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FMTABA I
CINEKTPbI

§ 1. Beenenue

Korpa W. Bepuyamn n Jiirep, a 3arem Pypre Bneprue
APHMeHILIR PA3A0KEHHe PyHKIUA B TPHIOHOMeTPUYECKHE pAABL *),
TO 9TO PA3AOKEHUE PACCMATPUBANOCE JHIIL KAK MATEMATHUECKOE
CpelCcTBO AJ pelleHMA 3ana4  MaTemaTudyeckol uauxuw. Cam
®ypbe [0Ob3OBACH PALAMH, OJYUABNIAMM Er0 HMs, Jad HHTe-
TPHPOBAHHE VPABHEHUA TENJIONpoBonnOcTH. MeTon (I)ypse cTail
KJIACCHYECKAM RPHEMOM DeUleHHs BOJHOBHIX YDPaBHEHHN — ypaB-
HeHHA CTpYHH M, MO3AHee, TeaerpapHOro ypasuenns. OnHako
pasnowende Pypbe N0ArOe BPpeMs He CBA3LIBAMOCL HemoOCpen-
CTBEHHO € KAKUMM-AHO0 (GH3HYecKHMH OpeicTasaeduamn, Hawe
Mocle OTKPBITHY 3JKTPRUECKHX KoJebaHHH W BOAH BEICKAZbI-
BaJOCh COMHEHUEe B aA9KBATHOCTH pazaoxenus Pypve npoucxo-
AAnmM - dusnueckum  sBaeHuam. Hanpumep, Tlepu (cMm. ero
nepenucky ¢ [lyanxape ¥¥)) oTpHUAaTeIbHO OTHOCHICA K CIeK-
TpPa/bHbIM [PERCTABIEHHAM.

Joaroe Bpems CHEKTpPaJdbHBE NpelCTaBACHHA npumezmnncn
¥ DA3BHBAMCL JMUIb CPIBHUTEILHO VEKHM KPYTOM QUIUKOB-
TeopeTHKoB. Ho, HauMHas ¢ ABAANATHIX rOLOB, B CBR3H C Oyp-
HHM PAa3BHTHEM pAIHOTEXHMEH, aKyCTHKH, koMeHaTeibHo# mexa-
HHAKH W BOOCILL[Q C)TLIHCJIEQ TCXHHKH. . OMNURQAIOIIHXCH Ha TeODHEK)
koneHauuf, crnekTpa/bHele NpeiCcTaBAeHUd HeOOBIYARHO LIKPOKO
pacapoCcTPaHNMCh, DA yCTAHOBJAEHA T[PAMAR CBA3L MeN(AY
CHEKTPAJbHLM pPA3JOMEHHEM N NOBeIEHHEM pedajblhX Kogaeba-
TelbHBIX  cHCTeM. CnexTpadbibit cnocof ONHCAHMA  ABAeHUf
noayuua Bceodilee NPHIHAHKE,

*) JlioBoapTHO OTMETHTH, 4TO.CaMas BO3MOMHOCTL TAKOMO pasao-
JKEHHA B Te npemMeHa OCHAPHBAAACE,
#¥) Lutupyerca s pabote H. H. Anapeesa [2]

18B. A, Av napreuny



10 CITERTPL Irn ¢

Bonee TOro, COeXTPANBEHLIA A3HIK CTAJd’ BCEODUIMM ABHIKOM,
Ha KoTOpoM oGbAcHMOTCE Mewny cofolt Bce, uUMewllHe neno
¢ TeXHMYECKHMH T[pHMEHEHHAMH DasHOre pora  koJaefaund.
Ha cnekrpaabHoM (9acTOTHOM) f3blKe CTAAN OMNUCHBATL He TOJLKO
ARABHUA, HO W CBOHCTBA annapaTtyphl.

Her comuens, uTo Takoe WMPOKOE PABBUTHE CIEKTPAJNLHLIX
TpeacTaBAeHnli CErpaso OrpoMHY0 OPOTPeCCHBHYIO POAL; Huia-
TOLAPA UM C/AOWHEe KojdeGdTeNbHble FBAEANS CTAAH AOCTYTIHBE
[OHAMAHHIO IIHPOKMX KPYIFOB TEXHHKOB i (PH3HKOB.

Ho ucTopuda PasBHTHA CASKTPANLHLIX MpeicTaBaeHdlt nouxa-
3LIBAET, UYTO 3TH [PENCTAB/ACHHA [GABAMH HHOCSA «OCEYUKY».
CopepHIaancs — H TPOAOMKAIOT COBEPUIATLCA — rpyOble oWHGKH.
Bosnukaan saTdmuble AUCKYCCHM MO OCHOBHBIM BOINPOCAM (Ha-
npuMep, LUCKYCCHA o BOKOBHIX NOJOCAX [pH pagdonepenade),
TIPOHCXONUIH KYPhe3HLe HeAOopa3yMeHus (Hatmpumep, HelpaBHib-
HOoe NpedCTaBJeHle O WHUPHHE NOJOCH NPW  uydcTOTHOH Mony-
asuun). OBHAPYKUBAANCL PABHOMO pOLa nNapafokcH. A mapa-
JIOKCH, KAK 3aMeuaTeNsHo ckazan nokoiuni JI. M. Manteavusram,
BO3MOMKHL! JHIIL TAM, [J1e HET MOJHOTO MOHMMAHHUA, «IOHHEMAHUA
BTOPOTO PORA», KAK OH BHDPANAICH (eCHH He MOBODHTHL O napa-
DORCaX, OOYCHOBJEHHHX HECOBEPHIEHCTBOM CAMOH TeOpHH).

B neHCTBUTEALHOCTH CHeKTpAAbHHE NoAxoL Gesynpeued.
OH HHKOrZ2 He IpUBeJeT K OmWMOKAM, eCAW HM DP23YMHO TO/b-
30BATLCA. DBHIIeynoMaHyTHe OWIMGKH M HEZOPARYMEHRA — 3TO
HEe TOPOK METOla, a pe3ayabTaT HeyMeJOr0 ero GpHMeHeHid.

Moxno nabewmart MHorux owubOK, €CAM HE OT DAHHUHBATH
cBoll Kpyrosop CNeKTPanbHbIMM PAMKAMH, 4 A ONMOAHATH H yriay0d-
JATh COCKTPANBHLWIA TMOAXONL NOAXOZOM BPeMe HHBIM.

Ouenb HHTEPECHO NPOCAENMTb SBOJAIOUHK CRGKTP ATbHBIX
npeicTaBleHnl 33 nocnenHee Bped. [lepRoHauafTbHOE GApPEn e-
JieHne CNEKTPa OCHOBBIB2eTCs HA mpeodpasosadun dypee; uute-
IFPHPOBAHME [0 BpEMeHH BHIIOAHAETCH B HECKOHEUHBIX TIpemenax.
Takum oGpasom, npeofipa3oBanuio nolRepraerTcs ¢ YAKILHA Rpe-
MEHW R 1e0M; pedyabTar npeoOpasoBaliud, T. e, CIHEKTD,
3aBUCUT TOMBKO OT uacToTsl. ONHAKO VueT pealbHLIX YCionuh
SKCHEPUMEHTA 33CTABASET BBECTH HOBOE [OHSTHE — NOHNTHE
«TeKYIIeTo <CHekrpa». TeKkylwdR. COeKTp olipenetsercd Kak
pesyabTaT npeodpazopanns Pypee, HO € NeDeMEHHBM BCPXHIM
npeleloM MHTerpupoBaHus, B KaweCTBe KOTOPOro Qurypupyer
Tekywee Bpemst.  Takum  oOpasoM, TIOABIAETCA CHEKTPAILHAA
QYHKLME, 34BHCRAIAN HE TOJALKO OT 4acToTH, HO M OT Bpe-



§ 1] — BBE/IEHYE | it

MEHH — 9TO Ve HEKOTOpOC TPoMEKyTOUHOE TIOHATHE, chakaio-
mee qactoTuble W BpeMeHnbie npeactasiaenus. [lpouece chHiu-
JEHHS TPOAQTKASTCH: BBOAUTCS, HECOMHEHHD, ROJE3H0e TOHATHE
«MFHOBEHHOrO cOEKTPa» M CBA3AHHOE C HMM [OHATAEC «AKTHBHOA
moAock cnektpar. OT MICHOBEHHOrO CUEKTPa OCTASTCH  OMUH
AMML WAr 50 MTCHOBEHHOR 4acTOTH, [OCHAE 4ero M MOMeM
CHOBA FOBOPHTHL O «CHHYCOUAe ¢ NMepeMeduofl uacToToH», T. e.
BOCCTAHOBUTL B MPaBax MOHATHE, BEChHMA PELUNTENLHO OCYMKIEH-
HOE B cBOe Bpems. [akuM o06paszoM, CiieKTpajbHble MApeICTap-
JeHHS, ONMCAR B CBOESM PA3BHTHH IHMPOKHH KPYT, BO3BPALIATCH
AOYTH YTO K HMCXOIAHHIM MNOSHUMAM, OAHAKO Ha 3HAUYHTENbHO
00/Jee BLICOKOM YPORHE! BCE OCHOBHHE H Pl NPOMEKYTOUHLIX
MOHATHY SCHD OnpejdefeHsl H OOPA3YiOT B COBOKYNHOCTH MOLL-
HOoe W rufKoe OpylHe HCCAENOBaHHA.

B cBszn ¢ pasziuTHeM HOBHIX OTpacdeli TEXHMUKH, TAABHEIM
o0pasoM PamMOTeXHUKHU (HANpUMED, UMOYALCHAR TeXIMKA, Clie-
UHAJIBHbLIE - BUAEl MOLYJISALHA H T. I.), OT HHXeHepoB Tpelyercd
Ooaee ray0okoe oBIajeHHe CHEKTPANLHBIMH TpPeACTABICHHAMH,
[MosroMy oaHa #3 3azay STOR KHHTH COCTOMT B H3JICIKEHUH
OCHOBHLIX BOIIPOCOB TEODMH CNEKTPOB B ofbeMe, N0 BOIMOMK-
HOCTH OTBEUAIDIEM COBPeMeHHblM TPefOBAHHAM, U HA YPOEHE,
HECKOJIbKO MPeBbIAIOUIeM CpelHHH ypOBeHb 3HaHul, LapacMbift
BHICILHM TEXHUYECKHM yueOHBIM 3aBeleHUeM.

MaamKenuio 3THX BONPOCOB TMOCBsILIEHA  Mepsas  riiasa
«Crnekrpei».

[MpakTuyeckoe NpHMEHeHHe CIHeKTPAMLHLIX MpelcTaBAHHR
HeM30eWHO MPUBOAHT K HeoBXOLHMOCTH 9KCIEDUMEHTAIBHOIO
OCYUIeCTBIeHHA pasaokedus $ypbe, T. e, K FapMOHHYECKOMY
AHAAN3Y PASAMUHLIK B8AeHHA. XOTH CYUWECTBYRT OT DOMUOR HYKCILO
METOAOB AHANM3A M OPHUMEHAIOWHX 3TH Meroabl npubopos-aHa-
AU3ATOPOB, N0 CUX MOP MHOTHE OCHOBHBIE BONPOCH aHaAu32
OCTABAIHCH HEAOCTATOMHO PA3PAGOTAHHELIMH, 4 MOAUAC H HE BIIOMHE
AcHbIMH. B uacTHOoCT#, OCHOBHule TpefOBANMA K AHAMH3Y KAK
K M3MEDHTEJbHOMY TMPONECCY M K AHAMM3ATOPY KAK H3Mepi-
TeAbHOMY Npud0opy 3a4acTyw BOBCE He CTAMIHCL M He ofcy-
RMAATACE. BeposTio, 370 MOMHO OJBACHATL TeM, YTO HOCTI-
HOBKA TAKHX BONPOCOR  CBH3AH C M3BECTHBIMH TPYAHOCTAMI,
O/HAKO 9TH TPYAHOCTH MPEOLOMHMB, © HEODXOAHMO MOTILI-
TaThCA OPHBECTH ODUHILAMHANBHBIE ROMPOCH AHAAM3A B HEKO-
TOPLIfl nOpPsaoK. Takasa [ONbLTKA cAeirada B0 BTOPO# rause
«Ananuzs, ;

iB*
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Bompacel, OTHOCAILHECH K CHeKTPAM CAYYARHBIX TPOUECCOB,
BWLEJEHB B OTAeAbHYI — TPEThX [JAABY.

Pan A0NOJAHKTEJNLHHX BONPOCOB, NMPeLCTABAIOIUMX TOT WIH
HHOH HHTEpEeC H HMEWIWUX [IpAMOEe OTHOWEHME K Teme, pac-
cmotpert B «JloGapaenusx».

§ 2. Psan ¥ unterpan ®ypne

Honatue o pazaoxeHun Pypoe MOXKHO CunTaATh OfIEN3BECT-
neiM, [losToMy aneck HAMOMUHAIOTCA JHIHBE OCHOBHbBIE COQTHO-
lleHHs H onpejenedns, MareMatuueckue noApoGHOCTH UUTATEND
nHafizer B moOoMm yueBuuke.

Mpl HaymHaeM ¢ OnpejeieHHs NEPUOLHUECKOH (YHKINM:

f(=fEt+ nT). @.1)

3nece T— NOCTOAHHAA SEAHMNHA, HA3BIBAEMAN IEPHOLOM, It — A10=
Doe 1eA0E YHCIO, MOJOKHTENLHOE HAM OTpHUaTenbHoe. Onpele-
Jenune {2.1) pppaxaeT OCHOBHOE CBOHCTBO Nepiroauveckofl gy -
MK, COCTOAUlee B TOM, YTO XOA SABJAEHHS NepHOAHUECKH
MOBTOPACTCA H YTO NEPUOLUUHOCTh 3T4 CYLIECTBYCT BEUHO, T. €.
AaA BCEX BpeMeH OT — o0 Jo - oo.

M3 sToro cpasy MOMHO 3aKAOUUTB, YTO MePHOJMUYECKHX
ABJEHHA B CTpOroM cmuicie onpefedsenns (2.1) B peficTeurenn-
HOCTH HeT M ObTh He MOXKET. [lepHoZHYeckas MYHKUHS 2CThb
NOJe3Has MaTeMaTHueckasd A0CTPaKUHA; ee COOTHOLIEHHE ¢ neh-
CTBUTE/NbHLIMH SBIACHHSAMM BEIACHHTCH B NaJbHeflleM. :

Beakas — ¢ HecyllecTBeHHEBIMH AJA Hac MATEMaTHUECKHMMH,
OrpaHHuYeHHAME *) — fEpHOAMYECKA® (QYHKIHA MOMKET ObLiTh
INPeACTABIeHa PALOM MO TPHIOHOMETPHYECKHMM (YHKLHAM

o0
1 t
{Hy=c Lc,ﬂms(gmk. 5 r%}, - 2.2
k=1

Mepuonnueckas dyuxura f{f) npeacrasiend, Takum o6pa-
BGM, CyMmMoft chraraeMmbix BHAA

€ €OS (ka-%—— cpk).

*) ViMeHHo. ()YHEUMS [DPEANONATdeTCH OFPaHHUEHHOH  KYCOUHO-
HenpepLIBHON ¥ MMemel Ha NPOTAMEHHH NQPHOAA KOHEYHOE yHCIU
SKCTpEMAAbHBIX 3HaweHHH (ychoprA HAnprxae).
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KAWA0e U3 KOTOPHIX ECTh CHHYCOMIAAJAbHOE KoaeO4HHE ¢ aMMJauH-
TYOoo# €p U HauaabHoR $azol . 3HAUGHHS ¢ W @, AOHKHEI
OuTh manewawum ofpazom noaolpaHu aaa Toro, uTobel pa-
Beucro (2.2) BuinoaHanock. YacTorel koaedauu, H2 KOTOpLIX
COCTABAAETCH NepHORHUECKAR GYHKUMA HE), o0pasywT rapmo-
HHYECKYIO MOCACAOBATEALHOCTL; ITO 3HAYHT, UTO YaCTOTH BCeX

1
COCTABAAIDUIMK KPATHbLL OCHOBHOH uactore Fr Oraeasnne co-

CTARAAIONINE HOCAT HA3BAHHC CAPMOHMK. Konedanuwe ¢ vactoToHt

17 HasclBaeTcd mepesoft rapmoHiuxoft (kB=1), ¢ uactorolf —5—.—-

BTOPOH rapmoHukoll (B =2), u Tak Adanee.
Buipancende (2.2) moxer OHTh NepenucaHo B Apyroft, oueHsb
yraorpedutensHod gopse:

fO=co+ ¥ (ak cos 2nk & by sin 2rk ;,) (2.3)
k=)
rne _
Q== CpCOS Gy, b=y sing,
TaK 4To ‘
: b

ck:l/—ai+ b.: . tg(?k:ﬁ;}'-;-

Kos¢ipuuuentol ap a £y, onpepessiorca no gopMynaM

III
3
gy = ?:l_‘ rf(t)cos 21rkTa't X))
7
-7
7
3
b= = f /() sin2rk L at. @5
T

Beaununua ¢, sefpaxter cpelbee 3daueHHe PyHKUHH 31 Me-
pHoA;, OH2 HadbBaeTCH “A¢TU [OCTOAHHOR COCTABAAQLWIEH &
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BRluucageTcA no Qopmyae

Ik

¢ =y | SOt (2.6)

os| R

Ecau @y, &, w ¢, onperesewnr 1no dopmyaam (2.4), (2.9)
n (2.6), To paseHcTBo (2.3) eCTh TOMCAECTBO.

< JameuaTeNbHBIM cBoKcTBoM papa Pypbe ABAseTCA TO, UTO
€C/IH B3fTh KOHEUHOE YHCJ0 YAEHOB pela, T. €. anlpoKCH-
MHPOBATb MEPHOLHUYECKYIO QYHKUNIO TPUTOHOMETPHYECKHM [0/H-
HOMOM, TIPEICTABHB €e B BUIE

N .
FE) ~ o+ Z (a,‘ cos 2k 3.~ by sin 2mk T‘i)
k=1

70 -LAA  JuoGoro N qonydvaeTcy HauMeHblllee KBaAPATHYHOE
YKAOHEHHE OT TOUHOTO 3HaueHas f(f), ecam Kosd uUHenTb
MOAHHOMA ONperesedt Mo Tem e Gopuyiam (2.4), (2.5) u (2.6).
C ypeanuennem uucaa unewos N npuOMKedde, pasyMeercd,
yayuilaeTcs, M B npedede, npu N —» oo npubausweHHoe pa-
BEHCTBO TEPeXOJUT B TOUHOE.

Pap &dypepe moxer ObTb TaKiKe 3aNHCAH B KOMOJACKCHOH

dopme caeayOwnM 0OpasoM:

S,
Fy= Y, Cer i, (2:7):
. k=—w
roe
0, = eI = a;,— jby o= 21C[s cg=C,.

. Renmnunna_ _2{_\ - -ECTh. KOMTIOEKCHAN aMilJAYTVd. nL v LdXOHYPTCA
no qopmyne

.mli-a

t
Cr=ar | £ e at, (2.8)

b | 3

Cymunposane B (2.7) senerca no Bcem nestm kB Kak TOMOMH-
TeJbHBIM, TAK H OTPHUATEMBHEIM, BKAOYAR M Hyds. Has Toro
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arobb BepHyThes oT (2.7) k (2.2) uam (2.3), HYXKHO BCIOM-
HWTB, YTO BelleCTBEHHAA YACThL KAWLOTO CAAraeMoro NoA 3Ha-
KoM CyMM B (2.7) yeTHa mo OTHOLIEHHIO K &, 3 MHHMAS® 4aCThb-—
pevera. B nadbhefiwem Mb GyjeM HOPeHMYLECTBEHHO TiG/b-
30BATBCA KOMNAKTHOH (opmoll (2.7).

Pan &ypbe paer pasaoxesue nepuolnueckol Qynxnuy
00 TPHTOHOMETDHUCCKHM QYHKUHAM. ITO pAsNOMEHHe MOXKer
OnTh 000CIeHo 1 Ha cayvalh HenepPHORHYTCKOR QyHruHM. He-
Crporuit, HO HATSLAMBIE NyTh K MOAYYEHHK pasiomeHus dypoe
BeNepHOAHYECKOR (IWHKIMM COCTONT B HDUMCGHEHHN Hpenedb-
HOFO mepexota npu 7 — oo. JefCTBATENLHO, HENePHOAHYECKYIO
GDYHKIMIO MOXHO DaccMaTpHBATL KAK NPEleabHblll CAYUYEH Nepd-
OJHYECKOH (GYHKUMH NpU HEOTPRHHUEHHO BOSPAcTAlWEM TiepH-
one. Bosbmem opmyny (2.7) m MOACTAaBHM B Hee 3Hauenne C
Ha {2.8)

T
@ b f ,
fO=% N ST p0e T
7
T

[Mepettnem k mpeaeny, ycrpemiss 77 K GeCKOHEYHOCTH. Buecto
1
= bUEAEM KPYTOBYW) OCHOBHYH YacTOTy

r
2%
m1= T .

Srta BEJHUMHO eCTh HYACTOTHHIA WHTEPEAN MexNY COCENHUMH
rapMOHHKEMH, YACTOTHl KOTOPBEIX DPABHE 21':%. Ilpu npeleabroM
NEPEXVAC CACHAEM 3aMeHy N0 CAelYWOUWEH Caenes

T > oo,

v, — dw,

k
2n — W,

r
rpe o® — TeKylas yaCToTa, MIMeHAKMIAACS HENPepLIBHG,
dw— eenpupawenne. Cymma nepeiieT B MHTerpan, 4 Mul 00Ay-
YHM,
o o
_ ; _ -
Y o= Jwt o : .
ju == o ‘l &l i J St et gy, (2.9

—cp —~co
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e
f(f)=éin fS(m)ef"’fdw, ' (2.10)
rne
S()= f;(f)g—_jwtdi.. (2.11)

dopuyas (2.10) n (2.11) apasioTcd OCHOBHEIME (hOpMyJaMi
Teopun cnexrpos. OHE npeacrspastior coGofi napy mnpeo6pa-
30Bakul dypee, CBALIBAOWMX Mexay coboii JlBe QyHxuuu:
BELIECTREHHYIO QYHKUHIO BpeMenu f(f) H KOMIJICKCHYID GYHKILNIO
vactorel S(w), Popmyaa (2. 10) npescTanisier coGOH uHTerpaa
dypre B goMniekcHol dropme. Cmupica 3TOHR QOPMYaE COCTOMT
B TOM, uTo (yHKuMf f(f) npeidcrapicHd CYyMMOH CMHYCOWAajb-
HBIX cocTaBasiowHx. Ho @ynkuws f({) npefnoiaraerca neme-
puoAnueckOl; NMUITOMY OHa MOWeT OHTh NPEeACTABAEHE TOALKO
CYMMOI) OECKOHEUHO GOMbIIOro uMCia OECKOHEUHO  Mafblh,
KoneGaHuh OeckoHeuHo GAMBKHX no 4acToTe. Komnaekcuas
AMTIANTY A KANAOLO OFiedbhOro koaebaHus OeCKOHEYHO MaJja;
OHA paBHa

dC=1 S@wydo. (2.12)

YacToTHLt MHTEPBAJA MekK1y ABYMS COCEIHMMM Konefanuamu
Tak¥e OeCKOHEYHO MaJ; OH paped dw.

Ecnu psa Pypbe npeicTapiser nepUOAMYeCKYID QYHKHKIO
CYMMOIO X0Tn H CecKoHeunoro 4mcjAa CHHYCOMHA, HO € UACTO-
TAMH, HMEOUHUMH onpeﬂe.ﬂeHthe AHCKDETHEIE 3HAUYEHUA, TO HHTe-
rpas Pypse ApelcTaRIHeT HEMEePHOLHUYECKYIO (YHKIURIO CYyMMOL
CHHYLAT < ‘i{'iﬂf‘pc'rs'sﬂ‘-s'{fis IR ERRATIRIAIRY SRR
B cocTape HemepuoaMueckod (YHKIMM HMEITCH, KAK TOBOPHT,
BCe uacToThH.

Onna w3 ocofennocredl, oOTAMMALLMX  unTerpan $ypye
oF papa $yphe, COCTOWT B TOM, uro PAA Pypbe npelcTaBaneT
NEPROAMYECKYIO (PYHKILHIO KAK CYMMY NEPHOAHYECKHX MKE COCTAB-
AROLMX, TOTAA KAk HuTerpan ¢yphe npeicTaBiseT Helep uo-
JHUYECKY O (YHKUMIO cYMMOH mepuoAHMecKnX COCTaBAAI0ILAX.
Takum ofpazoM, B ciayuae mHTerpasa $ypbe cymma He oGaagaer

| CYUfeCTBeHHbM CBOHCTBOM CBOHX CaaraeMbiX, H 9TC 00CTOATE b~



3 31 CNEKTPH; ONPEAEJEHNS U KAACCHPOHKALINA 17

¢TBO H200X0AMMO MMeTb B BHAY WpPH paccyiennsx ofuero
Xapakrepa O CReKTPaAbHOM. PasnoMeHuy no Pypbe.

OrMeTHM B 3aalouenue, YTo Qopmy sy (2.10) MowHo sanucaTb
B BeueCTBeHHON dopMe; Toraa uuTer puposanue OyaeT npousso-
JAWTLCS TOABKO NGO [OAOKUTENLHEM YacTOTaM. BBeas ofosnaueHune

S{w) = A(w)+ /B (w),

noayuny (yuuThisas, uto A-— uerdas, a B — ueuetnas thyuKung)
j(t)=i“ J [A (w)cos wf — B(w)sin wf] dw. (2.13)
0

L OWHO NOAYUHTh elle OAHY 3anHck dopmydan (2.10), nped=
CTaRMB €& B BHIE

B KBAAPATHHIX ckoOKax CTORT CYMMa CONPMKCHHBIX BeMNYHE,
paBHas y,ﬂ,BOEHHuH BeuecToeHHON YacTH, ﬂoa’romy

JO= L Re J S (w) &t do. (2.14)

v

§ 3. Cnextpel; onpeleneHnd U KJaccudukauus

Bepuemcs Kk @opmyae (2.2) psaa  @ypbe u nepeidile
ee B BHAE

JOy=co+ kz € COSs (Ruf — @),

2
3nect o, = — — ocHoBHas wacrora. Kak mel Buamy, crowwas

nepuoiuMeCKan yHKUNs f(f) snoaHe onpeneaneTcs COBOKY I~
HOCTBLI) BENMUMH € B @y, COBOKYIHOCTb BEJMUHH ¢ HOCHT HasBa-
HHe crieimpa AMDAATYA. COBOKYNHOCTb BEJAHUMH ¢, HAZHBAETCA
COOTBETCTBEHHO CHEKTpoM ha3. Jlas MHOrMX MpHMeHeHHH AocTa- -
TOYHO 3HATE CNEKTP aMOauTYA, OH NPHMEHAETCH HACTOLKO
42CTG, YTO KOTEd FOBOPAT TMPOCTO CNEKTP, TO MOAPA3YMenalor
VOWNHO MMEHHO AMIVMIMTYAHBA chnekrp. B ocTaabubix CAYuanx
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JLeJanT  coOTBeTCTBERNHBE OrosopkH. Mmp OyjaeMm nocTynaTe
TdK iKe,

Criextp mepuoadueckol YHKLUR MOKHo n300pasuTth rpa-
gnuecky. DBniflepem pas  3T0TO  KOOPAHHATLL € M w == Rua,,
Crexrp Oyner HaobpameHn B 970l CHCTeMe KOOPAMHAT COBOKYI-
HOCTLI) AMCKPETHBIX TOWEK, TaK KAaK KANA0MY SHAUEHHIO R,
COCTBERTCTBYET CAHO onpefenenuce ¢;. [paduk., cocToswuit

H3 OTIeNbHBIX TOUEK, HEYAOGEH.
P Tlosromy npunaTo H3oOpaxaTh
AMMJIUTY DB OTAENBHBIX FapMO-
HHK BEPTHUKANLHBIMH OTPE3KAMH
coorTgercrsyowet Aauun, B pe-
BYAbTATE CIIEKTP NEPHOLRYECKON
GOYHKUHH NpHHHMAGT BHA, NO-
xazanustl ua pHe. 1. Bro—

: I ANCKDETHBIH CMEKTP; ero Hashl«

aL.'_, Zw, Juw, Y, bw, @ BAT TawyKe AnHeluaThim, 3anm-
CTBYf STOT TepPMHH H3 ONTHKH.

Puc. 1. Bropoe cBo#icTBO CnexkTpa, H3o-

Op4ienHoro Ha pHC. |, cocToHT
B TOM, YTO 9TOT CITEKTP -— rapMOHHUECKHHA. DTO 3HAYHT, 4TO OH
COCTONT M3 PABHOGTCTORIMMA CHEKTPaAbHBIX JIMHHE] 4acTOTHL
FapMOMKK HaXOASTCH B OPOCThIX KPATHHIX COOTHOLIEHHMAX,
Koweuuo, oTienbHBE rapMOHMKM, HHOFAA Laxe NepBaf, MOTYT
OTCYTCTEORATH, T. €. AMIUIHTYAH HMX MOLYT PaBHATECH HYJIO;
3T0, QANAKO, HE HApPYyWIaeT TapMOHHYHOCTH CHEeKTpa.

He caenyeT RyMaTh, 9TO TOJLKO TNEPHOAKUECKAA QYHKIUA
obnapaer gpuckpeTHom crexktpoM. [lpennomomuM, Hanpumep,
4yTO CAOKHOEe KoJelaHie eCTh pPe3y/bTAT CA0MEHHA ABYX CUHY-
COMAAMBHEX KOJAeHaHHH ¢ HeCOM3MEepHUMBIMM 4aCTOTAMH, CKameM

w, H VZ w,. 2T0 KoaeDaHHe 3aRLAOMO HEMNEPHOLUYECKOE,
OLNAKC CleKTp €ro JHCKPETEH ¥ COCTOMT M3 ABYX CIEKTpalb-
HbIX JnHHA. ‘ i

$yukuun, obnapawouas  AMCKPETHBIM  Cll..TPOM H3 MOpO-
M3BOJABHO PACROJOMEHHbIX HA WKAJE YACTOT CNeKTPAJAbHLIX AUHAH,
HABBIBAETCA TOUTH-LEPUOAHUSCKON W 08aanaeT MHOTHMM HHTE-
pecHbiMH CBOHCTBAMEH ¥},

*) Cm. no groMy nosoay I B o p, Tloutn-nepuoguueckue ¢yuxnnn,
I'TTH, 1934, xkparkui ouepk TEOPHM [OYTH-NEDHOAKWYECKHX (hyHKLIE
Jad B npuagweunls k  kuwre: M M. [l pusaaos, Paas Pypue
UTTH, 1934,
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Wrax, nMckpeTHbie, WM JAdHedYaThle CIEKTPbl MOTYT MpH-
HAZLAEMATL KAK MEPHOAMYSCKUM, TAK ¥ HeepHOAHYECKHM (yHKs
upaM. B mepsoM  cayudae mueeduyatHl crexrp 00A3aTelbHO
rapMoHmuecxkut.

J Boaploe npakTHycCKOe BHAYEHHE HMEET YacTHeHA cAyvah
MOUTH -{lePHOANYECKOH  QYHKLHKE, NPEACTABAAEMOR pasiodic-
‘HUEM BHI3 '

f) = 3 ¢ cosl(wy+ k)t — g,

roe k TPHHHUMAET KAaK NOJ0MMTEABHbIE, TaK H Q’I:pl’lilHTEHth[e
anauennd, CHekTp, oTBevawIUHH ITOMY DARTQIKEHHIO, XapaKTe-
pU3YeTCA TeM, 4YTO AMHMM ero SKBHAMCTAHTHH, [OSTOMY MH
OyaeM Ha3LIBATL TAKOro poja AMHeHYaTHH COEKTp Kpasurap-
MoHHYecKHM. TaKoBh, HampuMep, CNEKTPL MEPHOAHYECKH MOLY -
JUPOBAHHEX KOJeOaHMH; @y B 9TOM CJYyude eCTb He 4TO HHOE,
KidK Hecyluas 4acToTa.

OGpaTeMca TeNepb K CHEKTPAM HENeDHOAHUYECKHX PyHKUHH,
Mb yme 3HdeM, uYTO B pesy/bTaTe [PELEAbHOTO Tepexola
OT psla K uurerpany Pypbe HHTEPBAMN MEXALY OTAEAbHLIMH
CACKTPANLHLME JHNMAMH HEOTDAHHUYEHHO COKPAWAKTCA, JHHHH
CAKBAIOTCS, M BMECTO AWUCKPETHEIX TOUEK CTEKTD AOJMMKEH H30-
OpanaThcd HENpephBHON MOCAELOBATEAbHOCTLIO TOYEK, T. €.
HenpepsBHOH  Kpupoft. Takoro poia cREKTp HasblBaeTCH
CTIVIOUIHBIM,

31ech HYXHO OLHAKO BHECTH OLHO yTouneHne, Mbl uacasi
dopmyay untTerpana dgypese 3 Bune (2.10)% '

+oo

10 =g | S@emido.

—_—0

Monwurerpansras GyHKUUA BHPawdeT OTACALHOE, GeCKOHEYH:
Maloe caaraemoe, T. e, Koaedanue ¢ LeCKOHeYMO MaMUVR adMiliH-
Tyaot dC:

L5 (o) et do = dCemr,
OTciona warviiM

oo _dC
S(UJ)—‘R&:-

Taxum ofipazom, seanuuna S{w) BHPDKALT He Henocpen-

CTBUHHU @MILAWTYAY, 4 Tak HA3LIBACMYIO Cilentl PUdoliVi0 RAQHE= .
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#ocms, Opnako OOHUHO 3TY JeTans ONMYCKAlOT W Ha3bBAWOT
S {w) KOMNAEKCHbIM CNIEKTPOM HenteprHoonuec KO QyHKLHY, a a0co-
JMIQTHOE 3HAueHHe (MOAYAb) 3TOH BEJHUHHEI

P (w) =S (w)|

npoCcTO CAEeKTPOM, IT0 MOKET MOBECTH K HelOPAIYMEHUIM Kuulb
B TOM Cdyuae, xoraa Mel OyieM HemocpeicTBEHHO CPABHUBATH
COOTHOWMIEHNA 1A NePHOLHIECKUX H HEMepHOARYSCKHN DYHKUHA.

VTak, MB #MeeM ABe OCHOBHBIE PA3HOBULHOCTH CACKTPOR!:
ﬂﬁﬂmw U CHJIOLIHLIE. Fapmonuqecme JUHERYATLHIS CIIEKTPH
NPHAHAAMENHAT TIePHOAHY )CKHM CI]YHKLLHHM, CIVIOLUHBEE —— HEflepHuo-
JRUSCKHM, :

B sakmodenne HacTofuUlero maparpada 3aMeTHM, YTO TeMH
HAH MHBIMH QYHKUHAMH BPEMEHH MOTYT BLIPAKATHCH HIMEHeHMdd
caMplXx pazauudnx  duadueckdx  Beauund. CooreercTBYOWMH
CMBICA TOJAYYAT W choekTPs 3THX dyHKuuH. B npakruke npH-
XOLNTCA, HanpuMep, MMeTb AEA0 CO CHEKTPAMI MEeXaHHUYECKHX
peadyyH: CMelleH#sd, CKOPOCTH, YCKOpeHud, CHJAb, RaB/JAeHHUA
H T. 0., 3JICKTPUYECKHX BEJAYHMH. TOKA, HANDSMEeHHa U T. [
Kpome Toro, wHac uacro HHTEPECYIOT CHEKTPHL KBANDPATHUMBIX
BeJUUHH: MOUIHOCTH WAd SHepruH. Hanpumep, B ontuke uawe
BCCro HMEKT 4840 €O CHeKTpaMH THUX BeJNHYHH.

§ 4. HekoTopble TeopeMB O CHEKTpax

Bupenem Teneph HecKOAbKO OOWMX TeOPEM O CHeKTpax,
OCHOBAHHBIX Ha CBOHcTBax Opeodpasosanus dypbe. AT TeopeMst
CXO/AH: C TEOpPeMAMH OMNepPaillHOHHOro HCUYHCAEHHA W BHIBOAATCA
anajorguEsM MyTeM: pedb npeofpasosanue ©ypoe w upeodpa-
aoBaHne Jlanaaca, cocTaBARIOUlEe OCHOBY ONEPAUMOHHOID HMCYHC-
JeHHs, HAXOAATCH B OAU3KOM POACTBE Mew/ly cobof.

Ipesne Bcero ormMerum, YT0 npeobpasopadue Pypbe suxelno.
Hs aT10r0o HemocpeacTBeHUO CJACLYET, 4TO K HEMY NPHMEHHM
OPHHUMN HAaKOMeHHA. D710 OOCTOATEALCTBO MOKHO BHIPA3HTL
CAEAYOWMM COOTHOIEHNEM!

+og

S0+ Sy = [ etIA@ + OV (4.1)

O

Cupicn cooTHowedns (4. 1} moxer OuTh KDPATKO BuIPpAKEH IaK;
CHEKT) CyMMbl DaBeH CyMME CUEKTPOB,
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Tenept roxamem TeopeMy O cnektpe mnpowussoauntt: ecan

KOMLAEGKCHBIA cliekTPp QyHKuH f(£) ecTs S (w), TO KOMILIEKCHBIA
d .

CHEKTp f’(t):;l;'; ecTh fwS (w); KOMNMEKCHMH CNeKTp npOW3-

BONHOH MOAYu4eTCA H3 KOMIVIEKCHOIO CRekTpa (PyHKUMY yMHO-
WMeHeM Ha ju,
A8 R0Ka3aTeAbCTBA COCTABMM BHIDAKEHHE
+0S
S ()= f e £ at
—c
H OPOUHTerpHpyeM ero no vacrtaw. [lomyuum
+ 00 +ou
Sy @=smet o [ ft)eietat.
-0 -0
Tax kak QyHKUMA, NPENCTABHMAS HHTerpakom $ypbe, ofpa-
lmaercs B HYJbL OpH [ — ZIZ 00, TO uMeeM
Sy (w) = juS (o). (4.2)
Bro nckazaTefbCTRC MOMET OBITh pacOpPOCTpaHEHD Ha CJY-
uall #-# npouapopHoH. [IpOAEaB HHTEr pHPOBAHME MO UYACTAM
n pas, NOAyuYMM KOMOJAEGKCHBIA CMeKTp n<ff mpousponHol [npu
YCAOEMH, MTO BCe MPOM3BONHBIE QYHKUMKM A0 (n — 1)-ro (o-
paAKs BKAIQUMTEABHO 00pAWAIOTCA B Hy. b OpH { — 2= 00]
S(n} (w) =(jw)”$(w). (4.3)
TTonofHeM ke 00pa3soM MOXKeET ObITh BHRENEHO BHIPANEHHE

BAA KOMAIEKCHOPO CMEKTPA MHTerpaja OT RAHHOA (YHKUHU.
COCTABANH BHIPAXEHHE

+co

Siop (0)= fe"”‘( _}f(r) ff'r)dt

— &)

H HHTErDHPYA ero o 4acTaAM, HAXO0AHM

Si-p (8= - 5 (w) (4.4

Hpun YCA0BHR, 4TO

+00
f fdi=0,
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ITo ycroRNe RWMOAURAETCA, HATPHMED, 17 BCAKON HeueTHOH
{yHKUMH, HHTerpupyeMolt B OECKOHEUYHLIX Npeleddx.
" DBruipepemM Teneph mblpamedHde AN KOMIJAEKCHOFO CrHEKTpa
QOVHKUMY, OTAHYaefics T UCXORHOH 3amasjsiBaHHesm Ha
Bpemss T. Mpl MOMeM 3aMUCATh

E=]

S.{w) = J’ e-dot f(f Ty dt>

-0

Hyren npoctoff 3aMeHsl NepemeHHol no dopmyde f| =1 —=
NPUXOAUM K Pe3y/bTaTy

S, () — =45 § (o). @5

Ecnu B 9TOM COOTHOLUGHHH TMEPEHTH OT KOMH/ASKCHBIX CleK-
TPOB K HX MOAYJAM, TC [OLY4HM

1S (@) = O (@) = D (),

T. @, TUPH 34M33ABIBAHKH — WK BOOSLIE NPH CMeulewnu dyHK-
HAH M0 uwikaje BPEeMeH — CNEKTD €€ OCTAETCs HEeH3SMEHHBIM.
Mwaue ropopa, cnekTp He 3aRECHT OT BHOGOPA HAYAABHOTO
MOMEHTA 418 OTCYETa BPEMEH, 4ero M CJeROBAIO OKHUAATH.
N Crenyiomas TeopeMa OTHOCHTCA K TPAHCIIOZHILMH (TepeHocy)
cnekTpos. Borpoc craeurca caeaywoum odpasoM: KakoH QyHK-
LMHM COOTBeTCTBYET CIIEKTP, CMELIGHHLH Mo lIKaje YacTor Ha &¢
Tai kax :
+ca

S(o+Q= [ el fpyat,

—Co

TO, CJAEHOBATE/NBHO, KOMIMJIGKCHBIM CHOEKTPOM HCKOMOro BHIA
Toyper DOJANATE PYHKLUR

fo()y=e-71(t). (4.6)

BuiseseM Teneps HeKOTODHE (o/ce CAMKHEE COOTHOLISHHA.
Bosbmem oshipamenne wuterpata dypee

+o0

W= | S e do,

—g
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yMHOXREM ofe uacTu HAa [y (£) 1 npounterpupyem no ! 8 npe-
Aenax == oo, loayuum

= . 00 +oo
f AOLO A =5 f f2 (hyat f 8, (w) eiot du,

Mamenum mopsiok WHTETrPHPOBAHUA B MPaBot uacTus

&+ oo +co roo o
[ /z(f)df [‘ Si (u))gjwidw: r SI (w) dw Jlfz(lf) giwt g,

_TaKnM ofbpasoM,
+oo +c0
J XGIRGY % j S, () Sp(— o) do. (4.7

Ara bopmyaa roantca, HanpuMep, LAA BHUUCACHUS JHEDIUH,
€CAd  M3BECTHBL CMEKTPEl TOKA W HANPAKeHUs, HAN A0GLIX
ABYX Apyrux QyHKuM#, [pow3BeLeHHE KOTOPHIX  BHpauaer
MOUIHOCTb.

B Bewecrsennolt popme Qopmyaa (4.7) moxmer OuT> npex-
cTaBieHa B Buae [yunTwiBas, uro S (— w)=S"(w)]

[=e]

Jfl (D fy (O dt = % j P, () O, (0) COS (9; — o) dw; (4.8)

0

hag 4acTHOrO cayuyagq f1=f2

oo o _

n r ) -

r fEDdt = TJE | $2(w) dw. - (4.9
- a

Mocaranee cooTHoWeHME H3RECTHO MO 1IA3BAINEN TEODEMH
Pahau. Hawm npeacroutr #M  nOAR3OBATLCA B Adabuebinew.
dopuyaa (4.9) nokasupaer, uro no GUIHHECKOMY cMbicTy byHics
e

D2 (w) = S (0) §*(®)

APEACTABAACT CNEKTPA/BHYI0 MAQTHOCTE 3SHEPTitH.
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Mepennuiem QGopuyay (4.7) 8 HOBLx ofo3navesuax

J‘ Filu, (O dt = “2% J' Sl(") Ry (—v)dv

H OHPEelednM DYHKIMIO #,(f) COOTHOUjeHHEM
iy () = fo () e~dwt,
Ecan ofo3navuts depes S cnexTp QPyuxuan fy TO wa oCHo-
Banuu Teopemu (4.6) OHviaem uuern
Ry =35z (0 1+ V)
H, CAeN0BaATEJLHO,

+oo +co

A S () fo (B) e=iotdl = 2_]75- J. S ()8, (w — ) dy,

-0 -0

Taxum ofipazom, ecan S; 1 S, -— COOTBETCTBEHHO CEKTPLI
dyakun#t f, v fo, a S—cnekTp npoussejeHus f=f, f,, TO
ameeM Foo

S(w)= % J' S; () 85w — v, (4.10)
—0
WMurerpan B npabod "aciu HOCHT HazBaHUe CBEepPTKH
shyaxuuit S, 4 S,
Coornowernue (4.10) BelpaxdeT Clektp npoOM3IBEACHAA ABYX
(PyHKuRHA Yepes CHEKTPH KawIof H3 HHX.
Beisenenm, HikoHed, eule onHy dopmyay. CocTaBuM cBepTky
ABYX GyHxkuufl BpemeHu £, u f,.
+oo

fO= [ h®ft—)ds
M BrugcANM crnextp SToll pyHkuan
Sy= [etar [ 1,6~ de=
he
= [n@dr [ el fyp— =
L] + oo

z:f e 3ot f, (1) dr f e dor fy (p)dp.

—0 —o
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3nechb 10CAe NepeMelt MOPAAKA UHTETPUPOBAHHS CHEJAHA 3a-
MeHa nepéMmennoll no dQopmyie p=—=%¢—-—1.
Hrak, cnektp dyaxkunu f(f) ecrb

S (w) = 5, (0) 53 (w). (4.11)

D10 COOTHOIWIGHHE AAeT BO3MOMHOCT:E HaltTH  dYyHKUMO
BpEMeHH, CNeKTP KOTODOH W3BeCTeH H BLIPAXKAETCHA NPOU3BE-
JendeM cnekTpos nsyx (pyHxunii. [lomaras B (4.11)

S, (@) = S} (o),

MOKHO yOeanTbea, uTo 9% (w) ecTh cnexrtp dyHkuMA
[=¥] (=)
[1@1¢+va= [ rmrc—tas.
. —0

[MpuMerenue cooTnowennit (4.1)—(4.11) momer B 3Hauu-
TeqbHOW cTeneHH OOJErYHTL BHYMCACHHE CMEKTPOE Pas/HMUHBIX
dyHKuul. ‘

B sakmiouenue HacToAWlero mHaparpada cielyer yKasaTk
HA OAHO HHTepecHoe OOCTORTEJRCTBO. [Ipumensa pasiomenue
Pypbe, MB HMeem A¢0 ¢ napofi npeobpasoBaHuit Pypee:

]

w |
S (w) = fj(t)e»'fdt |
oo (4.12)
f(t):il}J S () et do.

i }

B atux dopumynax obpawaeT Ha cebs BHUMAHHE TO, UTO BpeMd
¢ W Kpyrosas 4acTOTA ® BXOASNT B HUX CHMMESTPUUHLIM 0fpa-
30M, Ha paBHBX HAuanax *). Ho ns noaHo#t cummerpud dopmyn
(4.12) caepyeT Takwke, YTO BCAKAA TEOPEeMa TEOPHH CIEKTPOB
HMeeT NapHyl0 TeopeMy, He Tpe6y10u1yi0 ocoboro Jokasatelb-

”c) lbopmynbl MOTYyT OLITh CHeNaHbi COBePIIEHHO CHMMETPHUYHLIMH,

; I
eCNH, NM3IMEHNB Onpeaenendd, pasHeCTH MHOMHTENb ;2—- na oba unre-
T

rpaJga (T. €. BBeCTH B 00eHX qupM_leax MHOMHTCAE KaK 4acTo

A A£44K0T,
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CTBA W NOAYUAEMYIO W3 RAWHOH TeopeMbl npocTolt ¢gopMaabHOR
saMeHol nepemennol £ nepemeHHof @ M (pyRxOuR BpemMenp —
COOTBETCTBYIOLIMMH CleKTpadibHeiMH HAOTHOCTAMH.

ITepecmarTpuBas TeopeMn Hacrofulero maparpada, me yGe-
WAAEMCA B TOM, 4TO OHHM HMEWT napHofl xapakTep. Ias HAKO=-
CTpalUM 3TOTO MOMHO 3aNMUCATh HEKDTOpPLle M3 HUX B Qopme
TaGAKLLbL

Hexonnsie npeoGpadcsanud
oo +oo
Silw) = f fifye—qwt gt Fl) = Qi J1 S (o) edot do
-0 TB _ oo
-+co +oo
S;= f'f(t““‘ﬂ)e‘if“’tdtz fo =L J S (e + Q) et do =
e O o
=g—iwt § —p —i0tf
Teopema 3ana3abiBavKs Teopema cMeujenHa
+o0 +co
S= f fif?lg_'jwt dt = f= ‘—]— J S1S?‘€jwt dw =
e ) 2n
—c0
1 e T
=g Jl S1() Sz (w—vyav = j A —)ds
—0 — 00
Teopema o crmexTpe Teopema o cnexTpe
Npon3BeNSHNA CBEPTKA

§ 5. Tekyuwmi cnextp

[To ocuosnomy onpeleienno (§§2 ¥ 3) chexTpaabHas
MIOTHOCTL BHIpaaeTcs Mopmy.aofi

oo
S () = f () e—dwt gy (5.1)

— o

Taxum 06pasoM, A% HAXOKAEHHA CREKTPA HEODXOAUMO
BHNCAUATE YHTEr PUPOBAHHE [0 BpeMedd B OECKOHe4HBIX fipe-
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penax. JTO BO3MOWHO B npuHuune, ecan ¢ymxuus f(¥) sanana
W H3BECTAa Ha BceM OECKOHEUHOM TPOTAMEHHH OCH BpPEMEeH.

wHo ecmu dynxkuua f(f) ecTb oToOpaxeNHe HEXOTOPOro pealb-
HOFO (PU3HUECKOro npolleccd, #BJAA0erocs oOhekToM HALIETO
HalawaAeHNs, W eCHH Beck XOA 3TOrO Ipolecca He MOXET ObITh
B TOYHOCTH NPEelCKA32H Ha OCHOBZHHH TEOPEeTHUECKHX CO0Gpa=
JeHHM, To cBenreHus o© Qyuxkuuy F(f) My noayuaeM Jaulb
B pesyabraTe HawMx Habawiennil. TlosToMy Mbl MOmxeM BH-
NOJHKTL HHTETpHPOBAHHE He B OecKOHeUHBIX INpefeNax, Kak
sToro Tpefyer onpesesende (B.1), a AHIB 1O HACTOSILIETO, .
TeKyWero MOMeHTa.

/ Bce mpowmsoe B HPUMHLMIOE HAM MOMXeT OHITh H3BECTHO,
TAaK YTO MHTErPHPOBANHE MOWeT OHTL BHIMOAHEHO B Npeneiax
OT —O0 IO TeKyllero BpeMcHd f. lamencnnoe rtakum oGpasom
onpelejeHHe CIEKTPa NPHHHMAET BUI

i
S, (0) = f F(E) e=at df, (5.2)

Benwuuna S, (w), seasowascs $yHKuHeH He TOJBKO vace
TOTH, HO M BpEMeHU, HOCHT HA3EAHHE TeKYLLero CHeKTp a.

B LeHCTBUTENbHBIX  YCAOBHAX HalmoNeHne npoliecca (Mam
campit npollecc) GaKTHYECKH MONET HAUMHATLCA B HEKOTODEIR
MOMEHT £, HAXONAUIMKCA B NPOLIIOM HA KOHEYHOM YAaaeHHu
OFT Texkyuero momenta £. B 9TOM cayuae MOMEHT f, Mower
OBITE NPHMHRT 34 HAMAXO OTCUETS BPEMEHH, M Mbl MOMKEM OMpe-
LENUTh TEKYULHH CTNEXTp ClAelylollnM o6pasom:

13
Siwy= [ f(x)e-ioTas, (5.3)

Mp Gynem B DaabHefiieM noaL30BaTeCA o0oHMM  ompelene-
HHUfIMHM TEKYLIerce cChneKTpa.

flcio, uTO CBABMBAHME = MATEMATHUECKOTO  OIpene/eHis
CINEKTpa € YCJAIOBHUAMH DPEaJbHOrC IKCNEPHMEHTA CamMo o cebe
umeer GoJblloe aHayeHHe. O6 9TOH cropoHe fena noapobHee
ronopurcs B § 18. Ho monsaTHe Texyluero cHekTpa #BAAETCH
pooOlle BecbMa MAEOAOTBOPHBIM.

Mul pavaAd Bce MBJCHEHHE TEODHH CIEKTPOB €O  CIEKTpa
nepHoiHYeCKol (yuxiMR, onpelelaemMOH COOTHOLIEHHMEM

Fty=f(t+ nT). @.1)
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Mepuonnveckans dyuxuas ecrs Marvemartwyeckas aferpax-
uug. IJrta abcTpakums oueHb TMofesHa. Ho HAMO umeTh B Buly,
YTO He MOXET CYMEeCTBOBATL HUKAKOrQ peaqbHOro - (puau-
HECKOro rpouecca, OTBeqaulero onpedeseduio (2.1) Beaxuit
HeHCTBUTEIALHBIY  MPOUECE MMeeT HAYAA0 ¥ KOHel, W, CAERO-
BATE/bHO, ONHCHIBAETCH BhipaeHdeM suaa (2.1) amwb wWa
NPOTAMEHHN KOHEeUHOro NPOMEXYTKA BpeMcHH. Mu HasuiBaeM
AeACTBHTELHB M OUKINUYECKH TOBTOPAOWHACA npouece
MepPUONMUBCKEM, eCH 3TOT MPOUeCe AAHTES ACCTATOYHO NO0JATO.
.MepuaoM AAUTEALHOCTH CJAYMHT HHCIAC KMEPHONOR»; AJAHTENb-
HOCTb BEAWKA, €CAH MHCIO NePHOAOB MHOrO. DOMbINE CIHHHILLL.
Ecan B3aTh KODOTKHUH OTpe30K apolecca, TO OH BOBCE He fiy-
AeT MMeTh MMEePHOAHYECKOro xapaxkrepa. Tllepmonuunocts npo-
Lecca MpoABAAETCA He CPA3y; AMML C TedeHHEM BpeMeHH 00-
PUCOBHIBAIOTCS XapAKTEPHBIE YMEPTH npoiecca, Texkywnii cnexTp
KAK PA3 W BLIPAKAET CO CHSKTPAALHON TOYKH 3peHus 91O
Pa3BHTHE npouecca.

v CnexkTp KOpPOTKOTO OTpe3ka npoueccd-—3a HeBoablioe
BpeMf OT erc Hauana-— OJIHOPOJieH, Tak KaK KOPOTKHH oTpe-
gox modoro Opouecca ecTh NMPOCTO kopoTkuh ummyasc. Ecan
B AajdbHelneM POUCXOIUT MNEPHOLHUECKOEe MOBTOPEHHE HEKO-
TOPOr0 WHKAA 4BJEHHA, TO Ha TeKYlleM ChnekTpe HauYnHaoT
cPOPMUPOBBLIBATLCA MAKCHMYML Ha OCHOBHOM uyacToTe u ee
rapMOHHKAX. IDTH MAKCHMYMBl CTaHOBATCH BCe ©Oojee OCTPLIMH
M BLICOKMMH, a 3HaueHHe CNEKTPaTLHOR MAOTHOCTH B HHTCP-
BaJMaX MeMAYy MaKCHUMymaMmH Bce yOnlBaer W — Jullb B Apele-
Jge, NOpH f—0C, — CUAOWHOR TEeKYILUK CHeKTP BHPOKILACTCR
B JdAHEHuUATHH CHexTp (IePHOAMUYECKOrO B CTPOTOM CMbICIe
npolecca.

— Koueuno, nipn nocTartoyHo GOABLMIMX AJMTEALHOCTAX NODO-
1ecca MAaKCHMYMEl AEAAIDTCA HACTOABKO Y3KHMH, 4TO UX MOMKHO
yie TPAKTOBATb, MOPAKTHYECKH, Kak aupad. OoHako 3TO
He yManadaerT APHHUUIIHANBHOI O 3HAYEHHA BCEro CKA3aHHOrO
Bbllle — MEPUOAMUECKU NPOUECC eCTh AWML Npedes, K KOTO-
pOMY MOMET CTPeMHThCA ¢ TeUeHHEM BpEMeHH peaJbHbll 0o~
BTOpRIOWMHCA Tpolece.

Jng yacHewus BLICK23ZHHBIX cooGpameHnﬁ NOCTPOUM TEKY=
wHA cnexkTp cuHycouasl. [lpuMenas onpeaencdue (5.3) u noa-
CTaBisn B HEro

J()y=-sin@f
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Hanuem

i

Sp= [ e7ot sinQt dt =
]

9]

{ ].—e el (cag QF -l- ;— sin Qtﬂ (5.4)

TR e

dopuyay (5.4} MOKHO CYLIECTBEHHO YNPOCTHTh, paccMaTpH-
By 3HAUEHMS CHEKTPaAbHOW MAOTHOCTH AJA AHCKPeTHbIX MO=
MCHTOB

t:f ——

nd—
ho==n

K a

MNoactasue 270 sHavenne B (5.4), nonyuum

St . }_ | 5 [1 _ (__ 1)"’ e—jﬂﬂ%]

. '1_(£)
@)

By= S| = o S E (5.5)

n CneKTp

B ato#t $opMyse 3uaK Sin OTHOCHTCH K YETHOMY 1, 4 3HAH
cos— Kk HeueTHoMy n. Beauumna n o3Havaer 4MCAC NOgy e
pldO,EI,OB CHHYCOHABl € MOMEHTa SKJKUYeHH.

HeonpenenennocTs npd o =& Jierko packpeBaeTs:

1 T

q)lto— =§I$RT,

T. €. CHEeKTPaibHAA MAOTHOCTD Ha 2TOH Y¥a:TOTe HapacTaer
€O BpeMeneM JHHeHHo.
" Texyuniulfi  CNeKTp CHHYCOUAH, BHuUKHCIEHHHHE no dopuy.e

(5.5), npeacrarien Ha puc. 2 B BuAe peasedha. [lo ropusou-
Ta/AbHOHl CCH, AeXalWleld B RAOCKOCTH YepTerwa, OTAGMEHO OTHO-

w
[eHue, 9acTQT. o Mo OCH OpPAHMHAT — CHNCKTPaNbHAA IMOTHOCTD;

MO rOpU3OHTAIBHON OCH, HANpaeAcHlOW oOT 3puTeds, — Yucro-
Oy NepHOACBE . _STO.lllflC.ﬂO, oueByin0, TNPOROPUACGHANBNGD -
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Bpemeny. Jeran? Ha NeBOM ckhoue peabeda onyiuens, uToOLt
He YC/IOKHATL YepTexa.

Puc. 2 SACHO TIOKA3BIBAET, 4YTO BHa4a/Je CieKTD mnoayvaeTrcda
OIHOPOAHBIM; JHIIb NOCTENEHHD CEOPMHPOBLIBASTCH MAKCHMYM
Ha 43ACTOTE Q.', 2TOT MAKCUMYM C TRUCHNHEM BpeMedd CTIHOBUTCA
Bce Gosiee W GO7Ee OCTPHIM, HO AHIIL B Npedeie npu £ — oo
¢urypa npeBpaTHTCA B JAHCKPeTHYIO CHEKTPAJAbHYK JHBUIO,

Puc. 2,

KOTOpOH mMbt m30OpaAKAEM NePHOAHYRCK OB, CHHYCORAAALHOR
koaeGanme, [IpH 3TOM COGKTPaiLHAR MJAOTHOCTE HA 4acTOTE
w= Oyger OeckoHeuHo Besauxa. Tak OHO H ACGDKHO GBITH.
TIo 9TOMY MOBOLY HYXKHO BCIIOMHHTH TO, YTO FOBUPHIULL B Y %
0 COOTHOUIEBHAM MENCIY CTeKTPOM dMAAHTYHL COCTABATIOUINX

nepuoirueckoll PYHKUAH H CASKTPaAbHOH NMIOTHOCTBIO HEMEPUG-
AiYeCKON (DYHKILHH.

§ 6. MraoBounuil cnextp

Brenenne MORATHA TEKYIMEro CREKTPA SHAYMTENBHA! pacuny-
pser Kpyr cieKTPajbHEX npeiactanierufi. ITo JONATHE mepe-
KMABIBAGT MOCT MENAY YACTOTHbLIM @ BPESMEHHHM - OMMCAHMAEM
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sagenntt, Ho owymaercs norpefHocTe # B JarpHefutem cGAu-
MEeHHH UACTOTHOI 1 BpeMeHHOM TOWeK 3PeHUN: B peayibTate
BOJHHKAET elllg OAHO MOHATHe: NOHATHE M2ZHOBEHHOZO cHeKmpa.

Obwunoe onpepenenne cuextpa (5,1} naer yuxumo vac-
TOTH: 34BMCHMOCTH OT BPeMeH# BbIMALRAET, TAK KaK CMeKTp
oTpaxcaeT npouecc B pedom. OnpenenfeHHe TeKYIUero CrekTpa
(5.2) oTpaxaer BCH) MPeAIECTBYIOWYIO (BMLIOTL 10 HACTOALWErO
MOMeHTA) uCTOpHi0 mnpouecca. Ho_ pMeer ouepunno, cMHCA
# NOHATHE O CMEKTpe, W3MEHSWEMCS BO BPEMeHd, H OTPAXAI0-
meM cBoficTea mpouecca § nauHblit Momeut. [Ipencrasum cebe,
HanpuMep, ARAAOr MewAy MywuuHoR W keuuguuoll, T. e. cole-
CEJHAKOB C HU3KUM M BRCOKHM rojocoM. CoeepueHHo ecTecT-
BEHHO TpPeACTABJeHde, UTO, KOTNA FOBOPHT MYMHUuHA, CHEKTP
3ByKa pacrnomaraercs B ofifacty Oo/ee MH3KHX uyacToT, 4 Koraa
TOBOPHT MeHIWHZ, CnexkTp nepeMewaercd B ofaacte Gogse
BHICOKHX wdacToT. O¢raeTcs naTh STOMY HHTYHTHBHO FACHOMY
JTIOHATHIO 4MeTKOE MaTeMaTHYeCKOe ONpejefieHue.

TMpocrefiutee onperenetue MIHOBEHHOTO CIEKTPE MOXKET OblTh
JaHO B CJAeAyIOUleM Bule:

¢
Sy (o, f)=ff(1)e*f““d~r, (6.1)
-7 .

T. €. MrHOBeHHHIH CHEKTP Ompeleted, KAK CMNEKTP OTpe3dka
npouecca AJUTETbHOCTbIO T, HEeNOCPeICTBEHHO NpelllecTBYIO-
ero JAHHOMY MOMEHTY {._)B ITOM OQIpEAeJEeHHH MBI HMeeM
ABAO CO «CKOJB3IAWMM» HHTErpHpOBaHHEM: HHTEPBAJ WHTET pH-
- poBaHAA UMeeT TOCTOAHHYID L JTHUHY, HO NepeMelllaeTes Mo OCH
BPEMCHH, DPACHOTOWeHWEe UHTEPRAAL HEUIMEHHO OTHOCH-
TEAbHO TeKYIEFO BPeMEHH f.

Boamowuo u Gonee obwee ornpejlesene MrHOBEHHOTO CTIEK-
Tpa, coCroAuee B TOM, UTO B NOJbHTEr padbHOE BHIDAMISHIE BBO-
BHTCA CKO/p3dlias (7. e. cBA3aHHAS ¢ TeKYIUIHM BpemeHeM)'
Leconast dyHKyHd, Onpeﬂeﬂenne MPUHHMAET BHIA

S, (o, £) = fr(f—t)j(t)e“l“"dr. (6.2)

Jlerko Bane, uto ofipeneense (6.1) ects vacTHuif clyqan (6.2),
eCAH B3ATh BECOBYIO (YHKUMIO B BHIe

rx)=o(x +7)—a(x)
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rie

a{x} =

{O npi x << 0,
1 npi x >0,

— efnunynan Gynitag. ITH COOTHOMWEHAA MOACHAIOTCH puc. 3.

TE - P{T"f)

7]
“"‘Unvnvrq T

i-r ¢

Pue. 3

Pano [22] npumenser onpeiencune {6.2), Bmﬁupaﬂ BECORYH)
PYyHKUMIG B Buae *)

r{x) = e (— x)

(puc. 4). 2rta (yHKUMA YYMTHBAET BCE MpoIAce Tporecca,
HO C BECOM, 3KCIIOHeHIHAMLHO VObIBAIOIIMM [0 Mepe YAJNCHHS

Frd
TR YT A v, =T .

Puc. 4.

OT HacTomlero MoMeHTa., OCHOBAHHEM IJA TaKkoro Bsibopa Beco--
BOll yHKIMR FBARETCR TO,. YTD OHA BhIpAWaeT (PakThuueckul
pe3ym.TaT CEeKTPANbHOrO0  aH3AH3a 0P MOMOLULM peanbﬁux'
GUILTPOB, XAPAKTEPUIYIDIUHXCA NOCTOAHHON Bpemeﬂn —.Katomy

BONpPOCY HAM ellle OPHIGTCA BEPHYTLCA B raape 2.

#) 3nechb. omyuled durypHpyownt y a0 NOCTOAHHLA MHCKHTEAD

lJI--

(2a)", He¢ HMEWWHHA 4ls HAC 3HAYSHHA,
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O6paramcs cHoBa k onpejenenuio (6.1) H nepenumeM ero
B BHIE
-7

(U): t)—— f f(T)e_JUJT dt— ff(':) ¢ —JwT o,

Takum oﬁpasom, MTROBEHRE R tﬁemp fipencTaBaey pasnotTLo
IBYX TeKyllux CNEKTPOB, WK, WHAUE TOBOPH, TpHpaUIeHUEM,
NOAyYaeMLIM TEKYLUIHM CNEKTPOM 32 MPOMEKYTOK Bpemenu T,
[Tpu mocrarouno MajAoM T sro npupatuede Morfio 6w ObITs
BLIpAMEHO uepe3 NMPOUABOLHYIO TeKYULEro CHEKTpa M0 BpeMeHH

A~ 2T,

Bro paccywA¢HUe TOMBOLUT HAC K ONDEACARHUID MTHOBRH-
Horo ciekrpa, npenaowennomy [lstoxem [27). [ednm onpe-
AenfieT MrHOBeHHBA CHEeKTP MOLUIHOCTH CACAYIOULEM 06pa3oM:

P, =] S, 6:3)

rie St {w) — TexyllHH CrekTp. HMrrerpan ot MrHOReHROr G CIIek-
Tpa MOLLHOCTH IO BCeHW OCH YacToT A4eT MPCHOBCHHY 0 MOUWHOCTD,
T. €. KBaapaT (QyHKUnM f(f)

L pwndo—ro.

Wuterpan oT MrHOBEHHOrO CHOEKTPA MOUIHOCTH 1O BNEMEHN
[0 BCGMY NPOIUACMY AAeT KBAAPAT MOAYAA TeKyliclo CilgkTpa

t .
[ewna=|s,m.

Kax BUnUM, MPHOBEHHBIH COEKTD MOMET OOpelefaTeCs no-Pas-
noMy. He chenyel 9THM CMYWIATLCA: BCe ONpefe/eHust [POH3-
BoJbHE. Hywxuo TOAEKO BRIGpaTe Uenecoobpashoe B naHHOM
cayuae (nanpsmep, YunThiBaoliee cnocod neficTBUg HAMEpUTEIL-
HOU annaparyptl) ONpefeneHHe H MeTKO- CPopMyMpOBATE €ro
€ camOro Hauana, 4ToGH sicuo Obio, 0 yeMm uiet peub. K co-
JKANEHHIO, 9TO0 2JAEMEHTApHOE- TpefopaHHe JadeKo He BCeria
BLINONNAETCA.

2 A. A. Xapreouw
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§ 7. CnexTpbl MOLYMHPOBAHHLIX KoaeGauni

Mepefinem reneph oT OSWHX COOTHOWIEHHME ¥ DSy npmio;
Wenul ¥ galiMemMca [NpeXie BCerc BONMDOCOM O MOLYJALHY,
UIrpalLUiM B COBPEMEHHOA TEXHHKE OY€Hb BAXKHYIO DPOAb.

Haubomcmee zuauenHe HMECT MOAVAALNA B TEXHHKE CBA3H.
Beakntt curpan  paswocessu--- 0yab TO curnai  Tederpadumbii,
TeJeOoHHBIA, TeAeBH3HOLHBIA Wi JoG0oH Apyroll — noayuvaercd
nyteM Moayasuud. Haayuenwe pannoctanpua Gez MonyasLnu
nosCcOHO YMCTOR CTPAaHUIE, MOAYJIMPOBAHHOE H3AYUEHHe TIONOOHD
CTpaHMLE, HA KOTOPOH HameuaraHsl Te MAM HHBEIE OYKBH WIH
aHAKH. '

Bosbuioe snmaueHue mMeeT MOAYJASUHA H B COBPeMeHHOH H3-
MEPUTENDHON TEXHHKE M B pfAjle CNEUHANBHBIX OTpacied.

