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BBEAEHVlE 

J 

KOHCTPYK~~R ~ np~H~~n Ae~CTB~R Me300nT~4eCKOrO $YPbe-M~KpO-

CKOna /M$M/ Ani'! RAepHo~ $OT03Mynbc~~ ~3nO>KeHbl ~ /11, ,,/1,4;' onuc a
Hbl MOAen~PYIOIll~e 3KCnep~MeHTbl r-1 KOMnblOTepHble pecueru , xor opue 

AOnonH~TenbHo nOATBeplKAalOT peans uyo 3$etJeK"F~B!-lOCTb /1011 ~ npe
~MYlllecTBa M$M HaA TpaA~~~oHHWM onT~~eCKHM M~KpocKonoM, 3T~ ~c

B / 5 cneAOBaH~R 6bln~ ~cnonb30BaHbl ' AnR C03I1aH~R 3Kcnep~MeHTcwb
Horo npo'ro r ana 11$M. npOToT~n 11c»M cOAep>K~T onT~4ecKYIO 4acTb> 
cor oanexroavecuoe- YCTpOI1CTBO AmI C4~TbIBaH~R onT~4ecKoC1 r-1H$OP
Ma~~~, KapeTK~ C 3neKTpoMexaH~4ecK~M np~BoAoM ~nR nepeMellleH~R 

cnOR RAepHo~ $OT03Mynbc~~ ~ c~cTeMY OTC4eTa nonomeH~R 3Toro 
cnoa , B /6': np~BeAeHbl peayru, TaTbJ nepaux ~ccneAOBaH~C1 C TeCT

06beKtaM~ ~ AaHbJ MeTp~4eCK~e xapaKTep~CT~~~ 3Toro' npOTOT~na 

M$M. AeTanbHbl~ aHan~3 0nTI-14eCI<OH 4aCT~ ~ 06U{aR r eopua M<1>M AaHbl 
B'7/ , rAe 6blna pe ccaor oe-ra M~KPOCTPYKTypa onT~4eCK~X c~rH'anoB 
Ha auxone M<I>M. B .'7/ on~caHbr TaK>Ke HeKoTopble ~~cnep~MeHTbl no 
ynY4weH~1O MeTp~4ecK~x xapaKTep~cT~K ~ no Ka6n1OAeH~1O cneAoB 4ac

, ''1' 
r au B peans aux RAepHbrx $OT03Mynbc~Rx. B ~3nOlKeHbl 3neKTpOHHaR. 
4aCTb M<I>M ~ anrpP~TMbl nporpaMM ynpqBneH~R ~ C4~TbIBaH~R auxon
HOC1 ~HQopMa~~~, 

:1e300nT~4ecK~C1 <l>YPbe~MHKpoCKon /M<I>H/ npeAcTaBnReT c060C1 OA~H 

~3 np~MepoB YCTPO~CTB, B KOTOpWX ~cnonb3~~T Me300nT~4eCK~e 3ne
'8 ' MeHTbl. TepM~H "Me300nT~Ka", BBeAeHHblH B ,0XBaTbIBaeT xnacc 

onT~4eCK~X ~306pa>KalOlll~X C~CTeM, npeotipaayouiux 3aAaHHblH 06beK/\J1
B ~306pa>KeH~~ 60nee 8WCOKO~ npoCTpaHCTBeHHOH pa3MepHOCTH. B 
AaH 0630P B03MO>KHbIX np~MeHeH~H Me300nT~4eCKWX yCTpoC1cTB B 3K
cnep~MeHTanbHOC1 $~3~Ke BWCOK~X 3HeprHl1 ~ npH~~~n nOCTpOeHr-1R 

anrop~TMoB nO~CKa C06WT~i1 b M$ll. KOH~e~Tpa~~R reOMeTp~4eCKO~ 

HH$OpMa~~~ 0 npRMwx cneAax 4aCT~~ B ManbJe caeToBwe nRTHi Ha BW
xone Mcj)11 R'BnRer'CR TeM CBO~ICTBOM Mcj)I1, xo'ropoe o r epuaaer HOBbIe 
B03MO>KHOCTH YBen~4eH~R CKOPOCT~ npOCMOTpa RAepHOH $0~03Mynbc~M 

H nO~CKa RAepHblX B3a~MOA~HC~B~il /"cb6bIT~.:i"/. Ecna crienu 4acnl~ 
BblXOART ~3 obuierq uexr pa / anekca/', TO BbrXOAHE>le CHrHcWbl 11cj)ll no
maTCR Ha C~HorpaMAY. Ecn~ 31'01' aneKG HaxoA~TCR BHe nORR 3peH~R 

M<fJ11, TO COOTBeTCTBYI0UI~e BblxoAHble c~f-Hanbl nexar npaK.n14eCK~ 
/91 ' 

Ha npRMOH n~H~~. [l 6brno OTMe4eHO, 41'0 B M~M norn-ocr so peuieua 
np06neM~ rRy6~H~ $OKyca, npHcYlllaR TpaA~~~OHHbJM onT~~eCKHM'M~K

pocKonaM. 

