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I. B B e n e H H e 

<l>oTOrpa(j>HpOBS!!He Tp0KOB B _ny3blpbKOBblX KaMepax OObl'IHO llp~H3B0/lllTCSI 'I0p03 Hec­

Konb~O cpe~ c_,pa3~H'IH~IM~- -noKa3aTen!IM~ np~noMn0_HH!I' (B03/lYX, CTeKna - ,pat5o'Ia·SI >Kll/lK~CTb 

. II T,/l,). 

nn11 TO'IHoro BOCCTSHOBneHH!I npocTpSHCTB0HHOl! KapTHHbl (jloTorpa(jl11pyeMi'.tx COOb!Tllll 

H000XO/lHMO _3HSTb napaMeTpbl onTll'I0C_Kol! CIICT0Mbl KSM0pb1 C norpewHOCTSIMH,He oonbWHMII 

- 0,2-0,5 MM An11 TonmHHbI cpe/l 11 1-3, 10-
3 

nnH ·noKaaaTenel! npen0Mne1m11. 

CoBepweHHO 0'10B11/lHO, 'ITO B oonblllllHCTBe cny'IS0B Henb3!1 .. 113M0pllTb ronmHHbl Bcex 

cpen, 'Iepea __ KOTOpb10 _npoH3B0/lllTC!I _C'b0M_Ka C YKS3SHHol! Bblll18 TO'IIIOCTbIO. KpoMe Toro, 3Ha­

'I0HH!I noKaaaTenel! npen0Mnea1111 p!i/la >KH/lKOcTell, HcnonbayeMbIX nn11 aanonHeHH!I nyab1pbKo­

BbIX KaMep, 113B8CT11bl C H0/lOCTSTO'IHOll- TO'IHOCTblO. H3M8p0HH8 >K0 noKa3aTenel! 11pen0Mnea1111 

STIIX >KH/lKOCTel! B paoO'IIIX ycnOB)!!IX TpeoyeT C03/lSHIISI cnomaol! II rpoM03/lKOll annapaTypbl. 

- B CBSl311 C STIIMII OOCTOSITenbCTBSMII np0ACTSMS10TCSI nenecooopa3Hb1M pat:CMOTpeTb M0-

TO/l11Ky onpenenelllrn napaM0TpOB onTH'I0CKOll CHCT8Mbl KSM0pbl no penepHbIM TO'IKSM, pacno­

~O>K0HHbIM B ee oo'heMe. , 

TaKa!I_ M0TO)l11Ka OblllS paapaooTaHa )lll!I onpeaeneHHSI napaMeTpoB onTH'I0CKOll CHCT8Mbl 

/1/ 
M0Tpoool! nponaHOBOl! ny3b!pbKOBOll KaMepbl naoopaTopH~ Sl/l0PHblX npo6neM OHHH II MO-

}K0T HCnonb30B8TbCSI /lllSI onpe)lell0Hll!I napaM0TpoB n106oil :Pe_~OBOI! K8M0pbl, B KOTOpol! on­

TH'I0CKH0 OCH' o6'b0KTHBOB nepneH)lHKyn11pHbl rpaHHll8M paaaena cpen, 'Iepea KOTOpbl0 npoH3-

BO/lHTC!I (jloTorpa(j>HpOBaHne. 

2. M'eTO/lHKS Bb!'IIICn0HHSI npocTpaHCTB0HHblX KOOp/lHHST 

<l>oTOrpa(j>HpOB8HH0 TpeKOB B M0TpoBol! nponaaoaol! ny3blpbKOBOl! KaMepe npoH3BOAHTCII 

'I0p03 B03/lYX, BOllY, CT0Kna H nponaa OO'b8KTHB8MH, onTH'I0CKll0 OCH KOTOpblX nepneH)lHKy­

n~pHbl noB0pXHOCT!IM pa3nena STHX cpe/l ( pHC, 1) • 

/2 3/ 
npoCTp8HCTB0HHbl0 KOOp/lllHSTbl Tp0KOB Bbl'IIICll!IIOTCSI no (jlopMynaM ' 
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X • 
B1: 

