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1. Heab 1 3a1a4u NPAKTHYECKHUX 3aHATHI

I]envio mpakTHYeCKUX 3aHATAH 1O aucnuiuiiHe «OCHOBBI METOOJIOTHH
MPOCKTUPOBAHMUSI  TEXHOJOTHYCCKUX MAallMH W 00OPYIOBaHUS»  SBIISCTCS
3aKPEIUICHUE TEOPETHUCCKUX 3HAHUH, TIOJYYEHHBIX B XO/1€ JICKIIMOHHBIX 3aHATHH.

3aoauamu MPaKTUYECKUX 3aHATUIN SBIISIOTCS:

- OCBOCHHE METOJUKH Pa3pabOTKN TEXHUYCCKOTO 3a/IaHKS Ha MMPOCKTUPOBAHKE
TEXHOJIOTHYECKUX MaITUH U 000PYI0BaHUS;

- 3aKpeIUIeHHe HAyYHBIX OCHOB OOECIEUYCHHUS IPOU3BOAUTCIBHOCTH M
HAJCKHOCTH  TEXHOJOTHYECKUX  MAIIMH W OOOpYJOBaHHWS Ha  CTaJWH
MIPOCKTUPOBAHHS;

- OBJAJCHHWE METOAOJIOTHEH oOeclieueHusl IIoKa3aTeliel KadecTBa M
3G ()EKTUBHOCTH  TEXHOJOTHYECKUX MAIIMH W OOOpYJOBaHUS Ha  CTaJAHH
IIPOCKTUPOBAHHS.

2. TemaTnka u KpaTKoe coJep:KaHue MPAKTHYCCKUX 3aHATHIA

HpaKTI/I‘I€CKI/IC 3aHATHA OJIs1 OCBOCHUS AUCHUIIIIMHBI BKIIOYAIOT CICAYIOIIHC
TCMBI.

Tema Ne 1. Ilokazamenu Kauecmea mexno102udecKux Mauiun

1. Ilokazamenu nazHayeHus XapaKTEPU3YIOT TEXHOJIOTUYECKUE BO3ZMOKHOCTHU
MAaIIMHBI U OMpPENEISIIOTCS €€ Ha3HaueHUEM: IMPOU3BOIUTENIBHOCTb, SHEPro3aTPaThl
(ycTaHOBJIEHHAs! MOIIHOCTh), CKOPOCTH PabOYUX OPraHOB, TEXHOJIOTMYECKUE CHJIBI,
rabapuTHBIE pa3Mephl, Macca.

2. lloxaszamenu HadexcHocmu XapaKTEPU3YIOT CBOMCTBO OO0OpPYIOBaHMS
COXpaHSTh BO BPEMEHHM B YCTAHOBJICHHBIX IpeleliaXx 3HAa4eHHs BCEX MapaMeTpoB
(mokazaTeneil Ha3zHAYEHHUsI), XAPAKTEPU3YIOIIMX €ro CIOCOOHOCTh BBIMOJHATH
TpeOyeMble PYHKIIMU B 3aJaHHBIX PEKUMaX U YCIOBUSAX MPUMCHCHUS TEXHUYECKOTO
00CITy’)KMBaHUS, PEMOHTOB, XpaHCHUS U TPAHCIIOPTUPOBAHUSI.

3. Opeonomuueckue nokazamenu (anmponomempuueckue, duomexanuyecxue,
@u3zuonocuueckue U Np.) XapakTEepU3YIOT YCIOBHUS (DYHKUHOHHUPOBAHUS CHUCTEMBI
«UYETIOBEK — MAIllMHA», T.C. YCIOBUS TMPU KOTOPBIX MaIlluHA MOXKET 3(PHEKTHBHO
00CITyKHBAThCS YETIOBEKOM-OIIEPATOPOM.

Aumponomempuyeckue OKa3aTeNU YYUTHIBAIOT aHATOMUYECKHUE OCOOEHHOCTH
YEJIOBEKA: POCT, MPOIOPIIMH TeJa, pa3Mepbl KOHEYHOCTEH U T.II.

buomexanuyeckue  mokazaTenu  yYUTHIBAIOT  BO3MOXKHOCTH  4YeEJIOBEKa
COBEPINATh PA3JIMYHbIE MO TPACKTOPUU JABUKEHHUS C OMPENEICHHOW CKOPOCTHIO M
CUJIOW, HampuMep, IMepeKIouaTh phlYarn WX BpallaTh pas3IddHbIC OpPTaHBI
yIpaBJICHHUS (MaXOBUKH, IKUBBI), IEPEHOCUTH WU TIOTHUMATh TPY3HI U T.11..

Quzuonocuyeckue TOKa3aTeNUd YYUTHIBAIOT OCOOEHHOCTH OpPraHOB YYBCTB
yesjoBeKka (3peHue, ciayX, OOOHsHHME, ocsizaHue). TpebdoBaHUsSI K PACIOJIOKEHUIO
CpPEencTB OTOOpaKeHUsS WH(POPMAIIMM W OPTaHOB YIIPABJICHUS HA IMAHENSX ITyJHTOB
TEXHOJIOTHYECKOT0 000pYAOBaHUA, a TAKXKE Pa3Mepbl 30H JOCSITAEMOCTH OIepaTropa



NpU TOJOKEHUU CHUJS WM CTOS BBIMOJHSAIOT B COOTBETCTBUM C JICHCTBYIOIIMMH
HOPMATUBHBIMU IOKYMEHTAMHU.

B TOoM umcine 3Ta rpyiira noka3areneil yuuThIBaeT U HEOOXOUMOCTh B OTIbIXE
oreparopa, OTIPABJICHUS UM €CTECTBEHHBIX TOTPEOHOCTE.

B rpynmy 3proHOMHMYECKHMX ~MOKA3aTejIel BXONAT U ICmemuyecKue
noxkasamenu TEXHOJIOTHYECKoro obopynoBaHusi (hopma, BeTOBasg ramMma, CTUIb U
Jp.), KOTOpbIE€  OMNPEACISIOT  COBEPULEHCIBO  XYOOICECMBEHHO20  00UKA
000pyI0BaHU.

4. Iloxazamenu mexHono2uyHOCMU XapaKTEpU3YyIOT CBOMCTBa 000pyAOBaHUA,
00OyCIIOBIMBAIOIIME ONTUMAIbHOE paclpeesieHue 3aTpaT MaTepualoB, CPEICTB
TpyZa U BPEMEHU IMPHU TEXHOJIOTUYECKOW MOATOTOBKE MPOU3BOJCTBA, U3TOTOBIECHUHU
U DJKcIulyaTanuu obOopynoBanus. K MmokazaTensiM TEXHOJOTHMYHOCTH OTHOCSTCS
TPYAOEMKOCTh M3rOTOBJICHUS 000PYAOBaHHUSA, €r0 TEXHOJOTnYecKasi ce0eCTOUMOCTb,
yZelibHasi CTOMMOCTh PEMOHTOB U T.JI.

5. Ilokazamenu mpancnopmabenbHoCmu XapakTepU3yrT NPUCTIOCOOIEHHOCTh
o0OpyZOBaHUsl K TMEPEMEUIEHUI0 B IMPOCTPAHCTBE, HE COMPOBOXKAAIOIIEMYCS
UCIIOJIb30BaHUEM O00OpyJoBaHUs. TakuMu TNOKa3aTels MU SBIIAIOTCS, B YAaCTHOCTH,
CpEIHUE TPOAODKUTEIBHOCTh W TPYIOEMKOCTh IOATOTOBKH OOOpYAOBaHUS K
TPAaHCIOPTUPOBAHUIO, CPEIHSAS MPOAOJDKUTENBHOCTh YCTAaHOBKM HW3JENUs Ha
CPEIICTBO TPAHCIOPTUPOBAHMS, KOIPPUIMEHT UCTIOIB30BAHUS €r0 00beMa U Jp.

