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1. IEJIb ¥ 3AJAYM TIPAKTUYECKUX 3AHSATUI

Llenvro MpakTUYECKUX 3aHATUNA MO AucHuIinHe «TeopeTnueckue OCHOBBI
MPOEKTHO-KOHCTPYKTOPCKOM JIESITEILHOCTH B 00JACTH TEXHOJOTHYECKUX MAIUH U
arperatoB IMHIIEBON MNPOMBIIIJICHHOCTH» SBISETCS 3aKpEIUICHUE TEOPETHUUECKUX
3HAHUMU, TTOJYYCHHBIX B X0JI€ JICKIIMOHHBIX 3aHSTHH.

3aoauamu MPaKTUYECKUX 3aHATUM SIBIISFOTCS:

- OCBOCHHE METOJIUKH Pa3pabOTKU MPOEKTHON TEXHUYECKON JOKYMEHTAIMH Ha
KOHCTPYKITUU TEXHOJOTUIECKUX MAIIMH U 000PYI0BaHMUS;

- 3aKperUICHHEe Hay4YHBIX OCHOB OOECIEeUeHUs MPOU3BOJUTEILHOCTH U
HAJSKHOCTA  TEXHOJOTHYECKUX  MAIIMH W  OOOpYyJOBaHWsS  Ha  CTaJHH
MIPOEKTUPOBAHUS,

- OBJAQJEHHE METOJOJIOTHEH oOOecleueHus IoKa3aTejael KadecTBa WU
3()(PEeKTUBHOCTH TEXHOJOTUYECKUX MalIMH U  O0OpyJOBaHMS Ha  CTaauu
MPOCKTUPOBAHMUS.

2. TEMATHUKA U KPATKOE COAEP KAHUE
MNPAKTUYECKHUX 3AHATUN

HpaKTI/I‘-ICCKI/Ie 3aHATHA OJI1 OCBOCHUSA AUCHHUIIIMHBI BKIIFOYAIOT CJICAYHOIIMC
TCMBI.

Tema Ne 1. Moodenu cmpyKkmypvl mexXHON02UYECKUX MAWUH U A2Pe2amos

Mooenu cmpykmypel B 3aBUCUMOCTH OT II€JId aHaliu3a OOBEKTa UMEIOT TPH
Pa3HOBUHOCTH: BHEIIHASA, NEPAPXUUECKAsL, BHYTPECHHAA:

- GHewHssl MOOeNb, B KOTOPOM TEXHUYECKUH OOBEKT MPEICTaBIECH B BUIE
«UYEPHOTO SIIHMKa», 0€3 PacKphITHs €r0 BHYTPEHHErO0 CTPOEHHUSA, a BCE €ro CBS3H C
BHEIIIHEN CPENON BBIPAYKEHBI ITOCPEACTBOM «BXOJIOB» U «BBIXOJIOB)

BXOJI 2

l

BXOJI1 —»| OBBEKT |—BbIXO] 1

BBIXO/]] 2

- uepapxuyeckas MoOelb, B KOTOPOH BHYTPEHHSS CTPYKTypa (COCTaB)
TEXHUYECKOT0 OOBEKTa MPEACTABICHA B BHJAE MHOIOYPOBHEBOIO HEPAPXUUECKOrO
«ziepeBa» (CUCTEMBbI), TOCTPOEHHOIO HA OCHOBE MPUHIMIA TPHUOPUTETOB, T.€.
NOJYMHEHHOCTH HU3LIUX YPOBHEHN CHCTEMBI BHICIIUM



1. TexHuueckuit 0OBEKT I::> Cucrema
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- GHYMpeHHSs MoOelb, B KOTOPOM HapsiAy C BHYTPEHHEH CTPYKTYpOM
(cocTaBOM) TEXHUYECKOTO OOBEKTa OTPAXKAIOTCS BCE BHYTPEHHHUE CBSI3U MEX]Y €ro
GyHKUIHOHATBHBIMU AJIIEMEHTAMH, oOecreunBaroIye (YHKIMOHUPOBAHUE
TEXHUYECKOTO O0BEKTa MO €ro NpsiMOMY HAa3HAYEHUIO, a TaK)Ke BHEIIHUE CBA3U
00BbeKTa («BXOJIBI» U «BBIXObI») B COOTBETCTBHH C €0 BHEIIHEH MOJIEITHIO

Bxoxn 2
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l |
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Mogenu CTpYKTYpbl TEXHHUYECKOTO OOBEKTa Jal0T IMOJIHOE MPEACTABICHUE O
€ro0 KOHCTPYKTHBHBIX 3JIEMEHTaX, HMX BHYTPEHHUX M BHEUIHUX CBS3SIX U
peanu3yeMbIX B HUX (PyHKIHSX.



