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BacHnHWHH E.B., Kyna~Ba E.M., MHxailnaB B.A. 9 - 7670 
nparpaMMa HHTerpHpaBaHHSI TpaeKTOPHH 38pSilKeHHb!X '18CTHU 
B MarHHTHaM none CHHXpaiflaaarpaaa OHHH c y'IEiTaM era 

pacceSIHHhlX naneil 

npHBelleHa anHCSHHe nparpaMMbi, D03BanSIIOWeA paCC'IHTbiB8Tb rapH3aH
T81IbHhle H BepTHKanbHbie npaeKUHH TpaeKTapHil nepBH'IHbiX H BTapH'IHb!X 'ISC
THU B MarHHTHaM none CHHXpaiflaaarpaHa OHHH c y'IEiTaM AeAcTBHB era na
nrocHbiX a6MaTaKo nparpaMMa HanHCaHa Ha <I>OPTPAHe H aiflapMneHa B BHlle 
naKeTa na.nnparpaMM. 

Coo&lleHII8 06i.e,QJIHeHHOro IIHCTHT)'TB JI.QepH!IIX HCCJI81lOBBHIII 

· ,lbr6Ha, 1974 

@ 1974 061>eOUHeHHbiU UHC111UI!IY111 JIOepHbiX UCC/IeOoeaHUU ).1y6Ha 
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I.BBE,4EHHE 
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B HacT~HimeH: pa6oTe npuae,neHo onucaHHe nporpaMMhi, 
ll03BOmllOU(eH paccqHThiBaTb ropH30HTallbHYlO H BepTHKanb· 
Hyw npoeKUHH TpaeKTopuH: JapH:>KeHHLIX qacTHU c Ja,naHHLIMH 
HMrrynLcaMH B MarHHTHOM none CHHxpociJaJoTpoHa OHJ!Rnpu 
pa3nHqHblX HH,IJ;YKUHHX C yqeTOM pacceHHHbiX none if: /npo
rpaMMa FORM I. TaKaH Ja,naqa o6LiqHo acTpeqaeTcH npu 
IlpOeKTHpOBaHHH BbiBO,IJ;HbiX KaHanOB nepaHqHhiX /l,2/ H BTO· 
pHqHbiX qacTHU, npH nlaorH03HpOBaHHH pa,nHaUHOHHOH o6cTa
HOBKH Ha yCKOpHTene 3/ H B pH,ne ,npyrHX cnyqaeB. 

IlporpaMMa 1047 / 4/, npe,nHaJHaqeHHaH .nnH no.no6HLIX 
ueneH:, noJaonHeT .nenaTL pacqeT nurnL ,nnH pacnpe,neneHHH 
MarHHTHOrO llOllH yCKOpHTenH, COOTBeTCTBYlOlllero HH,IJ;YKUHH 
12,6 KFc :B ,nHHaMHKe. KpoMe Toro, JTanporpaMMaHanucaHa 
B Ko,nax 3BM E3CM -4, qTo JaTpy,nnHeT ee onepaTHBHoe 
HCIIOllb30BaHHe B pa3nHqHbiX Ja,naqax. 

IlporpaMMa FORM, HBnHwmaHCH pa3BHTHeM nporpaMMLI 
1047, CB060,nHa OT 3THX He,IJ;OCTaTKOB. 0Ha HallHCaHa Ha 
<l>OPTPAHe H ociJopMneHa B BH,ne CHCTeMbl no,nnporpaMM, 
qTQ ll03BOllHeT BKlllOqaTb 06pall(eHHH K HHM B lll06y10 npo
rpaMMY, IlpOH3BO,nHiuyw cqeT, aHallH3 H o6pa60TKY Tpae:KTO
puii. CrpyKrypa nporpaMMhl FORM noJaonHeT onepaTHBHO 
H3.\teaHTh pacrrpe,nenenue MarHHTnoro nonH, a TaK:>Ke yqu- · 
Thma n. BKna.n B JTO pacnpe):(e·neHHe nonH Ja,naHHoro qucna 
IIpOU0,1HilKOB IIOJUOCHhiX 06MOTOK C npOH3BOllbHbiMH TOKaMH 
B HHX. 
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. II. IIOCTAHOBKA 3A,l(A WI 

Ha puc. 1 npuBe,D;eHbl CUCTeMbl KOOp,IJ;H!faT, .B. KOTOphlx·· 
npOU3BO,D;HTCH UHTerpupoBaHUe. llpu pacqeTe TpaeKTOpHH· 
BHYTPU KBa,D;paHTa UCnOJIL3yeTCH UUHHH,D;PU'IeCKaH CUCTeMa 
KOOp,D;HHaT, UeHTp KOTOpOH COBna,D;aeT C UeHTpOM KpUBU3Hhl 
KBa,D;PaHTa. B npHMoyronLHOM npoMe)KyTxe ucnonL3yeTCH 
,D;eKapTOBa CUCTeMa KOOp,D;UHaT, OCH KOTOpOH COBna,D;aiOT 

. C reoMeTpH'IeCKUMU OCHMH·npOMe)KyTKa. B Ka'leCTBe He3a
,BUCiiMOH nepeMeHHOH Bb16paHa ,D;nHHa S B,D;OJIL TpaeKTopuu.'. 
B 3TOM cnyqae ypaBHeHUH ,D;BU)KeHHH UMeiOT BU.D; B UHHHH,D;PU-
qeci<oii cucTeMe xoop,D;HHaT (R,O,z) · :· . · 

d ~ = R( d0)2 + 0,299793Z ·10 -
6 

(B ~ -B 'R ~), 
W ds p 0ds z ds 

/1/ 
. -6 dO dR) d 2z 0,299793 z ·10 ( BJP Ts - BOdS ' 

-= p 
ds2 

d 2() ~ • 
= _ ~- dR dO 0,299793Z·10 (B dR _ B ~ )·: 

d;2" R (JS ds + p z"'s R ds ' 

r,D;e p - UMllyJILC 'laCTUUhl.B T3Bi~, Z- 3apH,D; j,D;nH npo::· 
TOHa z;,.+ 1 /, Bz . '.BR H Be- KOMnOHeHThl MarHHTHoro 
llOJIH B Fe. '·· 

· B ,D;exapToBoii cucTeMe xoop,D;uHaT ypaBHeHuH .D;BU)Ke~·H 
HMeiOT BH,D; 

d
2
x 

ds"2= 
0,299793 z. 10-6 

p 

2 -6 
d y 0,299793Z·10 

d;'"2= p 

dy dz . 
(Bz (IS- By (IS), 

dz · dx 
(Bx as - ~ ds) ' 

2 . . -6 
d z 0,299793Z·10 · dx dy ) 
.ds2= P (Byrs- Bxrs' 

./2/ 

llpu p~C'IeTe TpaeKT<~~HH 'laCTUU none BHYTPU Kmi.~paiiTll 
" ,D;JIH a3HMYTOB ~ < (J < --"- npUHHTO a3HMYTaHLHO O,D;HO~ 

. ~ ~ . . 
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po,D;HhiM H onu:caHo B UHHHH.D;PU'Iecxoii cucTeMe xoop,D;uHaT .
Pa.D;HanLHoe pacnpe,D;eneHHe MarHUTHoro nonH 3a,D;aHo B cooT-. - "'• 
BeTCTBHH. C U3MepeHUHMU, BhlnOJIHeHHbiMU . npu UH.D;YKUHH 

Bo = 12620 rc. ITo.ne npu . 0 < .!!,_ . u 0> 23 17 /TopnoBoe . 
... ·· .. 48. AS·.· .. ..:=·• 

none/ onu:caHo ,D;ByMepHoiiTa6nHneii fS/ B ~exapToBoii cue-. 
TeMe · xoop.D;HHaT x~y' /eM. puc. 1/. OcL y' uanpaBJieHa oT 

. neHTpa KBa,D;paHTa' no HOPMaHH x oxpy)KHOCTU pa,D;Hyca R
0 

= 
=2800 CM, OCL X' . - no KaCaTeJILHOH K 3TOH OKpy>iaJ:OCT:H 
B·HanpaBJieHinl Cfla,D;a MarHHTHOro nOJIH; llpu UHTerpUpOBa·-
HHU TpaexTopuu B KBa.D;paHTe ,D;nH 0 <. .!!....:... u O> 23" 

' . ·' . . 48 . . . 48 
llp:OUCXO,D;HT nepeC'IeT UHJIHH,IJ;PU'IeCKHX KOOp,D;HHa T KBa,D;paHTa 
B ,D;exapTOBLI. xoop,D;uHaTLI (x ',y ') u B 3Tux xoop,D;HHaTax 

. . ' ~;-
Bhi'IHCJIHeTCH none. ,lJ;nH onpe,D;eneHun pacceHHHoro nonH 
xsa.D;paHTa npu UHTerpupoBaHHH Tpaexropn8 s npaMo~~eii-

'!/' . 
PHC. 1. CHCTeMhl. KOOp,D;HHaT, ucnon:b'3yeMLie npu UHTerp'u

... :_pOBaHUU TpaeKTOpUH · U Bhi'IUCJieHUH 'nOJIH B. YCKOpUTene • 
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HOM •npoMe)KyTKe ,IJ;eKapTOBbl KOOp,IJ;HHaTbl (x,y ),B KOTOpbiX 
Be,IJ;eTc.a HHTerpuponaHue, TaK)Ke nepec'IHTLIBaiOTCH B Koop
,IJ;HHa Tbl (x ', y J· 

IlpH He06XO,II;HMOCTH H3MeHeHHH pa,IJ;HaJibHOrO pacnpe,D;e
neHH.H non.a.Honoe pa,D;HaJILHoe pacnpe,IJ;eneHue 3a,IJ;aeTc.a B 
nporpaMMe B BH,IJ;e O,IJ;HO~epHOH Ta6nHULI C. IIIaroM 10 CM. 

