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PEKOMEHJALA MCO-R P.1238-4

JlaHHbIE 0 paCIPOCTPAHEHUN PAIMOBOJIH M METO/IbI IPOTHO3UPOBAHUSA ISl
IUVIAHMPOBAHMS CUCTEM PAAMOCBS3M BHYTPHU MOMENIEHUH U JIOKAJIbHBIX 30HOBBIX
paauocereid B yactoTHoM auana3one 900 MI'y — 100 I'T'

(Bommpoc MCD-R 211/3)
(1997-1999-2001-2003-2005)

Accambrest paguocssizu MCD,

yuumswleas,

a) YTO B HACTOSINEE BpeMsl pPa3padaThIBACTCsS MHOMKECTBO HOBBIX CHUCTEM IMEPCOHAILHON PaMOCBSI3H,
paboTaroIUX Ha KOPOTKUX PACCTOSHUSX (MEeHee 1 KM) BHYTPH [TOMEIICHHIA,

b) YTO, KaK MOKa3alld y)Ke MMeEIoInecs pe3yabTaThl pa3paboTOK M MHTEHCHBHAS MCCIIEI0BaTENbCKAs
JeSITEbHOCTD, CYIIECTBYET HAaCTOSATENbHAas HEOOXOAMMOCTh B CO3aHUH JIOKAJBHBIX 30HOBBIX paguoceTel
(RLAN) u 6ecipoBoanbix oducHeix ATC (WPBX);

c) YTO IJKENaTeNnbHO paspaborartk craHgapthl Ans1 RLAN, coBMmecTuMBIE C CHUCTEMaMU Kak
0eCIPOBOIHOM, TaK U TIPOBOTHON CBSI3H;

d) YTO CHUCTEMBI HEOOJBIION JaJJbHOCTH, pa60TaIOIJ.[I/IC C OYCHb HU3KMMH MOIIHOCTSIMH, O6J'Ial[aIOT
MHOXCCTBOM NMPEHUMYHICCTB MPU MMPEAO0CTABJICHHUN YCIYT B YCIIOBUAX HO,HBH)KHOﬁ u HepCOHaJ’IBHOﬁ CBs3U,

e) YTO 3HaHKE NapaMeTPOB PaCHpPOCTPAaHEHHs PAIHOBOJIH BHYTPH 34aHUN U XapaKTEPUCTUK IIOMEX OT
MHOTOYHCIICHHBIX TOJIb30BaTeNIeii B Tpenenax TOH ke 30HBI OOCTY)KMBaHHS SIBISIETCS OINpPEAEISIOINM
(aKTOpPOM MpH MPOEKTUPOBAHUU CHCTEM;

) YTO CYIIECTBYET IOTPEOHOCTh B pa3padoTke Kak oO0mmx (TO €CTh HE 3aBHCAIUX OT
MECTOIOJIOKEHUS ) MOJICTICH U PEKOMEHAAIMM OTHOCUTEIBHO MEPBUYHOIO IJIAHUPOBAHUS CUCTEM U OICHKU
MOMEX, TaK M JICTCPMUHUPOBAHHBIX (WJIM 3aBHUCAIIMX OT MECTOIOJIOKEHUS) MOJAENeH Iuisi 0oJiee TOYHBIX
OLICHOK,

yuumbvleast,

a) yro Pexomennamms MCD-R P.1411 sBnsiercss pyKOBOJACTBOM IO PACIpOCTPaHEHHUIO PaJAHOBOIH Ha
KOPOTKHE PACCTOSIHUS MPH MpUeMe Ha HapyKHbIC CUCTEMbI (BHE IMOMEIIECHHUI) B YaCTOTHOM JHara3oHe OT
300 MI't mo 100 I'T', u x 3TO¥ Pexomenmanuu ciemyeTr oOpamarbes B TEX CUTYaIUAX, KOT/Ia CYIIECTBYIOT
YCIIOBHS MMPUEMa KaK BHYTPH MTOMEIICHHI, TaK U BHE TIOMEIICHUH,

pexomenoyem,

1 9T0OBI WHGpOPMAITUS U METOIBI, comepkamuecs B [Ipmrokernn 1, HCIIONB30BAIKMCH TIPH OIEHKE
XapaKTEPUCTUK PACTIPOCTPAHECHUS I PaaroCHCTeM, paboTalomuX BHYTPH TIOMCEHICHWH B JIHaIa3oHe
900 MI'ty — 100 I'T'1x.

Ipuaoxenue 1

1 BBenenue

[IporHo3upoBaHue MapaMeTpOB PAaCHpPOCTPAaHEHUS U PAJAUOCUCTEM, PAOOTAIOIIUX BHYTPH NOMEIICHHH,
HECKOJIBKO OTJIMYACTCAd OT TAKOBOI'O JJId HAPYKHBIX CUCTCM. Yo Kacaercs Hapy>XHbIX CUCTEM, TO IJIA HUX
KOHEUHOM IIeNbI0 sBIsieTCS oOecneueHue >(h(HEKTUBHOTO oOXxBara TpeOyeMoil 30HBI (MM oOecredeHue
HA/IKHON TlepeZadd Ha Tpacce B CIyyae CHCTEM CBSI3U IIyHKTa C MMyHKTOM), a Takxke Ooppba ¢ moMexamu,
KaK B NpeJeNiax CUCTEMBI, TaK U I IPYTUX CUCTEM. B ciydae ke nmpuema BHYTPU NOMEIICHUM pa3Mepbl
30HBI OXBaTa BITIOJIHE OMIPEACITIAIOTCA FeOMeTpI/Ieﬁ 3aHuA, IIPUYCM I'paHUIIbl CaMOT'O 3JaHUA GYIIYT BJIHATH Ha
XapaKTEPUCTUKU pacnpocTpaHeHus. [IoMUMO NOBTOPHOrO MCIOJB30BAHMSI YACTOTBI HA OJHOM M TOM K€
9TaXKe 3/aHHSA, TaKOH CIoco0 UCIONB30BAHUS YACTOT 3a4acTyO JKellaTeleH M MEXKIY Pa3HbIMU dTaKaMu
3MaHMs, B pe3yjibTaTe uYero mpoOiieMa OMHCaHUs ITIOMEX CTaHOBHTCS TpexmepHoil. W, Hakonew,



2 Pexk. MCI-R P.1238-4

pacmpocTpaHeHHEe Ha OYeHb KOPOTKHE PACCTOSHHS, OCOOSHHO MPH HCMOIB30BaHUH MUJUTMMETPOBBIX BOJIH,
COTIPSDKEHO C TeM, UTO Jake HeOOobIIe H3MEHEHHUS B Cpefie, HEMOCPEICTBEHHO OKPY KaIOIIeH paanoTpaccy,
MOTYT CYIIECTBEHHO BIHMATH Ha XapaKTEPUCTUKH PACTIPOCTPAHEHUSI.

Ecnu 3aHnMaThCcs KOHKPETHBIM IUIAHHPOBAHUEM PaTHOCHCTEMBI, paboTaroIiel BHyTPH MMOMEIEHHH, TO n3-3a
CIIO)KHOHM TpUpPOABI BCeX ITHX (HaKTOpoB moTpedyeTcs TouHas HH(POPMANNsS OTHOCHTEIHHO XapaKTEPUCTHK
KOHKPETHOTO MECTa, I'ie OHa OyJeT WCIOJB30BaThCA, HAPUMeEp, er0 TeOMETPHUH, MaTepHajoB, U3 KOTOPHIX
CIeTaHo 37aHWe, MeOeN, MPEANoiaraéMbIX AWarpaMM HAIMPAaBIEHHOCTH H T. . OJHAKO AJISi TEPBUYHOTO
IUTAHAPOBAHUS CHCTEMBI HEOOXOANMO OIIEHUTh KOIMYECTBO 0A30BBIX CTAHITHI, YTO MO3BOJIMT OXBATUTH BCIO
30HY C pacIpeleIeHHBIMA TTOIBHKHBIMH CTAHITUSAMH U OIICHUTH BO3MOXHBIE TIOMEXH ISl APYTUX CITYKO min
MeXay cucreMamu. J{ns Takux ciydaeB IDIAHWPOBAaHUS CHCTEM HEOOXOIWMBI MOJZEINH, ONHCHIBAIOIINE B
o0IMX YepTax XapaKTePHCTUKH PAacIPOCTPaHEHUS B YCIOBUSX KOHKPETHOH cpenbl. B To e Bpems pacder
10 TaKOH MOZENH HE JOJKEH TPeOOBaTh OT MOIH30BATENSI OOJBIIOT0 KOJUIECTBA HCXOTHOW WH(OPMAITHH.

B mnacrosmem [lpunokeHuM B OCHOBHOM TMIPEACTaBlieHHI OOOOIIEHHBIE MOJENW, He 3aBUCIIIHE OT
MECTOIIOJIOKEHHUS, U YHACTO KadecTBeHHas WH(OpMaIus, MO3BOJIAIONIAS ONEHUTH YXYAIICHHUS YCIOBHU
pacmpocTpaHeHus, Kacarolliecs pagronpreMa BHyTPU MOMenleHnid. Tam, e 3TO BO3MOXKHO, MPUBOISATCS
MOJIEJIH, TPUBSA3aHHBIE K OCOOEHHOCTAM MecTta. Bo MHOrmx ciywasx pmaHHBIe, Ha 0aze KOTOPBIX
pa3pabaThIBaIUCh MOMEIH, OBLIIM OTpPaHWYCHBI, JIMOO IO dYacToTe, JHO0 1O YCIOBHSAM HCIHBITAHUM;
BBIp@XaeTCs HaIeXna, 4TO MPEUIOKEHWs, TpeACTaBICHHbIEe B HactosmeM llpunoxennn, MoxHO Oyaer
pacmMpuTh, KOTNAa TOABSTCA HOBBIC JaHHbIE. AHAJIOTMYHBIM 00pa3oM, TOYHOCTh Mojeneld OyneT
MIOBBIIIATBCS IO Mepe HAKOIIICHHWS OMMBITA WX HCIIONB30BaHUS; B HactosmeM llpuimokeHnn mpencTaBieH
HaWJIy4IIui BapuaHT, UMEIOIUNCA Ha CETOAHSAIIHUN JIEHb.

2 YXxyaueHnne pacnpocTpaHeHUs H KPUTEPUHU KadecTBa PaJIMOCUCTEM BHYTPH NMOMeIeHH i

YXynmeHne XapakTepUCTHK pPAcIpOCTpaHEHHWs B paavdoKaHalle BHYTPH IIOMEIICHHS OOYCIOBJICHO B
OCHOBHOM:

- OTpaXEHUEM OT MPEAMETOB W nudpakmmei Hax mpeaMeraMu (BKJIIOYAs CTCHBI M TOJBI) BHYTPH
TTOMEIIECHU;

— MOTEepAMU I€pCaavu MpU MPOXOKACHUN CUTrHaIa Y€PE3 CTCHLI, ITOJIbI U APYTUC NPCIATCTBUA,
- KaHAJIM3UPOBAHUEM DHCPTHUU CUT'HAJIa HA BBICOKHUX YaCTOTAax, 0COOEHHO B KOpHuaopax;

- MepeMeIIeHHeM JIIoJIe W TPEIMETOB B IIOMEIICHHWH, BKJIIOYas, BO3MOXKHO, OTHO MW 00a
OKOHEYHBIX YCTPONUCTBA JTMHHUY CBS3H,

Y BBI3BIBACT TaKHWEC YXYAIICHUA KaK:

- IMOTEPH HAa TPACCE — TO €CTh HE TOJILKO NOTCPU B CB06OZ[HOM IMPOCTPAHCTBE, HO U JOIIOJTHUTCIIBHBIC
IMOTEpH 3a CUCT HpeHHTCTBI/Iﬁ 1 NIPOXOXKACHUA CUTHAJIA YE€PE3 MaTCpHralibl, U3 KOTOPBLIX IMOCTPOCHO
3JaHUC, a TaKXC BO3MOXHOC YMCHBIICHHUC IIOTEPHL B CBO60}1HOM IMPOCTPaHCTBE 3a CYET
KaHaJIM3UPOBAaHUA

— HN3MCHCHUC BCIIMYMNHBI IOTCPh HA TPACCE BO BPEMCHU U IPOCTPAHCTBEC,
- MHOTOJIYYCBBIC 3(1)(1)CKTLI, BBI3BAHHBIC OTPAKCHUCM U ,Z[H(I)paKHHGﬁ KOMITOHCHTOB paJAUOBOJIHBI;

- HECOIIaCOBAaHHOCTH MOJISIPU3aLUM U3-3a CIIy4ailHOM I0CTUPOBKH MOABUKHOTO TEPMHUHATIA.

