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B JJa6opaTCipHH H)l.epHbiX 'npci6JieM mum: )I.JIH . HCCJie)I.OBaHHH Ha 

MO~eJIH MarHHTHOH CHCTeMbl H30XPOHHOrO URKJIOTPOHa Y-120H C03)1.aH 
< ~ ' ' ., ~. < • f' 

KOMllJieKC o6opy)l.oBa'HRH H nporpaMMHOe o6ecneqeHHe Ha OCHOBe 

IT:3BM "ITpaseu-16"(IBM PC/XT): 

CHCTe~a. )I.JIH ~-3Mep~H,RH ·. MarHHTHDrO llOJIH B KJIIQqaeT B ce6H: 
. . , ·:ri:·.' . 

a) H3MepHTeJibHY~ IIITaHry 
; j; ~ 

c )l,aTqRKOM XOJIJia 

cr,oqii'ocT'b · ±1~10-4 )/ 1 /; · 
6) 3JieKTPOHHble ycTpOHCTBa, o6ecneqRBa~IUHe CBH3b Me:lK)I.Y 

IT:3BM H UR¢pOBhlM BOJ!bTMeTpOM (UB), a TaK:lKe .Me:lK)I.Y IT:3BM · · R 
. •.: 

~; : j. 
npHBO)I.OM a3HMyTaJibHOrO nepeMeiUeHHH i, 

B). naKeT nporpaM!4, )I.JI,H y_npaB,JI~HRH BCeH CRCTeMOH. B .UeJIOM, 
; . : •• : • •• ' ' • ~ • '1 ~ ~ ·' ': . ' ·: • • 

·' '< • ~·· ~' • • '< ( ' 

se)l.eHijH )I.HaJiora 3KcnepRMeHTaTopa c IT:3BM. H. o6pa60TKR 
· ~-" 1 · · · ' ~ · L• _. ·. ' . ' ~f: .· . f:, , .• l __ - ;_ ;-J : :. ~; 

pe3yJibTaTOB H3MepeHRH. . 

Ha. pHc .1 · npe)l.cTaBJieHa 6JI~K,~cxeN{a CHCTeMbi R3MepeHHH ., 
MarHHTHOrO llOJIH. 

H3MepHTeJibHaH IIITaHra o6ecneqH
1

B~~T' nepeMeJeHHe )l.aTqHKa · 
• ~- •• -, ••• -: : \ >".· • ' ~ ~ ' 

XOJIJia B llOJIHPHbiX KOOp)I.HHaTaX r, p. B KaqecTBe .a3HMyTaJibHOro 

npHBO)I.a HcnoJih3yeTCH lllaroBhlH )I.BHraTeJih IIUl-5)l1M · c 6JioKOM 

nRTaHRH, onHcaHHUM B 12 1 .. ,.·: : CBH3b ~· 6JioKOM .. · nHTaHHH 

ocymecTBJIHeTcH qe.pe3 '}BbiXO)I.HOH ·· perRCTP: · KB002/
3
/, c .. , noMOIUh~ 

) . . .. . ' .. ·- . ;'- ~ . ' . ; . . ·. ·-· ~ - -' ::~ 

KOToporo rrepe)l.a~TCH ynpaBJIH~IURe KOMaH)I.hl QT.ll:3BM ~ qaCTOTOH 
,''' . •,' j '· 

"' 3 KfU. KOHCTPYKURH IIITaHrH, ll03BOJIHeT R3MepHTb MarHRTHOe 

llOJie B )I.Hana30He .'pa)I.HYCOB . 07,61, 5 C~ . B.; Me)I.HaH~OH, llJIOCKOCTR 

(z=O) R Ha paCCTOHHRH of _!:lee )l~ 2, ~ 

MarHRTHoro no'Jii MO:lKeT 6h!Tb . , Bbl6paH 
,, .. ;_, 

CM. 

0,5; 

Illar . R3MepeHRH 

2,5' , .H 50 

COOTBeTCTBeHHO. ToqHOCTb ycTaHOBKR· )l.aTqHKa ITO a3HMYTY H. 
' • 0 "' ,,,.,,., 

pa)I.Rycy COOTBeTCTBeHHO paBHa ± 0,02 ; H ± 0,1 MM. 
-·l . ); ' t i • _..,. """"'". -~ -. 

