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PEKOMEH/JIALIUSI MCD-R P.681-9*

IlaHHBle 0 pacnpoCcTpaHeHuH paanuoBOJIH, H606XOIII/IMLIC JJISl MPOCKTUPOBAHUSA
CYXONMYTHBIX MOABMIKHBIX CUCTEM CBA3HU 3eMJIsI-KOCMOC

(Bommpoc MC3-R 207/3)
(1990-1994-1995-1997-1999-2001-2003-2009-2015-2016)

Cdepa npumenenust

B macrosmeit PexoMeHpmanuy NpPOTHOZUPYIOTCS PpaszivyHbIE MapaMeTpbl paclpoOCTpaHEHUS! PaJvuOBOIIH,
HeOoOXOQMMBIE UIsl IUIAHWPOBAaHUS CYXOIyTHOW MOMBIXHOW cmyTHHKOBOH ciy)0b1 (CIICC) cBs3u
3eMis-KocMoc.

Accambies paauocsszu MCO,

yuumbvleast,

a) YTO JUIS HAJUIeXAIero IUIAHUPOBAHUSI CYXOITyTHBIX IOJBI)KHBIX CHUCTEM HEO0XOAUMO HMETh
COOTBETCTBYIOIIUE JaHHBIE O PACIIPOCTPAHEHUH PAAMOBOIH U METObI POrHO3UPOBAHUS;

b) 9TO JJIS  IUIAHUPOBAHHMS CHUCTEM JJIGKTPOCBSI3H  3eMIIS-KOCMOC PEKOMEHAYIOTCS METOJIbI,
npencraBieHHbie B Pekomennaiiuu MCO-R P.618;

C) 4yTO TpeOyeTcs AanbHEeHIIee pa3BUTHE METOI0B IPOTHO3UPOBAHNS AJIs1 KOHKPETHOTO IPUMEHEHUS B
CYXOIYTHBIX ITOJBM)XHBIX CIyTHHKOBBIX CHCTEMAax B LIENAX OOECIIEUEHHUsS] AOCTATOYHON TOUYHOCTH BO BCEX
palioHax MHpa U JUISl BCEX IKCIUIyaTal[MOHHBIX YCIIOBHN;

d) YTO TEeM HE MEHEE CYLIECTBYIOT METObI, 00ECIIeUNBaIOIINE AOCTATOYHYI TOYHOCTb Ui MHOT'HX
MIPUMEHEHUH,

pekomeHoyem,
1 YTOOBI JUISl TJIAHUPOBAHUS CYXOMYTHBIX MOJBH)KHBIX CHCTEM OJJIEKTPOCBS3M 3eMIISI-KOCMOC B

JIOTIOJIHEHUE K METOJaM, MpeaioxkeHHbIM B Pexomengammu MCO-R P.618, ObuiM HPUHATBI METOJBI,
npeacrasieHHble B [Ipunoxenun 1.

Hpuaoxenue 1

1 BBeaenue

SIBneHust pacnpoCTpaHEHHsT PAagUOBONIH Ui CYXOIYTHOM IOIBMXKHOM cHyTHHKOBOW ciry:k0b1 (CIICC)
OTJIMYAIOTCS OT aHAIOTUYHBIX SIBICHUH 111 PUKCUPOBAHHOM ciiyTHHKOBOH cityx0b1 (PCC) mpesxe BCero mo
MpUYKHE 00JIee 3HAYUTEIBHOrO BIHUSIHUSA MeCTHOCTH. B @CC 00bIYHO MOKHO OOPOTHCS ¢ MHOTOJIYYEBOCTBIO,
3aTEHEHUEM U TEPEKPHITHEM IIyTEM HCIOIb30BaHUS OCTPOHAIIPABICHHBIX AHTEHH, pa3MEIICHHBIX Ha
OTKPBITBIX MecTax. [ToaToMy, kak mpasuiio, nponeHT BpeMeHu roroBHocTy CIICC menbiie, yem g OCC.
J1J1st IPOEKTUPOBIIMKOB CHCTEM HAUOOJBINNI HHTEPEC NMPECTABISET JUana3oH NPOIeHTa TOTOBHOCTH OT 80
10 99%.

HaCTOHHIaS[ PeKOMeHHaHI/Iﬂ JOJDKHA OBITH JOBCACHA 10 CBCACHUA 4-i1 HCCHCEOB&TCHLCKOﬁ KOMUCCHHU I10 paAOCBA3U.
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B macrosimem [lpwiokeHMM TIpEICTAaBICHBI JaHHBIE H  MOJETH, OCOOCHHO HEOOXOJMMBbIC JIIs
MIPOTHO3UPOBaHUSA yXyAueHus cBsi3u Ha MuHUIX CIICC, BO3HUKAIOIIETO BCIEACTBIE BIUSHIS Tporochepsl u
noHocdepbl, MHOTOITYIeBOCTH, IEPEKPHITHS U 3aTeHeHus. B [IpuitoskeHrH NCTONB3YIOTCS TAHHBIE U3MEPSHUH
B auamazoHe 9actotel oT 870 MI't B YBU-nnamazone mo 20 I'T.

2 TponocdepHbie siBJIEHUS

2.1 Ocnadienne

[lotepu mpum pacmpocTpaHeHHH CHWTHaJa B Tpomochepe 00yCIOBIEHBI aTMOC(HEPHBIMH Ta3aMH, TOXKAEM,
TyMaHOM U oOjakamu. Bo Bcex cilydasx, 3a MCKIIIOUCHHEM TpPacc ¢ HU3KMMH yIJIaMU MecTa, TOTepH TpHU
pacrpocTpaHeHuH B Tporocdepe nmpeHeOpexrMo Maibl Ha yactotax Hmke 1 T 1, Kak mpaBuiIo, OCTArOTCS
HE3HAYUTEIBHBIMH BIUIOTH 0 9acToThl mpuMepHO 10 I'T1r. Beirre 10 Ty A7t MHOTHX THITOB TPacc ypOBEHb
oclabJicHUsI MOXET OBITh BBICOKUM IS CYIIECTBEHHBIX IMPOICHTOB BpeMeHU. CyIIECTBYIOT METObBI
MPOTHO3MPOBaHus morjonieHnss B razax (Pekomenmamus MCD-R P.676) u ocnabnenus B J0XKIE
(Pexomenmarst MCO-R P.618). Ocnabnenue 3a cueT TyMaHa U 00JaKOB OOBIYHO MPEHEOPSIKUMO Majio Ha
yacTtoTax BIIOTh 10 10 I'Tm.

2.2 Mepuanus

Heperymnsapusle n3MeHeHUs] YPOBHS NMPUHUMAEMOIO CUTHANIA M yIJIa €ro NpUXOoJa IPOUCXONAT KaK H3-3a
Tporoc(epHoil TypOYJSHTHOCTH, TaK M BCJCICTBHE aTMOCHEPHOH MHOIOIYYeBOCTH. MacmTalObl 3TOro
SABJICHUSA YBCIMYHBAIOTCA IMPU YBCIMYCHUHN YAaCTOThHI U YMCHBIICHUHN YIJla MECTa TPACChl, 3a UCKIIIOYCHUEM
¢biyKTyanmid yria npuxoja, BbI3BaHHBIX TypOYJIIEHTHOCTHIO M HE 3aBHUCSIIMX OT YacTOTHI. YTON pacTBOpa
AQHTECHHBI TAK)KE BJIMSCT HA BEIUYMHY TaKuX MepuaHuid. HaOmromeHusl mokasand, 4TO 3TH SBICHUS
MaKCUMAaJbHO TPOSBISIOTCA JieToM. COOTBETCTBYIOIIMH METOJ[ TPOTHO3UPOBAHHS TPEACTABICH B
Pexomenmanmn MC3-R P.618.

3 Honocdepublie siBJIeHHs

Brusauto monocdepsl Ha Tpacchl 3emiri—kocMmoc mocBsimeHa Pekomennamus MCDO-R P.531. Benwmuuns
noHOC(EpHBIX BO3NeicTBHA st yacToT B nuana3one oT 0,1 mo 10 I'Tm mpuenensr B Tabnwmax 1 m 2
Pexomenmanmu MCO-R P.680.

4 3aTeHeHHE

4.1 Mopensb 3aTeHeHUs] PUIOPOKHBIMU JIepeBbIMHA

Hnst  pa3paOOTKM  pacIIMPEHHOW OMIMPHUYECKON MOAENM 3aTE€HEHUS NPUAOPOKHBIMH JIE€PEBbIMHU
HCIOJIB30BAINCH JaHHBIE U3MEPEHUN KYyMYJIATHBHOTO paclpeiesieHus 3amupaHuil Ha dactorax 870 MI',
16Ty m 20[Th. IIMOTHOCTH pacIoONIOKEHUS JEPEeBbEB BIONb JOPOTH TPEACTABICHA MPOIICHTOM
ONTUYECKOI0 3aTE€HEHMs, BBI3BAHHOTO ITHMHU JAEPEBBSIMH, NpPHU yIje MecTa Tpacchl 45° B HampaBIeHUU
W3JTy4eHUs curHana. Jlannas Mojiesb crpaBeAinBa, KOria 3TOT IPOLEHT HaXoAuTces B peaenax 55—75%.

411  Pacuer 3aMupaHuii, BLI3BAHHBIX 3aTeHEHUEM NMPHIOPOKHBIMH JepeBbAMMU

Crnenytomiasi mpoleaypa MO3BOJSET IOJYYUTh OLEHKM TIyOMHBI 3aMUpPAHUWsS, BBI3BAHHOTO 3aTCHEHHEM
MIPUIOPOKHBIMH J€PEBbAMH, Ha yacToTax Mexay 800 MI'n u 20 I'T'n quig Tpace ¢ yrimamu mecta ot 7° 1o 60°
U JUIMHE mpoiaeHHoro paccrosiHus oT 1 mo 80%. DOMmmupuueckass MOAENb COOTBETCTBYET YCPEIHEHHBIM
YCIIOBUSIM PacIpOCTPAHEHHs, KOT/Ia TPAHCTIOPTHOE CPEACTBO IBIKETCA MO OOKOBOM YacTH aBTOMAruCTpasH
(cmyuam, Korjga Jopora ¢ OJHOCTOPOHHUM JBMKEHHEM IMPOXOJUT BONHM3M WIIM BAAJIEKE OT MPHIOPOKHBIX
JIEPEeBLEB, TakKe BKIIOYEHBI). |IporHO3Wpyemble pachpemelieHdus 3aMHpPAaHUA  NPUMEHUMBI K
ABTOMAruCTPAJISIM U CEITLCKUM JI0poTaM, Kora olliee HarpaBlieHHEe TPACcChl paclipoOCTpaHeH s Jist O0IbIIei
€€ YaCTH MEePIEeHANKYIISIPHO JTUHUH, BAOJIb KOTOPOH PacTyT AEPEBbS M PACIIOIOKEHBI IPUAOPOKHBIE CTOJIOBI.
[Ipeanonaraercs, uro ocHoBHas mpuumHa ocnabimenus curHaga CIICC — 3To 3aTeHEeHHWE JIMCTBEHHBIM
nokpoBoM (cM. Pekomennanmio MC3-R P.833).
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Heo6xonumel cnenyromnie napaMmeTpsl:

f: yacrora (['Tm),
0: yroJI MecTa TPAcChl IO OTHOLICHUIO K CITyTHHUKY (Tpajl.);
p: HPOLICHT TPOHICHHOTO PACCTOSHMS, Ha KOTOPOM IPEBBIIACTCS] HA3BaHHBII YPOBEHb 3aMUPAHUSL.

Llaz 1. Paccuutath pacnpenenenue 3amupanuii Ha gyactore 1,5 I'T', koTopoe cipaBenauBo AJs MPOIICHTA
MpoiiieHHOTO paccTossHUs B Auanasone 20% > p > 1%, npu TpedyeMom yriie Mecta Tpacchl 60° > 6 > 20°:

AL(p, 6) =—M(0) In (p) + N(6), 1)

rae:
M(60) = 3,44 + 0,0975 6 — 0,002 02; )
N(0) = —0,443 0 + 34,76. (3)

Lllae 2. IlpeoOpa3oBats pacnpe/esieHue 3aMUpaHuil, morydeHHoe st 9actoThl 1,5 '’ u cipaBeanmmBoe mpu
20% > p > 1%, B cOOTBEeTCTByIOIEE pacmpenencHie Ha skemaemoit vactote f(IT'm) B auamaszone
08ITu<f<20ITw;

1 1

Jis [

Ulae 3. Paccuutats pacnpesaeieHue 3aMUpPaHnil AJIsl IPOLIEHTOB NPOoiaeHHbIX paccTosiHui 80% > p > 20% B
nuanasone yactor 0,85 Iy < f <20 I'Tn:

Axo(p, 0, f)=A_(p,0) expi15 (4)

A(p, 6, T)=~A(20%, 6, f)ﬁ In (8—;)j s 80% > p > 20%;

(5)
=Aoo(p,6, T) mist 20% > p > 1%.

LUlae 4. 1ns1 yriaoB Mecta Tpacchl B quarnaszone 20° > 0 > 7° pacnpezesieHue 3aMUpaHuil IPUHUMAETCS] TAKUM
xe, Kak npu 0 = 20°.

Ha pucynke 1 moka3aHbl BETUYHMHBI TIPEBBINIEHHBIX 3aMUpaHuii Ha gactoTe 1,5 I'T B 3aBUCMMOCTH OT yriia
Mecta oT 10° go 60° nnst psima oAMHAKOBBIX 3HaueHUH oT 1 10 50%.

4111  TIlpumeHeHHWe MeTO/a /ISl YIJI0B MecTa 6oJiee 60°

Mopenb 3aTeHeHUs TPUI0POKHBIME JAepeBbsiMU Ha yacToTax 1,6 [T u 2,6 I'T' 1 MOXXHO HCTIOIR30BaTh MPH
yTJIax MECTa TPACCHI BT 60°, MPUMEHUB CICTYIONIYIO MPOTIEAYPY:

— UCIONB30BaTh ypaBHeHus (1) — (5) mpu yrie mecta Oonee 60° Ha yKa3aHHBIX BBIIIE YaCTOTAX;

- MIPOBECTH JIMHEHHYIO MHTEPIOJIALMIO MEXAYy 3HAUeHHEM, pPacCUMTaHHBIM Juid yrima 60°, u
3HAYEHUSMH 3aMHUpaHuii Juig yriia Mecta 80°, mpuBeAeHHBIMHU B Ta0wIe 1;

— MPOBECTH JTUHEWHYIO0 HHTEPIIOJSIIMIO MEXIY 3HAaUCHUAMHU 13 Tabnuubl 1 u HysieM npu 90°.
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PUCYHOK 1

3amupanus Ha yactote 1,5 I'T'n, BbI3BaHHBIC 3aTeHEHUEM NPUAOPOKHBIMH JIePeBbAMH
B 3aBHCHMOCTH OT YIJ1a MeCTa TPACChI
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Yron mecTa Tpacesl (rpanychl)
P.0681-01

TABJIMLA 1
IIpeBblIeHHbIe 3HaYeHUs 3amMupanud (1b) npu yriae mecra 80°
P 3areHeHuUe 1epeBbSIMU
(%) 1,6 I'Tn 2,6 I
41 9,0
2,0 5,2
10 15 38
15 14 3,2
20 1,3 2,8
30 12 2,5

4112  IlpumeHeHHe MOJAeJM 3aTeHEHHs] MPUAOPOKHBIMHM JepPeBbsIMU [JIsl HEreoCTALMOHAPHbBIX
(HI'CO) ¥ noABMKHBIX CHYTHUKOBBIX CHCTEM

OnwucaHHas BbIIIE MOJICIb IPOTHO3WPOBaHHUS OblIa pa3paboTana u npuMeHnMa Juts Takoi reomerpun CIICC,
KOIJla yroJ MeCTa OCTAaeTcsl MOCTOSHHBIM. B ciydyae HereocTallMOHAapHBIX CHCTEM, KOIZa yroJl MecTa
MEHSIETCS], TOTOBHOCTh JIMHUM MOXKHO PACCUUTATH CIIEAYIOIUM 00pa3oM:

a) paccunTaThb NPOUCHT BPECMCHU JJId KaXKAO0TO yIjia MEeCTa (I/IJ'II/I JAnaria3oHa yrjioB MeCTa), noa KOTOPbIM
BUCH KOCMHYCCKHUI arrapar Co CTOPOHBI TCpMHUHAJIA,

b) JUId 3aJaHHOTO 3amaca Ha paclpocTpaHeHue (OpAMHATa Ha PHCYHKE 1) ONMpeAeNUTb MPOLEHT
HErOTOBHOCTH JUI KaXKAOT'0 YIJla MECTa;
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C) JUTS KaXKIOTO yTila MeCTa IIEPEeMHOXKHUTH Pe3yNbTaThl, TOTyIeHHBIE Ha IIarax a) u b), a mponsBeneHue
pasnenuts Ha 100, 9TO 1aCT MPOLIEHT HETOTOBHOCTH CHCTEMBI ITPH JJAHHOM YTJIE MECTa;

d) CJIOKUTD BCC 3HAYCHU A, ITOJTYUYCHHLIC Ha 1Iare C), YTO JaCT 3HAYCHUC 06HICI7I HCTOTOBHOCTHU CUCTCMBI.

Ecnu anTeHHa MOABIKHOTO TepMUHANIA HMEET HEN30TPOIHYIO AHarpaMMy HamlpaBJIeHHOCTH, TO Ha Iare b)
JUTS K&KIOTO yIiia MECTa U3 BEJIMYMHBI 3allaca Ha 3aMUPAaHNE CIIEAyeT BBIUECTh YCHIICHIE aHTCHHEI.

B ClIydyac CIIYTHHUKOBOI'O CO3BE3UA C MHOI'OKaHAILHOM BUAUMOCTBIO, UCHOJIB3YIOMICTO0 Pa3HECCHUE TPacCC
(TO €CTh NEPCKIOYCHUC HAa TPACCY C HAMMCHBIIINM ociabJIeHueEM CI/IFHaJ'Ia), HpH6HI/I)i(CHHLII>'I pPacucT MOKHO
IMPOBECTH, IMTPEANIOIOKUB, YTO UCITOJIb3YETCA KOCMHYECKHI armapat ¢ CaMbIM BBICOKHM YTJIOM MECTA.

4.1.2 Mopuesb pacnpeaejieHUsl JIUTEJILHOCTH 3aMHAPAHMIA

[IpaBUNbHOCTH MPOEKTUPOBAHUS IPUEMHUKOB CYXOILYTHBIX IOJBMKHBIX CITyTHHKOBBIX CIY>XO 3aBHCHT OT
3HAHUSI COOTBETCTBYIOLIMX CTATUCTHYECKUX AAHHBIX O MPOJODKUTEIBHOCTH 3aMHUPAHHUN, KOTOPYIO MOXKHO
BBIPAa3UTh B EAMHULAX IPONHAEHHOTO paccTosHus (M) WiM B cekyHaax (c). Ha ocHoBe wusMepeHus
JUTMTEIIBHOCTH 3aMHUpPaHUNA OblIa IMOJIyueHa CIEAYIOIIas IMIUPHUIECKas MOJENb, KOTOpas CHpaBelIuBa A
NPOTSHKEHHOCTH ydacTKa, Ha KoTopoM Bo3uukiu dd > 0,02 m:

P(FD>dd|A>Aq)=% 1—erf '”(d‘j/)iw , (6)
(e}

rae P(FD >dd | A> Aq) — 3TO BEPOSATHOCTh TOTO, YTO MPOTSIKEHHOCTh YYacTKa, HA KOTOPOM BO3HUKJIU

samupanust FD, npesbimaer paccrosiaue dd (M) mpu ycnoBuu, 4to 3atyxanue A npesbiiiaet Aq. O603HaueHHe
erf — ato GpyHKIMs OmKOOK, 6 — cTanaapTHoe oTkiIoHeHue In(dd), a In(a) — cpennee 3naueHue In(dd). Jlepas
4acTh ypaBHEHUs (6) OllEHMBAJIACh IIyTEM pacyeTa MPOICHTHOM JOJIM YKciia COOBITHM, OMpEIC/IIeMbIX KaK
" I TELHOCTD 3aMupanuii" npesbicuBmIuX dd, 0T 0011Iero Yrcia coOOBITHH, A1 KOTOPBIX A > Aq IO TaHHBIM,
coopanubiM B CoeaunenHbix llltatax Amepukn u B ABcTpanuu. Ha oOCHOBe 3THX JaHHBIX METOAOM

PErPECCHOHHOIO aHaIM3a OBUIH MOJYUYEHBI CIICAYIONIUE ONTHUMaJIbHbIC 3HaueHus: o, = 0,22 u ¢ = 1,215.

Ha pucynke 2 npe/acraBiieHa 3aBUCUMOCTE P, BRIpaKeHHOTO B IMPOIIEHTaX P OoT BeauuuHbl dd mpu moporosom
3HayeHuu S5 1b.

Mogens, npencTaBieHHasi ypaBHeHHEM (6), OCHOBaHA HAa M3MEPEHUSX, MPOBEJICHHBIX Ha Tpaccax ¢ yrioMm
Mecta 51°, 1 npuMeHnMa B YCIIOBUSAX YMEPEHHOIO M CUIIBHOTO 3aTEHEHUS (IIPOLIEHT ONTHYECKOro 3aTCHEHUS
HaxoxuTcs Mexxny 55 u 90%). Ucneitanus npu yraax mecta 30° u 60° mokasany, 4To 3aBUCUMOCTD OT yIiia
MeCTa JOBOJBHO IPOCTa — YeM MEHbLIE Yrojl MecTa, TeM OOJblIe MPOMODKUTENBHOCTh 3aMUPAHUS IS
3ajaHHoro npouenTta. Hanpumep, mis 30° AnuTenbHOCTh 3aMHUpaHMs OKas3ajach MPUMEPHO BABOE OOJIbIIE,
yeM A 60° opu TOM K€ MPOLIEHTHOM YPOBHE.