[Tpu .mepenave CHIHAAOB NDHMEHASTCA. HEKOTOPHIA (uande-
CKMH areHt, HadplBaeMbiHl NepeHoCYHKOM, H XapPaKTepH3YIBIMHCS
B OTCYTCTBHE MOAYJIMUHM  ONPEJEJNEHHBIM -UHCJAOM HOCTOAHHBIX
napaMerpoB. Mopayadauna cocTouT B TOM, ¥TO TOT HIH WHOMN
HaPAMETD TIePEHOCUHKE H3MEHAETCH BO BPDEMEHH B COOTBETCTBHH
C nepenaBaeMblM CHrHaagoMm. B mpocTefiem ciyuyae, paccmoTpe-
HHEM KOTODOrO MBI ¥ OrPAHHYHMCR, B KAYECTBe TEPEHOCUNKA
NPUMEHAETCH CHHYCOHAANbHOE KoneOanne *), Januwem aHajAdTH~
yecikoe BHpAXEHKHE TaKoTo KoaebaHus

x = ¢ sin (wgf =4 @) (7.1

3nech ¢y~ AMILIHTYNA, Wg— YACTOTH, @y — HauajgbHasn dasa.
B nemonyauposamiom kKoaefaumy 3TH TPW napaMerpa, NoOMIO-
CTbIQ OnpefensiQune KoacaHHe, NOCTOAHHL. B npuuiune Bos-
MOMHO MOLYJAMPOBATL KAMAYIO 913 TPeX HA3BAHHbIX MNOCTOSHHBIX
BEAMUMH; Mbl O¥IeM HMeThb COCTBETCTBEHHO AMIIMTYAHYIO MOAY-
aaio (AM), uwacroraylo moayasumiw (HM) w dasosyio mony-
aauudio (M), PasGepeM kKawmabi Bus MOAYASUMM ToAPOGHO.
BoanelicTsue, nasuipaeMoe MOLYASUMER, MBI MOKeM Xxapak-
TEPU30BaTh KAK YMHOMEHHE MOAYAHDYEMOH BEJUYHHBI Hd MHO-

KuTedn
1+ mf),

rite [ (f)— Moayaupywinaa dyukiud, onpesengeMas Tak, 4tobu
| F(6) ] <1, a m-——peinuuHa, XapakTepusyiollag CTeleHb

*) Mpn mMnyascHom cnecofe nepelaul NEPEHOCUHKOM  CIYHHT
[EPHOJMYSCKAN HOCACHOBATEALHOCTL HMOYALCOB TOH MM UHOK opmsl.
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BO3AeliCTBHA, MOryLLds NPHHHMATL gHauvenns oT O no | m wasw-
BaeMas TAYCHHON MOAYASUNM,
MMpy amMnauTYLHOH MOAYARUHN MOAYJANPOBARHOE HOJeQanue

NPHHEMAST BHA

x=cy[1 4 mj{£))sin (wyf 4 ) 7.2)

Hauvem ¢ npocteliniers cayvan cUNyCORA2/bHOR MoAyas-
UHH, T. €. NOJOHUM
F{t) = sin Q1.

Moncrapnsa 8 (7.2), moayuiem
X = ey [sin (wyf 4+ @y} + msin (wyf 3 9,) sin O/ =
o= 50{ sit {we? + @)+ %’cog (wg— @)+ @) —

— ..gl-fcos[(mo—i— D+ cpo]}. " {7.3)

CreporaTenbto, MOAYJAUDOBAHHCEe Koae(adHe HMeeT AHCK-
pPeTHht CHEKTP, COCTOALIMA H3 Tpex CAeKTDAaJbHBIX JAWHHH, Kak
nokaszano wna puc. 5. Yacrorta
HEMOAYJHPOBAHHOT O KoneOdHH? g
g, HOCHT Ha3BaHHe Hecymeh
YACTOTH; BN3HHMKILHE B PE3YIab-
TETC MOLYARUHH AOTICIHHTEb-
HBe HacTOTH wg— & 1 wy -4 @
Ha3LIBAIOTCA OCKOBHMH  4acTo-
TaMM, HJIH CIYTHHKAMM.

Hrax, xoaeGauue ¢ nocTosny- - 7 -
‘ ay X ay Wl @
MR RANTATAH RS ST LRRNANRH-
Ho#  aMIAHTYROH pacnazgerca Pue. o,

Ha HECKCABKG CHHYCOMAAJNBbHBIX
xofcbanni, HanoMHAM, Y4TO NO ONpeneseHHI0 CHHY COH A A Ah-
HB M $BAS2TCA TOAbKO KoaeGsuue spids (7.1) 1. e. goreSabue
€ MOCTOAHHLMHA aAMRAATYROH, uyactorol u dasoh. Kax yropnno
MOAYJNPOEANHAA CHHYCOHAR — 9TO Ve He CHHYCOHAd. DTy He-
THIY MOMHO BLIPAXATL NO-pasHoMy, BO Kax OH ML ee HU
opMyHpOBaNd, ©Ha ABRAETCA XAIOHOM K NMPABHILHOMY NOHAMA~
HHI0 BONPOCOE MOAYJIALMY,
b2
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PaccmorpuM Heckoapko Bosee crOMHBIA cayvalh, KOria Mo-
Lyupyolas QyHKuug NepuojnyHd, T. €.

[s=]

[ty =Y, epsin (R2f + 9.
k=1
Torna

X = co[l +m chsm (RRUt 4 cpk)] sin (wf -+ ‘Po)'—'-"

k=1

{ sin (vgt + 90) -+ 5- L €03 (g — KD 1+ 90— sl —

— 75 Y cicosl(wg 4+ AD) £ + 20+ l)

k=1

Moaynuposannoe konedanue COCTOMT H3 HeCyLleH udcTOTH

H AByX [pYyION, HasHBaeMblXx OOKOBHMM Rosocamu (0be cyMMel
B (urypsasx cKOOKAX).

o Cuexrp MOLY THPOBAHHOr O KO-
' Jdefands uzobpax :u a puc. 6,
Caenyer B3aMeTUTB, 4TO

npasas foKonrag nosoca Roc-

MPOU3BOLANT CNEKTP MOAY/IH-

%

pylouwet ¢yukund, a Jaegad

. E , npeacrasaser cobofi  zep-

7] P KaJLHnoe OTpaskeHue 11paBofl.

i %5 i Ri‘?i Fi%k?%i Taxum Oﬁpi;SOM, r:pup npo-
L TEFE YFed

necce MOLYAAILME OCYUIECT=

Puc. 6. BAJETCA TpaMCcnoanuua (oe-

PEHOC) CNeKTPa MOAYMHPYIO-

weti  QYHKUHE; CHEKTP CMEUlAeTCS HA BoHUAHY wy MO WLKade

qacTorT, 06[[1?“3 ZAKMIOUEHHSA [0 QTOMy NOBOAY MOMHO BLIBC-

ctu u3 Tteopeme (4.6). Ham ewme npeacrasaTcas cayua#h Bep-
HYTBCH K 3TOMY.

QueBHIHO, YTO ©C/M HEeCyUlad YacTOTA i OCHOBHAA 9aCTOTA
MOLYAUPYIOUIeH YHKUMH HECOH3MEPUME, TO NOJYYaEMOe MO-
LyaupoBantoe koaefaHue HENepPHOAUYHO W H3OOpaXKeHHLIA Ha
puc. 6 crmexTp KBa3UrapMOHHYEH.
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Crzpyer p06aBiTb, WTO NplU Tak HaseBaeMofl Ganancuoft
MOAYAAMH HECYlnaa YACTOTA OTCYTCTEYET, H CHNeKTP COCTOUT
TOALKO H3 (oxeBHX NoJoc. MaTemaThueckd 9TO BHpaMaerca
TeM, YTO aMIIUTYAa Hecyllel 4acTOTH YMHOXKAETCH He HA
1 -} mf(t), 2 npocro na f(f). HeficrBure bHO, charalolas Hecy-
niefl YaCTOTH. NOABAAETCH B MOAV/SUHOHHOM CHEKTPE TOJbKO
34 CUeT TIOCTOAHHOHN cocCTaBasiowell B Boipadmenun 1~ mf{f),
INpn OGanancHOW MORYTALMH OCYUIECTRBAAETCA MNPOCTOE Mepe-
MHOMEHHe MOAyAupyiomrefl ¢yHkumu wua kKojefaHue Hecyuiel
4yacToTH. [IpeacTaByM NOCAelHee B DBHIE

[# s -3
% =€y 008 wyl =~ (o7 4 g I0F),
Jna fanancHo-MOAYAHPOBANHOIO KOJeOaHHA HOLYHYHM
¢ S — g,
x=3 ("4 ¢ 7Y@,

Bocnosb3oBasmuuck Teopemol (4.6), malinem, uTo cnexTp
MOAYAAPOBaHHOr0 KoaebaHusi eCThb

=2 S (wg— )+ S (wy + w)],

rie S{w)— cnexrp MoayaHpyouwed dysxumnu f(#). Iea unena
B KBAMLPATHBIX CKOOKAX BhIpakawT ofe OOKOBbE NOJAOCH,

[TpencraBaser HHTEPEC BONDPOC O WIHPUHE MOLYJSLHOHHOrO
CreKTpa; STOT BONPOC paccMOTpeH B jpodaeneHnu I,

Tlepefizem K HecKoAbKO GoJee TDYAHOMY BOMPOCY O waACTOT-
HO#t moayasuuu. HymwHo ckxasaTe, 4TO HCTOpHS pPAa3BETHH Teo=-
puUR MOAYNALMH A3eT HAHGO/bliee KOJHYECTBO IPHMEDPOB MyTa-
WHLE B NOHRTHAX, CB8A3aHHOH ¢ HeNpAaBUABLHBIM I PHMEHEHHEM
CIEeKTpaJbHOrO BO33pennd HAa Koaebanma. Jlawe cpaBHUTEABHO
OpoCcTas AMRAHTYAHAA MOAYIALHA NOCAYKHAZ (M TNPUTOM He
TAK IABHO) MOBOAOM AJA COBEPIUEHHO OWMGOYHLIX BLICKA3HIBA-
Huft. Eme xyxe o6CToafc A€o C YACTOTHOH MOLYJsSIHEH.
CyuHocTH Lefa JOATO He HOHMMAaAM HHIKEHEPH M HCCAel0BA-
Tenu. [loyuHTeJbHO BOCADOMSBECTH PACNpPOCTpaleHHOe B CBOE
BpeMA PAcCy:IeHue O CBOACTBAX MACTOTHOH MOAYJAUHH: IpH
YaCTOTHOR MOAYAAUMH MLl UMEeM KoJeOaHHe, YacTOTa KOTOPOro
HENPEPLIBHO H3MEHHeTCs B npelenaX 3aLaHHOTO HAMM  HHTep-
BaN1 wy == Aw; 0T wacTOTE monyasumu £ 3aBucuT yacToTa
H3MEHEHHs HeCcyulel 4acToTh, HO He BCJAHMYHHA 3TOro
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naseHenud. Crano OuiTh, cnekTp koaeGanun nomren SLTH IO -
HBIM (TdK Kak uAcTora npoferaeT BCe SHAueHus B mpefeddx
wHTepRaAd oy Aw), 4 WUPUHA CUCKTPA AOMKHL COCTARARTL 24w,
A rtak KaK 9Ta IIMPHHA Ha3IHAUAETCA HAMH HPOM3BOALHO, TO
MOXHOD COKPATHTH 110J0CY, 33HMMASMYI0 HA iIKade HACTOT Hepe-
Aalonleft pannocTanUMel. .

Bee anech mepepuor M CNEKTP [OAYYARTCA He CIJAOWHOA,
a LHCKPeTHHH, W LMHPHHA ero [PH  y3KOM HHTepBase 2 Aw
(TaK HaznBAEMAn M0J40CA KauaHus) He 3aRHCHT BOBCE OT Be/dM-
YAHL STOrO WHTEpPBana, 2 ONPeASMNETCR, Kak W B oiyvas AM,
IMPHHOR CHEXTpa MOLYAHUDYOWed (pyHkiuu. Haxoneu, koraa
UM nosnyumna npakTHuecKOe [puUMEHeHMe, TO OKa3a/loCh, YTO,
HMeR 3HAUUTENbHEE CeUHBHUCCKHE [PeUMYHIeCTBd, OHa Tpe-
oyer mosocet pad B 15—20 Gosee 1wmpoxolt, uem Ta, KoTOpas
OTNYCKAETCA M0 MEWAYHAPOAHLM HparuaaM Ha AM.

Buisenem TenePb OCHOBHBIC CcOOTHoWelHA. llpeinonokum,
WTO 4aCTOT2 MOAYAMPYETCA MO KOCHIYCOHLAMBHOMY 3aKOHY

w=w, + chosQf=m0(l +%COSQI).

rane Aw — YACTOTHO OTKJOHEHHe, 4 i—::-—-— OTHOCHTC/BHOE H3=-
MeHEHHe, T. €, ray0uHa MOLYAALUHKE YACTOTHL

[lo CBOCMY OIMpelienerHio prl"OBaﬂ yacTora eCcTh npou3=
BOAHAT IO BpPeMeHH OT apfYMEHTa TPHTOHOMETPHYCCKOH ¢y HK~-
ByH, npeacragisoel koaedaune. [lostoMy Mb MOMeM 321H-
caTh 1Jf 4YACTOTHO-MOAYAHPOBAHHOTO KoAcOaHua npu CHRyCO-
HAAILHOR MONY.TALLUH

t
. . Aw
X = ¢osin® = ¢, sin fwdt =cosm[m0t+~(j°—sm9t]:
Q

= ¢, [sin wyf cos (7 sin Qf) 4 cos wyf sin (3 sin @), (7.4)

) Aw
rae § == —5—~—TaK Na3LIBABMbI! HHAEKC MOAYAALMA.

Pacecmorpum cHauana ¢OOTHOWEHMS npu MaJdoM uHAekce B,
3adMenss B (7.4) cos M sin Maaoro aprymeHTa COOTBETCTBEHHO
eJuHAIel H CaMHM ApryMEeHTOM, MOJIYUHM

x ez g (sin wgf - B sin @F cos eyt
fgl
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T. € BHPAMEHUE, HHUEM HE OTJIHUAIOUIEeCH OT BRIPAMESHWA LA
AM kosebanus. Cnextp YM koneBauns npun cunycounsansuol
MOLVAAURH € MaAblM HHAEKCOM, TAK JKe Kdk W cmektp AM
Ko/aeOanus, COCTOMT M3 Hecyllefi 9aCTOTH .M IB¥X CHYTHHKOB
¢ vacroramd wy = Q. OGparumcad Temepb K- ofuleMy cayuaio,

T. 8. K CAY4ai) NPOUSBOILHGIO HHEEKCA 3.
Menoassys uagectHsle (GopMyAsl TeOpHM OecceneBblXx (YyHK-

uuk *)

cos(xsing) = Jy, ()42 D Jp,; (x) cos 2aq,
n=1
oo .
sin(xsing) =2 X Jyeq (0)sin(2n 4 Do,
n=0n

o5 (X cos Py = Jy (x) + 2 X (— )" 4y, (x) cos 2nd,

n=1
sin(xcos ) =2 2 (— 1) fypy (¥)cos (20 + [},
n=1

Haltnen:
L= Co{ sinwgf 1o (3) + 2 2 Ao, (3) cos 20 QF}
n=t .
+ coswpfi2 X Jopag (3 sin (2n - 1) Q1) }
[TepeMHOX2A MO 3HAKAMH CYMM, [OAYUUM OKOHYATEILHO
X = CO{JG (3) sin wyf 4

3 s o+ ) b (— D sin(a, 41 |, 7.5)

Mu nmeeM, Takum ofOpasoMm, Koaefawue ¢ AHHeRUATHIM
cnextpom. B oTauune oT AM 3iech MpH CHHYCOMAAMBHOH MOAY-
AAURY BOosHHEaeT Oeckonedunt cnexTp. OAHAKO OpPaKTHYeCKH

*) Cm, nanpamep, P. O, Ky 3 6 M 1 H, Beccenessl dynxauy, ctp. 120,
OHTH, 1935 [locaeauue nse popmyibl MOMHO UOAYHHTb, HOJOKHB

. T
=§'-—-t{),
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OoH orpanuded. Heao B TOM, uTO, KAK BHAMM, AMILIHTY LB rap-
MOHNK nponopuvonanuist  J(P), a sTe  dynkumm obianapr
csoeoﬁpasuuM cpoficTROM: OHH COXPAaHAKT BeCbMaA K MaJoe 3Ha-
yeHMe 10 3MaueHdH B Tem GOMbIMX, UeM BoblIUe TOPANOK &.

B npakTHke nOdb3YIOTCH NOHATHEM ASHCTBHTEJbHON MIHPHHLI
nonocH, 3auMMaemon crnexTpod UM komeGannd. [lelicTBrTen-
Has LIMPUHA BCTh WHTEPBAA HA MKajle YacTOT, BHE KOTOPOTo
rapMOHMKH HMEIT OTHOCHTeabHY0 Beanunny <L 0,01, TMoss-
aydck TaGmiaMe Gecceqennlx yHxiuH, MOXHO HAKTH paHMLLI
3TOrO UHTEpPEAJA, 4 TaKXe ero JIaBUCUMOCTL OT MHASKCA MOLY-
asuur .

Dra 3aBUCHMOCTL MMEET, O4eBHIHO, CTYREHYATHH xapakTep:
ee Craa:KeHHbIH rpa(pmc nokasad Ha puc. 7. [lo ocu OpAHHAT

P

160

r BRI

7

T T T

Ltain] LAl Loyl

g/ 7 17 w8
Puc. 7.

OTIONeH0 0f03HAUeHHOe uvepe3 & OTHOWEHHe MOJOBHHH Ael-
CTBHTENLHOH WHPHHE CIEKTPA MOAYAUDOBAHHOIO KoJEDAHHA
(T. e. WHpPUHB OJHCH OOKOBOH MOJOCH) XK WIMpUHE CHeKTpa
monymupytoniell ¢yuxuun. [lo ocu adecnuce OTIOHKEH HHIEKC
moaynsunn B. Hymuo 3aMeTTb, yTO npencTapieHHas Ha pac. 7
33BHCHMOCTS C JOCTATOMHOH . AR NPSKTHYECKHX HAROOROCTEH
TQUHOCTHID ANTPOKCHUMHPYETCA npocToft GopMmyIod

b= 148,

KpwBas sasmcumocts 3 or [ BhnHCHBaeTca B yrox, obpaso-
BanHMN ReymA npameimy. [OpH3OHTAABHAR npAMan &= | GTBe-
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uaeT YCJAORMAM, CYIUECTRYIOWIHM MpH AMIAATY AHOH Moy Islluy;
KAk Mb yMe 3HaeM, npu AM umnipHHEAZ TOAOCHL, BaHHMaeMOR
MOAY AAUMOHHBIM CIEKTPOM, BCerja paBHa ABOHHOH MMIHpHHE
cnextpa moayanpylowed $ynxuud. Haknonmas opamas & =3
apAserTcs acEMnToTofl Hamef xpUBOR npu BospacTawllem L.
Kax euanm, B npeieie NeHCTBUTEAbHO INHPHHA CRREKTPA henaercs
paBno#t noaoce kauanua. OAHAKO 3TO COOTHOLIEHNE AOCTUTAETCA
KaK Pas MpH OueHs OOJLWHX §, TOrNA KAK B BHILUSAPHDEICH-
HOM BBHICKA3LIBAHHH OKHAAA0Ch, Y4TO 3TO COOTHOMIEHHE MOMCHO
NOJYUHTL [PH OUEHb MAaALX 3, HA UYEM W OCHOBBIHAJACE TPENI0-
JAraemas BOSMOMKHOCTb CYIMEHHs NOJOCH UYaCTOT 3a CHeT [(Ipu-
medenns UM, B aebcTsuresaphoctd e npa MM geanunna 3
pcerna Godblile eNMHMIB; APYTHMH CHOBAMM, HOAOCA HACTOT,
sanumaemas cnexrpom, apu YM =scerna OoJdelie, "em noJoca
4acToT npi AM. To/abKO npH CampiXx MajbX § NOTOCH CPABHH-
BAIOTCH,

Ipr Mmanpx § cnekTp Mony/adpOBaHHOTO Kodebauun TpH
UM nosyuaercs Oeanbiff, npakTHueCkd He OTAHHAnIMUHCH OT
crektpa  npu  AM,—npn  CHHYCOMIAALHOR  MOAYJAAUHH  OH
COCTOMT MPAKTHYECKH M3 [IBYX 601<onux JuHAf  (ocTadbHbE
O4YeHb MaJbl).

Takoe noJsowkexwe COXpaHseTcd IO TeX TNOp, nOKa § Malo
OT/HYAETCH OT elMHMUbl. B jajbHefiuieM YHCI0 AOCTHTAIOUIMX
BAMCTHOR BeJMUWHBl FAPMOHHK. pacTeT. Benuuuna & nemocpen-
CTBEHHO BbIPAYK2ET HUC/JAO 3THX FAapMOHHK.

WMuTepecHo fpoc/ienntb BHA cnekTpa OpPH GOAbIIHX 3HAUe-
HugX & u p. Ha puc. B nokasaHpl CMeKTPE NPU CHHYCOMAA/be
not UM nng B==5 u 25.

. 1
Cudras naubonbuee anauenne Af —_ﬁﬁAm = 75 xey, noay-
YHM,. 4TO [=20 COOTBETCTRYCT MOAY/JAHPYIOUEH © uacToTe
F o= 5 Q=15 gey, a B=25 coorsercTByer uactore fF =

=3 key. Ha puc. 8 ormeuena nodoca kauanna 2As. Kax
BHAUM, AeACTBUTEAbHAS MHPHHA ClEKTPd, papHas 288, npudm-
MaeTCd K 110740Ce Kauanuda., Beamunna 28Q rtakxe ormedeHa Ha
pucyrke. Jlpa crexrpa Ha puc. 8 oTBEUYAIOT COOTHOWEHHAM MEXK-
iy 5 n B, oTMeueHHLIM cooTBeTcTBymmnMH ,uByMH TOUKAMH - HY
KpHBOA pHEC. 7.

HnTarens, He MPUBEIKIINHA HMeTh Aed0 G KOJEE@HHMHMH e
PeMeHHOH  4acTOTh, MOMKeT ObTh, HEHRTAET 3aTpyaHeHHd
28, A A Xapxewny
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¢ HCTOMKOBAHHEM BEIPamENH:
t .
T
sin § = sin} jwal .
4]
Mu( MOACHAM 3TOT MYHKT, paccMOTpeB npocroil npumep. INpen-

[QJAOCHHM, YTO HMMe€T¢s NpasdlbHO SdaNHCaHHAS OHOTpAMMA
YHCTOTO TOWA, T. €. CHHYCOMAAJLHOTO KoMebanus. [IycTs Teneps

ab i £ P
ar D
g2f |
art | ;

i !

AL

Pue. 8

sta douorpamma BOCTIpOM3BOAKTCA Ha annapare, B KOTOPOM
JAuHelHad CKOpPOCTe MPORBHIKCHHSA QoHorpamMmbl HEMOCTOAHHA.
Bosnukawillie npu 3TOM HCKaMEHHA [IPEACTABAANT coboft, Kax
H3BECTHO, HE YTO MHOEe, KaK Pe3yAbTaT 4dCTOTHOH MOLYAAUHA.

Beienem coorseTcrBylOliMe COOTHOLWIEHAHA. [ToronuM, 9T0
aanucano KoacGaHHue

Y ==sin wyf,

DoHOTpaMMa, noMydeHHAR NpH NMOCTOAHHOM AnHeHHOA cxopacTH
Uy, Bupamaerca ¢opuyaoht

z==sin2n %.
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TAe X = Uyf — KOOPIWHATA, OTCUHTHIBAEMAR BAO/b HOHOTPAMMbI,

o,
)\=211;-°——D.Jmﬂa sanucannol poansl. Tlycres Temepbs  nipu
]

BOCNpOoU3teleHr (OHOrpaMMa ABWIKETCR ¢ HeDeMeHHOH Cxo-
pocTeio o (f). HHTawowuid oprad, dalipyMep ONTHYSCKAfd LIedb,
BOCHPHHHMAET BeJHUHHY

L =sin Q’rc.i.

rie {— opanBaTa (GOHOFpamMMel B8 TOuxke %; §— MyTh, npokineH-
HBELE L1eAbl) OTROCHTESNbHO (POHO-
rpamme {puc 9). Ho atoT nyte, 2z
OMEBHIHO, paBeH
t

£ fv dt % /\
0 Z Ly
H, CJACAOLATENLHO, ‘—‘ \/
13

. 2w "
§=sin- l vt . Puc. 9.

0

T
[DT0 coBeplleHO AHANOTHYHO BHpa)eun sin ) == sin (fw dt).
u
Beap & —3To yros, ua koropslf mopopauMBaeTcs 3a BpeMd !
BEKTOP, Bpawawuiica ¢ NepeMeHHoH yr.a0Bofl CKOPOCTRIO w.|.
Ecaun, nanpumep,

=, (1+ i‘—"’cosgt),
¢

TO

) 4

. Z’.rr f . -‘
(= smTl J (v, + Avcos Qt)dtJ:

0

2

= sin —
A

(foot -}—'%’ sin Q¢ ) = sin(w0t~1— A—;‘l sin Qt) ,

T. €. HMEETCH THITHUIOe 4acTOTHO-MOAYJHPOBAHHOE KoJeOaHHe
fcp. (7.4.)). B stoMm puipawenun

2B*
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OfpaTtumes Teneps K Gasoso sopyasuuu. [lo ofiueny
ONpPEeNSAeHHI0 MB JO/KHBl, B3AB HEMOAYAMPODAHHOE KodAchauue

== ¢y sin(ogf + 4)
3AMEHKTL B HEM D, BeAdUHHOH
=g, + A+ f (D).
Torpa Mel noJyuHM

x = ¢y sinfogt 4 o, + Ap - F(HI. (7.6)
Ian vacTOTHOW MOLYJALMR, BBOAS (EPEMEHHYIO YACTOTY

o ==y~ Aw - f (),

MBbE MOJyunin 6w
3
x == g Sitt [wof + g +- Amf F(B at] =
U

= ¢, sin{wyt + o, + Ao - F(#)]. (7.7)

Cpasurugas (7.6)yu (7. 7), punuy, avo PM u UM B cywmocty
DaT COBEPUIZHHD OAMHAKOBOFO BHAa kogedanng. Paasununa
3aK/1049aeTc UL B TOM, uTo npun ®M B apryMeHT cHMy-
COMIAABHON dyduKIlMY BXORHT Monyaupyiowas Gysxuusa f(f),
a apa UM — ee uxTerpan.

Ecan MoAyAquus CHHYCOMIAALHA, TO PA3HHUH B (opme
MOAYAUPOBANNLIX KOMeOaHHH H HX CNeKTpax BooOLUe YCMOTDETh
HeJb3d, TAK KAK HHTErpad OT CHHYCOMAB ecTb KOCHHycOuAa,

™
T. €. ONATb-TAKH CUHYCOMA, JWmb CABMHYTas mo dade Ha .
Paaauuve BCe e ecThb, HO Gokee ToHkoe. Iledo B TOM, uTo ecau
1 (H =sin @4,
TO

F{H= e—%cos QL.

1
[MospcHne MHOWHTENS ) 03HayaeT HeOOGXOIUMOCTE BRCICHUA

COOTBETCTBYICLINK KOPPEKTHPYIOWUY Ueneh.
Ecau APedHGJA0MHTE, HTO JMCKPHMHUHATODR, T. €. JLMCHTHI,
upespataiowne PM u UM 5 AM, pesyt cebs oamHaKomy, 70
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» paiasHelwell cxeme npuemHuka ®M pomuno GwTL mofarneHo
OQHG RRTETPRPYIOHIEE 3BEHO N0 CPaBHERWID ¢ aBAAOrHunol
cxemofi npuemauka UM.

Hanoheituice cpasuenye $M u MM 3zapeso 6w Hac ouewb
JaseK0 B ChelluadbHble 00JacTH COBPeMeHHOH palLHOTCXUKKH,

Puc. 10,

Mp orpaHuUMMcg BEICKA2AHUHMH OOLIHMA COOOPaIKEHHAMH U TO-
NBITAEMCH JWilLE B 33KAI0UeRHe NOACHUTL DPA3ANYHCe MEXNULY BCe-
MW Tpems BuaaM¥ MOAVASUHHA [0 BO3MOXHOCTH HATJAALHBIM
00pa3oM.

Kak ywxe roBopuacch, upu cuHycoumpampuoh YM n oM
pasgnuns B GQopMe MOLYJNMPOBAHHLIX KOneBauul YCMOTPETb
Heabss. Ho pasamuue 370 ofmapymubBaerca npu Goxée CroK- -
HOM B33KCHe MOLVASILEH, T. €. KOTJAa MOAYJIHPYIOWAT DYHKLHA
oGaanaer Godee HAMW Mellee GOPATHIM CIlGKTPGOM.
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[Tpennonoxuy, uTO MOAYJNMPYHIULAY (YHKILHA GPeNCcTABASET
cololl uMNy/abc CAeLyIOUIEr0 BMAA!

[0 (< a),
F=1{1 (a < (< b,
o (t >b).

Torfa OpE {==@ CKAYKOM H3MEHUTCH aMiauTyil apd AM,
yacrora apu UM wu ¢asa npa M.

Ofpathoe cKaukooHpasHoe UIMEHeHUe 10 MePBOHAYANLHELK
3Ha4eHdl npowsofner mpy ¢ ==b. 10 y3o0pameno Ha puc. 10,
Kak BnAuM, HMeETCA PA3JAHYHE MEKALY MOLYJIHDPOBAHHLIMH Kole-
fannsami B cayuae UM u oM. 3Bamerum KcraTH, 4TO CKRAuKD-
obpaznoe n3Menennc a3yl MEOKAO TOJAKOBATH KAK pE3yAbTarT
GeckOoHeuHo ObiCTPOrO  W3MEHEHHA YACTOTH HA  HPOTAKERUY
GeCKOHeUHO MaJor® ripomeXyTka aspeMenn. B KOHUE KOHUOB
BCE 3TO CBOAHTCH ONATH K OCHOBHLIM ONpeleJeHHAM

_dal
(Dm-&?,
§= J wedt,

§ 8. lepenoc cnekrtpa

Ilna  texwuxkn apeacrasaseT Oogeuiol  vurtepec Bompoc
| BOAMOMKHOCTH Takoro mnpesofpasosadus safaHucH (yHxuuu
peMeHd, R Pe3yILTATe KOTOPOro CHekTp QyHKIMY MepeMectuacs
bl 0 WiKade yacTor. [lpu ofHuHOM Moayasuuu Uad mpeobpa-
OBAHMH HYACTOTH MOAYYAWOTCHA, KAK M3BECTHO, Ine OOKOBHE
onocu. Cnpammpaercd, KaxuM oO0PA30M MOMKHO HOAYUUTH
AT, QRCIOEE TRBRG wF ganolt Sowosnd moracss AT
pebyemoe npeoGpasoeaHne CHeKTpa nokasaHo Ha puc. 11. Me
pAAraeif, YTO HCXOAHBIH CIEKTD OLPAHHYEH CREPXY YacTOTOH w,.

HymHo cpasdy noacHuTh, 4TO Teopema cmeirenus (§ 4) e
1eT TpeOyemoro npeoGpasosating, Tak KAk OHA OTHOCHTCA

CMELUEHUIoO KOMAASKCHOrS cnexktpa S (), TOraa KAk HaM
)efyercss CMECTHTb BelUeCTDEHHBIH clekTp aMIauTyn & (w)=

S(w)| (em. (9.

[Tpocteiiinfi crnocol. MOAyuEHUA CMEIUEHHOTO CHEKTPa CO-
'OMT B TOM, YT CHawaaa NocpeacTBOM OadaHCHON MOLYJIALHU
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Hecywiell uwacTorsl o6pasyloT ABYXNOJOCHHR MOAYASUWHOHHBIA
CIEKTP, 4 3aTeéM ODHU DOMOWM (DUALTPOE MOLABAAIOT HHKIIOWG
OokoBylo nojdocy. [IpeAcTapadioT uHTepec W ApYrHe BO3MOMK-
HOCTH, [BE W3 KOTOPHIX Ml 3N8ChH DACCMOTDHUM.

Byaew ucxoauTh U3 seipamenus (2.14)

1) = 1Re [ S(@) emida. 8.1
0

HaM uymHO nocTpodTe QYHKIHIO, KOTOpas UMena O CHEKT-

)
S
i} Wy
7] (e, )+ >

Puc. 11.

PaLHYI0 TAOTHOCTh S (w) HZ uactoTe wy -+, [Jaa Takoh
MYHKIME MOMeM 3aAMACATh

e

4 (t):%Re [S(m)ej("’“‘m”dm. (8.2)

&

Dro BRPAKEHHE MOXHO npeofpa3zosaTh CACAYIouMM 0O6pPasoM:

for]

INOES ']E Re gfwgt J‘ S{w) e doy =

0

== :?(cos wglRe J S{w) et dw — sin wyf Im f S(w)ejmtdm)
v 0
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Hian
| £, (h = f(O) cosmyt + FV(f)sin gt #). - {8.3)
Onpenenum PyHKUHIO
MG =-——1]t—[m J S(w) e dw, (8.4)
4]

ﬂ.J’[H 3TOTO l'_IpEﬂ,CTﬂBHM KOMIAeKCHBIA CNexTp B BHAL
S(w) = A} + /B(w).

TMoncrarasg 8 (8.4), noayuum
co

PMy=—1 [ (Asin of + B cos vty do —
4]

[A cos{(wf + %) — Bsin (ot + %)] do,  (8.5)

1
T

TOPAA KaK 17 GyHKUMH f(f) aHANOTHYHBIM [yTeM NOJy4aeM
1
f(t):;J‘(Acos wt— Bsinwf)dw. (8.6)
1]

Conocrapmas (8.5) u (8.6), swaum, uto dywkuua /¥ (0
OTAnyYaercs or f({) TeM, YTO BCe COCTABMSIOUIHE TOBEpPHYTAHI
no ¢aze ra 7/2, Cheposarteabro, ans obpaszosannsg Qyuxuun
fV(t), HY®HO pacnosaraTh (azospallaTefieM, NOBOPAYHUBAIOLIHM
dazy na =/2 aam BCeX wACTOT, T. &, YETHIPEXTOMOCHUKOM,
KOMAASKCHBIH KO3({HUHEHT nepepadn KOTOPOro paped

Komjeme 2, (8.7)

HeThpeXomMoCHHK C TAKUMH CBOHCTBAMY QUIHUECKH HEOCYLeCT-

¥y KomniaekcHan yHKaas

g
P(t):%J S(w) et do,
1}

BCIOIECTBEHHAA ¥ MHHMAA COCTaBNAlOmHe KoTopo#f agecs GuTypupYiorT,
HOCHT 1A3BAdUHE €AHAJNMTMUECKOrO CHIHANAS M OKA3LBACTCA yAOOHOH
B HEKOTOPLIA TEOPETHYSCKUX HCCACAOBAHMAK,
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BUM; MOWHO, OBHAKO, TOCTPONTL peanibuuill dersipexnomochnk,
B KOTOpOM XapaTtepuctuxa (8.7} oCyLlecTBASETCH ¢ TeMm n/H
HHBLIM MpuOAmKeHeM B KOHEYHOM HMTepDaie 4yacToT (MCKJIouan
w=0 u Ommxallyw OKPECTHOCTb ITOr0 3IHAYeHHH}.
TpetSyeMmoe npeofipasosanue (£.3) BuITONHAeTCS CKedeTHOH
cxeMont puc. 2, ma korTopol: @ — QasoBpalldTeib, MoBOpd-

)
D |

f Wifsin 2t

s §21

st ¥
T

Pue. 12

uupaomuit dasy ua w/2; I — apyxdazseit renepatop. nawoumyh
B3 CABHHYTHIX Ha /2 xoneBaHna: $inwy o coswyd; [1 u {1y —
nepeMHOMUTEIH (OananCHbIe MOAYJIATODLL).

K
r

S

o

!
205 ! __\,‘/_f@f_ ——
. TSN 2
Puc. 13,

Cyvuwmmoctes mpeofGpasozanus (8.3 modcusiercs  BerTOpHON
huarpammoi pac. 13, ®Ha KoTOpO# npeacTaBaeH ciyyaht

Jh=rcosQ, )= —sin Q== cos (Qt —+ %).
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Nas HArAATHOCTA TpUHATa He OanaHcuad, a ofwumas AM,
TAK WTO COCTABAMOLIAN HEcYIlell 4ACTOTH ®g HE YHHUTOMEETCA.
[To ropusonTaAY OTACKEH BEKTOD Hecyllero Koae(GaHHA cos wyf;
B DesyJabTATe MOAVAAUHH JyukiHeA f(f) noaBamwrcs ABpa
CNyTHAKA, OpeiscTapiedHbie sexktopamu [/ #u 2, pacnoaoxken-
HEIMW A0 YrAoM —2Z 8f 1o OTHOWEHW K OCHOBHOMY BEXTODY.
Mo pepTHkanu OTIOMEH BEKTOP sin wyf; MOLyAauan @yHKumedh

fid (#) paer 1Ba CNYTHHKA, BEKTODPE KOTOPHIX 3 M 4 pacnoaoKeHb!

MOA YTJAOM i(Qf_l—;i) K ocHoBHOMY. Haripapaewus sexTopor 2

H 4 COBAAAANT, 4 HANpapieHud BekTopoB [/ u J-— NpPOTHBO-
noJowusl. B pesyaerarte cAoMeHMA noay4aeTCs BEKTOP Hecy-
wefi YaCTOTH ¥ ORUH eAHHCTBeHHEN CryTHHK — BekTop 5. Bropo#
CNYTHUK YCTPAHAETCA, H 3TO W eCTh OAHOMOAOCHAH CHHYCO-
HAanbHAN MOAyaauusa ¥},

Monaio nokasaTh, uTO paccMOTDEHHOE MPeolpazoBaHHe ecThb
qacTHE cayuaft mHOrodasHofl MORYAALWH, TAK YTO OMHCAHHLIA
MEKaHH3M MOMWHO Ha3BaTh ABYX(PA3HOH OLHOMOJOCHON MOy~
nneft, C rexHuueckof TOuUKN 3peHdda GoALIMHA HHTEpec mpen-
crapnger TpexdasHan OAHONOAOCHAA Moiyaauua [17).

PaccMoTpuM Tenepb APYTYI0 BOSMOMXHOCTh NEPEHOCA CTeKTDA.
Criegrp, orpaHuyeHHbll CBEpXy YacTOTOH w,, MOMeT OblTh Mpej-
crapied pagoMm $ypee (cm. § 14):

S (o) = At i Fre RO, (8.8)

rie .
=, Ke=J(RAD.

g

Af =
Crekrtp S;(w), CABHHYTEH HAa @) [0 WKAJAE YACTOT, CBA3dH

C HCXOLHEIM CHexTpoM S (w) cooTtHoulenHeMm

5y (wy =+ @) = S (),

TaK 4TO

S, () = At D) frelt et (8.9)

#) BeKTOpHa# IHarpaMMa MOKasblBaeT, 4TO MPH HaJWuUWH HecyuieR
OJHONONOCHYIO MOLYJAUMIO MOXHO PaccMATPUBATB KAK CAOHHYIO 8M-
IAHTYAHO-(PA30BY0 MOXYAALMIO, HA YeM W OCHOBAH OZHR 43 CHOCOOCB
noayuenus OBIN, koTopetfi Mbl He paccMaTpuBaeM.
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CoorBeTcTeyioman 3TOMy CHEKTPY (YHKUMA BPEMEHH Bhipa-
WACTCH COQTHOUIEHHEM

w,+mc

S wye’™ dw. (8.10)°

1
h (f) = - Re
(Toacrapass ciona supamenue (8.8) and cnextpa, Haxonuy (8,9]
, sin %"- (t — kA : .
IAGES fi m———cos{wf —k F ), @11
3‘5 (f —&A4)

rae
T
wy ==y - 5 W,
— LUeHTpateHad vaCTOTa fepedeceHuoro crextpa. Iam wucxon-

HOM (ynKuau f(£) (CnekTp KoTopolt mHpaxaeTcs GopMmyaol (3.8))
HMeeM

stn w, (1 — 2AL
f = Zf;: P Tir st 8.12)

Pacemotpenne dopmyaut (8.11) yrkasesaeT xapakTep npeol-
D430BAHMA, KOTOPOMY HYIHO NONBEPrHYTh UCXOAHYIO dyHKULIO

@it | 7

st

w0 ; 7

x=Jn+! LT
T -\: Stittey §
“r PHY - n

Puc. 14,

F(), utobu noAyuHTs GyHiIHI0 f (f) CO CMEUIEHHEIM CHEKT-
pom. Taxoe npeofipasoBanue MoMeT ObTh BHOAHEHD CKEAeT-
HoW cxemoft pue. 14, Ha srol cxeMe: M ~— uMnyaacasiit
reHeparop ¢ OepHOIOM caeaoBauus  Af, Q¥ — orcdeTHoe
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yCTPOHCTBO, HA3HAYEHNE KOTOPOTO COCTOUT B TOM, YTOOE! B MO-
MEHTHl, 3anaBaemble MMIYALCAMU, MOCTYRawowumy oT K7, Gpats
OTCUETEl MIHOBEIIHBIX 3HAuenuf (yHkUUH f(£), T. e, ONpeneadrh
BENHUMHB f; M DLIAABATL KOPOTKHE HMIOYAbCH € NUOLALBIO,
APONOPUHOHAAEHOH fi. Kpome Toro, tpelyercd, uToOmH 3TH
UMOYJ/LCH, BO-TIEPRBIX, noayuyand tpelyemuli#t 3HAK, 8 BO-BTO-
peiX, uTOOL OHH I[0OOYepesHO MOCTYIIaAM Ha ABd BHXOAA
yCTpOHCTBA, T. €. 4TOOR, HanpHMep, MMOY/bCH YeTHHIX HOMe-
pOB MNOCTYNafAd Ha BEPXHHH BBIXOA, d HEYETHHX HOMEPOB —
ua nuwnuht. lazee ciepyioT GHAbTPL HUKHUX vacToT PHY

3areM HAYT 4Ba Iepe-

1
€ BEDPXHeH rpanduHod wacrorol + w,.

2
MHOKNUTECAA H, Ha BTOPDBI¢ BXOJBl KOTODBLIX MOCTYHAKT CABUHY-

1
Tole N0 ¢asze Ha /2 HANPAKEHHA YACTOTH “’1':“’0‘1‘3% oT

aByxdasnoro reneparopa /. HanpsxeHus, cHumacMbie ¢ oGoux
MepeMHOWHTENEH, CKAAALIBAIOTCA.

OnucanHas cxXeMa MHTepeCcHad TeM, 4YTO B Hel OTCYTCTBYET
IHPOKONOAOCHBIH  (asoppaptatens, OQAHAKO A48 [OAYYeHHS
XOPOWHX PE3yAbTATOE HYMHO, NO-BUAUMOMY, MPERDBABHTL CTPO-
rie Tpefomranna X GHALTPAM HHMHHX HACTOT.

§ 9. MpeoGpascralne CMEKTPOB IPH NETEKTHPOBAHKR:

Ecan néxotopoe nepuonmueckoe koxebaHHe X HO.LLBepl‘i-[.yTb'
HenMHeAHOH omepauuun

y=q¢(x)

TO NOAYYeHHOE B pesyapbrate 9TOK onepauuu KoxeGanue y
Gyner oGNalaTh CHEKTPOM, OTAMYHBIM OT CHEKTPa X M, Kak
npasuiao, Gogee GoraTeiM, Tax, HaUpUMeD, eCJH NEPBOHAYAIb-
HOoe KoneGaHHe npeAcTapaser coDOH CyMmy ABYX CHHYCOUA

X = ¢, sin w,f - ¢, 8in wyt

M, CHeNOBaTelbHO, HMEeT CMeKTp, COCTOAUMH M3 ABYX COEK-

‘TPaibHBIX JHHUY, TO [ocie HeAMHeHHOH OTepalHd § MB [0Y-.

uaM B CcocTage KoJgeQawms y CHeKTpalbhbie COCTaBAALIME

C 4aCTOTaMH '
Wy = Al 2= ey,
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roe m H n-—B ofuem cayyae mofise TOAOMHTENbHbE e/ b8
yicia. TAKOTO POAa CHEKTP HOCUT HA3LdHUEe KOMAMH AUHOHHOMO,
4 4aCTOTH W, HASHBAOTCA KOMOWHAIMOHHBIMA JaCTOTAMU.

TaxkuM H3MEHEHHEM CMeKTpPa MOoAb3YITCH ILAA H3MepeHHd
¢TeneHy OTKJAOHEHHA AAHHOM cucTeMsl OT JuHeHHOCTH. Ha sxon
cHCTeMBl MOAAeTCA KOoJaeOaHHe X; M3YudeTcd CneKTp Iodyyde-
MOro Ha BuXoge Konebanua y. KomOGupagnouHble ¢acToTsl He
BOZHUKAIOT B TOM eLMHCTEGHHOM Cayude, woraa o (Bepaxaio-
was B AaHHOM CAyvae XapaKTePHCTHKY HCCAEAYEMOH CHCTeMbl) —
nuHelHaa GYHKLHA, ‘

CrnennaJeHnbif Buf HedluHeHMHo# onepaundw, npeofpasossi-
BaloUlefl CHEKTp, Ha3WBaerca JeTeKTHpOBaxdem. B cocrase
MOAYMHPOBAHHOrO KOMeDanug cOCTaBAMOUeH C YacTOTOR MOAY~
asuuu Her. Ho 3Ta cocTapasiowas HaM HYXHA, TaK Kak oHa-TO
u npexctasaseT cofoil nepenasaemuil cHrHad. [Las Toro yrtofel
OHA BHOBL MOABMJACh, HAAO MOLBEPTHYTbL MOAYMMPOBAHHOE
koneBGanue HeKOTOpOW Heaunelnol onepauud. ITa onepauud,
uMeloWas Uedblo  o0pa3oBaHde COCTABAAIIEH c  4acToTo#
MOLVJIAUHH, H HOCUT Ha3BaHHe OJemexmuposanus («1eTeKTH-
popanue» — 0GHapykeune). B pesyabrate  AeTeKTHpORaHRA
NOJYYdeTCa CAOMHOe KoAeOanue, B COCTAB KOTOPOFQ  BXOIHT
B KayeCTBe ONHOR H3 COCTABAAIOUIMX HHTEDECYIOULEe HAC KOJE-
Ganue ¢ vacTOTON Moaymsuuu. Jlagbuelllnee pasiefedue chaa=-
raeMblXx He MPENCTABRARZET YiKe HUKAKMX 3aTpyAHEHHH,

PaccMoTpeHMe BONPOCOB NeTeKTUPOBAHMA B OollleM BHIE
GmA0 Gbl OUYeHb [POMO3AKMM; MBI OTPAHUUMMCA HECKOAbKHMM
HpocTefilNMH  OpUMEDAMH.

Paccmorpum npocroe AM kosefanne npH CHHYCOMAAAbHOR
moryasund. [lepponauansHo My uMeldn koaeCanue HecyLlel
wacToTH  Sinw,f W Modyaupyiomee xoaedanue |-+ msin Q2
B pesy.abraTe HEKOTOPOH OnepauMH, KOTODYIG MBl HA3LBAEM
MoayasiHel, 06a 3Tu KoAe(GAuMd OKASBIBAIOTCA IEPEMIOKEH=
HBIMH, H MbLl HMEEM

x==(1 4 msin Q) sinwyt.

B cocraBe MOAYIHPORAHHOrO KodedaHnA, KdK MHB 3HAeM, YiKe
HeT COCTABAROWEd ¢ uacTorol Q) CHEKTD X COCTOMT H3 Tpex
AUHUDE ¢ YACTOTAMI Gy w, + 2 n oy,— Q.

Ecnan m# MenaeM tefepn ciosa 00AYYUTH KoseGaHne c ua-
crorolt £, TO MB AOMKHB COOTBRTCTBYIOUUM O6PasoM npo-
AETEKTUPOBATL X, Ofepains A@I‘eKTHPOBaHHH B L3HHOM CAyuag
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npouszsoauT neficThne, oBpaTHOE OMEpPANHHM MOLYJARLUH, [0-
STOMY B NpMUMeHeHUH K MOAYJHDOBAHHHIM CHIHajaM JerTeKTH-
poBaHMe HaawBalOT HHOTAa Aemonymsuwedt., Mb Gynem pace-
CMaTpPHBATEL TOJBKO JBa OCHOBHBIX BHIA ,ue’remopoxz: «JnHel-
Hult» JaeTexkTop

y=tx|
{puc. 15, 2) n KBaapaTHUHEH JdeTeKTop
Y=

{puc. 15, 6). Caoso ameefHB A moCTaBISHO nad nepﬁoro‘
pasa B KaBbluku, YTOOB NOJAYEPKHYTB, UYTO Ha CaMoM jJeqe

K4 K2
a ’
//
N -
= z <
Pue. 15

AunefHHi pnerTexTOP HeAdHeEH M UTO JHHeHHuH B NOLAUHHOM
CMEICTE LeTEKTOp HEBOSMOXEH (T. €. AHHeHHAA CHCTEMA He LeTeK-
TUPYET).

Jas  neTexkTHPOBAHMR MOAYJAHPOBAHHOTO KoaebaHus MpH-
rojHe JamHelinoe ReTexTUposanue, Bocnoab3oBaBwnce Tem, 4TO
a0COAIOTHAA BeJM4YMHA [PONW3BENEHHs paBRa NPOWSBEAEHHID
aGCOMOTHLIX BeJHHYMH COMHOMHTEACH, MOMKEM 3aMHcaTh

y=1x|={(1 - msin Q) | sin wyt|.

to dyHkums llsin Wl MOMET OHTL MNPELCTABACHA CAGAYICLUIHM
pasom  Pypbe:

|sin wyf | = — 2‘ 414 cos kaot -
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OTKYy 12

y=_|x{ —_--% {(1 -} m sin £) ‘——EW——-:_—L-]—[COSQ.’?U}UI’—]—
7 k=1

g sin (2w, 4 Q) £— Tsin (kao—-sa)r] b

B »ToM BHpaxeHHH HepBHE uwleH (B KPVramx CKoOKax) —
MOAYHpPYIOWAs (PYHKIHA, KOTOPYWO Mbl H CTPEMH/IHCL 0OMTY-
4yuTh; BTOPOH ujled OOTBLEAWHACT MO 3HAKOM CYMMBl COCTABJAfIO-
IiMe BHICOKHX wacToT 2kw,, 2kwy+ @ u 2kw,— &, KoTophe
HETPYIHO OTAEJHTh,

Ecau €pl Myl MOABEPTAN MOLYAHPOBAHHOe KoJelanne KBaipa-
THYUHOMY [eTeKTHPOBAHHIO, TO NOAYYNIH Obl

y=x2=(1 4 msin Q)2 sin®wf ==
1 mt o, . nr? m? AR
= 3{1 +T+2msm9t-—-2—c0529t‘—(l —]——2—)0052%1'——_
—msin (2w,— &) £+ msin 2o, Q) { 4
T m2cos 2 (w,— Q) £ 4 m?cos 2 (wy+ 9):}.'

Takum obpasoM, B 3TOM CcAyudc KpoMe TOCTOAHHOR COCTaBasiio-

m* )
wiefi 1—“-7 B OATH CASKTPAABHHX AUHUE C BLICOKMMY Y4aCTOTAMH

2ug, 2wy— 2, 2oy 2, 2 {0y D) 2 (0,4 Q)

MH NOAYudeM RBe CIEKTPAJbHBIE JWHHA C HH3KHMH 4acTo-
Tamu & » 2R, CaenoaTtennHo, CABKTP MOAYJHPYIOWEre Koaeda-
HUf, COCTORBIINH NEPBOHAYAJIBHO M3 ONHOR JWHMH C vacTOTOH &,
OKA3bIBACTCH MCKANKEHHLIM, M  JAaRHLIR nua II.ETEKTHPOBE[HHH
MOXKeT NPHMEHATBCA TOALKO NPH OUeHb ManoH rayGHHe Moxy-
AAUMK (TAK KAK OTHOWIEHME AMOAHTYA BTOpoH W mepeofl rap-
MOHHK paBHO m[4).

Ha puc. 16 naobpamens pazobpannsie cayuvan. Ha puc. 16, a
NPEACTABAEHL JBA UCXOJHBIX KOAEOAHHA — HeCyWlas 4acroTa wg
H MOAymupywoonas gacrora €; nHa puc. 16, 6 wuHzoOpaked
CHEKTP MOAY/AHPORAHHOIO KonefaHuf — HeCYINAR uacTora W
Lea cnyTnuxa; Ra puc. 16, 8 TmpencTaBieH CNekTp Kosaeda-
HHA, TOJyyaeMOro B pesyabTale JMHHEHHOTO 1&TeKTHPOBAHMH
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MOILY/AHPOBARHOrO konehanus (HYHHO OTMETHATEL MNORBJAEHHE JHHUH -
¢ uactoroh &). Haxonen, na puc. 16,2 npencrasaen cmexrtp,
MoAyvaeMbll B Pe3y/bTaTe KBaAPATUYHOLO  DEeTEKTHDOBAHMS
{cnekTp OrpaHMYEH, HO HMEIITCR ABE JHHHW HH3KOR HacTOTh:
Q@ u 2Q).

PaccmoTpuM soupoc o petexTuposBaddn Ouenu. Duewuawmu
HA3BIBAIOT HHTep(epeHLMOHHOe RBJAEHHE, COCTOALLee B MEepPHO H-
YECKOM H3MEHEHHM AMIJHTYIL pe3yJbTHPYIOWero Korelawus,

T h ,
52 , 2wy iy e,
4
-
&
| T 11y
I ~ e

Puc. lﬁ.

COCTABAZUHCTO W3 ABYX MPOCTHX CUHYCOMAAMBLHBIX KOJNedawufi
C HepaBHEIMM wacToTaMW. [ 0sopaAT, uTo uacToTa OHeHHH pasHa
PasHOCTH uacrorT oGpasdyimux koaehawuh *).

¥y 3JTo BepHO, ecAH nom 4YACTOTOH GHEeHHA [NOHMMAETH dacTOTY
NOBTOPSHEN MAKCUMYMOB HIH MHHUMY MOB orufanuei pesydbTupy o ero
wouaeOanmua, M 970 nesepHo, ecdd Noj yacTeTOH GHEeHHE LOHMMATL
DCHOBUYIO YacToTy Hafimolaemoro upouecca. [IpH eecomsmepumblx  4a-
tI0Tax OOpasyloulut KOAEOAHEE PeSyARTHPYRWES KOAeOanMe wooluLe
RENePHOAHYHO. - L oo
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TlosowuM, 4YrTo Mot cTasnM Choefl aaidvell noayueH#e B pe-
3YAbTaTe AETEKTHPOBAHHA CHHYCOUAAAbHOIO KoaebaHus ¢ pas-
HocTHO#l dacTtoToli. MH  umeeM

X == sin w,{ - sin @t

B nmanwHoM cayuae caeayeT OPUMeHHTE KBAADATHYHOE MAeTEK-
THPORAHHE, KOTOpPOE Jaer

3 = x? = sin%w,f + sin®w,f 4~ 2sin o f sih 0,/ =

=1_f‘_% stt—-—i-COSsztd—' cos (0, 4 0)f +

-+ —;—COS (o, — w,) 2

Kaw suimd, Wo TONYIRIM WPOMS noviormRat  taRRwmnRwRh
H BbicokHMX 4acToT 2wy, 2w, 0 w, + wy Tpebyemoe KoJedaHue
C 9a:TOTOH w, — w,, JluHeHHOe neTekTUPOBAIINE ITOTO HE JdeT.
IMpamenus ero, Mu NOIy4UAH OLl

y=!xl=/sinw, {4 sine,f|=
52[smw‘+

cost%;fﬁz

="

ST TR

[ 2‘413" cosk(wl—mz)t]

T. €., KpOMC MOCTOAHHON coc'rasnmomeﬁ W BLICOKHX HWacTOT,
MBl HMeJH Obl GeCKOHEYHELH CIEKTD HU3KOUYaCTOTHBIX CJhaarae=
WMWY, ¢ uacToTame R{w,—m.).

Kpanparuunoe IerextTHpoBaume RaeT I[pH ZeTeKTHPOBAHUH
GMeHHMA HYMHEIA pesyabTar W B Tom 00Aee CHOKHOM ciyuae,
KOrZa aMIVIMTYyNsl o6pazyimux kone0AHHH He pABHH, T. €.
Koraa

X == sin w,f - e sin wy?

(e==1). Bupaxeune a1a oruGaioweit OHeHHH npu paBeHCTBE
AMILIMTYE €CTh

c{t) = | cos ml;m?’t .
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Ecin aMnauTyaw HE PAaBHL, TO A% orufawuelt - monyuaefcq

ety =V 1432 2ecos(w, —wyi .

3Tto Bblpa)KEHHe npoUie BCEFO MOJYYUTh U3 [OCTPOEHHS (PHC. 17).
Toasko B mpejede NpH Ouelb mafblx
Hau oueHb Ooaslnax & orudHawlaf
Ouennii mpudMOKAETCA K CHHyCOHAS.

o Tpu & <€ 1
&t ; c(f) =V 14 e+ 2ecos (0w, —w,) I
it = V1 22 cos (0, — wy) £ ==
Puc. 17. ~ | 4 ecos (ml—.-wz)l,

H cJefoBaTe]bHO, MPpH TAKMX YCJAOBHAX MOKHC MOpPUMEHATE H
Juuefilioe neTeKTHpOBAHHE. Kpupan Ouenunft npu stoM #He OT/AH-
YAeTCA OT KPHBOH CHHYCOMAAMLHO-MOAYTHPOBAHNOrCG KoacODaHHd
npa Masiolt rayGune Monyassinun. Copeplienso Tag e 0BCTOMT

Aeno W mpu £ 3 1.

§ 10. Cnexrtp cymMbl nepuopudeckux (pyuxuni

B § 4 yme ropOpuanch o TOM, uTO mpeofipasosaine Pypbe
JUHEHNO, ¥ K HeMmy MPHMEHWM [03TOMY OPHMIHM HaIoKeHHd.
B cayuyae mepuopnyeCKHx QYHKUHR 3TO MOMKHO B8aNHCATh TAK:

. .
ck:Tl, f at Y fihe T = YC,
i

T. e. KOMILIGKCHAN AMILTHTYAA R-H TapMOWHKY CMeKTpa cyMmMsh
(yHKUMH pasHa CyMME R-X FAPMOUHK CHEKTPOB KAMAOK 0TAEJBHO
B3ATOH  dyHKUMH. Jto  OeccropHo, HO Hac HiTepecyloT
OCBUHO AeACTBRTEAbHbIE AMOANTY AR, 18 HuX MOMHO 3anucaTb

Ck:9i67c|=2| gcik{

C FeOMeTpl’iquKOﬂ TOUKH 3pPLHUA 3T4 B2JAHYHHAA ﬂpEI[CTElBIlHET
coboll saMblKaOWYy!O JOMaHO#, CTOPOHLI KOTOPOH paBHbl Cig
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H OTAOMWEHE NOA CODTBE‘»TCTBYEOLHV[MH yraamMu Q;.. [Tonowum, uro
Hanel ABa CHHyCDH,ﬂ.aJ’IbeIX KOJae03HUA ¢ KOMNAEKCHLIMH AMILAR-
Ty A2MH _ :
2C, = cle—.‘:‘l?: , 2C, = ng—d% .
Torna ‘
20 = UC, + Cp) = ™™ e,

omlae e =
= ¢, CO5 Py + €008 @y — (&g 5in @, = ¢, sil] cp2)| —
= Ve, co59, + €508 9, + (¢, Sin g, + ¢, Sill gp)° ==
=V i+ &+ 2,c,c08(0; — ). (10.1)

2ra qopMyaa MOMET NDUMEHHTLCA W B TOM caAyvae, LOTRa
BMECTO MOCTOSHHbIX (PABOBHX YILJAOB ¢ Mbl IOACTABIAAEM Kak
YLOAHG 3aBHCAIINE OT Bpemend Yraosme aprymenrs #. Toraa
W aMILAATYAd OKA&3bIBAECTCR OyHKUKEeHd BpeMEeHHW, H BbIPANEHHE
(10.1) mosxyuaer CMbICA OTHOAKWER HEKOTOPOrO CHOMKHOTO KOS~
fauns. Hanpumep, ecnu BMECTO ¢, H p, NOACTABHTb o, H ®,f,
TO Mbl NOJYUMM BHIpAXKEHHe #Ax Orufajpoulel OHeHHH, BO3HH-
KaloWHX HpH CAOMEHAH ABYX CHHYCOHIAAAbHHX KoJedaHHA
¢ AMDAUTYIAMA € M €y M 4ACTOTAMH ©; B O,

PaccMoTpud  BONPOC 0 crekTpe dyHKuan, mnoayuvaemof
B peayALTaTe CHAOMKEHHS ABYX OLMHAKOBHIX, HO CABHHYTLIX 1O
BpeMeHn TepHOAMMECKHX dyuxuui. [aa HexoTopo# nepuoiu-

veckofi $yukunn f ()

=
1 t
lk_TJ j‘(&‘)e J?'ﬁc d&‘
T
2

Naa Taxoft e QYHEUMM, HO B8aNasjsuBalowiell HE BpeMd T
HMeeM
+

wop b

Czk:"%'“J FE—ne 7T gt
T
2

.M|,..a
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WM, 3aMeHAf {-——1T Ha I
x
+ 3 .
o iy i
Czk‘_—_T j(tl)e T dtl S C1k-
P, .

2

Fcay Teneph chomnTe dyHkuun f () n [ (—), TO KOMIJIeKc-
Hasg aMIAnTyRa K-§ TapMOHBKM X cymMsi OyjeT pasha

~ —ker
Cp=Cp+Co=Cp (1+¢ “),

a JeficTBHTeAbHAR AMIJMTYNA paBHa *)
—jkar RS
€= 2 leI:CUc| L4 e [ =2¢yy,

cos
2

. (10.2)

Wrak, nas toro uroGb TMOMAyY4HTL CIEKTD CYMMB BBy X
ONMHAKOBLIX (YHKIHH, CABHHYTHIX 4d BpeMs T (HanpuMep,
CYMMy CHIHaJa ¥ erd OTPamenus), AOCTATOUHO YMHOMUTDL

) kOt |
AMIAMTYLY KLMAOH rapMOHHKHM Ha 2 lCOST
Paccmorpum npumep. ITycTs mawa Nepuoimueckas ToOCHAes

T
ROBATE/LHOCTE KOPOTKHX HMNYJIbCOB M NyCTh ©= 5.  Toraa
MEeKuTeAs B Gopuyae (10.2) npunumaer Bua

= 0 npun & HeueTHOM,
2[ cosk 5| ==
2 2 npa R UeTHOM.
TaxnM ofpasoM, Bce HedeTHHe rapMOHWKH BHnaaawT. Tak

T
OHO W JO/MKHO OEITh: BEAb €CHH T= 5 ,TO IT0 3IHALWT, UTO
WMIYABCH BTOPOW CEpUM NONARAWT B CEDRAVMHY NPOMEMYTKOB
nepso#t cepuu, T. e. moayuaeTca siasoe GoJee wacToe casio-
BAHHE HMNVIbCOB, M, CTAT0 OLiTh, GCHOBHAH 4aCTOTA, 4 € Hew
# HaCcTOThl BCEX TapMOHUK YBeJHUMBAWTCA BABOE.

Jlerko cooOpasuTh, YTC TO XKe CAMOE TOJYUHTCA TpH

2n 41 T 5 !
—5 , T.e. KOrJa T p4ABHOQ MOOOMY HEUeTHOMY YRCAY

*) 1y QopMmyay mono Gwae Gu noxydnTe H3 (10.1), nozomus
Oy = €y = ¢, P = U3, Yp=10.
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‘ 2n 41
noaynepuonos. Ecm t= -—4i T, T0 n3 cnexTpa BHNAMAIOT

BTOpay, UlecTad, AeCcATdA M T. A. TAPMOMHKH.

$opuyaa (10.2) saer spaqenve aMUAMTYAB R-fi rapMOHHKH
cnexrpa cymmsl Gyvexual (&) u f(f-— 1). Ecau Mel cocTaBum
HEe CYMMY, a PasHOCTb 9THX ABYX dynkumi, 10, AchcTBy® aHa-
JOTHUHO MpefLigylUEeMy, HaRLeMm

—JkRx }

e =Cy l—e =2c1kJsin-k2Et-’.- (10.3)

[pennonowuM Tenepb, 4TO T HAECTOJABKO MAadad BLJHYMMA, 4T
cnpasenuEo OPUGAHIKEHHOE  PABEHCTRO

O — FE— ) = AL S () = F(B).

TaknM 06pa3oM, Mb BHPASHAH DPABHOCTL (PYHKUHH uepes

&

npouasonnywo. Haltnem cnexrp f

7 r
+ -&_ +

& f(z‘) —Jksatdt____jf,(t) Lt

‘2

=

— [%‘) o k0t i kQCk]

N-E*-"_““ w3

Ho Tark wxax ¢ysxuus f(f}) nepuofHyeckas, TO
Ck__—jkg'tck
U, CACLOBATCABHO,

*
e, =kRecy,

‘ Jro coorHowene MOrao Gul OuTh moayueno ua (10.3) ny-
TEM 34aMEHB! CHHYCA Ero APryMeHTOM.
Bee mpusesenusle Bblule COOTHOMIeHHsT (&3 Tpyaa pacmpo-
CTPAHAIOTCA M HA caAyval  mOUTH-MepHOoAMUYECKOR  QyuKLUH;
B 3TUM Cayudae BG BCe (POPMyJsl BXOAHT &, BMecTo BE.
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§ 11. CnekTpsl HEKOTOPHX UMRYALCOB

PaccMoTpiM  cHAYaja CHOEKTPH HEKOTOPEIX  CNELHAALHBIX
paspeiBHbIX fiyHKIMA, B YACTHOCTH TaK HaszwiBaeMOW edunut-
noi gyurguy o(f), onpenensemoll clenyolmM obpasom:

o 1 <0,
sB=1 & t=0, an
1 > 0.

Bosee ofitupnm aBafeTca onpeielende 8anaanppaloulel na spems t© -
elUHHUROA QYHKIHH

IO t<nx,
ot —1)=={ -1;— l=nr,
2

l i t>n.

Danee DBOSMTCY Onpenefenue eduHUYH020 HMNYALCA B BUAR

H

fa(u)da=o(r), | (11.2)

—0

npruen GyHrnus ©(7) pagHa Hymo NOBCIOAY, KpoMe Touky £ = 0,
rie OHa passa OecionenHocTH. Mrak, 9(f) npercrapaser Gec-
KOHEYHO KOPOTKHH wuMmyJabC € RAOWAABIO, pABHOR enuHuue.
$yHknua  S(f) BhOepsLe BBeICHA B MATEMaTHYECKHMH annapat
TEOPETHYRCKON guaukn LHpaKkoM; ona BasmiBaeTCs TaKwe cpyl-m-
uueit Jupaka, uin AefbTa-QynxuHed,

Auddepenunpys (11.2) no £, nosyuaem GopManbio *)

d
) =qra(). (11.3)
KauecTeeHHOe NpelCTABAEHHE O CBONCTBAX (YHKIME 6 W &
H HexoTopoe OGO:HOBauHe cooTHomeHus (11.3) mMomHO noay-
unTL QYTEM TPedsdsHLX Mepexofos. PaccmoTpHMm Peromora-

. *} Onepanns angdepeliPoBanna, COBepllaeMas 3Jech Hang pas-
pueHOH qiynkuneil o, & woseiiliee ppeMst y3aKoHeHa B MATEMITHKE
B CBA3N C BEEAELHEM Tak HaskiBaeMmpy ¢bo0mesunx Qynxnpd
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TEAbHYI PyHIIMI0

’ [71
00 el
w={y+1 —F<i<i
¥ 15,
H ee NPOU3BOAHYIO
0 t<— %,
(=1 - —g i<y,
!0 t>5.

Bynem nepexomnts k mpeneay npu a-—»0. 3amatuM, 4To nAG-

Ca

Pue, 18,

WAAL HPAMOYTO/IBHOTO HMIYJALca B, (f) ocTaercd paswoit enM-
Hilie, He3dBUCUMO OT 3pdueHua g (puc. 18), B npeaeae umecy
0, () = o (t), 8, O =D .

a»0 . a-»0

Ycnosusincs 08  onpeledeHHsx, NepeifeM K CleKTpaM.

Han cnexTpa gyuxunn 8 noayuyum
+ oo

Sy= [ g —qydt =,

—ad
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TaknM 06pasoM, MOAYML CllexTpa (PYHKIME S DAREH elNMHHUE.
Sro snauut, uto QyHKuHA & o6gialderT CNAOLIHEIM CHEKTPOM,
NPOCTHPANIIUNCS A0 eCKonewHo OONLUIMX 3HAuYEHRH 1aCTOTH
¢ HEeM3MCHHOHR CNeKTpaabHOIl [MJIOTHOCTLID.

