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KnaAHIIUKHti B.C. P9 - 9257 

C11creMbi 113 OAIIHBKOBbiX KBaapy nonhHbiX niiH3 c paBHhiMII 

B036yJKAeHHl!MII 

PaccMorpeHbi ay6ner 11 rp11nner, c ocraaneHHhie 113 OAIIHBKOBbiX KBaA

pynollbHbiX niiH3 C paBHbiMH B036yJKAeHIIl!MII. noK838H0 1 "'TO np11 onpeaeneH

Hbl X orpaHII"!eHHliX, HanaraeMbiX Ha aenH"!IIHy paccrol!HHll P ao npea-

Mera II B036yJKtleHIIe (}, TBKI!e CI!CTeMbl C06.1!p8!0T ny"'OK no BCeM 

H8npaBneHI!liM. np11 p > 0 TpllnneT He MOJKeT C03l18Tb AeliCTBHTenbHOe 

CTI!rMBTI!"!ecKoe 1!3o6paJKeHI!e. B npeaenax aonycri!MbiX 3Ha"'eHI!ll p 11 (J 

YllOBneTBOpl!lOTCl! MHOI"'He np8KTI!"'eCKI!e rpe60B8HI!l! 1 npeA'bl!Bnl!eMble 

K nonoJKeHI!IO 11 pa3MepaM 1!306paJK eHHll. 

P a 6ora BbmonHeHa B na6oparop1!1! HeiirpoHHOH cPII31!KII OH.HH. 

llpenpKHT 06be~KHeHHOrO KHCTKTyTa H~epHblX KCCJie~OBaHK" 

~y6aa 1975 

Kladnitsky V.S. P9 - 9257 

An Identical Quadrupole Lens Systems 

Equigradient quadrupole doublet with identical ele
ments and equigradient triplet are considered. These 
systems yield real images in both planes simultaneously 
under certain restrictions over object position p and mag
netic gradientG . One is not able to find any triplet 
parameters to achieve stigmatism if p> O.Many requirements 
to the image position and magnification can be satisfied 
within available p and G values. 

The investigation has been performed at the Laborato
ry of Neutron Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research 

Dubna 1975 
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)J,JUI cl>oKyCHpOBl<H fiY'-11<08 3apJDKeHHbiX 1.faCTJfU npHMe
HHJOTCH cucTeMbl H3 ,nayx, Tpex HJIH 1.feTbipex nocne,noaa
TenLHO pacnono:>KeHHbiX Kaa,npynonLHbiX nHH3. KaK npaauno, 
Ka:>K_nag H3 HHX llHTaeTCH OT OT,nenbHOrO HCTO'IHHJ<a TOJ<a, 
'ITO no3aonxeT perynupoaaTb rpa,nueHTbi noneii a nuu3ax 
He3aBHCHMbiM o6pa30M. O,nuaJ<o MHorue npo6neMbl cl>oJ<y
cupoBKH MO:>KHO peiiiHTb C llOMO~biO nHH3, HMeiO~HX o,nuua
l<OBbie rpa,nHeHTbl. IlpH 3TOM BCH CHCTeMa MO:>KeT llHTaTbCH 
OT o6~ero, AOCTaTO'IHO MO~HOrO HCTO'IHHJ<a TOJ<a. 

§1. AHmUCUMMempU'IHbiU oy6Aem 

PaccMOTPHM auTHCHMMeTpH'IHbiH ,ny6neT, cocTaaneu
HbiH H3 ,nayx J<Ba,npynonbHbiX nHH3 o,nHHal<OBOH ,nnHHbl, l<OTO
pbie HMeJOT paBHble rpa,nueHTbi MarHHTHoro nonx / 1 1. Be
nH'IHHY 

G l / 2 
El = L ( -), 

BR 
/1/ 

r ,ne L - 3cl>cl>eKTHBHax ,nnuua nHH3bi, G - rpa,nueHT MarHHT
uoro nonx, BR - MarHHTHax :>KeCTKOCTb cl>oKycupyeMblx 
qacTHU, ua3oaeM ao36y:>K,neuueM nHH3bi. B aHTHCHMMeTpuq
HOM ,ny6neTe B036y:>K,neuux nHH3 coana,naJOT. 

MaTpuua npeo6pa3oaauux TaKoro ,ny6neTa B nnocJ<oCTH 
cd, r.ne nepaax nuu3a co6upaeT, a BTopax pacceuaaeT 
3apx:>KeHHLie qacTHUbi, 

A = 
cd [:·· :·2]· 

21 22 
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MaTpH:u;a ,D,y6neTa B nnocKOCTH de OTnH'IaeTCH OT Acd TonLKO 
nepecTaHOBKOH 3neMeHTOB rnaBHOH ,II,Har~manH all H a 22 . 
PaJnmKHB ll(} CTeneHHM El CHHYCLI H KOCHHYCLI B MaTpH'IHLIX 

3neMeHTax /I/, MLI nony'IHM cne.D.yroiiJ;He npH6niDKeHHLie 
BLipa)l(eHHH: 

a
11 

= 1-(1+d)e
2 _ b2d r,;.

