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OBIIME NOSACHEHUSA IO KOHTPOJIbHON PABOTE

B xoHTpOsNBHON paboTe HEOOXOAUMO:
1) pazpaborarb  MaTeMaTHYeCKyld  MOJENb  JUHAMUKH  Ipoliecca
MEXaHU4ECKO 00pabOTKH COTJIACHO BapHaHTY 3a/1aHUS;
2) mpoaHAIM3UPOBATh YCTOMYMBOCTH IpoOIlecca MEXaHUUECKOH 00pabOTKH

IIPY BAPbUPOBAHUY JABYX ApPAMETPOB.

Tabmuua Ne 1. Beibop BapuaHnTa 3agaHus
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B SYEUKAX TABJIMIBI Ne 1 «BHIBOPA BAPUAHTA 3AJJAHUS»
YKA3AH HOMEP CXEMBI ITPOILIECCA MEXAHWYECKOM OBPABOTKU,

CXEMBI ITPOIJECCA MEXAHWYECKOM OBPABOTKH ITPYIBEJIEHBI
B TABJIMLIE Ne 2 «CXEMBI ITPOIITECCA MEXAHUYECKON OEPABOTKM».

Hwxe npuBeneHsl pekoMeHJauu Mo pa3padoTKe MaTeMaTHYECKON MOJENH
JUHAMUKH TpoLecca MEXaHMYECKOW OOpabOTKM M PEKOMEHJAlUU [0 aHaJu3y

YCTOMYHUBOCTU CHCTEMBI.



Bce BBIBOJIbI, BBIYMUCIICHUA AOJIKHBI COIIPOBOXKAATHLCS COOTBCTCTBYIOIIMMU

IMOACHAKIIMMHU BBIKJIaAKaMH, Fpa(l)I/IKaMI/I H ITOACHCHHUAMMU.

st Bcex BapuaHTOB NPpUHATH: S0 = 0,1 Mmm/00; Vo =100 M/c; to =1 Mmm.

Ta6nua Ne 2. Cxema mpoiiecca MeXaHU4eCcKoil 00paboTKu

Bap. Cxema [TapameTpsbl

mi=0,1 kr*c*/mMm
h1=0,02 xr*c/Mmm

¢1=100 kr/mMmm

my=0,3 kr*c*/Mm

h>=0,1 xr*c/Mmm

¢2=10...200 xr/MM

X1 X2

p1 = -200...200

KI/MM

mi=0,15 xkr*c?/mMm
h1=0,01 xr*c/mm

c1=10...150 kr/Mmm

2 X2 ¢ m,=0,3 kr*c?/mMm
X1 ¢ h>=0,25 xr*c/Mmm

¢>=200 kr/mMmMm

p1=-150...150

KI/MM




/ sz

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

c1=150 kr/mMmm

m>=0,03 kr*c?/mMm
h>=0,025 xr*c/mMmm
c2=180 kr/mm
p1=-150...150 en.
KECTK.
p2=-200...200 ex.

JKECTK.

X2

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

c1=5...80 kxr/mMmm

my=0,25 kr*c’/mMm
h>=0,1 xr*c/Mmm
c2=150 xr/mMMm

p1 =-80...80 kr/Mmm




X3

Ne1

X1

mi=0,02 kr*c?/mMm
h1=0,01 xr*c/mm

¢1=100 kr/mMmm

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

c>=150 kr/mMmm

m3=0,2 Kkr*c’/Mm

h3=0,25 xr*c/Mmm

c3=250 kr/Mmm

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

p2 =-300...300 ex.

JKECTK.

X3 |

X1

m=0,03 kr*c?/mm
h1=0,02 xr*c/Mmm

c1=150 kr/mMmm

my=0,01 xkr*c?/mMm
h>=0,01 xr*c/Mmm

¢>=100 kr/mMmm

m3=0,25 kr*c?/mMm
h3=0,3 kr*c/mm
¢3=300 kr/mm

p1 =-300...300

p2 =-350...350 en.

JKECTK.




