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PACUYET UCKAXKEHMS OTUBAIOIIEN
BJIIEKTPOMATHUTHOTO UMITYJIbCA
ITPU ET'O PACITPOCTPAHEHNUA

B PEI'YJIAPHOM BOJHOBO/IE.
OCHOBHBIE ITOJIOXKEHMNA. 11.

YYMAYEHKO C.B.

Ipemmaraercst o0Iasi cxeMa peLIeHUsT 3amadyd O pacyere
VCKaXeHUsT OTMbaloleil 3JeKTPOMArHUTHOTO WMMITYJIbCa,
pPacCIpOCTPAHSIIONIETOCS B PEryJsIpHOM BosiHOBome. Ilpu
3aJaHHBIX OrMOAIOLIE, HECYILEH YaCTOTe BXOMHOTO CUTHA-
Jla ¥ JUTMHE BOJTHOBOJIA C MCITOJIb30BaHUEM ITPEOOpa3OBaHUs
®ypbe BHIBOAUTCSA 0oOmast Gopmyaa, U3 KOTOPOM MOXKHO
OIIPENE/INTh UCKAXEHMSI OTM0AaOIeii BEIXOMHOIO CUTHAJIA.

ITonaraem, yTo HaMOOJIbLIAS CTETIEHb, BKOTOPYIO MOXKHO
BO3BECTH 4mcJio e HAa DBM, ectb S. Mcxons u3 sToro,
pelaeM ypaBHEHUeE:

0.ty shz(u - ”0)

=S
shug ch(u-ug) ’

OB

O003HaYNM A = . Torma

Shuo

.shz(u—uo)

4
ch(u-ug)

:S'

YuurbiBast cootHoeHue sh?(u - ug)=ch?(u-uy)—1,m0c-
JlefiHee ypaBHEHHUE TIEPEUIIEM B BUIE

ch®(u-ug)-1_

4
ch(u-ug) ’

A-ch?(u-ug)—A=S-ch(u-up);
A-chz(u—uo)—S-ch(u-uo)—A=0;
5 S
ch (u-uo)—Zch(u—uo)—l =0,

PeliiaeM KBaIpaTHOE YPaBHEHME OTHOCUTENBHO ch(u - g ) :

2
S S
[ch(u-uo)]l’z :ﬂi (ﬂj +1 .

BriOupaem mepBoe 3HaueHue (Co 3HAKOM “+” mepen
KOpHEM)

2
ch(u-uo):%+ (%] +1,

TaK Kak ch(u-ug)>1.
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O003HaYM
u-ug = Aug,;

S sV
= | +1;
24 \\24

chAuy=z=—+

MPU 3TOM Au Kak apryMeHT ch MOXeT MPUHUMAaTb
TOJIOKUTETbHBIE M OTPULIATEIbHBIE 3HAYEHUSI.

Bruipasum arch yepes morapudm

* Auy :archz:ln(z+\/22—1),
WIN Auygy =iln(z+\lzz—l).

Orciona rojryyaeM HYDKHU IIpe e THTeTpUPOBaHUS
w=uy—Au
W BEpXHUI Ipe eI MHTErPUPOBaHUS
Ugy, = ug + Au
B OKPECTHOCTH CEIJIOBOM TOUKM 1 (CIpaBa U CJIeBa).

C yyeToM 0OpaTHBIX IIepe0003HAYECHU I UMEEM

IIpuBenem npuOIKEHHOE PEILICHUE.

B uyacTtHOM cityyae 1J1st KOPOTKOIO BXOJHOT'O MMITYJIbCca
MOXKHO ITOJIyYUTh IIPUOIMKEHHOE peIlIeHUE, PACKIaIbI-
Bas B psa Teiyiopa IMOOBIHTErpajJbHOE BEIpAXKEHUE B
CeIJI0BOM TOUKE.

3anuiieM nHTerpa:

7(0)= i oo P a2 o],

Hcnonb3ys popmyny pasnoxkeHus B psan Teitmopa pyH-
KON

1(e)= S b0k

n=0 "

~—

£
1!

SGo0) (..

