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BBeneHne 

/1/ 
nByXMeTpOBaH rrpoIIaHOBaH IIY3b!pbKOBaH KaMepa OI1.HI1 ( TTTK-500) 

B 1969 rony ycTaHoBneHa Ha rryqKe OTpllUaTenbHblX IIllOHOB c llMIIynbCOM 

40 faB/ c ycKopnTensi I1c!>B8 Ha aHeprmo 76 faB ( r. CeprryxoB). nnsi pa60Tb1 

B I1cl>B8 KaMepa rronBepranacb H0KOTOpblM KOHCTpyKTHBHblM ll3M0H0HllHM. 

3necb Mb! 6yneM roBOpllTb TOnhKO O CllCTeMe cpoTorpaqmpoBaHllH. 

B rrepBOHaqanbHOM BapnaHTe cpoTorpacpnpoBaHne IIpOll3BOt:lllnOCb meCTbID 

o6oeKTllBaMn "Pyccap-rrna3MaT T 2 c" C cpoKyCHbIM pacCTOHHlleM 150 MM Ha 

rrneHKY llillpllHOH 80 MM. OcHOBHaH 6a3a cpoTorpacjJnpoBaHllH 6bma MaKCllManb

HOH nnsi naHHoro BapnaHTa n cocTaBnsina 380 MM, qTo naBano He oqeHh xo

powee pa3pemeHne rro Z , Tpe6oBano MHoro cpoTorrneHKll n HoBoro rrpocMoT

poBo-n3MepnTenbHOro o6opynoBaHnH. 

TTocKOnhKY B psine CTpaH-yqacTHllU OI1.HI1 llt:fenOCb y)Ke roTOBoe 060-

pynoBaHne nnsi IIpOCMOTpa n ll3MepeHnH Ha cpopMaT rrneHKll 50 MM, TO 6bmD 

pemeHO 3aMeHllTb o6'beKTllBbl "Pyccap-rrna3MaT" Ha o6'beKTllBbl "'Pyccap-446" 

c cpoKyCHblM paCCTOHHlleM 100 MM, rrepeHTll Ha tpDpMaT rrneHKll 50 MM n yBenn

qnTh OCHOBHYID 6a3y cpoTorpacpnpoBaHllH no 0,5 M. A 3TO MO)KHO 6bmO cnenaTb 

TonhKD rrpn ycnoBnn rrpnMeHeHnH 3epKanbHoro rrepncKorra. 

3 



KoHCTpynpoBaHHe HOBOll OIITH'leCKOll CHCTeMbl 6bmO BblIIOnHeHo B HHCTH-

yTe gnepHoii: d,JH3HKH B KpaKoBe IIH)KeHepaMH B. Ky6nueii: n IO. fn3a, a ee 

H3rOTOBneHHe - BO BpounaBCKOM rronHTeXHH'leCKOM HHCTHTyTe rron pyK0B0UCT

IBOM rrpocpeccopoB 3. EoHnapa H B. XoaaHua HHIB:eHepaMH A. Ky6nueii:, 3. llly-

' 6epToM, x. )l(e6poBCKHM c COTpynHHKaMH. 

Bee crreunanbHble BOIIpOCbl no KOHCTpynpoBaHHI0 H H3rOTOBneHH!O 3T0ll 

OIITH'leCKOll CHCTeMbl 6ynyT paCCMOTpeHbl B OTnenbHOM coo6meHHH. 

I. O6IUaH xa paKTeplICTH Ka KaMepbl 

Pa3Mep pa6o'leii: o6naCTII KaMepb! 210 x 65 x43 CM 
3

• BIInHMblll o6'heM 

c!ioTorpacp1IpOBaHHSI - OKono 500 n. KaMepa MOIB:eT 3arronHHTbCSI KaK 'IIICTb!M 

rrporraHoM, TaK H cMeCb!O rrporraHa n cppeoHa. B H<l>B3 nmI KaMepbI 6bmo 

BBeneHo KpaTKoe o6o3Ha'leHIIe TTIK-500 ( nporraH II cppeoH C'IHTaroTcH THIB:e

nhIMn )KIInKOCTHMH) • 

KaMepa pa3uemaeTCH B MarHIITe co cpenHHM 3Ha'leHHeM MarHHTHoro 

/2/ 
rronSI 16000 3pcTen • 

TiocKonbKY IIplI K0CTpy1Ip0BaHHII KaMepbl 6bm HCITOnb30BaH onHH H3 ro-

TOBblX MarHIIT0B H B TO BpeMH He 6bin0 6onblll1IX OIITII'leCKHX CTeKon, TO 

nplillln0Cb nenaTb nBe CIICTeMbl cjJoTorpacp1IpOBaHHSI ( CM. pnc. 1). B BepxHeM 

rron!OCHOM 6noKe IIMeeTCSI 2 Kononua. CHII3Y Kononllbl 3aKpb!Tbl CTeKnSIHHblMII 
. 3 

rrnaCTIIHKaMII H3 cTeKna K-8. Pa3Mep KaIB:noii: H3 HIIX 960 X 650 X 151 MM • 

TinaCTIIHbl KpeIISITCSI K rronrocHoMy 6noK~, H rrpH c6opKe H pa36opKe KaMepbl 

·nng 'IHCTKH, CMeHbl MeM6paHbl H T.n. CTeKna He BblHHMa!OTCSI. Ha 3THX 

CTeKnSIHHblX rrnacTHHax HaHeceHO 110 25 KpeCT0B C !llaroM 90 X 150 MM. Ton

IUIIHa nHHHH OKOno 0,3 MM. TaK KaK CTeKna IIpH pa36opKe KaMepbl OCTa!OTCSI 

yKperrneHHblMII B rronroCHOM 6110Ke MarHHTa, TO rrpH 'IHCTKe KaMepbl 0IITII'le-

• CKaSI oplieHTaUHH perrepHb!X KpeCT0B He MeHHeTCSI. 
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.,I Bepxnue 'laCTII KononueB 3aKpbIBa!OTCSI nByMSI MaCCHBHblMH CTanbllb!MH 

nnuTaMII C TpeMSI CTeKnSIHHbIMII OKHaMII B Ka>Knoii: IInHTe. TonIUIIHa CTeKnHH

HblX OK0H - 40 MM. 

