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V1306peTeH~e OTHOCliITCSI K 06nacTliI nac

ClilBHO~ paAliIonOKa~~liI, a ~MeHHO K o~eHK 

yrnoBoro nonO>KeHlIlSi lIlCT014HliIKa 3l1eKTpOMar
HliIHforo ~3ny~eH"'A B ABYX opTorOHanbHblX 

nnOCKOCTRX. ~ Mo*eT 6blTb lIlCn0J1h30BaHO AIlR 
l13MepeHMR TpaeKTOplilJil ABIIt>KYW,IIll<CSI 06beK
T08 B paAMonOKaUliIOHHblX iii pa,ltL10HBslIlraun
OHHblX ClilCTeMax. YCTpoAcTS3X. 

YrnOBoe nOnO>KeHllte MCT014HI1Ka aneKTpo" 

M3rHlIlTHoro 1It3I1Y14eHliIA onpeAells:leTCR AOyMSl 
yrnoBblMlil KOOPAliIH9TaMlil a (a314MYT Az) iii 

f3 (yron MeCTa El) liIl1l1l nap0tll'HSnpaSnfIlOU1,lIlX 

KOCMHyCOB It OCRM npsn""oyrOllbHoCl ClIlCTeMbi 
l<OOPAMHaT (pacnOnO>l<eHHblX H3 nooepXHoCTliI 
3SMI1M), AnSI coaM.eCTHoro onpeAeneHMSt A1. H 

El IPa30BblMl.1 MeTOAaMl.1 Heo6xoAliIMO'Hanl.1'4li1e 
ARYX nap 3HTeHH. p3CnonO)l(e~IHblXHa nepnOH

AMKynRpHblx npRMblX liI o6p3aYlOll\IiIX 6a3b1li1l-f
TepIPepOMeTps. Pa3HOCTl.1 IP3a rp 12 III rp 34 

onpeAenAIOTCA cneAYIOU4~MliI Bblp3>KeHliISlMlr1: 

2n 
'P = X-112COSo:ocosf3

12	 
(1) 

I 
rAsI12.134 - paCCTOAHlr18, Ha kOTopoe p93Hsce
Hbl COOToeTCTseHHO 3HTeHHbI; 

a - 33~MyT. yron ne)f(AY aeKTOpC·,.i oe1 !11 

OCblO X;
P - yron Mecra, yrOJ1 ~.,e)l(,O,\· flElKTOpaMlit 

OC'l.1 OC. . 
PewaSl':ny CLo\CTeM JPi:J>eHp.Hl-1iit. HClXOAI·1M 

oi.4eHKlIl Benl.1'4lo1H a III f3 : 
, ~34) ~?L2' 

, d = areas l134 -I- b J 
12 

f3 = arctg[~n j b::r+G:~l (2) 

OWlo16Kl.1. B03HliIl-.alOl1.l~e np", 04p.HKe a ~ 

f3 , MOryT xapaKTep"'30BaTbC~ YCilODHblMIit 

p,lIICnepClo1AMM 3T!I1X eenWU1H ~ onpeAesullOTcR 
clleAYIOl1\lIIMlo1 Bblpa)tl;eHIo1RMlr1: 

0"	 !i!~ 
ex 2nl rp nplll yCllOBIo1Lo1, "ITO 112'" 134 "" ! 

G	 C('_ 1 ~, (3)
13 - sinfj 2rrtO"ql 

EClllil 6838 Me)KAY aHTeHHaMliI npeBblW8eT 
A. /2. TO B03-HMKaeT HeOAH03H8t.tHOCTb OTC4eT8 
B ceKTope [- TC. 1t] lIInl-1 cy>l<aeTCR ceKTOp OA

H03Hat.tHOCTI1. ,lJ,nR yaenwleHMR TOt.tHOCTlII OUe
HOK' yrnoBoro nOnO>ICeHMR He06xOAliIMO 

YBenlll'l~8aTb 6aav Me>K.AY aHTeHHaMUI, Am.. po

WeHl.1Jt 3TOlil npo6neMbI BBOASlT AOIJOllHliITeJlb
Hble aHTeHHbl, KOTopble Heo6xOA!I1MbI An~ 

yCTpaHeHlIlR HeCAH03Ha~HOCnl. 6a3b1 Me>KJ.\y 

p,OnOnHl.1TenbHblMliI aHTeHH8M'" MeHbwe. 146M 

683a Me>KAY aHTeHHaMM AIIR TO'lHOro onpeAe

l\eH"'R yrnoBblx KOOPAlr1H3T, M no OAHO~ 113 
AOnOJ1HIo1TenbHblX n~p 8HTeHH Aon*aH 6b1Tb 

5 nOJlyt.teH oAH03Ha'iHbl~ OTC'leT B ceKTope no 

Ka>KAo'" KooPAlIIHaTe. 
1I13secTeH q,a30BblA neneH"sTop C~CTeMbi 

MlItHIIl-TP3K, npeAH33HaLteHHWA AIU~ onpeAe

neHlIIA rpaeKTOplo1'" lr1CKycCTBeHHblx cnyrHHKOB 

3~M111i1. lII3BecTHblIiI 4>a30BbI'" nellBHraTop no
crpoeH no np~HL\lIInaM. 1013nO}l(eHHblM Bblwe " 
COAep>KIIlT 8 aHTeHH TOIiHoro onpeAeneHIo1R yr

