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Pa6oxa · BHnoJIHeHa n Jlaoopaxop:1111 R,ItepHWC npo6JieM 06'l>e,n1me1moro 
EHOXHXYTS R,ItepHWC HOOJie~OBaHUtt. 

HaytrnUe PYKOBO.Jtl(TeJIH: 

KaH,ltlf,ItST qJH3HKO
MaT8MaT:IN80JOIX HSYK 

KaluootaT ¢lM31KO

MaT8MaTHqeolOIX Hayi( 

, o,tnfUHaJILJwe onnoae11TH: 

~OKTOP ~3BKO-MaTOMaTHqeoKHX 
11oyx, nporlxlooop 

KaH.JOOlST 'fJJasBKO-

KYTI:illl 
BINeoJiaB Mlilxaltnon11q 

Cl1TAP EpoHHOJiaD 

fil'MOJIOB 
fILlDoJI (Pu~ovo:ira11 

illIDJl!Hl{OB 
. MaT8MaTBqeoKHX aayx . BJra.itm,mp Ba Ol!JIL8lilztl 

B8.JO'Ul89 HSY'lliO-HOOJie~OB8T8JlLOK08 y,ipe:s,ne1U1e: 

llitOTBTYT TeopeTHqeoRol B OKonepBM8HTaJILHOA ¢HsHKH, r.MooKBa, 

3SUUIT8 ,It14008PT8qBll OOOTOBTO.fl "_" _____ !989 r, 

B _'WOOD HS aaoe~aHBB oneUH8Jlll3HPOB8HHOro QOBeTa 

Jl-047,0I.03 npH JlaclopaTOPHB R,Itepma:·npoOJI8M 06'l>e,nHH8IIHOro 

llHOTiTy-ra R.lt8PIWX BOOJie~OBSHBtt, .lly611a MOOKOBOKOtt o6JiaoTH, 

C ,IUIOOepTSUHett MOZHO 03H8KOMl!TLOSI B OHOJIHOT8K8 Olliill, 

AllTopeqiepaT pasOOJiaH " __ .. ______ !989 r. 

Y11e1wa oeKpeTSPL Oll8UH8JIH3HpOB8HHOro OOB8T8 
~OKTOp ~3KKO-M8T8MaTHll80KHX HSYK D.A,EATYCOB 

OBIWI XAPAKTEPHCfflKA PAEO'Il:l 

AlcTyam,HOCT!, pa6oTH, IlOJiy,I8Hlle 9Kcnepm.t8HTaJII,HHX .naHHHX O ,ItHqlqle
peHD,HaJll,HI:lX ce'l'.eHRRX )J)IH. npoI(eccon lf"p -- K'" r: ~+ (1385) H BX conoc
TaBJieHHe C CYJ118CTBYJ)lltHMl!t MO'A9Jll>HHM0'. llp9'ACT8BJI8HWl:MR, pasBHTHMll[ Ha oc
HOBe pe,n;2tencxol WSHOMeHOJior.im, cnococlcTnyeT .nam,aefline:MY pasBHTlm npe'A
cTaBJielid O npE!pO'A9 CT~ '<l8CTHI(, 

He M8Hee Bal!UWM HBJm9TCH Il0Jly,18IDI8 BKCnepm.ieHTaJII,HHX ,naHBWC 0 
~ q>opMHpOBSIDISl: ~OHOB no BX OTHOCBT8Jll,HHM BWC~ B mill'Jlll3HBHHX 
peam:tIDDC nepeaaPH,ItKl'I K'" + A - K0,K03E(892) + X aa paaJllNHHX tr;D;epma: 
Mmll9HJ!X, T.K. 9'1'0 Il03BOJIJI9T nponecTH CpaBHeIDie C llp8'ACR83amtmal pas
JIH'l'.HWC MO'ASJiel, paSBliTWC B pru,max KBSHTOBOtt XPOMO.inmm,,mGJ. 

BanOJlll8Hlle BmlleyKasaHHHX HCCJI9'AOB8Hlltt CTaJIO BOSMOZHHM IJOCJI8 oos
,nalm.fl H BB9'A8lm.fl B COOTaB Oil8KTPOM9TPH'l'.80ROro ROMI1JI8RC8 IlmEPOH OHC

T9Wl liICRpoma: npOBOJIO'l'.HWC KaMep {HIIK), o6ecne'l'.HBllIBX BliCOicyl) TO'l'.HOOTL 
R3MepeHHH RHH8MaTH'l'.8CRHX IJapaM8TPOB 'l'.SCTHI(. 

ARTyam,HHM JD3JIJI9TOH TaRJlte paspaOOTRa H oos.naHHe 8KOHOMJil1!HHX 'A8-
T8KTOpOB - 6ese.neKTpO'AHH:x: nmpoxosasopma: 'APettipomi:x KaMep (Iml{), o6ec
ne'l!Hl!aillllHX a@)eKTHBHyD pemoTpaUHJ> sapmteHBHX liSCTHI( H 1-KBaHTOB H 
npe~HOHH08 HSMepeHHe liIX KliIH8MaTH'l'.9CKEX IJapaMeTpOB B OOOHTHJDC C 60.m:,
moa :MHOZ8CTB8HHOOTl:all, 

lleJIL pa6oTH 
I. Coa.naime CHCT8MH HilK H HCCJI8'AOB8IDI8 xapaKTepHOTHK BTBX 'A8T8K

TOpoB C I(8JILD o6ecne'l'.eHHH CT80HJILHOtt paOOTH KaMep O BliCOKott a@)eKTHB
HOCTl:all H llpOCTPSHOTB8HHHM paspemeHHeM, IlOSBOJIHBlll88: 

a) no H8'AOCT8l!llll.ett mace R K'"-:uesoay BHJteJil!'lL mnepsaptr;D;ono-oclMeH
HW!: npoI(ec·c lf"p - K'" E: :r• (1385) H IlOJIY'l'.HTL Homte TO'l'.HHe .namme o 
~peHD,HaJll,HHX 08'l'.8HHHX oclpasOBSHHH I:♦- H ~"(1385)-mnepOHOB B HH
TepBSJie nepe,narumx mmyJILCOB / tMmJ. / £ /t / < 0,8 (I'BB/o)2 npH 12 I'BB; 

6) BH,It8JIHTI, M8TO'AOM sqxl)eKTHBHHX MaCC H Ha6paTL )J)IH. .nam,ae:ainea 
. o6pa60TICH 3Ha'l'.liIT8JILHYJ) CTSTJ/!CT:mty oclpasoBaHHJ! K0- JI! tE0(892)-111eaoHOB 
B mutJIJ)SJIBHOtt peaititlilli nepesapJr.ItKl'I K'° + Be - K0,tE0(892) + X npH 
II,6 I'BB. 

2. PaspaOOTKa, HCCJI9'AOBamie JI! npHMeHeHHe ll!HpOR038SOpma 'AP9i!q>oBHX 
KaMep 6essJieKTpo'Aaoro THIJa )J)IH. pemcTpanim aapJDEemna: 'l'.SCTHI( H s~eKT
poMarHBTHHX .mmaen. 

l
~~,-,r- ~·~---~.-=~=• 

Q;~r::·::, 1: , -.~ ':J;~~:l~~ t 
Gt,iSJi:·::.:rrcHA ~ 
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lfayqHEUI HOBH3H8 
- lI3MepeHHoe .Itl$I)epe~aoe ce"!emre npm~ecca 1t p - ~ E... npn 

It' I " O,I (ThB/c)2 jJBJIJ!eTc.11 o~ mi "JI;Byx caMWC TO"IHHX B o6JracTn 
saeprml IO + I5 ThB; 

- o6ecne"!eHo BHcoxoe paspememre 6K•= 2,6 MaB ycTaHoBRR B pe:JmMe 
~eHTllqERatnm MeTO,Il;OM ~RTHBHWC Mace, BI:l,IJ;eJleHli R0- n I<.3E0(892)
Me30HH n Ha6paa 60J1mott cTaTncTlt"Iecm MaTepnaJI {60J1ee I MJIH. Tplll'
repoB); 

- BnepBHe B axcnepEMeHTax Ha ycxopRTeJle npBMeHeHa 6esaJ1eKTpo~.11 
,IJ;pelwc>BEUI RaMepa, onpe,IJ;eJleH OnTm&lJll,mtli pellimd pa60TH T810DC RSMep, 
ROr'AS ee OCHOBHl,18 xapaKTepncTmm 8ltBHBaJieHTHli xapaKT8PHCTRRaM aaa
JlOl'Z"IHOff 8Jl8KTpO'AaOi RaMepH; 

- BnepBHe npEMeHeHa B,1U{ COBMeCTHO C cncTeMott aRTHBHOro ltOHBePTOpa {AR). 
n JIHBHeBoro ro,IJ;ocxoIIR'IJecxoro ,IJ;eTeRTopa (JII',DJ 'AJl.11 nsMepeHR.11 xoop'AJr
HaT OCH SJleKTpOMal'lUITHOro JllIBH.11, npn 8TOM nQJ!y'ieHO paspemeHRe 6$ = 

=2 MM (npn E1 = 3 ThB.- KOHBePTOP 3Xo), KOTOpoe .IIBJI.lleTC.11 JIY"IlllRM lil3 

:m3BeCTllllX Ha cero,ItHJIIlllmit ,IJ;eHI,. 

