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i : .1. ; 1 I 
eopeTH'IeCKOe OnHCaHHe •peaKUHfi C 

1
'1HCnOM 1'1aCTHU B KOHe'IHOM KaHa-

~ I I f, . • '·. ' j ' I 

ne n'> 3 (B HaiianbHOM KaHane nBe 'laCTHUbi) B KOHKpeTHbiX npHMeHeHHSIX 
\' . : . ~ • -~~ ··i . . \·. . , . , \ i . . . . r 

oobi'IHO He BbiXOnHT 3a. paMKH BeCbMa npH6nH)KeHHbiX, qacTo <jleaoMeaonot'H-
; ' ! ' l !: . I i . . ~ ' I I . 

qecKHX, paccMo'l'peaHii, Cno)KHOCTb: TeopeTH'IeCKOI'O aaanH3a o6ycJtoBneaa, 
~ ' ! ' ; _;J.. • q ' i . 

B qacTHOCTH, TeM, 'ITO MaTpH'IHbm.,aneMeaT· peaKUIIH non)KeH ObiTb onpene-

ne'a B BHn~ <jlyH~UliH OT f=3n -4 He~aBHCHM~IX KIIHeMaTHJeCKHX HHBapHa.HTOB,. 
' · · ' 'I t 

Dpu ,cymecTByromHx Tpyn~oc~·kx •B Te~pHu aecoMHeHHbiii uaTepec· npen-

'I 

I. 

:j 

f 
. ' l :;j 

,, 
• I 

'· : ~ \. 
U·' 
I' ~-

. . ; ~ . 

. CTaBnsreT aaanu31 no3BOnsr~mii~ Ha OCHOBe 9KCnepuMeHTanbHbiX naHHbiX yc-
, l 

. , , I 
TaHaBnHBaTb neTanbHYIO 38HHCIIMOCTb KBanpa TOB MaTpii'fHbiX aneMeHTOB 

• - I ... ; 

peaKUHH oT Bcex ae3aBHCHMbiX HHBapaaaToB. B naaaon paooTe paccMaTpH-
.' • . ' :- : ' 1 . i . . 

B8IOTCSI TOlibKO pe'aKUHH ·c.n = 3. 1 SIBnsrromHeCSI OO'beKTOM HCCnenoBaHHSI KaK 

B <jJH3HKe ~neMe,iiTapHbiX B3aHMOnencTBHii, aanpHMep, o5pa30BaHue onH£IO'I-

HbiX IIHOHOB B N N H 1T N coynapeHHSIX1 TaK H B o6naCTH srnepHbiX. peaKUHH 

THna(p,pn),(p,2p ), (a ,2a) H T.n • 
. / . ' 

n.ixsr peaKUHii c n=3 UMeHHO H3MepeHHe yt'nOBbiX KOppenSIIIHH KaKHX-· 

na6o nsyx KOHe'IHblX 'laCTHII no3.BOnsreT B Ka)KnOM aKTe H3MepeHHSI <jJHKCH-
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pOB8Tb BCe nSITb lie38BHCHMhiX HliB8pH81ITOB, npe,UOCTaBnSIH H!IcpOpMaUHIO 0, 

BhnueyKaaaimoil aaBHCHMOCTH; O'ieBit.UIIO, ·'iTO TaKolt aiianrra MomeT 6hiTb 

Bhrnoniieii TonhKO npH ycnoBHII, ecnu H3BeCTIIhi cpaaoBhie o6'heMhi aTHX Kop-
. .. p -

6 
/1 I . . . .. 

penSIUHH, · 8Hee B pa .. OTe paCCM8Tp~BanCSI nHIIIb HepenSITHBHCTCKHH cny-

qaJ;l, 

0cHOBH85I uenb II8CTOS1IIIeil pa60Tbl 38KnroqaeTCSI B nony'l:eHHH penSITH~ 

. BHCTCKHX BbipameHH~ ,UnS1 cpa30BblX 06'heMOB yrnOBblX KOppemiUHil .UBYX tiac-
. ·~ 

' THU B peaKUHSIX npll,· n = 3 , nnSI npOCTOThl peaynbT8Tbl .ll81IHOft pa60Tbl lt3-' 

nomeHhi na· npHMepe · peaKUUH 

N + N -> N + N -+ rr (m + m ·-> m + m +JL ) . '•, 

2. Anc}JffiepenuHanhnoe nonepe<moe ce'l:eHHe H c}JaaoBhril 

o6~eM yrnOBblX' l<oppenS1Uillt ,gn~ 'j:>eaKUHH p I + p 2 ...; 'g + q 1 + q 2 

Hau6onee o6ruee Bbrpamenae .unH .umjJcjJepeHUH_anbaoro nonepe'l:noro ce'l:e

HHSI peaKUitH 

N+N->N+N+rr (m+m->m+m +f!) (1) 

una 

p , I + p 2 "' q I + q 2 .+ q 

B 0603Ha'l:eHHSIX 'l:epe_3 COOTBeTCTBYIOIUHe 4'""nMnynbCbl HMeeT Bl:I,ll ( CM,, Han-
/2/ ,' ' ' 

pHMep, ) 

-0 
da=(2rr) l 

F 

-4 
_!!L 

2 
~ !Mr1 

Spin 

iz o4'(p -P ) da q daq '·d a q 
f . I. 1 2 

q q ' •' 
0 10 q20 

4 

(2) 
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'· ,. 

' ·' 

\ 

rae: 8 
4 

(·P,- PI)- <)JyHKUII Sl; OTpa)!{aeT 3aKOHbl coxpaHeHIISI 9HeprHH H f!Mnynbca 

p _p.: =p +p -q-q -q· =0' 
·r · I . I 2 I 2 ' 

' (3) 

' • 2 

I. IM,II - KBaJJpaT MaTpH'IHoro aneMeHTa, npocyMMHpoaaHHbiil: -no· KOHe'IHbiM 
' 2 ' 4 1/2 Spin ·1 .. ·, 

II ycpeJJ.~eHHbiii no. HatJanhHbiM COCTOSIHHSIM1 F=[(p 1 •p2 ) -m) .- HHBa-

. 3 ' 
pliallTH~Jil: noTOK HatJanhHbiX qaCTHU p 1 H. p 2 , d_ qjq k o - IIHBapHaHTHbiil: 

' : ~ . 
ane_MeHT HMnynhCHOro npoc~paHCTBa '18CTHUbl q k ( k = 0,1,2) m(/l.)-:- Mac-

ca kyKnoHa (nllo~a) •. 
> , ·, 

: 0TMeTIIM, 'ITO Bbipa)!{eHHe (2 j COJJep)!{HT TOnhKO nHTb He3aBHCHMbiX 

· JlH<)J~epeHUHanoB ( H3 )leB_SITH tJeTbipe JJOn)!{Hbi 6biTb ycTpaHeHbl C noMOIUhJO 

4 
8 . -<)JyHKUHII), Yt~HTbiBaSI, 'ITO 

.. 
' 

nonyqaeM 

3 
d q k q k ·,q k o d q k o dO k ' (4) 

canst ·, 

·rile .L\ q
0 

, An: it L\ ll>j - aneMeHTbi <jia3<;>_~oro npocTpaHCTBa tJaCTHU q H 

q j ( j ':" 1, 2 ) 1 COOTBeTCTBeHHO, BHil Bb!pa)!{eHHSI, CTOSIIUero no)l 3H8KOM 

BToporo HHTerpana B (5), n npeJlenhi <)Ja3oaoro npocTpaHCTBa II> l . t~aCTH-

q j npH 38Jl8HHbiX 9HeprHII II HMnynhCe .'18CTHUbl ,. q onpeJJenHJOTCSI 

3aKOH8MH COXpaHeHHSI aHeprHH H HMnynhCa (3) B ~H)le 
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'• 

p 10+p20-qO=q 10+q20' (6). 

p+p-q=q +q 
1 2 L . 2 

(7). . 

