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AnnoTtanus. [IpousBeneH CHUHTE3 aMIUIUTYIHOTO PACHPEICICHUS Ha TOJOCKOBBIX HM3JIydaTeNsiX BEPTHKAIBHON
(Topu30HTANLHON) TMONAPU3ANMH  (Pa3UPOBAHHOW AHTCHHOM pEIICTKH HaJl TPOBOMASAIICH IHIHHIPUICCKON
MMOBEPXHOCTBI0 MO KPUTEPHIO MHHHUMAJIBHOCTH YPOBHS OOKOBBIX JICTIECTKOB JHATPaMMBbl HAIPABICHHOCTH,
HCTIONB3Ys JIBE MOTU(PHKAIMU MeTona post yactull, a umeHHo CBPSO u APSO.

Kniouesvie crosa: aHTeHHas pelleTKa, aMIUIMTyAHOE paclpeeneHue, METOd pos YacTHLl, BeCOBOW KO3((HULIHUEHT,
YPOBEHb OOKOBBIX JIETIECTKOB, IIMPHUHA TJIABHOTO JIETIECTKA.

Abstract. The amplitude distribution on strip radiators of vertical (horizontal) polarization of phased array antenna
above conducting cylindrical surface synthesized by the criterion minimum sidelobe levels radiation pattern using
two modifications of the particle swarm optimization, namely, CBPSO and APSO is made.

Keywords: antenna array, amplitude distribution, particle swarm method, weight coefficient, sidelobe level, main
lobe width.
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Amplitude distribution at inputs of radiators of the phase antenna array
above cylindrical surface by the particle swarm optimization

I.LA. Fanyaev, V.P. Kudzin

BBenenne

Ha mannoM stane pa3zsutus 9BM 1 Hayku CyIIecTByeT OrpOMHOE KOJIMYECTBO ONITUMH3ALIHOHHBIX
METOJIOB, HMCHOJIB3YIOIUXCS B Pa3lMUHBIX oOnacTsx. Hamboree mpuBieKaTeNbHOH, ¢ TOYKH 3PEHUS
MPOCTOTHI peaan3anni 1 dPPEKTUBHOCTH aJITOPUTMA, SABJISETCS OIITHMHU3AIMS METOIOM post dacTuil [1-5]
(PSO — Particle Swarm Optimization). Kpome PSO, cyiiecTByer MHOKECTBO IPYIHX HHTEIUICKTYaTbHBIX
METOJIOB ONTHMH3ALNH TEX WIM MHBIX XapaKTePUCTHK (TapaMeTpoB) KaK B AHTEHHOW TEXHUKE, TaK U B
apyrux obnactsax Hayku, a umenHo GA [6], DEA [7], CAB [8] u mp.

[ToMHMO KJTaCCHYECKOT0 METOA POsi YACTHIIL B JINTEPATYPE BCTPEUAETCS JOCTATOYHOE KOIUIECTBO
pador mo ero wmomudukanuu. MoaupuKaMK HOCAT Pa3HOCTOPOHHHWHA XapakTep H  BCeE,
B ITOJABIISIONIEM OOJNBIIMHCTBE, HANPABJICHHBI Ha yIydlleHne d(P(QEKTHBHOCTH aJTOPUTMa U YCKOpPEHUE
MOMCKA DKCTpeMyMa TOW WiH WHOW QyHKunu. M3 Hambonee pacmpocTpaHEHHBIX MOAH(UKAINA MeToaa
PSO wmoxHO Bbimeauth cienytonme: RegPSO [9], Parallel PSO [10], QPSO [11], CBPSO [12];
APSO [13].

bonpmioe konmyecTBO pabOT, B KOTOPHIX HCIIOJNIB30BAaHBl HMHTEJICKTYaJbHBIE METOJIbI
JUISl CHHTE3a aMIUIMTYIHOTO WU aMIUTHTYIHO-(a30BOr0 pacIpe/ielieHns, HAIleIeHbl Ha HCCIIEIOBaHUS
JUHEHHBIX WIM K€ IUIOCKMX aHTeHHBIX pemieTok (AP). CuHTe3 aMIUIMTYIHOTO pachpenesieHus