JlOBbiX KOOP,D,It1H3T lr1CTOl.lHlIIKa clr1r!"ana l1 5 8H
TeH~ An~ yCTpaHeHlIlR HeOAH03Hal.lHOC~ no 

15	 M8TOAY yTO~HeHl.1t:ll, yrnoBble KooPAMHaTbi on

peAenmOTC,:i Bbll.llo1Cn&oneneM no Bblpa*eHIIlRM 
2), (3), 

HeAocTsTKaMIil TaKoro neneHr3Topa ABItA
eTCA cnep,ylOU1,ee: eo--nepSblX, B npOL\ecce. "3
MepeHliIlI1 C 4>a30MerpoB CHl.1MaeTCR n m+ K 

PS3HQCTelil 4>a3, m- no OAHOMy nJle'4Y. K- no 

APyrOMy nne4Y, nepneHA\I1KynSlpHoMY nepeo-
MY, a B npo~ecce 04eHKIIt yrnoBblx KOOPAHHaT 
a lo1 f3 Io1CnOJlb3yeTcA TonbKO ABe liI3MepeH

25 Hwe f;,e~AY aHTeHHaM~1. IIIHqJopMaL\lIISi 06 yrno

BblX I(Q0PAIIlHsTax, COAep*aU4a~CA B 
Or..TSllhHblX pa3HocTflX l.1>a3, He yt.t\ItTblBSeTC5t. 
Oo-aTophlX. Ha T041i0CTb o\.teHIC1II yrnOBblx 0

wp,~lIIHa'r BJ1IMllOT TOnhK aHTeHHbl. paCCTO,:i
Hlr16 Me>Kp,y KOTOPblMlr1 Ma\<CI-1MallbHO. 3 He Bce 
• Q2CTBYIOl4.Vle B l.13M~peHliISlX. B-TpeTbW<, AnR 
ff1'14 WeHIIl>1 T04HOCTlIl OijeHOK Heo6xOAlIIMO yee
rW'lIole9Tb paCCTORlIllle Me*AY aHTeHHaMl.1, HO 
,ip!'! 3TDM YMeHbwaeTClf ceKTOp 0AHOSHa'4HOCTlil 

35 AmI 3To~-5a3bllll, cneAoaaTellbHO. YMeHbWaerCjl 
aepOrrTHOCTb npaSliIJ1bHOrO YCTpaHeHliI~ HeOA

HOap.84HOCTIIl, T. e, AOCToaepHOCTb o~eHOK. B
~eTDepn>lx. CpeAHel<BSApaTIo1'ieCKOe 
OllUlOHeHl.1e (CKO) yma MeCTS aSBl.1C01T aT ymo-
Boro nonO>KeHIASI L1CTOCiHliIka M3JlY'fElHlIIA B aep~
K811bHO\il nnOCKOCT1ll. 1/1 nplil MaIlblX yrnax MeCTa 
OW!lJ6Kl.1 P83I(O B03paCTaIOT. 

HaYlooJlee 6n...,31<101M no TeXHMlIeCl<oR cy~

HOC~ SlBIt,:ieTC51 M38eCTHbliIl $a30Bbl~ neneHra
45 TOp. COAep::l<aU1,liIl1J 5 cna60HanpaeneHHblx 

aHTeHHblX 31leMeHT3. pacnOnJralOUl.~XCR H8 
ABYX nepneHAIIIKynRpHblx nne49X 111 06pasylO

. llllllX 2 napbI Ha nnocKOCTlil. rAe 0AliIH l.13 aHTeH
HblX sneMeHTOB pacnOllo*eH 8 TO~ke 

nepeCe'leHL1A nne'l. 5 npllleMHo-yCl.1Jll.1TenbHblX 
rpSKToa H "1 qJaSOMeTpa. ABa lIlS KOTOpblX nOA
1'J1IO~eHbI I<. np~eMHo·yc1I1J1lr1TenbHblM TpSkTaM 

OJ~HOro nJlet.ta, a ABa APyrl.1X - APyroro, npl.1'leM 
DblXOAbl ABy;< nepBblX IPaSOMeTpOB nOAKnJO"le

55 Hbl k 2 OXOAaM nepeoro YCTPOHCTB3 yCTpaHe
HillA Heo,qH03Ha'4HOCTM. a BblXOAbl BTOpblX ~BYX 

<1JaaoMeTpOB - K 2 BXOAaM BToporo yCTpoHcT8a 
yctpaHeHIIIR HeOAH03H3~HOCTlI1, BblXOAbI yCT
PO~CTB YCTpaHeH~R HeoAH03H8'4HOCTIII nOA

l 
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KIlIO"eHbI K 2 BXOAaNl B~lt~CIlMTen" KOOPAHH8T
 
yrnoBoro n0I10)4(eHIIIA IIICTOltHIII"8 ClIIrHan-a (4).
 

