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OCHOBBI TEOPHH MHOTOKAHAJIBHBIX CHCTEM
CBA3H C PA3SJAEJIEHHEM CHIHAJIOB
0 BPEMEHH

§ 3.1. Hmmyasckas mopysamusa, OcHoBHEIe OUPENETOHHS

B ra. 1 68410 nokasano, Ur0 B MHOTOKAHAJMHHON anmaparype ¢ pas-
NeieHHEM CHIHAJOB IO BpPeMEHH B KauecTse TIePeROCUHKOB HCNIOABSY-
OTCS NEPHOANYECKHE NOCAGTOBATENHHOCTH AMIYAbCOB, C HX NOMONIBIO
710 JHHAK CBA3M MEPEARIOTCH CBEleHHT O BeJHUMHE OTCYETHHIX 3Haue-
HMK cHrHanoB c(f), mocrynaio-
UIMX H2a BXOABl KaHaJ0B.

HocnenoBateasHocTs IpsMO-
YLOMbHHIX  HMTIYA5COB  OMHOTO Ay
3Haxa i(puc 3.1) xapakrepuay-
eTCS CNeRYIOHIMMI TmapaMeTpa-
MU aMILIHTYAOR  HMIYJbCOB
Awaxe, DBAMTENBHOCTBIO  (IMIMpH-
HOH) MMRY/IBCOB T, TaKTOBOM
uacToToM, T. €. WACTOTOH chemo- Puc 31
Batua F=1/T (kpyroBoii Takro-

B0 uwactoroii Q=2x/T), nojo-

#eHneM (pasol) HMIYJHCOB OTHOCHTENLHO TAKTOBMX Touek f=iT,
i=0, *1, .. Otnomenne Q=T/ty HAILIBAETCH CKBANCHOLTHIO, B MM-
NYJAbCHBIX CHCTEMaX CBSA3H BeJAHYRHA Q Moxer OHT, NOpsAKa
100—2500.

B icrcTeMax OBASH ¢ BpeMEHHEIM YIUIOTHEHHeM HHDOPMaNAo mepe-
RaloT, H3Menss (MOAYWHPYR) KaKoik-NuGo M3 ITEPEHCAEHHBIX Tapa-
MeTpoB. TakuM 06pasoM MOMKHO MOAYYHTH YeTBIDE OCHOBHBIX BHAA HMM-
MYJbCHOM  MORYJIAILUH,

[pu amnautydno-umnyrocnod xodysayuy (AMM) amnauryza pm-
TYNBCOB WAMEHSIETCH RO 3aKOHY MOAYAHDYIOUIET0 CHIHAMA, a LAHTENb-
HOCTh M TIOJIOME@HHE HMIYJBCOB OCTAWTCA HensMewnuivd, Ha
pHc. 3.20, 6 MOKA3AHBI COOTBETCTBOHHO CAYYAH aMILTHTY/HO-HMITYNIbC-
Holt Mozyasmun nepsoro (AMM-1) n sroporo (AMIM-2) poma; ¢(f) —
Moaynupylousiit curaan. [Tpy AWM-1 MrHOBeHHOe 3HAUSHHE AMIJH-
TYNR BMIYJILCOB 3ABHCUT OT MIHOBEHHOTO 3HAUEHHR CHCRAAA; MpH
AVIM-2 BbIcoTa HMITyNbCa OITPefeaeTCs TOMBKO 3HAUeHHEeM CHIHANa B
rakToBofl Touke. Pasnuune Mexny AMM-1 1 AHM-2 oxasbiBaerca cy-
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) o), Ilpu  wupoTHO-uMNYALCHOT
modyaayuu  (IIHM) aanrtenn-

>t HOCTb HMIYJBCOB  H3MEHACTCH
IPONOPIHONANTBHO  MOAYAHPYIO-
HEMy CHTHaNY, & MX aMIVIHTY1a
ocraeTcss nacTosHHoil.  Paszau-
HalT  OAHOCTOPOHHIOD _ (pHC.
3.3a) u asycropoumpoio IIHM
f{puc. 3.36). Ilpu omHocTopoH-
weii HIAM  paurenpnocTs n-
o 8 MyAsca H3MEHACTCH TOMBKO 33
b b cdeT nepeMelleRHs ero 3aiHero
1 ) T j dpouta. Ilpn  mByctopoueit