(X—XO)+ ol

= f(xo)+

1) paznoxum B psaa Teitopa 4acTOTHBIN crieKTp u(w) B

TOYKE g :

ul0) = u(og) + (05 Yo 05)+ S u’(05 Yo~ os .
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[MoncraBum B G(t):

ol 1 %
2— JM Rd(,l)+
e

—00

o0

+L J.u’((,l)s)eiR((,l)—O)‘g)dO)-i-
2n

—00

o0

+— %u"(ms)efR(w—coS)zdco‘

G ()=I+Iy+15;

1
II_E_J;OM(O)S) Rd(,l)
1 ©
12—%_.[014(603) (- og)d
1 T 1 "
—E J;OE e (,0 ws) do

Haiigem u, ' u u" ipu o=oy:

sin —T
S
2

u(mS):T

u'(wg)=-

(co —T]zsino) —T+
S S

T 3 2 2
)

+2(m choso) T 2sin® T}
S5 AP S~ (,
2 2 20

0g = o.chuy—o .

2) Paznoxum B psa Teitnopa cTerieHb SKCIIOHEHTHI

(R(u)-peanbHyIO 4acTh)

(Dcto Sh2 (M - Mo) .
shugy ch(u-ug)

fre =R(u)=
fre = fre(ug)+ fhe (g Nu-ug)+

1 "
+EfRE(M0)(M-M0)2 +’

frelug)=0;
22

i) =22 ot -] -

el -1 Y-t o™ -1 -

:sh

—sh? (u - g Jeh ™ (u - ug Jsh(u 'UO)J:

(Dto

shug [ZShu uo) ch (u uo)ch (u uo)]

SrE(ug)=0;

e () =] =

= Oclo [ZShu uo) ch (u uo)ch (u uo)]
S Uy

= Oclo [2shu uo) 3sh (u uo)ch(u uo)ch (u u0)+
S Uy

+ sh3(u - uO)ZCh'3(u -1 Jsh (1 - g )J:

=2 to [ZShu ug)—3sh (u uo)ch (-up)+

+ 2sh4(u - Uy )ZCh'3 (ue- uO)J;

002.1-3.0-142.0.1]=22"
shug Shuo ’

Sre(ug)=

Fre )= Rlu) = 3290 (g = 200 -y
Shuo Shuo

3) PacknanpiBaeM B psin Teitiopa do : mepenuiineM do B
TaKoi (popme

do> = o, [shugeh ™ (u-ug )+ jshuch ™ (u-ug )+
+ jchuth(u - ug )Jdu ;
doo(ut) ~ [doo(ueg )+ d'oug )i — g )+
L ol Y }du ;
do(ug) = o [shug -1+ jshug -1+ jchug -0]=
= ogshug -(1+);
d'o(u) = o.[shugeh ™ (u-ug)+ jshuch ™ (u-ug)+
+ jchuth(u -uo)]l =
= o, [- 2shugch™ (u - ug Jsh(u - ug ) +

+ j2chuch™ (14 -1 ) — jshu(- 2)<:h'3 (14 - g Jsh (e - g ) +
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+ jshuth(u-ug )] ;
d'o(ug) = ©.[0+ j2chug—0+0]= jochu
d"ofu)=[d'ofw)] =
= o, [6shu0ch'4 (u- g Jsh? (u - ug ) — 2shugeh ™ (u - ug ) +
+ jshuch™ (u - ug )- j6 chuch™ (u-ug Jsh(u - ug ) +
+ j6shuch™ (i - g sh(u - g )+ jchuth(u - uO)J;
d"o(ug) = ©.[0 - 2shug — jshug]= —o.shug - (2~ j);

do(u) = {mcshuo -(1+j)+ J20.chug - (u-ug)+

+%mcshu0 -(—2+j)(u-u0)2}du =

_ {mcshuo{(H])_(l_j %j(”‘“")z}

+ j2m.chuy (u - Uy )}d .

Bropoe cinaraemoe npu MHTETPUPOBAHMM 1ACT HYJIb (KaK
HedyeTHas (yHKIMS HAa CUMMETPUYHOM MHTEpPBAJIe),
ITO3TOMY:

dolu) = wcshuo[(H j)_(l_ j%j(u i )z}du -

Packnanbiaem B psia Teiinopa (o—og )do:

’

()~ o) = (0lug) - o5)+(0ug) o) (-u) +
1 y 2
+E(C0(”0)—03s) (u-uo s
o(u)= cocchu-chl(u —ug)— g + joshuth(u—ug);
w(uo) = o chuy — 0y = 0g;
oo(uo)—cos =0;

!