HeAOCT8TKOM 3Toro c$l8aoBoro neneHr8TO


pa ABIlAeTCR TO, '4TO CKO yrna MeCTa a98MCMT
 

OT yrnoBoro nOIlO)4(eHMA IIICTO'4HI4Ka 1II311Y'4eHMR 5
 (5) 
. COST = W "" B8epTMKanbHo~ nllOCKOCTM, npM ManbiX yrJ18X I 3
 

MeCTa OWM6KlII pesKo BospaCTalOT. KpOMe TO- ./,;2 2 2

X +y +z
 

roo B npo",ecce o",eHKIII yrpa'flilBaeTCA MH$Op
 o 0 0 

MaUHA 06 yrnOBbix KOOPA..HBT8X, fAe Co (Xo, Yo, zo) - TOltO. pacnono*eHH•• H' 
cOAep*3U{8J1CA B p8SHOCTM ~3 Me*AY aHTeH- 10 BeKTOpe Ot. COS" 
HaMill, IIlMelOUllllMM MeHbWYIO 6aay. 1II H8nlll'4M8 P CCMOTjU'M COMHO)4( ..Teil ... iit.ot; 
3TIIlX aHTeHH He BlllAAeT H3 TOltHOCTb 0"'8HOK. B b1paJ«eHmI (4). 

Uem. M306peTeHJ.1A - nOBblweHHe TO'fHD
!~(XB-Xl·YB-YA·ZB-ZA)ent oueHOK KOOPAlilHaT yrJ10BOrO nOnOlKeHHR
 

IIICtOlfHM"B ClllrHana B Bepn1KanbHOA nnOCKO" 15
 
cosp g COS" = CTIII ~a30Bblx neneHrsTopoB C nnOCKH""M 8M -+~ -+-+

j AB,CC AB,OC . TeHHblMH peweTICaMIII. o 
3m AOCn1raeTCSI reM. 'fT0 B 4>a30BQM neneH (x -x )x +(Y -y )y +(z -z )z

raTOpe. eOAep)4(ameM N C;JHTeHHblX 3IleM6HTOB, DAg nAo OAo
 

paenOI1OlKeHHblX Ha nnOCl(~aM, N npHeMHo-yat


Ilt.1TeJ1bHblX rpaKToe. (N-1) 4l830MerpDB, 6110K yc 20 .,/cx -x )2+(YB-Y )2~(Z -z )2'~ +Y +Z2'
 
SA A SA 000rpBHeHWl HeoAH03H~HOCn'l C (N-1) BblXQ,QaMM, 

OAIIIH 1113 aHTeHHblX 3I1eMeHTOB SepTlllK8nbHO no,lt nOACTaB ce 8TO ypaBHeHMe (4) .. nOl1

HAT HaA nnOCKOCTblO BHTeHHoA peWefKM, BeeAe- Y'lIII",: 
HO TpH B8COBbiX cyMMaTOpa, (N-1) BXOA K8JKAOro 25 2lr • 
1113 KOTOpblX nOAKlllOtfeH K 61l0KY yCTpaHeHIIItI 'PAR'" ~[rXll-lCl)COS71+(YB-YA)COS7Z+(ZR-ZAICOSt31 
HeOAH03Ha'4H~, 6nOK BbllII'IClleH"'~S3111M'(f8'"
 
6nOK BbI'4l'1cneHI'IH yms MeCTa, 2 axOAB nepsoro (6)
 
1113 KOTOPblX nOAlUllOlteHbI K ShlXO,AaM ASYX nep-


BblX seCOBbiX cyMMaTopOB, 3 BXOna BTOpOro 1'13 30
 
KOTOpblX nOAI011O'feHbI K Bb/X0AaM eeCOBIoIX CyM nPM STOM Y'fT8HO, 'CTO
 
MSTOpOB, npllllteM 4la30MeTpbl nOAICItIO'4eHW T8K,
 

'fTO OAHB 1II3 aHieHH S1BJ1ReTCli onopHoR.
 

COnOCTaBKTeJ1bHblA aHsnlo13 C npOT01l'InO 

nOKa~bl8aeT.'fT0 3aSlBIIAeMoe YCTpolilcTBO OTn... 
'faeTeS! H8IJM'f",eM HOBbiX 6nOICOB - Tpex 8eCOawx nQACT8SM ace 3TO .. Yp8SHeHMe (6) r. Y'l8TOM 
CyMMaTOPQB. 6nO;(8 BbI'4Lo1cneHI'IH 831r1M'(f8 1'16no- ypaBHeHHA (5) M nonY""'M: 
lCa 9b/4I'1C11eHlIIR yrrra MeeTa III. CIIeAOeaTenbHO, 
COOT8eTCT8YeT ICplllTepllllO -H081'13Ha-. 

PaCCMorpIII,.. ~ee npOl'l3BOllbHble TQ'IKH B
 

npOCTpaHCTGe (CM. ~",r. 2), nonO>KelU1e TO'leK
 
onpeAei'lReTcA HX KOOPAI'IHaT3MI'I, a IIIMeHHO:
 

TOltKa A C,KOOPAI'IH3TBMH (XA. VA. ZtJ H B (XB.
 
