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C03AaHHWH a OHRH MarH~THWH ~cKpoaoH cneKTpoMeTp /MHC/ 111 

B COOTBeTCTB~~ C Hay4HOH nporpaMMOH B o6nacT~ ~~3~K~ BWCOK~X 
3Hepr~H RB~nCR MHOrO~eneBOH YCTaHOBKOH AnR ~ccneAOBaH~R W~po
KOrO Knacca Heynpyr~x npo~eccoa np~ awcoK~x 3Hepr~Rx. OH noc
ny*~n OCHOBOH ~' npoBeAeH~R nRTOro COBMeCTHOro 3Kcnep~MeHTa 
OHRH-H~B3-UEPH Ha ycKop~Tene H~B3 a Cepnyxoae AnR ~ccneAo-
BaH~R npo~eCCOB A~~paK~HOHHOH AHCCO~Ha~HH Me30HOB Ha RApax. 

MHC OHRH npeACTaanReT B03MO*HOCTb H3y4eHHR HeynpyrHx npo
~eccoa 6naroAapR: 

a/ TpHrrepHOH CHCTeMe, cnoco6HOH BWAenRTb npo~eccw onpe
AeneHHoro THna; 

6/ WHpOKOMy BW6opy THna MHWeHeH; 
a/ xopoweMy paapeweHH~ no 3~eKTHBHOH Macce H 4-MepHOMy 

nepeAaaaeMoMy HMnynbcy lSi; 

r/ nOnHOH aBTOMaTH3a~HH H3MepeHHH CTepeOCHHMKOB. 
Ha ycTaHOBKe MHC OHRH awnonHeHo HccneAoBaHHe: 
a/ npo~eCCOB KOrepeHTHOrO 06pa30BaHHR MHOrOMe30HHWX CHCTeM 

rr- ~ K-Me30HaMH Ha RApax Be, C, Al, Si, Ti, Cu, Ag, Ta, Pb 
npH 3HeprHRX 25 H 40 f3B 141

: 

... 1T + 1T 

... 1T 

+ + 1T + z. 

K- + Z ... K- + rr + rr + + Z ; 

6/ npo~eCCOB MHO*eCTBeHHOrO 06pa30BaHHR 4aCTH~ IS/; 

a/ nonyKorepeHTHWX npo~eccoa c eo36Y*AeHHeM RApa yrnepoAa 
Ha ypoeeHb 4,4 M3B 16 ', a TaK*e 

r/ npo~eccoa c awneTOM 4aCTH~ Ha3aA H HHKn~3HBHwx npo~eccoa 
C nHA~PY~~M Me30HOM. 

B OKTR6pe 1977 r. 6wna aaeepweHa nporpaMMa Ha6opa 3KcnepH
MeHTanbHoro MaTepHana,H nonHoe 4~cno co6wTHH cocTaa~no 1,2 M~n
nHOHa CTepeOCHHMKOB. 

np~ pa3pa60TKe H C03AaHH~ CHCTeMW o6pa60TKH CTepeOCH~MKOB 
cneKTpoMeTpa MHC OHRH MW HCXOAHnH ~3 Toro, 4TO 3Ta CHCTeMa 
AOn*Ha YAOBneTBOpRTb cneAy~~M Tpe6oaaH~RM: 

1/ aBTOMaT~4eCKOMy H3MepeHH~ CH~MKOB C nOMO~b~ CKaHHp~~e
ro aaToMa,·a HPD 6ea npeAeap~TenbHoro CHRTHR MacK~ co6wT~R; 
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2/ cnnowHOMY cKaHHposaHH~ nneHKH 6e3 npeAsapHTenbHOro npo
CMOTpa, TaK KaK 6onee 80% CHHMKOB COAep*aT none3Hy~ H~OpMa

~H~j 

3/ B03MO*HOCTH rpa~H4eCKOrO KOHTponR Ka*AOrO 3Tana o6pa• 
6oTKMj 

4/ KOHTpOn~ B pe*MMe OH-naHH T04HOCTM H3MepeHHH, onpeAe
neHH~ H Y4eTy AHCTOpCHH nneHKH H CHCTeM~ H3MepeHHH H KOHTpo
n~ 3~eKTHBHOCTH ~HnbTpa~MH AaHH~x; 

5/ a&TOMaTH4eCKOMy paC003HaBaHH~ TpeKOB Ha CTepeonpoeK~HRX 
C06~THRj 

6/ npe~H3HOHHOH 06pa60TKe AaHH~X 0 MarHHTHOM none ycTaHOB
KH H onTH4eCKOH CHCTeMe. 

cnEKTPOMETP MHC 

CneKTpoMeTp COAeP*HT 50 onTH4eCKHX KaMep pa3MepoM 1,3x 
x1,1 M2 c 3a3opoM 2 eM. PaAHa~HOHHaa AnHHa cneKTpoMeTpa-
108 M. nepeA Ka*AOH napoH KaMep ycTaHosneH MeAH~H KOHBepTOp 
TOn~HHOH 8 MM AnR MaTepHanH3a~HH y-~saHTOB C OTBepCTHeM 
AHaMeTpOM 60 CM AnR 3apR*eHH~X 4aCTH~. 06~HH BHA cneKTpOMeTpa 
Ha KaHane 43 a Cepnyxose noKa3aH Ha pHc.1. 

CseT OT HCKp C nOMO~b~ CHCTeM~ 3e~Co6HpaeTCR nRTb~ 
napaMH 06DeKTHBOB. 6a3a ~OTOrpa~HpOBaHHR COCTaBnReT 280 CM, 
a paccTORHHe CDeMKH - 920 eM. MacwTa6 ~oTorpa~HposaHHR AnR 
cpeAHeH nnocKOCTH- 1:50. MHweHb noMe~aeTCR Ha paccTORHHH 
70 eM oT nepsoj;j KaMep~ MHC. PacTsop·TenecHoro yrna, onpeAenRe
M~H CHCTeMOH BeTOC4eT4HKOB, COCTaBnReT 28°•H MHHHMaJlbHO H3-
MepReMaR AI1HHa TpeKa - 60 CM HnH TPH ABOHH~e HCKp~. Ton~HHa 
MHWeHH npH perHCTpa~HH MHOrOnHOHH~X CHCTeM, B~neTa~~HX snepeA, 
s~6Hpanacb H3 ycnOBHR, 4T06~ norpeWHOCTb B HMnynbCe 4aCTH~~ 
3a C4eT MHOrOKpaTHOrO pacceRHHR B MHWeHH He npes~wana H3Me
pHTeilbHOH owH6KH a cneKTpOMeTpe. B npocTpaHCTBe cneKTPOMeTpa 
HMeeTCR penepHaR CHCTeMa H3 32 KpeCTOB, pacnOilO*eHH~X B ABYX 
nnOCKOCTRX 171 .B3aHMH~e paccTORHHR Me*AY npOCTpaHCTBeHH~MH pe
nepaMH 6~nH H3MepeH~ c T04HOCTb~ -20 MKM. H3o6pa•eHHR penep
HbiX KpeCTOB H TpeKOB C OOMO~b~ CHCTeMbl 3epKan npoeKTHpy~TCR 
Ha ABe ~OTOnneHKH WHpHHOH 35 MM, o6pa3yR ABa CTepeOH306pa*eHHR 
pa6o4ero 06DeMa ycTaHOBKH. Ka*AaR CTepeonpoeK~HR COCTOHT H3 
nRTH OTAeilbHbiX CHHMKOB C H306pa*eHHeM COOTBeTCTBy~~HX MeTpOB~X 
6noKOB o6DeMa ycraHOBKH. CTepeonpoeK~HR coAeP*HT 52 penepH~e 
MeTKH, npH 3TOM 40 MeHbWHX no pa3MepaM penepHbiX MeTOK RBilR~TCR 

H3o6pa•eHHRMH npocrpaHCTBeHH~X penepoB. 
HH()>OpMai..IHR c AeTeKTOpOB, BbiAeilRIO~Hx ny40K, nocrynana Ha 

3BM HP-2100A. HcxOAHOH HH()>OpMai..IHei:1 AilA CHCTeMbl o6pa6orKH cny
*HI1H ABe nneHKH H MarHIHHafl neHTa C AaHHbiMH 0 ny4Ke. nepeA CKa
HHpOBaHHeM nneHKH OCy~eCTBilfiilCR npOCMOTp C 1..1e11b~ 06HapymeHHfl 
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PHc. I. CxeMa cneKTPOMeTpa MHC B KaHaJie 43 ycKopHTeJIH 
Ha 3HeprHIO 70 r3B H~B3. 

