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AHHOTaHHfl. ~ onpe~eaeuna a6CO~tOTH~X roop~unaT nyn~s~ o6%eKTOB nyTeM HpnB~3K~ 
3Be3~aM~pe~araeTcz ~oTorpa~npoaaT~yHyMeTO~oMpa3~e~enn~n~acTuHO~. ~aeTc~ onn- 
caHne ~OBOrO MeTO~a ~ ~opMy~ pe~yio/m~n~aCTnHOK. ~ xaparTepncT~xn MeTO~a HpnBO~nTC~ 
onpe~eaerrae noao~eH~n 3Be3~ HOBblMCHOCO~OM. 

1. BBe)IeHne 

Y[epB~ie CHCTeMaTnqecKne onpe~e~eHHfl Koop~HHaT YIyHHblX 06~,eKTOB qboTorpaqbH- 

qeCKFIM MeTO~OM ~bIJIl?I BblllOJIHeHBI 10. ~paHtIeM. ~TIRM MeTOJIOM on sameJi  nOO~O- 

~I(eHHa 150 KpaTepoB (Franz,  1901). HecKom, Ko rio3xce rIO~BHJIC~ KaTa~or C. CoHRepa 

2885 To~ier (Saunder,  1911). B HacTosmee BpeMa uac~i~TbmaeTca orooio ;XByx JleCST- 

rOB KaxanoroB nOnO)Ke~Hfl YlyrlHbrX 06~eKTOB, nocTpoeHHbIX B OCHOBHOM HO H3MepeH- 

~lflM CHHMKOB Y[yHbI, rtony~eHHbIX Ha )Ia~InHoqboKyCHbIX peqbpaKTopax c 6onbmo~ anep- 

Typofi. B yKa3aHm, rx pa6oTax cYfa6bIM MeCTOM flBY[fleTC~I onpe~ener~He nOCTOaHm,~X 

r~aCTnHOK nO TOqI<aM CaMO~ JIyHbI C H3BeCTHbIMI~ ce~enorpaqbnqecrHM~ Koop~H- 

HaTaMH. 

])oJIee CTpOFI,IM ~/BYISteTC~I CHOGO6 oiTpe)IeyleHH~I HOCTO~[HHbIX IIYIaCTHHOK rio 3Be3- 

~laM. Pe~yI~U~ I~aCTHHOK nO 3Be3)IaM 06ecHeq~BaeT He3aBHC~4MOCTb Ka~H6pOBK~ 

GHI/IMKOB J-[yHbI OT I~pe)IbI~IygI~IX cealeHorpa~H~ecrHx CHCTeM, roTop~,~e i~ TOMy x~e 

OTHOCaTC~ K FeOMeTpHqeCKoMy 1ieuTpy JIyHbI, IIOCKOg~bKy Bce OHI,I, B KoHeqHOM 

cqeTe, HMeIOT B CBOe~ OGHOBe rtos~ox~eaHe ~paTepa MeCTHHI" A, BblBe)IeHHOe IIyTeM 

H3MepeHI4~l I(pafl Rr~cKa. ]TIpttB~I3Ka X(e K 3Be3JlaM IIO3BOdlfleT IIOJIyqaTb Koop~I~IHaTbI 

KpaTepOB OTHOC!4TeYlbHO tIenTpa Macc JIyHb~ C TOqHOCTbIO, 06ecHeqHBaeMo~ TeopHe~ 

op6HTa~bHOFO ~B~I~eH~I~ JIyHbL ORHaKO ocyHIeCTBJIeHHe 3TO1-O MeTOjIa BCTpeqaeT 

p ~  Texnr~ecKHx TpyalHOCTe~, CB~3aHH~,~X C Heo6xo)Ir~MOCT~,rO O~IHOBpeMeHr~O qbowo- 

rpaqbnpoBaT~, JIyHy a 3Be31IbI Ha O~Hy nJmCTHrIry. 9TH TpyalHOCTH Bo3pacTaIOT B 

cyryqae I,IClIOJIb3OBaHI, I~I )IJIHHHO~pOKyCHbIX peqbpaKTOpOB, KOTOp~,te xa~ npaBriO~o 

HMeK)T He60J~bmoe noJ~e. I-[OIIblTKI, I pem~ITb 3aalaqy KaJII?IgpOBKH rpynHoMacmTa6- 

re, ix CHHM~OB JIyH~,I c noMom~,lO 3Be3A ~IJIg onpe~le~IeH~s Koop)IHHaT rpaTepoB CTaJIH 

rlpe~lnpHrI~IMaT~,Ca TOm, KO B nocxeaxHee BpeM,. TaK ~ .  ApTyp ~IpI~ COCTa~oIeI~I4n 
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KaTa3Iora 48 OIIOpHblX KpaTepOB, rlcrlo.rI1,3OBa3I CHHMKH f lynbl  CO 3Be3,E(H1,IMH cne- 

)IaMH. C3Ie~bI 3Be3)I C.IIyXH3IH ~I3IYI opHerlTrlpOBKH Koop~IrmaTrlO.~ CHCTeMt,I (Arthur ,  

1965). B MaH~IeCTepcI<OM yHHBepCHTeTe M. Moyxco3IyC pa3pa6oxa51 MeTO~ ilOO,~e- 

p6~rloro qbOTOrpaqbHpoBaHrlS 3Be3~HOFO IIO3Lq H 5IyH1,I. I Io  3TOMy MeTO~y nprI 

OarlHaKOBOM ~IaCOBOM yr3Ie rI CK3IOHerIrlH Ha o~Hy rlJIaCYrtHKy C HHTepBa3IOM OKO:IO 

2 ~IaCOB qboTorpaqbHpyroTca cHa~aJIa c3ia6t,ie 3Be3jIbI )IO 14 n~ 3aTeM 5IyHa (Moutsoulas ,  

1970). 

MeTo~II~I qboTorpaqbrtpoBaHrla f[yHbI co 3Be3~aMH C nOMOUL1,ro 3ac3IOHKrl rlOlrI c 

IIOMOII~btO KaMepbI MapKoBrll/a IlprlMeHflrOTCa ~3Ia orlpe~e3ieHH~ IIO3IOX<eHH~ flyHbI. 