Cml3y K 3THM CTanbHbIM rrnHTaM KpemITCSI 3epKanbHblB rreplICKOllbI, 

C II0MOlllb!O KOT0pb!X nocT11raeTCH yBenlI'leHHe OCHOBHOll 6a3bl cpoTorpacpnpo

BaHIIH no 490 MM, CxeMa clioTorpacp1IpoBaHHH nnH rrorrepe'lu·oro ce'leHHH 

Ka Me phi anonb ocHoBH011 6a3bI rroKa3aHa Ha pnc. 2. P acrrononrnnne cpoTorpa

cjln'leCKHX KaMep - ann caepxy - nano na pnc. 3. 

Bo BpeMH pa60TLl KaMBpb! B rrpocTpaHCTB0 KOnonueB rronaeTCH C)KaTblll 

ra3 - yrneKIIcnoTa nnn a3oT - rron naBnenneM 15 aTM. C rroM0lllb!O 3Toro 

-naBnBHIIH CHHMaeTCH 'laCTb Harpy3KII aa 6onblll1Ie CTBKna. Cnoii: ra3a, 'lepe3 

K0TOpblll IIp0H3BOnlITCH cj10TorpacjmpoBaHHB. 3KBIIBaneHTeH 9-MIInnlIMeTpOBOii: 

CTeKnHHHOll rrnaCTHHKB. 

TiplI pac'leTe o6'beKTHBOB 6bma cnenaHa KoppBKUHH Ha nlICT0pCH!O 

Bcex rrpenoMmiromnx cpen. KoppeKUHH rrpoII3BeneHa no HlIIB:Heii: rrnocKoCTH 

6onblllHX CTeKon - no rpaHHllbl CTeKno-rrporraH. PerrepHbIB KpeCTbl <p0Torpa

<p1Ipy10TCSI 603 nHCT0pCIIH, 

Ha MaCCIIBHbie CTanbHbIB rrnHTbI, yKperrneHHbie B rron10c110M 6noKe 

CBepxy, ycTaHaBnHBa!OTCH 'lyryHHbie ron0BKH C TpeMH <poTorpaMMeTplI'leCKH

MII KaMepaMH B Kan,no11. TioaepxnocTH co'lneneHIIH ronoBoK n rrnHT TlllaTenb-

110 rronorHaHbl, YcTaHOBKa ronoBOK B onno II TO IB:B MeCTO nocTHraeTCH C 

IIOMOlllb!O cplIKCaTopoB. TiplI pa6oTe OIITII'leCKIIe ron0BKII OCTa!OTCH Ha MecTe~ 

JlnH CMellbl rrneHKH BblHIIMa!OTCH TOnbK0 qJIInbMOllpOTHIB:Hbie MBXaHH3MbI. 

Han Ka)I{JlOll <poTorpaMMeTpH'leCKOll K~Mepoii: HMB!OTCH rrnocKorrapan

nenbHblB CTeKnHHllbie rrnacTHHKII, K K0TOpb!M rrpHIB:IIMa!OTCH c!ioTorrneHKH. 

3To. T8K H83bIBaeMblB "rrpH>KIIMHbie" CTeKna. TipHIB:HMHbie CTeKna IIMB!OT 
• .. ~ 11n 

perrepHbie rrepeKpeCTIIH. Ton111HHa nIIHIIll rrepeKpeCTHll 15-20 MHKPDH ( pIIc.3). 
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Tipn _KOHCTpynpoBaHHH H lOCTHpOBKe cncTeM bl .<iioTorpaifmpoBaHHSI CTpeMH

lllCb K TOMY, 'IT06bl OIITH'leCKHe OCH <fioTorpaMMeTpH•IeCKHX KaMep 6bmH rra-

1 
3annenbHbl npyr npyry H rreprreH/lHKynSipHbl rroBepXHOCTSIM paanena OIITH'leCKHX 

I 
:pen. 

y OIITH'leCKHX CHCTeM C aepKanaMH TpyllHO TO'IHO orrpenenHTb 91P<fieicT.HBHYIO 
I 

BbICDTY ¢oTorpa¢npoBaHHH n pacrrono)KeHne oIITH'leCKHX oceii. Tipn orrpeneneHHH 

OIITH'10CKHX KOHCTaHT 6yneM C'IHTaTh H0H3B0CTHbIMH BbICOTY H 6a3bl <fioTo-. 

'rpa¢npoBa.HHSI. 

3TH TPYllHOCTH 6btnlJ rrpeononeHbl c IIOMOlllhlO npnMeHeHHSI Tpex TIIIIOB 

perrepoB BHyTpll II BH0 KaMepbI. Penepbl ¢oTorpa¢npoBanHCh 'lepea pa3nH'<IHbI0 

cpe/lbl B cnexrnanhHblX 9KCI10pHM0HTax. 

II • Tipouenypa orrpeneneHHH KOHCTaHT 
OIITH'l0CKO ii 

CHCT0Mbl TTIK-500 

1. CxeMa d>oTorpadrnpoBaJiHH 

Cx eMa ¢oTorpa¢npoBaHHH noKaaaHa Ha pnc. 1,2,3. TiepBy10 nonoBIIHY 

o6'beK-
KaMepbl ¢0Torpa¢upy10T o6'beKTIIBbl 1, 2, 3, BTOpyIO rronOBIIHY 

TIIBbl 4, 5, 6. Tipn 9TOM OCHOBHbl0 cTepeonapbl 1,2 H 5,6 nonHOCThlO "BII/lSIT" 

Ka)l(Jlblii CBOIO nonOBIIHY KaMepbl H B6nH3H /lHa HM0lOT 30HY nepeKpbITIISI, KO

KaMepbI. 3oHa nepeKpbITIISI yMeHhlllaeTCSI C 
TopaH cocTaBnHeT 6 CM Ha JlH0 

BbICOTOii KaMepbI, npH z =28 CM oHa HC'le3aeT, II Bbllll0 Ha'IHHaeTCSI. H0BII/lH-

MaSI o6nacTh nnn BC0X o6'beKTHBOB, 06'b'eKTHBbl 3 ll 4 ,, BH/lSIT" TOnhKO '!aCTb 

CBOllX nonoBHH KaMepbl H SIBnSIIOTCSI BCilOMoraTenbHbIMH. 

ilnH orrpeneneHHSI KOHCTaHT, rrpnMeHSl0MblX B ¢opMynax BOCCTaHOBneHJISI 

rrpocTpaHCTB0HHbIX KOOpllHHaT TpeKOB, a TaK)K0 IlpH JI3MepeHHll co6bJTHll B3a

llMOJl0HCTBllSI 'laCTIIU, MO)KHO BOCIIOnh30BaTbCSI H0CKOnhKHMII rpynrraMH perrepOB, 

Bee perrepbl BbIIIOnH0Hbl B <fiopMe KpeCTOB. "BHelllHllMII" perrepHbIMH KpecTaMll 
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Mbl Ha3biBaeM perrepHbie KpeCTbI, pacrrono)KeHHbJe Ha IlplI)KHMHblX CTeKnax. 