Y'leT BKna,IJ;a npoBO,IJ;HHKOB npoH3BO,IJ;HTCH 3a,IJ;aHHeM uxno
nO)KE?HHii, a TaK)Ke BeJIH'IHH H HanpaBneHHH TOKOB B HHX. 
IlporpaMMa cyMMHpyeT none, co3,IJ;aHHoe TOKaMH B 3THX 
npoBO,IJ;HHKax, c 3a,IJ;aHHLIM pacnpe,IJ;eneHHeM MarHHTHoro nonx 
H npOH3BO,IJ;HT nepec'leT HCXO,IJ;HOH ,IJ;ByMepHOH Ta6nHULI nonx. 
llpu 3TOM npe,D;nonaraeTcx, .'ITO a3HMyTanLHOe pacnpe,D;ene
HHe MarHHTHOrO nonx He MeH.HeTC.H. 

llpH HHTerpHpOBaHHH TpaeKTOpHH BHyTpH KBa,IJ;paHTa 
KOMnOHeHTbl nonx Bbl'IHCnHIOTCH no <1JopMynaM . 

B =B (R,O,O)- ~[.l aBz(R,O,O) iBz(R,O,O) 1 ai3 tR,O,O) 
z z 2 R aR +--....--+- z. ] aR ;l; R"' -- ' 

B _ aBz (R, 8 ,0) 
R- . aR z, 

/3/ 
B _ 1 aB z(R,O ,0) 
o-R" ao z, 

npu'leM npu 4s < 8 < ~ 17 Be H 
2 a Bz(R,O .• O) 

ao 2 
nona-

raroTc.a paBHLIMH Hymo. B npxMonuHeiiHoM npoMe)KyTKe KoM
noHeHTLI nonx Bbl'IHCn.HIOTCH cne,IJ;yiO~HM o6pa30M: 

z, 
/4/ 

a a z(x,y,O) 
B - z, y- iJy 

2 2 
B z ='B z(x,y,O)- I [ a Bz (x,y, 0) 

. 2 . 
a Bz(x,y, 0) 

ay2 
] . + 
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III. CTPYKTYPA IIPOTPAMMhi FORM 

IIporpaMMa FORM npe,D;cTannxeT co6oii CHCTeMy no,IJ;
nporpaMM. )J;nx nonL30BaHHH. 3TOH .CHCTeMOH He06XO,IJ;HMO 
HanucaTL nporpaMMy- ,IJ;HcneTqep, KoTopax. ,IJ;On)I(Ha oc~ecT
BnHTb Tpe6yeMyio nocne,IJ;OBaTenbHOCTb o6pall\eHHH K no,IJ;-. 
nporpaMMaM cHcTeMLI FORM u.Hx B3aliMo,IJ;eiicTBHe, BLinon
HHTL, ecnH Heo6xo,IJ;in.io, aliarm3 npoMe)KyTO'IHLIX pe3yJILTa:. 
TOB H H3MeHeHHe B 3aBHCHMOCTH. OT HHX _YCJIO.BHH C'IeTa, 
npoH3BO,IJ;HTL rpadJuqecKyro H,uu<bponyro BLI)J;a'Iy pe3yJII>TaToB. 
TaKax CTPYKTypa y,IJ;o6Ha TEiM, 'ITO. no3BonxeT 6LICTpo co~: 
CTaBHTb pa3JIH'IHbie BapHaHTbl, He06XO,IJ;HMLie )l;JIH Ka)K,II;OrO 
KOHKpeTHoro cnyqax. Ha puc. 2 rrpune,IJ;eHa <bYHKUHOHaJILHax 
cxeMa nporpaMMLI. Hnli<e ,IJ;aHo KpaTKoe · onucaHHe 
ocnonltLIX no,IJ;irporpaMM CHCTeMLI FORM . 

. 
...,;...----1. nporpaMMO-OUpnerllip 

Puc. 2. <Py_m<uuonanLnax cxeMa nporpaMMLI FORM. 

1. 
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l.Iloi}npozpaMMa ¢opMUpoeaHUJI MaZHU111HOZO noAJI (CORFJD) 

~ 

B 3TOH nOJVIporpaMMe B BH~e ~ByMepHoro MaCCHBa ··-.· 
B(33,42) 3a~aHO HOPMHpOBaHHOe Ha e~HHHJzy HCXO,D,HOe pac: 
npe~eneHHe Topnoaoro. MarHHTHoro non.11, H3MepeHHoe npH 
J!H~}'KUHH 12620 Fe, C maroM 10 CM. ECJIH Heo6xo~HMO 
BeCTH paC'IeT npH pa~HaJII:.HOM pacnpe~eJieHHH, OTJIH'IHOM 
oT Hcxo,D,Horo, To Tpe6yeMoe pacnpe~eneHHe Bz(R) c maro:M 
10 CM 3a~aeTC.II B nporpa:MMe-,I{HCneT'Iep B BH~e O~HOMep
HOrO. MaccHaa BZ(ILI) , r~e IU - qHcno TO'IeK MaccHaa~ 
IIo~nporpaMMa Ha OCHOBaHHH 3a~aHHOH 3aBHCHMOCTH B z(R) .. 
CTpOHT JIOBYIO Ta6JIHUY TOpD;OBOrO nOJI.II KBa~paHTa, npH'IeM 
a3HMYTaJI&Hoe pacnpe~eneHHe MarHHTHoro non.11 coxpaH.IIeT-
C.ll. 

IIony'leHHI:.Iii H3 H3MepeHHii o~HOMepHI:.Iii MaccHB DBZ(S), 
TaK:>Ke. 3a~aHHI:.Iii B noJVIporpaMMe, onHci:.IaaeT BKJia~ AB(R), 
BHOCHMI:.Iii B pacnpe~eneiiHe Bz(R) TOKOM 280 A B o~Hoii 
nape. npOBO,D,HHKOB, npOJIO:>KeHHI:.IX -Ha HH:>KHeM H BepxHeM 
nonrocax MarHHTa npH HH~YKnHH 10 KTc. H3MepeHHa.ll 3aBH~ · 
cHM:ocn~ AB(R)./Bo npHBe~eHa Ha pHc. 3a. BeJIH'IHHa ~o-
6aBKH B pacnpe~eJieHHe MarHHTHOrO nOJI.II KBa~paHTa, B&I-
3BaHHOH cyMMapHI:.IM TOKOM ~OnOJIHHTeJII:.HI:.IX nOJIIOCHI:.IX 
npoBO~HHKOB, BI:.I'IHCJI.IIeTC.II no 4JopMyJie 

MZ 
(R)= :£ AB(x 1)tJ 1C 1• 

i=l 
/5/ B 

z 

3~ec& x 1 =(R-R;)G,r~e R- TeKYJnHH pa~Hyc, R 1 - pa,D,Hyc 
i -oii napi:.I npoao,D,HHKOB, C 1 =+1, ecJIH ~n.11i -oii: napi:.I 
npOBO~HHKOB "o6paTHI:.Ie" npOBO,D,HHKH npOJIO:>KeHI:.I Ha 60JI&
WeM pa~Hyce, 'leM "np.IIMI:.Ie", H C=-1 anpoTHBHOM cnyqae, 
MZ - 'IHcno nap npoao~HHKOB, tJi - BeJIH'IHHa TOKOB B i - oii 
nape npoao~HHKOB B aMnepax I tJ 1>0, ecJIH HanpaaneHHe 
TOKa COBna",AaeT C nOJIO:>KHTeJII:.HI:.IM HanpaBJieHHeM a3HMyTa/. 

3Ha'leHHe K034JclJHD;HeHTa C i B /5/ ~JI.II "o6paTHOt'O" 
npOBO,D,HHKa ~OJI:>KHO COBna~aTI:. CO 3Ha'leHHeM C i M.ll COOT-. 
BeTCTByromero "np.IIMOrO" npOBO,D,HHKa, npH'IeM npH BI:.I'IHC
JieHHH. nOJI.II 6e3pa3JIH'IHO, KaKOH H3 ~BYX nOJIIOCHI:.IX npOBO~
HHKOB, o6pa3yJOinHX '3aMKHYTI:.IH BHTOK, C'IHTaTI:. o6paTin.J:M. 
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IIo~nporpaMMa CORFID ~on:>KHa 6I:.IT& BI:.I3BaHa npo.: 
rpaMMoii::-~HcneT'Iep nepe.[( HIITerpHpoBaHHeM TpaeKTOpHii:. 
06pameHHe K no~nporpaMMe H:MeeT aH~ 

CALL CORFID (BO, BZ, RZ1, IU, MZ, RSZ, CZ, BKZ, KL ). · 

3~ec& BO- HH~YKUH.II OCHOBHOro nOJI.II B rc, RZl - pa~Hyc, 
COOTBeTCTBYIOinHH. nepBOH TO'IKe MaCCHBa BZ •. BeJIH'IHHI:.I R i• 

C. H tJ. 3a~aroTC.II B nporpaMMe-~HcneT'Iep B BH~e Tpex 
1 1 . 

o~HoMepHI:.IX MaccHBOB,RSZ, CZ H BKZ cooTBeTCTBeHHo, 
c o~HHaKOBI:.IM KOJIH'IeCTBOM TO'IeK MZ B Ka~oM. 

