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INVESTIGATION OF ALGORITHMS FOR CALCULATION OF THE 

MIE COEFFICIENTS IN THE PROBLEM OF PROPAGATION OF 

MM AND SubMM WAVES IN CLOUDS 

The work is devoted to calculations in the theory of 

diffraction of electromagnetic waves on spherical particles 

acco rding to the Mie theory, namely, to caiculation of the Mie 

coefficients, a and b in case of extremal conditions of the n n 
problem, when the dimensionless diffraction parameter and th~ 

complex refractive index of matter change in a wide range from 

quite small values to maximal large ones. The available 

algorithms for calculation of the Mie coefficients are 

analyzed. The accuracy of special functions and of logarithmic 

derivative of the first-order R1ccati-Bessel function included 

in a and b are determined by three methods: n n direct, inverse 

recursion and the Lentz algorithm. An algorithm is chosen 

e ach o f .the above-mentioned functions, whioh provides 

for 

high 

a ccuracy and rate in a wide range of variation of arguments . 

The investigations allowQ~ tc write the "ORION" program (the 

p rogram PL/l is presented in the work), which 

accuracy and rate can calculate the attenuation and 

re flect i on factors of millimeter and sub-millimeter 

cl ouds . 
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r.:.:.~lBA3'1H 

1!0CJ1,1UOBAHI1:;_.: AJil'OPVITI.lOB PAC1IBTA KO::X%il-E(HEHTOB 
!.!VI B 3A,TI,Alffi PACIIPOCTPAIIEHHIT ;,ti Yl CE\lld BOJIH B 

OEJIA.!\.AX 

Pa6oTa IIOCBffin€Ha Bl:PlliCJIHT8JlI:.H!:lM BOIIpocaM TeOpIDI .IUirl)paRI.I,IDi 

3Jl8KTpor.-iarHHTH.!:lX BOJIH Ha c !pepwi:eCKOM 'Iacnme ITO Teopinr MH' a 

J:U.18HHO, pac"<J:eTy IW3@J.m::meHTOB j,[l1, On .l'1 Fin B CJIY'l:88 3KCTpeMa­

JlI:.IJ.l:lX y CJIOBlfil 38.D;8'1l'I' KOr,na 6e3 pa3Me_pHl:lI1 rrapaMeTp ,nHi!JpaKUl1H H 

KOMIIJ18I<CHI:ffi IIOK83aTeJII:. rr_peJIOMJleHHR Be~ecTBa M8HH8TCJ'I B urapo­

KOM .D;.1'18II8 30H8 3Ii1:1'18mll OT B8C:&Ma M8.Jl.l:lX .no M8KCHM8JII:.HO ClOJII:.lllHX. 

I31:moJIHeH aHaJIH3 HMel!lllHXCR aJiropl'!TMOB pac'l:eTa 1waj4JHu:aeHTOB I·.'II:l:, 
orrpe.n;eJieIIH TO'!HOCTlil C'l:8T8 cneruraJII:.HHX QiyHRJ..UI!lr H Jiorap:aiplYrn:'IeCKO~ 
npmrnBO.D;HOH OT rpy1mnaH Pma<aTH-Eecce.Jlff nepBOPO po,na' BXO,n:milIDC 

B On .l'1 €in. ' II.PH pac'IeTax TpeMR M8 TO,n8MH: II_p.fIMa.fI, o6paTHa.fI pe­

KYPCH.f.I' !'! aJlI'Opl'!T~l JieHl\8 • .Il,J.ui RalK,Il;OH H3 B!1lll8YK838HH!1X cpy~ 

OT06paH aJiropl'!TM' o6ecrre'!JmaB:mIDi BHCOKYID TO'l:HOCTD R CKOpOCT]) 

C'I8Ta B JJIB.POKOM ,nHarrasoHe .1'13.MeHeHHR apryMeHTOB cpyHKl.UIB. ~CCJie­
,n:oBaH!'!R nosBOJlliJll'! paspa6oTaT:i:. nporpaMMY " ORION " (nporpaMMa 

Ha .f.1'3HK8 PL/I .· II.Pl!BO.D;l'!TCR B pa6oTe ) ' KOTOpa.f.I' c BHCOKO:li TO'IHO­

CT:&ID H ,ll;OCTaTO'l:HO xopomett CKO.POCTI:.ID MOX8T C'Il'!TaT:i:. K03<f4?HnR8HTH 

OCJla6JieHIDI H pa.D;l'!OJlOK8Ul10HHOro OTpaReHH.fI M.1'1.l!J.IBM8T.POBHX H cy6-

lAliJ!Jll'!M8TpOBHX BOJIH B OClJJ.aKa X. 

lweBaHCroIB Q?H3W18CKHH lUlCTHTYT 

EpeBaH 1990 

I. BB8,1(8Hl10 

HecMOTpR Ha TO, qTQ pa3HTl18 EHqHCJll1T8JlI:.HO~ T8XHHKH B rrocne.1(­

Hl16 A6CRTl1Jl8THfi IT03BOJIHJIO npe0,1(0Jl8TI:. filHOr11e Tpy.I(HOCTliI pacqeTOB 

Ha 8Pl:i no TeOpHH ;ruiqJp8Kl\l1H 8Jl8KTPOM8I'HHTHOPO H3Jiyqemrn Ha cl}.ie­

p11qeCKHX qacTHl\ax ITO Teopirn Ml1 [1-4] OCTaJIHC:b TPY.llHOCTH, CBH-

38HHH8 c pacqeTaMH B 3KCTpeMaJinHh!X ycJIOBHHX: O.I(HOBpeMeHHO Ma -

JIH8 l1 60JII>IIIH8 3HaqeHl1ff KOMIIJl8KCHOro ITOKasaTeJiff rrpeJIOMJI8H.Hfi qac-

2:rri 
THL\bl 11 6espasMepttoro rrapaMeTpa ,l\11cppaKl\HH - p= T , r,1(e C! - pa-

.I(Hyc qacTI11\bl, .i\ - .v..11Htta BOJIHbl. YKasaHHaH sa,ll,aqa Tectto rrp11MHKa­

eT K cnyqa10 pacrrpOCTpaHeHHH Ml1JlJll'IM8Tp0Bb!X (MM) l1 cy6MHJIJll1M8Tpo­

BbOC (CH.11.l) BOJIH qepes OClnaKa,cocTOfill(liIX H3 M8JIKRX (OT 1 ,ll,O 45 MKM) 

H CBepxKpyrrHb!X (OT 85 ,1(0 1500 H 6onee MKM) KaITelib BO,ll,bl , a HHOI'-

,i:(a .II.I Jll>,ll,a. KOMITJI8KCHb!~ ITOKasaTeJII:. rrpeJIOMJI8HHfi BO]\bl .II.I Jll>,ll,8 B 

3Tl1X ,11.Harrasottax, K.E.lli H3B8CTHO, M8Hfi8TCff OT B8Cl>Ma uaJib!X 3Haqe-

HH~ ,1(0 BeJll1q.HHbl rropH.I(Ka m = IO - IO L • ITapaMaTp ~ npH 3TOM 

M8HH8TCH OT 3HaqeHHfi "' 0., 001 ,1(0 rrbpH,ll,Ka 400 H 6onee. AHamrn 

HM8lOll(liIXCfi anropl-!TMOB pacqeTOB !IO TeOpHH l.\H IIOKasan, qTO Kal!C,D,blli 
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V.3 ~Mero1IU1xca anropHTMOB xopomo paOoTaeT :s onpe;n.eneHHOl1. H36Hpa­

TeJI:&HOl1. o6nacTv. z31.1eHeHV.H. p . R ;n.JIH orprurnll'.eHHblX aHall'.em~l1. m. 

Hr.lite npv.:so,ll.l1TCH. onv.caH~e pa3pa00TaHHOl1. HaMR ya1:1Bepcan:0Ho~ 
nporpaMMbl 11 ORION 11 , IWTOpaH Il03BOJIH8T npeo;noneT:& BblllJeyKaaaH­

Hble Tpy;n.HOCTH It\ o6ecnell'.ldT:& Bb!COKYID TOll'.HOCT:& Cll'.eTa KOacIJll1:1u1:1eHTOB 

l.l1:1 ;n.JIH BbllllepaccMoTpeHHblX ,ll.HanaaoHOB iaaMeHemrn p Id m • EcTec-

TBeHHO, nporpaMMY 11 ORION II MOlKHO ldCIIOJI:&30B8T:& IA ;nJifi ;npyrnx 

,ll.11ana30HOB ;n.JIHH BOJIH H qaCTHU, JIHfil:& 6bl co6Jiro;nan1:1c:& BblllleyKa3aHHbll'l 

ycno:sJAH 3a;n.aq1:1: Mam:i1e H o;n.H011pet.1eHHO oon:onrne anaqeHHfl ~ ia m • 

rr. B1i16op BblpallteHHl1..;n.Jlfl pacll'.eToB· 

K09qxj)HUH8HTOB MH an H gn 

].\JIH KOa<j)liJHU1'l8HTOB MH - O.n H thi ' :sxo;nHIIJ,l1X B qJaKTOpbl aiPP8K­

THBHOCTeiit: ocna63leHHfl-Xo ( m, f) , pac ceHHHH - J<p (m1f), nor­

JIOII\eHHfl - J{
0 

(rn,p) H pa;nHOJIOK~OHHOro OTpa>KeHHfl - J<.pA(rn,,p) 

[I-3] ,B KOMII318KCHble aMTIIDiTY;i:\hl, a 'l'aKllt8 'B napaMeTpbl ldHTeHCHB-

HOCT,ett [ 3] ' npe ;nJIOlK8HO MHOl!OCT'BO 1111palK8iml1.. OHH CO):\epJKaT 

pa3JIHqH08 KOJIM!'IeCTBO CilOUHWlhHbOC tlJYHKU!t\0 c ;ne~CTBHTeJl:&Hl&i'l It\ 

MH!t\Mi:&!t\ apryMom·aMH. llOT 11eo6xo;nv.MOCTH B ne pet1HC3leHHH BC8X yKa-

3a11HblX [lJ!l'OplA'l'lolOB. YKaJKeM JlHfil:& • qTO HaMH OT06paHO TaKOe Bblpa­

li\CHHe /\Jiii all 111 gn. • Ky;n.a BXO;nHT MHfiHMaJl:&HOe KOJIHqeCTBO cne-

UHUJ!hliblX 1pyHKUHl1. ( 3-5) 

[.An (m,p)/rn +; ] q>n (p)- '+ln-1 (p) 
an=~=---~~.L....::.~~~~~ 

[.An (rn1f)/m + J] ~n(f )- Sn-1 Cp) ( I) 

. 4 

~ _ [ m .An (m,p) + j-J ljJ" (p) - 4lri-d p) 

n - [mfln(m ,_p) + ~J~n(P)- ~n- 1 (_p) 

r;z:\e "Pn(f) - ~yHKLUifl PiiKK8TH-Eecc eJIH nep:soro po;na ;z:\e~cTBHTeJIDHO­

ro apryueHTa, ~n(f)=o/n(j>)+i.Xn(jt !f)yHKitHfi P11xxaTH-EecceJIH TpeTI>e- -

ro po;i:\a, r;z:\e ·Xn(p)- (fiyHKitHH PHKKaTH-Eecce.IDi BToporo po~e n$! 

C'l'BHT8JlDHOrO apryueHTa, .Rn(m,p) - norapH(fJamtiecKar" ::rpOH3BO;nHBH 

OT !f)yHKLUiH PmrnaTJ11-Eec ceJIH nepBoro P".n.o. mmuoro apryueH!a • . 