TaK KaK Ha63Iro)IeHrI~ 3THMH cnoco6aMrI O6l~IqHO IIpOH3BO)!fIT C Te3IecKonaM~I co 

cpejIHHM qbOKyCH1,IM paCCTOaHHeM, TO cpaBHHTe3IBHO He60ai1,iiirle pa3Mepbi H306pa- 

XeHHa 5Iyo1,I He rlO3BOOlarOT Ha TaKrlX CHHMKaX C yBepeHnocv1,rO onpe~Ie3IaT1, ce3Ie- 

HorpaqbrtueCKrle KoopAnrtaT1,i KpaTepOB. 

Yc3IOBrle O~IHOBpeMeHHOTO Ha63itoReHHa 5Iy~1,i H oKpyxalOmHX e8 cJIa6blX 3B83~ 

(AO 97-107) npeA~,~B3iaeT olIpe~ie3IeHH~ie Tpe6oBaHrla K pa3MepaM IIOJIe3noro iio3ia 

O6~,eKTHBa. Heo6xo~HMO, qT061,I ilpri 3HaqHTe311,HOM MacmTa6e rI3o6paxeHrta MO- 

;~KHO 6bi310 IIO.lIyqaT1, ~OCTaTOqHOe qHC3IO OIIOpHblX 3Be3~I. ~TO OCylILeCTBHMO nprI 

noJIe ~Ie Mei~ee ~ieM 2?5 x 2?5. 

HaH6oJiee IIpe)IIIOqTHTe.rIbHI, IM ~.lI~I 3TOI4 i~eJiri aBn3Ca 6I~i IIIHpOKOyFOYlbH1,1~ acTpo- 

rpaqb c qboI<yco~ 7-10 M. IlpaKTrI~IeCKH, no3Ie3Hoe rio3ie 2?5 × 2?5 MOXItO HO:Iy~IrlT1, 

H C ~ByX3IHH3OB1,IM o6~eKTI, IBOM nprI COOTBeTCTBytOIIIeM yMeH1,IIIeHHI, I anepTyp~,~, 

IlpaB~a c HeKoTop1,IM yxy)~menHeM pa3pemalome~ cnoco6HOCTrI. 

B KaSaHH qboTorpaqbH,~ecKrle ~ia63IIO~Ierma 3-[ym, i co 3Be3~aMH ~151a ce:IeHo~Ie3rI- 

qecKHX rlCc3ie)ioBaHrlfi Be)IyTCa Ha FopH3OHTa311,HOM TeaecKolie, )IByX3I~IH3OBbI~ O6~- 

e~TrlB KOTOpOro rlMeeH f = 8  M rI D = 2 0 c w  (Khabibul l in ,  1958; Rizvanov,  1971). 

On~,IT pa6oY1,1 noKa3a~I, '~TO MeTO~I MapKoBntta (Markowi tz ,  1954) n MrHOBeHHblX 

3KGIIO3HI]IH~?,'I (Michai lov  ri Pot ter ,  1957) He ~aroT y~osJieTBoprlTeJmH1,ie pe3y3II~TaT1,I 

Ha 3TOM Te3iecKone (Rizvanov,  1972). Bc¢le~CTBrle 6o3Ibmoro qboKyca, 3IyHHI~I~ qbH:IbTp 

MapKo~mla ~O3IXeH 6blTb CJIHILIKOM TO.IICT1,IM H 3TO BHOCHT nexe:IaTe3ibHl~ie a6ep-  

pamm.  r l p ~  na~3iro~eHrI~X c 3ac3IOHKOH MeTOJIOM MFHOBeHHblX 3KCnO3~II~IfI 3-Iyna 

qboTorpaqbHpyeTca B cepe~mse 3KClIOSmtrlrI 3Be3~ C Bt,I~IepxKO~ 0.~1--0.~2, Bc3Ie)ICTBHH 

qero cKa3~iBaeTca BSmarme HepaBHOMeprtOCTH Be~IesH~ ~acoBoro I~prmo~a H aTMOC- 

qbepoo~ Typ6yaleHTHOCTrI. H306paxeHHe JIyH~,I c3Iy~Ia~H1,IM 06pa3oM 3aMeTHO CMe- 

I]/aeTc~ OTHOCHTe3-I1,HO oKpy~KaIOHIHX 3Be3~. Ol/eHKa TOqHOGTH HA651Io)IeHH~ iioKa- 

3a3ia, qTO BJIrlaHrle 3THX qbaKTOpOB COOTBeTCTBeHHO ~OCTrlraeT l"  H 0.5" (BbI6OpO~HOe 

cpe~Hee KBa)IpaTHqHOe OTK3IOHeHHe). 

2. MeTo~I Pa3~e~eHH1,ix I-[AaCTHHOK 

B 1968 ro)ly O~HlffM H3 aBTOpOB 61,151 IIpeJl~O~eH HOB1,1~ MeTOjI Ha6.rIro~leHrl,~ ]-[yH1,I 

CO 3BeB~aMH, pea51H3OBaHHbIH B ]969 r. IIpIIMeHHTeYl]bHO K FOpH3OHTa.rI1,HOMy Te.rie- 

CKODy (Bistrov, 1972). 

