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OBIIME MOSICHEHUSA IO KOHTPOJIbHOM PABOTE

B xoHTpOnBHOM paboTe HEOOXOANMMO:
1) HammcaTh OTBET HA OJMH TEOPETUIECCKHUI BOIIPOC;
2) pa3paboTatb  MaTeMaTH4YeCKyl0  MOJENb  JWHAMHKH  Ipoliecca
MEXaHUYEeCKOM 00pabOTKU COTJIaCHO BapHaHTY 3a/laHuUs;
3) BBINOJIHUTH aHAJIU3 YCTOHYMBOCTH IMPOIIECCa MEXAaHHMUECKOW 00pabOTKU

IpY BapbUPOBAHUU JIBYX IMAPAMETPOB.

Taomumna Ne 1. Beroop HoOMepa TeopeTHYECKOro BOIIpoca
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CHnuCcoK TEOPETUYECKUX BOIIPOCOB:

1) KunemaTrueckue CBSI3U B METAJUIOPEIKYIINUX CTAHKAX.

2) 'eomeTpuyeckue napaMeTpbl pexKyIero MHCTPYMEHTA.

3) ®opma cpe3aeMoro Caosi 1 OCHOBHBIE PEKUMbBI pE3aHUsL.

4) Ionsitue o cune pe3anus (popmyna . A. Tume).

5) CocTaBasitoniye Cuibl pe3aHus (1s1 TOUSHHS U CBEPJICHUSA).

6) HennHeHbIN U cCTallMOHAPHBIN XapaKTep CUJIbI pe3aHusl.

7) Knaccuyeckuii 1 COBpeMEHHBIN MTOAX0/] B aHAJIU3€ JUHAMUYECKUX CBONCTB
IIPOLIECCOB PE3AHMUSI.

8) ITopsimok cocTaBiieHHs] MaTeMaThHdecKux Mozeneit (MM) nuHamuku
TEXHOJIOTUYECKUX CUCTEM.

9) OcuoBHbIe hopMbI TipencTaBieHnss MM TuHAMUKN TEXHOJIOTHYECKUX CHCTEM.
10) TunoBo¥ nopsA0K aHanu3a JMHEHHBIX MM NHMHAMUKHU TEXHOJIOTMYECKUX
CUCTEM PE3aHUs.

11) ;s 9ero ucrnosb3yercsi Mepexo/] OT MOJHBIX KOOPJAUHAT K BapUallUsIM
KOOPJIMHAT CUCTEMBI OTHOCUTEJIBHO CTAllMOHAPHOU TpaekTopru B MM?

12) OcHoBHBIC METO/BI HcciaenoBanuss MM JMHAMUKHA TEXHOJOTHUECKUX CUCTEM.



13) Iopsimok aHanM3a yCTOMYUBOCTH CUCTEMbI aHATTUTUYECKO-UUCIEHHBIM
METO/IOM B IJIOCKOCTH JIBYX MapaMeTpPOB.

14) [lonsaTHe O cuUie KOHTAKTHOTO B3aUMOJICHCTBUSI IOBEPXHOCTEU PEKYIIETO
UHCTpyMEHTa U 00pabaThIBaeMOii MOBEPXHOCTH 3arOTOBKH.

15) I'unoTte3a o 3aepKKe CHIIbI pe3aHusl OTHOCUTEIBHO CMEIIEHUI 3JIEMEHTOB
TEXHOJIOTUYECKOU CUCTEMBI.

16) Unentudukanns HEMMHEWHBIX CTATHYECKUX XapPAKTEPUCTUK TEXHOIOTHUECKUX
CUCTEM.

17) IopsiioKk HaXOKAEHUSI HEU3BECTHBIX KOA(D(PHUIIMEHTOB MOJMHOMA METOJIOM
HaUMEHBIINX KBAJPaTOB.