KaK l/13B6CTHO, H3-38 IIJIOX O~ CXOMMOCTH pH;nOB MH npH pacqeTe 

{flaKTOpO'B 3(fi{fleKTH'BH OcTett Xi (m, .f) ( inpHHHMae! sHat1eHHll 0 1..r 1n 

H p11 . ) HJll'I K OMIIJieKCHbtX mirrmuy;n npmcoMTCll cy1urnpoBaT:& 6oJID-

moe tlHCJIO n ;ne tiCTBHTe JI:&HbtlC HJIH KOMIIJl8KCHbtX 3H8tl8HH~ K0 3Qr 

{fiHl:U!eHTOB On M gn ( n. "" n opH;z:\1\8 f ) . IlpH STOM' 

H3-3a peaJI:&HOtt orpaHMtleHHOtt TOqHOCTH 9BM H npMM8H8HMll peKYP -

peHTHWC iflop1.1y3l npH 60JI:&filIDC p H3IH n. I HaKaIIJIHBae TC fl. 

omH6Ka, KOTOpall qPHBOMT K CHHllte HHID TOtlHOCTH cqeTa K03ifx}?HLU16H­

TOB J(L ( rn, f) • Tax, npv. m "' I ,6 -:.P•S t H p "' IOO 

TOqHOCT» pacqeTa Cll6UH8.11:&HbtX ~YHKl.Uiti ;I(OJI~Ha 6liT:& He HHllte 10-
9 

;z:\JIH rro:riy11eHHH Xt ( m,J>) c ToqHOCT:&ID 10-3 [6] • 

C y"BeJIHll'.eHHeM sHat1eHHia 9 !rt m :;z:\o m = I O - IO L H 

p ~ 400 noB1i1111aeTCH i pe6oBaH:ee K TOtlHOCTH pac11eTa cneizyia JI:&HblX 

(fiYHKUHtt. Tpe6yeTcH TOll'.HOCT:& -Io-13 - Io-14 ~Jlll nony11eHHH 

Xi cm, .f) c . To11aocn10 lo-3 - Io-4• 
MaTeMaTHll8CKaH HayKa Blipa60TaJ18 KPHTepHH !Ot1Horo Cll'.eTa ;nnfi 

paaJIHt1HhtX qiyfiKitH~· ~cxo;z:\H HS sToro, npH pacqeTax: cneuHa.lll>HblX 

{flyHKuH~ IIOTpe60BW10CD KlC HCIIOJl:&30'BaHHe ~Jlll peaJIH38l.UiH Bbllll80IIH­

CBHHbtX T011HocTe~. HHllte paccuaTpHBaIOTCll KpHTepHH, ue TO;nH H a.n-

ropHTMli, nos11omtBm11e 'B nporp&!Me 11 ORION 11 peanH30BaT:& Buco-
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KYD TOqHOCTb npH BblCOKon CKOpOCTH cqeTa. 

ill. PacqeT \l>YHRUHH PHKKSTH-EeccenH nepBoro p o.na 

A.·IlpHMaH peKypcHH 

Bo Bcex paHHHX nporpaMMax, cBH3aHH!lK c pacqeTaa.iH no TeopHH 

MH, !J)yHKnHH Pl1KK8TH-Eeccena ne pBoro po.na lfln ( .P) 

~n lf>) = J' ·Jn(~) =J¥ 1 

J n;1/2 (j') (2) 

paccqHTh!BaJiaCb np!1MOU peKypcHe~ (pacqeT B6A6TCH OT MaJlliX 3Ha-

qeHHH n K 60Jlbilll4U) no peKyppeHTHOU @OPMYJI6 

2n.+ 1 
Y1n+1 (p) = .P Y1n lf)- 41n-1 Cj>) 

c HaqaJlI>HblMH 3HaqeHH!UIH (cu.Harrp., [5] ) 

y.i ·1 (f') = cos f ' 4'o ls>)= si.ns> 

3,necL Jn (fl) - ccpepMqecKaH cpyHRnHH Eeccem1 nepBoro 

Jn+1/a q>) - \l>YHK~lllH Eeccena nepBoro po.na c noJiyneneBblM 

11 TenepL ,l\Jlll MaJlliX B6JIHqHH f' Jll COOTB6TCTB6HHO m 

noJr:&aoBancH npmrnil peKypcllleU nplll pacqeT.ax: 4'n(,P) • 

(3) 

(4) 

po.na , 

HHAeKCOM. 

UOlltHO 

0,nHa.KO, B pacqeTax: no cpopuyJIBM MH npHxO;zJ;l'ITCll HYeTL .neno c 

60JibWHMH 3HaqeHHllMH p H n • ITOSTOMY llOCJI6,l\OBST6JILH06 

npJ11Me HeHHe (3) ;z(JIR pacqeTOB 4'n ( .P) Bh!ClllHX nopR,nKOB npHBO-

;l(HT R HaKOnJieHHIO 01Jll460K, B peayJILTaTe qero llPH OOJll>illHX f n OJILr 

,.. 
0 

30B8TbCH \l>OpMyJIO~ (3) CTaHOBHTCH H6BOSUOlltH!a!. B H6KOTOP!iX CJiy­

qamc, AJIH pacqeTOB iIJYHKIU'IH 't'n cs» Bh!CillHX IIOPll.nKOB n B 

8BM BM6CTO O,l\JllHapHO~ TOqHOCTH (I5 TOqHJiX 3HSKOB IlOCJie 3allHTO~) 

npJ11MeHH6TCH ioio~HaJl TOqHOCTb cqeTa - (3I TOqHJ« 3Ha.KOB nocJie 

aanaTo~). ]lBoUHaJI ToqHOCTL cqeTa He HaMHoro yBeJWiqJllBaeT ~ 

qzHy n B03MOlltHhlX pacqeTOB 4'n. (J» rrpmw.; peKJ- pc11e.ii 

O;z{HaKO . IIpl/IBO;ztHT K 3Ha'Cfl1T6JI:&HOMY yile. " ·1vill •• J pacqeTHOro BpeMefUf, 

IlOSTOMY ;z(JIH 6ommHx 3HaqeHH~ j' H n HaCTyIIaeT npe;zteJI,r;zte 

paayirnoe yIJeJIMqeHJ11e ToqHOCTH c11eTa lfln (f) He MOllteT o6ecrre-

qn:& ROHeqHyIO TOqHOCTL . J\i. ( m
1
j>) B rrpe;z(eJiax: I0-3 - I0-4 • 

Tor;z(a TepaeTCH CMhlCJI pac1wra Y'n (5>) ,,. npHMon peKypcJ11et:t H 

He06xO)lHMO HCRaTb APYI'llle nyTH pacqeTa ~n (~) • 

,llJIH HCCJI6;z(OBaTeJieH, ROTOp!iX ycTpaH~aeT IIpllMaH peKypCHH, no­

JI63HO 3HaTb TOqHOCTb cqeTa l.j)n(~) • KaK ITOK83aJIH HalllH HCCJie­

;z{OBaHHH rrpH 0,iuiHapHOt:i TOqHOCTH cqeTa Ha 8BM: ;z(JIR 3HaqeHHH ~ 

H3 HHTepBaJia O,OOI<.? < O,I TOtlHOCT:& IlJIOXaH:;z(JlH n = r~ro-6-ro-9 
AnH n = 2 -ro-5-ro-9 AJIR n = 3-"' ro-1-:fo-3• JJ:Jia .P B HH-

Tep:sSJie o,s < S' < 5 npM n = I TOqHOCT:& ro-13-ro-I4 , a Ili:M 

n = 2· TOqHOCTL "' IO-I2-I014 • ITO Mepe yBeJIH1!8Hlllll n TOq-

HOCTb IlOCTeneHHO na;z(aeT H IlpM n "' 9 COCTaBJJ.HeT IO-IO • 

JJ:anee c yIJeJIBqeHJ11eM BeJl:HqMH 5' ;AO .P = IOO KapTHHa cTa611-

JIJ113HpyeTcH H TOqHOCT:& COCTaBJill6T IO-I3-ro-I4 ;z\JIH BC6X 3HaqeHHU 

n AO' n- .P • B o6JiacTH IOO ~ j' ~ 200 TOqHOCTL HecKOJlJ>KO 

na,n;aeT H COCTaBJI~eT I0-I2-ro-I3 • B 06JiaCTH J' > 200 ;!(Jiil BC8:ll. 

3HaqeHJll~ n TOqHOCTb peaKO rra,llaeT M IIPH 

COCT~JIHeT ro-1-ro-2 ;!(Jiil JIJ06h!X 3HaqeHHU 

~ "' 300 TOqHOCT:& 

n ;1.10 rt"'f • IlpH 

,'ABOHHOH TOqHOCTM cqeTa Ha 'OEM HM66M yBeJIJllqeHHe T01!HOCTH Ha 

I0-2-ro-3 IlO cpaBH6HMIO C ;z(aHHblMH np:H O;z(JllHapHOn TOqHOCTH. !10STO-
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uy npM j' > 200 no11:&aoBaT:&ClI np.fIMoit peKypc1rnit A1Ifl pacqe1:oB 

lj}n (S') H8B03MOlKHO. 

B cnyqae npllMOit peKypCl1H MlI 4'n (f) C1Ie){yeT OCTeperaTI>ClI 

HenpHlITHOro WrutTa CKall:K006paaHoro H3MeHeHHlI EeJll'lqMHlil lf-ln (jJ) , 

T.e. peaKoro yueH:&llieHHlI TOqHOCTH cqeTa l.ji,,(f) • ffBJieHHe STO CBlI 

aaHO c 6mrnocT:&IO 3HaqeHHLl ? K tll!CJIY 'Jl/Z MJll'I KpaTHOMY gj 

Cor11acHo (4) Y'n aaBHCMT OT sin f H cosp , noaTOMY 6.lll'laocorti 

? K 5i/2 HJIH 5i MOlKeT npHB6CTH K 3H8ll:6HMflM . sin. j> HJIH 

cos .P , paEHOMY 0 MJllf oqeH:& C5mrnKOMY K Hy1110 1 r;n;e 9Ri oqea:& 

IlJIOXO Ctlll!TaeT. 9TO MOlK6T rrpHBeCTH K Henpe;n;cKaayeMblM OWHC5KaM, Ha 

qTO o6pa~eHO BHHM8HH6 ne~Be [4] • 

Kpm.ie Toro_, pacqeT1i1 no1taa1i1Ba10T, ll:TO qe1.1 1.1ea:&me n no cpaB-

HeHll!IO c f ' T6M BIDue TOll:HOCT:& cqeTa lf-ln (f) • ToqHOCT:& cqeTa 

l.jin (5>) peaKo yxy,lijllaeTca:, KOr){a n » j> • B o6JiacTz n ..... I,3 p 
TOqHOCTI> cqeTa 4"n Cp) eute BeJIHKa H aTo opH6HTHpOBoqa!:llt npe;n;eJY 

;n;o KOTOporo CJI6,1\y6T C5paT:& B6JIHqHHlil h ' qToe51i1 oe5ecnetrnT:& BHCO­

KYIO TQqHOCT:& CXO;n;HMOCTH plI;ZJ;OB MH [6] • C11e;ziyeT OCTeperaT:&CH 

qpeaMepHoro yBeJll'lqeHHlI paccuaTpll!BaeMlilX BeJlllqHH n npn cyuuHpo­

DUIDIH plI;n;OB MM [SJ • B pae50T6 Bm'.CKOMC5a [?] npHBO,llHTCH npe;n;eJI:&-
~ 

Hhle 3HaqeHHfl n = N ' KOTOpHe H60C5XO;n;HMO C5paT:& B 3aJIHCHMOC-

TH OT f 

f-t-4_p'/3+1 0,02 ~ f ~ 8 

* n=N = < 
1/s 

~t- 4.05p + 2 8 ~ ? ~ 4200 (5) 

? + 4,p'13 +2 .420Q_ ~ ~ ~ 20000 

8 

.... 

E. OC5paTH8fl pexypm-rn 

~YHKIUH! 4-'n (_5>) - y6h!Baioutaa WYHKIU'1f! OT BOapaCT8Hll!ff BeJIHqM-

Hhl n ' IlOSTOMy ITO IIPaBlll1IaM MaTeMaTHKl/l TOqHoro cqeTa paccim­

TblllaT:& ee Heo6xo;n;HMO o6paTHO~ peKypcHe~. ~ B Tex c11yqamc,Kor;n;a 

Tpe6yeTClI BblCOKaH TOlJHOCT:& cqeTa l.jin (5>) Ilpll! C50JII::Jl!i1X f H, 

c11e;n;onaTeJI:&Ho, n .zi;om1rna npll!MeHaT:&cH o6paTrraJJ. peKypcHH. ltlHaqe 

rOBOpff, OilffT:& ITPll!M8HffeTClI peKyppeHTHan @opMyJia, TOJI:&KO cqeT Be­

* .zi;e Tea OT oqeHI> 60.n:&w11x aaaqeHll!.i1 n = N Ill peKypc11efi n ony-

qaroTcH 3H8lJ'.eHHH ~n ( s>) ;ZJ;Jiff rroc11e,110BaTeJI:&HO M8JihJX 3HaqeHHli 

n .zi;o n = I. B OTJill!ll'.He OT ITPHMOM pe:KypcHH, a,11ecI> Tpe6yeTcH 

8BM c OOJII>lliOfi IlaMffT:&IO, IICKOJI:&Ky B IlaMffTl/l 8BM HeOOXO.zi;HMO coxpa­

HHT:& Bee N * 3HaqeHll!~ lj)ll ( .P) • 8TO He OOXO;n;HMO ,1\1IH BBe.zi;eHHH 

COOTBeTCTBYIOll!l'IX nonpaBOl!HlilX KOSW\IJH~H6HTOB H OKOHqaTeJI»Horo pac­

lJ'.eTa ncex N * BeJIHll'.ll!H l!ln ( S') • CfCeMa Bbf(!Mc11eH.11.i1 o6paTHoit 

peKypcll!e.11 n1i1rmr.n;HT c11e,11y10illl'lM o6paaoM: c.ne.Z1,¥ff AJrneHy (8] H 

I'OJI:&,1\CTefiHy H ,1\p. [9] no QiOpMyJiaM 

{ 

I 2 I I 

= Cl1 ,P + f,1 f' + C1 

I I 
U2,P + gz 

* n= N (_p) 

I 
a, = -o,23os ro-2, 
"' I o 1 = O,I43? IO , 
c,' /= o,r4 ref. 

, 

ecJIH I~ f ~ IOO 

ecJill! IOO ~ f ( 750 

a~ = o,r04s roI, 
g~ = o,36 ref. 

