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K BOOPOCY 0 TOPNOIEHHH 
PEnBTHBHCTCKOrO ~PB~A 

OPH OPOBETE MHMO H~EABbHO 
DPOBO~BmErO DPEOBTCTBHR 

HanpaBneHo B :>KT<ZI 



., 

Ill 
AHanH3 ps!lla pa6oT ( CM., HanpuMep, ) noKasbiBaeT, 'ITO aHeprHSI1 Te-

pSieMaSI ynbTpapenSITHBHCTCKHM 38pSl~OM H8 B036ym~eHHe HSny'leHHSl , npH 

nponeTe MHMO o~HHO'l:Horo npenSITCTBHSI, nponopuHoHanbHa ero nonHoit aHep­

_rHH '(J, = M c 2y , HO pacnpe~eneHHSI noTepb aHeprHH B~onh TpaeKTOpHH sapSI­

~a HH ·B o~Hoit H3 pa6oT1 nocBSili!eHHbiX ~aHHoM:y Bonpocy, He ~aeTcSI. Mem~y 

TeM 'I~TKHe npencTaBneHHSI o TaKoM pacnpeneneHHM HMeroT BamHoe sH~'IeHHe 

C TO'IKH speHHSl Y'I~Ta· ~aHHOrO SIBneHHSl B KonneKTHBHOM YCKOpHTene, r~e 

ycKOpSIIDTCSl KOMnaKTHbie cryCTKH '18CTHU C 6onbiiiHM 38pSl~OM Ii TepSieMaSI 

HMH sHeprHSI npH nponeTe MHMO HeO~HOpO~HOCTefi B Y,yKOpHTenbHOM TpaKTe 

MomeT HMeTb aaMeTHyr6 BenH'IHHy, KOTopyro Heo6xo~HMo y'IHThiBaTb npu 

npoeKTiipOB8HH~ YCKOpHTenSio .Bonpoc 38Knroqae~CSl B '18CTHOCTH B TOM, qeif· 

onpe~enSieTcSI_ poeT noTepb c yBenH'l:eHHeM ~enSITHBHCTCKoro $aKTopa y 

pOCTOM aMnnHTy~bl TOpM03Sl!I(eit CHnbi1 Hnli yaenH'l:eHHeM nyTH1 Ha KOTOpOM 

aTa CHna, HMeeT ·.saMeTHYID BenH'IHHy. 

nnSI Bb!SlCHeHHSl <jlH3HKH npouecca TOpMomeHHSl . B cnomHOM yCKOpSliD!I(eM 

TpaKTe npencTaBnSieT HHTepec .TaKme~ K8K BOCCTaHaBnHBaeTCSl BenH'IHHa non­

HOrO nonSI .B o6nacTH TeHH nocne nponeTa. sa pSI na MHMo npenSITCTBHSI. Xopo­

mefi MoiletrbHOfi sana-.iefi ~nSI · BbiSICHeHHSI aTHx BonpocoB SIBnSieTc SI sa~aqa o 

nponeTe sapSimeHHOfi HHTH MHMO HJleanbHO npoBOJlSili!eit nonynnoCKOCTH ( CX~­

MY eM. Ha puc. 1). 3a)la'l:a HMeeT TO'l:Hoe peme.Hue, KOTopoe 6brno nony'l:eHo · 
' /2/ ' 

EonoTOBCKHM H BocKpeceHCKHM , • AHanus aToro pemeHHSJ c yKasaHHofi 

uenbro H npoae~eH B HacToSimefi pa6oTe. 
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PHc. 1. 

121 . r · B pa6oTe npHBe~eHo TO~Hoe Bhlpa*eHHe ~ng BeKTopa epua BTOpH~-

HOrO nong, KOTOpoe MO*eT 6biTb npe~cTaBnElHO B BH~e:-
- i i[y'ka::;2[ y I+ cuz- kct+lkra] 

q ( lT" sin 0- r cos 0 ) 00 dk 00 e .. . ' . dw 
TI ·=- Re I_JJ- . - f ---=-f-.----- . 

z 
11 

yl-jicosO+irsinO oyk -ooy'J< 2-w 2 V'k-w(w+}cosO:...,ikrsinlt) 

B STOM Bbi:a*eHHH. q - sapg~ e~HHHUbl ~nHHbi HHTHi r = ~-Y 
· Jm yk2-w2> 0 H 6epeTCR Ta BeTBb Bbtpa*eHHR yk-w , KoTopag itono-

- . . ! 
*HTenbHa npH W4-oo • B nnocKoCTH KoMnneKcHoro nepeMeHHoro w· 

c ~BYMR paspesaMH, BbiXO~RWHMH irs To~ek w = .± k (paspes Hs TO~KH 

·W = k . YXO~HT B BepXHIOIO nonyrinOCKOCTb W , a HS To~KH w = - k 

_ B HH*HIOIO nonynnocKOCTb w ) 1 Bbipa*9HH9 ( 1) O~H03Ha~HOo 

Bbtpa*eHHR ~ng noneii no o6bttiHbiM ¢opMynaM nony~aroTCR Hs ( 1) _ B­

BH~e aHanorH~HbiX HHTerpanoB; Tiocne saMeilhl nepeMeHHOii w=ku HHTerpanbi, 

4 

- BXO~RmHe B Bbipa*eHHSI llnst · none A, Bbi~Hcnstror.cst ·no k , a 

nstroTcst KoHTypHbie HHTerpanbi no u ·• B pesynbTaTe ·~nst nc 

est cne~yromHe ¢ opMynht: 

E - 2q(- l 
Y -_ aR - sign p Jm I jf sinO+ i._I'cosO [ 

u 0 yl+u 0 

',Ji+u
0 (uo-:-u luo -u 2) (u 

u
2 
yl· + u 

2 
l I +-------

(u · -u · )(u -it ) 
0 · 2 I -2 

1 < /: · r -- • 
2 

fJ sinO+ ircosO u s -71 + i- )yl- u 
E = _q_ Jm I · -. [ 

0 
R o. 

z aR ----~ --
yl + 0 o ( u -u -)( u -u ) 

. -0 I 0 2 

O+u 1 )yl- u 1 _., -
O+u 2 )yl-u 2 . 

+ ( 11 
(u

0 
-·u 

1 
)(u 

1
-u J ( ti -u ) ( u - u ) 

0 2 I . 2 

5 



BHJle: · 
~ Yl+c:uz-kct+lkra] 
· ... . · . · .dw 

,....,...- 'k ' . . 
k~w( w+ tr"cO.sO-dk}:sin€1). 

l.nHHbi. HHTHj r = ~ . ;, 
. ·,..y 

vk-:-:w • KOTopaSI nono-

~H?ro ri~peMeHHoro ~ 

+ k ( paapea. H3 ~O"'KH 

1 a na To<iim w = - k 

j Oll~03Ha"l:HOo 
1M . nony"l:aiOTCSI H3 ( 1) B 

>eMeHHOii W = k U HHTerpanbi1 

.. 

.. ' 

· BXOilSIIIIHe B Bbipa>KeHHSI JlnSI . noneit1 Bbi"'HCnSIIOrCSI no k a 38TeM Bbl"'HC-

nSIIOTCSI KOHTypHbie HHTerpanbi no U 

est cnenyromne «P opMynhx: 

• B peaynhTaTe nnst noneA nonyqaroT-

l 
2q~'. -sinO+ i._I'cosO ... {3 . 