Tabnuua Ne 2. Beibop BapuaHTa 3a/1aHus JJIsl COCTABJICHUS] MATEMAaTHUECKOM
MOJEIN AUHAMUKYU IIPOLIECCa PE3aHUsl €r0 aHaln3a
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Hwxe npuBeaeHsl peKOMEHIAIMU 10 pa3padoTKe MaTeMaTHYECKOW MOJEH
JTUHAMUKH TIPOIlecca MEXAHMYECKOW OOpabOTKM W PEKOMEHIAIMU T10 aHaJu3y
YCTOMYMBOCTU CUCTEMBI.

Bce BBIBOJIBI, BBIYMCIICHUS JOJIKHBI COMPOBOXAATHCS COOTBETCTBYIOIIMMU

MOACHAOINMH BBIKJIaAKaAMU, I’pa(bI/IKaMI/I " INOACHCHUAMMU.



Jliis BcexX BapuaHTOB mpuHATHL: SO = 0,1 mm/00; Vo =100 m/c; to =1 mm.

Tabmuma Ne 3. Cxema mporiecca MeXaHMYECKOi 00paboTKH

Bap. Cxema [TapameTpsl

m1=0,1 xr*c%/mMm
h;=0,02 xr*c/mMmm

c1=100 xkr/Mmm

m,=0,3 kr*c?/Mmm

h,=0,1 kr*c/mMmm

C>=10...200 xkr/Mmm

X1 X2

p1 = -200...200

KI/MM

m1=0,15 xr*c?/Mm
h:=0,01 xr*c/mMmm

c1=10...150 xkr/Mmm

2 X2 ¢ m,=0,3 kr*c?/mm
X1 i h,=0,25 kr*c/mm
C,=200 xkr/mMmM

p1=-150...150

KI/MM




X1
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m;=0,015 xr*c?/mMm
h1=0,015 kr*c/mMmm

€1=150 kr/mMmm

m,=0,03 kr*c?/mMm

h,=0,025 xr*c/mm

C2=180 kr/mm

p1 =-150...150 en.
KECTK.

02 = -200...200 e,

KECTK.

X2

m;=0,005 xr*c?/mMMm
h1=0,01 xr*c/mMm

C1=5...80 kr/mm

m,=0,25 kr*c?/mMm
h,=0,1 xr*c/mMmm
c>=150 xr/Mmm

p1 = -80...80 xr/mMm




X2

X3

m;=0,02 xr*c?/Mm
h1=0,01 kr*c/mMm

€1=100 xkr/mMmMm

m,=0,03 kr*c?/mMm
h,=0,025 xr*c/mMmm

C>=150 xkr/Mmm

m3=0,2 kr*c?/mMmm

h3=0,25 xr*c/mMmm

C3=250 kr/mm

p1 =-250...250 en.
KECTK.

p2 =-300...300 en.

KECTK.

X3

X1

m;=0,03 kr*c?/mMm
h1=0,02 xr*c/mMmm

€1=150 kr/mMmm

m,»=0,01 xr*c?/Mm
h,=0,01 xr*c/mMm

C,=100 kr/mm

mM3=0,25 kr*c?/mm
h3=0,3 xr*c/mMmm
C3=300 kr/mm
p1=-300...300

p2 =-350...350 en.

KECTK.




PexoMeH1aiuu 110 NOCTPOCHHUIO JIMHEHHOU MaTeMaTHY€eCKOMN
MOJeJIM JUHAMUKHU MPOoLecca pe3aHus

CocraBieHue MareMaTUYeCKOW MOJIENIM HAYWHAETCS C 3aJaHUsl TUIIOTE3 U
JONYIIIEeHUH, HA OCHOBAaHWU KOTOPBIX CTPOMUTCS TaK Ha3blBaeMmasi KOHIIENTyalbHas
MOJENb WM PACUETHAS CXEMA JUHAMHUKN TEXHOJIOTUYECKOU CUCTEMBI.

