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4. AHAIVB LETIEN ITPY TAPMOHWYECKOM BO3[EACTBHM

" 4.1. MocraHoBra Bompoca

Auanus nenu npu rapMOHHYEeCKOM Bo3geHeTBuu Mrpaer ocobyD poib
KaK B Teopuu, TAK ¥ B wHxeHepHoft mpaxrtuxe. OTMeTHM HexoTOpME NpH-
YVHH 3TOTrO. .

I. TapmoHWYeCKME CHrHANY, & TAKKE CHIMANH, GAHIRME X HWM,
Ype3BuualtHO MMPOKO UCMOALIYDTCA B DAAMOINSKTPOHHKE. ’

2. Teoperuueckut aHaaua muuéfux ueneft Npu rapMOHUIECKOM
BoaneflcTBUM 3HAUMTENBHO MpomE, UeM AR OOMEr0 CAYNAH — NPOH3BOAL- -
Horo curHana. Buecre ¢ Tem, nosyuaemwe B peaynbTaTe aHAAK3a Xa-

PAKTEPHCTUKM LENH — TAK HASHBASMHE UACTOTHHE XADAKTeDHCTURN -

. oueHb HudopMaTHBHH. YacTo camo HasHaueHwe ToN MAM WHOR LemM uau

yerpoficTBa NSeTCA B TEPMMHAX MMEHHO WX UACTOTHHX XAPAKTEPUCTHK
(yCcHANTEAL HMRHHX YACTOT, YCHIMTOXb NMPOMEXYTOUHHX YACTOT, YACTOT-
Hu# koppekTop, nosocoBo# PuabTp M T.nM.).

3. Tlo W3BECTHHM YACTOTHEM X2PAKTEDHCTHKAM LEMy MOKHO MpOAHa—
AM3HpOBATL €e pAGoTy U TpM APYTHX BO3NeHCTBYIMMX CHIHAXAX, DO3KO
OTAMUHEX OT rapmoHuyeckux (Hanmpumep oIWHOUHHX WMIYALCOB). Jroft
UENH CAYRWT CNEKTPANbHHM AHANU3.

4. YacToTHHE XapaKTePUCTHKM ueneft Aerxo KOHTPOAMPOBATHL IKC-
nepuMeHTanbHO . PasposnexTpoHHNe Aa6OpaTOpHM OCHANEHHW I'eHEPATopaMH
rapMoHUYECKUX CHUrHANOB M Ruyro#t uaumepurenpHolt annapaTtypolt, npep-
Ha3HaueHHON Kaxk pas AN CHATHA YACTOTHHX XADAKTEPHCTHX wHereft.

[lpocTora u ynoGcTeo TEOpETHUECKOTo aHAnM3A mHedHux ueneft
NpH TAPMOHWUECKOM BO3fERCTBUM ABAADLICA CACACTBHEM TOTO, UTO (PyHK-

‘UMK BURA

.S - //: (wt+9) (4.1

ecTs colcrpentne Qyxmmmu AnSot mmefolt uenu. dro oaHavaer, uyro
npu Bo3gefcTBUK Ha uenb curHana (4.1) gacTHEM pemeHMeM FHHAMWYeC-
KUX ypasHeHufl s Xu6Oro HANDAKEHWA WAM TOKA B Uenu CynsT dyHwms
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TOTO ®é BUIA, C TOW Xe UacTOTOR & W AWML IPYTUMA SMTLTUTYRAMM
l.laux W HauajbHuMu Qasasu ¢,
cos cos
- ng(é) = Ao sirn (@1 + Gpy) S5, (1) = Bou sin (@2 + Bpye) . (4.2)

B cuny muveftnoctu uemn ammauryna A,,,, npomopumonanbua Ape »
& BCReACTBHE WHBADWAHTHOCTH LENM BO BpeMeHi! uaMeHeHue $asH BXOa-
HOTO CHrHANA BH3WBAGT TAKOE X6 M3MeHeHue $asH BHXOMHOI'O IPApMOHM-~
YECKOr'0 CHrHana, NoaToMy pasHocTh (aa (/’M,x— Y5y » OTpenenseMman
uenbo, OCTAGTCA HEeU3MEHHOMR,

Hrak, oTHCKaHMe peammM Ueny Ha BXomHOR rapmoHuueckuft curnan
CBOIMTCA K OTpefeNeHUD ABYX BemuuvH: koadpuuueHTa rnepemaum nemu
o aMmnaMTyne u cisura gasw B uemu:

Assi \
o= T s G a4

Kax npaBuno, o6a aru napamerpa uemu 3aBMCAT OT UACTOTH IapMOHU~
ueckoro Bo3meflcTBus. 3TO ¥ €CTb YACTOTHHE XADAKTEPUCTHKH LIENH:
aunxutysHo-uacrotHas (AYX) w daso-uacrornas (PUX):

AYX =K, () = ——'%ﬁ'l- ; (4.4)
_ 8x .
PUX = 4, () = Doy~ ¥y . (4.5)

CregyeT eme pas nomuepNHyTh, YTO YACTOTHHE XapaKTePUCTUKH ONHCH~
BADT DEARUWD LENMU TOABKO HAa rapuoumeégxoe Bo3nefeTENEe M TOABKO
_RacTHoe pemeHwe guHawmwweckux ypassenutt. Ilpemnonaraercs, uro
BRAKYEHHE CHTHANA NMPOW3OWMAO JABHO (Teoperuuecku npu - co ) U cob-
CTBEHHAN DEaKuuf Ha BKANNEHMEe (T.e. pemeHWe ogHOPOIHOIO MMHAMM- _
UeCKOr0 yPABHEHUA) NABHNM-JRBHO 3aKOHUMNach. B uemw HabropaeTcs
yeraHoBuRmu#Aca pexuM. : '

lnft HaxoxmeHUA YACTOTHHX XADAKTEPHETHK LEmM Her Heo6Xo AMMOCTH

OTIHCHIBATH CBA3L MEXAY TOKAMU HanpaxeHuamy B fopwe mMHaMUUeCKUX
wHTerpomiddepertmanbix yparHenuit, Moxxo BocronbzoBaTHCR CIUHAAD~
HO paspaGoTaHHEM MIA 3TOR LSAM METOAOM KOMIAEKCHHX aMiUTY R, M03-
BOANTUMM ONMCHBATH 3AKOHH TOKODACTpeNeNeHWd B uensx, comepxamux X

L, € anemeuru, rax me xax VI YRCTO DE3UCTUBHHX Henel, T.e., ¢u
oTemoft anrecpawveckux ypasHemuf,

4.2. HexoTophe cBemeHus us anrelSpu
KOMIIEKCHNX Uucesn

HanoMHuM HekITOpHe MOJOXEHHS anreSps KOMIIEKCHHX UMCes.
KommnexcHoa uueno Z =2 *{Y MECIMTCA KaX TOUKE KOMITEKCHOR mioc-
koctu (puc. 4.1), aapanHaA nexap- ]
TOEMMU KoopauHaramu ( Z,,4). X - Imi
HasuBaerTca aeficTBurenvHo? (BemecT- .
BenHolt) uacThD ¥ , ¥ - MHMMOR, Y------- z
x=ReZ, y=ImZ . Ta me rouxa '
(kvuen Bexropa Z ) MomeT OuTh 38~

!
!
|
B 1
mynem | Z) u aprymenrom ¢ . Oue- X ReZ

JaHa B TONAPHHX KOODPIMHATAX - MO- ¥

BUIHH BHDAEESHUSA: Puc. 4.1
|Z|=yx.z+y2’ (,;:arctg‘—z— ;| 4,6)
A =|Zleosy , y=I|2|smqp . (4.7)

Hasecrnan dopmyna Mnepa ycraapanBaeT CBA3L MEXAY TPUIOHOMETDU-
yeCkuMy fyHKLMAMM ¥ IKCHOHEHTOR C MHUMHM [OKR3aTeNeM:

e - COsq + fsny” . (4.8)
Bipaxas X u ¢ w3 (4,7), umeem : .
Z=x+/y-lZl(cos<p+jsm¢)-lZle”. (4.9)

Mrak, vmepres 1Bz oCHOBHME DOPMN 3ANMCH KOMIUIEKCHOTO YWCAA: aire-
Gpavueckas (uepes npoekuvu X v Y ) u nokasarenpHas (uepes MoIyJb
M aprymeHr):

Z=x+/y-_!2!ej¢, (4.10)

¥
Maoxurear € rnpencrasafeT cofolf BekTOD emMHMUHON WIMHW,

vacrosoxeHHH mog yraom @ . Tlpy BHTONHEEMM onepauult ¢ KOMMIEKCHH-
MA grcaamMu MCOPyT OHTb MCMOJb30BaHy 00e dopMy 3anucu, oaHaKO yacG-
Hee onepapud CAOKEHUS ¥ BWUWTAHUA BHIONHATL B NPOEKIMAX

7 .= 7 7 + (T

Zg =Z+ZL,=(Zrh)rj(yty,), (4.1I)
2 ONepalMA YMHOXEHUS, NeneHusi, BO3BeJEeHUT B CTeNeHp — B NOKa3aTelb—
Ho%t dopme:



. .. .. (4 +4,)
I=2-2,=17N1Lle =

. Z, 120 3(%-%)

A —Z'; = Izzl £ s (4.1R)

7=2"= lZ,l"e"m”

Jetterua (4.11) u (4.I2) wnnwerpupywrea puc. 4.2. O6paTum

BHVYMaHWe Ha TO, UTO YMHOXEHUe 2 Ha el(/’ eCTh H€ YTO UHOE, KAaK
TIOBNPOT BEKTOpa Z na yron P %, logesno
JaroMHUTL CleymUe YaCTHHNE Caydau: '
1o Iz . ‘/'% . T
=4, e "=/, =-j, ¢ =-1.

T.e. VMHOXEHVA Ha / . ~j, -1 - 310 ToORE

£ _x .,
onepalmu noBOpoTa BEKTOpA i:a gz, ~p s I X .

B nvaxrwueckux npunokenusx k pacuery
uere#t yacTo pesynabTaT noayyaercs E dbopme
a+fb .
Ilpodu Z- N , & XeJNaTeJNbHO UMETh ero
c+id

B nokasartenbHof ¢opme win dopme peftersu-
TenbHo! ¥ muumoRt uacrett. Momro pexomenmo-
BaTh OedcTBUA, NPOWLIOCTDULORAHHHE Cleny—~
W1y NIPYMEDOM:

Mpuwmep 4.1.

5+43
7-12

Pre. 4.2

*35 uaberanue omwGok 3aMeTUM, UTO DRUb KOET 06 YMHOREHMM Ha
BKCMOHEHTY WMEHHO C MHUMBEM M0OKA3aTENEM. YMAOKCHWE HA OKCIOHEHTY
C AeMCTBUTENbHHM MOKAJATENEM — BT0 MaMeHeHne Mogyns. Hampumep:

N s 05+j0,5 . 65 705 . i(¢+0,5)
z'=z.g =Ze ¢ =/,55IZ)87 A
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[lpyregem uuMcnuTeNb ¥ 3HOMEHATENb K MoKasaTenbHo# fopme:

. L
Z,=8+j5=171¢€ . 12,1-Y52:3%-583 y, -arctg§-34’4o’_

- . - ’.0 v | _ . -2 °
g,-7-j2=12,1e"" ,zz,_1[7z,3z_7,23, Gmarcly < =-177°.

Orcrana 134,4°
58367 7

Z = ——‘7, gge'f’z7°

§52,1°
= 08¢ ;

7 = 0,8 cos 5214°+ {0,85in 52,1°= 0,547+7 0,583,

Lpyro#t nmyTb npuBeaeHws k opMe B NPOEKUMAX - AOMHOXEHUE UMCIATENA
¥ 3{aMeHaTeNs HA UMCTO, KOMIEKCHO-COMDAXEHHOE CO 3HAMEeHATeseM:

5+§3  (5+{3)(7+42) . 57-32+f37+425

7 = =0,547+§ 0,583
z 7-j2  (7-j2)(7+j2) 7%+ 22 /
4.3, HKomnuekchHu#t curHan, KOMIJIEKCHAR AMITTUTYAA
ConocraBum ape QiyHKIUM BpemeHu
S(t) = Acos (wt +¢) (4.13)
u
. ,(wtﬂp)
S(t) = Ae . ¥4.14)
3ro pasHue maremaTwueckve ofbextw: S(f) onucwpaer nepromm-
YaCKOE UBMEHEHWe HexoTOpoN BeiuuMHm Bo Bpemedw; S(Z) = M3MeHeHve
BO BpEMEHYW TIONOXEHUA TOURM (MMM BEKTODA) B KOMIUTEKCHNHA MIOCKOCTH
(puc. 4.3).

Berrcp S(#) niwmo# A spamaercs ¢ yriaoso#t ckopocTsd &,
TaK uTo BpeMA ero ofopoTa paBHo | = —w‘g- , T.e. - nepuomy S(1). B
momenT Bpemenu L = O yron BekTopa paBen HauarwHolt pase ¢ curua-
Aa S(1) . U3 naccMoTpeHus NpoeKUMM Bpamalmerocs BEKTOpa $t) Ha
BENECTBEHHYI OCb X IOJyuaeMm

x(b) = Res(t) = Acos (wt+a7)=,s‘(z‘) .



Wrax, B noeemenuy pymmmn S(£) u $(£) wmoro ofmero. Momio nofi-
cTBUTENbHOMY curHany S(f)  comocraBuTh koMmnexcHwA curuan s
npuueM TaKoe COMOCTABJIEHME B38UMHO OMHO3HAYHO :

. flwlve)
S(H) = Acos (wt +¢) == S(t)=Ae . (4.14,a)

P\‘, /4 \wt

\ A A/ A t-o
l _ 1%
0| \ t x
—.1 pocp——!
= w23
at-¥ T=22

Puc. 4.3

[lpn pacyere nene#t MoWHO MHCIEHHO AaMeHHTDH peanbHui Boaneﬁc'raynuuu
curLan S (t) €ro CHUMBOJNIOM s (t) ¢ 3ajanHo# ammruTymoft, uyac-
fat
ToTo# u dasol. [lpu arom, nockonbky € - Tamxe codcmseﬂnaz DyHK-
1A nvHeMHOR nenwu, oleHb nerko Hakry peaxkuuio Lend - KOMITIEKCHE !
CUTHan Ha BHXOIe
[

I )
(B =4, o0

(224

6ux (4.15)

Ouesumo¥, S.t’ux (t) - aro cumpon DeaNbHerd EYXOJHOrO curHana S
B KOTODOM B SBHOA dopMe MpUCYTCTBYRT aMrautyna u dasa uckomol pe-
axuun. CHavana 3TOT METON Tak U HaABHBANCA - CuMBOMMueckuit. 3amuch
nepexoma oT NeMCTBUTENBHOTO CUMHANA K KOMIIEKCHOMY ¥ 06DaTHo, a

¥lpusenem Gonee crporoe oSocHoBaime: curHan S(b) = o5 wi
‘wt
MORHG paccua'rpusaTb K&K CyMMy IBYX CUrHanos S,( t)=§/ e’
;w
z(t)‘ (nenonsays dopMyny Aftaepa). lockonbry S(t) u 5‘2(t)
Komneucﬂo-conpmeuﬂue 3,70 M peakuim uemu na oru Bo3meficTeua Taxwe
e

KOMIIEKCHO, CONpAXEHH. Peaxuma Ha curuan 3(£) smngercs cymmolt pe-
axtuh Ha S(t) u S, (¢) .

8

* TAKXEe W Bce faefcTBUA B npoiiecce aHanmu3a Lenyd MOXHO CAeNnaTh eme

fojee KOMITAKTHMMM, €CJIH BBECTH noHATHE KOMIIEKCHO aunnwry,ms A
curHana S(f) :

. f(wtrg) f¢  jot . jwt

Sty =4Ae . =fAe e =fhe | (4.16)

KomnnexcHas amnnutyga - HemojBumHNA BO BpeMeHM BEKTOD, CO-
Aepxaum#t uudopMauup u o6 aMIIMTYAe AeACTBUTERBLHOTO CUIHANA M O
‘ Jwt

ero HavajibHot dase. MuHoxurens BpameHus € onymeH. PeanbHwit
curdan §(#) conocrasnserca cpasy C KoMIeKcHo? ammiautymol:

. . ‘P
S(t) = A cos (Wt +¢) ~— 4 -Ae’” . (4.17)

4.4. XomnnexcHue CONPOTHBASHUA , TIDOBO UMOCTH

Mexgy Hanpsxenusmyu u Toxamy B axemedrax L u [ wenu cymecr~

BYDT clelyoue CBA3YU: od y
(D) o U ()
uL(t)=/.———dt ’ tc(t)—é'——dt

Ana cayuas rommnexkcHEX curHanos
A . jwt gt
a (H=Ue 0 () = I/e H
jwt . . Jjwt
t.W)=1I¢e

(4.18)
1, (8) = ILe

2

IvphepeHLMpoBaHie NaeT CleXyNmMe COOTHOMEHUA:
' . . 4wl
[} e fwt L d (IL ej )

L . dt

. fwl < Jwt
L= jori e’

/a)t
B

/(ulI €
(4.19)

Jewt
Coxpamas na &€ » TONYUMM IR KOMDEKCHHX AMILTATYA:

7sz I ij‘V . (4.20)

>
OrHomeHme KOMTUleKC.‘{Oﬂ AMIUTUTY BN HANPAXEHUA Ha JJIEMEHTE K KOM-
nrexcHok AMIIIATY e TOKA uepe3 Hero MOXHO TPaKTOBATL KAk HexoTopoe
conpoTuBieHue, a4 OGDR'X‘HOG OTHOMEHWe - KaK NPOBOIMMOCTL. lo onpere-
9



TeHUD, ITO-KOMNAEKCHHE COMpOTMBAEHUA # mposomMocty (“immenanc”
u "ammrade").

