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MenKyMOB r.JI., Xa"'aryps!H M.H. 10 - 7960 

I1poJ:'paMMa MO)lenHpOBaHIIS! JliTS! M~Or'OKaHaiTbHOr'O 'IepeHKOBCKOr'O 
. Macc-cneKrpoMerpa 

OnHCbiB.a,ercSI npot'paMMa MOJlenHpo:aaHHSI npouecco:a c yqacrneM r'aMMa
KBaHro:a If SlleKTpOHOB 1 per'IICTpHpyeMblX ycraHOBKOii 1 COCTOSIIUeii 1!3 32 6ec
QlHnbMOBbiX liCKpOBblX KaMep If 90 'IepeHKOBCKHX CITeKrpoMeTpPB .ITOITHOr'O no-
r'ITOUleHHS!o naaahie MOJlennpo:aaRHSI ncnonhayiOrcSI npn aaannae peaKunii rnna:' 

TT- +p -> V0 (X 0 ) + n(N{236 ,) , V0 (X 0 )-> e+'e-, 2y, rr 0 y, rr 0 rr 0 

- 0 .• 
17 +p ... mrr + n, m = 1, 2, 3, 

a T8KlKe npH. aarrHCaHHH npoJ:'paMM1 ocymeCTBITSIIOUlHX UOHCK; H HJleHTHQJHKaUHIO .. 
C06bJTHii. . . 

. . . 
·--··~-~- ----"-

Coo6meeMe 06be,qMHe}IHOrO HHCTMTy-ra Jl,llepHbiX HCCJieJlOBaHHA 

,Izy6ea, 1974 

({;)1974 061Jec)uHeHHbiU UHCIIIUIIYII ~c)epHbiX UCCJZec)oeaHUU ,l(y6Ha 
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BBJ!,l(EHHE 

Pa3pa6oTKa cno*H~x 3KcnepHMeHTanLH~x ycTaHoaox, 
nnaHHpOBaHHe 3KCllepHMeHTOB H aHanH3 pe3ynLTaTOB HC
cne,noBaHHH B coopeMeHHOM. 4JH3H\feCKOM 3KCnepHMeHTe 
Tpe6yroT ,nel-anLHoro Mo,nenHposaHHs napaMeTpos annapa
TYP~. onTHManLH~x ycnosHii 3KcnepHMeHTa H xaqecTsa 
O>KH,naeMOH HH4JopMa:UHH •. 

HacTos~:nas pa6oTa riocss~UeHa onHcaHHIO Mo,nenHpyro- ~ 
IUeii nporpaMM~. FAMEL , xoTopa.H · 6~na co3,naHa .z:tmt 
Mo,nenHposaHHS npoueccos reHepa:nHH H pacna,na 3JieMeH-

. TapH~X . \faCTHU, HCCJie,nyeM~X C llOMOIUI.:IO MHOrOKaHaJILHO
ro qepeHKOBCKOro Mace- cneKTpOMeTpa Jla6opa TOPHH B~CO
xHx 3HeprHii OHJIH /l,2/ • YcTailosxa jpuc.l/ npe,ncTas-

' ;,. 

'IPpi?IIKOfJcKUl' Cfi£'.K[!Ip{!l'l_£f'!fl_ll < 

'CLIUHmUAJ/Rl/UOHHble 
C'll!mYUI<U 

I 
~ 

Puc.II. CxeMa pacnoAoJICeHUJJ ocHOBHbiX aAeMeHROB MHozo
KaHaAbHozo 'lepeHICOBCICOZO Mace- cneKRpOMeRpa. 
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nHeT . co6oii ITOJIHOCTLIO aBTOMaTH3HpOBaHHYIO CHCTeMy, 
pa6oTaiOlllYIO Ha JIHHHH C 3BM, H BKniD'IaeT: . 

. 1. ,lJ;eBHHOCTO .qepeHK.OBCKHX raMMa·cneKTpOMeTpOB 
ITOJIHOrO nornOllleHHH H3 CBHHD;OBOrO CTeKna. 

2.· TpH,!\D;aTL ,!\Be HCKpOBLie KaMep:bi C MarHHTOC~pHK:u;H
OHHLIM THITOM. C'LeMa HHiiJOpMaD;HH. 

3. ffieCTHa,!\D;aTL rO,!\OCKOITH'IecCKHX CD;HHTHnnHD;HOHHLIX. 
C'leT'IHKOB. 

4. ffieCTb nponop:u;HOHanLHLIX KaMep. 
5; C:u;imrii:UJ:Ix:u;ilo.Iia:hle c'leT'IHKH pa3nH'IHoro aa3Ha'le-

HHH. 

6~ XH,!\KOBO.l\OPO.!\HYID MHmeHL. . ... '• 
ITepswii sapliaar nporpaM:MLIFAMEL6Lin co3,!\aH s 1968 

ro~y ,l\nH MO,!\emiposaauxnpo:u;eccos rimepa:u;HH :meKTPOHHLIX 
nap' B: raM~a-KBaHTOB B peaKUHH. 7T..:. + p ~ V0 (X 0

) + n 
·vo (Xo ) .. + .· 2 3 . 4. /3-7 I 

~ e e , y, y, y .· 

Mo.l\HliJH:u;Hposa:HaLiii sapuaar nporpaMMLI no3Bonxer re
HepHpOBaTL HCKyCCTBeHHLie C06LITHH, . HBnHIOlllHCCH auano
roM: 3KcnepuMearanLHLix. ITpu MO,!\enuposaauu npo
rpaMMa y'IHTLisaeT KaK .1\HHaMHKY npo:u;eccos, raK u reo-

. . ' 
MeTpHIO ycTaHOBKH; pa3MepLI ,!\eTeKTOpOB, BenH'IHHLI 3Hep-
reTH'IeCKHX, yrnOBLIX H npOCTpaHCTBeHHLIX pa3perueHHH, 
napaMeTpLI, xapaK-r,epH3YIOlllHe ITpOCJ'Pl).HCTBeHHOe H HM
nynLcaoe pacnpe,!\eneHHH qacru:u; B ny'IKe H .1\p .• 

B nporpaMMe·r~J~ AMEl.. ,l\nH reaepuposaaux KHHeMa TH-
' ~. . . 

