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no CHX nop pa60'IHB 06'beMbl ny3blpbKOBblX KaMep. cpellH~X pasMepOB 

4JoTorpa(jmposanHch, KaK npaBHno, o6bi'IHhiMH o.6'he~THBaMH c. 6onbmoro · pac

.cTosrHHsr. HpH. aToM BHsMpHbre nHHHH o6'heKTHBOB 6bmH H~npasne~bi cTporo · 

napannenbHD npyr llpyry U nepneHilHKynsrpHO K ~pellHBfi ·.nnoCKOCTH pa6oqero . 

o6'heMa. CTepeo6a3hi MB)!{IlY oTnenbHbiMH o6'heKTHBai-m 6htnH H3BeCTHhr c. 6onb-. ' . ~ . ' 
moii ~?'IHOCTbro. B pa3HbiX .nnocKocTSix BHYTPH KaMephi 1 a naorna H aa npH-

.)!{HMHbiX CTBKnax 4JoToannapaTOB HaXOilHnHCb p7nepHhiB MeTKH. li!cnonbsye- . . , 
Mbie B HaCTOSilliee BpeMSI nporpaMMbl BOCCTaHOBnBHHSI !lpOCTpaHCTBeHHhiX KOOp-

/J-7/ t 

llHHaT OCHOBaHbl Ha ,9THX. rpell!lOChtnKaX. ~~ ... 

,B MHOroMeTpOBhiX KaMepax 1 Hao6opoT1 npHMBHSIIOTCSI lliMpOKOyronbHhiB 

. o6'heKTHBbi, .. aanpasneHHhre BHyTpb KaMephi non pasHbiMH yrnaMH. cfloToanna

paTbi KpensrTcsr aenocpencTBeHHO K Kopnycy KaMephi1 H3MeHsrromeii CBOH pas

Mephi npH oxna)!(JleHHH H aarpeae, a TaK)!{e,1noll annsraneM n~nbcHpyromero JlaB

neHHSI pa6oqefi cpellhl1 B pesynbTaTe qero nono)!{eHHe 4JoToannapaToB so Bpe

Msr pa6oThi KaMepbi nocTosmHo MBHsreTcSI. HenocTosrHCTBO pasMepoB KaMe~bi 

'Bbi3biBaeT .TaK)!{9 TpyJlHOCTH npH ocymecTBneHHH CnO)!{HOfi CHCTBMhi penepHbiX 

MeToK anyTpM KaMepbr. noaToMy uenecoo6pasao paccMoTpeTb sonpoc o aan

MeHbmeM. KOnHqecTBe penepoa, nossonSiromeM npoaecTH socc:aaoaneHHe npocT

paHCTBeHHhiX KOOpllMHaT1 H uenecoo6pa3HOM pacnonO)!{eHHH HX. 
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• 'Eonblll8H JlHCTOpCHH1 KBK IlpaBnno1 CBOHCTBeHmiH lllHpOKOyronbHb!M · o6:DeK-,. . . . . ' 

·_, 'THB8M1 nerqe BCero Y'lHTbJBaeTCH B rrpouecce BOCCT8HOB[IeHHH1 KOrna .Ha IIIIeH-

Ke .OTMe'leH UeHTp K8Jlp8 1 T,e, TO'lK8 llpOXO:lK]leH!ISI 'BH3HpHOH nHHHH 'lepea IIIIOC

KOCTb nneHKH, B TaKoM crry'lae, KaK cTaHeT BHJlHO 3 narrbHell:l!leM, · nocTaTo'l7 · 

Ho nMeTb TpH nrrn 'leTbipe penepa BHYTPH KaMepbi1 >iTo6bi nrrS! Ka:lKn~ro CHHM

Ka . OllpeJleiiSITb COOTBeTCTBYIOJUee IIOIIO:llmHHe Y3IIOBb!X TO'leK HIIH '3p8'lKOB 

oo'heKTHBa, Penepbi JlOII.JKHhi obiTb ·pacnonoJKeHbi B OJlHOii nnocKOCTH. Oan 

onpenerrSIIOT KOOpJlHHBTHyiO CHCTeMy B I1pOCTp8HCTBe KaMepbi, . llnH IipOCTOTbl 

Mbl npe]lrrOnaraeM B Jl8IIbHeiiWeM1 'ITO Oo'heKTHBbi HBIIHIOTCH H]learrbHb!MH 

·n 'ITO 3p8'lKH H Y3IIOBbJe TO'lKII IIX COBII8Jl8IOT, 

llnH Toro, 'lTOOb! coxpaHHTb BO BpeMSI pa6oTbi KaMepb! B38HMHoe pac

IIOIIO:lKeHne. perrepOB1 MO:lK~O HCIIOIIb30B8Tb naaepHble IIY'lH1 KaK· IIOK838HO. HB 

·: pn6, i,, na~epbl n i .+' 'n4 , p83MeWeHbi Ha OTJlerrbiJbJX CTOii:KaX BHe K8Mepb! · 

n Il09TOMy He y'laCTByiOi' B JlBH:lKeHHHX KaMepaoro' Kopnyca. ny'lH~' Mo»m'o npo:.. 

nycKaT:b sayTpi:. · paoo'lero oo'heM:a; KaMepbi MeiKi::iy JlBYMH ia1-yw·KaMH MarHH-

'Ta~ i-Ja 'pnc~ 1 nilaepH,bJe' liY'lH oopaayiOT KBan'p,aT HIIH llflHMOyroii~HllK c 'qe:;_ 

