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OEIUAR XAPAKTEP~CTliIBA PAEOTH 
AKTyaJibHOCTb paelOTH. ~T0HC~alJ,HH HaY'IHHX .l-lCCJI0,llOB!lliIDt, 

YCJIOlKH0HR8 npoueccoB perHCTpaUl-11-11-1 aHaJIHaa .naHHliX B (pl'I3HK6 BHCOKHX 

8H8prl-lR IIpliBO,llHT K H00CJXO,llHMOCTli -paapadoTKH KOMIIJl0KCHOro 

MaTeMBTH'l6CKOro armapaTa 1-1 C03,llaHIDO B YCJIOBHHX MHOrOCTOpoHHero 

COTpy,llHR'ISCTBB MOCJHJibHOro nporpaMMH~ro npo,llYKTa, oelecrre'IHBa:s:mero 

8(I$JKTHBHYID (C TO'IKH speHRH BpeMBHHHX 38TpaT, CBO£tCTB 
CT8THCTH'l6CKHX OUBHOK H600XO,llliMHX rrapaMeTpOB, OCJ'b6M8 'Tpeely·eMHX 

peCYPCOB 8BM) oOpaelOTKY 1-1 BHBJ!li3 ,llBHHHX C Tp6KOBHX ,ll6T6KTOpoB. B 

CoBp8M6HHliX 8KcrrepHM8HTaX nrnpoKO HCTIOJ!b3YIDTCH 8JI6KTpOHHH6 Tp6KOBH6 

,ll6T8KTOPH C6KIJ,HOHHOro THITa B BKCli8JlbHO-CliMM6Tpli'IHOM MBrHRTHOM 

ITOJI6, HBIIpliMBp, ,llJIH per1-1cTpaU1-11-1 1-1 li3Y'l6HRH MIDOHHO£t KOMITOH6HTH 

H6£tTpl-lHHliX B38HMO,ll6CTBd. no CJIOJKHOCTH pemaeMHx 38,llB'I, COCT!lBY 

8JI6KTpOHHOro oelopy.noBBHHH TIO,ll00HH6 ,ll6T6KTOPH HBJIHIDTCH JIHCJO 

CBMOCTOHT6JlbllHMH YCTBHOBKBMH, JIHCJQ. 'IBCTbID KPYITHOMBClliTBdHHX 

8KCIT6pHM6HTBJ!bHHX CHCTSM. AHBJIH3 ITJiaHHpyeMHX 8KCIT6pl-lM6HTOB 

Il03BOJIH6T YTBBplK,llBTb, 'ITO 8TH ,ll6T6KT0pli HBR)lYT IIpliM6H6HR6 1-1 Ha 

YCKOpHT8JIHX HOBoro ITOKOJIBHRH. CJI8,llY~T ocoOo TIO,ll'l6pKHYTb,_ 'ITO 

TIO,llOCJHH6 ,ll6T6KTOpH HBJIHIDTCH MHOrOKOMITOHOHTHHMl-1 1-1 .noporoCTOHll\liMl-1 

CHCT0MaMH, OCJH'IHO C03,ll8BaeMHMH Ha OCHOBe M6lK,llYHBpo,llHOro 

COTpy,llHR'ISCTBa Hay'IHHX U0HTpOB, .'laCTO 3Ha'IHT0JlbHO Y.llaJIBHHHX .npyr 

OT .npyra, HCITOJib3YIOlllliX 8BM cymecTBeHHo'paaHHX TRIIOB ,llJIH oelpaelOTKl-1 

8KCITSpliM0HTaJibHHX ,llaHHHX.' 

PaOOTH, ITOJ!OlKBHHHS B OCHOBy ,lll-lCC6pTaltim, BHITOJIH0HH B 

COOTB0TCTBl-lli C IIpOCJJI0MHO-T0MaTH'l0CKHM ITJiaHOM HBy'IHO-HCCJI9,llOB~J6~b

CKHX padoT 1-1 M6lK)lYHapo,llHOro COTpY,llHR'ISCTBB OWIH. 
ijeJib paelOTH aaKJIID'laJiacb 'B _paapadOTK6 MaTeMaTH'ISCKHX 

aJiropHTMOB ,llJIH oelpadOTKl-1 8KCITSpHM0HTaJibHHX .naHHHx, per1-1cTp1-1pyeMHX 

8JI0KTpOHHW.m Tp0KOBllMH ,ll0T0KTOp8Mli C0KIJ,HOHHOro TR!Ia B 

aKCHaJibHO-CliMMSTpH'IHOM MarHRTHOM ITOJI0, 1-1 C03,ll8Hlili Ha OCHOB8 8THX 

paapaelOTOK nporpaMMHoro oelecrreqeHRH MIDOHHoro crieKTpOMSTpa ycTaHOB

Kl-1 "HeaTpl-lHHHR ,ll6T0KTOp". 

Hay'IHaH HOBH3HB padoTH. BrrepBH0 paspaeloTaH KOMIIJl6KCHH£t 

MaTeMaTH'leCKd armapaT ,llJIH onpe.neJieHRH xapaKTep_HCTHK Koop,nmraTHHX 

,ll0T0KTOpoB, reOM6Tpli'l0CKOa 1-1 KliH6MaTH'ISCKO£t peKOHCTpYKUl-11-1 

TpaeKTOpd. Ilpe,llJIOlK6H HOBH£\ aJiropHTM B!,ltlMCJIOHM~ COCTOHTSJibHHX 

OU0HOK xapaKT6pHCTHK .npe£tlf)QBHX KBM6p (napaMeTpH rrepe.naTO'IHOa 

05bEJW f.Hfo'!'.1 ltlHCTi1TYT 
Sl.O.EP bl · ~:cr;t:J 8.'.i iVirt 
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~YHKUHil, napaMSTpli JJOK8Jlb.HHX CHCT8M KOop,inmaT, 84$:lKTllBHOCTb H 
TO'lliOCTb). Pa3pa0oTaHH OpllI'llH8JlbHH8 MBTO,nll pacno3H8B8Hllfl 

Tp88KTOpmt 38pHm8HillIX qacTHU B 8KCH8JlbHO-CHMM8TpHqHQM MarHllTHOM 

ITOJJB B ycJJOBHflX BpeMeHHoa MyJJbT:HBapH8HTHOCTH. Ilpe.Il,llomeHH 
MBTO,nll pacn03H8B8Hllil npHMo~ea.HHX TpaeKTOpmt C HCITOJlb30B8Hll8M 

napa~BJJb.HHX npoueccopoB. Ha 0838 COBpBMBmrux, B38llMO,IJ;OITO~flKXl\llX 
M8TO,IJ;OB pa3pa0oTaHO HOBOS 8q$:)KT:HBH08 pemeHlle 3a,naqn 

BOCCT8HOM8Hllfl napaMeTpoB TpaeKTOpmt. 

Ilpe.Il,llomeHH H pea~30B8HH llHCTpyMBHT8Jlblill8 cpe,ncTB8 _ C03,IJ;8Hllfl 

MO$Ub.HHX nporpaMMHHX K0~8KCOB B YCJJOBHHX pacnpe,neJJeHHoa 
pa3pa00TKH. 

