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KPATKHE COOBILHIEHUA

YK 621.396.96

A.H. Kosanes, @.H. Kosanes

OITPEJAEJIEHME 3HAKA YI'JVIA B ®A30OBbBIX IIEJIEHI'ATOPAX

INPOCBETHBIX PAJITMOJIOKATOPOB

Paccmampusaemca 6onpoc nonyueHuss 00HO3HAUHBIX UMEPEHUU V20801 KO-
opouHamul 8 (az0eom nereHeamope NPOCEeMHON PaOUOIOKAYUOHHOU CUCTEMDL.
Heonpeodenennocmo 6 3naxe yena 603nuxaem 6ciedcmaue UCnoib308anUs 8 npuem-
HUKAX NeleHeamopa amniaumyoHo20 OemeKmuposanus CyMMApPHO20 KoaeOaHus,
0bpazyemozo 6 pezyibmame uHmMep@hepeHyuy nPImMol paouosoiIHvl Om nepeoam-
YuKa U paouoBonHvl, paccesiHHol Ha yeau. lIpednodcenvt cnocodwvl paspeuieHus
HEOOHO3HAYHOCMU, OCHOBAHHbIE HA AHANU3E NPUPAWEHUS 80 8PEMeHU PA3HOCHU
a3z npodemexmuposantbix Koieobanull 8 pa3HeCeHHbIX NPUeMHUKAX U HA aHalu3e
npupaujerust 4acmomvl HPOOemeKmuposantblx Konebanuili. B nepgom ciyuae 3uax
yena evloupaemcsi nNpOMuUBONONIONCHbIM 3HAKY NPUpAujeHus pazHocmu ¢as npooe-
MeKMupo8anuvix Konebanuil. Bo emopom ciyyae, eciu wacmoma yMeHbUAemcs,
Mo pasHocmy a3z oaem Gepubvlll 3HAK Veld, a eClu Y8eIUudU8aemcs, mo 3HaK yeud
cnedyem cMeHUms Ha NPOMUBONONONHCHBII.

Knrouesvle cnosa: npoceemnas paouonroxayus, hazoewiil neieH2amop, 00HO-
BHAYHOCTY UMEPEHULL Yead, HeMAHe8PUPYIOWAs Yelb, NpupaweHie pasHocmu ¢as

KonebaHui.

BBenenne. B mpocBeTHBIX pajloOOKAIIMOHHBIX
cucremax (PJIC) ucnonb3yercs siBieHue yBenude-
HUSl WHTCHCHBHOCTH PAaCCESHHOTO W3Ty4eHHs, Ha-
OmroflaeMoe MpH HAaXOXJICHUH IIeJH MEXKIY Mepe-
JaTYNKOM M TPUEMHUKOM. [1OCKOIBKY MOIIHOCTH
paccestHHOTO BIIepe OISl MPAKTHUECKH HE 3aBUCUT
OT PaJIMOIOTJIOMAIONINX MTOKPBITUH IIeNH, TO IMPO-
ceerabie PJIC sBisitoTcst 3G QEeKTHBHBIM CPECTBOM
Oo0OHapyXeHUs! 0OBEKTOB, BBITIOJIHEHHBIX 1O TEXHO-
soruu "Stealth" [1,2].

B mpocsernbix PJIC ucnons3yioT nepenaTauku
C MOHOXPOMATHYECKHUM HU3Ty4YCHHEM U TPUEMHUKH
C aMIUTUTYAHBIM JE€TEKTHPOBAHUEM CYMMAapHOIO
KosiebaHus, oOpasyeMoro B pe3yinbrare uHTEpde-
PEHIIMY MIPSIMOM PaIOBOIHEI OT TepeiaTinka 1 pa-
JIVIOBOJTHBI, paccessHHOM Ha 1ienu [3-6]. Onpenenenue
KOOPJIMHAT MOXKET OBITh MPOU3BENCHO 10 Pe3yIbTa-
TaM U3MEPEHUI JOIJIEPOBCKOW YacTOThl M HaIlpaB-
JIeHWsI Tpuxoaa paccesHHoro curHana [2,5]. Ilpu
3TOM BCJIEJCTBUE y30CTH 30HBI JICHCTBHS TPOCBET-
HBIX CHCTEM B KayecTBE OCHOBHOW MOJIENH JIBUXKE-
HUS TIeTH PAcCMaTPHBAIOT €€ PABHOMEPHOE MPSMO-
TUHEHHOE JBHKCHUE TIONEPEK OTpe3Ka, COEIUHSIIO-
IIEr0 MYHKTHI Pa3MeleHus] TIepeaTInKa U MPUEM-
HuKa [2,5,7].

Henab padothl. [lepcrieKTUBHBIM SIBIIAETCS TI0-
CTPOCHUEC NPOCBETHBIX CUCTEM C (I)aSOBLIM IIeJIeHra-
TopoM [8]. B HeM olieHKa yriia MOXeET ObITh IPOHU3-
BelleHa MyTeM CpaBHEHHs (a3 MmpoJeTeKTUpOBaH-
HBbIX KOJeOaHUH B pa3HECEHHBIX mpueMHuKax. On-
HAKO aMIUTMTYTHOE JETEKTUPOBAHUE HE TMO3BOJISET
MOJIy4UTh MH(OPMAIIHIO 0 3HaKe (a3bl KOICOaHMt
U, KaK CJE/ICTBHUE, BeeT K HEOJAHO3HAYHOCTH MU3Me-
peHuit yrmoBeix koopauwHat [3,4]. Llenpro Hacrtos-
e paboThl SBJISIETCS Pa3paboTka CIoco0OB YCT-
paHeHUsl yKa3aHHON HEOHO3HAYHOCTH.

Cxema npocsetHoii PJIC. Ha pucynke moka-
3aHbl OCHOBHBIC T'€OMETPUYECKHE pa3Mephbl Ipo-
cserHoit PJIC.

Tpaekropus

I'eomeTpus npocsetHoii PJIC
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DJNeMEHTHI CHCTEMBI pa3MEIlEHbl B IIOCKOCTH
xOy. Ipuemuuku Ilp,, Ilp,, obpasyromme daszo-
BBII TIEJIEHTaTOp, PacIoliokeHbl Ha ocu (Jy Ha pac-
crostaun b apyr ot apyra (b<1/2, A — wmHa Bon-
HbI M3JIy4CHUs MepeaaTunKa), ISHTP OTPe3Ka MEx-
Ny TpUEMHUKAMH HAxXOIWTCS B Hadyaje CHCTEMBI
koopauHart (B Touke O). [lepenatunk (I1) pasmenien
Ha ocl Ox Ha PACCTOSHHUH @ OT Ka)JIOr'0 U3 TPUEM-
HUKOB. Llenb nBUXKETCS cO CKOPOCTBIO V =const B
mockoctu xOy, mepecekas ocb Ox TOA YIJIOM V,
omuskuM k 90°. Ha pucynke o0o3HadeHo: 7, — pac-

CTOSHUE OT MEPENATINKA 10 UEH; Frpis Typy U 7,

pl> np
paccrosiaus ot npuemMHukoB IIp;, Ilp, u oT Havana
CHUCTEMbI KOOPJMHAT JI0 LIETIK; () — YIOJl, XapaKTepH-
3YIOUIMI HaIlpaBJICHUE HA 1I€Jb U3 Hayajla CUCTEMBbI
KOOpJIWHAT OTHOCHUTEIBHO ocH Ox, CTPEIKOW MOoKa-
3aHO MOJIOKUTENIbHOE HAIpaBJIE€HUE OTCUeTa yria.
IIpenmnonaraercs, 4To LENb yAaleHa OT MEIEHTaTo-
pa Ha pacCTOsSHUE, BO MHOT'O pa3 MpeBbIIaioiiee b

(Fupts Fapz >>D), ¥ TIOITOMY Pa3HOCTb JAIbHOCTEH

JI0 LIEITH MOKHO IIPEICTABUTh B BUJIE:
rnpl_rnp2:ll_l2:b51n_l: (1)

ll :rn+rnpl: l2 :rn+rnp2'

OcHoBHbIe cooTHOWIennd. [IycTs nepemaTunk
U3Iy4aeT CUTHa

un(t) = Un COs (2pfnt - qn) 5

rne U,, f,, O, — aMIUINTyJa, 4acTOTa U HaYallb-
Has (asa curHana, ¢ — BpeMsi.

Ha BX0a KaXIoro u3 MPHEMHHUKOB OIHOBpE-
MCHHO C IIPAMBIM KOJIe6aHI/IeM nepeaaTynka

Unp (t) = Unp COS(2pfnt -0y - ka) (2)
MOCTYNAET PACCETHHBIM HA 1€ CHUTHAI
uqi(t):Uc COS(2pfnt—qn _klj(t)_qu)a (3)

rne U, U, — ammmmrtyasl, ¢, — cABUT (a3bl IpH

p >
paccestaun, k =2p/l, j =12 — HOMep npueMHHKa.

Ecnu nonoxxuTk, 4To H3MEpEHHs yriia ¢ Mpou3-
BOJATCS HAa OTHOCHUTENBHO KOPOTKHUX BPEMEHHBIX
WHTEpBajiaX, TO 32 BPeMS E€AMHUYHOTO M3MEPEHUS
JIOTUUIEPOBCKHUE YaCTOTHI B IPUEMHUKAX MOYKHO CUH-
TaTh OYTH HEM3MEHHBIMU U 1200 OTIHYAIOIINMU-
cs apyr ot apyra. Torma ¢ yuetom Uy, >>U,. ne-
PEMEHHYIO COCTAaBJISIONIYI0 Ha BBIXO/E aMIUIMTY.I-
HBIX JI€TEeKTOpOoB npueMHukoB IlIp,, Ilp, Ha i-Mm

HWHTEpBaje u3MepeHus coraacHo (1), (2), (3) MoxHO
TIpencTaBuTh B BUE [3,4]:

U, (1) = U, cos (2pf, (¢ ~ 1) - ki, -
- (/)kbsin j, - q, +ka),

Uy (£) =U, cos (20, (¢ 1,) ~ ki, +
+(1/2)kbsin j, -, +ka),

4)

)

rae I, fu
JIOTTEPOBCKOM YaCTOTHI, COOTBETCTBYIOIINE MOMEH-
Ty L =),
fu = fa(t;). V3MeHeHHE HOMIEPOBCKOI 4YacTOTHI

— 3HAYEHHs JaNbHOCTH [ =7, +7,, H

HadalJla HMHTEpBajla HU3MEPCHUA,

OT TIPENbIAYIIEro HWHTEpBala K IOCICAYIOMIEMY
OITMCBIBAETCS 3aBUCUMOCTBIO

1 di()

L=

Pasnocts (a3 mpomeTeKTHpOBaHHBIX KoJeba-
Huit (5) u (4):

Dq; =kbsinj; . (6)

O4eBHIHO, YTO Pe3ysIbTaT BHIYHCICHUS Pa3HO-
cru (a3 konebaHUil HE UBMEHUTCS MPH CMEHE 3Ha-
KOB JIOTUIEPOBCKOM 4acTOThI M yriaa ¢ B (4), (5) Ha
MIPOTUBOIIONIOKHBIE. B  paccmaTpuBaemMoil cxeme
MIPUEMHUKOB C aMIUTUTYTHBIM JETEKTHPOBAHUEM HE
yaeTcsi COXpaHUTh 3HAK JIOMJIEPOBCKOW HaCTOTHI:
KoneOaHusl Ha BBIXOJIE JICTEKTOPOB BCET/Ia BOCIIPH-
HHUMAIOTCS C MOJIOKUTENbHON YacToToi. To ecTh B
ciydae (akTHYECKOTr0 OTPUIATENBHOTO 3HAKa JIOI-
JIEPOBCKOM YacCTOTHl CPaBHEHHUIO MOIIEKAT (asbl
KoJIeOaHUN C MPOTHBOITOJOKHBIMA 3HAaKaMH, YTO
MIPUBOIUT K HEBEPHOMY 3HaKy yria ¢. Orciona cie-
IyeT 3a/1a4a ONpeAeIeHuUs 3HaKa yria o.