Ha BXO/ax M3iydarenedl (pa3smpoBaHHON aHTEHHOH pelIeTKH (CDAP), PaCIONIOKEHHON HaJ NpOoBOISLIEH
HWIMHAPUYECKOH MOBEPXHOCTBIO METOAOM pOsSl 4YacTHl, B JHTEpaType OTcyrcTByeT. OCHOBHBIE
MaTeMaTHueckue BbIBoAbI 10 PAP, pacrionoxeHHON HaJ MPOBOAAIIEH HUIMHAPUYECKON MOBEPXHOCTHIO
13 TIOJIOCKOBBIX M3JTydaTelieil BepTHKAIbHOW (TOPU30HTAIBHON) NONspU3aly, onrcansl B [14, 15].

U3 paccMOTpeHHBIX METOAOB HauOoiee MPOCTHIM B peanu3aiuu U 3(PQEeKTHBHOCTH anropuTMa
MOKHO CUHMTATh METOJI afanTuBHOro pos yactur (APSO), a Takke alropuT™M ONTHMHU3AIMHA Xa0THIECKOTO
neoryHoro posi yactun (CBPSO). Ha ocHoBaHWMM CKa3aHHOTO, LENBIO JaHHOW pabOThI SBISIETCS CHHTE3



AMIUTUTYZIHOTO ~ pPACIpPENCIICHUsI Ha TOJIOCKOBBIX HM3JIyYaTeNsX BEPTHKAIBHON (TOPU30HTAILHOM)
nonspusain @AP Haj TpoOBOASIIEH NUIMHIPUYECKONW MMOBEPXHOCTHIO MO KPUTEPUI0 MUHUMAIBHOCTH
ypoBHs OokoBbIX JienecTkoB (YBJI) muarpammer HanpasieHHoctu (IH), mcnone3ys nse Momudukaryuu
MeTopa post yactuil, a umeHHo CBPSO u APSO.

MeTtoa post 4acTUIL

B Merone onTHMM3anMU poeM YACTHI[ Ul [TOWCKA ONTUMAIBHOTO MOJOXKEHHUS BBICTYMAIOT
YacTUIlbl B MPOCTPAaHCTBE MapaMmeTpoB. B Hawame yactuisl pazdopocansl B N-MEpHOM MpOCTpaHCTBE
ClydaiHBIM 00pa3oM W HMEIOT MPOU3BOJbHBIE KOOPIMHATHI W BeKTopa cKopocreid. [anee
JUISL KaXAOTO TIOJIOKEHUs YacTUIBl BBIUMCISETCS 3HadeHWe meneBoi QyHkuuu. Kaxmas yacruma
3allOMUHAET, Kakoe JIydlllee 3HaueHHWe IeNeBOi (YHKIMM OHAa Hallla cama, a TaKKe BCE YaCTHILIBI
B Mporecce oOMeHa WHQOpMAaIMK 3HAIOT, TJe JIydllee M3 MPOHJICHHBIX BCEMU YacTUIIAMH PEHICHHH.
Ha xaxmoit mTepammu YacTUIBI KOPPEKTUPYIOT CBOIO CKOPOCTh (MOIYSAb M HAmpaBJeHHE), YTOOHI,
C OJIHOW CTOPOHBI, OBITH MOOIHIKE K JIydlIed TOYKe, KOTOPYI0 YacTHIA HAlllla cama, W B TO e BpeMs
MPHOJIM3UTHCS K TOYKE, KOTOpas B JaHHBI MOMEHT sIBJIsieTcsl Ti100anbHo Jtyunieid. Uepes ompeneneHHoe
YHCIO WTEpaluil YacTHIBl coOepyTcs BONM3M Haubojee ONTUMAIBHOTO IOJIOKEHHs (TI00aIbHOro
JKCTpEMyMa), OTHAKO BO3MOXKHO, YTO YaCTh YACTHUI] OCTAHETCS B JIOKAJTbHOM DKCTPEMYME.