6. Iloxazamenu cmanoapmuzayuu u yHuguxayuu, Hapumep, KodPpPuImeHTsI
MPUMEHSIEMOCTH, MOBTOPSIEMOCTH, B3aUMHOW YHU(DUKAIIMU U JPYrue OTPAKAIOT
CTENEHb MCIIOJIb30BAaHUS CTAHAAPTHBIX M OJHOTUIIHBIX Y3JIOB W JETalled B JAHHOU
MalIlIUHE.

JIBa mokazaresns SBISIOTCS OCHOBHBIMH, M OHU B OOA3aTEIBHOM MOPSIIKE
YKa3bIBAIOTCA Ha YepTexax OOUMX BUAOB COOPOYHBIX Y3JIOB MPOEKTHPYEMOM
MaITUHBI:

- K02ppuyuenm npumensemocmu Kyp — OTHOIIEHUE CyMMBI CTaHAAPTHBIX Zcr,
YHU(QUIMPOBAHHBIX Zyy U HOPMAIM30BaHHBIX Zy JETAllEd K CyMMe BCeX (B TOM YHUCIIE

U OpI/IFI/IHaJIBHBIX Zop) HeTaHeﬁ, I/ICHOJIBBYCMBIX B KOHCTpYKIII/II/I MalInuHBbI,
BBIpa}KCHHOC B HpOHCHTaX
Zor +2 +7Z
CT H H .
Y 100 % :
r + Zyu T Zy + Zop
- k03 Puyuenm nosmopsemocmu Ky MOKa3bIBaeT 4acTOTY HCIOJb30BaHUS B
KOHCprKHI/II/I MaAIlIuHbI CTaHI[apTHI)IX, YHI/I(l)I/ILII/IPOBaHHBIX U HOpMaJ'II/IBOBaHHBIX
JeTajed OJHOro THUIOpa3Mepa M ONpPEACISIETCS OTHOIIEHWEM OOIero uucia
CTaHJAPTHBIX, YHUDUIIMPOBAHHBIX U HOPMAJIU30BaHHBIX JeTajed K 00IIeMy YHCITy

Knp:Z

UX THUIOpa3mMepoB Per (pu 3ToM Beerna Ky > 1)
Zer + Zyy + 2y
H - .
PCT
7. Ilamenmno-npasoevie noxazamenu (NOKA3aTeNH IATCHTHOM 3allUTHI,
NAaTeHTHOM YHUCTOTHI M JIp.) XapaKTepU3YIOT CTENEeHb OOHOBICHHUS TEXHUYECKUX
pellleHnH, HCIOJIb30BAHHBIX BO BHOBb CIPOEKTHPOBAHHOM OO0OpYIOBaHUH, UX




NATeHTHYIO 3allUTy, a TaKKe BO3MOXKHOCTb €ro OeCHpernsTCTBEHHOW peajn3alii B
CTpaHe U 32 pyOeKoM.

8. Oronoeuueckue noxaszamenu ONPENENSIOT YPOBEHb BPEIHBIX BO3AEUCTBUI
Ha OKPYXKAIONIYIO Cpely MpHU dKCIuTyaTtauuu odopyaoBaHus. K Takum noxasarensam
OTHOCATCS, HalpuMeEp, COJEPKaHHE BPEIHBIX MpUMEced, BbIOPACHIBAEMBIX B
OKPY’KaIOIIYI0 Cpely, BEpOSTHOCTh BBIOpOCA BPEAHBIX YACTHUII, Ta30B, MU3IyYCHHI
MIPU XpaHEHUH, TPAHCIIOPTUPOBAHUH, IKCIUTyaTallMK 000PY/I0BAHUSI.

9. Ilokazamenu 6e3onacnocmu XapakTepU3yIOT OCOOCHHOCTH 000pPYAOBAaHHUS,
00yCIIOBIMBAIOIINE 0€30MacHOCTh 00CITy>KUBAIOIIETO nepcoHana npu
TPAHCIIOPTUPOBAHUM, MOHTAXE, SKCIUTyaTallui, XPaHEHUH; HAIPUMED, BEPOSTHOCTh
0e30TKa3HON PabOThI, BpeMsi cpabaThbIBaHUS 3AIIUTHBIX YCTPOWCTB U DS JPYTHX
MoKa3aresneu, npaBWjia  TEXHUKH Oe3omacHOCTH  TpHU AKCILTyaTaluu
AJIEKTPOYCTAHOBOK U JIPyTUe TPeOOBaHMUS.

Tema Ne 2. Kamezopuu npou3e00umeibHoCmu mexHoa102UYeCKUX MAWUH

1. Texnonocuueckas npouzso0UmMenbHOCMb — 3TO IMPOU3BOAUTEIBHOCTD
UcaNbHOW MAaIIMHbl HENPEPHIBHOTO JEUCTBHS, OECKOHEYHOW MJOJTOBEYHOCTH H
aOCOJIOTHOM HAAEXKHOCTU. [[1s MHOTOMHCTPYMEHTAIbHOM  TEXHOJIOTMYECKOU
MAaIlAHbI

I1; = —u [mT./MuH],
p
rae tp — JUIMTEIBbHOCTh PA00OYMX XOM0B CO3aBAEMON MAIlIUHBI, OIPENEIAEMBIX
JUIATEIIBHOCTBI0 KOHKPETHOM TEXHOJOTMYECKOW omepauuv, C; U — YHUCIO

napajuieIbHO paboTaroUX HHCTPYMEHTOB.
2. luxnoeas npouzgooumenbHoOCHs MHOTOMHCTPYMEHTAIbHOW MaIllMHbI

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

Ty t +1x

rae Tp - mepuoj pabodero IMKIa OJHOTO MHCTPYMEHTA TEXHOJIOTHMYECKOM

MAaIlIMHBI, C; tp — BpeMsl pabo4nX X00B, C; tx — BpeMs XOJIOCTBIX XO/I0B.

[{ukioBast MPOU3BOAUTENBLHOCTD SIBJIETCS MHCTPYMEHTOM aHajiu3a M CHUHTE3a
HA CTaguU T[POEKTUPOBAHUS  PALMOHAIBHOW CTPYKTYpbl H  KHHEMATHUKH
TEXHOJIOTUYECKOW MAINHBI, O0ECMEeYMBAIONINX MHHHUMHU3AIMUIO XOJIOCTBIX XOJOB
WHCTPYMEHTOB MAIlIMHBI ¥ YMCJIA TapaJlIeIbHO PabOTAIONUX HHCTPYMEHTOB.

3. IIpoenoszupyemasn (paxmuyeckas MPOU3BOAUTEILHOCTh

i 60
mh T Tt + Mt}
p T I

U [mrT./MuH],

rne M{ty} — MareMaTWyeckoe OXUIAHWE JUTUTSIBHOCTH BBIHYXICHHBIX
IIPOCTOEB MAITUHBI, MPUXOIANTUXCS HA KAXABIA IPEAMET TPYIa, C.
4. Odcudaemoe 3nauenue paxmudeckoil MPOU3BOAUTEITLHOCTH



3600
O e My

[T, /4],

rae ng — BEPOATHOCTb COXPAHCHUA INIOTHOCTH IIOTOKA IIPEAMETOB Tpyda Ha

BXOJI€, BHYTPU U Ha BbIXO/I€ TEXHOJIOTUYECKOU MAIINHBI.
Tema Ne 3. Ilokazamenu HadeHCHOCMU MEXHOI02UYECKUX MAWIUH

1. EOunuunble noxazamenu HA0eXCHOCMU.
A =1/T, (4) — MHTEHCUBHOCTb (DYHKLIMOHAIBHBIX OTKAa30B, XapaKTEPHU3yIOLIas

BEPOSITHOCTh TOSBIICHUS OTKa3a 3a paccMaTPUBAEMBIM MPOMEXYTOK BpeMeHHU (TIpH
HKCIOHEHIIMAJILHOM 3aKOHE pAaCIpEeleieHUs. BEPOSITHOCTH A — CPEAHEE YHCIO
OTKAa30B B €IMHUILY BPEMEHU).

