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"'· 1. BeeoeHue 

0TKpbiTHe t/J- '-laCTHU / l-4/ BbUIBHnO uenoe CeMeHCTBO 

HOBbiX o6pa30BaHHH C HCKniO'-IHTenbHO ManbiMH llOnHbiMH 

IIIHpHHaMH, B pacna)J,aX KOTOpbiX 3aMeTHYIO ponb HrpaiOT 

3neKTpoMarHHTHLie npoueccbi /ropa3JJ.O 6onee 3aMeTHYID, 

'-leM B pacna)J,ax o6LI'-IHbiX a)J.pouoB/. B CBH3H c 3THM uc

cne)J,oBauue pa)J.uauuoHHbiX MOJJ. pacna)J,OB ljJ- '-laCTHU * npu

o6peTaeT Ba)I(HOe 3Ha'-leHHe KaK cpe)J,CTBO 34J4JeKTHBHOf'O 

06Hapy)l(eHHH 3THX '-laCTHU H H3y'-leHHH HX CBOHCTB. 

Pa3nH'-IHble TeopeTH'-IeCKHe HHTepnpeTaUHH npupo)J.bi V' -
'-laCTHU CBH3aHbl C pa3nH'-IHbiMH BbiCKa3b1BaHHHMH OTHOCH

TenbHO xapaKTepa paJJ.HaUHOHHLIX nepexo)J,OB B pacna.11.ax 

I,J -qaCTHU, H n03TOMY HCCne)J,OBaHHe 3THX nepeXO)J,OB MO)I(eT 

B CYJ.UeCTBeHHOH Mepe llOMO'-Ib C)J,enaTb BbJ6op Me)I()J.y 

HMeiOJ.UHMHCH TeopeTH'-IeCKHMH CXeMaMH. 

B '-lacTuocTu, o'-leHb cneuu4JuqecKHe npeJJ.CKa3aHHH oT

HOCHTenLuo pa)J,HaUHOHHbiX pacna)J,OB 1/J -qacTHU )J,enaiOTCH 

no CXeMe, TpaKTYIOJ.UeH •/1 - '-laCTHUbl KaK CBH3aHHbie CHCTeMbl 

H3 "oqapoBaHHbiX KBapKOB" /:>,6/. llpe)I()J,e BCero, Kap)J.H

HanbHbiM )J,nH 3TOH CXeMbl HBnHeTCH YTBep)I()J,eHHe 0 Cyi.UeCT

BOBaHHH 1/J -qaCTHUbl C KBaHTOBbiMH '-IHCnaMHQ- /TaK Ha3bi

BaeMbiH "napaqapMOHHYM"/ H ee B036y)I()J,eHHH. HH3Illee 

cocToHuue V' I' ( 11 S 0 ) HMeeT Macey B paifoue 3 F3B 
/no pa3HbiM dueuKaM , 3,01- 3,04 F3B /5,7 I/. TunH'-IHaH 

pa)J,HaUHOHHaH MO)J,a pacna)J,a 1/J pI 
1/Jp, .... y + y . 

"'HMeiOTCH B BHJJ.Y pacna)J,bl c ucnycKaHHeM peanLHbiX 
y-KBaHTOB H pacna)J.bi Tuna 1/J .... e+ + e- , HJJ.YIUHe '-lepe3 

BHpTyanbHbiH y-KBaHT. 
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Bo36y)K~eHHOe COCTOBHHe (2 1 SO )~OIDKHO HMeTb Macey OKO

no 3,67 F:JB /5/. 
fiO~TBep~~eHHe Cyll(eCTBOBaHHB 0- -auanorOB Y'fl, 

1
,'3105/ 

u tjJ 2 I 3695 /, o6na~aiOll(HX KBaHTOBLIMH qucnaMu 1- *, BBH

llOCb 6LI peUiaiOI.QHM apryMeHTOM B ll0llb3Y TeopeTH'IeCKHX 

llOCTpOeHH~, OCHOBaHHWX Ha npe~CTaBneHHH 0 "qapMHpo

BaHHOM" KBapKe. 

CxeMa c "qapMupoaaHHLIMH" KaapKaMu npe~cKaJLIBaeT 

~anee, 'ITO B ~uanaJoue Mace Me)K~Y 3,1 u 3,7 T:JB ~OIDKHLI 
lle)KaTb B036y)K~eHHbie COCTOBHHB "OpTO- H napaqapMOHHy

Ma" c e = 1 /1 3 p2 ' 1 3 PI' 1:~ PoH 1 1 PI/,KOTOpwe pac

na~aiOTCB npeuMyll(eCTBeHHO 3a C'leT 3lleKTpOMarHHTHWX 

nepexo~oa: 

3 3 
1 p2 I 0-> 1 s l + y 

I , , I 
1 P 1 -. 1 S 0 + y 

IE= 400 M:JB/, 
IE- 500 M:JB/ 

/~eTallbHYIO CXeMy B036y)K~eHH~ CM. Ha puc. 1/. 
Ba)KHO OTMeTHTL TaK)Ke uanuque nepexo~a 

2 1s -o 13 s 
I I )' IE::· 565 M:JB/' 

llOCKOllbKY COCTOBHHB 1 :l S I H 11 S 0 ~anee MoryT pac-

na~aTLCB no cxeMaM 

13S I + ---+ e + e 

IIso .... Y + Y 

0KOH'IaTellbHO HMeeM ~ll11 pacna~OB npe~CKa3LIBaeMbiX 

COCTOBHH~ B CCMC~CTBC t/J -qacTHU CllC~YlOIUHC KOHC'!HbiC 

npo~yKTW: 

o-+ 11 s0 ( 3040) .... y + Y 

JPG 
1 +- 11 PI (-3 500)--+ y + ( y + y ) , 

0-+ 2 1 S 0(3670) .... ( e+ +e-) + y , I 11 

2++, I++ ,o++ 13 P
2 1 0

(-3500)--+(e+-t-e-) + y -
, ' 

*B CXeMe C 4-M KBapKOMtjf
1 

(3105)=1 3 S1 , tjf2 (3695)=2
3

S1 . 