'leCKHX napaMeTpOB 'laCTHD; HCITOnL3YCTCH COOTBeTCTByro-
lllaH qacTL nporpaMMLI Mo,!\enuposaaux FAKE 18/. 

·c noMOlllLIO nporpaMMLI FAMEL MoncH:o: 
1/ onpe,!\eJIHTL reoMeTpH'IeCKYIO 34J4JeKTHBHOCTL pe

rucrpa:u;~H uccne,!\yeMLIX npo:u;eccos; 
· .. 2/ paCC'IHTElTL reOMCTpHIO 3KCITepHMeHTa ITO MaKCH· 

MYMY~ oT~owe·aux 34J4le!Cr/4Joa; · 
'3/ ''ITOJzy'IHTJ. pacnpe,!\eneHHH KHHeMaTH'IeCKHX napaMeT

poB npb~ec.di .:/3HeprHH, ·yrnOB·, . 'leTLipeXHMnynLCOB. H 
.1\p./ H HX orii:H6olc;: . -

4/ HMHTHpos·aTL pa6ory' ocHOBHLIX 3neMeHTOB ycra-: 
HOBKH. reaepuposaaueM KOOP.l\HHaT HCKP B HCKpOBLIX KaMe-

• pax . H 3Heprilii B qepeHKOBCKHX raMMa-c.neKTpOMCTpax~ 
. ·· YKa3EiHHaH· HH!IJopMaD;HH IT03BOnHeT. HCITOJIL30BaTL' cne

:u;HiiJH'IC.CKHe: . oco6eHHOCTH HCCJIC,!\yei.ddxi peax:u;Hii . c' UeJILIO 

:4 

I 

. I 

.I .. 

1 

OITTHMH3all;J:IH 3KCrrepHMCHTanLHOH TCXHHKH H 3KCrrepHMCHTa 
:8 :u;enoM. · . · 

· Bo3Mo>icaocTL HMHTa:u;uu pa6oTLI ycraaoBKH rr03BonxeT 
OCYlllCCTBnHTL nposepKy H . OTna,!\KY nporpaMM ITOHCKa co-
6LITHH H H,!\CHTHiiJHKan;HH KaHana peaK:u;Hii B YCJIOBHHX, MaK· 
CHManLHO 6nH3KHX K ycnoBHHM peanLaoro 3KcnepHMeara • 

OIIHCAHHB HPOTPAMMbl 

CxeMa nporpaMMLI npe,!\cTasneaa aa puc.2. 

r--

TABLE 

CARDiN .• 
SETUP 

AAIINCO 

BEAM 

RES MAS 
.L '· -,, ~ 7 

GENPCI1 Gf/'t~ 

GENPC --~.:::tl ROTANG I 
. ', 

LORENZ ..::!I NO~ 

CROSPL 

ERRORS 

~ KJNf!'!t! 
~ 

I.I.SER2 lE 
J I 

SHOWER f\::.:.:li SPCHSY I 
PHOIVST I-~~:':tl COIVIIINI 

I '" ROTCHA 1-\~ RAD.I'AY: 

AClREFJ 1---\ EXTCER 
I 

1 '. ,., 
.. 

2 

CLOSPAJ '..::tJ CElLS I 
OISCHA 
~ 

OISCER 
.. 

n 
RESET 

U.SER4 
·' 

END 

'-----' 
\;' .. ' 

Puc.2. CxeMa npozpaMMbl 
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llporpaMMa FAMEL.cocToiiT H3 JJ,Byx· «i>YHKUHOHani.Ho' o-f
JIH'IaromHxc.R JJ,pyr oT JJ.pyra qacn!H: Ill H II2. 061UHMH JJ.ii.R · 
Ill H II2. aBJI.RIOTC.R noJJ,nporpa~MLI ,B KOTopLix 're:HepHpy
IOTC.R KHHeMaTH'IeC~He llB;paMeTpLI. 

a/ «PyHKliUOHaAbHa.R cxeMa npozpaMMbl III 

B nporpaMMe Ill reHepHpyroTc.R TO'IHLie 3Ha'leHH.R KHHe ~ .. 
MaTH'IeCKHX napaMeTpOB, KOHTpOJIHpyeTC.R nonaJJ,aHHe qac
THU B 3a)J,aHHLie 06JiaCTH HCKpOBLIX KaMep H qepeHKOBCKHX . · 
cneKTpOMeTpOB, BapLHpyiOTC.R KHHeMaTH'IeCKHe napaMeTpLI 
B COOTBeTCTBHH C 3KcnepHMeHTaJILHLIMH onm6KaMH. 

Pe3yJILTaToM pa6oTLI nporpaMMLI Ill .RBJI.ReTc.R «t>op
MHposaHHe )J,aHHLIX, KOTOpLie aJJ,eKBaTHLI )J,aHHLIM, llOJiyqa
eMLIM npH o6pa60TKe peanLHLIX C06LITHH. 

