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06eCneyeHllle TOYHOCTIII 

n03111LJ.1II0HlllpOBaHIIISl pa60Ylllx OpraHOB 

TeXHOflOrlllyeCKOrO 060PYAOBaHIIISl 

Paspafioraaa epYHKLJ.V1 0HaJlbH a>1 MaTeMaTV1yeCKa>1 MOAeJlb o6pa6aTblBalO LL1elO 
LJ.eHTpa, YYV1 TbIBalO LL1a >1 norpe un-ocru CTa HKa . Ha ee OCHOBe npennox en cnoco6 
nporpaMMHOll1 KOppeKLJ. V1 V1 V1cnOJlHV1TeJlbHbIXABV1 )1(eHV1l11 CTaHKa c YnV, n03BOJl>1 IO­
LL1V1l!1 nOBbICV1Tb TOYH OCTb o6pa6oTKV1 B peaJlbHOM pe)l(V1Me BpeMeHV1. 

KIl104eBbie CIlOBa: MeXaHV1yeCKa>1 oopao orxa. CTaHOK c YnV, TOYHOCTb, Ma­
TeMaTV1yeCKaR MOAeJlb, pa60YV1111 oprau, KOppeKLJ. V1 R. 

The f unct ional mathematical model of a machining center, t aklng into ac­
count machine inaccuracies, is developed. On it s base the method of software 
correction of actuating movements of an NC machine tool , that allows increasing 
processing accuracy in real-time mode , is suggested. 

Keywords: mach ining, NC machine tool, accuracy, mathemat ical model, mov­
able operat ing element, correc t ion. 