E = --- sign p Jm I -
Y . aR 

--~ ......... --+ 
( u -u )(u'·-u ·) 

0 I I 2 

'+------ ] l ( 2) 
(u · -u · )(u -u ) 

0 · 2 I .2 

r --- • 

. 
~~inO+ircosO (ui-7)+iR)y'l-uo. 

E = 3._ Jm I ;.._~" ______ [ ---"-·- -
z aR 

( u -u · )( u -u ) 
0 I 0 2 

O+n 1 hll- u 1 ( l +u 2 )yl-u 2 
-·(-----+' ]l 

( · · )( ) ( ti -u ) ( u - u ) uo - u I u ~-u 2 o 2 . 1 2 ( 3) 
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. 2q( .. 
H =- -- s1gn p Jm I 

1 . r/ 8 {I sin 8+ i cos · 

x aR v'l+lb 

v'1+ u 1 y1+u2 
1 I . _._ ___________________ + 

(u - u · )(u -u ) ( u -u )(u -u ) 
0 1 1 2 0 2 1. 2 

y1+u 0 · 

-[ -.---
(uo;_ui)(uo -u2). 

.Llmi TOKa, B036y:lK.IleHHOrO Ha 9Kp8HE\ HMeeM: 

(4) 

j = ___£,g__ Jm I 
11aR 

1 .!__ cosf3+ irsin8 
p --- . -~~==~--~-------· 

"I. (5). 

v'l-77 + i r[77 +..lcos8~ iU+_!)rsin81-·v1+u
0 

R. {3· R · 
3necb BBe.neHhi o6oaaa'leHHH 

u =-L cos8 + ir sin() 
0 f3 . 

----. . . r ... r 2. 

u =f(77- i--- )+( v' 1-(71- i---) 
1 · R · . R 

. r . . r 2 

u 2 = f ( 71 - i ·R ) - 'v' L -:- ( 77- i R ) 

. ·x/ 
y z2+ y 2 z . I y I . ct . 

p=---i R=---; f=--; (=---; 77 =-- · 
a a aR · aR aR 

x/ . 
CM. npHnO:lKeHHe A. 

~6 

. 

CHna, neli:CTByromaH Ha e.aHHHUY . .anHHbl HHTH B.UOnb e 

.aenHeTCH Bb!p8lK9HH9M 

.F = -q [E sin()+ E · cos 8], 
y z 

r.ae non£ 6epyTCH B M9CTe H8XOlK.ll9HHH HHTH,. onpe.aenHeM 

y =a cos8- f3 c t sin(), z ;,_a sin {J -{3ctcos8. 

l1cnonb3YH (2) H (3) nocne npenenbHoro nepexona n 

B HHX Bbip8lK9HHH ( 6) HnH nyTeM Henocpe.UCTB9HHOrO Bbi'IH 

HHTerpanoB .no u npH ycnoBHH ( 6), nonyqaeM cne.ayrome 

HHe .an£ cHnhi F , ( r= ... £.L ... ). 
·a 

F=- ·--- q2d [-· ~--· 
. . . 2 2 

2 f cos ()- f3 r sin (J )( 1 + .f!......!__ 
. y2 

.;; 1+ f3 2r 

2.· ·2:! ·2 2 a4 2. 
-rf3 sm (J+r f3 [(2-{3 )+(2+{3 ),Bcosll]-r f3 (2+{3 )sm() 

6 
4 4 r5{3 ; Ol I . 

r f3 (l + f3 cos 0) - 2 sm ,... 1 - f3 cos () + . y y2 

sin (J 
..:. rf3 [ 

+ (l +2{32 )cos I}] + r2 f3 i:3 + 2f3cos (} ] sin (J -

r3 f3 3 ({3 +cos (J ) 

y 2 

·. ; : 2 
y (1 - f3 cos 8 ) 

r4-{34. 1 
+ [ 1 + ...;__.....;;;..., __ _ 

y2 y2(1-{3cos0) __ ]sin8l 
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y'l+u o. 

\ ' 

(4) 

I . 
. '}, ( 5). 

+ J.. coso.:... i(l +_!)rsinO]-
{J. R . 

:/ 

Cuna. neii:CTBY101Il8SI Ha enHHHUY. JlnHHbi HHTH BJlOnb ee JlBIOK9HHSI• onpe-

nenSieTcSI BbipameHHeM 

.F = -q [E sin 8 + E · cos 8], 
y z 

rne nom! 6epyTCSI B M9CTe H8XO)!{JleHHSI HHTH•. onpenenseMOM ypaBH9HHSI MH . 

y=acos8-{3ctsin8, z=-:-asinfJ -{3ctcos8. ( 6) 

Hcnonb3YSJ ( 2) H ( 3) nocne npenenbHoro nepexona npH noncTaHOBKe 

B HHX BbipameHHH ( 6) HnH nyTeM HenocpencTBeHHoro Bbl'IHCneHHSI KOHTypHb!X 

HHTerpanoB .no u npH ycnoBHH ( 6) • nony'laeM cnenyJOmee SIBHoe Bbipame-

HHe nnSI cHnbi . F , ( r= ..£.L ). 
·a 

I . 
--------[-· ----- '{l+ f3 cosO 

·-~· 

2 · ·2:3 2 2 . a4 2 
-r/3 sin 0 +T {3 [(2-{3 )+(2+/3 ),8cos0]-r 'f3 (2+/3 )sin'O + 

( 7) 

..:..r{3[f3+' 

· 2{3 ~OS (} 

+(I +2/3
2 

)cos 0] + r2 {31:3 +------ ] sin 8 -
. . 2 •. 

. . y (l - f3 cos 8 ) 
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Ha pnc. 2 ITplmeneHbi rptufmKH aaBHCHMOCTH senn·qnHbi 
2aF 
q 2 

OT 

speMeHH nn£ cnyqa£ (")=E... 
2 • Y= 2 H Y=20 (B aToM cnyqae, cornacHo 

( 6) 1 KOOp/lHHaTa HHTH B}lOnh TpaeKTOpHH H BpeM£ CB£3aHbi COOTHOlli9HH9M 

y = :.._ C f3 t ) • J1a rpalf!HKOB BHL1H01 qTo ITpH. ITonneTe K ITp9IT£TCTBHIO (y•> 0, 

t < 0 Ha HHTh neii:CTByeT H9KOTOpa£ yCKOp£10!1l.a£ CHna1 CB£3aHHa£ C, 

ITpHT£~eHHeM HaseneHHhlMH Ha ITonyiTnocKoCTH aap£naMH~ B ynhTpapen£TH­

BHCTCKOM cny:qae neii:CTBHe ycKOp£10!1l9ii: CHnhl Cy!1l9CTB9HHO cna5eeT1 a neii:cT­

BHe TOpM03£!1l9ii: CHnbi1 HM910!1lee M9CTO B o5naCTH t •> 0 1 y .< 0 ( ITOCne . r 
ITponeTa ITpeiT£TCTBH~, pacTeT. ITocnenH££ aaBHCHMOCTh xoporno snnHa na 

aCHMITTOTHqecKHX Bbipa~eHHii:, ITonyqeHHbiX nng cnyqag; Korna y>> I H t •> 0 •, 

F =-(~) '4T(2 +T
2

) 
2a '0+ T2 )2 

ITpH () = 0 

F =-(~)2(3+T
2

) 
2a (l+T2) 2 

IT pH 
'IT 

e =2 

F=-(£) 2T(2+.LT2) 
2 

__ ____Y.2 
a --

( l+ T2) 2 
IT pH e ='IT 

ct 
3nech nn£ Harmi nHoCTH sseneHa ITepeMeHHa£ T = -. -

ay 

(8) 

(9) 

( 10) 