Bce Tpu ocHosHre anemenra uern B L , £ " cranosarca pas-
HOTIPABHWMH : HANPSXEHUE HA 3JEMEHTe DABHO NDOUSBEAEHA TOKA Ha
COnpOTUBNEHYE (N0pA3yMEBATCA KOMIIEKCHHE aMIUINTY[H HANDAXEHUS
wroxa): =21, , V=21 |, §=21,
31ech KOMIUIEKCHHE CONMPOTUBIEHUS :

N 4/ .
7=, ,=f0l, .~ 7wt =V (4.21)
U, COOTBETCTBEHH(, Kounnexci-{ue nponommovfm
= —/— - = - — = ] 4.22
)Z’ R £, }Z ij f a;L ’ faw‘ ( )

Bce npaBuna pacuera nene#t, skByBasSKTHHE Npe)I6pas3nBaHMA, OCHOBAH—
Hee Ha 3akoHax Oma uw Hupxroda rpumeHuTenbHo K ne3MCTUBHEM LEUAM,
Tenepb OKA3HBANTCA CrPABEIIMBEMA WIA JOGHX COeMMHeRn?t DesUCTOpaB,
KOHJEHCATODOB, WHAYKTHBHOCTE! Mpit YCAOBMU TADMOHUUECKNTO Bo3gei-
CTBUA. B- 3TOM ¥ COCTOMT METON FOMILIEKCHEX AMIUIMTYL.

JTOT METOJ OKAl3aJCA OoueHb YOOGHBM U MOJYUItn WPOKOE DAchnNc-
crpaHenne. YacTo B Textuueckoft peuyw He NeNaeTCA [SAMUMA MEXIy
CONPOTUBNEHUEM M KOMIITEKCHHM COTNPHTURIEHUEM. TaK, HANDUMED, MORHO
yenswars: - "TOK uepe3 MHAYKTUBHOCTbL DAaBeH Hanpaxeinw, IeNeHHOMY
Ha ja)L ". Omaxo 3To BOBCE He 03HAuaeT, UTO b= tZ)L . Hago
BCerja MOMHHTb, UTO DeUb KAET 0 KOMTUIEKCHRIX aNNIMTYIAX - CUMBoJax
PapMOHUUECKIX - CHTHANCB. :

Ipwwmep 4.2, Hallte wominexcHuE COMPITUBIEHHS U NPIBOIM~
MOCTH TNCAEAOBATENBHONO ¥ NAPAJIEshHOrD coemuuerud B o [

(ouc. 4.4). Hveewm:

A _ 4 qwt wERAC* . wl
Z’ E+jw{," };_ Zf_k"'%)'é—/+1w2£ 1+ REC? +/4+w21226'2 ’
]
/
o gt R R N VR
S TN TR T s T B A
wa' :

3aMeTiM, UTO KOMIJNEKCHOE COTPOTURISHUE DESUCTOPA ~ UMSTO Re-
mecTBeHHOe (MJM, KAK TOBOPAT, AKTUBHOE), 2 EMWOCTU U HHIYKTURHIC-
v - uucro mHumoe (peaxruBHoe). HoMmmaekcHoe conpoTunmeriue 1ekomo-
poT0 COEIMHEHUSI AKTUBHOTO Y DEAKTHBHOITD CONNOTUBIGHUA CLICDKUT ¥

10

|

BEWECTBEHHY, ¥ MHUMYD yacTu. [lpy 3TOM MOXeT okasaTbCf, uTO Ofe
YACTH 3aBUCAT KAK OT AKTHUBHOIO, TAK U OT DPEAKTUBHOI'O CONDOTHBIE-
uu?t. TakoBH B paccMoTpeHHoM npumepe Y, 1 Z,

s -
L.(‘t)
(t i,(t)
. elt) L wit).
R _
N &
z. I, I
R c = [jlza,Yz J) E _ ZA zl- U
!
Puc. 4.4. Puc. 4.5
Dpuwmep 4.3. Onpenenurs Tcrn £,(f), 4,(f), i,(¢) M

Hanpsmerve w(f) B uemm puc. 4.5,a.rpyw BoagmefhcTBHM e(t) =

= Il-coswt. npu cregyommx pammex: @ = 10° I/e, €= 2 mxd,
L =200 M1, R = ICO Om. lepeitnem u cxeme prc. 4.5,6, B koTO-

polt aneMeHTE cxeMmb 3aMeHeHH KOMIUIEKCHBMM COIIPOTHBICHUAMM

" ’ . 3 .
ZR= 100 om ZL=ij =//U~0,Z = 200 0Om ;

1 . 4
Z =

¢ fol - /0’2/0“—75”” om .

Bee nepeMeHHye -~ KOMUISKCHHE AMIJIWTYOH .
.VpaBHeHMR VIl ONIDENENEHUA ACKOMBIX MENEMSHHHX OUeBUIHB!:

g e ;
Z.+7Z, 7,
. _EV U F o U
e kg by

BunonHaa nefcTBrA C KOMIJIEKCHHMU UKCJIaMY, NOJyuMM:

'/
A 12/0/3/0”

. - 10+420 -
e _fé 8. ]‘ 10+420 0 PE
103 0 /5

18 53
3 /0—;'5 0

11



lIpoBepxa peaynbjra'roa(f ,=I'2 + 1; )) ynosnersopserca. Teneps
HYXHO NPDMBECTHM 3&NUCH KOMIISKCHWX AMIIUTYL K MokralaTensHol dop-
we: '

4

: iz :
o IZ 2¢ . jl,ﬂ'
v 10-j3 ~ Vg g2 F A g19e B |

jarcty? .

7u 10020 Y500 e A
W43 " Yoag ol CBH D AME M
: Jno8 . i
L5192 mA; I =0%e mA

Oxonuarenpuutt pesyasrar
©(t) = 0,19 cos (10°t + 1,86) |

U aHanorvyHo NS TOKOB.

4.5. Homrnexcuu®# kooaddunmenT nepegauy,
KOMITIEKCHAA UACTOTHAA XADAKTEDUCTHKA

3amenuB amements nemw R, L, € ux xomnnexcuuMu comporus-
JEHUAMH ¥ UCNIOJIL3YS JNGOR ¥3 MeToM0B pacuera nemy (s3axoHw Oma u
Kupxroda, axBuBaneHTHNe MpeofpasoBaHus, METOR Y370BHX Hanpamexuit
¥ p.), MOXHO MONYUMTH CBA3Db Mexgy BoapeflcrsueM u peawumedt B $op-
Me . .. '
S = X 5o, . (4.23)
3mecn ng . Sg“x~- KOMIUICKCHHE aMIINATYIH ; ¥ - wowmnercHoe unc-
0, ompeAenseMoe Uenbd, ee CTPYKTypoh u napameTpamu, a Take yac-
ToTol Bo3fefcrBymmero curHana @ . OueBuHo, ]( mee'r CMHCJI KO3(-
¢uunenra nepenauv uenu. B 3aBucuMoCTH OT TOrO, UTO KOHKPETHO M0-
HUMaeTcA noA Bosmelcremem ¥ peawuuedt (Tox, HanpaxeHus) , xoa(m)mn—
. €HT ]( MOXeT OHTH 6eapasuemm M¥60 UMETL DABMEPHOCTH COMPOTHBIE-
HUA WIM TIPOBOAUMOCTH.
Ymo6Ho sammcars X B noxasarensHoft dopue :

. 1%
K=kle’™ . (4.24)
Torga ua (4.23) nomyuum '

15, 1= 1Kll5 |
I2

P51>'X =(f6x+‘fk-

Takum o6pasom, Momynb koapbuumenTa nepefnaun - 370 koapduumeHnt
NPONOPLUUOHANBHOCTY MEXOY AMILUIATYJAMM, a apCyMeHT NAeT 3HaueHue
caBura $asy BHXOJHOTD IM§PMOHHUECKOTO CWUCHAJA OTHOCHTENbHO BXOR-
Horo.. Tak, B paccmoTpeHHoM Buie npumepe 4.3 Otio HatmeHo, uTo
npu Boafeftcrsymuem curkane e(f)=cos/0°t  wmm npu E =1 xow-

. . 12
MAEKCHAS aMIMTYIA BHXOJHOTO HampsxeHns U7 papua 7013 - dro
YUCNO U eCTh KOMILIEKCHH! koaddwumeHT nepemauu E - . llepenu-

1'4,85

“cas K B nokaaarTenbHo! fopme, moxyumau K=019e . Ilpu Boa~-

JaekeTrun
e(t) = A cos(10°t + )

BEIXOOHOR ‘cHIHAN 3
2w(t) = 0,19 A cos (10°t + ¢ +1,86)

KomnrexcHwe compoTuBnenus serse, cogepxaumx L wm £ , 3a-
BUCAT OT yacToTH Bosgeftersus « . [losToMy M kommrexcHu#® ko addum-
eHr nepefauu ApasercA QyHkumeRt uvacrorTH. STy GYHKIMD HA3HBADT KOM-~
naexcHolt uacmorHof# xapakrepucTuro# uenu v oGoanauam- X(w) (um
K(jw)).

Wrak, xoMNIEKCHAA UACTOTHAS XAPAKTEDUCTUKA €CTb OTHOMEHUE
KOMILIEKCHWX AMTJIMTYJL CHTCHANOB HA BHXOJE It Bxone kak $VHKIMA yac-
TOTH Bo3nefCcTBYWQEro TapMOHWYECKOro cyrHana:

Fo(w) = St (4.25)
Sex
TpA YCAOBUM, UTO Sgx - I'apMOHAUECKAN CUTHAN YACTOTH ).
Momyns | K(t0)| HasuBapr aMmIvTymio-uacTOTHO! XxapaxTepucTuko®, ap-—
rymeHr ¢, (w) - dasouacroTHo#t xapakrepucTnro# Hemu.

Npamepp 4.4, THALID HEXHAX 3agTOT_NGDROLO_UODANKA,
Ha pme. 4.6 npEeelienH npocTelimme IACTOTHO-3ABHCHMHE IEIH, COReD-

_XamAe ONMH DEaKTHBHHYN 3JeMeHT. OnpenexuM KX KOMILIEeRCHHE YaCTOTHHO

XADARTODECTEKH.
Ina_cxemu a

jwt 1
4 frjwRC
R+f‘"£ 1+fwR

}‘( =.£-
(@) 7
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g _cxemu 6

S l v -
. R . v R 1/
. Klw) = L = = .
€ cT l v E B+j(dl /4-‘/'&)’% :
' a) —0 L _cxemy B i
1
fw- Y- TR
=7 s @Rl
R +/w 7 1 +/"f7
5) ‘ . HeTDpymHO SaMeTETE, UTO 3aBHECEMOCTE
. OT YaCTOTH B-9THX TDEX CXeMAX ONHA H Ta
I c=|U , r |
T Ke)=r—  (a.28)
—_—C /+lwr 2
5) . 3neck 7 - NOCTOAHHAA BDEMEHH neny, OpE-
Prc. 4.6 M T = R wm Z‘-% ; X - Rexoropaft

Ge3pasMepHult WIE pasMepHuit rRo3dfmrmenT,
3anumeM KOMIIEKCHYD 4acTOTHYD xapax'repnc'rm B NORasaTeabHo#t
dopme :

/ -Jarcly 0t
—_— p .
I/—“(wnz (4.27)
AYX n ¢UX memm mvevT crenyommh Bmn:

: 4

VK(w)] = = 5 G (0) =-arily wr (4.28)
. 1 +(wT) . .
Xapakrepune 9epTH AUX (pHc. 4.7): NDE HESKMX HacTOTAX KoaddsmmenT
neperavy® OJMsoK K I, ¢ yBejmdeHmeM & Rox(bdurmenT mepenavM MOHO-
TOHHO nazaer, CTpeMach K Hyiw. Ipaxmuxolft Touro# “monocH npomycxa-

HHA" 9acTO CYMTADT YACTOTY, NDH KOoTOpOH xoaddammuenT nepe.na'm YMEHb-

maercs 1o —/--0 7 0T MBKCEMyMA. Ma {4.28) pumrO, UTO

vz

K(w) =

!
1, /+w2 2 1/ a1 T
AcumororEra AUX (xapax'rep cnana A‘D( opn GONBIMX YacTOTAX, IR

"XBOCT") EMeeT BHI
/

¥ (w)~ T 5
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T.e. Ko3dfmmeHT mepemaym o6pATHO NDONODLMOHANEH NepBoft cTeneHE
9acToTH. PaccMoTDeHHHe mpocTeftmme CxeMd, NDONyCKAanmMe HASKEE Yac—
TOTH X He nponycxamme BHCOKNE, ABMIOTCA (MIBTDAME HERHAX Yac—
ror (THY).

IK(w)]

. )
<% iy © ‘ . Re| (U
R U; SUA' —C.l

Pac. 4.7 _ . Pre. 4.8

Ipnwmep 4.5, Anmepmogmuecruit vowmrens. lpocTeitmas cxema
YCHMMTENS HA TDAHSUCTODE, NMDERHASHAYEHHOTO IJIA YCEIGHHA 3BYROBHX
¥ BANEO-CUMHAJIOB, NpuBefieHa Ha puc. 4.8,a. PasgeXdTenbHuit KoHLeH-
carop C npenATCTByeT BO3REACTBUN NOCTOAHHOTO HampskeHus ("3aKph-
ta#t" Bxon). Houmencarop {x orpaHuuvBaeT MPOXOKOEHWE USJIUUHE BHCO-
krx uacror. Ha puc. 4.8,6 naHa cxema 3aMElieHHA 110 TIPPEMEHHHM Ha-
NPSKEHUSIM U TOKAM, B KOTODOH ,TPaH3UCTOD NMPENCTABNeH UOEANbHHM UC-
TOUHMKOM KOJIJIEKTOPHOTO TOKa IK =8 - llockonbry NOTEeHUMAN SMATTEpA
PuUKCUpPOBaAH, yrpaBiflmee HaNpKeHe 6a3a—aMMTTep U, =Ur.  Koadpu-
LMEHT S -KpyTUSHA XApaKTepUCTMKM KOJIEKTODHOIO TOKa B pabouelt
TOuKe,
KoMineRcHAS JacTOTHAA XADAKTEDHCTMKA JeBOd dacTH CXeMH
K (w) = o R __ _jor
4 E R+ fﬁ, I+ jw’r‘

> (4.29)

T= RC - nocrosunas BDeMeHH BxojpHolk nemd.
[Ipapasg 9acTb cXeMd - paccmoTperHH? Bxme OHY, ero xaparTeDHCTHKA :

I5



A

] ? =p [ . N
7, 1+jwt, k= ls (4.30)

Ky (w) =
O0maA 4aCTOTHAS XADAKTEDHCTHRA
K () - %ﬁ—=}i’,-(w)-f{2(w) :

OmpenemM AUX ® @YX mepmoro smesa ( CZ -Uemovyrw), IIA 9ero mpen-
crasms K () (4.29) B morasaTensHo#t fopme:

X
wT e -
K (w)= el T - (4.31)
Y1+ we® e :
Orcona . T
] = =25
- V1+w .
(4.32)

G(w = F ~arctgwr .