Ha 0838 BliqHC~Te~Horo K0~8KC8, BKJIIOqBIOO!Sro MllKpo-8BM H 

00JJbillll8 BliqHC~T8Jlblill8 MBIDllHli, C03,!J;BHB rpailJllqecKafl CHCTSMB ,!J;Jlfl 

BH3Y8JJbHOa ll,IJ;SHTHil!llKawm H OTOopa co6HTHH. 
IlpaKTnqecKBfl 3H8qHMOCTb paOOTli. Ha OCHOB8 pa3pa00TaHHoro 

MBTSMBTnqecKOro annapaTa C03,!J;BHO nporpBMMH08 oOecneqeHlle .Il,llfl 

oOpaOOTKH H aKcnpecc-aHB~3a ·,naHillIX C MIOOHHOro cneKTpOM8Tpa 

YCT8HOBKH 11HeaTpllHHHa ,IJ;8T8KTOp". Pa3p800T8HH nporpaMMU .Il,llfl 
npoBe,neHllH MeTo,nllqec:imx nccJJe,noBaHmt ,npeWfxmux KaMep, .Il,llfl 

KOHTpOJJfl H oOpadOTIIB 8KCnep:HMBHT8JlbHHX .namrux C YCT8HOBKH EJAC-2. 
IlpllMeHeHlle C03,IJ;BHHOro nporpaMMHoro odecneqeHllfl Il03BOJIHJIO no~qHTb 

ue~ PH.n Bam.HHX_ H8Y'lliO-M8TO,nnqec.KHX H ilJll3Hqec.1CHX pe3yJJbTaTOB. 

IIporpaMMHoe · odecneqeHlle a.nanTnpoBaHo Ha 8BM UBK owrn:, 
IA<l\B8(CepnyxoB), JA<l\B8(UoaTeH,r)lP). ll!A<l\lA(Ey,nanemT,BHP). IloJJyqeHJille 

pe3yJJbTaTU MoryT dUTb HCnOJJb30BBHli B 8KcnepllMBHT8X Ha HOBOM 

nOKOJJ8Hllll YCKOpHTBJJea. 
Anpoda1.µrn padOTU. Pe3yJJhTBTli, noJJomeHHHe B OCHOBy 

,nllCcepTBI.(llll, ,IJ;OKJJ8,nllBB~Cb aBTOpoM Ha Y Mem,nyHapo,n;HOM COBemamm no 

npodJJeMBM MBT8MBTW18CKOro MO,!J;8AllpOB8Hllfl, nporpBMMllpOB8HIDJ H 

MBT8MBTW18CKllM MBTO,IJ;aM pemeHllfl ilJll3mec.KHX 38,naq (r.l{y~Ha,I983r). 

Ha IY-X pa6o,mx COBemBHllHX no HeaTpllHHOMY ,!J;8T8KTOPY 
IA<l\B8-0IDrn:(I983-1989 rr). odcym,na~Cb Ha HBY'lliliX CeMllHapax JIBTA, 

JIHII, 1JIB8 H OHMO OWIIA(I983-I989 rr). 

Ilydrnar• 0CHOBHH8 pe3yJJbTBTli ,nllCCepTal.(llll onydrnOBBHH B 
padOTBX/l-I3 . · 

CTpyRTypa padOTli • .I{llccepTal.(llfl COCTOHT H3 BB8,IJ;8Hllil,. qeTupex 
rJJaB, 3aKJI10qeHllfl, CTillCKa ~TepaTypli. 
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KPATKOE COJJEPlKAfrnE 

Bo BB8,IJ;8Hllll OdOCHOBBHB BKTY8JJbHOCTb padoTu, ~PMY.lllipOB8HH 
ocHoBHHe 3a,naqn H ocodeHHocTH nx pemeHHH, .naHo cmaToe co,nepmaHHe 
no rJJaBaM. 

B nepBoa rJJaBe ,!J;BH KpaTKmt Od3op COBp8MBHHHX ,!J;8T8KT0poB 
C8Kl.(llOHHOrb TllTIB, npllBO,!J;flTCfl llH(pclpM81.(llOHHHe B03MOmHOCTH H 

T8XHnq8CKHe xapBKT8pHCTHKll HeaTpllHHoro ,!J;8T8KTOpa M~B8-0IDill, 
onpe,neJJBHH OCHOBHHe 38,IJ;aqn KO~eKca nporpaMM GRAND ,IJ;Jlfl odpadOTKH 
8KCIT8pllM8HTBJJbHliX ,IJ;BHHUX. 

B paMKax COTPY,IJ;HnqeCTBa .Il,llfl odpadoTKH 8KCnepllM8HT8JlbHHX 
,IJ;BHHliX HCnOJib3YJOTCfl pa3~~8 8BM, n08TOMY BonpocaM rHdKOCTH H 
a.nanT:HBHOCTH nporpaMMU GRAND y,neJJHJJOCb cepb83Hoe BHHMBHlle • .l{JJH 

,!J;OCTIDK8Hllfl YKB38HHHX UBJJea IlpllM8Hfl!OTCfl p83JjnqHH:9 MBTO,nll, 

no,npas,neJJH8Mli8 Ha .naa YPOBHfl. K rrepBoMy OTHOCflTCfl M8TO,n;li 

MaKporeHepal.(llH, YCJJOBHoa Tp8HCJlfll..Uill H T.n., nosBOJlflIOmll8 yqecTb 
MHOrOB8pH8HTHOCTb nporpaMMHoro odecneqeHllfl, pacnpe,neJJSHHOCTb 
paspadOTOK nporpaMM. B KaqecTB8 dasoa6ro cpe,n;CTBB. 8BTOM8TH381.(HH 

nporpaMMHpoBaHllf! HCnOJJb30BaHa MOdHJJbHaH nporpaMMa_ PATCHY. Ko 

BTOPOMY YPOBHIO odecneqeHllf! a.nanTHBHOCTH H rHdKOCTH OTHOCflTCfl 
cpe,n;CTBB .Il,llfl .n;llH8MH'l:8CKOaHacTpo-&!KH nporpaMM. B nporpaMMe GRAND 
HCnOJJb30B8H naKST FFREAD, OITliT era IlpllM8H8Hllfl B _pa3~qHliX 

fl,IJ;epHo-4M3nqec.KHX ueHTpax noKasaJJ era no~oTy ,llJIH pemaeMUx sa,naq. 

,llJJH YilpBM8Hllfl ,nllHBMHqecKHMH CTPYKTYpaMH .naHHUx HCnOJJb30B8H 
naKeT nporpaMM ZBOOK, OT~qalOII(IDl:cf! BliCOKoa CTeneHb!O COBM8CTllMOCTH 
C da30BUM naKSTOM nporpaMM CT8THCTnqecKoa odpadOTKH HBOOK. B 

KaqeCTBe fl3UKB nporpaMMllpOB8Hllfl BlidpaHo no,IJ;MHomecTBO ~pTpaHa. 