J: + ,.,. y/y' 

y - Bz. 
J: + ,., • y/y, 

z • ( B•r d a d1••1Df3 - 0 •lg,--
1: +1:'•y/y' yn 2-eiDfJ 

I 

d2 ••ln/J yn2- ■ln2/J 
-;,:=:::;;::;~>·----yn2 -am• fJ ■lnfJ 

(1) 

(2) 

(3) 

3necb X , y II x' y, -!l:OOp)lllBSTbl COOTB8TCTBYIOIIlBX T0'18X aa CRHMKSX CT8peonapbll 

r •/1: 2+y 2 -panayc-B8KTOP H3o6palK8liHB TO'IKH na CBHMX8i do ;;.pacCTOBBH8 OT nepen-

. nei! Y3IIOBOil TO'IKH OO'b8KTJIB8 no Bepxaero CT8Kll8 K8M8pbl·; d I - TOIIIIlHB8 CT8Kll8 

d l • d ', + d ·;: ) ; d 2 -TOIIIIlHBa BOllbl I n l . 1 112 H n -noKa3aTenn llp8IIOMll8BHB 

CT8KIIS, BOllbl H nponaBa i fJ -tjlyHKIIBll pa)lHyC-BBKTOpa r i B ..:(ia3a C'b8MKH. 

B CBSl3H C T8M1 '!TO llpH OOM&pe Clty'l88B llll8pBblX B38HMOJl8llCTBHil BS DOIIYSBTOMS­

/4/ 
TSX BS CBHMKSX CT8peonapbl B3M8pSIIOTCS!, KSK DpSBBIIO, KOOpllBBSTbl B8COOTB8TCTB)'DWBX 

T0'18K, TO JlllSI B8XOlKJl8BBSI COOTB8TCTByx>mnx TO'l8K HCDOllb3Y8TCS! 0'18BHllB08 p8B8BCTBO 

Z • Z' (4) 

Bb1palK0BH8 JllIS! Z' lIOny'188TCB H3 (3) DyT8M 3SM8llbl J: ➔ 1:' , y ➔ y' 

y' ➔ y , fJ(r) ➔ /J(r') . 

x' .. X 

3. B11Hl1BH8 norpernBoCTeil napa·MeTpOB OIITH'l8CKOil CBCT8Mbl KSM8pb1 BS 

TO'IBOCTb Bbl'!nc11eRHB npocTpanCTBeBBblX xoopnnaaT 

nna Oll8HKH BIIHSIHHB norpemBOCTei! B 3B8'18BHBX D8p8M8TpOB ODTH'l8CKOil CHCT8Mbl KS­

M8pbl Ba _TO'IBOCTb Bbl'IHCll8BHB npoCTpaBCTB8!LllblX KOOpJlHBST paccMOTpHM Bblp8lK8BH8 JllISI 

~ z I DOIIY'l8BB00 nyTeM )lHtptjlepeannpoBaBBB 3. 

• 1n
2

-sin
2 f3 ./ 2 , 2 

l: l~Z I I• Y---,---~R + yn· -sin f3·~do 
1 sin fJ coa fJ 

2 • 2/3 yn -sm ll.d 
+:'"'lF-:,r;,- l 

yn ~ -sin
2 f3 

_, 2 2 
+ yn -sin f3 

yn;-s1n•f3 ~d2 + 

2 2 

•hn1+ yn -sin f3 7d2•n2ll.n2+Z n ll.n 
(n: -sln

2 f3'/I 2 n2 
-sin

2 f3 
V n 2 - sln2 f3 d 

+ ---,.-----..----,~~ 1 •n1 
(n 

2 
- sin 

2 {3) 312 

4 

(5) 

') 

l' 

·, 

B TSolIBll8 DPHB8Jl8Hbl 3H8'18HiUI Ko9q)tpHllH8HTOB Dpn ll.do ll.d t M:i 

&ii 
d1 

ll.n 2 , ll.n 

120 MM1 

1,3270. 