OCHOBHan H~ea 3TOrO MeTO~la 3aK~ro,meTca B TOM, '{TO J-lyHa H 3BeB~Ibl O~IHoBpe- 
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MeHHO qboTorpaqbupyroTcz Ha pa3m,  te qbOTOrUIaCTHHKI4: 3Be3AbI Ha BbICOKOqyBCTBH- 

Te3bHyIO n~acTHnry  pa3MepOM 300 × 300 MM, 5IyHa Ha Ma~oqyBCTBHWe~buy~O pa3- 

MepOM 90 × 90 MM. 5Iyrmaz  n~acTnHKa pac14o~araeTc~ nepe)~ 3Be3~HO~, 6 ~ m r e  

O~I, eKTHBy Ha paccTO~Unn 3 MM. BBe~erme OnTHqecKoro KOMneHcaTopa aHaaorHq-  

HOFO 3Be3~HOMy qbHJIbTpy B n p ~ 6 o p e  MapKoBm~a He)KeaaTe~t, rio, Bc2IeACTBHe yMenb- 

merm~ n p o u r m a ~ o m e ~  CH~b~ H yxyAmeH14~ Ka~ecTBa H306pa~enH~ 3Be3A. Pa3HOCTb 

IIOJIO)KeHHf[ I/JlaCT14HOK He BYlII~IeT Ha KatleCTBO rI306pa~eHH~ JIyn~I H 3Be3~. OAHaKO 

pa3HOCTb MacIIITa60B nJIaCTIIHOK nprI 06pa6OTKe 143MepeH141~ yq!4TbIBaeTc~l, TaK KaI( 

npH A f=3  MM OHa AOCTHraeT 0':01 MM-~. 

C o p T a  06er~x naacTnUOl~ BbI614palOTC~t onb~THt, IM nyTeM Tam, qTO6bI npH paBHbrX 

3KCIIO3I/I~II~IX MO)KI-IO 6t,IJIO noJ~y~IaTb 14aHJ~yqmHe rauecTma n306pa~erm_~ Jlym,~ rt 

3Be3A. B HatueM cJIyqae x o p o m r t e  pe3yJIbTaTBI )lJI~I 3Be3A noJ~yqa~oTc~ Ha CopTax 

O r w o  Z U - 1 ,  Z U - 2  rI A ~  5Iym,~ O r w o  Fu-5 ,  W U - 4 .  

KoMriei~ca~I14a CyTOqHOrO AB14)KeHH~I 3Be3)~ IIpoII3BOAItTOt ~IaCOBbIM rlplIBOAOM 

Tenec~ona ,  nODTOMy 3Be3jIHa~ nJIaCTHHKa gO BpeMfl na6J~roAeHn~ ocTaeTcs  HenoA- 

Blcl)KHOH B KacceTe. BTopa~ ~ e  :IyHHafl nY~aCTHHKa A~I~I KOMne14calIHH COgGTBeHHOFO 

AB14~eH~I~I 3-IynbI ~IepeMelJ/aeTc~ c COOTBeTCTByIOIt[e~ cKopocTbtO OTHOCHTeJIbHO 

3Be3jIHOH 14~aCTHHKIt B Ha14paByteHriri ~IBH)KeH141t r i306pa~eHri~ JlynbI. ~J Ia  9TOrO 

KacceTa cHa6~eHa c14eIIHaJI~HblM yBJIOM 06ec14eqHBaIOiJ/nM ABrixeH14e JIyHHO~ 17J~ac- 

THHKH C TOqHOGTbtO ~0 HeCKOJIbKHX MHKpOH 3a I MHHyTy. II~IaCTHHKa MOXeT yCTa- 

HaBJIHBaTbC// 1-I0 II03HIIHOHHOMy yr:Iy C TOqHOCTbtO )I0 3'. 

O~HHM n30CHOBm,  IX B n o a o M  c n o c o 6 e  Ha6mo~ei~n~ Ylym, i ~IBJI~IeTC~I BOrIpOC 

BBaHMHOI~ rlpHB~t3KH 3Be3)IHO~ H JIyHHO.~ IIJIaOTHHOK. ~TO IIpOH3BO~IITO~ O IIOMOHIbtO 

CIICTeMbI I43 8 ra~H6pOBOqUb~X J~aMrIO~teH )KeCTKO CBft3aHHBIX Me)K)ly C060~ I4 HeHOA- 

BH)KHbIX OTHOClITeYlbHO 3Be3AHOH rlYIaCTHH~n. Y[aMIIOqKn 06pa3yIOT TOqeqHble MeTKH 

A14aMeTpOM 0I(O30 50 # Ha 3MyJIBC!/IaX 06eHx rlJIaCTHHOK, qeTbIpe Ha 3Be3JIHOfI, 

qeTblpe Ha 3IyHHO_fi. Bo BpeM~l Ha60iro~enri~ ~TaMnOqlCH 14epHo~[rlqecrH 3a)KrlraroTc~ 

uepe3 10 ceHyHA. YIpoAo2IXHTe~IbHOCTI~ Bcri~imeK ilop~2~Ka 0.1 cex. H a  SlyHHOI] qboTo- 

IIOIaCTrlHHe, ~c~IeACTB~e e~ ilepeMemeHi4~, no  ueTslpeM yr~IaM OT HaxAo!~ SlaMnOqKU 

IIOolyqaeTc~I p~qA MeTOK, qHC3IO KOTOpBIX paBH~IeTC~I KO07HqeCTBy BClIblLUeK. B HTOFe, 

Ha 3Be3~HOI] lqYIaCTrlHKe 6yAeT tleTblpe MeTKH, Ha 2IyI-IHO~ qeTt,Ipe cep14H MeTOH. 

PaCCTO~IHHe Me)KAy MeTKaMH B cepHH 3aBHCHT OT CKOpOCTH ~B14)KeHH,~I .IIyHHO~I II2IaG- 

THHKH H B cpeAHeM COCTaBJLqtOT 0.1 6 MM. 

