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EaJKeHOBa Yl.M . , 3HHOBbeB n.n., ¢ ellopoBa P.H. P9-3552 

0lllH6KH !OCTHpOBKH B aneMeHTBX HOHO• -onTH'IeCKOA CHCTeMbl H 

HX BflH~HHe HB ypaBHeHHe llBH*eHH~ 'IBCTHUbl 

BbiBelleHhi ypaBHeHH~ llBH*eHHSJ. 'IBCTHUht qepea npoHaBonbHYJO HOHHo..:on

TH'!ecKyJO CHCTeMy C y'l<llTOM BflH~HH~ OCHOBHbiX OlllH60K . YCTBHOBKH, Ha OCHO-

Be nony'le HH biX <jJopMyn llBHbl COOTHOilleHH~, onpellen~!OllJHe H3MeHeHHe BblXO.cl~

llJero ny'IKB , B b i3BBHHb!e OlllH6KaMH YCTB HOBKH, 06ma~ TeOpH~ npOHflfl!OCTpHpOB -

HB 'IBCTHb!MH 3B.llB'IBMH H npaKTH'IeCKHM npHMepOM paC'I<llTa HOBOA CHCTeMbl 

HH*eKUHH B CHHXpO<jJB30TpOH, 

ITpenpBHT O~~enaaesaoro BHCTBTyTa snepa~x accnenoaaHHI. 
D.y~sa, 1967. 

Bazhenova LM., Zinoviev L.P . , Fedorova R .N. P9-3552 

Adjustment Errors in the Ion--Op tical System Units and 
Their Effect on the Particle Motion Equation 

The equations of particle motion through the a r bitrary ion--opti
cal system are derived taking into account the effect o f the main 
errors of this device. On the basis o f the equations obtained the 
ratio is given, which determines the transformations o f the e xit beam, 
which are due to these errors. G e neral theo ry is p r oved by p rivat e 
problems and by a practical example o f calc ulation of a n ew sys
tem of injection int o the sync hrophasotron. 

•Prept-int. Joint Institute for Nuclear Research. 
Dubna, 1967. 
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H.M. BIDKeHosa, JI .n . 3HHOBheB, P .H. it>e.Qoposa 

OlliHBKH IDCTHPOBKH 

8 3JIEMEHTAX HOHO- OnTWIECKOH CHCTEMbl 

H HX BJIHHHHE 

HA YPABHEHHE ,ll,BH1CEHHH qACTHUhl 



BbiBeneHbi ypaaaeHllll DBHlKeHHll 'ISCTHUbi qepea npoH3BOilbHyro HOHo-onTwtecxyro 

cHcTeMy c y'I~TOM BnHliHHll ocHOBHhlX oum6ox ycTaHOBKH. Ha ocaoae nony'leHHbiX 

ljlopMyll llllHbl COOTHOWeHHll, OllpenenliiOIUHe H3MeHeHHSl p83MepOB BbiXOllSIIUero IIY'IKB, 

Bb13BSHHbie owK6KaMH y c Taaoaxa . 06maH Teopust npoMIJniOC TpHpoaaaa 'IBCTHbiM H aa

na'IBMH H 11p8KTH'!eCKHM llpHMepOM p8C'!!\T8 HOBO!t CHCT8Mbl HH>KP.KLIHH B C HH XpOijla -

30TpOH OIHU1. 

npH npoeKTHpOBBHHH H pSC'IeTe llOriYCKOB HB YCTBHOBKY M lli'HHTHbiX ljloxycnpy-

JOIUHX CHCTeM, HMe iOIUH X 3H8'1HTeJlbHYJO llpOTll lKe HHOCTb H 60Jl bW Oe l<OIIH'IeCTBO ane 

MeHTOB (nnua, MarHHTOB, anexTpocTaTH'!ecxHx xoaneaca Topoa ), Heo6xonHMo y 'IHTbt-

BBTb BllHliHHe p8311H'IHbiX OTKJlOHeHHi! neACTBHTeJlbHbiX 3H8'!ei!Hi! napaMeTpOB C HCTeMbl 

OT p8C'!eTHbiX . 

