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CoBpe¥eHHLie IIO31ID;IIOHHO-'tJYBCTBIITeJILHLte ,n;eTeKTHpyIOm;IIe Mo,n;y

J'lll IIO3BOJIJIIOT per1ICTp1IpOBaTI, Koop,n;HHaTy TO'tJKII TpaeKTOplIII 'tJaCTIID;Lt B 

co6cTBeHHOli JIOKaJILHOli CIICTeMe KOOp,n;HHaT, TaK 'tJTO ,n;JIJI rrepexo,n;a B e,n;H

HYIO CIICTeMy Heo6xo,n;HMO orrpe,n;eJIIITI, rrapaMeTpLt COOTBeTCTByrom;ero rrpe

o6pa3oBamrn. IOcT1IpoBKa CIICTeMLI II Herrocpe,n;crBeHHLte reo,n;e3lI'ttecme 

II3Mepemrn Bcex Tpe6yeMI,IX _BeJIII'tJIIH ,n;JIJI MHOrOKOMIIOHeHTHOli ycTaHOBKII 

conp.lDReHLt co 3Ha'tJIITeJILHLtMR Tpy,n;HOCTIIMII II pacxo,n;oBamieM BpeMeHII. 

Hepe,n;KII CIITyan;IIII, KOr,n;a IIpOIICXO,n;JIT rrepeMem;eHIIII OT,n;eJILHLIX II3MeplI

TeJILHI,IX MO,n;yJieii B rrpon;ecce rrpoBe,n;eHIIII 3Kcnep1IMeHTa. IlorpeIIIHOCTII 

reo,n;e31I'tJeCK1IX II3MepeHIIli B peaJILHLtX ycJIOBIIIIX He IIO3BOJIJI~T a,n;eKBaTHO 

peaJ'lll3OBaTI» npocTpaHCTBeHHOe pa3pemeHIIe IICIIOJIL3yeMI,IX TpaeKTOpHLtX 

,n;eTeKTOpOB. Bee 3TO o6ycJiaBJ'lllBaeT Heo6XO,ll;IIMOCTI, orrepaTIIBHoro, 3<p

cpeKTIIBHOro II Ha,n;eiRHoro crroco6a rrony'tteHIIII rrapaMeTpoB, xapaKTepII3y

rom;IIx reoMeTpIIIO ycTaHOBKII. 

PaccMoTpIIM pemeHIIe 3a,n;a'tJII orrpe,n;eJiemrn 11apaMeTpoB rrpeo6pa3oBa

HlIII lIH<pOpMariIIII, perIICTpHpyeMoii O,n;HOKOOp,n;HHaTHLIMII ,n;eTeKTOpaMII, B 

e,n;HHyro ,n;eKapToBy cIIcTeMy Koop,n;HHaT XY Z. C Ka}l{,ll;l,IM ,n;eTeKTopoM CBII-

3aHa JIOKaJILHalI ClICTeMa KOOp,n;HHaT Xi °Y; ( i = 1, 2, ... , m) TaKM, 'tJTO 

IIJIOCKOCTI» XiO;Y; 11eprreH,n;HKyJIJipHa ocII Z, rroBepeyTa OTHOCIITeJILHO XY 
Ha yroJI a;, cMem;eHa (,n;JIJI rrpoBOJIO'tIHhlX ,n;eTeKTopoB B HanpaBJieHIIII, rrep

rreH,n;HKyJIJipHOM Ha:rrpaBJieH:ij:IO IIpOBOJIOK) Ha BeJIII'ttlIHY h; II rrepeceKaeT 

OCI, z B TO'tJKe Zi- TamM o6pa30M, CBJI31, Mem,n;y KOOp,n;HHaTOli B JIOKaJILHOli 

ClICTeMe II COOTBeTCTBYIOIIl;lIMII eii KOOp,n;HHaTaMII B e,n;HHOli ClICTeMe BLtpa

maeTCII COOTHOIIIeHIIeM xi = X cos O'.i + y sin O'.i + h; . IlapaMeTpLt O'.i, hi, Zi 

IIm;eM II3 ycJIOBIIII MIIHIIMYMa cpyHKD;lIOHaJia: 

1 N m ( • )2 M = - L L w;; ( a:i:; Zi + b:i:;) cos a; + ( ay; z; + by;) sm a; + h; - x;; . ( 1) 
2 j=l i=l 

3,n;ec1, 

N - KOJm'tJeCTBO TpaeKTOpIIii, rrpome,n;IIIIIX -qepe3. m ,n;eTeKTOpOBj 

a:i:;, ay;, b:i:J, by; - rrapaMeTpLI TpaeKTopIIII j B e,n;HHoii CIICTeMe Koop

,n;HHaT XY Z ( 110JIH1,1ii Ha6op 11apaMeTpoB rrpocTpaHCTBeHHoii TpaeKTopIIII, 

arrnpOKCIIMIIpyeMOH JllIHeiiHoit cpyHKD;IIeii); 

Xij, Wjj - lI3MepeHHaJI KOOp,n;IIHaTa II ee Bee. 