CnyxObl  0OeCIIpPOBOIHOM CBS3M BHYTPUM IIOMEIICHHH MOTYT  XapaKTepU30BaThCS  CIICAYHOIIUMU
0COOEHHOCTSMU:

- BBICOKOM/CpeIHE/HI3KOH CKOPOCTHIO TIepelaun IaHHBIX;

- 30HOH MOKPHITUS KKA0H 0a30BOH cTaHIUK (HallpuMep, KOMHATa, 3Tax, 31aHKe);

- CHCTEMOH IOABKHOW/TIOPTATUBHON/(PUKCUPOBAHHOI;

- paboToil B peaTbHOM BPEMEHH/ HE B PEAIbHOM BPEMEHH/B KBa3UPEAIbHOM BPEMEHH;

- TOTIOJIOTHEN CeTH (Hampumep, CBsI3b IIyHKTa C ITyHKTOM, ITYHKTa CO MHOTHMMHM ITyHKTaMH, KakJI0TO
MyHKTa C KaXIbIM ITyHKTOM).

[Tosie3Ho onpeneauTh, KAKUE XapaKTSPUCTHKU PACIIPOCTPAHEHHUS KaHala HanOosIee MOAXOIAT I OITUCAHUS
€r0 KayeCTBa B pPAa3/IMUYHBIX IPUMCHCHHUAX, TAKMX KaK pe€ucBasd CBA3b, IEpcaada AaHHBIX C paSJII/IqHOﬁ
CKOPOCTBIO, TIepeiaya n300pakeH!i U BUACOCTyX0bl. B Tabnuiie 1 nmepeurcicHsl HanOoIee CyIIeCTBEHHbBIC
XapaKTCPUCTHUKU JJId TUITNMIHBIX CJ'Iy)K6.
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TABJIMLIA 1

Tunu4yHblie cay:KO0bI M BUABI YXYALLIEHUS PACTIPOCTPAHEHUSI

PaccmannBaeMMe BUADbI YXYAIICHUSA

Cay:x0bI XapakTepucTHKHA
pacnpocTpaHeHust
BecripoBomHas Bricokast ckopocTs iepeaun JaHHBIX, ogHO | [loTepum Ha Tpacce — pacmpeneneHue Bo
JIOKaJIbHas 30HOBas WJIM HECKOJILKO TIOMEIICHHH, TOPTaTUBHAS BpEMEHU U MMPOCTPAHCTBE
CeTh cucTtema, paboTa He B pealbHOM BPEMEHH, 3ameprKKa BCIEACTBHE MHOTOIYYEBOCTH

CBS3b IYHKTAa CO MHOI'MMU IYHKTaMH UJIA

OtHomicHe HaNPps?>KEHHOCTH T10JIA
Ka)Xa0ro ITyHKTa ¢ KaXXIbIM ITYHKTOM

JKeJaaeMol MOJBI K HeXKeaaeMo

WPBX CpenHsisi CKOpOCTh Mepeaur JaHHbIX, [Torepu Ha Tpacce — pacnpenesieHue BO
HECKOJIbKO MOMEIICHUI, OJIUH ATaX WU BPEMEHU U MPOCTPAHCTBE

HECKOJIBKO dTaXkel, paboTa B pealbHOM
BPEMEHH, TTOABIKHASI CHCTEMA, CBSI3b ITYHKTA
CO MHOTMMMU ITYHKTaMH

IlelKUHT BHYTpH Huskast ckopocTh nepegauu JaHHbIX, IToTepu Ha Tpacce — pacnpeneneHue Bo
MOMEIIEHUS HECKOJIBKO 3Taxel, paboTa HE B PEaIbHOM BPEMEHHU U POCTPAHCTBE

BpPEMCHHU, MMOABUIKHAA CUCTEMA, CBA3b ITYHKTa
CO MHOTHMH ITyHKTaMU

BecnipoBoanas ciyx0a | Beicokast ckopocTs mepenadn JaHHBIX, IToTepu Ha Tpacce — pacmpeneneHrne Bo
BUJICO BHYTpHU HECKOJIBKO MTOMEILEHNH, pad0oTa B peajibHOM | BpeMEHH U ITPOCTPAHCTBE
MOMEIIEeHU BPEMCHHU, MTOIBIKHASI WJTH TOPTATUBHAS 3ajepkKa BCIICICTBHE MHOTOTY4EBOCTH

CHUCTEMA, CBA3b ITYHKTA C ITYHKTOM

3 Mogaenu morepb Ha Tpacce

Hcnonb3oBanre Moneny IMOTEph Iepeqaddl BHYTPH TOMENICHHUs IPEIoyiaraeT, 4To W 0a3oBas CTaHIHSA H
MIEPEHOCHON TepMHHAI HaXOMAATCS BHYTPU OIHOTO W Toro e 3maHus. [lotepn Ha Tpacce Mexay 0a30BOM H
TTOJTBM>KHOW/TIEPEHOCHOM CTaHIUSMUA BHYTPY TIOMEIIEHNS MOKHO OIIEHUTH C ITOMOIIBIO JIF0OOOH M3 MoJenei —
0000IIIEHHO, HEe 3aBUCSIIEH OT MeCTa, HIIH JeTePMUHUPOBAHHOM, YUUTHIBAIOIIEH OCOOCHHOCTH MECTa.

3.1 O0001eHHbIE MOIEJIH, HEe 3aBHCSIIHE OT MeCTa

Mojenu, 0 KOTOPBIX MOWJET pedyb B OTOM pasjielie, CYNTAIOTCS 000OIIEHHBIMU, HE 3aBUCSIIUMH OT MeECTa,
TTOCKOJIBKY OHHM HE TpeOyIoT OOJbIoro od0hemMa WHMOPMAIMKM OTHOCHUTEIBHO TPAacChl WM OCOOCHHOCTEH
MecTa, Tae paboraet cucrema. [lotepu Ha Tpacce sl paIMOCUCTEMBI BHYTPH MOMEIICHHSI XapaKTepU3YIOTCS
KaK CpPEIHUMH TOTEPSIMH Ha Tpacce, TaK W CBA3aHHOW C HUMH CTaTHCTHKOW 3aMUpaHHWN BCJICICTBHE
3aTreHeHus. Heckolbko Mojenel moTeph Ha Tpacce BHYTPH IMOMENICHUS YYUTHIBAIOT OCJIAOJCHUE CHrHaia
MIPHU €r0 MHOTOKPAaTHOM MPOXOXKICHUU Yepe3 CTCHbI W/WIK TONBl. Mojenb, OMMchIBacMasi B 3TOM pasJiele,
YYUTHIBACT MOTEPU MPU MHOTOKPATHOM MPOXOXKJCHUW CHT'HAJA 4Yepe3 IOJI, YTO MO3BOJISET MPEyCMOTPETh
TaKUe XapaKTePUCTUKU, KaK IIOBTOPHOE WCIIONB30BAHUE 4YACTOTHI HA PA3NIMYHBIX JTaXaxX 3JaHusl.
JluctaHnnoHHble KO(GUIMEHTH TOTEPH MOIIHOCTH, MPUBOJUMBIC HHXE, BKJIIOYAIOT B HESBHOM BUJIC
MONPABKY Ha MOTEPU MPH MPOXOKJICHUU CHUTHAIA Yepe3 CTCHBbI U HaJ WM Yepe3 MPEISITCTBUS, a TakkKe Ha
OCTallbHBIE MEXaHWU3Mbl BO3HHKHOBEHHUS TOTEPh, KOTOPHIE MOTYT BO3HHKHYTH B MpeZeiax OIHOTO dTaka
3MaHus. B Mojersix, yUuTHIBAIOMNX crienn(UKy MECTa, IMEETCS BO3MOXKHOCTh B SIBHOM BHJIC YYECTh OTEPH
3a CUET KaXJIOW CTEHBI, BMECTO TOTO, YTOOBI BKIFOUATh UX B JUCTAHITUOHHYIO MOJICTb.

OcHoBHasi MOZIeJIb IOTEPb UMEET CJICIYIOIINN BU/I;:
Liotal = 20logiof + Nlogiod + Lf(n) — 28 b, (D

re:
N:  JOUCTaHIMOHHBIH KOA(G(UIMEHT MOTEPh MOIIHOCTH;
f+ dacrora (MI'm);
d: paccrosHHe pa3HeceHHsS (M) MEXay 0a30BOM CTaHIMEH M MEPEHOCHBIM TEPMHHAIOM
(toe d > 1 m);
L;:  K03Q(dHIMEHT MOTEPD 3a CUET NPOXOKIECHHUS CUTHANIA Yepe3 1o (1b);

n:  KOJMYECTBO 3Ta)KeH MeXIy 0a30BOH CTaHIMEH U NEPEHOCHBIM TePMHUHAIOM (7 2 1).
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XapakTepHble MapaMeTpbl, OCHOBaHHbIC Ha Pe3yJIbTaTax pPa3lUuHBIX W3MEPEHHI, MPUBEICHBI B TAOMUIAX 2
u 3. B xoHIIe pa3zena 1aHbl OCHOBHBIE PYKOBOIAIINE yKa3aHUS.

TABJIULIA 2

Ko3¢punueHnTs! moTepu MOIHOCTH, /N, HCNIOJIb3yeMble IPU pacyeTe MOTePh Nnepegavun
BHYTPH MOMeLIeHUsI

Yacrorta Kunible noma Oducer IIpoMbInLICHHBIE 31aHUSA
900 MI'n - 33 20
1,2-1,3ITu - 32 22
1,8-2ITu 28 30 22
4T - 28 22
521ITn - 31 -
60 I'Tu() - 22 17
70 TTu) - 22 -

@ [TonpazymeBaetcs, uro Ha yactoTe 60 I'T'Iy mpoucXoaUT pacnpocTpaHEHHE B MPEAeiIax OJHOM KOMHAThI MM MOMELICHUS, IPH
9TOM IOMPAaBKH Ha Tepefady NpU MPOXOXKASHWH CUTHAJa yepe3 CTeHbI He yuHThIBaroTCs. IloriomeHne B rasax Ha 4acToTe
okono 60 I'Tm Takke BecbMa CyIIECTBEHHO MJIs paccTosiHUN Oomee 100 M M MOXKET BAMATH Ha PAcCTOSHUS IOBTOPHOTO
HCIOJIb30BaHMs yacToT (cM. Pexomenaannto MCO-R P.676).

TABJIMIIA 3

Kos¢puumuenTnl moreps npu NpoxokaeHHH CUrHaia yepes noi, Ly (ab), rae n — yucio
NMPO¥iIeHHBIX ITAMKell, HCI0Jb3yeMble IIPU pacueTe MOTePb NMepeaadu BHYTPH noMeieHus (n = 1)

Yacrora Kuabie noma Odmucnr IIpombllLIeHHBIE 31aHUS

900 MI'n - 9 (1 atax) -
19 (2 sTaxa)
24 (3 sTaxa)

1,82 TTu 4n 15+44(n-1) 6+3(n—-1)
521Tn - 16 (1 sTax) -

Jlnist pasnmUuYHBIX YACTOTHBIX JIMATA30HOB, JJISI KOTOPBIX KOA(M(GUIMEHT MOTepH MOIIMHOCTH B JKWIJIBIX
MOMEIICHHSIX HE YCTAaHOBJICH, MOKHO HCIIONIb30BAaTh COOTBETCTBYIOIIEE 3HAUCHHE 3TOr0 KO HIIMEHTa st
CITY)KEOHBIX TIOMETICHUH.

Cnemyer OTMETHTh, HYTO MOTYT CYIIECTBOBaTh OTPAHMYECHHS Ha W3OJALNIO, TIPEANONIaraeMylo IIpU
MIPOXOXIEHUU CUTHAIOB MEXTy dTakamu. CHTHANI MOXET HalTH ApyTrHue, BHEUTHHE ITyTH IS 3aBEpPIICHUS
JIUHUH CBS3HM C MEHBIIUMH OOLIMMH MOTEPSIMH, YeM MPH MHOTOKPAaTHOM NEPEeCceUYeHUH MEePEKPHITHH MEXITy
STaKaMHU.

Ecnu 3Ty BHENIHUE MyTH UCKIIOYUTH, TO U3MEpeHUs Ha yactoTe 5,2 ['T1 mokasanu, 4To mpu HOPMaJIbHOM
MaJCHUN PAJMOBOJIH CpPEIHHE IOMOJHUTENbHBIE TOTEpH NPU MPOXOKISCHHH THIOBBIX MEXIYITaKHBIX
JKeIe300€TOHHBIX TIEPEKPHITHH C TIOMBECHBIMH TIOTOJIKaMU cocTaBisiioT 20 ab, TpW  CTaHTApTHOM
otkinonennu 1,5 nb. OcBeTuTenbHBIE MPUOOPHI YBEIMIUBAIOT cpeanne motepu a0 30 nb, mpu ctangapTHOM
OTKJIOHEHUHU 3 1b, a BEHTWISAIMOHHBIE KaHaIbl MO/ TOJIOM YBEIWYUBAIOT cpelHue notepu a0 36 nb, npu
CTAHJIapTHOM OTKJIOHEHHMH 5 1b. OTH 3HaueHMs IOJKHBI MCIIOJIb30BATHCS BMECTO KOI(PPUIHMEHTOB L; B
MOJIEJISIX, 3aBUCSIINX OT MECTA, TAKUX KaK CBA3aHHBIX C IOCTPOCHUEM ITyUeH.
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CraTucTHKa 3aMHUpaHM, BBI3BAHHBIX 3aT€HEHHEM BHYTPH IOMEIIEHUH, COOTBETCTBYET JIOT-HOPMAIbHOMY
3aKOHY, a 3HAYEeHHUS CTaHJAPTHBIX OTKJIOHEHUH (1b) npuBeneHs! B Tabmuie 4.

