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BjiropHTim H nporpaioiu aa HSURO 40PTPAH on*
$aaoBux tcoopAimav, aneHeasoB optima, TOOZHUX

napBoro H Btoporo nopnAxa OT OAHHX napauetpOB ABHSOHHH no apy- .
rat B a«Aaq« ABJX tea. ytcaaaHHue ajiropRTua (CSO^BIDHHCTBO aa KOIO-*
fax paapaDoxaHO aBiopanH) nparoAHU npti nv6ux aaaqenHnx aKoueH»-,:
pHoneta • ysoOHU ASH BinHoneaHH paaaHinux HaBHrapioHHUx napa-
Metpoa

She algorithms and POBTB&H-prograoB for computing pooi-

tione and valooiti«s, orbital elements and first and aaoood

partial darivativea in the Two-Body problem are preaented.

Thas« algorlthas (moat of them are developed by the authors)

are applicable for any value of eccentricity and are convenient

for-computing various navigation parameters.
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I. BBEHEHHE

• 1.1 .ripfyt'iapHTejihUMt-! 3aMQ'iannfl

B aanaiax KOcuBiecKott naBHrauBB B nedeoHofl MexaHHKH BOS-

HmcaeT ueo<Jxo.UHMOcTb B BHqHOJieHBB pa3JM«jHnx napaMexpoB ooxyaa-
pyaaeit KenJiepOBCKOft opdiira: $asoBux KoopflBHai, ajieueHTOB opdB-
TH, MSTPBU qacTHux npoHSBOAHHX OT o^BBX napauexpoB TpaeKTOpHH

no ^pyraM~H T.n. leJiaTeJibHo, qtodu $opMyjra MH 9TBX napaueTpos
(5HJIH .uooraToqHO npocTU K yHBsepcaJibHU, T.e. HO menu <5u neonpa-
flejienHOCTeB H ocoOeHnocTet) npn nepexo.ne OT o.unoro Tuna Ken^e-
pOBCKOfl opdBTu K KpyfoQ (as BCKjnoqeHB6M Tex c^yqaes, Korjia STB

ocodeHHOcTH BUTeKawT 03 caifforo csoncTBa ecno^BsyeMoro
B HacTonmeR paOoTe npHBe^eHti yHraepcaJiBHae B naadojiee

c TOTOB apeHHH oBTOpos ajiropHTMH. PeoeHBe
B BHqacAeHBe BpeMBHH nepe^eta Mea^y AByua noJioaeHBHUB na

npoH3Bo.iwTCH cor^acHO padoie [s], a pacieT
npon3BOAH'jx nepsoro H BTOporo nopauca OT np^MoyrojiBBiix

no HX HaiajibHUM 3Ha<ieHHHM B rpaBBTauBOHHOMy flapa-
- corjiacflo paOore aBtopos [2] . B n.3 nepese^eHa

MU BUIHC^eRHH paSJURHHX 9Aet/ieH'i'OB OpdBTU B 13CTHUX npOB3BOAH.HX

OT npHMoyro^bHux (faaoBux KOOpAuaaT no paaJiBc:uuM

B3 meCTB D.ICMeHTOB OpdBTU. OdUIHO RJO. flpOBSBOABUX HO

COBOKy080CTH 8^eM6HTOB BHBO^aTCH CBOfl

"03.18H



9.jyiHyH> cHCTeiny pasjuwwe Hadopa ftopuiyJi AM 80

9JieMeHTpB 0 c noMoiubra ojiHOfi nporpawMH BH<HICJIHTI> npp03BQHHHe no
sanaHHOwy nadopy aJieweHTOB. 3ro aocrarHyTo sa c<?eT
OCHOBHOfi COBOKyflHOCTH 9JieMeHTOBi flpHrOflHOB flJW JtodHX

.op<50T 0 nepexo.iia OT aiofi cosoKynHocT0 K aa^aHHofl. TaKofl

odecneqimaeT ^ocTaToiHO npocTyjo peeuwaamss)
Ha 3BM 3aeM6HTOB jj npOHSBOjctHHX, a Taicse flaei BoaMOSHOCTB

nojiyqaTB $opMyjm ^jyin npoHssoflUHX no jnodoray aadopy ajieMeHTOB, He
paccMOipeHHOMy B'flaHHoK pafioTe. , .

B HpHJioseHHH npHBejteHH on0caHna npprpaMM,
HSJIOSeHHHM aJITOpHIMaM, a T6KCTU 3T0X npOrpajM H8 S3HK6

I.2.CBO.UKa otiosflaqeHHg a Hcnd^BsyeMHX
BBO.iyiMHe BeKTbpa paccMaipHBaioTCfl B. $opMyaax KBK

rtH. Hanekc "T" osHaiaeT TpaHcnoHHpoBaH0eif Hanp0Mep, r i

Hpp03Bc«HaH OT BeKTOpa no cKaaapy BCTB seKTOp, or CKaJwpa:.nq

" - MaTp0pa-CTpOKa, npoaaBOflHaa OT n Hflepnoro ?ei?Tbpa no

seKTOpy,:'- MaTp0nta pasMepqa n x. m. '
nepe«}0ca0M TenepB ocHpBHHe. 03 HcnojitayeMHX 0apar/!eTpOB

napaweTp;
t, t0 -'TeKyJCiHfl 0 HasaffBHHa MOM6HTH BP8M0H0;

r, v - 3-MepHHe B6KTOPH KOOPAHH8T H CKOpOCieiS B

Koopfl0ftaT, Ha^ano KOTOpofi coBrraflaer c" np0THr0B.aEiaHM

r o|f| , v -|v| ;

- I — 6-MepHHfl BBKTOp.

.B MpMeHT V -OT ni 3HaHeH0fi..B;MPMeaT. BpeMefi0't



HHReKC "o"; Hanpm/iep, f(t0) - ?0 H T.n.
ropaux HHTerpanoa aaAam asyx TBA ( K KOTOPUM OTHOCHTCH

op<5nTu) HoncwibayOTCH cjie,nyK»HHe odnionpHBjmie odoaHa-

• » f x r - HHTerpaji

o .|o| i

? - - -jr+ T x 5 - HHTerpaji JIanJiaoa;

h . r —j— _ HHTerpaji 3HeprnH;

d • - TJ - ocipaTHaa Conuaaa noJiyoct. (co
•j

* ™ j — ooJiBDafl noJiyoob (oo
.2

P • JT - $OKajrbHHfl napaweTp;

- cpeAHee

Q - AOJiroTa Booxouwmerp ya^a;
12 • • «o»« , f^ .* «ia4>- npoerayfH Bexropa -~— Ha

yajiOB B nepneHABKyjiapnoe K wefl uanpaBJieHfte B IHIOOKOCTH opOHTu;
P

*f • —— - paaayc nepaucHTpa
1 •»• a

* *2

- BpeMeaa npoxoxAeHHa icpea nepHuaHTp n

c r, T, t B padore gcnoxksytncn
Rie napaMBTpu;



>i » b> + - apryMeHT

.•4,= nCt-ty), Mjja nCt-tg) - Cpa«H0e aflCMaaHH, ;OTC9HTHBa«MEI8!

OT nepmtearpa H yajia; ;
tp- pery^HpasoBaHHoe speMi, onpeflanaaioo 03

ypaBHeHHH

f|p- —• , tp(t0) - oj corJOCHo [2] ,

cRopocrt;

.1.
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2. yHHBEPCMLHHE AJETOPWIWU 'EACTETA-THOTOWX 4>A3QBHX.

KOOPJOMAT H MATPWI K30XPOHHHX OPOWaBOJUBC HEPBOIX) H BTOPOTO

TCKVI'IHX KQOPfflHHaT (nbjnPorpaMMa

KBPLER)

HO 38AaHHUM B8KTOpai/l ?Q, VQ KOOpflHHaT H CKOpOCTeM B MOM6HT

t0 B HHTepsaoy t - t0 TpecJyeToa Buwtcnan BeOTbpu r, v

B MOM6HT t. JSjIO. 8TOfl U8JUJ

anropHTM [l] o

Bnaiane onpeflejme
H3 yHKBepcaJibHoro ypaBHeHRH

pei7aflp030BaflHoe Bpews t . OHO HBXO-

(t-t0) . ̂ tp
2 0(y) +. (1-r0S)tp

33(y) * rQtpt(201)

y>0,

r0'HaxoAH?cH ooiviaoHO n. 1.2, y

C(y) u 3(y)

"" (-1)n
o(y)

(2n + 2)! .
(2.2)

(VT- , y>o(
(2.3)

y), y<0.
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B ncwnporpaMMe KBPLBR $yHK00HC(y), s(y) . Bunewmnoa.
w npn f y l 4 0.1. . . .