H a  puc.  1 HpHBOAHTC~I O~IIIH~ BH2: HaCCeTHO~[ qaCTI4 Te0IeCKOHa C 3aAHe!~I CTOpOHbI, 

Ha prlc. 2 - C6Ol(y. KacceTHas  ~aCTI~ CMOHTUpOBaHa Ha l /~0m~Ape - (1), OCHOBanrle 

HOTOpOro yHpensleso Ha CZO:I6e. C IIH:mmlpOM coeArlHeHa mlaTqbopMa - (2), Ha 

KOTOpO~ rpe lmTCa 3Be3AHaa qboTomlacrHH~a - (3) ri nocpe~CTBOM rpoHmTe~HOB 

-- (4) XyHHa~ npHCTaB~a. H~aTqbopMa Mo)KeT BpamaT~,Ca OTHOCrlTe2ISHO Im0mHApa 

Ho 1403HII14OHHOMy yr2Iy. Y[yHHa~ HpHCTaBKa GOCTOHT H30CHOBaHII~I -- (5) 14 HO~BH)K- 

HOI~ ~apeT~H -- (6), B rOTOpOfi yCTaHaB:mBaeTca ~IyHHaZ r12IaCT14Hra- (9). B OCHOBan~H 

np~CTaBHH rtaxoA~TCa ocBeT14Te2irI - (7) A~a IIO~IyqeHHa ayHH~IX MeTOr. ~:I~I H3o6pa-  

)KeHrt,q J-[yHt, I B HpHCTaBKe HMeeTc~I KpyI'0IOe OTBepCTHe. 3Be3A14ble MeTK~I CO3)~aIOTC~I 

OCBeTHTe3~IMH -- (8), yCTaHOBSIeHHBIM14 B OCHOBaHHH KpOHmTefiHOB. ~BH)KeHHe Ka- 
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PHc. I. O6tun~ BH~ KacCeTHO~ ~aCTH TeJIeCKoHa C 3a,~ne~ CTOpOH~,L 

peTxa ocymecTBaaeTca CHHXpOnHbIM ~BaraTeaeM - (10 ) . )~BaraTe~  pa6oTaeT OT 

reriepaTopa c nepeMeaHo~ qacToY0l~, f[JIfl BbIrI0YIHeI-IH~I na6Jiio~enn~ 3apaHee Ha 

312BM C00TBeTCTBeHttO CKOpOCTH ~BI4~eHH~I fIyHbI C yqeTOM/43MeHeHH~ napaaaaKca 

peqbpaKt~nn ~iepe3 (10) MnHyTnt, I~ nHTepBa~ B~I~nCa~IOTC~ ~aCTOTa reHepaTopa 

rlO3HI~HOHHbIH yFOJI IIOB0p0Ta IIYlaTqbOpMbI. O~HOBpeMeHHO BblHHCJI~ItOTG$I TOrlo~etI- 

TpH~ecK~e KOOp)I~II~aTb~ 2IyH/~I !4 HX M~IHyTHI,Ie H3MeHeHH~. q T 0 6 ~ I  HpoI43BeCT~I rlpI4- 

B~3Ky nJIaCTHHOK ~pyr  K apyry,  Heo6xo~r~MO Ha~TH B3aHMHOe pacno~o~enne  MeTOK 

Ha 3yHHO~ a 3Be3~HO~ a~aCTHHKaX B e)XI4HO~ ~oop~rIHaWHO~ CI~CTeMe, ~OTOpyro 

Ha3OBeM pe)xyt~HpoBaHS0fi. 

Orrpe~e~eHr~e pe~yt~rIp0BaHHb~X Koop~HHaT MeTOK MO~HO IIpOI,I3BO)~I4Tb HeCKOJIb- 

KHMI4 CI~OCO6aMrL PaCCMOTpHM ~Ba H3 HHX. 

O~no~pe~eaHo Ha 3Be3~Hyro H :~yHny~o nZmcTnn~H qboTorpaqbHpyeTcz c~e2 np~ofi 

3~BaTopaa.~,HO~ 3Be3~bI np~ ~ByX 3naqennax OTC~eTa no3nttrIOnHOrO ~pyra Kac- 

CeTI-IO~ qaCTl, I ~I BIIeqaTblBatOTC~I ~yHn~,Ie a 3Be3~Hble MeTI~H. YFOYl rlOBOpOTa IIpI4- 

6YlI43rlTeYtbHO COCTaBJDIeT 90 *. CJIe)~bi 3Be3~bI IIO3BOYDIIOT rlpO~3BeCT~4 B3aI4MHyto 
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i 1 0  
1 t  9' 
j 8  

' / / / / / / / / / / / / / / / / / / / /~/ 

Prin. 2. Brt~ c6oKy. 

IlprlBa3Ky IlYiaCTrtltOK rl orlpeAedlHTb pe,~yI~HpOBaHHble KoopAHHaTI~I MeTOK. I].ptI 3TOM 

Heogxo)~tlMO ~ITO6IoI TOqKO. nepeceqeHga  cYIeROB 3Be3)IbI pacnoJIara~iacb B6JIH3H OIITH- 

qecKoro  KeHTpa C TOtIHOCTblO + 3 MM. 

Ha pHc. 3 ttHqbpaMrI 1 H 2 COOTBeTCTBen~o o6o3~a~eH~I IIaOCKOCTH 3Be3RHO~ II 
~yHHO~ ~OTOIIYlaCTIIHOK. ]~yKBaMI~ a, b - nepece~arola~eca c~e~bi 3ge3~IbI. IIO H3Me- 

peHHblM KOOWmHaTaM (X, y) ToueK c~e/IoB MeTO;IOM HaHMenbmHx KBa~paToB onpe- 
~e~amTCa yraoB~ie Koaqbqbmmeai~i H CBO60~nble ~eab I  ypaBHeHn~ npaM~IX a, b. 

Yl  = k a l X l  q- Cal , 

Yl = kb lx l  + Cbl , 

Ha 3Be3AHOI4 II.rlaCTVlltKe (nn)IeKc 1) !4 

Y2 = k .ax2 + G2,  

Y2 = kb2x2 + Cb2, 

(la) 

(lb) 

(2a) 

(2b) 



118 IIL T. XABFIBY.II..IIHH H ~P.  

Prec. 3. CB~I3b IIJ~aCTHHOK C rlOMOlIlbK) cJ~e~OB 3Be3~. 

Ha J/yrlHO_~ rl~acTrlrlKe (rlH)IeKC 2). FIo 3THM ypaBHenH~IM uaxo~gTC~I TOqKH nepece-  

qeHHSI IIp~lMbIX Ha Ka)I(JIOH ri~acTHrtI~e. ~[aYtee Bt,lqHC.rI~ItOTC~I ypaBrteHrl~t np~MbIX, 

n p o x o ~ s r t m e  qepe3 9TH TOqKH nepneH2r~Ky~zpr~o r o~uo~I n3 npgMbIX, HanpnMep a. 

