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AHHOT8IUHI 

0IIJiiC8H g)ypi>e-aJrropMTM 110JIY'I8HH.fi TOIVIOI'pag)H'I8CKMX J/I300-

pa;rceHHi1 Ha napaJIJI8Jil>HOM II;}'""1{IW. llp1'JB8,Il;8Hbl pesyJII>T8'l'hi lViO,I1;8JIIlpO

B8Ili1.IT 8JII'OpMTI·il8 Ha pa3IDI'IHbiX I'80M€ TpM'I8CI~HX (ilnrypaX H Ha M8-

,II;HIUIIiCKOM g)c\HTOrvm. BpeM.H c'IeTa Ha 8Bivl C,UC-6500 cocTaBJI.rieT IM.HH 

,II)m uraTpiTIJ;I;I HsoopaiKemur G4x64 npn 'IliiCJie rrpoermvrii I28 M TO'IeR 

OTC1I8Ta B R8Jl'"~O~I rrp08I-lii,Hlii 128. 



BBe,JJ;er-nre 

liOCJI8,Il}Iil8 JTCIIGX.:VI peiWHC'rpyitr11BHOl1 'l'QI>.10l'pag)HH, B OCHOBG 

l{OTOpOll JIG.iitaT aJII'OPH'l'Iillil BOCC'l'ahODJIGH:HSI H30upaiE8HHil IIO rrpoeR

JJ;lHU,I /I/, B1I3BaJIII 60JI:Olli;:/IO BOJIIIY I-UTepeca K peiWHCTpyr-tTIIBIIOil 

TOMOrpacyvlli B aTOMHO~i 8HepreTI1K8 /2/, B pa,IC:HOaCTpOHOI~r'llHl /3/, 
KpncTaJIJiorpacyrru I 4/, 6.rtJ:oJiorr:r:H II :Me,IJ;HJJ;HHe /5/. B~:rcr:HCJmT8JI:OHEie 

aJII'OpliiTivibi HOJIY'IGHII.H TOMOrpa-<lJJii13:8CI-\HX Jii306paJi\8HJ:Iil ITO rrpoernJ;Ji'I.F.IM 

HerrpephiBHO ycoBeplli8HCTBYIOTC.H 1I B HaCTOHI.l.(88 Bp8l'fl.H ,ICOCTEl'IDi BH

COI\Ol'O ypOBHH 6biCTpO,Il;eilcTBH.H /I/. 
IIpe.nrro.nararoT, 'ITO BHe,rcpemw per-concTp;y1-tTHBHoi1 TOMorpaciJHH 

B Iv18.IJ:I1I.UIHy KOppeHI-IbiM o6pa30M H3M8HHT M8TO.IChl ,Il;UarHOCTUKH ,3JIO

Ka'I8CTBGHHLIX OrryXOJI8H, a TaK../1\8 rll8TO,Il;H :HCCJI8,Il;OBaHII.H ,Il;UHaMJtJ:I\.11 

rrepenoca Bemec'rBa n x:mvTII'IecKnx rrr:oneccoB B TeJie 1IeJIOBGI\.a. Oxor

.rcaroT /I/, 'ITO Ba:ilrneiillia.H HHcpOpM.aiUJ.H CTaHeT ,Il;OC'l'YIIHa Bpa'iy ITOC

JIG TOl'O, KaK 6hiCTpO,Il;Gi1CTBH8 aJirOpiTMOB peKOIICTpyRTIIBHOll TO

IvlOrpa(;)H.U rrepernarHeT py6e)£~, r-c~TOphii •rpe6yeTCH .JJ;JIJI Toro, 'ITOobi 

HaOJIIO,IJ;a'l':O KviHO-TOMOrpar,.Jivlbi cep;IJ;:o;a 11 JIGl'I\.llX 'IGJIOBGKa, HaXO;umi.iMX

C.H B HerrpephiBHOM ,Il;BJ:IA\81UIH. 

PmwHCTPYRTHBHa.H ToMorpawHE ;IJ;OJD!tHa cTa·r:o HesaMeHHMHM 

HI-ICTpJ'1118HTOM ,ICJIH JIY13:8BOii T8pal1H1I /6/, 8QXp8K'l'HBHOCT:O KOTOpOif 

HaXO,IT,11TCH B llpJI!'tlOhl CBH3II CO C'l'GITE HJJIO Ha;IJ;81-IU-IOCTH ,II;HarHOCTH'IGC

I\.HX 3ai{JIIO'i8H1lll, KOTOpHe CIIOC008H C,Il;8JiaT:O Bpali. 

B Jla6opa•rop1in1 .rmeprmx npooJ:eivr 01Ii:l11 HaliaTLI nepB1Ie m~crre

pmvieHThi riO IICCJIG,Il;OBailliiD B03MOJ.!HOC.TH llpOTOHII011 TOMOrpacp.ltlli 1\.aK 

HOBOl'O MGTO,ICa ,II;Hal'HOC'i'HIUI IIpJti Jfij'-:eBOli TepariUH. b .n;aHHOH pa-

60T8 OIIliCai-I WYP:Oe-aJirOpHTM BOCCTc.HOBJIGHH.FJ: TOMOrpag)r:rcreCH.liX U300-

:paJK8HHii I-:Ia rrapaJIJIGJI:OHOM IIY'!IW, a TaYJiCG IIp:VIB8,Il;8Hhl pe3yJI:O'l'aThl 
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l\10,IJ;eJI.li!poron.vrJI aJiropHTMa na o6'heitTax pasm1'IHbiX reorJieTpii<IeCKHX 

(popM. 

HcTOpHJI M8TO,IJ;8 

B H8CTO~ee BpeMJI ycTaiiOBJIGHO, 'ITO OCHOBOITOJiaraiOIIU1i1 BKJI8,IJ; 

B T80p.HIO BOCCT8HOBJI8Hlm Iri30opa1IC8HJiiil ITO ITp08KlUHll';1 ObiJI C,Il;8JI8H 

J. Radon /7/. B rrpouecce MCCj[8)J;OB8HIDI liiHTerpaJibHbiX ypaB-

Helli1~I, CBJI31IBaKnrv.rx CTPYKTYPY rrpmisBoJI:&HhiX .ILBJnvrepH:biX ocheKTOB c :ax 

IIPOGK.I..UlffiVill IIO,ll; pa3JIH'IH1IIVJ.ll HarrpaBJIGIULFf.rvlH J. RC~don ITOCTpOMJI 06-

llzyiO ((Joprv:ryJiy o6pall{8HM, ItOTOp:tJI He IIOT8psiJI8 CBOGI'O T80p8TI1'i8CKOI'O H 

HpiD~Jia,ILHOI'O 3H8ti8HHJI ll8p83 50 JIGT IIOCJI8 IIyOJIHK8D;L1I1 paOOT:bi 
/7/ 

IlepBoe IIpUM8H8HH8 H,II;Gli peKOHm•pyKTUBHOH TOMOrpaWHM ObiJIO c,n;e-
/1 I 

Jiaao, rro-BH,IUIMOivry, B pa,n;rroacTpoHorvrn:n eme B 1942 r. 1 1 • BHe,n;peHue 

peROHCTp:}t'KTHBHOil TOMOrpaqmH B I'/18,IJ;.:VIIJ;Imy HEF-I8JIOCb IIOCJI8 T80p8TI1'!8CKOi1 

paoo'rhi A. Cormack ,lS/ B 1963 r. CHHT83 Tpexuepr-roi1 CTPYitTYP:bi o6-. 
pa3D;OB IIO M.Fmpoc.l>OTOI'pacl}l1JI[I'l, IIOJIY"Y:GHH.biM B 8JI8KTpOHHOM MJmpOCI\0118, 

ObiJI 
/c I 

npoBe,IJ;eH B I968 r. 1 '::J;. EoJI:oiiioPJ: BitJia,n: B pasBHTHe peKmicTp;yETHB-

HO:h TOlvrorpa(QMM obiJI c,n;eJiaH b.1C. Bai1HUI~·ei1HoM /
4 ' 10/. liepBhiii KoMep1!eCK1Ir£ 

CKaHep ,LVIJI M8,II;:Vll.U'IHhi Ha OCHOB8 peKOHCTpyKTliBHOh TOMOI'pa0IIU ObiJI H3I'O-

TOBJI8H G. Hauns1ield B clJHpMe EM! B 1973 r. / 12/. B TOM JK8 

ro,n;y P. c. Lauterhur cos,n;aJI JiiHTPOCl{OIUIIO H,Il;epHoro MarHHTHoro peso-

/11/ 
H8IICa, OCHOBaHHYIO Ha peKOHCTPJ71tTv1BHOH TOMOrpacp.vrn 

Ilpvnm;MIT peKOHCTpyETUBHOi1: TOMOFQaciJMlii 

PertOHCTpyKTHBHOM TOiv'IOI'pa<fJMe~l H83hiBaiO'r annapaTypy VI 8JII'OpMTivlhi, 

rrpe,IJ;HasHa'!eHHbie ,n;JIH wopMnpoBaHim H3o6pa~twHnii: BHyTpenue:Vr cTp;)TK'ryphi 
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o6~eKTa B TOHKOM C~Oe, HCII0~3YH ~~ 3TOrO ~aHHHe 0 COBOKynHOCTH 

npoeKIJ;d, H3MepeHHHX IIO,IJ; pa3~'tllmMH H8IIp8B~eiD!IDJIH (paKypcaMH). 