HaxosfleHJM t us ypaBHeHHs (2.1) 0cnojn>8yeTCH
- • • ' " -, • .

HH0 M6TO.U HblOTOHa, B KOTOpOM DpHd^HSeHHOe peffleHBe Ha(iH-1)-0&

BHpaaaeTCfl qepes npe,uujjyni8e npaCijiHKeHnoe pemeHHe no

a t * ' - * r~TJQ> - •/>* ^Ti-T»QJ (2.4)

a

-^T(t(n)-t0) npasaa qaoTi, (2.1) npa t . t(n) >

r = r^ [tp-^tp
3S(y)] + O-rod ) t| 0(y)+rQ (2.5)

T pajujyc B saBHCUMOcTH or t . Krepanan Ha^HHaEiToa o

Bean 0TepanBOHHH8 npoqecc (2,4) naoxo OXOAUTCH, TO B

Hyjiesoro npn&nraeHiui depeica pemeBHe ypasHeHBH (2.1)

Hpa pacqexe (Jaaosux KOOPUHHET

Op0a at id

HP nepnoA o<Jpa-

TpaeKTOp0a at idaeTca jwa

BTCH no

HaxosAefiHA t seKTOpu KoopflHHaT a cKopocTefl BHIHCJIH

(2.6)

1-4; c(y)] 5o + f*-V s(y)] ̂ o ,
i. , • 4-~ -^

^2- [ys(y) - l] >0'+ [i- -^- C(y)| VQ .



II

2.2.Bnqac;iemie MaTPHm nepBHX HsoxpoqHHX
CnoflnporpaMtfa DERIVi)

IIo a8WflflHHMjti,t-t0. x. XQ Tpedyeicfl sHtzoaisiJ> venpmg nao-
XPOHHHX

Ana 9Toro non(wn>3yeTOfl npejuzosenHHfi B [2] auropam,
HHfi AAH JKK5UX VBDOB OpdHT B 3£Uia<je JtBJX TOJI. %0

K pemeHBK) JMHeHflofl anretipaHieoKofi cooTemi

rae A - A(t) , AO - A(tQ) - MaipsmH 6-ro nopanKa. JlepsHe QSTB
CTPOK MaTpsouA Haxojtyrroa 08

A "*• 5

(2.9)
iij^ - j^xr, wj^ •- vxp.,^, i « 1,2,

a pi , p2 - seKTopH, Bu6Hpaei«e HS YCJIOBHH HeaaBHCHHoonj

Ai - A6 cxawwpat ocspaaouz AJIK optfHT, tfOTSiotr K n

H napaiSoaOTecKioi, pj, p2 - opw CHCTe»« Koopwrna*,
oupte HaHueHbonoi no uofjao Kounonearau sesropa P0 J ,B oovaob

'

flteoTaa cxpoKa uaTpauH A np0 hc(|>€/r , rae £>o -
• - • ' ' • • # J

aaAOHHafl uaJiaa BeJiHqana (ABBxeHBe OTTOSHO OT

HfiLXOHHTCH 00

(t-t0)rT* VT, 2rT- 3(t-t0)v
T . (2.10)

.• 3. nojaiporpaMKe-DSRITi npeHzr^aet^H B=0,OI.
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Id|46/r0 (oapadtuuivecKoe H <tJUi8Koe K
$opMyae

SrT- 2SVT], (2.11)

0

no

S = o2 - JUr,

S - C2(t-t0). -/.RV, . -
3KC* +3?

rdt ' 2 f
rt *'"' '

0

. <x>

S*L 2n+1 P J ^2B)] V

, r' fr" onpe;iefleHH
no KOHeiHofl $opMy^te

a C,L,t , r, r ,r onpeflefleHH p n. 1.2. Elpa dl ̂  0 HM-erpanj

2.3.BHqHOJIBHHe MHTPHn BTODHX H30XPOHHHX nPOH3BOflHUX

Ho aaflaHHHM ju,t-t0,x,£0 Tpedyeica HaftTH METPHUH aaoxpoB-
HUX npOHSBOAHHX BTOpOPO

r.2_
L-*ol«*o^.

[2] 8T0 MHTptmU HaXOflHTCH H3

"1Marpaipj A" (Maxpaua A

nepsoro

(anrppBTM BHqacaeHHfl $ npHseaeH B n. 2.2),D1-D1(t),
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BBe,U6M

- Pl - I * *1

6-ro nopflsita. Run Kaxoswefliwi

"piy

Ply "Pi* 0
~- 2

+ p.,r
T

1 - 1,2

G m V (3 __ - i), (T-leflnniWHaH uaipjma) f
V onpe.uenHeTca na (2.9), p1tp2 - BeitsopK,

B a. 2.2. IlepBHe nx-ib waipuu D1

1,2

s F-o ol
1)5 • Lo i].

|df>£/r , rW E
H B n. 2.2 (BBiraeHHe OTJWJHO OT na'pa<3oJi0qecKoro),

no $opwyjie :

Hp0

D "

rjie

TOK

21 -3(t-t0)IJ .

no
rl -t- vfT sI-rfT > ) r _

el + r?T -2al -v

R2 - J r dt

^

r%(r- \ T\ , r'2)

5r"-2 r' 1
) + S? ,

10 f, '
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t - .p J (2u}»

3

,2n ..
m(n) . 2_^1

4 •

o,f,t ,r,rf,r"onpe^eBeHH B n.1.2, a e,a

as (2.12). UpH <A ^ 0 HHTerpaJiR2 BiiqacjiHeTCfl no KOHequofl $op-

R
2

2.4.BHq0cjieHHe npQH3Eo.gHHX no

(noflnporpaMMa DERM1.DERM2)

Ho 3a.naHHHM^ijt-''t0,x,x0 TpeCiyeTOH BHquc

CorjiacHO [2] STH npoHasoflHue Haxojwrcfl 03 $opMyji

d2x
3yu dyu d/t

onne.!i,e,nenH B ( in .2 .2 , 2.3.
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3. AJETOPffiMH B3AMHOn> HEPEXOM MEW nPSMOTTOHBHHUK

«A30BbMt KQOPHHHAIAMH H 3MEHTAMH OPBHTH

3.I.IIoflCHH'reJ&Hne

orracaHHH Knumtusx B saAavQ josyx Teji odiHHO

cosoKynnooTH aaeivieHTOB opdHTa. npHBe.neHHue nrnie

paspadjiana flJW HeKOTOpux pacnpocTpaHenHux coBOKyn-

. HaiacJoaee yHHBepcaai>HoS5 03 HHX jmaaeiofl cJiesyrauaH COBO-
u\
', npnro.UHa.fi &w mo6ux

y0 • (p, fp *2, i.fi. u). (3.1)

BeKTOp y0 ciyseM HaausaTB ocHOBHofi coBOKynHooTtio a^eMenTos op-

coBOKynHocTH no-nyqam-ofi .aaMenof}

P - na a,hi

*l.'f2 ~ Ha e« w •

1 - HB OOB Ij

. U - Hft t-t^ , t-tft , M.J HOT Mft .

paccMarpHBaeMUX yraosux BGJHIHH npHHHTu caeflytouuie .imana3onu:

, 0<i^«J,- . (3.2)

o <; t-t^ , t-tp < T. (3.3)

9JieMeHiaMH oprtHTU MM dy^eM noHMMatb Tawae

napaM6Tpu jXBHseMHH iia sajiaHHuft MOMSHT speMeHH t
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B ncuwporpaMMax, onaoaHHHX B UpaaoKeHHa, Budopow HysHoJt oo-
iH aaeweHTOB opdHTH ynpasJineT TpexsHaiHoe qMc.no

V3 (3'4)