Hanpagnenue u JyinHa BEKTOpa CKOPOCTH KaXKIOW YaCTHUIIBI B KIIACCHYECKOM METOIE POsi YaACTHIL
OIHCHIBACTCS CIICAYIONIEH (POPMYIIOi:

Vi1 =V; +¢yrand (0;1)[ pbest; —x; |+ c,rand (0;1) gbest; — x; |, (1)
rae V; — ckopocts i-if wactuusl; C;, C, — NMOCTOSHHBIE ycKopeHus; rand (0;1) — (byHKIHMS TreHepalyun
CIly4aiHbIX 4MceN B yKa3aHHOM juanasone (or 0 no 1 BkmrouuTensHo); POESt, — nyumas naiinenHas
YJAaCTUIIEH TOYKA, gbesti — JIy4iiasi TOYKa CpeJid BCEX YaCTHUIl; X; — TEKYIEE MOJIOKCHNE YACTUIIBI.

[ocie BoYMCIICHNS HATIpaBieHust BekTopa V uyacTuua mepemernaercs B TOUKy X, = X; + V.

Oopmyna (1) s KOppeKIHHM CKOPOCTH YaCTHI[ SBIISICTCS CYITHOCTBIO anroputMa. MHOTrHe
UCCIIEI0BaHMs ObLIM IIPOBEAEHEI 171 1oa00pa kodddunuentos C, u C, .

CyIecTBYIOT ~ MHOTOYHCIICHHbIE ~ MoOAu(HKanuud  anroputMa  pos  dactun.  OjHa
13 MOAM(UKAIMIA alrOpUTMa COCTOUT B TOM, YTO K CKOPOCTH J00ABISIETCS BeCOBOH KOI(PD(GHUIIUEHT ®
(xoadhunmenT nHEpINN), OMarogaps KOTOPOMY CKOPOCTh H3MEHSETCs Ooee TIaBHo:
V., = wV, +crand(0;1) pbest, — x, |+ c,rand (0;1)[gbest, — x, |. Dror xosddumuent moxer Gbrrs
KOHCTaHTOM, @ MOKET 3aBUCETh OT HOMepa urepanuu K, HampuMep, JTHHEHHO YMEHBINATHCS, HAYHHAS OT
BEJIMYMHBI, MEHbLIEH 1, U 10 KAKOH-TO IpYyrol BEITUYUHBL, OTIIMYHON OT HYJIS.
—k Drmax ~ Priin (2)

ax k !

max

e O, — MAKCHMAJIbHBI KOO(QOUIMEHT HHEPUUH; O, — MUHUMAJIbHBIN KO3 dunuent unepunn; K .

— of1iee YncIo uTepanuii; K — Tekymuit HoMep UTeparuu.
OpHoit n3 Momndukanuii Becoporo kod(duimenTa, KoTopasi ObLTa HCIOIB30BaHa B ATOM padore,

spisercs [12]
5

k . —k
Wy =| Ogng + ((Dstart — Wgnq ) —— rand (O' 1) ) (3)

max

rIe Oy, — HaYaIbHBINH KO3 GHIHEHT HHepUUH ( Oy, = 0,9); ®,,y — KOHEYHBIH KO3()DHUIIUCHT HHEPLIUH
(04 = 0,1); 8 — crenens nporuda Gpynkiwu (3 = 1,6).

JlanHast MoamdUKalus HCIONb3yeTcs B METOAE XaOTUYECKOro [BOMYHOIO PO 4vacTul,
(CBPSO). MNoBepeHune BecoBoro koadduirenta noka3aHo Ha puc. 1.
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Puc. 1. 3aBrcuMoOcTh BecoBOro KO3 pHUIMEHTa OT HOMEPA UTEPALIN

KpuBas nop Homepom 1 onucbiBaeT XaOTUYECKW criafalollee U3MEHEHUE BecOBOro
kod(unmenta u3 (3), a kpusas 2 — nuHelHbIH cnaf (2). [IlyHKTUpOM MOKa3aHa CTeneHb MPOornoa KPUBOH
1(8=1,6).

