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1 OO1me cBeaeHus 0 MOCTPOCHUU CUCTEM COTOBOM CBSI3U

XOTsI COTOBBIE CHCTEMBI Pa3HBIX CTAHJAPTOB UMEIOT 3HAUUTEIHHBIC OTIUYHS B
JETaJAX, MHTETPATBHOE MX OINKCAHUE C TMTOMOIIBI0 HEKOTOPOH 00OOIICHHON MOJen
BO3MOJKHO W MOJIe3HO. B kadecTBe mogoOHOTO 00001meHus Beioepem cxemy CCMC,
npuoIKeHHyo K ctanaapty GSM, kak Hanbosiee OTYETIMBO CTPYKTYPHUPOBAHHYIO.
OynkuuonanbHoe moctpoenne CCMC wmmroctpupyercsi cxemoil Ha puc. 2. B
MPUBEICHHON CXeMe YCIOBHO MOXKHO BBIJICJIMTH YETHIPE OCHOBHBIX KOMIIOHEHTA -
neHTp ympasienuss u oocmyxuBanus (L[IYO) (unaue operations and maintenance
center- OMC) u Tpu MOJCUCTEMBI:

* mojacucteMa MoomitbHbIX ctaniui [IMC (mobile station subsystem MSS);

* moacucteMa 0a3oBbix craniuii [IBC (base station subsystem BSS);

* moacuctema kommytanuu ITK (switching subsystem SSS), -byHkunonansHOE
COMPSDKEHUE KOTOPBIX OIMHUCHIBACTCS  PAJIOM HHTEP(EHCOB.

MMC ABC MK |
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\*/ & 4 \i/ . G E;._..,_- !
MC BC M ...}
Y <47y
e o —* KBC < LKMC Lyo
= =
i h
YTy | il ]
MC BC . KBC §-—-! Bf“ “
IPM [«
y
ua || pvo |

YO sBusercs nentpanbHbiM 3ieMeHTOM CCMC, KOTOpBIM obOecrieyuBaeT
VOpaBJICHUE JPYTUMU KOMIIOHEHTAMH CHCTEMbI, a TakKKe KOHTPOJIbh KadecTBa
¢dbynkunonupoBanus. [loacrucrema MOOMIBHBIX CTaHIMI 00BEIUHSAET 000PYI0BaHUE,
oOecreunBaroIiee JOCTYIl aOOHEHTOB B CHCTEMY, TJIAaBHBIM 3BEHOM B apXUTEKTYpE
CCMC sBnsgercs ToOJACHCTEMa KOMMYTAIlMU, KOTOpash BKJIIOYaeT B ceOs IICHTP
kKoMMyTanuu MoOmIbHOM cBsizu LIKMC (mobile switching center MSC), BusuTHBI#
(rocteBoii) peructp wmectonosiokenns BPM  (visited location register VLR),
AoMainHui peructp mecronoioxkenus JIPM (home location register HLR), mentp
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ayrentuduxanuun [IA (authentication center AUC) u peructp uaeHTHUPHUKAIH
obopynoBanuss PO (equipment identity register EIR). B moacuctemy 06a30BbIX
CTaHIMN BXOAAT Oa3oBble mpuemo-niepenaronme craniuu bC (base transceiver
station BTS) u kouTposepsr 6a3oBbix ctannuii KbC (base station controller BSC).

llenTp KOMMyTalMK MOOWIBHOM CBS3M OOCIYXXHBaeT TpyHIy COT U
oOecrieuynBaeT BCe BUIbI COCAMHEHUH, B KOTOPBIX HYXZAETCs B Ipoliecce paboThl
MOOWJIbHAS CTAHIIMS, T.€. KOMMYTallMI0 MOOWJIbHBIX a0OHEHTOB JPYT C JAPYroM, C
abonentoM TOOII u ap. Ha LIKMC Bo3znaratorcs Takke (YHKIUHM KOMMYTAlUU
KaHaJoOB, K KOTOpPBIM OTHOCSTCS 'mepemada oOcmyxkuBanusa" (wnm "scTaderHas
nepenaya’) U MEPEKIIOYEHUE KAaHAJIOB B COTE NPU MOSBJICHUU CUIIBHBIX MOMEX U
HEUCHPABHOCTEH, €CIU TOJBKO A3TO He sBisieTcsa o0s3aHHOCTHIO KBC. Ilomumo
KoMMyTalmoHHbIX 3agad LKMC, ympasnser mnpouexypaMu —CIEXKEHHS 34
MOOWJIBHBIMU CTaHIUSIMUA C T[OMOIIBIO JIOMAalIHETO M BH3UTHOTO PETUCTPOB
MECTOIOJIOKEHUS JUId O0eCledeHMs] JOCTAaBKM BBI30BA, a TaKXKe MPOLEAYypaMu
ayTeHTUPUKaIUU U uaeHTUUKanuu aboneHToB ¢ nomoipso 1A u PUO.

broku JIPM u BPM mno cBoeil cyTu mpeactaBisiioT coOOi 0a3bl JTaHHBIX.
IlepBbIil CONEPKUAT CBEAEHUS O IIOCTOSHHO NpPHUNMCAHHBIX K JgaHHoMy LKMC
abOHEHTax W O BUAAX YCIYT, KOTOPbIE UM MOTYT OBITh OKa3aHbl, BTOPON COJEPIKUT
uHpopMalnio 00 a0OHEHTaX, BPEMEHHO HAaXOIALIMXCA B 30HE OOCITYKHUBaHUS
nan"oro LIKMC. Llentp ayTeHTHQHUKAIUN 00€CTIEYNBAET BOZMOXKHOCTD MPOBEACHUS
npoueAypbl  ayreHTuduUKanuu aO0OHEHTOB U IU(pOBaHUS  MEpeaaBaeMbIX
coobmenuii, PO conepxut cBeneHust 00 SKCIITyaTUPYEMbIX MOOMIIbHBIX CTaHIIUSIX
Ha IpeIMET UX UCIPABHOCTH U CAHKIIMOHMPOBAHHOTO HUCIIOIb30BAHUS.

KonTtposiep 6a30BbIX CTaHIMI OCYIIECTBISET yIpaBlieHHUEe HECKOJIbKUMU bC,
KOTOpble o0ecreunBatoT cBA3b ¢ MC uepe3 paguonHTepdeic, a TakKe MPOU3BOIUT
ynakoBky uHpopmanuu, nepenasaemoir B LIKMC, u ee pacnakoBKy npu nepenaye B
oOpatHoM HampaBieHun. K uncny omepanwmii, npousBoaumbix KBC, oTHocsTCs
nepenaya oobcimykuBaHusi npu nepexoge MC Mexay coTaMu, KOHTPOJUPYEMBIMU
onanuM u TeMm ke KBC, nepenaua BbI30BOB Mexay MC, HaxomsmuMHUCS B 30HAX
neiictBust pasHbix BC, HO OZHOrO W TOro ke KOHTposuiepa (B MPOTHBHOM Cllydae
nepBuyHoe ympaBinenue Bo3znaraerca Ha I[IKMC). Ilog ympasnennem KBC
OCYLIECTBJISIIOTCS PAJAMOU3MEPEHHS] B KaHalaxX CBA3M, PEryJIUpyercs MOIIHOCTH
epeIaTINKOB MOOMITBHBIX M 0a30BBIX CTAHIIUM.



2 Pacuer 30HBI MOKPBHITUA PAAUOCUTHAIOM Oa30BOM CTAaHIMM Ha OCHOBE

HUCIIOJIb30BaHUA MOI[CHGﬁ I[MPpCACKa3saHusA YPpOBHA CUTHAJIA

2.1 llens 3ananus.

1. 3akpenuTe TEOPETUYECKUE 3HAHMS 110 MOJEISAM IIPEACKA3aHMS MOIIHOCTH
IPUHUMAEMOT0 CUTHAJIA.

2. VI3y4nuTh METOAUKY U NOJYYUTh NMPAKTUYECKUE HABBIKM IO UCCIEIOBAHUIO
BO3MOYXHOCTEW PUMEHEHHUsI TaHHBIX MOJEIEH.

3. IlpuBUTH HaBBIKM MO 3KCIUTyaTalud HWH(QOPMAILMOHHBIX TEXHOJIOTHM,

CBA3AaHHBIX C IPUMCHCHHUCM KOMIIBIOTCPOB IIPpU IMMPOBCACHUHN PACUYCTOB.

2.2 OO01me oM0KEHUS

B cucremax paauMocBA3M JANBHOCTh PAJUOTOPU30HTA 3aBHCHT OT BBICOT
nojBeca anTeHH. Kak mpasuio, Beicota anTeHHBl BC (h 5C) cocraBisier necsatku -
COTHM METPOB, BbICOTAa aHTEHHBI MC - HECKOJIBKO METPOB. B 3TOM ciyyae nanpHOCTh
pamuoropusonta <d,=25km; 35 km; 50 kM npu hge= 50; 100; 200 m. B ropoackux
YCIOBHSIX 3/aHHsI TNPAKTHYECKH MCKIIOYAIOT BO3MOYKHOCTh MNPSAMOW BHIMMOCTH
Mexay aHTteHHamMu BC m MC W MOIIHOCTh MPUHATOTO CHUTHAJIA OKAa3bIBAETCA
3HAYUTENIbHO HUXKE, YeM B CBOOOJHOM IPOCTpaHCTBE. B cpenHeM, TOMOIHUTENbHOE
ocinabnenne B ropoge Ha dactore f= 900 MI't cocrasiaser 20..30 nb mpu
npoTsbkeHHocT Tpaccel R =1 ... 10 kM. DT0 ocnabieHure BbI3BAaHO B OCHOBHOM
OTPaXXEHUEM M pACCEeIHHEM DJHEPrud CUTHAJIa Ha KPYNHBIX CTPOCHMSIX.
[IpyHUMaeMblii CUTHAJI UMEET MHOTOJIYUYEBYIO CTPYKTYPY M MOJBEPKEH TTyOOKHM
3aMUPAHUSIM

CymiectByer OOJbIIOE YKCIO MOJENEH i NPOTHO3UPOBAHUS YPOBHS
panuocurnana B CIIP.