4 

~ 

M 
/F:JB/r----------------------------~ 

37 

3.6 

35 

34 

33 

32 

31 ..-,....-..-

30 '1'So(304.0) 

'( '( 

t•- o-t- 1-- 2++, 1 .. , 0 .. 

JP& 

Puc. 1. CxeMa eo36yJKOeHHbiX cocmoJIHUil. 

PcrucrpaiJ.HH COOTBeTCTBYIOI.Qero 'IHClla dJoTOHOB H 

3llCKTpOHHO-II03HTpOHHOH napbl, TaKHM o6pa30M, MO)KCT 

HBHTbCH Y~06HbiM MCTO~OM llOHCKa 3THX HOBbiX COCTOHHHif. 

Hu)Ke npe~naraeTcH ucnonLJOBaTL ~nH 3TO~ u.enu 90-

KauanLHLI~ '!CpeHKOBCKH~ Mace- CllCKTpOMeTp /ycTaHOBKa 

"<l>OTOH"/. 

06paTHM BHHMaHHe Ha TO, 'ITO Cyi.QeCTBYIOll(H~ MCTO~ 
H3Y'!CHHH '!aCTHIJ., OCHOBaHHbi~ Ha HX pO)K~eHHH B pe30HaHCC 

IlpH 3llCKTpOH-II03HTpOHHWX CTOllKHOBCHHBX, npuro~eH ~llH 

H 3y'!eHHH TOllbKO 'laCTHU C KBaHTOBbiMH '!HCllaMH }-

\1; -qaCTHUbl C ~pyrHMH KBaHTOBbiMH '!HCllaMH llpH 3TOM 

MoryT B03HHKaTh TOITLKO KaK npo~yKTLI ux pacna~a. B oc

HOBHOM 3TO KacaeTCH COCTOBHH~ 13 P 2 .l,O /CM. puc.1j. 
CoCTOHHHH c KBaHTOBbiMH '!HCnaMH o- ( lJ f') npu 3TOM npaK

TH'!CCKH HC,ll,OCTH)KHMLI, T .K. BCpOHTHOCTH nepeXO~OB r.,o--+ y 
ManLI HJ- Ja ManocTH 3HeproBLI~eneuu~ unu opTorouanLHo

CTH cooraeTcTBYIOI.QHX aonuoBLIX cPYHKIJ.H~ I eM. I 5 • 6 I I. 
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TaKHM 06pa30M, ,n;nH IIOHCKa 1/Jp cne,n;yeT IIpHMCHHTb 
,n;pyrue rro,n;xo,n;LI, uarrpuMep, pmK,n;euue ux B a,n;pou-a,n;pouHbiX 
cTonKHOBeHHHX. B uacToH~e~ rrpoeKTe•rrpe,n;naraeTcH uc
nonb30BaTb ,n;nH 3TOH n.enu pp -cTonKuoaeuuH, coxpaHHH 
npeuMymecTBa pe3ouaucuoro pmK,n;euuH !jJ -qacTHI..J. u ,n;Byx
qacTHl.J:HOH KHHCMaTHKH H CHHMaH orpaHHl.J:CHHH Ha B03MO)I(
HbiC KBaHTOBbiC l.J:HCna ofipa3yiO~HXCH !/J -qaCTHI..J.. 

HTaK, npe,n;naraeTc.R H3yl.faTb npoueccbi, onucblaaeMLie 
,n;uarpaMMaMH puc. 2. CooTBCTCTBYIOmee ceqeuue ,n;aeTCH 
<t>opMynou 

: ) 2 I' I' ( M0 ' m p PP 1\i,JX 
TT ------------(! = ( 2 J +- 1 ) -------:---.- -----<-) 2 2 r 

2 Mj(l-4m~JM$> (Er-E!) t(~,fm 1) 4-
/2/ 

r.ne J - cnuu ,,, -qacTHUbi, 1'
1
..,,. , 1'

11
i>IX - napn.uanbHbie 

lliHpHHbl pacna,n;a B COOTBCTCTBYIOU{HC Kauanbi, I' - nonua.R 
rnupuua, E '!._ - nono)l(euue pe3ouauca, 

I' 

"' 
"( p~ ..-/0 

'Vpz 

p 

i'p, 

p a) rr, 
'( 

,.J p 
'l'Ct= 1) 

p g) 

Puc. 2. ,l(uazpaMM&I cJ>eilHMaHa OAR npoijeccoa, npeoHa3Ha
'leHHbiX 0/IJf U3y'leHUJf. 