Tema Ne 2. Ananu3 kamezopuit nPouU3600UmMEIbHOCMU
MexXHO102UYEeCKUX MAWMUH U aZPezamos

1. Texnonoeuueckasi npouz80OUmMenbHOCMb — 3TO TMPOU3BOJIUTEIHLHOCTD
UJeaIbHOW MAaIIMHbl HENPEPHIBHOTO JEUCTBUS, OCCKOHEYHOW MJOJTOBEYHOCTH H
aOCOJIFOTHOM  HAASKHOCTH. JJI1 MHOTOMHCTPYMEHTAJIbHOM  TEXHOJOTHYECKOM
MaIllAHbI

II; = —Ou [mrT./MuH],
tp
rae tp — JUIMTEIBbHOCT Pa00OYMX XOI0B CO3aBAEMOMN MAIlIUHBI, OIPENEIAEMBIX
JUIATEIIBHOCTBI0 KOHKPETHOM TEXHOJOTMYECKOW omepauud, C; U — YHUCIO
napauieIbHO paboTaromnX HHCTPYMEHTOB.
2. [uxnosas npouzeo0umeibHOCHb MHOTOUHCTPYMEHTAIBHON MallTuHbI

II, = @u = iu [T, /MuH],

Ty t +1x

rac Ty - e Hnoa abouero OHKJIa OAHOI'O MHC MEHTa T€XHOJIOTUYECKOM MalllMHBbI,
p

c; tp — BpeMsi pabo4nx X0M0B, C; tx — BpeMs XOJIOCTBIX XO/0B.

[{ukioBasi MPOU3BOAUTENBLHOCTD SIBJISETCS MHCTPYMEHTOM aHajiu3a M CUHTE3a
HA CTaguU MPOEKTUPOBAHUS  PALUMOHAIBHOW CTPYKTYpbl H  KHHEMATHUKH
TEXHOJIOTMYECKOW MAaINHBI, OO0ECMEeYMBAIONINX MHHUMHU3AIUIO XOJIOCTBIX XOJOB
WHCTPYMEHTOB MAIlIMHBI ¥ YMCJIa MapajiyIeIbHO PabOTAIONUX HHCTPYMEHTOB.

3. Ilpoenosupyemas pakmuyeckas NpoU3BOAUTEIHHOCTh

_— 60
T vt o+ Mt}
p T i

U [rT./MuH],

rae M{t;} — MaTemMaTHuecKoe OXKHIAHWE JTUTCIIBHOCTH BBIHYXKJIEHHBIX MPOCTOCB
MAaITUHBI, TPUXOAITUXCS Ha KAXKIBIA IPEAMET TPY/Ia, C.
4. Odcudaemoe 3nauenue paxmudeckol MPOU3BOAUTEILHOCTH

3600
DTty M{t}

UMy [oT./4],

A€ My — BEPOATHOCTb COXPAHCHMUS INIOTHOCTH IIOTOKA IIPEAMCETOB TpyJdad Ha BXOAEL,
BHYTpPHU U Ha BBIXOIC TEXHOJOTMYE€CKOM MAIlIMHBbI.

Tema Ne 3. Ananus noxkazameen HAOEHCHOCMU
MexXHO102UYeCKUX MAWUH U azpezamos

1. EOunuunble noxazamenu HA0edCHOCMU.

A =1/T, (4) — UHTEHCUBHOCTb (DYHKIMOHAJIBHBIX OTKA30B, XapaKTepU3yIOILas
BEPOATHOCTH IMOSBJICHMSI OTKa3a 32 PacCMAaTPUBAEMBI MPOMEXKYTOK BpeMeHH (Ipu
HKCTIOHEHIIMAJILHOM 3aKOHE paCHpeAeNieHUs] BEPOSTHOCTH A — CpEIHee 4YHCIIO
OTKa30B B €IMHUILY BPEMEHH).



T, (4) — HapabOTKa Ha OTKa3, XapaKTepPU3YIOLIas CpeHee BpeMs 0€30TKa3HOM

paboThl MalIMHBI 10 NEPBOTrO (PYHKIUOHATIBHOTO OTKA3a.

w=2T,(4d) — HHTEHCUBHOCTb  BOCCTAHOBJIEHHSA,  XapaKTepPU3YIOIIas
BEPOATHOCTb BBIHY)KJIEHHBIX IIPOCTOEB MAlllMHbl B €IMHUIY BPEMEHM, BBI3BAHHBIX
INOMCKOM OTKa3a M €ro YycTpaHeHHeM (IpH SKCIOHEHIIMATFHOM  3aKOHE
pacripesieNieHus: BEpOSITHOCTU | — CPEHEE YUCIIO IIPOCTOEB).

T, (4) — cpenHee BpeMs BOCCTAHOBIICHUS, XapaKTEPU3YIOILEE CPEIHEE BpeMs
BBIHY/ICHHOTO MPOCTOSI MAIIMHBI, BBI3BAHHOI'O TTOUCKOM (DYHKIIMOHAJIBHOTO OTKa3a
U €r0 YCTPAHEHUEM.

2. Komnnexcnvle noxazamenu HA0eICHOCMU.

KoadduimenT roroBHOCTHM — XapaKTepU3yeT BEPOSATHOCTb HAXOXKIACHUS
MAaIIMHBI B pa00TOCTIOCOOHOM COCTOSIHUH.

