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1. BBE.D:EHI1E 

B pa6oTe IO.A . .RQyHeHKo 11 1 OTMellaJnicb cno:>KHOCTH B a.HaJIHTHqecKoH 

(j)OpMyJut:poBKe 33,llalJH peKOHCTpyKUHM MHOrOTpeKOBhiX C06biTHH, OCHOBaH

HOfl Ha MHHHMH3aUHH X 2 . 

KpoMe Taro, .ua:>Ke ,llliH O)lHOTpeKOBOro co6hiTHH MHHHMH3ai.U1H X
2 

MO)f(eT npHBO,llHTb K .[J;OBOJibHO 3HaliJ-ITeJibHblM HCKIDKeHHHM napaMeTpOB 

TpaeKTOpHH, eCJUI O,UHa 113 H3MepeHHbiX KOOp)l,HHaT HBJIFieTCH "}l,aneKO OT

CTO.Rll.J;eft" OT npHM011:, s6JI113H KOTOpOH Jie)KaT OCTa.JlbHbie TOliKH. flpHliHHbl 

B03HHKHOBeHHH TaKHX HCKa)KeHHi.:f KOOp.UHHaT MOryT 6L>ITh pa3JIHlJ:HhiMH 

(HeTOlJ:HOCTb IOCTHpOBKH ,UeTeKTOpa, WYMOBOH OTClleT H T.n.). TaKHM o6pa-
30M, s o6rueM cnyqae Heo6xo.UHMO npe.uycMaTpHsaTh .nosonhHO rpoM03.U
KYIO npoue.uypy OT6paKOBKH 12 I. 

L{JIR peKOHCTpyKUHH TpeKOB 8 pa6oTe11 I 6hiJia npe.UJIO:>KeHa cf>YHK

UHH napaMeTpOB Tpa€I<:TOpHH; B llaCTHOCTH, ,UJIH npHMbiX Tp€KOB Ha nJIOC

KOCTH XZ (.U€T€I<:TOpbl pacnOJI0)f(€Hbi nO OCH Z) 3TY <fJyHI<:UlUO npe,UCTaBJIH€T 

<!>opMyna: 

N 

R(A, B) = ~ [on* G(A *Zn +B-an; on)!, 
n=l 

(1) 

r.ue A, B - napaMeTphr TpeKa x = A * z + B; N - tnicno neTei<:TOpoa; n -

HOMep neTeKTopa; a - pa3Mep KnacTepa; G(x -a, a) - <PYHKUHR TOtiHOCTH 

,UeTeKTOpa: 

G(x-a,o)=---c=l=--•e-[(x- a)'izo'J, 
V21i. 0 

a- H3MepeHH8R Koop.uHHaTa. <l>yHKUHH R(A, B) HMeeT a npocTpaHCTae na

paMeTpos A, B rnaBHbrH MaKCHMYM, ecnH H3MepeHHhie neTeKTOpaMH KOop

.UHHaThi a
0 

o6pa3yiOT npHMYIO JIHHHIO a
0 

= A * Z n + B. 
<l>yHKUWI (1) npH6JIH)f(€HHO BK1Il048€T B C€6H X2 /l' CTP·41 ,llJUI Tpe

KOB, 6JIH3KliX K li.U€8JlbHhiM (T.€. T8KHX, r.ue lx(~ 0 )- a 0 1<<a0 ), HOB yno

MHHYTOM CJIY48€ "!laJI€KO OTCTOHIUef:i" TOtfKH MO)f(HO O:IKJ.i,D;8Tb, liTO KpoM€ 

rJI8BHOrO MaKCHMyMa <fJyHKUHH HM€€T JIOKaJibHbl€ M8KCHMyMhl (M€HblllH€, 

lJ€M OCHOBHOtf.) . 
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o, 
Puc. 1. PacnoAoxeHue KoopduHaTHbiX OereK-

D 0, 0 

-- - . 