IIpaBuna paspemieHusi HEOJAHO3HAYHOCTH
YIJIOBBIX M3MepeHHid. /{151 pemenus 3aiadun MOXx-
HO MOPEUIOKUTh JiBa moaxoja. IlepBbiii U3 HUX OcC-
HOBaH Ha TMPEABAPUTEIFHOM OINpEACTICHUH 3HaKa
JIOTUUIEPOBCKOW YaCTOTHI: €CM 3HAK YacTOTHI IOJIO-
kuTenpHbli (f, >0), To 3HaK pasHOocTH (ha3 mpo-
JIETEKTUPOBAHHBIX KoJeOaHuid (6) Takol ke, Kak H
yraa @; ecimu ke f, <0, To 3HaK yrna ¢ ciemyer

CMCHUTH Ha HpOTHBOHOHO)KHBIﬁ II0 OTHOIICHUIO K
3HaKy AS.
[Tockonbky mormiepoBckas yactora f,(f) ume-

eT yOBIBAIONIMI XapaKTep, U3MEHSSACh OT IOJOXKH-
TeNbHBIX (10 Tepecedenus nenpio ocu Ox) K OTpu-
OaTCiIbHBIM 3HaA4YCHUAM (HOCHe MEepeCCUCHUA OCHU
Ox), TO 1O 3HAYEHHUSM YacTOT IMPOJETEKTHPOBAH-
HBIX KOHC63HI/II71 Ha HECKOJIBKUX COCCIHNX MHTCpPBA-
Jax M3MEpEHUs] MOXKHO CJIeNIaTh BHIBOJ O €€ 3HaKe
[4]. Tak, ecnu pa3HOCTh YACTOT MPOJCTEKTUPOBAH-
HOro KoneOaHus B cocenHux (i W i—1) mHTEpBaIax

SIBJISIETCS. OTPUIIATEIILHOM : | fm-| - | f m-_]| <0, TO Hom-
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JepOoBCKasl 4acToTa — moioxkutensHas: f, > 0. U
Ha000pOT, eCiu |fm-| - |fm-_,| >0, 10 f, <O0.

B nmpyrom crmocobe TpeOyercss OLICHHTh 3HAK
MpHUpAIICHUs PAa3HOCTH (a3 MPOACTEKTHPOBAHHBIX
koimebanmii. Ecim caemanpble IOCIEI0BATEILHO
M3MEPEHHS Pa3HOCTH (a3 COOTHOCITCS KaK

Dg; > Dq; ,

TO 0OCJIb HAXOOUTCA B HYOKHEN IMOJIYIIJIOCKOCTHU
J <0. U naobopor, ecnu

Dg; <Dq,.,

T0 j >0.

Jyis 000CHOBaHMsI TIpeIaraéMbIX MPaBHII YCT-
paHeHHMs] HEOMAHO3HAYHOCTH PACCMOTPHM YETBIPE
BO3MOJKHBIC CUTYAIUU:

1) menp aBMXKETCS B BEpXHEH MOMYIIOCKOCTH
(cM. pucyHok), y >0, mpubmmkasce k ocu Ox,
v, <0 (v, =|v|siny). B stom cnyqae f, >0,
yroi @ — nmonokutebHblid (J > 0) u yMeHbIIaercs,
T.€. cornacHo (6) Dg; < Dq;_;;

2) uenb ABWKETCS B obmactu y < 0, ymanssich
or ocu Ox, v, <0. To ecTh Henb yKe mepecexia
ock Ox. B aTOM ciiydae yros ¢ — OTpUIIATSIIbHBIA U
npojosbkaeT yosiBaTh. OIHAKO C y4ETOM H3MEHe-
HMs 3HaKa JOIIEpOBCKOM yacToThl (31eck f, <0)
pa3HOCTh (a3 MPOAETEKTHPOBAHHBIX KoJcOaHUH
Oyzaer yBenuumBaThes co Bpemenem: Dg, > Dq,_; .

AHAJIOTMYHBIM 00pPa30M PacCMaTPHUBAKOTCS CH-
TyallMH, KOrJia Ielib JIBFMDKETCS W3 HWKHEH IONy-
IJIOCKOCTHU B BEPXHIOK (v, > 0);

3) ecnu nenb He nepecexiia och Ox (¥ <0), TO
yron J <0 u yBenmuuuBaercs. [10CKOJIbKY 3HaK J10-
IJICPOBCKON YaCTOTHI IOJIOKUTENICH, TO M IpHpa-
IIEHHE Pa3HOCTH (pa3 MPOACTESKTUPOBAHHBIX KOJIC-
Oanmii Oyzner yBenuuuBatbes: Dg; > Dq;_; ;

4) mocne mepecedenus menbio ocu Ox (y > 0)
yron j >0 u yBenmumBaercs. OHAKO ¢ yIETOM HU3-
MEHEHHs 3HaKa JIOMIepoBcKoi yacTotsl (f, <0) mo-
nyaum Dqg; <Dq,_;.

IToBbICUTH TOYHOCTH M3MEPEHMI yIjla U Ompe-
JICNICHUST KOOPJIMHAT B PaJnOJIOKATOPEe MOXKHO ITy-
TEM YBEJIMYCHMS PACCTOSHUS b MEKIy ero mpuem-
Hukamu [8]. [Ipu »TOM 3HaAK yriia @ Takxke JETKO
OIPENEIUTh HUCXOJAS W3 IPaBHJ, OCHOBAaHHBIX Ha
MPHUPAIICHUH Pa3HOCTU (a3 MPOAETEKTHPOBAHHBIX
KonebaHui.

PJIC ¢ wu3sMepeHuem YrjaoBOil CKOPOCTH.
[IpencraBnenHsiii MaTepuan OyleT HEMOJIHBIM Oe3
PACcCMOTpPEHUS TIPAaBHJI ONPEIACIICHUS 3HaKa yrja B

MPOCBETHBIX MHTEPPEPOMETPHUECKUX YCTPOUCTBAX
M3MEpeHHs YIIIOBBIX ckopoctelt [7-9]. B Hux pac-
CTOSIHHE b MEXKIy TpPUEMHHUKaMH HACTOIBKO BEINH-
ko, b>>1 / 2, 94TO TIO PA3HOCTH JIOTUICPOBCKUX YaC-

totT B npueMHukax Ilp,, IIp, (cMm. pucyHoK)

1 dl@) 1 dl,(f)
Su@)= T d T ar

MOXKHO OIICHHBATH KaK YTJIOBYIO CKOPOCTH I1eNH [7]

W)= di0)/dr =40 = fa ).

S =~

Tak ¥ caM yroa J(¢) [8]

- I
sin§(1) = =71/ (0 = ()t

IZie T — MOMEHT IlepecedeHus Lenbto ocu Ox.

B mono0HBIX ycTpoWCTBax 3HAKH JIOTUIEPOB-
CKMX YaCTOT, KaK yKa3bIBaJIOCh paHee, MOTYT OBITh
OIIpeNieNeHbl 0 MPUPAIEHUIO YacTOT MPOJIETeKTH-
POBaHHBIX KoleOaHUH, a 3HAK yIJla @ — 110 Pa3HOCTH
aTuX 4actot [9]. PaccmaTpuBast BO3MOYKHBIE CHTYa-
LMW C HampaBlIeHUEM JIBM)KEHHUS IIEeIH, HECI0XHO
YCTaHOBUTH, YTO €CIIM YacTOTa MPOAETEKTHPOBAH-
HOro KolleOaHusi B TIEPBOM MPUEMHHKE IMPEBOCXO-
OUT YacToTy BO BTOPOM IIPUEMHHUKE, T.e.

@] >|f2 (@)

aymnockoctr (y>0) u j >0. JIpyroe ’e COOTHO-

, TO LIeJIb JBUXKETCA B BEpXHEH MO-

IIeHHe — |fﬂ](t)|<|fﬂ2(t)| — SABIISIE€TCS CIEICTBUEM
JBIDKEHUS 1M B HIDKHEW monyriockoctd (¥ <0)
n J<o0.

BuiBoabl. [TonydeHHble criocoObl pa3pelieHus
HEOJHO3HAYHOCTH Jal0T BO3MOXKHOCTH KOHCTPYH-
poBaTh pazinyHble (Ha30BbIC YCTPOMCTBA U3MEPECHUS
YTJIOBBIX KOOPAWHAT HAa OCHOBE MPOCTPAHCTBEHHO
Pa3HECEHHBIX NMPUEMHHUKOB C aMIIUTYIHBIM JIE€TEK-
THPOBAHUEM CYMMapHOro KoseOaHus. Tem caMmbIM
3aMETHO YBEIMYHMBAETCS YHCIIO CIOCOOOB MOCTpOE-
HUS TIPOCBETHBIX PAJMOIOKATOPOB M YIPOIIAIOTCA
CXEeMBbl MX MpPAaKTHYECKOW peanu3anuu. Tak, mpo-
CTEHIIMI IIPOCBETHBIN pajap ¢ OJNHO3HAYHBIMU W3-
MEpEHHSIMHU YTIia U KOOPJHMHAT e MOXET OBbITh
cOpMHUpOBaH BCEr0 W3 OIHOIO TIepeJaTdhka M
JIBYX pa3HECEHHBIX MPHUEMHUKOB.

CuntaeM CBOMM MPHUATHBIM JOITOM TOOJAro-
napuTh uieHa-koppecrnonnenta PAH Konnpatnesa
B.B. 3a nomnepxky paOoTHI.
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A.B. Kcenoszoe, E.H. Cypkoe

AHAJIN3 U AIIIMTPOKCUMAIUA ®OPMbI
ASUMYTAJIBHOI'O CITEKTPA MOIIHOCTH

Pacemompena 3asucumocms napamempos modenu MIMO cucmemvr om xa-
paxmepa mecmuocmu. Ha npumepe mecmuocmu yucieHHbiM MOOeEIUPOBaAHUEM
npoussedeHa onmumuzayusi npocmpancmeennon cmpykmypot MIMO cucmempi,
docmueHym meopemuieckuil evluepblid 6 omuoutenuu cuenan — wiym 0,8 ob.

Knrouesvie cnoea: MIMO, npocmpancmeennas cmpykmypd, a3umymaibHolil
CneKmp MOWHOCMU, 8ePOSIMHOCHb OUUOKU, NOMEXOYCMOUYUBOCHD.

BBenenme. Cucremsl Ha ocHoBe MIMO
(Multiple-Input Multiple-Output) TexHOJOrHIA B
cpemHeM O00ecCIeYrBarOT yBEIHYCHHUE IOMEXO-
YCTONYMBOCTH JIMHHH CBs3M [1], OMHAKO B YaCTHBIX
CIIly4asiX CYLIECTBEHHOE BJIIMSHUE HA IIOMEXOYCTOM-
gyuBocTh MIMO cuHcTeM OKa3bIBaeT MPOCTPAHCT-
BEHHAs KOPPEJAIUS MEXAYy CUTHAIaM{d B TpUEM-
HBIX aHTeHHax [2]. B cBoro odepens, mMpocTpaHCT-
BEHHAsI KOPpEIALUs 3aBUCUT OT B3aHMHOI'O paclo-
JIO)KECHHSI aHTEHH, OIPENESAIOIIEro IPOCTPAHCTBEH-
Hyto ctpykrypy (IIC) MIMO cucremsl, a Takxe OT
Xapakrepa MECTHOCTM Ha IIyTH PACHPOCTPAHEHUS
curHana. [lokazano [2], yto ontumuzanus [1C mo-
KeT 00ECIIEUNUTh BBIUTPHINI B OTHOIICHUN CHUTHAI —
mym (OCHI) Ha mpueMHHUKE, TEM CaMbIM ITOBBICHB
nomexoycroiunBocth MIMO cucremsl. s ontu-
muzaryn [1C 4ncieHHBIM MOJeInpoBaHHEM TpeOy-
ercs onucanre MIMO cucTembl, BKIIIOYas BIUSHUE
Xapakrepa MECTHOCTH, C IIOMOIIBIO JOCTOBEPHOU U
OJIHOBPEMEHHO KOMITAKTHOM MAaTeMaTUYECKOM MO-
JIEIIH.

Lean padoThl — 0030p MaTeMaTHYESCKUX MOJIe-
neit MIMO cucteM, OIleHKa BBIUTPHIIIA B TOMEXO-
ycTOMUnBOCTH MoaenbHoi MIMO cucrembl Ha KOH-

KpPETHOM TIpUMeEpe.