B qlfcno napaMeTpoa o6pameHHH K no~nporpaMMe axo~HT 
nepeMeHHaH KL, onpe~enxromax pe:>KHM pa6oTI:.I no~nporpaM-: 
MI:.I. ECJIH HHTerpHpOBaHHe npOH3BO~HTCH npH HCXO~HOM 
pacnpe~eJieHHH nOJIH H BKJiaA ~OnOJIHHTeJII:.HI:.IX nOJIIOCHI:.IX 
npoao~HHKOB He Y'IHTI:.IBaeTcH, To KL=O. 06pameHHe K no~
nporpaMMe B 3TOM CJiy'lae MO:>KeT 6&ITI:. 3anHCaHO B BH~e 

CALL CORFID (O,O,O,O,O.O,O,O,O ). 

J 

II pH KL= 1 no~nporpaMMa CORFID Y'IHT&IBaeT BKJia~ 
npOBO,D,HHKOB B HCXO~HOe pacnpe~eJieHHe nOJIH. 06pameHHe 
K no~nporpaMMe HMCeT BH,IJ, 

CALL CORFID (BO,O,RZl, IU,MZ,RSZ, CZ, BKZ,1). 

Pacnpe,IJ,eneHHe MarHHTHoro nom1 B (R) clJopMHpyeTcH now· z 
nporpaMMoii:: ~nx HHTepaana pa~Hycoa RZl<R<RZl+lO(IU -1). 
II pH Me p. IIycT& Tpe6yeTcx npoH3BO~HT& pac'leT TpaeKTo -· 
PHH npH HH,IJ,YKUHH 12000 rc, npe,D,nonarax, 'ITO pacnpe,IJ,e
JieHHe nOJIH COBna,IJ,aeT C HCXO~III:.IM. Heo6XO~HMO TaK:>Ke 
Y'ICCTI:. BKml~ B 3TO pacnpe,IJ,eJieHHe TOKa -560A B nape no
JIIOCHI:.IX npoao,IJ,HHKOB, pacnono:>KeHHI:.IX Ha R =2840 eM, 
c o6paTHhiMH BHTKaMH, pacnono:>KeHHhiMH Ha R =2760 eM. 
Ilone HC06XO~HMO cclJopMHpoBaTb ~JIH 2700 CM<R< 2900 CM. 

Tor,IJ,a o6pameHHe K no,D,nporpaMMe Mo:>KeT 6LITh 3anHca
Ho B BH,IJ,C 

CALL CORFID (12000, 0, 2700.~ 2i,2, RSZ,CZ,BKZ, 1), . . 

r,IJ,e RSZ(l) = 27~0, RSZ(2) = 2840, BKZ(l)= 560,BKZ(2)= 
=-560, CZ(l) =· -'1; CZ(2) = -l. 

9 
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PHC. 3. 3aBHCHMOCTH ~Bz(R)/Bo · OT TOKa 280A B nape 
npoBO.D:HHKOB, npono:>KeHHLIX Ha pa.n;Hyce R i /a/, .11 cxeMll, . 
cno:>KeHHJI noJieH OT TOKOB B .D:BYX nomOCHbiX npOBO,D;HHKaX 
C TOKOM 560A /6/. B 0 ·= 10 KTC. 

Ha pac. 36 npHBe.n;eHa cxeMa cno:>KeHHH noneH ToKoB 
nomOCHbiX npoBO,D;HHKOB ,n:ng 3Toro cnyqag. , 

II pH KL =2 no.n;nporpaMMa Ha. ocHOBaHHH 3a,n:aHHOH B BH
.n;e MaccHBa BZ(IU) B nporpaMMe-.n;acneTqep .3aBHCH
MOCTH Bz(R) c'ipoHT HOByro KapTy non.H KB8..n:paHTa. llpH 
3TOM npe.n;nonaraeTca, 'ITO .n:ononHHTenLHLie nomocHbie npo
BO.D:HHKH OTCYTCTBYIDT. 06pa~eHHe HMeeT BH.D: 'i"\. 

CALL CORFID (BO,BZ,RZl, ILI,O,O ,0,0,2). 
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IlpH KL =3 no 3aBHCHMOCTH B (R) cTpoHTca HOBaa 
nBYMepHaJI Ta6naua Iiona H O,D;HOBpeMeHHO Y'IHTbiBaeTCJI 
BKna,D; noniOCHbiX, npOBO,D;HHKOB. 

'. 
2.HoonpozpaMMa UHmezpupoeaHUR e KeaopaHTTte (INTQ) 

~ ·- ~- I" ~ . .' 

. . 
06p~eHHe K no.n;nporpaMMe HMeeT BH.D: 

. . 
. CALLINTQ (Z,P,BO, E,HN ,XI). 

3.n;ecb Z - 3apa,n: qacTHUi.I: P - HMnynLc B T3B/c, BO:. ~ 
HH.D:YKUHH ocHOBHoro nona B Fe~- HN ·- war HHTerpHpOBaHHH, 
E -· MaccHB Ha'lanLHhix.ycnoBHH, cocroa~HH H3 mi:TH Be.JIH-

dR · 'IH.H: E(l) =R B. CM, E(2)= -d = sina, .. r.n;e a .- yron . s .. 
Me:>K,n:y ropH30HTanLHOH npoeKUHeH TpaeKTOpHH H KOOp,D;HHaT-
HOH oKpy:>KHoCTLro pa,n:Hyca R , E(3) =z B. eM,_ E(4) · · = 

.. ::_..,. .. 

= ~: 'sin a , r.n;e a.l ~ yron ,Me:>K,D;y Kacan!·nbHOH K · 
ds . .l · 

TpaeKTOPHH- qacTHUbi H Me.n;HaHHOH IInOCKOCTbiD, E(5) - a3H-~ 
MYT () , Xl - a3HMYT KOHUa HHTerpHpoBaHHH. IlpH .n:ocTH- .. : .. 
:>KeHHH a3HMyTa Xl npollcxo,n:HT Bbixo.n: H3. no.n;nporpaMMLI,: ·· 
rrpH 3TOM .E(l), E(2) ,E(3),g4)HMeiDT 3Ha'leHHH, COOTBeTCTByro-
~He 3TOMY a3HMYTY, a E(5) = Xl. , . -:, 

IIo.n;nporpaMMa INTO,· · · .n:onycKaeT TaK:>Ke. o6paTHoe HH
TerpHpoBaHHe, npH 3TOM HN .n;on:>KHo 6biTL oTpHuaTenLHLIM. 

IlpH HiiTerpHpOBaHHH TpaeKTOpHH 'laCTHU Manl>IX HMnynb
COB B ,D;OCTaTO'IHO. CHnLHOM none d(J /ds . MO:>KeT H3MeHHTb 
3HaK Ha npoTHBonoiio:>KHbiH, H 3a.n;aHHLIH a3HMYT · Xl He 6y,n:eT 
.n:ocTHrHyT. B. 3TOM cnyqae npH H3MeHeHHH 3HaKa d(J/ds 
npoHCXO,D;HT BbiXO.D: H3 no.n;nporpaMMbi, npH 3TOM E(5) paBHO 

;3Ha'leHHIO c' a3HMyTa, npH KOTOpOM npOH30Wen. BbiXO,D; H3.' 
nd.n:nporpaMMbl. HHTerpHpoBaHHe_ TaKOH TpaeKTOpHH MO:>KHO. 
npo,n:on:>KHTb, o6pa THBWHCb K no,n:nporpaMMe BT OpH'IHO, H3-
MeHHB npH 3TOM 3HaKHBenH'IHH E(2),E(4) H HN · HanpoTH-
Bonono)fa{Lie. 

·-

II 



·· 3./IoonpozpaMMa umaezpupoeauu.11 e np.RMo.iluueiiuoM 
npoM eJICyr.uw (INTSS) 

06pall\eHHe HMeeT BH.D; 

CALL INTSS ( Z,P, BO, E, HN, X1), 

r.o;e E(l)=y , E(2)=dy/ds, -E(3) =Z, . E(,4)=dz/ds, 
E( 5) .. x , X 1 - 3Haqenue Koop.o;una Tbi x ,npu KOTopoM 
HHTerpupoBanue .o;omKHO 3aKaH'IHBaTbCH. OcTaJibHbie. napa
MeTpbl HMeiOT TOT )l(e CMbiCJI, 'ITO H B no,IJ;nporpaMMe INTQ 

4. IloonpozpaMMa FIGURE 

3Ta no,IJ;nporpaMMa OCyll\eCTBJIHeT rpaclJH'IeCKYIO Bbi,IJ;aqy 
pe3yJibTaTOB. Ecnu HMeiOTCH TPH OAHOMepHbiX MaccHBa, A , 
B , I , o.o;nnaKoBoii pa3MepnocTH, npH'IeM I - MaccHB 6yK-. 