! 
•"i 

.J 
" 

TbipbMH yrnaMH Q 
1 

-::· Q 4 . , CJIY:lKBWIIMII perrepHbiMH TO'IK·a~rr~· iocTHp0]3Ky · , , 

. nyqefi MO~HO ocy:inecTBHTb c ·Il·O-MOWbiO'' ne'a1-i'ini:ni3Mbl ll Ko~nnMaurroimoii Tpy- ' 

o~; .. llnH. ooiier.JeanS! IOCT,~p'oBKll -ril<iKH Q . ~ Q ' ' aaX:oi:tstTCH IlOJl ~nniO!\.iH_.. ' . 
' .. '. i: . . ' ' . . • ··.:.. . ., ., . ·• ·' ' .. ,' --~ 4 .. . . ' ·' ' ·., . :. 

HaTopaMrr KaMepbi rr rroaToMy HBnHIOTCH nerKo nocTyi!HbiMH, DprrMeHearre na-. 

aepHb!X nyqefi. B Ka'leCTBe perrepciB' HMeeT ewe OJl~O .I!PeHMy~eCT!301 .COCTOH..: 

• wee ,.B 'TOM 1' 'lTD naaepHbie IIY'lH, He OK83biB8IOT BnHHHH~' Ha JlBH.:lKeHHe pa6oqefi 

· cpe'nbi 'rr He orpaHH'lHBa:roT; BoaMo:lKHocTrr ·nonHero· ocBewemm. paooqero o6'heMa 

'KaMepbie· ':; ~· ",'!- .\.'r ,.:. 

· M6:lKHO obmo obi OTKaaaThCH oT penepHhiX MeTOKi·Ha •rrpH:lKHMHhiX cTeK

nax tPOToarrnapaToB~' Ho B 'TaKOM cny'lae 'HeOoXOJlHMO ObinO. ot,J, HMeTh M.eTKH 

B imyx nnocKoCTHX'•BHYTPH KaMepnr, 'ITo aHa'lHTenhHO' yBenrr'lrrno obi• Texarr- · · 

. 'leCK:Iie TpyJlHOCTH H yMeH~lllHliO. Obi TO'lHOCTh :orrpeneneHHSI''• KOOpJlHHBT. ya.JiibBbiX 

. TO'leK -tPOTOOO'heKTHBOB; ·>· . ' .. ~"';"' '~ f1 ·' 

· B OTIIR'lF!e OT HCIIOIIb30B8HHbiX· JlO• CHX I!Op' rrporpaMM. IlpOCTpaHCTB~H

HOrO BOCCTBHOBIIeHF!H/ 1,4,6/· Jiawa· ·nporpaMMa •ae.· naeT n303MO:lKHOCTF!; cpaay 

rrepell:TF! OT KOOpJlHH8T1 H3MepeHHhiX Ha nneHKe1 K KOOpJlF!H8T8M tPOTOrpa4JH'le

CKOH CHCTeMbl 1 IIOTOMy 'ITO CTepeooa3bl F! HBKIIOHbl BF!3F!pHb!X IIFIHHH Oo'heKTF!-

4 

..... 

, 

BOB IIOK8 _HeH3BeCTHb!, DoaTOMY Heo6xOJlHMO CH8'l8II8 OllpE 

Tbl' yanOBbiX TO'leK H H8IIp8BIIeHHH BH3F!pHb!X III~HHH B llpO~ 

l.JeTbipe penepa Q 1 ~Q 4 H3o6pa:lKaiOTCH Ha rrrreHKe 

rrapaTOB B ToqKaX nq 1 tn x 1 • ny 1 J- nq 4 l nx 4 'ny·4 }, 

HeperynHpHbiH qeTbipexyronbHF!K, DpeJlrronoJKIIM, 'ITO KO< 
~ 

y:lKe conep:lKaT nonpaBKH Ha JlHCTOpCIIIO OO'beKTHBa H ycanK: 

. ·rreHHe norromeHHH yanoBoii TO'IKII HB'!HeM c rrepexona oT F 

TeMbl n x,n y K CHCTeMe X , y 
p p 

, rrapann'enbaoll: rrrroc 

9TOrO HeOOXOJlHMO IIOB0p8'1HB8Tb IIIIOCKOCTb n x •)' HB 

ocR g , oopaayrowefi c ocbiO n x yrorr .{3 (eM, pHc. 2: 
IIOIIO:lKeHHII IIIIOCKOCTH P X , pY TO'IKII P q 

1 
:- P q 4 JlC 

KB8Jlp8T HIIH IlpH11~10yroiihHHK 1 ___ I!OJlOOHpie Ilf;l5IMOyrOIIbHHKY, OC 

paMF! Q 1 7Q 4 • KaK _IIaBeCTHo, B ycnoBHHX ueHTparrbHC 

IIOBOpOT OIIHCbJBaeTCH. IIpOeKTIIBHbiM. rrpeoop830B8HHeM: 

X 
a1 • nx +h 1 • nY + c 1 

p 
a •x+h • y+c 

0 n 0 n 0 

a2 •x+h-·y+c 
y = 

n 2 n _.a_ 

p 
b a . X + • y +c 

0 n 0 n 0 

ErraronapH rrpHCY!CTBHIO Ha· rrpii:lKHMHOM cTeKrre .pew 

:lKHBI!leH H8'18IIOM KOOpJlHHaT JliiH CHCTeM. . X·· 1 y II 
· · n n 

SIBIISieTCH B03MO:lKHOCTb Bb!p83F!Tb K09tPtPIIUIIeHTbl a -t C 
0 

II {3 crrenyiOIUHM oopaaoM: 

I . . f3 
.a=- -S1UUSIU ·' 0 f . . 

b = .L sina cosf3 
0 f. ' 

c = cosa, 
0 

a = cos a cos {3 , 
1 

". 