, B AaHHoC1 pa60Te nOAP06HO o~~caHa CBR3b Me>KAY nono~eHHeM npR-

Moro cneria 4acT~~bl B f\i'.~ .:~.aHc~.~;.,~?,~+.OT03"Yfl'C" , .," 
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Hero parn-ryc a R, rAe A - AMaMeTp nona .3peH~A t1<1>t1" 11 ,- K03<l><l>f1
PHS.]. OITTH4eCKaH CXeMa M~M uue-rr ·n~HeA:·wro y'Benf14eHf1A 'I10t1: a R - paA~Y.c q,oKanbHoi1 oxpyx

~ .	 '
HOCTf1, npeAcTaBnA~~eA co6oR Me300nT~4eCKoe f1306pameH~e Toue4HO
r o or eepcrua , nosreuieuuor-o Ha OnTf14eCKO~ OCf1 t1¢f1 B MeAl-1 a HH.oi1 
nnocjcocr u cnoa l1AepHO~ <lJoTo3MynbCf1f1 /nnocKocTb Z =0. I. 

C Me300ITTH4eCKOH nHH30H. 
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Puc Z.. CIlC'J'e~1a KOOpp,HlWT urin llXOp,1I0H fatv 

H IJhIXO.J,llpi1 /6/ rInOCKOCTeii WN.1. 

-, 4T06w HaRTf1 CBH3b MemAY nOnOmeHf1eM cneAa 4aCTf1l.\W f1 BWXOAHWMf1 
Cl-1rHanaMf1 M~1, BBeAeM Cf1CTeMW KOOPAf1HaT, nOKa3aHHwe Ha pf1c.2.
 
B cOOTBeTCTB~1-1 C '7 ' I-1cnonb3yeM AeKapTOBW Cf1CTeMW KOOPAI-1HaT BXOA

XOAHWM~ C~rHanaM~ M~l, a TaKme paCCMOTpeH anropWTM nO~CKa co6w


,.. 

HoR (x 1 ,y 1') f1 ·BbIXOAHOi1 (x 3 , Y3) nnOCKOCTeR, xo r opue .nepnea

T~R no BWXOA~WM c~rHanaM M¢M.
 Af1Kynl1pHbl 'onT~4eCKoR OC~ t1<l>M, 11pf1 3TOM,OCf1 OX 1 ~ OX3 B3af1MHO 

napannens au ~ f1~le~T OAHO ~ TO l~e HanpaBJleH~e. AnA BxoAHOR nrioc
KOCTI-1 BBeAeM ~Onl1pHY~ Cf1CTeMY K~OPAf1HaT (r:¢) Ipf1c.2ali 

1.	 CB1I3b ME/KAY nOnOlKEHI-1Et1 CnE,LIA 4ACTI-1l..(bl 13 npOCTPAflCTBE
 
.1-1 BbJXO,UHbIMI-1 C~ rHAnAt·11-1 t1¢M I 2 2
 

r ~ yX 1 - Y[ 

" 

,~ 

}. 
" 

Ha p~c. 1 AaHa onT~4eCKaA cxeMa Me300nT~4eCKoro <l>YPbe-M~K- cP ~ arc t~ ( y1 • Xl) tJ 
. '1-7 ' ~ 

pocxona. KaK 6blno o6bAcHeHo B " npl1Mm1 cnen 4aCT~l.\bl, Haxo- I <l>o~anbHoe KOnhl.\0 f1 ABa BwxoAHWX Cf1rHana, KOTopwe ~OOTBeTCTBY~TAHLl\e'RcH B none 3peH~l1 t1<llt1, npeofipaaye r cn a ABa CBeTOBblX nar ua , 
f. cneAY.4aC~f1l.\~, n0Ka3aHHOMY Ha p~c.2a, npf1BeAeHW Ha pf1c.26.KOTopwe HaxOAATCl1 B BW~O~H~~ nnOCKOCT~ M<1>M Ha n~H~~1 ne~ne~A~-

BBeAeM c~6CTBeHHY~'CMCTeMY KooPAMHaT AnA AByx.nOnynnocKoCTeR.KynA~HoR HanpaBneH~D cneAa 4a~T~l.\W. 3T~ ABa CBeTOBW~ nATH~ AB
nA~TCA BWXOAHWM~ c~rHanaM~ cneAa 4aCT~l.\W B M<1>M~ B noriomeH~AX 

"'1 Y3 ) 0 M Y3< 0 M 0603Ha4eH~A 
I ..	 . 