Va - flecflTHiHHe HH$pa) . CooiBeTOTBHe quc^a Nj^
coaoKynHOOTH 8JieMeH-TOB opdaiu npHBe^eHo B

CooTBOTOTBae ynpasafflomero teona W
z Hono^BsyeMHX g^eivieHTOB cpcteH

Haapmaep, qncJiy H

y . (h,a,6),oos 1,^^-

Boero yaxm odpaaow MOSHO

oooTBeicTByeT

Vk

0

1
2

3

4

w '

P

a

h
(j

flB

,.2

f l f f 2 , i
e ,w g i
f l tf2 ,ooe i

o,<J , cpa 1

o

k-3

U '

•*-%
*-*«
MST
M«

80 pasjiaiHax
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8.2.BnyrcjieHHe BpeMeqa nepeaeTa Meggy jpgyijg
Ha opdHTe (noflnporpaMMaH6yHKmng MIME)

Tpedyeioa onpeaeaHTB BpeMH nepeaeTa t2-t1 (co SHBKOM)
flsyMH nojio*eHHflMH Ha ppdiree, aaflaHHHMH pajwycawi r1tr2, HOTHH-
HOtt aHOMannefl -9j. nepsoro noJioseHiw a yraoBpfi AaJibHooTBD nepe-
A6Ta (p . IIpn 8TOM 3HOK HHTepsawa Bp8M6Hn t2-t^ onpefle;weTCfl
8H8KOM <P. • .

BoonoABsyeMCH yHHBepcaniHHM anropBTMOM, npeAnoseHHuu B [ij.
SanameM yroa ip B

(.HOT HeajKuinTHieoKHX opdHT kaO). Tor.ua

0(x), S(x) - $yHKUH0, onpe^ejiatMHe 03 (2.2), (2.3),

••j + r2 + d
•~'T 2

w « siKQ Bln|«(>| .

, y "52 sigaol,

w, (2 arcBln S -T) , «f»0,

; ' J

"• |

w. eln s n + V J > 0 ,

-Biga(lp



IB

2 aroain

2 erah - ^ , , cU 0

(npa BUiHo^eaHHX yflodHO BoonoHbaoBBTbca

wehB • ln(n */I*B?) ).

3.3.PaOieT BJ19M8HTOB OPdHTH HO flPHMOyr04bHUtl 'jiaaOBUM KOOI>-

JiBHataM (ppanpprpoMMa ABKL)
Ilo aajjanflUM /« ,? • wojv 9 BJ) rpedyaroA BU^UOJIHTI. oapeae-

BTHM 1HO/IOM OOBOKynHOOTb BJieilBHTOB OpOHTU 7.

OOHOBH8A OOBOKynHOOTb BJUMBHTOB OJX3HTU (3.1) BUflHOAHeTCH flO

if .
•̂  °«l P •-«- , Bin i>0|

0
e»oBQ. - Byn

Hpi i.o npuHHMf etoa Q -o.

coo u • jr [(-rx9lnQ '+ r oonQ )ot t rBeln 1J ,

ein u • -jr (^ oosQ* r *fcinQ)i

f. • (2- -1) 6ln.u - § r ooa

» (£ -1) oo» u + ̂  r elu u.

eaeueHTu ojpOgru, onpefle4eHHue B n.3.I,
ocHOBHue e.ieueHTH cae.nynHHM o<3pasoM:
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e -

- f2 .
flinCU-iJ! , oosO) •• ~ ^

O

flpa « - o npHHHMaeTM CO- 0.

-2-5- , h - - ~(1-e2>, T - 2
1-e • •

BHqnoAeHHH HHTepBewos BpemeHH t-tg,. HAH t-tfi

anropiiTM, npHBefloHHufl B ii.S.I. npa 9TOM

BSAH^HHU o( /r^ ,rft onpefle^eHU B n.1.2,
o, ecnss Buqno^H6TCfl t-tj,- ,

-6), 60JM BHIHCJWeTCJI t-ta,

m u -00 -fyt 2tJTJc, k-O.il,

, npn oocSffloweHHH yo^OBHS (3.2), qacaok Bu<J0p&eTCH Ha

OAnHnTuqeuKOfl opdMTe as yoJioBHfl (3.3), a Ha He9AnnnT0<iecKoM
opcSute - TaKini odpaaow, <rrodH no^yjaTS npaBH^bHHfl SHSK npa

f
'V

L

OTM6TBV., <JTO na Hea^uiHnTHieoKOft opflHxe tft MoseT He cy-

. B 3TOM c^yqae B no.n,nporpawMe ABEL BMCCTO t-ta

H neiaraioTCfl cooTBOTOTByniuae noHOHenHH.
My.Mg BHHHC*UOTOH no npHBOfleHHHM B n.1.2

3.4.PacteT npflMoyroa&Hnx fpasosux KoopjuiHaT no
(nojuioorpaMMa BLAB)

Ilyctb sauami//, qac.no N8_ H onpeaa^HeMaH STEM qHCAOM COBO-

KynHOCTb 3JieM6HTOB OpdHTU y. TpedyeTCH BIJIHCAHTb B6KJTOP T6-

KOOpAHHaT x.

paccMSTpHBaTb 2
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a) B ooBOKycaoofb y BXOJUIT apryMHHT SDSIWTH u. H

BKTOpu r,r BH««c;Mi(»cfl 'no $opMy«ai,r

° , v - vj?*>v 5 C , . ' - . - ;

1+f.j Bin u •»• r^ COB u

<*aetn u" *1 co°u)t ^ £*~ ••».
'ooafit COB u - einC? rin u obs 1 '

Bind C90 u + sin u cos i

»ln u ein 1

oogQeln u - oinQooe a cos 1

ninQ sin « * ooeQ COB u COB 1

. eot a 009 1 . .

BX<vwnnue D '.(3.5) DJieweHTH p , f . , fp He, Bcno^bsybrcH B. 1
yY TO OHB BU>iacJiaOTCJi no Hcao.tb3yef.'fm B / y : .,,

c noKODibB ijopiyji, npraefleHHUx B cui.2. i

0) B ooaoKynnocTb y -BxamHT napaMetp t-t0 H.IH n(t-tQ),

. B 3TOK c^y«ia<

ierb B (3.5)..

BOM t0^t,; - -' '. : •;• :

AflWW -" 4- „ 4- " ' •• " * "-'9v *ia . * _ ° *f^ • . • •• ~ • . . - - •

-i-t0
;•-;":«'is;-' • • " •
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3.5. Pac'ief coBOKynHQCTH ajieMeHTQB opdnTH no jpyroft COBO-

K.vnHOQTH ajieMeiiTOB .(nonnporpaMMa . SLB51

nycTB 3a^aHH_yu , WHC ̂ 0 N gj£, onpeflejweMan BTHM WHCJIOM couo-

KynnooTi. ojieweHTOB y1 H <JHCJIO Ngjjg- TpedyeTcn

copoKynHocTb 3JieweHTOB y2 , onpeae^ieMyio HHCJIOM

B no,iuiporpaMMe ELEL Hcno^i>30BaH cjieflyrouuift cnocod nu<{Ko.'io-

HHHy2: CHaqana no JU, No^i« ?i nPM noMomH. anropuTMa, npHBe.iu-;i-

Horo B n.3.4, pimncjuierrcfl BSKTOP x; saxeM no^, x, N 3JIo o

a^ropHTMa, ojniicaHHoro B n.3.3,

3.6.Bnqnc.neHHe npoHSBpflHUX OT OCHOBHOB cosoicynHOOTH

TOB opdKTH no ^pyrHM ajieMen'fai^ OPCJHTH _ (ncjuipprpaMyia PjiiLOgL)

aajiaHH/i, ocHosiian cosoKynHOCTb g^ieMeHTOB y ,onpe-

us (3.1). qacJic K3jl 0 onpefle^neMaji STKM HHCJIOM

ooBOKynnccTb y. TpetfyercH Buquc^iHTb MaTpimy npoH3BO,unHX

B SaBHCHMOCTH OT TOrO, KaJtHO 3JieM6HTH 'OpOHTH BXO.HHT B CO-

y, neny^eBue sJieMenTH MaTpimu P3J1 onpe.neAfiMTcn M3

dp n dn
fa " a' ^K

- 2". ^

IH.= einO), u

do d

di = J
d coo i sin 1



B ooBOKynHocoUy BMectfou tteaextsyetGH t-t0, rae t0-t
HJIH t0-tft , TO

2pr

dh 2hr

- -,
d(t-t0) '

o • JjAV • r«p/(1+f^ eln u +fg oofl

EOJIH «e B y BonoaiayeTOH My ma 1^, TO

dllg (JMft

du
(Ip«BefleM QOpN^'Xy A-SH BpOHBBOflHOft ^5" , BOA KOTOpOfl 88BHOHT

OT Toro, KSjcoA aa e^eweHTOB p,a,h,T, a TEtKse KEKOB HS napa-

t-t0, n(t-t3) BJCOOOT B y (aaeob, KOK 0 panee,

t «t0 )i

f (u£)