5. 
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!aSI~ liiHp_oKoyronbHb!M 06'beK

raHOBn9HHSI1 Korna·aa nnea-

3H3HpHoii nnann "!epea nnoc-· 

'. ~ •nanbHeiillleM1 nocTaTo"'; .. 

:"!To6bl anSI KaJKnoro CHHM

~OBhlX ToqeK nnn spaqKoB 

B OJlHOfi nnOCKOCTH, 0Hil 

Be K8M9pbl, llmi IipOCTOTbl 

~hi SIBnSIJOTCSI llJleanbHbiMH 

rbl KaMepbl B38HMH09 pac

bl9 nyqlll K8K IIOK838HO. Ha 

>HhiX CTO.ifKaX BH9 K8M9pbl · 

KOilnYCB~ ny"'H'' MOlKHO npo~ 
. ·"! . .• ' •• 

JlByMSI K8TYliiK8MH M8I'Hil-

llnH 'npHMoyro'ii:~tiliK c 'qe~ 

' 1 

r 
J 

' 

' ' ~ 

:hiMH ToqKaMn, IOcTHpoaKy • , 

fbi n KonnnMaum:laHoii Tpy'- .. ' 

4 
mixoil~TCSI ·non' nimroMu:..::·-, • · · 

Ty~H~IMH, fipHMeH~HHe ~a~.-
m .~peHMymecTao'1 cocTosi-. 

:millS!· Ha nan~eHne pa6~qeft 

•CBememnSI pa6oq.ero o6oeMa 

eToK>Ha·<ripHlKHMHhiX cieK

:Mo 6b!n0 6:1:.1. HM9Tb M,9TK¥ 

!bHO' yBemiqllno. 6bl, T9XHil- · 

teneHHSI" Ko~pnnaaT. yaJiOBhiX 

11porpaMM .. ' !IpOCTp8HC.TB9H

~Jl89T;; sosMi:>JKHocTH: cpasy. 

wopJlnHaTaM <jloTorpa<jlnqe-

BHanpHbiX nnHnii 06'beKTH-

I. 

'·1 
I 

l 

BOB !IOK8 H91f3B9CTHbl, f1o8TOMY Heo'e>xonllMO CHaqana onpenenllTb KOOpnnHa

Tbl' ysnoBhiX ToqeK n HarrpaaneHHSI BnanpHhiX nHHilii a rrpocTpaHCTBe X, Y, Z · 
tJeTblpe perrepa Q 1 ~Q 4 nso6paJKaiOTCSI Ha rrneHKe onHoro ns <jloToan-

-rrapaTOB B TQqKaX n q I ~n X I ' n Y I ) - n q 4 ~ n X 4 •nY, 4 }, KOTOpb19 o6pa3yiOT 

HeperynSipHblii qeTblpexyronhHHK, f1peJliiOnO)KHM 1 qTQ KOOpJlltH8Thl n X , ny 

yJKe coAep)KaT rrorrpaBKH Ha JlHCTopcllro o6oeKTnBa n ycaAKY rrneHKn. · OrrpeAe

neHne rronO)K9HilSI ysnoBOii TQqKH HaqHeM C rrep9XOJl8 OT KOOpAilH8THOii CHC-

K CHCT9M9 X , y 1 rrapannenbHoii rrnocKoCTil X,Y 
p p 

8TOI'O H906XOJlllMO IIOB0p8'IHB8Tb IInOCKOCTb n X •.)' Ha yron a BOKpyr 

ocn g 1 o6pasyromeii c ocbJO n x yron .{3 (eM, pnc. 2). fipn rrpaannhHOM 

rronO)K9HilH rrnOCKOCTil P X , pY TQqKH P q I 7" P q 4 JlOn)KHbl o6pa30B8Tb 

KB8Ap8T HnH !IpS!MOyronbHHK1 IIOA06Hbl9 IIpS!MOyronbHHKYI o6pa30B8HHOMY perre

paMH Q 
1 

7 Q 4 • KaK HsBecTH01 B ycnoBHSIX ueHTpanhHoii IIP,()9KUilll TaKoii 

!IOBOpOT OIIIlCbiB89TCS!.!Ip09KTHBHhiM rrpeo6pa30B8HileM: 

.. 
a • x+bl "nY +cl _l __ .::,n....,;.-___ _ 

p 
• X+ b a 

0 n 0 

., ( 1) 

a2 . X +h 2 • y+c 
n n ...:L 

y 
p 

b a X + • y +c 
0 n 0 n 0 

EnaroJlapSI rrpncyTCTBHJO Ha· rrpH)KHMHOM cTeKne perrepHoii MeTKH1 cny-

II. X y 
n 

_x lKHBlli9H HaqanoM KOOpAHH8T AnSI CHCT9M p n 

SIBnSieTCSI B03MO)KHOCTb Bblp83HTb K08tPlPHUH9HThl. a -t C 
0 2 

11 {3 cneJlyJOmnM o6pasoM: 

1 . . {3 .a=- -smasm , 
0 f . 

b = l.. sina cos{:3 
0 f 

c =cos a, 
0 

a = cos a cos {3 , 
I 

' P y I rro

qepes yrnhl a 



./ 

b
1 

= cosa sinf3, 

c.= 0, 
I 

a = ~sinf3, 
2 

b = cosf3, 
2 

c =0, 
2 

( 2) 

rAe f - TaK Ha.3biBa-eMoe ¢oTorpaMMeTpH'leCKOe ¢oKyCHOe paCCTOSIHHe -

SIBnSieTCSI H3BeCTHOH BenH'lHHOH. 