VB. Z8). nYCTI> IIICTO'lHHK Cl'lrHana pacnonollCeH Aanee 3 MeHMM
 
B TO'flCe C. YAaneHMe KOTOpolil OT TO'lek A ... B 45
 
3H8'fIllTenbHO 60nbwe otpe3Ka AB. TorM pas


x -x Ya-Y,. Z -zHOCTI> epaa Me>KJlY TOlfKBMIII A1'1 BI C03AaeaeM8A n= B A 0 A
 
IIICTOllHlIIKOM Cl'lrHana C, paBHa l( ~ i ny= -~-- ,n = -x--z 

2TlICIl,.o= ~ AB I COSIp__ (4) 50
 
AB,OC
 1'1 nOI1y-tI'lM Oonee KOMnSKTHWA BMA 4loPMYnw: 

fAe VJ AB. OC - yro/l Me*AY OTpe3lUlMM AS " (J)AB-2 n(nx • V+ny . U '"t . W] (7) 
OCblO DC: nyeTl> BHTeHHaJl CMCTeMa COCTOI'IT M3 N 

IAB/- AIlIIIHa OTpe3Ka AB. 8t1TeHH. npH H nMlf.... norpewHocreA Iii sMAe 
PaccMoTplIIM HanptlBnAIOu.-Me 1l0CMHyCbI 55 ~a30Bwx DWM60K. pacnp8AuneHHwx HopManb

BeKTOpa OC: HO C HYlleBwM~ CPElAH..MM 3H8'teH..,Rmt III ~3-
xo eeCTHoA I(OppeI1A14HOHHOA MaTPM~ nOJl~MM 

,, cos)' 1 = V = ycnoDHylO nftOTHOCn. pacnpeAeneHIIIR BepOAT
~2 2 2' . +tocTeR 4>a30BblX oWM60K np.. 4lIllKc~po8aH'

X +y +z 
000 __-.--:.:..:HblX V, U. W 

,,-------------- 
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--1----, 
n t n 

'K y ... X 

., I 
(1" - ---nl u'l 
'f j,TI> ;; 5 

"I ;(7. " 

01 I:!" l =- C;- -T 1. 
n P !' 

8 

aw[iii/v,U,W] 
av 

aw[iji/v,U,W] 
au 

aW(iiVv, U, W] 
aw 

= 0 

= 0 

= a 
~yl III nOnytfMM 

qiTp n cpTp ii 
rAe $- eeKTOp nonHW)( PS3HOCTeft $33 B eA~ 10 v· = y>: x Xz y 
HMl\SX 2 1f ; oTp 0 -Tp n nK - H8KOTOPblA K034><t>~4MeHT nponop4w x yz x y xz y 
OHanbHOCTM; 

-T Ox, ny.oc BeKTOpbl MacwTa6Hblx K034>4>~' IjI P n• xy 7.:W =4MeHT08. 
-T n P n 

_ z xy zOnpeAenMM 014eHItM HanpaBnJllo~MX Ko-
CMHyCOB V.' U. W no MSKCMMyMy IIlX ycn08HO~ rAe Pyz• Pxz, Pxy - KB8ApaTHIlIe M8TpM""111 pu
nnOTHOCTM pacn peAel1eHMJI ",epoM (N-1) x (N-1); 

p ~B-l+[B-ln iilB-in nTB- 1 _B- 1n iil s- 1ii iiTB- 1+ 
><7. 'P rp >: x I(J ~ z ~(J <p x z <p z x qJ 

+S-1i) nTB-ln ilT B-1-8- 1 ii ii."'8- 1n i1TB- 1l.[n- TB-1ii x 
I(J Z)(rp zx 'P rp ZXI(J x<.1(J l( rp x 

xiiTB- 1n--(n-B -h-J 1 -\ 
zrp <. :{IPZ 

qv, qu, Qw - aeKTOpbl aeC08b1X K03<p<t>l'I14MeHTOB. rAe M - onepaTOp ycpsAHeHMJI, 
TaK lal Mbl nony"MnM MaKCMManbtlO npa8AO- ECI1.,. ~eCTb. "TO 
nOAo6Hble 014eHKM, TO OHM \1M8101 HvneBble 45 
CMeW8HMA M MMHMMSl1bHble 3Hs..eHMA ycnoa M[ijiijiT] = B 
HblX AMcnepcMR, 

YcnOBHble AMCnepCM"l olteHOI< nony-.aeM rAe B - KOeap..al..l140HHaA "'9rp141..19 ~a30BblX 
"" lIXlPMyn AlIA V, U, W no npaB.,naM Teopllllll Clw~60K, TO nOJlY'4\1M: 

50BepOATHOCTeH [" p ;pq,lp ii 1 D[V·] :: (TiTp BP ii )'(nTp n )-2
xor'/I = M • y" w_ xyz y>:>l XyZlC

(n p ii 12 

X yz lo; 

55nl 1'1 

I,', '.~;p n '",;;"1 (8) 
" l ' B 'cny4ae, ecnM B =BIfJ • G~ III

i '"; 
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PYl . Bf/' . Py~ = Pyz. 
PXl • Bf/' . Pyz = Pxz 
Pxy . Btp . Plly " Pxy , 

TO 

(9) 
AMI nOJ1Y-4eH"'R OLleHOIl: He06)(OAKMC!..M en. 
flonHbllil BelCTop ¢330BWX "3MepeHKA 41, 1l:0TO

pbllil !!peAC~BJ151eTco60 

<II=;P+- K. 
rAe £: a8lCTop <IIa30Bblx K3MepeH" :. 

