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06ma11 cxeMa YCT8HOBKli "Cm'Ma-ARKC" B KO$rypar.um ,UJJ/1 
nccJJe,noB8Hliil yrrpyroro K-p- n ~-p-paccemrn.11111 rrpnBe.neHa Ha pnc. I. 
B H6:ll: MO!(HO BH,U6JlliTb ny'!KOBYIO'laCTb, MlilllSHb, MarHHTlill:ll: cneKTPOM6Tp 

li CliCT6MY ,UJJ/1 perHCTpamm IIpOTOHa OT,Ua'lli. 
. /2/ Ily'IKOB8/l CliCTSMa. YCT8HOB~a pacnoJJomeHa Ha KBHaJJe 2B 

BTOpli'IHHX·OTPmtaT6JJbHliX '!aCTmt YCKOpliT6JJ/l Y-70 M~B8. BTopH'!Hlle 
OTpmtaT6JlbHli6 '!aCTmtli liM6Jlli liMIIYJJbC p. ~ 43 ,rsB/C, paselpoc no 
~YJJbCY COCTaBJJ/lJJ ~Ip~ 5%. CocTaB rry'!Ka: ~-(~ 98%), K-(~ 2%), 
p(~ 0,2%). IlOTOK 'laCTmt, na.nalOlllliX Ha Mlilll6Hb T, orrpe.neJJ/lJJC/1 C 
noMOlllbIO CUHHTliJIJ!ilJ..ll10HHhlX cqeTqliKOB COBna.neHli:ll: SI + S4 li 

8HTliCOBna.neHli:ll: Ar, A2 C OTB6pCTli6M 050 MM. ,L{JJ/1 no,naBJJ6Hli/l 
H6IIpOB3aHMo,ne:ll:cTBOBaBurnx 'laCTliU rry'!Ka ncnOJJb30BaJJC/l BKJJIO'leHHll:ll: B · 
8HTliCOBna,neHH/l CllllliTliJJJl/lUHOHHll:ll: C'l6T'lliK B p83M6pOM 0!40 MM. OH ClHJJ 
pacnoJJomeH B KOHUS YCT8HOBKli H8 OCH OTRJJOH6HHOro B MarHHT6 ny'!Ra. 

IlapaM6TpH ny'!KOBHX Tp6KOB orrpe.neJJ/lJ!liCb C nOMOlllblO 
li H 1~1 a TaRme C .nBYXKOOp,nHHaTHHX. CUliHTliJIJI/lUliOHHhlX ro,noCKOTIOB Hr 

nOMOlllbIO CHCT6MH rrponopUHOH8JlbHliX KaMep PCH 1+8. 
II JJOrH'l6CKliX 3JJ6M6HTOB pa3M6poM 8x8 MM2 , 
pa3M6pOM 5x5 MMz • 

2 ' 
ro.nocKon Hr liM66T 
H~- !6 3JJ6M6HTOB ,:, 

.L{JJ11 li,n6HTH~amm IIY'IKOBHX '!aCTmt ( ~-- liJ!li K-- M630HOB 
liCnOJJb30BaJ!liCb ra30BH6 'l6p6HROBCKH6 C'l6T'IHKH: noporOBH6 
cr,c214 •51c paspemeHHeM no cKopocTH t~/~~xio-6 n .nnrtxI>epeHUHaJJbHH:ll: 
n16 •71 c ypoBH6M (l)c)Ha ~ ro-5 • 

lKli.nROBOAOpo.ntta/1 Mlilll6Hb. B 3KCnepHM6HT6 HCnOJJb30BaJJaCb 
lKli.ltROBo,nopo,ntta/1 Mlilll6.Hb /~/ paspaCloTaHHa/1 B M~B8. Paelo'lli:ll: 06'b6M 
Mlilll6Hli- 0 60 MM, ,nJ!liHa 400 MM. Mlim6Hb liM6Jia JJaBCaHOBH6 OKHa ,nJJ/1 
ny'!Ka. B xo.ne 3KCnepHM6HTa B Mlilll6Hli no.n.neplKIIBaJIOCb li36HTO'IH06 
.naBJI8Hli6 Bo.nopo.na ~ O,I aTM C TO'IHOCTblO ~ 0,02 8TM, 'ITO 
COOTB6TCTBOBaJio OTHOCliT8JlbHOMY li3M6H6Hli!O nJIOTHOCTli Bo.nopo.na Ha 
O,!%. 

MarHHTHH:ll: cneKTl)OM8Tp ,nJJ/1 perHcTpamm 'l8CTlli.\, BHJJ6T810lllliX li3 
Mmll6Hli no.n yrJJaMH ~ IOO Mpa.n, COCTO/lJJ li3 MarHHTa Cil4Ir li 

ROOp,nHHaTHHX CHCT6M, li3M6PilmtruC TP6KH sap11memrux 'l8CTHU. 
XapaKTepHCTHKli MarHHTa: anepTypa zxx1 > 75 x !50 cM2 , HHTerpaJJ 

noJJ/1 2,76 TJJ·M, s(lxpeRTliBH8/l ,nJJHHa M8I'HliTHoro noJJ/1 ~ 3 M, nOJJH8/l 
,nJ!liH8 M8rHHT8 ~ 5,7 M. 