(1) — mapaboTKa Ha OTKa3, XapaKTepU3yIlas CpelaHee Bpemsi 0e30TKa3HOI
pabOThI MAIIMHBI 70 TTEPBOTO (HYHKIIMOHATHLHOTO OTKA3a.

uw=2T,(4) — HHTEHCUBHOCTb  BOCCTAHOBJIEHHSA,  XapaKTepU3yIOIlasd
BEPOSITHOCTh BBIHYXJCHHBIX MPOCTOEB MAIIMHBI B €IMHHILY BPEMEHH, BBI3BAHHBIX
MOMCKOM OTKa3a M €ero YycTpaHeHHWeM (MpHU SKCIOHEHIMAILHOM  3aKOHE
pacnpeneneHns BEpOATHOCTH 1 — CPEJHEE YUCIIO IPOCTOEB).

T, (4) — cpenHee BpeMsi BOCCTAHOBJICHUS, XAPAKTEPU3YIOIIEE CPEAHEE BPEMs
BBIHYKJICHHOTO TIPOCTOSI MAIIMHBI, BEI3BAHHOTO MOWCKOM (DYHKITMOHAIBHOTO OTKa3a
U €r0 YCTPAHECHHUEM.

2. KomnnexcHvle nokazamenu Ha0e’CHOCMU.

Kosdduiment roTtoBHOCTH — XapaKTepU3yeT BEPOATHOCTh HAXOXKACHUS
MalIuHBI B pa00TOCIIOCOOHOM COCTOSIHUU.

KoadpunmeHnt coxpaneHus: mpou3BOAUTEILHOCTH - 000OIIEHHBIN MTOKa3aTeb,
XapaKTEPHUIYIONINH HAJIC)KHOCTh U TPOU3BOJAUTEILHOCTh TEXHOJIOTHYCCKUX MAIITUH,
OTIpeNIeIsIEMbIii  KaK  OTHOCHTENIbHAs ~ CPEIHSsl  MPOU3BOAMTEIHHOCTH B
YCTAaHOBUBLIEMCSI  pPEXHUME, T.€. Kak OTHOIIEHHE cpeaHed  (akTU4ecKoit
MPOU3BOJAUTENILHOCTH MAIlIMHBl B TEUEHHWE PACCMATPUBAEMOIO KaJlEHJApHOIO
MPOMEKYTKA BPEMEHU K HOMUHAIBHOM (IIUKJIOBOM)

Kc = H(I)/ HH

Koaddumment coxpaneHuss NPOU3BOIUTEIHHOCTH AHATOTHYEH IMOKA3ATEIIO
coxpaHeHus >PQPEKTUBHOCTH B ciyyae, Koraa 3(pPeKTUBHOCTh (PYyHKIIMOHUPOBAHUS
TEXHOJOTUYECKOW  MamMHbBl  ompeaenseTcs  e€  cpeaHed  ¢dakTHYecKou
MPOU3BOJIUTEIIBHOCTHIO.

3. Auanumuyeckue MoOenu HAOEHCHOCMU U Ccmpamecuu O0OCIYHCUBAHUS]
MEeXHOI02UYeCKUX MAULUH.

AHaTUTHYECKYI0 MOJIENIb HAJIE)KHOCTA MHOTOMO3UIIMOHHONW TEXHOJIOTHYECKOU
MalllMHbl T[apajuIeIbHOTO WKW TapajuiesIbHO-TIOCIEA0BATEILHOIO JEHCTBUS, Y
KOTOpPOH  MPEUMYIICCTBEHHBIMH  BHJAMH  OTKa30B  SIBIISAFOTCS  OTKAa3bl
(GYHKIIMOHATBHBIX ~ YCTPOMCTB, pPa3MEIICHHBIX Ha pabouMx TMO3WIHIX, a
WHTEHCUBHOCTh OTKAa30B JPYIHMX CHCTEM HEBEIWKA, MOXXHO MPEICTaBUTh B BHUJC
MPOCTEUIIIETO 3aMKHYTOTO Tpada



VHTEHCUBHOCTH OTKAa30B A M HMHTECHCHMBHOCTH BOCCTAHOBJICHUH W JIFOOON
paboduell MO3WIMM MAIIMHBI  PaBHBL.  [lepexox  MamIMHBI W3 COCTOSHUS
paboTOCIOCOOHOCTH S B COCTOSIHUE HEPAOOTOCIOCOOHOCTH S IOCHIE IEPBOro

oTKa3a 000 u3 pabouynx mo3uuui OyneT MPOUCXOIUTh C MHTEHCHBHOCTBIO AU, a
BOCCTAHOBJICHHE MAIIWHBI (OAHON pabodeld NO3MIMHU) OYyIeT MPOUCXOAUTH C
WHTEHCUBHOCTBIO L.

Marpuria nepexo0B MalIuHbI U3 OJHOTO COCTOSIHUS B APYroe

0 1

Ol1-Au Au
Pi=
1 p 1-p
dR
Pemass maTpuily [uisi yCTaHOBUBIIETOCS PEKHMMa, KOT/a E:O’ MOJTy4YUM

CHUCTEMY JIMHEUHBIX YPABHEHNUU

0=—AUPy +pRy;
0= KUPO —uR.
1
PemenueMm cuctembl ypaBHEHHMH C y4eTOM ypaBHEHHs cBsizu » P =1 Oyayr
i=0

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

Koa¢d¢punueHT roroBHOoCTM NpU OCTAaHOBKE MAlMHBI 110  IIEPBOMY
(yHKIMOHAIBHOMY OTKa3y OyIeT paBeH BEPOATHOCTH HAXOKACHUS MAIIMHBI B
paboTOCIIOCOOHOM COCTOSIHHU Py

1
1+ (Wpu 1+ (AT

Koa¢dpunuent coxpaHeHus NpOU3BOAUTENBHOCTH K. MalIMHBI MOXHO

KF

IPEACTaBUTh B BUJIE IPOU3BEICHUS BEPOSITHOCTH COXPAHEHUS IUIOTHOCTHU TMOTOKA M
1 k03¢ dunuenTa roropHocT K.
KC = Kl" T]H '

AHanuTudeckas Mojieib (DYHKIIMOHHMPOBAHUSA TEXHOJIOTMYECKON MAIlUHBI C
HAKOIJIEHUEM (YHKIMOHAJIBHBIX OTKa30B M MOCIAEAYIOIIUM HX TPYHIOBBIM
BOCCTAaHOBJICHMEM MOKET OBITh MPEACTaBICHAa 3aMKHYTHIM TpadomM



H/mk = 1/mkTs

A(u —12

I'pad BxIrOUaeT crenyromue COCTOSHHUS: Sy — MOJHOM (HAayalbHON)
paboTOCIOCOOHOCTH MAIIMHBL,  Sq,..Sk_q — paboTel MallMHBI C HEMOJIHOM
IPOU3BOUTENBHOCTRIO Tpu 1, 2, ... (—1) oTkazaBmMX paboOuYMX MO3MLMAX; Sy —

Hepa60TOCHOCO6HOCTI/I MallrHbI, KOrAa IMPOU301I1JI0 HAKOINICHUC OTKA30B N MallIMHA
OCTaHaBJINBACTCA Ha PEMOHTHOC 06CJ'Iy)KI/IBaHI/Ie, C HMHTCHCHUBHOCTBIO

BOoccTaHOBNEHUS p/Mk = 1/mkTg, Tme Mk — KOAQQPUIMEHT COBMEIICHUS BPEMEHH
IPYNIIOBOTO BOCCTAHOBJICHHS K OTKa3aBIIMX PabOYMX IMO3HUIUN TEXHOJIOTHYECKOM
mammHbel (K >my>1), T.e. mpemmomaraercs, 4To CyMMapHOE BpeMs TpPYIIIOBOTO

(OHHOBPCMCHHOFO) BOCCTAaHOBJICHHA HCCKOJIbBKHX OTKa3aBIIINX HOSI/IHI/Iﬁ MallIMHBI
kaB MCHBIIIC CYMMBI I[JII/ITGJIBHOCTGI\/’I HHAVNBUAYAJIIbHOI'O BOCCTAHOBJICHUSA k

OTKAa3aBIIUX MO3ULMI MaIuHbl KT 5.
Marpuna nepexo10B CUCTEMbI U3 OJJHOT'O COCTOSIHHS B IPYTO€