OTc:rona snnno, qTo 

TOpM03£11l8Sl CHna ITpH5nH3HTenhHO nHH9llHO UapacTaeT ITO Mepe ynaneUH£ HH~ 

TH OT ITp9IT£TCTBH£. H llOCTJ!raeT CBOero M8KCHM8nhHOrO anaqeHH£; He SaBH-

cgmero oT $aKTopa y. , Ha pa,ccTO£HHH ITop£nKa 0, 7 a y , a nanee ciTa-

naeT ITpH5nli3HTenhHO ITO rHITep5onuqecKOMY aaKOliY• 3TOT tP 8KT HM99T. no­

BOnhliO ITpocToe tflusUqecKoe o5b£CHenne. HHTh, ITponeTa£ MHMO Kpag ITony­

ITnocKOCTH, B03 5y~uaeT HMITynhC BTOpHqHoro liOn£." ITpoCTpaliCTB9HH8£ rrpo-

T£~eliHOCTh aToro HMIIynhca B Harrpasnennn ero pacrrpocTpaHeHH£ 

.a 
• .• TaK KaK OH paciipOCTpaH£9TC£ CO CKO-rrporroprumnanhHa 

y 
poCThiO cseTa, n, cnenosaTenhHo, ero CKOpOCTh OTHOCHT9nhHO HHTU rrpo-

- \ 

8 

__ ....... 
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li'IHllbi 
2iiF 
q 2 

OT 

!TOM cnyqae 1 cornacao 

13aHbi COOT!i0lli9HH9M 

e K npeiTSITCTBH!O (y'> 0, 

I cnna1 CBSI3aHHaSI C 

~n•.B ynhTpapenSITH­

aeaao cna5eeT1 a neacT-

·> 0 1 Y < 0 ( ITOCne 

;Tb XOpOlliO BHAHa H3 

1 Korna. y>> 1 n t•> 0 ., 

(8) . 

(9) 

( 10) 

no Mepe ynaneanSI an~ 

:'0 3Ha'I9HHSI; He 3aBH-

ay 1 a nanee cna-

I.TOT if> aiCT HM99T. ·AO-

raSI MJIMO KpaSI nony-:-

'• 
JOqTpBHCTB9HllaSI npo-

'O pacnpocTpaHeHHSI 

paHSI9TCSI CO CKO-

OTHOCHTenhliO HHTH npo-

g 

--,------~ - ~ -------~·----;-----.-, -'7---~----
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I 
I-

I 

c 
1 TO BpeMSI1 38 KOTOpoe HMnynbC nom! 06I'OHSieT ncipuHoHan&Ha 

y2 
HHT&; nponopuHoHan&Ho ~ 

c 
nuHeiiHbiH poeT 'llnHHbl 

-. 
TOpMOJKeHHSI' C 

,. 

y H He3aBHCHMOCTb OT 

Y M8KCHMyMa CHnbi 06'bSICHS!IOT H3BeCTHbiH nHHeiiHbiii 38KOH yl3enH'!eHHS! 

noTepb s.iiepi'HHo- 0TMeTHM1 'ITO norapH<fJMH'!eCKSS! paCXOllHMOCTb nomi?I'O 

HHTerpana oT CHnbi ( 7) Bllon& nyTH cBSI3~Ha c llByMepHOCT&IO aana.;m H He 

HMeeT <fJH3H'!eCKOI'O CMbiCna. Ka'!eCTBeHHbiii BbiBOll 0 TOM, 'ITO pOCT. noTepb 

CBSI38H C nponopiiHOHan&HbiM y yBenH'IeHHeM fiYTH 1 Ha KOTOpOM _ocymecT-
: 

Bn'SieTCS! cy meCTBeHHOe TOpMOJKeHHe, O'IeBHllH01 OCTa~eTCS! cnpaBellnHBbiM H 

JlnSI llPYI'HX cnyqaeB1 KOI'llB yn&TpapenSITHBHCTCKHH CI'YCTOK nponeTaeT MH-

-MO OllHHO'IftOI'O npenSITCTBHSio 
x/ . . -

OcHO~biBaSICb Ha <flopMynax ( 2-4) , Mbi npoaenH oonee nollpo6Hbiii aHa-

nHs BTOpH'IHOI'O H rionHOI'O nonSI B o6naCTH TeHH ( Z ~ 0; y _:5 0; t > 0),-

npH 0= .!!... 
2 

no-BHllHMQMY1 STOT aHanH3 nosBonSieT CllenaTb HeKOTOpbie 3aKniO'Ie- _ 

HHSI 0 BBJKHOM C TO'IKH speHHSI yCKopeHHSI npouecce B38HMOileHCTBHSI 

yn&TpapenSITHBHCTCKciro sapSilla co CTpyKTypoii, cocToSimeii H3 pSilla npa-

nSITCTBHHo 

KaK noKa3biBaiOT pac'IeTbi1 BbmonHeHHbie Ha 3BM, BTop-H'!Hoe none 

(E',0')' npeJlCTaBnSieT co6oii COBOKynHOCTb llBYX BonH- nnoCKOH H IIH­

nHHllPH'IeCKOH (eM. pHC. 3.). nnocKaSI HeOilHOpOllH8S! BOnHa (E ~ ,ii{Ili~ _ fin 

<flopMHpyeMaSI TOK8MH1 B036yJKJleHHbiMH Ha BCeH miOmallH SKpaHa1 HMeeT 

rpynnoByiO· CKOpOCTb c {J _ o. 3Ta BOnHa nonHOCTbiO 'raCHT' none .- HHTH B 

soHe TeHHo OT o6nacTH KpOMKH sKpaHa pacnpocTpaHSieTcSI co cKopocTbiO 
I 

c IIHnHHllPH'!ecKaSI HeotiHopollHaSI BonHa ( F:-;_ ,ii ~.) . TaKHM o6pasoM, _ 

-B TOH o6naCTH TeHH (H830BeM e~ o6naCTbiO nonHOH TeHH) 1 I'lle IIHnHHJlpH-

x/ "' - "' - B B pasBepHyToH '*'opMe STH 't'opMynbi npHBeneHbi B npHnoJKeHHH • 

f 
' i 
f' 
jl 

~ 

\ 

!I V!K T) J"' 

--- ---·--- ~-·'1 ll --

PHc. 3. 



H He3aBHCHMOCTb OT 

pacxonHMOCTb nonaoro 

yMepHOCTblO aana'IH H He 

n 0 TOM1 'ITO pocT.noTepb 

yTH 1 Ha KOTOpOM .OCy!lleCT­

:Ta~eTCSI cnpaBennHBbiM H 

crycToK nponeTaeT ¥H-

mH 6onee nonpo6Hbdi aaa­

(z ~0; y~ 0; t >0),· 

lTb HeKOTOpbie 38KnJO'Ie-. 

CCe B38HMonefiCTBHSI 

ocToSimefi Ha pSina npa-. 

SBM, BTopii'IHoe none 

: Bona·- nnocKofi H · uH­

:aS! Bonaa ( E ~ , ifin~ 
: . tin . 

toma.nH aKpaaa, HMeeT 

,JO "'racHT' none•. ~HHTH B, 

ISHSieTCSI CO .CKOpOCTblO 

I' J • TaKHM o6paaoM; u' . 
>ft.TeHH) 1 rne UHnHHllpH-

·I B npHno:lKeHHH B. 

~----
.Cj. u. 

