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BBEAEHHE 

Ha npOTRmeHHH MHOrHx neT noA6op onTHManbH~X napaMeTpoe 11 
reoMeTpHH HOHHOH onTHKH npoBOAHncR 3KcnepHMeHTanbHO /eM., 
Hanp. ,111 I. 8 pa6oTax 12-4/ 6blno noKaaaHo, 4TO aaBHCII1MOCTb yr·na 
paCXOAHMOCTVI ny4Ka OT TOKa HOHOB HMeeT xapaKTepHbiH V-o5pa3Hb1H 
BHA, KOTOpbiH HHTepnpeTHpoaancR npH nOMO~H 3aKOHOB nDAD6HR, 
Clj)OpMynHpOBaHHbiX B pa60Te15! 8 OCHOBe 3THX 3aKOHOB nemHT KOHI~en
~HR 11nna3MeHHOrO MeHHCKa11 C paAHYCOM KpHBH3Hbl, MeHRIOl!IHMCH B 
4JYHK~HH 3neKTPH4eCKOro nonR, BbiTRrHBa10111ero HOHbl 1>13 nna3Mbl. 

UenbiO HacTORl!leH ny6nHKa~HH RBnReTCR paapa6oTKa ocHoaaHHbiX 
Ha KnaCCH4eCKHX npHeMaX 3neKTpOHHOH OnTHKH /napaKCHanbHOe npH-
6nHmeHHe/ MeTOAOB pac4eTa HOHHo-onTH4eCKHX CHCTeM /HOC/, npeA
Ha3Ha4eHHbiX AflR nony4eHHR XOpOWO CqJOKYCHpOBaHHbiX HHTeHCHBHbiX 
1101-!HbiX ny4KOB. 

AnR o~eHKH B03MOmHOCTeH MeTOAa npoBeAeHo cpaBHeHHe nony4eH
HbiX peaynbTaTOB C 3KCnepi1MeHTOM 11 pesynbTaTaMH TeopeTI14eCKHX 
o~eHoK Ha ocHoae peweHHR caMocornacoeaHHOH 3aAa4H, sKnl04aiOllleH 
B ce6R peweHHR ypaBHeHHH nyaccoHa H Bnacoea/61. npHMeHeHHbiX AnR 
pac4eTa pacnpeAeneHHR nonR, a TaKme c peaynbTaTaMI1 nocneAHHX 
aepCHH flHHeHHOH TeOpHH/6-81. 

noA OnTH4eCKHMH napaMeTpaMH ny4Ka Mbl nOHHMaeM paAHYC 11 yron 
paCXOA11MOCTH ny4Ka Ha BbiXOAe 113 HOHHO-OnTH4eCKOH CI1CTeMbl, nep
eeaHC ny4Ka, COOTBeTCTBYIOIIIHH MI1HHManbHOH HflH nema~eH BHYTPH aa
Aa~tHbiX npeAenoe yrnoBOH pacXOAHMOCTH, MaKCHManbHO ADnycTH
MYIO nnOTHOCTb TOKa 3MHCCHH, 4YBCTBHTenbHOCTb CI1CTeMbl K HeOAHO
POAHOCTI1,nnOTHOCTI1 TOKa 3MI1TTepa. 

8/9/Mbl noKa3anH, 4TO Aame 04eHb npOCTaR MOAenb, OCHOBaHHaR 
Ha napaKC11anbHOM np116n11meHHH, np11 C06nK>AeHHH He 04eHb meCTI<HX 
Tpe6oBaHHH /y4eT OnTH4eCKHX CBOHCTB nna3MeHHOrO 3MHTTepa B ni1-
HeHHOM np116n11meHI1H TeOpHI1 neHrMIOpa-6nOAmeTT clj)epH4eCKOrO HflH 
~Hn11HAPH4ecKoro AHOAa, y4eT 3¢¢eKTOB npocTpaHCTBeHHoro aapRAa 
11 TepMH4ecKoro pas6poca cKopocTeH/, noseonReT nony411Tb PRA Bbi
BOAOB 11 ¢YHK~110HaflbHbiX 3aBI1CHMOCTeH, HaXOARIIIHXCR B xopoweM Ka-
4eCTBeHHOM COrnaCI111 KaK C 3KCnepi1MeHTanbHbiMH AaHHbiMI1, TaK H C 
pesynbTaTaMH peweHHR nonHOH caMocornacoeaHHOH 3aAa4H AflR pac
cMaTpi1BaeMOH HOC. 

803MOmHOCTb onepaTHBHOrO nony4eH~R O~eHOK 110HHO-OnTH4eCKHX 
napaMeTpoe 11 ADnycTHMbiX npeAenoe H3MeHeHHR aeni14HH, onpeAenRIO
liiHX OnTH4eCK11e CBOHCTBa ny4Ka npH MI1HHManbHbiX 3aTpaTaX C4eTHOrO 
BpeMeHH Ha 38M, npeACTaBnReTCR HaM 04eHb ~eHHbiM CBOHCTBOM 
MeTOAa. 
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B pa6oTe/101a paMKax napaKc~anbHOro np~6n~meH~R, ~cnonb3YR 
4~cneHHbte MeTQAbt, Mbt onpeAen~n~ ycnOBI-IR, o6ecne4~Ba10111~e nony4e

HHe KOfi~4BCTBBHHO YAOBfiBTBOp~TBfibH~X O~BHOK na~aMBTPOB ~HTBHCHB
HbiX ny4KOB B flOfiRX C pacnpeAeneHI-!BM nOTBH~11ana ¢- Z ~ ¢- Z 4/3. 