H ll.R nm1 cnenyIOillllX 3HS'l8HHi! napaMeTpoB: d 0 • 20 MM, 

d2•876MM,' Z • 186 MM, n 1,23, n 1 = J,5163; 

-n2 .. 
Jfa TSOlIHDbl I nerxo Bbl'IHCnHTb norpeWHOCTH, C KOTOpblMH HylKHO 3H8Tb napaMeTpbl ODTH-

'18CKOi! cHc:TeMbl xaMepbl npn 3aJlaHaoM 3BS'l8BHH ll.Z • Tax, aanpnMep, ecnH noTpe_6o-

BaTb ,'ITOObl IIpH f3 = 20° B8nH'IHB8 KSJK)loro c11araeMoro, BXOJlBmero B BblpBlK8BH8 6, ae 

npeBbtma11a O, 1 MM, TO H3 Ta611Hllbl 1 no11y'!aeM c11eny10m11e nonycTHMb18 ::!aa'!8HHB norpew-

-3 
BOCTei!: ll.do S. 0,08 MM; ~d1,!, 0,12 MM; ~d2 !, 0,11 MM; ll.n1 '$. 1,5.10 ; 

•. -3. '1-4 
on !:, 1,10 ; un 2 S. 2. 0 • 

B CBB:;111 C T8M, 'ITO B 6o/IbWHHCTB8 c11y'l88B TSKH8 napaM8Tpbl1 KSK do d 2 ll n • 

B8llb3B H3M8pHTb 38p8B88 C yKS38BBOil Bbllli8 TO'IBOCTbIO, pSCCMOTpHM M8TOJlBKy HX onpene­

ll8BHSI IIO KOOpllHliSTSM H30opSlK0BHi! penepBblX TO'l8K Ba CBHMKSX CT8peonapbl • 

3. BbI'IHCn8BH8 napaMeTpOB ODTH'l8CKOil CHCT8Mbl KSMepbl DO 

KOOEllBBSTSM H30op8JK0BBi! penepBbIX T0'18K 

B1,mon tjlopMyll nm, Bbl'IHCll8BBB napaMeTpOB ODTH'IBCKOil CHCT8Mbl KSM8pbl no KOopnn­

BSTSM H3o6paJKeanll penepBblX TO'IBK 11a cnnMKax ,cTepeonapbt ne npencTaBnBeT 3aTpy.u11~nan, 

ecna nonoJK8BB8 penepBblX TO'l8K B o6'b8M8 KSM0pbl tpHKCHpOBSBO, 

PacCMOTpBM, BanpHM8p, penepBbl0 TO'IKH, B8B8C8BBbl8 Ba DOB8pXBOCTH aepxnero CTBK-

11a,.0TnenB10mero nponan OT BOllbI (pHc. I). B 3TOM cnyqae ·Z = Z' • 0, d 1 = d'1 

Bblp8lK8BHil ( 3) n ( 4) c11enyeT: 

lfa paB8HCTB8 d 2 = d; 

•3n~cb 

' 

_, 2 2 
d i= R V n~ -sin f3 

2 0 • d; a R~ 
sinf3 

nonyqaeM: 

2 
n = 

2 

2 2 2 2 
(R 0 -R '0 l • sin f3 • sin f3' 

2 -.~--. 2 
R O • sin f3' - R '0 sin f3. 

_, 2 •13· 
• v n. -s1n 

sin f3' 

R = 0 
x+x'• y/y' 

B •r d 
O 

, tgf3 _ d ~•sin f3 
yn~ -sin" f3' 
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(6) 

(7) 

(8) 



R' = B,r' -d' •tg{J' 
o x' + Y.•·y/y o 

d; sla/J' 

- y'n~ -•la" {J' 
( 8) 

ITOK838T8lllo npenoMneBBH paoo'leA l!CHllKOCTH D Bblp8l!C88TCB '18pe3 KOOpllllH8Tbl 

e:aoopalKeBBA TO'IKH, pacnonoJKens:oA B paoo'leM oo'beM& xSMepbl, cnenyx,Il(eA cpopM7noa: 

( 2 R'I) a Q I R' 
I R l - l •Sia ,-.••la ,.. 