PHc, 3. 
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~eCKag BOnHa eme ~e norHana ~pOHT BTOpHqHo~ nnOCKO~ BOl 

none npeJlCTaBngeTCH ~MeHHO 3TO~ IlHniiHJlpHqeCKO~ BOnHO~ ( 

Ha pncyHKe npnBeJleH npolfmnh aonHbi (KoMnoHeHTbi E ~ B 

oT~ ) nonHoro nonH. ~ cnnolliHag Kpnaag H BTOpHqHoro nor a . . 

KpHBag ~ o6naCTH TeHH J rrpH ~ = 3,8 ) t BblqHcneHHbiX Ha ~ 

non~)KeHHe HHTH OTHOCHTenbHO 3Kpana COOTBe.TCTByeT : 

Yo ,:5 
0 : XopOliiO BHJlHbl o6e CDCT8BHbie qaCTH BTOpHqHo~ Bon 

a 
qaCTb rpa~HKa COOTBeTCTByeT HeOJlHOpOJlHO~ nnoCKO~ BOnHe, 

OTHOCHTCH K HeOJlHOpOJlHO~ IlHnHHJlpHqecKO~ BOn~e. liHnHHJlpH 

HMeeT ~OpMy HMnynhca C pe3KHM nepeJlHHM ~ pOHTOM H 6om 

cnaJlaJOmHM 38JlHHM ~pOHTOMo. lliHpHH8 HMnynhca o6paTHO np! 

y •. Jle~CTBHTenhHOt B OKpeCTHOCTH ~pOHTa, onpe)lemieM 

7]=1 , npn y·>> 1 nonH (s_allncaHHbi~ B unnHHJlpHqecKo~ CJ 

JlHHaT) MO)KHO npH6nH)KeHHO llpeJlCT8BHTh: 

E¢=-H = qyy y1+sinp yyL!-£
2 

+t" 
x . a .JR sin¢ 1 + t" 2 

, Er = 0, 

. rile t" :'Y R ( 7J- 1) • yron· ¢ IIOKasaH Ha pnc. 3. I 
. . . 

(11) cneJlyeT, qTo mnpHHa HMIIynhca no t" H8 IIOnyBbiCOT 

0TC!Oll8t llepecqHTbiBag, llonyqnM BpeMeHHYIO liiHpHHy HMIIym 

PacqeT, BbmonHeHHbi~ 110 ~opMyne ( 11) Jl·ng Tex )Ke 3Haqea 

qTo n aa pnc~ 4a, xopomo cornacyeTcg c pacqeToM 110 rpo1 

HbiM ~OpMynaM. 

Bbipa)Keane ( 11) CllpaBeJlnHBo, OllHSKo, TonhKO B o6na· 

1T • • 1 R . -1.. m . 1 m2 + 1 2(m H ) -~.. 
-- v- >'I' ·> - + v --- + . ""'I' , 
2. y - - y y 2 yR T 

x/ 
BennqHHbi nong oTaeceHbi K ....9._ 

2a 
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•. ,. 
· fnu .,., 

qecKaSI BOn.IIa eme H.e nor.IIana !jlpo.IIT BTOpH'iHoti nnocKoti BonHbr, nonuoe 

none npencTaBnHeTCH HMe.IIHO aToti imnlmnpHqecKoti Bonuoti (eM." pHc." 4a). 

Ha pHCYHKe npHBene.II· npo!jJHnh Bon.IIbi (KoMno.IIe.IITbi E ~ B saBHCHMOCTH 

OT~ ) nonHOI'O nong' - cnnoWHaSI KpHB8SI H BTOpH'i.IIOI'O nong - ny.IIKTHpHaSI a . . 
· · · z · x/ 

KpHB8SI B o5naCTH Te.IIH ( npH a= 3,8 ) , Bbi'iHCne.IIHbiX .II8 38M • 

flonomeHHe HHTH OTliOCHTenbHO aKpaHa COOTBeTCTByeT ::;uaqeHHro 

Yo =5· .: Xopowo BHllHbi o5e cocTaBHbre qacTH BTopH'iHOti BonHhr. HmK.IISISI 
a . 
qacTb rpa!jJHKa cooTBeTCTByeT· fieonuoponuoti nnocKoti Bonae, Bepx.IIHSI 'iaCTb 

OTHOCHTck K HeonHopOJlHOti nHnBHJlpH'ieCKOti BOn~e. liHnHHJlpH'ieCK8SI BOn.IIa , 

nMeeT !jlopMy HMnynhca c pesKHM nepenHHM !jJ poHTOM n 5onee Menne.Huo 

cnanaromHM sanHHM !jlpoHTOM. · lliHpHHa. HMnynhca o6paTHo nponopuHoHanbHa 

y • nettCTBHTenb.IIO, B OKpeCTHOCTH !jlpoHTa, onpenenSieMOI'O BenH'iHHOti 

Tf= I , npn y·>> I 
'· 

nang (s.anHC8HHbie B UlinHHJlpH'ieCKOt!: CHCTeMe KOOp-

E = _ H = q Vr y I +sin p 
cp x. a$ sin¢ 

, Er =0, ( 11) 
., 

. rne t: ':'Y R ( Tf- I) , yron· . ¢ noKasaH Ha pHc. 3. HanpnMep, H3 ~r 

( 11) cnenyeT, 'iTO WHpHHa HMnyni.ca no t: Ha nonyBbrcoTe paBHa 9. 

0TClOJl8, nepeC'iHTbiB8H, no~y'iHM BpeMeHHylO WHpHHy HMnynhC8 /). t = .~ 
cy 

Pac'i~T, BhmonHeHHbiii no !jlop:Myne ( 11) n·ng Tex :>Ke sHa'leHHii napaMeTpoB, 

'iTO H Ha pHc. 4a, xopowo cornacyeTcSI c pac'i~TOM no rpoMosn KHM To'i- .­

HhiM !jlopMynaM. 

Bhrpa:>Kemre . ( 11) cnpaBennnBo, onHa_Ko, TonhKO B o5nac1-n 

-rr·_:,R >· . .~. m . 1 m2 +I· 2(m+t:) .!. 
V 'I' •> - + V --- + = 'I'T • 

2 y - y y 2 yR . 

x/ 
BenH'iHHhi nonH OTHece.IIbi K ..i_ 

2a 
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., 
! 

rAe m , c1 -: '!Hcna nopSIAKa l-t21 xapaKTepH3YIOIItHe rpaHHilhi <iJpoHTOB 

nnOCKOfi BOnHbi ( 'IHCnO m ·) H nepeAH9I'O. <iJpoHTa UHnHHApH'I9CKOfi BOnHhi. 
- . . . \ 

( c 
1 

.>. B o6nacTH 0. :S .· ¢ _<¢'!' npoHCXOAHT HHTep<PepeauHSI uHnHHApH'!ecKoii 

H nnocKofi Bona BTOpH:aoro nonSI •. 3Ty o6nacTb Mo~Ho Ha3Ba~b o6nacTbiO 

nonyTeHH. B peaynbTaTe HHTep<PepeHUHH o6~ aonaw qacTH'IHO racSITCSI H 

npeo6pa3yiOTCSI B OAHY UHnHHApH'I9CKyro H90AHOpOAHY10 BOnHy1 ABH~IItYIOCSI 

CO CKOpOCTblO c 

H3 4JopMyn_(l1) BHAHo1 'ITO aMnnHTyAa nonSI B o6nacTH nonaofi TeaH 

nponopu~~:oaanbHa yy H pacTeT no Mepe np~~:6nH~eHHSI K rpaJmue ¢T. 

c o6nacTbiO nonyTeHH_. llpH ¢= ¢.T aMnn~~:-z:yAa ~onSI · oKa3biBaeTc:R: nponop- _ 

(npH m =·E =2 H R«y aMn~HTyAa nonSI rropSIAKa ~ L--). 
1 . . - · a 4'/2 

Ha rpaa~~:ue caeTa H TeHH ( ¢ =0) AnSI aMnnHTYAhi rronaoro rronSI . E 

UHOHBnbHOfi y 

. . ZA 

MO~Ho rrony'IHTb rrp~~:6nH~eaaoe Bbrpa~eHHe 

E - 2q y 
zA .--a- 2" ( 12) 

3Ta BenH'IHH8 B AB8 pa3a M9Hblli9 nonSI HHTH B 9TOfi TO'!Ke. 

