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1. Heab 1 3a1a4u NPAKTHYECKHUX 3aHATHI

I]envio mpakTUUYECKUX 3aHATANH 1O aucnuiuiiHe «OCHOBBI METOOJIOTHH
MPOCKTUPOBAHMUSI  TEXHOJOTHYCCKUX  MAaIllMH W 00OPYIOBaHUS»  SIBIISCTCS
3aKPEIUICHHE 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 TMPOU3BOAUTCIBHOCTH M
HAJC)KHOCTH  TEXHOJOTHYCCKUX  MAIIMH W OOOpY/JOBaHHWS Ha  CTaJWH
IPOCKTUPOBAHHS;

- OBJAJCHHWE METOAOJIOTHEH oOeclieueHusl IIoKa3aTelie KadecTBa M
3G ()EKTUBHOCTH  TEXHOJOTMYECKUX MAIIMH W OOOpYyIOBaHUS Ha  CTaJHH
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 OMpPENESIIOTCS €€ Ha3HaueHUEM: MPOU3BOAUTENIBHOCTb, SHEPro3aTPaThl
(ycTaHOBJIEHHAs! MOIIHOCTh), CKOPOCTH PabOYHX OPraHOB, TEXHOJOTMYECKUE CHIIBI,
rabapuTHbBIE pa3Mephl, Macca.

2. lloxaszamenu HadexcHocmu XapaKTEPU3YIOT CBOMCTBO 0O0OpPYIOBaHMS
COXpaHITh BO BPEMEHHM B YCTAHOBJICHHBIX IpeleliaXx 3HAa4eHHs BCEX MapaMeTpoB
(mokazaTenel Ha3zHAYEHUsI), XAPAKTEPU3YIOIIMX €ro CIOCOOHOCTh BBIMOJHATH
TpeOyeMble PYHKIIUU B 3aJaHHBIX PEKUMaX U YCIOBUSAX MPUMCHCHHUS TEXHUYECKOTO
00CITy’)KMBaHUS, PEMOHTOB, XpaHECHHUS U TPAHCTIOPTHPOBAHUSI.

3. Opeonomuueckue nokazamenu (anmponomempuueckue, duomexanuyecxue,
@u3zuonocuueckue U Np.) XapakTEepPU3YIOT YCIOBHUS (DYHKUHOHUPOBAHUS CHUCTEMBI
«UETIOBEK — MAIllMHAY», T.C. YCIOBUS TMPU KOTOPBIX MaIlluHA MOXKET 3(P(HEKTHBHO
00CITyKHBAThCS YETIOBEKOM-0OIIEPATOPOM.

Aumponomempuyeckue OKa3aTeNN YYUTHIBAIOT aHATOMUYECKHUE OCOOEHHOCTH
YEJIOBEKA: POCT, MPOIOPIIMH TeJa, pa3Mepbl KOHEYHOCTEH U T.II.

buomexanuyeckue  moKazaTenu  yYUTHIBAIOT  BO3MOXKHOCTH  4YeJIOBEKa
COBEPIATh PA3JIMYHbIE MO TPACKTOPUU ABUKEHHUS C OMPEIEICHHOW CKOPOCTHIO H
CUJIOW, HampuMep, TMepeKIouaTh phIYard WM BpaliaTh pasIddHbBIC OpPTaHBI
yIpaBJICHHUS (MaXOBUKH, IKUBBI), IEPECHOCUTH WJTU TIOTHUMATH TPY3HI U T.11..

Duzuonocuyeckue TOKA3aTeNU YYUTHIBAIOT OCOOEHHOCTH OpPraHOB YYBCTB
yesjoBeKka (3peHue, CiayX, OOOHsiHHME, ocsizaHue). TpebdoBaHUSI K PaCIOIOKEHUIO
CPEeNCTB OTOOpaKeHUsS WH(POPMAIIMM W OPTaHOB YIIPABJICHUS Ha IMAHENSX ITyJBTOB
TEXHOJIOTHYECKOr0 000pYAOBaHUA, a TAKXKE Pa3Mepbl 30H JOCATaEMOCTH OIepaTropa



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

B ToM umcine 3Ta rpyiia noka3areneil yuuThIBaeT U HEOOXOUMOCTh B OT/bIXE
oreparopa, OTIPABJICHUS UM €CTECTBEHHBIX TOTPEOHOCTE.

B rpynmy 3proHOMHYECKHMX TMOKA3aTeIel BXOOAT U ICmemuyecKue
noxkasamenu TEXHOJIOTHYECKOro obopynoBaHus ((opma, 1BETOBas ramMma, CTHUIb U
Jp.), KOTOpbIE  OMNPEACISIOT  COBEPULEHCIBO  XYOOICECMBEHHO20  00IUKA
000pyI0BaHUS.

4. Iloxkazamenu mexHonocuyHOCMU XapaKTEPU3YyIOT CBOICTBa 000PYAOBaHMUS,
0OyCIIOBIMBAIOIIME ONTUMAIBHOE paclpeesieHue 3aTpaT MaTepualoB, CPEICTB
TpyZa U BPEMEHU MPU TEXHOJIOTUYECKOW MOATOTOBKE MPOU3BOJCTBA, U3TOTOBICHUHU
U DJKCIulyaTaluu obOopynoBaHus. K mokazaTensiM TEXHOJOTHMYHOCTH OTHOCSATCS
TPYAOEMKOCTb M3rOTOBJICHUS 000pYAOBaHUsA, €r0 TEXHOJOTnYecKasi ce0eCTOUMOCTD,
yZelibHasi CTOMMOCTh PEMOHTOB U T.JI.