U-tt,

" Jt eoju
r t(t-«c)

P 6 y

a
-HBM

P
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HpOHSBCWHaH 355 TRKHe saBHCHT OT BXOflHlUKX B y

du J1'
IsS"-*

™ . iol.c. BHqMCJUIIOTCn HO
dfi

eintJ-v Sg cos£0,

oooW-

a, - ft- • 3? - i fe •

3.7. BnqucjieHHe npoH3BOflHHX OT OJIHHX saeneBTOB opdgTH _np

8;ieMenTaM (coflnporpaMMa .PELEL)

fuiaHti ^ , qnc.aa N8Jj-, N g^. 0 onpe^eaaeMHe

cosoKynHocTH ajieweHTos optfara y^ ( y2. TpetiyeioH na

C yqeTOM npHBe^eiiiiux sama auropJi'i'MOB aye waTpurw

no

"D

r^e M8Tpimn P— •= —=£• , 1=1,2, HaxojwrrcH no anropaTwy, OHH-3J1JL dyj
B n.3.6, a ocHOBHaa coBOicyaHooTt dJieusmoB y

no coBOKynnocTH y^ c nowombio anropiiTifia, npHBefleHHoro B

n.3.5.
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npoH3Bo.nHHX OT npflMoypoflfeflHX (ftaaoBHX

tTO 3JieMSHT8M OPdHTb (nOflnpOrpaMMa PABBIi),

IfycT& aanaHH /i , BSKTOP x, <j0c.noiig;i a

op(50Ta y, onpeBenHeMafl BTHM wcnm. TpefiyeTCH BHqHc-

npOH3BOAHHX

(3.7)

C atofi qeOT.ro cnaqaJia BHq0c«HeTcyi

KCWnOHCHTH KOTOpOfl UJJUBeflCHH B TB<5a.2. BxOflHDJHe B PQ

K3 ocHOBHofl GOBOKynHocTH yopaeciiMTUBaioTCH no BeKTopy x corJiacHO
hpHBefleHHOMy B n.3.2 onropnTMy. 3aTeM c noMomi>n a^ropHTwa, onw-

caHBoro B n.3.5, BHq«c/ifieTCH

(3.7) BHiiacjiHeTCH no (Jiopiviyjie P «

3.9.PacqeT npoH3BoaHHX OT a^eMeHTOD opdHTH no
KoopflHHaTaM (^o.g^Po^pa^1Ma PELAB!

IIo
npOHSBOflHUX

P*. & .
dx

B nojuiporpawMe PELAB RJM STOH ue;w wcno^baoBana $op.iy/ia

t>' _ 0-1

= dx _ Maxpraia, pacciwTai-'j'aji no onwcaHHO!^ B n.3.8
dy



- 25 -

1

*•̂

%

CM

«*.

^>
JM

•»«.

o.•a

"1

V h* 0

0

3

«fc.

?
S
O

1

f<

«

'Wo.

'

IMO.

i-

lik

S M

•

a
0
o

toTc.

a ao o
. o o
01 Of ^
S S 3•irt O «rr
D O B

«H*

o a *
• 3o -S

,« BO,

0|P.

1

M

•5



- 26 -

3.10. BHqHOJieHge i.iaTDmm HaoxporiHHX nu'cmaBojamx

DERIVB) .
IlpHB8fleHHH6 BHG19 aflPOpHTMU IIOSBO.WIOT flO 3a«ailHHM /4, s,

BHIHOA^Tb MStpmO

* - ll (3.8)
^o

Cftocodow, or.TiqHUM OT onHcaHHoro a n. 2.2. AIK srorc no x,t
o noMO».t.D aaropHTMa, npmeAOHHoro B n.3.3, pacoiHTHBanrca

COBOKynHOOTH

(0pa aTOM HgjI»=OOI), a 38T6M no

hit,3.0, 3.9,BHi:HOJWnwo

(3.0) fiaccwuTHRseTOK no

FPn

pSBOHOTBO = '

«wo 9TOT aarop^TM Menee yHHBepconeH,

npjre*uennHfl B n.2.2 (mi npKruneH AM Kpyromii n



IIPHJIOSEHHE

OmiCAHHE M TEKDTH nQHHPOITAMM HA H3UKE tfOPTPAH

HHK9 onticaHHfl no.unporpaMM oocTHBAeHU no
uiewy ocipaauy:

no.iuiporpa.MMu;

ABHHUS n peayjitraT (B CKOdKax B <roit ae nooJie.noBa-
npHBe^eHti cooTBeTCTByranae napaweTpti flBBaeHHH, cor^ao

HO BB6A6HHUM B nn.1.2, 3.1
npHMe<jaH0e (MOSOT

noAnporpai/iMu a $yHKUHH

TBKCT.

Kpotde xoro, npaBe^eHu TOKCTU BcnoMoraie^bHux noAnporpauM

Hanpawep, noAflporpaMM ^HHePnoH aare(5pH.
cocTaB^eHHH nojonporpaMM npaiurrH Mepu ATO

ooTepa ToqaooTB B
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AM BUHHojiemw TaKywux ijiaaoBUx KOopuHHat I no HX

MQXOMH9 JqHHUet OM,OT,XO(6)(/«,t-t0,i0).

x(6)(£).

Ec.'iB HOXOAHHS jiauHue oooTBaTOTByur

a BHdpaHHHfc MaoiDTaCi BTHX aaiiHux npHBOAHT K
estyTOiHUM WHOJISM, TO newaTaeTOH cooTBe

TOKOT n oqex npaKpamaeTOH.
nounporpaMMH H ^VHKUBH; VMOD, 3ra,03.

• .BP5/1.I.IO/
C fiP8-TOMHOCTb Pt l» ,VP»eM,Kinn£»f t t IAMHHUAI 88HTURI

« i f iV / 'AOt . /
; • .eu/t . i .4/

A O < K t « X O | K l

. Jl

C VMKH|»IIIEHHe 6MMIHM
tote, .

C ?8-8>»H«iH«, Koro»oe i»at«Q «a» tcnw
e ftdMHeanrTen HOBMC xgciepeKoa H« MITKV ion M
? »OPTP. TUCT nocne HCTKH D

HO TMCl»TV»«0
e t« .

r*»i.H9

soro 101
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C»ll CS 'U .S t l l
M»r»»c

r«»«CJ.rS«C)»f4«»Ro«TI I -e |e l I /AD
IM & » S C r « > , O T . 4 6 S < f tO> I

80T6

If ( » 6 S ( r « l , O T , K T « )
O O T 6

r«i.-rs/»so
e*r.r«/ei

60 2 K.l.J
>»o»vou»

I V O I K > « X I K « 3 )
.ei

GOTO J

T O « T 9 » T
C

doro til .
to) t«T/a .

C BHVHtn.HOBOA HI4.TOMRM fl^M nnOXO*

•OTO 100
10*

101 r O R M * T ( X . 'KdPienjUJneHHTk M«CVTA6 MClOAHM*
«« HflM VMeHbWUfk (VI CTOO' I
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RIU1 (QM.PT.nO.VQ.R.Y.) .

R., - V rdt .