'H aaBHCSIT o~ Bhi6paHHOfi CHCTeMhi OTC"'eTa S(D,R, L H. T,.u.), 3TH npeae- ~ 
' '"' ----

nbi nei"KO ycTaHaBnHBaroTcSI B D 1 R 11 L CHCTeMax OTC"'eTa llpH npeo6-
, . - . . ~ . " .• 

pa30BaHHSIX cneAYIOIIl91"0 HHBapHaHTHOI'O BbipameHHSI (eM, npHnom, 1, 2 II 

PH~~ 1) •, 

'y s = f 
j 

a daq d. q 1 .. 2 
(8) I M ll i 2 a· 4 (P - P . r 1 I. 

Spin q!Oq 20 

D +1 27T ' 2 
i_j JdxDJd¢DI.\M(xD,¢D)\· 
Z 

j j S I rl j j 
-1 0 on 

(9a) 

+1 27T 
I. Jdx~)±>(x~) J I. 

(+) A 0 Spin· 
\MCI(x~,¢~ )\

2 d~ ~· (96) 

+t . 27T 
I. J dxL J p'±>(xL,¢L) I. \M·(xL,¢L)\2d¢L, 

• ,1.. L j . j j SpIn tl j j j 
(:!:) D('+'j) 0 

(9B) 

I'A.e /±>ex~).· onpe.uenSieTCSI Bb!pameHHeM ( n2 ,5) I 

HnH (n2,8.) II 

A - BhipameHHeM ( [l 1 ~13) 

· L • 2 
Acose+sinf•cos¢. .v(cos 2f+ sin 2 f •cos 2 ¢L)_ A 

D(¢L)= 
. . . ·. . l. . . j. ' 

j 2 .2 .2¢L 
' ( 10) 

COS E + SID ( • COS j ' 

I'Ae 

1 · ( L L eL ) cos ( = -- p - q cos 
R 1 p 1 q 

6 
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3To B~Ipa)KeHHe ,ami D(¢ ~) ne~;:Ko' nonyqa'eTCSI 1:13 COOTHOIIleHHSI (f13,5) 

np1:1 noacTaHOBKe B aero x =·A· 1:1 x' = ·n ( ¢ ~) c· aanbaetimliM pemefiueM 

OTHOCHTellbHO D (.¢ L ) • 
. j ; 

EcnH B (9a)-(9B)·nono*HTb ~ 'IM,1 12 =1; TO BbipalKeHHe 
.' . Spin 

-" qD 
J=-j 

z 

+l 
f 

-1 

217 
dxD f 

j 0 
d¢ D = I,· 

l'. ( +> 

. . 217 

+/p<±>(x~)d~tJ ·dq;~ 
A 0. 

+l ' 217 ' 
=.I ,f dxLJ <±>(~L ,~.,L.)··. L 

<+> L . J . p .. J.''~'r d¢.J 
- .. D (cP j ) 0 . 

( 11 ) 

")"~ • 1" 

npHoopeTaeT CMbiCll OTHeceaaoil: K eaHHHue HMnynl,ca nnoTHOCTH <fla3oBoro 
. . . ' .. . . . : . s 

·oo'beMa 'laCTHUbi q , perHcTpHpyeMoii B HHTepBanax nona,oii aaeprmi o-r, q 
0 

ao · 
S A s·' · n S n S A n S . . . . •· . · 

q O + L1 q O .1:1 TelleCHOrO yrna OT u ao u · + L1 u · ·1 B .TO BpeMSI K8K 'l8C-

Tl:!U8 q J Boo'ome a~ . perHcTpHpyeTcsr •. 
• 

Ecn1:1· BMecTe c ·qacTHUeii q. :perHcTpHpyeTcsr. oaaoBpeMeaao 1:1 qacTH-
s. s s ( s s s . 

Ua q j B I'IHTepBalle TelleCHoro yrna ~ j 1 0 j + /l 0 j /l!} = /l X j , /l cPj ) , 

TO. BMeCTO ( 11) cneayeT paCCM8TpHB8Tb 

D 

q j D D (+) R R R L (±) L !.._ L 
/lj =- J d,xl fd ¢l ~f. p- (xi )dxi f d¢ l~ f dx1 f P (xl'¢l Jd¢l '(12) 

Z ll.xf /l¢f /lx~ /l¢~ /lx~(cP~ /l¢
1
L 

rae B R- H L- CHCTeMax 3HaK , I, aon*eH 6biTb onymea BcneacTBHe oa-
, ( ± ) . R (+ ) . ' • 

H03H8'IHOrO COOTBeTCTBl:!SI Me)Kay X~ 1'1 q - (x~)· .(pl:!C, 2), 
· l J 0 I 

B Bbipa*eHHH. ( 12) Me*aY npeacTaaneHHSIMH ansr ll J B D~1:1 R -cHc-

TeMax OTC'leTa 3H8K paBeJICTBa Tenepb l:!MeeT MeCTO TOllbKO B TOM Clly'lae, 

Koraa TO'IKH rpaHHU HHTepBanoB nonsrpHbiX yi"noa a D- 1:1 R-cHcTeMax 

..... . D 

( A R , ')+-(A ox =Y -y -+ ox 
. j i i j 

8 

·a 
j 

- a , . ) ( 13) 

j 

1 
l 

I 
I 

.I 



I ' 

~~..,--..:.:...;_.....,.-.....;_..;.....,.-~·+ t 

-
cf:,-&t> 

I 
I 

+ I 
.. q~t<+>(x~)' 

8 

c 
A· 

+ 
\ 

. R x. 
... J. 

PHc.2• CxeMaTH'IeCKH H305.Pa*eHHaSI .CBSI3h · noliSipHhiX yrnoa· B D- H ·.: R.:.. · 
CHCTeMaX OTC'IeTa- H HHTepaanbi nepeM9HHOfi · X r:, COOTBeTCTBYIOIUHe, !fly~K-

R(±) ( R) R . . ' ' . .. . . 
UHSIM . q J o . X J B -CHCTeMe, .. · 

CBSI3a!Ih; ;peo6p~soaa!IHSIMH (n1,5) H (nl.l2), cooi'aeTc;Be!I!IO, M~*llY 
. aSHMyTanh!IhiMH yi"naMH B · D- H R- CHCTeMax OTC'IeTa HMeeT MecTo CBSI3h · 

R . D • . . . • . .R D •' ' 
¢J=¢J (CM,·flpHn, 1), BCne.QCTBHe 'I9I"O fl¢J =fl¢j ., ., ,. '· .... 

. I1nTei"panhi B ( 12) B ti- H R- CHCTeMaX nei"KO npe.QcTaBnSIIOTCSI 'Iepe3 

nepaoo5pa31Ihre ¢YIIKUHH: 

D D 

F(xD)=~ f dx~ =....iJ...• xDJ 
,J z z 

a 0 ·-cHcTe~e H ( CM, ITpHn• 2) 

B R -CHCTeMe. 