TABJIULIA 4

CraTHCcTHKA 3aMUPaHMiil BeJIeACTBHE 3aTeHeHNs, CTAHIapTHOe OTKJI0HeHue (ab),
IJISl pacyeTa NoTephb Meperavy BHYTPH MOMeIeHHSs

Yacrora
(F'T') Kuibie goma CayxeOnble nomemenns | IlpomblinuieHHbIE 31aHUS
1,8-2 8 10 10
5,2 - 12 -

XO0Ts UMEIoIIHecs B HaCTOAIICC BpEMs PE3YyJIbTAThL I/I3MepeHI/Iﬁ ObLIN IMOJIY4YCHBI B pa3HbIX YCJIOBUAX, YTO
ACJIACT 3aTPYAHUTCIbHBIM UX NPAMOC CPABHCHUC, U JAHHBIC MOCTYINUJIN TOJIBKO IJIA OTACJIBbHBIX YaCTOTHBIX
AUara3soHoOB, HEKOTOPLIC 06H_II/IG 3aKJIIOYCHUS BCC K€ MOXXHO BBIBECTH, 0COOEHHO L guara3oHa 900-
2000 MI'w.

- Ha tpaccax ¢ xommoneHTOH mpsmoit BuaumocTH (LoOS) MOMHHUPYIOT TOTEepH Nepedayd B
CBOOOJHOM TIIPOCTPAHCTBE, a NUCTAHIMOHHBIA KOS(QUIMEHT MOTEpH MOIIHOCTH [UIl HHX
paBHseTca npumepHo 20.

— Jns  OONmpIIMX OTKPBITHIX TMOMEIICHWH TaKKe XapakTepHO 3HAYCHHWE JHUCTAHIUMOHHOTO
kod(ummenTa morepu MoOITHOCTH Topsimka 20; 3TO MOXKET OOBACHATHCS HAIMIHEM MOITHOM
coctapnstomiell LoS B GonbIIMHCTBE 30H mMoMenieHus. [IpuMepaMu MOTYT CITy>KUTh TOMEIICHUS,
pAacIoNOXKEeHHBIC B OOJIBIIMX TOPTOBBIX CKIIAJaX, CIOPTUBHBIC apEeHbI, 3aBOJICKUAE TIOMEIICHUS W
O(HCHI OTKPBITON TIAHUPOBKH.

- B kopmmopax oTmeuaroTcs MEHBIIHE MOTEpU Ha Tpacce, 4eM B CBOOOJHOM IPOCTPAHCTBE, C
TUMMAYHBIM JUCTAHIIMOHHBIM KO3()PHUIIMEHTOM TOTepu MOITHOCTH mopsaka 18. I'acTpoHOMBI ¢ X
JUTMHHBIMA, JIHHCHHBIMU TIPOXOJIaMUd MEXAY CTeIJIaKaMH HMMEIOT XapaKTEePUCTHKU TIOTEPh,
COOTBETCTBYIOIIHE KOPUIOPAM.

- Pacnpoctpanenne orubaHuMeM TPEMSTCTBUA M 4epe3 CTEHbl BeAET K 3HAYUTEIbHBIM
JOTIOJTHUTENIEHBIM TIOTEPSIM, KOTOPBIE B OOBIYHBIX YCIOBHSX MOTYT YBEIHYHUTH JHCTAaHLIMOHHBINA
k03¢ unment noreps MouHocTu A0 40. [IpumMepaMu MOTYT CITy>KUTh TPacChl MEXIy KOMHATAMH B
O(HCHBIX MOMEIIEHHUAX 3aKPHITOH TIAHUPOBKH.

- Ha nnuHHBIX Tpaccax 0e3 MpensTCTBHiA B TiepBoi 30He PpeHenss MOKeT BO3HUKHYTH "'TOYKa U3JI0Ma
kpuBoii". Ha »TOM paccTOsSHHM AMCTAHIMOHHBIH KOA((MUIIMEHT TOTEPH MOIIHOCTH MOXKET
MEHATbcA npumepHo ot 20 o 40.

- Ywmenbnienue ko3 duipieHTa noTeps Ha Tpacce MPH YBEIUUEHUN YacTOThI JJIsl yCIOBUI mpuema B
oducax (tabmura 2) He Bcerma HaOMIOAACTCS WM JIETKO OOBICHHMO. C OTHOW CTOPOHBI, TIPH
YBEITUYCHUH YacTOThI TIOTEPH TP MPOXOKICHUH CKBO3b MPEMSATCTBUS (HAIIPUMED, CTCHBI, MeOEIb)
BO3PACTAIOT, W Ju(parupoBaHHbBIE CHTHAIBI JIAIOT MEHBIIUHA BKIAJ B MOIIHOCTh MPHHUMAEMOTO
CUTHaia; C Jpyroil cTopoHbI 30Ha DpeHens MeHee 3aKphiTa Ha 0ojiee BBICOKMX YacTOTaX, UTO
NPUBOIUT K MEHBIIUM moTepsM. DakThyeckne TMOTepH HAa Tpacce 3aBHCAT OT OTHX
MPOTHUBOIIOJIOKHO JICHCTBYIOIINX MEXaHH3MOB.

3.2 Mopesin, yYuThIBaIOIIe 0CO0EHHOCTH MeCTa

Jua ompeneneHus TOTEph Ha Tpacce WM YPOBHSA HANMPSDKEHHOCTH TIOJS TIOJE3HO TakKe IpUMEHEHHE
MOJIeJIel, YYMTHIBAIOMMX OCOOeHHOCTH MecTa. CyIIecTBYIOT MOJENW Uil TMPOTHO3WPOBAaHUS YPOBHEU
HaIPsHKCHHOCTH TIOJIT BHYTPU TOMEIICHWN, OCHOBaHHBIC Ha omHOopomHOoW Teopuu mudpakmmm (UTD) u
MeToJax MOCTpoeHus imydedt. [lma pacuera HampsHKEHHOCTH TONIS BHYTPH ITOMENIEHWH HEoOXoamMa
netanbHas WHQOpMaIUs O CTPYKType 3MaHusd. B 3THX MOAENSIX SMIUPUYECKHE SIEMEHTHI COYETaroTCs C
TEOPETHUYECKUM DIEKTPOMarHuTHeIM TogxogoM UTD. DTor MeTon y4YHTHIBaeT MpsiMble OJHOKPATHO
IUparupoBaHHble W OJHOKPAaTHO OTPaKEHHBIE JIydd M MOXKET pPacHpOCTPAHATHCS HAa MHOTOKPATHYIO
TUPaKIAI0 WIM MHOTOKpPATHOE OTpakeHHe, a Takke Ha COYeTaHWH AM(PpParupoBaHHBIX W OTPaKEHHBIX
mydeil. 3a cueT BKIIIOUEHHSI OTPAKEHHBIX U MU(GParupOBaHHHBIX JIydeld TOYHOCTH IPOTHO3UPOBAHUS TOTEPh
Ha Tpacce CyIIECTBEHHO TOBBIMIAETCS.
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4 Mogaean pa3opoca 3ajaepirex

4.1 MHOro/1y4¢B0oCTh

Pagnoxanan pacmpocTpaHeHHsI BOJH JAJsl TOJBM)KHOW/TIEPEHOCHON CTAaHIIMK MEHSETCS B 3aBUCHMOCTH OT
BPEMEHH, YaCTOThl M MECTOIIOJIOKEHHUS B MPOCTpaHcTBe. Jlaxke B CTaTUUECKON CUTyallMu, KOTAa MOJIOKEHNE
IepeAaTinka ¥ MpUEeMHHKa 3aMKCUPOBAHO, IUIA TAKOI'O KaHAJla XapaKTepHa OINpelesieHHAs IWHAMUKA,
IIOCKOJIBKY PacCcerBaIOlie U OTpaKalolre MpeaMeThl MOTYT nepeMeniarbea. TepMuH '"MHOTOIy4eBOCTh"
00yCJIOBIIEH TEM, UYTO BCICACTBUE OTpaXKEHHA, AU(PAKIMKM M paccesHUs pPaTuOBOIHBI MOTYT
pacmpocTpaHATsCsl OT NepefaTdnka K MPHUEMHHUKY 110 MHOTOUYMCICHHBIM TpaccaMm. [yt KaxIoW W3 3THX
Tpacc XapakTepHa CBOsI BpEMEHHas! 3aJeprKKa, IPONOpIHOHaIbHas JuHe Tpacchl. (BeceMma rpyOyio oneHKy
0XUIa€MOro MaKCUMAJIbLHOTO BpPEMCHHU 3aJCPKKHU JId KOHKPETHBIX OKPYKaAIOMIUX yCJ'IOBI/Iﬁ MOKHO
MOJY4YHUTh, 3HAas pa3Mepbl IOMELIEHHS W YYHThIBas TOT (pakT, uTo BpeMs (B HAHOCEKYHAAx) IJsi
MIPOXOKACHUST PaTUOUMITYJIbCOM paccTosiHUS d (M) paBHO HpUMEpHO 3,3 d.) DTH CUTHAJBI C 3aJEPXKKOH,
KXl U3 KOTOPHIX MMEET CBOIO aMIUIUTYIy, 00pa3yroT JIMHEHHBIH (PUIbTp ¢ MEHSIOIUMHUCS BO BPEMEHHU
XapaKTEpUCTUKAMHU.

4.2 HNMnyabcHas XapaKTePUCTUKA

Lenp MomenupoBaHus KaHalla 3aKIOYAaeTCs B TOM, YTOOBI 0OECTIEYUTh TOYHOE MAaTEMaTHUECKOe OMUCAHHE
SBIICHVSI PacIpOCTPAaHEHHS pAAMOBOIH, KOTOpO€ MOXXHO ObUTI0 OBl HCIIONB30BaTh NPH WMHUTAIHA
PaIuONMHUN W CHUCTEM B IIPOIECCE MOJCTUPOBAHUS Pa3BEPTHIBAHUS CUCTeMBI. [IOCKONBKY pagmoKaHal
JUHEEH, OH IIOJHOCTBIO OIMCHIBAEGTCS CBOCH HMMIYJIBCHOM XapakTepucTukoi. Ecnm xe uMmynbcHas
XapaKTEepPUCTHUKA U3BECTHA, TO MOXKHO OMPEENIUTh PEaKIIO PaJioKaHaia Ha JIF000i BXOTHOW CUTHAIL. DTO U
€CTh OCHOBA /ISl IMUTAIMOHHOTO MOAETHUPOBAHIS XapaKTePUCTUK JTHHHM.

NmnynscHast XapakTepUCTHKa OOBIYHO MpEACTaBIsIeTCS B BUAE (PyHKIMOHAIHHON 3aBUCUMOCTH INIOTHOCTH
MOIIIHOCTUA OT JIOTIOJIHUTEIIHOW 3alIep’KKUA IO OTHOIICHUIO K IMEPBOMY OOHApPYKEHHOMY CHTHAIY. OTY
3aBHCHMOCTh YacTO HAa3bIBAIOT MPOQHIEM 3aJepKKH MOIHOCTH. COOTBETCTBYIONIMI MpHUMEpP IMOKa3aH Ha
pucynke 1 Pexomengamum MCD-R P.1407, Tompko BpeMeHHas INMKana IS KaHAJIOB BHYTPH IOMEIICHUS
OOJDKHA H3MEPATHCA HE B MHUKPOCCKYHAX, 4 B HAHOCCKYHIAaX. B sToit xe PeKOMeHI[aHI/II/I IIPUBOAATCA
OTIpEICTICHHS HECKOJILKUX ITApaMEeTPOB, XapaKTEPU3YIOUINX TPOGUIA UMITYIbCHON XapaKTEPUCTHKH.