,lJ.JI.R HJIJIIOCTpaUHH pa60TLI nporpaMMLI. Ha puc.3 U 4 
npHBeJJ,eHLI p~cnpeJJ,eneHH.R, nony'leHHLie MoJJ,enHposaHHeM 

JJ.BYX peaKUHB: 

TT-+p4p 0 + n, p 0 -oe+e- H TT- +P->77°+n, q 0 ->yy 

npH HMnynLce rr- -Me30HOB P
17

- = 4 T3B/c. 
II pH MO)J,eJIHpOBaHHH yron ( 8) .. Me)KJJ.Y .ABYMJI KaHanaMH 

. - ,..... 0 .-~ .· 

MaCC- cneKTpOMeTpa 6LJJI BLI6paH paBHLIM 26 , a paCCTO.RHHe 
( L )oT neHTpa MHWeHH )J,O cneKTpOMeTpa - 350 CM~ . 

> • > 

3Ha'leHHJI KOHCTaHT, HCllOJIL30BaHHLIX npH MO)J.eJIHpOBa- · 
HHH H xapaKTepH3YI01UHX HMnynLCHLIH pa36poc AP17- I P 17-

ny'IKa T7-..:Me30HOB, WHPHHY pe3oHaHca r ' JJ.H«l>«l>epeHnH-:
anLHOe ceqeHHe da I dt , yrnoBLie pacnpeJJ,eneHHJI fac
na)J.HLIX qaCTHU B CHCTeMe roTT«i>pHJJ,a-,z:{)l{eKCOHa W(O ) H 

· B cHcTeMe noKo.R pe3.(>HaHca W(O*) ,. :mepreTH'IecKoe R(E) 
H yrnosoe R(O) pa3peweHHJI Macc-cneKTpoMeTpa. npH 
3HeprHH . 3JieKTpoHoB /raMMa-KBaHTOB/, paBHoii 4 T3B, 
a TaK)f(e reoMeTpH'IeCKYIO 3«l>«l>eKTHBHOCTL perHCTpanHH
nponecca ( , npilseJJ,eHLI B .ma6A.l. 

3aBHCHMOCTL OUm6KH onpe)J.eJieHH.R · 'leTLJpexMepHOrO 
nepeJJ,aHHOrO HMllYJILCa 6. t OT BeJIH'IHHLI t npe)J.CTaBJieHLI 
B 11a6.11.2. 
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Puc.:i. PacnpeoeAeHu.R MooeAupoeaHHbr·x-co6billuii peaKt~uu . 

.
rr-+p-op 0+ n,p0 -'+e+e-, no eeAU'IU!faM Ee+(e),Ep ,.Oe+e-, ., 
M ; e. u. t npu UMnyAbCe p = 4 T3B/c. > • 
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6/ tPyHKijUoHaAbliaJI cxeMa npozpaMMM'Il2 

. B nporpaMMe 112 reH~pB:pyroTcJI KHHeMaTH'Iecxue na:
paMeTpw, KOHTponHpyeTCJI nona~aHHe qacTH~ B 3a~aHHwe 
o6naCTH HCKpOBWX, KaMep H raMMa~cneKTpOMeTpOB, reHe
pHpyiDTCJI paOO'IHe,.H ll!OHOBhle "HCKpW" H "3neKTpOCTaTH
'IeCKHe· npo6ou". IIporpaMMa 112 TaKlKe y'IHTwBaeT cne
~Hil!HKY 'laCTH~ 3lleKTPOMarHHTHOH . npHpO~bl npH HX np.o
xo~eHHH; qepe3 KOHBepTopw; KOTOPbie pacnonaraioTCJI 
Me~y HCKpOBhiMH KaMepaMH /o6pa30BaHHe 3JleKTpOMar
HHTHOrO llHBHJI, · MHOroicpaTHOe. KfllOHOBCKOe pacceJIHHe 
'laCTH~ llHBHJI H T .~./, . OWHOKH H3MepeHHJI . KOOp~HHaT H 
3~eKTHBHOCTb perHCTpa~HB ."HCKp" B HCKpOBblX KaMepWX. 

· ,nanee nporpaMMa Mo~enupyeT, nona~aHHe qacTH~ /o~Hoii . 
HnH HeCKOllbKHX/B raMMa-cneKTpOMtnpi.J H pacnpe~eneHHe 
3HeprHii 'laCTH~ Me~y :90 MO~YllJIMH raMMaiCITeKTpOMeT
pOB. 

.. Hull!opMa~HJI o xa>K~OM co6biTHH 3anucwBaeTCJI Ha Mar
HHTHYID neHTY H HCll0llb3yeTCJI B Ka'leCTBe HCXO~HOH ~llJI 
OTna~KH nporpaMM ll!H3H'IeCKOH o6paGOTKH· 3KCnepHMeH
.TallbHWX ~aHHbiX. 

Hu>ice npHBO~HTCJI xpaTxoe onucaHHe no~nporpaMM, 
BXOJJ.JiutHX .B Ill H 112. FAMEL - ynpaBnRroutaJI nporpaMMa. 
TABLE . - BBO~HT B o6utHe Jl'leiiKH naMJITH BenH'IHHhl, xapaK
TepH3YIOutHe MaCChi,. BpeMeHa >KH3HH, Ce'leHHJI B3aHMOJJ,eii- ' 
CTBHJI H · 3Ha'leHHJI · 3apJIJJ.OB . qacTH~; · CARDIN 
'IHTae'r nepll!oxapThl_ c ,ilcx~~HhiMH ~aHHLlMH ~SETUP - 3a.ilaeT 
KOllH'IeCTBO H Hy:Mepa~HID qacTHU, yqaCTBYIDutHX B peaK~HH, 