K - BelCTOp nOJ1HblX pa~HoCTeA ~as. yrpa
\feHHbU( npK M3MepeHMM (BeKTOP HeoAH03H 't" 

HOCTM). 
TaK"'M 06pasOM, yCTpsHeH..a HeoAHO" 

3Ha"HOCnf 41asoBYX K3MepeHIo1~ 3aKl1f0148eTCJl 
B OTblCK8HIo1'" 04eHI<Io1 BelCTopa K. 

0""8HKM yrJ1oeoro nOnO)l(.eHMR B ASYX op
TorOHanbHblX nnOCKOCT$lX a K f3. onpeAenA" 
IOTCA K3 cneAYIOLUIo1X COOTHoweH..A:

• 
~.~I • = arctg--. (11)a. U 

~ '.w 
13 
• 

;;:: arctg ----=====:::;:::; (12)
vic u·)2 +( V·) 2' 

n
Op\lu..,eHMTeJlbHO K npeAllar88MOMY ycr

POl7lCTSY paCCMOTpMM C_..CTeMY selCTOpo8: 
T ;;:: (n •. ,., Ox ~ 
x xl n 

r? ;;:: (n ." .• n ) 
'-T Y Yt Yn 
nz :z: Ca, ...• a) • 'fTO COOT88TCTBYeT W

HOCY onopHoA 8HTeHHbI. B STOM CJ1Y'48e IlWHOC 
onopHoro sneMeHT8 Ha Ben......HV ! He ..aMe
HMT CKO OLleHOK V* .. U*. HO ABCT .B03MO)I(
HoeTb nOlly'l..n OLleHkY W*. np.."eM ee 

A'1CnepCMR MMeeT Bl.\Q: 

G2 
• lp

D[W J ;;:: --~---
n n 

2amE EP 
1=1 J =1 xyl J 

O\feBMAHO. "laM 60nbwe a. TeM MeHbwe O{W*). 
T8KMM 06paso..., BblHOC 8HT HHbI 38 nno

CKOCTb peW8TK.. ABeT B03MO>KHOcn., ..cnon.... 
ayA AononH .. TenbHYIO "H~opMatU'IO. 
COAep>KaLUylOcA B paSHOCT" ~83. nonyqMn 
04eHICY rpeTbero HanpaBnAlOlllerO KOC..HyC8 M 
60llee TO'4HO o~eHm-b yrofl MeCTa. 

Iit3nO>KeHHble npHH4Hnbl peanH30BaHbI II 
npeAJ\araeMOM 4Ia9080M neneHraTope. "TO no
3BOIHleT nOBblCHTb TO'lHOCTb M3MepeHHA yrno
8b1X kooPAMHaT 8 eepTMKanbHO,", nnOCKOCT" 

Ha $Hr. 1 ..306p3>KeHa reOP04eTpH..ecK8J' 
KHTepnpeT34lo1A <IIaaoBoro neneHraropa. H8 

41Mr. 2 - nORCHeHHe K anropMTMy pa60TW <IIa
30Boro neneHraTopa C 06beMHO~ aHTeHHO'" 
peweTICoA; Ha 41..r. 3 - CTpyKTYPHaA exeM8 
41a30Boro nell~HraTopa.; H9 <II..r 4 - 4>YHK4Mo
HallbHBR cxeMa yCTpoACTB3 yCTpaHeH"A HeOA
H03H8\.fHOCTM; Ha 41..r, 5 - $YHICl.4MOHaJlbH8A 
exe...s 8ecoBoro eYMM8Topa. 

CS>s30BblA neneHraTOp CoeTOMT H;l N aH
TeHHblX31leMeHTOB 1 K N npMeMHo-ycMnKTen.,
HblX TpalCTOB 2. nOAKl1IO'feHHWX I( HMM (N-1) 
~a30MeTPOB 3 T8IC, 'fTO OAH8 "'3 8HTeHH R8I1"
eTCR onopHoA, BblXOAW ~a30MeTp08 nOAlCnlQ
'feHbI (N-1) BXOAV 6no1(8 yCTpSH8H"JI 
HeoAHo3H34HOCTM 4. (N-1) BblXOAbi 1C0Toporo 
coeA..HeHbI napannenbHo C (N-1) exoAs..... 
Tpex BecOBbiX cyMMaTopoe 5, BblXOAW ASYX H3 
KOTOpblX no Kl11O'4eHW k AByM 8XOA8M nepBoro 
6noK8 BW\fKcneH..III 6, a BblXOAbi 3TMX *e seco
8b1X CYNMaTOPOB 5 coeAMHeHbI C TpeM" BXOA&
MM BTOpOro 6noK8 B 'llllcneH"R 6. 

C2>a308blA nenettrSTOp pa60T8eT CJ1eAYIO
. Ill"M 06Pa30M. 

