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B pa6oTax 
1 1

•
21 

npeAJlo>KeH MeTOA onpeAeJleHI..Ul KI-1HeMan14ec
KI-1X napaMeTpOB TpeKOB 3apH>KeHH~X 4aCTI-1~ C y4eTOM ~aKTOp!-130-

BaHHOrO npeACTaeneHI-1H I-1H~opMa~I-10HHbiX MaTpl-1~. B pa6oTe / 3 / 

e paMKax 3Toro MeTOAa nony4eHo aHaJli-1TI-14ecKoe npeACTaeneH!-1e 

AJlH O~eHOK napaMeTPOB npHMOJli-1HeHHbiX TpeKOB. 

HacTOH~aH pa60Ta nOCBH~eHa Oni-1CaHI-1~ pe3yJlbTaTOB BOCCTa
HOBJleHI-1H KI-1HeMaT!-14eCKI-1X napaMeTPOB 3apH>KeHH~X 4aCTI-1~ C no

MO~b~ pa3BI-1TOrO B pa60Tax 1 1· 3/ MeTOAa B yCJ10BI-1HX cneKTpo

MeTp!-14eCKOrO KOMnJleKca 11 f"l-1nepOH 11 / 4! . napaMeTpbl 4aCTI-1~ BQC

CTaHaBJli-1BaJli-1Cb TaK>Ke c !-1cnonb30BaH!-1eM 6onee npocToro MeTOAa, 

npeAnOJlara~~ero OAI-1HaKOBOCTb nOJlHbiX OW!-160K B onpeAeJleHI-11-1 

KOOPAI-1HaT T04eK TpeKa. npo~eAypa nony4eHI-1H O~eHOK KI-1HeMaT!-1-
4eCKI-1X napaMeTpOB C np!-1MeHeH!-1eM 0601-1X MeTOAOB BOCCTaHOBJle

HI-1H 6b1Jla BblnOJlHeHa A11H pa3Jli-14Hb1X KOH~I-1 rypa~I-1H AeTeKTHPY~~eH 

annapaTypbt ycTaHOBKH "l1-1nepoH 11
• 

CpaBHeHHe pe3yJlbTaTOB BOCCTaHOBJleHHH TpeKOB C HCnOJlb3Q

eaHHeM pa3HbiX MeTOAOB n03BOJlHJ10 O~eHI-1Tb T04HOCTb BOCCTaHOB

JleHHH KHHeMaTH4eCKHX napaMeTpOB 3apH>KeHH~X 4aCTH~ H ycTaHO

BHTb npeAeJlbl npHMeHHMOCTH Ka>KAoro H3 MeTOAOB. Bee pac4eTbl, 

CBH3aHHble C OnpeAeJleHHeM napaMeTpOB, npOH3BOAHJ1HCb Ha MOAe-

111-1POBaHHbiX C06~THHX 1 5 1 . 

3KCnEP~MEHTAnbHAH YCTAHOBKA 

CneKTPOMeTpH4eCKHH KOMnneKc "IHnepoH" 14 1 npeAHa3Ha4eH 

AJlH HCCJleAOBaHHH 6HHapHbiX npo~eCCOB 

) , 

11 ~ n ~ K +x 0 (X o = A, I o , y " ) 

B 06JlaCTH 3HeprHH 5-20 138. 

/1/ 

121 

6noK-cxeMa OAHoro H3 eapHaHTOB pacnono>KeHHH AeTeKTHPY~~eH 
annapaTypbl cneKTPOMeTpa npHBeAeHa Ha pHCYHKe. YcTaHOBKa 
11 f"HnepOH 11 COCTOHT 1-13 Tpex OCHOBHbiX 4aCTeH: 

1/ ny4KOBOrO cneKTPOMeTpa, C03AaBaeMOrO Ha OCHOBe 4-MeT

pOBOrO MarHHTa Cn-129 H 6JlOKOB nponop~HOHaJlbHbiX KaMep 

nnK 1-4 ° Cny>KHT AllH YT04HeHHH HMnynbca nepB!-14HOH 4aCTH~bl; 