rpy6~x Ael)>eKTOB Ha nneHKe, npenRTCTBy~~Hx aBTOMaTH4eCKOMY 
H3MepeHH~. 4acrb nneHKH npocMaTpHBanacb AnR onpeAeneHHR 3()>
l)>eKTHBHOCTH perHCTpai..IHH, npH 3TOM onepaTOPOM perHCTpHpOBanOCb 
4HCJ10 ny4ei:1, HX o6~HH 3apRA, AilHHa, BepWHHa BTOPH4HOrO B3aH
MOAeHCTBHR, MeCTO KOHBepCHH y-KBaHTOB. npocMOTp OCy~eCTBilRilCR 
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Ha cronax YnC-50. Pesynbrar npocMorpa npeAcraeneH a cne
AYIOIJieH ra6m-tl..le: 

MHIDeHh 

Be 

Si 

Cu 

Pb 

% C06biTHff C p;aHHbiM 'lHCJIOM TpeKOB 

3 TpeKa 

65 

53 

51 

37 

5 TpeKOB 

15 

9 

10,5 

10,8 

7 TpeKOB 

3 

3 

3,5 

3,4 

% B3aHMop;. 

97 

90 

84 

84 

AaHH~e npocMorpa 6~n~ ~cnonb30BaHbt AnA onpeAeneH~A He3$
$eKT~BHOCT~ CHCTeM~ o6pa60TK~ ~ Bbtpa60TK~ Kp~Tep~eB OT60pa 
co6~T~~. paccMOTpeHH~X H~me. 

CHCTEMA YnPABflEHH~ nPOUECCOM H3MEPEHH~ 
HA ABTOMATAX HPD 

$~nbMOBaA ~H$OpMai..I~A 3KCnep~MeHTa ~3MepAnacb Ha ABYX CKa
H~pyiOUI~X aaroMarax Hai..I~OHanbHOro ~3Mep~renbHOro l..leHrpa a 
EionOHbe KHA$ IS/, pa6ora10111~X a pem~Me 11nyw-nyn11

, coaMeCTHO co cne
LI~an~31.1poaaHHbtM npo1..1eccopoM ~ Ha cKaH~PYIOllleM aaroMare a OH~H. 

Cne1..1~an~s~poaaHH~i:1 npo1..1eccop, paspa6oraHHbti:1 a KHA$, no cy
t~~ecray BbtnonHAn pa6ory no pacnosHaBaH~IO 3neMeHTOB t-~3o6pame
H~A ~ B COOTBeTCTB~~ C anrop~TMOM COeA~HAn OTC4eT~ B cerMeHT~ 
rpeKa, 4TO np~BOA~no K 6onbwei:1 ~H$OpMaT~BHOCT~ AaHH~X 1-1 yMeHb
weH~IO nOTOKa ~H$OpMal..l~~. 

rnaBH~e TPYAHOCT~, CBA3aHH~e C o6pa60TKO~ nneHK~, 6~n~ 
cneAYIOIJI~e: 

1. Hs-sa Mana~ TOniJI~Hbl nneHK~ /65 MKM/ ~ 60nbWO~ An~Hbl 
KaApa /17 eM/ rpe6oaanacb npei..I~3~0HHaA ycraHOBKa KaApa a paM
Ke HPD. 

2. np~m~M nneHK~ B $~nbMOBOM KaHane HPD np~ 6onbWO~ An~He 
KaApa np~BOA~n K aosH~KHOBeH~IO A~cropc~~. KaK cneACTa~e 3Toro, 
AnA nony4eH~A HaAemH~X OnT~4eCK~X KOHCTaHT 6~n~ ~cnOnb30BaH~ 
CH~MK~ penepoa Ha onT~4ecKOM creKne. 

3. Ha-sa cKOpocTHOi:i neperAmK~ nneHK~ a $oroannapare Ha He~ 
B03H~Kan~ CTaT~4eCK~e pa3pAAbl, 4TO npj,180Aj,1fl0 K yaenj,14eH~IO 
$OHOBO~ :iarpy3K~. K yaenj,14eH~IO $OHa raK)f{e np~tBOAj,1na A~HaMj,1-

4ecKaA sanbtneHHOCTb onT~4eCK~x 3neMeHTOB HPD. flpKOCTb ~cKp 
Ha nneHKe 3aBHCena OT MHOmeCTBeHHOCT~ co6~T~A. BcneACTB~e 
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3TOrO $OpMa H306pameHHA HCKp~ H HX KOHTpacT TaKme SaBHCRT OT 
MHomecraeHHOCTH co6~THR. ' 

AflR peWeHHA 3Tt-!X 3aAa4 He06XOAHMO 6~n0 OCYIJieCTBHTb HaCTpO~
Ky aaroMaroa KaK a AY6He, TaK 1-1 a EionOHbe, npHHHMaA eo BHHMa
HHe OrpOMHOe K011H4eCTBO CHHMKOB H B03MOmHOCTb ~cn011b30BaHt-~A 

B~4HC11HTe11bH~x MOIJIHOCTe~ pasH~x Hay4H~X 1..1eHrpoa. Ka4ecreo 
HaCTPOHKH aaTOMaTOB, Bbt60p napaMeTpOB CKaHHpOBaHHA, OnTHManb
HOe K011H4eCTBO HH$OpMai..IHH CyiJieCTBeHHO B11HAIOT Ha pa6ory npor
paMM pacnOSHaaaHt-~A o6pa30B H reoMeTpH4eCKOH peKOHCTPYKI..It-11.1. 

0CHOBH~MH xapaKTept-~CTHKaMH HaCTpO~Kt-1 cnymH/11-1 3$$eKTHBHOCTb 
per~CTpai..IH~ HCKp, penepOB, Ben~4~Ha OCTaT04HOH AHCTOpCHH 
$~11bMa, T04HOCTb OnpeAelleH~A l..leHTpa penepa H ee AHCnepCHR. 
Cnei..IHa11H3~poaaHH~~ npo1..1eccop (SHP), HcnonbsoaaawHHCA a KHA$, 
coaMeCTHO c HPD npeACTaanAeT co6oi:1 311eKTpOHHbti:1 np1.16op, nosao-
11AIOIII~~ onpeAenHTb nHHe~Hble cerMeHT~ TpeKOB. napaMeTpaM~ 

Hacrpo~K~ npo1..1eccopa ABnAIOTcA: aen~4HHa pacraopa yrna accoi..IHa-
1..1~~ 0TC4eTOB, M~H~ManbHOe 4~CnO T04eK B CerMeHTe H THn cer
MeHTa. Onr~MallbHbte 3Ha4eH~A 3THX napaMerpoa ~cKanHcb a sa
B~CHMOCTH OT ypOBHA A~CKpHM~Hai..IH~, A~aMeTpa nATHa CKaHHpOBa
H~A H wara pasaeprK~. Ha4anbHoe 3Ha4eHHe ypOBHA AHCKpHMHHai..IHH 
6~110 B~6paHO paBHbiM 65% OT CHrHana $OHa Ha AnHHe nneHKH n0c11e 
roro, KaK pesynbrar $Hnbrpai..I~H 6btn np~eMrieM. War passeprK~ 
6~11 a~6paH paaH~M 60 MKM, 4TO nosaon~no per~crp~poearb AO. 
8 OTC4eTOB Ha o6pa3e ~CKp~. 

AnA a~6opa Ha~6onee nOAXOAAlii~X napaMerpoa npo1..1eccopa Ha n~
H~~ c HPD 6btn~ ~ccneAOBaHbt cao~crea c~creM~ np~ cKaH~poaaH~~ 

MHorony4eB~x co6btT~i:1. AnA 3T~x 1..1e11e~ 6btn CAenaH npocMOTp 
nneHOK, oro6paHHbtX ~3 paSHbtX 3ranoa 3Kcnep~MeHTa. UenbiO npoc
Morpa 6~110 pacnosHaaaH~e co6~T~A ~ ycraHoaneH~e np~HaAnem

HOCT~ HCKP TpeKaM C nOMeTKO~ ~CKp cna6o~ ApKOCT~ ~ C per~cr
pal..l~e~ nJlOTHOCT~ $OHa. 3areM ~T~ C06btT~A 6~11~ ~3MepeHbl c~
CTeMO~ HPO-SHP np~ pasn~4H~x napaMerpax c~creMbt. PesyllbTaT 
CKaHHPOBaH~A BbiBOAHnCA Ha 3KpaH A~CnneA, np~ 3TOM ~3MeHA11~Cb 
A~aMeTp nATHa cKaH~poaaH~A, ypoaeHb A~CKP~M~Hall~~. ronepaHc 
AnA aCCOI..I~all~~ 0TC4eTOB B cerMeHT TpeKa ~ KOn~4eCTBO OTC4eTOB 
Ha cerMeHT. Pesynbrar~ 3TOH KanH6poaK~ noKa3aH~ Ha pHc.2. 
np~ yBe11H4eHH~ ypOBHA A~CKp~M~Hai..IH~ Ha61110AaeTCR norepR HCKp, 
TaK me, KaK ~ np~ yaen~4eH~H AHaMeTpa nRTHa CKaH~pOBaHHA 
/Kp~B~e 1 H J/. . . 