B HaCTORUieill pa6oTe 6yAeT noKa3aHO, 4TO Ha OCHOBe anropHTMa, 

npep;nomeHHor·o EflO/ n~Hei:\HaR onT~4eCKan MOABilb B BI1Ae, pa3811TOM 
B fg~ C y4eTOM HeKO.TOpbiX AOnOnHeHI-IH npi1BOA11T IC pe3yfibTaTaM, Haxo

Afllii11MCR B KOI1~4eCTBBHHOM cornac11~ C 3Kcnepi1MeHTOM 11 pe3ynbTaTa

M~ 04eHOK, OCH08aHH~X Ha peWeHI1~ CTpOrOH TeopeT~4BCKOC\ 3ap;a411. 

2. METOA PAC4ETA 

.PaccMaTpi-!BaeTCR Ha6op 3I1BKTPOAOB B 8HJ1e A~aQ>parM, K I<OTOpbiM 

np11nomeHbl COOTBeTCTBYIOll\~e noTeH~~anbt. Ben~4HHbl, xapaKTep~3YIOlii~B 
reoMeTpl110 c~cTeM~ 11 np~nomeHH~e noTeH~~an~, npep;cTaaneH~ Ha 

p~c. 1. 
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r = VOCGIVext 

s ~ !ll7.t "'ntllt 
F ~ z2/ z, 

PHc.I. CxeMa p;ayxKacKa,o;noil ycKo

PHTBJibHOH Tpy6KH. V ext - BbiTHI'H

Ba.JOll\BB HanpmKeHHe, V ace - ycKo
PHIDll\BB Hanpfl~BHHB, Vdec- 3aMep;

JIRIOll\BB Hallpfl~BHHB. 

BcerAa Ha y4aCTKe nna3MeHHbtill 3MI1TTep - 8biTRrl18aiO!JI~~~~ 3net<TPOA. 
I c noTeH~~anoM ¢.2 I pacnpep;eneHI1B nom1 nonarae~o~ q)., z413 , a Ha 

nOCfiBAYIOUJI-IX y4aCTKaX /ecn11 OH11 8 110C 11MBIOTCR/ - ¢- Z. [3 3aBI-!CI1-

MOCT~ OT KOJ1114BCTBa 3fiBKTPOAOB, CJ1BAYIOlii11X 3a BbiTRrl18aiOlii11M, Mom

HO opraHI1308aTb OAHO- 11 MHOroKaCKaAH~e 110C pa3Jli14H~X KOHQ>I1rypa

~11H 11 CJ10lKHOCTI1. 
0ni1CaHI1B CBOHCTB 3T~X CHCTeM B03MOmHO C np~MBHBHI1BM pa3Jli14-

H~X Ha6opOB napaMeTpOB. nocKOJlbKY OCHOBOH Afifl HaW11X paC4BT08 

R811RBTCR napaKCI1anbHOB ypaBHBH~e, 6yABM CTapaTbCR BB3AB, rAe 3TO 

B03MOmHO, 11CnOfib308aTb np~8BABHH~e 8Bfii1411H~ TaK, 4T06~ Ha OCHOBB 
3aKOH08 nop;o611R nony4BHHbiH pe3yfibTaT MOmHO 6bti10 npi1MBHI1Tb AI1fl 

paccMoTpeH~R reoMeTpi14BCK~ nop;o6HbtX HOC. 0cH08HbtM napaMeTpOM, om;

c~Bal0ll\11M reOMBTPI110 BMTRri1BaiOll\BrO npoMemyTKa,6yp;eM C4HTaTb OTHO

WeHI1B/CM.pi1C. 1/ paA11yca 3MI1TTe~a r 1 K A11~He npo~emyTKa z 1, S=r1 /z 1 
/"aspect ratio"/. Am1HY ycKopRIOll\ero npoMemyTKa 8btpa311M a ep;11H11-

4ax Afi11Hbt npoMex<yTKa BbtTRrl18.aHI1R F = z 2 /z1 • C 8en~4~Hoi4 "aspect 

ratio" C8R3aHa e111e op;Ha xapaKTep~cT~Ka 8btTRr11Ba10111ero npoMemyT

Ka - nep8eaHc 4aillnbp;a-neHrMIOpa, onpep;enReMwill KaK: 
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rp;e Ze - 3aPRA 11 AM - Macca 4acTI11..\bt. 

ny40K 8 BbiTRrHBaiOll\BM npOMemyTKe 01111WBM nocpep;CT80M np~8BABH
HOro nepseaHca P/Po • rp;e P .. I/VeS:f ~ I - TOK ny4Ka' vext- 8biTR
ri1BaiOliiBB HanpRmBHI1B. 

3aHeT~M, 4TO A11R MHOr03I1BKTPOAHWX C~CTBM on~caHHB 11X CBOHCT8 

nocpeACT80M nonHoro nepseaHca PEN=l!U~-ii.rAe UEN=¢ 1-¢ 4 - KOHe4-
HbiH noTeH~~an, He~enecoo6pa3HO, TaK KaK 8ei1~4~Ha PEN He OTpama
eT CYliiHOCTI1 C~CTBMbl, KOTOpaR n0380Jll'IBT peai111308aTb 8CBB03-

