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PEKOMEHJJAIIA MCD-R P.1407-6

MHOFOJ]y‘{eBOC pacnpocTpaHeHue U MapaMeTpu3anus €ro XapakTepucTuk
(Bommpoc MCD-R 203/3)
(1999-2003-2005-2007-2009-2013-2017)

Cdepa npumenenust

B Pexomennanuun MCD-R P.1407 npuBoaWTCS ONMCAHUE XapakTepa MHOTONYYEBOTO PACIPOCTPAHEHUS U
OTIPENIENSAIOTCSl  HAJUIeXkAIe TapamMeTpbl JUIi CTATHCTHYECKOTO OIKMCAHUS SBICHUH MHOTOIYYEBOTO
pacipoCTpaHEeHHS, a TAKXKE MPUBOIATCS MPUMEPHI SBJICHUN KOPPEISAIMH MEXITy OOJBIINM YUCIOM TPace
pacnpocTpaHeHus Tydel U crmocoOOB HX pacyera.

KuroueBble ci1oBa

[Mpodunu 3amepxku, NpopUIn yria a3uMyTa/BO3BBIIICHUS, HATPABICHHBIH MPOQUIb 3aJepKKH MO YTy
MOIITHOCTH, JIOTIIIEPOBCKUH, 00111asi MOIIHOCTh, KOMIIOHEHTBI MHOTOJTy4€BOCTH

Accambies paauocssizu MCDO,

yuumoieas
a) HEOOXOTUMOCTh OLIEHKH SIBJICHUH MHOTOJYYEBOTO PACIPOCTPAHEHHS Ha CIYKOBI, B KOTOPBIX
UCTIONB3YIOTCS I POBBIE CHCTEMBI;
b) 1e7Iec000Pa3HOCTh CTAHAAPTH3ALUH TEPMHHOJIOTUN U BBIPAKEHUH, MCIIONB3YEMBIX JUIS OIMCAHHS
MHOTOJTY4€BOCTH,

pekomeHoyem,
1 YTOOBI UCTIOJIL30BAITUCH IS YHU(PHUIIUPOBAHHOTO OMMCAHUS MOHSATHI MHOTOJTYYE€BOCTH TEPMHUHBI U

OIpeACJICHNA, COACPIKAIIUCCA B HpI/IJ'IO)KeHI/II/I 1,

2 YyTOOBI MOHATHUS Koppensuuu B [IpunokeHHUM 2 HUCHONB30BAIUCH JJIS aHAU3a IOCJICACTBUN C
00JIBIIIMM KOJIMYECTBOM BXOJIOB M BbIX0z10B (MIMO);

3 YTOOBI npu 06p8,30BaHI/II/I IIUPOKOIIOJIOCHOI'O KaHala Ui OHCHKU XapaKTECPUCTUK CUCTEM CBA3U
HCIIOJB30BAJIMCh MOJCIIN B HpI/IJ'IO)KeHHI/I 3.

Hpuioxenue 1

1 BBeaenue

B pamnocuctemMax ¢ HM3KMMHU aHTEHHAMH, IIOMHMO TPSIMBIX Tpacc paclpoCTpaHEHHs B Mpenenax NpsMoi
BUJMMOCTH MEXJIy IMEepeAaTYnKOM U TPUEMHUKOM, YacTO BO3HUKAIOT MHOT'OJYYEBBIC HEMPSMbIE TPACCHI,
O0YCIIOBJIEHHbIE OTPAKEHHEM OT OKPYKAIOmMX OO0BEKTOB. Takoe MHOTOIy4eBO€ paclpoCTpaHEHUE
0COOEHHO 3HAYMTENBHO B TOPOJCKMX YCIOBHSX, I/I€ CTEHBl 3AaHWUU U JIOPOXKHOE TOKpPBITHE 00JanaroT
BBICOKOW OTpakaTelbHOM CIIOCOOHOCTHIO. B pesynbrare MpHHUMAaeMblii CUTHAI COCTOMT U3 HECKOIBKHX
KOMIIOHEHTOB C pa3HBIMHU aMIUTUTYIaMU, (ha3aMu U HAIIPABICHUSIMH ITPHXO/IA.

*

3-1 HccnenoBarennbCkass KOMUCCHs 1O paavocBs3u B anpesne 2015 roga BHeCHIa B HACTOSANIYIO PeKOMEHIAInio
pelaKIMOHHBIC TIOMPAaBKH B COOTBETCTBHH ¢ Pe3omrormeit MCO-R 1.
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Pesynprupyromass TpoCTpaHCTBEHHAsT W3MEHYHMBOCTh HANPSHKCHHOCTH TIIOJISI CUTHAla MOXET OBITh
MIPEICTaBIeHA B IBYX CIEIyIOIINX PEKIMaX:

a) ObICTpOE 3aMHpaHUE, CKOPOCTh KOTOPOTO MEHSETCA Ha PACCTOSIHMU NOPSAAKA AJIMHBI BOJHBI, YTO
00yCIIOBJICHO B TIEPBYIO oUYepeib U3MEHEHHEM (a3bl pa3IHYHBIX KOMIIOHEHTOB CHTHAJIA;

b) MeJIEHHOE 3aMHpaHhe, KOTOPOEe MEHSIETCS Ha PACCTOSHHSIX OONBIION MPOTSHKEHHOCTH, MPEKIE
BCErO 3a CYeT M3MEHEHHSI YPOBHS IMOTEPh U3-3a 3aTEHEHUS OKPY KAIOIIUMHU 00bEKTaMHU.

[ToMuMo 3TOrO, pazauyHBIC KOMIIOHEHTHI CHUTHAja MOTYT HCHBITHIBATH AOIUICPOBCKUN CIBUT YaCTOTHI
Pa3IUYHON BEIMYUHBI, YTO OOYCJIOBJICHO JBM)KCHUEM IMOJBHKHOW CTAHIIMU HMJIM OTPAXKAIOIIUX OOBEKTOB,
TaKUX KaK TPAaHCIOPTHBIE CPE/ICTBA.

MHoronay4yeBoi KaHaJl MOABMKHOM CBS3M MOKHO ONUCATh € IMOMOIIBK) HMITYJIbCHOW XapaKTEPUCTHKH,
CKOpPOCTh U3MEHEHHS KOTOPOU 3aBUCUT OT CKOPOCTH JIBUKCHHSI TIOJBM)KHOM CTaHIIUU U/WIIN PacCeUBaTENICH.
CrnenoBaTensHO, B IPUEMHUKE JTOJDKHA OBITH MPEAyCMOTPEHA BO3MOXKHOCTH CIIPABIATHCSA C MCKAKCHHUSIMH,
BO3HUKAIOIIMMH 32 CYET OTPAKEHHBIX CUTHAJIOB, a TAK)KE YIUTHIBATH OBICTPHIE M3MEHEHHS XapaKTepa TaKuX
uckaxxeHuit. [1ogoOHBIE XapaKTEPHCTUKU paJnOKaHala TOABMKHON CBSI3M OIMHKCBHIBAIOTCS C TMOMOIIBIO
npoduiaei 3alepKKH MOIIMHOCTH W JOIUICPOBCKUMM CIIEKTPaMH, KOTOPBIE MOXXHO TOJYYHTh IyTeM
HU3MEPEHHUI 30HIMPOBAHMS IIUPOKOMOIOCHOIO KaHaja.

N3-3a MHOT'OJIYY€BOI'0 pacCesiHrd aMIUIMTyAbl CUTHAJIOB, IMEPCAAaBACMbIX Ha ABWIKYIIUCCSA TPAaHCIIOPTHBLIC
Cp€ACTBa U OT HUX B Iropoac UiIn JIECHOM MECTHOCTH, CUJIBHO MCHAIOTCA. K 0OBIYHBIM SBIIEHUSIM OTHOCSTCS
3amupanust Ha 30 1b wnm Goiee OTHOCUTEIHHO CPEJHETO YPOBHS. MTHOBEHHOE 3HaU€HHUE HAIPSKEHHOCTH
T0JI5, U3MEPEHHOT0 Ha PACCTOSHUAX MOPAIKA HECKOJIBKUX AECATKOB UIMH BOJIHBI, IPUOIM3UTENBHO CIEIyeT
paneeBckoMy pacnpezneneHuo. CpeiHue 3HaueHUS Ul paclpefeieHU Ha 3TUX HEeOONBIIMX CEKTopax
CHJIBHO MEHSIOTCS B 3aBUCUMOCTH OT reorpaduyeckoil 30Hbl, BBICOTHI, INIOTHOCTH U PACIIOI0KEHHUS XOJIMOB,
JIepEBBEB, 30aHNN U APYTHX OOBEKTOB.

C Qusnueckod TOUYKM 3pEHHsS MapaMeTpaMH MHOTOJYYEBOTO PACIPOCTPAHEHUS SIBISIOTCS KOJIMYECTBO
JTyded, aMIUTUTY/a, pa3HUIla B UIMHE Tpacc (3aaepikka), TOTUICPOBCKUM CIBUT U yroJl MPUXOJa. 3HAUCHUS
3THX TIapaMeTpoOB MOTYT OBITH TOJYYEHBI W3 CEPUH KOMIUIEKCHBIX HMITYJBCHBIX XapaKTEPUCTUK Ha
HC6OJIBIHI/IX PaCCTOAHUAX WM BPEMCHHBLIX HHTCPBajIaX, KOTOPLIC MOT'YT HCIHOJIB30BAaTLCA [Jid pacyeTa
(GYHKIMU  pacrpenelieHuss JOIUIEPOBCKON  3a/IEPKKH  ONKCHIBAIONICH SIBJIGHHE MHOTOIYYEBOCTH B
TPEXMEPHOM IPOCTPAHCTBE — JOTIOJHHUTEIbHAS 3aJ[ePXKKa, TOTUIEPOBCKAs YacTOTa M IDIOTHOCTH MOITHOCTH.
OyHKIUA pacnpeseNneHus] JAOTUIEPOBCKON 3a/IepKKHU OIpeNeiseT JIMHEHHBIH TpaHCBEepPCANBHBIA (QHIBTP,
BBIXO,Z[HOI\/'I CHUI'HaJI KOTOPOro npeacTaBiiACT CO6OI7[ CyMMYy OCJ]a6J'IeHHLIX, C MHOI'OYMCJICHHBIMHU 3aJICPKKaMU
M JIOTUIEPOBCKUM CIIBUTOM PEIUIMK BXOJHOTO CHTHaja. Takoe mpejacTaBieHHe YAOOHO TMPH anmapaTHOM
MOJIETUPOBAaHUHK B BHUAEC JUHAMUYECKOTO TpaHCBepcambHOro ¢uibTpa. DYHKIUA pacrpeneieHus
JIOTUIEPOBCKOW 3aJIepiKKH UCTIONIB3YETCsl JIIsl pacueTa mpoduist 3aJepKKu U criektpa Jlomiepa, KOTOPBIT
MOJXKET OBITh CBSI3aH C IMEPUOJIOM KOI'epEHTHOCTH KaHasia. KpoMe Toro, nmpuMeHuB npeodpazoBanue Oypbe K
MIEPEeMEHHON BO BpEMEHH KOMILIEKCHOW MMITYJIbCHOM XapaKTePUCTHKE, MOKHO TMOIyYUTh NEPEMEHHYIO BO
BPEMEHH KOMIUIEKCHYI0O YaCTOTHYH (YHKIHIO, aMIDIMTy/a KOTOPOW Kak (YHKIUS YaCTOTHBIX
XapaKTEPUCTUK ONPECNIICT MHOTOJYYEBYI0 M30UPATEIbHOCTh MO YacTOTE, KOTOpas CBsA3aHA C IIMPUHOU
TIOJIOCHI KOppesiuu. VI3MeHeHrne BO BpeMeHH 3TOH (PyHKIUHU ONpenerseT XapaKTepUCTHKH 3aMHUpaHUs Ha
KOHKPETHOH JacToTe.