Ha puc. 4.9 mpmeenmeny AYX ® $UX 060OMX 3BEHBEB, HDE ITOM YUTEHO yC-
JN0BEe. T >> T}, OONYHO BHIIONHSOMOE B CXeMe ANeDHOEHIECKOI'0 YCHIMTO-
a1, Odwas AUX ompenexseTcs NeDeMHOXGHEEM l](,( @) = | K,(w)) a oomas
@IX - cnoxenmeM ¢, () B (,(w).O0mas AYX rama Ha pmc. 4.9 . Ilpm
T>»7, B Hefl mMeeTcA INOCRER cpenmwlt yuacTOR, HA ROTODOM IaDMOHH-
YEeCKHe CHTHAMNH BHE 3ABHCHMOCTHE OT YACTOTH YCHXHBANTCS 'OJEHAKOBO:
K, -Sl’k, HexH®e X BeDXHM® I'DRHHIH ITOI'0 Y4YacTRa OlDemedsanTCs mo-
CTOSHHHME BDEMEHH: ‘ / :

W, = /34 > Wp = T,

IpemMep 4.6, PRALTD HEXHAX YACTOT BTODOT'O NMODANRE HC-
'no.nbaye'g IBA DEARTHBHHX 3XEeMEHTA DasHoro pmaa - L = £ . Omua ms
BO3MOXHHX cXeM naHa Ha puc. 4.10. Bupaxemma mia KommieRcHOX 9acToT-
HOR XAaDAKTEDECTEKE MOXHO 38IMCAThL HS DACCMOTDOHUA KOJHTENT Z,, Zz :

/1 _ 4 :
jwt = T+jwRC °

z,=jwl ; 7,=R|

rwy= Va2
K(w) 7 72,

I6

+ PA)
' \v\
SR, |
|
3 w
% _%-t K(“‘)
1]

Prc. 4.9 Puc. 4.10
llocne HeCAOXHHX anTredpARdeCKEX IDeOCDA3OBSHEN HONYIEM
L
w—
: R
/ 1 -7 amtf/—w"w

K(w)= - (4.33)

(1-afLl)rjw g VrdLfeo®l,

Kokrpernuft BEn AUX m OIX 3aBHCAT OT COOTHOUEHHS mapametpos L,C,R.
YacTo MX BHOMDADT TakK, 4To0n AUX mMena smp pue. 4.10,B. Ha Tom xe
DHCYHEE IYHRTEDOM ZaHa AUX dsasTpe mepBOro mopsmka. Kak Bmmma, AUX
{wapTDA BTODOrO ITODANKA HMeeT Jyumyn fopmy - siaeck Sonee pe3xmit

mepeXol OT NOJOCH NDONYCRAHAS K HOJOCe HENPONMYCKAHHA. ACHMITOTHRA

"xpocTa" ~

/
WAL
PaccMOTpeHHNE NDEMEDH MCIONBSOBAHEA METOIA I_IO.W‘Iém ROMILIEeKC—
Holt YacrorTHOft XapaKTeDHCTHRE - npocrefimme. 3mech G610 ROCTATOYHO

NDEMEHATH CBOfCTBO IeAdTeds HAODAXeHWA. B dojee CROXHHX DA3BETB-
JEHHHX CXEeMaX- IDEXOLNTCA COCTARIATH CHECTEMY YDaBHeREE OTHOCHTEABHO

HECKOJIPKEX KOMILIGKCHHX SMILIMTY. HANDAXEHW EXA TOROB. YIOORO,

7.



B YAaCTHOCTE, BOCHOJNb30BATHLCA METOLOM Y3AOBHX NOTOHIMANOB B dopme,
KOTODAA OWAA BBENEHA JLIA DESHCTMBHMX meme#t [3]:

HANIDAXEHAE I]k HEKOTODOr0 % -TOrc y3JAa DABHO B3BemeHHOH
CYMMe BCeX OCTAAbHHX Y3JOBHX HAIDAXeHwid V » HMOYNNX C £ u y3-
JIOM OOmHe BETBH: . .

Y% = ; KooV
Becoso#t kxoaddsument /(; , - oTHOWeRMe mDOBONEMOCTE BeTBE 4% K coG-
CTBOHHOR IDOBOAMMOCTH DECCMATDEBAGMOTO yaaa X .
‘T prMep 4.7. ArTEBH4 THY _BTOporo_mopanga (pme. 4.II).
B cxeme 0TMEYEHH YSJOBHE HANDAROHEA I/ If I/ . lIposopmMocTR

BeTBelt:

: 1 . .
-4 . =4 . joi . et

. Puc. 4.11

CodcTBeHHNE MPOBONAMOCTH y3i0B 1 H 2: )
Y.~6+6+fal, , }’22*%+wa2

1=
SanmmeM CHCTEMy ®3 TDeX yDeBHEH®m: .

= Lp+ b2 v+ 124 v,
! );z Yiz yfz 37
. 6 .
U==21vy
2 >
i=1

HocrenHee ypapHeHEe oTpaxaeT TOT $aKT, uTo OV BKINYEH RAK AIeaNb-
Hult MOBTODETEA: (BHXOMHOE HANDSXCHHE U; nomano memocpescTBeHHO
HA EHBEDTHDYLMm BXOX).

18

U3 cucTemMy ypaBHenmlt mmeen

Y y”-‘ ylz Yis 3
Hocne mpocTHX mpeoSpasoBRARE! MOAYYRM
; ' £, y
Mw= = 162 - . , (4.34)
@ —Le_ 53&*]&)[; (6,+8,)-w?C L, /—wzr,rz + jot,

I'e NNOCTOAHHHE BDEMEHH

.-—- = 22 = M
% . E T2 £ =G 646,

CpapHms (4.34) ¢ (4.33), oGHADYXMM TOYHOE COBNANGHE® CTDYK-
TYPH fopMyay. PasHuna smub B napamerpax: emecro L{ - Z7,,Bmec-

T0 -’lz; - %, . llpEMeHeHme ARTHBHOTO aJ6MeHTA cXeMi O O3IBOXENO HO-

JYSETh GWMABTD BTODOrO MODANKA 03 WHAYRTEBHOCTH. IIpoeRTEpOBAHES
rak HaowsaeMxARL ~punbTpos (axtueHnx duwibTpor Ha RC -anemen-—
Tax) - ONHO U3 BAKHHX NDWIOKEHAN COBPEMEHHON pPAIOINEKTDPOHMKM,

4.6. Peaomancmue -yenu

Buenax ¢ L ¥ [ anemeHTaMR npu onpeneneHHHX 3HAYEHHAX
SACTOTH BO3ZERCTBYHUEr0 CHIMHANA ONpOABAfeTcH 3HPeKT DesOHaHCE —
DEesKoe BOBDACTAHEE TOKA MJH HANDARGHHA. JTOT adderr IMDOKO XC-
ooxb3yercs B DANMOTOXHHYSCKAX yCTDORCTBAX. )

ABAYE3 U pacYeT De3CHAHCHHX Nemelt "OCOCEHHO HATJASAGH. B HDOCT
Up# HCHOJXb3OBEHHN METONA ROMILIEKCHHX AMIMATYA. KOMILIGKCHHE CONDO-
THBJIGHMA AHNYRTHBHOCTH M €MROCTH ABASOTCA THCTO MHMMEMN:

. . , / .
Z=foL =X ; Z=-7lo=jk - (4,35
BeJrarry _
' /
Xl:-wL., );l—w (4.36)

HASHBADTCA DEAKTHBHEME CONPOTEBACHAAMH EHAYKTHBHOCTH R @MROCTH,
Kak sumuM, DeakTHBHR® conporeraemms [ m [ mmepr pasHHe 3HaKu
H OCDATHYD 32BHCEMOCTH OT YACTOTH.

I9



IIpn

{
© = @, 7 (4.37)
aMeeM
/ .
a))ol = —wp[ ——-XL =-X . (4.38)

Ilpx rakofl YACTOTE IPOMCXONMT BSAMMHASA KOMIEGHCAIMA DEAKTHBHHX CO-
ODpOTHBRSRE, o0mee CONDOTHBAGHHE MOCAGJOBATENLHO COSINMHEHHHX /
% [ CTAHOBETCA DABHHM HYJD M IODOECXOLMT DO3KOE BOBDACTAHEE TOKA.
B arom # cocromr ofdexr DPesoHAHCA C NMOSKIMR MeTONA KOMILNEKCHAHX
aMILmATY .

llpooTelim#e DESOHAHCHHE NENA - IIOCJIeACBATENbHHA X [ADALIesb-
mu#t komryp 88 [ u £ (pme. 4. I2) - pasmmuapres momavelt mosmefter-
BRA: B NOCAGNOBATEJBHOM KOHTYDS CHIHAaJ BEOLRTCA B (opMe ACTOUHEKA
HANDAXGHNA, BRINYEHHOTO "BHYTDL" Romtypa L[, a B napamemaou -
B JorMe HMCTOYHEKA TORA, BRINGAEMOr0 "BHe" RORTYDA.

dug_cxemy g

Im—— e ———— , U=Ijol  VU=]—— . (4.39)
L " el T e et
Jug_cxemy ¢

=Y =lf=3=——7 - @0
s J@LTLT

Hpm peaonarcHo#t wacrore (4.37) CONDOTHBIEHWE IIOCHAELOBATENBHO-
TO KOHTYD& Zz ¥ ODPOBOMEMOCTL IADAJLEEABHOTO ); CTAQHOBATCA DPABHHMM
HYJD.

. Tor B TOCAENOBATEXEHOM KROHTYDE, & 3HAYAT, W HANDAXESHEA lf !

" 1{. JenapTCs GECROHEYHO CONLIMMM. B mapasnessHOM KOHTYDe Oecxo—
HETHO GOJILNEM CTAHOBHTCS EANDAESHME HA KOHTYDe. [IpE oTXOme OT De-
SOHAHCHO# UACTOTH DABEHCTBO MOIVAeH DEAKTEBHHX COIDOTEBAGHNA HADY-
DAETCA, TORKE M HANDAXEHHAST DESKO NAnapT. YacTOTHAS XADAKTeDHCTHRA
De3OHAHCHOTO KOHTYDA ZaHa Ha pEc. 4.I3,

PaccMoTpernsuit cayualt sBaferTcs MIEANM3RDOBAHHHEM, T.K. B CXEME
He YTHTHBADTCA AKTHBHHE CONDOTHBJIEHHA, BCETNa TAK KMM HHAYE IIDH-
CYTCTBYDIME B DEAXLHHX cXeMaX (Mo B BHIE DE3HCTODOB, JMGO B BHEAE
*BEXONHHX CONDOTHBICHHA HCTOYHEROB, CONDOTHBJACHER mOoTEeph X T.N.).
Tem He MeHe® Moneas HIeAJLHOT'O DO3OHAHCHOIO KOHTYDA YpesmHvaitHo
NOAOSHA.
20

i | : |

. L U

; cs 3

a) T E

. J_ . |
I LY ¢ Uk |

%) | ! | “l’r | @

Puc. 4.12 Prc. 4.13

OcHOBHOe IDAaBHMIO: HA pe3oHancHOR qagToTe IIOQJIGEOB&TBQBM

KOHTYD ~ 3TO KODOTROE S8MHKAHEQ,, 13DaJLl QJBM KOHTYD — 3TO DA3DHB.
B peanbHHX DESOHAHCHHX LEEAX HBOOXORUMO YUMTHBATE QKTHEBHHE

CONDOTHBAGHHAA, MYHTHDYHMHEO KOHTYD, & Tak-

X8 BRIYEHHHE B KOHTYD IOCAENOBATEJNLHO

(“compoTEBIEeHRe mOoTeps"). Hamdomee mpoc- . 2 L
THE BHDAXEHHMS NOJYYaDTCH, €CAM B Iociae- E C
JOBATENDLHOM ROHTYDE AKTHBHOE CONDOTHBAE- T
HEE 7° BKINYEHO “BRYTDH" ROHTYDA, a B a) .
napajneabHOM — CONDOTHBISHHe ¥ BRINYIEHO ’ U
uynroM (pmc. 4.14,8 7 6). I R J.J
Beonarca B DACCMOTDEHEe NBA HapAMET-
D8 KOHTYDA - XapakTe eckoe (BosHO- 5)
onpo Hue )4 OCTH .
Puc. 4.14
f=%L~Z);—€= —c[j— Om (4.41)
¢ R
Q== ; -7 (4.42)

KTepn ©QK08_CONDOTURJIEHKE - 3TO MOIYJNbL DEAKTEBHOI'O CO-
IPOTHBJNCHAA WHIYKTMBHOCTH W EMKOCTM HR De3OHaWcHo#f dacrore {Ges
y4eTa 3Hara)., HOGDOTHOCTH ~ COOTHOWEHWE MEXIy DEaKTHBHHM X SRTHB- -
HHM COIDDOTHBJECHWeM. YeM Bume ROGDOTROCTH, TeM OJXERe DeajbHul ROH-
TYD K EIEAJBHOMY, LIA KOTOporo {=oo (R=oco, r=0).
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PesoHaRCEas qacToTa wﬂ ® nodporHocTs & - AB& OCHOBHMX T&-
bamMeTpa, ORDENeANMX BHI KOMIAORCHOR 9YacTOTHO! XapakRTeDECTHRRKR
DPO30OHAHCHOI'0O KOHTYDA.

Onpenexu 2Ty XapaKTEDECTHKY LIS napaaneabHoro KORTYDA
(pmc. 4.14,0): .
Kl =% - L

r Y

3nect CyYMMADHAS HDPOBOIMMOCTE

V.= £+ 7&/;7 + ol (4.43)

lipeodpasyem (4.43) ¢ TeM, 97004 BBECTE B GOPMyNy HADAMETDH @, ®
Q (4.41), (4.42):

el iR £ J { 9 _ W

Yz 2 [M/f (fw[ wL {1+ /0( w J‘~(4.44)
B 3TOM BHDAREHEE SABHCHAMOCTH OT 9acTOTH COCDENOTOUSHA B WiISHE
YDaBHEHAA, KOTODHE NDHHATO EA3HBATH HOIMEDOBAHROR DpaccTpoitroft

w @),
_2{ A "’E)A‘ (4.45)
Ipg W=, £=0 .

TarAM 06pa3oM, KOMILIEKCHAS YACTOTHAS XADAKTEDUCTHEKA NIapaj-
JOJBFHOIO KOHTYDA

- R
K = —_—— (4.46)
(=3 LA
AHaJnormgyHe BHKIAAKH I TOCAEINOBATEALHOTO KOHTYDA IapT
I, p
K(w) = —~ = T+ 8 (4.47)

Ina BHCOKONOSDOTHHX KOHTYDOB (> 1) dopmyau (4.46) u (4.47) mox-

HO NepemHcaTh Tak, YTOOH ADIYMEHTOM OHAA He HODMADOBAWRASA pacerpoit-

Ra § » HeXMHe#HO 3aBHCAmMAS OT YACTOTH, & 6o0Jjee NIDOCTHE adcopTHAR
paccTpoitka AW wm QTHOCRTeNLHAS DaccTpOfxa i :

AW = W-w, ; (4.48)
Sw = A9 . (4.49)
@

22

lipg ¢>>1 y=me maaue DACOTDORKE A @ << &), NIPEBOIAT K DE3ROMY COA-
Iy AUX. YumruBas 3TO, NDOM3BEISM SaMeHY :
W, +AW @y /

-————-Pz p - ’4—6‘(()-_.
§ @, w @ G+ 40 146w

/
Hemoxssyss MPEGIEXSHEE 7, = -4, Moy TmM

?::: /+6‘w—/+(fw-26\w=2% . (4.50)
Torna
. P R
X Gw) = - = - (4.51)
1+ 206w 4+y20ﬁ’((—);-‘)-’

drcnna sanmmeM BHDaxeHms nag AUX m OUX:
R

| Ktan| = YTID (4.52)
1+(20 ==
V 1+(20 427
%
¢ (40)=-2arcly 20—4;0: : (4.53)

Hopmmposarmmwe AYX m OUX nany ma pEc. 4.15. Kpmmie cmmeTpRu-
HH OTHOCHTEABHO A = 0 (T.e. OTHOCHTOABHO &), ).

Pre. 4.15

OTMOTEM, UTO CEMMETIHS - CAEACTBHE HDHOXEmeHHOR samenu(4.50).
Touras domyaa (4.46) naeT HEROTODYD HECEMMOTDED "XBOCTOB", INS
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He DABEHCTBO |Aaﬂ<< (p He BHNONHAGTCH. Pe30HAHCHYD KDHBYD 9aCTO
X2DaKTeDU3YNT HOJOCOH NDOIyCRAHES AWy, , 1O YDOBHD 1z 0,7.
? Y2

Ha (4.52) Aly,7
1+(20 — )2 2
) :
OTKyza
o
A wﬂ,? - T . (4.54)

dra dopMysa MCIOAB3YeTCA AT YHOGHOI'O 3KCNePUMEHTAABLHOTO OnpeNe—

A6HAA AOCDOTHOCTHE IO CHATON DOSOHAHCHOR KDWBOR: JOCPOTHOCTD pABHA

OTHOmE ol T K_NOJ I KAHHA :
o

4 wm

q =

(4.55)

Ha pmc. 4.16,a ¥ ¢ MORASAHO BJMAHME NOGDOTHOCTE HA BRI DE30HAHC-
Hoit kpmBoOft, PB('}. 4.16,a maer RODMEDOBAHHNe KpEBHE. YeM BHmE N0G-
DOTHOCTH, TOM YXe DeSOHAHCHAA KDHMBAS, MEHHUIE NOXOCA IDONYCKAHHA.