Koadduiment coxpaneHus mporu3BOIUTENBHOCTH - 0000IIEHHBIN MOKa3aTeb,
XapaKTEepU3YIOIINUNA HaIE€KHOCTh M MPOU3BOJUTEIBHOCTh TEXHOJIOTMUECKUX MAIlWH,
OmnpeeNsieMblii  Kak  OTHOCUTENbHAas  CpPeAHssl  NPOU3BOAMUTEIBHOCTH B
YCTAaHOBUBILIEMCSI ~ peXUME, T.6. Kak OTHOIIEHHE CcpenHed  (aKTUIECKOM
IPOU3BOJUTENIBHOCTH MAIlMHBI B TEUEHUE pPacCMAaTPUBAEMOro KaJIeHIapHOTO
IPOMEXYTKa BpEMEHN K HOMUHAJIbHOH (LIMKJIOBOIN)

Kc = HCI)/ HH

Koadp¢uumenT coxpaHeHus NPOU3BOJUTEIBHOCTH AHAJIOTMYEH I10KA3aTelto
coxpaHeHus >PPEKTUBHOCTH B ciyyae, Koraa 3(pPeKTUBHOCTh (PYyHKIIMOHUPOBAHUS
TEXHOJOTMYECKONM  MAaIIMHBI  ompexaensercs  e€  cpeaHed  (aKTUUYECKOi
IPOU3BOJUTEIILHOCTBIO.

Tema No 4. Ananumuueckue mooenu HAOEHCHOCMU
MEXHON0ZUYeCKUX MAUIUH U A2Pecamos

AHaTUTHYECKYI0 MOJIENIb HAJIE)KHOCTA MHOTOMO3UIIMOHHOW TEXHOJIOTHYECKOU
MAIlIMHBl [ApauIeIbHOIO WM [apauieIbHO-TIOCIAEA0BATENBHOIO JICUCTBUS, Y
KOTOpOH MPEUMYIIECTBEHHBIMU BHUJAMH OTKa30B SIBJISIFOTCS OTKa3bl
(GYHKIIMOHATBHBIX ~ YCTPOMCTB, pa3MEMICHHBIX Ha padouMx TMO3WIHIX, a
MHTEHCUBHOCTh OTKAa30B JPYyTMX CHUCTEM HEBEJIMKA, MOXXHO MPEACTABUTH B BHUJIC
MPOCTEHIIIEro 3aMKHYTOro rpada

78

Au

MHTEHCUBHOCTH OTKa30B A W WHTCHCHBHOCTH BOCCTAHOBIEHHH | IHO0OM
paboueli TO3WIMU MaIWHBl  paBHBL llepexon MammHBI U3 COCTOSIHHS
paboTOCIOCOOHOCTH Sy B COCTOSHUE HEPaOOTOCIOCOOHOCTH S TOCJIE IEPBOTO
OTKa3a JIFoOoM M3 paboumx MO3ULMK OyAeT MPOUCXOJUTh C MHTEHCHUBHOCTHIO AU, a

BOCCTAHOBJICHME MAaIlIUHBI (OJHOM paboueid mno3unuM) OyJaeT MPOUCXOJUTH C
WHTCHCUBHOCTBHIO L.



ManI/IHa NEpEeXo0J0B MallIMHbI U3 OJJHOI'O COCTOAHUA B APYTroc

0 1

Ol1-Au Au
Pi=
1 p 1-p
dR
Pemass maTtpuily sl yCTaHOBHBILETOCS PEXHUMa, KOraa E:O’ MOJIy4YUM

CHUCTEMY JIMHEWHBIX YPABHEHUN

0= —KUPO + lvlpl;
0= KUPO - MP]_.
1
PemenrieM cucTeMbl ypaBHEHHMH C y4eTOM ypaBHEHHs CBi3u Y B =1 Oyayr
i=0

npeiebHbIe BEPOSITHOCTH P, HaxokaeHus: MamuHbl B coctostHusx i (1 =0, 1).

Koa¢d¢punueHT roroBHOocTM NpU OCTAaHOBKE MAIUHBI 110  IIEPBOMY
(yHKIMOHAILHOMY OTKa3y OyIeT paBeH BEPOATHOCTH HAXOKACHUS MAIIMHBI B
paboTOCIIOCOOHOM COCTOSIHHU Py

1
T+ (Wpu 1+ (AT

Koa¢dpunuent coxpaHeHus NpOU3BOAUTENBHOCTH K. MAalIMHBI MOXHO

K

IPEACTaBUTh B BUJIE IPOU3BEICHUS BEPOSITHOCTH COXPAHEHUS IUIOTHOCTHU TMOTOKA M
1 Ko3ppuuuenta roroBHoctu K.

Ke = Kenp -

AHnanutnyeckas MoAelb (DYHKIMOHUPOBAHUS TEXHOJOIMYECKONW MAaIIUHBI C
HAKOIUIEHHEM (YHKIUOHAJIbHBIX OTKa30B UM TOCIEAYIOIIMM WX T[PYIIOBBIM
BOCCTAHOBJICHHEM MOXXET OBITh IIPEICTaBICHA 3aMKHYTHIM Irpadom

H/mk = 1/mkTg

Au-=1) AMu—k+2)

I'pad BxIrOUaeT crenyrolmuUe COCTOSHHUS: Sy — MOJHOM (HayalbHON)
paboTOCIOCOOHOCTH MAIIMHBL,  Sq,..S_q — paboTel MallMHBI C HEMOJIHOM
IPOU3BOAUTENLHOCTBIO IpH 1, 2, ... (1) oTkazaBImIMX pabOYMX MO3ULHMAX; Sy —

Hepa60TOCHOCO6HOCTI/I MallrHbI, KOrJa IMPOU301I1JI0 HAKOIUICHUC OTKA30B 1 MallIMHA