3Ha'leHIUI yrnOB a H {3 rrony'IHM H3 ycnOBHSI1 'ITO TO'IKH X I, y I 
. p p 

oomKHhi o6pasosaTb 'leTbtpexyronbHHK c rrapannen&HhiMH: cTopoHaMH: 

rAe 

tga = 

tg{:3 = 

B .f 

C • cos f3 + E • sin f3 

A ... : - n.o 
A.E- B·F 

A= ( y 
. n - y )( X - X ) - ( X - X )( y - . y · ), . 

n 4 n 3 n2 nl n4 n 3 n2 

B =( y - y )( X 
n 4 n 3 n 2 - X 

n 
)-( x4.- X·a )( y2 - y I ), 

- n n n . n 

C =( y - y }( y • X - X • y ) - ( y - y )( y . • X - X • y ), 
n4n3 n2nln 2nl n2 nl n4n3 n4n3 

6 

( 3) 

l 
l 

·I 

1-
11 

il 

l 

.J 

j 

i 
I 
! 
! 

I. 
i 

., 
_, ·- . -t :".'" , • ~F• • f : ·1 

D = ( y - y )( y • X 
nl n4 n3n2 X • y ) '- l Y.' - ' Y· )( Y 

n 3 n 2 · n 3 _ n 2 ·n l 

E=( X -X )( X • y - y. X )-(X - X )(:~ 
n 4 n 3 n_2 n I n 2 n I n 2 n I n 4 

F =( X - X )( X • y - y • X )-( X - X )( X •y 
nln4 n3n2n3 n2 n3 n2 nln 

Yrnhi a H f3 . orrpenensuoTcsr onaosHa<IHo, ecnw Koop; 

n X , n Y Bb!6paHa TBKHM o6pa30M1 'ITO a H f3 nemt 

-90° AO +90°. 

Cne.QyiOIIIHM lliaroM SIBnsreTCSI rrepeXOA K KOOp.QHHaTaM 

CllcreMb1 1 T.e. K KOOp.QHHaTaM. X, y 1 . ..,, .. . . c_ c-
rrapannenhHhrM ocs 

'lBnO 8TOH CHCTeMbl" HBXO.QHTCSI Ha.Q ysnOBOfi TO'IKOH ( CM. 

X 
c 

c .Y 

x cosy
p 

y - f • sin a ) sin y, 
p . 

x • siny + ( 'Y -f;sina )cosy·. 
p . p 

.. . . 0 . c 
Yron Y MomeT rrpHHHMaTh n106oe. aHa'leHHe oT 0 AD 360 

coo6pa3HO orrpeAenHTh Herrocpericiseaao 3Ha'leHHSI siny · E 

H3 pHCo 3,· HMeeM· paBeH~TBa: . . 

P I siny = P Y3 - y 

y(· X - X 
p 3 p I 

2 2 
)+(y-y) 

p 3 .p ·1.. 

X - X 

cosy= 
p 3 p 

2 - 2 y( X - X ) +( y - ··y ·) 
·p 3 p I p. 3. p I 

7 



( 2) 

¢oKyCH09 paCCTOHHHe -

BHH, 'ITO TO'lKH P X I , · P y I 

~HbiMH CTOpOH8MH! 

(3) 

::3)(ny2 -ny1 ), 

)( y . • . X - X • y ), 
1 n4n3 n4n3 

1 
I 
I 

j' 

I 
I 

'-· '·. 

X 
n 2 n

x 3 • n y2· ) '-. ( Y·· . - ' Y ' )( Y •: X' . ..,. X ••. Y .-J: 
n 3 . , n 2 n 1 n 4 n l. n 4 .' 

E = ( X - X )( X • y - y • X ) - ( X 
n4 n3 n2n1n2n1 n2 

- X ) ( ' X • y :_ y • X ), 
n 1 n 4•n 3 n 4 n 3 . (4) 

F = ( X - X ) ( X • y - y • X ) -( X - X )( X • y . - y • . X ) • 
n1n4 n3n2n3 n2 n3 n2 nln4'n1n4 

Yrnhl a H ~ . orrpenenHIDTCH onH03HaqHo 1 ecnn KOopnHH8TH8H CHCTeMa 
' ne~aT B rrpenenax oT n X , n y Bbi5p8H8 T8KHM o5p830M1 '!TO a H f3 

-90° no +90°, 
CnenyromnM maroM HBnHeTcH rrepexon K KooprtnHaTaM ¢oTorpa~nqecKofi 

cnc:reMbi, T,e, K KoopnnHaTaM x, y , rrapannenhHbiM OCHM X n . Y • Ha-
• ·< ·'' ••• • • c c 

qano 9TOfi CHCT8MbJ< H8XOnHTCH Han ysnOBOfi TO'lKOfi ( CM, rnc, 3)! 