BTopaH r~aBa nOCBHmeHa M8T8M8TnqecKHM M8TO,!J;8M onpe,neJJSHllfl 
xapaKT8pHCTHK ,npe~BliX K8Mep (JU{). McnoJJb30BaHlle JU{ B 

8KCn8pllM8HTBJlbHliX YCTBHOBKBX TpedyeT HBXOm,!J;8Hllfl nepe,naTO'lliOa 

WHKUllH X = p + S•f(t), (I) 
r,ne p 

B 

-noJJomeHlle CHrH8JlbHOn IlpoBOJJOKH B H8KOTOpon ,!J;8KBpTOBOa 
CHCT8M8 KOOp,IJ;H!IaT XOZ, 

-H8IlpBM8Hll8 ,npe~ (±1) (OT TO'Ilill IlpoXOm,IJ;BHllfl qaCTHI.(li ,!J;O 
CllI'HaJJbHOn IlpoBOJJOKH), 

f(t) -npeodp830B8Hll8 (Boodme rOBOpfl HBJIHHenHoe) OT Bp8M8Hll 

,npe~ t K paCCTOHHIOO .no C_HrH8JlbHOa IlpoBOJJOKH. 
CYmBCTBYDJm:8 MBTO,nll HBXOm,IJ;BHllfl npeodp830BBHllfl (I) MOmHO 
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·pas6HTb Ha )Ula Knacca: 
-c HcnonbsoBaHReM "sTanoHHoro" npHOopa, 
-6es HcnonbsOBaHRH "sTanoHHoro" npH6opa. 
IlepBml: IlO,nJCO,ll 6WI pea.rrnsoBaH B M8TO,!CW!8CKIDC HCCne,llOBaHRHX 

nepBHX ,llK Ha cRHXpo<liasoTPQHe owra, r.110 Ha6op nponopunoHanbHHX 
KaMep cnylKH.ll ~H onpe,11eneHRH napBMBTPOB TPaeKTOpml:. Ha 6onbmett 
qacrn ~ewt,c>Boro npoM8JKYTKa nepe,llaTOqffYID 4i.YlIKUIDO MOlKHO npe,llcTaBHTb 
B B~e: . . xi = vi(ti-t5)+P5 • (2) 
rrapaMBTPH v1

, P6 HaXO,llHTCH HS HTepaunoHHoro npouecca 

x~(K) = ai(v i(k-1) .(ti(k) -t5) + p6(k-1)) + bi, 

~i(k} = a.vi(k-1) ,Poi(k) = a.Poi(k-1) + b. 
1 1 1 • 

BcnoMoraTenbHH8 napaMeTpU ai,bi Haxo~TCH HS ycnOBHH MRHRMYMa 
lfJYHKUROHana L 

~i(k) =·'ik (~{k)_ xi~k))2 
[. . UJ ,llJ 
j=1 

3,ll8Cb K - HOMep HTepaURR, i - HOMep npoBonoKH, j - HOM8p TO~, 
BOIDB,llIDett B HTepaURID, Lik- KQJrnqecTBO 9TRX ToqeK •. J,m)leKC k Y Xu•X,11 
OSHaqaeT, qTo B CYMMY BXO,llHT TOnbKO TOq:KH, Y.llOBn8TBOpH!OOIH8 ycnOBHID 
6JrnSOCTR Ha k-tt HTepaURR. rrapaMeTpH P5<0 >, vi(O) 6epyTCH HS 
coBMecTHoro pacnpe,11eneHRH xfr, ti. "TepaunoHHUtt npouecc 
npo,llOJDKaeTCH ,llO Tex nop, noKa aiH I, biN o. Bo BC8X HTepaURHX, 
i<pOM8 HyneBOtt, yqacTBYIDT TOnbKO TO~, ~H KOTopux IXu - X,111<2 MM. 

BTopott IlO,nJCO,ll 6un pea.rrnsoBaH ~H onpe,11eneHRH xapaKTepHCTHK 
,llK ycTaHOBKH 

11
HettTpliHHml: ,ll8T8KTOp", KOTOpHe MOlKHO npe,llCTaBHTb B 

B~e Ha6opa ,llp8wt,c>BHX IlpOM8lKYTKOB (CM. pHCYffOK) C qeTHpbMH 

I ·t X ~ ~ ~ ~ ~ 

□ □ 

3 Qt;:<: ;:<: : ;:<: 1- z 

2 -
~ -~ ;:<: 

CxeMa ~ewt,c>Boro npoMBJKYTKa (□ - cm'HanbHHe npoBonoKH, 
::<: - saperncTpRpoBaHHUe KOOp,llliHBTU CTpHHI'OB). 
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CRrHanbHHMR npoBonoKaMR, IlOSBOnHIDlljID,lli BOCCTaHOBHTb npO8KURID 
IlpHMOJrnHeaHoro OTpesKa TpeKa (CTPHHr). Ilepe,llaTO~HYID lfJYHKURID KalK,llott 
CRrHanbHOtt IlpOBOnOKH MOlKHO SanHcaTb KaK . 

X=B•V•t+B•R+P, 
r,lle v - CKOpoCTb ~ettlf)a sneKTPQHOB, t - Bp8MH ~ettlf)a sneKTpoHOB, 
R - CM8lll8Hli8 oueHKH t ( Ilb8,ll6CTan s:iieKTpo.Hlllil'I ). liiCKOMUe napaMeTpH 
v,R ·, C yqeTOM HSMepHTenbHHX OIDH6OK, Hatt.lleM HS ycnoBHH MliHHMYMa 
lfJYHKUHoHana 

N 3 

F= 2 2 (sijvitij+sijRi+Pi-(1-ki)(s1jv1(t1j+E1j)+s1jR1+P1 )
j=1 i=2 

2 (3) -ki(s4jV4(t4j+E4j)+s4jR4+P4)) • 
r,lle N - qncno saperHCTplipoBBHHUX CTpHHI'OB, E1,E4- H8KOppe.rrnpoBaH-
HH8 cnyqaaHue oIDH6KH HSMepeHHtt t 1,t4 c· HyneBUMR cpe,llHHMR H 
. zi-z1 . . 

,nncnepcHHMH D1,D4, ki = z::z-, zi - KOOp,llHHaTa i-tt npoBonoKH. 
4 1 

~qeHRe B illYHKUROHan (3) E1,E4 HBnHeTCH H6O6XO,nHMHM ycnoBHSM 
KOppeKTHoro IlpHM8H8HRH M8TO,lla HBHM8Hbllqll KBa~aTOB. ~HOplipoB8.HH8 
HX IlpHBO,llHT K IlOTepe CBOttCTBa COCTOHTSnbHOCTH OUSHOK onpe,11enHeMUX 
napaMeTpoB. lils ycnoBHH MRHRMYMa (3) nony~ M8,llYIOOzyID CHCT8MY 
ypaBHeHHtt: 

N 4 N 4 

l l 6 ij6 lj(vitijtlj+Ritlj)oli-Nv1D1°11=-}: l Pi6 1jtlj0 11 
j=1i=1 j=1i=1 
N 4 N 4 (4 ) 

l l (sij6 ljvitij+6 ij6 1jRi)0 11=-z· l Pi61j0 li • 
j=1 i=1 j=1 i=1 

r,110 l=I,2,3,4 ,oli-sneMeHTU MBTPHUH c. 
2 2 

[

-(1-kz) -(1-ks) 
-(1-kz) 

C = -(1-ks) 

~kz~1-kz>-ks<1-ks> 

(1-kz) 
1 

0 

kz 

(1-ks) 
0 

ks 

-kzC1-kzl-ksC1-ksll 
-kz 
-ks 

-~-~ . 
Cne,llYeT oco6o no~epKHyTb, qTo TOnbKO B 

N 4 
cnyqae, Kor,11a 

nonpaBKOtt, 

1Nv1D1o111«1}: 
j=1 

CBH38HHOtt C 

l Pi61jtlj0 11I • 
i=1 

)lHcnepcHett n1 , 
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(88 H8onpaB'AaHH08 lU'HOpHpOB8HH8 MOm8T npill38CTH K onrn:OKaM 
Onp8'A8n8HliH CKOpoCTH ~8~ B 'A8CHTKli llpOU8HTOB ). 

