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MaTeU8TBqecKoe o6ecneqeHBe CHCT6UH BSUepeHBi CHBUKOB C nY,-
3Hp~KOBHX Kauep 88 6ase CKa&Hpym~ero aB!OU8f8 (CA) TBDa HPD]l/ 
BKnDqaeT B ce6R KaK COCTaBHYD qacT~ nporpaMUBHR KOUDH6KC, o6ecne­
q&BaD~M KUB6pOBKY OTcqeT&Oi CHCT6UH CKaHBpym~ero aBTOUaTa. B 
npoQecce KUH6poBKH onpe~eHRDTCH s&aqe&HH pa~a napaueTpoB (KaHH6-
poBoqaye KOHCTaHTH), HCDOH~ayewe ~na npeo6paSOB8HHH CBCT6U KOOp~M-
88! npB paSHHqftHX HanpaBHeHHRX CK8HHpOB8HBR. 

B ~aHHOi pa60!e BHBO~H!CH ~OPUYHH npeo6paSOB8HHH, Kpa!KO HSHa­
raeTCH U6TO~ onpe~eHeHBH KaHB6pOBOq&HX KOHCTaH! H ero nporpaMMHaH 
peUBS8QBR. Bcm~, r~e 8!0 B03UOZHOl UH 6y~eu DpH~ep&HB8T~CH CBC!e­
UH 0603HaqesHA, fiPBHH!HX B pa60!e /~/, B KO!OpoM ODBCa& nponecc 
KUH6pOBKH CKa&Bpym~ero 8BT0118T8 HPD Mar~~;,- J.. 

§ I. CHcTeua KOOBIHBaT CA 

nns ~opuU~BOrO onBCaBBR OTCqefBOi CHCT6UH C! B BYBO~a ~OpUyB 
DP,eo6paaOB8BHR BaM DO!pe6ymTCH OCHOBHHe CBe~eHBH 0 ueTO~e CKaBHpo­
BaBBH ~OTOCBHMKOB sa CA. 

B CKaBHpyD~ 8BTOU8!8X TBna HPD npBueHeB OnTBKo-MeXaHBqe­
CKHI cnoco6 ~puBpOBaBHft ~yx pacTpOB pasnaqsol OpB8BT8QJB /I/, /4~ 
co~Berc!Bym~ nonepeqaouy B npo~o~souy cxaaapoBasam ~~ua. Hs­

?uepaeUHI ~OTOCBBUOK BaKyyuBHM DpBZHUOU ~BKCBpye!Cft Ba 60KOBOI no­
BepxBOC!B DpHSW1 KOtOpaH HBnB6TCH qacf~ ~~UOBOrO KaBUa B no-

KOI!CB H8 H3U6pB!6HhBOU C!Oie - CBCTeUe H3 ~yx KapeTOK 1 C DOUO~D 
rB~OfiPBBO~a nepeue~~CH B ~Byx BSaBUHO n~pneHAHKYHHpHHX BanpaB­
H6HIIRX OX B OY • Buec!e c ~atqxxaua sa AH~paKIUIOHHHX peBe!Kax, pe­
racrpapymUIIB nepeueJileBHH HsuepB!e~soro C!OJla no OX B OY , arB 
,ltBa aanpaBneau SSJlaDT npauoyronuym CHCTeuy KOopJtBBaT lOY c e~­
aanel ofcqeta, B saaeu cByqae paBsol 2 uxu. Haq&~o xoop~BHaT BY-
6BpaeTca npa Kpalseu noHoae&BB Kape!~~e no KOBaHJte SBM npoaa-
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B0.1tHTCH o6HyneHHe peBepcHBHWC ctieTl!HKOi X 1r1 Y , Teu caublu o6ecne­
l!I4BaH nonoZHTen»HOCT» ROOP.1tHHaT Bo Bee~ pauotiei o6nacTH nepeueme­
HH~ HSUepHTeJIDHOrO CTOJia CA. 

nna no;nyqeHHK ,1tBHKymerOCH CBeTOBOrO llflTH8 HCllOJibSyeTCH Bpama­
~mHKCH ,1tlr1CK C pa,1tHaJibHblUJ4 meXHUJ4 1 nouemeHHbli UeSly HCTOl!HHKOU CBe­
Ta H HenoABHxaol men»~. OnrHqecxaa cxeua c pas,1tenHTen»HO~ npHsuoA 
~opuHpyeT 14306pazeHHe llKTHa 0,1tBOBpeueHHO Ha ~OTOCHHUKe H WTPHXOBO~ 
HSUepHTeXbHO~ pemeTKe C marou 25,4 YKY. TpaeKTOPHH llflTHa B llJIOCKQ­
CTH ~OTOCHHUKa - OTpeSOK npauo~, opHCHTHpOBaHHblA nonepeK ~HJibUa. 
npyraH HenoABHKHaH men» H aHaJIOrHqHaK OllTHqecKaK cxeua CO WTp~XO-
BOI pemeTKOM ~opuHpy~T BTopoe llHTH0 1 TpaeKTOpHH KOTOpOrO napa;n;nen»-~ 
Ha KpaD ~Hn»ua. EHCTpoe nepeuemeHHe nHTHa B col!eTaHHH c paBHouep- -
HblN nOCTynaTeJIDHblU )tBHKCHHCY HSYepHTeXbHOrO CTOXa B,1t0Jlb OCH OX 
oopasyeT B nxocRoCTH ~Hn»ua nonepetiHblA pacTp TeneBHSHOH&oro tHna. 
llpo,1ton»Hbll pacTp o6pasyeTcH npa ,1tBHZeHHH HsuepHTen»soro cTona 
B)tOJlb OCH 0 Y • 

ilOXOZCHHe CBCTOBoro llHTHa B,1t0Xb CTpOl!HO~ pasBepTKH B TCKYUI 
MOMCHT BpeueHH OT06pazaeTCH C TOl!HOCTb~ ,1t0 nepH0,1t8 pemeTKH 6blCT­
pblU cqeTl!HROU ~ 1 Ha KOTOpOM C YO~eHTa Haqa;na ,1tBHKeHBH llHTHa no 
CTpORe cyuuHpy~TCH onopHble Hunyn»Cbl OT WTpHXOBOi pemeTKH. nna 60-
;nee TOl!HOrO onpe)teneBHH KOOp,1tHH8T cepe,1tHHbl 06~eKTa (C C,1ti4HH~el 