41.3 Mogaean pacnpenejieHus1 JJIUTEIbHOCTH He3aMUPaHU i

Co0bITHE, KOTOpOE Ha3bIBaeTCs "IIMTENLHOCTh He3aMHpaHWi" Ha ydyacTke jiuuHOM dd, ompernensiercs Kak
paccTosiHuE, Ha KOTOPOM YPOBHHU 3aMHpaHUIl OCTalOTCA HIDKE 3aJaHHOTO MOpPOroBOTO 3HaueHus. Mojenb
JUINTEIIbHOCTY HE3aMUPAHUM [IPECTaBIEHa CIEYIOUIUMM YPAaBHEHUEM:

P(NFD>dd|A<Ag) =B (dd) 7, (7)

rae p(NFD>dd | A< Aq) — TIPOLEHT BEPOSTHOCTH TOrO, YTO HENPEPBIBHBIA YYaCTOK, Ha KOTOPOM

Bo3HuKaeT Hezamupanue NFD mpeBbimaer paccrosiHue dd mpu yciaoBHHM, YTO YPOBEHb 3aMUPAHHS OCTACTCSI
HW)KE MOpOroBOro 3HaueHus Aq. B Tabnuie 2 mpencraBieHbl 3HaueHWsS 3 W Y A JOPOT, HA KOTOPBIX
BO3HHMKAE€T YMEPEHHOE M CHJIbHOE 3aTCHEHHE, TO €CTh NPOLEHT ONTHYECKOrO 3aTCHEHUs] MEHSeTcs B
nuamasone 55-75% u 75-90% cooTBeTcTBeHHO. BenmunHa nmoporoBoro 3HaueHus 3aMmupanus Aq paBaa 5 1b.
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PUCYHOK 2

Hanny4mas annpokcuManusi KyMyJISITHBHOTO pacnipeesIeHHsI 3aMUPaHHUii, 00y CJI0BJIEHHBIX
3aTeHeHHeM NPHA0POKHBIMH JepeBbsIMHU, IPU IOPOroBOM 3HaYeHnH B S 1B
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JIIUTENBHOCTE 3aMUPAHKI (M)

P.0681-02

TABJIULIA 2

3Havenus ko3 PpUIINEHTOB perpeccuu IJs JJIUTeJHLHOCTH He3aMUpPaHUil
NpH BeJIUYMHe Mopora 3amupaHuii 5 1b u yrie mecra Tpacebl 51°

YpoBeHb 3aTeHeHUsT B ¥
YMmepeHHbIit 20,54 0,58
CHIIBHBIA 11,71 0,8371
4.2 Mogesnb 3aTeHeHUs NPUAOPOKHBIMHU 3IAHUSIMU

3aTeHeHNEe TPHUIOPONKHBIMUA 3IaHUSIMH B TOPOJICKOW 30HE MOXET MOJEITHUPOBATHCS ITYyTEM MPUMEHEHUS
PAIIEEBCKOTO pacipeiesieHus] B OTHOIIIEHUH BBICOTHI 371aHmii. Ha pucyHke 3 mokazaHa TeoMeTpusi MOZIeIH.
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PUCYHOK 3

FeomeTpnﬂ MOAECJIHN 3aTCHCHUSA MPUAOPOKHBIMHU 31AHUAMHA

O«
@Qﬁ Y\eg\%
~—— 0?‘3
39
oy K
k&ocﬂ’ o
AP
e s Beicora myua
wa® Haj 3eMuieit

nepen 3nanuem, h,

Vron mecra, 0

i A
HaXOAUTCA IO IBUKHBIN Bricora

TtepmuHain, hy

3nanus, h,

AzumyT @ d
m

Hanpasnenue noporu

P.0681-03

[IponieHT BepOATHOCTH NEPEKPHITHA 3AAHUSIMHE ONPeNeIIeTCs CIEAYIOMNM 00pa3oM:

rae.
hli

hzi

hbi
N

Om:
dr:

CfZ
A

p=100exp|-(h ~hp)2/202],  wm hy>hy, (8)

BBICOTA JIy4da Ha 3eMiIel y Q)acaz[a 34aHus, onpeacirsieMasn CICAyromnM 06pa30M2
hy =hy + (dm, tan®/ sin ); (8a)

paccrosiaue 3a30pa Openens, TpedyeMoro Haj 3JaHUsIMH, ONIPEETIeMOe CICAYIOIIM
obpa3zom:

hy=Cr (1dp)%®; (8b)
HauboJee pacrpocTpaHeHHas (Hanboliee BEposSTHAS) BEICOTA 3/IaHUS;
BBICOTA MOJBUYKHOT'O YCTPOMCTBA HAJl 3€MJIEH;
YTOJI MECTa JIy4a K CIIyTHUKY OTHOCHTEIHHO TOPU30HTAIIEHON TUIOCKOCTH;
a3UMYTaJbHBINA YTOJ Tyda OTHOCHUTEHHO HAIIPABJICHUS YIIHIIHI,
JIAJIBHOCTH ITOJIBHYKHOTO YCTPOWCTBA OT (hacaia 37aHus;

HaKJIOHHAS TATFHOCTD OT IMOJBMYKHOTO YCTPOMCTRA IO TTO3UITUHN Ha JIy9e, HaXOSIICHCS
BEPTUKAILHO HaX (hacamoM 34aHus, onpeaessieMas CiIeayonmM o0pa3om:

dy =dy,/(sin @-cos0); (8c)
TpeOyeMbIit 3a30p Kak 4acTh epBoi 30HEI DpeHens;

JUIMHA BOJIHBI,

u e hy, hy, hy, hm, dm, dr 1 A — mocTossHEBIE emuANIEL 1 hy > ho.

Cnenyer 3ameTuth, uto ypaBHenus (8a), (8b) u (8c) cnpaBemmmsbl i 0° < 0 <90° u s 0° < ¢ < 180°.
dakTHYeCKHEe OrPaHUYMBAIOIINE 3HAUCHUS IPUMEHATHCS HE JOJDKHBI.
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Ha PUCYHKE 4 NpeaACTaBJICHBI TPHUMCEPHBI 3aTCHCHUA TPUAOPOXKHBIMU 3JaHUAMHA, PACCYUTAHHBIC C ITIOMOIIBIO
IIPUBCACHHBIX BBIIIC ypaBHeHI/Iﬁ JJIA:

hb =15 M,
hm = 1,5 M,
dn=175Mm;

yactora = 1,6 I'T'11.

PUCYHOK 4

IIpumepsl 3aTeHeHNs] IPUAOPOKHBIMH 31AHUSAMHU
(3HAYEHMS APAMETPOB YKA3aHbI B TEKCTE)

100 —mr-»\
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60
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AsumyT 45° \‘

40 N\

HpOHeHT BEPOATHOCTH 3aTCHECHUS

20

0 10 20 30 40 50 60 70 80

Vron mecta (rpaj.)

-------------- ITepexpriTHE MPpUHUMAETCS BO3HUKAIOMINM ITpH 3a30pe 30HbI Openens 0,7
[TepexpriTHE NPUHUMACTCS BO3HUKAIOIINM IIPU HYJICBOM 3a30pe 30HbI Dpenens

P.0681-04

Ha pucynke 4 myHKTHpHBIE TUHIH 03HAYAIOT, YTO MEPEKPHITHE CUUTAETCS CYIIECTBYIOIINM, €CITH 3a30p JIyda
cocraBisier MeHee 0,7 mepBod 30HBI DpeHeNs, PacIOIOKEHHOW BEPTHKAIbHO Haj (acaaoM 3IaHusl.
CriouHsle JTMHUHA O3HA4aroT, YTO MEPEKPBITUE CUUTAETCS CYLIECTBYIOLIUM, TOJIBKO B CIIy4ae OTCYTCTBUS
IPSAMOM BUAMMOCTHU.

HeCMOTpH Ha TO 4YTO MOACJIb MMOKAa3bIBACT OTCYTCTBUEC NIEPEKPBITHA ITPHU CaMBIX BBICOKHUX YTJIaX MECTA TPACCHhI,
MOJIL30BATCIAM CJICAYCT 3HATh, YTO BO3MOJXHBI 3IMMU30AWYCCKHUEC 3aTCHCHHUS W NCPCKPLITHA, BbI3BIBACMBIC
9CTaKaaaMH, BbICTYIIAOIIUMU (bHaFaMI/I, OTBOJaMHU U T. [.

4.3 AcCneKTbl, CBSI3aHHbIe ¢ MOPTATUBHBIMH TePMHUHAJAMM (IlepeKpbITHE, CO3JaBaeMoe
MoJIb30BaTeJIeM)

[Ipu MCHoOAB30BaHUM IMOPTATHBHBIX TEPMHUHAJIOB CBSI3W TOJIOBA WJIH TEJIO OINEPaTopa, HAXOISICh B IOJIE
AHTCHHBI, BBI3BIBAIOT M3MEHEHHE JMarpaMMbl HalPABJICHHOCTH aHTCHHBI. I CIydasi CITyTHUKOBBIX CHCTEM,
HE HaXoAsAImmXxcs Ha okonozeMHoi opoute (He-O30), (I'CO, Beicokast okosnozemHas opourta (BOO), ICO),
MPEIIOJIAraeTcsi, YTO MO3MIIMS MOJIb30BATEIIS MOPTATUBHOI'O TEPMHUHAJIA TOJKHA OBITh TAKOBA, YTOOBI HH €r0
rojioBa (WJIM TEJO), HU OKPY’KAIOIasi CpeIa He BRI3BIBAIN MepeKphIThd. [ cucrem, ucnonb3yrommx O30,
Takoe JIOMyIIEHUE CeIaTh Helb3s. BiusHre rooBsl (WIK Tea) MOJb30BaTENSI MOKHO OIICHUTH, UCIIONB3YS
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MpPU pacyeTe NPOICHTa TOTOBHOCTH JMHHWHM METOJ, ONMUCaHHBIA B myHKTE 4.1.1.2, MomuduupoBaHHYIO
IUarpaMMy HaIlpaBJICHHOCTH aHTEHHBI (KOTOPYIO HEOOXOIMMO M3MepuTh). Jlomyckas, 4To a3zuMyTaibHbBIE
YTIIBL, TI0/T KOTOPHIMH BHJIEH CITyTHUK, pacrpeaesieHbl paBHOMEPHO, MOYKHO HCIIONB30BaTh YCPEAHEHHYIO IO
a3UMYTy YTJIOMECTHYIO JUarpaMMmy HampaBlIeHHOCTH. He3HauuTenbHbIC ABUKCHHSI TOJIOBOM WU PYKOM,
BeIyIIHe K M3MEHEHHIO KaXKYIIETOCs YTila MECTa, TAK)KE MOXXHO yCPETHUTH.

B Slnonwu ObUT TPOBENEH IMOJICBOM SKCIEPUMEHT ISl MCCIICIOBaHHs 3TOTO siBieHHs. Ha pucynke 5a)
MOKa3aHa TEOMETpHUs PACIOJIOKEHHUS TOJOBBHI YEJIOBEKa M AHTCHHBI B 3TOM JKCIEPUMEHTE. YTOJ MecTa
CIYTHHKa COCTaBIsIeT 32°, a 4acTOTa CUTHANA, epeaaBaeMoro cnyTaukoM, 1,5 [T, Ycunenne aHTeHHBI —
1 nbu, gmuHa — 10 cm. Ha pucyHke 5b) mokasaHbl OTKJIOHCHHS OTHOCHUTEIBHOTO YPOBHS CHUTHAlA B
3aBUCHMOCTH OT yIJila asuMyTa (, MPEACTaBICHHOrO Ha pucyHke 5a). M3 pucynka 5b) BugHOo, uTO
MaKCUMaJIbHOE YMEHBIIICHUE YPOBHS CUTHAJA U3-3a MIEPEKPHITHUS, BBI3BIBAEMOTO MOJIb30BATEIEM, COCTABISET
puMepHO 6 1b, Koraa yCcTpocTBO HAXOIUTCS B 0071aCTH, 3aTEHEHHOM TOJIOBOH YeIOBeKa.

PesynbraThl, npencTaBiacHHbIE HA PUCYHKE 5D), cIeayeT cuuTaTh JIUIIb HILTFOCTPALKE, MTOCKONBKY JaHHbIC
COOTBETCTBYIOT TOJIbKO OJHOMY 3HAUEHHIO YIJIa MecTa M JAMarpaMMbl HalpaBICHHOCTH AaHTEHHBI U
COBEPILUCHHO HE YYMTBHIBAIOTCS MOTCHLUUAIBHO BO3MOKHBIE 3(QEKThl 3€pPKaJbHOIO OTPAXKEHHS, KOTOpbIE
MOTYT UTPaTh BEChMa CYILIECTBEHHYIO POJIb B OTHOILIEHUH OKPY’KaIOIIEH Cpe/ibl IOPTaTUBHOIO TEPMUHAIIA IPU
HU3KON HalpaBJIEHHOCTH aHTEHHBI.

JlaHHbIE 1O pacnpOCTPaHEHHUIO, OTHOCAIIMECS K MTOTEePsIM CHUTHAJla Ha BXOJe MPHU MpUeMe BHYTPU 3JaHUHN U
TPAHCHOPTHBIX CPEICTB, B YACTHOCTH AJIS ClTy4asi IOPTaTUBHBIX TEPMHUHAIOB, conepxkarcs B Pekomengaunu
MC3-R P.679.

4.4 MogpgeanpoBanue BJMSIHUSI NEPeKPbITUS. 3JaHMAAMM C HCHOJb30BAaHUEM  (yHKUMI
skpanupoBanus yauusl (MKF)

BnusiHue mepekphITUS 3MAHUSMHA MOXET OBITh OIEHEHO KOJMYECTBEHHO C TIOMOMIBIO (DYyHKIHH
sxpanupoBanus yiuibl (MKF), ykaspiBaroleid a3uMyT U yroJl MecTa, IIPH KOTOPBIX JINHUS CBSI3H MOXKET HIIN
HE MOXKET OBITh MOJHOCTBIO pa3BepHyTa. (DYHKIMH TaKOro THIIA IOJY4aroT, KakK IpaBWJIO, IIyTeM
(oTorpaMMeTpHUECKIX HCCICAOBAHMI WM OTCICKUBaHUS TpaekTopuu nyua. Kounernmuss MKF moxer
MPUMEHSITBCSL JUIsl YIIPOIIEHHBIX CIICHAPHEB B IEJSIX CO3AaHUsl orpaHndeHHoro uucna Qyakuuii MKF u,
CIIEZIOBATEIbHO, Ul OOECIEYEeHUS] BO3MOXKHOCTH IIPOBEACHUS OBICTPOM MNPUMEPHOW OLIEHKM OOLIeH
TOTOBHOCTH TIPH PAa3HBIX KOHQUTYPAIHUAX C HECKOJIBKHMH CITyTHUKAMH.

JlaHHas TOpOJCKas 30HA MOXXET OBITh ONHCaHa, B MEPBOM MPHOJIMKEHUH, C TOMOIIBIO CPEJHEro yria
skpanupoBanus (MKA) (rpamycsr).

MKA OIIPEACIIACTCA KaK yrojl MECTa CITYTHHUKA JIS1 CKOJIB3AIIECTO yIila OTHOCUTCIBHO BEPXHUX HOBerHOCTefI
3):[aHPII>'I, Korja JIMHUA CBA3U NEPICHAUKYIIIAPHA YJINIEC, YTO Ha A3bIKC MATCMATHKH O3HA4YACT

MKA =arct an[Lj Ipajychl, (9)
w/2

rae
h: cpennss BeIcOTa 3MaHNS;

W cpeaHss IUpUHA YJIULBL.

Kpome Toro, moxkeT OBITh HPHUHAT TOPOACKOH cueHapuid ¢ 3amaHHeiM MKA s co3ganms Habopa w3
HEOOJIBIIOr0 YMcia THUIIOBBIX KOH(purypamuii (0a3oBble/oOpasyioniye CIEHapuHh), a HUMEHHO: YJIHYHbIE
KaHBLOHHI (SCY), YIIMYHBIE IepeKpecTKH (scr), T-o0pasubie nepexpectkH (T-j) M OTAETHHO CTOSIIUE CTEHBI (SW),
KaXK/1as U3 HUX XapaKTePU3yETCs JaHHOM BEPOATHOCTHIO MOSBIIEHHS (CM. PUCYHOK 5). TTomo6HEIM jke 00pasom
MOKET OBITH OIpEeNieH BEKTOp CMEIIAaHHON Tpacchl M, YKa3bIBAIOIIMK JUIsl TaHHOW 3aCTPOEHHOW 30HBI
BEPOSITHOCTb TOSBIEHUS Kakaoro u3 ooOpasyrommx cueHapueB M (Wsey, Wser, Wrj, Wsw) TIpH ZWi =1
BxonHbie mapameTpsI 111 3TOM MozienH, To ecTb MK A, MOryT OBITh IOJTyYeHBI ITyTeM 00CIIeT0BaHUS yCIOBUHA
WM TI0 TOPOJCKUM KapTaM.
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PUCYHOK 5

Ba3oBbie/o0pa3yiomue ciieHapuy, ONMCHIBAIOLIKE 32IaHHYI0 TOPOACKYIO 30HY

ly

A
i
v

A
v

c) d) P.06B1-05

Ecau IMOJIy4€Ha BEPOATHOCTb TOTOBHOCTU IJIA 3THUX YETBIPEX o6pa3y}onmx CIICHApUCB, 0611121;1 TOTOBHOCTH
MOJKET OBITh HpI/I6JII/ISI/ITCJ'H)HO OIICHCHA KaK B3BCHICHHAA CyMMa 3HA4YCHHUI TOTOBHOCTHU KaXa0ro cucHapus:

ar =Wscy 8scy +Wser 8sor +Wr.j 81 +Wey sy (10)

Oynxn MKF st 9THX deThipex 0a30BBIX CLEHApHEB OBUIM MOCTPOCHBI MPOCTHIM TE€OMETPUYECKUM
CHoco0OM MpH TOM JONYLIEHWH, YTO IIO0JIb30BAaTENb HAaXOAWTCS B LEHTpe IUIaHa (cM. pucyHok 5). Ha
pucynke 6 mnpencrasiensl ¢yHkuud MKF ueTbipex oOpasyromux CHEHapueB Ul MPOCTOM MOJENTH
pacnpocTpaHeHHs BKIIOYEHO-BBIKIIIOYEHO WMJIM MPH HAJIWYUM MPSAMOM BUIAMMOCTH — B OTCYTCTBHE NPSMOM
BUAMMOCTH (aHATOTUYHO MyHKTY 4.2 JU1s ciydas HyJIEBOTO 3a30pa 30HbI dpeHens), TAe 1o OpAXHATE YKa3aHb
yroJ MecTa, 1o abciucce — a3uMyT HITH, BEpHEe, OPHEHTHPOBAHHUE YIIUIBI & 110 OTHOIICHHUIO K JIMHUY CBS3H.
Ha BepxHell wacTH nuarpaMMmbl yKa3aHbl IOJOXHUTEIbHBIC 3HAUEHWS a3UMyTa, Ha HIDKHEH YacTH —
COOTBETCTBYIOIINE OTpHULATEIbHbIE 3HaueHus asumyTa. MKF onpexensier paiionsl Ha HeGecHOM monycdepe,
B KOTOPBIX MOXET ObITh (He3aTCHEHHBIC 00JIACTH) MM HE MOXET OBbITh (3aTCHEHHBIC 00J1aCTH) pa3BEepHyTa
nuHYS cBs3u. ['panutst "3anpemeHHsix" 300 B MKF orMedens! cerMmenTamu 1 Toukamu. Hanbosee TunmuaHbIe
[TOKa3aHbl HA PUCYHKE 6 1 ONPEAEIISIOTCS CIEAYIOIUMY YPaBHEHUSIMU:

2
Sa: @=tan™%| h/ (ﬂj 12 +1 (11a)
tan“ o
. gm0 —tanl D))
Pa: [ @A =90%0p=tan il (11b)
2
S, 0=tan 1| h/ (%) 12 +1| (11c)
tan® ¢
2
SB,: 0=tan" h/ (ﬂj ++1 : (11d)
2 ) | tan“(90° — o)



Pex. MC3-R P.681-9 11

2
Rs: (pB:tan_l M ; ezztan_l hy || Y4 ++1 . (11e)
W2 tan“ og

PUCVYHOK 6

®yuxnun MKF pis: a) yinyHoro kaHboHa; b) oTae/1bHO CTOsIIIEH CTEHbI;
¢) yJau4Horo nepexkpecrtka; u d) T-o0pa3Horo nepekpecrka
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c)
h=20
wy =20
w, =20
MKA=~63° P.0681-06

I'oToBHOCTB 711 KOHKpETHOTO 0a30BOTO clieHapusa W AaHHOTO reoctannoHapHoro (I'CO) crmyTHHKa MOXKET
OBITh paccuUMTaHa WyTEM pPACCMOTPEHHs] BCEX BO3MOXKHBIX BApUAHTOB OPUEHTUPOBAHHS YIHIBI &
OTHOCHUTEJBHO JIMHUM CBA3M MOJb30BaTeNb-cllyTHUK. Ha pucynke 7 nokazano nonoxenue ['CO-cnyTHHKA
OoTHOCUTENBHO T-00pasHoro nepekpectka. s ciaydas, MOKa3aHHOTO Ha JaHHOM PHCYHKE, BCE BO3MOXKHBIE
BapHaHTbl OPHUEHTHPOBAHHS MOTYT OBITh ONMHCAaHBI IyTEM IPOXOJa 1O BCEM TOYKaM Ha JIWHUU A-B,
COOTBETCTBYIOIIMM TOCTOSHHOMY YIUIy Me€CTa M BCEM BO3MOKHBIM BapHaHTaM OPHEHTUPOBAHUS YIIHIIBI.
I'oToBHOCTB — 3TO YacTh npsiMoit TuanK A—B B He3areHenHoii yactu MKF. Ananornuno Ha MKF MoxeT ObITh
oToOpakeHa TpaekTopus opoutsl Hereoctarmornapaoro (HI'CO) cmytauka. OO61iasi TOTOBHOCTh MOXKET OBITh
paccunTaHa B 3TOM CIIydae IMyTeM PAacCMOTPEHHS] BCEX BO3MOXKHBIX BapHAHTOB OPHUEHTHPOBAHUS YIHUIIBI
OTHOCHUTEJIBHO BCEX BO3MOKHBIX HAIIPABJICHUH JINHUU CBS3H N0JIb30BATENb-CITyTHHUK.



