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llOBb!WeHHe HHTeHCHBHOCTH ny'IKOB B COBpeMeHHhiX yCKOpHTenHX nOTpe6oeano 

9KCnepHMeHTanbHOI'O H TeOpeTH'IeCKOI'O HCCneJlOBaHHSI BnHHHHSI Ha JlBHlKeHHe ny'IK8 

C06CTBeHHOI'O aneKTpOMai'HHTHOI'O nonst, lly'IOK BO apeMH CBOei'O JlBHlKeHltH MOlKeT 

CQ3JlaBaTb none KaK nOCTOSIHHOe BO apeMeHH (BnHSIHHe 9TOI'O Ha npOJlOnbHOe H no-

nepe'IHGe JlBHlKeHHe JlOCTaTO'IHO XOpOWO H3y'leHO H CBOJlHTCSI K H3MeHeHH~ pa3MepOB 

cenapaTpHCCbl H CJlBHI'Y '18CTOT CB060JlHbiX KOne6aHHA), TaK H nepeMeHHOe. llocne)l

Hee BCei'Jl8 CBSI3aHO C H3MeHeHHeM cjJyHKUHH pacnpeJleneHHSI '18CTHU. 31jx!leKThi, o6yc

noeneHHhie H3MeHeHHeM !jlyHKUHB pacnpe)leneHHSI ny'IKa B yCKOpHTenstX, MOlKHO p83Jle-

nHTb Ha 9!jJ!jJeKT OTpHUaTenbHOA MaCCbl K TaK Ha3~BaeMy~ pe3HCTHBHY~ HeycTOA'IH

BOCTb, T,e. HeyCTOA'IHBOCTb, onpeJlensteMy~ KOIIe'IHOA npOBOJlHMOCTb~ CTeHOK KaMe

phi, B KOTOpy~ noMeweH ny'IQI(, EcnH CTeHKH KaMephl HMe~T 6eCKOHe'IHY~ npOBO

JlHMOCTb, TO, KaK XOJX>WO K38eCTHO, OHH MOI'yT npHBeCTH K pe3HCTHBHhiM HeyCTOA

'IHBOCTHM, HO, H3MeHflll C06cTBeHHOe aneKTpOMai'HHTHGe none, 9Kp8HHpOBKa MQ

lKeT anHHTb Ha !jlaKTOphi, onpeJlenH~IIlHe cyweCTaoaauae ny'IKa. B CTaTH'IeCKOM cny

qae OHH MOI'yT, HanpaMep, MeHHTb 9!jJ!jJeKTHBHhiA nOK838Tenb Cna)la nonH, B JlHHaMH

'IeCKOM - BnHS!Tb Ha HHKpeMeHT HapaCTBHHSI B03MyllleHHA, B03HHKa~IIlHX B ny'IKe. 

Llnst npaMepa HCCne)lyeM BnHHHBe 9Kp8HBpOBKH Ha a!jl!jleKT 'OTpHUaTenbHOA' MaCChi, 

/1 2/ 
HaJlo cKaaaTb, 'ITO B pa60Tax ' , I'Jle anepBhie 6hina aaAJleHa noporoaast nnoT-

HOCTb ny'IKa Jlnst 9TOI'O 9!jJ!jJeKTa, ny'IOK 6hin nOMeWeH B MeTannB'IeCKYIO KaMepy, O.c:-

HaKO npB aHanaae JlHCnepCHOHHOI'O ypaBHeHHSI aBTOpaMH HCnOnb30BanHCb TaKBe 

npH6nHlKeHHSI, KOTOph!e He n03BOnHnH HCCne)lOBaTb nOBeJleHHe ny'IKa B6nH3H CTeHOK 

KaMephi. 