OTCqeTa ~ 115 YKU) HCllOX»ayeTCH HHTepnOnH~OHHbll reHepaTOp llOCTOHH­
HOi qacTOTbl /I/, 74/. BC~AJ B ,1t8XbHelmeu KOOp)tHHaTy CB6TOBOrO UHT­
Ha B,1t0Xb CTpoqHo~ pasBepTKH 6y,1teY 060SH8l!aT» npH nonepel!HOU CKaHH­
pOBaHHH qepes wx , a npH npo,1ton»HOM - WY. 

ITpH 3000 060pOTax B YHHYTY CKaHHpyDmero ,1tHCKa nepHO)t CJIC,1tOBa-
HHH CTpOK paBeH 2,5 MCeK, npH STOU AXHTen»HOCTb pa()oqero X0,1ta pas-
BCpTKH llHTHa COCTaBJIKCT "'2 ucel( (Tal:( H8SHBaeubll CBeUbll nepHOA) 1 

,1tJIHTCXDHOCTD naysbl ,... 0,5 Y.CeK (TCYHbll nepBOA) • llepes d 060SH8- ~ -.. 
l!HY OTHOWeHHe TeUHOrO nepHO~a K CBeTXOYy. 

rroxasaHHe cqeTl!HKa X npH nonepetiHou CKaHHPOBaHHH ~OTOCHBYKa 
Cl!HTblB86TCH B KOH~e K8SAOrO CBeTXOrO nepH0,1t8 1 Teu CaYblU BCeu KOOp­
,1tHH8T8U WX , llOCTynHBWHU npH CKaHHPOBaHHH CTpOKH paCTpa, CTaBHT­
CK B COOTB6TCTBJ4e 0,1tHa H Ta ze KOOPAHBaTa HSuepHTeXbBOrO CTOJia,sa 
KOTOPO~ Ubl COXpaHHU OClOSHaqeHHe X. AHanorHl!HO npH np0,1tOXbHOU CKa­
HHpOBaHHH COBOKYllHOCTH KOOp,1tHH8T Wy 1 saperHCTpHpOB8HHblX 88 0,1tHO~ 
H TOK lle CTPOKe pacTpa, COOTBeTCTByeT o6maH KOOPAHH8T8 Y • ITpH 
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HOpM8HbHO~ pa60Te CA O~H8 H3 ~eKapTOBwi KOOp~HHaT OCTaeTCH no­
CTOHHHO~ ( y npH nonepeliHOU H X npH npO~OHbHOM CK8HHpOBaHHH). 9Ty 
KOOp~HHaTy M~ 6y~eu HYeHOB8Tb HeTIO;l(BHEHOa KOOp~MH8TO~ H3YepMT8Hb­
HOrO CTOHa, a ee 3H8lleHHe, npH KOTOpOM OCy~eCTBHH8TCH CKaHHpOBaHHe, 
6y;l(eU COOTBeTCTBeHHO 0603H8li8Tb YSTA6'E 1 XSrAfi-E • J{HH 
o6ecnelleHHH BOSMOXHOCTH nporpauMHOrO KOHTpOHH Sa pa60TO~ 8BTOM8Ta 
aTa KOOp~HH8T8 TaKXe CliHTHB86TCH B KOH~e CB6THOrO nepHOA8 B 6y~ep­
HY'IJ TI8.14HTb CA. IlOYIIIUO KOOp~IIIHaT HSMepiiiTeHbHOrO CTOJia, B. KOHI.{e CBeT­
HOrO nepHO~a CliHTHB88TCH TIOK838HHe Cli8TliHK8 ~ - B8HHliHH8, KOTOpaH 
npH H~eaHbHOK pa6oTe CA OCT88TCH TIOCTOHHHOK OT Hallana ~0 KOH~a CK8-
HIIIpOB8HHH ~OTOCHBYKa. Ilocne~oBaTenbHOCTb Koop~HHaT, nepe~aBaeuaH 
B naUHTb BHliHCHlrfTeJibHOH MaJBIIIH~ CDC-I604A, BHrHH~HT cne~IOII\HII 

o6pasoLS: · 
nplri nonepeliHOII CKaHHpOBaHHH -

V·J 

••• WX, wx, WX ,wx, F~2-,YSTI9GE, WX, WX, 

H npH npo~OJibHOM CKaHHpOBaHHH -

.•• WY, WY, WY, ~y, FG-CY,'XSTAGE, Y, w..(, W~, ... 
r;l(e F (i C X F fi- C Y - llOKaSaHIIIH Cti8TliHKa W B KOHI.{e CBeTHOrO 
nepHO~a npH nonepeliHOY Ill npO;l(OHbHOM CKaHIIIpOBaHIIIH. 

