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llpe~~araeuaa pa6ota co~epEH! no~po6aoe onzcaaze BTopo~ Ha 
nporp8JOI off-line li8CU Karui6pOBOtmOI nporpaMIILI "CmtpaJII>HOro 
zauepMtenfi" (C~) H HBnHercH ~enocpe~cTBeHHHM npo~onEeazeu onzca-
HHH nporpaUULI :PILTR /I/~ . 

I. Haaaalleame nporpauuLI CALIBR 

Haaaalleaze nporp8JOILI CALIBR 9ne~yeT Ha roro ~aKTa, liTO 
CH HCnOHI>ayeT B CBOe~ pa6oTe .~Be paanH'IIBLie CHCT6ULI KOOp~HH8T -
~eKapTOBY (X, Y) - ~.mt zauepeBB.II penepH.~ KpeCTOB, BepmHH 14 
BCnOYOraTeHI>HLIX TOlleR - H nomipHyll ( R 1 Q,) .:. ~HH ~aHHLIX cmtpani>
HOrO CKaHHpOBaHHH. K~6pOBO'IIB8H nporpa»Ma onpe~eXHOT TO'IIHOCTI> 
HaMepeHH~ B o6eHX CHCTeUax KOOp~HH8T H BLI'IIHCIDieT K03~HUM6HTLI 
npeo6paaoBaHHH no~pHLIX Koop~HHaT B npauoyron»HKe. Sro npeo6paao
BaHHe ~OHXHO ocy~eCTBHHTl>CH C BLICOKOI CTeneHI>Jl TO'IIHOCTHo B npOTHB
HOM cnyqae 6y~eT H6B03MOXHa npocTpaHCTB6HH8.11 peKOHCTpyKqHH C06LITH~, 
Hao6pa~eHHLIX Ha nneHKe. llHH onpe~eneHH.II Koa~HUMeHTOB npeo6paao
BaHHH H BLI'IIHCHeHHH cpe~HHX omH60K HauepeHHI B K8E~OI CHC!elle KOOp
~HH8! npOBO~H'l'CH HaYepeHH.il cneQHaJI~HO~ KaJIH6pOBOIIH01! nnaCTHHLI . (Kn)., 
Ha KOTOpol C rapaH!HpOBaHHOI 'l'OqHOC!l>ll HaHeCeHO H6KOTOpoe Konzqe
C'l'BO onpe~eneHHLIU o6paaou pacnonoEeHHLIX KpecToB. 06pa6orKa peayn»
TaroB KaJIH6pOBO'IIHLIX HaMepeHH~ KpOMe cpe~HOKB~paTH'IIHLIX OMH60K ~86'1' 

B fiHOCKOCTH K~pa KapTy CHCT6118TH116CKHX OmH60K 1 BL13LIB86ULIX BC.IIKOrO 
po~a Oll'l'Hli6CKHUH H 116X8HHqecKHIIH HCKai6HHHIIH. 3HaH CHCT6M8THqecKHe 
OmH6KH 1 UOEHO CKOUll6HCHpOB8Tl> HX 1 BBO~.II nonpanoqHLI6 lln6HLI B·npeo6-
paaOBaHHH Of KOOp~HH8T ( R, g) K CHCT6Me. K?OP~HH8T Ha nneHKe .• 
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nnn OT~eneHHH CHCTeUaTJdqecKHX OmH60R OT cnyq~HHX omH60R 
nauepeaRi.t aeo6xo~zuo npoBecTH oonLmoe qHcno Kanu6poBoqaux zauepe
azi.t M. Tll{aTenLHO ax o6pa6oTaTD. 

KaK.H B c;nyqae C nporpauuo~ FILTR , nporpaYMa CALIBR 
no~roTaBnMBanacL aa CTa~HM, npe~mecTBymme~ aanycRy cnHpanLHoro 
H3M6pHT6HH, npM OTCYTCTBMH peaHLHHX ~aHHHX RaHH6pOB0qflHX HaYepeHHi.t. 
ITOSTOMY ~HH OTH~RM OCHOBHb!X qacTe~ nporpaMMH CALIBR . 6llll 
npinaeHeH M6TO~ M0~6JIHpOB!!HHfl H nporpaMMH, M3HOJ!t6HHbl6 B /2/ • nna 
Kallt~OrO H3 RpeCTOB KIT BblqHCHHHMCL ROOp~MHaTH ROH~OB Rallt~OrO M3 
~Byx oTpeaROB npHMhiX, ero o6paaymutHx; H c noMOil\LID nporpiww 

BEAM H3 /2/ BbJqHCnfiHaCL nocne~OBaTeHLHOCTL UOJIHpHb!X ROOp~HHaT 
ToqeJ,t, nonytteimux npH cnupimLHOM CKaHHpOBaHMH o6eHX STHX npHMmC 
(HM06TCff B BH~Y cnHpanL C UOHIDCOM B cepe.itHHe ~eHTpaJILHOro KpeCTa, 
061l{aH ~HH BCOX RpeCTOB KIT). ~3 STHX ToqeK Bll6MpaHMCL Te, KOTOpue 
OTHOCHTCH K Kpecry (JielltaT Mellt~Y KOHI~auz). Bb16paHHllO ROOMPIHaTU 
"paauaab!BanncL" ~nH yqera omu6oK oTcqeTHHX Y.CTpoi.lcTB. K nonylleaao
uy 061l{eYy MaCCHBY no nporpa»Me NOISE /27 ~06aBJiflHHCL myYOBlle . 
TOllKH. Ha coa~aHHOH TaRRY o6pa30M M0~6HH .qHCJIOBHX ~aHHHX RanM6po
B0qflHX li13YepeHH~ H,~npozcxo~~ma OTna;nRa orili1CaHHb!X Hldllte no;nnporpauu 
nporpaYMbl CALIBR 

· 2. 06mee onncaaHe npo~ecca KanH6poBKH 

Bo BpeMH npouecca Ran:H6pOBKli1 KpeCTll KIT HaMepHIDTCH B.06eHX 
KOOp~HHaTHHX CMCTeYax c~ KBK B (X' y)' TaR li1 B ( R' Q)·. TaKHY 
o6paaou~pH KanH6poBKe C~ Ybl nueeu ~eno c TpeMH cncTeuauH 
ROOMHHaT: 

I. (X, Y )Rn - ~eRapTOBOi.l CHCT6MOH KanH6poBoqaoi.t nnacTHHlli 

2. (X, Y )CH - ~eKapTOBOti CHCT6MOi.t C~i 

3 •. ( R , 9 ) Cli1- nonHpHOH CHCTOYOH CH • 
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By;neu npe~nonararL 
CICTOYU KOOp~HHa! pacno 
uearpanLHllM KpecrOM, a 
~JIHHHOI CTOpOHU IUIQCTIH 
( CY • HllEO) • 

Kaz~uA.KpeCT COCTO 
nocepe~HHO !SK, q!o 6HC 
~HT qepea aaqano czcreu 
OT I'iO 65 CHIBY :BBepx, 
paJIDaoro Kpec!a, aaaHBa 

'KpeCT II! I, CJLYlll! ;!tJIH 0 

KPO.CTH J(OJlllHil 6HU HaMe 
CIC!6U8X KOOp;!tHHa! •. 

O;~taaxo, npzazuaa 1 

nnHTH, rapaH!IPOBa.HHYil 
(I, Y)CH - npHMOyrOJILHC 
HOKOTOpHe KpOC!H, a lYE 
paccuarpHBaeuux ;~tanee 

· onepa!opou :spyllHyll), ~~ 
CHCT6Ya KOOp~BHa! (X, 1 

!OB npeoC:SpaaoBaHBH (I, 
~ouea Jlauepln · nonoxe1 

· KBK BOpiiHHa, ! .e • TOllKI 
Ilo peayJILTa!aY ern 

UOJIHpHHO KOOp;!tHHa!U ~el 

BaHH ~JIH BHlliCJ16HBH KO: 
SaueTIIII, qro C:SonLJ 

HanHCaHH B oC:SmeY BH;~te 

I qHCHY KpOC!OB Ha KaJI 

maueaeaHHMI nporpBVKa 
paC:SO!H 9 JtaJIIIC:SpOBOllHHJII: 
BHme. 



r cny~~HHX OWH60K 
K8JIH6pOBO~HHX H3Yepe-

ilporpawa CALIBR 
aanycKy cnupanhHoro 
~aXK6pOBO~HX H3YepeHH~. 