Penbed MecTHOCTH CyHIECTBEHHO BJIMSIET Ha YpOBEHb cUTHaia. 3BecTHbI 1Ba
OCHOBHBIX METOJIa JUJISl y4€Ta €ro BIUSHUS: J€TEPMUHUPOBAHHBIA U CTATUCTUYECKHM.
[lepBbIii MO3BOJSET PACCYUTATh MHOXKHUTEIb OCIA0ICHHS IO KOHKPETHOMY MPOQHITIO
nposera. OH OpUMEHHMM, Ul JIMHAW CBSI3W IO cXeMe "OT NyHKTa K IyHKTY',
Hanpumep, PPJI. B atom ciydae MennaHHOe 3Hau€HME MOIIHOCTH CUTHAjla B TOYKE
nmpuemMa - 3TO TO, KOTOpoe TpeBbimaercs B TedeHue 50% BpemeHu HaOIIOIECHUS
(manpumep, mecsiia). B coToBbix cuctemax, riae bC momkna obecrneunTs CBS3b Ha
TEPPUTOPUHU COTHI, YACTO MPUMEHSIOT CTAaTUCTUYECKUH METOJA, MPU KOTOPOM
napameTpbl penbeda (BbiCOTa MPENsATCTBUM, UX (pOopMa M B3aUMHOE PACMOJIOKEHUE,
HAKJIOH MECTHOCTH U T.I1.) CYMTAIOTCS CIy4yalHbIMU BETUUMHAMU. XapakTep penbeda
MECTHOCTH B COTE€ OLIEHMBAIOT MapaMETpaMH, YCPEAHEHHBIMUA Ha y4acTKax TPAacChl
MPOTSKEHHOCTHIO J... 10 KM.



Bpibop sHepreTuueckmx mMapaMeTpoB B COTOBBIX CHCTEMaX PaTuOCBS3H
JO0JIKEH 00€eCIeuuTh YBEpEHHBIN MTpueM B 30He oociyxuBanusa bC. B Toukax npuema
Ha rPaHMIIE COTHl YPOBEHb CUTHAJA OyNET pa3inyaThCs BCICACTBUE HEOJUHAKOBOIO
BIUSIHUSA 3acTpodMku W penbeda wmectHocTu. [loATOMY B COTOBBIX CHCTEMax
pPaguoCBs3W TYTEM YCPEOHEHHS MO JBYM DIapaMeTpaM: IO BPEMEHH U IO
MECTOMOJIOKEHUIO (10  YHCIy TOYEK TMpUEMa) OMNPEeNeNsiioT YCPEIHEHHYIO
MeauanHyo MolHocTh curHaina (YMMC). YMMC - 310 Takoe 3Ha4eHHE, KOTOPOe
npesbiaercs B TedeHue S50 % Bpemenu Mecauma U B 50% TOuek mnpuema,
HaxXOJSAIIMXCS HA pacCTOSTHUU R OT mepenaronieil CTaHIUM.

2.3 Mopens OxaMyphl

Mogenb it KBa3Uraagkou MECTHOCTH. Tpacca IpOTSHKEHHOCTBIO B HECKOJIBKO
KWIOMETPOB, Ha KOTOPOH CpeIHss BbICOTA HEPOBHOCTEW HEe mnpeBbimaet 20 M
omnpenesieHa B Mojenu OxaMypbl Kak '"KBazuriagkas'. B momenn Oxkamypsl
OPUHATHL 0a30Bble 3HAa4YeHHMS BBICOTHI aHTEHHBI MC hyc=3 M u 3ddekTuBHOIM
BbICOTHI aHTeHHbI BC hz=200 M, mpudeM TOCIETHSS ONpeaeseTCs, Kak BhICOTA
HaJl CpPEOHUM YPOBHEM KBa3WIJIAAKOM MOBEPXHOCTU. YpoBeHb YMMC mid
KBa3UIJIaJIKOW MECTHOCTH:

Pu(R)=po(f.R)= A, (f,R)+H(hye,R)+H(h, T) (1)

rie R - mpoTsSHKEeHHOCTh TPACCHI;

f - pabouas vacrora;

Po(f, R) - ypoBeHb MOIITHOCTH CHTHAJIa B TOYKE TIpUEMa TPU PacIipOCTPaHESHUH
B CBOOOJHOM MPOCTPAHCTBE OTPEeIsIeTCs KakK:

R
po(f, R) = 1010g(Pec) + g — 20log (470 =) + s
Py, —

rje MoIHoCTh nepenarunka bC, mMBT;

96c ™ koadpuument yeunenns anrennsl 5C, 1b;

Gre kod(urment ycunenus antenusl MC, nb;

1;|. =C / f
JInvHa BOJIHBI

A,(f,R) - pomomuuTenbHOE ocnablieHMe CHrHajga B Topoie (MEIMaHHOE
3HAYCHHUE) OMPEAEICHHOE IJIs KBa3HMIJIaIKOr0 TOPOACKOro paiona mpu h,.=3 M b wu
hsc=200 M;

H(hsc, R) - koaddurmenT «BbicoTa - ycuieHne anTeHHbl BC», yUUTHIBAIOIIHIA,
yTO BbIcOTa aHTeHHBI BC MokeT oTinuaTthes ot 3HaueHus 200 m;

H (hyg, ) - koaddurment "Boicota - ycunenne anteHHbI MC", yIUTBIBAIOIIHIA
BIIUSIHUE peajbHOM BhICOTHI aHTeHHb MC. Bce Ha3BaHHBIC BETUYMHBI MPEICTaBICHBI
B JIUTEPATypE B BUC rpaduKOB.

JloronuutenapHoe ociaadnenue curHana B ropoae Ay(f, R) mpeacraeieno B
Buje (yukumm aprymenrta f, mpum mapamerpe R. [lisg mocTpoeHHMs TakuMx 3a-
BUCHUMOCTEN PEKOMEH]IyeM BOCITIOJIb30BaThCs Tabuieit 1.

7



Tabmura 1
f, MI'u AM(f,R), nb npwu

R=lxm [5kMm 10xm 20xm 30xMm 40xm 50kMm 100xm
100 15 22 25 28 31 35 38 51
1000 20 27 30 33 37 41 46 61
3000 25 34 35 40 44 48 54 70

Bimstnue BbicoThl anTeHHBl BC 3aBucut or paccrosinug mexnay MC u bC u
MPaKTUYECKH HE 3aBUCHUT OT 4acTOThl B Auamnazone 200... 2000 MI'm. ITpu R <= 10 km
MOITHOCTh TMPUHUMAEMOI0 CHUTHAJIa M3MEHSETCS MPONOPLHMOHAIBHO KBaJpary
BBICOTHI @aHTEHHBI, a Mpu R >= 30 kM - nponopImoHaIbHO KyOy BBICOTHI, TaK YTO:

H (hEC, R) = 20Ig(h5Cm/200), npu R < 10 xm; (2,a)
H(hEC,R)=30|g(hECm/200), npu R > 30 km ; (2,0)

rie Ny, - BeicoTa anTeHHbl BC B MeTpax.

[To dopmynam (2,a) u (2,0) BBIUKCIAIOT 3HaYeHUsI KO3 uLMeHTa "BbicoTa -
ycunenrne anteHHbl BC" mpu R =10 kM u R - 30 kM, ¥ CTpOST BCIIOMOTATEIbHBII
rpaduk, s ompeaeneHus 3Toro kKodgduIMeHTa Npu APYyrux 3HadeHusx R, He
NPEBBIIIAONIMX JATBHOCTh paauoropu3onTa. I[lpm R>dpr curnan nHa BXOIE
IpUEMHHUKA omnpenesier TudpakiuoHHas COCTABIIAIONIAs AIEKTPOMArHUTHOTO TMOJIAL.
ITpu sToM noabeM anTeHHb! bC MOBBIIIAET YPOBEHb CUTHATIA.

Bnusinue BbicoThl aHTeHHB MC He 3aBUCUT OT MPOTSKEHHOCTH TPAcChl, IO-
CKOJIbKY 9TH aHTEHHBI PACTIOJIOKEHBI HIXKE YPOBHS FTOPOICKOH 3aCTPOMKH, a Tipu Ny,c
< 3 M OHO OJIMHAaKOBO Ha BCEX YaCTOTax M HE 3aBUCHUT OT XapakTepa 3aCTPOMKH.
Koaddumment "BoicoTa - ycunenne anreHasl MC"

H(h,c, f)=10lg(h,,/3) (3)
rae hycm- BeIcoTa anTeHHB MC B MeTpax.
[Ipu ycranoBke anTeHHbl MC Bbilie 3 M 3HadeHue KoddduireHTa

H (hMC, f) CTAHOBUTCSI 3aBHUCUMBIM OT XapakTepa 3acTpoiiku. st cpemHero

ropoga 3TOT KO3(P(UIMEHT 3aBUCUT OT YacTOThl. [l cpemHMX ropoaoB Mpu
hMCm>31
H(h,., f)=20lg(h,,,/3), npu f=400 MI'y (4)
H(h,, f)=30Ig(h,, /3), npu f=2000 MI'y (5)

OH He 3aBUCHUT OT YaCTOTHI JJIsA KPYyMmHbIX ropomoB Ilpum hyc,<3 Ha Bcex
gacToTax npumeHuma gopmyna (3).