IlpH KsMepeHBH aa CA ~OTOCHHUKOB c nyaHpbKOBHX Kauep qacTo 
BOSHHKaeT Heo6XOAHIIOCTb B CKaHHpOBaHHH SOH ~OTOCHIIIIIKa KaK B rro­
rrepeliHOU, TSK H B ITPOAOHbHOU H8TipaBJieHHH. PesyJihT8TH aHaJIHSa, no­
JiylleHHHe COOTBeTCTBeHHO B CHCTeUax OTClleTa (X, WX ) H ( Y 1 WY ) , 

;l(OHZHH 6HTb S8TeU BHpaEeHH B e;l(HHOi CHCT8118 OTClleTa, K8K 3TOrO 
Tpe6yeT ~opuaT BXO~HHX AaHHHX ;l(JIH rrporpauUY reoueTpKli8CKOK peKOH­
CTpyKI.{IIIIII C06YTHA. IlpHB8;1(8HHe pesyJibT8TOB H3UepeHHH K e~HHOi CHCTe­
ue OTCli8T8 IIY 6y;l(eU B ;1(8JIDHeimeu H8SHB8Tb CmiiiBaHHeU pesyJibT8TOB 
norrepeliHOrO H npO;l(OHbHOrO CKaHIIIpOBaHHH HJIIII llpOCTO CmBB8HHell 
CHHUKa. KoHCTPYKUHH onTHKo-wexaHHlleCKO~ qacTH CA rroaBOJIHeT orpaHH­
liHTbCH JIHHe~HHIIH npeo6paSOBaHIIIHIIB CBCT811 OTClleTa1 nplll STOll JIHHeK­
HYK xapaKTep npeo6pasoBaHHI HapH~Y c uanocnll ;l(OnycKoB Ha omH6ItH 
cmHBaHHH CHHUKa HaKJia;l(YBaeT pH;!( ~YHKUIIIOHanhHHX orpaHHlleHHI Ha CA, 
BYTIOJIH8HHe KOTOpHX npoBepHeTCH ~porpa11110i B nponecce CK8HHpOB8HHH 
CHHUK8. 
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l 
llpM ~OpU8HhHOU ODHC8HHH CHCT8UY OTCY8T8 CA H BCDAY B ~anhHe~­

meu UY 6y~eu paCCU8TpMB8Th 3KBBB8H8HTHYD CXeuy CKaHHpOBaHHH 1 r~e 

He CTpOKa pacTpa, a ~OTOCHBUOK OCT88TCH BO BpeUH CKaHHpOBaHHH He­
DO~BHEHYU B KOOp~I4H8THO~ CHCTeUe XOY • PHC. I HMilCTpHpyeT CBH3h 
KOOMHHaTHYX cHcTeu xov , (X, wx ) H ( Y , wy). lloHCHHu Hcnon­
ayeuye o6oaHaqeHHH. 

DEL T X M ])£ L 'r Y - paCCTOHHIIH ue~ coce~HIIIUH CTpOKaull 
pacTpa B HanpaBneHHH KaAPOBO~ paaBepTKH ~HH nonepeqsoro 11 npo~onh­
soro pacTpoB. 

(0 1 YZEIW ) H ( XZ.EilO 1 0)- KOOp~IIH8TY Haqana none-
pe~oi 14 npo~OHhHOI CTpOK DpH DOKOH~eUCH B Haqane KOOp~IIH8T Haue­
pHT8HhHOU ctone CA. 

ST{; L C - qeHa OTcqeTa KOOp~HH8T I, Y • 

SPTXLC H SPTYLC - qe&a OTcqeTa KOOMHHaT WX H WY • 

B 06-eu cnyqae CTPOKH paCTpa He OpTOrOHaHhHY HaDpaBH8H141l 
K~OBOI paaBepTKH. HaKHOH CTPOK CKXaAYB88TCH HS ~Byx KOKDOHeHT: 
I) ~HHauHqecKOI COCTaBHHil~el, o6ycnOBH8HHOH nepeue.eHH8U HauepH­
T8HhHOrO CTOH8 BO Bp8UH OTKHOH8HBH CB8TOBOrO DHTH8 B~OHh CTpOKH 1 

2) DOCTOHHHOl COCT8BHH~el - H8KHOHOU CTpOKH DpH H8DO~BIIEHOU CTOH~ 
o6yCXOBH8HHYU norpemHOCThll llCTHpOBKB ODTHKQ-U8XaHIIqecKOI q&CTH 
CA. Haxnoa CTPOKB 6y~eu HauepHTh BenH~HOI npoexqaB nonHol ~HHHY 
CTpOKH (OT Haqana CB8TXOrO ~0 KOHqa T8UHOrO nepBO~a) Ha 0Ch 1 

B~OXh KOTOpOI ~BHKeTCH npB CK8HHpOBaHHH 143UepBT8XhHYI CTOX CA. 
JlHHaullleCKJIIt H8KHOH cyTD BenH 'IHHY D H '1' X II ]) £ L T Y • llOCTo­
HHHYe COCTaBXHil~e HaKHOHa (CT8THqecKHI HaKHOH) o60SH8~U COOTB8T­
CTB8HHO CFDLrX H CF])L'l'Y • JlBBaullqecKBI H8KHOB npH CKaBH­
poBaHBH CHHUK8 BYQBCHH8TCH K8K ~8KTHqeCK8H DXOTHOCTh CTpOK 
pactpa. 

Ha p&c. I ABC , :DEF - ( i -I)-H B L -H cTpou pac!pa. 
I - xoop~IIHaTa aauep&TenDHoro cTona-cQBTYBaetcH B Toqxax B H E. 
'1To6Y BY~CUU X-KOOP.ltiiH8TY 'fOqKH P, saperBCTpBpOBaHHOI Ha i -ol 
CTpOKe paCTpa, Heo6XO~BMO X-KOop)tHHaTy IISUepBT8XhHOrO CTOXa OTKOp­
peKTHpOB8TD H8 ~HauaqeCKHI B CT8THqecKBI H8KKOHY CTpOKB 1 )to6aBBB 
BeUliiiHy .d I: 

(I) 



I'.zte LON L.D = I/(I+C[) - OTHOtneHHe CBeTJIOI'O nepHO,Zta K 110JIHOLIY 
nepHO.ztY CTpOK paCTpa. 