IlpaRTH'IJeCREUI µeHHOCTh pa60TH 38RJDD'IJaeTC.II_B TOM, "ITO ycnemHoe 
BH8'APemte B°COCTSB 8KCil8PRMeHTSJ1DHOtt ycTaHOBRR I'HIIEPOH CHCTeMH IDJK 
cnoco6CTBOB8J10 nOJly-qewm pesyJIDTSTOB llCCJle,IJ;OBaHR.11 peaKJ:tliii!; c o6MeHOM 
rmrepsapJl',ll;oM, a TaRllte BH.D;eJ1ewm nponeccoB ~+Be - R0,I<.3EP(892) + X 
npn II,6 ThB. 

HcCJle,IJ;oBamre .:icapaKTepncTmt BJ(K Il03BOJIBJIO onpe,I1;8JlllTh OnTBM8Jll>mtli 
pellt0M pa6oTH 'AJl.11 HCilOJlDSOBaHR.11 RaMep B sxcnepEMeHTSX Ha ny,nte 'IJSCTRQ 
YCKOPHTeJl.11, a BHe,IJ;peHHe me B COCT8B cncTeMH AR+JII'l{ cneKTpoMeTpa 
IlllIEPOH o6ecne'IJRJ10 xopomym TO'IJHOCTh B onpe,IJ;eJleIDm ROOp.n;mi8T OCH JlHBHSI. 

ABTop saummaeT 
- pesyJIDTaTH C03'ASHH.II n axcnepEMeHTSJlDHoro ncCJ1e,IJ;OBaHR.11 xapaxTepncTRR 

CHCT8MH IDJK,KOTOpHe o6ecne'll!BaIOT HCCJle,IJ;OBaHH8 rHnepsapJl',ll;OB0-06M8HHl:DC 
nponeccoB ltp - IF z::+, i:+ {I385), a Taltl!te nponeccoB nepesapJl',lJ;RH 
~ + Be _, R0 , I<.3E0(892) + X; 

- sxcnepH?11eHTSJ1DHHe pesyJIDTaTH: 
a) 1Il3Mepem,;e 'An4$P8Hn;J8JlDHliX ce-qemnl: o6pasoBaHHSI I:+ - H r:+ {I385)

r.imepoHOB B peaiantRX ltp - IF t .. , L .. (I385) 'AJl.11 RHTepBaJia nepe'ASH
HHX :mmyJIDCOB / iMHH I < It I ..: 0,8 (ThB/c)2 npH I2 ThB; 

6) BH.D;8J18HHe MeTO,IJ;OM ~KTHBllllX Mace R0
- n I<.3E0{892)-Me30HOB npH 

HCCJle,IJ;oBSHllll mmJmSHBHHX pea~ nepesapJl',lJ;RH ~ + Be - R° ,K3EO 
{892) +.X npn II,6 ThB; 

- pesyJIDT8TH paspa60TRH, C03'ASHH.II H 0xcnepHMeHT8JlDHOroHCCJ18,IJ;OB8HH.II 
xapaKTepHCTRlt B.m<; 
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- 8KcneplTh!eHT8JIDHlie pesyJIDT8TH HSMepeHH.11 KOOp,Il;RHaT OCH 8Jl8KTPOM8I'HHT
HOro JmBHSI, llOJlY"IeHHHe C nplTh!eHeHReM B,1U{ B COCTBB.e CHCTeMH AR+JII'l{. 

Anpo6amm:: OCHOBHHe pesyJIDTaTH pa60TH ~OKJia.nl,IBSJIHCh Ha HSY'IJHO
MeTO~eCKHX ceMRHapax JIRII OIDIH, HS Mewnapo,Il;HllX coBemallll.llX COTPY.IJ:HH
-qecTBa IlflIEPOH, npe,IJ;CTSBJI.IJJlliCh Ha Mellr,I(yHapo,IJ;HHe KOH(pepeanim no qll!3Rlt8 

. BHCOKHX 8Heprmi (Jleii:Intar, I984 r.' BepKJIH, I986 r.). Ha Mei1r,ItYii8PO.IJ:HH! 
cHMn03JiIYM no xoop~aTIDlM ,IJ;eTeKTOpaM (,!Ty6Ha, I987 r.), ony6J1HK0BaHH 
B Bl:l;Il;e lJtYPHSJlDHHX CT8Tett H ny6.JIHRaIJ;ltli OIDIH. 

lly6J1HKawm. B 'AJrCcepTatnm o6o6oteHH pesyJIDTaTH P1'!60T, BHilOJlHeHHHX 
aBTOpOM B 1980 - I988 rr. B JIRII OIDIH. OcHOBHHe pesyJIDTSTH pa60TH HSJlO
llteHH B IO ny6JlHKanIDJX. 

CTpyttTypa H o6~eM l@CCepi'amm. ,lJ,RccePTrutWI COCTOHT H3·BBe,IJ;eHH.II, 
'IJeTHpex rJiaB n 38RJDD'IJeHH.II, B KOTOPOM npHBO,It/lTC.11 OCHOBHHe BHBO,IJ;H. Pa6o-
Ta HSJlOllteHa Ha I20 CTp., CO,IJ;epJCBT 63 pncyaKa H 9 T86Jil!n. ~0 

CO,l!EPJlfAHHE PABO'Thl 

Bo BBenemm no~epRnBaeTC.11 aRTYSJlDHOCTh npo6JleMH, CqJOIJMYJIHPOBSHa 
QeJlD pa6oTH, onpe,IJ;eJieHli OCHOBHHe IlOJlOl!eHH.11, BllHeceHHHe Ha 38lltHTY • 

B nepBott rJiaBe npHBo,IJ;HTc.11 06,ee oimcamre YHRBepcaJ1DHoro cnexTpo
MeTpllf'!ecxoro KOMnJleKca rnIIEPOH /I, pacnOJlOllteHHOrO Ha I8 KaHaJle ycKO
pnTeJl.11 Y-70 H~B3. 

YcTaHOBKa COCTOHT H3 CJ1e.IC7Jl!ltHX RPYilHHX.Y3JlOB: M8rHHTOOnTR'IJeCKHtt 
K8H8Jl, IJY"IROBHtt cneKTPOMeTp, lltH,Il;KOBO,IJ;OpO~EUI MllllleHh C oxpaaaott CHCTe- , 
Mott, cneKTPOMeTp BTOPH'mlll 'IJ8CTRQ, CHCTeMa 6HcTpott 8JleRTp01U!RH,:,'AJl.ll 
opraruisannn Tpnrrepa H cHcTeMa c6opa ,IJ;aHHHX. 

CocTaB HecenapnpoBaHHoro ny-qxa saBHcRT OT :mmyJIDca BHBe,IJ;eHHWC B 
RSH8Jl 'IJSCTRQ ll npn I2 raB/c onpe,IJ;eJl.lleTC.11 TSK: '30% lt-Me30HOB, · 8% ~ -
Me30HOB, 60% IlpOTOHOB H 2% MIOOHOB H nosllTpOHOB. 