MOmHWB COOTHOWBHI1l'l BMTRri1BaiOllleH H yCKOpRIOliiB~ pa3HOCT~ nOTBH411a

fi08. no3TOMy' KpOMe KOHB4HOH 3Hepr~l1 EN= Ze u E N• BocnOJlb3YBMCR 

AJll'l xapaKTep~CTHKH CI1CTeMbl KaK ~enoro OTHOCI1TBI1bHbiM nep8eaHCOM 
BWTRr~sa10111ero npoMemyTKa P/P0 .MacwTa6Ho~ BA11HI1~et4 noTeH~I1ana 
cnep;yeT C411TaTb 8BI1114~Hy Vext ,n03TOMY YCKOpRIOliiY~ H 3aMBAilRIOliiY~ 
pa3HOCTI1 nOTBH~11ai108 MOmHO Oni1CaTb nOCPBACT80M napaMeTpOB 

r=VacciVext• rdec"'VdeciVext · 

npl1 Oni1CaHI111 11I111H308biX11 3Q>Q>eKTOB B MHproKacKaAHbiX CI1CTeMaX Mom

HO npi1MBH~Tb COOTHOWBHI1B HanpRmeHHOCTI1 nonet4, T.e. napaMeTp r/F. 
KaK cneAYBT H3 pe3ynbTaTos 1101 a n106oM Mem3neKTPOAHOM y4aCTKe 

MOmHO KOfi~4BCT8BHHO YA08I1BT80pHTBfibHO O~BHI1Tb ~OHHo-onTI14BCKI1e 

napaMeTp~ ny4Ka, onpBABilfll'l Q>OKYCHPY~lii11B C80HCT8a nOJlR Ha OCH08e 

napaKC11aJlbHOrO ypaBHBHI1R, a 8I111RHI1B npocTpaHCT8BHHOrO 3apRp;a.

Ha OCHOBB pacwHpBH11R ny4Ka a Mem3I1BKTPOAHOM npOCTpaHCT8B, an
npOKC11MHPYR pacnpeAeJleH~e nOilfl KyC04HO-I111HBAHOH Q>yHK411BH /pl1c.2, 
3/: 

r i (~z i)2 
2 _I}_ s2 

rJ __ 1 +l:li-1°it\zik + ~ -9(2,09)2 P
0 

r . ~z i 4 pi S 2 
..:..L.. -- ---:z;:-oi = ei·t ni + f. + r. 

1 
9(2,09) Po 

1 1--

ga -1 a(i-1) .Jg-_g 
6z 1- L--- g , k = 2[1- --l; 

Ga -1 g-1 

1:;: i ~ N; /2.1/ 

¢i-1+¢i -3/2 
P. =I(----) · 

1 2 

np11 nepeXOAe OT OAHOro MBm3I1BKTPOAHOrO npOMemyTKa K APYrOMY 
HaAO Y4BCTb onTH4BCKHe C80HCT8a I111H3~, o6pa30BaHHOA A~a¢parMOA. 

nocKOilbKY npi1MBHReM I111HBHHOe np~6nHmBHI1B, MOmHO BOCnOJlb30BaTbCR 
¢OpMynot4 Aesl1ccoHa-Kenb611Ka AJ1R TOHKO.:::i 11HH3bt 

4¢ 
f= ----. 

E1-E2 /2.2/ 
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_r,qe f- <!>OKyCHOe pacCTORHHe, cp- noTeHL\Han, COOTBeTCTBYIOil\1-1.:1 
3HeprHH 4acTHL\bl, 1-1 E 1 , E 2 - HanpR>KeHHOCTH none.:i /pHC. 4/. 06bi4-
HO ¢ on~e,qenRIOT KaK ¢ 0 -noTeHL\Han ,qHa<t>parMbl 1-1 E 1 = (¢ 1-.cp

0
):!d 1 

11 ""E2 ··<¢n-4>2 )/d2 · 

.. 
I 
I 
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<tkf---------------- ~ 
4>(zl- z11o<. ----~-------: 

G = !is. r--- ---4 
4>o 4>1zl : : 

g=G1/N _y/' i 

~AzN =r 
___ __J 

PHc,2. Pacrrpe,qeneHHe rroTeH~Hana 
B MemsneKTPOAHOM rrpOMe>KYTKe 
H ero arrrrpoKCHMa~HH. 

4>i+1 

4>; 

"'i-1 

r; 

~ 

Zj-1 Zj 

'l-1 I f,., 

Zj-1 Zj 

<I> (z) 

Zi+1 z 

z 

4>;-4>H. 
A z;=z;-z;.p l>z;.FZi+1·Zj IE; = llz; ' 

PHc.3. MeTo,q arrrrpoKCHMa~HH 
H rrpHHHTbJe o6osHa'!eHHH BenH'IHH. ~ 

4>;.1-'l'i. 1. =~~; n·=~i-1 
E;.1 = llZi+1 ' 1 E;,1· E; 1 <!>i 
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PHc. 4. BenH'IHHbJ, xapaKTepHSYIOI!\He 
,qHa¢parMy. 

Cyll\eCTBeHHOe yny4WeHHe pe3ynbTaTOB AOCTHraeTCR npl-1 onpe,qene
HI-11-1 ¢ KaK noTeHL\Hana Ha oc1-1 ,qHa<!>parMbl ¢ (0). B ,qaHHO.:i pa6oTe 6y
,qeM onpe,qenRTb cp (0) C y4eTOM BnHRHHR eenH41-1Hbl pa,qHyCa OTBepCTHR 
a 3neKTpo,qe r0 1-1 rpaHH4HbiX ycnoBHH Ha coce,qHHX 3neKTpo,qax. 
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AnR 3Toro ll!cnonb3yeM <t>opMyny, npHee,qeHHYIO a 1111 : 