Ilp0,nn:ono~. qTo MH Ka~oro i Bij - KOHCT8HTa ((lM3ITT8CKli BTO 
08Haqa0T, qTo Bee CTpillII'H n0maT no o~y CTOpOHY OT ClU'HanbHOtt 
npoBonoKR) • .AH:ama CHCT8M!I (4) llOKa3liBB8T, qTo B BTOM cnyqae, 
TOnbKO npH ycnOBlili 3a'ABHliH o~ott CKOpOCTH ~8~ H ~yx 
llb8'A8CTanoB, MOJKHO HattTH BC8 OCTanbHli9 CKOpoCTH H llb8'A9CTaJill. 
BuOpaB aHcaMOnb CTpimrOB TaK, qTo Bij6lj-KOHCT8HTli (Ha pHCYHK8 
llO'A00Hli9 CTpillII'H OTM8q9Hli Uli\flpBMli I H 2~MOJKHO Hattrn BC~ CKOpoCTH 
~e1tlIJa ( Oea anpnopHoro aa'ABHRH o~ott na HliX ). nono.nmm BTOT 
aHCaMOnb CTpillU'aMli,MH KOTOpliX Bij-KOHCTaHTli, a BijBlj H9 COBlla'ABIDT 
C np8~,nyJ!lliMH (Ha pHCYHK8 ll0'A00Hli9 CTpillII'H OTM8q8Hli unilJpOtt 3~ 
Y'AB9TCH HattTH H BC8 llb9'A9CTaJill (093 anpnopHoro aa'AaHliH ~yx H3 
HHX). 0TM9TliM, qTo OlIP9'A9n9Hli9 napaM9TpoB ll8P9'AaTOqHUX (flYHKr.unt 
B03MOJKHO npn ycnoBlili, qTo Bee Pi-paa~. a ,znrcnepclili Bp8MeH 
~e~ Ka~ott KBM9pli H9HyneBli9. TaKRM oOpaaoM, Bll8pBli9 noKaaaHO, 
qTO BHCaMOnb CTpliHrOB, BliOpaHHlitt ,cneunanbHliM o0pa30M, ll03BOnHeT 
onp8'A9nllTb aOCOnIDTHYID CHCT9MY KOOp,nliHaT ~9~BliX KaMep. 

Cn9M8T OTM9THTb, qTo nonyqeHHlie p0synbTaTli npliM9HliMli MH 
nroaoro qncna ClU'HanbHliX npoBonoK m. nnH BTOro B CHCT9M9 (4) 
4 m 

l Heooxo~o saMeHRTb Ha z ,a MaTpnuy c Ha 
i=1 i=1 

C= 

m-1 m-1 -z (1-ki)2 ,(1-¾),(1-ks), ••• ,(1-¾i_1 ),-z ki(1-ki) 
i=2 i=2 

-(1-¾) • 1 • 0 , ... , 0 

-(1-¾i-1> ,-0 , 0 ••••• 
m-1 

-z (1-ki)ki' ¾ ' ¾ •···•¾i-1 
i=2 

,-¾ 

•-¾i-1 
m-1 .-r ~ 
i=2 

1 

8a'Aaq0 0~8'A9n8HliH napaM8TpoB noKanbHillC CHCT9M KOOp,nliHaT MH 
pas~ ycnoBlitt 9KCll03lil.\IDt llOCBHlll9HO MHOmecTBO paOoT. B ,znrc-

6 
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.. 

., 

cepTaUllll npeMomeH BKOHOMli~ annapaT onp9'A8neHRH COCTOHTenbHill( 
OU9HOK HeoOXO,zniM!IX napaMeTpoB, xapaKTepnsyeMUtt OTCYTCTBH9M 
pacnpocTpaH9HHliX ynpomelilitt, npill30'AHlllliX K H9911$3KTill3HOtt llpOU8MP8 
llOHCKa. 

Ilpe,nn:onoJKHM, qTo 3a'ABHa H8KOTopaH 'A9KBpTOBB CHCT9MB KOOp,nliHaT 
XYZ,B KOTOpott pacnonomeHU m 'A9T8KTOpoB. C Ka~M 'A9T9KTOpoM 
CBH3aHa noKanbHaH CHCT8Ma KOOp,nliHaT XiYi(i=1,2, ••• ,m~ TaKaH, qTo 
'AnH llnOCKOCTli xioiyi yron HYTaUllll_ pBB8~ Hynro, npH BTOM Ka~BH 
noKanbHaH CHCT8Ma KOOp,nliHaT XiYi llOB8pHyTa OTHOCHT9nbHO XY Ha yron 
a., Haqano o. liM88T KOOp,nliHaTli (Sx1·• s~. Z1·>· He orpBHliqHBaH 

1 1 1 z -z 
OOmHOCTH paccy~elilitt, aaMSHliM napaMSTpli zi H8 ki (ki = zi-z1 ). 

1 m 
IlapaMSTpli ai' sf, sr~ ki MOryT OliTb Ha~SHli H3 ycnOBHH MlililiMYMB 
(f)YHKUROHana 

N m-1 

<li = l l (Yifosai+xijSinai+sf-(1-ki)((y1j+Efj)Cosa1+(x1 j+E~j)· 
j=1i=2 

•Sina1+Sf)-ki((Ymj+E!j)Co6°nJ+(~j+E;j>slllC\n+S~))2+ 
(5) 

N · m-1 

+ l l (xifos~i-yilinai+sf-(1-ki) ( (x1 tE~ j )Cosa1-<Y1 tEf j), 
j=1 i=2 

•Sina1+sf)-ki ( <~tE!j)COB°nJ-(YmtE!j>SlllC\n+s;> )2 , 
r'Ae N - KO~SCTBO npHMOnRH81l:lmx Tp9KOB, nepeceKa.lO!l!IDC m 

noKanbHillC CHCT9M KOOp,nliHBT; 

xij~Yij)- saperHCTpHpOBaHHlie KOOp,nliHBTli (j-HOMep TpeKa, 
. . i-HOMep 'ASTSKTOpa); 

Ex(EY) . - cnyqattHaH onrn:OKa H3M8p8HliH X(Y) KOOp,nliHaTli 
C HYnSBliM cpe'AHRM; 

~3 ycnOBliH MlililiMYMB (5), C yqeTOM ManoCTli 1ai-a11 H H838BliCliMOCTli 
onrn:OoK H3Mepelilitt, nony~ cnSMIDmYID CHCT8MY ypaBHSHlitt: 

m N N 

l 0 1i(ai:--0-i>[z l (xljxij+Y1jYij-xl~ij-Y1J:cYij)-(011+0m1>· 
i=1 k=1j=1 

m N N 

'(01i+ami)N(N-1 ) (Df+nr)]= l l l 0 1i (xijYlj-X1jYij+X1J:cYij-xijY1k> 
i=1k=1 j=1 
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m N 
}: }: (xijsinai+yijcosai+s[)o1i = o 
i=1j=1 
m N 
}: }: (xijcosai-yijsinai+s1)o1i = o 
i=1 j=1 
m N N 

(6) 