K (aw)
1 1K (0)}

a) o
’ (K(aw)l
RJ >R2 (03 >0¢)
' R:>R, (G &)
R, (G)
9
a AW

Puc. 4.16
24

i E?

(Ezkc TR=2Rc

|
|
t
I
i

]
|
|
!
@ -4 o _{ AG)
d-) g r

Puc. 4,17

Ha pmec. 4.16,0 npEBeneHy HeHODMADOBAHHNHE KDHEHE, NOCTDOGHHHe
€ y4eToM TOTO, YTO NOGDOTHOCTE (] DETYNEDYeTCH H3MeHOHWeM OOIDO-
THBneRAAd R , npr aToM deMm Conbme R (& caemoBaTemrHo, ® § ), TeM
BHUE HMET DO3OHAHCHAA KDHBAf — IO JOOOMY AGCOMNTHOMY YDOBHD KDH~
BHE DACHMDADTCA. :

CpAssr Mexny ROODOTHOCTHD ¥ mogocolt mpomyckamms (4.55) maer
eme onHy 3amuch AUX, 4acTO HCNONL3YSMYN:

[ Kaw)| = e (4.56)

40 \2
y 4+(2——-“%7)

Ilpy aHaym3e NepeXONHHX HPOLECCOB B DEe3OHAHCHHX KOHTYDAX
YA0CHO BBECTH IApameTp, onpeneammmil EHeDIMOHAOOTEH CHCTEMH - IO-
CTOAHHYD BDEMEeHHM KOHTYDa Tk . JTOT mapaMeTD AHANOTHYEH HO CMHCIY

0.
Q)

Akt -— - -

nocrogrHolt Bpemerwm R mnm -l{‘- B npocreitmx OHY (cm. mpmmep 4.4).

/!

HMocrosnnas Bbeme}m DE30CHAHCHOT'0 KOHTYDA

tk_= 2RC . (4.57)
CBA3H MEXLY Tk ¥ nojocodf mpomycrawma 4 wM CAeNyNmas
2Rw,C 28 2
T, = 2P0 = P . = . (4.58)
% @, @, A%,,

Noncrarasa B (4.5I), moxyvmv eme omRY GopMyNy ROMINERCHOR dacToT-
Holl XapaKTepPHCTARK: R

W (4.59)

f((aa))_-



Wz cpaBnenma c (4.26) BMOHA QHAJNOTHA YaCTOTHHX XaDAKTEDACTHK De-

30HAHCHOTO KOHTYDA ¥ (EJABTDA HWRHEX JacTOT IEDBOTO IIODANKA (CM.
prc. 4.17).

llepecuer conpoTEBNERHM! B BHCOKOAOCDOTHHX KOHTYDAX.
Hemosmoe BKMOYSHME KOHTYDA

Ha npakTixe aKTHEBHHE CONDOTHBJICHHSA IOYTH BCOTNA ¥ BHINYERH
"BHYTDB" KOHTYDA, W WUYHTEDYDT ero (pmc. 4.I8).

@ R[] ¢ T L

s ® -l-/z

Pac. 4.18

Tounaa fopMyJsa CTAQHOBHETCA 3aMeTHO GoJee CJaORHOo#. IoGpOTHOCTH
KOHTYDA CHEXBeTCS K&K ¥S-38 7 , TaK ® H3-38 K . Onmaxo, ecxm moG-
DOTHOCTB OCTAeTCA BHCOKOR, CNpapenIMBa NDECIMREHHAS GOpMYJa

R,
/4.20..&27
¥y (28, 44

| K(aw)| =

(4.60)

THe SKBEBAJGHTHAS NOGDOTHOCTH {; yunTHBaeT Bymawme ® uyHTa A ,
¥ CONDOTHBJEHNS IOTEDh #* . '

Ws dopmyau mna podpoTHocTE (4.42) (= % , Q= /g BEIHA 3KBYBAJEHT-
HocTh myHTa R ® conmpormeaerms 7 (mpe pammoi 4 ):
. . 92 ) FZ

R=— 5 - (4.81)

970 MO3BOAAET "NEDECUMTHBATH" CONDOTMBIEHWT JMGO "BHYTDL" KOHTYDA,
Ju60 "BHHOCHTH" EX B myHT (pmc. 4.19).

Ha npaxkTEKe DA3DAGOTIME JacTO BCTDEYAeTCH €O CAeIyrmeR TpyI-
HOCTBN: DE30HAHCHHR KOHTYD caM IO cefe MMeeT ROCTATOYHO EBHCOKYH
IOCDOTHOCTE, ONHAKO IDE TMOAKJNYEHAW HCTOYHMKA CWTHAAR ¥ HATDY3KA
SKBEBAJIEHTHAS NOCDOTHOCTH HEJAONYCTHMO YMeHbEaeTcH. B 3TOM ciaydae
ODEMEHA6TCA TaKk HASHBAEMOE HENOJHOe BRJIKYEHWe ROHTYDa (puc. 4.20).
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TR

. z R
z e £ :
= R =@ | /;—
T = T
Puc. 4.I9
¢ <
R, Ry
Prc. 4.20
KoodfmmrenT BRINYEHEA
- {
2 = XL;?JM"=_[L;1_=____CL’_ , &<t . (4.62)
l

IlepecgeT CONDOTHBACHUA R , IVHTADYNUIEIC YacTb KOHTYDPA, B SKBHBA-
JIEHTHOE CONDOTHBJEHHE INOJIHOT'C MYHTa pj HIH CONDOTHBJeHHe NO-

Tepb 7; TaroB: 2

z : 22"

R=—5 o, #=
[ G Ugé
IQ\:? R”mae' % R:q] | (%,

Pre. 4.21

(4.63)

&3

41—
»

Ji S. ° n“h
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IIpe pacdeTe YAOGHO TaR®e BBOAWTH DKBHBAJEHTHHM HCTOYHMK,
BRAOYEHHH! HR Beck KOHTYD (puc, 4,2I)

I - 2l . (4.64)
Ipmmep 4.9, Bucokomodpornutt xomryp ( § = I00, f =
= 500 OM) XOXREH OHTH NONKMUYEH K MCTOUHHMKY C R =1 rROM 7 Ha-
IpysSKe IZ = 2 rOm (cm. pEc. 4.21). XesarensHo, wrods DOGDOTHOCTH
narpyxermoro ROHTYDE Ouna He MeHee 0, 2> 40.
OmpexnesHM SKBABAJNOHTHYD ROCDOTHOCTH NDM NONHOM BRIWYSHEE HC-
TOYHURA X HATDYSKH. COOCTBEHHOE COIDOTHBJIEHHO NOTODh KOHTYDA

"k“ —('(;—= 5 Om. Mepecusr mynron X, w P, naer
2 2

4 : §
r,= p“—250 Om r;,-k—”-=/250n.
Odmee CONDOTEBNGHEE NOTEDH "z: = 380 O 9YTO COOTBETCTBYET SKBHBA-

JeHTHOR RooporHocTH {J, = —;L =13,
' z

llepecwarap 7, B enmauit mymT ’?z » ONDeneM Ro2({MIMeHT Iepe-
IayH NDM DESOHAHCE!

_lf - £ _
}{/;03—7":”2 "z = 658 0m :

Hpmemw HONIOJIHOE BRADYCHEE: IR MCTOYHMRA Jc = 0,1, paa marpys-

K& = 0,I5. BHocHMHE B KOHTYD CONDOTHBISHHS noreps
2 2 L
o P 4 _ ! -p 3=
.r” =. Z, =25 Onm | 7, z 2.8 O0m .

!
OCmee compoTHBIeHME LOTEDH ry = 2,5+ 2,8 +5=10,3 Om, uro naer
3Kma.nenrrwn ngopo'rnoc'rs 0 48,5 # DeSOHAHCHOE CONDOTHBJICHEE
Rpm = 24,3-10

OnpenenmM xosbMIMEHT NeDenaYR l(pe_; , JUI 9eTO BBEAGM SREMBA-

JIOHTHH! HMCTOYHMK TOKS, BHINUeHHs! Ha BeChH KOHTYD: I = 0,1. Hanops-
XeHHEe HA ROHTYD®
= i , 3 . J r
01IR,,, =2143-10°1
Hanpsaxerwe Ha Harpysake
z/ =&, U, =3641 .
Kak pAnmM, xoadfMIMEHT Iepenaym HeCKONBKO yMeHbmENCS (¢ 658 h:(s)

364 Om), OnHAKRO TDEGOBAHEA IO AOGDOTHOCTE BHIIOMHEHH.
28 :

S. AHAIM3 LEIF C ITPUMEHEHMEM IIPEOFPA3OBAHMA JATLTACA

5.1. Iocragoska pompoca

Harerpansuoe mpeodpasopanme Jamjaca, ESyYaeMoe B KyDCe MATe-
MATHKH, YCTAHABJIZBAET B3aMMHO-OIHO3HAYHOE COOTHOWEHM® MEXIY CHI-
uaxom § (£)uRoMmneRcHOM! IWRKIME! ROMIIEKCHOM Nepemermoft p Sp
{kak TOBOPAT B MaTemMaTuke, "ODHTHHAJOM" E 6r0 "H3o6paxeHmeM" ).

CBASE Mexny Bo3neACTBYNUMMH CHTHAXAME B DeaKIMAME B JAMHOH-
Holt memm, noxyyaemMde OO 3aKOHAM TOROIDOXOXNGHHER, MOXHO JEI'RO mepe—
BEeCTH B TAKWe Xe KA GoJee MDOCTHE CBASE MOXNY H306DAXCHUIME BO3-
nefictem?t ® peakimlt, Tax, CYMMHDOBAHMe TOKOB WAM Hanpawewmi mepe-
XONZT B CYMMEDOBAHHE WX H300paXeHHl, CECTEMA IMAHAMAYeCKEX HHTEI'DO-
InddeDeHIMANBEEX YDABHEHRA! — B TOXOGHYD IO $ODMEe CHCTEMY axreSpam-
YeCKHX YDaBHeHHR. Ompene/MB B De3yAbTATE DeWOHEA CHCTOMH YDABHOHMA
n300DaXeHAe DEAKIMA, MOXHO ¢ IOMOMBY OGDATHOTO Ipeoctpas3oBamms Jam-
Jaca HalTH BHXONEOR CHTHAN. 3TOT IOAXO] CXOMATHYHO LNOKA3AH
Ha pme. S5.I.

Ug, (#) Onerayuu ¢ Ugpx (V)
—t curHanamu |fe——
u(d, Lt

L }‘ ' ' L)

; Gnepaunu c U,
_g’_"ﬁ HZ0BPAMEHUAMM ——""‘@-

U, Itp)

Prc. 5.1

Kak #3BecTHO, npe06pA30BAHMe Jlanjaca MPEMORAMO K (¥HRIEAM
BDEM@HY, TOXNECTBEHHO DABHEM HyJD npx £ < 0%, Taxmm o6pasom, pac-
cMAaTpHBAEMHT MATON NDMMEHMM ILAf AHAXW3A nemeft MOX Bo3neficTREEM
CHTHAJIOB, MMEXOIMX YeTEMA MOMEHT HAYAXA, ROTODHR MOXHO DDRESTH
3a t = 0. 3T0 MOTY?T ONTH: ONWHOUHH EMIOYALC HODOM3BOJFHOT'O BENA

Fmeercs B BRIY OINHOCTODOHHEe IIDeo’DAaSOBAHNAE Henons-
30B8&HEe 0oJiee CAOXHOT'O IBYCTODOHHEI'0 IIpeoOC0DASOBAEEA ca CHEMaEeT

9T0 OrpaBEMIeHHe,
‘ 29



(HO ¢ OMDeNENOHHHEM HAYANOM); CHTHAN BRANYOHES THIA cTYneRsR® (1),
BRIDYGHHO TaDMOHNYECKOr'0 CHTHAJR WM JIDGOI0 NeDHOANIECKOI'D CHT-
Bana (nmepmommaecroro roxasko npx [ >0). Ects maremaTHuecKoe orpa-
HUYeHEEe ® RAa CRODOCTb HADACTAHEA CHTHAJA IDE [ —oo. ONHARG 2710
OTpEHWYEHEE HACTOJBKO caadoe®, UTO NDAKTEYECKR He yumTHEAeTCA.

Tarmm oGpa3oM, ammapeT HCHOABSOBAHMS npeodpasoraHEa Jamaaca
OUeHh XODOWO NRONONHAET MeTOX KOMIIGRCHMX SMILIHTYH, KOTODHHE mpem-
HASHAYEH LIS aHANHE3A YCTEHOBEBINETOCT DOXmMA. MeTONOM IDS0ODA3OBA—
HEA Jannaca aBnANM3EDYDT IGDEXONHOM DEXWM OT MOMEHTA BRIDIEHHES
K YCTRHOBABHEMYCA COCTOSHHD, 8 TAKXG NDOXOXIEHHE ONMROTHHX HM-
OyABCOB M CHENMANBHHX TECTOBHX CHTRANOB (HANDEMeD, NmHeHHO Hapa-
CTANMETO CHI'HAXA). _

Pewexme cEcTemH yDaBHOHHE OTHOCETEABHO H300paxeHmt TOROB HaR
HRODAXSHUR IDHBONAT K CAGAVIMEMY BHDAXEHED:

Vh/x (1 = Kip)Up, ()

Pyrrmes K (£ ), ompeneaseMas cTpyRTYDOR I HapaMeTDaM® NenM, EMeeT
TOT X6 CMHCA, YTO K RoS(IMONEHT mepeniadZ OT BXOXA K BHXOAY A De-
SECTMBEHX IeNlefi RJM KOMIIEKCHAS UACTOTHAS XADAKTEDECTEKA B MeTone
KOMILIeKCHHX aMIIETYL. HO 3meck STO mepenaya He CHTHAJNA, &.er0 H30-
6paxeHus. '

Ilo Oonpenenenuo, neperaToIHa g mw IeON_eCTh OTHOMEeHHO H30-

HXO, X _HA30 e BXORHOT'O 3

Kip) = Sen® (5.1)
Sex (9)
B saBHCAMOCTH OT KOHKDETHOrO CONEDMAHWS CHTHANOB ng (),
St 1) mepemaTovERA dHKURA MOXeT OuTH GeapasMeDHOR MM pAs—
MepHOR (CONpOTEBNEHEE, MPOBOXMMOCTH). Eeim nepefaTovHAs (VHKIES
LOMN Hafliera, T0 AHANA3 NDOXORIGHHS INCOTO CHTHAMA Sp (%) =S, (f)
CBOJMTCA K caenymmel#! memouxe:

'%’r (4) == S&’x (),
S (P = K(P) S () (5.2)
Sfo/x (P == Sts1x (%)
Ina mPARTHYECKOT'O0 HONOAB3OBAHES 3TON METONHMKA HYXHO YMEThH:
a) mo SANAHHOMY CHI'HANY HaXONHTE 6I0 MSOODANEHEE ,

xﬂamc'rane IOXXHO OHTH He GHCTDEe BKCHOHSHTH C JANGHM IORA—
saTeneM.
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6) MO 3aNAHHOMY H30GDAXEHED HAXOAHTH CHTHAN,

B) IO 3aNAHHOR CTDYKTYDe LEIO¥ HAXOLATH e nepenaTOYHYD
dy KD,

B nemoure neftcremit (5.2) He GEIrYDHDYDT HAuANRHHE YONOBES
(cocrostme mem® B MOMEHT Momavu® CWTHAZR). B Taroft dorme mpemmona-
TaeTcf, 4YTO ECXOAHOE COCTOAHHMe - "HyJeBOe" (B HeME HOT TOKOR 4e—
Des MHRYKTHBHOCTH, & E€MKOCTH DA3DAXeHH). B TeDMHHAX, BBeJEHHHX
panee[3]s cBasu ¢ pemenvem muHaMMueCKI YPABHEHUR, 3TO - peaKuys
npy HyJneBoM cocTosgHEE (PHC). OmEako MCIONB30BAHEE IDEOODASORAHEA
Jansaca moSBOAAET HAiTH TARXE DeaRIMD IDH HYJAEBOM Bo3neficrenn,
T.6. BH3BAHHYD HEHYJCBHME HAYAJSHEMH yciaopmsmu (PHB).

lipeodpazopanke Jamnace MoxeT GHTH MCIOJNB3OBAHO KAR METOX De—
HeHER NWHAMAYECKHX YDABHGHHA LeNH, NePemaTOYHAS (YHKOEA IeNA NpX
9TOM H6 BHYHCAAGTCA. /CXONEHMN I QHANMSR ABIANTCA CAME AHHAME-
JeCKHe YDABHORRS M SaJaHHHe HAYAALHHE YCJAOBHEA.