B nanHO# paboTe MoJIOKEHBI clieAytonue rumnote3sl [1, 2]:

1) moacHUCTEeMbl MHCTPYMEHTA /WM 3arOTOBKH HE SIBJISFOTCS a0COJFOTHO

KECTKUMH M MOTYT HUMEThb YIpyrue aeQopMallMOHHBIE CMEIICHHS B
OCEBOM, PaJIMaIbHOM M TaHT€HIIMAJTbHOM HaIlPABJICHUSX;

2) TpoIIecC pe3aHus SIBJIICTCS MOTCHIUAIBHO BO3MYIIIEHHBIM;

3) cumia pesanus onuckiBaeTcs Gpopmyioi M. A. Tume;

4) B mpepenax OJHOTO TEXHOJIOTHYECKOTO MPOXOJa HAIpPAaBICHUE BEKTOPA

CHUJIBI PC3aHUA OCTAETCS MMOCTOSIHHBIM.

B koHuenTtyanpHOW MOJEIM CHUCTEMBI OIPEICIEHHBIE XapaKTEPUCTUKHU
MOKA3bIBAIOTCS cXeMaTU4eCKu. OCHOBHBIMU 3JIEMEHTAMU CXEMaTU3AIUU SIBIISIOTCS:
1) paccMaTpUBaIOTCS CHCTEMBI C COCPEIOTOYSHHBIMUA MaccaMH, KOTOPBIE, Kak
IIPaBUJIO, MPUBOIATCS K COOTBETCTBYIOIIUM 3JIEMEHTaM, HAIIPUMED, IPUBEICHHAS
Macca MoJCUCTEMBI MHCTPYMEHTA, MPUBEICHHAS MAcCa MOJICUCTEMbI 3arOTOBKH;

2) JUCCHUIIATHUBHBIC XapaKTCPUCTUKH CHUCTEMbl 3aMEHSIOTCSA TMPHUBEACHHBIMU
AJIEMEHTaMU JUCCUMALNH;
3) XapaKTEePUCTHUKH YKECTKOCTH 3JIEMEHTOB CHUCTEMBI 3aMEHSIOTCS MTPUBEICHHBIMH

QJICMCHTaMM KCCTKOCTH.

B tabnuiie Ne 1.1 nokazaHbl OCHOBHBIE 0003HAYCHHUS, CAMHUIIBI U3MEPECHUS
MPUBEJICHHBIX XapaKTEPUCTHK MACChI, JUCCUIIALINU U )KECTKOCTH, a Ha pucyHke 1.1

ITOKa3aHbI I/I306pa)KCHI/I$I Ha CXEMax pPEe310B U CBEPJIL.



Tabnuua 1.1 — IlpuBeaéHHbIE XapAKTEPUCTUKU TEXHOJIOTUYECKUX CUCTEM

Ennauna O0o03Ha4YeHHUA HA
Hassanue O0o3HauyeHue
HU3MEPCHHUS cxemax
2
Kl - C
MM
DeMeHT n KIr - C _|
JIUCCUTIALIA MM —
DJIEMEHT c KT _/\/\/_
JKECTKOCTH MM
a) 6)

Puc. 1.1 — I'paduueckue 0603HaUEHUS pe3iia U CBepa, IpUMEHsIEMbIE JJIs
M300paKeHUH Ha PaCYETHBIX CXEMax: a) pe3ell; 0) cBepo

[Tocne cocTtaBieHHs KOHLENTYyalbHOM MOJENN MEepeXoisT K pa3zpaboTke
MaTEeMaTHYECKONH MOJENH CUCTEMBl. Tak Kak CHUCTEMBI pe3aHUsl OTHOCITCS K
MEXaHUYECKUM, TO HanboJiee 1enecoo0pa3Ho HCIoIb30BaTh ypaBHeHHe Jlarpanxka

II-ro pona (1.1) ayist cocraBineHrs MaTEMaTUYECKON MOJIENIA CUCTEMBbI PE3aHUs:

d 0T 0T

doq g - iTb .