HacTOS!WaH pa60Ta cTaBHT caoeA uenbiO BhiHCHBTb, K 'leMY npaBeJleT aKpaaapoa

Ka noneA B03MYWeHHH 6ea nOJl06HhiX orpaHB'IeHBA. LlnH 9TOI'O Bhi6epeM cneJly~IIlY~ 

reoMeTpaiO: 

s 



IIM88M Kpyroaoif TOK 1 6eCKOH8'1Hbiii B Z - aanpaaneHIIII, OKpy)l(CHHbiil MeTannii'I8-

CKIIM KpyrnhiM aKpaaoM, ll11n11anp TOKa 11 aKpaa pacnono>KeHbl KOaKcllanbHO, B ae

ao3MyrueHHOM CT8UIIOH8pHOM COCTOS!HIIII Ce'lelllle TOK8 npencTaBnSieT co6oif 6eCKO-

ae'IHO TOHKOe no TOniUIIHe KOnbUO, pan11yc KOTOpOrO paaea 

npaane111111 + () 1 Bblp8)!(811H8S! B en11HIIU8X CKOpOCTII CB8T8 

rne "'o • 
ponaoM MarHIITHOM none, aanpaaneaaoM anonb opTa P z 

r 
0 

. CKopocTb a aa

c, paaaa {3= ~ c • 

H8CTOnbKO CllnbHblM 1 'ITO BniiS!HIIeM C06CTBeHHblX aneKTpll'leCKIIX II MarHIITHblX nonei!: 

aa aeao3MyruaeMoe naB)l(eHIIe Ka>Knol!: 'ISCTIIUhr MO>I<Ho npeae6pe'lb, B nanbaellrueM 

Mbl 6yneM p8CCM8Tp11B8Tb B03MYill8H118 naii>I<eHHS! '18CT11Ubl II He 6yneM IIHTepeCO-

B8TbCS! aonpOC8MII 1 CBS!38HHblMII C li3M8H8HIIeM TOniUI!Hbl KOnbU8, np11, 3TOM nerKO 

nOK838Tb 1 'ITO npeae6pe>I<eHIIe C06CTBeHHblMII nOnS!MII 1 neifCTByJOIUIIMII H8 KS>I<nyJO 

'18CTIIUY 1 nBII>I<YlllYIOC S! no op611Te C r "' r 
0 

1 no CpaaaeHIIIO C BlieWHIIMH nonS!MII 

B03MO)l(HO np11 BbrnonaeHIIII aepaaeacTaa: 

277 ro «1, 
(1) 

m Yo 

rne U - noaepXHOCTH8S! nnOTHOCTb '18CTI!U, 
0 /1 2/ 

3necb aeo6xonHMO cnenaTb cneny10wee 3aMe'laaue. KaK noKa3aao a ' , ny'IOK 

C ayneabiM 3HepreTI!'IeCKIIM pa36pOCOM acerna HeyCTOH'II!a no OTHOWeHHIO K a¢¢eK

Ty OTPIIU8TenbHOil MaCChi, 8br6op 3aaenOMO aeyCTOil'lllaOH KOHQJHrypaUIIII nnSI I!CCne

noaaHI!S! a!jltfleKT8 CaS!38H C npOCTOTOll paCCMOTp8IiiiS!, np11 3TOM i C'11!1(aeTCS!1 'ITO 

1!3M8H8HI!e IIIIKpeMeHT8 naHHOil aeyCTOH'II!aOCTII np11 aanll'lllll MeTannll'leCKOrO 3Kp8H8 

noCT8TO'IHO XOpOWO abiS!CHI!T ani!HH118 3Kp8HIIpOaKII Ha 3TOT 3QJQJeKT, 

.Qng ahiaona ypaaaeal!ll naii>I<8HIIS! aocnonbayeMCS! MSTeMSTII'IeCKIIM annapaTOM 

/3/ 
pa60Tbl , nycTb op611T8 a03MyrueHHbiX '18CTIIU eCTb: 

re[r +,;(o ,t>Jr +'1(o
0

,t>'P0 0 0 r 
0 

0 

() O 1 r O - KOOpniiH8Tbl '18CTI!Ubl aea03MyllleHHOil TO'IKII 1 a 

3TOl! TO'IKII, HaxonH 113 (2) CKOpOCTb II yCKOpeHHe 

4 

.. 
f r 

0 

.. 
Pe 

0 

(2) 

OpTbl 

,, •' 

' 
v-(e-"' 'lid o •o +(~ +woro+wof.l;e 

0 

:. • • 2 2 t . 2 .. 
Ve(e--2w ~-w r -w f.) + (~'+2 w

0
(-"' 'I l f" 

0 oo o r 0 o "o 

Hani!WeM ypaaHeHIIe naii>I<eHIIS! 3TIIX '18CTIIU: 

dy v rv+vrs 
dt c 

rne 

y"' /1- v v 
c2 

e 

m 
0 

.. .. x) 
!E+j_[VH)) 

c 

(3) 