00630p moaeaeit MIMO cucrem. Ha mpaxTuke
WCTIOJIB3YIOT JIBa OCHOBHBIX THIIA MOJIENCH: CTaTH-
CTHUYECKUE M reoMeTpudeckue (¢pusnyeckue). Jloc-
TOMHCTBAMH CTATUCTHYCCKMX MOJCICH SBIISIOTCS
KOMIIAaKTHOCTh M CKOPOCTb MOJICIMPOBAHUS IPH
BBICOKOH TOYHOCTH KaHAJIbHBIX XapaKTEPUCTHK.
HenocTtaTkoM CTaTUCTHYECKUX MOJEIEH ABISETCA
HEBO3MOXKHOCTh MOJICJIMPOBAHUS 3aJCPKKUA  pac-
MPOCTPAaHEHHS CUTHAJIA M JOIJIEPOBCKOI0 3 deKTa.
I'eomeTpuieckne MOAENH MO3BOJSIIOT YYECTh 3a-
JIEPIKKY M JIOTUIEPOBCKHH 3 (deKT, omHako s MX
MOCTPOCHUST TpeOyeTcst OOJBIIOI MacCHB JIaHHBIX O
KOHKPETHOH MECTHOCTH, KPOME TOT'0, Ha MOJIEITHPO-
BaHUE TpeOyercs cyiiecTBeHHoe Bpems [3, 4]. Cire-
JIOBaTENbHO, B CHTYallUsX, KOTJIA CKOPOCThH Iepe-
MerieHus MoOuiIbHOHN cTanimu (MC) OTHOCHUTEIBHO
0azoBoit crannuu (BC) HeBbICOKa, II€I€CO000pa3HO
WCIOJIb30BaTh CTATUCTHYECKYIO MOJIEINb, YTO CHH-
MaeT mpoOJieMy TOYHOI'O OICHWBaHUS JaHHBIX Me-
CTHOCTH M 00ECIeYNBACT YKOHOMHUIO BBIYMCIUTEIIb-
HBIX pecypcos [1, 3].

B cratucTHueckHX MOIENAX TMPENIonaraercs,
YTO CHUTHAJ, NPUHUMAEMbIii MacCHBOM aHTCHH,
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CKJIaJIbIBAETCSl U3 HE3aBUCHMO 3aMHpAIOIIUX 3Je-
MEHTApHBIX CHUTHAJIOB, PacHpeleSleHHBIX B IIOCKO-
CTH a3MMyTa U HMMEIOUINX MOIIHOCTH MPOMOPIHO-
HAIBHO (PYHKIMH a3MMYTaILHOTO CHEKTpa MOIIHO-
ctu (ACM) p( ]) [4], HOpMHPOBAHHYIO TaK, YTO

Sp(Td T (1)
0

®opma ACM ompenensiercss XapakKTEpOM MECT-
Hoctu. [l meranpHOTO ompeneneuus ACM B cra-
TUCTHYECKUX MOJENAX BBOAMUTCS TOHSITHE KiacTe-
pa— OIWMHOYHOTO WJIM TPYIIIOBOTO OTpa)kaTess
CHUTHaJa, HaXOJIIIErocs B JajbHeW 30HE MacCHBa
aHTeHH [4]. B pa3nuyuHBIX yCIOBUSIX MOAETH MOXKET
WCIIONIB30BaTh /10 HECKONBbKHX KiacTepoB, # ACM
monenupyemoit MIMO cucremsl gBisieTcsl cyrep-
nozunuer Gyakauit ACM OTAeNbHBIX KIIACTEPOB:

NC "
Ps(ﬂzélPOkOPk(ﬂ- (2)
3neck N, — KOIMYECTBO KJIACTEPOB, p,, — Be-
CoBbIe KOA()(PHIIMEHTHI, YIOBICTBOPSIOIINE YCIIO-
N,

BHIO & Do =1 ans obecrniedenust HopmMupoBkH (1),
k=1

p k( 7) — ACM k-ro knacrepa:

pe( D=1 3)

Iie Iy, — Yroa Npuxoja CUrHaja, OTpa)KeHHOro oT k-
ro KIacTepa, K MaccuBy aHTeHH; D, — mmpuna yceue-

HUSL anmpoKcUMupyromel QyHkpn  f, k( ]). Bei6op
NaHHOW (YHKIMHM Tarke OOYCIIOBIICH XapaKTepoM
MECTHOCTH. B cTaTHCTHYECKMX MOJENSIX HCIHONb3Y-
FOTCS CIISTYIONHE BUIBI aIITPOKCHMAIUH [4].

1. ®ynukius Jlannaca:

e Dy ﬂ_] 1 _“/E‘T'Ek‘
4 2V, ) v,
=e1_ /va[:l M 4
£(7 A N AT 4)
é U M

2. TayccoBa (hyHKIHS:

8 & D ﬁﬂ_] ! _(T‘Ek)z
£i(=é1-208 =000 )
é 32 Vie 9y V2 SV,
rae Q(x) = ! ‘ﬁ:e_?dt.
V2 S«
3. PaBHOMepHas QyHKIHS:
1
£i(=—. (©)
Dy

B ¢opmynax (4), (5) \,, — yrioBas pacXoAuMOCTb,

TaKKe onpeensieMas U3 yCJIOBH MECTHOCTH
° . R
Vi, © arcsin—, (7
L

rae L — paccrosuue mexny bC u MC, R — 3aBu-
csamuii ot BeICOTHI pacnionokernss bC u MC cpen-
HHUM pajuycC yIaJIEHHOM I'pyNIbl KIacTepoB, B paii-
oHe KoTopbIx Haxoautcs MC [2].

[TapameTpbl cTaTUCTUYECKUX MOJENEN, Hau-
JMyYIIM 00pa3oM OIUCHIBAIOIINE PACIPOCTPaHEH-
Hble Ha MPaKTHUKE CUTYyalllH, MOTy4yeHbl HCCIen0Ba-
TENBCKUMH ~ TpymnmamMd Mo  3akazy  upm-
MPOU3BOJMTENEH TEIEKOMMYHHKAIIMOHHOTO 000py-
JIOBaHUS U OITyOJIMKOBaHBI B JInTeparype. B wactHo-
ctH, B [3] mpuBOAATCS NaHHBIE O MPUMEHEHUU CY-
mecTByrommx mozaened ACM mpu MOAeTUPOBaHUH
MIMO cucteMbl a5l pa3IMIHBIX XapaKTePOB MECT-
HOCTH, a B [5] — 0 KOJIMYECTBE KIacTepOB, UCIIOIb-
3yeMOM [Ji ONMCaHusl JaHHOM cucteMbl. J[aHHas
nH(popMaIus cBeeHa B Tadmuiy 1.

Ta6anna 1
ATIPOKCUMUPYIOIIAS KIUsS
XapakTtep MECTHOCTH P Dy Py Yucio knacTepoB
bazoBas cranuus MobuibHas CTaHIIHS

MakpocoTOBBIN

P VYceuennas Jlamnaca PaBHOMepHas 1o 6
(OopIIMEe OTKPBITHIE TPOCTPAHCTBA)

MuKpocoTOBBIN

P N VYceuennas ["ayccoBa PaBHOMepHas o 4
(3nanue, 60JIbIION OGUC)
[MuxocoToBsIi (HeOONBIION oduc) PaBHOMEpHas PaBHOMEpHas 1

OnTuMHM3anusi NPOCTPAHCTBEHHOH CTPYKTY-
pst MIMO cucrembl. OntuMu3anys MpOBEICHA
YHCICHHBIM MOJIETTUPOBAaHUEM C HCIOJIh30BaHUEM
QITOPUTMOB,  O0CCIEUUBAIOMINX  JEKOPPEISIUIO
CHUTHAJOB B MpPHUEMHBIX aHTeHHax [2]. B kauectBe

MpHMepa pacCMOTPEHA CHCTEMa U3 TPeX HeHaIpaB-
JICHHBIX [0 a3UMYyTy aHTEHH, pa3MEIICHHBIX Ha
BoIiike BC coToBoif cBs3u. C UCIOIB30BAHUEM Kap-
Thl MECTHOCTH W JIaHHBIX M3 TaOuIBl 1 chopmupo-
BaHbI OTPAKAIOIIME KJIACTEPhI, TApaMETPhl KOTOPHIX
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MPUBEICHBI B TAOJHIIE 2.

Tabauna 2
Ne|  Tum | Bec| Yrom |Yceu.| Vru. | [Ipumedanue
k | xmacr. Poi |™PPX-| D, |pacx.

% Vi
1 Vlamac (10 30" 20 (700 |AGouent (MC)
2 paaoM. 3 600 R0 |} JTab. xopiryc
3 paBHoM. |5 |1100 R0 | ['1aB. KopIryc
4 paBaoM. 4 |150 R0 | «CTeKTp»
5 Faycc |12 260" 180 |60 [Tapk
6 paBaoM. 20 | 360 |- Do

Ha ocHOBe maHHBIX M3 TaONMIBI 2 TI0 BhIpaXKe-
HusM (2) — (6) chopmupoan ACM mnst BC, pacrio-
JIO)KEHHOM Ha BBIIIKE, NMPHU ONPENEIeHHOM MECTO-
HaxoxaeHun abonenta ¢ MC (pucyHok 1).

] "oo
Z
%

& S

rmaBHbIA Kopnyc

nabopaTopHbIf KOpnyc

GaccenH "PaguoBonHa” T

napk

4]
'BypeBecTHUK"

PucyHok 1 — A3uMyTaJBHBIN CIIEKTP MOLIHOCTH
0a30B0ii cTAHIINH

[IpocTpancTBeHHAsT KOppPENAIUS CUTHAJIOB B
mape antenH, [IC 1 ACM MIMO cucrembl oHO-
3HAYHO CBA3aHBI BRIpAXKEHUEM [2, 4]:

. n N
Wd, 1= p( Texpsj 2 2sin BT, (8)
-S Q (@) -

rne (d, 7)— monsipHbIe KOOPAWHATHI OTHOW aHTCHHBI

OTHOCHUTENBHO ApyroH, 3amatomue 11C nByxaHTeH-
Horo moamaccuBa, ((d, i) — xodddumeHT koppe-

JISIIUU CUTHAJIOB B Mape aHTeHH, ( — JJTMHA BOJHBIL.

[TomyueHHass ¢ MOMOIIBIO ONTHMH3AMOHHBIX
anroputmoB [2] ontumanbHas [IC TpexaHTeHHOTO
MaccuBa npu 3aganHoM ACM mnpuBeneHa Ha pu-
cynke 2, a. Jlnsa ananuza 3QpeKTHBHOCTH aiaroput-
Ma TIPOBEJIEHO CpaBHEHHE XapaKTEPUCTUK MOMEXO-
ycroitunBoct MIMO cucrems! ¢ ontumanbhoit [1C
u MIMO cucrembl B aHaJIOTHYHBIX YCJIOBHUSX (pH-
cynok 1), IIC koropoii npezncrasiser co0oi momy-

BOJTHOBYIO aHTEHHYIO JIMHEHKY (PHCYHOK 2, 0), pe-
KOMEHJIOBaHHYIO K HCIOJIb30BAHUIO KOHCOPIITYMOM

3GPP [5].
¥y y
) )
e T ; e
e e e e B e e
T N T R A T
T S S St e S U Sl S S
e e e B e e R
o 1 2 3 1 0 1 2 373
a 7]

PucyHnok 2 — OnTumanbHas (@) ¥ cTaHAapTHAA (0)
NMPOCTPAHCTBEHHbIE CTPYKTYPbI 0230BOi CTAHUIMHI

XapaKTepUCTUKN IOMEXOYCTOWYMBOCTH IIpeN-
CTaBJIEHBI Ha PUCYHKE 3 B BHJIE 3aBUCHMOCTEU Be-
posATHOCTH TpHeMa omuboyHoro oura BPSK cur-
HaJja OT OTHOIIEHUS CUTHAI — IIyM.