(6) 

H 38,llaHHOMy )' BHl!HCJifflOTCH H6CKOJI:&KO 3aBblllieHHh1e 3HaqeH~fl MaK-
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Cli1ManDHO 60JI:&illOrO 

o6paTHOM peKypCli1li1. 

* n = N (f) , oTKy.n.a cne,zcreT Hal.ll1ttaT:& cqeT 

Sa;n;aJOTCfl ttaqaJI:&Hlie li1CXOAHlie ~yHKUli1li1 lt-'n(~} 

FN*+{n'} (_p)= C.. 1 FN1t+1+{n1
} (f)= 0 (7) 

r.n.e n' - nonyuenoe atta1.1eHHe, BX0,11.Hlllee :a peKyppeHTHYJO (j?opMyny 

o6paTHOM peKypCli1li1 

2(K+{n'}) 
FK-1 +{n.'} (S') = FK+{n.'} tp) - FK+1-+ {"'} (j') 

? 
(8) 

ITo wopMyJIBM (8) li1 (7) Bbl1.lli1CJif!lOTCfl attaqeHHH :acnoMoraTeJI:&HhlX @YHK­

Uli1M 

FN*-1-t{n'} (f) J FN<t-2t-\n'}(P) · · · F{n'J (5>) 

8 ;n;an:&HeMrneM no (9) Blill:li1CJifllOTCH K03cJ.;$'!Uli1eHTbl 

Cf") 
.A= z= Oj F2j + 1/2 (p) 

j=O 

to=~ 
(2j t- 1/2) (2j - 1) 

5. = 3 
J (2j- f2·2j) 

(9) 

(IO) 

neMCTBli1T8JI:&Hble 3H81.18Hli1f! ccpepli1ll:eCKOM (j?yHK~li1 EecceJifl nep:aoro 

p0,11.8 Bbl1.lli1CJif!lOTCf! no WOpMyJie 

• 1 
J{n'} (p) =fl F{n'} Cf) 

(II) 

npli1 ycJIOBli1li1 

IO 

I JN*-1 (_p)\ ~ e, I j { n'J (SJ) I-< e ,zJ.JIH {n'J > N* (12) 

B ttameM rrporpru.iMe 11 ORION 11 11crron:oayeTCH ttecKOJI:&KO ycoBep-

meHCTBOBaHHaH cxeMa pac1.1eTa l.JJn (l>) ' HO coxpaHH!OTCf! OCHOB-

Hble IIOJIOlKeHli1f!, H3JIOlK8HH!il8 BblllJe. B Ka1.leCTBe RHa1.1eHnH e. B3f!TO 

I0-3 0 
0 .EpaT:& Me H:&llle ST Oro 3H8ll:6HHH E. iieB03MOlKHO, l13-3a HC­

non:&ayeMOM 8BM Tli1rra EC-I045, KOTOpaa ;IVIH onpe,zJ.eJieHHb!X 3Ha1.1eHli1M 

J> .n.aeT averflom. 

B pa6oTax Annetta [8] ,roJI:&,zJ.CTeLi:tta H .n.p. [9] yK83b!BaeTcH, 

1.ITO o6nacT:& li1CITOJI:&30BaHli1f! o6paTHOM peKypCli1H orpaHHlJ:eHa CHli13Y 

attall:eHHeM p = I (cM.(j?OpMyny (6) ). O.n.ttaKo Hanili1 li1CCne.n.oBaHli1H 

noKa3aJili1, uo o6paTHYIO peKypcli1IO ,11.JIH lfin (j') MOlKHO li1CIIOJ1:&30B8T} 

li1 ,11.Jlfi J'< 1 • 

Harnli1 .li1CCJ18,1J.OBaHli1f! II OKa3aJili1' 1.ITO l1pli1 pac1.1eTax l.JJn ( 5') 06 -

paTHOM peKypcHeLi: co6JI!0,1J.a!OTCH CJI8,1!.ylOll(llJ8 TOlJ:HOCTli1 B aaBJi1Cli1MOCTli1 

OT BeJUllJ:li1Hbl ? li1 n rrpli1 o.mrnapHOLi: TOlJ:HOCTli1 Cl.le Ta Ha 8BM: B 

o6nacTH ? oT o,OOI .n.o o,5 To1.1ttocT:o Io-14 - Io-15 ttesaBHOHMo 

OT BeJIHll:HHl:l'. n • B o6nacTH 0,5 ~ ? ~ IO TOll:HOCT:& cocTaBJIHeT 

10-13 - ro- 14 l'I c yBeJIHlJ:ettHeM n ToqttocT:o nocTerretttto YMe.H:&:­

waeTcH. B 06JlaCTli1 IO~ ~ ~ IOO T01.IHOCT1> ro-II - ro-I3' a rrpH 

onpe,1!.8Jl8HHb!X 60JI:&illli1X n ...., 120 T01.IHOCT:& COCT8BJlf!8T I0-9• B 

o6naCTli1 200 " S' ~ 400 TOlJ:HOCT:& CT86li1JI:&Ha 

ro-IO - IO-II H _Jll'lrn:& AJIH cnyqaeB n > J> 
T aBJI HT:& - I0-9 • . 

BpeMH, saTpaqeHHOe Ha pacqeThl ~n(}l) 

li1 COCT8BJif!8T 

TOlJ:HOCT~ MOlKeT COC-

o6paTHOU peKypcH-

e~. ttecKon~Ko 6on:orne, qeM rrpH pacqeTax rrpHMOM peKypcHe~,o.n.HB.Ko 

B T01.IHOCTli1 pacqeTOB MOlKHO Bl:l:li1rpaT:&_HeCOMH8HHO. 

II 



B. PacqeT a.nropnTMOM Jieaua 

~YHK~JO lf-'n (f>) MO~HO cqHTaTh li aJirOpHTMOM Jieaua (IO] .ITt 
Cp8.BH6HM10 c o6paTHOil peKypcne~ 3TOT pacqeT ropa3'AO M6'AJI6HHaH 

rrpoue'AYpa, ITOCKOJihKY l.j.in(9) paccqHTKBaeTCf! He peKyppeHTHOH 

wopMyJio~, a OT'AeJil>HO 'AnH KalK'AOro o6oco6JieHHoro sHaqeHHH n 
IlpeHMYII16CTBO rrpH pacqeTax a.nropHTMOM JleHua [IO] 3aKJIJOqaeTCH B 

TOM, qTo TOqHOCTh cqeTa 38'Aa8TCH sapaHee HCCJI6'AOBaTeJieM, H Olia 

MOlKeT 6b!Tb CKOJih yrO'AHO 60JihIUOli\. l{poMe Boero rrpoqero pacqeThl 

lf'n (.P) aJirOpliTMOM JleHua OTHHMaJOT oqeHl> MHOro pac_qeTHoro B pe­

M8HH, Tex lKEl, KOrO MHTepecyeT pacqeT lf-'n (j') aJirOpMTMOM JieHua, 

Mhl, corJiacHo JieHuy [IO] , rrpHBO'AHM STY wopMyJiy 

. (f>t(2n-t-1)!!.fl/<4·1(v'+1)) 

Jn(?)= 1 +1-5>2/(4 ·1(1''+1)) 
,P 2/(4K1

( v1
-t- K

1
)) 

+1-J> 2/(4K1(1' 1+K')) (I3) 

qJI8Hbl 3TOli\ ¢0PMYJihl MoryT 6b1Tl> rrpHB8.$Hbl K BM'AY, Y'A06HOMY 'AJIH 

pacqeTOB c ITOMOIIlhlO rrpe 06pa3 OBalUIH, rrpirne'Ae HHb!X ACipa.MOBHl\eM [II] 

H 3TO ITO'Ap06HO paccMOTpeHo JleHueM [IO] • 

Ma BhlillellpMBe'AeHHOro HaripaIUM~aeTCH ecTeCTB6HHhlH BOrrpoc: Ha­

CKOnbKO a.nropHTM Jleaua MOJlteT yJiyqJUHTb TQqHOCTh cqeTa 'fn(?) H 

HaCKOJil>KO npH 3TOM JXY'All!HTCH BpeMeHH~ IlOKaaaTeJih cqeTa? IlO'A06-

HaH IIOCTaHOBKa BOrrpoca MOllteT 38HHTepeco:aau Tex HCCJie'AOBaTeJieil, 

KOTOpb!X He ycTpaHBaeT npHBe'AeHHaH Bblllle TOl!HOCTl> 06paTHOH peKyp­

CMett, HCITOJil>3JeMaf! B HaIUeil ·rrporpaMMe "ORION ", H 3SHHTepecoBaH­

HblX B e1I1e CiOJil>IUeM YJIYl!lileHMH TOl!HOCTH Cl!eTa l..!Jn (f') • 

I2 

IY. PacqeT @yHKUMH PHKKaTM-EecceJIH BToporo po'Aa 

.r. IlpHMaH peKy pCHH 

Bo BCex 'AO CHX nop rrpOB6'A6HHb!X pactr8'.:'£Z !j:JyHKl\Mff PHKK8TH-Eec­

C6JIH :JToporo PO'Aa Xn (?) pacctrVJTh!BaJiach npHMoil peKypcHe lii. 

8To CBH3aHO c xapaKTepoM CaMOH WYHKI.\HH Xn(f) ,npe'ACT8.BJIHJO-

1I1.ett noapacTaI01I1Y10 qiyam:~mo oT rropH'AKa n H Tpe6yromett, corJiacao 

npaBHJiaM MaTeMaTHKH, Toqaoro cqeT4 - pacqeTo:a rrpHMDH peKypcHeH. 

IloaTOMY rro cpaBHeHHJO c 'APYrHMH UMJIHH'APY!qecKHM.11 WYHKUMH Xn (9) 

HaMOOJiee rrpocTa B pacqeTax H paCC1ll'ITIIB aeTC f! ITPflMOfi peKypc11efi. 

IlpHMaH peKypc1rn 11crrOJil>ayeTcn HaMH rrpH pacl!eTax Xn (J>) B rrpor­

paMMe " ORION 11 c HaqaJil>Hh!MH attaqeHHHMH cornactto EopeHy H Xa<IiMe­

HY [S] 

X- 1 (f):: - sin. ..P Ao(j>)= cosg 
(I4) 

YI peKyppeHTHDfi <IlDPMYJIDt:! (3). 

Hanrn HCCJI8'AOBaHHff ITOKaaaJIH, 1.ITO c KaKOfi TOl!HOCTl>JO cqHTaeT 

8BM ( D'AHHapHOtl HJIM 'ABDHHO~)' T8Kaf! lK8 TOl!HOCTl> ITOJiyqaeTCfl 'AJIH 

Xn(?) COOTB8TCTB6HHO: Io-15 HJ!li ro-3I. c yBeJIHqeHHeM n. 

Ha,1( 5> , TOqHocn pactreTOB Xn.(f) ITOCT8IT6HHO JXY,lUil88TCH. 

B HaIUe·t:! rrporpaMMe 11 ORION 11 HCITOJihayeTcH D'AHHapHaH TOl!HDCTh cqe­

Ta 8BM, ITOCKDJ!l>KY TOqHQCT:& IQ-I4 - IO-ISHaC BITOJIHe ycTpaMBaeT. 

TOJil>KO 0,1(Ha HerrpHHTHOCTl> MOlK6T YIM6Th M6CTO ilpH pacqeTax: rrpH­

MOtl peKypcHelt Xn (?) • Cornacao \i.JOPMYJiaM (I4), Xn (j>) pas 

Hb!X ITDPH'AKOB n 3aBvlCflT OT si.n p H cos p ' IT03TDMY ITPH CiJil1-

3 DCTH ? K 'Ji/2. 11JIH KpaTHDMY fl M0Jlt6T B03HHKHYTb OlllHCiKa 

Ha-aa 6JI11aocT.11 Xn(J>) K HYJIJO (MaIUHHa n.noxo CqffTaeT B o6nacTH 
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HYJIH). nnH 3THX cnyqaeB B 8BM MOlKHO npe,l(yCMOTpeTD nporpaMMY t 

HCKJIJOqaJOII\YIO B03HHKHOBeHH8 TIOA06HbJX CHTY~Hiii. nnH Tex, KOrO He 

. ycTpaMBaeT pacqeT Xn (.f') npHMotl peKypcHeti, MOlKHO rrpe,1V1oliG!u 

,11pyrne. anropHTMl:l: pacl.!eTOB Xn(p). 

n. 06paTHaJI peKypCHH BMeCTe C IIpHMOti 

06paTHOti peKypcHeiii Bbll.!HCJIHeTCH jn lf) HnH lKS 1-11-1/2 (p) 

H JH'/2 (f) corJiaCHO AJI1leHy [8] H roJJl'>,1\CTe~HY H ;n;p. [9] • 

9TO 03HaqaeT, 1.!TO T01.!HO 011pe,11eJieHl:l: Ha1.!aJI:&Hh!e 3Haqemrn ,1\JlH cpyHK­

UHiii Eecce11H BTOPO~O po,11a c rro11yueJil:l:M HH,1\eKCOM 

':l 1;2 Cp) = -I-1+112 (f) 1 'd1+112 (f) = J-2+ 1/2 (}') (IS) 

aaTeM no peKyppeHTHOiii cpOpMyJie (IIPHMBJI peRypCHH) 

11 2(K
1
+1/2) 

:JK'+t+1/2 (f ) = o ~K 1+1/e(j') - ~k- H1/2 (f') ( I6 ) 

Bbllli'JCJIHIOTCH 3Haqemrn !:In+ 1/e ( .P) , rAe K'= I ,2 ••• n. 
COBMemeHHe AByx Bbllll eyKaaaHHhlX M6T0,1\0B Il 03BOJIHT II OBl:l:CHT:& T01.!HOCTl> 

pacl.!e Ta Xn(f) H Ha6elKaT:& omH60K, yKaaaHHbJX Bblill e . 