OCTaHaBJINBAcCTCA Ha PEMOHTHOC 06CJ'Iy>KI/IBaHI/Ie, C HWHTCHCHUBHOCTBIO

BoccTaHOBNeHUS p/Mk = 1/mkTg, Tme Mk — KOAQQPUIMEHT COBMEIICHUS BPEMEHH
IPYIIIOBOTO BOCCTAHOBJICHHSI K OTKa3aBIIMX PabOYMX IMO3HUIUN TEXHOJIOTHYECKOM
mammHbel (K >my>1), T.e. mpennomaraercs, 4To CyMMapHOE BpeMs TpPYIIOBOTO

(OJTHOBPEMEHHOTO) BOCCTAHOBJICHHSI HECKOJIbKHUX OTKAa3aBIIUX TMO3WIMA MAaIIUHBI
MkTg MeEHBIIE CYMMBI JUIMTEIBHOCTEH WHIAWBHIYyAJLHOTO BOCCTAHOBJICHUS K

OTKAa3aBIIUX MO3ULMI MaluHbl KT 5.
Marpuia nepexoa0B CUCTEMBI U3 OJHOI'O COCTOSIHUS B APYTO€

0 1 k
0| 1-A AU 0
1| 0 1-Mu-1) .. 0
Pi= ..
k-1| 0 0 v Mu—k+1)
k | p/myg 0 e 1I=AUu—p/my

dR

Pemas MaTpuny Jid YCTaHOBHMBHICTOCA PCXKHMA, KOorjga W:O, IMOJIy4ruM

CHUCTEMY JIMHEWHBIX YPABHEHNUN

0=—-AuPy +p/my B;
0=2uPy —A(u-2)PR;

0=Au—k+21)R_q — (hu+p/my )Py
k

PemeHnemM cucTeMbl ypaBHEHHH ¢ y4eTOM ypaBHEHMs CBi3H Y P =1 Oyayt
i=0
npezebHble BEPOSTHOCTU P, HaXO0XAE€HUs TEXHOJIOTMUECKON MAIlIMHbI B COCTOSTHUSAX

s (i=0, ...K).

Ko>ddunuenT coxpaHeHus: MPOM3BOAUTENBHOCTH K. B yCTaHOBHUBILEMCS

pexume paboThl MHOTOMO3MLIMOHHOM MAalllMHBI, padoTalle ¢ HEenoJHON
MPOU3BOJIUTENIBHOCTRIO TpH 1, 2, ... (—1) oTKazaBmIUX pabouMX MO3ULMIX C HUX
NOCJIEYIONIMM  TPYIIOBBIM  BOCCTAHOBJICHHEM, paBeH CyMMeE IIpelesbHbIX
BEPOATHOCTEU Py, ... Pc_1 HaX0XAeHUs €€ B COCTOSAHUAX S, ... Sk_1

k-1 k
KC = ZPI = k—l .

=S m
i=o U~




Tema Ne 5. Konebanus 6vicmpospamiarouiuxcs 6406
MexXHO102UYeCKUX MAWUH U azpezamoes

1. Pacuem kpumuueckoii ckopocmu 8a1a ¢ 0OHUM OUCKOM.
PaccMmoTpum siBieHUsA, MPOUCXOASIINE MTPU BPALIEHUH Bajla C OJJHUM JUCKOM,
DKCLIEHTPUCUTET LEHTPA MACCHI 71 KOTOPOI'O PABEH €

£
A==

r y i-& FLiw € wy f
[
. | |

L un _"_|"y_’
H- -—w.ﬁr— I e m— Fy_ e —
=L ¥ ¢ !

i = |

L —h @Qa

a 0 B
a - Ha4aJIbHOE TOJIOKEHHE; O - BaJl B IOKPUTHUECKOM 30HE;
B - BAJI B 3aKPUTUYECKOHN 30HE

IIpu BpameHun Bajga C YIVIOBOM CKOPOCTBIO (O IIOJ BO3JIEUCTBUEM
LHEHTPOOEKHOM CHUJIbl MHEpUMH P  MOpoucxoauT ero mnporud; cuiia HWHEPLHH

P = mo? (e+Y), rae y - nporu6 ocu Bana B IIOCKOCTU IPUIOKEHUS CUIIbI HHEPIIUK
B CHCTeMe KOOPIMHAT X; Y1 Z, Bpallalomieiics BMecTe ¢ BaJoM; CHJIAMH TPEHHs B
MOJIIUITHUKOBBIX y3/1aX IIpeHebperaeM. YpaBHeHHE NepeMeleHnil HMeeT BU
y=011P=P/c,
IJI€ C - )KECTKOCTh YIIPYIOii CBA3H.
CnenoBartensHo, ¢y = Mw’(e + ), otkyaa y = mo’el(c - mo?). Pasnenus

YUCIIMTCIb W 3HAMCHATCJIb OTOI'O BBLIPAXKCHHA Ha ma)2 1 o0o3HauMB c/m = O)%,

MOJIy4UM

y:e/(oa%/(oz—l)ymny= K€,
rne K = 1/ ((o(% / (02—1) - K03ghpuyuenm OuHamuyHocmu BpaIIAIOIIETOCS Bajda C
OJIHUM JTUCKOM.

IIpu yrioBoi CKOPOCTH Bajia, paBHOM YTJIOBOM YacTOTE €ro COOCTBEHHBIX
KoJieOaHUM, MPOrud Baja CTPEMUTCA K OCCKOHEUYHOCTH. DTa CKOPOCTh Ha3bIBACTCS
KpUMuyecKkou.