[lpu nonwiTke BHIUECAHTL CHEKTP (PYHKLMH 6 BO3HHKAET 3a-
TPYAHEHHE, CBAZAHHOE C TeM, 4YTO 9Ta (pyHKuUUs He abCoMOTHO
HHTErPUPYENA H UMEET KOHEUHOE 3HAYeHHe Ha CGeCKOHEYHOCTH.

Moxuo o0ollTH 9TO 3aTpyAleHKHe, YMHOKHE QYHKIMIO ¢ Ha e ).

Torna
+co o
Sp=[e-e+1not—n dt = [o H gt
-0 T
S _(“"'Jwﬁﬂig_jm.
a+1w a—-}()jw

' 1
Monyme crexTpa (YEKUHM ¢ eCTh - . K 3Tomy ke pesymwraty

MOkHO NPHATH U APYTUM [yTeM. BocnoabsyeMcs W3BECTHRIM

#) Myoraa UMUIYyT NpOCTO

=]

J e~dotgy 1
iu’
[1}

1. e. noparaloT 29 =0, uro Tpebyer OroBOPOK.
© Korla b nnuem f(co), TO MOHHMaeM UOL 3THM CJaeRyllee:

fleo) = tim 7 (x).
& oo

GrywruuA 2797 ppu ¥ CTpeMAWEMCS K OECKOHEUHOCTH, HE CTPEMHTCR
AR AYLER Y RRRALE 8 HAKMGY B 0 LHE SRR STRAAAa Iy
mpexeay. [losTomy Bhipamenye ¢ 7® jmuweno BcAKoro cmucaa. PyHg-
A e (kax, popouem, n ¢¥9®)y mmeer Moayrs, pasEbi emuHnie
opn A0BIX 3HAYEHMAX X, APTYMEHT Me H3MEHAeTCHd HHKJIHYECKH C BO3-
pactannen X. Hpyroe Jeno, ecnn nokazaredh eCTh KOMINEKCHAA BEJH-
qHHA, T. €. €CAH, HATipHMep, (PYRELMS 3amucana B BHAE

Ff(x) = e(*a*‘fﬁ)m_

Torna opn CKOJAP YrOAHO MaJoM, HO KOHEUHOM BEL[eCTBEHHOM H II0JQ-
WHTCALHOM o, Mbl MOJEM 34ITHCATH B YKA34MHOM BBIIE CMBICIAE

J () =0.
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COOTHOLIeHHEM ¥)
oo
sin of

0

Unurerpan B npasolt uactn MOXKHO pACCMATPUBATL KAK  Belle-
cTeennyio  (PpopMy nHTerpana Pypbc AAA HeweTHOH pyHEnaw
o(f)—5. B rmakom cmyuae cnektp srtofi QyHKHEA (T. &

1
MHOMMUTENL TIPH CHHYCE} ecThb .

PaCCMOTpHMV Telleph CHEKTP BECHMa KOPOTKOrO MMOyaLca
npousB0LHOH (opHE. MMNyAbC XapakTepHsyeTcs TeM, 4TO
QYHRUHS, NPelCTARIRIOINAS eT(, PABHL HYJI0 RBHE HEKOTEpOro,
OdeHb MaJdOor0 WHTepBaAa T OKOAC == 0 *%), ‘

Mbl MOXMeM 3aMHCaTh AR CNEKTPa TAKOFO HMMOYyJbia

.
S= J e-iotf(f)dt = | e-jotf(t)dt

- .
T iw—
Ho ecau = Maao, TO e 2 Mmamo orauyaeTcd OT e',FI,I’lHHU,H, H

+

e

S= | [(OHdi=gq,

E_i

nof e

T. e. CNeKTp [aBeH NOCTOAHHOH BeAkuMHe, onpenenseMofl mro-
maapio uMAy/abca.’ Taxoe COOTHOUEHHe MBI YiKe BCTPeTuJM,
paagupas BOnpoC 0 cHEKTpe eIHHHUHOrO umnyabca 6 (f). Onpaxo -
TOMA3 peus WA O HEKOTOPOH oupcleleHHOH dpy‘n-:uuﬂ, 3JIEChH

We B HUTEpBAJTE, B KOTODOM GYHKLHA CYLIECTBYes, OHA MOMET

HM2TE NPOUSBOJLHLIE BHA, T. €. HMOY/JIbC MOMKET HMETH KaKyw

yroano (opMy, Juwin Ol AAHTEALHOCTH ero Gelid  Malof.

*) CM, Hanpumep, B. M. Cuunpnos, Kype Bucuei Ma'rema-
THEN, T. 2, B3N 9-e, [ocrexmamar, 1948, ctp. 252—253.

**) Conepmermo Heo0H2aTedLHO PACTOAATATE HMIYHABC B Hayaje
IKAABl BPEMEH: KaK Mbl 3HAaeM, CNeKTP HE 3aBHCHT QT CMELIEHUR - BO
Bpemerrt.

3 A, A, Xapkesay
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DTOT BONPOC WUTPAET 3JeCkh OCHOBHYIO pPOJb, M MH Ha HEM.
HeMyoro sanepaumcd, Mol Tpedyem, urolu t Gmao Majgo, Ho
TpedosaHne MaJdoCcTH JHILIEHO CMbicaa A0 Tex 10D, Moka He
ykasaHo, ¢ YeM Ta WM MMaA BeJnuuna CpapuuBaercs. B pace
CMaTpUBABMOM CAy®ae n[OAQYieHue onpeieaseTcs TeM, uro

T

+jury
BCJCECTBHE MANOCTH T OYHKUHA e~ ° Mano oT/HYARTCs OT

eAuHunE. Flo 9To BHIOAHAGTCH NP YTAOBIN
T
w “—i- << 1
Han
< T,
2z
rhe 7 — nepuot, cooTBETCTRYOMHA yacToTe © (T B

Tagum 06pazom, Wbl UPHXOAHM K NPOCTOMY, HO  oueHb
BAXHOMY KAK ¢ NMpuHUMOMAJRHOR, TAaK M € NPAKTHUECKOR TouKH
BpeuHa BHBOAY: OILMHOYHBH HMOYALC NPOU3BOMALHOH opMb

T

{

=

S : ]

[} T 27T --b-%r T
Pue. 19,

HmepT IO CNEKTD, KOTOPHE MOMET ObiTs NPHOIMMENHO
Bhipaen NOCTORHHOW BejnyuuoH, nponopluonaaspiol Goowanu
HAMnyieca, B wpenefax TOro HHTepBaja HacTOT, B KOTOPOM
Mepuog oCTaeTca OOABIIAM 110 CPABREHMIO ¢ WIHTEIbHOCTLIO
Hunyanea ¥). .

Mu GyleM ellle HEOAHCGKPATHO BOSBPALIATHCT K ITOMY 110J0-
HeHuIo.

4 ¥) Bgeco ecTy qnHA TOHKOCTH: CHODPMYAEPOBARHOE OJONEHye cpa-

RERAVRO AJSH HE3UAKONEPEMEHHOro ¥MDyIbcd. OThounnned Coja nod-
potyocTe pasbupaiotca 8 AofasaghHi 1V B KOHNE Kiurk
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C noBbINEHHEM HYaCTOTH, KOria 7 JeqaeTCA YMEe CpapHu-
MEM C T, Dyukuua S naunHaeT yOwiBaTh. llpexne uem uay-
yaTe OOlME 3AKOHOMEPHOCTH, Mbl PICCMOTPUM pAl NPUMEpOR,

BuuyucanM CcnexTp HpAMOYTOJBHOTQ UMITYJIbCA  BRICOTOR /2
H SJAMTEIbHOCTBI0 T, MB nomyuaem

+'—: +:25 sincol
S=#n j e'u‘fm‘dz‘:—-%e‘fmf =g (11.4)
_E ! L )
2 2

rie TAOWALE HMOyAbca g = At. [paduxk ©==|§| ana sroro
caydas uzobpawen na puc. 19,

B kavecTBe MAMOCTPALHM TpPeNBAYILErG 3aMETHM, Y4TO [PH

g
’ 2'< sinow = =~ o«

U)§~ 2
] = q.

laa wumnymuca ® cpopme TPEYTOALHAKA ¢ OCHOBAHMEM T W
BHICOTOH /i HMeeMm

0 P — =,
h(l—{— %) L <t<D
ro= 2 0
h(lw—) <t <
0 5 <l
Cuenosartesbo,
! ' 0
§= “F('1+ 2 st ar 4
~%
p ‘ ] \2‘ job @t o l_cosm%‘ (11.5)
- | — — v =g —F—75* . .

B
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Paanmaras uwucautens B CTerHeHHOH paa, MoMHO yOelutbes,

. 1
4ToO OTHOLUcHHE CTPCMHTCH K ¢AMHHLE 11pH wi , CTpeMilllerCd

N

| A\
\\ ey

~N | _

y =
an “’Z'

Pne. 20

k nyao. Jas KOCUNyconIanbioTC MMMY LCA, BHPE3AHHOTO M3
KOCHIY COMAB € NepUooM 2T H aMIUIHTYAOR h, uMeeM

T

+5
] ‘ . COSL\!'?‘ ) o !
S==% J‘B*J"’tCOSﬂ-{dt.:ql—?{-)Qs (11.6)
T ) —\ T wy

rae q=-72; A% (puc. 21).

NCO A
\ T
N

Nt

brd e

Baley

4
Z

Moje,

Puc. 21,

B4 nochenmee BpeMs TpuHBAex K cefe BHUMAHHE WMAYALC,
Hasbibdeumell B CHELHANBHOA  JHTEPATYPE «HOAORUALHBIM»,



§ 1 CEKRTPL HEKOTOPLIN RMOYALCOR Ga
OTuT uMnyabC supaKderTcH Ppyuxunei

=57,

974 3aMeqaTelbHa TeM, uT0 oHa npoHcTBANHA
cebe, T. e. uTO ec npeofpasosadHc Pyppe AaeT TAKYIO e

-

PyHr1UA

DANEERN

L‘ =]

B
Pee, 22

dynenwmo.  Teficreurembro, Nas CHEKTPA KOMOKOMLHOTO HMe
llynbca hodiydaeu

+co ) wh -l-.m @ 2 .
S= f e gl gt — o~ TF J em(ﬁ”’ﬁ) dt ==
—_—0 e ]

. — [
=%e Tﬁ“J e‘ﬂﬂrjbc—-:lgE P
o

{pnc. 223 , -
v PaccMoTpuM  emle  HECKOJLKO MMAYJALCOB, HAUMHAIOILMKCH
Opu ¢ =0, HO CTPEMALKCA K YO MHWEL Opu £ — Go,

[TycTe, Hanpumep, NaH SKCIOHeHUMAMbHbIR HMITY JIbC

J () = e~Fisy ().
Ero cnextp ects

o

S | g-Grime gy e

¢ B se

tﬂéﬁ- (1.7

e-—-g

(puc. 23).
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CriekTp AMnyaubca B pOpMe 3aTyxaioulell CHHYCOM/b

J(@y= e sinw oy (£)

HMeeT BHA
>

S— J o= @) sin o f df —

0

oy

a? — w? 4w} 4 Zjaw

Hau, BROLA 0OO03HAUCHHSA

2 2
a2+m%.ﬁ—ﬁm:' d:?a.
(H]
L wy 1
S=t (11.8)
0 I_(‘”u) +]du°To'

(pnc. 24). BuuvcinM eute cnextp mmnyibca B dopme OTpeska
CHHYCOHIB, COCTOAINEro H3 LENOoro 9ilcia NepHOAOB /i

5 o
S = J. el gin mgt df = —?ﬂ?(——- 1y sin am %’;’ (11.9)
W = gy
nT 0

(prc. 25). D10 ecTh, B CYUIHOCTH, HE YTO HHOE, KAK TeKyuya#
CHekTp craycoupe (cM. § D),

V Oyenb yacTo MMBYJLCH ONpefeneHHON (GOPME NepHOAHYECKH
NOBTOPSIOTCH, YCTaHoBMM CBA3b MeXAY CHEKTPAMH OAMHOUHOIO
MMOYAbCA H [eDHONHUECKOH NOCACLOBATENSHOCTH TAKHX  KE
aMOyabcoB. Hanepen AcHO 04HO: crekTp OLHHOMHOIO HMIYJbCA
€CTh CHEKTP CHAOWHOW, TAK KAK HMIOYJALC eCTh Hel:pHOLHYe-
cian yHruus. Ecau ke AMnyasc kaxo#l yroaHo QopMel nepH-
OLHYECKH MOBTOPATE, TO MBl MOJYUUM NMEPHOLHYRCKYO (YHKLMIO,
0514 13101UYI0 NUCKPETHHM TapMOHHYECKHM CIESKTPOM.

[IycTs cnexTp OoAMHOUHOTO HUMUYAbCA CCTh

+oo

S, = f e=iot f()db. (1110

-0

Ecau Tago#t MMIY/JbC HOBTOPATH dYepe3 IIPOMENYTKH BpeMe-
e T, TO MOAywaTeH nephHoluteckas @yHKuaa ¢ nepuoidm T



§ 11

CMEKTPL HEKOTOPHX HMMIIVJAbCOB s

s —
\ N
N -
S~
2z ¥ £ ._*%
Puc. 23
—
/
/ ﬂnA —
oy v
=05 N I
S ——
7 y; 7 ~Z
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(puc. 26). Cnem‘ﬁ 9TOH yHKUHH MOMET Guts MOAYYSH [0
dopmyae

1
Ck;?

T

eIk f(f)dt, (1.11)

s

wi

Conocragnas (11.10) u (11.11), MH BHZHM, UTO IHAYEHHA
nenpepHBHOH GYHKWAR Sy COBNALAIOT CO 3HaueHuamu €y, (c Tou-

1 .
HOCTBIO RO MOCTOAHHOTO MHOXUTEJA 'T) NPH O pele/eHHbIX 3Ha-
MeHUAX aPFYMEHTd, 4 HMEHHO UpH

m=27r-?—=ku:1,

2n
— ~— Kpyropaa 4acToTa mOBTOpPEHUA.

TakuM 06pasoM, COBOKYNHOCTE To4 ek TC;,, onpefendiomux
II.I/ICK.peTHbIH CHEKTP nepnomqecr&oﬁ nocaea0BaTeALHOCTH HMITY /b=

/\f[ 7]

Flt+nl}

NN NN

Puc. 26,

rae w,=

€OB, JeWHT HA kpuBOR S, onpenelsolleft ¢nexkTp OIHHOY-
HOTO WMWY JAbCa.

MomHO ellifle CKA3aTh, YTO JAHHEHYATHH CIEKTP MepHOLHUE-
CKOHl TOCACIOBATENBHOCTH HMIYJILCOB BIHCHEBASTCS B KPUBYIO
CILIOWIHOIO CHEKTPA OJMHOYHOTO HMMIYAbCH.

Ha sToM npmMepe Jerke ppoc/ieldTb NpeledbHsIH Mepexodn
OoT pART ¥ wnrterpaay Pypbe: eclum 0epuol [OBTOpeHHR BO3-
pacTaeT, T. e. ec/M UMIYALCH MOBTOPAIOTCH BCE DEXe U pexe,
STO TOMKH, H3odpaxmaoliue JMHeNYATBIM  ChekTp, OCTaBaach
HAa KPHBOW S, pacriogardioTcs Ha Hel BCe TecHee, noka He 00pa-
3YI0T HENPephIBHYI0 MOCAeAOBATE/AbHOCTS, T, €. KPHBYIO, Cubila-
sdowyn ¢ Sg.
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§ 12, Ceusp memay LARTEJALHOCTLIO HMMYJbCA
H WMpKHHOH ero cnektpa

Mul yae ycTanoBuan, uro UueM KOpO4e HUMMYJAbC, TeM UIHpe
ero CHeKTp, B YaCTHOCTH, GECKOHENHO KOPOTKHMH UMOYJALC MMeeT
OECKONEUHO MPOTAKEHHBH CIEKTP ¢ PABHOMEDPHOH TAOTHOCTLIO.
B srom nposamasetcs oAHO BechbMa oflllee U HMEIOUICE OUEHB
GoJablioe 3HAuende COOTHOLIEHHEe, K YCTAHOBJCHHK KOTODOrQ
Mbl nojolneM nocTeneHHo. .

[Tpexxne Bcerc szaMeTHM, uTo ofulee NpeAcTaBAeHHE O CBASH
MEeN 1y TNPOTSIKEHHOCTAMM RO BDEMEHH M NO YACTOTE sBITEKAET
HEROCPEACTBENNO M3 OLLIEFs ¢aolcTsa npeolpasosanus Oypoe.
Tonowum, uwro dyuxkaus  f(¢) umeet cnexktp S(w). Mamenuwm
macuiTab BpeMeNM B g Da3, W nakinem CHexTp dyuxuun af (af)
(MUOMHTEAL @ neped  Gyukumel 400aBAeH NAs  COXPAHEHHA
NAoILaAM, T. €. pasmepbl rpaduka QYHKIHA YBeJHUSHE MO OCH
OpAMHAT BO CTOJABKO ME Pa3, BO CKOAbKC YMeNblUIEHb B CBA3H
¢ WaMeHenueMm Mmacwrafa pasMepul no ocH alcuuce)

Sa=a J‘mf(at)e-f“"df =s(2).

Takum 06pa30M, eC/H AAUTEALHOCTs (YyHKIEMH F(f) ymenb-
mena B @ Pas, TO POBHO BO CTOMBKO JKe Pas BO3pacTaeT WHPHHA
crnektpa Qyuxunu. Ilpn sTom npedmoJaraetcd, 4To onpedeqe-
KU DJWUTEAbHOCTH (PYHKUAM B IIMDHHB €€ CNeKTPa OcTaloTeA
HEH3MEHHLIMH,

Tenepe paccMOTPUM 1ieCKO/bKO NPHMEPOB.

BoasMeM cHORA mpaMoyrobHuilt uMuyasc [cM. § 11, dopmyny
(11 4y u puc. 18], Hua cmeKTpa TakOro HMITYAbCA Mbl MOJAY I

S]ﬂm—;—
S=g—=. 2.1
co——2— :

ConocTaBuM  TeNepb LJHTEABHOCTD HMTYALCA H WHPHHY ero
CNEeKTPa. [MTon 1AM TENLHOCTRIO HMnyJbca Af eCTECTBEHHO B DAHHOM
C/ayYae NOHUMATL BeJHUMHY <. YITO KacaeTcsd WHMPHHBI CHEKTPA,
TO 3[1eCh HyXHO BrOpath Kakoe-muo onpepeneHse, TaK Kak
CHexTp uMmy.ibca Oesrpanuved. Ho rtak kak cnexrp yOsiBaer

3B A, A, Xapxesuw
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¢ uacToTol, TO MOWHO, HATIpHMED, VCAOBHTBHCH CUMTATHL 33 LiH-
pPUHY CReKTpa NOAOCY YACTOT Af Mexny HyJeM W TCM 3HAuclHHeM
YaCTOTH, KOCAa CIEKTP MNepboifl pas o0pallaeTcs B UYIb,
Ha dopmyas (12.1) BuANO, 4T0 3TO CAYUHTCH, KOTIE apryMeHT
cHayca OyaeT paeed m, OTC04a ¢lelyeT pABEHCTBO

2nAf %t— ==

HiRA

AfAt =1,

T. €. TNpOM3BeleHHe LJAUTCIbHOCTH JAHHOrQ HMTYIbea A/ na wwa
puny ero cnexrpa Af (B BHOPANHOM HAMH NIPOM3BCJLHOM Ollpe=
JAEJNEHUH) DAaBHO €ARHHIE.

A2 TPeyTOALHOTO MMIYJLCZ Mbl MOJy SRR

1—cos ml‘?
S=¢—F7—x . (12.2)
2 (“’ 2)

[leppui#t Hynb crekTpa OyleT mpu

A

"2— _ 21’5 ’
OTKyJAa '

AfAf =2,

Mu coxpamsem onpelenenns aas Af n At Af— mosoca
YACTOT A0 REPBOrC [EpPex04a CHEKTpa depes Hydb, Af — unrep-
Bd. BHE KOTOPOro (YHKINA, IDeRCTABAAIOAA HMIYJAbC, pablia
By A,

A KOCHRYCOHIAABHOIO EMIYJAbCA

T
CDSL\Jj- -
S=q "—‘(‘i——z ; (12:3)
{0
™ 2)

R HCKOMOE COOTHOLIGHME TPHHAMART 1314}1‘/,
Afdt =1,5.
Jlas Bcex PAaCCMOTPEHHBIX NPHMCGDOB MOJYYAETCH, HTO
AfAf == 1, _ (12.%
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Onxako, ecau Oul MM RXOTENM YEEARUNTb UHCAQ TPRMepOR,
TO CHOPO HATOAKHYAMCH Obl HA 2aTpyAHeHHe Ipu BHbope oNpe-
peneruft Af u Af pAR mavdoro Kouxpetsoro cayuas, {lononawm,
HAMPHMED, YTO MBI MWeJdaeM YCTaHOBUTE cooTnoWenne Tuaa (12,4)
A5 IKCOOHSHUMAALHOTO UMY ALCA

fy=eHa(h).

MMpenuinyiee onperefenne Af HENPHTOAHO, TAK K4K OYes
BHAHO, YTO 3Ta PYHKIHA HE PABHA HY.JNI0 B HHTepRaae o 0 1o oo,
Cnpawnpaefcd, KaK Ke ONPeASMHTh AJANTCARHOCTb HeKOTOPLIM
yHHBEPCAAbHEM 006PasoM?

[Ipexne BCero saMeTHM, UTO BOINPOC O COOTHOIUEHUH MEMAY
Af v Af umeer He TOMbKO TEOPCTHUCCKOE, HO M OYeHb OOJBIIOE
NpaKTHUecKOe 3Hauende. B cospeMeHnOd MMOY/JABCHOH TeXHHKE
HeOOXOMUMO CO343BaTh OYEKB KOpDOTKHE, HO B TO Ke BpeMd
OueHb MOWINBEe HMNyabcH. FHave rosopa, B BMny.asce Goub-
mwas SHEPrud ROAKHA CHITH COCPeAOTOYEHA B MAJAOM MATEpPBaje
BLEMEHH.

C apyro#i cropous, Tpebyercd, urobul CNexTp WMOyabca
OBl Kax MOMKHO MeHee Pa3aMblT, IOCKOJbKY IMHPOKHH CHEKTp
Bhi3BIBAST HedbiH pAd  CepbesHBIX TPYLHOCTER B yCTpOReTBe

MMIYABCHOR annaparypsl.

Taxum obpaszom, ¢ oaxoll cTopousl, Mil TpebyeM maltoro Af,
a ¢ Apyro#l— Magsoro Af. 3t TpefobaHud, Kaxk MH BHICIH,
BooOuie TOBOPS, NpPOTHBOpeuHBbl, QHAKO MOMIKUO HCKATE BHI
MMOYabCa, AJS KOTOPOro Npousbenehie Af Af UMeeT HaUMEHbIIER
anauenye,

Ecan moaxozuTs K Bonpocy of onpenesneHHd BeJHuuH Af
B Af ¢ ppaxTHueCKOM TOuKM SpPeHHd, TO MONHO NPEeAJOKHTH
CACAYIOUICE Onpeieserivie AAWTEABHOCTH: 1OJ .ﬂ\ﬁﬂTeﬂbHOCTb}O

2 l’IMﬂy.J'IbCH HOHI{M&ETCH APOMEXYTOK BpeMetn, B I{OTOPOM cocpe~
/JJ,OTOLIQHa HOJlaBJ'lﬂ}OLLlaH 1

ACTh SHEPTMH MMIYJbCd. AHAAMTH-
“YECKH 3TO ONpefededde MOMHO cPOpMYIUPOBATL TaK:

LY
tt 5

J’ f”(f)dt—nf fRitydt=—eA, . (12.5)

- :
3B*
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3a8Ck
~+o0

A, = f 2D at

NPOMOPUHONANLSHAR  OOAHOR BHEPTHH  HMMIVAnca;
71— BHpakaeMas npapadpHoR  ApOGLI0  OTHOCHTEABHAS 1044
MOSHOE  BUEPTMH  uMinyhbid, UPUXOSAIIAGCR HA  [IPOMENYTOK
BpeMeHt Af. ¥pasuenue (12.3) MoxeT ¢ yroGcTBOM peliaTned
npy NOMOIMH IAAHAMESTPHPORAHRT,

AHagornuiey o6pasoM  MOKHO  OHPENEdHTb M LWIHPUHY
CLEKTPE
fw fess
[ %) do =+ f D2 (o) do = e , (12.6)
o 0 )

3amernm, 4T0 nc tegpeme Psfium
A=A, (12.7)

Hro wacaerca mesuunubl fp, BXoaawe# B npeledbl iHTe-
rpara & nepofi wacty (12.5), 1o B pase cayuaes BRISOP stoi
Bequudifbi e OCTaBaser coMmuenu#t. JLag CHMMETPUYHBIX HMIlyjib=
COB, BHIPAKACMBEIX verHsiMd Qyaxuaamu, fp=1=0. Jlaa #MOyie-
coB, HAaumHawWRXCy npu ¢ ==1, dopmyay (12.5) caeayer nepe-
nmicatk 8 BHAS

at o
[ roda=x{rraoada.
o 1]

BepHemcd K paHee pAaCCMOTPEHHLIM AMIYJALCAM W BLHIYHCAUM
WX JHAHTe/bHOCTH H [UMPHHB MX CHEKTPOB, OCHOBBIBAACHL Ha
NPeAIOKEHHOM ONpelenedun. BriGupas aas v anauenue 0,9 no-
JYYHM CJAeLYKOLLYH) CRODHYI Talmquny HHTEePeCylOlHX HAac pe-
JAudRH (4eTAAH BhlydC/eHndi BeiHeCeHs B foGapienue VI B KoHue
KHHATH),

MBI OTpaHMMHMCH AMINL OAHHM 3aMeuaHueM N0 NOBOLY 3ToH
TaOARIBE KAk BiluM, AfAf okaseBaercs HAKGOMLIIAM A9 M=
NY/LCOB, XaPAKTEPUAYIOIUXCS PA3PHBOM OYHKUNHM f() {npamo-
VroJbHBE M SKCNOHeHUHAALHEKA);, Medbllee sHauenne AfAf
NOJYU3eTCa AAT HMRYJLCOB ¢ PAspLIBOM B NMEPBOYX NPOH3BOMN-
HOHU (TpeyroabHLlit ¥ KOCUHYCOMAAAbILIA) H, HAKOHEL, HAUMEHL-
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Unny nbe Puc. Y A ' Af 1 Af At
l_[pﬂM()yl‘O.%[{bllﬁ .o 19 0.9 < 5,1 % 0,81 % 0,73
Tpeyroavnuit . . .} 20 0,511 = S.StL 0,8411;— 0,46
KocHHycORRALLHLIH | 21 0,506« 4,57 % 0,73 % 0,43
KonokoasHel . . . 22 0,823 ,l? 1,643 0,253 0,22
DKCMOHEHIHA L HEIH 23 1,155 % 6,16« 0,98 2 1,13

uree AfAf OKA3EBAETCA Y KOMOKOABHOLO HMIY/LCA, OTAHYA -
WMErocd  TeM, 4TO BHpawxawwas ero (QyHxlus HenpepbiBHa

CO BCEeMH CBOHMM [DOII3BOAHLIMH.

3 Bcero H3aJIOMEHHOTO MOMUO 3AKIYATE, YTO CBA3b MEHKAY

Af u Af yaoraeTopsier B obiuem
Clyude HEpABEHCTBY

AfAL >, (12.8)

raie u— HeKoTopas [OCTOAEHAA, 3d-
BHCAULAA, KOHEUHO, oT Bhfopa omnpe-
pemeHuil Af u Af.

Onpelenedns, KOTOPLIMH MUl TOIBKO
uTO BOCHOOAL3OBAJHCE, TIPH BCCH HX
IpocTOTe W [OPAKTHYHECKOM y)loﬁcme
He f03BOJAAKT, K COWAJSHUIO, nOCTa-
BHTb M Pazpeuluts BoOOpoc B oOLWEM
Buae. Me BBeleM HOBWe onpenede-

4

g

Loy

&
H I
a

Puc. 27.

HHA A3 Af u Af, ocHOBAHHBIE Ha NPHMEHEHHH HOHATHA O MD-

MEHTAX PyHEONH.

HAag Gonviuefl HArASAHOCTY NOACHAM TH ONPEASNEHHRA CChia-
KOH Ha OOIMEH3BECTHLIE [OHATHS M OMpPEledeHHs TeXiHUeCKon
MeXaHuki. [1peanofaosiM, 4To naM laka NPOH3BOIBNAA RIGCKAA
tdurypa 8 maockoctun XV, n Tpebyerca HexOTOPBIM VilMBep-
caabitbiM 0fPA3OY ONPeednTh pasmep 1ol Gurypel B HADpABIC-
win ocr X (pue. 27). Takum yuuBepcanbnbiM  H3MCPUTCAEM
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MOMET CAYKUTE paduyc unepijnu RaHHOR QUFYDH OTHOCHTEMLHO
raaBHolt ocu Y, mapanienssoit Y.

HamoMHEM onpepensdiis, MOMEHTOM HMHEDIHME MJACCKOH (hu-
FYPE OTHOCUTEIRHO OCH Y HA3LIBAGTCH HHTErDaj

1=fx2dA.

[maBHoi  OChI)  HasblBaeTC®  OCh, NPOXOAAWIAN vepe3 UEHTP
TAMECTH MAOWAAM, LA ONpefe/ends KOODAHHATLL HEeHTpa . TA-
WECTH, T. €, [OA0KEHHS TNABHOH OCH, HYMKHO HallTH TaK
Ha3bBAEMBI CTaTHYECKHI MOMEHT fJIOMEALH '

M— [xaa,
OCJAE Uero XoopouHMaTa UeHTpa TOHKECTH Ofpeledsercs no
dopmyae
. fxd.tl M
L B
fa‘/l 4

Trapusill MOMEHT HMHEPHMH, T. €. MOMEHT OTHOCHMTE/LHO TAaB-
HOW ocu Y, Oyurer

1= f(x—x0)2 dA= fxz dA—onfx dA~+ x; fdA-‘=
2 2 M
:[—‘E—JCUA'—QXOM:]_—JCQAZI—T-

Ecau noaoxuTh

Iy =ria,
TGO B 3TOM Onpe_ue.ﬂermn peJyyMila £ U Ha3blBgerca paﬂ.HYCOM
HHEPLLHH.
Hrax, )
I AR )
fzz—;l——-A—H, (129)

W ONpefenenHas TakuM oGpASOM BEJHUHHA MOWET CJAVHHTDL
yHuBepCaJbHOW MepOH INHPHHLL BAHHOH QUrYDPH © pnanpasieHdn
ocH X, ,
OfpartuMcd Temepb K WMNYJALCAM K UX cnekTpaM. [ paduxn
KaK TeX, TaK U APYFUX SBARIOTCA TAOCKHMU BHIrYDAMH, K KOTO-
peiM B {lOMHOH Mepe MNpPUMEHMMO BCe CKazaHhoe Buiule, J[lig
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MMIyA5C0B Poab ocH X BHIOGTAAET OCh BPEMEH, AJA CHEKTPOB —
OCb 4acToT. JeMeHT MA0WANH (PUIYpH BHPA3uTCa nNpou3sene-
HueM sHavenus GysKuH Ha nuGdepeHUHal He3ABHCHMOR mepe-
mennofi. Oanako, BBHAY TOTO YTO HAM BCTPEHKTCA M BHARONEpE-

MeuHple (yHKIMH, yaoGuHee onepHposath He caMmoli dyHKIMeH,

a ee KBaJpaToM.
Taxum ofpasoM, MOMHO BBECTH chAenywuwe o0003HAueHHR

K onpenefeHHA:

A= { roa, bo= [ ®2(w)do,
-0 0
+oo o
M, == ftf2(t)dt, M, = fm@2(m)dm,
o 0

+c0 . had
L= [ eroa, lo= [ ©02()do.
—-Co 0

Hanee, coraacno (12.9)

2 e
Afzzi_ﬂ._f.; _Awﬂz_l‘L__M..”__
Az : A Ai

Orciona

7 M ); M2
AwAfP — [oo o @ et S
Codf =z, ~— =& ><At A2

[l

Hau, Hcnoabsyd (12.7) u sBOAs Af=—21_c—Am,

o= (A, — M)A — M. (12.10)
4

Tenepy orpanHu¥M u yOPOCTHM 8alayy, NPERNOJOKHE, YTO
peub MART 0 ueThHX (YHEUHAX BpeMenH. Toris

+co

P () =g (w)= f F(#)cos wf dt

B, xwpome Toro,
to=0; M,=0,
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Ycaosumcd, naiaee, uTo (GyHkuMs f(f) HODMUPOBAHA, T. &, 4TO

+o

A, = ff2(r)dt=1

H COOTBLTCTBEHHO
: oo

Am=f¢"2(m)dw2n.

—00

3aimMeMcs Temepb WHTEr PaloM

+o0 '
L= [ £ a

Mb uMeeM

<+ oo

a(w) = f F() cos of dt,

Nporuddepenupyen obe HacTe M0 @
. +co '
a’(w):—ftf(f)sm of dt == — b (w),

-0

rie & (w)}— crexTp Heyetyalh ¢yikiHy
Ji@) =17t

Bocnoassosasmucs Teopemoll Polau, noayuwim
oo == .
f 1y t
—_ 2 fo 2 ;12 L
It_—‘ B dl = — Ja (w)dw =N,

—o0 14

Beens sce aTi cooTHowenus 5 (12.10), naxoinu (uunexe o
apech B kanee Omyliten)

(A;Af)zzﬁgmmf—-naﬂ). (12.11)

[TocrasuM cefe Teteps sagauy wualitu vauMmeHbllee 3uade-
Kue AJAL, T, ¢ noao0pare Takyo QylUKLMIo, KOoTopas AaerT
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M]‘lHHM’;lJ[bHOE 3Haug¢HHe HHTEFP&JIBHOMy Bblpa}I(EHHIO
K = N (xd — M. 2.1

Bocnonbayesca nag 3toit uemu, caesya Maltepy u Jleontosuy
{11], rapuAUKOHHBIMH MeTOLAMH.
CocTapum mepeyid papuandie seanynnu (12,12)

BK = 3N (n/ — M2) + N (nd] — 2M M),

Iaa naxoxAeHHd MUHHMYM2 MW AOMKHL TDPHPABHATE 9Ty Ba-
praumic nymo. Ho npu stom mnterpaaul {, M u N npumyt
BOOJHE ONMpelefeHHble NOCTOAHELIE 3HAYEHHA, KOTOPLE Mhl 0f0-
aHauHM COOTBETCTBGHHO ueped i, m W n. [locle oToro mu
MOMmeM O0BESHHUTE BAPLUPYCMLE WHTerpadhl M 3arucaTh

af (i — m) (@R + (zn0* — 2mnw) a®] do =
0

o]
==5fF(m, a,a")do =0,
0

Tenepb Mul MOXeM 3aIMCaTh ypaBHenue Ofihepa

oF o oFy_g
dz  Ow (dﬂ’)—

B CABAYIOUEM BHLe:
(wi — m2)a” —(niw?— 2maw) a =1Q. (12.13)

YMUOXHM 3TO VDaBHEHME HA @ W MPOHHTErpUPyeM OT uyad
Ao GecuoreuydocTH. MnaTerpan B nepsoM uwiene BO3bMEM 1o
YACTAM

(ve] o0 [e)

faa”dw:aa’ ( ——f(a,’)zdw=—n
0 o0

[Tak w2k a(cc)==a’(0}=0]. Wuterpupys BTOpOH 4ieH, Ba-
MCTHM, 4TO
o (]
f w?a?dw =1 f wa? do == m,
0o y :

N
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B TaknM 0GpPa3OM M TOJIYYUM COOTHOLIEHHE
2l == 3m2,
Bameuan, uro coraacwo {12.12)
e

MBbl MQXXCM Temeph 3anHCATH

= n (xi — m?),

min

(o]
(¢"Vdo- ’ w?a? dw.

w o
o O

T . i
Kmin = K} fit = )

Ing  omenks sTOro  BupakenHf O00pPATHMCH K HEPABEHCTBY
Byusxosckoro '

2

b b b
[rieas. [fimaxz| [ LAt | .

B namem cayuae

oo oo oo 2
! . 2 ’ .
!(a 2 dw f w?a? do > Df oae dw

0

BriupcAss MHTErpas B fIpaBoft 4acTH HepaBeHCTBA MO Yac-

TdM, BaftleM, UTO OH paBeH "T’T;‘ Taxum obpasonm,
KJ]H"II > 'llj as
1
L (AF AL 2 s
YTRYBA, HAKOHeIL,
‘ !
AfAf > ——— ==0,0485,
At VR 046

A nmoayumnu, TaxuM oGpa3oM, oueHky AfAf aag Haupmron-
eftrero cayuas. MHTepecHo CONOCTABMTL MOAYYEHHYIO BeAH-
udy co 3HaucHmeM AfAf nag KOMOKOMPHOrO WMOyABCA, fas
OTOPOTO, KaK MBI BHAEAN, H3 BCEX DACCMOTPENHLIX HAMH HM-
YALCOB npousBesenne AfAF poayudercs nauMedsmum. Heanss,
OHATHO,  BOCMOAL3QBATLCH PAHCE  BHIYHCJEHULIME  AQHUbIMH,
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Tak KAK Celnac Ml BOAL3IYEMCH COBSPUISHHO APYTUMH  KpUTe-
pusMit. ME L0MKHLL BEISHCAHTD MUTETDAJL, BXoaawiue B Gop-

myay (12.11).
KooKOMBHLA HMAYABEC M ero CHeKTp OBUIH OnpeiefeHs

soie (§ 11): y
fHy=1¢*y  a(w)= —f—e g

M3 yc/aoBHA HOPMHDOBKH

— ﬁz(r)dzm 1

-0

£l
onpeiensen {icl/——. Tlocke STOFO HAXOLHMS

7 3
f:J mgmdm—-QJ‘ 'murdm--é—,
0
N re — 2 [ o 2 !
= | g dr.u_ﬂggu e mu)dw—-*j-,
¢ 0

tw?

M:=fma2a’m22j e T wdoe=—m,
0

0
[MoscTapaan st 3wavenus s dopmyay (12.12), noayusm

I T2
AfAt:E.l/_ - = 0,048,

Ira BENWUMHA, KAK RHAHM, O4eHh OJN3KA K TeOPeTHUYECKOMY
MHHHMYMY .

§ 13. Ceasb Mewny cnekTpaMu B XapaKTepHCTHKAMA
JHHSHRON CHCTeMBl

Ilycte nana wexoTopas JauHedHam CHCTema, ONHCLIRAEMAas
O0bKHOReHHLM AHPhePeHILNANbHLIM YPABICHHEM A-TO MOPRAKA
C MOCTOAHHLIME KO3(MPHIIHETaAMU:

dty g1y d ,
“n dtn) RN ey ol SRR -l-@;gg - agy = x (). {(13.1) -
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[IpumennyM & oGenM HacTAM ypaesenus npeobpasobanue Py pee:
" oo )
ff(f)e‘""“*dt.

B opasoit uactu noayuntcs crnekrTp QyHrumn x(f); npu
WMMTErpHPOBEHHH JMeBoft vacTH npumenuM dopmyay (4. 3). Toraa

le (o) 4 a,_y (fo)* 1+ .. 4o jo +-a,] Sy = 8, (13.2)

MM, BROLS COKPALlEHHOE 0003HAMeHHE AAS MHOrOWIEHA B CKOD-
Kax,
Z(w)S,=Su

anech S, u S, — COOTBETCTBEHHO CMEKTPH Pynkumi x (#) u y (£).
Taxum oﬁpaaoM

S,=3, | (13.3)

W MB MOMEM BBHIMHC/IMTL y 1o hopumyie

y(f}——f 2 6" deo. (13.4)

Sra dopMmyaa AaeT pemiciiue ypABHEHUA (13 1) no merony
pHTerpata Pypoe,
Bregeum ewe ofosnauenne

DTa BesnuuUHEHA, BHIPANAIOUIAS OTHOMIEHHE KOMIISKCHBIX AMIIH-
TY4 Ha BHX0Je H Ha DX0Ie CHCTEM:l npu CHHYGCOHAANBIIOM
peUMe, HAILBASTCH KOMIJSKCUOH  44CTOTHOA  XapaKrepu-
CTUKOH.

Mur moweMm mepemncats (13.3) B puge

S,=KSy. (13.5)

Tenepb paccMOTpuM HMTyJbClOe  BO30YMIEHHE CHCTEMEL
Tlycte Ha BXOA MOAZETCH eAMHHUHLIA HMOYALC

x(1)=08(f),
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Hpu orom na BeXole OyieT uBabMoAATHCS OTKAMK CHOTEMb
Ha TAKOPO pOA& BO3HEHCTBHE, WOTODPHLIA Mbl 0003HAYMM

yE=2@®.
DyukIWO g (f) Has0BeM BPeMeHHON XAPAKTEPHCTHKOH CHCTeME %),

Jlaq epuuBuHOTO MMOyAbca Sp == 1; caeacsBaTedbHO, B STOM
caydae cordacuo (12,5) '

Sy =K,
TAK 4TO
1 oo . ,
8O =5 fK(m)e’ do
i -
+co , .
K(w)=fg(t)8"“"“‘dt, (13.6)

T. €. KOMHACKCHAR HACHMOMHANL XApaKmepucmure Auneinod
CUCHEMU eCMb CLEKALY BPE MEHHOH XA DAKMEPUCIUKIL CHCHIEM b
Ipusenem npumep. [lycTh Aana 9aeKTpHUSCKAR nedb, CO-
crapiaennan w3 R, L u C B nocaenoBateabHoM coenndenun. Jud-
(pepeHIMasibHOe yPABHEHHE TaKo# UENH HMeeT BHA,

di o, 11
Lé—I—Rt—I—fJuﬁ =e()
O6osnaunm
1

u -—T--E—Jj ‘z‘dt;

TOFAA Yp4BHEHHE TPHMET BHI,

a al
i T2 g el = ole(®),

rie, Kax obuluHo,

20 = 1

=

N S
3 O_LC-

*} Bo3MOuCHM .JIPYI‘P[et TEPMUHBE g (£) HA3LIBARTCT TAKIE JIMIYALC-
ol peaxuuei; A (f) == fg(t)dt Ha3LIBAETCH, NEPEXQAHOH pyuxinel
0

HNa HEePEXOEROH XapakTepucTHkoil.
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B JauwnoM cayuae
9

G R — (13.7
( mﬁ—w~+2ajw . )

Bpemenuyio xapaKTepHcTMKy NOJyUHM KAK pPeHleHue YPAaBRHEHHH
d..
T 125 4 wlg=0R @)

HJIH B ONEPALHOHEOH dopme
g = pK(p),

2
g(t)zz—ge—”sin oy, (13.8)

OTKynd

Tie
©] = of— o2,

Myl BuLRM, YTO, LeHcTeHTe bR, dopMyna (13.7) aaeT ciekTp
dynxuny (13.8)[cp. ¢ dopmyaoht (11.8)].

Ma (13.6) BuTekaeT BO3MOMKHOCTb KCMEPHMEHTAMBHOIO 04y -
HEHHA YACTOTHOH XapAKTEPUCTHER RAHHONH CHCTEMEl Ny TEM aHaIuaa.
Jefte TBUTe B0, BMECTO TOrO UTOSHE CHHMATE HACTOTHYIO Xapiak-
TEPUCTHKY 1IpH  CHHYCOWAANBHOM RO3DYIAEHHH HCCAEAYEMO
CHCTEMBl, MOMHO BO3OYAUTb CHCTEMY KOPOTKMM HMIIYJBCOM
H [pOaHaIH3HPOBATE NGAYHAEMYI) OpH TAKOM BO30VHAeHUH
(gynkumo BpeMeHnH Ha BbIXxOAe cucTeMel, Pumckxufi-Kopezkos
B llymosa [13] MCNOABLSOBaNM 3TY BO3MOMXKHOCTB AAS dKYCTH-
HeCKHX H3MepeHH#; ond  Bo3OymAanan o06BEKT HCCHAELOBANHS
NEPHOAUYECKH NOBTOPREMLIMH KOPOTKMMH HMOYABCAMM H NOAY-
4314 HCKOMYIO YaCTOTHYIO XADIKTEPUCTHKY B (POpME AHKEeHYaTero
CTeKTPa TPM TNOMONLY ABTOMATIUECKOTD ANANNIATODA.

Mei HAYMAAM HAWe PACCYIKEEHUE CO CAYYAn CHCTeMHl € CO-
CPEAOTUYENHBMY TOCTORHNBLIMG, ONHCHBASMOR YDABHENWEM B TIOJ-
HBIX MpousBoiubix, Oanako cooTHomenwe (13.3) [man (13.5)
CTpaBefAnso U B TOM CAYYae, KOTAA CuCcTeMa OTHCHBACTCA ypas-
HEHWEM B 4acTHHX BpPOH3BOAHBIX. [lpu 3ToM ofnuno Z nm K—
TPAHCUCHACHTHEE GYHKIME .,

B sakmouende sToro naparpadd 3aMeTHM €Lle, YTO B CHAY
(13.6) K xapakTeDHCTHKAM AUHEHHON cUCTeMBl GPUMEHUMO COOT-
HOmente

AfAtzp
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OHo wunraercsl B AAMHOM [IDEMEHEHHW CAGAYIOUIUM OGpPA30M:
NpolsBedesne - LANTeAbUOCTE Af  BpeMeHHOH  XapaxTepHcTHKY
Ha napudy Af HacTorTHOH XapakrTepucTHkd AMA 40000 Adnelnol
cucTenu Goaslte nexoropofl nocrosunoft. [lpa sTtom nonpaay-
MeBaeTcs, 4To BJAs Af w At BHOpaHb COOTBRTCTBYMOWME ONpe-
Aeaenus (co. § 12)

§ 14. Dyukuum ¢ OrpaHUYEHHEIM CNEKTPOM

B Texunke ¢BS3n NpW nepenave pasJHYHLIX CHLHAAOB MH
HMeeM OOBIUHO UeN0 ¢ (PYHKUHAMH BpeMeHH, CleKTP KOTOPBIX
OrpaHyYeH, T. €. B CHSKTDPE KOTOPHX He COLEPIKATCA uICTOTH
Boille HexotTopol rpanuunofl. Takme Qynxunn 00aanaw0T 3aMe-
yaTeAbHLM CBORCTBOM, YCTaHOnjeHHulM Bnepsre u 1933 T.
B. A. KoreabnukoenM [8] K BhpamedHblM MM B TeOpeMe,
Wrpawlled QyunaMenTaibHy) poab B TEOPHE CBA3M W, B 4acr-
HOCTH, B HMOY/bCHOR CBA3K.

/ CBOWCTBO 3TO CCCTOMT B 10M, UTO TOrSa kak B oOllem
cayuae @GyHKUEA BpPeMEHH BOOJHE ollpefensercd §ecCyeTHLM
MHOMECTBOM CBOHX aHaueHudt (T. €. GeCKOHEUHLIM UHCJIOM B3Ha=
UeHHH H4 NPOTSIKCHHM KCHEUHOTO MHTepPBafia), GyHkLHa ¢ orpa-
HHUCHHLIM COGKTPOM BINOJHE ONPELE/AeTCs CYETHEIM MHOMKE-
CTBOM CBOHX 3HaueHHH (T. €. KOHEUHLIM YHCJOM 3HaueHHH Ha
OPOTAMEHHH KOHeuHoro uHTepBana), C reoMerpMyeckol TOYKH
3peHHs 3TO 03HAYaeT, TG €CAH 3aJaTh HA OPOTAMNEHNH KOHeu-
HOrO HHTEpPBAJA BHOJHe ONpefeieHHOE KOJIHUESCTBO TOYEK, M30-
Opamaigx MIHOBEHHEIE 3HAYeHHA (DYHKUHH C  OTDAHHYEHHbIM
COEeKTpOM, TO HeNpepLIBHAst KPMBAA, NPeACTaBisioman rpaduk
QyHELAY, MOMET ONTL NPOReNeNa Yepes STH TOUKH SARHCTBEHHLIM
oGpasoM. 3T0 noAoxkerre o0LacHAeTcAa TEM, YTO OTCYTCT3He
BLICOKHX UaCTOT B CCCTABe (PYHKIMM HAKJIAALIBAET Cepbe3Hoe
OTPaHHYEHHE HA CNOCOOH, KOTOPBIMH MOFYT OBTh COElHHEHLI
Kadkjibie 1Be COCeNHME TOUKH, # cMBICA Teopembl KoTeab-
HUKOBA COCTOUT HMEHHO B YTBEpICHWHM, YTO NIPH OCTATOUHO
HACTOM DACHOACHEHHH TOYRK DTH OFPaHKYEHUN NPUBOALT K TOMY,
4YTO KPHUBAA ONPElLJSETCA’ STHME TOYKAMH [OJHOCTBLIO.
< DTy MBCAb MOWHO ROACHHTL ellle CAeAYIOIHM RPHMEPOM.
ITononcm, uTC OTHOCHTEABLHO HenpephBHOH JHHME M3BECTHO
YMO OHA JOMaHAag (B ITOM COCTOMT B JAaHHOM MpHMepe OI'pa-
HHSeHHe CBONCTB JMHUM), B MOAOMMM, YTO HAM JAHLI TOUKH
H3A0MOEB »Tofi auHuKn. Torpa, skas no CBOHCTBy JOMAHOK, 4TO
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TOUKH HRJAOMOB COSLHHENL OTPE3KaMM NPAMBLIX, Mbl JEFKO BOCe
CTAHABAMBAEM B CI0 JOMAHYK JHHUIO,
7 Tlepelinem K LOKABATEABCTRY TEOPEMI, KOTOpas B cbOpmy-
AMpOBKe ee asTopa raacuT: «Jhodyw dyaxumio f(1), COCTOALLYIO
n3 uactoT oT 0 ko f,, MOXHO rNepenapaTh ¢ JIOGOR TOUHOCTLIO
NpH  TOMOUIH  YHCea, CAeAYICUMX APYT 34 APyroMm uepes
1
57 CeXyHI».

Jloxa2aTeJbcTBO COCTOMT B DasAoeHnH QYHKUMW B ©CO-
6oro BUIA pAan.

B obwem cayuze

oo
j(t):%.f S () et g, (14.1)
rﬂe -3 .
+oo
Se= [ s@wye-itat, (14.2)

Ho B paccMaTpHraeMoM UACTHOM cayvae (yHKIMM ¢ Orpa-
HHUCHHLIM CHEKTPOM MBI MMeeM BMecTo (14.1)

w
)

fO=5 | Swesdo, (14.3)

- w
[

tak wxak S(w)=0 npn w>wv, @ysxuws xe S(w) kHa
KOHEUHOM TPOMENYTKE (— w,, ®,) MokeT GLITL pPA3AOKEHA
B pan $ypbe o wacToOTaM crenyiouum ofpasom:

]

“+oa
S )= Z D™ e, (14.4)

rie 20, wrpaet pons nepuosa no uacrtote. Kosdduumenrtwm
D, pana (14.4) onpedensores no ofbiunol dopmye
L)

< -
ok

—guk 2
r S(w)e “edo. (14.5)

—w

!

c
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floacrasass (14.4), s (14.3), noayunm
wc +ce w
1 gl — .
10 =% [ [ 30" %) ot o
~5g
WM, H3MEHAA NOPANOK AeHCTBHE,

O =5 EDk f A da

e

OTKYAA NOCAE UHTErPHPOBANUE HAXO/AUM

+oo w, _'_k —
f(t)=?lt_ _E D.k sin t-ftk = a) . .(14'6)

Tenepe . cpasium (14.5) 1 (14.3). Kax sunum,
Dy = il BN A f(— A,
& D f( k “’c) Al f( k&)

[Tonctapasid & (14.6) wmadnenwoe snaveuns O, M MeHada
3HAaKH [OA 3HAKOM CYMMbl (TaK LAK CYMMMPOBAHHME [POMYBO-
AUTCS MO BCeM B OT —- 00 A0 —-00), NOAYudeM OKOHUYATEJABHO

jO= Zf(m:)ﬂ“”c—“-——‘;it’;ﬂ. 4

Wrak, §ynKuEs ¢ orpauHueHibi CMEKTPOM MOMET ObiTb
npeacrapaeda parowm (14.7), woadduumentst KoTOpoOre npel-
CTARAMOT CcOGOH OTCYeTH BHAYEHMH (YHKIMH, B3ATHE Yepes

M= L
el e
Drum Teopema JN0OKazaHua,

. B kavectBe uHcen, onpedeasioumx (yHRKUHIO C OFPAHHUCH-
HEIM CMEKTPOM, B NpeAulecTRytOlleM AOKA3ATEABCTBE {(PUTYypH-
popanu OTCYeTH MPHOBeHHBIX 3xavennil ¢yuxumn. Ho 310 MO-

"yt ObTh H APYTHE HE3ABMCUMLIE 4lCad, KAK [OKAWET HHKe-

CleAyollee PACCYHACHHKE, )
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Beaxas (¢ WeCyUIECTBEHHBIMH — OTDAHHUCHHAMH)  (yHKIMA
MoxeT ObFb NPEXCTABIEHA HA MPOU3BOABHOM KOHEUHOM /Tpo-

T T
MEMCYTKE (——-7, 72') TPUrOHOMETDHUECKHM DALOM

Hors 'Eckeﬂ”"—é . (14.8)

Ho ecan cmextp &ydakumn  f(£) orpaHuy¥eH, T. e. ecid B ee
£oCTaBe HeT 4acToT BRIME FPRHHYHON YacTOTBl w, TO H pas-
aoenne (14.8) orpaHuudBaeTCA KOHEUHBEIM YHCJIOM CJAATdEMBIX,
W MBIl HMeeM B 3TOM C/Aydae

noooot ,
£ = zckeﬁ”k T, (14.9)

Flle HOMEp HAHBHICUICH rapMOHMXM n ONPEledtercs H3 COOT-
HOLWLeHHA

HJIH
= f.T.

Takum oOGpazoM, (QYHKUHMA [OOMHOCTBH olNpelenseTcd Ha
HHTEpBase 7 [OCPENCTBEOM 1 KOMILIEKCHBIX aMmaurtyl Cy 4 mHo-
crostHHofl cocTaradwowel C,. Ho Tak KaK Kamaas M3 aMOIHTYL
C; B CBOW Ouepelb ONpeleAseTcd IBYMA uHcAaMm (UM, 4YTO
TO Xe, KamAoe charaemoe MHorouseHa (14.9) onpeneasercs
aMauTYAoH H asol), TO Bcero Aaa MOJHOFO ONpele/feHHS
(QYHKUHH HA HHTepPBAJEe T HYXKHO

m==2n4+1=2fx+41 (14.10)

uncen, Tenepb. HyXKHO YCTPeMHTh T K OECKOHEUHOCTH, 4TOGH!
onpegeants Pyuxkunw f(f) Ha TpoTsweuud BCeH OCH BpeMeH.
Mpu 3ToM, xoHewno, H 7 OynerT ~TpPeMHThCH K OECKOHEYHOCTH,
tak uro pMecTo (14.10) GymeM uMevh ACHMOTOTHUECKOE pa-
BEHCTBO
mo~2n=2fr.

"Ecnst mepenasats 4HCAA PABHOMEPHO, TO B JMHHLY SDEeMCHH
HY #KHO nepe,&a'rb : .

m iV
=2
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Yiced, 2 BPEMEHHOH MHTEpBAA MeXEBY MAByMA uHcaaMu Gyser
1

2"

A TaknM ofpasoM MNOKA3AHO, HTO YHCAIMH, ONPEREAFIOU{IMH
(GYHKUHID C OTDAHMYEHHBIM CHCKTPOM, MOTYT ObITH He TOABKO
OTCHeThl MCHOBEHHBIX 3Hadednft yuxlUHM, HO H KodhdummenTs
ee pasjgoxeHus B pas Pypbe.

Mpr uMeeM HA TPAKTHKE Iedd ¢ NPOUESCAMH, HMRIOUIHMU
HAYAJO 4 KOHEW, T. e. ¢ QYHKUMAMH OrpaHHUYeHHOH JJNTeAb-
Hoctd T, OrpaunueHHele BO BpeMexd GOYVHKUWH He MOTYT HMETh
Or paHUUCHHBIR COeKTp (T. e. CAGKTPANBLHYID MAOTHOCTb, PaBHYIO
HYMIQ BHe KOHEUHOT(Q HHTepPBand)-— 3TH YCAOBHS NPOTHBOPE-
yupel. QAHAKO MOWKHO TOCTPOMTH PACCYKAeHHe Ha Donee ofel
OCHOBE, OMpefieNde WHPHHY clNekTpa F Kak WHTEPRAT YacTor,
BHEe KOTOPOrO CIEeKTPA/MbHAS RAAOTHOCTL MEHbLIE HEKOTOPOH
3a1a#HON BenuuHHbl. QKasbizaercd, YTO OOUIHHA CMBICI TEOpeMEl
KoTenbHUKOBA, COCTOMIMA B TOM, 4TO (yHKUMA onpe,n.enﬂeﬂ:ﬂ
H4d uuTeppaae T mocpescTBOM

n=2FT

Af == - o=
m

KOOPAHMHAT», NIPH TaKOro poja ofoluieHHH coXpaHfercs *).

§ 15. Uarerpan Pypre g JUCKPETHBIE CHEKTPHI

Crnextp ¢pyuxkund f(f) BeuncageTcs no dopmy.ae
+0a ’
§ = [Fye ™ a. (15.1)

3T0 BHIUNCAEHWE BBIMOJNHHMO 0p#  cOOMONEHHH O6LIY-
Hblx OTpaHdueHMl, HakAaAbiBaeMBIX Ha @yukuuio f{£). OaHo u3
BTHX OTpanHuennil COCTOWT, Kak U3BECTHO, B TOM, uTo (ynk-
ups f(¢f) nomxua Ouith abcoaTHO HHTErpHpyema B OeckoHeu-
HLX npenenax. OueBMAHO, YTO 9TO YCJAOBHE HE BEINOJHAETCH

*) Mbi He TIpHBOAEM 3AECH 8T0T0 oACe MHPOKOrD PACCYMACHHA, TAK
KaK OHO HMEET TeODPeTHKO-MH(OPMAUMOHHLIH XapaKTe¢p M BBIXOIHT 33
pAMKM Haliero u3jomxeHud. CM. o sTomy nopoiy ixokdan A. H. K o a-
Moroposa Ha ceccun AH CCCP np sonpocam 4BTOMATH3AMH (MoOC-
KBa, 1956).
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B cayuae, xoraa f(f) ecrb nepuonnveckas (pyuxuus. ITosto-
My (opmyaa (15.1) Remocpencrsendo HempHMMeHUMa I Bp-
uMCcAeHHs NACKPETHBIX (MmHeRuaThx) CHEKTPOB nepuonﬁqecmx
Pyukuni.
MoxHO, OIHAKO, OOCTPOHUThL HEKOTODOE oBobuieHne, xora

M le CTPOrOog MATEMATHYECKHW, HO BO MHOLHX OTHOMIEHHSX HH-
TepecHoe H I0/e3HOe.

¥ BelgCHAM npexciie BCEro, YTO TNpelcTaBideT cobow ¢ Ma-
TEMATHUECKOR TOUKM 3peHUA AHCKpeTHn# crexTp. Dynem pac-
CMATPUBATL IS TNPOCTOTH YHCTO CHHYSOMIAJBHOE xoaebaHue
¢ wactoTol o, CoekTp Takoro xoneBaHus NpencraBafeTcd
ONMOH eRHNCTBEHHON CreKTpatbHo#l MHHHER ¢ YACTOTOH @ = wy,
CrexTpanbHas WAOTHOCTE HA ITOH 9acTOTe paBHa OeClLOHEYHO-
CTH; TIpPH BCEX K& OCTa/bHEIX BHAUSHMAX MACTOTH QHA PAaBHA
uymo. BMecte ¢ TeM H3 onpeiefeHus CHeKTPaabHol mAQTHO-
€T (cM. § 3) :

4C

S==mol

rae C-—— AMNANTYNA, CAelyeT, NTO HHTErpas OT CHekTpamhHoR
NAOTHOCTH N0 4acTOTe, B3ATHH Ha N0BOM HHTepBame (w;, wy)
BKJwvamoweM B ceda w= w, OyneT paBed

idem-: ‘éﬁn‘m—v(;,
m J do

v

T. e, «NAOIANL» KOHTYpa, ouepuyeHHOro rpadurxom crex-
TpajibHOH TMOTHOCTH HA CHEKTPaJbHO# aMarpaMme, ecte Mo-
CTOAHHAR KOHEeWHas BeNudUMHA, DABHAA AMILTHTYAE AHAMHIUPY-»
eMOTD CHHYCOWIARLHOTO xonaebaHus.

Ho omucannwie cpotictea GyukilMA, npeiacTaRaswilest chex-
TPAALHYIO TMOTHOCTE, B TOUYHOCTH COBNANAOT €O csolcTBamu
eMHHUHOTO uMnoyabea 8 (cum. § 11). Tlostomy cnexTpadasuas
MIOTHOCTD CHHYCOMIAALHOTO KOMeGaHHa ¢ 1iCTOTOI0 wy MOMKET
OGbiTe NpeACTaBieHd B BUAE

S =l (v — wy). (15.2)

D10 -mpercTaRIeHue NPUMEHAMD H X WOCTOAHHOR <OCTABAAIQ-
e, Aad KoTopoH HAAo MOJOKHTE wy == U,



§ 15 HHTEFPAJ $YPHE M JECKPETHHIE CNEKTPLI 03

Takam ofpazoM, cnexkTpanbHas MIOTHOCTb JIOOOTO nepuo-
AAURCKOrO Mpolecca Mo¥eT OLTH NpelcTasiacHa Qopmyaon

Se=r 2 C;3 (w— k)

k=0
rae Cp— aMUINTYNA K-f TapPMONHKH, ®; — OCHOBHAS uaCTOTA,
© O6patumcsn Tenepb K npeofpasopanuam Pypbe. Ecan npu-
MeHuTe ripeoOpasopaune (15.1) x eAHHHUNOMY uMNyJbCy, pac-
CMATPHBAEMOMY Kak (pYHKU,PlH BpeMeHHt, - TO - Ljis COeKTpa erg

[OAYHHAM: reo

S = fa(t)f‘i‘“’df———l. (15.3)
) 3 —C0
Tloxcrapnss 3TOT pesyabTaT B QopMyay ofpaTHoro npe-
- pCpascsanun :

f(t)=2iﬁ j S(w)e’™ auw, C(15.4)
MBl JLOKHBEL OBLIH Obl NOAYYHTH
-+ oo . .
1 ) Jof _ ~
o ) ° do =3 (). (15.5)

910 COOTNOLIEHHE, CNPABeAJHBOCTE KOTOPOTO COHEPUICHRO
HEOYCBMAHA, MONKET ObTh, ONHAKO, MPHHATO B KAMECTHE YCHOB-
HOMO MHTEr pafbHOrO onpelefedHs eNMHHYHOTO HMIyabca 3 (f).

Ecau Mel COriacuMcs MPHHATHL 9TO ONPEREACHHE, TO, RHAEO-
H3MEHSA €r0, CP4ay e MOMEeM 3amucdte eme pal CcoOTHO-
wenuit;

+eo
Ql?f £ o 3 (f— ), ©(19.6)
_te o . . :
Q_IR_J e dt = B (w), sy
L
o [ Ly P Y (15.8)

Kpome Toro, suaxd noKasatedefl MOMHO MeHATL Ha 06-
PaTHHEE 1A TOM OCHOBAUWM, uTQ §-— ueTHas HyHKUUI, .
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Humecnenyomnee paccy:ieHue NOCAYNKHT €CJIH He AAR A0-
KasaTebCTBAd CNPABElJMBOCTH, TO IJA9 HOSCHEHHR CMBICAA CO-
ornomedus (15.5), Paccyxnenne %70 OCHOBZHO HA TOM, UTO
ME Gep:M HeKOTOpPYI0 HENpepHBHY (YHKIHI, K KOTODOH
npeodpasosanue Pypbe NpAMEHNMO, ¥ Lesdem oT 3Toh dynk-
JERLNL| an,IlE.J'IbeIVI nepexol K eIHHH4HOMY HMIIy.H_bCY. MHO}ICB-
CTBO (YHKUMA ropurcd 4af  370# uegd. Mu BuOepeM Kojo-
KOJBHBIH HMOYJbC, T. €.

Jy=1e"¥¢ (15.9)
B BalymeM
+c0 3
S (o) == j —B 1t —d‘“fdt—-vr" e (15.10)
s .

Byaem Tenepb crpemats § x uymo. [lpu stom dynk-

uus e—F¥ Gyner npuénnmamca K eluHHie, 3 (ryHKIAA

P}

w

S o= e 18

21/1

— K eNVHHYHOMY HMUyabcy. B camom nede, ¢ ymemburenuem 3
aTa (YHKUMA CTPEMHTCA K HYJIO [Ihg BCEX 3HAueHHR o == (;
npu ® =0 ona cTpemurce K GecKOHeyHOCTH. Vmrerpaa Xe or
TOH (pyHKupm CoXpauser fOCTORHHOE 3HAYCHHE, paﬂﬁoe eNUHRIe:

= oo e -}-co

e 45’5' dw = e Fdx=1.

QV-TBF e Y _BEO
TakaM o0pasoM, BC&é CBOHCTBA ELHHHUHOTO HMNYA»Cd Ha-
JAULUO, M TOKA3ako, 4To TipH B — 0 supamenune (15.10) nepe-
xonur B upeaene 3 (15.7), xoropoe skBHBaJeHTHO (15.5).
B sakmoueHHe OTMETHM, YTO TlapMOHHuYeCKoe koaebanue
H eIHHU4HHIN HMNYJbC COCTABAAIOT Napy CONpPRMKEHHBIX (yHk-
K, COOTHOLMEHU:A MEWAY HOTODDLIMH BUANE W3 Cﬂ&ﬂ,y}{)l_l_leﬁ
TaGaHOE, B KOTOPOH eule Pas [PORBASETCH YIKE OTMEqaBluasca
ABOACTBEHHOCTh YACTOTHO-BPEMEHHBIX MPEACTABISHUI:

i l adod B(f—r)

S (w) 2k (v — wg) e—Jws




TNABA I
AHAJNHUS3

§ 16. Mocranosxa sonpoca

TMpucTynas K H3AQKEHUIO BONMPOCOB aHAAN33, MOCTApaEMCH
npelie BCErd ONPElefuTs npelMeT Hecgenopaynd, Mu Byaem
NOHMMATL [OA AHANKWIOM NOoAyuYeHHe Cpextpa. OARAKO HeOBXO-
JHMO Cpasy Xe NQeAYePKHYTh, YTO pPeyp nofiner He o aHadH3e
¢yHKIHA, a 00 znaause (QpuaHYECKHX hpoueccos. OcrauopuMcsa
Ha »TOM ToaApolnee.

Ecau sapaua cocrout B anaiMze QyukumH, T. &, B HAXOMIE-
HUY CTIEKTPA PYHKLMK, TO 322343 3TA GyneT pewlaTbCsl NO-Pas-
HOMY, B 3aBHCHMOCTH OT TOr0O, K&K Hgm 3agaHa (pyﬂxum[_ (Oa
MoweT ObITh 3a44HA TPOUKHM cliecoBGMm: AHGO CBOMM aHafHTH-
YeCKUM BLIDAMEHHEM, an6o I‘pa(‘.pl'IKOM, arbo Tadauueti.