' . . . . . 
npoBepJieT npaBHllbHOCTb 3a~aHHJI -HX Mace nyTeM CpaBHe-
HHJI · c Ta6nH'IHhiMH ~aHHhiMH · /no~nporpaMMa TABLE I, a 
TaK>Ke onpe~enJieT cyMMY Mace BTOpB'IHhiX qacTH~, B03HHK
wux npu B3aHMO~eiicTBHH. ARARCO •-: Bhi'IHCnJieT reoMeT
puaiec.Cue. xolicTaHTbl, oripeAenJiroutHe nonmi<euue HCKPOBhiX 
KaMep H raMM:a-cneKTpOMeTpOB H KOOp~HHaThl HX ~eHTpOB 
/B CHCTeMe KOOp~HHaT, Haqano KOTopoii COBlla~aeT C ~eHT
poM MHWeHH; ·a ocb y BMe'ei HanpaBneHHe, coBna~aromee 

c uanpaBneHHeM.· uaneTa!OmeA qacTH~Ll/. BEAM · - r:euepu
pyeT ~nJI Ka)l(,qoro co6hiTHJI 3Ha'leHHe HMnynbca uaneTaiOutei 
qacTH~hl, BW3Ba:Binei B3aHMoJJ,e:licTBHe H xoopARHaThl TO'IKH 
B3aHMO~eHCTBHJI· .B MHWeHH. 3Ha'leHHJl BMllYllloCOB 'laCTH~ 

.. II 
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ny'IKa H Koop.n;HHaT X H · ?- /'TO'IeK B3aH:Mo.n;eiicTBHJI B MH:
meHH, Jie>Kall\HX ·B nJIOCKOCTH, nepneH,D;HKYJIJipHOH Hanpa~Jie
HHIO HaneTaromeii ''laC THULl~ .pa3Lirpl.IBaiOTCJI Iio HopMaJILHO
:My· 3aKoHy: Pacnpe.n;eneHue I<oopAHHaT y TO'IKH.B3aHMo.n;eii
CTBH11 C'IHTaeTCJI . paBHOMepHLIM •. RESMAS ·:- BLI'IHCJIJieT. 
:Macey pe3ollaHca .. ~o 4lopMyile' EpeiiTa~ BHrHepa~ -:GE~'V -

. onpe,n;enJieT ·· nOJIHYro :meprHIO 'laCTHU . B CHCTeMe· o;eHTpa 
HHepD;HH, a TaiOKe HMnyJILCLI ilaCTHU -,D;JIJI. ABYX'IaCTH'IHOH 

-.-

peaKD;HH~· GENPCMO H GENPCMl BMecTe . c • no.n;nporpaM- . 
·MaMH· ROTANG .:a· NOISAN reHepHpyroT·MHoroqacTiiiiHLie 
C06LITHJI (n>2) ·,.paBHOMepHO pacnpe,n;eJieHHLie B JIOpeHo;-
HHBap'HaHTHOM 4la30BOM ·npOCTpaHCTBe. ·. . . 

,l:(HHaMHKa · nponecca ·a3aHMo,n;eiicTBHJI y'IHTLIBaeTcJI ·.npH 
po3LirpLime nongpaoro ·yrna BLI.tieTa qacTHU B no.n;nporpaMMe 
ROTANG · '/a · cHcTe:Me· Koop.n;HHaT · neaTpa HHepnim/ imH .. 
a no:nnporpa:M:Me. NOISAN /a cilcTeMe Koop,n;HaaT r·o'iT4lpH
.n;a- )J;>KeKcoaa/. ROTANG - pa3LirpLIBaeT nonJipHLiii . yron 
'au·neTa lfaCTHU -(}*• /B •· c;u;;H_J·r,n;JIJI CJie,n;yiOll\HX :BH,D;OB 
yrnoaoro pacnpe.n;eneHHJI npo,n;yKTOB peaKo;Hii: 

·a;>H3oi'ponaoro'":...dcoi;i0* .·. • · · ·- 6 ·· -· · -

6/ HeH30TpOnHoro (a0 +a 1cos~_*+••• +a6··cos (J:;d ~os(J*, 
r,n;e a i ·-' KOHCTaHTa~· . ·- .. ' ' . ·. 

B/· pacnpe.n;eneHHJI BH,n;a'd'a/dt-exp(At) ; r.n;e t' -·:KJ3a.n;- ·· 
paT 4-uMnynLca, A- xoacTaHTa. · · 

:· r/'.paBHOMepaoro ·pacnpe.i\eneH.HJI .;no nepe,n;aaaeMOMY 
HMnynLC)' t ·• IIocne.ziJiee ·pacnpe.n;imeaue HcnoJIL3yeTCJI ,n;ng 
BhliJ:Hc.rieHHH. -3414le:KTHBHOCTH perHci'pau;Hil co6LITHH a· 3aBB:- . 
c:HMocTH oTt : • 'NOISAN ·,;. ·pa3LirpLiaaeT nongpiiLiii -e+ H 
a3HMyTaJII.HLIH -¢+ yrnhl BLIJieTa '18.CTHD; B CHCTeMe KOOp- · 

. AHHaT roiT41PH.iia-)J;>KeKCOHa no 4lopM)'Jie: . '". 

w<e\ cP.·~=N<r.:.. v/ <e~, ¢ :))3/871 ·• . . . - •' ..... ;, 00 . -·. - ·. ,· '" /1/ 
' ·:, -~ ~ 

. ' + + . 2 ' .· .. ·. ;"'"2 . + ·. :· : .. , ' .. 2 + ; . + 
W

00 
( q , ¢ ) = p

00 
cos, (J + + p

11 
sm_ (J - p

1
_ 1 stn_ (J. . co~ 2¢ 

• • I" ~ - ~ , -- r · \ ,. . c< • , ~ '.'\ , ...... '"""' - . + . + 
-y2 Rep ·sin20- cos¢:.,._ 

,. <·,; ,. ~~-- ••• ;- ·- . ·'>-' 

·';:'. 