}: }: }: 0 1i((ai-a1)(xijY1j-Yijx1j+yijx1k-xijY1k)-(ai~)· 
i=1k=1j=1 

- •(xijyij-yij~j+yij¾ik-Xijymk)]= 

m N N 

l 0 1i( l l (xijx1j+yijY1j-x1~ij-Y1ic3"ij)-01iN(N-1 )(Ir,+~)]-
i=1 k=1j=1 
m N N 

-}: 01i( l l (xij~j+YijYmj-xij¾ik-Yijymk)-OmiN(N-1)(D;+~)] , 
i=1 k=1j=1 

rAe DX H nY-~cnepCHH onrnOoK H3Mepeml1t, oij- SR8M8HTH MarpMUH C 
(CM. paH88), 1=1,2, ••• ,m. nepBH8 TPH ypaBH8Hliff CHCT8MH (6) 

COOTB8TCTBYDT 3aAaqe nOHCKa ai,Si,S1• TaKHM oOpa3OM, pemeHHe SToa 
Tp8,zumHOHHOa aa~aqz, CBff38HHO8 C pemeHHeM H8JimI8aHOa CHCT8MH 
ypaBH8IDl1t, rrpaKTHqacrm CB8ROCb K pemeHRD Jimietmlil CHCT8M. Ha 
OCHOB8HHH aHamsa CHCT8MH (6) nORY'{8HO,qTO ~ff orrpa~aneHHff yrnoB 
noBOpoTa ai H8OOXO,ItRMO, qToOu OARH H3 STRX yrnoB Oun 88~8H, ~ff 
orrpeAeneHHR s1 (aHanorz~o sf> HeoOxo~o saAaTb ~a zs HRX, ~R 

orrpe~eneHHH zi HeoOXO,IOiMO T8KlK8 BaA8Tb ~B RB HRX. 0TM8TRM, qTo 
OIlp8A8R8Hli8 napaMaTpoB ROK8RbHHX CHCT8M KOOpARH8T BO3MOlKHO IlpH 
YCROBHR, qTo TPSKR H8KOnJillll88pHH H ~cnapCHH pacrrp8A8R8HliH 
KOOp~aT Tp8KOB B K8JK,ll;OM ~8T8KTOpe H8HYR8BH8. 

~KTliBHOCTb TP8KOBHX ~8T8KTOpoB MOlKHO Oilp8A8mTb K8K no 
COBOKynHOCTR TpeKOB, paKOHCTPYMJ>OB8HHHX H8 HaOope ~8T8KTOpoB, T8K 
H H8 MHOlK8CTB8 <lJp8rM8HTOB TP8KOB, aaparzcrpRpoB8HHHX. OTA8RbHHM 
A8T8KTOpoM. 

Tp8TbH rnaBa nocBroneHa pacnO3H8BaHRD TpaaKTOpmt. 
OpToroH8nhHYD A8K8pTOBY CHCT8MY KOOPARH8T XYZ TaKyD, qTo 
COBn8A88T C OCbD CRMM8TPHH M8I'HRTHoro nona. 

BBe~SM 
OCb OZ 

l,f3yqeHHa 

Teoperzqacxoro M8T8pHana H peaynbT8TOB MOA8nlipoB8HliH noKaaano, qTo 
llJOpMa rrpoa:iutmt TP88KTopmt Ha IlnOCKOCTR xoz H YOZ B 88BHCRMOCTR OT 

8 

] 

_,') 

-J 

KRHeMarzqecKHX xapaKT8pHCTliK M8HH8TCH OT KBa8RrrpHMOJillll8aHOa ~o 
OCJ.ULJIJlliPYl!In81l:. Ilpz STOM qacTb Ilp08KUIDl Tp88KTOpHH, perncTpHpyeMaR 
Tp8MH-q8TllpbMH COC8,mmMR K8M8p8MR H naJKamaa B nonOmRT8RbHO1l: moo 
OTPRU8T8RbHO1l: nonynnocKOCTHX XOZ(YOZ), xopomo OITRCHB88TCH 
KBflAPaT~oil: napaoonoil: • .AHanR3 pasm'llillx MeTo~oB pacnosHaBaHHH 
rpaaKTOpmt B ~YM8PHO1l: oOnaCTH noxasan, qTo KOMORH8TOpHH1l: . H 
rnooanbHHil: M8TOAH TpeOyDT 3HaqzrenbHHX BHqzcmTenbHHX 3aTp8T, 
M8TOA onopHoil: nonocKR H811pHM8HHM H3-8a OTHOCHT8RbHO1l: CROJKHOCTH 
ono3H8B88MOro oO'baKT8. HazOonee rrpH8Mn8MHM H3 WRpoKoro KJI8CC8 
paccMorpeHHHX M8TOAOB HBRH8TCH BBpH8HT M8TOAa CR8lK8HRH no Tpexy. 

PacnO3HaBaHlie Tp8KOB ocymacTMH8TCH Ha MHOJK8CTB8 CTpRHrOB, 
KOTOpse B rrpouecce noHCK8 oO~8AliliffDTCH BO <IJparM8HTH. <l)parM8HT -
STO ynOpHAoqeHH8H (~o HOM8p8M .llK) COBOKYilHOCTb CTpRHrOB, 
rrpRHa~8lK8mRX O,D;HO1l: nOJJYILJIOCKOCTH (noROmRT8RbHO1l: HRH 
OTPHU8T8RbHOtt). IlpH STOM JlK rrpe~CT8M8H8 BO <IJparMeHT8 HS Oonee 
O,D;Horo pasa. KonzqeCTBO CTPRHrDB, oOp88YIW\liX <IJparM8HT, ~OnmHO OHTb 
Oonbme_ Rm paBHO 88A8HHOMY qzcny N. Ha MHOlK8CTB8 CTpRHrOB, 
BOCCT8HOM8HHHX B nepBHX K8Mepax, O!HCKRB88TCH <IJparMeHT, H8RnYqmRM 
oOp83OM OITRCHB88MH1l: no M8TO~ H8RM8HbmRX KBa~aTOB KB8~8TH~O1l: 
napaOonoa. Ha OCHOB8 H8~8HHHX napaMeTpoB napaOons CTpoHTCH 
IlpOrHO3RpY8M8H oOR8CTb B cne~xmeil: K8M8pe, H B 9TO1l: oOnacrn 
OTHCKRB88TCH CTpRHr, HBnHxmmtCH rrpo~OnJK8Hli8M <IJparM8HT8, T8KO1l:, qTO 
<lJparMeHT H Ha~eHHH1l: CTPRHr H8HRYqffiRM oOp83OM OilRCHBaDTCH 
KBa~aTzqHOil: napaoonoil:. 3aTeM no nocne,D;HRM N crpRHraM <IJparMeHTa 
CTpoHTCH KB8~8~8H napaOona, no nap8M8Tp8M KOTOpoil: 
KOHCTPYRpY8TCH rrporHO8RpY8M8H oOnacTb B cne~xmeil: KBMape, r~e 
BHORp88TCH crp:r.mr no OITRC8HHO1l: BHm8 rrpoue~pe, H T-A- Ha STane 
OTHCK8HliH <lJp8rM8HT8 AOilYCK88TCH HecpaOaTHBaHHe·orrpeAeneHHoro ,rnona 
K8M8p. noporOBO8 3HaqeHHe M 9TO1l: B8.IIR'rnHll ClinbHO 38BHCHT OT 
B<lJl)eKTHBHOCTH paOoTH K8M8pH. IlOHCK <IJparM8HT8 88B8pm88TCH, KOrAa 
qzcno OTCYTCTBYDmzx·CrpRHrOB Ilp8BHCHT M JIROO <IJparM8HT BHXP~T 38 
anepTypy YCT8HOBKR. Ha STane OTHCKaHliH T8Kymero <IJparM8HT8 CTPRHrli, 
OTHOCHlltR8CH K ylKe H8~8HHHM <lJp8rM8HT8M, He paccMaTpliB8DTCff. 