B npepsoM cayyae CHeKTP BHUMCASETCA AHAAUTHUECKHS
B ABYX ADYrux CAyYasX MpHMEHSIOTCH JuGo  rpadio-aHaanTH-
4eCKMe YUC/JeHHBIE METOAR! BHYHCASHHA CriexTpa, AMBO citenuaib-
Hble NpUOOPE — AHAAMZATOPE — MEXdHHUeCcKUe, ONTHKO-MEXaHH=
ueckde WM ONTHKO-3MeKTpHYecKHe., Bce atu metonsr xopomo
paapaﬁo*ranm H JeTaJbHO ONHCAHL, YHTaTelb HARIET AOCTATOU-
HOE KOJHYECTBO CBeleHUH [0 3THM BOMpocaM B SHUMKAONEQHYE-
cioro xapakrepa kuure (CepefpeHHnKopa [14],

Bea ara o0faCTh HAC COBEPINEHHO He OVleT MHTEPeCcOBATh.
Mel  CyleM B8aHUMATBECH BONPOCAMM  ¢fipgudeck0z20 &HAAN3A.
OTOT BHA 2HAAHBA XAPAKTEPU3YeTCd TeM, YTO CIEKTP HEKOTO-
POTO APOUECCA HOAYHAETCA BO BPEMR TEYeHUS IPOLECCA B Peayib-
TATE ero BO3UCHCTEHA HA ONpefefeHHLH Gusnyeckul npudop,
RasbiBaCMbi AHBAMAATOPOM. Tarim 0Bpasom, npodiaema ananuza
CTABMTCS KAK YHCTO uauueckan npodgema, u, KAK Ml YBHIAM,
¢c paspeileHne CBA3AHO C LGABIM PRAOM YHCTO (PUBHYECKHX
ocO0eHHOCTEH,
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Kak yxe rosopunoct B § 3, MOWET noTpefoBaTLCA aHAAUZ
CaMBX PA3JAHUYHHX @H3MUSCKUX #ABAGHHH; HAC MOryT HHTEDeco-
BaI'b CHEKTPH MeXaHUYECKMX BEJNUHH — CHJ, CKOpocTel, yCKope-
Hifl, cMelleHul, MOMERTOB U T. [.; 9ACKTPHUECKHX BEIHUHH —
TOKOB, HANpAMeHW{d, 3apAA0B, HMHAYKUHHA, ¥ T. A.; TEIJOBLIX,
AKYCTHYUECKHX M MHOMMX Apyrix peanidd., Bwuo 6w kpafiue
Hey 400HO CTPOMTL gHAMK3ATODHLl Add KaWAONCG pOAA AHAAHIH-
pyeMoit BeawunHel, B aToM B Hawe BpeMA HeT W HeOOXOLHMOCTH,

w Jle1o B TOM, YTQ COBpeMeHHAA TeHIeHIMA B O0JACTH TEXHHKW
n3MepeHnfl COCTOMT B TOM, 4TO Bce BMAB H3MepeHHR CBOKATCH
N0 BO3MOMHOCTH K 9AKTPHYECKMM M3MePEeHHsM. Jra TeHleHuus
ONMpaBlaHa, BO-NIEPBLIX, HAAHYHEM TPOMaAHOFC ACCOPTHMEeHTA
NEPBOKNACCHLIX MG TOMHOCTH M UPE3BLIUaliHO  UYBCTBHTEALULIX
MCKTPOMSMEPHTENbHBX NPHOOPOB, 4 BO-BTOPHX, cloeéunduue-
cKOf rufKOCTBIO aJeKTpUYecKMX H3Mepenui. He Braeasce
B TeXHRUeCKkHe ToApOoOHOCTH, OTMETHM JRllL  BOIMONHOCTH
OTHECEHHR HM3MEDHTeNLHOro npHbopa Ha mofoe paccrodguue
0T O00TBEKTA. H3MepeHus, a4 TAKME - TO, UTO DJSKTpHUECKUE
H3MeDeHUl TMO3BOAMIOT BHIMOAHATD H3MEPEeHHMA OLICTPO HAMEHHIO=.
1UXCH  BeJUYMH. Jlaa  3TOrG  CAYKAT SAeKTpPOMeXaHHUYecKue
ocitadorpagml, a aaa ocobo ObCTPEX  HPOLLCCOB— 2JeK-
TPOHHBE, ' .

Heofewatino pacnpocTpaneHtinie B coBpeMenHol  TeXHMEe
QMEKTPUYECKHE METOAB H3MEepPeHUA HEINEKTPHUECKUX BEJHMUMH-
OCHOBaHB Ha MpuMeHeHHA npubopos, npeodpadyoiiex H3Meps-
EMYI0 BEJHYMHY B TY MJAH KHHYI0 SJeKTPHUECKYIO BeJHuHEY.
3tn npuGopel HA3LBaWTCS . O0BUHO naTunkamn. Beaxoe ycTpoi-
CTBO AAf 3JAEKTPHYECKOTO W3MEPeHHS He3/JeKTPUUECKOH Besi-.
UMHbL COCTOUT B OCHOBHOM H3 XBYX 3JIEMEHTOB: AaTYHKA H MOM-
XOAAULEr0 3JEeKTPOH3MepHTeasHOro npudopa. Tak, HanpHsep,
H3MEepeHHEe BBICOKHX TeMIEpPATYp MPOHU3BOAMTCR SJAEKTPHUYECKHM
MUPOMETPOM, COCTOSWEHM H3 TEPMONAPEl H MHJIAHBOALTMETPA;
A3MepeHue BBYKOBOTO iaBjeHus — kOmMOMHaiMe#l  BBICOKOKA-
YECTEEHHOTO MHKpPOGiOHA M JAMIQGBOrO BOJALTMETPA € COOTREE-
CTRYIOWMM  ycuaeHneM. B 3THx AByX HNpuMmepax TepMonapa
H  MUKPOQOH sBAnOTCH  NpeolpazoBaTedaMU W BHIOJHSIOT
GVHEUME daTuMkoB, CylHecTByeT rpoMalloe KOAUYECTBO CAMBIX
pa3n00GpasHEIX AATUHKOB, NMO3BOAAIOIHX 11Pe0fpasoBaTh KAKYI0
YrOOHC NOLAEMANLYH) USMEpPeHHId BEAHUHHY B SJACKTPHYECKHH
TOK HWJIH HANpMAKeHUe ¢ BriNQJHeHUEM HanboJjee BHICOKUX METpO-
JAOrnyecKuX tpefopaunuil. ‘
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i Tlpy TakoM nNOJOKEeHMMu BelleH OUCBHMAHO, UYTO M aHATU3
moboro  QuaHYecKOTo TPOMecca, COCTOAUIEr0 B HEMEHeHHH
BO BpemeHu Toff wad  uHOM (uIUdecKOH BEeAMUHHL, MOMKET
6LTb cBelleH K A&HATM3Y DCKTPHUSCKOrO Mpouecca, T. e.
COOTRETCTRYIOWAM 06pA30M UIMEHSIONIETOCS TOKA WM HANPAXNe-
Hug. [TosToMy Bce COBpeMeHHUe TeXHHUECKHE aAHAAU3ATOPH -—
3TO 3JerTpudeckue NMpHBopH.

Mur onpefennam aHAMHS Kay onepaumo HAXOMW LeHWS CHeKTpa.
CrnexTp NpeicTaBATETCA COBOKYMHOCTLIO AMILIHTYL COCTABIAM- .
wux pasanynofi yacroT. (CneloBaTeNbHO, AHAJAW3ATOP eCThH
npuSop, No3BOAKIOUIKA H3MEPHTD AMILIMTYLY H UACTOTY KAMAOr0
H3 CHHYCOMNAbHUX ¥odefaiiil, BXOAAUWEro B COCTAB CJOMHONO
AHAMUZUPYEMOro Kodedauud.

Beaxnit ananvzatop ecTh MaMepuTednHui mpuGop. [lostomy
ME BODKHL YAETHTE NOCTATOUHOE BHUMAHHE MeTDOJOTHYECKHM
XApaKTepHCTHKAM AHAMM3ATOPA H B [MepPBYKW Ouepelb — ero
TOUHOCTH, Kax MLl yBULUM, NOTPEIIHOCTH AHAJH3ATOpA OByCAOB-
JeHBl B 3HAYUTELMOH Mepe OUeHb CHEeUHANbHBIME O3CTOHTE/b<
CTBAMH, J2XALIMMU B TpPHPONe Tpodecca anaynsa. B narbueft-
wenM 314 oficTonTenbcTBa OOCY:AEHM CO Beelt HeoOXoanMOH
HOAPOGHOCTRIO. :

§ 17. Cnexrpanbunie mpubops!

Mnag uenelt anammza MoxeT caAyxuth ToGol npuBop, nope
JleHue KOTODOTO TAK WJAH HHAYe BSABHCHT OT YacTOTH BO3AeH-
cTBHA Ha Hero. Takoro poza upubopbH MOMHO HABBATHL CHEK-
TpaALHETMA,

B ocnose aeficTsMs crexTpaidsHuX NpHOOPOB  AEWUT  OZHO
U3 cielylourx  sBaeHul: HHTepdepernus, IpeaoMacHHE [IPH
HAMH4U® JAHCTIEPCHH, pe3oHaHc *).

Heppele B3 ABACHUA HCTOMAB3YIOTCS ANA MOCTPOCHUS WENOT0
pana CUeKTnASLHHX NPHS0POR B onTHKE. MuTepdepeHIHOHHEM
NyTeM MOAYy4OTCH ONTUUECKHE CTIEKTPH B WHTED(epeHInon-
HBIX CIeKTPOCKONaX, 4 Takxe B nuddpakUvMoHHOH peliertke.
Crextp Mo¥eT ObTb MOJAYHYEH TAK®KE NPH TOMOUIH TPH3MH,
€C/IE  MOKABATERb TPEJOMACHHS 3AMETHO B4BMCHT OT HACTOTHL,

*) KpoMe Toro, IAng uedef aHalH3d MoweT GHTE WCMNONB3I0OBAHA
CeneXTHBHOCTh, BO3HHKAIOW Zf1 BCABACTBHE OpPTOTOHANBHOCTH TPHrOHO-
meTpuyeckux gyn<wui, PaccMoTpeHHIO ITOH GO3MOMCHOCTH MNQCBALEH
cenuanpuni § 20.
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BId, ADYFHMH CAOBAMM, €CJAM HMEeT MeCTO Auchepcns (aszosof
CKOpOCTH ¥), '
Mu He OyneM OCTAHABIHBATBECA HA TEOPHM 3THX MPHOOPOB;
Hac HHTEPEeCYeT TOALKC GOaf HX XapakTepuctika. Hauboase
CYWECTBEHHO, YTO HA3IBAHHLIE CMEKTPafbHLE RPUOOPH SABJITCS
AHATUBATOPAMH, HO ZHATUSATOPAMH BOJSHOBRIMH; OHY CNELHAKLHO
MpUCOCODEHH AAR aHAAN3A BOJH, NajAd0LNAX HA AHAAH3ATOD.
IlosToMy OHH Kak pas BeckMa ynoOHH B ONTHKE. .
Peaonatop — npufop, ucnoaeayouuit 11s aHaIH3a sBAEHHE
pesoHaHca, — G0Jee YHUBEDCAJEH, TAK KAK MOMKET MPHMEHATHCA
KaK 1Jad dHANM3a BOJH, AM9  4eTo ero CJICLYeT NOMECTHTE
B BOJHOBOE M0/, TaKk H AJ8 4K2AU3d COCPeROTOUEHHHX BO3Aei-
cTBui.¥ B onTHke aHAAH3 NOCPeACTAOM pe3oHATOpPa HEAb3A
OCYILECTBHTE TOJBKO MOTEMY, UTQ MBl elle HE B COCTOAHUM
MOCTPOUTE MEKTPUYECKHUHT PEAGHATOD Ha UACTOTH Nopsaxa 1014
repil, ¢ KOTOPGIMH MBl HMEEM HAeSi0 B ONTHKe *¥*), [Ilng paguo-
YACTOT PE3OHATOP YIKE BMOAHE OCYLSeCTBHM, HE FOBOPH yMe
0 00Aee HU3KHX YALTPASBYKOBHX M 3BYKOBEIX YacTOTax. A TaK
KaK aHau3 pasAuuHplX ABAeHHH (KpOMe ONTHYECKHX) CBOAMTCH,
KaK yme roBopufoch, K 8HaA#3Y 9JMeKTPUYECKOTO TOKa I/idB-
upiM  OBPasOM R NENAX € COCPEAOTOUSHHBIME ITOCTOAHHSIMM,
TO BO3MOWKHBIE DelieHHA 3a7auM  aHAAM3A Pa3MemeBLHIBAOTCH
B HACTOsLLIEE BPEMA TAK: B ONTHKE NPUMEHSKTCH MCKAOYUTEILHO
BOJIHOBbIE AHAMM3ATOPE, T. €. HHTePPEe peHIHOHHEE CIIEK T POCKOILH,
InddPpaKuyodHble pelleTKH U NPH3MATHUECKHE CHEKTPOCKOTH;
A BCeX OCTafJbHEIX ABACHHH, NPOUCXONAIIMX ¢ YaCcTOTaMH
OT pPajuo4acTOT H HHUNe M AoNycKAawlWuX npeolpasopatde
AHAKMBUDYEMON BeTUYHHBL B 3JEKTPHUECKYIO (TOK WM Hamps-
WEHHE), AHAMN3 OCYLECTBAALTCH UPH MOMOLM PE3CHATOPOR.

*) He cne,nyef JyMaTE, YTO NONYUEHHE CUKTPa Ha OCHOBe JUcCOep-
CHUM COCTZBJANET MOHOMOAWIO ONTHKH. DieKTpuuyeckuit ralesp TaKKe

-oBaafaeT pucnepcnel; koefaHuA Gosee BBICOKOH YZCTOTE pacnpocTpa-

HAlTCA M0 Hemy ¢ Soanwedl thasceoll ckopocThio. B pesyasTaTe STOrO
fa flOCT2TOMHO AAHHHLIX (HaNpHMEp, TPARCATIAHTHYCCKHX) Kabensx
MOMEO HAO/MIOAATh CHGKTPAalbHOE pA3JOMKEHHEe CHICHaka BO B pe-

Meé HH, [PEKPACHDO H3BeCTHOE HHXeHepam ﬂ,aJIbHEﬁ' cea3yu, HejaBuo

clleNaHa MONBITKA ACH0Ab30RATL 3TO ABAenHe AAA ananzsa (B, M, Tsep-
ckof, Juccepraums, [opekosckufi nonuTexsuueckud umeruyyr, [961)

**} Moxuo, OJHaKo, S3aMeTHThb, 49TO CYHIECTBYIOT €CTeCcTBeH-
HBl@ PE30HATOPH HA ONTHYECKHE YaCTOTbi — &TOMBI H  MOMEKYJibl.
HeffcTeneM 3THX PC30HATOPOR OGYCJEOBAENE TaKHe, HADpHMEp, fAwJje-
HHf, RaX PeACHAHCHO@ OI/IOHIEHUE, PE3OHAHCHAR (WMIOOPECHEHIHS H T. 0.
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IMpocTefiwuM JMeKTPHYECKHM DPE3OHATOPOM fBAAETCH KOJe-
GaTeAbHEH KOHTYDP, COCTOHLWMA W3 COCPEeNOTOUEHHBIX WHAYK-
THSHOCTH, €MHOCTH M AKTHBHOTO COTMpoTHBIeHHA. (iHako sTa
npocrefilias opMa B pade CAYUAEE OKABbIBACTCA HENPHTOLHOM.

Bo-nepebix, 3aTyxanne ofuUHOIG KOHTYPA ROBOJBHO BEJIHKC,
a BCAEACTBUE 3TOTO pa3pelwlamwuias ciocOBHOCT: aHAAHN3ATOpA
mata (06 sToM noidpofHee rOBOPUTCH B CACAYIOLMMX naparpa-
dax). OOniunbf#t Cnocod npeoidojieHHss STOMO.  3ATPYAHEHHA
COCTOMT B 33aMEHe 3/IeKTDHYECKOTO pPEe30HATOPA MEXAHHUECKUM,
00/ianaollKM, KaK [pPABH/I0, 3HAUHTEALHO MEHLIIMM 3aTYXaHHEM,
Cxema awamu3aToOPa C NPHMEHEHHEM MEXdHHYECKOrO pesonaTopa
YCAOWKHACTCA: MEXAHHUECKMH DPESOHATOP BKIUOUAGTCH  Mexay
nsyMa npeodpasosareaami. [lepssifi mpeofpasosaTedbs mpespa-
LWdeT TOK B MEXAHMYECKYID CHAy u BO3OYMIdeT pesoHATOp.
Bropo#t npeopasoBaTent BOCHDHHHMAST MeXaHHUECKOE KoOJe-
faHue PESCHATOPA M CHOBA NMpeoOpPA3OBHEAET STO MEXaHAUECKOe
KoaeOanue B 3aekTpuueckoe. Ouellb yn0OHO COBMECTHTH mnpe-
ofpazoBaTesM H COBCTBEHHO PE30HATOP B OJLHOM SHeMEHTe;
T4K BOJHHKAT Mbe30IEKTPHYECKNE W MATHHUTOCT PHKUHCHHBIE
pesoHaropsl. KBapuepas nuacTHHKA NBESO3JEKTPHYECKOr O PE3o-
KHATOPA fIBAAGTCH OJHOBpPEMEHHC M mnpeo0pasoBarefeM H KoJe-
OarejpHOl cucremolt. To e OTHOCHTCH M K MarHUTOCTPUK-
LHOHHOMY CTEPIKHIO.

‘ Bo-BTODHX, 3a4acTyl0 MPAKTHUECKH HEBO3MOMCHO MOCTPOUTH
Pe30HATOD Ha 3AAAHHYI0 YACTOTY B BHAE CMCTEMH C COCpelo-
TOUEHHBIMH MNOCTOSHHHIME., B 3THX CAyuasx HCNOAB3VIOT OLUH
H3 pE30OHAHCOB CHCTEMBl € pACHpelefeHHBMH I10CTOSHHBIMI.
Ho anech HHTEPECHO OTMETHTDH, YTC PE3OHAHC B TAKOHM cncTeMe ~—
HATIpUMEP, B OTPE3Ke JHHHMY HAH B CTEPXHHE -——eCTh BOJHOBOE
spjeHue, M 3IecCb MB CHOBA BO3BpAUIEMCH K IIPHHILKIAM,
UCMOAL3YEMEM B ONTHKe. Beldb BOJHOBOH pe3QHaHC B OTPesKe
JUHAY IpeicTapiseT co0of He 4TO HHOe, KAK PE3YJbTAT UHTEpP-
the peHILMA; OTPE3OK JMHMHM Kak chekTpaibHufl npubop pelun-
TeJBHO HHYEM HE OTAMMABTCH 10 CYUIECTBY NPOHCXORAILIMX
B HeM sBJeHHH OT uiTepdepeHUROHHOrQ cnexTpockona. Taxum
o0pasoM, HaMmeuenHas BHIUE I'PAHHIA CO CNEeKTPAALHEIMA HPpUG-
paMu ONITHKM He Tax YK pesxa. Jlnd AOMHOTHl KAPTHHEI CASLyeT
OTMeTHTh, 4T0 aAuddipaxiuonyas pemweTika [PUMEHAIAChL JJs
aHa/nu3a sABACHMH YALTPAsBYKOBOH uacToTH. Ias 9Tol Leau
H3yYaeMoe HBACHHE MpEBpallaAoch B YAbTPA3BYKOBOE H3NyUE-
HHe B BO3IyXe (T4 ounepauus HeoOXoluma, Tak Kak pelIeTka
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€CTh NONHOBOH aHaimzarop). Boana nonanasa wa cooTBeTCTBYIO-
WHX pasMepor Auddpakunondyo pewetrky. Qubdpakunonsei
CMeKTp HAGMOLACH TPH TOMOLLY Y/IbTPA3BYKOBOTO MUKPO(DOHA.
Ensa n# takas chaowkuas cxema neaecoodpasha. B nannneftuiem
MU YIE/HM GCHOBROE BHHMAaHHe AHAJIM3Y TOCPEACTBOM pesoHd-
TOpOB. :

- § 18, OnroepeMenubiii # OOCAEAOBATENBHBI aHAMHS .

Apanua cromHOro XojdefaHHd NOCPEINCTEOM pesoHATOPOB
MOMeT OBTh OCYUIECTBAEH NBYMA PasiudHbIMH - cnocofamu.
MMepsmil_cAgco® cocToUT B npHMeHeHdd HaOopa pesOHATOpPOB,
HACTPOEUHBIX Ha P43IU4HEIe  UYACTOTHL W MOABEDPragiiHXca
OLHOBPEMEHHO BO3AeRCTBHIO uccrenyemoro KosreGanus. Taxoft
cnocod Gylem HaoLBATL OAHOBpeMenHslM anaausoM. Io BTopomy
€rnocoly MNPHMEHSETCS OLMH elHHCTBEeHHHI pe3ouaTop ¢ nepe-
METHON HacTpofkoH. DToT BuA ananusa dylleM HaSHBATE MOCAE-
JOBATENbHBIM. -

QueBHIEO, UTO OJHOBPEMEHHLIH aMaIH3 HMEET Mepej moche-
LOBATEJbHBIM MPEHMYLIECTBO B CKOPOCTH BOLULQJHEHHS AHZ/NH3AE.
Ho, xpome Toro, offia Merona wumeioT # 0ofee CyulecTBeHioe
pasauyue. leno B ToM, 4TO Npouecc NepecTpolxKu pesoHatTopa
NpH NOCHAefOBATENBHOM aHajuse COBepliaeTcs BO BPeMeHH, |
W Bamepej ACHO, — MBI OyAeM elle IAHHMATLCA STHM BOHPOCOM
noapolOHo, — uyTo TnepecTpolka He MOMET NPOHCXOAHTH OYEHb
6EICTPO, TdK KAK B IPOTHBHOM CAyyae PeayabTaTthl aHamusa OyayT
VICKaKeHb NMepeXoIHpMy ABfenusami, CAel0BaTeapt0, nOCAeN0Ba~
TeapHelt cnocofl avazusa mnperofed 1A NMEepUOLHUECKHX sBJE-
Hulf MM ABMeHMH, XapaxTep KOTOPHIX N3MEUAeTCa MeANeHHO
(T. e. MaJgO M3MeHASTCH 33 BpeMA aHaauaa). Jlam ananuza ke
OBHCTPO H3MEHAIOUIHX CBOW X0z sABACHUH, B YacTHOCTH, BJas
2HANMH3d OJMHOYHBEIX HMIOYARCOB, N[OCJASNOBATEALHHE aHAaAu3
comepiuen#o Henpuroded. Ilpamia, o4eHs vacTo Mul pacnofas
raeM BOSMOXHOCTBI) MMEpPHOAHMYECKH OBTOPATE HMIYJBC B LENIX
uccaeJoBaHud. B s1oM cayuae mnocienosarenbHullt cnocol npiu-
TOJeH JJA AHEAH31 MMIYJLCOB; K 3TOH DO3MOMKHOCTA MOCTOAHHO
nprberaior.

CyuHocTs NOCAeOBATEIBHOM) AHAMM3A COCTOHT B TOM, UTO
4acToTd pe3oHaTopa, [I4BHO H3MeHAACh, COBNALAET MOOUe-
PEAHO € '4aCTOTAMM TapMOHHYECKMX COCTAB/AIOMINX - aHANUZH-
pyemoro xounefanus, ITonoxieHde opraHa HACTPOHKH HO3BOSIET
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_OTCYHTATL MACTOTY, @MILIMTYAY TAPMONMKHM TNONA3LIBAET MOI=
KAIOUeHBHH K pesoHaTopy HHAMkaTop. [lpumepoM momofnoro
aHAAHBATOPA MOMKET CAYKHTh CAMBfl O0bIKHOBEHHBIH BOJHOMEp.
[panyupoBka BoJAHOMEDA NPU MOMOLIM MYJAbTuBUOPATOPA €CTh
B CYLIHOCTH omepauus aHanusa. llpaspa, auanus 3jech xaue-
cTReHHEl, Tak Kax AMIANTY AAMHI FapMOHKK apu rpanynposxe
"HE HHTEPECYIOTCH, HO OUEBHAHO, YTO OHH MOLYT OBITh H3MEDEHH,
Tpu nmoMoULIM TOrQ ¥e BOJHOMEDA MOXHO € YCIEXOM IpOdHaiu-
BHPOBATh, HATPUMED, MOLYJHpOBaHHOe XoaeGanne, Oauako
TAKOW nNpOCTeHlMH aHAMM3aTOD WHPOKOro NDHMEHEHHS HMETD
He MOMET MO CJACAYIOIHMM ITIPHYHHAM,
& OT cOBpeMeHHOrO aHaAmaaTopa, GyNb TO AHAJHIATOP TeX=
- HHYeCMHX, 3BYKOBHX, YJALTPA3RYKOBLIX HH PAIUOUACTOT, Tpe=
Gyercsd OOLIUHO OYeHb WHWPOKHA Inanasod uacror, Hanpumep,
BBYyKODOH JHANA30H OXBATHLIEAET OKOAO JREBATH OKTaw, [lo-
CTPOHTL AOCTATOYHO CENEKTHEHEM PE30HATOP C IJABHEIM M3MEHE-
HUeM HACTPOUK# B TAKOM RHMAMAZ0HE NMPAKTHYECKH HEBO3IMOMKHO.
[MostoMy npuberaloT K BHAOH3MeHEHHIO CIOCGOA MOCAEROBATEAb
HOrO 4HAJH33, MMEWLEeMY B TeXHUKe 4HAMM3a Goablloe 3HAYe-
> HMe, BnnomameseHuc 3TO COCTONT B TOM, UTO, BMECTO TOro
' uTOfB MEepEeABHraTh PEIOHAHCHYIO UACTOTY IO ILIKAAEe YacToT
* OTHOCHTCJLHO HETOABHKHLIX CAEKTPAABHBIX JHHMH, SACTABAAIOT
fepelBUraTeCad MO IUKaNe YacTOT Bech CNEKTP OTHOCHTEIBHO
$uxcHpOBAHHOK pe3oHaHcHOH uacToTel, M B ToM u B aApyrom
cayyae HaOmAaeTcd NOCAeNOBATEbHOE COBIAAEHHE OTAENbHBIX
CHEKTPAd/MBHBIX ApHUHE c wacroroi peaoliaTopa BCAeACTBHE
OTHOCHTEJbHOT O MepeMellieHda HX Ha IUKajke UacTor.
Jas noayueHHs CMelIAoIerocs M¢ WiKaJe 4acToT CreKTpa
HeODX0AUMO BLIIO/AHHTE COOTBETCTBYPOLLLGB HpEOGpEISOBHHI/Ie
HCXOAHOro cnektpa. Tpebyemoe npecOpasoBaHue NoJyuaercd
ouyelb NPOCTO: LOCTATOUHO YMHOMHUTE aHaAW3MpyeMoe Kode-
faHMe Ha CHHyCOHﬂ.ﬂﬂbHOe HAOPAKeHHE HepEMBHHOﬁ SACTOTHI.
Takoe nepemMHOMEHHE OCYHIECTBASETCH MOCPELCTBOM TOrO HJM
HHOTO MOAYJAATOpA, ‘ '
[Myc1s avannaupyemoe Konrebauue ecTh

X == X 0, COS (kw, £+ o),

8 BCOOMOTATeNbHAA YacTOTa (N0  HEMEUKOH TepMHHOJOIHH
«Buchton» — Gyupaabio «HulyIIME TOl») BCTh

LY = Y, sin 84,
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rie Q-— W3MeHgeMas RO Hallemy NPOMaBoiy yactora. CocTapuM
npouspefenne

Xy == Y, Sin Qf Z €3, COS (k%f—l-_ﬂ?k) =
= Y 3 0 { COS[(Q— ko) t— ]+ c0s [(2 4 ko)t -F- 9},

Mmp  noxyvaem MOAYJASUMOHHEH CHOEKTD, BOCIOPOH3BOLALLAH
CHNEKTP AHANMBUPYEMOro KoJeHaHHA B BHAe 0BYX OOKOBHX
noJoc, pPacnofMOMEeHHbIX CHMMETPHYHO IO OTHOIIEHHID K Hecy=-
weit vacTore ©. Ho Tax kax 3Ta UACTOTA MOWET HBMEHATLCH,
TO BECh MOAYJIALKOHHL CNEKTP AepeMelllaeTcs 10 Kajde YacToT,
caeayd 3a 2. HoctaTouHo rteneph BHOpAaTe Hpelelid H3MeHe-
Hisl BCTIOMOrATeALHOH uacTOTHl & TaK, 4ToOHM uepe3 HACTOTY
pesonaTopa NpONLAa FAOJAHOCTLI) OAHA U3 OOKOBEIX T0OJOC
npeoBpasonannoro crnextpa. Taxofi BAPHAHT MOCIeA0BATENb-
HOTOC  aHAJM3a [OAyuYM.a oueHb $OJbINOE PpacnpocTpaHeHue,
BIOCOJHE OIIpaBRaHHOE ere 3HaYnTeJbHBIMH NMpEeHMYLIECTBaMH,
B TexHHueckHe LeTalH MB 31eCh BXOINTh He OyaeM.

§ 19, CraTuueckan paspemaromas CnocobHOCTD
F [OrpellHOCThL aHAJH3ATOpA

Pagpemawmas cnocofHoCTs — BaKUellas MeTPOAOTHYeCKkad
XapaKkTepHcTHKa ananuzartopa. Ilon pasperraiouedt cnocobho-
CThI0_@HAANZATOPE NOHMMAETCH BOOOWE CROCOGHOETE Cro pas-
pewams (UIH PaslelHThL) fBE COCeHHE CIEKTPafbHEE JHHHM.
KonuuecTrenno#t mepo#t paspemawllet cnocoGHOCTH SBIAETCH -
HAMMEHbIIHH HMHTEPBAN N0 4YaCTOTE MEXIY ABYMA CIEKTDab-
HEIMM JUHHAMH, [PH KOTODOM OHY elle DPAasfeafloTcAd AHAJIH-
satTopoM. Hywno omnpenesedHM 06pa3oM  YCAOBHTLCH, TNPH
KAaKHX OGCTOATENbCTEAX Mbl Oy/eM CUHTATL AHHMH Dd3AeneH-
HumH. Jlng  sTOro  HyxHO paccMOTpeTh ITIPOLECC aHAH3a
noapoGHee,

Haunem ¢ nocrenopaTenpHoro adamiad, [Ipeanonomum,
YTO HMeeTCH OJHA ¢JNHCTBeHHAA CNEeKTPAJTBHAA JHHHH C 4ade
croTolt ;. TlycTh pesonatop RNOCTENEHHO MepecTpaHRacTCs,
TAK YTO €r0 Pe3OHAHCHAA YaCTOTA, BO3PACTAfA, NPOXOIMT 4epes
sHauenre w,. [lpu srom wunuxarcp naeT HAMOOALINWE OTCUeT.
Ecait xe samiacaTh NOKasaHMf HEAMKATOPA B  PyHKUHN pPe3o-



§ 19] CTATHUECKAA PAZPENIAIONIAT COCOBHOCTH 103

HAHCHOM YacTOTH, TO 5T4 B3aBUCHMOCTh BACT He UTO HHOe,
KaK pe3OHaHCHYD KpuBylo (puc, 28).

[TycTb Temeph aHaau3MpyeMBl¥ CREKTP COCTOMT M3 [BYX
CNeKTPaNbHEIX apanf OJ¥HaKOBOH KHTEHCMBHOCTH.

B aTOM cityuae B pesoHaTope BYLYT CyLIeCTEOBATH OXHO-
BpeMeHHO KoJaeCaHus ABYX 4YaCTOT, W BO3HHUXHYT OHeHHs ¢
PAasHOCTHOH YACTOTOH. «AMI’IIIHTYIL&» CJIOXKHOro KojeOaHus NpH
9TOM He OYIEeT yme MOCTOFHHOH Befuundol. ON¥AKO MOKHO
YCHROBATLCH TIOHMMATH MOA dMIAUTYROR ee HAWGO/bINEE SHAUE-
HHe, paBHOE cyMMe aMiLINTYyA CcOOUX COCTABAAIONIMX KOAeOaHuH.

— o
I
|
i
|
!
|
|
i
|
I
|
} |
o Wy . & @, Wy
Pnc. 28, Puc. 29,

Kampan us STHX aAMOAMTYL SABHCHT OT HACTPORKM PezoHaTOpa
N0 OFHOILIEHHIO K COOTEETCTBYIOUIEH YacTOTe, H, CAelOBATENbHO,
MOBTOPAA NpeNbylee pacCyMREHHE NPUMENHTEIbHO K Kax-
LOH M3 IBYX CHeKTpaJbHHX JHHHH, ML NPHIEM K BHRBOLY,
YTO MOKA3AHHS HHAMKaTOopa OYAYT npelcTaBieHH Tpaduuecin
Ieyropbolt Kpupol, TONYHAEMOH NPU CAOMKEHHM ABYX CMe-
IUEHHBIX Pe3OHAHCHEIX KpuBHX (puc. 29). M punuM, uro peso-
HATOP € B8aTyxaumeMm H300p2kaeT OTACAbHYID CHEKTPAJBHYIG
JAMHAIO pedoHaHcHOM kpueofl. (BooOwie weBosMOXHO ROCTPOMTH
4HaJH34TOp, KOTOpHH naBan s chekrp B ouie munun.) Cnexrp
We, COCTORUMN W3 MHOTHX JMHWH, OyaeT usoipamer ananwsa-
TOPOM B DBHAE M/3BHOH KPHBOH C PRAOM MAKCHMYMOB, OTGEYalo-
LHHX OTHEJbHBIM CHOEKTPAMLHEIM AMHMRM. 3akaua aHAaM3a TeM
He MeH¢e paspelldeTcs, ' TaK KaK NOJMOKeHHe MAKCHMYMOB Ha
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IWKAME YACTOT OMNpEIeNseT NOJIOMKeHde CHeKTPaIbHLIX JHHHY,
8 BLICOTZ MAXCHMYMOB OfipeledfeT HHTEHCHBHOCTH auumit, Ham
QCTaefca ONPeAeiHTh YCAOBUA Pa3ie/eHud.

Ias AByX pesondaHcHEX KpuBLIX puc.’ 20 MOKHO 3anucath

1 1 1 1

rie d — 3atyxaupe pesonaropa. Brenem

.—EL+UJ2 b= Wy — wy
By = —2 ’ = ——

2 .
Toraa _
Oo—, =0—uoy--b=A4e | b, 0—o,=0—n—b = Aw—-8,
H ypasreHue AByropOoH KpHBOR ecThb
1 1 1

y_yl+y2~2 ]/_Am-]tb‘z t_ii+ / Thw— By g2 "

( @y )—I_ 4 |4 ( )
[Mpu 11e60bIIOM 3aTYXAHHH MAaKCHMYMB KPHBOH SyayT pacno-

JOMEHB HA YACTOTAX W, H ®y, T. €. OpH Aw = —=§; BeauuuHa
MaKcuMyMa NpuOAHRIKEeHHO pakHa

1 1 1

J’max%ﬂ“/—_—“ By A
() +

4 OpIMHATA CeNLTOBHHEI, T. €, BRJUMHHA y NDH ® ==wg, HAA
Aw=1_0, pasna

4

(.DDI

no] —

1

yoz—.b"—fd'——)—_—'
—_— 2
VV(‘%) +d
OTHOUICHHE OPAMHATH CejNia K BelHYdHe MaKCHMyMa pPagHo
Yo a4 2 '

,vmx:’]/m: v (_0;253_—)_2-_'_—1 '

Mur BHARM, UTO OTHOLOEHHe 3TO 3ABUCHT KdAK OT OTHOCH-

’ b
TCIAbHOIO pacCTOAN: MCHAY JHHHAMH o TAK U QT 3aTyXailhd a,
: fl
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npuueM  ypeJuyeHue PACCTOAHHA DABHOCHIBHO  YMEHBHIEHHIO
saryxanua, u obpatuo.’

YcaoBUMCH CYUTATBE, YTC JABe CHEKTPAadbHbIE JAHHH OJHHA-
KOBOM HHTCHCHBHOCTH pasiefieHH, ECJAH OTHOUICHHS Yo_
mMAax
He TIPeBHIIACT HeKOTOpOH OonpeAe/JeHHOH BeAWYHHLI, Hanpu-

1
Mep o .
TOFJla H3 HepaBeHCTBA
2 1
VarEaY <37
+ ( oy d
HaflneMm
%
wy &
HJIH

Urak, B paccMOTpEHHOM CAyuae Paspeliaionad cnocoBHoCTb
SABUCHT TOJLKO OT B3aTYXaHua pEe30HATOPA; ueM BaTyxaHue
MeHblIe, TeM Paspelliaioilas CciloCcOoDHOCTs 0ONblle; 3aX4ABUIMCH
paspelugaomel cnocofHOCTLIO, MOMKHO ORPEHEHTh HAHGOIbLIEE
LOMYyCTHMOE 3aTYXdHHe. y .

BeiBesieHHEE COOTHOWEHHS HWIOCTPHPYIOTCH  TPaPHKOM
Ha puc. 30, #a Koropom aIByrop0dad KpHBas MOCTpOeHa HJf
Pa3NMUHbLIX 3HauYeHUHA 3aTyxaHua. Kak BHAMM, NpH onpeRredeH=-
HOM BaTYXalldil celao Nponafaer, H KpPHBas AeNaercs’ ONHO=
ropboft. Ilpu sToM pasiescHme JWRAN, OUEBHIHO, YIKE COBEp-
IIEHHO HEBO3MOXKHO, Bemuunuy 3aTyXaHHd, COOTBETCTBYHOILYIO
TAKOMY H3MeHeHHI0 dopMbel KPHBOH, MOXHO ONpeaeIuTh, I0J0-

Yo

JKHB = 1; »T0 I1aer
. max

I 26

d =——"=,
. Vg Uy .
OO0paTuMca_Teneph X OJHOBDEMEHHOMY aHauusy. Awuanuza-
TOp COCTOMT W3 HAaOOPa pPesOHATOPOB, HACTPOEHHHX HA pas-
JUYHBEIE 4acTOTH. Bee peaoHatops! CIHOBPEMEHHO NOLBEPrawTCA
AefCTBYMI0 ARANHBHDPYEMOrO KoJedaHus W TAK MAH HHAaUe peard-
pylor na wero. IlycTe anaausarop COCTOHT M3 Pe30HATUPOR
i, 2, 3, 4, ..., pe3ounancuuie KPHBHE KOTOPHX H30Opa-
JeHel Ha puc. 31, @, TloaomuM Aalee, 4uTO aHaAH3UPYEMOe

4B A, A. Xaprepuq
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KoneQanue COCTOMT W3 OAHOH eNUHCTREHHON CHEKTpanbHON
AUHHH, TONOKEHHE KOTOPOR OTMEHEHO BEPTHKAMNBHHIM IMYHKTH-
poM. Kamawii ¥3 pe3oHAaTOpOB OTKJMKHETCS HA ITO Koideba-
HEe 10-cBOEMY; Ha puc. 31, 4 TOUKAMH OTMCUEHH OpPJHHATLL

5/
‘ A |
A d —
7 404
280 2 410
3 42
4 440
[T & ]
\ 1]
M
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// ;'“\‘E\
1 ¥
/]
20 | i
7 &y ]
29 42 7 '*"é’a)g 725
Puc. 30

Ka@maol U3 pesOHAHCHBIX KPHMBEIX, A3KOHIME BeJHYHHY TOKA3AHUA
MHIMKATOPA, TMOLKMOYEHHOTO K JaHHoMY peaouaropy. Cosoxyn-
BOCTE 9THX NOKA3AHMH, KOTOD Y10 MBI B la/ibHeliem OylieM KpaTko
HasHIBAThL NOKA3AHMEM aHANM3ATOpPA, MPEACTaBaena na puc. 31,4,

HTaK, BMeCTO eIMHCTBeHHOH JauHuH, HMeplefica B AcHCT-
BUTENbHOCTH, NOKA3IAHWE 4HANU3ATOPA YIPEACTABAAETCA HENHM
CIEKTPOM, YACTOTL KOTOPOro BA0GJBOK BABHCAT OT HACTPOAKH
Pe30HATOPOB, 4 HEe OT YACTOTH AHAIHBHPYEMOro KoJelanu:.
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Oanako sakamuedde O NMOAHOR HECOCTONTE/NLHOCTH OJHOBPEMEeH=
HOMG aHad#3a OHaA0 On CAHBIKOM RocrellisoiM, Jedo B8 TOM,—=
W 3T0 BeCcbM& CYWeECTBEH- "
HO, == TT0 MOKa3aHUe AHAJTH3A~
"TOpa 0AHOSHAUHO, T. €. MEWKLY
COEKTPOM  aHAJTH3WPYEMOro
KOJ]BﬁﬂHHH | [NoKazayvweMm aHda-
JU32TOPA CYLIECTBYET BIOJHE
onpefefeHnas csAsb. Pac-

CMOTPHM 5TOT BOMpPOC He-
CKOJbKO RNoApoduee.

[Tycte anamMzaTop co=
CTaBNEH 3 HEKOTOPOrO YHCAa
pesoHaTOPOB, pA3AHYALINX~ '
€9 0 HAcTpofike, TaK uTO
YPABHEHHE PE3OHAHCHOH KpH-
BOH K-ro pe3oHaTopa sand-
CHIBAETCA B DHAS

1

1
Ik =7 l/_(m_wk )2_|_££‘f' Puc. 31,
Wy 4

rie w,—— pe3oHaHcHad 4acToTd. [lod BO3ZSACTBHEM CUHYCOH-
JANBHOTO KoJdeGaHWd ¢ 4acToTOM ) MNOKa3aHHe aHaAM3aTopa
[PeLCTABUTCH COBOKYMHOCTBIO BEJAHYHH

1 1 i

Y EEE

Ho B cuny tex We campix npubmixensd, OpM NOMOINM KOTO-
PHIX BHIBOLUTCH BHIPAMEHHME 44 DPE3OHAHCHOR KpUBOH ¥), nO=

¥) Tounoe BhIpaMeHHe

y=
@3\ 2 w2
V(=) e
i ki

A CAydan Manoil paccTpoiiKk, T. e. LA CRNEXTHBHOTO DE3OHATOPE,
ynapowaeTcd, eCiHH TOJIMKEHTH
w2 @ J o) (00— o o — o
oo 1—2 = (o + f:)2( i)~ 9 K
'y wy wr

]

970 H OPUBOAUT K HMPHOMIKEHHOR (OPMyne, KOTOPOH Mbl NOAb3YEMCH:
Fich
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cicaHee COOTHOHICHHE MOX(HO MHNECPEIKHCAaThL B BHIAE
1 -1

: 'ykoéil/"m’

2 9TO BHIpAXEHHEe O3HAYAET, YTO NMOKAZAHAS AHAIMZATODA IIPel-
CTARASETCA COBOKYIHOCTH!0 Ju=idll © 4YacrOTaMH wy, BIIHCAH-
HHX B TAKYID K€ pe3oHaHCHYI0 KPHBYIO, HO G~ PE3oHaHCOM
npH wy [locnepnas pesoHancHag Kpusag Ha pHC. 31, 6 name-
ueHd DNYHKTHPDOM.

Mz atoro caenyer, 4TO €CAH MLI COCTABHM aHaﬂuaaTop H3
GOJLIIOrG UHCAA DE3OHATOPOB C YACTO M DABHOMEDPHO paclo-
JOMEHHBIMA [0 lKadge 4Y9acTOT Pe30HAHCHLIMA YacTtToTdMH, TO
NOKasdHHe TAKOTO AHAAH3ATOPA JACT CTOJb JKE UACTHH CHEKTD,
TAK UTO ONPEeACAATh NO HEMY TOJOMKeHHEe MAaKCHMYMa CTaHeT
VE BO3SMOMHbLIM, E‘Ipn TAKOM [IOJOXMEHHH MOMXHO TIOBODHTE O
paspellaollel cnoCoBHOCTH aHAAM3ATOPA fPH OAHOBPEMENHOM
aHa/IM3¢ COBEpIUIeHHO TaK e, KdK U NPUMEHHTENbHO K ToCae-
IOBATEALHOMY aHafu3y. Moxuo Takxe paccMaTpuBaTh KpH-
BYIO, H306p3)Ka[0LLLy}O MoKas3dHue NocAelOBATEJRHOTO dHAIH-
3aTopa, kak OpeledbHu Cry4all MNOKasauusd OJHOBDEMEHHOTO
aHAMU3ATOPA NDPH HEOTPAHMYEHHOM VBEAMYeHHH uMCAd peso-
HATOPOB. Bblpﬂ}}(aﬂ 2T0 e COOTHOUIeHHEe elle MHaue, M’O}KHO
€Kasarb, UTO MOKASAHMR IPH MOCAEAOBATENbHOM M OLHOBpe-
MEHHOM aHa/AM3e COOTHOCHATCA TaK Ke, KaK CHEeKTPH OLUHOY-
HOTO d NePHCOHYECKH MOBTOPASMOro HMYbhCA! nepBuﬁ CHEKTD—
CIOMHOH, BTOPOH -— huHeHuaThiM, BHMCBIBAIOWHACA B HEPBR.

Bo3mo:xHOCTb XOpOWEre pa3peileH#d NpPH NOMOH OAHO-
B[)EMEHHOFO dHaIM3d  MOMKHO HJU[IOCTpl/[pOBaTb CCLIMIKOW Ha
o0uICH3BECTHRIL  TeXHHUeCKUH #3BIMKOBHE uyacroroMep. ITOT
IprOOP COCTONT B3 HAOOPd MEXdHHYECKMX Pe3OHATOpPOB, 00.1d-
Haouux GOAbIOK CeJeKTUBHOCTHIO. EC/H nacTpofika BulnioJ-
HeHa, Kak OOBIYHO, ¢ maroM 1 z#, TO uacToTa MOMET OLITHL
yBePeHHO OTCYMTaHa € TOYHOCThIO Ao 0,5 a2y, Taxk Kak, Koraa
4acToTa IondrRaeT B CEpPEANHY HHTEpBaJla MEWILY JAaCTOTAMH
IBYX COCERHHX ASHIMKOB, OHH KOJelAHTCH CAHOB[@MEeHHO ¢ PaB-
HbIMH aAMDJIATYLAMH,

Boamoxna MPHEUKHANAIBHO HHAf MOCTAHOBKA Bompoca ob
anamse, ocOOCHHO yMeCTHAas B IPHMCHEHHH K OSHOBPEMEHHOMY
adaau3sy. Ilpeacrasum cebe, 4TO AHATA34TOP COCTABJASH H3 Ha~

N




§ 19] CTATHYECKAS PA3PEIUAIONIAS CITOCOBHOCTH 109

Gopa We OOLUHBIX Pe30HATOPOB, 4 UILAMBHBKX NONOCOBHX
QUALTPOE C TECHO MPUMBIKAIOUMMH TpaHuuaMmu (puc. 32, a).
Torpa npd HaluduH OAHOH ciekTpadbiofl Jguunu (pic. 32, 4)
foxasaHue A&HAAW3ATOpPA OyleT OAHOIHAYHLIM; Ha KoJcGanwe,
OTBEYRIOUIEE BTOK JHHHM, OTKJMKHETCH TOABKO TOT (UALTP,
B mpenefax MONOCH FIPOTYCKAKHA KOTOPOro JewHT BO30YX-
Jfawouwan vactora: [Hokasanue aHaauzaTopa #306paxeHo yCAOBHO
Ha puc. 32, 8. ONHAKO ACHO, YTO 3HAYEHMe YACTOTH HE Olpe-
AEAAETCA TOYHO; Mbl MOXKEM JHLb
YTRERPWAATE, UTOG OHA HAXOAWTCA
B npegenax TOW WM RHOM HOJOCH.

Tak me scuHo, uTO Mepoll pas-

pelmamiliell  CnocoSHOCTH  TIKOro
MOJNOCOBOTO AHAKUIATOPA ABANETCHA _ £
mMpura nogocs. Ecau B npejenax ! ’
ORHOH u TOH He NOJOCH OKa3sl- i
BaeTcs Gojee ueM OAHA  JIMHHA
HCCAEAYEMOrO CHeKTpa, TO aHasiH-
34TOP WX He pa3fender; OH [LAeT
JHIE HEKOTODOE CyMMapHOe 3Ha- Puc, 32,
geHue BJad  BCeX COCTaBAAILNX,
GaCTOTH KOTODPHIX JiexaT B npeActaX ToH HJAM HHOH MNOJOCH.
[pu TakuX OOCTOATEABCTBAXK,. £CTECTBEHHO  33CTABUTH I10J0CO-
BOW awanH3aTOP HM3IMEPATh MOWHOCTE, TAK KaK  MOIIHOCTD
R [1010Ce BBIPA3UTCS MpocTOH apu@MeTHyecKOH CyMMOH MOIL-
HOCTEH OTJENLHLIX COCTARMANLIMX. '

B sawmouenne nacTosuiero 1aparpaga paccMoTpHM BODOC
0__TIOrpemHocTd  anagusaropd. Ecau JcCaedyeMoe koJeOaiue
CHHYCOMJAABHO, TO aMIIATYAA W UacToTa KOoMeGaHHA MOryT
ObITh B NPUHIHNE ONpenesicubl TPH  TOMOLM  aHAAH3ATOpZ
Touno, Ecan ke anazmsupyercd Caomunoe Koaefonue, TO BO3-
HHK&GET MeyCTPAHHMas IorpemHocTs. [lorpemmocTts 3Ta 06y-
CJIOB/IEHA TeM, UTO Ha Pe30HaTep BOZAEHCTBYIOT OMHOBPEMEHHO
BCe COCTARAAWIURE CHOXHOTO KOﬂeﬁaHHH, U MBIl He B CCCTOA-
HHM pasidequTh X BJMSHME, a CJeLOBATEJbHO, H ONpEledTh
AMOMATYAY W 9acTOTY KaXKAOH COCTABAAWER B OTIe/bHOCTH.

IlycTe wommnexcHas aMnautyila R-ro pe3oHaTopa mon, NeH-
CTBHEM [-H TAPMOHMKR CHEKTp3 eCTh '

X

EASEEr
c%) -+ jdy

Yui = .._.(
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rie ®;—YacToTa FapMOHUKY, X;— €e AMIUIHTYLA, ), — peso-
HAaHCHAR uacTOTAa AaHHOrO peaoHaropa. [lok neftcrsueM ncero
CneKTpa aMININTYIA peaconaTopa OyieT

M= 2 =

i 1— (m)+dh

TlpenriONOXHM, TUTO pe30HATOP HACTPOEH TOWHO HA YaCTOTY
OIHOR H3 FAPMOHHK. BHlNenuB caaraeMoe, OTHOCAMEECA K 9TOMR

TapMOHHKE, HOJIYyYHM
i+ 3

igh 1-—( )"!‘J k_.

B octawmefica azech cymme cyMMApOBaHME TIPOWSBOJAHTCHA TO
BC&M OCTAJbHHIM FAPMOHHMKAM, T. €. TO BCeM I, He DABHHM K.
INonoxum Temeps, uro CIEKTp rapMOHMYCH, T. €. YTO

;= QJ,

rie Q— ocHoenag wactora. Kpome Toro, npuMeM, 4TO OTHOCH-

TEAbHOE BaTYXaHHME IJA4 BCEX pe3oHATOPOB OJAHHAKOBO, T, €.
TMOJOKHM

dy = d.
+§c (zSJ) 4+ d-—

TMocnensee BHpaXeHHe NMOKaaLgaeT, YTO OTCYET MO PEIOHATOPY
MPONOPLHOHAIEH AMILIMTY ie COOTBETCTBYIOWEH TaPMOHUKH, T. €.

Toraa

lykl:%‘

TOMBKQ TIPH  YCIOBHW, YTO CyMMoH B NpaBoff 4acTh MOMKHO
upenefipeun, Takum ofpasoM, »Ta CyMMa M HPEACTABASET CO-
00l NOrpemHocTs, cOBeplideMylo NpH aHaIM3e.

PaccMarpusas gopMyiy, Ml BHAHM, YTO TOTPEIHOCTE TEM
MeHblle, YeM pexe CHeKTP, T. €. ueM JoJblIe OCHOBHAs YacToTa 2.
Kpome Toro, otHocuTedbHas RNOTpeliHOCTL yOBIBAET € YMEHb-
WeHHeM 3aTyXanus (T. €, C YBeJmMEHMEM paspelmaiowelt cno-



§ 201 OB AUANHAE BES PE3OHATOPOB 111

coGHocTH), noToMy uyf0o HNpM 9TOM BO3pactacT MepBuft uJeH
B npapol 4acTH MO CPaBHEHHIO ¢ cyMMoH.

Bce 3T coofpaedHs HnpHUMeHHMb B paBHOR Mepe Kak K
OLHOBDEMEHHOMY, TdK H K IIGCAEAOBATEJNBHOMY AHAIH3Y. -

§ 20. 06 anannse Ge3 pesvHATOPOB

Oo cux mnop npeanosaraloch, 4T0 afaJud BEINOAHSeTCH
DIPH NOMOLIM peacHATOPa, T. €. HEKOTOPOro YCTpoHcToa, obaa«
JA0WEro onpesefeHHO YacTOTHOH H3OUPATEJbHOCTbIO. [Ipos«
CTeHIHM PeacHaTOPOM ABAfETCS
KoneOaTeneHeli XOHTYD; Oodiee 1) - ‘
COBEPUISHHEIM  H3OHpATEMbHHIM N p—{in
OPFraHOM MOMET CJYHHTH NOJO-
COoBOH (PRALTP. :

CyuecTsyeT, OAHAKO, H IpY- L
rags BO3MONIOCTb, KOTOPYH) Mbl :
paccMoTpHM B oO0WMX uepTax, Puc. 33,

CocTapuM CXeMy, TMOKa3aHHYIO

B cxeaerHol <dopme wa puc. 33, Ha oroft cxeme [T—
HepeMHOXKHTENL {(WAealbHbH MOLOYAATOD), T. €. YyCcTpoHCTRO,
HA BHIXOJLE KOTOPOTO TOJYUYEETCH HANpANEHNe, NPONOPUHOHAb=
HOe TPOM3BSACHHIO HMAaNpMXewHH, NOAAHHBIX HA JBA BXOLE:
I —renepaTop CHHYCOHIANBLHOTO HATIPSOKEHMA C H3MeHseMoH
uaCTOTOW M HauaabHOH (Qasolt, M — HHTErPUPYIOIAA CXeMa.
Ecau redepaTop laeT HaNpskeHHe .

U =cos of,

TO HA BLXCAE MBIl HOJyUMM
Ay () = f fx)cos wrdr
(mpennoaaraf, uTO CXeMa BKAKUEHA B MOMENT £ ={}. Ec.'m

W3MCHHTb HauyaibHYl0 (asy HanpsaceHHs IeHeparopu Ha r-:/2
TO Ha BHXOAE OYJIeM HMETh

By(wy= ff(':) sinwt dt.
0

Beamanne A; 1 B; NpelcrapiaioT cobol KOCHHYCHYID B cde
HYCHYIO COCTaBIsiOlIHE TeKyulero cmexrpa. CoeHHUB BMeCTR
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BEE CXeMB pHC. 33 ¢ OBYMS reHepaTOpAMM, RAIOUEMMYH CHABH-
HYTBIE HE 11[2 CMHyCOHILaJIbeIG HATIPAKEHHA, A noGasue 3BEHO,
B kKoTOopom A; U B; B03BOAATCA B KBAaAPAT H CKJI4AWBaOTCA
¢  NOoCjielYIOIHM H3BJE4YEeHHEM KOpHHA, M[NOJAYYHM 4HAJHRATOP,
Hi BEIXOLE KOTOPOIO MOJYUYARTCH TeKYLUMH aMIIMTY HHBIH CIGKTP

bynxnuy f{)
®,(0) =V A4 () L B (o).

MowHo BUNOH3IMCHHUTE ONMUCAHHBIA MeTOn [NQJAYUEHUS CTeK=-
Tpa TaK, 41odu MOMHO OBHJIO OOOHTHCH OAHOH cxeMOR phc. 33.
Jus 3TOFO HYXHO OPd AAHHOH UACTOTE @ H3MEHATL a3y @
HanpfxeHds Tenepartopa. Torla Ha BEIXOLE CXEMbl pHC. 33
OyueM HMETDb

t
% (£,0,0) = ff(':) sin (ot @) dr.
* ¢

Hatinem nanfoabwice suaueHme x, cuutad §asy ¢ NepeMeHHOMH.

ox
JJisl 9TOT0 MPHPABHAEM HYJK NPOH3BOIAHYIO 3

t
g—j; :J (%) cos (wt - o) de =

t 3
= ¢0s cp-ff('c) cos wtdt—sin (Pf_f('t) sinotdt =
0 0 '

= Acosp— Bsing=—"=0

Orcloza
COSQP— ———o— B_ ’ sin @ = .
VT B Y vEim

IMoncrapnas 27Tt sHAUSHHS B BEIDANEHHE AJkd X, NOAYUYHM

o, B

ez = VAT BY | VAr | B

= VAL B — 0, (0).

Vtak, eci nonfopom dase A00HTLCA MAKCHMYMA (NpH AaHdoR
4ACTOTE) BHIXOBHOTO HANPAMEHHS cXeMmbl puc, 33, TO moayuum
HenoCPelCTBEHHO AMIVIRTYAULIH CREXTP (MOLY/Ib KOMIJEKCHOrO
CrexTpal, ’ ' T
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Boimeonucannan cxema AelcTBYeT B NOMIOM COOTBETCTBHH
C MaTeMaTHUYECKHM ONpelelCHHEM CIIeKTPA, BBINOJHAR BCE OMe-
paliH, BXOASIIHE B 2TO ONpejeleHHe; KOpOUe TOBOpPH, cXema
puc. 33 penoauser npeoOpasoeanve Pypee. CaeropaTesbHO,
9TA2 CXEMa HBAAETCA MICANbHHM aHajausaTopoM, o06GJaiaIonIuM
Gecroneunoll paspemnalouef cnocoGHOCTHIO.

Ho rtenepe Hy»xHO 8aMeTHTh, uTO cXema o6faaaetT CROf-
CTBAMH WICaJLHOTO 4HAAM34TOPA JHINL NOCKOJIBKY ee COCTdB-
Hble UACTH HKAeatbHeiM 00pasoM BHIOJHAIOT CBOE HAZHAUcHME,
MEl [IPEAROAAraR, YTO NEPEeMHONUTEAL HILAAbHO MEePEMHOKAET,
UHTETPATOp HAEAJLHO MHTETpUpYeT, a TeHepaTop jnaeT Oesyko-
pH3HEHHOe CUHYCOMAANBHOE HANpskenwe. B gelcTBATE/BHOMN
‘cxeMe BCE 9TH YCNOBMA, pasymeeTcs, B TOM WAH UHOR Mepe
Hap Y IEHBL.

Mu paccMoTpuM Terepp CXeMy, B KOTOpoH OIHO M3 Wie-
aAbHLIX B8BEHBER SAMEHEHO pea’bHbiM, 4 MMEHHO: BMECTO HAge-
afAbHOrG  uHTerpatopa M
BKAIOYHM B cxeMy puc. 33
NPpOCTERIIYIO  HHTErpUPYIO~ 4 U
nyw cxemy Bsiie RC-aBena T
{puc. 34). Ilonowum, nas
IPOCTOTEL, YTO aHaAnsupye- Puc. 34.

MOE HaNpfxeHHe YHCTO CHHY =
COHIAJBHO, H YTO Mbl PACCMATPHUBAEM YCTAHOBHBHIMICA pemuM
anvanusaTtopa. Jlas yCTAHOBWBIIErocs pemuma xosddulkent
. MEepejlaun HHTETpUpyiiel cxembl puc. 34 pasen

K —% —-—I——
Uy 14 juRC

Hanpskenne, rnonabaemoe Ha BXOA HHTETPHPYIOWEH cXeMl,
PAaBHO TIPOH3BENCHHIO AHAJIM3HPYEMOrO HATPSIKEHHS H Hanps-
WeHHA TeHepaTopa (MyCTh HAyaAbHbE (Pa3hl OOOHX HaMpaKeHUH
COBNIAJAIOT); '

U, =rcos @ cos wf = %cos (w4 @) - %cos (0 — )¢,

ﬂ.ﬂﬂ KOMIIJMEKCHRIX E!MI'IJII/ITy,[!. HRI'IPH}I{EHPIH HA BLIXOAE MOXeM
3AGMCATh

1 1 " 1 1 ,

2T ietDRC’ T TF/(e—BHAC
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TTpr ®, Mano oranuawmeiica or &, neprol BeJHYMHOH MOMHO
npenefpeub, H MB HOJYudM

1 1

K=y =
HJu
=
]K{'Z% : :’2 =,
V(%) +op
rine .
T=RC

— TOCTOSHHAR BpeMeHH HHTEFPHPYIOLleH CXeMH,

TMoayuenHoe BLIPANKEHAE TOALKO MOCTOSHHBIM MHOMKHTEJEM
1/Q@c oTaHugercs OT BupameHuf LA KO3DPHULMeNTE Nepeidun
NpocToro xoaearenbHOTO KOHTYPa:

1 1 1

Vi rae gt

TakuM 06pa3oM, OKAALIBAETCH, YTO PACCMATPHBAEMAT HAMH CXeMa
aunaausaTopa o6AalaeT COBeplIEHHO TaKMMY e CBOHCTBaMH
B OTHOLWCHUM H30MPATENbHOCTH, KAK W OOBIUHBIA pe3onartop,
H, CAelOBaTeJbHO, K HEll NIPAMEHHMO BCe TO, YTO TOBOPHIOCH
panee O paspelaiolield CNOCoOHOCTH M MOTPEMIHOCTH aHaAU3A~
TOpa ¢ Pe3OHATOPAMH.

WHTepecHo, 4TO B PACCMATPHBAEMOM aHAJH3aTOPE pOsib 3a-
TyXxaHnsa Wrpaer seanuusa 1/@t. Tak kak A48 yBEIMYEMHR N0~
cTosHOM Bpemend t = RC HeT MPAaKTHUYECKHX OTpaHHueHuft, TO
'MOXHO MOJNYUMTh AHAAW3ATOP C OYEHb BEICOKOH paspelnaouiet
cnocobHocThi0. C ApYro#t CTOPOHB, Paspellanllyld CRocOfHOCTD
MOMHO JETKO H B IUHPOKHX TWpejefax H3MeHaTh NyTeM H3Me-
Henua R wam €. Hcnoabsys 9To, MOMHO, HaRpHMep, HCCAg-
A0BATb TOHKHE NeTaiH KaKOTO-mm0U yuacTka cheKTpa.

TexHuueCKOe BLINOJHEIHE OMNHCAHHOK CHCTeMbl BO3MOHO
B caMbiX pasanunbx ¢opmax. B kavecrse moyumreselloro npu-
Mepa NpPHBelEeM NpelJIOKEHHOe B CBOE BPEMS NPUMEHEHWE B K-
yecTEEe aHAnu3aTopa OOBIMHOrO BAaTTMETPd. B uacTHOCTH, €C/H
B2ATH DJEKTPOJAHHAMHUCCKMH nprOOP, TO JJIf MCNOJALICBAHAA
£rC B KAYECTBE AHAANSATOPE AOCTATOYHO NOMATE SHAMBHPYE=

|K =
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MOE HAMPMKEeHHE H HANpsKEHHe OT CeHepaTopa COOTBETCTBEHHO
Ha e oOMOTKM npufopa (craTopa W potopa), Bpamaowui
MOMEHT IPONOPUNOHANEH TPOH3BeaeHHic ToxoB B o0MOTHAX:
Takum 06GpasoM OCYLIeCTBASETCA MepeMHoxccHne. Munrerpuposa-
HHe BLINOJHAGTCH B MexaHHueckol uacT mpubopa (sa cuer Oan-
JUCTHYECKMX CBONCTE poTopa). EC/IM XenaTelbHO TNepeMHOMATh
HEMOCPEeNCTBEHHC Hanpsamends {(a He NPONOPUUOHANLHLIC WM
TOKH), TO BMeCTO BHICKTPOIAWHEMHUYUCCKOIO BATTMETPA MONKHO
B3AThL KBaApaHTHHH sxexTpomerp. OTCueT B Takoro poapa ycr-
poiicTeax OepeTca oOHLMIO le MO NOCTOAHHOMY OTKJOHEHHIO

I | 1
| Brw ey w8 w-Beuy

Puc, 35

(ripu nynesofl pasHOCTHOM “acTOTE), 4 MO AMMANTYHe KOneGaHul
NONBMAKHON YacTH Npubopa Ha HUBKOK YacTOTe wy €€ MexaHH-
yeckoro pesouanca. OnmilieM npoucxofslliie HPH STOM ABRASHHA.

Ecan scnoMmoraTespHad 9acToTd o MEJLJIEHHO H3MeHAeTCd,
npoxons uepes snavenue &, To na mpubop BO3ZeHCTBYET mEpe-
MeHHas PASHOCTHAA 4ACTOTA {&— o], KOTOPAA CHAYATA yOHBAET
IO Hy/f, a 3aTeM CHORAa BoapactaeT, !IpM sToM noABHXH2A
cucreMa FRpuGopa KoaeBAETCH, aMILIMTYAE Kone(aHWs wMeeT
IBAd MAaKCHMyMa, KOTLA pA3HOCTHAS BACTOTa  CPABHHBaeTCH
¢ coficTBeHHol wacToTol momswHOM cucTems. [lpouecc, npo-
HcxolLdiuil B uaMepuTenbHOM npHbope HpH MeIJMCHHOM H3MeHe-
HMM ®, DOKA3aR H4 puc. 35. AMIMNTYJSA CHAYAMa Mana, saten
HApacTaeT L0 MAKCHMyMd, s4aTei yOHBAET AC HEKOTUPOro fo-
CTOSHHOTO OTKJIOHEHMS; 34TeM BCe NPOHCXOJHT B 0OpPATHOM
nopanke. OrmGawoiias npouecca ecTb He WI0 HHOE, KaK
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pesouancHag xpuas MoABHXHON cHcTemw mnpudopa. C Touxu
3peHus OCHOBHOrQ NPHMHUMIA AHAAM3ATOPa MBl JOMKHE ObLIH OLI
B3ATbL OTCUET IpH w==[, KOrAa cTpeixa ocTaHoBHTCA. Ho
NMPAKTHYECKH Tropasfno yao0HEe B3ATb OTCYET B TOYKAX, TIie
NMONBHACHEA CHCTEMA PE3OHHpPYET.

B saxmioyenne HyXHOC 1aTb OTBET H4 '€CTECTBEHHO BO3IHH-~
KAOWHE BOOPOC: CYILECTBYET JH MNPHHUANHAABHAS PAasHHLA
MEKIY AHANM30M TP TOMOLWIM Pe30OHATOPOB W AHAMM3OM IO
BHIUIECIIHCAHHOMY METOLY 7

Paznnud, KOHEeuHo, CYLIeCTBYET, ¥ UMeeT OpRHUANHAALHLY
xapakTep. IJTo T4 Ke DAZHALA, KAKAS MMeeTcs Mexay (H/ib-
TpalHell M reTepoluHuposanueM. Ouncanusfl MeTOL ecTh B CyL-
HOCTH MeTOA mpenfpasopankfi YACTOTH, WAW, B YACTHOCTH, Me«
ToJ CHHXPOHHOrO ASTEKTHPOBAHHA N[O OTHOWEHHIO K TOH HIH
MHOH cocrasagpuieit cnextpa. ITpununnuansbuuit xapakrep pas-
JHYHS COCTOHT B TOM, 4YTO (UIbTpALHUA OCYIECTBAeTCA [M0-
CpelcTBOM NAcCUBHOH JMHHEHHOR CHCTeMBE ¢ MOCTOAHHBIMH
napaMeTpaMd, TOTAa KAK PACCMOTDEHHLIR reTepoNHHHBIA AHATH-
8aTOp ¢ (PU3MKO-MATEMATHYECKOH TOUKM 3peHHd CBOLHTCH
K HEeKOTCcDOM anHeHHOR CHCTeMe ¢ repeMeHHBIMH MApaMeTpaMH.

§ 21. Pabora pesonatopa

Paccmvarpusast nelicTBUe AHANH3ATOPA ¢ PE3ONATOPAMH, MEH
cuMTamM A0 CHX nop camo co0ol0 PasyMmeloligMis, 4To, ecau
pesoHaTop ofnajder 4acTOTHOR WaGUPATEALHOCTEIC, TO OH ClHO-
cobeH BHASAMTE Teé WIH MHBIE CHEKTDaNbHHE COCTaBIANILRE,
T. €., NponsBecTH aHamu3., OnHAKO B CBeTe coOOpaMendd npe-
Inayllerc naparpada BO3HMKAET eCTECTBeHHbL BORpoc: Aelt-
CTBHTEBHO JK PE30HATOP crocofieH AHAMH3IUPOBATH, WM, HHAYe,
K&KHMH CBOHCTBAMH JOMKEH 00Aafate pesonaTop, 4Tobn Hadaw-
laemMas Ha BHIXONe BeJHUMHA AeRcTBATEAbHO oTolpamana
CheKTp aHaausupyeModt (Pyukiuun? Jiag oTseTa Ha 3TOT BONPOC
Mbl AOMKHEL BHACHHTH, MPH KAKHX YCHOBHRX BEJHUMHA HA BRIXOJE
pe3oOHATOPA CBA3AHA CO BXONHOH BeIUMYMHOM MOCPEACTBOM npe-
ofipasoBanus Pypwe. Ecam raxas CBA3h CyWecTBYer, TO 3TO
BHAUNT, 4TC pEe30HATOD JOMKHEIM OOpasoM BHIOOJHAET CBOEe
HasHaueHUe.

B ofuwem cayuae OTKAHNK pPe3OHaTOpPa, HA BXOL KOTOPOroO
B MOMenT ¢=0 BKMIOYEHO NPOU3BOAbHOE BO3peHCTBHE [(f):s
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MOKET GHITH Bmpa){ceH HHTEFpaJIOM ,El.loame.m
£(f) = ff(‘:)g(t—'t)d':, @1.1)

rre g(f)—BpEMEHH&H xapaKTepHCTﬂKa (MMOyJABLCHAA peaxius)
pesonatopa. TIpelnonoxuM, 4TO . )

g(t) = sinmyt, (21.2)
B sTtoM cayuae ‘

x(t) = ff(':) sitt g (F — 1) dt =
; i
5 4
= sin wyt ff(':)cos wyTdT— COS wotff(r) sin vyt dt =
V] 1]

== A 5ifi wyf — B cos wyt.

