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. On11ca11a CHCTeMa «off-line». o6pa6oTKH 3KCnepHM.eHTaJibHblX mmm1x, nonyqa-. 
eMb[X c ycTaHOBKll HCTP A.~M:. KaJ1H6posKa )leTeKTOpOB ycraHOBKll, · peKOHCTPYKUllil 
co6bJTHH; KHHeMaTu<!eCKHH II C:TaTHCTH'!eCKHH aHMH3bl. OnucaH p.HJl HOBb!X flOJlXO- : 
)l08 K'perneumo 3a,na4, CB513ammx C «off-line» o6pa60TKOH 3Kcnep11MeHTaJibllbIX 
)laHHblX :·e _o6nacrn cf>11JHKH Bb1coK11x. 3.Hepmii:. amui11rn1.JecKoe npeJlCTaBJJeHHe 
K~MnoueHT r,,;anmrnorci non.H;'ouettKa-1i~u1yJJbca 3ap.H)Kem1oii 1.JacTHUbl e Martt11rn1,1x 
cneKTpOMeTpax; npocJJe)Kiiea1111e -rpeKOB lJacrnu; KIIH~ManiqeCKIIH aHaJJll3 co6b[TllH; 

M1i11~1MH3aUH.H 'x2~cpy~KUllOHaJJO~ co cil~:i~~m;. H; OCIIOBe on11ca;,1~0H (:llCTeMbl 

o6p~6~TaHO. "' I o7 .TpHrrepoe ("" 250 Man!IITHblX JJeHT)3Kcriep11MeHTaJibllblX. nau
' m;1x;: nOJJYlJellHblX 8 Te1.Je1111e JlByx cea(.cos 11a YCKOpHTeJJe y,.70 B TTpornHHO 
8 199:f"r. 06pa6oTKa ManmTHblX'JJeHT npoeohnriacb Ha nepcmianhHblX KOMnbIOTe-
pax.: nonytjellb[ nepBble cpH3Hlj_eCKHe pe3y.nbTaTbI: . , . < '••.. . 
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The System for ~<Off~Lin~» Processing of Experi~ental'Data. 
of the ISTRA~M Setup . ... . . . . 
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;,The :system for «off-line» processing of.. experimental' data,' obtained 
on. the ISTRA~M setup i~ described: ~aHbration of the ·setup detectors, eve.nt 
_reconstruction, kinematical and ~statistical analysis: A series of new approaches 
·for solving the problems concerning the <<off-line» processing of experimental data 
in• the. high energy ·• physics _:_· .. analytic · representation o.f ·. the .. magr;ietic . field 
comp°.nents,charged partic;le inomentmp estim~tion i~ magnetic sp~ctrometers, 

particle trac~. propagation, ·. kinematical ' analysis, _minimizing x2. functionals 

with constraints:_ ar19 described. On the basis of the described system""· 1 o7· triggers 
("" 250 magnetic tapes) of experimental data, obtained during the two runs of 1992 
on U--70 accelerator in Protvino; have been processed. Magnetic tape processing Wa'i • 

fulfilled on
1 

personal computers. The first physical resultli are obtained. . ·. · 
The investigationhas bee~ perforined·ai theLaboratory of Nuclear Problem~. 
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Pnc. l. KonqrnrypannR Mo.11epHH3HpOBa1rnoi1 ycTaH0BKH I1CTPA-M. 

PC - nporropII.HonaJII,Hhle KaMeph!; BM - rrytIKODhlil ManmT; VT - pacrra.l(lmil: 

ofil,eM; GS - oxpaHiraJI CHCTCMa; DC - .11peil:qi0Dhle KaMeph!j sr~2 - '-Iep~IIKODCKHI°t 

cneKTpoMeTp; SM - cneKTpoMeTpH'-ICCKHil MarHHT; DT - ;i:pe:il:qionhle Tpy6Irn:; MH 
- MaTpwnlhlil ro.11ocKorr; SP-1 - qepeHKonc1mil: crreKTpo.MeTp; HC - a.11pomm:il: 

KanopHMCTp; µII - MIOOHHhlil: ro.l(0CK0II. 

1 BBe,l(eHHe 

B 1975 ro.11y I1HCTHTYTOM 51.l(CpHbIX HCCJIC.l(OBaHHII AH CCCP fama HHHIIIIHponana 

rrporpaMMa HCCJie.l(oBaIIIIR pe.l(KHX pacrra.110B 1r- n K-Me3onon na ycKopHTeJie Y-70 B 

I1cI>B8 (r. IlpoTBHIIO). YcTaH0DKa I1CTPA, a.11e1rnanraR peIIIeHIIlO 3T0ll 3a,l(a'-In, 611Jia 

co3.11ana H ycnenrno 3anyIIIena na nanaJie a.11ponoB c ,meprneii ~ 25 f::iB na Y-70. I{ 

cepe.l(HHe BOChMH.l(CCJIT1IX fO.l(0B Ha 3TOll ycTaH0DKe 611Jia II0Jiy'-IeHa cepHR mITepeCHh!X 

pe3yJihTaT0B no pacna,l(aM 'K:Me30HOB, 6oJII,JIIaR '-laCTh U3 H0T0pbIX 6bIJia npe.l(CTaBJieHa 

na MClK.l(y1Iapo.11nhIX Rouq,epeHIIHJIX H B0JIIJia B Ta6JIIIIIhI 3JICMCHTapHbIX 1IaCTIIII [l, 2, 

3, 4, 5, 6]. 
B Honne B0CbMH.l(eCJIThIX ro.l(0B ycTaH0BHa 6hIJia cyIIICCTBeHH0 M0.l(epHH3HpoBaHa. 

O1w~'-IaTeJihHM uoncpnrypan1rn ycrnH0BK11 HCTPA-M, co3.11anuofi B pe3yJihTaTe TaKofi 

Mo.11epmrnan1m, 110Ha3aua na pnc.l. 

B HaCT0RIIICH pa6oTe onncaua CIICTCMa "off-line" o6pa60TKH 3KCIIepnMeJITaJibllhIX 

.11auHhlx, K0TopaR 6hIJia co3.n;ana .ZJ;JIR o6pa6oTHII .n;ammx c ycTanoBHII I1CTPA-M. O6-

IIJ;M cxeMa 3T0ll CIICTeMhI npe.n;cTaBJICHa na pnc.2, r.n;e BhI,Zl;eJICIIhI OCHOBHhIC ee CTa

,Zl;HII: !{aJIII6poBKa .n;eTeHT0poB, pe!WHCTPYKIIl!R co6bITHll I! Hl!HCMaT1~qec1mi1 'auaJI~3-

OnHcan pR.n; H0BhIX IIO,Zl;X0,Zl;0B K peJIICHl!lO 3a.n;a11, CBJI3aIIIIhIX C "off-line" o6pa6oTKOll 

Hay11uo-Tex111111ecaaa · 
G■Ga■oTeaa 
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,----------------------------------1 

Kaim6poBO'IH.hle JieHT.hl 

feoMe;J'J)H'leCRaJI npH
BJI3Ra. KaJIH6POBRa Tpe
ROB.h!X n cneR'rpoMeTpH-

11ecRHX ,z:i;eTeRTOpOB 

feoMeTpH'IeCRaJI npH
B/I3Ra RaJin6poBO'IH.hle 

ROHCTailT.hl, nepe,z:i;aTO'!HaJI 
<pyHRI(ll/I MarHHT a 

'----------------------------------~ 
Kam,16pOBKa ,lleTeKTOpOB 

PeKOHCTPYKUHJI co6blTHH 

KHHeMaTHt.J:eCKHH attaJIH3 

,----------------------------------, 

Pa6011He JieHT.hl 

Ilepec11eT RaJIH6poBoq1rnx 
R03!p!pllI(HeHTOB )];JI/I 

,z:i;annoii: JICHTLI 

epec'!HTamrne RaJIH6po-
0'1Hhle R03q>q>lll(HeIIThl )];JI/I 
,z:i;annoii: pa6os1eii: JieHT.hl 

PermncTpyin\HJI 

co6b!THH 

<l>aii:JI Roop,z:i;mraT H 
peROHCTpyHpoBaHHblX 
napaMeTpOB co6hlTHii: 

, - - - - - - - - - - - - - - - - -1- - - - - - - - - - - - - - - - - , 

Onpe,z:i;eJieHHe B03MO}KHhlX 
THIIOB qacTHII 

Bo3MOJRHh!e rHrroTe3.hl o 
rrpoIIecce + RHHeMaTH

qecRHe Tpe6oBamrn 

K1rneMa1;'_Hqecmi:ii: cbHT )l;JIJI 
Ram,z:i;on H3 B03M0'lliHh!X 

rnrroTe3. B1,1gop HaH6oJiee 
110,z:i;xoMmeH rnrroTe3.hl 

<l>aii:JI.hl <pnTHpoBamrnx 

uapaMeTpoB co6uTnn 

'----------------------------------J 

Pnc. 2. O6ma.JI cxeMa CllCTeM.hl o6pa60TRH 3RCIIepnMeHTaJibl!hlX ,z:i;aIII!hlX ycTal!OBlm 

llCTPA-M. 
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3KCI1epHMCI!TaJibllhlX aaHI!hl~ B o6JiaCTH !pH3llKH BhlCOKHX ,rneprHit: aHaJIHTH'leCRoro 

npe,z:i;cTaBJieHH/I KOMIIOHeHT MarHHTI!Oro IIOJI/Ij OI(eHim llMIIYJILCa 3apJIJReHHOii 11aCTHI(hl 

B MarHHTI!hIX crreRTpoMeTpax; npocJieJRHBaHH/I TpeKOB 11acTnn; RHHeMaTH'!eCROro aHa

mrna co6hlTHHj MHHHMH3aI(HH x2
- <pyHRI(HOHaJIOB co CB/!3/IMH. 

2 ,l(eTeKTOphl ycTaHOBKH HCTPA-M 

)],Be nyqKOBhlc nponopIIHOHaJinHhle RaMepni PCl n PC2, H3Mepmomne Y-Roop,z:i;1rnaTy, 

onpe,z:i;eJIJIJO'!' yroJI Bxo,z:i;a 3ap1ImeHHOii: qacTnnu B ny11KOB.hlii MarHnT BM no BepTn

KaJinHOMY HarrpaBJieHnJO, CO0TBeTCTBYJOII(eMy OCHOBHOii K0MIIOHeHTe MarHHTHoro IIOJIJI 

B BM. )],aJiee ,z:i;Ba ,z:i;ynJieTa PC3, PC4 (X, Y) n PC5, PC6 (X,.Y) TaRnx me KaMep 

H3Mep1IIOT HanpaBJieHne TpaeKTopnn nyqKoBoii: 11acTHI\hl Ha Bh!xo,z:i;e H3 MarHnTa. Ka

Mephl PCl, PC2 H RaMephl PC4, PC6, H3Mepn10mne Koop,z:i;nHaThl TpeRa no rJiaBHOit 

OTRJIOI!/IJOII(eii: rrpeKI(HH COOTBeTCTBeHHO ,ll;O H IIOCJie MarHHTa, B co11eTaHHll C MarHHT0M 

1103BOJI/IIOT onpe,z:i;eJIHTL HMIIYJILC nyqROBOH qaCTHI\.hl. qyBCTBHTeJibHaJI IIJIOII(a)];I, KaMep 

- 10 X 10 CM2 • IT pHHIIHIIHaJibHO HOBaJI TeXHOJIOfll/I H3rOTOBJieHHJI npoBOJIO'IH.hIX KaMep 

,z:i;eTaJII,HO OIIHCaHa B pa60Te [7]. 
O6JiaCTn, r,z:i;e pacna,z:i;aeTCJI nyqKOBaJI qaCTHI(a, IIpe,z:i;cTaBJIJieT co6oit T0HROCTeHHyJO 

Tpy6y VT H3 ,ll;!OpaJIJOMHHH/I C Maii:JiapOBhIMH OKHaMH Ha BXo,z:i;e n BhlXO)l;e '!aCTHII.hl, 

OTKaqHBaeMyJO ,ll;O cpopBaRyyMa C I(eJII,10 yMeHbllleHHJI MHoroKpaTHoro pacceJIHll/I ll <po

I!OB.h!X B3aHMO)l;eii:CTBHfi. )],JIHHa Tpy6.hl 9 M, )l;HaMeTp - 33 CM, TOJIIIIHHa CTeHOK -

0.3 CM. )],aBJieHHe B Tpy6e 10-2 Top. 

)],JIil no,z:i;aBJieHH/I co6.hITHii C 7-RBaHTaMH, BhlJieTaJOII(llMH 3a anepTypy cneKTpOMe

Tpa SP-2, pacna)l;H.hlii: ofrneM OKpymeH BoceMblO KOJII,I(aMH 11epeHKOBCKHX cqeT'!HKOB 

oxpaHHoii: cHcTeM.hl GS, pacnpe,z:i;eJieHH.hIX B,ll;Ofil Tpy6.hl. B Kam,z:i;oM KOJinIIe - BoceMn 

cqeT'IHKOB H3 CBHHI(OBoro CTeRJia T<l>-1 nonepe'IH.h!M pa3MepoM 20 X 20 CM2 n )l;JillHOii 

40 CM HO nyqKy. 

3a pacna,ll;HhlM ofrr,eMOM pacnoJIOJReHa TpeKOBaJI cncTeMa, COCTO/III(a.JI ll3 111eCTHa,z:i;

IIaTH IIJIOCROCTeit ,z:i;peii<pOB.hIX KaMep DCl+DC16, KOTop.hle cJiymaT )l;JIJI B0CCTaHOBJie

HHJI Bepll!HH.hl pacna,z:i;a H ll3MepeHH/I yrnoB BXO)l;a BTOpH'IH.hIX, qacTHD; B cneKTpOMe

TpHqecKnit MarHHT. )],peii:<pOBhle KaMephl CKOMIIOHOBaH.hl B qeT1,1pe naKeTa, KaJK,ll;hlii: ll3 

ROTOphlX COCT0HT ll3 )l;BYX IIJIOCK0CTefi, H3MepJIIOII(llX X-ROOp,ll;HHaTy, ll ,ll;BYX nJIOCKOCTeit, 

H3MepJIIOII(llX Y-Roop,z:i;nHaTy. )],JIJI pe111eHH/I JieBo-npaB0:ii: He0)];H03HaqHOCTH O,ll;HOHMeH

Hhle IIJIOCROCTH B RBapTeTe CMe!I(eH.hl no COOTBeTCTBy10mefi KO0p,ll;HHaTe Ha BeJIHqnHy, 

paBHYIO IIOJIOBHHe rnara Mem,z:i;y npOBOJIO'IRaMH. 9cpcpeKTHBHaJI nJioma,z:i;1, perncTpan;nH 

nepBoro naKeTa RaMep DCl+DC4 paBHa 32 x 32 cM2, BToporo naReTa DC5+DC8 -

48x48 CM2 , TpeTLero H qeTBeproro naKeToB DC9+DC12 H DC13+DC16 - 80x48 cM2
• 

B n;eHTpaJILHoii: qacTH pa6011eii: o6JiacTn Kam,z:i;oii: DC B il:ecTe npoxo}K)];eHnJI ny11Ra B 

KaMepax opraHH30BaHo JioKaJihHoe no,z:i;aBnemrn 3<p<peRTHBHOcTn perncTpan;HH 3apnmeH

HhlX qacTHn; (TaK Ha3.h!BaeM.hlfi "beam killer"). KoHCTpyRn;nn n MeTo,z:i;nKa H3r0T0BJieHnJI 

RaMep ,z:i;eTaJIJ,HO OIIHCal!bl B pa60TaX [8,9]. 
Mem,z:i;y BT0phlM H TpeTbHM RBapTeTaMn ,z:i;pefi<pOB.hIX KaMep ycTaHOBJieH qepeHRO-

3 



BCRHH cneRTpOMeTp IlOJIHoro IIOfJIOll\eHirn gp_:2 ,UJIR perHCTpau;i1n BTOpll'lllh!X 3JICHT0-

poHOB 11 ,-RBaHTOB, JieTJ!ll\HX no.n; 6oJibIIIHMlf ynraim'H ne rrona;iaronrnx B CIICJ{T{J0MCT]> 

SP-1. OH npe,ncTaBJIJieT co6ofi cTeHKY rrorrepe'IHblM pa3MepoM. 90 x 90 01
2 

c orncp

cTneM 30 x 30 cM
2 

B uenTpe .n;JIR rrpoxolR.n;enHJI rryqRa H rrpo,nyRTOB pacna}la. Cnc1npo

MeTp co.neplRnT 72 MO,ll;yJIR CBHHU:OBoro cTeRJia Map RH T<l>-1 pa3MepaMH IO x IO x :J5 cM;i, 

rrpocMaTpHBaeMhlMH crre1npoMeTpnqecR1fMll <pOTOYMHOlRHTeJIJIMll '<1>8 Y- I 39. 