Onpenenenusi mapaMeTpoB KaHaja i HEOOJBIIOTO U3MEPSIEeMOro cekropa (WM MeIKOMAacIITaOHBIX
rapaMeTpoB) TPHBEACHBI B MyHKTax 2, 3 u 4. Jlamee cTraTHCTHYECKHWE MAaHHBIE O MEIKOMACIITA0HBIX
mapameTrpax HCIONB3YIOTCS Ui COCTaBICHHMA KyMyJIATUBHbIX (yHkumii pacnpenenenusi (CDF).
Cpennemacimitabuas @ynkius CDF  oxBaTbiBaeT OTIENbHBIA MapIIpyT H3MEpEHUWH, WMEIOIU JUIHHY
MopsaKa OT JECSITKOB J0 coTeH MeTpoB. COBOKYIMHOCTh OOBEOWHEHHBIX MJAaHHBIX OT psja
CpeAHeMacIITa0HbIX MapIIPyTOB pAaccMaTpUBAETCsl B KauecTBE KPYMHOMACIITAOHOW WM TI00aJbHOM
XapaKTePUCTUKH, MPEACTABIAIONEH OCOOEHHOCTH H3y4aeMOW OKpyXaromeil 0OCTaHOBKH, HampUMep
XOJIMUCTON MECTHOCTH, TOPO/Ia, IIPUTOPO/Ia, OONBIINX MOMEIICHUH BHYTPHU 371aHNH, KOPUIOPOB U T. 1.
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2 ITapameTpsI npoduieii 3axepRKu

2.1 Onpenesienusi npopuieii 3aep:KKH MOIIHOCTH

CoOTBeTCTBYIONIME TapaMeTpbl Ul CTATUCTHYECKOTO OMMCAHUS BPEMEHHU 3aJICPKKH MHOTOIYYCBOCTH
MOTYT OBITh BEIYHMCIICHBI HA OCHOBE JIFO0OT0 M3 TPEX TUIOB MPOQUICH 3aJepKKH MOIIHOCTH: MTCHOBEHHOTO
IpO(UIS 3aACPHKKU MOIIHOCTH; KPATKOBPEMEHHOI'O MPOQUIIS 3aePKKH MOIIHOCTH; HJIH J0JArOBPEMEHHOIO
mpouIIs 3aIEPKKH MOITHOCTH, KOTOPBIE MPEACTABISIOT OO0 JINOO YCpETHEHHBIC TI0 BpEMECHU 3HAYCHUS,
MOJIyYEHHBIC TMPH WCIOJB30BAHUN CTAI[MOHAPHOTO TPUEMHUKA, OTOOPAKAIOMIETO IMPOUCXOMASIIUEC B
OKpY’)KaIel cpeie mepeMenicHus, TU00 YCPEIHCHHbBIC MPOCTPAHCTBEHHBIC 3HAYCHHMS, MOJYyUYCHHBIC TPU
HCII0JIb30BaHUH MPHEMHHKA, HAXOSIIEIOCS B IBHKCHHH.

Onpenenenns mpoduieit 3aAep>KKH MOIITHOCTH MOYYaroT, KaK MTOKa3aHo Ha pucyHKe 1.

MrHOBCHHBIN HpO(I)I/IJ'IB 3aICPKKN MOIIHOCTU TIIPEACTABIACT €c000#1 TIOTHOCTH MOIITHOCTH PIMHyJ'II:CHOﬁ
XapaKTEpUCTUKU B OAUH MOMCHT B OJHOM TOYKE.

KpatkoBpemenusii  (MenmkomacmiTaOHBIN) — TPOGUIb  3aJepXKKA  MOIIHOCTH  TOJNYYaloT  MyTeM
MMPOCTPAHCTBCHHOI'O YCPCAHCHUA MTHOBCHHBIX HpO(bI/IJ'ICﬁ 3aCPKKHN MOMIIHOCTU IIO HECKOJIbKUM JCCATKaAM
3HAYCHUI IJIMHBI BOJIH B IIpE€Aciax auariasoHa, B KOTOPOM COXpaHAIOTCA OJHHM M TC€ XC KOMIIOHCHTLI
MHOTOJIY4EBOCTH, B LEJIAX MOAABICHHS KojeOaHuil ObicTporo 3ammpanus. Kpome Toro, oH MOXeT OBITH
MoJy4eH W3 (pyHKIHMU pachpeleNieHus NOIUIEPOBCKON 3aJepKKH, M300paKEHHOW Ha pPHUCYHKe 2A, MyTeM
CYMMHPOBaHUS KBaJIPaTOB a0CONIOTHBIX 3HAYCHUH MO OCH JIOTIEPOBCKOTO CABHIA YACTOTHI, KaK MOKAa3aHO
Ha pucyHke 2B.

PUCYHOK 1

Onpeaesienue npogueii 3a1ep:KKH MOLIIHOCTH

Paccrosme (1)

/' JlonroBpeMeHHBIH T1Pod HIIb Jlonroepemennblii pod nis
3a][epXKKH Oru O aromei 3aCpPXKKU [TOTOKA Orud arouieit
\ Paccrosiaue (M)

%AHSH ue ¥ AT Tlorox
Bpems 3a1epKKH Memana # ij i
MrHoBeHHBIH 11pod nibL / Bpems 3anepxkn Bpewms 3anepxin
3aJ[ePHKKA MOLLIHO CTH
Bpewmst 3aepKKua VepenHeHeHnd \ At IMorox
K paTKoBpeMeHH B q
11po MIIb 331 epIKKI

MOIIHO CTH Bpewmst 3anepxku Bpewms 3anepkku
JlonroBpeMeHHBI# 11pod HiTh JlonroBpeMeHHBI# 11po 1T
3a/1epXKKK Orudaromeit 3aJIePIKKH TIOTOKA Orubaromeit

P.1407-01

Monmocrs
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PUCYHOK 2A

@OyHKIuUs pacnpocTPaHeHHs NOIJIEPOBCKOI 3a/1ePKKHU

-10

[
= 20
=30
0 -
JlomonuuTebHas

3a7epKKa (MKC) =
0

JloriepoBckuit
casur (I'm)

P.1407-02a

PUCYHOK 2B
OTHOCHTeJIbHASI MOIHOCTH KaK (YyHKINS BpeMEeHHOH XapaKTepuCTHKA
O T T

-5

OrHOcUTEIbHASL MOIIHOCTH (J1B)

Wl |

10 15

Bpewmst (Mkc)

P.1407-02b

HonroBpeMeHHBIH TpOoQuiIb 3aJEpKKM MOIIHOCTH MOJYYaloT MyTeM NPOCTPAHCTBEHHOTO YCpEeTHEHUS
KpaTKOBPEMEHHBIX MPOQUIei 3aIep>KKH MOIIHOCTH MPHOIU3UTENFHO HA OJHOM M TOM € PacCTOSHUH OT
6a3oBoii craniyu (BC) B niensx nojaBneHus KojeOaHwii, BHI3BAHHBIX 3aMHUPAHHEM.

HonroBpeMeHHblEe NMPOQWIM 3aJEPKKA MOIIHOCTH C AMCKPETHBIM H30BITOUYHBIM BpPEMEHEM 3a/I€PKKH,
HOPMHUPOBaHHbIE IO BpeMEHHOMY paspemieHuto 1/B, rme B — mmpuHa MOJIOCHI, ONPEACISIOTCS Kak
JOJIrOBpEMEHHBIE MPOQHIN 3aCPKKU TOTOKAa MOLIHOCTH BMECTO IIOCTOSIHHBIX MNPOQHIIEH 3aJep:KKU
MOIIHOCTH.

C npyro# CTOpPOHBI, JAOJTOBPEMEHHBIH MPOQHIL 3aJEPKKH OTHOAONIEH MpeicTaBiseT co00i cpequHHOe
3HAYeHHE KPATKOBPEMEHHBIX NpoQumiIedl 3aJep>KKH MOIIHOCTH IMPHOJIM3UTENFHO Ha OJAHOM M TOM K€
paccTossHuM OT 0a30BOM CTaHLMK; OH OTpaxkaeT PopMy NPOQHIIS 3a1ePKKH B PACCMATPUBAEMO 30HE.
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2.2 OnpeneneHusi CTAaTUCTHYECKUX MAPaMeTPOB

Hwxe mnpuBOmsTCS COOTBETCTBYIONIME MAapaMeTpbl Ui  CTATUCTHYECKOTO  OIWCAHWS  SBICHHU
MHOroiydeBocTH. (CpedHas 3adepiicka — OSTO B3BEIIEHHOE [0 MOIIHOCTH CpeJHEee 3HadYeHHe
JIOTIOJTHUTEIIBHOM 3aJIePKKHU, KOTOPOE OMPEICIISCTCS MEPBHIM MOMEHTOM MPOGWIS 33aJepKKA MOIIHOCTH
(KBagpaT aMILTUTYIbl UMITYJIBCHON XapaKTEPUCTHKH).

Cpeonexeadpamuynulil pazdopoc 3adepdiicki — 3TO B3BEIIEHHOE IO MOITHOCTH CTAaHAAPTHOE OTKIOHCHHE
JIOTIOJTHUTEIIBHBIX 3aJICPIKEK, KOTOPBIC OMPEICIISIFOTCS BTOPHIM MOMEHTOM PO 33JCPKKH MOIIHOCTH.
OTOT mapameTp SBIAETCS MEPON U3MEHUYUBOCTH CPEITHEH 3aICPIKKH.

OxHo 3adepoicku — 3TO JJMHA CpellHed 4YacTH TMpodWiIs 3aJepKKA MOITHOCTH, B KOTOPOHW COAEPKUTCS
ompeaeneHHbIii mporeHT (00praH0 90%) 00IIel MOIIHOCTH, TepeAaBaeMoil B COOTBETCTBHHM C JTAHHOU
UMITYJILCHOW XapaKTePUCTHKOM!.

HUnmepean 3adepoxcku — O3TO 4YaCTh HWMITYJbCHOW XapaKTEPUCTUKA MEXIy JBYMS 3HAYCHUSIMHU
TOTIOJTHUTENNBHON 3aJIep>KKA OT MOMEHTA, KOTJa aMIUIUTY/a STOW XapaKTEePHUCTUKHU TEPBBIA pa3 MPEBbHIIIaeT
3a/IaHHBIN TIOPOT, JO0 MOMEHTA, KOT/Ia aMIUTUTY 1a B IMIOCJICIHUN pa3 MaJaeT HUKE 3TOTO MOpora.

Konuuecmso komnonenmos MHO20Iy1He80CMuU Ul CUSHAL06 TIPEICTABIIAET COOOH YMCIIO TMTUKOBBIX YPOBHEH
mpo(uis 3aJepXKKA MOIIHOCTH, aMIUINTY/Aa KOTOPBIX HaxoauTcs B mpenenax 4 nb Hamboiee BBICOKOTO
MMUKOBOT'O YPOBHSI U MPEBBINIACT 3HAYCHUE MUHUMAIHHOTO YPOBHSI IITyMa.

Onpenenenuss CTaTUCTUYECKUX MapaMeTpoOB IMpHBEJEHBI cO ccbulkod Ha pucyHku 3A u 3B. Cnenyer
OTMETHTh, YTO Ha PUCYHKaX MPOGIIN 33CP>KKH MOIHOCTH MPEACTAaBICHBI MO LIKaJIE JeunOes, B TO BpeMs
KaK B yPaBHEHUSIX CYMMHPOBaHHs MOLTHOCTH NPUBOIATCS JIUHEHHbIE €ANHULIBI MOLITHOCTH.