'lfncno TaKJIX KpecTOB Ha Ka)K}lQM CTeKne paBHO 111eCTH ( pnc. 3). 'BHyTpeH

HHe"' perrepHbie KpeCTbl pacrronO)K0Hbl Ha 6onhlllHX CTeKnax KaMepbl co CTopo

Hbl nponaHa no 2 5 KpeCTOB Ha Ka)KJlOM CTeKne ( pnc. 4) H Ha noa,pxHOCTH 

1l10pan10MHHH0B0ll nnaCTJIHbI, ycTaHOBneHHOii Ha llHe KaMepbI, - TaK Ha3h1Bae

MOM 'CTone' - 31 nepeKpeCTHe. 7 penepHblX KpecToB, pacnono:»rnHHbIX a 

cepeAHHe "cTona', nonana10T B aoHy nepeKpbITHSI n .$0Torpa$Hpy10TcSI KaK 

1, 2, TaK H 5,6 o6'beKTHBaMH. 

PacnonO)K0HJie KpeCTOB Ha 6onhlllllX CTeKnax ll llHe KaMepb! IlOK33aHo 

Ha pnc. 4. TaM )1(0 yKaaaHO Ha'lano H HanpaBneHHe KOOpllllHaT X H y ' 

2. PeKOHCTQVKUllSI npocTpaHCTBeHHbIX K00Qllllfl8T 

ilnn reoMeTpH'10CKOH peKOHCTpyKUllll TpaeKTOpllii 'laCTHU HaMH llCIIOnh-

/3/ /4/ 
ay10Tcn rrporpaMMbI 1-6 u fEO<Pl1T • B aTux nporpaMMax nepexon OT 

KOOp/lHHaT T0'10K x, y I OTC'lllTbIBaeMbIX B CHCT9Me H3MepHTenhHoro np116opa, 

K KOOPllllHaTaM X , Y I Z B rrpocTpaHCTBe KaMepb! nenaeTCSI B H0CKOnhKO 

9TaIIoB. Ha rrepBOM 9Tane npoll3BO/lllTCSI rrpeo6paaoBaHne ll3MepeHHblX KOOPllll

HaT Ha rrneHKe B CHCT0Mbl KOOpllllHaT penepHbIX KpeCTOB Ka)K}lOro o6'b0KTHBa 

/5/ 
C OI1Tll'l0CKHMH OCSIMll B Ha'lane OTC'leTa • Tipu 9TOH TpaHc¢opMaUHH Y'lllThl-

BaeTCSI ne¢opMaUHSI nneHKll B IlpO/lOnhHOM ll rronepe'IHOM HarrpaBneHHSIX ny

TeM ll3MepeHHH paCCTOHHllll M0)KllY penepHbJMH KpeCTaMH. CncTeMa KOOPLlll

HaT Ka)KLlOI'O CHHMKa OpHeHTHpyeTCSI_ TaK, 'IT06bl HarrpaaneHHSI ee oceft COBrrananH 

c HarrpaBneH1rnMH oceft B rrpocTpaHCTBe KaMepbl (pHc.4). Ha BTopoM aTarre pac

CMaTpHBaIOTCH CTepeonapbl CHHMKOB. ilnn K8)KLl0H napbl o6'beKTHBOB i,j LlenaeTCSI 

rrepeXOll B TaKyIO CHCTeMy KOOPLlHHaT, I'Ll0 OCH O IX I H O / X ,ne)Kann 6bJ Ha IIpSIMOH, 

IlpOXO/lSlllleft qepe3 OIITH'leCKHe ueHTpb! 0 • 0. 06'beKTllBOB ; • ,· ( PHC. 5). 
. I I 

TiepexOll ocymecTBnneTCSI nyTeM IlOBOpOTa Ka)K}lOH npoeKUHll BOKpyr CBOero 

ueHTpa Ha yron rp • Yron onpe!lenSieTCSI n:a ycnoBHH 
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· sin tf,=(Y/ - Y~ )/ r xoy 
0 0 0 

II costf,=(X 1-X 1 )/rxy, (J) 

rne x0 
. I, I 

0 
II Y,., - KOOPJlIIHaTbl To'IeK nepeceqemrn onTil'IeCKIIX oceii: o6'heKTll-

BOB C nnoCKOCTblO 6onbllIIIX CTeKon KaMepbl B CIICTeMe KOOpJlIIH8T KaMepbl 

( TO'IHee, B CIICTeMe KOOpJlIIHaT, onpenem1eMoii penepHbIMII KpecTaMII Ha 3THX 

O O 02 O 02½ 
CTeKnax), a 'xr =«Y,-Y,) +<x,-x,)) • KoopJlIIHaTbl TO'IKII B 3TOH CIIC-

TeMe o6oaHa'IIIM qepe3 X
I 

I , v,, ; aaTeM onpenemIIOTCH KOOPJlIIHaTbl TO'IKII 

X' 
1 

Y ' , Z' B npocTpaHCTBe KaMepbI, HO 3TH KOOpAIIHaTbl Bee eme CBH-

3ilHbl c HanpaBneHI1eM oceu x,1 0 ,1 r,1 

0' 0' 
Z'= X 1 -X, -(M 1(r)x 1 -M/r)x 1 ) ( 2) 

N
1 

( r)x 
1 

-N
1
(r)x 

1 

X'=Z~x
1

N
1
(r)+x

1 
M

1
(r)+X~, (3) 

. -1 -1 -1 
Y'=(y

1
-x

1 
)((Z'N

1
(r)+M 

1
(,)) +(Z'N,'r)+M,(,)) ) 

0, 
+Y , (4) 

rne r - pacCTOHHlle TO'IKII OT OilTll'I•~CKOii: DCII Ha nneHKe; M 1,/ - MaCllITa6 

cpoTorpa~npoBaHIIH_OTpe3KOB, pacnono::-KeHHblX Ha Hll>KHeii rroBepxHOCTll 6onbWllX 

cTeKon KaMepbii N ,., - Ko~¢uuneHThI 1 onpenenHIOutHe yron Bxona nyqa B 

pa6o'IYIO cpeny KaMephI
1 

unn, ntta'Ie, naMettettne MacwTa6a no rny6nHe KaMepbI; 

· o' o' o o' o o X 
1 

, Y 
1 

=" Y
1 

= Y nony'IaIOTCH nyTeM noBopoTa . X n Y Ha yron tf, , ., 
·. nanee '-JlnH nepexona OT CllCTeMbl KOOpJlHHaT X1,1 o,, Y1.1 B CHCTeMy KOOpJlHHaT,_ 

CBH38HHYIO C perrepHbIMII KpecTaMII Ha 6onbWHX cTeKna:x, nenaIOTCH o6paT.HbJe 

rrpeo6pasoBaHHH: 

-8 

''.1 

\ 

X = X 'cos tf, = Y 'sin 1/J , 

Y = X 'sin t/1 + Y 'cos. t/1 • 

11, ttaKoueu, Hynmo cnenaTb eme OllIIH noBopoT nm1 Toro, 'IT06b1 npIIHTII' K 

06,ueii nnH 060I1x nonoBnH KaMepb1 cncTeMe KoopnilttaT ( cM. §VIII). 