¢ (0)= ¢ + rQ~-E.--"2'-'-)---·--- - . 
D ro2 ro2 dl d2 (--) + (-) + arc1an(-) + arc tan(--) 

d 1 d2 r D r D 

/2.3/ 

KaK cne,qyeT 1-13 3KcnepHMeHTanbHO.:i npoeepKM <I>DPMYnbl AeeHccoHa
Kenb6HKa a eapHaHTe,/2.2/, cyll\eCTBYIOT cny4aH, Kor,qa eenH4HHa 
¢oKyCHoro pacCTORHHTI onpe,qeneHa c 6onbiUOH OLUM6KOH. B /12/npe,qno
>KeH ycoeepweHCTBOBaHHbiH eapHaHT ¢opMynbl /2.2/ B BH,qe 

f* = 4¢ (0) 

Ei- E~ 

¢1- ¢(0) 
/2.4/ E* =---, 

1 dt 

¢(0) -¢2 
E* ----

2 - d2 

04eHKa T04HOCTM <!>OpMynbl /2.4/ MO>KeT 6b1Tb npoee,qeHa Ha OCHOBe 
,qaHHbiX 3KcnepHMeHTa (f exp ), pac4eTa no ¢opMyJJe /2.2/ (f) H no t!Jop
Myne /2.4/ (f*) 1113 pa6oTbll 12/ I eM. Ta6nMt.~Y/. AnR nocne,qHero 3neKT-

fexp /MM f*/MM 

4,5_!_0,2 5,2.:'::_0,3 

4,5_!_0,2 5,5_!_0,3 

4,5_!_0,2 4,4_!_0,3 

po,qa HOC, nocKomKy ¢ (0) f, ¢ 0 , 

Ta6nH~a HanpR>KeHH6CTb nonR E 2 f, 0. Be
nH4HHa E 2 Ol\eHHBaeTcR a npe,q-

f/MM 

0,0 

0,2 

0,4 

nono>KeHHH nHHeHHOrO J.13MeHeHHR 
OT cp (0) ,qo ¢ 0 Ha paCCTOfiHHVI Z, 

paBHOM pa,qVIyCy OTBepCTHR ro 
B 3TOM 3neKTpo,qe, 4TO npHBOAVIT 
K ysenH4eHHIO a6COJliOTHOrO 3Ha-
4eHVIR $OKYCHOrO paCCTOTIHHR no-
cne,qHe.:i nVIH3bl. 3Ta KOppeKl\Hfl 
noxoma Ha MeTo,q,npe,qnomeHHbl~ 

B pa6oTe /13/. 
TaKVIM o6pa3oM, a nnocKOCTM 1

Kam,qo~ nHH3bl HacTynaeT cKa4Koo6-
pasHoe M3MeHeHHe yrna HaKnOHa TpaeKTOpHI-1 6e3 H3MeHeHVIR pa,qHyCa 

~8=- .L, 
f* 

/2.5/ 

r,qe r - pa,qHyC TpaeKTOPHVI 4aCTML\bl B ,qaHHOH nnOCKOCTVI. itlcnonb3YR 
ypaaHeHVIR /2.1/ noo4epe,qHo ,qnR Kam,qoro Me>K3neKTpo,qHoro npoMe>KyT
Ka, C y4eTOM /2.5/ npM nepexo,qe OT OAHOH Me>K3neKTpO,qHOH o6naCTH 
K ,qpyro~, Mony4aeM pa,qHyC f VI HaKnOH TpaeKTOPHVI 8g, RBnHIOil\HeCR 
CyMMOH onnf4eCKHX 3<l>¢eKTOB (LENS) 1-1 3<l><l>eKTOB npOCTpaHCTBeHHOro 
sapR,qa (SCH), T. e. , Har'ipHMep: 

8g = 8LENS + (;)SCH ' 
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---···------------------- --~r 

IPIPJOPT 

(),45 

0,40 

, 9 rod PHC. 5. MHHHMaJlbHbiH yroJI pacXOAHMOCTH 
Ml~ 

ny<IKa !:!_MIN H OIITHMaJlbHbiH OTHOCHTeJib-

HbiH II epa eaHc (P./P0 ) 0 p T HOC a IPYHKQHH 

U030 IIOJIO:>KeHHH C TapTOBOH TO'lKH Z O = f (0). 

-~~ o,02
5 

Tp~x:me~Tpo~Ha.n: HOC ~ nap:MeTpaMu:. 

O.JS> --------- S- 0,4, Zt- 0,76 CM, z 2 -0,165 CM, 

! ,qo2o t 1== O, 15 eM; t 2= t 3 = 0,18 eM; r 1 = 
L....... ~ i = 0, 3 eM; r 2 = r 3 = 0, 21 eM; Ti = 

1
·
0 1.5 2

·
0 log/~) = 6 :;,B· v = 21 05 KB' v = 

---\to • ext • ' dec 
= -1 ,OS KB; UErt=20 KB; N = 10. 

KaK yKa3~eanocb a19/ H/lO~y4eT 3~~eKTOB TepMH4ecKoro pa36po
ca CKOpOCTeH CBOAHTCR K pac4eTy 8TH B HHTepecy~~eH Hac T04Ke 

e· r 'l' TH"' -L (--e )liz r ¢ , /2.6/ 

rAe r 8 - H T6 - COOTBeTCTBeHHO paAHYC 3MHTTepa H TeMnepaTypa HO
HOB B ero nnOCKOCTH, B~pameHHaR B eAHHH4aX 3KBHBaneHTHOrO noTeH-
4Hana, a r H ¢ - paAHYC ny4Ka H noTeH4Han a HHTepecy~~eH Hac 
T04Ke. 