BeHHO·UH!lJpOBblX HH.D;eKCOB, TO B pe3yJibTaTe o6pall\eHHH K 
no.o;nporpaMMe B 3aAaHHOM MacuiTa6e no ocu y B npe.o;enax 
BCeH IIIHpHHbl )IHCTa AIJJIY no OCH X TO'IKH C KOOp.D;HHaTaMH 
(A i ;B i ) 'HaHOCHTCH CHMBOJiaMH I i . 06paiUeHHe K no,IJ;

nporpaMMe HMeeT BH.D; 

CALL FIGURE (K,N,A,B,I), 

r.o;e N - 'IHCJIO cTpoK AIJJIY, OTBOAHMbiX no.o; rpaclJHK no.ocu 
y , K - qucno TO'Ie_K B MaccuBax A , B H I jqucno TO'IeK. 

na rpaclJHKe/. 

II pH cBoeii pa6oTe no,IJ;nporpaMMbi INTQ H INTSS uc
noJib3YIOT · 6u6nuoTe'IHYIO no.o;nporpaM:My INTSTP, a TaK)Ke 
pH.D; .o;pyrux no.o;nporpaMM CHCTeMhi FORM, nepequcneHHbiX 
na puc. 2: no.o;nporpaMMhi Bbi'IHCJieHHH npaBLIX qacTeii cHc
TeM ypaBHeHHH /1/ H /2/(EXT2,EXT1), Bbi'IHClleHHHMarnHT
HOrO nOJIH B KBa~paHTe H npHMO)IHHeHHOM npoMe)KyTKe 
(FID, FIELD) , o.o;HoMepnoii H . .o;ByMepnoii HHTepnoJIHUHH no 

Eeccenro (QINA, QIN). 

12 

\t 

i 
{~ 
I 

i 
.\ 
\' 
i r· 
I 
' 
i 
~ . . 

. j·: " 'I 

l 
; 
•' 

I' 

'I 
:l 
lo 
!I 
1 
1.\ 

i. 
't 

l ' 
1: 

' ~~ 

l 
J 
t· 
t 
1 
i 
t 
L 

\ 
l 

;\ 
~) 

III. IIPHMEHEHHE IIPOFPAMMhl FORM ,l{JIJI 
IIO,l{HOPA IIAPAMETPOB IIEPBOH CTYIIEHH 
TPAHCIIOPTHPOBKH BhiBE,l{EHHOFO 
IIPOTOHHOFO IIYIIKA 

IIepBa.li: CTyneHb CHCTeMbi TpaHCnOpTHpOBKH B HaH6onee 
o611\eM BapuanTe npe.o;nonaranacb cocT_OHil\eii H3 pacnono
)KeHHbiX BO II npHMOJIHHeiinoM npoMe)_KyTKe OTKJIOHHIOI.Uero 

• 

,.,.--- :1. 
~t_<!!f!le.o-.- !'' ";": I 

iJa 

rR~>R&; -'r,.-t.:. ____ _; 

qa 

PHc. 4. CxeMa HTepaTHBHoro npouecca .D;JIH no.o;6opa napa
MeTpoB nepBOH CTyneHH CHCTeMbl TpaHCITOpTHpOBKH BbiBe- . 
.o;ennoro .npoTOHHoro nyqKa. Onepa'iophi, npHBe.o;eHHbie B 
ITYHKTHpHbiX npHMOyrOJibHHKaX CJieBa, COOTBeTCTBYIOT pe)KH· 
MY nepeclJoKycHpOBKH. -
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MarHHTa C IIOCTOJIHHLIM· IIOJieM ·B, .KBa.npyiiOJILliOH. JIHH~LI,. 
uepTHKa.JiLHa·JI KOMIIOHeHTa rronJI B ·KoTopoi. Bz(z,.O) =G1 y , 
H cei<:cTyrroJILHOii JIHH3LI (Bz(Z=O)=~ y2f.2i' Ha'laJILHLie ycnc;>
BHJI Ha sxo,D;e u OTKJIOHJIIOIQHii MarnHT 6LIJIH nony'leHLI H3 . 
pac'leToB rro rrporpaMMe MFIELD /6/ . . · ··> · . .:~ 

Ilo,D;6op rrapaMeTpOB CHCTeMLI IIpoH3BO,D;HJICH IIO HTepa· 
THBHoii cxeMe c HcrronL30BaHHeM rrporpaMMLI FORM. · BnoK· 
cxeMa rrporpaMMLI- ,D;Hcrrei'qep ·,D;n.H 3Toro cny'laJI np:Hue,D;eHa 
Ha pHC. 4. )J;mi IIO,D;6opa rrapaMeTpOB 6LIJIH B3JITLI IIpH Z=0. 
TPH TpaeKTOpHH, COOTBeTCTDYIO~He IIpHCeiiTYMHOH, OCeBOH 
H HaH6onee y,D;aneHHOH OT cerrTyMa 'laCTHD;. Hx OTKJIOHeHHJI .. ~ . 
H ropH30HTaJILHLie yrJILI Ha BLIXO,D;e BTOporo KBa,I:ij)aHTa: 
Ha cxeMe o6o3Hal{eHLI (R1 ,a1) ,(R 2 ,a2 ) H (R 3 ,a3 ) co
OTBeTCTBeHHO. IlporpaMMa no,D;6Hpaer B H Gj· TaK~ 'IT06L~ 
BHyTpeHHHH H HapymHLIH KpaJI nyqKa Ha BLIXO,D;e BTOporo 
KBa,D;paHTa Haxo,D;HJIHCL Ha pa,D;Hycax RJ3a.H Raap.cooTBeTcT
BeHHO. )J;JIJI ynyqweHHJI 34xtJeKTHBHOrO ropH30HTaJILHOrO 3MH· 
TaHca ceKCTynonLHLIH rlla,D;HeHT G2 IIO,D;6HpancJI TaK, ~IT06bi 
K03!ll!PHUHeHT KOppeJIJID;HH OTKJIOHeHHe·yron ,D;JiJI Tpex pac .. 
C'IHTLIBaeMLIX TpaeKTOpHii 6bm paseH 1. Pac'leTLI rrpoH3Bo-· 

· ,D;HJIHCb ,D;JIJI pemHMOB c rrpoMemyTO'IHbiM H3o6pameHHeM KBK · 
BHYTPH KBa,D;paHTa /rre pe!lloKycHpOBKa/, TaK H BHe KBa,D;paHTa. 
/He,D;o!lloKyCHpOBKa/. IloJiy'leHHLie pe3yJibTaTLI IIO,I:ij)06HO OIIH-
CaHbl B /l,2/. . · •· . . . · · 

3KcnepHMCHTLI. Ha KaHane Me,D;nerrn oro BbiBO,D;a rroKa3aJIH 
xopowee COOTBeTCTBHe pac'leTHbiX rrapaMeTpOB C 3KCIIepH· 
MeHTanLHLIMH /7 I . . 

Jlumepamypa 

1. E.B.Bacu.11uwuu, H.E;HccuucKuii, E.M.KyAaKo8a. OHJIH, 
P9-6972, ,l(y6Ha, 1973. .-

2. E.B.BacuAUWUH, H.E.HccuHcKuii, E.M.KyAaKo8a, B.A.Mu
xaiiA08. OH.JIH, E1- 9~ 6536, ,l(y6ua, 19 72. 

3. · E.B.Bacu.11uwuu, JI.H.3aiiu.e8, H.M.IlemoJJH. OH.JIH, 
P 16- 7036 • .Oy6ua, 19 73. · · · · 

4. E.M.KyAaKo8a, K.Il.Mbi3HUK08; JI.A.CMUPH08a, E.PJ/Je-· 
oKmucmo8. OH.JIH, P-2880, ,l(y6ua, 1966. 

5. E.A.,l(eMeHmbe8, H.E.HccuucKuii, E.M.KyAaKo8a, 
K.Il.Mb13HUK08, M.IloAaK, tl>.Xo8aHel.l .. OHJIH, P-2828, ·. 
,l(y6ua, 1966. · . · · · 
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npH~"IoX;eHu:e 

SUBROUTINE CORFIOCB0,8Z,RZ1,ILI,~Z.RSZ,C7,8KZ,~LI 
DIMENSION BZ!ILli,RSZC'li,C7CH71oB~ZCMZI,CCCtOOI,SPRC31,421 
DI~ENSION DBZC81 
Dlt1E'ISION AC!I41 
CC~HON/HFIEL0/8!31,4~1 
OATA(f<N:OJ 
.~ATAtoez=.nooo"s,.noooq,,ooo1&~,.ooto1z,.oat&73,.oot~J2,,on1998, 
l• ont99el 
DATACCBCI, 11,1=1,331= o,ooo, o,oaa, o·.ano, o,noo, o,ooo, o.ooo, 

t o,oo3, o.ooq, 0.018, n.o~s. o.oJo, o,o33, o.o36, o,037, o,o37, 
10.034, 0,031, o.ozg, o.02<J, o.029, 0,02~. o.02'h o.o3o, o,OJ1, 
1 o,o3o, o,ozs, o,o21, o.oza, o,oJ?, o.on, 0~041, o.o44, o,n451 

· oATAccecr, 21,!=1,331= o.ooo, o.ooo, o.noo, o.oo4, n.oo9, o,014, 
1 o.o1s, 0,0?4, o,o3o, o.o35, 0,040, o,o,.6, o.o5o, o.053, o,055, 
1 o,o56, .o.oss, o.o5s,· c.o5s, o.o56, o,os7, o.o58, o.o6o, o,D62, 
t o,o&o, 0,058, o.~57, n.n57, o,oso, n,o63, o,066, o.o68, 0,0691 
OATACCBII, 31,1=1,331= 0.000, 0,000, 0,003, O,OO&, O,Ot2, 0,018,. 