AaanorHIIHO .ztna npo.zton:r,uoro CitaHHpoBaHHH rlJoTocHHYKa aaxo.ztHY 
nonpaBKy .1 Y : 

tlY= (DELTY+CFDLTY)•LONLD·(WY-FG-CY) /FG-CY • (I') 
3uaqeuHe cTaTHqecKoro HaKJioua onpe.ztenaeTCH Bo Bpeua KaJIH6poB­

KH OTcqeTHO~ CHCTeY~ CA. 
l1ycT:D (X, W X ) Jll ( y , WY) - KOOp.ztHHaT~ O,Z(HO~ il TOH lite TOqKJII 

rilOTOCHJIIYKa, aapei'JIICTpHpOBaHH~e !1pl4 nonepeiiHOM Jll npO,ZtOJI:DHOY CKaHH­
poBaHHH • .nJlfl 3THX nap ltOOp.ztHHaT cnpaBe.ztJIHBbl COOTHOtneHHH: 

X'" =XSiAfi£ t-Xl:ERO- WY·SP'TYLC /srGLC 
(2) 

Y*" =YSiAG-E + YrERO + wx ·sprue /srGLC 

I',Zte X* 14 Y * - OTKOppeKTHpOBaHH~e Ha .ztHHaYHqecKJIIH H CTaTHqecKHi 
HaKJIOH KOOp.zt~1HaT~ X ld Y • 1'13 (I) 1 {I') ld (2) CJie,ZtyeT 1 qTQ CHCTe-
14~ KOOP.zti4HaT (X, WX) 14 ( Y 1 WY) CBH3~BaeT npeo6pa30BaHHe, 3aBH­
CH~ee OT mecTH napaueTpoB: 

X1ER0, YlcRO, CFDL7"X, CFJJLIV, SP7'XLC, SP7'VL.C. 

3HaqeHHfl 3THX meCTH napaueTpOB onpe.zteJIHIDTCfl B npo~ecce KaJIH6pOBKH 
OTCIIeTHO~ m!CTeUU CA 14 HCI10Jl:D3JIOTCH B pa60IIHX IUIKJiax o6pa60TKH rilO-
TOCHHYKOB C ITJ3blp:DKOBb!X Kauep. 3uaqeH14e STG L C 1 HBJIHID~eeCH 
o6~Hu uacmTa6Hb!Y MHOlltHTeneu, npe.ztnonaraeTCH HaBeCTHHY. 

§ 2. Kan146POBKa oTcqeTHO~ CHCTew CA 

MeTO,Z(HKa KaJIH6pOBKH COCTOHT B onpe,ZteJieHHH KOOp.ztHHaT ~eHTpOB 
3a.ztaHHOI'O LIHOllteCTBa KpeCTOB llpH CKaH14pOBaHHI4 ClleiUiaJI:DHOI'O WOtO­
CHHYKa B nonepeiiHOM H npo.ztOJI:DHOY aanpaBneHHHX 14 nocne.ztyiO~eu peme­
HHH CHCTeYH anreupaHqeCKHX ypaBH8HI4~ 1 CBH3HBaiO~HX KOOp.ztHHaTH Kpe­
CTOB1 llOJiyqeHU~e npH pa3JIHIIHUX Ha!1paBJI8HHHX CKSBHpOBaHHH. ~OTOCHH­
YOK CO.ztepxwr naKeT WTpHXOB , .ztBa CJiyJte6HUX KpecTa ( aHaJIOI' CJiy:ze6HOii 



~ 

, 
HH~OpYaUHH ~OTOCHHYKOB C nyaYpDKOB~ KaYep) M 50 KpeCTOB, ueHTPY 
KOTOP~ pacnonara~TCfl B yanax npaBHHDHOU pemeTKH (pac.2). 

X xxxxxxxxxx 
X X X X X X ·X X X X 
xxxxxxxxxx 

== 

X xxxxxxxxxx == xxxxxxxxxx 

PHc. 2. 

~TOOY npOCKaHHpOBaTD BCe KpeCTY B npo~OHDHOY HanpaBneHHH, He­
OOXO~HUO C~enaTD ~Ba npO~ORDH~ CKaHa, T.K. ~HHHa CTpOKH paCTpa 
ueHDille ~nHHY pemeTKH. KpecTY B I-5 cTonouax aauepHIDTCfl B nepBOY 
npO~ORDHOU CKaHe, a KpeCTY B 6-10 CTOH6Uax - BO BTOPOY. B CTaH~apT­
HyiD BepcHID no~rrporpauuy ~ATE 121 BHeceHY waueHeHHH, o6ecne~Ba­
ID~e OIT03HaBaHHe KpeCTOB npH npo~ORDHOY CKaHHpOBaHHH CHHYKa. B 
nonepequoy HanpaBneHHH ~OTOCHHUOK CKaHHpyeTCfl O~HH paa, npHqey 
nporpauua He ~eKO~HpyeT KO~ Houepa K~pa, orpaHaqHBaHcD noKanHaa­
UHeU naKeTa illTPHXOB (OHT) ~nfl npe~cKa3aHHfl KOOp~HHaT ueHTpOB cny­
ze6HYX KpeCTOB B KOOp~HHaTHOU CHCTeMe CA. nnfl npoue~ypy Ofi03HaBa­
HHH KpeCTOB pemeTKH nporpauua HCITORD3yeT 3TanOHHYe KOHCTaHTY CHHY­
Ka H Ha«~eHHYe KOOp~HHaTY UeHTpOB cnyxe6HYX KpeCTOB. 