I) 
McnoJJh3Y6TC/l CliCTeMa KOOp,nHHaT: Y - HanpaBJI6Hli6 B,UOJ!b nytrna; 

X - ropH30HT8JlbH06 HarrpaBJI6HH6; Z - BepTHKaJJbH06 HarrpaBJJ6Hli6; 



B KaqecTBe KOop,znrnaTJillX neTeKTOpoB llCIIOJib30B8JlllCb .IlB8 Tlill8 
nponopU,HOH8JibHllX KaMep. KaMepH nepBoro Tlill8 (PCH 1+30) 6HJ!ll 
pa3pa6oT8Hll ll ll3rOTOM6Hll B ~Ba, BTOporo Tlill8 (PCH 31+34) - B 

OIDIIA. 
IlponopU,HOH8JibHll6 KaMepll PCH 9+14,. paCIIOJIOE6HHll6 M6l!UlY MHill6HbID 

ll M8rHHTOM, ll3MepRJlll X-K00p,nmi8TY Tp6KOB. IlponopUHOH8~Hll6 K8M6pll 
PCH 15+18 pacnonaraJlllCb B M8rHHT6 ll ll3M6pRJlll z- KOOp,nmi8TY 
Tp6KOB • .l{JIR perHCTp81..U1li Tp6KOB 38 M8rHHTOM CJIYEHJ!ll 
nponopUHOH8JibHll6 KaMepll: PCH 31+33 (X- KOop,znrnaTa) ll PCH 34 (Z-

KOop,znrnaTa). ·, 
.l{JIR npllBfi3KH Tp6KOB·Il0 BpeMeHH llCIIOJib30B8JICfi CUHHTHnnfiUHOHHHlt 

ronocKOil H3. ronocKOil COCTOfin ll3 .IlByx ITnOCKOCTea (X ll Z), 
co6paHHHX ll3 cqeTqHKOB pa3M6poM 50xI500 MM2 TO.mmrnoa IO MM. C6opKa 
nnocKOCTea ronocKona puna BllllOnHeHa c nepeKpHTHeM coce.mrnx 
SJI6M6HTOB Ha 2 MM, T8KHM o6p830M mar ronocKona COCT8MRJI 48 MM. 
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Pl1c. l - CxeMa SKCil6pHM6HT8JibHOa YCT8HOBKH. 
S1+S4,A1,A2,A1,B - CU,HHTHnnfiU,HOHHll6 cqeT~; H1,H2,H3x•H3z -
CU,HHTllJIJJRUHOHHlle ronocKonu; C1,C2 - noporoBHe qepeHKOBCKH6 
cqeT~; D - ~p6HUH8JibHUa qepeHKOBCKHa cqeT~; PCH I+34 -
nponopU,HOH8JibHll6 K8M6pll; T - lKll.ltKOBOnoponH8fi MHill6Hb; S1,SR -
CU,HHTlinnfiU,HOHHll6 3anyCK81Wlli6 cqeT~; CCH - UHJ!llHnPnq6CK8fi 
KaMepa; AJ - UHJ!llHnPnqecKHa CUHHTHnnRUHOHHHlt Cil6KTpoM6Tp; W1,WR -
nnocKHe CUHHTHnnRUHOHHlle cneKTpoM6TpH; M - M8rHHT; 
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CncTeMa nnn perncTpamm rrpoToHa OTAa~ onpenennna napaMeTpH 
TpeKOB ll ll3Mepnna KmieTHqecKyID SHeprnro IlpoTOHOB OTna~. BHJI6T8IO!Ul1X 
H3 MHineHH non yrnaMH so·+90• OTHocnTeJibHo ny~oBoro TpeKa. 

Roop.znrnarnan qacTb CllCT6Mll COCTORJI8 ll3 Im.JlillI.llPnqecKoa K8M6pll 
CCH, OKpymaBmea MHill6Hb, ll IlnOCKHX nponopUHOH8JibHllX K8Mep. 
Roop,znrnaTa Y H3Mepnnacb B UHJ!llHnPHqecKoa KaMepe, a TaKme B KaMepax 
PCH 25+28 (npaBoe nnetro) n PCH 19+22 (JieBoe nneqo). RoopnHHaTa Z 
H3Mepnnacb B KaMepax PCH 29, 30 (npaBoe rn10qo) n PCH 23, 24 (JieBoe 
nneqo). 

RHHeTHqecKafi SHeprHR npOTOHOB OTnaqn ll3MepRJI8Cb IlJIOCKHMH 
CUHHTHnnfiUHOHHllMH CII6KTpoMeTp8MH W1 ll WR,pacnonomeHHllMH 38 Ka
MepaM11. KpoMe Toro, MHill6Hb OKpYM8Jlll cerMeHTll UHJ!llHnPllqecKoro 
Cil6KTpOM6Tp8 AJ / 9/, nepeKpllB81Wlli6 yrJIH, He OXBaqeHHlle 60KOBID.m 
CllCT6M8MH ~erHCTp81..U1H. CHrHaJIH co cqeTqHKQB SToro cneKTpOM6Tpa 

llCilOJib30B8JlllCb Ilpll BHp860TKe TpHrrepa. 
06mm!: Blin CllCT6MH CU,HHTHnnfiUHOHHllX Cil6KTpOM6TpOB IIOK838H H8 

pnc.2. Ha OCH CHMMeTpHH CllCT6Mll pacnoJiomeHa MHIIl6Hb, OKpymeHHafi 
UHJ!llHnPHqecKoa KaMepoa (Ha pnc.2 KaMepa He noKa3aHa). 

ilHJ!llHnPHqecKHa Cil6KTpoM6Tp B Blln0 IlOJioro UHJ!llHnP8 C 
nH8M6Tp8MH 570 ll 1070 MM ll nJIHHoa 800 MM COCTOllT ll3 32 H638BllCHMHX 
C6KU,Ha, CKJI66HHllX ll3 .IlBYX 6JIOKOB CI.UlliTl1JIJifi·~·opa ,wll!HOll 400 MM. 