B peKOHCTPYKTHBHoi UHWPOBoi TOMor~a~ npouecc BoccTaHOB~eHRH To

Morpa@i'tlecKHx H306palterum ( TOMOrpa:MM) Bem II:pR IIOMOI1Ui 3BJI /B/. 
B peKOHCTJ)YKTHBHO:tl: aHa~OrOBOH TOMC,rpaqm:H ,II;~ 3TOR lte UeJm HCII0~:0-

3ym aHaJIOrOBllle, npe~eCTBeHHO OIITH'!eCKHe CHCTeMbl /I3/. 

l1T06H IIOHCHHT:O CyrqHOCT:O peP:OHCTpyKTHBHOfi TOMOrpa(pmi, pac

CMOTpx!M cxeMY wopMHpoBaHHH 0~oi 1.[3 · MHOrHx npoeKI.J.'IDi napaJIJie~HH

:MH J'lY'tl8Ml-1 npoHHKaKII\ero R3JIY1IeHIDI. IlycT:o Wyma:T.'Wi f{ X_,~) xapaKTe

pHsyeT JIWie:Wmii KOa@)mi,HeHT 3KCIIOHeHUHa~:OHOrO OCJia6~eHIDI RHTeH

CHBHOCTH peHTreHOBCKHX J'lY'tleit B MaJIOi OKpeCTHOCTH TO'tlKH ( 'rJ :1) , 
~eltame~ B HeKOTOpOM 38paHee BR6pailliOM TOHKOM II~OCKOM C~Oe HCC~e

;n;yeMOrO o6i>eKTa (PRe. I). KruK,n;oe npoeKIJ,HoHa~:oHoe K3MepeHHe Bblpa

ltaeTCH ~orapKWMOM OTHOIDeHIDi RHTeHGKBHOCTH peHTreHOBCKKX JIY'lei B 

;n;BYX TO't!KaX: nepe;n; o6~eKTOM K C 3i~eK CTOpOHH 06i>eKTa OTHOCKTeXb

HO npocBe~BaromHX peHTreHOBCKHX ~yqei. EJiaro;n;apH ~eRROR II:pRpO

;n;e KOa@)mi.HeHTa 3KCIIOHeHUHaJIDHOrO OCJia6JieHHH peHTreHOBCKHX ~e~ 

f( 'X~ y) , JIOrapKWM IIOJIHoro OCJia6JieHHH peHTreHOBCKKX .n:y-qei B 

06i>eKTe MOEHO 38IIHC8T:O B ~e HHTerpaJia 38BHCHT OT ;n;ByX napaMeT

pOB: paCCTO.f.IHIDI (:,.. OT Ha't!aJia CaCTeMI:l KOOp;n;HHaT ~0 .7llUlliH npoeK

THpOB8IDI.R:, a TaiOKe yrJia e Melt,IJ;y OC:OIO 0 ~ H HO:pMa~:OIO, npOBe

;n;eHHO~ H3 Ha't!aJia CRCTeMH KOOp;n;aHaT K JIWlHH npoeKTHpOBaHHH. 8TOT 

~eKHbiH HHTerpaJI MOltHO 38llRC8T:O B ~e npeo6pa30B8HHH Pa;n;oHa /I/: 
otO 

9['l, e)= ~ fC 'l:,~l}-t( '!.;,.{)
1 
'!. 1:[~-t e + 'L( ~fl)d ~(I) 

-oa 
r;n;e u....- KOOp.IUmaTa TOl!KH B,IJ;O~:O Jlll:HHH npoeKTHpOBaHrui. COBOKyiiHOCT:O 

npoeKUHOHHHX ,IJ;8HBllX ~('l1 6), IIOJ.tyt:IeHHb!X ,IJ;M BCeX t t'k (} , 

IT03BOJIHeT HaliTK KCKOMYID ~ f[ 'X!, 'J) IIJlll ITOMOIIII! o6paTHOrO 



'I I / I : 

liTOOI:J JrCTpaHHT:O CHHryJI.FipiiOCTI: OT Iiii·IOJ:UfT8JLq 

i 

4 

(2) 

HHTerpaJI no fL. B (2) 6epy•r B cr;JHcJie rJiaBnoro sHa'-!eHJriH 1{orui1. 

ITO)UIHTerpaJibHOe BLipaJ:'~eHI1e B (2) cc.n:epiGIT onepau;:vno ,rzyrciKjeper-m;r;rponaHM 

ITO'(_, qJYHRI.UUI ~c 7:
1 
8-J , I\OTOpaH I peaJI:OHOM 8ICCIIep:&ll\mH'r8 npe;o;cTaB

JIH8'l' co6ofr ;D;IICKP8THY10 COBOICyriHOCTI OTC'i8'rOB. li08TONf,Y peaJIII3aWIH 

o6paTnoro rrpeodpasoBaHnH Pa..n;oHa (2) Ha 3BM npe.n;cTaBJIHe'r co-

6o:t1 HeKoppeKTHYIO sa.n;aqy /I4/: AJII'c1pHTMLI pewei-LHH IIOJto6HhiX sa)r,a1.r 

OIIMCaHbi, B 'I8C'l'HOCTI1, B /I5/. 0.D;Hc.KO Tpa,IJ;I:u;IIOHHI18 C'rporo g)opua

JIHSOB8HHLI8 IvieTO,IOJI per:'lJI.HpiLI38JJ;lini HE: Lmry·r 6BT:s MCIIOJI:030BaHLI Ha rrpaK

'rrnte us-sa o'IeH:o 6oJI:oruoro o6'1eMa J\l11..IHCJier-mii na 8BM. IIosTm.;rJ oHmi 

paspa60T8H1I OLICTpO;D;8IICTBJTiffitH8, Xm.'H H IIpM6JIVDK8HHbi8 aJirOpHTMH BOC

CT8HOBJI8HI1H TOMOrpa!'llJVI ITO COBORYIIHOCTI'I npoeKJJ;I!'Iif. IIpmvllii8 aJiropHTMLI 
I G I 

MOJ~cao pa son'r:o Ha TPH ocHOBHHX rpymm 1 I · / : aJiropHTivl Qyp:oe , aJrrop.HTM 

oopa'EHO}i IIp08I{.]J;lHI C cj)HJILTpau;Hefi II CB8P'l'O'IHI:J8 aJII'OpHTl'&J. l{por.18 8TO

I'O oLIJIU paspaoo·raHLI nTepaTIIBHLie a;rreopan'iecKvre aJII'opnTrvm, a TaK-

}f\8 I-I8JiliiH8i1Hbili 8JII'OpHTM BOCCTaHOB.I8Hli!H TipVI IIOMOILUI M8TO,IT,a MaitCJ!Th~/

riia 8HTporrHM /I?/. IIocJie,ruurli aJiropiiTM .n;aeT TOIYiorpar·.'l:r;JH xopomero Ka-

'i8CTBa .D;a/K8 B TOM c.mrqae, KOr,na :IIvl88TCH JTC8'18HH8H HJIH IIpOp8Iil8HH8H 

COBOKYITHOCT:O HCXO,IUILIX rrpoei\IJ;ilOHHif{ ,Il;8HliLIX. MeTO.U MaiCCIIl'J1Y1VI8 8HTpo

IIl1Jii ouJia,rcaeT HaHBLicru:vn:I :HLir.Jiylr:wreTO>;I K uryuarvr :vr rrorpeum:ocTm:1 vrm.lepe

HHfl. 
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(~YJ2:be-aJirop:vrTM 

Cym;HOCT:b {lJypne-aJiropHTMa Bocc'ranoBJiei-IUJI Tm,1orparvii\1 J:Ienocpe.ncT

BeHHO BhiT8I{88T J13 T80p8Mll /IS/, KOropaH CB.li3LIBaeT <~yp:r:,e-oopas 
t ( W 'lC_, (.U ':J) ,Il;BYJ\18pi-IOii (QYHIGJ;:VHI :~-;:c., ~) C (_Qyp:r:,e-oopa 30M IIp08I\-

U,:VU1 'f[ 't 1 B) , rcoTopaH B CBOIO oLiepe,n;:r:, HBJL<Ie'rcJI pa,n;or-IOBCKHlvi o6pa

soM HCXO,Il;HOti clJ.YHKIJ;Hlii f{ ~, 11). 8T9 'l'80p8IV13 (1_lOpiii:flliipyeTCJI CJie,IJ;yiO

U~HM o6pa soM:: o,TI;I:IOl\-TepHH~l W:YJ)he-o6pa s .rrpoem.J;IIH ~{ rtJ 8-) B)~OJI:b rre

peMer-moii '(_ IIpH clJitiKCVIpOB8HHOI/I yr JI8 8 , KO'rOpbi}~ l:I0]1CHO 38IUIC8T:b 

B B.ll,D; 8 00 

G.'L [ w'lp e)==~ '9-C '(.I e-J e-:Jc:p (- iw'L rz..) clrr. :> 

-00 

COB118.TI,88T C U8HTp8JI:bHl.IM C8'I8H1i8I.Jl );B;)TMepaoro g?yp:r:,e-ocipasa 

F(w'X_p w'l), paBHoro 
(';/) 

(3) 

f[w)l,w:1) = ~ ~ f('X,H) e~p [-i(OCCJ~ +!JCJJ)] d-:c d::J _, (4) 

- o<> 

ITO,Il; 'reT·/I j'iW yrJIOM e 
;leilCTBWJ.'8JibHO' 8CJIH X H a~ B ( 4) BbipasHT:b crepes 8CT8CTBeH

Hbi8 l{00p,TI;ti!-I8'rH ,D;JIH KmiC.IJ;Ofi rrpoeKIJ;H I C H "L{_ , 

x: =c.~ e -1A_ s[t, e) 
~ = 'L ~ln G + U. c..s~ S p 

,IJ;8JI88 IIp1iH-IJI'l':b BO BHHIV18HH8, LITO 

Q0~ d~ =- du. dr:~ / 
8 T8KJK8 BM8CTO UJ X., H G) j B3JIT:b 6.) "{_, I~ GJ '1...(_, 

.TI;8JimOTCJI Bbip3.11t8HI1JITvm 

(5) 

(6) 

I\OTopue orrpe-



cJ'<. = w~ ~ ft + wd s £.11 tJ _, 
lJ'LL = - Wx- Sln @ -4 W(f ~-& 
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(7) 

To B IIJIOCKOCTH IIpOCTpaHCTB8HHbiX 'I8C'I OT Ha Jrn:HHM Cj 1-t.-=- a ypaB

HeHIIe ( 4) nepeli;n;eT B cogsromeHliie: 

FCwv Wu..=O) = ~ ~ .fC~O-u..sLI'lt9 _, tt st11{} +'!.<~-9). 
-~ 

(8) 

I\.OTOpOe COBI18,TI;88T C Bb!p8JIWHH8M (3) :I npe,TI;CT8Bllii8T COOOii IviHT8M8TI1-

'I8CKYIO WOPl'iWJIItipOBKY ,TI;aHI-IOi-1 'i'80p8M1I. 