2/ >KHAKOBOAOPOAHOH IAeHTepHeBoH/ MHWeHH c oxpaHHOH c!-1c

TeMoH; 



3KCilf'MMeHTAnbnbiH 
.I!OMMK 

CxeMa pacnono>KeHHfl 3KcnepHMeHTanbHoro o6opy.qoeaHHR 
YCT8H08KH ';rHnepOH 11

• 

3/ WHpOKOanepTypHOrO MarHHTHOrO HCKpOBOrO cneKTpOMeTpa, 
perHCTPHPYIO~ero npo.qyKTbt saaHMO.qe~CTBH~ /1 I, 121. Coa.qaH Ha 
ocHose 3neKTPOMarHHTa HC-12 1-1 6noKos HCKposbtx nposono4Hbtx 
KaMep HnKs-to. 5noKH KaMep HnK 5_ 6 cny>KaT .qnR onpe.qeneHHR 
yrna paccef!HHR BTOPH4HO~ 4aCTH~~- 5noKH HnK 7_ 8 onpe.qenRIOT 
yron aneTa sTopH4HO~ aapR>KeHHO~ 4aCTH~bl s MarHHT HC-12, 
a 6noKH HnK 9 10 - yron BblneTa H3 Hero. 

- ' 6 ' 
4epeHKOBCKHe C4eT4HKH Cs H c6 npe.qHa3Ha4eHbl ,qnR H.qeHTH-

$HK8~HH BTOpH4HbiX 38pR>KeHH~X 48CTH~. r 3_
4 

H r
5

_
6 

- C~HH

TMnilfi~MOHHble ro.qOCKOnbl. 

rEHEPAUHR $HKTHBHWX C05WTHn 

~nR Bbt.qeneHMR 6MHapHbtX npo~eccos I 1 I, 121 Ha ycTaHOBKe 
"rMnepOH 11 npMMeHeH MeTO.q aHanM38 He.qOCT8101J1e~ M8CCbl K BTO
pM4HOMy K + -Me30Hy, BbtneTaiO~eMy 8nepe.q no.q ManbtMM yrna
MM. npo.qyKT~ pacna.qa BTOpM4H~X rHnepOHOB BblneT810T 4epe3 fio
KOB~e CTeHKM MHWeHH M He OCTaBJlRIOT cne.qa B TpeKOBbiX .qeTeKTO
paX YCT8HOBKH. no3TOMy BCe paccy>K.qeHMfl, CBfi38HHble C MO.qenM
pOB8HHeM TpeKOB M BOCCT8HOBneHMeM MX KMHeMaTH4eCKHX napa
MeTpOB, 6y.qyT K8C8TbCfl TOnbKO BTOpM4HbiX K + -Me30HOB. 

$MKTMBH~e C06biTMfl, COOTBeTCTBYIO~Me peaK~MfiM 111, 121, 
reHepMposanMc b c noMO~biO MO.qenMpyKJ~e~ nporpaMMbt :s ' , coa.qaH
HO~ Ha OCHOBe o6~e~ HOHTe-Kapno nporpaMMbl Bbi4MCJleHHfl $830-
BOrO o6beMa FOWL 17 1

. ~fl creHepHposaHHblx co6btTH~t pacc4HTbt-

2 

! 

• 

8anHCb TpaeKTOpHH .qBH>KeHHfl 8TOPH4Hb1X K +-Me30H08 8 perHCT
PHPYIOIJ1HX 3neMeHTax cneKTpoMeTpa "rHnepoH", a TaK>Ke e none 
MarHHTa HC-12. 3TH TpaeKTOpHH HCKa>KanHCb c y4eTOM .qe~CTBHfl 
cny4a~H~X $aKTOp08: MHOrOKpaTHOrO KynOH08CKOrO paccef!HHfl 
H norpeWHOCTH, CBfl3aHHO~ C HeT04HOCTbiO Onpe.qeneHHfl KOOp.qHHaT 
4aCTH~ HCKpO~biMH KaMepaMH .'<;,s,g ; , CMo.qenHp08aHH~e TaKHM o6-
pa30M COfi~THfl 3anHCb18anHCb Ha MarHHTHyiO neHTy B BH.qe fiaHKa 
$1-1 KTH BHbiX .qaHHbiX H HC non b308anH C b 8 .qan bHe~WeM .qnf! Onpe.qe
neHHfl KHHeMaTH4eCKHX napaMeTpoe TpeKOB 8TOPH4H~X K+-Me30HOB. 