AnR KpHa~x 1 , 2, 3 Afl~Ha cerMeHra 6btn~ pasHa rpeM cKaHHpyiO
III~M ll~HHRM_. 3TOT Bbt60p 6bt11 o6yC110B11eH Tpe60BaH~eM nOHCKa 
penepoa A11R yaenH4eHHA T04eK Ha nonynne4ax, M~H~MallbHbtX no 
pasMepy penepoa. Ho A11R ~cKp AllHHa cerMeHra OKasanacb HeyAoa
neraopHTellbHO~. TaK KaK yron; o6pasoaaHHbt~ nne4aM~ penepoa 
C HanpaaneHHeM n~H~~ pasaepTK~, COCTaBnRn "'+45 °, TO A11R 3$$eK
T~itHO~ per~crpal..l~~ ~CKp 6btna B~6paHa A11HHa cerMeHTa, saBHCR-
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Puc.2. 3~eKTHBHOCTb asTOMaTa 
HPD s 3aBHCHMOCTH OT MHo~ecT- , m 

\f ~ I .. ..-) 
BeHHOC TH C06biTHJI: a - KpHBaJI ·~-

1 - AHaMeTp mrTHa I 2 MKM, 2 - 'i*. 

_!:!flL 
CKAH-P 

..... ~.~-
: -·- .. :::J_- = -..... 1 
' 3 

3 4 5 6 7 8 9 

t3 
t2 
1.1 
t 
.9 

"iHCflO Tpet<OB/tobbiT\ote 

~::~ 
~-1+3 

3 5 1 9 

yposeHb AHCKpHMHHa~HH MeHbWe, 
~eM Ha KpHBOH I, AHaMeTp nRT
Ha 12 MKM, 3 - yposeHb TaKOH 
~e, KaK y I, HO AHaMeTp nRTHa 
20 MKM 4- TO ~e, ~TO HI, 
HO AnHHa cerMeHTa pasHa TpeM 
CKaHHpyrom»M nHHHJIM AnJI penepOB 
H 8 - AnJI HCKp; 3~eKTHBHOCTb 
asToMaTa HPD npu perHCTpa~HH 
cna6&1X HCKp AnJI C06biTHH pa3-
HOH MHO~eCTBeHHOCTH /6/. 

- ~co6blr,. 111aR OT HaKnOHa • 3TOT pe3yflb

TaT AeMOHCTpHpyeT KPHBaR 4 
Ha pHc.2 AnA cerMeHTa, o6pa-

3oaaHHoro 8 cKaHHPYOIIIHMH nHHHRMH. TaKHM o6pa3oM, cHrHan npH 
CKaHHpOBaHHH penepOB COOTBeTCTBOBan AflHHe CerMeHTa B 3 CKa
HHPYOUIHe nHHHH, a AnA HCKP - AO 8 cKaHHPYOIIIHX nHHHH. TaKaR 
HacTpOi1Ka HPD-SHP HMeeT 3~eKTHBHOCTb cKaHHpoeaHHR 95-97% 
AflR MHOrony4e8~X co6~THH. 

C pOCTOM MHO*eCTBeHHOCTH C06~THR yBef1H4HBaeTCR 4HCF10 Cna-
6~x HCKp Ha TpeKe. 8 pe3yflbTaTe npOCMOTpa 6~no HaHAeHO, 4TO 
AflR MHOrOny4eB~X C06~THH OKOF10 17% HCKp o6naAaOT ManoH Rp
KOCTbO. noe~weHHe ypoBHR AHCKPHMHHa~HH CHrHanoe HPD,TO eCTb 
orpy6neHHe 4yBCTBHTeflbHOCTH aBTOMaTa, MO*eT npHBOAHTb K nOnHOH 
noTepe cna6~x HCKP H K CHH*eHH~ 3~~eKTH~HOCTH HPD K MHOro
ny4eB~M co6~THRM. npH yMeHbWeHHH ypOBHR AHCKpHMHHa~HH B03pac
TaeT BepORTHOCTb 06pa3oaaHHR flO*H~X HCKp H3 WYMOB~X OTC4eTOB. 
no3TOMY AflR AaHHOrO MHOrony4eBOrO co6~THR CyUieCTByeT OnTH
MaflbH~H e~6op napaMeTpoB CKaHHpOBaHHR. Ha PHC.26 noKa3aHa 3~
~eKTHBHOCTb perHCTpa~HH cna6~X HCKp B 3aBHCHMOCTH OT MHO*ecT
BeHHOCTH C06~THR AflR pa3H~X YCF10BHH CKaHHpOBaHHR,P 03Ha4aeT 
4HCno cna6~x HCKp Ha TpeKe. EcnH napaMeTp HPD/CKAH-P/ MeHb-
we HflH paaeH eAHHH~e, TO cna6~e HCKp~ TepR~TCR. nyHKTHpHaR 
KpHBaR noKa3~BaeT MaKCHMaflbHyO 3~eKTHBHOCTb perHCTpa~HH Cna-
6~x HCKp. H3 pHc.26 BHAHO, 4TO YCflOBHR, COOTBeTCTBy~He 
HaCTpOHKe 4, o6naAaOT B~COKOH 3~eKTHBHOCTbO perHCTpa~HH cna-
6~x HCKp. noADeM KpHBOH AflR MHOrOny4eB~X co6~T~H o6ycnoeneH 
06~HM CH~*eHHeM RPKOCTH HCKp MHOrony4eaoro COO~THR. 

npoeepKa T04HOCTH H3MepeHHR penepoe CHCTeMOH HP~HP 6~na 
CAenaHa nyTeM cpaeHeHHR ~eHTpOB penepoB, paCC4HTaHH~X Ha 
OCHOBaHHH OTC4eToaHPD,H TpeKOB~X cerMeHTOB npo~eccopa.Coe-
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naAeHHe ~eHTpoe penepoe 6~no npoeepeHo Ha 6onbwoi1 cTaTHCTHKe, 
n~ 3TOM T04HOCTb noX-KOOPAHHaTe COCTaBHna 0,9 MKM, a no 

Y - KOOPAHHaTe - 0, 3 MKM. 
B pe3ynbTaTe HacTpoi1KH CHCTeM~ HP~-SHP cpeAHee 4Hcno cer

MeHTOB Ha penep COCTaBHflO 6, npH 3TOM H3 40 penepOB 38-39 
nonHOCTbiO pacno3HaeanHCb. noA06HaR npo~eAypa HacTpoi1KH IIPD 
H CHCTeM~ HP~HP G~a OCyUieCTBneHa H B na6opaTOpHH B~4HC
f1HTef1bHOH TeXHHKH H aeTOMaTH3a~HH OHRH. B o6oHx 4CHTpax 6~no 
pa3pa6oTaHo MaTeMaTH4ecKoe o6ecne4eHHe ynpaeneHHR H3MePHTen&

H~M npo~eccoM, nporpaM':'~·~HnbTpa~HH AilHH~x c noAroTneKoi1 
BXOAa e CHCTeMy ROMEO . OCYIIICCTBnR~IIIY~ reoMeTpH4CCKY~ 
H KHHeMaTH4eCKY~ peKOHCTPYK~11~ C06~THR B npOCTpiJHCTUe cneKT
poMeTpa. 