NmnynscHas XapakTepuCTHKa KaHaja MEHSETCS B 3aBUCHMOCTH OT MECTOIOJIOXKEHHS NMPUEMHHKA, a TaKXKe
MOXET MEHATHCSA B BO BpeMeHHU. [103TOMy OHa OOBITHO M3MEPSETCS W MPEACTABISICTCS B KQ4eCTBE CPEITHETO
3HA4YCHUS MPOQUIICH, TTOTYICHHOTO B PE3yJIbTaTe U3MEPEHUHN I OJHON JJIWHBI BOJHBI, €CIIM HEOOXOIMMO
YMCHBIIIUTh BIUSHUC IIYMOB, WU JJIS HECKOJBKUX IJIMH BOJH, €CJIM TPEeOYeTCs OIMpPENeIUTh CPEAHHN
MIPOCTPaHCTBEHHBIN Mpomib. OueHb BaXKHO YETKO OIMPEENIUTh, KaKOH UMEHHO CPENHUHN MPpOo(UiIh UMeeTcs
B BHIY W KakK IPOU3BOJIMIIOCH ycpeaHeHue. PekoMeHayemas mpoleaypa YCpeaHeHUS 3aKII09acTCs B TOM,
YTOOBI CIEAYIOMMM 00pa3oM cpOopMHUPOBATH CTATUCTHUYECKYIO MOJENB: JJIS OLEHKH KaKIOW HMITYyJIbCHOU
XapakTepucTUKU (MpOoQWIs 3alepKKA MOIIHOCTH) YCTAaHOBUTh OTPE3KM BPEMCHH JI0 M TOCIE CpeAHEU
3anepxkku, Tp, (cM. Pexomenmammmro MC3-R P.1407), 3a mpenenamMu KOTOPBIX IUIOTHOCTh MOIIHOCTH HE
mpeBbImaeT 3amanneie 3HaueHus (—10, —15, =20, —25, =30 1b), ycTaHOBJICHHBIE OTHOCUTEIBHO ITHKOBOTO
3HAUCHHUS IUIOTHOCTH MOIMHOCTH. Menmuana u, mpu xemanuu, 90-s MPOIEHTHIh paclpeAciieHud 3THUX
OTPE3KOB BPEMEHU U IMIPEIICTABISIOT COO0M NCKOMYIO MOJICb.

4.3 CpeanexBagpaTuyHOe 3HAYeHHE Pa3dpoca 3aiepPKKH

[Ipodunu 3agep’Kkn MOITHOCTH, KaK TOBOPUJIOCH BBIIIE, YACTO XapaKTEPU3YIOTCS OAHUM HIIM HECKOIBKUMHU
napamMeTrpaMu. DTH TapaMeTphbl BBIYUCISIOTCS MO MPOQHIISIM, YCPETHEHHBIM IO ITOBEPXHOCTH, WMEIOIIEH
pasMepsl OpsiiKa HECKONBKUX JUTMH BoJH. ([TapaMeTp cpeaHekBaapaTHYHOro 3HaYCHUS paz0dpoca 3aAep:KKU
WHOI'ZIa ONpPENeNAoT M0 WHAMBUIYaJbHBIM HPOQUIISIM, a Pe3yJbTaThl YCPEOHSIOT, OAHAKO B 3TOM CIydae
OKOHYATEIIbHbIM pe3ysbTaT OyAeT, Kak IPaBWIO, OTIMYATHCS OT 3HAYEHMs], MOJIYYEHHOI'O C IIOMOUIBIO
ycpenHeHHoro npoduis.) [Topor wckitodeHus nIyma, WM KPUTEPHH NMPHEMKH, HalpuMep, BEIWYHHA, Ha
30 nb HMKe MHUKOBOTO 3HAYECHHUS] MPOQHIS, TOKEH yKa3blBaTbCs BMECTE C PE3yJbTHPYIOLUIMM 3HaYCHHUEM
pas3bpoca 3a1epKKH, KOTOPOE 3aBUCHT OT BEJIMYUHBI [10pOTa.

IMockoibKy cpemHeKBaapaTHUHOE 3HAYEeHHE pa3dpoca 3a/IepKKH OYEHb IMMHPOKO MCIONIL3YeTCs, OHO HE BCeria
JIaeT MOJTHOE ONMcaHue Mpoduirs 3aiepkek. B ciydae MHOTOITy4eBOCTH, KOTAa pa3opoc 3a/iep KKK NPEBHIIIACT
JUTUTENIBHOCTh CUMBOJIA, KO3()(OUIMEHT OMIMOOK 110 OUTaM T MOAYJISILMY C (pa30BOi MaHUMYIISLHUEH 3aBUCHT
HE TONBKO OT CPEIHCKBAIPATHYHOTO 3HAYCHHs pa3dpoca 3aJepiKKd, HO M OT OTHOIICHHS TMPHUHUMACMBIX
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MOIITHOCTEH MOJIE3HOT0 M MEIIAIOIIEI0 CHUTHAJIOB. DT0 0COOEHHO 3aMETHO B CHCTEMAaX C BBICOKOM CKOPOCTBIO
nepeaayn CUMBOJIOB, HO OCTACTCA CHPABCJIMBBIM W IIPU HU3KUX CKOPOCTIX HUX ME€pEAavu, Koraa cCpeau
MHOTOJTYYCBbIX COCTABJIAOIINX UMCCTCH MOIITHBIN ,Z[OMI/IHI/IPYIOH_II/Iﬁ CHUTHAJI (SaMI/IpaHI/IG Paﬁca).

Tem He MeHee, eclii MPEANONIOKUTh, YTO MPOGWITH 3aTyXaeT MO 3KCIIOHEHTE, TO JOCTATOYHO HCIOJIh30BATh
CpeIHEKBaApaTUIHOE 3HAUCHUE Pa3dpoca 3aliep KKK BMECTO MPOQHIIs 3aJep>KKA MOITHOCTH. B 3TOM cityuae
AMITYJIbCHAS XapaKTEPUCTHKA MOKET OBITh ITPeoOpa3oBaHa MPUMEPHO CISAYIOMNM 00pa3oM:

—t/S
e m 0 < ¢t < b

h(t) = , 2)

0 B [IPOTHBHOM ClTy4ae

Trac:
S: cpemHeKBaIpaTHYHOE 3HAYECHHE pazdpoca 3aIePIKKH;
tpax: ~ MaKCHMaJIbHas 3aJEPiKKa,
L > S.

[IpenMyIIeCTBO HCIIONIL30BAaHUS CPEAHEKBAIPATUYHOTO 3HAYCHHS pa3dpoca 3aJepKKW B KadeCcTBE
BBIXOJTHOTO MapaMeTpa MOJENIN 3aKII0YaeTCs B TOM, YTO TaKyl0 MOJAEIb MOXHO MPEJCTaBUTh IPOCTO B BHUJIE
TaOIUIBl. XapaKTepHbIC 3HAUCHUS MapaMeTpa pa3dpoca 3aJepKKH, MOTyUYEeHHBIE ¢ ITOMOIIBI0 YCPETHECHHBIX
npouIiIeii 3aICPKKH TSl TPEX BUJIOB IMOMEIIEHUH, MPEICTABICHBI B Ta0HIle 5. DTH 3HAYCHUSI OCHOBAHBI Ha
mMepeHusax Ha vactorax 1900 MI'm u 5,2 I'Tp ¢ ucnonp3oBaHMeM BceHampaBieHHBIX aHTeHH. (Ectb
HEMHOTOYHMCIICHHBIE JTaHHBIC, CBUICTEIBCTBYIOIIKE O TOM, YTO €CJIM HUCHOJB3YIOTCS BCEHAIpaBiCHHBIC
AHTCHHBI, TO 3HAYCHMSI 3TUX MAapPaMETPOB CHIIBHO 3aBHUCIT OT YacTOTHL. VCMONb30BaHUE aHTEHH C JPYTUMHU
JUarpaMMaMy HaIlpaBJICHHOCTH 00cyxknaetrcs B 1. 5.) B cronbue B tabmuiel 5 npeacraBieHbl Hauboee
4acTO BCTpEUAIONIMecs MEJAMaHHbIC 3HAYCHUs, B CToiOme A — OoJiee HHM3KUE, HO HE MHUHUMAIIBHBIC,
3HAYCHHSI, KOTOPBIC TAaKXKE BO3HUKAIOT JOCTATOYHO 4acTto, a B croyione C — camble BBICOKHE 3HAYCHUS
3aJIepP)KKU, KOTOPBbIC BO3HUKAIOT BECbMa PEIKO. 3HAYCHHS, NMPHUBCICHHBIC B TAOJUIE, XapaKTePHBI IS
MAaKCHUMAaJIbHOTO pa3Mepa MOMEUIEHUH KaxXA0ro TUIIA.

TABJIMLIA 5
CpeanexkBagpaTHyHble 3HAUeHHUs IapaMeTpa pa3dpoca 3a/iep:KKHI

Yacrora YcaoBus npuema A B ¢
(me) (uc) (HC)
1 900 MI'x BHyTpeHHIE TTOMEIIEHNS KUITBIX TOMOB 20 70 150
1 900 MI'a BryTpennaue ciry>keOHbIE TOMEIICHHUS 35 100 460
1 900 MI'it BHyTpeHHHE MOMEILEHUST TPOMBIIIIIEHHBIX 3AaHUN 55 150 500
521Tn BryTpennaue ciry>keOHbIE TOMEIICHHUS 45 75 150

B npeaciiax KOHKPETHOI'0 3JaHUsA p336pOC 3aCPKKHU, KaK IIPpABUIIO, YBCIMYHUBACTCA INPHU YBCINYCHUU
PaCCTOAHUA MCXKAY QaHTCHHAMU U, CJICAO0BATCIbHO, HNPH BO3PACTAHHU IOTEPb pPaACIPOCTPAHCHUA. UeMm
Ooublire pacCTossHUEC MCKAY aHTCHHAMH, TEM Ooublire BCPOATHOCTL TOT'O, YTO Ha TpacCC BO3HUKHYT
NOperATCTBUA U YTO HpI/IHI/IMaeMBIfl CUTrHaJ1 6y,Z[CT LEJIMKOM COCTOATh U3 PACCECAHHBIX CUTHAJIOB.

CpennexBagpaTHuHblii pa3Opoc 3aaepkku, S, B TrpyOoM NpHOMMKEHUH NPONOPLUHOHANICH IUIOLIA N
MIOBEPXHOCTH MoNa, F, n onpenensiercs ypaBHeHueM (3).

10 log S =2,3 log(Fy) + 11,0, 3)
rJe eQUHUIB! Fg 1 S BBIPaKEHbI, COOTBETCTBEHHO, B M2 H HC.

DT0 ypaBHCHHE OCHOBAaHO Ha M3MEpEHHSIX B auamna3one 2 I'T'1 mjs pa3iudHbIX THIIOB IMOMEIIEHHUM, TaAKHX
KaKk o(HChl, BECTHOIOJIM, KOPUIAOPHI M TI'MMHACTHYECKHE 3ajibl. MakcHMaibHas IUIOIIAAb IOJa JUIs
nposeenus u3Mepenus cocrasisia 1000 2. MenuanHOe 3HAa4Y€HHE TOTPEIIHOCTH OLIEHKHM COCTABISET —
1,6 HC, a cTaHDapTHOE OTKIIOHEHUE 24,3 HC.
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Ecnu pa3bpoc 3anepxkw, S, npencTaBieH B 1b, To cTaHIapTHOE OTKIIOHEHUE S ONpeeNsieTcsl B Juana3oHe
ot npumepHo 0,7 nb o 1,2 nb.

4.4 CratucTHyecKue MoOaeIn

CraTHCTUYIECKHE MOJICTH SIBISTFOTCS Pe3yIbTaTOM O00OIICHHS OOJBITIOr0 YUCIIa U3MEPEHUH, IPUIEM TaKUM
00pa3oM, 4TOOBI MX MOXHO OBUIO HCIOJB30BaTh JJIsl MMUTALMU Tiepelad CUTHAIOB. Hampumep, MOXKHO
OCYIIECTBUTh UMHTAIMIO C MIOMOIIBI0 MOJIEIH JUCKPETHOTO, B IIMPOKOM CMBICTIE CTAIIMOHAPHOTO KaHaia C
HekoppenupoBaHHbIM paccessaueM (WSSUS). OmuH u3 crmoco00B TakoW MMHUTAIIMM COCTOWUT B 3aMeEHE
MHOTOYHCIICHHBIX TpPacC pacCesHHs, KOTOpPhIE MOTYT CYIIECTBOBATH B peallbHOM KaHaie, IUINb
HECKOJBKMMHU N MHOTOJIyYEBBIMU KOMITOHEHTAMH B MOJIEITH. 3aTeM € TIOMOIIBIO CIIOMKHBIX, MEHSIOIIUXCS BO
BpeMeHH ['ayccOBBIX TPOIECCOB g,(f) MOJIEIUPYETCS CYMEpIO3UIHs HEPa3peIIeHHBIX MHOTOIYYeBbIX
COCTAaBIISIOIINX, TIPUXOJISAIINX TTOJT PA3HBIMHU YTJIAMH U C BPEMEHHBIMH 3aJIepKKaMH, OJM3KHUMU TI0 BEJIMYHHE
K 3aJIEpPIKKE T, 71-OM MHOTOJIYIEBOM COCTaBIIIONIeH MoAenn. Torma nMITy IbCHAsI XapakTepucTuka /i(f) Oymer
OTIPENEeNAThCS KaK:

N
h(0)=D [Py gu(®) d(1-1,). (4)
n=1

rae p, — NpUuHUMacMasd MONIIHOCTL n-out MHOFOJ’Iy‘IeBOfI COCTaBJIsAmOIIEeH Moaenu. Takas cTaTHCTHYECKas
MOACIb Tpe6yeT COOTBETCTBYIOIUX MMApaMETPOB JIA Ka)K,I[OfI COCTaBJ’I}HOH_[eI\/’I.