PEKOHCTPYKUHR HO~EnHPOBAHHWX C05WTH~ 

KaK 0TMe4anOCb 8b1We, KHHeM8TH4eCKHe napaMeTpbl TpeKOB BOC
CTaHa8JlH8anHCb c noMO~biO .qeyx MeTo.qoe: 

a/ MeTo.qa, onHcaHHoro 8 pa6oTax 1 1·31 1-1 ocH088HHoro Ha 
y4eTe nOnHO~ MaTpH~bl OWHfiOK B $8KTOpH308aHHOM npe.qCT a8neHHH. 
napaMeTp~ npfiMOnHHe~HOrO TpeKa 8 paMK8X 3TOrO MeTO.qa npe.q
CT88nfiiOTCfl 8 cne.qyiOIJ1eM BH.qe: / 3 / 

m T 
det [ l o t . W . ] 

i= 2 J J 
a = t 2 + --------

detW 1 

Ill 

b k(a -t2 ) P _ ~ wi 8t 
- = tl-t2~ + J-2 

t\s 1 FP T FP T 

/3/ 

3.qecb a - HaKnOH TpeKa, b - HHTepcenT, W i , F , p - KynOH08-
CKHe MaTpM~bl OWH60K, t j - HanpasneHHe ABH>KeHMfl 48CTM4bl 
s i-o~ T04Ke TpeKa. 5onee no.qpo6Ho 3TM o6oaHa4eHHfl onHcaH~ 
s pa6oTax ' 1· 3/ ; 

61 npocToro MeTo.qa, s KOTopoM nonaraeTcfl, 4To nonHafl 
OWH6Ka B onpe.qeneHMH KOOp.qMHaTbl Ka>K.qO~ T04KM 0.(\HHaKOBa AJlfl 
scex T04eK TpeKa. B 3TOM cny4ae napaMeTpbl TPeKa .qnfl YOX 
npoeK4HH 3anHwyTCfl cne.qyKJ~MM o6pa3oM: 

ax = 
n2YiXi-~YilXi 

. 2 2 
nlX i -(lX i) 

lYilX~ -lYiXilX i 
/4/ 

b 
X 

n l X~- (l Xi ) 2 

• r.qe X i - KOOp.qHH8Tbl nnoc KOCTe~ HCKPOBbiX KaMep B.qon b OCH ny4-
Ka /ocb OZ HanpaeneHa no ny4Ky/, Yi- Koop.qMHaTbl TpeKa, 
i = l, ... ,n. 
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no aOCCTaHOaneHH~M C HCnOnb30aaHHeM MeTOAOa a/ H 6/ na
paMeTpaM TpeKa abi4HCn.RnHCb cneAYIOU1He KHHeMaTH4eCKHe napaMeT
p~ aTOPH4HOro K + -Me3oHa: yron ablneTa H3 MHWeHH tJ, HMnynbC p , + ' 
HeAOCTaiOIJ1a.R K K -Me3oHy Macca MM . B~4HCn.RnHcb TaK>Ke norpew-
HOCTH a OnpeAeneHHH KHHeMaTH4eCKHX napaMeTpoa aTOPH4HOrO 
K+ -Me3oHa. 0wH6Ka An.R pacc4HTaHHoro 3Ha4eHH.R KaKoro-nH6o 
napaMeTpa npHHHManacb paaHo~ AHcnepcHH pacnpeAeneHH.R paaHo
CTH Me>KAY aoccTaHoaneHHbiM H ''HcTHHHbiM'' I CMOAenHpoaaHHbiM/ 
3Ha4eHH.RMH 3Toro napaMeTpa. PacnpeAeneHH.R 6bJnH nony4eHbl Ha 
CT aTHCTH Ke - 1 TbiC, C06biTH~, 