2.2.1 O01mas MOIIHOCTDL

Obwas mowHOCMb, Pm, UMITYJIECHON XapaKTEPUCTUKU ONPEAEIIeTCS KaK:

f3
P =Ip(t) dt, (1)
fo
rae.
p(t) : TUIOTHOCTH MOIIHOCTH HMITYJbCHOW XapaKTEPUCTUKU B JIMHEHHBIX EIMHHIIAX

MOIIIHOCTH;
t: 3azmep)kka OTHOCHUTEIHHO OTIOPHOTO BPEMEHHU;
to: MomeHT, korja P(t) B mepBblii pa3 MPEBbILIAET YPOBEHb OTCEYKH;

t3: momeHT, koraa P(t) B mocneqHui pa3 npeBbIIacT YpOBEHb OTCEUKH.

2.2.2  Bpems cpeaHeil 3aiep:KKH

CpenHsis 3a7iepiKa, 1p, ONPECNIIeTCS MePBLIM MOMEHTOM MPOGUIIS 3aIePIKKH MOIIIHOCTH:

TDzo——ra, (2a)

rac:
T. NEpEMCHHAA BCIIMUNHA ﬂOHOHHHTeHLHOﬁ BpeMeHHOﬁ 3aACPKKU, paBHAA - to,

Ta: BpeMs NPHXOJAA MEPBOrO MPHHATOTO KOMIIOHEHTa MHOT'OJYYEBOTO CHI'HasA (TIEpBBIA
UK B Ipoduie);

Te— t3 — t().
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B auckpetnoii popme ¢ BpemeHHBIM paspenienneM At (= 1/B) ypaBHenue (2a) mpuoOpeTaeT BUA:

N

> tip(ti)
Tp =15 'R (2b)
> p(t)
i=1
n=(i—1) At=(i - 1)/B (=12 ..,N),

rae i = 1 u N — MHIEKCHI IIEPBOrO W IOCIETHEr0 W3 00pasioB mpoduiel 3alepsKKH, JEKAIUX BHIIIE
MOPOTOBOTO YPOBHS, COOTBETCTBEHHO, a M — WHJEKC MEpPBOr0 MPUHATOTO KOMIIOHEHTa MHOTOIyYeBOTO
curHaina (mepBbIii UK B ipoduIe).

BCJ'H/ILII/IHI)I 3aI[ep)KCK MOFyT Ol'[peI[eHHTI)Cﬂ n3 CJ'ICI[yIOHICFO COOTHOIICHUA .
tj(us) = 3,31 KM, (3)
rac Ii — CyMMa paCCTO?IHI/Iﬁ oT HepeHaT‘H/IKa pa(e) OTpa)KaTGJ'IH MHOFOHy‘ICBLIX CHUTHAJIOB U OT OTpa)KaTeJ'IH pa(e)

MPUEMHUKA I 00IIee PacCTOSHUE OT MepeaTIrnKa J0 IpUueMHuKa s i os.

2.2.3  CpennexkBagpaTH4HBIi pa3dpoc 3ajepiKeK

CpenHeKkBalpaTHYHBIA pa30poc 3aJepiKeK, S, ONpeAesAeTCsl KaK KOpPEHb KBaJPaTHBIM M3 BTOPOTO
LIEHTPAIHHOT'O MOMEHTA!

T(r—TD —1,)7 p(r) dr
0

S = (4a)
Te
[p()dz
0
B auckpeTHoii hopMe ¢ BpeMEeHHBIM paspenieHneM At ypaBHeHuUe (4a) mpruoOpeTaeT BU/I:
L 2
(5 =Tp =) p(m)
= | (4b)

N
> p(t)
=

2.24  OkxHo 3aJep:KKH

OxHo 3aaepxku, Wy, ipencraBisier co00 CpeqHIo YacTh Mpoduis 3aJep KU MOIIHOCTH, COJEPIKAIIYIO
OTIpeJIeIICHHBIN MTPOIICHT, [, 00IIEH MOIITHOCTH:

Wq = (t2 — 1), (5)

MNPpUYICM I'paHHUIBI tiut OIIPEACISAIOTCSA COOTHOIICHUEM

t, _ i ts _
! P dt=— j p(t) dt (6)

9
100 P

100 —
a MOIIHOCTSL 3a IpeacjaMu OKHa ACJIUTCS Ha IBC paBHLIC YaCTU (—q pm .

200
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2.25  HurepBaJu 3aepKKH

WnTepBan 3anepxku, ln, onpenensercs Kak BpeMEHHOW MHTEPBAJl MEXIy MOMEHTOM 4, KOTJa aMILTUTyAa
podmIsl 3aIep>KKA MOIMHOCTH B TIEPBBIA pa3 MPEBHIIIACT 3aJaHHBIN mopor lw, © MOoMeHTOM 15, kKorma
aMIUTUTY/Ia B TIOCJICTHUN pa3 MaiaeT HUXKE 3TOTO MOpora;

|th = (ts — t4). (7)
2.2.6  Koan4ecTBO KOMIIOHEHTOB MHOT0JIy4€BOCTH

KonnvecTBO KOMIIOHEHTOB MHOT'OJTYY€BOCTH HIIM CUTHATIOB MOXET OBITh MOTYYEHO U3 MPOQUIIS 3aCPKKH U
MPE/ICTABICHO KaK YHCIIO MMKOBBIX YPOBHEH, aMIUTUTY/Ja KOTOPHIX HaXOMUTCs B npenenax 4 nb — Hanbomnee
BBICOKOTO THKOBOTO YpPOBHS M TPEBHIIIAET 3HAUY€HHME MHMHUMAJIbHOTO YpPOBHSA IIyMa, Kak IOKa3aHO
Ha pucyHke 3B.

2.2.7 PexoMeHIOBaHHbIE NapaMeTpPbI

[Ipu amanu3e AaHHBIX PEKOMEHIYETCS paccMaTpuBaTh OKHa 3aaepxku st 50, 75 u 90% wmomHOCTH,
HMHTEPBAJIbl 33ICPKKU AJ1s1 oporoB Ha 9, 12 u 15 1b Huke MakcumanbHOro 3HayeHusl. Ciaeayer OTMETUTb,
YTO BIWSHUE ITyMa U MOOOYHBIX CUTHANOB B cucteMe (0T PU 10 00paboTKM JaHHBIX) MOXKET OBITh BeChbMa
3HAYUTENLHBIM. [109TOMY Ba)XHO TOYHO OIPENCTUTh TOPOTOBBI ypPOBEHb LIYMOB H/MJIM MOOOYHBIX
CHUI'HAJIOB AJI1 CUCTEMbI U O6CCH€‘-II/ITI) JJI 3TOTO YPOBHA HCO6XOILI/IMBII71 3arrac HaaACKHOCTU. PCKOMCHI{yeTCH
HCIONB30BaTh 3amac HaJeKHOCTH, paBHBIN 3 1b, a 11 Toro yTo6bl 00ECTIeYUTh LENOCTHOCTh PE3YIbTaTOB,
PEKOMCHAYCTCA MHHHUMU3UPOBATH HMCIIOJIB3YEMOEC B KaUCCTBE KPHUTCPpHA IIPUCMIEMOCTH OTHOLICHUEC
"MHUKOBBIA YPOBEHb CUTHAIA/ypOBEHb MMOOOYHOTO curHana' 70, Kk npumepy, 15 ab (6e3 3amaca HameKHOCTH
B3 1b), ecaum craTUCTHYECKUE JaHHBIE HE COAEpXKAaT IapaMeTpOB HWMIIYJIbCHOH XapaKTEpUCTUKU.
[opor, ucnone3yemblii i1 UACHTU(GHUKALIUN KOJIMYECTBA KOMIIOHEHTOB MHOTOJYYEBOCTH, 3aBUCHT OT
JUHAMUYECKOTO JWarna3oHa HW3MEpUTENBHOro obopynoBaHus — TuUnuyHoe 3HadeHue Ha 20 n1b Humke
MTUKOBOT'O YPOBHSI POGHIIS 3a1EPHKKH.

PUCYHOK 3A
-55 : .
7] B

60 S
0
A
= 1 1 3 5
E 65 [reeeerfeb e g e e frrenesrennens L]
3 1 ; i
Ja
g
E
[ 1 | o 1 O e B ]
o
o
Jas
g
=

(—

15 2

Bpemennas 3aaepxka (MKC)

P.1407-03a
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[Ipodune 3amepxex MOLIHOCTH, WUTIOCTPHPYIOIIMH CIlenyouie napaMmeTpsl: okHO 3axepxku, Woeo, comepxkamee 90%
NPUHUMAaEMOH MOIIIHOCTH, PACIONaraeTcsi MEeXAy ABYMsS BEPTHKAIbHBIMU MYHKTHPHBIMM JMHHAMHU (t1 u t2), MHTepBan
3a7epxKKH, |15, B KOTOPOM ypOBEHb CHTHaNa MpeBbIaeT nopor "Ha 15 b Hike MUKOBOTO 3Ha4YeHHA", IEXUT B Ipeenax
Mexny ts u ts. Hagano u koHen mpo¢ust, IpeBHIIaoniero MUHUMAIBHEIH YPOBEHb IITyMa, 0003HadaroT to u t3.

PUCYHOK 3B

ITpoduis 3a1epiKKH MOLUIHOCTH, HTIOCTPUPYIOLIHIT KOMIOHEHTbI MHOT0J1y4€BOCTH
BbIILIE IOPOTOBOr0 YPOBHS

TIpocuite 3ae KK MOITHO CTH
r

dn

|
o

OTHOCHTENbHAS MOIHOCTH (1B)
L
W

Bpemennast 3amepxka (MKC)

P.1407-03b

3 IlapameTpsl HanpaBJIeHUS PUX0AA

Ha pucynke 4 noka3zan yroia asuMyTa npuxofa, 6n, u yros BO3BBIIECHUS IPUX0Aa, Oy.

PUCYHOK 4
Yroa a3umyTa npuxoia 0n 1 yrosa Bo3BbllIeHHs: mpuxoaa 6y

Topu30HTAIbHAS I1J10CKOCT Topu3oHTaNbHAA M10CKOCTD

ITyTs npuxona
”,——---n-~~ S - .
a N, 1 g N,
¢ \‘ " 6 \‘
-----<=5 L J f-----d--- -
0 J J
\ ’ N /
~ s \\ ’/
~---_———’ ~~.—- -———’
ITyTs npuxona
a) Vrom a3umyTa npuxona6, b) Yron Bo3Bpimenus npuxona 0,
P.1407-04
3.1 Omnpenenenne npogpuiieii MOIHOCTH YIJ1a A3MMYTA MJIM BO3BBILICHUS NMPUX01a

CoOTBETCTBYIOIINE MapaMeTPhl AJIs CTATUCTUYECKOrO ONMMCAHUS yIJIa a3uMyTa WIM BO3BBIMIEHUS MPHUX0Ja
MHOTOJIy4€BOCTH MOTYT OBITH BBIYHCIIEHBI Ha OCHOBE JIOOOTO M3 TPEX THUIOB Npo¢uMiIed MOIIHOCTH yTiia
a3UMyTa WIM BO3BBIIIEHUS NMPHUXO/Ja: MTHOBEHHOTO MPOQMIS MOUTHOCTH YIila a3uMyTa WM BO3BBHIIICHUS
MPUXO0AA; KPAaTKOBPEMEHHOTO NpO(MiIs MOIIHOCTH yIjla a3uMyTa WJIM BO3BBIIICHUS NPUXO0Ja; HWIN
JOJITOBPEMEHHOT0 MPO(UII MOIIHOCTH yIila a3uMyTa MM BO3BBIIICHHUS NPHUX0Ja, KOTOPHIE MPEACTABISIOT
coboil OO ycpenHEeHHbIE TI0 BPEMEHH 3HAYCHHS, IOJyYEHHBIC IMPHU HCIOJIH30BAHUU CTAIlHOHAPHOTO
MPUEMHHKA, OTOOPaXKAIOIIET0 MPOUCXOJSIINE B OKpYXarollel cpene mepeMelieHus, 1ubo ycpeaHeHHbIE
[IPOCTPAHCTBEHHBIC 3HAUEHUS, IOTy4YEHHBIE TP UCIOIb30BaHUM TPUEMHHKA, HAXOAALIETOCS B IBUKECHUU.

