJIHUMH ).

Crneayrouiee MEHIO, NOABIAOIICECA HA HKPAHE, NPEaHAa3HAYAETea U1 BBOJA
|-# rpynmel pacuétHeiX (Gopmyn (hopMymel I8 @4z, Waz, W3z, Veyx). B X
ll]}ﬂBbIK YACTHAX MOMHO MCNOJIB30BATH IIHI}EIME'I']]I:I llepBUH I'p}"llllbl, [[EPEMEHHE:IE
cocTosiHusl Pq, QPg, Pg, BeIUMCHAEMbIE 00yUaAOLIEH NMPOrPaMMOl B COOTBETCT-
BUM C (32) NepeMeHHBIC Viyy U V. @ TAKKE NCPEMEHHLIC, YKE ONPEACAEHHbBIC
Mpe LY IIHME (POPMYTaMHK,

[Tpu paboTte ¢ MeH 14 BBOJA 2-i TPYNIEl pacu&éTHEIX opMya ((hopMy sl
I €47, Wey. A, B, C, D, E) MOKHO HCNONL30BATH B NpaBax qactiax HabH-
paembix (hopmyn (MOMHMMO JOCTYMHBIX PAHEE) TAKKEe NMEPEMEHHBIE W4z, 02z,
W3z, Vox. Vix H Viyy.

B nmpasbix yacTax pacuérHbix popMyn 3-i rpynmbl MOTYT, HAPALY € AOCTYM-
HBIMU paHee, MCMONb30BATLCA MNEPEMEHHbIE €4 U Wey,, 4 TAKKE KOHCTAHTA §
(MOIYITE YCKOPEHHA CBODOOHOTO MAJAEHHA ),

[To 3aBepiieHHH HMHTErPHPOBAHMS YPABHEHMH JABHIKEHHMS MaHWIYIATOpa
nporpamMa rodina BbIBOAWT HA IKPaH H300paKeHHe MAHUNYIATOPA U JAETAIIH B
HyJeBOH MomeHT BpeMeHH. [locne HamarTua KakoH-nMOO KJIaBWIM mporpamma
JAEMOHCTPHPYET, KaK ABHIKYyTCA podoT u aetans. [lpu sTom B 000#H MOMEHT Bpe-
MEHH CTPEJIKAMH M0Ka3biBaeTcs, kKak Hanpasienbl cina K u moment M |

[locne 3aBepuieHus BU3yanu3alMu ABHKEHMA nporpamma rodina nosso-
TAET BHIBECTH HA JKpaH TPathuKH 3aBHCHMOCTEH BETHUHH 0),, )., M3, Ve,
Wigxs Warys Weys €12, S, F, M, N, N, ot 1, a Take Tabnuity 3HaueHmii ne-
PEMEHHBIX COCTOAHHA W BCTIOMOTATEIBHBIX TMEPEMEHHBIX B OTAEIbHBIE MOMEHTHI
ppemeru. (Tabanua pazdura Ha /1Be yacTH, B OTBET HA 3aMPOC O BbIjIAYe YHC/ICH-
HBIX PE3YILTATOB HA JKPAHC MOABAAIOTCA 3HAUCHHA NEPEMCHHBIX Xy Vg, Vigr s
Miys @1s P25 O3, O, Wy, W3z, Yoy, @ 3aTEM — MOCAC HAKATHSA KIABMIIN
Enter — 3HAUEHHS BENHYHH Wysy, Wagy, Waps Weys €12, S, F, M, N, N, )
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1.7. UHguBnayanbHoe goMalliHee 3agaHue No AUHaMuKe

HuaueuayansHoe AoMaliHee 3a/aHie no JUHAMUKE [UI0CKOIr0 [BHIKEHMS
HMEET CBOEH LENbH NMPHOOPETEHHME ONbITA AMHAMHYECKOrO aHAIM3a MEXaHHuEe-
CKHX CHCTEM M OTpabOTKY HABLIKOB COCTABJICHWSA YPABHEHMH JBMIKEHHA TaKMX
cucrem B opme ypasuennii Jlarpanxa 2-ro pona. M3 cocront u3 onnoi uiw
HECKONIBKHX 337044, YCJIOBHA KOTOPRIX CTYACHT MOJIYHAET ¥ CROCTO NPenoaaBaTe,

[lpenopasarens, peigasas cryaeHram MJ[3 no auHammke, 0OBACHAET HM, KAKOH
BAPHAHT 3a/IaHHUA BBINOIHACT KAKIbIH CTYIEHT, W nepenaét B yuebHy0 rpymmy pacre-
HATKY C MPHHTEPA NIEPCOHATBHOTO KOMIBIOTEPA, COAEPHAKALLYIO TaONHIY MPHMEPHO TaKO-
o BHjA:

Kadhedpa meopemuueckoi Mexanuku i Mexamponuxi
Huousuoyansuste dovauinue 3aoanust

HO OUHAMUKE RIOCKO20 OGUNCEHUA CUCIMEMbE e
O ovvesiven e ... (haKyIBMEmMA

Venosue zaoauu:

Hexoouwme dannwe Kk 3a0ave npueedensl 6 matiuye (veawl adanel 6 epady-
cax). bapaban nebéoxu (& eapuanmax, 20e A =1,...,6) u xamsiyuecs yuiuHo-
pel (8 eapuanmax, 20e A =1,12, B=2,3,7,9.11,12,13,17), cuumams ooHo-
PodHBIMU KPYARIMU yuaunopavu ¢ paouycom R paduyeer umepyuu kamyvueex
npunsime pasusismu 0.7+R. Iepewi cmonbey suauenuit ons R omnocumes x
epynne mea “A”, emopoit — x epynne men “B”.

B coomsememeuu co snavenusivu A u B cocmasume uz epynn mea “A” u
“B" u uzoGpazume na Gymaze edunyio mexanuyeckyio cucmemy. Cocmasume eé
VPAGHEHUs OBUNCEHUSI U ONPEeOeMb U3 HUX Ver0eoe Yekopene meia |.

Hexoonwie oanmsie

Bap. A B ¢ o, a m my m; my mimg F G M R R

l/e kr kr kr xr kr kr H H Hwm M m

1 & 3 18 L 50 3 3 3 M 23 3 ¥ 322 U
2 5 2 38 3 53 44 64 73 5 0.34
3 7 9 48 6 23 24 32 25 34 33 22 8 0.54 0.23
4 11 10 32 4 33 5 6 8 9 4 5 1.23 0.44
5 13 12 5 19 54 4 4 5 1 B 7 9 33 1.18 061

Kaxknaa w3 sanaq, sxomamux B MJ3 no aunamwmke, crasutea cnemyrommm obpa-

30M.

Tpebvercsa:
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19, H3o0pasutb Ha 4ePTEKE aHATNZHPYEMbIH MEXAHH3M,

2%, Cocraeuts andipepeHuranbHble YpaBHeHHs IBHKEHHS MexaHH3Ma B (popme
yvpaeHeHuil Jlarpanxa 2-ro poaa, npunae 3a 00001IEHHYIO KOOPAMHATY YO
() noBOpoOTa 3BeHa /.

37, IMo W3BECTHBIM YHCIIEHHBIM 3HAUYEHHAM VI NOBOPOTA () H VIJIOBOH CKOPO-
CTH (1), 3B€Ha /| B TEKYIIHii MOMEHT BPEMEHA HaiTH 3HAYEHWE YTIIOBOTO YC-
KOPEHHA £, TOro 3BEHA.

Ilepenucas u3 Tabnuubl CTPOYKY JAHHBIX /U1A CBOEro BapuaHTa, Bam npenx-
Jie Beero caenyer obparursea k puc.3 — 10 nacroswero nocodus. [leno B tom, uro
Mexanusm, padorars ¢ KOTOpsIM Bam npeacrodrt, coCTaBisieres w3 ABVX Py
Tel, YCAOBHO Ha3BaHHBIX “rpynma ten A™ u “rpynna Ten B7. PasnnuHeie kKHHeMma-
THUYECKHE CXEeMBI Ul rpynnsl Ten A, npuBeaéHHbIE HA pUC. 3 — 06, NPOHYMEPOBAHEI
ot 1 po 24; cxemsl qns rpynmnet Tea B (puc.7—10) Takaxe nponymeposanel o1 1 10
24, Tlone3ysch npHBEIEHHBIMM B pacnedarke 3HaueHusMu i A u B, Bel nonxk-
Hbl HAHTH KHHEMATHUYECKYIO CXEMY /UIA KamIA0H W3 ABYX IPYIN Tel, a 3aTeM co-
BMECTHTL (He nosopaumsas!) obe cxembl B 00wWEH o Hux Touke B pesyawrar
COBMELLEHHNA H OKaskeTes cxemoi Bawero mexannsma.

TEHE]JL—- DEFPHTHTE BHHUMAaHHE Ha ﬂpHBe.ﬂ,éllllHE B Tabmuie 3HaueHuA nmapa-
mMeTpoB. (CMBICA HX ACEH M3 PUCYHKA (€CNH B YC/IOBHM BapHaHTa napameTp BooO-
e He durypupyer, To B TabaMie Ha COOTBETCTBYIOIIEM MECTE CTOMT npoden).
Yepez . kak 00b1uHO, 0003HAYAETCA MOAYIIb YTJIOBOIH CKOPOCTH Tena /.

[loguepkuém, 4TO Yroa ) M YIa0Bas CKOPOCTb (). H3MEHAKTCA B rpouecce
JABWIKEHWA. YHMCAEHHBIE 3HAYEHUA U1 (O M ., NpUBEA¢HHBIE B Tabnuue, 0THO-
CATCA K TEKYLUEMY MOMEHTY BPEMEHH (A1 KOTOPOro TpedyeTcs BBIMHCIAHTE €. )
M NPU COCTaBACHHH ypasHeHmii Jlarpanika ne umcnonesyiores. llpeanonaraerca,
YTO B JIAHHBIH MOMEHT BPEMEHH YIOJl () BO3PACTAET, TAK UTO M. = ().