PexkoMeHIaUU M0 MOCTPOCHMUIO JIUHEHHOM MAaTEeMATHYECKOU
MO eJIM JTUHAMUKY MPoLecca pe3aHus

CocrapiieHMEe MaTeMaTUYECKOW MOJIENIM HAYMHAETCS C 3aJaHusl TUIIOTE3 U
JOMYIIIEHUI, HA OCHOBAaHUU KOTOPBIX CTPOMUTCS TaK Ha3blBaeMas KOHIIENTyallbHas
MOJIEb WM pacueTHasi CXeMa JUHAMHUKU TeXHOJIOTUYECKON CUCTEMBI.

B nannoit paboTe mosokeHsl ciaeayronme runoTessl [1, 2]:

1) moacucTeMbl UHCTPYMEHTA W/WIIM 3arOTOBKU HE SIBJISIIOTCS aOCOIIOTHO

HKECTKUMU U MOTYT UMETh Yynpyrue aedopMalMOHHBIE CMEIICHUS B
OCEBOM, PaJiMaIbHOM U TaHT€HIIMAJTLHOM HAMPABJICHUSX;

2) mpoliecc pe3aHus SIBIASETCS MOTEHIIMATbHO BO3MYIIEHHBIM;

3) cua pezanus onucbiBaetcs popmynoit U. A. Tume;

4) B mpejenax OJHOTO TEXHOJOTMYECKOIro MPOXOJ]a HaIMpaBJIEHHE BEKTOpa

CHUIJIBI PC3aHuA OCTAETCS MOCTOSIHHBIM.

B koHuenTyanpHOW MOJENM CHUCTEMBI OIPEACIEHHBIE XapaKTEPUCTUKU
MOKa3bIBAIOTCA CXEMATUYECKU. OCHOBHBIMU 3JIEMEHTAMHU CXEMATU3ALUHN SIBJISTFOTCS
1) paccMaTpuBarOTCsl CUCTEMBI C COCPEAOTOUYEHHBIMU MacCaMu, KOTOPBIE, KaK
MPaBUJIO, NPUBOJATCS K COOTBETCTBYIOIIUM 3JIEMEHTaM, HAIIPUMED, IPUBEICHHAS
Macca MoJCUCTEMBI MHCTPYMEHTA, IPUBEICHHAS MAcCa MOJACUCTEMBI 3arOTOBKHY;

2) [HWCCUNIATHUBHBIE XapPAKTEPUCTUKU CHUCTEMbl 3aMEHSIOTCA MPUBEICHHBIMU
3JIEMEHTAMH JTUCCHUTIAINN;
3) XapaKTepUCTUKH JKECTKOCTU 3JIEMEHTOB CHUCTEMBI 3aMEHSIOTCSl IPUBEACHHBIMU

DJICMCHTAMU KCCTKOCTH.

B tabnuie Ne 1.1 nokazaHnbl OCHOBHbIE 0003HAUECHUS, €AUHULIBI U3MEPEHUS
MPUBEJCHHBIX XapaKTEPUCTUK MACCHI, JUCCUNIALNY U KECTKOCTH, a Ha puUCyHKe 1.1

MOKa3aHbl U300paXKEHUS Ha CXeMaX Pe3l0B U CBEpIL.



Ta6numa 1.1 — IIpuBenéHnble XapaKTEepPUCTUKU TEXHOJIOTUYECKUX CUCTEM

Enuauna O0o03HaueHUs HA
HazBaumue O0o3HaueHue A 1
M3MEPEHUS cxemMax
2
Kl -+ C
MM
DJIEMEHT n KI-C —I
JIUCCHUIIALIAU MM —
DJIEMEHT c KT _/\/\/_
JKECTKOCTH MM
a) 6)

Puc. 1.1 — I'padmueckue o603HaUeHUs pe3iia U cBepia, IpUMEHSIEMbIE TS
M300paXEHUM HAa PACUETHBIX CXeMax: a) peselr; 0) cBepo

[Tocie cocTaBieHHS KOHIICNTYaTbHON MOJEIH MEPEXOoIiT K pa3paboTke
MaTEeMaTUYeCKOW MOJENIN CHUCTeMBl. Tak Kak CHUCTEMBI pe3aHUsi OTHOCATCS K
MEXaHUYECKHUM, TO HanboJee merecoo0pa3Ho UCIOIb30BaTh ypaBHeHUE Jlarpamka