)],JIJI orrpe,neJieHlfJ! lfMIIYJibCOB BTOpHq111,1x qacTHU 3a .n;pettBOBh!Mll HaMcpaM II pac

rronaraeTCJ! CIICRTIJOMeTpnqecRlfll MarHlfT SM C MelRITOJII0CllbJM 3a3opoM 70 CM [10, 11 ]. 
H3MepeHHe RapThl MarHllTHoro IIOJIJ! I10Ra3aJio, qTo 11eo.n11opo,'(IIOCTb IIOJIJ! B npC/(CJiax 

MeJRIIOJIIOcnoro 3a3opa 10-15%. IlpH pa6oqeM ToRe Mar11nTa ~ 3 rlA 1111.nyurinn no;rn 

no rJiaBHOH l{OMIIOHeHTe B U~HTpaJibl!OH qacTn MarHHTa COCTaBJIHCT ~ 10 1d'c. 
TpaeRTOpllH BTopnqHofi 3apHlReHHOH qacTlll(hl IIOCJie CIICRTIJOMCTpll'lCCl{OfO Manrn

Ta perncTpHpyeTCJ! TpeROBOH ClfCTeMofi, COCTOJ!ll\CH H3 .n;eena.n;uaTH IIJIOCHOCTCH .n;pefi

<pOBhlX Tpy6oR DT1-c-DT12. OHn CROMIIoHoBaIIhl B Tpn naueTa ·-- no lfCTI,Ipc n;10rnocT11 

B RalR,ZlOM_ )JaRCTe. IllecTb IlJIOCROCTefi .n;pefi<pOBh!X Tpy6oH l!3MepH!OT X-uoop.n;u11aTy II 

IIICCTh IlJIOCROCTefi ---c Y-Roop.n;1rnaTy. O.n;HOlfMeHilhle HaMeph! B naHeTC CJlllllllYTJ,I .n;pyr 

OTHOCllTCJibHO .n;pyra Ha IlOJIOBIIHY ,ll;HaMeTpa Tpy6hI. 8(p<peHTllBllaJI IIJI0IIJ,aJ(h pcrn

CTpau:11n nepBoro naReTa Tpy6or{ DT1-c-DT4 paBna 64 x 64 01
2

, Brnporo n TpeTJ,cro 

naReToB DT5-c-DT8 H DT9-c-DT12 - 96 x 96 cM2
• 

3a IIOCJIC,UIIHM• IlaHeTOM .n;pefi<pOBhlX Tpy6oH ycTaHOBJICII MaTplllfllhlll l'O,ll;OCHOII MIi. 

OH rrpe.n;cTaBJIHeT co6ofi MaTpHU:Y 11 x 11 1rna.npaTHhlX JI11eeH pa3MepaMn IO x IO 01
2 

( c 

oTCYTCTBYIOll\CH ueHTpaJibnofi nqefiuofi), perHcTpHpy10n111x npoxolR.n;e1111e 3apmHe11110il 

qacTl1I(hl. MaTp11q11ufi ro.nocHOII npe.n;Ha311aqe11 ,ll;JIR 11.n;el!Tll<pl1Ka!(lll1 (11MeCTe C JlpCH

<pOBhlMl1 RaMepaMl1 11 .npefi<pOBhIMl1 Tpy6HaM11) npoCTpaucrnem!hlX TIJCl{OB IITOplllfllh!X 

qacT11u: B cnyqae, ecnH 11x q11cJio 6oJihIIIe e.n111111uu. . 

O.n1111M 113 UCHTpaJibllhIX ,ll;CTCKTOpOB ycTaHOBHl1 HBJIHeTC/1 3JICRTpoMarHHTllhlH l{a

JIOp11MCTp SP-1 ·_ 576 llaHaJibllhlii qepettKOBCKllH cneKTpOMeTp · IIOJIHOl'O IIOrJIOll\Clll1H 

[12). 011 npe.ncTaBJIJ!CT co6ofi MaTp11uy 24x24113 cqeTqlll{OB pa3MCIJOM 5.2x5.2x20 CMJ 

113 CB11HUOBOfO CTCKJia MapR11 T<l>-5, C OTCYTCTBYIOI1\11Ml1 'ICThlphMJ! u:e11Tpam,HLIMll 

cqeTqHHaM11, B MecTe npoxolR,ne1111JI qacT11u ny1rna. CneRTpoMcTp SP--1 oupe;ic;rncT 

ROJil1'1CCTBO 3JICRTpOMarHl1THhlX Jil1BHefi, 113MepHeT 11X 311Cprnro 11 1wopJ{l!HaTh!. 

Henocpe.n;cTBCHHo 3a cneHTpoMeTpoM SP-1 pacnoJiolRen a.n;pomlhlii HanopnMcTp II C 

[13], rrpe.n;Ha3naqemrnfi .n;JIR 113MepeHHH 311eprHfi a.n;ponoB, ,ll;JIH y;1y1111Je1111H pa3/WJiennn 

3JieHTpOHOB (,-RBaHTOB) 11 a,uponoB, a TaR}Re ,UJIJ! ll,ll;CIITll!fHrnaunn MIOOIIOB. HC JIPC/{

CTaBJIJ!CT co6ofi .n;eTCHTOp Tl1IIa C3H,UBH'I C ancpTypofi 140 X 110 01
2

' B iwTopoM ro

,ll;OCHOIIHqecHne CU111ITl1JIJIHI(l10l!Hhle IlJIOCl{OCTll npocnoel!hl CTaJII,IILIMI! l{OJIBepTopaMn 

TOJII1\11HOH 2 CM; Ka:rrop11MeTp pa3.n;eneu na CCMb npo.n;oJibllhIX 11JJ.ell;l1'111hIX cem\11H ( 5.2 

J!,ll;CpHhlX ,UJillll). KalR,Ua/1 CCRU11JI co,neplRllT ,ll;BC l'O,ll;OCROill1'!eCJ{llC JIJIOCHOCTl1. 1'o}lO

CROill1'1CCHl1e. IIJIOCKOCTl1 B RalR,ZlOH CCRU~11 co6pauu ll3 7 CU1111TllJIJIJ!l{llOHIIl,IX IIJJaCTllll 

,ll;Jil1HOH 140 CM, IIIl1p1rnofi 20 CM 11 TOJIIIJIIH~il (no HY'IHY) 0.5 CM. 13 4Cpc.nyron\11XCJ! 

ro.noc1wn11'1eCRl1X 'IlJIO~l{OCTJ!X ,ll;JIR ll3Mepelll1Jl x- 11 Y- 1{00pJl11IIaT Cllll!ITl1JIJIJ!lll101111hlC 

ITJiaCTl1Hhl pacnoJiaralOTCH nepnen.n;nHyJinp110 ,1:1pyr K ,1:1pyry. 13 llCIITpaJihllOH '!aC'fll /(C-

TCRTopa llMeeTCJ! CHB03HOe OTBepcrne .n11aMeTpOM 20 CM ,ll;JIJ! 11po11yc11a ny,ma. 

'4 

IlocJIC/lflllM JlCTCl{TOpoM ycTaHOBHll HBJI/leTC/1 MIOOI!llhlll H,UCl!Tll(p11RaTop JLH, HOTO

pb!H OT/lCJICII OT a}lpO!IHOfO uanopnMeTpa lRCJIC31lhIM IIOfJIOTl1TCJJClll TOJilllllll0ll ~ 200 Cl\! 

no ny 1rny. Tomnmra lRCJJe3a BhI6pana c r1eToM 110JI11oro nornomennn a.npo110B, Bcne.n

CTBllc Jl/lCpllLIX B3al1MO,UCHCTBl1H II 3JIC!{Tp0110B, BCJIC,UCTBIIC pa.nna1i110HHblX IIOTepb. µH 

npc.ncTaRJIHCT co6on MaTpllllY 7 X 7 1rna;1paTHhlX Jl'ICCI{ 'pa3MepoM 20 X 20 CM
2 

( C OT

'cyTCTRYIOIIlCll !lCIITpa,1bllOii ll'ICHHOll); pcrnCTpnpy1011111x npoxolR,nerme 11110011a. 

3 KanH6poBKa ,neTeKTOpOB ycTaHOBKH 

n pocTpaHCTBCIIIIOH peROIICTpyHI{llll co6LITl1ll npe,UIIJCCTBYCT o6pa6oTRa pe3yJibTaTOB 

CIICl\11aJlll311po11a1111hIX 3HCII03llllllH ( HaJ1116poBO'lllhIX ll3Mepennii ), npc.n11a3na11eI1HhlX 

,UJl/1 reoMCTPll'ICCl{OH npnBH3Hll /lCTCKT0!)OB, l{OOJ>,UlllJaTIIOii RaJin6poBRll TpCHOBhIX .ue

Te1nopoB 11 311eprcTl!'ICCHOll HaJrn6poBHll CIJeHTpOMCTp11'1CCHl1X /lCTCRTO!)OB. 3a.na•m 

nporte;zyphl HaJI116po11Hll CJIC/lY(OlllllC: 

onpC/lCJlll'fb l'COMCTJ>ll'ICCHYI0 11p111111:my B'cex JlCH~l{T0p0II ycTallOIIHll H Bhl6pa1111oii 

o6ntefi Cl!CTCMe HOOP/lllllaT, ·r.c. 011pC/lCJlllTb_ 11a6op H0IICTallT' xapaRT<'Pll3)"1011\llX 

npocTpaHCTBCIIII0C paCIIOJI0ll{CllllC J{CT<'trropoB; 

-- onpeJ{CJIHTb Hann6poBO'lilhlC J{OHCTallThl TpCHOllldX /lCTCHTopoB, T.C. onpcJ\CJillTb 

napaMcTpLI qiyHHlll1ll npco6pa30BallllJ! aMIIJll1TY/l c11rnaJIOB, IIOCTYHa10mnx 113 Ha

uaJJOB .neTCRTopoB, B 1wop.n1111aThl; 

OIIpC/lCJil1Tb J{aJJll6poB0111lbIC H0IICTallTbl JlllBHCBldX .neT<'HTOpOB, T.C. onpc,1eJIHTb 

1{03<p<pllllllCHTbl nepceo.ua aMIIJlllTY.U cnrHaJioB, nocTyna10m11x 113 CIICHTpoMeTp11-. 

'ICCRl1X HallaJioB, B 311cpr1111; 

onpc,neJil1Tb ncpe.n;aT01my10 cpyHHillllO CIICHT!)0MCTpll'ICCROfOMal'llllTa, T.C. onpe

,neJJl!Tb napaMeTphl qiy1m1um, l{OTOJian 0lll!ChlllaCT ~aBl1Cl1MOCTb yrna OTJ{JI0IICHl1Jl 

3apmKeHHOH 11acTHUhl np11 cc rrpoXOlR/lClllll! 'IC!)C3 Maflll1THOC Il0JIC,OT IICJlll'l,1111hl 

llMIIYJibCa qaCTllUhl. 

3.1 'TpeKOBLie ,l(eTeKTOpLI 

3.1.1 IlponopQHOHan&Hble KaMepbI 

IllecTh ITJIOCKOCTefi Y3H03a3opHbIX 11pmiop1t11011aJ1bllhIX HaMep PC I -c-PC6 coCTaBJJIIIOT 

T!)CHOBYIO CllCTCMY IlY'IHOBOii '!aCTll ycTa11ori1m. lllar aHO/lllblX 11po110JJOH liaMCp .---

0.11 ± 0.0001 CM -- 3a,naeT 011Jll6Hy R3MCpCllllJI HOOp/l111IaT 0.] J/,./fi. = 0.0:Jl8 CM. 

Cpe.u1i11n 3ql(pCl{Tl!BIIOCTh 1ra111cp COCTaBJIJ!CT ~ 96%; 

C npo11op1111011am,11hIMll I<aMcpaMn PC3-c-PCCi 6una cB11:1a1ia 0611ta11 cnneMa rwop

JlllllaT. Hanpa11nc1rnH X-n Y-occfi 6wrn Bhl6pa111,1 cnc;cy1011\HM 06pa3m1: ecnn cMoTpeTb 

110 11anpaBJJClll1IO 11y1ma (11anpa11JICIIIIC OCl1 Z}, TO 0Cb )( JIPHIIIT B ropn:m11TaJibllOlt llJIO

CH0CTl1 II 11a11paBJ1!'1la cnpa11a 11aneeo, a OCI, Y - 11 11epT11HaJ11,HOfi IIJI0CHOCTl1 11 11anpa

BJIC1la c1111:1y IIBCpX. J la•rano occfi fihIJIO 0ll!)C/l!'Jl('IIO Tare II HaHl/tOII 113 'ICTldpex HaMep 

fi 



PC3-,- PC6 cTpo11,1cH npo.q1.11.11, ny•11rn •. , 11. ;i,a 11a•1a,10 cooTHCTCTHymmeii oc:11 H '.\tcCTc pac-

110,1o;i,c1111H JlaJIJIOH Jia'.\!eph! Hbl6ttpa,1ach 11p0HO~0•rna C '.\laHCl1'.\ta:IhllhL\I OTC'l(!TOM. 

I L1ocnocT11 npon01lHOJ1a:1h111,1x Ha'.\1cp ycTaHaHmrna;mn, H;10,11, m1111111 11y•rna 11 11<•p

ne11;11rny,1Hp110 Ii 11eii. jf11111111 ny•ma onpeni~,111CTCH IT0J(P:111•wc1rn C HhlCOHOii T0'III0CThlO. 

l'emieTp11•1ccHa11 np11tt11:iHa 1ia'.\1ep PC I 11 PC2 "· 0611wii cnne'.\1e 1mopm111aT 011p<'

JlC;JHCTCH cp11T11pottam1e'.\1 11a ,1a11111,1x. 11a6pai1HhlX 1111ii Hf.lliJIJ0'ICll!lml '.\lal'IIHT<' B'.\I. 
T pe1rn npoB0J\JITCH no T0'!Ha'.\I 11a ll,10CH0tTilX Jia'.\!Cfl II0CIC '.\taf'lll1Ta 11 llfl0/I0Jlilial0TOI 

,10 · 11,1ocHocH'ii PC I w PC2. · Tan1rn 06pa:1m1 npone11a11a r<;<n1eT1rn•iec11a11 11p1rnwrna 

,n,x 1,a'.\1ep K o6mcii c11cTe'.\1C 1mopn1111aT .c 0111116imii 0.05 01. 

3.1.2 L{pettq>OBhle KaMepbI u ,llpettq>OBhle Tpy6KH 

TpcliOBafl CllCTC'.\!a :11an111TIIO[O CIICHTPO'.\H;Tpa BT0p11'111hlX •1aCTl11\,C0C'l"OWr 11:l lll('CTllcl/l

llaT11 11,1ornocTcii ,1peiicpcrnh1x 11a'.\1cp DC I-,-DC I 6 11 ;1ee11a;u1arn 11;1ocHocTdi ;1pdi<j10-

BhIX Tpy6oH DTI -,-OT! 2. 
3a;la•rn Ha:m6poBHl1 ,1pciicp0Hh1X HaMep 11 Tpy6oH COCT0l1T H C:ICJlYIOII\C'.\t: /\JIii Ha

iH)lOii Cl1rJia;JbIIOii np0B0,101{11 Ollf~JlCJil1Th ei; 1(00J>Jll1llclTY Xo H o6IIlCii CllC'J'CMC HOOJ>/(11-

HaT (T.C. 011pe,1c,111Th fCOMCTPl1'1CCHYIO np11BH3HY) 11 HaJ1116pOBO'lllhlC liO'Hpcp111111cJ1Tf.I 

(cHopocn, JlpeHcpa V 11 11a6c,11,11yio 3aJteJHHJ{Y N0 ), 11cpcttonn11111c HO/I ttpeMe1111 JlpcHcj1a 

· N c BUTT, HI,I}lan111,1H JlCTCHTopo.M, H Hoop)l1111aTy X B 06n1cii i:11cTeMe 1mopn1111aT no 

cpop11y,1c 

X = X 0 + s · V · (N - No), 

[)lC .5 = ± I H :iaBl1Cl1MOCTl1 OT Toro, C HaHoH CTOJ>Ollhl OT npoBOJIOJ{ll npomeJI TpeH. 

Ka:m6poBHa 11po11cxon11T B /lB_a ,Tana. 

Ha nepB0M 3Tane onpCJlCJI/IIOTCll I"COMCT[ll1'1CCl{aH IIJ>l1HH3Ha /(CTCHTOpOB I{ 06n1cii 

Cl1CTC'.\IC JiOO[l}ll1JlaT 11 Ha,1116poBO'lllhIC HO'l<jHp11Ill1Cl!Thl C 11CIIOJJb30Ba1111cM J{am16potto•1-

110H ,1CIITI,I. /{;rn 'JTOH l(C,111 6h!JIO npoBC/(CJIO 06J1y•w1111c ycTaJJ0BHII MIOOIIIILIM nyYH0M 

11p11 Hl,IJ{JIJO'ICIIIIOM _:11ar1111TC. TTpem,onaraeTCll, •no TpeKl1 MIOOIIOB npHMhlC, 11 MIOOllhl 

npoXO)lHT 'ICJ>C3 BCIO ynaHOBJ{Y He pacnaJlaHCh. 