C IlOMOIJt:E.B) llY'IJROBoro cneKTpOMeTpa ~eHTH~pyi)TC.11 'IJSCTHn!J,Il8,IJ;8»
otne Ha Mm!leHh,H onpe,IJ;eJl.lleTC.11 me m.myJlhC. TO~HOCTh onpe,I1;eJ18HR.11 HMDYJID

ca (npH P·= I2 ThB/c) cocTaBJl.lleT AP/P = 0,35%, a TO"IHOCTh HSMepeHH.11 
yrJia nS,IJ;eHR.11 Ha MmneHh A & = O, 35 MP8.IJ:. 

BO,Il;OpQ,lOlEUI (,IJ;eftTepHeBa.11) MmlleHh pacnOJlOEeHa B pepe,IJ;nHe YCT8HOBKH 
H pas,IJ;eJl.lleT ee Ha ,Il;B8 cneRTpOMeTpa: llY'IJKOBHtt - ,Il;O MHllleHR H BTOPll1DIHX 
'IJSCTRI{ - llOCJle MnmeHR, MllllleHD oxpyzeHa CnnHTHJrJilln,JOHHHM ro,IJ;OCROilOM TI 
mi 32 9JleMeHTOB, C~lllHX',Il;Jl.11 peI'KCTpatnm sap.ltlltellllHX "!aCTRQ,·BllJleTaD-
IIlHX H3 MIDile¥B no~ 60.nmm.m yrJiaMll. · 

Ha pnc. I Ilpllllo,ItHTC.11 KOH!plfi'YpanH.11 cneRTPOMeTpa BTOPB"UlllX 'IJSCT~, 
cooTBeTcTBYJlll8.II ncCJ1e,IJ;yeMOMY rnnepsap~oBo-o6MeHHOMY nponeccy 
1Fp - ~ L .. , !'•(I385). B ero cocTaB BXo,It/lT: sJ1e1<TpoMarHRT MC-I2, 6Jio-
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Pnc. I. CneKTPOMeTp BTOpll'iHWC 'iaCT~ 
.ItJilI ncCJie.ztoBamm nmepsap.ll;lto
Bo-o6MeHHHX npo~eCCOB 

Ir"p - h,+ ~~ £+(I385). 

lClI llCKpOBWC npOBORO'IHWC KaMep IDIKI
HI!K5, nponop~OHaJll,HHe KaMeps: IlR5-
IlR7, -qepeHKOBCICHe C'ieT~ C4-C5, 

CnRHTJIJIJIIIItHOHHHe rD,ItOCKOim TI-r3, CnRHTHJJJI.RizyrOHHHe C'ieTtIHRH S 4- S I3. 
OCHOBHHMI!: ROOP.ztnHSTHHMH ~eTeRTOpaMll cneRTpOMeTpa BTOPHlIHWC tJaC

T~ S!BJISIJ)TCJI HIIK (32000 KaHaJIOB) c maroM HSMOTICH c~,aJII,HWC npoBMOK 
I MM n co C'beMOM,HHl})OPMaitl!H Ha qieppllTOBliX ROJJI,nax 2 • CncTeMa HIIK 
n aReKTPOMaI'RHT MC-I2 o6ecneinmaJOT BliCOKyJ) TO'll!OCTI, cneRTPOMeTpa BTO
PlrnlllX 'iSCT~ ( tiP/P = 0,45%, ae = 0,3 Mpa.zt), np~ImaJII,HO Heo6xo-
.Itl™YD .ItJilI BH,IteRemm ~+ -. L + (1385)-nmepoHOB MeTO,ItOM He,ItOCTalllltHX 
Mace. 

BpeMeHHoe paspemeHHe cneKTpoMeTpa o6ecneinmaeTcH ro.ztOCROim'iecKH
Mll CnRHT~OHHHMll .zteT8KTOpaMH r ll S. }meHTH(llI~ BTOpH'iHWC tJaC
T~ nponsBO,ItllTM liil!rpOKoanepTypHHMH noporOBliMH 1i8peHROBCRllMll C'i8T'IJHR8-
Mll C4, CS, o6ecne'illBaiootm,,m paspemeHHe no cKopocTH ~p,l,e,eI0-5 • IlpneM, 
ROHTPM1> ll saimCI, HH/popManJm Ha MarHHTHYJ!) ReHTY OCYl!leCTBMeTCJI BKJID
'i8HHOtt "B JIHHHlD" Mmlli-3.B.~ EC-IOIO. 

B 3TOH l!t8 r.naBe npHBO,ItllTCH KOH~ cneRTPOMeTpa BTOPH"IHHX 
tracT~ (pnc. 2) .ItJilI BH,IteReHHH HHRJ.IJ08HBHWC npo~eccoB nepesap~ 
Ic+- + Be - K

0
.~

0
(892) + X MeTO,ItOM SIPlJeRTlmHWC Mace. B STOM CRYtrae 

-2 2 ' Z,M 

-1 

-◄ Q Y,M 

. , 

"Pnc. 2. CneKTpOMeTp BTOPH'iHHX 'iaC

T~ ,ItJilI HCCJie,ItoBaHHH peaK
Itl'IH nepesap.ll;ltICH 
Icr + Be - K0,~0 (892) + X • 

CHCTeMa HIIl{ TaKlKe HBJOOiac1, OCHOBHHM 
KOOp,ItllHaTHHM .zteTeRTOPOM miR no KMH
'i8CTBY HH/popMa~OHHI:lX KaHaJIOB 

H6000), TaR n no TO'iHOCTH onpe.zteReHHH KOOp,ItllHaT ( 6x = 0,3 MM) BTO
Pll'UWX 'laCT~. 

B 88KJIIO'i8HHll rJiaBll OimCHB8eTCH CHCT8M8,COCTOJilll8JI ll8 AK, m.mc H 
JIT.U, pasMepaMH Ix2 ~ c pasMepoM a-qefiICH IOxIOx35 cM3 {pnc. 3a). B 
STOtt CHCTeMe OPHI'IDi8Jll,HHM HBJIR:8TCH ncnoR1>SOB8HHe m.mc 6eSSR8KTpO,ItHOro 
THna pasMepaMl'I ~I 0 (pnc. 36), BnepBUe npHM8H8lll:IHX B SRCil8PHM8HT8X 
Ha YCKOPHTeRe / 3 • KOHCTP~ KaMep OTJIHli88TCH npOCTOTott, KOMnaRT-· 
HOCTl>ll H He60JI:blllllM BSCOM. 
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Pnc. 3. a - SReKTPOMBI'HHTmtlt 

KaJIOpHMeTp ycTaHOBKII( 
IlillEPOH; 6 - oxeMa E.IJl{ 
pasMepm.m: IxI y2_ 

Bo BTOpott rJIBBe OIIIIICSHH ROHCTJlYRUllll ll OCHOBHH8 :xapaRT8PHCTHKl'I 
mIK, nORy'i8HHH8 B p88JJI,HWC YCJIOBHJJX SRCnepHM8H'l'8 Ha ny,me 'iaCT~ 
YCROpHT8M. 

KoHCTP~ HIIK paspa6oTaHa B M~B3 H npe.ztCTSBM8T co6ott O,ItHOKOOp
,ItllHSTmtlt MO.ztYRl> C maroM HSMOTKH CnrHaJI!,HWC npOBOROR (EPE-2 ,ItHSM8TpOM 
O,I MM) l MM. Ha pSMe YCTSHOBR8Ha MaTPima na:wrrn Ba qieppHTOBWC KOJII,
nax H 6ROR ROMilOS~OHHHX pacnpe.zteReHHWC pesHCTOPOB .ItJIH Il0,It81D[ BliCO
KOBQJJI,THHX m.myJJI,COB. 