3, Ilpoye,gypa orme,genettlfH KOHCTaHT OilTR'f.e~K~OH CIICTeMI,I 

TaKuM o6pa30M, llnH ocymecTBneHIIH peKOHCTpYKUlllf npocTpaHCTBeHHb!X 

Koopn nHaT BbIIllenano>KeHHbIM cnoco6oM Heo6xonnMo aapaHee attaTb cnenyIOmne 

Benll'IlfHbl: 

a) KOOpllIIHaTbJ nepece'IeHHH OilTil'IeCKHX oceu o6'heKTABOB C nnoCOKOCTblO 

nneHKII•· 

yO 
1,/ 

0 1, /,k 0 n c Hll>KHeu noBepXHOCTblO 6onbllIIIX CTeKon KaMepbI X ,., , 

'ITO 

rne 

6) KOOpllHH8Tbi penepHblX KpecToB, KaK "BHewnux", TaK H "BHyTpemrnx"; 

B) MacwTa6bI <pOTorpacfmpoBaHHH M ,., B nnOCKOCTII C z =O; 

r) Ko:;i¢cpnuneHTbi H3MeHeHHH MaCllITa6a npn z I, 0 : N 1,/ ... • 

06muu MeTon onpeneneHHH nepeqncneHHb!X KOHCTaHT COCTOIIT B TOM, 

cpopMilpyeTCH <pyHKUIIOHan BHna 

n 

F = I 
I= 1 

Ua,.,x1) )2 <---- ' a,, . (8) 

a k - napaMeTpbr, KOTOpbie Heo6xonnMo onpenemrTh: K = 1 ...... m , 

m - 'IHcno napaMeTpoB, x 1 - sKcnepnMeHTanbHhre naHHhIe, n - 'IHcno 

9KcnepnMeHTanbHbIX TO'IeK, a I - OUIH6KH, 
I • 

ITapaMeTpbi a,. H8XOllHTCH nyTeM MlfHHMH38UlfH cpyHKUlfOHana F 
2 

npn aToM x =MIN(F) c 'IHcnoM cTeneHeu cB06onh1, onpenenHeMb1M KaK p 

P=n-m. 
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Ill . ~ 0 11 p e )le n e H lI e KOO p Jl lI Ha T 11 e p e Ce 'I e H lI SI O 11 T lI 'I e CK lI X 

oce i1 061>eK TlIBOB C 11nocKOCTSIMll 11neHOK 

MeTO)l 011peneneHlISI rrono)KeHlISI 011TlI'leCKlIX ocei1 OCHOBaH Ha ceoil.CTBai 

ueHTpnpoaaHHOll 011TlIKll. OcHOBbIBaSICb Ha 9TOM CBOHCTBe 011TlI'leCKOi1 ci1C

0

TeMbl1 

Ha O)llIH 
rpy1111bl "eHyTpeHHlIX" pe11epHblX KpeCTOB )lBa)K)lbl q>OTorpaipnpoeann 

lI TOT )Ke KaJlp, 11pn'leM B O)lHOM cny'lae KaMepa 6bma Ha11onHeHa B03JlYXOM, 

a B )lpyroM - BOJlOll. TipflMbie, 11poBe)leHHbie 'lepe3 COOTBeTCTBYIOmne nso6pa-

)KeHlISI KpeCTOB Ha Ka>KJlOM KaJlpe, )laeann rrepece'leHlle B TOM MeCTe, r)le 

11poXOJllIT 011Tll'leCK8SI OCb. O)lH8KO ll3-38 ornn6oK B ll3MepeHlISIX 11pSIMhle 11e

peceKaIOTCSI r)le-TO B oKpeCTHOCTll XO I y O - e6nll3ll 011TlI'leCK0ll OCH O I • 

K -ro 06-heKTHBa ( K = B )laHHOM cnyqae ¢y11Kuno11an F (§Ill) nnsi 

1, 2 • • • • 6) 6y)leT HMeTb Bll)l 

n 
d I 

F= ~ ( )2, (7) 

I= l ad 
I 

r)le d I - paCCTOHHlle OT TO'll<ll O I )lO IIpSIMOll, 11poBe)leHHOH 'lepe3 K8)K/lYIO 

rrapy H3o6pa)KeHntt OJlHOro n Toro )Ke KpecTa, 

d = I 

x/r;-r, J-ro<x;-x,)+x', r,-r,'x, 

(( X ; - XI } 2 + ( y 1' - y J 2 } '/2 

( 8) 

3necb XO I y O - K00p)llIH8Tbl ueHTpa, '11:lpes KOTOpblH IlpOXO)llIT OilTH'leCKaSI ocb; 

XI 
I 

Y I - KOOpJlHH8Tbl i -ro KpecTa B cny'lae, KOr)la KaMepa 3anonHeHa 

KoopJllIH8Thl i-ro KpecTa B cny'lae sanonHeHHSI 
eosnyxoM; x; , Y; 
KaMepbl BO)lOll, Tipn 9TOM ece KOOPJllIHaTbl oTC'llITbIB8iOTCSI B CHcTeMe, CBSI

aaHHOll c "eHelliHllMll" penepllbIMlI KpecTaMH, Oum6Ka e 011peneneHllll d 1 

nony'laeTcsi na cpopMynhI 

. 10 
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a di =[ 

(x; -x1 J
2+<r; -Y 1 )

2 
-½ 

--------------] . 
(xo - ~+x·_, 

2 

2 -'- ' 2 
+(y - -1'.'.!!...:1'..L ) 