11111:1 CALIBR . 6Hn 
3JIO~eHH!:1e-B / 2/. nna -
~ KoHnoB K~~oro Ha 
JYO~hD nporpaYYH 
3Th IIOJI.ilpHHX KOOp]tHH8T 
dH o6eHX STHX np.ilYNX 
~ neHorpanhHoro KpecTa, 
~6HpanHCh Te 1 KOTOpl:le 
i6paHH!:10 KOOp~HH8Tl:1 

icrpo~cTB. K nony~~HHo
~ ~o6aBHHnHCh ruyuoBue 
mOBNX ~8.HH~ K8JIH6po
IHHX HHllte no~nporpauu 

~aKaJIH6pOBKH 

H3Mep.il!OTCH _B_. O~eHX 
H B .( R 1 Q). TB.KHII 

leM.il CHCTOY8MH 

I 

I 
I 
i 

- ! 
' 

I 

By~eu npe~nonaraTD neHTp OClOHX ~eKapTOBHX H IIOHDC IIOHHpHO~ 
CHCTeYl:l KOOp~IH8f pacnonozeHH~.B neHrpe Kfi,r.e. COBII~aD~MH C 
neBTpaHDHl:lU KpeCTOM, a OCh I H llOJIHpHyD OCD - H81IP8BJieHHHMH B~OJih 

~nitHHOit CTOpOHH IIJI8CT1UiH B CTOpOHy, npOTHBOIIOJIOllliYJD Kpe'cry IE I 

(CU. HHZO) • . . . 
Kaz~l:lit KpeCT COCTOHT HS ~Byx nne~ ~JIHHO~ 6 YM 1 nepeceKaD~HXCH 

nocepe]tHHe tax, ~to 6Hccexorpuca ueHDmero yrna (paBHoro 40°) npoxo
]tHT ~opes Haqano CHCTeUH KOOp~HHaT (cu.pHc.I). KpeCTH IIpOHyMepOB8HH 
ot I .lto 65 ca1ay nepx, cnpaBa aaneBo. He6onDruaa JIHHHH oK_ono neHT"':' 
pan»Horo Kpecta, aasHBaeuaa onopHol, yKasHBan~aa Ha HHlltHH~ npaBl:l~ 

Kpect II! I, c;a:y:an ~nH opHeHnpoBKH nnacrBHH. IlpH KaXK6poBKe Bee 
KpeCTH J;O.JIUH ClH!D HSMepeH_H KaK B (I, Y)Cid' TB.K H B ( R, Q)Cid -
cllcteuax: Koop~BHa'f.. . 

0~HaK0 1 npHHHUaH BO BHHUaHHe BHCOKYD TO~OCTD HSrOTOBJIOHBH 
IIJIHTH, rapaHTHPOBaHHYD SaBO~OM-H3rOTOBHTOJIOM 1 ~na KanH~pOBKH 
(I, Y)Cid - npauoyrOJIDHOit CHC!eUH KOOp~HH8! Cld, HsuepHDT TOJIDKO 
HOKOTOpl:le KpeC'fH, a HUOHHO: KpOCTH ~ !,!3,53 H 65. 9THX KpeCTOB, 
paccuatpHBaeMHX ~anee KaK penepHHe (HsuepeHHe HX ocy~ecrBn.ilerca 

. orrepa!OpOY Bpy~ym), ~OCT8TO~O-~JI.il IIpOBOpKB TOrO, HBJIHeTCH JIH 
CHCTOUa KOOp~BH8f (I, Y)Cld npauoyrOJIDHOa H BH~HCJIOHH.il KOS~HnHeH
TOB npeo6pasoBaHHH (I, Y) CH--- (I, Y)Kn• Kpoue aroro, oneparop 
~onzeH BsuepiTD·nono:aeHHe neHorpanDHoro Kpecra, paccuarpHBaeuoro 

'KaK BOpiiiHa, !.e. TO~a, CJIY:I811\8H IIOJIDCOll CIIHpaJIDHOrO CKaHHpOB8HH.il •. · 
Ilo peayJID!8!8H CIIHpaJIDHOrO CKaHHpOBaHI.il MO!YT Cll:lTD Bl:lqHcJieHH 

IIOJl.ilpHHO KOOp~HH8Tl:1 neHTpOB KpeCTOB 1 KO!Opl:le IIOTOY 6y~yT H_CIIOJihSO
BaHH ~na BH~HcneHH.il Koa~H~eHroB npeoCSpaaoBaHHa (X,Y >c~(R,Q)cH· 

SaMOTIY, ~TO ClOJIDmBHCTBO IIO]tiiporpaMH nporpaUUH CALIBR 
H81IHCaH!:1 :B OClU(OY BH]tO dt$O!llOCH!OJIDH0 K KOHKpeTHl:lU KOOp,7J;IH8TaU 
H ~cny KpOCTOB H8 KaJIHdpOBoqaol IIJI8CTH~e, T8K _1!0 C B8Cl0~1Mil 
HsueaeaHHMil nporpaMMa CALIBR uo:aet dHTD HcnonDsoBana H ]tJIH 
pa60!H 9 K8.11KdpOBO~H»B II~aCTIHaYI ]tpyroro BH]ta, ~ey OIIHCaHdai 
BlilliiOo 
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nmi yMeH:DUieHlilfl :a; 
Top a ,rumn rrpo~ecca Ka: 
rrepH~ KpeCTOB, Bepmlill 
:ace~ KaJilil6po:aoqaoH IIJII 
(HaCTOfl~H·BaplilaHT rrp1 

PeayJI:r.TaTI:l rrpo~e1 

yrrpaBJiffiOllleH 8BM Ha Mal 
paa~ene o rrporpauu~ 

3. ~ 

a) 06pa6oTKa perr1 

BHaqane wal:l:BaeTI 
C MarHHTHOH JieHTI:l pea; 
IIOCJie~HlilX 6JIOKOB Kam~l 
perrepH~ KpecTo:a, pac1 
no rrporpauue UNPKXY 

BJ:lqHCJiff8T cpe~HHe 3Ha1 
TaKllte cpe~HeK:aa~paTHqJ 

aaaqeHHff. 
8TH ,1.1aHHI:le rreqaTl 

perrepH~ KpeCTOB: 

UL ( upper left 

UR ( upper right 

LL (LOWER left 

LR ( LOWER RIGHT 

B STHX 060aHaqeHHffX, 1 
Koop~HHam X Bepxaero r 
KB~paTHqH06-8HaqeHHe 

BenHqHHbl cpe,llHHX 
HSBeCTHI:lM WOPIIYJiaM: 



~ 10~,10-r-IOt lOt 10.1 
r ·f' /- ~ ~--~ 
k.-r·.~ ~ ~ ~ 

< >< >< >< >< .>< 

L 

l 
I 

I 

1 
f 

nml yMeH:&meHJilfl BJII1flHI1fl cny tiaHHhiX Ollii100K KaJt C11, TaK 11 onepa
TOpa,wum npo~ecca KaJili!OpOBKI1 1 COCTOJII!lHtl .HS HSMepeH.HJI tieTHpex pe
rrepHhiX KpeCTOB 1 BepmHHhll1 OCYI!leCTBJieHHJI CillilpaJI:&l!OrO CKaHlilpOBal!Jilfl 
BCeii KaJIHOpOBOtiHOH IIJiaCTJi!Hb1 1 ,Z\OJilKeH ObiT:& IIOBTOpeH HeCKOJI:&KO paa 
(HaCTOH~H·BapHaHT IIporpaMMbl paCCtiJi!TaH, Ha.IIHTli!KpaTHOe IIOBTOpeHHe). 

Peayn:&TaTbl rrpo~ecca KaJII1opoBKI1 aanli!Ch!BaiDTCH c IIOMOI!l:&ID 
yrrpaBJIHIDI!lett SBM Ha MarHI1THYID JieHTY B WOPMaTe, OIII1CaHHOM B /I/ B 
paa.11ene o nporpauue PREFIL 

3. PaooTa rrporpaMMbl CALIBR 

a) 06pa6oTKa perrepHhiX KpecToB 

. BHatiaJie BH3b!BaeTCH IIO,Z\IIporpaMMa INPUT 3 1 KOTOpaH CtiHTb!BaeT 
C MarHHTHOtt JieHTbl peayJI:&TaTbl :&cex IIHT11 ~11KJIOB KaJilil6pOBKir1. ITHT:& 
IIOCJie,Z\HJiiX 6JIOKOB Kam)\OrO ~HKJia 1 CO,Z\ep~al!lJiiX )\aHHUe 06 I13MepeHI1HX 
penepHUX KpeCTOB 1 pacrraKOBh!BaiDTCH 11 rrepeBO,Z\flTCH B MaCCHBIFIDXY 
ITO rrporpauue UNPKXY ( CM .fi/). nanee nporpaMMa COEFXY . 
Bllm!CJIH8'1' cpe)\HHe 3HatieHJi!H MX H MY KOOp.zti1HaT Ka~)\OrO KpeCTa

1 
a 

TaKllte cpe)\H6KBa)\paTJiltiHOe OTKJIOH6HHe SIGX Jil SIGY OT cpe,Z\Hero 
3HatieHHH. 

8Tlil ,Z\aHHUe IIetiaTaiDTCH C JiiCIIOJI:&30BaHHeM CJI6.1\YIDI!lli!X 060aHatieHHtt 
perrepHbiX KpeCTOB: 

UL ( upper left 

UR ( upper right 

LL ( LOWER left 

LR ( LOWER RIGHT 

) - BepXHI1tt JieB~ 
) - BepXHH~ IlpaBH~ 
) - HJii~HHtt JI6BUtt 
) - HH~HH~ rrpaBh!H. 