CTeH CTa H Ka 6 YiJ,eT YlJTeH O. Ilpn 
3TOM 06beKTOM ynpaB11eHI151 5lBJl51­

IOTC51 cPYHKUl-11-1 CTaHKa , a MaTeMa­

THlJeCKa5I MOiJ,e11b orofipaxaer see 
cyruecrnyiouure B3aHMOC B5131-1 OT­

iJ,eJlb Hbi X 3Be H beB CTaHKa 11 I-1X B3al1­

MOiJ,et1cTBI-151 C BHeWHeH cpenon. 
Ilpn nOCTpOeHHI1 MOiJ,e11H npn­

MeH5IIOT reop 1-1 10 ynpaB11eHI-151 C110)f(­

HbIMH 06beKTUMH, cornacno KOTO­

POH no eiJ,HH bIM npunuurrax, C03iJ,U­

IOTC5I CI1CTeMbI ynpaB11eHI-1 51 M51 

PU3Jll1lJHbIX CTUHKOB, oc06eHHocTI1 

KOHKpeTHblx CTaHKOB YYHTbIBaIOT­

C51 rtpn p U3pa60TKe cnocofioa n011 Y­

yeHI151 I1HcP0pMaUI-1H 06 I1X cPYHK­

UI10HI1pOBaHHI1 H BBOiJ,e ynpUBl151lO­

III 1-1X B03iJ,eHCTBHH [2-5]. 
npl1MeHeHl1e TeOpl1H ynpaane­

HI-151 n03BOJl51eT B 061lleM C11YYUe 

npeiJ,CTaBI-1Tb Te XH0110rl-1yeCKYIO CI1C­

TeMY (TC), B KOTOPOt1 06beKToM 

ynpaBJleHI151 5lBl151eTC5I CTUHOK, U 

B cospevennux YC110BI·-l5IX K 

TOYHOCTH 06pa60TKH Ha MeTaJ1110­

pexyunrx CTaHKax npeiJ,b51Bl151IOTC51 

OyeHb BblCOKHe Tpe60BaHI151. TaK, 

nonvcxn na nexoropue nony-rae­
Mble paavepsr MoryT COCTaBl151Tb 

necar sie iJ,Ol1H MI-1KpOMeTpa , a iJ,0 ­

nycxn na TOYHOCTb cPOPM 1-1 B3aI1M­

HOro n0110)f(eHH51 noaepxnocren ­
corue iJ,Ol1H MHKpoMeTpa. C11eiJ,O­

BaTe11bHo, K TOYHOCTH cPYHK.U;HOHI1­

pOBaHI15l MeTaJ1110pe)f(ymero CTaHKa 

npeiJ,b51Bl151IOTC51 )f(eCTKHe Tpe60Ba­

HH51 [1] . Ilpn 3TOM C11eiJ,yeT yYl1Tbl­

ears , YTO npn Hal1l1'-lHH pa311HY­

HbIX B03MYIUalOIllHX B03iJ,eHCTBHH 

na 060pYiJ,OBaHHe ero TOYHOCTb 

napyruaercs , KpOMe Toro , npn 
MI1Te11bHOH 3Kcn11yaTaUI1H CTaHKa 

YXYiJ,lllaIOTC51 ero auxoznrsre napa­

MeTpbl. OiJ,H aKO Hcn011b30BaHHe 

BbICOKOTOlJHOrO 060pYiJ,OBaHI-151 He 

scerna onpasnano, n03TOMY axrya­
11eH nOHCK OnTI1MaJ1bHbIX pewe­

HI1H B 06eCneyeHI1H TOYHOCTI1 06­

pa60TKI1. 

Illupoxoe Hcn011b30BaHHe CTaH­

KOB C tIny 06YC110B11HBaeT B03­

MO)f(HOCTb nOBbIWeHI151 TOlJHOCTI1 

BbIXOiJ,HbIX napaverpoe CTaHKa ny­
TeM rrporpavsrnosi KOppeK.U;HI1 HC­

n011HHTe11bHbIX iJ,BH)f(eHHH , npn KO­

TOpOM pac-reravu H axcnepa a en ­
TaJ1bHO OnpeiJ,el151IOT 3aBHCI1MOCTI1 

norpeuraocren 060pYiJ,OBaHH5I OT 

BbIXOiJ,HbIX napaverpos CTaHKU, T . e. 

HCnOJlb3YlOT MaTeMaTl1lJeCKYIO MO­

ne11b , KOTOpa51 COXpaH51eTC51 B nu­

M51TI-1 CI-1CTeMbI ynpuB11eHI-15I CTaH­

xa . npWleM 3 cPcPeKT I-1 BH OCTb TaKO­

ro MeTOiJ,a 6 YiJ,eT TeM esnue, lJeM 

oonsuree KOJll-1lJeCTBO norpeunro­
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ynpUBJl51IOIllI1M yCTpOHCTBOM 

CHCT eMU y.ny (pHC. 1). Hu puc. 2 
npencraanena 6JlOK-CXeMa MeTaJ1­

nopexyurero CTaHKU C y.ny, rne 
COBOKYllHOCTb BbIXOiJ,HbIX napaver­
POB TC 0603HaYUeTC51 BeKTopOM 

COCT0 51 H I-15I: Y(t) = [Y1(t) , ..., Y,n(t)], 
COCTa BJl 51 lOllll1e xor opo ro npen­
CTaBl151IOT C060H paavepnsre n apa­

MeTpbl otipatiarsrsaevoro H3iJ,el1l15I. 

B03iJ,eHCTBHe Y. IlY na MeTaJ1110­

pe)f(YIUI1H CTUHOK asrpaxcaerca CO­

soxyrtnocrt.ro napaverpos , KOTO­

psre 0603HalJa1OTC51 BeKTOpOM yn­
p aBl15110 III 11 X B03iJ,eHCTBHH: U(t) = 
= [ UI(t), ..., Ul t)] . Ha COCTaBl151lO­

uine BeKTopOB COCT051HH51 11 ynpas­
1151IOIllI1X B03iJ,et1 cTBI1H CYIUeCTBeH­

Hoe B11H5IHl1e OK a3bIBUIOT pa311I1Y­

Hble B03MymalOIUHe B03iJ,eHCTBI15I , 

Ha TC: X(t) = [XI(t), ..., Xk(t)), K 

HHM MO)f(HO OTHeCTI1 revneparyp­

Hoe none TC, Maccy 3a r OTOBKI1 , 
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PRC. 2. EJlOK-CXeMa CHCTeMbI ynpaBJIeHHR MeTlU1JlOpeJKYUI.ero CTIUlKa C qny: 
M - n nnr arcm., Vl Il - H3MepYlTeJlbHble n peofipaao narenu; n M - ncpcxreuraevun 
(p a60YHH) MexaHn 3M 

CHJIy pe3aHH51 , Y13HOC HHcTpyMeHTa 

YI T. .L\. 