MaTeMaTH4ecKoe o6ecne4eHHe H3MCPHH'Il&tmro npotwcca Hil cKa
HHPYIOflleM aeToMaTe OHRI1 nocTpOeHO no np11H~11ny nporput~MHpoeaH

Horo ynpaBnCH11R HenJ'ep~BHbiM np04CCCOM H3MCPCHHR 1<1 ofipa(,OTKH 
cTepeOI1306pa*eHHR·t ·. YnpaeneHI1C 113MepeHI1CM ocyUiecTBflRCTCR 
OCHOBH~M ynpaBnR~III11M 6nOKOM, no3BOF1R~UI11M YCT<lHOBI1Tb ¢YHKLIHO
Hi)flbH~e CBR311 B CI1CTeMe H 3ilAiJBaTb pC)I(I1M 113MepeHI1i1 C llOMOIIIb~ 

CI1CTCM~ 3KCTpaKOAOB /MilKpOKOMaHA/. 
B anrOpi1TM OCHOBHOH nporpaMMbl pacn03Hi1BilHI1R :JilCMCHTOB 

H306pa*eHHR 3af10lKCH np11H~11n flOCilCAOBaTe flbHOrO ¢Opl~l1p0BilHI1R 
a6cTpaKTHOro o6pa3a 113 3neMeHTOB ero CTPYKTYP~ tl 

Pa00411H ~HKfl 113MepeHI1H COCTOHT 113 ABYX OCHOBHbiX 3Tanoa: 
OpraHI13a~HH 113MepeHI1H H o6paOOTKI1 11306pil>KCHI1R /$11flbTpil~11R 
HH~OpMa411H 11 pacn03HaBaHI1C o6pa30B/. 

npH 3TOM CI1CTCMa o6ecne4HBaeT Bbi30B 11 B~nOJ1HCHI1C WHPOKOrO 
Knacca KOHKpeTHbiX $yHK~HH: ynpaBneHI1C npo~eCCOM CKaHI1pOBaHI1R, 
11 BBOA11 11306pa>KeHI1R B naMRTb 38M, KOHTpOflb 11 HaKonneHHC AaH
H~X, caMOHaCTpOHKy Ha 3aAaHHYf napTH~ CTepeOI1306pa>KeH11H, 
KOHTPOflb T04HOCTI1 113MepeHI1H penepH~X MCTOK B np04CCCe CKi)HI1-
poeaHHR, OnpeACf1CHI1C 11 Y4CT AHHaMH4eCK11X KOppeK~11~, 06MeH C 
BHeWHHMH YCTpO~CTBi)MI1, a TaK>Ke pacn03HiJBiJHI1e 11 $11flbTPa4H~ 11H

~OpMa~I1H. 

B npo~ecce 113MepeHHi1 CI1CTeMa ynpaeneHHA e~pa6aT&IBaeT ece 
He06XOAHM~e KOHCTaHT~ B nnOCKOCTH CH11MKa. 

06pa60TKa pe3yllbTaTOB 06Mcpa CTepeOCHHMKOB COfibiTHH npOH3-
BOAI1TCR B Cf1CAY~IIIei1 nocneAOBaTeflbHOCTI1: 

- nepeBOA KOOPAHHaT 11306pa>KeHHH HCKP 11 penepoe 113 KOOPAH
HaTHOH CI1CTeM~ H3MCpHTCflbHOrO npH60pa B CI1CTCMY KOOpAHHaT 
CHHMKa, a TaK>KC Y4CT AC$0pMa~l111 nneHKI1 11 AHCTOpCHH nneHKH B 
npo~ecce H3MepeH11i1; 

- onpeAefleHI1e Ki)4CCTBa H3MepeH11H 11 KOHTPOflb T04HOCTH H3-
MepeHHH penepoe Ha CHI1MKe H Bbi411CileHHe carHTTbl no penepaM; 

. - B~paOOTKa 3TanOHHOH CI1CTeMbl penepOB no ycpeAHeHHO KOOp
AHHaT 113MepeHHH penepoe Ha nneHKe. 
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KoHTponb T04HOCT~ ~3MepeH~H ocy~ecTBnflnCfl nep~OA~4eCK~ 

~n~ Anfl KamAoro KaApa. 
PacnpeAeneH~fl no car~TTe penepoe ~ cpeAHeKBaApaT~4HOe OT

KnoHeH~e no o6e~M KOOPA~HaTaM OT 3TanOHHOH C~CTeM~ COCTaBnfl
eT 2-3 MKM/l2~ He3aB~C~M~e npoeepK~ Ka4eCTBa ~ T04HOCT~ ~3-
MepeH~H 6~n~ npoBeAeHbl np~ ~cnonbaoeaH~~ ~3MepeH~H OAHOH ~ 
TOH me nneHK~ KaK Ha HPD, TaK ~ Ha nYOCe. B pa6oTe 1 12/ TaK
me np~eeAeHo cpaeHeH~e AaHHbiX Anfl ABYX np~6opoe no ocTaT04HOH 
een~4~He car~TT~. MRrKafl nneHKa Ha naecaHOBOH OCHOBe, KOTOpaR 
6blna ~cnonbaoeaHa e 3Kcnep~MeHTe, npeTepneeaeT pacTRmeH~e 
Ha ecex 3Tanax o6pa6oTK~ nneHK~. Ha 3Toro cneAyeT, 4TO np~ 
np04~X paBHbiX ycnoB~RX HeOfiXOA~Ma KOppeKI..I~R A~CTOpC~H nneHK~, 

eoaH~Ka~~~x e npo1..1ecce ~3MepeH~H Ha HPD. 
nocne 3Tana ~3MepeH~H ocy~ecTenReTcfl ~~nbTpai..I~R ~H~OpMal..l~~ 

c 1..1enb~ BbiAeneH~R ~H~OpMal..l~~ 06 ~CKpax Ha KamAOH npoeKLI~~. 

np~ 3TOM B npOI..IeCCe ~HnbTPai..IHH AnR onpeAeneHHR 30H nOHCKa 
none3HOH ~H~OpMai..IHH MOmeT 6~Tb HCnOnb30BaH nH60 OTAenbH~H 
KaAp, TaK Ha3~eaeMbiH 11CTon-KaAp11 , COAepma~~H ~306pameHHR MHO
meCTBa co6~TH~ Ha OAHOM KaApe /c~cTeMa e KHA~e e 6onOHbe/, 
n~6o MeTOA CaMOHaCTpOHK~ nocne o6pa60TKH rpynnbl KaApOB /c~
CTeMa e ,ll,y6He/. Ha aaKn~4~TenbHOM 3Tane ocy~ecTBnReTcfl 11c6op
Ka11 COfibiTHR ~ npeACTaBneH~e ~H~OpMai..IH~ B ~OpMaTe, np~1rOAHOM 
AnR nocneAY~~eH o6pa6oTK~. Ha 3Tane c6opK~ co6biT~R TaKme 
OCy~eCTBnReTCR BKn~4eH~e 3neKTpOHH~X AaHH~X ~ HH~OpMai..IHH 0 
ny4Ke. 

B peaynbTaTe cKaHHpoeaHHR ~H~OpMai..I~R o KamAOM co6biT~H npeA
cTaBnReTCR B cnet.~HanbHOM ~OpMaTe 6n04HOH CTPYKTYPbl ItO/· 

,lJ,nR e~ayanbHOro Ha6n~AeHHR aa peaynbTaTaMH ~3MepeHHR Ha 
HPD~ KOHTponfl AaHH~x e npo1..1ecce ~HnbTpaLIHH HH~OpMai..IH~ H noA
roTOBKH co6~TH~ 6~n paapa6oTaH KOM~neKc nporpaMM 1131 , o6ecne-
4~ea~~HCI B~BOA HH~OpMai..IHH C npoMemyT04HbiX, 3Tanoe o6pa60TKH Ha 
3KpaH AHCnnefl. 3TOT KOMnneKC ~CnOnb30BancR npH HaCTpO~Ke 
c~cTeMbl nporpaMM AnR H3MepeHHR CHHMKoe Ha aeToMaTe HPD, KOH
Tpone ero pafiOT~ B npOI..IeCCe CKaHHpOBaHHR CHHMKOB, nO~CKe CH
CTeMaTH4eCKHX OWHfiOK /Hanp~Mep, npH nOCTORHHOM OTCYTCTB~~ HnH 
nnOXOM Ka4eCTBe OTAenbH~X penepoe, nOCTOflHHOM OTCYTCTB~~ ~CKp 
e HeKOTOpbiX KaMe pax H T. n. I, npH KOHTpone peaynb TaTOB pa6oT~ 

nporpaMM ~HnbTpal..l~~ H npoeepKe BXOAHOH ~H~OpMai..IHH AnR CHCTeM~ 

AanbHeHweH o6pa6oTK~. 
CneAyeT OTMeT~Tb H B03MOmHOCTb ~cnonb30BaH~fl KOMnneKCa 

A~CnneHHbiX nporpaMM AnR npOCMOTpa ~ OT6opa COfibiT~H no 3aAaHHbiM 
np~3HaKaM. 3To 6~no none3HO e TOM cny4ae, KOrAa ~3MepeH~fl 

een~cb 6ea npeAeap~TenbHOH ceneKLI~~ co6~THH. B ,ll,y6He Anfl 
aeTOMaT~4ecKoro ~3MepeHHR ~ o6pa60TK~ cH~MKOB c MHC Hcnonb-
3Y~TCR ABa OCHOBH~X eapHaHTa MaTeMaTH4eCKOrO o6ecne4eHHfl. 
nepe~H eap~aHT /A/ o6ecne4~eaeT o6pa6oTKy AaHH~x. nocTyna~~~x 
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OT cKaHHPY~~ero aeTOMaTa HPD, a BTopo~ eapHaHT /6/ Hcnonb3yeT
Cfl•Anfl 06pa60TKH AaHH~X, nony4aeMbiX Ha B~XOAe cnet.~nPOI..IeCCOpa 
SHP. . 