(4) 

EyneM C'II!TaTb, 'ITO qaCTIIUhi naii>I<YTCH • a caMocornacoaaaaoM none • .UnH sToro 

e npaay10 'laCTb ypaaaeHIIH \4) noncTaaiiM ae TOnbKO eaewaee none H
80 

, f:) 11 

C06CTBei!Hble sneKTpl!'leCKIIe II MarHIITHbie nonS! Ullnllanpa, ace '18CTHUbl KOTOpOrO 

*a03MyWeHbi" CO CaOIIMII f. II 'I • C'IIITSS! f. II 'I MSnbiMH eenH'IIIH8MII 

II paCCM8Tpl!a8S! ace B n11aeilaOM np116n11)l(eHIIII 1 nony'IIIM CnenyJOIUHe ypaBHeHIIll nell-

>I<8~111S!: 

•• 2 2 2· e I woro I 
f.+ w (1-y )f.-w y "1•--(E + --H ), 

o o oo m r c 
0 y 0 

'l+wof. 

I I 

e 

-~-m o ys 
' 0 

I Ee 

(5) 

B ypaeaeHI!HX (5) E r, E 
8 

, HI 
E 

aanpo.II>KeHHOCTH 1 C03naaaeMble TOK8MII II 38pHnOM 

B03MyllleHI!S!, 

.UnH nonc'leTa noneif aocnonbayeMCH QJYHKUIIeH fp11aa nnH nayxMepaoro ypaa-

HeHHS! fenhMrOnbU8 a Ul!ni!HnpH'IeCKOll CHCTeMe KOOpni!HaT 

GEi,H 111 (~) 
0 c • 

(I) 
H 

0 
- ljlynKUHH XaaKenH nepaoro pona. 

rne R "'..; r
2 
+ r ' 2 - 2 rr' cos ( 0-9' ) , (6) 

x) 
Ypaeaea11e naii>I<eHRS! (4) HanHeTCS! no cymecTay rHAPOAHH8MII'IeCKIIM·YP8a-

d a a .. 
HeHHeM, non --- nOHIIMSeTCll -a ·+ w 0 --, T8K 'ITO V - ri!ApOniiH8MII'18CK8ll 

d t t a eo 
CKOpOCTb II &MeeT CMbiCn nepeMeHHOil 3i!nepa, Beenea11e KOOpnHH8T K03MyiUeiiHOll II 

HeB03Myweaaoll TO'IKH yno6ao nnll nocTpOeHI!S! npllpaweallil CKOpOCTII l f.-w o'~• 'I+ woe I. 
Beane nanhwe non cnoaoM"'IaCTI!Ubr• ay>Kao nonpaayMeaaTb nOToK 'laCTRU. 
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... J -tcut 
DpeJlJIOJ18l'8SI 113BeCTHblJ1111 npllpaW.eHIISI TOKOB j e II nJIOTHOCTII 3apS!JlOB 

I -leu t 
p e 

H8ni!WeM o6pa3hl <l>ypb~ noTeHUIIBJIOB: 

-+[ } -+1 I 
A =-(Gr j ds 

c 

l'fl 1 
.. JGp

1
ds'· 

\7) 

V!HT8l'pllpOB8HII8 TOK8 fl II fiJIOTHOC'I'II pI B (7 ) npoBOJlHTCSI no C9"19HIIIO, 

nepneHilHKynSJpHOMY opTy Pz . 3necb r - euiiHII"'Hhlfi a~HHop. nony"'eHIIe nonefi 

no cpopMynaM (7), yuOBJ19TBOpS!IOW.IIX rpaHII"'HblM yCJIOBIISIM H8 M9T8JIJ111"19CKOM KOlKy

xe, npencTaanSJeT co6ofi rpoM03ilKHfi npouecc, neTanll KOToporo onycKaiOTCSJ. Koneq-

Hblil pe3yJibT8T IIM99T BIIJl: 

E·=~ 
-

n 

! 
f lnt6-8'l 

r~n(kr)U 

c n-=-cto 

e d s' I ( 
_n_ H10 (kr) v 
. r n 

~ n ( k r) V D 1; + ( § ~ (k r) U 
r I 

H<ll(kr)V 

.. 
~ ~ (k r) V D ] i k f 

6 
n 

... 
H = 

ill'k 

c 

.. 