/1/ 
B oTnH'!He OT rne nnn nepHODH'IecxoA cTpyxTyphl nuHeftHoro ycKopHTenH 

naao anHliHHe ow116 ox ycTaaoBKH ero n HH3 11a napaMeTpbo B"bi xonHmero nyqxa , pac

cMoTpHM B 0 6WeM BHUe BHllOH3MeHei!Hble peWe HH R JlHHea pH30BaH HblX ypBBHeHHJ{ ll B HlK e 

HHll '18CTHUbl qepe3 11pOH3BOIIbHYJO llOBOpOTHO- tPOKyCHpyJOWyJO CHCTeMy C y'leTOM a c ex 

OTKIIOHeHHil OCHOBHblX e e n apaMeTpOB. 

B nanbHeltweM 6yneT Hcnonbaoaaaa nexapToaa cHcTeMa xoopnHaa T ( x, y , z ) 

H paCCMOTpeHbl ypaBHeHHSl llBH>KeHHSl '!aCTHUbl B ropK 3 0HT8JlbHOll (X, Z) H BepTHK8Jlh -

HOi! ( y, z) llllOCKOCTliX, rne OCb Z H811p8BileH8 BDOilb OC H CKCTeMbl. 
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•t e pe3 

I. OTxnoHeHHll a napa MeTpax onHoro aneMeHTa cuc TeMbt 

(rpanuenT , nmma nHH3bt n T.n.} H ux anHHHHe HB 

ypaBHeHHe llBH)!(eHIHl qepe3 llBHHbll! aneMeHT 

nvc T~> M 
1 1 

= II m 11 II (i, j = 1,2,3} eCTb M8Tp11U8 npeo6p830B8HHSI 

p -Ltll <:~neMeHT c Hc TeMbt . Ka)!(/lLtll qneH MaTpHUht M 11 3aBHCHT oT napa-

MeTpOB q l, q
2 

, . ·. qn
1 

X8p8 KTepH3 YIOIDHX p -bill aneMeHT: m 11 = m 11 (q
1

, 

q
2

, .. . , q n). HanneM Ma TpiiUY M ~ 
1 

=I i m '
1 1 

II , oni!C btBaJOmyJO llBII)!(E'Hile qacTl!Ubt 

C y q !\TOM OTKilO!IeHHil ± 8 Q 
1 

J , , , , ± !) Q n ero napaMeTpOB, llll ll qero p831lD:lKHM 

m ' a plln : 
lj 

m' (q + 8 q .... ,Q .+ 8q) 
I J 1 I " n 

n 

m I J ( q1 ' ' · · ' q n ) + :E 

C nenoaaTenbHO, 

M ' 
l) 

p = 1 

M + 8 M 
! ) l) 

a mlj 
__ ...:.._8q + .. . (i = 1,2; 

a q n p 

j = 1,2,3.). 

( I.l) 

r ne 8 M 11 
- Mll T pHUB fJO ITpBBKH, aneMeHTbl KOTOpO il HMe iOT BHil : 

lj 
I 
p= l 

am lj 

a q p 

8 q p • 8 m 

KH 8 M 

tl x a qecTae npuMepa npuMe HeHHll IPopMynht ( 1.1) onpenenHM MaTpuuy nonpaa-
1 a Hx 

nnH xaanpynonLHOI! nuH3 bt, y KOTopon rrapaMeTp k = v -- ---oTnH
H r a y 

qaeTcll OT itOMHHana HB ueKoTopy JO aenH 'tHHY B k . 

121 
Kax H3eec THO , MaTpHua M nnH xeanpynonbHOl! nHH3bt HMeeT ann: 

cos k f + sink r) 
cos kP 

M • ( 

-ksin kP 

To rna 

( 

_f sin 

8 M = 

-H cos kP 

kf 
:. (kl ~· " - ,,, " ) 

8 k . 

- sin kP - P sin kP 

4 

ll. 0wH6KH yCT8 

llBH)!(eHH ll q 

npellfiOnO)!(HM, 'ITO f 

noaopoT p -oro aneMe HT 
~ 

meHHe ero Ha aenH'!HHY r 

(X, Y, Z ) CB5138H8 C nel 

TeM8 KOOpllHHilT (x,y,z ) 

3anuweM ¢opMynht np• 

HOM Y noeopoTy Ha eemi'!H H 

lluljxpe pei!UH py11 COO T 

ITOpllllK il M81lOCTH, fJOCIW 

G10PMY.'1 !·1: 

rnc 

x' = 
d X 

d z 
y 

3 a pH)!(CIIHBil YBCTHU 

·• 
K , a !I n pOCT [W liCT I38 



HTB CHCTeMbl 

~HflHHe H8 

M8Tpl!U8 npeo6p830B8HHfl 

lW M 11 38BHCHT OT napa

meMeHT: m 11 = m 
11 

( q 
1 

, 

• lOillYlO .UBiflKE'HHe 'i8CTIIUbl 

eTpoB, .UJJH qero pa3nOlKHM 

a m!J 
--...:.._,8q + . .. (i=1.2; 

·= 1 a q n p 

j = 1,2,3. ). 