D z 
2 2 , ,2 2 

R 1 ••la fJ -R •ala fJ 

I"ll8 

B•r d1 • sla{J d 1 ••m/J a 1 •. , ,-d 0 ,1gfJ- ,. -
x + x •y/y y'n: -sin fJ yn!-sla I {J 

B,r' , .{J' d 1 ,sin{J' - d1 ••la/J' 
R' • - do otg -l 

x' +x• y/y' 
y'n ~ -sla1 {J' y I a {J' n

2
-sm 

Tonmnay cnoB noanyxa d 0 MOlKIIO Bbl'IJJCnuTb no cpopMyne: 

Br 
'do• (x +x 'y/y' 

d • sbi{J 

y'n
2 

-sin 2 fJ 
l 

d , sin{J )ctg{J , 

(9) 

( 1 O) 

( It) 

I"Jl8 X ' y' x' u y' - 1[00pllUB8Tbl HaoopaJKeBBA penepuoA TO'IKB, pacnonOJK8HHOA BS 

noBepXBOCTH paoo'leA JKBAKOCTH ( z - O). 

TaKHM o6pa30M, nmt Bbl'IHCneBBB napaMeTpoB onTH'l8CKOA CIJCT8Mbl K8M8pbl no penep­

HbIM TO'IKaM H800XOllHMO, 'ITOObl nocnenuue OblnB pacnonolK8Bbl B Tpex pa3nB'lllblX I"Op1130ll-

TSnbllblX nnOCKOCTBX: Ha nonepXBOCTU CT8Kna ( d~ 

'18M 00~8M8 K8M8pbl. 

) 1 B MOCKOCTIJ Z = 0 U B paoo-

B Taorume 2 npuaeneBhl TO'IHOCTIJ Bbl'IHcneHH!I napaMeTpOB no ,PopMynaM (8)-(9) n 

3QBHCHMOCTlf OT X -bIX H Y -blX KOOpllBHST penepuon Tq'IKH B OWHOOK B3MepeBUB 

~x II ~y ) KOOpllBHST COOTB8TCTByIOlllBX TO'IeK. Ha T80/1Hnbl 2 BHllBO, 'ITO: 

I. OmaoKB B 3B8'18BH!IX napaMeTpoa, ooycnoaneHHble norpemHOCT!IMH M8T0Jl8 Bbl'IBC­

/l8HH!i ( nepB_hle nHTb CTPOK TSO/lBllbl) 1 MS/lbl H npaKTH'18CKH ne B/lH!IIOT na TO'IHOCTb BX 

BbI'IBcnenHH npB & H ~Y > I MHKpona, 

8 

,([ 
J 
I 

,'I 

I 

JJ'.) 
I • 

IJ, , 
q 
} 
1 
~ 

-f 
J. 
~-
I n 
/ 
:·1 
h 
' 

L 
11/1 
~\ 
\I'. 
y,. ,,, 
·'I 1,1 
Ii 
·i ,,, 

h 
't 
!:) 

I 

'1 
I 
\ 

11 

t 
I 

I ' 

2. 'feM nam.me penepm,1e TO'IKH OTCTOBT OT 083bl Cb8Ml[H (00' Ha pnc. o. T8M TO'I­

Bee MOryT OblTb Bbl'IBCn8Hbl 3H8'18BHll napaMeTpoB. 

s. ITorpemnoCTB Bbl'IBcnea:na pana napaMeTpOB B Hecxom.11:o paa npenblmaIOT nonycTHMble 

3H8'18BBB, ecnn OWBOKH H3Mepea:na 11:oopn11naT H30opaJKeBHA penepBbIX TO'l81[ 2:: 5 MHKpoB. 