PeKOHCTPYK4H.R KHHeMaTH4eCKHx napaMeTpoa K+-Me3oHa npoHa
aOAHnacb An.R pa3nH4H~X KOH¢Hrypa4H~ AeTeKTMPYIOU1e~ annapaTy
p~ a paMKaX M306pa>KeHHO~ Ha pMCYHKe reoMeTpMM ycTaHOaKM. 
3TO no3aOnMnO 04eHMTb T04HOCTb aOCCTaHoaneHM.R napaMeTpOa 
a 3aaMCMMOCTH OT Ha6opa M KOH¢Mrypa4MM AeTeKTOpoa M MX ¢M3M-
4eCKHX XapaKTepMCTMK, TaKMX, KaK: reOMeTpH4eCKOe pa3peweHMe 
AeTeKTOpa, COCTaan.RIOlJ1Me AeTeKTOp cpeAbl, MX npOT.R>KeHHOCTb, 
KpoMe TOro, npH CpaaHeHHM T04HOCTe~ aOCCTaHoaneHH.R napaMeT-
poa TpeKoa MeTOAaMM a/ M 6/ 6blnM abiAeneHbl KOH¢Mry
pa4MH TpeKOabiX AeTeKTOpoa, a KOTOPbiX npMMeHeHMe OAHOrO 
M3 MeTOAOa HaM6onee 4enecoo6paaHo, M onpeAeneH~ rpaHM4H~e 
ycnoaM.R npMMeHMMOCTM Ka>KAOrO M3 MeTOAOa, 

PE3YnbTATW PAC4ETOB 

PaccMaTpMaanMcb cneAYIOU1Me KOH¢Mrypa4MM AeTeKTopoa An.R 
onpeAeneHM.R napaMeTpoa aTOPM4Horo K + -Me3o!"'a: 

1 . Yron a~neTa 4acTM4~ M3 MMWeHM (} onpeAen.ReTc.R no 6no
KaM KaMep l-1nK 5--G . Yron aneTa ee a MarHMT ¢ 1 - no 6noKaM 
l-1nK 7_8 , a yron abJneTa M3 MarHMTa ¢ 2 - no 6noKaM l-1nK 9-- to 
/MMnynbc o6paTHO nponop4HOHaneH yrny noaopoTa 4aCTM4~ 

const 
a MarHMTHOM none: P-~/. reoMeTpM4ecKoe paapeweHMe l-1nK 

'r' l-'f'2 
6panocb paaH~M a P = 300 MKM. 

2. Yron a~neTa H3 MMWeHM M yron aneTa a MarHMT onpeAen.R
nMcb no 6noKaM l-1nK 5_ 8 , a yron a~neTa M3 MarHMTa - no 6no
KaM l-1nK9-10 • al' =300 MKM. 

3. KoH¢Mrypa4M.R AeTeKTOpoa TaKa.R >Ke, 4TO M An.R 1. reo
MeTPM4eCKOe paapeweHMe npoaono4H~x AeTeKTopoa npMHMManocb 
paBH~M a[' = 50 MKM, 

4 

• 

4. KoH¢Mrypa4M.R AeTeKTOpoa aHanorM4Ha 1 . reoMeTpM4eCKOe 
paapeweHMe KaMep abi4MCn.Rnocb no ¢opMyne: a l' =(200 +a i 300) MKM, 
rAe a i- cny4a~Hoe 4Mcno, paaHoMepHo pacnpeAeneHHOe a MHTep
aane [0 ,1), i = l , ... ,n ; n - 4MCnO nnOCKOCTe~ l-1nK. 