Us 8Toi1 Teopeuru uenocpe;o;cTBeHH J cJie;o;;ye'r, Y:To ecJrlii sa.n;aHa co

BOKynnocT:o l1p08KllJWI-IHhi:X: Vi3M8p8HH1i ~ ['T..1 e) IIO,JJ; r:JHOrm;IH yrJiaM.H CJ , 
TO B IIJIOCKQCTU IIpOCTp8HCTB8HHbiX ciaCrOT Mmmo IIOCTpOHT:b COBOH.yTIHOCT:b 

IJ;8HTp8JI:bi-IbiX C8'!8HU:Vi ;D;BJTJVIepnoro 0JTp:be-oupB.38 f(W,c 1 W'iJ) MCKOMO~I 

0YHKIJ;MH f( 'X'3 }f J no.n; TeMlii :iKe ~rr~M:I (9-), a :3aTeNI no 8THM ce'IeHH

ffi:.l Haii Tlif OIJ;8HRY HCIWiviOif (QyHKIJ}lli ;. ('X,~ . 
liTOObi M:CIIOJI:b30B8T:b 8TY T80p8M:J )\lli! paCY:8TOB Ha 8BM, H800XO,IIJ1-

MO C,lWJI8T:b rrepeXO,TI; OT HerrpepEIBHoro rrpe;u;cTaBJI8HliiH (OYHICII,lii:ti I-t ,TI;IICKpeT

HOIVJY, a 6eCKOH8'IHyiO IIOCJI8,TI;OBaT8JI:bHC•CT:O npoeKIJ;UH 3aiVI8HHT:b I-Ia KOH8"4:,_ 

HyiO. 3.n;ec:b MOI'YT BCTpeT:VITbCH CJI8.IWIDI1U'I8 '18.CTHH8 CJIY'I8H. EcJLT.I 11Cl\.O

MaH (lJYHI{IJ;UH f(:X_, ~J 38BHC:HT TOJI:bl:O OT "[ li He 38BMCH'l' 0~[' ~ , 

TO ,T.LOCT8T01IIIO lti3Ivi8pMT:b TOJI:bKO O,TI;HY: TipOH3BOJI:bH'JIO, IIp08KI~HIO e!j("t). 
B s·rorvr CJIY1Iae (Qyp:oe-oupas .P~:,c,W~,_) JticKorvro}i ~"Qymw;Hn f{ ~_, tf) 
rrpe;o;CT8.BM8'r C06of1: cpiTI'ypy BP8.Il\8HIIH, KO'ropyiO CTpOHT ITYT8III BP8Il\8HJ:IH 

paspesa, l10JI.)I'i8HI-IOro IIO.TI; R8.KHM-HHC;;y)J;:b O,TI;H1U.'l yrJIOM e. 
ECJlli HCXO.UHYIO <}_}yHKIJ;HIO t(:C1 ~) IviOJICHO g)ai{T0pH30B8T:b B BH;o;e 

-f{ ~~~) = t'X-CX-J · f~ (1f)) (9) 

1'0 .D;JIH BOCCT8.HOBJI8HltUI TBJ\Oli Q}yHIQULlii ,Il;OCT8TO'IHO .lii3IviepVJ:T:O JJ;Be IIp08I\.
l~JiiH: 



7 

~1. ( 'l-, (:l = Oo) '1<. ~!l ( 'C, 8 = S'Do) 
liTOOI:l peUlliTh 38.,I~81IJT BOCC'l'Cl,HOBJ[8HH5I IifCI{OlJ10i1 0S"I1I{UHU .f{x,g), 

He 00JI8,IJ;8l(ll\8li HHI{ai\IIM:I1 CBOIICTBaMl1 C:HI\:ll'IJ8Tpltii1, 110 IWH81IIIOii COBOKyn

HOCTH 11p08l{lWGf, H800XO)J.IIJ'.;l0, 'ITOOH :)TEl (JJYHKUHH BXO)~HJI8. B ICJI8CC C 

orpamr'IeHHoii rroJiocof1 rrpocTpancTBeHJIHX -qacToT liDIH rvrorJia OHTh arrrrpoK

C1IM1iipoBaHa TaiUIM.H ~JTHI\UHillilli. Tor,rr,a IIOJIH85l HH@oprvl8UVIH 06 JICI\OMOll 

/ro; 
0YI-IIUJ;Hlii IvlOjiWT 6HTh npe)J,cTaBJieaa KO:Ie"CJ:Hbiiil. "CJ:IiCJIOl/I OTC'IOTOB ' J; • 

8TO OTI-\pLIB88'l' B03MO:t1aiOCTh B8C'l'H BC'3 ·B1I"lJ:1:lCJI8IH15I Ha 33M 083 1\ai-cHX~ 

-Jinc5o J-LOITOJIHHTeJihHLIX anporw:mJaUHiL Ha PHc. 2 nor{asan np:mJiep, HJI

JIIOCTpvrpymrL~uii IIPOU8CC WOPM.HpOBaH1ii5I rpex IIp08!U~Hll C IWH81IHHL·T. lf"AC-

JIOM. OTCLI8'l'OB. 

CHCT eMDI H:oonn;v.m:a T 

EcToc'rBeHH1Ill MeTo,n; peaJIJii3aLJ;IUJ (Iiypr,e-aJiropHTLia BOCCTaiioBJie-

HI'IJ1 TOL·10rparvTIVI OCHOBaH Ha lTCIIOJih30I8HHH IIOMpiiOII C8TICH B l1JIOCI{OC

TH npocTpaHCTBemmx -qacTOT. Ecmr t=-( W _, tt)- (Djrphe-o6pa3 HCKOM.oH 

tQYHKI.J;tHI .fcx, M' J)... 38III1C8HHbili B IIOJ:.HpHafi CHCTOicl8 IWOp)~Tma'l', TO 

mwm-\a WYHKLUII'I .f{r} :1] ;2.amra 

fc~,\fJ=ez~J~~d6J~ .rcc.J,,-G-). (IO) 
-oo o 

. e~p [ i ( x.r..u ~ G + "3- w s [J, -e) J, { cu { . d $ . 
wyHKI.U'IH ..p ( w, e) II:pii ~l'rKCHpOB8HHOJ.tl 8- rrpe,n;cTaBJIITeT co6ofi D;8HT-

paJI:&HOe Ce'tleHHe (Pyp:&e-oOpa3a f'C~)(, C.U.jJ ITO,If; yrJIOM {} • 

IIp:a :vrcrroJI:&30BaH:rm: wopMyJibl ( ID) Heo6XO.IU1110 yqecTh, 'ITO 'll!CJIO 

I(6HTpa.7I:bHHX Ce'leH.If11:, a TaK."l\8 'll!CJI) OTC'I8TOB B,TI;OJI:O rrepeMeHHO}I 

B KaX\..TI;OM D;eHTpaJI:OHOM C8LI8H1H1 KOH8 :J:Hbi. I108Tm.ry B03!.-HU\.88T ITpOOJI8Uia 

811pOKCMIIIaUI1YI tlJJTHKD;.JiHI -r c W J 9-) B Jp0r.18]K:fTR8X I.Tm:-c;o;y ,TI,HCI.Cp8'l'HLIL1YI 
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sr-ra'lrorm.r.rMH, rromrcreunmJr.H B xo;u;e :nm!repeHHii npoeKUniL EcJin u;eHTpaJI:o-

HUe C81IeH:viH !Q;yp:oe-oopasa I1,11;;)T'l' pamiOMOpHO ITO yrJry e , a mar 

Me;!w OTC118T8f/lli B;IJ;OJI:O rrepeMOlHIOii GJ IIOCTO.HIIeH, TO HCXO,IT,Iill8 ,Il;8H

Ii118 B IIJIOCKOC'rH HpOCTp8HCTBCHHHX qacTOT 38;;J;8Hbi Ha peryiDipiiOil ITO

JI.HpHOll COTIW, I{OTOpaJI IIOIW38H8 IW PI1c.3. 