nocne HaxoJK,IJ;eHHH Bcex <IJparMeHTOB rrpozsBo~TcH zx oO~eARHeHHe 
B rrpoeKumt TpaeKTOpmt Ha JIJIOCKOCTH xoz HCXO~H H3 ycnOBHH OnR3OCTR 
Toqex nepeceqeHHH COOTB8TCTBYDmzx napaOon C OCbD oz H rrpoH3BO,D;HHX 

B STHX TOqK8X. 
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Ha· 38BepmameM 8Tarre paCIT03HBBBlillff rrpoll3BO,llliTCR oO~e,llRHeHlle 
Ha:a_nemrux rrpoeKumt B IlpOCTpBHCTBeHHHe TpBeKTOpllll ITO cne,nyianett 
cxeMe. BHaqane ns MHomecTBB Haanemrux rrpoeKumt oOpasyroTcn rrapu 
llCXO,D;ff. ll3 ycnOBllff 0~30CTll Haqan ll KOHUOB rrpoeKumt., SaTeM cpe,llli 
TBKllX nap BllOnpaeTCR rrapa, HB~Y'IIIIllM o0pa30M COOTBeTCBYKXUBR 
ueneYKB38~ (ec~ OHO llMeeTCR). Ilpll HeOOXO,D;llMOCTll,. HB rrocne,D;HeM 
mare ITpOll3BO,llliTCff BllOOp rrapll ITO COOTBeTCTB~ TpaeKTOpllll 38KOHBM 
,nBllmeHllR sapnmeHHOtt qaCTllUll B MBrHllTHOM none KOnbUeBHX MBflillTOB. 

·sesycnoBHO, 'ITO rrpe~omeHHBR. cxeMa, C y~eTOM ocoOeHHOCTett 
8KCrrepllMeHTB, rrpeTeprreBaeT orrpe,neneHHHe ll3MeHeHllR, H8rrpllMep, 
YCTBHOBKB 11HettTpliHH!:ltt ,neTeKTOp" xapaKTepnsyeTCR BpeMeHHOtt 
MYnbTllBBpllBHTHOCTbID, BllCOKOtt MHomecTBeHHOCTbID. Ycrrex rrpoue,nypu 
pacrro3HBB8HllR cy~eCTBeHHO 38BllCliT,OT yqeTa 8TllX ocoOeHHOCTett. 

B ,llRCcepTBUllll OITllCBH pea~SOBBHHlltt BMOPllTM pBCIT03HBBBHHR 
rrpRMO~ettHHx TpeKOB C ncrronbSOBBHlleM rrporpaMM>,:pyeMHX TpeKOBllX 
rrpoueccopoB, a TBKme ITpllBO,llliTCR BMOpllTM ITOllCKB ITpRMO~ettHHx 
TpeKOB, OCllOBBHH!:ltt· Ha rrpe.ncTaBnelillll pesynbTBTOB perllCTpBUllll ll 

BCeB03MOmHHX Mo,nenett TpeKOB B Bll,D;e MBTPllU .C rrocne,nyKXUllM cpBBHeHlleM 
rronyqeHHHX MBTpllU HB OCHOBe B03MOmHOCTett MBTpnqHoro rrpoueccopa 
EC-2706. Cne,nyeT OTMeTllTb, 'ITO 8(fll)eKTllBHOCTb rrpllMeHeHllR MBTpnqHOro 
rrpoueccopa c~eCTBeHHo 38BliCllT OT cnomHOCTll BOCCTBHBBnllBBeMoro 
COOllTllR ll qncna OOMeHOB C ueHTpBnbHOtt 8BM. 

qeTBepTBR rnaBB ITOCB~eHa orrpe.nene~ rrapaMeTpoB TpBeKToplltt ... ... ~ 

qacTRU ( X ) 1 ( Y ) • BeKTOp rrapBMeTpoB (R) COCTOllT us ITRTll 
aneMeHTOB, r.ne 

r1 l 
r2 J - x,y -K00p,lllili8Tll 'IBCTliUH 

orrpe.neneHHOCTll z=O); 
rrpn (fllmcnpoB~HHOM z (,nnR 

r3 l 
f 

- .yrnOBlle K08~8HTll B TOtIBe ( r1 ,r2 ,z); 
r4 . , 

r5 -3HB'ieHlle llMITYnbCB B TOtIBe(r1,r2,z). 
➔ 

"CXO,D;HOtt <llHif)opMBURett ~R orrpe,neneHllR R cnymaT pesynhTBTll 
pacIT03HBBBHllR TpaeKTOplitt li llJll:3MecKUe xapaKTepRCTllKR 
aKcrrepllMeHTBnbHOro oO~eMa. C yqeTOM PBUllOHBnbHOro KOMrrpoMRCCB 
Mem,ny TpeOOBBlillRMR BllCOKoro OllCTpo,nettCTBllR li BllCOKOtt TOWOCTll 
rrpe~omeHO ,nBB pemeHllR 38,D;Bqll. IlepBoe, OCHOBaHHOe 
CTBTllCTMeCKOM 8H8~3e, xapaKTepnsyeTCR TeM, 

IO 

HB MHOroMepHOM 
'ITO sa,naqa 

orrpe,neneHllR R CBO,llliTCR K 38,D;B'IBM BOCCTBHOMeHllR perpecclltt 
-+ -+ -+ -+ -+ 

r 1 ( X ),r2 ( X ),r3 ( X ),r4 ( X ),r5 ( X), 
KOTOplle SKBllBaneHTHll sa,naqe BOCCTBHOBneHllR 38BllCllMOCTett. Ilpn STOM 
rrocne,noBaTenbHOCTb nap~ BOCCTBHOBneHllR 38BllCllMOCTett ................... _. 

~, X1; ~, ~; ; •• •; Rl ·.x1 ' ('/) 
rronyqaeTCR HB OCHOBe MBTeMBTMeCKoro MO,D;e~OBBHllR ~Oo rrpoBe,D;eHllR 

_. 

KB~OpoBO'llillX 8KCIT03lllllitt. Ilpe,zm:ono~. qTo pasMepHOCTb BeKTOpa X -
_. 

.N, TOr,na KBJK.niltt BeKTOp X MOWO paccMaTpllBBTb KBR TOtIBY B N- MepHOM 
rrpocTpBHCTBe. Ilpem,ne qeM rrepexo,llRTb K peme~ sa,naqn 

BOCCTBHOMeHllR 38BllCllMOCTll 1 

KOOp,llliHBTBM, HBrrpllMep, HB 
rronesHo rrepettTn OT x 
OCHOBe ITOCTpoeHllR M 

K HOBllM 
MepHott 

rllITeprrnocKOCTR HB { X} (1,2, ••• ,l) TBK, 'ITO M<<N. B ,nanbHettmeM 
Oy,neM rronaraTb, 'ITO (~ orrpe,neneHHOCTll) HeOOXO,D;llMO BOCCTBHOBllTb 

_. _. 

r5( X) a r( X ). Cpe,llli pasHooOpa3HllX MeTO,D;OB BOCCTBHOBneHllR 
38~liCllMOCTett paccMOTpllM MeTO,D;, OCHOBBHHlltt HB ncrronb30B8Hllll 

MHoroqneHOB qeoumeBa. Sy,neM peKOHCTpYllpOBBTb r(X) HB BllOOpKe 
B Bll,D;e 

L 

l Ci Ti ( 
i=1 

_. 

x ) , r.ne 

Ti(X) = Ti(1)(x1)•Ti(2)(½)•Ti(3)(x3)• ••• •Ti(N)(xN), 

Ti ( j) (xj) - MHOroqneH qeoumeBB CTerreHll i(j) ,· 
Ci - KOHCTBHTB, 

(7) I 

L 38BRCRT OT ycnoBlitt 8KCrrepllMeHTB ll 38,D;aHHOtt TOWOCTR 
pemeHllR. 