rae T — KMHeTH4YecKas Heprus [ -To JJIEMEHTA;
g, — 00001IeHHasT CKOPOCTH [ -TO JIEMEHTA,
q; — 0000IIeHHasT KOOpJIMHATA [ -TO DJIEMEHTA;
Q; — cymMMa 000OIIEHHBIX CHII 1O i -OH KOOpPIMHATE.
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Cuna nuccunanuu Fy , cuia )ecTKoCTy (ynpyroctu) Fyup u cuna pesanus P

(B TMHEHHOM MPEICTABICHHUH) ONpeAesatoTcs o BeipakeHusMm (1.2), (1.3) u (1.4),

COOTBCTCTBCHHO:

Fy(x) = h- d—’:, [r] (1.2)
Fnp(x) = ¢ x, [kr] (1.3)
P=p-5-t, [kr] (1.4)

rie x-— JIMHEHHOE IICpEeMECIICHHUC 3JIEMCHTA, MM,

p — KO3 (HULIMEHT JaBIEHUS CTPYKKH Ha MEPETHIOI0 TOBEPXHOCTh

KI'
PEXKYILEro KIMHA HHCTPYMEHTA, — |
MM

MM

S — nojgaya MHCTpyMEHTa Ha 000pOT HIMUHAEI, =
o

t, — TIIyOMHa pe3aHusi, MM.

p

[Tops10K BBITIOTHEHUS:

1)

2)

3)

4)

u3 Tabmuuer Ne 1.2, cormacHo BapuaHTy, BBIOpaTh CXeMmy TIpoliecca
MEXaHU4eCKOil 00paboTKH;

pa3paboTaTh KOHLIENTYaJbHYI0 MOJENIb AMHAMUYECKON CHCTEMBbI Ipoliecca
pe3aHMs, YUYWTBIBas IPUBEIEHHBIE HA CXEME CBEICHHS O HANpPaBICHUAX
yOpyrux AeQOpMalvOHHBIX CMEIIEHUN 3JIEMEHTOB CUCTEMBbI (0003HAYEHBI HA
cxeMe kak X1, X2, X3);

Ha OCHOBE KOHLENTYAJIbHOM MOJENH, ITpUuMeHss ynpasiienue Jlarpanxa II-ro
poma (1.1), a Taxxe ypaBHenus cun (1.2), (1.3) u (1.4) cocraBuTh
MaTeMaTHYECKYIO MOJIE]b CUCTEMbI pe3aHus B OOIIEM BHJI€ B 3aBUCUMOCTH
OT COOTBETCTBYIOIINUX 000OIIEHHBIX KOOP/IUHAT;

PACKpBITh 3aBUCUMOCTb CHUJIbI pE€3aHUsl OT KOOpAMHAT nepeMenienus. Crneayer
OTMETHUTb, 4YTO JUI1 HpoLEecca TOYEHUS OT BaAPbUPOBAHUS pPaaUaIbHOU
KOOP/JMHATHI IEPEMEILEHNS Y, OyAET 3aBUCHUT BEJIMYMHA IIyOUHBI pE3aHus tp,

TO ecTh ypaBHeHue (1.4), mo cytu, HeOOXOAMMO 3aMEHUTh YPAaBHCHHUEM

11



Py)=p-S-t,(y)

Jlns mpomecca CBEpJIEHHS W TOYEHHs, OT BapbHUPOBAHHUS KOOPAHHATHI
HEPEMEIIEHHUS B OCEBOM HAIPABJICHUU X OyJET 3aBUCUT BEJIMYMHA MOJA4U S,

TO ecTh ypaBHeHue (1.4) HE0OX0AUMO 3aMEHUTH YPaBHEHUEM

P(x)=p-Sx)-t,

[lpu mepemMenieHMH WHCTPYMEHTa W/WIM 3arOTOBKM B TaHTCHIMAJIBLHOM
HalpaBjeHUU K 0a3oBOMy ypaBHeHHIO cuibl pe3anus M. A. Tume (1.4)
HEOOXOJUMO J100aBUTh CKOPOCTh PE3aHUSI U YUYECTb, UTO CKOPOCTh PE3aHUs
OyIeT 3aBHCHUT OT CKOPOCTM CMEUIEHUS JJIEMEHTOB B TAHIME€HLUUAJIBLHOM
HaIlpaBIICHUU Z