B CBO~ 04epeAb, eapHaHT A COCTOHT H3 ABYX nOACHCTeM, HCnOnb-
3yeM~X nocneAOBaTenbHO Ha pa3nH4H~X 3BM. H3MepeHHe CHHMKOB 
H npeAeapHTenbHaR o6pa6oTKa e~nonHR~TCfl Ha CDC-1604A, a ~Hnb
Tpai..IHfl H c6opKa AaHHbiX npo~CXOART Ha 3BM coc-6500. TaKoe 
pa3AeneHHe n03BOnHnO nony4HTb AOCTaT04HO B~COKHe 3KCnnyaTa
LIHOHH~e xapaKTepHCT~KH CHCTeM~ - 120-150 C06./4ac Ha 3Tane 
H3MepeHH~ H OKOno 600 C06./4aC Ha 3Tane ~HnbTpai..IHH. 

B cny4ae HcnonbaoeaHHR HP~HP noRBHnacb eoaMOmHOCTb 
coeMeCTHTb 3Tan~ H3MepeHHR H ~HnbTpai..IHH Ha ManoH 3BM CDC-
1604A, a Ha CDC-6500 AenaTb TOhbKO c6opKy co6~THH. CKopocTb 
H3MepeHHH OCTanaCb TaKO~, KaK H B cny4ae HCnOnb30BaHHR eapH
aHTa A. npH 3TOM T04HOCTHble xapaKTepHCTHKH o6oHx eap~aHTOB 
CHCTeM 6nH3KH. 

MAfHHTHOE nonE CnEKTPOMETPA 

MarHHTHoe none cneKTpOMeTpa 6~no H3MepeHo e o6oeMe MarHHTa 
500x130x150 cM3 c waroM 5 eM, a TaKme e o6nacTH cnaAa~~ero 
nonR c noMO~b~ AaT4HKOB Xonna. HaMepeHHR 6~nH CAenaH~ e ceM~ 
ropH30HTanbHbiX H Tpex eepTHKanbH~X nnOCKOCTflX, COAepma~~X 

45000 3Ha4eH~~ KOMnOHeHT nonfl. nepeA aHanH30M B HCXOAHbiX 
AaHH~X 6~n YAaneH 11nnaHapHbiH 11 3~~eKT. 

,lJ,nR HaXOmAeH~R HenpepbiBHOH KapTbl MarHHTHOrO nonfl H3 AHC
KpeTHOrO Ha6opa HCXOAHbiX AaHH~X He06XOAHMO 6~n0 Ha~TH A0CTa
T04HO 3<!>4>eKT~BHbiH anrOpHTM o6pa60TKH nOnfl, aAeKBaTHbiH npOI..Ie
AYPe ~3MepeHHH, o6ecne4HBa~~~~ ManocTb OTKnoHeHHR pacc4HTaH
Horo 3Ha4eHHR nonR OT ~3MepeHHOro no cpaeHeHH~ c H3Mep~TenbHOH 
OWHfiKO~ H Tpe6y~~~H ManOH MaWH~HO~ naMflTH. 

,lJ,nR 3THX 1..1eneH nOAXOAR~HM anrop~TMOM OKa3anOCb npeACTaene
HHe nonfl B ~OpMe KBaApaTH4HOrO nonHHOMa B BepT~KanbHOH nnoc
KOCTH no KOOPA~HaTaM Y H Z H n~He~HaR HHTepnonRI..IHR B rOpH30H
TanbHOM HanpaeneH~~ /X -KOOPA~HaTa/. OnpeAeneHHe Tpex KoMno-
HeHT nonR B AaHHOH T04Ke (X, Y, Z) BHYTPH o6naCTH 3aAaHHfl 
KapTbl nonR ocy~ecTenReTcfl cneAY~~~M o6paaoM. Ha nepeoM 3Tane 
n~HeHHOH HHTepnonRI..I~eH HaXOARTCR 3Ha4eH~R K03~~~1..1~eHTOB nonH
HOMa AnR AaHHOro 3Ha4eH~R X -KOOPA~HaTbl. Ha BTopoM - K03~~~-
1..1HeHT~ non~HOMOB, onHCbiBa~~~x none, AnR AaHHbiX X- ~ Z -KOOPA~
HaT. H Ha nocneAHeM 3Tane HaxoA~TCfl none Anfl AaHHOH Y -Koop
A~HaTbl. 

Anrop~TM Tpe6yeT 50 YMHOmeHHH ~ 3000 cnoe naMRT~. B LleHT
panbHOH o6naCT~ MarH~Ta OCTaT04H~H 4neH COCTaBnReT Ben~4HHY 

"' oB z =8, 5 fc, DB y 5: 20 fc, a np~ 3KCTpanon~pOBaHH~ nonR oBz = 
=30 ···fC. norpeWHOCTb B a3~MyTanbHOM yrne AflR 4aCT~I..Ibl C HMnynb-
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COM 1 0 f38/ C COCTaSm:leT ~ 0, 1 MpaA, a S 11Mnynbce - 0, 05%, 4TO 
cy~eCTSeHHO MeHbWe 113Mepi1TenbH~X OWI1fiOK. 

nposepKa HaHAeHHOH KapTbl no'nJI CAenaHa nyTeM peweHI1JI ypasHe
HI1H MaKCsenna C Ha4anbHbiMI1 ycnOSI1JIMI1, S3JITbiMI1 113-113MepeHI1H 
nonJt, Ha rpaHI1~e 06DeMa 11 cpasHeHI1R peweHI1R SHYTPI1 06DeMa CO 
3Ha4eHI1eM nonR. An11 3Toro 6wn SbiAeneH o6DeM 500x60x45 cM 3 

C R4eHKOH 5xf5x15 CM 3, Ha rpaHH~aX KOTOporo fiblnH npi1HJITbl 113-
MepeHHble 3Ha4eHI1R nOnR. 8 TeX cny4aRX, KOrAa OTCyTCTSOsanl1 
113MepeHI1R, nOACTaSnRnOCb 3Ha4eHI1e 113 KapTbl nonR. 411CnO TaKI1X 
T04eK cocrasnRno OKono 10% OT o~ero 1.111cna. Ha ocHosaH1111 pe
weHI1R ypasHeHI1JI MaKcsenna c 3aAaHHbiMI1 rpaHI14HbiM11 ycnOSI1RMI1 
6wno Hai1AeHo none so seeM o6DeMe. np11 3TOM cornac11e c KapTol1 
nOnR SHYTPI1 06DeMa COCTaSnRnO -·5 rc 11 y rpaHI1~- 15 rc. 
3TOT MeTOA Henb3JI 11CnOnb30saTb AnR 3KCTpanonR~I1H. AHanori14HaJI 
nposepKa 6bma co3AaHa TaKlKe p.nR o6nacTI1 cnaAaiO~ero nonJt. 

0nTI1ManbHOCTb Hai1AeHH0.::1 annpoKc11Ma~1111 KapTbl nonR 6wna npo
sepeHa np11 npeACTasneHI111 nonR S SI1Ae 3-MepHbiX nOni1HOMOS 4e-
6brwesa 11 6onee BbrcoKol1 cTeneHI1. Pac4eT noKa3an, 4TO TOnbKO no
ni1HOM 10-.::1 CTeneHI1 Aasan OTKnOHeHHe OT 3Ha4eHI1~ KapTbl nOnJI 
/MeHee 5 rc/. 