0 1 k
0| 1-A AU 0
1] 0 1-Au-1) .. 0
Pi= ..
k-1 0 0 o Mu-k+1)
k| p/myg 0 v 12U —p/my

dR

Pemas MaTpuny i1 YCTaHOBHMBHICTOCA PCXKHMA, KOorga —t=0, MMOJIy4ruM

CHUCTEMY JIMHEVUHBIX YPAaBHCHUU
0=—AuPy +p/my R;

0=2URy —A(u-1)PR;

0=nMu-k+1)P_q — (hu+p/m)R.
k

PemenrieM cucTeMbl ypaBHEHHMH C y4eTOM ypaBHEHHUs cBsi3u Y B =1 Oyayr
i=0
IpeJIeIbHbIE BEPOATHOCTH P HaXOXIACHHS TEXHOJIOTMYECKOW MAIIUHBI B COCTOSTHUSAX

Sj (I=0, ... k).
Koa¢ddunueHT coxpaHeHus NPOU3BOIUTENBHOCTH K, B yCTaHOBUBILEMCS
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pekuMe pabOThl MHOTOMO3WIIMOHHOW MAIlIWHBI, pakOoTaromeld ¢ HEMOJHON
MPOU3BOAMUTENLHOCTRIO Tpu 1, 2, ... (—1) oTkazaBmIMX pabOYMX MO3MIMIX C HUX
MOCJEAYIOIIMM  TPYNIIOBBIM ~ BOCCTAHOBJIEHHEM, PAaBEH CyMME MpPEAENIbHBIX
BEPOATHOCTEU Py, ... Pc_1 HaXO0XAeHUs €€ B COCTOSAHUAX S, ... S_g

k-1 k
KC = ZPI = k—l u .
=Y T (wmu
i=oU~!

Tema Ne 4. Texnuueckoe 3a0anue Ha NPOEKMUPOCAHUE MAUIUHDBL

Texnuyeckoe 3a1aHue OOBIYHO BKIIIOUAET CIAEAYIOLIUE Pa3/Iebl:

1. Haumenosanue u ocrnosanue pazpabomku. Jlaercs HauMeHOBaHUE 00paslia
TEXHOJIOTHYECKOTO 00OpYIOBAaHUS U YKA3bIBACTCSI JOTOBOP WU MHON TOKYMEHT, B
COOTBETCTBUE C KOTOPBIM MPHUHATO pEIIeHHWE O pa3paboTke oOpasma (OMBITHOTO,
OTIBITHO-TIPOMBIIIIJICHHOTO U T.I1.).

2. L]env, HasHauenue u obaacmv npumererus: pazpabomxu. KoHKpeTuupyercs
CTCTICHh  COBEPIICHCTBOBAHHS  TEXHOJOTHYECKOTO  TpoIlecca  M3TOTOBJICHUS
TpeOyeMOol  MPOIYKIIMH, TIOBBIIICHHUS  MPOU3BOAUTEIHLHOCTH  O0OPYIOBaHMUS,
COKpAIllEHUs] 0OCITY>KMBAIOILIETO TEepCOHANla, COKpAallleHUs MPOU3BOJICTBEHHBIX
TUIOMIAEH, YIydIlieH!us YCIOBUHN TPy/la U KyJIbTYpbl MPOu3BojicTBa. Dopmynupyercs
Ha3HAUEHUE paszpadaThiBaeMOro oOpaslla MU BO3MOKHOCTH €ro HCIIOJIh30BaHUS Ha
MPEANPUATUASIX OTPACIH.

3. Ucmounuxu paspabomxu. K HUIM OTHOCSITCSI TEXHOJOTHYECKHE MPOLECCHI;
UCXOJIHbIC JIaHHBIC 3aKa34MKa; MPOMBIIUICHHBIE KaTaJlOTd OTEYECTBEHHOTO W
3apy0eKHOrO0 OOOPY/IOBaHMS; ABTOPCKHE CBUIETEILCTBA; OTYEThI MO HAYYHO-
UCCIICIOBATEIbCKUM M ONBITHO-KOHCTPYKTOPCKUM — paboTaM W MAaTEHTHBIM
UCCIICTIOBAaHMSIM; PE3yJIbTaThl H3yUEHUS IEHCTBYIOMIEH TEXHOJIOTUU U BBITTIOJTHEHHBIX
HAYyYHO-MCCJIEIOBATEIbCKUX M OKCIIEPUMEHTAIBHBIX  paloT;  TeXHHYECKas
JuTepaTypa.

4. Texnuueckue mpebdosanusi. B HUX OTMEUAIOTCA cocmas 060py008aHus U
mpebo8anus. K €20 KOHCMPYKMUBHOMY YCMpoucmey, a UMEHHO, HaWUMEHOBAaHUE,
KOJIMYECTBO U HAa3HAYEHUE OCHOBHBIX KOHCTPYKTHUBHBIX YaCTEH.

B TexHMueckux TpeOOBaHUSX (DUKCHPYIOTCS OCHOBHblE NAPAMEMPbl, pA3Mepbl
u xapaxmepucmuxku o0pa3na o000pyIOBaHMsS, a WMEHHO, €ro HOMHUHAJIbHAs W
rapantupyemasi  ¢GakTuueckass — MPOU3BOJUTEIHLHOCTH, BpeMsS  MPOXOXKICHHUS
npeaMeToB 00paOOTKM BHYTPH OOOpYAOBaHMS; MPECIbHbIC BEIMYMHBI OCHOBHBIX
rabapuTHBIX pPa3MEpPOB M MacChl O0OPYHOBaHHS, BBICOTHI TPACKTOPUU IMOTOKA
npeaIMeToB 00pabOTKM; MaKCHMMAalbHO JOMYCTHMBIE PAaCXOJbl BO3AyXa, BOABI WU
JAPYTUX TEXHOJOTHMYECKHUX CpPeJll, MAaKCHMaJIbHO MOTpeOisieMasl WM yCTaHOBICHHAS
AIIEKTPUYECKasi MOIITHOCTD U JIp.

C ToukM 3peHHusT HAACKHOCTH KOHCTPYKLHMsS 0Opasiia 0O0O0pYyIOBaHHUS U €ro
UCTIOJTHEHHE JIOJDKHBI OOECTEeUUTh OMPECIICHHBIE pEeriaMEHTUPYEMbIe 3HAUYCHUS
napamempos HaoexicHoCcmu, TEPUOANIYHOCTH BBHITIOTHEHUS] CMa30UHBIX, PEMOHTHBIX U
WHBIX PErJIaMEHTHBIX padoT.
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Texuuyeckue  TpeOOBaHUS  COAEp)KaT  YCJIOBUSA, KOTOPBIM  JOJDKHA
YIOBJIETBOPATH MPOIYKIHUS, U3TOTOBIIIEMAast HA TEXHOJIOIMYECKOM 000pYI0BAHUH.

B mpebosanusx k koncmpykxmugnomy ycmpoticmey yKa3bIBaloTCsl TpeOOBaHUS
K OCHOBHBIM KOHCTPYKTHBHBIM dYacTsiM oOopynoBanusa. Hampumep, snektpuueckas
4acTh 00OpYIOBaHMS JOJKHA OBITh BBIIOJIHEHA B COOTBETCTBHM C JIEUCTBYIOIIUMHU
«IIpaBunaMu ycTpoUCTB deKTpoycTaHoBOK» (ITYD) mis cooTBeTCTBYIOIIEIO Kilacca
IIPOM3BOACTBEHHBIX IOMeleHnil. Hamnpumep, i  yCa0BUM  MYKOMOJIBHOIO
IPOM3BOJICTBA BCE AJIEKTPOOOOPYIOBAaHUE U  DIIEMEHTHI  AJIEKTPOABTOMATHUKU
TEXHOJIOTUYECKNX MAIIWH IO YCJIOBHSIM 3allATHI OT TIOPAXEHUS TOKOM JOJKHBI
YIOBJIETBOPATh TPEOOBAHUSAM OKCIUTyaTallMd MX B TOMENICHHUSIX C TOBBIIICHHOMN
OMACHOCTBIO. YCTaHOBKY 3JIEKTpOANmapaTypbl HEOOXOAMMO  BBIMOJHATH  BO
B3pbIBO3AIIUIICHHOM UCIIOJHEHUH.