B STHX 060aHatleHHflX 1 HaiipHMep 1 MXUR - cpe)\Hee 3HatieHI1e 
KOOP.I\li!Ham XBepxuero rrpaBoro KpecTa, a SYLL - cpe)\He
KBa,Z\paTI1tiHoe aHatieHHe KOOP.1\11HaTbl Y HH~Hero neBoro KpecTa. 

BenHtiHHu cpe,Z\HHx 11 cpe,Z\HeKBa,Z\paTI1tiHUX aHat~eHI1i1 BbltililcnHIDTCH no 
113BeCTHblM WOPMYJiaM: 
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JmJL =1; ±. x(i) ul 

5 
J4YUL =· ~ L. 
. . 1:1 

SXUL =! 
. 2 

SYUL =! 
2 

1:1 

t. f x(1) ]2. - (MXUL)2 
1=1 l ul 

s 

L. 
1:1 

(Y~l)2 - ('MYUL)2 

y(1) 
ul 

3;qec:& 1 ;.; HH;1{6KC 1-ro I.U'IKJia KaJIH6pOBKH;, <Popuyml ;I{JIH. OCTaJI:&~WC 
Tp6X Kp6CTOB aHaJIOrH~H. 

EcJIH KaKHe~HH6y;q:& Ha cpe;qaeKBa;qpa~Hqawc aaaqeaHR npeBumam~ 
nopor FS, ~0 neqaTa6TCH COOTB6TCTBYD~aH ;ztHarHOCTHKa H npo-
BepHIOTCH paCCTOHHHH Uellt)ty KpeCTaJIH B;ltOJI:& ocel X H Y • l(aHHbl6 ci 
penepHWC Kp6CTax ;ltJifl I.U'IKJia KaJIH6pOBKH 1 B KO~OpOU ;ltOCTHraeT UaKCH

uyua BeJIJrttmHa 

( IXUL- XLL I - I XUR- XLR I >2 + (jYUL - YURI - IYLL- YLRI >2 ~ 

BH6paCbiBB.JOTCH,H ycpe;ztH6HH6 KOOp;ztHHaT penepHWC Kp6CTOB npOH3BO;ltHTCH 

CHOBa. 
9Ta npone;nypa UOBTOpH6TCH,UOKa cpe;ztH6KBa;ztpaU'IIHbltl OTKJIOH6Hirtfl 

KOOp;ztHHaT Kp6CTOB OT HX cpe;ztHHX aaaqeHHI He CTaHyT N6H:&me nopora 
FS, HJIH UOKa qJrtCJIO UHKJIOB He CTaHeT U6H:&me Tpex. B STOU CJiyqae 

neqaTaeTCH ;ztHarHOCTHKa 11KaJIH6pOBKa H6BOSUOliHa11 H nporpauua CALIBR 
pa60TY npeKpa~aeT. Ha!.t;zteHHH6 cpe;ztHHe aaaqeHHH HCUOJI:&SyDTCH ;!tJIH 
onpe;neJieHHH KoswwHnHeHTOB npeo6pasoBaHHH.cHcTeuu ( x, Y)kn B 

( x, y)cu 

X = Xo + axkn + by kn cu 

Y cu= Yo + cxkn + dykn 

;,:, 
1'1', 

(I) 

8 

l. 
-~ 

j 
.r 

IIpeo6paaoBaHHe (I) ae 

;ztHHaT (x '· Y)kn CliHT 
CBH3H KOS~HJlH6HTOB np 

ad - be = 1, 

OTKy;zta · d = ~ 
. a 

M6TpOB K UHTH 

Xo, Yot 

BOC:DMH KOOp;!tHHaT qeTbl.P 
. UH6HTOB (3) U6TO.l{OM .Ha 
UO~HO BblliHCJIHT:D yrJibl ·, 
OT xkn H OCH Ycu C 

IX= arc t 

H npoBepHT:D npHuoyronl 
ycnoBHe /a..: d.' I < .1 

J arctg (ac -1 

TO CHCTeua ( x, Y)cu 
c;nyqae neqaTaeTCH.;ztHar 

BeJIHqHHa A . B ( 
He.06XO;ztHUOCTH ;ztlrtcnepCP. 
Toqao c yqeTOM aaaqea¥. 
U.H.K.). llpH BbiUOJIH6HP. 
l'l no wopuynau 

eX. ::. arc1 

m=' 



(1) 
ul 

aqeHHI npeBwaD~ 
~HarHOCTI1Ka H npo
. ,H Y • ;llaHHI:le o 
u·~OCTHraeT UaKCH-

peCTOB npOHBBO~HTCH 

aTHqfil:le 0TKJIOH6Hifl 
HYT ueHDme ·nopora 
x. B aTou cnyqae 
H nporpa1111a CALIBR 
CllOJlhBJilTCfl ~Jlfl 

H ( x, Y)kn B 

(I) 

J 
!-
I 

.(-
! 

J 
1 
I 
~ 
! 

I 

ITpeo6paaoBaHHe (I) He HBJIHeTca odll(HM a<f>!I.>HHHI:lM 1 T .K. cHcTeMa ItOop
~HHaT (x 1 Y)kn cqHTaeTCH npaMoyron»Ho~.. ITonyqaeu ycnoBHe · 
CBH3H K03~HUH6HTOB npeo6paaoBaHHfi (I) 

ad - be = 1, (2) 

OTKy~a d = 1 + be qTQ n03BOJlfi6T CB6CTH ql1CJIO IIICKOMb!X napa-a I 

MeTpOB It liHTH 

Xot Yot a, b, c · (3) 

BOChMH KOOMIIIHaT qeTHpex KpeCTOB ~OCTaToqHQ ~Jlfi BhlqiJCJI6HIIIfl K03rM.lll.:_ 
uHeHTOB (3) ueTo~ou HaHMeH»max KBa~paTOB (M.H.K.). ITocne.aToro 
MOEHO Bl:l~CJ111Th yrJihl ~ 11 o4' OTKJIOHeHH~ COOTB6TCTB6HHO 0011 Xcu 
OT xkn 11 0011 Ycu OT Ykn 

o(. = arc tg!! ' c 
a o<. = - arc tg a 

H npoBepHTh npflMOyrOJihHOCTh CHCT6Ml:l ( x, Y)cu • ECJIH BhlnOJIH6HO 
ycnoBHe /ol-~' I< 4 , qTo c yqeTOM (2) aKBHBaJieHTHO 

/ arctg (ac + bd) / < 4 ( 4) 

TO CHCTeYa ( x, Y)cu npHHHUaeTCH IlpflYOyrOJihHO~. B npOTIIIBHOM 
cnyqae neqaTaeTCH ~HarHOCTHKa 11HapymeHHe npmwyron»HOCTH" •. 

BenHqHHa 4 B (4) 6una rpy6o oueHeHa KaK ro-3 (xoTa npH 
He06XO~HYOCTH ~HcnepCHfl. BenH.~Hhl (~ -0<', MOEeT 6h1Th no~C~TaHa 
TQqHQ C yqeTOM BHaqeHHa a 1 b, C H HX omH60K, no~cqHTaHHbiX no 
u.H.K.). ITpH BunonHeHHH ycnoBHH (4) npHHHuaeTca, qTo at :o(' 

11 no q)opuynaY 

o<. = arctg ( b ·-:- c ) 
a + d 

m = fca ~ ~>2 + ( b - c )2 
2 



.: 

. ~- ·--· 

· BHtU1CJIH!OTCH yron IIOBOpOTa H KOS\TJti/HUHeHT j'l36JIHqeHHH npH nepexo~e 
. OT CHCT6MH KOOp~MH.aT (x 1 Y)Kn K. ClriCT6Y6 (:z: , Y~u 

. llocne STOI'O KOStPtPiri~eHTH (3) 3aHOCHTCH B 061!1H~ 6JIOK nporpalo!-
MH CONXY ~ Bl:lqHCJIHIOIIIe« no ti/OpMynau (I) ( x, Y:\:u . KOOP~HHBTH \ 
ni06oro'KpecTa KaJIH6pOBOqHoti IIJIBCTHHH B e~HHHUax COOTBeTCTBY!OIIIHX 
OTCtl6THHX ()HCTeM C~ no ero KOOMHHBTBM .l3 (X 1 Y k 1 S~aHHHY. 

. B. MHJIJIMJ.IeTpax. 

6): OCSpa6oTKa peayn:&TaToB cmtpan:&Horo · CKaHHpoBaHHH 

llocne no~rrporpaMMH coEFXY no nporpauue UNPACK (OM JI!) 
~aHHI:le cnHpan:&HOI'O CKaHHpOBalH!ll ~Jill itep::soro UHKJia KanH6pOBK14 npe- . 
o6paayiOTcfi B uaccHB . IDIG · , 111a KoToporo c nouo111~10 RDIGF · · :H 

TDIGF \POPMHpyeTCH J.taCCHB Ri'CRSS . ' co~eplltalllltl« R 14 : g 

KOOp~MHaTH TO'IIeK ( R ..,; B XJUIKK8tpU I \ . . • . . g - B pa-' 
~HaHax) • 'nanee B . YaCCHB CPXY BBO~llTCH (X , Y tn KOOMMHBTH 
ueHTlJOB KpeCTOB 1 npo6HTHe' Ha nep<PoKaptax no nopH~ity: HX HOJiepOB K . 