CraxeM HECKO/IBKO CJIOB M0 MOBOJY TOr0, OTKY/A MPenojiaBartels nojiy4aer pac-
Me4aTKy ¢ HMCXOIHbIMH daHHbIMH ama WJ13. Dta pacnedarka MOeT ObITh NOMy4EHa C
MOMOLIBIO MPOrpaMMbl Syndin, CYIECTBYIOLIEH B BHAE OBYX MOIU(IHKALIMI.

[Tepeas w3 31X Moau(HKaumii (0 BTOpoil peus NOHAET B KOHUE pasaena) odec-
MEYHBAET CHUHTE3 HMHAMBHAYAIIBHBIX AOMALIHHX 34JaHHH 108 CTYJEHTOB Pa3NHYHbIX
rpynn u ¢akynbTeTOB, PeanH3oBaHA OHA B BHAE ABTOHOMHOH MPOTPaMMBL, ¢ KOTOPOH
padoOTAaIOT HE CAMH CTYJACHTBHI, a TNPEnoJaBaTelb, BEAYLIHH NMPAKTHYECKHE 3aHATHA B
rpynne. O0pawascek K MporpaMme, OH YKa3sIBAeT HOMEP TPYNNbl H Ha3BaHHe (pakynbTe-
T4, TOCJIE YET0 MPOTrpaMMa OCYIIECTBISCT CHHTE3 YCIOBHMH 3anauyu 1na 30 BapHaHTOB
HJ13 » BeIBOIHT HA JUCK B BHAE TEKCTOBOTO (paiina TabITHIy C YHCIIOBLIMH JAHHEIMH,
3atem NpH NOMOIIK CTAHJAAPTHRIX MMPOrPAMM MEYATH TOT TEKCTOBLIA (haiin MmokHO pac-
MEYATATE HA MPHHTEPE B HYKHOM KOJTHYECTBE IK3EMIUIAPOB.

Cam cHHTEe3 HHAHBHIYAIBHBIX 3aJaHHH 3aKkmo4aeTca B caeayromem. [lporpamma
syndin cayuaiiHbim 00pasoM BeIOMpAeT Ui KAKIOTO BAPHAHTA 3a1aHMA HOMEpa
rpynmn e A H B M 3aHOCAT MX B TAO/IMLY YHCIOBBIX JAHHBIX, MOCIE 3TOrO OHa (TaKKe
[PH MNOMOIIH IEHEPATOPA CITYy4aHHBIX YHCEN) 3AHOCHT B Ty K€ TA0IHIly 4HCICHHbIC 3HA-
YEHHA NAPAMETPOB 3a1a4H. YHCIO0 Pa3IHYHBIX KHHEMATHYECKHX CXEM UIA MEXAHHM3MOB,
KOTOPBIE MOTYT MPH 3TOM BCTPETHTBCA, paBHO 24 x 24 = 576, ¢ yuéTOM e pasnHYHBIX
YUCIEHHBIX 3HAYEHHH NAPAMETPOB KOMHYECTBO PA3THYHBIX CHHTE3HPOBAHHBIX 3a1a4
MPAKTHYECKH HE OTPAHHYEHO (T.€. HHAMBHAYAIbHOCTE JOMALIHEND 38aHHA TAPAHTHPO-
BdHa).
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R=26r AO1OE R=24r

Puc. 3. I'pynna ren A (crpykrypHbie cxembl | —6)
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i 8
B
7 A
Z
R=23r AOLOE R=24r
O
77
R=d e AOL1OE  A0=R
11 12

o)

<F 1
2
‘iﬁ!’ )
7 e i
E 3
AO1OE R=25r

A0 | OF

Puc. 4. I'pynna ten A (CTpyKTYpHbIC cxXeMbl 7 — 12)
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AK=KB
AO=AB =2]7R

Maccoit Manoi mecrepus npexnebpeus

PK=KB PK=KB
AO=A0=PB=R PB=075AP =R
15 16 gf
< OH 4G
;f' faiﬁ
[T )= SRS o
| T
A B \3
Z s

AO=AB =AP=R

18

A0=A0=R

Puc. 5. I'pynna ten A (cTpyktypHbie cxemsl |3 — 1 8)
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R=24r

21 22 I%A B
L
]
Yo
| x
23 e B |24 —— B
@ ()
\{J/ 1
o, R=25¢ |y R=22r

Puc. 6. I'pynna ten A (cTpyKTYpHBIC cXembl 19 — 24)
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R=24r
6 D CD=2CH=2R

R=26r Maccoit crepaus DH npenebpeun

Puc. 7. 'pynna ren B (crpykryptsbie cxemsl | — 6)
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R=138r
CD=2r, CH=1,4r

Maccoi crepxua DH npenebpeus

R=28r

Puc. 8. I'pynna ten B (cTpykTypHBIE cxeMbl 7 — 12)
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R=27r

Puc. 9. I'pynna ren B (crpykrypHsbie cxembl 13 — 18)
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19 B s 5 (20 ¢B._. %‘
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€
6
R=26r : R=25r
21 B uuuy @“ 22
T
4
” i S
b
4
5
©
R=24r 6 R=27Tr
B o %
T
4
mT=fH5
R=2,5r g R=25r

Puc. 10. I'pynna ten B (crpykrypHbie cxemst 19 —24)
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[1pw cocrasnennn ypasHeHwil Jlarpanixa MOKHO NMPHAEPKHBATLCS MOCIIEN0-
BATENbHOCTH AeicTBHil, pekoMennoBaHHO# B n.4 Hactoawero pasaena. Paspewas
MOMVYEHHBIE YPABHEHUS JABHIKEHUS OTHOCHTE/ILHO 0000IEHHOIO YCKOpPEHHs, Nno-
JIYYUM VITIOBOE YCKOPEHHUE 3BeHa /.

Pemp 3amavy JOMamHero 3ajaHHA, CTYIAEHT MOJKET MPOBEPHTH CBOH pe-
3yIbTaT, 3acTaBuB o0ywarowmyio nporpammy dk (oHa yike ynoMmHHanack B 1.4)
BBIMHC/IHTh OTBET M CPABHMUB €ro €O CBOMM. J[lnd 9TOro Hy»KHO 3anyCTHTBL Mpo-
rpaMMy M BeiOpaTh B €€ OCHOBHOM MeHIO MyHKT “UHAMBMAYyanbHOe AoMallHee
3apaHwve”.

B stom ciyuae HauHET BBIMOIHATHCA BTOPas MOAH(HMKALMA NMPOrpamMMbl
syndin, koropas BCTpoeHa HenocpeacrseHHo B nporpammy dk. Ha skpane
HNOABHTCA Menio o eeoda napavempos H/[3. Tlpn noOMOWM 3TOr0 MEHIO HYIKHO
BBECTH YHCIIEHHBIE 3HAYEHHA MCXOIHEIX JIAHHBIX [ CBOEH 3a71auM.

3aKOHYHMB BBOJ, CIEAVET HakaTh (PYHKUMOHANBHYIO Knasuiny F10: ua ak-
paHe NoABATCH KOMHA CTPOKH TabJIHLIbI HCXOAHBIX JAHHBIX H OTBET, BbIYHCIIEHHBbIH
oOyuatowiei nmporpaMmMoi.

2. MNpumep ucnonb3oBaHUA nporpammel dk
NP1 BbINOMHEHUN MHAUBUAYaNbLHOro
AOMaLLHero 3agaHus rno AuHamMmmke

O0parumced K npuBeaéHHON B 1.7 NpeapUIyIIero pasaena tadiuie, coaepxkamei
Hexonnsie nanusie ma M3, PacemoTpum B KauecTse nmpHMepa pemeHHE 3a/1a4H BApH-
anTa 5 (cM. 5-10 cTPOKY ManHo# TadITHIs).

Nano: A=13, B=12; 0=55" w;=19¢™!; aa=54" m, = 4 xr;
m,=4xkr; my=5xkr; Mmy=1xkr; Ms=6kr; mg=7xr; G=9xH;
M=33xH-m: R=118m; R = 061 m.

Bo3bMméM 13-10 KHHEMATHYECKYIO CXemMy a1a rpynnsl Ten A (puc.5) u 12-10
cxemy ana rpynnsi Ten B (puc.8); cosmectus 3tH cxembl B 06wl Touke B, no-
JIYUMM eIuHBIH Mexanusm (puc.11).

[TockosibKy npescTaBieHHas 3/1eCh METOAHKA pPelleHus 3anau Tpedyer, 4To-
Obl BCE 3BEHBA MeXaHH3Ma ObLIM MPOHYMEpoBaHbl, Aamaum 3seny PB (ne momy-
UMBILIEMY HOMepa panee) Homep 7. Maccy 3Toro 3seHa (B YCJIOBHH OHA HE 3a/a-
HA) CUMTAEM PABHON HYJIIO.

[Teproe W3 NMpHBENEHHBIX B YCIOBHM 3HA4YeHuii aus K oTHOCHTCS K rpymnme
Ten A (B Haluei 3aaa4e 3To — JUIMHA cTepikHel [, 3 u 7), BTOpoe — K rpynmne Tei
B (aT0 — OoaBwION pagMyc CTYMEHYaToro mkuea J). Bo uszbexanne nmyTaHWIb
JUIs BTOPOTO 3HaueHns BBegeM o0osHauenne Ks: 0003HauMM Takke depes r's Ma-
JbIH paguycC WIKKHBA 3, 4epe3 05 — €ro pajuyc HHEPLMH, 4epes ¥y — paauyc 0noka
6. C yuérom cdopMyn Ha pucYHKax 3 M 6 M peKoMeHIalMil TaGnMIBI HCXOIHBIX
JIAHHBIX UMEEM:

R=118m; R;=06lm; ry = Rg/28 = 0214 x;
0s = 07R = 0427m; r, = (Ry+75)/2 = 0412w

37



PK=KB
A0O=A0=PB=R,

Puc. 11. Ilpumep HHAMBHAYANBHOTO AOMALIHErO 3aJaHHA M0 JHHAMHKE

CocTaBuMM ypaBHEHMS ABH)KEHHA MOJYMEHHOTO MexaHu3Mma B dopme ypae-
HeHHH Jlarpanxa 2-ro poaa, NPHAEPKHBAACE NMPH ITOM MOCICA0BATEIBHOCTH IEH-
CTBHIi, pekoMeH10BaHHOH B 1.4 pasnena 1.