4.5 Mopesu, yYuThIBaOUue 0CO0EHHOCTH MeCTa

B To BpeMs kak cTaTHCTHYECKHWE MOJETH BeChMa IIOJIE3HBI B Ka4eCTBE PYyKOBOJCTBA MPH TUIAHUPOBAHHH,
JIETEPMUHUPOBAHHbIE (MM yYUTHIBAIOIINE OCOOCHHOCTH MECTa) MOAENH OCOOCHHO IEHHBI I TeX, KTO
3aHUMAaeTCsl MPOEKTHPOBAaHUEM CHUCTeM. MOXHO BBIIENUTh HECKOIBKO METOJOB  Pa3padOTKU
JIETEPMUHUPOBAHHBIX MOJieNell pactupeneneHus. [ npuMeHeHui BHYTpH TOMEIICHWH ObUTH M3Y4eHBI, B
YaCTHOCTH, METOJ KOHEUYHBIX pa3HocTedl Bo BpemeHHoil obnmactu (FDTD), m meronm, ocHOBaHHBIM Ha
reOMEeTpUYECKOr ONTHKe. MeToI TeOMETPUIEeCKON ONTHKU Oosiee d3PPEKTUBEH B OTHOIICHWU BBIYMCICHHIA,
gyem FDTD.

B MeroJie, OCHOBaHHOM Ha T€OMETPUYECKON ONTHKE, CYNIECTBYIOT JIBA OCHOBHBIX IMOJIX0/IA: UCIIOJIb30BAHUE
n300pakeHn U BO30OykIeHHe Tyda. B MeToae m300pakeHHU HCTOIL3YIOTCS H300paKEHHS MPUEMHUKA TI0
OTHONIICHUIO KO BCEM OTPAXKAIONIMM MOBEPXHOCTSIM OKpY’Karoled cpelbl. PacCUMTBIBAIOTCS KOOPAWHATEHI
BCEX U300paKEHUI, a 3aTEM ONPENIENAIOTCS TPACKTOPHH JIy4eH 10 HANIPABJICHHUIO K THM U300paKCHUSIM.

[Moxxon ¢ Bo30yXKJIeHHEM JIyda IpearnojiaraéT paBHOMEpPHOE pacIpeesieHue psfaa Bo30yKISHHBIX JIydel B
MIPOCTPAHCTBE BOKPYT Iepenarolieil aHTeHHBl. TpaeKkTopus KaKAOro Jy4a MPOCHEKHUBAETCS A0 TEX IOp,
MoKa OH He JOCTHTHET NMPHUEMHHUKA, WIM ero aMIUINTyJa He yhajaeT HWXKe 3aJaHHoro ypoBHs. CpaBHeHHe
NoJXo/la C BO30OYXKIEHHEM JIy4a W TOAXO0Ja C HCIOJNB30BAaHHEM HM300paKEHHH IMOKAa3bIBAET, YTO IEPBBIH
MeToA Oosiee THOKHM, MOCKONBKY AU(GParupOBaHHBIE W pacCesHHBIE JTyYH MOXXHO pacCMaTpHBaTh BMECTE C
3epKajIbHO OTpaKeHHBIMU. Jlajnee, UCIONb3ysl METO/| PACHICTIIICHHSI JIyda WM BapUaIlOHHBIA METOJI, MOXHO
COKpaTUTh BpEMSI PacdeTOB, COXpaHHMB IPH 3TOM Tpedyemoe paspemieHne. Meroq Bo30YyKAEHUs IJiyda
NOJXOIUT JUIS MPOTHO3MPOBAHUS HMMITYJILCHOM XapaKTepUCTUKH KaHala, OOCIY)KHMBAIOIIEro OOIIMPHYIO
30HY, TOT/Ia KaK METOJl H300paykeHUI XOpOII 71l POTHO30B B CIIy4ae CBSA3U MYHKTA C ITYHKTOM.

JleTepMHUHMPOBAaHHBIE MOJEIH, KaK MIPABUIIO, OCHOBAHBI HA PsJIE MPEANOI0KEHUN O BIUIHUU CTPOUTEIBHBIX
MaTepHajoB 37aHUSl Ha XapaKTEPUCTHKH PAacIpOCTpaHEHHs Ha paccMaTpuBaeMoil wactote. (Cm. m. 7 o
CBOMCTBAxX CTPOUTEIBHBIX MaTepUaoB). Mojenb, yUUTHIBaIOLasi OCOOEHHOCTH MECTa, A0JDKHA YUYUTHIBATH U
TFEOMETPHUIO TOMEIICHUs, OTpaKeHHe, AU(PPaKUUIo, W MepeAady CHrHaja yepe3 CTeHBl. VMITynbCHYIO
XapaKTEepPUCTUKY B 3aJaHHON TOYKE MOYKHO MPEICTaBUTh KaK:

N Mrn MP” 1 o1
AO=> 1| TITwx 18w | — ¢ @™ -80-1,) |, (5)
n=1 u=l1 y=1 "n

rae:
h(f): WMITyJIbCHAS XapaKTePUCTHKA;

YUCJIO MaJAI0UIUX JIyU€El;
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M,,: 4HUCIO OTpaXKeHUH n-To Jyua;

M,,,:  4uCII0 IPOHUKHOBEHUH 711-TO JIyYa;
I',,: xodddummenT oTpakeHUs n-ro JIyda OT U-Oi CTCHBI;

P,,: k03 dUIHEeHT NPOHUKHOBEHHS #-TO JIy4ya Yyepe3 V-0 CTEHY;
r,: JJMHA TPAcChl n-TO JIyYa;
T,  3aJepXKKa n-ro Jyda.

Tpaexktopuu Inyded, OTpa)XX€HHBIX OT CTEH M JpPYrHMX IIOBEPXHOCTEH WM INPOHMUKIIUX CKBO3b HHX,
paccUMTHIBAIOTCA C TMOMOIIBI0 ypaBHeHUN @Ppenensd. CreqoBaTeNbHO, KOMIIEKCHas AMAJIEKTpUYECKas
MPOHHULIAEMOCTb CTPOUTEIBHBIX MAaTEPUANIOB 3[JaHMs JOJDKHA OBITh MCXOAHBIM MapaMeTpoM. M3mepeHHbIE
3HAYEHMSI JUDJIEKTPUUECKON MTPOHUIIAEMOCTH HEKOTOPBIX CTPOUTENBHBIX MAaTEPHUAJIOB MIPUBEJIEHBI B 1. 7.

Jns anexkBaTHOTO ONMCAaHHUS NPUHUMAEMOTO CHUTHalla, B MOJENb, MOMHMO OTPaXKEHHBIX W HPOHUKIIMX
CKBO3b CTEHy Jy4ed, KOTOpbleé NPUCYTCTBYIOT B YypaBHEHHMH (5), HODKHBI OBITh BKJIIOYEHBI
IudparupoBaHHBIE W pAcCesiHHBIE Jy4d. B 4YacTHOCTH, 3TO OTHOCHTCS K Cily4al0 paOOThl B TaKHX
MOMEIIEHHSIX, KaK KOPUIOPHI, TA€ UMEIOTCS yINbl, U B APYIMX AHAJTOTUYHBIX YCIOBHUSX PAaCIpPOCTPAaHEHUSI.
st pacuera audparupoBaHHBIX JTy4ell MOXKHO HCIIONIB30BaTh OAHOPOIHYIO Teoputo audpakuuu (UTD).

5 Biausinue noJiIApu3alv U TuarpaMmmMbl HANIPaBJACHHOCTH AHTCHHbI

B ycnoBusix mpuema BHYTpH HOMELICHHN CYIIECTBYET HE TOJBKO MpsiMasi Tpacca PacHpOCTPAHEHUST MEXILY
MepeAaTINKOM M TNPHUEMHUKOM, HO TaKXe M TpacChl OTPAXKEHHBIX M AU(PPAarMpOBaHHBIX JydeH.
OtpakaTenbHbIE CBOMCTBAa CTPOUTEIBHBIX MATEpPHAJOB 3aBHCAT OT MOJSPU3ALMHU, yIja MaJeHUS BOJHBI U
KOMITJIEKCHOM [JU3JEKTPUYECKOH NPOHUIIAEMOCTH MAaTEepHajoB, YTO OTPaXEHO B (OpPMyJe OTPaKEHUS
Openenst. Yiibl IPUX0Ja MHOTOIYYEBBIX COCTABIISIOLINX PACIIPENEIIIOTCS B 3aBUCMMOCTH OT IIUPUHBI JIydya
AHTEHHBI, CTPYKTYPBI 34aHUsI U MECTOIOJIOKCHUH IlepelaTiiKa U IprueMHuKa. [loaTomMy BuA nmossipu3anuu 1
s¢dexTuBHAsS OuarpaMMma HaIllpaBJICHHOCTH AHTEHHBI MOTYT CYIIECTBEHHO BIHATh Ha XapaKTEPHUCTUKU
pacrpocTpaHeHHs! BHyTPH [TOMEIIEHHS.

5.1 PacnpocTrpaHenue B npenesax npsamMoi BHIAMMOCTH

[IpunsTOo cunTath, 4TOo IUIA KaHanoB mIpsMod BuaumocTH (LoS) HampaBieHHbIE aHTEHHBI YMEHBILAIOT
CpeAHEKBaApaTUIHOE 3HAaUCHUE pa3dpoca 3aJep>KKHU 110 CPABHEHHUIO C BCEHANPABICHHBIMU M YTO KPyroBas
nossipu3aniust (CP) Taxoke yMeHbIIaeT ux Mo cpaBHEHHIO ¢ iuHeiHoi nonsapusanueit (LP). CregoBartensHo, B
JAaHHOM CJy4yae HalpaBjiIeHHas aHTEHHAa C KPYroOBOH MOJSpU3ALMEH MOXET CIyXUTb 3(PQeKTHBHBIM
CPEACTBOM YMEHBILIECHHUS paz0poca 3aAEepKKH.

OCHOBHO# MeXaHW3M 3aBHCHUMOCTH 33JIeP’KKH OT TIOJIIPU3AIIUH, MOKET OBITH CBSI3aH C TEM (PaKTOM, UTO KOT/Ia
CHTHaJl C KPYroBOHM MOJSpH3alyeil MajaeT Ha OTPaKaIONIyI0 IOBEPXHOCTh MOJ YTJIOM, MEHBIINM yTJa
Bproctepa, oObIMHOE HampaBieHHE OTPaKEHHOTO JIyda KPYTOBOW MOJSIPH3AIMN MEHSeTCs Ha OOpaTHOe.
W3meHeHne HarpaBieHUs JTy4a ¢ KPYTOBOW IMOJspU3aIiiieldl Ha 00paTHOE MPH KaKIOM OTPAKEHWH O3HAYaeT,
YTO TIPUXOIAIINE TIOCIE OHOKPATHOTO OTPaXKEHHSI MHOTOJYYEBbIE COCTABISIONIME OPTOTOHAIBHO
MTOJISIPU30BAHBI TIO OTHOIIEHHIO K KOMITOHEHTe LOS; 3TO TO3BONISET NCKITIOYNTH 3HAYUTEIBHYIO YacTh ITOMEX,
00yCIIOBIIEHHBIX MHOTOJy4eBOCTHIO. J[aHHOE SIBIEHHME He 3aBUCHT OT YacTOTHL, YTO OBLIO TMpencKa3zaHo
TEOPETUYECKH M TIOATBEPKACHO SKCIIEPUMEHTAMH I10 PaCTIPOCTPAHEHHUIO, IPOBEACHHBIMI BHYTPH MTOMEIICHHUH
B dactotHoM muamna3one 1,3—60 I'Ttm. JlaHHOE yTBEep)KIEHHE CIIPaBEUIMBO KaK IJII CHCTEM CBS3H BHYTpPH
MTOMEIIEHUS], TaK U ISl HAPYKHBIX cucteM. [10CKOmbKY Iyt BCeX CYMIECTBYIONIMX CTPOUTENHHBIX MAaTEpHAIOB
yron bproctepa mpeBbimmaeT 45°, MHOTOJIYYEBOCTh 32 CYET OAHOKPATHOTO OTPaKEHUS (TO €CTh OCHOBHOM
WCTOYHUK MHOTOJYUEBBIX COCTaBIIONMMX) dJ(PQPEKTHBHO IMMONABISICTCS B OOJNBIIMHCTBE ITOMEIICHHM,
HE3aBHCHUMO OT XapaKTepa HHTephepa N KOHCTPYKTHUBHBIX MaTepHaJIOB TIOMEIeHrs. Bo3MOKHOE MCKITIOUeHHE
COCTABIISIFOT TIOMEMICHUS, TaKWe KaK JJIMHHBIE KOPHIOPHI, B KOTOPBIX O4YEHb OOJBINNE YIJIBI TaJeHUS
JOMUHHPYIOT HaJl MHOTOIYy4YeBOCTHIO. V3MeHeHNe cpeqHeKBaJpaTHIHOTO 3HA4YeHWsl pa30poca 3aJep’KKd Ha
JIMHUSX TIOABIKHOM CBSA3M TaKXKe YMEHBIIIAETCS, KOTa UCTIONB3YIOTCSl aHTEHHBI C KPYTOBOM MOJISIPU3AIINEH.