TaKRM o6pa30M1 B o6nacTR nonyTeHR, yrnoBaSI rnRpRHa KOTopoii 
-· -~ . 

R <<y rrponopuRoaanbHa y , aMnnRTYAhi noneit Ez R H x npo-. rrpR 

nopum:iaanbHhi y R 6biCTpo criaAaroT no Mepe yaenR'IeHRSI ¢ 

llpouecd BOCCT8HOBn9HRSI rrepBR'IHOI'O nOliSI B o6naCTR nonyT9HR 

(~ =0.2) a . 

HOI'O IIOnSI B 

. 'x/ 
xoporuo BRAea Ha pRe. 46 · , rAe rrpo<iJRnb aonahr BTopR'I-

HR~Heii qacTn' rpa<iJRKa RMee~ 3H8'IRTe~bHO MeHblliYIO lliRPR":' 

ay, '!eM aa pRe. 4a, ·3a. c'!eT pe3Koro yaenR'IeHRSI KPY.TR3Hhi 3aAaero 

<lJpoHTa. CneAoBaTenbHO, rrpo<PRnb_ Bo_nHhi . rionaoro nonSI pa~lliRpSieTcSI,. KaK 

x/ .. · 
Pac'!eT BbiiiOnHeH no TO'IHbiM <iJopMynaM. ( llono~9HR9 HRTR OT-

HOCRTenbHO 9Kpaaa .In_ = 5 ) • 
a 

14 

"" 

9TO R BRAHO HB rpa<iJRK9 1 BHa'!ane 38 C'IE!T BOCCTBHOBneHRSI 

rrepBR'IHOI'O nonSI R rrpR R > y BOCCTaHaBnRBaeTCSI nepeAH 

pRC~·4B IIOK838H npo<iJRnb BOnHhl nonHOI'O nonSI ~ AnSI en~ 

~ =0.01 AnSI pa3HbiX MOMeHTOB Bp9M9HR {KOI'A8 HRTb H8XC 
a 
CTOSIHRSIX L<l.. = 5; 20; 50;_ 200 ) • BRAH01 K8K noCT9II9HE 

a . ·. 
nRB89TCSI IIepeAHRfi <iJpOHT RMIIynbC8 R BRAHB c4JopMRpOB8Blli 

qecKaR Bonaa,o6oraaaruaSI RMnynbc nepBR'!Horo nonSI. 

EhmR npoBeAeHhi pac'!eThi noToKa BeKTopa lloiiHTRara, 

pOB8HHOI'O ITO BpeMeHR, ,anSI IIOnHOI'O nonSI 1 II8A810llt9I'O H8 B' 

)K89Mbrii) 9XpaH B BRAe rronynnOCKOCTR (.z > 0 ), OTCTOSilltefi J 

CTOSIHHSIX L oT peanbaoro 9Kpaaa. Pe3ynbTaTbi npRBeAeJ a . 

KpRB8SI 1 A89T 38BRCRMOCTb IIOTOKa OT y II pH <iJRKCRpOBB 

3Ta 38BRCRMOCTb H9CKOnbKO 6onee Cna6aSI1 '19M 3,8KOH ":Y~ 
AaeT 3aBRCRMOCTb rroToKa oT · L rrpR nocTOSIHHOM y '< pa 

a 

COOTB9TCTByeT 38KOHY .,( f )~ npH ~ < y 2 , _ a Aanee Bb 

TOo 
• 

PeanbHhifi BTOpR'IHbifi 9Kp8H1 B CBOIO O'IepeAb1 II9p9R3 

IItRii Ha aero nOTOK1 a n:pR . paCCTORHRSIX M9)KAY 9Kp8H8MR · 
. . l 

38 9TOT naA810IItRfi noTOK MO~HO IIpRHSITb IIOTOK 1 onRC8H.Il 

cpaBH9HRSI xapaKTepa rrepeR3ny'!eHHOI'O BTOphlM 9Kp8HOM nc . ; 

flhiM noneM 

TOKOBo llnSI 

nepBoro 9Kpaaa cymecTBeaea 

cny'!aSI 9= ·.!!:..;.. Bhrpa~eaRe (5) 2 . . . 

xapaKTep Bos6y~ 

AnSI ToKa aa nP-p 

MO~HO IIpRBeCTR .K BRAY 

2 · {3r . 2 . -
. vv<p-8) +l.+(p...OHI+rp--8>-vv(p-IJ) +1-(p-o. 

f = _c_q_ .[p --~~~-=· ==::;::==-·-;-l+:!:.J8t:!.-----.-
27Ta ·y(p.:..8f·+l [82+(l+Tp)2] 

x/ · ~ - · /5/ 
3aBRCRMOCTb "'Y 6bin8 nonyqeaa nayCCOHOM R 

. aa pRe.· 5 KpRBoii 2. 
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3YIO!IlHe rpaHHUbi !flpoHTOJ:I 
. . ' ' 

ra uHnHH.IlpH'IeCKoli aonHhi 

·ep!flep<eHUH.It UHnHH.IlpH'I9CKO!i. 
._., "' . ' . 

MOmHo Ha313aTb o6naCTbiO 

:Hbi 'laCTH'IHO I'aC.IITC.It H 

:>.llHYIO aonHy1 .llBHmflllYIOC.It 

11.11 a o6nacTH nonHoli _TeHH 

inHmeHH.It K rpaHHUe rp T . 

•nst oKa3biBaeTcst nponop­

~y~a nonst nopst~Ka ~ _;___), 
.•. . . a 4 .y"'f: 

>I nonHoro nonst . E 
~ . . . zA 

( 12) 

Bast ll!HpHHa KOTOpO!i 

nonefi Ez H H x · npo­

yaenH'IeHH.It ¢ 
a·o6nacTH nonyTeHH 

IpO$Hnb BOnHhl BTOpH'I­

HTenbHO M9HblliYIO lllHpH~ 

g. KPY.TH3Hbl 3a.llH9I'O • 

nonst pacmnpSieTcst, KaK 

( ITono~eHne HHTH oT-

. ' 

STO H BH.IlHO Ha rpa$HKe 1 BHa'lane 3a C'I~T BOCCTaHOBneHH.It 3a.llH9I'O !flpOHTa 

nepBH'IHOI'O nonst H npn R > y BOCCTaHaBnHB.aeTCSI nepe,llHHfi !flpoHT j Ha 

pnc~ · 4a noKa3aH npo$Hnb aonHhi nonHoro nonSI E.: .llnst cny'last ·y = 10 , 

~ =0.01 ,lln.lt pa3HbiX MOM9HTOB Bp9M9HH ( KOI'.Ila HHTb HaXO.IlHTC.It. Ha pac­
a 

CTOSIHHSIX 1:.Q_ = 5; 20; 50; 200 ) • BH.IlH01 KaK IIOCT9II9HHO BOCCTaHaa-
a . 

nHBaeTC.It nepe.llHHfi !flpoHT HMnynbca H BH.IlHa c!flopMHpOBaBmastC.It UHnHH.IlpH-

'19CKaH aonua, o6orHaamast HMnynbc nepBH'IHoro nonst. ·· 

BhmH npoae,lleHhi pac'I~Thi noToKa aeKTopa IToliHTHHra, npoHHTerpH­

poaaHHoro no apeMeHH, ,rinst nonHoro nonst, na.llaiOmero Ha BTopofi ( aoo6pa;.. 

maeMbitt) SI(paH B 13H.Il9 nonynnOCKOCTH (z > 0 ), OTCTO.Itlll9H Ha pa3HbiX, pac-

CTOSIHHSIX ,Y_, 
a 

oT peanbHoro aKpaHa. Pe3ynbTaThi npHBe.lleHbi Ha pnc. 5. 