IlpRMoyroJibHlle Cil6KTpOM6Tpll HM6IDT BHn napaJIJieJiellHilenoB 
("CT6HOK") c pa3MepaMH I200x848x250 MM3 • "CTeHKa" COCTOllT ll3 8 
H638BllCllMHX ceKU,Ha C pa3M6p8MH I200xI06x250 MM3 • RalK,llafi C6KU,Hfi 
CJiomeHa ll3 3 6JIOKOB CUHHTHJIJJRTOpa nJIHHoa 400 MM. 

Pl1c. 2 - CX6M8TITT6CKHa Blin CUHHTllJIJJRUHOHHllX Cil6KTpoM6TpoB: 
I - lKll.ltKOBonoponH8fi MHIIl6Hb; 2 - 6JIOKll CUHHTHnnfiTOpoB, 
UHJ!llHnPlltI6CKOro Cil6KTpoMeTpa; 3 - 6JIOKll CUHHTllJIJJfiTOpoB 
npRMoyroJibHllX Cil6KTpoM6TpoB; 4 - CB6TOBOnll - CM6CTHT6Jlll 
Cil6KTp8; 5 - (lloTOYMHOmllT6Jlll; 
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Pl1c. 3 - 3BBHCllMOCTb BMIIJIHTY.lnl HM!IYJlbCB 

co CUHHTIDIJIRUHOHHoro Cil8KTJlOM8TJlB 

OT KHH8TWI8CK08 ::mepnm: IIpOTOHOB. 

CBeTOCCiop C KBJK.ll08 ceKmm OCYill8CTBJIR8TCH C IlOMOIIlbID 
CB8TOBOAB-CM8CTllT8JIH cneKTpa, K KOTOpoMY np~eeH fl)c>TOYMHOJK0'.T8Jlb 
~8Y-IIO. BHA8JI8Hll6 B npouecce oCipaCiOTKll COCiHTUa ynpyroro pacceRHHH 
Il03BOJIHJIO IIpOB6CTH 3HepreTWieCKYID KBJIHCipoBKY CT6HOK ( CM. pnc.3 ) 
ll IlOJIY'lllTb ~H 3HepreTWI6CKoro paspemeHHH Cil6KTJlOM6TJla B nnarra30H6 
KHH8Tll'l8CKllX 3Heprna IIpOTOHa 50 + 200 MsB 3aBHCHMOCTb 191 : 

(oT / T)2 = 0,742 / TtMsBJ + 0,032 

l.lHJimmpll'l8CKaH KaMepa. KoHCTJlYKUHH H T8XHOJIOrllH ll3rOTOM8HllH 
HCITOJ!b30BBHHOM B 3KcrrepHM8HTe UIDIHH,IJ;pll~eCKOM Ka.M8pll nonpoCiHO 
OITHCaHa B paCioTe /IO/_ Kopnyc ~ll'l8CK08 KBM8pH ll3rOTOM8H H3 

rreHOilOJIHypeTaHOB08 TPYCiH c HapylK!IllM nuaM8TpOM 126 MM ( CM. pnc.4). 
no nepHM8TJlY TJlYCiH c maroM 8 MM yJiomeHH cTpHnH, oCipasylOOllle 
BHyTpeHHHa KBTOA • .l{J!H onpeneJieHHH KOOpnuHBTH llCITOJ!b30BBJIBCb 
BMilJ!llTYnHBH llHfl}opMBUllH O HBB8A8HHOM HB CTpHnH sapa.ne. 

" 

15 

9_ 

PHc. 4 - CxeMBTll'leCKUa BHn ~H'I8CK08 KBM6pH. 

5 - CTpHnH; 9 - BHOnHli8 IIpOBOJIOKll; II - BH8WHll8 
IIpOBOJ!QqffH8 KBTO.ln,I 
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KaMepa paCioTaJia _B crc-pel!ill:Me /II/. B Ka'leCTBe paoo•rnro rasa 
llCilOJ!b30BaJiaCb CM8Cb: Ar + CH4 (3:2), B KOTOpyro noCiaBJIHJICH 
M8THJiaJib. ConepmaHHe M8THJiaJIH B CM8Cll M8HHJIOCb B'npeneJiax 15-25%. 
HanCioJiee ycTo~o KaMepa paCioTaJia co CMecbro,. conepmaBmen 25% 
M8TllJiaJIH. 

CnrHaJIH co CTpllllOB nonaBaJIHCb Ha JIHHefl:Hlie imitxt,epeHUHBJibHH8 
YCllJ!llT8Jlll /l2/, C. BHXOAB KOT08HX ITOCTYITBJ!ll HB 8 -CillTHH8 
npeoCipasoBaTeJ!ll "3apRA - KOA ttll 1. 

.l{J!H npoBepKH paCiOTOCilOCOCiHOCTll KBMepH llCITOJ!b30BaJIHCb 
OTOCipaHHHe COCiHTllH. ynpyroro pa~ceHHHH /I/. no TpeKy npOTOHa 
OTAa'lll, BOCCTaHOM8HHOMY no nporropUHOHBJ!bHHM KaMepaM, 

npencKa3HBBJiaCb TO'!Ka nepece'leHHH C UHJilllUlPOM KBMepu. BCiJIH3H 3T01l: 
TO'IKH orrpeneJIHJIHCb CTpllrr C MBKCllMaJib~OM aMITJIHTYAOM_ll rrapa COC8AHHX 

N 

f/111 

JOO 

f/1(/ 

0 SD 11111 

A' KOii 

Pnc. 5 - PacnpeneJieHHe CYMMH CllrHaJIOB C Tpex COC8nHHX CTpHITOB 

~ll'l8CK08 KaMepH B OCiJiaCTll IIpOXOJK.ll8Hllfl 'IBCTllllli (-) 
ll B M6CT8, rne He IIpOXOnHT TpeK (- -). 