HaOop Ci(i=1,2, ••• ,L) orrpe.nenReTCR 0 li3 ycnOBRR MlllillMYMB ~yHKUllOHana 

1 L ➔ 

F(C1 ,c2 , ••• ,CL) =}: (rj-}: CiTi(Xj))2 
(8) 

j=1 i=1 
Ha BllOopKe CJ). TaKllM oOpasoM, KBm,D;BR KOMITOHeHTB HaOopa rrapaMeTpoB 
TpaeKTOpllll BupamaeTCR qepes ~yHKUllll Bll,D;B 

}: ciTi ci>. 
B IIpllHUllITe RCXO,D;HBR sa,naqa pemeHB. ,ll.JIR OITTllMBnbHOtt opr8Hll38Ullli 
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Bll'mCJIHT8RbHOro npouecca I1pllM8H.fl8TC.fl aMOpllTM Buq9pa 
MHOroqReHOB, BHOCffil\llX OCHOBHOtt BKJia'A B MllHllMllSaI.l,lllO (8), 
TIOSBOR.flRXl!IDt, Oes cymecTBBHHOtt TIOT~pll TO~OCTll OKOITTaTBRbHOro 
pesyRbTaTa, COKpaTllTb 'IHCRO paccMaTpllBaBMUX ~yHKUlitt OT HBCKORbKllX 
'ABC.flTKOB TllC.flq 'AO H8CKORbKllX 'ABC.flTKOB. K comaRBHllIO, llSROmeHHUtt 
M8TO'A HS Jllllll8H HB'AOCTaTKOB, rRaBHlitt ll3 KOTOpUX COCTOllT B TOM, qTo 
llSM8H8Hll.fl napaMeTpoB ycTaHOBKll TpeOyJOT, BOoOme rOBOpH, TIOBTOpHoro 
MO'ABJIHpoBaHll.fl ll MllHllMllSaUllll (8). B CRyqae CTaOHRbHUX napaMeTpoB 
npocTOTa OKOITTaTeRbHOro pesyRbTaTa oOecne~aeT BllCOKYJO 
SKOHO~OCTb nporpaMM OI1p0'A0R8Hll.fl napaMeTpoB TpaeKTOplltt. TaK, 
cpe.zniee Bp0M.fl M.fl OI1p0'A8R8Hll.fl SHaqelilltt HMTIYRbCOB B C8Mb pas M8Hbill8 
TIO cpaBH0HllJO C oOoOmeHHUM M8TO'AOM HallM0HbillllX KBa'APaTOB. Ilpll STOM B 
HBCKORbKO pas YMBHbmaeTC.fl TpeOyeMUtt oO~eM onepaTllBHOtt TI8M.f1Tll. 

BTopoe pemeHlle paccMaTpllBa0MOtt 38'Aa'm OCHOBBHO Ha oOoOmeHHOM 

M8TO'A0 H8llM8HbillllX KBa'AP8TOB. MO'A8Rh Tp88KTOpllll OTillCllBaBTC.fl 
1 ~pMynaMll: X = r 1+r3z + r A1 (z) 

5 
1 

y = r2+r4Z + r A2(z) 
5 

u=z v=u 
r'Ae A1 (z) = J J F(v)dvdu, 

u=0·v=O 

U=Z V=U 

~(z) = J J G(v)dvdu, 
U=O v=O 

F(z) 
= f(x',y',Bx,By,Bz) = g(x',y',Bx,By,Bz) 
- 1 - E(p,z)7r

5 
'G(z) - 1 - E(p,z)7r5 

E(p,z) - ~YHKUll.fl SHepreTnqecKllX TIOT0pb, 

(9) 

Bx, By, Bz- KOMTIOH0HTll BBKTOpa H8I1p.flm0HHOCTll MarHllTHoro TIOR.fl 
B TO~e C KOOp'AHH8T8Mll x,y,z, 

1/2 

f (x' ,y' ,Bx,By,Bz)= ~(1+x• 2+y• 2 ) [y'Bz-By(1+x•
2 

)+x'y'Bx], 
1/2 

g(x',y',Bx,By,Bz)= ~(1+x• 2+y• 2
) [sx(1+y•

2
)-x'Bz-x'y'By]· 

~PMYJil,J (9) TI03BOJI.fllOT opr8Hll30BaTh 811$)KTllBHYIO llTepaUllOHHYIO 
➔ 

npGUB'AYPY Bll'IHCR8Hll.fl R. Ilpll STOM HaqaRbHU0 OU~HKll x',y',Bx,By,Bz' 

r5 M.fl BH'IHCJl0Hll.fl TIOBTOpH!lX llHT0rp8ROB A1(z) ll ~(z) MOlKHO 
➔ ➔ 

nonyqnTb, annpoKCHMllpY.fl (X), (Y), HanpllMep, KBa'APa~ 
➔ 

napa0oR8Mll. TeKymee 3HaqeHHe R BH'IHCR.fl8TC.fl B pesyRbT8T0 pemeHll.fl 

12 

CllCTBMU HOpMaRbHUX yp8BH8Hlitt: 

E •D (V) •E •R = E •D 
[ 

T -1 ➔ ] ➔ !r -1 (;),;T 
' 

(10) 

E - CTpyKTypH8.fl M8TpllU8, COOTB0TCTBYIW\8.fl CllCT8M0 (9); 
➔ ➔ • 

D(V) - KOB8pllaUllOHHa.fl' MaTpllU8"llSM0p8HllH V 

➔ ➔ ➔ 

V = X U Y • 
Hatt'AeHHoe 3HaqeHHe R llCTIORh3Y0TC.fl M.fl yToqHSHll.fl A1(z) ll A2(z), 
TIOCR8 qero BHTIORH.fl8TC.fl CRB'AY!Wla.fl HTepaUll.fl ll T-'A· 'AO 'AOCTHm0Hll.fl 

➔ 

HeoOXO'AHMOtt TOqHOCTll OI1p8'A8R0Hll.fl R. QqeBll'AHU npHBneKaTenhHU8 

CTOpOHU OTillC8HHOro M8TO'A8: 
- BHCOK00 0UCTpo'A9ttCTBll0, 
- npllM0HllMOCTb M.fl. cnomHUX KOHitMrypauntt MarHllTHUX nonea. 