( 1.1) 

il IIM e iOT BH.U : 

IpenenuM MaTpHuy nonpaa-

1 a"· 'P k = y -- ---OTnH-

H r a y 

nHH3bi HMeeT ann: 

8 k . 

U. 0ruH6KH yCT8HOBKH 3neMeHT8 CHCTeMbl H HX BnHflHHe H8 yp8BHeHHe 

nBH>KeHH fl qepe3 !18HHbl~ 3neMDIIT 

npeanonOlKHM, 'iTO !!pll YCT8HOBKD !lOBOpOTHo-4JoKyCHpy!O!llell CIICTCMbl .UO!lyLUeH 

noaopoT p -oro aneMDHTa ee HB MBDYIO Benii'I:IIHY 0; ( 0 cP 1 , 0 cP 
2

, 8 cP ~) H CMe-

... 
menHe ero na eenH'I:HHY r ( r •, rY, r ~ ) (cM.pHC.l). nycTh CIICTeMa KOOp.UIIHaT 

(X, Y, Z ) CBfl38H8 C ael!CTBHTenbHWM DOJlOlKDHHeM -oro aneMenTa, a cHc-

TeMa KoopaHHllT ( x, y, z ) - c ero u.ueanhHbtM nonoJKei!HeM. 

3anHmeM ljlopMYDbl npeo6pa30B8HHSl KOOp.UHH8 T, COOTBCTCTBY!Oilllle !!pOCT p 811 CTDell-

HOM)' noeopoTy na eenl!'IHH)' o i ... 
H CMemeHH!O ll(l Benl!'lll'l Y r : 

X 

(II, 1) 

nH¢1jlepe HUHpyH COOT!!OIII CHHe (II. 1) !10 Z H OT 6 pllCblB£lSl BDDH'illHbl DTOpOI'O 

nopHnKa ManocTH, nocne cooTDeTcTBYJOillHX n peo6pa30B8HHI1 nony'IHM cneaylOmHe 

q>OpMy,, l· ! : 

rae 

x'= d X 

d z 
y ' 

X'= X + y '8 9 3 - 8 c/> 2 

d y ----
d z 

X, d X 

d z 

3apH>I<DH!!8H 'l8CTifUll B !!pOCTp811CTDD (X, y, z) 

·• 
I< ' a II !lpOC T p ni!CT IJC (x.v,z) 

.. 
k 

Y' 
dY 

d z 

( 11,2) 

X8p8KTCp113)'DTCH BeKTOpOM 



:· \ ( 
X 

X' 
y 

... 
K c I y ' k = 

\ 
Y' 

z 

J 
z 

1 

Hcnonh3YSI ¢lopMynbi (11.1) H (II, 2 ) , aannweM cne.oy_Iotnee cooTnowenn e Me >Kay 
-+ -+ 
k K B M8TpH'IHOM BH.Qe: 

0 l>cp 3 0 -Be/> 2 0 

0 1 0 8 </> 3 0 

-8 ch 3 0 1 0 8 cp I 0 

k = I I I( (II, 3 ) 

0 - fj </> 3 0 1 0 [) cp I 

Sc/>2 0 - oc/>1 0 1 0 

0 B c/>2 0 -Be/> I 0 

06oana'IHM a (II. 3) MaTpnny npeo6paaoaaHHSI '!epea R H aannweM o6mee npe-
-+ 

o6p830B8HHe, CBSI3blB8100lee BeKTOp bl k H K , 

-+ .. 
k=Rt<+r. (II. 4) 

C .opyrol! CTOpOHbl, 
-+ 

k 2 M k 
1 (II. 5 ) 

rae 

mil m 

' 
I 2 

m 
m22 I L 21 

M. I -,~~~' 
i 21 i 22 I 

,_ ---1 
L 

I I 0 1 I 
I I 

I 

I 

6 

- M.1 Tf1111W nreoGprJ30BDIIHS 

axo.oe H nwxone H3 aToro 

no::v:: TnDIHI (II. 5 ) B 

... 
UOMY BCKTOp y K D C" ~IC1 

rae 

M ( 

0 

t\ 

YMnO >:·. mt (I!. I') Utf 

' ( R i\ )- 1 ~· ( R \ ) ;• + ( l 
0 

0TKynn 

; = t\ 

E - ennHH'IHan MBTpnu 

nocne nepeMHO>KeHH! 