.(·• 

Piw. 1. EJIOK-CXBMa 

8BTOM8TH3HpOB8HHOH CHCTBMU .· 
' :1 

H3MepeHHH MarHHTHOrO llOJIH. 
. . . . ,. ·.' . ,; \~- i 

-~-'t 
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HanpH:lKeHRe ·. c )l.aTqRKa , R3MepHeTCH UB (TR-~515)1) •. )lJIH 

3anycKa R npHeMar7r,~(jJOpMaU~H: .. c:~~fll;l'-::~~~pa6oTaH "·RHT~p(jJeHc/4 / B 

J ·' ,'I ' . ·•.· • : ,·: •·~ :: ~;;:~;:~ l ' .. . 
;~~~;·~~~!iet _j~, 



cTaH,napTe KAMAK. <I>yHKI..(HOHaJibHaH CXeMa· tsJIOKa rrpe,ncTaBJielia"- Ha 
''. •' • • /~ • < ~' ' ; 0 :\ ·.,\,' ','' ,·': > 1: ' , ' > ,"< : 

pHc;2. }a,nycK UB ·ocymecTBJI51eTc51 no KOMaH.ne NA(O)F(25). no· 

c~rHaJiy ;,3anyc'K·" (JlJIH~eJibHOC;~ . 2: 200 MKC 1 .. • ITOR~)KHTe'.ri~~OH 
ncin.Hp,HOCT~ c . a~n~~TY~OH ;'12B;. . .llaHHble ~ UB:, no. OKOH'IaHHH 

H3MepeHH51, 3anHCb1BaiOTC51 B .nB yx 16-pa3;PH~Hb1X _ -·~xo1inix per~e_Tpax · 

( cHrHa~~·. ~aH~biX . HM~KJ~ ·'ri~JIO)KHT~JlbHYKJ noJIHPHO~·Tb·. c aMITJIHTY .nol1 

12B) . H Ha B~xoie cpop~HpyeTc~. ~'HrHaJI ·• L: no~n·E! . nor:o -_ Ko.n 

H3MepeHHOH BeJIHqHHbl COBMe~THO C KOHTPOJibHbiMH 6H;·aMH ~~-)KeT 
~ .. , ; ' ', .:J ; . ,. . 'i ~ . . l_· • -. 

6b1Th cqHTaH KOMaH,naMH NA(0 •• 1}F(O). CHrHaJI Z c6paCb1BaeT 
' ..... . ~ ' ' : ' ' 

6no~a 11 · 6noi<Hp'y'E!T.' c11rl!an · L. snok · sblnomiHet perHcTpbl 
·:;! l!-· 

cne.nyKJmHe KOMaH,nbl: 

•'" NA( 0:. i')F( 0) . , _ . ;· t; , ! (J ; '.; L J • • 1 ) '-~: 
1 

qTeHH8 BXO,nHbiX perHCTpO H c6poc L 
i ~ ' 1" .,_ '_,.. . . 

''NA(O )F( 8) 

NA(O)F(10) 
' - ·. ---~ ' , 

NA(O)F(24) 

hposepKa iia'~~~~H '6~~ii~n L ·~ 
c6pocTpHrrepa L 

. . :.: '~. ~ ' ... , ' .· ~ . ! ·. 

6JIOKHPOBK~-c~rHaJia ~· 

NA(O)F(26) pa36ROKHPOBKa CHrHaJia L 

NA(0)~-('2S) ·_l~nycK' 'J3'oJibTMe:f;~a :.), 
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f!>JHKL{HOHBJlf>HBR ·CXeMa 1Jfi-('repf[Jeifca L{Hf/JpOBOFO 

BOJibTMerpa TR 6515 D. 
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llpH BblnOJIHeHHH yKa3aHHbiX KOMaH-!1 Bll.n.a"eTCH .·CHrHaJ~ • X=1. 

noTpe6JIHeMbll1·Tbi: 0,6 ~no rienH.~+6B" H 1.0 A no uenH,"+12B"~ . . ' ,'' . _,, ' " ...... 