1°. CocraBuM BeIpaKeHHE /I8 KHHETHYECKOH “Hepram 1, ykasas BHI JIBH-
JKEHUA KaMKI0ro Tena M Bbipa3He KOY(pULHEHTH! Yepe3 HCXOHbIE AaHHbIE!

- ?—-lup " szm‘ 4 }r-ij n T4nocr 7 T-}Bp n Tﬁaﬁm o
1 myR* , 1 . Yo RY. g 1 s
= — My, + — M, ¥ - — W, +—m,v, + (37
5 3 =t Wk v 5 L F iy T (37)
2 I mﬁRl 2

| ¥ I
-+ _mqu {ﬂq + _"mﬁ l-"E-- + — {ﬂﬁ a
2 w2 2 2 :

[Tpy HaxoKaAEHHH MOMEHTOB MHEPLUHH TE Mbl YUIH, 4TO TeNo 6 — OJAHOPOHBIH
JTACK, JUTA Teqa 5 3a/1aH pajHyc HHEPIHH, 3 MOMEHTEI HHEPIHH OTHOPOIHLIX CTepikHeH /
H 3 BBIYHCTIAIOTCS OTHOCHTENBHO HEMOJBHIKHBIX TOYEK, JIEKALIHX HA KOHLAX CTePHKHEH.

2° CocraBuM BripaskeHue 14 0600ménnoi cunst O
Q = (mg.u)+(mg.u,)+(mg.u,) +

& {mJE:EB} T [mﬁgjﬁf"] + {Eaﬁf"] T {—‘1:'“|:l .
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[lepexonsa B ITHX CKAPHBIX NPOH3BEACHHAX K NPOEKUHAM, YUTEM, 'TO BEKTOP
M4 € OPTOTOHANEH BEKTOPY Vp (& 3HAYHT, H BEKTOPY U g ), TAK 4TO YETBEPTOE C/IAraeMoe
B opmyne ana () obpamaeTca B Hymb. YuTéM emeé, uTo B MPOEKIMAX HA OCH CHCTEMBI
koopauHatr Oxy g,=0, g,=-g, G, =Gsing, G,=Geosp, M.=M.
PackpbiB cKalApHbIE NPOU3BEASHHSA, MOJYYHM:
Q = —mgup, — Myguy, — MygUp, — MG Uy + (38)
+ Gsinpug, + GeosQ g, + Mu,, .

3°. Beifepem 0000IIEHHYIO KOODAMHATY (¢ W BBISSICHHM KHHEMAaTHYECKMIi
CMBICIT .

[Tpumem 3a 060OIEHHYIO KOOPAMHATY VIO (0, OTCUHTHIBACMBIH Ha puc.9 B
MOJOKHATEILHYIO CTOPOHY OT FrOpH30HTANEHOH ocH (JX; Toraa

qg = O, g = ¢ = 0. (39)

4%, Pemm Tenepbh KMHEMaTHUYECKYIO 3a/1a4V; BBIPA3HM JIMHEHHBIE W YTIII0-

BBIE CKOPOCTH, BXOAAIME B Bhipakenns s 1 n (), uepes @ (B Hamem npumepe

B BbIpakeHne mna (J caMm CKOPOCTH HE BXOJAT, BXOMAT TONBKO COOTBETCTBYIO-
e UM niepeaarounsie hynkman). M3 (39) nveem:

Wy, = ¢, U, =1. (40)

Y1o0b1 MOMYYHTE BBIPAKEHHA A7 OCTAJIbHBIX CKOPOCTEH, BOCIO/Ib3YEMCA aHAIH-
THYECKHM CNocoDOM pelieHHA 3a1a4 KHHEMAaTHKH, KOTOPbIH OCHOBaH HA PeKYPPEHTHOM
MPUMEHEHHH OCHOBHOH (POPMYIIbI KHHEMATHKH aDCOMOTHO TBEPAOTO Tena — hopuyis
Diepa:
rae A, B — TOYKH Telna ¢ HOMEPOM /. H TOCTICAYIOMEM TPOCKTHPOBAHHHA MOy 4aCMBIX
BEKTOPHBIX COOTHOIIEHHI HA OCH HCIOb3YEMOH CHCTEMBI KOOPAHHAT. D{hekTHBHbIH

METO/, MO3BOIAIOLIHNA MOJIYy4aTh HYXKHBIE CKAMPHBIE COOTHOLIEHHMA cpasy (0e3 BINH-
ChiBaHHa opmyn ¢ BekTOopamu) onvpaercs [4,8] HAa MCIONBLIOBAHHE KUHEMAMUYECKUX

epadghos.,
Cocrasum rpad
O L A ;
@
M0}, CTPENKOH 3aMMCAH YTO, KOTOPBIH BEKTOP 04 00pa3syeT ¢ Iy4OM. BbIMYLIEHHBIM H3

TOuKH () B CTOPOHY MOJIOMKHTENBHOTO HAMPABIEHHWA OCH X (YOIl OTCUHMTHIBAETCA OT Ny-
4a MPOTHE X014 YACOBOH CTPENIKH), a Hajl CTPE/IKOH — HOMEp Tela.

3anuueM A18 3Toro rpada KHHEMATHYECKHE COOTHOLLIEHUS,
X: ¥ oy — O Rsing, ¥y v, = ¥, + ®, Reos@
(Oykea ¢ aBoeTouHeM 0003HAYACT OCb, HA KOTOPYIO DepETca npoeKiks ).

YuuTeiBas CBA3H, HANOKeHHbIEe HA Teno [/ B Touke () (TaM — HenoaBHKHBIN
[MAPHHUP), TOMYUaeM:

Ve = —@Rsing, ¥, = $Rcosq, u,, = Reoso. (41)

Ax

B dopmyne (37) gurypupyer kpaapar ckopoctd Touku A, kotopslil Haxo-
Jum 1o reopeme [Tudaropa:
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vt = vh+ v, = 02R%. (42)

CoBepuieHHO aHAJIOrHYHO, B3AB rpad

3
O = A
0]
MBI MOITIH ﬁbl [IDJI}*HH‘I‘L COOTHOLIEHHA
Vity M, R sin P, ity = 5. R cos P . (43)

JameTum TENEPhL, 4TO TElD 2 JIBHIKETCH NoCTYNaTEe/IbHO. Orcrona Heme/-
JIEHHO CIIEOVET, 4TO

@, = 0 (44)
M UTO V; = V;r, 2 MOTOMY ¥y = Vyrp, ¥y, = ¥y, M3 mocneannx paBeHcTs c
yaétom (41) u (43) 3akmouaem, 4To

By = (45)

JUist HaxOKACHHS Upy, W gy, MOKHO ObIIO ObI paccMOTPeTh rpadibl, KOTO-
poie uayT coorsercrerno w3z O B F nuz O's F'. Beictpee, 0HAKO, NOIYy4HTH
HYJKHBIH pesyabrar Tak. [1ockonbKy T€10 [ coBEpllaeT BpallaTe/IbHOE ABHIKEHHE,
a Touka F nexur Ha cepemmue orpeska O A, 1o v, = v, /2 ananoruuno nojy-

yaeM, 4to V. = V,+/2. Ho ¥V, = V,;+, a nmoatomy
| 1
Viy = Wpr, = 5 Rcosp, u, = Uy = = Rcosp .  (46)
I'padp
1 2 7
00— 4 - P — B
Q 0 2m— @

aéT KWHEMATHIECKHE COOTHOTIEHNA
X: ¥y = ¥y — @, Rsing — 0,,|AP|sin0 - @, Rsin(2n-¢),
Vi Vgy = Vg, + @ Reosq + @,,[|AP|cos0 + @,, Rcos(2n—-¢) ;
VUMTBIBAA CBA3M B KOHLEBBIX TOUKAX rpada (NpuBOMAIIKE K paBeHCTBaM V. = 0,

e =0,V,=0) n dbopmyasr (40), (44), nony4aem CHCTEMY ABYX JHHCHHBIX
VpaBHEHHH ¢ IBYMA HEH3IBECTHBIMH (1. W V. Pemme e€, Hailpém:

W, = —Q, Vo= —2¢Rsing . (47)
[Tpu nomouw rpada ;
B — K
n—@
NOTYUHM BHIDAKEHHA JUIS Uy, Uy,
3 . ; 3 ;
Vg = —Eq)ﬁ'sm(p, Bpy = —Eﬁ’smq),

] 1 (48)

Vey = 2 e Reosp, wuy, = 5 Rcoso .

40



'pady

HHUTE 5
B — § — D (49)
3m/2
JAET CIIEAYIOLIEE KMHEMATHUYECKOE COOTHOLIEHHE!
X: Ve = By — @, Rssin(3n/2) (50)

(MOCKONBKY YUACTOK HHTH BS HE NOBOPAYMBAETCA, COXPAHAA HEHIMEHHYIO OPHEHTALIMIO
B NPOCTPAHCTBE, TO ClAraeMoe, KOTopoe oTeeqano Obl B cooTHoweHuH (30) nepeoi
cTpenke rpada (49). paBHO HYHO H MOITOMY ONYLIEHO).