.;. -<. • ~ ; ~ ·"" ·,-<' ' • -~:. 

r.n;e ·N ..;'; _KOHCTaHTa ·HopMHPOBKH, -- Pi;j-'- ·3neideirrLI· M:a:TpH~i.I . 

'12 

nJIOTHOCTH. ·LORENZ - . ocymecTBJIJieT nepeao,n; HMnynLCOB . : ' . 
'laCTHD; H3 CHCTeMLI KOOp,D;HHaT D;eHTpa HHepD;HH HJIH CHC-
TeMLI KOOp,D;HHaT roTT4lpH.n;a-,[{>KeKCOHa B na6opaTOPHYIO 
cHcTeMy. CROSPL - 9T6HpaeT co6LITHJI, KOTopwe y.n;oaneT
aopJIIOT YCJIOBHIO nepece'leHHJI - TpeKOB c 34Ml!eKTHBHOH 
06JiaCTLIO HCKpOBLIX KaMep H qepeHKOBCKHX cneKTpoMeT-
poa. ERRORS ~- BLI'IHCJIJieT OillH6KH 3HeprHii H yrnoa aLI-_ 
neTa qacTHo;. PaccMoTpHM no.n;po6aee pa6oTy no.n;npo-
rpaMMLI- ERRORS • OillH6KH H3MepeHHJI 3HeprHii raM:Ma
KBaHTOB /3JieKTpOHOB/ 'lepeHKOBCKHM raMMa-cneKTpOMeT
pOM BLI'IHCJIJIIOTCJI B no,n;nporpaMMe Ha OCHOBaHHH H3Me
peHHOii: 3KCnepHMeHTanLHO 3aBHCHMOCTH /1,2/ no 4lopMyJie: 

aE =3.2 E'I/2 , /2/ 

r.n;e E ~ . 3HeprHJI raMMa-KBaHTOB /3neKTpoHo:a/, BLipa
>KeHHaJI B M3B. 0mH6KH B onpe.n;eneHHH ·HanpaaneHHJI 
BLIJieTa raMMa-KBaHTOB /3JieKTpOHOB/ C nOMOll\LlO HCKpo-
BLIX KaMep BLI'IHCJIJIIOTCJI no 4lopMy~aM 1?1:. · . 

.a(J::0.001j,n;ng 3JieKTPOHOB/ H 

aO =(20 /E) T 112 ~~~gy -KBaHTmi; 
/3/: 

3.n;ecL T - ronmHHa KOHBepTopa/:a pa.n;.e.n;./. .• . 
(J - JipOeKD;HH npoc:rpaHCTBeHHLIX yrJIOB /B pa,n;HaHaX/. 

BapHaUHJI BeJIH'IHH 3HeprHii H yrnoa B npe.n;enax yKa3aH
HLIX Bl.Ime omH6oK. npoH.3BOAHTcJi MeTo,n;oM MoHTe.-Kapno. 
IIonyqeHHLie TaKHM cnoco6oM .. HOBLie 3HaqeaHg 3HeprHii 
Ji yrnoa (E ', e ') pacnpe.n;eneaLI no 3aKoay raycca: , . - · 

. . . , I' ~. 

:-:/ 

E '=E + aE.RN 
: 1 

{J ~=0+ aO._RN .. 2 /4/. 

r.n;e RN. - . cnyqaiiHLie 'IHcna, pacnpe.n;eneHHLie no aop-_, - -
MaJILHOMY 3aKOHY CO cpe,D;HHM· 3Ha'leHHeM 0 H C ,D;HCnep--
CHeii, pa:aaoii 1; KINEMA - BLI'IHCJIJieT KHHeMaTH'IeCKHe 
aeJIH'IHHLI, xapaKTepH3YIOI.QHe paccMaJ"pH:aaeMLiii nponecc. 
USER2 - _npoH3BO.D;HT BLI6opKy co6LITHH: no KHHeMaTH":" · 
'leCKHM napaM~TpaM H. 4lopMHpye;T ,HX ,D;JIJI rHCTOrpaMMH-

poBaHHJI.· RESET· - _3acLimi.eT ~HYJIH :a.o6mHe MaccHBLI npo
rpaMMLI; CO,D;ep>KamHe .HH4lopMaD;HIO 06 OT,D;eJILHOM C06LITHH •. 
END· - _BLIBOAHT Ha ne'laTL :aeJIH'IHHyreoMerpH'IecKoii 34l-
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ciJeKTHBHOCTH, .. 'lHCflO reHepHpoBaHHblX 'laCTHD;, C06blTHH 
u T;~. USER3· • - ynpaan.11ei uo~npoipaMMa:M::H~· ciJop:Mupy.;. 
romuMH pacnpe~eneH:H:.~~ KHHeMaTH'lecKHx aen:B:ifuH :B su~e ' 
rucTorpa:MM··u ~ByMepHhlx q>aciJuKoa •. SHOWER·.:.· pa3blrphl
aaeT KOOp~HHaTbl HCKp 3ap.ll:>KeHHbiX qaCTHD; B HCKpOBblX 
KaMepax C yqeTOM JcWJeKTOB MHOrOKpaTHOrO paCCe.IIHHJI. 
.B KOHBepTOpaX _H pa3MHO:>KeHH.Il /iJ.n.11 raMM·a-KBaHTOB- H 
JneK'rpoHoa/ /I 0/ • no~nporpaMMa SHOWER pa6oTaeT· · cne
~yiomB:M·o6pa3oM·. Koop~H:HaTbl TO'IKH B3aHMo~eiicTBH.Il H 
yrnhl BblneTa raMMa·KBaHTOB j3ne!KTpOHOB/, nonaBWHX B 
J«W!eKTHB.HyiD o6nacTi. cm~KTpoMeTpoa H ucKpoahlx Ka:Mep~ 
npeo'6pa3yiOTCJI /a rio~nporpaMMe SPCHSY · I ·u3 ocHoB
Hoii cucTeMbl Koop~BHaT /c u;eHTPOM B MBmeHB/ a c:HcTeM-Y. 
KOOp~HHaT; CBJI3aHHyiO C BCKpOBbiMH KaMepaMB; 3aTeM 
~nJI _Ka:>K~oro raMMa·KBaHTa Bhl'lHCnJieTcJI KOHBepcHoHHaJI 
~nHHa T c no ·HopManu K nnocKocTB KOHBepTopa no ciJopMyne :. 