PeasibHbIE TpacCBhL.

Mogens OxaMypbl TO3BOJIIET ISl MECTHOCTH, KOTOpasi HE OTHOCHUTCS K
KBa3UTJIQJKON, MyTeM BBEJIEHUS TMOIMPaBOYHBIX KO3(pduiueHtoB B ¢dopmyny (1)
paccuuThIBaTh OXHUAAEMbII YpPOBEHb MEIMAHHOM MOILIHOCTH CHUTHAJla C y4eTOM

8



XapaKTepa MECTHOCTH:

pMZ(R): Pwm (R)+KZO+KZH +K23M + Ky (6)
rae
Kzo - monpaBo4HbIH KOI(PPHUIMEHT I IPUTOPOTHOMN 30HBI M OTKPBITOM
MECTHOCTH,

Kzn - monpaBouHBIi KO3 PUIIMEHT " 17151 3eMHOM MOBEPXHOCTU ¢ HAKJIOHOM";
Kzam- monpaBouHbIi K03(hGUITMEHT 11 yyacTka "3emiis-mope",
Kzx - monpaBoyHbIi KO3PHUITUEHT AJI1 XOJIMUCTON MECTHOCTH.

B npuropoiHOi 30HE MOTEPHU CUTHAJA MPU PACHPOCTPAHEHUH MEHBIIE, YEM B
ropoJie, MOCKOJIBKY B HEW HWIKE 3/IaHUS U MEHbLIE NpensTcTBUi. Kak ycraHOBWII
Oxkamypa, 3TH MOTEPU YMEHBIIAIOTCSA C POCTOM YACTOTHI, Wiau KodhPuuueHnt Kzo
pacrer.

Ero 3naueHns MO>KHO OTNIPENETUTh U3 TAOIHIIBI 2.

Tabmuma 2

f, MI'x 400 1000
Kzo, ab 1151 mpuropoaHoOi 30HBI 8 10
KZO, nb B OTKPBITBIX MECTHOCTSX 24 30

[Tox "3eMHOM MOBEPXHOCTHIO C HAKJIOHOM '"TIOAPA3yMEBAIOT TPACCHI, HA KOTO-
PBIX pesibed MIaBHO MOHMXKAETCS (MM MOBBILLIAETCS) HA PACcCTOSHUU 5 KM U Ooree.
Jlisi Hee omnpeaensioT cpelHui yroa HakiaoHa Y (pucyHok 1, a). Yron cumraercs
oTpunarensHeiM, ecin MC pacnosio’keHa Ha HIDKHEM y4acTKe Tpacchl. (PHUCYHOK 1,
0). B aToM cnyyae Hy)KHO YUUTHIBATh JONOJHUTENIbHbBIE TOTEPU MOIIHOCTH CHUTHAaJIa
IIPU PACIIPOCTPAHCHUH. (PUCYHOK 2).

MC

Pucynok 1

MenuanHasi MOIIHOCTh CHUTHaja BO3pacTaeT, €CJIM Tpacca MEPEeceKaeT BOJHYIO
noBepxHocTh. Koadduiment Kzzy 3aBucut ot otHomenus b= r,/R, (pucynok 3), rae
Iy - IPOTSHDKEHHOCTH Tpacchl Haj Bojgod. KpuBas 1 Ha pucynke 3 11s1 citydasi, Korja
BOJ[HAs TOBEPXHOCTH OJIMIKE K IPUEMHOM CTaHIINH, 2 - K TepeIaroIieH.



LY 1.R > 60 xm
20 2 R>30km
23 R<10km T {Em
10 I et s 15
,.é..-"':——’ 3 b
T 1 |~
-10 7 5 - o
1 4 2 b
220 .10 0 10 20 wpax © 02 04 06 038 10
Pucynok 2 Pucynok 3

[Ipn pacnpocTpaHeHHHM CHUTHajla HaJ XOJIMHUCTOM ITOBEPXHOCTHIO MOTEPHU
paclpOCTPaHEHUsI YBEIMYMBAIOTCA MO CPAaBHEHHIO CO CIIy4aeM KBa3WIJIaJKOU
mectHocTH 3HaueHue Kz 3aBucut ot dh - cpemHei BBICOTBI HEPOBHOCTEH, KOTOpas
MOJKET OBITh OIpe/Ie/icHa 0 PUCYHKY 4,a KaK pa3HOCTh Mexay BeicoTamu h (90%) u
h (10%). 3aece h (90%), h (10%) -3T0 3HaueHHsS BBICOT MECTHOCTH Ha Tpacce
MPOTSHKEHHOCThIO 0KoJo 10 kM, mpeBbimaemsie B 90% u 10% Ttouexk mnpoduis
COOTBETCTBEHHO.

ab  |Kwx
10% fa £ -10 N
dh \ { \_, 20 N
o 3
90% - Y 30 dh
(0 ) 100 1000m
Pucynox 4,a Pucynox 4,6

Ha pucynke 4.6 xpuBasi 1 cooTBercTByeT ciydaro, korma MC HaxomuTcs y
BEpUIMHBI XOJIMAa, KpHBas 3 - y OCHOBAaHMS, a KpuUBas 2 COOTBETCTBYET
NPOMEKYTOYHOMY TIOJIOKEHUIO M HCIOJIB3yeTcss B pacderax. 3HaueHus dh
omnpenensot mo tadmuia 3 [Tpu dh>20 M criegyeT yuuThiBaTh BIUSHAE XOJIMUCTOCTH,
TaK Kak HapyIllaeTcs YCIOBHUE KBA3UTIIAJAKON MECTHOCTH.

Tabnumna 3
TH MECTHOCTH dh, m THn MECTHOCTH dh, m
1. Cnerka xonmucras|20...40 (4. Topsl 150 ...300
paBHHHA

2. Xonmucrtas papauHa |40 ...80 |5. Beicokue ropusie Mmaccussl  |300...700

3. XoJIMBI 80...150 |6. Ouenp BbICOKHE TOpHBIC|cBBIIIEC 700
MaCCHUBBI
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JlononHuTenbHbIE (PAKTOPBI, KOTOPbIE MOTYT BJIMATH Ha 3HAUEHUE YPOBHS
CUTHAJIa B KOHKPETHBIX CUTYyalUsIX - ATO OPUEHTALMs YJIMI[ U OJM30CTh JIECHBIX
MaCCHBOB.

BivsHue opueHTauuu yiaun U gopor. Ilpum pagmanbHOM pacronoKeHUU
TOPOACKHX YJUIL OTHOCUTENbHO BC BO3MOXKHO BO3HUKHOBEHHE BOJHOBOJHOIO
s dexTa, B pe3ynbTaTre KOTOPOrO MOXKET MPOUCXOAUTH YCUJICHUE NMPUHHUMAEMOTO
curHana. [Ipunsteie Ha MC cHUrHaigbpl, HampaBJCHUS PACHPOCTPAHECHHS KOTOPBIX
napasuiesibHbl HAIIPaBICHUSIM YIIHI], UMEIOT YpOBEeHb MOIIHOCTH Ha 10...20 nb BbIIeE,
YeM CUTHAJIbI, IPUXOASIIME ¢ Apyrux HampasieHnii. Ha gactorax nmxe 1 [T ator
s dexT 3HaUnuTENHHO OCIabIeH.

Bimsanue nuctBel. Ha pacnpocTpaHeHne CUTHaNIOB B JIECHOM 30HE BIUSIOT
napameTpbl JepeBbeB (pa3Mep CTBOJIA, pa3Mep BETBEH, IUIOTHOCTb JIMCTBBI,
pPacCTOsIHUE MEXAY IEpEeBBbSIMH, BbICOTa W 1p.). B Tponuueckux pailoHax ¢ OYEHb
IYCTBIMU JIECAMH CHUTHAJl MOXKET HE IMPOXOAUTh Yepe3 JIECHOM MacCHUB, W
pacnpoCTpaHsAeTCsl TOJBKO 3a CYET OTMOAHMs BEPXYILIEK JEPEBbEB M OTPAXKEHUS OT
HUX. HeKOTOpbIE COCHOBBIE JIeCa CUIIBHO IOIVIOIIAIOT JHEPIUI0 CUTHAJIA, IIOCKOJIBKY
pa3Mepsl UTOJIOK COOTBETCTBYIOT IIPUMEPHO ITOJIOBUHE JJIMHBI BOJIHBI CUTHAJIA.