DeKTOpa K B OKOH'IOT{)Jil 

rae m H oM ~en 



nomee cooTHoweHHe Me>Kny 

0 

0 .. 
K (II, 3 ) 

0 

H aan HweM o6mee npe-

(II . 4) 

(II. 5 ) 

... ... 
p - l,! H 8.TJ (' M ~ HT C H f: T C" M t.. l, k k 

1 

BXOJle H OhlXO AC H 3 3TO PO 3lleM0 HT8, 

flo !I<:: T £•131113 (II. 5) B (II. 4) H n epeilll ~l K 11 3 '10 /l!. liOMY OC KTopy 

... 
UOMY BeKTO p y K B C HCTe MC K OOpllliHB T (X, y, Z) , 

M ( R II ; 
0 

+ ~ ) ~ R .\ : , r , 

rne 

rz 

0 

,, 
0 

(I 

YMJlQ ):· {l )l (II . 6) 
-1 

c n o na 11a ( R .'\ ) , nc; :y •m M: 

'(R i\)- 1 ~'(R\); + (R \ 1- 1 1·1 ;_ (R .\ ) -l (R ·\1: I (R\ ) -l ;. 
0 

... 
K = + \-: R-1 ( ,, - I') 4 

E - enltHH"'HBSJ Ma TpH ua ). 

- OC K T O fJbl l!O 

K H K OHC'l-

(II. 6 ) 

( II. 7 ) 

flocne nepeMHO>KeHHII MBTpHU B ( lJ. 7) nony"'HM ClieJlyJOtnee BLipBJKCHHe Jl li ll 

DeKTOpa K B OKOH"'aTe/thllOM Bf!Jle: 

.. 
K = M K + 8 ~~ I( + m (II. 8) 

0 

rne m H oM ~CTb: 

( 
( m

11
-l) r 

I m 
2 1 

m (P -1) r 
! 11 y 
! 