4 1+3d 0 6 1 +4d 8 ru +--~ - --El 90 2520 , 

a
12

= 2 +d _ 2 +5d El4 
30 , 

a =- 2+3d 8 4 2+7d 8 s 
21 3 + 630 , 

a
22

=1+ (1+d)e2 _ _1+2d 8 4 
6 

1 +3d 

90 
El6 + 1 + 4d El8 . 

2520 

/2/ 

/3/ 

/4/ 

/5/ 

3,D,eCL d - ,II,nHHa CB060,II,HOrO OT llOnH llpOMC)I(YTKa Me)I(,II,y 

nHHJaMH. Bee paccTOHHHH 6y.D.eM BLipa)l(aTL a e.D.HHH:u;ax L. 
B o6nacTH aoJ6y)I(.IJ.eHHH O<El<rr/2, npe.IJ.CTaBnHroiiJ;eii npaK

TH'IeCKHH HHTepec ,II,nH ciJoKyCHpOBKH llY'IKOB yCKOpeHHLIX 

qacTHU, a1i>0 ,a2.,2 >0 ,a 21<0, a 3HaK all JaBHCHT OT BenH'IHHLI 
B036y)I(,II,eHHH. ,J.J,nH ManLIX B036y)I(,II,eHHH 3TOT MaTpH'IHLIH 

3neMeHT llOnO)I(HTeneH, C pOCTOM El OH llpH HeKOTOpOM ®0 
npOXO,II,HT qepe3 HynL H CTaHOBHTCH OTpHIJ;aTenLHLIM. Be

nH'IHHa El 0 JaBHCHT OT paCCTOHHHH Me)I(,II,y nHH3aMH H ,II,nH 

d=0; 1 H 2 paBHJieTCH COOTBeTCTBeHHO 0,9369; 0,6715 

H 0,5547. 
0603Ha'IHM qepe3 p paCCTOJIHHe OT BXO,II,a CHCTeMLI 

nHH3 ,II,O npe,II,MeTa, a qepe3 q - paCCTOHHHe OT ee BLIXO,D,a 

,II,O H306pa)l(eHHH. llpH Ja,D,aHHOM p BenH'IHHLI q ,D,nH nno

CKOCTeH ed H de HaB,D,eM H3 COOTHOWeHHH 

4 

p-C cd 

qed= Fed p-F~d /6/ 

p-Cdc 
q - F F' de- de p- de /7/ 

3.IJ.eCL F~d =-a22/a 21 - paccTOJIHHe oT axo,D,a ,D,y6neTa .IJ.O cllo

Kyca npe,D,MeTHoro npocTpaHCTBa B nnocKOCTH ed , FeJ"-a1/ a 21-
paccTOHHHe OTero BLIXO,II,a ,II,O ciJoKyCa npOCTpaHCTBaHJO· 

6pa)l(eHHH. llOJIO)I(eHHe COOTBeTCTBYJOIUHX ciJoKanLHbiX TO'IeK 

a nnocKOCTH d c onpe,D,enHeTCH ciJopMynaMH F de = F cd H 

Fdc=f~~l;. llapaMeTpLICcd=-'i2/a11 H Cdc =-a12 /a 22 HMeiOT 

cne,D,yiOIIJ;HH CMLICn. EcnH p=Ccd , TO B llJIOCKOCTH ed nono
)l(eHHe H306pa)l(eHHH COBlla,D,aeT C BLIXO,II,HOH rpaHHIJ;eH ,D,y6-

neTa. CoaepweHHO aHanorH'IHO ,D,nH p=Cdc HJo6pa)l(eHHe a 

nnOCKOCTH de OKa3LIBaeTCH pacnono)l(eHHLIM Ha BLIXO,II,e 

,D,y6neTa. 
0TMeTHM, 'ITO p·> 0 COOTBeTCTByeT peanbHOMY npe,II,

MeTy, HaXO,II,HIIJ;eMyCH B npe,D,MeTHOM npOCTpaHCTBC, a q>0 -

,II,CHCTBHTenLHOMY H306pa)l(eHHIO B npOCTpaHCTBC H306pa

)I(CHHH. 
CHCTCMY nHH3, KOTOpaH O,II,HOBpCMCHHO C03,II,aCT. ,II,CB

CTBHTCnLHLIC H306pa)I(CHHH B 06CHX nnoCKOCTHX, Ha30BCM 

co6HparoiiJ;eii. AHanHJ ciJopMyn /6/ H /7/ noKaJLIBaeT, 'ITO 
npH Ja,II,aHHOM B036y)I(,II,eHHH aHTHCHMMCTpH'IHbiH ,D,y6neT 

