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KaK H3BeCTHO, B 6 onbWHHCTBe cny qaeB nonyqeHHe HH<jJopManHH o IIHH8MHKe rrpoueccoB 

c Y1..JBCTH9M rr 0 -M93 0H8 IIO ¢OTOrpa<fJHHM, nonyqeHHbiM HB ny3blpbKOBblX K8M9p8X, 38Tpy.n -

HR9 TCR BCJJ911CTBH9 R9110CT8TO'IHOH a<jJ<jJeKTHBHOCTH K8M9pb! K perHCTp8UHH Y -KB8HTOB. 

Oco6eRHO aTo' OTHOCHTCSI K nyabtpbKOBbtM KaMepaM c nerKHM aarronueHHeM. 

D peiiCT8BJJReTCR JJ03TOMY HHTtlpeCHbiM IIOJJY'IHTb M8KCHM8llbHYJO HH<jJopM8UHJO XOTR 6b! 

OT OaHOI"O y -KB8HT8, KOHB9pTHpOB8Bl1I9I"'O B KaMepe, H9 IIpOH3BOll.SI B TO }f{9 BpeMH H3-

+ 
MepeHHR e r o 3 HeprHH ITO e e -nape. 

Mbt npennaraeM MeTOll o.HanHaa 3-t.:IBCTHttHbiX pacnanoe a noKoe c po>K.neHHeM 11° 
M93 0H8 B TOM c nyqae, ecnR B K8M9pe KOHB9pTHpoean XOTSI 6bi O.D.RH 

3arruweM pacrr8Jl cneayJOWHM o6pa3oM: 

o.. 1 + 2 + 
0 

11 

I\ 
y y 

y - KB8HT , 

(1) 

3neCb 0 -p8CIT811810W8!1CR '18CTHU8 ) 1,2 - BTOpH'1Hbi9, 0JlH8 H3 KOTOpb!X ( H8ITpHMep, '18C-

THU8 1) 38pRJKeHa. EyaeM o6o3H8'18Tb B Jl8JJbHel!weM qepe3 m E p P 

C HHII9KC8MH 0, 1,2, 
0 

11 y - Macey, ::meprHIOr HMIIynhC H 4-HMrrynbC COOTB9TCTBYIOIDHX 

\.18CTHlle 

BBeneM B paccMoTpeHHe yron (} Y -KB8HTOM 

oT pacrr8Jla 

0603H8'1HM 

11° -Me3oHa H rrony'IHM rrnoTHOCTb ¢YHKUHH pacrrpeaeneHH!I Cos IJ 

dT 

dcos 0 

Pacrran (1) OJlH03HB'IHO xapaKTepn3yeTCR 38Jl8HHeM cneayJOmHx BeJJH'IHH: E 1 

E y H Cos IJ • 

' KOTOPYJO 

~YHKUHR pacrrpeneneHH!I JJJ060l! H3 3 THX B9JJH'IHH rronyqaeTC!I rryTeM HHTerpHpoBBHH!I 

a'T 
4-MepHOl! ITJJOTHOCTH Bepo!!THOCTH BHJl8 IIO TpeM OCTBnbHbiM nepe-

M9HHbiM. 
iJ EyiJ .E 1 iJE,pocosiJ 

B l.JBCTHOCTH, HHTepecyiOIUBSI aac yrnoeaH KOppenSIUHSI aanHlll9TCSI KSK 

dT 

d cos (} 

• a T 
r ff,--------

Tipe.UCT8BHM 4 - MCpHylO nnOTHOCTb BepOSITHOCTH B BH,lle npoH3BelleHHR: 

3 

(2) 



a•T a F . a 2Q --· · --- (3) .:~ 
a cos o a Ey a E I aE,o acosO aEY aE,,aE 1 

aF 
rue -- -<jlyHKUHSI pacnpeneneHHSI no 8H9pr1HIM y -KB8HTOB1 HM9!0I.U8SI BH.'I: 

a a .Ey 1 121 o ....£. - ___ • CosMeCTH aSJ <jlyHKUHSJ pacnpeneneHHSJ no aaeprHSJM " -Meaona n 
aE J P' o I a 'Q 
qaCf'THUbl 1 17 

---- On!J9U9nSI9TC!I llHHBMHKOt! pacnana H B 38BHCHMOCT11 OT npennono-
a E,oaEI aw 

>K9Hl!t! 0 xapaKTepe B3811MOU9l!CTBHSI IIM99T TOT llnH HBOl! H3B9CTHbll! BHilo .,..----.,... MO>K-
acos" 

HO nony'IHTb, ecnH paCCMOTp9Tb CIICT9My KOOpUHHBT, B KOTOpol! ,o -:W.930H IJO:KORTCR. 