i p2 1 r 
I y 

\ 
0 \ 

\ 
\ 0 

7 



8M 

-m r 
21 • 

0 

I
( m - m ) r 

II 22 • 

....l 

I 
I m 21 • 

-1-

I I I 

(m -f )8¢3 (m -f )8¢ · (1-rn )&p I(L-m )8¢ 

~~~~-~-12~2_'1_~~~- :._2_:. 
, 
(m _p )8¢ (m -f >8¢ rm 8¢

2 1
c 1-m

22
)8</>

2 1 u 21 s 22 2 2 s u 

I

I 
• 

I __ I 
I I 

I -

(mil- fll )8¢ 31 (mi2-PI2) 8¢, _f21r• l(fll-f22) r • 

I 

1(f 11-1)8¢1(f -L )8¢ 
' I 12 I 

1-
I 

(m -f )8¢ I (m -f )8¢ 21 21 3 22 22 3 

1-

{1-m ) 8¢ I (L-m )8¢ I 
II 2 12 2 

I ' I 

0 f21 r. I f.21 8 ¢1 

-1-

(f -1)8¢ I (f -L)8¢1 0 
II I 12 I 

I 

lcr - 1 H¢
1 22 

I ,_ 
I 

0 

- - -·-- - - -
_, 

I I 

I (f -0 8¢1 
I 

-m 8¢ I (1-m )8.p f 21 8 ¢ I 
0 I 0 

21 2 2 2 21 22 I l 
I I 

06mast cjlopMyna (II. 8) llBeT B03MOlt:HOCTb onpenenstTb OWH6KH 'l.BCTHOrO BHll8, 

nonymeHHble npH YCTBHOBK<'! OTnenbHbiX aneMCHTOB CHCTeMbl. 

B Ka'!eCTBe npHMepa paccMoTpHM BnHstHHe cMemeHHSI aneMeuTa cucTeMhl ua ue-

KOTopyJO BenH'IHHy 8 L B HanpaBneHHH OCH Z (cM.pHc.2). 

B aToM cnyqae, cornacuo <jJOpMyne (II . 8), HMeeM: 

X \ ( : -8 Lj 

' (' BLI J " 0 

x' 1 I 
- ~:- - ~ - 1~ - -

x' 
0 

y I I -,1-
11 8L yo 

I I I 
y I \ 

' 0 
1 I My I 0 1 y' 

0 

8 

f 
I 

t 

' 

HflH 

rne I -m21 .._\. 

K= M 

n pu cMemeHHH onnoro 

CHTenbHO OCH X H !:OBOpO 

pH30HT8flbHOA nnOCKOCTH H~ 

X 

rne 

;I= ( 
L -nnuua aneMeHTa). 

¢lopMynb! llflSI BepTHK 

nyTeM. 

nycTb npR yCTSHOBKe 

CTH (x,y) Ha HeKOTOpb!fi 

Torna nonyqnM cnen) 

aneMeHT CHCTCMbJ: 

X \ I m I II 
-- -1-

x' I J m 
21 

- -
' y I I (mll-~1)¢1 

-
l 

y, I \(m -t )¢ 
21 21 

0603H8'1HB MBTpHUY y 

sepTHKanu - M., , nepenuw4 



I 
/ 8¢,' (1-m >&p 1CL -m

12
)8¢

2 . I II 2 , 

I -
I 

1(f 11-1)8q, l(f -L )8¢ 
' I 12 I 

1 I 

- 1 

)8¢11 0 0 

_, 

) .sq,l 
I 

0 I 1, , 
0 

Tb OWHfiKH qacTnoro anna, 

f Mbl . 

!SI aneMeHTa CHCTeMhl Hll He-

' !). 

SLI X 
0 

1 ' 
x' 

-l 0 

11 yo 
I 
I 0 y' 

0 

HnH 

rne 

,_, 2-;-
0 

.SL. 

npu cMemennn onHoro sneMeHTa B nnocKoCTH (x,z) Ha aenHqnny OTHO-

CHTenbHO OCR X H llOBOpOTe Hll yron rp ( CM.pHc.3), ypaaHeHHe nanlf<CHH>J a ro-

pH30HTllnbHOA nnOCKOCTH HMeeT BH.Q : .. .. 
X = M X X 0 + m 

rne 

( mll -l) ( L- ml2 ·) m c r + I 
m21 -m 22 

L -.tlnHHll sneMeHTa). 

cl>opMynbl .Qnst BepTHKllnbHOR nnOCKOCTH MoryT 6btTb nonyqCHbl liHanorH'IH b!M 

nyTeM. 

nycTb npH YCTliHOBKe CHCTeMbl nonyweH llOBOpOT SflCMCHTll CHCTeMbl B nnOCKO

CTH (x,y) HliHCKOTOpbtRyron rp (pHC. 4). 

Tor.Qa nony'IHM cne.tly10wy10 4JopMyny nnsr ypaaHeHHSI .tiBHlKeHHst qepea .tiOHRhlA 

sneMeHT CHCTCMbt: 

I m (mii-P11)¢ I (ml2-r )¢ X X m 
II 12 I 2 0 -- -1- I_ r-