Omnpenenenust npoduieii MOIIHOCTH yria a3uMyTa NpUXoJa AaHbl Ha pucyHke 5(a). OmpeneneHust
npoduieii MOIIIHOCTH yTiia BO3BBIIICHUS MTpUXo/ia Aanbl Ha pucynke 5(b).
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PUCYHOK 5

Onpepaenenne npoduiieil MOIHOCTH YIJa A3UMYTA WIH BO3BbILICHHS IPHUX01a

JlonroBpeMeHHbIIH MpohuiIb JlonroBpe MeHHBII MPO(HIL MOTOKA
MOIIIHOCTH yIJIa asumyTa MOIIHOCTH yIJla asumMyTa
npuxoza npuxosa
Paccrosme (M)

Torox

Paccrosune (M)

Mot HocTh

ch eJlHEeH AD;,

B o Ii> mﬁ
Mr HOBEHHBIi TIpOd I Ym1 a3uMyTa npuxoza Vron azuMyTa npuxona
MOIIIHOCTH YIUI 3UMYyTa pre}:[HeH"e

Vron azumyTa npuxoja ITorox

KpaTtkoBpemeHnbIit podub
»
MOUIHOCTH YA a3HMyTa Vron azumyTa anXD,:la Vron a3umyTa npuxoaa
npuXoza
JlonroBpeMe HHbIi Tpodb "Jl0ToBpe MEHHBII IPO(GIITB TOTOK!
MOIIHOCTH YIJIa a3uMyTa MOIIHOCTH yIIa asuMyTa
npuxoza npuxoaa
P.1407-05a
a) Onpenenenne npoduiell MOIHOCTH yIila a3uMyTa MPUX0a
Paccrostrue (M)

JlonroBpemMeH bl 11poduIib JlonroBpeMeHHBIH TTPO(HITL

5 MOLLHOCTH yITia TOTOKA MOLHOCTH yIia

:E:[ \ Paccromme (v) BO3BBIIICHH S MPUXO/IA BO3BBIIICHUS TTPHXO/IA

=

cpenHeHne AB,
\p‘ v IMorok
Vron BO3BbILIEHHUS TIPHX0A
PHXOL Menuana
MrHOBEHHBIA TTpodHITH E
ymn BO3BBIIIEHHUS TIPHXONA Yrom BO3BBINICHUS TPUXOAA
MOILHOCTH yITIa Vepennenne
Vrom BO3BBINICHUS TTPHXONA A, Iorox
KpatkoBpeMeHHBIT [1POQHIIb [> I
MOLIHOCTH YIJIa » L1 »

BO3BBILICHUST TIPUXOZIA
BO3BBILIEHUsI IPUXOZIA YFOTI BO3BBIIICHHS TTPUXOIa VYron BO3BBIICHUS npuxona

JlonroBpeMeHHBIA TTpodnIib JlonroBpeMeHHbI 11podiITh
MOIHOCTH yITIa TIOTOKA MOITHOCTH yIiia

BO3BBLILCHHS ITPAXOIA BO3BBIIICHHS TTPHXO0/IA

P.1407-05b

b) Onpenenenne MpoQuieil MOITHOCTH yTiia BO3BBIIICHHS IPUX01a

MrHOBeHHBIH TpO(UIb MOLIHOCTH yIJla a3uMyTa WIM BO3BBIIICHUS NPHUXOJa MPEACTaBIsIET COOOM
IJIOTHOCTH MOITHOCTH MMITyJTbCHOW XapaKTEPUCTUKU B OJJMH MOMEHT B OJTHOM TOUKE.

KparkoBpeMeHHbI MPOQHIb MOIIHOCTH YyIiia a3uMyTa WM BO3BBIIICHUS MPHXO0Ja IOJYYarOT ITyTeM
MPOCTPAHCTBEHHOIO YCPEOHEHUS MIHOBEHHBIX NPOQMWIEH MOLIHOCTH yIJIa a3uMyTa HJIM BO3BBILICHUS
HIPUXO0Ja 110 HECKOJIBKUM JECITKAaM 3HAY€HHUH JUIMHBI BOJIH B IIPEJAEIIax AUANA30HA, B KOTOPOM COXPAHSIFOTCS
OJTHU U T€ K€ KOMITIOHEHTHI MHOT'OJTY4€BOCTH, B IIEJISX MOaBlIeHHS KOJeOaHHii OBICTPOTO 3aMHPaHUSI.

HonroBpeMeHHbIH NpOQHIb MOIIHOCTH yIJla a3uMyTa WM BO3BBILIEHHS NPHUXOJA MOJIYYaloT IyTeM
MPOCTPAHCTBEHHOT'O YCPEIHEHUSI KPATKOBPEMEHHBIX MPOoQHMIIeii MOIIHOCTH yIjla a3UMyTa WM BO3BBILICHUS
MPUXO0/a MPUOIM3UTENFHO HA OJJHOM U TOM e paccTossHuH oT 6a3oBoi ctaniuu (BC) B 1ensX monaBieHus
KoJeOaHuil, BEI3BAHHBIX 3aMUPAHUEM.

HonroBpeMeHHble MPOQWIN MOIIHOCTH YIia a3uMyTa WJIM BO3BBILICHUS NMPUXOJa C AMCKPETHBIM YTJIOM,
HOPMHPOBaHHBIM 110 YTJIOBOMY Ppa3pelicHUI0 aHTEHHBI, OTPEACNSIOTCS KakK JOJITOBPEMEHHbIE MPOQHIN
MOTOKA MOIHOCTH YTJIa a3MMyTa WIIM BO3BBIMICHHS MPUXO0JIa BMECTO MOCTOSHHBIX Mpoduield MOIIHOCTH
yTIila a3UMyTa WA BO3BBILIECHUS IIPUXOAA.

C npyroil CTOpOHBI, IOJTOBPEMEHHBI MPO(UIb Orudarmled yria asuMyTa WIM BO3BBIILEHHS NPUX0Ja
npeJcTaBisieT co0oil cpeIMHHOe 3HA4YEHHE KPAaTKOBPEMEHHBIX Mpoduield TIOTOKa MOIIHOCTH Yrila a3uMyTa
WM BO3BBILLIEHUS NIPUXOJa NPUOIM3UTENBHO Ha TOM K€ PACCTOSHUM OT 0a30BOW CTAHIMHU U XapaKTEPHU3yeT
(hopmy nporiIst MOLITHOCTH yIila a3MMYTa MJIM BO3BBILICHHUS IPUXO0/Ia B pacCMaTpUBaeMoOi 30He.



10 Pex. MCJ-R P.1407-6

3.2 OnpeneneHusi CTAaTUCTHYECKUX MAPaMeTPOB

OHpCI{CJ’ICHI/IH COOTBCTCTBYIOIIUX IMAapaME€TpPOB, MNPECAHAZHAYCHHBIX IJIA CTATUCTUYCCKOTO ONHCAaHHUA YyIJia
a3MuMyTa WM BO3BBIIICHUS IPUXO0Aa MHOI'OJIYYEBOCTH, IPUBCACHBI HUXKCE.

Cpeonuii yeon azumyma uiu 8036bluleHUsi Npuxo0a TPeACTaBisieT co00i CpeaHEB3BEIIEHHOE 0 MOITHOCTH
3HaYeHHE WM3MEPEHHBIX HANpPaBIEHUN a3uMyTa WM BO3BBIMIEHUS MPHUXOJAa W BBIPAXKAETCS TIEPBHIM
MOMEHTOM CIIEKTpa MOIIHOCTH a3UMyTa WiIH BO3BHIIEHUSA. (OH MOXET TakKe Ha3bIBATHCS YTIIOBBIM
MpoGUIEeM MOITHOCTH a3UMYyTa MJIA BO3BBIIIICHHS. )

IHpoghune mowmocmu yena asumyma uny 8036bluleHUsl NPUXo0a — 3TO YIIIOBask XapaKTEPUCTHKA MOIITHOCTH B
Mpeenax MIOCKOCTH a3UMyTa HITH BO3BBIIIICHHS.

Cpeonexgsadpamuunslll pazbpoc yena a3umMyma Uil 6036bliieHUss — OTO B3BEIIEHHOE MO MOITHOCTH
CTaHJAPTHOE M3MCHEHUE HAIPABJICHUS a3UMyTa WK BO3BBIIICHUS MPUXO0/Aa, KOTOPOE BBIPAXKACTCS BTOPHIM
MOMEHTOM TPOQUIIST MOITHOCTH yTJia a3uMyTa WM BO3BBIMICHHA. VICTIONb3yeTcs Uid U3MEepEeHHs CPETHETO
yTia a3UMyTa WU BO3BBIIIICHHUS TPUXO/IA.

YVenosoe oxno azumyma unu 6038vluienuss — 3To MUPUHA CpeHEH YacTH MPOQUIS MOIIHOCTH yTiia a3uMyTa
WM BO3BBIIICHHUS TPHUXOJA, COACPKAIeH YeTKO OINMpeeNICHHYIO MPOIEHTHYIO JOII0 OOIIed MOIIHOCTH,
BBISIBJICHHOH B PE3yJIbTaTE 3TOT0 U3MEPEHHS MPOQUIIS MOLIHOCTH yIJIa a3UMYyTa MJIM BO3BBILICHHUS IPUXO0/A.

Venosoii unmepsan (W yenoeoe paccmosuue) asumyma uiu 6036bluienuss — ONPeesieTcss Kak IMpHUHa
HUMITYJIbCHOW XapaKTEePUCTUKU (MJIM MIMPHHA YTIOBOTO MPoQUisl a3uMyTa WM BO3BBIMICHUS) MEKAY IBYMS
3HAYECHWSIMH HanpasieHHs npuxoaa. OH yKa3bsIBaeT NMEPBBIM YroJ a3MMyTa WM BO3BBIIIEHHA, IPH KOTOPOM
aMIUIUTYa TpoQUis MOIIHOCTH yIJIa a3UMYTa WJIM BO3BBILICHUS NPUXO0JA NPEBBIIIAET JAHHOE IIOPOroOBOE
3Ha4YeHHe, a TaKKe MOCIEAHUN yrojl a3uMyTa WM BO3BBIIICHHS, TP KOTOPOM 3Ta aMIUIUTYAAa CTAaHOBHUTCS
HIDKE 3TOr0 IOpPOroBOrO 3HaueHus. lcmonmb3yeMoe MOpPOroBOE 3HAYEHHUE 3aBHCHT OT JHHAMHUYECKOTO
JMana3oHa U3MEPUTEIbHOro 000pyJ0BaHUs — TUITMYHOE 3HaueHue, paBHoe 20 nb, HUXe MUKOBOr0 3HAYEHUS
mpoduIIs MOIIHOCTH yIila a3UMyTa WM BO3BBIILIEHHSI TPUXO/A.