T e TN =t UM nepemelatorea s nepei-

[

T
| . p

e | i Huit, # 3a1H0i GPOMTEY HMITY1b-

i

e [ COB CHMMETPHUHO OTHOCHTEIbHO
H n ﬂ “ H HX UEHTPOB, COOTBETCTBYIOMIMX
* t 1 i—1={TakToBbiM ToukaM. Ha puc. 3.3

7t P Ay : c(t) — Momyampyiolnil cursas,
j_':”] “ mm fo(f) — vemogyaupoBarnas no-
t 1 £ CJIElOBATENBHOCTE  HMOYJBCOB,
f(t) — monysupoBaHHas nocies
Pre 33 NLOBATENLHOCTD HMIYALCOE.

Ecny npn posneficsun ne-
PefaBaeMoro CHTHaNa MMIYAbCH, COXPAaHSA CBOHW AMIVITYAY H Gop-
My, CMEW@IOTCA BO BPeMERH Ha BEJHUYHHY, NPONOPLHOHANBHYIO HANPH-
JKEHHIO, TO MMeeT MeCTO spemennds umayivcuas modyasyus (BUM),
DasSHOBHAHOCTAMH KOTOPOHl ABAAIOTCA (ha30-UMAYADCHAR MOOYAAYUR
(®PHUM) 11 wacroTho-umnyaberas #o0yaayus (YUM).

B cayuae ®UIM Bennyusa cABMra MMRYJIbCOS OTHOCHTRABHO TaK-
TOBBIX TOUEK OMpeleAeTcs TONbKO BEAMYHHOM OTCIETHBIX 3HAUEHHH
CHTHaJNa ¥ He 3aBUCHT OT ero yacrorhl (puc. 3.4a). Ecaw, manpumep,
mMozyanpylowull cirtan ¢(f) =sine?, 1o mpn ®UM Beanunna Bpemes-
BOTO CABAra K-r0 UMNYARCA ATy OTPEfieNIReTCH BHIpAMKeHHOM AT =
=ATuane SiN0L,, 1€ ATyme — MaKCHMAJNbEHA CIBUT HMIYIbCOB.

Besuuia (pasoBoro ¢ABHMA HMAYIBCOB O OfpereNseTcs BHpaKe-
HHeM O,=QAT, =QATyarcSiNolx =0yaxe SiN @y, THE Omare — MaKCH-
MaJIbHOE 3HawueHHe (asH.

Tlpn UMM uwactota caefLOBaHAS HMIYJbCOB HPONOPHIOHARLHA Be-
JHYHHE OTCYETHHIX BHAUSHHH M HEe 3ABMCHT OT YACTOTHI MOAY/AHPYOIIe-
ro curgaxa (puc. 3.46) AQ, =AQuaxeSinwty.

Mexay OUM 1 UHIM cymecrByeT cBsisb, aHAJIOTHYHAS UBASH MEXK-
2y $asoBOil 1 YACTOTHOM MORYNFUMAMHI CHHYCORIANBHOTO KoMeBaRna.
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[image: image3.png]Moaynsunsa asel uMIYJ6COB IO HEKOTOPOMY 3akoHy O(/) aKksuBa-
TeHTHA H3MEHOHHIO MTHOBEHHOM Y2CTOTH CIeI0BAHHS HMIYALCOB 110
3akoHy AQ(f)=d0(t)/dt.

Paccmorpentte HMITY IbCHBIE MoCAeL0BAaTeALHOCTH {cm.
puc. 3.1—3.4) HasLIBAOTCA NOCAELOBATENBHOCTAMH BUACOUMNYLLCOB,
8 OTMHUHE OT paIHOHM-

NyabCOB, KOTOpHe mpel- 4 a

cTaBJIAT coBOft OTpeskH 4 fth
KodeGaHail BHICOKON da- (&l . - .
CTOTHI. 1N j N

HUA L 20 .
§ 8.2. Coerrper yacToT [ "
CHPHAJIOB TPH HMILYJIBC- Tt e 5 :

HOL MOZyAALMM
Y i — —- /Wym//ﬂ J— $|\ .
Haitaem onextpbl wac- /

TOT CHTHAJOB, NpeICTaB- ¢ :
afomux co6olt nocnerosa-
TeAbHOCTH  MORYIHPOBAH- Prc. 34

HHX  BHICOHMIYJIBCOB —
ANM, IIHM 1 ®HUM. Crie-
JaeM [PeIBAPHTEILHO HEROTOPHE 33MEUalNd.