3neck A v B —N0-NMPeXHeMy KOCHHYCHAA H CHHYCHAA COCTABNAAIO0-
mpe Texyiiero cnextpa. Ouu aBA4IOTCS QYHKUUAMU BDEMCHY, 4
MOCYT PacCMATPHBATLCA KAK MERACHHO MESHAIOIHECH COCTABJLIO-
mye amnauTyis wonefanua x (). Orubaoias (1. ¢, 3ABACALLARA
OT BpeMeHH AMILIHTYAA) 3TOro KosebaHua paBHd, OUEBHIHO,
: VA2+82 ==&, (),
T. e. TeKyueMy amILIATYIHOMY crnexTpy. Mrak, ecnd aas aHa-
JH33a NpUMeHeH PE30HATOP C BpeMenHOR XapakrepucTukoi (21,2),
TO aHAMM3 NPOU3BOAUTCH B COOTBETCTBMH C MATEMaTHUECKHM
onpeneaeHneM CileKTpd, T. €. MBI HMEeM HAeaabHbIR aHa.ﬂﬁaaTop.
Ho mpemenno#i Xxapaxtepucrtixoli (21.2) ofaasaeT kouryp Ges
noTepL, T. e. lenb, cocTapiennat us Lu C (R ==0). Ilosromy
caAeiyIouEi BOMPOC ~— 3T0 BONPOC O TOM, 4TO [AET B KAUecTRe
8HAAH3ATOPA pPeaabHell pesoHatop. [l KOHTYpPa ¢ MOTEpaMH

gf)=e"%sinwy

t
x@®)= [ J(x)e*c=D cos g dr =
¢ .

? ¢ :
=sinwyt ff(t)e“("-*)cosmat dt—-cosmotff(t) e* (=% ginwgt dr==
0 ‘

- An Sitl (ﬂot —‘_Bu cos (l)u{'o
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B srom mupasenuy A, ¥ B, -—CODTBETCTBEHHO KOCHHYCHas
R CHHYCHaA COCTABJSIOUAE TEKyllero CIEKTPa, HO He $yux-
UMK f(t), 4 B3BEIUCHHOR (PYHKLHH

fo (D) ==exC=0 f(x).

TMoseuBulagea 3[eCh CKOABIAUIAA BecoBafd (YHKUMA — 3TC Ta
caman $yHxuusa, xoropolt noawayercs Dawo (cM. § 6); Bhie-
npueefenlble cOOGpAKeHHA OBOCHOBHIBAKOT, TAKHM 06pasom,
nperJokenduie Pano onpemeicHus.

B Gonee obwem caydyae I Y3KONOJOCHOrO pPe3OHATOPA
NPOH3BOJEHOrO BHIA BpPeMEHHAS XApAKTEPHCTHKA MOMET OblTh
npeAcTasaeHa B BHIe

gty = p () sin wyt - g () cos wet = Re 5 (¢) efeet,

rie ®;— LeHTPAABHAs YACTOTA NAPONYCKAeMOH pea3oHATOpPOM
nojgocel. B sToM cayuae

1 i
x(r)=ff('c)g(t—r) d‘t=fd'cf('t) Res(f —t)efwl-—t=
0 0

:
=Re ej"’utf J)r{t—1) e-of de
0

H HMHTErpal NPeACTaBAAeT KOMIVIEKCHBIA TEeRYIIMA CcHekTp ¢
BECOBOH dyHKUMER

r{—t=sB=pE—Jjq@-

Buigoa, BhTekarwmMit M3 BCETo CKAZAHHOTO, 3aKAIOUAETCH B
TOM, YTO BCAKHH peafbHmfl pe3soHaTop L4eT HaM He HCTHUEBIH
CNeKTD AHAMMBHDYEMOH QyHKILHHK, a CTIeKTP B3BeMIeHHO! QyHKILHH,
npudeM QYHKUMA Beca 3aBUCHT OT XAPAKTEPUCTHKH Pe3OHATOpA.
Mu nosayuaeM HCTHMHHLE CNEXTP Juiub B Mpeleie, KOrAa Bpe-
MeHHAA XaPAKTePUCTHKA pe3onaTopa npubumkaercd K

g(t) == sin wyt,

a BecoBas (YHKUHA, caenoBate/pHo, k esunane. Ha ocuosanuu
THX coofpaxeHnuft momeT OulTh BHUKCAEHA TNOrPIiHOCTS
PeaANBHOrO AHAJIM3IATOPA, ueM MBi, OBHAKO, CeH4YAC 3alUMMATLCA
ne Oygem (cM. § 26).
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Wa wugnomennoro €cHO, YTO MeTPOJIOTHYECKAN XApaKTepH-
CTHKA AHAAH3ATOPa AOMKHA Onia Ou COAEPXKATH AAHHBE O Xa-
PaKTePUCTHKE Pe30HATOpA, WM, [0 MeHbuieH Mepe, O MOCTORH-
HOH BpemeHH. B mpOTHBHOM Chiyuae He/b3f YCTAHOBHTL, 4TO
MMeHHO HamepseT adagauzarop. K cowmanenuio, B Goabimincrse
CAyuaeB YHAa3BIBAETCA ML LIMPHHA MONOCH HPONYCKAHWS pe-
30HATOPA, YTO HELOCTATOUHO.

B xawecTBe HaaCTpanMH ynomsHeM o6 HHTEPECHOM NpH-
MeHeHUM B3BEUIEHHLIX CTEKTPOB, PACCMATPHBAEMLIX B KaUYeCTBE
MIHOBEHHLIX, 4 HMEHHO O TAK Ha3biBACMOH «BUIMMOH» peund [28],
CyTb Iena 3ag/iouaeTcs B TOM, YTO MTHOBeHHHI! crekTp (Base-
IIeHHLIH OpH NOMOLIM TOAOCOBWMX (uibTPOs) H3oOpaxaercs
HEMpepPHIBHO HAa ABMXKYIIeMCH SKpaHe. Taxk KAk MTHOBEHHBIH
CIHEKTD eCTh QYHKUHMA ABYX MePeMeHHBIX — YacTOTH H Bpe-
MeHH — T0 CHeKTp u300pamaeTcs HA MJIOCKOCTH 3KpaHa B npd-
MOYTONBHBIX KOOPAHHATAX; M0 oCh A0CHHCC OTKJAANBBACTCA BPeMH,
No OCH OPMHHAT— vacToTa. HTO We kacaercs camofl yHruuM
3TUX IBYX NePeMeHHHX, T. €. CNEeKTPaTbHOH NIOTHOCTH, TO OHA
oroGpaXkaeTca APKOCTbI) CBeuyeHHs 9KpaHa B AaHHOH Touke
(2 NpH 3a0MCH — CTeleHbI) IOYePHEHUS chenuanbHolt Oywmarwu,
kak B dortotenerpade). Peub anamusupyeTcs B LHANAIOHE TNPH-
MepHo 1o 4 xey, pazmenentoM Ha noxocsl no 300 zx4 xamaas,
ITonryuaemas kapruua .1aeT JOCTATOYHO HOJHOE OToOpaXeHue
BBYKOB peud; MOMHO HAYUATHCA UMTATE BUAHMYK) peuUb» He-
NOCPENCTREHHO € 3Kpana. [lepRonauaabHo yCTPORCTRO «BHAKMOH
peuM» MPEeNHA3HAYANOCH A TAYXHX ~— 4TO6Ll 3AMEHUTH CAYXO-
BOe BOCTPHUATHE BPHTEJbHBIM — H, AcHCTBUTENBHO, C YCNEXOM
npuMensaoce Aag stoft nemm. OJHAKO TAKOTO POA TEXHHKA
mMoweT GbITh HCNOALZOBAHA TAKKe AAA ucApaBaeHHR dedexToB
peur, Ana oHeTHuecKHX HCCAeZOBAHHH, a Takke RJA MOCTpoe-
HUMA ABTOMATOB, MMKCHPYIOIIHX 3BYKH PEUM HAH BBINOJHAKLKE
MNOAAHHBE rOJOCOM KOMaHiB, U T. I

§ 22, JNeiicTeuteabnsie ycaosus paGoTH anaausaTopa

Busoan § 19 TpefyioT cepbesHbX KOPPEKTHBOB C TOYKU
spenus AeHCTBUTENbHLIX ycnoBafi paBoTh awaauzaropa, KOTO-
pule MHL M nocTapaemcs celluac pazoOparh.

B camoM nauane oTMeYaNOCk, HTO NepHoluueciad QyHKuua

BUda
F@Q)=[f{¢-+nrl)
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ecTh MaTeMaTHUeckag abcrpawuusa, Ho ecmw 6u make cywecrs
BOBAJO ABJEHHE, OTBEUAIOUIEE ITOMY ONpPElLE]eHHIO, TO OHO He
cywecTBoBan0 O nas amaauszartopa. Belb aHammsarop
B NeHCTBHTEMBHOCTH BK/IOUACTCA HAa KOHEUHO® BPEMS, H, CJAeLOBa-
TelbHO, AHANM3UPYyeMOe #BJIeHHe NS aHAAU3ATOPA Mpen-
CTABIAETCA OTPEBKOM HAa NPOTIXMEHAH OT MOMEHTd BKNIOVeHns
A0 MOMEHTa BBLIKJIIOueHHA.

AHaAM3ATOD MOMET [aTh UCTUHHBIH CICKTP ABJCHHA B ToM
eJMHCTBEHHOM C/yude, KOTAJ AHAIUZHPYEMOe ABIEGHHE n0M-
HOCTBIO YKJAAABIBACTCH B 9TOT OTPE3OK BPeMeHH, T. €. Koraa
AUAMHBHPYETCA  3aBelOMO  HENMepPHOAHYECKOe fABJCHHE  TuUMAa
WMNYJAbCA, PABHOTO HYJKD BHE KOHEUHOTO NPOMEKYTKA BDEMeHH,
B NpH YCAOBHH, YTO ITOT NpPOMEKYTOK BDeMEHH, T. €. nau-
TEeJLHOCTH HMTYJbCa, MeHbIUE BDeMeHH BKIOUCHHA aHAIM3aTopa,
Tpn anannse e [QiuTefibHEX ABJeHAH, MEPHOLMYECKHX KM
HeMepHOAHYECKHX, AHAMH3ATOP NPUHLMIHAILHO HE B COCTORHUH
JaTh HMCTHHHBIA CllekTp 9THX gBjicHAf. [To onpeneleHnio crextp
BHIPAXAETCA HHTELDAOM

S = f FH et gt, @2.1)

Ecmy amammaaTop pmmoingeT TpebyeMoe YMHOMKEHHE H WuTe-
TPUpOBaHue, TO OH BO BCAKOM CAyyde HE MOMKET [POM3BeCTh
HHTErPUPOBAHAE B OeCcKOHEeUHBIX Tpekenax. AHATH3ATOD «He
gHaeT», 4TO IPOHCXOIMIO A0 €ro BKAUeHdd, u Tem Oosee
«¢HE 8H4eT», UTO OyIeT NPOUCXOAUTL MNOCAE €U0 BHKAGUYCHHS.
On MOMeT AMIIb NPOU3BECTH WHTETPUPOBAHNE HA NPOMEXyTHe
ty <t <ty THEe ¥y W f, — CONTBETCTBEHHO MOMCHTH BKJIOUEHHS
‘B BHKTIOUEHHA.

B nyumem CIyule MOMHO ONUARATLE OT AHAJIABATOPA, YTO OH,
AefiCTBYR WEMPEPHBHO, BHIOAHAST MHTErPHPOBAHME HA HPOME-
WYTKE OT MOMEHTA BKMIOYEHMSA A0 Tekymero MomenTtd, Ecan
MPHUATL MOMEHT BKJOUEHMA 34 HAY4A0 OTCYETA BPEMEHH, To
A1AMH3ATOP MOMET M3MEPHUTbL BeJHUHHY

t - .
5, = f F(B e dutdt, (22.2)

o

T. e. Texymnfi chextp dyvarnmr f(f) (em. § 5). Yem Goapuwe
BpeMA BKJOUEHHA, TeM 0OJblUe TeKYWMH cHekTp NpHdmbKaercs
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K HCTHHHOMY CMEeKTDY [JAHTEbHOTO fBAeHMA. Ecan spems BKMI0-
uelifA OuMeHb MaJo, TO Kakop Ob HU OLA XapakTep #BJACHHA,
AHAAW3ATOP ROAYHEET JHUb KOPOTKHH HMOYJABC, CIJAOWHON
CHEKTp KOToporo HAMeeT OAHOPOLHVI) RJMOTHOCTE BHAOTH A0
yacroT, Olpele/JfdcMBIX BReMEHeM BKJAKWUYeHHA, H  TeM Conee
BLICOKHX, YeM BpPE€Msa BKJIOUEHHS Medblle, T. €. UEM HMIYILC
Kopoue,

3r1H coofpamenns JErKo UPOBEpPUTh 9KCMEPHUMEHTAJIBHO,
Cunycounanproe kojefanue sOCTIPHHUMACTCA CIYXOM KAK YMCTLIA
MySHKAALBHA TOH. EcaM BmouaTh STOT TOH Ha Bce OoJee
KODOTKHE TNpOMEYTKHM BPEMeHH, TO SCHOE OULYLISHHe BLICOTLI
ToHa OYJeT NMOCTENEHHO YTpavyuBaThcs, [IOKA, HAKOHWel, A0CTAa-
TOYHO KPATKOBPEMEHHOE BEKJIIQUEHHE hHe ﬁylle'l‘ BOCHPHHHEMATLCS
OPOCTO KaK IEJYOK — 3TO M COOTBETCTBYET KOPOTKOMY UM-
OYABCY C LIMPOKHM CIJOWHEM CIEKTPOM.

Ms Bcerc ckasawnoro chaeinyeT, uTO pea3yabTaT aHAIH3A
TPHHIMNOHAIBHO 3aBHCHT OT BPeMCHM. YueCTh 3TY 3aBMCHMOCTDb
MOX{HO, OIIHPAACE Ha NBE pPasanuHbIe (HO npusosdauiie, KOHEYHO,
K OLHMM H TeM e BbIBOAAM) TOYKH 3PEHHA: BPEMEHHYHD H
CNEKTPANLRYI (4aCTOTHYIO).

[Tpubeaem noapobHoe paccyikicHHe O Npoliecce aHannsa
¢ oflenx TOueK BpeHHd.

a. Bpemenuds touxa apeuus. Mbl McXoIunM B mpenbAy-
leM NpH OnpepelleHny paspemaroulefl cnocofHHoCTH pesoHAaTOpa
H3 €ro Pe30HaHCHOH KpPUBOH (uacToTHOH XapakTtephcrukn). Ho
pesoHaHCHAas KpHBaA npencTapaser noB&AeHHE PE30HATOpA
B YCTAMOBMBIUEGMCA peHMe. YCTAHOBHBINHMCH [EXKHMMOM Mbl
HA3LIBAEM PEWHUM, AOCTHTAeMHHl MO OKONUAHHM HepPeXOLHbIX
sABJMeHHHA, BOSHUKSIOLIKWX npd. BKJAOYEHHH, T. €. TEOPETHYUCCKH
vepea Oeckoneuno Gonbuioe BpeMa, I1pakTHUECKM NMePeXOAHLIMM
SBJEHHAMM MOXKHO TpeHefpeus yXe N0 NMPOHIECTBHH KOHEYHOTO
Bpemerd, OAnako BpeMs YCTAHOBACHMS TeMm Oo0Japlue, ueM
Goublie HM3GHPATEABHOCTL pesoHaTopa, T. €. 4eM Meublle ero
BHTyXHHI/IB. AB NpUMeNEHHN K aHanmmay Hac HHTEPECYIOT HMEHHO
pesoHaTopel ¢ BHCOKOR HaCupaTenbnocTblo. Crano OuTh, HC-
caenya paboTy aHaauaatopa, M He MOiKeM, Boolnie ToBopd,
HrHOPHMPOBATE Nepexoanbe spiedus. CocTapags W peuwias CoOOT-
BeTCTRYIOWHe Auddepenuyuabibie  ypaBHEHHs, MBl TOJIYYHM
aMnanTyay xodefanufi - pezonatopa Kaxk (QyHKIHIO He TOMb-
KO 4acTOTH (KaK B -YCTANOBMBILCMCS peMMe), HO W Bpeme-
Hi. Caepopatesbio, pesoHaucuas KpHBas peacuatopa Oyner
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pa3iHyYHOH NI pasSUYHBIX MOMEHTOB BPEMEHH; €€ YMeCTHO wd-
3BaTh AHHAMHYECKON PE30H2HCHOH KDHBOA B IPOTHBONOCTABAEHHE
OOLIYHOK pE30HAHCHOM KPHBROH, KOTOPYIO Mb OyJAeM HAa3kBaTh
CTATHUYECKON M KOTOPAR ABJAfETCA TpeledbHOH (OpMOA auHa-
MHYeCKOH pesoHaHcHOH KpHBOH npH f — oo,

Taxum oOpasoM, BCe paHee BHIB&ACHHEE COOTHOIIEHHA
COXPAHAIOT CMBICA JHlLIb B KadecTBe TpeleabHuix. Mcoradnas
paspemaromas cnocofHOCTh aHaAM3aTOPa OMpele/deTcs Eero
JuHamudeckolt pesoHavcHofl xpupol. Ee makcuMyM Tem Tynee,
YeM MEHbIIE BpeMsd BRJIIDUEHHHA; CAELOBATENLHO, AHAJAWZ BbLINOJ-
HAeTCA TeM TouHee, ueM GoJblie BPEeMA aHANM3A,

CnexTpaabHaA TOYKA 3peHHs. Mul MCcxonHId B [pelol-
LylieM NMpH ONMpeieleHHn paspewawell crnoco®HOCTH allaaH-
3aTOPa M3 NPeACTABJACHHA, YTO HA AHAJAH3ATOD BO3AcHcTByeT
TepHOAMYeCKOE, B MaCTHOCTH, CHHYCOAAAALHOE KoJebanHe.
B 1eHCTEATEALNOCTH HTOTO HET: ARANNBATOP BKIUUAETCA JHIIb
Ha KOHeuyHoe BpeMs, CiepoparenpHo, AA8 KamAOro JZHHOTO
MOMEHTA BO3ACHCTEHE HA De3ORATOP MOKeT OHTh TPEIACT2BIEHO
HeMepPHOAHUECKUM fBJAEHMEM, a HMEHHO OTPe3KOM CUHYCOHIEL,
AASUEMMCHE 0T MOMEHTA BKJMOYEHHH JO TEKylWere MOMeHTA.
.Anannsatop OyaleT aHaAd3HpOBaTH 3TO ABJEHME C NpPUCYLUEH
eMy cTaTuueckolt paspemaioumieft cnocofuoctbio. Ho tax kax
CHEKTp CaMoro BO3AEHCTBHA € TEUEHHEM BpeMepd WIMEHACTCR
(«TeKyHIMH COEKTP»), TO OYIeT HAMEHATHCA W INOKA3AHHE dHa-
Jau3aTopa. B wacTHOCTH, NpPH 3HAAM3E CHHYCOUIb B CaMble
MepBH¢ MOMEHTH, KOTAA NepHOMHYSCKUH XapakTep aBeHud
ellle He ONpeleJR/CA H TEKyIUHA CHEKTD NpaKTHYECKH OJLHO-
poLeH, aHAJAN3ATOP MACT M[OYTH OJHHAKOBLIE [IOKA3&HHS LA
BCeX H4cTOTax. JIMlb B Ipejene, KOTLA CHMOMHOH Tekymimi
CHeKTD BBEIPOAMTCH B AUCKPETHYK CHEKTPAALHYH) JHHHIO, aHa-
JU3aTOp MACT CHeKTpP, onpefendeMblii Ha OCHOBE CTAlHOHAD-
ELX TpercTaBicHni, M3JIOHEHHHX BLIUe. ITH NpencTapJeHHA
COXpalisioT, TakuM 00pPa30M, CUAY TPH BHBOAE NPEeASbHLIX COOT~
HOIEeHEH, B ne#cTBHTEABROCTH e JIOK43dHne aHa/lu3aTopa oKa-
sHBaeTCd TeM Gosee PAsMLITLIM, T. €. PA3pellaiiLas crocobHoCThL
€ro TeM MeHblle, YeM MERblle BpeMsa BKJIOUEHAR.

Ofe TouxM 3peHus-— BPeMEHHAA M CHeKTpaabHAd — Teope-
THYeCKM paBHoueHHbl. B naaprefimmeM ucnonssosana spemexnas
TOUKA BpeHMs H BOT TO KAKHM MeTONMUECKHM cOOOpaKeHHsiM:

1. Bpemernds TOYRa 3penns npe,n,mamaewa nerye yCBos:e-
MOH M MeHee (opManbuOH,
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2. Cros ua BpemepHON TOUKEe BPEHHT, MB MOXEM Xapake-
TepH30BATh AHAJH3ATOD KAK TAKOBOH He3aBHCUMO OT pexuMa
erg BKJAKUEHHA H XapaKTepa aHAJIH3UDYeMOIo ABAcHHA ¥).

3. Hexortopue ponpoch BoofmE 3aTPYLHHTEILHO (XOTH
H BO3MOXHO B NPHHIMNE) H3NaraTh Ha CASKTPAJILHOM SA3BIKE,
B uactHocTH, 3jecks uMeeTcsl B BULY BONPOC O NOCAeLOBaTe/b-
HOM ananuae. Bce npenwiayilee OTHOCHIOCE K OAHOBPEMEHHOMY
AHANMSY, KOrJa peub HAeT 00 OTK/IHKE HA TO WIH HHOE BO3-
JlefictBEe  pesoHaTopa ¢ HocTodHBOA Hacrpofikolt. Ho ecan
oOpaTUTbCA K AHAJAM3ATOPY, COASpHAUEMY pesoHATOpP ¢ Nepe-
MEHHOH HACTPOHKOR, TO MBl MMeeM Jeqo ¢ aeaeHuaMH  Oojee
CIOWHBIMH, W OKa3LBaercss Gogee yAOOHBIM TOBODHTb O HHX
Ha BPEMeHHOM s3bIKe.

M B caysae mMoc/AelOBATEJNBHOTO aAHA/AHBA OUEBHIHO, UTO
| CBOHCTER PERGHATOPRA MOTYT QIUCHBATLCR CTATHYECKOR De3o-
HAHCHOH KPUBOH JHIIb Npu OeCKOHEUHO Med/eHHOHR nepecTpolike.
B neHcTBuTebHOCTH aHaAH3 MPOMCXOIMT ¢ KOHeuHofl CKopo-
¢Tblo. Jlerko MOHATL, YTO uem OLICTpee HACTpOMKa pesoraTopa
TIPOXOAUT Yepe3 YACTOTY AAHHOH CHeKTpaibHOH COCTABJIAOLLeH,
TeM B MeHbleH CTeneHd 3Ta COCTABIARSKWAR YCMEeT PacKavatTh
pesonarop. To e OTHOCHTCA W K BADHAHTY € NpHMEHEHHEM
BCIOMOTATENbHOH 4acTOTHl, KOrAd HACTPO#iKa pe3OHATOPZ Hewa-
MeHHa, 4 CHeKTp HccIefyeMoro KoJjefaHus IDepelRBuUraeTcd
¢ TOH WAH AHOH CKODOCTHID N0 INIKAIE YACTOT.

B caywae mocnenopaTebHOrC aHaAH3a CBOHCTRA 3HAMHSATOpA
TAKKE MOTYT C YLOOCTEOM OMNHCHBATBCH TOCPEACTBUM ILHHA-
MHUECKON pe3cHaHcHOM Kpupol, TeopHd M ONBIT MOKA3EBAWT,
YTO €8 MAKCHMYM TyIlee, YeM ¥y CTATHYECKOH Pe30HAHCHOR KpH-
BOH, mpuyeM TeM Tynee, 4em GOJbLIE CKOPOCTH OTHOCHTEMLHOTQ
JIBHIKEHNA N0 HIKA/e 4aCTOT HACTPORKY pesoHaTopd W HCCJaesye-
MOTO CIEKTPA, T. e. ueM DoJblie CKOPOCTh aHamaa, Takum obpa-
30M, H B 3TOM CJAyYae paspelHaiolllas CfocoOHOCTh TEM MEHbile,
yem 00JblIE CKOPOCTh aHAJIHBA.

*y Peyp nzet o ToM, uTO NPH AHAJAM3E EPHOAUYESCKOrO ABNECHHH Mbl
MOKEM YUHTLIBATE KOHGUHOCTD BPEMEHH BKJIOUEHHS AHAAM3ATOpA ABYMH
crocofaMu: 1) xapakrepusoBaTh ABIEHUA OOGLIYHEIM CIEKTPOM, & akajH-
3d4TOP - MHHAMMYECKOR YacTOTHOH XapaxTepHCTHKCH; 2) XapaKkTepHso-
BaTh ABJBHHE TEKYIUM CNEXTPOM, 4 AHANH3ATOP — OOBIYHOH CTaTHue-
ckofl wacToTnol xapaxtepuctukoi. Ilepswiit cnocof, He zaTparkealoLiKi
OMUCaHEA aHANH3HPYEMOTO SBNEHHA, HO 3aTO OXBATHBALINNA NOCpes-
CTBOM TWHAMHYCCKOH XADAKTEePHCTHEY KaK CBOHCTEa 2HAAHIATOP:, Tay i
yCIOBUS €ro paGoTh, MpeicTaBinelca G0Mee eCTeCTBEHHbIM W ¥A00HLIM.



124 ' AHANNA [rn. it

Ma Beero cxasannoro caelyer, YTO NOHATHE paspelaioinett
cnocoGHOCTH AHANM3ATOPA MULIEHO NPAKTHYECKOFO CMEICAA, eCaAH
OHO HE CBA3AHO TAK MJIH MHAYE €O CKOPOCTHIO (WM TPOAOH-
MUTEALHOCTLIC) aHasuaa. Queswano, Yto aaa nosHo# Xapax-
TePHCTHKR cBoHcTB aHATUZATODA MBI JOMKHD BBECTH OOHATHE
IMHAMHYECKON paspewawmell cnocofHocTH aHaiu3aTopa, SaBi-
cAlwefl KaK OT NapaMeTpoOB anaju3aTopa, TaK U OT CKOPOCTH
anam3a. [locmenyiouiue maparpadsl MOCBSULEHH TMOLpoOHOMY
MCCASROBAHHID ITOTO BONPOCE, HpHUEM OAHOBDEMEHHEIH U nMoCcHe-
JOBATEJbHEIN AHAMM3E PAacCMOTDEHB MOPO3Hb, TaK KaK NOCTa-
HOBKA BOMPOCA B STHX [ARYX CJYYasaX JOBOJLHO CYULECTBEHHO
pasauuaercd.

§ 23. Cpasy meway paspemarcimeli cnocoGHOCTBIO
AHAAH3ATOPA H BpeMCEHEM aHaJu3a

[Mp# aHa/mse NePUONHYECKUX ABMeHNH HMeeT CHAY OYeHb
oflllee MOJOMKEHUE, TAacdulee, 4TO ueM $oabule paspelawlad
cnocoBHOCTE  aHaNMH3aTopa, TeM OoJblle HeoGXOAMMOE AR aHA-
AM31 BpeMA.

OTo moAONEeHHe Jerko yucHHUTe cefe HAa npuMepe peaoHa-
topa. C oAHOH CTOpPOHH, paspemaionas cnocofHOCTb peaoHa-
Topa TeM GOAblue, YeM MeHLIne BATyXaule, 7. e. YeM OCTpee
pesoHaHCHAs Kpubas pesonatopa. C Ipyro#f e CTOPOHH, YeM
MeHblIe 33TYXaHHe Pe3OHATOPd, TeM MeljieHHee 3aTyXawT cob-
CTBEHHBE KOJefaHHS, BOIHUKAIOUIAE TPH BKIWYECHHHM, H TeM
AOJbLIE, CAeJOBATENRHO, HYKHO BLDKMIATL, MOKA PEXHUM Pe30-
EATOpd MOXHO OyIeT CYMTATh ywe ycTanopusinumcen, {OueBunto,
YT OTCYeT MO PEe30HATOPY MPH AHAJH3E NEPHOAHYECKOFO sBje-
"HMA caejayer 6paTh NpH YCTaHOBHBLUEMCs pexcume. B mpotusnom
cAyude HEJAB3A MM0/Ab30BATHCA NPH ONpeieleHyy paspernaiolled
cnocoOHOCTH Pe3oHaTopa ero CTATHYECKON PesOHaHCHOR KpUBOH
(00 2TOoM moapofuc ropopHaock B § 22).]

[lpuMep ¢ pe3OHAaTOPOM IOKASHBAST, YTO BHLICKA3AHHOE
BHAUa/Me MNOJMKEHHe HMeeT B BHLY BJIHAHHE NepexOIHBIX (He-
YCTAHOBHBIUMXCH) ABJNEHHH B aHaJu3aTope, H B NPHBELEHHOH
GOPMYJHPOBKE OTHOCHTCS TOADKO K AHAJH3Y REPHONMYCCKHX
saBjAeHu,

TO NONOMEHHE HMMEET, KdK CKA3aH0, OveHL ofiuft Xapag-
Tep. MomHo npHBecTH elle OAMH MPHMep, B KOTOPOM ChpaBe).-
JARBOCTL TOTC  JIOACKEHHR HA NEPBHIR B3rAsL He OYEBHAHA,
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Peub nzer o muddpakuuonnol pewerke, Paspemaiouiad cno-
coBHOCTE JU(PDPAKLHOHHON pEeNTeTKA KAK AHAAHIATODA 32BHCHT,
KaK H3BECTHQ, He OT Iepuona penerkH, a oT ofuero ee
pasvMepa (oT uucaa wrpuxos). Ho npn ysenmuennn pasmepa
pewieTKH BOZPACTAIOT nyTH Npofiera BOAH, a CAeNOBATeNbHO, H
COOTBETCTBYIOLIHE Bpemezia. HDHHTHO, 4YTO B OTTHKE 3TO HE HMeeT
HUKAKOrQ TMPAKTHYECKOTO 3HAUCHUS, HO HAC MHTEPeCyeT [pHH-
WMIHAABHAL CTOPOHA BONPOCA.

Xots cyTs Beaa B oflieM scHA, MB He MOMEM, KOHeuHo,
YA0BJETBOPUTECH NOACHEHHEM HIOJOMeHHd O CLA3H MEXAy pas-
peliaomett cnocofHOCTHIC U BPeMeHeM aHaiM3d Ha OTASALHBIX,
xorfl 06 H yOenuTe/AbHBIX TPHMEpPax. 3a344a HAMA COCTOMT
Tenepb B TOM, YTOOH [OKA34TB 9TO MOJONeHHE B oflleM puje,

Ilpencrasuym cefe u3bupareabHuIll 3AeMEHT aHaaMaTOpa
B BHIe UETLIPEXIOJCHUKA, Ha BXOL KOTOPOIO I0IaeTcs BeaH-
YHHA X, HA BHIXOJC TMOJNy4aeTca PReJMuYHMHA ¥, NPHYeM H3Gupa-
TeAbHOCTE IIPOABJASETCA B TOM, 4TO OTHOIUCHHE

K=
x!

T. €. KOI(p@UIMEHT Nepeiaid 3aBHCHT ONpeleleHAsIM 06pasoM
OT 4Y4CTOTH, ecaH ¥ H ¥y — KonebaTe/eHble BeJHUYMHE,

C 1pyrofi cropoHsl, eciH BO3OYAUTH YeTHIPEXIIOMOCHHMK
TOAMKOM HA BXOJME, TG HA BHIXO/LS BOIHUKALT MEPEX0AHOE ABAE-
HHe TOH uaM uHOH mauTedbHocTH. Ham HyxHO wHafTn chA3s
Mexcly HHPHHOR uyacTotHOM XapakTepuctud [K]| v prmtens-
HOCTLIO TMepexXORHOro #Jdehds, [leppasd BeauuMHA OMpeiensneT
pazpeldILy0 ciocofHOCTh, BTOPas — HeoOXOLHMOe 19 aHA-
muaa Bpemsa. MuTepecywonias nac sasicumocTe ObIA YHKe yCTa-
HopjaeHa panee, B § 12, Mwmeuno, OGwso noxasano, uto

oo ‘
K () = f o (t) e-9ut gt

-0
t

T. €. YTO KoMmnnexkcuull ko3duunent nepenaun K (o) ecth
He 4TO HHOE, Kak cHeKTp PYHKUMA g(f), KOTOpas NpelCTaBiaeT
cofol “BlenHe A4 BHIXOAe TNpH Holdvye HA BXOL BosGymie-
#uA BHAZ 3 (f), H KOTOPYW MBI HA3B&AH BPEMEHHOM XapakTepH-
CTHKOH. ‘ :

3aMeTHM TMONyTHO, uTO HaM yiaolHee IOJb3OBATLCH NI
QUpEleNeHUA  AAKTCALUOCTH  [EPEXOAHHX aABACHUN  HMEHHO
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dynxunelt g(f)zh (), ane nepexomloﬁ tyurimett 2 (£) [coorser-
cTBYI0MLEH Bo3fymaeann BUa o(f)], TaK KaK nocacAHas Qyuk-
UUS YACTO MOMET CTPEMHTBLCH C BO3pacTamueMm £ K no’cmﬂunomy
npeieny.

Hrax, A¢io CBOMHTCA Teneps K TOMy, 4TOOL  YCTAHORMTH
- €BSI3b MENNY LJAHTepHOCTHIO Ab pyrruun g{f) u mupnuod Af
ee cnextpa [K (w)]. OTa 3anaua paccMoTpeHa IIOllpOﬁHO B § 11,
B KOTOPOM ym‘aﬂomeﬂo uTo

AfAL 2

TpuMesnTeIbHO K PACCMAT PUBAEMOMY BOTIPOCY 3TO COOTHOLIE-
uue ya00HO 3amucath B BHJe

AfAt=A (23.1)

U UCTOAKOBATH CheiywouldM ofpasoM: 1as Sauuod CucreMmul
HeoOXonuMOe BPeMd anaiawda O0pAaTHO NpPONOPUMOHAILHO paa-
pemaiouett crnocofuocTH. DTO MOJOMEHHE, TAKEM 06pasom,
Jnoxazatno. OCTaeTcs elle yKasaTh HA CYULECTBEHHYIO AETA/b ~
KaK CJeNYeT MOHUMAThL BhHpaweHHe «laHHAT CHCTEMA».
Coornowerne (23.1) ne npeicrasasic O A48 HAC HHKA-
KOro uxTepeca, ecau Obl OHO HE ROOYCHAMO HUKAKMX H3MeHe-
Hi# CBOMCTR CHCTEMBl. DOMPOC CTABHTCH TAK: €C/IH Aadd (yHKIas

f(a’ bs C, “ee)d t))

rae @, b, ¢, ...——NapaMeTpH, ¥ eCAM, ECTRCTBEHHO, CNeKTp
sTOH ¢(yuKuEn OygeT 3aBHUCETL OT TeX e M[apaMerpos, T. e,

b=®(g, b, ¢, c0us )

TO MOKHO JH yTBEPIKIATb, 4TO HOCTOSHHAA A 8 BHPAKeHHH
(23.1) COXpauuT CBOE 3Ha4eHMe NPH MOOHIX H3MEHEHHAX Napa-
merpos? B Takom ofweM Buae 3TO yTBepkAeHHe Owio Gu
HepepunM. HoO samMeTum, 4YTC Mbl MMeeM I&J0, B YACTHOCTH,
C TaKHMH (BYHKUHAMH, B BBIPZMEHWH KOTOPHX MAPAMETPE BXO=
nAT B KAUECTRE COMHOMMTE/ell [pH HesaBHCHUMOA NepeMeHHOH,
Jlerko DoKazaTh, YTO eCHM YMHOKHTH apryMeHT HA NOCTOAHHYID
BEJAHYHHY, TO OylIeM UMeThb

Fe) =),  (¥)=2 @y,
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R CAeAGBATE/NbHO, B 3TOM cJayuae

Af At = Af, At = 4,

T. 8. OT H3IMEHEHWs napamerpor npouasselenue AfAf ue wenger
CBOEH BeJHYHILL.

CuenosatenbHo, MOE AAHHOW cHCTeMOR B BHLenpuseleH-
HOH (hOPMYRMPOBKE CAEAYET IMOHUMATL CUCTEMY, OTHeYaloULyIO
Jdanuol cxeme WAH, roBopa Ooxee OOWHM ASHIKOM, OMNHCEHI-
BAEMYI0 NAHHOTO BMIA AU(pPEpPEeHUMATbHHM YypPagHeHHeM, HO §e3
SAKPENAeHNs YaCTHHX 3HadednH xoaQhHUIKHEHTOS 9TOro ypas-
Henud.

Tak, HanpuMep, eciM yMeHbLIMTL 3aTYXdHHE pe3oHaTopa,
TO BpeMfd aHaju3a BO3PAcCTeT BO CTOJALKO e pas, BO CKOABLKO
YBEAMYUTCA PA3PEmIaloilas cnocobRocTs.

Tenepb 3ameTuM, uTO K cooTHomeHo (23.1) Moxuo nonodTH
u ¢ mpyrofl Toyku 3penusa. Ecam A ects BeNHUMHA NOCTOAHHAA
I AAHHOM cucTeMel, TO Kak BHOpaTh CHCTEMY IS MOJLYyYeHHd
HauMeHnbigero A? Befbh y Hac HeT HUKAKMX OCHOBAHMH 1M TOrO,
utolsl CUHTATL OOLIMHBEIN De3OHATOD HAHIYUNINM BHAOM #30H~
paTenpHOro SJaeMeHTa A nedell aHasmaa. Heuaw3a au nocTpouTh
cHCTeMy, O0Nalaou{y0 JyUMAMHE CROHCTEAMM, YeM OOLIMHLIA
pEBOH‘Eﬂ‘Op, HanpuMep 06ﬂaﬂaﬁ)lﬂ,ym MeHBIUHM BpEMeHeM yCTa-
HOBJICHMA [pH TOR ke paspewainwefl cnocoBHocTH wid  Honb-
e paspemaouwed cnocobHOCTR TMPH TOM e BPeMEHH yCTa-
HOBJ/IEHUA?

Hs ckasanvoro B8 § 12 no MoBOLY KOJAOKOALHOMC HMIVabca
MOXHO 3AKANUUTH, YTO ITOT BHA MMIyancad ofaalaer ocobo
BHIIOAHBIMH CBOHCTBAMH B CMbICJE MAJOCTH Npon3Bedenus Af Af.
Jaa Toro vyrofu MOomHO OHAQO MCHOJAL30BATHL 2TH  CBOHCTBA
And Uefefl auanuaa, HY®HO rofodpaTh TaKy0 QYHKUHL, KO-
TOpad, COXPaHas KOJOKMIOOGPA3HBIN Xapakrep, HMetad Ob Ma-
KcHMYM HA moGoit 3aganHOH uacToTe g, Jlerko cooOpasuTh,
HTO eCian CHexTp ¢OLYHOTO KOADKOALHOTO MMOYALCA

HMeCT BUA
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10 TpeGyeMbiM cBoMctsoM Gymetr ofaanate dynxuus

(w—aw)?

T (@ =VTe F -

TavoMy crekTpy Ha ocHoBaudd TeopeMe (4.6) oTeuaer GyHK-.
LKA BpeMeHH

fiy=e"te T

910 xkonebamme ¢ KonoxoiooSpasHoft ormbaiowel TMOKazawo
Ha puc. 36.

flonoBHoro posa HMIyAsC TnpubiexaeT K cefe BHHMaHHe
B TeOPRY CBA3H, FJe O PACCMATPUBAETCA KAK HaussIronHehtmui
afeMenrapusitt curuan. Hrg wac sra Qyaxuua wmeer Apyroft
CMEIC/I: OHA MpefCcTaBASET CODOH BPEMEHHYID) XADAKTEDHCTHKY
HEKOTOPOH CUCTeMB, KOTOPYIO MBI TPENNOAAraeM IPHMEeHHTD
T KauyecTRE H3OWpaTenbHOro 3/eMenTa anaausaropa. Maaue ro-
BOPS, 3Td PyHKUMA MPeAcTABNAET SBJEHHE HA BHLIXOJAe CHCTEMB!
NpH BO3GYNICHHH Ha BXOZe BUIa & (f). :

MosxHo BHICKa3ATh HekoTOPHe ofbwWue coofpamenusa o cBolk-
CTBAX TaKOH cucTemsl. PaccMarpusas puc. 36, MomHO 3aMme-
THTH, YTO MCKOMAg CHCTeMa ofaa-
JaeT TEM  CYUIeCTBEHHLIM CBOf-
CTBOM, UTO KoaeHaHus B HeH BO3-
EAKAIOT HE Cpasy, B MOMEHT TOJIYKA,
a nocTeMNeHHO HADACTAKT A0 MaK-
cuMyMa, a 34TeM Y)Ke HAUMHAOT
yOuiBaTe. CaenoBaTefnHo, MEpPBbIM
NpYsANKeHHEM K HCKOMOH CHCTEME
Moraa Obl NOCHYIKHTB KOMOUHANT
ABYX CNa6O CBAIAMHLIX pPe3oHATO=
POB, M3 KOTOPBLIX fePBbI{ BOCHpH~
HHMAET TONYOK, 4 34TeM NOCTENEHHO nNepelaeT 3HEPTHIO BTO-
pPOMY - Pe30HATOPY, HAd BHXOME KOTOPOrD MOMHO TakuM 0GpazoM
HAOMONAaTh KaPTHHY, N0 H3BECTHOH CTereHH CXoAnyio ¢ puc. 36.
Moxuo noJaaraTe, yTO Mg Tako# KOMIHMHALKM TpouU3BeleHHe
AfAt okameTcsd MeHbINAM, YeM MY OOHYHOIO  PRIOHATOPA.
Momno rakke paccUHMTHBATE NOAYUMTL JAydmee NpuiinKenie
K TpefycMmulM CROMCTBAM NyTeM [NOCASNORATETHHOTO YCAMKHe-
uug cucTeMul, ¥ neficteutenpno, tpebyemoli XapakTepucTHKOR

Pue. 36.



§ 24 JHMHAMMYECKAY PASPEHIAWINAR CNOCOBHOCTL 129

ofanaeT CHCTEMA M3 HNOCTaTOYHO OOJbiIoro uucjaa c<aafGo cnd=
34HHLIX KOHTYPOB, OCYLIECTBYMAA MPAKTHYCCKH B BHAE MHOrO=
K4CKaAHOTO Pe30HAHCHOTC YCHIUTEM,

§ 24. [pnamupueckasd paspemalromas cnocolGHOCTH
pe3oxatopa

[Tycth pesonaTop ¢ HeM3MEHHOH HACTPOHKOH BKAKuaeTcH
npu =10 nol CHHycOHJaTLHOE BO3IeficTBHE C YACTOTOH w.
HalileM IuHaMMYeCKyW) XapaKTepucTHKy pesoHatopa. Iloso-
SKHM, YTQ B KaueCT8e DE30HATOPZ B3ATd DJEKTPHUECKAs Uellb
w3 R, L u C B nocilenoBaTebHOM BK/AOUEHUH. YDaBHeHHe pe-
BOHATOpPA HUMEET BHI

L%+Rf+%jiazr:smmr (¢t>0)

a4, Auddepedunpyd no { w noJaras L==1,

b/ £3; di o
— 20—+ wji =wecoset (> 0). (24.1)

Ham HYXHO HE TOJHOE pPelleHHe 9TOro YpasBHeHHd, 4 JAHlib
BHAUEHHE  aMAJUTY OB, zaBucaAWed oT BpEeMCHH, T. €. BRIDaMkeE=
Hue a4a orufaioliel. Bocnoabsyemca nnas ee HAXOWAEHHA Me-
TOACM, COCTOAMIAM B TOM, YTO MbLl HUINEM pELIEHHE B BULE

i = a(f)sin wf 4+ b{f)cos of, _ (24.2)

rie a4 M p-—MelieHHbie (QYHKIHH BpeMEHH, T. €. OyHKIuy,
MeLJeHHO U3MEHRIOIIKeCHs [0 CPaBHeHHIO ¢ Sinwf wan cosof,
MeneHHoCTh ONpeleaseTcd TEM, YTO NPOH3BONHLIE 3THX (QYHK~
HHli ABAMI0TCS MANbIMH BEJMYHHAMME MEpBOro MOpAAKa MO Cpas-
HEHHIO C NPOU3BOAHON 8N wf WK COS wf, T. &, MO CPABHEHHIO C W,

ByneM, kpoMe TOPO, DOAATATh, 9TO U o NPENCTaBAALT COOOH
MAAYI0 REJMUUHY HEPBOTO nOopanxa, T. . 470 ML UMeeM Jeno
C USNbI0 BLICOKOR uabmupatensnoctd., Huddepenunpys (24.2),
noacrTanan s (24.1) u npupasHEBag NMOPO3HE KO3MQUUMCHTEH
npy sinef W coswf, NOJIY4YHM Mocie OT{HpachlBaHHA YHAEHOB BTO-

pero nopaKka MalocTH (a, b, aa, ab) Tak HA3LBACMEE YKO4
POYEHHBIe YypaBHeHus: ,

(wg—m2)a~2w(5+ab)=0’ ' 0
R o B
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DTy ypasHEHHS HMEIOT yKe MepBHf MOPRLOK, B YeM H COCTOHT
npeuMylecTBo Metona. [l pemrenns ypasuenu#i (24.3) poc-
oAR3yeMcd ONEepaHuOHHLIM MEeToLOM. 3anumem OHEPRLLHOHHOE
U300 paKEHUE BTHX YPABHEHUH:

(wg—w2)a ~— 20(p+a)b =0,
(0f— @) b4-20(p+a)a —o,

LI s pemt B
2 (ptap+e 2t

OTKyla

rJre
2. 2
ﬂ)ﬂ w

B=_2m .

TMpumenas ofmenspecTHble QopMyilst ONEPANHOHHOIO HCHY=
CJAeHHs, HAXOLUM

a(t) = % ﬁ[l -—-—e.““t(ms Bt — —sin ﬁt)]
b(ty= ? 2_'_82 [1 — gt (coth+— sin ﬁf)]

Hac untepecyeT orufaiollas, BrpamaeMasd yepes a 4 & caesyio-
wmum o5pasoM;

c@®)=V a2 )+ B2 (o).

Brimoanas BHUYHCJAGHHS, HAXOLHM

] (T—e—wtcos Bi) - (e—= sin [‘Jﬂ" ; (24.4)

L= —

2 a2 | 2

P f e~ (ch at — cos 3f)
= 2@

Sra dopuyna u npedcrapaser coloM HCKOMOe BWpaNEHHE
ILIs LMHAMAYeCKOR XapakTepHCTHKH pesoHaTtopa. Beawuwna ¢
3ABUCHT, KAK MB BUAMM, OT NapaMeTpoB pe3oHATOpa, T. e.
OT & H Wy, & TAKXe OT ABYX He3dBHCHMDBIX MEePEMEHHBIX ® uf.
Jlerko yGenutoben, 4To npu £ — oo sepamenne (24.4) crpemurea
B np:.,u.ene i

HAR

1 1

ct—_;(; 77;—@:% (24.5)
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D710 W ecTh BHIpaXKeHue LA CTaTH4eCKON XapaKTEPHCTHKM, T. .
08RYHON pe30HZHCHOH KPHBOH.

MEl TOMYYMAH BLIDAWEHHE IHHAMHYeCKOR XapaKTepHCTHEH
pe3oHATOpA, ONHDPAACh HA BPEMEHHYH0 TOYKY 3peHHs, T. e. pace
CMATPHBAA yCTaHABIMBAOIUMHCA PeXMUM pesoHaTopa. ToT ke Bo-
npoc Mor Ob OLTh M3OMKEn HA SHCTO CREKTPANLHOM HSHIKE
cAenYIOWHM 00pasoM.

" Byflem pewaTk 334y O TOBEIEHHR Pe30HATOPR Kak CTa-
UMOHADHYIO, T. €. MOJOKHM, UTO HDHIOKEHHOE HAIPIKEHHE
MpeiCTapAeHo CYMMOH CHHYCOMAAABRHLIX Hanpsakexnd, Bocnons-
syemcs npouelypok, omucansod B § 13, T. e, npumedny
K YPA4BHEHUIO PE30HATODA

di R 1 ,
Lﬁ_t_*_Rz"" nzTJn idt=E(t)
npeofpasosanve ®yppe. Mu nogyyum
. 1 -
(]mL—i— R+ )si=zsi= Sy

rae SE H S;— COOTBETCTBEHHO, CUEKTPH HATPHMEHUA M TOKa,
Haiee,

oo +00S

.1 got 1 r E jwt

"Hﬁ J4 Sie dmw—jg ) —Z-e dw,
—co —00

- Ho B paccMaTpMBaeMOM cJyuae COeKTPaidbHad IJIQOTHOCTh
asaserTcs QyHkiuefl He TOJABKO YaCTOTEl, HO H BpeMedH. B camoM
Iedie, NPUAOKEHHOE HampsaweHnue F (f) mpenmojaraercs CUHYCO-
KWNAaJAbHBIM, HO BKJEOUYAeTCA HA AHAAU3ATOP B MOMeHT §=—0.
CaeidoBatenpio, AJA8S KAMAOro LAHHOFO MOMEHTA
BpeMeHH [ HAaNpsXKeHHe, BO3ICHCTBYIOWICE HA AHAJHBATOP,
NpeACTaBAseTCH caenylowell dyuxuHed: .

r— {0 npd u <0,
sinQu npu 0<Tu<lt
B crmekTp 3ToM (YHKUMH B NAHHBA MOMEHT, T. €. TeKyLMH

cnexTp, BHpaxaerca GopmynoH
[

S, = f sin Que % di ==

[
Q

__:m[ | — it (c’os Qf4 7 I":wsin Qt)],
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rie o-— TeKynias 4acToTa CIeKTpa, t--'rer(ymee BpeMA, 4 —
nepeMeHHaA HHTErPHPOBAHUA,. Taxum 06p330M} noaydaem has

TOKA
+oa

o g"’mt—(coth+,€ —3-5111 Qz‘)

i=2— ~ Jw,

(@ — ) [R+f( oL— o]

-0

TMonuHTer PANLHAS BYHKUMA UMEeT NBA WPOCTHX CONpKeH-
HBIX [ONIOCA, /JEKALIMX HAj BELECTBEHHOH OChIO:

a="w, 4+ jo.

(Toukn g=="=Q He FBAFOTCA NOMIOCAMHM, B HeM JAerKo ye-
IMTBCS, PACKPHIB NMOAYUAIOWYIOCA H20M0pEAeIeHHOCTL,) BhueTtu
NOALHTErPaabHOR (GYHKUNH DABHEE

(Lw,+ jo)E o . oyt ja )
w1 3= ja el _( cos & +§ — sinf
2y L B—{(E o+ ja¥ .

BoimoaHds BLIYMC/ACHHE, HAXOAUM (floAoxus L==1} -

1)

—af 2 2 _
(522_ 3)2_‘_4“%23 {e l(Q" UJO)COSuJIt

=

— wil(gz - w0p) sint £ ] = (R2 - wg) cos QF - 2aQ sin Q).

Dra dopmysa npencrasiaseT cofoH TOuHoe pellcHue 3asaau,
COBNAAAIONIEE, PABYMEETCA, C pPellieHHeM, TMOMYUeHHHIM JI00bLIM
npyruM cnocodoM, Brerunenus orufanwnlylo, Haliem

1+ X} He_z”' 220 o=t pos (Q
| (52)e™ —2i e eos@—ups
e=§ i .
R4 (22 — ©2)® ¢ 4a2@2
J1o BEIpAMEHMe HEeCKOJAbKO OTaHyaetca oT (24.4) scaencreue
Toro, uro dopmyaa (24.4) ne #BAseTCA TOYHOH; OHA mOJyuYena
M3 yKopoueHHHX ypabdennfl (24.3). HMurepecuo saMeTHTwb, 4ro
B TOYHOM DELIEHMH APryMeHT KOCHHYCa uMeeT HOJee pOCTON BUp,
[MTepelinem Temepp K HCCASL0BAHHUIO AHHAMHYECKOW XapaxTe-
puctuxu. [as 1oro, urobpl MOMKHO OBLIO COCTABHTL cede ACHOe
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NPefCcTaBACHAE O BejpunHe ¢ KAK QYHKLUK IBYX MepPeMeHNEHX
w W f, ua pHC. 37 nazobpaken ee pesved. .

. [4)
Kpussie, nesxainue 5 naockocrax, napanensusx ¢ 0 —, npex-
]

CTaBAAOT COOOH Auuamuyeckue pesoHaHcHne Kpustie. Crariue.
CKAA Pe30HAHCHAR KpuBas TAKWE [MOKazaHA Ha pPHCYHKe Kak
npejed, K KOTOPOMY CTpeMATCS AMHAMHYECKHE KPHBLIE.

Pue. 37,

Kpuswte, remawmue g niockoctax, napanrearniX Owyf, npen«
CTaBJAIT CcOOOR KpUBHE YCTAHOBAGHHS -AMIJHTYLH Ko.ﬂeﬁaum;]
B pe30HATOPE TPH PA3AWYHEX paccTpolikax. DTH KPHBHIE MMelOT
KojebaTenbHbli XapaxTep BCAGNCTBME OHEHMH MeXNY  Briny-
Waawme! vacToOTO# ¥ yacToTOM coBCTBeHHHIX KoOaeOaHAH pesos
Haropa, BO30yMXIueMpiX B MOMEHT BkMwuenus. “lactora Gueunt,
OueBHAHO, TeM Gonbine, yem Boavure paccTpotixd. TIpH w == w,,
KaK HMBBECTHO, NPOlecC yCTAHOBJIEHHMA COBEpPILNAETCH MO Bkenos
HERILUANBHOMY 3aKony.

Paccvarpusas puc, 37, Ml BUIMM, UTO OCTPOTA DPE3OHAHCHOK
KPUBOH pe3soHaTOPa 3ABMCHT OT BPEMEHH BKJAIOUEHHS Pe30OHATODAE,;
OCTPOTA PEROBANCA, g CJeNOBATEALHO, ¥ DA3DEINZIAS CHocHhH-
HOCTL  TeM OONblie, ueM Ooablue Bpems BRAKYEHHA, Tak
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BO3NHKAST MOHITHe O BHHAMHUECKOH paspemawuiedt cnocobuocti
anamMsaTopa. [lunaMayeckas paspeulaionlas cnocodHOCTs B OT-
AHYEe OT CTATHYecKON 3aBHCHT HE TOMbKO OT NAPAMETPOB pPEess-
HATOP4, HO U OT BpeMeHH.

BuipeJeM HekoTOpHEe COOTHOMEeHnA. [TonowuM, uTo Mu yco-
BHAMCH BREIPAXATE OCTPOTY PEBOHAHCA WMPHAOK Aw pezoHAHCHON

KpUBOH HA RBICOTE, PaBHOM —— MaKCUMAAbHOK opLHHATH. T10/L- -

Yy 2
syach (24.4), sameTHM, HTO MAKCHMYM aMIUIMTYAB [0dyuaercs
npn § =0, rax uro

] —eg—ot
Cpox = "3g "
CocTaBags BHpa)KeHHE _
c2 1
S
c? 2’

max

noJyuUdM ypaBHEeHHC

I—cosﬁt——%—(?—l )(ch of — 1) =0,

IMpu £ -0 370 ypaBHeHHE NPHHHMAST BHA

l—cos(ﬂt—--%;%zta =0.

Pemast 5TH ypaBHeHHs METOLOM JOKHEIX KODHeH, IoydaeM
ans a=0,1 pemwedne, NpHURENSHHO2 HMMe B Brie TaGaHIH

tiO‘lOlQO

30

4 ‘ 278 1 2,87

3,13 l 3,57

Teneps HaM HYxHO nepelt™ oT B Kk .
Ipennonarad, kak o0BIMHO [eJaeTca B ]JaJlHOTE'.XHHKe pac-
CTPOHKY Ma/ioll M PE30HAHCHYIO KDHBYI) CHMMETPHUHOH *), no-

*) YKasauHbe MPEANOIOXEHHA He ofa3aTe pHbl. MOKHO noayUnTh
TOT XK€ pesyabrar Gonee oOluum nytem. ¥ Hac 0603HAUCHO

w? e 2
ﬁ=[ 020 "n



§.24] JUHAMHYECKAS PA3PELUIAIONIAY CITOCOSHOCTh 136

ayunM:
Aw

=y — = —

2'

2
ﬁ_m%—-m _fwg +w) {wp—w)
- 20 o

T. €.
28 =~ Aw,

Tenepb Mpl MOMXeM COCTAaBHThL HMXecHeAyouyD Taﬁﬂﬂll}’:

¢ 0 10 20 30 oo
Ao
Lo | o | 0575 | 0,313 | go3s | 0,200
@y ’
Ao . f 5,56 575 6,26 7,14 <0

Tlepean ctpoxa (puc. 38, 4) naeT OTHOCHUTEJBHYI) LWIHPHHY
pesoHaHCHO# KPWBOH H XapakTe¢pH3YeT, TakuM 00pa3oM, AHHA~
MUUECKYI) paspellalouylo cnocofHocTs pesonatopa. G Teue-

Aw.
HHEM BPEMEHH — CTPEMHTCH K NOCTOSHHOMY Hpefeny o -— 574
(U]

BeJMYHHA BHPANAEET OTHOCHTEMAbLHYI ILIHPDHHY CTATHYECKOR pe-
B0HAHCHON HKDHBOH.

@
CocTasnaa ¥ pemas JBa KBAIPATHHX ypaBHEHWA OTHOCHTENLHO & == w0’

Mbl OAYy4YAEM, COXPaHAA JAHWE HMCIOI(HE CMBICH KOpPHH,

=/ G+ -
S AR

gy 20t Be 2B
Wy oy @’

Tarum ofpasom,

OTKyZa MO-peXHeMy

[pu stoM BsHBOJZE MBl HE NPEANOIAraf# HH MAAOCTH paccTpoRkH
HH CHMMETDHH PE3OHAHCHOH KpUBOH, .
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. !
Bropas crpoka (puc. 38, ¢) maeT TupoussexcHne Amf- f.
Tlpy mannx £ 5TO ecTh MOCTOAHHAA BEJHYMHA W OPUTOM, HTO
BeChbMd 33MEUATENbHO, He 3ABUCABLA® OT BATYyXabug
pesonaTtopa. C TeueHueM BpeMeHH OCTPOTd DPE3OHAHCHOH
KpUBROH cTpeMHTcs K HOCTOAHHOMY mpeflely, & BpeMA Heorpa-
HuyeHHO HapacraeT. CreaoBaTenLno, KpHBAs 3aBHCHMOCTH Ao - f
OT { WMeeT . ACHM{ITOTOH MpPAMY0, NPOXOAAWYIO Yepes Hayano
koopaunat. Haxgron sToi anMdﬂ paseH, OYeBWAHO, .

=

3
T

[N

dwf ‘_’ﬂ’
f ————/
a5t it
g
L L L
7 /g 27 J =t
Puc. 38,

fAng yacueHMs TnouATHS Aunamuueckoft paapemamuten cno-
COOHOCTH aH2AM34TOPA HA puc. 39 npencTaBleHa KapTrHHd Dage
BUTHA MOKA3aHMA aHARM3aTOpPA C TeueHMeM BpemenH ¥), [Mpeano-
Nar4eTcs, uTO AMAAM3ATOp npencrasaseT coboli Habop peso-
HATOPOB C OHLUHAKOBHIM 3aTYXaHHeM M C PABHOOTCTOAUMMA pe-
3oHaHCHLIMA vacroTamu. Ha awamisarop nozaercd npu ¢=10
IBa CHHYCOHHAJbHEX KoMeOGanusa, Kak BHAHO W3 PHCYHKA, B Ha-
YaseHOR CTalMM SIBAEHUS aHANHM32TOp He PasleideT STHX KoJe-
Ganuii. Jlub 10 DPOILECTEMH HEKOTOPOIC BpPEMeHH HAuMHAET

*) Puc. 39 mocTpoed IO TeM e NAHHLIM, ITO H puc. 37. Oznako
ZeTain ONyUIEHH U BECh Peabed HECKONBKO CrUAied, TaK 4Io pucy-
HOK BOCODOM3BOAMT fiB/€HUE Aniub B OOLHX 4ePTax.
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CHOPMHPOBLIBATECA  CEILJOBMHA, IOCTEIEHHO YrayGagiouascy.
B npeneae nonyyaetcs yCTAHOBMBLLESCA MNOKA3AHWE - ARA/IM3A-

-~
-

-

7 A
£
{
f
1
i

i
i
1
|
1\ |

7 Il
- 4704 ]
!

1
[}
\
]
1
bl
§
1

- -1

!
P 1

7T 23 45 ET & g n "
Pue. 39.

Topa, orufaloliag KOTOPOrC uMeeT BHRL JAByropGofi KpuBo#l
(cm. § 19). _ :

§ 25, Jiunamuueckas XapakTepucTHKA PE3CHATOpPA Hpw
BO3NEHCTBHE HM3Mensmonieiicss 9aCTOTH

B npeawaymem naparpade 6mn paccMOTpeH BOTpOC O IH-
HaMM4eCKOH paspemaoniell CNocoCHOCTH PE30HATOPA B CHCTeMe
OJAHOBPEMEHHOr O aHaausa.

Tenepe MBl pasfepeM COOTHOLIEHHS OPH INOCAELOBATEJBHOM
ananwse, T. €, B CJyuae, KOrZa HaMeHfeTcs BosOyaiaomias
pescHATOP YacToTa.

Iipn posaeficTBur Ha pesonatop uaMeHslolleficA BO EBpe-
MeHH 4YacTOTH HaGMONAITCH pe3oHaHCHHE gpnexHd, OaHAKO,
€CAW HSMEHEHHEe YacTOTHl NPOHCXOLHT JOCTATOYHO OLICTPO,
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To HanfHofee HHTEHCHBHLE KoAe0AHHA MPOMCXONAT He B TOT
MOMeHT, KOrja BO30y:KAawliad YacTOTa COBMNALAeT € pes3o-
HaHCHOHM, a HEecKOJBKO I03Xe, TAK KAK Pe30HATOpP He ycle-
BACT paCcKauvaThCd; N0 9TOW Me MpHuUMHe W Hanborbmias amm-
autyna KoAeOaHwHH OKA3BBAETCS MeHpllle, YeM NpPH pe3oHaHce
B ycTaHoBHBieMcd pexume. Ecam nmocTpouth rpadmk saBucu-
MOCTH aMILUIATYRH KoAeGauuwit OT MIrHOBEHHOH 4AacTOTH, TC MNO-
AVUUTCA AMHAMMYECKAR pe3OHaHCHas KpHBad. ITa Kpuead 1pu
OLICTPOM HB8MEHEHHH YaCTOTH MOXKET CYIUECTBEHHO OTJHUSTLCA

40
)

2

af

o N

v VN

-

a8 48 & I o1z 43 1 £

(4

Puc. 40

OT CTATHUECKOM pesoHawCHOM kpusoh, a wuMenuo: 1) momowea
HHe MAKCHMyMa CMelaeTcs [0 IMKale vacTOT. (Y4TO COOTBETCT-
BYCT CMeLIEHMIQ 11O IIKaje BPEMCH B CTOPOHY 3aNMa3fHBAHAN);
2) BbicoTa MakcuMyMa yObIBaeT; 3) KpHBAS CTAHOBHTCA ACHM=
MeTPUUYHON — JAeBuift CxaT Aenaetcd Gojaee mojoruM; 4) nosaoca
OPONycKanus BoapactaeT (T. ¢. paspelialoias CcnocolHOCThb
yOpBaeT); 5) s#BJEHWE OCICHHASTCA ele YOHCTPAIAMUCS
KoneGanuaMH - aMIAHTYAR, OOVCAOBNRHHHIMH OHEHHNMH MENMIY
BLIHY/KACHEEIMH KONeOAHNAMH H COOCTBEHHBIMH KOJeOaHHAMH,
BOSHHKIUMMH TNPH [POXOKIEHNH uepe3d pesonaHc. Bee 9t
0~ofenuocTy BuMHEL HA puc. 40, HA KOTOPOM UpeICTABRNEHB
cTaTrueckad {(¢) ¥ AMHaMuuecKas (0) peaoHaHCHblE KDHBBIE.
Teopus spneHud Obifa APEIMETOM MHOTOUHC/AEHHBX HCC/G-
Zosanuit |4, 7, 19, 23, 26]. Humeciepyowee H3A0KeHHE OCe
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nopuinaerca Ha padorax Typdosuua [13, 16], zawuwmx socta-
TouxHo ofmad MORXOA K fpodaeMe, W B TO KE BPeMst [OIBO-
JASIOUAX TMOAYYHTE OTBET HA BOMPOCHl, BEITEKAWOIIHE 3 MOTped-
HOCTEA TpPaKTHKH.

Tycrp uacTOTa HBMEHTETCA CO BpEMENHEM [0 auHeHHOMY

3AKORY
® == o, 4 M. (¢t > 0)

Hanpsxenuc, Boanet&cmymmee HA DE3OHATOP, MOXHOQ 3AMHCAThb
B KOMmJeKcHOH ¢opume

% (2
U]_ == 3'7 (),
rue

3 .

Ly

Yy= f wdt = -+ §1td.

0
BhiXOnHOe HAMpsKeHWe NpelcTasuM unterpatoMm [loamend
o t ‘ ;
U= [e@Uyt—di= [g@) e gs,
0 ]

rie g(t)— uMOyaLcHas peakums pesoHatopa. [lomcranaga 3ua-
yenue ¥, HAXONUM

: .
_ 1 1
Jlo g+ % — 1 (ws+AT—= M%)
el | g TR e
0

U,—e
Ho
1
jrof+ = %
STV 2y et M=o,
v, TaKkumM olpascw,

i
Uy=U, [ e@e
0

1
—~f{wT=a 11%) .
2 dT .\

Dumamuueckn#t koppaitheHT mepemaun oNpeieInM xaK OT-
HOLLGHHE KOMIUJIEKCHEIX Hanpawenmi U, u U

¢
1,
Kn=—gi= jg(’:)e_j"”e',z * i, (25.1)
1 y .

5B*
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310 — TOuHAA (BOpPMYNa, MMeioulad NOCTATOUTHO YHHBEpPCANLHELA
XapakTep, TAK KAK OHA TOLHTCH Mg JTeGOro peaoHatopa.