[I-ro pona (1.1) ayist cocraBiaeHUss MATEMATUYECKOW MOJIENIA CUCTEMBI PE3aHUs:

dor_or_ . _— »

rne T — KMHeTWYeCcKas DHEPTus [ -TO JIEMEHTA;
g, — 0000111eHHAsT CKOPOCTbH I -T'0 DJIEMEHTA;
q; — 00001IeHHas KOOpJAWHATA [ -TO JIEMEHTA;
Q; — cymMMa 00O0OIIIEHHBIX CUJI TTO [ -0 KOOpAUHATE.



Cuna nuccunanuu Fy , cuna sxxectkoctu (ynpyroctu) Fyip u cuna pesanus P

(B TMHEMHOM MPEICTaBICHUH ) ONIpEeAeIOTCs o BeipaxenusMm (1.2), (1.3) u (1.4),

COOTBCTCTBCHHO:

Fy(0) = h- =, ] (1.2)
Fyp(x) = - x, [kr] (1.3)
P=p-5-t, [kr] (1.4)

rIe X — JIMHEMHOE MEpPEMENICHUE AJIEMEHTa, MM;
p — KO3(phULIMEHT AaBICHUS CTPYKKU HA MEPEIHIOI0 TOBEPXHOCTh

PEKYIIETo KIIMHA MHCTPYMEHTA, — |

MM
S — nmogava UHCTpyMEHTa Ha 00OPOT MIMUHACIIS, v

tp — TiIyOHMHA pE3aHus, MM.

[Topsimox BBIOJTHEHUS:

)

2)

3)

4)

n3 Tabmuupel No 1.2, cormacHo BapuaHTy, BBIOpaTh cXeMmy IIpoiiecca
MEXaHM4eCcKOl 00paboTKH;

pa3paboTaTh KOHIENTyaldbHYI0 MOJEIb JUHAMHYECKON CHUCTEMBbI Mpolecca
pe3aHusi, y4yuTbiBas TNPUBEIEHHBIE HA CXEME CBEICHHUS O HANpaBICHUAX
YIOPYTrux 1e@opMaIlMOHHBIX CMEIIEHUN 3JIEMEHTOB CUCTEMBI (0003HAYEHBI HA
cxeMe Kak X1, X2, X3);

HA OCHOBE KOHLENTYaAJIbHOM MOJAENM, pUMeHss ynpasienue Jlarpanxa II-ro
pora (1.1), a Takxkxe ypaBHenus cun (1.2), (1.3) u (1.4) cocraBuTh
MaTeMaTUYECKYI0 MOJIENIb CUCTEMBI pe3aHusl B 0011IeM BUJE B 3aBUCUMOCTH
OT COOTBETCTBYIOIIUX 00OOOIIEHHBIX KOOP/IUHAT;

PACKpBITh 3aBUCUMOCTh CUJIbI pe3aHusl OT KOOpJAuHAT nepemenieHus. Cienyer
OTMETUTh, YTO I TIpollecca TOYEHUS OT BaPbUPOBAHUS pPAAHAIBHOU
KOOPJMHATHI IEPEMEILECHUS Y, OyET 3aBUCHT BEIMYUHA INIyOUHBI PE3aHHUA L),
TO ecTh ypaBHeHue (1.4), no cyTu, HeOOXOAMMO 3aMEHUTh YPABHEHUEM
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P(y)=p-S-t,(y)

JIns mpouecca CBEpIEHHS W TOYEHHS, OT BAPbUPOBAHUS KOOPIMHATHI
MepeMEILIeHHs] B OCEBOM HAIlpaBJICHUH X OYyJIeT 3aBUCUT BEJIWYUHA MOJauu S,

TO €cTh ypaBHeHue (1.4) HE0OX0AMMO 3aMEHUTH YpaBHEHUEM

P(x)=p-5(x)-t,

[Ipu mnepemenieHUd WHCTPYMEHTA W/WIM 3aroTOBKM B TaHTC€HIIMAIHLHOM
HampaBJICHUU K 0a30BOMy ypaBHeHUIO cuiibl pe3anus U. A. Tume (1.4)
HEO00XO0JIMMO J00aBUTh CKOPOCTh PE3aHUS U YyUeCThb, YTO CKOPOCTb PE3aHUs
OylleT 3aBUCUT OT CKOPOCTH CMENIEHUS BJEMEHTOB B TaHIE€HIMAIbHOM
HanpaBJICHUH Z