B paboTte Takxe ncnonb3oBanacb ele ogHa moaudukaums metofa posd 4vactuy, a
UMeHHO apanTumBHbIN poi yacTul (APSO) [13]. CyTb meToaa 3akrntovaeTca B TOM, YTO BECOBOM
KOS DUUMEHT U3MEHSETCA afanTMBHO ANA KaXAoW YacTuubl, NpU 3TOM TakXe U3MEHSAITCA
TOCTOSIHHBIE YCKOPEHHSI:

gbest gbest

=11 o1 , 4
® < pbest, > G2 =it pbest, @

rae < pbesti > — cpenHee apu(METHIECKOe CPEIH TYUIINX MO3UIIUN YaCTHII.

Jdns mpumepa Ha pUC. 2 TIpeicTaBieHa 3aBHCUMOCTh BECOBOrO KO3 QUIMEHTa OT HoMepa
WTEpaIny IS IEPBBIX 5 4aCTHII.
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Puc. 2. 3aBrcUMOCTh BECOBOTO KO PUIIMEHTA ISl KXKIOW YaCTUIBI OT HOMEpa UTepaliu

Kak Bugum (puc. 2), nake Ha MOCIHETHUX HTEPAlUAX TMPOUCXOTUT H3MEHEHUE BECOBOTO
KO3 UIMEeHTa, TyCTh U HE3HAYNTENHHOE, YTO MO3BOJIAET KaXKIOH YaCTHIE OTIEIbHO KOPPEKTHPOBATH
CBOIO CKOPOCTb.

CuHTe3 aMIJIMTYAHOT'0 pacipeae/eHus

Paccmorpum nBa Bapuanta AP Hang IWIMHAPUYECKOHM TIOBEPXHOCTBIO U3 H3IIydaTeneid
BEPTUKAIbHOW W TOPU3OHTAIbHOW mossipu3anuu. st ymoOcTBa OBUIM NPHHATEL 00O3HAYCHUS:
AP V-tumma u AP H-tuma. PaccumTsiBanmch kojbiieBast aHTeHHas perierka u3 N = 32 BepTHKaIbHBIX
(ropHU30HTAIBHBIX) U3IyYaTeNel ¢ CEKTOPOM BO30OYKIeHHsI Ol , paBHBIM 120°, c mapaMerpamMu: pacCTOSHUE
MEXK]ly U3IydaTeneM U UIHHIPUYECKON MOBEPXHOCThI0 A = A/4, mmpuHa u3mydarens W = 0,054, mimHa
manydarens L = 0,54, 3azop h=0,01A; V-tuna: d,= 0,7A, dy= 0,6\, CONPOTHBICHUE JINHHU TIEPEAAYN —
Zinc=144+34j Om; H-tuna: d,=0,6), dy=0,7X, Zinc= 105+22j Om.

[IpoBenemM MOMCK aMIUIMTYIHOI'O PAaclpeNeHEHHUS B PACKPBIBE MO KPUTEPHIO MHHUMAJIbHOCTU
YBJI, ucnonp3ys nBa onTHMH3AIMOHHBIX Merona, a uMeHHo CBPSO u APSO. Ilpu ucmonb3oBaHun
paspaborannsix B cpene MathCAD mporpamm miast meroma CBPSO Obiiv mpUMEHEHBI CIIEIYIONIHe
napameTpel: Og, = 0,9; yy =0,1; §=1,2; Kk, = 200.

st HarIsAHOCTH Ha PUC. 3 MPOIEMOHCTPUPOBAHO BBIYMCICHHE LENeBOH (PYHKUMHM NMPH KasKAOH
UTEPUMH JABYMs Merogamu sl aByx BapuaHToB AP. LleneBas ¢yHKums ompenenseT MakcHMajbHOE
3HaueHre (nb) cpenu Bcex MOOOYHBIX JIEHIECTKOB, @ TAKKE OTPAHMYMBAET ILMPHHY TJIABHOTO JIETIECTKA.
Kpussie 1 u 2 nokassiBatoT aBa pacyera 1si CBPSO, a kpussle 3 u 4 — anst APSO.