, (K = I;2, ••• , :Nk ) , H aatWHaeTcH o6111Htt UHKJI nooqepe~fioro nepec5opa 
::scex xpecToB no HOYepy K. (B nporpauue npHHHTO Nk '= 55, TaK KaK · 
KpatiHHe KpeCTH ~ !,!31 !4126,27,36,40,52,53,60 He CKaHHpy!OTCH. 

llO,l!;IIporpauua · LDI rio aa~aHHOYy HO:Uepy K BHtWC:JiaeT npHCSXHSH-

11 
3 

. T6JI:&HI:le .R . ~· Q . KOOp~HRBTH qeTHpex KOHUOB Kpecora. nn:a 'paCSOTH Lnt 
H606:icO~IriYOIIpe~BapHTeJI:&HO rpyc5o OUeRHT:& cne~yJOI!IHe napaMe'fpH: Me 
H .. MR .;.;. ·yacmTa6HHe xoa<P!J/HUHeH'fH (ueai:l ~eneHHiri). H R~ , ~o· .;,; aa:- · ~-
qaJI:&HHe aHaqeHHH cooTBeTCTBYiliiiHX oTc'lleTHHX cHcTeM • . . . i 1 

. ., S'flri napaYeTpH He MOI'YT 6HT:& HaBeCTHH ·aa- ··' ' .. ·· 
paHee (coCScTBeHHO, HX TOtJHOe. orrpe~eneHH6 H HBlllleTCfl O~HO!a HB uen:e~ ·· · .. · 
nporpaMMH CALIBR ) • · • 

Jlmt npH6JIHllteHaott oueHKH R.; H go·· npo111e :ncero Hcncin:&ao::sau· 
rpa!J/HqecKoe npe~CTBB:J.teHI46 peayn:&TBTOB npe~BapHTeJI:&HOI'O CKaHHpOBa
HHH KaJIH6pOBO'IIHOit nJiaCTHHH Ha IIJIOCKOCTH. ( R ~g ) • go dy~eT paBHO 
paaHOCT!ri. IIOJIY'IIHBme!aCH KOOp~HHaTH g ~XH onopHOti JIHHHH H T60peTH-
ll6CKOI'O ee aaaqeHHH 1 paBHOI'O 3/4X 1 YMHOllteHHOlt Ha 118 · 1 Ro 
6y~eT npHUepHO paBHO KOOp~HHaTe R .~n:H nepBO!a H3 IIpOCKaHHpOBaHHHX 
oroqex. Mil· . MOlltHO oueHHT:& KaK 2-IG, yMHOllteHaoe aa aHaqeaHe MaKCH
MaJI:&Hor_o p~Hyca cnHpanH (50 uu) :s nepecl!eTe Ha nneHKY .,u.xax· 2-Itt. · 

10 

·4: 

.... llporpauua.: , L~ 
. Houepy K H3 •uaccHBa 

., ,. .~ • '0 

. tOp~fi nepeBO~llfCH ¥ ;1 
aatiouHHaJOTc~ ::s, ilacc! 

. npH6nHaHTen:&HHe aHa' 
. ":·'· .. · " 

. , "'.xpecora . 

...... 

·.· 1.·''R.:.2 ·ReT ,xc . ' -r; - .· .. 

. . . . .. 1' ' 
Qc = go +.- AJ 

., . : .· Me 
S~ec:r; ·· · ... : .. 

k
0
=, CPXY · (2k • 

.ocsoaaaqH!!! :.'llepe 
. nono:Bzay ueu:Dmero y: 

, . o(, = 20°) ~ llono:leaH 
.. onpe;ztexae~cR ;ztJII.ui·o~ 

ca,H IIOJIHpHHMyr~O~ 

. P"' R sinj 
·. c . 

. go"' go+~! 
0TCJ>~a Ilon:yqaeu·HCK 

.. R~~ y R~· + .2: 

RF ~vR§.+: 

gN, • . e •. - a1 

0~ a 9c +.8J 

QFz::: 9c '- 11rc 



rnenHqeHHH npH nepexo~e 
t(x·, Y~u 
~ca l3 · OCilllH~t dnox nporpa»
:) . ( x, Yl::u ... KOOp~HHaTH ' 
~HHH~ax COOTBeTCTBym~ 
(x ,· Y k , a~aHHHII 

l CKaHHpOBaHHH 

iorpauve UNPACK ( cu.fi/) 
lrO nHKJia KaliPldpOBKH npe- . 
1 c rioMOJillill RDIGF H 
. , c.o~ep:za!IUfH · R H · .... · 9. 

\ · , . . 9 - B pa-
t .. (·x , Y kn · KOOp~HHa!H 
no nopH~Ky·HX HOUepoB.K 
nHKJI nooqepe~Horo nepedopa 

UfHHTO lik = 55 1 ~ax ~B.K 
153,60 He CRaHHPYBl!rCH. 

>llepy K BHqJ4CnHe!r npH611H3H
)B •xpecora. ;llJIH :padOTH LDI 
me~yJOIIUfe napalleTpH: Me . 
~!ieHHH) . H . Ro 1 ~o .. ;;;. Ha:-
lX · CHCT611. 
~-uoryor dun HaBecTHH aa- · 
2 fiBJIHeTCfl· o~aoH Hs nen~lt . · 

>llle.Bcero. Hcno:nioaoBaTio 
~~BapHT8JIIoHOrO CKaHHpO:Ba~ 

: n',. g ) • Oo . dyJteor paBHo · 
tonopaoH nHHHH H TeopeorH~ 
IHOllteHHOH Ha 110 · , Ro 

.f'', • '· ~ • • 

Iep:BOH H3 npOCRaHHpOBaHHHX 
)zeHHOe Ha saaqeaHe UaKCH
:reTe Ha n:neHKY .. M,xax· z-I7 :t .. 

.•. Ji 
jl 

' :'·. 

.• . llporpauua LIM padoneor cne~ymUUt» odpaaou:· no a~aaaovy · 
HOMepy K 1(3 uacc.HBa CPXY BHOifpall'XCH (2K=I)-H~ 'H 2K..;ldt aneueHTH,KO-

!O:P.•\nepel!O~HT.CH.B CHCTelly ( x, Y) . · no nporpall)le CONXY. . H 
BmiOlo!HHalOTCH B, MaCCHBe • CENTR1 . • llocJie: a or oro l!HqJ4CnHJO!rCH 

. npHdJI~aueni>JiHe aaaqeaHa:.nonHpHHX xoop~HHaT·neHTpa_ollepe~aoro 
• xpecTa 

. I 

9c = 9ci + 1 Arctg · (.!2.) 
... .. . · Me': Xc 

3~ec:r:; · . · . ·. ·.· . · '. · 
. k

0
= CPXY' (2k - 1), y 

0
:· CPXY (2k). 

(5) 

(6) 

. .· OdoaaaqH» _qepea 1 nonoBHHY ~JIHHH n:neqa xpecta H qepea oG -

nono:B1liHy ueHI>mero yr:na uew xpec!auH (B aameu c:nyqae · 1 = 3 uu, 
t . 0C:: = 20°)'. llonoaeHHe npHuoH, Ha KO!rOpoH 1161tH'r O~HO H3 nJieq KpeCTa, 

. onpe~eixae~ca ~:nil:aoH :nepneH~Hxynapa p , · ony~eaaoro aa aee Ha no:nm-
.. · ·.-" .. , ... . . ·.. . .' . ', ' 

ca,H noJIHpHHU yrqxou 9c, sToro nepneH~Hxynapa 

~"' R0sinot 

9o= 9
0 

+ :J -oe.. 
. . . '2 . 

0TCD~a IrOJiyqaeu HCKOUHe KOOMHHa!rH KOHnOB Kpecora: 

·, .. 

9N1 • .. 9. e - arc C08 ( ! ) 
RN . 

·· 9~ ·.~ 9c +. arctg ( lainot. .. ·. ) 
.• .. • • · . Rc . + 1co&oC. 

II 



0TMeTI4M, qTO B nporpaMMe ~Rfl yqeTa B03MO~HHX c;nyqa~HHX C~B~rOB 
KOH~OB KpecTa 6HRO B3flTO 1 = 3.02. C;ne~yl>~afl nporpaYMa BOX npo
CMaTpi4BaeT BCe nap~ (R , .9) :UaCCI4Ba RTCRSS , BHc5HpaeT 143 Hero 
T01l:bKO TQqKI4, OTHOCH~I4eCH K RpeCTy C HOMepOM 'K, 11 nepeBO~HT 14X B 
cneuHaR:DHYI> npHMOyron:DHYIO CHC.TeMy KOOp~HHaT C I{eHTPOM B UeHTpe 
KpeCTa H OC:bl> X, HanpaBneHHO~ B~On:b O~Horo H3 nneq KpecTa TaK, . 
qToc5H BTopoe nneqo pacnonaranoc:o B nepBoM 14 TpeT:DeM KB~paHTe. 
nna STOrO CHaqana npoBepHI>T. R H,ecnl4 

RN ~ R :1: RF, 

TO npoBepHIOT e • Ecnl4 9 y~oBneTBOpHeT HepaBeHcTBY 

r~e 

I 
g ~ g 6 9" 

e' = e,, + < e., - gNI) R .:. RN' 
R,c - R.v 

? 

gn = gNZ + (9F2 - 9Nz ) R - RN 
RF- RN 

TO BHllORHHIOTCH npeoCSpaaoBaHHH 

r~e 

x = (x,- Xc )co sOl,+ (y, - Yc ) sin«, 

y = - (x, - Xc )sino£/ + (y, - Yc) coset, 

t :· = R0 cos 9c 

:::: Resin 9c 

!
x,= Rcos9 ; 

y, = Rsin9 ; 

·~, = 9c - o(. • 
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(8) 

(9) 

(IO) 

(II) 

(I2) 

I. 