x' m mu (m21- ~1)¢ ( ·m - f i ¢ x' 
21 22 2 0 

= I -1 I 
y ( m11- ~ 1) ¢ I (m12-fl2) ¢ f t Yo II 

I 
12 

-~ 
-t I 

.m -f)¢ f t y , y' (m 21) ¢ 21 22 0 21 I 22 22 
j 

0603Hli'IHB MliTpHUY ypliBHeHHH .tiBHlKeRHSI no ropnaonTann qepea M , a no 
X 

sepTHKann - M., , nepennweM nocne.Qnee cooTHowenne: 

0 



K-

( 

M,. 

IM - M)¢ 
• y 

(M -M )) • y 

My 

... 
K 0 

III. 06mee ypaeHeHHe D.BH>KeHHR qep e a noeopoTHo-<!>oKycnpyJOmyJO 

C l!CTeMy c " y'I0TOM BnHAHHA OlllH60K yCTfiHODKH 

PaCCMOTpHM OOBO pO THO-<jJOKJ CHpy!OillYIO CIIC TeM y , COC T URIJIYIO 113 R sneMeHTOB. 

3ani!W8M ypaBH9HII8 D.BI!>K8HIIA '18CTHL!bl '!epe3 STY CHCTeMy B BHne: 

K~ M~ ,M -M 
0 M n-1 

M ... M (III, 1 ) 

3nech Ml -M8 TpHL! 8 -ro s neMeHTa ( i = 1,2, .. . , r. ) • 

npeo6pa3yeM ypaBHeHne ( lll. I) c Y'I~TOM owH60K THIIS I H II. nycTb B 

-oM sneMeHTe naHHoll CIICTeMbl 11M8JO TCH own6KH. Toro.a ypaeHeHHe nBH>Ke-

HHA '18p83 3TOT aneMe !IT 38llHPeTCA B Bl!!le: 

... 
K M K

0 
+ ( 8 M 

11 
+ 8 M 111 ) K

0 
+ m1 ( III. 2) 

npennonO>KHM, 'ITO D "k " s n eMe HT8X CHCTeMbl I!MCIOTCA n epe '!HCneHHbie B biWe 

OW II6KH. n onCT8BHM ( Ill. 2) B ypaBHeHI!e III. I). nony'IIIM c n e o.yJOmee ypanHenHe 

nBitlt<CJI HR B OKOH'I8TenbHOM anne: 

K = M K + 
0 

k l+ I I 

! n Mil (8 Mill + 8 MIJII) n 
l = l I= I l=l-1 

M 

k ... 
II ) K + " 0 -

!=I 

l+ I 

n M 
II 

m 
II . ( 1II. 3) 

t~n 

PaCCMOTpHM B Ka'!eCTBe npHMe pa CIICTeMy, COCTOS!IllYIO 113 3-x nHH3, U3 KOTO-

pb!X B n ByX KpanHHX HMeeTCSI nepeKOC, 8 B cpenHell - HeT. 

06o3H8'!HM M 
1 

, M 
3 

, M 
5 

, M 
1 

- MaTpHUbi npeo6pa3oBaHHH qepe3 ceo6onaoe 

n pOCTpSHCTBO, 

M
2

,M
4

,M - M8Tpl!UW npeo6p830 BDHIIR qepe3 nHH3W, 

3anHWeM yp8BH8HIIe nDII>K8HUSI qepe3 CHCTeMy 6e3 nepeKOC8 

; = M M 
7 

M M M 
4 3 

M M ;
0 

, 
2 I 

np11 HfiJIH'IIIH nepeKoca ypannenHe n e pennuwTcH B BHne: 

lO 

... 
( M X= M 

7 

HnH 

... 
x- M M M M M M 

7 8 5 4 , 
ro.e 

IV J.13M8H8HHA B 

PaccMoTpeuubre BbiWe • 

HbiX H yrnOBbiX pa3Mepax ny 

nycTb llJ'IOK H8 Bxone 

y x 
2 

+ 2a xx'+f3 x' 2= ,, rne 
0 0 0 

/ 3 / 
.KaK H3BeCTHO , 3H8SI ~ 

M = 

qepe3 naHHYIO CHCTeMy H sn~ 

xone n3 c ncTeMbl no ¢opMyn 

y I m 
:• 7 

-
a r -m m 

1 2 2 

- -
{:3 m2 

I 2 

1-13 npenbtnymero cneny• 

Olllli60K yCT8HOBKII ee aneMer 

K 



.. 
"o 

p o T HO -<jlOKycnpyJOWYIO 

CTIH!OBK II 

lCTU HlllYIO 113 n aneMeHTOB. 

My B BHAe: 

(III, 1 ) 

• . , n ) • 

d60K TH!l8 1 11 II. riycTh B 

11. TorA8 yp8BH eHne llBH>Ke -

( III. 2) 

lC JOTCSI nepe<tHCJleHHble BbiWe 

ny'IHM c n enyJOwee yp8BHenue 