I 

R 

, "' 

n 

__!.!__ l, 
c 

.. 
I f 

a,a-·eo 

r' > r 

~.> r' 

ln(8-fJ'ld '( e . s 

r' > r 
_§ a(kr)VD] 

r > r 

~n (kr) U 

R 1'(kr)V 
n 

Umj 1 Hlll'(kr')+IJ 1 __ n_ H1 1l(kr'), 
6 n r kr' a 

V m j; §' ( k r') + i j 
1 n 

~a(kr'), k- ~ 
a r k r' c 

6 

(8) 

(8) 

l 
I~ 

~\ 
jl 
I 

,I 

'\. 

-~-
:fl, 
1( 

\ 
1 
~ 
'ir 
\t 

:j, 
I 

Htll'(kb) 

D- K09<jl<\1HUHeHT, CDSJ3aHHl>lii c 3KpaimpoaKoii; nnR MeTanna r = --'n'-------
g' ( k b ) 

n 

b - pan11yc MeTannllqecKoro KOll<yxa). 

Beane B cpop~1ynaX WTpiiX 03H8"18eT Jlll~peHUIIpOB8HIIe no apryMeHTy, llnH HaniiCB

HIIH npapa!UeHIIH TOKOB He06XOJliiMO BCnOMHIITb, "'TO CKOpOCTb TOK8 "'BCTIIU B neaoii .. 
II f

6 0 KOTOp8S! B 
"18CTII ypaaHeHIIH \5) Mbl 3aniiC8JIII B CIICTeMe B9KTOpOB 

p 
0 0 .. 

06W.eM OTJIII"!UeTCSI OT UIIJIIIHJlpH"!eCKOii H9COOTBeTCTBIIeM HanpaaneHHSI BeKTOp8 f r 
0 

II Cl<OpOCTb!O H3MeHeHHSI 63!1MyTa 0 • <llopMyJihl (8) JlBHbl B o6blKHOBeHHOH UH-.. 
JIIIHJlpH"18CKOfi CHCTeMe KOOpJliiHBT, rue B8KTOp f r apaw.aeTCSI CO CKOpOCTb!O 6 

.. 1 .. f (J , LJ: T06bl SIC-H 
CneilOBaTeJ1bH0

0 
TOKII j 3anHC8Hbl B CHCTeMe BeKTOpOB p r 

Hee nOHS!Tb p83HIIllY M8lKJlY 3TIIMH CHCT8M8MH 0 ilOCT8TO"'H0 nOCMOTpeTb H8 pHC, 1, 

H8 KOTOpOM 11306palKeHbl 3TH )lBe CHCTeMbl H Bb!B9CTII CKOpOCTH B Cl!CTeMe OpT 

r, II Yo qepe3 CKOpOCTH r, H p(J 
0 0 

Ha caMOM nene, H3 pa3JIO)KeHHSI aeKTopoB .. .. .. 
e r = e r 0 cos ( 6- (J 0 ) + p 6o sin ( e- 6 0) ' 

p m f 6 
e G 

cos<0-8 )-P sin(0-8) 
0 r 

0 
0 

cneny!OT cnenyrow.ae npencTaaneHHSI panayca eeKTopa: 

.. 
r = 

.. 
r p r 

.. ... ... ... 
.. rcos(6-6

0
H, +rsin(6-8 0 H 0 =(r+eH +71f, 

• o 0 'o vo 

OTciOna ueTpynuo nony"'HTb 

KpoMe Toro, 

:. .. 
r ... v P 

r r 

r = ( r 0 +e) cos ( 8- eo) + '11 sin ( 8- 6 0 ) • 

.. 
+V

6
P
8 

=(V, cos(8-8
0
)-V8 sin(0-8 0 )] P, + 

0 

(9) 

(10) 

( 11) 

.. • .. . .. ( 12) 
+(V sin(6-·6 )+V

6
cos (8- 6 )]f., -<e-ru·

0 
71)P +(ru r +11+ru e)P, 

r 0 0 "o 'o 0 0 0 "o 

Tenepb 6yneM aMeTb: 