5. Ilokazamenu mpancnopmabenbHOCmMU XapaKTePU3yOT NPUCTIOCOOIEHHOCTh
000pyIOBaHMs K TMEPEMEIIEHUI0 B MPOCTPAHCTBE, HE COMPOBOKAAIOIIEMYCS
UCIIOJIb30BaHUEM O00O0pyJoBaHUs. TakuMu TNOKa3aTeslsiMH SIBJIAIOTCS, B YAaCTHOCTH,
CpelHHE MPOAODKUTENIIBHOCTh U TPYIOEMKOCTh TOATOTOBKH OOOpYAOBaHUS K
TPAaHCHOPTUPOBAHUIO, CPEIHSAS MPOAOJDKUTENBHOCTh YCTAaHOBKM HW3JENUs Ha
CPENCTBO TPAHCHOPTUPOBaHUS, KOAP(UILIMEHT UCTIOIB30BaHUS €ro 00beMa U JIp.

6. Iloxazamenu cmanoapmuzayuu u yHuguxayuu, Hapumep, KodPpPuImeHTs
NPUMEHSIEMOCTH, TMOBTOPSIEMOCTH, B3aUMHOM YHU(DUKALMU U JPYrue OTPAKAIOT
CTENEHb UCIOJIb30BAaHUS CTAaHAAPTHBIX M OAHOTUIIHBIX Y3JIOB W JETaJIed B JAHHOM
MalIlliHE.

JIBa moKazaresns SBISAIOTCS OCHOBHBIMH, M OHHU B 00S3aTEIbHOM MOPSAKE
YKa3bIBAIOTCS Ha YepTexax OOUMX BUAOB COOPOYHBIX Y3JIOB MPOEKTHPYEMOM
MAaITUHBI:

- k0ahpuyuenm npumensemocmu Kpp — OTHOIIEHUE CyMMBI CTAHJAPTHBIX Zr,
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/II_II/IpOBaHHBIX %8 HOpMaJ'H/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-npasogvie noxazamenu (IOKA3aTENW NATEHTHOM 3alllUTHI,
NAaTeHTHOM YHUCTOTHI M JIp.) XapaKTepU3YIOT CTENEeHb OOHOBICHHUS TEXHUYECKUX
pellleHnH, HCIOJIb30BAHHBIX BO BHOBb CIPOEKTHPOBAHHOM OO0OpYIOBaHUH, UX
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NATeHTHYIO 3allUTy, a TaKKe BO3MOXKHOCTb €ro OeCHpernsTCTBEHHOW peajn3alii B
CTpaHe U 32 pyOeKOM.

8. Oxonoeuueckue noxaszamenu ONPENENSIOT YPOBEHb BPEIHBIX BO3AEHCTBUI
Ha OKPYXKAIONUIYIO Cpeay MpHU dKCIuTyaTtauuu odopyaoBaHus. K Takum noxasarensim
OTHOCATCS, HalpuMeEp, COJEP)KaHHE BPEIHBIX MpUMEced, BbIOPACHIBAEMBIX B
OKPY>KaIOIIYI0 Cpely, BEpOSTHOCTh BBIOpOCA BPEAHBIX YACTHUII, a30B, WU3IIyUCHHI
MIPU XpaHEHUH, TPAHCIIOPTUPOBAHUH, IKCIUTyaTallMK 000PY/I0BAHUSI.

9. Ilokazamenu 6e3onacnocmu XapakTepU3yIOT OCOOCHHOCTH 000pPYAOBAaHHUS,
00yCIIOBIMBAIOIINE 0€30MacHOCTh 00CITy>KUBAIOIIETO nepcoHana npu
TPAHCIIOPTUPOBAHUM, MOHTAXE, SKCIUTyaTalluu, 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 npou3e00umenbHOCHU MEXHON02UYECKUX MAWUH

1. Texnonocuueckas npousso0UmMenbHOCMb — 3TO IMPOU3BOAUTEIBHOCTD
UJcaNbHOW MAaIIMHbl HENPEPHIBHOTO JEUCTBUS, OECKOHEYHOW MJOJTOBEYHOCTH H
aOCOJIOTHOM  HAAEXKHOCTU. [[1s MHOTOMHCTPYMEHTAIbHOM  TEXHOJIOTMYECKOU
MAaIlAHbI

I1; = —u [mT./MuH],
p
rae tp — JUIMTEIBbHOCTh PA00OYMX XOM0B CO3aBAEMON MAIIUHBI, OIPENEIIEMBIX
JUIATEIIBHOCTBI0 KOHKPETHOM TEXHOJOTMYECKOW omepauud, 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 TEXHOJIOTHYECKOM

MAaIlIMHBI, C; tp — BpeMsl pabo4nX XOA0B, C; tx — BpeMs XOJIOCTBIX XO/I0B.