*o

Mcxo.nHne .namine; OM,DT,ROO),VO(3>fV(3>t (^,t-t

: VMOD,SPR.

r UNCTION RlNTIOM,OT,m,VO.R»V)
DIMENSION ROt 5) ,VO( » ,fl< J) ,V( J)

EPSO/l.E-2/

4L«Z,/RM«8P«I V , V , J > / O M
Rf l l»SPR<Rn.Vf l ,
Rl»SPR(R,V,3)/SOM

T»U«4L»SOH»OT»f l l -KOl
|F ( A B S ( A L > , 6 T , g P 8 o / f t O M >

00 TO 10

O S n ( ( AM«C-
IT ( » 6 S » O S ) , L E . B P S . » 8 S 1 $ J )

00 TO »
S»S*OS

V * V . P y / (

GO TO 1
2

PK i.
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R.2IHT CQM.M .RO. Y.OJI j

t
R2 ** 5 r2<u '

' V . . .

HCXO.UHHB aaHHue; GM,OT,RO(3),vo(3),R(3),V(3)(j4,t-t0,r6,v0,r,|?i

{fcnojn.3yeMHe dgHKunn: VHOD.SPR.

2 | N T » C M . O ? , f l O . V O t P »
R 0 < 3 > . V e t J t , R t 3 ) ; V < 3 >

$9M»SORt(8«)
ftOM.VMOOtdO.3)

J)/S6M

T»UJ«T»U»»J
Jf (»8SUll.OT,eP59/ROM)

80 TO ID

8.»/«T»u-0.

»M) «C t«T4U/(»N.l.

80 TO 2

: 6'0 TO- 1-
i R2|N
' RS*U
10 Pt< 2,-ai«

T»l.«2.*»L ' ' ' • • • . . ' • • • • • ' • - • • • - • ' • • ; • . , . .-...
H21NTs( S.»S6«».0-T.S.»P-»T»0*-I I , rT»L •«><> •(*«•!< 1- '»• -r»t»R9« »*

• * ROH.R01-(Rl-»01)»IR12»«Rl»R31)«ROl»/O.TJ>/IT»L»J«H>/»L
.' ' . R E T U R N • " . - . - . . • / - . - " ' ' ' . ' ' .

'EN3 . . ' . " - . ' ' " •
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nojnPOmMMA DBRIVKGK.DT.X.XO.PT)

CJiySHT flJW BBIHC^eHHfl MBTpfflW HSOXpOHHHX npOHSBOflHHX 4" ^

HoxojHue jaHHHe; ou,DT,X(6),XO(6)(j4,t-t0,£,!0).

: PI(6,6)

IonamnT8Jii>HHfl

COMI,[OH/BIPCS/P1(3),P2(3).C(3)t31,S2,PARAB

( p1fp2,o;eojiH jiBHxeHHe OAHBKO K oapadojaraeoxanqr,

nepeMe-'iaa PAHAB-.TRUE. a si « 2fo2(t-t0)-^if rdtlj 82
He
OOUI40H/BLA/A(6,6) ( A~1 ; - CM. 0.2.2)

nounporpaMMH a dbVHKnHH: PCHOIC.VPB.VMOD, 3PR,
RINT,IUTRA,I-U.TIHI (odpaiaeHae MaTpaqu), MUM.

SUBROUTINE DERlVl«OM,OT,X,XO»fl )
OtMCNSION X0( 6) >XU>.RO(3),VB(S >.R(

COMMON /ei*/A(6.6>
COMMON /6LP*S/Pl|3)iP2(»>C«»;tt>S>>?AIIAa

P»R»6
EPS/1. E-J/

00 I I»l.J
Rfl(I>*XO(ll
V0(

1 V« J )*X( 1*3)
CALL V » B ( R O i y O i C >
U*OM/VMOn<R0.3l

P A R A S * .
t r ( A B S ( H ) .H.g»S«u)

P»«»8«.TRUE.
C A L L P C N O I C < R O . V O >

, J) .OT-C»»«RIMT«e«,OT,«»,V»,».V»
CALL W A T f t A C O M . D T t l . V i A )
C A L L H A T R A C O M , 0 . , » 8 , V O | A 8 >
CALL M*T INK A, «.«.»,•, I HO.NtH.OiT)
CALL MUM< A,At.r i ,«,«.6t

END
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DERIVg(GM.DT.X.XO.gl.PSI)

Ran BumicJieHiifl MaxpKa nsoxpOHHux npoB3Bo.ntiHX nepBoro
ft BToporo

d?o

: GM.,DTJX<'6)txo(6)'(^,t-t0,x,x0).

COMMOH/BLPCS/P1 (3) ,P2(3),C(3) ,31 ,S2,PAHAB

COMMOH/BLA/A(6,6)

ST. ?
r^dt)

noflnporpaf<iMH a

TRM.MUM. '

SUBROUTINE OER IVZ'CM, OT ,X,XO,r t t

• . PSI t » » « > « ) . r| Tl A, 6) /0< 4.6) .00 !«»
COMMON /sL»/A(9»«i .
COMMON /SLPCS/PCSI 101 i$2«PAR»B
L O G I C A L PAIUB
60 3 j e l , 3
R 8 ( l ! » X O ( | )
Vf lU » » X O ( t » J I

O E * t » U 8 M i O T « X » X O . r t
6 0 l I = 1 , 2 1 «

1 PSI I I '»0.
IF (P4RA8)

0« 2 L= t.«
C A L L M A T R D ( G M ' O T > R < V ' D » L >
C A L L TRMUI T l T i S . d )
C » L L MUMl Oi r t i OOi «» 6t 8t

MUM( r t f i no . o • « '« i « i
M4TROI GM » 9, ,Bfl.¥Oi 08»L >

00 2 Kil.ft
00 2 Jst •«
00 2 Ji 1 . 6

2 PSl(l >J,K)«Ps!(J,J.X)«A<K,l.(»(00(I.J>-n<!.J»

RETURN



DERIA1 (GM.jDT.XiXO.PT.XM).

,UJ1H BUHHCJieHHH npOH3BO.HHHX ® =— , X # •=> —
di0 ^ .d^

: G?i,l)T,X(6) fXO(6)(u f-t-t0 ,x, x0),,

: DERIV1 ,MUMV.

SUBROUTINE OE«H I ( CM t t)T , X , XO > f I i XM >
D I M E N S I O N XIH6) ,X( 6),r J ( 6,6) ,XM<6>
C*LL DERIVKGMiOT.X,XO.rt)
CALL MUMVIri,xo.x«»6)
U»l./3,/GM
00 1 J » l f 6
XM( 1 )»U«<X( ! )-XM(! ))
RETURN
END
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CjlJSHT flJIH BHHHCJieHBfl npOHSBOflHHX

OM,DT,X(6),XO(6)(/l ,t-t

( TT , T , . . . , T »X^( |X/yi • 3^i )•

noanporpaMMu; DERMI.DERIVZ.JJIUMV.

SUCROUT lNC OERM2( 8M.CT . K . K O t f 1 .PJl . X W . X M M . X M X )
DIM! MS ION X O ( « » , X < 4 > , r | ( « » « > , f > S | < 6 , » , 6 ) ,XM( fl> ,XMH t » »;

• X H X ( 4.«)
GALL O E R M H O M , O T , X , x e , r i ,XM)
C»LL O E R 1 V 2 ( O M , O T » X , X O . f ! ,
DO 2 K « J , «
00 2 J«l.«
0*0 .
00 1 |*t, «

i U*U*XO( I t o ^ S J ( I , j ,K)
t X M X ( K , J » * U

6HI MUMVf X M X . X 8 / X M « , 4 >

00 3
3 XMM( I )«U<»XM( t »*XMM(
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MIME ( GM . AL . R i . R 2 . TE 1 .PI).

Bpeivuj nepe^era t;2-t1 (co SHOKOM) weH

US OptiHTe, 3a,UaHHHMH pa.HHycai.lH r^ ,r^lCTHHHOM 8.HO-

nepBoro no^o:xeHHH H yr.noBott M^HOOTBIO jiepe^eia (p.