Tlepefinem Tenepr kK npubmumennam. [Ipexie Bcero aaMes
THM, 910 Z(f) ecTh BYHKILHA, COLE[IRAINAA SKCICHEHIHAALHO-
'yOupaiowne Muoxutend. [losToMy, ¢ HeaHauHTedLHOH norpeur-
HOCTHLIO (i(OTOpEU] onerHyuBaercsa HI/I){{e) MOMHO 3aMEHHTb BepX=-
Hufi npeaen Ha OECKOHEUYHOCTB:

oo i . .
K, ~ fg('c)e_jmej??w dr. (25.2)
0

Opu A —0, T. e. npH mnepexone K CTATHYECKOMY peXKHMY,
NOMyuuM H3BECTHOE BblpaeHHe ANf CTATHUECKOrD KOSPPu-
LIMEHTa Mepenaud, Kaxk mnpeoBpasopanna Pypse UMIyascHOH
peakuiH '

K= fg(':) e I g, (25.3)

Taxum - ofpasoM, PASHOCTH MeXKIy JduHAMHYeckuMu 103(dH-
LMEHTAMH [epeBayl paBHa

AK =K, —K = fg(t)e'jm(ej-liw—l)d'r. @5.4)
: \ |

Ianee oTMeTHM, YTO HA4C HHTepecyeT cayuall, KOTAAa THHA=-
MHOUecKass pe30OHAHCHAA KDHBAH MAg0 OTAHYAETCA OT CTATH4Ye-=
CKOH, TaK KaKk TO/JbKO NIPH 3TOM YCHOBHH TOTPEUiHOCTL aHatu-
aa'ropa, paccauTdHHOre no CTaTH4eCcKHMM OapaMeTpa, 6}7,)_[.81‘
maxa. Ulomaras apryment At MaapM Aad Beex 3HadeHu# T,
BJAst KOTODHX yOeizaiomas (yHKUHSL g{T) HMEeT elle 3aMeT!HYIO
BEMHUHHY, MOXeM Pa3/JOKUTL BLIpAXMEHHE B KPYTABX ckobuax
no4 3dakoM uHterpasa & (25.4) B creneHHof pAL # orpadu-
YHTbCH A8 FePBOTO MPUOAMKCHAA BCEFO ABYMA 'WiCHAMH pag-
JoKeHus.  ITo Aact

AK =~ Ja g(":)e‘jm(j% MZ-——é—?ﬁﬂc*) dr.
0

Terneps 3aMeTHM, 4YTO OOABJISHHE MHOXHTEAeH T%  MOMHO -
ApeAcTasHTbs KAK pe3ydasTal #-KPaTHOro IJHpdepeHUHPaBdHHd
no napamerpy w.
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ChenopaTebHO,

AK z—j%l% J g(x) g=ivr dfc-——g A2 a%% f g () e~ dr,
TO eCTb ’ A °
AK o o MK e VKTV
VTak, 118 OMHAMHUECKOTO ko3(h(UUHEHTA Nepelaunm HMeeM
K, =K+ 0K =K — j5 M — S K. (25.5)

Nouxaras *
K=A—4jB, C=|KP=424 B2,
MOMeM cOCTABUTH OOllee BHpANKEHWE LAl KBAAPaTA MO,ILleSl
AHHAMHYECKOTO Koa(pqmunema nepeliavui

= |K P=C+L(AB"— BA")+

4EHKNW+QW—%#V—BHN. (25.6)

Mpen6muncernanie dopmyan (25.5) u (25.6) mmewnr obmuf
Xapakrep. B panbuefiluem Mu OyleM PACCMATPHBATL TOJABKO
npocTefiimuti pesoHaTOp mo cxeme puc. 41, mas korTOpoOro

1 1 i 1
= o2 © E-f"jd_T1+jx'
l—— —d
(%5 wy
rie .
&8 _ Z2{w—uwy)
YETT T ed

—- 0600InenHas paceTpoika. € TOMHOCTLIO N0 TOCTOSIHHOrG
MHOMKHTEAS

1
, K= -H_—x (25 7) ——'T““‘—"\ﬂ.l'l.r‘l
H 5THM BHpaXeHHeM MH u BOC-
NoJb3yeMCH B LaidbHeRNleM,
[Mocrasum  3ajauy  najbhel- Puc. 41.

wero ucchenosanua. VMmes s nuny :
IpaKTHUeCKHe BONMPOCH pacueTa U MOCTPOEHHS aHaau3aTotoB
(a Taxxe xapakreporpados u apyrux npudopos, HCIIOALIYIOLLUR
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MOAYAHDOBIHHOE TO YACTOTe HCMHITATEAbHOE HANPSKEHHE),
MBl JOJMHLHL, O4eBMJHO, BHACHMTL, KAK 34BHCAT TE HAH HHble -
NapaMeTpht, ONpPelchdiollue Pe30HAHCHYI KPHBYIO, OT CKOpO-
CTH W3MeHeHHA 4acToTh. B 4acTHOCTH, HAac HHTepecyer:
1) cMenrende MaKCHMyMa-—s§, 2) yMeHbIUEHHe BLICOTH MaKCH-

MyMa— AC, 3) cMelleHHe MOMOCH r1p0nycxamm——é-(s1 -+ s2h

4) u3MeHeHHEe WMPHHHE NOMOCH NPONYCKAHHA — S, — 83, CMbich
BBEACHHLIX 34eCh 0003HAdYeHHH NOACHAETCA puc. 42, Ha Ko~

TOPOM mO-NMpeXXHeMy @ — CTATHYECKadA, 6 -— NHHAMHYECKas
Pe30HAHCHEIE KPHBLIE,

Jlna onpeleneHna NEPeddCACHHLIX BeJHUYHH GYHeM HCXOAHTH
#3 Bepakedda (25.5) mas ArnaMudeckoro kosdduiMenra ne-
pPeAAud, NePERMCAB er0 B HOBHX MepeMeHHLHX:

. 1K1K
s =R g a— g gm =

_ 1, rdx 2 d2K 1 dx 40’4[(
=K—J5 )‘(dm) i g ( w) axk

Hal
a= K — jok( — % 0 G - (25.8)
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p-«m(gj) __m—%g.

B dopuyne (25.8) K=K (x) 1 npoussonunie OepyTcs No
apryMmesty x. Jas MOﬂ.yJ’Iﬂ JHHAMHYECKOTO Koad(uunenta ne-~
peddud HAXOIHM

[K2| = C, = C— 4uxC% — p? (505 — 48x%CS).  (25.9)

rie

MaKcuMyM CTATHYECKOrO KOS(MPHUMENTa  llepelaun  AOCTH~
raerca npu x =0

Cmax=c(0)= 1; C'(0)=0-

MakcuMyM GHHAMHUECKTO KOI(PUNUEHTA Neperaud MMEeT MeCcTo
apu HEKOTOpOM 3HayeHHH X =4, KOTOpOe H 4ABJAAETCH HCKO-
men. Paanoxam C. B pia Maxaopena, orpasiuMBIUACh HAEHOM

HepsOro NOpsAKa:
C (8= € (0)+4sC7 (0)=0,

IMoacraBass cloma 3suayeHHe CI1 w3 (25.9) wu coxpanss b
WAEHB A0 1, MOJYYHM YPABHEHHE OTHOCHTEABHO §; pellenue
BTOrO ypPAaBHEUUS eCTh

§ == 2p, (25.10)

T. €, CMellenye MAKCHMyMa npM JAHHAMHUECKOM PE3OHAHCE
HMeeT TOT e NOPHAACK MAJOCTH, 4TC M NMApaMeTp [», NpPOnop-
UHMOHAAPHLIA CKOPOCTH W3MCHEHHA YaACTOTH.

JlA8 HAXOMKAEHHS OTHOCHTE/bHOrO H3MEHEHUA BBHICOTE MAKCY=
MyMa COCTABHM BhlDajXKEHHE

AC = C, (s)— C (9) = € ;(0)4- sC, (0) — C (O).

Honcrasass cioga C, 1 s u3 (25.9) u (25.10), nattzew ¢ TOY-

HOCTBIO A0 p?
AC == —p2, (25.11)

TakuM o6pasoM, uBMeHeHUe BLICOTH MAKCHMyMa HMEET BTOpPOH
NOpsioK MAIOCTH OTHOCHTEABHO {r.

OnpeneanM Temepb snauenns oOofWeHHoH paccTpoliky x,
DM KOTOPLIX KBajpaT MOAyAa kos(duuuenra mepenaul pased
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NOJOBHHE MAKCUMAJBHOrO 3HAYeHH? (B COOTBETCTBHM C o0biu-
HHM ONpejc/]eHHeM WHPHHEL NOJMOCH Nponyckanmsa), [MHas cras
THYECKOTO Kos(duuyvcHTa nepefaun

1 1
| C(tl)ﬁgc(O)*—:E.
Jis AduaMrvecKoro xodfduilventa nepeaaus

Ci—14s)=C,(l +s)== 2C ()= (1 —p) .

Paznoxue 3710 BhIpa¥EHHe B pAx N0 HCKOMBIM MaAbhiM mapa-
MeTpaM §; H S, (€ TOUHOCTBW 10 1), MOAYUHM YPasHeHHd A4
onpelelienud 3THX BeJHunH. Pasmocts §,-——s, NaeT npupaume-
HUE OTHOCUTEJILHOW HIMPHHEBL TIO/0CH ﬂpOﬂyCKaHﬁﬂ; BLIUHC/IRHUAS
aaer

Sy 8= o k. (25.12)

Pacmmpende nNoJiocH NMPONyCKaHus HMeeT, KAK BHAUM, BTOpOH
NOPAROK MAJ0CTH OTHOCHTEIBHO 1. [lertp moMXoce nponycka-
HHA Aad  AHHAMHYECKOH pe3OHAHCHOW KPHBOH CMelleH OTHOCH~
TeabHo x==0 Ha BENHYHHY HOAYCYMME § M Sp. Briuncaenue
naer

3 (5148 = (25.13)

Cpasuunas (25.13) u (25.10), sameuaeM, 4To CMelleHde UeHTpA
NOACCH BIBOE MEHbIUe CMEUeHHs MAKCHMyMa, 3TO 00yCI0BAeHD
y®e YyNnomgHaBlleHcd acCHMMETpPHeH JInMHaMUUYeCKOH pesoHanc-
HOM KpHBOH. ’

HMrak, olHOUJeHHEE BHID&KEHHS NepBOro MpRGIMmMeHua Aid
PACCMOTPEHHEX [APAMETDOB IMHAMHYECKOR pe3OHAHCHOH K[THROH
TIPONOPUKOHAABHE 1 WAK 4%, T. €. UMEIOT HepBu#l wAu BTOpOH
MOPALOK MAAOCTH, eCJH p—BeMuYHHd MepBOro NOPSAKA MaAOCTH.
I'pyGoe Hckamenne pesOHAHCHOH Kpupolt, IOKazaHHoe Ha
puc. 42, eiBa Jm BCTpeTHTCA B MNPAKTHKE NOCTPOSHHA pajuo-
H3MEPHTEALHHX YCTROHCTS; AMHAMMUYSCKAN PesOHANCHAd KpuBag
puc. 42 otnocurcd x sHavenuio p o~ 30 (d==0,025).

Bepuemca o7 06oOIUeHHbIX NepeMeHHkX K HCXOmHpM., Obo-
sHawMM uepes Aw IIHPHHY [OJOCH TMPOMYCKAHUSA; SHAKOM 8
0003HAYHM INPUpAUIEHHA, [OJYYaeMBleé TEeMW HJAM HHLIMH Napa-
MeTpaMM B HHaMHuecKoM pemume. Torpa BMecTo (Qope
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myn (25.10), (25.11) n (25.12) Gynem umern

Bey 4=

o = (25.10)
Pz o 160
Coae s ot (25.11%)
i(Aw) 5, 200

fe 4T T et (25.12%)

Heofxonumoe BpeMd 8HAAM33a (MIW NepHOL YACTOTHOH MO-
AYJSUHM IPH  NHAOOODASHOM 32KOHE MOLYJAAUMH) MOMeT OHITb
onpeleaenc o hopmyne

roe F—pasmax MORLy AlUMH, T. €, WHPHHA 06CAcIyeMoro Iua-
nasoHa 4acTor, Af—paspemawinag cnocofHOCTE, T. e, LIMPHHA
MONIOCL  MPORYCKAHHA (npu  BHEBOZe 9TOH (POPMYJIE! MOA0KEHO

Aj )
F
TaK, HalpamMep, AJad TeTEPOLHHHOrNO aHaausaTopa SBYKOBOﬁ

yacToThl (F ==10 x2g) C 31eKTPOMEXaHHYECKHM De3OHATOPOM,
BACTpOeHHHIM Ha vacToTy S0 w2y, mpu pazpemawiiell cnocob-

noc™ 25 24 (uro coorsercrayer d =5+ 107%), 3anasanch p =

=0.1 (1. e. Aonyckas pacliupenHe NMONOCH HA BEAHUHHYy NO=
psaka 1%,), noayuum

2 104

I=— 7o o = ~ 100 cex.

Ha npakTuke CUMTAIOT AOCTATOUHBIM CTEBHTL MEHEe XecTKHe
rpeGoBanma: mofaraiorT =< 1. Ilpn p nOpalxa eZMHMILE BhHEs
npuBeneHHbe  npuOAMMENine (OPMYyJbl, pasyMecTCs, YIKe He-
IpAMEHHMBL.

Bepuemca k wmcxopuomy Beipawenuin (25.1) aag nunamu-~
4ecKOTO KoSd@uiMeHTa nepeflaun. Ms!l 3aMEHHTM B STOM Bhipd=
MeH#H BepXHufi npenen na GeckoHeunocTs (oM. (25.2)), noaaras,
4o BHOCHMAM 9TOH 3aMeuO# NOrpeuMocTsh Hesenuka. Hav uykho
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1e0¢pPb OUECHHTE BeAHUHHY NOrpelmHocTH paBHol
; .

. SR
R= J (e ioredT ¥ go,

MO,IlyJ]b HHTErpajsa MeHblUic HHTETpana OT MOAYIAH; [NO3TOMY

IR|< [lg@ |ds.
i

[Moncrabaas
g{t) == wye~" sin wyt,
3aMKEIEM
(=]
2
IR} < ng e~ dr= e,
i
Ho _
af — o m-—w1=x—-—-x;
A n
#, ¢Tano OHTb,
2 _TH
RI<Ze v
OTHOCHTENbHYIO fOrpeiHocTs noayunM, otHecs Rk K, =]Tl[,
' o
’ a == 2¢" [N
Kmax

Bee pacuerw Beauch ¢ TouHoCThW A0 p2. Ilag Toro urofn
OTHOCHTENbHOH [OTrpemiHOCTEI0  MOMHO Obno npenebpeub, no«
CTaTOYHO, 4TOOB OHa MMeJa CJelyrolnnil KOPALOK MAAOCTH, T. €.
nopsaaok pf, OTGpaceiBas He BAMAIOWKA Ha NOPAAOK MUOKHTeAb 2,

Oylem HMeTb
_w-w,

e p ==pd
WM, [0Cke JOrapudMuposaHua

X —x == 3p lﬂ—-:T .

Cwmbics '9TOr0O HepaBEncTBA COCTOMT B TOM, YTO LI nOJy-
Yoy NOCTATOYHO TOYMHLIX pe3yabTaTOR B IOJ0Ce 4HacTOoT, Ha=
ynHad ¢ 0GCOMEeHHON PaccTPORKE X, HYAKHO, yToObl HaYdiLHas
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4aCTOTa, COOTBETCTBYHLIAA BHAYGHHI X, OMIa JOCTaTOUHO
yaanena OT FPAHHLL Mccaenyemolt monoce. IlycTs, Hanpumep,
p=20,1. Toraa

¥—x;2=3.0,1.1n10=10,69.

HanoMHuM, uTO UDIMPHHA ROJOCH IPONYCKAHWA NPOCTOTO pe3o-
HaTOpa, BHPAKEHHAR yepes o0oOILIeHHYO paccTpoliky, paBHa 2.
Takum 00pasoM, HYmHO OTCTYNHThL BASRO OT Kpas UCCAeyeMoR
noJQocsl BCEr0 JAHINL HE HOAKD [NOJOCH nponycKkaHns pesoHa-
TOpPa, LA TOr0 YTOOK HMETh 1IPaBo NpeHedpeds MOrpewHocToe R
npu nepexode oOT (25.1) x (25.2), 3Bro ycaoBHE, KOHEUHO,
HAa l'[pﬂKTI/IKe BCETHAA BLINOJAHAETCH, M BCe COOTHOLIEHHS, BLIBE=
JeHHble Ha OCHOBAHHH Qopmynst (25.2) taxum ofpaso, noi-
TBEDHAEHBL.

[Mpenviayulee H3A0XKEHHE OCHOBHIBAIOCh HA MPEATONO0Me-
Hul MAJIOCTH OTAHYHA AUHAMHYECKOH YACTOTHOH XapaKTePHCTHKH
OT CTATHUECKOH; CUMTAAOCh CAMO COHOI0 paByMEIOHIMMCA, HYTO
ML AOJIKHGLL CTPEMHTBCH K TAKOMY TIOMOQKEHHIO. Dro cnpasell-
JAWBO, CJAM MH DACCYMTBIBAEM AHA/M3ATOP HA OCHOBE IMapaMeT-
poB CTATHYECKOH XapakTepHCTHKH pesonaTopa. B 3TOM
cilyuae pasnuuyue Mexiy CTATHUECKON W AMHAMUYECKOH XdpaKTe=
PHCTHKAME DACCMATPHBACTCA KAK UCTOMHHK [OIPEUIHOCTH, H e
JATeALHO, pasymeeTca, uTo0H 5Ta4 MNOrpellHOCTe Gblla Mand.
Ho BosmoOMeH U HHOR NOAXOL K BONpOCY. I/IMEHHO, eCJIH CHO-
pOCTE H3MEHEHWS UYACTOTH NOCTOAHHA, TO AHAMH3ATOD MOXKET
paccuuTLIBATLCH HE OCHOBE MNAaPAMETPOBR AMHAaMMuecKOH Xa-
PAKTEPHCTHKH. B 9toM ciydae cKOpOCTE HSMEHEHNS HacTOTH
moweT ObITh KaK YroiHO BelMKa, eCa TOAbKO 3HAUGHHA AHHA+
MHUECKHX MAPAMETDOR (HANPHMED, WUHPHHE OOAJCH [PONYCKARHUA)
HAC YCTPaHBAKT.

B sak/ioueue HHTEPECHO 2aMeTHTb, YTO BOIPOC O SBJICHHAX,
BOJHHKAIOINX MPA 5034eHCTRHH M3MeHRIOLlEHCH YaCTOTH HAa pe-
30HAHCHYO CHCTEMY mpelCTaBafeT HHTEDEC i A APpYiIUX OTpac.neﬂ
TeXHUKH, TaK, NPH 1ycKe MAalHH ¢ HeypPABHORELIEHHHIMH Bpa-
WAIOIHMMHCH MACCAMY HA TROKOM Baly, MOFYT BO3HMKATL ONACHEE
KOJeDaHUA NPH MPOXOMIEHUH 4Yepe3 pe3OHAHC (TAK HA3bLIBAEMAas
QKPUTHYECKAS CKOPOCTb»). Maremarnueckad dopMyauMpoBka 3a-
Aa4d B TOYHOCTH CORnAAaer ¢ Halelt [7,26], OnHako uedb pacuera
NPOTHBOMONOMHA! HYIKHO N0oA0OpaTE OS30NACHLIE pelHM nycKa,
T. ¢. 0BeCNeYuTh HACTOABKO 6bICTpOF.‘, H3IMEHCHWe CKOPOCTH Bpa-
wienna, 4To0H, TAK CKA3aTh, <NPOCKOUUTL» Yepe3 PescHaHc,
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He BO3OBYRMB HA KPUTHUECKON CKOPOCTH woneGannli upeaMepHOH
as\-rnnmyﬂm. B HAIIAX 0603HaV~IEHHHX ATO SHAYUT, HTO Hy}KHD,
3a/aBanAch LOMYCTHMEIM HanOOABLIMM BHadeHHeM K A ey’ BBIGpATh

HauMeHblee 3HauYeHHe b 5> 1.

§ 26. AnalH3 ONMHOUHBIX UMIYJBCOB

AHanHs HeMepHOAHYECKHX FABJEHHH, B aCTHOCTH HMIYJLCOR,
¥ 10 [OCTAHOBKE 3aA44YR H MO0 KADTHHe SABJeHHE B0 MHOI UM
OT/NYAETCH OT AHANM3A NMepHONHYECKUX ABJSHHE.

Has  yacHenns 3THX ocOOeHHOCTEH MEBl paccMOTpHM OAHY
U3 BO3MOMNKHOCTEH 4HAJM34 HMOYAbCcOB. Hamomuum, uto nng ana-
AH33 NMILYJBCCOE METOA MOCeROBATENbHOTO AHAJHEA COBEPIIEHHO
weripurofen. JliA avamusa MMNYJAbCOB MOMET IPHMEHHTHCH
TOJABKO METOM OJHOBDEMEHHOrO dHajlH3a (B STOM Ve Npo-
ABJIASTCH PASJHYKE AHAAU3A UMOYALCOR M aHAJAM34 [epHOLUYECKUX
fiIBAEHUH).

[ToaomaM, YTO Mbl JKenaeM MPHMEHHTHL M aHAAH3E MMIIVbe
COB dAHAMH3ATOD, UPEACTABAAIOMHEA ¢O00# Halop HACTPOEHHLX
Ha pABJHYHBIE YACTOTEl PesoHaTOPOB. Takol anafusatop MOMeT
CAYHHTL I8 AHARHAA MEPHONHYECKHX sBJACHHH; ero IPHT oA«
HOCTbL RAf 8HAJIH34 HMIYJAbCOB HYKHO erle YCTAHOBHTE.

[Moxaxesm npexae Bcero, uro HaGOP pesoHatopoE Gea 3a-
TYXAaHHA MOKET [aTh TOYHHE AMCKDETHLIE B3HAYEHMA CIIEK-
TPaabHOR MAOTHOCTH HMOy/Abcd. Heno B Tom, uTo CHEKTp
HMOYJBCA eCTh HElPEPHBHAS KPHBAf, NPelCTABJAMIOAA CHEK-
TPaJbHY0 MACTHOCTL KaK (QYHKIHIO YacTOTH. Scho, uTo Habop,
COCTOALIMM M3 KOHEUHOrG WUHCAAa De30HATOPOB, MOXET JATh
NOKAZaHHe, NPELCTABAREMOe FPAQUYECcKy JHUIb COBOKYMHOCTBIO
OTAeMbHBIX TOueK. MowkHo JMmb KelaTb, YTOGH 9TH TOUKH
Jewady Ha KpusOH crnaoiiHOro cnexTpa. Kpueas Gyizer onpe-
AgdeHa TeM Jyudie, ueM O0JLUIE YHCIO ToueK, T, €. 4eM (oJble
4HC/AO PEe30HATOPOB. JTO coofpamernie fgaeT UPeACTAE/IEHHE
0 TOM, KdK CTABMTCA B JaHHOM CAyYae BONPOC O paspeluaiolled
CNoCOBHOCTH aHAIH3ATOPA.

Ilycte ypasHenme pezowaTopa 0Oe3 24aTyXaHms SANHCAHO
B BHAE

U’ 4 of U= o} ar/ (©), (26.1)

rae f(f)— aHAIASUPYEMEIl HMIYALC, KOTOPHH Mb OyleM TMoJa-
Fath paBHHM HYAI0 BHe npoMexyTka O < <(t, & — NOPHIKO-~
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B HOMep pezouaTopa, U — BuixolHOe HANpAXKeHHe, ap— Ko3(-
¢uuHeHT NPONCPUNOHAALHOCTH, 32/ dBaeMBI BXOAHLIM JeHTE/ICM,
Pewenne (26.1) MomHO npRACTABHTL B BHIE

T
U@y =a [gt—u) /@ adn, (26.2)

roe g(f)-—BpeMeHHiy XapaKTepuCTuKE, T. €. pelieHue (26,1)
npa npasOol wacTi sula

FOH=38(.
Jlas paccMaTpHBaeMOTO cay4as Mb HMeeM
Z() = apuw, sin oyt

| :
Tae ;== —p———-—CO0CTBEHHAA YACTOTA R-r0 pPezOHATODA,

VLka
Takum oGpa3sonm,

t
U () = ayo f sin oy (2 — ) (&) dit =

[}
1

: .
== gy, | sin ogf ff(u) cos wy i du — cos_mkt f f(w)sinwjuda |,
9 0

Hatinem oruGamiyo storo xoreGawus; oHa OyAeT BolpaXeHa
uepes CyYMMY KBaLPATOB KO3PPHIHEHTOB NPH sil@if U COSwils

_ t ’ 2 t 2 ‘:-
£ = iy, ff(u) coswyuda )} + ff(u) sin wpu du .
0 9 .
(26.3)

Dra pernunda (MpeicTapidAnulas cofolf MEepeMEHRYI0 «AMIUIH-
TyLy» KoJnedauusd) ecTb PyHKHUA BpeMeHH; 3aBHCUMOCTB OT Bpe=
MeHH OTpeliensercs TeM, 4TO ! BXORMT B BepXHUe Npeiebl
HHTEr PaJoB,

Ho mocnz { =+ umnyaec f(£), a c HEM 0 TOABIITET PAALHbE
BRIpaXKeHHs OODAINAIOTCE B HYIB, W CASAOBATEILHO, B LaibHell-

meM, T. €. {Ipu f > 1, BeJHUHHA § COXPAHfET NOCTOAHHOE 3Ha=-
YeHHEe, KOTOpOe oOHa npuodpena K MOMEHTY DpeMeHH £ ==7;
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COOTBETCTBYIOIeEe 3HAUCHUE ODO3HauMM Uepes ¢,. Pusnuecku ato

03HAY4ET, yTO IGCAS OKOHUAHMA BHEWIHETO Bo3ASHCTsHA HA pe3o-

HATOP AMIIHTYAA ero koaefaHus ocTaHeTcd B AakbHefiureM

HeH3MEHHON (HAMOMHMM, YTO MBI IIOKA paccMaTpUBaeM Pe3oHATOp
6e3 3aryxadud). Ho B TaKoM clydae MBI MOXKEM 3aNHCATh BLIpa-

WMedHe ¢, ¢ io0pMi MTOCTOSHHLIMH NpefefaMH HHTEr PUPOBAHMS,

BR/MOUAOWYME B cefa mpomexytoxk 0 —+ B wacTHOCTH,

B ¢ OeCKOHEeUHLIMH TpeAenaMH:

: 1
2 400 23y

. +oo
€, == ay0; ff(u) cosogudu | + ff(u) sin eu du .
i i (26.4)

B wunterpasax B mpanol YacTH JeTKO Y3HATH BHPAMEHHA
INS CHHYCHOH M KOCHHYCHOH KOMOOHENT CMeKTpa, -TaK uTo

e = ayoy V@B - 0% =0y, @ (o). (26.5)
Ecau Temeph BubpaTh MHOXUTEOB
Ay

OIWHAKONLIM 1Jis1 BCEX PE3OHATOPOB, TO HOAYHALTCH, YTO Habaw-
DseMble M0 OKOHYANHH AeHCTBHA MMNY/IbCA aMIAHTYAH Koaeba-
HHA PE30HATOPOB (C TOUHOCTBIO A0 MOCTOAHHOIC MHOMHTEAR)
AT TOUHbie JHCKPETHHE BHAUCHAS CIeKTPA AJs YACTOT © = wy.

Yro e racaerca npomexyTka 0 <f<(x, TO B TeueHHe
9TOr0 BPEMEeHH aMIAHTYAb KOJeGaHHA Pe3OHATOPOR A4IOT TEKy=
WU CNeXTp UMNYABCA, KAK 3TO BunHo ua dopMyan (26.3).

Hymno sametuTs, 4TO paccMOTpeHHEH AHAAH3ATOD, COCTAB-
JAeHHHH M3 pegonatopos 0e3 3aTyXaHusd H LAUMH, K4k
Mu yOelnauch, HAEAJIBHBIN AHAAHZ UMIY/AbCA, TPHHLMIHATILHO
HenpHrOoAen AJA aHaAu3d nepuofwieckux spienufi, Ilesno B towm,
4TO AJA pesoHatopa 0cd 3ATYXaHHA YCTAMOBHBLIMACH DeiMM
pooflle He CYWECTBYeT, 4 4HAAM3 NePUOAHYECKHX ABJeHHA
. MEICJIMTCH HMEHHO B YCTAHOBHBIUEMcA pewnde. B sTom npogs-
AgeTCH ellie OLHO CYLIECTBEHHOR PAS/IHYME aHAMU3a e PHOARYECKRX
ABJSHHA ¥ HMIOYJIBCOB.

Crenyer emie 3aMeTHThb, YTO BpeMd aHANH3A HMAYABCA OMpe-
LelfeTca  AAATEeAbHOCTBIO HMNOY/ALCA M HHKAK  He  3ABHCHT
OT CBOHCTE anaauaaTopa. CaenoBaTeibHO, PACCMOTpeHHOe B § 23
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cooTiOINCHHe MEWAY BPEMEHEM AHANHM3Z U paspemawiieR cro-
cofIoCThi0  aHAKW3ATOPA K AHAMM3Y HMIYILCOB HENPHMEHMMO;
3AeCh ONATH-TAaKM NPOABIALTCH PABIHUNE MEXKIY AHAAMBOM TepH-
ONHUECKHX SBJEHHA B HMIIYJABLCOB,

TTocMOTpHM Temeph, KaKk U3MeNsTCH COOTHOWEHHd, ec/H MH
COCTABHM AHAMW3ATOP HMOYALCOR W3 DeafbHEIX DPesOHATOPOB
¢ saTyXaHMeM. YP4BHEHHe DPE30HATOPA B ITOM CaAyuae CJAELy-
woLee:

0 4+ 20l Lol == gk f (). (26.6)

BpeMennas xapaKTepHCTHKA UMeeT BHI

2 () == w e """ sin wyf.
Pewenne ypasHenus (26.6) ects
I
)= (Ikmfcf e "W sinw, (F— ) Fl) du =
(I
t .
= ayape T | sinog f " f(u)coswyudu —

t
—cos wyt f " f(uysinogu du |,
4]

s oruBawomedt npu £>> 1 MOMEM 3anMuCaTh

+o0 2
= a,‘m‘,‘e"”‘i’ﬁz f e flaycoswudu | -

- -0

wof =

+c0 2’1
-+ fe‘k“f(u)sinm,,ua'u | (26.7)

-0

Cpasunras (26.7) u (26.4), samMedaem crenywutee. Bo-nep-
BHIX, Teleph AMOANTYLA TPH 2> T He COXPAaHAeT NOCTOSHHOTO

3Hnavyenun, a yﬁbIBaET 33 cCUeT MHOMXUTEAA 2 th,* TaK KakK CBO=
foaxoe konefanue B3aTyXaeT. IJTO 3HAUMT, YTO UOKasauue
dH3aan3aTopa S[IRUCHT OT TOTO, B KaKo#l MOMeHT (!{OHe‘!HQ.
nocie {=+) oHo Oyirer orTcunTaHo. OINRAKO eCAH CAeAaTH
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NOKa3aTeNb 3aTYXANNUS 0y OJMHAKORHIM 1A BCEX PeaoHaTOPOB, TO
C TeyeHHeM BDEMEHH CHeKTp He Oyier HMCKawaTecs; Oyiaer
H3MEHATLCH TOMbKO MACIITAGHBH KO(DOUIMEHT, uTo HecyulecT-
BEHHO TIPH TOM YCJOBHHM, YTO OTCHET NO BCEM pPe3OHATOpAM
fepeTcs oNHOBpeMEHHO. Bo-BTOPHIX, RHajHuHe 3aTYXauun Nposs-
"ARETCH B TOM, YTO B HOJWHTETPAaJbHLIX BLIPAMEHHSX IOSBRACS
BeCOBOH MHOMNHTeab %°*. Ero manboablree sHaueHHe pABHO ¢°F;
9T0 3HAYEHHE TeMMEHbIUE OTAHYARTCH OT ENMHMIH, YeM MEHbIle
NIpoH3BeJeNHe ot, T. €. YeM Menblle 3aTyXadHe, W YeM KO-
poue EMINYAbC,

B pare cayuaer MoOMeT OKA3TbCH BOSMOKHBIM HOJONKHTh

npuGANHEHHO
elzﬂ o~ 1
~1,

T, e. npenefpeut BIMAHWEM 3aTYX4AHUH, H CBeCTH, TAKHM of-
paaom, paccMaTpHsaeMeid cayda#t Kk npefpAywemy. Ecan ke
HTOrO ClLejaTh HeAb3d, TO MOKA3AHME AHAIM3aTOpa He Oyler
OTEeYaTh HCTHHHOMY CREKTPY HMIVAbCA, M 3a4a4d COCTOMT
B TOM, YTOOB ONEHUTH COBEPUIAEMYID) NOrPEIlHOCTb.

Hs dopmyan (26.7) BuAno, 4TO aHAAM3ATOP [deT HaM
cnextp He Gynkuuu f(£), a u3MeHeHHOH (B3BelleHHOR) PyHKU UK

Je @)= e"f (D).

Ho ecan cmextp dyuxmnn f(£) ects
. .
S@y= [ j@®ye-setat,

TO COeKkTp HaMeHeHHoH Gynkump f, (f) Oyaer
+oa
S.= | ety eivtat= s @+ jo).
-
Takum o€pasom, BMecto wucTHHUbX sHavenul D (w,) Mm
QTCHETAEM NG AHAJIMBATOPY SHAUYEHUS
D, = | S (0 jo) - (26.8)

Tlo sto#t dopMye MOXHO noAcuKTATh OGYCAOBREHHOE Haiu-
UMEM BATYXAHHA HCKAMEHHE cneKTpa 415 A4HHOr 0 KOHKPETHOTG
HMTTY AbCa.
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B xayectse mnpuMepa pasdepeM cAyyalh awamMsa mapaMo-
YrOABHOTO HMAOYJIBCE IJIHTEILHOCTHIO T, AHAMMTHUSCKOR BHpas
MeHHe TAKOro HMNOY/Ibca MoxeT OuTh 3a0MCAHO B Ble

F®) =0 () —a(t —n).
. Takum oGpasom,
i

:
. i:—,gU(‘)= fg(t‘“)f(“) dﬂmdfg(t-—u)[a(u)a—a'(a—z)ldu~_-,
0 0 )
1 t .
[ fg(f*u)du=fg(a)du 0<t<n,

fg(f—a)dah J’ gwydn © < t < 00
fa=T
l‘IO,uCTaBmﬂ CI0I4 3HayeHHe

gt) = wpe ™

sin o, £,

BBRIOOQAHMAS HHTErPUPOBAHHE U r10./4ras ak<<mk, MOJAYYHM l'lp[‘l"
GauKeHHbIE pelleHHs

—e tcosmkt0<t.‘<'1: }

~U [6™° cosw, (¢ — 1) —cosud]t <t < oo,
(26.9)

Luo=|,

[Monarag auu, =1, op=a, §NOCHe HeCHOKHHIX BbHUACACHUH
AodAyyuM AJa orufawuieh

4oty 0<t<r,
() == lk (26.10)
aMe"‘* T <t < 00,

rae

M=V1—2e"cos v,z | e2=. (26.11)

dusHuecxaa kapTHHa #BJeHMH Takosa: npH £=0 f({) uz-
Meunetcs ckaukoM of 0 Ko 1, B peayibTaTe Uerc BoZHMKAET
csoBolHoe KoaeOGaHMe pesoHATOpa; npH f ==t f(f} uaMeuseTcs
CKaykoM g 0O0paTHOM Ranpasdedss, T. e. of 1 po 0, flpu
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STOM BO3HHKAET TOURO Taxkoe JKe KOjJeGaune, HO ¢ OGpaTHLIM
3HAKOM W C 3ano3aaHMeM na © (puc. 43, a).

AMIAUTYZA pesyabTHRYIOINEro KoeOaHus, YCTaHABIAHBAID-
werocs nocie f=-< (puc. 43, 6), aaBucur, NMOHATHO, OT OT-
nocuteasHol  (aswl oboux cBOOOAHLIX KoaeOanul; (azopui
COBUWI BABHCHT B CBOH OUEPEfb KAK OT YACTOTH ®,, TAK U OT
MHTepBada . BoT nouemy wenuumHa M ecTbh yHKuUMs apry-
MEHT2 ®;T. OTd 3aBHCUMOCTE H oOnpejenseT CnOCOGHOCTH
ananusatopa pas3obpaTecd B CHRKTPANLHHIX COOTHOWIEHHSX.

SameruM, 4TO KoJeDaHHe X HeNpepbiBHO, HO Ornfawulis ¢
npereplesae™ paspue npu {==-t. [lepBas CcTpoka PpopMy.inl
(26,10) BrMOYaeT NOCTOAHHYIO COCTABJAAWWLYIO, orHbawlas
no dropMyae (26.10) ormeuena ma puc. 43, 4.

[as crexTpa NPSMOYroJbHOrG MMIYAbCa AMHTEABHOCTLIO T,

CYWIECTBYIOIUENQ MENIY _% H -+~%i, Mbi MMeqau (cm, § 11)

T
sin w —
2
S(m)=mﬂ_,:‘—._
W) —

B mamweMm cayyae VMOyIsC 3aNaH Ha npomex{yme 0y
SHAWMT, Ml HMEEM AMA €TO CMEKTPa

.
TSl 0
S()=e T 2
“7

Tpumerny  gopuyay (26.8) 249 nNOXYHYEHHA HCKaXEHHOTO
cllexTpat

._..( —jwta) sm (m-{_;a)

Dy =|S(0+ ja)| =|e
5 (o)

4TO JAaeT MOCje BHIOJHEHHS BHIUMCIEHHHA

1
&, = EVI — 2¢%T cos wT - 27,

Mu BnauMm, Takum oBpasoM, UTO, KaK OHO W IOMKHO OHITb,
peanuuna M {cm. opmyan (26.10) u (26.11)] Henocpencreenuo
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BupMKkaeT HaOMOLaembift crnerTp. YUTo ke kacaeTcs HCKANKEHUA
COCKTpa, TO OHO [POARAAETCH HAuOOJee 3aMeTHHM oO0pazoM
T TOM, HTO BMeCTO HYJAeHl UCTUHHOTO CHEKTPa NpH 0T == 2w
uckaneHHuH CiekTp ®, WMeeT MpHU Tex ke ApPryMeHTAX KOHed-
HLle 3HAYEHHA

b — ot

P, =7 -

* min 2nn

Ouent. WHTEPECHO OTMETHTb, YTO L0 £ == 1T aHANU3ATOD eule,
- TAK CKa3aTh, <HE 3H&ET», C 4YeM OH uMeeT Jeno. OH noayuaer

a | a=47, w=9, z'=jz7§
! .
! |
|
!
I

J 5
!
|
!
. / \
| \/
1

g 7 T 7 =1

Puc. 43,

B HAMANMe WMHyAbCa ToAYOK, BO3fyiaaloumu xoneBanus 8O
BCGX pesoHaTopax. B  majnHefilreM HHKaKMe AOMQIHHTENBHLIC
BO3MYWEHHA HA Pe30HATOPH He ASHCTRYIOT BHAOTL 1O (=1,
3HAYHT, aHANHBRATOD BOCTIPHHMMACT NPAMOYIOJBHHH HMIYMuC
KaK eIMHHUHYI (YHKLHIO, H ero Noxasaude NgeT CNEKTP 9TOH
$YyHKUMH, KK BMAHO H3 NepBoft  cTpoxu dopmyas  (26.10)
llps =t nNOJONKEHHE BHE3ANHO ONPEASAAETCHA; HMIYJIbC
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cHOpMUPOBARCT M SAKOHYHICH, W ¢ STOrO MOMeHT2 aHAJM3ATOD
JAET CHEKTDP HMOY/bca *).

BosbMem uncredneift npuMep. Tlyets amaamaatop cocTouT
3 10 pesoHaTOpPOB CO CAGRYWWIMME I2HHBLIMHI  ©, == Rwg,
wy=1, gz =0==0,1, AARTeNLHOCTb NPAMOYTONLHOTO HUMIY/bCA

T
nyers Oyner = -5. Torna Hynm cnexTpa NMPURYTCA HE 3HA-
uenng k=4 1 k==8. Muoxuresp M uMmeer cleAyHOIIHE 3HZ-
YeHus:

V146 =154 mmm k=1, 3, 5, 7, 9,
M = e =217 anm k=2, 6, 10,
|t —e| =0,17 nns k=4, 8,

o dopmynam (26.10) na puc. 44 nocrpoen pemsed ¢ (k,5).
Ha sTom pucyHKe aMNAWTY1a NpPelCTaniedd Kak (PyHKUUA HO-
Mepa pesonatopa W speMend. Ilpu ¢ <t anHamusarop naer
runepfosmueckull  cnextp  eannusnoft Gypkunn. Ilpy f==1
aMIOTMTYAA M3MEHARTCH CKAYKOM; B 9TOT MOMeHT CopMHpO-
BHIBAETCH CNEKTP OPAMOYTOALHOIO uMOyabca. Kak  BuiuM,
aMmAMTYRB pe30HATOPOBR k==4 ¥ k=38 He paBHL HYIO
(nckaweHne cnekrpa). MCTHHHHIA  COeKTP  MpPAMOYToARHOTO
pMnyasca usofparked B TMOAXORMIEM Macmtabe Ha nepelHeM
naane. B ofiliemM anamMsaTOP BOCHPOWIBOAMT CHEKTD BHOJHE
Y AOBJETBOPHTEABHO,

[TockoabKy AJS BCeX DPe30HATOPOB BHOPAHO OLMHAKOBOE
3pavueHHe NOKAa3aTels 3ATYyXaHHs o, To moboe cedenne peabeda
MJIOCKOCTEIY, napaueisHot c¢Ok (T. e. cHATHE NOKA3aHMA
anaMaatopa B M00o# MOMEHT BpeMeru), faeT UCYpPel, pasd-
JHUANLIKECS TOJIBKO BePTHKAJbHBIM Macitabowm.

#) Ofman KAPTHHA HABJICHMA fCHA, HO OCTAETCA €IIE IOKA3aTh,
moyeMy NpH £ <] T aRaauM3aTOpP HE [4eT TeKYIero CIeKTpa NpAMO-
yrOALHOTO MMIYNbCa, 4ero CheAoBano O OMMIATb HA OCHOBAHHM
dopmyasi (26.3). Jeno v 10M, 4T0, BHHUCIAHE ¢OrHOADLLYIOP IO 5TOH Hop-
MyJae, ME IeHCTBHTEIBND NOAYyHAH OW TEKYWHH CHEKTP NPAMOyrole-
HOro MMOYJLCE, 0OPH 9TOM OKa3alnoch Obl, 4TO ¢aMOJHTYRa® ¢ H3Me-

1
HAIETCA € YACTOTOK Sywy T. € € HACTOTO0 TOre e NOopalxa, 970 # dac-

ToTa KodebanHa pescHatopa. HaGaodate HIMEHERHC AMINIHTYAN TDH
TAKHX YCNOBMAX HENb3s, H CJAENOBATEALHO, TAKOE PACCMOTPEHHME BO-
npocs B CAyYde Halero npumepa 6bmo Ob GOpMaabubIM.
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Htak, Mu yGenuanch, uTo auaxnmsatop B dopMe Habopa
PCSOHATOPOB MOMET C YCIEXOM NPHMEHATLCA AJA aHAAM33E M-
Ny AbLCOB ¥), :

Pasofipas B meTandx KAPTHHY NPOHCXOLMUIHX (PH 3TOM
sIBJACHUHA, Ml CMOrJAd MONMeTHTB psii cHeludHUECKMX YepT aHa-
JM33 UMOYILCOB.

K avanu3y uMnyibcoB MNOCPENCTBOM PEBOHATOPOR MOMHO
NOoLOHTH HECKOJBKO HHAYE.

[Mpexae Bceio 3AMETHM, MTO YCTAHOBHBILANCA KO BPEMEHH
OKOHUAHMA HMNY/JbCa AMNMUTYA PE3OHATOpA ABJAAETCR MepOH

..‘-
D

\

§

R

Puc. 44

HaKOMJIEHHO# pe30HaTopoM kogeGaTesbHON SHEPruM; 3sHeprus
NpONOpUHONAAbHA KBAAPATY ammaurTyie. M3 aroro surexaer
BO3MOMKHOCTE BHIOH3MEHEHHS CI0CO6A OTCYETA MO AHAIUBATOPY,
4 WUMEHHO: MOXHO B4MKHYTh KO4eOMOMMACA pe3oHATOD HA

*) K sromy smBomy npuxozur m Pumckui-Kopcaxos [12]. Hano
8aMEeTHTb, 410 B cnoell paboTe On npUMEUHAET MHTEPECHB, Tak CHa-
3aTh, CHHTQTHYECKHH BOXXON K Tpofieme, CTaBg COEPB3 TpeBoBanna
¥ MAealdbHOMY 4HAJAM3ATOPY H HAXOAA 3aTEM ero QU3HUECKYW Xapax-
Tepuctuxy. [lnm paccMaTpPHBAGMOro NPHMCHEHHA TaKHM UIealdbHbiv
@HANM3ATOPOM OKA3bBACTCH HMEHHO pPe30HATOP 0e3 3aTyXaHud.
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aKTHEHOE COTIPOTHBAEHWE, B KOTOPOM BHleqdTcd 3amaceHHag
B Pe30HATOPE SHEDPTHA, ¥ TeM WIM HHHM CHOoCOBOM H3MEPHTH
9Ty SHEPTHIO.

Ho MomHO NOCTYNHMTL M HHAYE —C CAMOTO Hayala HaMe-
pATh TepsieMyH) B pe3cHaTope sHepruw. OkasmiBaercd, 4TO MO
OKOHYAHHH TPONECCA 3T3 SHEPrHY ¢ H3BECTHHIM NpulauenueM
NpONMOPUMOHANBHA KLAAPATY COEKTPAABHOR [OAOTHOCTH HM=
nyJbca Ha yacToTe pesonaropa. JloxawmeM sto.

BospMeM cpasy pescHATOp C B3aTYXaHHeM, 248 KOTOPOro
MIHOBEHHOE 3HAUeHHe HADAII12eMON BEMWUMHH (CM. BWINE) &CTh

, _
2 @)= ayop [ o7 sin wy (t— ) fu) du=

{
t

—aqt .
= azwye” “k'| sin mkrfe“h“ F()ycoswyu du —
; ‘
t

-—cos mktfe“k” flu)ysinwgudu |,
0

CocTdBMM BHpPaMEHAE N9 SHEDTHH, 3aTPAaucHHOR KO BpeMeHd &
£
E@) == f x2df.
0

MMonnas sHeprHs, BLINEJHBIIAACA B KAXAOM pe3OHATOpE Mo
OKOHYAHHH KAK HMAYMbCA, TAK U NPOLECCOB B PesOHATOPe,
MOKeT GHTb 34MHCAHE B BHAE '

o0 400
Ek=a§w§fe'2“k‘ sin wyf f fo@cos o, uda-——
0 —0R
+co > .
— COs Wt ffa(u)sinwkudu Cdt.
-

31ecy 0B03HAUEHD
I, )y == " f(u),

Bayrpennne WHTErpajas NpeACTaBAsIOT COBOH CNeKTpATbHEE
koMnonentst A 1 B ¢yukumn f,. Tak Kak 914 BeauyunH He
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3aBHcaT OT f, TO HMEeeM

=3 o0
Ey = alwl| a? f.«fz“‘:’ctsin2 wyt dt —I—bzfe”z“ktcosz w, £ dt -—
: 0 -0
——abfe"z“‘fctsin Qupt dr | ==
d‘d
2 2 a
a, o 4 d
= : L@+t —— (0 —a?) — radC
o T b+

Ilpn manoM sarTyxaHuM, T, e. fApH
%y <& wg, a<<1,

noayuaeM npudbamKenuo (NpeneBperas AByMA MOCAELHHMY Wiee
HaMu B CKOOKAX)

22
Qo

Eyr (a2 + b2 = b, B~ b, D2,
" rag wax P, npu d<<1 mano otnuuaerca ot ®. Ecau teneps -
BolOparh NAPaMETPH Pe30HATOPOB Tak, ulo0sl BeauunHa b; He
3aBHCENEd OT R, T. €. OBIA OW AJA BCeX pe3OHATOPOB OAHHA=
KOB4, TC NOJAyYaeM, UuTO BHAEAEHHAd B KamAOM De30HATOpe
SHepPTHd NPOTOPLUUOHAAbHA {C TOUHOCThIO, OfpeletdeMOfl chaes
JAHHBIMY TIPH BHEBONE NPUOMMIKEHHAMH) KBAAPATY CHOEKTDA/b=
HONl NJAOTHOCTH, COOTBETCTBYOWeR dYaCTOTe MAHHOTG pe3oHd-
Topd. 310 W TpefoBaNOCh AOKA3ATH.
MoxHO NpHAYMaTh pasagHuHBE CHOCOOH OTCUeTA BEMHYHHE
E;. Mowno, HanpuMep, MOAKJANYHTL K KAKLOMY pPesOHaTOPY
KBaBpATHYHBIH 3JeKTpPOLMHAMHMYeCKHH OaNAHCTHUECKUA Nmpudbop.
MoxHO BHTErpHpPOBATHL He B MeXaHHUECKOH YACTH (T. €. NOJb-
syack OaNMMCTHMECKMM OTCYETOM), 2 Npd IOMOUH HHTErpHpY-
ouell aeKTpuseckol nenoukH. MoKHO UHTErpHpoOBaTh, MOTbs
syfach Tenaopol mrepumeld Tenjomoro npudopa. Moxuo, Ha-
KOHel, MNpeicTaBnTh cefe NHAMKATOD CJAELyWINEro ycTpo#cTRa:
AKTUBHOE COMpPOTHBAGHHE KaxAOr0o peacHatropa obpaasyer Ha-
rpeBpaTeJbHyI0 00MOTKY, HAJOKEHHYID HA [IAPUK TepMoMeTpa
(Al LBCACHHYIO BHyTpb apHka), OTcueT npousBoANTCA
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No BHCOTe CTOAOWKOB B HA0Ope TEPMOMETPOB, KOTOpLIe, iy~
AYy4H pacnofoxensl B DAL, HAIOT HATASAHYIO KAPTUHY CHeKTpa.
ITocTosHHOR BpeMEHH TaKOro TepMOMETPHYECKOrO0 MHIHKATOpPA
OyeHb JIETKO YIpaB/IATh NYTeM H3MCHEHMS TEMIOEMKOCTH Tep-
MOMETPOR M HMX TePMOH3OAALNH, )

Onucarunft cnocof aHaanaa CBOEHTCH 0O CYTH Aejia K Ha-
MEPEHHI) SHEPUHM CACKKOCO KOAeOAHHA, NPUXOAstelcd ua no-
JOCY 4aCTOT, BHIPE3aeMyl JaHHbM peaonatopoM. OuesHiHo,
MOWHO npouasectu Goaee rpyfoe ycpendeume, NPUMEHRE RO~
JIOCHBIl aHANHN3 3SHCPTHM, [Js Uero pPesoHaTOPH CAedyer &a-
MEHHTL COOTRETCTBERHDIME NOACCOBDIMU DHADTPAMU.



FTJAABA 11
CHEKTPBI CJAYYAHHBIX NMPOLECCOB

§ 27. CnexrpaibHoe TpeLcTaBJeHHe CAYYalHBIX HPOLECCOB

Jlo cux nop MBI TPHMeHAMM CNEKTPajJbHoe MPeicTaB/icHHe
K TeM WAM HHLIM ONpeNe/eHHBIM (YHKLMAM Bpemenu. Tenepw
HoOOX0AMMO DACIPOCTPAHHTL CNEKTPAa/dbHEHE NpPEICTABJIEHNS Ha
OO BEKTH CYIIECTBEHHO WHOR MPHDOAK —HA CAV4adHble Hpo-
" geccsl, WrpapilMe § TeXHMKE M MaTaMaTiKe OOMbiIyl0 H BCe
BO3RACTAIOWYI0 POJb, ' _

CuayuafiimM DpOHeCcOM MM HA3WLAeM (PYHKLUHIO HENPEPLBHO
H3MEHANUEFOCE apPPyMenTa £, 3Ha4eHns KOTOPOH NpelcTaB/d0T
co0010 CaAYuAHHEIE BEAHUMHEL.

HFa sToro onpejenenus cpasy BHAHO, HTO €CAH BEIYHC/MTE
CHEKTPAaAbHYI0 TMAQTHOCTE Cayuafinoro npouecca §(f) no oOpu-
noit dopmyne

[r]

S(0) = fg(t)e—:‘wtdt, 27.1)
—oC
To tnoayuennas dyuxuna S(w) 6yaer cayuadnod dynxunett,
MH noxyuMM TO, YTO MOMHO HA3BATH COEKTPOM OLHOH u3
BO3MOMHEIX peaJi3aluil cayvatinoro nponecca. B ycrosusx
we JeHCTBMTeNLHOTO HaOJMIONEHHS 33 TeMEHHEM HEKOTOpOro
CAYUaluoro pponecca Mbl MOMEM HOJYUATL JNIIL TEeK Y ULHH
CNEKTD AAHHOH Dedn3anuu, T. €. CaAy4aliuylo ¢(yHKUAK
T -
Sp@= [ t@®emar (@7.2)
0
MWenaTenbHO BBeCTH TAKOE ONpelieqeHHe CneKTpa CAyUdliHOTro
npoleccd, KoTopoe npuseso Ow HAC K Hecayuaiuoli Qyukuun
44CTOTHL. :

~

6 A A, Xapgeoun
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Cayua#iHuii npouece ofnpeleideTcsl pacnpeneneHHeM BepoaT-
HocTzA 3waveHul BeswyuHsl £ aga mofBoro Momedta £, las
ﬂOCﬂEﬂy]O[JLeﬁ TEOPHH UMEoT GOJIHHOE anaveHue HEe TOABKO
camule DYHKLMH pACUpe/Leiedds BepPoATHOCTEH, HO H [HepBbe
IBa MOMeHTa

M@= [rp(x)dx =12, @1.3)
MIEED @) = [ [reap (o0 %) dy divy == B(truty)s (27.0)

Tae p{x) U ©{x,%,) — COOTBETCTBEHHO OIHO~ H IBYMEpHLIe
MACTHOCTH BeposiTHOCTelf, B oBuieM chiydde 3apucsiiie OT Bpe-
senu. (aHako B artoM naparpade Mal GyieM pacCMATPHBATE
TOABKO CTAUHOHAPHEIE (B UIMPOKOM CMBICAE) mOpoUeCccH, A4J4
KoTopeix ofe nesrunHil (27.3) n (27.4) ue 3aBuCAT OT BpeMenH;
neppas BEJHUHHA eCTb [IPOCTO MOCTONHHAN, HA3LIBAEMAS CPelHHM
8HauyeHueM CiyuaHHOI'O Opoleccd, BTOPA BeJMUMHA 3aBHCHT
TOALKO OT PASHOCTH |#;-—£,|==1T ¥ HOCUT HA3BaHUC BYRKUUY
Koppeanyuu. :
PaccMarpusaeMsle 30ech CTRUHOHAPHEIE CAYYaHHEIE MPOLECCH
ofnanawT spzodatecku M CBONCTEOM, COCTOAULHM B TOM, UTO
CpeiHHE N0 MHOXECTBY C BEPOATHOCTBIC efNHULA DPABHEE Cpei-
HUN [0 BpeMeHd, B3ATHM A1 modolt peanuzauun. OOGosnauas
CpelHHe 10 BPeMeHH YepTOH CBEDXY, MOMNEM BaMHCaTb YCAOBHe
SPrOLHYHOCTH B BUIE '

T
Ep= M (£) = E(§) = lim m; [ (8 dt, (27.5)
T o
B =ME@OL(— 1)) =L@ iE—0=
T
—lim & | EOE¢E—)dt. (27.6)
Twco 0
3ameTum cpaay, uto
B(0)y= M[E(t)] = )_unm— j 2()df.  (27.7)

Taxun obpasoM, AUCHepcHs CAyuafiHoro gpouecca
DE=ME) — MmO =20—[EO =B©) —Eo-
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Tlo dusnueckomy cMHcAy & €cTb TOCTOAHHAR COCTABAIOUIAS,
B(0)— noJHas MOWHOCTL NPOHECed, & — MOUHOCTE HOCTONH-
HOM cocTAaBAADWEH, LUCTIEPCHA BUPAKAET MOLLHOCTE MepeMeHHOH
cocrapasicueR. Brpoyem, ualle BCero Mn HMeeM Aedo ¢ npo-
neccamu, i KoTopsix & ==0, Taxk uro B(0) senocpeacTBenHo
BLIPAXAET MOMIHOCThL TPOUECCa.

Januuefiulee OCHOBBIBASTCA Ha Teopeme XWUYHHA, COrAacHo
KoTopoll (GYHKUHA Koppeaaund B(t) moxer OLITs npeicTaBaeHa

B BHIg
o

B(7) = f el AF (), (27.8)

=00

rae F (w)—neyGwiBawluas orpanudennas Gpyukuus. Ecau dynk-
‘nuA F(w) auddepenuupyema, To, 0603HAUA

aF 1
do = a G (U'))l
noayuuM Bmecto (27.8)
B{(z)= —;— J‘ 0 (0) 27 deo, (27.9)

-

rak uro G(w) ecTb ofsiynoe npeoGpasosanne Pypbe aas B ()
o= [ Bean (27.10)

$ymitiing G(w) ¥ eCTh TO, UTO HASHEBAGTCA CMAMILCMILYLEs
CHUM CReRmpoM chydaliHorg nuponecca, u dopmynz (27.10)
ABAAETCA OCHOBHEIM ollpenenenneM 3Toft (ymxuun. Creayer
3aMeTHTb, 4TO Kak B (%), TaKk u (U (w)— ueTHole QYHKUHH CBOHX
aprymenTtoB. [ostomy (27.9) u (27.10) moryr Gulth 3anucanu
B BELleCTBCHHOH dopme aAByX wocmayc-tpaachopmanull Pypoe

B (t) == f G () cos ot do, (27;11)
1] .
. F

G (== J B (<) cos ot de.. 27.12)

0
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Puanveckudi cMblcd Pypkumy G (w) JErKO BHIACHUTb, MOJA0KMR
B (27.11) ©=0. Me noayuum .

BO)=P= f G (w) duw, (27.13)
J

rie yepes P ofosnaueHa NOMHAY MOWHOCTh npouecca. Pop-
myda (27.13) mokaskinaet, uro Qynxumua (F(w) BHIPaXKAeT MOIL-
HOCTb Tpouecca £(f), NPHXOARIUIYIOCS HA NOAOCY MacToT dw.
Wuaue rosopsa, G(w) npeactapader cofol0 CHEKTPAIbIYIO
A0THOCTb MolHOcTH, Ha 2tom ocuoBanur G (v} wbaasblBawoT
yacTo SHepreTHUYECKHMM CNEeKTpom npouecca £(£). Mou-
HOCTb, 3AKMIKUEHHYIGC B KOHEYROH 1OAOCE MEKAY w©, U w,,
MOXHO OHpeledHTh uuTerphposanneM G (w) B COOTBETCTBYIOLIHX .
npeieaax ‘

Py = fG(m)dm.

Cratuctudeckuft CNEKTD MONKHO BHIPa3HTh 4Yepes TeKyait

CNEKTp peaiu3allHH
T

S p(w) = f £(0) edvt dt,
; ,

CocTaBuM BeipameHHe AN SHepruu mnpouecca £(f), BhieauB-
wefica 3a ppemsa T

T =)
=
Ly = J.Ez(t)dt=;‘1 | S p(0) p o
0 0
BT0 COOTHOWIEHHE BHPANKAET TeopeMy Pallim Ias KoHeuHOTo

npomexyTa BpeMens 7T. Cpeluwio sa bpeMms 7 MOWHOCTb
- foayyuM, Aena Ha T

Py=-F =17 J |Sz @) [ do. @711
; ,

Dra BeauunHa 3aBucHt, Bo0obwe rosops, ot T, Ho aag cra-
LMOHAPHOIO NpPOUECcca CTPEMHTCA ¢ yBednuenuem 7 K 110CTQ-
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AHHOMY NpeAeny, KOTOpPHH M BHPAKAET MOWHOCTb MpPOIUECCa
oo

P=lim P ——:; hm J. S5 (0) |? do. (27.15)

T3>0

Conocrasasa (27.13) u (27.15), Mb BHAMM, YTO CTATHCTHYE-
CKHB CrerTp CBA3AH C Texy:mm CHEKTPOM COOTHOLISHHEM
S () |2
G(m)"‘“ — lim Pr@ [,
TTy
Brieilem clig HeKOTODble ropMyas nns peluuchaenna G (w).
Boasmem gopmyny (27.10) n moAcTaBuM B Hee 3HadeHHe (PyHK-
UMH KOppeaAlHY B COOTBETCTBHH C €e onpelelenyeM (cM. (27.4)):
o Qo )
BRO=MEBHEE—]= f f X199 (X4, X9, T) diy ds,

=00 =GO

(27.16)

-B noayyeHnoM BhIpadenuu

o« B 1]

o
s
G(m)::% JI e—fuv g J J‘ Xy K00 (Xg, X9y DX, dXy
% — -t :
LBHIMOJIHHM CHepBa uHTerpupozanne no t. O6oznaque
o
Dy, x5, 0) = f ¢ (xy, X9, T) &~ T g,
—QcD

MOMeM B3alHCaTh
o co

Gey=1 | f gl (s Xy @), diye (2717
—00  —Co [

Sta dopmynra npenctasaseT G(w) Kak BTOpoH MoMeH1
pacnpe,n.e.neann HEKOTODOro CJIy‘-laﬂHOFO mpouecca; 39TO pac-
npeneiacHne O{xy, X5, w) ecTh npeobpasosanne $Pypbe 1as pacs
upefenenus © (Xy, Xz T) HCXOAHOTO Mpouecca.

E[JI,E O04HO COOTHOWEHHE MBI NOAYYHM, HCXOIN4 H3 OlIpe-
Jelerus TEKYLIEro CREKTpa cayualHoro mpollecca '

' ¢

Spoy= [ &(x)etovdx, (27.18)

-0
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Beeldew cayvallHylo dynkumio § (), onpelenseMyio Kak
£(x) npu x < f,
5, () = { 0( ) mp
npH x > ¢,

C moMOLIBIO 3TOFC ONpeieteHus MoXuO nepenucaTe (27.18)
8 BUAe

Sy (o) = f £ (x) e 7% g, (27.19)
O6patuoe npeobpasosamue Aad (27.19) Oyxer
1 [ -
E =g | Si@Tae.  @7.20)

Yuuosus ofe wacTi 9TOro Bepawenus Ha E(x—t}dx u npo-
. muTerpupyeM B GeCKOHeUHHX Npelenax

.:r G )& —) dx:il?:f Eelx—T)dx f St(w)éj‘”‘”dm.

(27.21)

BunomuuM B ©paBof 4ACTH CHAMAMA WHTETPUDPOBAHHE 0O  X.
WUnrerpan

. (=2 oc

[T ar =" [ 0T de =S¢ )
-0 —oc ‘
BHIPAKAETCHA ¥epes KOMIIGKCHO-CONPKEeRHsI TeKYUIul cneKrp.
Ecay remepb BepuyThes K Gyuxuuu £(x) B Aeso# wactn (27.21)
Ha OCHOBe onpejefenus & (x), T. e. 3aMEHHTb COOTBETCTECHHO
BEPXHHH Mpeiea UHTerPHPOBaHMA, TO INOJYUYHM

: (=)
J E(X)E(x'—‘f)dx“——-—%u J" |St(m)|2 £ .

Tponud pepennupyem o6e uactu mo £

oo

t0i— =g [ 5150 do,

-®



§ 27) CDEKTPANLNOE TIPEACTABAEHHE CAyuAMHWX npougccos 167

-Beps cpedHue 110 MHOMXECTBY OT ofeux uacTedl aToro BHIpA-
JIKCHHA, NOoJdyyaeM '

MED2¢—N =B =2 | m(Z|s:@}) to.

: - (27.22)
Canyas (27.22) ¢ (27.9), Mo BHAMM, uTO

G (m)m-}?M(a—i 1S (@) ). (27.23)

Tagum o0pazoM oOKassiBaeTcd, 4T0 cnexTp G (w) cayyafiHoro
npouecca ects CpelHaee MO MHOMKECTRY OT MCUHOBEHHOTO CHEKTpa
"MOULHOCTH B onpepefeHun [lstinma (cu. (6.3)); amanorudHoe
onpelenenne npuMenserTca Jlemneprom [24).

Mut pacnonaraem Teneph weawM panoM dopmyst. s Tore
uyToOE  JIYUMle B HAX OPHEHTHPOBATLCA, 3ameTuM, UTo B (1)
n G(w) ceaszanm Mexay cobol napofi npeoGpasosanutt dypse
(27.9) u (27.10). DTe OpeobpPasOBAHHA CHMMETPUYHEL N0 cBoel
CTPYKTYDE, #3 Uero MOMHO 3aKAKNUATL, 9TO BCsKOH Gopmyns
Ana B(t) noakua coQTBETCTBOBATh HapHas eff ¢opmyna nag
G{w)., IDra cuMmerpus CTAHOBHTCA OUeBULHONH, ecin colpaTe
BCE NMpMBeleHHHE BhHle HopMYyabl B CIPYIRAPOBATL HX B BHIE
HIBKecHeny el TaGAnIb:

B(t)__»% J‘ G{w) edwt da (27.9) | =0 (w) = fB(f)e“-?'Mdt(QY.lO)
S , ,
=MEMEE—1)] (27.4) = M(§‘St{m) )(27-23)
= f fxixgtf (Xy, o, D) dH Ay | = f f«‘ﬁxz@(xv Xy,0)dx diy
“m S (27.4) - - (27.17)
T : .
= h‘mTl { ()G (¢ — ) (27.6) | =lim %{ Sy(w) 2 (27.16)
T 0 T»co

Tlo momony 9TUX QOPMYA MOKHO ellle 3AMETUTL CAelyl0ilee:
NOCJAERNAR CTPOKA TabAHILE COLEPIKUT COOTHOIICHHS (27.6)
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u (27.16), noayuaemiie Ha OCHODAHNHH HPrOLHUNOCTH CTAILHOHAD-
HOrO Npolecca H NPeNcTaBAAoUIMe o000 CPeiHNE M0 BPEeMEeHH.
O1u  GOpMYAB MOrYT HOCAYXXUTh OCHOBOM /A HOCTPOeHuS
annaparypsl jaq naMepedus B{t) # G (w)—KOPpPEeNOMETPOB i aHa-
au3atopos. Ho 3ti QopMysst He MOrYT HENOCPeLCTBEHHO
CaAymuTh Ang BoUMcaendd B(zx) u G(w), T4k Kak oHu
OpPelcTABIAIOT CPEAHHe N0 BPeMEHH IAf HeKOTOPOH peaau3dluH.
Creaonatesbio, BA% BHTIOAHEHHS BHYUCARHUM 10 9TUM dopMysam
" HYJKHO PACHOJAratTh ZHAJMMTHUECKHM BHIDAMEHUEM Deasiu3dlnd
B BHAE HeKOTOPOH (HecayvuatHoh) hyHKUAY, OIPEAeIeHHON Ha BCEM
NpoOTHKeHu OcH BpeMed. B AelCTBRTENBHOCTH Cayualibif mpo-
1eCC 3dJ3eTCH MATEMATHYECKH He OJHOH M3 CBOMX peanusauni,
a4 TeM HJAH WHbIM pachpelejgeHHeM; MOITOMY K4K (YHKLHA KO-
pensund B (x), Tak u cnektp O (w) BHYMCIAIOTCA C HeH30EKHLIM
yCpesHcHHEM MO MHOKecTBY. HanpoTus, npu sxcnepumMenTe
MBl WMEEM 4Yalle BCEro AeJ0 HMEeHHO ¢ OIHOH peamnsaumef ciy-
yalinoro mnpoueccd. TexHHKA BLIYHCAEHUS CAEKTPOB NoKasaHa
Ha IpUMEpax cAeAyWEro naparpada.

Ilag coexTpoBR clyuaHHEIX NpPOUECCOB MOMHO BHIBECTH D
COOTHOIUEHHKH, 2vaJOrWyuHbpX npusessAHsiM B'§ 4. Hekotopre
M3 3THX COOTHUWEHHH cofBpanbki B Hmecaelyiowel rtabauue:

7 {2) B, (1) Uy (@)
EWO+5W® By () + By (1) Gy @} + Gy (w)
£ (af) B (a1} G (%)
E¢—1y) B {z) G (w)
£ (f)e —I% B (xy el G (o +9Q)
6 (1) {—1yn B (7 w0 G ()
AONG BB | L} a0 Gato—vas

Npeanonaraercd, uro Mi= 0, uro £ H L,—-HE3ABHCHME, H UTO
ycJoBHe  ArQrpepeHUEpYEMOCTH  BHIOAHAGTCH  TaM, Tjie 3TQ
Tpebyerca,
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Ing  cnexTpos caydaliHplX MPOUECCOB M KX (YHKUHR KOp-
peasiiiua LMeeT Cuay OOLero XxaparepPd CBA3b MY HIMPHHOW
CeKTpa M BeNHYHHOIO HA3WBAEMOH WHTEDBAJIOM KOPDLJIdUuiM,

3 HUMeHHO
AfAt==p, (27.24)

Fre p-—MoCTONHHAR mopanxa elmduunl. MuTepsan koppeasuun
At puipamaeT 30 (EKTUBHYIO NPOTIKEHHOCTL (QYHKIMK Koppens-
UHMH M MOMET OTPeReRaTbci no-pasdoMy. Obume coofpane-
HAA (10 MOBOAY COOTHOUIEHUHA (27.24), copaBenndssie 119 100X
(yHKIMHA, cBA3AHHWX napoft npeoOpasosauuit dypee, OGwuau
u3nokens B § 12, Mur yxaxeMm 3slech Ha OpOCTse cHpelede-
gua [25], npueodsimme (27.24) & TOMAECTBY

AfAr =1, (27.25)

SanuuieM Bupaeuus AAA cnekTpa u $YHKIKH KODPDEATRHY

G(w) =% jB(z) coswtdr,

B('c)=é- JIG(U)} cos wt dw.

-0

MoroxuM B epsoM swpawkenuwu o =0, 2 B0 BropoM —t=_0;
ROy 1AM
= }
1 '
GO0)=— fB(q:)m, [

= i 27.96)
o= [ owan |
Bpeaem omnpeneneiui
|
AmﬁQﬂ'Aj—mJ‘G(m)dw t o
- b (27.27
o p 7
.i‘s: = 50 J B(z)dt. j
—0a

6B—1 4 &, Xapresuy
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Orciopa, Ha ocHopannn (27.26), cpasy noayuaem (27.25). Cmpica
onpenescruit (27.27) coCTOUT B TOM, Yo nAoWALM NOL KpU-
st G(w) u 5(t) npHpaBHUBAIOTCA MAOWALAM [PAMOYIO/kw

i)

A6y

Pue. 45.