BblXOAHblX Cf1rHanOB AeRcTB~TenbHO conepsorr c a noru-iaa reOMeTp~4e.ckal1
 

f1H<l>opMal.\~A 060Tpe~Ke npAMoro cneAa 4acT~l.\w. reOMeTpf14eCKOe ,.. \0' P1 =c.R 1/M, P2 =c.R2 / M, /21
 

MeSTO Bcex BWXOAHWX c~rHanoB ~MeeT B~A Konbl.\a WMPMHOA ,UM ~ cpeA&
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rAe ~R I 1-1 ~R2 nonoua r ensuu , ecru- Sblxop,Hble cur nanu HaXOAFlTCFI 
SHe 4eHTpanbHO~ ~OKanbHO~ OKPY~HOCTM. 

nonepe4Hbl~ p aapea 11<l>t1 npl-1SeAeH Ha PI-1C. 3, rAe AaHbl AeBFlTb 
cnenos 4aCT1-14, nepneHAI-1KynFlpHblx nJlOCKOCTI-1 pl-1cYHKa. B Haw~~ 

KOHCTPY K41-11-1 M~M npl-1eMHOe ~bT03neKTpoHHoe YCTPO~CTSO pacnonome

HO nepneHAI-1KynFlpHo naAaD~eMY Ha Hero cseTY, 1-1 nO:3TOMY BwxoAHoe 

, He RBnFleTC~ nnOCKI-1M, a ~MeeT ~OPMY yce4eHHoro KOHyca.Ko n b40 

•	 B Mepl-1,q1-10HanbHOM nonepe4HOM'Ce4eHI-11-1 ~<1>M MO~HO paCCMaTpl-1SaTb 

KaK OnTl14eCKYIO 1-1306pa~aD~YD CI-1CTeMY C ,qBOi:1HOC1 AI-1~paK4I-1e~1' OypBe 

1-1 nonHoC1 yrnoBoi:1 anepTypoi:1 2UI!2' nYCTb OCb Z HanpaBneHa SHI-13 

B,qonb rnaBHOC1 OnTI-14eCKO';:; OCI-1 M~M, a MeAl-1aHHaFi nnOCKOCTb B cnoe 

F1AepHOC1 ~oTo3Mynbcl-1l-1 coananae r C nnOCKOCTbD Z =0. tla pl-1c.3 no

~a3a'Hbl TaKme 4e!"lTpbJ BbIXOAHbl~ Cl-1rHanOB, COOTBeTCTSYDUll-1e cneAaM, 

Cnen '4aCT1-14bl 1/2" Haxo,qI-1TCFI B nnOCKOCTI-1 Z = 0 1-1 neoec exae'r 
4e HTp nona 3peHI-1F1 npn r = O. BblxoAHble Cl-1rHanbl cnena 4aCTI-14bl "21/ 

" HaxoAFlTcFI Ha oKpyiKHOCTI-1 paAl-1yca R npu PI =P 2 = 0: KaK BI-1AHO 

tl-13 pl-1c.3, BepTI-1KanbHOe 1-1/l-1nl-1 rOpl-130HTanbHoe cMe~eHI-1F1 cneAos 

4acTH4 C03~aDT CMe~eH~e cOOTBeTCTBY~~I-1X nap BWXOAHWX Cl-1rHanOB 

B nnOCKOCTFIX I-1X perl-1CTpa41-1M no 06e ~TOPOHW aT rnasHoC1 OnT1-14e

)CKO~ OCI-1 M<l>M. npl-1 TpaCCl-1pOSKe nY4e~ cBe1a He06xOA~MO Y4eCTb
 

i npeno-tneuue nY4e~ CBeTa, SbIXOAFI~I-1X H3 enos RAepHO~1 QJOT03Mynb

I CHI-1. OAHaKO E3 3TO~ c r a r s e Mbl npeaefipe r aes- 3TI-1MM 3~cjleKTaMH, TaK
 

KaK OHH MoryT 6WTb I-1CKnD4eHW HnH B 3Ha41-1TenbHOA CTeneHH ocna6~ 
'neHbl npl-1 nOMOli\1-1 60nbWoC1 I-1MMepCI-10HH0C1 BaHHbl C,O c<i>epH4eCKO~' no

{BepXHOCTbD, YCTaHOE3neHHO~ no,q cnoeM 3MynbCHI-1. 