HBnJieTCH C06Hpa10IIJ;HM nHWL ,II,nH onpe,D,eneHHOH o6naCTH 

nonO)I(HTenLHLIX 3Ha'ICHHH p. qT06LI HaRTH rpaHH:u;LI 3TOH 

o6naCTH, paCCMOTpHM rpaciJHKH Ha puc. J, llOKa3LIBaJOIUHe 

JaBHCHMOCTH F , F' H C oT El . QqeaH.IJ.HO, 'ITO npe.IJ.MCT 

.IJ.OJI)I(CH 6LITL pacnono)l(eH ,D,anLwe OT co6HparoiiJ;ero ,D,y6ne

Ta, 'ICM HaH6onee y,D,aneHHLIH H3 ciJoKyCOB ero npe,II,MCTHOrO 

npocTpaHCTBa. Cne,D,oaaTenLHO, p>F ~d,nocKonLKY F ~d ·> F de. 
B cnyqae El<El 0 aenH'IHHa p He orpaHH'IeHa caepxy, TaK 

KaK H c cd H c de OTpH:u;aTenLHLI. O,D,HaKO ,D,nJI El>Elo BLI-
6paHHOC paccTOJIHHe .IJ.O npe.IJ.MeTa .IJ.OJI)I(HO Y.D.OBneTBOPHTL 

ycnoBHIO: F ~d < p< c ed . 
llo.IJ.CTaBHB a /6"/ H /7 I rpaHH'IHLie JHa'leHHH .IJ.nH P , 

HaH,II,eM npe,D,enLI, B KOTOpLIX MeHHIOTCJI paCCTOHHHH .II.O 

H306pa)I(CHHB, -

Fed <qed <oo' /8/ 

5 



30 

20 

_J -u 
.::2 tO 
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0 
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3 

-tO 
Bo 

0 o,s t,O 1,5 
8 

Puc. 1. 3aBUCUMOC111b napaMe111pOB oy6Ae111a F,F' u c 0111 

B036YJICOeHuJI: 1 - Fed (Fdc); 2 - F dc(F~d ); 3 - Cdc; 4-
ccd . PaCC1110JIHUe MeJICoy /IUH3QMU d/L = 1. 3aw111puxoeaHa 

o6/IUC111b oonyC111UMbiX 3HU'leHUU p . -

f 
F de < q de< F de + S 

npH B036y>K,IJ,eHHH 8<(3 O ,H 

0 < q cd< oo 

fF' 
F + de < q < F de 0 F' _ f de de 

de 

6 

191 

1101 

f 
+-

0 1111 

npH B036y>K,IJ,eHHH 8>80 • 3,IJ,eCb f =-1/a 21 " l}loKyCHOe pac

CTOJIHHe ,IJ,y6neTa. BenH'IHHa o =(F de -Fed)/ f=a 22a 11 xapaK

TepH3yeT aCTHrMaTH3M ,IJ,y6neTa. 0TMeTHM, 'ITO B HHTepe

cyro~eM HaC HHTepBane B036y>K,IJ,eHHH f H 0 nonO>KHTenhHbl. 

Kor,IJ,a B036y>K,IJ,eHHe npOXO,IJ,HT qepe3 3Ha'leHHe e 0 H 

npo,IJ,On>KaeT paCTH, o6naCTb ,!J,OITYCTHMhiX p, 3awTpHXOBaH· 

Ha.ll Ha puc. 1, O'leHb 6hiCTpO COKpa~aeTCJI. HHTepBan 803" 

MO>KHbiX 3Ha'leHHH qdc TaK>Ke CTaHOBHTCJI BeChMa Y3KHM. 

)l;e:iicTBHTenbHO, H3 pHCyHKa BH,!J,HO, 'ITO ,IJ,n.ll 9>8oFJc:Cdc, 
a c y'leTOM :noro o6cTO.IITenhCTBa l}lopMyna 17 I ,IJ,aeT q.r-::.Fdc· 
B peJynLTaTe ,IJ,y6neT cTaHOBHTC.Il MeHee rH6Koii l}loKycH

pyro~e:ii CHCTeMOH. 

llpH Ja,IJ,aHHOM B036Y>K.IJ.eHHH Bhlpa>KeHH.Il 161 H 17 I npe.IJ.

cTaBn.IIIOT co6o:ii ,IJ,po6Ho-nHHeiiHhle l}lyHKUHH OT P· Hx rpa

I}IHKH lpuc. 21 - paBHOCTOpOHHHe rHnep60nhl, aCHMITTOThl 

KOTOphlx napannenhHhi OC.IIM p H q. YpaBHeHH.Il acHMITTOT 

sot r I q\ooOO 
"jj \00 
CD \ 

20 

10 
~ 
t:T 

5 

2 

2 . 