06PA60TKA PE3YflbTAT08 CKAHHPOBAHH~ 

3a OCHOSy CI1CTeMbl nporpaMM o6pa60TKI1 pe3ynbTaTOB CKaHI1pO
SaHI1R BnnOTb P,O K11HeMaTI14eCKO~ peKOHCTpyK~I111 COfibiTHR 11 nony4e-

9 HHR neHTbr KOHe4HbiX pe3ynbTaToe 6blna npHHRTa nporpaMMa ROMEO • 
11cnonb3osaswaRcR AnR aHanl13a co6brT~-tl1 e cneKrpoMerpe OMErA 
UEPHa. 3ra CHCTeMa 6wna aAanr11posaHa AnR cneKrpoMerpa MHC OH~H 
11 nperepnena 6onbwHe H3MeHeHHR no cy~ecrsy pa6orw MHOrHx an
ropHTMOB. HaMeHe~R KacanHCb KaK opraHH3a~I1H nporpaMMbl, ee 
pa~I10HanbHO~ cerMeHTaU1111 np11 3arpy3Ke B 38M, TaK 11 OnTI14eCKOH 
4aCTI1 cneKTpOMeTpa, MeTOAa nepeXOAa B npocrpaHCTBO, KOppeK~H~ 

onTH4eCK11X AI1CTOPCI1H, KOHTponR, 6paKOBKI1 113MepeHI1~ penepoe 
11 11CKp TpeKOB KalKAOrO C06b1TI1JI. 

6onbwHe 113MeHeHHR 6blnl1 CAenaHbr raKlKe s nporpaMMax pacn03Ha
saHI1R C06b1TI1~, MeTOAe 0011CKa SepWI1Hbl COfibiTHR 11 K11HeMaTI14eCKOM 
aHan11ae. 

nporpaMMa 11MeeT MOAYnbHYIO CTPYKTypy, 11 KalKAbl~ MOAYnb HeCeT 
csoe $yHK~110HanbHOe Ha3Ha4eHI1e. nonHbl~ o6DeM naMRTI1 38M co
crasnReT 231000 8 enos CDC-6500, a e cerMeHTHoosaHHOM sapl1aH
re Ani1Ha Hai160nbwero cerMeHra cocraenReT 1220008 cnoe.8xoA
HbiMI1 AaHHbiMI1 B nporpaMMy RSnReTCR pe3ynbTaT CKaHI1pOBaHI1R Ha 
asroMaTax HPD, COAeplKa~l111 aApeca 11 KOOPAI1HaTbl penepHwx MeroK 
11 11CKp, a TaKlKe 3neKTp0HHYIO 11H$OpMa~l110 11 CSeAeHI1R 0 ny4Ke. 
0nTI14eCKHe KOHCTaHTbl, He06XOAI1Mble AflR pa60Tbl nporpaMMbl, 6blnH 
3ani1CaHbl Ha OTAenbHOM $a.::1ne. 

10 .. 

PHc.J. CTpyKTypa CHCTeMhl o6pa6oTKH CHHMKOB cneKTpOMeTpa 
MHC. 

06~aR CTPYKTypa nporpaMMbl npeACTaaneHa Ha PI1C.3. 0Ha COAep
lKHT 6nOKH o6pa60TKH penepHbiX MeTOK 11 KOHTpOnR-;x-Ka4eCTSa, 
CI1CTeMbl paCn03HaSaHI1R o6pa30S C06b1TH~, nOHCKa sepWI1Hbl B3aHMO
AeHCTSI1R 11 oc~ecTsneHI1JI reoMeTpH4eCKOH peKOHCTPYKUH11 co6wTI1JI 
11 ero KI1HeMaTI14eCKoro aHanl13a. 6noK o6pa6orKH penepos ocy~ecr
snRn nepeSOA pe3ynbTaTOS 113MepeHI1H S npocrpaHCTSO AnR KalKAOrO 
Merposoro 6noKa cneKTpOMeTpa, npocMaTpl1saeMoro csoe.::1 cTe
peoci1CTeMOH. 

i AnR o6ecne4eHI1R SbiCOKOH T04HOCTI1 SOCCTaHosneHI1R TpeKOS Ha 
nneHKe S npOCTpaHCTSe cneKTpOMeTpa Heo6XOA11MO AOCTI14b norpew-
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HOCTH B BOCCT8HOBneHHH ~eHTpa penepa, MeHbWe~ OWHfiKH nono*e
HHR HCKp~ OTHOCHTenbHO TpaeKTOPHH 4aC~H~~. 3TO ycnOBHe 6~no 
AOCTHrHyTO nocne YCTpaHeHHR HCKa*eH~~ nneHKH H nony4eHHR Ha
Ae*HbiX OnTH4eCKHX KOHCT8HT. B~pa60TaHH~~ anropHTM BOCCT8HOB
neHHR penepOB n03BOnHn OCy~eCTBHTb B~COKOT04HYO peKOHCTpyK
~HO penepoe a npocTpaHcTae. CpeAH~~ T04HOCTb penepoa cocTaa
nRna 65 MKM B npOCTpaHCTBe. aonR 3a6paKOBaHH~X KaApOB no 
pe3ynbTaTaM BOCCTaHOBneHHR penepoB COCTaBnRna 2%. nocne o6pa-
60TKH penepOB OCy~eCTBnRnOCb BOCCTaHOBneHHe HCKp B npOCTpaH
CTBe a nnocKOCTH Z=O, pacnono*eHHO~ e6nH3H eepxHe~ rpaHH~~ 
HCKpOBbiX KaMep. 

CHcTeM~ ROMEO HMeeT pa3BHTyo nporpaMMy pacno3HaeaHHR o6-
pa3oB co6b1TH~ ennOTb AO AeCRTH TpeKoa, orpaHH4eHHYO TOnbKO 
naMRTbO 3BM. 0TCYTCTBHe nOCTOpOHHe~ HH$QpMa~HH Ha CHHMKaX 
cneKTpoMeTpa MHC, BbiCOKoe Ka4eCTBO nneHKH no3aonHno Bb16paTb 
aBTOMaTH4eCKH~ CnOC06 pacn03HaBaHHR C06biTH~. 

Pacn03HaBaHHe TpeKOB BeAeTCR OAHOBpeMeHHO Ha ABYX npoeK
~HRX B nnOCKOCTH Z=Q H Ha4HHaeTCR C nocneAHero He4eTHOrO HC
Kpoeoro 3a3opa H HAeT no He4eTHbiM 3a3opaM, 4T06bl Ha nepeoM 
:nane H36e*8Tb BnHRHHR CMe~eHHR HCKp B CKpe~eHHbiX MarHHTHbiX 
H 3neKTpH4eCKHX nOnRX. nocne HaXO*AeHHR ABYX HCKp B He4eTHbiX 
nocneAOBaTenbHbiX 3a3opax ocy~ecTBnReTcR npeACKa3aHHe AnR 
cneAYO~ero. B cny4ae OTCyTCTBHR HCKp B 6onee 4eM ABYX He4eT
HbiX 3a30pax npo~eCC nOHCKa TpeKa Ha4HHaeTCR CHa4ana. nocne 
HaXO*AeHHR Tp~X HCKp AanbHe~wee pacn03HaBCIHHe HAeT Ha OCHOBe 
npeAcKa3aHHR no OKPY*HOCTH HnH napa6one H acco~Ha~HR HCKP 
OCy~eCTBnReTCR B COOTBeTCTBHH C AOnycKaMH. nponycK HCKp B 
3a3opax cneAyeT no onpeAeneHHOMY anropHTMy. Ka4ecTso npHcoe
AHHeHHR HCKp K TpeKy KOHTpOnHpyeTCR nyTeM HHTepnonR~HH AnR 
Ka*AO~ HCKpbl H 3KCTpanonR~HH Ha OCHOBe AaHHbiX, Y*e npHCOeAH
HeHHbiX HCKp K TpeKy. 