P(x)=p-S-t, V(2)

5) 3amucarh NOJYYEHHYIO CUCTEMY YpaBHEHUN B HOpMalibHOU Popme Ko

(dx4(t)
T = Gk 20, 0)
dx,(t)

\ Cjt - fZ(xl’xZ' o Xny t)
dx, (t)

\ (";t - fn(xl,xz, '--:xn; t)

6) MepeuTH OT MOJHBIX KOOPJUHAT, B MATEMAaTUYECKOU MOJIENH, K UX BapUaLUSIM
U TakuM oOpa3oM MOIYUYUTh MAaTeMaTHYECKYIO MOJIEIb JTUHAMHUKH Ipoliecca
(TOueHuUs1, CBEpJICHUSI, MHOTOMHCTPYMEHTAIbHON 00pa0OTKU — B 3aBUCUMOCTH

OT BapuaHTa) B BapHaIUsX OTHOCUTEIBHO CTAIlMOHAPHOUN TPACKTOPUH.

11



PexoMeHIaIIMU 0 AHAJIN3Y IMHAMMKH MPOIECCa pe3aHus Mpu
BAPbUPOBAHUM IBYX IapaMeTPOB

B nanno#i paznene TpeOyeTcs BBIIOJIHUTHh aHAJIW3 YCTOWYMBOCTH Ipoliecca
MEXaHMYeCKOl o00pabOTKM 10 TMOJYyYEHHOW, B MPEAbIAYyIIEeM pasiele,
MaTeMaTU4YeCKON MOJIeNIN JUHAMUKH MPOIECCa.

[TopsiiOK BBITIOJTHEHUS:
1) B TOM cilydae, €CiM UCXOJHAsl CUCTEMA YPaBHEHUI MMEET HEJIUHEHHOCTH, TO
MeperTH K JIMHEHHOMY ONMMCAHUIO CUCTEMBI (BBIOJIHUTH JIMHEAPU3ALIUIO);
2) 3anucaTh JUHEWHYIO0 (JIMHEApU30BaHHYIO) MAaTEeMaTUYECKyl0 MOJEIb B
BEKTOPHO-MAaTpU4HOU  Qopme, TO €CcTb HEoOXOAUMO TEpedTH  OT
MaTeMaTU4YeCKOW MOJENH 3almucaHHod B HopManbHOM (dopme Komm k

BEKTOPHO-MaTpUYHOU Popme

X1 () 11 - Am x4, (t)
Xp (1) dni1 -+ dnm X, (1)
a11 A1m
3) u3 CHCTEMHOM MaTpPUIIbI A= ¢ ™~ TIOJIyYHUTh

XapaKTepUCTUUECKOE YPABHEHHUE CUCTEMBI
detA-I-A) =A"+a, A" 1+ +aqA+a,=0

rae I - enuHUYHAsS MaTpulla ¢ pa3MEPHOCTHIO KaK Y CUCTEMHOUM MaTpHIlhI A.

4) peann3oBath anroputMm (puc. 2.1) mpoueaypbl aHATUTHYECKU-YHUCIECHHOTO

IMOCTPOCHUA ABYXIAPAMECTPHUYICCKOTO pa36I/IeHI/I$I B INIOCKOCTHU BAPBbHUPYCMbBIX

nmapameTpoB (cM. Tabdir. Ne 1.2);
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1
l Hadajo l

4

2
[TapaMeTpEl
CHUCTEMEL

real (r[k])>0

3 =) 9
i=0 n-1 @ OTMETUTH HEYCTOMUUBYIO
ety TPAEKTOPUI IOBMXEHMS [IpU
3aIaHHBEIX 3HA4YeHMAax i,
\ BapbMpPYEMBEIX I1apaMeTpoOB
4 __ )
O, e..,m-1
5 A
al0]=£f(i,3)
all]=g(1i,3)