Hexoropsre COCTaBJI5IIOlllHe BeK­

TOpOB COCT05IHH5I H B03MYlllaIOw.Hx 

B03.L\eHCTBHH (Ha30BeM HX KOHTpO­

nHpyeMbIMH YI 0603HaqHM XK H YK) 

MO:>KHO onpenernm, (H3MepHTb) B 

npouecce 3 KCIIJIy aTa UH YI CTaHKa 

(CM . pHC. 2), COCTaBJI5IIOlllHe, KOTO­

pue HeJIb35I H3MepHTb, Ha30BeM He­

KOHTponHpyeMbIMH (XH H YH ) [6, 7]. 
)ln5I H3MepeHYl5I XK H YK MO:>KHO 

ucrronsaoears p a3JIH'-IHble H3MepYl­

TeJIbHble rtpeofipaaosarenu (l1D) , 
npn 3 TOM norpeumocrn H3Mepe­

HH5I MOryT 6bITb 3HaYHTenbHbIMH. 

TaK, uartpnvep , Henb35I nony-nrrs 

rrOJIHOrO rrpe.L\CTaBJIeHYl5I 0 TeMrre­

p aTYPHOM non e TC rro rrOKa3aHH5IM 

11 D, orrpe.L\eJI5IIOw.HX resineparypy 

B HeCKOJIbKHX TOYKaX CHCTeMbI. Ha 

pa60TY CHCTeMbI y rr p a BJIe HH5I KpO­

Me norpeumocrn H3MepeHH5I BeK­

TOpOB X H Y MOryT cyw.eCTBeHHO 

BJIH5ITb rrorpCWHOCTH B nepenaxe 

yrrpaBJI5I1Ow.HX B03.L\eHCTBYlH OT 

yCTpOHCTBa tIDY K HCrrOJIHYlTeJIb­

HbIM opranav CTaHKa (puc. 3). 
TaKYlM o6pa30M, npn HaJIHqHYI 

norpeunrocrn ex(t) H3MepeHH5I 

KOHTpOJIHpyeMblx B03Myw.eHHH B 

yCTpOHCTBO tIDY rrpHXO.L\5IT CHrHa­

-
JIbI X(t) (CM. pHC. 1), a npu HaJIYI­

qHH norpeumocreti eu(t) n epena-nr 

y rr p a BJI5IIOw. Y1 X B03,UeHcTBHH na pa­

60YHe opraHbI rrocTyrraeT CHrHaJI 

U(t). Ocofieuuocrt.io B03Myw.alO­

W.HX B03.L\eHCTBHH 5IBn51eTC5I TO, YTO 

HX H3MeHeHYle HOCHT cnyyaHHbIH 

(nenpencxaayeasni) xapaxrep, KpO­

Me Toro , OHH H3MeH5110TC51 C paa­

nYlYHOH CKOpOCTblO. 

H e B0 3MO)KH O y-recr s H ace CO­

CTaBn5IIOw.He aexropa B03Myr..I.1,alO­

w.Y1X B03.lIe HCTBHH, rr03TOMY npn­

XO.L\I1TC51 paccaarpuaan, TonbKO OC­

HOBHble, onpeztenarouiae BXO.L\Hble 

n epevenuue , OCTaJIbHble OTHeceM 

K HeKOHTpOJIHpyeMbIM rp a xropav , 

YTO YBenHYYlT .L\HCrr epC H IO sexropa 

COCT05IHI151 (yponens uiysca TC) . 

HaJIHqHe pa3JIHYHbIX HeKOHTpOJIH­

pyexiux, HO CYllleCTBeHHblX rpax­

TOpOB npnaaer MeTaJInOpe:>KYw.eMy 

CTaHKY KaK 06beKTY ynpanneuaa 

CTOXaCTHyeCKYlH xapaxrep. 