KaK H3BBCTHO, y -KBaBT bi oT pacnana "
0 

-Meaona s aTOll CIICTeMe pacnpenenenbl nao-

TpOnHO OTHOCIIT9nbHO n106or0 HanpaaneHHSio npnHHM8S! BO BHIIM8HH9 MBnOCTb Bp9M9HH >KH3-

0 -16 
HH 1T -M930HB ( 10 CeK), MO>KBO C'IHT8Tb, 'ITO OB pacnanaeTC!I B TO'IK9 pacnana 

'IBCTHUbi 0. Torna B CIICTeMe noKOSJ 
,o -M830H8 y -xnaBTbi oT era pacnana pacnpene-

neHbl 1130TpOnHO OTHOCIIT9nbHO Hanp8Bn9HII!I '18CTI!Ubl 1. 3TO MO>KHO 3Bni!C8Tb B TBKOM BH-

ne: 

dW ~ · l>dcosiJ* 
(4) 

rne IJ* - yron Me)KJly HanpasneHHeM BbineTa y -KBBHTB H nanpaaneHH9M HMnynbCB 

38pH>K9HHOll 'IBCTHUbl 1 B CHCT9M9 nOKOS! 1T O 

0'19BHUH01 

dW 

dcos (} 

a, ncnonb3YH <jlopMyny ( 4), nony'laM: 

dW 

dcos 0 

dW 

d cosiJ* 

y, d cosO* 

dsos o 

d cosiJ * 

dcos (} 

(5) 

YcTaHOBIIM Tenepb CBH3b Me>Kny CosO* n Cos 0 • lln11 8TOro nocnonbayeMcR nasapnaaT-

llOCTb!O CKBnHpHOro npo113B9U9HHH 4-B9KTOpOB: pI p y = in v. 

0TCIO.la nn11 Cos 0* nonyqaeM Bbipa>KeHne : 

mrro E* 
2 I 

CosiJ"'. 

Ey [Ei 

m"., I P
1
*1 

2 

I;, Ieos IJ 1. 

lln<jl<jlepenunpyH aTO paneacTBO no Cos IJ 11 noncTaBnHH nonyqennoe Bbipa>Kenne B rjlopMy-

ny (5), HMeeM: aw 
a cos e 

Ey I p .. ll 

m
11

o I p~ I 

4 

(6) 



r 

MO>KHO Bblp83HTb qep ea BSnHl:JHHbl B na6op8TO pHOA C H CT9Me KOOptlH H B T , e CnH 

BOCITOnb30B8TbCH HHB8pH8HTHOCTbJO CK8nstpHOrO IIpOH3B9.ll 8HHH 4-BSKTOpO B 

KHH9 M8THtr8CKHMH COOTHOW9HHHMH .llnst p&CII8.ll8 l:J8CTHUbi 0. 

Tenepb Mb! M0)!{9M nony'IHTb 4 - MepHyJO nnoTHOCTh eepoS1THOC TH - ----

P , 

iiE }' iiE 1 i1 E oilrose 
no <j>opM y ne (3). npHM9HS1S1 (2) , MO)!{HO HBJITH Bb!p8)!{9HHe !1nS1 yrnOBO~ l(oppenguJI!.~ - ~ 
BhiriOnHH B noc neAoBaTenhHO HHT& rpHpoBaHHe no Ey E " o H E 

1 
; ( y Kaaa~~~?tf 

nop g a o K HHTerpHpOBBHH!I np9!1CTBBn!leTCS1 HBM HBH6one e Yl105 HbiM), n p H 3 T OM , 9CT9CTB9HHO, 