•. •.•~ TOpoe (D1 7D4)· 
-·-·~·:.'---

3a.nat~a .II.aHHoH ny6nMKai..UifM 3aKmo

qaeTCH B pa3pa6oTKe 'IMCJleHHOrO MeTO,li,a 

z, z, z, z, z,• IIOMCKa MaKcHMyMa Q;lyHKJ.lHM (1) M 
~~~~~~--~~~~ 

• 5 6 cpa.BHeHIDI nonyt~aeMhiX napa.MeTpoa Tpa-

eKTOpHH C pe3yJI&TaTaMM npMMeHeHMH 

Tpa,ll;HIJ;HOHHOif: MIDIHMH3ai1;HH X 2 
• ,Iln.R 3TOif: IJ;eJIH aHaJIH3HpoBaJIOCh npOCTOe 

O.UHOTpeKOBOe C06hiTHe B reoMeTpHH ycTaHOBKH "AHOMaJIOH" (pHC. 1). 

2. rP A,LIH:EHTHhlfl METO)l 
IIOH:CKA MAKCMMYMA 

II pH Bhi6ope MeTana noHCKa MaKCMMyMaH C03.II.aHHH ycoaepmeHCTBOBaH

HbiX BepCHH yqHTb!BaJIHCh OC06eHHOCTH aH3JIH3HpyeMOH <jJyHI<QHH ( 1) H Me

TO,I:UiKH npoae.neHHH paCtieTOB Ha 3BM. ff3 60JihlllOrO liHCJia MeTO,li,OB IIO

HCKa 6biJI Bbi6paH rpauHeH1Hbiif: MeTOll, Ha3biBaeM&Iif: MeTO,llOM CKOpeiiwero 

cnycKa 13 - 5 1• CyTh ero TaKOBa: HCXO,WI H3 HeKOTOpoif: Ha'laJibHOif: TOliKH, 

MO)KHO coaeplllHTh ,n;BH)KeHHe a HanpaaneHHH aeKTopa rpanueHTa. Pa3JIIIfi.IHbie 

BepCHH MeTO,n;a OTJIH'IalOTCH B OCHOBHOM CIIOC06aMH BhlliHCJieHKfl OIITHMaJib

HOrO mara IITepauHH H KOppeKTHpOBKH HaiipaBJieHHfl. 

Pa3pa6onUIHaH BepCIDI HCIIOJih3YeT pac'leT mara HTepauHH B BH,li,e Q>yHK

IJ;HH nepBbiX H BTOpbiX npoH3BO,I:UibiX aHaJIH3HpyeMoif: Q;lyHKIJ;HH. IJOHCK 

Mal<CHMyMa npOBO,ll;HTCfl IlyTeM cae.n;eHHR MHOrOMepHOH 3a,na'IH K O,li,HOMep

HOii. HanpaBJieHHe noMcKa onpeneriHIOT Koop.niDiaT&I aeKTopa rpa.II.HeHTa, 

OIITHMaJibHblfi IlJar 1\ 0 Bbi'IHCJIH:eTCfl B napa60JIM'IeCKOM rrpH6JIH):KeHHH (T.e. 

3a.D;a'la npHBe,n;eHa K IIOHCKY MaKCHMyMa Q;lyHKIJ;HM O,llHOfi nepeMeHHoif: 

F(X), KOTOpaR RBJIHeTCR "pa3pe3oM" <jJyHKI.IHH R(a, {3) B HanprumeHHH rpa

.UHeHTa; npe.nnonaraercR, 'ITO F(A) - noniDioM aTopoii cTeneaH): 

f' p 

f" 
p 

r,r:J;e f' , f" - npou3ao.n;H&Ie Q;lyHKUHH R a HanpaaneHHH rpa.ri.HeHTa. 

llpe~CTaBHB rrpOH3BO,IUibie B HanpaBJieHHH rpanHeHTa C 

IlpOH3BO,ll;HbiX IIO KOOp,D;HHaTaM a H (3 (a, {3 COOTBeTCTBYIOT, 

A, B), MO:>KHO Bhi'IHCJIHTb 3Ha'leHHe mara noHcKa no Q;JopMyne: 
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(2) 

flOMOliJ;biO 

HaiipHMep, 



2 2 3 1 2 
(f~ + f ~ ) 

~ 2 
f" + 2f' f' f" + f'

2 
f" a aa a i3 a/3 i3 1313 

(3) 