Tak kak v, =0, TO

.l;_- - R .
W;, = —Ri;' = mejsm(p. (51)
r
qu} 5 HHTE 6 HHTE 5
DFE—r L —- N — H?D
L

MPHBO/HT K KHHEMAaTHYECKOMY COOTHOIIEHHMIO (CBA3W B KOHUEBHIX TOUKax rpadga
ViK€ YHTEHBI )

y: 0 = o5, R;c050 + 04, 2F;co0sT + Mg, F5c080,
OTKY,1a
Rs+rs , IR A1) (52)
i) = M, = [ sin :
62 52 5 p R.r, P

[Tocne sToro us rpada

5 HHTE G
D —- F — L — C
0 T

HalEm
b e Ry—rs B tbR[Rs_rﬁ}sintp
oy = 5z o *
2 R, (53)
R(R;-rs) .
Uy = R sin .
5

5°. Beipazum Temepb | Kak YHKIMIO () W (0 W MPeICTABHM eé B CTaH-
napTHoi dopme.

[Tomcrasnss 8 (37) seipakenus (40), (42), (45), (51)—(53), nonyuaem
o EI (A + Bsintg) ¢?.

Boipamenue B ckoOKkax npeactapaset coOOH NpUBEAEHHBIA MOMEHT MHEpP-
LMK MeXxaHH4ecKoi cucTeMsl, a cumBonamu A, B ofo3Hauens BuipakeHus
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A = (m /3 +m,+my/3)R*,

i 5 R. _ 2
B = 4R2{m4+m59—2+mﬁ 11[( j+r_"r} +{Rs—r5_}2:|}.
R, 4R; 2

(34)

6°. Beipazum Q kak dynkimio @ u ¢. Jlna storo noacrasum B (38) Bbi-
paxkerus (41), (46), (48) u (53); nonyuum

m m
(} = M—(—[ +m3+—3Jchnsq}—
\ 2 2
R(Ry—ry) R . ., 2 3)
- mg g = sin@ — G —(3sin“ @ — cos“ @) .
7°. BBlUMCIAM NMPOH3BOAHEIE OT KHHETHUECKOI SHEPrH:
oT v @ )
— = (A +Bsin“¢) ¢,
o
g U'ir = (A+Bsin?9p) ¢ + Bsin2¢ ¢,
dr ¢
EI - Bsin2¢ ¢?.
co 2

3neck npu auddepeHMPOBAHUKA MbI BOCIIO/IB30BAIIHCh TOMIECTBAMH

%, ; d : .
— (singp) = cosp, — (sinp) = cosQ ¢,
cQ di?
2singpcosp = sin2@.
8°. 3anumem teneps ypasHenus Jlarpamka. [lng 9Toro Hano U3 BTOPOIi no

CUETY MPOH3BOAHOM, BRIYHCIABIIEHCA Ha Iare 7", BHIYECTh TPETHIO MO CYETY Mpo-
H3BOJIHYIO H PE3YJILTaT npupasHats O

(Jx‘{*;*Ssinqu}}iEﬁ+EI.-’i‘sin?rp-:]f)2 = g, (56)
CootHowenus (56), B kotopsix A, B, O naworces dopmynamu (54) u (55), u
ecTh ypaBHeHus Jlarpanika 105 JaHHOMH 3a1auM,
C yuérom (56) HCKOMOE YIJIOBOE YCKOPEHHE PABHO
Q- ¢*Bsin2¢/2
- (A+ Bsin’o)

PE3YIIBTAT, TAKMM 00pa3oM, 3aBHCHT OT (O = . 1 . [lojcTaBnas uHcneHHblE
3HAYEHNA MAPAMETPOB M YUMTHIBAA, YTO M0 YCIOBHIO 3a1a4M B PacCMaTpPHBAEM biii
MOMEHT BpeMenH (0 = 55°, @,. = 19 ¢!, nonyuaem orser:

&, = —183,4¢e2, (57)

Elel':[;

3
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[lockoneKy 0Kazanock, UTo |, U €;, B paccMaTpHBaeMblii MOMEHT Bpeme-
HH HMEIOT pasHbie 3HaKM, TO aABHxkenne kpusommuna (0.4 B 3TOT MOMEHT BpeMeHH
ABJIACTCA 3aMEUTEHHBIM (MOIYJTh YTIOBOH CKOPOCTH @ = |{:}]z| yOBIBaET).

Jns Toro, uToObl NPOBEPUTH MOJIYYEHHBIH OTBET, BOCMHO/b3yeMca 00yuaio-
e nporpammoii dk. BriGepem B eé ocHOBHOM MeHIO NyHKT “UHanBnayans-
Hoe pomalwHee 3apaHue”. Toraa Ha SKpaHe NOABMTCA MEHKO Ul BBOJA napa-
merpos MJ13. B 3tom meHio npescraeieHnsl HeKOTOpbie (NIEPBOHAYANIBHO — [PO-
H3BOJIBHBIE) 3HAYEHWA MapaMmeTpor 3agadns — A, B, @, @4, O, M4, My, M3,
Mmy. Mg, Mg, F, G, M, R (ang rpynnet Ten A) u R (g rpynns Ten B), cneea
OT KaKI0rQ 3HAYCHHA HAXOOMTCA “KHOMKA ¢ OVKBEHHBIM 0003HAa4YeHHEM mnapa-
merpa. [lpH MOMOILM TOr0 MEHIO HYIKHO BBECTH YHC/IEHHBIE 3HAYSHUS UCXOAHBIX
NAHHBIX 1A CBOGH 3a1a4H,

[Tocae Toro, Kak BCe HEOOXOAMMBIE YHC/ICHHBIE 3HAYEHWA 3a7aHbl, CIEIyeT
HaxaTh (pyHKUHOHANEHYIO Knaeumy F10, [lpu 3ToM Ha 3KpaHe MOABHTCH KOTMHSA
CTPOKH TaOMWIBI HCXOMHBIX JAHHEIX W 3HAYEHHWE £)., BEIMHCIEHHOE oOyvaromeh
nporpamMmmoii. Tenepb 0CTANOCh CBEPHTH 3TO 3HAYEHHE C OTBETOM, NMOAYYEHHBIM
I0MA.

3aKOHYHB MPOBEPKY. HYIKHO HAKATh Kakyio-nubo knasuwry. B oreer Ha 3kpane
BO3HHKHET HAAMHCh

3akoHyunu nu Bl paboTy no npoBepke 3agaHuvA ?

[Tpu yTBEpAMTENLHOM OTBETE HA ITOT BONpoc nporpamma syndin sasepuiaer
paboTy, a Ha 3KpaHe BHOBbL MOABIACTCA OCHOBHOE MeHIO mporpamvel dk. B npotusHOoM
crmy4ac (a HMCHHO, CCITH Dﬁliﬂp}'m“ﬂ“ﬂ: ONTHOKH, C/ICTAHHEIE MpH BBOOC, HITH CCITH TPE-
OyeTcs NPoOBEPHTH OTBET K JAPYTo# 3a/1aue) Ha IKPAH ONATh OY/IET BHIBECHO MEHIO JUIA
pBOAa nmapameTpos MJI3, u B8 Hém Momno OyaeT MOMEHATH BCE MM YacTh 3HAYEHHH ma-

PAMETPOE.

3. Mpumep BLINONHEHUA 3a4aHUA TUNOBOro pacyéra
no AMHaMUKe MaWWHbI C KYNUCHLIM NPUBOOOM

3.1. NMocraHoOBKa 3aQaum

Hsnosum, cneaya [4]. nocTaHOBKY 3a1aHMA THNOBOINO pacyéTa No AMHAMHKE Ma-
[IHHBI C KYIHCHBIM ITPHBOIOM.

Tpebyercs onpeaenuTh ABWAKCHHE MALIMHBI C KYJHCHBIM TPHBOJIOM MO
JICHCTBHEM 3a/IAHHBIX CHJI B MOMEHTOB, a4 TAKKE HAHTH JHHAMHWYECKHE PEaKIIHH.
Yucnopsle 3HAUEHWA NMApaMeTPOB W HAYAIBHBIE VCJIOBHA MOA00OpaHbl Tak, yToObI
JIBWIKEHHE OBI7TO OIIM3KO0 K MEPHOIHYECKOMY .,

MaiuuHa NpUBOAKTCA B JIBHKEHHE DJIEKTPOABHIATE/IEM, PA3BHBAIOLIHM MO-
ment M 15 ansa npoexnun M | Ha 0Ck Z MONB3yEMCA TaKHM BHIPA/KEHHEM:

M - M, - ko,,, (58)

Az
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rne M, — nyckoBoii MOMEHT, kK — KPYTH3HA CTaTHUYECKOH XapaKTEePHCTHKH, | —
HOMEP 3B€HA, K KOTOPOMY TMPHIOKEH MOMEHT.

B pasnbix BapyaHTax 3ajaHus NOJE3HYIO HArpys3Ky MOJEIHPYIOT 1H00 cuia
wHarpyskn F,, mubo moment narpyskn M, | 3apasaemeie Tax:

Fax = — Wy Vpy wm FHJ‘ = K I/I”vr! My = =104, (39)

3/1eCh B ]}I}.?IH TOUKH P MOKET BHC'I'}"UHI'I:: J]Hﬁﬂ 11pﬂn33m|buaa TOUKA 3BEHA 4 {EC-
JTH OHO JIBKIKETCS MOCTYMaTenbho), mu6o uentp Mace C gaHHOTrO 3BeHa (eciw mis
Hero umMeeT Mecto obuIHil ciyuaii niockoro ABHMKEHHA), a B poiu ko3(puimen-
TOB |1, 1, BHICTYNAIOT KO(QPULUHEHTbI CONPOTUBICHHUA.

Bo Bcex papuaHTax 38eHO / — 9TO MAaXOBMK, 3B€HO 2 — KyJIHCa, B IPOpe3H
KOTOpO aBuikeTcs mun A MaxoBHKa. DIEMEHThl KOHCTPYKLUHH MALIMH CYMTa-
I0TCA a0COIIOTHO KECTKHMH, PEMHH — HEPACTAKUMBIMH W 0€3bIHEPLIHOHHBIMH.
[Tpockanb3siBaHHe Konéc, peMHeil H T.A. OTCYTCTBYET. TpeHHeM Memay LIHIOM
A v npope3bio KyJTHCH ipeHeGperaeM.