X x cosy- ( .y- f. sin a )siny, 
c p p ., (5) 

c y x • siny + ( P·y -f·sina )cosy. .. 
p 

Yron Y 
. . 0 0 ' 

Mo~eT rrpnHnMaTh nro5oe.sHa'!eHne oT 0 no 360. noaToMy uene-

coo5pa3HO. orrpenenHTh HerrocpericTBeHHO sHa'!eHnH· sin Y n cosy. · KaK BHnHo 

H3 pnc, 3, HMeeM· p8B8HCTB8! 

p y 3 
siny =-----

2 .. 2 
)+(y-y) 

p 3 p ·1 
\/(- X - X 

p 3 p I 
( 6) 

X X 
p 3 p 

cosy= 

y( x- x )\( y -·y.)
2 

p 3 pI p. 3. p I 

7 
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llanee ll3 paCCMOTpeHH.II IIOJlOOHbiX TpeyronhHllKOB Ha pnc, 3 MO)KHO 

H8HTll KOOpJlllH8Tbi yanoBbiX TO'IeK: 
1,. 

X N =A 
ex,-ex3 

y =A 
eY1 

N 
(7) 

X - X 
e I e 3 

z =A 
f cosa 

: 

N 
X - X 

e I e 3 

TaKnM ot5paaoM, Mbi aHaeM Terrepb KoopanHaTbi yanoBofi TO'IKll JlnSI 

aaHHoro ot5'beKTnBa n HarrpaBneHne BnanpHofi nnHnn, KOTopoe orrpeaenSieTcSI 

yrnaMn a n y • TaK KaK Ha KaMepe nMeeTcSI HecKonhKO ot5'heKTHBOB1 

B ll8llbHe.ftll!eM Clle)lyeT BBeCTll erne OllllH llH)leKC1 0003H8'1810lllllH HOMep "OO'beK

THBa, Mbi IIOCT8BllM ero cneBa CBepxy OT 0003H8'1eHIISI KOOpllHHaT, 

ITponaBeJlSI rrpeot5paaoBaHnSI (1) n (6) co BCeMn naMepeHHhlMH Koop

JlHHaTaMn, Mo:nmo rrpoaon)KHTh · ot5pat5oTKy aaHHbiX rro rrpe)KHHM rrporpaMMaM, 
i 

y'IHTbiBaSI, oaaaKo, 'ITO aHa'leHHSI ZN nnSI paaHhrx ot5'heKTHBOB HeoanHaKOBbi, 

C uenbiD rrpoBepKll rrpaKTH'IeCKOH I'OJlHOCTll rrony'IeHHbiX COOTHOllieHnfi 

ITO HHM Bbi'IHCnSinllCh KOOpllHH8Tbi Y3110BbiX TO'IeK1 a T8K)Ke •rrpOOHOH TO'IKH P, 
· Haxoasimell:cSI BHyTpn pa6o'Iero o6'heMa KaMepbi, 

I 2 
B rrocneaHeM cny'Iae CHa'Iana t5bmn orrpeaeneHbi rrpoeKunn P · P 

TO'IKll p Ha rrnOCKOCTh X,Y 1 KBK IIOK838HO Ha pli:C, 4, 

I 

'x 
p 

y 
p 

I I 

=A~~ 
I 1 
ex 1 - ex3 

J I 
y - y 

= A .:_:_ __ .,_P 
I I 
X - X 

e 1 e 3 

2 
X 

p 

2y 
.P 

2 2 
X - X A e I e p 

2 2 
ex I - ex3 

2 

eY -
2

y =A 1 · · e P 

2x _.2x 

e I e 3 

8 

( 8) 

l 
.1 
l 
' I 

t 
~ 
·~ 
! 
~ 
) 
I 

I 
il 
! 

. .-,., 
·\f ,,. 
i I 
t 
I 

l ., 
l ,. 

:j, 
·' :' 

r 
'• 

' , 
I 

I 2 
·l.Jepea rrpoeKunn P, P n 'Iepea yanoBbre. TO'IKH rrpoBoanm 

TO'IKB rrepeCe'IeHHSI KOTOpbiX SIBnf!ll8Ch llCKOMOH TO'IKOH, p 

X 

2
X 

2
Z ( 'x ·..! x >- 'x 'z. '2 X __:~x > 

pN p N pN'p N 

p 2 Z( 1 X -::-1 X )- 1 Z ( 2 X - 2X,) 
N p N N· p N 

y 

2 Y 2 Z ( 1Y - 1Y )- 1Y 1Z ( 2 Y _2y) 
pN p N 'pN p N 

p 2 Z ( 1Y -
1
Y ) -'Z (

2
Y .!y ) 

N o N N p N 

2 I 2 

z 
ZZ(X-X) 

N N p p 

p 2z (' x 
N P 

-'x > -'z (~ -2
X > 

N N p N 

ITpearronaraeMbie paaMepbi KaMepbi1 ncrronhayeMbie Jlllf 

'IeTOB1 IIOK838Hbi Ha pUC, 1, 

CornacHo 9THM paaMepaM c rroMOIUhiD TpnroHoMeTpn'Ie• 

CH8'18118 orrpenenSilliiCb TO'IHb!e 3H8'1eHIISI KOOpJlllHaT rrpoeKUHl 

n rrpot5Hofi TO'IKH P Ha rrneHKe, a aaTeM rrono)KeHne Hat 

BapbnpoBanocb cnyqafiHbiM. ot5paaoM B cooTBeT~TBnn co cr. 