t 0,023, o.n3t, o.C36, o,o45, o.o52, ry,o:;s, 0.062, o.o7o, o.076, 
1 o.D78, o,oso, o.o83, o,oa4, o,Od6, o.o.~s. o,o9t, o.O'l4, o.095, 
1 0,094, o,oqt, o,ogo, o,ogo, o.osg, o.o93, o.o15, o.o97, o.o971 
·oATAC!Bll, 41,!:1,~31= 0,000, 0,0!13, 0,007, 0,011, O,Ot6, 0,022, 
1 o.o2'l, o,o.37, o.o~6, o,o56, o.054, o.o73, o.os1, o.osg, o.096, 
1 0.101, o.1n6, o.uo, o.tt<+, 0.111, 0.122, o.t?6, o.t30, Oo1J2, 
1 0,131; o.12s, 0.121, o,126, o,126, o.1~s. o.129, o.t3o, o,1311 
DATAcceci, 51.I=t,331= o.ono, o,oo4, o,oo9, o,Ot4, o.o?o, o.o27, 

1 o,o3s, o,·044, o,o54, o.oE5, o.o75, o,o'!6, o,og7, o.to7, o.u6, 
1 0,124, Oo132, Oot38, 0.14'•• 0,150, 0,156, 0,161, 0,166, 0,169, 
t 0,166, 0,161'>, 0,164, 0,163, Oo163, O,lf'.,4t 0,165, 0,167, Oo1661 
OATACCEHI, 61,1=1,331= 0,000, 0,005, 0,011, 0,017, 0,024, 0,032, 

1 o.o4o, o,051, o.064, 0,077, o.oqo, 0.1~4, n.tt7, 0·,130, o,t42, 
t 0,154, o.164, o.t7,., o.t83, o.tq·o, o.t'JI!, o.204, o.210, o.~12, 
1 Do211t 0,209, Oo207t Oo207o 0,207, 0,208, 0,210, Oo211, Oo212l 

OATA((8(J, 71,1=1,331= 0,000, 0.006, 0.013, 0,020, 0.028, 0,037, 
t 0,045, o,osa, 0,073, o.oa5, 0.1~2, o,1t9, 0,1:14, 0,151, 0,167, 
t L182t o.t97, 0,211, 0,224, 0,234, Oo243, 0,251, Oi256t 0,258, 
1 0,258, Oo258, Oo257, Oo257t 0,258, Oo259, Oo261, 0,262, 0,2641 

DATAccecr, Sloi=1,331: o.oo2, o.oo7, o.o15, o.o2:~·, o.oJ2, o,n42, 
1 o.o5o, o.o65, o.o82, o,096, o.t14, o,t14, o,15o, o.11o, 0,191, 
1 0,211, 0,233, Oo29t,, 0.273, 0,267, 0,298, 0,306, 0,312, 0,315

1 
1 Oo316t 0,317~ 0,318, Oo319, 0,320, 0,321 0 0,323, Oo325t 0,3261 

DATACCBCI,· 9l,I=1,331= 0,002, o,oos, Oo017, 0.026, 0,1136, 0,047, 
1 o.o55, 0,012, o,ogo, 0,105, 0.125, 0.1'•8• o.t69, 0,190, o.213, 
1 0,243, 0,27Ltt 0,307, 0,335, 0,355, 0,369, 0,379, 0.385, OoJ!ID, 
1 0,391, 0,393, 0,396, 0,397, 0,400, n.400, O."Lt03, Oo405, O,t,Q81 

OATACCBCI,10I,I=1,331= 0.002, 0.009, Oo019, 0,029, 0,040, 0,050, 
t o,061, o,o8o, o,o96, o.t15o o.tJ5, o.16o, o.1so, o.2o5, o.236, 
1 0,278, 0,320, 0,372, 0,416, 0,41tlt, O,Lt?5, 0,477, 0.484, Ooft87, 
1 L491, Oo492, U,494, Oo4'l8, 0,503, ~.5~8, 0.511, Oo515, 0,5191 
OATAllBCI,Uitl=1,331= 0,002, 0,010, 0,021, 0,031, 0.041, 0,053, 

1 o.o65, o,o8!i, 0,104, 0.121, 0.145, 0.170, o.1<:t5, o.220, 0,260, 
1 0,307, 0,370, Oo415t Oo523t 0,568, 0,597, 0,613, Oo622t Oo525, 
1 0,630, o·,634, 0,637, 0,643, Oo648, 0.654, ·o."656, 0.660, 0,6641 

DATAU8CI,121oi=1,33l= 0,002, ·0,012, 0,023, OoC33, 0,042, 0,055
1 

1 o.o7o, o,ogo, .0.110, o.130, 0.154, 0,175, 0.205, 0,235, 0,279, 
1 Oo335t Oo415t Oo534, 0,6t,4, 0,715, 0,754, 0,772, Oo767, 0,791, 
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1 0,799, Oo807o Do8.11t, Oo819, Do~21t, Oo827, 0~828 1 Do829 1 . Oo8321 
DATAl CBCio13l,I=1,33l= Oo003t 0~013, .0.026, Oo031tt Oo01t3~. Oo8!5.6, 

1 .0.074, Oo093, Oo112t Oo135, Do160, Oo182, Do211t· Oo247 0 Do296t 
1 Do364, Oolt69, Do613, Do745, Oo826, Oo870, Do893, Do9D5t Do912, 

·1 Do922t 0~933, Do91t2, Do948t Oo952o.Oo954t Do95ft,. Do951t~ Oo955) 
DATACCBCI,11ti,I=1,331= lle003, Do013, Oo.026, Oo034,,·Q,1Jit5, llo1J591 

1 Oo074t 1Jo092, Do112t Do131tt Do159t Do185t 0~216~ Oo255~ 8~307~ 
1 Do383t Oo499t Oo652t Oo786t llo661t; Do905t Do926t Oo939t Do91t8t 
1 0,959, Do970, Oo98Bt. Oo987, Oo991, Oo991tt Oo'995 9 Do991tt Do9951. 

DATACC8llo151ol=1o331= Oo003, Oo0130 ~.027• .0,835, Oot146t Oot1591 
1 Oo075, Oo094t DoUit; Oo137, 0.162, Do189t ·a,zzo, Do260~. Oo315t 
1 Oo3g5, Oo512o Oo673, Oo806, .Bo!l79,. 0~916, Oe9361· Oo91t8t· Do959, 
1 o.9&9, o.CJ81, o.ggo, o.997, 1.ooz; 1.oos, 1.·oil6o 1.oo6,,t.oon 

OATUCBCI,161,I=1,331i: Oo00·3, Oo.ll13, De027; 0,1136, 0 .. 1147t .0,;061.. 
1 Oo077, Oo095, 0.116, Oo139, Oo165t Do192t 0 .. 225, Oo26~; Oe322t 
1 ~405, Oo527, Oo685t Do818t Oo89lt Oe922i Do'9lt0; Oo961o"Do961t 
1 Oo972, Oo983t Oo993t 1eDOOt lo005, 1o007; 1.0118, 1o008o· 1o0091 

DATACCBlit171,I"=1o331= Oo002, Ool13t OeiJ21J 0 O.i036t Oo8lt8, OaD62t 
l Oo878, Oo097t ~.118, Oo141, Oo167t Or195t Do228t Do270t Di327t 
1 Q, 41~ Oo 538, Do 6119 1 · Do 825 0 'Oo 892; O, 923, Do 941 0 Oo952t Oo959t 
1 lio972t Oo9~4, Do993t 1o000a lidOS~ 1 .. ~08, 1~008t 1o009~ 1oQ18) 
DATACCBCI;1~1,I=lo331= Oo003t llo013t 0~828t'ti036t .D~Qit8t Do062t 

1 0~078! 0 0 097, Dol18, Do142t, 9o~&8, Oo197t'.Do'231t pap~ Do3U, 
1 Oolt111t Oo545t Oo70itt Qoii30oi Dol91t,· Di92!t; Do91tDt 11e"951t Do960, 
1 0,971, 0,;98z,. Oo992t Oo999t· loQ03., 1i007,.1.007o''le087,· ~.Q081 

DAT.A.CCBU,191ol=lo331= OoGD3, '&;;Olltt Do028o ~o037, o,.illt9t 0.,0&3, 
1 0,080, 0.0198, OoD1.2t 0 0 1lt'tt Oo~70, Do199,. Oee35, -Oo'279t llo339t 
1 Oolt2111 Oe55g, Oe7i9, Oe83.9t Oio~911t Da9l!5t 1~941.t,f!o95~; P~957f. 
1 Oo970 0 Oo982, Oo991o' Oo998t 1o803t .1io006't .. le'OIIit loBO&, ·1o007~. 
,DATAHen,zot;,Ia1,3'3'= o•oo3, a.u,., o.-ua, f • .Uai o.alt~~ .0•063, 
1 Oo080o· 1Jol99, Oe1U,. o,,.ftr.,· a.t72, 'Oi2.029. llo236t lo2Ut~~lo,3ltltt 
i o, lt35l •• 5&8, . o. 727,. tle8ft21 lo,898; Oo·ttlti 1!•9391~ Oo 91t8i.l-}l;~, 
1 Oo.9&8, Oo979; Oo989r Do996, lotiiO, .1.o003, 1olllt'.'1•103t···t,.'l0lt) 

DATA c can·izu,I=t; u1 = o. oo.s, a~lil&, ·~~~pz8, ••~3ai o.ultt~';~;·u~ .• 
1·-ooa&Oe DoltOt Oo122t Ootlt&, Oo173t Oo203t lo!38ole2~1tt~l~'31t1:t"' 
1 o,·ltltut o;.573t o. 732, o. 8'tlt~ o. 891, o, 923' Do1J379': DO.CJ.tt'l~:·.t~•~n •. ; 
1 Oo967i ·Oo978, 0~987t Oo991to Oo998; 1o001t 1oD01t .1o'Dil;.d.i>tJ831':. 