0606w.HB BbIWeH3JIO)KeHHOe, 

6Y.L\eM C'-lH TaTb, qTO MeTaJIJIOpe)Ky­

W.H H CTaHOK KaK 06beKT yrrpas ­

JIe H H5I - MHoroMepHbIH MHOro­

CB513HbIH HenYlHeHHbIH C nenpepua­

HO H3MeH5lIOlllYlMYlC5I cnyyaHHbIMYI 

KOHTpOJIHpyeMbIMYI B03.L\eHCTBH5I ­

MH [8, 9], npn 3 TOM xapaxrepnay­

eTC5I ypoanesi utyva, YTO ofiycrtos­

JIeH O rrorpeWHOCT5IMH Y13M epeHH5I , 

HaYaJIbHbIMH norpeuurocravn CTaH ­

x a H HaJIYlYYl eM HeKOHTpOJIHpye­

MblX B03Myw.alow.HX B03.L\eHCTBHH . 

)laHHbIH ofrsexr [10] MO:>KHO npezi ­

CTaBYlTb KaK 

Y(t) = F[X(t), U(t), 0] + Ey(t), 0) 

rne F - HeYl3BeCTHa51 BeKTOp­

¢YHKUYl5I ; 0 - BeKTOp napaaerpos 

MO.L\eJIH; Ey - rrpHBe.L\eHHbIH a,LJ"LJ,H ­

THBHbIH yposens uryva, otiycnos­

JIeH H bl H B03.L\eHCTBHeM HeKOHTpo­

nupyerasrx rpakropos. 

B HaCT051w.ee BpeM51 nanfionee 

TOYHbIM MeTO.L\OM, rrpl1MeH51eMbIM 

npn MO.L\eJIHpOBaHHH pa60TbI CTaH­

KOB C tIDY, 5lBJI5IeTC5I MaTpYlYHbIH 

M eTO,U [11], B KOTOpOM MaWHHbI H 

M exaHH3Mbi rrpe.L\CTaBJI5lIOTC5I B BH ­

ne crpyxrypaux KHHeM aTHyeCKHX 

u enea. 3a.L\aIOTC5I HerrO.L\BH:>KHa5I 

CHCTeMa KOOp.L\HHaT, KaK npasuno, 

CB5I3aHHa51 C oCHoBaHHeM , H CHC­

ISSN 004 2-46 33. BE CTHVlK MAUlVlHOCTPOEHl'J}l. 20 13. N2 10 50 



• 

KO PPEKWUI f10fPEWHOCTEt! B f1EPE)lAlJE YB I 
no HaJlHqHlO AOnOJlHHTeJlbHblX nOTOKOB HH!jJopMaUHH I 

! 
na OCHOBe an pnopaon VlHepopMaUlHl 

Ha OCHOBe rexyuien VlllepopMaUlH1, 
nonyvaeuon B npouecce epyHKllVloHHpOBaHH5I

o nporpeWHOCT5IX CTaHKa C l.f f1Y 
CTaHK3 cnoaouisio YIf1 

no BH.!lY HHIIJopMaUHH I 
t + ~ tI no iJ:aHHbIM II no AaHHbIM H3MepeHyU! I 0 B03,UeilcTBH5IX 

I 
06 OTKJlOHeHH5IX BbIXO,UHbIX I 

aHaJlHTH'-IeCKOrO pacxera rrorpeunrocrea CTaHKa Ha CTaHOK napauerpoa CTaHKa 

no MeTOD,y xoppexuaa norp emuocr ea I 

1 11t •IYI3MeHeHHe ,UHHaMH'-IeCKHX! II YI 3~le He HVle B~OiJ:HbI X I IY npaBJleHVle no l KOM6VlHHPoBaHHoe i 
I CBoilCTB npanona epyHKUHH B03MymeHVllO ynpa anemte 

IBaea euue B nporpasmy D,OnOJlHVlTeJlbHbIX II Il penstcxax ea a e II Ilp ensic kaxenae nepeMeweHHil l l IY n paBJlCHHe no l 
curuano n, nponopunouansnux MaCWTa6a BpeMeHVl HCnOJlHVlTCJlbHblX opra ao s CTaHKa OTKJlOHeHVlIO 

npOH3BO,UHbIM no nYTII 

no BH.!lY sopp esr npyea srx norpemuocren I 
~ + + t 

HaK OfIJ1eHHali norpewHoCTbl l f1o rpeWHocTb l ,I[1orpewHOCTH OT CKa'-lK006pa3HOCTH IIIIlorpeuiaocrn , 06YCJlOMeHHble I IMeprasniI 
wara XOD,OBOrO BIIHT3 YIf1 ABII)l(eHH5I ira MaJlblX CKOpOCT5IX nepeXOiJ:HbIMH COCTOM 5I IOWHMVl XOD, 