. KaMn naMepnTenhHOii · arrrrapaTypbr, ITpn ·aToM. ncrronhaoBan 

rrporpaMMa pacrrpeaeneHnSI cny'IafiHbiX 'Incen, BbiJlBHHbie a 

Obinll HOpMnpOB8Hbi. Ha CpeaHeKB8Jlp8Tll'IHbie OTKnoHeHIHl 

n 0,005, ITony'IeHHhie .. TaKnM ot5paaoM. aHa'IeHnSI KO_DpJlHHl 

IIOJlCTBBneHbi 38T~M B _!JlopMynbi ( 1) . ..;. ( 8), 

PeaynhTBThi onpeaeneHnSI KOOpllHHaT yanoBofi TO'IKH ¢oTo• 

'IeHHSI a =0,002 MM' IIOK838Hbi Ha pnc,5, CTO Bbl'IHCneHHhiX :2 

~eneHhl'BOKpyr )leHCTBHTenhHOI'O paciiOlJO)KeHHSI yanOBOH ~ 

KBaapaTn'IHhiM oTKllOHeHneM 11 X N= 11 • YN"' 11 Z N"' 0,48 Ml 
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hHIIKOB Ha piiC, 3 MO:II{HO 

(7) 

EiaTbi yanosot! TO'IKII nnSI 

Il1 KOTOpoe ·OIIpenenSieTCSI 

I HeCKOnhKO o6~eKTIIBOB1 
)03H8'!810lUIIfi HOMep 06'beK

IIISI KOOpllHHaT, 

:eMil II3MepeHHbiMII Koop

ao ape)I{HHM aporpaMMaM, 

ri6'beKTIIBOB H90llHH8KOBhl, 

aonyqeHHb~X cooTaoweaiifi 

1 · TaK)I{e ·apo6aot! TO'IKII P, 

1 P. 2 
eneabr npoeKUIIII , P 

:t 'PHC. 4. · 

( 8) 

;~ 

'll ~ ' 
~ 

1 2 
l.Jepea npoeKUIIII P, P II qepea yanosbte. TO'IKII nposoniiniiCh nse npSIMbre, 

TO'IKS nepeceqeHIISI KOTOpblX SIBn~nach IICKOMOfi TO'IKOH p C KOOplliiH8T8MII! 

2
X

2
Z < 

1
X .l x >- 1

X 
1
Z r2x - 2X > pN p N pN'p N 

X 
p 

2 z ( t x -~ x > - t z ( 2x - 2x > 
N· p N N p N 

y 

2y2z (iY _ly 
' p N p N 

)-tY tz (2Y _2y ) 
p N p N 

p 
2z <tY -~Y > - t z (2Y _!y ) ( 9) 

N p N N p N 

2 1 2 
ZNZN( X X ) 

z 
p p 

p 2z ( t X -~X ) -~z < 2x _2 x > 
N p N N P N 

ITpennonaraeMbre pasMepbi KaMepbr, Ilcnoni>ayeM't.re nm1. tiiicneHHbiX pac

'IeToB, IIOK838Hbl H8 piiC, 1. 
r, 

CornaCHO 9TIIM pa3MepaM C IIOMOillbiO Tpi1rOHOM9Tpii'I9CKIIX COOTHOlUeH.Hii 

caaqana onpenenSinHcb TO'!Hbre 3Ha'!eHIISI KoopniiHaT npoeKUIIfi penepHbiX To'!eK 

II npo6Hofi TO'IKII P aa nnea:Ke, a saTeM nono)l{eHIIe Ilso6pa)l{eHIIfi TO'IeK 

B8pbiip~BanoCb cnyqafiHbiM o6pa30M B COOTBeTCTBIIII CO cnyqaiiH~IMII OWII6-

. KBMII II3M9piiTenhHOH, 8IIIIapaTypbl, f1pii ·aTOM IICIIOnh30Banach CTaHnapTH8SI 

IIporpaMMa paciipeneneHIISI cnyqafiHbiX 'IIICen, Bblll8HHbl9 3H8'I9HIISI KOTOpofi 

6btnll HOpMIIpOB8Hbl H8 . CpenHeKBanpaTH'IHbie OTKnOHeHHH .a = 0,002 MM 

H 0,005. ITonytieHHbre ... TaKIIM o6pa30M 3HatieHIISI Ko_opniiHaT
0 

x 'n y . 6btnH 

noncTasneH~I saT_eM. B !llopMynhi ( 1) + ( 9). 

PeaynbTaTbi onpeneneans KoopnnaaT ysnoBofi TO'IKH liJoToannapaTa nns sa~a

tieHIISI ·a = 0,002 MM" noKa3aHbi Ha pHc::;.5. CTo Bbi'IHcneHHbiX 3HatieHHfi pacnpe

~eneHbi BOKpyr neficTBIITenhHoro pacnono)l{eHHSI ysnosofi TO'IKH co cpenae

KBanpaTH'IHbiM oTKnoHeHHeM /::;. X ·., /::;. Y "' /::;. Z N"' 0,48 MM~ N • N 
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ji 
:I 
~ ~ 
i' 
I ~ 

l 
! ' 

' 
~ .. 

i 

! ·! 