1 
Y~ = - k .~  x~ + d.~ (3) 

~.rDI 3Be3~HOH ILrIaCTHHKH H 

I 
Y2 = - k.-2 x2 + da2 (4) 

~3DI Ylyurlo~ n3/acTrlrtI~rI. YpaBHei/rI~/(la), (3) H (2a), (4) nprlttrIMa/OTC~/3a pe)xyur~po- 

BaHHBIe CHGTeM]bI Koop)~HHaT, OTHOGHTe3IBHO KOTOpbIX H3BeGTHbIM MeTOjIOM aHa.IIH- 

T/4tleCKOH reoMeTpm4 BBIqHc-rDItOTG~I nono2<eHna M e T O K  ( Z  1 i, Y~ ~) Ha 3Be3~HO!~ n~ac-  

THHKe a (X2/, Y2i) Ha ayHnO~ (i = 1, 2, 3, 4). 

YlpH BTOpOM cnoco6e  O~IHoBpeMe~HO Ha 3Be3aHym H nyaHy~O n~aCTHHrH qboTo- 

rpaqbrIpyeTca 063aCT~, 6 o r a T a s  3Be32IaMH. TaK Ka~ Koopxrmar~t  O17THqecKoFO ReHTpa 

( % ,  6o) ~ o6e~x IqYlaCTHFIO~< OAFIHaKOBbI, CTag)IapTItbIe Koop)IHHaTBI 3Be3)~ Ha HrIX 

OTHOCS[TC~I K O~HOH CnCTeMe, c3~e)IoBaTe~bHO CTaH)~apTHble Koop~HHaTbI MeTO~ Tar-  

~ e  6y~IyT OTrIOCr~TC~I K O~IHOfi CHCTeMe. IlyCTb (X~i,y~) ~ (xs,y~) ( i = 1 ,  2, 3, 4; 

S = 6 ,  7, .. . ,  n),  r~3MepeHHble KoopJIHHaTbI MeTOK a 3Be3~ Ha 3Be3)IHOfi n ~ a c T n n r e ,  

(x2i, Y2~) r~ (x,, Yr), (r = 6 ,  7 , . . . ,  m)  COOTBeTCTSerIHO H3MepeHm, ie roop~irmaT/,i MeTOK 

I~ 3Be3~ u a  ~yHHo~ rt~iaCTrlrlKe. 
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H o  cqbepla~ecKriM roop~H14aTaM (G, ~ )  3Be3~ Ha 3Be3AHO~ naacT~HKe la (G, dr) 
3Be3~ Ha JIyHUO~ rLrtacT14HKe la O6ttleM ~ t  o6eHx n~aCT14HOK I(oopAHHaT OUT14qecKOFO 

tteHTpa (a0, do) BblU14Ca~OTC~ c'ra14;~apr14t,ie KoopAHnar~,~ 3Be3~t (X~, Y~) I~ (Xr, Y~). 
3aTeM HaxoAaTCa nocToaHHt,~e n.~acr,HK14 a, b, c, d, e, f no MeTO~y Tepnepa  

a~x, + b~y~ + c~ = X~, 

d~x~ + e~G + f t  = Y~; (5) 

a2x r + b2Yr + c2 = X r ,  

d2xr + e2yr + f2 = Yr. (6) 

T o r ~ a  CTaH)IapTnble U cJ~eAOBaTeJ~bHO pe~y~Ir~poBanH~,Ie Ko0pAUHaTBI MeTOK onpe- 
~eYI~ItOTC~ gbIpa~eH14~tM14 

X~z = a~x~z + b~y~i + c~ , 

Y~ = d~x~ + e~yli + f~ , (7) 

X2i  = a2x2i -1- b2Y2i + c2,  

Y21 = d2x2f + e2Y2i + f 2 .  (8) 

1-locJIe yCTaHOB3eH14~ IIOYIOXeH14~ MeTOK .JIyHHO~ I4 3Be3~IHO~ laYIRCTHHOK B eZ(l~IHO~ 

CtlCTeMe Ko0p~14HaT, nepexo~I OT C14CTeMBI 143MepeHHbIX Koop~I14HaT Ha JIyHHO~ la.llac- 

TrlI-IKe K c14cxeMe ri3Mepetim,ix KOOp;1414ax I-Ia 3Be3)I140~ 142iacTrlui;e 14por13Bo;x14xca 
C.rle~yroI~14M o6pa3oM. 

flyc'rb ( x , ,  y , )  14 (x~i, Ylf) I;oop~rlI-IaTl, i 0140p14bIx 3Be3~ 14 MeTOK rla 3Be3~140~ 
II.IlaCT14HKe. Koop~rlHaTbI .IIyHtlI:,IX 06I, eKTOB la MeTOK, la3MepeI-IHble Ha 3IyHHO~ 

iI:IaCT1414r;e 0603I-Ia~IlaM coorBeTcrBern-to nepe3 (x~ ,  y~;) rI (x21 , Y2~), ( J  = 1, 2, . . . ,  l ). 
[IOCKO.III~Ky pe~xylt14poBa14I-I~,Ie I(OOp~14HaTbI MeTOK rI3BeCT~bI, MOX140 Ha~Tla CB~3B lax 

C 143MepeHHblM14 I(OOp~14HaTaM14. )~2I~ 3Be3~HO~ 17dlaCTtIHKH 9Ty CBa3b yCTaHOBI, IM B 

C[)opMe: 

Xll = a l L X l i  + a l2Y l i  + a 1 3 '  (9) 

Yll  = a 2 1 X l i  + a22Yli  + a23 .  

Ko3qbqb~IIH, IeHTbI 3T14X yCMOBHblX ypaBne1414fi, onpe~e.a~teM~,~e MeTOROM HaHMe14rom~X 

KBa)~paTOB, cYty~aT ~ t  BIolq~IcYteHla~I Koop~14HaT ~IyI-IHblX MeTOK B C14CTeMe I, I3Mepe- 

HI/IH 3Be3)~HOH laJIaCT14HK14: 

fCli = a ~ l S 2 i  + a12Y21 + a13 ,  

Y~ = azlX2~ + a22Y21 + a23. 