CyMMapH~H. yron pacxoAHMOCTI1 ny4Ka 8=8suM''TorAa 6yAeT 

2 2 Vz e = 8 suM = (es + 8TH). /2.7/ 

B Ka4eCTBe Ha4allbH~x AaHH~x 6epyTcR 3Ha4eHHR paA11yca 3MHTTepa 
r 1 /pHc. 1/ 11 Ha4allbHoro yrna HaKnoHa, onpeAeneHHoro AllR r=r 1 • 

3ToT yron AllR ny4Ka Kpyrnoro ce4eHI1R onpeAeneH ~opMynoH 191 

p p 
e 1 = o,625S < -- - 1) l 1- o.195 (-n- -1)1 

Po ~o 
/2.8/ 

npHMe4aTellbHOH 4epTOH ypaBHeHHH /2.1/ RBJlReTCR TO, 4TO, 6naroAa
pR nepeMeHHOH AllHHe wara annpoKCHMa4HH ~zi , pe3yllbTaT pac4eTa 
AOCTaT04HO T04eH y>Ke npH MallOM KOJlH4eCTBe waroe N = 2-4, AllR 
COOTHOWeHHR KOHe4HOrO H Ha4allbHOrO noTeH4HaJlOB G /pHC. 2/ ,BnJlOTb 
AD G- 250, 4TO eecbMa cy~ecTBeHHO npH pac4eTe o6nacTH B~TRrHea
HHR ny4Ka /pac4eT OT T04KH, COBnaAa~~eH C nJlOCKOCTb~ 3MHTTepa, 
Tpe6yeT G ~ oo/. A~ npoeepKH 38BHCHMOCTH pe3yJlbTaTa pac4eTa OT 
e~6opa Ha4allbHOH T04KH z0 6bln npoeeAeH pac•~eT senH4HHbl yr na , 
paCXOAHMOCTH ny4K8 H BenH4HHbl OnTHM81lbHOrO /COOTBeTCTBY~~ero 
MHHHM8JlbHOMY yrny paCXOAHMOCTH/ nepeeaHca B npoMe>KyTKe nna3MeH
HbiH 3MHTTep- BbiTRrHea~~HH 311eKTPOA IABYX3neKTPOAHaR HOC/. Pe
aynbTaT /pHc.5/ noKaableaeT, 4TO, Ha4HHaR c G- 12, onpeAenReMble 
Be11H4HH~ npaKTH4eCKH He3aBHCHMbl OT G, T.e. Bb16op Ha4aJ1bHOH T04-
KH i

8 
Koppet<TeH, ecm-1 z0 ~ o:1sL /pHc.2/. Pac4eT 6bin np'oeeAeH 

cN=lO. 
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3. B03MO.JKHOCTH METOAA 

nonb3YRCb Ha6opOM $OpMyJl /2.1/-/2.8/, MO>KHO paCC4HTaTb 110HHO
OnTH4eCKHe XapaKTepHCTHKH ny4Ka /T.e. paAHYC r H yron .pacXOAH
MOCTH 8 ny4Ka/, 38BHCR~He OT reoMeTpH4eCKHX XapaKTepH
CTHK HOC, oT np~nomeHHbiX noTeH411anoe, OT eenH4HHW 11 nnoTHOCTH 
TOKa ny4Ka, a TaKme OT napaMeTpOB n11a3Mbl HCT04HHKa. 

/ 

Ha OCHOBaHHH 3THX BenH4HH MO>KHO HaHTH OnTHMaJlbHbiH nepeeaHC 
ny4Ka POPT OnTHMaJlbHY~ nJlOTHOCTb TOKa 3MHTTepa j, COOTBeTCTBy~
~He MHHHM81lbHOH yrnoBOH paCXOAHMOCTH 8MIN' Mo>KHO TaK>Ke onpeAe
JlHTb AHanaaoH AOnyCTHMbiX H3MeHeHHH nepseaHca ny4Ka ~P, BHYT~H 

KOTOporo yroll paCXOAHMOCTH ny4Ka He npeBOCXOAHT 3aAaHHOH BenH-
4HHbl w .Be11H4HHa ~p npOnOP4HOHanbHa H3MeHeHHRM nllOTHOCTH nna3-
M~ 3MHTTepa ~n /Bb13BaHHbiM, HanpHMep, HeOAHOPOAHOCTb~ nna3M~ 

!zT'2A J· 'A c;;:;L· 
-'{2 

I·(fj mA 

1.of ~100 

1-
I 

I 
I 

I O,Sf I \ I Ho 
I 

I 
I 

I 

I 
I 

nsf I \ I i60 I 
I 

I 
I 

I 
I 

I 

0.4 f I . ..: i 40 

0,2 ~ -~ ' j 20 

0 10 20 30 

PHe. 7. 0THOCHTeJibHbie HSMeHeHHH 

nepBeaHCa ~P./POPTHJIH IIJIOTHOeTH 

nJia3Mbi 3MHTTepa ~n/n, o6ecne<IH

BaJOIIUie IIY'!OK yrJIOBOH paeXOAH

MOC TbiO 8 < W • 0, 05 paA B lPYHK~HH 

r AJIJI 'leTbJpeX3JieKTPOAHOH HOC. 
IIapaMeTpbi: S = 0,4; F = I ,92; 
U EN = 60 KB; t 1 • t 2 • · t 3 = t 4 = 
= 0,34.z 1;z 3.0,43.z 1 ;r 1--r 2 = 
=r3 = r 4 aa1 ; T1= 2 :;,B; Vdec = 
= -5 KB. . 