12 Pex. MC3-R P.681-9

PUCYHOK 7

Pacuyer roroBHocTH a1 T-o0pa3noro nepexkpecrka u I'CO-cnyTHuKA

MKF, T-o6pa3Hblii mepekpecTok

%0 I ; ; ; : : - ITo3uums cry THUKA
. Tosuuus cnyTHAKA; :
® ﬁ%Hg‘aqanLﬁIaﬂ TOj‘-IKa pefmsc g IMyTa
oy e DS Ay A ]
s 7 : L F : E : 1B T =
N & VE -
Sz 180 |8
EIEE ie
Ry w0 fE
ER : /3 PasBeprka
SN 20 e DA HETOTOBIOCT e E | 2 ]
&N . . c o al B & = azuMyTag
40 <cieeeoot Pa3BEPTRA A3UMYTA. - - N
: /
80 !
i i i i I i i i
AzumyT (rpan.) .
h=20
w; =20
w, =20
MKA= 63° P.0681-07
5 MOI[eJ'II/I MHOI'0JY4€BOCTH NJIsd JMHUMR l'[pﬂMOﬁ BUIUMOCTH 0e3 3aTeHeHus

Bo MHOruX ciy4asx MOABIKHBIM TEpMUHAI CBSI3aH C MOABIKHBIM CITYTHUKOM JIMHUEH NMPSAMONW BUANMOCTH
(c mpeHeOpeRMMO MaJIbIMU 3aTeHEHHSIMHI ). OTHAKO U B 9THX YCJIOBHSIX U3-32 MHOT0JIy4eBOCTH, BO3HUKAIOILEH
BCJIE/ICTBHE OTPAKEHUS CUTHANA OT MOBEPXHOCTU 3€MJIM, MOXKET BO3HUKATh MCKa)keHHe curHaia. CUrHai,
MPUHUMAEMBIH TOJBIDKHBIM TEPMHHAIIOM, MPEACTaBIsAET CO00H cymMmy (a3opoB MpSIMOTo CHUTHAIA,
NepeaaBaeMoro 1o JMHUHU MPSIMOM BUANMOCTH, U HECKOJIBKUX MHOTOJTy4EBBIX CUTHAJIOB. DTH MHOTOJIyYeBbIE
CUTHAJIBl MOTYT OKa3blBaTh KOHCTPYKTUBHOE WJIM JECTPYKTHBHOE BIHMSHUE, MPHUBOJAS K YCHJICHHIO WIH
ociallieHNIo curHana. XapakTepUCTUKH MHOTOIYYEBOTO CHTHAjla 3aBUCAT OT IOMEPEYHOTO CEeueHUS
paccesHUs MHOTOJYYEBOTO OTpakaTels, KOJIMYEeCTBA JIyuei, pacCTOSHUM 1O NPUEMHON AaHTEHHBI,
MOJISIPU3ALMU TS U KO3 GHUIMEHTA HAPaBJIEHHOTO ACHCTBHS IPUEMHON aHTEHHBI.

Mopenu, onUCHIBAIONINE UCKAKEHHE CUTHAJIa BCIIEICTBUE MHOTOJYYEBOCTH, MPEACTABICHBI B CIAEAYIOIINX
naparpaax W OCHOBAaHBI Ha pe3yjbTaTaXx HM3MEPEHHUH C MOMOIIbI0 AHTEHHBI, MUMEIOUICH CIIeAYIOIIne
XapaKTePUCTUKU:

— HEHAIIPaBJICHHAS 110 a3UMYTY;
— YCUJICHHE MEHSIETCS] MeHee ueM Ha 3 1b Mpu U3MEHEHUH yIiloB MecTa oT 15° no 75°;

— HWKE TOPU30HTA (OTPHUIIATEIILHBIN YTOJl MECTa) YCHUIICHUE aHTEHHBI YMEHBIIAIOCH 110 KpaliHel Mepe
Ha 10 gb.
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PUCYHOK 8

a) FeOMeTppm PacCnoJa0KEeHHUA IroJI0BbI Y€JI0BCKA U AHTCHHDI;

b) 3amupanust Ha yacrore 1,5 I'T', BbI3BaHHbIE 3aTEHEHHEM NPUIOPOKHBIMH 00 beKTAMH

Cursai co ciyTHUKa

B 3aBHCHMOCTH OT yrJjia MeCTa TPaccChbl

32°
- ¥
Tomosa > dh
YeJI0BeKg/ A\
[ \
AHTEeHHa l |
\ s
¢ \ F
~_ 7 177cem
4 ’ ‘\\ \ Amnrenna
/ \ i .
Tonosa ' gll(j?{dnaii?nupﬂaz
4eJioBeKay y o P
/ )
<~ 7 Sems
Bun cepxy Bun cooky
Cny THUK Ciny i
2 | | |

Cpenuuii ypoBeHb

PUHAMAEMOTO
7 cUrLazia
s - B YCJIIOBHSAX NPSIMOU
o " ae, ,—",:' y P
- e T _ BHJIUMOCTHU

L. A
\\l

180

AsuMyTanbHBIi yron ¢ (rpan)

0 90
d=-17cm
----------- d=-9cm

Vron mecra 32°

270 360

P.0681-08
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5.1 MHoOrosy4eBocTh B FOPHBIX YCI0BHAX
Pacnpez[eneHHe FJIy6I/IHLI 3aMHpaHHﬁ, BBI3BAHHBIX MHOTI'OJIYY€BOCTHIO, B TOPHBIX YCJIOBUAX OIIHUCBIBACTCA
CJICAYIOIIUM BBIPpAXKCHHUCM:
_a AP
p=a (12)
1.
1%< p<10%,

pi(H

P: OTpe30oK Tpacchl, BBIPA)KEHHBIH B IPOIEHTAaX, Ha KOTOPOM IIPEBBILIAECTCS JaHHAs
riyOuHa 3aMUpaHus;

A: mnpeBblllieHHas r1yOnHA 3amMupanus (1b).

[TapameTpsl @ 1 b 17151 anmpoKcUMAaNUK COOTBETCTBYIOLIMX KPUBBIX MPEACTABICHBI B TaOIHIE 3 IS 4acTOT
1,5 T u 870 MI'u. 3ameTuM, 4TO 3Ta MOAEIb CIIPABEAJINBA JUIIb B TEX CIy4Yasx, KOrJa 3aTEHEHUEM MOKHO
peHeopeyb.

TABJIMLIA 3

ITapameTpbl HaMTy4IIel aNPOKCUMALMH KPUBBIX KYMYJIAATUBHOI'O pacnpe/eieHUus 3aMUPaHuii,
BBI3BAHHBIX MHOI'0J1y4€BOCThI0, B TOPHBIX YCJIOBHAX

Yroa mecra 30° Yroa mecra 45°
YacrorTa
(I'T') a b JAnana3on a b JAunanazon
(nb) (nb)
0,87 34,52 1,855 2—7 31,64 2,464 2-4
15 33,19 1,710 2-8 39,95 2,321 2-5

Ha pucynke 9 npezncraBieHbl KpuBbIe KyMYJISITUBHBIX pactpeieNIeHui 3aMUpaHnui Il yTiIoB MecTa Tpacce 30°
u 45° na yacrorax 1,5 I'Tyu 870 MI'11.

5.2 MHoOroJ1iy4eBoOCTb B YCJIOBUSIX BO3/1eliCTBUSI IPUAOPOKHBIX /lepeBbeB

OKcrnepuMeHThI, poBeaeHHbIe B CoenmuHeHHbIX [lTaTax AMEpHKH BJIOJIb JOPOT ¢ PACTYIIUMHU IO 000YHHAM
JIEPEBbSMH TIOKA3aJlk, YTO MHOTOJIy4eBOE 3aMUpPaHHE Majo 3aBHCHUT OT yIJla MECTa TPAcChl B JIMANA30HE
30°—60°. Ha ocHOBe pe3ynbTaToB M3MEepEeHHi Obliia pa3paboTaHa ClieAyIomas MOCIIb:

p=uexp(-VvA) (13)
TSI
1% < p < 50%,

rae.

P: OTPE30K TPacChl, BBHIPAKCHHBII B TMPOICHTaX, HA KOTOPOM MPEBBINIACTCS JaHHAS
rTyOuHa 3aMUpaHUs;

A: mnpeBblilieHHas r1yOuHa 3amMupanus (1b).

3aMeTUM, YTO B MPEJCTABIICHHOW BBIIIE MOJCIH MPEANOaracTcs, YTo 3aT€HEHHE MPEHEOPEKUMO MaJIo.
[MapameTpsl U 1 V UIsS alIPOKCUMAITIH COOTBETCTBYIONINX KPUBBIX MPEICTABICHEI B Ta0HIIE 4.
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PUCYHOK 9

Hannyymasi annpokcuManusi KPHBBIX KYMYJISITHBHOTO paclpe/ieIenusi 3aMHPaHHId,
BBbI3BAHHBIX MHOI'0JIy4€BOCTbI0, B TOPHBIX YCJIOBUSAX

C T

, A\
ST

) 5 \\ \ N

\ \\\s
SEEELENN

0 1 2 3 4 5 6 7 8 9 10

I'ny6una samupanuii( 1B

Kpussie A — 870 MI'u, 45°

B- 1,5ITm, 45°

C— 870MI, 30°

D- 1,51"1"11,30" P.0681-09
TABJINIIA 4

IapameTpbl HAWJTYYIIEeH IKCIOHEHIMAIbHON aNNMPOKCUMALIMU KPUBBIX KyMYJISITUBHOTO
pacnpeneneHusi 3aMMPaHNii, BHI3BAHHBIX MHOT0J1y4€BOCThI0,
HA I0POrax ¢ pacTyIlMMH 10 0004YMHAM JlepeBbIMH

Hacrora y y oo
(T (1)
0,870 125,6 1,116 1-45

1,5 127,7 0,8573 1-6

Ha pucynke 10 npencraBieHbl KpuBble KyMYJISITUBHBIX pacIipe/ielieHnii 3aMupanunii Ha gactotax 1,5 I'Tm u
870 MI't1. 3amMupanue, yCHIEHHOE H3-3a MHOTOJIy4EBOCTH, MOXKET BOSHUKHYTB [P 00JIee HU3KUX YIIax MecTa
(5°-30°), korza sy4u, paccessHHbIC CPaBHHUTEIBHO TJIaJKOH XOJIMUCTON 3€MHOI MOBEPXHOCTHIO B MPSIMOM
HanpaBJICHUH, MOTYT IPUHUMATHCS ¢ 00Jiee 3HAUUTEILHBIX PACCTOSHHM.
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PUCYHOK 10

Hannyumasi annmpokcHManusi KPUBBIX KYMYJISITHBHOTO pacIipe/ieIeHHs 3aMHPaHHii, BBI3BAHHBIX MHOT'0JIy4€BOCTHIO,
Ha JI0POrax ¢ pacTylllMiMH 10 0004HHAaM JepeBbsIMH

102
5 \
E \
3
=}
¥
s+
N 2
plas}
=
jas}
g
=
s
8
élO \
S 1\
& [\
=
=
g
[
5
g
=

1
0 1 2 3 4 5 6 7 8 9 10
I'nyouna 3amupanus (1)
Kpussie A — 870 MI'y
B- 1,51Tu P.0681-10
6 CraTucTH4eckasi MOJeJIb I CMEIIAHHBIX YCJIOBHI pacnipocTpaHeHus

B nynkrax 4.1 u 5 mnpeacraBieHbl MOJAEIM I OCOOBIX YCJIOBHM, KOTOPHIMU SIBJISIOTCS 3aTCHEHHE
MPUIOPOKHBIMH OOBEKTAMH M IpsSIMas BUAMMOCTH O€3 3aTCHEHHUS B TOPHBIX YCJOBHSIX, & TAK)KE YCIOBHUS
3aTeHEHUs TNPUAOPOKHBIMH JiepeBbsaMu. B peanpHbix ycnoBusix pacmnpoctpaneHus CIICC, takux kak
CeJIbCKHE, JICCUCThIC, TOPOACKHE W IMPUIrOPOJIHBIC 30HBI, MOKET BO3HHMKATh COYETAHHUE PA3HBIX YCIOBUH
pacnpoctpaHenus. Kymynstusnas ¢ynkiuus pacnpenencaus (CDF) ypoBHel curHajia B TOJOOHBIX
CMEIIIaHHBIX YCIOBUSX MOXET OBITh PacCUMTaHa HAa OCHOBE CIEAYIOIIEH YCOBEPIICHCTBOBAHHON MOJIEIU C
JIBYMST COCTOSIHUSIMH, KOTOpas BkiodaeT coctosaue GOOD (xopouwto), TO ecTh yCIOBHUS, MPH KOTOPBIX
3aTeHEHNEe HE3HAUHTENbHO, U cocTosiane BAD (nroxo), To ecTh ycimoBus ¢ 6ojee CHIBHBIM 3aT€HEHHEM
(rakas momenp o00OO3HauyaeTcss Jalee Kak 'cTaTHCTHYecKas Mojeip''). Ha OCHOBe aHATOTHYHBIX
AQHAIMTUYECKUX JIOMYIICHUH MOTYT OBITh CTOXAaCTUYECKH CreHEPHUPOBAHBI MPOCTPAHCTBEHHO-BPEMEHHBIC
CepUH KOMIUIEKCHBIX OTHOAIONIMX YpPOBHS MOIIHOCTH CHrHaja (Jajgee Takas MOZEIb Ha3bIBACTCA
"reHepaTuBHas WK 0000meHHas Mojenb"). B pasmenax 6.1 u 6.2 mpeacTaBiCHBI IOJTAIHBIC METOIBI
MPUMEHEHUS CTATUCTUYECKON U TeHepaTUBHOW Mojieleii cooTBeTcTBeHHO. O0e MoJIenu TeHCTBUTEIBHBI IS
y3konosocHbIX CIICC, rie yacToTHAs XapaKTepUCTHKA KaHalla OIMHAKOBO BIMSET Ha BCE YaCTOTHI B TIPEJIesiax
MTUPHUHBI TTOJIOCHI CUTHAJIA (HE M30MpaTeIbHBIC 110 YaCTOTE KaHAIBI).
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JlonroBpeMeHHbIC W3MEHEHUS MPUHUMAEMOTO CHUTHAJIA MOTYT OBITH ONHCAHBI IOJYMapKOBCKOW IIETIBIO,
BKJTFOUArOIeH Ba TucKpeTHbIX cocTosius — GOOD u BAD (cm. pucynok 11). Cunurtaercst, 4T0 JUTUTEIBHOCTh
Ka)KIIOTO COCTOSTHHSI MMEET JIorapuMudecku-HopMaibHOe pactpenenienne. B cocrosamsax GOOD u BAD
CUTHAJI COOTBETCTBYyeT pactpenencuuto Jly. Pacnpenenenue Jly mpeamnosnaraer, 4To MpUHUMAEMBIH CUTHAI
SIBIIIETCSI CYMMOMW JBYX KOMITOHEHTOB — CHTHaJa MPSIMON TPacchl M1 MHOTOJIy4eBOTO nu(y3HOTO CHUTHATA.
Cunraercs, 94TO CpedHssl aMIUIMTyla CHTHAJA TIPSIMOW TpPacchl MMEEeT HOPMAalbHOE pacipenelieHue, a
MHOTOJTy4eBOM AUQQY3HBI KOMIIOHEHT COOTBETCTBYET PIJICEBCKOMY pacmpesenenuto. CraHmapTHOe
OTKJIOHCHHE aMIUIUTYJbl CUTHAJA MPSAMON TPAacChl WU MOIIHOCTA MHOTOJYYCBOTO CHUTHAJa HAXOJATCS B
JIMHEWHOM 3aBUCHUMOCTH OT CPEIHEH aMILIUTY bl CUTHAA NPSIMOU TPACCHI.

PUCYHOK 11

Metop HOJ]yMapKOBCKOﬁ nenu ¢ IByMs COCTOSIHUAMHU

[} PDF
®ynxus PDF Cocrosune Cocrosmue np OI[Z: )IK;L:IT'/II":H BHOCTH
NP OOJKUTEIbHO CTH GOOD BAD cocrosiaust BAD

cocrossaust GOOD

P.0681-11

JIJis CTOXAacTUYEeCKOr0 CHHTE3a KOMIUICKCHOW OruOaromieil KaHama CleAyeT yYHUThIBaTh (PUKCHPOBAHHYIO
KOPPEISIMOHHYIO JJIUHY aMIUTUTYIbl CHUTHANa MPsMOM Tpacchl, a Ui MHOTOJdy4eBoro au¢y3Horo
KOMIIOHEHTA CJICyeT YUUTHIBATh (PUKCUPOBAHHBIN OIICPOBCKUMN criekTp. HeoOX0auMO yYUTHIBATE JJHHY
Hepexonﬂoro y‘IaCTKa Me)KI[y I[BYMH IIoCJIC10BATCIIbHBIMHU COGLITI/I?IMI/I (065133T6J'H)H0 OTpa)KaIOHII/IMI/I pa3HBIe
COCTOSIHUSI), T/Ie TPOUCXOIUT JIMHEHHOE YBETWYeHHE/YMEHBIICHHE YPOBHS MOIIHOCTH MHOTOJIY4€BOTO
¢ Gy3HOr0 KOMIIOHEHTa. DTH TEPeXOoJbl HE JOJDKHBI YYUTHIBATECS B CTATHCTUYECKOM IIPOTHO3E IS
KOMIUIEKCHBIX OrHOaroInx KaHaa.

OcCHOBHBIE XapaKTePUCTUKN MOJIEIH:

1) Mojens npeanonaraet asa coctosiHus — GOOD un BAD, koTopble MOTYT OBITH HE CBSI3aHBI C
YCIIOBUSIMH NMPSMON BUAMMOCTH UJTH YCIOBUSMH OTCYTCTBUS MPSAMON BUJUMOCTH;

2) JUINTENTFHOCTh ~ K&XJOrO  COCTOSIHUSI ~ XapaKTepusyercsi  Jiorapu(pMuyecKu-HOpMaIbHBIM
pacrpenencHueM:

1 Inx-p; 2
plognormal(x) = o exp [M], (14)

202
rje:
i=G — s cocrogauit GOOD;
i=B — s cocrogHuii BAD;

He M 0 — cpemHee u cTaHAApTHOE OoTKIIoOHeHWe 1t cocTosanst GOOD,;

Mg U OB CpeJlHEE U CTaHIapPTHOE OTKIOHEHHE i cocTosiHus BAD);

3) 3aMHpaHUe B Ka)KJIOM COCTOSIHWM OIMCBIBaeTCs pacnpenenenueM Jly, rae TpoliHele napameTpsl Jly
HE SIBJISIOTCS MOCTOSHHBIMHU:

Fading~Loo(Mai, Zai, MP;),
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rae.

pu:

Pex. MCD-R P.681-9

i=G g cocrosauiit GOOD;

i=B g cocrosnuii BAD;

Mai:  cpenmHsis aMIUIUTyAa IPSAMOTO CHTHAJIA;

A CTaHAApTHOE OTKJIOHEHHE NPSMOT0 CUTHAJIa;
MPi:  cpemHsAA aMIUIATYIa MHOTOIYY€BOTO KOMIIOHEHTA
Mai = normal(p,, ou,);

A = 01Mai+ g2

MP; = hiiMai + hai.

@DyHKIMA IVIOTHOCTH BeposTHOCTH Jly ompenensiercs Kak:

rac.

4)

© 2 2 .2
xx8,686 1 20lo a)—M X< —a xa
PLop(X)=— "SR5 [~ ey — (ZO0GMOEIMA X2 | X2 I (15)
Tajofv2n j@ 2% 204 of

a: aMIUIMTYJa OpsIMOrO CUTHAIA;

ZGiZ cpeaHee 3HAYCHHUC MOIITHOCTH IIpuHUMacMoro MHOT'0JIy4€BOI'o KOMIIOHEHTa
MP; = 10log (261%) 1b;

JUTMHA TIEPEXOAHOTO y4acTKa Lians, i Mexkay coObiTusiMu GOOD u BAD 3aBUCHT OT pa3HHMIIBI

3HaueHuit Mai, AMa;i = |[Maicoop — Ma,ieaol:

Ltrans, i=fix AMA,i + fo. (16)

st Toro 4roObl HE YYMTHIBATH HepeanucTudHble 3HadeHus Ma ms cocrostauit GOOD u BAD, nomxHBI
paccMaTpuBaThCs OrpaHHUEHHbBIE TUATIa30HbI BEPOSTHOCTEH:

5-95% nus cocrostanst GOOD

[Pe.min; Pe.max] Mt cocTosiaus BAD.