0 2 

a x,y 

r)le a - ornn6Ka H3MepeHlISI KOOpi:tlIH8T KpeCTOB Ha ¢oTorrnaCTlIHKe ( x,y 

0,0006 CM)• 

(9) 

a 
",Y 

Heo6XO)llIMO 3aMeTlITb, 'ITO Ha CaMOM )lene ll3-3a IWTO'IHOCTett IOCTH-

poBKll OIITH'leCKOH CllCTeMbl rroeepXHOCTll CTeKon, K KOTOpblM npll)KllMaJOTCSI 

q>oTorrnacTHHKH, TaK)Ke He COBCeM TO'IHO nepneHnHKynHpHbl OilTUqecKHM OCHM 

o6beKTHBOB, B nettCTBHTenhHOCTH Mbl orrpe)lemieM KOopmrnaTbl nepeceqeHHH 

nHHHH, 6nn3KHX K llCTllHHbIM OIITH'leCKllM OCHM, Ha3oBeM HX "11060'1Hb!Mll" 

OIITH'leCKHMH OCHMH. 

IV • 0 rr p e Jl e n e H n e 

B 

Koopnn11aT 011TH'leCKIIX 

rrpocTpa11cTee 

o c e if 

Pac'leT IIpOH3BO,'.llITCSI )lnH Ka)l,)lOro o6beKTJ!Ba OT):IenbHO, Mcrronb3YJOTCH 

KOopnrrHaTbl Kp0CTOB, pacrronO)l<eHHblX Ha 6onhlliHX CTeKnax KaMepbl X 1 , Y 
1 

, 

ll KOOp)lHHaThl IIX ll306pa)KeHHH Ha (: OTOnnaCTJIHKe X I I r, , a TaK,Ke pa-

Hee orrpeneneHHb!e 3HaqeHJIH KOOpi:tHHaT x O I YO - nepeceqeHHH OilTH'leCKUX 

oceif C nnaCTJIHKOH (HHi:teKc, OTHOCHlliJIHCH 

KaeTCH). ilnH HaIIHCaHJIH ypaBHeHHR CDH3U 

K 110Mepy o6beKTJ-rna, Be3)le onyc-

neo6xom1Mo nepeBeCTH x 
1 

ll3 CHCTeMbl KOOpJlHHaT, CBSI3aHHOH C BHeWHJlMll penepHblMJf l{pecTaMll, 

" r, 
B CJIC-

TeMy KOOp)lHHaT KpeCTOB Ha 6onbWIIX CTeKnax, T,e. IIoBepHyTh JIX Ha yron 

cp • 3aTeM Jf3 nono6HH TpeyronhHHKOB 

Hemm CB513H! 

I 
(x 

1
-x

0 
)cos cp-(y

1 
-y

0
) sin rf, 

X, - X0 

]l 

onpe)lenHTh cnenyJOnrne ypae-

(y
1
-y 0 )cos<?-'- (x 

1
-x

0
)sin <p 

( 10) 

Y 1 -Yo 



XO I YO .- Koop.r:umaTbl ueHTpOB nepeceqeHHSI onTH'l9CKHX oceii c noBepx-

HOCTblO 6onbIIJHX CTeKon KaMepbI. 

OIIJH6KH B cpyHKUHSIX f1 Bbl'IHCnSIIOTCSI no cpopMyne 

2 
a f1 

rne ax 

( ___ 1 __ +--!_-) (( __ a_x_ )2 + a 2 ) 

(X,-Xo)2 (Y,-Yo)2 M x , 

, ax - OIIJH6KH B H3MepeHmi KoopJlHHaT X 1 

( 11) 

y; H X I • y I 

COOTB9TCTBeHHO (3)l9Cb a X =0,0035 CM, ax =0,0006 CM) i 

MaCIIJTa6 cpoTorpacpnpoBaHHsr ( M ;; 10,6). 

M · - ycpenHeHHbIH 

3aMeqaHne, npnBeJl9HHOe B KOHUe § II/ 1 )l9HCTBHT9nbH0 II B )laH-

HOM cnyqae. 3aecb Mb! TaK)K9 HM99M aeno C KOOpJlHHaTaMH "no60'IHbIX" oceii -

nIIHHH, CTporo nepneH)lHKynHpHbIX noBepxHOCTH 6onbIIJIIX CTeKon ll 6nH3KO 

pacnono)KeHHbIX K onTH'l9CKHM OCHM. 

V. OnpeaeneHne MacrnTa6a cpoTorpacpilpoBaHnsr 

MacIIJTa6 cpOTorpaqmpoBaHHSI 0Tpe3KOB, pacnonO)K9HHb!X B nnoCKOCTH 

6onbIIJHX cTeKon KaMepbI ( T.e, npn Z =0), onpenensreTcsr KaK 

M ( r 2 )= 
R ---, ( 12) 
r 

rne R - paCCTOH!JH9 M9)KJlY "BHYTP9HHHMH"' penepHb!MII KpecTaMH 6onblllIIX 

CT9KOn KaMepb! II onTn'leCKOH OCblO, a r - COOTB9TCTBY!Olll99 paccTOSIHHe Ha 

cpOTOCHHMKe. 

MaCIIJTa6 M ( r 2 ) MO)KHO pa3nO)KHTb B PHJl no BenH'IHHe r 2 

M ( r 2 ) =Mo.+ a 1 r 2 + a 2 ,4 ( 13) 

12 

I. 

PacqeT npo1!3BOJlHncsr nnsr Ka)l(JlOI'O o6'beKTHBa OTJlenbHO, H llHJl9KCbI, o6o3Ha

qaromne HOMep 06'b9KTHBa, onymeHbI. YpaBH9HHH CBH3ll JlnH <pyHKUlIOHana ( 6) 
"(§/U)~annIIJyTcH B Bnae • 

f 
I 

2 y )
2

)½ 2 2, 
((X,-Xo) +(Y, - o --[M +a

1
((x

1
-x

0
) +(y,-yo) + 

---·--=---:----:-;2;--;,~½r 01 (14> (XI - X 0) 
2 

+ ( Y1 - YO ) 

2 _ )2)2] + a 2 ((XI - X O) + ( y I y O . 