HMexoanble 3HaueHus napaMeTpoe npueeieHsl B 1ati. 1. 3HaueHus yeTbipéx
M3 3THX HAPAMETPOB CeveT MO AMPUUMPOBaTh 110 (hopmyIam

k = k. (1+001N); p, = pu, (1+001N);

Bi = B AL DYLN 25 fy = 1. +0,1n; \9d)

3aeck N — HOMEp CTYACHYECKOH rpynnbl, # — HOMEP NOTOKA.
Bo secex sapuantax R, = 036 m, OA4 = r; = 0,06 m. B sapuantax 7, 9,
11,24 nnassena 4 paguyc uHepuun 2, = 0,1 M.

BpEMﬁ MOJCITHPOBAHHA T W HauallbHaA YrjioBasa CKOPOCTE MaxOoBHKa 3ana-
KOTCA Tak:

T =024(1+001N); ,,(0) = 2n/1 (61)
(ipu 3TOoM ®4.(0) Symer GnM3KO K cpeaHeMy 3HAYEHHIO . B TIEPHOIHIECKOM
JABMIKEHHH, a4 T — OJM3KO KO BPEMEHH MOIHOro 00opoTa MaXoBUKa),

BapuanTsl cxeMm MamMH npenctasiedsl Ha puc. 12 —16.

TpeOvercsa: 1. BononHUTE KOMIBIOTEPHOE MOACIHPOBAHHE ABMIKEHHA
MaIIHHBl (OTAEIBHBIE 3Tanbl MOJAETHPOBAHWA PACCMATPHBAIOTCA Jalee — MpuMe-
HHTETHHO K KOHKpeTHOMY mpuMepy). 2. Jlma MOMEHTa BpeMeHH, KOTJa VITIOBoe
YCKOPEeHHE £. NPUHUMACT MAKCHMAJILHOE 110 MO/IY/I0 3HAUEHHE, ONPEee/IHTh JIH-
HAMHYECKHE PeaKiliu: a) OKpy:kHoe yeuaue B Touke K (Bapmantei 1,2, 3,5, 6,7,
8,10, 12, 13, 14, 15, 19, 20, 22, 23, 24, 26, 27, 29); ©) pa3sHOCTb CHJI HATAMKCHHA
BeavILel W BegoMoii BeTeeil pemeHHol nepenaun (Bapuantet 4,9 11, 17, 25, 30);
B8) yeunue B crepsxue (D (sapnanter 16, 18, 21, 28),

B szapaumax namnoro TP ypaBunennsa npuienus MallMHbl COCTABAAIOTCA B
chopme ypasuenwii Jlarpanxka 2-ro poga. 3a 0000mEHHYIO KOOPHHATY NPHHHUMA-
eM yroa ¢; (paccmarpvBaemMbleé MEXaHHYEeCKHE CHCTEMBI MMEKOT OJIHY CTENneHb
cBo00abl), Tak 4TO NpH nepexoe K 3anuck B popme Kowm (1) nomyuum:

W, = €. (0,,0,), ¢, = @,. (62)
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Tabnwna 1

Bai]f:_ My | k| r (Mo | D [y my (my| Ry | 13 |05 | Ry | 7y [0,(0)
1 |[-50(08]| 344 | — [14|21]| 9,26(24|0,18| — - — - | 1,6
2 (102 |13,3] 331 — |[2,0(15]10 2010,13| — - — - |0
3 |—-3410,3| — (9561520 7,72124(012| — - 10,12 — | 3,1
4 26102 — (3481726 4,6320(0,09| — - 10,09 — | 1,6
5 105 35| 639] — |2.0]10]15 |20]0.12]0.08[0.09] — | = | 1.5
6 |—53108] — |4.72|1.4]24] 926(24[0.18] — | — [0.10] - |32
7 (=-2710,2| — |20,6(1,5(20| 7,72|20(0,09| — - 10,1210,08] 1.6
8 |108 |35 222 — [2,0|101|20 151(0,10|0,08(0,08| — - | 3,1
9 |-2710,2] — [206(1.4|15] 92630(0,09| — - 10,15({0,05]| 0
10 110 (3,8] 571 — [2,012]20 2010,18(0,08(0.12| — - | 3,1
11 | 37]04] = [1151.7]22] 463[3210.12] = | = 0.12]0,06] 4.7
12 |11213.7] 246 — |20 (1424 [12]0.06]0.12]014] — | — [0
13 | 113 (3,7 342 | — [2,0|12]25 10 (0,12 - - — - | 3,1
14 | 114 |38| 86| — [2,0|15]|20 2810,10(0,06(0,08| — — 4,7
15 | 115(3,912234] — [2.0|16]18 301(0,20(0,06 (0,14 — - 13,2
16 |116(3,912654] — [2,018]20 16 (0,10(0,05(0.08| — - 10
17 | 39]04] — 1695 1.4]23] 9261320012 — | = [0.12] = |0
18 118 |3.9] 337] — |20]12[16 [10]0.08] = | = | — | - [3.1
19 |119 (393231 — |2,0]20|30 4010,14(0,07(0,08| — - |0
20 (120 14,0 — (3,242,010 |16 12 (0,10 — - — - | 3,1
21 [ 121 14,011380| — [2.0]24 (32 16 (0,07 — = - - 13,2
22 [ 12214,1| 700 — [2.0]12 (22 1810,18(0,06(0,12| - - 10
23 |—41]04] — |610[15115] 7.72120]0.12] = | = |0.10] = | 1.5
24 [—31102] — |492[1.7125] 4.63]360.09] — | — 10.16]0.08] 3.1
25 63|1,0| — |354(14 (24| 92632 (0,18 — - |0,14] — | 1,6
26 (126 14215440 — 2,018 |40 2610,18(0,09(0,10| — - |0
27 |—=36|04| — (2991526 7.72(124|0,12| — - 10,16 — |0
28 [ 128 (431308 — [2.0]22 (24 16 (0,15 — - — - | 3,1
29 1129 [42] 101] = 20112110 [10]0.05] = | = | = | = |32
30 651,00 — [536(1.41(17] 926|16(0,18| — - 10,101 - |0

3

k]
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Puc. 12, Cxembl MauMH ¢ KyJIMCHBIM [IPHBOAOM (BapuanThl | —6)

46




11

Puc. 13. Cxembl MallIMH C KYJUCHBIM NPUBOOM (BapuanTel 7 — 12)
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Puc. 14. Cxempl MallMH ¢ KYNHCHBIM OPHBOAOM (Bapuanthl 13 — 18)
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Puc. 15. Cxembl MalIMH ¢ KYJAHCHBIM NPHBOAOM (BapHanTtsl 19 — 24)
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Puc. 16. CxeMbl MALUMH ¢ KYJHCHBIM NPHBOAOM (BapuanTsl 25 — 30)
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i audypepeHMabHEIE YPABHEHHA W WHTErPHPYIOTCS YHCIEHHO HA WH-
Teppasie u3menenua spemenn [0, t]. Ecnu 3anaua pemiena npasuibHo, TO rpadu-
KH Oy, ®, U €, He OVAYT UMETh Pa3pbIBOB, KOHEUHbIE 3HAYCHHA NMEPEMEHHBIX
M. W €. OyayT OIM3KK K HAYAIbHBIM, a MPUPAIEHHE VA (P, HA HHTEPBale M3-
meHenus spemenn [0, t] Oyaer Gamsko k 2 7.

Uro kacaercsa onpeaeneHus AHHAMHYECKHX peakmui, TO 414 HAXOKIEHHS
COOTBETCTBYIONICH peakuMd PpeKOMEHIyeTca OCBODOAWMTH OT CBA3CH 0aHO M3
3BEHBEB CHCTEMBI, a 3aTeM COCTABHUTH TaKoe M3 YpPaBHEHHH AMHAMMKA AaHHOTO
3BEHA, B KOTOpOE Bouia Ol MCKOMas peakumsa. B naHHoe ypasHeHME BMECTO ne-
PEMEHHBIX (), (), ¥ €, HAZO MOJCTABHTH UX 3HAYEHHA M3 TOH CTPOKH TAOIHILIbI
PE3YIBTATOB MOJETHPOBAHNA, B KOTOPO#H €|, MPHHAMACT MaKCHMaNbHOE MO MOTY-
JTHO 3HAYEHHE.

3.2. MNpumep cocTaBNeHUA YpaBHEHUW ABWKEHUA MALLMHbI

PaccmoTpuMm 0auH K3 BapHaHTOB 3aJaHWsA THIMOBOTO pacuéra nmo AHMHAMHKE
MAILHHBI ¢ KYJIHCHBIM MPHBOAOM (VCIOBHMCH CHHTATh €ro 31-M BapHaHTOM).
[Mycrs N =12, n =1, a kuHemaTHyeckas CXemMa MalIHHBI COOTBETCTBYET H300pa-
#wEHHOM Ha puc. 17, a.