H3 npOCTWX reOMeTpM4eCKHX paCCMOTpeHHC1 MO*HO nOCTpOMTb CBFl3b 

Me~AY BXOAHOC1 /r , ¢ ,Z / H BbIXOAHO~ / Pl' P 2 ,e / CHCTeMaMH KO

OPAHHaT: 

P =zsina, - rsgn(17-¢)COSU I 1 •
A 2	 .2 

13/P = z6inu + rsgn(17-¢) cosal'2'
1l2 

cj;<17.e = { ¢-17/2, -17/2.< 0 < 17/2.
 
¢+17/2. cj; > 17.
 

H 

i P2 - P.I I 
2 cos a 1 /2 

/4/
f'1+Pg,
 

Z = ,
 
2 sm u 1 '2
 

() ~ 17/2 • PI ..-: P2 
¢ ~ { 

O..-:cj;<217
 

o - 17/2. PI > P2
 

rAe sgn (x) - 3HaKOBaFi ~YHK4HfI, KOTopaFl noaanaerca B ypaBHeHHI-1 

/3/ 1-1 /4/ H3-3aToro, 4TO AnFi ¢ > 17 ropH30HTanbHoe CMe~eHHe 

B nohepe4HoM pa3pe3e HMeeT OTpI-14aTenbH~C1 3HaK. Ben1-141-1H~ e, ~§1 
H ~R2 'H3MepFlDTcFI B 1~<j)M Henocpe,qCTBeHHO, nonHaFi HHclJopMa41-111 a no

~O~eHI-1I-1 cneAa 4aCTH4W S npOCTpaHCTBe Mo~eT 6WTb nony4eHa no 

3THM SenH41-1HaM npl-1 nOMO~1-1 ypaBHeHH~ /3/ H /4/. Yron norpy~eHI-1R 
cnena 4acn14bl MQ}KeT 6blTb 04eHeH no AByM Hnl-1 60nbWI-1M 3Ha4eHHFlM 

Z-KOOPAI-1HaTbl onuoro 1-1 Taro ~e cnena 4aCTI-14bJ S cccenaux nonax 

~peHI-1R. CneAW 4aCTI-14 C 04eHb 60nbWI-1M yrnoM norpy~eHI-1F1 />60~/ 
4a'CTI-1L1 OT "1" AO 'r§".	 e \'ie MoryT 6b1Tb 3aperl-1CTpl-1pOBaHbi S /1<1>11. 

r: i 

1,,. 

4 5 



B cny4ae, KorAa ABa ~n~ 60nbwe cneAOB 4aCT~4 B3a~MHO na

pannens Hbt , MO}/(eT B03H~ KHyT b '04eB~AHaFl HeO~Ho3Ha4HOCTb ~ -rr epnper.a

4~~ AaHH~X. 4T06~pa3n~4~Tb peanbH~eJOT nO}/(H~X cneAOB 4acT~4 H~
 
cTaA~~ peKOHCTpYK4~~, HeooxoA~MO ~cnonb30BaTb AononH~T~nbHY~ ~H

ClJ9PMa4~~ ~ npo~3BeCT~ COOTBeTCTBY~~y~ 06pa6oTKY c~rHanOB. OAHa~o
 

'~IM$M ~MeeT B~COKoe yrnoBoe pa3peweH~e ~ n03TOMY BepoFlTHOCTb TaK~X 
cnyuae a BeCbMa Mana. TaK KaK B .Hawe~ KOHCTPYK4~~ M<l>t1 '" 15°, 
pa3peweH~e no rny6~He np~MepHo B 4 pa3a xy~e, ~eM pa3peweH~e 

'5 'a1'2 10,· 

.l 
B rop~30HTanbHOM HanpaBneH~~ Ip~c·. 3/. Ba}/(HO OTMeT~Tb, 4TO 6na
ronapa <l>YHAaMeHTanbHbIM CBO~CTBaM t1$M z -KOOPA~HaTa cnerra 4aCT~
4~ 04eH~BaeTCFI HenocpeAcT~eHHo Gea KaKoro-n~60 n~peMe~eH~F1 cnoFl 
F1Aep~00 ClJoT03Mynbc~~ no rny6~He, KaK 3TO ~MeeT MeCTO B TpaA~
4~OHHOM onT~4eCKOM M~KpOCKone. 