J1J1s TOTO 4TOOBI yYUTHIBATH PEATUCTUYHBIC 3HAYCHHUS JUTUTEIIBHOCTH COOBITHI 17151 cocTostanit GOOD u BAD,
JIOJDKHA OBITh YCTAaHOBJIEHA MUHIUMAIIEHO BO3MOXKHAS JUTUTENIEHOCTh COOBITHS:

durming s cocrosiaust GOOD

durming g cocrosiaus BAD.

s cratucTrdeckoi U TeHEpaTUBHON MOJIENEHN JOJIAKHbI UCIIOJIB30BATHCS CIEAYIOIIUE BXOJAHBIE TAPAMETPHI.
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TABJIUIIA 5

ITapameTpbl MogeJiei

IMapamerp Onucanue

Jia nmutensHOCTH COOBITHS (M) HOMTYyCKAETCS CPETHEE U CTAaHAapTHOE OTKIIOHEHHE
JorapuMUYECKU-HOPMATbHON (DYHKITHH

(K, ©)es

dUrminc,s MuHUMaIBHO BO3MOXKHAS UTUTEIBHOCTH COOBITHH (M)

[Mapametpsl mns pacnpeneneuuss Ma g (Ma siBIsieTcss cpeqHMM 3HaYCHUEM

GB, O G,B o
(ka8 O,c0) aMIUTATYIBI A 17151 IPSIMOM TPAcChl Ha MPOTSDKEHUH OAHOTO coObITHS) (1b)

MHuoromyueBass MOIIHOCTE MPgg (omuH monmuHOM 17 mopsaka mjis KaKIoro

MP = h16sMa + hacs coctostHns) (1b)

2:AGB = Ji68Ma + | CTangaptHoe OTKIOHEHHE A, Y 4 g p (0OAMH nomuHOM 17° mopsaka 1 KakI0ro

0268 COCTOSTHHSA)
Leorrc, 8™ JiriHa KOppeNsIuy aMIDIUTYIbI IPSIMOU TPacChI (M)
fiIAMa+f; JlyinHa epeXoaHOro y4acTka Lirans (OMH IpOCTEHIM moimHoM 17 mopsiaka) (M)
[Pg.min; PB,max] JlnanasoH BEpOATHOCTH ISt y4eTa pacupeaeiaenus Mag

3ameuanue. — G o3Hayaet cocrossane GOOD, a B o3nauaer cocrostaue BAD.
*  ToispKo I TEHEPaTUBHOTO MOICITHPOBAHUS.

6.1 HpOFHO?.I/IpOBaHI/IC CTATUCTUKH 3aanaHnﬁ AJisl IMHUHA CBSI3U ¢ OAHUM CIYTHUKOM

[IpencraBieHHas HUXE MPOIEIypa MO3BOJSET MPOBECTU OLICHKY OOINEH CTATUCTHKHU 3aMHUPaHUN Ha JIUHUH
pacmpoctpanenust CIICC mns gactot 10 30 [T mpu yriax mecta ot 20° mo 90°. Bmecte ¢ Tem npuBeicHHBIC
3lIeCh TIpejyIaraeMple 3HAYEHUs MapaMeTpOB OTPAHWYHMBAIOT NMPUMEHHMMBIN nuana3on dactoTr 1,5-20 [T
[Ipeanonaraercs, 9To YCHJICHHE IPUEMHON aHTEHHBI COCTaBUT OK0JI0 5 abu 1y1st yactot Hke 5 [T u 19 nbu
it gactoT Boimre 10 I'T1r.

3ameyanue. — Cmamucmuueckuti mMemoo npocHo3a Obll YNPOUWeH OMHOCUMENbHO Memood CUHmesd
epemennblx ceputl (nynkm 6.2) 6 yensx noayuenus npubIusUmenbHo20 3HA4eHUsL 3aMUPaHus, Kodpguyuenma
Paiica u cmamucmuyeckux 0anHelx no cymmapnou mownocmu. [ns 6onavuien moyHocmu cmamucmuyeckue
OaHHble OONHCHBL PACCUUMBIBAMbCS HA OCHOBAHUU CUHMe3a 8peMenHbIX ceputl Ha paccmosanuu 100 km.

BXO0HbIE TAPAMETPHI:

— gactoTta (I'm);

— OKPY’KaIOIIUE YCIOBHS;

- YTOJI MECTA.

llaz 0. Onpenensem (U, ©)ep, (Mm,s Om,)es (91 92)ep, (1, ho)ee, (durmin)ee, (fi, f2), Pemin 1 Pemax U3

TaOJIUIBI BXOJHBIX TMApaMeTpoB, INpuBencHHOW B Ilpunoxkenun 2. brmwkaiine KO BXOJIHBIM JaHHBIM
3HAYEHMs yIjla MECTa M 4aCTOThl OEPEM M3 COOTBETCTBYIOIICH TaOJIHIIbI.

Illae 1. PaccuuThiBaeM CPEIHION MPOMODKUTENLHOCTE coctosiHnii GOOD u BAD, <dur>g u<dur>g
COOTBETCTBEHHO M CPETHIOI0 JUTMHY TIEPEXOIHOT0 ydacTka <dur>r:

L | d-erf l"gdurmin,B,G_(P—G,B"'Ué,B))
OG.B o2
(dur)G,B = exp (IJ‘G,B + 2 ) 1_erf(lOgduTmin,B,G_uG,B) (173.)
oV2
2 PN (MA,m[n;uMA,B'O-MA,B)_pN (MA,max;uMA,Bfo-MA,B)
(dur)r = f1 X | lmyc — MMy — OB + 12 (17b)

FN (MA,max;uMA,Bl)_FN (MA,an:uMA,Bro-MA,B)

rae.
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pn(X; w,o) u Fn(X; W,06) COOTBETCTBEHHO MPEACTABIAIOT (DYHKIMIO IUIOTHOCTH BEPOSTHOCTH H
KyMYJSITUBHYIO (DYHKITHFO HOPMAJILHOTO PACTIPEICICHUSI CO CPETHUM L ¥ CTaHAaPTHBIM OTKJIOHEHHEM G, Kak
onpenencHo B Pexomennarmu MCD-R P.1057:

My ming = Hmyp t ﬁGMA_Berf_l(ZpB,min -1); (18a)

MA,max,B = HMAB + \/EGMA_Berf_l(ZpB,max - 1) (18b)

Illaz 2. PaccunthiBaeM BeposATHOCTH cocTostHuit GOOD 1 BAD pg 1 pg:

— (dur)g+{dur)r ]
Pe = (dur)g+(dur)g+2(dur)r’ (19a)
pp = ——2uripHduriy (16b)

T (dur)g+{dur)g+2(dur)y’

Ilae 3. PaccunthiBaeM P(x < x3|GOOD) u P(x < xo7|BAD) — kymynsTHBHBIC (YHKLUHH pacupeneieHus
ypoBHs curHana X npu coctosaussx GOOD u BAD cienyrommm oOpa3om:

P(x < xp|state)

2,7647 Mamax (X0 [Qmax x
= J-M _’; f aMath,
. . min Amin
Om, (FN (MA,max; HMAI GMA) - FN (MA,min: IJMA' GMA)) 4 a(giMy + g2)10" 10 (20&)
2
(Mg —pu,)” (20logioa—My)?  x2 + a? 2ax
Xexp| — - - dadxdM,
< 20%, 20:Ma +g2)* | fullathy )0\ | maMath; 4
rIe;
Mapamerp Cocrossnue GOOD Cocrosinue BAD
Mymin Mmg6 — 1,645 x OMac M min,B
MA,max p'MA.G + 1'645 x GMA,G MA,max,B
Apmin (1-3!]1;1(‘)4A-3gz
Amax (1+391)Ma+3g,
10 20

CrieyeT OTMETHTB, YTO Oy, MOKET OBITh PABHBIM HYIIIO (KaK, HAIPUMED, B XOPOLIMX COCTOSHHAX CEbCKON
u npuropoanoit mectHoctH 1ipu f = 10 — 20 I'T). IIpu Takom ycinoBuu Ma He pactpesensiercs: CiiydaiiHbIM
00pa3oM, uto uzmensiet Beipaxkenne CDF (0e3 unrerpupoBanus, kpome Ma). Jlanee kymynsTuBHbIE QyHKIMA
pacnpe/iesieHus NPUHAMAIOT BUJ (Ipu: My = (i, 31€Ch).

_ 2X8,686 rXg (Gmax x (20log ga—My)? x?+a? 2ax
P(x < xo|state) = Wfo S ——————rrem; X €XP <— aMatayn: it | o |~ | dadx (20b)
™ (g Ma+gz)10" 10 1iaTIz 10~ 10 107 10

Llae 4. PaccunthiBaeMP(x < xy) — KyMyJSTHBHYKO (YHKIHIO pACIpEICICHUs] YpPOBHS CHrHaia X
CJICAYIOIINM 00pa3oM:

P(x < xg) = pg X P(x < x¢y|GOOD) + pg X P(x < x4|BAD). (21)

Llae 5. PaccunthiBaeM P(K < K;|GOOD) u P(K < Ky|BAD) — kyMyJIATHBHYIO (YHKIHUIO pacipeaeaeHus
ko3¢ ¢uimenta Patica K (1b) npu cocrosuusx GOOD u BAD crienyromumM o6pazom:
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Ecin oy, # 0

2
M4 max exp <— (MA—ZHMA) ) [1 n erf(KO_ ((1 — hy)My- hz))] dM,,

MA,min

P(K < Ky|state) = 4 (0., + .) (222)
GMA (FN (MA,max: HMA' GMA) - FN (MA,min; HMA, GMA)> 2 v ZT[
Ecmn oy, = 0, Torna
KO_((l_hl)MA_hZ)
1ters ( (M ari)V2 )
P(K < Ky|state) = (22b)

2

Ilae 6. PaccunthiBaeM P(K < K;) — kymynsaTuBHyo (yHKIHIO pacrnpeaenenus koddoumuenra Paiica K
CIIETYFOIINM 00pa3oM:

P(K < K,) = ps X P(K < K,|GOOD) + pg x P(K < K,|BAD). (23)

llae 7. PaccuutbiBaem P(pt Spt,0|GOOD) u P(pt Spt,0|BAD) —  KyMYJSITUBHYIO  (DYHKIHIO
pacmpeneneHuss CyMMapHOW MOIIHOCTH Pt (MOIIHOCTH Ha MpsMOW Tpacce W anddy3Has MOITHOCTH
MHOTOJTy4eBoro curnaina) npu cocrosiuusax GOOD u BAD crneaytomum o6pazom.

s hy > 0:

1010.9:t,0‘h2 < MA,mini P(pt < pt,OlState) =0; (248)

1

10lo -h
eciu % 2Myminuoy, 0
1

h1Mg+hy

min{M -w} 2 1010g(pt —mT>_M
e exp Mainy) 1+erf ° ) |am (24b)
M 4 min 2012\,,A (o 4aro,)V2 A
P(p, < ptolstate) =
f oMy (FN(MAv'““X;uMA'UMA)_FN(MA,mm;“MA'UMA))Z‘/ﬁ
IMpu h; < 0:
10lo, —h
eCclIu — g:t,o 2> My max P(pt < ptrolstate) =0 (24¢)
1
10lo -h
eclii — g:t,o 2 <My max MOy, # 0,
1
2 hyMg+hy
M -(Ma-upm,) 1010g<ptlo—m 10 )‘MA
JrAma _n,,exp| ———=—4~ ||1+erf aMy,
P(p: < prolstate) e A T 2934 GonroV2 o
Pt = pt_o State ) =
oM, (FN (MA,W;uMA.cMA)—FN (MA'"M;HMA.O'MA ))2\[2_TT
Ecin oy, = 0, Torna
hqMy+hy
10[09(1715,0_10 0 )-Mgy
1+erf PPN
P(pe < peolstate) = 2 (24¢)

Hlae 8. PaccuntbiBaem P(pt < pm) — KyMYJSITHBHYIO (DYHKIIMIO pacrpeiesieHUs] CyMMapHOW MOIIIHOCTH
Pt citemyronuM 00pa3om:

PP, < Pro) = Ps X P(P; < Prolsoon) + Pe X PP, < Prof o) . (25)
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Ha pucynkax 12, 13 u 14 mokasansl npumepbl pacdera ¢ynkuun CDF ams mapameTpoB ropoickoi
npuropoaHoii 30H (EBpomna) mpu yrimax mecta 30° u 60° u Ha yactoTtax B ananazoHe 1,5-3 ['T.

PUCYHOK 12

[Ipumeps! pacyeTa riIy0MHBI 3aMHPAHUS B FOPOJCKOI M PUIOPOAHOH 30HaxX npu yriax mecta 30° u 60°
(EBpona; 1,5-3 I'T'u; ko3ddpuuumeHT ycuaeHus aHTeHHbI < 5 1bu)

- 30 -25 -20 -15 - 10 -5 0
20log Gy (mE)

IlpuroponHad 30Ha — 30°

---------- IlpuroponHas 30Ha — 60°
—8—— Topopackasd 30Ha — 30°
== T'OpofcKag 30Ha — 60°

P.O681-12
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PUCYHOK 13

IIpumepsl pacyera ko3punuenta Paiica npu 3aMupaHusix B roOpoACKOii M NPUTOPOAHOI 30HaX
14 yriaos Mecta 30° u 60° (EBpona; 1,5-3 I'T'u; ko3gpunmeHT ycuaeHus aHTeHHbI < 5 1bu)

09

038

03

02

- - e 7’
e WA I -
-

01

0
-10 -5 0 5 10 15
Ky (8B)

IIpuroponnas zona — 30°

---------- IIpuroponnas zona — 60°
=& Topogckaa zoHa — 30°

————————— Toponckas sona — 60°

PO681-BB

PUCYHOK 14

IIpumepsnl pacyeTa cyMMapHOH MOLUHOCTH 3aMHPAHUI B TOPOACKOIl M NPUTOPOAHOI 30HAX
npu yrjax mecra 30° u 60° (Espona; 1,5-3 I'T'; ko3¢ dpuuneHT ycuieHus aHTeHHbI < 5 1bu)

1

09

038

201log (pw) (nE)

Ilpuropoguas soHa — 30°

---------- Ilpuropoguas sona — 60°
——— Topopnckas zoHa — 30°
i et = Topomcraa soHa — 60°

PO681-14
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6.2 CuHTe3 BpeMEeHHBIX cepuil KOMILJIEKCHOI orndaroneii 3aMupaHus CUTHAJIA

Jua pacdera skcruryatannoHHBIX mapameTrpoB npueMHHKOB CIICC Tpebyercs cToXacTHYeCKWid CHHTE3
PEaTUCTUYHBIX BPEMEHHBIX CEPHil KOMITICKCHOM ornbaromiei kaHana. [ iMuTaIuy BpeMEeHHbBIX H3MEHEHUH
kaHana CIICC g ogHoro cniytHuka I'CO crnemyeTr UCIosib30BaTh YCOBEPIIEHCTBOBAHHYIO MOJIENb U3 IBYX
COCTOSIHUM Ha OCHOBE ITOJIyMapKOBCKOW LIEIH.

Ha pucynke 15 mpuBenena Onok-cxemMa WMHUTATOpa IJI TEHEpAIMH MPOCTPAHCTBEHHO-BPEMEHHBIX CEpH
Oru0aroIIel MOIIIHOCTH TPHHUMAEMOTO CUTHAJIA.

PUCYHOK 15

Baok-cxema umuraropa

L IT eTpbI JI
o BriGop C apameTpal Jy TIpamasn Tpacca CynmapHast
¢ [1apaMeTpoB B> CPHH N s 1 ATIHA $| 1 KOMITOHEHTHI p{ T[CHEPAHA |y,
v MoTIETH COCTOAHHH epexXoHOro BPEMEHHBIX
n MHOTOJTY 4eBOCTH 2
T y4acTKa ceputi JIy
5
env

P0681-15

[lomaroBas reHepanys BpeMEHHBIX CePHii KOMILTIEKCHOM OTHOAOIIEH MOIITHOCTH PON3BOIUTCS CIIEAYIOIIIM
o0Opazom.

BxonHble napaMeTpsl:

- gacrora f (I'm);

- yrox mecta 6 (rpamaycsr);

- OpHEHTAIHs ¢ TI0 a3UMYTy/MapuipyTy (rpamycsl);

— OKPYIKAIOIIUE YCIOBHS;

— WHTEpBal s JUCKpEeTU3aIuu (c);

- CKOPOCTB Vi TIEPEMEIIEHUS MOOWIILHOTO YCTpOcTBa (M/CY).

Llaz 0. Beibop mapameTpoB Momenu (U, 6)es, (Hy,, Om,)es: (91, 92)ce, (N1, h2)ee, (urmin)ee, (Leor)s B, fi, Tz,
confg,min, CONfgmax B 3aBUCUMOCTH OT BXOJHBIX JaHHBIX. BIlMkaiiine KO BXOJHBIM JaHHBIM 3HAYCHHS yTia

MeCTa W 4YacTOThl OepyTcsi M3 COOTBETCTBYMOUIEH Tabiwibl. [lpumep mapaMeTpoB MOJIENM TPUBEACH B
Tabsuie 5.

Ulae 1. Tenepauusi cepuii cocrostHuil. Cepuu cocTOsiHUM BKJIrodaroT cepun coOeituit GOOD u BAD.
JUTeNbHOCTh KKIO0TO COOBITHS TEHEPUPYETCS COTIIACHO JIOTapUPMHIECKU-HOPMAIBHOMY PacipeelICHHUIO.
Eciu nosydenHoe 3HaueHune Himke yeM AUl min, HEOOXOIMMO IPOM3BOANTE HOBBIM CIy94aliHBEINA BBIOOP 10 TEX
nop, Mmoka He OyJeT NoA0OpaHo 3HaYCHUE, KOTOPOE BBIIIE 3HAYCHUS TapaMeTpa:

State_durationg~lognormal(ps, oc);
State_durationg~lognormal(ps, os).

Ha pucynke 16 npuBeneH npumep cepuii COCTOSIHAN C pa3iINdHON JUINTENbHOCTRIO coObITHii GOOD n BAD.
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PUCYHOK 16

IIpumep cepuii cocTositHmii

Cepun cOCTOHUI, TTOMYMAPK OBCKAd MOJIENb

Good

Bad

0 500 1000 1500 2 000 2 500

PaccTogHue (1)

PO68L-16

Illae 2. Teneparms TpoitHbIX mapametpoB JIy (Ma, Za, MP) s Ka10r0 COCTOSIHUS U AJTMHBI TIEPEXOIHOTO
yuactka (Luans) Mexay cocrostHusMH. Ecnm  3HadeHne Ma  BBIXOAMT 3a TpaHHIBl  JHara3oHa
[Mm,6 — 1,6450, 6 Wm,c T 1,6450y, 6] ana coctosnus GOOD M BBIXOAMT 3a IPaHMIbl JHANa3oHa
[, 5 + V204, perf (25 min — 1) 5 Muyp + V20, serf (2D max — 1)]  coctostHmst BAD, TO momkeH
MPOM3BOIUTHCS HOBBIN CIy4ailHBI BBIOOp 10 TeX IOp, MOKa He OyaerT moaoOpaHo 3Ha4YeHHE, KOTOPOe
MOMAAAeT B 3TOT JUAIIA30H.

TABJINIIA 6
CoopiTHa GOOD CoobiTust BAD
Magi = Normal(uy , 6, Oum 4.6) Magi = Normal(py , 5, Oum 45)
2aci = 016*Magi +026 2 agi= g1e*Masi +028
MPgi = hig«Magi +hac MPgi = h1g+*Magi +h2s

JloGaBieHHe JUTHHBI IEPEXOHOTO YIACTKA Lirans MEXKy COCTOSTHHAMHE (CM. pHCYHOK 17):

Lirans = fllMAi — Mai+1 |+ fa (M) (26)
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PUCYHOK 17

IIpumep Tpoiinbix napameTpos Jly 1Sl KaxkI0ro COCTOSHUS H BBeleHHE JJIMHBI IEPEX0HOI0 YYACTKA MeKIy COCTOSHUAMU

CepuH COCTOAHUH

Good
My
Good Ta
Ma MP,
Ly
MP,
| My
Ly
I MP2 J
——H«— Bad —D-|—|<—
rl r2
e SO, | SN ) PN L . » US—— | DS | S > N

260 28 300 320 34 36 380 400 420 440

PaccrogHue (M)

CepuH COCTOIHUH

CocrosHue + Tnepexonnl

PO68117

ILlae 3. T'enepauusi cyMMapHbIX BpeMEHHBIX cepuii Jly.

KommnekcHble M3MEHEHHUs! CUTHAIa MOTYT OBITh CO3/IaHBI IPH MTOMOIIM TeHepaTopa BpeMeHHbIX cepuil Jly.
Peanuzarus reHeparopa mnpeicTaBieHa Ha pucyHke 18. [lapameTpsl cxeMbl JOKHBI OOHOBISATBHCS IS
KaXKIOTO COCTOSIHHS MTPY TeHEPaIli BPEMEHHBIX CepUH.