HaroRen, ONECBHMEe CHTHAJOB ¢ IOMOMBD HX HSoCpaXemul Xak
vkt koMmeKcHoRt nepemexnoft f » 8 TakZe omucaEEe neme} mo mx
nepeJATOTHEM qyrkmmaM K (0 ) oTRpHBAET eme ONMH UYTH ARAXESA CHI-
HAJOB ¥ nemefl. 3To TaKk HA3HBAEMAd NMATDAMMA NOXNCOB — HyXel
B ) -IAOCROCTR. [IDK HEROTODHX OTDAHWYEHHAX HA Rzacc nemeft yrasa-
HHE KOODIWHAT NOJDCOB ® HyJelt mepenaroumoft dYHKIEE nIA6T OYeHb HA-
TAATHYD HHOODMAIMD O YaCTOTHHX H BDEMEHRHY XADARTEDECTERAX LOIH.

Bce aTH BONMDOCH DACCMATDHBADTCA B HARHO! I'aame.

5.2. Onpenenenue usoBpaxeHus mno 38J1aHHOMY CHI'Ha;ny

V3 MATEeMaTEKN MSBECTHH ONDONENGHWA NDAMOT0 B OCDATHOTO Ipeot-
Dasopanmit Jamiaca S(f) <= S(p) :

-

[~ o] _-t
Stp) = f sth et , Stp) =L {sh} ; (5.3)
06+joo pt
sth= - g sime’ dp , sh=1L" ) . (5.4)
R G-joo .

. -4
CopaBa MAHH YCAOBHNE 3&MHCE NDAMOTO L{} u o6paTHOTO L { } upe-
o6pazoparmit®, '

*Budop myTR EHTErpEpOBAHEA B (5.4) (mapaMeTp 5 ) ompemengercs
0061aCTHD CXONMMOCTH. B paMRAX NAHHOR KHEIW IDOGIEMH CXONMMOCTE HH-
Terpaas Janaace He odcyxnavrcd. [IDH HeOSXORMMOCTH YHTATEAL MOXET
BOCTIOJNL30BATECH ofmmEpHOM Jmreparypoit mo npeodpasoBarmp Janzaca X
€ro IDHIOXEHUAM,

31



Ha npaxTiHXe DenKO NDEXORETCA HAXONHTH H306DAMEHHE C NOMOWBL

uATerpana (5.3). Ilo4TE BCeTna MOXHO OGORTHCH TROIMYHHMA NADEME

S(1) ++5() v npmMeHermeM REGONLWOTO YHCAR OCHOBHHX OBOACTB mpe-

o6pa3oBpadEAa Jamnaca.

Tadannoga 5.1

OcHOBHHe cBolicTBa npeodpaszosandA Jamiaca

Tadaxmnoga 5.2

OCROBHHE TalaM9YHHEe TADH

10.

. CHBEI BO BpeMSHH

. HameneHme macmrada

. Ymuoxerme Ha 1

-4t

. YuaOXeHMe Ba £
. YMHOXeHWE CHI'HAJIOB

. CBepTRA CHI'HANROB

llepnonEgsckoe MPONON-
XeHue ORMHOYROI'O0 M-
nyanca

sth =x(t-1)

s(h = z(at)
sth) =txd

st = e"”x(f)
St =5,(4) - S, (¢)

S(t) = 5,(1) =S, (1)
][-\ s, (4) .
S¢(¥)
¥ 2t 3T

OCHOBHHE ONeDAIH Curean N3o6paxexHme
I. Iemeftran RoMowmAmA | S(8)=As,(h)+Bs,(t) | S(p)=AS(9)+B5,(p)
2. e peHITEpOBAETE sth = dst(t) S = pPX(p)-2(0)
H Xip) 3(0)
3. VMHTerpEpOBAHEmE 3(£)=jox(£')dt'+s(0 S(p) = 7)— + T

S =x(pe’

Stp) ==1%! X (c—f’)

daXip)
Sp) = - o

S(p)=X(p+a)
Stp) = 5(0)*S,(p)
Sp) = 5,(0)-5,(p)

Sufp) = — ke
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CarHan om [ >0 Haodpaxerme CrrHAT
1.1 &) 1 i ' '
o, 1) 7’,— |
1 P
2'| 1t 7t ) E—
oLt /
3.| ¢ P+l ._;_
jwt 1.
-t A :
5. 1-e o) ‘é
{
o] Z L
tn, 1 f?/./
7_. Pnd
r 1 n-f 1 _._4
7 (! p"
t -Lt _/_
8. € (P+d)?
/
-4t n!
9. tng * n+f
: (p+4)
9! { tﬂ-/—.&t / " L/\
| (ha-4)! (prd) A
. ‘ wo _nh A ,\‘b
10. | Sin @yt BB aF T \J
p _ e e e
11. | cos w,t mi VARV
. pLosQ - ty S1n @ N\_N\
12. | Cos(wyt+o) 2T 0y AAYAR




Oxonuarme Tacx. 5.2

Cxrman npm H3o0paxenre
o @, @,
I3, [ t.;'t'rx @yt 02 Pl 2
(Pra)+wf p *2dp+a)Fras?
-dt 2+d Pts

4.] & cosw,t (W)zf@z- PR VIR

PCOSY +(Leosyp - @ Sen @)
Per2ap +f + 42

15. e-‘(tws(wot»rq) \

aukil

16.| Dpmaoyroas- _/_(/ _ e-/’l’)
Ruft mamysane p

117.] Tpeyronseuit KA (/_e'/’?)z
EMIYJI5C ' p?

Tlons3ysCE OCHOBHHME CBORCTRAME (racx. 5.I), moxmo OOAYYHTH BCE
dormyas rada., 5.2. '
IIpwBexem MpMMEDH mOXYYeHNEA ¥300paxeHEft CHTHANOB, He YRASAHHNX
B Tada. 5.2.
OIpxmMep 5.I. Cxreax ma pEc. 5.2 HeTDYNNHO NDeNCTABETH ce-
e XAK CYMMY IEYX CETHANOBS
s mu, et Pitcoo

W gy _ -L(t-7) : A7
s(f)——ute At-2), u =t
OCpaTuTe BHEMBHEWE HA 3amMCh BTODOTO CHTHANA! COMHORATENH 1 (27)ne-
OGXOZEM, MHAYe BTODOR CHIHAX HAuReTcA He mpE £-7 , a mpr £ = 0 .
2 npE cymvmpoarmE ¢ S'( ¢ ) momyuem myxs.

CoorBercTBYNMEE M306pAXCHES:

AT
’ 1 ~t € ~-pv ' ~(A+p)T
5(/’)’5(1’“5'()")“%*%9 = (12" ")

Ipumep 5.2. Pacemorrmm CHTHAJ, E300paxeHHull Ha DHc.5.3.
B naHHOM ciyuae MoxmO moittm mByms Iy TAMAE.

I. DlpencraBETe S (1) xak cymMy Tpex cErHanos sth, s'tt), &b
H300DAXOHAS XOTODHX — TAGANYHNS.
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2. NonyveTs BemomMoraTeasEnlt cHIEAXN 5,(% ), npommdbepenmmEpo-
BaB $(% ). Haodpaxenme S, (% ) cocromr ms mByX TACXRIEEX. Womoxn-
94 omepaidD EHTETIHDOBAHEA (B WSOCDAXGHEE 9T0 YMHOXOHEe Ha -2 )y
npaneM X S(p). P

3(t) A
u :
~(% !
€ 0 T T t
£ T o 5‘“)
-«t 0 t
“€ 8(t) |57(t)
3, () A
- = ;
T[/”’— ¢ ‘ * t
Ur -AS{t-T)
Pae. 5.2 A Prc. 5.3
B nmepsom papmanTe
A 4 A 4 P 4 PT
S(ﬂ)";'?—?l]—ze _ﬁ_e
Bo BTopoM BapEanTe
A 4 Py T
5“3(;;)=;17(4—e ) -Ae
llocaie wnrerprpoBanma curmama S, ( £)
Sa(p)
S(p) = =217
() )

I prMep 5.3, Carean BEaa “"meamap” (pme. 5.4). HsoGpaxe-
HEe OLEHOWHOTO MMmyxsca Sy ( L): »
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-»¥

S/(P)= /—+ )

Beens NepHOAMIECKOE IDOROJXSHEE (II.T 10, rada. 5.1)
1-¢Fz 1
P 1-eP"

. 1
¥ NOGEBMB OTDMOATENBHYD CTYNGHSKY -5 /(£)-r=- 75, mooyTms

S.(p) =

Py _pT _aT —ﬂr 2
ot (N e e
wzﬂ_(f-e"’r 2/ 2 P 2p 1-e
L -
2

aandil S

\/ \/ U t
A,(t) ~o)

Pac. 5.4 : Pre. 5.5

"I pEwmep 5.4, luueftno mapacTanmult *rapMoirYecKut’ CHIHAN
(pmc. 5.5).
YrodHO BocmompsopaThef msodpaxenmem II. I0, Tadx. 5.2 ® mpaBH-
XOM YMHOXeHEsT Ha [ :

I
LS
P
/ 5\
\
B
\
\
\
\
j

-

foj
—,
(24
/

2upp

d Wp -
{pz v 0)02)2

L~ Ry ey

IipEBeneRHHe DDEMEDH MOKASHBADT, KAk HallTR m300paxeHEe CETHAJNE, OT- .

CYTCTBYNMETO B TaCAMNIG, He NDEOerad K BHYHCIEHWD mHTerpars (5.3).
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5.3. Onmpenenenme CHTHANS N0 H300DaXeHHD

B ofmem cxayvae mommo maftte opwrwman (T.e. CETEax) mo E306pa-
EOHED, HCOOAB3YA fODMyJy BHYETOB NAS BSATHA EHTErpata (5.4):

4 =
E§ F(prdp = .‘Zres{ , (5.5)

Tie 7°6S; - Buder NoRNmTerpaxrEofl fymkmmx F(0) B ee mommce g, .

Ecrm F'(p) sammcars B mmme Rpodm

- )
F(p) 7o
TO moxnca f); - RODHE yyemuemua R(p) =0 .

Bager B npocroM mommce

Q(p)
res; _—dk(p) (5.6)
@ lp=p
Byuer B mosmCe KpATHOCTE £ '
SR [om)(p—p;-)*
768 = (5.7)
T (k-0)] dp® #o) | pep,

DIpramep 5.5. Haflme cErmax mo HE306DAXOHND:
2
Sip)= —L
P o
BHYRCXMM BHUETH MOANHTErDAXBHOR FymKImm S ( ple B NIPOCTOM NMOXD—
ce f,= -1 Z IBYRDATHOM IOJICE o= -2

res = 2pe?” - Ppe 7 =-26" .
%[(N)(M)z] VO] P ;
t et ]
pes = i[ 2pe” (p+z)j ; 2/7+pl:/x;£2)e - 2%
2 dp | (p+(pr22pey (P 92

Oper: S(B--2e+26 %+ 415% tr0,

Honbsopande MeTOROM BHYeTOB (5.5) mpemmonaraet COCADIERAe OC-
TODOXHOCTH, T.K. IOpEMeHeHHe dopmyxn (5.6), (5.7) Ges anaymsa mope—
nexns dYHKIBM F (0) HA NAOCKOCTH ) MOXGT NPBECTR X OWAGOTHEM
pesyxpraraM. Hamdoxee wacrad omMoKa 3TOrOC TRIA NDOMCXONET B TOM
cayuae, ROTIA H3o0paxenze S ( £ ) He ABNAETCA MpABEABLHON APOSHD, a

CORepXAT LIeJYD YacTh. )
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llycrs, manpmMeDp, namo mSoSpaxeHme S(p) = ;’i—/ Crenenn gme-

JHTEJA X 3RAMEeHATEeNd omaxons, a 3HaYE?, IPOGHL CONEDEMT IeJyD
4980Th. BHueamM ee:

p+d — pr P+
OdpemeEne M30GDAXEeHES ¢ moMombBN Tadxm (1. I z 3 Tadx. 5,2)

nae sth=6ct)-e?.

Ompenenenms Budera no (5.6) maer npyro#t pesyxsTar:
peﬂ -t
d_.__ =-£ , .

a (P | pey

Conepmamascs B carEANe 0 ~fYHKIMA yTEDREA.
HeoOxommmo Owno cHavaia BHASJMHTH UeAYD 9acTs BpoCH, a 3aTeM
Yxe OpaTh BHYET.
HeBepHiR De3yApTAT MONYTETCS ® B TOM caydae, KOTIA B E306pa-
-r
XCHUE 6CTH WISHH BRI & g (4T0 T'OBODHT O HAXHYMM 38IA3IHBAKNEX
COCTABMANNEX B CHTHAXE). Tak, (OIMANBHOS BHYHCNOHEE BHYesa ma
CAYUAaA HSOCDAXOHHA NDAMOYToJbHOTO mMuyasca (II. 16 T46x. 5.2) naer
omrGoyRHH pesyasrar S(71) = 0: -
-pt
es (/_eﬂ)e -{/__eo)eo:o
ap

dp po

[paKTAYEHt ® YAOCHHK METOX ONpEeNeNSHES CHTHAJNA IO n306pexe-
HEUD - Dasno¥eHWe DAaIMOHaXbHOM dyHRIEm 4 () ma npocrTse xpodm. Me-
TOR yOOOHO NMOACHETH HA NDEMEDS.

Ipumep 5.6,

465 =

,"

4p2 +11p +4

p3 + 5;)2 +2p
Onpenensem kopHu sHamematens: fl, = O, Po=-I, p5=-2.
Torna ,S' (f) MOXHO DA3NOXATH HA TDM NMPOCTHE ADOGH:

g(p),_"m=_4; + B, ¢
plpth(pray  p pH P2

5(;)) =

Kooddsrmwenrs #, B , £ 1nora 9T0 He ompemexens. Mx Moxmo HaltTh me-
CKOJILKEME CIIOCO0aMHM, NODEKOMEHAYEM IBa 3 DTHEX CIOCOGOB.
1) MpwBenerue mpaBoft wacTH R obmemy SHAMEHATeJD:
Alp+1)(p+2) + Bp(p+2) + Co(p+d)
plp+)(p+2)
PacKpHBas TECJETENL ¥ IDEDABHEBAS ROBPMIMEeHTH DK OXEHAKOBHX CTe—
HeHAX {) CHpABA ¥ CJeBa, NOAYYAM CHCTEMY YDABHEeHE! OTHOCHTENEHO

fn 8L AvB+C =4,
34 +28+C =11,
26=4 .

PeweHMe CHCTEMH AOT 3HAYOHRHES RoaddemmenToB: A=2, B= 3,
£ =-I.
2) WcryceTBorHEft NDREM: ROMHOXeHHe opeBol ¥ neBoit gacTteh
Ha aeywaeHs (0 -f;) ¢ mocAeAVEMEM mepeXomoM £~p; .
B ramem ciaygae
2 (
4 0% + 11p +4 M= Alp+1) B+ Clpr9)
PLP+T)(p+2) P pte
Moncrases P = -1, noxyums
Y- 41+ 4
- 11

= 0+8+8, B=3
ABAJIOTHYHO 2
‘- 4% 11p+4 - g~ 402 +11p + 4
pipt) ? (p+1)(p+2)
p=-2 p-o
Haitns neompenesenEye ROSDIMIMSHTH, MCHORB3YEM TAGNEYHHE napy:

2,3 4 .. =2 t_ o2t
S{p)—p+p’/ el Sth=2-1(F)+3e" - 7") 1(}).

Heckroasko caoxzee Hafirm DasaoxeHNe, ecxy cpenE Kopue#t SHA -
MEHBTEAS ecTh KpaTHHe. TOrNA B DR3JOXGHMHM NOJEHH GHTH NDOCE CO 3HA-
MeHaTeAsaMH BHIA ( PP )® Horaxem HA NDEMEeDs MEeTORHKY NCKYCCTBEHHO-
TO NIDHEMA U HAXOXNGHWA HEONDENeNACHHHX KO3fIHMIMEeHTOs .

IprmMep 5.7.
2p%+4p+ 4 -4 . B C

- (p+1)(p+2)*  p+d pre " (p+2)*

Kosfdwmernta A w £ wmoxuo HallTH, KaR ¥ B npmmepe 5.6:
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pafpiehprt | e 20%hpae |
(p+2)? p=-t Pt per2 ’

KoaffmumenT B TammM cnocoGom HaltlTE HeAB3A - MemaeT wieH ¢ [ .
BuureM onpaBa ¥ cassa KDoGH c :
o (p+2)%

2p%+ 4p+{ st __4 B
(pri)(pr2)®  (p+2)*  prf  Pr2
lipuBena BHDAXGEWS CNEBE K OCWEMY SHAMSHATEND, MONYIMM
2p% +5p+2 _ 4 , _B
(p+i)(p+2)? — p+1 pr2
Ipo6h cneBa He MOXET OOZODEATH ABYRDATHOTO MOJDCA P;= -2, T.K.