B nporiecce TectupoBanus mporpaMm OBbLIN BBISIBJIEHBI HEKOTOPBIE 3aKOHOMEPHOCTH TSI KXKIOTO
Meroga. B CBPSO HeoOxoaumo wucmonb3oBaTh Ooibliee komuuecTBO yactuil, yeM B APSO. s
YCKOpEHHSI TIOMCKa ONTUMAaIbHOr0 aMIUITMUTYIHOTO pacnpenencnus B Merone APSO B dopmyne (4) mis
BECOBOro KoadduumeHTa Heo6XoaMMo UCMNoNb30BaTh YMCNOBON KoadhduumeHT 1,2, BMecTo 1,1,
a AN NOCTOSHHBIX YCKOPEHUs OAXOSIINM OKa3aloch yncio ue 1, a 1,3.
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Puc. 3. 3naueHue neneBoi GyHKIMH IPU KaXKI0H uTepauny Ui quianHapudeckoid ®AP
U3 BEPTHKANBHBIX (@) ¥ TOPH30HTABHBIX (6) U3Mydarenei

Puc. 3 nokaspiBaer, 4To 06a MeTOJIa OYCHb OBICTPO HAXOAAT MUHUMAIbHBIN YBJI npu 3ananHoiM
umpure JH. Jlis CBPSO  gocrarouHo wucnonb3oBath He Gomee K. =100 wurepauwii,

a s APSO K, =200 urepaumii.

Hwxe nva puc. 4, a, 6, 0 nokazausl JIH AP V-tuna, a wHa puc. 4, 6, 2, e — AP H-tuma
NpH  BO30YXKJEHWH CHUHTE3UPOBAHHBIMU aMIUTUTYIHBIMU pacnpeneneHusimu. KpuBas 1 — JIH
MPH PaBHOAMILIMTYTHOM pacrpenencHuu; kpusas 2 — JIH mnst pacnpenenenust HaiinenHoro CBPSO
(rpadmk aMIIMTYIHOTO pactpenenenus (cupasa); kpusas 3 — JIH ms pacupenenenus Haiinenaoro APSO
(rpaduk ammuTyIHOTO pacupenenenns (ciuesa). Y rpaduKoB aMIDIMTYTHOTO paCIpeneIeH st OCh aOCIIUCC
o003Ha"aeT HOMEp M3ITyJaTeNs, a OCh OpPJJMHAT — HOPMUPOBAHHYIO aMITIUTY/y HanpsbkeHus. Jis puc. 4, a,
6 ObljIa B3sTa IIMPHHA TJIABHOI'O JICMECTKA KaK IIPHU PaBHOAMILIUTYIAHOM pacnpeneincHun A0 =4,989°u A0
=4,389° cooTBercTBeHHO. Kak mokazanum pe3yabTaThl, CYIIECTBYET TaKO€ aMIUIHTYAHOE paclpeaciicHue,
pu KOTOPOM MOKHO CHU3UTh VYBJI Ha 3,3 nb JUTST AP V-turma
u Ha 1,5 n1b — g AP H-tumna.

Janee ObUT MpOBEAEH pPAJ KOMIBIOTEPHBIX OJKCIEPHUMEHTOB, IJI¢ B IENeBONH (YHKIUU
MPOU3BOJMIIOCH OfMHAKOoBoe yBenmuueHue AO. Ha puc. 4, 6 AD Obuta yBenmudeHa Bcero Ha 2,28°
1 970 no3BonwIo cHU3uTh Y BJI 1o ypoBHs —21,8 16. Merog APSO nan HecMMMETpUYIHOE pacipeencHue
aAMIUTATYI OTHOCHUTEIBHO IeHTpaibHOro 6 mamydarens. s AP H-tuma (puc. 4, 2) YBJI causuics s
CBPSO 1o ypoBus -19,53 nb ¢ A6=6,69°, a mms APSO - pmo ypoeus -19,64 nb
¢ A6=06,13°. Hecmotps Ha 1o, uto it APSO mokazanus YBJI u A0 monydyunuch jydiie, y MeTona
CBPSO koa¢h¢unment nanpasiaenroro aeiicteust (KH/) causuics no ormerku 29,34 1b, a y APSO KH/J
MOJIY4HJICS HUKE U cocTaBui 27,7 nb.