llapa6onH11eCKoe npH6niDKeHHe cnpase):VIHBO nHWL ,una I A * z + B
-al <<a. qT06hi paClllHpHTb o6naCTb erO ,ueifcTBIDI, B tiaCTHOCTH, ycTpa.HHTb 
TeH.uear.uuo ''rrepecKaKHBrunm" 3a MaKcHMYM ( xapaKTepHyiO )lnR aHa.JUi3H· 
pyeMoii 3Kcnoaeau;H3JihHoH ¢JYHKIJ;HH nma 4>YHKIJ;HH R H yaenHtiHBaroruyro
CH C B03paCTaHHeM a6COJ110TIIOrO 3HalleHHH ITOKa33TeJ1R 3KCITOHeHTbl) , 6biDH 
npHHHThi cne,uyiOlUHe Mepbl: 

1) war YMHOJKaJICH Ha 3MITHpHqeCKH ITO.Il06paHHhiif K03<fJ<}mQHeHT 
CF ~ 0,8; 

2) MaKCHMan&Hbie 3Ha11eHIDI cocraBJlHIOIUHX i\a, i\{3 BeKTopa A He npe· 
Bblllia.JIH 3H311ffiUiif, C03.r:ta1011UiX C.UBHr TOllKH nepeceqeHHH npHMOtf C mo6biM 
.Il€TeKT0pOM 60J1blll€, 'leM Ha a min , r,ue am in - MHHHM3JlhHOe 3Ha11eHHe 
a no seeM 3KcnepHMeHTa.JlhHhlM roqKa.M; + 

3) ecnu yMeHblllaJiach o,UHa H3 cocraanHIOll..\HX aeKTopa i\, TO aropan: • yMeH&WaJ13Ch BO CTOJlhKO )1(€ pa3, llT06bi HanpaBJ1€HH€ BeKTOpa i\ OcTaJlOCh 
coana,uaromHM c aanpaaneHHeM rpanHeara. 

3aBepllleHH€ HTepa~ ITpoHCXO)lHT llpH BbiiTOJIH€HHH H€CKOJibKHX 
ycnoaHii: 

• 1) cyMMa a6conroTHLIX 3Ha11€HHH cocraanHIOlllHX aeKropa i\ a .n.ayx 
IIOCJle)lHHX HT€p31UffiX (OTJ{eJlhHO )lJlH _i\a H i\{3) ,l1,0JI:IKH3 6biTh 3H3llHT€JlbHO 
M€HbW€ (50+ 100 paa) 3H311€HHH, Bbi3biB310lU€rO C)lBHr Jll06ofl TOllKH H3 
Ll.x =a min; yt~HThffiaJIHC& JlBe noCJie.D;HHe HTepaQHH, TaK KaK B03MO:IKHa 
CHTy3I..UUI, Kor,ua qepe.D;yiOTCSI HT€pa.I.U'Ili C 6oJibWHM 11 MaJlbiM marOM; 

2) f~a < 0 (rum f~/3 < 0) n 
f" f" I aa a/3 

< 0. 
f'' f" iJa 1313 

He npoaepHnHCh OT.lleJILHO 3HaqeHHH nepBhiX npoH3BO.UHbiX, TaK KaK 
nepaoe H3BbiUieyKa33.HHblX ycnoaHH CO.D;€p)f\l·iT 3TOT KpHT€pHif. 

0ITHCbiB3€MbJH M€TO)l MO:IKHO paClllHpHTb Ha npOH3BOJlbHOe liHCJlO 
nepeMeHHbiX. 

3.IIPI1MEHEHHE rPAJlHEHTHOrO METO.UA 
B P AC'IETE IIAP AMETPOB TPEKA 

B a.HaJIH3HpyeMhiX co6blTHRX rpH TOliKH 6hmH pacnono)f(eHhi T04Ho 
Ha npHMoif, 3a)(rumoif ypaaHeHneM x ~ A0 * z + B0 (me A 0 ~ 0, B0 ~ 0 J, 
qeraepTaH (B nepBOM )leTeKTOpe) CM€I__U€Ha OTHOCHT€JlhHO 3TOi1 rrpRMO:ti Ha 
L).x = (0 7 10) * o; BC€ 3Ha11€HHH a 6bmH O.D;HHRK'OBbl. 

3 



' 
-~ 

a 
-6 

-a _, 
-~ -2 0 

A 10. . ...,., 

6 .. 
2 

i 
! 
. 0 .. 

-; 
/ 

/ 
..-- / 

/ 
/ 

-6 
y 

/i 

-I 