Ha ·noM nanc HaJm6poHJ{l1 JtpeiicpoBLJX HaMep II Tpy6oH IICIIOJ!b3YCTC11 CJICJlYIOl]la11 

11poue;1ypa. C noMOillhIO nporropa11onaJ1hHhIX HaMep PC:J-,-PC6 11axo)l11Tc11 Tpe,rn MIOO

HOB II onpe)leJIHioTcH 1mop)l1111an,1 11x ncpccc•1c111111 c HJJOCHOCTHMl1 DC 11 llT. Haii;1c11-

Hb!M TaHl1M o6pa30M JiOOP/lllllaTaM CTaHHTCH B COOTBCTCTBIIC J{O}lhl BpcMen )lpeHcpa. Ha 

6o,1blllOH·cTaTl1CTl1I{C CT[l0IITCII :ialll!Cl1MOCTl1 cpe]111ero :ina•ie1111H 1m;1a Hf)CMCJIII OT J{O0p

)lllJJaThl )l,111 J{atl{)lOii '11:3 II,10CJ{()CTCii J{aMcp. 8T11 pac11pc~;1ene111111 IIMCIOT xapa1ncp11hlii 

1111.1006pa:m1,1H Hll/l. M111111MyMu 'lTl1X pac11pCJlCJJe11uH cooTBCTcrnymT 1mop)l1111aTaM 

X0 c11r11am,111,1x npotto,101{, a MaJ{Cl1MYMhl 1mop;11111aTaM · rpa111111 Jlpeiicpom,Ix npoMc

iHYTimB. Ta11rc11~1,1 yrnoB 11a1rno11a 0TfJC:JJ{OB "IIIIJIJ,I" MOJl{II() 11CIIOJlh:J0H,iTh JJJJH onpc;1e

,1CIIIIH CHopoc-reii ;1peHtpa V, a KOJlhl BpeMeH B MIIIIHMyMaX COOTBeTCTBYIOT Ka6eJJbHhlM 

3a]l;!p;KJ{aM No. - OJtllaHO OI(Clilrn JJ.BYX II0CJJCJllll1X HeJIIIYl111 MoryT 6h!Tb CCJ>hC3110 CMC

lllCill,I 11:i-:ia CTaTIICTll'ICCHOI"O IICHalliClll1H 3aBIICIIMOCTII. <l>11-r11pottai111eM IIOJ1yqe1111h1X 

:ia1111c11MOCTCH naxo)lHTCH :inaYc1111H X 0 , V 11 N0 /VIII 1<aHC)loii 113 <:TaT11cT11•1cc1rn 06cc-

11c•1c11111,1x c11r11a;Jh)ILIX ll[)OBOJIOJ{. 

(j 

BTopoii 3Tan HaJJH6poBHII 33J{JJIOqaeTC11 B YTO'lHCHHll 3HaqeHnfi KaJin6pOBO'lHhIX 

K03qJ<pl11\IICHTOB V H No )lJIH TCKyrn.e.l!: pa6o'lefi JJCHTbI, CBll33HHOM C H3MeHeHHllMH napa

MCT[JOB 3JJCHTpOHIIKH BO BpCMCHll. IlorrpaBKa 3Ha'lCHIIH K03qJ<pllJlllCHT0B rrponCXO)lllT BO 

BpeMII nepBOfO rrpoXO)la rrporpaMMhl peKOHCTPYKJlllll co6bITllit (pnc.2). BbI'lllCJJeHHhle 

Ha rrepBOM 3Tane 3Ha'lCHll11 J{3JJH6poBO'lHLIX J{03qJ<pllllllCHTOB llCIIOJlb3YIOTC11 B Ka'lCCTBe 

Ha'laJJbHhIX rrp116JJH}l{CHl1it )lJIH CJIC)ly!OIII.CH HTepal.\HOHHOit IIJ)OJlC/lYPbI. 

C IICIIOJJh3083JllleM 3JiaqeHHH HaJJn6poBO'lHblX K03qJqJlll.\llCHTOB, BbI'lllCJICHHhIX Ha 

npc)lbI/lYIIlCH l!Tepal.\Hll, HaXOJIIITCII TpeHn 'laCTHll, 3aperncTpnpoBaHHhle )lpettqioBhIMll 

HaMepaMl1 ll Tpy6HaMH, ll rrepeC'lllThIB3IOTC11 KOOJ)JIHHaTbI rrepecetJ:eHHII 3TllX TpeKOB. C. 

IIJIOCHOCTIIMH DC 11 DT. ,l{nH KaJK)lOfi cnrHaJihHOll rrpoBoJIOKH Ha 6oJJhIIIOit cTaTHCTHKe 

Ml1H11Ml1311pyeTCH cpyHKI.\HOHaJJ Bl1)la 

M 

L (xo + s. V. (Ni - No) - x~t= min, 
i=l 

r)le Xo - KOOp/lHHaTa npOBOJJ
0

0KH; s = ±1 B 33BHCHMOCTll OT Toro, C KaKo.l!: CTOpOHhI OT 

np0BOJIOJ{l1 npomeJI TpeK; Ni - KO)l BpeMeHH )lpe.l!:qia; xi - KOOJ)JIHHaTa rrepecetJ:eHHII 

IIJJOCHOCTH J{aMepL! C npoBC)leHHhIM TpeHOMj Af - ROJill'lCCTB0 rrpoBe]leHHbIX TpeKOB, 

yqacTBYIOIIl.llX B qJ11Te. B pe3yJJbTaTe MHHllM113aJlllll qiyHKI.\llOHaJJOB orrpe)leJJHIOTCH HO

Bhle, 6onee TO'lnhle 3Ha'leHH11 V II N0 )lJJH RaJKJI0ro /lpeficpoBoro rrpoMeJRyTKa, ROTOpbie 

IICIIOJ!h3YIOTC11 rrpll npoBe)l.eHHll T{>CKOB na CJJC)ly!OIII.C.l!: IITepannn. 

IT poneeypa IIOBTOplleTCII )lO JIOCTlllKCHllll CXO)lllMOCTll. 

Euna TaHJKe CJ(eJJaHa OJlCHKa pa3peIIIeHllH ll 3qJqJCKTllBHOCTll TpeHOBbIX )leTeKTOpOB. 

Cpe)lHIIII 3cpcpeRTHBHOCTh JIPCllqJOBhIX KaMep ll Tpy6oR ~ 80%, pa3peIIIeHne ~ 600 MRM. 

3.2 ro~OCKOilHqeCRlle ~eTeKTOphl 

feoMeTpll'lCCHaH rrpHB113Ka MaTpH'lHoro ro)locHorra MH II MIOOHHoro )leTeKTopa µH K 

o6rn.efi CllCTCMe J{00p/lHHaT )leJJaeTCII C llCIIOJlh30BaHlleM KaJJH6poBO'lHOfi JJeHTbI, na KO

TOJ)Oll 3am1caHbI co6bITll11 C IIpOX0JIIIIIl.llMll MIOOHaMH (T.e. MIOOll3Mll, KOTophie rrpoXOJIIIT 

'lepe3 BCIO ycTaHOBRY He pacrra]laHCb). 

TI pH orrpe)leJJeHllll reoMeTpll'lCCK0.l!: rrpnBH3Kll ro]IOCKOIIll'lCCKllX ·JlCTCKTOpOB (Jle

TeKTOpOB C H'lCHCTOit CTpyHTypofi) HaXOJIIITCH TaRIIe reoMeTpll'lCCHHe KOHCTaHTbI, rrpn 

KOTOpbIX )lOCTIIraeTCJI MaRCHM3JlbHaH 3qJqJCRTllBHOCTb perncTpannn 'laCTHJlbI H'lCllK3Mll 

JICTCHTOpa l. 

,l{JJH orrpe)leJJeHllll 3cpqJeKTllBIIOCTll pa60TbI ll'lCCK MH no CllCTeMe TpeKOBhIX JleTCR

TOpOB BbIJ(eJJHeTCJI TpeK 'laCTlll.\bI, IIJ)OJIOJDl(aeTCII JIO IIJJOCKOCTll rO)lOCKOIIa ll orrpe)leJJH

eTCH 1I'lCllK3 MH, 'lepe3 KOTopyIO rrpOXO)lllT 'l3CTllJl3. 8qiqieKTllBHOCTb pa6oTbI KaKOfi-

I IloaopoT IIJIOCKOCTH MH BOKpyr OCH z 06llleil CHCTeMbl KOOpJlHHaT HJIH HX HerreprreHJlHKYJIHp

HOCTb rrpHBOJlHT K TOMY, 'ITO 3<p<peKTHBHbli!: pa3Mep H'leeK nonyqaeTCH MeHbllle, qeM <pH3H'leCKHil HX 

pa3Mep. Ilo3TOMY 110/l reoMeTpH'leCKHMH KOHCTaHTaMH KpOMe KOOPJlHHaT KaKoil-TO <pHKCHpOBaHHOll 

TO'IKH JleTeKTOpa B 06llleil CHCTeMe KOOPJlHHaT II0Jlpa3yMeBaeTCH TaKlKe 3<p<peKTHBHblil pa3Mep H'leeK 

JleTeKTopa. 
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TO RqeiiKn Bhlqnc;rneTCR KaK npouenTHoe cooTHOllleirne qncna cpa6anrnairnii ]la1111oii 

RtjefiRn K qncny rrpoxo.zvnunx qepe3 nee qacTIIU. -

Ilpoue,nypa reoMeTpnqecROll npIIBR3Ril MIOOHHOro ·,neTeRTopa µH I{ 061ueii Cl1CTCMC 

Koop,nnHaT ananorn:qna TOH, ROTOpaR npnMeIIReTCR npn: reoMeTp11'ICCROii npI1B1131{C J\la

Tpil'IHOro fOJlOCROlla C ,TOH JIIllllb pa31rnueii, 'ITO Bhl'IIl:CJieHHble 3Ha'ICIIIIR 3cpcpeHTIIBIIO

CTefi RqeeK µH OTIIOCilTCJib!Ibl ll ne OTpalliaIOT •cp113H'!CCKIIX xapaKTep11CTl1K JlCTCKTopa, 

T.R. rrpn nx Bhlqn:cJieHllII: TpeKll qacTil:U npoBO)\IITCR no rrpRMOii, 6e3 J'ICTa paCCCHlll1H 

qacTnn; B llieJie3e, rrpn npoxolli,nennn: qepe3 RoTopoe npo11cxo,nnT noTepn 011peJienc1111oro 

qncna qaCTRU, OD;CHilTb ROTopy10 Mhl HC MO}KCJ\I. 

3.3 Kanop1:1MeTp1:,1 

3.3.1 8JieI<TpOMarHHTHhle KaJIOpHMeTphl 

Rann6poBRa 3JieKTpoMarHRTHhlX KanopnMeTpoB SP-1 [15] n: SP-2 Bh!IlOJIHCHJieTcn CTan

,napTHhlM crroco6oM [16] C llOMOJUbIO paccpoHycn:poBan11oro IIJ'!Ra 3JlCHTpOIIOB C 3Hep

rnefi 10 r3B. CTaTn:cTn:Ra JlJIR "off-line" Hann:6poBHn: na6npanacb ,nnR Ham,nom Mo,nyirn 

OT,neJib!IO npn: narrpaBJieHHOM B u;enTp ,noro MOJlJJIII IlJ'IRe. 

C n;eJibIO llOBb!JlleHil:11 ToqnoCTII: naXOJRJleHil:11 RaJin6pOBO'IHhlX H03!p!p11UIICHTOB ,'\C

JiaCTCH npe,nBapnTeJihHhlii OT6op RaJin6poBoqn1,1x co6b!Til:ii. 8To CBll3alIO C IIpIIMCCblO 

B rryqRe 3JieRTpOHOB ,npyrofi 3Heprn:n, C B03MO}K!Ib!MII yTe'IRaMII: 3JlellTpOMar!Il1THOfO 

JIIlBIIH Ha HpaRX crreHTpoMeTpa n T.Jl. 

Ram16p0Boqn1,1e R03cpcpn:u;n:eHTbl onpe,neJIRIOTCII na MIIO}KCCTBC OTo6pammx co61,1-

Til:ll rryTfal Mil:1!,.Il:Mil:3aD;Il:Il cpyHRD;Il:OHaJia 

x
2 = ~ (~a;Af - Eor 

3,necb: j - IIOMep orn6pa1rnoro co6hlTRR; i - HOMep C'IeTqlll{a; A{ - aMITJIIl:TJ.11.a B 

cooTBeTCTBYIOJUeM cl:!eTqn:He; E0 = 10 r3B - 3Heprnn Hann6poBoTrnoro nyqRa; a; --

ncuoMhle Rann:6poBO'IHhle R03!p!pllUlleHThl. 

Rann6poBO"!Hble H03cpcpnu;n:eHThl orrpeAeJIHJIIlCb TaR}Ke .n.pyrnM - Il:TCpaUll.OHilblM 

MeT0.IJ.OM [17], l{OTOphlfi o6uqno ll.CilOJlb3JeTCR rrpn "on-line" HaJ1116poBKe crreRTpo:MeTpa. 

CpaBnenne KaJill.6poBoqHI,IX R03cpcpn:uneHTOB, BbJqn:cJICII!Ib!X HTepaun:oH!Ib!M MeTO

AOM, C pe3JJihTaTaMn, nonyqeHHb!Mil C IIOMOJUbIO Mll!IllMil:3aUllll cpyHHD;Il:OHaJJa, II0Ka:JaJJO 

ne3naqnTeJib1Ioe pa3Jilll:!ne 3naqenni1 Kann6p0Boqn1,1x H03cpcpnunenToB, a lllnpnua pac

npe,nenenll.fi, xapaHTepn3JIOIUll.X 3HepreTn:qecKoe pa3perne1111e cneHTpoMeTpa, npaI{Tll-

1:J:ecRn: OJillllaK0Ba. 

IIonyl:!eIIhl cne.n.yKJIUlle 3aBJICil:MOCTll 3HCpreTnqccRoro JI HOOPJlHHaT110ro pa3perne

lIIl:H crreRTpoMeTpa SP-1 OT 3Heprnn: 

<TE 0.08 
E = 0.045 + .JE, 
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'), 

) 

l 
) 

0.68 01 2xo 
<T)(y=---·e-, .. ,JR 

l'JW I~ 311eprm1 :➔,1CH'rpona; :r0 -- HoopmrnaTa 3,lCHTpona 0T11oc11Te,1b110 rpa1111u1,1 

JlBYX J>HJI0B C'l(!T'!l1l{()B, HO'ropy10 11cpcccHaCT Jll1BCHh; d = 5.2 01 - rrorrcpeq111,1ii pa3-

Mcp C'l('T'll1Ha. 

llp11 :rncprn11 10 f3!3 311cprcT1111ecHoe pa:ipeme1111e cne1lTpoMeTpa SP-2 cocTaBJIHeT 

aE/H = 0.0-14. 

l'c-ol\lCTpll'!CCl{al! np11BH3Ha SP-1 H o6~leii CHCTCJ\IC HOOpJIHllaT JICJJaJlaCb na CTa

THCTHHC, :ia1111ca1111oii 11a 11y•mc 3;ieHTp0II0B C 311cpr11ei1 10 1'3B 11p11 Bhll{;IIO'ICl!llml 

MarHHTC. l'coMcTpH'IC'Cl{HC l{()ll("Tal!Thl OllpPJICJIHIOTCJI cJll1TllpOBa1111eM T0lJCH TpCHOB. 

11poHCJl(illlll,IX TpCHOllha!H JlCTCHTopaMl1, 11 1{00pJl11llaT mrnncii. Bhl'll1C,1eJlllhlX 110 311Cp

J'OJlJ,IJlCJielll1HM II SJ> I (cM. n.4.6). 

llp11 1'0'1110ll l'COMCTpll'IC'Cl{ll Hpl!BH:ll{e CIIC!{TpOMCTpa cpc.11.1111c :111a•1cn11n pacrrpeJie

JIClll1ii XT/l - Xsp 11 Yr11 - y.,,, (me x'J'/1, Y1'n - HOOJ).IJ.Hl!aTbl TOlJHl1 11epecclJC!Illll 

TpcHa c nnoc1wcTbIO SP-1, Xsl', y.,p ·- HoopJillHan1 JillHHH H SP--1) pa.Bim 11ymo. 

O111116Jrn 3Tl1X pacnpenenennii :JaJlaJOT 0111116Hn OIIJ)CJlC'JICIIHJI HOOJ)JlllllaT nenTpa JlllBHII 

H cncHTpoMcTpc, BHJ11o•iawnn1c H re6n TaHmc 01111161rn rc-0McTpw1cnmii 11p1rnn31rn . .ll;in 

SP 1 11ony•iacTc11 ax = ay = 0.467 CM. 

IlocHOJihI{Y c11cHTpoMcrp SJ>-2 11MC<'T 1111:iHoc pa:ipemenne no yrny (Ma,mc• paccron-

1111c or pac11a]lnoro 061,cMa 11p11 cro 11011cpc•1111,1x pa:nH'pax IO x 10 012 ),011 1H·1m,11,:1yeTcn 

T0Jlbl{O JlJIJI H3Mepc111111 311cpr1111 3JICHTp0110H H ,-1rna!IT0H,ll npoueJiypa J'('0M<'TPl1'1C'CHOII 

np11011:i1rn SP -2 H 061ucii c11cTcMc HoopJlHHaT a11ai10rn,111a Toll, HOTopan 11p11~H'HHCTCJ1 

npn l'COMCTp11'1CCHOii npllHJl:JJ{e MaTpll'IIIOl'O l"OJl0CH0lla ( 01. 11.3.2). 