B mocnennem ciydae (puc.4,0) AO Obuta yBemuuena Ha 6,2°, mpu 3tom YBJI cocraBui
—28,2 n1b. O6a wMeroma HaANLIM pa3HbIE AaMIUTMTYJHBIE pacHpefeNeHrs, OIHAKO, eclid CYAHUThb
o kpuBbiM 2 1 3, To APSO crpasuiics ayts syuie CBPSO. Inst AP H-tuma (puc. 4, ) oba meroma
CUTE3UPOBAIIM TPAKTHUECKU OJITHAKOBOE aMILTUTYIHOE pachpenencnue. l1lupruHa riaBHOrO JienecTka y
JH otnuyanace apyr ot npyra Bcero Ha 0,46°, mpu atom YBJI coctaBun —26,78 nb.
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Puc. 4. TH nyx tunos AP npu pa3HbIX aMIUIMTYIHBIX PACTIPEICHEHNSIX CUHTE3UPOBAaHHBIX JIBYMs MeToiaMu PSO

"3 ITOJTY4C€HBIX pacnpe)leneHI/Iﬁ SACHO, 4YTO [Ba Pa3HbIX ONTHUMH3AIMOHHBLIX METOAA ITO3BOJIAIOT
TIOJIYYUTh pa3Hble aMIUIMTYAHBIC pactupenenenus mist AP V- H-tuma, omnako oba Meroma JOCTHUTAIOT
npumepHo oxuHakoBoro YBJI (MakcumainbHas pasuuna cocraBuia Beero 0,1 a1b). B HEKOTOpBIX citydasix
00a MeTo/la MOTYT JIJaTh HECHMMETPHUYHOE paclpeneieHie aMIUIATY I OTHOCUTEIBHO IEHTPAIBHOTO 6-TO
n3my4atensi, npu 3ToM YBJI MOXXKHO CHM3WTH 10 MPUEMIIEMOrO YPOBHS 32 CUET YBEMWYCHHUS HIMPHUHBI
rnaBHoro nenectka JJH AP. F(0o, ¢)

Bonee nmerampHOE mccnenoBanne monydeHHBIX J|H mo3Boimn omucaTh MOBENEHHWE BBIXOIHBIX
xapaktepucTuk s 1Byx AP. B kadecTBe BBIXOOHBIX XapaKTePUCTHK PAaCCMATPUBAINCH: MIMPHHA
rmaBHoro jenectka AO, KHJI u YBJI. Ha puc. 5 mpuBeneHs! BEIXOAHBIC XapaKTEpUCTUKH ABYX AP s
Pa3HBIX pachpeneNneHnil aMITTUTYA, HalIEHHBIX IBYMS METOIaMHU.

Kpusbie mog HomepoM 1 mokaseiBaroT 3HaueHus miasi CBPSO, a kpuBble mom HOMEpoM 2 —
mss APSO. Homep pacmpenenceHust o0o3HaveH uepe3 OykBy N. I[llupunHa TiaBHOrO JerecTka
YBEIMYNBAETCA MIPAKTHYECKH OJMHAKOBO ISl IBYX METOAOB (puc. 5, a). Kak yxxe ormeuanocs panee, Y bJI
noy4aercs oguHakoB (puc. 5, 0) npu ucnonp3oBanud CBPSO u APSO. YBJI MOHOTOHHO CriagaeT mpu
yBennueHun AO W HOCHT 3epKalbHBIA XapaKTep 10 OTHOMIEHU!O K AO . A BOT UCXO[ U3 PHC. 5, 6 BUIHO,
yro 6onpmuii KH/I monydaercs npu uicrions3oBanuu Meroaa CBPSO.