B 3TO~ npo~eAype AnR Ka*AO~ HCKpbl .pact4HTbiBaeTcR sec KaK 
npH HHTepnonR~HH, TaK H npH 3KCTpanonR~HH H npH c6anaHCHpOBaH
HbiX Becax HCKpa-KaHAHAaT MO*eT 6b1Tb 11 3aMOPO*eHa 11 H TeM caMbiM 
He npHCOeAHHeHa K TpeKy. 

aononHeHHe TpeKOB HCKpaMH B 4eTHbiX 3a3opax BeAeTCR npH 
o6paTHOM ABH*eHHH no TpeKy. B anropHTMe acco~Ha~HH HCKp 
K TpeKy npeAYCMaTpHBaeTCR Cy*eHHe AOnyCKOB npH npocne
*HBaHHH TpeKa, 3aBHCR~ee OT 4HCna T04eK H HX pa36poca. 

npaKTH4eCKH~ aHanH3 pe3ynbT8TOB o6pa6oTKH no CTaHAapTHO~ 
BepCHH nporpaMMbl pacn03HaBaHHR 06pa30B C06b1TH~ n03BOnHn 
YCT8HOBHTb He3~eKTHBHOCTb CHCTeMbl B 3aBHCHMOCTH OT MHO*eCT
BeHHOCTH COfibiTH~ H ee BnHRHHe Ha reOMeTpH4eCKyO peKOHCTpyK
~HO C06bl;rHR. 

0CHOBHbiMH np!-141-iHaMI-1 He3(Jl(JleKTI-1BHOCTI-1 npo~ecca pacno3HaBaHI-1R 
3-ny4eBbiX C06b1T.I-1~ RBnRnHCb: noTepR KOpOTKHX TpeKOB, HMeO~I-iX 
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MeHbwe Tpex 1-iCKp a He4eTHbiX 3a3opax I- 6%1, noTePI-1 TpeKoa H3-
3a (JloHOBbiX noMex. np1-1BOAR~HX K HenpaaHnbHO~ npo~eAYpe npocne
*1-iBaHMR 1- 6%1,noTepH TpeKOB Ha-3a HenpaBMnbHOrO npMCOeAHHe
HI-iR MCKp K TpeKaM I -3%1. KpoMe Toro, nporpaMMa noHcKa cooT
seTcTBHR TpeKOB Ha pa3Hb1X npoeK~I-iRX MMena He3~eKTMBHOCTb 
-5%. nonHaR Hea~eKTI-iBHOCTb pacno3HaeaHI-1R co6biTH~ cocTaenRna 
20-22% H CHnbHO 3aBHCena OT $QHOBO~ 3arpy3KH KaApa. 

4TO KacaeTCR HeAOCTan:OB a.hrOpHTMa, TO BbiRCHHSlOCb, 4TO 
HenpaBI-111bHOe Ha4ano npocne*HBaHHR TPeKa eeAeT K nepenonHeHHO 
TpeK6aHKa /H Aanee K noTepe TpeKoe/, a TaK*e K yKopo4eHHO Tpe
Koa H3-3a Henplo1COeA!-1HeHI-1R HCKp B nepBOM 6nOKe H nepeKpbiTHIO 

TpeKOB. 
B anropHTMe acco~1-1a~l-11-1 HCKp npeAycMaTp!-1aaeTCR cy*eHI'te AO

nycKoa npH npocne*I-1BaHHI'I TpeKa, 3aBI'!CR~ee OT 4Mcna T04eK H HX 
pa36poca, 0AHaKO aHa11H3 noKa3a11, 4TO cy~eCTBeHHOrO yMeHbWeHHR 
AOOyCKOB He np0!-1CXOAI-1T, 4TO RBSlReTCR npH41-1HO~ aCCO~Ha~HI-1 $o
H0Bb1X OTC4eTOB. npHCOeAHHeHHe K TpeKy $QHOBbiX HCKp BeAeT K ' 
HenpaBHilbHOMy pacn03HaBaHHIO C06b1TI-1R H K OWH6KaM npl-1 reoMeTpH-

4eCKO~ peKOHCTPYK~HH TpeKa. 
no3TOMY MOAepHH3a~HR nporpaMM 6blna HanpasneHa KaK Ha A0CTH

*eHI-1e BbiCOK03(Jl(JleKTHBHOrO pacn03HaBaHI-1R C06biTHR, TaK H Ha Ka-

4eCTB0 npMCOeAI-1HeHHbiX T04eK K TpeKy. 
anR nporpaMMbl Clle*eHHR no TpeKy 6bi11H Ha~AeHbl CMe~eHHR nono

*eHI-iR HCKp B 3a3opax B 3aBHCHMOCTH OT yrna TpeKa A11R o6eHX 
npOeK~H~. np~-ipOAa 3THX CABI'trOB COCTOHT B HenOSlHO~ KOMneHCa~I-1H 
KllHHOBHAHOCTI-1 CTeKOSl HCKpOBbiX KaMep, HeT04HOCTI-1 HaXO*AeHI-1R 
~eHTpa 3aaopa no oTc4eTaM HPD, a TaK*e a pa3HO~ (JloHoso~ aarpya
Ke ABYX npoeK~I-1~ CTepeOI-1306pa*eHI-1R. npl-1 nOHCKe 3TI-1X CMe~eHI-1~ 
6bl110 Bb1AB1-1HYT0 OAHO yCSlOBMe: rnaAKOCTb TpeKa Ha npoeK~I-11-1. 
CpeAHMe 3Ha4eHI-1R 3TI-1X cMe~eHH~ AllR Ka*Aoro aa3opa ABYX npoeK~H~ 
6bi11H Ha~AeHbl Ha 60SlbWOM CTaTHCtl-14eCKOM MaTepMane. BK1104eHHe 
cpeAHI-iX 3Ha4eHH~ 3THX ~Me~eHI-1~ npHBellO K HeKOTOpOMy yMeHbWeHHO 
He3~eKTI-1BHOCTH nporpaMM Clle*eHHR no TpeKy. 3TH KOppeK~HH 
nOilO*eHHR HCKpbl HCnOSlb30Ba11!-1Cb B AallbHe~WeM npH reoMeTpH4eCKOM 
peKOHCTpyK~HH TpeKos. Oco6oe BHHMaHMe 6blno YAeneHo npo~eccy 
accO~I-ia~l-11-1 1-iCKp K TpeKy, TaK KaK npi-1COeAMHeHHe $OHOBbiX OTC4e
TOB K TpeKy BeAeT KaK K OWH6KaM npOC11e*I-1BaHHR, TaK H K nnoxo~ 
reoMeTpHH TpeKa. 

npe~H3HOHHaR KOppeK~HR nOilO*eHHR HCKpbl Ha TpeKe n038011HSla 
npHMeHHTb HOBbl~ anropHTM cy*eHHR AOnycKOB A11R npMcOeAHHeHHR 
T04eK, npl-iHHMaiO~H~ BO BHHMaHHe K011H4eCTBO Y*e HMeO~I-iXCR T04eK, 
HX pacnono~eHHe 1-1 4HC110 nponyCKOB. np1-1 3TOM Be11H4HHa AOnyCKOB 
BbiC4HTbiBaeTCR T04HO H COnOCTaB!-1Ma no Be11H41-1He C npOCTpaHCTBeH-

~ HO~ pa3pewaiO~e~ cnoco6HOCTb0 ycTaHOBKH. anR TpeKOB 60SlbWO~ 
· AllHHbl AOCTaT04HO 6biCTpoe cy*eHHe AOnycKOB npHBOAHilO K o6pa3o