6 

~ 

M2 2 2 o · lj;- m p 
E-= ------

P 2m p 
/3/ 

B npuun.une rrpe,n;naraeMbiH rro,n;xo.n MO)I(HO ucrronLJOBaTb 
,AnH nOHCKOB HOBbiX l.J:aCTHI..J. B WHpOKOM ,AHana30HC Mace. 
B ,n;anbueuweM Mbl, o,n;uaKo, orpaHH'IHMCH paccMoTpeuueM 

COCTO.RHHH, nepel.J:HCnCHHbiX B /1/. O 

)l.nH M¢ = 3,04; 3,5; 3,67 F:JB uMeeM: E P = 4,05; 
5,5; 6,25 ~ F:JB. Ceqeuue /2/, ycpe,n;ueHHOe no HHTepaany 
/ E ~ -L\ , E ~+ll I B npe.n;rrono)l(euuu, 'ITO cneKTpanLHaH 
rrnOTHOCTb B HCM IIOCTOHHHa, ,n;aeTCH Bblpa)I(CHHCM 

2 
iT =( 2J + 1) ___ '!___ M,,, 

pe:1 ----~ 
M$ 0-4m 1~/Mf) m P 

rr-r 
---r· 

)l.n.R yKa3aHHbiX BbiWe COCTOHHHH HMeeM: 

1\:lbiX 
!1 

r· r 
J =0, M!/;= 3,04 F:JB, i_(,.;"2,2·10-27 -~!'_yy CM2 

I' . , I' L\ , 

/4/ 

J=l, M .1.= 3,5 r:1B,;:; =5.1·10-27 _rrrf'~ cM 2 /5/ 
'+' pe·l r !\ · 

J=O, M 0 = 3,67 r:1B, ape· I = 1,6·10-
27 ;PPI-d!.J cM2. 

0)1(H,IJ;aeMbiC BbiXO,Abl, TaKHM ofipa30M, cy~eCTBCHHO 3aBHCHT 
oT oTuorneuu.R l'p,/1' u 1;\hi'< .4To KacaeTCH t\,To Mbi rrpe,n;
nonaraeM, 'ITO B HHTepecyiOmeM uac HHTepaane 3Hepruu 
L\ PI P:::1'1o, T .e. \ = 4o~5o M:1B. 

HuTepecyiOmue Hac aenul.J:HHbi rnupuH B uacTOJIII..J.HH Mo
MenT HCH3BCCTHbl, H ,An.R HHX MO)I(HO rronyl.J:HTb fionee HnH 
MeHee ,n;ocToBepuble on.eHKH. HarrpuMep, aenH'IHHY I'yy .n;nH 
!/J p

1
(3040) MO)I(HO ou;eHH~b ua ~cuoae npocToro rrepecl.feTa 

no H3BecTuou aenuquue Iry 'YY- 1 K:JB: 
m !/Jp I 'I 

f' = I' (. ----)' - 160 K3B. 
!/Jp -..yy 1 ry -..yy m 1] -

I 
Cxo,n;uble coo6pa)l(eHH.R rrpHBO.IJ;JIT Jlu H Kaurra I 8 I K aenu-

l.J:HHe 

r,,, ->v,;=260 K3B. 
'+' PI 'I 
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n 
Puc. 3. To JICe, <~mo u Ha puc. 2. 

0.IJ.HaKo B pac'leTe, ucnonh3YIOII.J,eM MO.IJ.enbHblii no,IJ.XO.IJ. I 5 I, 
nonyqaeTCH 3aMeTuo MeHhWaH Benuquua: I~,, "' 13 K:JB. 

'f' PI -+yy 

HeK~TopyiO opHeHTHpOBKY B 3Ha'leHHH I'p-p I r ,IJ.nH 
t/1 p 1 ,IJ.aeT H3Mepeuuoe 3uaqeuue 3TOH BenH'IHHbi .IJ.nH 

- -3 
t/JI (3105),paBHOe 2·10 -113 TeOpHH, BnpO'IeM, cne,IJ.yeT, 

'ITO .IJ.llH 0-- 'laCTHI.I, J'p-pl I' MO:lKeT 6b1Tb 6onbWe. 
Onpe,IJ.eneHHble CBe,IJ.eHHH OTHOCHTellbHO BenH'IHHbl I'f>l/ I' 

~O:lKHO H3Blle'l~ H3 3KCnepHMeHTa no H3y'leHHIO peaKI.J,HH 
p +d ... P, +P +p +rr- npu 5,5 T3B/c I9,1W.B 3TOM 3Kcnepu

MeuTe ecTb yKa3aHHJI ua cyii.J,eCTBOBauue y3Koro pe3ouauca 
B CHCTeMe pp C MaCCOH 3060 M3B H I' < 40 M3B. 

Ceqeuue BblXO.IJ.a 3Toro pe3ouauca 15-30 MK6. Ecnu 
npe,IJ.nonO:lKHTb, 'ITO 3TO eCTb HCKOMblH pe30HaHC t/J P1 H 
'ITO npouecc H.IJ.eT cornacuo .IJ.HarpaMMe puc. 3, TO nocne 
nO,IJ.CTaHOBKH 'IHCneHHblX 3Ha'leHHH HMeeM: 

8 

;; · =2 8-10-29( f'- ) 2 I I' CM 2/M:JB/-I . /6/ 
p<n ' PP 

3aHMCTBY.Il H3 MO,IJ.enhHblX pacqeToB 151 3uaqeuue I' = 
6,5 M:JB, H3 /6/ nonyqaeM I'pp I r= 0,3-:-0,4. 3To 3ua

qeuue, BnpO'IeM, MO:lKeT 6b1Tb 3aBb1WeHHblM. 
TaKHM o6pa3oM, ,IJ.nH t/Jp (3040) HMeeM: 

I 
13 K3B SI'yy :S 260 K3B, 

2 ·1 o -3 ::; If> P /I' ::; 4 · 1 o-1 
. 