O.rv:rmw ;IJ;Ji£CKpe'rHHi1 ,IJ;ByMepriLr~i (lyp:oe-o6pa3 FCcvx., Wg), IWTOpHi1 

c5y,n;err IIO.D;B8pri-IYT ,IJ;BYM8pHOL1y- .D;ITCICj)8THOivJY rrpeo6pa 30B8HTIIO Ha 33M, ,Il;O.J:[

J:\OH c5HT:O sa,rcan B ysJiax ,JJ;eiz?prroBoH peTKII. TiosToMy nepexo;rr,.rrT OT oT

cqeTOB <fJyp:oe-o6pasa Ha IIOJIJipi-IOil C8'l'Ite lt OTC'IGT8M ~yp:oe-oc5pasa Ha 

)~8I\.8IJTOBOii COTKO. 3.n;ec:o MO;KHO 1ICliOJI:G30BaTb IIpOCTef,:nue HH'l'8IJIIOJIJI

IJ,.HOHHbi8 8JirOpliTMH /IS/: IIOJIIII-IOM.H<UI.:OH.Hii HYJIOBOrO nop~l;I\.8 IIJIH JllU-I8l~
HYIO HnrreprroJIJIIJ;mo. I1p11 l'IHTepnoJLcru;:IH HyJieBoro nop.r:r.ruta 3Ha'-rcmre o·r-

c11eTa na 1-LOKapo'rBo:A ceTI\.8 nprnurw;uoT paBHbUJH :3H81IeHMIJ c.imD;~ailmcro 

OTC'-IC'l'8 IIa II03UipHoil CG'riW. ilpli JI'HIOIIIIOfl HHTGIJIIOJL'1LT,HII 3II8tiOIIII8 OT

cqeTa na ,n;eKapTonoil ceTrco n TO'IK3 A , F (A) , npHIIHMaiOT paBHUM 

cpe.D;HGB3BGUIC1HHOivff 3H8118llliiO 'I8THIJ3X GIDD;ailUlll:X OTC'I8TOB Ha ITOJIJipHoit 

ceTKe F( Pi) B TO'IKax P. , i =I, 2, 3, 4, rrpJiil!eM sHa'IeHne Be coB 

OOpaTHO ITpOTIOpr.:(HOH8JibHH 8B~Jfri,IJ;OBJI1·JY paCCTOJIH.HIO d. i MOE,Izy COOT

B8TCOBYI~1Ifv'II1 118Tl1pbl\1.fl OTcqeTaLU1 :ra l10MpHOII C8TR8 U ,IlJUIHbiLI OTC'I8-

'fOM :i3 T011Re A Ha .n;ei{apTOBOil ceTK3. B 8TOM cJry'Iae nnTeprromrpoBaH-

Hoe snatieHHe B TO"Lm.e A pam-ro . .._ 1_ 4 -1._ 

F(A)=(Q;~ci2~cl3~£;
1 _] • ~d;_ F(Pi). cnJ 

z::.: 1. 
TaKMM 00pa30M 0yp:oe-aJirOpHTM. BOCCT8HOBJI8HHJ.I TOl.IOrpaVITJ1I CBO-

;n;liiTCJI 1\. CJIO,I(YIOI4Hl':I OCIIOBHDII.1 8T8IIC?lf'J: 

I. BnF:IHCJieHHe o.n;Hm.'I8p:rrux ;IJ;ncrtpeTHHX (gyp:oo-oopasoB nocJieJ~OBa

TeJI:oHocTH IIpOOI\.l~HOHHLIX OTC"LI8TOB nO,TI; BC8L'III yrJial'/IH e . 8T!1 BbFIHC

.JI8HHJI ,U8IClT COBOKJTIIHOCTb IJ;8H'l'P8JII-HbiX CG'I8HHi1 (0Jp:Oe-oc5pa3a FLCI-WI:lOll 

' i 

li' 
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TOl':IOI'paiiliviH D lTJIOClWCTH IIpOCTpaHCT:38HHHX 1Iac•ro•r H8 IIOJIHpHOli C8'riW. 

2. fr.cl'IHCJI8Iil:fe OIJ;8HKvi (j)ypbe-odpa3a TOMOI'paiJI/Ibi IIa ,IT,8K8pTOBOil 

C8TI\:8 rrp.H ITOI'J.Olll,.li'I llHT8piTO.lli3JJ,liOHHBX t})Opi·:r;{JI B IIJIOCIWCTH IIpOCTp8HCT

B8I-IHblX 'i8CTOT ITO OTC'i8Tai1I (Qypbe-O:)pa33 H8 IIOJI.Hpnoil C8TIW. 

3. B:bJ:'iHCJI8HH8 Ol~8IUGI O'rC'-I8T0:3 T0rvlOrpmi1MbT ITyTeM BHIIOJIH8I-LlfiH 

oe)paTHOI'O ,TI,By1vi8pHOI'O Jf,JiiCKpe•rHOI'O :rpeoopa30B8l·HI5I 0Jijpbe H8 .1J,8I<:apTO

BOlf ce•rn:e. 

4. llepeXO)_f, OT ,TI,Bji1;,18pHo}: HOCJI3,Tl;OB8T8JibiiOC'rii ,TI,HCICIJ8TibG Ol(8HOlC 

TOMOI'IJai.fJr.,JH IC HerrpepHBI-IOH c)JHI\IJ;Jiiii Tpll IIOMOUT,H [1~rHICI\Hl·~ OTC1IGTOB. 

n ..., ~ ~,. 

o,TI,8Cb MClTOJib3JTIOT rrpe,TI,TIOJIO~::eRvie 0 'L'OL1, 1I~L'O ~~lypbe-Ovpa3 ITCEOMOli TO-

fv10I'p8IviD/f.bi o6paur,aeTCH B HYJib BH8 I\B.J.,TI,pa'ra B ITJIOCIWCTH ITpOCTp8HCTB8H

HJJX '-IaCTO'l' co cTopoEaMH 2GJ0 , ·r.e. npn (wx.J > CVo H 

{CJ~ I> LUo · 

AJrr o PIITM npaMo] arnrpm c c HLiaiJ~H 1 

}{pOivie OIU1C8HHOI'O BUW8 aJiropu L'L!a nepeXO,TI;8 0'1' IIOJmpHOi: CO'riUI 

IC ,IJ;ei\apTOBoil MOJia-ro rrocTpol'ITh aJiropliiTM rrpmvr.oii arrnpoECHI;IB.II;H.li 3Ha

'ieHH11 O'l'C1I8TOB f(cJ J tt) KyCO'-IHO-ITJIOCKviivili (DYHICIJ;HHl'!Ili. l{aJrVJ;8H 'f8-

I\8H c}_)yiiKIJ;IIJI. HBJIH8TCH IIJIOC}COlr BIIYT 9H IC]:)I1BOJI:Ei:II8lhiOi't Tp8II8IWHI, Bep

IUHHH EOTOpoii H8XO,IT,H'l'CH B OJirli:~aifEIH >~ 'l'01IImz OTCC.IeT::J., 0. 88 ~3liEFI8lni8 

Bbip8;~caeTc5I 11epes annpoJtcm.~mpyrwnre Kosc)J)HurrenTbi A, D, C u .IT. cJiel~~;rro
'rn .1 

14HM o6pa30l\l I O/ : 

~(e_,w) ~A+B(w-wK) + C(e- flK) + 
+=o Cw- cJt_) [&-{)i) ~ (I2) 



B F(&L?~K+A)- -FC9-i) W~e.) 
LJW _) 

\=C(fL+"'->w~) - -FC Gt) cu~<--) 
6& 

IO 

(I3) 

]) = .f(~i+1)wk+1) -f(@.e-.1/J~c.)- r(.{ibw"*.)+FCei_,wK) 
LJW 6G _; 

(I4) 

N1.- Y.eTho 1 

a n:rmmcc i - N-'<- 3IIa<IeHHL C'r 0 ;rr,o /V .L -1._ . 

ArrrrpOI\CHIVU1pySI Yl\838HIIbiM CIIOCCOOT!T (J);yliH:Lf,lHO BHJ'l'lJH BCOX I\};)HBO-

(I5) 



II 

Ilp51MWI peaJIH33IUHI Bllpm:ceHll.51 ( I5) na oBivi liGU8Jiecooc5pa3H.H 

H3-33 om.rr,uwro o6•.oer,m BLFHICJieHnil. ]oJim:~ea.ure ueH.HeTcH, ecmT nupa

~·;cennro ( I5) .naTn HHYIO HHTepnpeTan;-nc H sanncaTr, oro B B:VI,Ir,o aJiropHT-

Lla, ICOTOpb!ii L10.i:mo peami30B8Tn B HCX:O)JJIOM KOOpJJ,IIH2THOM HpOCTp8HCTB8 

(oc~~) 
X~'f-

• B ( 5) rrpiiBGJ!;eHa CJ3JI3L TvTGJ:r,ny )J.8It3P'l'OBI:IMH J:Wop,rr.HHaTaiVJH 

li 8C'l'8CTB8HHbliv'lli l(00p,If,HW::1T3I.UI f'(_, II 1A_ J.VLH IW~K,n;oiJ: npOOI\LT,liii 

no.n yrJIOW e . 06paTH08 COOTIIOJi!GIHIG ,Tl)IH 

ITO,JJ; yrJIOM 9 i HL18G'l' BH)T, 

'l.£ = x ~ {)L + lj sin (};,_) 

V..t =-'X. sin ()i -t- ;p~ (J L, 
(I6) 

Ecmr ;u;aJiee y·qecTr,, 1I'l'O i -c: H rrpoemJ,l:IH rf{-l?::;, tJ;,) 3a

BHCHT J3 HBIIOT/i BJ.ti,ICe TOJILIW O'l' 8C'l'GCTD8IEIOil IWOIJ,ICHH8'l'LI ?:. t H He 

38.BHC1IT O'l' ?j L , 3. TalC.},W lipiiH.ll'l'n 1>0 BHlll\'lBlHW CBJI3b I·J8j:':,JJ;~1 8'riiiJJ1 