BEIUMICJIEHHUE KOpHeﬁ
XapaKTepmucTmudeCckKoro

YPaBHEHUA
* 10
PesyneTH
7 BEIYMICJIEHUN
11
KOHel]|

Pucynok 2.1 — Anroputm npouenypsl aHaTUTHYECKU-YUCIIEHHOTO
MIOCTPOCHUS JBYXIIapaMETPUUYECKOTO pa30UEHHUs B TUIOCKOCTU BapbUPYEMBIX
IIapaMeTpoB

5) MOCTpOUTH MIOCKOCTh BAPbUPYEMBIX MMAPAMETPOB C 00JIACTIMU YCTONUHUBBIX U

HEYCTOWYMBBIX TPACKTOPHI IBMKEHUS. [[prMep Takol MITOCKOCTH TOKAa3aH Ha

pUCYHKE 2.2
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YCTOﬁqHBBIX N HCYCTOWYMBLIX JIBUXCHHU ITPOLCCCAa PC3aHUA

Pucynok 2.2 — IlnnockocTs BappupyeMbIx 3HaueHu T — p ¢ 00JacThIO

6) BBIIIOJIHUTH POBEPKY MOJYUYECHHBIX B MPEIBIAYLIEM IIYHKTE PE3yJIbTaTOB

a. onpcAcIuT 4YCThIPC TOYKM Ha INIOCKOCTH BapbHPOBAHHBIX

apaMeTpoB:

i obnacrtu;

WUYUBO

B [NIyOMHE YCTO

1.

B [NIyOMHE HEYCTOMYMBOI 00nacTy;

11.

(V)

(V)

HYUBOCTH CO CTOPOHBI YCTOMYMUBOU

(V)

BOJIM3M TPAaHUIIBI YCTO

111.

b

o0J1acTu;

YCTOWYMBOCTA  CO  CTOPOHBI

TPaHMIIBI

1v. BOJIU3U

i 00J1acTH.

HEYCTONYUBOM O

b. 1o IMPOCKIOUAM TOYCK HAa OCH KOOpAWHAT OIPCACINT 3HAUCHUA

KaXJ0TO U3 BAPbUPYEMBIX ITAPAMETPOB;

(V)

MPOrPaMMHYK)  pEAM3alMI0  MaTeMaTUYECKOU

C. BbBIIIOJIHUTD

MOACIN JUHAMHUKH IIPpOoICCcCa PC3aHMAA,
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d. mojcTaBUTH B MOJIEIb YUCIEHHBIEC 3HAUEHHUS BCEX MMapaMeTpPOB, B
TOM 4YHUCJIE€ U HaWJEHHbIE BBHIIIE 3HAYECHUS BapbUPYEMBIX
MapaMeTpoB;

€. BBINOJIHUTH YHUCJIEHHOE HWHTErpupoBaHue auddepeHnantbHbIX
YpaBHEHUI MaTeMaTU4YeCKOM MOJEIU U TMOJYYUThb PEaKIUIo
cucteMbl. J[Jis TOro 4ToObl MOJYYUTh PEAKIIUIO CUCTEMBI HY>KHO
copMHpOBaTh BO3MYLIEHUE, HA KOTOPOE CHCTEMA Cpearupyer.
OTO IOCTUTAETCSI OJJHUM U3 IBYX CIIOCOOOB:

1. Ha BXOJl CHCTEMbI (MOJENM TMpollecca pe3aHus) MoJaTh
CTaHJAPTHOE UMITYJILCHOE BO3JIEUCTBUE;

11. 3a7aTh B MOJIelIb HE HYJIEBble HAYaJbHBIE YCIOBUSI,
HarpuMep, MOXKHO 3aJaTh HEOOJIbIIOE CMEIIECHHUE 10
KaKON-T1M00 KOOPJUHATE CUCTEMBI,

f. cBepuTh pe3ynbTaThl, MOJYYECHHBIC AHAIUTUYECKU-YUCICHHBIM
CrocoOOM U YMCIIEHHBIM UHTETPUPOBAHUEM;

g. CACJIaTb BBIBOJBI.
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