CTpHITOB. CneKTp CYMMH BMilJ!llTYA HBMA8HHOM TBKHM o6pa30M TpOfl:Kll 
CTJlllllOB cpaBHHBaJICH (CM. pHc.5) co crreKTpoM CYMMH BMIIJIHTYA H3 Tpex 
CTpllllOB B M8CT6, rne 38B8AOMO He IIpOXOnHT TpeK (T.e. fl)c>HOM). Ms 
pnc.5 BHAHo, 'ITO sanBHHe nopora Ha ypoaHe 8-10 KaHaJioB npHBOnHT K 
YM8HbW8Hllro 3<l$JKTHBHOCTll paCiOTH KBM8pH Ha 7-9%, Ilpll'l8M AOJIH 
CJiy'lafl:HHx cpaCiaTHBamtll: C npeBH!ll8Hll8M 3Toro nopora COCTaBJIH8T 5-7%. 

KoopnuHaTa Orf8A8JIHJiacb "B3B8WllBBHll6M" 8MilJ!llTY.lnl C Tpex 
COC6nHHX CTJlllllOB /l / (B npenrroJiomeHHH pacnpeneJI8HllH' HaBeneHHoro 
sapa.na no 38KOHy KOUIH) H 38T6M cpaBHllBBJIBCb C KOOpAHHaT08 
rrepece'leHHR TJlSKa IIpOTOHa OTAB'IH c UHJIHH.UPOM KaMepu. llllipHHa a = 

1,3 MM IlpHB8A6HHOro HB pHC.6 pacrrpeneJI8HllH pa3HOCTH 3TllX KOOpAHHaT 
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Pttc. 6 - Pa3HOCTb KOOp,mrnaT npoTOHa oTnaqu, H3MepeHHUX 
I..tllJ!llHJlPllqecKOtt H nporropltllOHanbHUMll KaMepaMU. 

Pttc. 7 -

E, 
,.o 

OS 

t • t ~ k f 

O.O'--~-~--~--~-~--....,...J 
0.11 0.2 0.4 D.I a., 

-t. cr•s,,c:f 

CpaBH6Hll6 t-3aBllCllMOCTll S$l)eKTllBHOCTett XY TP8KOBOtt 
. CllCTeMU, nonyqeHHott C ucrronb30BaHll8M llH(fK>pMaUllll 
c I..tllJ!llHJlPHqecKott KaMepu (o) u 6es Hee (x). 
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cornacyeTCH c BeJIH'IBHott, onpeneneHHott no xapaKTepucTm<aM 
nporropltllOHanbH!iX KaMep C yqeTOM MHOPOKpaTHOPO KynoHOBCKoro 
pacceRHUH IIpOTOHa OTnaqu. 

IDI(f):)pMaltllH c ~ITTecKott KaMepu ucrronbsoBanacb nnH 
onpeneneHRH saBllCllMOCTll 3qlf)eKTllBHOCTll OOKOBOtt XY-CllCTeMU OT 
KBa,npaTa rrepenrurnoro qeTupeXllMITynbca· t npu oopaOoTKe coOuTrnl: 
ynpyroro pacceRHUH. Ha puc.7 npUBeneHU t-38BllCllMOCTll 311$3KTllBHOCTll 
OOKOBOttXY-CllCTeMU,rronyqeHHUe nBYMH pa3HUMll MeTonaMll 111 , B OnHOM 
ll3 KOTopux MH BOCCTaHOBneHllH TpeKa I1p0TOH8 OTnaqu ucrronb30Banacb 
Y -Koop.mrnaTa, ll3MepeHHaH I..tllJIHH,npllqecKott KaMepott. Bll.llHO, qTQ 
3HaqeHUH 3qlf)eKTHBHOCTett COBrranaroT B npenenax OlllllOOK. 

ITOCKOnbKY I..tllJ!llHJlPllqecKaH K8Mepa HBnHeTCH OOillllM aneMeHTOM nnH 
OOKOBUX TpeKOBUX CllCT6M, C ee ITOMOlllbID ouna npoceneHa B38llMH8H 
OTHOCllTenbHaH I1pllBH3Ka neBoro ll npaBoro rrneq. 

CucTeMa rrporropltlloHanbH!iX KaMep TllIIa 11151 

XapaKTepllCTllKll llCITOnbsyeMUX K8Mep IIpllBeneHU B TaOJIHue. 

HoMep 
Ha :p_uc.I. 
PCH !+8 
PCH 9+14 

21+24 
27+30 

PCH 15+!8 

PCH 19+20 
25+26 

pa3M6p qyBCTBll
TenbHOtt 30HU~ MM2 

I28xl28 

768x768 

5!2XI500 

5I2x200 

mar CllrHanbH!iX 
IIpOBOnoK, MM 

2 

4 

4 

4 

Ta6~uua 
OplleHTaltllH rrnoc
KOCTett B rraKeTe 

xzxz 
xx 
yy 
yy 

zz 
zz 
zz 

CurHanbHUe IIpOBOnOKll B rraKeTe B OnHOllM6HHUX IlnOCKOCTHX 
CnBHHYTU ,npyr OTHOCllTenbHO ,npyra Ha rronoBHHY mara, qTo ynyqmaeT 
Ko9p.mrnaTHyro TOqttOCTb. 