Te14epb MO)K140 ycxa14OBnTt, CBa3b Me~)Iy 
3Be3)~ao~ la JIyHHO~ 14YlaCTI, IrtOK: 

5~1i = b l l X 2 / q -  b12~2i --[- b13, 

1~1 i = b21X2i -~- b22Y21 q- b23.  

(10) 

GHGTeMaMH H3MepeHHblX Koop,~MHaT 
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Ha~aeum, ie  oxcm~a noczo~Hnt,ie bpq (p = 1, 2; q = 1, 2, 3) rrO3BO3~rOT pe~yur~poBawb 

Koop~nnaTbI (X(j, y( j)  B CHCTeMy roop~n~aT  3Be3)IHO~ n~acTrInKn: 

fc(j = b l l x ( j  + b12y(j + b13 , 

~(j = b21x(j + b22Y(i + b23. (12) 

) !aaee ,  r a t  O6bI~IHO, nO n3MepeHnbIM Koop)IHHaTaM onopHbIX 3Be3)I onpe~ie3iflrOTC~ 

YIOCTO~IHHBIe 3Be3)~I-IO~ rf~acTnnKn. 

Hpeo6pa30Banne KoopRHHaT Y~yHHO~ n~aCTnHKH B CHCTeMy 3Be3~HOH ILrIaCTHHKH 

MO)KHO IIpOH3BeCTH HeCKO~bKO nHBIM CIIOC060M. OnpeRe~nM 3aBnCHMOCTb: 

X2i = Cl lX2i  ~- cl2Y2i -~ ¢13 ,  (13) 

Y2i = C21.Xzl "~- c22Y2i + C23" 

T o r ~ a  Koop~HnaTbI nyunsIx  06~eKTOB a CnCTeMe X 2 Y2 6y~IyT: 

X2( j = CllX(j -4- cl2y(j + c 1 3 ,  
(14) 

Y2(j = ¢21x( j  ~- c22Y(j + c23" 

1-IO)lCTaBnB 3na~enna X2(j, Y2(j B ~opMyolbI (9) IIOJIyqHM Bblpa~eHI,Dt )IYI~t onpe~e-  

YleHI, I~[ X (j , y (j : 

fC(j = dl lX(j  dw d t2y ( j  + d13, 
where (15) 

y(j  = d21x(j + d22Y(j + d23, 

r~te ~pq=aplClq+ap2C2a+apa;  npn q = l ,  2, ap3 =0 .  

qTO KacaeTca o6pa6OTKn Ha6:Iro~IeHn~, HaMH 6~,I3m npHH~Ta c3~e~iyronla~ cxeMa: 

(1) Hpe~K)le Bcero )l~a Ka>K~O~ rUmcTnnK~ npo~3BO~STCa B~,iqncneHn~ npn6~n-  

>KeHHbIX KOOp~InHaT rpaTepoB (3qbeMepH)I~I) a CI4CTeMe ~anHoro n 3 M e p n T e ~ n o r o  

npn6opa .  Be3 9Tr~X 9qbeMepr~)~ OTOX~IeCTB3IeH~Ie KpaTepOB npaKTn~ecKn HeBO3MO>KHO. 

B~Iqnc~eHn~ IIpOH3BO)~ITC~I rio cne~tnansHo COCTaB3IeHHO.q nporpaMMe Ha 9I_[BM. 

( 2 ) ) ~ a a e e  npO~3BOAUTC~ n3MepeHne or~opm, IX 3Be3~ n KpaTepOB. 

(3) B~,Iqnc3~eH~ ~ e  na63~ro~eHm, ix Koop~unaT KpaTepoa BbIIIOSIH~ttOTC~t B TaKOH 

noc3~e~ioBaTe~,HocTn: 

(a) BblHnC3IJ~[tOTC~[ CTaH)IapTHbIe KOOp)~nHaTb~ onOpHSIX 3Be3~I B 9noxe Ha6~IO~eHn~; 

(6) onpe~e~a~OTCa rOnCTanTbI n3~aCT~Hrn no MeTO)~y TepHepa; 

(c) npon3aO~HTCa pe)~yr~na n3MepesHbIX Koop)IHHaT rpaTepo~ K C!4CTeMe 3Be3- 

)IHO~ n3IacTrlHrrI; 

(~I) BbIttnC3-DnOTG~/ cTaH~apTm, ie Koop~rInaTb~ KpaTepOB; 

(e) naxo2I~TC~ Ha63~io~eHH~ie TOnOt~eHTpr~qec~ne Koop~HHaT~,~ KpaTepOB. 

KOHe~IHON ~ t e ~ o  o6pa6oT~n ~IBYI~IeTC~I noay~enne  a6CO3ItOTHblX ce~enorpaqbH- 

qecKr~X roop)IHnaT KpaTepOB, OTr~eceHiJ~x K ~IenTpy Maccb~ 3-[yr~,I. 

H a  pncyHKax 4 r~ 5 IIpI/IBO~ITC~I qboTorpaqbnr~ 3Be3~XHOH lcI 3/yHHO~ nsIaCTrlHOK. 

BpeMx rm6mo)lennn: 1970 r. ,  uo~6p~,, 13.86. 3~clIo3mlng 20 ceK. 3Be3~,i qboTorpa- 

qbr~posaancb Ha n~aCTnHKax K o d a k  Oa-O,  YIyHa Ha n~acTnHKax Orwo FU-5.  3qbe- 
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PHc. 4. 3Be3~Ha~ H~aCTHHKa. 