~H~OpYaUHH 1 nonyqeHHafl npH nonepeqHQU CKaHHpOBaHHH ~OTOCHHYKa, 
HCITOHD3yeTCH TPH~Y, qTQOH onpe~enHTD UeHTpY Bcex 50 KpeCTOB pemeT­
KH. 06yCHOBHeHO 3TO TeY, qTQ B KaHH6pOBQqHQM KOYnneKCe HCfi0RD3yeT­
Cfl CTaH~apTHafl ~Hfl HillE 1 npoue~ypa ITOMCKa penepH~ KpeCTOB 1 

KOTOpafl HOCHT O~HOITpOXO~HYU XapaKTep H ~onycKaeT O~HOBpeueHHOe 
Oll03HaBaHHe He 6onee 2 KpeCTOB B CTOnoue. AHanoraqHo HH~OpYaUHH 

llpO~ORDHOrO CKaHa TaKSe HCITOHD3yeTCH TpHE~Y, qTQOY onpe~enHTb UeHT­
pY COOTBeTCTByromett rpynnY H3 25 KpeCTOB. 
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llocne TOrO, KaK Bee:& ~OTOCHHUOK npocKaHHpOBaH B ~ByX HanpaB­
neHHHX H Ha~~eH~ KOOp~HHaT~ U8HTpOB KpecTOB, pemaeTCH UeTO~OU 
HaHUeH:&WHX KB~paTOB CHCTeUa anre6paHqecKHX ypaBHeHH~: 

)( 1-(])ELrX 1-CFIJLrX)·LONL.D•(WXi-FGCX)jFGCX = 

=XSTA6'E 1-Xl.ERO- WY; • SP'rVLC jsrGLC, 

Yi. + (DELTV t-C~DLTY)•LOAIL.D·(WYi -FGCY)/FGCY = 

= ys TA(;E + y lERO t-WX,· ·SPrue /S.TGL.C 

l = 1,2, ••• , AI~ SO 

(3) 

CooTBeTcTBym~aH cHcTeua aopuan:&HNX ypaBHeHH« pemaeTCH ueTo~ou 
HTepaiUI~, npH STOU aa nepBble npH6HHJteHHH CFJJL 'rX , CFDL'TY 

npHHHUaDTCH saaqeaHH aTHX napaueTpoB, nonyqeHHHe B npe~~y~eu 
UBKne KanH6pOBKH. CHCTeUa HOpUanhBbiX ypaBB8HH« pemaeTCH OTHOCHTen:&-
HO XlERO, SPTVLC, YrERO , SPTXLC , HHM~eHHbi~SHa-

qeHHH STHX napaueTpOB HCUO~SYDTCH ~nH BblqHcneHHH nonpaBOK 
S'f'FDLX' , STFDLY K saaqeHHHU napaueTpOB CFDLTX , CFDLfV 

mTepanHoaaH« nponecc aaKaBqxBaeTcH, ecnH aa oqepe~uou mare cyuua 
STFDLX 1 + STFDLYz.. UeH:&me S~aBHOi- KOHCTaHTbl. EcnH KpK'.repa« 
CXO~HUOCTH He y~OBHeTBOpHeTCH sa aa~aHHOe qacno HTepaiUii, nporpau­
ua nepexo~HT K cne~y~~euy UHKHY- Kana6pOBKH, npBBHB sa acxo~Hble 
suaqeaHH KanH6poBoqabiX KOHCTaHT pesyn:&TaTH npe~~~ero UHKna. 

§ 3. OcaoBHHe no~nporpauuH KounneKca H HX WyBKqBB 

06~ee npe~cTaBneuHe o CTPYKType KounneKca ~aeT aso6paaeHHaH 
ua p&c. 3 cxeua. 
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P14c. 3. 

I .Ilporpauua HA u cnyXHT ~nH 3~8HHR B OO~X UaCCMBax UHOrO-
qacneHH~· KOHCTaHT, Heo6xo~Hu~ ~na pa6oT~ no~nporpauu KounneKca. 

2.Ilo~nporpauua CALIBR , B~nonHaa ~YHKqHH ~HcneTqepa KounneK­
ca, opraHHayeT pa6oTy ocTaHLH~ no~nporpauu B npo~ecce K&nH6poBKH 
oTcqeTHOi CHCTeu~ CA. 

nna npo~e~yp~ Oll03HaB8HHR KpeCTOB STa no~nporpauua yKaa~aeT 
llO~UHOZeCTBa KpeCTOB pemeTKH, ~eHTp~ KOTOp~ llOAHe&aT onpe~eneHHD, 
H aa~aeT KOHCT8HTH ~OTOCHHUKa: pacnonoaeHHe cnyae6H~ KpeCTOB OT­
HOCHT6HhHO naKeTa WTpHXOB 1 llOHOZeHHe nepBoro KpeCTa pemeTKH OTHO­
CHT6HhHO HHXHero cnyae6Horo KpecTa, no~oaeHHe a~aHHoro no~uaoae­
CTBa KpeCTOB pemeTKH OTHOCHTenhHO nepBoro KpeCTa pemeTKH H T8HreHCH 
yrna HaKHOHa nneq KpeCTOB 1 KOTOpHe YTOqftl'iDTCR OT ~HKHa K qHKHy. 

nna nporpauw ynpaBneHHR CK8HHpyiO~U 8BTO!J8TOU ( HPDOR D ) 

no1{nporpauua cAL r B R a~aeT napaueTp~ cKaHHpoBaHHR: Haqan»Hoe 
H KOHeqHoe 3HaqeHHe OAHO~ KOOp~HH8TH H3UepHTeHLHOrO CTOna CA H Ha­
qan»HOe 3HaqeHHe Apyroi, HanpaBneHHe CK8HI4pOBaHHl'i 1 CKOpOCTh ~BHZe­
HHl'i 143U~pHTeHLHOrO CTOna, ypOB6Hh ~HCKpHUHHaqHH CHrHMOB, llHOTHOCTh 
CTpOK CKaHHpOB8HHH. 