Ha 3HTeHHylO peweTlcy naAseT nnOCKM~ 

BanHO" ~POHT III Tal( leaK aHTeHHble sneMeHTw 
1 pa3HeceHbI B npocrpaHcT8e•. c ..rHaJI ,no
crynalOlll..e Ha BXOA npMeMHo-y(;MJ1"TellbH~x 

TpalCTo8. HMelOT PS3HW8 $83bl, 
BcneAcTB..e Toro, '4TO SHTeHHblR sne eHT 

BblHeceH HSA nnOClCOCTblO aHTeHHO~ pewencM. 
TO co6CTseHHble eIIasw SHTeHH ..MeIOT nOMHMO 
COCTSBI1RIOIllMX AOl1b aceA Ox H Oy ellle co

T8BIlRIOIllYIO BAon oe.. Oz. B np..eMHO-YC.... 
IlMTen ..HWl< TpakT.x :2 3TM CHrH8nw 
yCMJ1M8alOTC~"nOA8fOTCJl H8 aXOAW 4lss0MeT
pOB 3, KOTopble M3MepRtOT paSHOCn. $a3 Me>K
AV CMrHanaM". HO np.. STOM T8k Kal< o6nacn 
M3MepeHMA 4la30M8TpOB I1e>teMT It npeAe118X 
[-n. 31'], TepReTcJt14enoe'tMCllo nep~OAoB npH 
MSMepeHMM ..H$OpM814..... IitH$Op a14'"A 0 
pa3HOCTM 41aa nocrynaeT H8 8XOA ycTpoACTel 
yCrpaHeH..... HeoAH03HS'tHOCT.. 4. rAe BOCCTS
H8BnMaaeTCJl t4eJloe '4...C1l0 nepMOAoe pS3HO
CTel4 4183. yTp 'f8HHWX "p.. M3MepeHHM. M 
4l0pM..pyeTcJI COBOKYnHOCTb nOI1HblX pa3HO
cTeA 4lS3. 3Ta COBOkynHoen. 1013 (N-1) paSHO
CTe~ ~83 nocrynseT H8 8XOAW T~e)( aeCOBbiX 
CYMM8TOpOB 5, rAe nyreM BeeOBom CyMMMpO· 
aaH"A n0I1Y'48IOTC,. Ol4eHkM HsnpaBnRlOutMX 
lCOC"HYC08, lCoTopwe nOc"T}'nalOT Ha SXOAbl 
ABYX 6110kO BbI'tMCneHM" 6, H8 ahlXOAaX KOTO
pblX nOn~aIOTCJ' 0 eHKM yrnoBblx 'WOPAMHaT 
a * M P*. ,,",cnonl.30BaHMe ..H4IoPMa4"'.... co

. Aep*allleAcII • eOCT8BnAIOIlleA p8SHOCT'" 4Ia3 
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BAonb oeM Oz. n03S0AReT nOnY\.lMTt> O~e~KY 
TpeTbero HanpaBIlS'IOUlero KocMHyca W M 
Ol\eHHTIo 50nee TO'4HO yron MeCTa. CbS30BblA 

neneHraTOp MO)KeT GbiTIo peanH30B8H KaK D 

8HanorOBOM. Tal( H B ~M¢lPOBOM sHAe. OCTaHa

aMMCA Ha ~M¢lQ080A peenM38~HH ¢lS30BOro
•neneHrsrops. 

<%>S30MeTpw. McnOllb3yeMye B TaKOM ne-

neHrSTope. RBnAIOTCR l\H<I>P.OBblMH. Ha 4lMr. 4 
.,.306pa*eHo YCTPO~CT80yc"-paHeHMJ:1 HeOAHD
3Ha'fHOCTH. OHO COAepllUtT m • (N-1) BeCOBWlC. 

cyMMaTop08 7. Koropble oGpa3YlOT m-K8HanOB. 

lo1 e)(OA~ (N-1) 8eCOBWX cyMMaTopo8 Ka)l(JJ,orO 

.,.3 KaHanOB coeAHHeHbI C BblXOA9...'" ~a30Me,... 
pOB. BWXOAbi 8ecoBbiX cyMMaTOpOB 7 COeAIAH&
Hbi C OAHMM K3 BXOAOB m . (N-1) CYMM8TOpa 9, 
BTopble BXOAbi Ka)l(p,oro cyMM8TOpa 9 nOAKlltO
'teHW It OAHOMy ..3 (N-1) B XO,qOB sanoMMH8to
Ul,ero yCTpO"'CT88 8 K3*AorO KaHana, BWXOAbi 
cyMMaTopoa 9 1(3)I(,AorO J<aH3na nOAIUlIO'teHbI K 
8xOAaM cyMMaTopoB 10. BblXOAW KOTOpblX co
eAIIIHelW c m aXOA9MM ycrpoAcTBa blOopa 

BeKTOpa HeoAH03He'tHOCTH 11. (N-1) BblXOAbi 
lCoToporo nOAKnlO4eHW Ie nepawM (N-1) BxoAaM 
cyMM8Topa 12, BTopwe (N-1) alCOAbl kOTOporo 
coeAHHeHbI c BblXOA9 If ¢la30MeTpoB~ 

YCTpoACTBO pafiOTaeT cneAYlOlLtMM ofipa
30M. KOAbI, COAeplKBlLtMe HH$OpMa~lo1lO 0 pas
HoerM ~a3 tp 1. VJ 2.... f/' N-" OT ¢,8S0Merpoe 
nOCl)'nalOT Ha BXOA BeCOBorO CYMM8TOpa. rAe 
yMHO)l(8lOTCR H8 cOOTBeTCTBYIOl1\Ke KO~$M

l\HeHTbI M ¢'0PMMPYIOT ClIeAYlOUWIO CyMMy He 
cyMM8Tope 9: 