[{ukioBast MPOU3BOAUTENBLHOCTD SIBJIETCS MHCTPYMEHTOM aHajiu3a M CHUHTE3a
HA CTaguU T[POEKTUPOBAHUS  PALMOHAIBHOW CTPYKTYpbl H  KHHEMATHUKH
TEXHOJIOTHYECKOW MAINHBI, OO0ECMEeYNBAIONINX MHHUMHU3AIHUIO XOJIOCTBIX XOJOB
WHCTPYMEHTOB MAIlIMHBI ¥ YMCJIA apajlIeIbHO PAabOTAIONUX HHCTPYMEHTOB.

3. IIpoenoszupyemasn (paxmuyeckas MPOU3BOAUTEILHOCTh

i 60
mh T Tt + Mt}
p T I

U [mrT./MuH],

rne M{ty} — MareMaTWyeckoe OXUIAHWE JUTUTSIBHOCTH BBIHYXICHHBIX
MIPOCTOEB MAITUHBI, MPUXOIAITUXCS HA KAXKABIA IPEAMET TPYIa, C.
4. Odcudaemoe 3nauenue paxmudeckoi MPOU3BOAUTEIHLHOCTH



3600
O e My

[1mrT./4],

rae ng — BEPOATHOCTb COXPAHCHUA INIOTHOCTH IIOTOKA IIPEAMETOB Tpyda Ha

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

1. EOunuunble nokazamenu HA0eHCHOCU.
A =1/T, (4) — MHTEHCUBHOCTb (DYHKI[MOHAJBHBIX OTKA30B, XapaKTepPU3YIOIIas

BEPOATHOCTH TMOSIBJICHMSI OTKa3a 3a PacCMAaTPUBAEMBI MPOMEKYTOK BpeMeHH (Tpu
HKCIIOHEHIIMAJIbHOM 3aKOHE pacHpeiesieHHs] BEpOSTHOCTH A — CpEIHEee YHCIIO
OTKAa30B B €IMHUILY BPEMEHN).

(1) — HapaboTKa Ha OTKa3, XapaKTepHU3yIollas cpelHee BpeMsi Oe30TKa3HOM
pabOoThI MAIIMHEI 10 IEPBOTO (PYHKIMOHATIHLHOTO OTKAa3a.

w=2T,(4) — HHTEHCUBHOCTb  BOCCTAHOBJIEHHSA,  XapaKTepU3yIOIlasd

BEPOSITHOCTh BBIHYXKJEHHBIX MPOCTOEB MAIIMHBI B €AMHUILY BPEMEHH, BBI3BAHHBIX
MOMCKOM OTKa3a M €ro YycTpaHeHHWeM (MpHU SKCIOHEHIIMAIBHOM  3aKOHE
pacnpeneneHns BEpOATHOCTH 1 — CPEJHEE YUCIIO IPOCTOEB).

Ty (4) — cpenHee BpeMs BOCCTAHOBIICHUS, XapAKTEPU3YIOLIEE CPEIHEE BpEMs

BBIHY’KJIGHHOTO TIPOCTOSI MAIIMHbI, BEI3BAHHOTO MOUCKOM (DYHKIIMOHAJIBHOT'O OTKa3a
U €r0 YCTPAHEHUEM.

2. Komnnexcuvle nokazamenu HA0EHCHOCMU.

Koaddummuent roTtoBHOCTH — XapaKTepuU3yeT BEPOSTHOCTh HAXOXKICHUS
MAaITUHBI B pa00OTOCITIOCOOHOM COCTOSIHUM.

Koadduiment coxpanenusi mpor3BOAUTENBHOCTH - 0000IICHHBINA TOKA3aTelb,
XapaKTEPHUIYIOMINH HAJIC)KHOCTh U TPOU3BOJAUTEILHOCTh TEXHOJIOTHYCCKUX MAIITUH,
OTpeNieIIeMbIii  KaK  OTHOCHTENIbHAs ~ CPEIHSsl  MPOU3BOAMTEIHHOCTH B
YCTAaHOBUBIIIEMCSI  pPEXHME, T.€. KaK OTHOIICHHE cpeaHed  (HaKTUIECKOM
MPOU3BOJAMUTEIILHOCTH MAIlIMHBl B TEUEHHUE PACCMATPUBAEMOIO KaJIeHJApHOIO
IPOMEKYTKa BPEMEHH K HOMHUHAJIBHOM (IIUKIIOBOI)

Kc = HCI)/ HH

Kosddurment coxpaneHus NPOU3BOIUTEIHPHOCTA AHAIOTHYEH IMOKA3aTEIIO
coxpaneHusi 3¢p(HEKTUBHOCTH B ciiydae, Korja 3¢pHEeKTUBHOCTh (PYHKIIMOHUPOBAHUS
TEXHOJOTUYECKOW  MalMHbl  ompeaenseTcs €€  cpeaHed  ¢dakTHYecKou
POU3BOAUTEIILHOCTHIO.