CIICT8M3L1li EOOp,II,HH3'l' ( I6), 'l'O ( 15) LIO::mo 82liHCC1Tb D mme CJI8/QTIO-

(]:) 
=-~ lk(· f [~;,_., k Llw)e~ [ j f<u; L'lW J ~ 
'~<-=-~+1 

(IG) 

/IS' 
II83HD88rv1.3.51 OT(0HJin'l'POB8HHOll paCTHIIJ'l'Oii np08IQHeii 1 

I , 38BHCH'l' 

TOJiniW 0'1' "C l . J3tJpagemie ( 18) OT.TITI1I8Wl'C.H 0'1' ,TI;UCiq")8'l'I·IOrO npooopo-



I2 

soBaHIIH Y.?ypne TeM, 'ITO B (IS) HMee'I err J~orrommTeJIH-IHE r-m-ro.t:euTeJI:r, 

I k I , lWTOp1Ii1 J'l!HTbiBaGT U3rJI8HeEU:e IIJIOTHOC'l'H OTC'IGTOB B HOJI.Hp-

HOii C8TIC8 C npocTpaHCTBGIIHOf:l '13.CTO'l Oil 6..) . A 

IIommii aJITOPHTM H8XO.ii~TI;8Hl!I5{ OLI,E Hl{IT 'l'OI:IorpaiJIT/f1I f c~ ca.) rrpn 

rroMomn g)opuryJI ( I7) . Jii (IS) CBO.UHTCH I\ cJie,rr.yiOlllHM orrepaUL'IHI.I. CnacraJia 

BI:Jl-UICJI.HIOT ,UHCKpG'l'HHil ~lyp:r,e-oopas I1ll08!UI,HH 9 (}{; ( f'tt) H H3.XO;JJ;.H'l' 

(Dymnr,Hro F(().i, k.C:aw) . IIocJre yuJ:OjKGHIIH ee Ha (k I BLiriOJIHHIOT 

oopa'l'Hoe Jf,JicEpeTHoe npeodpa 3GBar-me (i!~TJ:De. IIo.1IJ<ICIII-E:Je 3H3.'-remr.rr 

RiC~~) YLTHO.i:taiOT Ha BGCODLTC LIHO~:CHT8JIH H Cy1,1!>/D!IpyiO'l1 • IIocJie 

)I,OcJ8J3JI8IH1H It CVT/IM8 IIOCTOSIIHIOrO CL18I'l8IHI5:i - rrepBoro CJI3.racr.,wro B 
v A 

( I7) - ITOJiyqaiOT onermy 'l'OMOrparJMLI f( x_, ?f) . 

CeTrca I\OHI)GHTpnqecrmx I\Ba;rpa'r<m 

AJirOpiiTM BOCCT8HOBJI8IDIH TOMOrpaMMbi, HCIIOJI:030BaHimn B· .n;aHHOll 

pa60T8, IIOCTpOeH Ha C8TK8 KOH~8HTPll'I8CKHX KBa.II;paTOB, KOTOpa.H 6H-

JI8 BB8,IJ;eHa B /IS/. CymHOCT:O 8TOrO aJirOpMTMa CJie,:o;yeT It13 CBOfLCTB 

ciJYHIUU'Ii1 KOHe'IHoro rrop.r.r.n;Ka M c orpaHYI'ICHHoil rroJiocoH rrpocTpaHC'l'BeH

HbiX '18CTOT /ZO/. \Dyp:r,e-o6pa3 Tal-\.HX ~yHKIJ)Ih MOjKHO rrpe,UCT8BHTb B BU

,U8 l10JIHHOM3. C'l'8IT8HH c M .- i) O'l' rrepeMeHHOii 

-:--.. 

( .. J< I' '\ 
~ = e~p c-d We LU ) , (I9) 

,JlJLq ,IJ;ByivTepHbiX LJJYHK:OJiiJ: ROII8l:IIIOI'O H0)5I)l){8 .M no 1\.aJ~:.,J.J;OH neper<leH-

IIOi·'i C Orl)8HlFI<:.nmot: IIOJIOCOiJ. rrpocTpa ICTB81IHLIX l:I8C'rOT 0~rp:oo-o6pa3 

00p3.ll\88'l'CH B H~{JI:b 32 IIp8)_T,OJI8IflH I·\B8,Xl)8.T8 

(20) 



13 

H HBJIH8'l'CJI TIOJiliHOMOLI CT8TI8HII (M - i) lTO K8.~~Y.Wli II3 II8p8L1CIIliLD~ 

CJie,IJ;oBaTeJihHO, ecJIH (7t.rphe-o6Xl3 :~m.asoHHHX cjrrHKl.U'I11 H3BecTeH 
A~ •• u AV 

, ., f\A 
B JIIOOOH lii3 .L "1 'l'OY:Git B,1~0JI:b JIIoOOl1 ropH30IIT8Jib~10i1 HJIII B8pTHit8Jib-

II Oil riJIOCICOC'l'II Cl18KTpOB, TO OH H3B(~CT8H BO BC8Z T01II\aX ,TI;8.IHIOii JIH

HJir1. TaK IWR lUHpHiia CTI8l\'l'lJ8.. 3<JBL1C IT. OT ;:{I'JICJ e II onpe,I~8JI.H8TCH 
BSip8.~IOIU18IvT 

UJ ::=- ---------
(1- MAX { f e-o.& -ff f, ( ~s [ ~ frj } 

TO pa3JIOIWIHIO I{C!:,·~TT,Oii IIpOO~Q~TEI ~ & c '2:....) 
c·qerra DlJHOOp8T38T m~rr,: 

1:>0 

9rl't-J=-~ 9o-C ~;~) · w a- (" rc _ n Jl \ 
7r ' Cu~ ) h:::..-oo 

)J)IH 1niT8pB8.Jia yrJIOB e ~ () ~ ti ~ Jt._ , :UM88M 

( 2U.Ji) k \- Jlc.n5.~ 
9e-L }1 ~{} -;- Wu 

(22) 

• (23) 

(24) 

k M . 1'1 
--- +----- 2. + 1..!) ... '-> 2. • 

Ec.IDI 'IHCJIO B03MOJiti-IbiX 3H8.'18HMii yrJIOB e B IIHTepBaJie 

0 ~ .f);, ~ 7C paBHO N , ·ro ,n;DyMeprmil c))yp:se-ocipas 'l'ai{Oil 

ceTIG1 O'i'C'Ie''o:s, ICOTopa.q ,IT,Jlr'1 M = g rrmw.-
2_ M 'J.'01.I8I{ saHa na Pnc. 4. Ha 8'l'OLT ;:ce piTc:;rrme )T,W-IH noJim:wim.n 
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A 

OTC118TO. Jf,HCICp8TIIOT'O 0.J-pi>e-oop838 LCI{OLIO:il 'i:'OI.IOT'paiJI'JJ1I t { Qe_, ~) 
Bli,IlJ{O, ·q•ro 11Gp8 3 ITOJI'ij'IeiiHbie TO'IICH O'rC118TOB ITp08I\.I~Hil LTOJKIIO l1lJOB8C

TU M BG:pTHIWJII>H:;;c( n .M ro:pn~;onTaJII>HI:.IX mn-mil, a •ro'iltH OTC'Ie-

TOB ,lT,~~CICp8TIIOT'O g)ypi>e-o6p832. Jie~;\.2'~' IIO. TSX :,~e JDIH1I51X • TB.IUU/1 oop8.-

30M. 11 e. oTc'IeTOB @ypi>e-oopasa F(JJ:c_, CJ(f )r·;Jo:;:mo orrpe,rr,eJIHT:o no 

N rrpoerru;HJIM ncrcoMoii (Q~rHKLUIH f(~ ~) . ,L;JLq 8Toro ;~oc'~U'l'O'-IIIO 
HCIIOJI:030B8T:b O,IVIOI:IepE;·{IO IIOJlliHOI,lHD.:I:Sii~TIJ liHT8lJHOJI.f:II.~I1IO. -qrrouH II8 

IIOT8pJI'l':O Tpe6yei-;IJFIO HH(90pLK1LT,1IIO, '-HWJID OTC1I8TOB H8JIJ::~351 opcl'l':O I'.ll3III>

[T8 'l'OT'O 3I-I8'-I8HI15I, IW1'0poe onpe;JJ;8JLI8TCH BHpa:t;.~ei-IH8i~I (22) ,Tf,JIH UJ {f 
1I :pa3JIO.);C8li1T8LI (23) B psr,u ITO ti)~TJIEIJ,1U.E.l O~CC'IGTOD. 