DATAHect,ztl_oi='lo33l= ·o.oos, a.o11, o~oz8, .. o.ua, oe:osa; .. o.;'or.5, 
1 DoD.at,o.101, o,·1~3, o.t~7t' ,1.1741 o,zo7,:~.1.21tO, Oo286o le351,. 
1 Oo441t; Oio56Di Do7381 Do847t Oa911t. Oo922t Do.937, D,e91t6t Dt953~ 
1 o, 965 1 Do976o Oo 986, Oo993, Oe997, ·Oo991!• 1o'OU;: 1·.aaa . .._~ 1;, IOOJ 

OATAJ leClt231 ,I=1o3.31: o .. oas, Do017t' O;.D291 Oe839t'iDa:!l~1( ,,O.IIifot 
l 0,083, Oe102r .Oo121tt Oo14119 Oo175, Oo208.' Oo242t lo288; 0~35l!t 
1 o, 448 0 Oo 51170 Oo 71t3t Ooll48t ·lo898; Do,921t Do 935, . O.CJitlt, Oo 95·3,1 

1 0•963 0 Oo974 1 Oo984r Oo991 1 Oog95, "Oo997o O~CJ.98"t 0•"1911 0 .g,,cut· 
· ·oATAtcen,zltt·,I=1,33l= o.oas, o.o17t o .• !l.29, leOitO, ·a.asz, .0;;167.-

• 1 o.oa,., o.to3, o.125, o.1&0i o.t7&i Do207, Da243~'••2tai.l~351to 
1 Oolt53, .Oo593, Oo.71t7, Oolllt119 Oo896, Oo9f9t Oo93_2, o;941t 0~950i. 
1 Oo96o'o Oe971,' ·o.9u,· Oo988, lo992t lio991t.t .lo991tt 0•991ti .Oo995t· 

OATAU8CI 1 2\;l,Iz1,33): ·o,0051 DoOlllo Oo031t ,Q,I41t l!ol53t Oa168t 
1 Dolho Qo.1115t Oo127, Oo15tt lo1711t lo218o· lo24ft't o•ttti··••.3!f7i•. 
1 Do ltSS, . o, 5919 Oo 7511, Oollltll, o. 891t, lo cur. •. '.8~9Z9; ·11• '1131; . Oo9ft6'i 
1' lo957t Do968i 0~97&, 'Do9~5t Do989, Do991t-1o9CJ1o ·De99S.t D_,,,t} 

DATACC8cf,26hl*1o331• Ool85i. OoDlllt 8,031, leDitl:.: a.;lffttc ~.ifMt. 
1 Oo1186,. Oo186t Oo1211o Do152, So1111t Oe~U9t De~lt!it .•• !ttt' ... ollt.f 
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1 0,461, 0,603, 0,753, 0,847, 0,892, 0.914, 0,927, Oo936, Oo944, 
1 q,954, Oo'l63, ~.975, Oo982, Oo9~6, 0,988, Oo988, Oo988t 0~9891 
nATACIPII,271,I:1,331: OoOD5, Oo018, 0.031, Oo042, 0,054, Oo069, 

1 o •. o66, o.1o&, 0.128, n.1s2, n.178, ·o,208, 0,245, ·0.292, Oi36o, 
1· 0,4.o1, 0,606, 0,753, 0,84?, 0,886, 0.907, Oo924, Oo929, Oo939, 
1 0,949, 0.961, o.~69, 0~976, 0~981, o;983, 0,984, 0.986, 0.9871 
1ATAIIBCI,?8l,I=1,331= 0,005, 0,017, _0,030, 0,041, Oo054, Oo069 1 

1 o.oii6,·~.106, 0.121, 0,151, 0.177, o,206, 0,243, 0,291, o.358, 
1 0.461, 0.&05, 0,752, Oo840~ 0.884, 0,905, Oo918,· Oo92&, 0,935, 
1 ~.q .. :;, ·0,957, 0,9&7,. 0.972, 0.978, 0.979, Oo979, Oo979t Oo9801 
'llHA118(l,291,I=1,331= o.oos, 0,011, 0.029, o.o4o, o.053t o.o68 1 

1 n.Oflq, q,tqs, o.t?5, 0.149, 0,175, 0,203, 0~240, 0,287, Oo353, 
1 q.~~t. o.598, 0,743, o.s~o, 0.876, o.8~8, o.9to, o.919, o.927, 
1 Q,<J35, Oo<J50, Oo'l&O, Oo965, Oo'l70, Oo<J70, 0,970 1 Oo970, ·0,9711 

'JATAIIECI,101,l=1t331:: 0,005, 0,017, 0,028, Oo040, Oo057, 0,066 1 
\ o.Oil1, o,tnJ, o.12l, 0,147, o.111, ~.zoo, 0,235, o.zao, o.346·, 
! o.~,,s, n,sR<;, o.725, n.812, o.851, o.es5, 0,899, o.908, o.9t4, 
\ ~.9~7. 0.939, 0.948,. 0.954, 0.956, 0.957, 0.957, 0.958, 0,9591 
'>4TACCEII,~11.I=1,:nl= o.oo:;,·o.ot7, o.oz9, o,039, o,051, o,o65, 

•·n.os1, o.1oa, 0.120, 0,141, o.1b7, 0.112, o.225, n,z65, o.J25, 
! n,412, n,s~:.r,, 0,671, 0,762, O,fl14, 0,813, 0,859, Q,/170, Oo87'h 
c ~.119~, Q,9Qt, ·Q,910, 0,917, Oo'l21, O,CJ21, 0,921, Oo921t 0,'3211 
OA(.lii"CI,12l,I=1,33l= o.onz, o.o11t, 0.027, o,OJ6, o.oso, o.o63, 

I ~.OdO, 0,09'l, Oo115, 0,135, Oo160, 0.1~4, Oo214, Oo260, 0,300, 
1,;172, ry,434, 0,584, 0,663, 0.706? 0,719, 0.755\ 0,7&7, 0.778, 
,, 7.;s, 1,79;;, 0,904, n.e1n, o.814,· o.a14, o.814, o.8t4, 0.8141 

<.HAClrct,J11.I=1,331:: o.ooo, o.a1.1, o.oz3, o,n34, o.o45,· o,o6o, 
I 1, 071, 0,091, Oo110, 0,130, 0,150, 0,173, O, 200, O, ?JO, O, 274, 
1 0, 3c;n, 1o417, P,t,83, 0,534, 0,567, 0,511, 0,606, 0,&17, Oo627, 
t o. £.11, ~.b<tt, r.">'+7, q,&51, n,b54, o.656, n.6S6, o.<;55, o.6551 

IJA T A II I] I. I , 3 4 I , I = 1 , 33 I = 0, 0 0 0 , 0, 0 0 5 , 0 , 0 18 , 0 o 0 3 2 , 0, 0 4 4 , 0, 0 58 t 
1 o, Ol3,· o.rsg, QdO&, n,t25, Oitots,· o. 164, 0.110, 0,211, 0.250, 
1 o.?H, ~.131, n, 378, n.:.tn, 0,434, 0,4?2, 0,4&5; 0,475, ·0.483, 
1 1. '+il'l, "• '•CJ4,. ry,49'1, n,:;ot, o.503, JJ,5n5, o.5n&, ·o·.sn6, o.506l 
'HlA! ceo,J51 .r=t,13l= o. ono, n.nos, o.nt&, n,o,s, o.o4t, o.o53, 
1~0bc, n.~a• .• n.oCJ7, 0.114, 0.131, o.1·,g, 0.110, o.193, o.nB; 

I n,.?'•'• 0,27'>, O,lOO, 0,.,2?, 0,340, Q,:l-;3, o,·363, 0,372, O •. l78, 
1 o,:l1?, o.~Bb, o,•a9, 'l •. lgt, o.'J~l, o,:l'14, o.3'l6, o.:t'l7, n,397l 
lli•TACCncr,~E>l,_I-=1,311= n,onn, o,QO:., Q,315, o.nu,, o.o~7, n.04c, 

t ·1,Q.,r, ~.o71, n,1B7, ~.1~3, o.11s, o.11:t, o.1~q, n.1&&, o.1ec:;, 
~.214, o,??l, ~·"'"0• r,26L, o,;>.,e, n.?ta, o.?~6, n.2'l~, o.~q7, 
n,311, 0.1~1, D.l05, n,117, n.lO'l, 0,110, 0,31.?., 0.11·3, 0.1131 

i.HA.II\Hl,Hl,I=1,331= 0,'100, 0,003, 0.011, 0,0?3, 0,033, Oo042, 
!1,053, O,r"''•• o,n77, 0,08'l, 0.103, 0.116, 0,1?.9, Oo14~, 0.155; 
'1,1b'3t ~.!.'\?, n.t'l4, 0,?05, 0.?14, 0,2?2, l1o2?8, 0,231, 0.237, 
'l.?l'l, n.~41, n,?4J, n.?44, 0.2:.&, 0,2,.1, 0,249, n.:>5o, 0.2611 

l~TAI!°Cf,•i'l,I=t,111= 0,'100, 0,~03, ~.~12, Oo020, 1.0~/l, Oo03&, • 
1.11•+?9 :~."l',~·, a.~~)r}, ~.07£.., o.o3&, o.o11, o.tn7, o.tt8,,'1.12&, 
1-l~ft .0.1.44, o.1!.>~. u.u,t, n.t.:.6, o,17'+, 0,178, 0.18:>, o.t85, 