: GM.Ai.m ,H2,TE

. 3naK tg-*-) pasen SHaxy *p . ECJIH KB

TO K tg-t^

.no.unporpaMMa : OS

F U N C T I O N
O A T & P i z /
A S H ( X ) o A l . O G t X * S Q R T ( l , * K » o 2 ) )

'

S 2 = S 1 - C
A t M = 4 8 S <

M = S ( G N t 1. f S - I N U B S ' Ft) > :•
r r ( * L ) 2 t 2 i l
G = 2 . » A S I M ( M
0C2 . "AS f N<6 >
W IBM
I T ( S T E * S ! N ( T E 1 « T I > . L T . O . >

I F ( W l . l T . 0 , )

GO TO 3
2 G » 2 . » « S H ( A )

3 X S S I G N ( 0 » o 2 i A ) . )
y = S I G N { 0 " o 2 > A I >
C « L L c s < x . c x . s x >
C ^ I L e s < « . c y , s v >
O T n ( S J / C X c S Q K T t S 1/C X } 05 X-WoS 2/C y ° SQRT ( S 2 / C V ) o S » l o

o S t e m l , / S a R T ( G M J ,F! )
I F ( H o R l . L E . l ' . E - a )

GO TO 4

E N D



-37 -

ABEL(OM.X.NBI..tiL)

Btnnc;ieHas ooBOKyniiooTB eJieMetiTOB opdHiu J,

wtcnou R8J1 (CM. 0.3.1).

; GM.x(6).rna. (M .S. H j .
! EL(6) (y).

P63y JlETaT.'COMMOH /BliEM/ P»fflC,W,U (p,*, ft), U)j

(r,0,o,o/o) }

.COM.SU.OU (olnfi, eosP,aln U* 000 u).

. ECJIH aaKaaannHe sJieMOHTH He cymectByioT Ha sa-

opdBxe (HanpHMep, nepaofl T - HR r00ejx5o.se),
T6KOT a yi9T npeupamaetOH.
nbjnporpaMMH « (flytmmm: VMODj3PR,VPB,HOHM,

ATAU3iHUMBL,DTDffi,PDlAGN..
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SURROUT1NB
DIMENSION X(6)i ((.<«>•*< 3)
01M8NJJOH N(5)

C«MMON / 8 U C a / A f t > A C i C 4 3 > i C O < 3 )
eauivAtaNee < c i , c o t j > > .
CffMMOM /BtSCi/SOMiCOMiSUiCu
COMMON /9teu*/p.eK.w.u
DATA Pj2/«.a6M«9SO»i«/
.•00 1 l»i,3 . . • • • • ' • •

,V« t > « X ( 1*3)

A«»V««60«R.J)
A V » y M O O « V » J >

• • • - . • . : • ' ' ..' ' . • ' - 90 TO »
'• "

TO at
VI»8((«»V.CI

. NOMM<C>CO.ACt ' '

$ i » s a * T < » 6 J « i , » c n » t i , * e i ) > »
\ f «S|,OT.l .e-8)

- - - - • ' : . • ; :'-:-\ • • ' '• oo .TO- s.

00 TO 4
3

S U < r ( ( - f t < i t * S O M * K ( 2 ) » C O M ) » C | » K ( 3 ) * t t
C U « ( * ( t ) * e O M » M
U»«T*«J(SO.CU»

00 TO l« , l , * ,T ) ,N l
,» »r {»6><exi>,OT. !.«•»»

• ••• •'••>•"• .•; •••'.= •• • oo TO t
.«•*•:••'- '--.,•- . " - . ' • • • .
f l o o t o - - a » -

* lf? |M>.UI,3»
> •^••?/. - • - • 00- TO 1« .
T tf-vi«»i>«T,i,ei'»)

»•' -•: ' 00 .0 18"

flO, TO
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60 .3 I lt»l*.l ' t l*t.CU
tt et«i'«r

GO TO IS

CO TO 19
15 r U l > « - « l o G M

CO tOU
1* ELI l » M i a / » N
1 9 *»0.

i r i iK.oT. i . e
GO 70 lit. IT,

I* I U » » » f l

GO TO it
t»
i*

i nit, i.i.tr
»»tTAN3t
IN),ttt.t>

ee TO

.

oo TO
tf

.
If ( i . t l ,OT.l . I»l«9" '

.
too fOft«»t< »«enj sees, «S»A MI?I d*»«nefl»a?6fi

• « OT H M N U l K T P f l ' P
. t i ?«o»o.. " - . • . . . ' . . • • . • . <..„

.. .
IS fl»y»t«.Tf8 . '
' •««•>/< a, »$», ' . ' . •

. |r 'flnt.0f.-a,l.-it .
- 80 Td
I? 4U-N.OT,r|S/«.)

• ' •'•'..'.
00 TO 23

a* IT m.iT.e.j

a)
IMS, Of, 51

a'6.
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nOJlUPOrpAMMA BLABCGM.NEL.SL.Z)

wax BHq0cJBeHiw seKTOpa npHMOyriviBHHX $a30BHx

* no saaaHHoft COBOKJIIHOCTH aaeMeHTOB opdHra y ,

.UaHHH6!

t X(6) (5) .

. Ilpa HenpaBaJitHOM sa^aHaa 8^eM6HTOB opOam
IHC/IS W neTOTeercH cooTBexcTByMUHfl leKCT H CIST npeKpamaeica!

" . . , : • i

noanporpaMMH z $ytngu»_H'; HUMEL.AIAUS.KEPIBR .

DIMENSION EL( 6) ,X(4) ,RO(3) ,80(3)
OIMENSTON M(S)
EQUIVALENCE (Nl,N(l)).tN2,N(2)).(N3.N<3»
D A T A P I Z / « , 2 e 3 l 8 5 3 o M 8 /
C«tL NOMEU(MEL,NI :
GO TO (1.2,1,2),N2
rlBE(.(2)

w*o.
If (Ex.CT. l.E-8)

GO. TO 3
2 EXcEL(2> . .

IT. (Ex.LT.Oi)
00 TO 25

W»CL<3>
SMsSlN(M)
CM«CO$(H>

S CONTINUE

18 GO TO (11.12,
u p-et't'u-:

CO TO 16
12 A « t t « t >

cb TO is ' • - , ; . .
13 If. <»BS(etl 1) ).LE. l.E-12)

- . - • ' . ..-..-• • " - ••."••.." • . . ' • " ' G.O 'TO 25

so TO .is-- '. '-. .--.
IF tEL«i».ie;o. ,o

-.•-:"• ': .••"-"•..'•.•'--•••'• - • . " • , " • • ••: • . ~GO TO 25;
t./J, '»•/••••• ; ,:"'
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16 ir IP.LB.O.V
. 00 TO 85

Jf (NZ.OTtZ)
00 TO IT

jf <EU») .iT.o. >
00 TO 2S

s i » s t N < E L < *> >
C I » C O S < £ L » *> I
CO TO IS

1? CttElU)
ir <»8S<6!) .GT.I. )

..60 TO 2S
$r«SO.RT< « 1,-CI )e(l.tcm

18 SOH«$IH«et< 5) )
COH«COS(El< 9}>

60 TO ( 19.20,21,20.21)
SUBS IN( EL* 4> >

CO TO 23
20 SU9SW

CUnCW
GO TO Z2

CU»1,
*! \r <NJ.(.6.3>

00 TO 2J
\r dxi.ce. i.g-6)

00- TO 23

«P 1
vR«»c/p»<rz»$u-ri«cu»

R0( 2 t»SOH«>CU»COHoSl l«C I
R O ( S > " « S U o J J
so i I)«-COM»SU-SOM«CU»CI

X« I ) » » R * R O ( I >
24 X< | * J > ? V R » S e t I I * V N » S O < t >

ir (Nj.ea.u
«ETURN

C»UL KEPLCRICM.OT.XtX)
RCTURN

25 PRINT 100
100 fORM*T( «EL«8 : HEBEPHO SftAAHbl SnEMEHTH

• 'MHO MMCnO NEL> CTOO'I
$TOP
END
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ELEL (GM , HEL1 , EL1 1 , NEL2 . EL2 )

COBOKynHOOTH 3JI6MeHTOB Op(5HTH

onpe.neaaeMofl <JHC^OM N
 8JI2, no

flaaaue; GM.NSLI.ELKSJ.NB^CJU ,NaJlI

noflnporparam ; SLAB, ABEL

SUB ROUT I NE
DIMENSION 6LK 4> ,613(6) ,X( «)
C*Ul.EHB<OM,NELl I£Ll,X)

END
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PELOEL(GM.ELOtKEI..EL.PEL)

V.1K BU^HCJieHHH MaTpmjH npOH3bO.HHHX P a n .9Jl dy
0 - ocuoBHafi coBoicynHocTb sjieMeHios opcSa'TH, y - coBOKyn-

N 3fl. •

e; GM,ELO(6),HEL,EI,(6)(J/J ,y0.Ng

; PKL(6,6)(PBL(I,J)-P3ini.j). •

IIpgMeqanne. Scan flJia saaaHHoft copOKyiiHOCTH y MaTpmta P gj[

He cymecTByeT, neqaTaeTCH cooTBeTCTByranKfi TeKCT H cier . npeKpa-

: WUMEL,PDIAGN .