V =(~ -cu l))COs(tJ-8 )+(cu r +~+(<)e) sin ((J-8 ), 
r 0 0 00 o o (13) 

v
0 

= ( cu 
0 

r 
0 

+ ~ + ru 
0 

e) cos ( 6- 6 
0
)- ( i- cu 

0
11) sin ( 8-6 0). 
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OnpeAeliHM TOKH B UHliHHApHqecKoA CHCTeMe KaK 

.. .. .. 
j - V p • u B ( r ' -· r ) V • ( 14} 

B <jlopMyne (14) KOMnoaeHTbi V AaJOTCH (13), a r 

3TH TOKH llOACTaBHM B ypaBHeHHe HenpepblBHOCTH! 

onpeAeneao B (11). 

r' 

a 
---r' j 

ar' r 

ale 1 
+ -~-, ae 

a P• x) 

---. • at (15) 

flocne npOBeAeHHH BCeX onepauuA, CBH3811HbiX C llOACTaHOBKOA COCTSBliHIOIIIHX 

TOKa B ypaBHeHHe HenpepblBHOCTH, Ha)lO liHHeapH30BaTb nonyqeHHbie Bblpa)KeHHH, 

aanucaa u .. u 
0 

+ u 
1 

u 1 cquTaeM aenuquaoA nepaoro nopHAKB. Oaa cooTBeTCTBYeT H3MeHeHHJO qucna 

qaCTHU HS eAHHHUe llOBepXHOCTH, 

TaKHM o6paaoM, ypaaaeaue HenpepbiBHOCTH HBliHeTCH ypaaaeaueM .llliH onpe.lle-

neaus u 1 • HeTpyAHO y6e.llHTbCH B TOM, qTo·peaynbTaTOM HBHTCH 

Tenepb HMeeM .. .. 
j- j • 

(1 
I 

(1 

0 

r 
0 

<e-+ .!l_,, 
a 6 

+ J 6 f 8 .. ~ u o B ( r ' - r o ) f, + 

\16) 

+ w r (1 8 ( r' - r ) r" + u 
0 0 0 0 " • 

a., 
at 

.. 
B( r' - r 

0 
H 

6 -uow o roB'(r'-r );(17) 
0 8. 

BbipS)Keu•e ( 17} noKa3biBaeT, qTo KpoMe npupameaus 'lucneaaoro aaaqeuus 

TOKa npOH30IllliO TaK)Ke H3MGHeHRe llliOTHOCTH TOKS H3-3a llOSIBlleHHH MarHRTHbiX AH-

noneA C llliOTHOCTbiO WI I 
0

u O ~ • HTSK, HMeeM 

x) 
"lnea pI CBSI3aH C TeM, 'ITO no CMblClly ypaBHeHHH Henpepb!BHOCTH B npa

BOA qacTH CTOHT qneH, onpe,!leliSIIOIIlBA B3MeHeHBe 'IBClla qaCTHU CO BpeMeHeM B 

06'beMe [\I I I'J. 6 £\ Z • B HBIIIeM cnyqae H3MeHHeTCH He TOllbKO qBCliO qaCTRU B 

eAHHHUe OfueMa, H3MGHHeTCSI H CaM 3lleMerTapHbl9 ~6'beM H3-3aaH3MeHeHHSI I£\ f. 
"iT06bi 3TO yqeCTb, He06XOAHMO B3SITb --2.P..!_ BMeCTO ...!!..J!... , 

r' at at 

8 

J 1 ~~ u B(r'-r ), 
0 0 

( 18) 

j 1 a~u B(r'-r )-w r ~u B'(r'-r ). o at o o o o o o 

flOACTaBHM nonyqeHHbl9 Bblpa)KeHHSI B (8) H , cqHTSH e H 7/ 3aBHCSIIIIHMH OT 

l(n8-cut) x) 
BpeMeHH H a3HMYTa B BRAe e , nonyqHM Clle.llyiOIIlBe BblpalKeHHSI )lliSI 

co6cTBeHHbiX noneA 

-+J 
E 

(I)' 

2~r 2 w r {H (k r oH .E.. o n r 
--c--uolj .. 

~' (k r ) [ ~ H1,.' Jo r H 
~ o r • 

+I~ H1 ll'(k r)f
0 C n 

9 (k r ) f + i ~ 9' ( k r ) P0 n r C n 

+ 2~r 2 inu ~(1-{3{3 ) 
0 (1.) 