B nannom sapuante moment asuratens M. = M, — kw;. npunoxken x
LUKKBY 3, CBA3AHHOMY C MaxoBUKOM pemeHHoill nepenaueii. [lone3nas narpyska

MOJIE/THPYETCA CHIION FHJ, = — Wy Vpy, NPUIIOKEHHOH K TOUKE P wroxka 5.
HNano: OA=r,=006m; R =036 m; R;=009m; R;=024 m;
ry =008 M, 04 = 0,12 m; My, =-27 Hem;, k=0228 Hemec, |, =

=309 H-c/m; I = 1,8xr-Mm2; my, = 15kr; my = 7,71 xkr; my = 16 xr;
T = 02688¢; ®,,(0) = 23375¢7; ¢,(0) = 1,57.

al M. H

Puc. 17. Cxema mammHel ¢ KYJTHCHBIM TPHBOJOM (BapuaHT 31)

51



[lpennonaraercsa, 4TO peMeHb HEBECOMBII, HEPACTAKHMBIH, HE MPOCKATb3bI-
BAKOLLHI OTHOCHTEITBHO IKWBA W Maxoerka. Karok 4 OTHOCHTENBHO pelikH IToKa
5 W HEeNnoJBMKHON pelKW He mnpocKanb3blBaeT (3yOuaras peeuHas nepeaada).
Macca 1ITOKa He YUHThIBASTCA,

Tpebyercs: 1. CocraBuTe VpPABHEHHA ABMIKEHMA MamuHel B dopme
vpaeHeHwii Jlarpamka 2-ro poma. 2. 3anmWcaTe ypaBHeHWA JBHMAKEHHS B (hopme
Komu. 3. Ilpy 3a0aHHBIX HAYATBHBIX YCAOBHAX YHCIEHHO NPOMHTErPUPOBATH
ypaBHeHua apuikenna Ha orpeske [0, T]. 4. [Mocrpours rpadmkn ¢, (1), 0 .(7),
€,.(¢). 5. Jlng moMeHTa BPEMEHH, KOT/1A €, NPHHUMAET MAKCHMAIBHOE M0 MO-
JYJIKD 3HAYEHHE, BBIYHCITMTD PA3HOCTh CHJI HATAMKEHUA BEAYIUEH M BEIOMOI Ber-
BEH PEMEHHON repeayn,

[TpuecTynaem K COCTABNEHHMIO YPABHEHHH JIBHKEHHA MALlIMHBL, byaem mpuaepsu-
BATHCA TOH MOCISI0BATENBHOCTH AEHCTBHH, KOTOpasA H3noxkeHa B 1.4 paszaena |.

1°. CocraBuMm BhIpaKEHHE Ul KHHETHUYECKOil aneprun | mexaHmueckoii
CHCTEMEI, YKa3aB BH/ JABHIKCHHA Ka/kJOr0 Tena W BRIPasuB kod(duumente yepes
HCXOAHBIE JaHHBIE.

0
G )
2 '
1 2 | 2 | ms Ry, 1 2 | 2 3
= =1l@, +=M¥Vo, + ———— 03, + =My Vn, + — M0; Wy, .
2 1 1z 2 2{_}- 2 2 3z 2 --1-{_!- 2 454 4z

3eck MBI Y4IH, YTO MAXOBHK / H WIKMB 3 COBEPLIAKDT BPAINATENLHOE JBHIKEHHE
BOKPYT HENOJABM/KHBIX OCEH, Kynuca 2 JBHHKETCA NMOCTYNATENBHO, a /UIA CTYNMEHYATOrO
KaTka 4 HMeeT MecTo ODIIMH cy4al MI0CKOr0 IBHKEHHS, MOC/IE Y€ro BOCMOIb30BAIHCH
Gopmyiamu (15) (kHHeTHHECKAS e IHEPrHA Oe3bIHEPLUHOHHOIO WTOKA 5 PABHA HYIIO).
[TpH BBIMHCIEHHH MOMEHTOB HHEPUHH OBLIO YHTEHO, YTO WIKMB 3 — OJHOPOIHBIN JHCK,
A1 MAXOBHKA | MOMEHT HHEPLHH 33/1aH, a A71d CTYNEHYATOrO KATKA 4 HW3BECTEH PaaMyc
HHEPLHH,

2°. Cocrasum Bbipazenue st 0000WwENHON ekl (J U packpoem ckanap-
HBIE TPOH3BEACHMA,

Bocnonssyemca dopmynoii (17) 1 3aMeTHM, 4TO B HALWIEH 3a7a4€ K YHCIY aKTHB-
HBIX CHJT M MOMEHTOB OTHOCATCA MoMEHT M, , cuna F; W CHIBI TSMKECTH.
{

Y T _ ST
g = {M;s“.?]+(FH*“1J)+{W1E=}I’{}}+
0 d
_{ng,i(,}+{m3§,_ﬁf)+{m4§j€] z

(My—kwo;,) us, — p, VpyUpy — My G U, — My G U,

B npoaenanubix BeIKAAOKAX Mbl y4uiW cneayromee. BexkTtopel cKopocTeH Henoa-
BH/KHBIX Touek () W [ paBHBI HYMHO (COOTBETCTBYIOLIHE JKE MepeJaTouHbie (pyHKLHH
OT/MIHYAIOTCA OT CKOPOCTEH JHIIb CKANAPHBIM MHOKHTENEM ¢ W, 3HAYHT, TOWKE PABHBI
Hymo). Bmecto M, . u F,,, MBIl NOACTABHIH KOHKPETHBIE BRIpAKeHHa M3 (58),(59).

[MToguepkHEM, UTO K KOHIY AAHHOTO MYHKTA B HAIIMX (DOPMYIAX yike OOTbine He
noNmAHET huTypHpoBaTh obosHavenua M _w [
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ITockonbky Kynuca 2 JBHMKETCA NOCTYNATENBHO, TO BCE €€ TOUKH UMEKT OJMHA-
KOBBIE CKOPOCTH; MO3TOMY BMECTO MEPEAATOYHON (PYyHKUMHM NMHENHHOI CKOPOCTH LIEHT-
pa Macc Kynuchl (TI€ NMPUIOKEHA CHIA TANKECTH) MblI BOCMO/b30BANINCH MNEPEIATOUHOMN
yHKLUHEH THHERHOH CKOPOCTH TOUKH (.

PackpbiBas ckanapHbie NPOU3BEAEHHS, Mbl YUIIH, YTO BEKTOPbl Vp H € Hampase-
HBI TTAPAINIENBHO OCH ) (TaK YTO WX MPOCKUHH HA OCh X PABHBI HYJIIO).

3°. Beibepem 00OOIMERHYIO KOOPAWHATY ¢ W BBIACHUM KHHEMATHUECKHI

3

CMBICT (. . .
g = ¢, g4 =0 = 0.

BriGop 00001WEHHON KOOPAMHATBL ¢f B JAHHOH 3ajaue Obll MPEANHCAH YCIIOBHEM
3agaud. Ilockoneky ¢ — 3TO yroa noBOpoTa MaxoBHKa /, TO NPOHM3BOJMHAA OT ITOH
0000LEHHON KOOPAUHATBI PABHA MPOEKLUMH YIJIOBOM CKOPOCTH MaXOBHKA HA OCb Z.

Temepb HAAO BHIPA3HTH BCE THHEHHBIC M YTIIOBBIE CKOPOCTH, BXoAsmue B (op-
MyIbl M3 NYHKTOB 1° 1 2° HAIEro anropuTMa, yepes 0000MEHHYI0 CKOPOCTh, 3AMETHM,
YTO 3TH CKOPOCTH JIHOO HEMOCPEACTBEHHO BXOJAT B JaHHBIC (DOPMYJIBI, THOO TIPEICTaB-
NEeHBI TIePEAATOYHBIMH (DYHKIHAME.

4°, Beipasim nHHEHHBIC H YTIIOBBIEC CKOPOCTH, BXOAAUIAE B BEIPOKCHHS IS
Twn Q, uepes ¢,.

TepBoe HY;KHOE HAM BBIPAKEHHE CPa3y XK€ CIeAYET W3 Pe3ybTaTOB MyHKTa 3°:

OJ lz — (pl N
KunHemaTuuecknii rpad
]
0 —
0y

MO3BOJALCT 3aNUCaTh COOTHOLUICHHUE
OTKYZa, YUHTBIBAS, UTO V., = 0, nonyuaem:

Tak kak Kynmuca 2 ABMIKETCA MOCTYNATENBHO H €€ MEPEMEIEHHE BIONTb OCH
Y PaBHO MEPEMELLEHUIO TOUKU A BAOMb 3TOM OCH, TO
Vey = Viy = @, F, 0080, U
3aMeTHM, 4YTO nepeMelleHHe TOYKH A BIOJb OCH X HHKAaK He CKas3blBaeTcsl Ha

ABWKEHHH KYJIUCHI, BCE TOUKH KOTOPOH ABHKYTCA TOJIbKO BAOAbL OCH ). [lo3TOMY ObliO
OBI TPyOOH OIITHOKOM 3amHCaTh, UTO Vi = V.

cy = 008 .

IMocne »Toro w3 rpada

] HHUTb 6
O > B — D — H
/2 /2
Haliaém:
0 0 i i
XD Ve = Ve — @, R sin 5 = @3, Rysin .
OTKyJa |
W;, = —¢, R /Ry, u, = —R/R;. (63)
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Jna HAXO0KAEHHA YITIOBOH CKOPOCTU CTYNEHYATOIO KATKA 4 BOCIOJBL3YEMCH TEM,
41O €ro Touka K — JTO TOYKA KOHTAKTA C HENOJABH;KHOM CTEHKOH, NPHYEM KaueHue
IPOUCXOANT 0€3 NPOCKAIb3bIBAHUA, MO3TOMY Vi = 0.

I'pad A
C - K
0
NacT:
0
vy VW, = V., + 0, R cos0,
/ - T
OTKYZ1a
O, =~V /Ry = —¢,Fcoso /R, .
HakoHell, yudTBIBAA, YTO NITOK 5 ABHKETCA MOCTYNATENBHO, HMEEM: Vp = Vi .
W3 rpacda A
K — E
T
HAXOHM:
0
. . A
Y Ve, = L/H + @y, (R,+r;)cosm,
TAK 4TO

-

5°. Beipazum 7 kak GyHKUMIO (P M (| M NPEACTABUM €& B CTAHAAPTHOI
dopMe, BBOAA AN NOCTOAHHBIX KOAPPHUMEHTOB OYKBEHHbIE 0003HAUEHHA.

[MoncTaBMM HAWICHHBIC AN IMHCHHBIX H YITIOBBIX CKOPOCTCH BRIPasKCHHA B (op-
MYy g 1, monmy4yeHHyto B N.1° anropurMa.