3.3.2 A.llpOHHhIH KanopHMeTp 

Kann6pooHa aJlpo1111oro HanopnMeTpa BC 11poBOJil1JJaCI, na MIOOHHOM n na nnonnoM 

llJ'Il{aX. M:1Mcpc1111e 311CprcTl1'1CCHOl'O pa:ipemeunn HaJ!OpHMCTpa 6LWO BhlllOJIHeno na 

ny,rnc nnOJioH c 311eprneii 25 J'3B 11 na 3JJCHTponnoM ny•rnc c 3Heprneii 10 r:➔B [13, 1-1]. 
C11rnai1 OT 11p01111HaIOJUCl'O, MIOOHa B cpCJIIICM COOTHC'TCTHYCT _3Ill'prll11 anpona OH0,10 

I. 7 r3B. Pa:ipemc11ne no 311CfWll11 JlJIJI 3JIC'l{TJ>0II0H COOTHCTCTHYCT '.➔ ll<'pn·nl'ICCHOii 

:JaHl1Cl1M0CTll 

a AJJR aJlponoH 

O"J;; 

E 
o.:Js 
,IE' 

O"E • , 0.55 
- = 0.02+ 1v· E . vE 

Ilpoue.n.ypa l'COMCTpll'ICCHOH 1Ip11BH3Hll aJlPOIIII0l'O HaJI0J)llMCTpa I{ 06111di CIICTC'MC' 

IWOPJll111aT a11aJJ01'11'1I1a Toii, l{OTopa1i 11p11MC'IIHCTCJI 11pn rt'OMC'Tpll'l('("HOii llpl!BJl:mr Ma

TPH'III0l'O I'OJI0CIIOl!a ( CM. 11.3.2) C Toil Jilllllh pa:111111lCH, '!TO 110/l cpa6an,1Hallll<'M Jl'H'IIH.11 

IIC 110Jlpa:1yMc11acTcn cpa6a'r1,1Ha1111c D/lllDH 11 Toll mr 11•wii1rn 110 Hpailndl Mrpr H IIHTII 

CCH!ll1JIX HaJIOpHMCTpa 110 Halll/lOH 11:1 X• 11 Y- 11poCHill1H, 'IT0 JIHJIJl('TCJI 11pn:111aHOM npo

X0lll/lCll11JI MIO0l!a •icpc:1 HaJIOJ>11MCTJ>. '.➔ cJHjlCHTl1HIIOCTI, :1/l('CI, o:rna•1acT :➔ epcj>Cl{THHIIOCTI, 

pCI'l1CTpa1t1111 11poxo;v11n11x MIOOII0H 110 TaIWMY "l"C'OMCTJ>l1'1('("1{()My'' 11pn:maHy MIOO!la. 
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3.4 Cne1tTpoMeTplPieCRllii MarHllT 

Ko1111011e11ThI 110,111 H3!\1cp11;n1ch c waro!\1 10 MM 110 X 1mop,n1111aTc, 20 M!\1 110 Y- 1mop

mrnaTc II 20 !\IM 110 Z-KOOPJlllllaTC B 061,fa1c 6,10 X 860 X 2440 1rn3 np116,111311TCJJbIIO B 

90000 TQqKaX. 

,ll,111 a11a:I11Tllqec1wro npc,nCTaBJJC!Illll K0MII0IICIIT Mal'llllTIIOro nomr [18] npllMCll/1-

eTCH nomrnmrnaJJhllaJI !\IO,ZlC,1h, 0ill!Ca1111a11 B [19]. IlpH 3T0M ,ZlJIH ,Zl0CTlllKC!lllJJ 11co6-

XO,Zlll:\!Oil ToqJI0CTll BCCh 113!\!epemlhlil 061,eM no,npa:i,ncnHCTCH 11a Ky61PICCHllC 061,eMbI, 

J{0;Jil'!CCTB0 ll pa3MepLI H0T0pLIX Bh!6l!pa!OTCH B :iaBHCmlOCTII OT Tpe6yeMoil T011110Cfl1. 

TaKH1I o6pa3ml ,Zl0CTHraeTC/1 neo6xo;111Mall ToqnoCTb Il()C,ZlCTaBJJCIIIIJJ H0MII0IICHT Ma

rJlllTIIOro II0JI/1 6e3 npH!\ICIICilll/1 CJ!0lKllIJX !\IO,/lC,1Cil, Tpe6ywumx 6om,WOI'O H0JIH'ICCTBa 

KmmhroTepnoro Bpe!\ierm 11 onepanrnnoii. naMHTII (01., 11anp11!\1ep., [20, 21, 22]). 
Bech H3Mepe11111,1il 061,eM 61,1,1 pa3,nc,1en na J.'iO Hy6oB, T.e. 06u1ee 1111cno 1m:1cji

qi11u11c1110B C0CTaBll,10 7Ei00. To'IHOCTh anaJJIITll 11CCJ(Of0 11pe,nCTaBJiellllH J(OMII0JICJIT 

MarI!IITIIOI'O Il0JJH ouenHBaJJaCh no pa3Jil!Ue Mem,ny 113MC()CIIIIIJM II Bbl'IIICJJClll!h!M ( C 

II0M0lllhJO Il0,1lll!OMa) 311aqe1111HMH H0MTI0IICl!Thl B T0'IHC 113MC()CIIIIH. Cpc,n111111 norpe

lll!I0CTh npe,ncTaBJJCIIIIH OCH0BH0il K0MII0IICIITIJ BO BCCM 113MepeHH0M 061,eMe C0CTaBIIJJa 

0.5%, a B Ky6ax UCHTpanhH0f0 MClKil0JJI0CH0ro 3a3opa, r,ne 3Ha'!CHIIH J{OMil0HCHTbl Ma]{

Cl!Ma:Jhllhl, norpeIIIHOCTh MCJlhIIIe qeM 0.1 %. 

4 PeKOHCTPYKI..J;MR co61i1TMH 

CTa,ZlHH npoCTpaHCTBCIIHOil pcH0HCTpym11111 ( IIJJII pac110311aBa1mH 06pa3a) co6h!TIIH co

CT0IIT 113 a1-1aJrn3a 113Mepe1-111il c uenhJO onpc,ncne111111 11a116onee BepoHTHblX 311aqem1il 

pa3,111 1{1-[h!X BCJJll'IIIII - TaHIIX, !{al( l(00p,Zl11HaTJJ, npocTpa!ICTBCIII!ble yrnhI, Hp11Bll31Ia 

IIJJII 11!\flIYJJhC, 3Hepr1111 IIJJII CK0p0CTh - H0T0pJJe ,Zl0JJlKHbl '6hITh Ha3Ha'ICHLI Halli,ZlOii. 'Ia

CTIIUC ,no H II0CJJe B3aHMO,neilCTBHH. I( T0MY me onpe,neJJHI0TCH OIIIl16K11, CBH3JJBaeMJJe C 

Kam,noil 113 3TIIX BCJ!Hql!l-[. PeKOIICTPYHUHH co6b!Tllil np0113B0,ZlHTCH 3a ,ZlBa npoxo,na pa-

6oqefi neHTbl. Bo BpeMH ncpBoro npoxo,na npo11cxo,n11T norrpaBKa Kan116poBoqnhIX KoH

CTaHT, CBH3aJIHaJI C ll3MCIICIIIIHMII napaMCTp0B 3JICHTp01111KII BO BpCMCHII. OcJIOBJiblMH 

3a,naqaMH BT0poro npoxo,na nporpaMMhl npocTpaHCTBCIIH0il peK0HCTpym{IIH co6hITllii. 

HBJIJII0TCH: 

reoMeTpll'ICC]{aJI peK0HCTpym{IIH cofo,ITllil -- B0CCTaJI0BJICHIIC TpeK0B 3apHlliCH

IIIJX '!aCTHU 11 011pe,nene1111e BepIIIHH pacna,noB; 

Bbl'IIICJJe1111e IIMilYJJhC0B 3apHlKCHIIIJX qacTllll; 

peH0IICTPYHUIIH JIIIBHeil B 3JJCHTpoMa!'JIIITilhlX II a,npom!OM KaJJ_?PIIMCTpax - pac

Il03HaBaHne JlllBHCil II BLJqllCJICIIIIC HX xapaKTCpllCTIII{; 

ycTaH0BKa pcaKUllil ,ZlCTCKT0()0B II,ZlCIITIIqJIIHal{IIII TllliOB 'IaCTIIU Ha npoXO)f{,ZlC!Ille 

qacTIIUIJ (3JJCKTpOMarHIITIIOI'O II a,npOIIH0I'O J{aJJ0plIMeTp0B H MIO0HH0ro ,nereK

TOpa). 
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q TCHHC, qJIIJlhTpaI{IIH II 
HoppCHUIIH IICX0,ZlHIJX ,naHHhIX 

oqepe,n11oro co6JJTHH 

BocCT anoBJJCHIIC 
np0CTpaHCTBCIIH0I'0 TpeKa H 
HMIIYJJhCa rry 11HOB0II '!aCTIIUbl 

O11pe,neJ1eHlle BCCX HaH,Zlll,ZlaT0B 
TPCH0B BT0pll'lllblX 'laCTIIU ,no 

Marn11Ta rro X-II Y-rrpoeKUHHM 

PeKOHCTPYKUHH JJIIBHCil B 
3JJCKTp0Mar11nTH0M 
Kanop11MeTpe SP-1 

PeKOHCTPYKUllH JJHBHeii. B 

a,npo1-1noM 1rnnopnMeTpe H C 

BoccTaHOBJICHlle npocrpaHCT
BCHHhIX TpeK0B, IIMIIYJJhCOB II 

TIII!0B BT0p11q11IJX qacTIIU 

Pa3,neneune MJO0HHIJX ll 

a,np0HHIJX JIIIBHeil B !'!AP0HH0M 
Kanop11MeTpe HC 

BoccTaHOBJICHIIC BepIIIIIHhI 

pacrra,na rryqK0B0H qacTUUhI 

PeHOHCTPYHUIIH JJIIBneil: B 
3JICHTp0MarHIITH0M 
Kanop11MeTpe SP-2 

3a111Ich pe3yn1,TaTOB 
peKoncTpyHUIIII B 
BhIX0,ZlH0II qiail:JJ 

fpaqi11qecKaR H UHqJpOBaJI 
HJIJIJOCTpaUHH pe3yJJhTaT0B 

o6pa60TKII 

IICT 

HCT 

HCT 

IICT 

HCT 

HCT 

P11c. 3. O6rua11 6JJOK-CXCMa rrporpaMMhI pel(OIICTPYKUIIII co6bITllH 
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Peillemi.e Bcex 3a,L\aq, CBH3aHHIJX c peKOHCTPYKl\Heii co6b1n1ii, pea.rr113osa110 B npo

rpaMMe, o61l{aH 6JIOK-CXeMa KOTopoii IIpHBe,L(eHa ua pHc.3. 

BXO,L\HIJMH ,L(aHHIJMll ,L\JIH rrporpaMMhl peK0HCTpJKl{llll co6IJTllii HBJIRIOTH HCXO)Ulh!C 

,L(aHHIJe, uenocpe,L\CTBeHHO rrpoq1-1TaHHIJe C MarHHTHhlX ·JieHT. Iloc_Jie '_ITCHHH /lalllll,IX 

oqepe,L\HOro co6IJTHH c MarHHTHOll JieHThl. npoHCXO,L\llT KoppeKl{llH 1-1 <pHJibTpal{HH HCX0-

,L\HIJX ,L(aHHhlX, KOTOpaH 3aKmoqaeTCH B CJie,L(JIO!l{eM: 

. ,L\eKO,L\HpOBKa ,L(aHHIJX, rrpoq1-1TaHHIJX C MarHHTHOll JieHThl B yrraK0HalIIIOM Hll,L\C; 

pa3,L(eJieHHe HH<pOpMaD;HH, COOTBeTCTBJIO!l{eii per1-1cTpHpOBa1111oii /leTel<TOpOM qa

CTHI{e, OT BCIIOMoraTeJibl!Oll HH<pOpMal{Hllj 

llCKJII0qeHHe HH<pOpMal{Hll C KaHaJIOB ,L(eTeKTopoB, 110,L(Bep}KeHl!hlX renepal{HH; 

ycTaHOBRa COOTBeTCTBHH Melli,L\y <pll3llqecKHMll I<aIIaJiaMH ,L(eTeRTOpOB 11 rrpo•m

TaHHIJMll ,L(aHHhlMH; 

11011paBRa llCXO,L\HhlX ,L(aHHIJX, yqHTb!BaIO!l{aH H3Me11e1mn napaMeTp0B cqHTIJBa!O

ll{eii CllCTeMIJ BO BpeMeHH; 

OT6paKOBI<a co6IJTHH B cJiyqae, R0r,L(a KOJIHqecTB0 rrpoq1-1Tal!I1b!X ,L(aHHb!X He)lO

CTaTOqHa )lJI51 npoBe,L(eHHH BCeii rrpou;e,L(Jphl peR0HCTPYRl\llH. 

IlocJie TaRoii rrepB1-1qnoii o6pa60TRH ,L(aHHhle IIOCTyrraIOT Ha BX0,L\ pa3JillqllIJM MO,L\JJIHM 

nporpaMMhl peROHCTPYRl\HH, BIJIIOJIHH!Oll{HM o6pa60TKY ,L(aHHIJX I{OIIKpeTH0ro ,L\CTCI{

TOpa. 

Ilo ,L\aHHIJM c rrporropl{Honam1rnx RaMep PCl+PC6 (110111epaM IIJiornocTeii PC 1-1 

H0MepaM cpa6oTaBIIIllX Ha HilX npoBOJioqeK) BOCCTaHaBJIHBaeTCH rrpocTpaHCTBeIIIlb!H 

TpeK rryqKoBoii qacTHl\hl n ee nMrryJinc ( CM. rr.4.1 ). EcJin rrpoCTpancTBeIIHhiii Tpe1{ 

ue BOCCTaHaBJIHBaeTCH, TO ,L(aHHOe co6IJTHe llCRJIIOqaeTCH H3 ,L(aJihHeiiIIIeii o6pa6oTRH, Ii 

rrporpaMMa rrepeXO,L\HT R o6pa60TRe IIOBOro co6IJTHH. 

3aTeM orrpe.L(eJIHIOTCH BCeB03M0}KHIJe rrpnMIJe no x- n Y-rrpoeRl{HHM, ROTOphle B ,L(aJib

neiirneM MOryT 6b!Th aCCOl{HHpOBaHbl B rrpocTpaHCTBeHHble TpeKH BTOpHqHbIX '!aCTlll{ ,L\O 

crreRTpOMeTpHqecKoro MarnnTa ( CM. n.4.3). IT pH 3TOM HCIIOJih3YCTCH llH<pOpMal{HH C 

,L\peiicpoBIJX RaMep DCl+DC16: 110Mepa IIJIOCKOCTeii, cpa6oTaBIIIHX na HHX rrpoBoJio

qeR, RO,L\HpOB!l{llKOB n R0,L\hl BpeMeH ,L\peiicpa. EcJIH He Bhl,L\eJieH naH,L\H,L\aT XOTH 6IJ no 

0,L\HOll 1-13 rrpoenu;Hii, TO ,L(aHHOe co6IJTHe llCHJIIOqaeTCH 1-13 ,L(aJihHCHIIIeii o6pa60TKH. 

Bxo,L(HhlMll napa111eTpa111n nporpaMMbl peROHCTpyRl{llll JlllBHeii B 3JICKTpOMarHHTHOM 

HaJiopHMeTpe SP-1 (c111. n.4.6) HBJIHIOTCH ,L(aHHble, IlOCTYIIHBIIIHC C RaHaJIOB cne1npo111e

Tpa: HOMepa cpa6oTaBIIIHX cqeTqllKOB CIICRTpoMeTpa ll 3Ha'!eHHB IIOCTJIIHBIIIHX C HllX 

aMIIJIHTJ,L\. )],JIH Halli,L(Oro Bbl,L(eJie1111oro B crreRTpOMeTpe JIHBHB uporpaMMa Bbl/{aCT cc 

3HeprHIO H KOOp.L\HHaTIJ, a TaRllie HH<pOpMal{HOHHOe CJI0B0, HCII0Jih:1ycM0C H JtaJib!IeH

IIICM np:ii: ll,L\CHTH<pHHal{Hll CBOllCTB JIHHHH. 

HFicpopMal{HH, rrocTJITHBIIIaH c nanaJioB a,L(ponnoro I<aJiop11MeTpa HC, no3B0JIHCT 

BoccTaHOBH_Th c1ueprmo 1-1 RoopmmaTIJ JIHBHeii B HC no naH{.L(oii H3 X- 1-1 Y-npocmtHi-i, 
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a TalOH<' ycra!I0Hl1Th /VUI IIHX np11:maH ~II00lla. npoxo;vuuero 'ICJ>C:l Ha:10p1n1cTp ( 01. 

11.•1.8). 
11 ll<j>o1n1a1n111 0 HallJUIJtaTax T(l('liOH HTOpl1'lllhlX •1aCT1Ill ;10 ('ll('!iTpo~wTpll'IPC!i0ro 

~1ar1111Ta 110 X-11 Y-npoeHu111D1. 1111rj>o1n1an1111 o :rnH1111x. :1apc·n1CTpupoHa1111ux 11a 1,a

;1op1rneTpax SP I 11 IIC, H~lf'CT<' c 11po•rnTa11m,1~111 1ta1111u~rn c ,1pdirpos1,1x Tpy601; 

DT I+ DT I 2 ( ncnwpa 11;1onwcT<'ii. cpa6oTaHurnx 11a 1111x upoHo:1o•icH 11 HO/lhl BJ>C~Ii'II 

J((H'iicj>a) c ~iaTp11•11wro ro;ton,oua :\III 11 ~11001111oro ,wn·1,nipa pll (11m1cpa cpa60Ta

Hlll1IX ll'W('H) HC'IIOJil,:ly!OTC'H 11:11! 0li0il'laT(';!hII0l'0 110:moro H0(TTilII0H:1e111111 npocTpa11-

CTH('IIIII,IX T(H'li0H HT0(Hl'lllh!X 'lilCTIIIl nyTi'M IIX 11poc;w;i;1rnam111 IJ0CJC ~iar111na, a 

Ti!HlHC }\JIii HOCC'Tall0H,1CIIHH IBIIIj'JlhCOB If B0:nfO}iillhJX TIIII0B 'lilC'Tllll (01. II.•1..1). Ef,111 

HMllj'Jlh(' H npocrpallCTHCllllhiii T(lCH llTO()H'lllhlX 'lilCTIIIl II(' ll0C'CTallaBJIIIBa<'lTII. TO .nan

ll0C co6hlTl1(' 11CHJII0'lil<'TCII 11:l Jlil:11,ll<'illll<'ii o6pa6onm. 