3. Ananumuyeckue Mmooenu HAOEHCHOCMU U cmpame2uu O0OCLYHCUBAHUS
MEeXHOI02UYEeCKUX MAUIUH.

AHaTUTUYECKYI0 MOJIENb HaJCKHOCTH MHOTOIMO3UIIMOHHON TEXHOJOTUYECKON
MalIMHbl [apaJIEbHOTO WM  MapajuiedbHO-TIOCIEI0BATENLHOTO JIEUCTBUS, Y
KOTOpPOM  MPEUMYUIECTBEHHBIMH  BHJAMH  OTKa30B  SABJISIOTCS  OTKa3bl
(YHKUMOHAJIBHBIX ~ YCTPOMCTB, pa3MEIEHHbIX Ha padouyMx MO3ULMIX, a
WHTEHCUBHOCTh OTKAa30B JPYTHMX CHCTEM HEBEIWKA, MOXKHO MPEICTaBUTh B BHUJC
MIPOCTEUIIIETO 3aMKHYTOTO Tpada



VHTEHCUBHOCTH OTKAa30B A M HMHTECHCHMBHOCTH BOCCTAHOBJICHUH W JIFOOON
paGodueli MO3WIMM MAIIMHBI  PaBHBL. [lepexoj  MamMHBI U3  COCTOSHUS
paboTOCIOCOOHOCTH S(j B COCTOSIHUE HEPAOOTOCIOCOOHOCTU S IOCHIE IEPBOro
oTKa3a 000 u3 pabouynx mo3uuui OyneT MPOUCXOIUTh C MHTEHCHBHOCTBIO AU, a
BOCCTAHOBJICHHE MAIIWHBI (OAHON pabodeld NO3MIMHU) OYyIeT MPOUCXOAUTH C
WHTEHCUBHOCTBIO L.

Marpwuiia nepexo10B MalllluHbI U3 OJTHOTO COCTOSIHUS B IPYTOe

0 1
Ol1-xu Au

Pi =
'"1 [V T

dR,
Pemass mMarpuily s yCTaHOBHUBUIIETOCS PEXMMA, KOTAA d—t'=0, MOJy4YUM

CHUCTEMY JIMHEUHBIX YPABHEHNUU

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

npeiebHbIe 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

B 1 B 1
1+ (Mpu 1+ATu
KospdumeHT coxpaHeHHs NPOMU3BOIUTENBHOCTH K, MAaIIMHBI MOXHO

IPEACTaBUTh B BUJIE IIPOU3BEICHUS BEPOSITHOCTU COXPAHEHMS IUIOTHOCTHU TMOTOKA M
1 ko3¢ durmenTa roropHoct K.

KF

Ke = Kr -

AHanuTHyeckas MOJENb (PYHKIIMOHUPOBAHUSA TEXHOJOTUYECKOW MAIUHBI C
HAKOIUIEHHEM (YHKIMOHAJIbHBIX OTKAa30B W TOCIEAYIONIMM HX TPYIIOBBIM
BOCCTAHOBJIEHEM MOXKET OBITh IIPEJICTABICHA 3AMKHYTBIM rpagom



H/mk = 1/mkTs

A(u —12

I'pad BxIrOUaeT crenyromue COCTOSHHUS: Sy — MOJHOM (HAayalbHON)
paboTOCIOCOOHOCTH MAIIMHBL,  Sq,..Sk_q — paboTel MallMHBI C HEMOJIHOM
IPOU3BOJUTENBHOCTRIO Tipu 1, 2, ... (—1) oTkazaBmMX pabOUYMX MO3MLMAX; Sy —

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

BocctaHoBieHuss u/Mk = 1/mkTs, rae Mk — KO3QPUIMEHT COBMENICHUS BPEMEHH
IPYIIIOBOTO BOCCTAHOBJICHHSI K OTKa3aBIIMX PabOYMX IMO3HUIUN TEXHOJIOTHUYECKOM
mammHbel (K >my>1), T.e. mpenmomaraercsi, 4To CyMMapHOE BpeMs TpPYIIIOBOTO

(OHHOBPCMCHHOFO) BOCCTAaHOBJICHHA HCCKOJIbBKHX OTKa3aBIIINX HOSI/IHI/Iﬁ MallIMHBI
kaB MCHBIIIC CYMMBI I[JIPITCJ'IBHOCTCﬁ WHIWBUAYAaJIbHOI'0O BOCCTAaHOBJICHUSA 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, IMOJIy4ruM

CHUCTEMY JIMHEVMHBIX YPABHCHUU
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 MAIlWHBI, 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 pEIICHHWE O pa3paboTke oOpasma (OMBITHOTO,
OTIBITHO-TIPOMBIIIIJICHHOTO U T.I1.).

2. L]env, HasHauenue u obaacmv npumererus: pazpabomxu. KoHKpeTuupyercs
CTCTICHh  COBEPIICHCTBOBAHHS  TEXHOJOTHYECKOTO  TpoIlecca  M3TOTOBJICHUS
TpeOyeMol  MPOMYKIMH, TOBBIIICHUS  TPOU3BOIUTEIHLHOCTH  O0OpYIOBaHUS,
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
WCCIICIOBAHMSIM; PE3yJIbTaThl H3yUEHUS IEHCTBYIOMIEH TEXHOJOTUU U BBHITIOJTHEHHBIX
HAYyYHO-MCCJIEIOBATEIbCKUX M OKCIIEPUMEHTAIBHBIX  paloT;  TeXHHYECKas
JuTepaTypa.

4. Texnuueckue mpebdosanusi. B HUX OTMEUAIOTCA cocmas 060py008aHus U
mpebo8anus. K e20 KOHCMPYKMUBHOMY YCMpoucmey, a WMEHHO, HaWMEHOBAaHUE,
KOJIMYECTBO U Ha3HAYEHUE OCHOBHBIX KOHCTPYKTHUBHBIX YaCTEH.