~ 

L 

fio;nytieHH~YH napaYH KOOp~~ 
BOXY. Cne~yeT no~qepKHYTJ 
nenl) To.m,Ko oCSecnelleaHe 

: rpayye LSFIT .· , H KaK 
. aaxo~HTCfl ~eHTP Kpecora,. 1 

CHcieue KOOM14HaT. Pacriol 
noKaaaao aa pHc.2~. To .. :~~ 
nneqay' KpecTa, no KOTOP~I 
~na onpe~eneHHH oTpeaKoB 
uaeTCH B cne~y1>~eit no:zill1 
no O~HHHH~~aTH ropH30HTl 
pacnpe~eneaHe Koop~HHaT~ 

· no HHTepBana.Y ~1IHHO~ A~ 
1lfleTCH 

n = { '114'1 + 5,5} 

( [ ] - cHMBon uenoiii qa1 
~ocs~xneTca e~HaHua •. noc; 
pOll ~OCTI!raeTCfl MaKC14YYl 
npoBepHeTCH HepaBeHCTBO 

Ecxm 
GOR 

. ' 
01 = HISTXY (I 

BTO CllpaB6Jt1114BO, TO 
BCe TOqKH ( X,Y) ~.· : 

dy(M1 - 5,5) -~ : 
H BH~HC1IH6TCH cpe~Hee 3H 
Ha'fH Y. 

n1--L
D1 

D1 
L . '~n 
n=1 

EcnH (I3) He BHfi01IHHe!CH 
HOMepy K+I ( 0 netiaT:LI) ~ 
nanee npOHSBO~HTCH BHCSpo 

I Yi - n· 



cnyqanH~ C~BHrOB 

~ nporpauua BOX npo-
' Bl16HpaeT ~~ts Hero 

I 'K, H nepeBO~HT HX .B 
C ~eHTPOM B ~eHTpe 
ts mreq KpecTa TaK, . 
TpeTDeM KB~paHTe. 

paBeHCTBY 

(8) 

? 

(9) 

cosot, 
7 

(IO) 

(II) 

(I2) 

: 

I 
t .. 

IToJiylieHHliiiH napauH KOOMHHaT x , y sanoJIHlliOT pae5oqif~ .uaccHB 
BOXY. CJie)tyeT no~qepKHyn, .liTO npeo6pasoBauHe (9) HueeT .cBoe~ 
~enm TOJII.Ko o6ecnelleHHe n·o~roHKH no u.u.K., BunonHIIeN"olt :B npo;,. 

: rpauue LSPIT .. ·· , H Ka.K TOJIDKO BTa no~rOHKa saKaHliHBaeTCII H 
HaxO~HTCll ~eHTp KpeCTa, npOHSBO~HTCll nepeBO~ K nepBOHaliaJIDHO~ 
cHc!eue KOOPltHHaT. PacnoJiozeHHe KpecTa B HOBO~ cHcTeue Koop~HHaT 
noKasaHo ua pHc.2. Tu .. ze npHBe)teHa ceTKa KOpH~opoB, napanJieJIDH~ 
nJieqau'KpeCTa, no KOTOpliM 6y)teT npOHSBO)tHTDCH rHCTOrpaMMHpOBaHHe 
)tJIH onpe~eJieHHll OTpesKOB·npHIIHX1 COCTaBJIHIOmHX KpeCTo 8TO ocymecT-
BJill6TCH B cJie)tyiO~e~ no~nporpauue FIND • r~~tcTorpauuHpoBaHHe 
no O,ltHHHH~~aTH ropH80HT8.JIDBWI KOOMHHaTau g)aKTHli6CKH OSHaqaeT 
pacnpe~eJieHHe Koop~HHaTu .Y ~Jill Kaz~o~ TOliKH Hs uaccHBa BOXY 
no HHTepBaJiaU )tJIHHOti Ay .. 2lainat/11, T.e. ~Jill KaE)tO~ TOliKH BblliHC
JilleTCH 

n = [ Y/dY + 5,5) 

( [ j - CHMBOJI ~eJIOia liaCTH . ) H no ~pecy n B 
)t06aBJilleTCII 6)tHHH~a •. fiOCJie BTOrO HaxO~~TCll HOMep 
pOll . ,ltOCTHraeTCH.MaKCHIIyll MDI= max HISTXY {n) 

uaCCHB HISTXY 

MI ~ npH KOTO
H 

n 
npoBepH6TCH HepaBeHCTBO 

JIN1 = HISTXY {M1 ) > 6 •• 

ECJIH aTo cnpaBe)tJIHBO, TO Hs uaccHBa BOXY BU6Hpa!OTCH B uaccHB 
GOR Bee TOliKH. ( X,Y) 1 'Y KOTOpHX 

dy{M1 - 51 5) ~ Y< dy{M1 - 4,5), 

(I3) 

H BH~HCJ1H6TCH cpe~Hee SHaqeHHe H CTSB,ltapTHOe OTKJIOHeHHe .KOOp]tH
BaTH Y. 

KY1 --
1
--. 

01 

01 

L. 
n=1 

SY1 ·=v 1 
. 01 

01 

n~ 
ECJIH (!3) He BHnOJIBHeTCH1 TO nepeXO,ltHII K HOBOMY KpeCTy,T.e. K 
HOMepy K+I ( C neqaull ,ltHarHOCTHKH 11MaJIO ~OlieK B KpeCT6 11). 

nanee npOHSBO)tHTCH BH6poc HS MaCCHBaOOR T6X TOqeK1 )tJIH KOTOpliX 

I y 1 - KY1/ ~ .3SY1 • 

13 



ECHH npe~~y~ee HepaEeHCTBO He BSll0nHH6TCH 1 TO TO~Ky BS6pacSBaDT 1 

MNi yMeHDmaDT aa I n Bee noBTOpHeTcH, aa~HaH c noacKa aouepa MI 
n npoEepRH (I3). rnc!orpaMunpoBaane B~on» BToporo nne~a KpecTa 
EHTIOHHHCTCH aHSXOrnqao. 
Haxo~HTCH AX =~i , ~JIH KaQolt TO~KH BOXY BH~cnaeTcH 

n =[x- ytg(~/;- 2~) + 5 ,~ 

H ~o6aEJIHeTCH e~HH!rlqa B ~ISTXY ( n ) • 
Onpe~e.naeTCH HOMep M2, npn KOTOpOM ,l{OCT!rlraeTCH MaKCHMyM 
MN2 c .mnx HISTXY (n) H npoEepaeTCH HepaEeHCTBO n . 

MN2 = HISTXY (M2) > 6, 

(!4) 

(!5) 

npn H6BHTIOJIHeHirllrl KOTOpOrO TaK~e npO!riCXO,l{lriT nepeXO.l{ K KpecTy (K+I) 
n neqaT» .l{!rlarHocTnKn. 
ToqKn na BOXY B MaccnB VER BhlOM!paiOTCH cor.nacHO YCJIOEIIIO 

ax(M2 - 5,5)~ x - ytg(X/2 - 2.x.)~ dx(M2 - 4,5). 

llOCJie STOrO BhlqHCJIHIOTCH 

MN2 

Mll2 
~1 xi MX1 1 =- MYZ= _j_ 

MN2 

MN2 
L:. yi 
i = 1 . 