[Tapamerpst Jly, momyuennsle mist coctossHuid GOOD m BAD Bokpyr HepexogHOrO ydacTKa, BHYTpPH
MIEPEXO0/THOTO YYacTKa JIMHEIHO HHTepHOaupyroTcs (Ab).

PHUCYHOK 18

I'enepaTop BpeMeHHBIX cepuii Jly

_ o=05x 10¥
G (0,1) iyl

Honnep oBCKoe paclipeHue

= v f v

7 £ 3 "~ G s,
G (0,1) o x4 . __]__ t % » +) » o(nT)

M \-T’ ey e T \~—') Yo K onminexcHas
e orubaromas
J
PUnETp AT anT)
G @44, Z0) Wil —H Hwiamx actor AP 108720 B X .)__
H{Z)

exp(jan;m:)
(mornepoBCKHi COBUT NPAMOrO CUTHANA)

P.0681-18
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BCpXH}I}I LOCIIb TCHCPUPYCT 6BICTpLI€ HU3MCHCHUSA MHOTOJYUCBOTO CUTHAJId, 4 HWKHAA — MCIOJICHHBIC
HU3MCHCHUA IIPAMOI'O CUIHaJIA.

B BepxHeli nienu Be TayCCOBCKHUX CEpUU B KBaApaType C HYJIEBBIM CPEIHUM W €IWHUYHBIM CTaHIAPTHBIM
OTKJIOHCHHEM TPOXOJSAT Yepe3 JOIUICPOBCKUN (DUIABTP M CUTHAJIOB C eauHUuYHOW 3Heprueil. I[locie
JIOTUIEPOBCKOTO MPeoOpa3soBaHus II0Iy4€HHBIE KOMIUIEKCHBIE CEPHH yMHOXKAKOTCA HAa G, TAE 262 —
CpeIHEeKBaJpaTHIEeCKOe 3HAUEHNE H3MEHEHNH MHOT'OJTY9YEeBOT0 CUTHAA.

HwxHsis nensb BBHIMTOMHSAST UMUTAIMIO U3MEHEHUHN aMIUTUTY bl U (ha3bl IpSIMOTo curHaina. Ha mepsom stame
TCHEPUPYETCST CTaHIAPTHOE TaycCOBO pachpezesiecHue co cpenauM Ma (nb) u cranpmaptaeiM Xa (ab)
oTkIIoHeHHeM. Ha BTopom atame cepuu, u3mepsieMble B Ieruoenax, mpeoopasyroTcsi B TNHEHHbBIE eTUHUIIBI
HU3MEPEHU.

Ha tpetbeM 3Tamne npeacTaBicHbl M3MEHEHUs (ha3bl IpIMOTo curHania. [Ipeamnonaraercs, YT0 OHU H3MECHSFOTCS
JIMHEWHO, YTO MPUBOJUT K MOSIBJIEHUIO MOCTOSHHOM CHIEKTPaJIbHOM JTOMJIEPOBCKOM JIMHUU B 3aBUCUMOCTH OT
OTHOCHUTEIHFHONW CKOPOCTH CITyTHHKA TIOABM)KHOM CBSI3M, a TaKXKe yrila MpHUXoJia, a3uMyTa W yria MecTa
OTHOCUTEIHHO TPACKTOPUU MOOMIILHOTO YCTPOICTRA.

YacroTa crieKTpaibHOH AOIIEPOBCKON TMHUN ONPEACISIETCS CIACAYIOIIIM 00pa3oM:

fa = (f x vm/C)COS@-COSH. 27)

beicTpple M3MEHEHUS pEryJIupyOTCS JOIUIEPOBCKUM PACIIMPEHUEM, YTO CBSI3aHO B OCHOBHOM C
NepeMeIeHHeM TepMuHaga. B 3aBUCHMOCTH OT AuMarpaMMbl HamnpaBlI€HHOCTH AHTCHHBI Uil TEeHEepauuu
OBICTPHIX U3MEHEHHUH HEOOXOAMMO HCIIONB30BaTh MoJienb JIxelikca.

OunbTp xelikca onpenessieTcs CIeIyIUM 00pa3oM:

— K .
S(f) - T[fm\/T/fm)Z AJIA |f| < fm' (28)
S(f)=0 s |fl = fin,

rae fm = vm X flc, a K — 310 mapamerp HOpMmanu3aiuu, Ojaromaps KOTOPOMY B Tporiecce (GHIbTpamuu
MOIIHOCTH 00pabOTKH HE U3MEHSIETCS.

AMITITY1la TpSIMOTO CHTHaJIa B MEHBIIEH CTEMeHH TIOJBEpXKEeHa KojeOaHUsIM, 4YeM aMIDIUTYy/a
MHOTOITy4€BOTO CUTHAJA, BBI3BAHHOTO 3aTEHEHWEM. B 3TOM BapHWaHTE CKOPOCTh M3MEHEHHS MEJICHHBIX
KOJIeOaHMI ONpeaeNsaeTcs JUTMHON KOPPesiiui Leorg st coctostanii GOOD wnu Leons A1 cocTostamin BAD.
Ja paccTOSHUS Vi [s AMCKPETU3AIMH TP MHOTOJIy4YE€BOCTH KOPPEIHMPOBAHHbIE BPEMEHHBIE CEPUH B CIIydae
3aTeHEHUI TeHePUPYIOTCS C UCIIONB30BAaHUEM CIEIYIOIIET0o ITUPPOBOTO (PUIHTPa HIKHUX YaCTOT:

Hy(Z) = %‘/fic p, = exp (_LUC—:‘TT:) (29)

Ha pucynke 19 nmokazan npumep reHepupyeMbIX BpEMEHHBIX cepril (Tpeodpa30BaHHBIX B MPOCTPAHCTBEHHBIE
cepun).
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PUCYHOK 19

IIpumep renepupyeMbIx NPOCTPAHCTBEHHBIX CepHil

10

—10 S5 e
El : :
=00 Wl oo nn e N . PR E e
0 W Saisa AHE - g N L2 RERRRR 1 I B CyMMapHEIE
: NaHHBIE
BaTeHeHHE
-40
0 500 1000 1500 2000 2500
Paccroanue {(m)
P0681-19
7 Pu3uKo-cTAaTHCTHYECKAS HIMPOKOII0JI0OCHAasA MOJeJb JJIA CMEIIAaHHBbIX yCJIOBHﬁ
pPacnpoCcTpaHeHUust

B mynkTe 6 mpuBesneHa cratuctuueckas yskorosiocHas monenb g CIICC B pa3znuuHbIX ycioBusx. s
mupokononocHeix CIICC ¢ kaHaloM MHOTOIYYEBOTO PACOPOCTPAHEHHUS, TIA€ KaHal MO-pPasHOMY
BO3CHCTBYET Ha pa3HbIe YACTOTHI B IPEAEIIax IUPUHBI OJOCH CUTHAIA (YACTOTHO-U30MpaTeIbHbIC KaHAbI),
OoJsiee MpUTOAHA T€HEPATUBHASI MOJICb, PEATN3YIONIAs JTHHEHHBIA TpaHCBEpPCATbHBIA (HUILTP, BBIXOAHBIM
napamMeTpoM KOTOPOTO SIBIISIETCSI CUTHAJ, PEACTABISIONINNA cO00H CyMMy 3a/1ep:KaHHOTO BXOJJHOTO CUTHAIA,
ocna0IeHHOr0 BXOAHOTO CUI'HAJIa M BXOJHOTO CUTHAJIA C IOIJIEPOBCKUM CABUIOM YaCTOTHI (IIHPOKOIMIOIOCHAs
Mozens). OmpeneneHuss TEPMUHOB, CBS3aHHBIX C MHOTOJYYEBBIM PpacHpOCTPAHEHHEM, COAep)KaTcs
B Pexomenganmu MCD-R P.1407.

JlanHas MoJens NpUMEHNMA K CUTYalllH, KOT/1a CIIyTHHK, HAXOAACh B U3BECTHOH MO3UINH, BEACT Mepeaady
CUTHQJIOB Ha NPHEMHHUK Ha 3€MJIE, a YroJl MECTa € U a3UMYyT () MOTYT OBITb BBIUYMCIIEHBI OTHOCHUTEIHHO
HaIpaBJeHUs U MO3UIMH ITpUEeMHUKA. Mojens mpuMeHnMa it yactoT Mexay 1 u 2 I'T u cnpaBennmBa juis
LIMPOKOTIOJIOCHBIX ~CUCTeM ¢ IUpuHOW monocel a0 100 MI'm. Orta wmozens Oasupyercss Ha
JNETEPMUHUCTUYECKUX M CTOXACTUYECKMX IapaMeTpax M MOXET TI'€HEpHUpOBaTh BEKTOPHI, BKIIOYAIOIINE
BPEMEHHBIE CEPHH KOMIUIEKCHBIX OTHOAIONIMX TMPSMOTO M OTPAKEHHOTO CHTHAJIOB, M COOTBETCTBYIOIIUC
BEKTOPHI 33JIepKKU Ha Tpacce. [lapameTpsl, onpeaensionye CTOXaCTHUECKUN PeXUM MOJEIH, BBIBOAATCS IO
pesyibTaTaM HM3MEPEHHH, IMOJYyYeHHBIM JJsl JaHHOTO cHeHapus. [‘eomerpuss MoJeluM OCHOBaHAa Ha
CHHTETUYECKOM IIPEJCTABICHUH YCIOBHI.

Mojenb KaHajla COJCPXKHUT Ha0Op CICAYIOUMX 4YacTed (ONpENeNCHHbIX I MOIJICPKKH HMHUTALUU
PEATMCTUYECKOTO PEKMMA PACIIPOCTPAHEHUS ISl OOJBIIOTO YHCIIA MPEICTABIISIONUX HHTEPEC CIICHAPHEB H
MTPOBEPEHHBIX Jaliee MMyTeM SMIUPUIECKOr0 aHAIIM3a HA OCHOBE JJAHHBIX U3MEPEHUN ):

- 3aTE€HEHUE MPSIMOTO CUTHANA!
—  Moaynb dacaja 31aHus;
—  MOJIyJb JIepeBa;
—  MOAYJb CTOJI0A OCBEILCHUS;
- MOJTYJTb OTPaKCHHH.

CtpykTypa MOAENW MpeacTaBiieHa Ha pHUCyHKe 20, BKIIIOYas CICAYIONIHE BXOIHBEIC, MPOMEXKYTOUHBIE H
BBIXOJTHBIC H3MEHSIONINECS BO BPEMEHH CUTHAJIBI:

Vu(t):  CKOpOCTB IBMIKSHUS MOJIH30BATEIIS;
hdu(t): nampaBneHue ABMKEHHS MOJIL30BATEIIS;
els(t):  yrom mMecra criyTHHUKA;
azs(t): a3MMyT CIyTHHKA,;

Xu(t):  TO3UIMS MOIB30BATENS O OCH X (OCH Y U Z CYMTAIOTCS IOCTOSIHHBIMH);
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azy(t):  asuMyT MomB30BaTENS;

y|(t) BBIXOAHBIC CUTHaAJIbl, T'AC Ka)XXJ0€ 3HAYCHUC i cBa3aHoO C OpsAMbIM CHUTHAJIOM U
OTpaXaTejICM.

VauTbhiBaeMbIE B MOACIH MEXaHU3MbI pacupoCTpaHCHUA U CHHTETHICCKUE YCIIOBUA ITIOKa3aHbl HA pUCYHKE 21.

CTpyKkTypa MOJENH NIeHCTBUTENbHA Il HECKOJILKUX CICHAPHEB: aBTOTPAHCIIOPTHOE CPEJICTBO B TOPOJIE,
MEIeXo1 B TOpojie, aBTOTPAHCIIOPTHOE CPEACTBO B MPUTOPOJE, MEIeXo ]l B Ipuropoae. Monenb moctpoeHa
Ha OCHOBaHWU JAHHBIX IO PE3yJIbTaTaM U3MEPCHUN B YCIIOBUSX TOPOJICKOTO W MPHUTOPOTHOTO CIICHAPUEB,
npoBeIeHHbBIX B ropoae Mionxen (['epmanusi) u BOmu3u Hero. [IporpaMMHoe oOecriedeH e ISl pearnu3anim
MOJIEJIN JOCTYIHO Ha BeO-caiite 3-if MccnenoBaTenbckold KOMUCCHU TO paauocBszu. [lomHoe omumcanue
peaNM3anud MOJEIM M €€ WCIIOJIB30BaHUS COJCPKUTCS B pa3MEIICHHOM Ha BeO-caiiTe yKa3aHHOM
HccnenoBarensckoir komuccun MCD-R Otduere 0 (DH3MKO-CTATHCTHYECKOW MOIETH IIMHPOKOTIOIOCHOMH
CIICC.

PHUCYHOK 20
CTpyKTypa MoeIHu

t
Vy® > %O > CHHTETHIECKHE YCIIOBHS
el,(t)
hd(t) = azy ()
Mogenn ‘
TBHKCHHS
el () i dacag foMa
A
I D _.a 4 l
o Doty ——
az(t) . Flepe Dokl LE—-
| Monens
CT010 OCBELICHHS OTPaKEHHSI
| %
P068120
PUCYHOK 21

MexaHH3MBbI PAaCIPOCTPAHEHHS] U CHHTETHYECKHE YCIOBHSI

LoS

 Kpbuum n'eTenbr 3a§t)pm »
(ﬂuq)palf"lff).~ - B dpacae oma e
O dasialsd 3 Ny HaﬂpaB“eH“

o .“(Dacaz(',dQMéh”

Crond fioeracerss
ocemenus 40 4 JlepeBo
(¢ paxuus) (nudppauns -

‘ocnabneHue) -

P.0681-21
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7.1 BxoaHble mapamMeTpbl MOIeIH

JLnst K 0i BXOTHO#M BRIOOPKH TOJDKEH OBITH 3a/1aH PSIT BXOJIHBIX MTAPaMETPOB MOJICITH:
- YIoJ MeCTa CITyTHUKA;

— a3UMYT CITyTHHKA;

— CKOPOCTD IBIKEHUS TTOJIH30BATEIIS;

- HaIlpaBJICHUEC ABUIKCHUS MMOJIL30BATECIIA.

Crnenyer OTMETUTD, YTO MaKCUMAaJIbHAsI CKOPOCTH MOJIb30BATENSI OTPAHUUYUBACTCS YACTOTOM NUCKPETU3AIUU
MMITyJTbCHON XapaKTepHUCTUKN KaHAala:

Cof
0
V< samp , (30)
2f,
rae:
fsamp ©  WacTOTA AMCKPETH3AIHH;
fc:  dactota Hecyei;
Co: CKOpOCTB CBETA.

PexomenayeTtcs NCTIONB30BaTh KOPPEKTHBIN KOAGPHUIMEHT epeIMCKPETH3aNU, Hanpumep 4.

7.2 BoixoaHble mapamMeTpsl MOJIeIH

BrixomHpIMU apaMeTpamMu MoJienu SBIsitoTcs BekTop N 3amepixek Ti Ha Tpacce 1 N KOMITJICKCHBIX 3HaUYCHHH
Ai(t) s KaXaI0ro MOMEHTa BPEMEHH. DKBHBAJICHTHAS MMITYJIbCHAs XapaKTEPUCTHUKA KaHala TPYIIIOBOTO
CUrHaJla OIPEAEISIeTCs CIEAYIOLIMM 00pa3oM:

n(t.9)= D7, A 08— 0) @y

rae t ¥ T 03HAYalOT OCHM BPEMEHU M 33/eP)KKH COOTBETCTBEHHO. CleyeT OTMETUTh, YTO 3aJIepKKU Ha
Tpacce Ti(t) ABIAIOTCS IEPEMEHHBIMH BO BPEMEHH U MOTYT JAOCTHTaTh MPOU3BOILHEIX 3HAYEHHH.

7.3 Hcnoan3oBanue BBIXOAHBIX ITaPpaMETPOB MO1€/IN

[Tyctp S(t) — mepenaBaeMblii SKBUBAJICHTHBIH IPYNIIOBOM CHUTHAJ, TOT/Ia NPUHUMAaeMblii curHan r(t) moxer
OBITh paccudTaH OOBIYHBIM O0pa30oM IyTeM KOHBOJIIOLMHM IIEPElaBaeMOr0 CHTHaja C HMMITYJIBCHOR
XapaKTePUCTUKON KaHaja CIEeoYIOIINM 00pa3oM:

r(t) = s(t) * ht, 7). (32)

WMIyibCHBIE XapaKTEPUCTHKKM KaHalla KaK BBIXOIHBIE MapaMeTPBl MOIETH OOHOBISIOTCS CO CKOPOCTHIO,
3a1aBaeMOM fsamp.

8 Pa3HeceHHe CIyTHHKOB

B NpeaAbIAYyIIUX pasaciiax paCCMaTpUBaIUCh JTUWHUHA CBA3HU C OAHUM CITYTHHUKOM. JIHSI YIIYUIICHHUA 1OKa3aTCIIse
TOTOBHOCTH B CHUCTEMAX C HECKOJIBKMMU CIIYTHHUKaMMU MOXKET HUCIIOJIB30BAaTHCA PA3HECCHUEC JIUHUHN CBS3H.
B naHHOM pasfenie paccMaTpuBacTCs 00bEAMHEHHE/KOMMYTHPOBAHHE CHUTHAIIOB, TOCTYIAOIIUX OT Pa3sHBIX
CIyTHUKOB. PaccMaTpuBaroTCs JBa Cilydas — ClIydail OTCYTCTBHS KOPPEJSAIHH, KOT/Ia MPEIIOoIaraeTcs, 4ro
MOCJICACTBUA 3aTCHCHUA, 3aTparMBarOuce MPUHUMACMBIC CUTHaAJIbl OT BUJUMBIX CIIYTHHKOB, ABJIAIOTCHA
HEKOPPEIUPOBAHHBIMK; W CIIydall Hanudus KOPPEJSIHH, KOTJa CYIIECTBYeT OMNpEACTCHHAS CTEMeHb
Koppensimi. B obenx curyanusx —oOyCIOBIMBAaEcMble MHOTOJIYYEBOCTHIO OTKJIOHCHHS CHTHajga
paccMaTpUBAIOTCS KaK HEKOPPEITHUPOBAaHHbIE.
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8.1 Cay4aii 0OTCYTCTBHS KOPpPeJsiiiun

Mopens, mpeacTaBieHHas B paszene 6, o0lamacT BO3MOXKHOCTBHIO OLCHKH BO3ACHCTBUS PAa3HECEHUS
CIlyTHHKOB B CJIydae I'PYIIHPOBOK CITyTHHKOB, B KOTOPBIX BHIMUMBIMHU SIBIISIFOTCSI HECKOJIBKO CITyTHHKOB
(TO ecTh IPOUCXOIUT MEPEKIIOYCHNE Ha HAUMEHee MOBpexkIeHHY0 Tpaccy). dns cuctem I'CO BeposTHOCTH
BO3HUKHOBCHHSI KaXJIOTO COCTOSHHS JUISi KaXJOH CITyTHUKOBOW JIMHHHM CBSI3H, TO €CTh Pgoopn H
Peaon (n=1, 2..., N; N — KOM4eCTBO BUIAMMBIX CITyTHHUKOB), 3aBHCST OT yIjia MecTa On Ka)KI0ro CIyTHHKA.
BeposTHOCTH BOHUKHOBEHUS TOTO WIIM HHOTO COCTOSIHUSI ITOCIIE Pa3HECEHHsI Ha OCHOBE BHIOOpA COCTOSHM,
Pcoob:div 1 PeAD:div, OTIpeIEISIFOTCS CIIeAYIOMHIM 00pa3oM:

N

I:)GOOD:div =1- H [1 - I:)GOODn (en)]’ (33&)
Panoaiv =1~ Fsoonuaiv- (33b)

B cayuae cucrem HI'CO, Takux xak O30 u COO, BepoSITHOCTH BOSHUKHOBEHUS PA3JIMYHBIX COCTOSHUHN A
KaXI0M CIyTHHKOBOW JIMHUM CBSI3M U3MEHSIOTCS BO BPEMEHH B 3aBHCUMOCTH OT U3MEHSEMBIX BO BPEMEHH
3HAYEHUH yryia MecTa CHyTHUKOB. CpenHee 3Hau€HHE BEPOSTHOCTH BO3HHMKHOBEHHUS TOTO MM HHOTO
cocrostHuS <Pgoop:div> 1 <Peap:div> TIOCIIE pazHeceHUs paboYMX CIYTHHUKOB B MepHON BpeMeHH oT 11 1o tr
OIIPEIEIISIOTCS CIEAYIOIINM 00pa3oM:

t
1 |2 :
(Ridiv)=-— | Pidiv(t)dt (i=GOOD, BAD). (34)
to—1 4
8.2 Cay4aii HaJIM4usl KOppesinuu

Bo MHOruX ciny4asx coObITHA 3aT€HEHHUs, 3aTParuBalolire ABe JIMHUK CBSA3M C JaHHBIM YIJIOBBIM Pa3HOCOM,
MPECTaBIISIIOT ONPEIEICHHYIO CTETeHb KOPPEISIIUU, KOTOPYIO HEOOXOIUMO OIIEHUTh KOJHYECTBEHHO IS
oOecriedeHus 6oJ1ee TOUHBIX OLIEHOK O0IIEel TOTOBHOCTH, 0’KUAaeMOW B OTHOIICHUH CUCTEMBI C HECKOJIbKUMHU
cnyTHUKaMu. s 3Toi 1enu ucnoib3yercs: Ko3hGHUUUEHT KPOCC-KOPPEIALUT 3aTeHEHU. JTOT Napamerp
MOJKET IPUHUMATh 3HAUYEHHs B Juana3oHe +1 HauMHas OT MOJIOKUTEIBHOI0 3HAYeHUs], OJIM3Koro K +1, ams
MAaJIOro yIIIOBOTO Pa3HOCa, 70 AaXKe OTPULATEIbHBIX 3HAUCHUH 17151 OOJIBIINX BEIMYMH YIIIOBOTO Pa3HOCA.