P, 10°

10‘ HezasucuMsie 3aMUPannA

o h
| | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20
0D
Pucynok 3 — 3aBucuMocTH BeposAATHOCTEl OUTOBOI
OIIMOKM OT OTHOIIEHHWSI CHTHAJI — IIIyM

10

CornacHO TOJMYYEHHBIM pe3yibTaTaM IpHMe-
HeHne B paccMarpuBaemMoit MIMO cucreme craH-
JTApTHON TIOMYyBOJTHOBOW JHHEHKH B KaudecTBe [IC
BC obecrnieunBaer BEpOSTHOCTh OIIMOKA Ha OHT
B = 107 ans BPSK curnana npu OCIII q, =12.1
nb, B To BpeMs Kak ImpuMeHeHne ontumanbHoi 11C
obecrieunsaer P, =107 mpu ¢, =11.3 nb. Ipu
stoMm nocieanee 3Hadenne OCLI mpubnmxaercs
CJIy4alo TOJHOM JEKOPPEeSILMY CUTHAJIOB B aHTEH-
Hax Ha coTbie noau nb. Takum 00pa3oM, B paccMar-
puBaeMoM TpuMepe Onmaromaps ontummzanuu [1C
obecrieunBaercsl MPaKTHYECKH TIOJNHAS JIEKOppes-
LM CHUTHAJIOB, & BBIUTPHIII B IOMEXOYCTOHYHBOCTH
cocrasiser 0.8 ab.

3akumouenue. [IpoBeneHHbId 0030p Mopenei
pacmpoctpaneHusi curHania B MIMO cucremax, a
TaKXKe MPUMEHEHWE BBIOPAHHONW MOJEIM Ha KOH-
KPETHOM NPUMEPE MO3BOJISIOT CAENaTh CIEAYIONINE
BBIBOJIBI.
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1. JIns cocTaBieHUS TEOMETPUUYECKUX MOJie-
Jiei TpedyeTcs OOJBIION MacCHB HCXOTHBIX JIaH-
HBIX, a TaKKe MPOBeJEeHHE M3MEPEHU Ha MECTHO-
CTH i uX nonydeHus. CTaTHCTUYECKHE MOJIENU
SIBJIAIOTCS KOMIIAKTHBIMH, PEKOMEHIyeMble mapa-
METpPBI aINMPOKCUMAIIUK IS HAX OITyOJIMKOBAaHbI B
nutepatype. s cocTaBiIeHHS MHOTOKIACTEPHOM
CTaTUCTUYECKON MOJENN JOCTATOYHO UMETh CIIYT-
HHUKOBBIM CHUMOK WJIM KapTy MECTHOCTH. Brlmecka-
3aHHOE Jenaer cratuctudeckue monenu MIMO
CHCTEM TMPHUBJIEKATENbHBIMU 11 MMHUTAIMOHHOTO
YHCIEHHOT'O MOJIEINPOBaHUA.

2. Cratuctuueckas MOJIEIbL MOXET OBITh HC-
MOJIb30BaHa JUISl OMpPENEeNeHUs] ONTUMANbHOW Mpo-
CTpaHCTBeHHOH cTpykTypsl MIMO cucremsl mnpu
KOHKpeTHOM MecTtoHaxoxaeHnn BC u aboHeHTa,
yro mo3BoisieT d(QQEeKTHBHO IeKOppenupoBaTh
MPUHUMAaeMble CHUTHAJIBl U TEM CaMbIM MOBBICHUTH
MTOMEXOYCTONYMBOCTH CHUCTeMBl. B cimyuae opaHo-
BpeMeHHO# paboTsl BC ¢ HeckombkuMu abOHEHTa-
MU ONTUMHU3AIUSA JOJDKHA TPOU3BOIUTHECS IO YC-
pennennort Gpynknun ACM, yuuThIBaIOIIEH CTaTH-
CTHYECKYIO BEPOSTHOCTh MECTOHAXOXIEHHs abo-
HeHTOB B 30He nericteus bC.

YIK 621.391

PaboTa BEITIONIHEHA B paMKax TOCYIapCTBEHHO-
ro 3aganus Ne 2014/178.
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O.M. llTunkapyk, B.P. JTioouuk, M.O. /lanumeoitm

OOPMHUPOBAHUE CUT'HAJIOB C ITPAMOYTI'OJIBHBIM CIIEKTPOM
N MUHUMAJIBHBIM ITUK-®PAKTOPOM

THoxazanvl pezyromamvl UCCIE008AHULL 3A8UCUMOCU NUK-(haKmopa om Ha-
YATLHBIX (a3 CNEKMPATLHBIX cocmagasowux cuenana. I[lpednoscen areopumm Ha-
X0oICOeHUsl HAYANLHBIX (A3 CHEKMPATLHBIX COCAGIAIOWUX CUSHATA C NPSIMO-
VeonvHoU ocubaioujell Cnekmpa u MUHUMATbHbIM nuk-paxmopom. Ilpednodceno
011 HAXOAHCOCHUSL MHONCECMBA HAUATbHBIX (A3 USMEHAMb HAYATbHbIE (a3bl 600b
JUHUYU MUHUMYMO8 NUK-PaKmopa 6 COOMeemcmauu ¢ a0anmueHvLM MemoooMm.

Kniouesvie cnosa: nuk-paxmop, cueHan ¢ npsamoy2oibHblM CReKMpPOM, 3a0ayd
Manoervuimama, nHauanvhas asa, spagux GyHKyuu.

BBenenue. Iy pemienus 3ajay nepegayd MH-
(dbopmanum, onpeneneHus mapamMeTpoB KaHalloB CBS-
34, paanoJIOKalv OAHUM M3 HAWJIY4YIIUX CUTHAJIOB
SABJIACTCSA CUT'HAJl C IPAMOYTOJIbHBIM CIIEKTPOM BHU A
sinc(x) [1,2]. B obmiem ciiyuae Takue CUTHajbI He-
NMEPUOJUYCCKUEC, YTO 3aTPYAHACT UX TEXHUYCCKYIO
peanu3anuto. B paGorax [3,4] mpemiokeHO B3ATh
4acCTh CUTHAJA M NEPUOAUYECKH NOBTOPATH. Takou
moaxoa IIO3BOJJIIET C MHHHUMAJIBHBIMU BBIYUCIIN-
TENFHBIMU 3aTpaTamMd (OpMHPOBATH CUTHAIBI C
HPSIMOYT'OJIbHBIM CIIEKTPOM, HO TAKOW CUTHAJI UMEET
MaKCHUMallbHOE 3HaveHHe MHUK-(pakropa, 4To cymie-
CTBCHHO OrpaHM4YMBAacT BO3MOXHOCTU €ro IpuMe-

HEHHS C DHEPTeTHYECKOH TOUYKM 3peHus. 3anaue
HAXOXKICHUS MaTEeMaTUYeCKOW MOJETH CHUTHala ¢
MPSIMOYTOJIFHOM orubaromiell CrieKTpa 1 MUHUMAITb-
HBIM THK-()aKTOpOM TMOCBSILEH psn pador [5,6].
OnHako penieHne MHHUMAKCHOHM 3a7aud B oOIIeM
BHUJIE HE HalJieHO. ECTh HECKOIIBKO YaCTHBIX pellie-
HUH JIJIsI CHTHAJIOB C KOJNMYECTBOM CIIEKTPaIbHBIX
COCTaBIISIIOIINX HE Ooublne mectd. s mpeomoe-
HUSl TIpoOJieMbl (POPMHUPOBAHUSI CHTHANA C IPSIMO-
YTOJNBHBIM CHEKTPOM MPEAJIOKEH psia MeTonoB [7],
KOTOpbhIC HE JAIOT ONTHMAJIbHOTO 3HAYCHUS ITHK-
(akropa.

Heabp pa6orsl  HCClIEIOBaHUE 3aBHCHMOCTH
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MUK-(QaKTopa CHUTHANA C MPSMOYTONBHOW Orubdaro-
el CIeKTpa W HayalbHBIX (ha3 CHEKTPabHBIX CO-
CTaBJIAIOIINX; Pa3padOTKa aJropuTMa aganTHBHOIO
HaAaXO0XJICHUA MHOXECTBA Ha4YaJIbHBIX (1)33 chursHa’ia,
IpU KOTOPOM HaOIIOaeTcs MHHUMAIbHOE 3Hade-
HUE MUK-(paKTopa.

Teopernyeckasi yactb. B o0mem ciryyae cur-
HaJ C IPSMOYTOJBHOM Orubaromieil crekrpa MOXHO
OonurcaTb MATEMAaTUYCCKUM BBIPAKCHUCM

()= Breosi 2- M), )

i=1
rae A - HavanpHas (asa rapMOHMKH; < — KPYyro-

Bas 4yacToTa IepBOM TapMOHHMKH;, ¢ — Bpemsi; N -
KOJIMYECTBO TApPMOHHK. AMIUIUTY/a BCEX TapMOHU-
YECKHUX COCTABIISIONINX paBHA EIUHHUIIC.

Kak mokazaHo B pabore [7], U3MEHCHHEM Ha-
YJanpHBIX (a3 TAPMOHHK MOXHO BapbHUpOBATh 3Ha-
YeHUe MUK-(akTopa curHana. Tak, MpH HYJIEBBIX
HaYalbHBIX (pa3aX CUTHAJ, KOTOPBIA COCTOHT U3 TIsi-
TH TaAPMOHHK, TIPE/ICTABIISICT COOOH TIEPUOMUECKYIO
¢yukiuio sinc(x) [1,2].

[Ipu u3mMeHeHnn HadanbHBIX (a3 Ha P/16 dop-
Ma CHTHaJIa M3MEHSETCS, YTO NMPHUBOJAHUT K YMEHb-
HIeHUI0 NUK-paktopa. M3menenrne Gopmbl cuUTrHaNa
MPOSIBJIIETCS. B TOM, YTO JIOKAJbHBIE MaKCHMYMBI
YBEITUYMBAIOTCS, a MaKCUMallbHOE 3HaueHue (PyHK-
LMW YyMEeHbIaeTcs (PUCYHOK 1).

s(t) 4
i ﬂ ﬂ

I U

Pucynox 1 MU3meneHue ¢popmMbl curHaa s(f) npu
H3MeHEeHNH HAYAJbLHBIX (a3 Ha 316

Jdnst HaxoxkIeHus OcoOeHHOCTEH W3MEHEHUs
MuK-QaKTopa B pe3yabTaTe U3MEHEHUs HayabHBIX
(a3 rapMOHWK CHTHaJIa IPOBEEH TOJHBIA TTIepedop
HayalbHBIX (Da3 W BBIYKMCIICHHE MHUK-PakTopa. B pe-
3ynpTare OBUI TOJYYEH CIEAYIOMNN pe3ylbTar.
[lpu nByXx rapMoOHWKax ecTh JBa MHOXECTBa Ha-
YaJIbHBIX (ha3, MPH KOTOPHIX HAOIIONAETCS MHHU-

MyM TiHK-(pakropa. Ot0 3HaueHus P/2 m 3p/2 mis
BTOPOM rapMoHUuKH. IlepBast Bo Bcex Cilydasx UMeEET
HyJIeBOE 3HaUeHHe HavabHOH (a3el. [Ipu Gombmiem
KOJINYeCTBE TAPMOHHUK €CTh YEeThIpe MHOXECTBA Ha-
YJanpHBIX (a3, MpU KOTOPHIX HaONIOaeTcsi MUHU-
MyM muK-akropa. s Tpéx rapMOHUK Bce 3Hade-
HUSl HAYaJIbHBIX ()a3 MpeCcTaBICHbI B TA0MHIIE.

MHoecTBa HAYAJIBHBIX (pa3 NpH TpexX rapMOHUKAaX

M 123,5° 236,5

16 1,977 1,617

M 164 1.617 1.977
196 1,977 1,617

344 1,617 1,977

B obmiem ciyyae Ha TpexMepHOH 3aBUCHMOCTH
nuK-QakTopa OT 3HAYCHWH HAYalNbHBIX (a3 it
curHaia s(f) ans TpéX TapMOHMK €CTh IIECTh JIO-
KaJIbHBIX MUHUMYMOB, HO CPEIH HHUX TOJIBKO YEThI-
pe MMEI0T HauMeHblllee 3HaueHue. Bce 3HaueHms
MUHUMYMOB COCIIUHSIOTCS JIMHUSMH MHHUMYMOB
MUK-QaKTOpOB. DTa JMHHUS COSTUHIET MUHUMAIb-
HbIC 3HAYCHHUs MUK-(PAKTOPOB B pa3pe3e Mo OTHON
HavyanbHOW (ase. OTMETHM, YTO 3Ta JUHHUS HE MO-
HOTOHHAs, a ocuWuHpymomas. B okpecTHOCTSIX 0f-
HOI'O0 M3 MHHUMYMOB TpadUK JHUHHUH MPEICTaBICH
Ha pUCYHKe 2.