COOTBETCTBYNWEI'0 WIEHA CHDpABA TONEDh HeT. 3T0 3HAYMT, YTO YUCIHM-
TeNb ROJKEH NEeJIMTHCK HA p+2 HANJO.

Paznexms: .
_ 2p2+ 5P+ 2 {.—&
2p2+ 4p 2p+1
u—fﬁ_‘g—
AL
EMeeM 0 .
(P+2)(2p+4) _ 2p+4 _ f B

+
(pri)(p+r2)*  (p+i)(ptz)  pH  P¥2

Tenepr ASI'RO ONpeleyATs B
, :

PasnoxeHue Haﬁ,nexo: .
3 { . - -2t -2t
S -1y - —~—S(t)=-¢ +3¢ -te
0 =-77 " pez “(peap (
OcTaHOBAMCA HA BARHOM B NDHAOXGHEAX CAYY&e KOMINEKCHO-CONDS-
XeHHHX KODHelt. MoxHO pemarh 3a189y OGHYHHM METONOM DA3NOXSHMA
H& NMDOCTHe IPOGE — B DE3YALTATE MOJYYAM SKCHOHEHTH ¢ KOMINEKCHHMN

nokasarenamMi. Mcmoabays dopMyan SHaepa

1% /L f°‘_ 74
4 + ¢ € t’ .
—-— ——— = O a
7 = osd 7 nd,  (5.8)

IDOXYTEM OROHYATEABHHN! DE3YJALTAT B BAENE KOXeSATOABHOLC cUI'HAana
(I0-15, radn. 5.2).

OmEaro MoxHO MOfTH B ADYTEM myTeM — "noxroxroft" monm nomxona-
YD TAGJRYHY® Hapy ®3 WHMcaa 10-I5, tada. 5.2.

Ipemep 5.8.

3p+30
p2+3 p+100
JeTrepMunanT SHamemaTens J = 32 ~ 4-100< 0, 9TO T'OBODET O ROMO-

JEKCHO-CONDAXSHHHX RODHAX. CaenopaTenrro, cnmaai JHOJXOH HMETH

BHJl 9KCHOHEHIMANHHO-TADMOHRYOCKOTO KOXeSAHHS BENA (IlII I3-15,
rada. 5.2).

BossmeM HamGomee oSmm#t cayua# (II. I5, Tada. 5.2):
wsw-p +{Lsen§ -wceose)
P2+ 24p +w? tol

Stp) =

s(d) = ﬂé“‘ws/wtw) By

ComocTaBans xoa@men'ru IDE CTONeHAX p B 3HAMEHATOJNO, ONDEeEeXHM
98CTOTY @ X 3aryxamme of :

206 =3 -4 =15 ; .

W+ L% = 00 ~w = 100-225 = 9,897 .
Conocrasasn KoadfMIRERTH NDR CTONEHTX £ B UECcomMTeNe, Haltnmem oc-
TaNBHHE DapaMeTDH: aMUETYRY # ¥ HAYAaXRHYD dasy @

Aeosp =3 ;
. AL cos —Awsing =38 .

3889 £ B & , NOXYIEM
Axeosp-30 _ 1.5-3-30

Asin ¢ = 7 9,657 ~2,579 .
'lla.nee:
A =V 8%0s% + A% 5in?¢ V32+2579% = 395 ;
_ Astny -
(f—arctq—————”ws(’ 9,7 .
Hrak, nAcroMuit curmHAN
~7,5¢

Stt) =3,956 € "~ cos (9,887¢ -4,71) .

B aarmwueHme paccMoTDMM cxygait, xorma B H3000AXEHUN €CTH qne-
HH C COMHOXHTENEM BYN2 € , YTO I'OBODET O HAJIHYHR 3808 30HRa XX
craraemix. [Ipm oSpamenym 'raxne WIeHH HYXHO BHACIHTL K paccmaTpu-
BATh OTREJNABHO.
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Oprxep 5.9.
12(1-6%)
peip

- .
BuoxuM cxaraemie X3oGpexeHEs Ges £ P E C 9THM MHOXHTE)OMS

12_ _ _12_ b
pip+3)  PLP+3)
Hsodpaxermw S (0 ) coorseroreyer cmrmax (I. 5, radx. 5.2)

s =4(1-¢%)

HaoOpaxeHED S,(0 ) COOTBETOTEYET TAROR Xo CEIHAZ, HO BRANYAEMEl
B MoMenT [ = 6:

Stp) =

Stp) = S,(p) + 8, (p) =

~3(t-6)

Sh=-4(1-¢ ){(¢-6) .

PaccMOTDEM COOTHOMEHHS MOXLY RSOCDARCHEAME HATDAXSHER # T0-
x0B B smemenrax K,L,C.

Pesucrop R . CooTHomeHWe nxa BpemeHHHX (yEKImA
) (D) =Ry ()
COOTBETCTBYOT TAKOff X8 CBASKE H800pAxXeHESR:
Up(p)=RIL (p) . (5.9)

Bamgere £ CooTHomemme
U(t) = C—’ I t (£)dt' + 1w (0)

2
no caoficTey 3 rada. 5.1 mepexomEr B
/ U (0)

VERYETEBHOCTE L. JmibepeRmEarceas CBASH BDEMEHHHX $yHRmmk
d .
u(h=1 2o ()

dar
naer B maodpaxemmax ([. 3, rada, 5.I):
Y(p)=pll (p) —L¢0), (5.11)
X
42

Uty , 4(0)

plL 7

IIpX HYZEOBHX HAYAABHEHX YCAOBESX $OIMYAH OCOGSHHO MPOCTH:
Uetp) = RL,(p)
U =p/LIL (), | (5.13)
Y (p) = af L.tp).

Lip = (5.12)

BRONATCA NOHATASR Oyepa : ] NBRCHAS / X

sogeMocTy Y KaR SHES BRCHEN BanpaxoHult ¥ .-' .
g anemeRToB R N L R A COOTBETCTBEHHO PMMeeM: A
4
Z =% LA (5.14)
)I,l'?:&’ YL-;)—L—,Y-pl‘

Indyo cxemy, conmepmamy® Z , [ , [ 916MEHTH, 8 TAKXe HeSQBHCEMHE
H SaBHCHMHE NCTOYHEKY HANDAXEeHHR X TOKOB MOXHO S8MEHWTH TOYHO
TaKAM Xe COeXWHEHHEM ONEeDATODHHX CONDOTHBACHEE H RCTOYHEKOR HS0-
CpaxeHuft EanpaxeHmtt B TOKOB. [IpH aEAXNWSe IOAYYEHHO# LENE MOXHO
HCIOJIB30BATH BCE 3AROHH TOKODACNDEAGNGHHEA, RAR IS YACTO DESHCTHB-
Ho#t nmemm. [oayums BHpaXxeHHWe 17 BHXORHOTO W306PEXeHHA, TEM CaMiM
onpenenseM NeDeNATOYHYD YHRIMD fremd.

M prmmep 5.10. HaltTe MepeaTOYHYD dyExmED nenmm pmc.5.6,a.
Ha pwe. 5.6,0 pana onepsTOpEAs cxema. PaccoMaTpuBas meamTeNb HANpA-
XeHHA, BelXHee CONDOTHBJIEHHE KOTODOTO # , & HEXHEE - NIADAANEABHOe

coenmnexnue 1 n A , EMeeM
pC

{
oLl r pL
B R+peﬂl[+pl, Uf" (r) -

A

o1y

(o= Ié:x{p) R+pl.”l—;f

Orcoma mepenaTovnas qyHRIAS

L
K PERLC +pL + R

*Haspamue "OnepATOPHOE CONDOTHBACHHE" MOXHO CBA38ThH C TeM
¢aKTOM, 9TO YMHORCHHMe HA cogno'rmefme Z. COOTBETCTBYET H?ROTODOR
OIle paan c oM <(7 ): yMHOROHMD Ha R?Hcmm (Z, ), mRTe-
TpuposaHmd ( Z, ) wm muddepeHEUpoBaRE® ( 2, ).
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a)

%)

rA
C>
a) i@ R, Ta &Pm
Jo— rA
'U‘"Ip Il) R L) Telp) U Zs _%
pl ’_:_E buelp) ) E,(P’ p-a R, ,U{P)
Puc. 5.6 ' " Pue. 5.7

DIpamepp 5.1I1 (puc. 5.7,a). Temeps paccumTaeM cCXeMy Me-
TOROM 3KBEBAJEHTHOT'O I'eHepATODR, NONRJIYEHHOTO K Touke A ciema.

OKBEBANGHTHOE BHXOLAOS CONDOTERJGHMe X JJC DABHH COOTBSTCTBEHHO
(rmc. 5.7,6)

{ .
R ot R
3 IR L ‘ T = RL
23 '/p[’ k*L »/+p’[” 2 1 17¢ 2
Toph

E,pp=1I(p)Z,.

M300paxen®e BHXOIHOI'O HANDAXEHHS

Vip=E,(p) Lz
ZJ + - + ZZ
. Pl
[IpoBENsT HECHOXHHE ‘aJre(DaNdeCKEe BHEJANRH, NOJYIAM
U T,
=Rt , =KL, T,=R{,

CpDaBHEBAsA METOAMKY COCTABNEGHEA ONEDATODHHX CXEM M HAXOXIEeHAS
neperaTowrof dYHRIME ¢ MeTONFKO! KOMINEKCHHX CONDOTHBASHREE M moxy-
YEHHMA KOMILIEKCHO! dacToTHO! XapaKTeDUCTHKE, MOXHO BHIETH NOJHYR
aHaJoTHp: npocToft 3aMeHO# mepemeHHol p Ja) MOXHO nepeiiTH oT RoMI—
NEKCHHX COMPOTHBNGHWA K ON6DATODHHM M OT KOMILIGKCHOA 9acTOoTHOR Xa—
DBRTEDHCTAKE K TepenaTovHofl dyrkimm. CrenyeT, OZMAKO, OTHABATH Ce-
de OTYET B TOM, UTO 3T0 - DA3HHE NOHATHA.

CTORT OTMETHTH, UTO HET eNEHOR TODMMHONOTHE KAK B JMTEDATYDe
o omHO# Z TOK Xe NECIMILIEHE, Tak H(OCOGEHHO) B CMEeXHID. IUCLRAILINA-
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Hax. Hanpemsep, HHOTNA ABTODH ECHONB3YDT TEIMER "IeDeRATOTYHAS

JyHRIMA", MMes B BHAY KOMILIGKCHYD YACTOTHYD XADAKTEDHCTHXRY.

B padoTax o KMGEDHETHKe, ABTOMATEYECKOMY DETYNEDOBAHED B HEKOTO-

PHX ADYTEX (B TOM YHCAE ¥ IO DARMONEKTDOHHKE) BMECTO “HmepelaTod-—

fag fyHKkOEA" 4YacTo ynorpedaseTcda TepMEH "cHcTeMHAad (¥HNKIEA".
TepmeHaMa “"mepemaTovAaA qWRKMA" mma "croTemrad GyHRIEA"

ONDEXeNASTCHA OTHOWEHHMe HSoOpaxeHm# NBYX CETHAXOB (BospeflcTBus B

pearumm). [Ip¥ KOHRDSTHSAUVME B 3TOM Xe CMHCJIE MOTYT IDEMERATHCA

E Ipyrme TepuuN. Tak, echm 4, (1), i (1) s thy (1), g, (£)- BXOD-

HHe H BHXOIHHE TOKWM H HANDAXSHEA, TO

ng( )= E‘-ﬂ)— - (yHROEA BXORHOTO COMDOTHBACHIA;

T (p)
: Ugpyx ()
Z )= —=2X _ GYHRIWA NepeflaTOuHOr0 COMPOTUBIEHUR,
Y‘m(p = Ig”’(p) - dyHROEA BHXONHO! IDOBOXEMOCTH K T.X.
Voprx (9)
Borx

Bee aro - "mepenatovHuse fyHrmm" (“cmcremmue d)yxnmm")

5. Y4eT HRYAALH

Npr aHaJW3e DeaKIME NeIM MDY HeHYJeBHX HAYANHHHX YCJIOBMAX
HEOGXOUAMO EMETh B BHAY "NoJHHE" GODMyNH CBASH MEeXNy TORAME X HA-
IDSXEHASMY B HAYKTHBHOCTE ¥ eMrocT® (5.10)-(5.12).

llpr mepexone K ONEDATODHHM CXEMAM EMKOCTH CJHeINYeT SaMEHMTH

1/ .
He IODOCTO OnepATODHHM CONDOTHBIECHHEEM —L" y» HO ¥ BRINYHTEH IOCAERO-—
U (0)

P
THBHOCTh IDH YYeTe HAYAJNBHOTO TORA LL( 0) 3aMeHAeTCA onepPaTODHEM

BATENHHO HE3aBHCHMHE MCTOYHEK HANDAXGHAS . AHAJIOTPAYHO MHAVE-

0
)(Dnc. 5.8).

‘L(

COIIPOTHBJICHIEM p[, ¥ napajulesIbHHM HCTOYHMROM TOERA P

Ing HAXOXNEHHA DeaKIME HYXHO y4ecThb Bo3nefcTBAA BCOX HCTOTHH-

KOB M BXOINHOT'O CHITHAJA X HE3aBMCHMHX HUCTOYHEROB, WM300DAXSNOAX RAK
Uc(0)

0) . = (0 . .
O CRAYRH HADAXGHHA ~ > .(0)-1(¢) = rora %) >1,00)-1(¢)

Ilo 'npmm CYIIepno3m@A MOXHO KX DACCMATDHBATE NO OTAEJALHOCTH.
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u_c (t) Uc (P)
Wt ¢ L&) Pc P
UL (f.‘ ’ o . UL‘ P) -
L) & R A
i,(0)
-
Pre, 5.8

Ipemep 5.II (pme. 5.9). Pearmma «,(¢ ) ma Bosmeltcr—
BEe £(7 ) NDN SAaNAFMRNY RAYANEHOM HANDAXGHWH HA KOHLEHCATODE ©4(0)
' X TOKe B NHAVETWBHOCTE 7, (0) crmamupaeTcs ¥s Tpex COCTABAANMAX
EOTODHEe MOXHC RaftT™®, ARANWSEDYS TDM onepaTopase cxemy ( 8,2 ,7 ),
DOXYYEHHHE H3 OOmeit oXemH ¢ MCRANYONHMEM XBYX HGTOTHMXOB.-

® Vate)

/
- pL L .
Ié'(p) = R, +lpL . p E(p) .
R + 7 pz"f“‘
p[+@wL
Lza_cxemu 1 ‘
, {
i L + ',
I/.u() R1 R ﬂl- . pl‘ 2,(0)
2P 1 1 . R+pl:
7 y 9 P
? 7 il
m -1 &)
L= L1 a7
L g+ 2 '
2 KA
Pc*%

B 2THX BHDAXGHEAX MCRONHIOBAHH NDABRAS IaDAAASAEHOTO M NOCASOBA-
TEXBHOTO COSNWHOHEA cONDOTHMBAeHH! (mpoBonmMocTel) ® mpasmERo nexm—
TeNd HANDAXOHHESA.

Tlocxe a.uredpanecm npeodpasonam no.um
Yp) = 7 % E(p) + i, (0) - B, (ﬂ*-)t,,(ﬂ)

f’ 'p(t, )+TT 1+ —L)

THe ’[’-:L'R rz'-.ki , T, = P,l?z

2 7 ORAR,
Sameuanwe. IDE COCTABJAGHME ONEDATOPHHX BHpAXeHM? BO N3CeXaHWe onm—
OOK DEKOMEHIVETCH NDOBEPATH DASMODHOCTE OTHEAbENX TneHOB (pasiep-
HOCTE W3oOpexerwR R TOKOB ¥7p),B/C ; I(p), A/C ; pasmepsocts ) ,
//c pasuepnocm TRIMYHHX CO9eTaHm pL Oou; oL, I/0u; RC , o

Ouzl[.c

k »

47



lpz paspadoTKe DANEOYCTDORCTE WAM CAOXHHX DEKEO3NEKTDOHHHX
CX6M YACTO GHBAET TAK, YTO SANAeTCA He NIHHIHNMAALHAS CXEMA -YCT-
poftcrea, a cCECTeMa RHTerpOARTIOPOHIMANRHHX YDABHeHE#, ROTODHE DAS-
padaTHBRaeMAS CXeMa NDESBAHA DeaNE30BHBATH. Ipyroit fopmoft sanamms
MOXe? GHTH CTDYKTYDHAA CXeMa, COCTOSMRA He H3 ANEeMeHTOB, & HS YK—
DYIIHeHHHX GJOKOB, BHIOANANEMY T€ RJH MHHE OIeDAIWH.