I I or JI(' T0l'O, liaH H0C'CTilll0HJl<'ll hi ll(l0C'T(lil IICTH<'llllhl<' TpCHH HTOflll'lllhlX •li!CTIII{. pac

CMaTpHBaIOTH ll(l0<'HllHH Jil11lll!'ii. Hl,I/\C';ICI!IlhIX H a;1po11110~l IiilJIO(llBI<'TP<' .. C 1w;11,w: 

H)lCll'I'll(jHrna1llH1 X-H Y-11po1•m\11ii. ll(>Hlli!JlJl<'lliillllHX 0J\llmI~· II nniy Hi(' JIIIHIIIO: _\·cra

ll0HHII ('00TH!'TCTHI1/l JlHHII<'ii II II(l0C'TpancTHC'llllhlX T(H'li0H: pa:1;w:1c·1111H ~Il00IIIlhlX II 

il)l(lO!lllhlX JIIIHll<'H.· 

)laJI<'<' c ucno111,:mHa111-1c•M 11omwii 1111cjiopMa1lI1II o 11pocTpa11cTB<'11111,1x Tpc•1;ax 11ep

HIP111oii 11 HT0flH'lllhlX •1acT11ll H0C'C'TallaHJII1Hill0TOI li00(l}UlllilThl H<'(llllllllhl pac11a;1a 11y•1-

HOHOii 'lilCTHl(hl ( CM. 11.11.5). Ec,1H HC'(llIIHlla pacna;ia II(' H0CCTaI1aB,ll11lil('TCJI. TO J\allll0(' 

co61,1THC HCHJII0'!aeTC/1 11:1 /lilJlhllCHlllCH o6pa6onrn. 

I loc11c;u1cii na;11-1cii o6pa6onrn 11a11111,1x IIBJIJH'Tnl pc1w11crpyH1urn ;nrnn<'ii B 3;1<•1;

TpoMarnuT110M 11a110p11McTpc SI' 2 (01. nA.7). llp11 :noM 11n1om,:1y1cnc11 ;1a11111>1e. no

crymrnurnc C Halli!JI0H cneHT(l0MC'T(la: II0M<'(lil cpa60Ti1Hlll11X c•1i'T'll1HOH Cll('HTp<nil'TJlil 

11 :ma•1c111rn II0CTYl111Hlll11X C IIIIX a~IIIJlHTYJl-

1 lcpc;i TCM liilH_:ianucaTh pc:1yJ11,Ti!Thl p<'H0IIC'TPYHHIIH H HhlXOJlIIOii cjiaiiJI. H flPJIJIX 

'lH0II0MHH H(lCMl'IIH H 00'1,i\Ma Hll!'lllll('H llil~UITl1, II(lOH<'(lHIOTCII Il('H0TOflhlC' ~IHI'lilH' Hp11-

TC(HIH crr6opa. 

)lJIII ll('II0Jlh:J0HilllHJI B OTJiil)l0'lllhlX ll('JIJIX B nporpa~tM<' P<'HOIICTpyHIUIII IIJ>!'Jl_\'OIO

Tpcna H03MO}l{H0CTh rpacim•wrHoii Ii llH<j>pOHOH HJ;JIIOCTpallllll pc:iym,TaTOH !H'H0IICT!)_\'li

[lHH, '!TO )\ai!T Ilal'JIH/\II0C np<')lCTilHJICllllC 0 nponcxo;vrnt<'M npOflCCCC H pacniaTpllllaC'

M0M co6hlTHH. 

4.1 BoccTaHOBJieHHe TpeKa JI HMIIYJILca rryqKoBoii · qacTHIJ;bl 

I I pu HoccTa110H11c11111-1 TpcHa ny•rnoHoii 'lilCTHlll,I 11ocJH' ny•rnoBoro Marmna B:\I 11a1rna

/lhIBacTCJ1 yc110Buc <'/llfHCTHC!lllocTn cpa6an,rna111111 na 1,a;1,;1oi-i 11:1 Ham•p PC:!. PG!. 
PC5, PCG. l1o;i <'JlIIIIC'TH<'llllhIM qia6aThIBaIIII<'1I 110;1pa:1_vM<'Ha1•Tc11, •no cpa60Ta:1a 11,111 

T0Jll,l{O 0)llla II(l0H0JI0'IHa, HJIII T0JlhH0 0JlHII HJiacn·p (11apa C0C!'JlllllX ll(lOHOJIO'l<'H) !Iii 

HaM<'pc. 

Bhl'Il1('Jl('llllhl<' 11apaMCTpi,1 T(>('l{il llllCJI(' Mill'lllITa H~t!'CT(' C T0'll{ilMII Tp!'Ha. :rnprr11-

<Tp11p0Ha11111,IMH Jl0 Mill'll11Til HaM!'(>ilMII PC! 11 l'C2. IICII0JI1,:1y10Tnl JlJIJI H0(TTa!I0HJl('

llll/1 HMIIYJil,Ca II<'(>Hll'IIIOii •1aCTHilhl. 
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lhmynhc 11y,moaoii qacnuu,1 ouemrnaeTcn 110 napa~1eTpaM Tpc1rn qacT11IlhI uoc:IC' 

11Y4KOBOfO ~!afHl!Ta 11 no XOTR 6u OJlHOii To•me Tpel{a JlO Mar1111Ta 113 COOTIIOlllCJI HH 2 

YH - Yp = C . >., 

r]le. Yn - Y-KOOpJll!l[aTa TO'IKl1 TpeKa, 3aper11cTpnpoaa1111oii Ha IICI{OTOpoii IIJIOCKOCTl1 

JlO }tar1111Ta; Yp -- Y-KOOpJlUHaTa TO'll{ll TpeKa, npo;1omKCIIIIOl'O 110 cro 11apaMCTpa111 [10-

CJie ~ianmTa no 3Toii 11JIOCKocT11 no 11pn111oii; >. = ± 1 / P - o6panlblii 1111111ynhc •1acT11Ilhl 

co 3HaHOM 3apn]la qaCTIIUhl; C -- liOIICTaHTa .zmn JlalIIIOii IIJIOCKOCTl1, HOTopan !IpC/l· 

aap11Te,1b110 onpeJleJIHCTCR no 3TOii me cpop~1yne 11:i cneu11am,110 11a6p~11m,1x co6h1T11ii c 

113BeCTIIhIM 3Ha'1Clll1CM 11~1IIY,1bCOH. 

I1p11 3Tml 110JIY4Cllbl CJICJlYIOll\lle Oll!116m,1 O!IpCJlCJJCIIl!H UMIIYJihCa (1rnmo<ian 01111161rn 

reoMeTp11(ecKoii np11an31rn KaMep 11 onm6H11 011pcnene111111 1wop)lmJaT ): liP / P = 0.1 
11p11 11Mnynhcax 25 f38/c 11 liP/ P = 0.06 11p11 11M11y,1hcax 10 f3B/c. 

4.2 BoccTaiioaJieHHe HMilYJILca 3apHmeHHoii qacTHQhl 

flp11 Hhl'111CJielll111 11Ml1YJihCa BTOpll'lllblX '1aCT11U 11CIIOJlh3YeTCH COOTHOIIJellllC [23] 

Oyz = >.J(xo, Yo, x~, Y~, >.), 

[JlC Oyz - yron OTKJIOHCIIl!H '1aCTl11lbl B 11JIOCKOCTl1, 11ep11CHJll1J{YJinPHOii "rJiaBHoii" J{QM-

11011enTe Manmnwro 11onn, >. = p-I, a J - 11e11pepwa110 n11cpcpepe111111pyeMan cpym<U11R 

11epeMCHIIhlX B CK06KaX. 

·.n:,1R cpyHKUH11 f OTblCKHBaeTCH pa3JIO}KCJil1e B pnJl Teiinopa 110 1111TH 11epeMeI1HblM 

xo, Yo, x~, Y~, >.. 
.l{,111 HaXOlK]le1111n lm3cpcp111lHCIITOB 3TOro pa3JIO}l{CIIl1H reHep11pyeTcn cpaiiJI co6hl

Tl1ii qll1311'lCCHoro 11pouecca C Y'lCTOM BCCX JlCTaJieii ycTaHOHKH. TpaeKTopnn 'laCTHU 

paCC'lHTb!BaIOTCH 110 MCTOJlY Pynre-KyTTa C IICl10Jlh30BaHIICM anaJIIITll'ICCKOI'O 11pCJl

CTaB,1CHl1H KOMnOHCHT MarHl!Tl!OfO IJOJIH [24]. 11Men 3Ha'lel!IIH Byz, COOTBCTCTBYIOJUIIC 

Ka}l{]lOMY 113 11a6op0B Xo, Yo, x~, Y~, >., 011pe]leJIHJOT K03qJq>IIUIICHTbl pa3JIO}l{CIIIIH 

cp11T1Ipoaa1111eM MHK. 

I{oJil1'1CCTBO YJlCpHmBaCMb!X qJieHOB pa3JIO}l{eHIIJI II caMII 'IJICHbl onpe.l(CJIJIIOTCJI 3M-

1111p11•1ecK11, CYJlH 110 TOMY, Kai{ OHi! BJil!JIIOT Ha T04HOCTb OUC!IJ{II IIMIIYJihCa. 

8 l!TOre pac'leTOB Mb! OCTal!OH11Jil1Cb Ha annpOKCl!MaUIIII C lllCCThlO K03cpcp1IUIIell

TaMII ( B pa3JIO}l{el!IIII f BXO.l(HT CTe!IeIIH ). UC HI,llllC 11CpHOii r 
Pa3pa60Tal1Hblii MCTOJl Bbl411CJieHHJI 11111nyJihCa :iap11me11noii qacTIIUbl B MafHl!TllhlX 

CIICJ{TpOMeTpax 6onee 3KOIIOMCH 110 cpaBHCHIIIO C n111po1m HCnOJih3YeMbIM B uacTonmee 

BpCMH "MCTOJlOM pa3JIO)l{Clll1JI B PHJl no 110Jll1HOMaM LJ:e6hllllCBa [25]. B cpaBHeHIIII C HIIM 

on11ca1Illhlii 3.l(CCh MCTOJl )laeT Bhlllrpbllll B 'IIICJIC K03qJq>IIUHCHTOB 6onee qeM Ha HOPRJlOK, 

B •111c,1e MalllHHHblX onepau11ii - np116Jil13HTeJihHO na )(Ba nopnJlKa ( CM., HanplIMep, 

[25, 26, 27, 28]). I{ TOMY }l{C OH o6Jia.l(aeT 60JihlllOii npoCTOTOii. 

2 IJo]lp06HO MeTOJl BOCCTaHOBJICIIHH HMIIyJll,Ca 33p11lKCIIIIOli qaCTHQhl OIIHCaH B n.4.2. 
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KpoMe 3TOro, MCTOJl 1103BOJIJieT Bhl4HCJil1Th IIMnyJihC qaCTIIUhl He TOJlhKO no .yrny ee 

OTKJIOHeHIIJI B MarHIITHOM none (T:e. ITO napaMeTpaM TpeHa Jl~ II nocJie M~rH~Ta), H~ 

11 110 napaMeTpaM TpeKa JlO MarHHTa II TOJlhKO no OJlHClii 'TO'IKe TpeKa no'cne MarHIITa • 

MeTOJl npoaepen Ha JlBYX Ma!'HIITHblX cneKTpoMeTpax. 

.l{JIJI 110Bhlllleill1H T04HOCTII BOCCTil.HOBJICHIIH HMIIYJibCa 'laCTIIUbl K03q>q>IIUIICHThl 

pa3JI0}[{Cl!IIH cpyHKUHH f HaXO.l(HTCH Ha KaJI1I6poBO'IHOM npouecce [29] •. 

4.3 BoccTaHoBJieHHe TpeRa BTopnqHoii qacTHQhl ,no MarHHTa 
, . 

MeTOJl BOCCTaHOBJICHHH npoeKUIIfi KaH.l(IIJlaTOB TpeKOB BTOplI'IHhIX 3apnllieHHhIX 'Iacnn:r; 

JlO cneKTpoMeTpH'IeCKOro MarHHTa aHaJIOI'II'ICH MCTOJlY nrnypoB. 

I1 p11 nOIICKC TpeKOB Y'IIITh!Bil.CTCH TO, 'ITO TpeKII BTOpH'IHhIX 'laCTIIU npe.ncTaBJinIOT 

co6ofi 11pHMble JIHHIIII, l{OTOphle paCXOJlHTCR no Mepe y.l(aJICHIIH OT BepIIIHHhl pacna)la. 

Cne.noBaTCJlhHO, nJIOTHOCTh TO'IeK, 06pa3y1om1Ix TpeK, B cnyqae HCCKOJlhRHX TpCKOB 

yMeHblllaeTcn HO Mepe y)laJie~Hn OT BepIIIHHhl, no3TOMY. nOIICK TpeKOB ua'IIIHaeTCH C 

nocne.n1111x nJIOCKOCTeii TpCKOBhIX ]leTeKTopoB. 

l{poMC 3Toro, TpeKII BTOplI'IHblX 'IaCTHU Bb!XO.l(HT II3. KOHUa pacnaJlHOI'O o6'beMa, 

1103TOMY HOHCK TO'IeK TpeKOB HpOIICXOJlHT B neKOTopoM KOHyce noHCKa, BCpIII1IHOi1 KO

Toporo HBJIHCTCR nepBan BbI6paHHa.li TO'IKa TpeKa, a OCHOBaHIIeM - KOHeU pacna.l(HOi1 

Tpy6h!. 

Ilo Mepe Jl06aBJICHIIR TO'IeK B TpeK JIH6o cylliaeTcn KOHYC nOIICKa (nplI IlOIICKe 

TpeTheii TO'lKII), JI1160 npeJlCKa3h!BaeTCH TO'IKa (npH nOIICKe 'ICTBepToll:, nJITOll: II T.Jl. 

TO'ICK) na CJICJlYIOJUell: nJIOCKOCTII nyTeM npoBe]leHIIH npnMofi no YlliC OT06pannh!M B 

TpeK ( TpeM, qeTbipCM II T.Jl.) TO'IKaM. TaKoll: npe.naapHTeJihHbill: OT6op n03BOJineT 

pe3KO COKpaTIITb 'IHCJIO KaHJllI.l(aTOB B TpeK II ycKoplITh npouecc nOIICKa. 

Bs11.ny 6oJihIIIOro KOJIH'IeCTBa KaH.l(II.l(aTOB B TpeK.ll npouecc .!IX OT6opa npoBOJlllTCH 

JllIHaMII'1CCKH, no Mepe HaKOIJJieHIIR KaH.l(H.l(aTOB. 

TecTIIpOBaHlle aJirOplITMa BOCCTaHOBJiemrn npOCKUIIH KaH.l{II]laTOB TpeKOB BTOp!I'I

HbIX 'IaCTIIU npoBOJllIJIOCh Ha CMO]leJinpoBaHHOM qJII31I'IeCKOM npouecce •. ITp.ll MO.l(e

JIHpoBaH.IIII 6h!Jia BBe.l(ena B03MO}l{HOCTh peryJIHpOBKII ypoBHJI cpona, 3cpcpeKTIIBHOCTll 

perncTpaIJ;.IIII nJIOCKOCTefi TpeKOBhIX .l(eTeKTOpOB .II pa3Ma3bIBaHHH IICT.IIHHhIX TO'ICK Tpe

KOB ua cny'Iall:ny10 BCJIII'IIIHY, pacnpe.l(eJieHHYIO no uopMaJihHOMY 3aKony C 3a.l(aHHOi1 

OIIIII6Koii. 

.l{Jin npoBepKll Ka'IeCTBa pa6oTbI anropHTMa B }l{eCTKIIX ycJIOBIIRX, MO.l(CJIIIpOBanne 

6bIJIO npoBe.l(eHO c ypoBHeM cpoua 100%, 200% ll 300%, 'ITO BO MHOro pa3 npeBbIIIIaeT 

pac'!eTHblH ypoBeHh, KOTOph!H MeHhIIIC 'ICM 24%. 
.l{nn co6h!TIIll: c OJlHOll: BTOplI'IHOH 'laCT.IIUeil: npn 100% ypoBHC cpoua II OIII.ll6Ke pern

CTpau11n TO'ICK 0.06 CM 3cpcpeKTIIBHOCTh BoOcTaHOBJieunn HCTIIHHhIX TpeKOB cocTaBHJia 

nO'ITll 100%. 
l{poMe 3TOI'O,B 12% co6hITII:il: Bh!]leJinIOTCR JIO}l{Hh!e TpCKII (KOTOphle, OJlllaKo, IICKJIIO

'IaIOTCH nocne npoueJlYphl npocJIC}l{IIBaHIIJI TpCKOB ). 
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4.4 BoccTaHOBJieHHe IlOJIHOro npocTpaHCTBeHHoro TpeKa BTO

pHqHoii qacTHll;LI 

AnropHTM BOCCTaHOBJieHHR IIOJIHOro npocTpaHCTBennoro Tpe,m '!aCTl!llhl 0CJI0HilJI 11a 

npon:e.n:ype npocJieJKnBaHHR nocne crreRTpoMeTpnqecRoro Marmna npocTpaucTBc1111oro 

TpeRa BTOpll'IHOil 'IaCTllO:hl, B0CCTaH0BJieHH0J'0 .n:o MarTIHTa. 