3aBUCUMOCTb OT JUIMHBL Tpacchl. Ilpu pemeHun pszia 3agad B IpoLECCE
IPOEKTUPOBAHUS  CHCTEM  IMOJABI)KHOM  paguoOCBs3U  yIOOHO  IOJIb30BATHCSA
AHAJMTUYECKOW 3aBUCHMOCTBIO MEXIY MOIIHOCTBIO MPUHUMAEMOro curHana (P.) u
paccrosiarem Mexay bC u MC. B o0iiem Buje Takasi 3aBUCUMOCTb UMEET BHU]T

_ -Nn
R =K.R (7)
Jnst cBoOGoaHOrO mpocTtpaHcTBa N=2 . B ropoackux yclioBHSX oOclialJjeHue
CUTHAJIa Topa3io OoJbLIE W MOKa3aTellb 7 , MOJTYYEHHBI Ha OCHOBAHUHM OOpaOOTKU

pe3yapTaTtoB n3MepeHnii OKkaMypsl, 3aBUCUT OT PACCTOSIHUS U BBICOTHI aHTEHHBI bC,
Kak MOKa3aHO Ha PUCYHKE D.

n
8 )
l.1kMm<R (15kMm
6 o ——
'_’__,a” 2 npuR < dpr
4
) -=|._..1 h 2.40 11 <R< 100km

10 50 100 500 1000 M

PucyHnok 5

Ecmu paccrosane mexay bC m MC He mpesbimaer 15 kM, TO mokazareib
creneHu N=4 mpu Majoi BeicoTe aHTeHHBI bC , a pu OONBIINUX BHICOTAX 3HAYCHHE
Ooym3ko N= 2,5 , T.e. 6JIM3K0 K 3HAYSHHUIO B CBOOOIHOM npocTpaHcTBe. Ecim sxe R>40
KM TO CHUTHaJ PE3KO 3aTyXaeT C YBEJIWYCHUEM paccTOsHusA. B OOJbIIMHCTBE 3a1ad4
MPUHUMAIOT N=4 B YCJIIOBUSAX TOPOJICKOM 3aCTPOUKHU

Ha MC mMenuanHas MOIITHOCTh IPUHUMAEMOT'0 CUTHAIA

Py (R) =10 ®),
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e
Py (R) ciexyeT BeraueaTh o (1) oo mo (6).
BanumieM (7) Ui MEAMAaHHOM MOIIHOCTH CHIHAJIA,
4
Py (R)z KR (9)
e

K, =R (10)

(o]

- MeIuaHHas MOIIMHOCTh CHUTHala Ha paccrosHuu 1 kM ot BC, MoxHO
paccuutath 1o (8) u (1), mubo (8) u (6);

R - paccrosaue mexny bC u MC, Belpak€eHHOE B KHJIOMETPAX.

®opmyna (9) chnpaBeminBa B T€X ClOydasiX, KOTJla MOXHO TPUHATH N=4, B
OCTaJIbHBIX CIyYasiX UCTIOJIb3yeTcst 001Ias hopmyna (7).

Biusinue paboueit yactotel. C poctoM paboueid 4acTOThl CUTHANI B TOPOJE
3aTyxaeT 0oJbIle, 4eM B CBOOOJHOM MPOCTpaHCTBE. MOXKHO MPEICTaBUTh

P, (f)=Kgf&m (11)
rac RF - KOB(l)(l)I/IHHeHT IMPOIIOPHOUOHAJIBHOCTH , 3HAYCHHUC KOTOPOI'0 MOKHO
OIIPCACIINTD IIPHU SHCPICTUYCCKOM pPACUCTC;
m - 1I10Ka3aTclib, YCTaHOBHCHHBIﬁ OKCIICPUMCHTAJIbHBIM ITYyTCM.

Jlnst cBoboiHOTO MpocTpancTBa M=0. B ocTaibHBIX Cily4yasix OH OoNpeesnsercs
10 PUCYHKY 6. I/ie KPUBBIE CHATHI IPHU PA3HBIX 3HAYEHUSIX YACTOTHI:

m 1
1.4 > 2
— L
1,0 e 3
/
0,6] 1
0,2 ) | 1 i > R
1 10 100 ™
Pucynox 6
1) f=1..21ITn,
2)f=0,5...1 1T,
3) f=100 MIw.

[Tpu R=1...10 kM, 3HaUeHUE M NPAKTUYECKU OMPEAEISIET TOJIBKO YacTOTa, IPU
R> 10 kM ocnabieHue curHaia ¢ pOCTOM YacTOThI YBEJIMYMBAETCS U 3aBUCUT OT R.
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2.4 Mopuens Jlu

Mopnenu JIu mo3BosIOT MpOorHo3upoBath B quanazone CBY ypoBens curnana
Ha BxoJie mpuemHuka bC ¢ yueTom xapakrepa MECTHOCTH.

MeCTHOCTB KIacCCHPHUIMPYIOT 1O ABYM MPH3HAKAM:

1) mo cTpyktype, cPOpMHPOBAHHON YEIOBEKOM (XapakTep 3aCTPONKH):
OTKPHBITasi TEPPUTOPHST; IPUTOPOTHAS 30HA; TOPOJCKAs 3aCTpOiKa

2) IO €CTECTBEHHBIM CBOMCTBaM (XapakTep Tpacchl): TIajaKas Tpacca, XOJIMH-
CTasl , Tpacca HaJl BOJHON MOBEPXHOCTHIO, TPAcca Yepe3 JIMCTBEHHBIE Jieca.

[lepBast Mmogens JIu mpeacka3aHusi ypOBHSI CUTHAIA - 3TO MOJENb "OT 30HBI K
3oHe". Ha ee 0a3e mocTpoeHa yHuBepcanabHas Mojieib JIu "oT myHKTa K MyHKTY".

Mogenb "OoT 30HBI K 30HE" CO31aHa HAa OCHOBAaHWU AaHAIW3a HKCHEPHUMEH-
TaJbHBIX M3MEPEHUN YpPOBHS CHUTHAJa (JOKAJIBHOTO CPEIHEro), OMmyOJMKOBAHHBIX
Pa3HBIMHM aBTOPAMM JIJISI 30H C PA3IMYHBIM XapaKTepoM 3acTpoiiku. B ee ocHOBe 1Ba
CIEAYIOIINX SKCIIEPUMEHTANIBHBIX MAPaMETPA MOJIEIIU:

P, - ypoBenb curnazia B Touke, orctosmiei or bC na 1 mumo ( umu 1 km);

Y - HAaKJIOH KPUBOW MOTEPh pacnpocTpaHeHus. YucieHHO paBeH OCiIalIeHUIO

CUTHaJa IIPU YBEJIWYEHUH JUIMHBI Tpacchl B 10 pa3; enuHuna msmepeHus - n1b Ha

nekany (ab/nex)
CornacHo monenu JIu, ypoBeHb MOIITHOCTH CUTHAJIA Ha BXOJ1e TpueMHnka MC

p.=p +o, —vIgR +a, +a,+ 0, +a;, (12)
rae Ry - IpoTssKeHHOCTh TpacChl B aHTIMMCKUX MuJiax (1 muist = 1,6 km.);
P, 1 Y - mapamMeTpbl MOZEIH, ONPEIEIEHHbIE IPH TUIIOBBIX SHEPTETHYECKHUX
napameTpax anmnaparypbl, yKa3aHHbIX B Tabnuiie 4,
Q4...0,; - mnompaBouHble Kod(¢uumeHThl. BBomATrcas B caydae, korza
TEXHUYECKHWE  TMapaMeTphl  paauouHTepdeiica  OTIMYAIOTCS  OT  THUIOBBIX.

Onpenensatorcs o ¢opmynam Tadiauiel 4. [lpu 5TOM BIMSHHE BBICOT AHTECHH
YUUTBHIBAETCS TaKkKe, KaK U B MojJiesin OKaMypbl.

Tabmuma 4
IapameTpsbl CTaHJAAPTHbIE NoNnpaBoYHbIE
3HAYCHUHA K0Y(p(pu1HeHTHI
YpoBenb MoutHocTH niepe-|P BS * =40 nbm oy = Pgg — 40

natunka bC - Pgg

Bricota antennsl bBC - h;  [hy* = 100 ¢yt (30m) a, =20lg (h]/ hf)

Koadduument ycunenus|g;* =61b O3 =0;— 6
anTeHHsl bC - ¢

Beicota anterssl MC - hy [h ;* =10 gyt (3m) a, =10y (h2 / h; )

Koadpduument ycunenus|g,*=0nb os =05
anteHHsl MC - 0,
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[nsa  onpenenenus

apaMeTpoB

HCIIOJIb30BaHbI

pEe3yJIbTATHI

N3MCPCHHUHU MOIONHOCTH CHI'HAJIa Ha Tpaccax. 3aBHCUMOCTH YPOBHA MOITHOCTHU
CUTrHajia, UIBMCPCHHBIC JIA O3THX TPACC IIOKA3aHbl HAa PUCYHKC 7, OTH PE3YIIbTAThI
IMOJYYCHBI IIPpU OIIPCACIICHHBIX CTAHIAPTHBIX IIapaMCTpax, YKa3aHHBIX B Ta6J'II/IH€ 4.

Tabmura 5
HOMEpP KPpHUBOii|Tpacca P1, A1bM Y .ab/nex
HAa pUCYHKe /
1 OTKpBITas -49 43,5
2 TUIIOBAs IPUTOPOTHAS -61,7 38,4
3 dunaaenbhus -70 36,8
4 Toxuo -84 30,5
5 Heto Mopk Cutu -7 48
HET CBOOOTHOE MPOCTPAHCTBO -45 20

[ToacraBuB B (12) mapametrpsl monenu JIlu mns Tpaccel "TuroBas MPHUTO-
ponHad" W BBIpaKEHHME JJISA Ol; M3 TaOIMIBI 4, 3aMUCHIBAIOT YPOBEHH MOIIHOCTH
CUTHaja Ha Bxoje npruemHuka MC

p. =—617+(pgs —40)—38,4lg R, + 01, +0t3 + 0L, +0ls

(13)

[TonpaBka npu MOJACTaHOBKE NPOTSKEHHOCTH Tpacchl ( R ) B kumomerpax (1

v = 1,6 xm.): Z; =38,4l9(R/1,6)=38,4lgR—7,84

-350
-60

-70
- 80

-90

-100
-110
- 120

Pucynox 7
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[Tpu cTanmapTHBIX MapamMeTpax, yKa3aHHBIX B TaOJHIE S5, ypOBEHb MOIIHOCTU
cur"asia Ha pacctosauu 1 km ot bC paBeH

p(1) =-61,7+7,84 = -54 0bm
IToncraBus BennMuuHbl O, U Oy 6 (13), HaxoaUM
P.=Pg-134,31- 38,4 IgR + 201g(h;) + 10 Ig(h,) + g; + go, (14)

31ech R BeIpaxkeHo B kM, @ hy u h, - B M.