SH = V 1 ~2 { (yi - MY2) - tg2o(.(xi - MX1 >}2 : 
D2 1=1 

Bee TOqKH MaCCHBa VER npOXO,l{HT npoBepKy C [(6JI»IO Ehl6poca 
,1{8JieKO OTCTOfll!llriX ·To~eK. ECJIH ~Hfl i -ott TOqRH yCJIOBHe 

/ hi/ = / (y 1 - MY2) '_ tg2oi(xi - MX1) / <. 3SH 

(I6) 

(I7) 

He EHTIOJIHH6TCH 1 TO TOqRY BH6paChlBal!lT .!tiS VER 1 MN2 yYeH»W~IOT 
Ha I 11 ECe nepeC~TSBaBJT 1 Ha~nHaH C (15). ·no OKQHqaHHI1 BTOpOrO Ehl6po
ca BblllHCJIHIOT TOqKY nepece~eHHH ( x: 1 Y: ) OTpeSKOB 1 COCTaEJifUOl!lHX 

KpecT. x• i: (MY1- MY2) ctg2o<.- Mx1 ) , y* = MY1 c c 

14 
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' .. 
I 

I 
I 
:L 

BwueonncaHHaH np 
1!HEa ,l{HH ECeX KpeCTOE 

KOTOporo o(, = f . 
HHH B,1{011» EepTHKa1I»HO 
B8T»CH WOPMY1IOH 

n = n 

r,l{e B dx = 3/11 aaMeH 

dx(M2 - 5~5)~ :ll 

1r1 yc.noBHe (!7) Ha . 

hi = / xi - MX1/ 

V 1 NM2 
SH = - L3. 
. NM2 i;::1 

llonyqeHHH6 KOOp.l{HHaT~ 

KOOp.l{HHaT, BE6,1{6HHOH 
TIO,l{rOHKirl 1 npOiri3B0,1{lriMC 
06XO,l{HMO BepHyT»CH K 

• I~ 
Rc = vx1 + y~ 

Q~ = a~ctgy1/~ +: 
{ 

arctgy1tx1 

arctgy1tx1 ~: 

r~e x1 n y 1 noJiyt; 

• 
~ c Xo +.Xc 

• 
Y1 = Yo + XC 

Xo , Yo 6epyTcfl lrl3 
BHqncJIHIDTCH TaRze .l{lriC 

Ka.l{pa: ' · 



, TO TO~KY BH6pacUBamT, 

laJl C nOHCKa HOIIepa MI
1 

IToporo nne~a KpecTa 

IH1DICJIHeTCH 

~CH MaKCHMJ'!ol 

18HCTBO 

1epexo.zt K KpecTy 

:ornacHo ycJIOBHIO 

- 4,5). 

><.(xi - MX1 >J 2 

C ll8JI:&IO BH6poca 

:H yCJIOBHe 

(I4) 

(IS) 

(K+I) 

(!6) 

~Sij ( I7) 

, · 'MN2 yueH:&maJOT 

OKOH~aHHH BToporo Bbl6po

peaKon, COCTaBJIHIO~HX 

• 
Yc = MY1 

I 

t 

I 

1 

Bb!rneonHcaHHaH npor.w.ztypa onpe.zteneHHH cepe.ztHHbl ItpecTa cnpane.zt

JIHBa ;zJ;Jill BCeX KpeCTOB, KpOMe U8HTpaJI:&HOI'O (11M810ll(ero HOMep 33), Y . 

KOTOporo . o(. = f . iloaTOMY ,14Jlfi KpeCTa ~ 33 npn rHCTOrpaMMl1pOBa

Hl1li B.ztOJI:& BepTHKaJI:&HOI'O IIJieqa H800XO;l{HMO, BM8CTO ( 14) BOCITOJI:&30-

BaT:&Cll {flOpMyJioit 

n:INT[rx +5,5], 

r.zte B dx = 3/11 aaMeHHT:& yCJIOBHe (!6) Ha 

dx(M2 - 5~5)~ X~ dx(M2 - 4,5) 

li yCJIOBHe (!7) Ha 

hi=/ xi- MX1/~3SH 

Y 
NM2 I 

SH = _j_ :6 (x~ + y~) - [ (MX1 ) 2 + · (MY1 ) 2j 
. . . NM2 i;:1 

iloJiyqeHHble K00p.ztl1HaTbl OTHOCllTCll K cneunaJI:&HOit JIOKaJI:&HOit Cl1CT8Me 

KOOp,14l1HaT, BBe.zteHHOli C llOMOll(:&IO npeo6paaoBaHHH (5)· .ztJIH 06JierqeHl1fl 

no;n;roHKH, npoHano;n;nMoli no MeTo;n;y HaHMeH:OtnliX Kna;n;paTon. Tenep:o He

o6xo.zt11Mo nepHyT:&Cll K oc.HonHott noJillpHoit cncTeMe Koop.ztHHaT Gill 

R~ = Vx~ .f. y{ 
{ aretgy1/x, , 6CJ1l1 ~~0 

• gi = arctgy1/x1 +JC. , ecm1 x1 ~ 0, Y1 >..,0 

a~ctgy1;x1 -Ji. , ecJili x1 < 0, Y1 <:: 0 

r.zte x1 H y1 noJiyqeHH o6panteHHeu (9) 

• • 
~ = Xo +XC S~n<>l,+ Yc COB"<!, 

. . . 
Y1 = Yo + x

0
cosol, :- y

0
sinol, 

Xo , Yo 6epyTCfl l13 (!0), oG 1 113 (!2). 
Bb!qHCJlfliOTCfl TaKEe .ztHcnepCHH Ollll100K B HanpaBJI8HI1flX B,ltOJl:& H nonepeK 

Ka;n;pa: 
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6~ = (SY1 ) 2cos2«'.t + (SH)2cos~.J · (IS) 

u; = (SY1 ) 2sin2
ot. 2 + (SH)2sin2ol~ ,. (I9) 

r~e :X ~ 
c:X2 = 9 c + ot. + i! ; ol~ = 9c -at + "T · 

• • 
2 

KOOMRHaTbl R
0 

14 9
0 

aaHocarca B uacci4B CEITR2 , omi46K14 

Gx H u; raKl!te aanoYI4HaiOTCH. 
· 9THJI 1\HKJI npli ~aHHOU I\ 3aKaH1.li4Ba6TCH. llocne OltOHtlaHHH noJiHOl'O 

1\RKria no Bceu 'Bk xpecrau .. :npo14cxo~I4T nepexo~ K o6pa6o!Ke pesynua

TOB Cnl4pan:&H01'0 CKaHI4pOBaHHH cne~yiOUlel'O 1\HKJia ltaJIH6pOBKH. CHOBa 

Bbl3blBaerca nporpauua tmPACK H ;ztpyrl4e ;ztnH !J!opuHpoBaHKH uaccHBa 

RTCRSS , KaK 3TO oni4CaHO B HatlaJie HaCTOHUl81'0 naparpa!J!a. Ot~eBB;ztHO, 
t~ro ( x, Y) cu- Koop;zt14Harbl KpecroB, nonyt~eHHble ·no nporpauue coJXY 

H aanonHI4Bm!4e uaccHB CEll'rR1 , a 'faKXe :ace pesyriua!bl c:BaaaaHJrX: 

C HHYI4 Bbl1.li4CJieHHit no IJ!opuy.nau (5-I7) 6y;ztyT Tell~ 1:8 CaUblYH H 

YOl'YT 6blT:& HCnOJI:&30BaHbl ;ztJIH o6pa60TKH BCeX OCTaJI:&HblX ~KJIOB KaJIHd

pOBKH 6ea HaueaeHH". 
YaccHB RTCRSS CHOBa o6pa6aTHBa6TCH no nporpauuau BOX • • 14 FIND H HOBble :0: KOOpJ!;IHaT ( R0 1 9'J ~OJIXHbl 6HT:& ;ztOdaBne-

HH K Tell, tiTO CO;ztepxaTCH yxe B YaCCHB~ CEft~2 l!;JIH nocne~yllDtero 

ycpe;ztHeH14H 1 pB.BHO KaK H ;ztHCD8pCBH u; H 6 y 1 JtJIH KaX,AOl'O Kpec!a. 

Ycpe~aeaHe·aTo npoBO~HTCH no OKOHtlaHHH o6pa6o!KB :acex 5 1\KK

noB KanH6pOBKH nyTell ;zteJieH~H Ha 5 C?fepUIIOl'O JlaCCBBOB C E NTR 2 

H yacci4BOB, co~eplltaDtHX ! G x · 1 'Loy • . 

B) Bbl1.ll4cneHHe napaue'fpO:B npeo6paaoBaHIUl ( R , 9 >cu-(X, Y >cu 

B peayn:&!are pado!H npel!;H:ztYDtHX nporpauu Ya no~yt~aeu yaccHB 

CEITR1 1 CO;ztepx~l npHIIOYl'OJI:&Hije KOOPJtBHa!H (I1 Y ~u l\8HTPOB 

'BK !Jp6CTOB 1 UaCCHB CEI'fll 2 C DOJIHPHbl~ll ( R 1 9 ~u · KOOPJti4Ha-

TaUI 'f8X xe ~eH'fpOB H1 HaKOK6Ih ·JiaCCB:B l!;HCnepCIIi (J ;l4 o; OBII60K 

B onpe,AeXeHHH ~eH'fpOB KpeC!OB. 
9!1 napalle!pbl JtOXXHH dHT:& ICDOX:&SOBaHbl )tJIR onpe)teJieHHR napa-

118!pO.B npeo6pasoBaHKH 0! ( R 1 9 ) cu It (X, Y ) cu • BYIIe ,-ae dWIH 
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BBe~eH~ no~nexa~He onp1 

HatlaJI:&H~e 3HatleHHH yCT] 

K03QlcpHW16HT 'MR • 9TH 

Hoe ·npeo6paaoBaHHe 'OT ' 

H3B6CTHbl ~OCTaTOtlHO TO 

KpecToB, L!~ L!Ol!teL! Bbli!H' 

mHx KB~paroB (M~H.K.;) 

UleCTBneHRH npeo6p·aaoBa: 

Ky pacxoxieHRH L!6X.I{Y X· 
H~Mli no ( R, 9) li COOT . .. 
Bbl3b!BaT:&CH He 'TOJI:&KO C: 

cyUleCTBeHao, cHcreMa' 

pO~HKli H OnTH1.18CKHX·;zt~ 
CnyqaitHHe omH6KH . 