CncTeMa BliCOROBOJll,THOro IlHTSHIDI Hill{ 121 o6ecneinmaeT m4IlYJll,Cli o 
WPOHTOM HapaOTBHHH 30 HO, ,ItRllT8Jll,HOCT1>D I70 HO, aMIIJIHTY.ItS KOTOpwc pe
ryRHpyeTCJI B npe.zteJIBX 4 -,. 7 RB. IlpH STOM aMIIJIHTY.ItS BHXO,ItHWC m.myJJI,OOB 
ooxpaHHeTCJI C TO'll!OCTI,D 0,5% IIpH IOO sanycRaX 88BpeMJI c6pooa ny-qKa 

YCROPHT8M (I,5 HO). CnoTeMa ROHTPORH II08BOJIH8T IIOCTOHHHO Ha6.JID,ItaTI, 
88 aMIJJIHTy,ItOtt H /popMott BliCOROBOJt&THOro m.myJJI,oa Bcex reHepaTopoB H 
IIpOHSBO,ItHTI, mr,u;mm.ItyaJllHYJO peryRl!pOBKY O'll!lll8Dllero IIORH MO,ItyRett HIIK 
BO BP8Mli HSCTpOttRll H pa60TH YOTSHOBRH. 

CncTeMH BliOOROBOJJI,THOro ImTSHHH H C'b8Ma HH/poPM8Itl!H o6eone1DD38JOT 
IIIHPORH8 B08MOllllIOC'l'H .It,7IH H88aBHOHMO! HSOTpottKH H pa6om RaMep, a T8Rllt8 
II08BORHDT onepaTHBHO npOH8BO)tRTI, HSMeHeHHH B 'il!OJI8 pa60TamtRX MO,Ity~e! 
H 6ROROB HI!K. 

Ilpo,Dy.B cncTeMH HIIK pa6o-qett c111eo1>D rasoB (79%Ne, 20% He, I% 
CiJ50H) OOYl!l8CT:eneTCJI no 88:MRHYTOMY ~ paspa60TSHHOtt HaMll'. CHCTeM:>tt 
rasoo6ecne'ieHHH 4/ co CROpOCTI,J) 150 ~pOB B 'iSO. ~OHSJll,HO OHS 
OOOTOHT lI8 Tpex OCHOBHHX 'iSCTett: 
- IIYJJI,T IIO,ItroTOBRH H paonpe.zte~eHHH pa6o-qeft CMSCR r880B 
- CHOT8Ma r8800'iHCTKH; 
- OHOT8M8 ROHTPOM OOCTSBS H 1ll!ICTOTH rasoB. 
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Pa6oims CM8CL rasoB C He06XO,Ir;lil:MOtt 'A068BKOtt 8THJIOBOro CimpTa sa
'A88TCH Ha nym.Te IIO~OTOBKH pa6o~ero rasa H pacnp8'A8M8TCH no KaMepaM 
~epes HH,IlHBlJ,Izyam.HIIe poTSMeTpH. O'imneHHe .Ne - He CM8CH npOHCXO~T B 
880THOtt ROBymite H ~cop6epe o6~eMOM 9 R HS 8KTHBHPOBaHHoro yrM. Ha
~e B CHCTeMe ~yx H,IJ;eHTH'IHHX ~cop6epoB nosBoMeT 06ecne~1:, Henpe
pHBHYJl O~CTRY pa6o~ett CM8CH. 

HenpepmiHIItt ROHTpom. 88 COCT8BOM rasoBott CMeCH ocymecTBM9TCH npH 
IIOMOl]tl! HOHH88D;ROHHOtt RaMepli / 5/, BaJtHHM 'AOCTOHHCTBOM ROTOpott HBJij!8TCH 
6HCTpaH peaRI(Wt Ha B08MOlltlll,l8 H8M8H8HHH COCT8Ba rasoBott CM8CH (pHc. 4) 

100 

-:-
; 50 
C: 

" 

a 

-v 
PE:c. 4. 3@)eRTHBHOCTL perncTpaI!,lIH 

O'AffOfi R8 HilK (a) 'll TOK B HK 
(6) KaK qiyHKD;RH BpeMeHH. 

0 J.-..--....--~-~--~-~-

H B08MOlltHOCTL YCT8HOBR8HHH aBTOM8Tll
~8CROtt CHrHaJmSSD;m'l 8Toro RSMeHeHIDr. 
HOHH8~0HHM RaMepa IIOCTOHHHO CJzyJ!m-

100 

< 
~ 
E 

iso 

" I? ~ 
6 ~ ,ItJIJI ROHTPOJijJ sa COCT8BOM rasoBott 

CM8CH npH npoBe'AeHJ!IH qll!8ITT8CRRX 8KC
nepHMeHTOB, ~eM 06ecne'll!B~c1:, cTa-
6RJll,HM H ~elKHaJI pa6oTa CHCT8Mli HilK 
cneKTPOMeTpa IlffiEPOH. 01-----~-~----~-

OcHOBHOtt s~a~ett npH HCIIOJll.80Ba-o 2 3 
BPEMR Isl 

HRR CHCT8Mli HilK S!BJISt7IOCI, ycTaHOBReHHe 
OllTEMaJll.HOrO peimMa pa60TH KaMep IIO Hanpmite:mm BliCOKOBORLTHOl'O ImTa
HIDr, BeimimHe OimntaDlllero IIQJijJ H rasOBOMY COCTaBy, o6ecne'llIB8lOIIOtX BHCO
RYJO aqxiieKTHBHOCTI, H ROOJ)'Al'IH8THYJ) TO~OCTI, perncTpalJ,lIH llOR88HHX co6H
Td B YCROBRJDC 6om.nm:x IIOTOKOB ~8CTHIJ; (I,2•I06 imcTR!V'c). Tpe6oBaHR.R: 
RO BP8M8HH naMJlTH HilK CMHI"l8HH TeM, ~TO ,ItJlJI OT'A8R8HIDr TpeKOB IIOR88HWC 
co6HTHtt OT qioHOBHX Hcnom.syeTCH HHqiop~ c nponopD;ROHam.HliX KaMep H 
C~T~~OHHHX rO'AOCROllOB. Ha pHc. 5 npRBO~TCH I!pOCTpaHCTBeHHoe 

N,----~---,----~-7 .. 

·'"' 
G,150,lOQ/,50.lil ..... O,'!i 0,30 Ql,5 IUil ..... 

PHc. 5. 0TKJIOH8HH8 u;eHTpa T.llllt8CTH HCKP 
OT TpeKa B HilK IIOCJie ~eTa 
C~HrOB H noBopOTOB RaMep B 
6ROKe. 

MO'AJR8! 250x250 'Wi2 , 

paspemeHHe(c ~eTOM C'ABRrQB MO'AJR8! OTHO
CRT8Jll.HO 'APyr 'APyra H llOBOpOTOB RX B 
WIOCROCTR, nepII8H.ln!KJ'JISIJ)HOtt ~) ,ItJlJI 

5I2x5I2 wJ?- H I024xI024 rel-. IlOJIY'{eHHoe npocTpaH-

6 

CTB8HHOe paspemeHRe 6x= 0,3 MM 'AOCTaTO~O ,ItJIJI o6ecne~eHRH Tpe6y-
eMoro m.my~I,CHOro paspemeHrur cneKTPOMeTpa BTOplftIHHX ~8CTHIJ; AP/P =0,5%. 

B aTott_rRSBe TaKllte OIIHCllBaeTCH M8TO~ HaCTpoil:rol: H ROHTPQJijJ 
HilK 161, KOTOpaH 6~rO'ASPR pa8BHTOMY ROMIJJI8KCY nporpaMM nosBOMeT He
nocpe'ACTB8HHO Ha Jiilllill1 c oBM llOJIY'{aTL xapaKTepHCTlllm HilK BO BpeMJI Ha6o
pa CT8THCT:mrn, onepaTHBHO BWll3..llrul OTKJIOH8HRH peimMa OT OIITl!M8JII,HOl'O 
H o6ecne'llnla.R: Bli'AS~ paa.7m'Iliott HHqiopMaI!,lIH Ha BHemHRe ycTpottcTBa. 

B Tpeneit r~Be ~ccepTalJ,lIH npHBO'A.R:TCR aKcnepm..eHTam.HHe pesym.
TaTH HCCJI8'AOBaHID! npoueccoB '.II'"p - ~ ~♦• L+ (1385) H I( + Be - K° -~ 
(892) + X, mme~eHHe ROTOPWC CTa~o B08MOl!tHIDA 6~arO'A8pH BHCOROtt TO~
HOCTH RSMepeHM ICHHeMaTITTeCKRX napSMeTpOB sap.llllteHHWC 'iaCTllIJ; - npO'AJK
TOB peaRD;RH CHCTeMott HIIK-. 