PerncTpupylClllaH sneKTpoHUKa RaMep COCTOllT us: 
- ycllJIHTenett-<f)opMupOBaTenett, pacrronoEeHHUX Ha KaMepax 1161 ; 

- KB6enett sanepEKH cHrHanoB; 
- npneMHUX perncTpoB, pacrronoEeHHUX B KpettTax "BEKTOP" 1171 

YcllJIHTeJIH-<f)opMupOBBTeJIH oOecrrequBaroT rropor perucTpaUllll I,5 
MKA. Buxonu ycllJIHTenett Bupa6aTUBaroT rrapa~a3HU8 CJ:!I'Hanu B ypoBHHX 
3CJI. 3TH cll!'Hanu rrepenaroTcH B npueMHUe perHCTPU cKpyqeHHUMU rrapaMU 
Tene(f):)HHUX KaOenett, oOecrrequBalOOlllMll sanepJKKy no 500 He. B 
perHCTPBX ocymecTBnHeTCH CTpoOupoBaHlle, 3aITOMHH8Hll8 H rrocnenYIClllaH 
BHnaqa HH(f):)pMaUllll B 3BM qepes MarncTPanb "BEKTOP". 

ITporropltllOHanbHUe KaMepH pa6oTaJIH Ha ra30BOtt CMecu: 
aproH + IO% ll300YTaHa + 0,1% ~~OHa 13B1 + rrapu ll30I1p0IlllnOBOPO 
crrupTa. XapBKTepllCTHKll KaMep I1pllB8Jl8HU Ha puc.8. OITHT SKCITnyaTaUllll 
rroKasan BUCOKyro S$lleKTllBHOCTb ll HanelKHOCTb KaMep. 
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2.0 2.5 3D 15 U•B 
3aBHCHMOCTb s4xlleKTllBHOCTH nporropUl'IOHanbHllX KaMep l,f~B3 
c pa3JllllIHHM maroM ( o - 2 MM, I:,. - 3 MM,+ - 4 MM) OT 
BllCOKoro H8IIpHE8HllH. 

1 << £'1, ~~ 
EE 

100 
M '"'' KAMEPA 

896 X 1280 HH
2 

80 It 

~~'" 
Nw, 

60 aproH •lceK•KaH 
7o/'• Ml06YTIH 5 

40 7V, MeTMnana. 4 
7'1• J 

20 2 

~ ~ u u u u ~ uu~ 
Pnc. 9 - 3aBHCHMOCTb s4xlleKTHBHOCTH H myMa Ha KaHan perHCTpaUllll 

KaMep owrn. 

nporropUl'IOHanbHHS K8M8pll Tlllla 21181 

KaMepll H3rOTOBneHH B B:1Ul8 0.l(HOKOOp,mm:aTHHX X (PCH 3!+33) HZ (PCH 
34) rrnoCKOCTe8. lJyBCTBHTenbH8H 30Ha (XZ) 1280 X 896 MM2 , mar 
cnrHanbHHX npoaonoK 2 MM. 

SneKTpoHHKa perncTpaUllll COCTOHT ns: 
- perncTpHpYIWle8 sneKTpoHHKll, pacrronomeHHott Ha KaMepax 1191 ; 
- sneKTpoHHKll yrrpaaneHHH cqnTHBaHHeM 1191 , pacrronomeHHo8 B KPS8Tax 
KAMAK (Hnn BEKTOP) • 

OCHOBHlle ~YHKUllll perHCTPllpYIO!ll88 sneKTpoHHKll COCTOHT B 
cnS.llYKlllSM: CTpo6npoBaHHe HH!lX)pMaUllll, Il0CTYIT81Wl88 C CHrHanbHHX 
npoaonoK, sarroMHHBHHe ee B 6y~epHofi rraMHTH n rrepe,naqa qepes mmmo 
CBH3H B 6noK yrrpaaneHHH cqnTHBaHHeM. 

BnoK yrrpasneHHH cqHTllB~HlleM IIpllHHMaeT HH$:)pM8UIDO C 
perHCTPHpYKIJle8 sneKTpoHHKll B rrocnenoBaTenbHOM Bll.lle, KonnpyeT STY 
llH~OpMB.l\HID, 3aTIOMHH88T ee B 6ycpepHOfi TIBMRTH H nepe,naeT B 8BM. 
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38BHCHMOCTb s4xlleKTilllHOCTll H IDYMa Ha 
HarrpHESHHH HB KBMepe IlOK838H8 HB pnc.9. 
IIpllB8.!(8Hll MH "MBI'll'I8CK08" ra30B08 CMSCH: 

K8HM perHCTpBUllll OT 
XapaKTSpHCTHKll KaMep 

aproH + 28% H306YTBH8 + 0,2% ~SOHB 13B1 + 3% MernnanH. KBMepu 
HMSET xopomyE s4xlleKTHBHOCTb H HBnSEHH B 3KcrrnyaTBUllll. 

CliCTeMB sanycKa YCT8HOBKH H c6opa naHHUX. CxeMa sarrycKa 
Tpnrrepa YCT8HOBKH IIpllB8.!(8H8 HB pnc.10. .!IJIH Bllp860TKH 

ncrronb30B8nHCb aneKTpoHHHe 6noKH CHCTeMli .CYMMA /ZO/ H Cil8Ul'l8nbHO 

~

Sl-52 
Sf+S-4 SA 

Al 

11 Crpoa 

c1~u 
• • Ct 

111 

:112 

SA 

ss 
AJ 

A1 --L..!.J------L 
I ---m---,:-, 

R t ~ 
I ---m-------r:7 

£ t ~ 

II 

Pnc.IO - CxeMa Bllpa6oTKH Tpnrrepa. 