[Muk-daxrop

| I | | 1 | T
28° 32° 36° 40° 44° 48° 52°
Pucynox 2 T'paduk uzmMeHeHUS] TUHMU MUHAMYMOB
NUK-(aKTOPOB B OKPECTHOCTH MUHUMYMa

HaiineHHple O0COOEHHOCTHM U3MEHEHUS K-
(haKTOPOB PaCIpPOCTPAHAIOTCS M Ha JII000E APYyroe
KOJINYECTBO FapPMOHMK B CIIEKTPE CHTHAja, HO TNPH
3TOM M3MEHSETCA KOJUYECTBO JIOKAJbHBIX MUHH-
MYMOB M CPEIM HUX €CTh TOJBKO YEThIPE MHOXKECT-
Ba, OTBEYAIOIIUX HAUMEHbBIIIEMY 3HAUCHHIO.

OCHWILIMPYIOIINNA ~ XapakTep JIMHUM  ITHK-
(hakTOpOB OOYCIIOBIMBAET CIIOKHOCTH B OINpeaeie-
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HUW HauMeHblIero 3HadeHud. [loatomy mpenmara-
ercs OmpenensTh TpeH] JUHUH. [ ero Haxoxnie-
HUs omeHuBaercs kodduiment perpeccun B HEKO-
TOpOM JMara3oHe 3HAYeHHH, KOMINYECTBO KOTOPBIX
Oyzner paccMorpeHo Hipke. [Ipu M3MeHeHHH 3Have-
HUS C MOJIOKUTENBHOTO Ha OTPULIATEIbHOE WM Ha-
000pPOT MO’KHO IPUHUMATH PEIICHHE O HAXOXKJICHUN
MUHUMAaJIBHOTO 3HaueHus. Maremaruueckoe MoJie-
JUpPOBAaHUE IOKA3ajo, YTO JIOCTATOYHO HCIOIB30-
Bath OoT 6 mo 10 3Hauenwmit. Haumyummm ¢ Touku
3peHHs BBIYUCIUTENBHBIX 3aTPAT SABISAETCA HUCIOIb-
30BaHue 8 3HAYEHUH.

Takum 00pa3oMm, alropuTM HaXOXKIECHHS MHO-
KECTBA HayalbHBIX (a3 Ui CHTHAllA COCTOMT W3
cnenyronmx 3tanoB. [IepBelil 3Tanm - HaxOXAEHUE
HavaIbHOU (ha3sl ISl MUHIMYMa THK-(pakTopa mpu
W3MEHEHUU 3HAYCHHS Ha4aJdbHOW (as3bl TONBKO OJ1-
HOM TapMOHMKH. BTOpO# »Tam COCTOMT B M3MEHE-
HUW Ha4yaJlbHOW (ha3bl CIICAYIOLICH TapMOHHMKH Ha
HeOonbIoe 3HaueHue. llemecooOpa3HbIM SBISETCS
MPUPOCT 3HAUYEHHUS Ha OAWH Tpaayc, Tak Kak INpH
TAKOM IIIare mpHupamnieHust ¢paszbl HET MPOIMYyCKa H3-
MEHEHUS MUK-PaKTOpa W KOJIMYECTBO IIATOB 71 aj-
TrOpUTMa HEBENWKO. MeHblllee 3Ha4eHHE MPUPOCTa
(da3pl MPUBOIUT K HEONPABIAHHOMY YBEITUYCHUIO
BhIuMCIieHU. MI3MeHeHue 1mara B JIBa pa3a U3MEHs-
eT Konu4ecTBo maroB B 2" pa3. Bombliee 3Ha4YCHHE
miara TIPUBOJMT K YBEITHMYCHHUIO OMIMOKH B OIpese-
JIECHUM MUHHUMYMOB. V3MeHsIs1 3HaueHNE HadaJabHOU
(a3el cremyroleil rapMOHUKY Ha OJJMH Tpajyc, Ha-
XO/IMM MHHHMYM IHK-(paKTopa, HCMOoIb3ysl KaK Ha-
YaJIbHYIO BEIWYUHY JUIA TOMCKa MHWHHUMyMa Ha-
qanpHble (a3pl sl MpenplIyIuX TapMOHHK, Haii-
JIeHHBIE Ha TIepBoM 3Tare. Ha BTopom 3Tame mnpoBo-
JTUTCA HaXOXJAECHUE ellle CeMH 3HAYeHWH MUHHMY-
MoB. Ilo 3TUM 3Ha4YeHUsIM HaxomuMm Koddduiment
perpeccun. [loBTOpsieM mpoliecc HaXOXKACHUS MHU-
HUMAaIIbHOTO 3HAYeHHs MHUK-(pakTopa MpuU H3MEHe-
HUW HaYaJbHOH (has3bl CIEAYIONIEH TapMOHUKH, HC-
MOJIB3YSl HayaJdbHOE 3HAYEHHE i1 MOWCKa MUHU-
MyMa HavyajdbHOU (a3bl VISl MPebIAYIIEH TapMOHH-
KM, HalJIeHHOe Ha MpoIuIoM mare srama. [Ipu u3-
MEHCHHMH 3HaKa KO3 (HUIIMEHTa PErpecCuu Ha Ipo-
THUBOMNOJOKHBIN JIeaeTCsl BBIBOJ O HaXOXKICHUHU
MHUHHMAJIBHOTO 3HadeHus. Clemyronmi stam - u3-
MEHECHUE HAYaIbHOU (ha3bl CIEAYIOIIEH TapMOHUKH
Ha HeOonbIoe 3HavyeHue. Janee moBTopsieM BTOpoi
3Tam 10 HAXOXKJEHHS MHUHHUMAJIbHOTO 3HA4YEHUS.
Crnenyromuye 3Tanbl aHAJOTHYHBI MPEABLAYIIHM.
KomnuectBo »TamoB ompenensiercd KOIMYECTBOM
TapMOHMK B CIIEKTpE CUTHAJIA.

CpaBHeHME KOJIMYECTBa IIArOB NPH HaXOXJe-
HUU MHOXECTBA HAadaJIbHBIX (Da3 CUTHANA C MPSIMO-
YTOJIBHBIM CIIEKTPOM IOKa3bIBaeT cienyroiee. [Ipu
MOJTHOM Tepe0ope BceX HadalbHBIX (a3 ¢ marom B

OIMH Tpaiyc Heobxommumo 360" maros, rme N -

Kon4yecTBO rapMoHuk. [Ipu mcmonb3oBanum npen-
JIO)KEHHOTO aJIAITHBHOTO aJTrOPUTMa HEO0OXOIUMO
N0360. Kak mokasano MaTeMaTH4ecKoe MOJIENH-
poBaHMe, IS HAXOXKIEHUS MHOXKECTBA HadaJIbHBIX
¢da3 mis curHana M3 JABYX TapMOHHK TpPaTHTCS
90 mc, u3 Tpex rapmMoHUK — 16,2 c; yerbipex — 48
MUH; TSTH — 6 cyTok. [Ipu mombITke HaWTH MHOXe-
CTBO HayaNbHBIX (ha3 JJIsl CHTHAJIA U3 [IECTH TapMo-
HUK HeoOxomaumo 30 cyrok. [anpHelilnee yBennde-
HUE KOJMYECTBa TapMOHHK ellle OOIbIlIe YBEINYH-
BaeT BpeMs HaxoxaeHus MHoxecTBa. [Ipu ucmomns-
30BaHUU AJANTUBHOTO AJITOPUTMAa BPEMs HaxOxXje-
HUSI MHOXKECTB KOJIEOJIETCSl OT €IMHUIL JI0 JIECSITKOB
MUHYT. JIJisl BBIUMCIIEHUHA KCTIOIB30BAJICS KOMIIBIO-
Tep ¢ nporeccopom Pentium Celeron 2,4 I'Tw.

B pesynbrate paboThl mporpamMmbl, pa3pado-
TaHHOW MO aJanNTUBHOMY aJTrOpUTMy, HalAEHO
MHOXXECTBO HaydajJbHBIX (a3 Jjisl CUTHANA, COCTOS-
IIeTo U3 MIECTH rapMoHHUK. [lonmydueHHOe MHOXKECTBO

cienylomee: M =73', M=238', M=332",
M =255 o M= 132'. Ha pucynke 3 mpexncras-
JieH rpaduk curHana s(z).

s(t) 1

2_

8 10t

J
o

v

Pucynok 3 CurHau $(f) npu miecTH rapMoHUKAX

3akaouenue. B cTatbe mpemniokeH aaropuTM
HaxO0XJICHUS MHOXECTBAa HayalbHbIX ()a3 CUTHAJIOB
C MPSAMOYTOJIbHOM oruOaroiieldl  aMIUIMTYIHOTO
CIIEKTpa, MPH KOTOPOM HAOJII0IAeTCsl MUHUMAJIbHOES
3HaueHHE MHK-(pakTopa. AJTOPUTM IO3BOJISET CY-
IIECTBEHHO COKPAaTUTh BPEMSI HAXOXKJECHUS MHO-
KECTB HadaIbHBIX (a3 s J1000ro KoiamyecTBa
rapMOHUK B CIleKTpe curHana. [lomydyeHHble curna-
JIbl MOYKHO MPUMEHATH JUISl PEUIEHUA Pa3IUYHbIX
3a7a4 paJuoJOKaluy, U3MEPEHUs NapameTpoB Ka-
HaJOB CBs3M, mepenayn uHpopMmanuu. [Ipu 3ToM
MOTEHLNAIbHBIE IHEPreTUUECKUE XapaKTEPUCTUKU
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TaKMX CHTHAJIOB MMEIOT IPEUMYIIECTBO MEpPes Cy-
IlIeCTBYIOIlH/IMI/I MOACIIIMHU CHUTHAJIOB C HpHMO-
erJIBHBIM CHeKTpOM.

TakuM 0Opa3oM, BpeMsi HAXOXKICHUS MHOXKECT-
Ba Ha4YaJbHBIX (1)33 FapMOHI/IK CUruajga c¢ HpHMO-
YTOJIBHOM Oru0aroiedl crekrpa U MHHHMAaJIbHBIM
MUK-()aKTOPOM CYILECTBEHHO COKpamiaercs. Tak,
JUIS CHWTHaa, COCTOSIIEr0 M3 IIECTH TapMOHHUK,
BpeMs moucka coctaBuiio 0,9 ¢, uro B 2,88 MiH pas
MCHBIIC, YEM HpI/I HUCITIOJIB30BAHUU aHFOpI/ITMa I10JI-
HoOro nepedopa ¢ marom B 1 I'm.

C npyroit CTOpOHBI, SHEPTETUIECKUMA BBIUTPHIII
COCTaBJISIET OKOJIO 2,6 pa3a /I CHTHAja, COCTOSIIIIE-
ro u3 mecrtu rapMmoHuk. [Ipu yBennueHuum umucia
FapMOHI/IK B CHUTHAJIC SHCPFC’TH‘IGCKI/Iﬁ BI)II/IprIHI
YBEIUYUBACTCA.
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B.A. Benoxypos

OBHAPYXEHUE OBBEKTA
NP HU3KOM OTHOLIEHUU CUT'HAJI-IIYM

Paccmompen sonpoc npumenenus 2aycco8ckoeo napyuarbHo2o Guibmpa 8
3a0aue obHapysceHus 00vbeKma npu HU3KOM omuoutenuu cueHan-uiym. Iloxasano,
umo npu omuoutenuu cueHan-uiym 13 0b (ha exode aneopumma) 6epoSIMHOCIb
npasuibHo20 obuapyscenus cocmaesasem 0,8 na 16-m ob30pe.

Knwueevie cnosa: 06Hapy:)/ceuue, HU3KOE ONMHOWERUE CUCHATI-ULYM.

Beenenue. [l MOBBIIICHUS BEPOSATHOCTU 00-
HapyXeHHs OOBEKTa C HU3KHM OTHOIICHHEM CHT-
HaJ-IIyM B KOT€PEHTHO-UMITYJIbCHBIX paHONIO0Ka-
LMOHHBIX CHCTEMaX MPUMEHSIOT JIUTEbHOE KOore-
PEHTHOE HAKOIUJIEHHE OTpaX€HHOro curHaia [1].
[Ipu 3TOM Bpemsi HAKOIIEHHS OIpaHUYNBAETCS WH-
TEPBAJIOM KOTEPEHTHOCTH 30HAMUPYIOLIEro CHTHa-
nma[l] m cocraBisier, Kak TNpaBWio, He Ooiee
400 mc [1].