.. 
,•· 

( 14) 



npyroe npe~CT8BlleHHe'nepB006pa3HO~, OTliH'lHO~ OT (15) no BH~y, 

Ho SKBHBaneHTHo~ no- peaynbTaTy Bhl'lHCn~~ntt -~ He~. n~nyqaeTCSI na ( 14) 
. . .. ~ : 

npH liO~CT8HOBKe B iier~·(ri 1;5) · 
•·' ' 

:l 

' D -: - '·R' '· •' 
F.( n., ·_q ... n.I'< .... ·._o a<±>c··a>> F·*<±>c·a, 

X = ---J.;• X1 >= - -. - q X j. = ' X j 
l z l R •;2 l o · · .. 

(16) 

B sKan·aaneHTHocTH (15) H: (16) nerKo y6e~HTbCSI, y'ITSI, 'lTo · (15) 
. _ _ • _ R R (.f.) 
npe~nonara,eT o~nHaKoByro :nocnenoaaTel!bHOCTb npe~enoB no ~ 

1 
y q J 

0 ·a (-) . . . 
H ~ 10 :. , B To BpeMSI Ka_K __ B (16) pacnono)KeHne npe~enoa ·no xf y q~0<+> 
_H q R ~- > aeo6xo~HMO ycTaHaBnnB'aTb.B cooTaeTCTBHn c MeCTOM ( +) · n (-) 

' l. .. ' ... , 

pewean~ Ha WKane x~.--· ~eM. pnc.2); Ten~pb c;>'leanniio, 'lTO aaeneaneM 
• ·, • . ' I . ., 

R -cncTeMhi nponaao~n·.fc·SI paaneneane · nepeMeHHhiX. x . n ¢ ~nSI qacTHUhi 
.. R -

q l H BbinOliHHeTCSI HHTerpnpol'\aHHE7 _no - X l C nOMOIUbiO nepaoo6pa3HO~ 

(15) nnn (16) (nHTerpHpoaaHne no ·¢~. Bhin?liHSieTCSI TpnananbHo). Pas

neneime nepeMeHHhiJ5 B L -cncTeMe He HMeeT MecTa, aciie~CTBHe qero He 

y.rtaeTCSI. aa~TH npocToro Bhipa)KeHHSI .rtnSI nepaoo6pasHo~ n HHTerpnpoBaHne 

Heo6XO.[{HMO BhinOliHSITb HenocpellCTBeHHO. -
.. ·SS 

B pesynbTaTe, .rtnsr cflasoaoro o6'beMa yrnosbiX KOppenSiunil . t:. ·clJ 01 
' ' ' . . . : s 

'l8CTHU q. H q - ·c 'l8CTHUa q perHCTpHyeTCSI C nO.IIHO~ SHeprne~ OT q O 
j . . ' 

. . 
s;.s s s s • (li}J}... 

~0 q 0 + '-' q 0 B HHTepBane TeneCHOrO. yrna Q 1 !} + t:,. 0 1 a 'l8CTHU8 ~ '\j 
"'· s s,. . s 

O~HOBpeMeHHO perHCTpyeTCSI 6
0 

HHTepaane T9.119CHOrO yrna 0 j , 0 j + t!., 0 j ,) 

nony'qaeM cnenyrorune TO'lHhie penSITHBHCTCKne. Bhipa)KeHHSI 

tlciJ
80

=tl
5

a
80 (IM l

2
=f)= 

0 j 0 j fl 

J 
s s s 

q dq dO . 
t:,. S A nS 0 

qo •.'-' .. 

qD 
. j 

z 

10 

D a" 
X I· 

l a' 

n' !=". 
¢ I , 

j e-

(17) 

'' 

.· 



.. 

SR(±) 5 S(+) 2· 
L'l<IJ =L'l aR_(]M I =1) 

0 j · Oj , t I 

·J.-·~.:-~" 

I'lle nOllHHTei'panbHble Bblp8)!{9ffiHI SIBnSIJOTCSI 
s . . s 

¢ ,('Iepes qL,R 0 ,R n x 
1 

). 

T8K)K9 !jlyHKUHSIMH 

(.19) 

s ,x H 

· · HanpHMep, B Bbipa)KeHHH (18) R 
npeaenbi HHTei'pHpOBaHHSI no X j ~- BH-

lle 38BHCHMOCTH OT q L , XL;:, cos 
0 

L 
8 H tP L npellCTaBnSIJOTCSI cnellyJO-

P I q . 

IllHM o6pa30M (eM, pnc. 4) 

, , ( R ·) , , · ' ~ , , ~ ,;· , d.. L = · ·Y • = x J • ' =·cos £· • cos u . ' + sin £ • sin u • •. cos 'f' 

(20) 

1
./ L2 ' L2 L L L 
v p1 . + q · -2p

1
q x. 

I'lle 8 '' . n 8' -, npellenbi no 
L x·· 
j BbJ,llenSieMb!e noaepXHOCTb!O C'IEh'IHKa, 

OTHOCHTenbHO B9KTOpa 
->L 
p I 

BcneilcTane cno)KHOCTH nollHHTerpanbHbiX <PY!IKUHH H saatJHTenbaoro 

iJncna Heo6X~.llHMb!X HHTei'pHpOB~HHH Bb!p~)KeHiiSI ·( 17)-( 19) Tpy.llHO · HCITOnb-

30BSTb B npaKTH'IeCKHX npnn~)KeHHSIX, nOSTOMy cneaye,T. nony<iHTb npn6nn

)KeHHbJe Bb!p8)KeHHSI0 onpaBll8HH~Ie Bb!60pOM reoMeTpHH SKCnepnMeHTa H 

paspemaJOmell: cnoco6aocTn · perncTpHpyiOUlHX. 'IaCTHUbi npn5opoa, B tJaCTHoc

TH, llnSI JiOCT8TO'IHO M8nb!X .HHTepBanOB 

11 



P11c,S, PacnonoJKeHIIe C'leT'IIIKOB1 perllcTpllpyrollliiX Ha coBnaAe

HIISI 'ISCTIIUbl q II q I , J13oopalKeHHOe pacnonoJKeHIIe C'le,T'IIIKB, 

'!aC')'IIUbi q
1

. cooTBeTCT,ByeT ee perHCTpaUIIII B H-cHcTeMe 

(npHOOp, pei'IICTPIIPY,IDII!IIi! 'ISCTIIUY q I 1 MOJKeT BpalllaTb~SI OT

HOCIITenbHO B9KTOpa • R = p ~,...., qL ) , 

Pl!c.4. CxeMaTH'I9CK8SI HnnrocTpSUIISI 
6

UOABIIlKHOCTII'BeKTOpa n I B03HIIKQIO

IIl9i! aa C'leT 83HMyTanbHOI'O paapemeHHSI '/',. cp L np11o0pa 1 , pei'HCTpllpyrolllei'O 

'ISCTIIUY q (AnSI npOCTOTbl p11CyHK8 pOnb paapellleHHil /',.qL II /',.xL He 
0 

paCCMSTpHBaeTC~), 

12· 

f 

t 
t 
l 
~ 
! 
l 

l 
J 



'. 
~· 

(21) 

npHMeHsHI TeopeMy o cpeaHeM H yttHTbiBaSI ( 14 ) H ( 15) , Bbipa)KeHHSI 

( 17)-( 19) C H3BeCTHOJi · CTeneHblO. nim6moKeH~'SI 'MQ)KHO npei:tcTaBHTb • B aH!f>

lf>epeHUHSnbHOM BHae 

so 'ri .. 0 
tl ¢ .= tl 

5 
a so(·! M. 1

2 
=1) ;;;.q's .·~.tl q 8

0
:/l n ~ tl' fl 

' OJ 0 j f I. z . l ' (22F 

. (23) 

rae Me)Kay Bb!pS)K9HHSIMH (22) H (23) HMeeT M9CTO 3HSK pa.BeHCTBa 1 ecnH 

TO'IKH rpaHHU HHTepBanoB /l fl ~ H /l 0 ~ ~BSI3~H~I npeo6paaOBa~USIM!I ( ~ 1.5 )· 

H (nt.12)~ Bbip~)KeHHe. (24) MO)KeT 6hrTi:. nonytte.Ho KaK H3 (19), TaK H H3. 