Tpu1Hp 

paspa60TBHHH8 6nOK 1211 MH Bllp860TKH CTp06-CHrHana. B 9TOT 6noK 
6unn BKnroqeHH cHrHanu cqeT~OB rry~oaoro TenecKorra s1+ 4 , rry~oBHX 
cqeTqllKOB 8HTHCOBrraneHH8 AI H Az H cqeTqHKa B. 

CnrHan "CTpo6", rrpe,ncTaBnHIO!llll8 co6o8 ~aKTmecKH Tpnrrep 
rrepaoro ypoBHH, Bli.l(enRKX!Ui8 B38HMO,ne8CTBHR B MIBUSHH, ncrronb30BancR 
MH 38IlllCH HH$:)pM8Ullll C nporropUl'IOHanbHHX K8Mep l,f<t>B3 H ro,nOCKOilOB. 

B pa6oqntt TpHrrep 6unn BKnroqeHH cnrHanu rrpaaoro RH ieaoro L 
perncTpnpyianero rrneqa ycTaHOBKH, rrpe,ncTaBnHanrn:e co6o8 coana,neHHH 
CHrHanoB OT cqeT~OB S1 (SR) H CHrHanoB rrnocKHX KanopHMeTpOB 
W1 (WR). CqeTqllKH SL H SR 6Hnll pacrronomeHH B6nH3H MIBUeHH H C 
sarracoM rrepeKpHBann TenecHH8 yron rrnocKHX crreKTpoMeTpoB. B 

Tpnrrepe HCITOnb30B8nHCb ,mm:o.l(Hlle CHrHanH <t>SY cqeT~OB IlnOCKHX 
crreKTpoMeTpoB. CyMMapHHe CllrH8nll co cqeT~OB Cil8KTpOM0TpOB 
.l(HCKpHMllHHpOB8nHCb rroporoM, COOTBSTCBYIO!UHM 9Heprooo.neneHHro ~ 50 
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M3B. 8TO IT03BORHRO B8CTH HaOop CT8THCTIDG1 yrrpyroro pacceHHHH B 
.rmaITa3oHe ITepe.na-q ltl :::: O,I (r3B/c)2 • AHo.mrne CHrHaJru c'!eT'lll<oB 
ITROC!iliX CIT8KTpOM8TpOB 01..U1(1JpOBllB8~Cb H 38ITHC!lB8JfilCb Ha. MarHHTHYIO 
R8HTy. 

,!l.JJH BupaOoTKH Tpurrepa TpeOoBanocb TaK~e ·Ha~'!He 3apH~eHHott 
'!8CTruJ,ll B CHCT8M8 38 MarHHTOM, KOTOpoe Ouno pea~30B8HO YCROBHeM 
:::: I cpaOaTUBaHHH B ro.nocKoITe H3z· 

KpoMe OITHC8HHllX CHrH8ROB, B Tpurrep· 011.irn BKJIIO'l8Hll Ha 
8HTliCOBIT8.Il8HHH CHrH8Jill AJ. 8TO TpeOoBaHHe 38rrpemano BllR8T '!8CTHU 
H3 Millll8HH B oOnaCTb 83HMYT8RbHllX yrROB, He perHCTPHpY8MYIO 60K0BblM],I 
CIT8KTpOM8TpaMH. 

TaKme B 8HTHCOBIT8.I(8HHH Oun BKJIIO'l8H ClirHan C oxpaHHoro 
c'!eT'!HKa ·A1, pacITono~eHHoro

0
ITo ITY'!KY sa Mill!l8Hbl0 H HMeBmero B 

U8HTpe OTB8pCTH8 I70xl40 MM~. C'!eT'!HK A, rrpe.ncTaBRHR codott C3H.I!BH'l 
CBllli8U-CUHHTHRRHTOp TO~Ott ~ 2 pa.n.e.n. li cnyJKHR .I!Rfl ITO.Il8BR8HHH 
coO!lTiltt C 'l8CTHU8MH, BllR8T8IOmHMH ITO.I! 60RbmHMli yrnaMH. 

cxeMa B!lpadoTKH TpHrrepa rrpHB8.Il8H8 Ha puc.IO. 
CurHan "Tpurrep" rrpe.ncTaBnan codott: 

Tpurrep = CTpoO· ("Il"/"K")· (L+R)·A AJ H r sz 
CTpoO = s1 -s2 -s3 -s4 -A1 -A2 ·B 
"K" = al l}2 D .I!RH K-M830HOB: 
"II"= c1 c2 u .nnH %-Me3oHoB: 

BpeMH B!lpa60TKH Tpurrepa COCT8BRHRO ~ 200 HC. MepTBOe Bp8MH 
YCT8HOBKH 6uno ~ 15 MC, OHO orrpe.nenHROCb Bp8M8H8M 38ITHCH codllTiltt 
H8 .llllCK. 

,!l.JJH K-M830HOB paOoTa B8R8Cb rrpH llliT8HCHBHOCTH ITY'!KOBllX '!8CTHU 
~ 10

6 
'!8CTHU/C, .I!RH %-M830HOB ~ 2·!05 '!8CTHU/C. IlpH T8KHX YCROBHHX 

4liCJJO 38llYCROB ycTaHOBRH COCT8BRMO zIO 38ITYCKOB/C llJIH K-M830HOB H 
~ 40 3aITYCKOB/C llJIH %-M830HOB. 