E.06paTHaJI peKypcli H 

,llpyroiii Me TO]( TOl.!HOro. 01.!eTa Xn (·J') npe.)VIOlKeH rpeiiieM H 

AP· [I2] • Mcnon:r,ayH ypaBHettHe ccpepHqecKoti cpyHKll.HH .EecceJIH 

cornactto·A6pauoBHUY [II] (IO.I.3I) 
. . -2 
Jn(P)· Yn-1(f)-Jn-1(~)·~n(.f')=,P (I?) 

I4 

3.itec:& Yncp) - CqJeI»flleCK8Jl qiyHKQHfi .EecceJIH BToporo po.ita •. OTHO­

meHBe jnCP) j jn-1 (j>) MOEHO paCCllHTan, HCilOJII>3YH aJiro.pl'ITM 

JleHqa [IO] • IIo.itp06HOCTllI MOEHO IlOCYOTpeTD fl [IO] • 

3aBepmaH paccuoTpeHHe pactieTOB An cs» t CJre,l(yST OTM6THT:&, 

t{TO KaKYD 6bl TOllHOCT:D cqeTa Ha Siil 0,1tHHSPHYID HJm ;!U!OMHYJO HH 

6paT:&, npflUaH peRypcHH MOEeT llpHB8CTH K HST01.!HOCTH ClleTa. Cor­

nacHO HCCJ16,1\0BaHHffil JleHua [IO] , llOA06Hafl HSCTa6HJIDHOCTD B pac 

qeTax ~n q>) uoJreT tta6JIIDNiTI>CH :e 19-u nopH;m<e t{HCJla , . KOrl(a 

m = IO-IO i. , r.ite noc11e HeKoToporo npo:eana tta6n1D.itaeTcll 

OllHT:D nepexo.it K CTa6HJI:DHWI pe3yJI:&TaTBM H eme B 99-M nopfll(Ke 

llHCJia, KOr;!{a m = 100-IOO i. • IlOCKOJIDKY no~06Hl:l:e BblCOKHe 3Ha­

t{611Hfi B HWllHX pacqeTax He BCTpeqallTCH, HeT OCHOBaHHft ,1\nfl onace­

HBfi B pacqeTax Hn (p) HJIH Xn(p) npm.rn~ peKypcHel.1. 

Y: Pac11er norapz({imqecxo£t np003BOMO~ OT ilJYHKI.tHH 

PHKxarH-.lieccens nep:eoro po.ita 

lorap111f11H11ecK8Jl npoBa:eoAHaH OT <fJYHKIU!H PHKKaTH-Bec~eJIH nep­

:eoro poM 11HH11oro apryueHra - .Rn (Y) (o6osHaqeHHe BSHTO cornac­

uo Jleti-B.1tll8BY [3]) 

d 4'~ (m.f>) 
.A11lY)=dYfn'+'n(~) 'f'n(mf) (IS) 

Bnep:eHe BBe.iteBa B npaKTHKY pacqeTO~ MBqJeJlh)tClol [13) H 3aTeM 

cpaay lie HamJia llIJIU6H6HH6 B pa6oTax [I4,I5] • B pa6oTe [!6] 

paccu&TpHBaJITCH )tBe norapHcJllBqecKBe npOH3B0l(Hlil6. - peWIDHOro B 
. . . 

uuHUoro apryuesTa, a B pa60Tax [3,4] Hcnon:&aOBaJISC:& o;zJ.Ha cpyHK-

IU!H .An ( y) UHHUOro apryiaeHTa AnH pacqerOB KOaif.xpHUBeHTOB 
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MH On M gn • BBe,l\eHHe B rrprutTHKy pac1reTOB .An ( y) HBHJIOCI> 

rrporpeccHBHb!M maroM, HaMHoro ycKOpHBilleM pacqeTbl rro TeOpHH MHo 

.JK. flpHMaH peKypCHH 

flepBoe Il0,ZlpOC5Hoe l'ICCJie,1\0Bamrn cJ:lYHKI.Urn .An ( y) B~OJIHeHO 

nettpMeH.nlita.HOM (3] B ero 1'13B8CTHOM MOHOrpa\PMM, r.ne pacqeTbl npOB0-

,11,HJll'!Cl> rrpHMoil peKypcHeil no <lJOpMyJie 

n [ n J-1 .An(y)=--~-t -g--.An-d!:J) (I9) 

rrpH HaqaJII>HOM aHaqeHuu 

si.np0 ·cosp0 + Lshqo · chq 0 

Ro ( Y) = 2 2 
SLn Po+ sh ~o (20) 

r,l\e ~=rnp=p0 -Lci 0 1 p0 =nf, ~ 0 =~.P' ..... m=n-i.re 
rn - KOMilJISKCHbltl ITOKa38TeJI:b npeJIOMJieHHH, n - ITOKaaaTeJI:b rrpeJIOM 

Jiemrn H ae - rroKaaaTeJir:. rrorJIOl!leHHH, 9 - C5eapasMepHhltl rrapai.aeTp 
25rz 

McJ:lpaK~HH .? = -:A-- t 'Z. - pa;z\l'lyc KarIJIJIJ' :A. - ;z\JIHHa BOJIHbl. 

KaK rr01~aaaJII'! HCCJI6,l\OBaHJ.rn pH,l\a aBTopoB, <lJYHK~JIJH .fln (y) He 

TaK ym IIpOCTa B pacqeTax, KaK ST? Ka~e TCH c rre pBoro B3rJifl,l(a. 

IlpH pac1rnTax IIPHMOJ.1 peKypcJ1Je~ .A n ( y) .1rne511paTemHo oume5oq­

Ha IIPH MaJlblX (CM. [I7] ) ~ H n ' a TaK~e ,l(Jlfl C50JI:billHX 3Haqe -

Hllil m) .P lt1 n(cM . [3 J ). B 3T OM OTH0lll6HHH i.PYHK~H .An l!:f) pea­

KO OTJll'!"tfaeTcH OT i.PYHK~il % (,9) H Xn (J') t ,l(JlH KOTOPblX TPY.l\-' 

HOCTH CBH3aHbl TOJll>KO c pacqeTaMH Mfl C50JI:bll!HX 3HaqeHl'lil ~ H n 

KpoMe Toro, oKaablBaeTcH, qTo TOqHocu C'IJeTa .An ( y) aaBl'!C.HT 

OT 3Haqemrn KOMII;iI6KCHOro noKaaaTeJIH rrpeJIOMJ!eHHH m ' B oco6eH-

I6 

HOCTH OT IIOK838T6JIH Cf • 

Hanrn HCCJie,l(OBaHHH IIOKa3aJlli' qTo npH MaJIOJ.1 BeJll'lqJIJHe ~ B m 

(m=I,78-0,Ii.)rrpH .P JIJ3HHTepBaJ!aO,OOI< .P" n•-
HOCT:b pacqeTa .A1 (':j) COCT8BJifl6T ,.., IQ-IO nc·'C 11T ...,.;l'ICTBKTeJI:& 

HO~TaK PI MHi!lJOtt qacTe~ .A1(y),a lf)l. ~'j) .-rn-3-I0-5• c yBe-

Jllt11ieHHeM p TOtl'.HOCT:& p aCll:eTOB .A, (lj) 

IO-IS ,l\JIH 0,05~ ,9 < 3 , a .ZlJifl .A2 (':J) 

waeTcH noqTH Ha IO-I rrpH YMeH:&meHHH n 

y:aeJIJIJll:HBaeTCH ,l(O 

H T.,Zl. TOqHOCTl> YM6Hl>• 

Ha 6.11.HHH~y. J(JIH oe5 -

nacTei.1 9 > 3 I'! ,ZlO p "' 50 TOqffOCT:& CTa6HJIM3i!pyeTCH H COCTaB-

JIHeT ro-IO_ ro-II ,l(JIH Bcex 3HaqeHHil n. ""f • B OC5JiaCTH 

5' ,..,, I00-400 TOll:HOCTl> COCTaBJIHeT rn-8-10- 1 0 ,l(JIH JilOC5blX n "'.P t 

rrpHqeM c YB6 11Hll:8HH6M n TOtIHOCT:& HeCKOJI!>KO yxy,ZllllaeTCH • .1{JIH 

n > ? TOqHOC T:b COCTaBJIHeT IlpHMepHO l<J6-ro-7 • Bee BblllleyKaaaH-

Hoe OTHUCl'ITC H KaK K ,l\et<lc TBHTeJI.bHOti, TaK H K MHHMOJ.1 qaCTHM .A n(Y)· 

Toll:HOCTI> pacqeTOB Cl'IJI:&Ho 1o1eHHeTCR ;n;JIR e5on .DmHx sHaqeHH~ f£ :a 

rn ( m = I,28-I ,37 ) • .IlnH .P H3 HHTe p:aaJ!a O, OOI( .f' ~ O, OI 

TOll:HOCT:E. pacqeTOB .A 1 (lj ) COCT8BJIR6T I0-7-IO-IO , a ,l(Jl fl 

.Ae(~). ""'I0-3-ro-6 • .1{JIH 0, 0I ~ f ~ 0, 5 TOqHOCT:& COC TaBJIHeT: 

,l(JIH ,A1 (y) IO-Il-ro- l 3 H C B03pacTaHH eM n T01lHOCT:& ll OCT~IleH­
HO. YMeH.bmaeTcH H rrpH n = 5 l'V 10-6- 10- 7• .ztJIH I ·~ p ~ 50 Toq-

Hocn CTae5HJIH3HpyeTCH H ,1l;JIH A1 (y ) COCTaBJIHeT I0-13_ 10-14 

J y:aeJIHqeHHeM n TOqHQCT:b IlOCTen eHHO yueHI>ma eTCH ,l(O 

ro-10-IO-II ,l(JIH . .P"" n • .1{JIH p ."" 70 · T 01lHOCT:& C1leTa 01l8H:& 

CHJI:E.HO yxy,ZllllaeTCH IlpH JllOC5llX n H IIOJI:b3 OBBT!>CH cJ:lOPMYJIOtt .Rn (y) 

npHMOtt peKypcHH y'lfte HeB03MO~Ho. flpJ11MeHeHJ1Je .n:ao~Hott TOll:HOCTM 

c~eTa Ha 8BM H6CKOJll>KO yJiyqruaeT TOqHOCT.b cqeTa, HO He HaMHOrO · 

10-1-ro-2• 

Bonpoc 3aBHCl!MOCTH Toq!IOCTH cqeTa .Rn ( ~) OT BeJIHqHHbl ~ 
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.. 
HCCJI6,1l;OBaH KaTa:eapOM H .ztp. [I8] ' a TaKl!Ce BHCKOM60M [I9] • Ham11 

pacqeTH noKa3aJIH, qTO TOqHOCTb cqeTa Rn(y) 3aJlHCHT O.ztHO -

BpeMeHHO OT f H n • IT03TOMy HCCJI6,l{OBaHHfl BHCKOM6a [19] 

CJie;eyeT npo,ztOJillCHTb H IIOJiyqHTb KO~KpeTHHe 3HaqeHHfl TOqHOCTe~ 

.ztJIH m, p H n , rrp11qe1.1 KOHKpe THO .ztJIH rpyHKIUU1 Rn ( y) , a 

He .ztJIH KOS~tPH~HeHTOB scpcpeKTHBHOCTett. Hau.aH lKe pacqeTH rrosBORHJIH 

ycTaHOBMTb, qTo, 1i6M M6H:&lll6 B6RJ4qJ4Ha re B m , TSM .ztJifl 60Jib-

lllHX p H n ppaBOMOqHo HCIIORb30Bamrn npRMOtt peKypcirn ,l{Jifl 

.Rn CY) • YKaaaHHoe OTHOCHTCR K cnyqaio n < ,p • .IIpH n ""p H 

H n >p TQqHQCTb Ollf!Tb peaK9 yxy.ztlllaeTCfl. 