{ 

H
1 1 

l (k r )[ -
0

- 9 (k r) r + 
n 0 r n r 

HI 
a 

~ (kr )[-
0
-H11

l(kr) P .+ 
n 0 r n r 

Ill .. 
+1-~' (kr)t

8 
]r<r 

C n 0 

Ill (I)' .. 
+ I - H (k r ) f () ) r > r 

0 c n 

•-{3 El 
w 

{3 .. 
(1.) 

"' r o 
n c 

+ 
(Hl) 

BcnOMHHM tjlopMallbHbiA BHll aanpH)K9HHOCTeA, uanucaHHbiX B (8). Ecnu .:Mbi 6ylleM 

C'IHTSTb, qTO 3TH H8llpSI)KeHHOCTH C03ll8Hhl TOKaMH 

I 
j .. K B ( r' - r ) , 

• • 0 (20) 

I 
j .. K B ( r'- r ) , 

8 8 0 

rAe K, u K
8 

- noBepxuocTHbie nnoTHOCTH TOKOB, 3BllBHHbie ua palluyce r 0 

Ha Cp8BHeHHSI (8) H (19) nonyquM 3TH 3<jl<jleKTHBHbie nliOTHOCTH TOKS B BUlle 

I uo . 
K •---cu r ~(1-{3{3 ) 

• r 0 0 "' (21) 
o I u 

Kn•---0-c{J Dlj. 
" r w 

0 

X) Boo6me f H 7/ HBliHIOTCH ljlyHKUHHMH () O , HO llliSI nepBOrO nOpHllK8 MS

liOCTH 3TO 6eapaanuqao. 
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,,; 

~ ~ ... 

TaK KBK aanpsrn<eHHOCTH npOIIOpUHOH8IIbHbl ~ H '/1 , TO f roo fr H t6 .. f() B nepBOM 
0 0 

npu6na)f(eHHH. CHIIbl 0 .Qei!eTBYIOIUH9 Ha pS.!lHye f O , Onpe.Q9IIHM KSK epe.QHHe 

I 1 I I I I 1 I I I 
<E >---x-fE ++E )•E <Eo>·-(E +E )•Eo 

• I. • ·- • 2 6+ 6-
1 1 I I I 

< H > - T ( H • + + H •-) ., H • 
Y'IHTbiBSSI see 3To, aanameM aanpSilKeHHOCTH B npaaoil '!SeTH ypaaaeHHSI .!l BH-

lKeHHSI: 

2 I rr n 2, n 2 
E I .. K8C- K • A , c cu r o 

I 
2, r o ru 2 rr n I K Ee--

c2 
K() B-

c • c ' 
(22) 

1 
H ·-{3 E 

• (II 

B aTHX BbipaMeHHSIX npuHHTbi ene.QyJOIUHe o6o3Ha'leHHSI: 

~=g .. , 
cu r 1 cu r 2 cu r 

(--o-)H 11(--o)- ~ (--i)D, 
C n C D C 

B "' r • g• (--o-)HOl 
It c It 

c.~ r · ru r 
(--o) -~'~(--') D, 

C D C 

(23) 

, 

c 1 c.~r rur 1 rur 111 • cur rur rur 
=- ~· (--o)Hill( __ o l+- ~ (--o)H (--o )-~ (--o )~' (--o )D. 

2 It CIt C 2n CIt C DC DC , 

CaMH ypaBHeHHSI .!lBHli<eHHSI e HeiiOIIb30B8HI!eM l22) H (21) MOMHO 38I!He8Tb B BH.!le: 

2 2 
-p 2 ~+(1-y 2)ru 2 f,-,icuy2 p., =0 (1-{3{3 )-n-[{3 'IIC+i(l-{3{3 )~A], 

o o o o ru {32 ru "' 

I in2 f3cu 
2 • ~ n [{3 11B+I(l-,B,B )~C) 

(24) 
-p 'II+ 1 pcu = --

0 y 2 {32 ru "' 
0 

2 

2 eu
0

2w r
0 

ru
0 

p = n.cu 
0

- CIJ , n = 
2 

m 0 c Yo 

nnH eymeeTBOBSHHSI HeTpHBHSIIbHOrO peiUeHHSI O.!lHOpO.!lHOi! anre6paH'!eeKOil eae