CarHadbl ¢(#), mocTymaiollie Ra BXOIbl KaHaNOB CBA3H, NMPEICTaB-
asoT coBoi cayuaiiHble npomecch K MaTeMATHUECKH OIMCBIBAIOTCA
cayualinpivma GyHKUNAMIE BpeMenu. B pesyabraTe MOAyAAMIm TAKMMH
CHTHAMAMI NapaMeTpoB HMIYJABCHBIX TOCHeI0BATEIbHOCTEN moayua-
worest: npn AUM nocne10BaTeIbHOCTE PABHOOTCTOAIMMY HMOY.ILCOB CO
cayzaiinoit amnanrynosi; mpn WM nocnenopareasrocTs paBROOT-
CTOALIHX HMIYNBLCOB C ONHHAKOBLINH aMIJKTYRAMH H cAyuaiHol IaH-
TeaneTbio; Hpu OMM mocneaosaTe HHOCTD HMIIYABCOB, HMEIONIHX
ONMHAKOBYIO AMINIMTYAY 1l RJTHTENBHOCTh, HO CAYYahHOE BPEeMs WOSB-
JeHUA HA 3a1AHHOM TAKTOBOM HHTepBaje T. 3Has cTaTHCTIUECKHE Xa-
PAKTEPUCTHRH CHIRAAOB ¢(f), MOXNHO HANTH SHMEPreTHUYSOKHE CNMEKTPLI
currados f(£). OlHako Tako# MyTh CBA3AH C ONpelefleHHBIMH MaTe-
MATHUECCKHMH TpyHocTAMH!). Jlnd yHpOLleHHs 3ajavd PACCMOTPHM
npocreftmuil cayvait, Xoraa MoayJaupylouiee KoJeGaHie HMeeT BHI

€ () = Cye SN O 3.1

PeayapraTel aHali3a faxe 310ro Npocreifiiero CaAydas OKassiBa-
10TCst NoNe3HEMA. OHH T103B0/HI0T OMEHHTh JIOJIOCY YACTOT, Heo6X0aH-
MYIO IS UMIYJICHOM Mepefiaud M CPABHUTL PASNHUHBIE THIBL MOKY-
JALUH.

Ofosnauny vepes o(f) YHKUHMO, ONHCHBAILYID OILHOUHEI HM-

NyJIEC  HeMOAYAMPOBAHHOH  moc/enoBartelbHOCTH fo(f). MoxHo
BAMUCATH

1) B. P. lennn, Teopemieckie OHOBM CTATHCTHUECKOR painoTexwmmil. M,
«Caberckoe pamnos, 1966,
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JIAA @mPAMOYTOMLHEIX HMIYIbcoB (oM. puc. 3.1)
Apaye TPA ——%"<t<—;— .

of)= . ; @.3)
) Ja
0 npr {<< 2 > 2

HeMoAyAUPOBaKEAn HOCASAOBATEILHOCTE HMIYABCOB fo(2) ABAseT-

¢f neproNHUeckol (yHKuHel BpeMenH ¢ MepHoAoM T # MOXeT OHTbH

npencrasieda paaoM ®ypbe, KOTOPBIA AxA APAMOYIONILHMX HMIYIb-
COB HMeeT BHX

oy Snnn Ju
Fo@) = Aune| 2+ 2 Y T cosne |, B4
ll-l

nie Q=2n/T — KpYrobas TAKTOBas YacCTOTA {IOCIEAOBATEIBHOCTH.