MepruIItt,ie TOIIOI~eH'IpI~I~IeCK~Ie 3HatleH~l~I 3KBaTOprlaJIbnblX KOOp,~rlHaT, JII, I6pa~rIH H 

pa~i~yca Y[yHt,I )I.rI~i MOMeHTa Ha6JItO)IeHI4~I c:IeAylolime: 

e '  = 3.h39m12.~296, 

l" = 5.°20, 

C " = -  13.°32, 

j '  = 24.°23'.32~'17, 

b" = - 6.°28, 

R '  = 969'.'93. 

qbOTOrpaqbH~ C HeYaTHBHblM H3o6pameHrleM 3Be3jIHOfi nJIacTuni<H )IaHa B MaCLuTa6e 

I : 3. B IIeHTpe rlJIaCTHHKn 6eJIb~ KBajIpaT, flBJiflmum~ca npoeKIme~ JIyHUo~ KaMepbi. 

I I o  yrJIaM KBaApaTa paclIOJiO)Kem, i MeTKI/I. I/I306pameHH~ 3Be3)I o6BeAeHbI Kpyx-  

I~aMH. H y M e p a l m s  3Be3jI Ha IIJIaCTnHKe npo~I3BOJI~nafl. HoMepa  3Be3A g CnCTeMe B ~  
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Pnc. 5. ~yHnag n~acTnnKa. 

COOT~eTCTBeHHO cJ~eAymmne: 24?520, 23?483, 237491, 23?489, 23?499, 23?504, 24?540, 

24?537, 24?534, 24?529, 24?528, 24?526. Ha  pncyFiKe npnBe~en~,r Fie Bce 3Be3~IbI. Ha  

IuIaCTHHICe FIX 3~a~Te~bHO 6o~ ,me .  

Ha  pFicyH~e 5 n3o6pa~enne  ~yFIHO~ II3IaCTHI-IKlil ~aHO B HaTypao/bHy~o BeJ~Fiqr~Hy. 

B yrotax Cm4MKa pacnoo~o~eH~,r MeTKFI. H 3 o 6 p a ~ e n n a  3Be3~ Ff MeTOK Ha o6er~x 

pFicyn~ax )X~n KOHTpaCTa yc~3~eHb~ TymbK). 5IyHHb~e n 3Be3)xFII~Ie MeTKFI 3aI~onoaenb~ 

xBa~paTFI~FI. 

3. AHaJIII3 TOtlHOCTH MeTo~a Pa3~/e,rleHHb~X (I~oTOH~IaCTHHOI~ 

Ka~ec /ao  qboTorpaqbn~IecKoro H306paxennn 5IyHl, I npH Fia6:~ro~eariax npe~aoxeH-  

nblM CHOCO6OM, npn npo~Hx paBHblX yc~oBnflX, onpe)lenaeTcz rOqHOC/brO H3FOTO- 

BneHrIn MexaHH3Ma RepeMenleHH~ 31yHHO~ KacCeTbI. I/I3MepeHHa MeTOK y paaa  ~yn- 

HI, IX nnaCTnHOK noKa3aarI, qTO 3HaqeHHe CKOpOCTn OcTaeTcg FIOCTOaHHOfi C TOqHOCT~m 

~0 S---~0.5 MK 3a o~Hy MnHyTy BpeMeHH, r)xe S -  cpeAHee KBa~paTHqrioe OTKSmHeH~e. 

T a r  KaK omu6KH KOMneHcalI~IrI C06CTBeFIHOrO ~an~eHHn 5Iyn~I H npnBfl3KH rIo/acTu- 

HOK He 3aBFIC~IT OT qboKycHoro paccTomma, TOqnOCT~ Ha6aro;~eua~ FiOa~IM MeTO~OM 

yraoa~,IX e)IFinrmax 6y~eT a~Ime Ha ~naUHoqbo~ycn~ix nHCTpyMeHTaX. 
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OTBeTCTBeriHBIM MOMeHTOM ripe~J:araeMoro MeroJIa Ha6JiroAeriri~ JIyHM CO 3Be3- 

JIaMri ~BJ~aeTCS ripeo6pa3oBaHHe H3MeperIHMX KoopAririaT Ha JIyHHO~ nJ:aCTHHKe 

(X2, Y2) ~ CaCTeMy ~oop~n~aT Ha 3Bea~Ino~ (Xx, y~). 

O TOqHOCTri oripe~e~e~ria pe~IyIIripoBariHb~X Koop/IririaT MeTOK MO~riO cyz~riTb riO 

paCCTO~HH~M Me~Ay reOMeTp~qecKriMH aeriTpaMri 3Be3~HblX ri JIyHHbIX MeTOK. Ha-  

ripriMep, ~Jl~ ~IByX CriCTeM MeTOK orIri paBH~I: 0.144 Mg 14 0.142 MM. 

TOqHOCTL npriB~3I:ri nJ~aCTriHOK HCCJIeAoBaJ~acb 6e3 JIyH~ riyTeM ORHoBpeMeHHOFO 

qboTorparlmpoBaHria Ha 3Be3~tIytO H ayHnyIo rl;IaCTI, IHKri 3Be3)I B CKOriJIeritlri Fl~ea~, 

no~oxeHria  ri C06CTBeHrible )IBHXeHnn ~owop~,IX ri3BeCTHbI C BblCOKO~ TOqHOCTbK~ 

(Eichhorn  ri ~lp., 1970). Ha  ayriHOf~ nnacTmIKe 6~IJIO ~3~*0 riecKom, Ko ~onwpo- 

..rlbHbIX 3Be32I (gKBHBaJIeHTbI KpaTepOB). 14X KoopAHHaTbl Bt~IqHCJIItJIl~ICb riO onopHbIM 

3Be3AaM, pacrioJIOmeHI-IblM Ha 3Be3)IHO_~ ridIaCTriHKe (CB~t3b MexRy JIyHHO~ ri 

3Be3jIHOH FI.rlaCTHHKOfi). 3aTeM OHri cpaBHHBaJIriCb C KaTaJIO;t.¢.HblMri IIO.rloxeHtlflMri 

(Eichhorn  ri )Ip., 1970). Ta~ Ka~ nocs~e~mne ri3BeCTHbI C BbICO~O~ ToqI-IOCT~,tO, TO 

pa3HOCTri Koop)xnriaT KOnTpom, m, IX 3Be3a (O-C) oripeAeaamT, r:a,~eCTBO ripHBa3~ri 

Jlyt-ri-IOfi ri.rlaCTriHKH K 3Be3~HOH. )]~JI1~l KOtITpO~Ia KoopAHHaTbI 3Be3~bI ri 1375 6~,IaH 

riafiAe,~,I rio OriOpHt, IM 3Be3dlaM, pacnoJmxeHm, iM Ha aynHo~ naacTHr~Ke, ri TaK x;e 

cpaBHeHbI C KaTa.JIO;,KriBIMH 3HRNeHH/tMH. 