3,118CI> I(eJiecooopa mro lW110JII>3o:3aT:o nepam-rovrepuoe pacrroJio;;:emre 

fT'JIOB npoeitTUpoBmm.rr e . AJII'OPHTLl BDI'IHCJiemriJ. yrrpOE(C18TCH, OCJI]!I 

H01T8IJIIO ITO CTOpOHaiJJ l(8:!~Q"~OT'O H3 ItOJILT,8IITpH118CI-\.HX ItB8.J~paTOB • .LJ:pyrHL'J 

npel'ITvf.YmecTBOLT C8TI·UI H3 EOHlT,8HTPIFI1)Clti1Z I-\.Ba,I(pC!'l'OB Ha,I( ITOJIJipi-IOii 

ceTrw1l HBJIJieTCH •ro, 'ITO Terrep:o ue Tpeoye·rcH necTH I1HTeprromn.uno 

B.I(OJI:O C81IGIIIl:il. 3a,IJ,a'Ia CBO)J,HTC.q IC :JOJil1J-IQI<,lH8JI:OH01i IIH'l'8piiOJI5II.J;.1JH BH

COitOT'O rropH,:o;r-ta no rre:peMeHHHIJI ex.p ( J CVoc.-) HJIH e:tp( j GJ(j) 

B,n;oJib cTopoH rtonr~enTprPwc:tmx KBa.rwaToB. Yrw 3annym liH'l'eprroJI.rru;mo 

MOXGIO BI:JTIOJIHHT:O na 8BM npi:I IIOidOmu ,IC.HCitpeTHOT'O npeoupa30B8HH5I 

(.l?yp:oe. 

8aiiHUl8J/I B HBHOM BH,IJ;G BHpaJ::er:;: ;re ,TI;JIH D.JIT'OpHTI\JD BOCCT8IIOBJI8-

HliJI TOMOT'p8Iv1M".H IIpH IIOMOI~\}I C8TIGI H3 IWIIIJ;8IITpH'I8CKI1X I<:Da,rr,pa•roB. 

BBe,rr,et1 ;nBe HOBHe rrepeMeHHhie B ITJIO:JI-\OCTH npocTpaHCTBeiiHLIX -qacTo'r: 

neper;I8HII;)TIO W , KOTOpa.>I ,IJ,JUI I\a.EI(OT'O Ima,Icpa'ra Hhl88T IIOCTOHHHOG 

3Ha'-IeHIW, n uopu.HponmrHyio )~Jmny ;uyrrr .::\ • Tor,I(a ,TJ;.Jl!i '-IaC'1'Horo 

CJf,.rro.cr N= 6 IIOJf\TlFll\.oi• .; 1 .'J. Q · J .~.lL. • 



Wo .A --·-:.t 1;) 

:f{a!,~)-2.-~sdC<J{ ~ flcu~'::\) e:cr [j w [ ~+~\1)] d A-
3 0 0 

- ~ f(cu)~)e::q{Jw [C2-~)~e-t- y]Jor~-
1 

-f -f(w,:\)€..)(p{Jw [-x+ C4<'-)y]} d~-+ 
(25) 

3 

+ ~ f""( cu,~)Qx.p{ jW [(~-6)'X:-~ J] J~ +-
s-

+ ~ f{w,~) e:r..p{J w [ ~+ c~ -8) !I]] -d~} .. 
1-

ilpHM8II11M K OTC11erra:M H8. C8TI<:e H3 KOHIJ;8HTpM:'Y:8ClG1X Im8.,1LP8.TOB 

WOpM;:-fJIY T}_)3118IJ;Mh. lipe,ll;IIOJIQ}iChH, L.ITCI OTC118TI:I Y~a.TI;ai-ILI Ha peryT.illpHOlf 

ceTrw I<:Ba.IJ;paTOB paBHOL18pHo no W II no '.:\ • O:rcoH'Y:arreJI:snoe 

(2G) 
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r k I· f ( 2~u k ~ 4j) · 

.AJirOpHTH BOCC'l'3HOBJI8IIlii.H. H8. CO'r:E-\.8 Ii~3 1\:0IIIJ;GfiTIJHLIOCKILC I\.B8,I(-

lXWOB II:pOC'.r C TO'IIm 3pCHUTSI Bl:F-IUCJI8 mE H .1-C80T OLT,OIH~y, I\:Et1IOC'l'BO 

KO'ropo] BH!Il8, 1:{81;1 BCOX OC'l'8JILHHX ELirOpHTHOB BOCCT8HOBJI8IIH.H, 

paccMoTpeHHIDC BHme /IS/. O,rr,Harw, Ht:;pam-roMepr-ro opHeHTHpoBaHHHe 

O'l',TI;OJILHbiC IIpOOIUUHI T:PY.IJ:HO peaJI.H30B;1'l'L 8Itc1T8plUiiOHT8JILHO. 

AJirOp!I'rLI BOCCT8IIOBJI81-GI.H 

B .TI;m-moil paooTe 6uJI ncrroJIL30B<lH aJiropnTr!T noccTanonJieiiHH 

Ha CGTI\.8 H3 IWHIJ;GHTpH'-IGCIUIX lCB8~J;pa·~oB, I\O'l'Ophii1 OBO,Il;Wl'OSI I\ OJIG,ICYID-

I.UJiiM 8TanaM: 

I) .nncrcpeTE£3aiUriH rrpoer-tiUWHHHX .naEHHX B ooo'rBeTo'rmur o Teo

peMoi'l O'l'OLIGTOB /Igj, ,ILHOitp8'l'H08 ITpl300pa30BC1HJii8 ~~yp:se ,Ii,I1CICp8'fH30-

B8HfD:JX IIp08IDJ;HOHHLIX ,TI;8IIHHX TI H8.XO~;~ J,8IHI8 OTOLI8TOB t]ypr~e-oc5pa 38 

f (UJ l){!J W ~Y) Ha OGTEG H3 1COHIJ;15H'l'PJ!ILI80KHX KBa,r~pa'fOD; 
2) ;y-MHOJK8H118 .ICHORp8TI-IOro 0:/PL,;-oopa::m -F (W X...J UJ!j) Ha 

(IJHJILTPYKXIlYID (pyHKIJ.IIIO { k \ n oc>paT we .IlJICKpe'rHoe npeoopasoBamrc 

tJ:>ypLe IIOJf.)TY:8HIIOi1 ([Jyi-II\LT,HH; 

:3) oyT.'lMH];;OB8IIH8 pe3~FJILT8TOB IT•)JI\jLIOIHILIX ,IL8HHI:L~ )~JIH BOo:;~ npoert

IJ,ICll H BLipaBHHBa:tme ope,II,liGrO JIIJOBlUI HpiWCTE ,iJ,JLq I:I01~0JCIIOii II BOOOTa-

H OBJIG I-IH oi1 T ormrpmVIT:I. 
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B COOTBG'rCTBIIH c 3'riHJ aJiropwr: ;lOLl :SOCCT~UIODJIGliEJI uLIJID coc-

Tc:mJieii8 n:porpm:JJ\ia r-ra .rr3rme QOPrPAII JCJI.H 3BIJ C,Z.C-G500. IIporpc:n.rrr;ra 

COCTOTIT U3 CJIG,i~JIO!l.{HX OJIOIWB: 

I) BBO;n; .I~aHHLIX o rrpoemJJI.f:C{ o6 bei\Ta, mare JJ:HCitpeTH38IUIII, 1J23-

r.-repnx paclle'rHoil uaTpn:o;r)r; 

2) ,TI;IIC1\:1JC'l'I-I08 rrpeoc5pa30B8Ini8 !!ypbG li3I.IepeHHLIZ 1Ip08I~l~Hii; 

3) o6paTH08 ,1_f,JiiCICp8TH08 rrpeoup3. 30B8H.H8 ·J;ypbe II IIOJIYliGIIHG 

pacnpe,n;eJiemr~i rrJIOTHOCTH BeJ_qecTBa B im.mrpagrFrecitOH cpe3e nccJie,-rr.ye-

Lmro oo'beKTa; 

4) BLiBO,IT, pe:3j"JibT8TOB BbFIHCJIGI-UE H8 IiJ.Jt~~llJOIIG'IaTb. 

I{porvre 3'l'oro 6JJJia cocTaB:.LeHa n ),JUiporpc:u.iil'Ja S C C T 
BH1IIICJI8I-liiH ITp08KIUiri IIpOCTLIX I'80Iv18T [)H118CIUIX 0III'Jp: I~HIDIH,Upa, Tpy-

011, napaJIJieJieiivme.ua 11 pas;m-qnux HX I{OLT.OliHan;u11. 3Ta no,n;rrporpaLTivra 

01IJia IICIIOJI:S30B2liC1 IIpH OTJ[8,D;1CG ElJII'OQli'ri'/Ia BOCCT3IIOBJI8JLHH H ITpH II3-

XO)l~T~8HIIU OIITIU!i.8JI:SIIHX rrapaLIGTlJOB OC IOBIIOil nporpaivlL'JTI. 

Pe 3JJ£bT8TLI BU1IIICJ£0IFI:I Tor.mrpa: .JI\I rrpo;o;c'1'8J3JielThi B BH,UG r .. ·raCCHB3 

1Ili:IC8JI, OitpyrneiHIHX ,IT,O TpGT:SGI'O 3H3ta IIOCJIG 38.IIHTOlf, 3 TaiD:t8 B BII,IT,8 

MaTpli:IIQJI pa3Mepm.1 64x64, K8Ji\1];08 1IVIC IIO B I'~OTOpOFl IIpe,UCT8BJIJI8T C06oif 

UGJI~no liaCT:S (~yr-IKLUili IIJIOTHOCTII f['~_,!j) · i 0 . Bper;I.H c-qe'l'a Ha 

311v1 CJIC-6500 COCT8BJIJI8T OKOJIO II.if.HH npJt.I 1Il1:CJI8 rrpoemJ,:Iil I28 :VI t:UICJie 

TOlleR O'I'ClieTa B Ica;;\;u;oil rrpoernT,HI-I I2.3. 