cAL I B R npe~nonaraeT, qTo nneHKa c KMH6poBoqs~u tlJoTo-
CHHUKou EeCTKO aaKpenneHa Ha HauepHTen»HOU CTOHe CA. EcnH B npe~~­
AY~eu ~Kne KanHopoBKH 6unH Ha~~eH~ Bee 50 KpecTOB npH CKaHHpoBaHHH 
B 060HX HanpaBneHHHX 1 CALf B R. HCllOn»ayeT H~~eHH~e KOOPAHH8TH 
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U8HTpOB Kp8CTOB B CJie~y~~eM UHKJie ~JIH aonee TO~OrO rrpe~CKaaaHHH 
nonozeHHH KpecToB B npoue~ype HX onoaHaBaHKH, qTo BneqeT aa co6o~ 
CHKllteHKe rrorpelliHOCTei1 BblqllcneHKH Koop~HHaT ueHTPOB KpecToB. HM­
~eHHble KOOp~HHaTbl aarrOMHHaiDTCH B MaCCHBax rraYHTK K ITO zenaHHID 
onepaTopa Bbl~aiDTCH Ha mKpOKYID neqaTD. ilo MOHKTOpHOMy wnary 8 

CAL!6R aaBepmaeT pa6oTy KanH6poBOqHOro KounneKca H Bbl~aeT Ha 
lliHpOKYID neqaTD peaynDTaTbl BC8X UKKJIOB KaJIK6pOBKH. 

nna no~nporprunlbl CAl, 8 R H ~pyrHX CAL I & R 

cpe~Hee aa CKaH 3HaqeHHe Herro~BHlltHO~ KOOp~KHaTbl K3MepKTeJIDHOrO 
CTOJia K cpe~Hee 3HaqeHKe ITJIOTHOCTH CTpOK paCTpa. 

3. DATE t & - He6onDmaa no~nporpauua, aanouKHallll\aH ~aTy IJf_' 
pa60Tbl l<OYITJI8KCa, yKa3aHHYIO Ha nepBO£! ynpaBJifiiOIIleii KapTe aa~aqH. 

C ITOYO~DlO rro~nporpaYYbl TELMA ~aTa B~aeTCH Ha TeJieTain K lliKpO­
KyJO neqaTD. 

4. T£LMA - rro~nporpauya, o6ecneqJriBallll\aH ~BYCTOpOHHilll 
CBH3D onepaTopa 9BM C KaJIIri6pOBOqHbiU KOYUJieKCOM qepea nynDTOBO~ 
TeneTain cDc -I604A. Kaz~aa lriHCTPYKUHH onepaTopa uozeT co~epzan 
HeCKOJlDKO npHKa30B, KOTOpble BblllOnHHIDTCH B nop!i~Ke cne~OBaHHH rrpH­
Ka30B B KHCTPYK~H. TE LM A HCITOJID3Y8TCH ~Jlfl rrpOCUOTpa 1.1 H3M8He­
HHH U8Jlb1X K ~e~CTBKTeJIDHblX nepeMeHHblX B OCHOBHbiX MaCCHBax, pH~a 

norHqecKHx nepeueHHbiX (@naroB) H ~na onepaTHBHoro BuemaTeJIDCTBa B 
npouecc KanH6pOBKH. 

5. rro~nporpauua SETwsP a~aeT nepBble rrpH6JIHZeHHH KanH6-
poBoqHbiX KOHCTaHT H, HcnOJID3YH KOHCTaHTbl nporpauubl HAzE , wopuH-
pyeT nepeueHHble B o611\HX uaccHBax, Heo6xo~KNble ~na ~pyrmx no~npo­

rpauu B XO~e KaJIH6pOBKH OTCqeTHO~ CHCT6Ubl CA. llpH e~HHHqHOY 3Haqe­
HHH UOHHTOpHOro wnara I SETWSP CqJ4Tb1BaeT HaqaJIDHble rrpH6JIHZe­
HHH KaJIH6pOB0qffblX KOHCTaHT C rrepwoKapTbl. 

6. HPDORP - ynpaBnHID~aa no~nporpana CA. OnHcaHHe STOi 
no~nporpaYMbl rrpKBe~eHo B pa6oTe 131. 

7. llo~nporpaMua GATE 14 pa~ ~yrHX no~nporpauu ( FI vue 
K HIS , KX S VS 14 , NX F I D ) OIT03HaJOT KpeCTbl H BlllqHCJIHIOT 
Koop~KHaTbl HX ueHTpOB. OnHcaHHe aToi rpynnbl no~nporpauu npHBe~eHo 
B /2/, /5/. 

8. E R TS T - no~nporpaMMa ~H8l'HOCTHKH OmH60K B pa60Te CHCTe-
Nbl. ilo~nporpaYYa KOHTpOJIHpyeT TOqHOCTD BblBO~a H3M8pHTeJibHOrO CTOJia 
CAB aa~aHHYIO TOqKy nepe~ CKaHHpoBaHHeu WOTOCHHUKa c± 0.6 uu), no-
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CTOHHCTBO llHOTHOCTH paCTpa Ha fipOTH&eHBI~Cero CKaHa, CTa6HaLHOCTL 
Heno~HKHOK KOOp~HHaT~ H3U6pHTeHLHOrO CTOXa, fiOCTOHHCTBO fiOKaaa­
HH~ cqeTqHKa W B KOH~e CBeTXOrO nepHo~a Ha npOTHEeHHH BCero 
CKaHa, UOHOTOHHOCTI> KOOp~HHaT W; B npe~enax Kall,I(Oit CTpOKH paCTpa. 
EcnH HapymeHHe XOTH 6~ O~Horo H3 STHX YCHOBH~ npeBHmaeT 3HaqeHHe 
COOTB6TCTBY~~ero ~onycKa, a TaKKe eCXH He 6~ On03HaH naKeT WTpH­
XOB HHH o6a cny~e6H~ KpecTa, Ha TeneTaltn B~aeTCH coo6~eaae o6 
omH6Ke H CKaHHpoBaHHe noBTopaeTcH. B ER.rsr npe,eycuoTpeH 
KOHTpOJIL UHB~WHX 5 ~BOJr1qHbiX paapH~OB cqenHKa W (paapH~OB 