B nepBOM naparpaq>e npHBO~TCR OIJ;8HKa paspemm:,mett cnoco6HOCTH 
cneRTpOMeTpa IlffiEPOH, KOTOpaH Onpe'AeMeTCR TO~OCT1>1> HSMepeHM m.inym.
COB ~aCTm::( o6om.m cneKTPOMeTpaMH - ~OBHM H BTOPH"IHHX 'iaCTHIJ;. ,llJIII 
8TOI'O Har.m H8MepeHa pa8HOCTl, pcn-PMC HMTIYRLCOB sapmiteHHHX 'iaCTHIJ; 
(Po= I2 raB/c), npOXO,ItlllllllX 6es BsaHMO'AefiCTBHH ~epes ycTaHOBRY (r.m
meHI, y6paHa). IloJIY'{eHHHe sHa~eHHR 6 = 74±I MaB/c; 15/Po = 0,62% 
cor~CYJOTCH c pac~eTHIIMH norpemHOCTJIMll ( AP/P) CII = 0,35% n (t.P/P)Mc= 

~0,45%, onpe'AeReHHHMH C nOMOIJU,lD nporpaMM!l MO'A8RHPOBaH.Wl: no M8TO'AJ 
MOHTe-KaPJIO. Ou;eHKa paspemruomett CIIOC06HOCTH cneKTpOMeTpa BTOp~ 
'iaCTm::( 6W'"J.8 npoBe'AeHa no ynpyrOMY paccemuno IIHOHOB Ha BO'AOPO'Ae: 
Wp - Wp. HHqiopMaUM no sTott peaRD;RH aa6H~c1:, na~em.Ho c ocHOB
Hott CTaTHCTHKOit npH HCCJie'AOBaHHH npoueccoB Wp - ~ l"+, r+(I385). mm, 
noJIY'{eHHHtt B cneRTpe He'AOCTaKl!llHX Macc,m,eeT CJie,DylOOtlle napaMeTpa: 
Mp= 939 ±2 MaB; 15 = 52,6 ± I,3 MsB. ,lT,aHHHit peayRLTaT YRSSHBaeT Ha To, 
~To B CJIY'Ule mmeneHll.R: KaHana peaKD;RH MeTO'AOM H8'AOCTaIJII(ett MaCCH 
cneRTpOMeTp B IJ;8ROM He 'AaeT CYJ!l8CTB8HHOit CHCTeMaTITTeCROit omn6KH. 

Bo,BTOPOM naparpaqie npHBO'AJl:TCH 'AaHHHe O ROI'Hll:8CK011 opraHHSalJ,lIH 
TpHrrepoB H me YPOBHett, noJIY'{eHHHe npH B9'AeneHHHrHIIepsapJJ,D;OB0-06MeH
HHX npou;ecCOB '.II'"p - W ~-♦• L .. (1385). KpaTKO paCCM8TpHB8!lTCR OCHOBHHe 
MOMeHTH o6pa60TKH 8KCII8pHMeHTaJ.[I,Hl:DC pesyllT8TOB, npHBO~TCH CIIeRTp 
He'AOCT8lOIIOtX Ir!aCC K ~-M980HY, OTBe'l'.8:s:xnmt BlimeYRSSaHHHM npou;eCCaM 
(pHc. 6). B pacnpe'AeneHRH OT~eTRRBO B9'AeJI.lllDTCH IIHKH, COOTB8TCTBynltlle 
L .. ' L+(I385)-rm:zepOHaM; IIOJIY'{9HHOe npH STOM paspemeHHe CpaBHHBaeTCH 

C TO~OCTHHMH 'AaHHHMH 'APYI'HX cneKTPOMeTpoB. B STOU ze naparpa<_l>e npllBe
'AOHH pesyRI,TaTH HSMepemm ~qxf)epeHD;Ram.Horo ce~eHM peaKD;RH Wp -
~ L+ npH I2 TuB, IIOJIY'i8HHH8 Ha OCHOBe aHaJm88 B9'AeRerumx 5400 oo6u
Tmt (pHc. 7). B!lCOKM CTaTHCT~ecKSH o6ecne~eHHOCTI, ll08BOJm.,'I8 H8M9PJITL 

dG /dt' B o6~CTH r.iaJIHX nepe.naHHHX BMI!YJll.COB It'! < O,I (!'9B/c)2 171. 
IlpH /t'/ < 0,4 (l"'dB/c)2 88.BHCm!OCT!, dd/dt' np:n6.mn't!leTCH R _9Y.CIIO-
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~;:Tig 

P.nc. 6. Pacnpe.zteJiemre no He.ztoc
TaJJll!ett mcce K IF-Meao
HY B pea:ra:om lFp -
IF E~ r•(I385). 

n*p-1t:rt,1;r3g;c 
~) 

'uA ,o 

i : 

01 OJ -o:. O r·o-, 010•1titr3B,t)2 

P.nc. ? • .IT.li@>epe~am,Hoe cetremre 
pea~ ltp - IF:[+ H 
npe.ztcKaaaHHJI MO.zteJiett. 

H8imH8JII,HOti,npH /t'/"' 0,5 (TuB/c) 2 38M8THO HSMeHeHHe KPYTHSHH KPH
Bo:11. Jl,7ui 06.JiacTH /t' / < 0,4 (ThB/c)2 armpoK~ ,ItH@>epem:~am,Horo 
cetreHHSI SaBHCHMOCT1>lO A exp(Bt) ,ItaeT CJie;ey!lltpie SHatreHHJI napaMeTpOB A H 
B: A= (I9?+4,3) MF6/(ThB/c) 2, B = (9,43 + 0,24) I/(ThB/c) 2• - - ' 

lioJiy'ieHHHe :,mcnepHMeHTSJII,HHe .ztaHHHe no d6/dt' B HHTepBaJie 
It'/ < 0,05 (TuB/c)2 stBJiffiOTCJI O,ItHHMZ HS CaMHX TO'ffi!DC B 06JiaCTH 8Hep
rn:a IO+ I5 ThB. IIoBe.zteHHe .ztH\f$lpe~am,aoro cetreHHSI xopomo coI'Jiacy
eTca C npe.ztcKasaHHSIMH KBasHS:l!xOHSJII,HOtt MO,IteJIH (CIIJIOlllllaJI JIHHHJI Ha pHc.?) 
H pe,Itllte-nOJIX>CH0:11 MO,IteJIH C yg:eTOM BTOplflllWX TpaeKTOpml (IIYHKTHP Ha 

pHc.?). 
lIOJllloe nonepe'ilioe cetreHHe pea:ra:om ltp - IF:[+ @H I2 ThB B HH

TepBaJie nepe.ztaHHHX m.mym,coB O < / t' / < 0,8 (ThB/c)2 COCT8BJIJI8T 
(20,2±,2,4) MR:6 C yg:eTOM CHCTe.MaTH'i8CK0:11 norpelllllOCTH. 

Hru.m HBMepeHo TaKllte .ztH\f$lpe~am,Hoe cetremre peaitqHH !Fp -
IF L+(I385) npx I2 ThB B o6JiacTH nepe,ItaHHHX m,nym,coB 0,006 (ThB/c)2< 

< ft/ < 0, 8 (raB/ c) 2• Oco6oe BHHMamre 6HJio y:neJieHo 06.JiacTH MaJIHX ne
pe.ztaHHHX m.mym,coB / t / < O,I (ThB/c)2, cymecTBeHHott npx onpe.zteJiemm 
OTHOCHTeJII,HHX BKJla,D;OB aMIIJmTy,It C nepeBOpOTOM H 6es nepeBopoTa cmma. 
IIoBeJ.!eiilre HSMepeHHOI'O ,ItHq$lpe~JII,HOrO cetreHHSI H ero IlapaM9TpliSa
u.YU/7 / saBIICID40CT1,JDdr1/olt= Ar - A2 ( t ..;. t Milli) e 8

t npHBO,ltHTCJI 
Ha PHC. 8. !IOJiyg:eHH SHatreHHJI napaMeTpoB Ar= (3±.3) MR6/(ThB/c)2, 
A2 = {?48;t.IO?) I/{ThB/c)4 H B = (9,9±.0,5 I/(ThB/c)2• lioBe.zteHHe ~
pe~HOI'O cetreHBJI, B corJiaCIDI C npe,Il;!l,Itylitl' HSMepellHJ3'.MH, YKa8HB88T 
Ha .ztOMlJHHPYJ)lltltlt BKJia.zt B nonepe'ilioe cetreHHe ~ c nepeBopoToM 

' 

8 

:, 
) 

,o 

"- (\ ~ 
m 20 

~ + 
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~ ' 

~I 
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QI 0.2 0.J OA 05 06 0.7 , 08 

P.nc. 8 • .If.liqqlepe~am.Hoe cetreHBe 
peaRitlllI lf"p -- IFE+(l385) npll 
12 ThB. 

cmma. lioJIHoe nonepetJHoe cetreHHe npor(ecca 
B o6JiacTH It I< 0,8 {ThB/c)2 cocTaBJISieT 
{?,3±.I,l) MK6 C yg:eTOM CHCT8:MaTH'i8CKO! 
norpelllllOCTH. 