3. 06paTHruI peKypc1rn 

JlRH YCTpaHeHHfl OIJIHC50K C1i6Ta fl n ( ~:D n.pflMOtt peKypCHett MOlK-

HO HCITOJibSOBaTb oe5paTHyD peKypcHD. B pae5oTe EopeHa H XaclJMaHa 

[SJ ITpe;zviolKeHa cne;eyD111rui cxeua paclieTOB .An ( y) oe5paTHOtt 

peKypcHett 

n [ n J-1 .An-1 (Y) = T- .Rn (Y) + -g-
(21) 

l.J.HCJIO n - HaHC50Jlblnee aHaqeHHe · N * H paccql'JTHBaeTcR ITO qiop-

MyJie 

* 1/3 n=N =p+45' +2+15 (22) 

HaqaJibHoe aHaqeHHe .An ( y) - , c KOToporo cne.lJYeT H8lll1Han 

cqeT , .A.1-1'11 = 6,o-o,o i. • M1a (22) nerKo y6e,1\HTbCR, qTo aTo 

Bl'l,ltOH3MeHeHH8fl ~ppMyJia (S) ,ltJifl oqeHb 60Jibllll'IX 3HaqeHHtt p c 

.no6a:eneH11eu liHcna IS. JleJio B Tou, qTo IS - sTo ql'JCJio HeBepHwc 

IS 

q11cen, KOTOpoe COITpOBOlK,ztaeT paClieT o6paTHOM peKypCHH. PaclieT c 

.YM6Hblll6Hl'!eM f1 l!CnpaBJI.ll:eTCR: PI Y"IK'? ITpaKTlftleCKH c n=_p+4p"3+2 

H86JII0,1l;B.KlTCfl TOqHI.ie 3H81i6HHfl .An l!:!) • 3,1(6Cb, B OTJIHliHe OT 'APY-

PMX cxeu pacqeToB o6paTHOH peKypc.11e~ (cM.paa)l;eJIH E III Jl) , He 

rrpe,ztyCMOTpeHa KOppeKr.urn no tiJOPMYJiaM (8)- (12). 8TRM, 11 0-BH,1U'IMO-

ny' .MOlKHO OC5i>RCHHTb yxy,1U11eH.11Ie TOqH OCT.H CtJ:eTa .An (:f) ,ltJifl 6 OJII,• 

ill'IX 3HaqeHHtt 5' ' ITOJIY''.leHHb!X B peayJIM:'aTe Hamero l'ICCJI6,1(0B8HHR 

ITO cxeue oCipaTHoU peKypc11a, npe,1J;JIOlf!eHHoU EopeHOM H Xa~MeHoM [SJ. 

PesyJibTaThl HaJJIHX HCCJie,ztOBaruIM rpOpMyJI (2I), (22) ITOKaaaJI.llI, qTO 

TOqHOCTb ClieTa· OITRTb CHJibHO 3aJll'ICHT OT CE B m ' a Taitllte OT 

p H n. • JlJIH MaJlblX 3H8tI6HH~ ~ B m ( m = I' 78-0, Ii. ) : 

,1(JIH MaJiwc 3HaqeHHM p OT O,OI ,1(0 s TOqHOCTb ClieTa B6CbM8 CTa-

6HJibHa H COCT8BJIReT Io-I4-Io-IS, KaK .ztJIR MHHMOH, TaK H ,1(6HCTBH­

T6JibHOH iracTett .An (lj) (npl'.I 0,1U'IH8pHOH TOqHOCTH ClieTa 8BM). JlJIR 

.f' "' IO TOtlHOCTb H6CK0JlbKO YM6HblllaeTCfl H COCTaBJiff6T IO-IO-I0-!3. 

JlJIR .P ~ 30 IIORb30Bancfl npe.ztJIOlf(6HHO~ cxeMOM pacqeTOB .An(!:!) 

,yJKe HeBoaMOlltHo Ha-aa peaKoro YXY.ztlll6HHH TD._""HOCTH cqeTa. 

)lJiff CiOJiblllHX 3HaqeHHH re B m ( m = I,28-I,37 i... ) .ztJIR 

MaJIWC · p "' O, OOI M AO 5' "" 3 TOqHocn ClieTa fin(~) OtI6Hb Bh!CO­

Ka l'I COCTaBJIHeT IO-I4-Io-IS. HairHHaH C 2 = 3 H C BOapaCTaJil'I~ 
eu .P TOqHOCTb cqeTa .Rn (y) IIOCTeIIeHHO yxy.zonaeTCff. Trut, 

!Ip.III S' = s TOtIHOCTb COCTaBJIH6T ro-I3-ro-I4 - IIpM 

p = 'SO-Io-
7
-ro-IS,a npH f = IOO,...., ro-S-ro-9, Kor.na 11-,P • 

ITpH n >p TOliHOCTb cqeTa .fln ( y) peaKo yxy.ztlllaeTCH Heaa.,... 

Bit!CM,MO OT BeJIMqHHbl .f : !IpM _f> "' 200 TOlfHOCTb COCTaBJifl6T IQ-3, 

MR .P,....., 300 - ro-5, a AJIR p ,.,, ~oo - ro-4 npM ycnoBMM n >J> 
HO He HaMHOro. ,llJifl 3THX 1lte p ' HO npH n <f TOtIHOC.Tb COCT8B­

JIH6T ro-9-ro-I0• 

I9 

I 
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110-B.li,1.U1MOUY t TOqHQCT:b cqeTa .An ( y) MOEHO HaMHOro y1!yq-

illHTI>, eclli1 HCITOJI:b30B8T:b B pacqeTax KOppeKJUiIO no ~opuyJiau 

(8)-(I2). ITO,Z\06Hmt pacqeT, BosuoaHo, ITJMMeHHJICH B pacqeTax 

.l(el1:ae [I7] ' .liHaqe HeB03MOlKHO 06'.DHCHHU TOqHl:ie pactieTl:iI .An.(y) 

.1\JI.R OT.le HI> 6 omumx ? , IT pa:a,Zla, IT PH He 60.ntmHX re B m • AHa-

JI.1130M pactieTOB ..An ( y) o6paTHO~ pexypcHeM c KOppeKiurnM Mli 

3a!iHMaTDcH He 6y,Z\eM. Bblllle yxasaHa cxeua xoppeKI~H, H ITPH ireJia­

H11H Kall(~ HCCJie,n;o:aaTeJI:b MOJ!teT BOCITOJID30Jl8Tl>CH eIO. HauHoro :qeJie-

coo6pa:rnee o6paTHT:&C.H K' pacqeTau fl,. ( y) rurropnuOM JleH -

:qa [IO] ' KOTOpIDt ,n;aeT cymeCTBeHH!ie rrpeHuymecT:Ba B TOl!HOCTH 

cT.JeTa .An {l:J) ·• 

H. PacqeT anropHTMou Jlem:~a 

<PopMyJia ,l(Jll! pacqeTOB .An (lj) anropHTMOM JleH:qa (IO] 3.ti.PJIH-

,Z\HT 

l.V~ ( !:f) = 
.An(tj)= 'PntY) 

n In-1/e ty) -+---
~ Jn+1/2 (lj) 

Tn-itz. ( '::!) 

In+1/2 (Y) 

_ 1a1 Maict1l · lctsa2a11 .... ·I a 9-1 ... a111 a9 · .. · a1/ 
- 1a21 la3aa1 .... ja9-1'.··02Jlag····02I 

ffi
1
+1 · I -f 

Om•=(-1) .2(n+m-1/2)y 

(a1I= ct1 =(-1)2 ·2(n+1-1/z)~( 1 

20 

(23) 

(24) 

(25) 

(26) 

i J 

f I a 2 • ad = a2 + a, 

f I a3·a2· ad= Cl3 +a, + a1 

I a +.i. 1 1 1a4·a3·a2·a1= 't a3+aa+a1 
(27) 

PacqeT (24) npoBC.ztHTCR IIOCJJeJ.tOBSTeJILao cpa:aHeHBe11 traCJmTeJIH 

H aaaueHaTeJIH J.tP06eU, HallPJllMep, /a?.· Oil /lctz. I mm 
I 0 3 • 02· 01I /I 03 · a2I H T.'A.. Tot1aocn c?IeTa sa;l{aeTca: sapa­

Hee, HanpHuep, I0-9• EcJIR tmCJIHT"eJll> H 3HBlfeHaTem, C011ll8AWJT C 

TOqHOCTI>IO,· 3a.zlaHHOH HCClre,l{OBaTeJiell, TO pacqeT RceM .lijl06H (24) 

npeKpalJlaeTCfl Ha TOM .n;po6H, Ha KOTopo.kt YmJ AOC!!.'HrHYT8 OT.UetieHHaH 

T01lHOCT:D. ECJIH TOtIHOCT'.b He lI.OCTHrHyTa, :ro C1ll!TaeTCH CJie~Dlllaff 

'A.po6:o, Hanp11uep, !a4 ·a3 ·02 ·a1l/la4·a3·azl H T.'A. •• noxa 

He 6ylJ,eT ).t0C1'HrHyTa YCTaHOBJIBHHa.H TO'IIHOCTI. Ctfe!'a :eapaxeHHJI (24 ). 

IloaT011y B 3WlHCHMOCTH OT' ml .fl 
.n;po6H :e (24) 6y.n;eT paaJU'ltIBl:illl. 

H TOqaom.'H cqe~ KOJIHtieCTBO 

IIep:eue ae Ha.nm p:acqem .An. ( y) ITO (2?) UOK8S8Jllfl liTO 

BlitIHCJieH.He · .An. ( y) MH Ka~oro n saruu.1aeT oqeaI> 1iuroro 

:ape11eHH. IIoaToa.:y 6.b!Jlo npHiUITo pemeIDie, pacqeThi rrp.wB0.1\KT» no cxe-

Me 
1 I a2 • a1j = a2 + j(i";[ 

1 
I a 3 • 02 · 01 I= 03 + laa. a1I (28) 

la4-· 0.3· a.a· ail:::: Ot+ + .. 
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PacqeT ITO (28) Il03BOJU'IJI HaMHOro yCKOpHTb CKOpOCTb cqeTa 

J'.ln (':I) • ;nanee 6wio o6palI(eHo BHHMairne Ha TO, qTo oqeHn MHOro 

BpeMeHH 8BM TpaTHT Ha cpaBHeHHe q}!CJll'IT8JIH H 3HaMeHaTeJIH ,llp06H 

,llJIH nonyqeHHH aa,llaHH0!1 TOqHOCTH cqeTa. Kor.zia 1IHCJIO ,llpo6etl BeJIH­

KO, cKaJKeM, 200,300, TO fia sTo yxo;zu1T oqeHn MHoro BpeMeHH. Iloa­

TOMY B Haruetl ITporpaMMe 110RION 11 paspa60TaH anropHTM, KOTOp~ He 

cpanmrnaeT ITepBbie ,llp06H , H TOJ!bKO TOr,lla, Kor.zia ,llO ,llOCTHlKeHHH sa­

;n:a11H Dill TOqHDCTH He ,llOCTaeT' CKW!teM' 5 ;a;po6ett, HaqHHaeTCH cpaB­

HeHHe q}!CJIHT8m'! YI 3HaMeHaTemI. ,llO ,llOCTHlfteHHH 3a.zia1rnotl TOqHOCTH. 

Cne.ziyrolI(afl ITpo6neMa - sro Bb16Dp roqHOCTH cqera ~YHKUHH Rnly) 

Ha 8BM. B rrporprurne 11 ORION 11 Bb16paaa O;zu1HapHaH roqttocu cqera. 

J;L(HaKO aa cqeT' 3TOro yBem1qeHa TOqHOCTD cqeTa CaMOtl ~YHKUHH 

.flnllj) ;n:o 10-20• 8TOT OITTHMYM ITOSBOnHJI IlOJiyqHTD ;D:OCTaTOqHO TOq-

HYID rrporpaMMY cqeTa .An l ':J) c ,llOCTaToqHO Bb!COKOH CKOpOCTbID 

cqera. 

!1ccne.zioBairna HamH rr OKaaa.irn, qTo .zina .P > IO, ecnH c O;zu1Hap-

HOH TOqHOCTbID cqera HCil0Jll>30BaTb OITTHMH3HPYIDII\YIO nporpaMMY 

EC-1045, TO ITPHMepHo B :iuia pasa MOl!tHO ycKOPHTn BpeMH cqera 

.An lY) • 
B pesyJinTaTe Bcex BH!llenpHBe,lleHHb!X ycoBepweHCTBOBaHHtl y.ziaJiocn 

nonytJHU ,llOCTaTOqHO BblCDKYID CKopocn cqeTa .An (lj) ITPH BbICP-

KOtl TOqHOCTH cqera. 

B ra6n. I Mb! ITpHBOAHM pesyJinTaThl cpanHeHHH pacqeTOB .An ( 1:1) rro 

ITporpru.1Me .l(ei!Be [ 4] ,Jleaua [IO] , KOTOpble ITPHBO]J.ffTCH B pa6oTe 

BHCKOM6a [7] ' c pesyJinTaTaMH Ha!UHX pacqeTOB fl n (lj) no ITpor­

pru.n.ie. If ORION 11
• HarrOMHHM' qTO ,Z(e~Be [ 4] ITPHBO]J.HJI pacqeTbl .An (YJ 

o6paTHOt1 peKypcviei'i, a BHCKOM6 [I9] }! rrporpaMua II ORION~· anro-­

pHTMOM. JleHua [IO]. B Ta6nHue ITpHBO;zutTCH tJHCJIO ]J.po6ett HJIH orre-

22 

f 

IOO 

II 

II 

IOOO 

II 

II 

II 

'' 

m 

I, 05- ~ 

I,50-i. 