HOM HaMepeHHH n·onpe;zte 

Vif pas nyreY yBennqe 

Kpecra. 3aMeTHM, tlTO B 

H14 KaJIH6poBKH H 9BM~ a 

B OTJIH1.1148 OT 3T01' 

BaHHOit T01.1Ke nonH HaMe 

npH coxpaHeHHI4 HeHaMeH 

HeKOTOpO~ MO;ztHcpHKaWiH, 

B yanax· cerKH, c~Bn~a 

BOtlHOitt nnaCTHHbl. 

no aroit KapTe cnc 

HHTepnOJIHI\HH MOXHO Bbltl 

T01.1K8 nOJIH H3L!epeHHitt H 

npeo6paaoBaHHH or nonH 

O~eHKH napaL!erpoB 

KaK TO~H MHHHL!yMa cpyH 

Q = -~ [d~ 
. k:1 7jt . + 

. Xk. 
l';zte liH~eKC K COOTB8TCT 

ycpe;ztHeHHH (IS) H (I9) 



(!8) 

(!9) 

B CEITR2 1 OlllHOKH 

)CXe oKoHqaaHH noxaoro 
K o6pa60!Ke peayn&Ta

a KaxH6poBRH. CaoBa 
~opuHpOBaHHH UaCCHBa 

ro naparpa~a. QqeBH~ao, 
:le ·no nporpauue conY 
,Peayxua!H cBaaaaaw: 
!6111 ze· CaiiHUH H 

CTaniHHX ~K~OB K8XH6-

110 nporpaullall BOX 
) ~O~ZHH OHTb ~ooaB~e-
1~2 .Jtmi nocxe~YD~~tero 
Y , ~Ill Ka~oro KpecTa. 
o6pa6o!KI Bcex 5 ~K-
o llaCCIBOB C £ NTR 2 

( R 'g )Cil~(X, Y >cu 

UH DOiyqaell IISCCHB 
!H (l,Y tu ~eHTPOB 

( R 1 9 ~u · KOOPJtHHa
pcllli (i, ;?& G'; OBIIOOK 

AXH OfiP6A6X6HHH napa
cu • Bille yze 6HIII 

BBe~eH~ no~xexamHe onpe~eneHHID napaMeTp~ npeoopaaoBaHHH (5-6), -
HaqaxnH~e 3HaqeHJ.1H ycTpO~CTB OTCtieTa Ro !.1. 9o 11 MaC!llT£l.OH~i1 

KOStP!lJHI.(lleHT MR • 8TH TpH napaMeTpa, OtieBH~HO, BOii~yT H B oopaT- . 
HOe npeo6pa30B8HHe OT ( R, 9)

0
u K (X, Y)cu • ilpHtieM, T.K. HaM 

HSB6CTHbl ~OCT8T011HO TOtiHble 3HatieHHll KOOp~I'IHaT (X, Y )
0

u IWHTpOB 
KpeCTOB, Mbl MOEeM BbltiUCXHTb STH napaMeTphl, HCllORn3Yll M6TO~ HaUMeHn
lllUX KB~paTOB (M~H.K.).~ 0,1.\HaKo aToro.He 6y,1.\eT ,1.\0CTaTOtiHO.,l\Rll ocy-
1146CTBxeHHll npeo()p'aaoBaHUll C He06X0,1.\lJMOi1 CTeneHniO TOtiHOCTH, llOCKOJin
Ky paCXOE~eHHll Mellt,l\Y X- Y KOOp,l\HHaTaMH l\eHTpOB !tpeCTOB, BbltiliCReH
HhiMH no ( R, e) t1 cooTBeTCTByiOmHMH (X, Y) Ha CENTR 1 , 6Y.l\YT 
B~3h!Banca He TORbKO cxy11a~mum · omHCJKaMll. HaMepenu~, no, tiTO 6onee . 
CYII46CTB6HHO, CHCTeMaTHtieCKHMH OWH6KaMH 38 CtieT MeXaHHKH, aneKT-
pOHHKH H onTHtieCKHX ,1.\HCTopcH~. 

CJiyq~nue omH6KH nepBoro THna, HeycTpaHI.1M~e B K~.l\OM OT,l\enn
HOM H3MepeHHH H ·onpe~eXlliDII4He ero TOtiHOCTb, MOryT Oh!Tb yMeHbllleH~· B 
tfN pas nyTeM yBeJIHqeHHll N - tiHcxa HaMepeHHi1 KB.llt,l\oro OT,l\enbnoro 

KpecTa. 3aMeTHM 1 liTO B HameL! CXyliae H3 C006pallteHHll BKOHOMHH BpeMe
HH KSJIHClpOBKH H 9BM, a T8KEe MeCTa B naMaTH 8BM,ob1XO npllHaTO N=5. 

B oxxHqKe OT sToro cRcTeMaTuqecKHe omHoKH.B Kallt~ott'wHKcHpo
Baanoi1 TOtiKe noxa HaMepeHH~_~OJIEHH ocTaBaTbca·o~HHMH H TeMH .lite 

·npH COXpaHeHHH H6H3MeHHHLIH YCROBH~ HSL!epeHHa. ilOSTOMy C_nOMOmbro 
HeKOTOpO~ MO~H!IJHK8l\HH M.H.K. HX MOEHO onpe~enHTb ~OCTaTOtiHO TOtiHO 
B yaJiax· C6TKH 1 C()Bn~aiDII4ei1,-HanpHMep, C l\eHTpaMI'I KpeCTOB KanH6po
BOtiHOtt nxaCTHHhl. 

no'aTOLt KapTe CHCTeMaTHtieCKHX OlllH60K c noMombiO ~ByMepHOi1 
HHTepnoxal\HH MOEHO B~tiitlCJIHTD CHCTeMaTHlleCKYIO OWH6Ky B JIIDClQH 
TOtiKe noxa HaMepeHHtt H BBeCTH KaK nonpaBotiHHtt 11xea B wopMyxy ,1.\xa 
npeo6pa30BaHHa OT nonapHOi1 CHCT6Mbl KOOp~HHaT C~ K ,1.\eKapTOBOH. 

Ol\eHKH napaMeTpoB 9o , Ro H MR noJ!yllaroTC!I no M .H .K. 
KaK TO~H MHHHMyMa WYHKL\HOHana 

'r· 



(k) [ (k) J 
dxk = xk ~ Ma(R0 - Ro) cos Mg (e0 - e.j ~ 

(k) [' (k) .1 
. dyk = Yk -·Jia(R

0 
- Ro) sin Mg(e0 ·.· - 90 )J, 

xk , ·Yk- (2 -I)-a~ M 2K-a« aneueRTH uaccHBa CERTR1 

R~k) ·e~k)_ COOTB6TCTBYIODU!e aneMSHTH YaCcJilBa CEBTR2 
' .. A . ,.,., A 

(2I) 

(22) 

Onpe~eneHN o~eHOK e.~. : , Ro=Ro , •R=Ma, U;:U . ;~t8.I)IJUIX 101~· 
HDYJl cpJDilJIOliMY Q, ocy~ecTBnHeTCli C IIOMO~Lil nporpaJIW mLY , · 
peanza'yiO~eti M.H.K. ,Ilnfi MHHHMHB8~HH HemtHe!.lHWC IJ!yHKUHOHaJIOB YeTO,IlOII' 
n:r.taeapHaau:r.tH 131. A •• . 

SaaqeaHH OTKJIOHeHHlfl . ~ J4 db , n2ny11eB~He npH no;~tcTaHOBKe 
B (2I) H (22) aaalleHHA nap8lleTpoB e. , Ro , 11m, J19 , aanonasm 
ItapTy norrpaBoqHbJX lln6HO:J! RESJIAP i KOTOpaJi H 6y,Il6T HCIIOliLSOBa
Ha ;ItJlfi KOppeK~J4H npeo6paaOBaHHH (R , 9) cu - (X, Y ·) cu C HCIIOJIL-
aoBaHHeM ;ztByuepHO~ HHTepiiOJIHUHH. . 

EcnH npH CltaHHpOBaHHH KaKo«-JIH60 fOllKH llOKaaaTenH OTClleTHWC 
CHCT6M R H e 6y,IlyT paBHH COOTB6TCTB6HHO Rm H gm t TO KOOp,IlH
HaTH· Xcu H Y

0
u STO« TOllltH uoryT ~b!TL IIOnylleBH C IIOMO~!O npe

o6paaoBaHHfi 

ixcu = ~ (~ - Ro ~ 
A A 

. Ycu = MR <a. -·a.) 