HUKOE ¢ ocHoBanuaMy Aw u At i Beicotamu G (0) u B () coorser~ -
CTBRHHO, ] .
[Tyctb, HampuMep,

2
BE=¢0, 0= g -

1

I/Iﬁeem
J B(T)d'{"‘-—*‘%’ B(O)—_—_l' A‘tz%;
}JG(w)dm=2, G(O):%, Am:%, 'Af:%

(cm. puc. 49).

Onpenerenns (27.27) uveor n HepocTatn, [leppuifl H3 Hux
COCTOMT B TOM, Y4TO 9TH ONpelC/eHHA HE(PHMEHAMH HENOCpe-
cTBeibo B cayuae G(0)=0(8(0) mukorpa He papHO Hy/w0).
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Mexay Tem 3TOT Cayual wacTo sctpewaercs. B wacTaocru, Hac
MOMKET HHTEPeCOBATH IFPOLECE, CIEKTP KOTOPOTO 3aK/YCH B N0~
J0CE YACTOT OT 8, A0 wy. MOXHO, COOTBETCTBEHHO H3MEHHR
ofipefie/iens, M B 9TOM Cliydae TMpelCTaBHTh FpadMK ChexTpa
SKBUBANCHTHLIM PIMOYrOALHEKOM. YTO KacaeTed QyHKIHM KOp-
PLABUME, TO OWA WMECT B PACCMATDHBACMOM CAyYae Wonebatednb-
HelH XapakTep, H 34eCh SBIACHACTCH BTOPOH HeAOCTATOK OMNpe-
epenmil (27.27). On 3aKIICU3eTCAd B TOM, 4TO, B TO BpeMd,
kax ¢ynxknus G(t) Bceria HeoTpHLATeAbHA, OYHKUHA B (%)
MOKeT MEHTbH 3HAK, 4 NOTOMY HHTErpan of (DYHKUMH B 3TOM
cayude naeT MACGKOH KpHTepud AMA OUBHKH HHTepnala Koppe-
JSIUMH. DTH HedOCTATKM HCKTOUYAOTCA B ONpPeNedcHHAX, CO-
Lepwallinx Te HAM HHGIE MOMEHTH KBAADPATOB QyHKIAA
(cm. § 12), uau ux abcomoTHuIX 3Ha4Yenut, © 7. 0. Ho copepuieu-
CTBYS ONpejcfeHHs B 9TOM HANDABJEHHM, MBI TEDSeM HMX HpO-
CTOTY, H JHUIAEMCA ROSMOKHOCTH PUMEHATE TR AecTRO (27.25).

§ 28. CnekTpsl HEKOTOPHIX CTALMOHAPHEIX OPOLECCOB

B xadecTse nepporo npHMepa pACCMOTDHMM  CTALMOHMADHBIY
CIY4aHHHA npouecc, NpeLcTanaseMbll CrIydaHHOH BeawduHoft,
OPHHBMAIGIIEH C© paBHON BEPOATHOCTBH) OBHO H3 IBYX 3Haue-
Hufi = g, ¢ nepeMeHod SHAKA, NDOUCXQASINEd B CayuaHHule

Ay

# (] sy [— . .
I t
|

I_, & I 'Eq

Puc. 46.

moMente. Ha puc. 46 u3ofpamena oIHa U3 peaausauuwd ta-
Koro npotecca. Jlas NOJHCOH XdpaKTEPHCTHKH MPOLECCA HYMKHO
33/4Th emie pacnpeledeqde LAA TOUEK MepexoAa uepe3d HY /b,
WM, KAK KOPOTKO FOBOPAT, PACHPEASTEHHE HYAeH. [Tycts 3a-
JZHO T4KOE pacnpejenelile B BHIE BEPOATHOCTH p(n R} TOUO,
YTO HA UHTEpBAJe T OKAKETCA DOBHG 12 Hy.eil,

6B~ 2 A. A. Xapkésuu
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Hafizem cHauana QyHKUMI0 KOPPEAdlNH, N0Jb3YICh OCHOB-
HEM ee onpelenenueM (27.4). Ias TOro HymHO NpelBapH-
TeJbHO COCTABHTL BHIDAMEHHE JJAA JABRYMEPHOH IIOTHOCTH
BepOATHOCTeH (T. €. IJIOTHOCTH- COBMGCTHOM BEPOATHOCTH CaV-
YafiHbM BeanuuHam E==E(f) m § ==E(! -} 1) nHaXoiuTbCA COOT-

BETCTBCHHO B MHTepBafax (X, X, dx) 1 (X5 X3 dx,)).
PacnpeneneHne B HalleM cJayuyde ALHCKpeTHO w ofaalaer cie-
aywoupyn cpolicTBaMu. Ecmu Ha HHTepBade t© HMEETCA YETHOR
yucao nyrel, To E(f) u §({ < <) uMe0T OLHHAKOBLI 3HAK, T. e.
PaBHEL € ONWHAKCBOW DepoATHOCTRIO aubo -+, -+ & aubo

J P %s)
2 A
]
rd I R Ay ks
s /f
. n // nx - ___1?,
ﬁ e s -
s 7z
- yd
<L
Puc. 47.
—@a, —a. Ecan ke Ha uHTepBajie T HHCAD HyJell HEUYeTHO,
7o £(f) u E£(¢t-} <) HmedT pasHee 3HakW W paBHH b0+ a,
—a, aubo —a, —+a¢. Bce 370 MOMHO 34M0HCATH AHATUTH-

Yecks TPHU MOMOLLB ARAbTA-PYHKIMA caelyomum o6pasom:
(X Xp, T} =

=SB — 2, £ a) -3 (% + a4, %+ )] W p (kD)4

k=0

2B —a b @)+ (e X, — )l NP2kt 1o,
k=0

B s10M BHpameHun

" R
Y@k =p, NPQE+19=rp,
k=0 S =0 B
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-~ COOTBETCTEEHHO BEPOSITHOCTH TOABNEHHA HA HHTEpRade T
YETHOrO W HEYeTHOro uMcha nyneH. -
Jlas HAFMIZHOCTH pAcOpenciente A48 PacCMATPUBAEMOTO
nposecca WacHpameno Ha puc. 47. Jiymepume nemwpTa-QyuHx-
LIHH [NPERCTABREHB] YCAOBHO CTONOHKAMH KOHEYHOR BLICOTH

1 1
{(n obnema o=z p, W B:§p“).

TMoucTasuM HallleHHO® pacrpese/eHHe B ofulee suLipanc:nne
AR QYHKUHH KOppeTainy

B(t)=
- ‘ o o
—zh f | xrxel8(01—a, x,—a)4-3(x, +-a, x;-f-0)] dx,dx,+
_1'-%}7“ J7 J‘xlxala(xl_.—-—a’ x2+a)+

&, +a x,— @) dx, dx,.

Mpu eaqeCt1enyn  WHTETPadOR € JeJbTa-QYHKUAIMH  CAcAyeT
MMcTh B BHAY, UTO TO ONpeleicHHIO 3TOH GyHKIUH

[ 708 — 20y d = f(xo).

YunuTeBaA ITO COOTHOWEHHE, [OCIE ABYXKPATHOTG HHTETPH-
poBaHuA [OAYYHM

B(t)=a¥(p,—p,)>
PacemoTpum uacTHHE clydalh TyaccOHOBA pacnpeeieHys
1)

pin o= M(M;!)n £

Tle pp—Cpelduss yacToTa nyaefi. B 3T0M 4acthHom cayuae

inﬂ {uyek i (o3 +t
AR T e (2 1)
=0 k=0

B(x)==qte ¥

= e X (—1p g
k=0 . )

§R — 9%
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wil
B(r) =qa?e -2, (28.1)

Otciona HaxoiuM u cnexrp [no (27.12)]
G(U’):'i_ a2J e_fz*“.‘ COs Wt d':——uzfﬁ 2u (28.2)

n " i et
u
Mu nmoayuuin rpelyeMelll pesyiLTaT, OMHPAsch Ha OCHOB-
Hble onpenededda B(t) 1 G{w). OnHako 3TOT Ke peayJabTar
MOMHO MOIYYHTE TOpasilo GeuicTpee, MHHYA COCTARJEHWE H HH-
TerpupoBaHie ABYMeDHOIO pACHpeeficHUs — TO4Hee T OBOPI,
3AMeHAS COOTRETCTBYIULYIO YaCTh BBHYACICHHA YCTHHM PacCyi-
newdem. Bot, x npusepy, paccywmpenue Patica ( 130] crp. 118
nepesona):
Paccmorpum npoussesenue £&. OHo pasto nubo a?, anbo

— @2 B 3aBHCHMOCTH OT TOrQ, YEeTHO HJAH HEUETHO YHCJIO HY-
neit ma uHTeppate t. Cpelnee sHayeHWe nponssefenud £§ Oy-

JeT noaToMy pasHo ap naoe (~—a¥)p, rae p Ap —
y . P THE P MPp,

BepOATHOCTH IIOABJEHHR HYCTHOIC H HEUeTROrO HHCA4 Hyﬂeﬁ r_ia
uHTepeate T. klrak,

B()y=da*(p,—p)

{B MOMMHHHHKE DACCYMASHUE NHIIb HEMHOIO LAHHHEE)

B kauecTBe chleayrwierc NpHMepd BOBLMEM CTAUUOHAPHLIH
chyualinbif mpouecc, XapakTepusyYOUMACA TeM, 4To H4 WHTEP-
Bade Ty MeAy ABYMA CIY4AHHO PACITOJ0MEHHBIMH TOYKAMH
NpOlece MMeeT CaAyualltoe, HO HeM3M=HHOe 3HauenHe £, ([6],
¢rp. 372—376). I'padur BO3MOMHOH peanHsaudy Takoro mnpo-
ecca 1nokasaw Ha puc. 48. an Haxomnenwa PyHKUHH Kop-
persuuu noTpefyeTcd paccyActHe, OTAMYAWWESCS OT Hpefbl-
LYLWET 0. _ _

[poussenensie asyx sHavennil §(£) u £{f+<) Oyler pas-
JHYHO B 3aBHCMMOCTH OT TOFO, JAeXaT JAM MOMeHTH { M [t
B OIHOM M TOM e WHTepBane T3 WAW B pasmusHux. B fep-
BOM ciydae o

EOE (1) =E
B+ =85

Bo propom ciayuae
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M D% NOAYU4eHHd MYHKUUN KOPPEJIRUHE HYMHO CAORUTL yCpea-
HEHHLIE IO MHOMWECTRY 3HAYEHUR STUX HPOHSBEREHI‘IH, YMHO3KEH~
Hele H4 COOTBeTCTBYWOiMe BepoaTHocTH. MTai, Mst A0/XKHB
HpewAe BCeTO HAATH BepOATHOCTE TOrG, YTC OTPe30K ILJIH-
HOWD T VKRAALBAETCA MOJTHOCTB) Ha uHTepBare Ty. 2Dta se-
POATHOCTL DABHA DEPOHTHOCTR TOrO, UTO HA NPOTAMENNH
OoTpeaKa ILJMHHOW T, CAy4aiiHeM o0pasoM GpOuIeHHOTO HAa OCh
BDEMEH, He OKaKeTCH MM OJHOM TIpauwmilsl MeXIY WHTepBa-
aamu Ty, T. e. HH OJHOTO HyJaf. DTa BEpPOATHOCTb Cpasy

) B

i

ey
a

|

Pue 48,

onpeleaseTcd, eCAM MAHO pacnpelededue p{r,T): HCKOMAd ge-
postiocTe ecTh p{0,t). Tax, B cAyuae myaccoHOBa pacrnpeje=
AeHHA

pQ, )y =e == p(x).

BepOﬂTHOCTh TOTO, YWTO OTPE30K T HC BMELIASTCR® B HHTEeDRAA
Tp (T. e. wro { W £ T HAXOAATCA B DAasHLIX HHTEPRARAX,
nanpumep, T, u T;) paena, ouesunuo, 1 — p(z). Taxum oGpa-
30M, AAf DYHKILMH KOpPEHALMH HMeeM
2 »
B(x)=M(E) p() + Mz [1 — p.

Cuuran, 4T0 % ® 5 HE3ABHCHMEl M ONLMHRKOBO pacipele-

nensl, yro M(E)=0 u uro, caenosarensuo, M (35) =10, no-
AYTIHM

B = M®E) p@),
a LA CAyuYad AyACCOHOBA pachpeasaeHa

B(x) = M(@)e-ee. @83
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OTcosa cefluac e HaXQAUTCA H COEKTP

G(w) =~ M (B 54— (28.4)

z+wa'

Wntepecio oTMeTHte paszanuue dopmuya (28.1) u (28.3).
Kasaaoce 65, panee paccMoTpeHHBIH npouecc puc. 46 asiserca
UACTHLIM CRyYaeM mpouecca puc., 48 u 4To MOXHO moay-
YNTh BHpaXeHHe 147 @YHKUHH KOPDeNsUHE LM [pOLecca
puc. 46 uz dopmynn (28.3), nonomUR B Heh

M () = a®.

Kax suaum, 370 He Tak. Pasuuna oO6BACHAGTCH TeM, YTO JJas
npouecca puc. 46, NpHHMMAOWEro MOMepeMEHH O 3Hayelnd
T~ a, Heab3d NPOCTO NOOJOMUTH

M (&8 =0,

Kak 9T cienano axs Oosee obwero nporecca puc. 48, flpo-
HaBeleHKe §fp NPHHUMAET NMONEePEeMEeHHO 3HaueHus a2,
TaK YTO HMeeTC 3ABMCHMOCTL OT DACCTOSHHA MeXAY WHTepBa-
&aMi (T. e. OT pasHOCTH B-—1[), T. €. B KOHEYHOM CYETE OT <.
Oty 3aBHCHMOCTL Ml U YUMTHBZeM, Korja OepeM BepOATHOCTH
YeTHLIX M HEYETHEIX YHCen 'ByJel, Y0 H NPHBOKHT K yOblBa-
HHI0 QYHKLIHA KOPPEMAULHH IO 3aKOHY e~ 3%, a He e~ #T,

B npenblayuminx npuMepax CREKTP BBIMHC/SUICH, KAk ipe-
obpazosaune Pypre fas Qyuxumn Koppeasinn. IMoxaxem Temept
X0 BBIYMCHEHHA, KOrla 3a OCHOBy Gepercs Qopmyna

G (w) = - lim ~—] Sp(w)? .
T—)-oo

B xayecTBe TpHMepa BO3bMeM M[OLECC =@ C MepeMeHoH 3naka
B cayualuble MoMeHTH (puc. 43) (cM. [10] crp. 48 — 49, [18]
crp. 194-—196). Bripauenne a0f pealH34IHH MOMHO BanucaTh
B BHJ®

() = ak;_]m(— 1% ot — £,).

Laa Texywero cnekrpa OyseMm HMeTs
Tl oo
Spy=a [ | 3 (—Dkst—2) e tat.

V] L=0
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[MoumenseM NopANOK ONepalMi cyMMHPOBAHNA H HHTEr DHPGBA-
HMA, W, 3a01HO, 3AMEHWM MpPEEH, - [10A0MKHB

T=nT 0*
Tiae Tcp = .:: —— CPEAHNA HHTEpPBAS MEKLY COCCAHMHMH HYIAMH.
Torpa noayunu
n o

ST((D) =a E (..._. l)k f _J(‘l:_tk)e—fmf At.

=1 -0

Murerpaa sipamaeT CNeKTp SanasinBaoltel efHHHYHON (yHie
uug (cM. § 11), Tax dro

n
Spl)= £ ¥ (—DFe™.
k=1 ’

Jaq nonyueHds KBaapaTa MOAYAd YMHOMKMM HA COMPMKEHHYID
BeUYHHY

IST("’) Iz = ST(m) S}(w) = Z.-j_ Z E (— 1)k+le-fm(tk—tl) _';

k=11=1

WMTak, Bopaxenue AJs CAEKTPA cAydaliHOro MPOUECCa MMEeT BHJ

n n
2 1 —
G(w)= %Hm%z E (— 1yt g7 =) |

I3 n
_l_ Y (__ 1)k+;e_jm (tk-ti) —_—
" k=11=1
n—1
= 7}{ (n—m) (— Dym ™ Cram=1) |
n=—-(n-1)

(llero B TOM, 4TO BCRTO HMMeeTcn #® caaraemsix. s HHX nis 2
cnardembix m == 0; nag n— | cnaraeMux m =1 U A84a9 TAKOTO
e uueaa m=—1; nx9 n-—2 cmaraeMpx M =2 1 pam

B—2 CaaraeMulx m —-—2 © Tax Addee,)
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PaccMoTpuM OTHedbHO SKCNOHEHUMA/AbBHBI MHOMUTeAb, Ere
MOMXHO NpeofpasoeaTh CAeAyOIMM 0Opa3oM:

e"-j‘”(th-m -ty e'"j"’(tl-i-m_zl-i-m-l) Il I} B
"

' —gw 't . _ )
e W aq=ip o pmiwdy gty e oty ll £ jm’Ii’

i=1
rie T;-— NOCHeL0OBATENLHOCTL HHTEDBAJIOB MEXKAY HYJAAMH H3
NPOMERYTKE ff— fy = 1y — {70
Bnecem tenepnh MHOMHTENb — IO 3HaK CYMMH, flepefileM:

K Npeiedy, H 3anplieM OT/ABILHO CYMMB AA5 NOJOMHTEbRLEX
n oTpHUaTedbHHX #t. [lonyumm

i [P

G(w)mi%" I+ 2 (-—UmHE—jmT?._l_‘

m=1 i=1

+ 24 (_l)m PACAR

n=1

Ing saepiienys BLIUMCASHUS Mbl HOMKHBL ObinM OBl 3MATH
ROCAEROBATENLHGCTE T, ONPelefAoyIs NAHHYI0 DPeaNH3alyK.
DTa noCnelOBATENBPHOCTL HaM He 1dHa; 1a#d NAOTHOCTh pac-
npenenenun ¢ (Iy unteppanos T;. Ilostomy Ha JanuoM 3Tane
Mbl NpHberaeM K YCPELHCHHIO TO MHOMECTBY.

3uhaua COCTOMT B HAXOXNIEHMH CpelHero SHAUEHHT CYMMEI

T

2 (— 1ym I[ ¢ ~joT,

m=1

INpennono:kuM, 9To HHTepBadbl T; CTATHCTHUECKH He3aBHCHMEL.
Torna HesaBHCKME M BeJuuHHB e /@7y § ¢cpennee npouaBeileHys
P&BHO NpPOM3BEACHHIO cpeaHHX. Mp MoeM szanucath

[2 — 1>mﬁ e"“’“] S l)mﬁ M (7T,

m=1 =1

Tipeancaaraercs, 9TO BCe WHTepbank T); HMIOT ONANAKGBOE
pacnpejeseline, pupaxcaemoe naotnoctelo ¢ (7). Torua

M) = [ eme ™ ar =y W),
u
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T. e. cpemnee auauekue e '’ ecTy npeoGpasosanne dypoe 117
maoTHoCcTH  BeposaTHocTell @ (7). Pyukuma  y(w) Haspsaercs
xapaxTepHcTHUecKol (yuxnne#i. Temepb MB MOMEM 3aMUCATh

o0 " . ]
NPERCE b 8 ~jeTiy W (ym — X
2‘1( 1) ,L_]IM(B ) ,,t‘l( 1)" 3 (w) Ta

Bropas cyMMa naeT conpsukeHHywo Bennuuny. CKIAABBAS KOM-
MACKCHO-CONMPTIKERHBE  BeJHUMHEL, [OJyYAeM YABOGHHYW Aefi-
CTBHTSABHYID HECThL, TadK HYTQO OKOHYATEIRHO

G (0) = %[1—2&3 (l—}r(;";—m))}

OnpenenuM crnexTp AR 44CTHOrO CAyvas NyaccoHOBA pacrpe-
beJeHun HyJeh

cp(T)-:pe_FT.
Bafinem xapaxTtepucThueckyic PyHKWLLO
= P
= | gMe " ar = J Sy — 2|
£ (9) J ? (1) e [ e -t

Jlanee
(o) . »
I+ (e) 2+ jw ?

HEB pcayanaTe
2, %
Glo) = S0 o ams

uro cosnanaer ¢ (28.2).

§ 29, [onATHe cMEeKTpa B NPUMEHEHWH K HECTAMHOHAPHBIM
npoueccam

B apeABIyiieM MB 2aHHMAMNCE TOJBKO SProfHdYeciuMi
CTAUHOHAPHEMKE iIpolleccaMd. Ho HE RNpPakTHKe RPHXOAHTCA
MMeTb AeJ0 M C TMpPOUeCCAMH HeCTAllMOHADHBIMH, MpPHYEM Cy-
WeCTBEHHO, YTO TAKKE NPOLECCH BCTPEYAKTCA LOCTATOUHO
qacTo M uMeoT Boabmos  3HaueHme. K 9McAy HeCTALMOHAPHBIX
NpOLECCOB  QTHOCATCA MHOTHe BHAH CHTHAan0B ¢Basu. Tak,
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| HampuMep, O0BIUHOE MOAYIHPOBaHHOE Koaebanue
() = E(f) cos wi,

rae £(f)— cranuouapHell cayuyaliHefi npotlecc, SBAIeTCs TPO-
LleCCOM HEeCTAUMOHAPHHM, YTO CPasy BHAHO XOoTA OH U3 TOro,
4TO OKHOMEpHOe paclipelefeHte NPORSPUUOHAABHO COS i, T, €.
BaBHCUT OT BpeMmedd. IIpH TakoM NOJOMeHHH HEOOXOLHMO TO=
CTABUTHL BONPOC O MPHMEHMMOCTH CNEKTPANbHBLIX NMpencTaBIeHHH
K HEKOTOPOMY HHTEPECYIOLIEMY HAC KJIACCY HeCTALHROHADHBIX
npoueccos. [leno cBeAUTCS, KOHEYHO, K HEKOTOPOMY HEPeCMOTPY
M pACIMMPEHHIO Onpejedennfl, KOTOREIMH Ml 0O CHX HOP NOJb-
30B&JHCD,

Kaxk mul Bupemu (cm. § 27), BeluMCAeHHe crHekTpa cayuad-
HOTO TNpOLEcca HelMpemeHHO CBR3aHO ¢ omepauHedl ycpelHeHus.
Has 9profMuyeckux CTALHMOHAPHHIX NDPOLECCOB CPeNHHE MO MHO-
JKECTBY U IO BpeMEHH# C BepOSTHOCTBIO eJMHHLA PaBHH LpyT
apyry. lloaroMy Oe¢spasmuuio, KaKuM Ccnoco8OM ycCpelHeHHd
Mbl BOCHOJb3yemca. BuOop ycpenHenus onpenenserTca TeM, Kax
HaM 347aH CAyualiHEE nponecc. B ycooBHSX 9KCIepUMEHTA MBI
nMeeM JAeao OOLIUHO € OTueqbHOH peasausauMeft cayuaiiHoro
Hpouecca; B 3TUX YCAOBMRX M NpuleraeM K YCpPejHeHHIO 00
gpeMend. [Ipu TeoperuveckoM JKe HCCISLOBAHMH CJAydYalHLi
npolecc 3aBaeTCA pacnpeleleHHeM BepoAaTHOCTeR, M B 3TOM
CAy4ae Msl DOJAB3YEMCA YCPeLHEHUEM MO MHOMECTBY.

[Mpencranum caydafineiii npouece kak ¢ynxumo E( £) aByx
HepeMeHHBIX: cAydafinoro mnapaMeTrpa W HENPepPLIBHO TeKy-
wero BpeMeHH f. 3a(MKCHPOBAE HEKOTODBI MOMEHT =/, MLl
noiayuuM cayuatinyio seauunny & (3, £,), pacnpenegense KOTOpOH
B ofIneM cAayuyae SaBHUCHT 0T £, 3aKpellHB e HekoTopoe
sHaueHHe cayuafiHoro napameTpa @, ML TOMyYaeM OOHY HB
BO3MOKHBIX peanusaluft cayvyalHOTO npoueccd, IIpejicTaB/n-
oy coboll yxe Hecayqaduylo (VHKLMIO BpeMeHH.

Onepauust ycpeiHeHHs eCTE B CYUIHOCTH ONEPALRA UHTE-
TPHPORBANKA € TeM HJM HHBIM BecoM. Tax, cpeiree Mo BpeMeHun
HaXOLHTCA H3 BHDAKEHUA

z
2

E=Jm L f E(f) dt.
T

]
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Cpc.ﬂ.ﬁee fl0 MHOMKECTBY BHIUMMCIACTCH, Kak

ME) = f xp(x)dx.

—_00

Ho ecnu mbi uMeeM Deao C© QyHxkUMeH IOBYX MepeMeHHHIX,
TO, B ODiueM CAyYae, yCpelHeHMe Mo OAHOH NepeMeHBOR macy
BEAMYHHY, 34BUCALLYI0 OT BTOpOH nepeMeWHOH, ¥ HaohopoT.
[TpumenuTesbHO K cAyUYafiHeIM  [1POUECCAM 3TO  3HAYMT, HTQ
cpelhee N0 MHOMECTBY, B ofmieM caydae, 3aBHCHT OT Bpe-
MeHH, a CpelHHe IO BpeMeHH 08pasyoT CAydyaliHoe MHOMECTBO,
Qproauueckuf  CTANMOHADHHA NPOULECC TéM M 2aMeyares
JeH, 4TO A/ Hero CpejHue MO BPeMEeHH H 10 MHOMECTRY
paBdHl APYT APYLY, 4 M3 9STOr0 HEeMOCPEeACTBeHHO CJAEAYET,
uTO OHU He 3&BHCAT OT BTOpPOHR nNepeMennol (Tak xaKk QyHK-
UMM PasSHHX APryMEHTOR MOTYT OHTb paBHEL APYT ApPYTY
TOIBKO B TOM CAIYYae, KOTI4 5TH QYHKUHR [OpPeacTaB/gioT
cobo#fl MOCTOAHHBIC, T. €. BEAHUHMHH, HE 3aBMCAULME OT apry-
MEHTOB).

Takum ofpazsoM, cpelHee s HeCTALLMOHAPHOTO IIpotecca,
pACCMATPHBAEMOTG KaK (PYHKURA [ABYX MepeMeHHbIN, MOKeT
OTNPeNelaThbC Kak pesyabTat LBYKPATHOrO YCPEAHEHHT — 1o
MHOXeCTRY W no Bpemenn. [lopanox ycpeaneuns Oeapaszsuuen,
TAK KAaK [NeX0 CBOAUTCA BCEro JHML K M3MEHEHWW IOpsLka
uuTerpuposadns. Tax, npousBens AAs HeCTAUMOHAPHOIO TPO-
necca yCpelHeHHE MO MHOMECTBY, M MOJYUAM BeJHUHHY, 3a-
BUCAULYID OT BpeMeHH; IJA YCTPaHEHMA 9TOH B8aBHCHMOCTH
carelyeT NPOH3BeCTH MOBTOPHOE yCpelHeHue, HA TOT pas Io
BpeMeHd. Ycpennas ciepka MO BPEMEHM, MNOJYHUM CAyuafiHoe -
MHOJKECTBO; TPeSyercd [AONOJHHTENbHAA ONMEpanusd yCpe HeHHs
no 3TOMY MHOMECTBY.

Han moaHOTH KapruHe caenoBaao 0wl pasolbpaTe Bompoc
0 TOM, IJ% KAKOTO KJI4CCa HeCTALMOHAPHHIX MPOLECCOB CpelflHee
B YK43aHHOM CMBIC/e, BO-NMEPBHX, CYWECTBYeT, a4 BO-BTODLIX,:
He JHNIAETCA TOrO (UIUYECKOTO CMLICAA, KOTOPHIH Ml ODHUHG
ycpennaemofi BeauusHe nphnacwbaed. He npeanpunumas sieck
TAKOrO HCCABNOBAHNA, 3dMETHM JHilb, YTO B KaYecTBe [lpHMe-
poB B NadbHeHilneM paccMaTpPHBAITCA TOMbKO TAKWe HECTaluo-
HApHEE MPOUECCH, AT KOTOPHX (YHEIUHA KOPPEAlHd H COerTp,
BHUHCACHHBIE 0OYTEM JABOHHOrO YyCpelHeHHd, COXPAnAdT CBoH
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ofuiunbilt cMpica *), Bo nafiemanue nesopasyMenulh Me OyaeM
HasuBaTe QYHKUHIO KOPpeTANHH M CHEKTP HecTalHOHdPHLIX
npoLeccos, NOJAyUYeHHEIE IBYKDATHLIM  yCepelHeHHeM, cpedned
GYHKLNEH KOPPENAlMH W cpedHum CMeKTPOM.

[MokameM Temepk, UTO CpelHHe GYHKUMA KOPPERSIHH 1
CHNEKTP MO-NpexHeMy CBA3aHM MewAy cobolt napol npeobpa-
soBauus dypbe. B KavecTse MCXOAMHX BOSbMEM CAERyIOLIME NBA
onpeleneHus:

B )= MEO—DL 0@ =—1M(3[S@F).

3anuwem BHIPAKEHHS NI TEKYWEro CIEKTpa
St (w) == f E(ty) e—dwt dty
-0

1:1 YMHOKHM HA CONPAMKEHHYIO BeJHYHRY
. : t 1
5,(0) Si@) = |8 (0)]? = ffE(f)E(t)g g (t ﬁt)dfl dt,.
Bresewm '
=t —1,

W paszofbeM 06aacTh MH’rerpnpOBamm Ha IBe, K4K [0KA3aHO

ra puc. 49. Jto nacr
i 0
CiSi@e= [ dt [a)tt,— e de

A
+ [ at, [ ettty + vy e as,
"~

Vepexnum ofe 4acTh 5TOTO PABRHCTBA [O MHOMECTBY, 3aMeuas,
4T0
MIEED e — D == By, {y— D)= B (5, t) = MIE() E (1)) =
= MIE(t) Bty 7).

*) Bynumoniu [3] TprMeHART IBOHHOE YCpeNHeHHe, HMES B BULY
HECTAUHOHAPILE TPOUCCCH BiAA T(t)——UJ[E (), f{®)] raec ¢ — zuax
wexotopait dyukiuy, §(¢) — enyuaiivmit nponece, £ ({) — nepuoinusckan
HAH DOUTH-TIEPHORHUCCKAR (iynxwiin. Bee Npumepsl cACAyOUIETO Tapa-
rpatha npulaiACKaT 3TOMY Kaaccy.
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Mu noayuum

z oo
M|S; ()P = 2f dt, fB(t,f,)cos e A,
==ca 0

Iuddepenmapys 00 £ H UOACTABAAA De3yibTaT 8 HCXQAHOE
onpelleNgHde clneKkrTpa, HaXOJMHM
o0

2 -
G{w, ) == - J B(z, ) cos wx g,

0

+OTCI0Nd YCPENHEHHEM MO RPEMEHH (I04ydaeM CBe3b MEKLY
cpeAHHM CIeKTPOM U cpeiHeR gyukuuedl Koppeaauun

GA{w, £) =—% j' mcos ot d.
o 0
CnpaeeanuBo H oOpatHoe peolpasoranue
m = fm Cos wt dw
4]
{cpasrn ¢ Hopmysamn 2740 v CTAD).

2
T=0

i

I

Puc. 49,

Bulron u3 Bcer0o CKasanHOTO COCTOMT 1 TOM, 4TO Mbl MOMEM
BOCROAL30EATLCH  Ad . BLIMACICHA PyHKLN ROppefausn W
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CﬂeKTpOB HECTBLIHOHaprIX l"ipDL'l.ECCOB @meynamu, HpI/IBB,B.EHHbIMH
B § 27, n00aBHB B HUX BTOpPOE YCpeluyenne. C TOUYKH BpeHHS
BbLIYHC AeHUH CyUIeCTBEHHO, 4TO 3TO BTgpoe yCpelHeHHe MOMXET
ﬂpOHSBOII.I/lTbCﬁ ua awboM 9rane Bb[‘{]dc,rleﬁﬂﬂ, K4dK TIOK43dHO
Ha npmMepax CAelynwero naparpada.

§ 30. CmexTpel HEKOTOPBIX HECTALHOHAPHBIX APOUECCOB

OTMMYNTEABHBIM NPH3HAKOM HECTALMOHAPHOTO (B WIHPOKOM
CMbIC.'Ee) npouecca aABA9ETCA TO, YTO ero OAHO- H ABYMEPHBIE
pacnpenenenun UK COOTBETCTBEHHO nepm,m H BTOPQH MOMEHTH
BABHCAT OT BPEMEHH. HMnaue rOBGPA, HGCTSHHDHEPI{OCT}: Bhipa-
WaeTcqa B TOM, UTO CpelHee BHaUCHHE, nubo AHCAEpCHS, JHOo
GYHKUUA KOPPEeAsslHA ABIAOTEA PYHKUusimn BpeMeHH. Mul Gy-
ACH TEMENATS STOT ;fofFEpffﬁ B B c\:MngffgﬁeﬂfﬁrX HEHE (T~
Mepax.

B kauecrtse Nepporoe fpuMepa pachOTpHM cnyqaﬂHHﬁ npo-
Hecec, xapax'repwsylomidﬁca TEM, HUHTg CJIy‘-lElHHaH BEJAMYKHA
MPHHUMAET ONHO U3 ABYX PABHOBEPOATHRX 3HauedHuil = a; nepe-
MeHd 3HdKa MOXeT JHpOHCXOIUTh TOALKO B QJHKCPIPOBEIHHBIE

MOMEHTE
t=t,=kT,.

K OHHCEH-IHOMY CJ[Y‘-I.':IﬂHOMy HpOE&CCY CBOOUTCA, HANpuMep,

TEJie['panHblﬁ CUTHAN NPUH Tepenave pHBHOMeprlM KOAOM. Ha
puc. 50 uaobpakena OlHa W3 Peanu3auuf,

it

—

] -

Puc. 50.

K I R

CocTaBuM BblpaKeline nIJaa paclpeneneHus BepoﬁTﬂocTeﬁ_
_OJLHOMEPHOE pacnpengneHne COCTOMT 43 AByX BBPOﬂTHOCTeH

play=p(—a)=

N\._
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Buipasenue ang 0ZHOMEPHON OAGTHOCTH BEPOATHOCTER MOMHO
3d0MCATb C TIOMOLIBIO HedbTa-$yHKUMH

s
p(0)= 5 [Bx—a)+ 3+ a).
O,H.HOM&pHOe pacnpenejeHne, Kak BHAUM, OT BpPeMEHH He 33BH-

cuT. Teneph paccMOTpPHM pac-
OpejejcHHe 1Ay ABYMepDHOH f
&

BEAMYHHL &, £, NpencTaBasio- ‘r
mell cofofl  COBOKYNMHOCTH £
]
ABYyX B8Haudenu#i cayuvafiHOTO L/ -
¢

npouecca, QTCTOAUIMX APYT

oT Apyra Ha t. JlByMepHoe terll . 2
pacapelefenne, OKa3bBaeTCs
84BUCUT, OT BpeMeHd. MMenno,
ecan
< Ty, ' Puc. 5.

TO MOMEHTH f M f—}t HAXONATCA BHYTPH OBHOTO U TOTO e
unrepeana Ty n, ciepoBaTensto, & U §, AMEIOT OAMHAKOBHA 3HAK
(puc. 61). Takum obpasowm,

91 (%y, %) = 5 (3 (xy — @, %, — @) 43 (%, } 4, ¥+ )

t+4 << Ty
Ecan we

E+ << Ty

To £ M £ C pasHol BePOATHOCTLIO MOTYT HMeTh MoGHIE IHAKH
M, CTAI0 OLITb,

‘Pz (‘xl_s -’Cz):%w(xr“‘a: x,—a)+3 (0 +a, Xo+a)+
43—, X+ O+ (¥ a Xy @) 1 > T

Takum o0paszoM, IZBYMepHad IMTOTHOCTh BEPOATHOCTEH MMeer
Ha [a3HelX HHTepBAaJaxX pasHbie BHIPAMeHHd, 4 3TO W 3HAUYHMT,
YTO OHA BABHCHT HE TOJAbKO OT T, HO W oT f. Mrax, pac-
CMaTpHBaEMBIA NpoUecC HeCTAllHOHAPEH.

Kak yxa3uBa/iock Bbille, YCPeiHEHHe MOMKeT [POHM3BOAUTLCA
na mo0oM Tane BHUUCAEHHA. BOCNMOAL30BABWINCE 3ITHM, yCped-
HUM Cpady Mo BpeMeHd CdMOe ABYMEpHOL pacupelelenue.
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Mbi uMeeMm
O (%) Xgr %) 1) o= { @y (X, X3) npn (<" T,
@3 (Xq, X3} mpu Lt > Ty,

Ilepenume HepaseHCTBO
tt+1<Ty

0L <CTy—n,

¥Ycpennns pacnpelefienne A0 MHTepBaay T, nonyunm

I BHIC

To—1
- .
P (X5 Xas T, t)':'f-:" J @y (X4, %) df"“——(l ""‘;T‘-EO") $; (X Xxg)
3 .

o t, Haxongmerocs B unreppase 0, Ty, Tlpn
t+1t>Tg .
To—rn <t <o

MOAyYUM, YCPelHA# 1o uuTepeany 7 — oo,

TO eCTh NpPH

“?(xli xzi T! t)i 5.?2 (xlv x2)

' Adg T B HHvepBane Ty, co. ‘Mrak, Anm ycpeAHenHOro pacmpe-
AEAEHHA MOMKEM 3aMHCATb

¢ (X, Xg, T) = P (.JCI, Xas Ts £) =

_-:Tl-['a (¥, —a, x,»—a)+
+ia e g+ l(l —-F) npn 0 << Ty,
= 1B (x, —a, Xy— @)+ 305, + @ X+ @)+
=+ 3(xy—a, X34 @)+ 8 (x; + a5 Xy = )
npu Ty << e

Hoacrasma ycpeiHeHHOe pacnpeleaeHue B (opmyny

. [ (2]

B(r, {) == Jf' f Xy Xy 9 (X5, Xgr T L) day dXy,

—_ -0
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HalAeM CPeAHION (QYHKILHI KOppesnuy

T Al
m= aﬁ(l——ﬁ) 0<T<70,
0 To< 1< oo,

A 3aTeM U CPenHMi CMeKTp

=] 10
G (w, t,’=2 f Br, ) (:osa)'cdﬂr-::za2 J (] -——1) cos wt gt =
T w i
: 0 o

2
sin m&

. 1 ) -
= - at T, - i . (30. 1)

2

Ilas ©TOpOTO TpUMEpa BO3BMEM TpOneCc WecKonsko Gones
“06IUero BMAZ: OCk BPeMeHM MO-NpekHeMy pas0uTa HA paBHeE
HHTepBadH Ty B K&KIOM HHTEPBaje cCayualHas BenuuMHa

£

4
3
t

|

I

1

]

\

| t
L agd

Puc. 52

NPURHMAET HE3aBHCHMBle 3HAaueHUs &, onpemendeMele NI0THO-
cTbi0 BepoaTHocTel @ (x) (puc. 52). Jlap AByMepHOH [IOTHO-
CTH BEPOATHOCTEN HMeeM CACLYIOIIME BEIPANKEHUA:

Plx) 8w —x9) LTy,

Pl o = { o () 9 (%) x> Ty
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Ecnn M(E)=0, 10 noca: ycpelAuedus HAXOAMM AA3 QyHKLUAH
KOPPEARUHH H CHSKTPA

ME) (1 _%) 0<t< Ty,

B, t)=
0 Ty <t < o0,
1 sin m%‘. ¢ B
GO, D=3 oM@ [ —F—] . - (30.2)
@2

PaccmoTpennsifi mpouecc MOKHO NpencTaBMTb, KAk  I0-
CRENOBATEALHOCTL TPAMOYTOMIbHBX MMAYALCOL CO CKBAMHOCTEID
©UHNIA, MOLYJIMPOBAHHBIX M0 aMmmauTyre. HywxuHo asameruts,
NTC CREKTPH pa3TANHLIX BHAOB UMNYAbCHON MOLYARUHH YROG-
Hee HAXOAHTH, MCXOQAA M3 TIKYW2ro CNeKTPa, NOLOOHO ToMy,
Kak 370 OHA0 noxasawo B § 28,

PacemoTpum obuwufi cayus#l aMINTYAHO-UMNYABCHOR MO=
ayasugn. Tlpouecc npeactasager co00R NOCAELOBATEIbHOCTE

[£17
) £ fit-T)

£, He -2}

N U*

Puc. 53.

UMITYILCOB NpousBoasHOd dopmu f(£), MOIZYyAHDOBAHHBIX 06
AMUANTYLE, T. €. YMHOKEHHHX HA CAydaliHoit MHOKUTEAR §
{puc. 53). Taxo# npouecc Moxer GuTh 3aNucay b BULE

0= 3 W/t —kT).

CocTanuM BEIDANEHHE AJA TeKYHETO CNeKTpa

r . )
ST(m):f[kZ E;J(t——kTo)} eI gt

o = -
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INepemenum nopapok AeHcTBHR ¢ OLHOmpeMEHHOH 3aMeHOH npe-
JEN0B

23 o i n .
Sp @)= 4 [ SE—rTo)e 0 gt = A(o) g o -9k,
k=1 Ny k=1
rae

A(w)=ff(t)e"“’t dt

— CIEKTP ONHHOUHOTO HMIIYAbCd, HpelCTaBjadeMoro dyHxupued
F(@). YuaomuMm S p(w) Ha CONPHMIKEHHYIO BEAHUHHY

$2(0) Sy =[S3@)f = |A@F 3 3] trye™ * P05

Ocraerca pasgeaute #a T =nT, mnepedTs K npepeny upw
T — oo ¥ B3aTb CpejHee IO MHOMECTBY

32

1
B

]

e 1 .1
G((D,..f)—: "mM IA((U) ]211111—” J
k=1 I=1

>0

Mu GyleM UMeTb B uNEHOB, MM KOTOPHX R =1I; mocie cyM-
MHUDORBAHHMA W JefeHus Ha £ 9TH UJCHH AALyT B cpeldem M(E2),
Cpelnee 3Hayenme NpOHBBelenun & & (B OPeANOJOMEHHH, UTC
£, u §; HeBABMCHMBI) PaBHO NPOM3BENEHUIO CPelHHX, T.e. (M %2
9Ta Be/HYMHA BEIXOAHT H3-NOR 3HaKa cyMMmul. Broaam =k — I,
nocne npeoBpasopanul, aHAaJOTHUHBIX TPONEJAHHLIM B § 28,
BOAYYHM
f

m:;;—o],q(w)[‘z{l M (E2) — (MEY?2 — (ME) ngjmwi"ul ’

—co

(sneck caaraemoe — (ME)® noGasaeno aas TOro, HTOOHI CyMMa
BIJIOUAAA 3TO CJAracMoe, COOTBETCTBYIOWEE BHAYCHHIO m =— ().
CyMMa B Upapof yacTH NpeAcTaBAfeT B Buie pana Pypee
HEKOTODYIO MepHOJHYeCKY QYHKUMK 4acToTH. Jlerko Bu-
ZLeTb, YTO 9Ta ()yHKUHA e€CTb He YTO HHOE, KaK MOCHEL0Ba-
TEAbHOCTE AeabTa-(pyHKU#A BHAA

F{w) = wy 2 3 (1w — muwy),
=l
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B. UeM MOXHO yOSNMTLCS, DPASACKHB (pyuicu:"wo F{w) 8 pan
dypbe. Pynxuna F(w) npescrasager cofof JnHeHuarmBl rap-

T
MOHHYeCKHH CHEKTP; Wy — —T—-—'OCHOBHHH gacTora Chnexkrpa,
i

pPAaBHAR uACTOTE cAcLoBAHUA uMuyabcos, Tawum ofpasom G ()
CONEPKIT CIVIOINHYI0 H AHCKPETHYIO 4aCTH;_ MOCACAHAS OT-
cyrcreyer mpH ME=0. OxoHuaTeAbHOe BEIDANEHHe 4 CIe-
KTpa 3alHChiBAeTCH B BHIE

G0, D= | A@)P 1M E)— (M2 (MEP F (). (30.3)

ITpuMenny 8Ty dopMydy K npoueccy puc. 52, mnpencra-
_BagioweMy  coBGoft HOCIenOBATETbHOCTh MNPAMOYIOJALHBIX KM=
NyJbCOR AMHTENBHOCTBIO Ty B aToM ciayuae Mbl HMeeM

5in o _g_n.
A(m)ETo‘“—TO—’: ME) ==
@ —-
9
M, CIenOBaTeNbHO,
Ton2
1 sin m—g“
Glo, )= —TaME)| —
T Ty
7

— pesyJabTar, NOJAVUeHHBIHR paHee APYTUM CcnocofoM.
Paabepem Temepb ciydall HMOYJALCOR, MOAYJIHPOREHHEIX 1C
thase. [lpouecc mnpefcrasiger coBOH NOCACAOBATEIbHOCTL HM-~

&t

- 1
-+ ,
N
& "#5*": £ e
2 2

a~

ar
Puc. 54,
MyAbCOB ONMHAKOROMR JOPMEl M BEMHUMHEL, UMENiUHX Clyual-

Hbie CMelICHUA &; B0 BPEMEHH OTHOCHTENBHO (hHKCHPUBAHHLI%
PABHOOTCTOAWMX MOMeHTOB kT, HHAYE FOBOpR, Aepuol cle-
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BOBAHUA HMIyabcoB T, noayuader ciyuyaHHbe NpUpaLUEHHs &
BeanunHb g, NpeAnmoaaraiTcd HEe3ABHUCHMLIME; TPOHecC 34-
laeTcsd CAHOMeDHLIM pacupenedscnueM ¢ (e), Ha puc. 54 x npu-
Mepy H300paweHsl NpPAMOYFOJbHBIE HMOYAbCH., Mbl He OyjeM
COCTABAATh BLIDAMEHHS [JIf JABYMEPHOTO pacapelnefeHus; 3a-
MeTUM JHIUb, 4TCG NpousBenenne EE, paBHo o® npw oaxobpe-
MEHHOM BLINCJHEHWHM JABYX YCJAOBHH

kT0+ek—%1G<t< KTy+ g4 ==
1
ITy 48—t <t 5 < o+ e+ %,

Ecan xota O ORHCG 13 STUX HepaBeHCTB He coOAIONAETCA, To
(. =10, Orciopa BUIHC, UTO (QYHKIUHA KOPPENSLHM BaBHUCHUT
He TOALKO OT T, HO W OT £, TaK 4YTQ paccMaTpHBAEMLl mpo-
lecc HecTalHoHapEeH.

Mp OyleM BLUMCAATL CHGKTP HENOCPEACTBEHHO AMA HM-
nyabcoB  npousBoabHofi - opmel.  [lpouece moxno 3sanucaTb
B BHle

(= 2 J{t—kTy—ep),
k= —o0
roe f(f)— no-npexknemy QYHKUES, NPEACTABIAWLAS OTASALHLA
uMnyapC. Tegkywnfl cnekTp BHpamdaercd, Kak
T oo
Wl -t
Sp@= [[ X Je—klo—ep | ar

4 =00

HAH, TOCHAe NepeMeHnl MOPALKa IeACTBHH N 3aMeHH Npenenos,

Sy (m)-—z fj(t-—kTo——e]‘)e J“’tdt—-A(m)Ze =gk Ltey),

k=1 —co ks
rie A(w)— cnexTp CIMHOUHOTO uMIyabca. [anee,

H -
2 2 JO(E )T, —jms Jm:-;i
=1

IST(U’)ET—IA((D)FE

Ycpepuenve [0 MHOXMECTBY JaeT

1

M 1321«(“’) [ =

3 S Jeolk -1 1T,
g JeW TS
k=211§ i
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rie
o0
1 (@) =M= [oE)e™"ds

~— xapakrepucradeckas GyHxung pacnpelenenus s. [Ipeofpasya
RBOHHYI0 CyMMy TOUHO Tak e, KaK 3TO Jelaloch paHbiie,
Oy 4BM

G0 =714 (w)lz( =l @+ @F X e-fwm%)
KA

Tl = A @RI — Y (@) + g @F F (@), (30.4)

rhe

- F(w) =, i & (0 — map)

m=1

MMepelinem Tenepb K HCCMe10BAHUID CHHYCOHAAABHBIX KOgMeba- -
HH#, MOLYJHPOBAHHBIX CAYYARHBIM IPOUECCOM 110 AMIVIMTYAE HAH
no graze. _

HausweM ¢ aMnauTyamoft Monyaauwwn, kak Oogee npoctof.
Cryuafupfl npounece, cnekTp KOTOPOTO MH AQMKHE HAWTH, 3ann-
cHIBaeTCA B BHIE

n(t) =L (f) cos myf,
rre £(f)— cranponapuufl npouecc. COCTaBMM MpOU3RENEHHE
| P \
NOHt+vy= 5 e+ ) [cosimg (2 1) + cos wy T .
Vepennvn 3TO npoMaBeigliMe NO MHOWESCTBY, HOXYYAM
By (z, ) = ‘%‘BE (T} [cos wy (2f + ) -+ cos wy ).

Cnenaem Teneph ycpeNHEHHE IO BPEMEHH; MepBLIA wien B KBal-
PATHEIX CKODKAX BHIMAfer, H ML OyneM HMETh

m = L B; () cos wyt,
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OTCI0Aa HAXOAMM CpelHME CNeKTp

. (s [o <] .
G, ()= % f B, (x,f)coswrdr = —i—f B (v)cos wytcos ot di==
4] . 0 .

4 oo o
= -217; f B (t)cos{wytw) = d1+-§]; ‘ Bi(x) cos{mg—a)t dr.
u 0

Hrak, :
Ty, 0) == 10 (0 + 0) + Ge(og— )], (30.5)

T, e. CIEKTP MOLYAHPOBAHHOTO KoNeBaHms COCTONT ua ABYX BOKO-
BELX M0JIOC, TOBTOPAIONIMX CNEKTP MOLYAMpYIOMero mpolecca,
H PpacnoojOo¥EHHBIX CHMMETPHYHO -QTHOCHTEL/IABHO HE‘,C_YLLLEF? qg-
CTOTHl ®g. Taxum oO6pasoM, OOLINMHOE CTPOEHME CHEeKTPa AMIAH-
TYAHO-MOLYAMPOBANHOTO KOoNedanyun coXpaHseTed H B TOM Cayudae,
KOrjaa Moayaupywowas (GpyHKUHS ecTh CayuvaliHuif npouecc.

O0parumca K (a30Bol MOAYASUMK. 3leck Neio 0OCTONT 3Ha-
uMTeJbHO cJA0KHee [D].

3ajaua COCTOMT B HAXOHAEHWH CHEKTPa CAyuyaBHOro npo-
fgecca BUAA ‘

£ =cos b, (),

rae 0, (f) — cayvaknu# npouece. Ho rak kak no cumeichy dasa
{apryMcHT KOCHHYCA) A0/UKHA B CpeJHeM PACTH OPONOpPIHOHNAIBHO
BpeMeHH, TO Mbl OVIEM pAacCMaTpdBaTb wvacTHBE BuA (a3oBOH
MOLYJSALHH, BRIPAXMAaeMHH COOTHOIEHHEM

£(f) == cos [wyf 4 0 (D). (30.6)

3necy 0(f) yxe moxer OHTL CTAUMOHADHLIM NPOLECCOM, uTO
Mbl M OyjaeM NpennoJaraTh.

Ipexae BCero HyMXHO NoKa2aTh, 4TO npouecc (30.6) necra-
HHoHapeH. ﬂ.ﬂﬂ 2TOr¢ COCTABHM BHpAaXeHHe 048 OA0THOCTH
BepOATHOCTeH AByMepHOH cayualHofl BeJHuMHbl &, £, Mp umeem

E o= £(f) = cos [ogf + B (), } s0.7
Eoe b (f %) = coslogE D40 ¢4l | OO0 7

[MaorHocTh BeposTHOCTEN Ans AByMepuo#t Beanuunw 9,0, zznana
u paBHd @, (U, 95, 1), MICKOMAsA NAOTHOCTL ¢ (X, X5, T) AOAKHA
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ObITh 3Bpakend uepes gy Jero cpoimres K 3aMCHG MepeMeHHHX
10 u3BecTHOR (PopMyae

. 1
e (%1 K20 T) == @y (¥4, 95 ) 3 iy, x)
Oy )
rae :
01 0y
0 (xy, xp) {0 0By
Iy By T |0y Oy
35, 00yl
~——gkofBuan mnpeobpasopanus, B mamem caydae Xy 3apHcHT
TOMbKO OT &, & X, — TOAbKO OT ¥,, [losTomy :

1
%= dxy dxy
a% d¥y
B MH HMeeM:
h, g, )
Koy Ty £) = Ph (1 1+ Vo
950 X D)= TR 5wy € £ F 0
Vitak, nAOTHOCTL BepoATHOCTeH @; 3ABHCHT OT BPEeMeHH, M NpO-
necc (30.6), clenOBaTENBHO, HECTALMOHAPEH.
Mepeiinen K BEIUHCACHHIO creKTpa, Aad uere Hallem npen-
BAPHTEMILHO (PYHKUHIO Koppengiun. Mu umeem
oG 0o
CB(n, )= ME) = f fxlxche (%4, Xy, © £) dXy dxy.

— 00 0

B mamem cayuae
e (K15 Xgs T £) A%, d Xy = 0y (D, B, ) d, Ay
Tavam oSpa’ow,
By(nt) = f f %1% 05 (01, By, 7) @By aBy
—00 —co
@I, TIORCTABAAT BHIDRKEHHA X, H X, uepes ¥, & ¥, us (30.7),
B: (': t)=

= f f cos(mot-l-?rl)cos[mo(t—f-t)-]— {}2]%(%)1,82,1)@ dﬂz.

-0 —00
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[Ipeobpasyf npousseleHue KOCHHYCOB, NOJAY4YHM ABa “IeHa,
OflMH W3 KOTOPHIX WPH YCPeIHEHUH NQ BpPeMeud Bulllafgger.
Takum ofpazowm,

4

1 o0 [= = .
Bem = [ [ cos(oar+0,—8) 00y 8 v @b, dd, =

1

e ?M [cos{waT 10, —B)] = - COswy T Micos(0—10) —

._—‘,lz—sin wyt M [sin (8 — 6]

Mu  orpaHHUMMCH CAyYaeM CHMMETPHYHOPO  PACHpeJefeHus
Pa3HOCTH :

L, £ == 6 () — 0.t + 7).

B stom cayuse Bropo# wien Bmimazger, U MH AOAyYaEM
Bi(x, )= % cos vyt M[cos L (s, ).

Orclona HAXOAUM CHeKTp npouecca &{f)
T

Gg (w,8) =—:; J cos my Tcos ot M (cosl) dr =
¢

o

o j. MicosQcos{u, -+ w)tdv 4

1]
o

+§1F j M(cosC)cos (wyg— w)tdr
3 ‘
By

Geto, D=5 10 0y 0) 4G (op—w)].  (30.8)

Wrak, ¥ B ciyyae $asoBoll MORYAfIIIMM CEKTP COCTOHT, Kak
K CAENOBANO OWULATEH, U3 ABYX GOXOBHIX NOJIOC. Cﬂemp gam ok
U3 HHX BRIpANaeTCcs q)opmynoﬁ :

ca

‘ G(ba)—_:—% j M{cosC)coswrde. (30.9)
Q .
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. Hattnem cpenree 3uauenue cost. Tlycte  HMeeT Hopmaib-
HOE pacnpelleleHHe; B TAKOM CIyude H pABHOCTH :
(—=0—8
TAKWEe HMMeeT HODMAILHOE pacnpelefizHMe, NOMHOCTLY oNpe-
deaseMoe puacnepcHed
D(©) =0 = M) — 0. = MO MO — 2MBH, =
=2[D (%) — By(9) = 2153 (0) — By (),

U Mb MOMXeM Telepb Hafita

[2.n)

M (cosl) = j cosze (2)dz =

—_—o

N g"

V—ﬁ fcosze e dz—--
—at [By(0)-By @)

—_ g 2 —

# BHpameHHe AN CNeKTpa

(o]

G(w)ﬁ%,J coswre PO POl g (30.10)
0

Dra dopuyra BupamaeT CHeKTP $a30s0-MOILYIHPOBAHHOTO
Konebanus 4epea QYHKUUIO KOPPEATURd MOAVINPYIOHETO [pO-
ilecca, pacnpelieJeHHe KOTOPOrQ HPeilnogaraeTcs HOPMaIbHLIM *).
UroGbl N0BECTH BLIYMCASHHA 10 KOHLUA, MbH DACCMOTPHM UdCT-
HEfl cayuait; OyneM uMeTh B BUAY YACTOTHYK MOLY/ALHIO
¢ GoJblUMM HHIEKCOM.

B cayuae wacToTHOH MOLYAAUMH 3anaeTcd He HEMQCpen-
crBenno nponecc 6(f), a npouecc

b
‘J(f)=72—,
BEIpaanuitit MrHOBeHHOE OTKJAOHEHHe 4acTOTH OT CcpelHero
3HAUEHHA . TakuM ofpasoM, MB MoxeM 3dMHCATE AJA . ya-
CTOTHO-MOAYIMDOBANHOTO KOJAeOaHHA

E(f) == cos [w0t+-f () df].

*) Anajoruynan §opMyna HHWM TyTeM moayucua Sams [32].



§ 30) CHEKTPH HEKOTOPHIX HECTAUMOHAPHBIX npougccos 197

Cnektp npouecca £{f) HYXHO BLIPA3UThH YEPe3 XaPaKTePHUCTHKH
npottecca  v(f), YaobHO BOCHOAR30BATLCH NpeoBpaioBaHHcM
Wbypre., Ecan

B,(r)= f G, (w) cos ot dw,
0 .

TO

oo

By (t) = j ?}EGV(U}) cos wt dw

¢]

W BXORMNAA B NMpEABAYIiHE (QOPMYJb BeMMUMHA ¢ MOMXeT OuTts
BLIPAXeHa Yepe3d CHOeKTP MIHOBEHHOTO YACTOTHOrO  OTK/AOHEHHS

G, (w) caenywoumy obpa3oM:

ca

4t = By () — By () = f LG, () (1 — cos ur) do
i

Iycts crevtp U, paBHOMEPEHl ¥ OrpaHHYed ceepXy YacTOTON
e, 1. e.
G _ ] & const N
(@) {0 sese
Toraa

1 —cos w1t
w3

dw.

Oaa wammx uenelt yaoluo ﬂpE:,IlCTaBHTb 3TOT WHTErpan B Cje«
LyioUleM Buae:

1

P] G2=g_‘_2_.-2f(91)

rae

F(@u=1-— 34;(9 P bf)' (QT)_
[1pounasencuue

g2= [ G (0)do
1]

‘ 7 _A. A\ Xapxesny
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eCTh cpelHHBl KBanpaT npouecca v(f), T. e. cpelHM® KBaipar
OTKTOHEHHS U8CTOTH OT cpexnero swadenun. (boznaunM a3ty
BeaHiIMHy uyepes Aw?. DBpens o0o3HaYeHHe HIILEKCA MOLYAALHR

Aw
p:-?l

MOMEM [epenucaTb BbipaMeHne i ¢ B prle

I I ;
o 0% = 5 B (&) f(Q).

Tenepp nepeftriem k NpulTMkKenn nig cavaad {3] Goubnroro
HHIEKCA, T. €. A7 B3l

Cayuaft OonblIOro MHIAEGKCE XapaKTepnayeTcs TeM, uTo
B BLIPAMEHHH A0S UCKOMOrO ChnexTpa
2 L
’ -5 B @ (e
Gwy=7 | coswze * dx

o
IKCIOHEHUMAABHEA MHOMKHTEeNL yOuBaer TeMm GrCTpee, uem
foxewe 3. BTo 3HAUXT, UTO TMOALIMTETPAALHOE BEPAMeHHE
CTAHOBHTCH NPeHeGPeIKHMO MAJIelM OPH TeX MAHBIIAX BHAYECHHAX T,
yem Ooawltte 3,° Crenoparteasno, npu Goasiiom 3 MoMHO orpa-
HAUHTLCH MAABIMM SHAueHHsM.. t. Ha 3ToMm u ocwoBano npufau-
skende. B 4actHOCTM, MOKHO [OAOHHTH

f(QuH=1
¢ TOTpemHoOCcTh, He apeBocxoadwedt 0,01, ecan @t <0,6.
Ilpu srom yclosuu OyaeM HMeThb

! I
BT e o (e
e * ~e * e,
BCan

2in L

4
B > T
OTKY1d, MOACTABAAA Haubodblree 3Haqende Qv==0,6 u BLbu-
par £=0,01, ualaem
B> 5.

Coofpaxenud, NPUBDAALHE K ONHCARHOMY upubimxedmo,
Jgerko  00600Waprcsd Ha cAydYal pOW3BOJALHOro crexrpa G,
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MALYAUPYIOWEro Npouecea v(f} 0pH yCROBWM, 4TQ - MWIHpHHA @
crnextpa (, ACCTATOUHO MAAA [0 CPABHEHHID CO -CpejHexBa-
PATHYHBIM YACTOTHLIM OTKAOHeHMeM Aw. [laa noaydeHus sToro
Gonee o06lIerc pesyAbTATE AOCTATOYHO B BHIPAMEHUM A% of
pasAo¥uTe | -—coswt B DHi M COXPAHUTH NEpBht uieH psula.
2TO [LacT

"
1}62: J J?_—G‘(LD)(E—-COS(D’C)J"C:

=1

1

Gv ((D)d(!.) =7

2Aw? = %32 (2 'c)z

T. €, TO e, uTO H palblle.

WNrag, npn BoaplloM HHjeKCe MOﬂmemm mm, 4TO TO Ke,
HpH O0JbLIOM 4YACTOTHOM OTKJIOHEHHHM, Mbl MMeeM AAA CREKTpa
npuOAnKeHHOe BhlpalKeHHe

Pl t:‘) -—_l—.’.\m'"l:" 71 —i'f?‘i;'
G(w)=7= | coswte * dt= o Zawte (30,11

]

3aech caedyeT OTMETHTb, YTO NPy QOABLIOM HHIEKCE CHEKTp
YACTOTHO-MOAYIHPORAHHOIO KoMefaHHS He 3aBUCHT OT (HOPMH
U LWHDHHE CHeKTPa MOAYJAMDYIOWETo Npounecca; CHEKTP oOnpe-
,;T.Le.J'IHe'TCﬂ JAWIE  4YACTOTHLIM OTKJOHEHHEM, l'IpH‘-l(iM LIHpHHa
CHEKTPd YACTOTHO-MOAY/JHPOBAHHOrO KoacGaHHA HpONOpLUG-
HAJIBHA YacTOTHOMY OTKJAOHEHMIO. '

§ 31, 3ameuamun 00 anaause caysafiHblX NPoOLECCOs

B sTtom naparpae oO0cymnaloTcs HEKOTOPBIE  BOMBOCH,
OTHOCHINMECH K TeXHHKe CHEXTPaibHOTO AHARH3A  CIYYaHHBIX
HpOLECCOB M X [MOTPEeMIHOCTAM, BO3HHKAIOUIMM LPH  aHANM3e,
T. €. NpH 9KCIepHMEHTAJBHOM OnpeleldeHuH cnexkTpos, JMaa
npocToTH OyleM HMETE B BUAY TOJAbKO CT&LLHOI-[aprIe apro-
LHYCCKUE TPOLecChl,

- llpemxie pcero saMeTuM, 4TO, KaK YKa3bBAJAOCh BBILLE,

B YCJACBMSX SKCNePUMEHTa Mb HMEeM j1eio OGHUHG © OLHOW u3

peaansaumil cayuafinoro npouecca. [TpsToMy B ocHOBe neHcTBus
7*
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aHAIN3ATOPOB CilekTpa CAYUaHHBIX TIPOLECCOB JMEMUT Onpe-
JeAeHHE CHEKTPA, COAeDKALIEE YCPeJHEHHE O BUEMEHH, HAMPRMED

G (w) ==+ lim 4| S, (@), @BL.1)
T»o
e
T
Sp)— [ty etae
0 .

— Teyiuufl CNEKTP pea’TH3alUMH, a BEAMYHHA
1 2
7 [S2(@)]

BLIPAMAET TEKYUIRH CNEKTP SHEDTHH, BalIeNSeMOH MPOHECCOM
£(f) sa spema T. Beanuana e

15| Sz [* =0y

€CTh CHEKTPAABHAS MIOTHOCTE cpeduelt 3a BpeMs T MoOulHoCTH
nponecca :(f). Kax ]Sf(w)|, TaKk u (Fn(w)— cayuainble Bead-

yntbl. Jluwe B npepene G, cxomurcd k G, T e,

G(w) == tim Gp(w). (31.2)

T co

" CoBepiieHHO fCHO, UTO B YCAOBMAX pPeadbHOrO DKLMEepH-
MEHTA MBE[ PACIIOAATAEM TOAbKO KOHeduoiM spemenem 7. [loa-
TOMYy B pe3yabTaTe ONHOKPATHOFO ONBITA MBl [0Jy4aeM Ciy-
GAAHYI0  BENMUHIY GT(w), KOoTOpadA, BooOwe rosopa, OTAH~

42eTCA  OT WCTHHHOre adavenus (G (w). Ecau we onwt (0puoh
o Toff e AMHTeAbHOCTH T) NOBTOPACTCA MHOTOKPATHO, TO ROAY-
4ABTCA MHOKECTBO sHaueuui G, (w) M B npenede Mol MOrId

Onl HaHTH UCTHHHBIHA ChoekTp, Kax :
G(») = MG, (w). (31.3)
[MepettaeM Temepb K OAPEAEICHHID HOrPENIHOCTH H3MEpEHHS,

T. €. YKAOHEHHH HAMEPDEHHOTO CMEKTPA OT UCTHHHORO ero 3Haye-
guq, CHayaa OnpeleiluM 3HEPrHIO, BHAEIAEMYID APOUSCCOM  (£)
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3a speMa 7. DTa sHeprua pasHa
ET=j 2 () dt = %J 1Sy (@) |? do
_ 0 0 :
uan
. .
Epe=T [ Gp(o)do.
1]

Quepunro, ure u E,— cayuvafhan seauynna. Ee cpennee aua-
YeHHE EBCTh

E=ME, =TM | G, (@do=T [ G(o)do.
0 V]

Cpeanu#t xBasnpar ykaonewns E, or E-— 970 K ecth cpesumi

kpazpat om#bGKku uamepenud. Taxum o6pasom, cpesHuit kzaapar
OLIHOKH BHPAMNAETCA HEMOCPEACTRBEHHO AucNepcHel Beanuntn F,

et=DE,=M(E})— M (E )= M(E)—E%  (31.4)

Mbl HMEEM )
. L . |
E%=(Tf% (o) d‘”) =7 [ [ G, 0) Gy dn dw.
0 00

Jas cpennero 3Havenus 9Toll pemuunusl Palic [29] BoiBoauT
clelylouiee BHIDAKeHUe: ‘

M (EE,) = T2 j’f’ fG (v) G (vp) [1 -+ (W)Z +
TR

sin (wi_v)T/Q 2 . :
+ (ujﬂfr—/z‘)_]d“ld“' (31.9) -

OTKYILA

o0 o . .
a=1 | [ a0yacy [(Elrt e I2E
g9 4 .

(v -+) 772
11 (g = ) TY2N2
-+ (i%l__qa}—ﬂfu) Jdvldvz. (31.6)
7B A, A. Xapkeem
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YaoGxee HOpMUpORATL OWHOKY, T. €. BBeCTH CpalHeKBaApATHY-
HYI0 OTHOCHTeALHYK OWMOKY, ONpeleaun ee Kak

- a

e__—E—.
Tenepr npencrasiM cefe aHanu3aTop B Buie UI1eaABHOrO (PUABL-
Tpa ¢ KosQpUUHEHTOM [OepenayH, PaBHHM ¢AUHHIE B noaoce
YACTOT OT w; LO ®, H DABHEM HYMO BHEe 9TOTO WHTEpRANA.
[Mpouecc anaanza COCTOHT B H3MEpEHHH 3HepPruHM, BbLAeaseMOH
Ha Buixode ¢uapTpa 3a Bpema T. Ecan awanumsarop umeet
BGLICOKYIO Paspeilaoilyi CrnocofHOCTL, TO HOI0Ca

L=uw,—u,

y8Ka, B MH MOJKEM CHUHTAThL, YTO B HpPeledaX 3TOH IOAOCH
MCTHHHAA CHEKTpafdbHAAd IMJAOTHOCTh NOCTOAHHA W paBHa g
B rakom cayuae

E= Tgﬁg:
a nng cpeiHero KBAApaTa NOTPeIHOCTH HMeeM

e | T rrsin (v v TV | fsin (v — vg) T/2\2
czPT2g°j. J.[( (v + ) 7y2 )+( {v—va) 772 )]dvldvz.