Ilpn rrpocneJKHBaHHH rrpocTpancTBeunoro TpeHa rrocJrc Marmrra 11cX0/lHJI11 11:i Toro, 

'!TO rrapaMeTphl rrpocTpaHCTBeHH0l'O TpeRa qacTHI(hl .n:o Mar11wra 11 T0•IHa 3Toro TfH'Ha 

II0CJ!e MarHHTa o,n:H03Ha'IH0 3a,n:aJOT llMl!JJihC 3TOil 'IaCTHI(LJ. CJICl(OHilTCJII;110, IIOCJI(' 

MarHHTa ,n:oJIJKHhl 6h!Th Bhl.ll:CJIC!lhl Te T0'IRH, !{OT0pbIM C00THCTCTBJCT 0J\l!l!aH0H0C (H 

npe.n:enax Bb16pam1oil: onm6Hn) 3Ha'!eHne HMrryn1,ca rrpn 3a.n:ammx rrapa~1cTpax TpcHa 

.n:o MarnnTa. 

IlpocJieJKHBaHne TpeRa II0CJie crreRTpOMeTpll'IecRoro Mar!ll!Ta 1Ip0BOl\11TCH MCTO/(0M 

npe.n;cRa3h!Ba!IHR. .ll:JIR npe.n;cHa3a!IHR TO'IRl1 Tpe1ca na IICHOTOJ)0ll nJI0CH0CTll IJ0CJ!e 

MarHHTa l!CII0JIL3JCTCH nepe.n:aT0'IHaR q>JHI{O:l!R MarHHTa -~ cpyllH!(llH, 0Jil1CJ,!BaIOn\aH 

3aBHCHM0CTh Me)I{.n:y rrapaMeTpaMH TpeHa .n:o MarirnTa, l!MTIJJILC0M 'laCT11Uhl 11 TO'IHOH 

• TpeRa Ha IIJIOCR0CTH IIOCJie MarnnTa. 

TaRoil: rro.n:xo.n:" II03BOJIReT onpe,n:CJIHTL rrapaMeTphl _ TpcRa II0CJJC l\lill'llllTa /(illl{C no 

o,n:uoil: e.n;HHCTBCIIHOil TO'IRC (,n:JIH 3T0J'0 BbJ'll1CJIReTCH lll\lIIJJibC IIO 3TOH T0'IJ{e, a :iaTCM 

orrpe,n:eJIReTCR ern,e o,n:Ha T0'IRa TpeRa no Hhl'IJ1CJICHI10l\ly lll\lIIJJibCY C llCIIOJJb30HaH11CM 

nepe.n:aTO'IHOil q>yHRO:lllI MarHHTa). 

O,n:HoBpeMe111rn, rrpn npocJieJKnBan11:11: TpeRa rrponcxo,n:nT 11:,n:e11T11Cp11:RaJ\HH X- 11 Y
npoeRO:Jiil rrpocTpaHCTBeHHOro TpeHa, Bhl'IllCJIReTCH_ lll\lIIJJILC 'IaCTlll(bl ll ycTaHaHmrna

eTCR npirnnaH, orrpe,n:eJIH!OIIl,Hil: 
0

B03l\lOJKIIhlll Tl!II 'IaCTHiihl. 

TecinpoBaune aJiropHTMa npocJieJKHBaHHH IIp0BO.Zl:llJIOCI, Ila Cl\10,ZI;CJ111pOHaHH0l\l cp11-

3JI'IeCR0M npon:ecce. flpn l\10,ZI;CJIHp0BaIIHll fihlJia BBe/leHa B03M0ll{II0CTh pcrym1poBl{l1_ 

ypoBHR q>OHa, 3cp<peRTlIBHOCTll perncTpan:11:n IIJIOC!{OCTeil: TpCHOBbJX /(CTCl{"fOp0H ll pa3-

Ma3hIBaHl!R l!CTHHl!h!X T0'IeR Tj)CROB Ha cJiyqait11y10 BeJI11•rn11y, pacnpe/(CJICHIIYIO no 

noptiaJILHOMY JaRony c 3a,n;annoil: onm6Roil: . 

.n:.l!JI npoBepRH RaqecTBa pa6,0Thl aJiropl!TMa B JKCCTRllX JCJI0Bl!HX, M0/(eJIHp0Ha!ll!C 

6h!JIO npomi.n:eno C ypoBHeM· qiona 100%, 200% lI 300%, 'ITO BO MH0ro pa3 IIpCBbJIIIaeT 

pac'leTHhlii ypoBeIIL, .ROTOphlil: MeHLIIIe 'ICM 24% . 
.ll:JIH co6h!Tllil c o.n:noil: BTOpll'IHOii 'IaCTl!O:eil rrpll 100% ypoBHe cpona 11 OlllH6Hc 

perncTpan:n11 TO'leR 0.065 CM 3q>q>eRTHBI!OCTI, pacrro3HaBaHHH TPCJ{OB COCTaBl!Jia II0'lTH 

100%. 

4.5 BoccTaHoBJieHHe aepmHHLI pacna.l(a 

Ilocnc Toro RaR Bl,ll(CJICI!hl TpeH IICJ)BH'IIIOH 'IaCTlll\JJ 11 HCC HaHJ\11/(ilThl H Tj)CHl1 BT0-

PH'IHhlX 'IaCTlll(, nco6xo.n;:nMo onpc;1en:nTL J{Oop.n::n11aT1,I BCplll11llhl pac11a;1a IICJ>lll1'1110H 

'laCTlI!(hl ll rrapaMeTphl TpeimH qacTnn:, BhlXO,ZI;lJIIl,llX ll3 3TOil HCf>IJJ1111IJ. 

Bee TpC!{OBI,Je ,n;eTCJ{T0phl ycTaH0Birn ycrairnBJICl!hl BIIC 1103/\CMCTBHJI l~al'IIHTIIOI'O 

II0JIR, II03TOMY TpCH nepBll'IHOil 'IaCTlll(hl H HCC Han.n:n.n:aThl B Tf)Cl{H HT0PH'lllblX 'lilCTUll 
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J111;111101:cn np1rno;mncii111,n111 11 I1J><'.llCTaB:JJ110TCJ1 11 HHJtc: 

.r =Ax+ Hx · ;:;, H X-npo<·Hu1111. 

y = Ay + lh· · ;:;, H Y-npoe1m1111; 

11 3a.n:a'la JaHJIJO'Ia<'TCJI II c,1c.n:y10111c111: 11a.n:o onpc.n:c;mTL Hoop.n:nnaTLI Xv, }~., Z,.,11cp

m1111h! 11 yrnhI 11a1rno11a Ha)H,Zl;0l"0 TpCHa Tai!, •no6b1 cy~rna paCCTOJJllllll MCM,n;y TO'!Ra~rn 

TpCH0H npH Z = z.. 6hIJJa 6bl MHHl1MaJlhllOii. 

~-ha :ia.n:a•rn pcmacTCH C IIO~I0II\h!O l\lllIIIB!ll3aIUBI <f1y1mu11011a.1a 

N (M} ( \ + IJk (zk _ '/) _ 'k)2 
M;. (}' + l"k (zk _ '7 )- y.k)

2
) 2 _ ~ ~ .. ,. X "r h1 1 .. 1 ~ 1· J}.,. --'J /,. 11 J 

\ = L, L, --~--~- + L, 
k=l i=I ax; j=l al'/ 

l"J\C xt, zt -.. X-11 Z-HoopJ(llllilTid i- M 113MCpe11HOH TO'IHII k-ro Tf>CHa no X-upoel!l(ll11; 

Y/, Zj -- Y-11 Z-1wop.n:1111aThI j- i1 n:iMepcmwH T<l'IHH k-ro TpcHa no }'-npO<'HUHn; 

a i,:•, ayk OIIIl1fiim ll3M<'JH'llllll H00j)/\HllaT Xf ll }°/, C00TH<'lTTBCIIIIO: J/}, .'ff, -
• 1 J . 

H0Jill'ICCTB0 11:1111cpc1mh!X T0'(('H 11a k- 111 TIJCIW 110 X- II Y-npO<'HUIIII, COOTHC'TCTHCHH0: 

N - - 1{0Jil1'1CCTH0 Tpf'H0H, HJ,JX0/\llllll1X 11:1 BC'PIIIHlll,I pacna.n:a ( TJlf'H IICJ)Hl1'1110ii •1acTH!(bl 

HHJIIO'll!Tcm,110 ). M :J + 2N <jrnT11pyc1111,1x 11apa111cTpo11: X, .. }:,, Z,, Hoop;urnaThI 

Hcpm11m,1; H'x, Hf, - -- yT0•111i"IIHhl<' napaMPTphl k-ro T(l<'Ha H npPJ!CTaHJlf'll~m: 

X =Xv+ H'x(::: - Z,,), B X-npoeHU1111 k-ro Tf>C'Ha, 

y = Y,, + Bf,(z - Zv), H Y-npoem1n11 k-ro TpcHa. 

Ec.im II0CJJC Ml!IIHMH3aI(IIH <f1y11HIUIOHana 3lla'!Clll!C nopMaJIJ130Bannoro \ 
2 

6oJiblIIC 

IICHOToporo noporoBoro 3Ha•ICIIIIH, TO 3T0 0311a•1acT, 'IT0 cpc.n:11 Bhl,ZI;CJieJI!IbIX HaH/ll1/(aT0B 

BO BTOPll'llll,Ie TJJCHl1 CCTb "JIOll{llh!H" Tf>CH, T.e. TJJCH, J{OTOpbIH He Bh!X0/ll1T 113 Bl'PlllHJlhl 

pacna;1a. B 3T0M cnyqae 11:l HC!'X HaH/(11/(ilT0B HO HTOp11•1111,1c Tj)<'l!H 11CHJIIO'laCTCH 113 

.n:am,11cfimero paCCl\l0TpCHl!JI TOT TpCH, HOTOJJI,Iii J(aiiT 111aHCl1MaJILJll,Iii BIWil/( H \
2
, 11 

npoBOl\HTCH II0BT0pnoe !pl!TllJJOHa1mc 11CH0Ml,(X napaMCTJJOB 6c3 TO'ICI{ 3T0J"O "JIOJKH~ro" 

TpClla . 

4.6 PeK0HcTpyKn;1111 JIHBHeii B cneKTpoMeTpe SP-1 

AJiropHTM pe1wHCTpy1u1nll JIIIBHeii B 3JICHTpoMal'llnn10M HaJiop11111cTpf' SP I no.n:po6no 

Olll!Cal! B pa6oTe [30]. 8TOT anrop11TM, Hal{ ll am·opHTJII pcHOHCTpyHl(ll11 ,1llBHCii B 

CIICHTpo111cTpe SP-2, OCIIOBb!BaCTCH Ha HCJ{(JT0!H,IX II(l!'/UI0JI0)KCHHJIX O CTJlj'HType 3JICK

Tp0Mar11HTII0l"0 Jll1HIIJI (cnrHaJJa OT 3JlCHTpo11a ll -y-1rna1rra) H ("(l('J{Tp0M<'TlH', TaHIIX,liilli 

H0Jil1'1CCTH0 Jl'ICCI{, :1aHl1MaCMMX J{JJaCTCp0M :1JJ('J{T(l0!llill"IIIITII0l"0 JIIIHHJI. C00TII0IIl!'llll<' 

Mcm;cy HCJlll'lllllaMII 3_11C(ll"OHJ,l/(('JIC1111H H pa:IIIJ,IX Jl'l<'ilHax HJlal"Tl'pa ll J(p. 

llp11 11011ci;c JI111111eH II SP I 011pc;1cJUl<'Tn1 11e11pep1,rnt1illl o6nacTh cpa6anrna1111ll 

Jl'WCI{ ("IICJ{TpOMCTpa IIOMel]laKJl]lallCll II KHaJtpaT paJMepoM 6 x 6 Jl'IC'f'H. Jlocm• :noro 
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B •noii 06,1aCTII llll(CTC/1 c 11i'T'll1l{ c llaliCIDia:ll,IILl11 ·rncpl'0Hl,ll(C:IC'IIIIC1L :JaT<'ll ll(l0HC

pHCTCH 11a,111 1111c Cllf!Ja,108 HIie ,UCBHT!ill C'li'T'llll{OH (:l X :l) C l(ellTp0M B naH;(l'IIIIO~I 

11aHCllltyl1e. OTcyTCTBHC TaliHX cHr11a,10H o:rna'!acT o;rn110 1 111L1H ;111ac111,. Ecrn c11r11a;11J 

npucyTCTBYI0T. TO cpe,1H IIIIX llll(CTC/1 .MaliCH!lla,11,11uii ( l(Cll'rp HT0()Ol'O ;111H1111 ). 11 11pouc

X0,UIIT pa3,1ene1111e 'HHX ,uttyx ,1HBHeii. 

A,1ropl!TMm1 pe1w11cTpy1m,1111 ,lHBIICH npe/lyOI0T(lCII0 pa3/(C,1CIIIIC rpcx BH/(0H IIC

peliph!TIIH 3-1CliTpo~1arHHTlll,IX ,11!BIICH B :iaBl!CIIM0CTII OT l{Q;IJl•IPCTBa C'IPT'IIIHOH H 11('

peHphlTHll. 

l{n11 Ham,uoro B0CCTa!I0B,lCIIII0f0 ,1l!HIIII no 311Cfll'0llbl/lC,1CllliH~I fl c 11i!T'1Hl{aX fjl,flHf

C,1RCTCR cro 3HCJ>rliR, X- ll Y·1wop;m11an1, a raHniC C:I0IJ0, C0l(cp;Hall(CC nmpopMal(l!IO CJ 

,ll!BHC ( 06 yTe•rnax 31!epr11n :ia rpaHH[(l,f CIICHTpm!CTpa, 0 CTCIICIIII IICJ>CHflh!THII ;111H1reH 

H T.,U,) 

4. 7 PeKoHcTpyKn;HJI JIHBHeii B crreKTpoMeTpe SP-2 

A,1ropnn1 pc1i0HcTpym111n mrn11cii B cncHTpoMcTpc SP-2 ocnoBhIBaeTcn na ncH0Top1,1x 

rrpc,unonomc111111x o cTpytiTypc :~,1c1iTp0Man111Tnoro ,1HBHH ( cnri1ana oT 3JICiiTpona n "(

HBaina) B cncHTp0~!eTpe, TaHJ!X,H~I{ l{0,1ll'ICCTB0 R 11CCH, :1a1111MaCMbIX KJiaCTcpoM 3JICl{

rpoManlllTH0ro nHBHII, C00TH0IIICHlle MClli/lY BCJI11'1HHaMH :meprOIJl,Jj(C,1CIIHH H pa:rnux 

11yellHax K,1acTepa 11 llP, 

ITpH nott:CHC Ha)K,1101'0 H0B0f0 JIHHH/1 cpe.un BCCX c11i'·i' 11HH0!l CIICl{Tf)0MCTpa 011pc;1e

,1/ICTCH C'ICT'IHI{ C MaKCl!MaJiblll,IM 31!CfJI'0lll,l.llCJ!eHHCM - . l(Cll'f(l JlllBH/1. 3aTCM. Hll(CTC/1 

uenrp /lpyroro JIHBIIII, nepeHp1>rna101uerocR c l(aHHhllll: 

· Ec,111 Tal{Ol'O Jll!Bll/1 HCT, TO nepBblii JIHBCllh C'lilTclCTCJJ H30JIHp0Ba!IHhlM,il rrp0Bep11-

IOTCII yc,10BHII, l{OTOfJbll\l l(0Jl}l{CJI Y.ll0BJICTB0(lRTh 3JICl{Tp0MarHHTHblM JIHBCJ!h. 

Ec,111 HMCCT l\lCCTO rrepeHpbITHe .uayx JIHBHeii, TO rrpoilCX0./lilT pa3.UCJJCJIHe 3THX .llllYX 

,1HBIICH. AnropilTMOM fJCH0IICTPYH11HH JIHBHCH npe.uycMoTpeno pa3.UCJICI!HC 'ICThlpex 

BH.U0B ncpeHpUTHM 3JICKTpoMarHHTl!!,JX JlilBHeii B 3il8i1CilM0CTH OT J{OJIH'ICCTBa C'!eTYH-

1{0B B ncpeHphlTHH. 