(23) nyTeM 38M9Hbl nepeMeHHb!X ( 'n3.5) B Bbipa)KeHHH anSI p±) (x~) C 

AnR AnL 
ytteTOM. TOI'01 'ITO anSI ,HHTE)pBanOB uu l H uu l . Bbin0nfiSI9TCSI. COOTHO-

R · L 
lll9HHe /l0 l ""-./l 0 l (eM; flpHJ'T. 3). 

3. Y CnOBIISI, ilP9A'bSIBnsteMbie K 9KCITepHM9HTy npH 

. H3MepeHHII yrnOBbiX KOppenSiiJ:Hli 

fl onytteHHbie B pasaene 2 Bbipa)KeHHst · ang lf>a30BOI'O 06'beMa MOI'yT 

: 6b!Tb . HCITOTib30B8Hbl anfl H3BnetteHHSI' H3 ,9KCnepHM9HTa RH!f>OpMaUHII 0 KBail-

paTe MaTpiittHOI'O sneMeHTa peaKUHH TH~a (1) Ha OCHOBe COOTHOWeHHSI 

~ 5 a SS ( ~KC) "" 

0 l ~ ' I M (. R ·R . s . ;.., s ri s ) 12 
. SS $iiiiS ..... f I 0' ! X ' _._. ' ·l. 
_ll¢

01 
Spin· (25) 
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rae .aHaK · ""' " ' oaHaqaeT ycpeaHeHne no HHTepBanaM 

,(x 8 ,x 8.+6~8 ), W8 ,0 8 +60 8
). w~.n~ +60~). 

~ : ' 

Benn:tiHHa (25) TeM, Toqaee BocnponaBoAnT KBaapaT · MaTpuqaoro ane-. 

MeHTa B TOqKe ( x 8 , 0 S ' 0 1
8 ) , . qeM· nyqllle Bbin01IH5IIOTC5I B 9KCnepH7" 

MeHTe ycnoBHSI. (21 ). YaoaneTBo.peane yqnosil:ii (21) B npnaunne Bceraa 

MO>!<e.T 6biTb .nocTHI'HyTo nyTeM ·ynyqllle.HnSI aaepreTuqec'Koro paapellleHHSI 

H YA;9-1IeHH5I cqe'rqHKOB Ha AOCTaToqHo 601Ibll1He paCCT05IHH5I r o ,'I OT MHllle

HH; Heo6xoanM.o yquTbiBBTb TaK>~<e ellle "llBe oco6elia'ocTn 1' coJ:iep>~<auinecSI B 

Bbipa>~<eHHH (25). Bo-nepBbiX, ·ciJyHKUHH 

'"l 

/ ± ) . ( { ) ~ [ q ~< ± > \ x: ) ] 
2 

/m R I v' x ~ 2 -A~ 

npn x~ =A B R -c!icTeMe n 

(± > L L · [ LC± > ( L L)] 2 I :1 ( L · • _1 La · L 2 2 . p (xi'.cpr)==_.q
1 

.x
1

,cp
1 

/mR :y x 1 cost"-smt"yl-x 1 coscp 1 ) -A· I 

' L L . · .· . 
npn x 

1 
=D(cp

1
) B L ..;cncTeMe o6pamaroTcSI B 6ecKoaeqaoCTb 1 , BcneACTBHe 

~ero Bbipa>KeimSI (23) n (24) He MoryT 6hiTb ncnol'ib30BaHbi AnSI BbJqucne

HHSI B91JHqHH, 6 <IJ S, (R; L )B OKpeCTHOCTH . 9THX ToqeK. npn pei'HCTpaUHH qac-. 
. 0 I · · 

THgbi qJ. B R 
· · . A .mSR . 
-CHCT9M9 A1I5I BbiqHC1IeHH5I B91IHqHHbl .Ll'l'OI B HH'l'epBane 

, 'K'oraa ·y",y' ne>!<aT·B6ml:an· ToqKn x R=A (n ecnn aa>Ke 
. l 

A R ,. , 
Ll.XI :=Y -y 

y' =A ) cneayeT ncnonbaoBaTb BbipalKeilne , .. • 

SR (±) 

6111 
0 I 

= ( q s 6 q ~ 6 0 8
) I _!_ [ ( +) q R( ± ) ( X R ) ] .: :, ~ 6 cp JR I ' 

. .. R - JO' I y . 

He. coaep>~<amee oco6eHHOCTeii. 
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\ 'f' .·. 

I 
"ti 

'" 
IT pH perncTpaUHH qacTnui.i . q 

1 
B L -cncTeMe, Jlnst Bhi"'HCneHHSI 

fl <ll :~ <± >,He yJlaeTcst JlaTb B~Ipa)KeHHSI, aaanoi"H"'HOI"O (26). Bonee TOI"Q, B 

L.-CHCTeMe JlOnyCTHMaSI o6naCTb 'o6HapymeHHSI qaCTHUhl- q I HM99T 6oiiee 

• cno)KHYJO KOHcjmrypaunro,. "'eM B • R-cn~TeMe (rJle JlonycTHMbi Bee nonstp-

HhiEl yi"nhi. B HHTepBane ( 0 ::: X~ ~ A ) , l1 M9HH01 'Jlnst K8)KJl0I"O a3HMyTtlnb.- · 

L 
HOI"Q yrna ¢ 

1 
B' L -cncTeMe HMeeT 'M.ecTo CBOSI Be.rlH"'HHa rpaHH"'HOI"O 

yrna D ( ¢ ~) , onpeJlensteMoi"o H3 ( 10), 'ITO npHBOAHT K cneJlyJOIUHM B03-

MO)KHhiM HHTepBanaM yrnoB - cp ~ 1 ecnH BpaiUeHHe pei"HCTpHpy!OIU9I"O 'laC-

' - L 
THUY q I npn6opa COBepwaeTCSI noA aaAaHHhiM nonstpHbiM _ yrnoM, x 1 

. L 
(D(rr)~ x 1 <+1) a) ( R ) L · 

AnSI HHTepBana · cos 0. -£ <x :<+1 AOnyCTHMbi 

~·; cp ~ S2rr ~ 6) _Jl~SI
1

::xTe;Ba;a_-~os(OI~ax~£)~ Bee. a~HMyTanbHhie yrnhi 

. <x L <cos (0 R -£) .l(OllyCTHMbl nHWb_ yrnhi, onpeJlensteMbie H3 COOTHOIUeHHSI · 
- I - I max 

(27) 