A 

cosM.(em- 9 0 ) + dx (~, em) (23) 

.. 
sin M0 (em- e.)·+ dy(Rm, em) 

r;zte nonpaBoqaHe ItoaiJ!IJ!HUHeHTbl dx H dy nonyt~aiOTCH KaK BaBemeHHaJi 
cyuua nonpaBoqawc Koa~HUHeHTOB dx H dy ,IlnH qeTapex KpecToB, 
Yellt)ly KOTOPHYH OKaaanaCL TOlllta ( Rm t gm ) • 

dx(~, em) = w1dxi;1 + W2dxi+t,j + W_;dx1+1,j+1+W4dxi,;1+1(21to) 

dy(~,em) = W1dyij + W2dyi+1,j + W_;dYi+1 1 j+1 + W4d~i,j+1 , 

[ Ka(~;.. Ro)cos Vg(9m- 9.>1 j=[.;,5+ ia<~-Ro)sinMg(9m_Q,)J 
i = 7,5 + . ·hT 1 s; ] 
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( [ 1 - cHuBoJI uenon 
Kp6CTaMH B.ztOJIL oceti X 

Beca wn . . onpe.zte:nH 
HX paBHflJI8CL e.ztHHHUe H 
dx ( Rm t 9~ ) HJIH dy 
BOllHWC q;neHOB dxk H , ay 

TO 

{x} = MaC~- R~) c 

{Y} = MR(~- Ro) 

w
1

: (h~ - {xJ ) ( 

·h~y 

W = {x}[yJ 
,; h hY . . X 

., 

B aTHX o6oaaaqeaHH 
B ya:nax KOTopo!.l pacnono 
nepexo~a oor o.ztaouepao!.l 
It .ztByuepao~ (dx1j , dyi 
YaTepHaJia C KOOp.ztHHaTau 
TaHHH no CTo:n6uau (cu. 

2,I5,28,4I,54, 
KaK yxe oTueqa:nocL 

CALIBR , npoHaBO.ztHJia 
. IIOCJ16,1(0B8T6JILHOCTH .ztaHH 
HO~ IIJI8CTHHbl.. 9TO .ztaJIO 
y6e.ztHTLCH ~ npaBHJILHOCT 
CTBHe a:nropHTMOB. Herron 
IIOSBOJIHJIO CYUl6CTB6HHO 0 
qeaH!.l napaueTpOB.9o , 

Pa6oory c pea:nLHbiY 
"CilzpaJILHbl!.l HauepHT6JIL" 
mero' yTotllieHHH {flopuyn rr 
qzcna napaueTpoB .ztnfl ytt 



i:CHBa CERTR1 

~a CEBTR2 
A 

(2!) 

(22) 

1 •a=-a, llfM ;~taiiiiUIX JOt~ 
&Jl nporp8JMI mLY I .. 

iiWC 4)yHKI{HOHa1!0B 116TO;It0M ' 

y~eHHUe npH ilO;ItCTaHOBK6 
. 1 ·Km s 119 1 aai101IHHII! 

paH H 6y~eT.HCil01ll>30Ba
--P (X, Y.) cu c Hcnon:r,-

~· ~oKaaa:renH o:rcqe:rawc 
~ H gm 1 TO KOOp~H
nyqeHH C ilOIIO~l>ll npe-

nyqruJTCH KaKBSBemeHHaH 
~111'1 qe:Hp6X Kp6CTOB 1 

dx +W dx1 ~ 1 . 1+1r.3+1 4 ,.,~ (2It.) 

,dY 1+1 1 j+1 + W4d~ 1, ;!+1 1 

[3.5+ ~<o,;-ii~sinllg(O,. ~ y 

( [ J - CHMBOJI ~eJIOH llaCT¥1 1 hx Jd ~ - paCCTOHHHe Mellt~y 
Kp6CTaMH B~OJ!l> OCeH X H Y ) • 

Beca wn · onpe~enHIOTCH ec:rec:rBeaimY ·ac5paaou TaK, :q:roou cyuua 
Hx paBHHnac:r, e~HHHI{e H B yanoBHX TOtiKax HHTepnonHpyeMHe 4/YHKUHH 
dx ( ~ , gm ) HnH dy ( ~ , gm ) coBnB..ztanH co aaaqeHHHMH nonpa
BOl!HHX l!1leHOB dxk 14 dyk • EC1!H Ocl03HatiHTl>: 

{x} = Nn<~- R0 ) cosMg(Gm - Q~)- (i - 7)hx 

{Y} = MR(~- Ro) sin Mg(Gm- Qo) -(j - ~)by, 
TO 

W1= (h~- fxj ) (hi -fyj ) ' W2= {xJ (5r - {y} ) 

_hx~ .h6 

w~ = {xHyJ w =· (hx- {xJ ) {Y} 

· hJt JiY. 4 liX HY 
, B aTHX o6oaHatieHHHX-MH non:r,ayeucH npHYoyron:r,aoCT»IO pemeTKH, 

B yanax KOTOpot;t pacnonolKeHH KpeCTH KaJIHclpOBOl!HOit UJiaCTJ4Hbt. ;nnH 
nepexo.zta o:r o.ztaoMepHott :ra6nH!ul nap nonpaBotiHwc tine HoB ( dx , · dy ) 
K ~ByuepHOH (dx1 j 1 dy1j ) Heoc5XO~HMO npH no~rOTOBKe l!HCHOBOrO 
MaTepHana C KOOp~HHaTBl!H KpeCTOB pacnonODTl> HX B nopH~Ke B03pac
TaHH.fl no CTOHcll{aY (eM. pmc.I): 

2,I5,28,4I,54,3 1 I6 1 29 1 42,55, •••••• ,I2,25,38 1 5I,64. 

KaK yxe OTMetianoc:r,, oTna~Ka KounneKca nporpauu, coc:raBHHIO~X 
CAL!lm 1 npOH3BO~Hnac:r, Ha YaTepHanax qHCHOBOrO IIO~enHpOBaHH.fl 

. nocne~OBaTen:r,HOCTH ~aHHHX 1 flOCTynaiOI!lHX"ilpH CKaHHpOBaHHH Kan:ra6pOBOl!
HOit nnaCTHHH. 8TO ~ano B03110EHOCTl> OT1l~HTl> BCIO ~en:r, nporpauu, 
y6e~HTDC.fl :S npaBHHl>HOCTH HCflOHl>SyeMWC 4/0PIIYJI H OUBHHTl> clHCTpo~eit-· . 
CTBHe anropHTMOB. ~Cil01ll>30BaHHe nporpaYYH FUMILI ~1l.fl M.H.K. 
fl03BOJIH110 Cyl!leCTBeHHO ocnaOHTl> Tpe6oBaHHHK BHclOpy Hal!aHl>HWC SHa
tieHHf;t napaMeTpOB .9o 1 Ro . H ·Ma • 

Pa6oTy c pean»HHII 'tlHCJIOBHY uaTepHanou npm Kam~6poBKe. aBTOMaTa 
"CnHpan»HHt;t HauepHTen:r," npe~nonaraeTCH BeCTH.B aanpaBneHHH .ztan:r,aea
mero· yTotiHeHHH cj)opMyn npeo6paaoBaHHH (23) nyTeu BBe~eHHH 6on:r,mero 
'llHCHa napaMeTpOB ~H.fl y~eTa BOSMOlltHHX npHqHH 1· ~pHBO~HIIlHX K CHCTeYa-
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TH~eCKHM OmHdKaM. KpoMe STOI'O, ecTeCTBeHHO TIOTI~TaT:&Cfl, HCTIOn:r.ayfl 
KapTy (24),nocTpOHT:& ~ByMepH~e nonpaBO~H~e @yHKUHH dx (R ,g) H 
dy (R, Q). 

JIJ/lTEPATYPA 

I. 3.M.KocapeBa H ~p. Coodll\eHHe O!MI!i I0-5574,· ZlydHa, I97I r •. 

2. r.A.OcoCKOB. GoOdll\eHHe OIIH111l, PII-4463, ZiydHal' !969 I'~ 

3. C.H.CoKOJIOB, III.H.CHnHH. IIpenpHHT OJ.1flJ/[, 21-8!0, 2ly6Ha, I96I r. 

Pyxonxc:r. nocTymnra B H3.D:aTe.n:r.cutt oue.n 
. 29 anpe.n" !972 r. · 
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TipenpHHTbi H coo6u 

HMHoro o6Mella, yHHBepc 
H8Y'lHblM rpynnaM H OTJ 

Tiony'laTenHM H3~SE 
HBHTh HHHUHSTHBy' B '6ei 

o6MeHa npHHHM8JOTCH H 
ny6nHK8UHH no T9M8TH! 

E~HHCTBeHHbiA BH~ 
9TO penpHHThl (OTTHCKH 

H pa~e cny'laeB Ml 
6onee xpynBhlM nony'la1 
cnaTh H8M KSKHe-nHoO I 

>tcy'pH8nbi1 H3~8JOIUH9CH I 

M3naTen&cKHA oTne 
COB H8 BbiCbinKY H3~SH: 

YK83biB8Th HH~eKC 38fiJ 

TIHC&Ma no aceM ll 

OT~en&Hbl9 H3~8HHH cnel 

A~pec ~na nocbim 

6ecnnaTHoA no~nHCKH HI 