1 2 2 2
— . 2 y 2

+m4gfrfcosz(p1/Rf](bf = 21(A+Bcosz(pl)(f)f,
e
A = I+mR} /2, B — (my+m,+m,0i/R})r] . (64)

6°. Buipazum ( Kak QyHKIMIO () H (.

Teneps mbl noacrasnsieM B opmyny ansa (J, nonyydeHHyro B m.2° anropurma, Bbl-
PaKEeHUs 1151 KHHEMATHYECKUX MEPEJATOUHBIX (PYHKUMI W 1011 BENHYMH (M3, U T,

Q = - (My+ko,R/R) R /R, -
— WO (R +7y) o’ /R - (65)
—(my+m, ) grcosq, .

8] .
7. BpluucnuM npon3BoAHbIE:
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- (A+Bcos?q,) ¢, .

'?{pl

d érT ” , :
at 2. (A+ Bcos2q,) ¢, — Bsin2¢,;,
8T _ 1 Bsinag,¢?

e,

8%, 3anmmem ypasHenus Jlarpanxa.

Mg 31010 20CTATOMHO M3 BTOPOH MO CYETY NPOH3BOIAHOH BLIMECTH TPETHIO 0
CHETY NPOH3BOAHYIO (MPH ITOM HYKHO OY/JET NPHBECTH NMOA0OHLIE YWIEHBI) H Pe3yILTaT
npupasHATL (J.

VpaBHeHHA OBHKEHWs MalTMHBL B hopMe ypaBHeHHH Jlarpanika HMeloT BHI:
L] ] ] 2
2 : i
(A+ Bceos?q,) @, — 5 Bsin2¢,¢; = Q.

[lepexoanm k ypasHeHusM 1-ro nopsaka;
Py = Oy, Wy, = &y,
rae

€., = (Q+B@isin2¢,/2)/(A+Bcos?q,) . (66)

3.3. BeinonHeHue 3agaHunsa ¢ NOMOLWLIO NporpaMmmel dk

[Tepen nauanom padorsl ¢ odyuaroweii nporpammoii dk cneaver npeo6-
pazoBaTh (POPMYJIIbI, MOIMYUYEHHBIE MPH BbIBO/E VPABHEHHH JABMIKEHHA MallWuHbl (B
paccmarpueaemMom npumepe 3to — dopmyisl (64) —(66)), Kk BHAY, NPHTOAHOMY
ana Beojaa B nporpammy. Peub maér o cocrasieHMM Yike YIOMMHABLIMXCA B 11.1
NEPEOro Pa3aena HACTOALErO NOCobMA ceMH pPacuETHRIX GopMy..

Pexomenayerca 3amucare pacuéTHeIC (POPMYITBI MO TEM MpaBHIAM 3aMHCH MaTe-
MATHYCCKHX (POPMYJT M BRIPAKCHHH, KOTOPBIC MPHHATHI B MPEACTABICHHOM 3/1CCH KOM-
nieKce 00yYaromHX MPorpaMm.

Pacuétnbie hopMynsl, COOTBETCTBYIOMME 3 1-My BapHaHTY 3aJaHWA, NPHBOJATCA
nanee (puc.19).

Pabora ¢ obyuatomeii nporpammoii dk B IHMCIUIEHHOM Kiacce NMPOXOIHT B COOT-
BETCTBHH C OOLIMMH NOJIOKEHHAMH, H3NOKEHHBIMH B 11.] NIEPBOro pasjiesna HaCTOALIETO
nocodbus. [locne Beibopa B OCHOBHOM MeHIO nyHKTa “TUNOBOWM pacu4ét” Ha 3KpaH BH-
ACOMOHHTOPA BLIBOAMTCA MEHIO moacHcTeMsbl ~“Tunosoil pacuér” (puc. 1).

Ecnu B nanHom menio BeiOpan nyukt “BbinonHeHue 3agaHuMa’, TO nporpaMma
3ANPaLIHBAET JAHHBIE 0 HOMEPE BAPHAHTA H O CAMOM CTyaeHTe (panee Oyaem npennona-
raTh, YTO 3aJaHHE BEITOTHACT yike H3BeCTHHIH Bam mo mocobGmo [14] “supryansneni”
cryaent JLO.Iymkos w3 rpynme C —12 —03).

3ateM CTYAEHT BBOJHT YHCIEHHBIE 3HAYEHWA napameTpos. [IpHMEHHTENBHO K
paccMaTpHBAEMOMY CeHYAC NPUMEPY MO OKOHYAHHH BBOJAA MEHIO [UIA BBOJA napamert-
POB 3a/AHHA NPHMET BH/, MOKA3AHHBIH HA PHC. 18,
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pel anAa Bawed scapauw. Ecaw cagadHHoe Mo YysMOAYaHMK JHAYE -
Hue Bac ycTpauvBaeT, TO SAMEHATE S0 HE HUYXHO.

EsGupan CODTEETCTEUNLIKE MNOAA MEHK, BESQUTE MapaMer=

MycHoOBOH MOMEHT & EpytusHa CTaTH4YECHON MapaxTepHCTHHM |

MNapamerpel ABUraTens ;

Mo

=27.0 k = | D.228

KoagupuUuWeHT CONpoOTHEASHKA | |.11 = 309.00

II =] 1.8 m, = 15.0 My = 7.7 my = 16.0
MeomMeTpUYECHME NapaMeTpbl
Ri =| 0,38 R:; = 0.09 T — Bx = —
Py = 0.08 'II4 = 0.24 | T 0.08 4 = 0.12
HavaneHeie sHaveHWA OWHPHEREHUWANEHED NMEREMEHHBDK |
tp.l(D) = 1.570 uiz(DJ = 23.375
Bpema MmogeaupoBaHuA: | T = 0.2688

(]

HHepuMWoHHEIE NapamMeTpel @

I Ecau Bwl oaHoHYWAM BBOA MapaMeTpoB, HaxHuTe wWaasuwy F10

Puc. 18. Tlporpamma dk: BHA MEHIO /U1 BBOJA NapaMeTPOB 3aaHus

[Tocne npoBepkH NPaBHIBHOCTH HAOPAaHHBIX NAPAMETPOB 3aldHMA CAEAYET Ha-
AKaTh (PYHKUHOHANBHYK Knaeumy F10. uro obecneudT mepexoa K MEHI [ BBOJA
pacuéTHbIX popmyn. TlepBoHauanbHO B JAHHOM MEHIO CTOAT TOJNBKO HOMepa dopmy;
MOCHE K€ 3aBEPIICHHA BBOJA CEMH PacHETHERIX (POPMY MEHIO MPHMET BHI, MOKA3aHHBIH

Ha puc. 19,

i ]

4]

€,,+ B npasoii 4acTW POPMUAEI MOTUT OUMUPWPOBETE NEpEMEHHLIE
Py ¥ Wy, napanetpi Mg, ko Ry 1g0 My, My, My Ry, org.
RIJ ry E.], Rq, rqe Eu‘, HOHCTaHTa ¢, 38 TaHXe NepeMeHHEIe,
yxe onpegeneHHbie Bamu B npegbiayumx popMysax.

Beegute GOpMYILl G0A BLMUCAEBHHA Qn. QH; Q‘.. Q, A, B,

Beoa GopMynsi Honpasasuue QOpMUAL SapepweHue BEOA3 HOPMYA

43

4 |

<k

4]

1.
2.
3.
4,
5.
E.

?l

QT Mgt R ARDR, ARy 3
Q-H= “Hyey gy ¢H4+r4}tﬂq+r4}uusqlinuslp 1*"’“4"4

Q =-{my+m gr, cosip,

Q=0 n"'QH""Q'

A=l 1 -|-m3R 1 R 1!2

B=dmytmatm R R4/ RaRa’ 4y

£y, =(Q+Bw, W, sin2@,/2)/(A+BeosP,cosp,)

)

Puc. 19. Tlporpamma dk: Bua MeHIO 1A BBOAA PacUETHBIX (POPMYIT
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[TposepHB NPaBHILHOCTL HADPAHHLIX (OPMYJI, HYKHO BHIOPATE B MEHIO MYHKT
“3aeepwenune Beoga cdopmyn”. 3a ITHM MOCHEAYET HHCICHHOE HHTCTPHPOBAHHE
}’pﬂBHEHHﬁ JABHARCHHA MALTHHBL, TTOCTIC YETO Ha IKPaHe MOABTACTCA BOTIPOC “XOTI"IT'E nu
Bbi cTpoutk rpadmkn?”. [1pn yTBepAHTENEHOM OTBETE Ha HETO MOABIACTCA MEHIO JUIA
BbIBOIA rpadukos 3aBucumocTei ¢ (1), (7). g,.(7).

Bua takux rpapMKkoB AN paccMaTpHBacMoro nmpumepa jad Ha puc.20-21 (rpa-
uk 3aBrcHMocTH €. (1) NPHBEIEH B CIEAYIOMEM MYHKTE).

ip
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7.0
6.0

.0
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il
2.0 // |

1.0 1
0,00 0.0F O0.05 O.08 0.10 0.12 0,15 0.18 0.20 0.23 0.25 0.28

k., c

I pastpes T tpi{t.‘-, Bapuanr 31

Puc. 20. Ilporpamma dk: rpadmux 3asucumocti ¢ (7)
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INpadgui QanuCHMosTH uhct}n Bapwant 31

Puc. 21. Ilporpamma dk: rpadmk 3aBucuMocTi © (1)
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AHaH3HPY BH MOJNYUEHHBIX TPapiKoB, MOMKHO MPOKOHTPOIHPOBATE Mpa-
BHJIBHOCTb pellieHud 3anaun. B Hauiem ciydyae BUAHO, 4TO NpUpaLleHHe Vria ()
na murepsane [0, T] mano ornmuaerca ot 27, a KOHEUHLIE 3HAYECHHA TEPEMEH-
HBIX (). W €. JOCTATOUYHO OIM3KH K MX HAYAIbHBIM 3HAYSHHAM,

[Mocne sagepuienms padoTel ¢ rpapuKaMH NEPEXOAAT K NPOCMOTPY TadIHLBI pe-

IYABTATOB MogenupoBanus. Tabmuua, nonyuennas JIénei [TymkoBeiM, npuBeneHa Ha
22
puc.22.