B03 HHKaeT e onpoc o npeaenax HHTerpHpOBBHH!I cooTBeTCTBYIOIUHX nepeMeHHbiX, Halta eM npe-

aen bl HHTe r p Rp OBBHH!! ana 

KBBHTB npH <j>HKCHpOBBHHbiX 
I 

1 T . e. M8KCHM8nhHY JO H MHHHM8 nbHY 10 8 HeprHH y 

E, H cos 0 • K a KHHeMaTUK H pacnaAa -Me-
aoaa cneayeT : 

2[ E 0 - I p~ 0 I cos 15 I ' 
" " 

( 7) 

rne - yron Me"'.oy HanpaeneHHS1MH BhineTa - M83 0H8 H y -KBaHTa. Ka 3Tolt 

<jJopMynbi BH.QHO, 'ITO npH <j>HKCRpOBBHHOlt 
MHHHManhHO , ecnH Cos 8 MHHH -

Manea, H E y M8KCHMBnbH0 1 ecnH COS 8 M8KCHManeH. DOK8>K~M, qTO 

(Cos/5)mln acos(O+¢) 

(Cos/5 )min a cos (0 - ¢), 

rae ¢ -yron M9)!{.Qy B9KTOpBMH HMnynhCOB 
"

0 
-Meaoaa H 'IaCTHU bi 1. Cos ¢ 

HBXO.ll.HTCH H 3 38KOHO B COXp8119HIHJ H p a aea: 

(8) 

~ 

Bee.oeM CHCTeMy aaaHMHO-opToroaanhHbiX e.oHHH'IHhiX B9KTOpOB ( i , i • 
) . ByneM 

H83blBBT b nnOCKOCTb!O ( 1 Y 
) nnOCKOCTb 0 05paayeMy!O HMnynhCBMH 'IBCTBUbl 1 H y 

KBBHTa, llnS1 Y.005CTBB p a cnonOJKRM B9KTOphl 
B 3TOlt nnOCKOCTH , npH'I9M B9K -

~ 

TOp i 

y 

HanpaBHM no HMnynhcy 'IBCTHUbl 1 ( CM, puc, 1) , E.oHHH'IHble B9KTOpb! 

" B 

HB 3TOM )1{9 pHCYHK9 COBna.QBIOT C HanpaBU9HH!IMH HMny/IbCOB 0 

" - Meaoaa H Y-

KBBBTa COOTB9TCTB9HHO, T or.oa Cos/5 paB9H CKBUS1pHOMy npoH3B9!19HHIO 9!1HHH'IHhiX B9KTO • 
~ 

poe " 
~ 

1 T . e . : Cos 8 • · ; · ~ H 
3aUHIU9M B CHCTeMe KOOpllHHBT 

y 

j • k KOMUOH9HT h! B9KTOpoB H y 1 eeeast .o.orron HRTenhHO yron a 
.Qy llUOCKOCT RMB ( 1 " 

nynhCOB qaCTBUbl 1 B 

( nnoCKOCTb ( }rr 
) o5peayeTcS1 aanpaaneHHRMB HM -

"
0 

- Meaoaa), K oMnoBeHT b! B eKT opoa 
~ 

H Y 5y!lyT pBBHbi: 
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p H C , I. .. 
CHcTeMa KOOpLIHH8T y k 

; I - ·cos ¢ , sin ¢ Sin a , 

y 1- cosll 0 

ilmt Cos8 HMeeM: 

Sin ¢ cosa 

Sin 0 

Cos [; = cos 0 cos¢ + Sin 0 Sin ¢cos a • 

...... 

X 

I. 

QqeBHLIHO, 'ITO npH <jJHKCHpOB8HHbiX 0 H </> Cos a - M8KCHManeR, ecnH Cos a 0:: 1 

Cos..D -MHHHM aneH, ecnH Cos a = · - 1 CneaoBaTenhHO: (Cos B) max = cos(ll - ¢ l 

(Cos [;) . = cos ( 0 + cf> ) , 
ffilO 

noLICT8BHB 3TH 3H8'!eHHQ B <jJopMyny (7) nonyqaeM ang npeae nOB HHTerpHpOB8HHQ no 

E y TaKne Bbtpa>KeHHQ: 

min 

E y 

Ey e 

ffi ITO 

2[E 0 -I p"' I cos (0 + ¢ ) 1 . 
IT ITO 

2 
m .. o 

2[Eo-IP \cos( ll-¢)1 
rr ITO 

6 

(9 ) 