OxkonuarenbHO B Mojaenu JIu s Tpaccel "TUIIOBasl MPUTOPOJHAs" MPUHST
HaKJIOH ¥ =40 0b/0ex, N KOHTpOJIbHAs TOYKa Ha paccrossHud R = 10 mi B xoTopoi
MOJ1JIEPKMBAETCS YPOBEHb MOIITHOCTH cUTHaja paBHeIM - 100 nbwm, kak mokazaHo Ha
pUCyHKE 7.

PacueTtnas dhopmyna no moaenu Jin

P, =Pg-132,7- 40 IgR + 201g(h,) + 10 Ig(h,) + g1 + g» , a1bm (15)
rae R-B kM, h-B M.

B monenu JIu tak 00bsicHeH du3ndeckuit cMbics popmyib (15)
cjlaraemoe (usnyeckunit cMbICJI
(opmy.ibl
pes-132,7 =p.*(1) |ypoBeHb MOIIHOCTH CHTHaa Ha pacctosiHuu 1 kM ot BC mpu
CTaHJIAPTHBIX YCIOBUSX, 1bM
—vlgR YUUTBHIBAET BIUSHUE CHOPMHUPOBAHHOM CTPYKTYpHL, ¥y = 40
0b/0ex nns Tpacchl "TUNOBAsI MpUropoaHas”

+201g(hy) (dakTop, yYUTHIBAIOIINN €CTECTBCHHBIC CBOWCTBA TPACCHI

101g(hy) + g1 + 9, |dbakTOp,  YYHMTBHIBAIOIIMK  OTKJIOHEHHWE  TEXHUYCCKUX
napamMeTpoB OT CTAHJAPTHBIX , YKa3aHHbBIX B Ta0IuULE 4.

JlononHuTenbHbIe (AKTOPBI, KOTOPHIE MOTYT BIIMATh HA 3HAYEHUE YPOBHS
CUTHAJIa B KOHKPETHBIX CUTYyallUsX - ATO OPUEHTALMS YJIMI[ U OJM30CTh JIECHBIX

MacCHUBOB.
Jl1st Toro, 4TOOBl YCTAHOBUTH XapaKTEp 3aBUCUMOCTH YPOBHS CUTHaJa OT pac-
cTostHus, (15) npeacTaBisitoT

p.(R)=k —40lg R, (16)

ky = pe(1)= pgs —132,7+20Ig(h )+101g(h, )+ 9y + 95, mBu  (17)

YPOBEHb MOIIIHOCTH CHUTHaja B TOUKe Ipuema Ha paccrosinuu 1 kM ot BC, nns
Tpaccel "tunoBasg npuropoaHas” , B auanazone CBY. MoIHOCTh CUTHAIA PU ITUX
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YCIIOBHSIX:
p.(1)= K, =10°™ yBr; (18)

MomHoOCTh curHaia B TOuke mpuema Ha pacctosHuM R km ot BC, ¢ 3a-
CTpOMKOM TuIa "TUIoBast npuropojHas’, B nuanazone CBYU

p.(R)=K,R™ wBr. (19)

CBsa3p Mexny BbIcOTOM aHTeHHbI BC M XapakTepom TpacChl MPOSBISETCS B
cieayromieMm. Ilpu Majmoit BbIcOTe aHTEHHBI TiepBas 30Ha @DpeHens OyaeT dK-
PaHUPOBATHCS €CTECTBEHHBIMU MPEMATCTBUSMHU U YPOBEHb CUTHajJa MOXXET MaJlaTh.
OTOT (paKTOp ABISAETCS CYIMIECTBEHHBIM JIISI MOJACIH "OT TOUKHU K TOUKe'".

B o6mem Buae BMecto (19) MOXHO 3amuicaTh MOIIHOCTh CHUTHajla B TOUKE
npuema Ha paccrosiHuu R kM ot BC, ¢ 3acTpoiikoit 1r000ro Trmna

p.(R)=K,R™", (20)
rae Ki - MOIIHOCTh CUTHAJIA B TOYKE IpueMa Ha pacctosHuu 1 kM ot bC, ns
Tpacchl ¢ TaHHBIM ( | - TBIM) THUIIOM 3acTpOolkH, B auarasone CBY;

n - TOKa3aTellb 3aTyXaHWs, 3aBUCUT OT THUIIA 3aCTPOMKHU. 3HaueHus Kj u n
MOYXHO HAalTH Ha OCHOBAHMM JIaHHBIX TaOmuibl 5, a Takxke (17) u (18). Ilpu pacuere
peanbHBIX Tpacc CIEAyeT CPaBHUTh PACCMATPUBAEMYIO TEPPUTOPHUIO C MOAXOISAIIEH
CTPYKTypo# u3 Tabnuibl 5. [IoCKOJIbKY BCe TPUTOPOAHBIE 30HBI TTOXO0KHU, TO JIJI HUX
ucnoas3yT (19) Jlisg ropooB moka3areiny 3aTyXaHHsS CYIIECTBEHHO OTIMYAIOTCA.
Tak mist Tokuo N = 3, a W11 HEHTPAJIBHOM YacTH Hbm-ﬁopKa n =15. B moxnemu JIn
yKa3aHO, 4TO B cllydyae HEOOXOIWMOCTH JJiI KOHKPETHBIX Tpacc MOTYT OBITh
MPOBEICHBI MPOCTHIC U3MEPEHUS YPOBHS CUTHANA HA paccTossTHUM 1 munu u 10 MuIib
or bC. B kaxmoil TOuYKe MOJKHO OBITH BBITIOJIHEHO TO 5-7 W3MEpeHud U uX
pPe3yabTaThl YCPEAHCHBI U JIOKAJIbHBIC CPEIHUE 3HAYCHUS MOTYT OBITh IOJACTaBIICHBI
B popmyny (20) B o6miem Busie BMecTo (7) MOXKHO 3arucaTh

R hy
Pe(R)=pc(Ry)-vlg ——+20lg % +ar, (21)
Ro hy
rae
Pc(Ro) - ypOBEeHb MOIIIHOCTH CHTHAJIAa B TOYKE IprueMa Ha pacctosiHuu Root BC
[IPY THITOBBIX SHEPreTHUYECKUX MapaMeTpax anmapaTypbl, yKa3aHHbIX B Ta0uie 4;

oL =0l; + 0, + 03+ 0, + Oy - CyMMapHBIi IOIPaBOYHbIA KOO()OUIMEHT.

Mogens "oT nyHkTa K nyHKTY". [Ins mMopenu Jlm "OT myHKTa K NyHKTY" B
KauecTBe OCHOBHOW mpuHsATa (opmyna (21) , koTopas MOXKET ObITh YTOYHEHA U
pacnpocTpaHeHa Ha CJIEAYIOIINE CITydan:

1) oTkpbITas Tpacca

!

R h
p.(R)=p.(Ry)—7lg —+20lg 2 +a (22)
Ro h1
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2) 3aKpbITas Tpacca
r’

R
pe(R)=p.(Ry)-7lg—+20lg L +L+a (23)
Ry hy
3) mponet bC - MC nax BogHo# moBepxHOCThIO. CripaBemnBa ¢hopmyia
JJ1s CBOOOAHOTO TPOCTPAHCTRA.

B (22) u (23) 0603Hau€eHO:
! A .
hy, - >3ddexTuBHAas BhicoTa anTeHHbI BC Ha OTKPBITOM Tpacce;

144 )
hye - ycnoBHas addexTrBHas BbicoTa anTeHHbI BC Ha 3aKpbITOi Tpacce;
L - tudpakiimoHHbIE TTOTEPH.

O¢ddexTuBHAsT BBICOTA aHTEHHBI OMPEIEISACTCS TaKXKE, KaK U Ha OTKPBITHIX
nposnerax PPJI. YcnoBuyto apdextuBHyo BoicoTy aHTeHHBI bC Ha 3aKkpbITON Tpacce
4acTO HEJIb3s OnpeaeauTh (He cymiectByer). [loatomy B (23) 4acTo MOXKHO MPUHSTH

*
he =h,. 3nauenne mudpakUMOHHBIX MOTEPh 3aBUCHT OT MPOCBETA HA TPAcce M

MOKET OBITh HailIEHO MO NTU(PPaKIIMOHHON GopMylie WK rpadukaM TaKxKe, Kak U Ha
PPJL

Paccuutannpie no (12) ...(23) 3HaueHuss MOryT OBITh CKOPPEKTHPOBAHBI C
YY4ETOM TaKUX OOCTOSATENbCTB, KAK OpPUEHTAlMs JOPOr U HaJu4ue JIMCTBEHHBIX
necoB. B cnywae, korma bC pacnonoxena y noporu, ypoBeHb curHana Ha MC,
JBIDKYIIUXCS BIOJBL 3TOM goporu OyaeT ~ Ha 10 ab Beite, uem Ha MC, IBHKYIIUXCS
B [IEPIEHAUKYJSIPHOM HAIIPaBJIEHUH, B PaINyCE OKOJIO IBYX MHJIb.