J{,1JJ Ham.uoro B0CCTanoBJICI!II0J'O JIHBJIJJ no 31/C(lfOBbl/(CJICl!l!JJM B C'ICT'IHl{aX Bbl'IH

cn11cTCII ero 311epr1111, X-11 Y-1mop.Ui1HaTb1 (no I\C!ITpy T11iKecT11) [31], a Tarrnw cJJOBo, 

co.uep;Kall(ee Hllq>OpMaI(HIO 0 JlilBIIC ( 06 YTC'IHax ')Ji(!pfilH 3a rpaHHI(bl CIIC!iTp0MCTpa, 

0 CTCIICIIil nepeHpb!THJI ,1HBl!Cit H T • ./l.) 

4.8 PeKOHCTPYKU:HJI JIHBHeH · B · a,n;p'oHHOM KaJiopiIMeTpe 

Crpy1ffypa a;wonnoro J{aJ!0fJHMCTpa .1103H0Jl/leT paCCM0TJ>CTh ero Hal{ CCMb CCl{l(HM 

II,10Cl{OCTCit 11 11CHCTOit CTPYKTYf>hI, pacJJ0J!0lKCIIHblX 8/(0JII, 11a11paBJICIIHR IIYYHa H C0CTO

ll111HX H:J 7 X 7 II'ICCI{ pa3MC(l0M 20 X 20 CM2 [l:J, ]4]. 
I1:1-:1a 6on1,11111x pa:1Mepos 1111ec1{ 1,a110pi1111cTpa 11 60111,moro nonepcYnoro pa3Mepa 

pa:ittillli110111HXCH B 11i1M cl/(Jl0IIllhlX Jlllll!ICH T0'III0CTI, 0llflC/1CJJelIHJI f{O0p.UilllaT JIHBHeii 

IJ(!l(0CTaT0'llla /1Jl/l Toro, 1no6u ycTaH0HilTb CO0TIJCTCTHl!e MC)K/lY npocTpaHCTBCHHblM 
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N N N 

12000 12000 12000 

8000 8000 8000 

4000 4000 4000 

0 0 0 
- - - -

Paccr~HH;e (c~) Paccro11H11e no X (cM) Paccro11H11e no Y (CM) 

a 6 B 

P11c. 4, PaccTOIIJIHC MClli.llY T0'!HaMH rrepBH'IH0f0 ii BT0pil''IH0f0 TpeH0B nocne q>IITa 

aeplllilHbl npil Z = ZBepunrnu: a - no X-Hoop.UIIHaTe; · 6 - no Y-Hoop,!(IIHaTe; B 

B rrpocTpaHCTBC. 

TfJCH0M BTOpil'IHOii riacTHUhl ii a.upoHIIblM JI!IBHCM B J(aJiop!IMCTpe. M100Hhl me, npo

X0./lRIUHC riepe3 a.upoH!JblM HanopHMCTp, 0CTaBJIRIOT C!IfHaJihl T0J!hH0 B R'ICiiRaX, 1Iepe3 

l{0TOpble 0HH rrpo111n11, BCJIC./lCTB!Ie 'ICl'0 !IIIO0H B RanopilMCTpe Bbl,!(CJIRCTCJI C BblCOHOii 

na.ueJHH0CThlO, a l{00p.UHHaThl !IIIO0Ha na BX0.UC B Ranop!IMCTp orrpe.ueJIRIOTCR C T0'IH0-

CThIO .uo pa3Mepa O.UII0M R'ICMl{!I. 

ITo3TOMY np!I peH0HCTPYH11UlI JilIBHeii B a.upoHH0M HaJI0p!IMeTpe CHalJaJia Bbl.UCJIR

IOTCJI CilJ'HaJibl OT MIO0Ha, a 0CTaJibH0e 3HCpr0Bbl./lCJICH!Ie B l{aJiopnMeTpe IIplICBalIBaeTCR 

a.upony . 

IT pH 3T0!II Y'llITh!BaeTC/1 Tal{lliC TO, 'ITO TpaeRT0plIR MIO0Ha, BX0./lRJUCI'0. B anepTypy 

l{aJiop!IMCTpa no.a yrnoM, M0lliCT nepeiiin lI3 Oj(H0ii JI'ICiiRlI Ha COCC,!(HIOIO no Mepe 

np0X0lli.UCHlfJI B.U0J!h RanopnMeTpa If 'ITO C!IfHaJI OT np0H!IRaIOIUero MIO0Ha B cpe,!(HCM 

C00TBCTCTBYCT 3Hepr!IH a.apoHa 0R0JI0 1.7 raB. 

4.9 . Pe3yJILTaTiiI peKoHcTpyKn;HH co6JiITHH 

B pe3yJihTaTe peR0HCTPYRl11flI co6h!Tilii C03.UaeTCR q>aliJI 1{00p.UlIHaT lI peH0HCTpyIIpo

BaHI!hlX napaMeTp0B co6hlT!Ill (napaMCTP?B TpeR0B, lfMnyJihCOB '!aCTlI11, BeplllliH pacna

.uoa, 3Hepr!Iii ii H00p./l!IHaT JllfBHeli lI T • .u.), l{OTOpbiii ncnoJih3YCTCR ,!(JIR HlIHCMaT!I'ICCR0f0 

anan113a co6blTIIii. 

KpoMe 3T0f0 C03)laIOTCR TaR)l{C HCR0T0phle BcnoMoraTeJihHble q>allJibI: np0TOR0JihHbIIl 

qiaiin, qialin pacnpe,!\eJieHIIli n JlP· 

B qialiJI pacrrpe,!(eJieHnli 3anlfCh!BaIOTCR MaCCllBhl HCR0T0phlX pacnpe,!(CJICHlfll; l{Q

T0phle 11a61Ipa10TCJI B npo11ecce peH0HcTpyR11nn co6h!Tnli. TaRne pacnpe.uenemrn no

MoraIOT CJIC,!(lITh 3a X0.U0M peR0HCTPYRl1llll, a Tcll{)l{C 3a Ra'!CCTB0M pa60Thl pa3Jill'IHbIX 

Y3JI0B ycTaH0Bl{lf B npo11ecce Ha6opa 3RCnepnMeHTaJihH0il llHq>OpMaJ11IlI. 

r11crorpaMMbI HCR0TOphlX ll3 TaRHX pacnpe,!(eJieHlfii no pa3HhlM xapaRTepnCTlfl{aM 

npnae,!(eHhl Ha pncy11Rax 4+8. · 
l{nR rpaq>Il'ICCl{~J'O BhlB0.Ua 11eo6XO,!(llMOH llHq>opMa11nn .UJIR nepco11aJihHhlX ROM-
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N 

2000 

1500 
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500 

N 

80 

60 

40 

0b!lao, 'iobo' 115b~oo O 
z KOOPAl-1HaTa eepWl-1Hbl (CM) 

a 

20 

500 1000 15'00 20'00 2500 
z KOOPAl-1HaTa eepw1-1Hbl (CM) 

6 

Pnc. 5. OTCpn:Tn:poBaHm,re Z-Roopp;n:HaTLr Bepurnm,r: a - co61n1rn c op;noii BTopwmoii 

qacTHIIeli; 6 - co6hlTHH c TpeMH BTopn:qHhlMH qacTHIIaMH. 

N N N 
1000 280 25000 

750 210 20000 

500 140 15000 

250 70 10000 

0 - - 0 5000 
U l L ; 

x2 /NDF 
B 

Pnc. 6. Yron MeJRey TpeRaMH rrepBn:qnofi n: BTopn:qnhlx qacTHII nocne qmTa BepUIHHhl: 

· a - co6hlTHR c 0JlH0fi BT0pn:qnofi qacTmre.li; 6 - co6hlTHH c TpeMH BT0pn:qHhlMH 

qacTinraMn. B - x2/NDF qnua eepUIMHhl. 

N 

3600 

2700 

1800 

900 

~56 ...... ~46.,, 6, ~go· ..... ~10u:o •• ~.16 ....... ~ 
3Ha4eH1-1e 1-1Mnynbca co JHaKoM (f38/c) 

·a . 

N 

360 

270 

180 

90 

~IH ~:to~· ~·toi "¥· · i'ci · k-·311 ":i~r · J 
3Ha4eH1-1e l-1Mnynbca co JHaKoM (f38/c) 

6 

Pnc. 7. 3naqenue BOCCTaHoBJienuoro HMIIYJihca co 3HaI{0M qacTHIIhl: a ..c-- ny•moHoi-i 

qacTl-l.llhlj 6 - BT0pHqHI,IX 'qacTHII ( co6hlTI-I.H C TpeMR BT0pH4HhlMH '!aCTHIIaMH). 

20 

N N N 

80 80 320 

60 60 240 

40 40 160 

20 20 80 

0 0 
5 lO 1_5_ _20 25 

a ]I 

Pttc. 8. Peaym,TaThl H0CCTal!0HJIC'IIHII 11apaMeTp0H TCCT0B0ro pacrra;ta 1-;;2: a - 3q>-

cjJCHTHHllaJI Macca 1r
0

; 6 yroJI .\l<'lHJIY JIHY.\1/1 ,-HHill!TaMH. ]I :➔ 11cpnrn, C00THCT-. 

cTHy1011taH upoxolHJtc111110 1110011a 'l<'JH':I IIC. 

111,10TcpoH aJta11T11poHa11 1-1:rnecTHhiii rpaq>11•1ern1-1B 11a1wr l'P:\<I>OP [:l2]. B 11a1wr Jto6a

HJH'no lll'C]{QJ]h]{0 110]11,[X 110/\HporpaM.\I /\JI/I 11a1160;1ec II0JIII0l"0 11r110,11,:1c>Hal!11H Ho:n,oIB

IIOCTCii 11cpco11am,111,1x l{0Mllh!OT<'P0H. 

5 KMHeMaT1P-1ecKMH aHaJIM3 co6hITMH 

l{1-111cMaT1-l'l{'CHl1ii a11aJI113 co61,rr11ii -- - II0CJ](')lllllll cra/lllfl H Hp<>l\l'Cf{' pac110:maHa1I11H 

cjm:111•1CCJ{()['() co6hITl1Jl. Ila CTil/\HH ]{l!IICMaTH'ICCl{0l'0 a11a,111:ia pe:iym,raThl npocrpan

CTHCIIH<>ii pcH0IICTJ>YHllHH HMPC'r<' (' :iaH0llilMI! coxpaIIPIIIIII HCII0Jil,:IYIOTCH )IJIJI IIIITCp-

11peTa111111 paco1aTp11HaCM0ro H3al1MOJ\CiiCT811H. K1111eMaH!'l{'CHl1tt a11a;111:1 IIP06Xo,ZJ;HM 

)VIII 11/(e!ITH(j>HHill\HII HaHaJIOB pacna;ra, a TaHlHe /lJIII YT0'IIICIIIIH HIIIICMilTl1'1CCH11X nc

pCMCHHhIX, C00THCTCTBYI0!llHX J{alH)lOll '!aCT111IC. 

IIo 0Tl{JJHHaM /lCTCl{T0fl0H /lCJJaCTCH npC)lll0,10lHCIIIIC O THHax BT0!)ll'IJIJ,IX '!acn1u 

( CM. p11c.2). 11cxoM 1-13 3Toro Bbl)lBllracTCH 80:lM0lHllaJI I'IIII0TC3a () IIJ>OllP("C(', BCJICJI

CTBIIC 'ICl'O <pop.MyJI11py10TCH 011pe;1cJJCllllhie HIIIICMaTll'ICCHII(' Tpc6otta111rn ]I Hl1/l<' C"0OT

llCTCTHYIOlllllX 3a!{OIJ()ll coxpa11c1111J1. ~3aTCM npoH0)ll1Tnl q>IIT C IICII0Jil,:I0Hi\1111<'M :nnx 

Tpe6oHi\llHtt II 11c110cpc)ICTHCIIII0 113MCpC111lhJX H00J>JIHllaT co61,n1-1J1. BoccTal!OHJICllllhlC ... 

Iii\ cra;11111 J>Cl{()IICTpym11-111 napaMCTphl co6h!TIIJI IICII0J1l,:1y1on:n ]I f{al[('CTH(' 11a•1aJibllaX 

311a•1c1111ii BO BpCMH q>11Ta. 

I lapaMCTpu co6hlTIIH, II0JIJ'ICllll!de II0CJJC. HIIIICMaTl1'1C'CH0l'0 <pllTa, xpallHTCH )IJIJI 

HX ll0CJIC/lYIOU\Cl'0 CTaTl1CTl1'1CCl{()l'Q a11an11:1a C llCJlhlO 11:1y•1c1111H IIHTCpccymmcro npo

llCCCa. 

5.1 BLI,n;BHH<eHHe B03MOH<HLIX rHilOTe3 

Bo:lM())l{lll,IC r11110Tc:1h[ {) cjrn:m•I('C]{OM Hp0l\('C("(' Hhl/\Hllra10Tn1 IICX0JUI 11:1 T0II0JI0l'IIII co-

61,1T11J1: H0JIH'ICCTHa HT0PH'lllh!X :1apHH!CllllhJX '!a<'TH!l, I-IX H0:lMOlHllhlX TIIII0H 11 H0Jlll

'ICCTBa Y·K HUIIT0B II ,IUIIIIIOM co61,1n111. 

~I 



B pe3y,1bTaTe pacrra)la I{--Me30lla MO}l{eT o6pa30BaTI,CH O)ll!a mm Tpll BTOPII'llll,IX 

3ap11me111Ih!X 'laCTIIUbl. BTOpll'lllbIMll 3apnme111Ib!Mll 'iaCTlllla~m l\lOl'YT 61,1Tb: 3JICHTpo11. 

11"-Me30II ll,1ll MIOOII. Ilpll3HaR, orrpe)lCJIHIOllllfll B03~!0,Rllhlll Tiffi )l..'IH l{a}l{JlOH BTOplfli

HOii 'laCTIIUhl, ycTaHaB..'IllBaCTC.fl BO BpeMH peHOIICTpymlllll co6inuli B Bll)lC OTl{Jllfl{OB 

,!lCTCRTOpOB ll,!lCIITIHfnrnauuu Tlllla qacTHUbl: 3JICHTpOMarnllTIIOl'O Ha11op1IMCTpa SP- I, 
anpomwro Ha,10puMeTpa HC u MIOOHHoro )leTe1nopa µII ( CM. n.4 u n.4.4 ). 

BTopwman qacTuua MomeT 6h!Th une11Tmjrnuupoaa11a Hal< 3JICHTpou, ecnu B SP --1 
BbI)leJieH 3,1eHTpOMaruHTHhlii JlllBCHh, UCIITP HOTOporo OTCTOIIT OT TO\ll{lf TpeHa, npo}lOJI

}l{CHIIOfO }lO II,10CHOCTll cneHTpoMeTpa no IIp.RMOii' !IC 60J1ee, 'ICM Ha BCJlll'lllIIY H'!Ctt!{ll 

SP-1. Ilpu 3TOM 3Haqenue HMIIYJihCa •1acTHilhl, awmc.1e1111oe no ManmTHOMY CIICI{Tpo

MeTpy, ~!OiHCT OTJIU'!aTbCJI OT 3Ha'!eHUH 3Heprun, BIJ}lCJICIIIIOfO B SP-1, He 60J1ee, 'ICM 

Ha 2.5 oum6Hu. 

BTopuqnan qacTlll{a MO}l{CT faJTb ll)lCHTll<pllUHpoaaua HaH MIOOH, CCJill cc TflCH npo

XO,/lllT qepe3 Te JI'leiiHll HC, B HOTOflhlX ofaiapymeH Clll'HaJI OT npoXO}lHlllCfO MIOOHa (cM. 

n.4.8) u,1u ecnu ecTb cpa6aTJJBaHue na µH. Ilpu 3TOM 3Hepr0Bhl}le11enue OT }lannoii 

qacTHUhI B SP-1 He nonmuo npeamnaTb 0.7 f3B. 

BTopuqnan qacTnua MomeT 6h!Th U)leHTHcpuuupoaaua 1m1< 7r-Me3ou, ecnu B HC BbI

,!leneu a}lpOHHhlil: JlllBCHh, llJill eCJill qacTll!{a HC ll!\leeT Ilflll3HaJ{OB MIOOHa II 3JICHTflOHa. 

I1 pu onpe)leJieHllll B03MO}l{HOfO TUIIa 'laCTIIUhl llCIIOJlb3YIOTCH TaHme BCJlll'lllllhl 311ep

fOBhl)le,1e11uil: B crreH~poMeTpe SP-1 n a}lponHoM HanopuMeTpe HC (no)lpo611ee 06 u)leH

THcpllHauun TIIIIOB BTOPll'lllhIX tJaCTllU CM. a [33]). 
KpoMe BTOpll'lllhIX 3ap11me1111bIX tJaCTIIU B pC3YJibTaTC pacrra)la I{--Me30Ha MO}l{CT 

o6pa3oaaThCJI TaHme JlO 6 1 -1rna11TOB. 3naqeunn 3Hepruil: u {wop}luHaT 1 -,rnaHTOB, 

3aper11cTp1IpoaaHHh!X B 3,1CHTpoMafllllTHOM HanopuMeTpe SP--1, llCIIOJib3YIOTCH B cpnTe 

B Ha'ICCTBC ll3MepCH11hIX napaMCTpOB co6bITIIH. MncpopMaUIIH O ,-HBaJITax, 3aperu

CTpupoBaHHblX B HanopuMeTpe SP-2 u B oxpaHHoil: cncTeMe GS, ncnoJih3yeTcn }lJIJI 

onpe)lC,1Cllllll IIX HOJIH'ICCTBa B pacna)le. IlapaMeTpu 3THX (ne)lOCTaIOfilHX) ,-HBaHTOB 

H Jlpyrn:x ueil:TpaJibllhIX tJaCTHU (HoTOphle He pern:CTpnpyIOTCH Hll O)lHHM ll3 JlCTCHTOpOB 

ycTaHOBim) Bb[qHCJIHIOTCJI B pe3y111,TaTc cpuTa. 

5.2 KHHeMaTH'Iecmlii q>HT 

I{ npo611cMe HHIICMaTH'ICCHOfO ana11113a co61,nn:il: npuMeneu HOBLiil: IIO)lXOJl [34]. B OT

,1lltJIIC OT Tpa)lHUIIOIIHOfO IIO)lXO}la, f)lC HllHeMaTn:•1ecH11il: cpuT npoBOJlllTCH C HCIIOJib-

30BallllCM BOCCTaHOBJICHHhIX napaMCTpOB co6b!TIIH (yrnoB, HMIIYJibCOB II_ T.Jl.)' B npe)l

JIOiHCIIIIOM IIO)lXO)lC cpHT IlflOBO)lllTCH C llCIIOJib30BaHUCM IICIIOCflC,!lCTBCHIIO ll3MCpC11HhIX 

HOOpJlllllaT co61,1TIIH. TaHoil: IIO}lXOJl 1103BOJIJICT H36eraTb HCTOtJHOCTeil:, CBJI3aHHLIX C 

onpc)lCJICHlleM onm6oH BOCCTaHOBJICIIIIbIX napaMeTpOB co61,1T1IH. 