KpHBast 1 ,llaeT 3aBHCHMOCTb IIOTOKa OT y npH $HKCHpoaaHHOM · y/ a , 
J-'2 x/ 

'8Ta 3aBHCHMOCTb HecKonbKO 6onee cna6aSI, '!eM 3,aKoH "7Y 2 
• Kpuaag 3 

.llaeT 3aBHCHMOCTb noToKa OT · L npH nocTostHHO.M y ·( paBHOM 20). 0Ha · 
a 

COOTB9TCTByeT 38KO!Iy .,( .Y_ )).'2 y 2 
ii-<y • a .!lanee BhiXO.IlHT Ha nna-

a . 
TO. 

• 
PeanbHhifi BTOpH'IHhifi aKpaH, B cao10 o'lepe.llb1 .nepeH3ny'lan 6bi na.llaiO-

lllHfi Ha HSJ::'O noToK1 a n:pn paccTmiHHSIX Mem.lly aKpaHaMH • L > l npH y» 1 
a. r 

38 STOT na,llaiO!IlHH . IIOTOI{ MOmHO IlpHHSITb IIOTOK 1 OIIHCBHHhlfi Bbllli90 llnst 
I 

cpaBH9HHSI xapaKTepa nepeH3ny'leHHOI'O BTOpb!M SKp8HOM IIOnSI CO BTOpH'I-

l'lbiM iioneM nepaoro aKpaHa cymecTBeHeH xapaKTep B036ym.llaeMhiX Ha HHX 

TOKOB. Dnst cny'laSI (H)= ·JL.. Bb!pameHHe ( 5)' .llnst TOKa Ha nP.pBOM_ aKpaHe 
2 . 

MOmHO npHB9CTH .K BH.IlY 

v\l(p-8) 2+l.+(p-B )(I+rp- {3r 8)-..j..j(p.:..{; )
2 +l...;(~~((B+(l+r;r 

f=~-JP . l+ l+ 
2rra -~(p.:..Bf·;;l [82+(l+rp)2] 

-. 
(13) 

x/ · ).'2 · · /5/ 
3aBHCHMOCTb ""Y 6bma nony'leHa nayCCOHOM H IIp9.1lCTaBneHa 

. Ha puc. 5 KpHBofi 2. 
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rne p =~-, ar· 
nopunoHaneH 

o = .-£!__. J1a ( 13) Blll1H01 

(y z) ~ r. Ecnn paccMoTpeTb 

'ITO na Kparo aKpan. 

nMHHIO MaKCHMYMOB 

npOM3BOllHO~ TOKa Ha nepenHeM ero ¢pORTe B aaBHCHMOCTH 0~ 

TO OKa3biBaeTCSI1 'ITO B o6naCTll .p ·s l no Mepe ynaneHHSI o 

Ha JIMeeTCSI. HeKOTOpOe BpeMeHHOe. onepe)KeHJie no MaKCJIMyMal 

naBonHo~: To ecTb KpyTn:ina <f!poHTa ·ToKa Ha neKoTopoM pace· 

Kpa.ii aKpaHa nacTynaeT paHbllie, 'IeM. B TO'IKax, nan6onee 6nna 

3To onepe)KeHne, onnaKo, ·TeM MeHbllie, 'I_eM 6onbme Y_.T.e on 

Mepe ~cnnrolliMBaHJISiq nepBll'IHoro nonSI ncTO'IHJIKa, npnMepHo 

BTopn'IHOe none oKa3biBaeTcSI, TaKJIM o6paaoM, c<f!oKycMI 

·naCTb TpaeKTopnn HMTn, ynaneHHyro Ha "'Y a • B cny'Iae nan 

Horo" nonHoro nong Ha BTOpo~ SKpaH KoH<flnrypaUHSI_ nong llHa 
. . 

eTCH UHnMHllpll'IHOCTb nanarome~ BOnHhl H "TOKOBbl~ <flpoHT" B 

cna6o aaBHCHT OT z 1 a aaTeM HB'IMHaeT OTCTaBaTb. Kpafr B' 

Ha TaK)Ke 6yneT nepenany'IaTb nanaromee none. B Bnne unnnHnJ 

Hhi, HO c cymecTBeHH:o MeHbllie~ a!'-mnnTyno~J n 6onee cna6o c 
. . . 

HO~ B o6naCTb TpaeKTOpllll MCTO'IHMKao TaKMM o6pa30M1 noTep 

MCTO'IHHKOM Ha BTOpOM npenSITCTBHll, pacnOfiO)KeHIIOM OT nepBI 

CTOHHMM <a Y 1 OKa3biBaJOTCSI HE! 38BHCMMbiMM OT Y • B npaK 

OTHOllleHMM o6a. SKpaHa· MO)KHO C'IHTaTb enHHbiM npenSITCTBHeM 

qeHMH paCCTOHHHSI 6onhine 'JeM Ha ay. BTOpoe npenHTCTBHE 

3biBaTb TOpM03Hlllee ne~CTBHe He3aBHCHMO. OT nepBoro. 

0cHOBbiBaHCb Ha STHX C006pa)KeHHSIX, MO)KHO npencTaBHT 

Ho KlipTHHy BaaHMone~cTBHSI c ycKopSirome~ cTpyKTYf>D~ B cneJ 

Ecnn nepnon cTpyKTyphr D·>> a y
0 

npHMe p B cny'Iae KOnbua a = R -R 0 

a - .. npenenbHhiif m 

rne R - panHyc oTBep 

pSiromHx ::meMeHTax, R 
0 

panHyc KOnb~a), TO ne~CTBHe Ka~ 

CTpyKTypbl npoHBnHeTCSI He3aBIICHMO: H noTe pH Ha H3ny'IeHMe f. 

CTpyKTyphi nponopurroHanbHhi Y 0 Korna B npouecce ycKOf 
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) 
) 

. 
10 

rne p = ..,L_ , 8 = ....£L_. 11s ( 13). annao, '!To aa Kparo sKpaaa TOK npo-ar. ~ r 
rtopunoaaneH (yz) 2 • Ecnn paccMoTpeTb nHHHIO MaKcnMyMoB apeMeHHoii 

npOH3BOnHoii TOKa Ha nepenHeM ero <!JpOHTe B ·saBHCHMOCTH OT p • ~ • 

TO OK83biB89TCSio 'ITO B oonaCTH .p ·::: l no Mepe ynaneHnSI oT KpaSI aKpa-

aa HMeeTcSI aeKOTopoe apeMeaaoe. onepe)Keane no MaKCHMyMaM sToii npo­

nsaonaoii: TO 9CTb KpyTH3Ha <!JpoHTa ·TOKa Ha H9KOTOpOM paCCTOSIHHH 'OT 

KpaSI sKpaaa HacTynaeT paHbiiie, '!eM a TO'!Kax, Han6onee 6nnsKn·x K Kparo. 