5. Mli'roniixa axc1iepHM8HTanbs:oro nonoopa napaMeTpon , 

onTH'I8CKOA CHCT8Mbl K8M8I!,bl 

B CBB3H C TeM, '!TO 'ISCTb napaMeTpOB onTH'l8CKOA CHCT8Mbl K8M8pbl do d2 

H T.n.) B pBne cny'IS8B nem,ag onpenenHTL C s:yJKBoA TO'IHOCTLIO BB nyTeM npBMblX IJ3Mepe­

BBA, BB no KoopnHHSTSM naoopaJKellBA OTll8/lLHblX penepBblX T0'18K, pSCCMOTpHM" M8TOllHKY 

axcnepnMeBTSIILBOI"o nonf>opa STHX napaMeTpoB no penepHhlM To'IKaM, pacnonoJKeBHhlM B paa­

llH'IBblX I"OpH30BTanl,BbIX 11/lOCKOCTllX, 

Ha B03MOlKIIOCTL axcnepHM8S:TanLHOI"O nonoopa napaMMpoB YJt83blB810T Bhlp8lK8BHB 

3-5 B nas:s:ble, npHDeneBBbI8 B T.80lllll18 I. Ha STOA Taonnllhl BH~no, 'ITO ace napaM8Tpbl 

MOlKHO p830HTb HS TpH rpynnbl. 

K nepnoA I"pynne OTHOCBTCB TO/llllHllhl cpen ( d o I d l H d 3 ) • OmnoKB B 3lla'le-

BH!IX TOnmnn CM8lll810T Z -YID itoopnnnaTy s:a B8nH'IIIBY, onpenenaeMyIO B OCBOBBOM 3118-

'18BBBMH COOTB8TCTBYIOlllBX norpemnocTeA ll llp!UtTH'l8CKB ne 38BllCBlllYIO OT yrna 3peHHH {J , 

Ta1tHM o6pa30M, napaMeTpbl STOA I"pynnbl MOlKBO HCnOIIL30B8Tb nna KOMnencanHH CM8lll8BHA 

Z -Off KOOpllHH8Tbl• 

Ko BTOpoA I"pynne OTBOCHTCH noK838T8nH npenoMn8HHH CTeKna H BOllhl ( n I H 

CMemes:ue Z -oft KOOPAHH8Tbl H3""38 OWHOOK B STHX BenH'IHH8X 38DHCBT TSKJKe HOT 

XOTH H s:e 0'18Bb CHn&uo. Tax, s:anpHM8p, npH An I - 0,001 nOCTOHBH08 CM8lll8HB8 Z 
az 

D3 ) • 

fJ' 

OKOIIO 0,5 MM, a paaopoc B 3H8'18BHBX STOA xoopnus:aTbl BC/l81lCTDBe 38BBCHMOCTH 
Tn;' 

OT {J oxono 0,2 MM, 

K Tp8TL8A I"pynne OTHOCIITCB nOK838T8n7i np8/IOM/18HHB p800'18A lKHtlKOCTH D , IToI"-

_pemno=L B n CM8lll88T Z -yro xoopnunaTy na B8/IH'IBBy, 38BHCBlllYIO ue TOIILKO OT 

& H {J 1 BO T8KlK8 B OT Z 

TaKHM oopaaoM, 3BB'l8BH!I TO/llllBH B noxaaaTene!l: npe/lQM/l8HUB cpen, '18p83 KOTOpble 

npoll3B01lHTCB c~eMxa, 38 HCK/l10'18HB8M D MoJKHo nonoopaT& Ha ycnonnA: 

d2-= d'2 a const nns: z =Z'• o. 

PacCMOTpBM M8TOllBKy nonoopa 8THX B8/lH'IHH no penepHbIM TO'IKSM, pacnonoJK8HBbIM 

B8 noBepXBOCTB CT8K/18 ( d l = d, 2 • const ) , ll/lH M8TpOBOA nponaBOBOil nyablpbKOBOil 
J 

K8M8phl. B STOM cnv~ae no KOOpllHH8T8M,11300p8lK8HBli penepHhlX TO'l8K na CHBMKSX nnyx 

(:Tepeonap Bbl'IBC/lRnBCL d21 d;, B Bx cpennee 3Ba'lenBe d2 
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n n 

. \ 

_d2 = 
I d 21 + I d2~ 

1ml , lm=l 

2n 
( 12) 