®, W

Duan ovenb Mannix 7 umeem (monaras. sinx/x~~1)
0% = 2T?g2 Q2

. -
7=V
ang odeHs OoabwiMx T moaydaeTCA  ACHMOTOTHYECKOE BHPA-~
KeHAe _ - '
] 2n . i
E oT = VFr "

" CleliyeT 3aMeTHTb, YTO ACHMITOTHYECKOE BHIpaXeHue BHIA
' a A

E yar
UMeeT CHIY He TOMBKO LAd HMASATLHOPO (PHALTPA, KOTOPHH MH

paccMaTpHBaeM, HO H JJIA APYIrHX THNOB (PUALTPOB; NOCTOAH-
Has A saBuCHT OT CBOACTBa $uibrtpa [21].
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,HJIH CJIY'-JEH OOA0CH, U.alHH& KUTDpOﬂ MaJa mno CpaBHEH}’IlO
co cpelHef uacToTOH, T. €. IPH YCAOBHH

1
@ = vy — 0y <& wo-=-2«(m1+m2)
noncunTand [29] oHauenus OTHOCHTeALRON NOFPRIMHOCTH HaH

dyuiiun aprymenta FT (F =fo—fi= %ﬁ 1 )(BHKJIELILKH Patica

oYeHt MPOMOZAKH, H MBl HX He MPUBOAuM); rpadux 3TOH sasu-
cUMOCTH NpedcTanien Ha puc. 55. Kax suanmM, owmbka yOui-
BaeT ¢ poapacTauMeM 1 oueHb Mejdenno. OuwnOka Tem Goabule,

RIS T 1T

NI\ F” f

a8t

B RCRE!
P
g

a5 | N

a4 T+ R

/’/

7

42 P

THEAT
a
W B 0IGAGEGRID 2 34 680 2 WA AW

PHC. 93,

yem Menblile F. Tak, Hanpumep, jajad Toro uTo6u omubka Ona
menpuie 109, nywno psate FT = 100; npu paspewmawineft
cnocoGuoctn 100 24 naMepende JOMKHO NPOAOMIKATLCH He MeHee
OLHOH CeKYHIEI.

3ameTtum, urto GopMyaa (31.6) -mpaxaer norpemHocTh
yepes3 HCTHHHHIE COEKTP G (w), KOTOPuI#l HeM3BeCTeH, TaK Kax
OH-TO W J0/ieH ObITh Ofpelesiel B pe3y/AbTATe HBMepeHuH,
Boauukatowlag 3jeck NPHHUMMIHAABHAA TpyAHocTb ofafinena
IyTeM TpeANnOIoNeH s, YTO CIEKTPAAbHAA AOTHOCT NOCTOSHHA
B yaxo#i nosoce Q. BBUHCAUTE NOrpeIMHOCTH TOJABKO HA OCHO-
BaHlH peSyﬂbTaTOB U3IMEpPCHHKA CHEKTPH HeJb3M NPRHILANHAILHO.

7B*®
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JIna BLIYMCieHMS TMOPPEWIHOCTH HYXMHO 3HATH Heuro Oodbniee,
4 MMEHHO KOpPPeJAlH0 CASKTPA, KOTOPBIH ABASETCS MOMEHTOM
BTOPOTO TMOPAAKA; HYNXHO, CleJOBATENbHO, H3MEPATL MOMEHTH
yerpeprore nopaaxa. [ToapoBHoCTH MOKHO HaliTH B CHELUANb-
Bex pafoTax no stomy sonpocy [20, 211

O6patuMca Tenmeps K BOOPOCAM METOLHKH W TeXHHKH CeK-
TpamLHOTO ananMsa cayuatiuix npolleccos. [lpemne Bcero
OTMeTHM, UTO H3 OCHOBHOrO Onpejedenus chnexKTpa cayualimoro
nporecca

G(m)-_:% f B(t)coswr de
0 .

BLITEKAET BO3MOXHOCTL KOCBEHHOIO H3MepeHHA CHOEeKTpPa, cOCTod-
Wad B TOM, YTO W3 OILITA HAXOAWTCA PyHRUUA Koppenaunu B (t), .
a4 3aTeM CIeKTP FMOoJy4aeTcss nyTeM npeobpasosawns $ypbe
(koTOopOe MOXeT BHIOJHATBCA JHOO RNyTeM uucaeHHofl ofpa-
60TKM SKCMEPUMEHTANBHLIX BAHHBX, Juf0o OpH TOMOUIM TOTO
uau MHOTO mpubopa, BHINOJHROWEr0 Npeobpasosanue Pypee).
[Tpu Taxom crnocofe HAXOWIeHWs CHEKTpPAa B KAUecTBE OCHOB-
HOTO H3MEDHTEJALIIOTO HpHﬁOpa NPHMEHAETCH He aHaJHu3aTop,
a xoppeaomerp. [lo Bonpocam usMmepenus QYHKIHE KOppelsL i
umeeTcd  ofmupuas  aAdTepatypa, o08s0p KOTOpo#  BHXOAHMT
8a paMKi Hamef TeMbl. 3aMeTuy JHIIL, 4TO CYLeCTBYeT MHe-
e {6], 4To onpengsenHe creKTpa uepes GYHKIMIO KOppe-
asoud §0Jee IKOHOMHO ¢ TOYKH 3DeHHd CyMMb TpefyeMbix
MBMEPHTEJbHBIX W BHYMCAHTEBHBIX ONepalliii, Hexmead NpsaMoe
U3MepeHue CcuexTpa.

Yrto ke kacaeTcd MeTOAOB HeIOCPeACTBERHOTO 4HAMM3A,
TO TNpOCTeHWHH anaAn3aTOp NpeAcTaBafieTcd B BUAe Habopa
NOAGCOBLX  (QHALTPOE; B KAueCTBE RLIXOAHHX HHAMKATOPOR
AOMKHBL MPUMEHATBCH MHTEFPUPYIOLHE KBANPATHYHEE NPHGOPHL,
M3MEpAINIIHE IHEPTHID, ITO — Hanbonee uMCTHL crocof HaMe-
DenMfA, TaK KAk I[IDHMEHEHHe BATTMETPOB CBOAMTLA MO CYLU.QC'TBy
K MHTeFPUPOBAKHIO C BeCOM; BecoBas (PYHKLHS 3aBHCHT OT CBOHCTB
KAK caMOro npufopa, T&K W CXeMHl €F0 BKJMQUEHHA, UTQ BlIO-
CHT BJIEMEHT INIPOU3BOJA B PE3YALTAT H3Mepenud. TouHee rosopH,
PeayabTAT uBMeDeHus ApelcTaBaseT coboR BeauudHy, ouU pe-
AeJeHUEe KOTOPOR BLITEKdaeT H3 CBOUCTB HBMEPHTEALHOrO
yerpofictpa. Tlp#Mep Takoro crnenuafnsupoBaHHOrO ONpenene-
HRA MOXIO BHIETL B yXe WRTHpOBaHHoR paBoTe dano [22].
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Opyroft posmoknmfi cnOco® aHannsa COCTOMT B TOM, YTO
HM3MepAeTCA SHeprd HAa  BHXOAE (PHALTPE HHKHHX  4acTOT
¢ TIOABWAKHOH BepxXue¥ rpaumiedt, T. e 3HEPTHA B TofoCe
or 0 10 w, Dra sueprua pabHa

E (0)= f Gp (%) d ().
0

Ecav watineunyo QyHKUH©O npoauddepenHpoBaTs M0 YacToTe,
£0 TIOJAYYHM

Oy(0) = = Ey (o).

BosModuO TpHMeHeHHe NpMeMa, BOOOLlE OYeHB ynoTreCH-
TEALHOT0 B TEXHWKE anaansa, a MMeHHO neprnoandelkoe NGBTO-
penre o0paaua asaiuaupyeMmoro mpouecca. [lpakriueckn sTo
OCYINRCTRARSTCHA TNIYTEM 3anlCh, HANDAMER, Ha MarruTHOW JeHTe,
C noc.ne,u.y}omnM CKJ/JIEHBAHHEM ACCTATOYHO JRJAHHHOTO OTpe3Ka
sanucu B koablo. B mecte cknelixn oOpasyercn, pasymeercs,
paspelB ecan He CaMOH ¢yHKLMH, TO ee NpPOH3BOAHLIX. ZT0
O0CTOATEABCTBO OKA3HIBAET HA peBYIBLTAT anajawza cneundn-
HeCKOe BJAMAHHE, € KOTOPHIM HHOTAA NPRXOAMTCH CHHTATHCA [31

§ 32, O BO3MOXHOCTAX CHKATHA CIEKTPA

Co BpemeHR 3apOKAEHHA TEXHHKH SJEKTPHUECKON CBasH
oana npobieMa He nepecTaBaia BOAHOBETH CHENNAJINCTOR —
npofaema yMeHbUIGHHS NIMDHHBI CIEKTPa CHTHAAA, HJH, KOpOue,
npodaeMa ©HATHR COexTpa, MHOTIOYHCAENHbIE TONLITKY HE NpH-
BeJM NOKA K PAazHKAJbHOMY pelleHHi0 npobJeMbl s LeA0M.
Bumecte ¢ TeMm mmeeTca ywe psi paboT, npeACTaBASIOWIAX OTpe-
NeneHHEIe NOCTHXEHHS B HACTHBIX aCAeKTax npobrems. He npen-
ApHHMMAN 30eCh anaawsa X paboT, orpannunMcs obwefi
ROCTAROBKOH BSafjadW, JAAS 4ero Ham norpedyercs NpHBJCUL
OCHOBHHE TOHATHR Teopun undopMmaunny,

COBEpLIEHHO QUYEBMAHO, YTO CHATHE CNEKTPa HEKOTOPOTO
CHTBAa, PAcCMATPHBaEMOTO Kak Caydahnufl nponece % (¢), Bos-
MOHO TOMLKO B peayJbTaTe HEKOTODOrc MnpeoBpasoBaHus,
KOTOpPOMY TWOABEPraeTc RCXOAHBE npouecc, Mm ofpazyem
BOBBIl npolece

1) =¥ @), (32.1)
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rie ' — cuMBOJ HEKOTOpO# PyHKILAORAALHON OTIEPANEA, R HYKHO
nopobpars onepaumo W Tak, urofm mpouecc w(f) obaanaa
0onee YSKHM CIEKTpOM, ueM HCXonuw#l npouecc E£(f). Ecan
npecOpadopanne oGpaTuMo, T. €. €CAH CYILECTBYET 0JQHO3HAY-
Hag oOpatnas omepanua W™l mocpeICTBOM KOTOPOM HCXOL-
HBEA IPOUECC MOMeT OWTh BOCCTAHOBIEH, T, €.

O =" ")) ="""{¥IE®} (32.2)

TO, OYEBMAHO, 334343 MOJHOCTHIO pelleHa. HyxHo cpasy yka-
34Tk, uro TpedoBaHMe OOPATHMOCTH BHINOALKNETCH  JAJeKO
He Ans BeeX npeo@pazoBanudl, Tak, wanpusep, cokpamamwwnas
| CHEKTD ONepalud, BHIOJHAEMAd HASASLHEM PUALTDOM, K COCTO~
AUlas B TGAHOM YCTPAHEHMHM GYACTH CHEKTpa Npolecca— Heol-
paThMa.

Tpebosanne noanoft obpatamoctn (32.2) ABAASTCR OUeHb
MECTKHM, M MOMCT OLITb pasymuabM 00paszoM CMATHEHO, €C/IH
OnAPATbCA Ha MHbODMAIHOHHOE TpeAcTapieHHe 00 HMCXORHOM
npouecce. ¥mewno, MokHo mnorpeGoBath, uwrofu onepaums ¥
Or1a MHBADHANTHA TTO OTHOWIEHMIO K cOfepiaieHcs B NCX 00HOM
nponecce vagopmaunu. MHbBMA cAOBaMH, Npu TNpeofpasoBaHuA
uudopManun He [OMKHA TepsTbesd (BOSpPACTH OHA, OYEBHANO,
He MOMET, TaK KaK B npeoOpa3soBaHUu He YWacTBYeT Kawof-
mubo ucTouHMK Hndopmauun). Tlpw Takof NMOCTAHOBKE BOMpOCa
MOXKHO [PEeLCTaBHTL cebe, UTO MCXOAHBIHE MpOuUEcc 3aBUCHT
OT ABYX QYHKUHI, OAHA U3 KOTOPHX COLEPWHT BCIO HHop-
MALMIO, & BTOPAA He cofepmur uwdopmaumm Bosce. Pyukuus,
He uecylias HHGOpMAalnH, MoweT OLThL jpofaBieHa Ha NpHeM-
HOH CTOpOHE CHCTEMB! CEA3M; B mepenadc 3Tol @yHKuuu HAnoG-
HOCTH HeT. Mrak, tpebopanms k onepauuu W coasres Tenepr
kK caelyioumuM asym: 1) npeoGpazosandelfl npouece v (f) Loaked
obaanare Hofee Y3KHM CeKTpoM B 2) npeoBpasosanubfl npouecc
LO/KEH COXpadaTs HHPOPMaUHio HCXOIHOTO NpOUeccd.

Hanomunm Temeph HeKOTOpHe oNpelefeuus, NpHMeHfeMEE
B Teopud uudopmaumu. M OyleM EMeTh B BUAY B KduecTse
MCXOIHLX KBAHTOBAHHLIE NPOUECCH, T. €, MPOLRCCH ¢ RUCKPETHRM
pacnpelefenue BepPOSTHOCTEN, TAK Kak B 9TOM Clyyae oppe-
JIENCHMA TPOCTH W HelBYCMEICICHHEL.

[MycTe HCXoanmM mpolecc npeactabaseT coboli clydainyio
GYHKURIO ¢ OorpausycHHbLIM CNEKTPOM, RpocTapaicwimca oT 0



§ 32] O BO3MOXHOCTAX CHATHS CHOEKTPA 207

no £ %), Tlo reopeme KoTeashuxOsa Tako#t MpoUecc MOKET
OnTh BEMeHEH TOCACAOBATEALHOCTBIO MIHOBEHHLIX BHAYSHAH,
OTCYHTAHHBEIX Hepe3 HHTepBainl

1
2F

Ha npomemyTke T Taxux otcueros Oylder

Af =

T
ﬂ:E}ﬂQFT-

nyCTb. nanee, MI'HOBEHHOE 3IHAYCHHE MOWeT UPUHWUMATL OAHO
H3 M pPABHOBEPOATHLIX 3HAYECHHHA. ‘Bcero n03MO0MHO

N — m» (32.3)

pearwzanuft. B Taxom caywae mupopmaius, Ccolepmalianca
B npouecce §({), onpeueasercd, Kax

[ =log ,N =nlog,m, (329
HIH
I=2FTlogm. (32.5)

Ha srolt dopmyns cpasy BHAHO, UTO IpH HeuaMenHolt ungop-
Mauun { Aad CcOKpauieHHa ILHPHHBL CleKTpa [  CYWEcTBYHOT
TOALKO JABe BO3MOMHOCTH; Au0O 34 cyer yBeauyends 7, ando
3a cueT YBeJHUeHHs m. Tawkoro poia npeoOpasosanis MOMHO
QCYIMECTBUTE MO-PAIHOMY; KUKe UPHBELeHL [BA npoctefluux
npuMepa.

ITpumep 1. Tlycrp curuan £qf) sanucan, @ 3aTeM BOCHPOUR-
EeAecH ¢ MOHMMKEHHOW CKOPOCTBID ABHXeHud HocuTend. Ilpu stom
CHEKTP COMMETCH BO CTOJNSKO JKE Pas, BO CKOJBKO VBEAHUYHTCA
LAMTEAbHOCTh. BOCCTAHORJEHWE HCXOAHONO CMCHATA TPOHIBO-
JLUTCA NMYTeM MOBTOPHOH 3aNHCH € NMOCAENYIOLIAM BOCIPOH3RE-
DhenneM c mopuunenHol cxopocTbio. [Ipoucxonsmue npeobpa-
30BaHUA MOTYT OHITb 3aNMBCAHBl B CAEAVIOIIEM BHIE

QOB HOEHE
(O="T-1 1m0 = {3 ¢).

%) Mu onycikaeM 31eCh TOWKOCTH, OTHOCAUUNECH K MHAODMALHOH-
HOH. TpakTOBKE TeopeMsl KOTEALUAKOBA (CM. CHOCKY HA CTp. Y1)
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fTpunep 2. Upynna uz M sHakoB HUCXoMHOW NMOCAEAOBATENb-
HOCTH MOMXeT GHIThb npencTanjena M-3HaunbLlM YACAOM, 3aTTHCAH-
HLIM 110 CHCTeMe CUMCAeHust ¢ ocHomaunuem m. Ho ta ke rpynmna
Moker ObTh 3aNHCAMA OQAHOIHAYHEIM YHMCAOM 11O CHCTEME C OCHO-
paiimeM { > m, NpHYEM, OUYCBHIHO, LO/KHO OBITb

1= mH,
Tlpn takom npeoBpascsaHHU 3@ OAHO M TO MKe BPEeMA HYIKHO
. mepenaTs OAMH 3HAK BMecTo A 3nakos. IJTO  3dHAuMT, Yyro
HidpHHA CMEKTPa COKpallaeTcs B
_ logt
logm

pas.

BoamowbocT  cOKpauleHns IMPHHEL CREKTPZ B PAMKAX
dopuyan  (32.5), kak DHAEM, OUYeHB OTpaHUueHLl. [opasno
Gonbiwnfi HHTepec NPeACTaBAAIOT Ape0ofpasoBanis, saTpParH-
BaloUHe CTATHCTHKY CHTAAAA.

Bolpawenue pag undopMauun, cosepwautetics B NOCAeN0-
BATEMbHOCTH W3 71 CHMBOJOB, MOmeT OnTe B o0lueM cayuae
aanucanoc B BUle

Je==nl’,

rae J'— wndopmauns wva oaud cumBox (sHTponus), B yne
pdCCMOTpEHHUM c.rly'iae m DPABHOBEPOSTHHX 3HaucHui

P r wlogmﬂfo. ' (32.6)
Ecan  sHaueHdn, KOTOPHE MOMET NPUHUMATL NPOUECC, Hepas-
HOBEPOATHH, M BEPOTTHOCTHL [-ro  8HayeHWa o0o3uayena
yepes p; TO RHDOPMaALnn H3 CHMBON ONpele]feTcs Kak

m .
I'=—2plogp=1u (32.7)
i=1 :
Jlerxko BrAeTh, YTO NpH
1
=

(32.7) nmnepexoant B (32.6). <opmyna (32.7) mpeimonaraer,
YTO CHMLOJB HEPaBHOBEPOATHDLlL, HO CTATHCTHUHECKH HEIZBHCHMDL.
B nanfonee ke ofiwlem chayuae, KOrjia Memiy CUMBOJAMH Cy-
WECTRYOT CTATHCTHYECKHE CDA3H, MOKHO XapakTepuaoBath
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CTATHCTUYRCKYIO C'l‘pyKTypy CHI'HA/IA MIOT OMEpPHO#H BepﬂﬁTHOCTbIO
JAHHOH peaausannn

Py =Dy (Ep Eg, b ey En)

H B 3TOM Chayyae
o N »

. 1 : .
=t ¥ pilogp—1. (32.8)

W

I

o
[

Bce nanbhefiliee OCHOBAHO HA TOM, uTo
> 1> L.

[MosToMy, €CIM 3AMHCATH BHp@MEHHe JIid uHdopManun B oﬁmem

BUAE
J==nl' = 2FTF,

7o CcTAaHeT SCHLIM, YTO, HE UBMEHAY AMUTEJLHOCTH T o uucna
ypogHe#t m, MOXHO COKPaTHTbL WHPHHY CllekTpa £ 3a cuer
npeoGpa3aoBannd CTATHCTHKY mpounecca, T. €. 38 CYCT H3MeHe-
uua Beanurnbl [, D10 npec6pasoBinne AOMKHO 3aK/0YATHCH
B paspyllendn CTAaTHCTHUECKHMX B3aNMOcBAsefl (nmepexon ot fj
K f{) ¢ HOCAGAYIOUMM BLIPABHUBAHUEM BEPOSTHOCTER Hesasu-
cuMBix CHmBONIOB (mepexon ot £ k f}). Hudopmauns, conepxa-
niascs B NOCAENOBATENBHDCTH DABHOBEPOSTHHIX 4 HE3AaBHCHMbLIX

CUMBOJOB, T. €.
- fy= 1l == 2F T7,

gsaseTcs Hanboibulelt; HHaue roBoOps, CKaTHe CTMEKTPa HAa CTa-

4
rucTHueckol ocuese apn ! = J; — HenosMoxHO.

Bedununna
Vs .
R=1 —7 (32.9)

1]

pocuT Haspauue nabutounoctu, Taxum ofpaszom ckasanwoe pHine
moxkeT OHTh CHOPMYANPOBAHO CAEAYIOIEM OBpA30OM: CTATHCTH=
yeCKoe CHaTHE cneKTpa BOBMOKHO 334 CcueT yC’l‘paHeHHH HBGH-
TOYHOCTH. IlAf HEH3MEHHOIO uucha YpOBHEH BRIDAKEHME AR
H30RITOUHOCTY MONKHO BANHCATL €lie B BuUie

{32.10)
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rae F u T-—QakTuueckue mupHHa CHOEKTPa H ILJHTEJIBHOCTE
curfand, a Fg 0 Ty— HauMeHbLHEe S3HAYEHHS TeX e BeJMYuH
189 HREANbHO-Opeo8pasoBaHHOTO CHrHanz (T. e, Ang Curyasa,
nas koroporo F/ = 7). U3 (32.10) caelyeT, uTO NPH HeH3MeH-
HOH BANTeNbHOCTH CHIHAJ4 IWHPHHA CIEKTpa MOMET ObiThb
yMenbileHa B

F 1

Fo  1I—R
pas. _

Vlrax, nis BRACHEHMS BORMOMHOCTM CTATUCTHUECKOIG CHATHI
CTIEKTP2 HYMHO YMtTh OHEHHTL RENRYMHY M3OHTOUMOCTH, a AIR
OCYIIeCTRACHHA 9TOf BOSMOXNHOCTH HYMKHO HafiTR npeofpaso-
Baupe, YCTpaHnsiollee, WIH, 1o kpaliHell Mepe, yMeHblUgiollee
u3OHTOYHOCTE, Ota ofwupxas npolneMa © TOUKH 3penus
TeOpHU HH(POPMALHH eCTh He UTQ MuOe, Kax npobaema CTaTu-
CTHYECKH-ONTHMaJLHOTO koaupoBanus. Obcyuaenne sTol mpo-
Onemn uw nyTelt K ee pemenwio 3aBeno Obl HAC CAMIMIKOM AAACKO.
Mur OrpaHuvuMcas  Jullb OIHMM 3AMEYAHHEM, [NOACHAUI UM
NpUALRANATLHYID CTOpOHY Hena.

Bocnonbayemcs AAHHEIME, GTHOCAIUMMHCA K MOLYJAMpOBaH«
oM koaeBanmam  (§ 30). MassecTtho, uyTO IIHpHHA CrlexTpa
AMNARTYAHO-MOAYAHDOBANHOrO KoJefanus poOBHO B JABa pasa
foiblle IMMPHHB COEKTPAa MOLYAHPYHOUEro npoueccd. Tak kak
B [E3YAbTATE MOAYJAUMH KOJHUCCTBO MHPOPMALRN He MeHATCH,
TO MOLY/MUPOBANHOE KoAeGauue umeeT MBQBITOMHOCTL

: F

(MpenrmoaaraeTcd, 4TO MOAYJAMPYHOUWIEA TIpOMECC JAHmEeH H36H-
TouocTy). IlyTeM JeTCKTMpOBanRA BOCCTAHABAMBAETCH HCXOA-
Hu#  (Monyaupylowuil) npouece. Takum oOpasom, MOXHC
paccMaTpuBATL MOAYJISINMIO Kak npcolpasoBayye, YBCJIHUHBAIO-
Hice H3OLTOYHOCTL (M pacliupAioMes CHEKTP), & ACTeKTHPO-
BAHME — KAK ONepaluiy, YCTPanswinylo H30HTOYHOCTL (M CHKH-
mawowylo ciektp). ClenoBaTelbHO, eClH CTATUCTHKA HCXOAHOIO
npouecca nOoR00HAa CTATHCTHKE aMIATYAHC-MOAYNUPOBAHHOTO
KO/1eOaHHA, TO ONepalns THNA LeTEKTHPOBAHHA NACT MKeT4eMoe
COKpalleHRe CNeKTpa. Hpyras BOIMOMKHOCTh YCTpPaHeHust Ha0ni-
TOUHOCTH, NMPHBOALILAA TadKiKe K COKPAIEHHID CIEKTpa BlIRERoe,
COCTOHT B YCTpaHeHHH OAHOH H3 OOKOBLIX [10JOC MOAY/ALMOH-
HOT'O CHeKTpa.
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Te e coofpamenust OTHOCATCH M K KOJAeGAHMIO, MOLymu-
poBaHHOMY 10 tase (MnH no uactore). HeAo HeCKOABRO yoiom -
HAETCS B OJAHHOM C/Aydae TeM, UTO CTpoeHue OOKOSHX [010¢
HEe JIOBTODPAET CTPOEHNA MOLYIHDYIOILEr O CIeKTPA, KaK npu AM.
[losromy wmpnny cnexrpa YM-xoneGanng HYWKHO npenBapu-
TEAbHO ONpeleadTh. BosbMeM cayuall GoOabMIOr0 HHIGKCA &
HOPMANbHO PACIPENEIEHHOr0 MOLYAHPYIOLIEro NPOLecca, KoTha
cnekTp GOKOBOH NOJOCH 3anMcHBaeTcd B Buae (popmyaa (30.11)

-
_g._l— 2Amg
n Ao

G (o) =

Jlas onpeneseHns WMPHHB CNEKTPA BOCHOAL3YEMCH MOMEHTHBIM
kputepnem (§ 12), T. e. noaoKHM

I m
U=3—T"
rpe
co o0 ca
A= [Gdo, M= [uGdo, I= [v*Cdo.
0 0 Qo

Burnoanue HHTerpapoBanye, nOJyUYUM

A=1, M_—_q/%m, = Aw?,
oTKyAA
Q4 =]/-1 — 2 A0 20,8 Aa,
a noaHaq l].lﬁplfl}'l'd CHEKTPEI.

20 ~ 1,6 Aw~ 2 Aw.

Takum oGpasoM, MOMMO CUHTATL, YTO [0 NOPYAKY BEJARYHNE
puipuda  cnextpa  UM-xoneGanms  oupesenseTca  yRBGEHMLIK
UaCTOTHEIM OTKJIOHEHHEM (T. €. N0AOCON Kauauws). Eciu npunsre

Af:%ﬁ-mn=75 e,

TO LIKPWHA CIEKTP4 COCTABUT

F~2A f= 150 req.
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[lpy wwprde chekTpa MOAYRMHPYIOULEro npouecca D Key

F ——
= =30,

a u3GHTOYHOCTh

R__:1_%~_~0,91.
HMrak, mns nponecca, CTaTHCTHKA KoToporo OJHM3Ka K CTa-
tuctuke UM — gonefandda ¢ OoabllHM HHIEKCOM, ouepatuwd
T2 9aCTOTHOTO HETEKTHPOBAHHI MOMKET [DPUBECTH K CY-
UIeCTBEHHOMY COKPAILEHHIO CIeKTpa,




AOBABJIEHHAY

L. O mupuue crektpa npousserenns dyuxunii

B § 4 noxasana TeopeMa o CIexTpe NpPOH3BeAeHHR JIBYX
dyuxunfl  BpeMeu: ecd  JaHB e  PYHKUHH BpeMeHn /, {¢)
B j, (1) m ux cnekTpHl S;{®) # S;(w), TO CNeKTp MNpOHIBeaL-
Uy GyRxuMA f(£)-u f,(f) selipamaetcs dopMyrod

+-a2
5 (m)=;-21;c f S, () Sy (@ — v)dv.

AnamoruvHoe COOTHOIIEHHE HMEETCH H LJA# CIIEKTPOB MOULHOCTH
(cm, § 27)
>
0@ =1 J G, () Gy (0 — ) dv. (LD
S .
B xavecTBe 04HOTO M3 MpHMeHEHHH 3TOA OPMYaH paccMOTpHM
BONPOC © INHPHHE CHEKTpPa [POUSBENEHHA ABYX (yuxuui.
Bonpoc crasures Tak: sanbl jBe ()YHKLHM, OTHOCHTEJLHO
KOTOPLIX H3BECTHO, 4TG CREKTPH MX OFpAHHUEHb, T. €. HMEW0T
WHpHHY 2, = 0y — w, A8 nepBofi PyHKUUH H &, == @, — o,
aan propo. ITO CBOKCTBO 3aLaHBBIX HAM CHEKTPOB MOMET
ObiTh BANHCAHO L BHALE

G (w) =0 npat w;, <0< w,,
Gy(w) =~ 0 npn v, << o < w,.

Ham wyXHO OnpeseluTh WHPHHY CHeKTPa NpOH3BEAEHU:
$yuxunil. CnexTp RPOM3BEEHNA e PABEH HY/ID, €C/IM He paBHa
Hy/:0 TOAbIBTErpaAuHas @YHKUMA B sbipaxendu (1. 1). - 3ro
" yCAOBHe BHITIONHRETCH, KOTAa cilektpel U, (v) u (i, (0 — v) ne-
peRPhIBalUTeH, T. € B TOH ofaacrd shddeundl w, aag KoTopoO#H
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Ha HEKOTODOM HHTepBaae awmayenuw# v oba crnextpa G (V)
u G, {(w—v)—He pasHh uymo. Ma 3TuX cooGpaeHHA MOXHO
BLIBECTH CHCTEMy HepadBeHCTB, KOTOpPad NAacT HaM OTBET Ha
nocTapAeHHHH  Borpoc. Cocraaedde 3TOR CHCTEME CUIBHO
00AcTYaETCA NPU MOMOIMK TpaduKkoB puc. H6.

5, (w)
o e
1
[
— I —
[ 1 — Wy o
J——y
/ T t T T r 8
W, tw, ¥
Ga(w-v)
T T T T 2
Wty Wty ¥
Gyiw-v)
¢ . -
W Wy -ty v 4
T G (V- )
sl W -
L
. : ; . . . e
r T T T Wyt e @ 3
Gt
] ¥ nonoce I ronaca
Zrzrsst , r . T
iyt Y R TR P Wyt
A A S Yo S
Puc. 56,

Ha puc. 56, ¢ u 6 maobpamenn sananuste cnekTpe Gy (w}
# Gy(w). Ha pmc. 56, s npencrtasien crmektp Gy (¥); sTOT
FpapRK MHYeM He OTAHyaercg or puc. 56, 4. Ha puc. 56, 2
nocrpoen ¢nekTp Uy(w—v), On orrHugerca oT puc. 56, 6
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TeM, 4TO HAUAI0 OTCUETA MEPEHECEHO B TOUKY Y==w ® CHEKTp
MOoBeEPHYT L£IpaBa HAJIEBO. ®w— 3TO0 TEeKyLian Jyactora peayﬂb-
TUpyKllero ciexTpa. [lpn ee n3MeHeHuda B CTOPOHY yMeHbIIe-
HUg CHEKTP NepeldBHCaeTCA BAERO, KAK MOKA3aHO cTpedxolt.
Ycnopie NeperpulTHd clieKTpos puc. 56, 8 u 5B, 2 MomeT OuThb
3aMKHCAHO B BHAE

Wy > @ — ®,

w < wy o, (1. 2)

[epexpHTHE NMPOROMKAETCH, MOKA COOMIOAEHO YC/HOBUE

HJH

0 — g > 0y
w > oy 4 0. 7 (I.3)

O6benunas weparenctsa (1.2) u (.3), MoMem sanHcaTe
IAs NepBO# MONOCH MepeKpLITHA

o+ oy << o < w4 o, (1.4
OTKyJa IIHPHHA TMepBOH MNOJOCH |
0y 4 0, — (0, 0)) =2, 4 @,

[Mpa namsuciimeM yuedHomenus ® cnextrp Gy (o —v) saxo-
AMT B ofaacTs OTPHUATELHBEX YaCTOT, Kax INOKAa3aHO nyHic-
THpOM Ha puc. 56, &. [eHcTBHTEMbHLI ke CNEKTP pacmooids
raesTca B OGMACTH WOJOKHTEJNBHBIX 3HAYEHHA YACTOTH, E€ro
MOKHO [OCTPOUTh NyTeM NeperndaHHA CTexTpad MO OCH OpAM-
Hat. [leperdyTas 4acTb CHekTpa OTMeueHa [MITPUXOBKOH HA
puc. 56, ¢. Tlps aaneHefleM YMEHLIIEHHH YACTOTH @ IOTe
HOCTBIO [MEPeBEPHYTHIH CIEKTP ABHKETCH RBAQCAb OCH ¥ BIpaso,
Kax NOoKasauo Ha pue. 96, e. llocrennume sz pRCyHKa Hoxa-
3LIBAIOT, YTO CIeKTPH BCTYWAWT BO BTOPYI [0M0CY NepeKphble
Tu#, FpaHHLLl KOTOpOH OnpelelfoTcs HepaBeHCTEAMY

Haud

0, < W, —w, Wy > O w,
T. e. '

0y — w0, < 0 Lo, — 0. . {1.5)
luprna sropolt nonocw

W, — 0y (05—~ Wp) == Q + Q.
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Taxum obpazoM, Myl NOJYUWIH CASIYIOUIee NPABNTIO!

CREKTD Npousseiehus ABYX QYHKUME CGLTOHT W3
ABYX [OJOC, IMMpHHA KaMAOW H3 KOTOPHIX paBHa CymMMe
WHPHR CeKTpop ofoux coMuomuTeselt. I panuum noaoc
onpejensiorca HepaseHeTzamu (1.4) u (1.5),

D10 eiie He 0o3HavaeT, uTo O0Lad IIMPHHA CHEKTPa MpPOHE-
BeleHUs PaBHA TPOCTO YABOEHHON CyMMe WHPHH CNEeKTpOs
comuonuTenell. Jlenro B ToM, 4TO 0AHA H3 TONOC MONET 3aXBa-
ThiB4Te 0GJ3CTh OTPHUATENBHHX YACTOT; HUPH STOM OH4 Hepe-
ruGdercd, Kag OOHCAHO 8HlE, ¥ €8 ReHCTBHTEIbHAN WIHDHHA
cokpauwaercad. Kpome toro, ofie nOAOCH MOTYT WACTHMIO lepe~
KpHBATECA MewAy COOOH.

W to u apyroe mnoxaszano mpa puc. 56, ar. Bee rpadukn
paC, 50 OTHOCATCS K CACAYIOWHM YMCACHHBIM  SHAYCHUsM:

o,=1, w, =23, w,=2, v, =5, @, =2, Q,=
wotw, =8, o, Ff0;=3, o,— 0 =4, o—a,=—1,

CrekTp NPON3BEACHHA B ITOM NPUMEDE 3aMHMAET HEMDEPHIBHYHS
HOAOCY

0 < w8,

Takum o6pazoM, WHMPHRY CHEKTPA NPOM3BEIEHHA MOXHC Ompe-
LeAdTh C [OMOWLIO CAeAYIOUNer) I[paRWia;

o6iad WHpMHA CMeKTPa NpousBefeHAs ABYX (PyHKIHNA
He MeHee CYMMH, HO He 0oJee VIBOEHHOH CYMMBl LIMPHH
CNeKTpoB OBONX COMHOMHTENEH,

Buinmenpuselentbtie npapuaad BMSIOT A0CTATOUHO OOnmHH Xae
paktep. VX MOXHO, HANpuMep, NPHMEHHTL M K AHCKPeTHLIM
(auueilnaTeiM) cliekTpaM. MoMHO TNpPHBeCTn elle NBa Lpasuia,
OTHOCKWHECS TOALKO K AHCKPETHEIM CHEKTpaM:

UHCAC rUHHH B KaWAOH M3 JBYX NOJOC CREKTpa gpo-
M3BEJEHHUS JBYX (EePHOLUYECKHX ¢YHKUMA paBHO npo-
HIBEIEHNIO WHCeJ JHHEH B CHeKTpaX COMHOMUTCAeH,

Ho otpenptine aunnm Moryt chusartecd, [lostomy

ofulee uMC/IO SMHHE B CHEKTpe TNPOUSBElEHHR ABYX
nepuonHyeckux  QGynKUME He MeHbUle  NpOU3BeAelMs,
HO He OOJblle YABOEHHOTO NDPOH3BEACHHMH YACET JMHHA
B CHEKTPaX COMHDMKHTeAeH.
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Jlna npuMeHeHHA 3TUX NPasua ChelyeT HMETb T BHAY, 4TO
HAMHYMe TMOCTORHHOH COCTABAAIOLIEN BHPAMAETCA CHEKTPANbHOH
JdHHeR ¢ gacrotow o = 0.

B xauecrae npumepa paccMOTPUM CHEKTP CAOMHO-MOLY.H-
poBauHOro xoAefanud. TIycThb Hecylas 4vacToOTA @ [HPOMOAY-
AHPOBAHA 10 4ACTOTE YACTOTOK @, 4 34TEM 10 AMIIATYAS
YACTOTOI0 W, ARATHTHUECKH TAKOE KoJefaHue BhIpAMKAETCH

Qopmyno
x = ¢ (1 -4 m sin w,f) sin (wet -+ B sin w,f),

rije ¢,— aMOARTYLa HecyweH, m—raybuHa A\A p—ﬂHJleKc
HM.
Ecin 0603HATHTL

sitt (wyf + f sin w,#) = £, (),
14~ msinwyd = £, (),

TO BRGMNPOC O CNEexTpe CIOKHO-MOLYJIHPORAHHOTO KogedaHiA
CBOLAMTCH K BOMPOCY O chnextpe mnpoussencHuda. Cnexktp G, (w)
byakuun f; {{) npn majJoM uHAEKCe COCTOMT M3 TpeX JMHHA
€ UACTOTAMM wg, Wy = w,. Cnekrp U, (0) dyuxunn f,{(f) cocrour
uz AsyX aunnd ¢ uacroramu O u o, [as nodyueHus pesyib-
THPYIOLISNO CHeKTPa Halo NepelBHraTe crekTp Gy (B — v), HMelo-
wui  ABe JAMHHH € 44cTOTAMH ® W o-— Wy, BAOAb OCH V.
B pesyawrupymilem cnektpe JAMHHH OyAyT BOBHHKAaTh BCAKHI
pa3, Koraa cosnanawt Jolee JABe auHAM CReKTpoB G (¥)
H G, (w—v)., OTMeTUB PCe BOIMOMHEIE COBNANCHHA, MBI Halem,
4YTO CHOEKTP PACCMATPUBAEMOrO CIOXMHO-MOJILYTHPOBAHHOIO KO-
gebanus 6yleT cOCTOATE M3 BEBATH JAMHUH C 4acTOTAMH

wy, wa Ty, wy Ty, oy o T w,,
Kpatinne vactoTnl crexTpa pasHBEl wy == (i, - w,).

{l. CnexTpbl HEKOTOpHIX 4YAaCTOTHO-MOLY JHPOBAHHBIX
Koaebanuit

B § 7 puuucaen chexTp aas npocrefiliero cayuas cuiy-
coungabioit UM

m:mo(l -+ %COSQ!).
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Oowult cayuah UM moker GuiTb sanucan p sulge
0 == wg [+ mf @),

OTKY A4 5
= UJOL‘—EM mF (f),_

rhe

t
F()— ff(':) dr.
0 N

Tax Kagk MORYAApOBaHHOe KoJeBanue HMeeT BHIL
x =sin§ = siv {oyt + mF ()],

TG OYeBHAHO, YT NpeicraBienHe @OvHEumu F () wawma: Hpr
TO HY GbLI0 (HAMPUMEP, CTENEHHEM WM TPHT OHOMETDPHYECKUM)
PALOM HM K 4eMy XoOpOluemy Hu npuscaeT. Heobxonumo cra-
paTeca ppencTaBuTs F (I} . xoneunolt opse, u npuToM TFaKuM

(/2]

m; B

-

P| M., N

Tl ——— A ]
RN

Puc. 57.

0Bpa3oM, uToOLI ‘MHTErPa/, KOTODHIM BBEIPAMAETCA CHEKTP, MOT
bk BuuncaeH. Mbl NpueeseM saech Iza npuMepa TaNoro
polla soiuncaeHBf.

a. CnexkTp kxone0aHMa ¢ dwacTOTOi, MORYyJHpOBAHHONW no
33KOHY NPAMOYTOJLHOH joMaHoH JunMH, "33KOH W3MEHeHHd
HACTOTE Caedyiolld#t {puc. b7, a}

w=uw, 0pu -—z<f<T,
' 7 T
w==w 0pH —?<l‘<—"c,1<l‘<-2—

m 1. 1. Ha puc. 57, 6 nan rpadmx #, umeowed caciymldee
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) T Ty,
AHAMHTHYCCKOE BLIDAWCEHHE HA RPOMEMYTHE (_Z’ 7):

= wyt npa —w < f<]T,
Y=o bt npu 'c<f<§,
J==wf—br npu ——-—;‘—<f<—"f,

rae b =o0,—w;. Tak xak {— HeueTHas OQYHKIHA, TO COEKTP
Gyuruuy x =sin i BLpasurcs yepea cuHycHbE KO3(DQUUHEHTH:

T —T
-

cp=ty = | | sinwyfsinkQtdt-t | sin(ogt—b5)sinkQtdr+-
-3 g
3

“JF

rlt___ m|5~3

sin {wf, + bT)sin 1Y dt .

Brinomsas mpocTeie nipeodpasonaHus H'? MHTerpUPYA, HAXOLUM

1 1 .
C]‘:—T-{mﬁn (mzka)r —}—ku sin (m2+k9)’c+

—+ ?i—ku [sin (“’1'22 +b1:*fan>—sin {w, — k82) rc} —
o ﬁ Jsin (o, 7 beet k) -—sin (0, -+ £2)=]}.

T
B uacTHOM caydae T=, T. € KOTAa 3yGuLl B BRANHHM 10-

Mano#t (puc. 57, &) MMeOT OLMHAKOBYW LIHPHUHY, [0JdyddcM

[sin%(%—k) sin%(g'—i— k)

i J
=TV x fa, T T w g +
V2@ (@)
Sin?(%_l-k) T fo w .
+ : casz(“'+ % 3k)+
i
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Ha puc. 5B npencrapien coekTp, BHYBCAERHWH no 2Tol dop-
Myne. CNeKTD 9TOT UMEeT MAKCHMYMH MpU RQ = o, 0 AR ==u,,
YTO M CASLOBANO OMHAATE.

o1
7
Wy

7 =20

..\_'l[ [ v 1 Jl[ l
g 2 ¢ ¢ & 0 o —k a2
Puc. 58.
Crextp paccuarpusgeroro UM-xorebanma mower Outh BR-
uncaed Ha OcHoBe Apyrux coofpamenuf. Ha puc. 59, a npea-

crasAeH TOT e 38KOH M3MeHeHHs YacTOTHl, YTO ¥ wa puc. 57, q,
a wua puc. D9, 6—coorBercrrytoliee “IM-xoaebarue. ro

Y B I B

>}

i

Puc. 59.

roneGanie MoweT OnTb DAa3AOWeHO Ha jB4, TOKAZAMHLX HA
pue, 59, 8 n B9, 2. Mo wampnas u3 9TuX COCTABITIOUIHX ADEH-
CTanAdet cOG0I0 He YID MHOE, Kax KoJeDaHHe COOTRETCFBYIOWER
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HoCyied 4acToTHl, MOLYIMAPOBAHHOE N0 aMTAWTYAe upa-
MOYTOJNBHBIMA  HMMYIbCAMH, Criexrp TaKoro poad KogefanHuy
HaxoauTca B3 BCAKHX 3aTpylHeud, nocie vero chektp HM.
kore6aHud HAXORHTCA Kax CymMa crextpos obonx AM-xogeda-
Hu¥., DTOT Npuey MOMRT OHThL npRMered u B TOM chyuae,
Korfd 4ACTOTA npuuMaeT we ABa, a moboe uncAS  duKCHpo-
BanHbiX Buadenn@. TaguM crnoCoBoM MOWHO, CAEAOBATEIBHO,

Pre, 60,

BHUNCAATL CHEKTPH CHPHANOB He TOMbKO OOLIYHOTO  4acToT-
noro Tederpada, o u cnektpu AYT — aByXKaHANLHOTO wac~
toTHOTO Tederpada, pabOTAOWEro HA ueTslpeX QHKCHPOBIH-
geiX yacTorax, TexHHKa BHUMC/ICHHS HE MEHHETCH, eC/W MMeeTCH
Ckauok (assi npu Tepexope C MacTOTH HA HACTOTY; B STOM
CAyuAe HCCKOALKO YCIOKHIIOTCH, KOWSHHO, BHIKNALKH,

6. CHEKTP 4aCTOTHO-MORYINPOBRNRGUG Koaebanua ¢ Ya-
cTotoll, ua3mensomeRcs NO NMMACOGPAIMOMY  3AROUY, Sror
caydad, — TaKk HA3LIBAEMBIR «CBI-CHPHAJ» ~— BECKOIBLKO CAOK«
‘Hee nPERHILYILero. o
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'l'iycn, _
b ' T T
w==a—t -t npu —— JE 5

{puc. 60, a), rae a=ﬂ%ﬂ, b=w,—w. Ha puc. 60,4

ofe COCTABIAIOIIME HACTOTH M300paMenL pasie/bHO.
Jas aprymenra ) noayuaem

{}_ar+~r2 npu —§<f<%

{puc. 60, B), M MOLyAWpuBaHHOE KoneGaHHe 3aMHCHIB AETCH
B Brie

X =sin (at—]— 5 32)

BriuucanM KoMMOHENTE CREKTpa:

T
o 2
_ i (ot g L 2) o
g == J sit \at-+ 271 cos k¢ df,
Ui .
T
7
5 2
by = = ‘ sin (af + 57 tz) sin Q¢ dt
_r
2

Jlast BLiuHCAEHHA STUX HHTETPAAOB HAAO CHAYAAA CIEAAThH
TPUTOHOMETEHYeCKMe npeoGrazoeanud.
Hanpumep, AR ¢ ROTyUHM

z
ap = [ tsin (at 4 722) - sin @ - ye9) at,
/il

R

Kl

rAe 0003HAUEHO AT COKpAuIelns

a:a-qL kR, f—a—kQ, 1=
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B stoit dopme HYMHO NOMOJHHTL APTYMEHT [0 NOJAHOTC

2 e
KBalpata, NpubaBAsy M BHUYNTAY COOTBETCTBEHHO 745? n "[;_TZ
Sarem, pasnarad cHoBa CHHbeI paaﬂocm, Haltnem
1 a? . a?
akz—ﬂ(cos‘le—F sin cos4—12Cm— 51n@8m).
3Lech ApPUMEHEHB: CAeiylolmue 0Bo3HAYeHHS:
2. "oy,
C,= f cos x2dx, Cy= f cos y* dy,
& ) ¥
Ty ¥a
S,= f sin x2 dx, S, = f sin y2 dy,
@, : i
1 /a 1 /P
s=g(F—1) =gl
1 fa : 1/8
szj(?*Jr TT)s J’2=§(T+TT)°

AdanoruyHas GOpMyaa IoayvaeTca W aas by

1 B2 . @ af ., of
by, == - (cos o i S, — 1naT%Cy—}—cos 4—\(Zbu,,g-—-sm if Cm)-

Hac untTepecyer amnauryaub$t choextp. AMuadrysa k-H
TapMOHMKH panua

Cx =V_—aﬁ.+bi.

HpOILEHﬂB , BBIYHCAEHHA, NOJAYYHM

L f e - >
= 7y [Cy T Si - Co S;—Qcos (C oSy Se)—
' i

—ogin b e (cysw-ysjcm)}

B sakmicuenne samernm, 4TO (B oTaHune ot AM) cnekrp
UM-roneGannst B 00lWeM CTyuae HeCHMMETPHUEH OTHOCHTENBLHO
LeHTPAdRHOR 4aCTOTH, Kak Obl Mbl €€ He ONpeReinan; Xapaxkrtep
ACHMMETPRH cr[eKTpa 3ABUCHT OT 3aKOHA MIMCHEHHST YAaCTOTEHl,
CHMMETPHYHLIY CIEKTP NoJYYaeTcA TOALKO B Cayvae CHMMeTpHY-
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HOTO (DTHOCHTRALHO HEKOTOPOrO HEHTPATBHOTO SHAYEHWS) 3aromna
usMeHenus 4acTote, [IpuMepoM MOMKET CAYXKHTb DPacCMOTpen-
He# B § 7 cayual cHMHYCOMAASEHOIO M3MEHEHHs YaCcTOTbl

I, AxtupHas mosoca cHexTpa

IpencTaBnenns, CBASAHHEE C MrHOBEHHHIM CIEKTPOM, Paspi-
BaeT npennomednoe Jl, B, AreesnM NOHATHE AKTHBHOR NOgocH
criextpa [1]. ’

ByneM HCXOIHTE U3 ORpeAE/HeHIA MIHOBEHHOIO CHCKTpa
momHocTh no Ilatinmy (cm. § 6)

p(o, &) =2 Sy(@) ],

rue

i
S, (@) = f O

— rekyuw# crnextp, [Io onpeneaenuio MrHOBeHHAs MOLIHOCTDL

PO=21 (0, ddeo.
-

Ho MOXHO COnpelejdTh HeKOTOPHH HMHTEPBAN YACTOT. B Nipejss
n3x KOTOpOro COCpeloTOYeHA [OAABIAIOUIAR 10AS MOUWIHOCTH.
Dr1o yCAOBHE MOXeT OblThb 34MHCAHO B BHAE

2 o nao=nr@,

Tie 7M—TPaPALEas ApoOh, HEMHOTO MEHBINAT eAMHuum.
Murepsan (v,, w;) Momer O6uTh HAZBIH AKTHBHOH NOJocoll,
CAnanordyseM KpurepueM Ml nogszopaanck B § 12, HO Tenephb
peub WIET O MPHOBEHHLIX CNeKTPaxX, & CASROBATENBHO, @ M w,
ABASIOTCH (PYHKUMAME BPeMeHn. [109TOMY, HE TOJABKO WhpuHa
HHIEPRANA (w;, ,), HO B ROJOMERHe €ro Ba ILUKATe wactor
3ABHCHT OT BPeMeHH. '
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K onpenenenmo akThaHON NOJOCH MOKHO MOLOHTR H MO APy~
romy. [lo onpesedeHHI0 TEeKYLWETO CNEKTPa

FO= % J. S () e’ dw = -3:- I (A; cos wf — B, sin of) do,
—00 0

Tae -
Ag+ JBy = §; ().

Beemem Temeps dbyuxuuio f, (5, BLIDAXMAEMYIO AHATOTHYHEIM
HHTErPaJOM, HO B KOHEUHEIX NpeAsnax:

We

L= —i— [ (4, cos wf - B, sin wf) dw

u norpebyew, tlTot‘n;l_ PasHoOCTb
Af==f(t) — f(z,

G6uina (C TOYKM 3PeHHH HEKOTOPOro ONPeleeHHOr0 KpHTepHd)
AOCTATOUHO Mana, T. €. uToOm @yHKUHA f, () Moraa CayHUTb
YAOBAETROpHTEAbHEM ApulmmkenneM k f(£). Murepraa (v, w,)
GyAeT mpH 9TOM ONpeledeH, KAk AKTHBHAS [OAOCA CREKTPA. »

B uurwpopannofi paGore [l1] paccMoTpeHa B KauecTBe
npuMepa QyHKIHA BHAA

) = sin% A2,

r. e. UM-xoneGanne, 4acTora KOTOPOrO MEHAeTC? MO JIHHeH-

HOMY 34KOHY
» == rf,

l'loxaaaﬂo, HTO WMIHPUHA aKTUBHOR nojdoch BBIPAKAETCA COTHO-

HieHHEM
0y — 0, == Aw == b I/’% =V

rne b—xosdduupent Tem Goabmuil, veM Jyuiuee Tpefyerca
le/lﬁ.ﬂl/!){{eHHB. I]OK&BHHO TAKXKe, UTO NEHTPAARHAA 4ACTOTE 3KTHE=-
HOH MOJOCH COBMANAeT ¢ MPHOBSHHOHM 4aCTOTOHM, Tak 4TO B pac-
CMaTPUBAEMOM CAyYae aAKTHUBHAA [10J40CA, COXPAHA NOCTOAHHYID
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IHpUHY, CKOJL3HT 110 WIKdJe 4acToT, cAelyd 34 H3Me-
HeHHAMH MFHOB&HHOH HaCTOTH ) STOT pPE3yaLTAT BilLJiHe
cormacyercds € HaUMH MHTYWATHBHBIMA NPeLCTABIeHHAMH.

IV. Pasjomende COeKTPOB 00 CNEKTPAM COCTABJAIDIIMX
GyHrUA

JlunefinocTs npeofpazoBanust Pypbe, BpanmaeMas cOOTHOMIE-
duem (4.1), no3posaer. npuMennTs 0GuMH NpreM NPUGARKMEHNOTO
BbIYHCAEHES CNEKTPA, OCHOBAHHLIN Ha CAAYIOWHKX CooBpaKEHUIX.

{lycte nmannas ¢yskuua f(f) annpoxcAMHPOBAHA KOHEUHOH
CYMMOH HEKOTOPBHIX nponssor[b}{o BHIOpaHHbx PyHKIHR fk, T. €.

J{)y= ka ®-

Ecin crexTps QyHKuMH f; H3BeCTHH, TO, 0603Hauas UX uepea
Sy, HMeem

+00 +00
S= [raye ™ ata fe ‘v‘“‘”‘( 2 Ji (t)) dt =

n e

HS‘ ffe “”’dt_-ESk.
i re

DTO COOTHOIEHHE MOMET CHYHMATh OCHOROH IAS MHOTOYHCIEH-
HbIX BAPUAHTOR (POPMyA U TAOMHIL 1A BHUMCASHHS CHOEKTPOB
3a0anHbx  dyHKERA,

Mui OrpandyrMca 3necbk ILByMa fUpHMepaMd, OTHOCRILIMMUMCH
K HeMepHORUYeCKAM (PYHKUMAM UMNYJABCUBHOTO XapakTepa, B ya-
CTHOCTH K DYHKUWUH, HE PABHOM HY/MO HA NPOTMKEHHH Bpe-
Mennu T,

Ilycts, HanpuMep, GyHKUHA CYLIECTBYeT HA HPOMEH(YTKE

v T
—g<i<yg-
BelGepeM paznomeHHe M0 TPUrOHOMETPUYeCKHM HyHKLHAM, T. e

pasaokum f(f) B pun Pypbe HA YKA3aUHOM NpOMekyTKe. Ml
IOJ Y HHM

Jznk
JO) = Z Cye s
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Tie

Jztk

='% ff(f) £

Nld

Takum ofpasom, B 3TOM NpUMEpe 3ieMeHTapHaA dyHKIEA ecTh

. i
senk

Je="Ce <.
Crexrp sToM QyukuMM HMeeT BuA
H —j(m;-2m:£)t (— 1) 2C
Sp=0C, re CRAP TR SRk 5 B P
’ k 2,
o w—2n — .
- T

B CNeNOBATEALHO, HMCKOMHIE CIexTp ecth
N
] T WY (— DEC,
~ 2sinw 2‘ — 7.
S 2 k

N w— .
T

[TpuGmmkenne Gyler, OUEBURHO, TeM JAyulluMm, ueM GodbLle
YHCAQ CHATAEMEIX CYMMEL

+ B kadectse BTOpOrO NpH-
Mepa NMPUMEHHM A0TPOKCHMILEID
zasannoh dynkuum crynenuaTol
nomanol MvHUeH, pa3fuR HHTED-
‘Ban 0 <2 ¢ <7t ma n uactelt Af,
T. €. [OJCIKHB 0 df 24t 7t T

T =g 4/, Puc. 61,

u BEGpaB 3MeMeHTApHYI DYHKUMID B QopMe MpAMOYIOALHOTC
uMityasca. Torpma Momem sanucath {pHc. 61)

el

O 3 (o1t — R Al —aq [t—(k 4 1) 4]} / [(é+ %)At].

SnemenTapHufl WMnyAbL paBeH

ful) :f[(k,—i—- %)At] (501t — k AL} — oq l£— (% - 1) Af]).
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Ero cnexrp umeer pua
k1) AL

Si= (e g W] | ermtar= 2o
Py

—fo (Ic+—) At dia %g

CNeROBATEALHO, HCKOMBIH CRlekTp ameeT POpMy
S]l'l(l)— g (& Aﬂ 5
S=at——= 2; B - )AfJ (++2)

l'lpnﬁ.rlm}(elme ylyulwaerca ¢ BospacTanueM #. B npenene

Sifw A‘—t

opu i—» 00, T. ¢, npu Af — 0, MHOMHTeNh ——7-— obpattaeTca
{ —

2

B CRMHHIY, @ CyMMa TtepeXORuT B mHTerpad ®ypee, gawlmi Toy-
HOe¢ 3HaueHme cnexTpa Qyuxumd f{), 1. €.

S—= f f(Ore ' at.
0

V. Cnexrp KOpOTKOTO 3HAKOHEpeMEHHOTO HMNOYJbhCa

Beickazannoe B § 11 noaoxenue o ClEKTPe KOPOTKOCO HM-
AYfbCa, COCTOAllee B TOM, YTO CNEKTP TAKOTO UMNYJAbCa OLHO-
pOLeH BIJIOTS AD YaCTOT, NEPHOL KOTODLIX CPABHHM C IAHTEAL-
HOCTBIO uMnyabca, TpebyeT yTounenud. Heso B TOM, 4TO 3TO
NoMOXKeNHe CHpaBejAHBO, eCAH Ha NpPOTMKCHHH AJHTEAbHOCTH
uMnyAbca (PyHKLMA, KOTOpPOH OH BHIPAXKAETCs, HE MeHsieT 8HaKa,

T T
T. &,, HAaNpHuMep, ecan Ha HpOMeH{yTKE(—lg,-g-) HMITYJIbC onpe-

IesJeH werHot ¢yHxkuMel. Lcau xe aTo ycioBHe He BRITIOMTHRETCH,

T. €. €CJH, HalpHMEep, Hd YKA3aHHOM MPOMEKYTKE HMIYJALC Onpe-~

Jesed HeuyeTHOH qumcuueﬂ, TO MNOJAOKEHNE PALHKANBHO MeHseTCa.
Mpl uMeeM A48 CLOEKTPa KMilylbca

S F(He ™ di.

i
Nrﬂ;ﬁl\:]a
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Pazofbem wuuterpas ua Abd, 4 0yCcTh pruxu.uﬂ j(t) HeueTHA,
Torna

0 . %
S= [ et at + Uf f®e s =0f J @)™ —e™) at =

2

] a

kA

J@) sin of dt =2 2w ftf(t) dt = joM,

ll
cg_" rofa

rie M-—moMenT mepsoro NOpRAKd BYHKIAH f(t) OTHOCHUTRNbLHO
.
navana. TlpuGmnienne 3aKOHHO, ecit w - <€ 1. Mrak, no ua-

CTOT, ONpEIEAeMEX CP3BHEMOCTBIO NMePHOA € NAHTEAbHOCTLIO,
CTMEeKTP 3HAKONEepPEeMEHHOIO HMIYJALCA BHIp&WaeTca JuHeHnod
GyHRUHEel 4acTOTH.

B kagect~e npuMepa CParHuM CHEKTPH o'rpee.KOB KOCHHY =
COUAB H cuHycouisl. 18 KOCUHYCOHLAABHOTO UMAYALCA HMEeM

L
K
S==2 fcothcoswtdt::
0
sin (Q—[—aﬂ-;— ' sin(Q-—m\-g-
9—}—0) + ¥H—uw

=2 T

JL19 CHHYCONARALHOTO HMIYABCA
1
o

§o=— 2jf sin Q¢ sin of df =
[

(sln(&-{-m)—;- sin (SZ-—m\%)
=2/ [ - Q — @

" Baech M LOMNHB 047 UEPEXOAA K mpeliefy mpH yOLIBAKLIEM €
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BOCIIONL3OBATECA YIKe ABYMS WICHAMH [A3JiOAeHH CHHYCE B CTe-
neunoff pai. Iro paet

sin (Q-}—m)g- sin (9—@)%

2 gre U =
~J ki (R 0 — (@ — )] = j * o
A g e Q—uw)l]=jw 7 &

Mg MOACHEeHWA MOAVYEHHBIX COOTHOIICHHH MOXHO ellle cO-
cAATLCA HA TO, 4TO BCsiKag HedeTHad (PYHKUUA MOXKeT paccMar-
pHBATHCA Kax TPOHSBOAHAA HEKOTOpOH ueTHoH @ynxuun. Ho
CNEKTp [POU3ROAHOH TOAyYdeTcd MNYTeM YMHOMEHHA CHEKTpa
hYHKUHM HA jo [cm.(4.2)]. CrenoBaTenbHO, €CAH CIEKTP KOPOT-
KOrQ UETHOrQ MMOYJAbCE ONHOPOHEH, T. €. BLPAXKACTCH IOCTOSH-
HOHl BEJHUHHON, TO CHEKTP HEUETHOrO HMNYJILCA AOMKEH Codep-
WATE MHOMHTEIb fw.

Hakonel, clelyeT VkasaTh €Ule HA CHEeKTPH PA3SPHBHHIX
dyucuui (§ 11). Crexrp eiuHnuioro uMnyisca 8(f), asiaio-
Herocs YeTHoW diyHkiIHeH, paped eaunule. CHEKTD e UMYAnCa
BTOPOrO MOpAAKa % §(f), smasowerocs HeveTHOH (yHKaued
W XapaKTEpH3IYIOUEerocs AByMA UOCAELOBATEBHBIMH CKAUKAMH
B--0o u -——oo okoao £ =0, pasen ju.

Ecam KOpoTKuil HMNYJALC COBEpIHdeT HEeCKOJALKO nepeMmed

AHAKA, TO €ro CRAEeKTP MOMET BHPAMATHECA M GOjee BLICOKMMH
CTeneHAMH YacTOTH.

V1. MogpofGuocTu Beruncaenus Af u Af

Jlan uETaTens, KOTOpHHA nojenad Gn NPOBEPHTH BEKAALKHK
§ 12 i npoAeaaTh AHANOTHYHLE, HHIKE MPHBEJEHLI HEKOTO-
Doie ASTAAM ITUX BEIKIALOK.

a. [lpamoyroabHblii mmnyanc. Af = 0,87 — 370 OueBuAHO,
Daiee, '

slne —
0 —
5

A Ao T &

- gin? ©= _ -
J. D2 =12 J - dw =21 J L. P

A



vi. NOIPOBHOCTH BBIUMCAEHWS Af u Af 231

34eCh M HUKE BCTPEMAOTCA MuTel panbl BALA

sin
cos o
o dz,

KOTOPHE BHUMCAMIOTCA MO YACTHM, NMOKA He 33KOHUYATCH Ha cia-
raemoM Si(z) wan Ci(2). B pesyabrare mbl nosayuaem a4 Awt
ypaBHEeHHe

9 sin? Aw '-‘E
— Si {A(DT) _— ——t— = 71: 0’9,
i "
Aw —
©2
pellienHe KOTOPOLO, JErKo MOJIy4aeMOe MeTOLOM JNOXKHHX KOp-
HEH, ecThb
Awt=35,1.

6. Tpeyroapnuiit umnyabc. JJas TpeyroasHoro UMNyabca

H3 yCAoBUa .

| NoAyuaeM ypaBHeHue
(A3 Af\2 Af
pemas KOTOPoe, HAaXONuM
AL — 0,541
T
Criektp TPeyroabHOrO HMNYALCA eCTh

Y
L, — : .
2
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¥ BHMCAHAA umerpapoaaﬂne NOJYUHM YDABHEHHE
%{Si (x)-—;—Si(—-”g-) e [3+(cosx«—4cos-——)

(smx-——Qsm x)__ * (cos x—cos%)] = 0,9,

-7 2 2

peuedde KOTOPOTO ecTb
X = Awt =5,3.

8. KocAuyconNANLHBIR umnyabc. [an  onpelenenus Af
uMeeM COUTHOLIeHHE
At

] (4 . b
chos Tt?dfm'fj—é-
0

YT0 TIPUBOAWT K yPABHEHUW
Af | . Af
T—*—-?Slﬂ TtT == 0,9-
Orciona HAXOAUM ’
— = 0,596.

Cl'[ﬁl{'l‘p KOCHHYCOUNZALHOTO HMNOY/IbCa eCTh

At
t

T
COS w—

2

] Bb[pa}KBHHO I OnpenedeHUa Aw NPUHHMAET BHI
Aw

5%
w8 9 v m? do = T
7" (7:2 ( 12]2 =T
¢ (2 —(3)
Bxongum# Cioga WMHTerpad BHYMCAAETCH MYTeM PAIOKEHH:

NOABHTEr DATHHOTO BHPANMEHUA HA NPOCTHe Apobn. B pesyanrare
HUHTer pHPOBAHUS NOJAYudeM YpPABHEHHE

1 1—cos x
_:?[ — +Sl(x)+—]nx——Cl (x)“
&
rae Xy =n—Aot, x,=n-} Aws
3nech BOBHUKAET 3aTPYAHeHHE! X, HECOMHEHHO, OTpPHHA-
TEALHD, H MBL He MUMeh QOACTARAATL €U0 B KAYecTBE apry«

D=
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MeHTa HH moA sHak Ip, mu# nox snax Ci. Sro sarpyrnewnue,
OAHZKO, OUeHb AGTKO NpeoaoneTb. PaccMoTpum ¢yHKUMO

¢ (x) =10 x—Ci(x).
Becnomunad u3BectHoe pasioienne Ci(x) B cremenunoft pAai,
NOAYHHM

X2 x4 x8
¢y =—FE+g5 ~TatTEe " s

rne E — sfinepora nocrosnnas, Taxum o6pasoM, OxasbipacTcs,
uyro @ {x)—uetuas QPYUKUMA, B CISAOBATENLHO, M HMeeM
NPABO [pY BBIMOABEHHM BLIYHCAESHMA [OACTABAATL NOA  3HAKY
In u Ci BMECTO OTPHULATENBHEX APTYMEHTOE [OJOMHTENbHLIE,
[Mpunumas, Kpome Tero, BO BHHMaHHe, 4TO Si(x) ectb QyHKuUA
HEUeTHas, ¥ NPOAeiblBAN BCE BHYHCAEHHA, HAX0AHM Awt = 4,57,

VIL [Io nosony ofmero Kpurepus Aas OUEHKH AS M Af

Wcnonbsoeannsit B § 12 ofwmit kpurepmit nas ouedxu Af
B Af, ocHOBaHAHIH HA MOHATHH O PALHyCce HHEDUHH IIOCKOH
UrypHl, OKA3LIBAETCA OUYeHb OCTPLHIM, N [PHMEHEHHE &ro
He BCEris BO3MOMHO.

BoluicauM HA OCHOBe 'STOTO KPHTepHs NpousBepcHue AfAf
LAd TpeyTOAbHOTO HMIYIbCE, MAS KOTOpOry

jo=1—211,

A €

. 1—cos m?

Pw) = 217 T2

7(*3)
Haxonum
n i\2 13
A=2 J (1—2?) d=T% pp_ }’;L ==9,43.10-2<
¢ : ' '
Mt = Ol t
A = 0,307(.

5
. - 2
ItﬂQj fz(l-:2“:—) dt=4%%t3,
V]
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Tenepy nallnem mwupuny cnexrpa:

A, =rAa,= 3,41,

o0 o
M @ (1w~—cosﬂ:§ 114x _8
w—_q__‘ w l(mt Py 3)
)
0
2
’ o mg(l—cosu»?) L;in?x _ 8
T oz v
432

Taxum ofipasom,
'Awgziﬂ_ﬁ(/ww)z=ﬁ,s Ao 26 Af 0415
A T

w

M, HaxoHeLl,
: AfAt=0,415. 0,307 = 0,127,

T. €. Pe3YILTAT NPUMEPHO BTpoe OOMblle TEOPETHUECKOTD MHHM-
MyMa.

Ecau mel Teneps nonpofyeM npoieiaTs aHATOFHUHBIE BHIUNC-
JleHus  And npﬂmoymﬁbuoro HMAYALCA, TO A4d Af MBl JeTKo

Af, To uHTerpany aaa M, u ]u, OKASLIBAIOTCH PACXOAAIEHMHCH.
3ro ofihacuaercd, poollie Trozopd, TeM, YTO MNPAMOYTOAbL-
HEH HMNYJLC XapaKTepusyerTcda pa3puiBoM camofl  Qyumimi,

nafiieM 3HaYeHHe, PABHOE “0,288 . YUro ke KacaeTcs

1
1 ero CIEKTp yﬁbIBEleT JHIIb Kal{-u—" PaCCMOTpeHHHF\ Ae B Ha-

yajie TPeyroapLHBf HMOYILC XZPAKTEPH3YETCH Da3pLIBOM Nepsoi
NPOU3ROAHOK, ¥ CHENOBATENLHO, €ro  ChekTp yOHRIBT KIK

1
T 6ﬂﬂl‘0ﬂﬂpﬂ HEMY HHTerpaibl OKd3LIB4aTCd CXOAAMMHATH.
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