B TP8T1,8M naparpaqie npHBO,ItJITCJI omrca
mre KOH~ cnelt'l'poMeTpa lI,1IJI HCCJie
,D;OBBHHJI HHKJIIJSHBHott pea~ nepesaPJJ,ItIW 
IF+ Be - K0,JF0(892) + X H HSMepeHHHe 

111.<r,s1cl2 cneitTPH aifxpeitTHBHl:lX MaCC, COOTBeTCTByJ]ltRX 
K0 - (pHc. 9) H ~(892) (pxc. IO) - MeBOHaM. IloJiy'ieHHH8 pesym,TaTH . 
JIBJlllllTCJI npe,n;BapHTem,mn.m:, HCCJI8,ItOB8Hl1ll npoBO,ItHJIHCI, C I(8JII,JIJ HSYtJ8HBJI 
YCJIOBHtt npoBe,IteHHJI SKCnepHMeHTa c 60JThlllOtt CT8THCTH'i8CKO! o6ecnetreH
HOCT1>lO. 

N/l31\-hB) 

20 

10 

K• +Be- K0 •X 
'--r:r 

K• 

6M38 

445· 475 505 535 

M :it:x-: MaB 

P.nc. 9. CneKTp aifxpelt'l'l!D3HHX mcc 
B CHCT8Me 1t1r' o6paso
B8HHHX B pea:ra:om , 
IF + Be - K° + X. 

P.nc. IO. 

40~ N/10MaB K++Be-h+h-+X 

((890) 

30 

20 

10 

0.1 o:a 0,9 1,0 MCKn\r:,B 

CneKTp aifxpeRTJ!D3HHX MaCC 
B CHCT8M8 irr", o6pasoBaH
Hl:lX B pea:ra:om IF + Be -
~ 0(892) + x. 

Ifmt B CHCTeMe 1F.Ir COOTBeTCTBY8T Ta6JIHtJHo.MY SHatreHmD mccu.K0-
M830Ha C norpelllllOCT1>lO ~ = (2,6±0,3) MaB. &ra TOtJH.OCT!, HSMepeHHJI 
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8@lelt'l'm3H01l MaCCH cpaBim:BaeTCJI C aHaJIOI'l!'IHHMII .n:amoom, IIOJIY'IeHiimm Ha 
miyr.wc ycTaHOBKaX. Cpe,llJ!ee :rna'!eIIBe MaCCH B mme, OTB8'lamtee COCTOJI
mm ~ 0 (892), paBHO (895±,3) MaB. IloJIHaJI nmpl:Illa Ha !IOJIYBHCOTe -
(5G,t3) -MaB, 'ITO B IIPe.n:eJiaX rrorpenmocTH corJiacyeTcH c Ta6Jill'lHHM sHa'le
IIBeM. 

B peaym.TaTe IIPOBe.n:eHHHX R3Mepemni BH8C8HH R3MeHeIIBSI'B KOHq>HrY
Partml orreKTPOMeTpa BTOPlI'lllllX -qaoT:im. J];lm HOBOH KOH@ll'YPBinm Cil8KTPOM8T
pa {cM. pno. 3) IIPHBO.Itf!TOH .n:aHHHe o JIOrn'!eoKofi opraHH3atnm TplIIT8pa. 
Ilpll TaKoil IlOCTaHOBKe 8KO!IepIDl!eHTa HaMiI ,nJllI .n:am.Heibneil o6pa60TIGI rro.ny
'l8HO OKOJIO l MJIH. TpnrrepoB. 

B 'l8TBepTofi rJiaBe OimCUBalOTCJI KOHOTpyro:cim ll pesym.TaTH llOOJ18.D:OBa
IIBS! :rapaitTepllOTllK nmpoK03a30PHOil mieiliix>Bofi KaMepH {IIl,I(K) 0 !IOJleq>Opt.mpy-
ll)!I!mm 8Jl8KTPO'A8MR Ha CT6KJIOT6KCTOJlllT6 ll 6e38Jl8KTPO'AHHX .n:pe:awoma: Ka
Mep (B.UK). B KOTOPHJC IIOJ18qJOPf.mPYJ)l!!H6 8JieKTPO.D:ll,38'A8l)lllH8 JmHe:11Ho na,n;a
l0111IDi IlOT8HIIHaJI, OTOYTOTByxJT. 

3.7.reKTPO.D:HM KaMepa (pHo. Ila) HMeeT B ~eHTpe CHrH8Jl1>HyxJ IIPOBOJIO
KY .n;HaM8TPOM 20 MRM. Ha paMKH H3 oproTeKJia C8'!8Hll8M 2Qx:30 ~ HaKJiee
HH CT8KJIOT8KOTOJillTOBHe OT6HKH, Ha BHYTP8HHeil OTOpOHe KOTopwc HM6IDTOS! 
rrapaJIJieJII,HHe aHo.n:Hoil 1IPOBOJ10Ke noJieqiopMPip~e aJ1eKTpo.n:u (Me.n:HHe no
JIOCIGI nmpHHoil 2 MM). Ha BHYTP6HIIBX OTopoHax pal\OOI napaJIJieJII,HO aHO,llJ!Oft 
1IPOBOJI01te BKJieeHH KaTO.D:HHe wraoTHHH. Past.mp KaMepa 2Qx:30 cM2 • 

P.0:o. II. CxeMa .UCIWTimaeMUX IIUU{. 

"il .. ;~ . }-~ a 

·l-~6 

a - 8Jl8KTpO,llJ!Oro,.6, B - 6e38JI8KT-
po,l1Jloro TlIIIOB, r, ,1J; - C8KIIHH 
B.UK (Ix! ~). 

1 ;: : ~ 
~ 

Ee38JI8KTPO.D:Hll8 KaMepH (pllO. II 6 ~B,r, 
B .n:) HM6IOT TO'IHO TaicylO lite ltOHOTp~ / /, HO 

B Ka'l80TB8 OT8HKH HO!IOJ11,3Y8TOJI 0,llJ!OCTOPOHIIBil 
qJOJ11,I'HpOBaHHHft OT8KJIOT8KCTOJIHT (qiom,ra C 
BHenmett CTOPOHH KaMepa). B HeKOTopmc THil8X 

B)lK BBe.n:eHH .D:OIIOJilmTem.HHe 8JI6KTPO'All (B BH,ll;e 
Me.n:HHJC lIOJIOOOK {pHo. IIB), O.D:HOft (p1:rc. IIr) 
HJIH HeOKOJ11,KllX (pno. lI.n:) napaJIJieJ11,HllX IIPO

;., : 1 "I·:: ~ r 

1 ~::~ .n: -~ 
BOJIOK ,D;liaM8TpOM 100 MKM), ynpa:BJIJmltHe rasoBHM yoHJieHBeM H pacIIOJIOllteH
Hlle Henocpe.n:cTBeHHO IIO'A·H Ha'A CHrHaJII,HOft IIPOBOJIOKOil. Bee KaMepH HMe:RJT 
MHHY .n:pettqa IO OM • .H,mraa aHO,llJ!Oil IIPOBOJIOKH B KaMepax 6 H B - 30 OM, 
r li .n: - 100 OM, IIPli'l0M r li .n: rrpe.n:cTaB.rulllT co6oil O'AHY B3 IIRTH oeK-
IIHil ItaM8pH pasuepOM Ix! if' (CM. PHO. 36). 
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0,llJ!OPO.D:H08 8JieKTPH1!8CKOe lIOJie B B)lK qiop?.mpyeTCJI oceBmm.m Ha no
BepxHOCTH 'AH8JieKTPHKa lIOJIOlmT8JII,HlWE llOHaMH (pHc. 126), IIPH 8TOM KOH-