.. .. 
+ OTKJlOHCHHe OT CKal lKo06pa3HOCTH [l lcKoPocTHali Marpnusr norpeunrocreit CTaHK3 II lIorpeuruocrt, I Vl nepneHD,HKYJl5IPHOCTVl nepeveinenan oWH6Ka 

Bec aaror o so x IC HJla pe3aHH5IIT enJlOBOe none In03HUIlOHVlpOBaHyU! HCnOJlHHTeJlbH blX oprauos CTaHKa I 

t
 
I06beMHble r eOMCTpVl'-leCKVlC 

norpcunrocru 

PHC. 3. Cxeaa nporp asranoro MeTOD,a xo ppexuaa norp eumocren CTaHKa C llny 

TeMbI KOOpnHHaT, CB5I3aHHble co 

3BeHb5lMH 3THX u e n e H . ECnH ,Lln51 

Ka)I():LOrO 3BeHa ssrfipan, cncresry 

KOOpnl1HaT 11 COpHeHTl1pOBaTb HX 

no onpenene anuv npaBI1JIaM, TO 

OTHOCHTeJlbHOe nOJIO)l(eHHe 3BeHb­

ea MO)l(HO ortpenernrrs nepexonusr­
MH MaTpl1uaMH - MaTpHuaMH n e ­

pexona OT onHOH CHCTeMbl KOOpnl1 ­

HaT K npyroji . 

B MaTpl14HOM MeTOD.e I1CnOJIb ­

3YJOT B OCHOBHOM eeutecrsennue 
(4 x4, 6 x6) H nyansusre (2 x2, 3x3) 

nepexonnsre MaTpHUbI. BHD. MaTpH ­

UbI 3aBHCHT OT runa peuraevon sa ­

D.a'IH . 060CHOBaHH5I n p H Me HeH I151 

MaTpH4Horo MeTona npn MOneJII1 ­

pOBaHl111 pafio'rsr MeTaJlJIOpe)l()fll.l.l1X 

CTaHKOB nansr B pacorax [ l l I1 l2], 
a I1CCJIeD.OBaHI151 BemeCTBeH HblX 

MaTpl1U 4x4 n pusenensi B pafiorax 

[l 3-l 5]. 

B paoorax [ l6 I1 l7] npneenexsr 
OCHOBHble CBeneHI151 no TeOp1111 

BI1HTOB I1 113JIO)l(eH MaTpl14HbIH Me ­

TOD. C I1CnOnb30BaHl1eM nyansusrx 
M aTp I1U. ,UaHHa51 TeOpH5I fiaaupyer­

C5I Ha arrrefipe .L(yM bHbIX 4HCeJI, CO­

CT05lml1X 113 napsr D.eHCTBI1TeJIbHbIX 

4l1CeJl (a I1 aO) 11 npeD.CTaBJIeHHbIX 

KaK a = a + wao, me a - rJIaBHa51 

4aCTb; aO - MOMeHTHa51 4aCTb; 

2 A 

w = O. 'uYMbHYIO MaTpHUY A 
A 

MO)l(HO aarnrcars KaK A = A + wAo, 
me fJIaBHa51 4aCTb A - oproro­

H M b H a 51 MaTpl1ua, xapaxrepnayio­

utas 0pl1eHTaUI1IO nsyx rrp0I13BOJIb­

HO BbI6paHHbix opTOrOHaJIbH bIX 

CI1CTeM KOOpD.I1HaT, a MOMeHTHa51 

4aCTb AO 

= PA, rne P - KOCOCI1M­

MeTp114Ha51 MaTpl1ua , COCT05lma51 

113 KOMnOHeHTOB pamryc -sexropa 

p = (Px' Py' pz), onpenenmoiuero 

nonoxenne 3Tl1X CI1CTeM KOOpnl1­

HaT. Il puv enen a e 3Tl1X MaTpl1U 

n03BOJI5IeT npencraairn, B KpaTKOH 

<popMe npeofipaaosaaxe CI1CTeMbI 

KOOpD.I1HaT nsyx CMe)[(HbIX 3BeH beB. 