T = - fu ( 1- R ) T cos() I 0. 777 , c ' - /5/ 

r~e () - yron na~eHH.H raMMa·KBa~lTOB Ha,nm)CKOCTb·KOH· 
aepTopoa, T - noTeHu;HanbHhlii nyTL ·raMMa-KaaHTa a KoH
aep-ropax ~o KOHaepcuu /a pa~.e~./. R- cnyqaiiHoe qucno, 

· paaHoMepHo pacnpe~eneiiHoe a ·BHTepaane (0, 1) • KoHaep-. 
CBJI BMeeT MecTo npu Bhlm)nHeHBB ycnoBHJI T < T 

' ' ' . ' ' ' c '" 
,[J;anee onpe~enJIIOTCJI KOOp~HHaTbl. TO'IKB KOHBepCBB H Bbl· 
3biBaeTcJI no~nporpaMMa CONPAR', c m)MoiD;Lro KOTopoii 
pa3'hl_rpb1B8IOTC.Ilc aemi•fBBbl 3HeprBii H yr.rioa BblneTa' KOH
BepCBOHHbiX'nap. 

,[J;rrJI 3fleKTPOHOB /no3BTpOHOB/ ~n.BHa, : Ha KOTOPOH 
npoucxo~BT TOPM03Hoe 'u3ny'leHBe, 'Bbl'lBCnJieTcJI no ciJop
Myne: 

T R =·:...fu ( 1-R)T cos(), /6/' . .' ., 

r~e -():- _yrori·:na~eHBJI JneKTpoHa /no3BTpoHa/ Ha nnoc::· .. 
KOCTb KOHBepTopoB, t - no'r€mu;uanbHbiH nyTL 3neKTp(nia ' 
/no3BTpoila/ B .KOHBepT_opax ~0 B03HBKHOBellBB TOpMO:iHo· 
ro H3nyqeHBJI '/B, pa~. e~;/.' R '":,. cny<iaii:Hoe ''lHCno (0,1) 
TopM03Hoe · B3nyqeiiile: "BMeeT ·: MecTo npu BblnonileHBH 
ycnOBHJI T R <:T • ,[J;~e~ onpe~eflJIIOTC.Il KOOp~BHaTbl TO'IKB, 

14 

B KOTOpoii· npOH30IDnO .TOpM03HOe B3nyqeHHe H Bbl3hiBaeT· ·,_, 
c·JI no;nnporpaMMa .RADRAY , c 'rioMOID;biO KoTopoii pa3hlrpbi.;. 

< • - • • - • • • ' • ' ~ 

BaiOTC.Il 3HeprHH B yrnhl BblfleTa TOpM03HOrO raMMa·KBaH-
T~ B 3JxeKTpOHa /n03BTpoaaj. . . . _ . 

· · TaK KaK 3neKTPOHhl /no3BTPOHa/ np:H · npoxo~eHHH 
qepb KOHBepropbl pacceuaaroicJi -3a C'leT MHoroKpaTHoro 
KYflOHOBCKOrO pacceJIHHJI, TO BBO~JITCJI COOTBeTCTByiOID;He 
nonpaBKH. · CONPAR - . pa3hlrphiBaeT ·. MeTo~oM MoliTe
Kapno 3~eprliu KoH:BepcuoHHhlx nap no ciJopMymi.M: 

2 2 '/ tfr_ (v)=v +(1-v) +(2 3-2b)v( 1-v), 
·nap · · · 

/7/ 
', ,. 2 ' 

v =(E '-m c }/E, 
e 

r~e ¢rrap(v)- BepOJITHOCTb TOrO, 'ITO B pe3ynbTaTe KOH
BepCBB raMMa-KaaHTa c 3Heprueii E 3neKTpoH /no3BTpoH/ 
npuo6peTaiOT · 3ilepruro: E'(E"), b .. -, KOHCTaHTa, onpe.lie-. 

- nJieMa.ll · aemecTaoM·· KOHBepTopa, E = E '+ E" ··- 3HeprBJI 
raMMa.;.KBaHTa. , ' ' + - •', ' ' 

0TKnoHeHBe e e - nap hi oT HanpaaneHBJI raMMa -_KBaH-
Ta onBCblBaeTCJI pacnpe~eneHBeM. raycca :CO cpe~HeKBa~
pa TH'lHbiM OTKflOHeHBeM , paBHblM 

' 2 1/2 2 ' ' 2 ' 
<() > =q'(v)(me c ./~Hn( E/me c. ). /8/ 

· RADRAY - pa3blrpbiBaeT. MeTo~oM MoHTe/Kapno npou;ecc 
TOPM03Horo B3ny'leHBJI JneKTpoHoB /no3BTpoHoa/ a KoH-
aepTopax no ciJopMynaM: . · 

' 2 '• 
¢ (v) ;(1/v)(1 +(1-v) · -(1-v)(2/3-2b)), v=E 'lU; pall , . . , ·/9/ 

r~e 1/J (v) - · BepOJITHOCTb TOrO, 'ITO B pe3yflbTaTe . Top· 
M03Hg~lf B3nyqeJi:HJI, JneKTpoHa /no3BTpoHa/. c 3Heprueii U 
o6pa3yeTcJI-raMMa-KBaHT. c ·3Heprueii E;, b -· KOHCTaHTa •. · 