YMcaeHHBIE PE3YALTATEl MOQEAWPOBaHWA.
Bapuant 31. 0.0.Mywwos, rp. C-12-03

t Py Wy €z
0.0 1.570 23.38 9.90
0.022 2.095  23.48 -4.33
0.045 2.619  23.27 -10.50
0.067 3.1438 23.10 -1.63

0.080 3.B586 23.22 13.97
0.112 4.180 23.64 21.34
0.134 4.714 24.03 8.79
0.157 5.253 23.99 -14.32
0.179 5.786 23.52 -24.62
0.202 6.307 23.03 -15.74

0,224 6.821 22.86 1.90
0.246 7.334 23.04 13.83
0.269 7.853 23.35 9.94

Puc. 22. [lporpamma dk: taGnuia pe3yabTaToB MOAETHPOBAHHA

[Tocne nonyyenus (KM coxpaHeHus B Buie rpapuyeckux paiinor) rpagukos nepe-
MEHHBIX H Tﬂﬁﬂi{ubl PE3YVILTATOE MOOENTHPOBAHHA ]JEEGTE CTVICHTA B ﬂHCHﬂEf{HEM Kiac-
ce 3asepluaeTcH.

3.4. BeinonHeHue 3agaHusa ¢ nOMOWLI NporpaMmmel LinkGear

[lepen nauanom pabortsl ¢ nporpaMmoil LinkGear takike ciaeayer noaro-
TOBUTh CEMb Pacu€THbIX (POPMYJI; OJHAKO 3aMMCHLIBAKOTCA OHW 10 [PaBUIIaM, He-
CKOJIBKO OTJIHYHBIM OT NPHHATHIX B APYIHX NPOrpaMMax KOMILIEKCA.

MMeHHO, He 0MyCKAaeTes OMYyCKATh 3HAK YMHOMKEHHS % TIPH 3aTIHCH MPOM3Be/e-
HHH, 8 apryMeHTBl (PYHKLHH CACAYET #eeadd 3aKII0YaTh B KPYITIBIC CKOOKH, YTIIBI MOTYT
3A1ABATECA TOJILKO B PAHAHHON Mepe.

C apyroii ctoposst, B OpMyIax A0CTYIIHA ONEPALHA BO3BEAEHHA B cTeneHb. [Ipu
Ha0ope mokasare/id CTENCHH CIEAYVET NEPEHTH B HAACTPOUHLIH YPOBEHb OJHOKPATHBIM
HamaTHeM KiaBHiuM T. 3areM HAOpaTh BhIpaskeHHe, 00pPa3yHOLIEe MOKA3ATENb, H OAHO-
KPATHBIM HAXKATHEM KIABHMIIH | BEPHYTHCA HA OCHOBHOH ypoBeHb. Ecnu ynomaHyTtoe
BBIPAZKEHHE HE CBOAMTCH K CHMBOIY NEPEMEHHOH MM K HEOTPHUATEILHOMY YHCITY, OHO
NOMWKHO ObITH 3AKTHYEHO B KPYTUible CKOOKH.

BeenéHHBIE B COOTBETCTBUM € JAHHBIMH MPABHIAMH (POPMY LI COOTBETCTBYHOLLHE
31-my BapHAHTY 3a/IaHHA, TIPHBOAATCA danee (puc,25),
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Pabora ¢ obyqawomei nporpammoii LinkGear B auCiueHHOM Knacce npoxo-
JIMT B COOTBETCTBHH ¢ OOIIHMH NMOMMKEHHAMH, H3I0KEHHBIMH B IL4 NEPBOro pasaena
HacToswero nocoOus. Ha pue.23 npusenena zanonHenHas JI€nei Ilymkossim peruct-
pausonHas Gopma odyyalowerocs, Ha puc.24 — BHI MEHIO U4 BBOJA NAPAMETPOB 3a-
JAaHHA MOCIE OKOHYAHHA MX BBOJA, HA puc.25 — BHA MEHIO AndA BBoJa pacuéTHwuix dop-
myn. Ha puc.26 npeactasieH MoJay4eHHbIH B Pe3yIbTaTe MOACTHPOBaHHA rpaduk 3aBH-
cumoctH €.(f) (rpatmku 3aBucumoctein @ (f) v . (¢), paBHo Kak W TabAMLy pe-
3YIBTATOB MOJETHPOBAHHA, Mbl 3[€Ch HE MPHBOIAHM — OHH BOJHE AHANOTHYHBI NOMY-
YEHHBIM MPH MOMOLIK nporpaMmel dk ).

—PervcTpaurorHsE nWcT, MNoxanyicTe BEROMTE;

Damunu, Kima, OTuecTeo:

|ﬂ':|LIJI§DEI NeoHWa DcTanosuy :]

HassaH1e rpynne:

|c-12-03 ~|

HorMep egpUaHTa

|31 5

| qfﬂ.ﬂmal X Elmm-lnl

Puc. 23. llporpamma LinkGear: perucrpauunonsas popma oOyuaroierocs

BEOJ, HAYANBHBIN JIAHHBIN iR

ooty simad it e tiiasialinbliopily i

nz::rw ABUraTend. Koo D guaueHT CONpOTUENEHMA

Mickosonmomenr:  [Mo= |27 b= [309

o AREL

sl il Urepumorinisle napamerpet

(1= |18 fme= |15 fna= 7.7 Ima= |16

[eOMETEI4ECKWE NADAMETDb

[Ri= 036  [Rs=[009  |Re= J0.24 o= |0

= Joos  f= o f= Joos o= J012
Hauanerese sHaueHUn QUOPEDE HUMENEHE NEPEMEHHEDR
fm(0)= [167 o {0)= [23.375

Bpens MonenuposaHis |1:= !0.2688 Kanexynsop | W 0K

Puc. 24. Tlporpamma LinkGear: suj MEHH Juis BBO/IA NAPAMETPOB 3a/1aHKA
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Beeaute dpopMysl A0 BeidMcnenwa O, 0, 0 0. A B .81z

B npagoi 4acTi hopMULEl MOrYT UrypHpOBaTE NepeMerHee (P 1 (4,

napaMaTpel M. 14, m 234 - Ry34-M24-Pag- L. K.G.
8 TaKKe NepeMeHHEIE, Ykxe 05taeneHHEE Bamu B npenkaywmx doprynax

Qa= | -{Mo+kear2R1/Ra)*R1/R3

Qu= | -wr@12r12{ Ratra)®{cosi(pr))?/Ra?

Cr= | -{miz+mg)xger*cos(pr)

Q= | Qg+ QG

A= | li+maeRy 32

B= | {mz+tmatmapsRa2)Hr?

E1z= | (Q+Braviz?asin2xpr 2 )M A+ BH{cos(p1])2)

x JakpeTe |

Puc. 25. [lporpamma LinkGear: Bua MEHIO JUIS BBOJA PacUETHHIX popmyn

Myuwkoe feoHwa OcTanoemdy
Moynna: C-12-03 BapuanT 31

E12 »C-E

MocTpouTe rpadukM;

Yrna

Yrnoeoi ckopocTk

. Yrnosoro yckoperua

" Hazaa

t.c

n.0s ; n1s

Puc. 26. TIporpamma LinkGear: rpaduk 3asucumoctu €,(¢)

Ilociie coxpaHeHust pe3y/ibTatoB padoTel B Byjae oT4éTa padora CTyJeHTa B JAMC-
[UIEHHOM KJIACCE 3aBEPILACTCS.
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3.5. HaxomwpneHue OQMHaAMUYECKUX peakuumn

Ocsoboaum wkue 3 0T cea3ed W 0003HAYNM CHITY HATAKEHWA BEAYIICH BeT-
BU PEMEHHOI nepeaaun uepes S, a Beaomoii — uepes S, (puc.17,0).

Sannem juddepeninaibHoe ypaBHeHHE BpallleHWs WIKHBA BOKPYT €ro

m32R3_ 0y, = M, + S Ry - $,R;. (67)

MHOKHTENB NPH 3z B AEBOH 9acTH AaHHOH QOpMYIBI — 3TO MOMEHT HHEPLMH
WKHBA 3 OTHOCHTENBHO ero ueHtpa /1, a B npagoii vactu (67) 3anucaHa cymMMa MOMEH-
TOB MPHIOKEHHBIX K IIKHBY CHII OTHOCHTEIBHO TOH ke ToukH .

Yuureisas (58) v (63), oTcroa HAXOAUM:
S=8-8, =-(My+ko,R,/R)/R, - mR, @,/2. (68)

HaiigeHHoe ans S BHIPAKEHHE W ONPENENAET PA3HOCTH CHII HATHKEHWA Beaylei
H BEJOMOH BeTBeil peMeHHOH nepenaud. Beiuucium 3HaveHue N, HCMOMb3ys NOOy4eH-
HYIO BO BpeMs paboThl B JHCNNEAHOM Kilacce TabIMLy pe3yibTaTOB MOJETHPOBAHHA.

YrnoBoe ycKkopeHHe MaxOBHKa NMPHHHMAET MaKCHMAallbHOE 10 MOAYI 3Ha-
yenue npu [ = 0,179 ¢ (9-4 ctpoka Tabnuuer cuéta, puc.22). B sToT MOMEHT Bpe-
MeHH O, = 23,52 ¢”!, &, = — 24,62 ¢~2. Iloacrasaaa B (68) uHcnoBbie 3Ha-
ueHMs BeTMYMH, nonyuaem: S = — (=27 +0,.228+2352-0.36/0,09) / 0,09 —
-~ 771036-(-2462)/2 = 9583 H.
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