3)leCb n -qncno: penepHblX TO'leK •. TTo nony'leHHOMY T8KHM C::IlOCOOOM 3H8'1eHH JO d 2 Jlll.!I 

xa=oi! cTepeonaphl noA6npanncb Benn'IHHbt do 

nk nk nm 

n d' 
0 , HCXOJl>I H3 TOro, 'ITO paB8HCTBO 

nm 

I d' I d21 I d' 
_ 1!/21. =~ (13) d2 = 1_=_1 __ =I~ 

n n 
m nk nk m 

' 
JlOnJICHO BbmonHHTbC>I C TO'IHOCTblO, H8 M8Hbmel! o,i MM, 

PeaynhT8Tbt aTnx. BbtqncneHni! 11pn.BeJleHbI B Taonnnax 3 n 4. Ha Taonnnbt 3 nerxo 

nony'IHTb, 'ITO cp8JlHeKB8Jlp8TH'IHhlH paaopoc 

i er - d21 +d;, i
2 

v 1=1 2 2 ( 14) 
n-1 

a cne)loBaTenhHo, n norpemHocTh B Z -oil xoopnnHaTe, 06ycnoBneaHa>1 ornaoxaMn B 

TOIIWHHaX a noxaaaTensix npenoMneunsi cpen, cocTaB11>18T 0,7 MM npn cooTBeTcTByromei! 

'omn15xe naMepeHni! - ud
2 
= uz = O,S MM. 

AHanorn'IHhlM cnocoooM MOlKHO nonol5paTb napaMeTphl no penepHbtM TO'IKaM, pacn<;>no­

)KeHabtM Ha noBepXHOCTH pal5oqei! )KllJlKOCTH nnn B paoo'leM OO'b8M8 K8M8pbt, ecnn TOnhKO 

H3BeCTHbl KOOpllHHBTbl HX nao6pa>K9HHI! Ha CHHMKaX CTepeonaphl. 

3aKnJO'l8HH8 

TTpnMeHeHne M8TOJlHKK nonl5opa napaMeTpoB onTn'lecxofi cncTeMbt nyahlphKoBoi! KaMe­

pbt no penepHblM TO'IKBM noaBom1eT: 

I. CymecTB8HHO CHH3HTh Tpel50B8HH>I K TO'IHOCTH H3Mepean,i TonmnH H noxaaaTenel! 

npe11OMn8HHH cpen, qepea KOTOpbtE! npoH3BOllHTC>I C'beMKa, 

2. KoMneHcnpoBBTh norpernHocTn B OJlHHX napaMeTpax aa_cqeT Apyrnx n 611ar0Jlapn 

aToMy onpenenHTh Z -bt8 KOOpllHH8Thl TO'18K Tp8KOB C norpelllHOCTRMll,B HeCKOllbKO paa 

MeliblllHMH, '18M OIIIHOKH H3MepeHH>I TOIIWHH. 

3, KoHTpOIIHpoBaTh nocTOHHCTBO napaMeTpOB onTH'l8CKOH CHCT8Mbl KaMepbl_ B xoue 

Bcefi axcnoannnn. 

B 38KIIJ0'18HH8 aBTOP Bbtpa)KaeT HCKp8HHIOIO 1511aro11apHOCTh B.n.n)KenenoBy 38 IlO1183Hhl8 

oocy}K.[leHn!I, n. KayTCKOi! H E. r":paCKIIIIy 38 npoB8/l8HH8 Bbl'IHcneHni! Ha anexTpOH.HO-C'l8T-

HOi! MamnHe. 
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l'a6nfil!a I 
' 

3uaqeHlUI lt03qq>HUH8H?0B IlpH M , , M 0 , M 1 H fe.D:• 

I ' 
B BHpaieHHH ;u.nR ~z npH pa3JU1qHHX yrnax sp.eHHSi f3 

/3 £1_ az I!,_ az I!,_ ~ az 
an ad0 ad 1 ad 2 an! an2 a;-

100 7,0I I,24 0,81 0,93 64,8 479,2 153,6 ' 