8.2.1  KoanvecTBeHHas oleHKA K03 (PUIIeHTa KPocC-KOPPeISIUH 3aTeHeHHs B TOPOJACKUX 30HAX

Hwxe onmceiBaeTcst mpocTasi TpeXCerMeHTHas MOJIeTh KOJTMYEeCTBEHHON ONleHKH K03 PuIreHTa Koppemsiiuu
MEXIy COOBITHSIMH 3aTEHEHUS B TOPOACKUX 30HaX. VCmomp3yeTcs TpaaulMOHHAS TE€OMETPHUS TOPOJICKOU
30HBI — YJIWYHBIA KaHbOH. 3ajiaya 3aKI4aeTCs B KOJUYECTBEHHOM OIPEICICHUH KO3 QUIeHTa
Kpocc-koppensaiuu p (), IpH 3TOM Y SABJISIETCS YIIIOBBIM PasHOCOM MEXIY ABYMsI OTAEIBHBIMH JIHHHSIMHU
CBSI3U CIYTHUK — IIOJIBM)KHBIN TEPMHUHAJ B YJIMYHBIX KaHbOHAX, KOTOPBIE OMKUCAHbI ¢ TOMOIIbI0 ux MKA.
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JlaHHast reoMeTpus MPEACTaBICHA HA PUCYHKE 22, T/ie:
01, 021  yrom mecra CIlyTHHKA;
W  cpenmHss HIMpUHA YIIUIIB,
h: cpenmss BeICOTA 3IAHMIA;

|:  uHa paccMaTpUBaeMOU YITHIIBL.

PUCYHOK 22

reOMeTpl’lﬂ YJIMYHOr0 KAaHbOHA

e NN o) W
i X . Xy ’
. L4

2

TepmuHan

P.068%15

VYTI10BO#1 pa3HOC MEXIY JBYMS JIMHHUSMH CBSI3H Y MOXKET OBITH BBIpa)XEH B 00Jee TPaAMIMOHHBIX YIIIOBBIX
TEPMHUHAX: YTIIbl MECTa JIBYX CITyTHUKOB 0 1 0j 1 pa3HOC MO a3UMYTY MEXy HUMHU A, TO €CTh KOIQPHUIUEHT
KPOCC-KOPPEJISIIIMKU 3aTCHEHNUS, MOXKET ObITh BbIpaxkeH Kak p (i, 0j, Ap).

Ha pucynke 23 cxemMaTH4eCKH NPEACTABICHbI TUIIOBBIE PE3YJIBTATHI, MOJIYYEHHBIE C IOMOIIBIO JAHHOU
MOJIEJIH, Ha KOTOPO# MoKa3aH OOIIMiA PEXXKUM B BUJEC TPEXCETMEHTHOM JArarpaMMbl, 0003HAYCHHON TOYKAMHU
A, B, Cu D. B nonosiHenue K 3Toii 0011el JuarpaMMe MpeIcTaBlIeHO HECKOJIbKO YaCTHBIX CIy4aeB, B KOTOPBIX
00BETMHEHBI ABE HITH 00JIee U3 3TUX YETHIPEX TOUCK.

Ha pucynke 22 moka3aHo, YTO B LEJIOM OOBIYHO CYLIECTBYET TJIABHBIM JIENIECTOK IOJIOXKHUTEIBHBIX
YMEHBIIAIOUIUXCSI 3HAYEHUH KpOCC-KOPPEISLUU U1 MaJoro a3uMyTalbHOIO pas3Hoca (KaK IIpaBUIIo,
A < 30°), B To Bpemst Kak Jjisi OOJIBIINX 3HAYCHUH AP 3TOT KO3(QPHUIUEHT CTPEMHUTCS TPUHSTH MTOCTOSTHHOE
OTpULIATENbHOE 3HAa4YeHHWE. J[aHHBINA JIENECTOK IIPEJICTABISAET BBICIIMI MAakCHMyM, KOIZa JBa CIIyTHHKA
HaXOJISATCSI Ha OJIMHAKOBBIX yriiax MecTa. [IpH yBenmmueHnn pa3HuIlbl MeX 1y yriaamu Mecta (0i >> 0j) inenectok
OyzeT MmoKa3bIBaTh 3HAYUTEIEHO 00JIee HU3KHI MAaKCHUMYM.
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PHUCYHOK 23

TpexcermeHTHasi MOJe/Ib KO3 pHUIIIEHTa KPOCC-KOPPeLISUN
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O011asg MoIelb

= e U CTHBI CITy YA 1
EEEEERImEEIEEEE qaCTHLH‘;I CJIy-l{aI‘;I 2
e UaCTHBIN CITy Ak 3

-------- YacTHeI ciryyait 4
P.068123

Takoke ObLIH ONPE/ICIICHBI YaCTHBIC CIIyYan JTaHHOM TPEXCETMEHTHOM MOJICNIN: YaCTHBIN ciiy4ait 1 BO3HHMKAeT,
Korga oba cmyTHuka Haxozgsrcs Beiie MKA gnsg moboro asumyrtanbHOro pasHoca. B atom ciydae
KO3 QHUIMEHT KOPPENISIIUU MPUHAMAET TOCTOSHHOE IMOJIOKHUTENbHOE 3HaueHue +1 s aroboro Ag. OTo
HEepeJeBaHTHBIH cly4ald, IOCKOJIbKY B JJAHHOW CHUTyallMH HE TpeOyeTcs pa3HeceHUe CITyTHUKOB. YacTHBIN
ciy4ail 2 BO3HHKAEeT, KOraa OAUH CIIyTHUK Bceraa Haxonutes Beiiie MKA, a npyroit — Bceraa Huxxe MKA
(3a uckiroueHreM O00OMX KOHIIOB KaHbOHA). B 3TOoM ciiydae KO3(QQHUIMEHT KOPPENSIUN TPUHAMAET
MTOCTOSTHHOE OTpUIaTeIbHOE 3HaueHne. YacTHBIN ciy4ail 3 BO3HUKAET, KOT/a IBa CIIyTHUKA HAXOJIATCS HA TOM
kKe yrie mMecta. B 3TOH CHTyalnMu JIEECTOK KOPPESIIMH HAaYWHAET YMEHBIIATHCS OTHOCHTEIBHO CBOETO
MaKCHMaJIbHOTO 3HA4YEHHS, paBHOTO +1 (TO €CTh CITyTHUKH PACIIONOKEHBI TIOJ] OJHUM U TEM )K€ yTIIOM). DTOT
YaCTHBIM ClTydail MPIMEHNM K CHUCTeMaM, OasupytonmmMcs Ha cmyTHHKax ['CO, nMeronux mmpoKkuii pasHoc
[0 a3MMyTy, HO BECbMa CXOAHBIE yIiibl MecTa. HakoHel, yacTHbIN ciydail 4 BO3HUKAET, KOTJa CIyTHUKU
HUMEIOT OYCHb pasHble yriibl Mecta (0 >> 0j). B 9TOM citydae jernecTok KOppelsiu paciiupseTcs Ha OYeHb
IMUPOKUH Wana30H 3HAYeHWH a3uMYTalbHOTO pa3HOCa, HO TIOKAa3bIBa€T Majble TOJOXKHUTEIbHBIE
KOPPEISIIHOHHBIE 3HAUYCHUS.

Crnenyer OTMETHTh, YIUTHIBAS TEOMETPHIO JAHHOTO CIieHapus (yTUYHBIN KaHbOH) U JOMYIIEHHE O TOM, YTO
[IOJIB30BATENb HAXOAUTCA B CEPEAMHE YIHIBI, YTO KOPPEJSALUMOHHBIC 3HAYEHUS SBIISAIOTCS CUMMETPUYHBIMU
JUTS BCEX YETHIPEX KBAAPAHTOB AQ; MO3TOMY Ha pUCYHKE 23 moKa3aH TOJBKO OJUH KBaIPaHT.

Uro kacaeTcs pucyHKa 22, TO B JaHHOW MOJAEIH MCIOJIb30BAINCH CICAYIOUINE BXOAHBIE apaMeTphl: YIJIbl
MecTta ciyTHUKOB 01 u 02 (rpan.), cpenHsis BbicoTa 31aHus N (M), cpeaHss IUpUHA YIUIBl W (M) B JUTHHA
paccmarpuBaeMoit yiuipsl | (). s 3Toro mociepHero mnapamerpa pPeKOMEHIYeTCs BBIOMpATh OOJbIIOE
3HaueHue, To ecth | > 200 m. Jlanee mpennonaraercs, yto 02 > 0;. Pa3penienue azumyTanbHOTO pa3Hoca B
9TON Monenu A@ coctaBiseT 1° U ASWCTBUTENBHO AJS BCEX MOJOC YacTOT, XOTS OHO CTAHOBUTCS Oosee
TOYHBIM JUIs1 1Tos1oc yacToT Beime 10 I'T.
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s pacdera 3HaueHUI KO3(PPUIMEHTA KPOCC-KOPPENSAIUNA U a3UMYTaIBHOTO Pa3HOCa, COOTBETCTBYIOIIUX
toukam mozenu A, B, C u D, Heo0X0IMMO BBITIOTHHUTH CIIETYIONIHE IIIATH.

Llae 1. Pacyer NOTIOTHUTENBHBIX 3HAUCHUH X1, X2, M1 1 M2 1 yriioB &; u &, (cM. pucyHok 22):

) - = o) ()

- Ecnum (X1, 2)? < 0, mepeiiti K mary 6. JTa CUTyalusi BO3HMKAET, KOT/a CIyTHHMK | m/wmim 2 Beerma
HAaXOAWTCS B YCIOBHUSX NMPSIMON BHIMMOCTH IS JTIOOOTO a3UMYTAIBHOTO pa3Hoca.

— Ecnu X1, 2 > 1/2, ycranoBuThb X1, 2 = I/2. DTa cutyanus BO3HUKAET, €CIHM CIYTHUK | /WK 2 SBISIETCS
BUJMMBIM TOJIBKO Ha 000OMX KOHILIAX YJIHIIBL:

& =round (arctanW—/ZJ u  &y=round (arctanw—/z} (36)
X X2
Mlz_‘:l;roo"r’ n M =—§2;00'5, (37)

rae "round™ o3HavyaeT OKpyIJICHHE 10 OJIMKAMIIeH eoi BeTMIuHbI (Tpa.).
ILlaz 2. Pacuer MONMONMHUTENBHEIX JAHHBIX, CBA3AHHELIX ¢ Toukamu 4 u D Mozenu.

Jns Touxu A:
Nip=4& +2; Ngo=360-482 -2 Nop=4(E2—-&1); Nip=0. (38)
Jns Ttouku D:
- ecmm &1 + & <90,
Nllzo; Noo =360—4§1—4E_,2 — 4, N01=4&_,2 +2; NlO =4§1+2; (398.)
- ecmu &1 + & > 90,
N11=4& +4&2+4—-360 Ngg=0; Ng1=360-4& —2; N1g=360-4&> —2. (39b)

Ulae 3. Pacuer ko3 dunpienTa kpocc-koppensnun B Toukax A u D:

1 Nj3(1-M7)@-M3)+Ngp(0-M1)(0—M3)+N;g(1-M;)(0-M3)+Ngp; (0-M;) (1-M5)

PA.D =359 o(01)5(6,) 0
2 2
52(0y)= (461 +2) (1= My)” + (360481 =2) (0—My)" (412)
359
2 2
2(0,)= (452 +2)(1-Mp)” +(360-48,-2) (0—M2)"™ (42b)

359

llae 4. B touke B ko3 duimeHT Koppensnuu Takod ke, Kak U B TOUYKE A, a pa3HOC MO a3uMyTy AQ
omnpezenseTcs claeIyoIuM 00pa3oM:

ABHNIYT Touka B EC?Z - gl (rpazxycm). (43)
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Illaz 5. B touke C ko3 duireHT Koppensanuyd Takoil ke, kak ¥ B Touke D, a pasHoc mo azumyTy A@
OTIpeneNsieTCs CIEAYIOMNM 00pa3oM:

- ecmn &1+ & <90,  ABMMYTToukaC =E1~52 (rpamycer); (442)

- ecmn & +8>90,  ASMMYTToucaC = 180-81—E2  (rpamycei). (44b)

Ulae 6.3T0 cimydwaii, Koraa Ui OAHOTO WM OOOMX YIJIOB MeCTa BCETJa CYIIECTBYIOT YCJIOBHS IMPSMOU
BUAMMOCTH. B 3TOM ciyyae K03((GUIMEHT KOPPENSAUH PAaCCUUTHIBAETCS HECKOJIIBKO MHBIM 00pa3oM o
CPaBHEHHUIO C IIarom 3.

- eciu 00a CIIyTHHKA BCET/Ia SIBIISTFOTCS BUTUMBIMU, KO3 (QHUITUEHT KPOCC-KOPPEIISIIUN TOCTOSIHHBIN 1
paBeH +1 ans moboro Ag;

- €CI OfWH W3 CITyTHHUKOB BCErna SBISETCSH BUAMMBIM, KOI(QQHUIMEHT KPOCC-KOPPEISALNNN TaKKe
MIOCTOSIHHBIM U UMEET CIAEAYIOLINUNA BUI:

p:[% _1) (45)

rae Nip = 4&; + 2, a &1 paccunThIBaeTCA TaK e, Kak Ha miare 1.

8.2.2 Pacuer roroBHOCTH

[Mocme Toro kak KOA(OUIMEHT KpPOCC-KOPPEISILMKA ONPEACICH, BO3MOXKHO BBIYMCIUTH, HACKOJIBKO
yIIydIIaeTcsl ToKa3aTellb TOTOBHOCTH B pe3yNibTaTe MPUMEHEHHs Pa3HECeHUs CITyTHUKOB. B JaHHOM ITyHKTe
MIPEICTaBICHBI BBIPAKEHUS IS pacdeTa TOTOBHOCTH CUCTEMBI TIPH Pa3HECEHUH ABYX CITyTHHKOB. Y YUTHIBAs
MaJble, KaK MpaBUIIo, 3amachl (WM JUAra30Hbl PeryJTupOBAaHUS MOIIHOCTH), UCTIONb3yEeMbIE B CYXOMYTHBIX
MOJIBMKHBIX CITyTHUKOBBIX CHCTEMax, HEOOXOIMMO PacCMaTpPHBaTh TOJILKO BO3JCHCTBHE 3aTEHEHHUS. DTO
o0ocHOBaHHas pabodasi THIIOTE3a, ITOCKOJIbKY 3HaUEHHUS TOTOBHOCTH OYIyT COOTBETCTBOBATh JIMHUSM CBSI3U B
YCIIOBUAX HpHMOﬁ BUIUMOCTHU, B KaKOBBIX CJIydasaX HW3MCHCHMHA, OGyCJIOBJ'II/IBaeMBIe MHOT'OJIY4€BOCTBIO,
HMEIOT palCOBCKOE pacHpeiesieHUE M, CJIEJOBaTEIbHO, BeCbMa Majbl. B ciydae ycloBUM 3aT€HEHUS
(cmmpHOrO WM CNAbOTO) JIMHUM CBSI3W OyIyT HAXOAWTHCS B HepabOUeM COCTOSHUH, HakKe eclu
MHOTOJTy4€BOCTh 3HAYNTEIHHO YCUIIMBAET CUTHAJL.

Jiist IBYX JIMHUI C PasHOCOM TIO YTy, 3HAYEHUSIMUA BEPOSTHOCTH HETOTOBHOCTH P1 U P2 B KOAPPHUIIMEHTOM
KpPOCC-KOPPEISIIIUA 3aTeHEHHsT P OOmas BEPOSTHOCTh HETOTOBHOCTH TIOCIE TPUMEHEHHsI pPa3HECEHHUs
CIIYTHHUKOB OyJIET OTIPENeNSATHCS CIEYIONIHM 00pa3oM:

Po=p+ Prl— Py) v/ PLd— P2) + Py Py (46)

a BEPOSTHOCTh TOTOBHOCTH OyJET COCTaBIATH 1 — Po. JlelicTBUTENbHBIC 3HA4YCHHWS P B ypaBHeHUU (46)
OTrPaHUYMBAIOTCS 3HAUCHUSIMH, 00YCIIOBIMBAIOIIMMI HEOTPULIATEIIbHBIC 3HAUCHHS I Po. BeposiTHOCTH P1 1
P2 ISl TOPOJICKUX 30H MOTYT OBITh PACCUUTAHBI C IIOMOIIBIO MOJIENH, ONTMCAHHOH B IMyHKTE 4.2.

OOmmii pacyer A JJAHHOTO BPEMEHHOI'O WHTEpBala WM JUIS TOJHOTO IMEpHoJia TPYHIUPOBKU Tpedyer
pacdera B3BEUICHHBIX CPEAHMX 3HAYEHWH MO BCEM MO3WIMAM (a3UMYTHI M YTJIBI MECTa) ABYX CITyTHHKOB
OTHOCUTEIBHO TEPMHUHAJIA IIOJIB30BATEIIA.

8.3 MogaeapoBaHue BO31eiCTBUSI pa3HECEHHs CIIYTHUKOB ¢ Mcnob30BaHueM GyHknuiit MKF

B pacuerax 3HaueHMii TOTOBHOCTH CHCTEM C HECKOJBKUMH CITyTHUKAaMH MOTYT HCIIOJIB30BAaThCS (QYHKLIWHU
MKEF, ompeneneHne KOTOPBIX COAEp)KHTCS B MyHKTe 4.4. B reomerpuu caMoro 3KpaHUpPOBaHUS YKe
COJIEP)KUTCSI BO3MOYKHASI YAaCTHYHAS KOPPEJSIHS BIMSHHUS NEPEKPBITHS MEXIY Pa3HbIMHU JHHHUSIMH CBSI3U.
Pucynoxk 24 sBnsiercs WiutrocTpalueil pacyeTa roTOBHOCTH CUCTEMBI, B COCTaB KOTOPOI BXOZAT J1Ba CITyTHHKA
I'CO. Jluann A-B u C—D moka3bIBaloT XOA Pa3BEpPTKH, KOTOPOMY HEOOXOIMMO CIIeIOBaTh NPH pacyere
cymmapHOH roToBHOCTH. JlmHusS A-B moxassiBaeT pasBeptky asumyta 360° mpu yrime wmecra 0,
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COOTBETCTBYIOMIEM CIYTHUKY 1, a muHus C—D mokaspBaeT pa3BepTKy azmmyrta 360° mpu yrie mecta 02,
COOTBETCTBYIOIIEM CIyTHHKY 2. JIJis ydera BO3MOXKHOUM KPOCC-KOPPEJSAIMH MEePeKPhITH pa3BepTka 360°
JIOJDKHA BBITIOJTHATHCS C COXPaHEHHEM Pa3HECEHUS 10 a3UMYTy AQ MEXIY IByMS CITyTHHKAMHU.

Oynknun MKF ynuiel Takke MOTYT OBITh PACIIMPEHBI ISl CUCTEM ¢ HeckoibkuMmu criyTHukamu ['CO u B
ciyyae TpynmupoBku crytHukoB HI'CO. B mocnenHem ciyvae uWcclelnoBaHWs OyAyT BKJIFOYATh
MTOBTOPSIFOIINECS PACUEThI pa3BepTOK 360° HaNIpaBIeHUS OPUEHTHPOBAHUS YITUIIBI IJIS1 TOCTATOYHO OOJIBIIOTO
KOJIMYECTBA MI'HOBEHHBIX COCTOSIHUHN IPYIITMPOBKU CIYTHUKOB. MTHOBEHHOE COCTOSIHUE B JAHHOM KOHTEKCTE
03HavyaeT (aKTUYeCKUe MO3MIUU (A3UMYTHl M YTIbI MECTa) Pa3lMYHBIX CITYTHUKOB BBIIIE MUHUMAIBHOTO
paboyero yria MecTa Omin. [Ipu onipenienieHny CoOTBETCTBYIONINX UHTEpBaa Iiara AT ¥ ieproia HaOJtoIcHUS
Tobs TOTOBHOCTH MOKET OBITh PACCUMTAHA KaK CpeJ{HEe, B3BCIICHHOE 110 BPEMEHH ¥ OPHCHTHPOBAHUIO YITHIIHI,
3HAYEHUE MONYYCHHBIX PE3YNBTATOB JUIsl KaXJIOr0 MTHOBEHHOI'O COCTOSHHSA. J[0OCTOBEpHBIC pe3yJbTaThl
obecneunBatorcs 3Ha4eHUAMU AT = 1 MuH U Tops, pABHBIM TIEPHOTY TPYIIITAPOBKH.

PHUCYHOK 24

PacueT 001eii rOTOBHOCTH CHCTEMBbI LISl TPYNINUPOBKH,
cocrosimeii u3 AByx cnyTHHKOB ['CO, oTHOcuTe1bHO T-00pa3Horo mepekpecTka

MKF, T-06pa3Hblii mepekpecTox

OT criyTHHKa 2

P.068%2¢

Ipunoxenune 2

1 BBeaenue

Huxe npuBoasTcss BXOIHBIE MapameTphl A1 CTATUCTUYECKONM M T'€HEPAaTUBHOM Y3KOIMOJIOCHOM MOAENEH,
OINMHCaHHBIX B TyHKTE 6 [Tpunoxxenus 1 11 pa3muvHbBIX IMANa30HOB YacTOT U ycIoBHiA. MIMeromuecs Habopbl
rapaMeTpoB IpeacTaBiieHbl B Tadaumax 7—10.