TeMbl (24) Tpe6yeTeH paBeHeTBO HYIIIO Onpe.!leiiHT9IISI 3TOil eaeTeMbl, 3TO paaeHeTBO 

SIBIIS!eTeH .!lHenepeHOHHbiM ypaBH9HHeM, H3 KOTOporo MOli<HO HSliTH eBH3b cu H ft 

10 

e napaMeTpSMH, xapaKTepH3YIOIUHMH eHeTo;My, non&3yHeb ManoeTbiO U O (eM, ·Hepa

seneTBO ( 1)), 6y.!leM pewaT& eacTeMy (24) M~TO.!lOM nocne.QoaaTenbHbiX npa6nalKe-

aail. Ee3 yqeTa qneaoa, co.QeplKaiUHX u 
0 

, .IIOIIY'IHM .!lHCnepCHOHHbie ypaBH&HHSI 

p2(C'&I2 -p2 ) .. 0. 
0 (25) 

!13 aero BH.!lHO, 'ITO B CHCTeMe MOryT pacnpOCTpSHS!TbCSI CI!e.QyJOIUHe BOIIHbi: 

cu =- n C&> o ' 

ru•(n;!:1)ru
0 

npa aTOM O.!lHO peiU&HHe SIBIIH9TCSI BblpOM.!l9HHbiM, Y'leT 'III9HOB C u 
D 

(26) 

CHHMaeT Bbl-

polK.Qenae. Peweaae cu•Dru 
0 

COOTB9TCTByeT eny'laJO, KOr.Qa B03MyiU9HHe .!lBHMeTeSI 

BMeeTe e ny'IKOM; .!lBS .!lpyrHX IIOK83biB810'1'1 'ITO B03MyiUeHHe MO:lKeT OTeTaBSTb HIIH 

onepelKaTb aes03MYIUeHHYJO 'IBCTHUY Ha nepao.!l 6eTaTpOHHbiX Kone6anall. AnanH3 on

pe.QenaTenH eaeTeMbl (24) .!lOIIM9H .QaT& HHKpeM&HTbl HeyCTOli'IHBOCTell Kpyrnoro nyq

Ka, C.QenaeM CH8'18II8 npe.QIIOIIO:lK&HBH, KOTOpble I103BOIIHIIH 6bl epaBHBTb pe3yn&T8Tbl e 

/1 21 
o6meH3BeCTHblMH ' , nnH 3TOrO .!lOCTSTO'IHO HCKIIIO'IHTb nonepe'!Hble KOMIIOHeHTbl 

aneKTpOMarHHTHOrO IIOIISI R 'III9Hbl 1 CBH3aHHble e TOKSMH j I , T,e, C'IHTaTb 1 'ITO .. 
C • A • 0 , a Tatt:lKe CMOTpeTb HHKpeMeHTbl BOIIHbl Re C'&l • D c.1 O , nocne 3THX 

npe.QnOIIblKeHBil 6y.!leM HMeTb .!lHCnepCHOHHOe ypaBH9HH9 

2 AI r p • _, I B ( __ o ) 
c 

eu
0

2rr r
0 

2 m
0

y
0

c 
ru 

2 2 I I 
p t,B r,ruo 

2 I 2 
y (ru -P ) 

0 0 

nepablli qnea MeTO.!la accne.aoaaTenbCKRX npa6na:lKenall .aaeT: 

2 1 2 2 ncuo'o 
( Jm p ) • - 0 n {3 I B ( ) 

c 

(27) 

(28) 

nnSI nepBbiX rapMOHHK, C'IHTSSI b- .. 
n ru r 1 , nony'IRM B ( 0 0 ) ., --H HHKpeMeHT 

c n 132 
B OTeyTCTBHe 3Kp88Hp0BKH 

.Jmp-+Cly-;;-, (29) 

/1,2/ 
'ITO cornacyeTCH c pe3yn&TaTaMH pa60Tbl • 
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b 
EcnH Tenepb yqeCTb 1 'ITO H8W TOK HJleT B6nH3B 3Kp8H8 B C'IHT8Tb D {3 << ---

b- r 
TO H3 pa3 flO)I{eHHSI D e pSIJl Telinopa oKono TO'IKB 

11 j2(b-r
0

) 
Jm p • ± {'! -- • 

yo 

r = b 
0 

nony'IHM: 
I 

(30) 