B TexHnueckux TpeOOBaHUSX (DUKCHPYIOTCS OCHOBHblE NAPAMEMPbl, pA3Mepbl
u xapaxkmepucmuxku o0pa3na o000pyIOBaHMsS, a WMEHHO, €ro HOMHUHAJIbHAs H
rapantupyemasi  ¢dakThuueckass — MPOU3BOJUTEIBLHOCTH, BpeMsS  MPOXOXKICHUS
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 MM yCTaHOBICHHAS
AIIEKTPUYECKasi MOIITHOCTD U JIp.

C ToukM 3peHHusT HAACKHOCTH KOHCTPYKLHMsS 0Opasiia 0O0O0pYyIOBaHHUS U €ro
UCTIOJTHEHHE JIOJDKHBI OOECTEeUUTh OMPECIICHHBIE pEeriaMEHTUPYEMbIe 3HAUYCHUS
napamempos HaoexicHoCcmu, TEPUOANIYHOCTH BBITIOTHEHUS] CMa30UHBIX, PEMOHTHBIX U
WHBIX PErJIaMEHTHBIX padoT.
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Texanueckue  TpeOOBaHUS  COAEpPXKAT  YCIOBHUSA, KOTOPBIM  JOJDKHA
YIOBJIETBOPATH MPOIYKIHUS, U3TOTOBIIIEMAast HA TEXHOJIOIMYECKOM 000pYI0BAHUH.

B mpebosanusx k koncmpykxmugnomy ycmpoticmey yKa3bIBaloTCsl TpeOOBaHUS
K OCHOBHBIM KOHCTPYKTHBHBIM 4YacTsiM oOopynoBaHusa. Hampumep, snektpuueckas
4acTh 00OpYIOBaHMS JOJKHA OBITh BBIIOJIHEHA B COOTBETCTBHM C JIEUCTBYIOIIUMHU
«IIpaBunaMu ycTpoUCTB deKTpoycTaHoBOK» (ITYD) mis cooTBeTCTBYIOIIEIO Kilacca
IIPOM3BOACTBEHHBIX IOMeUleHnii. Hampumep, 1 yClIOBHM  MYKOMOJIBHOTO
MPOU3BOJICTBA BCE DJIJIEKTPOOOOPYIOBAHHWE U DJIEMEHTHI DJIEKTPOABTOMATHUKH
TEXHOJIOTUYECKNX MAIIWH IO YCJIOBHSIM 3allATHI OT TIOPAXEHUS TOKOM JOJKHBI
YIOBJIETBOPATh TPEOOBAHUSAM OKCIUTyaTallMd MX B TOMENICHHUSIX C TOBBIIICHHOMN
OTMACHOCTBIO. YCTAHOBKY AJICKTPOAIIApaTypbl HEOOXOJUMO  BBIMOJHATH  BO
B3PBIBO3AIIUIIICHHOM UCTIOJTHEHUH.

B co3gaBaeMom 000pynOBaHWM JIOJDKHA OBITh MaKCHUMAaJIbHO COKpalleHa
HOMEHKJIaTypa MPUMEHSIEMBIX MaTEpPHaJIOB, MOKPBHITHH, Kpeneka W TMOAIIUITHUKOB,
YTO OTPAXKACTCS B mMpeO0B8aAHUAX K YPOBHIO YHUpUKayuu u cmanoapmuzayuu (CM. II.
2.4).

[Ipu  pa3paboTke  KOHCTPYKIIMM  TEXHOJIOTHYECKOTO  O0OpYAOBaHUS
HEOOXOMMO BHITIOTHUTH Mpedosanuss 6€30nacHoOCmu.

HeoOxomumo coOmtofath scmemuueckue u 3peoHoMudeckue mpedosanusl,
obOecrieunBarONIe yA00CTBO OOCTyXuBaHHMS W O€30MaCHOCTh HKCILTyaTaluu
000pyIOBaHUS.

[Tpu dhopMynIMpoOBaHUM TEXHUYECKUX MpedOBaHUll K UCXOOHbIM MAmMepuailam
OTOBAapUBAIOTCS BO3MOXKHBIE K TPUMCHCHHIO KOHCTPYKIIMOHHBIC MaTepHalbl |
MOKYIHBIC U3JIETUs, a Tak)Ke TpPeOOBaHUS K AHTHKOPPO3UUHBIM IOKPBITHSM H
okpacke. Oco00 oroBapuBarOTCsi TPeOOBaHUSI K COCTaBHBIM YaCTSM JIMHUH, CBHIPHIO,
UCXOJHBIM M OKCIUTyaTallMOHHBIM MartepuaiamM. Bce mnpumeHsieMble MaTepualbl
TOJDKHBI  yJTOBJICTBOPSTh TPEOOBAHUAM UYEpPTEXKEH, CTAHAAPTOB M TEXHUYECKHUM
TpeOoBaHMAM. J[7I1 TEXHOJIOTHYECKUX MAIIMH W O0OPYIOBaHUS BCE MaTepHAbI,
PUMEHSEMBIE 1 M3TOTOBJICHUS JeTalled HEMOCPEACTBEHHO KOHTAKTHUPYIOIIHUX C
oOpabaThiBa€MbIM  TPOIYKTOM, JOJDKHBI HMETh  CIEIUAJIbHOE  pa3pericHue
COOTBETCTBYIOIIMX TOCYAAPCTBEHHBIX OPTAaHOB 37]PABOOXPAHECHHUSI.