,Upyra51 cPopMa MaTpWlHoro non­

xona K orrpeD.eJIeHI1IO nOJIO)l(eHI151 

3BeHbeB MeXaHl13Ma COCTOI1T B I1C­

nOJIb30BaHl1l1 BemeCTBeHHbIX BI1H­

TOBbIX MaTpHU (6 x6) . 3 D.eCb I1C­

nOJIb3yeTc5I TOT )I(e ofixon 3Be H beB, 

KaK I1 npn npl1MeHeHl111 MaTpl1U 

4x4, HO B Ka4eCTBe oneparopos 

npe06pa30BaHI151 npI1MeH5IIOTC5I 

BI1HTOBble acP<PI1HOpbI [l 8]. 
3Ha'lHTeJIbHbIH I1HTepeC rtpeu­

CTaBJI5IIOT I1CCJIeD.OBaHI151 pa60TbI 

MeTaJlJIOpe)l(yml1X CTaHKOB C n o­

MOmbIO nepeXOD.HbIX MaTpl1U 4 x4, 

opxexraposamu,rx na nporpanv­
Hoe BbI4l1CJIeHl1e [L l ], B KOTOpbIX 

I1MeeTC5I B03MO)l(HOCTb I1CCJIeD.O­
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sars MHOf03BeHHble MeXaHJ13MbI I1 

peurars OCHOBHble sana-nr aH3J1H3a. 

I13BecTHO, -rro Bl1,u nepexozmsrx 
MaTpl1U 3aBl1Cl1T OT cnocofia 3aLI,a­

HH5I CI1CTeMbI xoopnnnar, rtpn 3TOM 

C Ka)l(J],OH KMHeMaTI1l1eCKOl1 rrapoit 
CB513bIBaIOT LI,Be (rtepasni cnocofi), 
l1J1H onny (BTOpOH crtocofi) CI1CTeMY 

KOOpLI,I1HaT. 

TIepBbIH cnocoo npI1MeH>IIOT, 

KaK npaBl1J10, LIJUI 3aMKHYTbIX CTpyK­

TYPHbIX uerreii. B 3TOM cny-rae no­

naraior, -rro cPopMa 3BeHa OCTaeTC51 

HeI13MeHHOH , T . e. OTHOCI1TellbHOe 

pacnonoxenue CI1CTeM KOOpLI,I1HaT 

3BeHa nOCT05lHHO. OepeMeHHbIM 

51Bll51eTC51 OTHOCI1TellbHOe pacnorro­
)KeHl1e 3BeHbeB KMHeMaTI1l1eCKOH 

napu. I1CXOLI,>I 113sroro , MO)KHO CO­

CTaBI1Tb MaTpl1UbI nepexona OT OLI,­

HOl1 CI1CTeMbI xoopzuinar K zipyron 
(CI1CTeMbI aanauu na O,uHOM 3Be­

He), xoropsre 51Bll>IIOTC>I nOCTO>IH­

HbIMI1 I1 xapaKTepH3YJOT "cPOPMy" 