,c:.:.'' : · llnSI- cperiiieKB·anpaTII'·Uioro:· oTiwo·u~HIISI c a = 0,0Cl5 MM c6onieicTBeHiio 
. . . 

iiony'laKiTci'3:Ua'qeHIISI .,'!,.X N"" 11 y N;;, l'l z·N "'. ·•1, 20 MM~ K~K BliAHo; B -iipenenax 

TO'IHOCTII o6bi'IHOH li3MepiiTeJihHOH\ annapaTypbi cpeAHeK~anpaTII'IHbie Olliii6KII 

KOOpAIIHBT Y3JIOBbiX TO'IeK SIBJISIIOTCSI •. IIpOIIOpUIIOHBJ!hHbiMII <jJyHKUIISi'MII OTKJIO-
, '. "' . . ~·· 

HeHl!SI a 

Ecnii yqecTh, 'ITO Macm;~6 n3o6paxmuir·SI <jJoTorpa'~IIti:e~Koii ciicTeMbi 

AOXOAIIT Ami OTAeJihHhiX perrepHbiX TO'IeK AO BeJIII'IliHbi 1 : 100, TO B Hall-

nyqmeM cny'lae MO::>KHO 6bmo 6br O::>KIIAaTI:I oTKJioHeHIISI l'l X 
N 

0,2 MM l!J!ll 

0,5 MM COOTBeTCTBeHHO. Pa3HIIUB Me::>KAY ,IIOJiy'leH~b!MW II.· O::>Kl!AaeMb!MII 3Ha

'leHIISIMll yKB3b!BBeT Ha HeCOBepmeHCTBO HBlllliX ¢opMyn." Mo::>KHO ,, OAHBKO, 

· ;yBenii'IIITh TO'IHOCTh, npoBeASI .·necKonb:Ko II3MepeHnii penepni.rx TO'IeK ilnii 

IICIIOJih30BaB npii orrpeneneHIIII yrnoB a II {:3 , rroMIIMO ycnoBIISI napannenh-

HOCTII CTOpOH 'leThlpexyi'OJ!hHIIKB q 
P I 

, ycnoBne npSIMoyronhHOCTII ero. 

C IIOMOil!h!O HBHAeHHh!X TBKIIM o6pa30M Y3JI0Bh!X TO'I8K ABYX 06'heKTIIBOB, 

AIIBMeTpBJihHO paCIIOJIO::>KeHHhlX OTHOCIIT8JihHO APYI' Apyra, OIIpenenSIJIIICh KOOp

AliHBTbl rrpo6noii TO'IKII P . flpii _s~oM orrSITh y'IIIThiBaniiCh. cnyqaiiHhie oTJcno

neHI!SI II3MepeHHbiX HB rrneHKe KOOpAI!HBT OT neiiCTBI!TeJihHb!X 3HB'IeHnii. CpeA

HeKBBApBTll'IHOe oTKnonenne 6bmo npnHSITO paBHhiM 0,002 MM. To'IKa P 

3BHl!Mana pa3Hbie nono::>KeHnsr.,B npocTpaHCTBe KaMepbi. Pe3y_nhTBThi 8TIIX Bhi

.'Il!CJieHnii rrpnBeneHbi B Ta6n. 1. · Bnnno, 'ITO cpenneKBanpaTn'leCKne omn6Kn 

J'lX ; J'l Y , J'lZ Bbl'll!CJieHH_hiX KOOpAIIHBT· rrpo6HOH TO'IKII BIIOJIHe COOTBeT-

CTByiOT O::>Kl!ABeMOMy 3HB'IeHII!O 0, 2 MMo 

B 3aKJIIO'IeHne- MO::>KHO cKa3aTh, 'ITO AnSI. rrpoBeAeHIISI. rrpo<_::TpaHCTBeHHoro 

BOCCTBHOBJieHl!SI .B •QOJ!hllil!X TpeKOBb!X rrpn6opax, oco6eHHO B' n·y3b!pbKOBbiX 

KaMepax, pa6oqnii· o6'heM KOTOpbrx ¢loTorpa¢lnpyeTcSI nerrapannenhHhiMII <jloTo-:

annapaTaMn C He¢!IIKCllpOBaHHb!Mll BO BpeMSI .. pBQOTbl KBMepbl IIOJIO::>KeHl!SIMII 0 

noc'i'aTo'IHO nMeTh Tpn -nnn.,qeTbrpe ·pene'pHhiX ,TO'IKII BHyTpn KaMe phi ~ no 
• . I 

onnoii perrepnoii TO 'IKe na npii::>KIIMHOM oTeKne Ka::>Knoro <jJoToarrrrapaTa. · ITpen-

no::>KeHHhiH MeTO.O. o6eciie'll!BBeT 'AOCTBTO'IH)'IO TO'IHOCTh Hp!I HO(:CT?HOBJieHl!ll 

npOCTpaHCTBeHHbiX KOOp.O.l!HBT KBK •y3JIOBbiX· TO'IeK ofloheKTl!BOB; TBK· H :-rrp.o6-

Hb!X. TO'IeK BHyTpll; pa6oqero OQ'beMB'KBMepbl• · .•. ;-;:-_..._ 

-:~ J~ l;. 

- c : -~' .::·~ -;1 . : ... - '"'.-- ;\ \ . 
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PyKon~cb nocTynnna B HanaTenbcK 

8 anpenR 1970 rona. 