3To onepe)Keane1 on.aaKo1 ·TeM MeHbiiie1 '!eM 6onbiiie y ,T.e oao yMeHbiiiaeTCSI no 
. ' .. 1 

Mepe ~cnnromnaaHHSI" nepBH'IHOI'O nonSI HCTO'IHHK81 npHMepHO K8K - • 
. . . y. 

BTopH'lHOe none OK83bJBaeTcSII T8KHM oopasoM, c<jloKycnpoBaHHhlM B o6-

naCTb TpaeKTopnn HnTn1.ynaneHHYIO aa "'Y a • B cnyqae naneanSI "aTopnq­

aoro" nonaoro nonSI aa BTopoii sKpaH KoH<jlnrypaunSI nonSI naaSI ~ npoSIBnSI-· 

eTCSI unnHHnpn'IHOCTb nanaromeii BOnHhl H "TOKOBbJii <jlpOHT" B oonacTn .!..,yf' . a 

cna6o saancnT oT z 1 a saTeM aaqnaaeT oTcTaBaTb, Kpaft BToporo aKpa~ 

aa TaK)Ke 6yneT nepensny'laTb nanaromee none. a anne unnnanpnqecKoii aon­

Hhi1 ao c cymecTaeaao MeHbiiieii aMnnnTynoiiJ n 6onee cna6o c¢oKycnpoaaii..; 

HOM B o6naCTb TpaeKTopnn ncTO'!HnKa, TaKnM oopasoM,, noTepn 9Heprnn 

nCTO'IHnKOM Ha BTOpOM npenSITCT~nn, pacnonO)KeHHOM OT nepBOI'O H8 pac-

CTOSIHnn <a y OK83hiB8IOTCSI ae saancnMhiMn OT Y • B npaKTnqecKoM 

OTHOIIIeHnn ooa 9KpaHa MO)KHO C'!nTaTb ennHhiM npenSITCTBneM, f1pn ya·enn-

qeann paCCTOSIHnSI oOnbiue '19M Ha ay. BTopoe npenSITCTBIIe 6yneToKa-

3biB8Tb TOpM03SI!Ilee neiicTane H93aBncnMO OT nepBOI'O, 

0cHOBhiB8SICb Ha 9TnX COOopa)KeHnSIX1 MO)KHO npencTaBnTb Ka'!eCTBeH-. 

ao· KapTnay asanf...mneficTansr c ycKopSiromeii c1-pyKTypoii B cnenyromeM anne. 

, .. 

Ecnn nepnon cTpyKTyphi D >>a y
0 

( a - "npenenbHhifi napaMeTp",. Ha-

npnMep B cnyqae Konbua a = R -R 0 rne R - pannyc OTBepcTnii B ycKo-

p~romnx· sneMeHiax1 R 
0 

pannyc Konbua) 1. To neiicTBIIe Ka)Knoro aneMeHTa 

cTpyKTyphi nposransreTcsr aesaBIICIIMO n rroTepn aa nsny'leH!Ie aa rrepnone 

·cTpyKTyphi rrporropunoaanbHhi y 
0 • Korna a npouecce ycKope~mSI Y 
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yBenJP:IHB89TCSI H noCTHraeTCH o6p8TH09 HepaBeHCTBO (ya >>D), B38HMO-. 

nefiCTBHe aneMeHTOB CTpyKTypbl npH H3ny'leHHH CT8HOBHTCSI cymecTB9HHblM 
~ !'. 

H 38BHCHMOCTb noTepb OT y BbtxonnT Ha nnaTo. 

Ilpn:no~eHne A 

8neKTpH'IeCKRe n MarHRTHoe nonSI, onpenenSieMbte cornacHo H3aecT­

HhiM ¢opMynaM 

2 2 anz anz 
E =-; E =----; 
. y ayaz z ay 

n:MeiOT ann 

2 

Hx=_l ~llz 
c aya--;-

.; 

(A.l) 

(
; .. (} r ) thfk 2-~ 2 1Yl+wz-kct+lkra1 

q -'-Sin - COS(} oo dk 00 d 
E ·· R 1 · · . . ·J f e w w =--signy e · -- . . · y 1T • . 0 ...jk.,.oo _._· k ' 

I 
(A.2) ...jl- -lcos8+irsin8 ..Jk- w ( w + -{J cos8- i kr sin8) 

{J. 

q <-}rsin8..:rcos8) oo dk 
00 

t[Vk2 -w2lyl+wz-kct+lkra] ---
Ez =-+ReI · · . J .- f e · . . . · .VI(·;~ dw 

17 ...j1- Lcos8+irsi~e . ...;r;:-oo ..Jk-w(w+·k cos8~ikrsin8) (A a) I 
. fJ . . fJ . • 

. t[...jk2-w2 lyl+wz-kct+lkra] 
· ( 

1 sin8-rcos8) oo - . oo e . . dw . 
Hx=...!l.signyRel lf fo ..Jk dk J I. 

1T -00· . k ·. 
·...;1...;.~cos8+irsin8 ...jk-w(w+-cos8-ikrsin8) , 

fJ · . . fJ (A.4) 

Ilpoaenn B (A.2) -t (A.4) 3aMeHy nepeMeHHbiX 

pHpOB8B 8TH Bbtpa~eHHSI no k 1 Mbl nony'IHM: 

E = + JL . R I ( }r sin 8 + i r cos(} ) 
Y TTa signp e ~- x 

..J 1- -lcos8+ ir sin(} 
f3 . 

X f 
udu 

-oo ...j 1-u ( u·+ .!..cos8-i rsin8 )( uh -r +i r +I p 
. fJ : 

lv 1-u 2 )) 

18 

w ·=ku R nponHTer-

(A.5) 

I 
E z = - _g_ Re I ~ (If sin fl+ .i r cos8 ) I ..JI-u2 du 

00 

H 

TTa· .-oo -- I . 
..J1-u (u+-cos8-irs 

f3 
...ji..,.-l.cos 8+ i r sin (} 

fJ 

q . (~sin8+ irc~s(}) oo d u 
- -sign pRe I .. I . I · 

TTa · ...ji-.-lcos8+irsin8 oo ..JI-u(u + ]3""cos8-irsin8)( 
fJ . . . 

6 . y h z rne aaeneHbi e3pa3MepHbte KoopnnHaTbi p = - , · =-
. a a 

ITonHHTerpanbHbte · Bbtpa~eHHSI B (A.5) -t (A. 7) ·He H~ 

B HH~Hefi nonynnocKoCTH KOMnneKcHoro nepeMeHHoro u 

B BRny, Mbl MO~eM HHTerpanbi BnOnb nefiCTBHTenbHOH OC~ 

B RHTerpanbi anonb pa3pe3a, yxonnmero BHH3 H3 TO'IKH u' 

HHe nocne H9KOTOpbiX npeo6pa30B8HHfi· Bbl'IHCnHIOTCSI M9TOl 

B pe3yilbTaTe · nony'laiOTCSI Bbtpa~eHHH ( 2) -t ( 4). · 

ITpn:no~eHHe B 

<1>opMynhi ( 2) -t ( 4) B HBHOH nefiCTBHTenbHOH ¢opMe npH (} 

cnenyromn:fi an:n: . 

aEy 
•y y y 

--=- signp 
-R-

Do I Dx D2 rr<; + . <----2q cxc 2 2 ...;{30+!3> c 1C3 
C

2 
C

3 

z z ;z 

aEz. =_I_[.!_~+ I (.E..:_+~)] 
2q R f3 C1C2 2...;{3U+{J) CxCa · C2 C3 

aH 

2q 

y 

D =a a 
0 I 

signp•f3 

R 
[..!... 1' Do x . 1 ( D~ . D: . 