,;;,Ha .. ·: pHc. 3 npHseneHa 6noK:-cxeMa nporpaMM ynpaBJieHH.H 

H3M8PHTeJihHbiM CTeH.nOM. Bee nporpaMMI:l .HanHcaHbl Ha H~b!Ke 

FORTRAN-77. fOJIOBHaH: nporpaMM~ YEXP. ocymecTBJIHeT .· BBO,n 

HCXO.nHOH. · HHcpOpMaUHH H nocJie,noBaTeJihHbiH. Bbi30B Tpex ,npyrHX 

no,nnporpaMM. B Ha qaJie pa60TI:l Ha 3 KpaHe~. ,UHCnJieH nOHBJIHeTCH 

HHcpopMaUHH 0 nop51,nKe _ B KJIKJqeHH51. ynpaBJI51KJUleH 11 perHCTPHPYIOiueH 

annapaTypbl. .llaJiee ocymecTBJIHeTC51 HHHUHaJIJ13aUHH Kpel1Ta KAMAK 

H HHTepcpe!1ca UB. ECJIH no KaKOH:-JIH60 npHqHHe ,na~Hbl8 6JIOKH He 

3a,neJ1CTBOBaHbl (HanpHMep, He B K JI({)q eHbl ) I Bbl,naeTCH 

C00TB8TCTBYIOUla51: HHcpOpMal.(J151. .llaHHble, ~.~np~,UeJIHIOIUHe nop51,nOK 

pa60TI:l, BBO,nHTCH C: ,nHCnJieH B ~e)KHMe ,UHaJiora (.naTa H HOMep; 

3KCnepHM8HTa, pa,nHaJihHI:le H a3HMyTaJibHble rnarH H rpaHHUbl 

nepeMemeHH51 lliTaHrH no pa.nHy~y H a3HMYTY.t HOM~~a. aHaJIH.3HpyeMJ;lX 

rapMOHHK MarHHTHOrO nOJIH. H ,,npyraH, HHcpOpMaUHH,, qaCTO - ,,,., 

H3MeHHeMaH, B. npouecee .Mc_>.neJIHp_oBaHHH). o6maH norHKa p:~6oTbl 

TaKOBa, qTO· · H3MepHeTC51 H o6pa6aTbiBaeTCH. Ka)K,nl:lH .. _ pa,nHyc 

OT,neJihHO. Pe3yJih~aTbl ~3Mep~HHH BbiBO~HTC·~ H~ ,nHC~JieH.· ~Ha~~~~· . . . . . . '\.', ~·· " . ·:: ' 

B. MV, a 3a'feM, no KoMaH.naM onepaTopa, ocymecrsn,HeTcH. nepeso.n 

H3MepeHHbiK BeJIHq~~ B,e,n~~~l.(bi:~~~HHTHOrO no~~~ ~y~he~~Ha~J13 B 
• • • ., ' •• j: • • " ~ • •• " - • • -J ' • , 

pe3yJibTaTe Bb130Ba no,nnpor:paMMbl HARM. TaKOH pe)KHM'" no3~~nHeT 
" .• ) • '· ' - • . - ' f -- • ' 

KOHTpOJIHPc_>BaTh pe3yJibTaTbl H3MepeHHH . .n.J!H Ka)K,noro. pa,nHyca H 1 • B 

CJiyqae. OlliH6KH,. npoH3BO,nHTb nOBTOp~ble 113~epeHHH. ·J•' -'" 

.,_ F 
• >• 

i ·: ; : \;· '. ' ~. :· 1 

PHC.3. EJIOK-CXeMa nporpaMM 
' - '" ·' ·: ,; rt·. · ~ · · 

ynpaBJieHHH H3MepHTeJibHUM 

CTeHAOM H o6pa60TKH 

pe3JJibT8TOB. ;-· 

OpraHH3aUHH ,nBH)KeHHH lliTaHrH ; no a3HMYTY 1 npHeM H aHaJIH3 

Ko.nosol1 HHcpopMaUHH oT UB B ll3BM ocymecTBJIHeTcH nporpaMMOfi 

.MESFIELD. llapaMeTpbl ,nJIH ,naHHOH nporpaMMbl onpe,neJIHKJTCH B 

nporpaMMe YEXP •.. B MESFIELD. BXO.nHT no.nnpor:paMMbl, Bl:lnOJIHHIOUll18 

cne.nyKJUlHe onepaUHH: 