B co3maBaeMoMm 000pynoOBaHUM JOKHA OBITh MaKCHMAaJbHO COKpAaIleHa
HOMEHKJIaTypa MPUMEHIEMBIX MaTepUAIOB, MOKPBITHI, KPEmeka W MOIIINITHUKOB,
YTO OTPAXKACTCS B mMpeO0B8aHUAX K YPOBHIO YHUpuUKayuu u cmanoapmuzayuu (CM. II.
2.4).

[Ipu  pa3paboTke  KOHCTPYKIIMM  TEXHOJOTHYECKOro  00OpyAOBaHUA
HEOOXOMMO BBITIOTHUTH Mpebosanuss 6€30nacHoOCmu.

HeoOxomumo coOmiofath scmemuueckue u 3peoHoMudeckue mpedosanusl,
obecnieynBaronMe yJI00CTBO OOCIyXUBaHUSI W O€30MaCHOCTh AKCIUTyaTaluu
000pymOBaHUS.

[Tpu dbopMynIMpoBaHUM TEXHUYECKUX MpedO8aHUll K UCXOOHbIM MAmMepuailam
OTOBapUBAIOTCS BO3MOXKHBIE K TIPUMEHEHHI0 KOHCTPYKIIMOHHBIE MaTepuaibl U
MOKYIHBIE U3JIETUs, a TakKe TpPeOOBaHUS K AHTHKOPPO3UUHBIM IOKPBITHSM H
okpacke. Ocobo oroBapuBarOTCs TPEOOBAHUSA K COCTABHBIM YaCTSIM JIMHHUH, CHIPbIO,
UCXOAHBIM M OKCIUTyaTallMOHHBIM MaTepuanaM. Bce mnpuMeHseMble MaTepuabl
JOJKHBI  yIOBJIETBOPSATh TPEOOBAHUSIM UYEPTEKEW, CTAaHAAPTOB M TEXHUYECKUM
TpeboBaHUsIM. J[7I TEXHOJIOTHYECKUX MAIIMH W OOOPYJOBaHUS BCE MaTepHabI,
NPUMEHSEMBIE TSI U3TOTOBJICHHS JCTaliell HEMOCPEACTBEHHO KOHTAKTHPYIOIIHUX C
oOpabaTeiBaeMbIM  MPOIYKTOM, JIOJDKHBI HMMETh CIEIHaIbHOE  pa3pelicHue
COOTBETCTBYIOIIUX I'OCYJaPCTBEHHBIX OPraHOB 3/IpaBOOXPaHEHUSI.

B Texnuueckux TpeOOBaHMSIX YKA3bIBAIOTCSA YCI0GUA IKCHAYAMAayuu u
mpebosanus K MexXHU4ecKomy 00CTYAHCUBAHUIO pa3pabaTsiBaEMOTO
TEXHOJIOTUYECKOr0 000PYy10BAHMUS.

VYKa3bIBaIOTCS mpebosanusi K MApKUposKe U YnaKoeke, mpaHcnopmuposanHuio
U XpaueHuro, a TaKXKe ycl106us nocmasky oopasia pazpadaTeiBaeMoro 000pya0BaHUs,
npasuIa UCNLIMAHUL U npuemMKy 000pyA0BaHUS 3aKa3UYUKOM.

5. OkoHnomuueckue nokaszamenu, yCTaHABIWBAIOIIUE TMpPEACIbHBIE OOBEMBI
MaTepuajgbHBIX M (MHAHCOBBIX 3aTpaT MPU CO3JaHMU oOOpas3la 00O0pYyIOBaHMUS,
HAIPUMED, JUMUMHYIO YeHY 00pa3la.

6. Cmaouu u smanwvt paspabomxu 00pasia, CPOKH KOTOPHIX OTOBAPUBAIOTCS B
TEXHUYECKOM 33aHUU.

Texnuyeckoe 3amaHue Ha pa3pabOTKy OOOpPYAOBAaHUS MOXKET COJEpKaTh B
MPUIOKEHUU OTUET O MPOBEJCHHBIX MAaTEHTHO-UH(POPMAIIMOHHBIX UCCIEAOBAHUSIX C
3aKIIIOUEHUEM O HAMEHMHOU Yucmome U nepcneKxmue NAmeHmHoOU 3aujumol
pa3pabaTeiBaeMON KOHCTPYKIIUU 000PYTOBAHUSI.
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TexHuueckoe 3aJ[aHUC YTBCPIKIAACTCA MPCACTABUTCIICM 3aKa34YMKa U SABJIICTCA
OCHOBAHUEM JJI4 HOCHCI[YIOIHCﬁ paspa60TK1/1 TEXHHUYCCKOI'O IIPOCKTA.

Tema Ne 5. Moaeau ¢cTpyKTYpbl U (PYHKUMOHUPOBAHUSA MAILIMH

1. Buowl mooeneti mexnuueckux o6vexkmos.

Mooenu cmpykmypsl B 3aBUCUMOCTH OT II€JIM aHaln3a O0BEKTa MMEIOT TPH
Pa3HOBHIHOCTH: BHEITHSS, HepApXUUECKasi, BHYTPCHHSIS:

- BHeWHss1 MoOelb, B KOTOPOM TEXHUYECCKHA OOBEKT IPEJCTABICH B BHUIC
«UEPHOTO SIINKa», 0€3 PaCKPBITHsI €r0 BHYTPEHHEr0 CTPOCHHUS, a BCE €0 CBS3H C
BHEIITHEH Cpeol BBIPAXKECHBI ITIOCPEACTBOM «BXOJIOB» U «BBIXOJIOBY

BXO/I 2

I

BXOJ[ 1 —»|| OBBEKT »BLIXOJT 1

BBLIXO/I 2

- uepapxuveckas MooOelb, B KOTOPOH BHYTPEHHSSI CTPYKTypa (COCTaB)
TEXHUYECKOTO OOBEKTa MPEJCTABJICHA B BHJIE MHOTOYPOBHEBOTO HEPAPXUUECKOTO
«epeBa» (CHUCTEMBI), TOCTPOCHHOTO HA OCHOBE TMPHUHIIMIIA TPHOPUTETOB, T.C.
MOAYMHEHHOCTH HU3IINX YPOBHEW CHUCTEMBI BBICIIIMM

1. TexHuyecknii 06bEKT —> Cucrema
I I
I I I
2. YcrpoiicTBa Vi y2 v3 ce
I I I
| I | | | | |
3. MexaHu3MBI MI11 M12 M21...M31 M32 M33 ...
I L A
I I I
4. VcnonHuUTENbHBIE OPTaHbI NO311 HO312 ...
| I
I I I I I
5. Heranm JA3111 13112 13113

- GHYmMpEHHSs MOOeNb, B KOTOPOM HapsALy C BHYTPEHHEH CTPYKTYpou
(cocTaBOM) TEXHUYECKOTO OOBEKTa OTPAXKAIOTCS BCE BHYTPEHHHUE CBSI3U MEX]Y €ro
(GyHKITMOHATBLHBIMU 3JIEMEHTAMH, obecrieynBaroIIne (yHKITMOHUPOBAHUE
TEXHUYECKOTO OOBEKTa MO €ro NpsiMOMY HAa3HAYEHHUIO, a TaK)KE€ BHEIIHUE CBA3U
00BeKTa («BXOJIbI» U «BBIXObI») B COOTBETCTBUU C €T0 BHEILIHEH MOJENbIO
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Bxogl 1 5] ——— —:—>Bmx0;[ 1
I Xr1 Xrn I
I
I V3Vl | T V4Vy2 :
I
I
I L ———+—Brixox 2
I Xrn Xr A I
: V3V4 ,
- - I

Mopenu CTpYKTYpbl TEXHUYECKOTO OOBEKTa AAIOT IMOJIHOE MPEACTABICHHUE O
€ro KOHCTPYKTHUBHBIX 3JIEMEHTaX, HMX BHYTPEHHUX M BHEIIHUX CBS3SIX U
peann3yeMbIX B HUX QyHKLIHSIX.