Pe3ynbTaT~ aOCCTaHoaneHM.R KMHeMaTM4eCKMX napaMeTpOa aTo
PM4HOrO K +-Me3oHa, o6paaoaaHHoro a peaK4MM I 1 I npM MMnynbce 
nepaM4HOro ny4Ka Po= 10 r3B/c, npMaeAeHbl a Ta6nM4e. Boc
cTaHoaneHMe napaMeTpOa npOM3aOAMnOCb C MCnOnb30aaHMeM MeTO
AOa a/ M 6/. 

Ta6nM4a 

u:::. ... M d 
X :; :S ... ::a 

:;:~ ... cJ! 
. 

£ q 

~ 
u :ao :E:::Eco :E \0 

~ 
0 II "' c( <l 0 <l cr o <I .... CZ> Cl) ... n...a..."" ::;::(1) ::lEo 

~<I~ ~ 11-:E I 
~ w <l ':::; ~ <!I~ I <I '0"- .., :;:o:C!' 
e- ::if ... i!!. <! ;;t :::;;: 
X: :<: u ::a :::c <I 
= <D ~ <! 
""' <l ~ <I 

a 0,24 37,5 54,1 
I - l 2 

6 0.2.4 38,3 52,1 

n a 0,2.55 38,7 52,6 

6 0,281 
9 

63,9 
39 21 

66,3 

a 0,16 29,0 46,6 

!!! 6 
10 

31,4 
7.6 

47,6 
6,5 

0.18 

a 0,24 36,2. 50,0 
IV 

~~ 
4 

38,& 
7 

51,2 
2,3 - 0,25 

L-.-- --

KaK cneAyeT M3 Ta6nM4bl, a cny4ae 1 o6a MeTOAa AaiOT OAM
HaKoa~~ pe3ynbTaT. 3TO 06b.RCH.ReTC.R cneAYIOlJ1MM: a KOH¢Mrypa-
4MM 1 MCKnl04eHO anM.RHMe T.R>Ken~x pacceMaaiOlJ1MX cpeA, TaKMX, 
HanpMMep, KaK C4eT4MK ~ 5 /HanonHeHMe- ¢peOH 12, AnMHa 
e = 150 CM, AaaneHMe AO 2 aTM/ Ha onpeAeneHMe napaMeTpOa 4ac
TM4bl. norpeWHOCTb a onpeAeneHMH napaMeTpOa npaKTM4eCKH 
o6ycnoaneHa reoMeTPM4eCKMM paapeweHMeM MCKpoa~x KaMep. B KoH
¢Mrypa4MM 2 anM.RHMe T.R>Ken~x cpeA Ha onpeAeneHMe yrnoa a~neTa 

4aCTM4 M3 MMWeHM M aneTa MX a MarHHT OKa3~aaeTC.R 3Ha4MTenb
H~M. nocne npOXO>KAeHH.R 4aCTH4e~ C4eT4HKa C5 OWH6Ka, o6yc
noaneHHa.R KynoHoacKHM pacce.RHHeM, npeo6~aAaeT HaA reoMeT
PH4eCKO~ OWH6KO~ a onpeAeneHHH napaMeTpoa TpeKa. npMMeHHB 
a . 3TOM cny4ae MeTOA, Y4MT~aaiOlJ1H~ nonHyiO MaTPM4Y OWH60K, 
YAaeTC.R Ha 10% T04He~ aOCCTaHaanHBaTb yron a~neTa 4aCTM4~ 
H3 MHWeHH H Ha 40 % - ee HMnynbC, no cpaBHeHHIO C MeTOAOM 6/. 
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KOH~Hrypa4HR 3 aHanorH4Ha 1. 0TnH4He HX COCTOHT B TOM, 
4TO B cny4ae 3 reoMeTpH4ecKoe pa3peweHHe npoeono4H~X AeTeK
Topoe COCTaBnRnO 50 MKM. AnR 3TOrO cny4aR KynOHOBCKHe OWH6-
KH TaKme npeBOCXOART reOMeTpH4eCKHe norpeWHOCTH H3MepeHH~. 
H npeHMy~eCTBO MeTOAa a/ 04eBHAHO. napaMeTp~ C ero nOMO~b~ 
BOCCTaHaBnHBa~TCR T04Hee Ha 10-15%. 