Cnexkrpcureanamnpn AUM. Tpunnmas BO BHHMAHNE O-Aibl
(3.1) u (3.4), Bolpaenue ANs curHana [(f} DPH AMIIHTVAMO-HM-
NYABCHON MOXYNAMHH SamnlreM CIeAyoIEM oGpasom !):

F@=11+mae Ofo = Auaee (1 + m, sin od) X

l 22slnn——

a=1

cosnQt |, 3.5)

e na=Cuaxc/Anaxc — KOSDOHUHEHT TayCHHE MOXYAAUMM H Q=
=T/tu — CKBAKHOCTD.

Packpoem B §-nie (3.5) ckoGKH; MpoRenas mpocThle mpeoGpasosa-
HUA, TOTyUHM

i = o, Tl in g 1) o P ¢

n
> sing —— “ sinn—
xz 9 cosn@ it "“";““ 2 nQ sin(rQ-Fwdt.  (3.6)
remm] n=]

U3 soipaxedns (3.6) BuAKO, uto B cnektpe AWM mnocieaopaTels-
HOCTH COAEPHKATCA NOCTOAHHAR COCTABAALWLAS, MOZYAHDPYIOUIHE CHT-
HaJj, TaPMOBHKH TaKTOBON WACTOTH H GOKOBbIE YACTOTHl OKOJIG IAPMO-
HUK TAKTOBOH wacToTH (pic. 3.5)?). B ciyyae AWM Gonee cnomBmM
CHNHAJOM, HMEIOWMM B CIEKTPe PRI COCTAB/AIOUINX, HIH CHIHAJOM €O

) dopuyna (35) onucmipaer AMM-1.
2) Ha pre, 35 K 3.6 306DaxKesR MOLYNH CNEKTPOB.
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[image: image5.png]CTLOIMBIM CIIEKTPOM, OFPAHAUSHHEIM 4ACTOTAMH @y 1 ws, oektp AUM
cursana GyfeT cofiepmath BCe COCTaBASIOLIME MOZYAHPYIOMETO CHr-
Hana M GOKOBble MOJOCH YaCTOT OKOJ0 TADMOHHK TAKTOBOH WacTOTH
(puc. 3.6).

OrMmerud, uTo AeMomyasuug curaasa AUM (1. e. oliemenye Mo-
Ny/IHPYIONIEro CHNHAAA) OCYWICCTBAAETCS (QUABTPOM HHMKHHX YACTOT.
3to ©6yCaAOBIEHO HAMHYHEM B
CeKTPe  MOAYJMPOBAHHON 10 p
CASAOBATEABHOCTH UMIYALCOB
CHeKTPAJbHBIX  COCTABJSIOMNX
curbana. [lockoapky Gauxafi-
mefi K HABBHICUIEH YacTOTE CHT-
Hama @ SBJAseTCs  yacToTa
Q—ac (puc. 3.6), T0 MaA Hewe-
Ka4XeHHOT0 BLIEeNeHHs CHrHATa
HEOGXOXHMO BHMOJHEHHE YCIO-
BHS 00o<Q—0c HIH

Q>2%,. (3.7) Puc. 35

Taxofi e BuIBOA GblA M10yIeH B A, 1 IPH PAcCMOTPEHHH CHEKT-
Da NoCaeroBaTe/BHOCTH OTCURTOB CATHAMA O(t) .'B 2TOM HeT HuYero de-
OXHIAHHOTO, TAK KaK BhI/6DpKa OTCYETOB R3 CHrHAJA TOJAYY3AETCA B
cayuae AUM mpu t5—0.

G R v & 2wy 2%

Pue. 36

Cnexrtp curmana npu HIUM. PaccMoTpHM ABYCTOPOHHIOK
IHPOTHO-HMITYABCHYI0 MOAYAsno carianom (3.1). OGosHannM yepes
Atmaxc MBKCHMaJbHOS TPHpPAllEHHE IIHPHHB HMOYABCA ATuaxe=
=mMmCyare, TAC Mm — KOSHOHUKHEHT MPONOPHUORANEROCTH. TorRa
RUIATENBROCTE UMIYNBC TPH MOAYASUHK cHrranom (3.1) Gyxer