3.2.1 O01mas MOLIHOCTDL

JlomycTuM, 9TO MPUHHUMAaeMasi MOIIHOCTh B HANPaBJIEHWH a3uMyTa WM BO3BbIIICHUs, Oh, Oy, paBHa P(Oh),
p(6y).

Obwas mownocmy, Pon Pov, TPOQUIST MOIIHOCTH YIJla a3UMyTa WM BO3BBIIICHHUS NPUXO0JA ONPENEIIeTCS
KaK ypOBEHb MOIITHOCTH HM)KE NMOPOTOBOT0 3HAUEHHs Lo, OTJEISAIOMEro CUrHai OT IIyMa, Kak 3TO TOKa3aHo
Ha pUCYHKe 6.

OO6mas MOLTHOCTH TPO(UIISI MOLTHOCTH YIJla a3UMYTa PUXO0Ja:

03
Poh = Ip(eh)deh - (8)

Bon

OO6m1ast MOITHOCTB TPO(HIISI MOIITHOCTH YTJIa BO3BBIIICHHS IPUXO/IA!
eSv
Poy = I p(6,)do, , (8b)
9Ov

rac:

On, By :  W3MepeHo B paluaHax CcO CTOPOHBI a3UMYyTa WIIM BO3BBHIIICHHWS OCHOBHOTO CHTHANA
(KOTOpBIH, KaK MpEAIOoJIaraeTcs, SBISIETCS CTAllMOHAPHBIM BO BpEMS TPOBEICHHUS
U3MEpEeHHH );

p(On), p(6y) :  MomHOCTH TMPOGUIS MOIIHOCTH yIJIa a3UMyTa MM BO3BBIIICHHS HPUXOJA BBIIIC
noporoBoro ypoBHsi Lo; aHrxke Lo, p(0n), p(6y) = 0;

Lo: ypoBenp, He3HaumTendbHO (Ha 3 nb, corimacHO peKOMEHIAIMH) MPEBHIIIAIONIINI
MUHHUMAaJIbHBIH YPOBEHb LIIyMa;
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Oon, Oov:  Yroa asMMyTa WM BO3BEHIIMIEHHS mpuxoma, korma P(6n), p(6y) BmepBeie mpeBbImacT

ToporoBbiit ypoBeHb Lo B 0. (—71,7)/ Omaxy E_TZE ;j :
O3n, 03,1 yronm asumyTa WM BO3BBIICHHs mnpuxonxa, korma P(Bn), p(6y) B mocnennuii pas

TPEBBIIIAET TIOPOTOBBIH YPOBeHb Lo B 00 (= 70, 7),O1maxy (_721' ’TZCJ ,

B nuckpetnoii popme ypaBHenus (8a) u (8b) mproOpeTaroT Caeayromuii BII:

0611135[ MOIITHOCTB HpO(I)I/IJ'IH MOIIIHOCTH yTJIa a3uMyTa Mpuxoja:

N
Poh =2, P(6in) (8¢)
i=1

0011ast MOIITHOCTH MPO(UIISI MOIITHOCTH YTJIa BO3BHIIIEHUS PUXOA:

N
Pov = P(6iy ) (8d)
i=1
rae i=1 u N — 370 WHIEKCHI TEPBOTO ¥ MOCIEIHEr0 00pasIoB MPOQHIS MOMIHOCTH yIila asuMyTa HIIH

BO3BBIIICHUA BBIIIC ITOPOTrOBOI'0 YPOBHA COOTBETCTBEHHO.

PUCYHOK 6

00111251 MOIIHOCTH

A
=
5
o
=
g
o
=
g
: /\
: »
= i B
P :
1 1 1 b
00n01n02n On

Vrox asumyra npuxona (pan)
a) O61as MOIHOCTH MPOQHIIS MOIIHOCTH yIVIa a3UMyTa MPUXOJA

P.1407-06¢

»
»

TIJI0THOCTH MOIIH OCTH

L

e0ve 1ve 2v e3v

v

Vron Bo3BbieHns npuxoza (paz)

1) O6mas MomHOCTH NPOGUIS MOITHOCTH yIJIa BO3BEIIEHIS IPHXOA

P.1407-06b
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3.2.2  CpeaHnuii yroa a3umMyTa U4 BO3BbILIEHUS MPUX01a

CpenHuii yron asuMyTa MM BO3BBIIECHHS IMPUXOIA, [an, Tay, ONMpEAEnseTcs MEPBBIM MOMEHTOM MPOQHI
MOIIHOCTH yTJIa a3UMYTa WIIA BO3BBIIIICHUS.

CpenHuil yroi asumyTa Npuxoaa:

0

1 ~3h
Poh Ogp,
CpenHuii yroi BO3BBIIICHHS IPUXO/A!
1 e3v
Tay =— [6,p(6,)do,,. (9b)
Ov eov

B muckpertHoit popme mpu pazpemieHnn yria asuMmyTa wid Bo3BbimeHus, Afn, A6y, ypaBaenus (9a) u (9b)
MPUHUMAIOT CJICTYIOIINA BU:

CpEHUI YTOJ a3UMyTa IPUXO0/Ia:
N
. 19ihp(9ih)
Tah="N (9)
> p(O;n)
iz N
O = (i — 1) AGn (i = 1,2, ...N);

CPEAHHUH YroJl BO3BBIILICHHS IPUXOAa:

N
igleivp(eiv)
Tay :—_N ; (9d)

O = (i — 1) A8 (i = 1,2, ..N),

rae i =1 u N — 3TO MHIEKCHI MEPBOTO M MOCIEAHEro 00pas3loB HPOQHIS MOIIHOCTH yria a3suMyTa HIN
BO3BBIIIEHHUS BBIIIE IIOPOTOBOTO YPOBHS COOTBETCTBEHHO.

3.2.3  CpeanHekBagpaTH4HBII pa3dpoc yria asuMyTa Wi BO3BBILIEHHUS

CpenHeKBaIpaTHUHBIA pa30poc yriia a3uMyTa WM BO3BBINICHHUS TNPHUXOMA, San, Sav, ONpeaessercs
CIeIyIoNUM 00pa3oM:

CpeIHEKBaJpaTHUHBIN pa3dpoc yria a3uMyTa:

B3n
1

San = |—— [ ©On ~Tan)? P00 (109
Pon Bon

Cpe)_'[HeKBa,Z[paTI/I‘lHBIf/i pa36poc yTi1a BO3BBIIICHUAA:

eSv
1
Sav=_[— [0, =Tx,)?p(0,)do, . (10b)
va 0,
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B nuckpeTHO# hopMe Ipu pa3pelieHUH yrila a3uMyTa WM Bo3BbiiieHus1, Abn, ABy, ypapHenus (10a) u (10b)
MPUHUMAIOT CJICIYFOIIUN BUJI:

CPEIHEKBaPaTUYHBIN pa30poc yria a3uMyTa:

N
Z(eih _TAh)2 POin)

i=1 .

SAh =

N : (10c)
D pO:)
i=1
CpeIHEKBaPaTHIHBIN pa30pocC yria BO3BHIIICHUS:
N
2
D (01, ~Ta,)’ p(6;,)
SA — i=1 ,
v N (10d)
D p;,)
i=1
rme i=1 u N — 3T0O UHIEKCHI IEepBOrO0 M IOCICIHEIO 06pa3u013 YTIJIOBOTO npoq)lxlnﬂ MOIIIHOCTHU BBIIIIE

HOPOrOBOr'0 YPOBHS COOTBETCTBEHHO.

3.24  YrioBoe OKHO a3MMYTa WU BO3BbILIECHUS

YrimoBoe OKHO a3UMyTa WM BO3BBIMICHUS, Owh, Ow, — OTO IMIMpHHA CpeHEW YacTH YTIOBOTO MPOQUIISI
MOIIHOCTH, COJIepKaIllasi OMPEICIICHHBIN MPOIEHT, (, 00IIeH MOIIIHOCTH, KaK IOKa3aHO Ha PUCYHKE 7.

YT10BOE OKHO a3UMYyTa:

Owh = Owah —Owan (11a)

VYT10BO€ OKHO BO3BBIIIEHUS:
er = eW2v - e\I\/lv (11b)

ITpu 5TOM rpanunbl OKHA Owin, Owiy ¥ Owzh, Owzy OIIPENETIAIOTCS CIEAYIOIUM 00pa3oM:

Owih 1 Owzn:
Bw2h q O3h q
Op )dO, = —— O )dO, = —— 12
[ p(6r )d6y 100 [ p(6n )dey Too Pon (12a)
Owih Oon
Owav 1 Owoy:
Bwov q B3y q
Ip( v) v 100 Ip( v) v 100 Pov
eV\/lv eOv

a MOIITHOCTS 34 TIpeJIeNIaMi OKHA JIETUTCS Ha J{BE PABHbIE YACTH (100 - qj , (100 - qj =
200 )"\ 200 )™

(12b)
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PUCYHOK 7

YriaoBoe OKHO a3uMyTa WJIN BO3BBIIICHUSA

.

h

wh

N

¥

IImoTHOCTH MOLITHOCTH

.
r

v

Oy Oun
Vron azumyTa mprxoza (pa)

a) YITioBOe OKHO a3UMyTa
P.1407-07a

»
»
D

H

|

T110THO CTh M OILIHOC TH
gr—f—’)
]

- — — =

\4

ewlv eWZ/

Vron Bo3BbIeHEs prxoaa (pax)
b) YrioBoe 0kHO BO3BbILICHISE

P.1407-07b

3.25 VYrioBodi wuHTepBad a3uMyTa WM BO3BbIIIEHHS (YIJIOBOe PaCCTOSTHHE a3uMyTa WIH
BO3BbIIIEHUSA)

VII10BOM MHTEPBAN a3UMYTa UM BO3BBILEHUS, Athh, Athy, OTIPEAENIACTCS KaK Pa3HOCTh MEKLY YIJIOM a3uMyTa
WK BO3BBILICHUS, O4n, 04y, KOTIAa aMIIIUTY 12 TPO(UIIST MOIIHOCTH YIJIa a3UMYyTa HJIM BO3BBIIIEHHUS IPUX0Ja
BIIEPBBIC TIPEBBINIAET 3aJaHHBIA MOpOTr, L, W yrioM azuMmyTa WM BO3BBINICHUS, Osh, Osy, Korma oHa B
MOCJIETHUH pa3 OIycKaeTcsl HUKE 3TOT0 MOpora, Kak MoKa3aHo Ha pUcyHke 8.