L'fTo KacaeTCR npeaenOB lin>! E ,0 0 TO OHH paBHbt: 

~ . 
[ m 

0 
- E 

1 
+ I p 

1 
II • + m 

770 

2fm 0 -E 1 + IP~II · 

( 10) 

2[m - E -I p~ II· 
0 I I 

flpeaen bt HHTerpHpoeaHHR no E 1 p8BHhl: m - .0.1151 RR>KHero npe.nena H M8KCHM81IbRO 

B03MO>Kno"A: ann .D.BHHoro pacna.na 3HeprHH qaCTRU hJ 1 - .a.ns:r aepxHero npe.nena. 

+ PncyHOK 2 nnmocTpHpyeT pe3 ynbTaTbi pac'leToB yrnoeol! KoppenRUHH 11 y B 

+ 
K 

~'a 

pac na.ne .OliH CKB nHpHOrO, T9H30pHoro H B9KTOpHOrO ~9pH8HTOB C1I860r0 B38HM0.0.9ACTBHH , 

Dnn aeKTopaoro eapHaHTa pacqeT npoaonancs:~ rrpn ae ~· KonbKBX 3H8"19HHHX aenHqHHht OTHO
i 

WOHH~ <j>opMcjJaKTOpOB < c -=
(+ 

• CooTseTCTByiOwl!e 3Ha'leHHR 3Toro napaMeTpa yKa3aHbi 

HB pH CyHKe, Ll.nH Cp8BH9HHH ll.B 3 T O M >K9 p RCyHKe IIpHB9.[(9H8 8KCIIepRM9HTBnhH8SI f'RCTorpaM -

Ma. B aexoTopbiX cnyqanx npe.a.cTa an SJeT onpeaeneHRhiA HHTepec yrnoaoe pacrrpe.a.eneHHe 

( I y ) npH <j>HKCHpoeaaaolt 3HeprHH '!aCTHUbi 1, Ha pac, 3 B Ka'!eCTBe npHMepa noKa3aHa 
+ 

yrnoBaR KOppenRUHR I' -M930H - Y -KBaHT B K u 
8 

- pacnrute npn tPHKCHposaHHol! 

3HeprHH V -sapaaHTa pac'leT nposeaea npa 3Ha'!eHHH < · = - I. 

0 
flpea noJKeHHbtl! MeTOll aHanH3a pacnaaoe c polt<lleHHeM " -Me3oHa HMeeT oco6ea-

HO 60nbWH9 npeHMYW9CTBa npH H9liOCTaTO'IHO Bb!COKOI! BepORTHOCTH KOHB9pCHH Y -KBaH-

TOB H B T9X C1IY"i8SIX, K0f'.ll8 flO K8KRM-1IH60 llpRqHJI8M H91Ib3H .OOCTRrHyTb HY>KHOA TOttHOCTH 

+ 
IIpH H3MepeHHH 3HeprHH Y -KB8HT8 ITO e e -nape. 

B 38KniOqeHHe Mbi XOTHM BbLp8311Tb 6naroaapHOCTb COTPYliHHKaM BU 3a noMOWb s 

KOHKpeTHbiX BbiqHcneHHHX. 
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p H c. 2. 

dT 
dCo60. 

1,0 

0,7~ 

0,5 

0,25 

-(o -qe -Q6 -Qif -qz o 0,2 ql! Q6 0,11 (O Cos Cl( 

YrnoaaH KoppenHURH 

( V , S 11 T 
rHCTOrpaMMa) • 

d T 

d cos 0 
.nnst pacnana K+~ ~ + J.L++ v 

- BapHSHTW B38HMoaefiCTBllH M 3 KCITepHMeHTBnbH8 SI 

8 

p R c. 3. 

~ 
ctcos~ 

0.9 

0.8 

0. 

·t ·O.a ·0.6 -o.~ -o.z o o.z o.4 o.& o.s 1 Cos~ 

d T 
YrnoBa!l Koppen!IUH!I ~ 
~ K+ -pac nana. a~ P. s 

npR ~HKCH pOBBHHOR 3HeprHH p.+ -Me.30H8 