(ofu)-o5) =o/u)=

!

=, [chu .ch™! (1 —ug )—&4— Jshuth(u -, )} =

c
=, [shu- ch™! (0 —ug)—chu- ch™? (1 —ug )sh (u — uO)J+

+ jlchuth(u —ug )+ shu-ch ™2 (u — ug )]};

' =, [shuo + jshuo]:
u=uy

(0)—0)5)

= o shug -(1+ /);
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"

(o) -os) = olu)-os )] -
= o, fshue-ch™ (u — g ) —chi-eh 2 (u — g sh ot — g )|+
+ jlchuth(u —ug )+ shu.chfz(u—uo)]}' =
= o, {[ 2shu-ch ™2 (u — ug Jsh(u —ug )+
+ 2chuch™(u— g o (u — g )|
+ j[- 2chu - ch ™2 (=g Jsh(u — g ) +shuth(u — ug ) —

—2shu-(~ 2)(:h_3 (1 —ug Jsh(u— uo)]}§

"

(0)—0)5)

= jo,2chuy .
u=uq >

(0-og)~ ocshug - (1+/)u—ug)+

+%jmc 20hu0(u — 1 )2 =

= o, shu -(1 + j)(u —u0)+ jcocchuo(u —u0)2 .

Paznoxum B psin Telistopa Mpon3BeNeHNE , ICTIOIb30BaB
MOJIyYeHHbIE BBILIE Pa3JIOKEHUS B s ST KaXKIOTO
COMHOXKUTECJIS:

[(o(ur) ~ o )] [dolu)] =
~ l(ocshuo : (l + j)(u - u0)+ jwcchuo(u — 1 )2 J
-[(ncshuo (14 )+ j20.chug(u —ug) -

- mcshuo(l - j%)(u ) )2 }du ~

~ (;)% ljZ . sh2u0 (u—ugp)-
—(3- 3, hugchug (u —u, )2 -

—2Ch2u0(u —u0)3 —(%+j%)sh2uo(u —u0)3 -

- (% +J jshuochuo (u — Uy )3 }du .

TTpy MHTErPUPOBAHMH CIIATaEMbIE, ConepKatme (u —uy )
u (u—u0)3 (B HEUeTHOW cTerneHu), JaayT HyJb, a

4
caraemble, cogepxkarie (i — )" He yIUTBIBAIOTCS 13-
32 MIX MJIOCTH:

(0—wg)-do~

~ —wgshuochuo (3-3,)u—u )3 du - (31)
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5) Paznoxenue B psan Teiinopa (o-wg )2 do:
[o(u)-osF = [ofu)-os]_, +
lofe)- 05 Jumig (u10)+
2 o) 05 P Juran -0 =
~ o3 hug (= 2+ 2 )u — g )

- 4sh2uochu0 (u — Uy )3 -

- cogsh3u0(l +25 ) u —u0)4 Jdu .

Bropoe criaraemoe, conepxaruee (i — u )3 , TIPY HTHTETPH-

PpOBaHUY OOpaIaeTcs B HyJIb, KAK MHTETPaJI OT HEYETHOM
(GYHKLIMT Ha CHMMETPUYHOM MHTEpBaJje, TPEThe cilara-
eMOoe He YYUTBIBAeM BBUIY €TI0 MaJOCTH:

(0—og P do~ -20shug(1— jNu—ug ) du -
ITpuBeneM BTOpPOI CITOCO0 pelleHUS.

Paznoxum B psin Teitnopa (w(u) — g )2 do . Ucnionbayem

paHee HaiieHHOe pasioxeHue s [o(u)- og]:
EORENE

~ cocl_shuo(l + J )ut = g - chuag (u —”0)2J'

BosBeneMm B KBaapart MnpaByro 4aCTb ITOCJICIHETO:

cog [shuo(l +j)(u —u0)+ Chuo(u —uo)z]Z =

= o221+ ) Pl +
+ 2j(1 + J)ShMOCh”O (” o )3 +
+ j2sh?ug (u - ”0)4J:

— w31+ )shPuglu—uo 2 -
—(1+ ) (2= 2, phPugchug (u - ug)* -
— (14 j)shugehug (u—ug ) +
+2,72 jsh*ugchug (u —ug)* -