[anpHelilliee MOBBIIEHUE BEPOATHOCTH IIpa-
BUJIBHOTO OOHApY)KEHUSI BO3MOXKHO TIPU MEX0030p-
HOM HAaKOIUIGHHH OTPa)XEHHOTO CHTHaja C HCIOJb-
30BaHHEM aJITOPUTMOB, KOTOPHIE YUUTHIBAIOT U3Me-
HEHHE IapaMeTPOB JBWKCHHSI MEXIY 0030paMH.
MOXHO OTMETUTh QJITOPUTMBI, OCHOBAaHHBIE Ha
MPUMEHEHUH ammnapaTta napiuuaibHOl  QuibTpa-
1uH [1] ¥ BBIYHCIEHUH BEPOSITHOCTH OOHApYKEHUS
Tpaekropur. OCHOBHBIMH HEIOCTATKAMH MOJO0HO-
r'0 OJX0/1a ABIISIOTCS:

- MaJIbIi aHANM3UPYEMBIH THAma3oH B OOJIACTH
3HaueHui BekTopa nmepenuit (20 na 20 sraeex [1]);

- HEOOXOJJIMOCTh allPHOPHOTO 3aJaHUsl BEPO-
SITHOCTEW HAJTWYUS U OTCYTCTBUA OG’LCKTa B aHaJIu-
3upyemoii obnactu (kak npasuio, 0,1 u 0,1 [1]);

- CYIICCTBCHHBIC  BBLIYUCIIUTCIBHBIC 3aTpaThbl
npu peanu3anui. Yncno mapuuaibHbIX (UIBTPOB,
Kak TpaBWIIO, JIECATKH Thicsd. Kpome Toro, Tpedy-
ercsi omnepamys TEepHOANYCCKON MepeCOPTUPOBKH
¢unbTpos [1].

C y4éroM yKazaHHBIX OCOOCHHOCTEW alropuT-
MOB MapIHATBHON (QUIBTPALUU AKTYaJIbHBIM SIBJISI-
ercsi BONPOC CHHTE3a aIrOpuTMa OOHAPYKEHUS
06’beKTa C MaJIbIM OTHOHICHHWEM CHI'HaAJI-IIyM, CBO-
0O0IHOT'0 OT YKa3aHHBIX OCOOCHHOCTEH.

Leasb paGoTbl — CHUHTE3 anropuT™Ma OOHApY-
KEHUA OG’LCKTa C MaJIbIM OTHOIICHUEM CUTHAJI-IIYM
B IIMPOKOM JMaIa3oHe 3HAUYEHHUH BXOOHOI'0O CUTrHa-
Ja TpU MEKOO30PHOM HAKOIUICHHH OTPaXKEHHOTO
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curHaia. MccnemoBanue 3(QpGeKTUBHOCTH Ipenia-
raeMoro ajJropuTMa.
IMocranoBka 3agaun. Beeném BeKTOp cocTos-
T
HUS JBWKCHUS OOBbEKTa X = [x Xy y] , KOTo-

pBI COOTBETCTBYET KOOpAMHATAM O0OBEKTa M CKO-
pPOCTH UX U3MEHEeHHsI. Monienb AMHaMHUKH ONUCHIBA-
ercs ypaBHEHUEM:

X =Fx;,_ tv,

rne v, — ILIyM Ipolecca ¢ HOPMAJIbHBIM 3aKOHOM
N(0,Q); N(z;x,S) —rayccoBckas
IJIOTHOCTbh paclpeneiaeHus BepoaTHocTeill. MaTtpuna
nuHaMmuku F nmeer Bun:

pacrnpeneneHus

gl T 0 Og
é i
o0 100y
6 0 1 TU
00 0 1§

rae T — nepuon 0030pa, matpuiia Q umeer BUI:

g3 7?2 9
e —— 0 0y
¢3 2 N
,T2 N
27 T 0 03
qué T3 Tz[])
g0 0 — —u
é 329
é T? N
£ 0 0o — T\
g 2 il

I7ie ¢ — AUCIIepcus LIyMa Iporiecca.

WsMmepenust z; mpencTaBisiOT COOOM MaTpHIly
NN, ¢
i=0, ..., N—1,;=0, ..., N,—1. C yuérom runoresnl H;
(manmume oObekra) W rHmoressl Hy (oTcyTcrBHE

00BEKTa) U3MEPECHUS Z/(cl /) mpencTaBnAIOTCA B BHIE:

Pa3MepHOCTHIO SJIEMEHTaMH z,(cl A

Hy: g =i (x) +
P PR >
H,: z,(j’” =n,(j’”

rae n{*” — urym usMepenuii, umerontuii pesees-

CKMI 3aKOH pacIpeielieHus ¢ Jucliepcuen \f

OyHKIUA h,(f’j)(xk) nmeer Bun [1]:

. 2 . 2

(idx - X,) B (idy - x,)
dx dy

B (%) = A exp(- ),
rae A — aMIUIUTya CUTHAJA; dx — IIAPUHA KaHa-
Ja TOo KoopAawmHaTe Xx; dy — IIHPUHA TI0
KOOPJIMHATE ).

W3mepenust z;, MpencTaBisiOT COO0O0H OTCYETHI
aMIUTUTYTHOTO criekTpa. DyHKIMS TUIOTHOCTU pac-

TpesieNieHns BEepOsTHOCTEH seMentoB z("/) mpu

runoreze H, — Penes—Palica, a npu runorese
Ho — Penes [2]:

20 )

P I (x),Hy) = 7 I ( 7 )
2 ,
(") + (B (%))
exp( -
p( v )
hy 7@ (Z(i,j))2
p(z{"Hy) = ’f—\ﬁexp(—’f—‘ﬁ) :

rne /() — dynkums Beccenst mepBoro pojna HyJeBo-
IO TIOpsiIKA.

Metoa pemenusi. B pabore [3] nokazana teo-
peMa, TI03BOJISIONIass YUCICHHO aIlllpPOKCHMHPOBATh
OTHOIICHUE MPABJIONIOO0NS :

kt[-1Ny-1 _

L oa@
T (1)
/

Q p(zj |Ho)

L(z; ;.)=

rae Ny — 4uciio napuuajibHbIX (UIBTPOB, UCHOIb-
3yeMBIX JIJIsI allpOKCHMAIK (DYHKIUU TIPaBJIOIO-
nob6us npu runoreze Hy; / — komndecTBo 0030pOB,
nHpopMaIus ¢ KOTOPBIX HCIOJb3yeTcs Hpu ¢op-
MHUPOBaHUU OTHOIIECHUSI MPaBA0NOI00HS

(24 41.1); Z” — HeHOpMHpOBaHHbIE Beca Iap-
[UAIBHBIX (UIBTPOB, BBIYHUCICHHBIX HAa OCHOBE
dynkuu npasgononodus p(zL|h (x,),H,) .

J1s1  BBIUMCICHUS HEHOPMUPOBAHHBIX BECOB
MpeAIaraercs HCIONb30BaTh TI'ayCCOBCKUW IapLu-
anbHBIA QUIBTP [4], OCHOBHBIM JOCTOMHCTBOM KO-
TOPOr'O SIBJISIETCSI OTCYTCTBHE 3TaIld NEPECOPTUPOB-
K{ TapIUaibHBIX (QUILTPOB. ['ayccOBCKUN mMapiu-
QNBHBIA QUIBTP OTIIMYAETCS OT U3BECTHBIX AMIMpPOK-
cUMaluedl anpuOpHOM IUIOTHOCTH pacupeneieHus
BEPOSITHOCTEH IpU PEKYPPEHTHOM BBIYMCIICHHU
(dhopmyiasl balieca rayccoBckoii KpuBoii [4]:

p(xk|zk) = Cp(Zk|xk)N(xk;mk,Ek),

rge C — HOpMHMpPOBOUYHAs KOHCTaHTa; m,,X,
BEKTOP MaTeMaTHUYECKHX OKUJAHHUW OICHOK M MaT-
pHIla KOBapHalui OICHOK JJIEMEHTOB BEKTOpa CO-
CTOSIHUSA X, p(Z k|x +) — yHKiMs npaBaononoous.

AJITOPUTM TayCCOBCKOW MapiuanbHONH (PHIBT-
palyy COCTOHT U3 CIEAYIONIUX TaIOB:

1) aTan MHUITMATH3AITIH:
- Ha HayaJbHOM OJTalle WHHIHUAIU3AIMU 3aJar0TCs
HavaJbHbIC 3HAYCHUS MaTEMaTHYECKOTO OXUIAHUS
m, ¥ HauaJbHOE 3HaueHHEe KoBapHaluu S ;

2) 9TaIl YKCTPAIONIAIIUN
- opMupoBaHKE BBIOOPKH CIAy4YallHBIX BEIMYUH C
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3aKOHOM pacnpeneneHus N(x,_;m,_,S,), o0o-

() Wr-l

3HAYCHHBIC KaK {Xk—] [i=0 >

(HWr-l

- bopmupoBanue BBHIOOPKH {xk [z CIy4aiiHbIX

BETMYMH C 3aKOHOM paclpeneieHus OTCUETOB
@)

POJX),

- BBIYUCJIICHUC MATEMATHUYCCKOI'0 O KUJaHUS U KOBa-

puanuu BI)IGOpO‘IHBIX JaHHBIX BEKTOpPa COCTOSAHMA:

R
m, = N ax;,
f i=0
Nl
- e O\ (DT .
S, = a (m, -x;”)(m, -x;”)" ;
;=0

3) aran punbTpanuu:
N, -1

)] >
- bopmupoBanue BBIOOPKH {xk [i=o ~ CHydaiHBIX

BEJIMYMH C 3aKOHOM PacIpeeIeHHs E(xk|z o)

- BBIYKMCJICHHE BECOB MapIHaJbHBIX (HIBTPOB Ha
OCHOBE (DYHKIIMU IIPABIOIOI00MS

70 = plz, X)),
- HOpPMHUPOBKA BECOB

s 2

Ny-1 ’
az’
i=0

4) sTan BBHIYMCICHUS MaTEeMaTUYECKOIO OXHAa-
HUS OTQHIBTPOBAHHBIX OLEHOK M UX KOBapHaIWi:

Nf-—]
- = i) (i)
m, = a Z x;
i=0
Nf-—]
- = i) (O ()T
S,=a 2’ @, -x")m, -x)".
i=0

Crenyromuii BaXHBIH IIar B CHHTE3€ Ipejia-
raeMoro ajJropuTMa 3akjalvacTcs B BHIOOpE 3Haue-
HUA m, u S.

B pabore mnpemiaraercs BBECTH MHOTOKaHalb-
HOCTh B 00JIACTH 3HAYCHHUI BeKkTOpa X;. HauaabHbie
3HaYeHHs M, U S, COOTBETCTBYIOT y3JaM CETKH

Ny-1
. . Nx -1
{ldxs]dy}jjo .
J=0

[Ipennaraemplii anropuT™ 00HAPYKEHUS LIENH C
HHU3KUM OTHOIICHUEM CHUTHAI-IIYM, PEaU3yIOINn
BBIYMCJICHUE OTHOILICHHUS IpaBaonoaoous (1), moka-
3aH Ha pUcCyHKe 1.