2. AnrOp~n1 nO~CI<A C05bIT~f1 no BblXOAHblt1 C~rHAnAt1 t1<l>M 

KaK 6~no nOKa3aHO B § 1, nonomeHHe cneAa 4acT~4~ B npocT

paHcTBe MO}/(eT 6~Tb BOCCTaHOBneHO HenocPfAGTseHHo no B~XOAH~M
 

c~rHanaM M<l>M. OAHaKo 3T~ AaHH~e F1BnFl~TCFI nepB~4H~M~, a caM
 
npouecc Bod:TaHOBneH~F1 nOnO)KeH~F1 npas-or-o criena B npOCTpaHCTBe
 
MO}/(eT 6blTb onyuieu . rnaBHaFl uens M$t1 COCTO~T B TOM, 4TOGbi 06Ha

PY}/(~Tb F1AepHble B3a~MOAe~CTB~F1 l"co6bIT~F1"1 ~3 HeCKonbK~X cnenos
 
4aCT~4, BbIXOAFI~~X ~3 06i4e~ aepuniuu. KaK 6YAeT AOKc33aHo H~}/(e,
 

KOOPA~HaT~ 3TO~ BepW~H~ MoryT 6~Tb Ha~AeH~ HenocpeAtTBeHHO no
 ,BbIXOAHbl,,:\ c~rHan?M MClJM 6e3 xakoro-inafio BOCCTaHOBneH~F1 B r pex
MepHOM npOCTpaHCTBe Bcex cneAOB 4aCT~4, np~HaAne}/(a~~x ~n~ He 
np~HaAne}/(a~~x COOTBeTcTBy~~eMY COObIT~~. 4TOObi 06bFlCH~Tb 3TO 
BamHoe CBO~CTBO M<l>M, BBeAeM C~CTeM~ KooPA~HaT 16; pi, nOKa3aH
Hyn Ha p~c.4. fip~ oT06pa}/(eH~~ B~XOAH~X c~rHanOB M$M AnFl F1Aep
HO~ ~oT03Mynbc~~, ~cnonb3yeTcFI ClJopMaT I~, p I, rAe 

~ 

P2 -- P 1
 
p r sgn (p; - P 1 ) .
 151

2cosa1'2 

C~CTeMa KooPA~HaT 10, pi COAep}/(~T nonHY~ ~H¢opMa4~~ 0 npoeK4~~ 

cneno s 4aCT~4 Ha nnOCKOCTb Z =0 B npene.nax nona 3peH~F1- t1<PM. 
To~onor~4eCKoe CBO~CTBO cneAOB 4aCT~4, B~xOAFI~~X ~3 OAHO~ 

Bepw~H~, Coxp~HFleTCFI AnFl 
n~60~ npoeK4~~ 3Toro ~06~

{ 1" T~F1.. Be pun-rua C06bIT~F1, Ha~-
v 
I 

B PKc.4. UeKapTOB~~HCTeMa ~ 'Jf . :I-~ I~ il
I 

KO~PAHHaT Ie, o 'I, HCnOJlb-" 
~ \' 

svexaa AJIR oTo6pa)KeIHiR BbJ
2 I 

XOAHblX CHrHaJIOB HpH. 

~eHHa. An. A,yl< p"n,4,"X npO""4'" Mo.e' paCCMa,pHRaHc' ,a' 
p'e'anbHbl~ KaHA~AaT C06bIT~F1 B rpex-repuoa npoc r pauc rjse . 
' 3TO cBoC1cTBa t1<l>M CTaHeT fioriee RCHbIM, ecru- Mbl paccMoTp~M He
" o r opue np,lMepbl C06b1T~1;\ ~ KOHClJ~rypa4~~ ~x BblXOAHblX c~rHaROB 

] ClJopMaTe Ie, pl. OAHa ~3 TaK~X· KOH¢~rypa4~i1 BblXOAHblX c~rHaIlOB .
pIlFl 4eT~pex cIleAoB 4aCT~4 nOKa3aHa Ha p~c.5a. CneA~ 4aCT~4
 
1'1" - "4" B~AHbl Ha TpaA~4~OHHOM ~306pa}/(eH~~ Ha pac , 56 KaK
 
h3aHMHo napann~nbH~e. n03TOMY ~x B~xoAH~e c~rHan~ ~Me~T OA~H
 
.~ TOT }/(e yron opue-rr auna 8. PaA~anbHble KOOPA~HaTbl 4aCT~4 "2"
 ."3" paBHbl uyruo , TaK KaK 3T~ crienu 4aCT~4 ne pecex ajor 4eHTp no
• FI 3peH~F1. Pa3peweH~R no e ~ p KOOPA~HaTaM paBH~ ~e ~ ~P, rOOTBeTCTBeHHO.