[TapameTpsl ipencTaBistoTes B popmate TaOIUIIBT 7.



Pex. MCD-R P.681-9

TABJINIIA 7

@DopMaT JAHHBIX JIs BXOAHBIX IApaMeTPOB

YacToTa/OKpyKaoIue YCJI0BUs/Yroa MecTa (rpaaychbl)

IlOHOJIHl/lTe.]Ibele CBCJICHHUSA O 30HE

HNudopmauus MM 00 ycTpoiicTBe, HCII0JIb3yeMOM
JJISl Olpe/iesIeHUs1 XapaKTePUMCTUK KaHaJla
Iapametp GOOD BAD
(U, ©).B He, 06 HUs, OB
durminG, B dUrminG dUrming
(Hwm, cB: Oum,, cB) W4 Gr OnyG Wy 4B, On B
MPg, s his, hae his, h2s
YAGB 016, 92¢ 018, 02,8
LcorrG, B* LcorrG Lcorr, B
f1IAMa+ T2 f1, f2

[pB, min; pB, max]

I[I/IaHa?;OH BEPOATHOCTHU JId YUCTa paCcpeaACICHUA

Mas

3ameuanue. G o3Hagaer cocrosaue GOOD, a B o3nauaer cocrosiune BAD.

*

Tonbko JUI TCHEPATUBHOT'O MOICIIMPOBAHMA.
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TABJINLA 8
MapameTpbl Moaes 11 4acToT B Auana3one 1,5-3 I'T'n
OK%?:::[;IIM Yrou mecra (rpagychbl)

T'opon 20 30 45 60 70
[puropoxn 20 30 45 60 70
JepeBHs 20 30 45 60 70
Cenbckast 20 30 45 60 70
JecucTas

MECTHOCTb

YKwunas 30Ha 20 30 - 60 70

TABJINLIA 9
ITapameTpsl MoaesH JJist YacToT B Auanasone 3—5 I'T'n
Oxpy:kamouiue ¥YroJ mecra (rpaj.)
YCJI0BUS

Topon 20 30 45 60 70
Ipuropon 20 30 45 60 70
JepeBHs 20 30 45 60 70
Cenbckast 20 30 45 60 70
JIeCUCTas

MECTHOCTb

Kunast 30Ha 20 30 - 60 70
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Pex. MCD-R P.681-9

TABJINIA 10
IapameTpbl Moaean ajs 9acToT B nuanasone 10-20 I'l'g
Oxpy:xawuiue Yroa mecra (rpan.)
ycJaoBus
Ipuropon 34
Cenbckas 34
MECTHOCTb

Yacrornl B nuanazone 1,5-3 I'T'g

TI'opoackue yciioBust

2,2 I'Tu/ropon/20°

Ycunenne antennsl < 5 nbu/usmepenust npoBoaMIIUCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM IOpojie CPeIHero pazMepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 2,0042 11,2049 3,689 0,9796
durminc,s 3,9889 10,3114

Hp,GBs O 4GB

-3,3681 13,3226

-18,1771 3,2672

higg, hocs 0,1739 -11,5966 1,1411 4,0581
0168, 0268 0,0036 11,3230 -0,2502 -1,2528
LeonG,B 0,9680 0,9680
fiAMa + T2 0,0870 2,8469
[PB.min; PB.max] [0,1; 0,9]

2,2 I'Tu/ropon/30°

YcuneHue aHTeHHBI < 5 z[Bn/n3mepeHm[ OBLJIM BBLINOJIHEHBI ¢

HNudopmanus HCIIOJIb30BAHHEM BEPTOJI€TA B THIIMYHOM TOpPO/€e CPETHET0
pa3mepa Bo @paHuuu ¥ BOJIM3U HEro
IMapametp GOOD BAD
HeB, 0GB 2,7332 11,1030 2,7582 11,2210
durming,s 7,3174 5,7276

Hp,GBs O 4GB

-2,3773 2,1222

-17,4276 3,9532

hics, hace 0,0941 -13,1679 0,9175 -0,8009
016,8, 0268 -0,2811 10,9323 -0,1484 10,5910
Leorra,B 1,4731 1,4731

fiIAMa + 12 0,1378 3,3733

[P&,min; PB,max] [0,1; 0,9]




Pex. MCD-R P.681-9

2,2 I'Tu/ropon/45°

YeusieHue anteHHbl < 5 1bu/u3MepeHust NPOBOTHINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM IOpojie CPeIHero pasMepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 3,0639 11,6980 2,9108 1,2602
durminc,s 10,0 6,0

Mr 4GBy Opm 4GB

-1,8225 1,1317 15,4844 3,3245

higs, hacs —0,0481 -14,7450 0,9434 -1,7555
016,8, 9268 -0,4643 0,3334 -0,0798 2,8101
LeorrcB 1,7910 1,7910
fiAMa + f, 0,0744 2,1423
[PB.min; PB.max] [0,1; 0,9]

2,2 I'Tu/ropon/60°

Ycuiienne anTeHHbl < 5 nbn/u3MepeHuss NpoBOAMIINCH

HNudpopmanus ¢ BepToJieTa B THIIMYHOM Iopojie CpeHero pazmepa
B0 ®paHINK ¥ BOJIHU3U HETO
IMapametp GOOD BAD
He,B, OG,B 2,8135 1,5962 2,0211 0,6568
durming,s 10,0 1,9126

Hp,GBs O 4GB

-1,5872 11,2446

-14,1435 3,2706

hics, hace -0,5168 -17,4060 0,6975 —7,5383
0168, 0268 -0,1953 0,5353 0,0422 3,2030
Lcorrc B 1,7977 1,7977

fiAMa + T2 -0,1285 5,4991

[pB,min; pB,max]

[0,1; 0,9]

2,2 I'Tu/ropon/70°

Yceunenne anteHHbl < 5 1bu/uzmepeHusi npoBoAMINCH

HNudopmanus ¢ BepPToJIeTa B THIIHYHOM I'OpoJie CPeHero pasmepa
B0 ®paHuuy 1 BOJIU3N HEro
ITapamerp GOOD BAD
He,B, OGB 4,2919 2,4703 2,1012 1,0341
durminc,s 118,3312 4,8569

Mp 4GBy Oy 4GB

-1,8434 0,5370 —-12,9383 11,7588

hice, h2ce -4,7301 -26,5687 2,5318 16,8468
016,8, 92G,8 0,5192 11,9583 0,3768 8,4377
LeonG,B 2,0963 2,0963
fiAMa + f2 -0,0826 2,8824

[Pe,min; P& max] [0,1; 0,9]
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IIpuropoagnas 301a

Pex. MCD-R P.681-9

2,2 TTw/npuropoa/20°

YcuiieHue anteHHbI < 5 1Bu/u3MepeHusi NPOBOIUINCH

HNudopmanus ¢ BepToJIeTa B THIIMYHOM Iopojie CpefiHero pasmepa
Bo ®paHuuu U BOJIU3H HEro
ITapamertp GOOD BAD
Me,8, 0GB 2,2201 1,2767 2,2657 11,3812
durming 8 2,2914 2,5585

Hp 4GBy O 4GB

-2,7191 11,3840 -13,8808 2,5830

hice, hace -0,3037 -13,0719 1,0136 0,5158
0168, 02,8 -0,1254 0,7894 -0,1441 0,7757
Leorr,8 0,9290 0,9290
fLAMa + f, 0,2904 1,0324

[P&.min; Pa,max] [0,1;0,9]

2,2 I'Tu/npuropon/30°

YceuiieHue anTeHHbI < 5 1Bu/u3MepeHusi NPOBOTUINCH

HNudopmanus ¢ BepToJieTa B THIMYHOM ropojie cpeJHero pasmepa
B0 ®paHuMM ¥ BOJIU3N HEro
IMapametp GOOD BAD
HeB, 0GB 3,0138 1,4161 2,4521 0,7637
durminc,s 8,3214 5,9087

M 4GBy Opm 4GB

-0,7018 1,2107 —11,9823 3,4728

hicg, hacs -0,6543 14,6457 0,6200 -7,5485
016,8, 0268 -0,1333 0,8992 -0,1644 0,2762
Leorrc,B 1,7135 1,7135
fiIAMa + 12 0,1091 13,3000

[P& min; PB,max] [0,1; 0,9]

2,2 I'Tu/npuropon/45°

Ycuiienue anteHHbl < 5 1bu/u3MepeHusi NPOBOIUINCH

HNudpopmanus ¢ BepToJIeTa B THIIHYHOM I'OpoJie CPeiHero pa3mepa
B0 ®paHuuy 1 BOJIU3N Hero
ITapamerp GOOD BAD
He,B, OGB 4,5857 11,3918 2,2414 0,7884
durming,8 126,8375 4,3132

Mp 4GBy Oy 4GB

-1,1496 11,0369 10,3806 2,3543

hics, h2cs 0,2148 -17,8462 0,0344 -14,2087

0168, 0268 0,0729 11,0303 0,0662 3,5043
LeonG,B 3,2293 3,2293

fiAMa + 0,5766 0,7163

[Pe,min; P& max] [0,1; 0,9]




2.3

Pex. MCD-R P.681-9

2,2 I'T'u/npuropon/60°

YeusieHue anteHHbI < 5 1bu/u3MepeHust NPOBOTHINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM IOpojie CPeIHero pasMepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 3,4124 11,4331 1,9922 10,7132
durming B 19,5431 3,1213

Mr 4GBy Opm 4GB

-0,7811 0,7979

-12,1436  3,1798

hics, hocs -2,1102 -19,7954 0,4372 -8,3651
016.8, 026,8 -0,2284 0,2796 -0,2903 -0,6001
LcorrG,B 2,0215 2,0215
f1AMa + f2 -0,4097 8,7440
[ps,min; Pe,max] [0,1; 0,9]
2,2 I'Tu/npuropon/70°
Yceunaenne anteHubl < 5 1bu/u3MepeHusi NPoBOAMINCH
HNudpopmanus ¢ BEpPTOoJieTa B THIIHYHOM I'OpoJie CPeiHero pa3mepa
B0 ®paHINK ¥ BOJIHU3U HETO
IMapametp GOOD BAD
HeB, 0GB 4,2919 2,4703 2,1012 1,0341
durminc,s 118,3312 4,8569

Hp,GBs O 4GB

-1,8434 10,5370

-12,9383 11,7588

higg, hoc e —4,7301 -26,5687 2,5318 16,8468
016,8, 02,8 0,5192 11,9583 0,3768 8,4377
LcorrG,B 2,0963 2,0963
fiAMa + 2 -0,0826 12,8824
[pB,min; pB,max]
[epeBeHcKast MECTHOCTH
2,2 I'T'u/nepeBnsn/20°

YeusieHue anteHHbl < 5 1bu/u3MepeHusi NPOBOTUINCH

HNudopmanus ¢ BEpTOJieTa B THIIMYHOM IOpo/ie CpelHero pasmepa
B0 ®paHuuu U BOJIU3U HETO
IMapametp GOOD BAD
HeB, OGB 2,7663 1,1211 2,2328 11,3788
durming,s 6,5373 2,8174

Mp 4GBy Oy 4GB

-2,5017 2,3059

—-15,2300 5,0919

hic,s, h2c 0,0238 11,4824 0,9971 0,8970
0168, 0268 -0,2735 11,3898 -0,0568 1,9253

LcorrG,B 0,8574 0,8574
fiAMa + 0,0644 2,6740

[pB,min; pB,max]
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2,2 I'Tu/nepesnst/30°

YeusieHue anteHHbI < 5 1bu/u3MepeHust NPOBOTHINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM IOpojie CPeIHero pasMepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 2,4246 11,3025 1,8980 1,0505
durming B 5,4326 2,4696

Mr 4GBy Opm 4GB

—2,2284 11,4984 —-15,1583 14,0987

hics, hocs -0,3431 -14,0798 0,9614 0,3719
0168, 926.8 -0,2215 1,0077 -0,0961 1,3123
Leorrc,B 0,8264 0,8264
f1AMa + f; -0,0576 3,3977
[ps,min; Pe,max] [0,1; 0,9]
2,2 I'Tu/nepeBusi/45°
Yceunaenne anteHubl < 5 1bu/u3MepeHusi NPoBOAMINCH
HNudopmanus ¢ BEpPTOoJieTa B THIIHYHOM I'OpoJie CPeiHero pa3mepa
B0 @paHUMH U BOJU3M HEro
IMapametp GOOD BAD
Me,8, OGB 2,8402 1,4563 1,8509 0,8736
durminc,s 10,4906 2,6515

Hp,GBs O 4GB

-1,2871 0,6346 -12,6718 3,1722

hics, h2cs -0,0222 -16,7316 0,8329 -3,9947
016,8, 0268 -0,3905 0,4880 -0,0980 1,3381
Leorrc,B 1,4256 1,4256
fiAMa + f2 -0,0493 5,3952

[P& min; PB,max] [0,1; 0,9]

2,2 I'Tu/nepeBnst/60°

Yceunenne anteHdbl < 5 1bu/uzmepeHusi npoBoAMINCH

HNudopmanus ¢ BepPToJIeTa B THIIHYHOM I'OpoJie CPeHero pasmepa
B0 ®paHuuy 1 BOJIU3N HEro
ITapamerp GOOD BAD
He,B, OGB 3,7630 1,2854 1,7192 1,1420
durminc,s 17,6726 2,5981

Mp 4GBy Oy 4GB

-0,5364 0,6115 —9,5399 2,0732

hic,s, h2c -0,1418 -17,8032 —0,4454 -16,8201
016,8, 92G,8 -0,2120 0,7819 0,0609 2,5925
Lcorrg,B 0,8830 0,8830
fiIAMa + 15 -0,8818 10,1610
[Pe,min; P& max] [0,1; 0,9]
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Pex. MCD-R P.681-9

2,2 TTw/nepeHs/70°

YeusieHue anteHHbI < 5 1bu/u3MepeHust NPOBOTHINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM IOpojie CPeIHero pasMepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 4,0717 11,2475 1,5673 0,5948
durming B 30,8829 2,1609

Mr 4GBy Opm 4GB

-0,3340 0,6279

-8,3686 2,5603

hice, h2ce -1,6253 -19,7558 0,1788 —9,5153
0168, 9268 —0,4438 0,6355 -0,0779 11,1209
Leonc,B 1,5633 1,5633
fiAMa + T —0,3483 5,1244

[ps,min; Pe,max]

[0,1;

0,9]

Ceabckad jJecucrast MECTHOCTh

2,2 I'Tu/cenbckasi JieCHCTasi MECTHOCTB/2(°

YeuiieHue anteHHbI < 5 1Bu/u3MepeHusi NPOBOTUINCH

HNndpopmanus ¢ BepTojieTa B THIIMYHOM ropojie cpeIHero pasmepa
B0 ®paHuuu U BOJIU3U HETO
IMapamertp GOOD BAD
He,B, OGB 2,1597 1,3766 1,9587 1,5465
durminG'B 2,0744 1,3934

Hp,GBs O 4GB

—-0,8065 1,5635

-10,6615 2,6170

higg, hoc e -0,9170 -12,1228 0,8440 -1,4804
016,8, 9268 -0,0348 0,9571 -0,1069 1,6141
LcorrG,B 0,8845 0,8845
fiAMa + f, 0,0550 2,6383
[PB.min; PB.max] [0,1; 0,9]

2,2 I'T'u/ceanckasi JecucTass MeCTHOCTBL/30°

YeusieHue anteHHbl < 5 1bu/u3MepeHusi NPOBOTUINCH

HNudopmanus ¢ BEpTOJieTa B THIIMYHOM IOpo/ie CpelHero pasmepa
B0 ®paHuuu U BOJIU3U HETO
IMapametp GOOD BAD
HeB, OGB 2,5579 11,2444 2,3791 1,1778
durming,s 3,5947 2,2800

Mp 4GBy Oy 4GB

-1,3214 11,6645

-10,4240 2,4446

hics, hacs -1,0445 -14,3176 0,6278 -4,8146
01G,8, 02G,8 -0,1656 0,7180 -0,0451 2,2327
LcorrG B 1,0942 1,0942
fiAMa + 0,0256 3,8527
[Pe.min; PB.max] [0,1; 0,9]
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2,2 I'Tu/cenbckasi JieCHCTasi MECTHOCTB/45°

YeusieHue anteHHbI < 5 1bu/u3MepeHust NPOBOTHINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM IOpojie Cpe/iHero pazmepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 3,1803 11,3427 2,5382 1,1291
durming B 6,7673 3,3683

Mr 4GBy Opm 4GB

-0,9902 1,0348 -10,2891 12,3090

higs, hacs -0,4235 -16,8380 0,3386 -9,7118
016,8, 9268 -0,1095 0,6893 -0,0460 2,1310
LcorrG B 2,3956 2,3956
fiAMa + f, 0,2803 4,0004
[PB.min; PB.max] [0,1; 0,9]

2,2 I'T'u/ceanckas JecucTass MeCTHOCTB/60°

Ycunenne anteHubl < 5 1bu/uzmepeHusi npoBoAMINCH

HNupopmanus ¢ BepTOJieTa B THNHYHOM ropojie cpeJHero pamepa
B0 ®paHuuu u BOJIU3U HEro
IMapametp GOOD BAD
He.B, OGB 2,9322 1,3234 2,1955 11,1115
durminc,s 5,7209 1,6512

M 4GBy Opm 4GB

-0,6153 11,1723 —9,9595 2,2188

hics, hace -1,4024 -16,9664 0,2666 —9,0046
016,8, 9268 -0,2516 0,5353 -0,0907 1,4730
LeorreB 1,7586 1,7586
fiIAMa + 12 0,1099 4,2183
[PB.min; PB.max] [0,1; 0,9]

2,2 I'Tu/cenbckasi JieCHCTasi MECTHOCTB/70°

VYeuiieHue anteHHbI < 5 1Bu/u3MepeHusi NPOBOTUINCH

HNudopmanus € BepToJieTa B THIIMYHOM IOpojie CpeJIHero pazmepa
B0 @paHuMH U BOJIU3H HETO
IMapamerp GOOD BAD
Mc,B, OGB 3,8768 1,4738 1,8445 0,8874
durming,8 16,0855 2,9629

Hp,GBs O 4GB

—-0,7818 0,7044 —6,7769 12,1339

hics, h2cs —2,9566 —20,0326 -0,3723 -14,9638
016,8, 92G,8 -0,2874 0,4050 -0,1822 0,1163
LeonG,B 1,6546 1,6546

fiAMa + -0,3914 16,6931

[Pe,min; P& max] [0,1; 0,9]




AKunaga zona

Pex. MCD-R P.681-9

2,2 I'Tu/xnaas 301a/20°

Ycuiienne aHTeHHBI < 5 1bu/u3MepeHuss NpoOBOAMINCH

HNupopmanus ¢ BepToJieTa B THIIHYHOM IOpoJie CPeHero pasMepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 2,5818 1,7310 1,7136 11,1421
durming B 9,2291 1,6385

M 4GBy Opm 4GB

-0,8449 11,3050 -10,8315 2,2642

hic s, h2cs -0,3977 -12,3714 0,8589 -2,4054
01G,8, 92G,8 0,0984 1,3138 -0,1804 0,8553
Leonc,B 1,1578 1,1578
fiIAMa + 5 0,0994 12,4200
[PB.min; PB.max] [0,1; 0,9]

2,2 I'T'u/:xxunas 3o1a/30°

YeuiieHue anteHHbI < 5 1Bu/u3MepeHusi NPOBOTUINCH

HNudpopmanus ¢ BepToJieTa B THIIHYHOM Iopojie CpeHero pazmepa
B0 ®paHINK ¥ BOJIU3U HETO
IMapametp GOOD BAD
Hc,B, OG,B 3,2810 1,4200 1,8414 10,9697
durming,s 14,4825 2,7681

Hp,GBs O 4GB

-1,3799 1,0010 -11,1669 2,4724

hics, h2cs -0,8893 -16,4615 -0,1030 -13,7102
01G,8, 02G,8 -0,2432 0,6519 -0,1025 1,7671
LeorrG B 1,9053 1,9053

fIAMa + 2 0,0196 13,9374

[P& min; PB,max] [0,1; 0,9]

2,2 I'Tu/xnnas 300a/60°

Ycuiienue anteHHbl < 5 1bu/u3MepeHusi NPOBOIUINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM IOpojie cpeHero pasmepa
B0 ®paHuuy 1 BOJIU3N HEro
IMapametp GOOD BAD
HeB, 0GB 3,255 1,287 3,277 1,260
durming,8 6,47 7,81
My, GB: Opm 4GB 0 0,30 -2,32 2,06
hic,s, h2c -2,024 -19,454 -1,496 -22,894
016,8, 92G,8 0,273 0,403 -0,361 -0,119
LeonG,B 3,84 3,84
fiAMa + -1,591 12,274
[Pe,min; P& max] [0,1; 0,9]
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2,2 I'Tu/xunnas 300a/70°

YeusieHue anteHHbI < 5 1bu/u3MepeHust NPOBOTHINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM IOpojie CPeIHero pasMepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 4,3291 10,7249 3,4534 0,9763
durming B 27,3637 8,9481