VYTII10BOM MHTEPBAII A3UMYTa!
At = O5h —Oan - (13a)
YTI10BOM MHTEPBAJI BO3BBIIECHUS:

Athv = e5v - e4v . (13b)
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PUCYHOK 8
Yri0Boii HHTEpPBAT a3MMYTA MJIH BO3BbIILICHUS
A
Atth
= -
g A
=
S AL
=
: X v
g Lin& Lo)
3
= ¥ --------------------- .
>
O4n 05

Vron azumyTa npuxona (paj)

a) VrioBoll MHTEpBaJ a3uMyTa

P.1407-08a

A
Atty
= R e
g
g
1] F/\ AL
s
g J
2 A Li(=Lo)
5
= {1 ity B == Lo
>
94/ 05y

Vron Bo3BbieHUs puxoza (pan)
b) VrioBo#t mHTepBa BO3BBIMICHHU ST

P.1407-08b

3.2.6  HMHTepBaJ NMPOCTPAHCTBEHHOW KOPpPeISINU

B wactHOCTH, Ui KaHaloOB ¢ OONBIIMM KOJWYECTBOM BXOJOB M BbIx0J0B (MIMO) xo3hdunment
MPOCTPAHCTBEHHON KOppensiu, O, paccuuThiBaeTCss KakK KOMIUIEKCHAs TepeaaTovHas (YHKIHS C
JMCIEPCHUEeH yIiia a3uMyTa WM BO3BBIMICHHS OT MPO(QMIIS MOIIHOCTH YIJIa a3UMyTa WM BO3BBIIICHHS.
Koa¢puumeHT npocTpaHCTBEHHOH KOPPEISIIMK yria a3umyTa win Bo3BbieHus1, Ry(d), Ry(d), Beruncnsercs
CIEeIYIONUM 00pa3zoM:

KO3 PHULIMEHT TPOCTPAHCTBEHHON KOPPEJISLUH yTJa a3uMyTa:

B3h
jp(eh)em(—jzndsineh/x)deh
Rn(d) =2 ——— , (142)
[ p(6r )doy
Oon

KO3(DPUITMEHT MPOCTPAHCTBEHHON KOPPEIISAIINH YIJIa BO3BBIIICHUS:

O3y
j (0, ) exp(—j2rdsinG,, / 1 )do,
Oov
R, (d)=-2 o : (14b)
[ p(oy)do,
eOv

rae.
d: paccTosHHE AT pa3NUIHBIX HHTCPBAJIOB,;

JUJIMHA BOJIHBI.
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Kak mokasano Ha puCYHKe 9, pacCTOsIHME TIPOCTPAHCTBEHHOM Koppesaiuu 0 onpesensercs Kak pacCTOsHIE
nepBoi otceuku, mpu kotopoM |Rn(d)], |Rv(d)| = x% ot |Ra(d = 0)], |Rv(d = 0)|.

PaccrosiHre mpocTpaHCTBEHHOM KOPPEISALMHY yTIila a3uMyTa:

IR,(d.)|/|R,(0)|= x/100- (15a)
Paccrosaue HpOCTpaHCTBeHHOﬁ KOppesuu yrijia BO3BbIIICHUA:
IR,(d.)|/|R,(0)|=x/100- (15b)
PUCYHOK 9

PaccTosinue NPOCTPAaHCTBEHHOI KOPpeIsilUuU

1

0,5

Kosdpduument xoppemsimun R,(d), R(d)

Ilar anrennst (d/A)

P.1407-09

3.2.7 PexoMeHI0BaHHbIE NapPaAMeTPbI

Jyis mpoBeieHUs TIOJPOOHOTO aHau3a JaHHBIX PEKOMEH/IyeTCsl PaCCMaTPHUBATh YIJIOBBIE OKHA a3UMYyTa WU
Bo3BbILIEHUA 11 50, 75 1 90% MOIIHOCTH, YIJIOBbIE HHTEPBAJIbI a3UMYTa WM BO3BBIILICHUS JJI1 IOPOrOBBIX
ypoBHell Ha 9, 12 u 15 nb HWKe MakcHMalbHOTO 3HA4eHHMs M MHTepBaibl kKoppeminuu At 50 u 90%
ypoBHe# koppensiuu. Kpome Toro, cieayer OTMETHUTh, YTO BIUSHHE IIyMa W NMOOOYHBIX CHTHAJIOB B
cucreme (ot PU mo 0OpabOTKM MaHHBIX) MOXET OBITh BeChMa 3HAYMTENbHBIM. [103TOMY BaKHO TOYHO
OTIPEIETTUTh TIOPOTOBBIA YPOBEHB IIIYMOB /I MOOOYHBIX CUTHAJIOB JIJISl CUCTEMBI i O0ECTICUUTH ISl 3TOTO
YPOBHS HEOOXOJUMBIN 3amac HaJeKHOCTH. PEKOMEHJyeTCs yCTaHaBJIMBaTh 3arac HaJCKHOCTH, PaBHBIH
3ab, a mns TOro 4YToOBI OOECIEUUTH IIEJIOCTHOCTH PE3YJIbTATOB, PEKOMEHIYETCS MHHUMH3UPOBATh
WCIIONIb3yeMOE B KadeCTBE KpPUTEpHs IMPHEMIIEMOCTH OTHOIIEHWE 'TIHKOBBIM YPOBEHb CHUTHaJa/ypOBEHBb
mobouHoro curHana" mo, Hanpumep, 15 nb (6e3 3amaca HagexkHOCTH B 3 1B), 9TO MO3BONIUT OTPAHUYHUTH
YHUCJIO BKJIIOYAEMBIX B CTATHCTUYECKHUE JaHHBbIC pOoQuIIeH yria a3uMyTa Wid Bo3BbiieHus. Ha pucynke 10
mpuBeneH npuMmep 3(dexra ycTaHOBIEHHS MAarHUTYbl MUHHMAJIbHOTO OTHOIIEHHS MTHUKOBOTO 3HAYEHUS
K L (AL). TIpeamonaraercsi, 9T0 Ha 3TOM PHCYHKE MPO(UIH MOIIHOCTH yIjia a3MMyTa WJIH BO3BBIIICHUS
mpencTaBisieT codoii pacnpenenenne Jlamnaca (qBoiiHOE SKCIIOHEHIIMAIBHOE pacmpesielieHne) ¢ pa3dpocom
yria a3uMyTa WU BO3BBINICHHsS B 14°; pa30poc yria asumMyTa WM BO3BBINICHUS W YIIIOBOW HHTEPBAI
a3UMYyTa WIK BO3BBIIICHHUS PACCUUTHIBAIOTCS KaK (YHKIIMHA OT OTHOIICHHS IMMKOBOTO 3HAYCHUS MOIHOCTH
K L. Ha manHOM prcyHKe MOKa3aHO, 9TO ATH MapaMeTPhl IPETEPIICBAIOT CYIIICCTBEHHBIC H3MEHEHHUS JTaXKE B
CIy4ae WCITOJIb30BAaHUS B OCHOBHOM HWIICHTUYHBIX BeNW4WH. [lo3TOMy ciemyeT ykaszaTh BEIHYHHY,
HCTIONTB3YyEeMYIO IPU CTAaTUCTHUECKOU OT[CHKE B KauecTBe AL.
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PUCVYHOK 10

Ipumep 2¢dexTa MUHMMAIBLHOIO OTHOILEHHUS THKOBOI0 3HAYEHUsT MOIHOCTH K L (AL)

«
) g
2 20 - 200 §
£ =
H e 3
5 15 - 150 E
: L — :
g N 2
E 10 = 100
5, £
E . &
] - :

5 - 50 E
2, 5
2 o =
& 0 o E
g o 10 20 30 40 50 3

OTHOIIeHHE ITHKOBOTO 3Ha4YeHKs MomHocTH/L iy, (11B)

Pacnpenenenue Jlarmaca (STD B14°)

P.1407-10

4 IHapameTpbl npopuIst 3a1ePKKH 10 YTy MOLIHOCTH

[Ipopune 3amepKKM MO YIAy MOIIHOCTH TOJYYaeTcsi B pe3yibTaTe HalpaBlICHHBIX HW3MEPEHUH,
MO3BOJIAIOIIHNX ONPEACIIUTE MPUHUMACMYI0 MOIIHOCTL B 3aBUCHMMOCTH OT YyIJia IpuUuxoaa U 3aJICPKKHU, KaK
MoKa3aHo Ha pucyHke 11.

PUCYHOK 11

IIpoduin 3a1epKKH 10 yIIy MOLIHOCTH

P.1407-11

BcenanpasneHnblii npoduiib 3a7iep>KKH MOITHOCTH KakK (DYHKIIHIO BpeMEHH 3aJIepKKH MOXKHO MOJYYHTh W3
CyMMBI TIpoduiel 3aIepKKH MOIMHOCTH IO BceM yriaaM. CymmapHas 6cenanpasneHHas MOWHOCMb
ONIpe/IeNIAeTCs TI0 Pe3yJIbTaTaM HalpaBJICHHBIX U3MepeHuid ypaBHeHHeM (16):

B3y O3 13
pm= | | [p(t.6n.0,)dtd0ndo, —Gp, (16)
Bov Bon to
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rae.

p(t) © TUIOTHOCTH MOIIHOCTH HMITYJbCHOW XapaKTEPUCTUKU B JIMHEHHBIX EIMHHIAX
MOII[HOCTH, TMIOJTy4E€HHAas C BCEHAIIPABJIEHHBIMU aHTEHHAMU;

p(t,6n,6v) : HampaBieHHas TUIOTHOCTh MOIIHOCTH HMMITYJIbCHOM XapaKTePHCTHKH B JIMHEHHBIX
€IMHNLIAX MOILHOCTH;

t: 3amepikka OTHOCUTEIHHO BPEMEHU CHHXPOHHU3AIINY;

to: wmowment, koraa P(t) wiu p(t,0h,0,) BoepBbic MpEBHIIACT YPOBEHH OTCCUKH;

t3:  moment, koraa P(t) wam p(t,0h,0v) MpeBbIIacT ypOBEHL OTCEYKH B MOCTIETHIN pas;
Bon :  yrous asumyta, Korza pP(t, On,0,) mpeBbInIaeT ypoBeHb OTCEUKH IS IEPBOTO YIJIa;
O3n :  yroux asumyTa, Koraa P(t,0h,0y) mpeBbIIacT ypoBEeHb OTCEUKH IS TIOCIEIHETO YIIIa;
Oov :  yron BosBeimieHwUs, Koraa P(t,0n,0v) mpeBbIIaeT ypoBeHb OTCEUKH IS IEPBOTO YIIIa;
03, :  yrox Bo3BbImeHuUs, Koraa P(t,0n,0y) mpeBbIiaeT ypoBeHs OTCEUKH JUIS TIEPBOTO yIIIa,

Ga: KOXPQUIMEHT YCHIICHHS aHTEHHBl NPH MOLIATOBOM YBEIWYCHWUHU YTiia, MEHbBIIEM
3-1eun6e10BOl MIMPUHBI JIyda, KOTOPOE NPUBOAMT K MEPEKPHITHUIO0 AHTEHHOT'O JIyda U
K YBEIMUYCHUIO MPUHIUMAaeMOH MOIIHOCTH Ga,

Jns Kaxaoro yria TpUXOJa MOXHO BBIUYUCIUTH MMapaMeTpbl BPEMEHHOW 3alepXKKH, KaK yKa3aHo
B IyHKTax 2.2.2—-2.2.6.

5 IapameTpbl OTKJIOHEHUI IPUHITOI0 CUTHAJIA

51 Onpeueﬂelme OTKJIOHEHUI1 NMPUHATOI0 CUrHaJ’jia Kaxk (l)yHK]II/Iﬂ BPEMECHHU U YaCTOThI

OTKJIOHEHHUS! TIPHHUMAEMOTO CUTHAJIA 110 BPEMEHH U B YaCTOTE MOTYT OBITh IIOJYYEHBI U3 MEPHOTHYECKOTO
HepeMENIEHHsT 110 COOTBETCTBYIOLIEH TII0JIOCE YacTOT B KOPOTKOM HHTEpBAaje BPEMEHH WIH U3
npeoOpazoBanuss Dypbe KpaTKOCPOUHBIX HUMITYJIBCHBIX XapakTepucTHK. [lomydeHHble B pe3ynbTare
MeJIKOMacIITabHble, W3MEHSIOIMECS BO BpeMeHH uacToTHble Xxapakrtepuctuku H(f, t), u3o0pakenHbie
Ha pucyHKe 12, MOryT OBITH HCIIOJB30BaHBI I (POPMHUPOBAHMS KOBAPHAIMOHHOW (DYHKIMH KaHaja
Ru (f, f'; t, t') cornmacuo ypasuenuto (17), rae E — MaremaTnueckoe 0KugaHue:

Ry (f, ft,t)=E{H(f,t)H =(f",t")}. (17)

[Ipu nmomymieHMH B TIMPOKOM CMBICIE CTAaI[MOHAPHOTO HEKoppenupoBaHHoro paccesaus (WSSUS)
KoBapuanonHas (yHkuus B ypaBHeHuu (17) mpeBpaiiaercs B (YHKIHMIO pa3HOCTH B dvactoTe, Af, u
pa3HoCTH BO BpeMeHH, At, Ry (Af, At).