P(x)=p-S-t, V(z)

5) 3amucarh NOJYYCHHYIO CHCTEMY YpaBHCHHH B HOpMaibHOUH opme Kot

(dxq(t)
T = f1(x1, X2, ., Xp, t)
dx,(t)

3 # = f2(x1, %3, e, X, £)
dx, (t)

2O )

6) mepelTH OT MOJHBIX KOOPAMHAT, B MATEMAaTHYCCKON MOZEIH, K MX BapHALIMSIM
U TakuM OoOpa3oM MOJYYHUTh MAaTeMaTHYECKYI0 MOJCIbh JUHAMHUKU Tpoliecca
(TOoueHUSs1, CBEPJICHUS, MHOTOUHCTPYMEHTAIBHONU 00paOOTKH — B 3aBUCUMOCTHU

OT BapyaHTa) B BapualMsAX OTHOCUTEIBHO CTAlMOHAPHOU TPACKTOPUH.

12



PexomeHganuu mo aHaau3y JMHAMUKH MPOLECCA Pe3aHUs MPH
BAPbLUPOBAHNM JIBYX IAPAMETPOB

B nanno#i pasnene TpeOyeTcsi BBITOJIHUTH aHAIU3 YCTOWYUMBOCTH Ipoliecca
MEXaHUYEeCKOM 00pabOTKM 1O TMOJYYEHHOH, B NpPEAbLAyLIEM pasjele,
MAaTEMATHYECKON MOJEIN JUHAMUKY IpOoLecca.

[TopsimoK BBINOJTHEHUS:
1) B TOM ciydae, eciIM UCXOJHAsl CHCTEMa YPaBHCHHUH UMECT HEJIMHEHHOCTH, TO
NeperTy K JIMHEHHOMY ONMMCAHUIO CUCTEMBI (BBITTOJIHUTE JTMHEAPU3AIIHUIO);
2) 3amucarh JIMHEHHYIO (JIMHEApM30BaHHYIO) MATEMAaTHYECKYI0 MOJCIb B
BEKTOPHO-MAaTpUUHOU  (PopMe, TO €CTb HEOOXOAMMO TEpPEeHTH  OT
MaTEeMaTU4YeCKOM MOJIEIM 3aliCcaHHOM B HopMainbHOM (opme Kommu k

BEKTOPHO-MAaTpUYHOU opme

X, (t) dg; - Am X1 (1)
X, (1) an1 - anm/ \x,(t)
a11 nen alm
3) us CHCTEMHOM MaTpPULIbI A= ¢ ™~ Oy YUTh
Apy o Qum

XapaKTepUCTUUECKOE YPABHEHUE CUCTEMBI
detA- I-A) =A"+a, A"+ +aA+a,=0

rae I - equHUYHAs MaTpUIa C pa3MEPHOCTHIO KaK y CUCTEMHON MaTpullbl A.

4) peanmzoBath anroputMm (puc. 2.1) mpoueaypbl aHATUTHUCCKH-YUCICHHOTO

MOCTPOEHUS JIBYXIapaMETPUUECKOTO pa3OUeHHs B IUIOCKOCTH BAPbUPYEMBIX

napameTposB (cM. Tabm. Ne 1.2);
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1
l HavaJjo l

4

2
[lapameTpH
CHUCTEMEL

real (r[k])>0

9
OTMETUTE HEeYCTOWYUBYIO
TPaeKTOPUI OBWXEHUA IIpU
3anaHHHEX 3HadYeHMAax 1,
BapbMPYEeMEIX [IapaMeTpOoB

al0]=£(1,73)
alll=g(i,73)

a[n-1]=s(i,3)