EcnH opHeHTHPOBaTbCH ua 3Ha'leHHe ryy = 200 K3B H 
I'p-p(I'-0,1, TO nony'IHM ,IJ.llH t/Jpl ape:J = 10-30 cM 2 . 
)l.nH COCTOHHHH c Maccoii 3,5 F3B PP2,1 ,0 u1 1 PI r pp/ r, 
cKopee Bcero, ua ypoBue 2.10-3. 0/uaKo napuuanhHble 
mupuubi l~ytf, 1 H I'yt/lp ,no oueuKaM 15 , BenHKH: - 3 M3B 
H, cne,IJ.oBarenhHO, 1 ceqeuHH nonyqaiOTCH ua ypoBHe 
3·1o-31 cM 2 . 

HaKoueu, ,IJ.nH cocToHHHH 2 1s 0 c Maccoii 3670 M:JB 
H CnHHOM0 J'ppiJ' MO:lKeT 6hiTb -0,1, ai'tjlp2 ->y + t/1 1 

I 
,_ I I no oueuKe 1 ., 1 = 0,9 M3B. Cne,IJ.oBaTenhHO, B 3TOM 

cnyqae ape·> = 2,4·I0-30cM2. 

HTaK, 

P-+P ->t/Jp (3040)-.y+y 
I 

(j 10--.'JO 
pe3"' CM2 

- + - - 6· -31 1 
p + p ->t/Je=l (3500) ->y+t/1 1 -+e +e , ape3 = 10 cM2"20' 

p +P -+t/1 (3670) -+y +t/1
1

-+e++e-, ap83 =2·l0-30cM2,-~-P2 - 20 

Cne,IJ.yeT HMeTh B BH,IJ.y, 'ITO BCe 3Ha'leHHH ceqeHHH HB
llHIOTCH OpHeHTHpOBO'IHhiMH H 3a,IJ.a'la 3KCnepHMeHTa co
CTOHT B onpe,IJ.eneHHH HX HCTHHHhiX 3Ha'leHHH H, cne,IJ.OBa

TellbHO, napi.J,HanhHblX WHpHH. 
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2. Kw-teMamwca npot~ecca 

AHaJIH3 KHHeMaTHKH npouecca p + p ~ ,p -. yy npoao-

.LJ.HJIC.ll )J.JI.ll aHTHnpoTOHOB c HMnynhCOM 3, 78 F:JB/c H 

M,p= 3,012 F:JB. 113-Ja oTcyTCTBH.ll qacTHUhl OT.LJ.aqH 

nepe)J.aHHhiH t/J -Me30HY HMllYJihC BCer)J.a paBeH HMllYJihCY 

HaJieTaiOII.{ero aHTHllpOTOHa, B pe3yJihTaTe qero B KOHeqHOM 

COCTO.liHHH HMeeTC.ll "MOHOXpOMaTHqecKHH" nyqoK t/J -Me-

30HOB. 

)J.n.H )J.aHHoro npou;ecca onTHMaJILHoii .liBJI.HeTC.ll reoMeT

pH.ll, Kor )J.a paccTO.liHHe Me)I(.!J.Y u;eHTpoM H2 - MHilleHH H 

y -cneKTpOMeTpaMH paBHO 200 CM. flpH 3TOM y -cneKTpo

MeTphl OXBaThiBaiOT yrJihl, paBHhle COOTBeTCTBeHHO 24° H 

53 °ll0 OTHOilleHHIO K OCH nyqKa, 3aXBaThiBa.ll TeJieCHhiH 

yron 0,3 rr cp H IIIHpOKYIO o6JiaCTh 3<l><!>eKTHBHhiX Mace OT 

2,5 )J.O 4 r:JB. 

'·"~ 
~P-)1)' 

lf\ J . 
: ~ 1 \. 
2 [ ( \ 

7 

6 

5 

~ 

I 
----'--

2.0 2.5 3.0 1.5 ~.0 4..5 

E c.r1. /r:JB/ 
2.2 3.74 5.5 '!.54 ,.8 

p ··•· /F:JB/c/ 
IS 

10 

Puc. 4. 3(xpeKlllU8HOC1ftb 
pezucmpat~uu npot~ecca 

pp-.,P-> yy 
8 onlllUMU/IbHOU zeo

MelllpUU 8 3U8UCUMOClllU 
Olll M ( tjJ). 

l 
l 

'1 

' 

Mo,I:U!nupoaaHHe c noMOIUhiO 3BM ycnoauii 3KcnepHMeH

Ta llOKa3aJIO, qTo :J<!><!>eKTHBHOCTh perHCTpaUHH B Bhl6paHHOH 

reoMeTpHH pasHa 8o/o /eM. puc. 4/. B pacqeTax yrnoaoe 

pacnpe,LJ.eneHHe npo)J.yKTOB pacna,LJ.a pe3oHaHca npe,LJ.nona

ranoch H30TpOllHhiM B CHCTeMe llOKO.ll pe30HaHCHOH qaCTH

Uhl. B JI.C.K. HMeeTC.ll .llpKO Bhlpa)l(eHHhiH MHHHMaJihHhiH yron 

pa3JieTa Y "KBaHTOB 6 min = 77 °. 