PHe. 6. 0IITHMaJlbHbiH TOK I li OII

THMaJibHa.n: IIJIOTHOeTb TOKa 3MHT

Tepa j ABYX3JieKTPOAHOH HOC B 

lPYHKQHH HanpH:>KeHHH BbiTHrHBaHH.A: 

UEN.v;xt. IIapaMeTpbi: s. 0,4; 
t 1 =t 2 = 0,34.z1 ; r 1 =r 2:a 1

; 

Ti= 2 :;,B. 
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MnH nna3MBHH~MH KOne6aHHHMM/. nocKOnbKY pac4eT BegeTCH B napaK
CHanbHOM npH6nM>KeHHH', 3$$eKTbl a6eppa~HH He Y4HTbtBaiOTCH. B CBH3VI 
C 3JHM, HeCMOTpH Ha cy~eCTBYIO~YIO 803MOlKHOCTb npoaegeHVIH pac4eTa, 
M~ OTKa3anVICb OT O~eHOK 3MVITTaHCa VI HpKOCTH ny4Ka. 

HeKOTOporo KOMMBHTapHH Tpe6yeT onpegeneHVIB OnTVIManbHWX BenH-
4MH nnOTHOCTH TOKa 3MHTTepa VI onTMManbHOrO TOKa ny4Ka. EcTecT
BBHHO, 4TO, HanpMMep, gnH gayx3neKTpogHo~ HOC /cogepma~e~ TOnb
KO nnaaMeHHW~ M B~THrMBaiO~M~ 3neKTPOA~, PVIC.1/ MaKCHManbHO~ 
nnOTHOCTM TOKa 3MVITTepa MOlKHO goCTMrHyTb npH TOfl~HHB nna3MBHHO
ro 3neKTpoga t 

1 
... 0 H BbiTHrMsaiO~eM npoMemyTKe z 1 ... o. Yt~eHbweHVIe t 1 

B03MO>KHO B onpeAeneHHbiX TBXHVI'leCKM o6ycnoaneHHbiX rpaHM~aX /Me
xaHH4BCKaR npo4HOCTb, TennonpoaogHOCTb VI T.A./. YMeHbWeHHe z 1 

csnaaHo c HanpnmeHVIeM npo6on npoMe>K~TKa. EcnM npVIHRTb, cornac
Ho114!4TO HanpR>KBHMe npo6oR Unp~a-z~ ,To gnn paaHwx aenH4MH 
TOfl~MHbl nnaaMeHHOrO 3flBKTpoga t 1 Mbl nony4VIM B <j>yHK~HH BbiTHrM
aaiO~ero HanpH>KBHHH Vext'"' U EN MaKCVIMaJlbHO gonyCTHMbiB nnoTHOCTb 
VI aenH4MHY TOKa, o6ecne4HBaiO~MB nony4BHMe ny4Ka C MHHMMaJlbHO~ 
yrnoao~ pacxogMMOCTbiO /pHc.6/. TaKoro THna pac4eT MomeT 6wTb 
npoaegeH B paMKaX MOABflVI gnH pa3J1V14Hb1X KOH$Hrypa~Hi1 3neKTPOAOB 
VI 3aKOHOB, onpegenHIO~MX CBH3b HanpRlKBHVIH np060H C AI1HHO~ npoMe-

>KyTKa BWTRrHBaHMH. 
KaK npMMBP onpegeneHVIR gonyCTVIMO~ aenM4MHW HBOAHOPOAHOCTM 

3MMTTepa ~n/n, o6ecne4MBaiO~ei1 M3MeHeHMB yrna paCXOAMMOCTM (} 
MBHbWe w, Ha pMc.7 noKaaaH peaynbTaT pac4eTa gnH 4eTwpexaneKTpog
HO~ HOC /pMc.l/. Ha6niOgaeMan a 3KcnepMMBHTe M a HaWHX pac4eTax 
aCMMMeTpHfl (~Pe /= ~pr ) B aaBMCMMOCTI--1 (} "'f(P) B paHHMX aapMaHTaX 
nHHBi1HO~ OnTM4BCKO~ MOABilM/S-S/ He HaXOAMna 06bHCHBHMH. 

4. CPABHEHHE C 3KCnEPHMEHTOM 
~ PE3YnbTATAM~ PAC4ETOB no APYf~M MOAEn~M 

Pac4eT aenM4MHW yrnoaoi1 pacxogMMOCTVI ny4Ka a <l>YHK~HM nepaeaH
ca gnn n106o~ ~OC npMBOAMT K nony4eHVIIO xapaKTepHoA V-o6paaHoi1 
aaaMCMMOCTH. Ha pMc.8 npegcraaneHa 3Ta aaBVICMMOCTb gnH gayxKac
KagHoi1 ~OC. 0Ha pacc4MTaHa no nocnegHBMY aapMaHTY nMHB~HO~ onrM-
4ecKoA MOABilM /pMc.8aJ/61,no peaynbTaTy HenMHeHHOH onTM4BCKOH 
yeopMM/6/ /pMc.86/ M no MeTOAY aeTOpOB /pMc.8a/. 3aBMCMMOCTb ae

flH4VIHW onTMManbHOrO nepaeaHCa OT OTHOWBHHfl r =Vacc/Vext, nony-
4BHHaR npM nOMO~VI 3THX MBTOAOB, noKa3aHa Ha pMC.9. ~3 cpaBHeHMR 
pMCYHKOB BMAHO, 4TO npegnaraeMaR MOgenb aaHMMaeT npoMe>KyT04HOe 
MeCTO Me>KAY flMHBAHOH/6/ M HenVIHBHHOH MOgenHMM. Ha pMC. 10-12 npeg
CTaBneHO cpaBHBHMB 3KCnepMMBHTaflbHWX gaHHWX, peayilbTaTOB HaWVIX 
paC4BTOB M /TaM, rge 3TO 6wno B03MO>KHO/ paC4BTOB no HenMHBHHO~ 
TeopMM 16 ~ BecbMa npMMe4aTei1bHO, 4TO npegcTaaneHHwe HaMM peaynb
TaTbl no KpaAHeA Mepe He xyme H~IlMHBHHOH TeOpMM VI cornacyiOTCH 