I,95- L 

I, 05-0, OI i. 

I,05-0,H 

I,05-i. . 
I,50-0,IL 

' I,50- L 

I,95-0,I L 

I,95- i. 

PesyJinTaTbl cpaBHeHHH pacqeTOB 

pasJll'lqHlJIMH anropHTMaMH x ) 

Ta6JIHI.ta I 

l!vicno ]J.po6eii HJIH one pauHil 

Jlei!Be [4,I7] BHCKOM6 (7, 19] II ORION II 

4I I6 30 

80 22 4I 

I22 3I 55 

II5 53 ,87 

I2I 32 67 

555 20 4I 

6I3 I35 298 
• 943 28 59 

II08 254 744 

I370 42 86 

x) ;nettBe [4,I?] - o6paTHaH peKypCHH, 
BHCKOM6 [7,I9]- anropHTM JleHua [IO] - TOqHOCTb IO-~ 
11 ORION 11 

- anropHTM Jlettua (IO]- TOl.fHOcn ro-20• 

PauHil, KOTOphle He06XO]J.HMO BblqHCJIHTb, qT06bl noJiyl.fHTb O,llHO 3Haqe-

HHe .An (y) ,llJIH n106oro, Kal!(]J.Oro j> H m • PasJll'lqHe qHcna .zipo6e~ 

ITO rrporpaMMe II ORION II H BHCKOM6a (7,I9] CBH3BHO c pasJll'lqHeM B 

TOl.fHOCTH BblqHCJieHHH .An(\j): y BHCKOM6a (7,I9)- IO-S, a y Hae 

B "ORION II - 10-20• K COlltaJI8HHID, y BHCKOM6a [7,I9]He ITPHBO,llHTCH 

BpeMeHa cqeTa R~ (Y) , qTo6u cpanirnn c nporpaMMOit "ORION 11 • 

B pa6oTe BHCKOM6a [?] npHBO.llHTCH BpeMeHa cqera O,llHoro HS Kosqi. 

¢HUH8HTOB s~eKTHBHOCTe}!: OCJia6JieHHfl, oacceHHHH, norJIOII(8HHff HRH 
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a,zuiOJIOKaJ.Ul!OHHoro 0Tpaw.eH11H. B Ta6n.2 cpaBHHBa~TcH Terrepb y'r.3 

~ 

0,05 

O,I 

I 

IO 

IOO 

400 

1000 

Ta6nm1a 2 

BpeMH pacqeTa o,n.Horo H3 sHaqeHHM ~aKTopa 

3~@eKTl1BHOCTeitt pa3Jllil!Hbll.IH aJirOPH~MaMH x) 

BpeMH B ceKyH,n.ax 

.I{eittBe [4,I7] BHCKOM6 [7, I9] II ORION II II ORION II 

rn =I, 78-0, I m=I,28-I,37 
' 

- - 0,0057 0,0059 

0,7 0,018 0,0057 0,006 

• I, I 0,036 0,0059 0,0062 
\ 

3 '7 • 0,098 0,0071 0,007I 

22 0,54 0,045 0,0227 

- - 0,45 0,36I6 

I94 4,56 - -

x) ~et!Be (4,I7]- rrp11BOMJ1 pacqeThl Ha 3~ 360/50-360/91 
IO MJIH orrepaJ.U1itt/ceHyH;zcy 

B11cKoM6 [7 ,I9] - npoBOMJI pacqeThl Ha C•a!j-I - I MJIPA 

orrepaI.U11tt/ceKyH;zcy 

"ORION 11 - Mbl rrpoBOMJIM pacqeTbl Ha EC-1048-0,8 -

I MJIH orrepaJ.Ullitt/ceHyH;zcy 

B Ta6n.2 Bee BpeMeua rrpMBe,n.eHhl K cHopocTH IO MJIH one· 

pauHtl/ceKyH.llV 

2·4 

BpeMeHa Cl!eTa ,l\JIH O,D.Hqro M3 BblllleyKasaHHblX K03qxjl11UMeHTOB 3~@eK­

THBHOCTetl no nporpaMMaM .I{eittBe [4,I7] ' BHCKOM6a [7,I9] c pac­

l!BTaMH no Hamett rrporpaMMe 11 ORION 11 • KaK BHAHO HS Ta6n.2, CK o -

pOCTb cqeTa rrporpaMMOtl II ORION 11
, ,l\JIH OT,l\BJ!bHhlX f H m ' IlOl!­

TH B IO pas 6hlcTpee, tieM npH pactieTax rrporpaMMOiil BHCKOM6a [7,I91 

H i:lecpaBaeHHO 6hlCTpee pacqeTOB no rrporpaMMe ,ILeii!Be [4,I7] • 

y BHHMaTeJibHOro tIHTaTeJIH MOlKeT B03HHKHYTb ecTeCTBeHHhltl ·BOn­

poc: KaKHMl1 3TaJIOHHb!MH 3HatieHHffMH CITBUHaJibHhlX \iJYH.Kl.l,Hitt 11 norapHcp­

MMl!eCKOH npOM3BO,n.Hotl OT crreuHanbHOitt WYHKUHH pacnonaraeT aBTOp, 

ecJIH pel!b M,l\eT OTHOCl'!TeJ!bHO 0,l\l'!HapHOM - IO-I5 H ,l\BOtlnOM I0-31 

TOl!HOCTeitt Cl!eTa - Ha 8BM • .neiilCTBl'!T8JlbHO, ITOAOOHblX TaOJIHU B JIB­

TepaType HeT. nosTOMY no npocn6e aBTopa coTpy,n.Hl'!KH BU AH ApMCCP 

BO rnaBe c Katt,lU1,D.aTOM {flH3. -MaT. HayK r. E.MapaH,l(JKaHOM pas pa6oTaJIB 

cneuHaJibHhlitt anropMTM pactieTOB WYHKUHtl PMKK2TH-EecceJIH rrepBoro 

H BTOporo po.zia c B8CbMa BhlCO.KOM TOl!HOCTb!O Cl!eTa. HCHO, l!TO Ha 

,n.aHHOM 3Tane paaBHTHff HayKH no,n.o6Haff TOl!HOCTb CtieTa noKa He HylK­

Ha. !l03TOMY aBTOp HCITOJib30BaJI 3TM anrop11TMbl ;n:nH rronyqemrn Ta6-

11HI.\ i .. g,(p) l1 Xn (,P) c TOtIHOCTblO ro-31• Ta6Jil'!Ubl OXBaTbl­

BaJOT 3HaqeHl1ff apryMeHTOB OT O,OOI ,l\O 400 c orrpe,l\eJieHHh™H paayM-

Hb1Ml1 11HTepBaJiaMl1. !IpH 3TOM SHaqemrn n 11aMeHf!JOTCH OT I ,l\O 

n = I,3p (6] onf!Tb c paayMHb!MH HHTepBanru.111. 

B KaqecTBe 3TaJIOHHblX 3HatieH11tl ,l\Jlff ~YHKUl111 .Rn(y) 11c11onb-

30BaJIHCb pacc~HTaHHhle HaMH no anrop11TMY ~eHua lI01 3HatI8Hl1H 

.An ~lj) - TOtIHOCTblO ro-20• PacqeTbl OXBaTb1Ba10T ,D.HarraaOH 113MeHe-

H11fl .P OT O,OOI ;n:o 400 H ;n,Ba attal.femrn m: m= I,78-0,Ii. Ill 

m = I,28-I,37L • )Ll'!cKpeTHhle aHatieHHH p B3f!Tbl c paayMHb!MH 

11HTepBaJ!aMH. ,ZlJIH KalK;n,oro 3HatI8HHH r'n H p llbll!llCJieHMfl .RF\ (lj) 

npoB OA!1Jll1Cb ,n.nfl ,lU1CHpeTHblX 3HatieHHw n OT n = I ;n:o N * 
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ROTopoe npoepuo paBuo n= I,3p , a !Ollaee, no qioJ>Myne !J.»! 

JIS (5). BwUIC.teBBH llPOBOABJlllCI> Ali n qepes pasy1ume HHTep:ea-

JIH. 

YI . Ilporpaoa n ORION D 

llpeQe "Tl811 llpJIBOAHrl> nporpalOly "ORIO!f n' KO!Opaa Jl81IHCaHa 

aa H3JHKe PL/ I .. c.;1te..aex aecKOJll>XQ 3811eqWIHit no nporpaoe. 

Ilporp&IDla • Cl'UOJJ 11 DpeAflasHaqeaa Mfl pac11eTOB cneKTPWU.IWX 

xosq1qllinaeiaro11.: -ocnatSJieBJts - ro (A) , paccemurn - fp(A) , nor-

'1iOJll8BllB - fn (.A) W pQJIUOKWUIOHHDro OTpazeHJIIH - rpA (A) Mii JI 

CBOI Jltfi)JIH ll O~llBRSX liIO ¢Xi>I*Yll·8 . 

-2 (r. '! 
fi(A)= 1.!64S9·10 ) i ·N·f(i)·Xi.(m

1
p)d't llJ!,/Kll. (29) 

'?1 

SMc:r. "? - pa.1111.JC :a:anem. B JUQI, N - ucJ10 xanen 11 e.1J;11B11Ite 

06'.&e.11a - cx-'S, fC't)- m1onoc!':r. pacnpeM:aemrn K81Iem. no pasxe­

J>'LW, ITT=O-i~ - E'*lIJieJrelildt ll0Ka3B!e.1lli llpelIOllll8HBH, fl - D0-

2S°~ xasa'1'en npeno1u1e1BJIB'., FL - lIOKasairen nt>rJIOuteHIIH , .P"'-X-- 6ea-

pas11epad napa11e!'p .1t1!PP81CQD, .i\ - .lUlllBa BOlUUl B llDI, JCi(m,,p)~­

'l'OpH 3cppeK!'JIBBOCTel ( i. IlPJllUUISe!' IlOCJI8,llOBa!'eJll>BO saaqeHBa 

0 1 p, n e p~ ) coouie'l'cueaao OCJia6neBirn, pacceamrn, norJ10~-

HHH ii Pa.iutOJIOK8IUIOHHOro OTpBaeHBH. (!)aKTOplil 34JqleK'l'BBHOCTel COI'-

JiacHO IIIH!lJPHHY [I-2J H J{elJlileH~y [3] BlipazallrCH 

2 -Xo(m,p>=-:pa [, { 2o+ 1) Re (Cln + gn) J (30) 
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2 00 

J<p·(m,p)= .P2 fi (2n+1)(10n.l2 +/Sn./ 2
), (3I) 

J<n (m,p)=Ko(m,p)-.Kp(m,p) 7 (32) 

1 I 00 12 XfAA.(m,p) = .P2 ~ (-1t(2n+1)[ari-Bn] . (33) 

IlOACTallllJB (30)-(33) B (29), TIOJIY1li1M COOTBBTCTBY!Olll.M'IB 3HaqeHHH 

ro(~) 7 rp(~) 1 rn (.l.) l'l rpA(ll) • 

Ilporpai.&Ma 11 0RION11 HaTillJCaHa 'Am'! nepBoro :eapliaHTa, a llJMBHHO, 

;l(JIH I4 THno:e o6naKo:e, r'Ae pasMep1i1 KaneJib H3MBHHIOTCH OT i 1= I MKM 

llJ MaKCllJMaJlbHO. 'AO 'l 2 = 45 MKM , a TIJIOTHOCTb pacnpeABJIBHllJH Ka -

IIBJ!b n o pasr.iepar.i - t ('t) • cornacHO JleBHHY [ 2 0 ] 1 Il0A1:!11JHHBTCH 

raMMa- pacnpeABJIBHllJIO 

{ 

i~ . 
fl'-)= rc«.-t-1)p,o£+ 1 exp[-;J 'Z. >O 

'Z< O 
(3 4 ) 

B npe;zu10cne.l(Heli Ta6Jil'll.\B nporpaMMbl "ORION " rrpHB O'AHTCH napa-

MeTpbl (34) ;l\JIH 14 TllJII OB 06JiaKOB: '2-1 llJ 1.z. ' 38TBM 3HG.qeHllJH .J3' 
sHaqeHHH. o( H, HaKOHel.\, aHaqeHHH N B CM-3• 

B rrporpai..ir.ie 11 ORION 11 pacqeTbl npHBOAHTca MH I9 aHaqeHHtt ,zvrnH 

'BOJIH M~JlJlllJMeTpo:eoro llJ cy6MHJlID1MeTpOBOro ;zuianasoHOB llJ3 l'IHT6pBaJia 

IO-I MM qepes I MM llJ I-0,I MM qepes O,I MM. COOTBBTCTB6HHO B 
,..... 

IIOCJ16'AH6it Ta6JIHI.\6 rrporpaMMbl IIPll!BO'AHTCH saaqemrn n l'I re 'AJIH 

IIHTM '3HaqeHMH TBMilepaTyp: 20°, IOO, OO , -IOO Ill -200 llJ BCElX 
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19 3HaqeH11j,j AJll'IH BOJIH. 