2. Mooenu yHxkyuorHuposanus TeXHIYECKOro 00beKTa:

- MoOOeNb JHCU3HEHH020 YuKla OOBEKTa, B KOTOPOM OTpa)karoTCs MPOIECCHI
CYIIIECTBOBAHUS TEXHUYECKOTO OOBEKTa OT TIOCTAHOBKH 1€ W 3apOKICHUS
3aMbIciia 00BEKTa, €0 CO3AaHMS U IKCIUTyaTaluu (peaan3alyy MOCTaBICHHOH 11eJTH)
710 TIpeKpaieHus: GyHKIIMOHUPOBAHUS CO3/IJAaHHOTO OOBEKTA U €T0 YTHUIIN3AIINY;

- MoOenb onepayuu, B KOTOPOM OTpPa)KaeTcsi MpoIlecc (PyHKITMOHHUPOBAHUS
0o0beKTa 1O €ro OCHOBHOMY (mpsMoMy) Ha3HaueHuto. [Ipu monmenupoBaHUH
TEXHOJIOTUYECKUX MAaIllMH MOJEJb OIEpallui  Ha3bIBAIOT 4YacTO  MOOenbio
@DYHKYUOHUPOBAHUS MATITUHBI.

Mopenu QpyHKIIMOHMPOBAaHUSA XapaKTEPU3YIOT CIOco0 NeUCTBUS 00BEKTa, T.€.
CIIOCO0 €ro CyIIeCTBOBAHUS B MPOCTPAHCTBE U BO BPEMEHHU.

Mogenn oObekTa MOTYT OBITh MPEACTABICHBI B BUAE HAMYPHLIX MOOenell,
IPEACTABIAIONINX COO0M MaTepuanbHble 00bEKThI, aHAJIOTUYHBIE pa3padaThIBAEMOMY
00BEKTYy MO CTPYKType U (QYHKIUAM, aOCMPAKMHO-102U4ecKUx, B YaCTHOCTH,
mamemamuyeckux — Mmooeiell,  OMUCBHIBAIONIUX  CTPYKTYpy  WIM  TIpoliecc
(GYHKITMOHUPOBAHUS OOBEKTAa Ha OCHOBE (DM3WYECKUX 3aKOHOB M MaTEMaTHYECKUX
3aKOHOMEPHOCTEH, WIH @DYHKYUOHANbHO-UHDOPpMayuoHHblX (KNOEPHETUYECKUX )
Mojeneld. Pa3HOBUIHOCTHIO (PYHKITMOHAIBHO-UH(DOPMAITMOHHBIX MOJIETICH SBIISIOTCS
UMUMAYUOHHbIE MOOeau, HaIpUMep, MOJICIUPYIONUE CIydailHble MPOIECCHI
memooom Monme-Kapno n np.

Tema Ne 6. Konebanus 6vicmpoepauiaroumiuxcs 6aioe

1. Pacuem kpumuyeckou ckopocmu 8ana ¢ 0OHUM OUCKOM.

PaccmoTpum siBlieHMSI, TPOUCXOSIIME TTPU BpPalllEHUH Baja C OJJHUM JIHCKOM,
AKCIEHTPUCUTET LIEHTPA MACChI 71 KOTOPOT'O PABEH €
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d - HA4YaJIbHOC ITO0JIOKCHHC, 0 - Ba)I B ,Z[OKpHTH‘ICCKOﬁ 30HC,
B - BalI B SaKpHTHqCCKOﬁ 30HC

[Ipy BpameHun Bajna C YIVIOBOM CKOPOCTBIO (O IIOJ BO3JECHCTBHEM
IIEHTPOOEKHOW CHUJIBI WHEpHUH P mpoucxomuT ero mnporud; cuiia WHEPIHUH

P = mw? (e+Y), rae y - nporu6 ocH Bajia B INIOCKOCTH IIPUIOKEHUS CHIIbI HHEPIIUK
B CHCTEME KOOPIMHAT X; Y1 Z, BpalllaloLIelics BMECTEe C BallOM; CHJIAMH TPEHHs B
TIOMIMITHUKOBBIX y3JIax IpeHebperacM. YpaBHEHHE IEPEMEILCHHI MMEET BH/I

y=011P=P/c,

IZI€ C - JKECTKOCTh YIPYIOM CBSA3H.

CnenoBatensHo, ¢y = Mw’(e + ), otkyaa y = mo’el(c - mo?). Pasnenus

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

MOJTyYUM
yze/(w(%/wz—l)nnny= ke,
rae K = 1/ (oo(z) / ®° —1) - K023(hpuyuenm ouHamuyHoCmMU BPAIIAIOIIETOCS Bajia C

OJIHUM JTUCKOM.

[Ipu yrioBoil cKOpOCTH Bajla, paBHOM YIJIOBOM 4YacTOTE €ro COOCTBEHHBIX
Kosie0aHul, Mporud Baja CTpEeMUTCS K OECKOHEYHOCTH. DTa CKOPOCTh Ha3bIBaeTCA
KpUMu4ecKou.

[Ipu yrinoBoi CKOpOCTH BaJia, MPEBBIIIAIONIEH KPUTUUECKYIO (B 3aKpUTHUYECKOMN
o0JjacTu), HEHTP Macc JUCKa pacloyiaraeTcs MeXJy HU30THYTOM OChIO Bajla U OCBIO
€ro Bpall€HUss U NpPU HEOIPAHMYEHHOM YBEIMYEHHHM YIJIOBOW CKOPOCTH JUCKa
CTPEMUTCS 3aHSTh IMOJIOKEHUE HA OCU BpAIlleHUs, TIPU 3TOM KodpdummeHt x — (-1).
OTO ABIIEHUE HA3BIBACTCA CAMOYEHMPUPOBaHuem 8aid, AepopMalys Bajia Ipu 3TOM
YMEHBLIAETCS.

Banpl MammH, SKcIlyaTupyeMble B JIOKPUTHUECKOM o6sactu (yrioBas
CKOPOCTh KOTOPBIX MEHBIIE YacTOThl COOCTBEHHBIX KoJjeOaHUi), Ha3bIBAIOTCA
JlcecmKuMy, a Ballbl, DKCILUTyaTHPyEeMbIC B 3aKpUTHUECKOH oOnacth (® > @), -
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2UOKUMUL.

2. Pacuem ynpyeux onop 2ubxkux 6aios.

JIIs  yMCHBIICHHS YacTOThI COOCTBEHHBIX KOJeOaHHMH BajoOB, YacTo
UCIOJIB3YIOT YIIPYTHE OMOPbI

£

i)

B stom ciyuae B meHtpudyrax u cemaparopax OKaMimmii K poOTOpy S
NOJIIMITHUK Bayia («ropJIoBOi») yCTaHABIMBAIOT B 00OWMe 3, COEIMHSIOUIEHCS C
KOPIIyCOM 4epe3 Tpylniy pajralibHO pacloyioxkeHHbIX npyxuH 4. Huwxkxioo onopy 1
BBITIOJIHAIOT C UCTIOJIB30BAHUEM MOIIMITHUKA, JOMYCKAIOIIEro MOBOPOT BaJia 2.

OnpenenuM 3Q(HEKTUBHYIO KECTKOCTh C, PAIAUATIBHBIX TPYXKUH TOPIOBOTO
noammnuauka. I[lpu yucie npyXKuH 7 HEHTPAJIbHBIA yrojd MEXIy COCEIHUMHU
npyxuHamMu « = 271/n. [lycte paananbHOE TEepeMeNIeHue IIeHTpa Bajia B TOPIOBOM
MNOJIIMITHAKE Ha BETUYUHY A MPOUCXOAUT NOoJ yriioM ¢ k npyxkune 1. [Ipu manom
nepeMenIeHn A MOKHO TIPUHSATH Ae(OPMAIIUIO 3TOW NPYKUHBI A1 = A COS¢. [l i-
oM MPYKUHBI Aj = A COS@;, t1ie @i = @ + a (i - 1) - yros Mexay oCbio I-0i MPYKUHBI
Y HaIpaBJICHUEM IepEeMEILICHUs LIEHTpa BaJja.