B-

5 fO 20 so 
P/L 

Puc. 2. IloAoJICeHue u3o6paJICeHUJI e 3aeucuMOC111U 0111 noAo
JICeHUJI npeoMe111a 0/IJI oy6Ae111a c d/L =1. CnAOWHble KPUBble 
0111HOCJ1111CJI K nAOCKOC111U cd, Ul111pUXOBble - K nAOCKOC111U de. 
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nepsoi runep6oJibl: P= F ~_d_ u q =Fed , a ypasueuuJI acuMnToT 
BTopoi: p = F de H q= F de. Ilo3TOMY B cnyqae e< 8 0runep6oJibl 
ue nepeceKaroT ocei· KOOP.D.HHaT. Ecnu )Ke 8>8 0' TO nepsaJI 
runep6ona nepeceKaeTcJI c OCbiO p, a BTopaJI - c ocbiO q . 
Ha puc. 2 npuse,D,eHLI TaiOKe rpa!IIHKH ,D,nJI qde,min H qde,max' 
orpauuqusaro~ue o6nacTb sapua:u;uu qde B cnyqae co6upa10-
~ero ,D,y6neTa. 

ToqKe B3aHMHoro nepeceqeuuJI KPHBLIX q uq d co-ed e 
OTBeTCTByeT CTHrMaTnquoe H306paJKeHHe (q ed=q de =qo) · 
HanuweM ,D,nJI o6eux nnocKocTei anTHCHMMeTpuquoro .D.y6-
neTa BLipa>KeHHJI, auanoruquble !llopMyne HbiOToua ,D,JIJI 
CBeTOBOH OllTHKH: 

2 
(p-Fde)(qed -Fed )=f ' 

(p- F )( q - F ) = f 
2 

. 
ed de de 

BLiqHTaJI /13/ H3 /12/, uai,D,eM 
f2 

q -q =(F -F )[1- ]. 
ed de de ed (p-F )(p- F ) 

ed de 

/12/ 

/13/ 

/14/ 

IlocKonbKY Fd ~F dycnosue cosMe~euHJI nono>Kenui H3o6pa-
~ e e 

>KeHHH 

(p- Fed )(p- F de) =f 2. /15/ 

AuanH3 KBa,D,paTuoro ypasueuuJI /15/ noKa3LIBaeT, qTo ouo 
HMeeT TOnbKO O)l,HO llOJIO>KHTenbHOe peweuue 

1 2 2 l/2 
P= -I{Fd +F d )+[(Fd -F d) +4f ] I. 2 e e e e 

/16/ 

ECJIH B ypaBHeHHJI /12/ H /13/ llO,D,CTaBHTb qc.f~ H 
qde=q0 , TO OHH 6y,D,yT Y.D.OBJieTBOpJITbCJI O,D,HOBpeMeHHO 

JIHWb npH yCJIOBHH, qTO q 0=p. Il03TOMY !llopMyJia /16/ onpe
,D,eJIJieT TaiOKe u paccToJiuue q 0 .D.O cTnrMaTuquoro H3o6pa
>KeHHJI. Ha puc. 3 noKa3ana 3aBHCHMOCTb nono>KeHHJI cTur
MaTuquoro H306pa>KeHHJI OT fl. B HaH60Jiee HHTepeCHOH 
npaKTHqecKH 06JiaCTH (3 ~ 1 Mbl MO>KeM BOCllOJib30BaTbCJI 
!llopMyJIOH 

8 

' I 

r 

' 

q = 3+3[1+(l+d)284]l/2 
0 (2+ 3d)e4 

1+ 2d 
4 + 6d 

/17/ 

,D;nJI ysenuqeuui CTHrMaTuquoro ,D,y6neTa cnpase,D,nu
Bbl COOTHOWeHHJI 

MedM de= 1 /18/ 

IM ed 1- I M del =0. /19/ 

_J -c5' 

50 

20 

10 

5 

2 

i 
0,2 0,4 0,6 0,8 lO 1.2 1.4 

e 
Puc. 3. IloAoJICeHue uao6paJKeHuJI a cmuz;wamu<~HOM oy6Aeme 
KaK f/JyHKijUJI 6036yJICOeHUJI npu pa3HbJX d/L: 1 - d/L= 0 ; 
2 - d /L = 1 ; 3 - d/L =2 ; 4 - d/L = 3. 
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HcnonL3YJI BLipa>KeHHJI 121 u 151, JanumeM o B s~me 
o=2(1-td)82 . 0TCJOAa BHAHO, 'ITO C pOCTOM B036Y>KAeHHJI 
AY6neTa 6LicTpo pacTeT u pa3HOCTL ysenB'IeHHH B ABYX ero 
nnocKocTJIX I puc. 41. 