Ecnu TpaekTtopus paJuOCUTHANIA NEPECEKAET JIMCTBEHHBIA JIEC, TO HYXKHO
YUHUTBIBATH JONOJHUTENIBHBIE TOTEPU M3-32 PACCESIHUS €r0 JIMCTBOM. DTH MOTEpPHU
MOTYT J00aBJIATHCS B KaKJOM KOHKPETHOM ciydae. B psjme skcnepuMeHTanbHbIX
UCCIIEIOBaHUM OBLIO MOKa3aHO, YTO JIMCTBA JAeT MOCTOSIHHOE 3HAayeHUE MOTepb,
3aBUCALIEE OT MPOTSHKEHHOCTH TPACChl, (I Tpacc JUIMHHEE OJHOTO KM). ITockoybKy
rapamMeTpbl JIECHBIX MacCHBOB MEHSIIOTCS, TO M 3HAY€HHUE IOTEPh M3MEHSAETCS OT
30HBI K 30HE. [I0ATOMY B MOJIEISIX MPUHATO MOTEPHU B JINCTBE YUUTHIBATH C TIOMOLIBIO
K03 uimeHTa NOroHHBIX MOTEpPb, KOTOPbINM u3Mepsercs B b Ha aekany, aud0 B
nb/M 1151 KOPOTKUX Y4aCTKOB Jieca.

Teopernyeckn mpencKa3aHo, YTO TMOTEPU B JIUCTBE MPONOPIIMOHAIBHBI

—4 -2
muoxkutemo f " Torma xak B cBo60HOM mpocTpaHcTse - MHOKkHUTemo [ . Taxoke

Ha yactotre 800 MI'1 motepu Ha Tpacce uepe3 jiec coctapisatoT 40 nb/nek, yto Ha 20
nb Oonbile, yeM B CBOOOJHOM MPOCTPAHCTBE MPH TOW K€ CaMOW BEIMYMHE
JOTIOTHUTENBHBIX TOTEph 20 ab 3a cuer xapakrepa 3acTpoiiku. [loaTomy o6rmime
MIOTOHHbIE MOTEPHU cOCTaBIAOT 60 1b.
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CTPYKTYPA MOTOHHBIX NOTEPH

BCETO MOTEpU CBOOOHOTO MOTEPH 32 CUET OTEPH B
MPOCTPAHCTBA 3aCTPOMKU JIUCTBE

60 20 nb/ mex 20 nb/ mex 20 nb/ nex

nb/nex

JlonoJIHUTENbHBIC IOTEPU B JINCTBE
I I
0, =20—— =222 (24)
(10R; —R;) Ry
rae R ; - paccrosinue ot bC 10 Havana 1€CHOro MaccuBa;
| - IpOTSEHHOCTD JIECHOTO MACCHBA.

N3 (24) BuaHo, uto uem Onmxe bC k Havally JIECHOTO MaccuBa, TEM CUJIbHEE
ocnabnenre curHana juctBoi. IloaTomy cnemyer uzberath pacnosioxeHusi bC
BOJIM3U JIMCTBEHHBIX MacCUBOB. AHTeHHbl BC [OJDKHBI OBITH MOJBEIICHBI BBIIIE
Bepxyiek nepeBbeB. Eciam BOMM3M neca Haxomutcas MC, neCHOM MacCUB MOXKET
paccMaTpuBaTbCAd KaK TMPENSTCTBUE U JOMOJHUTEIbHBIE MOTEPU MOTYT OBIThH
paccuuTaHbl 10 1U(paKkIMoHHON hopmyIe.

Mogens JIu "OT mnOyHKTa K TYHKTY' YMEHBIIAET HEONPEACICHHOCTD
MpefcKa3aHusi, TaK KaK B HEW HCIOIb3yeTCSd KOHKPETHbIE MPOQHUIU MPOJIETOB.
Mogens npeanoyTuTeabHa ISl ceTeil ¢ 30HamMu oOciykuBaHusi 10 Muib U MeHee.
OTa MoOAeNb HUCIHOJb3YETCS TMPHU CO3JaHUU KOMIIBIOTEPHBIX MpOrpamMM IJjis MpH
reHepaluyd KapT MOKPBITHUS 30HBI CHUTHAJIOM, KapT HHTEpdEepeHIUH, KapT s
omucaHus nporecca 3ctadeTHON nepeayu u T.11.

2.5 Monens Xara

CranpaptHas mojenb Xara (Hata) moctpoena Ha 00paboTke pe3yinbTaTOB
HKCIIEPUMEHTAIILHBIX UCCIIEIOBAaHUN. DMIIMPUYECKUE 3aBUCUMOCTH, UCTIOJIH3yEeMbIC B
mozaenmu Okamypsl B BHJE TpaduKoB, B 3TOH MOJETH TPEJICTABICHBI B BUJC
anmpokcumupyromux ux Gopmyn. CorimacHo 3TON MOAENU MPU CTATUCTUYECKOM
ydeTe ImapaMeTpOB MECTHOCTH MTOTEPH MPHU PACTIPOCTPAHCHUH PAIHUOCHUTHATIA

L(R, f)=69+26lg(f)-138lg(h, )+[44,9-6,5lg(h,)]lg Ry, +a(hyc )(26),

rae

f - wacTora uznmyuenus bC B MI 1;

Rim- pacctostaue ot bC 1o MC B kMm;

he — 3 dexTuBHas BrIcOTa ycTaHOBKH aHTeHHBI BC, M ;

a(hMC ) - BeJIMUMHA, ONpeesieHHas B paszene 2.3 Kak ko uuueHT "BpicoTa

- ycwienne aHTteHHbl MC". Jlng Hee B paccMaTpUBaeMOWl MOJENH €CTh
annpokcumupytoime Gopmynsl. OqHAKO, 3Ta BEIMUYMHA OOBIYHO HE 3aMMCHIBACTCS B
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dbopmyny nnsi pacyera NOTEpPb, MOCKOJBbKY OOJBIIMHCTBE CIy4yaeB a(hMC )=0.

MosxHo paccuntats 110 (3) - (5).

[lpy HaTMYMK [JaHHBIX O XapaKTepe MECTHOCTH HCIONb3yeTcsl Moaudu-
[UPOBaHHAs MOJICNIb, YYHUTHIBAIOIIAS H3MEHCHHE MECTHOCTH I10 OJIHOPOJIHBIM
ydacTkaM. B 3ToM ciydae, motepu pacipoCTpaHeHHUs

« d
L(R, f)=69+26lg(f)-1381g(n; )+ 31(lg Rey )+ | 5B, Iy 22l Ly @),
k k1
r1e
h, —BEIcoTa yeTaHoBKH aHTeHHBI BC, M;
dy,. dy;—namsnocts ot BC 10 Hayana u koHna k-0ro yuacrka;
OB, — monpagka, Ha ycoBus pacnipocTpaHenus st K-0ro yuacTka;

Ly —mudpakumonnsie norepu, ab.

[To mozenn Xata, ypoBeHb MOIITHOCTH CUTHaJIa HAa BXoj€ npueMHuka MC

Pc(R, f)=Pgs +9:+9, —L(R, f), 1Bu (28)

Jist GSM1800 Ha HauadbHBIX CTAAUSAX MPOCKTUPOBAHUS, KOT/Ia KOHKPETHbIE
BBICOTBI aHTEHH €11I€ HE ONPEACIICHbI CTAHIAPTHASI MOJIENIb XaTa UMEET BU]

L(R)=133+34lg R, (29)

KanmubpoBka mopeneit mpenckaszanus. KanmbOpoBka Mojaenu 3akiioyaeTcs B

noadope 3HAYEHUN MOMPABOYHBIX KOI(PPUIMEHTOB, MUHUMHUZUPYIOIIUX CpEIHEe

KBaJpaTUYECKOE  OTKIIOHEHHWE MEXKJIy IMpPEJCKa3aHUEeM W  HAaKOIUICHHbIMHU

u3MepeHusiMu. B tabnuiie 6 mpuBeneHBl pe3yNbTaThl KaTUOPOBKU JUisi MOCKBBI.

[TonpaBounbie KOAPGHULHEHTH A 100aBISIOT B YKa3aHHbIE (POPMYJIBI.

Tabnuna 6.
Monens o ¢popmyie (26) (27) (29)
3HaueHus MOMPaBOYHBIX K03 duimentos A, nb |-9 -7 -11

Pa3bpoc nomnpaBouHbIx K03 (HULHEHTOB, 1b 10 8 6
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2.6 KoHTponbsHOE 3a/1aHKe

1. Ilpu yka3aHHBIX PHEPreTUYECKUX MapaMeTpax paccuuTaTh MOIIHOCTh CHUT-
Haja Ha BxoJe npuemHuka MC Ha pacctostHum 1, 5, 10, 15 u 25 kM. Pe3ynbTarsl
pacyeTa npejcTaBuTh B BUJIe rpaduka.

2. OnpenenuTs paanyc 30HBI 0OCTY>KUBaHUS B KUJIOMETpaXx, MPU YCIOBUH, YTO
JIOIYCTUMAas MOIITHOCTh CUTHAJIa Ha BXOJI€ MPUEMHHKA JOHKHA MPEBHIIIATh:

a) - 90 nbwm;

0) -100 abwm;

B) - 105 nbwm.

Pe3ynbpTaThl pacdyeTa mpeacTaBUTh B BHIE TpaduKa.