Ha pucynke 1 BBeneHbI clieayromme 0003Have-
Hust: OMII — 650k ornenku MorHocTH Iityma; OI1
— OJIOK BBIYUCIICHUS OTHOIICHUS IIPaBIOMOI0-
ous (1); ['TI® — 610K TayccOBCKOW MapuuanbHON

¢unbTpamu; [TY — noporoeoe ycTpoiicTBo. Bek-
TOp OTCYETOB aMILJIUTYJHOIO CIEKTpa IOCTYIAET B
OJIOK OIIEHKH MOIIHOCTH IIIyMa, YTO CBS3aHO C He-
00XOIMMOCTBIO HCIIONB30BaHHUS OICHKH JIaHHOTO
napaMerpa TpU BBIYUCICHUH (YHKIUH TIPaBJIOINO-
no0us B OJIOKE TayCCOBCKOM MapiHaibHON (QHIIBT-
parmu. B 6roke ['TID Boruncnsercs arnocrepuopHast
IUIOTHOCTh PaclpeeleHus BepOsTHOCTEN p(x k|z k) R

u GopMHUPYIOTCS 3HAYeHHsI (DYHKIHUU TPaBIONON0-

L. L. WV -1
ous p(z,({l’f)‘h,(j’f)(xk),Hl) B TOYKax {xgj) !

=g » UTO
MO3BOJISICT MCITOJIB30BATh BhIpAXKCHHUE:
1 Nf -1
p(Zk,|Xk,H]) @_ a 4]) (Exk _ch]))a
N, S
J
rae (() — aenbra-QpyHKIHA.
OMIII
Zj
Y
ITI®
v _
oI » IV 21

T

[Nopor oOHapy keHIA

Pucynok 1 — CtpyktypHas cxema
Mpe;IaraeMoro aJiropuTMa

Hccnenoanue 3¢ peKTHBHOCTH. AHAIU3 (-
(DEeKTHBHOCTH TpeIIaraeMoro ajlropuTMa MpoBenEH
MCTOJAOM HMUTAIIMOHHOI'O MOACINPOBAHUA IIpU
CIIEAYIOUINX MapaMeTpax:
- N=N,=20;

- HayaJllbHOEe  3HaYeHue
x; ={5 01 52 04}

- mepuog o63opa T =1 ¢;
- HAa4aJIbHBIC 3HA4YCHHUA BCKTOpa MAaTEMAaTHYCCKUX

BEKTOpa  COCTOSTHUSA

OXXKHUJAHUN OICHOK mg :{5,3 04 6 0,3} U Mart-
pHIila KOBapualuii OLIEHOK

805 0 0 0p
e u
g a0 05 0 0y
0 )4 N
€0 0 05 01U
¢ u
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- UHUCJIO MMOBTOPCHHA OIIBITOB JIA BBIYMCIICHUA I10-
pora obHapyxenusi 100, BepoITHOCTH JOXKHOU Tpe-
Boru F=107";

- nucriepcus nryma mporecca g=0,001;

- 9icI0 0030pOB, MCIIOIB3YEMbBIX MPH BBIYUCICHUN

(D, =15
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- yucio 0630poB K=28.
Pe3yJIBTaTBI MOACIHNPOBAHUA ITOKa3aHbl Ha pU-
CyHKe 2.
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PucyHnok 2 — Pe3yibraTtbl MO€JIMPOBAHUS
NpeAIaraeMoro aaropuTrMa
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Ha pucynke 2 mokazana 3aBUCHMOCTbH BEpOsT-
HOCTH TIPAaBHIBHOTO OOHAapyKEHHsI OT HOMepa 00-
30pa TpU pPa3HBIX OTHOIIEHUSIX CHUTHAI-IIYM.
CronomHast KUpHas KpUBass COOTBETCTBYET OTHO-
meHnio curHai-myMm 13 ab; ToHkas cruiomHas —
OTHOIIEHUIO CUTHaI-IyM 12 nb; myHKTHpHasS —
otHomleHuto curan-mym 10 gb. OTMeruM, 4TO 3TO
OTHOULIEHUE CUTHAJI-IIYM Ha BXOJ€ IpPEAIaraeMoro
anropuTMa. YBelIWYeHHEe BEPOSTHOCTH MPaBUIBHO-

YK 621.389

ro OOHapy)XEeHUs NP YBEIMUYCHHU 4YHCIa 0030pOB
CBSI3aHO C YMEHbIIIEHHEM KOBapHalllii OLIEHOK Ia-
paMeTpoB JBUKEHUA.

BuiBoabl. TakuM 00pa3oM, MpUMEHEHUE aJTo-
pUTMa TayCCOBCKOM MapluuaibHOW (UIBTpaIiu
MO3BOJISIET PEaTU30BaTh PEKYPPEHTHOE UYMCIEHHOE
BBIUMCIICHHE OTHOIICHUsI Mpapaononodus. Beca
napuualbHbIX (QUIBTPOB HCIOIB3YIOTCS JUIS BbI-
yrciaeHus] QYHKIUK MPaBIONONO0HS TIPU THIIOTE3E
H,. Pe3ynbpTathl MonenupoBaHusl MOKa3bIBaIOT, YTO
MpeAyaraeMelii  anropuT™M oOecredrBacT BEpOST-
HOCTh TpPaBHIBHOTO OOHapyxeHus 0,8 mpu OTHO-
menun cur"ai-myMm 13 ab (Ha Bxone anropurtMma)
Ha 16-M o0030pe.
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H.M. Bepewiacun, B.B. Bacunves, A.E. Kopones, K.B. Illemapun

MMPOEKTUPOBAHUE KOHCTPYKIIUM SJIEKTPOJIHOM CUCTEMBI
BEHTUJIITOPA KOPOHHOT' O PA3PSIIA C MAKCUMAJIBHOM
CKOPOCTBIO 2JIEKTPUYECKOI'O BETPA

B pabome npueoosmcs pezyibmamvl IKCNEPUMEHMATLHO2O UCCIEO08AHUSL
MHO20CMYNEHYamou 31eKmMpOOHOU CUCTNEeMbl 8EHMULAMOPA KOPOHHO20 paspaod.
Ilokazano, umo om 63aUMHO20 PACNONONCEHUS INIEKMPOOO8 3A8UCUN CKOPOCHb
6030yuHo20 nomoka. Onpedenenbl ONMUMATbHbIE COOMHOUIEHUS NAPAMEMPOS,
obecneyusaiowue HAUOOILULYIO CKOPOCHbL HOMOKA.

Knrouegsvle cnosa: xopoumslii paspsao, d1eKmMpudecKuti eemep, SeHMUILMOD

KOPOHHO020 paspaoa.

Beenenune. B pabGore ucciemyercs MHOTOCTY-
reHvyaTast KOHCTPYKITUS dJICKTPOAHON CHUCTEMBI BEH-
TUISATOpa KOPOHHOro paspsaa. s sddexruBHOI
paboThl ¥ YIYUIICHUS XapaKTEPUCTHUK BEHTHIIATOPA
HEOOXOAMMO HAWTH ONTUMAJIbHBIC IapaMeTPhI
3JIEKTPOAHON CUCTEMBI.

HaunGonee BakHBIM MapaMeTpOM B BEHTUJISATO-
pe SBISETCS CKOPOCTh 3JEKTPUYECKOr'0 BETpa, KO-
TOpasi 3aBUCHUT OT MEKIJIEKTPOIHOTO PACCTOSHUS U
OT TEOMETPUU KOPOHHPYIOMIEr0 W HEKOPOHHPYIO-

I1ero AJ1eKTpoioB [1]. B MHOrOCTYyIIeHYaTON KOHCT-
PYKITUU DJIEKTPOMHON CHUCTEMBI BEHTUJISATOpPA CKO-
POCTB 3aBUCHT TakKe OT KOJIMYECTBa CTymneHeit [2-4].
VYBeNnu4eHne KOJIMYECTBA CTYIIEHENW MOBBIIIAET CKO-
POCTH BO3JIYIITHOT'O ITOTOKA.

Hean paboThl — HCClIeIOBAHNE BIUSHUS Mapa-
METPOB KOHCTPYKIIMU BEHTHJIATOPAa KOPOHHOTO pas-
psoa Ha CKOPOCTH JIEKTPUUYCCKOTO BETpa, HaAIpaB-
JIGHHOE Ha TONy4YeHHEe MaKCHUMaJIbHOH CKOPOCTH
BO3/YIIHOTO TIOTOKA.
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IJKCNEePUMEHTAIbHASL 4aCTh. OKCIIEPUMEH-
TallbHOE MCCIICAOBAHUE MPOBOIUIOCH HA KOHCTPYK-
WU 3JICKTPOJHON CHUCTEMBbI, N300paKeHHOH Ha pH-
cynke 1 [2].

1

' BO3AYLUHbIA
H NoTOoK

3

4 5
- > | =2
L
2

+ =
unurt L

-
Pucynok 1 — CtpykTypHas cxema 371eKTPOIHOMI
cuctemsbl (1, 2 — ocaguTeNbHbIE YJIEKTPOIbI;
3, 4, 5 — KopoHUpYIOLIHE YIEKTPObI)

DJNEKTpOIHAs CUCTEMa COCTOMT M3 JIBYX THIIOB
DJIEKTPOAOB: KOPOHUPYIOMUX W  OCAAUTEIbHBIX.
OcaauTenbHbIe 3JIEKTPOIBI IPEIACTABIIAIOT COOOM
CIUIONTHBIC TUIACTUHBI, BBITIOJIHEHHBIE W3 HeEpKa-
Beromiel cramu. KopoHupytoime 37IeKTPOAbl BhI-
TIOJIHEHBI B BUJIE TUTACTHH, KOPOHUPYIOIIAs CTOPOHA
KOTOPBIX MMEET BHJI TPEYTOJIbHBIX 3yObEB.

ONeKTponHas CHCTeMa TMOAKIIoYeHa K HCTOY-
HUKY MHATaHUS CJICAYIONUM 00pa3oM: KOPOHHUPYIO-
ITUE JIEKTPOIBI MOAKIIOYAIOTCS K OTPUIIATETLHOMY
BBIXOy, @ OCAaJUTEIbHBIC — K IMOJOKUTECILHOMY U
3a3EMJISIOTCS.

st ompeneneHusT ONTUMAIbHOTO PaCCTOSHUS
MEXITy KOPOHHPYIOIIIMH AJIEKTPOJIaMH HCCIICIOBA-
J1ach 3aBUCHMOCTh CKOPOCTH BO3AYIIHOTO ITOTOKA
OT PACCTOSHUS TSI HECKOIBKUX 3HAYCHUU IMUTAI0-
IIEr0 HaNpsOKEHWS NMpH (UKCHPOBAHHOM PACCTOS-
HUM MEKIY OCaAUTEIBHBIMHU dJeKTpomaMu 20 MM

(pucyHoxk 2).

V, M/c
]

4B 10xB
- 12xB

10 15 20 25 30 35 40 45

L, mm

PucyHnok 2 — 3aBUCHMOCTBb CKOPOCTH MOTOKA OT pac-
cTostHuA L 111 pa3nuyHbIX 3HAYEHUI HANIPSIZKEHUsT
(H=20 mm™m)

W3 pucynka 2 BUAHO, YTO TpPHU YBEIHUEHUU
MEKIIIEKTPOIHOTO PACCTOSHUS CKOPOCTh 3JICKTPH-
YEeCKOro BeTpa BO3pacTaeT. ITo 0OYCIIOBJICHO TeM,
YTO yBEJMYEHHE PACCTOSHUS OchalisieT TOpMO3si-
mee DIIEKTPUYECKOe IMOJe OT COCENHEro KOPOHH-

pyroriero anekrpona. Ognako mpu L > 20 MM poct
CKOpOCTH BeTpa CYIIECTBEHHO 3aMemyIsieTcs, uTO
MOXHO OOBSICHUTH POCTOM IMOTEPh HA TPEHUE O MO-
BEPXHOCTh OCAQJAUTENIBHOr0 3JyiekTpoma. Jns mon-
TBEPXKIAECHUA NPUYMUH, IPUBOMAIINX K TOMY, YTO
CKOPOCTb 3aBHUCHUT OT PAacCTOAHHA, MPOBOAMIOCH
YHCIIEHHOE MOJIEIMPOBAaHUE 3JIEKTPUUECKOTO MO B
MEXKDIJIEKTPOIHOM MPOCTPAHCTBE JII BaKyyMHOTO
ciydas.

PesynbraTtel MonmenMpoBaHUS pacHpeneneHus
3IEKTPUYECKOro IMOJIs JJIS IBYX 3HAYEHUN paccTos-
HHUS MEXIY KOPOHHPYIOIIMMU DIIEKTPOJAMHU IIPUBE-
JIeHBI Ha pUCYHKE 3.