[Ipu yrioBoi CKOPOCTH BaJia, MPEBBIIIAIONIEH KPUTHUECKYIO (B 3aKPUTUYECKON

00JacTH), IEHTP MAacC JUCKA PACIIONAraeTcss MEXAy M30THYTOM OChIO Bajia M OCBIO
€ro BpalleHUs M MPU HEOTPAHUUYEHHOM YBEJIMYEHUHU YIJIOBOM CKOPOCTH JHUCKa
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CTPEMUTCS 3aHSTh MMOJIOKEHUE HA OCH BpAIlCHUS, TIPU 3TOM KodpduimeHt x —> (-1).
OTO SIBICHWE HA3bIBACTCS CAMOYESHMPUpo8anuem 8aid, AehopMalys Bajia mIpu dTOM
YMEHBITIAeTCSl.

Banbr mammH, S3KCIuTyaTUpyeMble B JIOKpUTHYECKOW oOmactu (yrioBas
CKOPOCTh KOTOPBIX MEHBIIIE YacTOThl COOCTBEHHBIX KOJieOaHUI), HA3BIBAIOTCS
JlcecmKuMy, a Ballbl, DKCILUTyaTHPyEeMbIC B 3aKPUTHUECKOH oOmacth (® > @), -
CUOKUMU.

2. Pacuem ynpyeux onop 2ubKux 6aioa.

Jlis  yMEHBIIEHHST YacTOTHI COOCTBEHHBIX KoOJeOaHWW BajoB, YacTo
UCITOJIB3YIOT YIIPYTHE OMOPHI

£

a

B stoM cnyuae B menTtpudyrax u cemaparopax OMKaWIIMi K POTOpYy O
MOJIIUITHAK Bayia («TrOpJIOBOI») yCTaHABIMBAIOT B 00OWME 3, COCHNUHSIONICHCS C
KOPITyCOM 4Yepe3 TPYIIY pajualibHO PAclookKeHHbIX npyxuH 4. HikHioro onopy 1
BBITMOJIHSIOT C UCIIOJIb30BAHUEM MOAIINITHUKA, TOMYCKAIOIIEro MOBOPOT Baja 2.

OnpenenuM 3PGEKTUBHYIO KECTKOCTh C, PAJUAIBbHBIX MPYKUH TOPIOBOTO
noamunuuka. [lpum yuciae npyXuH 7 TEHTPATBHBIM yTrod MEXIYy COCEIHUMH
npyxuHamu « = 271/n. [lycte paauaabHOE TEpEeMEIleHUe IICHTpa Bajia B TOPJIOBOM
MOAIIUITHAKE HA BETUYUHY A MPOUCXOAUT To1 yriioM ¢ k mpyxune 1. [Ipu mamom
HepeMEIeHUH A MOKHO TIPUHATH Je(POPMALIMIO 3TOW NPYKUHBI A1 = A COS@. [{nd i-
ol Ipy>XHuHBI Aj = A COSgy, Tiie @i = ¢ + ¢ (i - 1) - yronm Mexay ochbio 1-0¥ TPy>KUHBI
U HalpaBJICHUEM MepeMEeIlEeHUs IEHTPa Baja.

[Ipeamnonoxum, 4To KECTKOCTh M MPEABAPUTEIBHBIA HATST ISl BCEX MPYXKUH
onuHakoBbie. [IpearnonokuB Takke, YTO MPYNKUHBI CKpPEIJIEHBI C OOOMMOM U C
KOPITyCOM, OTPEIEIUM MPUPAIICHAE YCHIUS B I-OH MPYXHHE TpU ee IedopMariu
Fi = CAi = CACOS@ i, 4TO Ja€T COCTABJISIIOILLYIO B HAIIPABICHUH NIEPEMEILICHUS] LIEHTPA
Bana Fix = F; cosg = cAcos?g i. Cymmupys BO3/eiiCTBUE BCeX MPYKHMH Ha 000iiMy,
MOJTyYUM

n
F,=Y Fy=cAY cos’p;.
/=1
B sTOM BeIpaskeHuu ipu n > 2 1 ¢ = 27/Nn
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n n

> cos?p; = Y cos?[p + ali-1)]=cos’p + cos’ (¢ + ) + ...+ cos?[p + ali-1)|= n/2,
/=1 /=1
CIE0BATENRHO, ¢, = Fy/A =cn/2.

OGbyHO 7 = 6; B 2TOM cilydae ¢, = 3c. Ecnu mpyXuHBI HE CKPEIUICHBI C
000MMOM WM TOCTaBJIEHBI 0€3 MPEIBAPUTEIBLHOTO HATATA, TO HArpPYy>KaeTCs JIMIIb
MIOJIOBUHA OOIIETO YnCia MPYKUH U ¢, = cn/4.

3. Bausnue eupockonuuecko2o MOMeHma, 0cesoul Cuibl U Opy2ux paxkmopos Ha
KpUMUYecKy!o cKOpocms 8ad.

B 1eHTpoOexHBIX MalIMHAX pOTOPHl YacTO YCTaHaBIMBAIOT Ha Bajax
KoHCONbHO. [Ipu OousblION yIJIOBOW CKOPOCTM Baja M 3HAUYUTEIHLHOM MOMEHTE
MHEpLUU JUCKa, 3aKpPEIUICHHOTO Ha Baly, HEOOXOAMMO YUYUTHIBaTh BIHUSIHHE
TUPOCKOMMYECKOIO0 MOMEHTA Ha KPUTHYECKYIO0 CKOPOCTh BaJia.