:,ro:.--+ -----
p f.

1
C

2 
2..Jf3(I+/l) c 1C3 C2 C3 

-(b -r Xb -r> 
2 1 2 
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:TBO (ya >>D), B38HMO­

:TaHOBHTCSI CyllleCTB9HHblM 

·o. 

SieMbie cornacHo H3BecT-

(A.l) 

w 2 lyl+ w~ -kot+tk"ra] 
wd.w 

-----~-1· 
+ ~cos8~ikr~in8) (A.2) 

"IYI+wz-kot+tkra] ,·
2 2

-

. . . . .vr-·-:w dw 1 
f~os8.;;. i krsin 8) (A.3} 

-- . [y k2-w2 ly I +wz -kat+ u,r a] 
· · · dw 

-~-·:...· ____ .....;......_.. __ . --1; 
- k · .. 
-w( w + -cos8-i kr sin 8) 

.. ~ ' 
. ( A.4) 

:HblX 

X 

-·I 
'l-u 2 )) 

. H npOHHTer-

(A.5) 

(A.6) 

f 
yl-u2 du __;_. _ _;,_ _____ u-·--1. E = _...s_ Re l 

z 

H 

rra 
yl--Lcos 8+ i r sin 8 

~ 

q <-}:rsin8+ ircos8) oo , d u (A.7) 
- -sign pRe l -=" f - . . . . -1 1 

rra. yl-. ~ cos0+irsin0""'
00 

yl-u(u+ tcosO-irsinO)(uh-r+ir.tlplv'H! · 

6 • Y h z . . ct 
rae BB9,!l9Hbl 93p83M9pHbl9 KOOp.!lHHSTbl p = - t ' =- H BpeMSI r= -. -. 

. a . .a a . 
ITo.!lHHTerpanhHbie Bbtpa>Ke.lfHSI B ( A.5) + (A. 7) ae· HMeiOT nonrocoB 

B HH>KHefi nonynnOCKOCTH KOMnneKCHOro nepeM9HHOrO u •· 11MeSI 9TO 

B BH.!lYt Mbl MO>KeM HHTerpanbi B.!lOnh ,!leitCTBHTenbHOii OCH npeo6p830B8Tb 

B HHTerpanbi B.!lOnh pa3pe3a, yXO,!lSilllero BHH3 H3 TO'IKII u = -l 
I 

a. nocnea-

HHe nocne H9KOTOpbiX npeo6pa30BSHHfi· Bbl'IHCnSIIOTCSI MeTO,!lOM Bbl'I9TOB. 

B pe3ynhTaTe · nony'laiOTCSI Bbxpa>KeHHSI ( 2) + ( 4). · 

. cf>opMynhi ( 2) + ( 4) B SIBHOfi .!l9itCTBHT9nhHOfi tlJopM~ npH 0= ~ HM9IOT 

cneayromnii BH.!l: 

aEy sign p 
~=- R 

H D x Dx Dx· . a signp•fJ · l · l -- = - __ ........___.___ [ _ If ( _o_ +::-;-;;::::;:;:::=:;;::;;= ( _..!.. ___ 2 _) ] 

·2q R. p c c 2v'~(l+/l> c 1C3 C2 C3 "1 2 

y . 

D =a a -(b -rXb -r> 
0 1 2 1 2 
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y +· 2 2 . + 
D

1 
= {[(l.+IJ )A-;Br B][sign b

1 
·h 

1
(a 

1
+b 

1
- rb 

1
)+r q 1·a 1]-[(l+{J JB +!Jr A ]x D; = {[(l +fi)A- {Jr.Bl [;.q +(b -r)+h +a sign b ]-[( l+{J )B+{JrA: 

. -· . t t . . t t 1 . 

X ( q: (a ~ + b ~- r b t)- r a t h ~ sign b t ]I : 
X . . . . . 

D2 =I [(l +IJ )A-{JrB][-q:(b2-i')sign b
2 

+h: a~-[(l+{J)B+!Jt'A][q~: 

y . + . • 
D

2
=1[(l+{J)A-{JrB][h (a 2 +b 2..:.rb )+ra q+signb 1-[(l+{J)B+{JrAlx 

• 22 2 2 22 2 

x [ q+(a 2 + b 2-r b· )sign b -ra h+
2
ll 

2 2 2 "2 2 2 :· 

2 2' .. 2 •. 2 2 2 
C1 =a 1 +(b 1 -r) ; C2 = a 2+(b2 ...:r) . ; C

3 
=A +B 

. . ·- -------
A;;yi y'(i +7J f +r 

2 +(l~7J )]_[v'{l-7J) 
2
+r ~l-·7J)] +v'h/ (l +~) 2+ r 2 ~i. 

z . . . 
0

0 
=7J[a

1
(b

2
- r) .+a

2
(b 1-r>J+(r+rg)[a 1 a 2-(b 1 -r)(b 2 ~r)] 

z - 2 2 - . 
D 

1 
=I [( l+{J )A- {Jr BHh 

1 
(a 

1 
+ a

1 
+h 

1
"'-rb 1)+q 1 ( b 1-r -ra1 )sign b 1]+ 

B=v'T v'0+7d +f\0+11 >l£ vn-., >2 
+ f 2

- o-., H ~v'£v' 0+ 77 > 
2 -tf 2-0-t 

+[(l+{J )B+{JrA][q-(a2 +a +h 2-rb )signb -h-(b -r-ra )]l 
. tt tt t. ttl t 

+ v' '( .. - + 2 2 2 
q = v' l +a ) +b + (l +a ) ; h = v' v' (l +a ) +b 

1 ,2 ' ' t ,2 t ,2 t ,2 t ,2 t ,2 t. 

Dz==IUl+tJ>A-{JrBHh-(a2 +a +h 2-rb )signb +q-(b -r -ra )]+ 
2 .2 2 2 2 2 2 22 2 

·q- = v' v' (i- a· );_ b 
2 
+0 · -a ) ; h - = v' v' (1- a ) 2 + b' 2 

1,2 t ,2 t ,2 . t ,2 1 ,2 t ,2 t .~ 

2 . -
+Ul+MB+{JrA][q-(a 2 J-a +h -rb )-h ·(b -r-ra )signb ]I 

. . .. 2 . 2, .. 2 2 . 2 2 2 2 . 2 A . - B 
a = g 71 +(- ; b =- ~ r+( -

t 2 . t 2 a . = g1J ~( ~ ; b = -eT 
2 2 2 

D x =-[a (b -y )+a ( b -y) l 
0- 2 t t 2 

..h. . ·r~ I r - r 2 2 2 r l . g= ;(=l.t!.L;q=-;r=-; R =h +p ; =--. 
R R ·R R {Jy 
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I 
]..;.:((l+,8JB +,BrA 1x 

n -r >< b · -r >1 
I · 2 · 

-r .:..ra )]I . I 

·IJ- = V V <1- a · ):;. b 
2 +0 · -a ) ; h - = y y (1- a ) 2 + b' 2 -0- a ) 

1,2 1,2 1,2 . 1,2 1,2 1,2 1,2 - . ,1,2 

r"""ra )signb 1 I 
. 2 . . 2 A . - B 

a = ~ TJ +(- ; .b =- (; r+( -
I 2 I 2 

. A - B 
a =~TJ ..... , -; b =-~r _,-

2 2 2 2 

·' 
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