I"Jle 
. . , R 

cos e 
1 

Bo-BTOphiX, BcneACTBHe Toro, 'lTC? BeKTOp R = p~ -_qL H~nsteTcst BeK

TopoM cjJH3H"'9CKOll a3HMyTanbliOll CHMM9TpHH BhineTa "'aCTH~ . q 1. , C OA_H- · 

HaKOBOll 9Hepi"H9ii ' qR (±) ', 9I"O HanH"'H9 npOSIBnsteTCSI B TOM, "'t:O llOMe-
j 0 . ., • . 

meHHhiR B6nH3H aTOI"O BeKTopa perncTpyromHii npn6op .Ha"'HHaeT BhiAenstTb 
' F I . • • ·• ~ > > 

C.rlHWKOM 6onbWOll HHTepBan .a3HMyTanbHh!X yrnoB; Hapywast .O;HO H3 ycno-:-
-' • j ••• \ •• ' ,. • • : - "'··: 

Bllll (21 ) , tPOpManbHO TaKOll )1{9 acjJcjJeKT HMeeT MeCTO )lnst HanpaBneHHSI 
• j • • 

B9KTOpa 
-'L : . ' ' . < 

p .t : , BhmonHstJOIUei"o ponb o,cH Bp~~eHHSI ripn6opt;J- B · L -cncTe-

Me, -0.l(H8KO 'H3 BC9X na,6opaTOpHb!X CHC,TeM CHCT9M0ll 1 OTB9"1a!OIU9ll cjJH3H.-., 

• qecKoii CHMMeTp_HH B peaKUHSIX c n '7 3 .• stBnsteTcst . R-cnc,;:eMa, BCneAC.TBHe 

"19I"O .B8)1{9H nHWb y"'eT oco6eHHOCTH. npli sin 9 ~ ---> 0 , 

15 



, . ' ,, [ · · ( R . ·) · . R ) •. 
· fl. Y = fl. Y · sin 0 j + £ / sin 13 i -•. oo 

noaTOMy'.Ami OKpeCTHOCTH s6nn3H HanpasneHHSI ' R Heo6xoilnMa nposepKa 

BhmonHeHHSI ycnosnii. (21) B R -cnc;eMe . .AnSI pasMepos npn6opa1 pernc'l'-. 

pupy!OIU9I'O 'laCTHUY q l s . L .,.cucTeMe. 

4, 3 a K n 10 'I e H He. 

Tiony'leHHb!e B pa3)lene 2. TO'IHbie penSITHBHCTCKHe Bbipa)KeHliSI JlnSI. 

' ¢a30BbiX o6'beMOB KOppenSiunii' cnomHbl )lJlSI' noi.iy'leHH~ KOHKpeTHb!X 'IHCneH-
- ' · · . · _, . ' · · SL 

HhiX · pesynhiaoz:os, Ca~biM. cno)I{HbiM. _smnSieTCSI Bbipa)KeHne (19) .AnSI fl. <ll 0 l , 

'IT~ o6ycnosneHO OTCyTCTBHeM' .AnSI 'laCTHU , q l a3HMyTanbHori .CHMMeTpHH . 

B ·L -ciicTeMe, Bonee yJlo6HhiMH .AnSI ueneii pac'leTa 'SisnSIJOTCSI npn6nn)KeH-

H~re Bhrpa)KeHnSI_(22)-(24) 1 npn'leM npn :ux npnMe.HeHHH ueo6XOJlHMo Bhmon

HeHne ycnosnii (21) n ycnosnii 1 . yKasaHHhiX B · pasJlene 3, H an6onee )Kena

TenhHhiii 9KCnepHM9HT .AOn)KeH 6bin 6hi 3aKnJO'IaThCSI, BO BpaiUeHHH npn6opa 1 

' pei'HCTpHpy!OIUel"O 'laCTHUY q . 1 · OTHOCHTenhHO HanpasneHHSI B9KTOpa 
-+ -+ L -+L J_, ' _, . 

R = p 1 - q • 0.AHaKo seKTop R npn sa)laHHOM seKTope p ~ SIBnSieTCSI. 

ljlyHKUneii senH'IHH q L H xL = cos 0 PL q 1 MeHSISI B sasncnMOCTH oT HHX 
0 1 ' 

CBOIO BenH'IHHY H HanpasneHire OTHOCHTEinhHO B9KTOpa ; ~ , 3Ta. unoJiBH)K-

HOCTh,. seKTopa R saTPY.AHSieT epo'ncnonhsosaane B Ka'lecTse ocn spa-

lll9HHSI npn6opa, pel"HCTpnpyJOIU9I'O 'IaCTHUY q l 1 H no· aToii npn'Iime Hll.H-

6onee i3epoSITHo1 'ITO aKcnepnMeHTbi no nccne.t:~osaHHJO yrn'osbiX KoppenSIUHii 

B peaKunn ( 1) · 6yAyT BhmonHeHbr 8 o6bi'IHoii I'eoMeTpnn 1 KOI'Aa npui5op sp~- · 

ruaeTCSI OTHOCHTe~bHO HanpasneHHSI B9KTopa p ~ ( L' :..cuc'reMa). nnSI. 

aKcnepnMeHTa B · L -cncTeMe · npu6nn)KeHHoe Bbrpa)KeHne (24) .AOCTa TO'IHO 

npocToe AnSI pacqeTa · n npn co6nJOJleHnn Bbrllle yKasaHHLrx ycnosnii oHo 

MO)KeT 6b!Th lUHpOKO ncnonb30BaHO .t:~nH H3Bne'leHHSI H3 9KcnepnMeHTa HH

cpopMaUHH 0 KBa.t:~paTe. MaTpH'IHOI'O aneMeHTa .peaKUHH ( 1), 
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ABTOp ~~H:rae:r, CBOHM npHSITHbiM .nonroM Bbipa~HTb cep./:le'IHYIO 6naro- · 

· .na~~oc:r~ .npocpec~opa~ l1. Ar~moBH~y, H~A. Y:ep~HKOBy, G.B. l13M~itnoBy, 
P.M. PbiH.I:lHHY H .noK:ropy M. cl>p~MeHy 3a none3Hbie ?6cy)l{.l:leHHSI H coBeTbi,. 

npocpeccopy ·33HO ct>epp~pH 38 coo6meHHe He3aBHCHMO nony'le.H:~oro HM pe

aynb:ra:ra o CBSI3H yrnoB B D- H. H- CHCTeMax o:rc'le:ra , npocpeccopaM 
; ~ _, • , ••.. • t ' • 

B.rr.n)l{enenoBy H n.H.nann.nycy '38 roc:renpHHMCTBO H o6ecne'!eHHe ycno

BHH .nnSi BhmonHeHHSI .naHHofi pa6oTbi B Ol1Hl1. 

CBSI3b nonSipHbiX yi'noB, onpe.nenSIIOlUH~ HanpaBneHHSI Bbme:ra qacTHU 

q 
1 

. ( j = 1,2) B D- 11 R- cnc:reMax o:rcqe:ra ( p11c. l ), nony'IHM, ncnonb3YSJ 

Bblp8)1{9HIISI' ,[lnSI HHBapHaHTOB 
,. ·,, 

- 2 
t2 =-(q -p ) 
. . . :. .1 2 ' 

(1 ;1) 

(1.2) 

., 
' .. ·· / . 

B '18CTHOCTH,, 
l ·. 

(1;3) ~2 2 ( D D 2 D D e D ) i 
t = · p q . -:- m - p q cos 

20 10 2 I I 

B (
-+n "'D .·"2 (. D · D )2 D2 

D. -cnc:reMe · q 
1 

+ q 
2 

=-0 , z = q + q = 4 q , 
10 20 . jO 

D D 
x = cos e 1 

·-+D ->D 
(qj-p2) 

) . 