HHTepnonH~HOHHOrO cqeTqHKa) C B~aqei ~HarHOCTHKH Ha WHpOKy~ ne­
qaTL. IlpH e~HHHqfiQU 3HaqeHHH UOHHTOpHoro {flJiara 3 ER.TSr KOHTpO­
HHpyeT pa6o'.ry cqeTqHKOB X, Y, w , B~qacJIHH ;llHH ~eHTpa K8l!Utoro upe­
CTa ;l\Be BeJIHqJr1H~, KOTOp~e npl HOpuaJILHOit pa6oTe cqeTqHKOB OCTa~TCH 
HHBapHaHTHiiUH: YSTA5[ +- WK· s:::t~ B cxyqae nonepe'lHOrO CKaHHpOBa­
HHH H XSTME- WV· ~*~:t.cC B CJiyqae npO~OJILHOrO CKaHHpOBaHHH • ECJIH 
ycTaHOBHeH B I UOHHTOpHiilt ~ar 9, 3TH cqeTqJr1KH ER.TS1' KOHTPOJIH­
pyeT, HcnoJILSYH HH~opua~~ o~Horo onpe~eneHHoro KpecTa. 

KOJIJr1qeCTBeHHOit O~eHKOK KaqeCTBa KaJIH6pOBOqfi~ KOHCTBHT HBHH~ 
~Cfl OWH6KH CWHBaHHH ~JIH K~OrO Kpect.ra KanH6pOBOqfiOro ~OTOCHHUKa. 
0wH6KH CWHBaHHH oqeHL qyBCTBHTeJII>H~ KO BCeU HenOX~Kau B pa60Te 
CA H HBHH~TCH ~HH onepaTopa CHrHaJIOU BKn~qeHHH TeCTOB, HYe~~XCH 
B KOYnJieKCe. • 

Om~t6Ka CWHBaHHH no p~mycy-BeKTopy x ERR. ~nH I-ro KpecTa 
paBHa 

X£RR (!) =fcRK(l}4 + (E~WK(I) · SPi%LC /STGL c ).2.. 

1 

r,l(e ERX (I) - COCTBBJIH~~aH no X B e~HHHL\ax S7'G-LC 
H Ell WX(I) - COCTaBHH~lllaH no V B e~HHHUax SP'rX l.. C 

ERX (I)=X1(l}-[Xsrl/ff£ (I)+ XlERO-WY(I}·SPTYL C j.srr;LC} 

(4) 

ERWt(I}= Wf(IJ-{ Y1(I)- YSTArE(l)- YcERo}·STfi-L C /sprxt. c • (5) 
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B ~opuynax (5) X* (I) H ~· ( l) ·- OTKOppeKTHpOBaHH~e Ha 

,nHHaYHlleCKHi.t H CTaTH\leCKHit HaKnOH~ KOOp,nHHaT~ X, Y i-ro KpeCTa. 
IlpH e,nHHHliHOM 3HaqeHMH UOHMTOpHoro ~nara 6 OWM6KH CmHBaHHH 

,nnH Bcex KpecToB B~aroTCH Ha mHpoKyro nellaTL. B nporpauMe B~\lRCnH­
mTCH YaKCHUanLHaH M cpe,nHHH no BC8U KpeCTaU OWH6KH CWHBaHHH no 
pa,nzycy-BeKTOpy - E MAX RX H F-1 , HX 3HalleHHH B~aiOTCH Ha Tene-
Tal\n. 

IlpH HanHliHH ,ne~eKTOB Ha ~OTOCHHUKe H HH3KOU nopore )tHCKpHUH­
Ha~H cHrHanoB Ha CA oT.nenLH~e KpecT~ uoryT cmHBaTLCH aHaliHTenLHO 
xyae ocTanLHHX. B E R rsr npe,nycuoTpeaa Boauoeocn B~6poca ae­
cKonDKHX TaKBX KpeCTOB C nepecqeTOU KanH6pOBOliH~ KOHCTaHT. 

9. Ilo,nnporpauua c A L 81~ , BMIIllaH PM He6onLmHX no,nnp orpauu, 
npe,naaaHalleHa ,nnH pemeHHH U8TO)t0U HaHU8HLWHX KBQ,npaTOB CBCT8Y~ 
anre6pamqecKHX ypaBaeaal (3). B Hel aenocpe,ncTBeaao onpe,nenHIOTCH 
meCTL KanH6pOBOliHHX KOHCT8HT H HX CT8THCTHli8CKHe OWH6KH. Ilonyt~eH­

H~e 3HalleHHH KOHCTaHT H HX OWH6KH neqaTaiiTCH Ha TeneTalne H uoryt 
B~aBaTLCH Ha mHpOKYII nellaTL H nep~OKapTy. 

§ 4. HeKoTop~e peayn»TaTH 

~ueeTCH UHOrO npHliHH, npHBO~R--X K H3U8H8HHHU KanH6pOBOliH~ 
KOBCT8HT OTCqeTBOI CHCT8UH CA / 4/. BnHHHHe paanHliH~ npHqHH Ha 
H8CTa6HnDHOCTL KOHCTBHT UOKeT 6HTL npe.nueTOU CaYOCTOHT8XLHOrO 
HCCX6)tOBaHHH, KOTOpoe aBTOpauH He npOBO)tHXOCLo M~ npHBe,neu XHWL 
H6KO!Op~e peaynLT8TH, KOTOpHe xapaKTepaayDT peanLH~e 08R6KH c•HBa-
HHH CHBUKa H CBH)t8T8nDCTBYD! 0 H806XO)tBUOCTB npOBe,neHHH KaiB6pOBKB ~ _ 
CA aenocpe,ncTBeHHO nepe.n Hauepeaaeu CHBUKOB c nyaHpDKOB~ Kauep. 