8 cny4ae 4, KOrAa HCKpOB~e KaMep~ HMe~T pa3nH4HY~ pa3-
peWaiOI!Iy~ cnoco6HOCTb, MeTOA a/ no3BOnReT 3~~eKTHBHO 11 B3Be
WHBaTb11 BKnaA KamAO~ nnOCKOCTH 11nK B OnpeAeneHHe napaMeTpOB 
TpeKa. 3TO n03BOnReT Ha 5-7% T04Hee BOCCTaHaBnHBaTb KHHeMa
TH4eCKHe napaMeTp~ 4aCTH4~ no cpaBHeHH~ C MeTOAOM 6/. 

Ha OCHOBe nony4eHHbiX pe3ynbTaTOB MOmHO CAenaTb cneAYIOU\He 
B~BOAbl: 

1. T04HOCTb BOCCTaHOBneHHR KHHeMaTH4eCKHX napaMeTpOB 
BTOPH4Horo K +-Me3oHa YAOBneTeopReT Tpe6oeaHHRM 3KcnepHMeH
Ta no HCCneAOBaHH~ rHnep3apRAOB006MeHH~X np04eCCOB 1 41 

/Tpe6yeMble T04HOCTH BOCCTaHOBneHHR napaMeTpOB 0, pK + 
H MM paBHbiAO = 0,3 MpaA, t'.P / P = 0,5%, AMM = 50 M38/. 

2. 8 cny4ae, KOrAa T04HOCTb OnpeAeneHHR KHHeMaTH4eCKHX 
napaMeTpOB 4aCTH4 o6ycnaBnHBaeTCR reoMeTpH4eCKHM pa3peweHHeM 
TpeKOB~x AeTeKTopoe H 3TH pa3peweHHR OAHHaKoe~ AnR ecex HnK, 
4enecoofipa3HO npHMeHRTb npocTo~ H YA06H~~ MeTOA 6/. TaKaR 
B03MOmHOCTb peanH3yeTCR, KOrAa CHCTeMa TpeKOB~X AeTeKTOPOB 
ycTaHOBKH He COAepmHT TRmen~x cpeA. 

3. EcnH B KOH~Hrypa4H~ AeTeKTopoe BKn~4eH~ npH6opbl c 11 TR
menbiM11 HanOnHeHHeM H OWH6Ka, o6ycnoeneHHaR KynOHOBCKHM pac
ceRHHeM, AOMHHHpyeT HaA reOMeTpH4eCKOH norpeWHOCTb~ B onpe
AeneHHH napaMeTpOB TpeKa, cneAyeT npHMeHRTb MeTOA a/, y4H
Tb1Ba~~HH nonHy~ MaTPH4Y OWH60K B ~aKTOpH30BaHHOM npeACTaB
neHHH. 

4. MeTOA a/ cneAYeT TaKme npHMeHRTb, KOrAa TpeKOB~e Ae
TeKTOpbl HMe~T pa3nH4Hble pa3pewa~~He cnoco6HOCTH. 

0TMeTHM TaKme, 4TO OnHCaHHbiH B pa6oTaX 1 
l- 3• MeTOA peKOH

CTPYK4HH napaMeTpoe TpeKoB 3apRmeHH~x 4acTH4 H npHeM~ ero 
HCnOnb30BaHHR, a TaKme pe3ynbTaTbl AaHHOH pa60Tbl MOryT 6b1Tb 
c ycnexoM npHMeHeH~ Ha APYrHx MarHHTH~X cneKTPOMeTpax, no
A06H~X ycTaHOBKe ''rHnepoH". 

B 3aKn~4eHHe aeTop~ C4HTa~T ceoHM npHRTH~M AOnroM no6na
roAapHTb ~.A.oyAaroea H B.o.~nRrHHa 3a nocTORHHbiH HHTepec 
K pa60Te H PRA 4eHH~X COBeTOB. 
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