3. 3KcnepuMeHlllUAI>Ha.R annapamypa u nyt-toK 

1. flyqoK aHTHllpOTOHOB 

B 3KCnepHMeHTe npe,LJ.nonaranoch HcnoJih30BaTh nyqoK 

aHTHllpOTOHOB B HHTepaane HMllYJihCOB OT 3 )J.O 7 F:JB/c 
/eM. puc. 5/. 

RCpJ 

10-1 

to"' 

10-J 

to·' 

10-s 

Puc. 5. OmHocumeAbHble 81>1X00bl aHmunpomoHo8 
8 3U8UCUMOClllU Olll UMny/lbCU HU JQ l"lnpolllOH08/t#UK/I. 

-~ 
I 

I 
I 
I 
I 
I 
I 
I 

I 
I 

I 

-'----------'---

10 20 

iii"-

JO 40 .so 60 

P,r:JB/c 
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Jlc ... ,J "YCUif) .l!'lcNI'f) 

I 1ICfZI11 JIICZ41fl 

I ~ I ~II H!llll_ttJ Ill t 
D C.~~ 'I l t: UK·~I[_,_ !j I 

c, ~ ""~dn c==J il I c 
~I I[] . I 

Puc. 6. Pacno/loJICeHue annapamypbl Ha KaHa/le N!!l 1 6 na-
6U/IbOHe EB /6 Macwma6e/. 

O>K.H.naeMhie napaMeTphl ny'IKa aHTHnporoHoB npu HM

nynhce 4, 75 T3B/c: 
11.HTeHCHBHOCTh - 50000/10 12 npOTO-

YrnoBaH pacxo.nuMOCT.h 

Pa36poc no HMnynhcaM 

~JIHTeJihHOCTh c6poca 

llonepe'IHoe ce'leHue ny'IKa 

llOJIHa.!I HHTeHCHBHOCTh nyqKa 

HOB B ycKopurene 

- 0,5° 

- ~P/P7'1-1,5/~. 
- ~t = 1000 MC. 
- 2,5x4,5 CM 2. 

/nHOHhl, KaOHhl H MIOOHhi/ - 5 ·10 6 . 

AHTHUpOTOHhl npe,D;ITOJiaraeTC.!I Bhi,D;eJIHTh B nyqKe OTpH

IJ.aTeJihHhiX 'laCTHIJ. H3MepeHHeM BpeMeHH npoJieTa HJIH C 

noMOIIJ.hiO ra30BhiX qepeHKOBCKHX cqer'IHKOB. Pacnono:>Ke

HHe annaparyphi Ha KaHane N211 naBHJihOHa liB npe.ncraB

neHo Ha puc. 6. 
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2. MumeHh 

XH,D;KOBO,D;OpO,D;Ha.!I MHWeHh HMeeT ,D;JIHHY 100 CM H 
.nuaMeTp 7 eM. MumeHh H3rOTOBJieHa H3 nerKHX Marepua

JIOB H npe,D;CTaBJI.!IeT C06oii IJ.HJIHH,D;p H3 Maiinapa TOJIIIJ.HHOH 

170 MKM u neHonnacToBoro KO:>Kyxa. 06mee KonuqecTBO 

BeiiJ.eCTBa CTeHOK COCTaBJIHeT 0,005 p.e., TOJIIIJ.HHa BXO,D;

HOrO /BhiXO,D;HOro/ OKHa - 450 MKM. HaUOJIHeHHe MHliieHH 

BO,D;OpO,D;OM npOH3BO,D;HTC.!I H3 npoMe:>KyTO'IHOrO COCy,D;a eM

KOCThiO 50 /1, 

3. fiy'IKOBhle CIJ.HHTHJIJI.!IIJ.HOHHhie 

C'leT'IHKH 

MoHHTopupoBaHue nyqKa npoH3BO,D;HTCH c noMOIIJ.hiO Tpex 

CIJ.HHTHJIJI.!IIJ.HOHHhiX C'leT'IHKOB pa3MepaMH 0,5 X 7 X 7 CM 3, 

Puc. 7. EAoK- cxeMa ycmaH06KU "C/>omoH". PWC - nponop
LIUOHU/IbHble KUMepbt pa3MepaMU 150x150 MM 2; S - CijUH
mU/1/IJiijUOHHble Ct~emt~UKU; CO - nop0206biU t~epeHK06CKUU 
ct~emt~uK; H 2 - JICUOKo6ooopuoHaJI MuweHb O/IUHoil 100 eM; 
SC- npo60/IO'lHble UCKP06ble KaMepbl pa3MepoM 1000x 
x/000 M~2: SA, SB- zooocKonut~ecKue ct~emt~uKu O/IUHoil 
100 eM; CA, CB - t~epeHK06CKue zaMMa-cneKmpoMempbl 
U3 C6UHij06020 cmeK/IU. 
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pa6oTaiOmux a pe:>KHMe coona.n;euuH: c opeMeHHbiM pa3peme
HHeM 5 HC. )J.ml npe.n;OTBpaJ..QeHHj{ cpa6aTbiBaHHj{ ycTaHOBKH 
OT paccegHHbiX 'laCTHU llY'IKa cny:>KaT ,D;Ba OUHHTHnnj{UHOHHbiX 
C'leT'IHKa, o6pa3yiO{UHX OTBepCTHe pa3MepOM 7 X 7 CM2H 
pa6oTaiOIUHX B pe:>KHMe aHTHCOBlla,D;eHHH C BpeMeHHbiM pa3-
pemeHHeM 20 HC. 