H 

·' 
-2 '• · R 
t =·2m ( q - m 

• .10 
( 1.4) 
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• · -> L . ->. . -> L' .. ' .... L . · L . '·' I> :2 . R ' 'R 2 
B' R-cHcTeMe (p2=0,R= pl-q 'Ro=PIIl_+m·-qo,z =(qio+q20) 

' - CR + .... R )2 
q I · q 2. 

Y'iHThlBasi, 'iTO 

I 

->R . -> 
2 2 R R ( q J • 'R ) 

R 0 -.,R. ' X J = cos () J = . ·• ... . ) •' 
. I ijR I· I R I 

2 · · .. 2 D2 · 2 2 .J ' 
z =(ql+q2) =,4qjo=Ro-R 

.. R 
D . 0 D 

p =m--,p=m 
·20 z 2 

z•:•. D D 1 ./ 2 2 2 , q I = q 2= q ;= 2 v z -4 m ' 
D D 

qiO=q20 
R --, 
z 

. . 2 
H3 ( 1,3) H ( 1.4) H II\).!lOOHbiX Bbipa.lKeHHfi .nnsr 1:1 cpaay rronyqaeM 

D 
X =COS J. 

··~-

D z ' R 0 R. 
(J l =-(- - q ) • 

. Rq 2 jO ·' ( 1.5) 

Bbipa.lKeHHe ( 1,5). IIpet:tCTaBnsteT HCKOMyiO 38BHCHMO::Th: BH.!la X~= f( x ~) , 

'IIOCKOnhKY B Ka'ieCTBe qJRO cne.nyeT opaTh (x = xR') 
l . l 

R RC±) 1 · lrn _. :- i 4 2 2 
qso- q1o (x}- . 2 2 2 ;1!\0Z-:tRx,;v·z -4m (R 0 . 2 ( R - R X )1 ' . 0 l • 

2 2 
--R X J) ] ' ( 1.6) 

stBnstJOmeecsr peweaHeM aaKOHOB coxpaaeaHsr aaepi'HH H HMIIyni>ca, aarrucaa-
. . 

HbiX B R -CHCTeMe .nnsr .tPHKCHpoBaHHbiX rronHofi aaepi'HH q 
0 

H nonsrpaor~ 
L ()L yi'na. X =cos q' 'iaCTHUbl 

, Pt q 

Ro 

... 
R 

r.ne 

.L L L L R R 
Pto+ m- q o = q !O+,,q20 .= q 10 + q·20 

-> L -+L -> L -+ L 
P1 -q =ql +q2 

-+R ->R 
q I· + .q 2 

R = I ..; PL2 + qL 2-2 p L q LX L I . 
· I · I 

18 

( 1.7) 

. ( 1.8) 



.[lng H8XO>K.tl9HH!l o6paTHOft 38BHCHMOCTH BH.tl8 :X~= f*(x~) 
• D D 

ay.eM. (1.5) H O'l.eBH.tlHoe cooTHollieHHe x = =-x , Tor.na 
. 2. 1 

R Ro R o 
\10) = -2- + 7 q X 1 

20 
( 1,9) 

q;.10) 

.... 
R ->L ->L-> R -> R .[lanee,' pacCMOTpeB CK8n!lpHb!9 npO.H3B9,[l9HH!l B9KTOpO~ . = p 

1
-.q, q 

1 
H q 

2 
. C BSKTOpOM , nei'KO np.HXO.tlHM K COOTH0!1I9HH!O 

R [ . L ( R2 R2 ' .. 
_;__R..;__. -, l+ -R2 q(IO) - q 20 ) ]. 

2 q 1 . 20 (10) ( ) 
2 

(1.11) 

TIO.tlCT8BH)3 (1.9) H (1,10) B (1.11) H HMe!l B Bli.tly, 'ITO 
. 2 

2 2 R 
-m =q +T, 

nocne Hecno>KHbiX npeo6paaoaaHHft nony'IHM cooTHO!lieH.He 

R Ro D 
q ·X 

R R 2 + 2:. 
X cos (J I = 

( 1.12) (~) (2 ) 

lv<~ ~20 ~X ~2.) I Ro D) 2 + q X + . 2 2; . I 

npe.[lCT8BnlllOIIl99 HCKOMY!O 38BHCHMOCTb BH.tl8 R ' D 
. X j = f* (X j ) , 

fpa!fl.HtteCKH 38BHCHMOCTH ( 1,12) H ( 1,5) CX9M8TH'lHO. H.ao5pa~eHbl Ha 

1 'PHC, 2, 

' CooTB9TCTB~e cne.nyiO!IlHX BenH'lHH B R -CHCTeMe 

x/ 

3TOT peaynbT8T H938BHCHMO nonytteH 3, cf>eppapH 'iiyTeM npeo6pa30Bl\HH!l 

nopeHUa Henocpe.[lCTB9HHO .tln!l KOMITOH9HT, B9KTOp8 q~ npH nepeXO,[le .113 
D '-cHcTeMb( .a· R-cHcTeMy, 
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.: 

R -X )- ;- A 
I' .A ,= •"' 

l 
.. ___ ,__ _ _;_ 

. 2 2 . 4 
....j4m R0 --z· 

2m R 

z2-2~2A2 
R· 

Cx 1 )B B- l 
-~ 

2 2 • 2 2 
lvR -(R 0 -m)A I 

(1.13). 

R . 2 2 
(x 1 )c = C=R/yR 0 -4.m 

B9nli"IHH8M B D -CHCTeMe 

D D 
(x )A =+A =+ 

2q R o 

Rz 

D 
=- ( X2 ) (A ) 

B 
' .. -1 ( ) -

B 

D 
(x 1)c 0 (1.14) 

neJ;'KO yCT8H8BnHB89TCSI li3 ( 1,5) 1 eCnH Y"'9CTb 1 'ITO H3 ( 1,6) cne.nyeT 

qR(A)=Ro 
I 0 

2m2 
2 .. , • 

z 

· 2 2 R 
. R<+>(B)=R (l- ~) ~<+>(C)= - 0 
qiO · · 0 . z2 ,qiO' · . 2 ' (1.1~) 

. . R ' 
Ha pH c. 2 "!epe.noaaHHe. 3HaKOB. y aenH"'UH q j 0 , _onpe.nensteMhiX H3 

. ( 1,6 ),, yK83hiB89T mi .He-o6XOAHMhiH cnoco5 cnmKeHH•SI BenH"'HH q~ ~ H q ~O 

TaK, "'T06hi HX cyMMa paBHSinacb 'R 0 : . npH 9TOM CBSI3h yrnoa e ~ H e: 
onpe.nensteTCSI H3 COOTHOill9HHSI ( CM, 1o8) 

R R · R R 
R =· q I X I +' q 2 X 2 

HanpHMep, ecnH, .aa.naHhi 
R 

X 
I 

R(+) ( R 
1i q I O- X I ) 1 TO 

.R 
X 
. 2 

R-vqR2_m2·xR 
. . - ·•10 . " · I 

....j(Ro-ql~ )
2 

-m 2 

(1.16) 