· QTKnoHeHBe. TOPM03Horo raMMa·KBaHTa B 3fleKTpOHa 
/no3HTpoHa/ .- OT HanpaaneHBJI nepa.H'lHoro JneKTpoHa /no-
3HTpOHa/ OnBCblBaeTCJI pacnpe~eneHBeM raycca. CO cpe.Ji-. . . , - . . . ' 

HeKBa~paTB'lHblM OTKflOHeHBeM, paBHbiM _ 
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. 2 1/2. . 2 . . 2 
· <0 · >. = q(v)(rn c /U)fn( U/rn c ) . . e e /10/ 

EXTCER - _npo~oiDKaeT Tpexu qacTH~ B ucxpoBLIX KaMepax 
~o nepece'leHHH c nepe~He:ii /no nyqxy I nnocKOCTI>!IO cneKT
poMeTpOB H onpe~enHeT KOOp~HHaTLJ TO'IKH nepeCC'ICHHH. 
CELL - ~LI'IHCnHeT 3Hepruu, BLI~enuawuecH a qepeHxoa
cxux cneKTpoMeTpax. Ilo~nporpaMMa"CELLpa6oTaeT cne~y· 
lO~HM o6pa3 OM·. Onpe~enHeTCH. HOMep MO~ynH 'lepeHKOBCKO
ro. cneKTpoMeTpa, B KOTopLiii nonana qacTH~a. pacgTOHHHe 
R OT TO'IKH nona~aHHH ~0 ~eHTpa MO~ynH, a TaiOKe HOMepa 
COCC~HHX MO~yne:ii, npHMLJKaiO~X K OCHOBHOMY. C nOMO~biO 
3KcnepuMeHTanbHO H3MepeHHOH 3aBHCHMOCTH EJE = f ( R ) 
onpe~enHCTCH 3HeprHH EO , Bbi~eneHHa.n B OCHOBHOM MO~yne 

qacTH~e:H c 3Heprue:H E. 3Hepr~u E 1 , BLI~enuawuecH 
B MO~yn.nx, npHMLJKaiO~X K OCHOBHOMy, BLI'IHCHHIOTCH 
no l}lop:Myne: · · 

E; = ( E-E ) · • f. 
I 0 j' 

/11/ 
a· +3 a +3 

f. 
I 

I. . 2 2 I 2 2 
I exp(-x /2aR)dx/ I L exp(-x /2aR )dx, .i=1,6 
ai ai 

r~e a R - . cpe~HCKBa~paTH'IHLIH pa~Hyc 3HCKTpOMarHHT
HOro. UHBHH B CBHH~OBOM CTCKHC /B pa~.e.zi./, a i -· KpaT
qa:iiwee · paCCTOHHHe Me>K)I;y TOiiKOH nepeCC'ICHHH 'laCTH~Ll 
c nepe~Heii nnocxocTbiO ocHOBHoro cnexTpoMeTpa H rpa
HH~eB: cneKTpOMeTpa, .. CMC>KHOrO C OCHOBHLIM /B pa~.e~.j. 
PHONST - .,reHepupyeT B HCKpOBLJX·KaMepax l}loHOBLie Tpe

KH ·. H HO)KHLJe HCKpLJ. WOHOBLIC TpCKH, reHepHpOBaHHLJe 
no~nporpaMMoii PHONST , nepecexaroT ace ucxpoaLie xa
MepLI O~HOrO H3 ~BYX KaHanOB. 'liHCHO HO>KHbiX . HCKp 
B Ka)K~Oii KaMepe onpe~enHeTC.II no 3aKoHy · IlyaccoHa 
H paBHOMCpHO pacnpe~en.IICTCJI.no BCCH noaepXHOCTH Ka
MepLI. ROTCHA - npeo6pa3yeT xoop~HHaTbl ucxp H3 cuc
TCMLI KOOp~HHaT ropH30HTanbHLIX KaMep B CHCTCMY. KO
op~HHaT noaepHyTLJX.KaMep. ACUREF - oc~ecTBnHeT 

npeo6pa3oBaHHe i<oop~HHaT ucxp B cooTBeTCTBHH c 3a-' 
~aHHLIMH BCHH'IHHaMH npocTpaHCTBCHHOrO pa3peWCHHH H 
31}JI}JeKTHBHOCTH perHCTpa~HH HCKp. B HCKpOBLIX KaMe paX. 

16 

CLOSPA - _Mo~enupyeT 31}l!}leKT perucTpa~HH 6nu3KO · pac
nonO)KCHHLIX HCKP B ·. HCKPOBOH KaMepe~ HpH:· aTOM npew 
nonaraeTCH, 'ITO. H3 . ~BYX . HCKp, · pacnOHO)KCHHLIX 
Ha · paccTOHHHH MeHi.we · 3a~aHuoro·, perucTpH-

- ~ . . 

pyeTCH HCKpa,. KOTOpaH HMCCT MCHbWCe 3Ha'ICHHe. KOOp-
~HHaTbl. DISCHA_ , -· .·BhiBO~HT Ha· neqaTb .reoMeTpuqec-. . 