H 

a,, 
[ 

2 -
ax+ M 2 a 2 ]½ 

X 

[ ) 2 < 121W (x, -xo + Y, -yo 
(15) 

rae X , Y 1 n 
I x, y I - KOOpJlIIHaTbi penepHb!X KpeCToB, pacnono-

)K9HHbIX Ha 6onblllHX CTeKnax KaMepbI, II IIX Il306pa)KeHI1e Ha cporonnacrrrHKe 

COOTB9TCTBeHno; X O , yo ll XO I y O - KoOp)lHHaTbi nono)l(eHnsr onT11qe-

CKIIX ocen B npocTpaHCTBe KaMephl ll Ha cpOTOCHHMKax COOTBeTCTB9HHo. ilpy-

rile o603Ha'leHnH - TaKile )1{9, KaK B § V • 

VI .Onpen eneHI1e yrna Bxona CBeTOBoro nyqa 

B pa6oq yro cpeny KaMepb1 

C H3MeHeHileM rny6HHhl npo11cxoaI1T Il3MeHeHne MaC11ITa6a cpoTorpacpnpo-

BlllIHSI. 3To ll3MeHe1rne Y'IHTbIBaeTcsr K08cp<pIIUHeHTOM N ( r) 

nensreTCH KaK 

N ( r) = tg y - = N O + f3 1 r 2 + f3 2 r 4 , 
r 
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• KOTOpbIH onpe-

( 16) 



rile y --yron MelillY HanpaBneHHeM "rro5oqHou" 0ITTHqeCKOll OCH n nyqoM 

CBeTa, llllYlilllM OT KaKou-nn5o TOqKH B pa5oqeM o5'beMe KaMepbI. fl,, /32 -

KOStpc!Jnum:iHTbl rrpll r 2 , r 4 pa3nOlieHHSI N ( r) B PS!ll ITO r ( qneHaMll 5onee 

BbICOKllX CTerteHell rrpeHe5peraeM). 

nnSI onpelleneHHSI KOS!plpllUlleHTOB N ( r) 5bm rrpoBelleH SKcrrepnMeHT,. B 

KOTOpOM ~OTOrpaipnpoBannCb Ha lpOTOITnaCTHHKll BHyTpeHHHe MeTKll, pacrrono

lieHHbie Ha "cTone" KaMepbI 1 rrpnqeM KaMepa 5bma rrpnBelleHa B "pa5oqee" 

cocTOSIHne (T.e, 3anonHeHa rrponaHoM, HarpeTa llO pa5oqeu TeMrrepaTypw n 

T.ll,). 3HaSI rny5nay pacrronolieHHSI CTona ( KOOPllllHaTy z ) n rronb3YSICb ipop

Mynou (2), MOliHO HanncaTb ypaBHeHHSI CBSl3ll B BR/le 

k,f. 
f, 

k 2 ( k ) 4) k ( ( f. )2 ( f.) 4) f. 
Bk,l'-«Mok+alk(r,J+a2kr, x,- Moe+a1,er, +°2,er, x, Z 

k 2 k 4 k f. 2 · f. 4 f. - i( l 7) 
(NOk+f31k(r,) +f32/r,) )x1-<Nof.+fJ,e(r,) +f32e<r,J)x 

rile B k f. - 6a3a, paccTOSIHHe MelillY ocSIMH o5'heKTHBOB k f. ; k f.,,,, 
X / 1 x1 -x 1 -

KoopllnHaTa i -ro penepaoro KpecTa, pacnonolieHHoro Ha "cTone" KaMepbI llnSI 

k H f. o5'beKTllBOB B TaKOll CllCTeMe KOOpllHHaT, rile OCb x napannenbHa 

5a3e lpOTorpaipnpoBaHHSI; z. - w z '.:. ~OOpllllHaTa llaHHOro KpeCTa, OTcqeT z 
I . 

HaqHHaeTCSI OT rrnocKOCTll 5onhlllllX CTeKon KaMepbI. B KaqecTBe HaqanbHbIX 

llaHHbIX llnSI z 5bmll rrpHHSITbl pe3ynbTaTbl 3aMepOB rny5HHbl KaMepbI, T.e. 

pacCTOSIHHe OT rrnocKOCTll 5onblllllX CTeKon llO "cTona". 

MnHHMH3aunSI ipyHKunoaana, HanncaHHoro Ha ocHoBe ypaBHeHnu CBSI3H 

( 17). npOBOlllfnacb llnSI KalillOll rrapbl o5'beKTHBOB, k • f. OT/lenbHO. 

TI 2 2 2 - M -M N -N pll9TOMU,=ak,f.+Uz =eonst,T,K. O,k= o,f.• O,k= o,f., 

a k , a f. , f3 k, f3 f. << 1 • 3aaqeHHSI NO f. , rronyqeHHbie llnSI OllHOro n Toro 

lie o5'heKTHBa ( B pa3HblX rrapax)' 5bmll 3aTeM ycpellHeHbl, 

14 

'" • I 

I 

l 

l. 
l 

f 
I 
t 

VII • TI e p ex o ll K o 5 IU e n c n c Te M e Ko op ll n Ha T 

Bee BbililenpnBelleHHbie pacqeTbl' rrpoB0llllnlICb He3aBHCIIMO llnSI rrepBOll 

( o5'beKTIIBbl 1, 2, 3) n BTopou ( o5'beKTIIBbl 4, 5, 6)rronOBIIH KaMepbl. EcnlI 

KaKaSI-Hn5yllb qacTnua rrpoX0lllina ll3 rrepBOll rronOBIIHbl KaMepol BO BTopy10, 

TO llnSI coe1lRHeHHSl
0

1lBYX qacTeu TpeKa Heo5XO/lllMO 5b1no orrpellenHTb OTHO

CHTenbHOe pacrronolieHne CIICTeM KOOPlllIHaT, CBSl38HHblX C perrepHblMII KpecTaMII 

Ha CTeKnax rrepBOll n BTOpOH nonoBIIHbl KaMepbI. 

B aameM pacrropSilieHHII HMeeTCSI 5 KpecTOB, KOTOpbie lpOTOrpatp1Ipy10T

CSI 1,2 II 5,6 o5'beKTHB8MII. 8TH KpeCTbl pacrronolieHbl Ha 0/lH0ll rrpSIMOll II 

H8X0llSITCSI B cpellHell qaCTII "CT Ona" KaMepbI. 