(1.17), 

HaKoHeu, npeo6pasoaaHHe a3HMyTanhHhiX yrnoa. ¢7 H ¢~ cne.nyeT 

-2 
H3 HHaapHaHTOB t 

2 
H !:J. , aanHcaHHhiX 'Iepea nepeMeHHhie B D- H R-

cil:cTeMax O'rC"'eTa·, H HMeeT BHA 
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.. 
R D 

cos ¢ j = cos ¢ j ' 
,~..R_,~..o 

't'j-'t'j 

TipHno:>KeH.He 2 

(1.18) 

cpa30Bb!H 06'beM JJ.nst IJaCTHU 

peJJ.ensteTcst Bbtpa:>KeHiieM 

q 1 · o6paayiOIIIHXC st B peaKUHH ( 1 ) 1 on-

4 

m • .l ·I <I I I Jo 4 
( P - P 

(2rr)o F .. ';·r I 

~ q ~n 
0 

(2 .1 ) 

I'JJ.e BenH'IHHbl q 0 'I ij.l H n 3aJJ.aiOTCSI B TOfi CHCTeMe KOOpJJ.HHaT1 JJ.nst 

KOTopotl: Bbi'IHCnsteTCH :<!Ja30Bbitl: · 06'beM1 a Bblpa:>KeHHe 

·a 3 ·a 3 . 
· 4 q I q 2 
J.= f o (Pr -P 1 )--...:...-~.,= invar., (2 .2) 

npeJJ.CTaBnstiOIII99 nnoTHOCTb <!Ja30BOI'O 06'beMa IJaCTHUbl q.. 1 stBnsteTCSI HH

, BapHaHTOM H MO:>Ke:r 6b!Tb Bbi'IHCneHO B n1060fi CHCTeMe OTCIJeTa. 8 'laCT

HOCTH1 Bemt'IHHa J nei'KO BbiiJHCnsteTCSI B 0 -CHCTeMe (eM. TipHn. } ): 

J 
D 

~L. 
+I 

f d 
2TT D 2 

D q I ./ 4 m d rp j = 2 TT .--
0
- = 2 TTy l- -:l" 

q j 0 z 

cos f (2.3) z -I 0 

EcnH HHTei'pHpoBaHHe no o 4 
-<PYHKUHH B . (2 .2) BhmonHHTb B R-cHi::-

TeMe 1 TO. nony'IHM Bbipa:>KOHHe (X Rl = X 
j 

21 



.. 

·• 

j . ~ 

. + 1 . ( +) R ( +) . ) ) (- ) ( ! R(- ) ( ) ) I d . 
J=j2"+~lp (qlo·xl,xl+~ ~JO.xl,,'xl xl (2.4) 

( ± '< : R( ± ) ( . ) ) 
[ qR(±) (xl )]? . 

l . 
[ R(±) (X ) ]2 

q l . l . 
p q l o xl ' xl 

I R(±)( ) R(±)( )R I I·' 2 21 
R aq l "l ~ q l 0 xj, x1 mR v x 1- A l 

qR<±> (·x)= 
1 

[ac+2mRx yx 2 -A 2 
l o l 2 R( 2_ 2) - l l l c. xl . . 

qR<±> .(x )= ' 
1 

[ax
1

+ 2mR cy x 2

1
-A2

1 
] 

l 1 2R(c 2-x 2 ) ~ · 
j 

low 1 .
1 
·~ 2 

A l = ( x ) = -- y 4 m R 0 - ·a 
l lim 2mR 

c = R .o I R , 
2 

a = z -R2-R2 
- 0 • 

(2 .5) . 

(2.6) 

(2.7) 

(2.8) 

nocKOllbKY liHTerpan (2.4) siBnSieTcsi Heco6CTBe.HHbiM (npn xl =A noA

IiHTerpallbH~SI tPYH~UiiSI (2.5) • Tepn!iT 6eCKOHe'IHbiH pa3pb!B) 1 TO BOnpoc 0 · 

cymecTBOBaHnn npeAena ·nHTerpana .uonmeH 6biTb pemeH HaxomAeHneM nep-

: soo6paaHoii, cooiseTcTsyrome~ ~ym~unn. · (2 .5); 

.llnSI YA06CTB8 o6o3H8'11iM • 

·(+)· (-) 

J=2rr(J +J ), (2.9) 

r.ue 

J'+> = +JI <+ > Cx ) d x l ' p l 
A 

. (-.) +I ' ( ) 
J = J p - ( x1 ) d x l ·• 

A . 
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· - ( ...,. ) ( R ( ±) )2 
BoaaeJlSI B. KBaJlpaT Bbipa:lKeHHe 2.t n. ITOJlCTaBHB peaynbTaT JlnSI q l (xi) 

II (2.9) , nony•ml'vi 

J <+> = 
+I 
f 'p'+> (x) dx = J I 

A 

J'""') .= +/ 
A 

p<->( x) d x - j I 

J = . I 

+J yx2 -A
2 dx 

A ( c2 _X 2) 2 

+ J 2 + J3 ' 

+ J 2 -J 3 ' 

a2 

3 
4m R, 

J ' 
I 

2 
m R0 j, 

R3 2 

J ' 
3 

(2.10) 

(2 .12) 

(2.13) 

(2.14) 

TI 0JlC'I'8HOBKOfi TJ = HHTerpanbi (2.12) ·II (2.13) llpHBOJlSI'I'-

BHJlY 

2 
2 I 1-A d 

.j' =A -- f --"~~ =A2 _I_I 
I . . 2 c4 o 2 • ,- 2 c 4 

Z I V TJ 

2 ' ' 2 
1-A I 1-A dTJ 
I, +- f --,----'--- 1,(2.15) 
0, 2 k 2 0 • ~ . y-.;;-

1 

2 

J, = A2 -·_I_ 1-f. A VrldTJ =A2 _I_, J7j ,1-A2- ..Llf-A 2 d7J 
. 2 . 4 2 4 l ' (2.16) 

'· · 2c o · z 1 2c z 1. o 2o 
z V17 . I . 

k 2 = 

'ITO 
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!!' L 

f 
! ! ' ~ 

I ' i i 

i 
• ! 1 

1 r 
i.2 2 l o'· { 

I. 

; [ -~ ! 
I 

] = • . 2 ~ 
4mR 3 k 2 + R a 2~·' 

• i 

! .. ;IR I I i' 
. 

!' • i . 

.' 
nony'IHM 

:1' 
~ '' ,, 

i 2 
i', 

i 2 
: • II 

~ m Ro ] '-• _v_TJ 

~~ (k2;7f) 

I 1-A = 
. 0 

2 2 
;· ·A a· '+ > <-> (J · J )~ -[ ·a 2 

/+ +J ,=2 I+ 2 : c4 .4 m,R k 

' . 2 1 2 m ·x ·. 1 x 2 .:_ A ' ~ . . 
R(c2-:x2) 

I+ I = 
A 

2mR yi;-A ~ = 2 
2 .. . 

z f. . 

D. 
~. 

z 
t 

(:2.17) 

(2 ,18) 

l1s (2.18) cne,llyeT, 
1
'1 TO .nepJ3oo6pasaaSI. nnoi-aoC:TH nonaoro · clJasoBoro 

t • ~· ' J < • I · i , \ 

,. 06'heMa 'laCTHUhl q S!BnSieTCSI Henpeph!BHOH clJYHKUHeH BO BCeM HHTepBane 
. :. I . , . ' 

(A,+ 1 )., a' oKOH'IaT~AbHhiH. pesynhTai coBnaAaeT c (2,3); Heo6XOJlHMO OTMe-. ~ . . ' ' 

THTb, 'ITO HHTerpan ~ 
.! 