CreneHb KOppENALNU BBIpaKaeTcs HOPMAaJIM30BaHHOM (pyHKIMEH pa3HECeHHOW YacTOTHI M Pa3HECEHHOTO
BpPEMEHH, 3a1aHHO# ypaBHeHHEeM (18):

R, (Af ,At)
\/EhH(f,t)

[TapameTpsl, cBs3aHHBIE ¢ KoBapHanuoHHOW ¢yHKImeii B ypaBHenuu (17) um H(f, t), ompenenens
B IIYHKTE 5.2.

p(Af ,AL) = (18)

2JE|H( taf trat)? ] '




Pex. MCJ-R P.1407-6 19

PUCVYHOK 12

MeikomacmiTadHas GyHKIMSA YACTOThI, U3MEHAIONIASICHA BO BpEMEHH

Morurocts (1B)
I
wn
3

|
(=]
S

25

2,502

2,504 0,2

BpemeHnHast 3aj1epka (C )

2506 O

Yacrora (I'T)

P.1407 -12

52 Onpe)]e.ﬂelmﬂ CTATUCTUICCKHUX ITAapaMETPOB

5.2.1 KorepeHTHas M0J10Ca MPONYCKAHUS WIH YACTOTHASI KOPPeJIsIus

s xananoB WSSUS, kotopsle comep:kaT JOMHUHAHTHBIA KOMIIOHEHT MHOTOJYYE€BOCTH, KOTE€pPEHTHAas
(KOppeJsIMOHHAs) TI0J0ca MPOIYCKAaHUS MOXKET ObITh TojiydeHa w3 ypaBHeHws (19a). Jlns mpoduneit
3aJep)KKH  MOIIIHOCTH, JEMOHCTPUPYIOIIUX CYIIECTBCHHYIO CTPYKTYpy MHOTOJYYEBOCTH, KOTEPEHTHAs
MOJI0Ca TPOMYCKAHUS MOXET OBITh pacCUMTaHa MPH MoMoIu npeobpaszoBanus Pypoee, C(f), g mmorHoCTH
MOIIIHOCTH UMITYJIbCHOM XapakTepucTHKH, P(T), corimacHo ypasHenuro (19b):

Ry (Af) =Ry, (Af ,At)| At=0 ; (192)
C(f)= [ plr)ew (- j2nfckde (19b)
0

[Tomoca xoppensiuu, By, ompenensiercs Kak 4acTtoTa, JUIsl KOTOPOU |RH (Af) mmm |C(f)| paBro X% ot
Ry (Af =0) um C(f =0).

5.2.2  KorepeHTHOe BpeMs NI BpeMEeHHAs1 KOPpeJsus

Jia WSSUS korepeHTHOE BpeMsl pacCUMTHIBAETCS HA OCHOBE BPEMEHHON KOpPPENSALUN KaHalla COTJIACHO
ypaBuenuto (20):

Ry (At) = Ry (A®, Az - (20)

Korepentnoe Bpemsi, Ty, ompenemnseTcss Kak BpEeMEHHON HMHTEpBal, ISl KOTOPOTO |RH (At) paBaO X% OT

IRy (At =0).

5.2.3 YacroTa nepeceqeﬂnifl YPOBHHA U CPECAHSASA NPOAOKUTEJIbHOCTD 3aMUPaHUsA

Yacrota mepeceuenuit ypoBHs (LCR) u cpemssiss mpoaonKUTenbHOCTh 3amupanusi (AFD) moryr ObITh
MOJTYYEHBl U3 OTKJIOHEHWH MOIIHOCTH NMPHHUMAEMOro CHUTHaJla Ha OTAEIBHHO B3ATOH YacToTe Kak (pyHKIHS
BPEMEHH WJIM PACCTOSIHUA JTUOO M3 aMIUTMTYbl (QYHKIMH YaCTOTHI, IEPEMEHHON BO BPEMEHH, Ha OTAEIHHO
B3STOM 4YacTOTe, M3MEPEHHOW Kak (YHKIUS BpPEMEHHM WU paccTostHus. [ 3aJ1aHHOTO BPEMEHHOTO
naTepBaia LCR — 3TO KONMMYECTBO MEpecedeHHid OMPEAeIEHHOTO YpPOBHS NPHUHUMAEMBIM CHUTHAJIOM,
a AFD — nponomKuTensHOCTh MEpHoJia, B TEUYEHHE KOTOPOTrO0 OH HAXOIWTCS HIDKE 3aJaHHOTO YPOBHSL.
Hanpumep, st yposast —12,5 n1b Ha pucynke 13 uzodpaxenst LCR u AFD, nBoiiHbie cTpenku 0603Ha4aroT
BpeMs, B TE€UEHHE KOTOPOTO CHUTHAI HAXOJUTCS HIXKE YPOBHS, a BEPTUKAIBHBIE CTPEIKH OTOOPaKAIOT
KOJINYECTBO NEPECEUECHUH 3aJaHHOTO YPOBHS B IIOJIOKUTEIILHOM HAIPABJICHUH.
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PUCYHOK 13
MourHocTh NPUHUMAEMOT0 CUTHAJIA KaK (yHKIHsI BpeMeHH
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P.1407 -13

5.24  YacroTa nepecevyeHuii ypoBHs U CpeIHsIs IIMPUHA MOJIOCHI 3aMHPAHUS

UYacrota mepeceuennit ypoBHs (LCR) u cpemmsas mmpuwnaa monockl 3amupanus (AFBW) moryt ObITh
IMOJIy4YCHBI U3 OTKJIOHEHUH MOINHOCTH MMPUHUMACMOI'0 CUMIrHajia Kak (I)YHKHI/ISI 4acTOoThI 1100 U3 AMIIIUTY AbL
(YHKIMU YacTOTHI, TIEPEMEHHOW BO BPEMEHH, B OTICIBHO B3STHIi MOMEHT BPEMEHH, Kak IMOKa3aHO Ha
pucyHke 13, Ha KOTOPOM OCh BPEMEHH 3aMEHEHa OChbI0 4acTOThl. JlJIs 3aJaHHOW IOJIOCHI HPOITyCKaHUS
LCF — 3T0O KOMMYeCTBO TMepecedeHwii OMpEeAeNICHHOrO YPOBHS IpPHHUMaeMbiM curTHaioM, a AFBW —
CpeAHUH YaCTOTHBIN AMana3oH, KOTOPBIH OIyCKAaeTCsl HIKE 3aJaHHOTO MOPOroBoro ypoBHs. Ha pucynke 14
M300pakKeHbI J1Ba TapaMeTpa, PACCUNTAHHBIX IS TOPOTOBBIX YpoBHEH oT —15 mo 0 xb.

PUCYHOK 14

Hopmanu3soaHHasi cpeHsIsI LIMPHHA M0J10CHI 3AMHPAHUS U YAaCTOTA MepecevyeHuil ypoBHs

100 T T -

o --- Hopmanu3oBaHHas CPEHAs MIMPUHA TONOCH 3AMUPAHNA ... ... A
— YacTtoTa nepecedeHuil ypoBHs S

IpoLeHTHOE OTHOLIEHN €

VYposewns (ab)

P.1407 -14

5.25 PexoMeHI0BaHHbIE NapaMeTpPbI

Ulupuna nonocel Koppeisyuu — 35TO TIOJIOCa YacTOT, B KOTOPOH aBTOKOPpENSUUOHHAS (YHKLUSI
MepeaTouyHoOl  (YHKIIUM HAXOJWUTCS BBIIIE 33JaHHOTO TOpPOra; THUIMYHBIE IOPOTOBbIE 3HAYCHUS
cocraBisatoT 0,5 n 0,9. LCR paccuuTsiBaeTcs, Kak mpaBuilo, AJs YKCIA NIEPECEUEHUH YPOBHS B CEKYHAY, a
LCF — 3T0 konmu4ecTBO nepecedeHuii ypoBast Ha MI 1.
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puaoxenue 2

1 Beenenne

B nacrosmem [TpunoxeHnn mpuBeIeHbl HEKOTOPBIC PE3YIBTAThI BBIYUCICHUH KO3 (OUIIMEHTOB KOPPEISIIIUU
U3 YIJIOBOTO MPO(UIISI MOITHOCTH U MPUMEPHI BO3JCHCTBUS KOXPPHUIIMEHTOB KOPPEISAIUK HA MPOMYCKHYFO
CITOCOOHOCTH MPH OOJIBIIIOM KOJIMYECTBE BXOA0B U BbIxoA0B (MIMO).

2 Borunciaenne k03¢pUIHEHTOB NPOCTPAHCTBEHHON KOPpeIsuuu

Jns  pacdyera TPOCTPAHCTBCHHOW KOPPENSIMH  WCIOJB30BANIOCH  OMNpEACICHUE, TPUBEICHHOE B
[Mpunoxennn 1 B ypaBHemmu (14). B mHacrosmem [lpumoskeHUM COOepXKUTCA KpaTKOe OMHCAaHUE
MOJIyYEHHOTO Pe3y/IbTaTa U XapaKkTepa BO3ICHCTBHIS Ha KOPPEISAIHUIO I1ara aHTCHHBI.

Ha pucynke 15 nokasan uaeanbHbIi yCeUSHHBIN JIATIACOBBIN CIIEKTpP a3uMyTaibHON MomHocTH (PAS):

J2lo-
PAS, (p)= Z QLf/— 0= 904 flo— (0o — A0 |- lo - (0o x + A0 )] (21)

k=1OLk Ok

rae €(¢g) — 9To emMHUYHAs cTyrneH4Yatas QyHKUusS U Ne — YHCIIO KIIacTepoB, (o k — CPESAHHN YroJ MajeHHs
k-eo xmactepa, oL k — yrioBas ckopocth. PAS paccunthiBaercst o [@o — A®, @o + A@]. Jlomyctum, 9to
YCJIOBUE€ HOPMHUPOBAHUS MOILIHOCTH UMEET CIEAYIOIIMHA BUI:

\/—A(Pk

ZQLk 1-exp| - =1. (22)
k=1 OLk
Torna ko3 GUIHIEHT KOPPEISIIKY 10 OTUOAOIIEH PaCCUUTHIBACTCS 110 PopMyIIe:
. 2
pe (D) =|Rxx (D) + jRxy (D) |, (23)
re:
D= 2nd/A;
d: mar aHTeHHE,
A . JUIMHA BOJHEI,

a ¢ynkuun nepexpectHoi koppessinui Rxx(D) u Rxy(D) ompepenstorcs Ha OCHOBE BBIIICIPHUBEICHHOTO
ypaBuenus (15).
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PHUCYHOK 15

MneaabHblil yceueHHDIH JIANIACOBDII CIIEKTP a3UMYTaJIbHOI MomHocTH (PAS)
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P.140715

HopmuposarHslii nariacossiii PAS s nByx kiactepos. AS =30° ¢, €[-90°, +90°].

Kpowme toro, MomHOCTh Kiactepa +90° cocraBisieT moJI0BHHY MOIIHOCTH Kiactepa —90°.

Ha pucynke 16 nokazana pe3ynbTUpPYOILIAs IPOCTPAHCTBEHHAS KOPPEIISILUSL.