[Ipeanonoxum, 4To KECTKOCTh M MPEIBAPUTEIBHBIA HATST JJIsl BCEX MPYXKUH
onuHakoBbie. [IpearnonoxkuB Takke, YTO MPYNKUHBI CKpPEIJIEHBI C OOOMMOM U C
KOPITyCOM, OIIPENEINM MPUPANICHUE YCHIUS B I-OH MpYyXHHE TpU ee nedopMariu
Fi = CAj = CACOS@ i, 4TO JaeT COCTABJISIOUIYIO B HAIIPABJICHUU MEePEMEIIECHUS LIEHTpa
Bana Fix = Fj cosg = cAc0s?g i. CyMMupys BO3IEHCTBUE BCEX MPYKHMH HAa 000iHMYy,
MOJTYy4YUM

n
F.=Y F,=cAY cos’p;.
i

B sToM BeIpakeHuu npu n > 2 v o = 27/n

n n
> cos?p; = 3 cos?[p + ai-1)] = cos’p + cos’(p + @) + ...+ cos?[p + ali-1)|= n/2,
/=1 /=1
CIEI0BATENBHO, ¢, = Fy/A = cn/2.
OOblyHO 7 = 6; B 3TOM ciy4ae ¢, = 3c. Ecnu mpyXKuHbBI HE CKpEIUICHBI C
0001MOI WM TIOCTaBIICHBI 0€3 MPEABAPUTEIHHOIO HATSTa, TO HArpy)KaeTcs JIUIIb
MOJIOBHHA OOILIET0 YKcia NPYKUH U ¢, = chn/4.
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3. Bausnue eupockonuueckoco MomeHma, 0cegot cuvl U oOpyeux ¢paxkmopos Ha
KpUmu4ecKyo cKkopocms 8a.da.

B 1meHTpoOeXHBIX MalIMHaX PpOTOPhl YacTO YCTaHABIMBAIOT Ha Bajlax
KOHCOJIbHO. [Ipu Oo0bIION YyriaoBOH CKOpPOCTH Baja W 3HAYUTEILHOM MOMEHTE
WHEpIUU JUCKA, 3aKPEIUICHHOTO Ha Bally, HEO0OXOJWMO YYUTHIBATh BIIUSHUE
TUPOCKOMMMUYECKOT0O MOMEHTA HA KPUTHUYECKYIO CKOPOCTh BaJia.

N3 kypca TeopeTHuecKOM MEXaHWKH W3BECTHO, YTO BCIICICTBUE OTKIOHEHHMS
OCH BaJia OT OCH BpAlICHMS IJIOCKOCTh JUCKA BCE BPEMSI MEHSIET CBOE MOJIOKECHUE B
MPOCTPAHCTBE, W CyMMa TJaBHBIX MOMEHTOB IEHTPOOEKHBIX CHJI OTHOCHUTEIHHO
HEMOIBMYKHBIX OCEU X U ) paBHA HE HYJIIO, 4 THPOCKOITUYECKOMY MOMEHTY

M =(Jyw /wq * J; )0t 9,

TJ€ @ - YIII0Basi CKOPOCTh BPAILECHUS JUCKA; (- YIJIOBASI CKOPOCTh U30THYTOU
OCH Baja, paBHas YrjOBOH 4acTOTE€ COOCTBEHHBIX KOJeOaHUM Baja C JIUCKOM; Ji —
MOTICPEYHBIN MOMEHT HHEPIIMH TUCKA; Jo — OCEBON MOMEHT WHEPINH JAKNCKA; 3 - yTro
HAKJIOHA KacaTeJIbHOM K U30THYTOM OCH Bajla B TOUKE 3aKPEIUICHUS TUCKA.

3HaK MUHYC B ()OpMYJIe OTHOCHTCS K CIIyYar0 npsimozo epawerus (npsmas
npeyeccust), KOrja W30THyTas OCh Bajla M BaJl BPAIIalOTCS B OJHOM HalpaBJICHUHU.
['upockonuyecknii MOMEHT NIpU MPAMOM IIPELECCUM HAMNPaBIEH B CTOPOHY
YMEHBIIICHUS yTiia 3 ¥ IPETsSITCTBYET OTKIIOHEHUIO TUCKA OT UCXOTHOTO TOJIOKEHUS,
T. €. KaK OBl YBEJIMYMBACT KECTKOCTh CHCTEMbI U TIOBBIIIAET KPUTUIECKYIO CKOPOCTb.
JJI1 KpUTUYECKOTO COCTOAHUS TIPU @ = ah XaPAKTEPHA NpAMAs CUHXPOHHAA
npeyeccus;, B 3TOM CIIy4ae yIrJOBbIE CKOPOCTH Bajia C JUCKOM U MU30THYTOW OCH Baja
10 BEJIMYMHE U HAMPABICHUIO COBITIAIAIOT.

3Hak TUIIOC B (OpPMYJIE OTHOCHTCSI K CPaBHUTEIIBHO PEIKOMY SIBJICHUIO
obpammnozco epawenus (0bpamuas npeyeccus) W30THYTON OCH, KOTJa HaIPaBJICHHUS
BpalICHUsI U30THYTOM OCU M JIMCKA IPOTUBOIIOJIOKHBI. | U POCKONIMYECKUA MOMEHT B
ATOM CJIy4ae HAMpaBJICH B CTOPOHY YBEIUYEHUS yIiia F KPUTHUECKasi CKOPOCTh Bajla
YMEHBIIAETCH.

JI1 oripeienieHns KpUTUUYECKUX CKOPOCTEM Bajla CIEAyET IMPUHATh PACYETHYIO
cxeMy OallKu ¢ KOHCOJIbHBIM 3aKpeIjIeHHeM MAacCCHBHOTO Tejla M HCIOJIb30BaTh
AQHAJTUTUYECKUN WM KaKOW-IMOO YMCICHHBIM METOJ, HallpUMep METO]l HayajdbHbIX
IIapaMeTPOB.

OOBIYHO TIPU MHXKEHEPHBIX pacdeTax s MPOBEPKU Ha OTCYTCTBHE pE30HAHCA
ONPENETAIOT MOJHBIA CHEKTP KPUTHYECKUX CKOPOCTEM Basia I BCEX BO3MOKHBIX
BapUAHTOB MPELIECCHUH.

Tema Ne 7. Bubpouzonayus mexnono02udecKkux Mawiun

1. Ilepedaua subpayuu Ha 0OCHOBAHUE MAUUUHBL.

PaccmoTtpum, Kak nepearoTcs yCuius Ha OCHOBaHME MAIIMHBI B ClIy4ae, €CIu
OJIHOMAaccoBasi CHUCTEMa MOJBEPKEHA BO3IACHCTBUIO  BBIHYKIAIOWIEH  CHIIBI
Ry = sin(wt), U3MEHSIONIEHCS TI0 TApPMOHMIECKOMY 3aKOHY
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[Tpumem, yTo KONEOIOLIASCS CUCTEMAa UMEET BUOPOU3OIISIINIO, COCTOSIIIYIO U3
yIPYyroil CBSA3M C JKECTKOCThIO ¢ U JAemiidepa BI3KOTO TpeHUs ¢ KodhduuueHToMm
cornpoTuBieHus: . Ha ocHoBaHue uepes ynpyrylo cBsi3b nepenaercs ycuiue Py = cx,

a uepe3 xaemndep - ycuine R=ax. CymMmapHoe BO3JEHCTBUE HAa OCHOBaHHUE
MaIIUHBI

R, = Alcsin(wt—y)+ awcos(wt—7y ).
OTO BBIPAKEHUE MOKHO IIPEACTABUTh B popmMe
R, = Rysin(wf—y,).

rae Ry = A+ +(aw)?, y, = arctg(aw/c).