B TexHuueckux TpeOOBAHUSAX YKa3bIBAIOTCS VCI0BUS OKCHAyamayuu u
mpebosaHus K MeXHU4eCKOMY 00CTYHCUBAHUIO pa3pabaTeIBaEMOTO
TEXHOJIOTHYECKOTO 000PYTI0BaHHUSI.

VYKa3bIBaAIOTCS mpebosanusi K MApKUposKe U YnaKkoeke, mpaHcnopmuposaHuio
U Xpauenuio, a TAaKXKe yCi106us nocmasky odpasia pazpadaTeiBa€MOro 000py/10BaHuUS,
Npasuia UCHLIMAHUL U npuemMKy 000PYIOBAHUS 3aKa3UUKOM.

5. OxoHomuueckue noxasamenu, YCTaHABIUBAIONIUE TPEEIbHbIE 00BEMbI
MaTepUaNbHBIX M (PUHAHCOBBIX 3aTpaT MpU CO3JaHWU obpasima 00O0pyIOBaHMUS,
HaAIIpUMED, TUMUMHYIO YeH) 00pa3Iia.

6. Cmaouu u smanwl pazpabomku o06pasia, CPOKA KOTOPHIX OTOBAPUBAIOTCS B
TEXHUYCCKOM 3aJJaHUH.

Texnnueckoe 3aaHue Ha pa3pabOTKy OOOPYIOBAaHUS MOXKET COJEpKaTh B
MPWIOKEHUU OTUET O MPOBEJEHHBIX MAaTEHTHO-UH(GOPMAIIMOHHBIX UCCIEIOBAHUSIX C
3aKIIOYEHUEM O NAMEHMHOU YUCmome U NepCcnekmuee NameHmHou 3aujumol
paspabaThIBaEMOW KOHCTPYKIIUHA 000Dy IOBaHHUS.
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TexHuueckoe 3aJ[aHUC YTBCPIKIAACTCA MPCACTABUTCICM 3aKa34YMKa U SABJIICTCA
OCHOBAHUEM 14 HOCHCI[YIOIHCﬁ paspa60TK1/1 TEXHHUYCCKOI'O IIPOCKTA.

Tema Ne 5. Moaeu ¢cTpyKTYpPbl U (PYHKIUMOHUPOBAHUSA MAILIMH

1. Buowl mooeneti mexnuueckux o6vekmos.

Mooenu cmpykmypsl B 3aBUCUMOCTH OT II€JIM aHalM3a O0BEKTa MUMEIOT TPH
Pa3HOBHIHOCTH: BHEITHSSA, UepApXUUECKasi, BHYTPCHHSIS:

- BHeWHss1 MoOelb, B KOTOPOM TEXHUYECCKHA OOBEKT IPEJCTAaBICH B BHUC
«UEPHOTO SIINKaY», 0€3 PaCKPBITHsI €r0 BHYTPEHHEr0 CTPOCHHUS, a BCE €0 CBS3H C
BHEIITHEH Cpeol BBIPAYKECHBI 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 CUCTEMbI BHICIIIMM

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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Bxoxn 2
T .
| V1y2 I
I
Bxox 1
)i —l—» o > oA —:—»BHXO;{I
I
I V3Vl | T V4Vy2 :
I
I
: L — +——»Brixog 2
I Xrn Xra I
I

Mopenu CTpYKTYpbl TEXHUYECKOTO OOBEKTa AAIOT IMOJIHOE MPEACTABICHHUE O
€ro KOHCTPYKTHUBHBIX 3JIEMEHTaX, HMX BHYTPEHHUX M BHEUIHUX 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 (peaan3aluy MOCTaBICHHOM 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 4acTO 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,
IPEACTABIIAIONINX COOOM MaTepuaibHble 00OBbEKThI, aHAJIOTUYHBIE pa3padaThIBAEMOMY
00BEKTYy MO CTPYKType U (QYHKIUAM, aOCMPAKMHO-102U4ecKUx, B YaCTHOCTH,
mamemamuyeckux — Mmooeiell,  OMUCBHIBAIONIUX  CTPYKTYpy  WIM  TIpoliecc
(GYHKITMOHUPOBAHUS OOBEKTAa HAa OCHOBE (DM3WYECKUX 3aKOHOB M MaTEMaTHUYECKUX
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 6vicmpoepauiarouiuxcs 6aioe

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

PaccmoTpum siBlieHMSI, MPOUCXOASAIIUE TTPU BPAIIEHUU Bajia C OJJHUM JIUCKOM,
AKCIIEHTPUCUTET 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 HHEPLIUK
B CHCTEME KOOPIMHAT X; Y1 Z, BpalllaloLIelics BMECTe 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 YIJIOBOMl 4YacTOTE €ro COOCTBEHHBIX
Kosie0aHu#, Mporud Bajla CTPEMUTCS K OECKOHEYHOCTH. DTa CKOPOCTh Ha3bIBaeTCs
KpUMu4ecKou.