" >ELOEL«GM,etO.NEL , EL
DIMENSION ELO( 6) i E U « 6) ,PEL( 6,6> >Z(«>
01MENS ION N( 3) .
EQUIVALENCE (NliN(l»,(N2,N(2n>(N3>NO>)
OATft Z/l, »1. i -I. t X.3/
DO -2 IB!I« . . .
DO 1 JBi,« .

1 PEL! l,J)nO.
I.I >«1.

RETONN
CALL NUMEl<NEL(N)
F1«SLO(2)
FZ»ECO(3)
EX*SORT< ri°<>2*r2»''Z>

.7EX)«( l.tEX)

I F ( N X O N 3 . N E . 1 . 4 N O , * B S ( 8 X 1 ) . L E . l . E - 8 )
00 TO 31

10 P»EL 'O( ! )
A l n E t O t * )
U * E L O f 6 ) .
I f ( N l . E f t . X )

00 TO 12
A = P / E X l
P E L < 1. 1 > = P / E L < i ) / z i N i >
PEL( 1,2>=-2.«»»EL«2)
GO TO (11,12,11,12) ,Hf.

.HPEL(1.3'i-2.oA»r2
12 GO TO tl4.O,l*.lJ).M2
13 S»«=S IN( 6L< 5 ' >

CW=COS( EL( - > >
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P£t< 2,2>=SW
PEL< 3,2>=CW
PEL(2i3»sF2
PEL< J,3>=-F1

I* IF 1N2.LE.2)
00 TO 16

S t a S l N t AI >
IT (ABS<S! ) .GT, l.E-10*

00 TO 13
x = o
GO TO 31

13 pEU(4,4)a-l./si
1« IT < N 3 . E 0 , I >

RETURN

CUsCOs(U)
R = P/( l.*Fl<>SU*r2»CU)
p,oi.«.= p/( i.*r2>
C=SQRT(GM"P)
GO TO (17».20,17>20) ,N2
IF (EX.LE . l.E-S)

«0 TO 18

CW=F2/EX
GO TO 20

18 K«l
GO TO (S0r31,19,31. 19) ,N3

19 SW=0..

( SU»CW-CU»SW)
IF (N3.GT-.3i

GO TO 21
PEi_(6.6>=C/R/R

IF (Nl.EO.l)
Sl«Sl-3.»PeL(6»«>»EX»EL(

GO TO 22
21 PEL<6.6>«<P/R)»«2/EXi/SQRT<£xi>
22 GO TO ( 30 . 25. 25.23. 25) >N3
23 S5«lt

GO TO < 26, 28, 26,28) ,N2
25 S1 = S1 + (ROM/R)»»2.(2.»F2)/EXUSW

S2»ROrt/P*( l.+ROM/R)»< ( 1;-^CU;I »CW-SU«SW>
S3»S2»EX .
50 TO (27, 28,27,28) «N2

26 S2»i,/EX
27

RETURN
PEL<6.2> = S1
PEL(6,3)=S3
RETURN
C&UL POlAGN(
EN9
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PELBMGM.HELI ,BLI

Cxywi JVK BnqiicJieHHfl MaTpjma npoHsBo.iuiHx 'P ^ = .,=
3«/I ^J o

1 f y 2 ~ cosoKynHooTB a^eMeHTOs opdHTU, onpefle^weMHe

,EL1 (6).lpl2,EL2(6) Cju,^^ ,y, ,^^ ,y2)

; PEL(6,6)(rEL(l,J)=P ,,).

narniPorpoMMn; SLBLfPELOEL,i,tATiNi (odpameHHe

, MUM.

DIMENSION eH(a),EL2(ft).ELO<6),PEt(6,6),
» PEtl<*.»> »Pei2(6|6) . t N D 5 6 » 2 >
CALL: EU6L<OMiNEll.ELl.O.ELO)
ft»LL
C*LL

CALL MUM(PEL1»PEL8.PEL»6.6,«)
RETURN
END
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PABEL(OM,X.NgL.EL.PM)

coBOKynnocTb

nppH3BOAHHX P •> ~ ,

op<50TH y onpefleaaeTcn IHCJIOM .

nd.nnporpai^Mii;
SUBROUTtNf P»8EL< OM
DtMENStON X(6),eL(4
COMMON /BLAC»/«Rt AC/CO) >Cfil3>

COMMON / B L 5 C * / S O M . C O M , S U ' C U
CautV«(.£NCe (P,ELO(l|lif2.«LO(J)),(AI,«L8(*))
C»LL ABEL<GM,X,0.t|.0>

C 5 « * C / P

. 2 ) « C 1 « S U » X I I )

. J t « C t » C U » X » I >
, 4 ) » C I * C O < I >
> 6 I * C S * X ( I * ) ) .
» 5 , l ) " C * » X ( | * S t

DO
PM(
PM(
PMt

PM(

1 PM(
PM( 1 .5 I « - X < J )
P M t :

PM{

PM(
f>M{

i 5 ) « - X < J)
5 ) « X « * >

2 ) » - C S « S O M

( 4. J ) « - C 9 « $ O M « C I
IS.»« C 9 « C O « » « C 1

P W <
tr

C»LL
C A L L m ) M < » » . P E L . P I > l > « > 6 > 6 >
^fi i-1 a 1.54

. B l T U t N



,nna BHTOcaeHHH MBTPHUH npoHsspflHux :p > .22 • • . ; . ' • '
•- .. . • • . ._ • ' • • • • ' . • /;.~,dS.:'.-

cosoKynHooTb DfleiaeHTOB opfiHTH y pnpeXe«H0Tcc WCJIOM H •..
-• -. "i .' - ' - •'<';'•••'.;"->••;• '.' ' "'- '•""% - - V»»

; PM(6. 6) (PM( y)»p )
' ' • • . ' . : • • ^

Hono.ibaryeMHe nojjiporpaMMH: PABEL,liATim ; (otfpameHHe

DlMENStON .XU'J iBL«'6 >!'•*'''*» •'•••tNO,t.6ia>

END
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. DERIVB(GM.M?.X.XO.gI)

BU1HOJ16HHH =

BTOpKM CnOCOOOM.

4 ,t-t0,x,x0),.

? Pl(6,6)(Pl(l,J)u

nonnporoaMMH; ABBI,PABEL,PELAB,MUM.

CAUL A B B L ( O M > X i l > C L >
CALL P A B t L i O M . x . i.8L.i»Mi>

CALL PEL«B«OH. i .eL .X8(PM2)
CALL Mu
RSTURM
8MO .
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BCnOMQrATBflBHHE nOMPPOCiMMMH H

cs
PCHOIC

MATRA

MATRD

G

NXJMBL

PD1AON

ATAN3

VMOD

NORM

SHI

VHB

mm

MUMV

TRM

C(Y),S(YJ(CM. n.2.1);

- BUdOp BOKTOpOB PitPp no SaflaHHOMy B6KTO-

py ? (CM. n.2.2);
MaTpHOH A (OM. n.2.2);

D1 (CM. n.2.3);

GU
(OM. n.2.3);

Vji-I (CM. n.3.I);

- neiaTb jmarHOCTHJUi a ccraBOBKa KanwHH B
cjiyqae, ecJia npa nono/n>30BaHHB
coBOKyniiocTB aaeweflTOB opdirau y
Kaei oco<38HHocTb;

arotg Y B AHanaaone [0,29);
Monyaa H-Mepnoro Betcropa A ;

. HOPMU AO H uoflyja. u 3-iviepHoro

seKTopa A ; v

BaqacjieHHe cKampHoro npo03Befl8HHH H -Mep-

HtDC BOKTOpOB A,B;

BHHHCJieHHe BeKTOpHoro npoH3Be.ueHB.<?
AxB=C; °

BuqacJieHMe npoQ3Be,ueHHH AB = C, r.qe

npOB3BeflCHHfl AB = C. me A -

, B,C - u -MepHHe B«K-

- TpaucnoHUposaHBc MBTDHUU A pasrjepOB
- MaipHua B paaMepos
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CMV'C.SI
|Ff ABSIVI.St.l.l)

GOTO a
*N«2.
c=e.J
$•!.'».
CN«0,5
SNI1./6.
AN»»N«2.