KDSl_l)\(JHI.\MBHThl re (.7t) 1 rp(.i't) 1 rn (A) BbJqJ1CJIHIOTCH B BAHHl1l.\l1X 

AE/KM, a KDSc.lX~VII\MBHT rp11 (A) B M-r. B rrporpaMMe rrpvrBOMTCH 

KD3W\IJMI.ll1BHT rrepeB0,1la e~H.11!.l .1\.E/KM B M-r. 

ITo;zm:porpaMMa DQG 24 npeAttasttaqeHa J.lJIH Bh!qHcJiettvrH MHTerpa­

JIOB no \IJOpMyJie (29). 3ABCJ; li(B npvrBOAl'ITCH ITO,l\!IporpaMMa Bbl'Il'ICJie-
v , • 

Hl1!1 raMMa-cpyHKI.\VIM. 

IT DMporpaMMa Bhll:ll1CjJettvrj,j Ki. ( m 1.f) BKJIJO'l:laeT Bh!l:ll1CJIBHMe 

crre IU'laJI!>Hb!X tPYH!<l.\MM: \tiYHKI.\MM PmmaTH-Ee CCBJifi rre pBoro POAa - 06-

paTHOW peKypcMel1, WYHKI.\¥1.11 PMKKaT11-Hecc13JIH BToporo PDAa - rrpH­

MDI1 peKypc11etl l1 JiorapMrjJMM'!BcKott rrpo11sB0Moi1 OT @YHKI.\1111 P11KKaTM­

-EecceJI.11 nepBoro PDAa - aJiropMTMOM ] BHI.\a. 

i'!JIH HCHOCTl1 nporpaMMa "ORION II CHa6JKeHa lIOHCHl1TBJI!>HblMH Ha;zurn­

CHMl1 M KOMMBHTapMHMH. 

B pasAene B1i1q11cJieHMH tlJYHKI\11.!1 ..An ( y) 
.11MBBTCH KOMMBHTap11.!1 

11

06xo,1( HYJIH
11

• KOTOphl.!1 Tpe6ye T 06'.bHCHBHl1H. Ilp11 pacqeTax .An ( IJ) 

anropMTMOM ]BHI.\8 M8JIO BepOHTHO, OAHaKO He MCKJIJOqeH CJIY'Ia.!1,KDI'Aa 

OA~H M3 3HaMeHaTeJiej,j HerrpepblllHOtl AP06l1 MOlKBT OKasaTJ>CH MBHJ>llie 

pacqeTttoro HYJifl SBl.li. B STDM cnyirne .zipo6J> 6y;zi.eT CTpeMMT1CH .K 

6ecKOHB'IHOCTM 11 AaJll>HB.!1lliMM cqeT Herrpepb!BH0.!1 ;zi.po6M rrpeKpaTHTCH. 

4TD6H l1CKJIJO'!HT!> yKasattttyJO CMTYal.\MIO l1 pacqeTu npOAOJilKV!T!> .zio ~o­
r11qecKoro saBepmemrn, B nporpaMMe "ORION 11 , corJiactto Mo;zi.en.11 , 

rrpeAJIOli(BHH0.!1 B pa6oTe ]eHI.la [IO] , paspa69Tatt aJiropvrTM o6xo.zia 

HYJIH. B KOMMBHTapMH.X 8TOT anropHTM 0603Haqea "o6xo;zi. HYJIH". 

B rrporpaMMe II ORION If Bee 0603Haqemrn c OOTBBTCTBYIOT 6yKB8HHbll 

o6ostt~'!eHMHM BhlllierrpMBe;zi.ettttwx wopMyJI 11 nerKo pacm11qipOB.b1Ba10TCH • . 
Ha neqaTJ> BhlB0,1lHTCH ,1laHHh!e DTABJI!>HO ll.JIH KalKAOro l13 14 THITOB 

06JiaKOB (CM.pas;zi.eJI rro;zi. KOMMBHTapvreM: 11BblB0,1l pesyJIJ>T8TOB 11 ).KaJK-

28 

;zI.blf.t Tl1Il 06JiaKa BKJIJ04aeT l:lBTb!pe OT;zI.BJI!>HbIX MaCCMBa COOTBBTCTBBHHO 

AJHL K08@1.11Ul18HTOB ro (Ji), rpP·L rn (A) B ;zi.E/KM H rp..\ (.7t) B 

M-I. Kali(,1lh!tl MaCCMB BKJIJOqaeT 19 CTpOK no qMCJiy J.lJIMH BOJIH l1 IlHTl1 

CTOJI6l.\OB - ITOCJI8,1lOBaTeJIJ>HO ;zI.JIH 

H -20°C. 

TeMrrepaTyp: 20°. 10°. o0
• - ro0 

].{aHHh!8 ;l(JIH ro, rp, rn 
3HaKa IT OCJI.e 3arIHTOM. 

• 

l1 rp11 rreqaTaJOTCH C TOqlfOCTb!O Tpl1 
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//ORION .lOB 11191111Al 1 'APYTllHRH H,n,•,REG!ON~2'6K 
//ST1 E~EC PL!XC~1TIHE;tJ0 . 

!••···························································' I* r= YH~8EPc~nbHAR nPOrPAMMA •Q R I 0 N» == •I 
I• PAC4ET KD3••H4HEHTOB ·acnA6nEHHR1 PACCE~HHR, nornOijEHMR *' 
,. 11 PAAHOnOKAUHQ~Horo OTP.A~eHHR eneKTPDHArMHTH~X eonH •I 
I• . Al1GnEPQHIJA OPE~D~, . *' 
!•················································~···········' I NOVNOERf~OW I I 
AIVPIPRQC OPTIONS(MAINll /•I • HAPMAH? •/ 

PCL (C8jR01C1AA1BBiA71G71RMI Rlti •fLOAr(H1'; 
ALP BIN Fl~EO{'lll 

ocL 11c1,c2,c,iG41Q511141,1cc1,cc21oc';cc4j 12r1 
1su11q114111SU'1~0,SUMSR1SIJMSP,SU~'SRL) I l41 l9t5fl' 
1c1,c2,c3,c41 (14JJ BIN FLOAT(5}1l 

OCL (QQ, IAB1AC!o!19'i5J 1llft911SD1SR1SP1SRLilJ1SOJ,SRJ1 
SPJ1SRLJ1 fACl1RC2l f8J 1 Q~1HAVQl1411SOK 1 SRK 1 
SPK1SRLKl ~IN f~OATl5Jl I 

OCL (NJV1~APA1L•M1~l,R21AiENI BIN FLOll(5Jll 
PO L•l TO I•! 

GET LIST!GllLJ ;r.21LI ,C3(LJ',r.4(Ll 1G51Ll) I /•••••••••••••••••/ 
END! I• • I 
00 Kl•! TO 191 

CEf LI SfIAL (I(\) Ii 
00 11=1 TO Si 

I• 
I• 
I• 
I• 

BBOQ 
HCXOP.HbtX 
~~HHblX 

•I 
•I 
•I 
•I GET LIST!ABIKt1l!J;Ac(n,1111; 

ENOj , ...••••...•.•.•.. , 
ENO! 

I G: 11 
AA•4,!887~~•6lPB ; l;36439E~21 , ••.•.......•...•.••••..•.••..•.•.•.•...•..••...........•.• , 
I• 6~306 noQOPorPAM~ PAC4cTA HHTErPAl!OB AAH •/ 
I* KOS,•~4~E~TOB ocnA611EHHR, PACCERrlHR1 nor11D~EHHR H •I 
1• P~A•10110KA4~\0HHOro OTPA~'-H"'R. .., 

/*•••••••••*********•*********************•*****•*•••••••*•/ 
"O L•l TO 14j 

Rt, GI ( l )j R2 ·~2 IL I l ~~a G 3 IL I I ALF :;Q 4 IL J i E N=G' ( L I i 
ll~llDALL 0Qo241R11~2.~a1 jQQ•EN•AA•&ll 
SUMQ(~l•flQj 

00 K!•l TO \H 
LAM•AL fK\!1 

DO ll•l TQ 5~ 
"llV•ABfK!111JJKAPAa•C!K11llli 

11•21CALL OQG24fR11R2isor1~o·EN•BB•SOI 
SUMS0(~1Klil!l•SO~ -

11=31CALL OQC24lRl1R21SRJ lSR•~N•BB*SRl 
SUMSRIL1Kl~l!l~SRI . 

11•4!SP~SO~SR!S~MSP(L1~!1l!l•SPI 
ll•S!OALL OQG24IR11R2jSRLI IS~L=EN•d8•5RLI 

SUMSR~J~1Kl1l!l;SRL•1 1 9t•'/4;'4294E01 
~NOi 

ENO! 
ENO! 

1 •••••••••••••••••••••••••••••••••••••••••••••••••••••• , 
I• awpoA PEJ.Y~bTATO~ •I 

'··························~·········~···············••! 00 L•l TO 141 
PUT SKJP(41 EDITI •QQ••,suna1 IA IJl 1E(22, l'l I 1 
PUT SKIP(~I E01Tf'JHA'4EHl1R »S0»•1LI (00L00J jA(15l 1X<5J ,Ff2l l 1 

00 Kl=I TO 191 
PUT SKIP EDITIA~!Kll 1SUMSO(L1K\1•l I IEl71 ll i l'ffX (211Eli I 1'1 I j I 

ENO! · 

FUT SKIP(3J EOJTf '3HA4EHHR •SR•·.1.11eOL (3011Af !H1X 151tF12i l I 

30 

00 W!=I TO 191 
PUT SKIP EOITl~~IKIJ,SVMSR(L1K!1•ll!E(71ll;1sr1x121,e111,si1i1 

PuT .SKIPPI EDIT( •3HA'IEH!ol~ .sP•. 11.l ICCLlHI 1AllS! 1X !51 oF (2i, I ENO! 

00 Kl•\ TO \91 • PUT SKIP E0iTIAL!K1J 1SUHSPIL1Kl1•lllEl71ll,IS!(X!7.l1Ef!!15llll 

ENO! PuT SKIP(Jl EDIT! '3>iA'IEH\1~ •S~~•'1Ll1CQU39J ,A 1151,x151tf121 JI 

00 ~!=1 TO 191 ' . 
KRQ PIOK r•DQl61'i!YloPR•WH1'111'11!•1•l)lr12,y1,cellSIKl;f(YY•0J)J 

ENO! 
END; 

/•*·-·········~····•***•·····~···~··················~~·•! 
1• noAnPorPA~HA Rbly1'\Cne-.11q 1'\~TErP.An• ., 

!••······················~···························-··' 
O~G24IPROCIXL1XU1Y~I l 

OCL !XL1XU1YN 1AIB,C) 
BIN FLQAT 153)1 
~y BiN Fl,OAT 15311 
XV1241 HIN FLOA1 1531 ST.<T!C t•!T 
14,975936G999851B7~·01, 6,17 36 1Caoq9?J630E-?,3, 
4 1 873642779~56547E.311 l,42~569 4 314466BJE·12t 
4,69tJ7276~~13664~.n11 2,21Ja1194!87~99~E-321 
4,432~77635~220G5E."l• l,964?2924577!839E·"2' 
4,1a~e~992986951SE.01. ,,667324 3 7~S54~15E-~2, 
3,7~0620957892772£-011 4,J09Sa8375S97664E·~2, 
3,24046B2S9684878E.31• 4,ss0952sas2i5694E·321 
2,7271~7356944196E.Ol 1 i,372213505798282E-~2, 
2~1aB96753~13~226E.~l• •,7752~340268628•E·32 1 

\,57521339~480817E.Ol• o,o83S2364639017~E-~2. 
9,555943~736~0815E.~21 o,291S72~17J41415E·A2 1 

3,2~284~643130281£.~21 o,39h9>97673376CBE·~21l 
A = ,5•!XU+XLJ i 
~ : XU•XLl 
LY = ?.j 
QO L1• I TO 23 BY 2; 

C = XVIL!l•Bl 
LY • LY•X•lLl+ll•IUNQ!NT1A•CJ+UND!NTIA•CJ) l 

ENOj 
YN" l,Y•BI 

ENO oqc24; , ..•...•......••.....•..••.•••.......•••.•..••...•....... , 
,. nonnPQrPAHMA.OY~K~MR 8M4HCnEH~~ ~oa•,~UHE~TO~ •I 
t• 1101 KR M KR~, •I , ...•....•.•...•.•...•.•.•.•...•...••..•.•.•.•.•......... , 
uNoINTlPROC(RI RETURNSIFLOAT BtN15,Jll 

OCL (Z1A 1 •A1BR~ 1 SA1NSA1NSN 1 SB 1 ANY(80~11 CPLX SIH FLOAT(5311 
1uc0:~001,RJ,RQ1XSI BIN FL0ATl53) I 

(MN1N~tl 1N~X1NMNI BIN ftXEOi3ll l 
OCL (M1Xl1Xll1AN1BN1KRLI cP,x F~OAT SlN(S31• 

(BJ1•11800t1PB~l80011KR 1 KOl BIN fl.,OATISJI 1 
(SS,NR1R1Pl1A6iP,B01Ev1,ev21 A!N -~~Al(53Jt 