i Har'nanuoe oGbFlcHeH~e aroro CBO~CTBa t1cj)M MO}/(eT" GblTb AOCT~rHY
~o, ecnH M~ paCCMOTp~M 4eT~pe KOHClJ~rypa4H~ cneAOB 4acT~4 B none
 
ppeH~F1, nOKa3aHH~e Ha p~c.6. nepBaFl IBepxHFlFlI KOHClJ~rypa4~F1 co

~ep}/(~T TP~ cneAi 4aCT~4, KOTop~e MO}/(HO paCCMaTp~BaTb KaK cneA~
 

hepB~4Horo ny4Ka 4aCT~4. B~*OAH~e c~rHan~ ~Me~T OAHy ~ Ty me
 
I' ' 
yrIlOBY~ KOOPA~HaTY, HO pa3n~4H~e ~aA~anbH~e KooPA~HaT~. BTopaFl 
tOHClJ~rypa4~F1 cOAepm~T 4e~~pe cneAa 4?CT~4, TP~ ~3 KOTOP~X B3a~M

~o napannensuu , COOTBeTCTBY~Ul~e BblXOAHble c~rHanbl M<I>M HaXOAFlTCFI 
~p~ OAHO~ ~ TOC1 me yrnoBoi1 KooPA~HaTe OA~H HaA APyrHM., Ha 
r pe r s eci KOH¢'~rypa4~~ Mbl B~A~M ·C06bIT~e. Cnen nepB~4Hoi1' 4aCT~4bl 
l_llil B3a~MOAe~CTByeT B F1AepHO~ ClJ9T03Mynbc~~ C ~cnYCKaH~eM AByX 

; 
ACI') 

-9",,,,,, 

(}23 .~- ' 
~ .. _ ~_~1 

3 -p,[ .' jL> o2( i~ 

~FpP41.~I' 
4 -~~p.C¥I:.IIe --;:;1 r,

I eaa 9

l' 
a 

I 
g:/3= 913=9,,=92«1 

~ I t :>-.....:::=: I ?
e3'1 =(]12=Q

3 

'p...-P3= 0 

I 
I 
I

t CHrHiL'1L>1 tllOpMaTe1 Puc 5. a - BbIXO;~l!bIB, !.;¢~ B I (J..,. pi, COOTB.BT

CTBYIOII\H~ 4eTblpBM CJIegaM 4aCTHI..\, nOKp,3aHHbIM "" pncymce 6. 
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PHC. 6. qeTblpe THITHtUIble KOHqmrypaIJ;HH CJleAOB qaCTHIJ; I cnea a/
 

H ax BblxoAHble cHrHaTU;I B ¢opMaTe Ie, pi ICITpaBal.
 

,~I 

BTOPl14HblX 4aCTI1l\. Taxoe Co6blTI1e uaauaaor II Bl1n KOi1"'.( Tper sa I<OH 'I 

$l1rypal\l1f1 nepeXOAI1T B 4eTBepTylO nocne rOpl130HTanbHoro SMe~eHI1f1 
ffl 

nona 3peHI1R B HOBoe JlonOlKeHl1e C HOBblMI1 KooPA~HaT aMI1 P 8 $OpMa-

I
d:'

T~ (e, P )', • r 
HeTPYAHO AOKa3aTb; 4TO auxonnue cur aanu cnenoa 4aCTI1,1l, o6pa

3YIO~I1X cotisrrae , nOlKaTCfI Ha clo1HorpaMMY -- t<PI1 BYIO B $OPMI1 CI1HY
COI1A~. 3aKnlO4eHIo1e 3TO BepHo TaKlKe B cnY4ae, KorAa eepW~Ha Haxo '1" 
AI1TCfI BHe nonR 3peHI1R I1nl1 3a npeAenaMI1 cnOR f1AepHoi1 $OTo3Mynb

~ 

CI1I1. ,QonR aroro paCCMOTpl1M BXOAHYIO nnOCKOCTb C AeKapTOBblMI1 KOOp

AI1HaTaMI1 /X!, Y1 I I1nl1 nonS1pHbll"'l1 KOOPIlI1H-lT-lMI1 / r , <i> / PI1C. 7. r 
nYCTb KOOPAI1HaTbl eepWI1Hbl paBHbl/x ' Yo/ I1nl1 Ir o ,¢o /. Beepo 

j." 1,:( 

8 I. 
-(rj 

Y, t 
V 

~ 
] 
II 

~ 

ro~ r,,\ 
0 XI 

PHe • 7. Beep ITPRMbIX JIHHHH B CHC'rer-re xoopzraa a-r (x 1 ,y 1 ) 
HJIH (r , ¢ ). 

npfl~\bIX nl1HIo1i1, «oropue npoxons r 4epe3 BepWI1HY /xo ,io'; , MOlKeT OblTb 
Onl1CaH ypaBHeHlo1eM • 