N-t 
2 E rp B = 2(~Tj})J 

1=1 1 j 

Bce B03MO)KHble ItOAbi paSHOCTeA 4>a3. TO Ma

)I(eM nOnY'UtTb BCeB03MO)KHble 1t0Abl $OpMbl 

n ~R') H nOCTaSHTb COOTBeTCTBM~k9JKAOMY 

B KTOpy Ta B09MO>KHOCTH 3H81.18HHII ncp1R'}. 1<0

5 Topble ABn~IOTCRMHHH al'lbHblMH AlBI AaHHoro 
aeKTopa. T8KHM 06paaoM, B 3anOMHHalO~ee 

yCTPOi7!CT 0 samtCWa8lOTCA ICOAbl BeKTop09. a 

KOAbi 3Ha'teHHA $OpMbI S1BJUIIOTCf' aAPeCaMH 

KOnOB aeKTOpOB. ApyroA JakJIlOl.laerCR B TOM, 
'fTO npo""ecc nmtCKa MHHMManbHoro 3Hal.leHMR 

. ct>OpMbI CBOAHTCR ll: nOJ<a33HHoMY cpaatteHHIO 
3Ha'feHMA 4JOPMbI C nOM0114blO cxeM cpaBHe
HHA. o6pasYlOlqHx nMpaMHAanbHylO CTPYICTY

py. B yCTpoACTB8 12-cYMMaTOpe ct>OpMMPYeTCR 
15 aeKTOp nOIlHblX pasHocTeA 4Jaa A06aBneHHeM 

~enoA "BCTH pasHocTM Mee APo6HOA \.Iac~. 
Ha epHt". 5 H306pa)l(eH (N-1) 8xOAoooA ee

c080R cy MaTop 5. KOTOpwA BKJlI04aeT (N-l) 
YMHo)t(MTeneA 13. sanOMMHalOUlee YCTpOiitCTBO 
14. (N-1)-BXOAOBblA CyMMBTOp 15. npK pa60Te 
eeCOBoro cyMMaropa Ha eXOAe YMHO*MTeneA 
nOCl)'nalOT KOAbi I.lHCen cJ>,. ¢J2.... Q>N-1 non
HbiX PS3HocTeA <l>a3 C yCTpoAcTBa yCTpaHeHHA 

HeoAH03Ha'fHOCm KOropbC8 HeoGxoAHMo npo

25 CYMMll'lpooaTb C oeCOBbiM Koa«PcIlHLLHeHTO q,. 

q:z••• , qN-'. KOAbI BeCOBbiX k034l4JH~&o1eHTO na

Cl'VnB.OT Ha axo,AJ"I YMtoj!j)!(WreneR 13 C3anOMH
H810tllero ~/CTPO~CTBB 14. C BblXOA8 

yMHo)l(Vl'!cnaApe3ynltTaTbI nOCTYnBIOT Ha axOA 
CyMM8Topa 16. BXOA 1C0Toporo RBllR6TC.n BblXa

AOM BeC08oro cYMMaTopa. BecoBt.le CiMMBTO
Pbl YCTP0'1CTB3 yCTpsHeHIMI HeOAH03HB4HOCl11 

MOI)'T GblTh peanll'SOQSHbi no SToWl lKe nplotH

35	 l~Hny. npCAJlaraeMOe YC7PO~CTBO nerKO pea
nH3YeTCA HS aneMeHT8X LtIll~P BoA 110 flIl KH. 
CyMMaTcipbl9. 10. 12.15 MOryl' 61>1T peaMI3a

BaHbI Ha MIIIKpocxeMax Y155l-1M3. YMHO)l(HTe
11\01 13 BblnOI1HAIOT~ Ha MHI<pOCXeM3X KP 1802 
BP2. 3anOMtilHalO14ee YCTP0lr.CTBO 6.14 peanM

38Te"" C DblXOAS eecosoro cYMMaTOpa 9 3yeTcSl HS MMKpOCXeMSX K555 PE4. B yCTpOcr 
nOCTYn81OT ua 8XO,q cyMMaTopa 10. rAe It HMM CTBS DbiGopa BeKTopa HeOAH03Ha~Hocm 11 
Ao6aonJlBTCJl KOAOBOB pacCTOSlHMe K8lKAOro MOryT GYTI> &o1cnonb30a9HbI 3anOMlAH~IOUlHe 
BeKTOpa HeOAH03Ha'tHOCTM. KOTopoe C'fMTblBa YCTPO~CTBO He MIIU(POCX6MBX K555 PE4 HI1M 
eTCR C 38nOMMHBKll1.\erO yCTpoAcTBa 8 exeM'" cpSSHeH\IISl Ha MIIIKpocxeM8X K555 en1 