1-"3f+f-- _2~~-l ~k 
a 

1~: -:< :~;F;:-;i ~,~ 
6 O L 

ii~·~---- ~ -~ 
~ 0 L 

ii~~ h 
0 L• 

P.0:c. 12. CHJioBHe JIHHHH 8JI8KTpH
'!eCKOro lIOJISI H qiopMa no
T8Hnll8JI8 U (X, E). 

eypRpyioonn.m: rrpo~eccaMH SIBJIJmTcSI: 
TOit YT8'IKH 'lepes 'All8JieKTpHK, IIPH
BO,ItJi!lllill: K H8'AOCT8TKY ROHOB (pnc. 
12B),n o6~eMHHil sapR,It n nonepe'l
HaSI .D:H@iY3HSI, IIPRBO,ttmltRe K R36HT-
KY ROHOB (pnc. I2r). -

Hanm pa6oTH 73 ,8-IO/IIOJIOlmJIR 

Ha'IaJIO HClIOJl1,30BaHmO B)lK D YCJIOBH
.RX rrepeMeHHHX H OTHOCHTeJII,HO HH

T8HCHBHWC {105 'laCT./c) !IY'lKOB 'laC
TJm YCKOp,TeJISI. B pesyJII,TaT_e HCOJI8'AOBaHHil napaMeTpoB BH6paHHoro 'AH9-
JI8KTPHK8 8/HaMPI 6HJ1 orrpe.n:eJieH pel!WM pa6oTH KaMepa, Kor.n:a .n:pettqx)Boe 
IIOJie 6JIH8Ko K 0.n:HOPO.n:HOMY (pHC. 13, TO'lKa rrepece'!eIIBSI ItpHBott 2 c 
nyHKTHPHOtt JIHIIBett),_ !IPR 3TOM ID/!88T M8CTO HecymecTB8HHOe OTKJIOHeIIBe OT 

~I• 
.3 

/ 

/ 
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0 1 2 3 4 5 6 Ul!\bll•BI 

P.0:c. 13. 3aBHCIDIIOCT1, TOKa YT8'lltH 
oT noTeimHaJia U(O,E). 
1 - BHe 30HH KaHaJia, 
2 - <f> = ro5 tiacT./c, 
3 - q> = 106 'l8CT./c. 

3TOtt 0,llJ!OPO.D:HOCTH B TeX 'laCT.RX .n:pett
qJOBoro o6~eMa B)lK, KOTOpHe H8XO.D:SITCH 
BHe 30HH IIPJIMOro lIY'lK8 'lBCT~ (pnc. 
13, KpllBaS! 1). C y-qeTOM 3Toro qaKTa 
6HJIR paspa6oTaHH B)lK c -qyBCTBHT8JII,HO! 
IIJIOlll8,lU,I) Ix! if' . 

B 8TOtt lite rJl8Be IIPHBO.D:SITCS! xapaKTepRCTHKR OilllIC8HH!:lX mnne ItaMep. 
HcCJI8'AOD8HIDI IIPOBO'AHJIHC1, Ha IIY'IB8X lIOJIOlmT8JII,HO sapJD1terumx 8.n:pOHOB 
l1I ll03llTPOHOB C aHepI'Hett 3 ~ 12 ToB l1I ll0Ka38JIH 8HaJIOI'H'mOCT1, pR,Ita :ra
paKTepHCTllK (IIPOCTpaHCTBSHHoe paspemeHHe OT paccTOHHHJI .n:peitqa H 38!'
pysKH, 8@leKTHBHOCT1, OT aarpysKH lI mi.) 8JieitTpO.D:HOro H 6e38JI8KTpO,llJ!OI'O 
BapliaHTOB IIl,I(K. BesaJieKTPO.D:HHe KaMepH IDl!eDT ,IµlllllHOe IIJiaTO {I,5 ~ 2 KB) 
C'l8THOtt xapaKT8PHCTIDW, JIHHeilHocTL 3aBHCHMOCTl11 DpeMH .n:pefl.q:a - KOOPJtH-
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HaTa He xyxe 0,5%, npocTpaHCTBeHHOe pa3pemeHne 0,2 + 0,4 MM B 3aBH
CHMOCTR OT ,JtJIRHli .JU)etiqa. 

Oco6oe BHRMaHlie 6wro 06pa11teHo Ha R3Y'{eHlie BJilIJlllliiI 3arpY3KR Ha 

:xapaRTepncTmm EJU{. Iw:to nOKa3aHo, 'ITO CKOpOCT:b .JU)etii_{a ll npocTpaHCT
BeHHoe pa3pemeIDie IlpaKTR'l:eCKll He 38BllCJl'l' OT 3arpY3KR, a BUCOKrul'. Bq)
qieKTRBHOCTI, perncT~ coxpaHJieTC.R: BIIJIOTI, ,1:(0 3arpY3KR 5-I05tJacT./C 
Ha npoBOJIOKy- (pnc. I4). OcHOBHUM pesym,TaTOM npoBe,I:(eHHUX llCCRe,I:(OBaHlltt ~,ooL 
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Pnc. I4. 3aBHClIMOCTI, aippeKTlllBHOCTH 
perncTpaIJ,IDI E.1U{ OT 3arpysKn. 

E.llK 6wro onpe.r(eReHlie TaKoro pelltllMa 
nx pa6oTH, npn KOTOpOM CKOpOCTI, 
.JU)eftqa, npocTpaHcTBeHHoe pa3pemeHRe 

ll aippeKTRBHOCTI, He 8aBRC.HT OT nsMeHeHR:J:13arpY3KH. 
B saKJIIOtJ:eHIDI TpeTMro naparpaqa nplllBO.r(llTC.R: Ta6.n:ima, r.r(e cpaBmma

mc.1:1 OCHOBHHe xapaKTepncTHKR HeKOTOpWC ,I:(eficTByxllltllX E,llK. IlOKa38HO, "!TO 
B pe3ym,TaTe BU6opa R30JIJITOpa C He60JII,llmM y;n;em,HUM o6~eMHUM conpOTRB
ReHHeM n OnTRMll38Il,IDI reoMeTpIPiecKn:x pasMepoB mettim KaMepu sarp~otJ:
HM cnoco6HOCTI, ,I:(JU{ Hamn:x KaMep (B TOM tJ:RCRe H C pa3MepaMR IxI M) 
nomnneaa no CpaBHewm C .JU)yrnMH BIO pas H COCTaBJmeT BeJil!llliHY 

cp = 103 tJ:aCT,/~ •C, 
B tJ:eTBepTOM naparpaqie onnc1:maeTC.R: M9TO,I:(llK8 HCil0Jll,30BaHH.R: E.1U{ ,I:(JU{ 

ll8MepeHH.R: KOOp,I:(HHaT OCH aReRTpOMaI'HHTHOro JllIBH.1:1 COBM9CTHO C aKTHBHUM 
KOHB9PTOPOM (AK} H tJ:epeHKOBCKRM JilIBHeBHM ro,I:(OCKOnntJ:eCKllM ,I:(eTeKTOPOM 
(JII:'n). IlpocTpaHcTBeHaoe pa3pemeHRe JII:'E onpe.r(eMeTc.1:1 pa3Mepar.m mefiKR, 
H ,I:(JU{ ero y~eHR.R: nplIMeHJilOT cncTeMU C KOOp,I:(HHaTHUM ,I:(eTeKTOPOM (crtmI
T~OHHHe rD,I:(OCKOmt, CID-Tpy6KR, nponOpnJ<lOH8Jll,HHe KaMepu n T • .r(.), 
pacnOJIOXeH!IHM Mew- KOHB9PTOPOM 1-KBaHTOB lI ~OplIMeTpOM. Mu nplIMeHHJm 
B KatJ:eCTBe TSKOI'O ,I:(eTeKTOpa 6esaReKTp0.r(HYJO mnpOK03880PHYJO .JU)efi\poBYJO 
KaMepy. 