B monenupoBaHuM NpUHUMANOCh, YTO OCaIU-
TCIIBbHBIC JJICKTPObI 1, 2 HaxoOdaTCd moJ HYJICBbIM
MTOTEHITNATIOM, 8 KOPOHUPYIOITHE 3IIEKTPOAHI 3, 4 —

nox moreHuaioM -20 kB.
1
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Pucynox 3 — MoaennpoBaHue 3JIeKTPUYECKHUX MoJIeil
npu H=20 mm: a — L=15 mm; 6 — L=30 mm
(1, 2 — ocaguTeIbHBIE MIEKTPOABI; 3, 4 — KOPOHU-
pyromue 31eKTpoabl; Sy, S; — IIMHA MYTH HOHA
B YCKOPSIIOLLEM I10J1€)

W3 pucynka 3 BUIHO, YTO NIPH yBEIHYEHUU pac-
CTOSIHASL MEXKIY KOPOHMPYIOIIMMU DJIEKTPOJaMH B
JIBa pa3a MOTSHIIMAJI TOYKH, PAaBHOYJAJICHHON OT KO-
POHUPYIOIINX 3JIEKTPOAOB HA UX OCH, YMEHBINACTCS
o abcomoTHoM Benuunbe ¢ 1,8 kB g0 0,4 kB, a
UIMHAa ITYyTU, Ha KOTOPOM HOH HaxOJUTCA B YCKO-
psromeM mone, Bo3pacraer S,=2S;. B pacnpenene-
HUM TI0JIsI BO3pAcTaeT COCTaBJISAIOIAs, BEKTOP KOTO-
poli HampaBjieH [0 HaNpaBJICHHIO ITOTOKAa Tras3a.
Oueprus, npuobperaemMasi HOHAMH, YBEIMYUBACTCH,
CJIEIOBATEIBHO, BO3pacTaeT 00Iasi CKOPOCTh IMMOTOKA.

Ha pucynke 4 n300pakeHbl 3aBUCIMOCTH CKO-
POCTH TIOTOKa OT PACCTOSHHS MEKIY OCaIUTElb-
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HBIMH DJICKTPOAAMH IIPH MOCTOSHHOM PACCTOSHHUH
MEXIY KOPOHUPYIOIUMU dJeKTpoaaMu. CHCTEMBI C
Pa3IUYHBIME PACCTOSIHUSIMHA MEXIY OCaIUTEIbHBI-
MH DJIEKTPOJIAMU UMEIOT pa3HOe HANPSDKEHUE 3a0KH-
raHusS KOPOHHOT'O pa3psijia, TOITOMY OHU CpaBHH-
BAIOTCS MTPH PABHBIX MTOTPEOISIEMbBIX MOIITHOCTSX.

[Ipu yBenwdeHUM pPACCTOSHUA MEXKIY OCaIU-
TEIBHBIMH 3JICKTPOJAMU CKOPOCTH BO3AYITHOTO II0-
TOKa yMEHBINAETCA. JTO CBS3aHO C H3MEHEHHUEM
pacrpeneneHus: dJIEKTPUIECKOro IOl U yBelnde-
HHUEM B3aMMHOTO BJIMSIHUS KOPOHHUPYIOIINX 3JICK-
TPOIIOB APYT Ha JpyTa.

[Ipu MomenupoBaHUM pacIpeAeTeHUs dICKTPHU-
YECKOTO TIOJISI B DJEKTPOTHOM CHCTEME C PacCcTos-
HUSIMH MEXIY OCaTuTeNbHBIMH dNIeKTpomamu H; u
H,=1.5-H,, npu ¢pukcrupoBaHHOM pacCTOSHUU MEX-
Ny KOPOHUPYIOUIUMH 3JIeKTpoAamMu L, ObUIO BBISIB-
JIEHO, YTO C YBEIUYCHHEM PACCTOSHUS M3MEHSCTCS
(dhopMa PIEKTPUUYECKOTO MOJISI M B3aUMHOE BIIHMSHHE
KOPOHHPYIOIINX JIEKTPOAOB Bo3pacTaer. Ilorenim-
aJl TOYKH, pPaBHOYAAICHHOM OT KOPOHUPYIOIIUX
AJIEKTPOAOB Ha WX ocH, u3meHsiercs ¢ -0,8 kB go -
1,8 kB. DHeprus HOHOB CHIDKAETCS, CIIEOBATEIBHO,
YMEHbIIIAeTCs 00Iasi CKOPOCTh MOTOKA BO3IyXa Ha
BBIXO/IC YCTAHOBKH TIPY BCEX 3HAYCHHSIX MOIITHOCTH.

[Ipu yBenwdeHUM pPACCTOSHUA MEXKIY OCaIU-
TEIBHBIMH  DJIEKTPOJAMH yYMEHBIIACTCS CPEIHSS
HaIPSKEHHOCTh JICKTPUYECKOTO TIOJS, BO3pacTaeT
HalpsDKEHUE 3aKUTaHUS KOPOHHOTO paspsna M
CHIDKAETCS TOK, MOTPeOIseMbli ycTaHOBKOM. Kpome
TOro, BO3pacracT O00BbEM IPOKAYMBAECMOIO Tra3a.
[T10THOCTH MOIIHOCTH, BBOAMMAs B 00BEM rasa,
YMEHBITIAETCsI, UTO TAKXKE CHIDKAET CKOPOCTH DJICK-
TPUYECKOT0 BeTpa (PUCYHOK 4).

V, m/c
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Pucynok 4 — 3aBUCHMOCTH CKOPOCTH MOTOKA OT pac-
CTOSTHMSL MEKAY OCATUTETbHBIMH JIEKTPOAAMU IS
Pa3JIUYHBIX 3HAYEHUIl MOIIHOCTH

[Ipu GonbllieM PAacCTOSHUHM MEXKAY OCaIUTEIlb-
HBIMH D3JIEKTPOJaMU TIOTOK Ha BBIXOJE YCTaHOBKHU
MeHee «Cc(OKyCHpOBaH», YTO NMPHUBOIUT K CHIDKE-
HUIO CKOPOCTH.

OnHako TpW YBETHUYEHHHU PACCTOSHUS MEXKIY
OCaJUTENBHBIMU 3JIEKTPOJAMHU BO3pacTaeT IPOU3-
BOJIUTEIHHOCTh BEHTHIISITOPA, YTO CBSI3aHO C YBEIH-
YeHUEM MTPOKaYnBaeMoro oobeMa rasa.

CymecTByeT ONTHMAaJIbHOE OTHOIIEHHE pac-
CTOSIHHSI M@Ky KOPOHHUPYIOIIMMH 3JICKTPOAAMH K
PACCTOSTHUIO MEXKJY OCaJUTEIbHBIMH 3JIEKTPOJaMH
L/H, npu KOTOpOM ycTaHOBKa OOECIICYMBAET MaK-
CHUMAJIBHYIO CKOPOCTb BO3AYIIHOTO ITOTOKA (pUCY-
HOK 5), YTO HO3BOJISIET YNPOCTUTH PacdeT reomer-
PUYECKUX ITapaMeTPOB dJIEKTPOTHON CUCTEMBI [5].
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PucyHok 5 — 3aBHcMMOCTB CKOPOCTH BO31YyLIHOI0
TMOTOKA OT OTHOLICHUS] PACCTOSIHUA MeKIy KOPOHHU-
PYIOIIMMH 3J1eKTpoaaMu L k paccTossHUIO MeXKTY
ocaguTtenbHbiMu H

[pu yBenmuenun orHomenust L/H ckopocts Ber-
pa Bo3pacTaer, a 3aTeM MeUIeHHO yObiBaeT. [l naH-
HOM KOHCTPYKIMH ONTHMAJIBHOE OTHOIICHUE JISKHT B
npenenax 1 — 1,9. [puunHbl 00pa3oBaHus IKCTPEMY-
Ma 00YCIIOBIIEHBI KOHKYpPEHIMEH ABYX (haKTOpOB: OC-
Ta0NIeHUsT TOPMO3SIIIEro TOJsl, YTO MPUBOAUT K YBe-
JMYEHUIO CKOPOCTH, W pOCTa TOTEPh MOLIHOCTH Ha
TPEHHUE, YTO TIPUBOJIUT K YMEHBIIICHHIO CKOPOCTH.
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Pucynok 6 — 3aBUCHMOCTH CKOPOCTH BO31yIIHOI0
MOTOKA 0T MOLIHOCTH IJI1 PA3JIMYHbIX 3HaYeHMil pac-
CTOSTHMII MeKy KOPOHMPYIOIMMH djieKTpogamu L
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C yBeIWMYECHHEM MOIIHOCTH, BBOJUMOW B
paspsn, BO3pacTaeT CKOPOCTh IMOTOKA BO3AyXa Ha
BBIXOJIC YCTAHOBKH LIS BCEX 3HAYCHHU PaCCTOSHUS
MEX]Ty KOPOHUPYIOIIMMH 3JIEKTPOIaMU (PUCYHOK 6).

Poct ckopocTn mpoucXoauT HEMMHEHHO H TIOC-
TEIMEeHHO TMpeKpamaerca. ITo 00bsICHIETCS BO3pac-
TAIOIIMM COIPOTHUBIEHUEM IIOTOKY Bo3ayxa [6].
Kpome Toro, mpu OONbIIMX 3HAYCHUSX MOITHOCTH
Ha TBUILHOM CTOPOHE KOPOHHPYIONIMX 3JIEKTPOIOB
3a)KUraercsi «oOpaTHas KOpOHay», (OPMHPYIOIIAs
MOTOK MOHOB, BCTPEYHBI OCHOBHOMY, YTO CHIILHO
CHIDKaeT CKOPOCTh  BO3AYIIHOIO IOTOKa U
YBEITUYMBACT MOTPEOIISIEMYIO MOIIIHOCTb.

N3-3a HenuHEHOro xapakrepa 3aBUCUMOCTHU
CKOPOCTH TIOTOKa OT MOIIHOCTH 3(PQEKTUBHOCTH
npokauku [M/(BT-uac)] BEHTHIATOPa KOPOHHOTO
paspsga yMEHBIIAeTCss C POCTOM cKopocTu. Jlis
CHCTEM C JIOOBIM KOJMYECTBOM KOPOHHPYIOUIHX
JNIEKTPONIOB MaKCHMalbHasi 3(PQPEKTUBHOCTh Ha-
OMro1aercs Py MallbIX pabOvYHX HAMPSHKCHUSX.

BaxxHO, 9TO MHOTO3JIEKTPOJHAS CHUCTEMa TO-
3BOJISIET MONYYUTh 0OJIee BBICOKYIO CKOPOCTH AJIEK-
TPUYECKOr0 BETpa MPH MajoH MOTPeOIseMOl MOIII-
HOCTH ¥ BBIcOKOH 3(ddexTuBHOCTH. [IpM paBHBIX
3HAYCHUSIX MOTPEOISIEMON MOIIHOCTH MHOTO3JIEK-
TPOJIHASI CHCTEMa MMeeT OoJiee BBICOKYIO MPOU3BO-
JUTENBHOCTH (M/9ac).

BriBoabI:

- CKOPOCTh BO3IYIIIHOTO MOTOKA YBEIUYNBACTCS
C YBENUYEHHEM PACCTOSHUS MEXAY KOPOHHPYIO-
MU 3JICKTPOIaMHU;

- CKOPOCTh BO3ZYIIHOTO IMOTOKa CJIab0 yMEHb-
maeTcs MpH YBEITUYECHHH PACCTOSHHS MEXIy Oca-
JATENLHBIMU 3JIEKTPOJAMU;

- CKOPOCTh BO3JAYIIHOT'O MOTOKAa MaKCHMallbHa
npH onpezaeseHHoM otHomennu L/H;

- CKOpOCTBH DJIEKTPHYECKOr0 BeTpa pe3ko (Ha
MOPSIIOK) BO3pacTaer MpH yBENUYSHUH MOITHOCTH

paspsaa 10 10 Bt u cna6o (oxono 30 %) yBenuun-
BacTcsa C ):[a.]'[BHeﬁIHPIM IIOBBIIICHUEM MOIITHOCTHU 0
40 Br;

- CKOpOCTh JJICKTPHYECKOTO BETpa pacTeT ¢
YBEITHUEHHEM HAIPSDKEHUS, MOJaBaeMOr0 Ha 3JIeK-
TPOAHYIO CHCTEMY;

- HE3aBHCHUMO OT YHCJIa KOPOHHUPYIOIIUX DJIEK-
TPOMOB pa3ps 3a)KWraeTcsl MPH OJAHOM K TOM JK€
HAMPSOKEHUH, KOTOPOE OIMpPENeIsIeTCs reoMeTpHeit
SIIEKTPOIHON CHCTEMBI M PACCTOSHHEM MEXIY OCa-
JUTEIBHBIM U KOPOHUPYIOIIUM 3JIEKTPOAAMMU.
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