Mr 4GBy Opm 4GB

-0,1625 0,3249

-1,6084 0,5817

hics, hocs 0,6321 -21,5594 -0,3976 —22,7905
0168, 0268 0,1764 0,4135 -0,0796 0,1939
LcorrG,B 1,6854 1,6854
fiAMa + f2 3,0127 6,2345
[ps,min; Pe,max] [0,1; 0,9]
YacroTtnl B Auana3zone 3-S5 I'T'n
I'oponckue ycnoBust
3,8 I'Tw/ropon/20°

YeuiieHue anteHHbI < 5 1Bu/u3MepeHusi NPOBOTUINCH

HNudpopmanus ¢ BepToJieTa B THIIHYHOM IOpojie CPpeIHero pazmepa
B0 ®paHINK ¥ BOJIHU3H HETO
IMapametp GOOD BAD
Hc,B, OG,B 2,5467 1,0431 3,6890 0,9796
durming,s 5,2610 10,3114

Hp,GBs O 4GB

—2,7844 2,6841

~19,4022 3,2428

hice, hace 0,1757 —12,9417 0,9638 -0,9382
0168, 0268 —0,2044 1,5866 0,0537 4,5670

LeorreB 1,4243 1,4243
fiAMa + f, 0,1073 11,9199

[pB,min; pB,max]

[0,1; 0,9]




Pex. MCD-R P.681-9

3,8 I'Tu/ropon/30°

VYcuiieHue anTeHHbI < 5 1Bu/u3MepeHusi NPOBOIUINCH

HNudopmanus ¢ BEpPTOJIeTa B THIIHYHOM IOpojie CpeHero pasmepa
Bo ®paHuuu U BOJIU3H HEro
IMapamertp GOOD BAD
He,B, OGB 2,0158 11,2348 2,2627 11,4901
durminG,B 4,5491 2,0749

Hp 4GBy O 4GB

—3,7749 2,2381 -17,9098 2,9828

hics, Nac s —-0,1564 —15,1531 0,8250 -2,5833
0168, 0268 —-0,0343 11,0602 -0,0741 2,1406
LcorrGB 0,8999 0,8999
fIAMa + 2 0,2707 -0,0287
[PB.min; PB.max] [0,1; 0,9]
3,8 I'Tuw/ropon/45°

YeuiieHue anTeHHbI < 5 1Bu/u3MepeHusi NPOBOTUINCH

HNudopmanus ¢ BepToJieTa B THIMYHOM ropojie cpeJHero pasmepa
B0 ®paHuMM ¥ BOJIU3N HEro
IMapametp GOOD BAD
HeB, 0GB 2,3005 1,6960 2,6314 1,1210
durminG'B 10,0 6,0

M 4GBy Opm 4GB

—1,4466 1,1472 —-15,3926 3,2527

hics, hace 0,1550 —13,6861 0,9509 -1,2462
016,8, 0268 0,1666 1,2558 0,0363 4,4356
Lcorc B 1,6424 1,6424
fiIAMa + 12 0,2517 -0,3512
[P& min; PB,max] [0,1; 0,9]
3,8 I'T'u/ropon/60°

Yceunenne auteHdbl < 5 1bu/uzmepeHusi npoBoANINCH

HNudpopmanus ¢ BepToJieTa B THIIMYHOM IOpojie cpeHero pasmepa
B0 ®paHuuy 1 BOJIU3N HEro
IMapamerp GOOD BAD
UGB, OGB 2,4546 11,9595 1,8892 0,8982
durminc s 10,0 1,9126

Mp 4GBy Oy 4GB

—1,6655 0,8244 —14,4922 3,4941

hic s, hacs -0,4887 —17,2505 0,4501 —9,6935
0168, 9268 -0,3373  0,3285 0,1202 4,8329
LeonG,B 2,3036 2,3036
fiAMa + f2 0,0025 11,4949

[Pe,min; P& max] [0,1; 0,9]
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3.2

Pex. MCD-R P.681-9

3,8 I'Tu/ropon/70°

YeusieHue anteHHbI < 5 1bu/u3MepeHust NPOBOTHINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM IOpojie CPeIHero pasMepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 2,8354 2,4631 1,5170 1,1057
durming B 67,5721 3,6673

Mr 4GBy Opm 4GB

—1,0455 0,2934 —14,2294 5,4444

hics, hacs —3,0973 —20,7862 0,0908 —15,8022
01G,8, 02G,8 0,0808 0,8952 0,0065 3,1520
Leonc,B 2,2062 2,2062
fIAMa + 2 0,0755 2,1426
[PB.min; PB.max] [0,1; 0,9]

IIpuropoaxas 30Ha

3,8 I'Tu/npuropon/20°

YeuiieHue anteHHbI < 5 1Bu/u3MepeHusi NPOBOTUINCH

HNndpopmanus ¢ BepTojieTa B THIIMYHOM ropojie cpeIHero pasmepa
B0 ®paHuuu U BOJIU3U HETO
IMapamertp GOOD BAD
He,B, OGB 2,8194 11,6507 2,5873 11,3919
dUrminc,s 11,1083 4,4393

Hp,GBs O 4GB

-4,8136 1,9133 -17,0970 2,9350

hics, h2cs —-0,4500 -17,9227 0,8991 -2,4082
016,68, 92G,8 —0,1763 0,8244 0,0582 4,0347
LeonG,B 1,2571 1,2571
fIAMa + 2 0,0727 2,8177
[PB.min; PB.max] [0,1; 0,9]
3,8 I'Tu/npuropon/30°

YeusieHue anteHHbl < 5 1bu/u3MepeHusi NPOBOTUINCH

HNudopmanus ¢ BEpTOJieTa B THIIMYHOM rOpo/ie CpelHero pasmepa
B0 ®paHuuu U BOJIU3U HErO
IMapametp GOOD BAD
HeB, OGB 2,9226 11,3840 2,7375 0,6890
durming,s 6,7899 7,7356

Mp 4GBy Oy 4GB

-1,9611 1,8460 —-15,3022 2,9379

hics, hacs 0,2329 —15,0063 0,5146 -8,9987
01G,8, 02G,8 0,0334 11,3323 0,0880 4,4692
LcorrG B 1,6156 1,6156
fiAMa + 0,1281 2,3949
[Pe.min; PB.max] [0,1; 0,9]




Pex. MCD-R P.681-9

3,8 I'Tu/npuropon/45°

YeusieHue anteHHbI < 5 1bu/u3MepeHust NPOBOTHINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM IOpojie CPeIHero pasMepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 4,3019 0,8530 2,3715 11,3435
durming B 36,1277 9,5511

Mr 4GBy Opm 4GB

—-1,2730 0,9286

-5,6373 2,9302

hics, Nac s 0,2050 —17,5670 -0,7188 -21,0513
0168, 0268 0,0074 0,7490 -0,2896 —0,3951
Leonc,B 1,1191 1,1191
fIAMa + 2 —0,9586 10,8084
[PB.min; PB.max] [0,1; 0,9]
3,8 I'Tu/npuropon/60°

YeuiieHue anteHHbI < 5 1Bu/u3MepeHusi NPOBOTUINCH

HNudpopmanus ¢ BepToJieTa B THIIHYHOM Iopojie CpeHero pazmepa
B0 ®paHINN ¥ BOJIU3U HETO
IMapametp GOOD BAD
He,B, OG,B 2,8958 1,7061 1,9128 0,6869
durming,s 13,9133 2,9398

Hp,GBs O 4GB

—1,1987 11,0492

-13,1811 2,6228

hics, hace —-1,6501 —18,9375 0,6911 —6,0721
0168, 9268 —-0,1369 10,4477 0,0598 3,7220

Lcorrc B 3,0619 3,0619
fiAMa + T2 —0,0419 5,8920

[pB,min; pB,max]

[0,1; 0,9]

3,8 I'Tu/npuropon/70°

Yceunenne anteHdbl < 5 1bu/uzmepeHusi npoBoAMINCH

HNudopmanus ¢ BepPToJIeTa B THIIHYHOM I'OpoJie CPeHero pasmepa
B0 ®paHuuy 1 BOJIU3N HEro
ITapamerp GOOD BAD
He,B, OGB 4,1684 1,0766 1,4778 0,7033
durminc,s 42,0185 1,8473

Mp 4GBy Oy 4GB

0,1600 0,5082

—10,2225 11,8417

hics, hace -3,4369 —18,1632 0,3934 -9,6284
016,8, 92G,8 —1,1144 0,9703 -0,1331 0,7223

LeonG,B 2,5817 2,5817
fiIAMa + 15 —0,1129 4,0555

[pB,min; pB,max]

[0,1; 0,9]

49



50

3.3

I[epeBeHCKaﬂ MECTHOCTDb

Pex. MCD-R P.681-9

3,8 I'Tu/nepesusn/20°

YcuiieHue anteHHbI < 5 1Bu/u3MepeHusi NPOBOIUINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM Iopojie CpeHero pazmepa
B0 ®paHINN ¥ BOJIU3U HETO
IMapametp GOOD BAD
He,B, OGB 2,0262 11,2355 1,9451 11,4293
durming,s 2,2401 1,9624
Mpm ,GBs Op ,GB -3,1324 11,8929 -16,5697 4,0368
hics, Nac s —0,4368 —15,1009 1,0921 1,6440
0168, 0268 —0,0423 11,2532 —0,0325 2,4452
LcorrGB 0,8380 0,8380
fIAMa + 2 0,0590 1,5623
[P& min; PB,max] [0,1; 0,9]

3,8 I'Tu/nepeBusn/30°

Ycunenne anteHHbl < 5 1bu/uzmepeHusi npoBoANINCH

HNupopmanus ¢ BepToJieTa B THIIMYHOM IOpojie CpeIHero pasMepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 2,4504 11,1061 1,7813 1,2802
durming,s 2,3941 2,1484

M 4GB, Opm 4GB

—1,8384 11,7960 —-15,4143 4,5579

hics, hace —0,5582 —14,4416 0,8549 -2,2415
0168, 9268 —0,4545 10,8188 -0,0761 1,6768

Lcorrc B 0,9268 0,9268
fiAMa + f2 —0,0330 2,7056

[pg,min; Pe,max]

[0,1; 0,9]

3,8 I'Tu/nepeBusn/45°

VYeuiieHue anTeHHbI < 5 1Bu/u3MepeHusi NPOBOTUINCH

Hp,GBs O 4GB

HNudpopmanus C BepToJIeTa B THIIMYHOM rOpojie CpeJHero pasmepa
B0 ®paHuuu U BOJIU3U HETO
ITapamerp GOOD BAD
HeB, OGB 2,2910 1,4229 1,2738 11,1539
durminc,s 2,8605 0,7797
—-0,0018 11,1193 -12,1063 2,9814

hice, hace -1,2023 —14,0732 0,6537 -4,5948
0168, 0268 -0,1033 0,9299 -0,0815 1,6693
LeonG,B 0,9288 0,9288
fiAMa + T2 0,0002 1,9694
[Pe.min; PB.max] [0,1; 0,9]




3.4

Pex. MCD-R P.681-9

3,8 I'Tu/nepeBus/60°

YeusieHue anteHHbI < 5 1bu/u3MepeHust NPOBOTHINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM I'OpoJie CPeIHero pa3mepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HcB, 0GB 3,0956 1,3725 1,0920 1,2080
durming B 8,1516 0,7934

Mr 4GBy Opm 4GB

—-0,5220 11,0950 -12,1817 3,3604

hics, Nac s 0,0831 —16,8546 1,1006 0,5381
016,8, 0268 0,0411 11,1482 —0,0098 2,4287
Leonc,B 1,2251 1,2251
fIAMa + 2 —-0,0530 2,7165
[PB.min; PB.max] [0,1; 0,9]
3,8 I'Tu/nepeBus/70°

YeuiieHue anteHHbI < 5 1Bu/u3MepeHusi NPOBOTUINCH

HNudpopmanus ¢ BepToJieTa B THIIMYHOM ropojie CpeIHero pasmepa
B0 ®paHINN ¥ BOJIU3U HETO
IMapametp GOOD BAD
He,B, OG,B 3,9982 11,3320 1,4165 0,4685
durming,s 28,3220 2,5168

Hp,GBs O 4GB

—1,3403 0,7793 -11,9560 1,5654

hics, h2cs —-0,4861 —19,5316 0,5663 -6,8615
0168, 0268 -0,2356 0,7178 -0,2903 -1,2715
Leorrc,B 1,4378 1,4378
fiAMa + f2 -0,0983  3,9005

[P& min; PB,max] [0,1; 0,9]

Ceibckas JieCHCTasi MECTHOCTH

3,8 I'T'u/cenbckas JiecucTass MeCTHOCTEL/20°

YeusieHue anteHHbl < 5 1bu/u3MepeHusi NPOBOTUINCH

HNudopmanus ¢ BEpTOJIeTa B THIIMYHOM rOpo/ie CpeHero pazmepa
B0 ®paHuuu U BOJIU3U HETO
IMapametp GOOD BAD
HeB, OGB 2,0294 11,4280 2,0290 1,5493
durming,s 1,7836 1,5269

Mp 4GBy Oy 4GB

—3,2536 11,6159 —14,3363 2,7753

hic,s, h2c -0,5718 —16,1382 0,8186 —2,9963
0168, 0268 —0,0805 0,9430 -0,0822 1,7660
LeorreB 1,0863 1,0863
fiAMa + 0,1263 11,4478
[Pe.min; PB.max] [0,1; 0,9]
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Pex. MCD-R P.681-9

3,8 I'T'u/cenbekast Jiecueras MecTHOCTEL/30°

YeusieHue anteHHbI < 5 1bu/u3MepeHust NPOBOTHINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM IOpoJ/ie CPpe/IHero pa3mepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 2,1218 11,4895 2,2051 1,5741
durminc,s 2,4539 2,1289

Mr 4GBy Opm 4GB

—1,5431 11,8811

-12,8884 3,0097

hice, h2ce —0,7288 —14,1626 0,6635 -4,6034
0168, 0268 -0,1241 10,9482 -0,0634 2,3898
Leonc,B 1,3253 1,3253
fIAMa + 2 0,0849 1,6324
[PB.min; PB.max] [0,1; 0,9]

3,8 I'T'u/cenbckas JiecHCTas MECTHOCTH/45°

VYeuiieHue anteHHbI < 5 1Bu/u3MepeHusi NPOBOIUINCH

HNudpopmanus ¢ BepToJieTa B THIIMYHOM ropojie CpeIHero pa3mepa
B0 ®paHINK ¥ BOJIHU3U HETO
IMapametp GOOD BAD
He,B, OG,B 3,1803 11,3427 2,4017 1,1315
durming,s 6,7673 3,5668

Hp,GBs O 4GB

0,0428 1,6768

~11,3173  2,7467

hics, h2cs —-0,9948 —14,4265 0,2929 -9,7910
0168, 0268 -0,1377 11,0077 -0,0387 2,6194
Leorrc,B 2,0419 2,0419
fiAMa + f2 0,1894 2,1378

[P& min; PB,max] [0,1; 0,9]

3,8 I'T'u/cennbekas Jiecueras MecTHOCTL/60°

Ycunenne anteHHbl < 5 1bu/uzmepeHusi npoBoANINCH

HNudopmanus ¢ BepToJIeTa B THIIHYHOM I'OpoJie CPeHero pasmMepa
B0 ®paHuuy 1 BOJIU3N Hero
ITapamerp GOOD BAD
He,B, OGB 2,4961 1,4379 2,2113 1,1254
durminc,s 3,7229 1,9001

M 4GB, Op 4GB

—1,0828 11,0022

-12,3044 12,3641

hic,s, h2c -1,2973 —16,6791 0,5456 -6,4660
0168, 9268 —0,1187 0,6254 -0,0443 12,3029
LeonG,B 1,9038 1,9038
fiIAMa + 15 0,1624 1,8417
[Pe,min; P& max] [0,1; 0,9]




Pex. MCD-R P.681-9

3,8 I'T'u/cenbekast Jiecueras MecTHOCTE/70°

YeusieHue anteHHbI < 5 1bu/u3MepeHust NPOBOTHINCH

HNudopmanus ¢ BepToJieTa B THIIMYHOM I'OpoJie CPeIHero pa3mepa
B0 ®paHuuu u BOJIU3U HEro
IMapamertp GOOD BAD
HeB, OGB 2,8382 1,3804 2,1470 11,0038
durming B 6,8051 1,9195

Mr 4GBy Opm 4GB

—0,8923 0,9455

-11,5722 2,3437

0,3459 —9,5399
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higg, hoc s —1,3425 —17,5636
016,8, 0268 —0,1210 0,6444 -0,0275 2,6238
Leorrc,B 2,1466 2,1466
fiAMa + f2 0,0593 2,8854
[pB,min; pB,max] [O,l, 0,9]
3.5 Kuias 30Ha
3,8 I'T'u/:xxunas 3oua/20°
Yceuaenne auteHHbl < 5 1bu/u3zMepeHusi NPoBOAMINCH
HNudopmanus ¢ BepToJieTa B THIMYHOM ropojie CpeHero pazmepa
B0 ®paHIUM ¥ BOJIU3U HETO
IMapametp GOOD BAD
He.B, OGB 2,9050 1,7236 2,1969 0,9865
durming,s 10,7373 2,2901

M 4GBy Opm 4GB

~1,4426 1,2989

—-14,4036 3,0396

hics, h2cs 0,4875 -13,5981 0,5813 —6,9790
016,8, 26,8 0,1343 11,8247 -0,0911 2,1475

LeorreB 1,2788 1,2788
fiIAMa + 12 0,2334 10,7612

[pB,min; pB,max]

[0,1; 0,9]

3,8 I'T'u/xunaas 30ua/30°

Ycuiienue anteHHbl < 5 1bu/u3MepeHusi NPOBOIUINCH

HNudopmanus ¢ BepToJieTa B THIIHYHOM I'OpoJie CPeiHero pasmepa
B0 ®paHuuy 1 BOJIU3N HEro
IMapamerp GOOD BAD
UGB, OGB 2,7334 1,6971 1,8403 0,9268
durming,8 10,2996 1,8073

Mp 4GBy Oy 4GB

—0,9996 1,0752

—12,9855 12,8149

hics, h2cs 0,3407 —14,8465 0,3553 -9,9284
01G,8, 92G,8 —0,0413 11,2006 0,0501 3,8667
LeonG,B 1,7072 1,7072

fiAMa + T2 0,0443 2,2591

[Pe,min; P& max] [0,1; 0,9]




Pex. MCD-R P.681-9
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3,8 I'T'u/xunas 300a/60°
YcuiieHue anteHHbI < 5 1Bu/u3MepeHusi NPOBOIUINCH
HNudopmanus ¢ BepToJieTa B THIIMYHOM ropojie cpeJHero pasmepa
B0 ®paHuuu u BOJIU3U HETO
ITapamertp GOOD BAD
MGB, 0GB 3,4044 1,3980 2,5534 11,7143
durminc s 10,4862 4,7289
Hp,GBs Oy ,GB 0,4640 0,7060 —2,3787 0,8123
hics, Nac s 0,3710 -19,6032 -2,3834 24,6987
016,8, 92G,8 0,0332 0,5053 0,0172 10,7237
LcorrG,B 1,8017 1,8017
f1AMa + f; 3,1149 3,5721
[pB,min; pB,max] [O,l, 0,9]
3,8 I'T'u/xunaas 30ua/70°
Ycunenne anteHHbl < 5 1bu/uzmepeHusi npoBoAMINCH
HNndpopmanus ¢ BepTojieTa B THIIMYHOM rOpoje cpeJHero pasmepa
B0 ®paHuuu U BOJIU3U HETO
IMapamertp GOOD BAD
He,B, OGB 2,9223 1,0267 2,5188 1,3166
durminc,s 17,3764 7,2801
Hp 4GBy O 4GB —0,1628 0,5104 -2,3703 1,5998
hics, hocs 0,1590 —-20,4767 -1,0228 -22,4769
016,8, J2G,B 0,1137 0,4579 —0,0986 0,2879
LcorrG,B 1,3531 1,3531
f1AMa + f; —0,0538 5,1204
[pB,min; pB,max] [O,l, 0,9]
4 Yacrorsl B 1uanasone 10-20 I'T'y
4.1 YciaoBus celbCKOM MECTHOCTH

11,7 I'Tu/cennckan MecTHOCTB/34°

Yeunenue autennbl = 19 1bu/usmepeHusi npoBoIUINCH CO

Mugpopmanus CNYTHHKA B THIIMYHOM KpynmHoMm ropoie Iepmanuu
IMapametp GOOD BAD
UG8, 0GB 1,7663 11,9350 -0,4722 11,7232
durmine,s 0,9 0,8
Hp,GBs Op ,GB 0,05 0 -16 10,4
hics, h2cB 0 —40,25 0,87 -14,26
016,8, 02,8 0 0,39 -0,21 0
Leorc B 0,5 0,5
fiAMa + 1, 0,088 1,21
[Pe.min; PB.max] [0,1; 0,9]




4.2

Ipuropoanas 30Ha

Pex. MCD-R P.681-9

11,7 ITuw/npuropon/34°

Yceuiienue anteHHbl = 19 1bu/u3Mepennsi npoBoIUINCH

Hugopmauis €O CMYTHHKA B THIMYHOM KpynHoM ropoae I'epmannn
IMapamertp GOOD BAD
HG,B, OGB 1,0125 1,6944 —-0,8026 1,288
durminc,s 15 11
My, GBy Op 4GB -0,02 0 -54 73
hige, hoce 0 —38,17 0,69 -15,97
016,8, 0268 0 0,39 -0,21 0
LcorrGB 0,5 0,5
fiAMa + f, 0,036 0,80
[P& min; PB,max] [0,1; 0,6]
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