3-



1) START_TR 3arrycK UB; ... 
2) READ..:._TR - 'iTeime .ziaoH'iHO-.lleCH1'Ht~HO}i .. HHcfJOIJMaUHH' C ·UB 

H npeo6pa3osaime '·B Ko.ll · H3MepHeMo}f 

BeJJH'iHHhli 

3) ADD_FI . ·- rrepeMeiUeHHe H_3Mep~TeJJhHO}i lllTaH1H · Ha O.llHH •. 

lila! ITO a3HMYTY B. ycJJOBHOM ITOJ!OlKHT'eJJbHOM 

HarrpaBJJeHHHi 

4) TO BEGIN rrepeMeiUeHHe H3MepHTeJJhHOH liJTaH1H B 

HCXO.llHOe COCTOHHHe i ·'' ' 
. , . ...J 

5) EH6JJHOTe'iHhle. IlO.lliTP01paMMhl .llJJH pa60Thl C MO.llYJJHMH KAMAK 

'iepe3 KOHTPOJJJ!ep Kpe}{Ta KK009f:S/,. .·<:;. 

AHaJJH~ H 'KOHTpOJJh IlPOXOJK.lleHHH KO.llOBOH HHcpopMaUHH 

rrpoHCXO.llHT bJJe.lly~~~M o6pa30M~ hp~ HaJJH'iHH OliJH6KH (HeT 

CH1H!iJJa · L ·'HJJH c6oH · 8 ·pa6oTe UB) B .llaHHoH TO.'iKe rrpoBO.llHT,cH· 

ITOBTOPHhle H3MepeHHH (.llO 3 pa3) H pnepaTopy · Bhl.llaeTCH 

HHcpopMaUHH: 
1
"FALSE ,;: : flpH 6e30lllH6o'iHOM _H3MepeHHH" ITOJJH Bhl.llaeTCH' 

3Ha'ieHHe "TRUE" H 's'ecb MzlCCHB H3MepeHHH' .llJIH .llaHH010 pa.llHycai 

nepe.llaeTCH B 10JJOBHyiO nporpaMMY. I13Mepwf'e'JJhHaH rnTaH1a ; :a 
o60HX CJ!y'iaHX nepeMeiUaeTCH B HCXO.llH0e COCTOHHHe. ' ' · L 1 '.·:· 

rrocne H3MepeHHH <ace}{' Kapyu' Ma1HHT.Horo rroJJH B YEX!> 

¢opMHpymc.5I ¢a~JJhl 'cpe.llHe'ro · no.JiH ·a ( R) . aMrrnwfy .llhl' B c R) ilH. ¢a3hi 
'' :.: }, ·.' ;'- : ' ,' :~: . ,: ;, r r' _, • .'. ,'· . . ~- • . : 

tpN(R) rapMOHHK .llJJH rpa¢H'ieCK010 'ITOCTpoeHHH H' .llaJ!bHe}fliJeH 

o6pa6oTKH i3 · nporpaMMe QRQZ ~·· 3Jlech pacc'iHThll3a~TcH H3oxp'D'HHoe 

Ma1HHTHoe IlOJJe B: ·. c'R) I, n6Ka3aTe'mi' .llnH H30XpOHH010; H 
H3. · 

H3MepeHHoro none}{ n 1 n 1 <IaCTOThl cso6o.llHhlx Kone6aHHH Q 
1 H~ r 

Qzl OTKJJOHeHHe H3MepeH~or9 ITOJIH OT H30XpOHHoro 1 HCITOJ!h3YH 

CJ!e.lly~IUHe' aHaJJHTH'IeCKHe 'shi:paJKeHHH / 6 / 
I ~ '~, •J_ : 

Bo(l· + <T) 

BH3(R),,; 

~- [ :. • ( 1 + U) ( 

_,_,, 

1.lle B 
0 

IlOJJe B ueHTpe I • R;, ·~ 

4 

.. _. 
E 

___ o __ ··•· •. ';· 
ZeCB0 ,. -'LU 

' ~ : 

l ~ . 