'n,t\l, ~.t~q~·n.13'l, n,1go, n.t~2 •. n.1-n, n.t<t5, o.1CJ&, o.1971 
•'.'Tt• 1 Cfl! r, 1ql,l~t,l11= o.1oo, o,Qo~. n. ~19·, n. n11, n. o24, n.o3Q, 

1 ... 0l:7, 'l,n't:-,, r,~::.'j, n.·1··,,., :t.n11, '1.1Jl'lt o,rP-!5 9 "r),1'31t J),r)qg, 
=tlt:l?, !1,!1·, r;,JtS, 0,\..,fl, '1.1?7, fJ._t"lo,· O.t~Lt, ·0.116, !1,t"lq, 
;:, t·,,-t, rt.141~ "'.1t..1, -n.ttt?., n.t ... .:.., n .. t.6, n.tt.a, n"tt;t,. n.t5?J 

.. ,r."'..(<t:tT,4::l,!=·!,~3J= r:.a:1n, .O,JIJ~, r:1.1na, o~_l'lt3, rJ.fJt8, .n.024, 
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1 Oo030, Oo036, Oo042 1 Oo048, 0.054,~0,060, Do865 1 Oo068, Oo072 0 
1 Oo075, Oo078, Do081, 0,084, 0,087, Do09D, Do093, Do095, Do097, 
1 Oo898, Do098t Oo098t Do099t Oo102t Oo105t Oo108t 0,111, Do113) 

OATACIBII1411 0 1=1;331= 0,000, Oo002 0 0,006, Do010, 0,015, Do019 1 
1 Oo023, Oo028 0 Do032 0 0,036, Oo040 1 0,043, OoD44 0 ·Oo045, Oo044, 
1 Do044, Oe045, Do046, Do047, Oo048, 0,050, 0~053, Oo055, 0,056 0 
1 o,o56• o.o55, o.056, o.oss, 0,062, o.066, 0.011, OoD76, 0.0791 

OATAlCBCI,421ol=1,331= o,ooo, o.oo1, o.oo4, o.oo8, o.ou, o.otlt, 
1 0.011, o.ozo, o.023, o.o25,·o.ozr;, 0.027, Oo025, o.o11, Oo015, 
1 0,011, Do009, Do008, Oo009, Oo008 1 0,009, Oo011, 0.012, Oo012t 
1 Oo010, Do010t Oo011, Do016, Do025, Oo033, Oo01t1, 0,047, 0,0511. 

RZ2=RZ1+10o•IILI-11 
·JFIKNoEOoOoANO.KL,EO,OIGO TO 7 
R01=-3De SRD2=40, 
IFIKN.EQe1JGO TO 1 
DO 2 I2=1.,1t2 
DO 3 13 =1,33. . · 

.SPRCI3,I21=BII3,I2i 
3 CONTINUE 
2 CONTINUE 

KN=1 
1 CONTINUE 

1FIKL~NE,QIGO TO 4 
DO 5 15=1,42 
DO 6 16=1,33 
BII6,I51=SPRII6,I51 

6 CONTINUE 
5 CONTINUE 

GO TO 7 
4 NZ1=lRZ1-2580.I/10oSNZ2=1RZ2-2580,1/10,·· 

DO 8 16=1,42 
1f(I8.LT,NZ1oO~.I8,GToNZ2JGO TO 9 
RZI=2590o+I18~11•10o!OZ=O 
IFIKLoEOo21Gd TO 10 
00 11 I11=1,HZ 
XZ=IRZI-RSZII1111•CZII111 
IFIXZoLToRD11GO TO 11 
IFIXZ,Gi,RD21XZ=RD2 
JZ=IXZ-RD11/10o+1oSOZ=OZ+OBZIJZI•CZII111•BKZf1111•10000,/IB0•280,) 

11 CONTINUE . 
10 CONTINUE 

JZ=IRZJ-RZ11/10o+1$0DB=DZ+BZIJZI 
IFfKLoED,110DB=DZ +SPR(33ol81 
CCII81=DOB/SPRI33,I81$GO TO 8 

9 CCU81=1o 
6 CONTINUE 

DO 12 112=1,33 
DO 13 113=1,42 
XZ=330,-It2•10o$YZ=I13•10,-220,$TET=ATANIXZ/IYZ+2800,11 
T£0=lo14159/48,$RZI=YZ+28QO,$IFITEToGT,TEOIGO TO 14 
RZ=SQRTIXZ••2+RZI••2J$GO TO 15 

14 A1=SINITEOISA2=COSITEOI$TA=A1/A2,AD=RZI•TA!Ac:xz-Ao 
AE=AC•~1$0A=RZI/A2SRZ=OA+AE . 

15 JZ=I~Z-25CJ0oi/10,+2,$1FIIJZ-21.GT 0 0IGO TO 16 
JZ=3 . 
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:16 IFliJZ+2lolfolt2JGO .Til 17 
. . JZ=41 . . . 

17 XZ= IRZ-:2590o.J /10 .• -JZ+2oSXZ1=XZ• Uo-XZJ/4~· 
DO 18'118=1~4- . 

18 ACZCI18J=CCCJZ-3+I18J 
CALL. Oli!41XZ9X_l1,ACZ,COt 
SCI12,I1~J=SPRCI12,I1~l~CO 

13 CONTINUE . 
12 CONTINUE 

7 CCNTINUE 
RETURN SEND 

SUBROUTINE. INTSSCZ,PoBO,E,HN, XU 
D;IHENSION Y16ltEC51 
QOHHON/BLOK1/H,BA,Q9U 
EXTERNAL EXT1 
YC11=EC11SYC21=EI2J$YC31=EI31SYC4l=EI4J$YC5l=EI51 
BA=BOSQ=Z$U:PSH=HNSK=SIGNC1,HNl 
H=2 
AL=SIN4YC~JISAL1=COSIYC211$AL2=SINCYI411SAL3=COSCYC4ll 
YC2l=AL•ALJ$YC41=AL2U=O ' 
YI61:;AL1•AL3 

1 DKN=Y 151 
CACL INTSTPI6oH;X,YoEXT11 
IFCYC6JoLEoOIGO TO 2 
AB=ABSCYIUJUFCABoGTo600oi.GO TO 2 
AB=YCSI-X1SDEL=YI5~-DKNSDE=ABSCABI 
IFCDEoLEoOo01lGO TO 3 
IFCK•AeoLToOIGO iO 1 
K=-KSH=-H•AB/OELSGO TO 1 

3YC51=X·1 
2 DR=SQRTC1o~YC4J••2l 

YI41=ASINCYC41JSDR=YI21/DR$YC21=ASINIDRJ 
E111=YI11SEC2J=YI2l$EC31=YI31$EIIti=YI4JSEC51=YC51 
RETURN SEND 

SUBROUTINE INTQIZ,P,BO,E,HN,Xtl 
DIMENSION YC61,EI51 
COHHON/BLOK2/BA,a,u 
EXTERNAL EXT2 
Ylti=EI11$YI21=E12ISYI31=E131$YC41=E14J$YC51=EI5l 
BA=BOSQ=ZSU=PSH=HN$K=SIGNI1,HNl 
AL=SIN IY I 21 l SAL1=COS IY 12) l $AL2=SIN CY 14l l $AL3=COS IY 141 l 
YC21=AL•AL3SYC41=AL2SX=O 
YI61=AL1•AL3/YC1l 

1 DKN=YC51 
CALL INTSTPC6,H,X,Y,EXT21 
IFIYI61olEoOIGO TO 2 
IFIYI1JoGTo3300oOoORoYI1loLT.2500olGO TO 2 
AB=YC5l-X1SDEL=YC5l-DKNSDE=ABSCA9l 
IFCDEoLEoOoOOD005JGO TO 3 
IFCK•ABoLToOIGO.TO 1 
K=-KSH=-H•AB/DELSGO TO 1 