CT"Q;UtT;,rpa IICCJI8)JY8MHX OO'b8I\T0.3 

TipH IIOL:IO!l.{Jii OIIUC3I-IHOI'O BLIGI8 8JE'OpiiTLI8 BOCCT8.llOBJI8HHH OlV£H riO-

Jf.;''-I8H1I TOLTorpar,JIJLI I~HJI1iiii,Il;p8, 'l'pyou, a TaiG:~e LI8,Il;TIL1JIIICIWI'O (j)aHTOI:18, 

HMI'vTllTHpyiO!l.{8rO BHyTp8I-U-I88 CTpOOII.118 ::py,T~HO.tl I{JI8TICH 1IGJIOB8K3. ilpOGit

IJ,HII 3TIIX tllliryp B1FIHCJL'IJILICh npH noLDil~II II0,7J,rrporprn.'JMH SECT . 



I o 
0 

O.nnopo,IJ;I-ILI:ti r_:o;r.JmH.TI:P ;n;naMeTpoM I5cM orvr ":vrsroToBJieH" H3 r·.ID.'l'eprmJia 

c ITJIOTHocT:oro Ir/ m"r3 • _ Tpyoa BH8UIHIUJ ;.urm·:TeTporJ 8, 2cB H 'rOJIJ.4HIIOil 

CT8IIOK 0,35Civi- H3 M8T8pi:IaJia C UJIOTHOCT:OI:J 2,2r/cr;r3 . ltlO;r:I;Y.IICil-ICin1i1 

c})al-ITl\11 IIp8.ICCT8BJIJIJI couoil I~OI,IOHH8lLHU Tpyou H ,1~BJX TI8p8JIJI8JI8ITIHI8,1lOB. 

Tpyoa :vm~reJia BHelilHHil .I(}Im:reTp 3, CJcr..I: BHyTpoin-m~i - 0, 9cr.T H nJioTHocT:o 

r.rnTepHaJia 2, 2r/ cr.r3 • IIapaJIJieJiennne):: c roprrsoHTD.JIJJHLIH ce-crenner,,T pa3-

I' . .mparviii I3x9cM
2 

OLIJI H3I'OTOBJI8H H3 ne.rrepHc-Uia c UJIOTHOCTbD 0 '3r/ cu
3

• 

PaccTOHHHe IvieJrc;n;y napaJIJieJienHne;n;aMn :pamr.rrJIOCb om.1. Tpy6a Hiill\IHTHpo

BaJia II03BOHO'IIIHI\. T8Jia 1IOJIOB8IW, a ,Il;B[;l II8p8JIJI8JI8TIHII8,If,8 - 8I'O JI8I'-

KH8. 

IIpn rroJIJr'IeHHH TOMorpm,'IM1I UIIJIJII-I,l~pa, o6Jia.rr,arou(ero e:nwnaJI:oHoii 

CH1Vll'v18'l'PH8h H xapaitTepH3YIOI:~8I'OC.H Ti)JibiCO O)J;liO~i rrpoei-\.IJ;IIeE, OUJI.H orrpooo 

(27), 

(28) 

IIa Pure. 6 npHBo.nenu TOI,!T.orpar:itll n;IImiH.n;pu, noJTy--qemme npr norilOE\H 

Itoppert'l'HPYiill\HX !J!nJI:oTpOB (27) H (2 3). tfiwJio npoeKIUii-1 paBHo I28, 

" I')'" TJ p 7 'IHCJIO TO'I8K OTC'I8Ta B I\8:!:~.I(OJ:, npoe.:UJ,HII paBI-IO .-.o. l1C1 diC. 

}.)8)CH8JibHH8 pacnpe.TI;8.}I8lUifi HJIOTHOCT 1 BGII\CC'l'B8 B ll;.HJIHH.IT,pe ,TI;JUI ICOp-

1_)8I~TYIJ!YICXI\8rO cpHJibTpa (27)- B Bll.i.D,e TiyHIC'l'~~J!HOii, lii JT,Jill (JJ:IJILTpa (28) 

B BH,n:e cnJimurroiJ: Epvmo:~. 'IncJio npocmD;Hi'L pamro I28, 'IHCJIO o;rcLJ:e'J.'OB 

B Itaj!..,noii npomtn;rnr 120. IIa Pnc. 8 rrpc.rr,cT[iBJICHa TOI.IOrpm.rr.~a Tpyou, 

Bbi'-niCJI8HH8H IIJ.)H ITOMOF(H l{OppeKTHpyK1I~8I'O ljHJib'rpa ( 27). ':rncJIO 
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np08I\.IJ,L1i:l paBHO 64, "HICJW 'r0'18I\ OT1)1I0Ta B Icaz~;n;of'c lT].J8Iill;'&IIT 64. 

Tm,10rpmmJo. He,II;ITIJ.JtiHCI-\oro r.jmrrrm:Ia B )CCTaHOBJier-nrc1H npn norvronur rwp

per<Tn:pyiOU\HX (QifJibTpOB (27) II (28) :10 :pac'-m:rraHHbiiJ 11p08EIJ,J!L8M IIlJH-

B8,}LOII8 Ha IJUC. 9. 

I) OnHcaH (Dypbe-e:J.Jiropii.Tivi BOC JT.aiiOB.J!01UIH Tm:rorpaQIFIOCicnx 

1I30Uj;)8j~Wmr.Il ITO npoeK:UJi:illJI, riOJIY'-I8li :lliiT l1pH CI-\8Hl'IpOB8HIHI TOHKOrO 

CJIOH ou'bei\.Ta rrapaJIJieJI:SHLILI nycmo;.r Ipomiiwmqoro Ii3~TLIOr.tiiH. 

2) Ormcarm rrporpaMl'1Ia BU'Inc JIG EI5I T orrrorpar.rr,r rra 5I3HEe ')OPrPAII. 

3) ,UM IWpp8ET11].JYIOll\]iiX fllHJI:S'rJDB ,TCDYX 'rHITOB ITOJfj'-IeFIH T OLIOrpmd

r,m rrpocTeilunrx l'eorJe•rpu-qec:Lmx ([mryp II riJt:.m•roMa, Hl'!II/IH'r:upyiJlL{ero rpy.Lc-

nyro ItJieTKY Y:eJioBe:Ka. 

4) BpeMr.r c11eTa Ha 8llvi C.UC-65JO cocTaBJI.HeT o:KoJio IhmH .n;JDI 

MaTpi11J;H Hsoc5pa1KeHWI pa3IvrepoM 64x6 4 rrp:vr 'liiCJie rrpem.r.vri1 I28 n To:cieK 

OTcY:eTa B KaJK,IT.oil rrpoem.u1n I28. 

I. 

2. 

3. 

4. 

J.IIIT e P§ T;ypa 

Topics in Applied Physics. Vol. 32, Image Reconstruction 
from Projections, ed. by G.T.Herman, Heidelberg: Springer, 

1979 
J.Sanderson, IEEE Trans.on N'Ut::l.Sci. v.Ns-26, p.2685, 1979 

R.N.Braoewell and A.C.Riddle. Astrophys. J., 1967, v.150, 

E.K.BaHHIDTeHH, C.C.Op~oB. KpH~TanJiorpa~HH, 1972, T.I7, ~ 2, 

c. 253 

~. \ c '{ THT,I'=>D ~97° ,..7 1·''0 '79 v .i1.. • i 81C. HJI. vl , l v, T. u , .'.2;:;, C. · 
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G. B.II.,TI.iKeJierroB n ,IJ;p.- B IU-I.: IIpoTOHHLie n;)rqrur BHcmurx aneprnH 

H JiytreBa.rr Tepan:a.r.r 3JIOI{atreCTB8IIH1IX onyxoJieil, O~LlH-903:5, 19?5, 

c.7. 

7. J.Rarlon. Ber.saechsische Akad.der Wise., 1917, Bd, 29, 
s.262 

8. A.M.Cormack. J.Appl.Phys. 1963, v.34, p.2722 
9. n.J.De Rosier and A.Klug. Nai:ure, 1968, v.217, p.130 

10. b.l{.BaiiHmTeiiH. Kp:ac'raJIJiorpwJm.r.r. 1970, T.I5, c.894. 
II. p.c.Lauterbur. Nature, 1973, v.242, p.190 
I2. G.N.Hounsfield. Brit. J.Rad. 1973, v.46, p.1016 
13. A.F.Gmitro et al. Optical Engineering, 1980, v.19, p.260 

14. A. B.roHtrapcKuri1 H .rep. lilrcJieHHI::e r:reTo;rrpr peiiiernr.r.r o6paTrillx sa,IJ;a'I 

acTpoq_}M3MRn.- III. , Hay:rm, I9?L. 

I5. A.H. ~HXOHOB, B.ii.ApceH.HH. Me'1'0,IJ;bi peweHn.r.r HeKoppeKTHUX sa.n;atr., 

hl., Hajl{a, 1974. 

16. r.,i.i;J£~.C:rca.rr.n;ep. T:VIH3P, 1978, T.66, Jt6, c.5. 
17. G.Minerbo. Comp.Graph.Image 1Toc. 1979, v.1o, p.48 
18. P .Mepcepo, A. OrrrreHxeihJI. T.iiiH3P, 19?4, T. G2, Jau, c .29. 

19. A.,If,nmppn. THH8P, 197?, T. 65, J~HI, c. 53. 

20. Jl. Pa6HHep, E.roJI.IJ;. Teop:uJI :vr r prn:renenHe unQpoBoti o6pa6o'rr-cu 

cnr•naJIOB, M. , M.Hp. 19?8. 
21. D.A.Chesler, s.J.Riederer, Pltys.Med.Biol. 1975, v.20, p.632 
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PHc.I. 