saH~O HeCKOSlbKHX TpeKOB 1-13 OAHOrO HCTHHHOrO, 4TO nOTpe6osano 
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ycoeepweHCTBOBaHHR npoueAYPW HaXOmAeHHR CerMeHTOB OAHOrO Tpe
Ka. 6onbwoe BHHMaHHe 6wno YAeneHo Ka4eCTBy npouecca pacno3-
HaeaHHR B o6naCTH BXOAa TpeKOB B cneKTpOMeTp. B 3TOH o6naCTH 
TpeKH pacnonara~TCR a Y3KOM KOHyce, Ha6n~AaeTcR nepece4eHHe 
TpeKOB, K TOMy me H3•3a KOHe4HOrO pa3peWeHHR ABYX HCKp Ka
MepaMH H aeToMaTOM HPD eoapacTaeT eepo.ATHOCTb HMeTb OTC4eT 
KOOPAHHaTW, He COOTBeTCTBY~HH HH OAHOMy H3 TpeKOB. no3TOMy 
6wn paapa6oTaH anropHTM nporpaMMbt, noaaonR~HH npHcoeAHHRTb 
nOTepRHHWe HCKpW BAOJlb TpeKa H YAaJlRTb HCKpy, ecnH OHa BHyT
PH AOnycKa RBJlReTCR KaHAHAaTOM AnR ABYX TpeKOB. BenH4HHW 
AOnyCKOB 6wnH onpeAeneHW no pe3yJlbTaTaM H3MepeHHH OAHHX 
H Tex me C06biTHH Ha HPD "' nYOCax. 3TH H3MeHeHHR no3BOJ1HJ1H 
YJ1Y4WHTb TaKme Ka4eCTBO HaxomAeHHR BepWHHW B3aHMOAeHCTBHR. 
ApyraR MOAH~HKaUHR CHCTeMw pacnoaHaBaHHR co6wTHH 6wna Hanpae
neHa Ha AOCTHmeHHe He3aBHCHMOCTH 3~eKTHBHOCTH pacn03HaBaHHR 
C06WTHH OT HHTeHCHBHOCTH C11y4aHHOrO ~OHa Ha CHHMKe. B03HHKHOBe
HHe CJly4aHHOrO HeKOppenHpOBaHHOro ~OHa npH CKaHHPOBaHHH nneH
KH o6ycnOBJleHO nOBWWeHHOH KOHTpaCTHOCTb~ CHHMKa no cpaBHeHH~ 
C OnTHMallbHOH npH ~HKCHpOBaHHbJX napaMeTpax CKaHHpOBaHHR. 
B ycnOBHRX HHTeHCHBHoro ~oHa 3aTPYAHeHa pa6oTa nporpaMM cne
meHHR no TpeKy Ha-aa owH6oK npH accou~-taUHH HCKp "' pacnoaHaea
HHe C06WTHH H3·3a nepen011HeHHR naMRTH, OTBeAeHHOH AJlR TpeKOB. 
BeCbMa 3~eKTHBHOH OKa3anaCb TaKaR Mepa, KaK 3aAaHHe Hanpae
lleHHR npocnemHBaHHR TpaeKTOpHH Ha MHWeHb, rAe npOH30W110 
B3aHMOAeHCTBHe, B yrnOBOM aKcenTaHce ycTaHOBKH. nocne Haxom
AeHHR nepBbfX "rpex HCKp H npoeepKH nonomeHH.A TpaeKTOpHH B yr-
110BOM aKcenTaHCe YCTaHOBKH npocnemHBaHHe TpeKOB npOAOnmaeTC.A 
06bi4HWM 06pa30M, 

AHa11H3 peaynbTaToa pacnoaHaeaHH.A o6paaoe co6wTHH 6ea H3-
MeHeHHH H C HHMH noKa3a11, 4TO HOBWe MOAH~HKaUHH npHBellH K 
yBeJ1H4eHH~ 3~eKTHBHOCTH pacn03HaBaHH.A C06biTHH H nOBWWeHH~ 
HaAemHOCTH T04eK A11.A reoMeTpH4eCKoro aHa11H3a. nocne aaeepwe
HHR pa60Tbl nporpaMM pacn03HaBaHH.A o6pa30B C06biTHH Ha ABYX 
npoeKUH.AX B n110CKOCTH Z =0 Ha4HHaeT pa6oTaTb 6noK nporpaMM, 
YCTaHaB11HBa~~HH COOTBeTCTBHe TpeKOB. Ha ABYX npoeKUH.AX. noHCK 
COOTBeTCTBY~HX TpeKOB OCy~eCTBil.AeTC.A no P.AAY KpHTepHeB, 
KOTOpWe COnOCTaBn.A~TC.A C onpeAelleHHWMH BeCaMH. 0CHOB
HWMH KPHTepH.AMH 6wnH: 3HaK KP11BH3HW TpeKa, BeJ1H4HHa CaMOH 
KpHBH3HW, AJlHHa TpeKa, Y ·KOOPAHHaTa nonomeHH.A TpeKOB 11 Z -
KOOPAHHaTa TpeKOB. KpoMe 3HaKa KpHBH3HW TpeKOB, OCTaJlbHWe 
KpHTepHH BXOAHJlH B ~OpMyny Beca, onpeAeJl.A~~y~ BKJlaA KpHTepH.A 
B npoueAYPY COOTBeTCTBH.A, KamAWH 4JleH KOTOpo~ 6w11 HaHAeH no 
KOHKpeTHOMy pe3y11bTaTy 06pa60TKH rpynnw C06WTHH. H3 ~OPMYJlbt 
BeCOB 6W11H HCK11~4eHW 4JleHW, 3aBHC~He KaK OT 3~eKTHBHOCTI1 
HCKpOBWX KaMep, TaK H OT HeKOppenHpOBaHHOr:O ~OHa. TaKa.A npo
UeAypa HaxomAeHH.A COOTBeTCTBH.A TpeKOB 3Ha4HTe11bHO yMeHbWaeT 
4HC110 0WH60K. 6paKOBKa TpeKOB Ha ypOBHe 2% B 3TOH nporpaMMe, 

14 

• 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••--••••••••••••••••••••••••w••••••• 

. 
X 
.( . 

X '• 

• . . . . • • 
• " '• ... 

• 

2 

1 l• Y"' 
1 !I ') 

:• ' ·~ u ru • 
1~ 4 ( •• " .,r ·! 1J A 

··~ . ~ . j ~ 1 1 ,. " 
11' r; 1 'tY 
'I! " 1 J•• 

?.. lj 
l• ~ , . ' 

( ~ .. 
• l 
• j 

~ • j 
~ • 1 ' ( 

2 .. 3 
~ .. J 

.. l . ) 
J 
' < 

: . 
< 

; 
( . ' •I . 

I 
1 

0 

1 'V"E 
., 1~1! 

, 1 ,.. [" 
"'' ) ~ :

,, 1 (' :. 
u 1 c ':. 

'J , c 
• • 1': 

, c 
, r 

1 r 

' c 
~ r 

r . 
) 

r 
f . 

c c 
~ 

r 
" D r. ' 
" .. 

l 
X 
J 

l 
I . 
i 

3 . 
y 

y 

l X 
3 

y 

) )I') 

0 
' 

. , 
) 
J , , 

~ 
D 

, r 
1 y c 

. 
f 

( 

c c c 
r: 
c 

r: c 

' , o.n 
~· r 3 •• 

v 

x 1 r 

···------------ _______ ! __ ------ ---------- ---- ____ 1: ----- ___ ! __ -- ---------------- ---- -~ ~ ---. 
PHc. 4. }:(Be npoeK~HH co6&ITH.!I nocne pa6oTbl nporpaMMbi 
pacnosHaBaHH.!I. ByKBaMH H ~HciJpaMH o6osHat~eH&I HCKp&I, 
llPHCOe,z:t;HHeHHbie K TpeKaM, 

.. 
KaK 6wno ycTaHoeneHo, o6yc110B11eHa ABYM.A npH4HHaMH: nonHwM 
nepeKpbfTHeM OTC4eTOB Ha OAHOH npoeKUHH H C11y4a.AMH nepeCe4eHHR 
TpeKoa noA ManwMH yrnaMH. B peaynbTaTe He3~~eKTHBHOCTb CHH-
3Hnacb AO 8%. Ha pHc. 4 noKa3aHo co6bJTHe nocne pa6oTbl nporpaM
Mbt. 

3aeepwa~IJ4eH cTaAHeH pa6oTw CHCTeMbl nporpaMM pacnoaHaBaHH.A 
C06WTHH .ABil.AeTC.A nOArOTOBKa BXOAa AJl.A reOMeTpJ.1H C06btTH.A. 3TH 
BOnpocw, a TaKme nOHCK BepWHHbl B3ai1MOAeHCTBHH H KHHeMaTH4eCKHH 
aHa11H3 BnllOTb AO nony4eHH.A lleHTW CyMMapHWX pe3Y11bTaTOB, 6y
AYT paCCMOTpeHW B C11eAY~U4ei:1 pa6oTe. 

ABTOPW Bblpama~T 6naroAapHOCTb A.A.T.AnKHHy, n.JlynTaKy, 
P.RHHKy, A.MHccypH, B.B.BHWH.AKosy, H.M.BacHnescKoMy, 

~ A.$.nHcapesy, r.6ennHHH, r.BeHbH, A.Konna, M.nepHHKe, 
n.~~6eTTI1, C.r.6aAaJl.AHy 3a 60nbWY~ nOMO~b H COAeHCTBHe 
Te, a TaKme H.BarHepy H 3.AeHewy, npHHHMaBWHM y4aCTHe Ha 
HeH CTaAHH pa60Tbl. 

pa6o
paH-
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