- j2- Zj) shuochzuo(u —ug )4 -
—j20h3u0(u —u )5 - 2](1 —j%j sh3u0(u — Uy )4 +
+(2-2 j)(l - ]%j sh2uqchug(u—ug ) +

+ (1 - j%] shuoch2u0 (u — )ﬂdu .
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(0—og Pdox o2(2)-2)sh>ug(u—ug ) du ~
~ —2mg(l—j)sh3u0(u —uo)zdu . (32)

6) CchopmupyeM MepBblii MHTErPal:

o ~Oelo 0 P
1 0
I =5 Iu(ms)e shutg do~
—0
1 © —M(u—u )2
~—u(wg) J.e shug {20 chug (u—ug )+

21

—00

+ cocshuo[(l +j)- (1 - j%](u —uy )ﬂ}du =

o _ [ORN) y—

1 h ( ”0)2
:—u(cos).[e St J20chug (u — g )du +
2n

+Eu(ms).[e 0

-{(H i-[1- j%j(u_uo)z}du _

1 w0 00y P
=2—u(c05)j2wcchu0 Ie shug (e —ug ) (u—ug)+
T

—00

o shuy -

| o 0@, P
+2—u(ws)wcshu0(l+j)je shutg d(u—up)+
T

—00

1 1
+EM(COS )(DCShuo(l —]5] .

w O, P

. Ie shug (u—uo)zd(u—uo).
Hrak,
w _Oco(, P
L= fe o (=g ) (e —ug) =0

—00
ITOCKOJIBbKY (YHKITWST HeUe THAS 1 MHTETpaj Ha CHMMET-
PUYHOM MHTEpBaJie OT Hee paBeH HYIIO.

w0 2l M—uo)2
I, = .[e shuy

Wn

2 .l
Shuo

d(u—ug)=
Shuo
ﬁ (Dcto .
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«© —M(u—uo I3

Iy= [e " (u—ug ) dlu—u)=
_ l Shuo Shuo
B 2 \/; (Octo mctO :

1 :ﬁu((ﬂs)jz(ﬂcchuo ']1 +

Takum o6paszom,

3
+Lu(ws)wcshu0(l+j)~12 +
2n
+Lu((,l)s)(0 Shuo l—jl '[3 =
2 ¢ 2

Y
1 fshu N 1 .1
ZE(DCSI’IM()\/;’ mctgu(ﬁ)s>|:(l+])—5(l—j5]:|;

TO €CTb

Shuo u(u)S )
.l

-{(Hj)—%(l—j%]i—”;]

11 BTOporo nHTeTpajga UMeeM:

1
31 = chshuox/;-

[>e}

3, =i I”'(ws)e_R(u)(w—ws)dCO:
% 0(ufu )2
= —ufog) Je M0

l— w2shugchug(3-3; )k” —ug ) dut =
= —%u'(a)s )wgshuochuo (3 - 3j)
w0 20, P

-2je shig (u—uo)zdu:
0

= L i(og JoZshugehug(3— 3/)— xS0 /Shﬂ
2 2 (Octo '

Ol

Wnu okoHYaTebHO:!

.l

1Lt [
c

s TpeTbero MHTeTpaia rMojyyaeM:
151, _
5= [ 2u(osk N oogPdo -

el
R
RETL (os) [e shig

—00
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1 p
:—2——u (OJS)OJESh uO(l ])
T
o _ cf()(u_ )2
Ie shug 0 (u—up ) du =

:—Lu"(ws)wgsh%o(l—j)l\/;Shuo ,_shuo
2n 2 (Oclo (Oclo ’
W

%5 = w{og Jodsh (1 - )2/ 0. S
2 (R

T 2 (R
[pocymmuposas I, I, , I3, MOIyIHM G (1)

G (t)x 3 +Ty+33=

1 Shuo . 1 1
=— h . 1 —l1=j—=
ot [ Mg )31 |

+ﬂwgshuochu0u'(ws )(3 - Sj)-ﬂm shug +
21 (DctO

2 (DctO

+ﬂu"(ws)w2sh3u0(l—j)~£Shuo shug _
2n 2 O)Cto O)Cto

OKoHYaTeTbHBIN pe3yJIbTaT IS Q*(t) TTOJTyJaeTCs P

nozcranoBke u(wg), u'(og) 1 u'(wg). Monyrs G*(¢)
JIa€T OrMBAIOLLYIO BBIXOTHOTO MMITYJIbCA.
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