I I I 
TiycTb X I I YI I Z I - KO0pllllHaTbl 9TllX KpecT0B, rronyqeHHbie no 

• II II II 
II3MepeHHSIM CTepeOCHHMKOB 1-0II nonoBHHbl KaMepbI, a XI I y / 1 Z I 

KOOplllIHaTbl Tex lie caMbIX KpeCT0B, II3MepeHHhIX Ha CHllMKaX 2-on rrom)BIIHbl 

KaMepbI. O5o3HaqnM w yron, Ha KOT0pblll rroBepHyTa CIICTeMa KOOPllHHaT 

BTOpou rronoBIIHhl KaMepbl OTHOCIITenbHO nepBou; 

Xe/ 1 Y ~ - KOOplllIHaTbl rrepBOll non0BIIHbl KaMepbl• 
I 

nnSI onpelleneHHSI yrna Il0BOpOTa W I a TaKlie Xe y' 
e 38nlI-

llleM ypaBHeHIISI CBSl3ll B Blllle 

f = 
i 1 

I I I I II 
(X

1 
-Xe )cosw+(Y1 -Ye)sinw-X 1 , i < n; 

( 
I I I I II . Y 
1 

- Ye J cos w - (Xe - Xe J sin w - Y 1 , n <, < 2 n ; 

(18) 

rile n - qncno penepHhIX KpecToB ( n =5). 

TiyTeM MIIHllMll38UIIll ipyHKUHOHana Blllla ( 6) 5binlI rronyqeHbl 3HaqeHHSI 

llnSI yrna w ll 0TH0CIITenbHhlX CMelileHllll no X n y CllCTeM K0Op/lllHaT 

o5enx rronoBHH KaMepb1. nanee nonolieHIISI orrTnqecKnx oceu n perrepHbIX Kpec

ToB 2-oii rron0BHHbl KaMepbl 6bmlI rrepecquTaHbl B o5my10 CIICTeMy KOOp/lll

HaT (31leCb C0BITallaIOlilYIO C CIICTeMOll KOOpllHHaT 1-ou nonOBIIHbl KaMepbI). 
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VIII • Pe a y n b Ta T hi B hi 'I H c n e H n 11 K o H c Ta HT o rr T II tJ e c Ko ii 

C II CT e M hi 2-M e T p OB o ii II p O II a HOBO ii Ka Me phi 

(TITK-500) 

iln.11 IIpoBe.oeHII.11 pactJeToB, CB.113aHHhlX C 3KCnepHM9HTOM IIO orrpe.oene

HIIIO IIOnO)K9HII.IJ OIITH'J9CKIIX oceii Ha qJOTOCHHMKax, 6bina COCTa~neHa IIporpa~t

Ma .on.11 MaUJHHhI CIJC-1604A IIO.!l HaaBaHIIeM OPTAXE • iln.11 MHHIIMHaamm 

qiyHKUHOHanoB ( 6) B Heir HcnonbayeTC.11 M9TO.!l H8HM9Hbllll!X KBa.o'paToB. KpaT-
. . 

Koe oII1IcaH1Ie IIporpaMMhI OPTAXE IIpHBe.oeHo B ITpuno):ceHHH IA. 

Hy)lmO OTMeTIITb, 'ITO fIOCKOnbKY IIOnO)K9HH!c! OIITH'l9CKIIX oceii O'l9Hb 

tJYBCTBIITenbHO K IOCTIIpOBKe OfITII'l9CKOJ1 CIICT9Mhl II K IIOnO)K9HIIIO 6onbllll!X 

CT9KOn KaMepbl, TO 3KCIIep1IMeHTh! IIO OIIpe.oe,1eH1IIO IIonO)I(9HIIH OIITII'leCKIIX 

oceii HY)KHO IIpOBO.!llITb BCHKHii paa rrocne KaK1IX-n1I60 pa6oT, CBH38HHhlX C 

.oeMOHTIIpOBaHneM sneMeHTOB OIITH'leCKOH CHCT0Mbl nnn CHHTIIeM 6onblllllX 

cTeKon. 

B Ta6n. 1 IIplIBe.oeHbl peaynhTaTh! Bbl'IIICneHIIH KOOp.!llrnaT OIITH'leCKUX 

ueHTpOB B CHCTeMe KOOpllHHaT "BHe"rHlIX" peIIepHh!X KpeCTOB. 3uatJeHIIH KO

op.onnaT, 06oauaqeunh1e B Ta6n. 1 KaK XFO , YFO , IIonytJeHhI oT ycpe.one-

HIIH C BecaMH BenH'IIIH, paCC'IIITaHHh!X Ha OCHOB8HHH 9 HeaaBHCHMhlX 

Jf3Mepeunii KpeCTOB Ha qJOTOIInaCTHHKax. Mb! HCIIOnb30BanH IInaCTHHKH C uenb!O 

HCKnJOtJeHHH .oeclmpMaUHH c.~oTorpaqintJecKoro MaTepHana II pH oIIpe •.eneunn 

KOHCT8HT. ITnaCTIIHKH 6binH 3KCIIOHHpOB8Hhl B .£l9Ka6pe ]970 f'0.08 1 H peaynb

T8Thr, T8KIIM o6paaoM, OTHOCHTe.11 K IIepBOMY eeaney o6nytJeHHH, IToene IIep

Boro eeanea 6onb111He eTeKna KaMephI 6b1hn IIepeeTaBneHh1. 3KeIIepnMeHT no 

orrpe.oeneHHIO IIono)KeHJrn OIITH'leCKHX oeefi 6hin IIOBTopen. B Ta6n. 2 rrpnae.oe

HhI peaynhTaThI BToporo n TpeTbero eeaneoB o6nytJeHHH KaMe phi ( HHBapb, 

MapT 1971). ilnH OIIpe.oeneHHH .opyrnx OIITHtJeeKHX KOHeTaHT HeIIOnbaOBanacb 

nporpaMMa IIou uaaaanHeM OPTIC (eM, ITpHnO)KeHne JE). Koop.onuaTb1 onTn

tJeeKH~ oeefi B npoeTpancTBe KaMephI, IIonytJeHHh1e e HeIIonhaoBaHneM OPTIC , 

16 

IIpHBe.oeHhI B Ta6n. J ( o6oaHatJeHhI KaK XSO , YSO ) nm1 eeauea Jib 1 n B 

.Ta6n. 2 nnH eeaHCOB Ng2,3. B 3THX )1(9 Ta6nHU8X naHhl aenHtJHHhl K03qlqJHUH9H-

TOB paano)KeHHH Mae111Ta6o_B M ( MO, a 1 H a 2 ) n N ( NO , /31 H 13· 2 ) • 
• 

KoopnHH8Thl BHYTP9HHHX peIIepHb!X KpeeTOB, paeIIono)KeHHhlX na 6onblllHX 

eTeKnax KaMephI, IIepee'IHTaHHhl9 B cneTeMy KOopnnuaT BH9111HHX peIIepHhlX 

KpeeToB, IIpHBeneHhl B Ta6n. 3 H 4. B HeIIpoHyMepoaaHHhlX pHnax 3THX 

Ta6nng paeIIono)KeHhl KoopnnHaThl peIIepuwx KpeeToB B TOH )Ke caMOH cue-

TeMe KOOpn1IH8T, 
PaeeTOHHHH Me)l(JJ.y oe.llMII o6'heKTHBOB, paeetJIIT8HHhie IIO II3MepeHHHM 

peIIepHhlX Kpeeroa, IIpeneraanenw ua pue. 6. 