2
[loacraBuB croma 3HaueHue A, a Takke C=/M®y, TOIy4UM MOCIE
npeo0pa3oBaHull aMILTUTY Ty CHJIBI, TIEpe/laBaéMOl Ha OCHOBaHHE:

1+40°n* og
R, = J . s u oy = y—arctg(Zna)/a)g).
\/(1—a)2/a)§) +4a)2/72/a)8'
OTHolIEHHEe AaMIUIMTYyJl T[epelaBaeMod Ha OCHOBaHUE CWibl Ro u

BBIHYX/alolleld cuibl Py HasbIBaeTcs Kkoauyuenmom nepeoauu cuivl Ha
OCHOBaHHE

R L+40? ol |
g \/(1—w2/a)§)2+4a)2/72/a)8'

B dacTHOM citydae, pu OTCYTCTBUU BSI3KOTO TPEHHS
(n=a/2m=0)x, :]7/‘1—602/005‘ =K,

T. €. KO3(QOUIUEHT TMeperayd CUJIbl YHUCICHHO paBeH KO3 ULIUEHTY

JAUHAMUYHOCTH.
/ 2/ 2
1+4n / on

21 wg

I

IIpu pe3onance K, =

Anamu3 3aBucuMocTH Ky = f(ow /an) mO3BONSAET YCTAHOBHUTH, YTO
UCIIOJIb30BaHue JIeMI(EepOB BA3KOro TpeHUs dPHEKTUBHO I TalleHus: KojeOaHui
JIMIITL B PE30HAHCHOM 001acTy - pu @ < an. B 3ape3oHancHol obnactu ipu o /ap >
V2 npumeneHne neMidepa BA3KOTO TPEHHs HEPALMOHAIBHO, TaK KaK TIPH GOJBIINX
2n/ an ko3 PuIMEHT epeaadn CUiIbl MPU 3aJaHHOM OTHOIICHUH @ /@y OOJIbIIE, YeM
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npu OTcyTcTBUHM Jemiipepa. OmHAKO TPU pEIICHUH BOMpPOCa O TMPUMECHEHHH
nemidepa BS3KOTO TPEHUS CJEAyeT IOMHUTh, YTO TOCIEIHUN TMO3BOJISET
3HAUYUTENIbHO YMEHBIIUTh PE30HAHCHBIC MepeMenieHuss U cuibl. [1o 3Tol mpuumnHe
JUIsL  MaluH, paOoTalolKMX B 3apE30HAHCHOM 30HE, MHOTJA HUCIHOJIb3YIOT
BUOPOM3OJALIMIO C CaMOOTKJIIOYAIOIIMMUCA JeMidepaMu, KOTOpble EHCTBYIOT
TOJIBKO B PE30HAHCHOU 30HE.

JI1s1 yMeHbIIIeHUs: COOCTBEHHOM Y4acTOTHI KOJICOAHUI CUCTEMBI B Psijie CIydacB
MaIIuHy >KECTKO COCAMHSIOT C JOTMOJHUTEIHHOM MAaCCOMW, KOTOPYIO Ha YHPYTHX
Oropax yCTaHaBIUBAIOT HAa (PyHIaMEHTE.

2. Hunamuueckue eacumenu u 6ub6poonopul.

JluHamudyeckoe BUOpOTameHne MOXKET ObITh d(PPEKTUBHBIM JHINb B TEX
Clly4asiX, KOTJa BBIHYXKJAIOIIAsg CHUJIa W3MEHSETCS 10 TapMOHUYECKOMY 3aKOHY.
JleticTBue BUOPOTACUTENIS MOKHO IMOSICHUTD CACAYIOITUM 00pa3oM

":.
< o
¥

l A g deritd

<
3
.

B e e e e i

[Ipenmnonoxxum, 4TO KOPMYC MAaIIuHBI 1, HaAXOMSIIMICS IOJ BO3ACHCTBHEM
BeIHYXHaromield cwibl  PoSin(at), coenwHeH ¢ QyHIaMEHTOM NpYXUHAMH 4,
KECTKOCTh KOTOPHIX HEBEIHMKA. JIMHAMUYECKUN TaCUTENh MPECTABIsAET COO0N Maccy
2, COEAMHEHHYIO C KOPIIyCOM IMPYXHHOW 3, mpHYeM Maccy m U KECTKOCTb C

TIPYKHHBI TTOJ0OMPAIOT TAaKMM 00pa3oM, 4TO @y =+/¢/M=®. Tlpu paboTe KopIyc

MAIllMHBl OCTAETCS HENOABMKHBIM, MOCKOJIBKY NPYKHHBI TACUTENS IEUCTBYIOT Ha
HEr0 C CWJIOW, PABHOM Y MPOTHUBOMNOJIOKHOM BBIHYK/IAOIIECH CUIIE.

B03MOXHOCTH TakMX racuTesed OTPAHUYECHBI: UX MOKHO HCIIOJIb30BaTh JIUIIb
Ipy 33JaHHOM YacTOTE @ BBIHYXKICHHBIX KoseOaHuil. [y pacmmpeHus quamna3zoHa
YacTOT MHOT/A UCTIONb3YIOT IMHAMUYECKUE TACUTENH C IeMII(EepOM BSI3KOTO TPEHHUS,
KOTOPBIM YCTaHABIMBAKOT MEXKy KOPIIyCOM MAIIMHbBI U MaCCOM TaCUTEIIS.

JUIs yCTaHOBKM MAIllMH 4YacTO WCIOJB3YIOT CTaHAapTHBIE BHOPOMU30JIH-
PYIOILKE OIOPHI.

[Ipu BwIOOpe GdyHIaMEHTa TOJ MAaIIMHY, TOJBEPKEHHON BHUOpanuu,
YUYUTHIBAIOT TeEpelaBaeMyl0 Ha (PyHIaMEHT BHOpalMOHHYIO Harpysky. B
MPOCTEUINX CITyYasiX MJI0IIA b OCHOBaHUS (PyHIAMEHTa PACCUYUTHIBAIOT IO PopmyIie

Fo 2 [(m +my)g+x, B /[0 ] »
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rome M; u My - Macca MamMHBI U (yHOAMEHTa; [O]ex - JOIyCKaeMmoe
HaIpsDKEHUE CokaTus A1 QyH/IaMEeHTa.

B OTBeTCTBEHHBIX cCHy4yasiXx pacCUMTHIBAIOT AaMIUIUTYAYy KoJieOaHUM
COOCTBEHHYIO YaCTOTy KoJjiebaHuii (hyHIaMeHTa JJisi IPOBEPKU Ha pEe30HAHC.

3. Metoauueckue YKa3aHUsi K TNOPSAAKY MOATOTOBKH U BbINOJHEHUIO
padort

[Ipy nDOArOoTOBKE K 3aHATUIO CTYACHT JOJDKEH pa3odparh BOMPOC;
O3HAKOMHUTHCSI C KpPAaTKUM ONUCAHUEM TEMbl; MPOCMOTPETh JOMOJIHUTEIbHYIO
JUTEPATYPY MO JAHHBIM BOIIPOCAM.

B xone mpakTUYecKuX 3aHSATUN CTYJIEHT BBIMOJHSAET NPAKTUYECKUE 3aJaHUs,
MPEII0KEHHBIE MTPETNO0/IaBATEIIEM.

[lo 3aBepiICHHUIO TPAKTUYECKOTO 3aHATUS CTYACHT OO0s3aH MPEAbSIBUTH
BBITIOJIHEHHBIE 33JaHUsl M OTBETUTH NPENOJABATEII0 Ha KOHTPOJbHBIE BOIPOCHI,
COIPOBOX/1asi CBOM OTBET JAEMOHCTPALMOHHBIMH IIPUMEPAMU.

Ilepen HavamoMm 3aHATHS CTYJEHT JOJDKEH HW3YYUTh COJEpKAHUE JaHHBIX
METOJIMYECKUX YKa3aHUM.

1. IonyuuTs y npenogaBaTestsi HCXOAHbIE JaHHBIE 10 TEME 3aHATHS.

2. CocTtaBuTh MpPOrpaMMy pacdeTa aHAIU3UPYEMBIX NapaMETPOB, HUCIIOIb3YS
nporpammHsbIi naker MathCad.

3. PaccuuTaTp 1 mpoaHanu3upOBATH MOJYYEHHBIE PE3YJIbTATHI.

4. Caenatb BBIBOJBI 110 pe3yJibTaTaM padOThI.

5. OpopMUTE OTUET.
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