_, ... -1 0 z ~ ' I 

A • .AAf>G9 

Puc. 2. Jlwwu ypoeH1l (JyHKl#UU R: x- Hal.la.·'lbHa.<f. TOIIKa urepaquu, +- C;lOBHbtii -waKcu

MyM, M -llOKQ/lbHblU MOKCUMyM. 
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AHaJIH3HpyeMaH .PYHI<QHR (1) HMeer B oKpecrHocTH MaKcHMyMa 
~PopMy .ZXJIHHaoro yaKoro "xpe6ra" (pHc. 2a); a TaKOM CJiytJae rpa.n;HeHT
HhiH IIOHCK M8KCHMyMa IIpOHCXOLI:HT ,ll;OBOJibHO Me,UJieHHO. ,Una yCTpa.HeHWI 
:noro aenocranca 6hmH HCllhiTaHhi JJ.BK rpyniihr Meronoa: 

1) C03.IJ:aH aapHaHT rpa,nHeHTHOrO ITOHCKa M8KCHMyMa, 6biCTpO pa6oTa
lOI..UHH a6JIH3H ,z:J;JIHHHhiX yaK-HX MaKCHMyMoa; 

2) CHCTeMa KOOp,II,IDi3T IIO,IJ;06paua T8KHM o6pa30M, lJT06hi JIHHHH YJ>OB
HR <fJyaKUHH R B6JIH3H MaKcHMyMa nonyt~HJUi npH6JUI3HTeJihHO <f>opMy 
3JIJlHllCOB C COOTHOllleHHeM IIOJiyoceft, 6JIH3KHM K eUHHHUe. 
MeTO,Il;bi nepaoH rpyrrnhr aHaJIOrHtiHhi H3BecTHhiM a JIHTeparype MeTO.llaM 
OBparoa. 0HH OCHOB8Hbl H8 KOppeKTHpOBKe Haiipa.BJieHHR H 3Hal.leHHR mara 
InepauHH rrpe.UhiJlSIIUiMH maraMH (aa npaKTHKe nocTaTolJHO yt~HTbiBaTL 
O)lHH HJIH .D;Ba npe.D;bl.llylUHX mara). npoaepKa MHOrYIX MOJlH¢>HK3UHH rpa
JlHCHlHOfO MeTOJl3 {6011bllle 100) IIOK33aJI3, \ITO 8 LJ;3HHOH 3~aqe 6onee 
3$$eKTHBHhi cpencTaa BTOpoH: rpynllhL Cpe.nH HHX ycnewHo onpaBnanHcb: 

1) CJlBHr UeHTpa CHCTeMbi KOOpJlHH3T B "ueHTp TH)KeCnt" )leTeKTOpOB 
(pHC. 26) ; 

2) nepeXOJl K -CHCTeMe KOOp.UHH3T (X 1 , Xn), r;ue X 1 , Xn - KOOpJlHH3Tb1 
ToqeK Ha npHMOH x = A * z + B cooTaercTBeHHO a nepaoM H nocnenHeM 
neTeKTopax: 

B 3TOM cnyqae nocne HaxO)f(JleHHH MaKcHMyMa npoBOJlHIICH o6paTHhtH 
nepexo.n K nepeMeHHhiM A, B. Bo3MO)KeH H .npyroH nyTh- HanpHMep, noaa
poT H "C)K3THe" CHCTeMbl KOOp,rim.faT. 

TipaKTHlfCCKH B ITOHCKe M3KCHMyMa 6hiD. HCIIOJlh30BaH rpa,lUieHTHhiH 
MeTOJl, OIIHCaHHhlfl -so 2 fJia.Be, C BbiWeyK333HHbiMH aapHaHT3MH CHCTCMbi 
Koop.nHHaT. Pe3yJILT3Thi, nonyt.IeHHhte a o6ewx aepcHRx, oKa3aJIHCh no\ITH 
OJlHH3KOBhiMH K3K 110 3HaqeHHRM Bhl\IHCJIHeMbiX napaMeTpOB, T3K H ITO Bpe
MeHH o6pa60TKH HH<PopMaQHH. 

,llnR CpaBHCHHR MeTO,UOB: t'pa,uHeHTHOfO H X2 , BblqHCJIHJIHCh 3HaqeHIDI 

r.ue A
0 • B0 - 3a.llaHHbie napaMeTphr TpaeKTopHH; Ap Bf - paclfeTHbie napa