ITockonpKy MHOIOIYYEBBIE COCTABJISIOIIME PACIPOCTPAHEHUS DPACHPEICIICHBl B 3aBUCHMOCTH OT YIUIA
IIPUXOAA, 3TU COCTABILIOIIME 33 MPEJEIaMUd IIMPUHBI Jyda AHTEHHBI IOJBEPrarTCs NMPOCTPAHCTBEHHOMN
GuIbTpanMy 3a cHeT MCIOJIB30BAHUS HAINPABICHHOW AaHTEHHBI, TaK 4YTO pa3Opoc 3aJepKKH MOXKET OBITh
yMeHblIeH. M3Mepenue napameTpoB pacpOCTPAHEHHs BHYTPY ITIOMELICHMS, @ TAKXKE UMUTALUS TPACKTOPUIA
nyya Ha yactote 60 Il mpu MCHONB30BaHWM BCEHANpPABICHHOW IepeNarolieil aHTeHHbI M NPHUEMHBIX
AQHTEHH 4YeTHIPEX DPA3JIMYHBIX TUIOB (BCEHAIpaBlE€HHAs, C IIUPOKUM JIy4OM, CTaHIApTHAs PYIOpHAas U C
Y3KMM JIy4OM), HaIpaBJI€HHBIX B CTOPOHY II€peJalolleldl aHTEeHHBI, IOKa3bIBAlOT, YTO II0JIABJICHHE
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COCTaBJISIIOIINX C 3a/IeP>KKOil 3(pPeKTHBHEE OCYIIECTBISETCS C IOMOINBI0 OoJiee Y3KMX 3HAYEHWH IIMPHHBI
myda. B Tabmuie 6 TpHBEACH NpHUMEpP 3aBHCHMOCTH CTaTHUECKOTO CpPETHEKBAIPaTHYHOTO paszdpoca
3a/lep)KeK MPU UCIOB30BAaHIH HAIPABICHHOCTH aHTEHHBI, HE MPEBBIIIAeMbIX Ha ypoBHE 90-if IpOIeHTHIIH,
TIOJTYYEHHBIA B pe3yibTaTe HWMHTANHMK TpaekTopwii siyda Ha dactore 60 I'Tm B mycrom ciyxeOHOM
roMenieHnn. MOXKHO 3aMeTUTh, YTO YMEHBIIEHHE CPEeTHEKBAAPAaTHIHOTO 3HAUYEHUS pa3dpoca 3aJepikeKk He
BCEr/a SBISETCS JKEIAaTeTbHBIM, TIOCKOJIBKY IPH 3TOM MOTYT YBEIHYMBATHCA NWHAMHYECKHE IHAITa30HBI
3aMHpaHUi HIMPOKOIIOJIIOCHOTO CHWTHajla B Pe3yJbTaTe HEJIOCTaTOYHOTO YacTOTHOTO paszHeceHus. Kpome
TOTO, MOYKHO 3aMETHTh, YTO HEKOTOpbIE CXEMBI IMepenadyd HCIOIB3YIOT MPEHMYIIECTBA MHOTOIYYEBOTO
pacrpocTpaHeHusI.

TABJIVIIA 6

l'[pnMep 3aBUCUMOCTHA CTATUHYECCKOI'0 CPCAHEKBAAPATUYHOI0 3HAYCHUSA pa36p0ca 3aJICPKEK
OT HAIIPABJICHHOCTH AaHTCHHBI

CraTuueckoe
upuna ayya
CpeIHeKBaAPaATHYHOE Pa3mep
Yacrtorta AHTeHHa AHTEHHBI
3HayeHHe pa30dpoca 3ajep:kek| NomeleHusi | 3ameuaHus
(I'T') nepeaaT4YnKa NPUEMHHUKA
(rpaychr) (90-s1 NpoOLEHTHID) (M)
pany (Hc)
60 Bcenanpasnennas |BcenanpanieHHas 17 13,5%7,8 TpaexTopus
60 16 ITyctoe Tyden
10 5 ciry>xe0HOe
MTOMEIICHNE
5 1
5.2 IIpensiTcTBUSI HA Tpacce

Ecim Ha HpHMOﬁ TpacCcC HUMCHOTCA MNPEHATCTBUA, 3aBUCUMOCTDH p2136p003. 3aICPKCK OT MOJApU3allu U
HaMpaBJICHHOCTH AHTCHHBI MOKET OKa3aTbCs bomee CJ'IO)KHOI\/'I, 4eM Jjid Tpacc HpHMOﬁ BUIUMOCTH. EcCTh
HCMHOIOYHMCJICHHBIC PE3YyJIbTAThl JKCIICPUMCHTOB Ha TpacCaX C IMPCIATCTBUAMU. BMmecte ¢ TEM,
SKCHCpI/IMCHTaJ'ILHI:,If/'I pe3yibTarT, HOHy‘ICHHLIﬁ Ha 4YacCToTeC 2,4 IT I, TMO3BOJICT MPEANOI0XKNUTb, YTO
3aBUCUMOCTD pa36poca 3aICPKCK OT IMOJIPU3AIMU U HAINMPABJICHHOCTU aHTCHHBI JJIA TPACcC C NPCNATCTBUAMU
nMeeT Ooilee  CIOKHBIN XapakTep, 4YeM A Tpacc HpHMOﬁ BUINMOCTH. HaanMep, COYCTAaHHC
BCGHaHpaBJ'IeHHOfI TOPU3OHTAJIBHO HOJ'IHpHSOBaHHOfI AHTCHHBI TICPCAATYUKA U HaHpaBJIeHHOfI AHTCHHBI
npUeMHHKa C prFOBOI)'I nonﬂpmauneﬁ JAaCT HAUMCHBIIIEC 3HAUCHUC CPCAHCKBA/IPATUIHOT'O p336p003 3aJICPIKCK
¥ HauMEHEBIIIee MAKCUMAJIbHOE 3HAUCHHE H30BITOUHOM 3a/ICPKKU Ha TPpaCCC C NPCIATCTBUAMMU.

53 OpueHTanus MOABMKHOTO TEPMHHAJIA

B cpene mpuema Ha mopTaTUBHBIE PaHOyCTPONCTBA OCHOBHBIMH MEXaHHW3MaMHU PacIpOCTpaHEHHs CUTHAA
SIBIIIIOTCSL €r0 OTpakeHWe M paccesHue. [lonmspuzanms mepenaBaeMoro CHUTHaja B PE3yJIbTATe PaCCESHHS
SHEPTUH 4YacTo Ipeoldpa3yercss B OPTOTOHANBHYIO. B 3THX yCIOBHSX BOSHHKHOBEHHE CBSI3M 32 CUET KPOCC-
MIOJISIPU3AlH  YBEJIIMYMBAET BEPOSATHOCTH TOTO, YTO YPOBHH IPHUHUMAEMBIX CHTHAIIOB C TMOPTAaTHBHBIX
paaMoCTaHIIN, OPHUEHTHPOBAHHBIX CIIy9allHBIM 00pa3oM, OKaXyTCs OIWHAKOBBIMHU. 3MepeHue cBszu 3a
CYET KpOCC-NOJspU3aluu, NpoBeAeHHOE Ha yacToTe 816 MI'1, mokas3ano BbICOKYIO CTETIEHb TAKOW CBA3H.

6 BiausiHue MeCTOmO10KeHUs nepeaaTyuka 1 IpueMHUKA

Pe3ynbTaThl SKCIIEPUMEHTANBHBIX U TEOPETUIECKHX WCCISIOBAHUHN BIUSIHUS MECTOIIOJIOKEHHS MIepelaTInKa U
MPUEMHUKA HAa XapaKTEPUCTHKH PACIPOCTPAHCHUS] BHYTPU TOMEIICHHH HEMHOTOYHCIIeHHBL OJHAKO0, Kak
MPABHJIO, MOYHO MPETIONI0KUTh, YTO 0a30Bast CTAHIIUS JOJDKHA OBITh TIOMEIIEHA KaK MOYKHO OJIMKE K TOTONKY
KOMHAThI, 4TOObI OOECHEeUlTh MAaKCHMAILHO BO3MOXHYIO JUIMHY Tpacc TPsMOW BUAUMOCTH. B ciydae
MOPTaTUBHBIX TEPMUHAJIOB TO3WIHMS TEPMUHATA IOJH30BATENsS, KOHEYHO >Ke, OYyJeT 3aBHCETh B TEPBYIO
odepellb OT MEPEeMEIICHUs MMONb30BATeNsl, @ HE OT OTPAaHWYCHHH, HAKIIABIBAEMBIX KOHCTPYKIIUEH CHCTEMBI.
OnHako npejmonaraercs, YTo Ui He TIOPTaTUBHBIX TEPMHUHAIIOB BBICOTA AaHTEHHBI JIOJDKHA OBIThH JIOCTATOYHOM,
9TOOBl 10 MEpe BO3MOXKHOCTH OOECIeUUTh NPAMYI0 BHIAMOCTh Ui 0a30BOM CTaHIMU. BrIOop
MECTOTIOJIOKEHUST CTAHIMK TAKKe BEChMa OIYTHMO 3aBHCUT OT KOH(UTypaluu CHCTEMBI, B YaCTHOCTH, OT
TaKHX €€ aCTIeKTOB, KaK CIIOCOOBI IPOCTPAHCTBEHHOTO pa3HeceH s, KOH(UTypaIus 30HbI U T. /1.
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7 BansiHue cTpPOUTENBHBIX MaTepHaI0B, 000PYAOBaHUS U MeleTu

XapaKTepI/ICTI/IKI/I pacnpoCTpaHCHusA BHYTpPU IMOMCHICHUSA 3aBUCAT OT OTPAXCHHUA OT CTPOUTCIBbHBIX
MaTepuajioB U NPOHUKHOBCHUS CUTHAJIa CKBO3b HUX. OTpa)KaTCJ'IBHBIC CBOMCTBA U nmpomyckKHas CIIOCOOHOCTh
MaTepuaioB 3aBUCAIAT OT KOMILICKCHOM ,ZlI/IBJ'IeKTpI/I‘{€CKOﬁ MNPOHHUIACMOCTH MAaTCPUATIOB. ECTCCTBCHHO, 49TO B
MOZACIIAX MPOrHO3UPOBAHUA DPACIHPOCTPAHCHUA, YUUTHIBAOIINX CHGI_II/Iq)I/IKy MECTa, B Ka4C€CTBEC OCHOBHOH
I/ICXO,Z[HOﬁ I/IH(i)OpMaI_II/IPI MOTyT HOTpe6OBaTI:CH JaHHBIC O KOMILICKCHOM ,I[PIBHGKTpH‘IeCKOfI MNPOHUIIAEMOCTH
CTPOUTCIIbHBIX MATCPUAJIOB, a4 TAKIKC O CTPYKTYPC 3JaHU.

3HaueHUs] KOMIUIEKCHOW JMAIEKTPUYECKON MPOHUIAEMOCTH THIIMYHBIX CTPOUTENBHBIX MAaTepHajoB,
MOJIyYEHHbIE SKCHEPUMEHTAJIbHBIM HyTeM Ha 4actotax 1, 57,5, 78,5 um 95,9 ITu, npencraBieHbl B
Tabnuie 7. DTH MOKa3aTelnu B 3HAYMTENFHOW CTETIEHW MEHSIOTCS B 3aBHCHMOCTH OT BHJA Marepuaia, HO
3aTO MaJjo 3aBHUCAT OT 4acToThl B guanazone 60—100 I'T'r, 3a uCKIIIOYEHHEM ITOJIOBOTO HACTHIIA, ITOKA3aTeH
10 KOTOpoMy KoJebanuch B npeaenax 10%.

TABJINLA 7
KommnuekcHasi AudJIeKTprUYecKas MPOHNIIAeMOCTh BHYTPEHHHUX CTPOUTEIHHBIX MAaTePHAJIOB ™

11T 57,5TTn 70 I'T 78,5 I'Tny 95,9 I'Tny
Beron 7-50,85 6,5-j0,43 - - 6,2-j0,34
Jlerkuit 6eToH 2-j0,5 - - - -
ITonoBoit HacTUI
(cuHTETHYECKAS CMOJIA) - 3,91-0,33 - 3,64—0,37 3,16-j0,39
TykarypHas riura - 2,25-0,03 2,43-j0,04 2,37-0,1 2,25-j0,06
IToTonouHseIi HaCTUN
(MuHEpabHast BaTa) 1,2-0,01 1,59—0,01 - 1,56—j0,02 1,56—0,04
Crexio 6,76-50,09 6,76-0,16 6,76-0,17 6,76-0,18 6,76-0,19
CTEeKJIOBOJIOKHO 1,2-0,1 - — - —

*  3uHaueHus U1 CTEKJIa HMOJTydeHbl U3 ypaBHeHuit (6a)—(6d). Jpyrue 3HaueHns MOTy4eHbI U3 H3MEPECHH.