3. VYka3zaHHble BbiIe B M.1 W 2 pacyeTsl BBIMNOJIHUTH, WCIONB3YS MOJENb
Oxamypsl JIJIs1 BAPUAHTOB MECTHOCTH:

a) KBa3UriaaKas

0) mpuropoIHas

B) OTKpBITas

I') XOJIMUCTAs

J1) C HAKJIOHOM.

3anmcaTh ¢GopMyNy IS ONpENeSieHUs YPOBHS CHUTHalA IO 3TOM MOJAETH M
yKa3aTh YACIICHHBIC 3HAYCHUS €€ TTapaMeTPOB.

4. Ha ocHOBaHMM 3KCIIEpUMEHTAIBHOW KPUBOM, IPUBEACHHON Ha pUCyHKe P1
noao0parhs napameTpbl Moaenu Jlu. 3anucats GopMyiy A ONPEAENICHHs] CUTHAIA
[0 3TOM MOJIEJIM M YKa3aTb YMCJICHHbIE 3HAYEHHs ee napamerposn. s monenu Jlu
BBITIOJIHUTH PACUeThl 1O 1.1 ¥ 2 ¥ TOCTPOUTH TpaduKH.

5. 3anucate dhopmymy IS OMpeeTeHUs] CUTHANIa TI0 MOJIeNTu XaTa U yKas3aTh
YUCJICHHBIE 3HAYCHUS €€ apaMeTpoB. BIMOIHUTE pacueTsl 10 N.1 ¥ 2 Ha OCHOBaHHUH
MoieNid XaTa U TOCTPOUTh TpaduKu.

6. [lucbMEHHO COMOCTABUTH PE3YJbTAThl PACUETOB MO PA3HBIM MOECISAM H
OOBSACHUTH PACXOKIACHUS.

Ncxonnbie nanHbie s pacdyeToB jgaHbl B Tadauue P.1. B rpade Ne L nan
HOMep KpuBou Ha puc. P.1. MuauBunyaneHblii HOMEp 3a1aHus M onpenesieTcs: no
JABYM MOCJIeAHUM mudpam HOMepa cryaeHueckoro omiera YZ: M= YZ - 15k, k = 0;
1;2;3;4;5;6. Hanmpumep, eciiu HOMEp CTYACHUYECKOTO OMIeTa 3aKaHIMBACTCS [IUPpaMH
97, ToM=97 - 15x 6 =7.
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Tabmauna P. 1

M Pes, BT |9, A6 |hy,m |hy,m |Y mpan |[dhm f, MI'p [Ne L | Ro,xm
1 0,3 14 90 1,2 3 30 1800 1 2
2 2 12 60 1,5 5 40 450 3 8
3 5 12 70 1,4 10 50 450 5 10
4 7 10 60 2,0 15 90 900 7 5
5 20 6 90 1,3 20 10 800 9 15
6 0,2 15 70 1,1 20 40 1800 11 3
7 10 12 60 1,7 14 100 800 2 12
8 5 10 90 1,0 10 60 800 4 10
9 15 12 50 1,8 7 20 900 6 20
10 20 15 60 1,6 3 20 900 8 16
11 4 10 70 1,2 5 110 900 10 7
12 1 12 90 1,0 15 70 900 12 25
13 10 10 80 1,1 10 120 900 1 9
14 15 12 90 19 2 30 800 2 13
15 30 6 80 2,0 10 40 900 3 14

- 100
- 110
-120
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3 Pacuet oTHOIIEHHS cUTHA/MHTEPPEPEHIINS

3.1 llenpb paboOTHI:

1. 3akpenuTh TEOPETUUECKUE 3HAHUS 110 CIIOCOOaM U OCOOCHHOCTSIM
MIOCTPOCHUS KJIacTepa.

2. 3y4nTh METOIUKY U TOJTYIUTH MPAKTUICCKUE HABBIKH IO PACUETy
OTHOIIICHUSI CUTHAJ/UHTEpDEpEeHIIHS.

3. IlpuBUTH HABBIKU TIO YKCILTyaTallMH MHPOPMAITMOHHBIX TEXHOJIOTHIA,

CBA3AaHHBIX C IPUMCHCHHUCM KOMIIBIOTCPOB IIPpU IMMPOBCACHUHN PACUYCTOB.

3.2 Jlenenue o0CITy:KMBAEMOM TEPPUTOPUHU HA COTHI

Y4acToK TEppUTOPUM PATUOTIOKPHITHS, HA KOTOPOM OCYIIECTBIISIETCS CBSI3b B
(UMKCUPOBAHHOMN TOJIOCE YaCTOT, CXEMAaTUYECKU U300paxaeTcsi B BUJE NPABMIHHOTO
IIECTUYTOJIbHUKA U TIO CXOJICTBY C MYEIMHBIMUA COTaMM TOJIY4YHJI Ha3BaHUe comul. B
pesynbrare CMP ¢ TOpOCTpPAaHCTBEHHBIM  PAa3HECEHWEM  YacTOT  MOJYYHIIH
HalMEHOBaHUE comogblx cucmem mobunvhou ceasu (CCMC). I'pynny coT, B
Ipeiesiax  KOTOPOW OTCYTCTBYET MOBTOPHOE WCHOJb30BAHME YACTOTHBIX II0JIOC,
Ha3bIBAIOT kiacmepom. COTOBas TOIOJOTHS TO3BOJISIET MHOTOKPATHO YBEIUYHTH
a0OHEHTCKYI0 E€MKOCTh CHCTEMBl TI0 CpPaBHCHHIO C CHCTEMaMH paguaibHOU
CTPYKTYpPbl M OXBaTHTh CKOJIb YrOAHO OOJIbIIYI0 30HY OOCIyXUBaHud 0e3
YXYIIICHUS] KauecTBa CBSI3M M PACIIMPEHUS BBIJEICHHOTO YAaCTOTHOTO JMAara3oHa.
BwmecTe ¢ TeM BCcnoab30BaHie COTOBOTO MPUHIIMIA MIOCTPOCHHUSI IPEANOIAraeT v psiji
YCIIOXKHEHUHN, KACAIONIMUXCS OMPEACTICHHs TeKYIIEro MECTOMOJIONKEHUSI MOOUIBLHOTO
a0OHEHTa M 00ecTeueHHs] HEeMPEPHIBHOCTU CBS3H MPHU MEPEMEIIEHUN €T0 W3 OJHOU
coTbl B Apyryto. COoOTBETCTBYIOINIAs MPOIEAypa MOJydnsia Ha3BaHUE IcmagemHoll
nepedayu (B anruiickoi tpanckpunuuu handoff unmn handover).

Iloemopnoe ucnonv3ogeanue uacmom.

Boicokas cnekrpanbHas s¢dektuBHocTh CCMC  ngocTturaercs 1eHOM
MaKCUMaJbHO YacTOTO MOBTOPHOIO HCIOJBb30BAHUA OJHUX M TE€X € YaCTOTHBIX
MOJIOC, U C ATOM TOYKHU 3peHHs] HauOosiee MPEeANOYTUTEIbHBIM ObLIT ObI TPEXCOTOBBIM
(MM TpeXdJIEeMEHTHBIN) KiacTep, M300pakeHHbIM Ha puc. 1, a, rae OJMHAKOBBIMHU
uudpamMu 0003HAUYEHBI COTHI C COBHNAAAIOUIMMU HAOOpaMU YaCTOTHBIX KaHAJIOB.
Kpome Toro, ka0l U3 COT KjacTepa JAaHHOTO THUIIA OTBOJMTCS YAaCTOTHAs I10JIOCa,
paBHasi TPETU MOJIHOTO YAaCTOTHOIO JHAara3oHa, a 3HAYUT, U TPETh OOIIEro 4ucia
KAHAJIOB CBSI3M B CUCTEME, UTO 0OECIIEUNBAET 3HAUUTEIBbHYI0 ADOHEHTCKYIO EMKOCTb
coTbl. BMecTe ¢ TeM yacToe MOBTOPEHHE 30H C OJIMHAKOBBIMH ITOJIOCAMHU YacTOT Xa-
paKTepU3yeTcss 3aMETHBIM YPOBHEM COKAHAJIBHBIX MOMEX, T.€. MOMEX OT CTAHLIMA
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CHUCTCMBI, pa6OTaIOHII/IX B TOM K€ I0JIOCE qaCTOT, HO PACIIOJOKCHHBIX B HCCMCKHBIX
COTax. I[J'IH YMCHBIICHUA BJIMSAHHUA COKAHAJIBHBIX ITOMCX Ooee BBII'OJHBI KJIIACTCPLI C

OOIBIINM YHCIIOM QJICMCHTOB, HAIIPUMCEP 7-3JI€M€HTHI>I€, I/I306pa)K€HHBI€ Ha PUCYHKC
1, 6.

Pucynok 1

MoxHO mokasaTh, 4YTO paccTtosHue D Mexmy neHTpaMu sueek, B KOTOPBIX
HCTIOJIB3YIOTCS OJIMHAKOBBIE IIOJIOCHI YacTOT, W YHUCJIO 7. DJIEMEHTOB B KJIacTepe
CBSI3aHbl COOTHOIIIEHUEM:

D=,3n, p,
TAE p - PadyC STYEUKH, T.C. PAINYC OKPYKHOCTH, OITMCAHHON BOKPYT MPaBUIBHOTO
mecTryronsHuKa. [lapamerp & , ompenenseMblii COOTHOIIEHHEM:

§=-‘3=Jﬁ.