[Tpu yrioBoi cKOpOCTH BaJia, MPEBBIIAIONIEH KPUTHUECKYIO (B 3aKpUTHYECKOMN
o0JjacTH), HEHTP Macc JUCKa pacloyiaraeTcs MeXJy M30THYTOM OCBhIO Bajla U OCBIO
€ro Bpall€HUss U NpPU HEOIPAHMYEHHOM YBEIMYEHHHM YIJIOBOW CKOPOCTH JUCKa
CTPEMUTCS 3aHSTh IMOJIOKEHUE Ha OCH BpAIllEHUs, TIPU 3TOM KodpdummeHt x — (-1).
OTO ABIIEHUE HA3BIBACTCA CAMOYEHMPUPOBaHuem 8aid, AepopMalys Bajia Ipu 3TOM
YMEHBLIAETCS.

Banpl MammH, SKcllyaTupyeMble B JIOKPUTHUECKOH o6sactu (yrioBas
CKOPOCTh KOTOPBIX MEHBIIE YacTOThl COOCTBEHHBIX KOJeOaHUM), Ha3bIBAIOTCS
JlcecmKuMuy, a Ballbl, DKCILUTyaTHPyEeMbIE B 3aKPUTHUECKOH oOnacth (® > @), -



15

2UOKUMUL.

2. Pacuem ynpyeux onop 2ubxkux 6aios.

JIIs  yMCHBIICHHS YacTOThI COOCTBEHHBIX KOJeOaHHMH BajoOB, YacTo
UCIIOJIB3YIOT 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 TMOIIMITHUKA, JOMYCKAIOIIEr0 MOBOPOT BaJia 2.

OnpenenuM 3¢p(HEKTUBHYIO KECTKOCTh C, PAIUAIBHBIX NPYXUH 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 NOJ yriioM ¢ kK npyxkune 1. [Ipu mamom
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 NMPYXKUH
onuHakoBbie. [IpearnonoxkuB Takke, YTO MPYKUHBI CKpPEIJIEHBI C OOOMMOM U C
KOPITyCOM, OIIPENEINM MPUPAIICHUE YCHIUS B I-OH MpYyXHHE TpU ee nedopMariu
Fi = CAj = CACOS@ i, 4TO JaeT COCTABJISIOUIYIO B HAMIPaBJICHUU MEePEMEIICHUS 1IEHTpa
Bana Fix = Fj cosg = CAc0S?g i. CyMMupPys 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 TOCTaBIICHBI 0€3 MPEABAPUTEIHHOIO HATSTa, TO HATPY)KaeTCs JIUIIIb
MOJIOBHHA OOILIET0 YKCciia MPYKUH U ¢, = chn/4.
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3. Bausnue eupockonuueckoco MomeHma, 0cegot cuvl U oOpyeux ¢paxkmopos Ha
KpUmu4ecKyo cKkopocms 8a.da.

B 1meHTpoOeXHBIX MalIMHaX pOTOPhl YacTO YCTaHABIMBAIOT Ha Bajlax
KOHCOJIbHO. [Ipu Oo0bIION YyriaoBOH CKOPOCTH Baja W 3HAYUTEILHOM MOMEHTE
WHEpIUU JUCKA, 3aKPEIUICHHOTO Ha Bally, HEO0OXOJIWMO YYUTHIBATh BIIUSHUE
TUPOCKOMMUYECKOTO MOMEHTA Ha KPUTHYECKYIO CKOPOCTh BaJia.

N3 kypca TeopeTnueCcKOM MEXaHWKH W3BECTHO, YTO BCIICICTBUE OTKIOHEHHS
OCH BaJia OT OCH BpAlICHHUS IJIOCKOCTh JUCKA BCE BPEMSI MEHSIET CBOE MOJIOKECHUE B
MPOCTPAHCTBE, W CyMMa TJaBHBIX MOMEHTOB IEHTPOOEKHBIX CHJI OTHOCHUTEIHHO
HETOIBMYKHBIX OCEU X U ) paBHA HE HYJIIO, 3 THPOCKOIIUYECKOMY MOMEHTY

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

TJ€ @ - YIII0Bas CKOPOCTh BPAILCHUS 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 epawjerus (npsmas
npeyeccust), KOrja M30THyTas OCh Bajla M BaJl BPAIIAlOTCS B OJHOM HarpaBJICHUHU.
['mpockonuyecknii MOMEHT NIpU TMPAMOM IIPELECCUU HAMNPaBIEH B CTOPOHY
YMEHBIIICHUS yTiia 3 ¥ IPETsSITCTBYET OTKIIOHEHUIO TUCKA OT UCXOTHOTO TOJIOKEHUS,
T. €. KaK OBl YBEJIMYMBACT KECTKOCTh CHCTEMbI U TIOBBIIIAET KPUTUIECKYIO CKOPOCTb.
JJI1 KpUTHYECKOTO COCTOAHUS TIPU @ = ah XapPAKTEpPHA NpAMAs CUHXDOHHASA
npeyeccus;, B 3TOM CIIy4ae yIrJOBbIE CKOPOCTH Bajia C JUCKOM U MU30THYTOW OCH Baja
10 BEJIMYMHE U HAIPABJICHUIO COBITIAIAIOT.