OMnupuueckas GopMyia KOMIDICKCHOW TUAJICKTPUUYESCKON TPOHUIIAEMOCTH 1| CTEKJIa VIS JUana3oHa 4acToT
ot 0,9 I'Tr mo 100 I'T'1r omipenensieTcs ciaemxyonmM o0pa3om:

n= (ncr - jnci)2 > (63-)
raec:
n,, =2,60 (6b)
n, = 10~ 1773+0.153x-0,027x*-0,011x°+0,014x* (6¢)
x=log,, f, 0.9 TTu<f<100ITn (6d)

XapaKkTepUCTUKU OTPAKEHUS U MEepefiadd MOTYT OIIGHUBATHCS C TIOMOLIbIO KOA((MUIIMEHTOB OTPAKEHUS U
nepesadn, KOTOPhIE ONPENEIIAIOTCS Kak:

E. E. E! E;
Ry=-X, R,==L£, 1,==N  1,="F, (6¢)
N P N P
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rae E — 3To KOMIUIEKCHOE 3HAaUY€HHE aMIUIUTYIbl E-1ioiieil, a BEpXHHUE UHAEKCHI i, ¥ ¥ { 03HAYaI0T NaJarollyto,
OTPAKEHHYI0 U TIEpelaBaeMylo cocTaBistolue E-noneld, cooTBercTBeHHO. HukHue wunaexcel N u P
03HAualT cocTapisitomine E-1ossi, HopMalibHbIE WM MapajljIebHbIE INIOCKOCTH OTPaXXEHUS, TI€ MIIOCKOCTh
OTPaXCHUS SIBIISIETCS TUIOCKOCTHIO, B KOTOPOU PACIIONIOKEHBI KaK MaaloNui, TaK U OTpakeHHBIN yun. (Cwm.
pucyHok 1 c¢ reomerpuueckumu moctpoeHusiMu.) Ilamatomue u oTpakeHHble E-Tions ompepensroTcs: Ha
OTpaXKaroled TOBEPXHOCTH, B TO BpeMs Kak mnepenaBaeMoe E-mosie ompenensercss Ha IOBEPXHOCTH,
MIPOTHUBOIIONIOXKHOW OTpaxkaromieil moBepxHocTr. OTOpHBIE HampaBieHus miusl Ep, Ey W HampaBlieHUE
pacmpocTpaHeHusl Bcerga oOpa3yloT JIOKaIbHYI IPaBOCTOPOHHIOI OPTOTOHANBHYIO KOOPIWHATHYIO
CHUCTEMY B 3TOM Topsiake. OmopHble HampaBieHus Ey JUIS Magalonmx OTPaKEHHBIX W IepenaBaeMbix E-
MOJIeN CUMTAIOTCSI OJJMHAKOBBIMU.

Koadpdunuent orpaxeHuss Uil KOMIUIGKCHOM JUAJIEKTPUUYECKOW MPOHHUIIAEMOCTH 1) ONpeaessieTcs
CIeIyIonuM o0pa3om:

R cosO—4n-— sin® 0 (coctapnstomtas E-nomst, nepnenaukymspHas (7a)
= a
cosO + \/n _sin2@ TUIOCKOCTH OTPaKEHH)
cos0 — in —sin’ @ i/ W (cocransomas E-nons, napamienshas (7b)

=
cos 6 + \/(T] _ sin? 9) Jyp TIOCKOCTH OTpaskeHus),

rae 9 — YTOoJI MEXAY 0Tpa>1<a10mef/'1 MOBCPXHOCTHIO U MAAAONIUM Ha HEC JIYHYOM, KaK IMMOKA3aHO HAa PUCYHKE 1.

st ocoboro cnydvasi, Korja najaroiiee E-mose nMeer KpyroByro HOISIPU3ANNI0, U3MEHEHUS B aMILTUTYIE U
(haze MPUHATOTO CHTHANA U3 OTPAKEHHOTO E-1Toisi MOTYT OBITH IPEICTaBICHBI C TIOMOIIBIO KO3 dHUITHEeHTa
OTpaXeHUs R JUIsl KpyTOBOH MOJISIPU3AIUH, OIIPEICISIeMOT0 KaK:

_ Byt Rp

c 5 (xpyroBast moJsIpHU3aIns) (7¢)

PUCYHOK 1

FeomeTpnﬂ AJIS1 pacueTa XapaKTEePUCTHK OTPAaKeHU S

Hopmaub k
FrosepxHocTH

1238-01

Brrmeykazanasie hopMyITel IPUMEHUMBI, KOT/Ia TIOTEPU TPW MPOHWKHOBEHUH B CTPOUTENBHBIA MaTepHall
HACTOJBKO BEJMKH, YTO HUKAKas 3aMEeTHasl BOJHA HE OTpa)kaeTcs 0OpaTHO Ha OTPAXKAIONIYIO MOBEPXHOCTD.
Ecnm 5T0 He Tak, HEOOXOAMMO YYHTHIBATH BIUSHHE MHOXKECTBA BHYTPEHHHX OTPaXEHWH B CTPOUTEITHHOM
MaTepuaie.

Ecmm CTpOPIT@J'II:HBIfI Mar€puaia COCTOUT U3 N JUBJICKTPUYCCKUX INNIMT, a TOJIOMHA W KOMIIICKCHAasA
AUBJICKTPpHUYCCKAasA NPOHULIAEMOCTh m-T0 CJI0A (m = 1, 2, . N) 3aJal0TCA KakK dm U M,;, COOTBETCTBEHHO, TO
KOB(I)(l)I/II_II/IeHTLI OTpaXCHUs U NI€peAavdn OMIPCACIIAIOTCS KaK:

B, G 1 1
Ry=-2, R,= Ty=—, Tp=—
4 4 TR

_0 _
e (8a)—(8d)

2
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3neck Ay, By, Fo 1 G OnpeieTsItOTCS U3 PEKYPPEHTHBIX (HOPMYJT CIICAYIOLUUM 00pa3oMm:

)
4, = expz( m> [Am+1 (l +Y, ) +B,., (1 ¥, )] (9a)
-0
Bm = w [Am+1 (l - Ym+1 ) + Bm+1 (1 + Ym+1 )] (9b)
)
F = W Foew )+a (-w )] (%)
¢ =8, t-w _)+G  (+w )] (9d)
m 7 m+1 m+1 m+1 m+1
Ay, =1 By, =0, Fy, =1 G, =0 (102)~(10d)

cos em+1 T]m cos em+1 T]m+1

= , Y =—1>= | = =1 11a)—(11c

ml cosd 1., ml cosh | n Mo = Myt (I1a)(11c)
. 21 21

Sm :]kmdm cosem, km = T"’nm , kO :kN+1 = T, (123)—(12C)

rae:
A:  JUTHHA BOJHBI B CBOOOJHOM MPOCTPAHCTBE;
0,,: yros pedpakuuu B m-M CIIOE;
On+1:  yrox pedpakuuu B BO3AyXe CIpaBa OT HOCIEAHEH IpaHULIBI INIOCKOCTH.

Jnst ocoboro cimydvasi, KOrja MMeeTcss TOJIBKO OIUH CiIod, (opmyity (8) MOXHO YIMPOCTHTH CIETYIOIIUM
oOpa3zom:

1—exp(—j20) %

= R exp(_j20) (ko3¢ dunreHT oTpaXKeHus) (13a)
_ ” _
T = (11_ 152 e)f;(p_(j 7{2)) (k02 duIeHT nepegayn), (13b)
rae:
8:% n—sin®0, (14)

’
a d — 9TO TONIIMHA CTPOUTENBbHOIO MaTepuana. B ypaBHenusx (13a) u (13b) R’ 3amaercs B Bune Ry unu Rp,
B 3aBHCHMOCTH OT TIOJISIpU3aluy najgaroniero E-moms.

Ry ¥ Rp MOTYT HMCHOJIB30BaThCsl B KauecTBe Kod(uuueHtoB orpaxkenus I, Torna xak Ty u Tp MOTYT
UCIIONIb30BAaThCSl B KauecTBe KOI(G(UIUEHTOB NPOHHKHOBEHHA P,, Kak ompeneincHo B § 4.5, ecau Bce
IUIOCKOCTH OTPa)XKEHUs, ONPEEIECHHbBIE BJIOJIb TPACCHI JIy4ya, UACHTUYHBI, TaK KaK B CIy4ae BYXpa3MEpPHOU
JIETePMUHUPOBAHHONW MOJETH. R MOXET HCIOJIb30BaThCsi Kak I, TOMBKO Ui MEPBOrO OTPAKEHHsS Ha
Tpacce, TMOCKOJBKY BOJHA C KPYroBOH MoJspu3alyeldl B OCHOBHOM IpEeoOpa3yeTcsl Mociie OTPaXKEHHs B
JIUTMIITHYECKH  TIOJIIPH30BaHHYI0 BOJHY. B o0mem ciyuae mapgatomiee E-monme pacmernsiercss Ha
COCTABIISIIOIIME, KOTOPbIE HOPMaJIbHBI WM MapajuiesibHbl TUIOCKOCTH OTpaxeHus, a Ry u Ty wiu Rp u Tp
NPUMEHAIOTCS K KaXIOW COOTBETCTBYIOIIEH COCTAaBISIIOLIEH I ONPEHENIEHHMs] OTPaKEHHOI0 U
nepenasaemoro E-mos.

B MwumMMeTpoBBIX JHMama3oHax BOJH OTHENKAa I[IOBEPXHOCTH, KakK HalpuMep, IOKpacka, JOJIKHA
paccMaTpuBaThCs KaK OJIMH U3 AUIEKTPUUECKUX CIIOEB.



14 Pexk. MCI-R P.1238-4

3epkanbHOE OTpaKEHHE OT PA3IMYHBIX MAaTEpPHAJIOB, U3 KOTOPHIX CHENaH MOJI, TAKMX KakK IMOJIOBasl TOCKa U
OETOHHBIE IUINTHI, B MHJUINMETPOBOM JHAaIla30He CYIIECTBEHHO YMEHBIIAETCS, €CITH IMOJI HMEET KOBPOBOE
MIOKPBITHE C TPyOOil MOBEPXHOCTHIO. AHAJIOTUYHOTO YMEHBIIEHUS MOXHO IOOHWTHCS, €CITH 3aKPBITh OKHA
mropaMn. 1lo3TOMy MOXHO OXHAATh, YTO KOHKPETHOE BIHUSHHE CTPOUTEIBHBIX MaTepraioB OyAer
BO3pacTaTh NPH YBEITUIEHUH YaCTOTHI.

[ToMuMO CTPYKTYpBI Camoro 37aHWsA, TPEAMETHl OOCTAaHOBKHM M apMarypa Takke CHIIBHO BIUSIOT Ha
XapaKTePUCTUKN PACIpPOCTPAHEHHWS BHYTPU IOMEIMIEHUS. OTH TPEIMEThl MOXXHO paccMaTpHBaTh Kak
MIPETIATCTBUS, a X BIUSHUE YITEHO B MOJIENH MTOTEPh Ha Tpacce, II. 3.

B JlononHenuu 1 mpeacraBlieH METOJl pacueTa XapaKTepUCTUK OTPAXEHHUS U Mepefadyu JIJii MHOTOCIONHBIX
MaTepuaIoB IyTEM HCIOIB30BaHMs MaTpuyHoro mnpezactaBienns ABCD B kadecTBe albTepHATHBHOTO
BBIYHCIIUTEIHHOTO METO/IA.

8 Biausinue nepeMemecHus 00BEKTOB 10 NMOMEIICHHUIO

I[BI/I)KGHI/IC JI0JeN u opeaAMETOB IO TOMCIICHUIO BbI3BIBACT BPCMCHHLIC HW3MCHCHUSA XAPAKTCPUCTUK
pacrnpoCTpaHC€Huss BHYTPU IMMOMCHICHUS. Ot HU3MCHCHUA, OJHAKO, IMPOUCXOAAT OUYCHbL MCIJIICHHO II0
CpaBHCHUIO C BCpOHTHOﬁ CKOPOCTBIO IEpEaaun JAaHHBIX, U IO3TOMY q)aKTI/I‘lCCKI/I MOT'YT pacCMaTpUBAaThLCA B
Ka4€CTBEC cnyqafmoﬁ HCpeMCHHOﬁ, HHBapPIaHTHOfI BO BpCMCHU. KpOMe NnepeMeIICHuA J'IIOI[CfI, HaXOogAIUXCs
B HCHOCpeﬂCTBCHHOﬁ ONMM30CTH K aHTEHHAM WM Ha HpHMOﬁ Tpacce nepeaavuv, NepeMcCIICHue JI0Je B
CJ'Iy)Ke6HLIX NOMCHICHUAX M B Jpyrux MeECTax, a TaKikKEe 10 3JaHUK0 W BHYTPU HETO, OKa3bIBACT
HpCHe6pe)KI/IMO Majoe BO3JCHCTBHUE Ha XapaKTCPUCTHUKU PACIIPOCTPAHCHUS.