,AnJI MHOrHX npaKTH'IeCKHX npHMeHeHHH He06XOAftMO, 
'IT06LI BellH'IHHa H306pa>KeHHJI He npeBLilllana BenH'IHHLI 
npeAMeTa. Ecnu nono>Keuue npeAMeTa onpeAenJieTCJI pa
BeHCTBOM p =f '+f, TO pacCTOJIHHe AO H306pa>KeHHJI B AaHHOH 
nnocKOCTH q=F+f , H ysenuqeuue M=-1. B 3TOM MO>KHO y6e
AHTLCJI, DOACTaBHB yKaJauuoe 3Ha'leuue P B 161 unu B 17 I, 
a TaiOKe B tlJopMyny AnJI ysenu'leHHJI M=f/(F'-p). 

.g 
:L 

10 

I -
"CJ 

'i: 
I 

O,f 
a2 0.4 0,6 O,B f,O 

e 
1,2 1.4 

Puc. 4. YeeAU'IeHue C11JU2MU1/IU'IH020 oy6Ae11Ja 6 3U6UCUMOC11JU 
0111 _ eo36yJICOe~u.!l: 1 - M eli ; 2 - M de npu d/L"" 0 ; 
la Med , 2a Mde npu d/L =L 

10 

} 

llyCTL Ha AY6neT naAaeT CTHrMaTH'IHLIH ny'IOK 'laCTIIl~. 
B cnyqae P=F ~d +f ysenuqeuue Med =-1. PaccTOJIHHe AO H3o-
6pa>KeHHJI 

1+ a 
q = F +f=- --~1 1201 cd ed a

21 

nono>KHTenLHO TonLKo npu a II> -1. CneAOBaTenLHO, yc-
nosue "I=-1,KOTopoe MO>KHO JanucaTL B s~me 

(1+2d)e4 +60+d) e 2 -12=0, 1211 

onpeAenJieT BepxHJOIO rpauuu.y B036Y>KAeHHJI nHH3. B nnoc
KOCTH de AY6neT C03AaeT H306pa>KeHHe Ha paCCTOJIHHH 

f 
q =F + --

de de 1+ 0 1221 

3aMeTHM, 'ITO q <q <p H npOMe>KyTOK Me>KAY H306pa-
>KeHHJIMH cd de 

fo 
2 

q de -qed=~ 1231 

MOHOTOHHO yMeHLlllaeTCJI C poCTOM B036Y>KAeHHJI. Ysenu
'leHHe Mde=-1/(l+o) OTPHU.aTenLHO uno a6coniOTHoB: senu
'IHHe MeHLllle eAHHHIJ.LI. 

Ecnu >Ke nono>Keuue npeAMeTa JaAaHo cooTHOllleHH~M 
P=Fd'e +f, TO yBenuqeuue Mde= -1. PacCTOJIHHe .AO H3o6pa

>KeHHJI B nnOCKOCTH cd paBHO 

f -F +--, qed- ed 1-0 1241 

H, 'IT06LI 3TO H306pa>KeHHe 6LinO AeHCTBHTenLHLIM, AOn>K
HO BLIITOllH.IITLC.II YCllOBHe o < 1. CneAOBaTenLHO, COOTHO
llleHHe 0= 1, KOTOpoe MLI nepenHllleM B BHAe 

2(1+d)El 2 = 1, 1251 

JaAaeT BepXHIOIO rpaHHIJ.Y B036Y>KAeHH.II All.ll AaHHOro cny
'la.R. Ysenuqeuue Med = 1/(o-1) oTpuu.aTenLHO uno a6coniOTHoB: 
senH'IHHe 6onLme eAHHHIJ.LI. KpoMe Toro, npoMe>KyTOK Me>K
AY H3o6pa>KeHH.RMH 

II 



f8
2 

qcd-qdc=~ 1261 

BeCLMa aenHK. ll03TOMY C npaKTH'IeCKOH TO'IKH 3peHHJI 

npe,IJ.ITO'ITHTellbHO ITOMeCTHTb HCTO'IHHK 'laCTim; Ha paCCTOJI-

HHH p = f ~d + f OT ,IJ.y6neTa. 