CxeMa HSMepeamH o~ol ms npoeKOHI ceqeaHH o6~eKTa B 

peKOHCTPYKTHBHOI TOMOrpa<PH C nap811'161lbHHMH nyqaMH,: 

- H9DOJ(BHEH8H CHCT.eMa KOOp,IUIH8'l', "( _, 'L(_ - ecTeCTB9HH8.R' 

CHCTeM8 KOOp,lJ.HH8'1', onpe.nerureMa.R' H8D.P8B119HH9M ll8HHO:I npoeKDD, 

npOCBetmB8IOutHe nyqm: B KOTOpol: o6pas;{DT C OC:&IO Q~ yron (} • 
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~-

PHc. 2. 

CxeMa WoPMHPOBSHHH npoeKUHI ceqeHHH o6~eRT8 C KOHeqHHM 

liHC1.10M OTcqe'l'OB ii KOHeqffilM qHC1.lOM rrpoeR.QHI. 

I - PICC1.le.ItVeMHI 06~eKT, 2 - H.CTO"'HJlK HSJiyqeiDHJ, 3 - ,neTeKTOp 

HSJIYqeHJ4H • 



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

PHc. 3. 

PerynspHaH OOHHPHBH CeTKa,B ysnax KOTOpol sa~aHH KOMOOHeHTW 
~pDe-o6pasa HCKOMOI TOMOrpaMMH. 3aaqeHHH KOMOOHeHT nonyqeag 
00 COBORYOHOCTH HSMepeHHHX npoeKQHI. 



PHc.4. 

CeTKa Ha KOHQeHTpH'tleClUIX KBa,JtpSTOB, KOTO.P8SI 6H118 HCII011DaOB8H8 ' 

B (pyp:&e-a11I'O,PHTMe BOCCT8HOB1leHH.Fr TOMOrpaMMS: • - yam HS 

CeTite HS KOHlleH'l'pH"<IeCRHX KBS,Iij)a'J'OB, .B KOTOpwt 88Jl8Hli OTC"<IeTH 

WYP:&e-o6paaa, o - yam, B :f~OTOPiiX aa.naHH oTc'tleTli (pyp:&e

o6paaa, nony-qeaaae no npoeKQHHM. 



G 
/ 

¥-c/2 ·-Kc K 

PHc.5. 

BH.zt KoppexTm:pyiOunu: ((lm:nDTpoB GR (k) m: G~-t (k) , sa.xtaHHHX 
BSpa&eHHR.MH (27) H (28), COOTBeTCTBeHHO. 3TH ((lHnDTpH 6HHH 
HCDOX&30B8HH B ((lypDe-anropHTMe B ~8HBOI pa6oTe.llo OCH a6CQHCC 
OTno~eH HOMep OTcqeTa. 



11+5+1 
811111J1J101J101111 , 

101t1D1t1utJ1Jt01J1~1D111311ll 
~1110101u10101J1J101a10101utl1~tl11 ~ 

810111G10101C101J1Q101,1L~01u1Q1~1J111J ~ 
81u1g1ota1s1u1o1otJ1J1otc1~1 8 1u1JlolJ1~1Jtj e 

~10101 10101 101~101~101010101 1~1)1u1J1ul~1u1J 4 
1111101 1110111G1111111111111111111l111l111C1J1111 

101010ta1D101~101u1u1u1jt01G1J1~1J1u1JtOll1~10t~1Jt~tJ 
11101a1010111011101111111111111111111J111J11131u101L11 
st01D1D10101ota10101~1atotJ1C1l10~01~1ltLtatu1~tJ1utLtl ~ 
1111101a1J101110111J1u1111101u101111101l111llll~1u101L1111 
111010101J13111011101111111111111111111J111011101J1J1~1l11 

1101u1C1u101011t0111u11t111111111111111tl11tjt11~1~1J1~tJ1u 1 
~10101010101Q1110111~1011111J1G1J1111101l111l11101~101~1J1~ 4 
51u1u101l1&10111D11101~1111101C1J1111tatot11ltttC1~1~1~1Jf~ 5 
~10101~10101Q111011101~11111a101l1111101011ll11101~101L1l1L 4 
11C10101010101118111u11111111111111111110111l111C1G1J1~1J1D 1 

111010101010111 11101111111111111111111J111011l01u1~1~1l11 
·l11110101~13111011101011111J101J11111013111l111C1~1J1~1111 
81C10101Q1J1010101~1G101u1J101J1010l~ll1~1J1l131u1~1lll R 
1110131J1D1113111~1111111111111111111Q111J111C1u101~11 
101C10101a1Q1010101~1~1~1J101J1G1a1~1J1C1l1w101G1~1~1l 
11111~1~111011101111111111111111111~11ll111J10111l 
lt1J101~1G101~101~1~1J10101J1~1Jl~1J1~1J1~101~1J 4 
81J101010181010101J1J1010~J10101ll~lllu1u1C s 

810111~1 10101~1~1J101J10101~1J1G1l111J 8 
~1110101~10101010101t10101~1ll01l11 ~ 

10111011101~1J101~101011ll111l 
811111~1l101~101111 ~ 

1 It 5 + 1 

PHc.6a. 

ToMorpaMMB IlH11HHJJ.P8, nonyl!eaaa.R' npiti noMOIUH KoppeKTHPYJOIItero 

qJJtl 1J.D T pa BJtl,Il8 ( 2? ) • 



--------------- ------

Pac.66. 

ToMorpaMMa UH1IHHJU)8, D01.1YlleHH8.R' II pH DOMOIUH xpppeKTHPYIOmero 

~nDTpa BH,ll.8 (28) • 



-------------------- -- --- -- ----

PHo.?. 

Pa~anDaoe paonpe~eneHHe nnoTEOOTH Be~eoTBa B oe~eHHH 
!lHJIHH)ij)a: DYHKTHpHaJJ KpH.Ba.R' - KCppeKTHP3'IOIIU!I (bHnDTp BH.lt8 (2?), 
onnomHa.R'- KoppeKTHPYIOmHI ~nDTI B~a (28). 



1 2 'OS 2 2 2 2 2 1 ~ 

1 2 1 1 2 1 
~ 

? 1 
1 1 2 1 

1 1 2 1 
1 ~ 1 1 '-

i 2 1 
1 2 
? 1 1 

1 1 2 
2 1 1 
:? 2 
? '2 ., 

2 
? 2 ., 

2 ., 
2 ' 1 1 2 ., 1 1 . 

1 1 2 
2 1 1 
1 2 2 

1 1 2 1 
1 2 1 1 

1 2 1 2 1 
1 2 1 1 2 1 1 2 1 1 2 2 2 2 2 2 2 ~ . 

PHc.a. 

ToMorpaMMB rpy6s, D01Jll'qe.HHBH apH DOMOmH ~n&Tpa (27). 



I ,. 

1 3 3 z 3 3 3 l 2 2 1 2 3 2 3 1 

I 1 2 2 2 2 3 2 3 2 2 2 2 2 2 2 

122222222222223 

1 2 2 2 2 2 2 2 2 3 2 2 2 2 J 

1222222222222231 

122222232222233~ 

1 2 2 2 2 2 2 2 2 2 2 ~ z 2 3 l 

1 2 ' z 2 z z z 2 l 2 3 2 2 z l 

12222222~2222221 

1 2 2 2 2 2 2 2 z 2 ~ 2 1 z 
122222222222:?23 

1 2 2 2 2 2 2 3 2 2 2 3 2 3 3 

122222222221223 

122222222322 3J 

1 2 2 2 2 2 2 2 2 2 ~ z 2 3 J 

1 2 2 .2 2 2 2 3 2 2 ? 2 2 l 3 

122222222222223l 

1222222223~22221 

1 2 2 2 2 2 2 ~ 2 2 2 l j ~ 2 

1 z 2 z 2 3 2 3 2 J 2 2 3 3 J 1 

Z33J3 33333 lJ3341 1 

15~Jl.Z~:._; 

1161.. 1 .. 11 1 

1"2J1&, .. 1J 

121612 

1 

PHc.9a .. 

1 3 2 J 2 j ~ 2 3 3 3 3 2 3 ~ 1 

2 2 2 2 2 z 2 3 2 3 2 2 ~ £ 1 

3 2 ~ 2 2 ~ ' 2 2 2 2 ~ ~ 2 1 

3 2 ' 2 2 J 2 2 2 2 2 2 £ 2 1 

1 3 2 2 2 2 2 2 2 z 2 2 2 2 2 1 

1332Z22232Z<:2i21 

1 3 2 z 2 2 2 ' z 2 2 2 ' 2 2 1 

1 2 2 2 ! 2 3 2 2 2 z 2 2 2 2 1 

1 ' 2 2 ' 2 z ' 2 2 2 ' 2 2 2 l 

' 3 ' 3 l 2 2 z 2 2 2 2 2 2 1 

3 2 2 2 2 2 2 2 2 2 2 2 2 ' 1 

3 3 2 3 2 2 2 3 2 2 2 2 2 2 1 

3 2 l 3 2 z 2 z 2 ' 2 l 2 2 1 

3 3 j 2 2 3 ' 2 2 2 2 2 2 2 1 

332222222222.:.:1 

.53~222i:.J222Z221 

13 2i:22i:22222221 

1 2 ' 2 2 ~ 3 2 2 2 2 2 2 2 ~ 1 

2 3 3 3 ' 2 z 2 2 2 2 2 2 1 

1 3 3 l 2 2 3 2 3 2 3 2 ~ " 2 1 

1 ~ 3 j 3 3 3. 3 3 3 j 3 3 2 

ToMorpaMMB MeltH!IHHCKOrO ([>aHTOM8, BOCCT8HOB1leHH8H DPH DOMOIItlf 
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