3 YI51=X1 
2 DR=SORTC1o-Y141••2J 

YC41=ASINCY14llSDR=YI2l/OR$YI2l=ASINIDRl 
EI11=YI11SEC2l=YC21SEC31=YC3JSEI41=YI4l$EI5l=YC5l 
RETURI\!!END 
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SUBROUTINE OINCX,Y,BI,HX,HY,XN,YN,NX,NY,SI" 
DIMENSION BCNX,NYJ,BAC4J,ABI41 
KX=IX·XNJ/HX+2,$KY=IY-YNI/HY+2o 
IFIIKX-2loGT.Ol GO TO 11 
KX=3 
IFICKY·2loGToOI GO TO 12 
KY=3 
IFCIKX+lloLToNXl GO TO 13 
KX=NX•1 . 
IFIIKY~1loLToNYI.GO TO 14 
KY=NY•1 
XK= IX-XNJ /HX-KX+2o $YK= CY-YNI /HY-KY+2o 
XKi=XK•I1-XKI/4o$YK1=YK•I1•YKI/4o 
DO 1 11=1,4 
DO 2 12=1,4 
BAII21=BIKX•3+I1,KY•3+I21 
CALL OINAIYK,YK1,BA,BII 
ABIIU =BI . 
CALL QINA IXK, XK1, ABo BII 
RETURN 
END 

SUBROUTINE QINAIYK,YK1,AB,BII 
· DIMENSION ABI4l 

.DO=AB131•ABC21SD1=ABI41•ABI31$Ds=ABI21-ABC11 
BI=ABI2l+YK•DO-YK1 4 CD1•021 
RETURN SEND 

1 

It 

2 

3 

SUBROUTINE FIELDIH,X,Y,BO,BII 
COHHON/BLOK3/BHI111oK 
COHHON/HFIELD/8133,421 
GO'TO ct,21oH 
BI=BHC11$IFCKoEOo1IGO TO 3 
DO 4. I4i:2,K . 
J=I4;.1 
BI=BI+BHCIIti•Y••J 
GO TO ~ . . . . 
XN=320.SYN=-210o$NX=33SNY=42$HX=•10o$HY=10o 
CALL QINCX,YoBI,HX,HYtXN,YN,NX,NY,BI 
BI=BI•BO$~AD=lBSIYISIFCRADoGTo240oiBI=O 
I~IXtGTo340oJBI=O . 
CONTINUE 
RETURN!END 

SUBROUTINE FIOCYt,BII 
COHHON/HF~ELD/eC33,42) 

· DIHENSION'BAC41 
K=IY1•259Dol/10o+2$IFCIK•21oGToOI GO TO 1 
K=3 . . . 

1 n:c'll(+21olTo42J·GO TO 2 
1<=4t·· . . . . . 

. 2 XK= CY1•259Do J /tOo •K+2o tXKt=XK• U,·Xl<l /4. 
·· Do 3 · I3=1olt. · -
~ BACI3t~aC3~,K•3tl3) 

CAll"QlNAlXK,XKttBA,IUJ . 
'If"lYt.GT o 303De OtORo Y1.oL To2570o )BI=O :· 
·RETURN~END· . . . ' . . . . . . 
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SU3~0UTIHE EXTliX,Y,FI 
OIHENSIO~ YI61,FI&l,8015l,OVI51,0XI51 
CO~MON/BLOK1/H,B0,7,P 

OHAIOY:n,o,n,-to, ,to. I 
OATAIDX=-tn. ,0,10, ,0,01 1 

PHI=3,1~159/48ofPH=COSIPHII~PHI=~INI?Hli$AD=2800,•Ct,-PHI 
~00=2300,•PHI 

DO 1 11=1,5 · 
Yt=YI11+DYIIti!.Xt=Y15l+OXIItl 
IFIH.~C.21 GO TO 2 
CALL FIELOIH,Xt,Y1 1 R0 1 BII$ GO TO 1 
Xt=400.~ABSIX11!Yt=Y1+AO$Xt=X1+AOO 

A0t=Yt•PH$A02=Xt•PHI$X1=X1•PH+Yt•PHI$Y1=A01-A02$8l=O 
IFIX1oLTo330,1 CALL FIELOIH,X1,Yt 1 80,811 
IHll I 11 =B I 
GX=I9BI31-~81111/20o$GY:IBBI51-B3!4ll/?~. 
OGX=!B8131-2o•BBI21+881111/100, 
OGY=!8EI51-2,•~BI?l+BBI411/t~O. 
~X:GX•Y!JI$BY=GY•Y!11$8=8BI?I-!IOGX+DGYI•YI31••21/2, 
AK= ,000000299793•ZIP 
FI11=YI2l$F!?l=AK•1Y!41•BX-YI&I•~I$FIJI=YI41 

FC41=AK•IYI61•BY-Y!21•BXI$FISI=Y!&l$FI61=AK•IYI21•B-YI41•BYI 
RETURN!END 

SUBROUTINE EXT21X,Y 1 FI 
DIMENSION YI61,FC61,8815l,OY!5l,OXC51,0~131 
COHHON/BLOK2/B0 1 Z1 P 
OATACDY=0,0,0,-10.,10.1 
DATAIOX:-0,003,0,0,003,0,01 
OATACO~=-t0,,0,10ol 

PH1=3o14159/48!.PH~=PH1•23o 
IFCYC51,LT,PH2,ANO,YI51,GT,PH11GO TO 1 
00 2 I2=~,5 ~ . 
RR=YI1.1+0Y!I21 $ PP=Y!5l+OX!I21 $ PHI=PP-PH2 
IF!PP.LTolol PHJ=PH1-PP 
IF!PHI,GT.OI GO TO 3 
CALL FlO !~R~BII 
BI=BI•EO$ GO TO 2 

3 RX:RR•SINIPHII$RY=RR•COSIPHII-2800, 
CALL FIELD!2oRX,RY,80,8II 

2 BB!l21=8J 
GR=!BB!51-RB!411/20o$GP=!BBI31-B8!111/0,006 
OGR=I88(51-8BI21-8BI21+B8!411/100, 
OGP=I88131-BBI21-8BI21+BB!111/0,000009 
BP=GP•YI31/Y!11$8R=GR•Y!31 
B=B8!21-IGR/YI11+0GR+OGP/IYI11••2li•IY!31••21/io 
GO TO 4 

1 CONTINUE 
00 5 15=1,3 
RR=YI1l+DR!ISI$CALL FIOI~R,BII 

5 BBIISI=BJ•BO 
GR=IBB!ll-88(11·1/20, $ OGR=!~SCli-~8!21-BB!~I+BBitll/tOO, 
9=ABI21-!GR/Yili+DGRI•CYI31••21/2, 
~R=GR•YIJI ~ BP=O 

4 AK=-0,000000299793•ZIP 
F !1l=Y !?I $ F !JI..:Y 141 f: Fl5l=Y 161 
F!2l=Y!11•YC&I••2+AK•!Y!&i•Y!ti•3-YC4l•API 
Fl4l=Ak•(Y!21~BP-Y!11•YI&I•BRI 

F!61=1AK•!YC4l•PR-YI21•BI•2,•YI21•VCSli/Yfll 
RETURN $ END 
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SUBROUTINE FtGURE!K,L,A,B,tAI 
DII'IENSION A IKI.BCKI, I A IKI, IB I 999,31, IN1101 l oAR!111 

1FIK~GT.11 GO TO!!i 
PRINT 112 · 

11a FORI'IATI2X,3HONEI • 
GO TO 113 

iii CONTIN.U( . 
AX1=AI1l$AN1=AI11StXZ=6111$4NZ=8!11$KA=K-1 
DO 1 .I1=1tKA 
tFIAXJ,GT,A!I1+111GO TO 10 
AX1 :A I J1 +11 

10 IFIAXZ,GT.SII1•111GO TO 11 
AX2=BIJ1+11 . . . 

11 IFCAN1.LT.AII1+11lGO TO 12 
ANi =AI 11+11 

12 IFIAN2.LT.Bfi1+ji)GO TO 1! 
AN2=Bil1+11. 

13 CONTINUE 
1 CONT01NUE 

OX= IAX1-AN1 1/:100, 
A X1 =AX'1+0lfSAIH: AN1•0X 
D X: IAX'1•AN11/100, 
OY= IAX2-AN21/L 
A X2 =A X2+0Y$AN2=AN2-0Y 
OY= IAX2•AN21 /l 
DO 2 12=1,1C 
JBII2,1l=IA!l21-ANii/OX+1$1BliZ,21=18!IZI·ANZI/DY+1 
IBIJ2,31=IAII21 . 

2 CONTINUE 
K1=0SK2=9 
DO 3 13=1,L 
!NI11=1HISK2=KZ+1 
D·o 4 J4.:1o100 
D05I5=1,K$IFI181IS,~I.EQ,J4.AND.IBCI5~21,EQ.IL+1-l311GO TO 19 

5 CONTINUE ' 
K1=K1~1$IFIK1.LT~101GO TO 14 
K1=0$IN(l4+11=1~•~GO TO 4 

1~ IF(K2.LTo101GO TO 15 
!1111Ht11=1H•$ GO TO .Jt. 

19 !Nil4+11=1AIJSI~K1=K1+1$!FIK1.LT,t01GO TO 4 
K1•0$GO TO 't 

15 tN!I4+11=1H 
I; COtHINUE 

IFIK2,LT,101GO TO j6 
K2=0 . 

16 4LsAXZ•II3-1l•OY 
PQ!NT 17,AL,JN 

17 '0RMAT11li,F8,f,:I01A11 
3 CO>,JTIIIiUE 

006!6=1.100 -
6 ·!"116•11 ~1H-

P RHIT.1 8olN 
1~ FQRNATI9X,10~Ai• 

00 7 !7:1, H 
7 ~R'l7J=ANj•1o•rr7-11•ox 

P-'INT8,AR 
8 FQQMAT!3Y,1:1Fj0.~1 

1:13 CONTINUE 
R E.T UR~'S EHO 

. 
23 