Kopa,nop HSUeHeHHR KanM6pOBO\lH~ KOHCTaHT sa ~Ba M8CH~a (an-

penL-MaR 1971 r.) npMBO~HTCH B cne~y~eR Ta6nM~e. 

KOHCTaHTH XlERO 'IZ:£JW SPTX LC 5PTVLC irFDlTX CFDL1'1 

IDHpBHa Ko-
50 30 6 • ro-4 6 • I0-4 IO IO pH,nopa B 

UKU 
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B STOT nepHO~ dYBO npoBe~eHO 19 C6aHCOB KanHdpOBKH 1 K~Hl CeaHC 
BKnmqan OT 3 ~o 10 qBKnoB KanH6poBKH. Peayn:&TaTY nyqmero nHKXa BH­
~aBPHC:& sa nepllJoKapTy, a KPHTepHeM ny'lllllero qBKna 6YBo HaHMeH:&mee 
aHaqeaHe cpeAHei omHdKB cmHBaHHR. B TeqeaMe aToro nepHo~a BpeMeHB 
cpe~HRH OBHdKa CmHBaHHH CHHIIKa B ny'IIIIIHX qiKX8X dHXa 2-3 IIKII. ~XH 
9 ceaHCOB K8XH6pOBKH Haul COC!SBXeHa CXe~D~H !86XHUa 9x9 1 B KO­
TOpOI npHBe~eHH cpe~HHe omH6KH CmHBaHHH KpeCTOB 1 H3YepeHHHX B 
N -011 ceaace, npH HCOOX:&SOBaHHH KanH6pOBQq&HX KOBCTaHT, nonyqeH­

HYX B K-ou ceaHCe KanH6pOBKH (OmHdKH ~aHH B IIKII). 

I~ I 2 3 4 5 6 7 8 9 

I 2,16 30,30 18,82 15,24 34,52 8,76 41,70. 41,02 17,40 -2 28,40 -z;zro 7,92 15,34 II,80 24,20 16,34 16,40 42,72 -3 26,34 6,86 2;m 15,00 14,64 23,06 I8,96 19,18 40,40 

4 20,46 16,26 -9,72 2,76 I7,14 13,38 25,24 23,96 35,28 -5 37,36 10,02 18,40 21,12 -z;3b 30,90 8,84 6,98 52,18 -6 15,44 21,54 12,62 3,40 22,94 2,34 31,06 29,80 30,08 

7 45,I8 13,86 24,88 29,70 9,92 3.9,44 2,72 4,12 59,82 -8 44,80 14,06 24,80 29,06 9,00 38,86 4,28 2,62 59,52 

9 15,36 47,02 35,42 32,52 52,02 24,02 58,84 -58.36 ~.mJ 

Ha !861B~ XOpQIO BH~B0 1 qTo HauepeHHe CHHIIKOB C HCROX:&SOBa­
HHell KOBC!aH! 1 nonyqeBHHX B ~pyrBe ~HI 1 YOaeT CODPOBO~aT:&CH OmH6-
KOi cmHBaBHR peayn:&TaToB nonepeqaoro H npo~on:&Horo CKaHHpOBaBHH ~o 
60 IIKII. 

B aaKnmqeHHe Bupaaaeu rny6oKym 6naro~apHocT:& H.H.WenoaueBy 
sa noC!oHHHyn no11o~ B padOTe, nepcoaany rpynnu aKcnxyaTSUIB CA 
I ee PYKOBO~H!enm D.BOITeBKO •. 

15 



-~~~~~----~~----- -----

! 

ID'ITEPATYPA 

I. B.H.An~aaoB H ~p. YcTaHOBKa ~xa cKopocTHOH aBTOMaTmqecKo~ 
o6pa6oTKH cHHMKOB c TpeKOBNX Kauep aa 6aae uexaamqecKoro 
cKaHmpym~ero ycTpo~cTBa THTia "Bery~H xyq". Coo6~eHHe OKHH, ~ 

I0-4513, Jly6Ha, 1969. · · 

2. ].H.3aKaJICKHH. ilepBOHaqanLH~ OT60p llOX63HOH HH~OpUaUHH B 
CBCTeue 8BM - CKaHHpym~H aBTOUaT THna HPD • llporpauuHpO­
BaHHe H BHqmcxmTeXLHHe ueTO~H, 11-4655, Jly6aa, 1969. 

3. ~.IA.ille.noaneB, B.H.WmraeB. llporpa~~ua ynpaBxeaHa cKaHmpym~u 
aBTOIIaTOM ( HPD ) H B03UOliHH6 nyTH OllTHUH3ai.lHH peJtHUa H3Ye­
peHHH ~OTOCHHUKOB c·nyaHpLKOBHX Kauep. Coo6~eame OHHK, 
10-5728, Jly6Ha, 1971. ' 

4. M. Be not a. o. Tke HPD NarK -2 Fbjtnf- Spot JJtgiti~er 

a-t CERIII. CER/11 68-lt, 6 Fdruary -1g6s. 

5. FSJJ BuU.fe Cha m&tll. Pro9ra ms Manual, lJJJ, cERN , 1967. 

PyKOllHCL nOCTynK.Jia B H3~aT6.JlLCKH" OT~e.JI 

29 HD.JIH 1971 ro~a. 

16 