B KaqecTBe MOHHTOpHoro HCITORb30BaRCH CHrH8R K'(%'), KOTOplltt, 
ITO cpaBH6HHIO C K(%), Y'!HT!lBan cnyqrurnue B!lKJJJOqeHHH 38 cqeT 

8HTHCOBITa.naT6RbHllX CHCT6M A, H AJ. CpaBHeHHe cqeTOB- K'(%')H 
K(~)ITOKa3HB86T, qTo cnyqattHUX BllKJIJOqeHHtt ~ IO% • KpoMe K'(%')H 

K(~),llJIH KOHTpo~fl Oil~ 3aB6.I(6Hll cqeT8 S1S2 H SA, BC6 CHrHaJru 
ITO.I(aBa~Cb Ha cqeT'llllili, KOTOpue ITO CHrHany "Tpurrep" C'!HT!lB8~Cb B 
8EM H 06HY~H~Cb. 

,!l.JJH rrpHeMa H KOHTpO~H .naHHllX HCITORb30Ba~acb 8BM HP2IOOA. Ilo 
CHrHa~y rrpepuBaHHH 8BM qepe3 YCTpOttCTBO corrpameHHH 1221 C'!HT!lBa~a 
HHqJOpMamm, YIT8KOB!lB8~8 H 38ITHC!lB8~a ee Ha .lll'ICK. Mel!UlY ~aMH 
YCKOpHT6~fl HH<llopM8UHH 38ITHC!lBa~acb Ha MarHHTHYlO ~6HTy. ,!lJJH qacTH 
C061lTHtt ocymeCTMH~Cfl T6XHH'l6CKiltt H BH3ya~bH!ltt KOHTpo~. B 
T6XHH'l6CKiltt KOHTPO~b BXO~O 3aITOnli6HH6 rHCTOrpaMM H Tad~ 
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MH0~6CTB6HHOCTett ~acTepoB H rrp$J!ett TpeKOB!lX .neTeKTOpoB H 
orrpe.ne~eHHe HX cqeTHUX s4$JKTHBHOCT6tt, KOHTpoRb pa60T!l rry'!KOBllX 

CHCT6M, KOHTpo~ CTaO~bHOCTlf Ilb6.I(8CT8ROB H Ka~OpoBO'lHUX CHrHa~OB 
B Ko.zmpoBmHKax, a TaQe orrpe.neneHHe cpe.nHHX H .zmcrrepclltt 8MllJillTY.Il B 
KO.lll'lpGBIIUIBBX ~ TpHrrepH!lX C06HTiltt. KpoMe Toro, . ITO CHrHa~y c 
rry~bT8 8BM BllB0~8 Ha .lll'ICJIJiett CX6MY pacIT0~0~8HHH KOop.Illlli8THllX 
.I(6T8KTOpoB H IT0~0~6HH8 B IDll HCKp .I!RH OT.Il8~HllX COOllTHtt, qTo 
.I(OITO~T6RbHO K T8XHH'l8CKOMY KOHTpOJIIO IT03BOM~O C~6.llllTb 38 
p860TOCITOC06HOCTblO KOOp.I(lIBaTHllX .I(6T8KTOpOB H KaqecTBOM TpHrrepa. 

0CHOBH!l8 xapaKT6pHCTIDG1 YCTaHOBKH 

YcTaHOBKa "CHrMa-AfIKC" .n~H usyqeHHH yrrpyroro p0cceHHHH ~- H 
K-- M630HOB H8 rrpoTOHaX IT03BO~a H3MepHTb 9TH rrpoueccu B 

.zmarrasoHe ITepe.naHHI1X qeTjeXHMITYRbCOB 0,2 < ltl < I,4 r3Blc2 c 
TOWOCTblO ot~ 0,017 rsB/c BO BC8M .llll8IT830H6 t. 

lfmKHRH rpaHHU8 .lll'l8TI830H8 t orrpe.ne~H6TCH p83MepoM B C'l8T'lll<8 H 

IToporoM B CUHH~HUHOHHOM K8~0pHMeTpe w, B8pXHHH rp8HHU8 
orrpe.ne~8H8 ypOBH8M H86paHHott CT8THCTHKH H reoMeTpHqecKHM 
8KC8TIT8HCOM yCT8HOBKli. 

P83pemeHHe ot CBH38HO C TOWOCTHMH . J13MepeHHH HarrpaBneHHtt 
qaCTHU. TOWOCTH H3MepeHHH rrpoITOPI..U10H?~bHllMli KaMepaMH HarrpaMeHiltt 

TIY'!KOBOtt qacTHUH, pa~~~.n qaCTHUll H 1!£0..1'.91!8-_ . .£'!'~ 
COCTaMHlOT 0,1 Mpa.Il, 0,5 !@a.Il H 3 Mp8.Il COOTB8TCTB8HHO. 8TH 

- ,;-r-- _...., 
TOWOCTH onpe.ne~eHll maroM/IlpOBO~OK B rrpOITOpUHOHaRbHllX KaMepax H HX 

I . 
OTHOCHT8RbHllM pacCTOHHH8M •. HCITO~b30B8HH8 onpe.neneHHOM H3 
HarrpaB~6HHH rry'lKOBOtt qafTHU!l H IlpOTOHa OT.I(aqH TO'!Kli B3aHMonettCTBHH 

• I 
KaK eme O.nHOtt TO'!KH / llJIH orrpe.ne~eHHH TpeKa pacceHHHott qacTHUH, 
IT03BO~H6T ynyqmnT1f//TOWOCTb H3MepeHHH HarrpaBneHHH pacceHHHOtt 
qacTHUll .no 0=0,35 Mp8.I(. Ha TOqHOCTb H3M6p6HHH HanpaM6HHH rrpoTOHa 
OT.I(aqn ~H0T T8RlK0 MHOrOKp8TH00 KYROHOBCKOe pacceHHHe B· BemecTB6 
Ha TIYTH rrpoToHa OT Toq~ B3allMo.nettcTBHH .no rrponop1..U10Hanbmix KaMep 