BEIUMCIIEHHE KOpHef:l
XapaKTepMCTUYECKOT'O
YPaBHEHMHA

PesyneTH
7 ) BBEIYMCJIEHUMA
11— Y

l KOHelL] l

Pucynok 2.1 — Anroput™ npoueaypsl aHaJIuTAYECKU -YUCIEHHOTO
NOCTPOCHUS ABYXIapaMEeTPHUUECKOTr0 pa30UeHus B INIOCKOCTH BApbUPYEMBIX
apaMeTpoB

5) MOCTPOMTH IIOCKOCTh BAPLUPYEMBIX MTAPAMETPOB C 00JACTIMH YCTOMYMBBIX U

HEYCTOWYMBBIX TPACKTOPUM IBUAKEHHUS. [[puMep TakoM MII0CKOCTH OKAa3aH Ha

pucyHke 2.2
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Pucynok 2.2 — IlinockocTs BappupyeMbix 3HaueHul T — p C 00JacThIO
YCTOMUYMBBIX M HEYCTOWYMBBIX JBMKCHHUH mporiecca pe3anust [3]

6) BBIMOJHUTH MPOBEPKY MOJYUYCHHBIX B PEABIAYIIEM TYHKTE PE3yJIbTaTOB
a. OMpECIIUT 4YeThpe TOYKM Ha IUIOCKOCTH BapbUPOBAHHBIX
apaMeTpoB:
I. B riyOWHE yCTONUMBO# 001aCTH;
Il. B TiyOMHE HEYCTOMUYNBOI 00J1aCTH;
Iii. BOJM3M I'paHHIIBI YCTOWYMBOCTH CO CTOPOHBI YCTOMUHBOM
001acTH;
IV. BOJIM3M  TpaHUIBI  YCTOMYMBOCTH  CO  CTOPOHBI
HEYCTOWYMBOM 00JIaCTH.
b. mo mpoekuusM TOYEK HAa OCH KOOPJIUHAT OINPEICIIUT 3HAYCHUS
Ka)KJI0r0 U3 BApbUPYEMBIX TapaMETPOB;
C. BBIIOJHUTH NPOrPAMMHYIO pealM3allHi0  MaTeMaTHYSCKOMH
MOJIeTTM THHAMUKH TIPOIEcca pe3aHus;

15



d. moACTaBUTH B MOJIE/Ib YUCIICHHBIC 3HAYCHHUS BCEX MAPAMETPOB, B
TOM YHWCI€ M HaWJEHHbIC BBIIIE 3HAYCHUS BapbUPYEMBbIX
apaMeTpoB;

€. BBINOJIHUTH YUCIEHHOE HHTErpupoBaHue auddepeHInanbHbIX
YpaBHEHUII MaTEeMAaTUYECKOM MOJEIN U TOJYYUTh PEaKIUIo
cucteMbl. J[Jis TOro 4To0bl MOJYYUTh PEAKIIUIO0 CUCTEMBI HY>KHO
chopMHpOBaTh BO3MYIICHUE, HA KOTOPOE CHUCTEMa Cpearupyer.
DTO TOCTUTACTCSI OJJHUM U3 JIBYX CIIOCOOOB:

I. HA BXOJ CHUCTeMBbI (MOJEIM Ipollecca pe3aHus) IoJaTh
CTaHJAPTHOE UMITYJIbCHOE BO3/ICIICTBHUE;

li. 3a1aTh B MOJeNb HE HYyJICBbIC HAYaJbHBIC YCIIOBHS,
HarpuMep, MOXKHO 3aJaTh HEOOJBIIOE CMEIICHHUE TI0
KaKON-1100 KOOPAUHATE CUCTEMBI,

f. cBepuTh pe3ynbTaTHI, MOJYYCHHBIC AHATMTHYCCKU-YHCICHHBIM
CIIOCOOOM U YHCJICHHBIM UHTETPUPOBAHUEM;

gJ. caeiaTh BBIBOIHI.
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