KYID KapTHHY, HruirocTpHpyiD~yro . OTHOCHTenhHOe pacno-
no)KeHHe uc:KpoBLIX KaMep, KOHBepTopoa H .. ucxp I puc. 5/. 
DISCER - _BLIBO~HT · Ha n~'laTb xapTHHy, unnrocTpupyro-

·myiD OT~OCHTCHbHOe pacnonO>KCHHe MO~yneH qepeHKOB
CKHX cneKTpOMCTpOB H 3HeprHIO , BLI~CnBBWyroCH B HHX 
jpuc.6/. IlporpaMMa FAMEL ocy~eCTBnHeT 3anHCb.Ha. 
MarHHTHYlO nneHKY nonHOH HHI}JOpMa~HH 0 reHepupoBaH

. HLIX nporpaMMOH ·co6LJTH.IIX: . 
1. 3HeprHIO Ka~oro H3 90. cneKTpOMCTpOB. 
2. 'llucno 3aperHCTpHpOBaHHLIX 'laCTH~. 
3. Benuqruiy · HMnynbca, HanpaaneHHe HaneTaro~e:H 

'laCTH~Ll H KOOp~HHaTLI TO'IKH B3aHMO~CHCTBHH B MHWC
HH. 

4. 3Hepruu H yrnLI BLineTa npo~yKTOB peaK~HH, xoop
~HHaTLI TO'ICK KOHBCpCHH raMMa-KBaHTOB, a ~a~e KOOp~H
HaTLJ TO'ICK nepece'ICHH.II qaCTH~ C nnOCKOCTbiO qepeHKOB-
CKHX cneKTpOMeTpOB. . 

· 5. KonuqecTBO uc:Kp H ux xoopAHHaTLI :D:ucxponLJx.·xa-
Mepax. · ;----

C noMouihro nporpaMMLI FAMEL 6Lin Mo1eJiupoliaH npo-
~ecc "- p -+7J0 n , 7J 0 -+yy nvu P

17
_=TaB/c1 H ucnonh30BaH 

~nH npoaepKH nporpaMM nOHCKa C06biTHH H H~CHTHI}JHKa~HH 
KaHana peax~uu.: 

B 3aKnlO'ICHHe aBTOpbi C'IHTalOT CBOBM npHHTHLIM ~onroM 
no6naro)\apHTb JLrna~Koro,. KOTOpLiii BHec 6onbwo:H axna~ 
a co3~aHHe nepaoro · aapuaHTa nporpaMMLI; Iipol}leccopa 
A.M.Ba~HHa u ~oKTopa I}!H3HKo-MaTeMaTHqeci<ux HayK 
H.A.CaaBHa 3a nocTOHHHoe BHHMaHHe B noMep>Kxy.' 

': .' - . ,. .. ~ 
:-.: 

•.• -;_ ·'- .' ~ h· 
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PyKonuci. nocmynuAa 6 U3oameAbCKUU omoeA 
17 MaJI _1974 zooa 

Y CJIOBHH 06MeHa 
Ilperrpmi:Thl H C006I.QeHHH OIIJUI paCChUiaiOTCH 6ecrrnaTHO, Ha OCHOBe 

B3aHMHOrO 06MeHa, YHHBCpCHTCTCM, HHCTHTyTaM, na6opaTOPHHM, 

6H6nHOTCKaM, Hay'!HhiM rpyrrrraM H OT~enhHhiM Y'ICHhiM 6onee 50 CTpaH. 

Mhi m1m~aeM, 'ITO rrony'laTenH H3~aHHH OH:JIII 6y~yT caMH rrpoHB· 

nHTh HHHUHa THBY B 6e crrna THOH rrochmKe rry6nHKaUHH B )J;y6Hy. B rropH~Ke 
06MeHa IIpHHHMaiOTCH Hay'!HhiC KHHrH, :lKypHanhl, rrpeiipHHThl H HHOrO 

BH.[(a rry6nHKaUHH ITO TCMaTHKe OIIJIH. . . 
E.[(HHCTBCHHhiH BH.rl rry6nHKaUHH,KOTOphiH HaM rrpHChUiaTh He cne.r~y· 

eT,- :no perrpHHThi I OTTHCKH eTa Teif, y:lKe orry6nHKOBaHHhiX B Hay'!HhiX 

:lKYPHanax/; 

B PH.rle cnyqaeB Mhl cai.m o6pai.QaeMCH K rronyqa TenHM HaWHX H3.[(a

HHH C 1Ip0Ch60H 6ecrrnaTHO IlpHcnaTh HaM KaKHe·nH6o KHHrH HnH 

BhiiiHCaTh .[(nH Haweif 6H6nHOTCKH Hay'!HhiC :lKypHanhi, H3.[(aiOI.QHCCH B HX 

cTpaHax. 

OrgeJibHbie 3anpocbi 

li3.[(aTenbCKHH OT.[(en C:lKCrO.[(HO BhiiiOnHHCT OKOnO 3 QQQ OT.[(CnhHhiX 

3arrpocoB Ha BhiChUIKY rrperrpHHTOB H coo6I.QeHHH OH:JIII. B TaKHX 3a

rrpocax cne.r~yeT o6H3aTenhHO yKa3hiBaTh HH~CKC 3arrpaWHBaeMoro 

H3.[(aHHH. 

Agpeca 

IlHChMa IIO BCCM BOIIpOCaM 06MeHa IIy6nHKaUHHMH, a TaK:lKe..3arrpo· 

ChiHa OT.[(CnhHbiC H3.[(aHHH cne~yeT HarrpaRnHTh IIO a.[(pecy: 

101000 MocKea, . 
FAaeHbiU not~maMm, n/JI 79. 
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06oeOUHeHHOZO UHCmumyma 
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A.r~pec ~mi IIOChUIKH BCCX rry6nHKaUHH B IIOpH~Ke o6MeHa, a TaK:lKe 

.[(nH 6ecrrnaTHOH IIO.[(IIHCKH Ha Hay'!HhiC :lKypHanhl: 

101000 MocKea, ·, 
FAaeHbiU not~maMm, n/JI 79. 
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