(:' J : \ ~ •• ' 
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<r(R)= . ~(~~::~~;1+:)} 2' . , , ;; 
2 (N ;1-n) 

, 
,,;.. · .'C~(R)]!•' 

.+.·}?: .;t, I~ 'c '{R) .,.+ 
~-:; ·. '-!-?; ~-'-~ i,·- ~: -~. N L 

·N2 , ... ' 

' ' ' ~ .. 
.:,:'i{· 'da • )' 2 -~ ~ , .. · . c~ (R)N

2 

... '+' 
. B ·. , 

CN(R)= N (,R) 

Q~(R) 

~ ~;I ~.-- ', 

~·' l 

1 
'd 

2 

Q:(R) 

4(N
2
-1-n) 2 B(R) "i 

n;:::· "".!...":.t'·:-= -.. : .. ~.:: ... > ;·,_. 
a, .. ,: .. ctR 

2 2 , 2 c2N2 
N . 

- n-+ . + 
2(N

2
-1-::n). 

2c2 N 2 

2N 

( 4N
2 
-1-n) 

. 2 2 , 2 
. cNR rpN 

+ -----
2 

c Rtp 
+ 2N 2N + 

2(N, ..,.~1-n) 
2 

2( 4N ;:-lc:-n) 

2 2 1 2 2 2 1 2 
. ~NR rpN '. •e2NR tp2N 

'+ +·-----
(c,R)2 

N , 
+· 

'.'.\ 2N~ ,.·: ·8N~ · -..•2N
2

. 

(1 ~ ~ 2 ~ h·~ di -
" 2 c c R 

N · N p-,,.:,, 

2 (N
2
-1-n)• ;., ..... 

· 2 .... :·:·2-· 
R. dB 
~·~-~-·· 

a.·· ctR2 
.·"' 

(1 + n) 0 [ 1 + -(c Rtp ) · 
3 , 2] 

2N2 N N · 

N2 Rc 
0 [2 - + __ N + 

eN nr 2(N
2
-1-:n) 

, 2 
c c R 

+' N N 

2 (N
2
-1-n) 

+ 

0.7 

.. 
·; t 

c c R 
' " ,.N N 

2 m -l:;n) (ltn) 
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2 (N
2 
-4-4n) 

c~ 
(N

2
-1-n) 

(c,R)2 
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2 

+ 

Pe3yJJhTaThl . H3MepeHHH 

o6pa6oTKH BhiBO.llHTCH Ha 

f-r)acpH'IeCKH. 

MarHHTH010 ilOJJH H 

rre~aTb H M01YT 6HT~ 

rrocJJe.lly~IUeH 

npe.llcTaBJJeHhl 

CHCTeMa ~3MepeHH}i rrpaKTH'IeCKH He HaKJJa~h!BaeT orpaHH~eHHH 

Ha pa~HaJJhH.hiH: H a3HMyTanhHhiH rnarH nepeMemeHHH ~aT~HKa XoJJJJa 
1 

H ~X Bhl6op onpeJleJJHeTCH 06JJaCfh~ ¢opMHPOBaH~H MarH~THOro IlOJIH 

( ueHTpanh.HaH o6JJaCTh 1. o6JJaCTh ·· Bh!Bo.lla) • . • BpeMH; H3MepeHHH, Ha· 
~ ';' 

's 



onHo~ panuyce c rnaroM 50 
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BKJliQqaSI BP~MSI rapMonuqecKoro 

aHaJln~a,, COCTaBmi'eT "' 3 MllH~; 
' ' ·' ~ ' 
'B 3aKniOqeuue aBTOPH BHpa:JKaiOT 

H.JI.3arrnaTHHy, 

A.B.HoiHKOBy 3a 
E.n.ropo.uuuqesy, 

6Jiaro.uapHOCTb 

, c.A.HsarnKesuqy, 
,-,) ' 

B.B.KanHHHqeHKO 

KoHcynhTaUHH. 

H IIOMOllib. H. rrone3HHe 
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;.; .; 
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