[lpmMeneH®e onmepaTopHOro Meroma (T.e. mpeoSpasoparus Jamnaca)
LA aHAM3A B TAKEX CAYYRRX TOXS YpesBHualtRO mOXesHO.

ODprMepDp 5.I2, Samana cHcreMa mHTErpONEDdEDEHIEAXBHHX
YDeBHeHEE OTHOCETEABHO U] (t) x V() npx Bosneftersmx €(f) &
HAYAABHHX YCXOBEAX If(a) A 4(0)-1

Y (f) - eth ‘e th) + Y (h-U(d)
R, R,

PAGRAG) H (t)dt+1,(0)

t
72

/]

Mlepexona X EsoSpaxeruaN (mcroxaesys . 2 x 3, rada. 5.1), magu
Ly _ Ep ulp)_ %) _
7, +plY(p) LY + Rz , 0 ,
Vlp _ Vz(ﬂ) {
72, R, pL

Petlmp CHCTEMY AaJredpamYecKEX YDAapHeHER, HallneM maodpaxeHms I/ L(p) X

U;(p), a saTem nepefinem K cammm curmanam U, (7 ) u U, (£ ).
Oprwep 5.1I3. Sa.uanac'rpympmxcxemmc 5.10,a, B x0-

TODOR HCHOXB3OBANH GEOKE cyMsarope ( @ ), yMmHORETeNd HAR mapa-

merp ( —D- ) m mHTerpaTOpa ¢ DDMHYARTEALHO! YCTAHOBRO# HAYaNbLHOrO

3HAYEeHMA. MOXHO COCTABHTH LAS Hee CHCTOMY IMHAMEYECKWX YDapHeHwu

B Toft mme muoft dorme, x;anpmep

y(t) = Sﬂ a, [z () -4y -b,x(HH] dt'v g,

/ _
2(hH = S a, y(t)dt'+ 2,
0

Zfe(p)+ =0 .

lleperwmem 3Ty cHCcTeMy “B E300paxeH®AX" X(p), Y(p), Z(p) :
48 .

_ _ Yo
Vip) %![I(p) £,Y(p) 6,52(/1)]“,7 5

_ Qs 2
Z(g) = 7 Y(p)+ p

Pemerme cEcremu (nmomcramopka Z p) B N6DBO6 YDABHOHHO, I'NYINNDOB-
ka wrenos mpz Y (P ))naer

2 a, s . b, +p .
zp = B(p) X * gy %t “ap 0 (5.15)
Big) = p*+a,b,p +a,a,b, . :
T T
t Qa, t Z(t)
]o y(t) /o
-8 4o %
X_ LA T 1the
a, P a, P
-8,
3)
Puec. 5.10

Koadfwmenr npr X (0 ) - Nepenarounns yHKUEA uemm, BTODO# X
TPeTH! WieEH OMECHBANT NepeXomHuR mpomecc PHB; rosdimmmenTH DDE Y,

) 'xo - nepenATOYHHE dvHKIMM OT TOYSK NONAYH '}’o ¥ %, RO BHXOHA.
. CTpyRTYDHAA cXema MoxeT OHTh 3amana (wm TeDepPECOBARA) B Olle-

_ baropuolt domMe (pmc. 5.10,6), Ime GAOK EHTErpaTopa 3aMeHeH onepa-

TODOM ?I)- ¢ RoOCaBIGHHEM CYMMRTODA, nonKANYanmero MCTOYHHRK %o . Ita

49



ODOCTOTH SaMMCH ESOCDRXSHES YACTO OGOSHAYANT OfHO! OyKBOR (mRMec-—.
10 X (£) - npocro X ).

Ho oneparopHo#t cxeMe MOXHO CDA3Y COCTABETH CECTEMY ONODRTOD—
HHX YDaBHeHHH, He NDEBAGKEA EHTETDonmiieDEHIMANBEHX NHHAMHIECREX
ypepgemuit. U3 pmo. 5.10,6 BMAHO, YTO B CyMMATODE CRIAAHBANTCA TPE
"3o0paxeHEa: X , '5,}’ ,n.-bz}’. Cymua ymMHO®AOTOH Ha RoapfEIMERT a,

¥ NOCTYNREeT HA BXOX GJAORA ¢ nepenarTovydoRt dyurnmeft 5 Ha Buxone

AMEeeM . y

'(r—61‘y_ﬂ22)a1

*p— .
CR.na.nunag ¢ H300pARSHHEEM % » IOXYUMM Y._. Hraxk,
» Y,
%(r—é)’-bzz)+ Y

PaccMatpuBas nepenady ¥ -7 , sammmen
by, %
| PP
370 Te Xe YDPABHEHHA, UTO X NOXYYOHHHE H3 IAWHAMAYECKMX YDABHE—
Het (5.15). - ’ :
CTDYKTYDHHE CXGMH MOTY? COREDEATH GNOKHM ¢ HEROTODO! 3amamHol
nepezarTowHoll dwHKIm@eft. CocTaBNeHHe ONEDATODHMX YDASPHEHHE W B HTOM

cJyydae He NPeJCTAaBAAeT TDYIA.
IpamenpD 5_.I4. I cTDYXTYDHO! cXemH puc. 5.II mMeem oge-

=27 .

X P Y  BERHOE yDABHEHHO
B 9 ‘
PrL Y-phc [X+ﬂ+ﬂyl’
1 oTana :
5
: Kip) - Xl - ( +/p—(lf;;ﬁ;+aé)
Pre. 5.11 Pif
5.7. b B _II6pexo, xa €DHCTH

Hovmo xommaexcHolt wacToTroft xapakTepucrurm mem X ( fe ),
ruodanmelt AYX 7 $MX, OdYeHh BaXHHME ABNANTCH WMIYABCHAR X mepexo-
HAA XaDAKTeDHCTHRE.

Ilo onpeneneHmm, 2

8xud_Ea _BXQUAOR cETHeY ¢ (1), 'T.e. OTRNEK HR YpesBHVAMHO KOPOT-

Y

-XapakKrepyucTxa yenm ¢ ! ecCTh De—

Kl AMIYaBC, KAR O mawmd mexomEud "ymap", mocxae KoToporo mems
npenocTaBaeHA camoff cele.
;O:_Ii_é 8 DA KTE DR RS Y CARKIINA HA B H
curnagn 1(t ), T.e. mepexommsi npomecc, BH3BAHAH! crAYXOM HE BXOje.
B coBoRYmHOCTH YaCTOTHAS ¥ mmryabcas (mwrm DeDeXONHEAA) XADAKTEDHC—

THRH NADT BCECTODOHHGE ONMCAHWS LEME — KAR B JacToTHOR oGmacTw,
TEK & BO BDEMeHHOHM. . : ' .
Bee Tpm xaparrepmorirr mem K (f w), ¢ (t), #(¢) ormocE-
TeABHO NpOCTO CBASAHH ¢ NeDemaTovHod dymxmmeft memx K (1),
Ceass X' (f) ¢ K (@ ) yxe ouna OTMOYEHA BN :

Kep) = }{’(/w)’ . o (5.16)
jwo=p |

Yeranommu orsp ¢ (£ ) x () ¢ K(p).
Hatinem msoGpaxenus _
E(P=L{g) , Hp=L{hD) .
llo oGmm« mpasmasm
\ Seux‘ﬂ) = l((p)sﬂ (P) .
Yaarusan, wro L{d(h}=1, L{{(H}~L nomyum

Gp) = Kip) , (5.17)
K
Hipy= %‘” : (5.18)

-Hpyrmmz ciosamm, b KTe b_CHTHAJX, H30-

gty —— K(p) . (5.19)
daMeTEM, YTO NEDEeXOMHAA XADARTEDHCTHKA e ABAAETCH AHTETDANOM
OT EMIYJbCHO! XapaxtepmcTurm (5.17):

+ .

hit) = S githdt' (5.20)
0
Tpuwmep 5.14. Mom padore merownmra Toka 7 (£ )(prc.5.12,a)

HA pesmcTOop R, dopMa HampAXeHMT Ha HeM 1 ( t) peancmo ne HOBTODAST
dopMy TORA M3-33 HaMWORg "napazATHoi" emrocTm » UYHTEDYNme# pe-.
3HCTOD. B uemm nposmasercs MHEDIMORHOCTE, OCOGEHHO CKRA3HBAKUAACH
Ha dopMe BHXOJHHX CHIBAJOB NDH De3KEX H3MEHEHHAX TORA.



Kopax nosmmoMa - 3EaMeRaTeNs
-_R 1] R? 1/ L
pf.z Zl 1/[’ LC (/ Y /- 4 [pz )

Budop .. mopamser Ha Bmn K(p) m, smaumr, EA MOYALCHYD X mepe-
XONHYD XaDaXTeDNCTHERH,

e - R 2
Ipx L@- 7~ KODeHS nefloTRETEXSH KDPRTHOOTH 2:. f),, T

JT0 TAK Ha3HBaeMult RDMTHYSCKE! DexMM YCTANOBYEHES. Eomm BHODATH

L> L KODHN OyINy?T xonmxencxo—conmeme YTO OSHAYAET HAJNYNE
xo.uedaxmﬁ

BosbMeM 118 cDeBHEHES l=2l,¢ UDE 3TOM

ﬂz'_i -/ £4).

Hso6paxemns mumyancroft xapamemc'rm X nepexomoi salEmeM B BEES

C meaAsDd YORODEHEA NEDOIAYM NHEROB X CKAYKOB IIOCJENOBATEABHO
¢ DeSHCTODOM BBOAAT HEROTODYD "YCRODANNYD" MHEYKTEBHOCTD L . . ek 4 R 2
(pme. 5.12,6). Ommako mpx HEYNAYHOM BHOODe [ B HENM MOXST BOSHHK- -6 1 Prr e 7 P > .
. . » m(p) c 5 '(p) - ——— 5
HYTh KonedareasHult mponecc YCTRQHOBIOHMA (r.x. odpasopajnca pe3o- ( P) +;_) C 17 +;0- . 2 Z
HAHCHE® KoHTYD). JIDOAHANESEDYeM DACOTY CXeMH ¢ TOYKH 3DeHHA ee WM~ ‘ i
nyxscHOR X mepexonHoft XapakTepMcTAE. llepenarodnas GVEKNEA IEIH p+ prE 2

. - r - }[ ) = _
ges L , / (ﬂ) LT s A= P
h’(p)-P“——4+pr P+ ) plp +p‘l’ 12
eft COOTBETCTBYDT MMIYALCHAA XADAKTEDHCTHKA ¢ Vemonssys OnER X3 METONCB IEDEXOAR OT -oopaxem K CHI'HANY, OmA-
T CAEHHX B pasf. 5.3, moayTEM
P//raclp:i ; g(t)-cle -4 ¥z t
+ . . .
P 4 g,,p(t)=cie (/+2;)', gr,(t)-—;—e cos(t—ﬂ; ;
® TepexonHas _t zt t t
! ! - = e’ ¢ T T
—C—m — h(t) =R(1 ). h (l‘) R[/ (/+—)t’ ]; ﬁ,(£)=k[/—6’ oS ]
Kak BENEM, WMIYABCY TORA COOTBETCTBYET DEAKIHEA C ORCTIOHOHIEANEHO TDadeiKi STHX CHTHAXOB NDHBENICHH HA prc. 5.12,8 ¥ r. PaspadoTaEK MO-
JOMBANEEM "XBOCTOM", 8 OKAUKy TOKA - “3ATSHyTOS" HADACTAHFE. XeT BHODATH XEATEALHHR XapaKTeD DeAXUEE HA MMIOYALCH M CRAUKE.
TlepeniaTowHas JYHKUAA UEIE C ”vc:ovmeﬁ" ERAYKTEBHOCTED 5.8, Jzarpmes momcos-myzet
+ - )
K(p) = 4 L UgraTens, NO-BEMEMOMY, YXe SAMETRJN, YTO NeDeRATOYHAS (yHKuMA
() pz+ p % . & uene K(p') - ovens ERPODMATEBHAA XADARTEDECTHERA, Y6DES HEE MOXHO

NIOAYYHTH KAR YacTOTHHe cBofictsa memm (AYX, 9UX), Tk X BpeMeHHHe
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{(aMmynBCHAT W IEDeXOnHAS) . Onnamanenocbencmermo 73 samuck K(p )
TOYAHO YBEAGTH KaKMe-JHOO XaparTepHus Yeprw AUX, OIX, ¢ (f ),
#1(t). Ho ecTh cIoco6 TAROTO mpeacTaBxenws K (), 4TO CBA3B
c AKX x ¢ (¢ ) CTAHOBETCH NOYTE HATXSAHOR. 310 - mrmm oM~
COB-HyJNe# B p -ILIOCKOCTH.

KomnexcEas mepeMeHHAd f§ B npeo6pasopalmx Jiamnaca mMeeT pas-

{
leDHOC'l‘b‘E ,» TY X, UTO K 9acTOo?Ta () N 3aTYXaHHE 6" B IKCUOHBH-
UEAABEO-TADMOHRYECKOM KOXeCaHmX BHIA

6t
sty = ¢ coswt .

Jser cauca (R BCRODE STO BHACHATCHA) MHVMYD R Beuxec-memn oc®

KOMILIOKCHOf f ~IJIOCKOCTE OTOXAGCTBHTH COOTBETCTBEHHO C dacTorolt

® saryxanmeM 6 @ )
: P=06+fw

Mlepenarounas fyukimsa K (P ) odpasyer kaKk O4 HeROTODu# pexsed man

nnockocTsp (6, & ). KoMnrekcras 9acTOTHAS XADAKT@DHCTERA, NOXY-

yaemass B3 K () samenol p=f@ Teneps MOXeT TDARTOBATBCA KAK Ce-

geHEe Bcero “pexseda” /(P ) BepTERabHOM IJIOCKOCTED, IpOXOnAmel

- yepe3 OCh MHHMHX BEJMYEE jw. Hepeixa'x:oma dynrumA Jniolt nemm, co-

nepxameit cocpenorTodeHnxe 3nementd R, L , { , mmeer odssaTensHO

BEI IDOGHO-DAIEOHRALHOR &yHRImH pc meftcrBATONARHEME KOSHIMIMEHTA-

MH:

m m-/

P ra,p +.+Q,, Ap)

n n-1 =K ]
P +6,p +,‘,+'5,, B(p)
rie A(p) m 8(p) - ROpMEpOBaHHHE MOMEHOMH (T.e. ¢ ROSGIHIMERTA-
MZ 1 OpE CTApDUAX CTeNeRAX 0 ).

KopHu wmcyuTens f),, HA3HBARTCA HYXASMA am dyexim K (£ ), 8 RopHE
3HAMeHATENA f,,; - IOJKCAME. OTH TOUKH, IDEJCTABIGHHHEe HA £ -ILIOC-
'RocT®, B 06DASYDT AEATDAMMY NOJnCOB-HyJef (pmc. 5.13). Iloawcu oTMe-
_4eHH KDECTHKAMA, HYJAW - Kpyxxamu. JONOJNHMTENBHEM KDYXKOM OTMEYanT
"KpaTHHE MoJICH ¥ Hysm. Tak, HAa DEC. 5.I13 KpeCTHK B KDYXRKe pn 03~
HavYaeT JIBYRpaTHH! mosmc.

KosmdecTBO MOMNCOB 72 ONDENEAAET MODPANOK HEMH, KOJMIecTBO HY-
aelt an - He Gonbme 72 -(MOXeT GHTH M OTCYTCTBUE Hyxelt). M Hyum, ¥
moJnea MOTYT DACIOJATATHCA JMGO Ha NeitcrBurensHolt ocu, JHCO KOMI-
JIeKCHO-CONDEeHHuMY napamu (Kak fa, B Ppn, HA DHC. 5.13).

Ilns yeroltumsux mene#t (a TOABKO TaKHe uprm ¥ UMENT CMHCJA KaK
avmeftHue ) BCe TOJMDCH DACMOJOXSHH B JeBof moJymrockocTH (T.e.6,<0).

Kip) =K (5.24)
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UneaymsnpoBanHye LENE 663 IOTODH EMe-
DT OINCH CTPOTO HA MHEMOR OCH (&,=0)
Kak, HanpemeD, EneanbHuft KoHTYD, pac-
CMOTDEHHHt B Ti. 4. Hysm B obmem cay-
49ae MOTYT OHTh DACHOJIOREHH KAK CJ6Ea,
TAK ¥ cCOpama.