Ecmu xe mpoanammsupoBath pe3yibTarhl mns AP H-tuma, To BHOuM, 9TO IIMPHWHA TIIABHOTO
nerrectka JIH mpu mcmonp3oBarnun CBPSO momywaercst Bo Bcex Ciiydasx 4yTh HIMpe, YeM I METOja
APSO (puc. 5, 6). Omxako YBJI nony4yaercst OTMHAKOB JJIst 000MX METO0B (pHcC. 5, €). A BOT Ucxoms u3
puc. 5, e BunHo, yto 6ompmmit KH/I momydaercs npu ucnonb3oBannu Meroga CBPSO u otimuaune mexay
METOJIaMH JOXOIHT BIUIOTH 10 3,8 1b.
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Puc. 5. BeixonHble XapakTepucTukyu 1ByX AP i pa3HbIX pacnpeneeHni aMIuIuTy I

3akjaoueHune

,21)'[5[ ONITUMH3AIIMKU aAMIUIUTYOAHOI'O pacCnpeaciCHus Ha ITOJIOCKOBBIX H3JIYYATCIIAX IO KPUTCPHUIO
muarMyma Y BJT JTH ucmons30Bainch aBe MOAU(PHUKAIINKA METOIA POS YACTHI: XaOTUYECKN ABONYHbIN
Metog posa uvactuy (CBPSO) mn agantmeBHbii meTog posa 4Yactuy, (APSO). B npouecce
NCNOSb30BaHNSA [OBYX MeETOOO0B OblnMM  BbISIBNEHbl ONpPeAeNieHHble  3aKOHOMEPHOCTU U
chopMyIHpPOBaHBl CIEAYIOMME BBIBOMABL: IS YCKOPEHHS TIOWCKAa ONTHMAJIBHOTO aMIUIUTYTHOTO
pacnpeneneHus
B Merome APSO mis BecoBOro KoadduuMeHTa W TOCTOSHHBIX YCKOpeHus Heobxoauma
KOPPEKTUPOBKA YUCNOBLIX MOCTOAHHLIX; mis CBPSO gocrarouno ucmosib3oBath He Oomee 100
urepanui, 111 APSO tpebyercs 200 uteparuii.

AHanu3 BBIXOAHBIX XapaKTEPUCTHK s ABYX AP mpu pasHBIX CHHTE3WPOBAHHBIX aMILTUTYIHBIX
pacnpene’IeHnsIX ABYMS ONTUMHU3AMOHHBIMA METOIaMH TTOKa3aJ, YTo:

—Ba pa3HBIX ONTHMHU3AIMOHHBIX METOJa TIO3BOJIAIOT TOJIYYHTH pa3Hble aMIDIUTYAHbBIE
pacrpeneneHus, oqHako o0a MeTo/ia JOCTUTAIOT OauHAKOBOTO Y BJI;

— B HEKOTOPBIX CIlydasx 00a MeToJa MOTYT JaTh HECHMMETPUYHOE pacIpeelieHue aMILUTUTY]
OTHOCHTENBHO IIEHTPAIBFHOTO 6-T0 M3IydaTers,

— ISl aHTEHHOM peIIeTKH V-TUNa TpW YBEJIWYCHUW IMUPUHBI TIABHOrO Jjenectka ot 4,99°
1o 11,4° camxkarores YBJI ¢ —12,87 nb no —28,2 nb u KH/I ¢ 34,6 nb no 19,5 nb;

—wmeron CBPSO cuHTEe3mpyer Takoe aMIUTMTYIHOE pachpereneHhue Ha usnmydaTtensx AP
V-tuma, npu kotopom KH/T u A® JIH BeixomsT 4yTh O0JblIHE B CpaBHEHHH C pe3yabraTaMmu APSO;

— st AP H-tunma YBJI camxkaercs ¢ —13,34 nb mo —26,78 nb u momyqatorcs pasmmunasie KH/I,
cnagaromue ot 32,4 nb no 20,57 nb, MakcumanbHas pa3HHLIA OpU 3TOM cocTasisier 3,8 nb.

Ob6a wmeroma WMEIOT COOCTBEHHBIE JOCTOMHCTBA M XOpOmo cebs 3apeKOMEeHIOBaIH
JUTS TIOUCKA WJIM ONTHUMH3AIMH Pa3iudHbIX napamerpo GAP Haj MUIMHAPUYECKON MOBEPXHOCTHIO H3
MOJIOCKOBBIX H3JIydaTesiell BEPTUKAIbHOM (TOPH30HTAIBHOM) TOISIPU3AIIUH.
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