Ha3bIBAIOT KOADDuyueHmom ymeHbueHUs: COKAHANbHbIX nomMex WIh KodhPuimeHTom
COKaHaJIbHOTO MOBTOpeHUs. [y BemUuuHbI 1) =]/ N. ynoTpeOsA0T HAMMEHOBAaHHE

Koaghpuyuenm 3ghghexmusHocmu  NOBMOPHO2O  UCNONIL30OBAHUS YACMOM WU
KO2(D(PUITUEHT MOBTOPHOTO MCIOJIB30BAHMS YaCTOT. Y BEIMYCHHUE YHCIIA DJIEMEHTOB B
KJlacTepe, OJarompusTHO CKa3bIBAIOIIEECS Ha YPOBHE COKAHAJIBHBIX TOMEX,
NPUBOJUT K TPOTOPIIMOHATHPHOMY YMEHBIIEHHIO TOJOCHI YacTOT, KOTOpas MOXKET
OBITh UCTIOJB30BaHA B KaXJIOH COTE, a 3HAYMT, K CHIKCHUIO aOOHEHTCKOW €MKOCTH
COTBI.
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PaccmoTpeHHbIE CTPYKTYphI KIIACTEPOB MPEANONAraloT KCIOJb30BAHUE HA
0a30BbIX CTAHIMSIX AHTEHH C KPYroBOM  jJuarpaMMoil  HampaBlIEHHOCTH,
OCYILECTBIISIIOIINX TEPEeAady CHUTHaja II0 BCEM HAIPaBICHHUSM C OJUHAKOBOM
MOIIHOCTHI0. DPPEKTUBHBIM CIOCOOOM CHMKEHHUSI COKAHAJIbHBIX TIOMEX SIBISETCS
NpUMEHEHUE HAMpaBICHHBIX (B TOPU3OHTAIBHOM TMIIOCKOCTH) AHTEHH C HIUPUHOU
auarpaMmbl HarpasieHHOCTH 120 unm 60°, B pe3yibTare 4Yero IMIeCTUYTOoJibHas
sauyelika pazouBaeTcsa Ha 3 Wi 6 CEKTOPOB, T.€. MPOU3BOAUTCS cekmopusayus com. B
CEKTOpE CHUTHAJ H3JIy4aeTcsl aHTEHHOM TOJBKO B OJHY CTOPOHY, a YPOBEHb
M3JIy4YEHUs B IPOTUBOIOJIOKHOM HAIMpaBJICHUU COKpaIllaeTcsl 10 MUHUMYyMa. Takum
00pa3oM, CeKTopu3alus COT IMO3BOJISIET Yalle HCIOJIb30BaTh OJIMHAKOBHIC MOJOCHI
4acTOT B KJIacTepax 0e3 U3MEHEHUSI UX CTPYKTYpPHI JIMOO B paMKax MPEKHEH CXEMbI
MMOBTOPEHHUS YaCTOT 3aMETHO CHU3UTh YPOBEHb COKaHAIBHBIX moMmeXx. Eciu kmactep
COCTOUT M3 M. COT, KOXIasi U3 KOTOPBIX COJEPKUT M. CEKTOPOB, TO TOBOPAT, UTO
pasMepHOCTh Kiactepa (n. M. X m.). THUIMYHBIMH Pa3MEPHOCTSIMH KJIACTEPOB,
IIUPOKO MPUMEHSEMBIX Ha MpaKTHUKe, sBisitoTes (3,9), (4,12), (7,21). Ha pucynke 1, 6
MPUBEJCH BO3MOXXHBIA BapHaHT paclpenesieHuss HaOOpOB YAaCTOTHBIX KaHAJIOB B
CEKTOPU30BaHHOM KiacTepe pazmepHoctu (3,9). Otmerum, dYTO pa3paboTka
tornoiorun CCMC siBsieTcst cBoeoOpa3HOM M IOCTAaTOYHO CIIOKHOM 3a/1a4ei.

3.3 PacyeT OTHOILIEHUS CUTHAJ — UHTEpPEpPEHIIUS

B Teopetnueckoit yacTu ObUTH pacCMOTPEHBI MPUHITUITBI TOCTPOCHHUS KIIacTepa
1. OOHOPOAHBIX Mogzene. B atux monensx anteHHsl bC - HeHampaBiCHHBIE,
paccrosinue mexay bC ¢ ouHaKOBOM 4aCTOTOM

D=+3N R, (1)
rae Ro- panuyc cotel, N- pa3MepHOCTh KilacTepa.

D
- J3N =—, 2
q R (2)

0
rae  — KodpPUIUMEHT YMEHbIIEHNS] COKAaHAJIbHBIX MIOMEX.

Ha pucynke 2 npuBeneH kjactep npu N=7 U DYHKTUPOM IMOKa3aHbl MyTH
IIECTH MEIIAIONIMX CUTHAJIOB IMpU BCEHanpaBlieHHbIX aHTeHHax bC. Memaromue
cTaHuM o0o3HaueHel MI1-M6. Paccrosaue ot Toukm A mpo MC ¢ HOMepom J
0003Ha4YuM R;j,

Jnsa Beraucnenuss R; ucnonb3yeMm ynpoIIeHHBIH PUCYHOK 3, aHAJTOTUYHBIN
pucysky 2. Ha pucynke 3 o60o3naueno mecronosoxenue bC - Touka O, MC - Touka
A 1 MecTomoIoKeHHe Metaronux ctanuuit Ml...M6.

Jmuner otpeskoB MI-O, M2-0, ..M6-O paBubsl D. Pamguyc BHyTpeHHEH OK-
pyxHocTH OA - paauyc coTbl Ryg. OueBuano, mmmHa MI-A paBna paccrosiauio 10 M,
niuHa M2-A paBHa paccTossHUIO 10 M2 U T.1.
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Pucynok 3
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ITo pucyHky 2 onpezeinsem

R,=D—-Ry R,=4/D?+R?-DR;: R, =/D?+R?+DR,

IToncraBuB croga (1) u (2), 3anuiiem:

R =(9-1)R;; (3.2)
R, =(Ja" —a+1R;; (3,6)
R = (Vo +a+1)R, G, 5)

R, =(q+1)Ry; (3,7)
R5:R3 , (3,2[)
R6=R2' (3, ¢)

MorntHoCcTH curHaIo0B, npuxoaanux Ha MC npencraBuM B BUIE
_ -n
R =KR",
npuHsB R =R, a1 cBoero curnana u R=R; misa J -o2o Memaromero curuana

Ecan OQHCPICTUYCCKUC IMapaMCTPhL bC B cetn OAMHAKOBBI, TO OTHOIICHHC MGI[I/IaHHOI‘/JI
MOIIIHOCTH J -020 MCIIAOMICTO K MeI[HaHHOﬁ MOIITHOCTH CBOCTO CUT'HAJIa

ﬂJ :(RJ/RO)_n ’ (4)

MpH 3HAYEHUSAX N, YKa3aHHBIX BblLIE (HampuMmep, N =2 ; 3 unu 4).

IIpn Heckonmpkux memaromux curHainax Ha MC BO3IelCTByeT cyMMapHas IMOMeEXa,
MEIHaHHasl MOIIHOCTh KOTOPOW paBHA CyMME MEIWAHHBIX MOIIHOCTEM OTIEIBHBIX
CUTHAJIOB. MenaHHOe OTHOILIEHUE CUTHAN- UHTepdepeHus

SIR=-10lg| > 4, |=10lg mL , 1B (5)
J=1

DR
J=1

r7e M - YUCJI0 MEMIAOIUX CUTHAJIOB.
I[To (5) MoOXHO HaWTH YCPEIHEHHOEC MEIUAaHHOE OTHOIIEHHWE CHUTHaJ-
uHtepdepenius. 3aMupaHusi CUTHAJIOB HE YUTEHBI.

3.4 KoHTpoabHOE 3aJJaH1E

1. HapucoBarh Kiactep 3alaHHON pa3MepHOCTH N U MMOKa3aTh MEIIAOIIUE
CTAaHLIMM B COCEHUX KJIacTepax.

2. Paccuutath paccrosiaue mexay bC ¢ oquHakOBBIMHM 4acTOTaMU MU 33JaH-
HbIX N 1 paauyce cotsl Ry

3. s 3TOM ke MOJieu KiacTepa paccuuTaTh MeauaHHoe 3HaueHue SIR, mis
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HECKOJIbKUX KiiactepoB npu N =3, 7, 13, 19, 21.
4. Ilpunars ycunenue anteHusl MC ¢, =0 nb
5. [lpunsate N=3 B 3aJlaHUSIX C HEUETHBIMH HOMEpaMU U N=7 - C YeTHBIMHU.

B omueme 3anucamo:

- pacyeTHbIe (POPMYJIBI JIJISl OTIPEIEIICHHS TapaMETPOB,;

- YUCJICHHBIC 3HAUCHUS BXOASAIIMX BEJIMYMH U UX PA3MEPHOCTbD;
- pe3yJbTaThl PacUeTa;

- TpeOyeMbIe YEPTEKHU U PUCYHKHU;

- KOMMEHTapUH.

Hcxonnbie qanHbie 175 pacuetoB AaHbl B Tadauue P.1 (mocnennuii cronberr).
NunuBuayanbHbeli HOMEp 3afaHuss M ompeaenseTcs Mo ABYM MOCHEAHUM Iudpam
HOMepa cryaeHdeckoro omnera YZ: M= YZ - 15k, k = 0; 1;2;3;4;5,6. Hanpumep,
€CJIM HOMEp CTYJIEHYECKOro Omiera 3akanuuBaercs uudpamu 97, To M=97-15x 6=7.
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