MeTpbi TpaeKTOpHH; C - ¢>aKTOp, o6ecnelfHB310utHH OJlHH3KOBOe BJIIDIHHC 
OTKJIOHeHHH napaMeTpOB A H B Ha CMei.U;eHHe pacqeTHhiX TOlleK OT 3a,naHHoH 
TpaeKTOpHH. 

Pe3yJihT3Thi, nonyqeHHbte JlBYMH MeTO.UaMH 

IIOK333Hhl H3 pHC. 3 K3K cf>yHKUHR: OTKJIOHCHHH .6. X 

(X 2 H rpa.zu<eHTHhiM), 

OJlHOH H3 3KcnepHMeH-
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Puc. 3. 0TKJZ01teHue nap(lM.eTpo6 A u B or 3adaHHblX 3HalleHuii 6 rfiyHKU,Uu cMel4(!HUH 

JKCnepUMeHTMbHOii. TO'IKU,' CMUlUHa.JI. IIUHUR - zpaiJUeHTHblii MeToiJ; nyHKTUp - Me

rod X2 
. 

TaJihHoH rot~eK oT npRMO:H x = A 0 * z + B0 . TaKyiO )Ke <PopMy, KaK 1 Ar-

- A0 1 liJIH IBr- B0 1, »MeeT (He noKa3aHHaa Ha pHCYHKe) <jJyHKUWI r(Llx) ... 

4. 3AKJ1JOqEHYIE, Bh!BO.llhl 

rpa.UHCHTHbi:H MeTOU llOHCKa o6nanaeT CBOi.fcTBOM KOppeKTHpOBKH 

napaMeTpOB TpeKa B cny'lae 3HaliHTeJlhHOrO OTKJlOHCHIDl O,ll;HO:H TOliKH OT np.R

MOif nlllU:IH (pHC. 3). ,UnH HC60nblllHX CMCJJ.lCHHii proynbTaTbl, nonyqaeMbie 

no MeronaM x 
2 11 rpaJJ.HCHTHOMy, rrpaKTHlleCKH o,uHHaKOBbi. llpH 6onbWHX 

CMeiJJ;eHIDIX pa3HOCTb BbltruCJICHHbiX napa.MeTpOB TpCKOB H "HaCTOHI..U,11X" 

(3a,ll,aHHblX) 3HallCHHH 3THX napaMeTpOB B MeTO)J,e X 2 paCTCT JIHHeiffio B 

¢lYHKI.I,HH CMelll,eHHH TOlJKH; liT06bi H.36e)l(aTb 3HaliHTeJibHOrO HCKIDKeHIDI 

napaMeTpOB TpaeKTOpHH, He06XO,ll;HMO BBeCTJ.:I ,D;OllOJIHHTeJibHbii1: OT6op TO

tleK. KoppeKTHpyiDI.IJ;He caoHcTsa rpa.uHeHTHoro MeTO,D;a no3BOJIRIDT oTKa· 

3aTbCR OT npoUe.D.ypbi OT6paKOBKH. 

CKOpocTb o6pa6oTKH TpeKOBOi1 HH<l><>pMallHH rpa,D;HeHTHhiM MeTO,ll;OM 

a 3-:- 4 pa3a MeHbllle, t~eM no Mero.uy x2 • Hano 3aMeTHTh, liTO 3nech npHMe

HRJICR MeTO,D; X 2 6e3 OT6paKOBKH (ee BKJllOlleHHe ,ll;OJDKHO ,D;aTb 6onee Ka· 

tJ.eCTBeHHhle pe3yJihTaThi, HO Tpe6yer nonOJIHHTeJibHhiX 3aTpaT MalllHHHOrO 

BpeMeHH). llpH 3TOM Ka)l(eTCR uenecoo6pa3HbiM Oilll:IMH3HpOBaTb MeTO,D; 

OOl:ICKa MaKCHMyMOB. 0KOHllaTeJibHbie BhiBO,IJ.hl M0)1(H0 6y,D;eT OOJIYtJ.HTb, 

HCcnenyH peaJibHbie C06hiTIDI B TpexMepHOM rrpOCTpa.HCTBe. 

B 3aKJIIDlleHHe aaTop BhiproKaeT 6nHro.D;apHOCTh lO.A.HuyHeHKO 3a no

CTaHoBKY 3anatn:I, none3Hbie o6cy)K)J.eHHfl H HHTepec K pa6oTe. 
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