N3 kypca TeopeTuyeckod MEXaHUKH WU3BECTHO, YTO BCIJIEJICTBUE OTKIOHEHUS
OCH BaJla OT OCH BpAILlEHUsI IJIOCKOCTh IUCKAa BCE BPEMSI MEHSIET CBOE IMOJIOKEHUE B
MPOCTPAHCTBE, U CyMMa TIJaBHbIX MOMEHTOB LEHTPOOEKHBIX CHUJI OTHOCHUTEIHHO
HEIMOJABMXHBIX OCEH X U y paBHA HE HYJIO, @ THPOCKOMUYECKOMY MOMEHTY

M = (Joa) /C()O T Jl)a)gg,

I'JI€ @ - YIJIOBasi CKOPOCTh BPAIIEHUsI JUCKA; (y - YIJIOBas CKOPOCTh U30THYTOM
OCH Baja, paBHAasl yIJIOBOM 4acTOTE COOCTBEHHBIX KOJI€OaHUI Bajia ¢ JAUCKOM; Ji —
MOTNEPEYHbII MOMEHT UHEPLIMU JIUCKa; Jo — OCEBOM MOMEHT MHEPIIMH AUCKA; 3 - yron
HAKJIOHA KacaTeJbHOM K M30IHYTON OCH BaJla B TOUKE 3aKPEIUICHUS TUCKA.

3Hak MHHYC B (OpMyJie OTHOCUTCS K CIydal npsamoeo epawjerus (npsamas
npeyeccus), KOrna M30THYTas OCh Bajla M BaJI BPAILIAIOTCSI B OJHOM HAIpaBJICHUHU.
I'mpockonmyeckui MOMEHT IIpH MPSMOUW NPELECCUH HAIpaBiI€H B CTOPOHY
YMEHBIICHUS yIiia 9 ¥ NPEnsSITCTBYET OTKIIOHEHUIO TUCKA OT UCXOJHOTO MOJIOKEHUS,
T. €. KaK Obl YBEJIMYMBAET KECTKOCTh CUCTEMbI U MOBBIIIAET KPUTUUYECKYIO CKOPOCTb.
JIIsl KpUTHYECKOTO COCTOSIHUSL NPU @ = an XapaKTepHA MpsaMas CUHXPOHHAS
npeyeccusi;, B 3TOM CIIy4ae yrioBble CKOPOCTH Bajia C JUCKOM M M30THYTOW OCH Bajia
10 BEJIMYMHE U HAIIPaBJICHUIO COBIAJAOT.

3Hak TIIOC B (OpMyse OTHOCHTCA K CPaBHUTEIBHO PEIKOMY SIBJICHUIO
obpamnozo epawenus (obpamuas npeyeccus)) 30THYTON OCH, KOTJa HaIPaBJICHHUS
BpalICHUSI U30THYTOM OCU U JIMCKa IPOTUBOIIOJIOKHBI. | *POCKONIMYECKUA MOMEHT B
3TOM CJIy4ae HalpaBjeH B CTOPOHY YBEIUUYECHHUS YIJIa F; KpUTHUYECKasi CKOPOCTh Baja
YMEHBLIAETCS.

JUist onpeneneHuss KpUTUYECKUX CKOPOCTEHN Bajla CIeAyeT NMPUHATh PACUETHYIO
cxeMmy Oankd ¢ KOHCOJBHBIM 3aKpEIJICHHEM MAaCCHUBHOTO Tejla M HCIIOJIb30BaTh
AHATMTUYECKUI WM KaKOW-TMOO YMCICHHBIA METOJ, HAapUMEpP METOJ HadaJbHBIX
apameTpoB.

OOBIYHO MPU MHXKEHEPHBIX pacueTax Jyuisl MPOBEPKU Ha OTCYTCTBHE Pe30HAHCA
ONPENENAIOT MOJHBIA CHEKTP KPUTUUYECKUX CKOPOCTEW Bajia JJiI BCEX BO3MOKHBIX
BapUAHTOB MPELIECCHUH.
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Tema Ne 6. Bubpousonayusa mexnonozuuecKkux Mawiun u azpe2amos

1. Ilepeoaua subpayuu na ocHO8aHUE MAUUUHDL.

PaccmoTpum, Kak mepenaroTcsi yCUiIns Ha OCHOBAaHUE MAIWHBI B CIy4dae, €CIn
OJHOMAcCCOBasi CHUCTE€Ma IIOJABEPKEHA BO3JACHUCTBUIO  BBIHYXKIAOIIEH  CHJIIBI
R = sin(a)t), V3MEHSIOIIENCS IO TAPMOHUYECKOMY 3aKOHY

l."’;.-jfﬂ el

[Tpumem, yTo KONEOIOLIASCS CUCTEMA UMEET BUOPOU3OIISIINIO, COCTOSIIYIO U3
yIPYroil CBSA3M C JKECTKOCTHIO ¢ U JAemidepa BI3KOTO TpeHHUs ¢ KodhduuueHTom
corpoTuBieHus: . Ha ocHoBaHue uepes ynpyrylo cBs3b nepenaercs ycuiue Py = cx,

a uepe3 xaemndep - ycuine R=ax. CymMmapHOe BO3JIEHCTBHE HAa OCHOBaHHUE
MaIIUHBI

R, = Alcin(wt—y)+ awcos(wt—7y ).
OTO BBIPAKCHUE MOKHO IIPEACTaBUTh B popmMe
R. = Rysin(wt—y,).

rae Ry = A+ c* + (oza))2 , v, = yarctg(am/c).