Tu=To+ Alyac SiN O (£), ©.8
TAe Tp — CpeliHee 3HAUeHHe NJATEALHOCTH HMIYJbCOB.
TloxcraBas moaydeHHoe sHadeHHe Ty B G-ay (3.4) ana fo(¢), monay-
UMM BbpaxkeHue AMs cHrdana ¢ [IAM 1)

1) O6ocrosanme atoro npnema gsauo B wrure H. C. Fosoposcroro «Paznorex-
HAveckHe Uenk ¥ curiadb». M., «Cosencikoe paino», 1964.
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OGosnauuM anATyaye/T =By, (locie TPADCHOMETPHUSCKHX Npeos-
Pa3OBAHUE TIOAYHHM

1) ;c To +A e ATr.mc sin o+

2A'""° 2 [sm nn~% cos (B, sin od)+ cosna 7 sin (B,sin coct)]

(3.10)

BripaxenHte 10/ 3HAKOM CYMMbl MOMXHO NPeoGpas0BaTh, HCLOAb3YS
H3BECTHbIE COOTHOIIEHHA:

cos (B, sin o f) = Iy (B,) +2 X Tog (B} cos 2q o t,

=t

sin (Bysin wg) — 2 z Iy, ) (B)sin (2g — 1) o,

tae fag(Bn) u Inyy (Ba) — 3Ha'{e\Hnﬁ dyuxuui Becceas nepsore po-
Aa nopalka 2¢ 1 2g—1 ot aprymenTta Bn.
L. T
OGo3sauny 191  COKpalieHus —3anucn  — sm/m?’ =Cn 1
n
1 2
—cosrwnT'{=Dﬂ, OKoHuaTeAbHO NOAY4HM CAedylollice BBIpaKeHHe
n

A7 TOCAEI0BATeTBHOCTH HMIY/ICOB TIPH IBYCTOPOHHE! wHPOTHOI
MOTYIALHH;

FO = e T4 A 222 sl 0 220 Y Gy By cos @ +

Ly(Bcos (12 1 2900 t +

| ar Kl

Y
e Ve,
F I
+2‘L’:“ ED,. E I, (B sin{rQ- (29— Dol @1
G=1

Boipaxentie (3.11) onpedenser CnexTpaibHbil cOCTaB kpyHKLKA
f(t). Tlepsrie aABa ciaraeMblX {IpeCTABASIOT COGOH TOCTOSAHHYIG CO-

T o
CTaBAROMYI0 Axaxe ’;T‘ 1 KoJe0aHud © ¥acToTOll CHIHAJA @c W aM-
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Pue. 3.7

Caeayer DoJuepKHyTh, 4T0 8 caydae MM B GOKOBELX HOJIOCAX
YaCTOT COAEPIKHMTCA He TOJIbKO COCTABAAKIAA € YacTOTOH nQ*we,
kax npit AUM, Ho m KOMONHALHOBEBIE YaCTOTH AQ*EMee (M=1,2,.).

ITockoabKy B cnextpe curnana npu HIMM coxepxaTes koneGanus
€ YaCTOTONl MOIYANPYIOULEro CHFHAAA, TO TaK ¥Ke, KaK ¥ B ciydae
AWM, buabTPOM HHKHHX YACTOT M3 MOLYJ/IHPOBAHHOI TOCIEA0BATEAb-
HOCTIH MOXKHO BBLIMHTE BCXOZHBIA cHrHAA ¢(f). Oamako B JakHoM
CIynae BO3MOJKHO NOSBIEHIte HCKAMKeMHi, Tak KaKk B IIOJNOCY YacTOT
CHNHAAA ¢(f) MOTYT NMOMAaCTh COCTABSIONINE HMKHHX GOKOBEIX I0JI0C
¢ yactoTaMil R—2gee ¥ Q— (2¢—1}we. 310 06CTOATENBCTBO HAAIOCT-
pHpyetca puc. 3.7, Ha KOTOPOM MOKA3aH YYAaCTOK CNeKnpa mocielosa-
TETLHOCTI! HMOYABCOB, MOAYALPOBAHHDIX MO IHPHHE CHIHANAM €{f)
= Cyawe SiNeret TPH Q =25 we.