( Y L / 1R ~ 0,2, r.ne 1R- pa.n. Ml:llia ). 
8TH B6~'!HH!l orrpe.nenHIOT H TOWOCTb H3MepeHHH KBa.npaT8 

ITepe.naHHoro qeTUpeXHMITY~bca. Ha pHc.11 rrpHBe.neHa 38BHCHMOCTb ot OT 
t llJIH nepe.na'IH Bll'!HC~6HHOtt H3 HarrpaBR6HHH pacceHHHOtt qacTHUH (tr>, 
npoTotta OT.I(a4tt (ts) H .nnH B3BemeHHoro 3HaqeHHH, orrpe.ne~eHHoro 
K8K ot2 = ot2 + ot2 • BlUJ;Ho, qTo B oonaCTH -t < 0,3 rsB/c

2 
TOWOCTb 

F S . 
ot orrpe.ne~eHa TOWOCTblO H3MepeHHH HarrpaMeHHH pacceHHHott qaCTHUH, 
llJIH -t ') 0,3 rsB/c2-TOWOCTblO H3M6p8HHH HarrpaM6HHH -rrpOTOH8 . . 2 . 
OT.I(a'!H, Ilpll'l6M B3B8ill8HH06 3HaqeHHe ot ~ 0,017 rsB/c c~ado 3aBHCHT 

OT t. 
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Puc.II - 3aBucHMocTn paspeme!llifl no KBa.DJlaTy rrepenalllioro 
1-rnwpeXliMIIYJibc_a OT t; nsMepelllioro ~ci HarrpaBJielllilO pacc_~flllliott 

'I8CTlli.Ul ( O tF ) , ITO HarrpaBJJelllilO IlpOTOH8 OT,ll8'lH ( 0 ts ) 1 · 

B3Bem'elilloe 3Ha'Ielllie ( at ) • 

C IlOMOfilbID MoneJIHPYICill8tt rrporpaMM!l OUJIO'' YCT8HOBJ18HO, ·. 'ITO 
reoMeTpuqecKHtt BKC8IlT8HC, YCTBHOBKH orrpeneJifl8TCfl Tpe00B81lli8M 
perncTpBI..UIB TpeKa rrpoToHa oTna'Ill • .lIJIH perucTpamm:· rrpn naIDioM· 
3H8'I8Hllll rrepenalilloro 'I8TUp8XHMIIYJ!bC8 t Tp80bBBJIOCb rrpOXOlK,!l81lli8 
TpeKa qepe3 'IYBCTBHTSJ!bHlle OOJIBCTH rrporropunoHBJ!bHllX K8Mep, qepes 
38rryCK81Clllll8 C'I8T'llllill S1·<SR) ll 6JIOKH. CUHHTHJIJlflUHOHHOPO 'K8JIOpHMeTpa 
WL (WR) ( 'ITOOU HCK~'lHTb BJ!llfllllie HB 3{fll)eKTHBHOCTb rropora 3Toro 
TpnrrepHoro 3Jl8M8HT8 ) rrpu ~OM pernoTpupyeMOM YCTBHOBKOtt 
3H8'I8Hllll 83JiMYT8JlbHOro YPJI8 rrpoTOHB OTna'lH. .IlHBIT830H 
perucTpupyeM!lX __ 83HMYTBJ!bHUX yrJIOB orrpeneJifl8TCfl p83MepoM H 

e1-----... 
0.2 

O.f 

/1.D 0.S lD 
-t.(,..fc )1 If 

Puc.12 - 3aBHCHMOCTb reOM8Tpli'I8CKOro aKC8IlT8HC8 YCTBHOBKH OT t. 
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IlOJIOEeHHeM KBJIOpHMeTpa W H. COCTBBJJfleT 21% OT IlOJIHOro yrJia 2%. B 
.ztRarrasoHe 0,2 < ltl < 0,6 rsB/c2 ycTaHOBKa perucTpupyeT coOHTHfl c 
TO'IKOtt B381™onettCTBHH BnOJlb Bcett nJlllHll MHIDeHH, aKCeITTBHC 
COCT8BJIH8T 21%. HB'IHHBH C rrepena'IH 0,6 rsB/c~ .llJIHHB perHCTpllpY0MOtt 
00JIBCTH B MHID01lli YM0HbID80TCH, IlOCKOJ!bKY IlpOTOHll, BHJl8T81Clllll0 H3 
Koima MHIDeHH rron naHHHM rroJIHpHHM yrJioM ( orrpeneJieHHllM rrepenaqett t>, 
He Il0Ila,Il8.IOT B 'IYBCTBHT8Jlb~ OOJIBCTb OJIOKB rrporropUHOHBJ!bHIP( 
KBMep PCH 23,24 (PCH 29,30). 3BBHCHMOCTb BKC6IIT8HC8 YCTBHOBKH OT t 
rrpHB6~6H8 HB pnc.I2. 

ITBp8M6TpH OimCBIIllOro BBpHBHTB YCT8HOBKH II03BOJIHJ!ll rrpoB6CTH 
H3MepeHHe aoco~THUX ceqelill8 yrrpyroro %-p- H K-p- pacceHHHH c 

TO'IHOCTbID ~ 4%CTBT. H IO%CHCT.' 'ITO, B CBOID oqepenb, II03BOJIHJIO 
IlpOB8CTH neTBJ!bH00 Cp8BH6Hll6 C0'I0Hli8 %-p- H K-p- yrrpyroro 
p8CC0fl!lliH. 
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