2
[loncraBuB crona 3HadeHne Ao, a Takke C=/M®y, NOIy4UM IOCIE
npeo0pa3zoBaHUl aMIUTUTY]ly CHJIbI, IEpe/laBaeMOi Ha OCHOBaHHE:

\/1+4a)2/72/a)51
\/(1—0)2/603)2 +4a)2/72/a)61

OtHomeHue AMIIINTY O nepezxaBaeMoﬁ Ha OCHOBAaHHUC CHJIbI Ro 141

BBIHYX/JaloIIed cuibl Py HasbIBaeTcs Koauyuenmom nepeoauu cuivl Ha
OCHOBaHHE

R, J1+40? P of
o = = .
P 2
0 \/(1—0)2/503) +40% 1P | wf
B wactHOM citydae, mpu OTCYTCTBUM BA3KOT'O TPEHUS
(n=a/2m=0)x, :]7/‘1—602/005‘ =K,
T. €. KO3 (HULMEHT nepeaaun CHUIIbl YUCICHHO paBeH KO (UIIUEHTY JUHAMUYHOCTH.

J1+41 | w?

2wy

Ry =

uoy =y- arctg(Zna)/a)g).

IIpu pe3onance kK, =
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Anamu3 3aBucuMoctH k; = f(ow /an) mO3BONSET YCTAaHOBHTH, YTO
UCIIOJIb30BaHue JIeMI(EepOB BA3KOro TpeHUs dPHEKTUBHO IS TallleHUs: KojieOaHui
JIMIITL B PE30HAHCHOM 001acTH - pu @ < an. B 3ape3oHancHol obnactu ipu @ /ap >
V2 npumeneHne neMndepa BA3KOTO TPEHHs HEPALMOHAIBHO, TAK KaK TIPH GOJBIINX
2n/ an ko3 puIMEHT epeaadn CUiIbl MPU 3aJaHHOM OTHOIICHUH @ /@y OOJIbINE, YeM
npu orcyrctBum jaemndepa. OgHako OpH pPELICHUH BONpoOca O MPUMEHEHHUU
nemndepa BA3KOTO TPEHUS CIEAyeT TIMOMHUTh, YTO MOCJIEIHUI TO3BOJISET
3HAYUTENIIBHO YMEHBUIUTh PE30HAHCHBbIE MepeMeleHuss U cuibl. [1o 3Toil mpuunne
JUIS  MallliH, pa0oTalmuX B 3ape30HAHCHOM 30HE, MHOI/IA HCIOJB3YIOT
BUOPOU3OIALIMIO C CAaMOOTKJIIOYAIOIIMMUCS JAeMiipepaMu, KOTOpble ICHCTBYIOT
TOJIBKO B PE30HAHCHOM 30HE.

JI1s1 yMeHbIIIeHUs: COOCTBEHHOM YacTOTHI KOJIEOAHUI CUCTEMBI B Psijie CIydaeB
MAIIMHY ECTKO COCIWHSIOT C JOMOJHUTEIBHON MacCoil, KOTOPYIO Ha YIPYTUX
OTIOpax yCTaHABJIMBAIOT Ha PyHIaMEHTE.

2. Jlunamuueckue eacumenu u 8uOpPOONOpoL.

JuHamuyeckoe BUOpOramieHue MOXKET ObITh 3(PPEKTUBHBIM JHIIb B TEX
Cllydasix, KOTJa BBIHYKJAIOIIAs CHJIa WU3MEHSAETCS MO TapMOHUYECKOMY 3aKOHY.
JleiicTBre BHOpOTacUTENsI MOKHO TOSICHUTH CIEAYIOIUM 00pa3oM

o
L |
{ -
! ¥
l B maer seril
<
S
{"\1.

B el e e i

[Ipennonoxkum, 4TOo KOPHYC MAIIWHBI 1, HAXOASIIMICSA MOJ BO3JAEHCTBUEM
BhIHYXHafomerd cumibl  PoSin(at), coenvHeH ¢ ¢yHIaMEHTOM MpYyXXHHAMH 4,
YKECTKOCTh KOTOPBIX HEBEIMKA. J[MHaAMUYECKH TacuTeNbh IPEACTaBIsIeT CO00M Maccy
2, COCOUWHEHHYIO C KOpIIYyCOM NPY>XMHOW 3, MPUYEM MACCy M M XKECTKOCTh C

TIPY’KUHBI TOAOMPAIOT TaKMM 00pa3oM, YTO @y =+/¢/M=®. Tlpu paboTe Kopmyc

MAaIllMHbl OCTAETCS HEMOJABUKHBIM, MOCKOJIBKY MNPYKHUHBI TACUTENS NEUCTBYIOT Ha
HETO C CUJIOW, PABHOW W MPOTUBOIIOJIOKHON BBIHYX/IAOIICH CHJIE.