C 3KCnepMMBHTaJ1bHWMM gaHHWMM/
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PHe.IO. 3aBHeHMOeTb MHHHMaJibHOrO 

yrJia paeXO,Il,HMOeTH ny'!Ka OMIN OT. 
OTHOIIIeHIU! HanpHJKeHHH r npH tiJHK

eHpOBaHHOM 3Ha<ieHHH vext = I 0 K3B 
B '!eTblpeX3JieKTpO,Il,HOH HOC. napa
MeTpw: S = 0,4; z 1 = 0,47 eM; 
z 3 = 0, 20 e~ot; t 1 = t 2 = t 3 = t 4 = 

= 0,16 e~ot; r 1 = r2 = r 3 = r 4 ;sa1 ; 

Ti = 2 3B; Vdec = -5 KB. 
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paMeTpbi: S = 0,4; F = I, 92; z1 = 
= 0,47 eM; z 3 = 0,2 eM; t 1 = 
= t 2 , = t 3 = t 4 = 0, I 6 eM; r 1 
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PacYeTbl, npoeeAeHHbiC AJlfl ogHoKacKaAHOI':i 110C, TaK me KaK 11 AJIR 
ABYXKaCKaAHO~, 8KJ1~4a~~eH 8 ce6R 3aMeAJ1R~~y~ ceK4~~. npegcTa8-

neHbl Ha p1.1c. 1 3. 
3Kcnepl-1MeHTanbHble ·AaHHwe sa~MCT808aHbl M3 pa6oTb1 18 ~ AriA cpa8-

pesynbTaT oac4~Ta no J11.1HeHHOH Teop~l-1/8/, HCH~R np1-18CAeH TaK>KC , • 
OcHOBHOH np~41-1HOH B03Hl-1Ka~l~l-1X 8 HaWI-1X pesynbTaTax HeT04HOCTeH 

RBJlRCTCR np~6J1J.1>KCHHaR 04eHKa CBOHCTB nnasMeHHOrO 3M~TTepa. no-
J10>KeHJ.1e 1-1 ¢opMa 3Ml-1TTI-1PY~~eH nosepXHOCTH onpeACJlR~TCR napaMeTpa
M~ nnasMbl, eenl-14HHOR np~MeHReMwx noTeH41-1anos 1-1 reoMeTp1.1eR sneKT
POAOB, ¢opM~py~~l-1X nyLJOK. Bo3Hl-1Ka~~a.R e pesynbTaTe np~6n~meHHOR 
04eHKH C80HCTB 3MHTTepa HeKOTOpa.R HCOnpeAeJleHHOCTb Ha4aJ1bHbiX 
AaHHblX, npOHJ.1KHOBCHI-1C Bb1Tflrl-1Ba~~ero non.R srny6b nna3Mbl H, B cny-
4ae 4~Jl~HAPI-14eCKI-1X ny4KOB, TPYAHOCTI-1 yLJeTa 3¢¢eKTOB npocTpaHcT
seHHaro 3apRAa np~· nOAXOAe K T04Ke CTapTa 4aCTI-14bl - OAHa H3 npl-1-
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0 ' !+ ; F = I ' 7 ; z 1 = 0 ' ll 7 eM ; z 3 = 0 ' 2 eH; t 1 = t 2 = t 3 
t 4 = 0, 2 eM; r 1 = r 2 = r 3 = r 4 = 0, I 9 eM; V dec = 
-5 KB; T 1 = 2 3B; U EN= 100 I<B. 
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Tpex3JieKTpo,n;HoH HOC. IlapaHeTpbi 
3KerrepHMeHTOB: o - S = 0, 38; F = 

0,29; z 1 = 0,53 er-~; z 2 = 
0,152 e~ot; t 1 = 0,1 eM; t 2 
t 3 = 0, 12 eM; f l = 0, 2 eM; 

r 2 = r 3 = 0, 14 eH; T1 = 6 3B; 

UE!f"20 KB; vext= 21,05 KB; 
vdec == -1,05 KB; • - s = 0,4; 
F = 0,22; z 1 = 0,76 eM; z 2 = 

= 0,165 cr-~; t 1 = 0,15 e~ot; t 2 
= t 3 = 0 , I 8 eM; r 1 = 0 , 3 eH; 
r 2 = r 3 = 0,21 eM; T1 = 6 3B; 

UEN = 20 I<B; Vdoc = -1,05 KB. 

9deg 
LINEAR OPTICS !PRESENT WORK! 

"-/. 
i 
i 

I 
i 
I 

i 

i 
i 
; 

! 

oiVextlconsUllvoried }~x PE~I~1ENTAL} COUF\.ANJ 
•lllcons1 .• 1Yext.lvoried / et ol. 11973) 
_ THEORETICAL 

0.2 0,6 0,6 P/P0 

4MH B03Hl-1KHODOH~n ow1.16oK. ApyroA .RDnneTcn caMo napaKel-1anbHoe 
npl-16J1M>KeH~e, T,O, OTKD3 OT y4eTa a6eppa41-1~ 1-1 AOnanHHTenbHO -
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5. BbiBOAbl 