TABJIHI!A I 

N m~ d~x cos fi So, Ag~ So 

1284 8.35 0'(14 0':14 0':13 0':11 
1362 8.75 0.14 0.18 --0.04 0.14 
1375 6.20 0.07 0.14 0.08 0.14 
1397 7.22 0.14 0.13 0.06 0,08 
1431 6.77 0.04 0.13 0.00 0.10 
1375 6.20 --0.04 0.10 0.06 0.10 

B Ta6JmIIe I npnBojXaTCn pe3yJmwaTbi nccsle~loBaHH~ iiaTri 3Be3~ riO BOCbMIt 

Ha6JIrO)IeHriZM. B nepBOM CTO~6~e 2~am, I HoMepa 3Be3)! rio Kaxa:iory Fep:ImripyHra 

(Eichhorn ~i ~p., 1970), BO BTOpOM CTOa6I:e IIpnBOa~TCa qboToBn3yaabn~ie Beawtrim, I 

3Be3~I, B TpeTl, eM n rmTOM ~laHbI pa3HOCTa (O-C) rio npZMOMy BOCXOX~eHnm ri 

CKJ~OHeH/,tIO, B qeTBepTOM H HleCTOM CTOJI6~/ax IIpriBe~eHbI cpedlrine I:Baj!paTHqHble 

omri6Kri (s tandard deviation) pa3nocwe~ (O-C) rio o6enM Koop):tIHaTaM. )IJ:a 3Be3)IbI 

14 1375 BHri3y Ta6aHI~t,I ):am,I pa3nocTH I:oop~nHaw (O-C) n rix OttIri6KH, oripeJle- 

:mHn~Ie BTOpblM CriOCO6OM. 

I43 Ta6~ri~t,I no pa3HOCT~M (O-C) ri Hx omu6KaM cJIe):yez ~Ba m, IBO~la. Bo riepm, ix, 

FOpH3OHTadIbHbLF4 TeJIeCKOri MOXriO IICIIOJIb3OBaTb )I.rIIt peLUeHtI~ acTpOMeTpHqecKriX 

3a~aq. Bo BTOpblX, IIpriBII3Ka CriCTeMt,I ~ByX 17JIaCTHHOK C rlOMOIllbIO MeTOK Mo)KeT 

06ecrieqHBaTbC~ C BbICOKOH TOtlHOGTbtO. 
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4. 3aRam~eHne 

B HacToJaHIee BpeMg rI3BeCTeH pan  MeTOJIOB ortpe;Ie~eHHa Koop~IIHaT O6],eKTOB Ha 

flyHHe. 

B O~HFIX MeTo~ax MacmTa6 II opHenT~poBKa onpe~(e~arOTC~ no ToqKaM CaMO~ 

5IyH~,l C HH3BeCTHbIMII ceaeHHorpaqbH,~ecKriMrI KooparmaTaMH (Saunder, 1910; AMS,  

1964; H ~p.), B ~pyrHx oprmrITiipoBKa CHHMKOB ocymecTB~aeTc~ no BrleqaTanii/,IM 

c~e~aM 3Be3)x, a MaciiITa60riaTb-TaKrI rio KpaTepaM (Arthur,  1965). B MeTo)xe, 

npe~taO~eHUOM MOyTCOy~OCOM (Moutsoulas,  1970), riOCTO~IHHbIe n3acTanrH onpe- 

jieJI~rOTC~ no 3Be3AaM, BIIeqaTaHiiblM Ha YlynHbI~ CHtlMOK 1/[3 ~pyro~ o6aacrH I~e6a. 

B ~anHo~ pa6oTe oImcl, maeTc~ HOBt,I~ CnOCO6 rm6JIro~IeHH~ 5Iym, I c orpy~aromHMii 

e6 3Be3jIaMH, rjle o6ecrIenrIBaeTcn O~HoBpeMeHHoe ~X qboTorpaqbiipoBaHiie Ha ABe 

1uIaCTHHKH, ~ynHy/O II 3Be3~HyIO. 

H3BecTa~,ie MeTO)ISI Mapimsrrila (Markowitz,  1954) i~ MrHOBeHH~,~X 9KCriOSmlii~ C 

3acaos~aMii (Michailov and  Potter,  1957; Rizvanov, 1971), HacroJn, I~O H3BeCTHO 

aBTOpaM, )IJ~fl orIpe~leneHiia Koop~IIHaT ToqeK He I,ICnOJIb3yIOTC~. 

17epeq~c~eHrn, m Bbltue MeTOJ~bI IIpHHI~HIIHa.rIBHO OTJIHqatOTCR )Ipyr OT Rpyra HHMe~I 

CBOII npeiiMygleCTBa II He~oCTaTKH. f[JI~ TOFO, HTOgBI OT)~RTB IIpe)InoqTeiiHe O)IHOMy 

It3 3THX CIIOCO6OB Ha6J~oJIeHI~ MbI Cq~ITaeM ~eJIeCoo6pa3HblM yCTaI-IOBIITB IIO 

MexjIyHapo/InoMy cor~iameHnrO CriHCOK CTaH)IapTHblX KpaTepOB, O6fl3aTeJIbHblX /IJI~ 

na6~ro~enii~. 

Ta~o~ cniicor,  nanpiiMep, ripe)IaaraeTca F y p m T e ~ n o u  A. A. r~ C3/OBOXOTOBOH 

H. 17. (Gurshtein,  1971). 
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