3Be Ha [11]. 
80 BTOpOM cnocooe, npHMeH5Ie­

MOM ,u1l51 OTKPblTblX CTPYKTYpHbIX 

uerreii, C Ka)l(J],bIM 3BeHOM CB513bIBa­

lOT OLI,Hy CI1CTeMY KOOpLI,I1HaT. TIPI1 

3TOM MO)KHO aanaaars ee no crto­

cofiy j],eHaBI1T-XapTeH6epra [19], 
CYTb xoroporo COCTOI1T B ortpeziene­

HHH OTHOCI1TellbHblX nOllO)KeHI1H 

3BeHbeB CTaHKa. 3BeHb>I HyMepYJOT 

ul1cPpaMI1 0, 1, ... , n HallHHa51 C oc­

HOBaHI1>I CTaHKa (I111H TeXHOllOrl1­

lIeCKHX 633 ,ueT3J1I1). Koue-moe 3Be­

HO 3TOH uertu - pe)KYLUJ1H I1HCTpy­

MeHT, eMy 0pI1CBaHBaeTC5I HOMep n. 
Houepa i = 1,2, ... , n npl1CBal1Ba­

lOT KJ1HeMaTI1l1eCKott nape, 06pa30­

BaHHoH (i - l)-M H i-M 3BeHb>IMH, 

H CB>I3bIBaIOT C Ka)l(J],bIM i-M 3BeHOM 

CTaHKa 0PTOroH3J1bHYJO CI1CTeMY 

KOOpLI,I1HaT. 

CYTb npezrnaraevoro MeTo,ua 

nporpaseaaoji KOppeKU1111 I1CnOll­

HI1TellbHbIX LI,BI1)KeHHl1 CTaHKa C 

qny COCTOI1T B TOM, -rro rnofisre 
ero norpeWHOCTI1 - Hall3J1bHble 

norpeWHOCTI1 111111 norpeWHOCTH B 

peayrn.rare CI1110BbIX I1 rennossix 
LI,ecPopMaUI1H, MO)KHO annpOKCI1­

MHpOBaTb MaTpl1l1HOl1 MaTeMaTI1l1e­

na MHO)KeCTBe xyco-mo-aertpepus­
HbIX cPYHKUI1H, orrpenenennsrx na 
KOHellHOM lIl1Clle no,u0611aCTel1 

(npOCTpaHCTBeHHoe norte, nona CI111 

T>I)KeCTI1 P, CI111 pe3aHI151 F I1 TeM­

neparyp T). TIPI1 nOCTpOeHJ1Y1 M3T­

PI1l1HOH MaTeMaTI1l1eCKott Mo,uelll1 B 

paCCMaTpl1BaeMOM norre cPI1KCI1­

pyerca xone-moe -mcno Y3110BbIX 

'ro-rex, ,ull>I KOTOpblX 3KCnep11MeH­

T3J1bHO onpenenmor 3HalleHI151 no­

rpeWHOCTeH. Ilpn 3TOM ,uJl>I Ka)K­

LI,Ol1 TOllKM BbI lII1Cll>IeTC5I MaTeMa­

TI1l1eCKOe O)KI1LI,aHl1e, xapaxrepn­
3YlOLUee CHCTeMaTWleCKYIO COCTaB­

115lIOLUYIO norpeWHOCTI1, I1 cpenuee 
KBa,upaTI1QHOe OTKJ10HeHl1e, xapax­
repnayiouree CllYllaHHYIO COCTaB­

1151IOLUYJO norpeWHOCTYI. 

TaKMM 06pa30M, none pasfiaea­
eTC>I na 311eMeHTbI (uanpuxrep, 
'rpexaepnoe npOCTpaHCTBeHHoe 00­

ne C 311eMeHTaMI1 rnna napanrrerre­

nnrren), 3 Y1HcPopMaUI151 0 Belll1l1l1­

He CI1CTeMaTI1QeCKOH COCTaBll51lO­

LUeH norpeWHOCTH npeLI,CTaBJ15leTC5I 

B UHcPPOBOM BI1LI,e C ,uI1CKpeTHO­

CTblO oTpa60TKH npasona nona-i I1 

BBOLI,I1TC5I B OaM>ITb CI1CTeMbI qny 

(cny-tatinas COCTaBJl>IIOLUa51 norpeur­

HOCTI1, B03HI1KaIOLUa51, nanpmrep, 

B pesynsrare TpeHI151: B nanpaarrsno­

LUHX, He MO)KeT 6bITb y-rrena npn 

fIi!:n hC 
oj H · I .1 

KOppeKUI1I1). Cyvscapnyto norpetu­
HOCTb B Y3110BbIX TOllKaX MO)l{HO 

norry-nrrs, onpenenss ornensnue 
COCTaBll>IIOLUl1e 3TOH nOrpeWHOCTI1 

B 6a30BOH CI1CTeMe KOOpLI,I1HaT I1 

iVlaTeMaTI1QeCKM KOM6I1Hl1py>I HX. 