KaK BIIJlHO .113 (~) 1 3Kp8HHpOBK8 CyiUeCTBBHHO H3MBHSI9T HHKpeMeHT HBYCTOli'I.IIBOCTB 

OTpHuaTenbHOli MaCChi, Ecne Tenepb ecnoMHHTb, 'ITO HanH'IHe 3HepreTH'Iecxoro pa3-

6poca B ny'IK9 T8K)I{9 npHBOJlHT K YM9HbWBHHIO .IIHKp9M9HT8 1 TO MO)I{HO CJl9fl8Tb Bbl

BOJl 0 B03MOlKHOM CpbiBe HeyCTOii'IBBOCT.II THDa OTpHilaTeflbHOil M8CCbl COBMeCTHblMH 

'ycHnHSIMH' 3KpaHHpOBKH H 3HepreTH'Iecxoro pa36poca. YMeHbweHHe HHKpeMeHTa 

OTpHUaTeflbHOH MaCChi npO.IICXOJlHT, no-B.IIJl.IIMOMy, B pe3ynbTaTe yMeHbW9HHSI 31jlcjleK-

THBHOI"O KyflOHOBCKOI"O 3apSIJla DflOTHOCTH B03MylUeHHSI B pe3ynbT8Te 3KpaHHpOB8HHSI, 

ITpoaHaflH3HpyeM nony'leHHYIO CHCTeMy B Jl9flOM, llHcnepCHOHHOe ypaBHeHHe C 

y'leTOM nonepe'IHblX TOKOB H HanpS1)1{9HHOCTell nony'laeTCSI B BHJle: 

2 I I 2 2 I n n f3r.J r.J <t-y >-P r.Jr 
p2(p2-cu2),. -[ o o IB(--0-) 

0 R 2 2 C 
"' )' 0 

(31) 

~-(1-(Jf3r.J r.J r 2 
)piC(--' , __ P_ 2 

(1-(3(3(>)) 
r.J r 0

4 
2( 2 IA(-~o )j _ D l-f3fJ) 

- (3r.J 
r.J 

c 2 
{Jr.J 

c . + f!l 

)': f3 • 

113 3TOI"O ypaBHeH.IISI BHJlH01 'ITO B npH6flHlK9HHH Manoil DflOTHOCT.II DY'IKa ( 1) Mb! no

nyqaeM B nepeoM nops!JlKe MeTOJla nocneJlOBaTenhHhlX npa6na)l{eHHll Te lKe HHKpeMea-

Tbl H8p8CT8H.IISI BOflH Re C'U ., D r.J O 1 'ITO H B npeHe6pe)l{eHH.II nonepe'IHblX TOKOB .II 

H8DpS1lK9HHOCTell, 

ITpH pacnpSIMfleHH.II ny'IK8 OCTaeTCSI BOflH8 THD8 r.J "'ft cu
0 

, 3TO 3H8'1BT1 'ITO 

3T8 BOflH8 HBIISieTCSI npOJlOnbHOi! B OTflH'IHe OT DODepe'IHblX BOIIH C'U • (II + 1 ) 1<1 
-· 0 

YcTOii'IBBOCTb nonepe'IHbiX BOIIH H CBSI3b ee C 3Kp8HHpOBKOil npeJlCT8BIISieT Onpe-

JleneHHblil BHTepeC, AH81IH3 YCTOii'IHBOCTH 3THX BOflH MOlKHO DpOBeCTB, DOflb3YSICb 

ypaBHeHHeM (31), HO 3T8 npo6neM8 BblXOJlHT 3a paMKH DOCT8BfleHHOil 38Jl8'1H, 

x) 
ITpu nony'leHHH JlHCnepCHOHHOro ypasHeHHSI y'ITeHo nerxo nposepSieMoe 

paeeHCTBO: AB- c2 - __ 1 
II 2 pI 

r.J 
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ABTOp C'IHT8eT npHSITHblM JlOfll"OM Bblp83HTb 6onbWYIO 6narOJl8pHOCTb 3,A, ITe

penbWTeiiHy H TOB8pHIU8M DO pa60Te 3a MHOI"O'IHCfleHHbie o6CylKJl9HHSI, 
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