Crextp curnaaa mpu ®UM. Tlpn daso-uMnyabcHoil Moy~
AL CHPHATOM € (f) = Cuaxe SIN@e BeJUYNHA BPEMEHHOro CcABMra
K-TO HMIY/IbCA OTHOCHTENBHO TAKTOBOH TOuKH ompeleascrcs BEIPawe-
HueM Ate =mp Cuane $i0 0T, THe Mgy — KOSPPuLHENT TPONOPUKO-
naaplocTn. OGO3HAYMM MAKCHMAABHBIN BPeMEHHOR CIBHT AT, ,u =
=1y Cyane. Texylian ¢asa HMIYIbCOB ONpeTeNiCTe BESHUHHON AT
# TaKkToBOit YyacToroit

B() =21+ Ay Sin o, @.12)
nae A@umare =AtsaxcS — HHIEKC MOTYAALHH.

MDHOBEHHAS YaCTOTa CJEI0BAHHST MMIYIbCOB PaBHA

d0{
 von) T() =0t Ay €08 0. (3.13)
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Tlocne psana npeoGpasoBamuii BEpaxceHue (3.14) mpasoputcs &
EHRY

Auan 2yas ¥
) =5 A SPL cos  £4- 200 N 1, 1 D) X

=i

Xsianr“coanthm%E 2M,,cos(n9i qodt, (3.15)

=1 g=1

mme M=l L, (1Ap g sin 2 (1QE g0,

14 (nA@uane) — sHauenns pyuxuuit Bevcens g-ro mopsimka ©OT ap-
TYMEHT2 NAQmake-

®Gopmyna (3.15) xapaKTepusyeT ONeKTPAaJbHHI COCTAB CHIHATA
f(f) mpa ®HM. Mepsoe cnaraemoe ompefesser NOCTOSHHYIO COCTaB-
AAILYI0; BTOPOC YKA3IEAST, MTO B ONEKTPe MMEETCH COCTaBAAIOMAN
¢ 4acToTolt CMTHANA; TPEThe CllaraeMoe Mpencrasager coGoil rapMoRH-
k¥ TAKTOBOW YACTOTHI, BOKPYT KOTOPBIX fIOSBJAIOTCA BEPXHHE W HUK-
HYe ToJ0CH (OKOBBIX 4AcTOT (YeTBepTOe CaraeMoe).

HecmoTpst Ha TO, 4TO B criekTpe cur#adza mpu @UM coaepxarea
COCTABJIAIONINE C YACTOTAMH MOAYAHPYIOWErO HATIPAMKERAS, B MPAKTH-
Ke HHKOTAZ He HOMOJb3YIOT MeTON {pHIbLTPAllHH STHX COCTABJIAIMAX
AR POCCTAHOBJGHUA CHTHAJA ¢(f), Kax 7o Jenaerca wpy AUM u
HIMM. Hexo B ToM, ro mpn OUM aMmumyAsl CHEKTPAILHEIX CO-
CTAaBJOMHAX CHIHANA C{f) TPOMOPIMOHANBHEL ®¢, T. € HX HacTOTaM,
ClIQTOBATeNBHO, MPH ZEMOAYJAIHN ¢ NOMONIBIO (HABTPA HHMHHX Ta-
CTOT 3aTyXaHHe NOC/ASMAHer0 B OAOCE MPOMYCKAHAS JOJKHO BO3pA-
cTaTh 10 ONpeAeNeHHOMY 3aKOHy. Peaiusamus Takoro H/IbTPA CBA3A-
Ha ¢ PALOM TEXHHYeCKHX Tpyaxocreit. Kipome Toro, mpu ®UM amman-
TyAbl HHIKOUACTOTHHIX COCTABUIAINMX 3HAMHTRABHO (Ha JBA-TPH WO-
psaka) Menbume, yem mpt AMM n IIMM. Tlostomy ® cuctemax c
OHM npuHATYIO NMOCAAOBATENBHOCTD HMITY/IBCOB, MOJYJIHPOBAHHBIX
no ase, mpeobpasylT B ROCIEIOBATEALHOCTH HMOyAhcoB AHUM
wtn DIHMM, 3 KOTOpo#l (MI»TPOM HHMKHHX HaCTOT BHIREISIOT
curnan ¢(t).
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