,Il;JIJI yMeHI»IIIemrn BJllIIIHIIII Bhl'ttlICJIIITeJILHLtX rrorpeIIIHOCTeii (1] rrpe,n;cTa

BlIM O'.j' h;' z; B BII.Zie: 

a; = a~ + ~a; ' 



r.n:e a?, h?, zf - pe3ym.TaTLI reo,n;e311-qecKHx ll3Mepemm. flo.n;cTaBJIJIJI (2) B 

( 1), II0JIY"t!llM BLipruKeHlle <pyHIUJ;llOHaJia B Bll,n;e 

l N m ( 
M = - EE Wij (a,:j(zf + Azi) + b,,;) cos(a~ + Aai)+ 

2 j=l i=l 

0 · • 0 O )
2 

+(ayj(zi + Azi) + byj) sm(ai + Aai) + hi + Ahi - Xij . (3) 

l1cnom,3y11 ll3MepeHlIJI C 0II0pHLIX ,n;eTeKT0poB, HaX0,ll;lIM on;eHKH rrapa

MeTp0B rrpocTpaHCTBeHHLIX TpaeKTop11ii: a,,j, ayj, bxj, byj• 
Bne.n;n: H0BLie o6o3Ha"tieHlIJI, <pynKD;lloHaJI (3) M0)l{H0 3arr11can, B cJie.n;yro

ru;eM Bll,ll;e: 

I N m ( . . 
M = 2 i~ ti Wij a~;Azi cos Aai + b~;( cos Aai - 1 )+ 

. . )2 
+(a~iAzi + b~;) sinAai + cii + Ahi , (4) 

r.n:e 
i O • 0 a,,j = llxj cos ai + llyj sm ai, 
i O • 0 a
11
; = ayj cos_ai - a,,;,sm ai, 

b~i = (a,,izP + b,,j) cos a?+ (ay;z? + byj) sin a?, 
bi _ ( . o + b ·) ao _ ( . o + b ·) · o yj - ayJZi YJ cos i a,,Jzi XJ sin Q'i, 

i 0 Cjj = b,,j - Xij + hi. 
J13 ycJI0BlIJI MllHllMyMa <pyHKD;llo:aaJia ( 4) II0JIY"t!llM CllCT~MY H0pMaJThHLIX 

ypanHeHllii: 

N 

E wij{ a~iAzi cos Aai+b~j( cos Aai-1 )+( a~iAzi+b~i) sin Aai+cij+Ahi)* 
j=l . 

*(-a~;Azi sin Aai - b~i sin Aai + ( a~;Azi + b~;) cos Aai) = 0, 

N . . . . 
~ Wij ( a~;Azi cos Aai+b~i ( cos Aai-1) + ( a~i Azi+b~i) sin Aai+cii + Ahi )* 
J=l 

*(a~i cosAai + a~;,sinAai) = 0, (5) 
N . . . . 
E wii(a~;AzicosAai + b~;(cosAai - 1) + (a~;Azi + b~j) sinAai+ 
j=l . 

+cii + Ahi) = 0, 

r.n:e i = 1,2, ... ,m. 
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II~.rry'"tleHHM HeJilIHeii:H~Jr CllCTeMa ypaBHeHllii: (5) pelliaeTCJI llTepan;ll-

0HHLIM MeT0,ll;0M. ,ll;JIJI orrpe,n;eJieHIDI o-qepe.n;noro rrp116JIIDI<eH1IJI pellieHlIJI 

11cnom,3yeTc11 rrporpaMMa RECINV [2]. 

,ll;JIJI orrpe,n;eJieHlIJI MHomecTBa rrapaMeTpoB, BKJIIO"tiaroru;ero annnttKary 

ll yroJI II0B0poTa, Heo6XO,ll;lIMO, "t!T06LI TpaeKT0pllll 6LIJill HerrapaJIJiem.