J+i 

n M 
I J 

m 
IJ · (III. 3) 

j= I l=n 

SIWYIO 113 3-x 11HH3, H3 KOTO-

HeT. 

6pa30B8 HH SI qepe3 C B060llHOe 

), 

!06p830BIIH H SI qepe3 1111H3bl. 

•a nepeKOC8 

·-

HllH 

.. 
x=M M M M M 

7 e 5 4 

.. 
M M x +M M M M 

2 I 0 7 6 5 

rJ:~e 

X (: I 
IV HaMeHeHnSI B p8aMep8X Tp8ncnopTHpyeMoro ny'IK8 

P8CCMOTpeHHble BblWe OWH6KH npHBOllSIT K HeKOTOpOI! llOrpeWHOCTH B llHHel!-

HblX H yrllOBblX p83Mep8X llY'IK8, Tp8HCilOpTHpyeMOrO qepe3 CT8TH'IeCKyJO CHCTeMy. 

nycTb ny'IOK H8 BXO!le B C HCTeMy 38.(1811 tP830BblM 31111HilCOM 

y x 2 + 2 a x x '+ {3 x '
2= £, r J:~e y {3 - a 

2 = 1 , a b ( a , b 
0 0 0 0 0 0 

nonyocH annHnca) . 

/ 3 / 
~8K H3BeC THO , 3 H 8 SI M8TpHUy npeo6p8 30B8HHSI 

M = II m IJ II (i,j- 1,2} 

qepe3 J:I8HHYIO C HCTe My II 3 1111HilC 118 BXO!le MO>KHO llOilY'IHTb tP830Bbll! 3 1111HflC 118 Bbl

XO!le 113 CHCTeM bl 110 !jlopMyll8M: 

I y m ?:m m m )' 
1 7 'l l ._.., ... , 

~ 
...L 

a :: 
m I mil 

m + m m I-"' m a 
22 22 I 2 21 II 0 

{:3 m2 I -2 m
11 ml2 m f3 

I 2 II 0 

yf3 npeJ:IblllYIUero CnenyeT, 'ITO ypaB~IeHHe LlBH>Ke HH SI 'Iepe3 C H C T eMy C yq.:\TOM 

OWH60K YCTBHOBKH ee 3Jl e M e HTOB llpHBO!lHTCSI K BH!ly : 

.. .. 
K=(M+8M)K

0
+Cm. 

C = cons! . 
eM( III . 3) 

II 



CnenoaarellbKO, c TO•woc rb!O no '-!Jl8HOB BToporo nop5l llK8 
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I 

" I ;: ! 

{3 
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I y I y 

I 1 o 

a +t5A(a 0 

\ {i flo 

r .uc 

2,n 5 m 
22 22 

-2 (m 0 m + m a m 
21 22 22 21 

l 2 m 8 m 
21 21 

-

-m 8m + mo m 

_j 

I m 8 m + m 8 m ~ m [; D• + m 8 m -m 5 m +m .) m 
II 2 1 2 1 II a A = I 1 2 2 . 22 1 2 11 22 22 I I 12 2 1 21 1 2 

I 

I -

\ 2 til t '2 b 111 l ~ -2 ( ,n 
11

0 , 1 
12 

+ m
1 2 

o m 
11 

) I 2m om 
I I II 

'l'nJ< Ki. t K fil ff'!lTyr n ITY 1 lh.ti ~r' pPHC JI ' ~ I .... .... r: !I •l'') fJ '! y .noi1: 

2 2 
R = X +y' ~ ( {3 

tOl O:X X 
+ <y{J y 

:!iPp·ryp ;l li)' 1IJ<[I C y · t t· TO~{ O I!IH•-:, ()K yc::1 ,') J!OB K H 

H:1MeH O I! •J·,J rl :lllCq.1T)"j, P 

( R ' ). '" < 

2 
1\ R 

r; . + " fi , \ • , y < r y + " !1 y l . 1' ··· 

( • A {l X+ ( y !\ (> y • 

1-<j)OM O 3TOI ' O , n p l.l OllCHKe fl lt '-~tJT YPIIblX COOTII0111e H H i{ HC06XOlllf M O yq ;r r r.tbllTf , , 1-JT ·~) lf ( ! -

nH ' !IfC fJ C KTOfJfl c m B YPflBJ-JCH HH .QBlDY.e HU 51 c yt.t CTOM o:u n 6 o K ycTHHUf\K JI n p:-l nn -

nuT K c ~o.~menuJo ue11Tpa ~JD.30Boro 3nnnn co na B<?JIIPIHH I...t Cm II C :n 

J 

Onpcacmw nonpilBKY un pa3Mcp IIY 'tKa KaK cpCI1 Hee KBanpaTn•rHOC oT nonpn nuK , 