liCM9,I:(0BaHH.R: npoBO~cr, Ha npoTOTnne CRCTeM!l AK+IIUU{+JII:'n (CM, 
pnc. 3a) c anePTYPOit 50x40 c~, pa3Mep mefiKR m:'n IOxIO c~. PerncTpn
poBaRRCii JilIBIDt, llHllil,IDipOBSHHUe no3RTPOHaMR C 8Heprnett 3 ToB. To~ 
KOHBepTopa Bapr,npoBMaCI, B npe,I:(eRSX I - 4 pa,I:(llanIJOHHWC ~- CnrH8Jill 
c IIlUK perncTpnpOBaRRCI, .r(BYM.1:1 cnoco6aMR: c IlOMOmr,ID MHOrocTonoBoro Bpe
M.R:nJ<lqJpOBOI'O npeo6pasoBaTeM (BI.UI) n na~em,Horo aHaJioro-~poBoro 
npeo6pa30BaTeM (AUII), KOOp,I:(RHSTa CTBORS RRBHJI npn ncnom,soBamm BI.UI 
onpe.r(eJUIJJaCI, BpeMeHHO:J:1 OTM9TKO:J:1, COOTBeTCTBylttl!efi Bepmnae ClII'HaRS,noc
TynaJ!lllero C KaMepu, a npn ncnOJII,30BaHRH AUil H8XO,IJ;WiaCI, TpeM.R: M9TO.r(aMH: 
M9TO,I:( BUtJ:RMeHR.R: neHTpa TJtllteCTlI Cl!I'Ha.JI8 (AIUI- U,T,), MeTO,I:( MaKCHMaJll,
HOrO sHatJ:eHIDl cHI'HaRS (AUII - MAKC.) n MeTO.r( BsBemeHJ1oro MaKcRMaJII,Horo 
saatJ:eHH.R: CRI'HaJia (AUII - B.M.). 
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Pa3pemeHR.R:, nOJIYtJ:eHHUe no Beel IIJIO'lll8,I:(ll KaMep, HCKJDJtlM (ns-sa 
R9BO - npaBofi Heonpe,I:(eReHHOCTH) mITepBaJI (-5, I5 MM) BMRsH npoBORO
KR, B 38BHCHMOCTH OT TOJilltl!HU KOHBep-ropa npJIBe,I:(eHU Ha pnc. I5. BlmHo, 
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Pnc. I5, 3aBHCm!OCTI, 6 OT TOJI
DtHHU KOHBePTOpa: 0 -AUII 
U, T., • - BI.UI, x - AUII 
MAKC., + - AUII B.M. 

"!TO pa3pemeHR.R:,,I:(OCTHI'HYTHe MeTO,ItaMH 
AIUI-B~M., AUII-MAKC, BI.UI,HMem .r(O
BOJII,HO MRsKRe 8HatJ:eHR.R: H saMeTHO 
OT~ax>TCSI OT paspemeHRII, nOJIY'leH
Horo MeTO.r(OM AUII-U,T, STo MOlltHO 
06MCHRTI, TeM, "!TO nepxqiepmofi ROM-TOALL\IIIHA KOHBEPTOPA (X ) 

o noHeHTe JilIBHH, Y'{RTUBaeM0:11 MeTO,I:(OM 
AIUI-U.T., npncYDtH 60JII,mRe @IyxTyaIJ,mI, Tor,I:(a Kalt ocTam,HHe MeTO,IJ;li g)lm
cnpYJOT nOJIO:EeHHe neHTpa.lll,HO:ll tJ:aCTH (CTBOJI) JilIBHJI, KOTOpa.R: xapaKTepnsy
eTC.R: HaH60JII,111e:l1 IIJIOTHOCT:&I) n Ham/18HI,llll!Ml!I nonepe11BHMJ,I qJJJyitTyannm,m sa
pH,Ita. 

B 8TOM lite naparpaqie noitasaHo, "!TO IlOJiyqeHHoe HaMlJ npocTpaHCTBeH
HOe paspememe (2 MM npH E1 = 3 ToB, TOJilltllHe ltOHB8PTOpa 3Xo) B CpaB
H8HHH C pesym,TaTar.m,no.7IY'leHHHM1I .ztpy:rm.m: aBTOpaMlI, SIBJIR8TCSI HaHJIY'llllHM. 

B 8a.KJIIOtJ:emm npHBO,I:(.HTC.R: OCHOBHUe pe3ym,TaTH, no.7IY'leHHUe B ,I:(RCCep
TaIJ,IDI: 

I. C08,I:(aHa KpynHM CRCTeMa HCKPOBWC npOBORO'llilDC RaMep C 06Dtm! 
KOJIHtJ:eCTBOM CHI'H8JII,Hl:lX npoBOROK 32000, ltOTOpa.R: HCnOJII,3yeTC.R: BO MHOI'HX 
qlll8RtiecKHX 8KCneplIMeHT8X Ha YCTaHOBKe IlfiIEPOH. 

2. lisMepeHU noRHoe 6,oT = (20,2±2,4) Mit6 H ,I:(Rippepeanmim,aoe ce
tJ:eHH.R: nponecca Jr"p - Irr .L.. B o6RacTH nepe.r(aHHWC HMnYm,coB 0" /t'/"' 
=0,8 (raB/c) 2 npll I2 raB • .I(amrae B o6RaCTlI nepe,I:(aHHWC nMIIyRI,COB 
{-{;' / ~ o, I (raB/ c) 2 SIBJimOTc.1:1 o,IJ;HID;I n3 .r(Byx caMHX TotnmX pe3ym,TaToB . 
npn aHeprnn IO-t-I5 raB. 

3. lisMepeHH nOJIHoe 6ror = (? ,3±,I,I) MR6 n ,I:(llippepeHnHam,aoe ce
tJ:eHHSI nponacca Jr"p - W"L .. (I385) B o6RacTB nepe,I:(8HHUX HMnYm,coB 
0,006 (ToB/c)2 6 /ti 6 0,8 (ToB/c)2• IlOJIY'l9HHHe ,I:(aHHHe HaxO.r(.HTC.fI B 
corRacHH c pesym,TaTaMR ~ aitcnepDMeHTOB. 

4. Bl,r,IteReHH C06HTIDI, COOTBeTCTBYJ)lltHe pacna;ztaM K0- lI K3E0(892)
M880HOB B nponeccax Irr+ Be - K0,K3E0(892) + X npH II,6 ToB,n aa6paaa 
wm ,I:(aJll,Hefflnett o6pa60TitH 6om,mag CTaTHCTHKa (36000 C06HTH:ll c o6paso
B8HlleM IC°- B xae0-111eSOHOB), 
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5. Paapa60TaJla H COS~Ha 6ea8JI8KTPO.IU18.ll .ILK, KOTOpaI! BnepBHe HC
IlllTSHa Ha IJYlffi8 "laCTHD; ycKop:e:Te.rur, np:e: 8TOM OCHOBHHe xapaKTep:e:cTmm:· 
KaMepe 8KBHBaJI8HTHH xapaKT8pHCTHKSM ee 8JI8KTpO,lUloro aHaJIOra. 

6. Paapa6oTaH M8TO'A YJIY'llll8HHSI npocTpaHCTB8HHOro paapemeHWI mm
HeBoro rO'AOCKOilHT.J8CKOro 'A8TeKTOpa, OCHOBaHHUtt Ha npHMeHemm 'AOilOJIHH
T8Jll,HOro KOHBep-ropa H me, o6ecnetmBaJ01ItWi peKOP.IU108 npocTpaHCTBeHHOe 
paapemeHHe np:e: perncTpa~l'IH aJieKTpOMarHHTHHX JmBHeft. 

7. COS'AaJla CHCT8Ma 60Jll,lllHX (Ix!) rf' 6eaaJieKTpO~ ,IU{, KOTOpaJI 
npHMewreTca Ha ycTruIOBKe TIIIIEPOH. 
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PyKOnHCb IlOCTYIIW!a B ll8'AST8JlbCKIDl OT'A8Jl 
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