B aaKnJOtJeHHe aBTOpbl etJIIT8IOT eBOIIM IIplIS!THh!M nonroM IIo6naronaplITb 

aa _06ey)l(nen1I.11 II KoneynbTaUHII B. Ky61IUY, IO. f1Iaa, a TBK)l(e H.A. Kop)l(eBa, 

A.H. 3y6apeaa, l1.C. CoKoannua, B,A. Een.11Koaa, E.H. KnannnuKyJO, 10.B.Tea

aanae, A.Y. A6nypaxnMoaa, X.H. CyIIntJaKoBa aa IIOMOIIIb II BHHMBHIIe K pa-

6ore. 
ITQII@)l(eHne 1 

·A. KpaTKOe oIIueanne IIporpaM MhI OPTAXE 

11exonHhIMII naHHhIMII IIporpaMMhl S!Bn.llJOTe.11 KoopnnHaThl ( 2II/<p, <jiopMaT 

10 FB,4 ) BHelllHHX peIIepHhlX KpeeTOB, a TaK)l(9 K00pll1IH8Thl KpeeTOB, pae

IIOn0)1(9HHh!X na ,, eTone" KaMephl 6ea BOllhl ( 4 IIl<p, qiopMaT JO F 8,4 ) II C E}O

nofi (4 IIl<p, <popMaT 10F8,4 ). Beeb tJHenoBOH MaTep1Ian BBOllHTe.11 B Macen-

Bhl X(14,5) , Y(14,5) • ITporpaMMa OPTAXE IIepeBonHT HaMepeHHhJe Koop-

nHHBThl B eHeTeMhl KOopnHHaT peIIepHbIX KpeeTOB K8)1(ll0f'O Kanpa H IIonro-

TaBnHBaeT naHHhJe .on.11 rpyIIIIhI IIO.OIIporpaM~ MHHHMHaauHH FUMILI · . 

YpaBneHHe eB.113H H ero IIpOH3B0.!lHh!e pacetJHTbIB8JOTe.lJ B IIO,llIIporpaMMe 

XYFILM 
• .Un.11 ycpe.onenH.11 anatJeHHfi IIapaMeTpoB, IIonytJeHHhIX IIO HeeKonb-

WMEA'N OeTanhHhie IIO.O-
KHM naMepeHH.IJM, Bb!3bIB8eTe.ll IIO,llIIporpaMMa 

IIporpaMMhl OTHOe.llTe.11 K 6noKy MHHHMH38UHH. ITpe.oyeMOTpena B03MO)l(HOeTb 

IIo.opo6noii IIetJaTH IIpOM9)1(yTO'IHhlX peaynbT8TOB ( Kn!O'I. I; 1 /1 ) • 
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B. K p a T K o e o II n c a H n e II p o r p a M M bl OP TI C 

11cxo/lHb!9 naHHb!e IIporpaMMbl - rny6HHbl KaMepbI B T0'IKaX IIDnomeHHH 

KpeCTDB Ha 6onblIIHX CTeKnax ( MaccHB ZEX ( 2,20), KDDpllHHaTbl IIono,;ceHirn 

oIITH'IeCKHX ocefi Ha IIneHKe c nx DIIIH6KaMn ( MaccHBbI XFO ( 6), YFO ( 6)) 

n paccTOHHllH Memny peIIepHbIMH KpecTaMH ( DLL ( 6,4) ) • ITocne IIepeBona 

B CHCTeMy peIIepHbIX KpeCTOB H y'Iera K03!p!pHIIHeHTOB ycanKH IIneHKH IIporpaM

Ma nepeX0/lHT K MHHHMH3aUHH qiyHKUHOHanoB. ITocnenoBarenbHO' 3 pa3a BbI3bIBa-

ercsr rpynIIa MHHHMH3Hpy10nrnx IIporpaMM FUMILI , B IIepBbIH pa3 HaX0/lHTCH 

KDDp/lHHaThl 0ITTH'IeCKHX oceA B IIpocTpaHCTBe H s~¢ • BO BTopofi H Tpe-

THfi - Bbl'IHCnHIOTCH Koacp¢nuneHTbl pa3n0:>K9HHH B pH/l MaCIIITa6oB M H N 

CDDTB9TCTB9HHD. YpaiiHeHHH CBH3H H IIp0H3BD!IHbie IID/ll"'OTaBnHBaIOTCH B rrepBblll 

pa3 IIDArrporpaMMoA XYSF , BTopoA - AMA 1 n TpeTnfi - NBET A • 

3aTeM rrporpaMMa nenaeT PH/l norronHHTenbHbIX paC'IE?T0B: paCC'IHTbIBa

eT KDDPAHHaTbl peIIepHb!X KpeCTDB Ha IIneHKe H B IIpDCTpaHCTBe KaMepbl H T./l, 

ITpenycMoTpeHa B03MD:>KH0CTb IIe'IaTH pe3ynbTaT0B IIp0Me:>KyT0'IHbIX Bbl-

'IHcneHnfi ( KnIO'I • f, 1 I 1 ) • a TaK:>Ke IIepcjlopaUHH pe3ynbTaT0B ( KnIO'I • f, 2/1 ) • 

flnTepaTypa 

1. M,P, Balandin, N.G, Borisov et al. N.I.M., ~ 110 (1963), 

2. C.A. AnepJI'IeB, n.H. Een11eB n np. Coo6memrn O11.HH, 13-3724, ily6na, 

1968. 

3. H.cl>, MapKoBa, B.11. Mopo3, B.11. HnKHTHHa n np. Coo6menn11 O11.HH, 

p 10-3768, ily6Ha, 1968, 

4. A.Y. A6nypaxnMoB, Hryen ilnH Tb1, B.H. ITetteB, Coo6u1eHn11 O11.HH, 

1-5140, ily6Ha, 1970, 

5. B.A. 3arnHafiKo, B,H. illnraeB. Coo6memrn O11.HH, 2527, ily6Ha, 1965. 

PyKOIIHCb IIDCTyIInna B H3AaTenbCKHll DT/len 

20 n10nsr 1971 rona, 
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