I/I3Mep€HI/IH, BBITIOJIHCHHBIC B YCJIOBHUAX, KOr'la 00a TCPMUHAJIAa JIMHUW CBA3U (bHKCHpOBaHI)I, IIOKa3bIBAKOT,
4YTO 3aMHpaHUA HOCAT XapaKTCp BCIIBIIIKHU (CTaTI/ICTI/IKa OYCHb HeCTa6I/IHLHa) U BBI3BIBAIOTCS JTHOO
BO3MYUICHHUAMH, BHOCUMBIMHA MHOTOJJIYYCBBIMU CHUTHAJIaMU B 30HAX, OKPYKAOMIUX NAHHYHO JIMHHIO, mbo
34TCHCHUCM, BO3HHUKAIOIIHUM, KOIr'Zla JIFOAU MEPECCKAOT JIMHUIO IICPEaavun.

N3mepenust Ha uvactore 1,7 I'T1 moka3biBalOT, YTO YEJIOBEK, MEPECEKAIOIIMM Tpaccy CUrHajga MNpsIMOu
BHIUMOCTH, BBI3BIBAET MaJIeHHE MOIIHOCTH MIPUHAMAEMOT0 CHTHaNIa Ha 6—8 n1b, a 3HaueHne mapamerpa K B
pacnipenenenun Haxaramu-Paiica mpu 3TOM CyIIECTBEHHO yMeHbIaerca. Eciaum Tpacca NpoXoauT 3a
TpeielaMy PSIMOi BUANMOCTH, TO ABMKEHHUE JIFOJIEH OKOJIO aHTEHH HE OKa3bIBAET CYIIECTBEHHOTO BIFSTHUS
Ha XapaKTepUCTHKH KaHaja.

B ClIydya€ MNOPTAaTUBHOI'O TCPMHUHAJIA Ha YPOBCHb IMPUHUMACMOI'0 CUTHajla BJIHACT OJIM30CTL TOJIOBHEI U
KOpIyca Tena moib3oBarens. M3mepenus Ha dactrore 900 MI'T mpu HCHOIB30BAaHUM CHMMETPHUYHOTO
BHOpaTopa MOKa3bIBAIOT, YTO YPOBEHh MIPUHUMAEMOIO CHTHANIa YMEHbIIaeTcs Ha 4—7 nb, korga TepMuHam
HaxOJIUTCS Ha YPOBHE TaJHMM YeloBeKa, U Ha 1-2 nb, xorma monp30BaTenh NEPKUT TEPMHUHANI HA yPOBHE
TOJIOBBI, TI0 CPABHEHUIO C YPOBHEM IPHHMMAEMOTO CHTHAJa, KOTJA aHTECHHA PACIOJIOKEHA HA PACCTOSHUU
MOpsAKa HECKOJIBKUX JUIMH BOJIH OT KOpITyca Tella YeIoBeKa.

Korpna BeicOTa aHTECHHBI HUKE TIPUMEPHO 1 M, HApUMeEp B ClIy4ae MPUMEHEHHUsST OOBIYHBIX HACTOJNBHBIX WU
MTOPTATHUBHBIX KOMITBIOTEPOB, Tpacca MPsIMON BUIUMOCTH MOXKET 3aTE€HATHCS TepEMEIEHUEM JIF0JIeH BOJIN3U
TEpPMUHAIA TOJIb30BaTeNs. [Ipu TakuX MPUMEHEHHSX JaHHBIX HMHTEPEC MPEICTABJISIOT KaK IIyOWHA, TaK U
JUIUTEIBHOCTh 3aMupanuii. M3mepenuss Ha wacrore 37 [T B ycioBusiX mpueMa BHYTPH BECTHOFOJIS
CIIy’)K€OHOTO TIOMEIICHUs T[OKa3ajdd, 4YTO 4YacTo HaOnromarorcs 3amupanus ot 10 go 15 nb.
[IponomKUTENBHOCTh 3TUX 3aMHUpaHUA, OOYCIIOBJICHHBIX 3aTCHCHHEM YEJIOBCUSCKUM TEJIOM (KOTJa JFOIU
MepEeMEIIAI0TCS Yepe3 JIMHUIO MPSAMON BUIAMMOCTUA TMOCTOSHHO W B CIy4alHOM MOpPSAKE), CIACAYEeT JIOT-
HOPMAJIbHOMY pacCHpeleNCHUI0, TpPUYEM 3HAYEHUS CpeIHEd MPOJOIKUTEIBHOCTH U CTaHJApTHOTO
OTKIIOHCHUS 3aBUCAT OT TIIyOUHBI 3aMupanus. [l 3TuX u3sMepenuii npu riryoune 3amupanuii 10 nb cpennss
MIPOJIOKUTENBHOCTE cocTaisuia 0,11 ¢, a cranmaptHoe otkioHenue — 0,47 c. [Ipu rmyOuHe 3amupanuii
15 nb cpenuss nponomkuTenbHOCTh coctaBisia 0,05 ¢, a crannapTHoe oTkioHeHue — 0,15 c.

M3mepenuss Ha uactore 70 [Th mokasanu, 4To 3HAYEHUS] CpPEeIHEH NPOAODKUTEIBHOCTH 3aMHUPAHUS,
00yCIIOBIIEHHOTO 3aTEHEHHEM 4eJoBedecKuM TenoM, coctaBisuim 0,52 ¢, 0,25¢ u 0,09 ¢ npu riybune
samupanuid 10 n1b, 20 1b u 30 gb, COOTBETCTBEHHO, MPUYEM CPENHAS CKOPOCTh NMEpPEMEIICHUs JoAeH B
MIPOM3BOJIBHBIX HANpaBIeHHUAX oleHuBaiack B (0,74 M/c, a TONIIMHA YEIOBEYECKOTO Tela MPHHUMAIACh
paBHoii 0,3 M.

W3mepennst moKa3bIBarOT, 9TO CPETHEE YUCIIO CITydaeB 3aTeHEHHUS JTIFOIbMU B TEUEHHE Yaca, BRI3BIBAEMOTO MX
MEPEeMEIICHASMH TI0 CITYKEOHOMY TIOMEIIEHHUIO, OMPEIENIeTCs KaK:

N =260 D,, (15)
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rne D,(0,05<D,<0,08) — 910 umcno o€l Ha KBAaApaTHbIA MeTp B momereHud. Torma oOmias
JJIUTCIIBHOCTD SaMI/IpaHI/Iﬁ B TCUCHHUEC Haca OHpeI[eJ'IHeTCSI KakK:

T=T xN, (16)
rae Fs — CpeaHss ITUTEIbHOCTh 3aMUPaHUsL.

Yucno ciydaeB 3aTCHEHHS JIIOAbMH B TE€UEHHUE Yaca B MPOXOAaX BBICTABOYHOro 3aja coctaBisuio 180-280,
rae D, 66110 ot 0,09 110 0,13.

3aBHCUMOCTh OT PAcCTOSHHUS MOTEph Ha Tpacce B MOA3EMHOM TOPrOBOM ILIEHTPE MOABEPKEHA BIHAHUIO
3aTeHeHus moAbMH. lloTepu Ha Tpacce B TNMOA3EMHOM TOPrOBOM ILIEHTPE OMNPEAEISAIOTCS C IOMOIIBIO
CIIEAYIOIIET0 YPaBHEHHUS C TapaMeTpaMu, IPUBEJCHHBIMU B TabuLe 8.

L(x)=-10-0fl,4 —log,, (/) ~log,, (x)}+ 8 x+C 1B, (17)

rue:
f: ugacrora (MI'm)
X: paccrosHHE (M).

[Mapamerpsl st cnyvas Henpsmoint BuaumocTu (NloS) moareepknatorcs B auamnazone 5 [T, a mapamerpsl
st cnydass LoS mpumeHumBbl K yacToTHOMY auana3zoHy ot 2 o 20 ITn. Jluamason paccrosHUil X
cocraBisieT oT 10 1o 200 M.

VYcnoBus paboThl MOI3EMHOTO TOPrOBOTO IIEHTPA COOTBETCTBYIOT TOPIrOBOMY LIEHTPY JIECTHUYHOTO THIIA,
COCTOSIIIEMY U3 MIPSIMBIX KOPHUIOPOB CO CTEKISIHHBIMHU MM OCTOHHBIMU CTeHaMH. OCHOBHOM KOPHIOP UMEET
mupuHy 6 M, BbicOTy 3 M U mumHY 190 M. OOBIYHBIE pa3Mephbl YEIOBEUECKOTO Tellda CYMTAIOTCS PAaBHBIMU
170 cm BeIcOTOM M 45 cM 1m0 muprHe TUed. [[TOTHOCTh MOTOKAa MPOXO0XKHUX COCTABISIET MPUOIM3UTEITHHO
0,008 qen./M u 0,1 gen./M™ B crIOKOIHBIN mepro] (paHHEEe YTPO, HE B YaC MHK) U B MHOTOIIOHBIN MTEPHOJ
(obeneHHOE BpeMst MM Yac MUK), COOTBETCTBEHHO.

TABJINLA 8
IMapameTpsl AJ1st MoaeaMpoBaHus PYHKINH OTEPb HA TPpacce B MOJA3¢MHOM TOPrOBOM LIEeHTpe ercy
LoS NLoS
o o C o o C
(m™) (nb) (m™) (1)
He gac ux 2,0 0 5 34 0 -20
Yac nuk 2,0 0,065 5 34 0,065 -20
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Jlonosinenue 1
K IIpuiaoxennio 1

AJIbTEepHATUBHBIN MeTOJ MOJIy4eHHs KO3PPUUMEHTOB OTPAKEHHS U Iepeadu
P:\RUS\ITU-R\BR\REC\P\1238-4\PUB\P1238-4R.w111J151 cTpOMTEIbHBIX
MAaTepPHAJIOB, COCTOAIMX U3 N INIJIeKTPHYECKUX IVIUT, OCHOBAHHBIN Ha
MaTpU4YHOM npeacrasjieHun ABCD

Hwxe npuBenensl ambTepHaTHBHBIE (OpMyNbl uis ypaBHeHwmid (8)—(14) B m.7 ¢ IENbl0 TONy4YeHUS
ko3 uienToB otpakeHus (R) w mepemaun (7) IUIsl CTPOMTENLHOTO MaTephana, COCTOsIero u3 N
JMAIIEKTPUYECKUX TUINT, HA OCHOBaHMH MaTpuuHoro npencrasienuss ABCD. [Ipennomnaraercs, uto odmactu
1o 00e CTOPOHBI OT CTPOHUTEIHHOTO MaTepHaa MPeACTaBIsIOT co00l cBOOOAHOE MPOCTPaHCTBO. OTMETHM,
9TO ATOT AIbTEPHATUBHBIA METO/ AAaeT TOYHO TAKUE XKE Pe3yJIbTaThl, KOTOPhIC IPHUBEICHBI B II. 7.

BIZ,-CZ,

- 18a
N 24+B/Z,+CZ, (18)
B/Z,-CZ
R,=- P P (18b)
24+B/Z,+CZ,
T, = 2 (18¢c)
24+B/Z\ +CZ),
T, = 2 (18d)
24+B/Z,+CZ,
3neck A, B u C — 310 3nemenTsl MaTpulisl ABCD, onpeaensiemsle Kak
4 B Al Bl Am Bm AN BN
= , (19a)
C D ¢, D |C, D,||Cy Dy
rue:
A4,=cos(B,d, ), B, =jZ sin(B d ) (19b)-(19¢)
. d
c, :%, D =4 (19d)-(19€)
B =k cos(® )=k [1- (o gin 6,)°1" (199
My,
2n
k, =T’ k, =kyym, (19g)-(19h)

B ypaBuenusx (19b)—(19h) A — minmHa BOJHBI B CBOOOJHOM MPOCTPAHCTBE, k) — BOJHOBOE YHCIO IS
CBOOOIHOTO MPOCTPAHCTBA, M, U k,, — KOMIUIEKCHAS AUDJICKTPUYECKas IPOHUIIAEMOCTh ¥ BOJIHOBOE YHUCIIO B
m-ii mmte, 3, — NOCTOSHHAs PacIPOCTPAHEHHS B HATIPABIEHMH, TIEPIEHIUKYJIAPHOM TLIOCKOCTH TUIUTHI, a
d,, — mMpHUHA M-¥ TJTUTHL

3Ha4YeHUS BOJHOBOI'O COIIPOTHUBJICHUS ZN nu ZP JJIA E-HOJICﬁ, NEPNCHAUKYIIPHBIX W MapalyICJIbHBIX
TIJIOCKOCTH OTPAKCHUSA, ONIPCACIIAIOTCA KaK:

Zy =X, cos6, (20a)

Zp=Y,,¢cos0 (20b)
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TIAC A, — BHYTPECHHEC TOJTHOC COIIPOTUBIICHUE m-¥ TUTUTHI 1 OIPEACIACTCA KaK:

1207

Xm \/as

(20¢)

rac:




