
6-l 

PlO - 11834 

H.BaHRa, r .A.OcoCKOB 

OPOBREMM H ARrOPHTMM KARHBPOBKH 

YCTPOMCTB ~RH H3MEPEHHH CHHMKOB 

C TPEKOBMX KAMEP 

1978 



P10 - 11834 

H.BaHJia,* r.A.OcoCKOB 

llPOB~EMhl H A~rOPHTMhl KA~HBPOBKH 

YCTPOHCTB ~~H H3MEPEHHH CHHMKOB 

C TPEKOBhlX KAMEP 

* HHCTHTYT H3MepeHHH n H3MepnTeAhHOH TeXHHKH 
CJioBaQKOH aKa.neMHH HayK (BpaTHCJiaBa, 1JCCP). 



Eartna v!" OcoCKOB f.A. PIO - 11834 
npo6JieMbl H 8Jlf'OpHTMbi K8JIH6pOBKH ycrpoi:fCTB J:lnH H3M9p9HHH 

CHHMKOB C TpeKOBbiX KBMep 

PaCCM8TpHB89TCSl OTHOIU9HH9 M91K.llY cr.:yl.JafiHOll H .aerepMH:HHCTCKOii CTO

pOH8MH: 38Q81.JH K81Ht:5pOBKH IIp0CMOTpOBO-H3M9pHT9JlbHbiX CTOJIOB H CKBHHpyiO

lUHX 8BTOM8TOB. VfCCJI9.llYJOTCSI BbP·HICJlHTeJibHbie H M9TOlllPieCKH9 IIp06JieMbi 

nmiCKa Koa¢¢nuHeHTOB Kami6posoqHoro npeo6paaosaHtHI, KOTopoe onpe.aeneHo 
KBK H8HJ1Ylflll851 JIHH9ifHaH 8IIIIpOKCHM8UHSI KOH91..JHOf'O MHO>K6CTB8 H3MepeHHbiX 

KoOp.lutHar nom1HOM8MH or nsyx nepe\..:feHHbiX B L 2 -HopMe. 
naeTCH OITHCBHHe YHHBepcanbHbiX Kam:t6pOBOLJHbiX nporpaMM GENCAL H 

ORCAL., ucnonb3YJ01UHX oproroHanhHbie nomt:HOMbi Ha KOHeqHoM MHO>Kecrse 

TO"--eK If Opl'Of'OH8JibHbi9 ITOJIHHOMbi H8 8JliHII11.J:HOM KB8Jlp8Te <- 1,1 > x<-1 ,1 >. 
nporpaMMbl npeJ]CT8BJlSUOT B03MO}I{HOCTb Bbl60pa: 3TanmiHOti pellleTKH; CHCTe

Mbl annpOKCiiMiipyiOlllHX TIOJIHHOMOBj CT8II8Hli IlOnliHOMOB ( ]75), B8COB anrrpoK-

CliMHpy8MbiX T01.J:8K, 

PeaynbTaTbi Bbil.J:HCJieHuit no aTHM nporpaMMBM rrpu pa3HbiX 3Ha'IeHHRX 

BXOJJHblX IIapaMeTpOB H t:lliSI pa3HbiX H860pOB H3MepeHHbiX .08HHbiX IIpH:BOJlSIT 

K BbiBOJJY ,'ITO B 3BJ]B'IaX Kana6pOBKli CTeneHh 8IITipOKCHMHpyiOlllHX TIOJIHHOMOB 

,l],OJlmHa 6biTb pasHa HJlH M8HbWe 5, IIpH'IeM Bbi60p KOHKpeTHOli CTeTieHH ( }75) 
38B11CiiT OT BUlla K8Jlii6pyeMoro rrpu6opa H He 38BHCHT OT XOJlB K8Jlli6pOB01.J:

HbiX l!3MepeHHil, 

Coo6ll!eH~e 06beA~HeHHOl'O HHCTHTyTa gaepHbiX HccneaoaaH~il. lly6Ha 1978 

Bajla I., Osos kov G.A. PIO - 11834 

Calibration Problems and Algorithms of the Devices 
for Measurements of Track Chamber Pictures 

The relation between random and deterministic features of the 
calibration problem for measuring devices with rectan~ular coordina
te systems is considered. 'The numerical and methodological prob
lems connected with the calculation of calibration coefficients are 
examined. The calibration transformation is defined as the best least 
squares approximation of some finite coordinate set by polynomials in 
hvo variables. 

A description of the calibration programs GENOAL and OROAL, 
·which use the orthogonal polynomials at the finite point set and the 
orthogonal polynomials at the unit interval <-1,1 >x <-1,1 > , is given. 
The results of computation by means of these programs for various 
values of input parameters and for various sets of the data measu
red are discussed. 

The investi~ation has been performed at the La.boratol)T 
of Computing Techniques and Automation, JINR. 
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© 1978 06'beP.BHeHHbiJI HHCTHTYT H.QepHbiX HCCReP.OBSHBJI Jly6HS 

I. BBe,n;eHKe 

0CHOBHHMR ~w.m ,nepe.n;aBa8llh!Wl: CR8.ImpyJ0!11ID.m aBTOMBTB.MH R 

npocMoTpoBo-nsMepnTe~HHMH ycTpoficTBaMH,o6pa6aTUBaromRMR WRHhMOBYID 
KHWOPMaURID c TpeKOBUX KaMep, nporpaMMe reoMeTp~ecKofi peKOHCTPYit
~ co6uTlrli, .fiBJIIDOTCH yno PJI,notiemme napu '!HCeJI. 3TH napu .noJDKHH 
llpe.ztCTaBJIRTb TO'IKH H3M6pB:eMoro CHRMKa B HeKOTOpofi YHH~RUHpDBaHHOH 
CHCTeMe .zteRB.pTOBHX KOOp~aT. HeB03MOXHOCTb llO~Tb TaKoe npe.zt
CTaBJieHHe Henocpe.ztCTBeHHHM nyTeM, QTO HBJIHeTCH o6~eA qepTOA 
yriOMffHYTHX K3M6pHTeJibHHX ycTpORCTB,ITPHBO.ztHT K 3a.ztaqe HX KaJIR6poB
KR. 

ITo npo6JieMRM KaJIB6poBKH R BOllpoCaM COOTBeTCTB~ero nporpaMM
HOrO o6ecneqemm 6uJio sa rroCJie.ItHHe ro~ ony6JIHKoBaHO HeMaJio cTa
Teft, CM., Hanpnuep, /l-S/,0.ItHaKO pa.n;y BonpoCOB, CBH3aHHHX C MB
TeMa.TR'l8CKOH CTOpOHQ:l,t H BL!'mCJIHTe~HHMH OC06eHHOCTRMPI llOCTpoeHHJI 
rrporpaMM RaHH6poBKH,He 6uJio y.neJieuo BHHMaHHe. 

B HaCTOH~eA pa6oTe aHanB3HpyeTCH CBH3b CJIYtiS!HOH H .zteTepMH
HHCTCKOH CTOpOHH 3a.zta'!H KaJIR6poBKH H paCCMaTpHBaiDTCH BH'IHCJIHTeJib
HHe npo6JieMH llOHCKa Hannyqmeft annpoKC~ KOHeqHoro MHOZ6CTBao 
H3MepeHHHX Koop.ItJHaT noJIRHOMOM .ItByx nepeMeHHHX B 12 -HopMe. B HTo
re npoBe.neKHoro nccJie.ztoBaHHH noJih30BaTeJIHM rrpe~raroTCH YHHBepcaJib-
HHe rrporp8MIII:l "GENCAL" H "ORCAL" , K KOTOpJiM CJie.nyeT 06paiiiaTbCH 
KaK K CTa.H.ztapTIIHM llO.ztiiporpaMMaM. 

2. llOCTaHOBKa 3azra'Dl 

IIycT.h (x,y)-KOOP.ItHH8.TI:l HeKOTopo! TO"IIKI! A HaMepR:euoro cHHMKa 

B H8KOTOpOH H.Il8aJibHOft CHCTeMe .zteKapTOBHX KOOp.ztHHBT Ha C8ll0ll CHHM
Ke, a ( xm' Ym) - napa 'DlCeJI, ITOJIY'IaeMaH B peay~TaTe 113Mepemm 
TO"IIKII A np:a:6opou, no~eUIIIDI R8JDI6poBKe. 
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Bc~e~CTBHe C~aftHHX H CHCTeMa~eCRHX ~CTOpcHfi rrpn6opa H 
OmH60R H3MepeHHH CHmmKa MOXST ORa3aT~CR, 'ITO He cymeCTByeT TaROro 
~efuwro rrpeo6 pasoBaHIDr L , 'IT06lil ;I4Jlft Bcex m 61>1~0 L ( xm ,y m )= 

( X t y ) • 

Bo3HKKaeT 3~aqa; paspa6oTaT~ ;I4Jlft ROHRpSTHOro H3MepHTe~~HOro 
rrpn6opa MeTo~y o6pa60TRH ~aHHHX H3MepeHRH, IT03BO~ BepHOe 
TO~OBaHHe ITO~eHHHX pesy~TaTOB. 0CHOBOH TaROH MSTO~ B HaC
TO~ npn6opax ;I4Jlft o6pa6oTRH ~~~MOBofi HHWOP~ HBnHeTcR ~
poBO'IHoe H3MepeHHe, npH ROTOpoM B npn6ope H3MSpHSTCR CITSUH~HaH 
8TMOHHaH ( ~6 pOBO'!HaH) IIJiaCTHHa, COCTOHlllaH H3 ROHe'!Horo Ha6o pa 
KPSCTOB. TaR RaK ~eRapTOBHS ROOp~aTH 8THX RpeOTOB aapaHee orrpe
~e~eHH C BHCOROH TO'IHOCT~JO ( ~ 1.)l ) , COOTBSTCTBYJOill.YlO CHCTSMY 
~eRapTOBliiX ROOp~aT OTO~eCTnnHeM C ~eanbHOH, 

06oaHa'!HM 'lepes xi , y i ~eM~HHe Roop~aTN i -ro 
( i=~n ) RpecTa a '!epea x . . , y . . - H3Mepemrne sHa'!eHRH 

m~J m~.1 
ROOp~aT ( j = l,,l- l!H.l(eKC TeKylllero H3MepeHl!ll), 

,14a..nee, nycn 'Iepes Ll xij , ~ y ij o6osHa'!eHo CJiy'IaHHOe 
OTMOHSHHS, a 'lepe3 8~ , sl - CHCl' 6MaTH'I6CROe OTMOHSHHe 
H3MepeHHHX OT ~e~HHX 3Ha'!eHHfi, Tor~a ;I4Jlft OTIHCaHRff COOTHOilleHIDr 
~eM~HI>IX H H3MepeHHHX 3Ha'!eHHft MOXHO ITpHHHT~ C~e~ MO~e~~: 

X • • 
m~.J 

X 
xi + .4 xij + si ' 

Y . • = Y . + .4 Y . • + sY: 
m~J ~ ~J ~ 

r~e OTHOCHTS~~HO C~aftHHX H CHCTeMaTH'!eCRHX OTMOHeHHft ~e~aiDTCH 
c~e~e ncxo~e ~onymeHHH: 

I) BeRM'Il!HH 8~ sY: ( i = 1, n ) RnnHJOTCR sHa'IeHHRMH He-
~ ' 1 

ROTOpHX W1HKnHH ~x( x,y; t), ~Y( x,y; t) OT ~Byx nepeMeHHliiX 
B TO'IRaX ~OCROCTH (COOTBSTCTBynmKX ~eHTpaM RpeCTOB), orrpe~e~eH

HliiC H HerrpepHBHlile Ha HSROTOPOM ~YMSPHOM HHTepBMe R,ITOMRMO Toro, 
3aBHCHl!lHS OT rrapaMeTpa - BpSMSHH t ; 

2) C~aHH.ble OTMOHCHRff ( rrorpeillHOCTH) .4 Xi j , .4 Y i j HS3a
BHCHMO OT MSTO~a orrpe~e~eHHH ~eHTpOB RpeCTOB RBnHIDTCH H63aBHCH
MliiMH HO~~Ho pacnpe~e~eHHHMH c~afiHHMH Be~ru.m c ey~eBHMH 

cpe~ H Cpe~eRBa,JWaTH'IH.biMH 3Ha'!SHRHMH Dxc H (J!!c COOT
BSTCTBSHHO, T.e. pacrrpe~e~eHHHMH ITO 3aROHaM N(O, 6"x< ) , N(0 1 Uy, ). 

~ ~oro H3 H3MepHTe~~HbiX rrpH6opoB BBZHO YCTaHOBRT~ rrepRO~ 
OTHOCRTe~~HOH CTa6~~HOCTR, T.e. TaROH nepno~, B Te'!eHRe ROToporo 
MOEHO C'!HTaT~ CHCTSMaTK'!eCKHe OTMOHeHRH HeSaBHCRMHMR OT BpeMeHR. 
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E~ TaROH rrepRO~ yxe YCTaHO~eH, TO BepHOCT~ rrpRHHTHX rrpe~O~O
XSHHH MOXHO ~eRTHBHO rrpoBeP,RT~ TipH ITOMOmR CTaTHCTH'!eCROrO KpHTe
pRH, BBe~eHHOro ID.B.AHHHRK0~6/ ;I4Jlft rrpoBepRH rRITOT63.bl 06 OTCYTCT
BKH CHCTSMaTR'IeCROro C~Hra B Ha6~eHHHX. fi3~aH STOT RpHTepHfi, 

6y,neM paccMaTpRBaT~ To~~RO c~a! Ha6~~eHHfi xmij , orrycKaH 
;I4Jlft RpaTKOCTJI ~eKC m (;!4Jlft y mi j paCCYJ!t,l4SHRff Te lltC CaM.biC). 

ITycT~ Ra.JIH6poBO'!HaH ~acTHHa naMepeHa noc~e~oBaTe~LHO -l pas. 

~Oe Ha6~eHRe xij MOXHO C'!HTaTL peay~~TaTOM H3MepeHRH ~ 
H3B8CTHOrO 3Ha'!eHRH BS~HH!il X; , TaR 'ITO x. . = x. + Ll x .. 

~ ~J ~ 1,] 
Tor~ rro rrpe,wro~oxeHRJO 2) ;I4Jlft ~oro naMe pReMoro ItpecTa m.meM 

E>(xi .) =xi • 
ITpoBepRH rRTIOT83lil 0 CTa6~LHOCTH xi 

T 6 : £-1 
2 1 ~ 

qi = 2(~ -1l ~ (xi,j+1 - xij 

2 
si 

1 
-£ -1 

j =1 

e. 
'\' - 2 L ( x .. - xi) 
. 1,1 
J =1 

BBO~TCH CTaTHC-

)2 

' 

1 e q~ 
r~e xi = li L X. . ' H onpe~eJifleTCJI '!aCTHOe r. = ----}.-

(.. j~i 1 J ~ s { 

Ec~ B Te'!eHRe H3MepeHHfi rrpHCyTCTByeT CIICTeMaTH'!eCKHH C~Hr 

E ( xij ) , To Me~eT o~aTL, 'ITO s~ 6y~eT r.moro 6o~Hlle, 
'ISM q~ • l1o~L3YHC~ Ta6~aMR KBaHT~efi rip rrop~a P 

pacrrpe1e~eHRR CJiy'IaHHOfi B6JIR'niH.bl r i / 6/ MOXHO rrpR 3~aHHOM IIO

~Ke p (061i'!HO p = 0,05) CpaBHHTL 3Ha'!SHRH rip H ri 

EC~I1 ORaXSTCR, 'ITO ri <:: rip , TO C'!HTaeM, 'ITO B Ha6~eHRRX 
x. . B i -ll ItpecTe cymeCTByeT C~Hr, 06'LftCHHeM!rli HapyrueHReM 
~.1 

rRTIOT63bl CTa6~~HOCTR E(xi,i) ITO BpeMeHR. 
Ec~ II0~06Hlile CTaTHCTH'I8Cillie B!I'lli)~SHHJI c~e~aT~ TaRllte ;I4Jlft 

ROOp~aTlil y li ;I4Jlft BCeX H3MepeHHliiX RpeCTOB, TO IIOJiylmM RpRTepHfi 
CTa6~HOCTR rrpn6opa. 

B c~ae rro~oxnTe~~ pesy~~TaToB rrpoBepRR,rrpoBe~eHHoii no 
TaROMY KPHTepHIO,MOXHO C'!RTaT~, 'ITO CRCTeMaTR'IeCRRe OTMOHeHRH R3-
MepeHHfi "f X 1 ~ y He 3aBl1lCRT OT BpeMeHR t • 

CaMOe TipoCTOe rrpe~O~OXeHRe OTHOCHT~~HO aH~TR'IeCKOrO Blil

paJiteHRJI STHX WYli~ii - HX ~efiHocT~, T.e. H~e TaRHX '!Rce~ 
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all' 8 12 , a21 , a 22 , X
0

, Y
0 

, ~ KOTOpUX HMeiDT MeCTO paneHCTBa 

f' (x. ,y.) = s~ = x. - ( a 11x. + a
12

y. + x ) 
Xll 1 l l l O' 

f'y(xi,yi) = 8l = yi - ( 8 2lxi + 8 22yi + yo) 
v- i 1 1 n 

r.n;e rro-rrpe;me!VJY xi, Y i - sHa'!emm R.n;eaJI:&lillX rwop.rurnaT STaJIOH-

HbiX ItpeCTOB, 

O.n;HaKO B c;ryqae cH.aHHPYfOIIII!X aBTOMaTon,ocodeHHO c aJieKTPOHHO

;ryqenbiM CKarrnpoBaimeM, KaK noKasunaeT nepBJ:IM JKe nsr.rum Ha JIIOdoe 

H306p~eHne pesy~:&TaTOB H3MepeHTin, OHM yxe He ,ll;OITYCKaiDT B03MOXHO

CUI Tai\OM ITpOCTOM MHTepiTpeTa.r.tiDI ns-sa ITOHBJieHII.FI He~efu:II:JX, 06U'!-

HO 60'!K006pasi!HX rum ITO.I\YlllKOOdpasHI:<X HCKal!teHRM. B03HHKaeT Heo6-

XO.I\IIMOCT:& HaHTH TaKoe npeo6pasOBaHl!e ~: E
2

- E
2 

, KOTOpoe Ha OC

HOBe o6pa60TKH .n;aHHbiX H3MepeHHH RaJnidpOBO~HOM IT~CTRHU Kal!t.n;OM 

TO'!Ke Xm =(xm 1 ym) COITOCTaBl!T TO'!KY X~ =<£(Xm) , ITpn'!eM 

paccTOJ1Hl18 .f (X* 1 X ) ,ll;O~HO 6HT:& MHHl!MaJI:&HRM B CMilC~e HeKOTOporo 

B!ldpaHHOrO ItpHTepHH ( 3,ll;8CL .£.:. (x,y); X,y - ll,ll;8aJiblll::!e IWOp,!UlHa'l'U). 

0KOH'!aTe~:&HHe pesy~LTaTH K~6pOBKR - ~6poBO'!HHe KOHCTaH

TH - npe.n;HasHaqeHH ~ KoppeKTRpoBKH H3MepeHTin KOHKpeTHbiX CHliMKOB, 

BHITO~ei!HI:JX B TeqeHl'Je ITpoMeJKYTKa BpeMeHR CTaOM:&HOCTH H3Mepemm, H 

ITOSTOMY OHl'l ,ll;O~HH 6HT:& MaKCHMaJILHO HesaBRCRMHMll OT C;ryqai1HHX OWH-

001\, C sToii ~e~LID o6wrno perwrileH.n;yeTcJI: 

a) ITOBTOpJIT:& ~6pOBO'!HH8 H3MepeHII.FI f pas; 

0) ,ll;M ~0 pOBQqHQM ITporpaMMbi B J<aqecTBe HCXO,ll;HHX ,ll;aHHUX -

1\00p.n;miaT xmi , Ymi ICpeCTOB 3TaJIOHHOH pemeTKR ( i = 1, n 

- dpaTb BHOOpO'!HHe cpe.n;Ime 3HaqeHII.FI 

l e 
xmi = l I xij 

l e 
Ymi = '[ L.Yi,i 

j:~ J = ~ 

a B rmqecTBe O~eHKR TO'IHOCTH M3MepeHY.H JIIOdoro KpecTa i 

sonaTL nudopo<rHHe .I\IICITepciDI 

(I) 

HCITO~:&-

l e. 2" l~ 2 D = --" (x .. - x . ) D = -- L.... (y .. -y . ) • 
x. e-1 ~ lJ m1, yi e-1 ·=~ lJ m1 <

2
> 

l J=~ J • 

PaccMOTpnM Tenep:& ~ KaJK.n;oro KpecTa i c;ryqafu:ryiD ne.mr<n!HY 

dxij = xij - Xi • Ha OCHOBe ITYHitTa 2 IIplliDITOH Mo.n;e;m H 

rrpe.n;no~OJKeHII.FI 0 ITOCTORHCTBe BO BpeMeHH cpe.n;Hero E(xij) =xi + af 

ITo;ryqaeM 
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E(dxij) 

D(dx .. ) 
1J 

E(x .. ) - x. = a~ 
lJ 1 1 

E[ (dx .. - a~>2J 
1,1 1 E [ (A xij >2

) D 
xi 

r.n:e Dxi - .n;nciTe pcii.FI c;ryqafiHbiX rrorpemHocTei1 Ll xi ,i 

(3) 

(4) 

KaR B!lTei<aeT ll3 OTHOWeHII.FI ( 4), O~eHKH (2) HesaBl!CID.lbl OT 

CHCTeMaTU'!eCilliX OTMOHeHHfi. C~e,ll;OBaTe~:&HO, JIIOdHe KC{JnrtieCTBei!HUe 

xapaKTepHCTHKH, KOTOPHI\ffi 6y.n;eM XapaKTepH30BaT:& KaqecTBO TWppeitTH

poBKH Cl!CTeMaTU'!eCKl!X OTMOH8HTin ITO ITO~ H3Mep.fieMOrO CHHM!ta ,Me

.n;yeT C'!HTaT:&, C MeTO,ll;O~Or:IItieCI\O}i TO~Itn speHII.FI, 1!8 CBR3aHHLIM11 C Ol.\8H

KaMI1 .I\HCrrepcna Dx , DY 
1 1 

3. MaTeMa.Tn'!ecKJae aciTeKTU sa,u;aqn ~6ponKH 

Ec;m yqeCTb npe.JUmYIIUie BHBO,ll;H, KaCB.Rll1lleC.fi OTHOllleHHH c;ryqaUHbiX 

ll Cl!CTeMaTH'!eCKl!X OTMOHeHHn, TO C TO~KH speHli.FI e,IJ;MHOro li3~0JKeHII.FI 

nosHIIKaiDII!IDC ITpo6~eM ~e~ecoodpasno cr'fx:JPMYJIHPOBaT:& sa.n:a'!J KUJ!lldpon

KR B TepMHHax xopomo paspa6oTaunol:i TeopiDI armpoKcmta~n/7 I. Bne

.n;eM Heo6xo,ll;l!Mlle ~ sToro o6osua~eHM.fi :a onpe.n;e~eHH.fi. 
KoHeqnue MHOJKeCTBa II,ll;eaJI:&HHX ItOop.n;mraT xi H 

~II qepes m.K II m~ , \lepes P(x,y;,Ax) 

JniHeHHJID arrnpoKclll\mpy:IO!IIyiD rpyHKLUOO BR,IJ;a 

m 

p (X' y j .A,cJ = "' 8 J' 'f • (X 1 Y) 1 ?-. X ,l 
J=1 

yi o6osna

o6osna'!HM 

(5) 

r.n:e axj - a~eMeHT!l HeMsBecTHoro BemecTBeHnoro neKTO pa Ax 
lfj- HeKOTOpiie JniHefiHO HesaBHCMMUe HerrpepHBHHe ~JYH~H OT 

.n;nyx nepeMeHHHx. 

ilycT:& Wxi - CRCTeMa BeCOBilX sHa~eHH!:i ITO KOOp,IJ;HHaTe X 

npH'!eM wxi > 0, i = f;l1 . 
BIXpaJKenzeM 

LP(g)=[f./g(xilyi)/P]l/p I p~l, ... 
OITpe.n;eMeTC.fi ,ll;l!CKpeTHa.fi Lp - HOpMa <flyHKI.tRM g(x ,y) , 3a,ll;aH-

HOfi B KOHe~HOM '!HMe TO~eK (Xi 1 Y i), TO'IHO Ta.K xe BBO,W!TC.fi 0003-

Ha~eHII.FI B c;ryqae <flyHimiD! Q(x 1y; ,A'i) 11 Becon wyi 

Tor.n;a sa.n;a'!J Kan116poBKM MOEHO CBeCTll K .n;BYM OT,IJ;e~bHWil rrpo6-

~eMaM Teop:rm ~eHHOH aiTITpoKClllllaUID'I tpyH~it ,oTHOCJIIItHMC.fi K .n:BYM 
MHOJKeCTBaM KOOp.n;HHaT m K , m 'J 
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- Tpe6yeTCJI HafiTH HaJIJIY'IIIlYIO .mrneiiHylo aiiTipoKCRMRpYJO!lzyiO <!JyHK
lUIJO P ( x ,y; Ax ) (rum Q (x ,y; A~ ) ) KOHetrnoro MHO.llteCTBa 

mx (rum m1) KOOP,IOUiaT xi (R.IDI Yi ), JtoTOpHe C'll!TaeM 3Hatre

H1'l.HMH KaKOfi-Hn6y,n::r, rpJHKUlill hx (rum hy ) OT ,n:Byx rrepeMeHHHX, 3a

.r(aHHOM B KOH8'1HOM 'll!cne TOtreK Zi =( Xmi , Ymi), B ,I(HCKpeTHOfi 

HOpMe 1 2 C B8C8MH "'xi (n.mr "yi ) • CJie,I(OBaT8JI:bHO, Ha,D;O ' 

HCKaTb MHHHMy.M ~yHKnHH paCCTOHHHH: 

n 

L2(w ,P-h )2 =L IP(x,y;Ax>- X1·12 ""xi 
X X . 

L-=1 
(6) 

fl. 

(U.ID! L2 (wy,Q-hy)
2 = L / Q(x,y; ,A~) - Yi/

2
·wyi ) • 

L =1 

PemaH 3TH ,n:Be ITp06JieMH, T.e. Haxo~ B8KTOpH rrapabreTpoB 

A: , ,.K~ , MO:KeM Kallt,ll;Ofi 1'13MepeHHofi TO'!Ke CHEMKa Xm=(xm,ym) 
corrocTaBMTh TOtrKy 

x: = (x:,y:) = (P (xm,ym;~), Q(xm,ym;A;)), 

1'1 TeM caMUM orrpe,n:eJIHT:b KaJIH6poBotrnoe rrpeo6pasoBaHne 

'3(: (xm,ym)-'::>-(x:, y:). 

BorrpoCH, rro,n:Jiel!ta.lltl'le .r(aJII>HefuueMY paccMoTpeHl'!Rl,uo:ttHo crpynrrn

poBaTL cne.n:yJOlilMM o6pa30M. 

A. OcHOBHh!e 3a;n;atin .mrneirnofi arrrrportel:IMall,IDI: 

(a) BH6op CRCTeMH arrrrpoKCRMMPYJOIIIRX 4iJH~, 
(6) BH6op HOpMH arrnpoKClill'v!ai.U'ill, 

(B) BH6op B8COB arrrrpOKCHMRpoBaHHHX 3HatreHRfi. 

13. BH'll!CJIHT8JI:bHHe BOIIpoCH pemeHRJI Cl'ICTeMH HOpl.ruiLHHX ypaBHeHH.fi; 

(a) RCIIOJIL30BaHHe IIOJIHHOMOB, 0 pTorOHaJILHHX Ha KOHetrnOM MHOll:e

CTBe TOlleR Zi 

(6) l'ICIIOJI:b30B8.Hl'le IIOJIRHOMOB, OpTOrOHa.JI:bHHX Ha ~paTe 

12 = (-1,1) X (-1,1) • 

B. MeTo,n:H'Iecrure BorrpocH: 

(a) o6paTHOro rrpeo6pa30B8.Hl'IJI 1'1 BH6opa CHCT8M IIOJIHHOMOB .r(JIJI 

rrpRMOro 1'1 o6paTHoro rrpeo6pa3o:BaHRJI, 

(6) OIITHMa.JILHOfi CT8II8Hl'l IIOJmHOMOB, CBJI3aHHH8 C BJIHJilllleM CTeiie

Hl'l IIOJIHHOMOB Ha TOtrnOCT:b arriipoKCHMa.I.Um B Y3Jiax 9Ta.JIOHHO~ 
pemeTKR 1'1 M~ HEMH, 

(B) BDI6opa TOtrnOCTHHX xapa.RTepl'ICTliK KaJIH6poBO'IHHX rrpeo6pa30Ba

Hlrll:. 
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PaccMoTpHM 3TH rrpodJieMH 6oJiee rro,n:po6Ho. 

A. 
(a) CaMa IIpl'lpo.n:a .r(aHHHX H3MepeHRJI, a Ta~e TpedOBaHHe OTHOCH

T8JI:bHOH rrpocTOTH KaJIH6poBotrnoro rrpeodpa30BaHlim R ero rrpe.n:cTaBJie

HRJI e,n:RHCTB8HHOH (VOPMYJIOH .r(JIJI Bcex 1'13MepeHHHX .II:aHHHX rrpRBO~T K 

n,n:ee BDI6opa aiTIIpOKCHMRpYJ<lllefi tlJyHRIUfil B BH,l(e IIOJIHHOHa OT ,n:Byx rre

peMeHHIDC. 

Bo MHOrRX CYIQ8CTBY!!llliDC KaJIH6poBO'lliHX IIporpaMMax/I ' 5/ HCIIOJI:b-

3YJOTCJI JIHH8HHH8 ROM61'1Ha.I.Um IIOJIHHOMOB Cl'!CT8MH j 1 =f 1 , x, Y, x2 , xy, 
2 mJ y , ••• ,y Bn,n:a 

Pm(x,y; Ax> = t ±. axqx'i-i yi • (7) 
J~O f..~O 

r,n:e q = [ j ( 4+ 1 ) + i 1 , m - MaKCUMa.JihHaH CT8IT8Hh ITOJIHHOMOB. 

B OTJil'ltiHe OT Hl'!X aBTO pH/8/ HCIIOJI:b3YJOT .mrne.tiHHe JtoM61'1Ha.I.Um, 

OIIpe.r(8Jlfi8MH8 IIpli IIOMO!llli O,IU!OM8pHHX IIOJIHHOMOB lJ:e6HilleBa T. rrepB0-
,1 

ro po,n:a no <POPMYJie 
m m-i 

Pm(x,y; (x) = L T .(x) L c':.T. (y) • (
8

) 
joo ,1 i=o J1 1 

CRcTeMY rro.mrnoMoB Bn,n:a (8) o6o3Ha'll!JA tiepe3 ':i'z • IIpn BH6ope Bn,n:a 

aiTIIpOKC~I M8.r(y8T rrpoaHaJn13MpOBaT:b RaK TOtiHOCTHHe xapaJ<Tepn

CTRKR 068HX CHCTeM IIOJIHHOMOB, TaR H 'llitcTO BH'll!CJIHT8JI:bHYJO CTOIJOHy 

.r(8Jia, T.e. BJili'l.HH1'18 BR.r(a aiTIIpoRCHMai.UlR Ha CKOpoCT:b BH'll!MeHIIfi, 

OillH6KH ORpyrJieHim li T .,n:. 3TH BOIIpOCH paCCMOTpHM B ITJHKTe l3 ll .!3. 
(d) BH6op .n:HCI<peTHoU 1 2 -HopMH, T.e. arrrrporteEMa.I.Um MeTo.n:oM 

Ha.HMeH:billl'IX RBa,u;paToB, ~enaeM,ncxo~H H3 MeTo~nqecKoa nenn 3a,n;aqn 

KaJIH6poBim n Y'IJilT!lBaH Tpe6oBaHIIH rrpocTOTH BH'll!MeHnfi. McrroJII>3oBa

HHe ycJioBIIH MHHl'I!VIYMfl <PYHKI.Urli paccTOJIHRJI (6) (BMecTo caMofi Hop~AH) 

060CHOBaHO yrrpo~eHR8M M8TO,I(a IIOHCKa B8KTOpa H81'13BeCTHHX IIapaMeT

poB Ax. 
(B) B KatrecTBe Be coB, xapaRTe pR3YJOll{l'!X Me py TO'IHOCTH li3Me pemill 

.r(8KapTOBHX KOOp,n:RHaT OT.r(8JI:bHHX RpeCTOB KaJIHdpoBO'IHOH llJiaCTl'IHH, 

o6utrHo depyT BeJIH'Ilillibl,o6paTHHe cpe,n:He~paTlil'IHHM pa36pocaM: 

1 1 
vxi = fxt = ~ 

" - on;enKa ,I(l'lcrrepcJIH R3MepeHnfi ( Dxi 
(2)). 

ROOp,n:miaTH Xi H3 x .. 
1,1 
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CornaCHO HalliHM DP6AITOROK6HHHM 3TH BCCa H6 3aDBCHT OT CMCT6-

l.IC\Tli'I6CKOf0 OTKJIOHCHIIH sxi B 1-IJ Kp8CT8 1 H IT03TOI.IY H8 AORKHLI 

BJIIIRT:& Ha mm arrrrpoKcm.rnpYRJ!I1efi cl>yHKI.IIDI. Ees Ylllep6a .n;JIH TO'IHOCTH 

MO%HO ynpocTHTb ItaJm6poBO'IH!l6 Bll'IHCJI6IDJJI, liOJIOlitHB 

wxi = wyi =1 ' 'V i = l,n 

IJ. 
(a) CJie.nyer Y'fiiTHBa.T:& B03MOJKHOCT:& ITOJIY'lemm IIJioxo oclycJioBJieH

no~ MaTpB~ll CBCT6M!l HOpMaRbHHX ypaBHCHH~. 0ABH H3 B03MOXHHX CDO

COdOB p6lli6HBH B03HBKa~me~ 3A6Cb B!l'IHCRHT6RbHO~ npodRCMH, HaHdOnee 

pacnpOCTpaHCHHHA Ha rrpaKTHK6 1 38KRID'Ia6TCH B rrpHM6H6HHH ARH peme

Hrui CIICT6M!l JIIIHCJ!iHHX ypaBH6Hllli nporpa.MM C ,!030HHOH TO'!HOCT:OIO, 

O,n;HUI\0 MOJll!O BH6pa.T:& H ,n;pyrofi ,ooJiee 8qxJJ6KTHBHHH IIO.D;XO,IJ;. 

lbBCCTHO, '!TO 6CJIH 38.M6HnTb IIOJIHHmAH CHCT6Mll ':/1 IIOJIHIIOMa.MH, 

opTOrOHaJibHbll.111 HB. ItOH6'!HOM MHOlit6CTB6 T0'!6K Zi, MB.TpUI{a OUCT6Mil 

!!Opr~a.JibHhlX ypaBHeHllli CTai!OB¥1TC.H .n;HB.rOHa.JI:&HOJ:i:, CJI6.D;OBB.T6JI:&HO UC

KOMbl6 Ito3lfL"jUIJ;J18HT!l JIHH6HHOU a.rrrrpoKCHMB.IJ;ID'! IIOJiy'la.IOTCR COBC6M 

rrpocTHu rryreu. Hcxo.n;HM Bhl'IHCJIHTeJI:&HaR sa.na.'la. pememm CIICTeMu 

HOpMa.Jibi!HX ypaBH6HHfi CBO.n;HTCR TOr,n;a. K aa.,n;a'!e l!OIICKB. K08qxpm{H6H

TOB opTOrO!Ia.JI:&lillX IIOJUIHOMOB. 

Ecml B nepnoHa'!a.JI:&HOH 3a,IJ;a'!e ~!Olit6CTBO TO'l6K Zi 0HKCHpo

BaHO, 'rO .D;OCTB.TO'!HO O.D;UH pas BH'IHCJU!Tb H6U3B6CTH!l6 KOS<M;1lil.\l'[6HTH 

opTOroHaJibHL!X IIOJIHI!OMOB, 'l'l'OOL! liOJib30Ba.TbC.H Hali,neHHHMH 3H8.'l8IDJJI

!,rn: BO BC8X OCTa.Jibl!HX CJiy'la..HX. 

IIycr:o ci>o PMYJIO!t 
n 

8 ij = L: 'fi <xk,yk) lf,;<xk,yk) (9) 
Ko1 

orrpe,n;eJieHo ,I\Jill ItOHe'!Horo '!liCJia TO'leK \ xk, y k ; cKa.JIRpHoe 

rrpOH3B8,ll;6Hl!6 mo6HX ,!03yx rpyHKUllli lf' i. , '-fj U3 ItJIB.CCa. f}iyHKI.\l'[fi, 
orrpe,n;e.llillOOIIDC corJia.cHo (5) JIHIIeilHyro a!IIIpoKCHMa.I.\l'[!O P (HJIH Q ) • 

Tor.n;a. r,taTpmzy cHcTeMH HopMa.JI:&HHX ypa.BHem .mrneih!o:fi anrrpoKcHMB.

urrn B .n;HCKpeTHOll HOpMe L 2 MOlKHO aarrncaTI> CJI6.IJYlOllll'IM oopa.aoM: 

8
11 

8
12 ••• 

8
1m 

s s21 8 22 8 2m 
(IO) 

8 ml 
8m2 smm 
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06osHa'!l!M ,n;a.Jiee t:repes 4,.,., ,n;erepMilliUHT Ma.rpmm, Koropyro 

IIOJiy'l¥1U ¥13 Wl'rpni.\hl $ 38.'!6pK¥IDB.Hl!6!.! ITOCJie.D;Hero CTOJIUUB. II ITOCJI8)1-

H8H CTpOKH. 

ITo sa,n;armofi Cl!CT8!.!6 mrnefiHo H838.Bl!Cl!MUX rlJYIII\UHH Lfj MOlitHO 

ITOCTpoHT:& Cl!CT6MY ljlyrl!tUHH,OpTOrO!!a.JihHHX Ha. 3a..D;8.HHOM KO!I6'!HOM MHO-

JK6CTB6 T0'!6K ( xk' Yk ), 3a.M6H.H.H KaJK,IzyTO H3 HIIX COOTB6TCTBYJ01Jl6ll 

JIHirefrnoiii r<ori!6HHB.UI'!eii: 

m 

't' <x,y) = L cim tfi <x,y) , m . cmm ;/; o, (II) 
L.::1 

¥I orrpe,n;em rwa@JUI.l;l1eHTH cim Jia ycJioBnii oproroHa.JI:&Hocr>r. Kart 

¥!3B6CTHO 
9/, mo6oiii 3JI6M6HT TB.KOH opTOrOHa.JihHOfi CI1CT6MU MOJKHO rrpe,n;

CTB.Bl!To B Bli.n;6: 

lfm A 
m 

sll 
821 

8
m-1,1 

Lf'1 

s1?. 

8 22 

81m 

s21jl 

s 
m-1,m 

'fz_ • • • '-fm 

r,n;e Am = Cmm/ b. m -HOpMIIpoBO'!HM !IOCTORHHaR. 

(12) 

8JI6M6HTH MB.TplUJ;H 5 BC6 pa.BHO !Ipl!XO.n;HTC!I BH'!l!CJIRT:& B mo6oit 

3a..D;8.'!6 a.rrrrpOKCHMal.Uil! B L 2 -HOpMe, CJI6~0B8.T6JI:&HO 3JI6M6HTU BC6X 

,ll;6T6PMliHB.HTOB, KOTOpHAlli Ollpe,n;e.JUIKJ'rC.fi OT.D;8JI.bH!l6 OpTOroHa.JI:&HU6 

c{JyHKUiill lf'm, 6y.IJYT l!3B6CTHH. 

TmmM oopa.sor.f' a.JirOpHTM BH'!l!CJI6HIIR H6l!3B6CTHHX K08CJx:fJHUI'!eH

TOB Cim 1 i = 1 1 2, ... ,m-1 MOJK6T ObiT:& !IOCTpoeH Ha. OCHOBe (12). 
OnnmeM BKpa.r~e ero l!,ll;eiO. 

,llJm Bu6pB.HHoro MB.KCl!Ma.JI:&Horo aHa.'leHrui rra.pa.Merpa. m nwrn:c-. 

JIRIOTC.H 3HB.'l6Hrui BCeX HYJKilliX CKa.JIRpHHX I1pol!3B6.D;6HID1 l! CTpOHTCJ1 

HCXO,ll;Ha.R MB.Tp:vma. $ , 3aTeM, OITyCKa.R ee IIOOJI6.n;HIOIO CTPOKY B 38.BU

CHMOCTJI OT T6KYll!ero 3H8.'l8Hrui ITB.pa.MeTpa m, onycKaelol COOTB6TCT

Byr<Illl'!6 croJI6IJ;H H suqmcnHell Ha..n;Jie.lltBIIIRe ee aJire6pal!'leciGie .n;onoJIHe

Hliff ,l{JIH :ooex m • 3Hat:reHrui 8Tl!X ,IJ;OIIOJIHemrlt !IpH IlpoH3BOJlbH014 Bl:lOO

pe 3HB.'l6HHH C (C ;/; 0) rrpe,D;CTa.BJIRIOT corJiaCHO (12) llCKOM!le mm mm 
KO:l@UI.l;l16HTH 0 pTOroHaJI:&HHX !IOJlllliOMOB, 
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YicxoM J!3 rrocTaHoB:rrn aa,n;a-.:rn n Tpe6onamrll: npaRTiml!, 6uJia .ItJUI 
peaJinaar~m Taxoro aJII'opnTMa B Ra'lecTBe :racxo;rurotl: neopToroHaJihliOfi 

CHCT8W:1 QYHIUW:M Bl:16 pana CJ!CTeMa :11 IIOJlliHOMOB U B Ra'leCTBe TO'leK 

Zi TO'lllli (xi/57, y i/36) E I 2 , o6pa3YJOIIlH8 pemeTRY, ITOJIY'l8HHylO 

CJKaTneM n.n;eaJI:&Ho:ti npm.toyroJI:&Hoit perneTirn c 260 yaJiaMH, maroM 6, 0 MM 

B,I40JI:& OCH X Yl y, 'lJ!CJIOM CTPOK I3, '!UCJIOM CTOJI61.\0B 20 (HCITOJIMY€1\lYIO 

B npH6ope AaiTT-2/I60). 

Paapa60T8.Hll 6H.JIH <IJOpTpaHHHe no.nnporpru.!Mll SUBMAT , ORTOO , 

VALOR , KOTOplle BXO,WIT B RaJin6poBO'lHYKJ rrporpaM~.ty ORCAL • B pe-

3YJILTaTe BU'lJICJieHlrfi ITO 3TOH nporpaMMe. liOJIY'leHU COOTBeTCTBYIO!IIlle 

K03Q¢YIQUeHTU OpTOrOHaRbHUX ITORUHOMOB 1 ITPllBe.neHHUX B TadRY!Qe I. 

Ta6JIHl.\a I. 

~1 =1 ~ =-066094x+x3 
1 2 lfl:~.. =x % =-0, 36842y+x y 

't'3 =y % =-0, 38889x+xy2 

'f''f =-0,3nP42+x
2 41 =-O,n9444y+y3 

10 2 4 
"Ys=xy 4f11 =ql0261-Qrq3945x +x 
'f'r =-0, 38889+y

2 
111 =-0 6n094xv+x3y 

" "-t'i2. ' • ·-

~=0,14327-0,38889x2-0p6842y2+x2y2 
g 3 

If!. =-O,u9444xy+xy 
1

" 2 4 ~1;=0,11111-0,98016y +y 
3 5 ~,=0,28116x-1,209nx +x 

2 4 ~.=0,10261y-0,93945x y+x y 
3 2 3 2 lf1r=O, 25703X-0,38889x -0, 66094xy +x y 

~ =0,?5585y-0,69444x2y-0,36842y3+x2y 3 
u 2 4 

~~=0,11111x-0,9801nxy +xy 

~~=0,?9850y-1,25000y3+y5 

(6) B CJIY'lae HeiiJrmcnpoBaHHoro MHOJKecTBa TO'leK zi (rrp.RMoe 

KaJin6poBO'lHOe rrpeo6pa30ll8.H'Re) IIOHCR Bee HOBHX H HOJlliX KOaqxpHI.\HeH-

TOB OpTOrOHaJibHHX IIOJIHHOMOB MOJKeT OKa3aTbCH,OTHOCHTeJibHO BpeMeHH 

c'leTa,He BHrO.D;HHM. IIoaTor.ty 1.\eJiecoodpasHo paccr.torpeT:& B03MOlltHOCTH 

ITOCTpOeHRfi IIOJIHHOMOB,OpTOrOHaJibH!lX Ha KaROM-HH6y,nh .nBYMepHOM OT-

pe3K8, CO,nepJKaiijeM TO'l!W Zi , HCIIOJib30BaHJ'!e KOTOpl:lX IIJ>lfBO,nHT It 

MaTp~e,IIpH6~3liT8JibHO ,nHarOHaJibHOll. 

.llJm pemeHH.fl 38.,It8.'llf IIOCTpoemm IIOJIHHOMOB OT ,nnyx rrepeMCHHl:lX, 

0 pTorOHaJibHl:lX Ha KBa,n;pa Te I 2 = < -1 ,1 ) x < -1 ,1 ) 
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dUR HCITORb30BaH H3UK CllMBORbHOrO nporpaMMHpOBaHHH REDUCE-2 /lO/. 
0CHOBO~ COOTBeTCTBYD!IIe~ nporpa.MMU CRYXHT M8TOA rpauya-lli~Ta. 

ilORy'leHHUe ITORHHOMH BKRD'leHH B KanHdpDBO'lHYD nporpaKMy GENCAL. 

B. 
(a) IlporpaMMH o6pa60Tirn CHHMKOB C TpeROBllX RaMep Tpe6YJOT RpoMe 

npm.~oro TaRXte l:I o6paTHoe rrpeo6pa3oBmme Koop.rnrnaT, onpe.neJUIIOmce 

rrepexo,n OT H,neaJI:&HHX K H3MepeHHUM KOOp,lJ;IDiaTa.M. K CO.l!8.1IeHIDO, H8JIII

He:il:HOCT:b npsmoro npeo6paaoBa.HIDI He rro3BOJIHeT IIOJIY"'RT:& KoS<[f.,ImneH

TH o6paTHoro npeo6pasoBaHRH c rroMom:&ro o6pameHEH ero MB.TPRm1. IIos

TOMY 06paTHOe rrpeo6pa30ll8.H'Re orrpe,neJIHeTCII OIDIT:&-Tairn IIpH ITQ!,!Ol!IH 
iMTUT~n" -1 I IIOJlliHOMOB ,nByX rrepeueHHHX, T.e. 'o<'J"',_._..'IMH P (x,y;Ax) , 

-1 I ( ) 
Q (x,y;A\1> , aa.naHHllM Terrep:& B TO'!RaX xi , yi J'J(eaJI:&-

Hon pemeT:rrn n JIHHefino-arrrrpoRcnMHpYJOIIlHX: 
-1 I 

- B CJIY'l8.e P , ROHe'lHOe MHOllteCTBO m K II3l.lepeHH!lX 

KOOp,IllmaT X • ; m1 _1 , 
- B CJIY'l8.8 Q , ROHe'lHOe t.n!OllteCTBO Yrl. ~ nm.tepei!HHX r<:00p-

,Illm8.T Ymi 

CJie.nyeT 3WIIeTHT:& BaJKHHi1 c BH'mCJinTeJI:&Hofr TO'IKH 3peHEH )aJ\T, 

'ITO B CJIY'l8.8 ITJ>illv!OrO rrpeo6p8.30BaHRfl MH0llt8CTBO TO'l8K Z;_ , B KOTO-

pllX s~ ;Ilytncr~m P n Q , B r~oM oT,neJI:&HOM KaJm6pono'lHOM 

H3MepeHmr mme, B TO Bper.m: rmrt .ItJUI o6paTHoro npeo6pasoBaHIIH r)HK

cnpoBaHo, IIOCRO.Jlliey COCTOJ'!T II3 TO'leK H,IJ;CaJI:&HOii pemeTKH. Tor,na 

oK8.3HBaeTCH Bec:&Ma BHro.nHHM orrpe.ne~T:& Ra.JIH6poBOqnue rrpeo6paaona

HRfl IlpH IIOMOmH ,nnyx P8.3HHX CHCTeM IIOJIITHOMOB: 

- ncxo.D;Hoii HeoproroHaJI:&Hoi1: cncTeMu .ItJUI npuoro npeodpasoBa-

Hna; 
- CHCT8MLI IIOJIHHOMOB,OJ>TOrOHaJI:&HHX Ha MHOJit8CTBe Y3JIOB H,nCa.JTh

HOii pemeTKH .ItJUI odpaTHOro npeodpasoBaHMH. 

0'leBJWIO, 'ITO COOTB8TCTBYJW18SI KaJIII6poBO'IHaJI rrporpm.Na CTa

HOBHTCH 6oJiee npocTofi H BUqHCJieHHH 6oAee 6ucTp~n.m. 
(6) Bu6op OIITID,!8JII,HQH CTeiieim arrrrpoKCHMRPY!JiiHX IIOJIHHOMOB RB.JIR:

eTCJI :aamJOH rrpo6AeMOii OTHOCHTeJILHO TO'lHOCTli aiiiiJ>OKCHMalnm H BpeMe

Im C'leTa no Ra.JIH6poBO'lHHM rrporpaMMBM. PacCMOTpm.t ee ocHoBHHe qep

TH. 

I. Ta.K Ra.K paaHHe H3MepwreJI:&HHe rrpH6opu xapa.RTepHH cne~

HHM Bil;I(OM HCKallteHHH, BH60p OIITl'!MaJIJ>HOH CTeiieHB 98BHCBT 1 B nepByll 

oqepeAb,OT THIIa Ra.JIH6pyeMOro rrpH6opa. 
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2. ilpH arrnpORC:HMB.IUm IIOJilfl!OMaMl'I dOJI88 Bl:lCOICUX CT8IT8H8ii ITO

P.IID.!O pe3RO BospaCTaiOIIliDC TpedoBaHIDi Ha IIaMf!Th 3BM H BpeiWI C'I8Ta 

B03HURa8T OIIaCHOCTh, 'ITO arriipoKCUMliPJ'I001M 1JyHKIJ;II.li li!Ollt8T "CJnniiKOM 

xoporuo" ormcaTL HsMepemm rrpo~ TO'IHO no BCeM CJIY'Iafrnl:lM OTKJIO

HeHIDIM. 

3. KaJrndpoBO'IHoe rrpeodpaso:sarme rrpe,JUiasna'IeHo .IVIff rrpeo6paso

BaHIDI JllOOOll 'l'O'!Kll H3M8p.fieMOrO CllliMRa, B TO BpeMH RaK ITOCTp08HO 

OHO Ha OCHOB8 KOH8'IHOro 'Il'!CJia Y3JIOB STaJIO!IHOll peiii8TKl1 :1'1 ero Ra'Ie

CTBO O~emrnaeTCR Jll'IIIIh ITOCpe,n;CTBOM 3Ha'!emrli OCTaTKOB B STllX ysJiaX. 
CJie,lJ;OBaTeJILHO, Bl:ldOp OIITHM8Jll>HOll CTeiieHH ITOJIHHOMOB saBJICHT OT 

Toro, mm Be,n;eT ce6R RaJIH6poBo'!Hoe npeodpaso:sarme MeJB:,n;y nnMH ys

Jia.MH. JTOT BOIIpoc MOlKHO l!CCJie,IJ;OBa1'h Ha CJie,n;yJOiljeM liiO,IleJil1. 

ilyCTh B HCXO.n;HOfi l!3MepeHHO:ti perueTKe rrporryr:qeH!l HeKOTOpl:le 

ysJiu npH coxpaHeHHH CHKUetpH'IHoro pacnoJioEeHHa. ~Jia KO,n;H~H~Hpo

BaHHott TaKHU Odpa30K pewetKH p8Wl'IM KaJIHdpOBO'IHYD 3a,n;aqy, 3ateM 

Bl:l'IHCJIR8M 3Ha'I8HHR KaJIHdpOBO'IHOrO ITpeodpa30BaHHR ,!J;Jifl BC8X HCXO)(

HI:lX Y3JIOB H CpaBHl'IBaeu 3Ha'I8HHH TO'IHOCTHI:lX IIapaMetpOB. 

4. Dorrpoc B!lclOpa OIITI1MBJihHOll CTeiieHH IIOJIHHOMOB CJie,DyeT peUlli'l'b 

TOJibKO pas - IIpM rrepBOHa'IaJILHOH RaJIHdpOBKe ,IlaHHoro rrpnclopa, B TO 

Bperm RaK rrporpaMMa RaJIHdpomrn npe,JUiasna'!eHa ,n;Jia rroctOHHHOfl sKcrr

nyat~HH. IToaTo~zy BKJnO'IeHHe B nee ITpo~e,rzypl:l B!lelopa OITTID~ oKa

sunaeTCR l!3JllllUHIDA H He a@eKTJIBH!lM. 

CJie,IlODaTeJILHO, BllclOp OllTUMa.Tll>HOJ1 CT8IT8HH ~eJiecoodpasno rrpe,Ilo

CTaEHTb ITOJib30BaTeJIID, )(JIH qero B rrporpauMy BB8,IJ;8H CII8~l'IaJibHI:lH 
rrapauetp. 

(B) RpnTepHn sqxJ:>ertTIIDHOCTH Ha.H,n;emmx rrpeodpasoBaHIDi ecTeCTBeii

HO IIOCTpOHTb ITO YKJIO!!eHllliP.~ (H8M3K8M): 

4. 0ITl!CaJ!l!e RaJil!OpOBO'IHI:lX ITPOrpaMM GENCAL TI ORCAL 

HasHa'lenne 

ITporpa..w.ru GENCAL u ORCAL rrpe,JUiasHa'lenH .IlJlff Bll'IHCJieHUJT KosciJ

'J~IeHTOB KaJIUCl pOBO'IHb!X rrpeoel pa30BaHlW ,II;Jif! ITpOC!!OTpOBO-I131'18 pi!T8Jih

HOii anrrapaTypH l1 CKaHliPYI<Jll!IDC aBTOMaTOB, paclOTaiOll{}lX B ,n;eKapTOBOii 

CUCTeMe KOOp,D;IDfaT. 

ITporpaMP.lli peaJIU30BaHll Ha fl3HK8 <I>QPTPAH ,n;N 3BM CDC-6500 OHlm. 
PesyJioTaTOM paeloTu 3TI1X rrporpaMM rcporAe Maccnnon K031I*r~re!ITOB 

.~ rrpml!oro 11 oelpaTHoro ITpeodpasonaHli.li JIBJimOTCH Tael.m!Il;bl H rncTo

rp~ ocTaTKOB, sHa'IeHHH TO'IHOCTHHX rrapaMeTpon Rmax, R, oR II 

B CJIY'Iae rrporpaMM!1 ORCAL TaJCKe 3Ha'IeHHJI ItoSipi>In~eHTOB OpTOrOHaJih

HllX IlOJIHHOMOB ,JJ;JIH COOTBeTCTBYJootero ITpeoelpasOBai!llH Ha 38,IlaiiHOM KO

H8'IHOM MHOJK8CTB8 TO'I8K. 

liHCTpyiSUim ITO HCIIOJIL30BaHHIO 

BLI'IIICJI8Hllfl ICaJIIICipOBO'IHb!X ICOSf~D>mneHTOB ,IIOJDKHLI rrpOBO,l\li!TbCR, 

rrepl!O,IIH'I8CKH C lJ:aCTOTOH, OIIp8,Il8Jiff8MOM CTaclHJihHOCTb!O KaJIHelpyeMOro 

rrpnelo pa. ITpe,I~IIoJraraeTcH, 'ITO rrpm~oyroJILHM RaJIHCl poBO'lHM ITJiacT:w~-

ua H3Mepe!!a ITOBTOpHO ,i pa3 ( .i = 5+10) l! l!3MepeHHHe ,JJ;eKapTOBbl 

IWOp,IlUHaT1! ( XM, YM ) j K8.Y.\,li;OrO l!3 ICpeCTOB IlJiaCTHH!1 ycpe,JJ;H8Hll 

ITO j • 

3Ha'!eHHJI KOO p,D;I1Ha T XM, YM ,JJ;OJDKHL! db!Tb ITO,JJ;Be preyTLI MaCIIITael-

HOMJ rrpeoelpasoBaHmo .IlJlff rrepexo,I~a oT OTC'leTHUX e,IlliH~ ,n;mmoro ns

uepnTeJI:&Horo ycTpOHCTBa K Ml!JIJlliM8TpaM. 

MaccirnH XM, YM nxo,I~HHX ,I~mrnwc .IlOJilltHI:l 6!1Tb yrro P.fl.IlO'!eHH B 

I!Op.A:.IlK8,YI\a3aHHOM Ha puc.I. 

Rxi = xi-P(xmi'Ymi; /A.";.,)' R'. = x . - p-l(x y • A'* ) NR X 2NR X (NS.NR) X 
X~ m~ i' i' X ' 

* ' 1 Ryi = yi- Q(x!lli'Ymi; A~), Ryi = Ymi- Q- (xi'yi; A';), 3 X (NR+3) X X 

,.--:,.----~, 2 X ( NR+2 ) X X 

V 2 2 ·y2 • Ri = Rxi + Ryi , R. = R' . + R •? 1 X ( NR+ 1) X • • X 
~ X1 y1 

B KatJecTBe 

' Rmax(Rmax 
n <R' > 

'KpHTepneB Ocl!1'IHO depyT MB.KCl'IMaJll>eyiO OCTaTO'Iuyro OlliHclKY 

) , cpe,n;Hee 3Hati8Hll8 OCTaTO'IH!lX Ol!IH60K ITO ITOJIID 

H IDC cpe.n;HeKBa,IlpaTU'IeCKOe 3HB.tJeHne ~ ( () ~ ) • Pnc.I. 
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tfHCJIO CTpOJ< tffi U CTOJI6UOB NS npOl'I3BOJihHO, C orpaHH'ieHHeM: 
NR • NS ~ 300, • Ha mar SX ll: SY Ramrc5poBo'inoi1 perueTicn orpa-

Hll:'iemr.~i neT. 

)ljm l!CfiOJih30BaHM rrporprum.ru: ORrAL ITOJih30BaT€Jih .D;OJDK€H 

rrpo;ner\.Jlapnpom:tT:o n rJia.BHof rrporpaMMe oc5m:uli c5JioR /G/C ( 21, ?.1 ). B 

MaCCl!B€ C ITOCJie Blf'IHCJI€HWA c5y;rryT XpaHHThC.fl IWSriX[JIIT(H€HT!1 ITOJmHOMOB, 

OpTOrOHaJibHhlX Ha COOTB€TCTByr<llll€M MHOJK€CTBe TO'f€K, HYJKHhl€ ,IVlll: 

rroc·rpoemm oc5 paTnoro Ramrc5poBo'fHoro rrpeoo pasoBaHim. 

OopameHHe 

CALL GENCAL(XM, YM, VI ,NR, NS ,SX,SY 1 NPL,NIT ,JAS 1 NPOL
1 
IOR, IPT1 ,IPT2, 

IPT3,TR1 1 TR2,XMX,YA~ 1 CFX1 1 CFY1,CFX 1 CFY); 

CALL ORCAL(XM, YM,'/1 ,NR ,NS ,SX 1 SY, NPL, NIT ,,TAS, IPT1, IPT2, II'T3 ,TR1
1 

TR2,XL~ 1 YMX 1 CFX1 1 CFY1 1 CFX,CFY,C1), 

3na'i€HM BXOW1!1X rrapaMeTpOB 

XM - MaCCHB ycpeW{eHH!lX ROOp.n;HHaT x B Ml.1 (l.!aRCHMaJihHa.FI 
m 

pasMepJIOCTb 300) j 

YM - l.VtaCCll'B ycpe,IJ;!IeHH!lX KOOp,n;mraT Y m B 1'.1111 (MaKCID.taJ!bHa.FI 

pasMepnocT:D 300); 

W - MaCCHB B€COB TOll lit€ pasMepHOCTH , liTO H xm' ,l(JUI KOOp,llHHal' 

Xm II Ym Beca .D;OJDKH!l 0!1Th O,IJ;liHaROBHMl!, €CJIH H€T CITe-

!.J;lffiJ!bHOro nuc5opa, Macmm w .n;oJDKeH O!lTh rrpe.IUlapRTeJihHO 

sanoJIHeH e.n;mmuaMH; 

NR- 'fHCJIO CTpOR B pemeTKej 

NS- 'll!CJIO CTOJIOIJ;OB B pemeTKe j 

sx- mar pemeTRII no ocn x (MM); 

SY- mar pemeTrm no ocn y (MM); 

NPL- 'fHCJIO 'l.II€HOB armpoRCHMHpyromei1: JimieMHOH KOMOHHau;nn. )ljm 

MaRCllJ,taJihHOH CT€II€HII ITOJmHOMOB N = I , 2 , 3, 4, 5 no;ryqaeM 

COOTB€TCTB€HHO NPL = 3,6,IO,I5,2I; 

NIT= f I - nwrnc.JIFieTc.FI oc5paTHoe rrpeoc5pasonrume, 

LO - oc5paTnoe rrpeoc5pasonrume ne B~Ic.JIFieTc.FI. 
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1 

I 

JAS·[: 
- U3M€p€H!l BC€ RpeCT!l IIpm.'IOyrOJibHOll RamrdpOBO'fHOM IIJiac

TIIHll, 

- RpeCT!:l, JI€JKamH€ B yr;rax pemeTIW ,He :H3MepeH!:l, B Ka'f€CTB€ 

KOOp.D;llllaT ( XM 1 YM ) TaKHX TO'leK .D;OJDKH!:l d!:lTh BB€.D;€H!:l 

ROOp,n;HHaT!:l (0,0). 

3Ha'feHM BIIXO.JIH!:lX rrapaMeTOOB: 

TR1,TR2 - C.IUlRr ROOp.n;HHaT Xm , Ym OTHOCHT€JihHO U€HTpa 

n.n;eaJII:.HOM pemeTRRj 

XMX 1 YMX - IWSCix!>HIUJ:eHT CJKaTM ,IVlll: ItoOp.n;HHaT x l! Y COOT-

B€TCTB€HHOj 

CFX1,CFY1 - r.taccJm rtoaifxi!mmenToB npmtoro KaJIH6pono'fHoro rrpeo6-

pasoBaHrur .n;JIFI KOOp.D;IIHaT Xm II y m COOTB€TCTB€HHO 

(MaKCID.taJ!bHa.FI pasMepHOCTh 2I) j 

C:FX,CFY - MaCCliB IWa(@HIUJ:eHTOB OOpaTHOro RamrdpOBO'fHOrO rrpe-

o6pasOBaHM .D;JIFI ROOp.n;HHaT x :H y COOTB€TCTB€HHO 

(MaKCID.taJihHa.FI pasMepHOCTb 2I) j 

C1 - RoacppHUHeHTH rroJIHHoMoB,opToronaJihH!:lX na ROHe~>OM 
MHOJK€CTBe H3MepeJIH!:lX IWOP.n;HHaT IIOCJie CJKaTM (,n;JIFI 

orrpe.n;eJieHHR np.FIMoro rrpeo6pasoBaHl!R; pas.2IxGI). 

Buoop CliCTeM IIOJmHOMOB 

Oclosna'!liM 'fepes: 

~ - IIO-IIpeJitH€MY C¥ICT€T..ty IIOJIHHOMOB { 1 ,x ,y ,x2 
1xy ,y2 

1
.,, ,yffi } j 

'::f3'- C¥ICTeMy IIOJIHHOMOB, OpTOrOHaJihHhiX Ha e,n;IIHI!'fHOM RBa,n;paTe 1
2 

':f'f - CliCT€MY ITOJIHHOMOB, 0 pTOrOHaJihHIIX Ha MHOJK€CTB€ TO'feR 

(XI/57, Y /36) , r.n;e ( XI, Y ) - Ir.rteaJII:.Hh!e Roop,ruma-

Thl Y3JIOB STaJIOHHO:fi pemeTIGI (I3x20, SX = SY = 6, 0 MM). 

IlporpariiMa ORCAL B!:l'I:viCJIFieT CHa'faJia ROa<fxPIDUieHT!:l OpTOrOHaJih-

H!:lX IIOJIHHOMOB II COXpaH.FieT HX B MaCCl!Bax Cl ( 21
1 

21 ) , C(2I ,2I). 

}ljm BWlliCJI€HI'l.fi I\a..JmdpOBO'fHhiX KOa<!xfll!UH€HTOB rrporparm.fa ORCAL 

UCITOJihSyeT ~ 3TH ITOJIHHOMhl. 

IlporpaMMa GENCALMOJK€T liCIIOJih30BaTh B Ra'feCTBe arrnpORCIIMH-

PYIDII1HX noJnmoMoB rroJIHHoMh! cHcTeM ':f1 , lj
3 

, '::f'f • YnpaBJieHHe BH-

6opoM OW{OH 113 STHX CliCTeM OCYIJ1€CTBJiil€TC.fl 3Ha'feHID1JI,m napaMeTpOB 

NPOL , IOR , 3a.D;aBaeMh!X IIOJib30BaTeJieM. Bo3MOlltHI1e ROMdmmrnm 

B!:ldopa ~ rrp.FIMoro n o6paTHoro rrpeodpasoBaHHH rrpl!Be.n;eHh! B Ta6JIH
~e 2. 
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Tac5.7!1IUB. 2. 

NPOL 1 2 1 2 

lOR 1 2 2 1 

ITPJJ'I08 ':f, ':!:; ':11 ':!3 
oc5paTHOe ':!, -1'1 ':f~ Y'3 _).( 

Tie~aTh pesy~nTaTOB 

Tiporpar.l!.lH GEl/CAL , ORCAL BH,ll;a.I8T ;n;.JUI ITpsn"oro JWJIIIOpoBO'lliOrO 

upeoclpasoBrunur rre~aTb 

I) Ta6JUILI!i BXO,I(HIDC .nanuux (MM); 
2) rpaHHtlH!lX 3HaiJ8H!I!U ROOp,nHHaT l! 3HaiJ8Hl!U BeJII~H TR1 , 

TR2 , XMX , YMX (MM) ll OCTaJibH!lX BXO,nH!lX rrapaMe'.rpOB; 

3) B CJiy'Iae, KOr,na peUJa.IOTC.ff CHCT8Mhl HO pMaJibH!lX ypaBII8Hrri1: 

ITpH ITOMOII1l! 6HOJil!OT8~HOfi ITporpaMM!l LINEQ1 , BWJ;a.IOTC.ff 

3Ha~eHlUI ITapro.leTpOB NERROR , DET ; 

4) KaJUl6pOBOIJH!lX K03tjx!JHUH8!1TOB CFX1 , CFYl ; CFX, CFY; 

5) Ta6JJHLILI OCTaTJ\OB DX , DY ( RESIDUALS ) B MI'!RpoHax C 

Oicpyr~eHH8M, paCITOJIOJ!(8HH8 llX B IT~OCIWCTl! COBITa,I(aeT C pac

f!O~OJK8Hll8M Kp8CTOB KaJIHOpoBO'lHOH perneTRii; 

G) rnCTOrpa.MM!l paCCTO.ffHIDi: R= V DX2+DY2 ' M8JK.nY TO'!Itmm 

n.ne~Hofi pemeTRii n ITpeoc5pasoBruiH!lMll To'lKa.Im; 

7) 3Ha'I8HHH TO'lHOCTH!lX napaMe'l'POB KaJII!OpOBO'lHOro ITpeo6paso

BaHl!.ff B ~1M : 

- MaiWliT.!a./IbHlln OCTaTOK R max 
- HOUep KpecTa C MaKCITh~bH!lM OCTaTKOM, 

- cpe,n;nee sna'leHIIe R ocTaTI\OB R ITo rromo, 

- cpe.nne-K:sa.npaTI~Hoe oTI\JIOHen:rre 6' R ocTaTKOB R no 

IIOJIJJ. 

B cJiy'Iao oc5paTHoro ITpeo6pa30BaH1UI ITepBue TpH ITYHKTa ITe'laTl! oiTyc

ICa.IOTCH. }(OITO~HT8JibHOTI ITe'laTHO MOlltHO yrrpaBJIHTb ITpl! ITOMOll{ll CJI8,n;yJO

ll{llX ITapmmTpon: 

{

I ITo~aTaeTC.A: Ta6mm;a n.neaJibHHX l! ITpeoc5 pasOBaHHllX 

IPI'1= HaT, OCTaTiill DX , DY IIO,ll;pH,ll; B MM, 

0 noT rre~aTn; 

Icoop.nn-
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I rre~aTa:roTc.rr rucTorpaMMU ocTaTKOB 

IPT2= Till.I, 

0 HOT IT8'11lTll. 

R ITO OT.~e~bHUM ICRa,f(pal!-

EcJIH H3~IepeHHD.r1 pmaeTrm necmrr.!eTpll~Ha, TO ,TAS=2 n rre~aTn rro 

OT,JJ;CJibHHll Jma,npa!!TW.n HOT - H03aBI.ICHMO OT 3l!a'l8Hl!H 1Pr2 • 

{ 

I ITe~aTb r>rCTOrpm.'l?.l ITOJIO;KIIT8JibH11X li m·pm~aTe~b!ILL'{ OCTaT-

IPr3= I'OB DX , DY , 

0 ueT rreqa•rJI. 

Tiporpru.'l?.1a ORCAL CBepx TOrO DWJ;aeT Ha IT8'laTb MaTpiEiy CliCTCW·l HOp-

l!D.JibHllX ypaBimmriJ: H rwar))IIUJ18!!Thl cij B JieJ:cmwrpar)Precr<:or.r 

liOpH,f(Ke, COOTB8TCTBYJOI~8~1 ITOCJI8,JJ;OBaTC~hHOH 3aiTIICit OIJTOrO!iaJibHhiX 

ITommor1on: . ~ ~ 

lf11 = 'L c,ti 'fj , '+' :J.. = L c:J.., 'f'd., ... , '+'NP' = ~ cNPL J. <fJ. • 
J~1 0 J~1 J 4 J-1 } 

OcHonnrur CTPYRTYPa n pecyDCH rrporpru.IM GENCAL n ORCAL 

ICa.m!:6poBO'lH1!e nporpaMM!l pea.mrsyroT CJIC,f(y!Ollj}Ie ocrromme aJiro

pnTMH: 

- nllq:ac~emre rwop,f(IIHaT •meaJibiiOif pomeTKII c ~eHTpm.t n TO'me 

(0,0); 

- CJAaTHe .nrurn11x n e.nvrmrnmfi Irna.npa•r I
2

= < -1,1 > x < -1,1 > ; 
- pernemre mme:l1:nofi cncTeMH Hop~k'lJihH!lX ypaBIIeuffii: ~6o rrpn 

ITOMOII1l! Ol!6JIJIOTC'IHOii: ITporpaMMll LINEQ1 , JIIIOO rrpm,m B ITpO

rpru.TJ'..!C; 

- B ITporpaMM8 ORCAL : !.ID.Tpii~lle Bll'Il!CJI8Hl!H ~ ITOJIY'IeHIDI 

Koaci;xfrm.uwiiTOB opToroHaJibHllX rromrnoMoB; 

- Bil'lliCJI8Hlifl OC'l'[lTI<OB TO'IHOCTH11X rrapaMeTpOB H ITapa:rvJ8TpOB 

~ ITe'laTH posyJibTaToB. 

B xo,ne B~l'IC~emrtl: ITO ITporpaMr,!aM GENCAL H ORCAL UCITOJib3y-' 

IOTC.II ITo.nrrporpronMu: 

MAX,REZM,FMIN,COEF,SUBMAT,ORTOG,VALOR,QUADR 1 HIST,PRHIST. 

06mHii oc57>eM oiTepanmnoii ITar.mTH 3BM CDC-6500 , Heoc5xo.nn-

Mofi: ~ C'leTa ITO rrporpm.ll•!e GENCAL , COCTaBJI.ff8T OIW~O 565008 , 
ORCAL - OKO~O 600008 ; ~.!8CT8 CO BC8MH BCITOMoraTeJibHHl.'.lll li OllOJil!OTe'l

HllMH IIO,IUiporprunMaMn: GENCAL - 720008 , ORCAL -735008 • 
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IIporpaMr.1H ne HCITOJI:h3YJOT B cooefr padoTe HHKB.IDIX ,!(OITOJIIUITeJI:o

HHX ycTpOi\CTB IIpO!.lGJ:t~'TO'IHOfi II8HJIT11 liOi.Uil/IO CUCT8l-UillX ,Jl;I'!CKOB. 

BpeMfi C'ICTa ITO rrporpaM!.18 GF.NCAL 3aBUCHT OT 3Ha'l8ffi'IH BXO,!(-

HHX rrapaMeTpon NPL , NPOL H IOR , 'lECJia BXO,!(HilX ,!(aHHHX, a 

Tai<J:te OT JlHdopa ITC'lUTil ( rrapar~eTp!l IPTl, IPT2, IPT3 ) • 

,lT,Jm: NPL=21, NPI=220 npn OITTl'!Ua.Jib!IOM B!ldope rrapm.leT-

po:a NP01=2, IOR=2 , T.e. IIPHMOJ~ rrpeo6pa30Ilaillili, orrpe)'(eJieHHOM 

npn IIO!:!O!Ijli CJ1C'i'8!.lli ':/3 ., H OclpaTHOM - IIPJ.I ITOMOIIIH CHCT8MU .::f'y , OHO 

COCTaBRR8T B Cnyqae ITORHOH pacneqaTKH OKORO Y c, B cnyqae MHHHMaRh

HOM pacne4aTKH- OKORO 5 c. BpeMH-C48Ta no rrporpaMMe ORCAL 

COCTaBJIHeT ~Jill NPL=21, NPI = 220 B CJIY'Iae IIOJIHOM pacrre'laT-

IUI - OKORO 27 c, B CJIY'Iae MUHH!.TaJibHOfi pacrre'!aTIGt - OKORO 20 c. 

IIomrM pacrre'laTJta pe3yJI:&TaToB BH'lncJiennil rrporpaur.ru: 

- GENCAL BKJIIO'laeT OIWJIO 26 CTpamm; 

- ORCAL BI\.JIIO'laeT OKOJIO 36 CTpa.Hirr~. 

IleodXO,!(ll1.10CT:& OCHaJ!lCHIDI 8TMX rrporpaMt;l CTOJI:& IIO)'(p06HOH ITe'la

T:&IO BLl3BUHa IIOTpe6HOCTmm IIOJib30BaTeJieJ:i B ,!(OIIOJIH:HTeJibHOR KOJIH'le

CTBCIIHOtl IDI(iOpli!U[\IU! 0 CTadMbHOCTll pa60T!l Ra.JIIIdpyeMOrO :H3UepJITeJI:&

HOrO ycTpOTICTBa. 

ncrroJIL3onrume Ita.JIHCipono'lH!lX xoaiJX:muneHTOB 

<:•opr.lfJI!l ,!(Jill orrpe;n:eJieHIDI l".a.JDICipono'!HRX rrpeo6pasoBamrn ;n:o.JDKHR 

CiHTb liOCTpOeHH C Y'f8TOM napali!eTpOB C,!(BI:!ra H C'KaTHfi ,ll;a.HH!lX II3Mepe

HIDI, IIOCitOJibKJ JIIrneiJ:HaJI R01.i0llHa[\Im TIOJUIHOI,10D OT ;n:Byx rrepeMCI!IillX 

He mmaprra.HTHa oTnocHTeJI:&Ho Tarurx rrpeodpasonarrmi: ,n;a.HHilX. 

06osHa'llll1 'lepes p ( p • ) rrommoMI:l ,!(Jill rrpm.mro ( o6 paT-

nora) Ra.JIHc!pono'lHoro rrpeodpa3onamur Roop,znmaT x,y,a qepes ( XM , 

YM) :.... JDOOYia H3Llepennyro TOttey CIDUvffia, I<:OOp.u;ImaTh! ROTOpoii HaxO,ll;fiTC.fi 

B rrpe;n:eJklX 3Hattennfi li3MepeHH!lX KOOp,n;mraT RpeCTOB KB.JII!dpOBO'IHOM 

IIJiaCTIIIlli. J1yCTb ( X, Y) - JIIOdaJI TOtJKB., I<:OOp.~maTI:l KOTopoii C'IIITaeM 

H,ll8aRbHhlMH. 0603!Ia'llll',l )'(Mee 

XM = (XM-TRl)/XMX , 
YM = (YM-TR2)/YMX , 
X = X/XMX 
Y = Y/YMX , 

r.n:e TRl, TR2, XMX, YMX - napaMeTpu, BWIHCJIHer.rue rrporprummii: Ir 

)'(OCTYIIHHe IIOJib30BaTemo. 
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Ha:KOH8U,0003Ha'll'l!.l 'lepe3 ( XM", YM:If ) o6pas TOtJJ:JI ( XM , YM 

B IIP,!IMOM, a '!Spes ( X:lf, Y" ) - 00pa3 TO'II:H ( X, Y ) B OopaTI!OM 

Ra..Jmd pono'IHOM rrpeod pasona.Hmr. 

Tor;n:a rrp.HMOe rw.mrdpoBO'liioe rrpeOCi!Jasonarn!e onpe,n;eJIJieTc.fi •Jiop
MyJiar,m: 

NFL 
XM" = XMX ~(CFXl)j • p(XM,YM) 

j=l 

NFL 

YM" = YMX .~ (CFYl)j· p(XM,YM) , 
J=l 

a oclpaTHoe riJOpr.zy-Jiar.m: 

NPL 

x"' = XMX L (c!"X). • p' (X,Y) 
.i=l J 

NPL 

y" = YMX L (CFY) j. p' Of,Y) • 

,i=l 

5. PesyJibTaTl! BU'lllCJiermil 

Bo B'ropm1 'l8.CTI:! ollJUI o)oprrymrpOBU!I!l 1!8I{QTOpHe rrpo6Jiel.lll' pe

IIIeHne IWTOpb!X TCCIIO CBH3aJ10 C .K011Rp8Tfillf.Tii Bll'IIIM81Il!FI!.ll!. J1o,'J)3C,TI;8i'J 

Wrori1 8TIIX Bll'lliCJieHnil:, IIpone;n:eHHIIX no rrporpaMMar.J GENCAL I: ORCAL 

3naqemm TO'IHOCTHUX rrapaMeTpoB depyTcH B 111.1 ,ecmr HeT ocodux oro

nopoK. 

(a) Ha p1;cyrmax 2 li 3 rrpnne,!(enu rr:c•rorpru,1MU ocTaTO'll!U~{ orm-

6oK rro nomo n TO'liiOCTHhle rrapar:reTpR rtaJil:dpono'lH!lX rrpeoeipaso•;armli 

,D;aiiH1lX l'l3 CKB.HI:IPYIOOISrO aBTOMaTa ERASME B CERN-e , IIO.lf'J'ICH-

HUX IIpYI MCIIOJIL30BaHlliT aiii!pOI\Cm.mpyiOJI{JIX liOJUffiOMOB 5- ii c•renemi 

CJIC'l'8M f 1 Vi 'f'2 COOTB8TCTB8HHO, T. e. BH,ll,a (7)-(b). 
3TU 3JiaqeHIDI f!Ol"Jl3!1BaJGT, 'ITO aiii!pOI\Clll~ liOJIIffiOMaMl'l CHC

Te!.lli ':1'2. XYJKe, qe111 IIOJIIIHOII!ru.m cncTeuu -.J~ • TaR KaK sTOT pe3yJIL

TaT r.toJKHo o.r.m;n:aT:& 11 B CJIY'fae )'(pyrl!X ;n:aHH!lX c Toro JKe Trma Hsr.1e

puTeJI:&HRX yeT poficTB, rrpe;n:rro'!Temre B KB.JIII6 ponotJirux 3a,!(attax cncTe-

1\111 -1'1 nepe)'( ':f 2 OOOCHODaiiO. 
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APPROXIMATING POLYNOMIALS OF DEGREE 5 

SYSTEM .!f\ 

. .. 

. . . 
> ' , * * ;> 

1' ... ,.. 

'~ ., ~ .. . . . . . . . . . 

HISTOGRAM OF RESIDUALS 
RANGE 4. 0 -03 MM 
STEP 0.16-03 MM 

. MAXIMUM RESIDUAL 
* ,;. -\, ... ,.. . ... . POINT NUMBER 

"" + * .. ,.. .............. . . " . " ... -~ .. ... ... * * MEAN VALUE 
... .. ,. ,.. . . .. ... ... .. ... • STANDARD DEVIATION .. .... * * .... .. * ... .. .. * .. . . . ... ... .. * .. .. .. * ... 

' .. * ,.. '* "' ...... . . =~ ... ,.. * ,.. ... • * ... • 
.. .. * * .. * ... • .. * .. .. ... ... • • 

OON~~~~~~NOOrl~NMMNrlrlriOMOOOO 
rlNriMNNrlrl rl 

P11e. 2. 

APPROXIMATING POLYNOMIALS OF DEGREE 
SYSTEM :f2 . 

• • * • . 
* ,, . . . . . . . 

,. ... * It 

• ;f * .. 
... " ...... 

• ><- ... * .. 
... * .. ... ff .. ... .. ... .. . . . . . . . . .. ... ... 
~ • ,.. ¥ ~ • • • * .. . ,.. ... ... ... ... ... .. 

HISTOGRAM OF RESIDUALS 
RANGE 6.0 -03 MM 
STEP O. 24-03 MM 

.. ... * ... .. ... ... .. 
MAXIMUM RESIDUAL 
POINT NUMBER 

5 

... • * ... • • • • • . . ... .. ... ... . ... . .. ... .. . ,.. . . . . . ... . . 
... . . . . . . . . . . . • • • • * • • • • • • • • 

MEAN VALUE 
STANDARD DEVIATION 

.. . . . . . . . . . . . . . . . .. ... . . . . ,.. ,.. ... . . . . . . ~ • • • • • * • • • • • • • • • • • • • • • • • 
M~~rl~O~O~~~OOV~NMNrlriOOrlrlrlrl 

rlriNNMrlNrlrl 

P11e. 3. 

22 

3.3-03 MM 
190 
0.9-03 MM 
0.6-03 MM 

5.9-03 MM 
21 
1.6-03 MM 
1.0-03 MM 

(6) 3amrcm.rocrh mruopa onrmTMbHo1l crerremr rroJIJIHor.Ton o'~ 

rmra ll3I.Tep:vi'reJI:ouoro yc-rpoficrna O'!em~wra H3 rncrorpm!!l.t (pncymm 

4, 5 II pncymm 6+II) , rroJr.['Iemrux n pe3yJI:ora·re BIPIHcJieiw: ITO ITpo

rpm.u.~e '1ENCAL ,I(JIII .n;am!llX II3 rrpoC!.!OTpODO-H3118pi!TCJibHOrO CTOJk'l 

CAUET H CI\EmHpymr~ero anTor.m.Ta ERASME (n3uepemm B O!L11; :c 
UEPHe). 

3Ha'!OHI!5I 'l'O'li!OCTlillX rrapmmTpon, COOTBCTCTBYlJJ!1ll8 OT,TI;OJ!bHHl.! 

CTCITCIDU.! ITOJllmO!lOB, HC!TOJib30Bal!HUX B IT8pBOM CJIY'T0.8, ITpiiBC,TI;Clll-1 B 

To.Cl.mru;e 3 • 

TaelJiill\a 3. 

~~ITO!!!:> I 2 3 4 5 
IT~~ rrapm.1. 

R max (f'l 33,32 32,76 29,70 30,28 27,93 

R ()d 9,3S I 9,35 8,77 8,18 7,7'0 

oR ( }') 5,491 5,39 5,27 5,02 4,71 
- ----·----·--

O"'env,n;no, 'ITO n nepBoM cJiy'lae ,n:JUI ueJieil rrpocMoTpa .n:oc'l'aTo'l

no B3HTb n Ka'!ecTne rm.mrelpono'!Horo ITpeoopasonmmrr rro.mmor.r rrepno'1 

cTerrem1. Oo'hf!crmeTcn sTo TeN ')aKTO!IT, 'ITO B ycTpoiicTnax nma CAI.IET, 
KaK cJb!JIO y;KO CI\a3aHO B 'IO.CTU I, CIICTCrJaTU'tJ:CC!Cl!8 OTTi.JIOH8Hl:.H BH3-

Ilalill B OCI!OBHOM a:DHHHh!M rrpeoopa30BaiiH8H .I(CI\apTOBb!X !WOp,IUII!il1'. 

KaK CJie.n:yeT U3 TacJJilru;hl _l,yB8Jlli'l8HH8 TO'IHOCTI1 0 pOCTOM CTC!ICHl! 

arrrrpmccmvmpyro!llero no.mmoi,ra neBemmo, 01 3aTpaTu npeMemi ,I(JIII c't!eTa 

!\amici pOBO'IIIOH rrporpaMMli paC'fYT 3Ha'!IIT8JILHO. 

B cJID.n:yrorqeii TaelJnru;e ( !..:.±) rrpiDJe,n:emr sna'!eHrur TO'!HocTnux na

par.reTpon ,lT,llii BXO.I(Hb!X ,n:aHimX U3 CKaHUPYJO!llero aB'fOHaTa ERASME • 
Ta6m-rua 1 . 

Rerre,:ri I 2 ! 3 1 1 5 6 
-~ naprn.r. . i 

Rffif1X (fl)'997 ,8 940,5 22,9 10,9 I 3,3 2,3 

R (p) 338,1 332,5 6,7 3,6 I 0,99 0,8 

(JR. (p) 175 172,6 3,9 1,8 J 0,62 0,5 
----
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APPROXIMATING POLYNOMIALS OF DEGREE l 

APPROXIMATING POLYNOMIALS OF DEGREE 1 I HISTOGRAM OF RESIDUALS 

. . . . . . 

HISTOGRAM OF RESIDUALS 
RANGE 40. o-03 MM 
STEP 1. 6-03 MM 

• : : ; : ; MAXIMUM RESIDUAL 33.3-03 MM 
• • • • • • • POINT NUMBER 110 

• ,, ~ :: : : ~: MEAN VALUE 9.4-03 MM 
: ! : : ~ ! : • • STANDARD DEVIATION 5. 5-03 MM 
II? ~ ,.. >'; .. ,.. )j. 

1.- >r ..... It,._ .... 
,..****•*····· ,.. ...... 
~~~~~~~~NN~~ON~~~ooo~oooo 
~~N N~~~~ 

Pille, 4. 

APPROXIMATING POLYNOMIALS OF DEGREE 5 
HISTOGRAM OF RESIDUALS 

RANGE 30.o-03 MM 
STEP 1.2-03 MM 

. . . . . . . . . . • . • 
.. II- * lt • ... MAXIMUM RESIDUAL • * .. • .. • .. • • .. *II» • >t )1. '* POINT NUMBER 
• * .. • • • It • .. MEAN VALUE .. .. ,.. It .... * * . . .. . . . . . . STANDARD DEVIATION * * • .. • • ~ • • • ,.. .. ,.. ,. . . . . . . . ,.. .. .. .. .. .. . .. • .. • • .. • * • • • • • . .. . ~ . . . .. . . . .. ~ 

• * ,.. - ~ ,.. • • • • • • .. . . . . . . . . . . . . ,. • • • . 
~~~M~M~N~N~~~M~OONO~OOOrlO 
rl.-lrl~rlrl~~~ 

PHc. 5. 

24 

27.9-03 MM 
110 

7.8-03 MM 
4• 7-03 MM 

RANGE 1, 000 MM 
STEP 0.040 MM 

. . . 
. . .. . . . 

. . 

. . . . 
~ If . . . .. .. .. . .. .. . ,. ,.. ..... . ' .. 

It If .... 
• lf- • It 
JJ • II If-

Jt » .. • .. • . ....... 
...... :r .. 
It ... It .... It It . .. ... ,_ > •• 

• .. .. .. • .. ... .. ... It . .. ... ,. .. ... . . . . 
.... It ............ 
.. • If- .. .. • .. .. .. • 
................ )i .. .. .. . . . . .. . .. . 
............ If- • 

It .. Jt- It Jt • It • Jf- II ... . .. . 
.. ... ... If- If- lr .................... 

• • • 'II- ......... .. + * ....... 

MAXIMUM RESIDUAL 
POINT NUMBER 
MEAN VALUE 
STANDARD DEVIATION . . , . . ... lit" ..... 

N~~Orl~~~N~~N~~NM~OrlN~Nrl~rl 
rlNrlrlrlNNNNrl 

PHc. 6. 

APPROXIMATING POLYNOMIALS OF DEGREE 2 

• HISTOGRAM OF RESIDUALS . 
: : RANGE 0. 950 104 
• • STEP 0. 038 11M .. . 

• . . . . . . . . < ~ . 
• .. ..... ., . .. ..... lfo •• . ........ . .. . .. . ... . . . IIAXIMUII RESIDUAL . .. . . . . . .. .. .. ,. . . .. . . .. ... . . POINT NUIIBER . .. .. . . . .. .. . .. MEAN VALUE .. . .. . .. .. .. .. .. . . . .................. STANDARD DEVIATION . ............... .. . . .. . . .. . .. . . .. . . . . . . . . . . . . ...................... .. ................ .. 

....... Ill' • - ••••• 
. . 

• • • • • • II- ........... .. . -.. .. ....... 
rlm~~IDN~~ID~m~~N~OrlOrl~~NNrlrl 

rlrlrlrlrlrlNNrlrl 

PHc. 7. 

25 

0.998 MM 
203 
0.338 MM 
0.175 MM 

0.940 11M 
9 
0.333 101 
0.173 101 



.. PPROXIMATING POLYNOMIALS OF DEGREE 3 

' . . . . ' HISTOGRAM OF RESIDUALS 
RANGE 30.0-03 MM 
STEP 1. 2-03 MM 

... ,.. * " 
' . 

~ -· ),- ... 
• 11- .... ,_. ,. 

.. * ,. ... It 

... ~ 'II-

' • * • ,.. ,.. ... 
~ ~. 'r .. . ... ... * .. .. . • * • .. ,.. It • . * • • It It It ot . ., * • * * * J; . • * • • * • . . ... "' ,.. . .. ,.. 

. . 
• . 

Jl. ... * * • Jlt II- •• * .. . . . . . ...... * * . . ' < * • ..,.. •r • 't ..... * ... . . )j. * •• I} II- ...... It • 
. . 

MAXIMUM RESIDUAL 
POINT NUMBER 
MEAN VALUE 
STANDARD DEVIATION 

~N~N~~~~N~~~~~QN00~~00000 
NN~~~~~~ ~ 

P11c. 8. 

22.9-03 MM 
220 
6.7 -03 11M 
3.9 -03 MM 

. 
.. It .... 

APPROXIMATING POLYNOMIALS OF DEGREE 4 

HISTOGRAM OF RESIDUALS 

* • 

* • 
• ll' ... 

:t * ,.. 
' . 

' ....... 
,. ' . ' .. . . 

' .. . . . * ... * . 
' . .. . 

' ... • * 
> ... . . . .. * • lt • . ... . . . ... . . . ... . ' . ... . . . . . . . . . ... .. . . . . . ... . . . . . ... . . ... • • * . . . . . ... . . . . . . . . . 

• • ... . . . . . . . . . . . • It * • . . ... ... • * • 
• • ... It ......... 

RANGE 20.0-03 MM 
STEP 0.8-03 MM 

MAXIMUM RESIDUAL 
POINT NUMBER 
MEAN VALUE 
STANDARD DEVIATION 

• • . . . 
~~~~~~~~~O~~OriOOOOOOOOOOO 

NNMMMM 
PI1C. 9. 

26 

10.9-03 MM 
21 

3. 6-03 MM 
1.8-03 MM 

APPROXIMATING POLYNOMIALS OF DEGREE 5 

HISTOGRAM OF RESIDUALS 
• RANGE 4.00-03 MM . 
• STEP 0.16-03 MM • • • • . 
• . 
• • • • • • . . . . • • • • • • • • • • • • • • • • • • • . • •• .... ... .... . . . . . . . .. 

... ... ... ... . ... • • * It It ... MAXIMUM RESIDUAL • • • It * • 
POINT NUMBER ,.. .. . . . . . .. . . ... . . ... ... . • MEAN VALUE * .. .. • • • • • • . . ,. . . . .. . • . . .. .. . . . . . . . STANDARD DEVIATION . .. . . .. . .... .... . . . ... 

• • • • • • • • • • • • . . ... . ... . . . . . . . 
... . .... . . .... . . . . . . 
• • ... It ... • • • • • • It . . • • .... • * • • .... • • ... ... • • • • .... • . . . . . . . . . . . . .... ... . . . . . • 
OON~~~~~~NOOrl~NM~Nrl~~O~OOOO 

r-iNHMC\JNHr-t ~ 

• • • • • • • • •• • • • • •• • • 

P11c. 10. 

APPROXIMATING POLYNOMIALS OF DEGREE 6 

• • • .. 
• • ,. . . 
• •• . . . .. . 

• • • • • • • • • • . . . . .... . • ... .. ... Jt It • • • • .. • It • .. . . ... . ,. . . . 
• • • • • • • • • . . . . . . . ,.. . ,.. . . . . . . . . . . . .. . . . . . 
• • • • • • • • • • • • • • • • • • • • • • • » • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

HISTOGRAM OF RESIDUALS 
RANGE 3. 00-03 MM 
STEP 0.12-03 MM 

MAXIMUM RESIDUAL 
POINT NUMBER 
MEAN VALUE 
STANDARD DEVIATION .. . 

• • • • • • .. .. . . • • • • • • • • •••••••• 
~NO~~~~~~~NOO~~~Nrl~~riOOOOO 
~N~NNN~~.-trl 

P11c. II. 

27 

3. 3-03 MM 
190 
1. 0-03 MM 
0.6-03 MM 

2.3-03 MM 
206 
0.8-03 MM 
0.5-03 MM 



APPROXT~ATING POLYNOMIALS OF DEGREE 3 

. 
•• . ' . . 

. ' . 
' .,. ... >i 

" ... . { . . . 
... ~ 'I!" 

)~ I! * .. 

. 
• * .. . . 

1- Ji- .;. ~ " 4 "' 

I 

MAXIMUM RESIDUAL 
POINT NUMBER 
MEAN VALUE 
STANDARD DEVIATION 

itllo-lillt·t>t->t-lt->t* .......... 

***lli"""""" .... * ,. ,.,.., 
**·~ltJJJtltJtJt.lf. ..... ,. 

lt'tlt ........ lt ...... Jt ....... " ... lrr ... .. . 
......................... Ji ... Jtltlt• ltJt 
~ ... * • .. ... ... * ... ... • ... ... • ... ,. ... * ... .. .. ,. * 

0Mn~~M~~~N~~MNnnnNnNNN0MM 

.. 
' . " • 

... !It" ... ..~ . . . 
II ' ' • * • .. . .. MAXIMUM RESIDUAL 

~ .;- '!. ' . 
* ... * X 

. ·• POINT NUMBER 
111' It ... lt .. . MEAN VALUE . "" * .. * lll . ' . . 

,.. * * .. * • lf . ••• STANDARD DEVIATION • • • It ... ,. .. .. ... * ,. ... • .. .. .. .. ,. • * * ... .. .. .. . 
.. ... * ... ... ... Jt ~ ... ... • • .. • • • .... ... It ... • ~ ... It .. ~ .. .. . ~ •• .. .... "'' • • • ~ .. + .. ... * .. * .. ... ... ... .. ... .. • * • "' .. 

N~~~~~~~O~~~~n~MnNMOnNMNM 
nMnn n 

Pr'!C. I2. 

. APPROXIMATING POLYNOMIALS OF DEGREE 
• 
' . . . • . ' • . . . 

•• . . ' * >t It . I 
..... "'" It * . 
... ... * ,.. If It . 
,. * ..... * . • MAXIMUM RESIDUAL 
• Jt .. ... lt Jlo . . 
........... * . • POINT NUMBER 
.. • .. • * ... * * .. • • MEAN VALUE 

5 

• • • • • ,. .... • * * .. .. . . . .. . . . . .. . STANDARD DEVIATION .. .. .. • • • .. * * • • * • • • • * • • • • • • * * •••••• It * ..... • • • * * Jt • .. .. • • • • • • .. ~ * • • • • * • .. . • .. • * * .. • • ~ • * * • 
N~~~~~~MOOMM~ooonooooooooo 

PHC. I3. 

28 

19.8-03 MM 
34 
8. 5-03 MM 
4.6-03 MM 

29.7-03 MM 
88 

9.6-03 MM 
6.9-03 MM 

12.3-03 MM 
34 

4.6-03 MM 
2.7-03 MM 

. 
• • . ~ . . . 
• • • ••• • • • • • • • •• ••• ,.. ,. . ,. 

• * • ,. 
* • * * * ••• ... • * • 
.. * * * ...... 
• * * * • * * • .. * •• * •• * .. 

» • * * ,.. .. ,.. .... * ... ,.. * ,... .. * ... • ,.. * ,.. .. * .. .. .. .. ... ... .. * ... .. ,. .. .. ,.. ....... * ,.._ • It ... .. . ,.. . . ,.. ... • ,. ......... * * .. . .. .. 

II 

MAXIMUM RESIDUAL 
POINT NUMBER 
MEAN VALUE 
STANDARD DEVIATION 

.... ,. ,.. ,.. ,.. . ,.. .. .,. . 
* .. • * .... * 

OONnOO~~~~nOnMMMNnnONNNnNOn 
NMNN 

PHc. 14. 

APPROXIMATING POLYNOMIALS OF DEGREE 
.. * " .. .. .. .. " .... .. I " . .. .. .... * MAXIMUM RESIDUAL ... " • . " . .. POINT NUMBER * " * * • * • • * • • • • • MEAN VALUE * * " . •• • ... * • ... ,. . * • STANDARD DEVIATION 

• It ... . . . ,. * • ,. .... . . . .. • • . ... . .. . . ,. . . " ... . ,. .. ,. • • • * • • . . .. " . .. . .. .. .. . ,. .. " * • • • • • .. .. • • .. * • • It .... ~ It • . . .. .. ,.. . .. .. . . . ... . 
It * * ~ * .. • . . " .. .. . . .. .. .. . . . • •• ,.. * .. ,.. • • .. 

M~~~N~M~~nONM~nMNnONOOnOri 

• • II .. 
* MAXIMUM RESIDUAL . 
• POINT NUMBER * * MEAN VALUE • 
* STANDARD DEVIATION 
* * • * • * • . .. * • • It ..... ,.. * • " * . . .. . ,. . . .... • * • 
ooooo~~MOOooooOMMM~~OOnn~~oo 
~n nn 

PMc. 15. 

29 

38.7-03 MM 
88 

7 

8. 4-03 MM 
8.1-03 MM 

7. 7-03 MM 
41 
2.5-03 MM 
1.9-03 MM 

1.706 MM 
90 

0.428 MM 
0.565 MM 



I!a OCJIOBe np:r,me,n;eHiillX rl!CTOrpaMM :1! Ta0JTIIJ.W .1_ MOY.tl!O C,D;eJiaTb 

Bb!BO,D;, 'ITO ITO cpaBHOHHIO C npom.TOTpOB0-1I3!,lepiiTOJ!bHHMH CTOJiarm ,I.(JUI 

,ll;OCTUTO'IHOH KOppei\TllpOBI\Ji CTICTe!JaTli"IeCIG'!X OTI(JIO!!C!Uifi B cm:umpyiO

lT!llX aDTOI.laTax neocixo,n;m.To npndernyTh K doJiee BHCOKlll.! cTonewur rro

mmouon. I\arc rro!ca3!1Ba!QT pe3yJI.&TaTH B!1'1llCJieJmfr, y,n;oBJieTBO pl:TeJI.h

Hoe J;C't.JlllcJpOBO'IIIOe rrpeoclpa30BaHHe ITOJIY'!aeril B TUIGL"{ CJIY'!NlX YJKe ITpii 

rrommouax 5- n cTeiTerm. !!Tare, sTo :ma'!eHne cTeiTOHJI r.TOJKIIO ctrnTaTh 

JnD::HOii rpcunru;efi CTeiTeHefi ITOJIIlliOMOB K8.JIH0pOBO'IHOrO rrpeo6pa30BaHIDI 

CKaHHPYJOmHX aBTOMaTOB. 

(B) 0TKpbiTHM OCTaJICR BOIIpOC 0 nepxuei1 rpaHIH.\e CTeiiOHJI ITOJlliHOMOB. 

8'l'OT BOIIpoc Ob!JI pel!leH Ha OCJIOBO MO,I(eJIJI, npe,ll;.1IOX(8HHOTI B traCT!! 3 

(B.6). Pe3yJinTaTU BLT'IliCJieirnH, ITpone,n;eHIIbiX ITO MO,ll,lltPl'l~llpOBaHHO i1 IT po

rpar,!l.1C 3EtK~AL ,rrpnne,n;eHLT Ha CT paHI!l\&'C 2U l'l 2~ ( pnc. I2+I5) , rrpHtreM 

cm.JBOJIOJT I o6osrmtreHH pesyJII>TaTH ,I(Jlll ysJion MO,ll;H(Inm;npoBaHIIOli pe

meTim ]; CHJ>IffiOJIOI.l II -,T(JIJI OC':'aJiblillX Y3.1IOB IICXO,I(IIO:t pelllOTI(Jl (He BXO

,ll,l1lii1DC n KaJITIOpOBO'!IIHe Bhi'II!CJIOHIIJI). 

TadJJH!.Ia 5. 

~eiTen.& 3 4 5 6 7 

0~~ I II I II I II I II I II 
ITapaueT 

R max (ul I9,8 29 1 7 I5,3 35,6 I2,3 38,7 I0,2 I09,8 7,7 I706 

R ( }<) 8,5 9,6 6,7 8,7 4,6 8,4 4,I 30,4 2,5 428 

o., (p) 4,6 6,9 3,6 8,0 2,7 8,1 2,6 28,0 I,9 565 
-

Ha OCHOIG Ta0.1Illllll 5 f,IOX(JIO YTBOpJK,I(aT.&, '!TO ITOBJllliOHHO CTeiTeJIU 

noJnmown rrp1mo.n;n:T K Me,ll;JleHHOMY YJIY'II!leHnro aiTITpoKCID.Tai.\UII B Y3Jiax 

STaJIO!IHOil pellleTIU!, B TO Bp8MR Kai\ !~OJK.T(y ysJiaMH Ka"'OCTBO arriTpOIWU

!.lal(lil'l pC3ICO yxy,n;maeTCH. ,!J.JIJI CTeiTeneii Bblllle 5 3Ha'!OHIDI TO'I!IOCTHbiX 

ITo.pru.re·rpon cTaHOBflTCfl ,I(Jlll su,n;atrn reaJIHdpoBIG1 ne,n;oiTycTm.ro ooJihi:Jm.m. 

G. 3aKJIJo"!emre 

llpoBe,ll;eHHblll B paOOTO aHaJIH3 OTHOIJieHIDI CJIY'!afurnX 1! Cl1CTeMaTll

'!8CICHX Oll!UOOY. H3Uepemm CHID.fr:OB Ha paccuaTpimaerilHX U3MepnTeJI.&!IHX 

ycTpOti:CTBax :1'! ,n;eTep~.lli!HlCTClillR QOpuyJmpoBKa OCHOBHQ}i 3a,IJ;a'!H l\UJIUO

pOBK:I'l .n,an11 B03MOXHOCTb MeTO~JlqeCKOrO pa3rpaH!lq8Hl'IH BCTpeqaD~HXCH 

n I\aJillOponrce npo6JieM. 
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ITo sJiatrermm.T TO'!HOCTHLIX rrapmreTpon ( Ta6.1IHI..\a 4, N=S ) , 

R = o, 99,u, Ui=O,o2 ,u , rcoTopHe xapaB:TepnsyroT 1.1epy ocTaTotrJiux 

CIICT8l.!8.Tli'!8C!GlX OTI:JIOHOHU!i U3!,!epliT8JlbHOrO ycTpoi1CTD8. ITO ITOJllO 

ll3r:tep!I8MOro CllllM'l\a !IOCJIO IIpOI.\8,ll;Yp11 KaJmOpOBRH, MOTIHO CY.ll;liTb, 'ITO 

pesyJII>TaTH odpadoTr-:1! Toro lll:e caraoro Ha6opa ,n;aHHHX rro nporpar.n.rru,r 

GENCAL n ORCAL O.IDI3KH rcarc pesyJibTtlTaJ.l odpaOOTJUl IIO ITporpar.r-

l.la!.! ERASME ( CERN ), Tar\ H pesyJI.&TaTm.l odpaOOTYJI ITO KaJIHOpo-

BO'IIIHM ITporpru.r!.lar/I • 5/. 
0.I(HaJW C BU'IliCJTilTeJibHOii TO'!IOI 3pemm ITporpar.lJ,Ta ORCAL OOJiee 

lla,ll;OXCHa, Tai\ KaiC OCHOBHOH aJirO pllT!.l pel!leHHR CUCTeWl HO p!.laJibllbiX 

ypamrenmt (2Ix2I) rrpn rror,miitH 6HdmmTe'!III:JX ITo,n;rrporpamr THITa 

DOUBLE PRECISION 3aMeHeH npOCTbiM tlJOpTpaHHID.! orreparopOM, 

ECJTII Tpe60Bt1H1!5I OTHOCHTOJI:bi!O BpeMOHU CtreTa II orrepaTJIBHOH 

IIa!MI:TI! CT8.HOBSITCSI OOJiee BWKIIHMH, TO OIW3!1BaeTC5I ].\8.1!8COOcl pi13HI:H.I 

HCITOJib30BaTb llporpaM!!IY ClENCAL IIp!I NPOL=2 , IOR=2 • Tor,IIa: 

I). ITpmvroe rrpeoopasonamre onpe,n;eJieHo ITPH rroMOillli rrommo~;~on, opToro

HaJihHUX 1-Ia IWa,n;paTe I 2 , .ll;B.IOIIIIlX ITpHOJIU3IITOJibi!O ,n;narOIIaJibHYJO 

MaTpiru;y, Ilpll'!OM ,I(JIJI B!NHCJieHIDI K8.JTIIdpOBO'!Hb!X KOl'lWillll(Hei!TOB ,D;OC

TO.TO'!HO oclpaTII'l'hCR rt dnOJIIIOTe'!lro.:i: rrporpmTI'.m LINE Ql ; 

2) OOpaTHOe ITpeodpa30Bt1HH8 Oilpe,n;eJieHO IlpH ITOli!OlljH JE.8 H3BeCTHHX 

IIOJillHOMOB, 0 pTOrOHaJibllbiX Ha IWH81IH0!.1 MHOY.teCTBe TO'!ei\ }~I(eaJihliOif 

pel!lOTKII: I3x20 KpeCTOB C nrarOM 6 MM, CJIO,I(OBaTOJibJIO, KaJTI!OpOBO'!

HL!e ROS!Jlllli.\HOHTL! ITOJIY'!aO!I/ ITpOCTHM H OllCTph!M ITYT8M. 

AHaJI1!3 BOIIpOCOB OITTliMH3a].\HlJ: CTeiieHn IIOJIUHOI.IOB rrpHBO,ll;HT K 

BL!BO.l.\Y, 'ITO B KClJIUcJpOBO'!HL!X ITporpaMiv!ax MOJitl!O OOOCHOBaHIIO I!CIIOJlb30-

BaT1 ITOJIUHOMH Mai\CITh!aJihH0\1 CTeileHJI 5. Bw:lop KOHKpeTHOH 

cTerremr I+5 3aBHCHT OT Bn;rr;a Kamr6pyeMoro rrpndopa (ncKa.JKernlli) n: 

He 3aBHCHT OT XO,I(a KaJIIIOpOBO"!FillX H3Mepemrfr, '1'. e. CTeiieH:b [JOJTIU!O- · 

MOB .nocTa'l'OtrHo ,IJ;JI.H: .n;mmoro rrpndopa ycTaHOBHTh o.rum pas. 

IIporpaMMll GENCJ,L IT ORCAL JJ:BJI.HJOTC.FI ITporpm.llii8UH ymmepCaJib;-

HOro Ha3Ha'!eHIDI. Omr npe.n;ocTaBJlRIO'l' B03MOY.tHOC'l'n nudopa: 

- STaJIOHHOfi pellleTIU!, 

- CJICT8Mhl aiTIIp0I{Cilli1HpYJOillllX liOJ!llHOMOB ( ..J ~, -J'J, .J 'I ) , 

- CTOIIOHll STHX ITOJTIIHOMOB (I +5) , 

BeCOB aiTITpOKCHMIIpym.ruX TO'IeK. 

IIetJ:aTb, rwTopoi1: OCH8lllei!bl aTn: ITporpaMMH J'B8.7m'rnBaeT B03MOJKHO

CTH RCIIOJI:b30Ba.HIDI IIOJIY'leHHhlX KOJIIf'leCTBOHHbiX pe3yJI.&TaTOB B Ka'l8CT

Be illHpOKOrO ITpoBepO'!HOro cpe,n;CTBa ,ll;.1IR KOHTpOJIH CTa6RJihHOCTH Kann6-

pyeMoro H3MOpHT8.1IhHOro ycTpO~CTBa. 
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B sa~~eHHe aBTOPH BHp~amT 6~aro~apHOCTb 3a npe~ocranneHMe 
.n;aHHhlX H3MepeHMll M nonesHble odcyJK.nem1ll ll. II.lilKyH.n;euKony, H.B.lia

parneHKOBO~ M H.TI.boraqeny. 
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