\ 

/6/
Xo cos¢ + yosin¢ - r = 0, 

I1nl1 B I1HOi1 $OpMe, KaK 

r = fa cos ~¢o.:':'¢), 

o ~ r 0 .:::; -17/200. '.O-¢<./2J. 
/7/ 

B $OpMaTe /O,p/ cooTBeTCTBYIOU\ee ypaeHeHl1e aeepa npRMblX nl1HI1i1 I1Me

eT'BI1A: , 
.P = Po cas(Oo -0).. } 

/8/ 
-oo':::;Po':::;oo, O,:::;aoSTT, 

r ne / 00 , pol - KOOPAI1HaTbl T04KI-1, o6~ei1 AnR acex npRMblX nl1HI1i1 Be

epa B ¢opMaTe (O.¢). 
B onpeAeneHH~x 3KCnep11MeHTanbH~X ycnOBI1RX cneA~ BTOPI14H~X 

4aCTI-1l\ aanorncuor r oru.xo 4aCTb acer-o yrnoeoro I1HT~pBana 0 i-.\ 
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PHC. 8. tleTLlpe Tl1l11FllIblX cny-m s , lla6JBogae~1l,lx U H,L\epllOii qJOTO
3~lynp~l\l1 lCJlelJa!, 11 CllllTUeTCTJ3yJOII(lle He: CH1101'pa~I~1LI !clIpaJ3a!. 

CKOH~eHTpHpOBaH~ B ManOM yrnoBoM HHTepsane BOKpyr yrna 0 ~ O. 
5narOAapR 3TOMY paCCTOAHHe Me~AY BepWHHO~ H ~eHTpOM nonA 3peHHA 
Mo~eT 6~Tb 60nbWHM no cpaBHeHH~ C AHaMeTpOM nonA 3peHHR. B 3TOM 
cny4ae ypaBHeHHe /8/ nepexoAHT B 60nee npOCToe. 

nycTb C06blTHe COAep~HT n c nenos 4§CTHl\ C yrnaMH pac c eauua D'i • 
{ = 1,2, ...• n 1.1 co cpeAHHM yrnoa O. Tor'na Mbl HMeeM 

o • = Po cos ( 0 - (0 - 0, )1=
1 ' 0 1 /'3/ 

=Po (cos(Oo -0) coso + sin(t1 -0) sinD j i:
j o 

(I.. 
of '~ 

i ,~ -,
'< II " 

I, . 
~
 
~'
 

\l\'
IJ./, 
:~ 
, ' 

.:«>: 

! r ~ - ---- ,.. ~v '-r---t--.L I \ I \/~. -

" I 

t 
PMc.9. CnO~Hafl KOH~Hrypa~Hfl M3 20 cnegoB ~aCTH~. rge TonbKO 
13 06p~3YIDT C06WTHH. 

rp,e I'i 0 - yrnoaoe oaaoeureuue M<H1, TO / 

P. ~ P cos(Oo -0) + posin(Oo -0) '0.. /11/
'I 0 1 

~3 ypaBHeHHA /11! BHAHO, 4'1'0 B~xOAH~e CHrHan~ crleAoR 4aCTHl\, 
B~XOAR~HX Hi BepWHH~ nOA Man~M~ yrnaMH. ne~aT Ha npRMo~ nHHHH. 
~nR I'iO= 5,;71 ypaBHeHHe /11/ 6YAeT cnpaBeAn~B~M B npeAenax yrno
Bora K~~yca c nenoa 4acTH~ noparnca. 20°. 

'4T06~ npoHnn~cTpHpoBaTb TonbKO 4'1'0 nonY4eHH~e ypaBHeHHR /8/ 
H 111/. paCCMoTpHM 4eT~pe C06~THA: npeACTaBneHH~e Ha pHc.8. 
flepBbli:1 /BepxHHi:1/ npHMep COAep~HT ceMb npAMblX crienoa 4aCTH~. 
Tons xo uiec r s H3 HHX BblXOART H3 06~e~. aepurnuu , ne~a~e~ 3a npeA~
naMH nonR 3peHHR. CeAbMO~ cneA 4acTH~~ He cBR3aH c c06~THeM. 