PUCVYHOK 16

Pe3yabTupylomas NpocTPAaHCTBEHHAS] KOPPeJIsinus
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Koppensuus no orubarore i

HopmupoBsanHblii nHTEpBai (d/A)

P.140716

KoabduupenT koppersiuuu mo orubaroniei Kak GYHKIHS OT BETMIHHB HOPMUPOBAHHOTO
unTepBaia (= d/A) 471s IBYX KJIaCTEpOB, IPUBEICHHBIX HA pUCYHKe 15.

3 BozaeiicTBue k03(ppueHTOB KOpPpeJISIMA HA MPONMYCKHYI0 cnocodHocts MIMO

B cirydae paneeBCcKuX 3aMUPAIOIINX KaHAIOB IPToAudecKas MpoIryckHas criocoonocts MIMO B oTcyTCTBHE
WHPOPMAIIUH O KaHAJIaX MepeaTunKa PACCUUTHIBACTCS CIIECIYIONINM 00pa3oM:
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H
p 1/2 H(pl/2 p HipH
o T
rae:
NR U NT: KOJIMYECTBO AaHTCHH IIPUCMHHKA U IICpeaaTInKa COOTBETCTBCHHO,
p: Cp€aHsAsA MOIMHOCTh IPUHUMAEMOI'0O CUTHaJIa Ha OAHY aHTCHHY,

G°: MOILHOCTb IIIyMa Ha Ka)XJOW IPUEMHOMN aHTECHHE;
I“R I eAUHUYHAS MaTpuia N X Ng;

()"mdet(:): spmMHuTOBA M ONpPENENAIONIAS ONEPALH COOTBETCTBEHHO;

Hw: Marpuma, »JIeMEHTBI KOTOPOW MPEICTABJISAIOT COOOH HE3aBUCUMBIC HUIACHTUYHO
pacrmpenencHHbIe KOMIUIEKCHBIE CIy4YalHbIE TayCCOBBI IEpPEMEHHBIE C HYJICBOM
CpeHEN U yAeIbHOUN IHUCIepCcueil;

()%: cpemHEKBaapPaTHYHOE SPMHUTOBOE 3HAUYCHHME MATPUIIBL.

Martpuusl Rr W Rt ompeaenstor 3Ha4eHHWE NPOCTPAHCTBEHHON KOPPEISIUH MEXKIy MpPHEMHHKaMU |
nepeAaTdyukaMd  COOTBETCTBEHHO, TIJieé MaTpulla KaHaima H  paccuuTbiBaeTcs 1o (opmylie

H= R%Q/ ZHWR-|1-/ 2 R%Q/Z " R—%/Z SIBIISTIOTCS. TIO3UTHBHBIMU OTPEACIICHHBIMU SPMUTOBBIMHU MAaTpHUIIAMH,
KOTOpBIC B KOHEYHOM HTOT€ CUMTAOTCS HOPMHUPOBAHHBIMH TakuM obpasom, uro [Rr];jj amst j = 1, K, nr
u[Rrliimmi=1, K, nr.

Ecnu momyctuth, uro Rr M Rt MMEIOT MONHBIA panr u Nr=Nr=n, torma npu Beicokom S/N (p/c?)
MPUOIN3UTENHHAS BEIMYIHA IPOIYCKHOM CIIOCOOHOCTH MOXKET OBITh pacCUMTaHa CIEIYIOIIAM 00pa3oM:

C ~ log, det ﬁ HyH! |+ log, det(Rg )+ log, det(Ry ). (25)
(&)

. n
Ecnu coGcrBennble 3HaueHus Rr 0003HauuTh Kak A, 1 = 1, K, n, To B 3TOM ciyuae Zi—lki =n.

U3 cpeaneapnpmMeTHIECKOTO U CPETHETEOMETPUIECKOT0 HEPAaBEHCTBA!

Hxi <1 (26)

n

[Tockonbky det(RR ) = Hki , l0g2det(Rr) < 0, 1 paBeH HYJIIO TOJIBKO B TOM CJIydae, €Clid Bce COOCTBEHHBIE
i=1

3HA4YeHUs] RR SBIAIOTCS OOUHAKOBBIMHU, TO ecThb Rr = I|p. Takum oOpaszom, 3Ta KOppemsiuus ompenenseT

pomnyckHyto criocoorocts MIMO, a moTtepu B 3proM4ecKoil MpomycKHo#i criocoOHOCTH mpu BhICOKHX S/N

paccunthiBatorcs o Gopmyite (loge det(Rr) + log. det(Rr)), 6ur/c/Tr.

Ha pucynke 17 mpowmroCTpUpOBaHO BO3JEHCTBHE BENWYMHBI IMPOCTPAHCTBEHHOW KOPPENALMH Ha
AProINYECKyI0 TMPOIYCKHYI crnocoOHocTh kaHama MIMO mpu ng =ny = 2. Ilpeanonaraercs, 4ro Ha
pucynke Rt = |>. MaTpuiia Koppemnsiuu MprueMHIKa BEIOpaHa B COOTBETCTBHH € (POPMYIION:

_|1 PR
RR_LE ! } 0

TAC Pr O3HAYACT MMPOCTPAHCTBCHHYIO KOPPCIALUIO MCKAY aHTCHHAMU IPUECMHUKA.
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PUCYHOK 17
Jproanyeckas NPONyCKHas CIIOCOOHOCTh NPU HU3KOM U BBICOKOI KOppeJIsilin IpHeMa
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Dpromudeckas NPoIycKHas crnocodHocts (out/c/l 1)
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P.140747

Ipunoxenune 3

1 BBeaenne

Pa3pemeHHe KOMIIOHCHTOB MHOTOJIYUYCBOCTU B H3MCPACMBIX HAHHBIX 3aBUCUT OT IOJIOCBI IPOITYCKAHU
CurHajia, MCHOJbB3YyEMOI'O IpHU U3SMECPCHUAX. Hepa3pemeHHLIe KOMIIOHCHTBI MHOT'OJTYY€BOCTH BbI3bIBAIOT
OTKJIOHCHUA CHUI'HAJIOB BO BPEMCHU HJIM NPOCTPAHCTBE, CBA3AHHBIC C MEPEMCUHICHUAMM IICPEAaTYUKA WA
IMpUCMHHKA 00 C U3MEHECHUSIMH yCJ'IOBI/Iﬁ pacnpoCTpaHCHUs, KaK IIOKa3aHO Ha pPUCYHKE 1. DTH OTKIIOHCHUS

MOTYT OBITH CMOJISITMPOBAHEI IPU TIOMOIIY (YHKIHHA TUIOTHOCTH BEPOSTHOCTH, HanmpuMep QyHKuui Pames
wiu Paiica, kak yka3aHo B Pexomenmaruun MCO-R P.1057.

2 ®opMHupoOBaHUe IHPOKOMOJIOCHOTO KaHAJIA

[TepeMeHHas BO BpeMEHU UMITYJIbCHASI XapaKTEPUCTUKA MOXKET UCIOIB30BATHCA ISl MOJEIMPOBAHUS KaHala
B KaueCTBE JIMHUM 33JICP’KKA C OTBOJAMH, KaK IOKa3aHO Ha pucyHkKe 18A, rie Kakablii OTBOJI HMEET
3aJIepKKy AT, 9TO COOTBETCTBYET Pa3pEUICHHIO BPEMEHHOU 3aJepKKH MHOTOJIYYEBOCTH M KOIPPUIMESHTY
OTBOJIa, KOTOPBI TIPEICTaBIsAET KOJEOAHWs BO BPEMEHH HEPa3peIICHHOW TPYMIbl KOMIIOHEHTOB
MHOT'OJIyY€BOCTH B IAHHOM MHTEpPBaJIe BPEMEHHOM 3a€pKKHU.
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PUCVYHOK 18A

IIpuMepbl KOMIIOHEHTOB MHOI'0JIy4€BOCTH, HCIO0JIb3YeMBbIX 1151 (POPMUPOBAHHA KAHAJIA

h(t)

A

h(t0)  h(t A9 h(,2At) h(t3A70 h( 4A7)

0 At 2AT 3AT AT

P.1407- 18a

JIIsl MMUTAIMA CHCTEMbI JOCTATOYHO 3aMEHHUTh MHOTOYHCICHHBIC PACCESIHHBIC TPACChl, KOTOPHIE MOTYT
CYIIECTBOBAaTh B PEAJLHOM KaHAJE, BCErO HECKOJbKMMH KOMIIOHGHTAMH MHOTOJIyYeBOCTH M =n+1
B MOJIC/TH, KaK MMoka3aHo Ha pucynke 18B. Takum o0Opa3oMm monyuaeM XapakTepucTHKy Kanama h(t) B
ypaBHeHuu (28):

h(t) = Zi”: i3t -i40). (28)

PUCYHOK 18B

Monean MHOI'0JIYy4€BOCTH HA OCHOB€ JIMHUMU 33/1€PKKH € OTBOJAaMHU

7(t) At AT ] At

(X} h(t, 0) (X} h(t, A1) (X} h(t, 2A1) CX)“ h(t, nAT)

‘ y(®

P.1407- 18b

Jiisi BpEeMEHHBIX 3a/ICpPXKEK, KOTOpble HMMEIOT JOMHHUPYIOIIWH KOMIIOHEHT WJIM KOMIIOHEHT MpsMOM
Buaumoctu (LOS), momens kaHanma Ui KaXKAOH Tpynmbsl KOMIOHEHTOB MHOTOJYYEBOCTH 3aJaeTcs
¢yHkumeil minotHoctH BepositHocTH Paiica. Ecnum kosddumment Paiica, K, paBeH Hym0o, TO MOXET
MCIIOIb30BaThCs MoJIeIh Partest. O000IIeHHAst MOJIeNb KaHaa puBe/ieHa B ypaBHeHHH (29):

N Kb ieraition) . | D -
h(t) = i o [t o () b3(t—iAT) (29)
0 Zi=0\/}<i+1 ' Ki+lg'() (t=iar)

Ki: K-tdakrop Paiica msst i-ro KOMIIOHEHTa, ONpPEIEsIeMblii KaK OTHOIICHHE MOIHOCTH
nomuHupytomiero mid LOS-komnoHeHTa K paccessHHOMY kommoneHty. Ilpu Ki = 0
HOJIy4aeM pPAIIEEBCKOE paclpelelIcHHE;

rac:

Pi:  ycpeJHEeHHas MOIIHOCTb i-ro komnoHeHTa B N(t) u pasHas p; = Eﬁhi ('[12];
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fo,i:

Qo, i -
gi(t) :
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JIOTIIEpOBCKas 4acToTa JoMuHupytoniero win LOS-komnoneHTa i-ro KOMIoOHeHTa B
h(t) paBaa Fp ., ;€0S0,;, rae fpppy i — MakcumanbHoe nomnepoBekoe cMeleHue,

a 0, ; — asMMyTaIbHbIH YTOJI PHXO/a;

HavanbHas (aza LOS-koMmonenTa i-ro kommonenra B h(t);

YACIbHAsT MOLIHOCTb, HYJIE€BOE CpEAHEEe 3HAYECHUE, KOMIUIEKCHBIM CUTHAI,
NpEACTaBIISIONINI KOMIOHEHTHI Auddy3Horo paccesaus. s 6oapIoro KoauuecTa
paccessHHBIX curHaitoB (Qi(t) mMoxer oOpabaThiBaThCs Kak KOMIUICKCHBIH TayccoOB
CITy4aliHbIi poLece ¢ SAMHUYHON AUCTIEPCUEH, POoILe et Yepes i-i J0mIepoBCKHid
¢unbTp.
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