6noK- cxeMa ycTaHOBKH npuoe.n;eua ua puc. 7. 

4. f' 0 )1; 0 C K 0 ll H 'I e C K He C U H H T H n n Jl U H 0 H H bl e 
C'leT'IHKH 

)J.nH yoenH'IeHHJI 3$$eKTHBHOCTH 3anyCKOB ycTaHOBKH 
a cnyqae perucTpauuu y-KoaHTOB H onpe.n;eneHHJI nanpao
neHHJI BTOpH'IHbiX 'laCTHU HCnOnb3yeTCJI f'O,D;OCKOn H3 18 
CUHHTHnnHUHOHHbiX C'leT'IHKOB pa3MepoM 1x14x100 CM /II/. 
f'O,D;OCKOnH'IeCKHe C'leT'IHKH pacnonaraiOTCJI Me:>K.n;y HCKpo
BbiMH KaMepaMH H qepeHKOBCKHMH y- cneKTpOMeTpaMH /no 
9 B Ka:>K.n;oM H3 .n;oyx Kauanoo/ u pa6oTaiOT a pe:>KHMe coo
na.n;enuH: c opeMeHHbiM pa3pernenueM 20 HC. 

C uenbiO ynyqrneHHJI COOTHOllleHHJI 3$$eKT/$OH 6y.n;yT 
HCnOnb30BaHbl TaK:>Ke CUHHTHnnHUHOHHbie "C'IeT'IHKH OK
py:>KeHHJI H 2- MHmenu, pa6oTa10mue a pe:>KHMe anTucoona
.n;euuH:". 

5. llponopuuonanbHble KaMepbi 

)J.nH onpe.n;eneHHJI nanpaoneHHJI nepBH'IHbiX qacTHU npu
MeHHIOTCj{ 6 O,D;HOKOOp,D;HHaTHbiX nponop:UHOHanbHbiX KaMep 

I 
,. 

pa3MepoM 15x15 cM2 12, .06mee qucno curuanbHbiX npooono-
'leK 300. CuruanbHbie npooonoKH a KaMepax pacnonaraiOT
CJI Ha paCCTOJIHHH 3 MM .n;pyr OT .n;pyra H n03BOnJIIOT 
noKanH30BaTb KOOp,D;HHaTy 'laCTHU ~X = \ y = ±1 MM. llpH 
6a3e 300 CM 3TO no3BOnHeT onpe.n;enHTb uanpaoneuue 
3apg:>KeHHOH 'laCTH:Ubl C TO'IHOCTbiO OKOnO 0,3 Mpao. 
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6. l1 C K p 0 B bi e KaMe p bl 

Hanpaoneuue BTOpH'IHbiX qacTHU H3MepgeTCJI c no
MOIUbiO 32 HCKpOBbiX KaMep C Maf'HHTOCTpHKUHOHHbiM C'be
MOM HH$OpMa:UHH pa3MepaMH 100 X 100 CM2, paCCTOJIHHe 
Me:>K.n;y npooonoKaMH a KaMepe 1 MM. KaMepbi rpynnupyiOT
cg no 4, H3 KOTOpblx .n;oe pacnonaraiOrcg ropH30HTanbHO, 
a .n;oe .n;pyrux - no.n; yrnoM 17°. B Ka:>K.n;oM H3 .n;oyx Kananoo 
ycTaHOBKH co.n;ep:>KHTCj{ no 16 KQMep, o6pa3YIOIUHX 6nOK 
pa3MepoM 1 M3. 

Me:>K.n;y rpynnaMH KaMep pacnonaraiOTcg KouoepTopbi 
/ocero Tpu/ cyMMapnoH: TonmunoH: oKono 1 p.e. To'IHOCTb 
noKanH3aiiHH KOOp,D;HHaT 'laCTHII KaMepaMH ;\x = i\ y = 0,5 MM. 

)J.nH 3apH:>KeHHbiX 'laCTHII, Kor.n;a OTCYTCTBYIOT KOHBepTOpbl, 
TO'IHOCTb onpe.n;eneHHJI HanpaoneHHJI 'laCTHIIbl COCTaBnJieT 
0,5 Mpao. llpu perucTpauuu y- KBaHTOB ux nanpaonenue 
H3MepHeTCJI C nOMO{UbiO rpynnbi H3 'leTbipex KaMep. B 3TOM 
cnyqae TO'IHOCTb H3MepeHHJI onpe.n;enHeTCJI TOniUHHOH KOH
oepTopa H HMeeT BenH'IIiHY OKOnO 3,4 Mpao ,D;nJI KOHBepTo
pa TonmunoH: 0,3 p. e. u E,.= 2 F:JB. 