TpaJ{llUHOI!HaH cxeMa o6pa60THH :n.a11HLIX BhlfJIH)lllT npn:Mepno TaH (pn:c.9( a)): BHa

'Ja,1C npOBO)lllTCJI reoMeTplltJCCHan pCHOHCTPYHUHJI co6b!Tllil:, T.e. npu IIOMOJUH l{OOp)lll

HaT Tpe!(OB HaXO)lHTCH yrnhl, HMIIYJihCbI, HOOPJlllllaTLI aepum11 co6LJTHH II T.Jl. 3aTeM (n: 

3TO JIBJIHCTCJI cpy1rnuueii HllHCMaTlltJCCHOl'O <pllTa) npn: orrpe}leJieHHhIX npe}l!IOJIO}l{CHIIJIX 
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6 

rnrroTe3LI 

Pnc. 9. TpaJlHUHOHHan ( a) n npe)lnaraeMan (6) cxeMhl o6pa6oTHH )la11111,1x. 

0 THIIC npor{ecca, npOBO}lHTCH ero li)lCHTHcpliRaUHH C npllBJICJCHHCM 3aROHOB coxpa11e

lIHH. TexHH'ICCHH 3TO BhlfJIJIJlHT TaH: 3armCLIBaCTCH x2-cpyHHUHOHaJI, B HOTOpOM cpn

rypupy10T B HBHOM BHJlC OUCHRH napaMeTpOB, 11attne1111LIX B npouecce reoMeTpli'ICCROH 

peHOHCTpyRUllll, H HX MaTpnua ourn6oH H 3aTeM npOBO)lllTCJI ero MHIIllMll3aUllH C HaJio

}l{CHHCM ypaauenn:il: CBH3H, BLipamalOJUHX 3aHOIIhl coxpaIIeHHH. MllHllMH3a_unn rrpoBO

JlHTCJI pa3Jill'IHhlMll cnoco6aMU: MCTOJlOM MHO}l{llTeJieii: JlarpaHJRa [35, 36] llJill MCTOJlOM 

C llCIIOJlb30BaHueM )lOIIOJIHllTeJihIIOfO RBa,!lpaTH'IHOfO '!JleHa [37]. Ilpn llCIIOJlb30BaHHli 

MCTO)lllHll MllIIHMH3aunn C npnMeHenneM MHOJRH~eJieil: JlarpaIIJRa B TpaJlHUllOHHOM IIOJl

XO)le q>yHRUIIOHaJI 3aIIHCb!BaCTCH B Bll)le 

M = I)X;- X[")S;j{Xi - XJ') + 2:Ea.xf,x(X), 
~j .,x -

f}le: X[" - Hail:JlCH!IhlC Ha CTa)llln: peROHCTPYRUllll 3Ha'leHHH naj>aMeTpoB: yrnoa, HM

IIYJibCOB ll T.Jl.; s-;/ - HX BecoBan MaTpnua; X; - "ncTllHRhle", T.e. llCROMhle 3Ha'!eHllH 

Tex JRe rrapaMeTpOBj a J,x(X) - ypaBHCHliH CBH3llj X - BCRTOp "llCTllIIhlX" napaMe

TpOB. 

HapHJlY C TaHllM IIO)lXOJlOM I{ CHCTeMe o6pa6oTRll ,!laHHhlX, B03MOJReII ll Jlpyroii: IIO)l

XO)l: Ha rrepaoil: cTa}lnH rrpoBOJlllTh pacrro3HaBanne co6uTnH, T.e. accounaumo ll3MepeH

HhlX HOOp}lHHaT a co6hlTHe, a Ha BTopott IIpOBO)lllTb RllHCMaTU'ICCHYIO ll)leHTHcpllRaumo 
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co6h!THH, llCIIOJlb3JH Herrocpe,n;CTBeHHO ll3MepeHHhle ROop,n;nHaThl (pnc.9 6 ). BTopoii 

rro,n;xo,n; nHor,n;a rrpe,n;IIO'ITHTeJibHee B CBH3ll C MeHbIIIllM pncROM HCRaIBeHHR nncpopMa

n;nn. KpoMe Toro, TaRaR IIOCTaHOBRa 3a,n;aqn npe,n;cTaBJIRCT caMOCTORTCJlbllhlll ll!ITepec 

,Zl;JIR o6mero CJIJ'laR MHHHMH3an;nn cpyHRD;llOHaJia co CBR3RMH. B TaRoM no,n;xo,n;e npn 

llCITOJib3OBaHHH MeTO,ZJ;llRH MHHllMH3aD;Hll C npHMeHeHHeM MHOJKHTCJieii JlarpaHJKa cpyn

RD;llOHaJI 3aITHChlBaeTCR B BH,ZJ;e 

M = I:[C;(X) - C;']G;i [ci(X) - CJ']+ 2La>.f>.(X). 
i,j >. 

3,n;ecb: er - Hafi,n;eHHhle Ha CTa,Zl;HH paCII03HaBaHHR ROOp,Zl;HHaThl, G;/ - HX ROBapH

aJJ;HOHHR MaTpnn;a, X - BeRTOp HCROMhlX napaMeTpOB (yrnhl, HMIIJJibChl, Roop,n;nuaThl 

BepIIIHH, .•• ), C;(X) - "nCTHHHhle" 3HaqeHHR ROop,n;nHaT, !{OTOphle RBJIRIOTCR ll3BC

CTHhlMll cpyHRD;HRMll napaMeTpOB. 

5.3 MHHHMH3aD;HJI q>yHKD;HOHaJIOB co CBJl3JIMH 

Ilpn npoBe,n;emrn RHHeMaTn'!ecRoro q>HTa 6h!JI rrpnMeHeH HOBblll, 6oJiee 3ROHOMllhlll aJI

ropnTM MllHHMll3an;,rn x2- cpyHRD;HOHaJIOB co CBH3RMH, OCHOBaHHhlll Ha JIHHeapn3aD;Hll 

CBR3efi ll IIOCJie,n;yIOID;HM BhlpaJKeHHeM '!aCTH rrepeMeHHhlX qepe3 ,n;pyrue [38, 39, 40]. 
AJiropHTM peaJlll3OBaH B nporpaMMe FUMIVI (40]. Ilo cpaBHeHHIO c MeTo,n;oM MHOJKH

Tene:ll: JlarpaHJKa .'!TOT aJiropHTM npHBO,Zl;HT R yMeHbIIIeHHIO Bhl'lllCJIHTeJibHhlX 3aTpaT. 

KpoMe. 3TOro, aJiropHTM JiefRO o6o6maeTCH II Ha CJIJ'laii MHHHMH3aD;HH cpyHHD;HOHa

JIOB co CBR3RMH Tlllla HepaBeHCTB, 'ITO RBJIReTCR Tpy,n;uopa3peIIIHMO:ll: 3a.zi,a'leii B MCTOJ(C 

MHOJKHTeJiefi JiarpaHJKa. 

MeTO,Zl; npe,n;Ha3Ha'leH ,ZJ;JIR peIIIeHHH 3a,n;a'I HaXOJK,ZJ;eHHR MHHHMJMa cpyHRD;HOHaJia 

nf,nf 

x2 = E [c;(X)--:- c;i]a;j[ci(X)- CJ']; i,j ~ 1 +nf, (.1) 
i,j 

npn HaJIH'lllll CBH3e:ll: 

f>.(X) = O; .,\ = 1 + nc. (2) 

3,n;ecb: C;(X) - ll3MepneMhle ua OilhlTe BeJIH'lllHhl, ROTOphle RBJIRIOTCR cpyHRD;HRMH 

BeRTOpa HeH3BeCTHhlX napaMeTpOB-Xj er - ll3MepeHHhle 3Ha'ICHHR q>JHRJ\llll C;; nf 
- 'lllCJIO TaRHX cpyHRD;llllj G;j - MaTpHn;a, o6paTHaR MaTpnn;e OIIIH6oH, T.C. 

(G-1t = E{[c;(X) - E(C;)] [cj(X)- E(CJ]}. 

3a.n;a'la - ~afiTH TaRHe 3Ha'leHHR napaMeTpOB X' ROTOphle o6paID;alOT B MHHHMYM 

cpyHRl\llOHaJI (1) ll O,n;HOBpeMeHHO y,n;oBJieTBOpH!OT CHCTeMe ypaB11eunn (2). 
<l>yHRI\HH C;(X) H f>.(X) - B o6meM rny'lac 11eJinncii11we cpyHRI\HH napaMeTpOH 

X. 
B pa6oTax_ (38, 39, 40] ll3JIOJKCH HOBLill, 6oJiee 3ROIIOMHL!ll MCTO,Zl; pcrnennn 3aJta•1 

rro,n;o6Horo Tnna, ,n;aIOTCR BhlpaJKeHHH ,Zl;JIH MaTplll\hl OIIIH6oR napaMCTpOB X' ll3JiaraeTCll 

aJiropHTM IIOHCRa MHHHMyMa. 
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l,1,1;10 Ilj>0H<'Jl('II0 cpaHIIC'IIIH' JlHYX 11Tf'Jlilll1101!111,IX l!JJ0llC'{T0H llf'T0Jlil._Olll!Ca1111ro 

H :➔ -rllX pafiOTaX. II lH'T0J!il ~IIIOH,HTC:l<'ii jJarpalliliil Ha OJlllOll II Tm! :i,C 3li<"I1Cp11-

~IC'lrl'il;ll,110ll 11an•p11a;](' (JI]. Pc·:1y;11,raT1,I cpaHll<'IIIIH: IIpH 0JlllllX II Tl'X ;Ji{' npl!T<'pl!IIX 

<"XOJlllllOCTl1 JJ<'IIIC'Ill111 COHI1a;1a:m. COHIIa;1a;111 II ltaTpl!HJ.l 011111601i 11 'IIIC-10 11repau11ii. 

1111<1•1<' r0Hop11, •111<·:IC'IIIIOf' cpaHIIl'IIII(' 1101,a:ia,10 110;111y10 :)nHl1Ha;1f'IITIIOCTh 3TIIX ,1ayx 

llC'TOJl0H. (' 11paHT11'1C'CliOii T0'llill :1pc111111 "➔TOT llC'T0Jl. 110 llillllC'll_\' llll('IIIII0. llp<'JUIO'ITII

T(':11,ll<'C'. T.li. Oil TJJP6_ycT llC'llhlll(' Hhl'l11C":IIIT<';11,11oii pa6cnu. 'IC'll 1wro;1 llllOilillT<';Jpfi 

Jlarpallllia,11 HplD!('llllll Ii 60;1c·c· IIIIIJlOliOll_\'\;rnccy :1a;1a•1. 

6 CTaTHCTl•Piec1n1:ii aHaJIH3 

CTan1cn1•wcH11ii a11am1:1 :1aHc·1m1a10111a11 CTilJlllll 06pa6on,11 ,1a11111,1x. l{e:i1,10 3Toii 

CTil/\1111 IIH;JIIC"ffll cpaHIIC'IIIIC' '.)li("ll{'J)IBIC'IITil;II,llhlX /lilllllhlX C llpC'JlCliil:lilllJIHllll pa3:Jil'l

llhlX MO)(('JIC'ii, II0Jl}''IPIIHC' 01\<'ll~lli HililillhlX cJrn:l11'IC'ClillX 11apal!C'Tf>0H. )l:rn Toro 'IT061,1 

llJJOJl{'JlilTh TilHQ(' cpaHIIC'llll<', 11a;10 ll!J0HC'CTII pac•1i'Thl :1cJHIH'liTIIHIIOCTII p<'l"IIC"Tpa111111 

( aHc-c11Ta11c-a) co61,1n1ii H Jl<'a;11,11i.1x yc-:icrn1111x. 

I lp11 :no~! IIIIIJlOl{0 l1C"II0Jil,:1~·IOTC"II Tcllill<' llilli('Thl IIJH>l'pallll, Hali: IIIIT<'paI,TIIHIII,Iii 

11a1wT PA\V [,1 I]; rpacjm•1C·rn11ii 11aHC'T l'PA<l>OP [:t~]. a;1a11T11potta11111Jii II pan1111pe11-

11i.1H aHTOJlilMH JlJl/1 pa60Thl Ha IIC'!JC"0llil!lhllhlX liOllllhl0TC'pax 11 J(;IJI 11a116o;J('(' 11ci;moro 

IICIIOJil,:IOHallllJI HO:IMOmll0<"TPii IIPpc-011am,111,1x H0~l:lhlOTC'JlOII; 11poqia~lllhl llllllll~lll:ia1u111 

FUMILI [-12, -1:J] 11 ;1p. . . 

6.1 PacqeT 3q>q>eKTHBHOCTH perHCTpaD;HH ycTaHOBKH 

J(irn pac•1i'Ta 3CjHj><'HTHHIIOC"T('ii pcr11CTJ>illlllll paCllil}l0H 61rna c-o:1;1a11a II JH>rp,nrna ll0-

ll<'JIHpOHilllllll MCTO/\0M Mo1rw l{apno. · 

MoJ\C'JIHJHJHa1111c IIJJ0II0/\IIJl()("I, C y•1i'T<>M To•moii rc·o~ll'Tfllll1 jTTilll0Hlilf. xapaHT<'JJII

CTIIH HC<'X /\CT<'HT0JHlH, ii Till{)!{(' Ham1wii11111x <jlll:111'1C'Cl{IIX IIJJ0I\C"{"("()H (Ta1rnx, liilli, 11a 0 

IIJ>HMCp, HYJI0II0HCH0C pa<T<'IIIIIIC'), HJll1HI011ll1X Ila :1cj>_tjH'HTIIHIIOCTh Jlt'l"IICTJlillll!II. l lpo

rpaMMil MO/(CJlllfl<JHai11111 11p0T<'CTl1Jl(lHillla !Iii /lHYX xopomo n:1y•w1m1,1x IIJHll(('CTilX: h' ~2 

11 K,,2 . B 06011x cny•1anx M0/(('Jlh xopomo onun,rna;rn :wc-11q>11Me11TaJ11,111,1<• <"ll<'HTphl. 

J lporpaMMil M0/lCJIIIJ)OHilllHJI 61,111a H 'lil<"TII0CTII ll("II0Jll,:1011a11a ;1;111 0IIJJC'J((',1('111111 

ilHCCIITi\llCa yc:Tall0HHH IIJJH P<'l'Hcrpa111rn Jlil<"llil/lil /\·,,:1 [•M]. 

7 3aRJIIQ"qeHHe 

YC'ra110H1!a J.1CTPA-M co:1;1a11a 11a Ha11a11<' aJtJ><>110H c :•11q>rncii ;:::: 2;i l':,B 11a ynmp11-

·i·c11c Y 70 11<l>B~➔ H r.Ilp<>TH11110. 

B Ul!J2 11 I !l!M l'O/laX 11a yc-Ta110HHc 61,1110 IIJHlllt'/\c'IIO Tf>ll C<'a11ca, H TC''l<'IIIH' H<>To

p1,1x 11a6pa110 ;:::: 850 Mal'lll!TllhlX JICIIT :11in1cpl1MC'IITcl;Jl,IIOii 1111cj1opMilllllll (;:::: :J.-1. 1()7 

T!JHl'l'<'Jl<lll). B 11acT0JIIIl<'C HJH'MJI 06pa60Ta110 ;:::: Hl7 Tfll!ITC'JH>H (;:::: '.2;i() Mar111n111,1x 

Jll'IIT) :rnc11q>HMCIITilJll,llhIX /l.!lllll,IX, IIOJIY'IC'llllhlX H TC''l<'IIIIC' JlHYX ("('illlC"0H I !J!l'.2 ro;1a. 
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O6pa6oTHa MarHlfTl!hlX ,1enT rrpoBO)llfnacb Ha nepco11anbllhlX ({O~lllblOTepax. Ilo,1-
llaR o6pa6oTHa 0./lHOll neun,1, C0CTOHil{aH lf3 .llBYX 3TailOB (Ham16poBO'IIIOfO rrpoxo)la 
,1eHThl If peHOIICTpyiiulflf co6h!Tlfll ), Tpe6yeT )lO 1 'laca HOMilblOTepnoro BpeMelllf 11a 
IBM PC/486. 

ITonyqe11u rrepBue cpll31f'lec~!fe pe3y,1hTaThl [44]. 
B iaHnIO'leH!fe aBTOphl Bhlpa,KaIOT rrpll3HaTe,1bHOCTh m,1p.eHUlflf JUIIT, OMRM, l1Jlvl 

PAH, l1 <I>_B3, Ep<I> l1 3a rroMOlllh B rrpoBe,neHlflf p.a6oT, c0Tpy.11,nmrn111 c.nym6 ycHopttTenn 
l1<I>B3, CH3O Ol1Jll1 3a rroMOIIIh B rro)lroTOBHe If 11p0Be.11,e111flf 3HcnepllMCHTa. 

Pa6oTa Bl,IIlOJll!eHa rrpll IIOMCpmHe PocClfllCHOro cpou.ua cpy11.uaMeHTaJlbHblX lfCCJ1e
JlOBa1rnil (rpaHT N95-02-05973). 
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