KK BIN FIXEOt~\lt 
(611(•118001 RIN Fl.0AT!53) 1 
(J 0 K 1 ~jNOI B!N FtXE0(,11 i 

O~ OVERf LO~ i 
ON PIXEDOVERF~OW I 

Pl•~,14\592653'8979323e~E0;R0:2•Pl*R/LAMl 
M~CPl.X(N!Vi•~AP~li 

If !G=l THEN NR= (R••A!,F•UGA~HA I (ALF +1 l /~0•• I ALF+ 11) •EXP i'"R/R0 l l 

Et,SE 
\F !C=2 ~>iEN NR•( 1~~1)/2~1*12~/wJ••S;oUE 

3I 



IF !C•J THEN NR•(B•!l•f8S1RJ••8/8'IELSE 
IF IG·~ THEN NR=(B•!J•(C/e~1•r8~/Rl••BIELsE 
IF IG•' THEN OPIG8~ofA~F*Rl/fG7°RMJ I 

NRPA1•~••A~foEXP(GSilEND; IF 11•1 THEN G91Q ~ITI 
XS•R0•4E8•RO•oJ4JJJJE01+2EA; 
Z~RO•M; 

I• PAC~ET ANy , 
oo NN=1,xs1 

8RJ=2E0;fNN•5ER1l/ZI 
SB•f•2E0l•CNN+!43f01/Z; 
NA•S8j NSN•8RJ• 
SA=SB•tE0/8RJj BRJ•BRJo(SA/SH/j NSA=SA( 

•I 

oo l•J ay 1 •w1~EcAasrsA.sa1>1e.2011 
A•(o1E01••fl•!l•2E0•fN~·r~sE•ll/Z; 
SA:A+IE0/SAiSB:A+!E0/59; 

If SA~e THE~ 1• osxon HYnR •I SA=(Ao(NA•NS~•lt+NSNl/JNA•NSN+!li 
NA:A; NSN•NSAI NSA:SAj 
BRJ:aRJ•fSA/SB>l 

ENOJ 
ANY(NN>:•NN/Z•~RJ; 

IF NN•I THEN N~X=I~t;E~SE NHN={•ll ENO; . 
IF NHX<S THEN r.oro Lli 
IF NMX<25 THEN DO; 

NHX•NMXoJIN~N=N~N.3; 
END;ELSE Do; 

NHX=NMX•SiNMN:NMN.s; E~or 
LLrDo NN=2 To XSwl; 

MN=NHX.((NMX·N~Nl•NNJ1xs1 
BRJ=r2E01•f~N+5E.111z1 
SB=f•2E~l•rNN•t15E0J/Z> 
NA=sa; NS"=BRJ; 
SA=SB•!E0/BRJj 9RJ=BRJ•rSA/S~)I NSA=SAr 00 l•J TO ~NI 

\ A•(•IE0/•ftl•tJt~E0~fNN+l •5E•ll/Z; 
SA~A+1EB/SA1SB=A•1Ee1sa; 
If SA:e THE~ I• osxo~ HYnR •I SA=(A•tNA•NSN•t••NSNl/(NA•NSN+tll 
NA•Ai ~SN•NSA; NSA:SA; 
8RJ=BRJ,(SA/ss1i 

ENO! 
00 !~MN+! BY I WHJ~E(A8SfsA.Sa)>lEn2al I 

A•f•IE01••t1•11,2e0•1NN•J-SE•111z;· 
SA=A•IE0/SAl!S=A•1e01se1 

IF SA~0 THE~ I• 06X04 MY~R •I SA:fA•(NA•NSN•!t+NSN)/{N4•NSN•ll i 
NA=A; ~SN•HSAI NSA•SAI 
INOUNDERFLOW)I BRJ•8RJ•(SA/S8)1 END; . 
ANY(NN)~NNN/Z•BRJj 

ENO; 
IF R0>0&RO<•j8~ THEN OOJ 

JMAl=0iN••0 0 2JDOE"2•R0••2•1,~J7•RO•JAI 
eNo;e,se 

IF RO>l~A&R0<•7S0 T'HEN DO; 
JHAJ:t1N=l,f45QR0+36i 

ENDiEhSE DDI JHA1=21~oro F!N> · END; 
BJfNj•~En3BIBJ(N•tJ:0; Op J~N BY ~I TD li 

BJIJ8l/•((2'J*l~IRO)•BJ(J/~8JfJ+IJI END! . 

32 . 

' 

80•BJ(0)o021 
00 K~I TO NI 

. 89~80~!2•K•ll•B~(Kl~*21 
E~Dl 

Pel/SQRT !Silt I 
O~ K~0 TO NI 

PBJ(K);:;P•BJIKI 1· 
BJIK)qPBJ(Kt.1 

ENDI 
I.I IKR1K01KR.L,=0l 

BK(sll=9SINIROl4BK(0l~QOSIR0fl 
!••••••••••••••~•••••••••••••••••••••••••••••••••**••••••' 
I* B~~HCnEH~E KQ3••~u~EHTOB ANj BN H tYHKU~~ •I 
!• ~Oo KR 11 Kql. . •I , ..••••.....•.•.....•••..••.•.....•......•••..•.•.•...... , 
DO J•I BY I TO ~Si 

RJ:JI 
BK(JJ•(2•RJft\)•BK(J•l)/RQ•~~IJ•21 I 
EVt•R0•3J(JllEVl:RO•BJ(J~lli 
Xl=CPLXfEV11~~!~1llXll=CP~Xf~V2iqKIJ•1ll I 
A N •IA~YfJJ/~•RJlROl•EVt•EV2i 
~ N =AN/ I f A :-iv {J 11 'l•R JI ~o t·. x I "x 1 I ' I 
8N=(M•ANYCJ~•RJlRO)•EVt~EV2i 
~ N= B NI ( I~ oA N' ( J). R J/ R 0 r. x 1 ~x l I I I 
~R:KR+(2•~J~IJ•(ABS{AN1••2•A~S[8Nl••21 l 
~O=KO•(~•RJ•i>•REAL(AN•BNll 
~RL=KR~+r.1t••J•(RJ•SE.11•1A~.s~1; 

ENDI 
KR•l2/q0••21 • KR1K0:(2/R0••2t•KOI 
KRL•4•tABSJKRL~t••2/ROo•2l 

1 ••••••••••••••••• *$·······························~··•••/ 
I• PE3YnbT~T~ ~cnonb3YEH~E An~ B~~~C"EH~~ B •/ 
I • ::"10QOPOrPAl1"E n~~24, . . •I 

' · · ~ ·····~········································•*•••••/ FITllP IG•I THEN POl 
lF 11=1 THEN ss:NR•R••3iELsE 
IP 11•2 THEN ss=R••3•NR•KQ.ELSE 
IF 11•3 THEN SS•R••a•NR•KR1E1.,SE 
IF 11 ~ 5 T~EN SS•R••2•NR•KRL;IENOl~LSE 
IP IC=2 THEN 001 
IF JJ•I T~EN SS•NR•R••JIELSE 
l~ JJa2 TMEN SS•R••a•NR•KOtELSE 
IF JJ~J T11EN SS•R••2•NR•KR;ELSE 
JF JJ:5 THEN ss·~··~·~R~KR~;ENDl~LSE 
IF IC•3 THE~ SS•~R1e1.,se 
IF 11:•4 THEN 001 
IP KK•I THEN SS•NR•R••llE~sE 
IF KK~2 THEN ss·~··2•NRfKD1ELSE 
IF KK•) THEN S$•R••2•NRfKRtELSE 
IF ~K•5 THE!i SS•ll••2*11R,KRL;lEllOt~LSE 
IF I~•' TME~ 001 
IP H~~l TH!N SSaNR•R••3IELSE 
IF M~•2 T~EN SS•NR••2•NR•KOIELSE 
IF M~•' T~E~ SS•~R••2•NR•KRIELSE 
IF H~•5 THE~ SSJNR••2•N~•KRLIEND! 

.RElURN(SSJ I 
FINI !NO UNOINTI 

/oo•o••o•••O•••o•ooooooq•o~o••••O•••o••••*•••••••••••••••I 
I• nonnPorP~~~A.tYHKWHA BW~HCnEHH~ r~HHA tYHKQ~H •/ 
l••••••••o•o•o•O•$•••••oo*oo••••••••o•••••o••••*•••••••••I 
OGAM~Al!PROCIGI RETURNSIBJN FL~AT(53l~I • 

DO~ 1c,xz,yzr BIN PLOAT(i31l 
XZ=GIY?a\E~i 
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DO W~J~E(XZ•1E~liXZ=xz.1c01YZ;TZ/XZIENOi 
DO WHl~E!XZ~•!E3)1YZ=YZ•XZIXZ~XZ•1EllEN0j 
(~ Xl"'=lEB THEN 
YZ=YZ-( f ( (CI ( (I I (I { { C ( C ( {I ( (I { { ( 

1E•16,XZ+,4E•l61•XZ.,54e•l61•XZe206E•!61• XZ 
•5100E•\6~•XZs3696RE.t6l•XZ+77823E~16l•XZ 
•1~43S27E•161,XZ91!'12746Ew!6l•XZ+SIB~8175E.161•XZ 
+6!!6~•s0e-16!•Xl•2056~38417E•16i•XZ 
•1133~212J20e.16r•~z .. 1is04934e21e~16r•xz 
.. 2,w1349547S07E.5)•X!+12,8~592823882E•5F•XZ 
•21,5~4t6741149E 9 5!•XZ~!\6 1 516759t8591f~5)•XZ 
•72!,a9432466630E•5l•Xl,962,197\527877tS•51•XZ 
.4,2tY773~5555443E~21•XZ•16,65386!13822915E.21•XZ 
w4 1 20~263,0340952Ew2JoXZ.6,55876~715212S38Eoll •XZ 
+5 1 772\566490\53%9E~tl*XZ+IE~l•XZil 

RETURN!H)l 
ENO OCAM~Ali 

ENO A!VPI . 
//• ~CXOAH~E ~A""~E H! 1 R2, ~0 ., 8 MK~, ~LF1 EN ~ 8 l/KY6, C~ 
,,. ~cxon"~E aAH"~E LA~ 7 B MKMi N!V ~ KAPA anA TEMOEP~TYP 
,,. COOT9ETCTBE~HO •201 •!61 0, .10, .2e r••1~~ftbCHR, 
//CO,SYSl'I OD• 
1 20 !,666 l 188 
I 20 1,se~ 2 246 
I 20 2.!66 2 117 
I 20 1,566 2 155 
I 2~ 1,633 2 116 
I 20 1,50~ 2 472 
I 20 3,333 2 1033 
1 20 1.0~0 2 i967 
l 20 1,333 2 1677 
1 2~ 2,000 2 925 
1 35 1,666 6 247 
I 35 1,666 6 247 
1 45 ,,,ae 5 55 
1 ~~ 3,,0() 5 55 
1~00~ 5 1 6a 2' ::s 4 510~ 
9000 5 1 33 
e000 5,05 
7000 4,74 
6000 4,42 
500~ 4107 
4203 3,70 
3003 3,31 
2eeil 2,90 
1003 2,56 

2,6( 4,76 
2,76 4 1 51 
2,67 4,24 
2,,, 3,96 
2,38 3,66 
2, 15 3136 
1,84 3104 
1;42 2,73 
1,01 2,45 

218~ 4137 2,60 3,75 2,26 3,21 1162 
2,12 4,16 2,se 3,59 2,14 3110 li70 
216l 3,95 2,37 J,43 2,01 2199 1, 51 
2,,~ 3173 2.22 J,26 1,ss 2,9e !143 
2,3, 3,s1 21~5 3;10 1,68 2,77 1.2e 
2,15 3128 1185 2193 1,c9 2,98 I 143 
l,91 3,04 1161 2,77 I, 27 2,S7 0 192 
t,6a 2,a1 !,31 2,61 I, a I 2,~8 0,12 
1,2a 2,59 s,95 2 148 0;11 2,41 Bo49 

903 2,47 
sea 2,45 
7U 2-1 39 
60~ 2134 
SU 2 1 29 
400 2122 

'333 2, 13 
20il 2,06 
100 1,98 

0 169 2,2e 0,s8 2126 
9,96 2,40 0,s, 2,24 e,54 2 120 
0,87 2136 0,74 2,20 0,51 2115 

9;37 2,13 0,2, 
0,42 2106 0139 
0,38 2,03 0,25 

A,~\ 2, 32 A,7, 2 1 18 0 0 48 2 199 9,35 1,99 012d 
0,11 2 12a 0,10 2 1 1s e,44 2,04 e;J2 1196 0,24 
.0' 71 2124 0,6, 2 1 11 0,43 11 99 A,29 1,92 e,22 
0,62 2119 0 1 58 2 1 ~5 3 0 38 1I94 0 ,"1!7 1,89 012f e,55 2 ,12 e,sJ 1,93 0,35 1 I 91 0,26 1,87 P. ,2 ! 
0,48 2105 0,51 1193 e,30 l t 91 0,27 1,87 0124 0,47 1197 a,~7 1,96 0 .. 30 1183 0,'7 j I 79 i'if 36 
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