45 M perMCTPbI Ha MIIIKPO ,xeMSX 1<555 ~P9. a BbI
'fMCIlHTeI1I11 nenco peanlll3YloTCSl Hel n3Y THna 
KP555 PTE. 

nonY"eHHble KOAW oGpasYIOT 4>0PMY. co· PeCCMOTp"M nplIIMep KOHKpeTHo~ peanlo9
OTseTCTBYIOU4YIO Bblpa*eHMIO (10). TaKMM 06-. aaqMH Ha OCHOBO cIla30Boro neneHrS"fOpa 4 
paso.... Bce m 3HSI.I8HM" ¢,OPMW nOCTYnSIOT Ha O~eHKa yrna MeCTS 9 STOM cnyl.lae onpeAeml
.,.oTpoAcTBO Bwl)opa HeoAH03H8 IIOCTH MnH eTCA ypaDHeH~eM (1) npM ycnoBMH. ~TO 6asbi 
cxeMbi cpaSHOHHJl. rAe Heo6xOA14MWA 88KTOp IIIHTep41epOf..eTpa paOHbll £4 II A. ... 3. 
HeOAH03Ha'tHOCTM Bbl6MpSOTCA 143 o6tqeQ co- Me.,OAOM M8TeMaTM'teCKoro MOAeIlMp088
BOKynHocT1II 143 eeKTOp08 no MMHMMy y cI>OP- HMA 6blna nOnY\.leH8 3aBHCMMOCTb U a-f{B). 
Mbi . n~. YCTpOACTBO 8b160pa oenop 55 AnA npeAfiaraeMoro yCTpOIitCTBa aHana
HeOAH03H81.1HOCTM MO)KeT 6b1Tb pe8llH30BaHO rlll'tHBJI 3aelAClilMOCTb Gbl1l8 nOll'{'ieHS nplfI ye

pasnlll'tHblMM cnoc06aMM. OAMH M3 HMX H8 Sa- no MM, 'tTO OUJM6KIII 803HHKalOT B 

nOMHH31OUl,HX sneMeHT8X. TaK KaK Mbi 3HaeM npHeMHO-YCKllMTOnltHbtX K8Hsnax H KoppenA

QHOHH8R MaTpM~a B STOM cny"ae MMeeT BHA 

,
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1 0,5 0,5 o,5] 
B '- 0,5 1 0,5 0,5
 

rp - 0,5 0,5 1 0,5
[ 
O,S 0,5 0,5 1 

BeKTOpw MaClUTafiHWX K03c1>41~'lLl..eHTO. 

eAI'IHI'Il\8X MMelOT BMA 

CbopMyna M306peleHMA 

CbA30BblL71 nEJlEHrATOP. COAep>Ka
~M~ aHTeHHylO peweTKy, COCTOAU4ytO M3 
N aHTeHHbtX aneMeHTOB. ka*AbllII 1'13 KOTo

Pb/X Coe'O'...HeH C COOT13eTCTBYIO~'" 1'13 N 
npHeMHO-YClilmtTenbHblX 6JlOKOB. N - 1 
ctJsaoMeTpoB, BblXOA lC.a.lKJl,oro ..3 IlOroPWk 

coeA"'HeH c COOTBeTCTBYIOt1tIllN :XOAOM 
6nOKa ycrpSHeHMA. HeOAH03H8'fHOCTIII, O~ 

RHli3fOU/UitcR TeM, 'ITO OA...H M'3 SHTeHHblX 

3neMeHTOB eepTl.1KSnbHD nDAHAT HaA nnl'r' 
CKOCTblO aHTeHHoA pewenM, B8eAeHllI Tpl.1 

BeCOBbiX cyMMaTopa. 6nOl( Pbl~ ...cneHMR 

a3101Myra 1II 6110K BblllMClleHMA yrna MeCTa, 
np" STOM PblXOA nplo1eMHo-ycHlu·rrenbHoro 
6noKa OAHoro "'3 SHTeHHblX aneMeHTOB, 
ABmllOlLterocg onopHblM. roeAMHBH C nep
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z 
ntJ/lY't8HH • 33BMCMMocn "P9ACTallleHI 

H8 4lMr. 6•. 
HerpYAHo ~fmfT". '4TO CKO Ol.\eHICM yr

Ita Mecn "JH!AI'8raeMOM yc-rpoACT e .cerAa 

MBttbWe "PM nlQMM nOJlo*eHMM MCTO'tHMU 
M311yoteHMlI • PTMUI1IoHOA nIlOGKOCTM. 

BblM~BXOAaMM N - 1 ct>aaoMeTpo I BblXo-

Abi OCTanbH x N - 1 npliteMHo-YCMJlMTen~

HbiX 6nOKOB BHTeHHWX sneMeHTOB 
coeA~HeHbl c 8TOPblMM eXDABMM CODneT

CTBYlOl1tMX N • 1 ct>a30MeTpoB. - 1 xc

AOD KaJ4(,(loro M3 8eC08WX CYMM9TOpoS co-' 
eAIotHeHbI C N 1 8b1XOAaMIIl tinoKB 
YCTpaHeHIitA HeoAH03Ha~HoCTM. BbiXOA ne~ 

Bora DeCOBaro cyMMaTopa coe.o,litHeH C 
nepBblM BX-OAOM finOlca BbI"McneHM~ 83M

Myra' lit nepBWM aXOAOM 6nOKa BbI~l(CI1e

HMR yr1l8 MeeTS, ablxaA BToporo B6Coeoro 

cyMMsTopa - c DTOPblM BXOAOM 6noKa BbI
"lHCneHMJI Cl3MMYTa ... BTOPblM 8xO,Q,OM 6no
Ka BbI'4lo1cneHMA yrna MeCTa, eblxoA Tpen.
ero CyMMSTopa - C Tpen.HM BXOAOM' 6no
'~.Bblljl'lC1leHHg yrne MeCTa. 
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