fiyCTb Tenepb Tpe6yeTCJI C03,IJ.aTb ITy'IOK, KOTOpblH B 

O,IJ.HOH H3 nnOCKOCTeB ,IJ.y6neTa napanneneH OITTH'IeCKOH OCH, 

a B ,IJ.pyroi: cxo,IJ.HTCJI. Ecnu Bbl6paTL p=F~d'To o6a Tpe6oaa

HHJI Y.IJ.OBneTBOPJITCJI ,IJ.llJI mo6oro 3Ha'leHHJI e. llpH 3TOM 

qdc =Fdc +f/8 H M de =-1/B.YaenH'IeHHe Mdcno MO.IJ.YJDO MeHLWe 

e,IJ.HHHUbl, ecnH B036y>K,IJ.eHHe llHH3 npeBblWaeT rpaHH'IHOe 

3Ha'leHHe, onpe,IJ.enJieMoe l}lopMynoB: 1251. 

§2. CuMMempu'lHbiU 3Keuzpac)ueHIIIHblii mpunAem 

CHMMeTpH'IHblH 3KBHrpa,IJ.HeHTHblH TpHnneT, Y KOTOporo 

cpe,IJ.HJIJI llHH3a B,IJ.BOe ,IJ.llHHHee, 'leM Ka:>K,IJ.aJI H3 KpaBHHX, 

MO>KHO paCCMaTpHBaTb KaK CHCTeMy H3 'leTblpex O,!J.HHaKOBblX 

nHH3 c paBHLIMH B036Y>K.D.eHHJIMH. OHH cocTaBnJIIOT ,IJ.Ba 

aHTHCHMMeTpH'IHbiX ,IJ.y6neTa, pacnono>KeHHbiX BITllOTHyiO. 

fiopJI,IJ.OK qepe,IJ.OBaHHJI llHH3 BO BTOpOM ,IJ.y6neTe o6paTeH HX 

nopJI.D.KY B nepBOM. YMHO>KHB Acd Ha A de, Haii,IJ.eM MaTPHUY 

TpunneTa B nnocKoCTH cdc 

r2alla22-1 

l2a21 a II 

2 a12 a221 
2alla 221 

a B pe3ynLTaTe yMHO>KeHHJI A de Ha A cd 

puuy B nnocKOCTH dcd 

J 

r2all a22-1 

l 2a2Ia22 

2a 12a 111 
2alla22-1 . 

12 

1271 

nony'IHM ero MaT-

1281 

llapaMeTpLI TpunneTa F H C onpe,IJ.enJIIOTCJI qepe3 3ne

MeHTLI MaTpuu 127 I H 1281 aHanorH'IHO cooTBeTCTBYIOIUHM 

napaMeTpaM ,IJ.y6neTa. <l>oKyc npe,IJ.MeTHoro npocTpaHCTBa 

H l}loKyC npOCTpaHCTBa H306pa>KeHHH B ,IJ.aHHOH ITllOCKOCTH 

HaXO,IJ.JITCJI Ha O,IJ.HHaKOBOM paCCTOJIHHH OT rpaHHU TpHnneTa. 

B cnyqae 2a
11 

a 
22

= 1 nono>KeHHe l}loKanLHLIX TO'IeK coana,IJ.a

eT C ITOllO>KeHHeM rpaHHU CHCTeMbl. 3TO npOHCXO,IJ.HT npH 

B036y>K,IJ.eHHH, KOTOpoe Mbl 0603Ha'IHM qepe3 ElI .Ero MO>K

HO npH6nH>KeHHO Bbi'IHCllHTb H3 COOTHOWeHHJI 

8 2 4 
[-0+2d)+ 2d ]El =1. 

3 
1291 

Pac'leT noKa3LIBaeT, 'ITO ,IJ.nJI 3a,IJ.aHHoro paccTOJIHHJI d Bo3-

6y>K,IJ.eHue 8 1 acer,IJ.a MeHLwe 8 0 • 

PaCCTOJIHHJI OT BbiXO,IJ.a TpHnneTa ,IJ.O H306pa:>KeHHH onpe

,IJ.enJIIOTCJI l}lopMynaMH 

p-F 

q =F -~ 
cdc cdcp-C 

cdc 

p-F dcd 

qdcd=Fdcdp-C dcd 

1301 

1311 

BOCITOllb30BaBWHCb ,IJ.llJI aHanH3a 3THX COOTHOWeHHH 

puc. 5, Ha KOTopoM npe,IJ.cTaBneHLI napaMeTpbl Tpunne1 a 

F H c B l}lyHKUHH e, npHXO,!J.HM K cne,IJ.yiOIUHM BbiBO,IJ.aM. 