o6ycnonni?HJiblX Ka >KnblM u.:1 HM I? lOlrlHxcrt nunon omn6oK yc TanoDKH. naxon;tM .ncnycKif 

Ha :·JJl C! ,1l'Wfhl C UCTCM t,J. 

I :~ 

YpaaHeHHe llBHlKeHHSI I: 

aHanHae nonycKoB ua aner.teH 

naona nyqKa a CHHxpo<jJaaoTp• 

YcTaHoaneHo, 'ITO CM( 

0,1 CM, Bhl3hlB8eT COOTB8TCT 

Mbl H8 aem!'IHHy f'::. X 

f'l X 

CTBeHHO 

0,594 CM. 3TH 08; 

f\ X'= 1,29.10-4 

H a npHaeneHHoro npH~ 

(no nopnl:u<y cnenoanHIISI) :ome 

H '18CTHble BOIIpOCbl, CBSI38 HJ 

nepBH'IHhl X Olli H6 0K yCT8HOBK 

/In 

1. A.Ll.Bnacoa . T e opHSI nHJ 

2. lllK.nHau11ryn. OpH HUHIIbl pa 

HOI! m!TepaTypbl, M oc Kaa. I 

3. B.B.Munnep. nT3 , 6, 191 

4. J.1.M . Eali<CHOB8, n.0.3uHOI 

noaopoTHo-<jJoKycHpyromaSI 

npenpHHT OHHH, 9-3046, 



l2 m S m 
21 21 21 

_j 

-m5m+m b m 
11 2 1 21 11 

n. + m om j 
2 1 21 I 2 

I 

2m 0 m 
II II 

{J 
y 

\ 11 ) ' 1' '~' • y 

3X Oll lf M O yq .:.tT }·ltd lTT . , · ~ T·.J l{ ( l 

c :ulJ COK y C T I-J H O flKH n p;,t n: ~ -

Cm II C:n 

/ 
/ 

! e KBaUp DT ll 1JHOC OT nonpA ~OK , 

~ TllltODKH, l!ll XO{\';.fM llCiiY C KH 

YpaBH€HHe ABH~eHHH 11 - 8 C yq~TOM OlliH60K YCTBHOBKH HCllOnb30B8nOCb npH 

8H8nB3e .llOllYCKOB 1!8 aneMeHTbl 8XpOMHTH'IeCKOl! llOBOpOTIIO--$OKYCHpyJOrnell CHCT€Mbl 
141 

DBO.Illl llY'IK8 B CHHX po!jJaaoTpOH H8 10 rae (pile. 5). 

YcTanoeneno, 'ITO cMemenne aneMenTa 1 B nanpanneHJtn x, paanoe 

0 ,1 CM, Bbt::lb!B8€T COOTBeTC TBYJOlliee nepeM€UJeHHe OCH llY'IK8 H8 Bb!XO,Ile H3 CHCTe-

Mht n a aennqnny !'J. x = - 0, 178 CM, a TaKoe JKe cMemenne aneMenTa 3 aaeT 

0,594 CM. 3TH AB8 CMerneHHH ABIOT TSK~e paCXOAUMOCTb ny•IK8 COOTB€T-

CTB€HHO l\ X'= 1,29.10-4 !'J. X'= 7,8.10-? 

Ha rrpneeaennoro npnMepa cne.oyeT, 'ITO aonycKn na ycTanoaKy paanH'IHbtX 

(no nopnaKy cne.ooeannn) aneMeHTOB cncTeMbt ·clOnJKHht 6b1Th neoannaK..>BbtMH. 06rnHe 

H '18CTHbte BOllpOCbl, CBSI38HHbl€ C 8H8JIH30M ,llOllYCKOB H CYMMllpOB8HUeM ael!CTBHH 

nepBH'IHbiX OlliH60K YCT8HOBKH, 6yayT OCBOlliOHbl HBMH OTaenbHO. 
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1. A.ll.Bnacoa. TeopHSI nnnel!HbiX ycKopnTenel! . AToMna.oaT, MocKea, 1964 r. 

2, .[lJK,nHBllH!'YA· f1pHHUHllbl paoOTbl :Il!KnH •!~CKI!X YCKOpi!Tenel\ , vbaaTenbCTBO IIHOCTp8H

IIOl! nnTepaTypbt, MocKea. 1963 r. 

3. B.B.Mnnnep. f1T 3, 6, 1964 r. 

4. YI.M .EalKOHOBa, n.n.3unOBbeB, P .H.<lle Aopoaa, A.YI.IlJnpoKoea. AxpOM8 TH'ieCK8H 

noeopoTno--$oKycnpyroman CHCTP.Ma ann aaoaa qacTnu a ctmxpo!jJa3oTpon OHHH. 

f1penpHHT OHHH, 9-3046, Jly6na, 1966. 

PyKonHcb nocTyrrHna a naaaTenhCKHl! oTaen 

OKTn6pn 1967 rona. 
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