C"C*CN

80TO 3
X.COJ(X)

COTO 4
s

4
J»<X-SX)/X/V

»
END

SUBROUTINE 'CHOIC<««»>
DIMENSION *<3> tV(»
COMMON /6LPC$/>1(l>.»l(J>.C<3l.$l.$J.'»«»B
LOGICM P»H»6

60 TO 2
00 3 111,)
fit I >»«« !>/*»

3 >2( I )»V( I)/*V
KtTUMN

t

If (»»»t«(2> ) .ST.»»S««0» »

IF (*BS(R(l».GT.«»*i*l3) >. ANO.Kl.ea.il
KIO

'00 1 1*1.3
»1( t >»0.
m i >«e.

•ITUHN
IMO
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j e M A T R A < 6 M . p f i R » V , A >
DIMENSION R ( 3 > i V ( 3 ) » A ( , 6 » . 6 > , U ( 3 > » H ( 3 > . P K 3 > . Z K 3 > , Z 2 O )

• . . , ' • . • z s c 3 > . j*t3) ; : ;V" • • . . - . " ' . • ' • • •
COMMON /BLPCS/P<3,2> ,C<3> ,S1,S2.MRAB .
LOGICAL PARAB . , . , .
RM»V»«00(Rf3)

00 2 I»i'i 2
. ' • • 30 1 J s l J 3
i ,PI i J)«P< J«M
'CALL V P B C P J » R . U >
CALL VPBIV.PI.W)
C A L L ' / P » ( R « U » 2 l >
C A L L V P B ( V , W , Z 2 >
CALL V P B ( P ! i C . Z 3 >
CH't , y P B ( R i W , Z 4 ) :

: 00: 2 jsl i3 .
A f l i J J s W ( J )
A< I i J»'3)rU( J)
A U » 2 > J >*6N»Z l ( J ) * Z 2 ( J>

2 A< I + Z .J^S) 1 *?? ! J ) > - Z f t ( J)
;,IF « P A R A 8 ) ;'..1-
i---..'. . -00- TO 3'

. . C 3 » 2 . -
C * » - 3 . » O T'

(JO T° 3
3 C 2 « S P R ( C , C . 3 > - ( J M » R M' ' • •

Cls6M»SPR(R,V, 3>/RM»C:*oGN
5 'OPv-6 ,J=1,3 ." ' •:;'•
• •: A-C 5« J ) = 6N«R C j.) .'• .
.'•A* J«.J'*'3''!lV( J )
A < 6>;J > sC 1 »R ( J.) *C 2»V < J )

6 A I 6.J*3 >»C3»R(J ) *C4»V C j)

SUBROUTINE MATRDISMfOTiRtV,0,L>
DIMENSION RI3) tV( 3) .()(«»«> , PJ < 3 >. VC ( 3 ) • CR ( 3)
COMMON /BLPC8/P«3.,2>VC(3) ;si»s
LOGICAL PARAB

i RMav«6o(Rf3)

.. 00 ; 1, Jnli36
i p«ri>o.

GO TO <10.10,20.20,JO»*0> .L
10 DlI,S)=P(3,L)

.01 l"»»)ai'P«'2>L )
0«2.S>=P(l.L)

. " ;. OP>:11.- I-»l;i3.. : ' . - . . . . • . :
; 06.' ii-.j«i-;.3

•".? .'.':'.••••':'•"':•'•:':'}': ri•>• t*3)i-b<'i:.j»s)
ll;b« l»3.J»,»pt j, |»3> . '•":','.•:.'•:•'•.•

;' .. :t\f.tURN;I•••,•'"• ' • ' ' . . ' - -
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JO l.lOL-2
P.P8R<l>*P(l.Ll>.RCi)»P<i,Ll»*RCS)»Pt3.Ll>
yP«v< l)»P< l.Ll> «V <*>•!»< 2.LI»*V(S>»PO.L1>
00 21 I«l,3
00 rl J«1.3
w«o..
I" (I.E8.J)

W«l.
U«P. (t>«P<J.Ll)*PM.Ll>»RtJ)
D< I . J >«-GN»U*RP«G< I • J«R.CN) .
DM.J*3>«Vt!).P(j,Ll>-2,»P< I«L1
0<J*3i !>*0<I»J*3>

21 D< t*3. J*3)«U°2.*ftf>*tt

30 00 32 l«l,3
00 SI J«1.3

31 0< I i J)«-G( I » J,R>6N)
32 0' t«3. I

40 U»3."OT
If (P*RA6)

60 TO 30
00 42 !«1,3
00 41 J»l>3

41 o< j . J)«u«6< 1 . J.R.ON)
0« 1 . I
0» 1*3,

42 0« J*3,

40 CHl. VP6C VtC ,VC )
CALL VPP(CiR,CR)

00 31 I«l»3
91 PS( 1 >»-ON«R2»RC | )»VCC J 1

RPBSPR(R,PS.3)
VPBSPRIV.PS. 3)
Closl
C2BS2
If (OT.Mt.O.)

60 TO 32
Cl«0,
C2«0.

52 0" 33 J«1.3
C( J )-C2«CH»R( J)»CR ( J )

00 33 I«1.3
W«0.
jr i i.ea.j)

C Jn(t( I )*PS( J)
C*»CN«R< J I
Dl ! . J)aC'..Ct 1 , J .R .GN)«V( I >»P$ « J > -vt>«w-C4*Hl
0< t • J*3>«Rl><>M-C).C4*wJ
0< J«3, J»«RP»«.C3-V( t >•«!
pt 1*3, J*3)»Cl*n.V( I >•«*
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DIMENSION R t 3 )
0»3.»OH«81

RETURN

f tATA NM/3»3>* /
Jf

N( I»«NEL/ iO-N( D*10
N < 3 ) * N e k » N (
00 1 I» t )S
|f <N( |> .L l .NMC|»

00 TO 1
P R J X ? iOO.I .Ml> . .

ISO r O M A f t * NUWSL

(NO

. 60 TO I
pA|NT JOO.HSUBB

100
1 MINT iOl ,N8uBR.e»*»M8« t , t t ) , J«J ,3 )

J» 0«>6V)Yf lJ

FUNCTION A T A N X X . V t
U » A T A N 2 ( X i V )

iLT. 0, >

RtTUKN
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FUNCTION VMOQU.N'
DIMENSION A(N)
U»0
00 I I'liH

VMOO»SQRT«U>
R«TU»N
END

SUBROUTING NOft«tft**t»U>
DIMENSION t(3t>*0<3)
U«VMOCM»,J) .
DO 1 1*1.3

1 HOt I »«A< tl/U

END

FUNCTION SHM».».N>
OlHCNStON «NI»I(N)

DO 1 tai.N
t c»e*»t

Rf TU«N
END

DIMENSION M3»il<3),C(3)

|NO

SUBROUTINE NUMU .9 ,C, k ,M.*)
DIMENSION ML»M.>.»(M.Nt.C<L.N4
LOGICAL':

QO TO 1
ENTMj/. MUMS

1 DO 2 I«l,t
00 2 J*l,N
I* (NOTiuM

C«I.J>«0.
60 2 K*1.M.

2 CM . J>»C( I . J )*Al_| ,K )»B (K , J)

SUBROUTINE. MUKWIt»8»C»N>
DIMENSION &IN.N>,B<N>,CIN
DO 1 I«l,N
CU »«0 .
DO I J»l,N
cit)»cd>»»
M(TU«N

CNO

SUBROUTINE. TR»«U,9,M,N>
DIMENSION t(M.V!it(N.M>
0.0 1 |*t.M
00 i jat.N

1 6<J.!»•*«!.J>
RETURN
END
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