EcJE 321284 KOODRHHATH ITOJMNCOE
m Hyxmelt, TO MOXHO O HMM SamECaTh mO-
amaom A(p) 2 B(p) u camy mepena- pns.l.
TOYHYR (YWHKIWD C TOYHOCTHD N[O IDOH3- : Pnz
BOJIBHOTO Koaddmimenra 4 :

R, 6

Pre. 5.1I3
bip) = b (PP ) 0-1p)...
(PP, )0 Pn,)- (5.22)
Tlycrs, manpumep, 1aHo fl, = 0, fa,= -2, p, =-1% Torm
d s
Kip) = ¢ _p-0 _ p

(p+2)(p+i-f)(p+itf) kﬂ3+4p2*6'p+’/

Yrax, mopenerwe (yHKimME K(p) ma Bcell ) ~IIOCKOCTR TOJHOCTHD
ONDEZeJAETCA TeM, KAK DACDOJNOXSHH TOYKE IOMNCOB M Hyxelt.

Haranea raras ananorma: peased K(p) - aro rak OH, 3MACTHY-
Has "nanaTka", HATAHYTAA HA BHCOKWE WECTH, NOCTABNCHHHE B TOURAX
TOJCOB, X NPHTAHYTAR I'BO3LAMH B TOYKAX Hyxelf.

PaccmoTpuM cBA3H MeXNY KOMILTGKCHOR uacToTHO! XapaKreprcT:-
ot X (f@ ) ® momomenmem moxncos ¥ wymedt A #). Tipn 3amerne
B (5.22) p=fw (5.16) mmeem

(10 -Pos)l 60 - Po2)...
(fe0-pp M - Pny)...
Kamnut nsywrer B (5.23) npencramnser coSoff BeRTOD, mpoBeneH-
HHIt #3 (MKCUDOBAHHOM TOUKW (HYJAf WiX NMoykca) B TOYRY MHmMoll ocH
¢ "rexymeft" koopmumaToh f¢¢ , CKONB3ANYD NO OCE MPE E3MEHEHM: ap-
TYMeHT@ JaCTOTHOA XapaKTepHCTHKE (cM. puc. 5.13). Tpm 3ToM Kak n-
HA BEKTODA, TAK ¥ €r0 YIroJ GyIeT K3MEeHATHCA C H3MeHeHWeM @ . VMen-
HO 3TO mM3MeHeHye (bopmmye'r T _YACTOTHY® XADAKTEDACTHKY HENH.

0G03HauMM Yepes 7? n 0 BEKTODH, HPOBEIEHHNE M3 IONNCOB H
myne#t (cm. pme. 5.13):

K(jw) =*# (5.23)
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- T %W

f@ = ;= B (@) =B (w) & ’
— 1% (@)

jo-p,; = G:(@)= qd-(we .

L
Opx TaxoM OGOSHAYGHEE ¥ ( fa) ) MoXeT™ OHTH NDERCTRBAGHA KaK IDOHS-
BEECEHE

- . _ - I , a
K(jw) = @, (a).) &, (w) - IZ(w) P(a))
1 Fly@) + 4, (W) +. - P@-¢@... ]
‘0(0))0(0))‘—'——8 | (5?24)

R, () Ry(w)

To ecTh OOMAS QYACTOTHASR XADAKTEeDMCTHARE (OIMEDYeTCA RAK IDOMSBENE-
' HHe OTHeXbHHX, "NapmMAAGHHX" YacTOTHHX XADAKTEeDECTHR, KAXIAS %3

ROTODHX CBSSGHA C OTAGABHHM HyJZeM Eux moancod, IID® 5TOM pesyxbTE- '
pyomas AYX ompemexsercA mamememmamm nuEH BerTopoB O, ( @ ) m R¢(W),

a OIX - CYMMEDOBAHWEM 8DTYMEETOB ¥; ('@ ) W BHYMTAHMEM BDIYMEH-
20B ¥ ( @), PacomoTieM napmmareHue AYX, CBASAHHHE C ONEEM Hy-
xem £(@ ) nco,mm«no.nncouk(a))

k(@) =d(@) , k(&)=
s prc. 5.14 BEAHO, 4TO

(w) =¥ 6,° +(w-0) ﬁ,,(w)' {

Y62+ (0-@,07

“Braan" Hyad B oSmyp AYX - cosgaHme “"npopana" Ha 4YaCTOTe, DapHO#
KOODI®HATE (J, HyaAd, B BOSDACTAHEEe (ACEMITOTHYECKH IDONIODIHOHANL-
HO vacrore (~(0 )) I yBexwYeHMR dacToTH. "BRIax” momnca B o6myD
AUX - cOSnaREe mMOXLEMa HA UYACTOTE, DABHOR KOODNMHATE (J, IIOJNCA.

ACIMITOTEKA IIDX BOSDACTAHEE HYSCTOTH ~ -b . Tay6uRa npopaia ® BHCOTA

72(‘0)

NOABEMA onpeleAnTCH NSRCTBETEARHOR KOODIERATOR HYAd WIE moxbea
( 6p wnm 6, ). Uem Cxme moinc k OCE f& , TeM OCTDee "DOBOEAHC-
Hafa" KpEBaA A‘D{, )

3Hag xapakTep napuuanbHux AUX, MOKHO MO AMarpamme MoaOCUB -
Hylell naxe HA a3 NPUGIUBUTENLHO MPOAHANUIMPOBATH BUL, peéynbw- _
pyoueft AYX uenu. [lpuBenem NpuMepH TAKOTO aHANM3A N[O 3A0aHHLM Oy~
arpaMmam noawcos - Hyie#t (puc. 5.I5).

Juerpamma puc. 5.15,a. 3To uyenb Tpersero nopanka. Bee TPH
napupasbHie AUYX uvenT dopMy "pesoHAHCHHX" KPUBHX, NPUYEM .LeHTpalb-
Haf (Ha W = 0) Gonee HM3KAs W WMPOKAA, a NBe Apyride, CBA3AHHHE C .

KOMIUI@KCHO~CONIPAXEHHHMH NoNncamu, Gonee y3kue M BHCOK¥E, T.K, ITH
56 g '

X X

Puc. 5.15
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nonwca pacrnonomeHH Giibxe k MHMMOR ocu. [lepemMHOoxeHue Tpex KpPUBHX
DONXHO JaTh Cojee WUPOKYD M BHPOBHEHHyl pesynbTHpyomyo AYX. 06—
NaCTb TPOMYCKAEMHX UACTOT — OT HyJIs 00 HeKOTOpo#t yacToTH, NpPUETU-
3UTENbHO pPABHOM MHMMOR KOODAMHATe BEepXHEro noaoca, [Ipu W >Ws Gy-
leT HaGmonaThbcA peskuit crap (acmn'ro'ruqecxurv// ). 310 - ¢uabTp

HUXHUX YacTOT.

Juarpamma puc, 5.15,6. 910 uenb Broporo nopsnka. Braam womn-
JIEKCHO-COTIPAMEHHHX TIOJINCOB — JBE CUMMETPUUHHE DE30HAHCHHE KPUBHE,
. BKJIaJ, OBYKpPATHOrO Hylsa %, = 0 - Hapacrammasa napaona A (w)= “Hepe-~
MHOXEHME UX faeT TUMHuHyo AYX ¢uibTpa BepXHMX uaCTOT: ManHi kKO3p-
PUIMeHT nepegaun OIA OGJNACTH HH3KMX UACTOT u'k(w)=const ~[0Jfl BHCO-
KHX,

Juarpavma puc, 5.15,8, 310 uenb ueTBepTOro HOpAAKa, T.K., KPO-
Me [ByX yKa38HHHX H& DPHCYHKE MONNCOB, OGA3ATENbHO NOMXHH OHTH eme
JBa KOMIUIEKCHO-COINpsReHHbx ¢ HuMu. Hyinp Py = O cBuperenpcTByer
o Henponyckauuu npu & =0. Ha uacToTax B palloHe PACIIOJIOMEHHA OMO-
coB (W~Wy,%2) Habnonaerca “rops", dopuupyemuit B peayabTaTe ne-
PEMHOXEHUA ABYX Y3KMX DE30HAHCHHIX KPUBHX, HEMHOI'O PA3HECEHHHX 10

yacTore, ITO - MOAOCOBOR PuIbTP.
PacmosioXerEe NOMNCOB BR # -HAOCKOCTE IAET HATVLINKYD HHPODMA-

OED H O BPeMSHHHX XADAKTEDHCTHRAX IPIH, NOCKOABKY NeDemaToTHAS
dyexmes K (P ) ABXASTCA ONHOBDEMEHHO JAIIACOBCKEM M3OGDAXSHHEEM HM—
nyxscHoft xapakrepwcrexe ¢ (7 ) (5.19).
BenommEs MeTOX OGDATHOI'O NDEOGDASOBAHHMA IYTEM DASIOXeHHES
HA NDOCTHE NPOOH, mepemmmenM A (p ) (5.21):
Kip) = ACp) A + B
(P-Pp )P Pn,) P Pn, P P,
OHaMeHATONb Kaxnoil APOCH OmpelleAdeTcs OIHMM M3 NOMNCOB. TAREM 06—
DasoM, coorBercTeyDamit aToft npOGM CHIHAX g, (1) mommo cumrarts
"BRABZIOM" NAHHOTO NOJNCA B OCMYD EMIYALCHYD XADAKTEDHCTHKY:
git) = ; g: (D) . (5.26)

+ --- (5.25)

Kooddqsmerty A, B ,( ... 3aBEcAT He TOABKO OT NOVINCOB, HO H OT
weamrean A(p), T.e. or Hyseft. K coxazemwm, 3mech HeT IDOCTOTO
COOTHOWOHHEA: Raxauft ROSH{MIAEHT 3aBECHT OT BceX HyJe#t (4 Bcex mo-
JIOCOB) .

Tem He MeHee mEPoDMAIEA O "BRAAAAX" KAXNOI'O NOJNCA ABJIAGTCH
TOXe3HO!: 10 DACIOAOXEHHD TOMDCOB MOXHO CpR3y YBROETH XapaRTeDHHE
9epTH "WIOMBHTADHHX" CHTHANOB, H3 KOTODHX CRAANHBAETCH MMIYJbCHAS
XaDAKTeDHCTHKA IenH.
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CpAsh MeXXy mEATpaMMoll MOJMCOB & BHTOM CHT'HANA MOXHO DacIpo-
CTDAHHETH HA NDOM3BONLHHE CEIHAMH, He OGH38TeNLHO ABNAINHAECST EM-
TYABCHHMA X2DAKTE DECTHRAMH,

PacMorpEM HekoTODHe mpEMSDH cBazeR MeXIY DACHOJOXSHESM MCID-
COB B BHNOM 3JIeMEHTADHOTO CHTHANR, 9TO, 0O CYTH nexa, SABAAETCH
IPOCTO WumCTDammel nap CETHAJI-E306DAXSHNe TAGK. 5.2.

I. Tipocro#t momoe ua meficremrensmoft ocm (p=c. 5.16,a). Koop-
AZEATA HOMNCA COOTBETCTBYET NOCTOAHHOR SaTyXamms 9KCIIOHGRITKANLHO—

) 6,1
To cETHaNA S (1) =€ . Pacnoncxenne mosmcos B seBoft IOJNYILIOCKOG-
TH T'OBODHT O cnazawme# sxcmomeHTre, B mpemoft — o BO3pacTanmeft.

Puc. 5.16
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2. Tlapa KOMIIERCHO-CONDIROHHHX MOJDCOB (prc. 5.16,6). Mamas
KOODAMHATA IOJICA COOTBETCTBYET UYACTOTE SANOIHERES DAINMOCHTHAMA.
XaparTeD CUaja WIH HADACTAHHA ONDENEJsETCS BemeCTBEHHO# KOODNHHA-
rofft moxmca.

3. IsyrpaTHutt ExE TpexrRpaTEH4E mosmc (pEe. 5.16,B) cooTBeTCT-
6t ;2 0,1 ’
BYeT CHIHAXAM BEA [e ", [ "€ ™ . Tarot e ssagercs "orméanmad”
DAIEOCHTHANA B CXYYA€ KDATHHX ROMINEKCHO-COHDIRERHHX IOJICOB.

OTMeTHM eme OARH ACHERT JMATDAMMH HOJICOB. ECJM CONOCTABHTH
RuaccEYeckEit MeTOX DemeHMA AMHAMMYECKWX YDABHEHWR remy ¢ omepaTop-
HEM METOJOM, MOXHO YBENETh, 9TO XADAKTeDMCTHISCKOS YDRBHEHME

B(p) =0, onpenexsvmee BOSMOXHWE DEWEREA ONHOPONHOTO IWpbdepeH-
OHANBHOTO YDABHEHAS, B TOYHOCTK COBHANAET C IONMHOMOM—3HAMEHATE-

ZeM mepeiaToTHol dymrimm K (P ) = é’:—z)) KopHE XapekTepHCTEIeCKOIo
YDaBHGHEA - 3TO0 W nems, a8 COOTBETCTBYNIME HM

BDEMEHHHS (YHKIMM ~ GOOCTBEHHHE MOUH, T.6. Te KONeCAHHA, KOTODHE
BOSMOXHH B IISIIE @3 BHOWHEro Bo3nefcTBAA (WS-Sa HEHYAEBHX HAYANb-
RHX ycaopmit). Orcuma CaemyeT, YTO AEATDAMMA TIOJHCOB — 3TO HE 9TO
HHOE RAK IEATDAMMA COCCTBOHEHX YACTOT liemd, & COOTBETCTBYNmEe ot
3JIeMeHTaDHHE CHTHAJN ~ IIePeYeHE COOCTBEHHHX MOX.

Jncoft mepexXomHEM NpOUECC B LEOH OCASATENBHO OYAET CRAANHBATH-
CA K3 3THX COGCTBOHHHX MOX, OJNRAKO - B KAKOM MMEHHO COYSTAHWE —
3aBHCHT OT HAYAJNBHHX YCJOBHHA.

B uacTHOCTH, CBOGOEHHE KOJAEGCAHMSA B ISHOH NOCKE “MI'HOBEHHOT'O
ynapa" ma mxome (T.e. nomawe O —yHRUME) — 5TO MMOYABCHAA XAapaK-—
TEepMCTHRA, BRIOYANWAS BCEe MOIH, C KOXDIMIMeHTaMM, 3aBHCAMEMA OT
noxeHOMa-wRcamTeAs A (f)) BAR or mmArpaMMH Hy7el.

Bemre (c. 54) OGuao0 OTMEUEHO OrpaHWUCHHME: UMCHO Hylied M de
fonbme uMcha nOAWCOR 7 . Terepb BUneH (Pusrueckuil CMwCA 3TOTO Orpa-
‘HUUEHUA: ecAU 7l 7, TO uaCTOTHAA XAPaKTEPUCTUKA OKAJHBAeTCH fed-

PpasuuHO HapacTawieh . .
lem| K (W) ===,

a MMIyJIbCHAA CONRPKUT HysneT J(f ). B naccUBHMX UETIAX, & TAKKe B pe-
aNbHHX AKTUBHEX LENAX OTO HEROSMOXHO, OMHAKO MIA UAeaTUSUPOBAHHEX
Mofeneit akTUBHHX (eneit 3T0 OrpaHuueHWe clenyeT CHATh.

SAKI(MEHUE ’

My maneemcd, 9o BEMMATeARENR wETATEI: SaMBTEY: BCE METORH
aBaNEsa nenefl - ¥ MeToX ANHAMNYECKHEX ypapHeHNE, B MeTOX ROMI-
JA6GKCHHX AMILAXTYN, H MeTOX HDpeodpasopamEs Jamiaca — DONCTREHAH,
TECHO B3AUMOCBASAHH. ONNCANN® nemefl M CHTHANOB RO BPBMEeHHOR 06-
aactr (nebdepermeannrue YDABHGHNS, NEDEXORNNHE DexXAM, BEMIYALCHAR
B IGPEXONHAA XADAKTEDNCTHRA) ¥ B YAcTOTHOR 06zacTE (M306paxemmT
CHT'HAJOB B ILIOCKOCTH KOMIIORCHOR IeDeMemmoft p-6+f{w nepemaroy-
HaA QYAROEA OONN, KOMILI®RCHAS SacTOTHAS XaDaxTeDECTHERA) CYTh
RaDTEHH ONHOTO X TOr0 X8 OCBERTA B DABHNX Darypcax. IIpg pemermm
To wam mHOR samawm HcoxemomaTexs MOXET ¢ DABHHM OCHOBAHHGM BOC—
TOALSOBATEOA KRR “BDEMEHHNM SSHKOM", Tax X "gacroTHEN". B mi:ne
CIyHa6B N6AeCOOCPASHO NEeDEeXONETH C ONHOT'O FRHRA HA Xpyrolt - rax

saniaua GyReT DemeHa HAamdores npocto. Ho ana sroro mysmo OBZAROTH
OCONME STSHEOMM. :
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