200 3,46 · I,26 o,ao 0,92 66,8 501,6 162,8 

30° 2,25 I,30 . 0,79 0,91 69,7 541,9 179,5 

40° l,63 I,37 o,76 0,90 73, 7 600,l 207,2 
-

lO 

Ta6JI!Ya 2 

Totmocr1, onpe;u.eneHHJI napa11erpoB onuqecxoil c1:crew 
xa.11epw no 1toopiauara11 •ao6paxeeRil penepuwx.foqex· 

~ = ~, X y ~d2 &2 
' 

'& 

-;-
D )0( MK D -

0,000 150 150 2,9.10-4 5;1.ro-7 . 2.10-4 

0,000 250 250 4,6.ro-5 3,0.IO -8 · 2.ro-4 

0,000 300 300 3,3.ro-4 6,o.ro-7 4.ro-4 

0,000 350 350 3,s.ro-3 6,o.ro-6 s.ro-5 

O,OOI ISO 150 0,68 0,0012 0,006 

O,OOI 250 250 0,4I 0,0007 0,003 

O,OOI 300 300 0,17 0,0003 O,OOI 

O,OOI 350 350 O,IO O,OOOI O,OOI 

0,002 .ISO 150 2,0 0,0036 O,OI8 

0,002 250 250 I,2 0,0021 o,on 

0,002 300 300 0,5 090010 0,004 

0,002 350 350 0,3 0,0005 0,002 

0,005 150 150 5,4 0,0095 0,048 

0,005 250 250 3,3 0,0058 0,030 

D,005 300 300 1,4 0,0020 o,on 
0,005 350 350 0,8 0,0014 0,006 
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TaOn!!J.a_3 
' 

3HaqeHHa d 2 , mqucneHHYe no xoop,1tHHatau HsoopazeHHH T1:1.0JI]!!!a 4 

penepHHx toqex Ha CHBMitax ,1tByx ctepeonap Hsuepemrae B no,1toc5paHHHe sHaqeHHS: d0 H d0 ,1tna· 

I ctepeonapa - m ctepeonapa ,1tByx crepeonap 

Jlo no.1tOopa do , Ilocne no,1tOopa.<10 J{o no,1tOopa do Ilocne no,1tOopa _do 

) 

d2 d' d2 d' d2 d' - d2 d' 2 2 2 2 
1 ctepeonapa m ctepeonapa 

,. UM lO( MY Wt: lO( Mil lO( MIi 
Hs:r.rnpeHHHe Ilo,1todpaHHHe HsuepeHm,ie Ilo.ztoc5paHHH8 

643,8 642,3 643,6 64I ,9 . 644,9 643,4 645,2 643,!} 
do d' do d' do d' do d' 

0 0 0 0 

643,6 644,5 643,5 644,I 644,2 643,2 _ 644,4 643,8 
ID( Wl }O( JO! l!1,l Ml( w W,{ 

643,0 644,2 642,8 643,7 643,6 643,I 643,9 643,7 

643,3 645,S 643,I 644,9 643,I 643,I 643,4 643, 7 34,80 34,60 34,90 34,94 34,60 35,80 34,40 35,40 

643,5 642,I 643,4 641,6 643,4 643,I 643, 7 643,6 

642,I 643,I 642,0 642,7 642,8 642,8 _ 643,1 643,3 

642,7 643,1 642,6 642,7 642,8 642,l 643,1 642,7 

641,9 645,0 641,8 644,6 642,1 641,8 642,4 642,3 

644,3 642,6 644,2 642,1 641, 7 642,0 642,0 642,6 

643, 7 642,7 643,6 642,2 643,0 642,7 643,2 643,3 

642,7 643,3 642,5 642,9 6~1,9 . 642,2 642,2 642,7 

642,9 643,3 642,8 642;8 641,8 641,5 642,l 642,l 

643,I 643,5 643,0 643,0' 641,2 641,8 641,5 642,4 

. 640,6 641,9 641,0 642,5 

644,2 642,0 · 644,5 642,5 

,642,6 642,l _ 642,8 · 642, 7 
' 

·- 642,7 642,4 643,0 643,0 ,. · 
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