" ~ Bce 3TH xapaKTepHCTHKH nerKO 06HapY~HBa~TcA Ha /8, P /-rpa$HKe~ 
I ~ CHrHan~ cneAOB 4aCTH~, KOTop~e 06pa3ynT c06~THe, ne~aT Ha n~R

it MO~ nHHHH. Bo BTOpOM np~Mepe BepUIHHa HaxoAHTcA B6nH3H ue-rrpa 
nonl·3peHHA. BblxoAHble c~rHanbl. AeBRTH cncnoa BTOPH4HbiX 4acTH~ 

H 0AHoro cneAa nepBH4HOH 4aCTH~~ ne~aT Ha CHHorpaMMe. TpeTHH 

" npHMep ABnReTCR 60nee cnO~H~M. ABa C06~THR' CBR3aH~ Hei:1TpanbHo~ 

EcnH B~nonHAeTCR ycnoBHe 4acTH~e~. B~xoAH~e CHrHan~ cneAOB 4aCTH~ C06~THR ne~aT npaKTH

/10/ 4eCKH H<? npRMoi:1 nHHHH. TaK KaK HX yrnu pacceAHHR Manbl. ~Ba c ne-
max {a i I < I'i 0 . 3! 
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Puc , l O. Bsrxonuue c ur-nanu 20 CJlep,OB xac Tillli, 1l0Ka3aHHbiX 
Ha pilc.9, B ¢op~aTe (O,p). 

o --' 0

Aa· 4aCTI-1l.\bl, B03HI-1KalOLi\l-1e npl-1 p acnane Hel-1TpanbHml 4aCTI-1l.\bl, pac

nonara~1cR BHe 3TO~ npRMo~ nl-1HI-1I-1. nOcneAHI-1R npl-1Mep AeMoHcTpl-1

pye r BblCOKYKl nOMexoycToR41-1BOCTb 11<1>/1 K wyMaM. C06blTI-1e 1-13 cne

AOB 4aCTI-1l.\ "4", "5", "6", "7" Mm:<eT 6bITb ofiuapyxeao ua qJOHe 1-13 

15 cneAOB 4aC~I-1l.\. ELi\e~60nee cnOlllHaR KOH<!>l-1rypal.\I-1R 1-13 20 cneAOB 

4aCTI-1l.\ npl-1BCAeHa Ha pl-1c.9. Ha HI-1X TonbKO 13 cneAOB 4aCTI-1l.\ 06

pa3Y~T TPI-1 C06bITI-1R. BblxoAHble cur uanu AJlll aroro npl-1Mepa noxaaa-
HW Ha pl-1c.10. I 

Hcnonb3Yll 3TO cBoRcTBO BblXOAHblX Cl-1rHanOB 11,0/1 1-1 Y41-1TbiBaR 

cnel.\I-1<!>1-14eCK~e oc06eHHocTI-1 R~epHwx B3aI-1MOAeRcTBI-1R, MW Mo>t<eM no

CTP0I-1Tb nporpaM~w 1-1 annapaTypy AnR peWeHI-111 06paTHoR 3aAa41-1: 
no cOBoKynHocTI-1 BblXOAHblX cl-1rHanbB HaRTI-1 C06bITi1R'1-1 onpene.na r s 

KOoPAI-1HaTbl BepWI-1H / eo, Po r . [3 cny-iae _ManblX yrnoe: paCCeRHI-1R 

Mbl MOllleM I-1CnOnb30Ba rs anr-opur a yr'rroaor-o CKaHl-1pOBaHI-1R Ha OCHOBe 
C06cTB'eHHblx <!>YHKl.\V1R yrnoaoro CKaHl-1pOBaHI-1R :10', 

Buxonasre curuanu , npencr aaneunue B <popMaTe / e , p /, COOT

{BeTCTBYKlT r onsxo OAHOR npOeKl.\1-11-1 C06blTI-1R Ha nnockocr s Z = O. 
n03TOMY HaRAeHHwe TaKI-1M 06pa30M KOOPAI-1HaTW BepWI-1HbI cneAyeT 

paccaa r oaaar s r ons xo KaK COOTBeTcTByKlli.jl-1e KaHAI-1AaTY C06bITI-1R" 

4T06w nonY41-1Tb AononHI-1TenbHYKl I-1H<!>opMal.\I-1Kl 06 3TOM c65wTI-1I-1, MW 

AonmHW 1-13MeHI-1Tb HanpaBneHl-1e Jll-1H1-11-1 npOeKTl-1pOBaHI-1R 1-1 TaKI-1M 05

pa30M I-1CnOnb30BaTb cTepeOCKOnl-14eCKI-1R Me300nTI-14eCKI-1R QYPbe

MI-1KpOCKOn C AByMR paKypcaMI-1. 

ABTOpW BWpama~T 6narOAapHOCTb C_A.6YHRTOBY 

I-1HTepeC 1-1 nOAAep)I(KY, a r aioxe IO.A.6aTycoBy a a 

A€HI-1R AaHHoR pa60Tbl. 

m1TEPATYPA 

1.:, 2. 
3.I 

4. 
5. 

, 6. 
7. 
8. 
9. . 

10. 

Of 
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3~ nOCTORHHWR 

norieaaue 06CYlll 
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