Jtn.fl TIOCTpo0Hll.fl KOB8pll8UllOHHOtt MaTpllUll ll?Mepelilltt (D) B 
'AHCC0pT8Ullll npeMomeH opnrHHanbHUtt. TIO'AXO'A yqeTa MHOrOKp8THOro 

pacce.flHll.fl Ha rpaHHUe pacceHBaD!lero cno.fl. MaTpnua D llM88T BM: 

min(n,m) c~ c~ c~ . c~ 
<L = '\' ( 1 1 K + 1 1 ~ + ~ )+0 •D* 
~~ i'.=1 Cos2cp. aiai Cosq>, iai ixi run 

l. l. 

min(n,m) 

~ y = l <Kqi.cp er cf1 + Ky.cp. ccf1+cf11>+ Ky.y. )+Onm•D* 
n m i=1 l. i l. l. l. l. 

min(n,m) 
<L = ) (C~ ~ + K ) . 
~Ym f=1 1 iq>i ·-xiyi 

r'A8 ¾<Yn> - ll3M8p8Hll8 B XOZ(XOZ) - TIJ!OCKOCTll nocne 
n- ro pacceHBamero cno.fl. 

n 

cf1 =·l (Lj + Tj +aj, bj) , 
j=i 

j - HOM8p pacceHB8JWl8rO CRO.fl, 
Lj- paCCTO.flHll8 M8~ j-M ll j+1-M p8CC8llB81WU1Mll cno.flMll <1n

pacCTO.flHll8 M8~ n~M pacceHBaD!lllM CR08M ll n-M 'A8T8KTOpoM) 

Tj- To~a pacceHBamtero cno.fl; 
aj- 3HaqeHll8 npollSBO,znIOtt OT omMa8MOtt TpaeKTOpllll Ha rpBHHU8 

pacceHBaonero cno.fl (f'(Tj)); 

bj~ f(Tj)-f'(Tj)•Tj 
(~ = bn = Tn = O), 
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* D - ,l\RCIT8pCliH li3M8pliT8RbHOa rrorpell!HOCTli .npeaqoBott KaMepu. ~ 

K - 9R8M8HTll KOBapliaUliOHHOtt MaTpID.{ll KOOp,l\RHaTH!lX li yrROBllX 
(yroR HaKROHa, asHMyTaRb~ yroR) CMemelilitt. 

Ha OCHOBBHlili MaTeMaTWI8CKOro 9KCIT8pliM8HT8 ITOKa3aHO, qTo yqeT ~y~ 

B KOBapliaUliOHHOa MaTplli.\8 li3Mepelilitt He ITpliBO,l\RT K saMeTHOMY 
➔ 

YRY'llll9HliID TQqHQCTli OITp9'A9R9HliH R. 
B KOHI.l9 qeTB9pToa rRaBll 'AaH 8H8M3 paspa6oTaHoro aBTOHOMHOro 

B8pliaHTa rpaqMqecKott CliCT9Mll m>MC (LfPMC/A), Heo6xo~ott MH 
o6ecrreqeHliH aKTliBHOtt poM qM3liK8-8KCIT9pliM9HTaTopa B KOHType Sa'Aa~ 
o6pa60TKli 'A8HHllX. Ilpli aHaM39 BllBO~Ott rpaqMqeCKOtt liHqKJpMaUlili Ha 
,l\RCITRea liCITORb3Y9TCH liHT9p8KTliBHlltt peJKHM pa60Tll. 

OCHOBHHE PE3Y~bTATH PAEOTH 
!. IlOCTpG9Hll OplirliHaRbHll8 8KOHOMli'!Hll9 8MOpliTMll OITp8'A9R9HliH 

COCTOHT8RbHllX OU8HOK xapaKT8pliCTliK KOOp,l\RHaTH!lX 'A9T8KTOpOB TliIT8 
.npettqoBllX KaMep <.UK). TeopeTli'I8CKli li rrocpe'ACTBOM MaTeMaTWI8CKOrO 
8KCIT9pliM8HTa 060CHOBaHll YCROBliH paspenrnMOCTli 8TliX Sa'Aaq. BrrepBll8 
ITOKa3aHO, qTo MH llllipOKOro KRacca JlK BC9 rrapaM8Tpll rrepe'AaToqHoa 

~YHKUlili MOJKHO HaaTli 683 arrpliOpHoro 38'A8HliH qacTli li3 HliX. 

2. Paspa60T8H li rrporpaMMHO peaM30BaH aMOpliTM 
8BTOMaTWI8CKOro pacrrosHaB8HliH Ha6opa rrpocTp8HCTB9HHllX TpaeKTOplitt B 
YCROBliHX H8RHH9ttHIIX B03MJm8Hlitt, BllCOKOa MHOmecTB8HHOCTli, 
CRyqattfforo qKJHa li 3Ha~ott' Bp8M9HHOtt MYRbTliB8pli8HTHOCTli. 
PeaMSOBaHll 8MOpliTMll paCIT03HaB8HliH rrpHMORHHettHIIX TpaeKTOplitt C 
liCITORb30BaHlieM B03MOJKHOCT8tt rrapaM8RbHIIX rrpoueccopoB. 

3. Paspa60T8HO 8~KTliBH08 pemeHlie Sa'Aa~ BOCCT8HOBR9HliH 
rrapaMeTpOB TpaeKTOplitt (M9TO'AOM MHOrOM9pHoro CTaTliCTliqecKoro 
8HaM3a li o6o6meHHllM M9TO'AOM H8liM8HblliliX KBa.npaTOB), rrpeMomeH 
HOBua aMopliTM Bll~CR8HliH BKRa'Aa MHOr?KpaTHOro KYROHOBCKoro 
pacceHHHH rrpli ~uelilili qacTID.UI qepes pacceHBa~e CROli. 

4.C03'AaH8 CliCT8Ma Bli3Y8RbHOtt ~8HTliqMKaUlili _FI OT6opa 8KCIT9pli
M8HTaRbHIIX C06llTlitt Ha OCHOB9 paspa6oTaHHott rpaqMqecKoa CliCT8Mll. 

5. C03'A8HO rrporpaMMHoe o6ecrreqeHlie MH .~ffilOI'O CIT8KTpoM8Tpa 
YCTaHOBKli 11HettTp~ 'A9T8KTOp". 3ct$lKTliBHOCTb_ paspa60T8HHOro 
MaTeMaTWI9CKOro arrrrapaTa 'AOK838H8 M9TO'AOM MOHTe-KapRO li 
ITO'ATB8PJK.n8H8 pesyRbT8T8Mli o6pa60TKli 8KCIT8pliM9HT8RbHOa liHqKJpM8J..U1li. 
Ha OCHOB9 C03'AaHHllX ~YHKUliOH8RbHIIX MO~Rea H8 8BM EC-!040. 
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ITOWOTOBR9H8 CliCT9M8 8Kcrrpecc-aHaM38 liHqKJpMaUlili, IT03BORHJOOlaH 
rrpoBO,l\RTb orrepaTliB~ KOHTpoRb 'A9T9KTOpoB ~HHoro CIT9KTpGM8Tpa li 

XO'Aa 8KCIT9pliM9HT8. Paspa60T8Hll rrporpaMMll MH M9T0~8CKliX 
liCCR9'AOB8Hlitt .npettqoBllX KaMep, MH KOHTpORH li o6pa60TKli 
8KCIT9pliM9HT8RbHllX 'AaHHllX C MHoroqacTlitJHOrO crreKTpoMeTpa EMC-2. 

IlpliM8H8Hli9 C03'A8HHOrO rrporpaMMHoro o6ecrreqeHliH IT03BOMRO 

ITORY~Tb ue~ PH'A B8JKHllX H8YtJHO-M9TO,l\RqecKHX li qM3liqecKliX 

pesyRbTaTOB. 
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p.105-110. 
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PaCIT03H8B8ID!6 TpaeKTcipmt B MIOOHHOM CIT6KTpOM6Tpe· · HettTpmrnoro 
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