HLI, a ,ll;lICIIepCllll pacrrpe,n;eJieHlIJI K00p,ll;lIHaT TpaeKTOpllii: B Kam,ll;0M .n;e

TeKTope - He:ayJieBLie. B Ka"tieCTBe .llCX0.n;HLIX .n;aHHLIX llCII0JTh3YIOTCJI pe-

3ym,TaTLI reo,n;e311-qecK1IX ll3MepeHllii: ll pe3ym.TaTLI per11crpan;1111 KYC0"t!H0-

rrpJIMOJilIHeii:HLIX TpaeKTOpllii: -qacTllD; ( crreD;llaJThHM TeCT-KaJI1I6poBO"tIHM 11 

pa6o-qaJI llH<pOpMan;lIJI). 

PaccMoTpeHHLiii: aJiropllTM rroJiomeH B ocHoBy rrporpaMMLI CORPAR, 

llCIIOJTh3yeMOR ,ll;JIJI reoMeTpll"tieCKOR KaJI1I6poBKH K00p,ll;lIHaTHLIX ,n;eTeKT0-

poB ycTaH0BKH 8RCqAPM. YcTaHOBKa 8RCqAPM <pyHKD;llOH11pyeT Ha 

KaHaJie 5H ycKop11TeJIJI Y-70 (IIpoTBllHO) B rry"t!Ke uettTpoHo13 c 3Hepr11ett 

50-70 r3B. rJiaBHOR n;em.ro Hay"tIHO-<pll3ll"tleCKHX llCCJie,n;oBaHllR Ha 3TOH 

ycTaH0BKe JIBJIJieTCJI II0JIY"tleime H0BLIX ,n;aHHLIX '? pom,n;eHllll ll CBOHCTBax 

o-qapoBaHHLIX -qacTllD; ll Y3KHX pe30HaHC0B, co.n;epmaru;11x CTpaHHLie KBapKH. 

CxeMa ycTaH0BKH rroKa3aHa Ha p11c. l. 

ll -~ 

n11 11J·· I 
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rnJIIUll\loITIJ ······w~ HH····· ············ 
I I I 

... ~ 
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P11c.l. CxeMa ycTaH0BKH 8RCqAPM. 

PC - rrporropn;noHaJThHLie KaMepLI, M - :r.mrHllT 

B rrporpaMMe CORPAR peaJill30BaHo HeCK0JThKo ,ll;lIHaMll"tlecKH BLI6Hpa

eMLix pe)l{llMoB (MeTO,n;on), Ka)l{,ll;Liii ll3 K0T0pLIX .n;orrycKaeT rrapaMeTp~-qe

cKyro HacTpoiiKy. Pe)l{llMLI orrpe.n;eJIJIIOTCJI MH0)l{eCTB0M llCK0MLIX napaMe

Tp0B: ( hi ), ( hi, Zi ), ( ai, hi, Zi ). CJie.n;yeT 0TMeTllTL, "t!T0 
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BLI6op MHO)I{eCTBa napaMeTpOB onpe.neJUieTCJI He TOJThRO TOqHOCTLIO reo.ne-

3nqec1UIX ll3MepeHllll ll I{aqecTBOM IOCTllpOBIUI ( O,Ll;HllM ll3 rJiaBHLIX Tpe6o

BaHnii R ROTOpoii JIBJUieTCJI ycTpaHeHRe .no MllHRMyMa ymoBLIX CMemeHnii 

,neTeRTOpOB)' HO ll ypOBHeM IlIYMOB B llCXO,Ll;HLIX .naHHLIX. 

B ycJIOBllJIX peaJThHLIX 3RCIIepnMeHTOB npon:e.nypa reoMeTpnqecROH Ra

JII16pOBIUI peaJill3yeTCJI MeTO,Ll;OM IIOCJie,D;OBaTeJThHLIX Ilpll6Jlll)I{eHnii. Ha 

nepBLIX llTepan;llJIX llCIIOJTh3yeTCJI h; - 1JeTO,LI; C IIOUiarOBLIM yMeHLUieHll

eM nmpllHLI .nopo)I{IUI npn paCIIO3HaBaHllll TpaeRTopnii. Ha IIOCJie.nyIO~X 

nTepan:llJIX ncnom,3yeTc11 h;, z; - · RJill a;, h;, z; - MeTo.n B 3aBn

CllMOCTll OT RaqecTBa IOCTllpOBIUI ll ToqHOCTll reo.ne3nqec1UIX ll3MepeHnit 

Ilpn TaROM no.nxo.ne yqnTLIBaeTCJI cpaBHllTeJThHO MaJiaJI qyBCTBllTeJThHOCTL 

hi - MeTO.na R q>OHOBLIM TOqRaM 6Jiaro.nap11 JlllHeHHOH 3aBllCllMOCTll 

cpyHRD;llOHaJThHOro apryMeHTa OT napaMeTpa hj. 
ARTyam,HoCTL BLiqncJieHllJI reoMeTpn11ec1Uix nonpaBoR o6ycJIOBJieHa, B 