+I X dx • 
1 1 + I . , 2 4 2 

J' = J =- 1 _l R · m. 
. 3 A 2 2 2 2 2 2 :----0- --) '(2.19) .. 

(c -x ) (c -x) A· 2 z
2 

z2 

He BXOJlHT B (2,18) H, Clt9Jl0Ba TenbHO, B (2,4) j . 0JlH8KO OH: Heo6XOJlH~, 
. . . . <-i-) . (-) 

ecnH Tpe6yeTCSI Bhl'llfCnHTb OT,llenbHO BenH'IHHbl J. If J , COOTBeT-

CTBYIOlllHe nonHh!M 9Hepi"HSIM q R (+) ~ q, R (-) '18CTHUbl q . , 3aTeM 1:13 
. . . . . j 0 l 0 l . . 

(2.18) 'a (2.19). cpa~y cne,llyeT, 'ITO' nepaoo6pasHaSI ljlyHKUHSI nnoTHOCTH ¢a-
soBoro o6'beMa tJaCTHUhi q ecTb 

F 
(±) . 1 

F
1 

+F
2 

± F
3 

m X vx2 -A2 + -.-~- ~ 
R(c2-x2) - 2 R2 (c2-x2) 

(+ )I 1 

R 

(2.20) 

-----~1 -- · (ac +2m R x y -x2---.A-2 
) ] l = (+)[ 1.. qR<± > ( x.)], 

2 R ( c2 _ x 2 ) · - - R l o · 

24 

., ' 

.. · 



.. (+) (-) 
F "'F + F 

' 

1 R( ) R( ) 2m X 
- - ( + ( X ) - q -:- ( X ) ) = ..; X 2 -A2 
- R q l o . l o R ( c2- x2) 

(2.2r). 

IT p II n o )!{ 'e n II e 3 

ITpiiBe.r:te.M cpopMynhi .npeo6pa3oBaHIIH yrnoB npn nepexo.r:tax R ~ L . 
~L _..L ~R -..L,R 

fpacp1I'I9CKH pacnon0)!{9HH9 .. B9KTOpOB p t t q 1 1 q j H sneMeH-

A nL,R 
Ta TeneCHOI"O yrna Ll ~• j 1 BbJ,!lenHeMOI"O C'I9T'IHKOM B HanpaBneHHH · 

-+L, R 6 . 3 
B9KTOpa q j t H30 pa)!{eHO Ha piiC, , 

' • TenecHbiH yron tl q j = tl cos e j fl. ¢j • B KOT?POM npOH3BO.!lHTCH pei"IICT

paUHH 'I8CTHUbl q j . , npe,!lCT8BIIM B BII.!l9 npHMOyi"OnhHOH Manoil: nnOIU8.!lKII 

/}. S CO CTOpOH8MH fl h . II fl f 

"lana KOOp.!liiHaT R- II L- CIICT9M. OTC"leTa~ . nnH npOCTOTbl, o603Ha"!IIM 

eR A,.R . R eL , A. L , . . L 
COS . j = X t , 'f' j .=: y . .r:tnH -CIICT9Mbl II COS j 'f" X 1 'f' j =y .r:tnH ~CIIC-

T9Mb,I,TOI".!l8, .r:tnH HHTepBanoa yrnoB, Bbl.!l9JIH9Mb!X Manoil: nnOIU8.!lKOH !iS 

= tl h. tlC B R- H L- ~IICTe'M8X OTC"leTa, HMeeM. COOTHOIII9HIIH ( s e ~ = 

=fleL=.~) 
. j . • R 

tl h • sin e~ l 

r l 

' !i x' =sin' eL.tleL= 
tl h .~ sin eL 

f 
l j r 

j 

!13 ( 3,1 ) II ' ( 3,2 ) cne.r:tyeT, 'ITO 

. ' tl y 

fly 
, 

= 
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r • sin e~ 
I 

M 
L 

r ., sin e 
i j 

., (3.1 > 

(3.2) 
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I 
~ 

I. 
' .. 

I 

t 1 
I 1 

f . i 
t l t . .. 

1 

I 
·f 
i 
I. 

t 

·I 
'I 
l 

l' 

··.l 
t.f . 

. ' ·,· 
·' 

. ~h .M ~s · R . L 
~X•~y=~x'•~y'= =--= ~fij = ~ fij . • 2 2 . 

r l r l 

{ ' I 
y1 ' 

~ (3.'3 
.·. I ,., J 
'·: t 

·'·' .l . 
\...,'' •. 

,.,., 

;·-. I ' . 

' f •'(3.4)' 
. ·t 
)! ' ~-
•' 

~X· 
R y I- X 

2 

~y 
, sin 0 l 

~x' .= = = 
~y L . , 2 

sin (} 
1 

yi- X• 

' .. 
Ta.Kme g~nmHhi npouaBOAHThCH cnegyronme npeo6.paaoBaHHH yrf!OB 

. j 

l 
I \ 

[ I L ·. L L ] ·. 'L 
cos ( = -- ( PI -. q X ) : -- ','' 

R ' . ." I 
x· .= x '·cos £.- sin £ y I - x ' 2 • cos y 

, . 
X 7' SIR ( + cos £ y 1 -. X ' 2 ·, . cos y ~, 

cos y = 

· y. I - ( x'; cos £-- sin £ y I·- x' 2 cos y ~) 2 

npu nepexoge L ... R II 

X = X. cos ( + sin (·vI- X 2 
cos· y· 

. _,-1--2. 
- X • SIR £ + COS ~ V - X • COS y 

cos y = 
Y I- ( x cos £ + sin £ y 1- x

2 
cos y ) 2 

•. (3~5} 

'·· 

l r 
t I I , . 

(3~6) 
.L. .--~ 

I· 
\ 

! 
I 

:·. (3/l) 

t' t 

(3,8) 

npu nepexoge R ... L ·• flony'<JeHHhie cooTHOllleHHH BMecTe. c (3,4) · oaHa'<JaroT, 

'<JTO BcnegCTBHe HHBapHaHTHOCTH Tene.cuoro yrna ~n l npu nep.exogax R:: L 

OTHOllleHH5I ManbiX IIHTepBanOB nonHpHbiX 'II 8311MyTanhHh!X yrnOB nOABepra

IOTC5I B3aHM005paTHhiM npeo5pa30B8Hli5IM, 
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CnenyeT HM9Tb B ,BH.llY 1 'ITO COOTH01119.!IHn (3,1 ), (3,2) H (3,4) TO'IHO 

BhmonamoTCSI nHlllb JJ.nst KoMnnaaapaoil: reoMe'rpHw (aeKTOpbr , it H 
->R L · -> 
q ' · ne:m:a T B O.llHOil: nnOCKOCTH) j B · cny'Iae, KOI"JJ.a q R ,L He ne:m:HT B 

j j 

OJJ.Hoil: nnocKOCTH c p 
1
L H R , STH cooTHOllleHHSI BbmonastroTCSI. npH6nH:m:ea-

ao, ecnH cos € Mana. OTnH'Ia9TCSI OT 9.llHHHUbi, HaKOH9U 1 HHBapHaHTHOCTb 

Tenecaoro yrna npH npeo6paaoaaHHSIX (3.5)_.(3,6) H (3.7)':"(3.8) cnenyeT 

H3 paaeHCTBa HX SIK06HaHOB 9.llHHHU9, 

· fl H T e p a T y p a 
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