Ta6n•ua I 

Koop.aHHaThl TO'IeK B CHCTeMe KOOPllHHaT KaMepbi (Ml 

X y z <\X 1\ 

1060,6602 1060,6602 0,0000. 0,1522 0,1' 

2121,3204 0,0000 0,0000 0,1697 0,1: 

2474,8'138 -353, 5534 o,oooo 0,2375 0,2 

2651,6505 -530, 3301 o,oooo 0,29~7 0,3 , 
1060,6602 1060,6602 -500,0000 0,1621 0,1 

2121,3204 0,0000 -500,0000 0,2040 0,1~ 

2474,8738 -353,5534 -500,0000 0,2804 0,31 

1060,6602 2121,3204 0,0000 0,2304 0,2' 

1060,6602 2310,6602 . 0~0000 0,2474 0,2: 
·1060,6602 2935,6602 0,0000 0,3161 0,5, 

2121,3204 0,0000 1000,0000 0,2256 0,2; 

2474,8738 -353,5534 750,0000 0,2395 0,2, 
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= 0,005 MM COOTEieTCTBEJHH'o 

-IM~ KaK 'Iiunlio; B ~ilpenenax 

penHeKBanpaTII'IHbJe OII!ll6KII 

tnbHbiMII tPYHKUIIHMII OTKnO-

!floTorpa'¢n"leCKOH CIICT8Mbl 

:II'IIIHbl 1 : 100, TO B H81I

EI8HIISI t'l X 0,2 MM nnn 
-N 

IHbiMW II· O:>!mnaeMbiMII 3Ha-

tPOpMyn, -·MD)KH0,1 onHaKo 1 

~an'ii perrepHbiX TO"l8K Hnii 

oMIIMO ycnoBIISI rrapannenb-

31Ie rrpSIMoyronhHOCTII ero. 

Bb!X. TO'I8K llBYX o6'b8KTIIBOB1 

npyra, onpenemrnncb Koop

rbtBanncb cnyqafiHbte oTKno

BIITenbHbiX 3Ha'!eHnfi. Cpen

lHbiM 0,002 MM. To"!Ka P 

epb!, Pe3ynbT8Tbl STIIX Bbl

nHeKBallp8TII"l8CKIIe OWII6KII 

iOH TO'IKII BITOnHe COOTB8T-

•B8ll8HIISI. rrpoCTpaHC.TBSHHOro 

, oco6eaao B' rry3btphKOBbiX 

·cg rterrapannenbHbiMII ·. ~o:ro

OTbi KaMepbi IIOnO)K8HIISIMH 1 

'O'IKII BHyTpii ,Kalv.lepbl II ITO 

~no,ro cpoToarrrrap.aTa,: npen

lHOCTb ITpii BOCCT8HOBneHIIII 

K o6-h~KTIIBOI3, T8K II''rrpo6-

t:: ;';~ ,. 

. \ ~ ' .• '·, : . 

nnTepaTypa. 

1, Ban FaH-'lllH, Ban lly-u3eH, .ilHH .lla-uao, ·E,H. KnaaHHUKllH, M,/1; ConoBb-

en, ITpenpHHT Ol1Hl1, P-284, Jly6na., 1958, cTp~ 101. 
2. B,Bock. Preprint CERN 60-7, Geneva, ~960. 

3. W.G.Moorhead, Preprint CERN 60-33, Geneva, ~960. 

4. r.H. TeHTIOKOBll, ITpeiipHHT o'hHH, 5-3263, .ily6na., 1967 I. CTp. 111. 
5, M, Posch, A. Sebestyen, F.Telbisz. ITpenpHHT Ol1Hl1, 5-3263, 

Jly6Ha., CTp, 133, 

6. H.H. ToBopyH, r.A. EMenbHHeHKO, H.rf>. MapKOBll, B./1. Mopo3, B./1. HHKH

THHa, H. C. Ca.HTOB, A.IT. CTenbMllX, r.H. TeHTIOKOBB., ITpeiipHHT Ol1Hl1,' 

P 1 1 -3480, .ilyona, 1967. 

7. U.M. J1BllH'leHKO, H.A. KpyTKOBll, 'B./1. Mopo3, T.r. 0CT8HeBH'l, r.H. Ten-
; 

TIOKOBll, llT3 N26, 56 ( 1967), 

X y 

!060,6602 !060,6602 

2!2!,3204 0,0000 

2474,8r/38 ..;353, 5534 

265!,6505 -530, 330! 
' !060,6602 !060,6602 

2!2!,3204 0,0000 

2474,8738 -353,5534 

!060,6602 2!2!,3204 

!060,6602 23!0,6602 
!060,6602 0::935,6602 

2!2!,3204 o,oooo 
2474,8738 -353,5534 

PyKonncb nocTynnna B nanaTenbcKnR oTnen 

8 anpenn 1970 rona, 

Ta6nHua I 

KoopJlHHS'I'hl TO'IeK B CHCTeMe KoOpllHHaT KSMepbi (MM) 

z 1\X 1\Y 

0,0000' 0,!522 0,!747 

0,0000 0,!697 O,I59I 

0,0000 0,2375 0,256! -
0,0000 0,29~7 0,3367 

-500,0000 O,I62I 0,!380 

-500,0000 0,2040 0,!936 

-500,0000 0,2804 0,3032 

0,0000 0,2304 0,2747 

o:oooo 0,2474 0,2856 
0,0000 0,3!6! 0,5632 

!000,0000 0,2256 0,226! 

750,0000 0,2395 0,26~6 
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1\Z 

, 
0,3998 

0,4!50 

0,5379 

0,6345 

0,50!2 

0,5309 

0,6502 

0,5490 

0,5850 
0,'7f.3I 

0,3389 

0,4699 
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