7. lJ.epeHKOBCKHe y-cneKTpOMeTpbi 

3neprHJI y -KBaHTOB H3MepHeTCJI y -cneKTpOMeTpaMH 

nonnoro nornomenuH H3 couuuoooro cTeKmt1 ~06mee Konu
qecTBO cneKTpOMeTpOB - 90. llocne.n;HHe rpynnHpYJOTCj{ 
no 45 a Ka:>K.n;oM H3 .n;oyx Kananoo. Ka:>K.n;biH H3 90 cneKTpo
MeTpoo npe.n;cTaBnHeT co6oH: caMoCTOHTenbHbiH npu6op, 
pa.n;uaTop KOToporo HMeeT reKcaronanbHYIO $opMy c pa
.n;uycoM onucaHHOH OKpy:>KHOCTH 8, 75 CMj 3,5 p. e.j H .n;nHHOH 
35 eM /14 p.e./. 3uepreTH'IecKoe pa3pemeuue cneKTpoMeT
poo, H3MepeHHOe Ha ny'IKe 3neKTpOHOB H3BeCTHOH 3HeprHH, 

paBHO 

\E 5 
-- = ± ( ---)% ' /7/ E :--

\i E 

r.n;e E - 3Heprug I F:JB/. 
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80 Tpurrep 

JanyCK YCTaHOBKH llpOH3BO.D;HTCJI, eCJIH HMeeT MeCTO 

COBna.n;euue sl s2 s3 SAI-9 s~O-I8CA rn ' npu YCJIOBHH, 'ITO 
3HeprHB <JaCTHIJ, B y - cneKTpoMeTpax neBoro {A) H npaBot~o 
(B) KauanoB H Hx CYMMa npeBhiiUaiOT ueKOTOphiB nopor, 
onpe.n;enBeMhiB KHHeMaTHKoB: npoueccao 

IIonuaB 3a.n;ep)f(Ka Tpurrepa cocTaBJIJieT 490 HCo 

O)KH.IJ;aeMoe <JHcno TpHrrcpoB npu HHTeucusuocTH auTu
npoTOHOB 5°10 4 B IJ,HKJie n = 0,05 H llpH HHTeHCHBHOCTH 
ny<JKa 5d06 ue 6onee 5 3anyC1we/14UKAo 

• 
90 3neKTpouuaJI annapaTypa 

PerucTpupyrollJ,aJI 3neKTpOHHKa Bhmonueua B cTau.n;apTe 
"BHIUHJI" H BKniO<JaeT B ce6JI: 

1/ 6hiCTpyro 3JieKTpOHHKY, 
2/ cneKTPOMeTpH'IeCKyiO 3JieKTpOHHKy, 
3/ 3JieKTpOHHKY HCKpOBhiX KaMepo 
YcTauosKa pa6oTaeT ua nHHHH c 3BM nma "HEWLETT 

PACKARD 2116B "0 3neKTponuKa, ocyllJ,eCTBMIIOllJ,a.II CB.II3h 
c 3BM, npe.n;cTaBn.lleT co6oB: nonuy10 "seTBh" /7 Kpeiiros/ 
B cTan.n;apTe KAMAKo 3BM BhlllOJIHJieT cne.n;yiOllJ,He ¢ynKIJ,HH: 

a/ npHeM unciJopMaiJ,HH c .n;ereKTopos, 
6/ KOHTpOJih H npe.n;sapHTeJihHhiH OT6op HHciJopMaiJ,HH, 
s/ uaKonneuue HuciJopMaiJ,HH, 
r I o6pa6oTKY <JaCTH unciJopMau,uu, 
.n;/ ynpasnenue pa6oToii annapaTyphi u KOHTponh 3a HCHl. 

KoMnneKc 3BM BKniO<JaeT a ce6B: 
1/ TeneTaB:n, 
2/ .n;ucnneB:, 
3/ MaruuTociJouhl, 
4/ .D;HCK C naMJIThlO, 
5/ naB:unpuuTep, 
6/ nepciJopaTop, 
7/ ciJoTOC'IHThiBaTeJih, 
8/ onepaTHBHYIO naMJITh ua 32Ko 
06'heM C06hiTHJI COCTaBJI.IIeT 824 CJIOBao 
3neKTpOHHaJI annapaTypa C 3BM pa3MellJ,aiOTCJI B .D;BYX 

ClleiJ,HaJIH3HpOBaHHhiX KOH.D;HIJ,HOHHpyeMhiX .D;OMHKaXo 
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ITo oueuKaM, npu HHTeHCHBHOCTH ny<JKa 5°10 6 <JHcno 
HaJIO)f(eHHH HMfiYJihCOB npH .D;JIHTeJihHOCTH "sopoT" cneKTpO
MCTpH<JeCKHX KaHaJIOB 400 HC COCTaBJIJieT 20/oo IlpH HC
ITOJih30BaHHH CIJ,HHTHJIJIJIIJ,HOHHOrO C<JeT<JHKa, pa6oTaiOllJ,ero 
B pe)f(HMe "CTOpO)f(", C pa3peiUaiOllJ,HM BpeMeHaM 5 HC 

'IHCJIO HaJIO)f(eHHH He npeBhiiUaeT 0,020/oo 

100 I13Mepenue 3ciJciJeKTHBHOH MaCChi 

l.J.epeHKOBCKHH Mace- cneKTpOMeTp ll03BOJIJieT npJIMhiM 
o6pa3oM H3MepBTh 3qxpeKTHBHYIO Macey pe3ouaucao Oua 
pasua: 

2 M = 2 E 1 E 2 ( 1 - Cos () ) , /8/ 

r.n;e E I' E2H e- COOTBeTCTBeHHO 3HeprHH H yron pa3neTa 
y "KBaHTOBo 

0THOCHTeJihHaJI OIUH6Ka H3MepeHHJI MaCChi ~M/M 
= ±1 ,50/oo ,l],nB pe3ouauca c Maccoii M 1/J = 3,0 F3B ~M!f! = 
= ±45 M3Bo 