B03MO0XXHOCTH TakMX TaCUTENIEN OTPAHUYEHBI: UX MOYXHO HCIIOJIb30BATh JIUIIb
IIPU 33aJIaHHOM 4YacTOTE (@ BBIHYXKJIEHHBIX KojeOanuil. JlJig pacmmpeHus: nuara3oHa
4acTOT MUHOT/IA UCTOJB3YIOT IMHAMUYECKUE TACUTENU C IeMII(PEPOM BSI3KOTO TPEHHUS,
KOTOPBIN YCTAHABIMBAKOT MEXK/Iy KOPIIYCOM MAalIMHbBI 1 MaCCOM TaCUTEIIS.

JUisi yCTaHOBKM MAalllMH YacTO MCHOJB3YIOT CTaHAapTHbIE BHOPOU30JIU-
PYIOILKE OMOPHI.
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[Ipu BbIOOpe (¢yHIaMeHTa TMOA MAIIMHY, MOABEPKEHHOW BHOpaIu,
YYUTHIBAIOT TIepenaBaeMylo Ha (yHIaMEHT BUOpaAlMOHHYIO Harpysky. B
NPOCTEUIINX CIy4asiX IUIOIAaAb OCHOBAaHUS (PyHAaMEHTa PaCCUUTHIBAIOT 110 (GOpMYIIe

Fo = [(m+m)g+x,Al/o]x
rae Mp ¥ My - Macca MallMHBI ¥ PYHIAMEHTA; [O]cx - JOMyCKaeMOe HaIpsKEHHE
cxaTus s QyHIaMeHTa.

B OTBeTCTBEHHBIX cCHyyasiX pacCUMTHIBAIOT AaMIUIUTYAY KoJeOaHUN
COOCTBEHHYIO YaCTOTy KoJjiebaHuii (hyHIaMeHTa JJisi IPOBEPKU Ha pEe30HAHC.

3. METOAUYECKHUE YKA3AHUWSI K IIOPSIAKY NOAI'OTOBKH
N BBINTOJIHEHUIO ITPAKTHYECKHUX 3AHATUN

[Ipy nDoAroTOoBKE K 3aHATUIO CTYACGHT JIOJDKEH pa3odparh BOMPOC;
O3HAKOMUTBCSI C KPATKUM OIMCAHUEM TEMBI; NPOCMOTPETh JONOJHUTEIBHYIO
JUTEpaTypy IO JaHHBIM BOIIPOCaM.

B xoxe mpakTWyecKuX 3aHATHM CTYIAEHT BBINIOJHSAET NMPAKTUYECKUE 3aJaHus,
IIPEIOKEHHBIE MPETIOJaBATEIEM.

[lo 3aBeplICHHUIO TPAKTUYECKOTO 3aHATUS CTYACHT OO0s3aH MPEAbSIBUTH
BBITIOJTHEHHBIE 3aJJaHUsI U OTBETUTh NPENOJABATENI0 HAa KOHTPOJBHBIE BOIPOCHI,
COIIPOBO’KJ1asi CBOM OTBET JEMOHCTPALlMOHHBIMU IIPUMEPAMM.

Ilepen HavamoM 3aHATHUS CTYACHT JOJDKEH H3Y4YUTh COJEpKaHUE IaHHBIX
METOJIMYECKUX YKa3aHUM.

1. ITonyuuTs y npenogaBaTesisi HCXOAHbIE JaHHBIE 10 TEME 3aHATHS.

2. CocTaBuTh NMPOrpaMMy pacdeTa aHAIU3UPYEMBIX NapaAMETPOB, HCIIOIb3YS
nporpammHsbIi naker MathCad.

3. PaccuuTath U npoaHaau3upoOBaTh MOJIYYEHHBIE PE3YIIbTATHI.

4. Caenatb BBIBOJBI 10 pe3yJIbTaTaM pabOTHI.

5. OpopMUTh OTUET.

4. TPEBOBAHUA K O®POPMJUIEHHUIO OTYETA

Tekcr oTyeTa 1Mo NMpakTUUECKOW pabOTe BHITIOIHSIIOT HA JucTax Gopmara A4.
Tekcr momkeH ObITh HaOpaH B TekcToBOM penaktrope MS Word. Tun mpudra —
Times New Roman, pasmep mpudra 14 0T, MEKIYCTPOUHBI HHTEPBAI
MTOJIYTOPHBIM.

[TapameTpsbl cTpaHUIIBI: BEPXHEE U HUYKHEE TOJISI — 2 CM; JIEBOE MoJIe — 2,5 cM;
npaBoe mnoJie — 1,5 cM; paccTostHUE OT Kpasi BEPXHETO U HUKHETO KOJOHTUTYJIOB — HE
menee 1 cm. HoMep cTpaHuiibl CTaBUTCS BBEPXY CTPAHUIIBI B IIEHTPE.

OCHOBHOI TEKCT HAaOMPAOT C OTCTYNOM cleBa MepBod cTpoku 1,25 cm u
BBIPDABHUBAHUEM TEKCTa «IO IIMPUHE CTPaHUIbDY. ABTOMAaTHYECKas pacCTaHOBKA
NEPEHOCOB CJIOB: IIMPUHA 30HBI NepeHoca ciaoB —0,63 cM, MakKCHMajbHOE YHCIIO
MOCJIEI0BATEIBHBIX IEPEHOCOB —3.
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