Bee 3TO n03BOll>IeT nOBbICJ1Tb TOl]­

HOCTb n03I1UI10HHpOBaHI1>I paoo­
lIl1X OpraHOB CTaHKa, a cnenosa­
rensno, I1 TOllHOCTb 06pa60TKJ1. 

Ilannas MeTo,uI1Ka nporpasrv­
HOH KOppeKUl111 I1CnOllHI1TellbHbIX 

LI,BI1)1{eHI1H CTaHKa C qOY 6bIlla 

HcnOllb30BaHa npH HCClleLI,OBaHI1­

51X nOBbIWeHJ1>I TOllHOCTH 06pa60T­

KI1 na TpeXKOOpLI,HHaTHOM csep­
111111bHo-cPpe3epHo-pacTollHoM 06­

patiarsmarourew ueurpe FineTech 

SMV-450-H3 (PJ1c . 4 I1 5) B past­
xax rocxoirrpaxros no <pun "Ha­

YlIHble I1 nay-rxo-nenarcrusecxne 
KaLI,pbI HHHOBaUl10HHOH POCCI1I1 na 
2009-2013 rr." I1 rocaananua HJ1 P 
no E3H. Pesynsraro« CT3J1a cPYHK­

UI10H3J1bHa>I MaTeMaTI1l1eCKa>I MO­

zrern, otipaoarunaiourero uenrpa 
(B MaTpWIHoH cP0pMe), YlII1TbIBaIO­

uiaa norpeWHOCTH rpaexropaa 
,uBIDKeHI151 I1CnOllHHTellbHblX opra­

HOB, a TaIOKe norpeWHOCTI1 OTHO­

cirrensaoro nOllO)l{eHI151 y3110B, He­

CYLUJ1X I1HCTpyMeHT I1 3aroTOBKY; 

npeanoxena CTaTI1CTI1l1eCKa>I oueH­

- . 
~ C F. 

" .~::: ::1-.....--.. ,.... 

CKOH MOLI,ellbIO, KOTOpa51 CTpOI1TC>I PRC. 4. 06pa6aTLlualOmRii uenrp FineTech SMV-450-H3 
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Puc. 5. Cxesra CTpYKTYpHblX nenea caepnam.ao- thpesepno-pacro-moro ofipafiarsraaiomero 
uearpa FineTech SMV-450-H3 

xa TOlIH OCTI1 pa3pa60TaHHOH MO­

nCJl I1, C rrovoun.ro 113 M CP I1TCJl b HO­

ro KOMnJlCKCa B allb a r rt p o aen e n si 

3KC n Cp l1M CHTaJl b H bi C I1CCJlenOBa­

Hl151 aa nO,llTBCp)I(UCHI1C cc aaexaar­

HOCTl1 ; paspaooran anropnrra n p o­

r p aM M HO- MaTe MaTl1lIe CK OH KOp­

pCKUl111 ncnon H I1TCJI bHblX ,ll BI1:>KC­

Hl1H p a60lII1X Opr8HOB CT8HKa C 

qny, n03BO Jl51lOmI1H nOBblCI1Tb 

TOlIHOCTb n0311UI10Hl1pOBaHI151 11 

YM CH b W I1T b nOrpCWHOCTI1 ofipa­

6 0TK I1, BbI3bIBaCMbIC OTKJlOHCHl1­

CM OT np51MOJlI1HCHHOCTI1 TpaCKTO ­

PI1H ,ll B l1:>KCH l1R p a60lIl1X OpraHOB 

CTaH Ka. 

Ilpennaraexrsu; c rt o c of nOBbI­

WeHI151 TOlI HOCTll 06pa60TKl1 ua 

CTaHKC C LIDY OpeLlCTaB Jl51eTC51 

u anfioriee 3 ¢ ¢ e KT l1 BHblM ( 113 pauee 

113BeCTHbIX) , TaK KaK n03BOJl51CT 

BbrnOJlHRTb TOlIHYIO KOppeKTl1pOB ­

Ky ,llBl1:>KeHl111 l1CnOJIHI1Te JlbHbIX 

OpraHOB CTaHKa B peansnov pexn­

Me BpCMeHI1 . 
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