3Hak miroc B ¢GopMylie OTHOCUTCS K CPaBHUTEIBHO PEIKOMY SIBJICHUIO
obpammnozco epawenus (0bpamuas npeyeccus) U30THYTON OCH, KOTJa HaIlpaBJICHUS
BpalICHUsI N30THYTOM OCU U JIMCKa IPOTHUBOIIOJIOKHBI. | UPOCKONIMYECKUA MOMEHT B
ATOM CIIy4ae HAMpaBJICH B CTOPOHY YBEIUUYEHUS yIiia F KPUTHUECKasi CKOPOCTh Bajia
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 HayaJIbHbIX
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 CUCTEMA UMEET BUOPOU3OJISIINIO, COCTOSIIYIO U3
yIPYyroil CBSA3M C KECTKOCThIO ¢ U JAemiidepa BI3KOTO TpeHUs ¢ KodhdUureHToM
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 BBIPAKCHUE MOKHO IIPEACTaBUTh B popme
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/alolIed cuibl Py HasbIBaeTcs Koapuyuenmom 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 Il TallleHUsl 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 puUIMEHT epeaadn CUiIbI MPU 3aJaHHOM OTHOIICHUH @ /@y OOJIbIIE, YeM
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npu OTcyTcTBUHM Jemiipepa. OmHAKO TpPU pEIICHUH BOMpPOCa O TNPUMEHEHHH
nemidepa BS3KOTO TPEHUS CJEAyeT IOMHUTh, YTO TOCIEIHUN TMO3BOJISET
3HAUYUTENIbHO YMEHBIIUTh PE30HAHCHBIC MepeMenieHuss U cuibl. [1o 3Tol mpuumnHe
JUIsL  MaliuH, paOoTalolKMX B 3apE30HAHCHOM 30HE, MHOI/A HCHOJIb3YIOT
BUOPOM3OJIALIMIO C CaMOOTKJIIOYAIOIIUMMUCA JeMidepaMu, KOTOpble EHCTBYIOT
TOJIBKO B PE30HAHCHOU 30HE.

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

2. Hunamuueckue eacumenu u 6ubpoonopul.

JluHamudyeckoe BUOpOrameHne MOXKET ObITh d(PPEKTUBHBIM JHIIb B TEX
Clly4asiX, KOTJa BBIHYXKJAIOIIas CUJia 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 IMOJ BO3ACHCTBHEM
BeIHYXafomerd cwibl  PoSin(at), coenwHeH ¢ QyHIAMEHTOM NpYXUHAMH 4,
KECTKOCTh KOTOPHIX HEBEIHMKA. JIMHAMUYECKUN TaCUTENh MPECTABIsAET COO0N Maccy
2, COEAMHEHHYIO C KOPIIyCOM IMPYXUHOW 3, mpHYeM Maccy m MU KECTKOCTb C

TIPY/KHUHBI TTOJOMPAIOT TaKMM 00pa3oM, YTO @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 BHOPOU30JIH-
PYIOLIME OIOPBI.

[Ipu BwIOOpe (dyHIaMEHTa TOJ MaIIMHY, TOJBEPKEHHON BHUOpanuu,
YUUTHIBAIOT TeEpelaBaeMyl0 Ha (QyHIaMEHT BHOpalMOHHYIO Harpysky. B
MPOCTEUIINX CITyYasiX MJI0IIA b OCHOBaHUS (yHIAMEHTa PACCUYUTHIBAIOT IO PopMmyIie

Fo 2 [(m +my)g+x, B /[0 ] »
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roe M; U My - Macca MamMHBI ¥ (yHOAMEHTa; [Olex - JOIyCKaeMoe
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 nDOArOTOBKE K 3aHATUIO CTYACHT JOJDKEH pa3odparb BOMPOC;
O03HAKOMHUTHCSI C KpPATKUM OINUCAHUEM TEMbI, MPOCMOTPETh JOMOIHUTEIbHYIO
JUTEPATYPY MO JAHHBIM BOITPOCAM.

B xone mpakTUYecKuX 3aHSATUN CTYJEHT BBIMOJHSAET NPAKTUYECKUE 3aJaHUs,
IPEIJI0KEHHBIE MTPETNO0/IaBATEIIEM.

[lo 3aBepiICHHUIO TPAKTUYECKOTO 3aHATUS CTYAEHT OO0s3aH MPEAbSIBUTH
BBINIOJIHEHHBIE 33JaHUs M OTBETUTh NPENOJABATEII0 HAa KOHTPOJbHBIE BOIPOCHI,
COIPOBOXK/1asi CBOM OTBET JAEMOHCTPALMOHHBIMH IIPUMEPAMU.

Ilepen HavamoM 3aHATHS CTYJIEHT JOJDKEH HW3YYUTh COJEpKAHUE JaHHBIX
METOJIMYECKUX YKa3aHUM.

1. ITonyuuTs y npenoaaBaTesst HCXOAHBIE JaHHBIE 110 TEME 3aHATHSL.

2. CocTaBuTh NMPOrpaMMy pacdeTa aHAIU3UPYEMBIX NapaMETPOB, HUCIIOIb3Ys
nporpammHsbIi naker MathCad.

3. PaccuuTaTp 1 mpoaHanu3upOBATH MOJIYYEHHBIE PE3YJIbTATHI.

4. Caenatb BBIBOJBI 10 pe3yJIbTaTaM pabOTHI.

5. OpopMUTE OTUET.
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