fipH B036y>K,!J,eHHH EJ <Ell TpHnneT C06HpaeT ITY'IOK B o6eHX 

nnocKOCTJIX, ecnu F d < p <"", nocKonLKY o6a napaMeTpa 
c c 

Cede H cdcd OTPHUaTenbHbl, a Fdcd< Fcdc· B HHTepaane B03-

6y>K,IJ.eHHH El 
1
<8<8 O TpHnneT OKa3biBaeTCJI co6HpaiOIUHM ,IJ.llJI 

0 < p < c dcd , TaK KaK F cdc H F dcd MeHbWe HynJI,a cdclc cdc 

11, HaKoHeu, ecnu ao36y>K,IJ.eHue ®>Elo , TpunneT pacceuaaeT 

ny'IOK B ITllOCKOCTH -dcd npH JD060M ITOllO>KHTenbHOM p • 

TaKHM o6pa3oM, .IJ.llJI peanu3aUHH co6upaiOmero TpunneTa 

He06XO,!J.HMO orpaHH'IHTb Bbi60p He TOllbKO paCCTOJIHHJI p ,IJ.O 

npe,IJ.MeTa, HO H BellH'IHHbl B036y>K,IJ.eHHJI (EJ<Elo ). 

3aMeTHM, 'ITO npu 8=8 1- o6a 3neMeHTa rnaaHoi: ,IJ.Haro

Hanu MaTpHU 127 I H 1281 o6pamaiOTCJI B HynL. B pe3ynLTa-

13 



Te nono)KeHHe npe,D;MeTa H nono)KeHHe H3o6pa)KeHHH oKa3bl

BaiOTCH CBH3aHHblMH COOTHOWeHHHMH 

......J 
............ 
u 

30 

20 

_j10 
U::-

0 

-10 0 

pq = (a22\2 
cdc a J 

21 

/32/ 

a 
pqdcd =(a;;) 

2 
, /33/ 

2 

0,5 tO 1,5 

8 

Puc. 5. 3aeucuMOC111b napaMempoe mpunAema F u C om 
eo36yJKOeHU.R: 1 - F ·2 - F · 3- C · 4 - C d d .Pac-cdc ' / dcd.' cdc ' c 
cmo.RHUe MeJKoy AUH3aMu d L =U. 3awmpuxoeaHa o6Aacmb 
Oonyc1/IUMbiX 3Ha'leHUU p. 

14 

H3 KOTOpbiX BH,IJ;HO, qTo ,D;nH n1060r0 p> 0 06a H306pa)KeHHH 

,IJ;eHCTBHTenLHbl. 

fioKa)KeM, qTo 3KBHrpa,D;HeHTHblH TpHnneT He MO)KeT 

C03,IJ;aTL ,IJ;eHCTBHTenLHOrO CTHrMaTHqHoro H306pa)KeHHH, 

ecnH nono)KeHHH npe,D;MeTa B nnocKOCTHX cdc H dcd coB

na,IJ;aiOT. Bb1pa3HB B 4JopMynax /30/ H /31/ F H C qepe3 

MaTpHqHble 3neMeHTbl, HaH,IJ;eM 

(2a11a22-1)P + (2aila22-1 + 2a..ziallp)qcdc+ 2a12a22= 0• 

(2a11 a 22 - 1) P + (2alla22 - 1 + 2a21a22 P )qdcd + 2a I-2a II = 0· 

BLiqTeM BTopoe ypaBHeHHe H3 nepBoro B npe,IJ;nono)KeHHH, 

qTo qcdc=qdcd=q . B pe3ynLTaTe nonyqHM pq=a12/a 2r ITo

cKonLKY MaTpHqHLie 3neMeHTbl ,IJ;y6neTa a 12 H a 21 Bcer,IJ;a 

HMeiOT npOTHBODOnO)KHbie 3HaKH, pq< 0, H, cne,IJ;OBaTenbHO, 

,D;nH p>O q OTPHU.aTenLHO. 

EcnB na,IJ;aiOIIJ.HH nyqoK acTBrMaTBqeH, TO TaKoil TpHnneT 

MO)KeT npeBpaTHTb ero B CTHrMaTHqHhiH nyqoK Ha BbiXO,IJ;e • 

Heo6xo,IJ;HMOCTL B 3TOM B03HHKaeT, HanpHMep, npB 4JoKy

cBpOBKe nyqKOB, BblXO,IJ;HIIJ.HX H3 U.HKnHqeCKHX YCKOpHTeneil. 

~nH TpaHCDOpTHpOBKH nyqKa Ha 3HaqBTenLHOe paCCTOHHHe 

TaK)Ke MO)KHO BOCDOnh30BaTbCH HeCKOnbKHMH 3KBHrpa,IJ;HeHT

HbiMH TpHnneTaMH, ecnH DpH 3TOM He Tpe6yeTCH C03,IJ;aBaTb 

npoMe)KyTOqHbiX CTHrMaTHqHblX H306pa)KeHHH. 