CpaaHeHHe nony4eHHWX HaMH pe3ynbTaToa c 3KcnepHMeHTanbHWMH 
AaHHWMH H pe3ynbTaTaMH pac4eTOB no APYrHM MeTOAaM no3BOnReT 3a
Kn04HTb, 4To npeAflO*eHHaR aaTopaMH MOAenb AaeT xopowee KonH4ecT
aeHHoe H Ka4ecTBeHHoe cornacHe c Ha6noAaeMWMH $aKTaMH. 0Ha oxaa
TwaaeT wHpOKHH AHana30H H3MeHeHHR napaMeTpoa HOC H npaaHnbHO 
npeACKa3WBaeT XOA $yHK~HOHanbHWX 3aBHCHMOCTeH. no MHeHHO aBTO
pOB, 3TO coanaAeHHe nony4eHo 6naroAaPR YAa4HOMy aw6opy npH6nH
*eHHoro MeTOAa peweHHR napaKCHanbHOro ypaBHeHHR, y4eTy 3$$eKTOB 
npocTpaHCTBeHHoro 3apRAa H TepMH4ecKoro pa36poca cKopocTeH. He 
MeHee Ba*HWMH OKa3anHCb BBeAeHHWe HaMH YT04HeHHR B pac4eTe 
HOHHO-onTH4eCKHX CBOHCTB TOHKHX nHH3, o6pa30BaHHWX 3neKTPOAaMH 
HOC, y4HTwaao~He anHRHHe reoMeTpHH 3neKTPOAOB Ha pacnpeAeneHHe 
noneH no OCH CHCTeMW H paC4eT $0KYCHWX paCCTORHHH 3THX nHH3 no 
yT04HeHHOMY MeTOAY· 

JlHTEPATYPA 

1. Chavet I. Proc.lnt.Conf. Electromagn.lsotope Separators. 
Marburg, BMBW-FBK 70-28, 1970, p.)03. 

2. Harrison E. R. J.Appl.Phys., 1958, 29, p.209. 
3. Ralko V.I. Kernenergie, 1967, 10(3), p.85. 
4 .• He3nHH M.B. liT$, 1960, 30, c.168. 
5. PaHKO B.H. IT$, 1963, 33, c.244. 
6 . Kim J . et al . J .Appl . Phys . , 1978, 49( 2), p1517 ; Kim J . 

et al. Rev.Sci .lnstr., 1979, 50(2), p.201; Wheal ton J.H., 
Whitson J.C. Part .Accel., 1980, 10, p.235; Whealton J.H. 
Nucl.lnstr. and Meth., 1981, 189, p.55. 

7. Green T.S. IEEE Trans. on Nucl.Sci., 1976, vol.NS-23, No.3, 
p.918; Green T.S. J.Phys.O: Appl.Phys., 1976, 9(7), p.1165. 

8. Coupland J.R. et al. Rev.Sci.lnstr., 1973, 44(9), p.1258. 
9. Ko3noacKH 3.A., AHTpHx ~. OH~H, 9-81-208, Ay6Ha, 1981; 

AHTPHX ~., Ko3nOBCKH 3.A. OH11H , 9-81-209, AY6Ha, 1981; 
AHTPHX ~ •• Ko3nOBCKH 3.A. OH11H, 9-81-464, Ay6Ha, 1981. 

10. AHTPHX ~ •• Ko3noacKH 3.A. OH11H, 9-82-283, Ay6Ha, 1982; 
AHTpHx ~ .• Ko3noacKH 3.A. OH11H, 9-82-284, Ay6Ha, 19&2. 

11. CTpawKeBH4 A.M. $H3MaTrH3, M., 1959. 
12. Hoeft J. Z.f.angew Physik, 1959, XI (10), p.380. 
13. Elkind M.M. Rev.Sci.lnstr., 1953, 24, p.129. 
14. Cranberg L. J.Appl.Phys., 1952, 23, p.518. 

11,1 

PyKonHcb nocTynHna a HSAaTenbCKHH OTAen 
16 aarycTa 1982 roAa. 

' 
IQ 

AHTPMX ~ •• KoanoacKM 3.A. 9-82-608 
nMHeAHa~ OnTM~ecKaA MOAenb ~pMMpoBaHMA ny~KOB aapA*eHHWX ~aCTM~ 

DnMcaHa ~MHeHHaA onTM~ecKaA MOAenb ~pMMpoaaHMA ny~Koa aapA*eHHwx 4ac
TM~ B MHOr03~KTpoAHWX CMCTeMaX C n~a3MeHHWM 3MMTTepoM Ha OCHOBe napaKCManb 
HOro YPIBHeHMA. 8 MOAenM y~MTwaaoTcA 3~KTW npocTpaHcTBeHHoro aapAAa, Tep
MM~ecKoro paa6poca CKOpOCTeH M B~MAHMe reoMeTPMM 3~eKTPOAOB Ha pacnpeAene
HMe noTeH~Manoa, PeaynbTaTW pac~eTOB Ka~eCTBeHHO M KO~M~eCTBeHHO cor~acy
OTCA C peay~bTaTaMM 3KCnePMMeHTanbHWX M TeopeTM~eCKMX pa6oT, npOBeAeHHWX 
APYrMMM aBTOpaMM. 

Pa6oTa awnonHeHa a na6opaTopMM AAepHwx peaK~MH OH~H. 

C~eHMe ~AMHeHHOrO MHCTMTyTa AAePHWX MCCneAOBaHMH, ~Ha 1982 
Dietrich J., Kozlowski Z.A. 9-82-608 
Linear Optics Model of Charged Particles Beam Formation 

A I inear optics model of charged particles beam formation in multi
stage electrostatic accelerators including plasma emitter, based on the 
paraxial equation, is described. Tt.e theoretical model include space charge, 
thermal velocity effects and the influence of geometry of the electrodes 
for the potential distribution. The results of computation are in good agree 
ment with other experimental and theoretical works. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 

Communication of · the Joint Institute for Nuclear Research. Dubna 1982 

nepeBOA 0. C. BMHOrpiiAOBOH. 