qacTHOCTll, C:7IO)I{HOCTLIO 113yqaeMLIX co6LITllll. Tnnll'lHOe co6LITlle, 3ape

rncTpnpoBaHHOe MHoroqacTn'lHLIM cneRTpoMeTpoM 8RCG:APM, cooTBeT

CTBy10mee pom.neHnIO oqapoBaHHoro 6apnoHa E~ , noRa3aHo Ha pnc.2. 
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Ilp1nrnHemie reoMeTpH'IeCRIIX rrorrpaB0K y.rry-qiuaeT T0'IH0CTI, Bl,l'lllCJie

HIDI rrapaMeTp0B HaimeHHI,IX TpaeKT0pnil: n co61,1Tnil: n pa,romafilH0 yMeHI,

maeT cTaTHCTH1Iecme rrorpemHocrn rrepBoro n BToporo po,n:a Ha Bcex 3Ta

rrax paCII03HaBaHIDI H aHaJIH3a TpaeKTOpH0ii HHq>0pMa:a;nn. HarrpnMep, 

,n:ruKe ,n:JIJI .D:Byx1IaCTH1IH0il: cncre:1,11,1 (pnc.3, Ta6JIH:a;a) HCII0JII,30BaHne rro.rry

-qeHHI,IX 0IIHCaHH0il: MeT0,n:HKOil: BeJIH'IHH II03B0JIHeT ycTpaHHTI, 3Ha1IHMYIO 

CHCTeMaTH'IeCKYIO rrorpemH0CTI, 6oJiee -qeM B ,n:Ba pa3a YJIY'ImHTI, 0TH0-

meHHe cnrHaJI/q>oH, II0Bl,ICHTI, 3q>q>eKTHBH0CTI, n,n:eHTHq>HKa:a:nn II0Jie3HLIX 

co6HTHH, YJIY'_lillllTI, MaCC0Boe, paapemeHne n T .,n:. 

1'a6mu:i;a. CTaTHCTH'IeCRII~ ,xapaKTepHCTHRII crreKTpa 3q>q>eKTHBHOii 

Macc1,1 cncTeMH p1r- B o6JiacTn Macc1,1 A0 (M3B/c2) 

HoMep ceaHca 3Rcrroan:a;HH 8RCqAPM 

HoMepa q>aiiJioB (RUNS) 

MarHHTHOe rroJie 

RoJIH1IeCTBo TpnrrepoB 

F - oRpecTHOCTl> 

B - oRpecTH0CTl> 

CMem;eHne o:a;eHRII Macc1,1 

PaapemeHne 

RoJIH'IeCTBo A 0 

OTHom,eHHe CHrHaJI/ q>OH 

OT!{omeHne cnrHaJI/Tpnrrep · 

10 
268-270 

0.6695 

782752 

± 12 

±5 
CORPAR rEO,[{E3HR 
0.17 ± 0.02 · 0.67 ± 0.08 

1.50 ± 0.03 2.66 ± 0.14 

8348 4276 

1.5 0.67 

1.1 % 0.55 % 

IlporpaMMa CQRPAR ,raJIHeTcJI cocTaBHoii -qacT1>IO MaTeMaTn1IecRoro 

06ecrre1IeHHJI 3KcrrepnMemon, rrpoB0,n:HMI,IX Ha ycTaH0BRe 8RCqAPM. Pe

aym,TaTI:i[ orrpe,n:eJieHHJI reoMeTpH'ICCRIIX rrapaMeTp0B crreRTp0MeTpa HC

II0JII,3YIOTCJI rrpn Mo,n:eJIHpoBaHHH, MaTeMaTH'ICCR0ll o6pa6oTRe ll q>H3H'Ie

CR0M aHaJIH3e 3RCIIepHMCHTaJII,H0ii HHq>OpMa:a;nn. 

Ilpn pa3pa60TRe ll peaJIH3a:a;nn paCCMaTpHBaeMoii MCT0,n:HRII cym;ecTBCH

H0 HCII0JII,30BaJIHCI, 0111:i[T ll pe3ym,TaTI,I pa6oT (3,4). 
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