YBenBqeHHH TpHnneTa M cdc H Mdcd HeO,IJ;HHaKOBbl. ,ll.JIH 

TOrO, qTo6bl O,IJ;HO H3 HHX paBHHnOCh -1 , ,IJ;OCTaToqHO DO

MeCTHTb npe,D;MeT B !lJoKyCe npe,D;MeTHOrO npocTpaHCTBa 

nepBoro ,IJ;y6neTa. H3o6pa)KeHBe nonyqHTCH B !lJoKyce npo

cTpaHCTBa H3o6pa)KeHHH BToporo ,IJ;y6neTa, a Ha rpaHBU.e 

,IJ;Byx ,IJ;y6neToB - B u.eHTpe TpBnneTa nyqoK 6y,IJ;eT napan

neneH onTHqecKoil OCH. TaK, HanpBMep, Mcdc = -1, ecnH 
, • 2 2 4 

P=~d · llpH 3TOM M dcd=-l/[1+4(1+d)8 +4(1+d) 8 ]'DO MO,IJ;YniO 

MeHLWe e,IJ;HHHIJ.bl. 12 
KaK noKa3aHo B pa6oTe 

1 
nonyqHTL B co6HparoiiJ.eM . 

TpHnneTe yBenBqeHHe +1 HeB03MO)KH0. 

15 
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Y CJIOBHJI OOMeHa 
llpeDpBHTW a coo6IQeBBJI OHJIH paccwnaJOTCJI6ecDnaTHO, aa ocaoae 

B3aBMHOrO 06MeBa, yHBBepCBTeTeM, BBCTBTyTaM, na6opaTOpBJIM, 
6a6naoTeiCaM, Hay'IHwM rpyDDaM a OT.Ilen&HWM y'leHWM 6onee 50 cTpaH. 

Mw OlKBJlaeM, 'ITO Dony'laTena B3Jla&aii: OHJIH 6YJlYT caMB DPOJia
nJITJ. BBBUBaTBBY B 6ecDnaTHOB DOCwniCe Dy6nHICallD B ,ZJ;y6ay. B DOPJI.IliCe 
06MeHa DpHHBMaJOTCJI Hay'IHWe ICHBrB, lKypHanw, DpenpBBTW B BBOrO 
BB.Ila ny6naKallBB DO TeMaTBKe OHJIH. 

EJlBHCTBeHHWB BHJl ny6nBICaQBB,KOTOpWi HaM DpHCWnaTJ. He cne.lly
eT,-3TO penpHHTW /OTTHCICB CTaTeB, y)l(e ODy6nBKOBaHHWX B Hay'IHWX 
lKypHanax/. 

B Pll.lle cnyqaea MW caMH o6paiQaeMcll ICDony'laTenJIMHaWHx B3Jla
HHA c Dpoc&6oii 6ecnnaTHO DpacnaTJ. HaM xaiCae-na6o JCHBrH ana 
BWDHCaTJ. Jlnll Hawei 6H6nHOTeJCH Hay'IHWe lKypHanw, H3JlaiOIQHeCll B HX 
cTpaaax. 

0TAeJibHble 38Dp0Cbl 

H3JlaTenJ.CICHH OT.Ilen elKerOJlHO BWDOnHJieT OJCOnO 3 QQQ OTJlenJ.HWX 
3aDpocoa aa awcwniCy DpeDpBHTOB H coo6IQeHBit OHJIH. B Taxax 3a
Dpocax cne.llyeT o6JI3aTen&Ho yiCa3waan. J!H.IleiCc 3anpaWHaaeMoro 
H3JlaHHll. 

AApeca 

llac&Ma no seeM aonpocaM o6MeHa Dy6nHICaQHJIMH; a TaxlKe 3aDpo-
cw aa OT.Ilem.Hwe H3JlaHHJI cne.llyeT HaDpaBnllTJ. DO a.llpecy: 

101000 MocKea, 
FAa6Hblii nottmaMm, n/11 79. 
Hac)ameAbCKuii omc)eA 
06'bec)uHeHHOZO UHCIIUII!ylla 
Jfc)epHblX UCCAec)oeaHUii. 

A.llpec Jlnll nocwnKH acex Dy6naiCauaii B nopJIJliCe o6Meaa, a TaiClKe 
Jlnll 6ecDnaTHOi DOJlDHCICH Ha Hay'IHhle lKYPHanbl: 

101000 MOCK6a, 
FAa6Hblii nottmaMm, n/11 79. 
llayttHo-mexHuttecKaJI 6u6AuomeKa 
06'bec)uHeHHOZO UHCIIUII!ylla 
J1c)ep1161X UCCAec)oeaHUU. 