To<JHOCTh H3MepeHH.II 3qxpeKTHBHOB Macchi MO)f(eT 6h1Th 
yBenuqeua 3a c<JeT KHHeMaTH<JeCKHX oco6euuocTeii npo
uecca pp-> l/;->yy 0 ,lJ,eiicTBHTenhuo, ToKo HMnynhc uaneTaro
llJ,eii <JaCTHIJ,hi paBeH HMITYJihCY pe30Hauca, TO 3ciJciJeKTHBHaJI 
Macca pe3ouauca MO)f(eT 6h1Th Bhlpa)f(eua qepe3 senH'IHHhi 
yrnos BhiJieTa qacTHIJ, pacna.n;a: 

-~:. 
m 

p 

1 
+Vttt2 /9/ 

yT}t; 

r.n;e M f - Macca pe3ouauca, 
()I 

m P - Macca npoToua, t I =tg"2-, 

t2 =tg-g2 , (;II, () 2 - yrnhi BhiJieTa y "KBaHTOB OTHOCHTeJihHO 

uanpasneHHJI na.n;arollJ,ero auTHnpoTouao 
B 3TOM cnyqae, y<JHThiBaJI KynouoBcKoe 

<JaCTHIJ, B MHIUeHH H KaMepax, HMeeM: ~ Mlj; < 
pacceBuue 

10 M3Bo 
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11. CTaTHCTHKa 

Pacl.JeT cTaTHCTHKH npoH3BO.IJ.HncH np.u cne.IJ.yrou.uu 3Ha-
'ICHHHX BCllH'IHH CC'ICHHH, lJHCna aHTHllpOTOHOB H T . .IJ.. 

1. CelJCHHe npo~ecca p p > t/1 > y y = 1,3. 1 o-:JO CM 2. 
2. lloToK aHTHnpoTouoa: N = 5 d0 4 a ~HKne. 
3. 4ucno ~HKnoa: N = 500 B •me. 
4. )l.nuua H2-MHllleuu: L=100cM. 

5. reoMeTpH'ICCKaH 3$$eKTHBHOCTh YCTaHOBKH: f I' = 
= 0,08. 

6. KouaepcuouuaH 3$$eKTHBHOCTh ycTaHOBKH: rk = 0,5. 
flpH yKa3aHHhiX 3Hal.JCHHHX HMCeM: 

N(pp ~ ~~ , y y) :: 150 co6blmuu/cymKu. 

12. O~eHKa aenH'IHHhi $oHOBhiX 
npo~eccoa 

HaMH 6hinH o~eHeHhi cne.IJ.yto~He $oHOBhie npo~ecchJ: 

~ 
rr o y 

' 
p t p > 0 0 

/10/ rr rr , 

yy /uepe3ouaucuoe/. 

flpH 3TOM 6htnH HCllOllh30BaHhJ 3KCllCpHMCHTanhHhiC pe-
3Y.TihTaThl H O~CHKH, llOllY'ICHHhle B pa6oTe /11/ .IJ.llH aHTH
llpOTOHOB c HMnynhCOM 1,47 F:JB/c. llpe.IJ.nonaraH, 'ITO 
CClJCHHe llpO~CCCOB /10/ MCHHCTCH C HMDYllhCOM aHTH
llpOTOHOB nponop~HouanhHO ( P) -3,5, HMeeM /eM. ma6/l. 1/: 

Ta6/lUIIO 1 

P (faBle) Tipouecc Ce'leHH:eda/dn l9oo (eM 2 /cp) 

3,78 

p +P ~ y + y !0~3~ 
P'" +P ~rr0+y 0,5 xlo-33 ! <;;..3,7xl0-33 

p + p ~rro+rr o 1,8 xlo-34 

P+P ->t/J ->yy 0,5xi0-31 
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CyMMa cel.JeHHH acex $oHOBhiX npoueccoa paaua 

~ ~ 3, 7x10 -:l:JcM2/cp. 
dO{rJI 1'"" 

Y'IHThiBaH Y30CTh pe3oHauca /I~nt-10 M:JB/, pa3-
pellleHHe no 3$$eKTHBHOH Macce ycTaHoBKH j:\. M , 45 M:JB/ 
H xapaKTep pacnpe.IJ.eneHHH $OHOBhiX C06hiTHH, MO)I(}{O 0)1(}{
.IJ.aTh, 'ITO COOTHOlllCHHe 3$$eKT/$oH B o6naCTH pe30HaHCa 
6y.IJ.eT /80. 

3aK/l10'l€HU€ 

flo nporpaMMe HCClle.IJ.OBaHHH HaMe'laeTCH npOBe.IJ.eHHe 

H3MepeHHH llpH 12 3HeprHHX B o6naCTH 3$$eKTHBHhiX MaCC 
oT 2,5 .IJ.O 3,5 F:JB /HHTepaan 80 M:JB onpe.IJ.enHeT "\. P 
nyqKa/. 

C Y'ICTOM BpeMeHH Ha HaCTpOHKY annapaTyphl H KOHT
pOllhHhie OllhiThl .ll.llH llpOBe.IJ.eHHH 3KCUepHMeHTa llOTpe6y
eTCH oKono 1000 'lac ycKopHTenhHOro apeMeHH. Hana.IJ.Ka 
ycTaHOBKH Ha KaHane ~11 nnaHHpyeTCH B 1976 ro.IJ.y. Ja
BepllleHHe nporpaMMhl H3MepeHHH OpHeHTHpOBO'IHO npe.IJ.
nonaraeTcH B 1977 ro.IJ.y. 
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